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BBeaenue

Hacrosmee PykoBOACTBO HpenHa3HAYEHO Ui CHCIUAIUCTOB B 00ONAcTH
TIPOEKTUPOBAHMS U CTPOUTENILCTBA TOHHENEH U APYTUX NOA3EMHBIX COOPY>KEHHU# B
paitoHax ¢ MOBBIIIEHHOH ceicMIYHOCTEIO. Llebio pa3paboTKh pyKOBOJCTBA SIBIIS-
eTcsl 00eCIeueHre CIEUAINCTOB 10 CeHCMUIECKOl Ge30MaCHOCTH METOAMYECKH-
MH MaTepuaiami, Mo3BoJsitoMMH Gonee 3QHEKTHBHO pealM30BEIBATE HA TIPaK-
THKE TIONOXKEHMsS M TpeOOBaHuUs, coiepxaruecs B pasaene 9 «TpaHcnopTHBIE
ToHHENH U MeTpornouTensl» CIT268.1325800.2016 «TpaHCIIOPTHBIE COOPY>KEHUS
B ceiicMuueckux pakionax. l1paBuia mpoeKTHPOBAaHH, KACAIOIHEC KOHKPETHBIX
YCJIOBHI BHOBB CTPOSIIIUXCS, PEKOHCTPYHPYEMBIX HIIH PaCIIUPAEMBIX 0OHEKTOB
TPAHCIIOPTHOTO HA3HAYCHUSL.

BxiroueHHbIE B PYKOBOACTBO MAaTEPHAIIBLL HA €AMHOI HayYHO-METOANICCKOM
0CHOBE 0000Iar0T HAKOTIIEHHBIM OTEYECTBEHHBIN U 3apyOEKHBIH OIBIT MPOCKTH-
POBaHUS, CTPOUTENbLCTBA, HKCIIyaTallud ¥ MOHUTOPHHIAa TOHHENEH pasiuvHOro
Ha3HAYCHUS B CEICMUYECKH aKTUBHBIX paiioHax.

IIpu pa3paloTke PYKOBOJCTBA MCIIONB30BAHBI IMONOXKECHUS NEHCTBYIOIIMX
OTPACIEBBIX MATEPHAIIOB 110 CEHCMOPaiOHUPOBAHUIO, a TAKKE CIIPABOYHBIC MaTe-
pHabl IO XapaKTePHCTAKaM TPYHTOB M MaTepHaioB 00JeTOK TOHHENEH, TI0 KOM-
TIOHOBOYHBIM M KOHCTPYKTHBHBIM DPEILEHUSM, BBIOOPY KOHCTPYKLMI 00IENOK U
pacdeTy X napameTpoB.

Marepuansl, NpeACTaBIC€HHBIE B JAHHOM PYKOBOJICTBE, IpeJIHa3HAYEHBI
JUIS:

- JIETAIHN3alul OCHOBHBIX MOJIOKEHHUH pazaena 9 « TpaHCTIOPTHBIE TOHHETH
u merponomutens CIT 268.1325800.2016 «TpancmopTHBIE COOPYKEHUS B Ceii-
cMuyeckux paiionax. [IpaBuna npoekrupoBanusy,

- Pa3bACHCHHs CHENUANBLHBIX TPEOOBAHUN K NPOCKTUPOBAHHUIO U pacyeTy
00/1eNOK TPAHCIIOPTHBIX TOHHEIEH, COOPY)KAEMBIX B paiiOHaX ¢ MOBBIMIECHHOM Celi-
CMHYHOCTBI), OCHOBAHHBIX Ha OLICHKE HanboJiee HEOIAronpusaTHOTO HAMPXKEHHO-
TO COCTOSHHMS MOJ3EMHBIX KOHCTPYKIMH, KOTOPOE MOKET BO3HHKHYTH IPH IPOU3-
BOJIbHOM COYETAHWUM W 3apaHee HEU3BECTHOM HANpaBJIEHUU COBMECTHOTO Oei-
CTBHS UTMHHBIX CEHCMMYECKHMX BOJIH Pa3HOTO THIA, PaclpoCTPaHSIOUMXCA B
IUIOCKOCTH NONEPEYHOTO CEYCHUS COOPY>KCHIS,

- 0000weHHus pe3yJIbTAaTOB HAYYHO-MCCIIENOBATENICKAX M OMBITHO-
KOHCTPYKTOPCKHX palOT, BBIMOJHEHHBIX BEAYIIMMH OpraHU3alUsMd B 00NacTh
TPaHCIOPTHOI'O TOHHEJICCTPOCHUS,

- 00ocHOBaHMsI BHIOOPA PACUETHBIX METOAWK B 3aBHCHMOCTH OT KOHCTPYK-
LMK MPOEKTHPYEMOI OONENKM TOHHENSA, TEXHOJOTHM CTPOMTENBCTBA U TOPHO-
TEOJIOTMYECKHX YCITOBHIA,

- obecnieyeH s CELMATUCTOB CIPABOYHBIMU MaTepHaIaMe, HE0OOXO0UMBIMHU
MIPU MPOEKTUPOBAHWM M pacyueTe 00/IEOK TPAHCIIOPTHBIX TOHHENEH B paiioHax ¢
MOBBIIEHHON CEHCMUYHOCTBIO.

Ocobo¢ BHHMaHHE B PYKOBOJCTBE YAENEHO HOPMATHBHEIM TpPEOOBAHHUAM
paznena 9 CIT 268.1325800.2016, naHbl peKkOMEHIALUH TI0 NOPSAKY WX MPUMEHE-
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HUsl, IPUBEIEHBI PA3IMYHBIC BCIIOMOTATE/IBHBIE JAHHBIE, HCOOXOAUMEBIE IIPU IIPO-
€KTUPOBAHUM U PacueTe 00eN0K.

PyxoBOACTBO COAEPKUT HAYUYHO 0OOCHOBAHHEIE, alfPOOHPOBAHHEIC HA TIPaK-
THKE IIOJIOKEHHS IO IMPOEKTUPOBAHUIO, PAcUYeTy U MOHUTOPUHTY TPAHCIOPTHBIX
TOHHEIICH, OIMCAHNS AHAIMTUYECKAX METOAOB pacueTa 00JCI0K TOHHENEH rny6o-
KOTO M MENKOTO 3aJ0KEeHNUs, 0a3uPYIOMMXCS Ha TON0XKEHUSIX MEXaHNKH CIUIOI-
HOY cpefsl.

IIpuBeneHHEIC METOABI PacyeTa MOA3EMHBIX COOPY>KEHHH ampoOHpOBaHBI U
HalM MIAPOKOE NPUMEHEHHE IPH IPOEKTUPOBAHUU U CTPOUTENIBCTBE BAKHBIX
HAPOTHOXO3sHCTBEHHBIX O0BEKTOB, COOPY)KACMbIX B CEHCMUUCCKM AKTUBHBIX Paii-
OHAX, B YUCIE KOTOPBIX TOHHENW baiikano-AMypckoit MarucTpanu, aBTOJAOPOXK-
HBIC TOHHENM Ha MarucTpaan Sira — CuMpeponoss U Ha MOABE3AHOM JOpore K
HpranaiickoMy ruIpoy3iy, XKene3Hoa0poxkHbie Tonnenu Mane Jleqnuuue u [lonom
(PecrryOmuka Uexus), TPaHCTIOPTHEIE TOHHENN KOMILIEKCA OJIMMITHHACKAX OOBEK-
TOB I. Coun.

OCHOBO# IPUBEIEHHBIX METOOB PacueTa SIBISETCS ONpeJcicHHe Hanboee
HEeOIaronpUATHOTO HANPSDKEHHOTO COCTOSIHYISL 0OIENOK NP JeHCTBHH JUIMHHBIX
celficMUUECKHX BOJH Pa3HOIO XapakTepa U JIFoOOro HalpaBlieHHs B IUIOCKOCTH IO-
TIEPEYHOTO CEUEHHsI TOHHEEN.

B pykoBOJCTBO BKJIIOYEHBI PEKOMEHIAIMHU II0 OLEHKE CEHCMOHANPSKEHHO-
IO COCTOSIHMSA ITPH PACIIPOCTPAHEHNH CEHCMIYECKHX BOJH BIO/b OCH TOHHEJNCH.

ITpuMeHeHne HACTOSIIETO PYKOBOACTBA OyAET CIOCOOCTBOBATh NMpaKTHYE-
CKOMt peanmu3aiyy 3aI0KEHHBIX B ACHCTBYIOLINE HOPMATUBHEIE IOKYMEHTHI Tpe0o-
BaHUil MO ceffcMUYECKOil 0€30MacHOCTH TPAHCIIOPTHBIX TOHHENEH, MOBBILICHUIO
Ka4eCTBA BBIIONHIEMBIX IIPOCKTHBIX pa00T 3a CUET UCIOIB30BAHUS €UHBIX Hay Y-
HO-METOJIOJIOTHYECKUX MOIXOAO0B, OOECHEUCHHUI0 OE30HACHOCTH SKCILTyaTaluH
TOHHENEH B CEHCMMYECKH aKTUBHEIX paioHax.

Matepuans! pyKOBOJCTBA, BKJII0UAs BCHOMOTATENbHBIC JAHHBIE, HE BOLIEH-
mme B CIT 268.1325800.2016, MoryT OBITH MCMOJIB30BaHBI HapsaAy C AEHCTBYIO-
MK HOPMATHBHBIMU JOKYMEHTAMU IS IPOBEACHUS HE3aBUCHMBIX SKCIIEPTHBIX
OIIEHOK BHITIONHEHHEIX IPOEKTHHIX PadoT.

Cocraputermi mocobus: A.T.H., gou. Aumupepos CB., aT.H., gou. [lees
ILB., n.1.H., npod. Cammans A.C. (Tynl'Y), a.1.H., npodp. Hopman U.A. (OAO
«MeTporHmpoTpanc»); 4.T.H., C.H.c. bespomnsiit K.II., k.1.H. Jlebenes M.O. OAO
HUITMNW  «JleaMeTporumnporpaic», AT.H., mpod. IMlecromepo.C. (OO0
"TIOUCK").



1 OGnacTe NpEMeHeHust

1.1 Hacrosimee PyKOBOACTBO NPEeTHA3HAUEHO ISl HCIIOIB30BAHUSA TIPH MTPO-
eKTHPOBAHUM TPAHCIIOPTHBIX TOHHENEH, PACIIONI0KEHHBIX B PAfOHAX ¢ MOBBHIIIECH-
HOM CeHCMUYIHOCTBIO. PeKOMeHTamy PYKOBOICTBA PACTIPOCTPAHSIOTCS HA IPOEK-
THPOBAHNE JKEJIE3HOMOPOXKHEIX TOHHENEH Ha JKENE3HBIX J0oporax olmei ceTu u
ABTOMOPOXKHBIX TOHHENEH HA ABTOMOOMJIBHBIX JOpPOrax OOLIEro MONB30BAaHUS Ka-
teropuii I-IV, B TOM 4mcle TOPOACKAX TPAHCHOPTHBIX TOHHENEH M KOPOTKHUX JKe-
JIE3HOAOPOXKHBIX U aBTOJOPOKHBIX TOHHENEH — TyTEIIPOBOIOB TOHHEIBHOIO TUIIA,
a TaKKe MEPErOHHBIX TOHHENEH METPOMOIMTEHOB, PACIOI0KEHHBIX B palfoHax ¢
TIOBBIIIEHHOH ceficMruHOCTRI0. HacTosmee PykoBOACTBO HE pacnpoCTpaHseTcs
HA NIPOEKTUPOBAHNUE TOHHENEH, COOPYKAeMbIX HA BBICOKOCKOPOCTHBIX KEIE3HBIX
mpoporax (6onee 200 kM/4), Ha CKOPOCTHBIX aBTOMarucTpaisax (bonee 150 km/v), u
VHUKAIBHBIX aBTOJOPOKHBIX TOHHENEH WM TOHHENEH M1 COBMELICHHOIO JIBH-
JKEHUST OE3PENBCOBOTO M PENBCOBOrO TPAHCIOPTA B Pa3HBIX YPOBHAX. s 3TuX
TOHHENEH JOJDKHBI Ha OCHOBE CHELHATIbHBIX HCCIENOBAHUIM pa3padaTbIBaThCs
CIELMATIBHEIC TEXHUUECKHE YCIIOBHSL.

1.2 B PyxoBoicTBe [aHbl paszbicHeHHMs mnonokeHumdt CBoma Ilpaeun
268.1325800.2016 «TpaHCHOPTHBIE COOPYKEHUS B celicMuueckux paitoHax. TIpa-
BUJIA NPOSKTHPOBAHMS», KACAOIMUECS BOIPOCOB pacyeTa U IMIPOECKTUPOBAHHA
TPAHCHOPTHBIX TOHHENEH U METPONOIUTEHOB. PyKoBoACTBO pa3paboTaHO B COOT-
BETCTBHU C TPeOOBaHIAME (eNepaTEHBEIX 3aKOHOB OT 27 mekabpst 2002 r. Nel184-
@3 «O TeXHUYECKOM peryIupoBaHuuy, oT 30 nexabps 2009 r. Ne384-D3 «Texuu-
4eCKHI PETIAMEHT O Oe30MIaCHOCTH 3TAHUI U COOPYKEHHUI».



2 HopmaTHBHBIE CCBLIKU

B HactoswmeM PykOBOACTBE MCMONB30BaHEI HOPMATHBHEIE CCHUIKM HA CIIE-
NYTOTIHE JOKYMEHTEL:

I'OCT 5781-82 «Cranb ropsiuekaTanas A apMHPOBAHHS XKENE300€TOHHBIX
KOHCTPYKIIH. TeXHIUECKUE YCIOBHSY,

I'OCT 380-94 «Cranb yrnepoaucras 0ObIKHOBEHHOIO KadecTBa. Mapkimy,

CIT 14.13330.2014 CHull 11-7-81 «CTpOUTENBCTBO B CEHCMHUYECKUX paiio-
Hax»,

CII 16.13330.2017 «CranpHBIE KOHCTPYKLHMU. AKTYaIu3HpPOBaHHAsA peaaK-
s CHulT 11-23-81%y;

CIT 20.13330.2011 «CHul1 2.01.07-85" Harpysku u BO3ICHCTBHY;

CII 63.13330.2012 «CHulI 52-01-2003 BeToHHbIE U JKENE300€TOHHBIC KOH-
CTpyKuuu. OCHOBHBIE IIONOKEHUY

CI1 122.13330.2012 «CHwuII 32-04-97 ToHHENH JKENE3HOA0POIKHBIE U aBTO-
JIOPOKHEBIEY,

CIT 268.1325800.2016 «TpaHCHIOPTHBIE COOPY>KEHUS B CEHCMHUYECKUX paii-
oHax. [TpaBmia MpOEKTHPOBAHM,

CIT 269.1325800.2016 «TpaHCIIOPTHBIE COOPYXEHUS B CEHCMUYECKUX paii-
oHax. IIpaBuna yTOYHEHWS WCXOIHOM CEHCMHYHOCTH W CEHCMHYECKOrO MHKPO-
PaliOHUPOBAHKS)



3 TepMHUHBI H ONIpee/eHus1

B HacTosimeMm PyKOBOACTBE IPUMEHEHBI TEPMUHBI, 3HAUEHHS KOTOPBIX
ompenenensl B CIT 14.13330.2014, CIT 20.13330.2011, CIT 122.13330.2012,
CIT1269.1325800.2016 a Takke CIeQyIOIIHE CIEAYIONIEe TEPMHUHEI U OIpPEAee-
HUS:

3.1 aHKep: yCTPOMCTBO, UCIOIB3YEMOE IIPU CTPOUTEIBCTBE MOA3EMHEIX CO-
OPY>KEeHHI! JUIs Mepeadn YCWIN OT KOHCTPYKIWMH Ha rPYHTOBYIO TOIIY,

3.2 anTHCelicMHYecKHe MEPONPHATHSI: COBOKYITHOCTh MEP, BBIIOIHAEMBIX
Ha BCEX 3Talax CO3JaHMs U 3KCIUTyaTallul COOpY KEHMs (M3BICKAHMS, IPOEKTHPO-
BaHUeE, IOCTPOiiKa, COACPIKaHNe) B LEIIX 00eCredeHnsT ceHCMOCTOMKOCTH Hecy-
WX KOHCTPYKLUNA IIPU 3eMIIETPICCHUAX PACUCTHOH CHJIBI U G€30IaCHOCTH BU-
JKEHHUS B paiioHe CTUXUIHOTO OEACTBHS;

3.3 anrTHcelicMuuecknii AedopManHoHHbIH OB (aHTHCelcMAYecKHi
[I0B): KOHCTPYKTHUBHBIH 3MEMEHT, Pa3densiolluii 00neNKy Ha OTAENbHBIE OI0KH
JJI TIOBBILLICHU A CENCMOCTOMKOCTH TOHHCJIA,

3.4 kapTthl o0mero ceficmuueckoro paiionnposanusi (OCP): kKOMIUIEKT 13
TPEX KapT, MOKA3bIBAIOIIMX PACIPEACIICHUE B MEPBOM HPHOMIDKEHHN CEeHCMITde-
CKOIl omacHocTH no TeppuTopuu Poccuiickoit denepauuu ¢ BEPOSTHOCTBIO TIpe-
BBIIIEHUS KapTupyemoit SaiueHocTH 10%, 5% u 1% 3a unTepBan BpeMenu 50 aer
WX CO CPEIHUM MHTEPBAJIOM BPEMEHU MEXKAY 3€MIIETPACCHMSIMU YKA3aHHOH Ha
xapre cuibl 500 siet (kapta A), 1000 et (kapra B) u 5000 net (kapta C);

3.5 KBa3ucTaTH4YecKasl 3a/]a4a: 337a4a, B KOTOPOH AeiicTBHE IIMHHBIX
BOJIH MOIACIIMPYCTCA COOTBCTCTBYIOIIWMMU CTAaTHYCCKUMH HANPAKCHUAMH, 3aBH-
CSIIMMHU OT IaPaMeTPOB BOJIH,

3.6 kaaccupUKANUs MO CECMOCTONMKOCTH: Pa3lC/CHUE COOPYKEHHH Ha
KJIacCHl B 3aBHCHMOCTH OT JIOMYCTUMOI BEPOSTHOCTH MPEBBIMIECHUS PacUETHOMH
celicMHYECKOil Harpy3Ku 3a MHTEPBAI BpeMeHH 50 nieT;

3.7 kaace ceficMOCTOMKOCTH: CHCTEMHAs €IMHHLA, MO3BONAIOIIAS YIOPS-
JOYUTh PAa3JIMYHBIE COOPY>KEHHSI MO CBOWCTBY BBUIEPKWBATH O€3 pazpyLICHUS
3eMJICTPACECHU S, IOBTOPSIOMIMECS C PA3/IMYHON YacCTOTOH B MECTE pacHONIOKEHUS
00BEKTA.

3.8 mMeToABl CTPOMTENbHOH MEXaHHKH: HWHXXCHEPHBIE METOABI pacuéra
CTEP’KHEBBIX KOHCTPYKIMit onpeienéHHoro Buaa (pepm, pam, GasioUHbIX CUCTEM H
apok), 000I04€eK, YIPYTHX U HEYIPYTHX OCHOBAHWH M T. [1.;

3.9 MeToaBI TEOPHH YNPYTOCTH: AHAMTHYCCKUE WIH YHCICHHBIE METOMBL,
pa3paboTaHHbIE C UCIOJIB30BAHUEM TEOPETUUECKOrO annapara MEXaHUKU CIUIONI-
HEBIX Cpel, TI03BOJISIFOILME OMPEACIATH HAMPAXEHHO-IEOPMUPOBAHHOE COCTOSTHUE
VIIPYTHUX TBEPIBIX TEM MPU CTATHYECKUX M IUHAMHIECKHX Harpy3kax;

3.10 npeodnasaomuii nepuoa Koae6aHmil 4acTHI TPYHTA: XapaKTepu-
CTHKa MacCHBa I'pyHTa Ha IUIOIIAJKH CTPOMTENLCTRA, CBA3aHHAs C CCHCMHUYECKUM
BO3JEHCTBUEM U OlpejieisieMas Ha OCHOBE MHCTPYMEHTAIbHBIX H3MEPEHUM B IIPO-
LECCE U3BICKAHMIA,



3.11 pacueTHOe 3eMJeTPsICEHHE. TPUHNMAEMOE TIpU Pa3paboTKe aHTHCEH-
CMUYECKIX MEPONPUATHII 3eMIICTPSCEHHE, XapakTePUCTHKH KOTOPOTO OIpPEAcs-
KOTCA ¢ YYETOM IPEJCIbHO JOMyCTUMOIO CEHCMUYECKOrO PUCKA IIPU MIPOEKTUPO-
BAHUU COOPYIKEHHMS, UCCIICAOBAHNN IO YTOYHEHUIO UCXOHON CEHCMUYHOCTH U 10
CEHCMHUYECKOMY MHUKPOPaiiOHUPOBAHUIO YUaCTKA CTPOMTENBLCTBA, YCTAHOBICHHEIX
HOpPMAaMHU OTPAaHUYEHUI HA PACUCTHYIO CEHCMUYHOCTE;

3.12 ceiicMOCTOHKOCTB: CIIOCOOHOCTH COOPY)KEHHS BEIACPXKHBATH O€3 MO~
HOM TOTEpH SKCIUTYaTalMOHHBIX CBOMCTB (HACTYIUICHHS OTHOTO U3 MpeeTbHBIX
COCTOSIHHU# MEPBOM TPYTIITHL) 3EMIIETPACEHHS PACUCTHON CHITBI (HHTEHCUBHOCTH ),

3.13 TekTOHUYeCKAs AUCIOKALMS: HAPYIICHUE 3a/leraHus TOPHBIX NIOPOA,
Kak B OCamo4HOM 00omouke, Tak 1 B Ooiee IIMyOOKHX CIOSX 3€MHOM KOPBI MOJ
JEeHCTBHEM TEKTOHUYECKUX IIPOIIECCOB.



4 O0nue NMoJI0KeHust

4.1 TIpOeKTHI TOHHEIBHBIX COOPY>KEHHI pa3padaThIBalOTCS C YUETOM Kiacca
CCHCMOCTOMKOCTH OOBEKTOB, CBS3aHHOTO C CEHCMHUYECKMM PHCKOM, B COOTBET-
ctBuM ¢ 1. 4.5 CIT 268.1325800.2016.

4.2 Kitacc celicMOCTOHKOCTH COOPY>KEHHS YUUTHIBACTCS TP BHIOOPE KapTHI
O0IIEeT0 CEHCMHUYECKOr0 PaifOHMPOBAHUS, YTOYHEHUH HCXOMHOW CEHCMUYHOCTH
(YUC) u celicmuyeckoM MukpopaiionupoBanuu (CMP) yuacTka CTpOUTENHCTBA,
pa3paboTke BHOOB U OOBEMOB AHTUCEHCMUYECKUX MEPONPHSATHI; OpTaHW3alum
HAYYHO-TEXHUYECKOTO CONPOBOXKICHUS IPOSKTUPYEMBIX COOPYKEHUIA, OpraHnsa-
{1 UHCTPYMEHTAILHOIO MOHUTOPUHIA HA CTAIUU SKCILTYaTaIlUH COOPYKEHUSI.

4.3 McxonHas CEHCMUYHOCTB paifoHa (IyHKTa) CTPOUTENBCTBA JUIsSl COOPY-
keHu# xiaccos ceiicmocroiikoctu I, II m IIT ompenenserca mo kapram oOmiero
CEHUCMMUECKOT0 pailOHMPOBaHUs B 11eJbIX Oajutax mKkajasl MSK-64.

4.4 YTOUHEHHE CEHCMUYHOCTH MJIOLIAIKUA CTPOUTENLCTBA B 3aBUCUMOCTH OT
MECTHBIX HH)KEHEPHO-IE€OJIOTUYECKUX YCIIOBHII PEKOMEHAYETCS MPOU3BOIUTE HA
OCHOBAaHUM KapT CEHCMHMYECKOIO MHUKPOPAHOHMPOBAHHMA M BHIA COOPYKEHHI B
cootBeTcTBHM C Tadm. 4.1 [4, 8].

Pesynbrarel cEHCMUYECKOrO MHMKPOPAHOHUPOBAHUSA SBISIIOTCA COCTaBHOM
YaCThIO UCXOJHBIX TAHHBIX JUISl MPOCKTHPOBAHUS U pacyeTa 00JCIIOK TOHHEEH.

Tabnuna 4.1 — PacyeTHas celiCMOCTORKOCTb TOHHEIBHBIX KOHCTPYKIIHI B
Oannax

CeHCMHYHOCTD IUTOIAIKH CTPOHTENLCTBA, Gal-
HaumenoBaHue TOHHEIBHBIX JIBI
COOPYKEHHUI 6 7 8 9

1. | T'opHBIe TPaHCTIOPTHBIE TOHHETH JJTHHOI
500 m u Gornee:

CTaQHLIUOHHBIC, SCKATATOPHBIC U MCPCTOHHBIC
TOHHEIIH METPOIOINTEHA,

COBMCIICHHBIC TATOBO-TIOHU3UTCIEHEIC
HOJACTAHIIMH METPOIIOIUTEHA

2. | I'opHBIE TPAaHCIIOPTHBIE TOHHEIH I THHOH

70 500 m:

HEIIeXOAHBIE TOHHEH, 7 3 9
MOCTOSTHHEIE COOPYXKEHMSI METPOIIOIUTEHA,
KPOME YKa3aHHbIX B II. 1,

TMPUTIOPTATBbHBIC ITOATIOPHBIC CTCHBI

3. | OOBEKTH TOPHBIX TOHHEIICH BHE TPACCHI, pas-
PYIICHHE KOTOPHIX HE OTPA3UTCS HA 7
LIGIOCTHOCTH COOPY KeHuit 1o mmt. 1 1 2
JAHHOH TaONUIBL

Aok

* o o v

CeiicMOCTOMKOCTE 00ECTICUHBACTCS KOHCTPYKTUBHBIMY AHTHUCCHCMHYECKIMY MEPOIIPHATHIME.

o (v}

[Ipu mpockTupoBanun HEoOX0AMMO 00S3aTEIBHOE MPUBICUCHHUE CICIMATM3UPOBAHHON HAaydHO-
HCCJICA0BATCIBCKON OPraHH3aIHH.

4.5 Tlpu celicMHUECKOM MUKPOPaliOHMPOBAHMHM 3ariayOJCHHBIX y4acTKOB
TOHHEJIBHOTO TEpexXoja B TMPOLECCe M3bICKAHUI MH)KEHEPHO-TEOIOTHYECKas Xa-
PAKTEPUCTUKA TPYHTOB 110 TPACCE TOHHEIS J0/DKHA YUUTHIBATH:
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a) MOITHOCTh HAIIACTOBAHWI TPYHTOB, OKPYKAIOIIUX TOHHEINb, a TAKXKE
CEHCMHYECKYIO KECTKOCTh OCHOBAHMS,

0) CTATUCTHUYECKME XapaKTEPUCTHKU TapaMeTpoB KoieOaHWH MmaccHBa —
CKOPOCTH PacIpOCTPaHEHMs CEHCMMUYECKHX BOJIH PA3HOIO XapakTepa, mpeolna-
JIQIOMIui epro KoseOaHuii 4acTHI] IPyHTa U 1. ;

B) HaIM4YME W XaAPAKTCPHUCTHKA TEKTOHMYECKMX HApyIUeHHH B paiioHe
CTPOHTENBCTBA (TPOTLHKEHHOCTD, CTPYKTYpa U Ap. ),

') aKTHBHOCTH M HAIPABJICHHOCTh TEKTOHUUYECKUX JBIDKECHMUH (BS3KMM MITH
XPYTIKUH pa3phIB CIBUTOBOTO THUIIA, OTIOI3HEBEIH PasphiB U T.11.),

M) KPyTH3HA U YCTOMUYMBOCTb CKIOHOB, KOCOTOPOB M BO3MOXKHOCTH BO3-
HUKHOBECHHUS B HUX OMOJI3HEBBIX SIBJICHUI.

4.6 CetlicMu4ecKoe MUKPOPailOHMPOBAHUE TIO TPAcCe TOHHENS WM JTMHAU
METPOTOJUTEHA BEINOIHAETCS B COOTBETCTBUYU C «METOANYECKUMU PEKOMEHJAIU-
SIMH IO CEH{CMUYECKOMY MUKPOPAHOHUPOBAHUIO YYACTKOB CTPOUTENLCTBA TPAHC-
MOPTHBIX COOPYIKEHUINY.

4.7 PacueTHast cefiCMOCTOHKOCTh KOHCTPYKLMIA TOHHENEH yTOYHAETCS IO
COITIACOBAHUIO ¢ YTBEPKAAOLICH NPOSKT UHCTAHUUEH HA OCHOBAHWM CIEHUAIb-
HBIX UCCIIEOBAHUN 1 CPABHEHU CTOMMOCTH BAPHAHTOB € YYETOM BO3MOXHBIX MO~
CIICAACTBUN 3eMIICTPACECHHUH.

4.8 TIpu POEKTUPOBAHHHN HPOTDKEHHEIX (Oosiee 500 M) TPaHCHOPTHBIX
TOHHENEH, PACIOIOKEHHBIX B palioHax celicMMYHOCTBIO Oonee 9 6annos, ciemyer
pazpabaTbiBaTh NOMOJIHHUTENbHBIE aHTUCEHCMUYECKHE MEPONIPUSITHS C TIPUBJIEUE-
HUEM  CHEUMAIM3UPOBAHHBIX  HAYYHO-HUCCIIEAOBATENbCKMX M MPOEKTHO-
H3BICKATETIBCKUX OpPraHH3aui.

4.9 TIpoexTHas NOKYMEHTaNMs HA CTPOHTENBCTBO NPOTSDKEHHBIX (Ooee
500 M) TPaHCHIOPTHEIX TOHHENEH, PACIONIOKEHHBIX B paliloHaX CEHCMUYHOCTEIO 8 U
Goree OayIoB, MOJDKHA BKIIIOYATE Pas3/iel 0 MOHUTOPHHTY COCTOSHHS KOHCTPYK-
Ui BO BpEMsI CTPOUTENBCTBA M DKCILTyaTaIH.
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S TpaccupoBanue ToHHeJ el

5.1 TpaccupoBanme TOHHENEH B CEHCMOOIACHBIX paifoHaX CleAyeT BBHIIOJN-
HSTb B COOTBETCTBHU ¢ mojpasaenom 9.1 CIT 268.1325800.2016.

5.2 Tlpu TpaccHpoBaHWM TOHHENCH MOJDKHBI YUHUTHIBATHCS OCOOCHHOCTH
TMPOEKTHPYEMBIX ~ TPAHCIIOPTHBIX ~ TOHHENEH,  IPUMEHAEMBIX  OOBEMHO-
MJIAHUPOBOYHBIX U KOHCTPYKTUBHBIX PEIICHUM, TEXHONOTHYECKUX MEPOTIPHSTHIA.

5.3 BbIOOp Tpacchl TPAaHCIOPTHOTO TOHHENA B IUIAHE M NMPOQHIE TOIDKEH
OCYILECTBIIATBCS C YUETOM (PM3MKO-MEXAaHWUYECKUX CBOHCTB IPYHTOB H CEiicMI4-
HOCTH ILIOIIA/IKA CTPOUTENILCTBA HA OCHOBE PE3YJIBTATOB CEHCMHYECKOTO MUKPO-
paiioHupoBaHuUsl.

5.4 ToHHENB MO BO3MOYKHOCTH HOJDKEH PacloaraTbCs BHE 30H TEKTOHWYE-
CKOJf aKTMBHOCTH B HamOoJjee ONaronphsTHEIX B CEHCMHYECKOM OTHOIICHUH WH-
>KEHEPHO-TEOJIOTMUECKUX YCIIOBHSX C LETbI0 COKPAILEHNS PAaCX0A0B HA BHINOIHE-
HUEC QHTUCEHCMUYECKIUX MEPOTIPHSATHIA.

5.5 Tlpu BeIOOpE Tpacchl TOHHENS B MPOQMIE CAEAYET OTAABATh MPEeANoUTe-
HHE CKaJbHBIM KPYMHOOIOYHBIM MOPOJAM W IUIOTHBIM MATOBJIAKHBIM IPYHTaM.
Tpaccy TOHHEIS CIEAyeT pacrojararb B OJHOPOJHBIX MO CEHCMUYECKOH KECTKO-
CTH TpyHTax.

5.6 Tlpu HIMYKH MO TPACCE TOHHENS MPOTSHKEHHBIX YYAaCTKOB TEKYYeria-
CTHYHBIX W TEKYYMX TJIMHUCTHIX, CEHCMWYECKH HEYCTOMUMBBIX M MPOCAJOTHBIX
TPYHTOB, @ TAaKXKE YYACTKOB C HOBBILICHHOH TPEIMHOBATOCTBIO MOPOA, PE3KUM
W3MCHEHHUEM penbeha MECTHOCTH HaJ TOHHENIEM, IEPEBANIBHBIX CEUIOBUH, OMON3-
HEBEIX YYACTKOB WJIH CKJIOHOB, CIIOKCHHBIX CIa0bIMH M HECBS3HBIMH TDYHTAMH,
JOIDKHEI PacCMaTPUBATHCS BAPHAHTHL HX 00X0za.

5.7 Tlpn HamM4UMK 10 Tpacce TOHHENS MNIMHUCTHIX WM IECYAHbIX, HACHILIEH-
HEIX BOZOM, WM MPOCAJOUHBIX TPYHTOB PEKOMEHIYETCA NPH COOTBETCTBYIOLIEM
TEXHUKO-3KOHOMHUYECKOM OOOCHOBAHHM BKJIKOUEHHE B IPOCKT MEPONPUATHH IO
VIYUIICHAID (PU3NKO-MEXAHHYECKHX CBOMCTB TakHX TPYHTOB WM OTAENICHUE
Y4YacTKOB TOHHENS B C1a0bIX IPyHTax Ae(pOpPMAMOHHBIMH HIBAMH.

5.8 Tlpu mpouMX PaBHBIX YCIOBUAX CIEAYET OTAABATH IPEAIOYTCHUE Baph-
aHTaMm ¢ 00j1e¢ ITyOOKHUM 3aI0KEHHEM TOHHENEH.

5.9 TlepeceueHue Tpacchl TOHHENA ACHCTBYIOIIMX PETMOHANBHBIX TEKTOHH-
YeCKMX JMCIOKALUi 11e1ec000pa3HO OCYLIECTBIITh BKPECT NMPOCTUPAHUS € IPU-
MCHCHUEM YCHJICHHBIX KOHCTPYKLMIT 001€N0K.
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6 TpeGoBanus K KOHCTPYKIHUH 001€JI0K TPAHCHOPTHBIX TOHHeJ el

6.1 IlpenycMOTpeHHAs NMPOCKTOM KOHCTPYKLHUS OOACNIKU TPAHCIOPTHOIO
TOHHENS B CEHCMOONACHBIX paifoHaX NOJDKHA OOECIEUNTh HAAE)KHOCTH PabOTHI
00BEKTa B IETIOM TIPH CTATHYSCKHWX Harpy3Kax M CEMCMUYECKMX BO3IEHCTBHAX
3EMIIETPACCHUH.

6.2 Ilpu BO3BEACHUN OOIENIKM CIEAYET TIIATENHHO 3AMOJHATH IyCTOTHI 3a
00emnKoi 1 cOOMI0IATE TEXHOIOTHIO BHITTOMHEHHS OETOHHBIX padoT.

6.3 Ilpu celicMUYHOCTH ILUIOMIANKU CTPOUTENECTBA 7 U Ooree OamioB obs3a-
TEeNbHO MPUMEHEHUE OOIEKK, KOHCTPYKIHUS KOTOPOU JOJDKHA BEIOMPATHCSA B CO-
OTBETCTBMHU C HHKEHEPHO-TE€ONOTHYECKUMHE YCIIOBUSIMH IUIOIIAKKA CTPOUTEIHCTRA
1 000CHOBBIBATHCS PACUETOM.

6.4 TIpu cOOPY)KEHHH TPAHCIIOPTHLIX TOHHENEH B CalbIX TPYHTAX IIENECO-
00pa3HO YBEIMYMBATL >KECTKOCTH OCHOBAHMS IIyTEM 3aKpEIUICHHS (MHBEKIUS,
VILUIOTHEHHE, UCIONB30BAHUE QHKEPOB U AP.) Ha TIyOHHY, PABHYIO MOTEPETHOMY
pasMepy COOPY>KEHUSL.

6.5 B MecTax MOBHIMEHHOH TPEIMHOBATOCTH TTOPO ¥ BO3MOKHOCTH 00pa-
30BaHus MPpU NPOXOAKE TOHHEIIA BBIBAJIOB PEKOMECHAYETCA KOHCTPYKTUBHO YBCIIN-
YKMBaTh HECYLIYIO CIOCOOHOCTH OOAENKH

6.6 I1pu celicMUYHOCTH ILIOMANKU CTPOUTENECTBA 8 U Oonee OauioB 06s3a-
TENbHO MPUMEHEHHE 3aMKHYTON 00AENKH.

6.7 Tpu ycTpoiicTBe OETOHHEIX WM HENIE300€TOHHBIX 00a€emok 6e3 oOpat-
HOTO CBOZIA CIEQYET 00ECIEUNTh KOHCTPYKTHBHYIO 33Ky HIKHEH YaCTH CTEH.

6.8 Ilpu pacueTHON CeCMOCTOMKOCTH TOHHENS 7 OaNIOB B KAYECTBE OCTO-
SHHO} 0OIeNTKY B CKaTBHBIX TPYHTAX JOMyCKaeTcs IPUMEHEHUE HaOphI3r-0eToHa B
COUCTAHWH C AHKEPaMU, HMEIOLIMMY CLEIUICHHE C TPYHTOM MO BCEH IIMHE U A0-
CTaTOYHYIO JOJTOBEYHOCTh. [IpiMeHeHre aHKepoB 3aMKOBOTO THIA AOKHO OBITH
000CHOBAaHO COOTBETCTBYIOLIMM PACYETOM.

6.9 Ilpu pacueTHOl celicMOCTOHKOCTH TOHHENs § OanioB MpUMEHEHHE
HaOphI3r-0€TOHA B COUETAHHU C aHKEPaMH JOIyCKAeTCsl MPH COOTBETCTBYIOMIEM
pacyeTHOM 0OGOCHOBAHHH.

6.10 B paiioHax CEHCMHYHOCTBIO 8 1 9 GaIOB HA NPUIOPTAIBHBIX yYacTKax
TOHHEJNEH, rlie Hajeraouias TOJNINa IPYHTa MEHee TpeX HauOONBIINX pa3MepoB
MOMEPEYHOTO CEYECHHs BHIPAOOTKH, CIICAYET MPUMEHATH JKeJIe300eTOHHbBIE 001e1-
kd. B 0c000 CIOKHBIX HNHXCHCPHO-TCOJIOTHYCCKUX U THAPOTrCOJIOTHYCCKUX YCIIO-
BUSAX NP COOTBETCTBYIOIIEM 0OOCHOBAHHUH JOMYCKACTCs MPUMEHEHIE OONENOK U3
9yryHa.

6.11 DneMeHTH cOOPHBIX 0OAENOK HEOOXOOUMO COEAMHATH MEXAY coOoit
CBA3AMHU PACTKCHUA B IVIOCKOCTH MOMEPEUHOTO CEUEHUS TOHHENS (apMHUpPOBaHHE
CTBIKOB, CBapKa 3aKJIaHBIX YacTel B pafalIbHBIX CTHIKAX JKENe300€TOHHOI 61104-
HO# 001eNTKH, YCTaHOBKA OOJITOBBIX MM CKOOOBBIX COSTMHEHHI U T.11.).

6.12 JIna obecnieueHns CEHCMOCTOMKOCTH TPAHCIIOPTHBIX COOPY>KEHHH Iie-
necoo0pa3HO NPHMEHEHHE KPYMHOPA3MEPHBEIX JEMEHTOB M3 MATEPHANIOB, CIO-
COOHBIX BOCHPMHMMATh YIPYTHe W IDTacTHUeckue Aedopmauuu. [ns CHUKEHHS
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Je(hOpMaTHBHOCTH M TIOBBIMICHHS KECTKOCTH OOJCNIKH B IJIOCKOCTH HMOIIEPEIHOTO
CEYEHNs TOHHETS BO3MOXKHO MPAMEHEHHE IEIFHOCEKIMOHHBIX 00/IEIOK IEPETrOH-
HBIX TOHHEJICH METPOIIOIMTECHOB, MOHOJUTHBIX OOJENOK T'OPHBIX TPAHCIOPTHBIX
TOHHENECH.

6.13 Tlpn npoekTHpOBaHMM OOIEIOK CIEAYET PAaBHOMEDHO pacHpeieisaTh
MAaccChl B KECTKOCTH JJIEMEHTOB [0 CEYCHUIO TOHHEIS, YTO JAOCTUTAeTCs IPY IIpH-
MEHEHHMH KPYrOBBIX JIHOO MOAKOBOOOPA3HBIX 0OJENOK ¢ OOpaTHBIM CBOAOM ANS
TPaHCIOPTHBIX TOHHENEH, COOPYXKAEMBIX 3aKpbITHIM CIOCOOOM; KPYTOBBIX 00j€-
JIOK IIPY 3aKPHITOM M LIEJIbHOCEKIMOHHBIE IIPH OTKPBHITOM criocobe paboT Ay me-
PETOHHBIX TOHHEJECH METPONONUTEHA, OOHOCBOAYATHIX CTAHLMHA M CTAHLMUHA IH-
JIOHHOTO THIIA C UCHOJIb30BAHUEM COOPHBIX HJIEMEHTOB.

6.14 C nenbro CHIDKEHHS CeHCMUYECKUX HATPY30K Ha 0OJENKY TOPHBIX TOH-
Heneil B CKanbHBIX IPYHTAaX BO3MOXKHO MPUMEHEHHE OOJETYEHHBIX 31IEMEHTOB 00-
JIETIKY, HAOpPUMED, BHINOJIHEHHBIX U3 JIETKUX GCTOHOB, a TAKXKE 3aMKHYTHIX dlle-
MEHTOB (LI€NIbHOCEKLMOHHBIX UITH 00BEMHBIX OOIENOK IS MIEPETOHHBIX U CTAHIM-
OHHBIX TOHHENEH) paHOHANBHBIX (HOPM CEUEHUS, CTIOCOOCTBYIOMIMX MOBBIILIEHUIO
Hecyliell cooCOOHOCTH MOJ3EMHBIX KOHCTPYKIMH, a TakKe MPUMEHECHUEM JBYX-
CJIOMHBIX 00/ENOK, B KOTOPHIX HAPY)KHBIH CJIOH OTAENAETCS OT OCHOBHOIO HECY-
IIEr0 BHYTPEHHETO CIOEM U3 HU3KOMOJYJIbHONO MaTepuaia, YMEHBIIAIOIIETO Me-
pelady KacarelbHBIX M HOPMAIbHBIX PAaCTATUBAMOIMUX CEHCMUYECKUX HaNpsDKe-
HUi1 HA BHYTPEHHUH HECyLLMii CNIOM 00aeKH.

6.15 Jlns morjomeHus: MpooibHEIX Ae(opMaluii BIOIb OCH TOHHENS, BO3-
HUKAIOUMX TP 3€MJIETPICEHHH, B OETOHHBIX M KeIe300€TOHHBIX 00JenKax cie-
JIyeT WCIIONIB30BATh aHTUCelicMudeckue ne(hopManoOHHbBIE BB, KOTOPBIE JOJDK-
HBI JOIYCKaThb B3aMMHBIC MPOJOJIBHBIE CMEIIEHHS CMEXKHBIX YUacTKOB OOmENmkw
rpu aedopManusx 6€3 CHIIOBOTO BO3JEHCTBHS 3JIEMEHTOB OO/IENIKU IPYT Ha JAPyTa.
MakciMaTbHEIE PAcCTOSHUS MEXKAY aHTHCEHCMUYECKMMH LIBaMH HE JIOJDKHBI
npeBsImaTh 40 M.

6.16 [IlupuHy IIBa cleayeT NPUHUMATh U3 YCIOBHS HEAONYLICHUS COyaa-
PEHUS pa3aeseMbIX YacTeit COOPYXEHHS TTPH 3EMIIETPACEHHH.

6.17 PaccTosiHne MEXJy AHTHCCHCMUYECKUMH LIBAMM OIPENCISIETCA IIO
dbopmyne, mpueenerHOl B BCH 193-81 [2],

1=—45‘110 , 6.1)

A

re & — JNOmycKaeMoe KOHCTPYKLUHMEH IBa IPOJOIBHOE CMEHMICHHE CMEXKHBIX
VYacTKOB TOHHENS OTHOCHTENBHO APYT APYra, MM C, — CKOPOCTb IPOJONBHBIX
ceficMHYeCKHX BOJIH B TpyHTe, M/C; T, — mpeobnanaronmii epros, KoneOanuii Ja-
CTHI| TPYHTA, C; A, — BO3MOXKHAs MaKCAMaJIbHas aMILTUTY/a KoneGannii Maccu-
Ba, MM, ONpelenseMas B MPOLECCe U3bICKAHUH (ULl PEABAPUTEIIBHBIX PAacYETOB
NIPHHUMAETCS 1O pHC. 6.1 B 3aBECHMOCTH OT T ).

IIpu OTCYTCTBMU JAHHBIX B CIA0BIX TPYHTaX PacCTOSHUE MEXIY aHTHCEH-
CMHYCCKAMH INBAMH CIEAYET NPUHUAMATD PAaBHBIM 20 M, B CKaJIBHBIX — 30 M.
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Pucynok 6.1 — 3aBUCUMOCTH aMILTUTY MaKCUMATIbHBIX CMELICHUH
OT mpeodaafaroIIero nepuoaa KoneOanuif YacTHI[ TpyHTa

6.18 AmnrtuceiicMudeckue neOPMAIMOHHBIE IBHI LEJIECO00PAa3HO COBME-
mare ¢ AeOpPMAIMOHHO-YCaJOUHBIMH U TEMIIEPATYPHEIMH IOBaMA. Ecim B pe-
3yIbTaTe PAcUeTa PacCTOAHUE MEXKTY AHTHCEHCMHUYECKMMH Je(OpMALMOHHBIME
[IBaMH MEHBIIE, 9eM MEXIy Ae(popMarmoHHO-YCATOTYHEIMA W TEMIEPaTyPHBIMH
mBaMH, TO HEOOXOAMMO YCTpauBaTh MONONHUTENBHBIC AHTHCEHCMUYECKHE Je-
(hOpMAITMOHHEIE IIBEL.

6.19 AmntuceiicMpueckue aethopManOHHBIE IIBH 00S3aTENBHO CIIEAYET
YCTpaWBaTh B MECTAX COCTMHEHUS YYaCTKOB TOHHE/S, UMEIONMX PA3JIHYHBIE I10-
HepedHbIe CEUCHUSL.

6.20 B MecTax NpUMBIKaHUA K TOHHENIO KaMep M IPYyTUX MOA3EMHBIX BBIpa-
00TOK (IPEHAKHBIC ¥ BEHTHIISIMOHHBIC MITONBHH U IIP.) MEX/IY COOPYKEHUAMU U
TOHHENEM.

6.21 B TOHHENAX METPONOIUTEHOB AHTHCEHCMUYECKHE IIBBI JODKHBL IPO-
pe3arh He TONBKO KOHCTPYKIMIO 00JIENIKH, HO M IIyTEBOM OETOH.

6.22 B ciydae CJIOXHOTO B3aMMHOr0 MepecedeHus MOA3EMHbBIX BHIPaOOTOK
OTBETCTBEHHOTO HA3HAUCHHUS, KOT/IA TI0 YCIIOBHSIM DKCIUTyaTamu TpedyeTcst Heao-
NyIICHAE CMEINECHHS OAHOH BHIPAOOTKH OTHOCHTEIBHO APYrOif BO BPEMs 3EMITe-
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TPsCEHUs, HEOOXOAMMO MPOEKTUPOBATh YCHJICHHOE JKECTKOE COWIECHEHWE KOH-
CTPYKITHHA.

6.23 B MecTax nepeceYeHrs TOHHENEM TPAHUL] TEKTOHUYECKUX 30H JIOJDKHEI
IIpelyCMaTPUBAThCS! IOMIOJTHUTEIbHBIE AHTUCEACMUYECKHIE MIBbl. PekoMeHlyeMble
CXEMBI Pa3MEIICHNS U KOHCTPYKIMUH aHTHCEHCMIUECKUX Ae(pOPMALIOHHEIX IBOB
B 00aenkax TpaHCOPTHBIX TOHHENEH npuBeaeHs! B [Ipunoxenuu 1.

6.24 O6enKy Ha y4acTKax TOHHE IS B 30HE TEKTOHMYECKUX TPELIMH, IPUie-
rarolye K aHTuceficMuueckuM Ae(pOpPMAIMOHHBIM IIBAM, CIECAYET YCHIMBAThL J10-
MONHUTENbHBIM KOHCTPYKTUBHBIM aPMUPOBAHUEM.

6.25 TlonepeuHoe ceueHNe 0OETOK HAa Y4acTKaX, IPHMbIKAIOIUX K TEKTO-
HUYECKUM TpPEIIUHAM ¢ 00eUX CTOPOH, CIEAyeT YBEINUMBATE B cpefaHeM Ha 10%.
JnvHa TakuxX y4acTKOB JO/DKHA ObITh B Ipejenax 5 HauOONbIIMX MOIEPEUHBIX
pasMepoB BbIPaOOTKH. [IpenBapUTENbHOE KONMYECTBO YYACTKOB HA3HAYANOT IO
JIAHHBIM MHXKEHEPHO-TEOJIOTMYECKUX U3BICKAHUI U YTOUHSIOT 10 UX (PAaKTUYECKO-
MY MECTONOJIOKEHUIO B IPOLECCE MPOXOAKH ONMEPEXAIOIMX PA3BEAOUHBIX IITO-
JIeH, CKBKUH U T.IL

6.26 OOLyI0 IIVHY YYacTKOB YCHICHHS OOIENKM ONpPEACIIOT Ha OCHOBE
aHaJIN3a JaHHBIX WH)XEHEPHO-TCOJIOTMUECKUX, THAPOTEOIOTHYECKUX U CEIACMOTEK-
TOHUYECKUX U3bICKAHUM U YTOUHSIOT JOIOIHUATENBHO B IIEPUOA CTPOUTENLCTBA.

6.27 B sxene300eTOHHLIX KOHCTPYKIMSAX B KadecTBe padoueil (pacueTHO)
apMaTypsl CleAyeT MPUMEHATh CTEP)KHEBYIO apMarypy U3 ctanu kinacca Ac300
mapku 10I'T guametpom 10-32 mm o I'OCT 5781-82. JlomyckaeTcsl NPUMEHEHHE
apmatypHoii craymm kmacca A400 mapku 25I2C puamerpom 6-40 mm mo 'OCT
5781-82. B xauecTBe HepacueTHOM apMaTypel BO3MOXKHO TPUMEHEHHE cTam A240
u A300 mo TOCT 5781-82 m I'OCT 380-94, mapok BCr3cn2, BCr3cm2,
BC13I'mc2, BCr5cnm2 u BCtSme2.

6.28 Mapku crajieii IS 3aKJIaJHBIX JJEMEHTOB >KeJe300€TOHHBIX KOH-
CTPYKLHI CleayeT MPUHAMATH MO HOPMAaM IPOCKTUPOBAHUS HKENE300E€TOHHBIX
KOHCTPYKIHH.
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7 OcHOBHBIE M0JIOKEHHs1 PacyeTa TOHHEJIbHBIX 00€I0K Ha ceificMuve-
CKHe BO3AeiCTBHSI 3eMJIeTpsICeHHil

7.1 KoHcTpykimu 0OAENOK TPAHCIOPTHBIX TOHHENCH, pPAacHoiaracMBIX B
CeliCMOOMAaCHBIX paiioHaX, AO/KHBEI OBITH 0OOCHOBAHEI pacdeTaMH HA CelicMuYe-
CKHE BO3JICHCTBUSL.

7.2 Pacuer TOHHENBHBIX OONENIOK CICHAYET MPOBOIWTH MO TMEPBOM TpyIIe
MPEAETIbHBIX COCTOSHHA.

7.3 PacdeTsl NpOBOAATCS HA OCHOBHBIE COUETAHUSI HATPY30K, 0COOBIC cOUC-
TaHHS HArPy30K, COCTOSILME K3 MOCTOSHHBIX, JUINTEJIbHBIX, BO3MOYKHBIX KPaTKO-
BPEMEHHBIX U OJJHOH M3 0COOBIX (KpoMe ceficMU4ecKHX) Harpy3ok; ocoboe coue-
TaHHe, COCTOALIEE U3 IOCTOSIHHBIX, JUIUTEIBHBIX HArPY30K U CEHCMHYECKOrO BO3-
JENCTBUSL.

7.4 PaccuMTHIBaTH KOHCTPYKLUH OOJETIOK HA CEHCMHYECKHE BO3ACHCTBUS
CIEyEeT C YU4ETOM CEHCMUYHOCTH IUIOIIAAKH CTPOUTEILCTBA, PACUETHOH celicMo-
CTOMKOCTH TOHHENBLHBIX KOHCTPYKLHUM U (PU3HNKO-MEXaHWIECKAX CBOWCTB OKpPY-
JKAIOMUX 00JETKy TPYHTOB U MaTepHanoB OONEIKH, METOJAMH MEXAHUKH CILIOII-
HOW cpeJibl MM CTPOMTENILHON MEXAHUKH.

7.5 B cooteercrBuu ¢ CIT 14.13330.2014 npexycMmarpuBaroTcs pacyeThl Ha
Jeficteue mpoekTHOro (113) 1 MakcuManbHOTO pacyeTHOTO 3emieTpsaceHuii (MP3).

7.5.1 Ilpn pacuere Ha JEHCTBHE MPOSKTHOTO 3€MJICTPSACEHHUS HCIIOIB3YEMBIE
pacueTHbIe MOIENH HOJKHBI OBITH OCHOBAHBI HA PACCMOTPCHUH VIIPYTOit 001acTH
JeopMHUPOBaHHS.

7.5.2 Tlpu pacuere Ha JCHCTBHE MaKCUMAIBHOTO PAaCUETHOTO 3EMIICTpPACE-
Hus (OpPMHpPOBaHME PACUCTHBIX MOZCNECH MOA3EMHBIX COOPY)KEHHH CleIyeT mpo-
M3BOJUTL C YYETOM BO3MOXKHOCTH Pa3sBHTHs B DJIEMEHTaX KOHCTPYKUMH HEyIpy-
rux aedopManuii M TOKATbHEIX XPYNKAX pa3pyIICHHIA.

7.6 TlepBbIM 3TanoM pacuera Ha Bo3zaciicTBue MP3 sBiseTcss paccMOTpeHHe
yIpyroit craanu AehopMUPOBAHNS] KOHCTPYKIIHH,

7.6.1 Ecnu pacyeT, MPOM3BOAMMBII MO YIPYToif CTaauu, He BHIABIT 00pa3o-
BaHWE HEYNPYrux AeopManwii ¥ JOKATBHBIX XPYNKUX pa3pylIeHHii, HeoOX0au-
Masi HecyIas CriocOOHOCTh OO/IENIKU TOHHENISI CYUTACTCS 00CCTICUeHHOM.

7.6.2 Ecnu pacyeT, Npou3BOAUMBIN NO YIPYToi# cTaauu, BHISBUI 00pa3oBa-
HHE HEYNPYTuX AedopManmii M NOKANBHBIX XPYNKUX pa3pylIeHUi, fanbHelmue
BBIYHCIICHHS TIPOM3BOJITCS € MCTTONB30BAHAEM PACYCTHBIX MOJEIEH, MOAUBHITH-
POBAHHBIX C Y4ETOM MOJIOKEHUs, POPM U pa3MepOB BBHIABICHHBIX 30H HEYHPYTUX
Jedopmanuii ¥ TOKATBHBIX XPYIKAX pa3pyLICHUI.

7.7 Pacder oOmenok TOHHENEH C YYeTOM CEHCMHUYESCKHX BO3ACHCTBHI
NIPEAYyCMaTPUBACT:

- YTOUYHEHHUE CEHCMMYHOCTH TUIOLIAJIKH CTPOUTENBCTBA TOHHEIS,

- BHIOOp pacueTHOH CeiicMOCTOMKOCTH KOHCTPYKIMII TOHHES COTJIACHO
Tabmume 4.1,
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- pasOueHue TOHHEINS Ha OTACNBHBIC YUaCTKH B 3aBHCHMOCTH OT MHXKEHEP-
HO-TE€OJIOTHYECKAX U THAPOreONOrHUYeCKUX YCJIOBUI U THTIOB TPUMEHAEMOH 001e-
JIKY,

- BBIOOp METOJMKHM pacueTa OOACITKM Ha KaKAOM ydacTKe Ha 0coboe code-
TaHUE JCUCTBYIOLIUX HAPY30K;

- OIpEENICHUE PAaCUCTHBIX YCHIIUI (HaNnpsyKeHuil) B 00/eNkax U moprajiax
OT CTAaTHYECKUX U CEUCMHAYECKHX BO3JICHCTBHIL,

- MPOBEPKY Hecylieit cnocoOHOCTH NOA3EMHBIX KOHCTPYKITHHA.

7.8 Pacuer 0Onenok ToHHeNel Ha ceiicMUUeCKre BO3CHCTBHS BEITIOHSECTCS
Ha JEHCTBUE PACIPOCTPAHAIOIIMUXCA B MACCHBE IOPOA JUIMHHBIX CEHCMHYECKMX
TIPOJOIBHBIX BOJH (CKATUSA-PACTSKEHH ), BEI3BIBAIONIAX CMEICHHS YaCTHIT TIOPOTT
B HANPaBJICHUHW CBOETO PAClPOCTPAHEHHUs, U BOJIH IIONEPEUYHBIX (CIBHIA), BHI3bI-
BaOIINX CMEIIEHUS B HAIIPABICHUM, NEPIEHAUKYIAPHOM HANPABJIEHUIO PacIpo-
CTPaHEHHSI.

7.9 CeiicMuuecKue BOTHBI IIPEAIONATAOTCA YIIPYTHMH, TAPMOHHYECKHUMH C
mTockuM (GpoHTOM, MO0 HEeCTAMOHAPHEIE, HO C HE3HAYMTENBHEIM OTJIHYHEM pPe-
IFHOTO UMITYJIBCa 10 (popMe OT CHHYCOHTATBHOTO.

7.10 Ckopoctd pacnpocTpaHeHUsI CeCMUUYECKUX MPOAOJBHEIX M MOMeped-
HBIX BOJH ¢, U ¢,, a TaKKe npeodnagaromuii nepuoa koiaedanuii rpyaTa 7, cineny-
€T OIPEACIATh N0 JAHHBIM MH)KEHEPHO-CEHCMONIOTUYECKUX M3bICKaHUWiA. Ilpu oT1-
CYTCTBHHM JAHHBIX JOMyCKaeTcs npuHuMare 7o = 0,5, a CKOpOCTH ¢ H ¢, — CO-
rnacHo [Tpunoxkenuto b HacTosmero nocodus.

Takoke 10MycKaeTcs ONpeeniaTh CKOPOCTH celicMUUYeCKUX BOJH 1o (Gopmy-
nam [6]

¢ = E()g A I_VO je, = Eog , (71)
Yo (1+v)1-2vy) 2y(1+v,)
e ¥ — 00BeMHEIH Bec rpynTa, MH/,

g=9.81 w/c? — yckopeHHe CBOGOTHOTO TaIEHH;

E, — moxyms nedopmanuu rpynTa, Mlla;

v, — koaddumuert ITyaccona rpyHra.

7.11 PacyeT 00eJIOK y4aCTKOB TOHHENEH, COOPYKAEMBIX OTKPBITHIM CIIOCO-
60M, TPOBOTATCS] METOJAMH CTPOUTENBHOH MEXAHUKH Ha JCHCTBHE MHEPIMOHHBIX
CHJI OT Macc IPyHTa U COOCTBEHHOIO BECA KOHCTPYKIMI IPU BEPTUKAIBHOM H I0-
PU3OHTAJIBHOM HANPABIECHHUAX CEHCMHYECKOTO BO3ACHCTBHS.

7.12 Pacdet 06/1eN0K TOHHENEH MENKOTO 3I0XKEHHS, COOPY>KAEMBIX 3aKpPhi-
TBIM CIIOCOOOM B CEiiCMOOIIACHBIX paliOHAaX, IPEAyCMATPUBACT yUCT BIHSIHHS 3€M-
HOM MIOBEPXHOCTH.

7.13 Pacuer mopTaIbHBIX MOANOPHBIX CTEH NMPOBOAWTCS METOAAMH CTPOU-
TEJLHOM MEXAHUKU HA ACHCTBUE TOPU3OHTAILHOM COCTABIIAIOMICH UHEPLUUOHHBIX
CHJT OT MacCHI TPYHTa U COOCTBEHHOIO BECA KOHCTPYKLMHA.

7.14 JleiictBHe CEHCMUYECKMX BOJH, PACHPOCTPAHSIOIMXCS BAOIb OCH TOH-
Hensd, KOMICHCHPYETCS YCTPOMCTBOM aHTHCEHCMHUYECKUX Ae(OpPMALMOHHBIX
HIBOB.
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7.15 ObGnenku TOHHENEH, COOPY)KAEMBIX 3aKPHITHIM CIIOCOOOM, PaCcCUMTHI-
BalOT HAa JAEHCTBHE MPOAONBHBIX M MONEPEYHBIX CEHCMUYECKHX BOJH C YYETOM
BCEX BO3MOJKHBIX HAIPABICHHN MX PACHPOCTPAHEHHUS B ILIOCKOCTU MOMEPEYHOTO
CEUYCHMS COOPYIKEHHUSL.

7.16 Obaenka pacCUMTHIBAETCA KaK SJIEMEHT eQuHol nedopMmupyemoit cu-
CTeMBbI «00JeNKa — MACCUB IPYHTa» B YCIOBUAX IUIOCKOH nedopmauuu npu ycio-
BUH, YTO JJIMHA COOPYXKEHHUS TPEBOCXOAUT €r0 MOMEPEYHBIE Pa3MEphl HE MEHEe
4eM B 5 pas.

7.17 Ilns pacuera 0O/IeIOK TOHHEJEH, COOPYKAEMBIX 3aKPBITHIM CIIOCOOO0M,
MOTYT HMCHOJIb30BATLCS PELICHUS] COOTBETCTBYIOIINX KBA3UCTATUYECKUX TIOCKHX
KOHTAKTHBIX 33/1a4 TEOPHHU YIIPYTOCTH, TIPU BHITIOJIHEHUH YCIIOBHS [2]

2
;LTO >D?, (7.2)
Y(1+v,)
rae D — HauOonbLIKii NONEpeYHbli pa3Mep TOHHENS (KOMILIEKca OIU3KO pacmo-
JIOKEHHBIX TOHHENIEH), M;

T, — npeobnanaronmii mepuox koneOaHmii TpyHTa, €, TPHHUMAEMBIH MPH
OTCYTCTBUHM PE3YJIbTATOB U3MEPEHUi paBHbM 0,5 C.

Ecnu ycnoBue (7.2) HE BBLIMOJHAETCS, NPUMEHSIOTCS PELICHHUS COOTBET-
CTBYIOLIHX JJHHAMAYCCKHX 3a,1a9.

7.18 Ilpu mOCTaHOBKE IUIOCKUX KBA3UCTATUYECKUX 33/1a4 MACCHUB TPDYHTa
Mozenupyercs: OeckoHeuHOM (momyOecKOHEUHOM) nuHelHo-aedhopMupyeMoit oa-
HOPOIHOH cpefoit, ocnabaeHHOH OJJHUM WM HECKOIBKUMH MOAKPEIJICHHBIMH OT-
BEPCTUSIMU, HCIIBIThIBAIOLICH Ha GECKOHEUHOCTH JBYXOCHOE HEPAaBHOKOMIIOHEHT-
HOE pacTsDKEHHE (CKATHE) W YMCTHIN COBHT HANPSHKCHUSMH, 3aBUCALIMMH OT TIa-
paMeTpoB CEHCMUUECKUX BOJIH.

7.18.1 JleficTBUE MPOJONBHBIX BOJIH MOJIETMPYETCS HOPMAIBHBIMH HArps-
JKCHUSIME HA OECKOHEYHOCTH O MPOW3BOJIGHBIM B3aUMHO MEPIEHIUKYISPHBIM
HAIpPaBJICHUAM X' U ), OIpeaenseMbIMY 10 HopMyJiam

o) =P; 0 =EP, (7.3)
rac
VU

P=iLAK|K0ycIYE), &= : (7.49)
27

1-v,

A — pacdetHoe ycKOpeHHE KoyieOaHWi TpyHTa B JONAX YCKOPEHHS CHIIBI
TSOHKECTH,

K, — X023 (hpUIMEHT, yUNTHIBAIOIMI AOIYCKAEMBIE IOBPEXKACHHUS 00CIIKH,
npuHuMaeMelii cornacao CI1 14.13330.2014;

K, — xoapduiment, npuanmaemeri mo tadn. 3 CII 14.13330.2014 B 3aBu-
CHMOCTH OT Ha3HAUEHUS COOPY>KEHHUS U BHJIA BHIOIHAEMOIO pacieTa.

ITpu pacyere Ha HPOEKTHOE 3EMIICTPACCHUE Mpou3BencHue AK,, Kak mpa-
BWJTO, IpHHUMAaeTcst paBHBIM 0,025; 0,05; 0,1 ams paifoHOB celicMUYECKOH aKTHB-
HocTH 7, 8 1 9 GalIoB COOTBETCTBEHHO.
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7.18.2 Ilpu MCHONTHb30BaHUH MHCTPYMCHTAJILHBIX HITH CHHTE3HPOBAHHBIX aK-
cemneporpaMM Ko3(@GuIMEHT 4 NMpUHUMAEeTCS PaBHBIM TMHKOBOMY YCKOPEHHIO,
B3ATOMY B JIOJISIX YCKOPEHUsI CBOOOJHOTO MaJICHUS &.

7.18.3 B ciydae, ecid CeliCMUYHOCTD TUIOIAAKH CTPOUTENBCTBA SBIACTCS
JpoOHO# BenUUMHOM, kK03hpumeHT 4 Moxker OBITH HaliieH Mo cieayromeit op-
MYJIE:

A KW

100g

rae K, — xo3¢hdUIMeHT, YUUTHIBAIONIHI YTOYHEHHE MCXOMHON CEHCMHYHOCTH
TUTOLIAAKA CTPOUTENBCTBA,

W — aMIUIATYIHOE 3HAYEHHE TOPH3OHTANBHOTO YCKOPEHHS TPYHTa, CM/C’,
npuHuMaemMeie B coorBeTcTBUM ¢ CIT 14.13330.2014 (cm. Ilpunoxenue A HacTo-
SIIEr0 Tocobus).

7.18.4 JleficTBHE NMOTIEPEYHBIX BOJH MOJEIUPYETCS KacaTeIbHBIMH Harps-
KEHUSMU HA OECKOHEYHOCTH 110 B3aMMHO MEPHNEHIUKY/ISPHBIM HANPABICHUAM X'
U y', ompenensieMiIME 10 GopMyiam

=5

£3% B

(7.5)

(7.6)
S= iz—lnAKlKoyczY]), (7.7)

7.18.5 Eciu o6zenka He MpHaHKepeHa K MacCHBY TOPOJ WUITH TMPOEKTHPYET-
cs ¢ JonyleHnueM o0pa3oBaHus TPEeLYH, AelicTBHE IPOJOJIBHBEIX BOJH B (aze pac-
TSHKCHUS HC paCCMaTpuBacTCs.

7.19 Ilpu pacuere OOAENOK TOHHENEH C Y4ETOM AHU3OTPOIHBIX CBOHCTB

MaccHBa IPYHTA HaANpPsHKEHUS ci‘?"),c(y“."),ri‘f;.) ClelyeT ONpEcniaTh B 3aBUCHMOCTH

OT HANPABIICHUS PACTIPOCTPAHEHHUS CECMUYECKHUX BOJIH OTHOCHTEIBHO INIOCKOCTH
H30TPONMUHA MaCCHBa.

7.20 O6aenku TOHHENEH, COOPY>KACMBIX 3aKPBITHIM CIIOCOOOM, MOAENUPY-
I0TCS KONbLAMU 33JaHHOM TONMMHLL M (JOPMBI MOMEPEYHOro CEYEHUS U3 MaTepua-
Ja ¢ COOTBETCTBYIOIMMH Je(HOPMAMMOHHBIMA XapaKTEPUCTHKAMHU, JTHOO MHOTO-
CJIOMHBIMM KOJIbLIAMH, PAOOTAIOIMMKU B YIIPYrOi CTaJUM B YCJIOBUAX IOJTHOIO
KOHTaKTa ¢ MaCCUBOM T'pYHTA.

7.21 Pacuer 00/1eNIOK TOHHEINEH JOKEH BBIMIOIHATECA HA OCHOBE OLIEHKU
Hanbonee HeOIArOMPUAITHOTO HAMPSHKEHHOTO COCTOSIHMS MOA3EMHBIX KOHCTpPYK-
L[I/IVI, KOTOPOC MOXKCT BOZHUKHYTH IMPH Pa3IMYHBIX COYCTAHHUAX OCHCTBUA OOHO-
BPEMEHHO MPUXOISAININX UTHHHBIX CEHCMHYECKHX TPOJOIBHBIX M MOMEPEUHBIX
BOJIH JII0OOT0 HATPABICHUS B IIOCKOCTU MONEPEYHOTO CEYEHUS COOPY>KEHHUS.

7.22 Ouerka Hamboee HEOMAroMpUATHOTO HAMPSHKEHHOTO COCTOSHHS 00-
JIETIKY TOHHEITS] TIPOM3BOIUTCS HA OCHOBE MOCTPOCHHSI OTHOAFOIIHNX S0P MO0 MaK-
CUMAJIbHBIM 3HAYCHUAM COKUMAIOMUX M PACTATABAIOIIMX HOPMAaJIBHBIX TaHTCHIIH-
AJIBHBIX Hal'lpﬂ)l(CHI/Iﬁ G, BOZHUKAKOMHWX Ha BHYTPCHHEM KOHTYPE IONCPEUHOrO
ceueHUst 0OIENTKH ¥ COOTBETCTBYIOIIMX MM SMIOP HAMPSHKCHUH HA HApY>KHOM KOH-

Type.
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723 VYcunus B KaOKIOM HOPMAIBHOM (PagMaibHOM) CEYEHHH OOJIENKU
OIPEIEIAIOTCS UMEHHO IIPU T€X COYETAHUSX JACHCTBUS BOJH M UX HANPaBIICHHH,
IOpH KOTOPBIX B 3TOM CEYEHHH MOTYT BO3HHKHYTh MAKCHMAIbHBIE HOPMAJIGHBIC
TAHTCHUIMANbHbIC HANPSKCHHS.

7.24 Pacuer mapHUPHBIX 0OJENOK TOHHENEH IITyOOKOIro 3a/I0KEHMs JOITY C-
KaeTcs IMPOU3BOMUThL Ha AciCTBUE KOHTAKTHBIX HAMPSHKCHWMIA, ONPEACIAEMBIX Me-
TOJaMH TEOPHU YIPYTOCTU KaK JJIi MOHOJUTHBIX OOMENOK, a OMpPEAEIICHUE YCU-
JIUH IPOU3BOANTE METOJAMH CTPOUTENBHOH MEXAHUKU.

7.25 B ciryuae, ecnu pacueT 00/€NIOK HA CTATUYECKME YCHITHS BE/IETCS Me-
TOJAMH CTPOUTC/IbHOI MEXaHWMKU, HAarpy3Ky OT CEHCMHYECKOTO BO3ACHCTBUS
OIPEENAIOT METOAMU MEXAHUKH CIUIOLIHBIX CPEX, © CYMMHUPYIOT €€ CO CTaTH4e-
CKOI Harpy3Koii.

7.26 Ilpu pacdere 0OACIKH HA CTAaTHYECKUE HATPY3KHM METOJAMH MEXAHUKH
CIUTOIIHBIX CPEJl, HAMPSDKEHHOE COCTOSAHUE OT CTATHUECKUX U CEHCMUYECKHX BO3-
JEHCTBUI ONPEACIIOT Pa3aeybHO, OCHIE YETO OTAEIBHO CYMMUPYIOT YCUIIHS, CO-
OTBETCTBYIOIIME MAKCHMAJIBHBIM CKUMAKOLIMM (OTPHLATENBHBIM) H PACTATUBAO-
UM (TIONOXUTENBHBIM) HOPMATBHBIM TAHTEHIHATBHBIM HAMPSDKEHUAM B KOKIOM
HOPMAJILHOM CEYCHUM OOACNKU.

7.27 IIpoBepka MPOUHOCTH KOHCTPYKIMit 00JENKH TOHHENS OCYILECTRIIET-
¢ B cootBeTcTBHH ¢ CIT 63.13330.2012, CIT 16.13330.2017.

7.28 TIpu pacdeTe Ha MPOYHOCTH KOHCTPYKIMI 00menok nmoMumMo kodddu-
I[UEHTOB YCIOBUI paOOTHl, IPUHUMAEMBIX B COOTBETCTBUH C APYTUMH ACHCTBYIO-
IMUMHA HOPMATUBHBIMU JOKYMEHTaMHU, CICAYET BBOAUTH AOMOIHUTENBHO K03 du-
LHEHT yCIoBuiA paboTel B cootsetcTBru ¢ CIT 14.13330.2014.

7.29 TIpoBepka MMPOYHOCTH CEUCHUH HAOPBIATOCTOHHON KPEnu JIOIy CKAeTCs
IIPOBOANUTD NMYTEM CPABHECHMS CYMMApHBIX COKMMAIOMMX M PACTATMBAOIIMX HOP-
MAJIBHBIX TAHTCHIMAIBHBIX HAIPSDKECHUN OT CTAaTHYECKWX HArpy30K W ceiicMuye-
CKMX BO3JCHCTBHUI COOTBETCTBEHHO C BEIIMYMHAMM PACYCTHBIX CONPOTUBICHHIA
HaOPBI3rOETOHA CXATUIO U PACTSKEHHUIO.

7.30 IIpoBepka NpOYHOCTH OETOHA CIIOEB MHOIOCIOWHOW 00JCIKM Ha CXKa-
THE MPOU3BOJUTCS C YUETOM OOBEMHOIO HANPSHDKEHHOTO COCTOSHUSA 1O (opMyIe

(3]

1-sind v
-——F06,|<R, 7.7
1+sing ~ K .7

LI€ G,,G, — PACYCTHBIC PAJUANILHBIC (HOPMAIBHBIC) M HOPMAJIBHBIC TAHTCHINAb-

Go

HBIE HAIPSDKEHUSI COOTBETCTBEHHO (IIpH. G, > 0 B popmyiy noacrasisiercs G, = 0);
¢ — yron BHyTpeHHEro TpeHus O€ToHa; K, — pacueTHOE COMPOTUBICHHE OETOHA.
7.31 Tlpu npoBepke MPOYHOCTH OETOHA CIOEB MHOTOCHOMHON 001enku Ha
pacTsDkeHHe JIOMYCKAeTCs CPABHWBATH PACYETHHIC HANPSDKEHWS B KOHCTPYKIIHH
HEMOCPEJCTBEHHO € PACUETHBHIM COMPOTUBICHIEM OETOHA PACTSDKEHHUIO.
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8 Mertoauka pacuyera KpyroBbix 00Je/10K TOHHeIei

8.1 Meroauka MpUMEHNMa I PacyeTa MOHOJIUTHBIX 00ENOK, a TAKKE JULL
TPUOIKEHHOTO pacuyeTa cOOPHBIX 00AENOK, COOPYIKAEMBIX C TIEPEBI3KOU CTHIKOB,
TOHHENEH TITyOOKOro 3all0KEHHs, HE UCTIBITHIBAIOIIMX BIIMSHUS APYTHX MOA3EM-
HBIX COOPY>KEHHUIA.

8.2 MeToKa OCHOBAaHA HA TEOPETHYECKUX MPEANOCHIIKAX, COACPIKALLMXCS
B paszesne 7, ¥ MpeanoaaracT pacCMOTPEHHUE 3aMKHYTHIX aHATUTHUECKUX peLIeHUit
[4, 11] nBYX MIOCKMX KBa3UCTATHUECKUX KOHTAKTHBIX 33124 Il KPYTOBOTO KOJIb-
ma S), MOAKPEIISIOLEro OTBEPCTHE B JIMHEHHO-AeGOPMUPYEMOH OXHOPOIHOM
HM30TPOMHOH cpene Sy, UCHBITHIBatOLIEH Ha OECKOHEUHOCTH ABYXOCHOE HEPABHO-
KOMIIOHEHTHOE cxatue (puc. 8.1, a) u unctelit casur (puc. 8.1, 6).

LY s

L N F V. LL°
RO\ | R SED |y
: — & &

/ ~0 s

/I = st |

HHP [P u———

a 6
Pucynok 8.1 — PacueTHbIe CXEMBI K OIPEACIICHAI0 HANPSHKEHHOTO COCTOSHUS
00eJIKH KPYTOBOTO MONEPEYHOr0 CEYECHUS IPU ACHCTBUM JUTHHHBIX
CEHCMHUYECKHX BOJTH:
a — IPOJIOJIbHBIX, O — IONEPEYHBIX

B cuny oceBoif cMMMETPUH 33]1a4 HANpaBJICHHs HaNpsXKEHUH COBNANAOT C
0CSIMU JAEKAPTOBOH CHCTEMBI KOOPJMHAT, ICHTP KOTOPOH IMOMEIIEH B LIEHTP KOJIb-
na.

8.4 Tlpwm pacueTax HampaBJIicHHME PaCPOCTPAHEHHS BOJH MPUHUMAETCS OIH-
HAKOBBIM JUIsl TPOJIOJILHOM M IIONEPEYHOM BOJIHEL

8.5 Obnenka MoJEMMpyETCsl 3aMKHYTHIM KPYTOBBIM KOJIBLIOM S} TOJIIAHBI
A, MaTepual KOTOPOro 00aJaeT COOTBETCTBYIOIMMY Ae(pOPMAalMOHHBIMH XapaK-
TEPUCTUKAMH 1, v;.

8.6 Maccus mopoj Moaenupyercss OeCKOHEYHOW OJHOPOAHON JIMHEHHO-
nedopmupyemoii cpenoii Sy, redopMalMOHHBIE CBOWCTBA KOTOPOH XapakTepu3y-
I0TCS CPSIHUMH 3HAYCHUSIMA MOAYITS nedopmanin £, i ko3 dunnenta [Tyaccona
Vo.
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8.7 I'paHUYHBIE YCJIOBU PacCMaTPUBAEMBIX 331a4 HA JIMHWM KOHTAaKTa L
OTpaXKarOT YCJIOBUS HEMPEPHIBHOCTH BEKTOPOB HANPSIKEHWH M CMEIIEHWH; BHYT-
peHHmiT KOHTYP KOJbIa L; CBOOOAEH OT ACHCTBHA BHEIHUX CHIL

8.8 Beuay 3HAKONEPEMEHHOCTH BO3AEHCTBHIl, pacCMaTpPUBAIOTCS HETHIPE
COYETAaHMs JCHCTBUS OMHOBPEMEHHO TPHXOMASAIIMX MPOJAONBHBIX M MOMEPEYHBIX
BOJIH:

o=16" £,
TZIe CUMBOJIOM «G%» 0003HAYEHBI BCE KOMIIOHEHTEI TEH30Pa HANIPSDKEHUIA.

8.9 Jlng oreHKu HamOoyice HEOIArOMPUSITHOTO HAMPSHKEHHOTO COCTOSHUSA
00eNKY B paHabHBIX CEUCHHSX, IOTOKEHHS KOTOPBIX ONPEAEINAIOTCS YITIoM O,
HCTIONB3YIOTCS YCIOBUS

50(9@*07@) _0
o0 '

B pesymerare HaXomaTcsl YITBL 6;, 6,2, COOTBETCTBYIOIINE CEUCHUAM C KC-
TpeMaJbHbBIMU 3HAYCHUSIMH HOPMATBHBIX TaHT€HIUAIBHBIX (OKPYXKHBIX) Hamps-
KEHHH G .

8.10 B xauecTBe pacueTHHIX IPUHUMAIOTCS HAIPDHKCHUS U yCIIAS, HAEH-
HBIE B CEUEHHSX, B KOTOPHIX BO3HHKAIOT MAKCHMAJBHBIE COKMMAIOLIUE (OTpULia-
TEBHBIE) M MAKCUMAJbHBIE PACTATHBAIOMIKE (TIOJIOXKHUTENBHEIE) HAMPSKEHAS
o) BBHy TOTO, 4TO PACCMATPHBAEMAS KOHCTPYKIHS SBIILETCS LIEHTPATBHO-
CHMMETPUYHOM, MOTyYEHHbIE HANPSDKCHUS MPU 3eMIICTPSCEHUM MOTYT BO3HUK-
HYTH B TFOOOM paIHaJbHOM CEUSHUH OO IEIKH.

8.11 Ecnmu paccmarpuBaetcs Bozzeticteue MP3 u npoBepka Hecylei cro-
coOHOCTH KOHCTPYKIIMH BBISABHJIA BOBMO>KHOCTh 00pa3oBaHMs 30H HEYNPYTHX Ac-
(hopmaruii (JIOKATBEHBIX XPYIIKUX Pa3PYIICHU ), 1ajiee CIeayeT BHIIOIHUTD PacueT
C WCTOJIE30BAHMEM MOIENM MHOTOCIOMHOro KombLa (cM. paszaen 9), B KOTOPOM
yKa3aHHBIE 30HBI MOACIMPYIOTCS COSIMM € TIPHBEACHHBIMA 3HAYCHUAMU MOJYJLS
nedopmariu, onpenenseMbiMu B cooteTcTBrHd ¢ CIT 63.13330.2012.

Anropurm pacuera

HcxoaHBIMU TaHHBIME I7ISL pacueTa sIBJSFOTCS:

Ry, Ry — Hapy>KHbIHA ¥ BHYTPEHHUH PanyCchl 001K COOTBETCTBEHHO, M;

Ey, £y — Moaynu aedopManuy COOTBETCTBEHHO IPYHTA U Marepuaa ooaen-
xu, MITa;

Vo , V1 — Koo uimenTs [TyaccoHa rpyHTa 1 Mateprana 001eTKy,

v — 06BeMHEIi Bec rpyrTa, MH/M?;

T, — mpeoOnaparouii mepro kKoaedaHui YacTULL TOPOA, C;

A, Ky K1 — K0ohPULUUEeHTE], TpUHUMaeMble B COOTBETCTBUM ¢ 11.7.18.1.

PacueTr coCTOMT B BBHIMOIHEHNH CIEAYHOLINX ONEpaluii.

1) BBIUHCIAIOTCS IPOMEACYTOIHBIC BETMUKHBL

r:%;m].::;—ﬁl\/j (_/:O,]);
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E(1+v,) Vo .y 1B _1+a&f

= = I=1-d; s=1-
P Ey(1+v,) : 1-v,” l1+=&  1+&, T
~ 1-2v, Ey 1-v, 1
=iy ey P s AKKavedy.
2(1ve)” Ty (1) 12v,) 0¥

2) Beramcisrores k03pUImeHTE:
= (t +s7? )(dr° + l) +3tdr? (r2 - 1)2 .

B

f—d rzd(t—d)(rz—l)
a = a3 = 5
1-2d(1-r%) n
~ (er +l)(al+lr2)+3a'2r2 (r2 —1)2 ‘
a TAKKe BESTMIHHBI §
d-th

A_

+3a7; B=1—b1+3d&; F=d—tb, +3a,
r

3) Omnpenersrores 4 3HAYEHHS SKCTPEMANBHBIX HOPMAJIBHBIX TAHTCHIHAIb-
HBIX HanpshkeHuit B 00IeNKe COOTBETCTBEHHO MO JBa (j=1,2) Ha BHYTPEHHEM

G(e ) i HApyKHOM o(e ) KOHTyan OT eIMHAYHOH HArpy3KH 1Mo GopMyIaMm

1Y 4041+ 0% - (1+&)ay;

ol ) =(- 1)1 4F — BQ’I +0? 1+§w

4) U3 4 OTy4YeHHEIX B I1.3 alTOPATMA 3HAYCHUI HATIPSLUKEHUH BEIGHPAIOTCSL:
- HanOoJbIIIee OTPHLATETBHOE (C)KHMaIOLLIeC) HaINPsDKEHHE

G()—mm{c(, Ge, }(/ 1,2)
(1)

1 QuKcHpyeTcs 3HaUYCHHUE jl =j , IpX KOTOPOM TIOJTy4Y€Ha BENMYNHA Gy’ ;
- HanOobLIee TTOJTOXKUTEIIBHOE (pacmmBa}omee) HaNpsOKEHUE

&) =max{oly), ol }(, 1,2)
¥ (PUKCHPYETCSl COOTBETCTBYIOIIEE 3HAUCHHE J, =/ , IPH KOTOPOM TOJTyYeHa BeIU-
YHHA 6(92).
5) C npumeHeHuem 3Hauenmii j, (kK — 1,2) BBHIYMCISIOTCS HOPMABHBIE
HanpsDKEHNS. Ha HAPYXKHOM KOHTYPE HOMEPEYHOTO CEUEHHS OONENKH B JOJSIX

HArpy3Ku
s = 1+&a —-t+d
-1)*BO1+O* ——=-1——
(1) oI+ 7 -2

1 Oe3pa3MeEpPHBIE BETMYHHBI YCHITHIA
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2 1) i}
M(M _ (7 - l) |: (inj _ G(m‘)i|_ Jv(k) _ 7 1_ | |:G(in2 +G(ax;):|
12 e O |’ 2 g [/
COOTBETCTBYIOIINE MAKCUMAJIEHBIM COKEMAIONMM (TTPH & = 1) W pacTATHBAIOLINAM
(npu k = 2) HANPsOKEHUAM &(ék).

6) Ilomy4eHHBIE B COOTBETCTBHH C ILII. 3—5 aIrOpuTMa PacueTHbIC 3HAYCHHUS
HANPSOKEHUH yMHOXKAIOTCS HA BEMAYUAY P, M3ruOaommx MOMEHTOB — Ha Pbr?,
IIPOIONEHEIX CWJI — Ha Pbr, TAe b=1M — eWHWIIA JTIMHEI B TPOTOJILHOM HaIpaB-
JICHUM.

6.1) Ecu o6zenka He IpHaHKepeHa K MOPOJE, TO €CTh KOHCTPYKIIUS TIPOEK-
THPYETCS ¢ BO3MOXKHOCTBIO «OTIIMNAHKUS» OT TOPHOTO MAcCHBa, TIPH KOTOPOM pac-
TAMBAIOIIAA HOPMallbHAsA HArpy3ka Ha Kpemb He MepefacTces, Wi B 001emKe Jo-
IycKkaeTcs 00pa3oBaHUe TPEIINH PACTSIKEHHSI, B PE3YJIbTATe PACUETA ONYYAr0T [0
mea (k = 1, 2) 3Ha4eHHS yCHIUi (M3rUGAOIIMX MOMEHTOB M TIPOAONBHBIX CHIT),
COOTBETCTBYIOIIMX HAMOONBIMUM CxxuMatormM (k = 1) n pactsrusaromum (k = 2)

(¥)

HaIPSHKCHUSIM Gy’ B KaJKIOM CEYEHHH OO/IEIKHY.

6.2) Ecnu npeanonaraercs, 9to 00aeaKa padoTaeT COBMECTHO ¢ MACCHBOM
TPyHTa U [IPY HAIMYUK PACTSLKEHNSI HA KOHTAKTE, a TaKkKe TPEIMHOOOpa30BaHue B
KOHCTPYKIMH MCKITIOYAETCA, TO B KAYECTBE PACUCTHBIX BHIOMPAIOTCS HAMOOIBIINE
110 aOCONIOTHO BEJIMUMHE 3HAUCHUS

M:max‘M(k) . N= max‘N(k)

, (k=1,2),

KOTOPBIE IPUHUMAIOTCS CO 3HAKAMHM «+» B «—.

IIpumeps! pacyera

B kauecTBe MPUMEPOB NPHMBEICHBI PE3YJIBTATHl PACYCTOB HA BO3ACHCTBHE
T13, BBIMOTHEHHBIX A1 HECKOJIBKUX TUIIOB KPYTOBBIX 00/IC/IOK:

- 00zienka MUTOBOM KamMephl auaMeTpoM 11,3 M (mpumep 1);

- 00€enKa JKeNe3HOJOPOXKHOTO TOHHES [uaMeTpoM 8.5 M (mpumep 2);

- 00zienka WTOJILHU JUaMeTpoM 5,5 M (pumep 3);

Ipumep 1

Hcxonusie JaHHEIE:

- BHYTPEHHHU# pajmuyc obaenku R = 4,95 m;

- HapY>KHbIA pajuyc oOaenku Ry= 5,65 m;

- Je(hopMalMOHHBIE XapaKTEPHCTHKA MaTepHaIa 00 ICITKH

Ey=31500MIIa; v; = 0,15;

- ne(opMaiOHHBIE XapaKTepPUCTHKY rpyHTa Ly = 700 MIla; vy = 0,3;

- o6BeMHSIit Bec TpyHTa ¥ = 0,0262 MH/™;

- K03(UUMEHT, YIUTHIBAFOIINI HAa3HAYCHUE COOPYKeHus K= 1;

- KO3 PULNEHT, YUUTHIBAIONMH HomycKaemble oBpexaenns K= 0,25,

- K03(hpUIMEHT, YIUTEIBAIOILMI HHTEHCHBHOCTD 3eMieTpsicenus 4 = 0,4;

- mpeobnafatomuii nepuoa koiedanwii rpynra 7 = 0,5 c.

B pe3ynpTare pacyeToB MONYUYEHBl YCHITHS
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- COOTBETCTBYIOIIHE MAKCUMAIBHBIM CXKUMAIOIIUM HANpPsDKEHUAM B 00aen-
ke MW = 0,146 MH-M, N = 1,244 MH;

= COOTBETCTBYIOIIME MAKCHMATBHBIM PACTATHBAOLINM HAPSDKCHASIM

M®) = 0,133 MHM, N = 0,0062 MH.

Ipumep 2

Hexonnnie nannbie:

- BHyTpeHHUH paauyc obaenku Ry = 3,9 M;

- Hapy>kHblii paauyc odnenku Ry= 4,25 M,

- neopManOHHBIC XapaKTEPUCTHKH MaTepHaia 00 ey

E] = 1000OOMHa, V1= 0,3,

- nedopManmoHHbIE XapaKTePUCTHKH IpyHTa [y = 150 MIla; vy = 0,4;

- 06BeMHbIit Bec rpynTa vy = 0,0216 MH/M;

- K03(HIHEHT, YINTHIBAIOIIM Ha3HAYCHNE coopykerus Ky= 1;

- KO3((pUIHEHT, YINTHIBAOIIM TOITycKkaeMble oBpeskaeHus K= 0,25;

- K03 (PUIMEHT, YUUTHIBAIOIINI HHTEHCUBHOCTL 3eMueTpsicerns 4 = 0,4,

- IpeoOnafaroInmii mepuo konedanuit rpyrTa 7 = 0,5 c.

B pesynbrare pacuera m0IydYeHb! YCUIHS:

- COOTBETCTBYIOIIIE MaKCHMAIBHBIM COKMMAIOLINAM HaNPSDKCHUSM

MY =_0.118 MHM, N =-0,509 MH;

- COOTBETCTBYIOLINE MAKCUMAIBEHBIM PACTATUBAIOIINM HANPSHKEHUSIM

M® — 0,172 MHM, N =0,049 MH

IIpumep 3

Hcxonubie nannble:

- BHYTPEHHUH paauyc 00aeiku Ry = 2,55 m;

- Hapy>KHBI paauyc odaenku Ry= 2,75 M;

- IehopMaLMOHHbIE XapAKTEPUCTHKN MaTepraa 001enKu

E) =38000MIla; v, =0,15;

- neopMalOHHEIE XapaKTEePHCTHKH TpyHTa Fy = 150 MITa; vy = 0,4;

- 00bemHBI Bec TpyHTa ¥ = 0,0216 MH/M;

- K03¢(pUIHEeHT, YUUTHIBAIOMINH Ha3HAUEHHE COOPYKeHuUs K= 1;

- K03 PUIKEHT, YINTHIBAOIIMI JOTTyCKaeMble TIOBpeskaeHus K= 0,25;

- K03 hunmeHT, yIMTHBAIOMIMI HHTEHCHBHOCTE 3eMieTpscenns 4 = 0,4;

- npeodnamarommit nepuox Konedaunuii rpynta 7, = 0,5 c.

B pesynbrare pacuera moyyYeHs! yCHITHS:

- COOTBETCTBYIOLINE MAaKCUMAIBHBIM CKUMAIOIUM HANPSDKECHUSIM

MY =_0,0155 MHw, N =-0,289 MH;

- COOTBETCTBYIOLINE MAKCUMAIBHBIM PACTATMBAIOLNM HANPSHKEHUSAM

M) ~0,0151 MHM, N? = 0,064 MH.

B tabnumax 8.1, 8.2 npuBeneHb pacueTHBIC 3HAYCHHS HAMPKCHHUN M YCH-

Wi B GespasmepHOl HOpMe (IO YMHOMKEHHsS HA WHTEHCHBHOCTH BO3JEHCTBHA B

COOTBeTCTBYMM ¢ T1. 6 ANTOPUTMA) LIS PAAA NPUMEPOB. 3HaueHns KOd(DPUIMEHTOB

Tyaccona NOPOJIBL U MaTepuana Kpelmu IPHHAMAIIMCh COOTBETCTBEHHO Vv = 0,25,
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vy = 0,15. JlanHbie TaONHUIL TO3BOJIAIOT BHIMOJHUTH MHKEHEPHYIO OLIEHKY TOTO MJIA
WHOTO BapWaHTa KOHCTPYKTHBHOTO PELUEHHsS OOJENKA TOHHENS O€3 NMpOBeIeHHs
pacueToB.

B cnydae, ecnii 00f€nKa TOHHENS He NMPHAaHKEPEeHa K MOPOIC WM HPOCKTH-
pyeTcs ¢ AOMyImIeHneM 00pa3oBaHUs TPEIIHH, HANPSDKEHUS W YCHITHS ONpeesis-
1oTcd U3 Tabimn 8.1 1 8.2. B MPOTHBHOM CIly4ae B KAU€CTBE PACUCTHBIX IOJKHBI
OBITH IPUHATH HANPSDKEHHUS M YCUIHSA U3 Ta0l. 8.1, B3ATHIE CO 3HAKAMM «+H» H «—.
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Ta6nuna 8.1 — BenuunHpl MakCUMaIBHEIX CKUMAIOIIHX OKPYKHBIX HAPSDKCHUE, COOTBETCTBYIOLIMX UM KOHTAKTHBIX HAMPSDKCHHUN M YCHIIHN

PacucTHbIC R, EVE,
HATIPDKCHHA R | 004 | 008 | 012 | 016 | 02 04 0,6 0,8 1 1,2 1,4 1,6 1.8 2
1 YCHIIAS
105 | -122 | 094 | 0,77 | —0.66 | 057 | -035 | 025 | 020 | 0,16 | 0,14 | —0,12 | —0,10 | —0,094 | 0,085
V) L1I0 | -136 | -117 | —1,02 | -090 | —0.81 | —054 | 041 | —033 | —027 | —024 | 021 | —0,18 | —0,16 | —0.15
P 120 | -126 | -121 | -112 | 1,04 | 097 | 072 | -057 | —047 | 041 | —035 | 031 | —028 | 026 | -024
1,30 | -1,01 | -107 | -105 | 1,00 | 096 | 0,76 | -0.62 | —0,53 | —0.46 | —041 | 036 | —033 | 030 | -028
1.05 | —23.1 | —189 | —158 | —13.6 | —119 | 735 | 532 | 4,17 | 3.43 | 291 | 253 | 224 | 201 | 182
ol L10 | —101 | -108 | —10,1 | 927 | -852 | —5.96 | -456 | -3,70 | 3,11 | -2.68 | 235 | —2,10 | -1,90 | -L.73
7 120 | -031 | -398 | 488 | 509 | -5.07 | —428 | -356 | —3,03 | —2.63 | -2.32 | 2,08 | -1.88 | -1.72 | -1.38
130 | +276 | 117 | —251 | 3,08 | 334 | -332 | —2.94 | 2,60 | 231 | 208 | -188 | -1.72 | -1.59 | -147
1.05 | 312 | 232 | —188 | —159 | 138 | 832 | 598 | 467 | 3.83 | 3.5 | 282 | 249 | 223 | 202
s\ L1I0 | —245 | -184 | —153 | -133 | 118 | -7.69 | -5.75 | 4,60 | —3.84 | —329 | 288 | —256 | —2.31 | -2.10
P 120 | -224 | -161 | -133 | -11,6 | -104 | -7.14 | -553 | -454 | 385 | —335 | 2,97 | —2.66 | —2.42 | 221
130 | 213 | -154 | -127 | -11,1 | 994 | —691 | -544 | -451 | 387 | -339 | -3.02 | 2,73 | 249 | 228
1,05 | -1,70 | —090 | —0,62 | 048 | 039 | 020 | 0,14 | —0,10 | —0.08 | —0,07 | —0,06 | —0,05 | 0,047 | 0,04
MY L1I0 | -12,0 | 633 | -437 | =336 | —2.74 | -145 | -099 | —0,75 | -0,61 | —0,51 | 044 | —039 | 034 | -031
P 120 | -73.8 | —404 | —282 | 218 | -17.8 | —9.52 | -6,55 | -5,01 | -4.07 | —3.42 | 2,95 | —2.60 | -2.32 | -2.10
1,30 | -180.8 | -106.7 | -76,5 | 60,0 | —495 | 269 | -187 | 144 | -11,7 | 988 | -855 | -754 | -6.74 | -6.10
105 | -136 | 105 | 087 | 074 | 064 | 039 | 028 | 022 | —0.18 | 0,15 | 0,13 | 0,12 | —0,11 | —0,096
N L0 | -173 | -146 | -127 | 1,13 | -1.02 | -0,68 | -052 | —041 | —035 | —030 | -026 | —023 | 021 | -0,19
r b 120 | -227 | =201 | -1,82 | -1,67 | -1.55 | -1,14 | 091 | —0,76 | -0.65 | —0,57 | -050 | —0.45 | 041 | -038
130 | 279 | 249 | 228 | 212 | -1.99 | -1,53 | 126 | —1,07 | —0.92 | —0.82 | 074 | —0,67 | —0.61 | -0.36
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Ta6nuna 8.2 — BenuunHpl MaKCHUMAIBHEIX PACTATHBAOLINX OKPYKHBIX HAPSHKSHUH M COOTBETCTBYIOIMX UM KOHTAKTHBIX HAMPSKCHUH M YCUIHHA

PacucTHbic R, EyE,
HAPOXCHHA R | 004 | 008 | 012 | 0,16 | 02 | 04 | 06 0,8 1 1.2 1.4 1.6 1.8 2
1 YCHIIHS
1,05 | -0,005 | 0,064 | 0,087 | 0,094 | 0,094 | 0,077 | 0,062 | 0,051 | 0,043 | 0,037 | 0,033 | 0,029 | 0,027 | 0,024
!V 1,10 | -0,14 | 0,048 | 0,001 | 0,030 | 0,046 | 0,070 | 0,067 | 0061 | 0,054 | 0049 | 0045 | 0,041 | 0037 | 0035
P 120 | -045 | 029 | 021 | 0,16 | -0,12 | -0,03 | 0,002 | 0015 | 0,021 | 0023 | 0024 | 0,024 | 0,024 | 0023
130 | -078 | 055 | 043 | 036 | -031 | -0.16 | 0,10 | 0,071 | -0,051 | -0.038 | 0,029 | -0,023 | -0.018 | -0.015
1,05 | 200 | 086 | L71 | 201 | 2,08 | 177 | 143 | L18 | 100 | 087 | 076 | 069 | 0.62 | 057
ol 1,10 | -577 | -1.96 | -058 | 0,10 | 048 | 099 | 097 | 088 | 079 | 071 | 065 | 059 | 054 | 050
5 120 | =919 | 432 | 249 | -1,54 | 096 | 014 | 041 | 049 | 050 | 049 | 047 | 044 | 042 | 040
130 | 2975 | 515 | 326 | 223 | -1,59 | 028 | 010 | 025 | 032 | 034 [ 035 | 034 | 034 | 033
1,05 492 | 430 | 401 | 3,73 | 3.46 | 247 | 190 | 153 | 129 | L1l | 097 | 087 | 078 | 071
(i) L10 | 709 | 443 | 365 | 327 | 301 | 225 | 181 | 151 | 130 | 114 | 101 | 091 | 083 | 076
P 1.20 11,2 | 632 | 464 | 381 | 331 | 225 | 181 | 153 | 133 | L18 | 106 | 097 | 089 | 082
1,30 126 | 746 | 545 | 440 | 375 | 239 | 187 | 157 | 137 | 121 | 109 | 100 | 091 | 085
1,05 144 | 072 | 048 | 036 | 029 | 0.5 | 0,098 | 0073 | 0,059 | 0049 | 0,042 | 0,037 | 0033 | 0,030
MY 1,10 107 | 532 | 353 | 264 | 200 | 105 | 070 | 053 | 042 | 035 | 030 | 027 | 024 | 021
P 120 | 68,1 | 354 | 238 | 178 | 142 | 7,03 | 466 | 348 | 278 | 232 | 199 | 174 | 154 | 139
130 | 1674 | 946 | 654 | 497 | 400 | 200 | 132 | 988 | 787 | 654 | 560 | 489 | 434 | 390
1,05 | 0,073 | 013 | 0,14 | 014 | 014 | 0,11 | 0,083 | 0,068 | 0,057 | 0,049 | 0,043 | 0039 | 0,035 | 0,032
N L10 | 0066 | 012 | 015 | 017 | 0,17 | 016 | 014 | 012 | 010 | 0093 | 0083 | 0,075 | 0,069 | 0063
r b 120 | 020 | 020 | 021 | 023 | 023 | 024 | 022 | 020 | 018 | 017 | 015 | 014 | 013 | 012
130 | 042 | 035 | 033 ] 032 | 032 ] 032 ] 030 | 027 | 025 | 023 | 022 | 020 | 019 | 018
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9 MeToauka pacyeTa HeKpYroBbIX 00/1€JIOK TOHHeJIel ri1yGokoro
3a/10:KeH A

9.1 Merojnka npeAHa3Ha4YeHa IS pacdyeTa 3aMKHYTHIX MOHOJIUTHBIX Oe-
TOHHBIX U JXEJIe300€TOHHBIX 00MIeNIOK TOHHeJel HeKPYroBoro OdepTaHWs Ha celi-
CMHUYECKHE BO3JICHCTBUS 3eMIIETPSCEHHIA.

9.2 Mertoapka MpUMEHHUMa Ui pacdera O0JeIOK TOHHeNeH, pacnoIoXeH-
HbIX Ha IIyOuHe, NIPeBOCXOMLIEH MAaKCUMABHBINA pa3Mep MONePEYHOro CEUCHHS
BHIPa0OTKH HEe MEHEe, 9eM B TPH pasa.

9.3 O6nmenka paccMaTpHUBaeTCsA Kak 3aMKHYTasi KOHCTPYKITHS 33aHHOM TOJ-
UMHBI ¥ KOH(uUrypamuu, paGoTaroimias B YOPYroi cragud Ie(OpMHpOBaHHS B
YCJIOBHSIX IIOJIHOT'O KOHTAKTa ¢ MACCHBOM I'PyHTA IO BCEMY IIEPHMETpPY BBIPaOOTKH.

9.4 Metoauka NO3BOJNAET ONpeNeNATh HaNpsHDKEHUS U YCHITUS B o0menKkax
TOHHeJIeH TIyOOKOTO 3aJI0XKEeHUs TpH AeHCTBUU JIMHHBIX MPOAOJBHBIX U MOIe-
PeUHBIX CeiCMMYIECKUX BOJIH 33/IaHHOTO HAIpaBJIeHHs, a Takke BBIIONHATH pacueT
Ha celicMUYecKue BO3JEHCTBUS 3eMIICTPACEHNS 3aJaHHOH HHTEHCHBHOCTH B COOT-
BETCTBHE C MOJIOKEHUSIMU pazjiena 7.

9.5 Meroayka HmpUMeHNMa K pacdeTy MOHOJIUTHHIX O0ENIOK KpyroBOTO
OUepTaHUs [IPH COOTBETCTBYIOIIEM ONMCAHUN FeOMETPUH MOMEPEeYHOTO CeUeHHSI.

9.6 HanpsixeHHOe cocTosHHE 0OAEIKH TOHHENS IPU AeHCTBHH MPOIOIbHON
WM TIOTIEPEYHOI BOJH, HAIPaBIEHHBIX [TOJT NPOU3BOJILHBIM YTIIOM O, K BEPTHKAIH,
ONpeNeNsioT U3 pelleHUI KBa3UCTaTUYSCKUX MJIOCKUX KOHTaKTHBIX 3a[au TEOpUHU
YOPYrocTH AJsl KOJblia MPOHM3BOJIEHON (OPMEI, MOAKPEIIISIOMEro OTBEPCTHE B
JMHeHHO-nehopMUpyeMoi cpefie, IpH AeficTBHH Ha OeCKOHEYHOCTH HalpsDKeHHH,
ompenensieMsix ¢opmynamu (7.4), mu6o dopmynamu (7.7). CooTBeTcTBYIOIIUE
pacdeTHBIe CXeMBI MPeCTaBleHbl Ha pucyHkax 9.1 a, 6 [11].

P X EP X

S
S Eo v S Eo i)

SiEpv] S|[Ewv)

A\ 73
S N 7 S
P P X d

a 6
PrcyHok 9.1 — PacdeTHBIe cXeMblI K ONpeelIeHUI0 HANPSKEHHOTO COCTOSHHS
HEeKpYyTOBOH 00JIeNTKI TOHHEISI FTyOOKOT0 3a/10)KeHHs U JeHCTBUU
CEeMCMHUYECKUX BOJIH:
a — MPOAOJBHBIX; 0 — TOIEePEYHBIX
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MaccuB TpyHTa MOAETHpPYeTCss OECKOHEUHOH OXHOPOAHON MUHEHHO-
nedopmupyemoit cpenoi Sy, neGopMalMOHHEIE CBOWCTBA KOTOPOH XapakTepusy-
FOTCS CPEIHUMH 3HAUSHMSIME MOTYJIS Aeopmaruul Foy i koadduuuenTa [Tyaccona
vo. O6enka MOIETUPYETCA 3aMKHYTHIM KPYTOBBIM KOJIBIIOM S TONIUMHON A, Ma-
TepHa KOTOpPOro odnmamaeT aeopMarmOHHBIMU XapakTepucTukamu Ei, vi. ['pa-
HUYHBIE YCJIOBHS PAcCMaTPMBACMbIX 3aJay Ha JIMHHM KOHTAKTa L, OTpaKaroT
YCIIOBHS HEMPEPLIBHOCTH BEKTOPOB HAMPSDKEHWH W CMEINEHUI, BHYTPEHHHN KOH-
Typ KOJIbIa L CBOOOJIEH OT e CTBUS BHEIIHUX CHI.

ANropuTM pacueTa

VcXOMHBIMI TaHHBIME JUTS PacueTa SBJISIOTCS:

A — TojmuHa 00ICTTKA B CBOIE, M;

Ey —monyne neopmanuu rpyHTa, Mlla;

Vo — koappurment IlyaccoHa rpyHTa;

E1 —Monyms nedopmannu Matepuana odaenku, MIla;

v1 — k03 duuuent [lyaccona marepuana 00 IeNKy,

y — 06BeMHBIit Bec rpyATa, MH/M,

A4, Ky K; — k03QPULHCHTDL, MPUHIMAEMEIE B COOTBETCTBHY € 11.7.18.1;

Ty — mpeobnafaroIwit meproa KojaeOaHuit IPyHTa;

N — 4KCIIO WICHOB, YICPKUBAEMEIX B PSIAX PA3I0oKEHU KOMIUIEKCHBIX IO~
TEHIUAJIOB, IPH MPAKTHYECKUX PacdeTax foctatouHo N = 30;

- (hopMa U pa3Mepbl BHYTPEHHETO KOHTYPa MONMEPSIHOTO CEUSHHST 00IENKH.

1) ITpousBomurcs KOHGOPMHOE OTOOPKEHUE BHELTHOCTH €IUHUIHOTO KpPY-
ra Ha BHEITHOCTH BHYTPEHHETO KOHTYpA TOMEPEUHOrO CEUCHHUS ODIEIKM H OIpe-
Jensercs MaccuB koddoumuentos b, (v=0,1,...m+1) orobpakaroweid QyHKuun B
coorseTcTBUH ¢ [Iprmoxennem 1.

2) Onpenensercs BenuduHa R, MPEICTABNAIOMmAs coGoi paguyc OKpYXKHO-
CTU ¢ LICHTPOM B HayaJie KOOPJMHAT, NEPEXoAAIei prd KOHGOPMHOM OTOOpake-
HHH BO BHETTHWI KOHTYp IONEPEUHOT0 CeUeHUs oOaenku. s onpenencHus Be-
JIMYNHBL R YUCIIEHHO PEIIACTCS YPABHEHHE

m+l

Y bR =1, +A, ©.1)

v=0
rae ly — paccTosHIE OT Hadana KOOpOMHAT IO CBoAa o0menku. B kauecTse Benu-
9HHBL R IPUHHMACTCS ACHCTBHTEIbHBINA KOPEHb YPABHEHHS (9.1), Gonpumii emu-
HHLBL

3) Onpenensrorcst BEMUIHHBI

B_EU+%)
E(1+v))’
®;=3-4v, (j=0,1)
t:]+m"ﬁ; d= 1-p l=1-d; s=1-t.
1+ &, 1+ &,

4) Boruncnstorest KO3 QUIHAEHTH
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R=b,/R;
R™[b, (v=0,..n),

\+1
e R =1/R".
5) Tlo pekyppeHTHBIM (OPMYJaM OMNpPEIENSIOTCS  BETHHHUHBI

(k=-m,...,.2N)

h ql(l,)csk 2 Z(] V)C] h k—v \ Im+n+1’

’ *— —M *v !
Iy =‘]SzR ksk,z 2(1 V) h

kv \k+n+1

T/1e HCMONB3YIOTCS 0003HAUYECHHS
5 1 mpu k<v
70, mpu k>v,
u ko3 purmentst w, (k=-2N,...,m)

w,=RH, —h,.

6) Cocrapusercs Manuua CHCTEMEI JIMHEHHBIX ypaBHenuii (1) Buaa

N+2
chvcv_'_zakv v d (k 12 N)>
v=l
N+2 )
Z('kvcv_'_zakv v _dl (k=19275N+2),
k03hUIHEHTHI KOTOPOH onpe)lenﬂIOTcsr no $opmyam
Co = My (dRT +1)+ vebw

—k-v+1>

! .
ckAV - dVSk—v,mwkfv-H’

2
ak.v =V [lsv—k.mwv—k-ﬂ - dz 8\'+p,mpwpk+1h»v_p_1);

p=l

a,, =N, (R +5)- v[sw,,, (dr7* + 1)y, +15

m—k-1
_d8k+l,m Z 6»’+p~mpwp+k+1h_v_p_1:|.

v+k,m Wk+v+1 -

h,h,

7) Cucrema (1) peraeTcst BB €O CBOGOIHBIME Wwienamu rpyrm la u Ib,

OMpeaeNAeMBIMH TI0 TPHBEACHHBIM HIDKE hopMyam:
- rpymnma CB060)1HI>IX 41eHoB la

d, = d( AL P W lj di =h_,(I+dR? ) —d(h_w; +2hw,);

n=1

dy=h, (! +dR1“‘)—dh_1w3; dy=h,(I +dR™") (n=3,..,N +2);

- rpynna cBoOOHBIX WieHOB b



dy=dw, ; di=—(1+dR7)+dws;

dy=—dw,; d =0 (®m=3,..,N+2).

8) Pemaercs cucrema (I) U onpenensiorcs ABe rpymmbl KOpHe# — koahdu-
mueHTH ci(la), a,(Ia), cyIb), a,(Ib) (k=1,....N;n=1,... . N+2).

9) Cocrasnsercs cucrema ypasHenuit (1), koadduimenTsl Marpuipl KOTo-
poii moMyyaroTcs U3 COOTBETCTBYIOIMX K03 dunuentror marpuupt cuctemsl (1) mo
dopmymam:

oy =Cpy —2L+dR*)/d npn k=v (k=1,.,N),

a), =-a, —2w,, (n=1.,N), da’,=-a,,—4w,_, (n=1,..,4);,

nl
all =—aj, = 2[tw, — (I +dR?) | @y =—al, —4[tw, = h,(I +dR) ];

a&ff =—d;, - 2[tw,—h, (I +dR™")].

Ocranbable k03¢ duuuenTsl MaTpul cucreM (I) u (II) coBnagaror.

10) Cucrema ypasuenuii (II) pemaercs co cBOOOJHBIMH WICHAMHU IPYLIIBI
Ib, tipu 3TOM JUTS OTIPE/ICIICHAS WieHa d, ucmone3yercs Gopmyra

d,=1+dR +dw,.

B pesynbrate petienus cuctemsl (11) onpenensitores kopuu c11), a,(I) (k=
1,...,4,n=1,...,6).

11) [osy4ennsie Tpu rpynmst Koprei Ia, Ib, II ncnons3ytoTcs 1 ompene-
JICHUSI HANMPSOKEHUM U yeumuit B o6/ienke ToHHEIS. [TomspHbIi yroa 6 u3MeHseTcs
B AuanasoHe ot 0 1o 180° ¢ onpeecHHbIM IAroM.

12) Jinst kadko#i rpy sl KOpHE# W KaKA0T0 3HAUSHHS yTiia 6 BBIYMCIAOTCA
3HaYCHHUA

A =a,+2a,h; A, =ah,;

A = %ivcv cos[(v—-1)8]+ ivflv cos[(1+v)0]-
v=] v=1
_Nizvav cos[(1+v)0] - ivh\, cos[(1+v)0]+ %;
e e
B = ngcv sin[(v—1)0]- > v4, cos[(1+v)0] +

N+2 N
+3 va, cos[(1+v)B]— > v, sin[(1+v)6]
v=1 v=l
13) Ilpu 3navenusx » = 1 U ¥ = Ry BBIYMCIIAIOTCH BETHYHHBI
e =1- i vgr " eos[(v+ 1B} p =D vg " sin[(v+1)0]
v=l v=1

14) Tpu 3HadeHnsx r = 1 u r = R 111 K&KI0H TPYITIBl KOPHEH ONpPeess-
HOTCS 3HA4YeHUS KO3 PUIIUEHTOB
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N N+2
s, =dy ve, " cos[(v-1)0]-1 3 va, " cos[(v-1)0] +
v=] v=l
2 N
+d Y vA " cos[(v+ 10+ d X vh, T cos[(v+1)0];
v=1 v=1
N . N+2
by=dY ve " sin[(v=10]+1 3 va, " sin[(v+1)0] -
v=1l v=l
2 N
~dY VA sin[(v+1)6]-d > vhr Y sin[(v+1)6].
v=] v=l

15) OnpenensroTcs HANPsHKEHHS B 00JENTKE, COOTBETCTBYIOIIHE TPYIIIAM
peuiennii la, Ib, 11

-mpu r =R,
!
) _ &%+ P
GG - 2 2
e +d]
-mpu r=1
i ! ! ! ! !
_ edi+pB . - eB' —p4 . e — &% +pb
P 2 2 0 tpp T 2 2 > 0 2 2
g +n & +p e +tp
16) BEruciaroTcs BEIMYUHBI
Ey 1-v 1
— AK’ KTy,

v (1v,)(1 2v0)
- Vo . o= ll—2v0
1-v,” = \20-vy)
17) Ompenensrorcs SKCTpeMaNbHbIC 3HAYCHUS HOPMAJIBHEIX TaHTCHIINATh-

HBIX HaNpsOKCHHH Ha BHYTPEHHEM M BHEITHEM KOHTYPAX IMONEPEYHOrO CEUCHHS
00 aemKu

A= G(esﬂyrp,l) — %G(enu_wp)(la) + QJ(I + QZ)[Ggulqu)Z (Ib) + G(enﬂyrp)Z (Il):|,

B= G(GBHyTp,Z) — %G(emlyrp) (Ia) _ QJ(I + Q~2)|:Ggmy‘rp)2 (lb) + G(enﬂyrp)Z (II):|,

C=cy™®) = %cg‘“p)(la) + Q~\/(1 +0")[ 0§ P2(Ib) + o{*P*() |;

1+& ~ ~
_ ~(map,2) _ (uap) 2 (uap)2 (nap)2
D=0 === (Ia)—Q\/(1+Q [ 0§ (Ib) + 5 (1) |
18) U3 3nauenmit 4, B, C, D BEIOuparOTCss HanOONBIIee OTPHULIATEIEHOE H
HauOOIBIIEE TTOJOKUTETHHOE.
Ecmi HauOObIIMM OTPULIATEBHBIM WK HOIOXUTEIEHBIM OK&KETCS OTHO

u3 uncell A wiu C, OMpeNenseTcss COOTBETCTBYIOIIUI €My yroy majaeHus BOIH O
mo opmye

o= Larete 250D — G4(Ib)
2 0o (Ib) - 5, (I)
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B KOTOPO#i monaraetcst G, =c4™™ | eclii HaMOOIBIINM OKA3aI0Ch 3HAYCHHE A, 1

_ ~(Hap)
Gy = Op

Ecnu HanbompmaM OTPUUATCIIBHBIM WJIH ITOJOXKUTEJIBHBIM OKAOKETCSL OAHO
U3 YHCeN B miwm 1D, COOTBETCTBYIONMI €My YroJl NajcHHs BOJIH O OIPEACIISETCS
o popmyne

, CCIIN HanOONBLIMM OKa3aniock 3uaueuue C.

o= £+larcth’
2 2 7 Ooy(Ib)-o,(I)

(BHYTP)

B KOTOPOH IIOJAraeTcss G, =G, , €CIIA HAUOOJIBIINM OKa3aIOCh 3HAYCHHE B, U

2 4 N ) )
VP =L =33 Y MO DIV ecnn nanGonbimam okasanock saavenie D.

s=1 j=1 p=1

19) OmpenensroTcs HaNpsDKEHUS, COOTBETCTBYIOIIME HauOonee Hebnaro-
TPUATHOMY HANPSDKEHHOMY COCTOSHHIO, KOTOPOE MOJKET BOHHKHYTH B paccMar-
pHUBAacMOM HOPMAJIbHOM CEYCHHH TIPU 3EMICTPICCHUM 3aJaHHON MHTEHCHBHOCTH
1+& ~ = . ~ ~ .
c= Téc(la) + QG(Ib)(Qcos 20— sin 2(1) + QG(H)(Qsm 20+ cos 2a).

3necy Mo CUMBOJIOM «G» HOHUMAETCs JII000€ M3 OTHICKHBAEMBIX HANPSKEHUT

oI UG T ,. B pesybTaTe MonyHaTcs IBE SIIOPHL HANPSDKSHMH, COOT-

BETCTBYIOIINE HAUOOJBIIMM CKHUMAOIUM U HAHOONBIINM PACTATHBAIOIMAM HOP-
ManbHbIM TAHTCHUHATBHBIM HAMPOKEHHAM B OOJENKE TOHHENS, KOTOPHIE MOTYT
BO3HHKHYTH IIPH OJHOBPEMEHHOM JEHCTBUM BOJHBI COKATHS W BOJHBI CJTBATA.

20) OnpenensatoTcss KOOPAMHATH TOUEK BHYTPEHHErO M BHEIIHETO KOHTYPOB
HONEPEYHOro ceueHus OOENKY TOHHENA 10 hopMyIaM

(¢

R, S .
X, =|——+rcosO+> g,7 " cosvl |;
ao v=l

Vo= [rsine - i qr sinv@},

v=1
TJIe TIPY BBEIYUCIICHUH X1, Y| TIPUHAMAETCS 7 = R, TPH BEIYUCICHUH X,, V, — F = 1.
21) BluncnseTcs: OTHOCUTENbHAS TOMLIMHA OOAENKI

8= =) + (3~ W)’
22) Ha ocHOBE MONYYEHHBIX BMIOP HOPMAJbHBIX TAHICHUUANbHBIX HAMps-
JKEHU ONPEAENIOTCS BEIMUMHBI YCUITHIA TIO opMyiiaMm
(G(eBHyTp) _ O_(OHap))SZ (G(exﬂyrp) + 0(9Hap))8
M= JN= .
12 2
23) Tloxy4eHHBIE YCUJIMS COOTBETCTBYIOT HAaMOONBIIUM CHXHMAIOIUM H
PaCTATMBAOIIMM HANPSDKEHHUSM O B 0OMIEIIKE TOHHEIS, BEIYACICHHBIM B IPENTIO-
JIOKCHUH, YTO PACTATHBAIOIIAs HOPMAIbHAS HAarpy3ka Ha KOHCTPYKIHIO HE Mepe-
Jaercs. [lonydyeHHBIE 3HAYEHHS YCWIMH PEKOMEHAYETCS MCIOJIB30BATh s MPO-
BEPKH MPOYHOCTH OOJENKH, MPOEKTUPYEMOM ¢ JOMyLIeHHEM 0Opa3oBaHus Tpe-
IIYH.
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Ecmm mpennonaraercs, uto obaenka paboTaeT COBMECTHO ¢ OKPYIKAIOIIUM
MacCHBOM IDYHTa, U HOpPMaJbHOE PAcTSATrMBaloOlllee HaNpsDKEHHE MOXET Iepena-
BaThCS HA MOJ3eMHYIO0 KOHCTPYKIMIO (Hampumep, o0JeNika IpraHKepeHa K Mopo-
Jie, BHITIONHEHA U3 HaOpBI3r-0eToHa, MITH TpOoeKTHpYyeTcs 6e3 JOomyIneHns oopaso-
BaHMS TPEIINH C MaKCHMAJIBHBIM 3allacOM IPOYHOCTH), TO U3 MOJYYEHHBIX IBYX
Iap 3Ha4YeHHH yCHIIHH BBIOMpaeTCs Ta mapa, KoTopas COOTBETCTBYET HANpsKEHH-
sIM Gp B objenke, OGONBIINM O aOCONIOTHOM BeMMuHHe. B kadecTBe pacueTHBIX
IIPUHUMAIOTCS] COOTBETCTBYIOIIME SIIOPbI YCHIIMH, B3ATHIE CO 3HAKAMHU «+» H «—».

24) PacueTHble 3Ha4UeHUS HANPsDKEHUH YMHOXAIOTCS Ha BEIMYWHY P, onpe-
JenseMyto 1o ¢opmyie (7.4). PacderHsle 3Ha9eHUS IPOAONBHEIX CHIT YMHOXKAKOT-
csl Ha BeM4IUHY PRb, pacueTHble 3HaYeHHs U3rHOAIOLIMX MOMEHTOB YMHOXKAIOTCS
Ha BenmuuHy PR’D, Tiie b — JIIHHA PacCMATPHBAEMOrO DIIEMEHTA TOHHENS B TIPO-
JIOJIbHOM HarpaBieHuH. Kak npaBuio, npuaAMaetcs b =1 M.

IIpumep pacuera

Hwxe mpuBesieHb pe3ybTaThl pacyeTa OETOHHOH OOAENKM TOHHENs, ToTe-
peYHOe CeueHHe KOTOPOM MPE/ICTABICHO Ha pHCyHKe 9.2.

x
=
N
/\
o1 )
&
=
Yy 2
]
10 m

Pucynox 9.2 — IlonepeuHoe ceueHre paccMaTpuBaeMoil 00 1eIKu
TOHHEJSI TIIyOOKOTO 3a70KEHHS

HcxonHble naHHbIe:

- nedopManMoHHbIe XapaKTepucTUKH rpyHTa Ey = 17600 MIla; vo= 0,25,

- nedopMaroHHBIe XapaKTepUCTUKH OeToHa obnmenku £, = 22000 MIla;
V1= 0, 1 6,

- TOJIIIMHA 00eaKu B cBome A = 1,2 M;

- 00beMHEIH Bec Iopoa ¥ = 0,025 MH/M3;

- mpeolOnagaroyii nepuos konedanuit yactu nopox 7,=0,5 c;

- K03 DHUIMEHT, YUUTHIBAIOLINH Ha3HAUeHUE coopyxkeHust K= 1;

- KO3 HUIMEHT, YUNTHIBAIOIINI TOMTyCKaeMble TToBpeXxxaeHus K= 0,25,

- KO3 (HUIHEHT, YIUTHIBAIOIIHNI HHTEHCHBHOCTD 3eMiieTpsiceHus 4 = 0,4.
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Pacuer BBINONHEH B NpeANONOXKEHHWH, YTO PAaCTATHBAIOLINE HOPMAJBHBIC
HaNpsDKEHUs He NMepefaloTes Yepes IMHUI0O KOHTAaKTa «o0JeKa-MacchBy.
KoapdumuenTts! ¢pyHknun, oToOpaxarolieil BHEITHOCTh eIMHHYHON OKpPY K-
HOCTH Ha BHEITHOCTh BHYTPEHHET0 KOHTYpa MONEPEeYHOro CeYeHUs 00/IeNKu, npu-
HUMAIOT 3HAUYEHHUS
b, =6,900833,5, = 0,149705,b, =1,171667,
b, =0,221667,b, =-0,688333,5, = 0,253628.
KopHu OCHOBHBIX CHCTEM YpaBHEHHIL:
- cucrema la
¢ =-1,137784,c, =0,001849,c; = 0,008114,¢, = 0,002202,
a, =0,102209,a, = 0,026556,a, = 0,047366,a, = 0,014277,
a; =0,000293,a, = 0,000036;
- cucrema Ib
N
- cucrema Il
¢, =0,003572,c, = 0,000964,c, =0,024711,¢, = 0,000692,
a,=0,750104,a, = 0,025530,a, = 0,001124,a, = 0,000314,
a; =0,001077,a, = 0,000412.
PacueTtHble 3mIOpBl ycunui mpeicTaBieHbl Ha puc. 9.3. CHIIIOIMHBIMA H
IIyHKTUPHBIMH JIHHUSIMH IIOKa3aHBl YCHIHS, COOTBETCTBYIOIIHE MAKCHUMAIbHBIM

CKUMAOIYIM U PpacTATMBaOIIUM HaNpsKCHUSAM, KOTOPbIE MOI'YT BO3HUKHYTH B

HOPMAaJTbHBIX CEYECHUAX 06I[CJIKI/I TOHHEJIA ITPU 3EMIIETPSACEHUN.
M, xHm N,

-2920

-2350 "T3530
a §)

Pucynok 9.3 — PacderHsle 3Mmops! ycHIHi B 00/1eIKe TOHHENS:
a — TPOJIONBHBIE CUITBL; 6 — H3THOAIOIINE MOMEHTBI

37



10 MeToauka pacyeTa MHOTOCJIOMHBIX 00/1€JI0K KPYrOBbIX TOHHeJIei

10.1 Metonnka puMeHUMa JJIs pacieTa MHOTOCITIOHHEIX 00/IeJIOK TOHHENIeH
KpYTOBOT'O OY€pPTAHUSI.

10.2 MeToauka MOXKeT OBITh UCIIOJNIB30BaHa MPH pacueTe 00IeNIOK TOHHeNeH
Ha BozfeiictBue MP3 ¢ Lenpio ydeTa 30H Heynpyrux aedopMmauuii (Xpynkux pas-
PYIIEHHIT), KOTOPBIE MOJIETUPYIOTCS CIOSMH C TIPHBEZICHHBIM MOAYyJieM AedopMa-
uud (1. 7.6.2).

10.3 MeToauka mo3BoNSET OMpPEAETATH MAKCHMANBHBIC HAMPSKEeHHUs, KOTO-
phie MOTYT BO3HHKATh Ha HApY>KHOM M BHYTPEHHEM KOHTypaX KaKIOTO CIIOS MpH
pPa3IMYHBIX COYETAHHSX COBOKYITHOTO IEHCTBHS OJHOBPEMEHHO MPUXOISIINX
(xynoumit cny4ail) ANMHHBIX MPOXOJBHBIX U MOMEPEYHbIX CEHCMHYECKHX BOJIH,
PacIpoCTPaHIOMMXCS B IFOOOM HalpaBIeHHH B INIOCKOCTH MTONIEPEUHOTO CeUeHHS
ToHHend [3].

10.4 B ocHOBY METOAMKY TOJIOKEHO AHAITUTHYECKOE pelIeHHe IJIOCKON KBa-
3UCTaTUYECKON KOHTAKTHOI 3a/jaull TEOPUH YIPYTOCTH, pacueTHasi cxeMa KOTopoii
npuBeneHa Ha puc. 10.1.

y

P
<
R,
0
R, x
R,,,]
R..

Pucynok 10.1 — PacyeTHasi cxema K oIpe/ieIeHHIO HAIIPSIKEHHOTO
COCTOSIHUA MHOTOCJIONHOH 00/ieIKH KPyTOBOTO HONEPEUHOT0 CEUeHHUS

10.5 O6penka ¥ MACCHB TPYHTA MOJASIUPYIOTCS KOJIBIOM, COCTABJICHHBIM U3
71 KOHIIEHTPUIECKUX CJIOEB, MTPH 3TOM BHENIHHH CJ10M O€CKOHEYHOH TOJIIHHEI MO-
JeNUpyeT MacCHB, a BHyTPEHHHE — MHOTOCIIOHHYI0 00enKy. [IpuHuMaroTcs cie-
nayrolue o6o3HaueHus: Ry — paauyc BHyTPEHHETO KOHTYpPa MOIEePEYHOTO CEYeHHS
obaenku, m; R; — paauychl KOHTYpOB cederus cioes (i=1, 2,..., n-1); R, — paguyc
Hapy>KHOTO KOHTypa 00JeNKH; R, = o — HapyXHBIH pajiuyc paccMaTpuBaeMoil cu-
CTeMBI «00JIeIka — MacCUBY; O — yriioBas KOOPJWHATA PaJHABHBIX CeYeHHi 00-
JIEJIKU, B KOTOPHIX ONpenesioTcs HanpsokeHus. [ledopMaliHioHHbIE CBOICTBA KaX-
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Joro ciosi i = 1,..., n XapaKTepU3yIOTCsA COOTBETCTBYIOIIMMHY 3HAYCHUAMHI MOIYJIS
nepopmannu E; u koapduurenta I[Tyaccona v; .

10.6 IlpuHumas BO BHHMMaHHE paBHO3HAYHBIM XapaKTep pagualibHbIX
HaNpaBJIeHUH JJIsI KPElH KPYTJIOTo IIONEpeYHOro CEYeHHs U OOLIHe MONIOKEHHUs
pacueTa, U3JI0XKEeHHBIe B paznene 7, Haubolee HeOIaronpuiATHOe HapsHKeHHOE CO-
CTOSTHME, BO3HHUKAIOMIee NPH Pa3IAYHBIX COYCTAHHMSAX COBOKYHMHOro HEHCTBHS OJ-
HOBPEMEHHO MPUXOAAMIMX (XyIIMHN CiIydail) IIMHHBIX TPONOJBHBIX H MOMeped-
HBIX CEHCMMYECKHX BOJH, MOZETMHPYeTCsl NeHCTBHEM Ha BHEITHEM KOHTYpe
Hapy>KHOTO CIIOs, MOJENHpPYIOIIEer0 MacCHB TPYHTA, PacUeTHBIX pPaauaNbHBIX
HanpspkeHnit (puc. 10.1), H3MEHAIOMUXCS 110 3a8KOHY

P = Ry + P, cos26,
rae £, u P, — napaMeTpel, olpesenseMble B 3aBUCHMOCTH OT OaJNTBHOCTH 3eMiTe-
TpsiceHHs 110 (popMyITaMm

f= 2(1]_)\,"); f= 2(:\;,1) (3w )1=2v,).

P — manpsixeHus, BEIYUCIAeMbIe cornacHo 1. 7.18.1; ¢; — ckopocTh pacmpocTpaHe-
HUS POOTBHBIX BOJH.

10.7 DxcrpeMaybHBIE 3HAUYEHHS HOPMAIBHBIX TaHTCHIHAJIBHBIX HAIPsUKe-
HUH Oy Ha HAPY’>KHOM H BHYTPEHHEM KOHTypax KaXIOTo CJI0S 00JeNKU OTpeaes-
I0TCA TIpy 3HaueHnsx 0 = 0, 90°.

10.8 Cnou o6aenky MOTYT COZlepKaTh KONBIEBbIC MEPUOTHICCKUE HEOTHO-
POIHOCTH M3 oJee KECTKOTo U MPOoYHOro Marepuaia. OOILIui cirydail moa3eMHOM
KOHCTPYKLIUH CO CJIOSMH, KOTOPbIE MOTYT OBITh BHIJICTICHEl B COCTaBE MHOTOCIIOH-
HOI 0OIENKH, COCTOSImEeH W3 ABYX CIOEB TIOOMHIOB C OSTOHHBIM 3aOJHEHHEM,
moka3aH Ha pucynke 10.2.

1
Pucynok 10.2 — CxeMa K pacueTy MHOTOCIOWHOM 00AEIKH
C NepHOANYIECKH HEOJTHOPOAHBIMH CITOSIMH
1 — cnoit, MozenHpyomuii pedpa TIOOUHTOB; 2, 5 — CIIOU, MOJIEIUPYIOLIHE CIIHHKH
TIOOMHIOB; 3 — cioii GeToHa; 4 — KOMOMHHPOBAHHBIN CIIOM
(pebpa TFOGMHIOB 1 GETOHHOE 3aTIOTHEHHUE )

39



10.9 HeoZHOpOAHBIE CIOHM B COCTaBe MHOTOCIOHHON KOHCTPYKLMH pac-
CMaTpuBacTCd KakKk KBA3HOAHOPOIHLIC ¢ MPUBCACHHBIMA I[C(I)OpMaHI/IOHHBIMI/I Xa-
pakrepuctukamu (1. 10.9); yUUTHIBAIOTCS TONBKO KOMBLIEBEE peOpa, H3MEHSIOMINE
JKECTKOCTh KOHCTPYKLMH B LETIOM, TIPH 3TOM pajiHalibHble pebpa BO BHHMAHHE He
NIPHHAMAOTCA

10.10 [pu Haymramu B 06RENKe ClOEB W3 ApMEPOBAHHOTO OETOHA (C THOKOM
WJIA JKECTKOH apMarypoi), 5TH CJIOH MOJIEMPYIOTCS KaK HEOJHOPOJIHBIE, B KOTO-
PHIX apMaTyPHBIE CTEPIKHA PACCMATPHBAIOTCA KAK PEOPa JKECTKOCTH.

10.11 TlpuBeneHHBIA MOAYNE C/IBHra HEOAHOPOAHOTO i-TO CIIOS ONPEIENs-
ercs no opmye
G4, + GO,

(np) _
G =
a, +b,

>

rac G”,G? - MOZynu CABUra MaTepHANoB COOTBETCTBEHHO peGep M 3amoTHeHHUs
HEOJIHOPOJHOIO /i-T0 CNost, @;, b, — pasMepw (mmpuHA) peGep M NPOCTPAHCTBA
MeEXTy peGpaMe COOTBETCTBEHHO (puc. 10.2).
JlonyckaeTcs Julst KaKA0ro HEOAHOPOIHOTO i-T'0 CJIOA 3a4aBaTh CTEneHsb (Ko3(du-
LHMEHT) apMUPOBaHMs CJTosi OoJlee KeCTKMMH pedpamMu (MapameTp f;), onpenense-
MYIO IO opmyJie

L= LZ)
rne A", A® - mwiowamm COOTBETCTBEHHO OCHOBHOTO MaTepHaa (3aTOHEHNS ) i-
r0 cI1os u pedep HKECTKOCTH.

B sTOM Ciyuae GopMyna JUI BHIYMCITEHHS MPUBEACHHOTO MOIYJISA CABHIA
HEOJHOPOAHOTO {-T0 CIOS IPUHUMACT BUJL

G =GP (- [)+G2f,.

10.12 TIo oKOHYAHMHM PACYETA MHOTOCIONHON OOMIEIKY, B PE3yNIBTATE KO-
TOPOTO ONPEAEIIOTCS HANPSDKEHHS BO BCEX BBINEJICHHBIX CJIOSAX, BHIYMCIISIOTCS
HapsHKEHUS B peOpax 1 3all0THEHUH HEOJHOPOAHBIX CIIOEB O (opMyIaM

o_GY . @ _ G .
i _ch i ‘Wcr
; i

31eck CUMBOJIOM G OOO3HAYCHBI BCE KOMIOHEHTH TEH30pa HAMPSKEHMI,
o, 6 — Hanpsokenus B pebpax M 3amONHEHHH i-r0 HEOAHOPOTHOIO CIIOS; &, -
pacUETHBIE HANMPSDKEHHS B /-M CJIO€, KOTOPHIA pacCMaTpPUBAICT KAK KBAa3HOIHO-
POIHBII ¢ IPUBEACHHBIM MOIYJIEM CABHTA Gl.("").

10.13 Jlna yveta BIHAHHA YIPOYHEHUS IpyHTA (IOPOA) B PE3yNBTATE HPH-
MEHEHHs TAMIIOHAKa HA HANPSKEHHOE COCTOSHUE OONCIKHA B PACUCTHON CXEMe
MHOTOCJIOIHOrO Koutblia (puc. 10.1) JOMOMHUTENBLHO BHIACIAIOTCSA CJIOM MACCHBA C
COOTBETCTBYIOIINMH  /Ie(POPMALIMOHHBIME ~ XapaKTCPUCTHKAMH. AHAJIOTHYIHBIN
NOIXOA NPHMEHAETCS OpPH y4eTe PasyNpodyHCHWs MacCHBa BCIEACTBHE Oypo-
B3PBIBHBIX paborT, a Taioke Aedopmaruii rpyHTa 3a npeaesioM IPOYHOCTH.

40



10.14 MononuTHas GeTOHHAS KPEllb MOXKET OBITH PAaCCMOTPEHA ¢ IPUMEHE-
HUEM oO1wieli pacueTHON cxeMbl pucyHKka 10.1 kak 4acTHBIH ciyyail ABYXCIOHHOIO

KoJibLa TIpU 71 = 2.
ANropuT™M pacyera
HcxomHBIMA TaHHBIME JUTS pacyeTa sBJIsSOTCS
7 — KOJIMYECTBO CIIOEB B 00/IETIKE;
R; — pamaycel cnoeB kpenu (=0, 1.., n—1), HaunHas BHYTPEHHETO, M;

E®, E® (i = 1,.,n-1) Momymm nedOpManuu MaTepPHATIOB COOTBETCTBEH-
HO OCHOBHOTO MarepHaja (3amojHuTeNs) U pedep B CJOAX OOJENKH, HauMHas C

BHyTpeHHero, MIa;

v; (i =1,. n-1) xkoodppumments IlyaccoHa cnoeB Kpemnu, HaYWHAA C

BHYTPEHHETO;

fi (G =1,., n—1) — ko>pduIKreHT (CTENEHb) APMUPOBAHUS KaXKIOTO CIOS

(ecu i-# cyoit ABIAETCS OHOPOHBIM, JUIS 3TOTO cJios 3agaetcs f; = 0);
E, —Monyms nedopmaruu rpynta, Mlla;
v, — kK03 duuent [Iyaccona rpyHra;
Y — 0OBEMHEII BeC TIOPOJ, MH/™M;
Ty — npeobnagaromuii epuo KosieOaHmit yacTHil opo/, C;

>

Aca. — TIpuparieHre yria, ONpeeisomero HanpasieHHe pactpoCTpaHEHHs

ceficMUUeCKUX BOJH, pak (00BIYHO 3a1aetcs Aa = 11/180);
A, Ky, K1 — k03¢ GUIMeHTh, NPUHAMAEMBIE B COOTBETCTBHH € 11.7.18.1.
Pacter cOCTONT B BBHITIOITHEHHH CIEAYIONIMX OTIEPAIHii:
1) Boruucnsrorcst napamMmeTphl Harpy3ku

E, 1-v, 1
= 2 P=—AK K, yc,T;
‘ \,y (Ivo)(12v,)  2n 1ot

Iy= 2(1:"); b= 2(11_3v ] (3-4v,)(1-2v,).

n

2) ITpu u3menenun / = 1,..., # BBIYUCISIFOTCS IPOMEXKYTOUHBIC BEITHYUHEL

c, = & ;E,- =E,.(l)(1—4ﬁ)+E,.(2)f;

i

i-1

E;
=————; &, =3-4v,.
G, 2(1—\),.)’&.' A

3. IIpu u3meHeHuu / = 1,..., n ONPEAENAIOTCA MAaCCHBbI 3HAYCHUI:

(-1
b= a +1
al(i):cf(3+cf); ag)ch(?a—cf); d) =32+ D +1;
d' =3¢ -D, -1; at=¢ (201.4 +c,.2); a =¢? (c,2 +]);

dV = +c'+23-D,; d =cf‘(c.2+1)—D

i i i
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b]("):cf(3+cf)—l),.; bg]:cf(3—c,.2)+[),.;

B =c (36}2 + 1); bﬁi] =c (?ac,.2 —1);
b{ti):20f+c,.2+/),.+]; bz'(")ch+1+D,;
B =2 ((,,2 +1)+2; B =¢? (01-2 +1);
d" = (e, +1)?; V=2 + @, -1,
d = (@, ~1)c? +2; d = +1
a TaK>KE€ MAaCCHUBEI
o__ d o__a’ y__ a
YoaG (1) 66D, 276G,
o_ a4 G- ) _
226D, YY)
- o _ a 0 _
2 6GD,’ 2 6GD,” 226D,
04
33 2(}11)1 >
B0 = — a’ B B ) __
toag () 27 6G,D,” =
0 _ bl(f) ﬁ(f) - bz(i)
2 2G.D, B2GD,]
o__ o 0 g
YoaG (=) G, Tt 6GD
B'(j) _ /,;(f) _ 0 _ b;(l-) .
226D, ¥ 26D,
4) ©opMHUpYIOTCS MaTPHULIBI
ol 00 a0 0
[4]=] 0 ol o [[4]= 0« ) ;
0 af) off 0 aff off
By 0 0 B’ o 0
[B]=| o B A [B]=| 0 BY BY|
0 B3 B 0 g By
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5) 3ajaetcs ©CX0HAs MaTpHULIA
000

[K,]=[0 0 0],
000

¥ DA M3MEHEHWH | — 2,..., 7 PEINAKTCS MATPUYHbIE YPABHEHWS IO PEKYPPEHT-
HBIM popMynam
A,
]

DECAECATS]
6) OnpeaenstoTcs 3HaYCHUS
=P = B, gl =0
1 381a€TCs MaTPHIIa-CTOIOCI] Harpy30K Ha n-if CJIoi
Y
{P n} = p g’) :
¢\
7) Pemarorcs MarpH4HEIE YPABHEHHMS [0 PEKYPPEHTHHIM (hopMyam
{E_l}z[Kf]{}}} (i=m,n1,n-2,..2),
rae {£} — marpuia-cronGer MCKOMBIX HArPy30K Ha i-ii CIIOH.
8) Ilpu m3menenum i — 1, 2,..., n- 1, BBIYUCIIIOTCS MAcCHBHI KO (HLmEH-

TOB
i C,'2 i i . g i o(i i
ml():c_l_]’ m§)=ml()—1, m]()zmé); ",,2()= ’1()_2;
N (i i ) (i) i ¢t +6c%+1
nl()zzml()mé); né):ml()mQ(); n§)= i . sy
-
(,)=C?+ch.2—1 nl,(‘i:)=né(l'),
1)

41 4 g N , ,

g0 029 rlmg 0, (), A =)

(@1

A3 KOTOPBIX (POPMHUPYIOTCS MATPHUIIE KO3(DGDHIIMEHTOB BIMIHUS

0 0 0 Al )

S R LY (R ]

mll(") n;(") —n;(i) _m;(i) n;(") n,

Oy | -ty

9) Pemarorcst _ManI/I‘—IHBIe YPaBHEHHA 10 PEKyPPEHTHBIM (hopMyIaM
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)= 2H (S MR NR ) (712 11,

raoe I g Mmar I/Il.la-CTOJ'I6eH JKCTPEMAJIBHBIX PACYETHHIX HAMPSLKCHWNA, KOTOpas
i p >

HMCCT BUA:
(1,7 )(ryTp)
Co(x)

(i, j)(BiyTp)
A | o)
{zi}=
! (i, j)(map)
()

&/ Xuap)

()(y)

31ech UHAEKCHL KBHYTPY, «HAP» YKa3bIBAIOT HA KOHTYDP CEUCHHS CJIOS; MHICKCH X
1 y — MONOXKECHUE PAAUAIBHOTO CEYECHHA (IO OCH X WM ), B KOTOPOM OIpeIels-
FOTCSl HANPSDKEHMUS; MHAEKC j — 1 — OCHOBHOM MaTtepua ciios (3amoaHuTeNs), j = 2
— HEPUOMYECKUE KOTIBLEBLIE BKIIOYEHHS (Pedpa).

10) Eciu npoekTupyeMasl MHOTrocioliHas o0zelka MpuaHKepeHa K TPYHTY
(mopoze), TO 3a pac4eTHOE MPUHUMAIOT MAKCUMAITEHBIE TT0 aOCONTIOTHOM BEJTMIHHE

HanpsKEHAS {Z{} , B3SITBIE CO 3HAKAMM «+» H «—».

IIpumep pacuera

PaccmarpuBaeTcs 00f€NKa, COCTOAIAs U3 JIBYX CJIOEB YyTYHHBIX TIOOWHTOB
¢ OETOHHEIM 3aIIOTHEHUEM MEXTIO0MHIOBOrO MpOCTpaHCcTBa (cM. puc. 9.2).

HcxonHsle JaHHEBLE:

- o0IIee THCIIo CIOEB B CHCTEME «00/IeNKa — MACCHBY 1 = 6

- nedopMarOHHBIE XapaKTepUCTHKH TpyHTa £, = 700 Ml1a, v,= 0,3;

- 00BeMHSIH Bec mopoa y = 0,0262 MH/M,

- K03 GULMEHT, YIUTHIBAIONIHIT Ha3HAYCHUE COOpyxenus Ko= 1;

- K03(QUIMEHT, YUUTHIBAIOLIMI JOIMyckaeMble moBpeskaeHus K= 0,25;

- K03(uIHEeHT, yIUTHIBAFOIINI HHTCHCUBHOCTH 3eMiteTpsicerns 4 = 0,2;

- npeoOnaaaromuii nepuoa konedauuii rpynra 75 = 0,5 c.

- mapaMeTpsl 00IENKU MpeICTaBIECHBI B Tabmme 9.1.

ITpoMesKyTOUYHBIE PE3YIBTATHL pacdeTa — MapaMeTphl Harpy3oK Ha CJIou 00-
JIETIKH, BBIYMCIICHHBIE B COOTBETCTBUM C 1. 6 alroputMa, MpUBEICHBI B TabmuIe
9.2.

Oniopsl HaMpPsbKEHUI Ha TOPH30HTAIBHOM W BEPTHKAIBHOM AHAMETPAX Ce-
YyeHus 00eNKH 1o pedpaM U MeXXpeOepHOMY 3alOHEHUIO TOKA3aHEl HA PUCYHKE
9.3.
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Tab6auma 10.1 — PacueTHble mapaMeTprl 00 ACTKH

Monynu aedopmanun,
Koaddumment | pr1a Y o
Ne Pamyc, v (crermcHb) Koabduument
i\ apPMHUPOBAHUSA (1) 2 ITyaccona
E E;
ciost f; i ! Vi

5 4,74 0 100000 100 000 0,25

4 4,71 0,1 24000 100 000 0,15

3 4,47 0 24000 24000 0,25

2 3,77 0 100 000 100 000 0,25

1 3,74 0,1 0 100 000 0,15

0 3,50 - - - -

Tab6auia 10.2 — PacueTHbIC TApaMETPBI HArPY30K HA CJIOH OOAEIKH

-0,67

Ne cnios, i ITapameTpr! Harpysok, MIla
() (i) () IIpumeuanue
b, D> )
5 -0,11656 | -0,01663 | 0,15841
4 -0,10722 | 0,00789 | 0,2059
3 0,08873 | 0,07343 | 0,30466 BHCIIHA
2 2002691 | 0,09499 | 0.20446 Harpysia
1 -0,01208 | 0,04559 | 0,10206
25,11 2
-4.84
-2,64

PucyHok 10.3 — Dniopbl HaNpsDKEHUi B cCeUeHUsIX TI0 pedpam

[Tosy4eHHbIE HANPSKEHUsI, B3ATHIE CO 3HAKAMM «» H «—», CYMMHPYIOTCS
CO CTaTMYECKMMH HArpy3KaMH, MOCJIE YETO BHIMOJHAETCS MPOBEPKA IPOYHOCTH

(a, 8) 1 MexXpeOEPHOMY 3anOTHEHUIO (6, 2)

c10eB B CooTBeTCTBMM ¢ Timt. 7.30, 7.31.




11 MeTtoanka pacyeTa aHKEPHOH KpenH KPYTroBbIX TOHHe eH

11.1 MeronvKa mpenHa3Ha4deHa I pacdeTa aHKEPHOH KpenH 3aMKOBOTO
TUIa TOHHeJIed KpyroBOTO OUEPTAHUS HA CEMCMHMYECKHE BO3IEHCTBHUS 3€MIIETPS-
CeHuH.

11.2 Metouka IO3BOJIsET OMpeAeNiaTh MaKCUMalbHbIe IIPOIOIbHbIE CHUIIBI B
aHKEPHBIX CTEPKHSIX, KOTOPhle MOTYT BO3HHMKATh MPH Pa3INYHBEIX COUETaHUSAX CO-
BOKYIIHOTO IEHCTBHS OZHOBPEMEHHO MPUXOAALIMX (XyNLIMA CIy4ad) MIHHHBIX
IPOIOTBHBIX M IONEPEUHBIX CEHCMHYECKUX BOJIH, PACIPOCTPAHSIOMIUXCS B JIIO-
O0M HampaBIIeHHH B TUIOCKOCTH MOTIEPEIHOTO CEUSHNS TOHHETIS.

11.3 B 0CHOBY METOJMKH IIOJIOKEHBI AHATUTUYECKUE PEIICHHUS IBYX IIJIOC-
KHX KBa3HCTaTHMYECKMX 3a]la4, PacYETHBIE CXEMbl KOTOpPBIX IPHBEICHBI Ha
puc. 11.1 [3, 10].

So Eyv, /x’ Vs So E,v, N /x’
= d P 7 d N S
y / y N

. />
; <<<<O N 4
&P X

a S

i

Pucynoxk 11.1 — PacueTHbple cxeMbI K OIpeIelIeHHIO YCUIIMM B aHKepax
TIpH IeHCTBUHU CeICMUYECKHUX BOJH:
a — TIPOJIONIBHEIX; 6 — TIOTIEPEYHBIX

MaccuB mopos paccMaTpuBaeTcss Kak OJHOpPOAHas M30TPomHast cpexa Sp,
ocnabieHHass KPyTrOBBIM OTBEPCTHEM, HCIBITHIBarolas Ha OeCKOHEYHOCTH IOA
IIPOU3BOJIEHBIM YITIOM (. K BEPTHKAIX M TOPH30HTAJIN JBYXOCHOE HEPAaBHOKOMIIO-
HeHTHOe cxatue (puc. 11.1 a) u umcThIf casur (puc. 11.1 6) HaANpSUKEHUAMH, 3a-
BHCSIIMMU OT IapameTpoB BoH. [ledopMannoHHbie CBOWCTBA MaccuBa (cpems S)
XapaKTEePU3yIOTCs YCpeTHeHHBIMH 3HAUEHUAMEU MOIyis aedopmanuu Ey u kod¢h-
¢ummenta [Tyaccona v.

AnKepHasg Kpenb 3aMKOBOIO THIIA PACCMATPHBACTCS KaK CHCTEMa IPOH3-
BOJILHOTO 4HCJIa CTepXHei ¢ mapamerpamu /.7, E, (/, — mnuHa ankepa, r, —pa-
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JINyC MOIEPEYHOT0 CEUeHMsI aHKepa, 7, — MOJIyJIb YIIPYTOCTH MaTepyala aHKepa),

PaJMaEHO PACTIONIOKEHHEIX B MACCHBE BOKPYT BHIPAOOTKH KPYIJIOrO CEUCHUSL.

11.4 AHkepHas Kpenb PacCUMTHIBACTCS KaK JJIEMEHT €AUHOU AedopMupye-
MO CHCTEMBI «KPETb-MAaCCHB» C YUETOM YCHJIMI HATSDKEHUS B 3aMKaxX aHKEPOB,
B3aUMHOTO BJIMSHHMS AHKEPHBIX CTEpP)KHEW M YCIOBHH COBMECTHOCTU CMEILEHUI
KOHLIOB (3aMKOB M OMOPHBIX 11ai10) aHKEPOB M COOTBETCTBYIOMIMX TOYEK MACCHBA
BCJICACTBUE CEHCMUYECKUX BO3IEHCTBUIA.

11.5 Ilpu 3aBeOMO HEU3BECTHOM HAIPABICHHU CEHCMHYECKHMX BOJIH MaK-
CUMaJIbHOE PaCTATUBAOLIECE YCUIME PACCMATPUBAETCA KaK PABHOBEPOATHOE I
BCEX aHKEPHBIX CTEPKHEM.

Anroputm pacuera

HcxomHBIMU TAaHHBIME TS| pacyeTa sBIISFOTCS:

Ry — pamuyc BEIPaOOTKH, M,

71— UUCIIO aHKEPOB,

N;(i=1, ..., n) — ycunust IpeIBApUTENHFHOTO HATSHKEHUS B i-M aHkepe, MH;

[, — IIMHA aHKEPOB, M;

¥, — pamAyc MOTIEPEYHOTO CEUCHHS aHKEePa, M;

a — 1mar yCTaHOBKHA aHKCPOB BAOJIb BHpaGOTKI/I, M;

E, — Monyne ynpyroctn Marepuana ankepa, Mlla;

Ey — Moxayie nedopManiy MaccHBa opoJ, MIla;

Vo — k03¢ puruent ITyaccona nopox;

v — 06beMHEIH Bec mopost, MH/M™;

Ty — mpeobnanatonuii nepuo kosieGaHuii YacTHIL OpoJ, C,
Ao — mpupameHue yIiia, ONMpeeNIomero HalpaBlieHHe PacupoCcTpaHeHUs

celicMIYeCKIX BOJTH, paj (00bsaHO 3amaercs Aa = 1/180);
A4, Ky K7 — k03dPuuueHTs], IpUHUMaeMbIe B COOTBETCTBUM ¢ m.7.18.1.
Pacuer cocTOWT B BHIMOJIHEHHH CIEAYIOMMX OIEPALIMA.
1) BBMHCIAIOTCS TPOMEXKYTOYHBIE BETHYUHEL

R=Ry =Ryt 4=l K= 2,
r,+a 2r,

®=3-4v, G=—rtt _g= Yo

2(1+v) 7 1-v,

1
7—(1_\/0)(1_2\/0), P= z—nAKlKoyclT0 .
2) Jlns i=1,... ,» BEIYUCIAFOTCS MACCHBBI KO PHITHEHTOB

0,= 2%, A= 20
n Ke,
u Gopmupyrorest GyHKIUM ABYX IEPEMEHHBIX 7, O:
) (r,0)=r —2rrcos(6-6,)+7;

) (r,0)= 12 = 21,rcos(6—0,) + 2% | 72
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) (r.8)=17 —2rrcos(0-6,)+r%;

0(r,0) = arctg| 50O =0) |
o (r,0) arctg[rcos(e_ei)_r1 ;

i r,rsin(0—6

qg )(r,ﬁ) = arctg % ,
ryreos(0-6,)-#

¢ IPUMEHEHHEM KOTOPBIX ONPEAEIAIOTCS QYHKIHNA

1 1 cf') Pt et

Vi(r0)=—— | ima A
/(.6 4nG(a:+l){[2nc(‘)+ OO

27 ) )

}05(6—6,.)+ (a(i) —oc(li))sin(e—eo)—

Cl(i)Z
7’61‘(;‘ _2)2)(2" 2)0052(9—9 )—7I (’i —l‘o)_% %_
na Kt C &)
RN e [ g ).
O (o) | T
2 2 2 2 2 2 2
7 (5 =13) (7 -1) (2 -r)
x— =0 ]cos(e—ei)+ Py cos2(0-6,)+ O
@) e e w(E-r) n(d-n)|
re?) 4nG(=+1) RORNNO) r2d) rZc?

7 ) rc) rc)

COS(6761)+M(}052(6_61.)+ K (yiz —}"2)_ A (’12_1”2)}_'—

&’ 1. ¢ _ A
————|=InL oy Ao N\einfo }
" 47|:G( ae-&—l){z n c COS(G 9()) (a [oh )sm(e 60)

30 Mnmsti—1,...,n, j=1,....,n, dopmupyercs MaTpuua 3HAYCHHIT Sy. no ¢op-
MyJTaMm:

-mpu i =j 8, =V, (5 +7,.6,)-V,(r,-1..6,),

-mpn i 7 8 =V, (7,0,) =V, (.9,);

TIpu popMEpOBaRMH MATPULEL CIIEAYET YUECTH COOTHOIICHHE 8;=58,.

4) dopmupyeTcs KBaIpaTHas MaTpula AEHCTBHTENBHBIX K0d(duimentos
Pa3MEPHOCTBIO 771X 1, CAMMETPHYHAS OTHOCHTEHLHO TIIABHOM AHArOHAIN
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- ! ) _
Oy +— 812 Oy,
S
1
621 522 +— SZn
G
[4]=
1
S, 5,5 B < T +c—
0

5) ITonoxxus yron_(x =0 npm m3menenun j = 1,2;i = 1,..., n, hpopmupyrorcs
MAacCHBBI 3HAUCHUI
4
Y 1E2 T P IR K- PR A §
2G| 2 2 r 2 o

0 0

X 4
xcos2(6, —a)+(-1)’ S ( ae+1)’i—/”+i3 —1, [sin2(a—6,).
2G ry h
6) COCTaBNSETCS CHCTEMA JIMHEHABIX AIreOpanueckhX yPaBHEH N, KOTopas

B MaTpu4HON (OpME 3aNChIBAETCS B BUIC
‘ .
[4){0}= {A(l)}+(_1) {A(Z)(J)};
rae {Q} — MAaTpuUa-cToNOEL, UCKOMBIX HEM3BECTHBIX, MPEACTABIAIOMINX COOOM
YCHUIIUA B aHKEPAX,
ou® AV AP

Ogj k) A(zl) A(ZZ)(J' )

=1 . A= L

ouA Agl) A(ZZ)(J‘)
Cucrema pelaercs 4 pasa ¢ NpaBEIMH 9aCTAME, A3MEHAEMBIMH TpH j = 1,2;

k =1, 2, ¥ 3 9eTHIpex TPy HAWNCHHBIX KOPHEH Mpd KOKAOM 3HAUCHUH | =
1,...,n OTIpeNENsIIOTC MAKCUMAJIbHBIE TI0 a0COMIOTHBIC 3HAYCHUS

0, =max|oU*)|

7) Hanee yron o u3mensiercs 0 < o < 271 ¢ warom Aq U pacdeT MOBTOPSETCS,
HayuHas ¢ M. 5 amroputMa. B pe3ynbrate oOnpemendAroTCs  3HAYECHHSA

0 = max‘Q,,(j * )‘ NPH BCEX YIJIAx (.
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IIpumep pacuera

Hcxonnbie naHHbIE:

- Ae(hOpMaIMOHHBIE XapPAaKTEPHCTHKHA FPyHTa £y = 0,6:10"MT1a, v = 0,24;

- paguyc BEIpaboTKH Ry= 3,0 M;

- YKCJIO aHKEpoB 1 = 18;

- MOIYJb YIIPYTOCTH MaTepuasna aHkepa k, = 2,110° MI1a;

- mHa askepos /[, = 3,0 M;

- pamuyc ankepa 7, =1,5-107 m;

- IIIaT YCTaHOBKY aHKEPOB BIOJL BHIPaOOTKH a = 1 M;

- aHKepa yCTaHAaBIMBAIOTCS O€3 IPEIBAPUTEINBLHOTO HATSDKEHHS, T.
N,=0 (i=1,...,n);

- K03 PUIHEHT, YINTHIBAIOMIAI Ha3HAUECHHE coopyskeHus Ko=1;

- K03(hGUIHUEHT, YUUTHIBAIOIINI IOIyCcKaeMble MOBpeskaAeHAs K= 0,25;

- KO3(ppUIKEHT, yUUTHIBAIOIINI HHTEHCUBHOCTD 3emieTpscenus 4 = 0,2;

- npeodnafalomuit mepuox Konedanuii rpynta 7y = 0,5 c.

B pesynbTare pacyeToB MONTYUYEHB! YCHITHSI, PABHBIE TSl BCEX AHKEPOB

0=19xH.
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12 Meroauka pac4era Ha0pbI3r-0eTOHHBIX 00/1€J10K KPYTOBBIX
TOHHeJICH, COOpPYKaeMBbIX ¢ IPHMEHEHHEM YKPeIJIeHHs] TPYHTa

12.1 HaOph3r-OeToHHas 001eNKa paccMaTpiBaeTCs Kak HaHOCHMOE Ha TOo-
pogHoe OOHaKEeHNE TOHKOE NMOKPEITHE M3 JAPYTOTO MaTepHaia, COCTAaBISIONIEE C
OKPY>KarOIIUM MAaCCUBOM I'PYHTA SIUHYIO Ie(HOPMUPYEMYIO CHCTEMY.

12.2 30Ha yKpEIUICHHBIX I'PYHTOB paccMaTpUBaeTCsS Kak CJ0i 3aJaHHOM
TOJIIIMHBI BOKPYT BHIPaOOTKH, MaTepual KOTOpPOro uMeeT aedopMarmoHHEIEe Xa-
PAKTEPUCTUKY, CYIIECTBEHHO OTIIMYAOIIKECS OT CBOHCTB MaccuBa [9, 11].

12.3 HaOpei3r-6eToHHas obmenmka mOBTOpsAeT (HOpMY TOBEPXHOCTH BHIpa-
OOTKM ¥ IMEET HEPOBHOCTH, COM3MEPUMBIE C TOJIIMHOA.

12.4 Meroauka pacueTa OCHOBBIBAETCS HA MCXOJAHBIX NPEANOCHUIKAX M HO-
JIOXKCHUAX, YKa3aHHBIX B pasacie 7.

12.5 HaOpbi3r-OeToHHas 00/€NIKa M 30HA YKPEIJICHHBIX IPYHTOB MOJENH-
PyroTces ,ELByXCJlOﬁHbIM KOJIBIIOM, CJIOM KOTOPOT'O BBIMOJHCHBI U3 PA3IMYHBIX MaTe-
pHAIoB, MOIKPETUISIONMM OTBEPCTHE B OECKOHEUHOM JMHEHO-IedopMupyeMoit
cpene, Moaenupyromieii MaccuB IpyHTa. KOHTYpbI ClnOEB KOJbLA UMEIOT HEPOBHO-
CTH, aNNPOKCMMUPYEMBIE TMIOTPOXOUIAIBHON KpPHBOW, MapaMeTpel KOTOPOH —
YHCJI0 HEPOBHOCTEH 7i M aMIUTUTYAA O (CpeAHee OTKJIIOHEHHE OT MPOEKTHOTO KpPy-
TOBOTO INAJKOrO KOHTYpa) 3aal0TCA HA OCHOBE CTATHCTHYECKO# 00paboTKH HaH-
HEIX HATYPHBIX H3MEPCHHIA.

12.6 I1pyu OTCYTCTBHU AAHHBIX YHCIIO HEPBHOCTEH OMPEAENAECTCI KAaK IOJIO-
BUHA OTHOIIECHHS JJIMHBI KOHTYpa MONEPEYHOTO CEUEHMS K PACCTOSHUIO MEKAY
KOHTYPHBIMH HINTypamMH. B 3TOM Cilyyae aMIUIMTyJa HEPOBHOCTEH NMPUHUMACTCS
KaK MOJIOBUHA AONYCTUMOM HOPMBI mepeGopa.

12.7 OrpanmdeHneM Uil TIPEMEHEHHS METOIMKHA SIBISIETCS TpeOOBaHWE BHI-
nonsenns yenoeust 3(7i—1)< R, rae R — cpeHuii pajinyc BHIPaGOTKH.

12.8 Meroauka MOXKET MCIONB30BATHCA ISl pacuyera OOJENOK TOHHENEH,
COOpY>KaeMbIX C MPUMEHEHUEM aHKEPOB KOHTAKTHOIO THMA. B 3TOM ciyuae ans
ompenaenenus Moayas aehopMaliy YKPErUIeHHbIX [PYHTOB BBOJUTCS HOBBILIAKO-
i ko9 dunueHT B, BenMIMHA KOTOPOTO ONPENENSeTCs B 3aBUCUMOCTH OT He-
Cylell crnocoOHOCTH MPUMEHSIEMbIX aHKEPOB P, M IUIOTHOCTH UX YCTaHOBKH 7
(ancno ankepoB Ha 1M’ BHIPaGOTKH) MO TpadKy, MOCTPOCHHOMY HA OCHOBAHHH
00paboOTKH IKCHEPUMEHTATHHBIX MaHHBIX (puc. 12.1). Ludpsl Ha rpaduke coot-
BETCTBYIOT cieayrommmM ciyyasm: 1 — P, =50 kH; 2 - P, = 100 xH; 3 - P, =
150 xH; 4 — P, =200 xH.
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e 1
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1,0

0 0,7 1,4 2.1 n,
Pucynox 12.1 — 3aBucumocTtn koaddunmenta B ot Hecymeit CiocoGHOCTH
aHKepoB P, M IIIOTHOCTH YCTAHOBKH aHKEPOB M

12.9 Pacuer HaOpb3roeToHHOH 00AeNKH Ha celficMHYecKHe BO3AEHCTBUA
3EMITETPSICEHUIT COCTOUT B ONPENENIEHNI T KKIOW TOYKH BHYTPEHHEI TTOBEPX-
HOCTH KOHCTPYKIMH MaKCHMAJIBHBIX M0 a0COMIOTHON BeTHYMHE HOPMAJIbHBIX TaH-
TeHIMATBHBIX HATPSXKEHU, KOTOpBIle MOTYT BOSHUKHYTB IPU PA3JIMYHbIX COUYETa-
HHUSX COBMECTHOTO AEHCTBHA JUTMHHBIX HMPOAOIBHBIX M HONEPEYHBIX BOIH, pac-
TMPOCTPAHSFONIAXCS B MIOCKOCTH MOTIEPEYHOTO CEYCHHS COOPYKEHHSI.

12.10 HanpsskeHHOe cocTosHUE OOAECIKM TOHHENS KPYyrOBOLO OYEpTaHUs
IIPH AeHCTBHHM 1IPOMIOTBHOI M MOIIEPEYHBIX BOJH, HAMPABICHHBIX IO IIPOM3BOIIb-
HBEIM YTJIOM 0. K BEpPTHKAJH, OTIPEACIAIOT U3 PENICHUS ABYX IIOCKHX KBA3MCTAaTH-
YECKHX 3a/a4 B COOTBETCTBHE C PacUeTHBIMU CXeMaMH, MpeCTaBIeHHBIMI Ha pH-
CyHke 12.2.

12.11 MaccuB TIpyHTa, MOAEIHUPYEMBIH OECKOHEYHOW  JHMHEHHO-
nedopMupyemMoii OTHOPOTHOM HM30TPOMHOW cpemol S|, MEXaHWMYeCKHE CBOHCTBa
KOTOpOIf XapaKTepU3yIOTCs CPSIHIMH 3HAYCHUAMHU MOy AcopMmanyu £ U Ko-
a¢pdunmenta IlyaccoHa v;, UCIBITEBACT Ha OECKOHEYHOCTH JBYXOCHOE HEpPaBHO-
KOMIIOHeHTHOe ckarue (puc. 12.2 a) v gucThIii casur (puc. 12.2 6) HanpsKeHus-
MH, 3aBHUCSAIINMHA OT IIapaMeTpoB BOIH.

12.12 30Ha yKpemjIeHHOro rpyHTa (HapyKHBIi ClOi ABYXCIOHHON 061eKu)
MOJENUPYETCs CJIoeM S, ¢ AehOpMaIOHHBIMU XapaKTePUCTUKAMHU [, Vo.

12.13 Tlpu ucHonb30BaHUM AHKEPOB KOHTAKTHOIO THIIA yKPEIUIeHHasd 30Ha
MOZENMPYETCS KBA3HOTHOPOAHBIM CI0eM S, ¢ IIPUBEACHHBIM MOTyIeM Jedopma-
LMY, BEIYHCIISIEMBIM 110 hopMyite [, =BE,, rae P - koadduuuenT, onpeaensemblii
B COOTBEeTCTBHH C 1. 12.8.
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a §)

Pucynok 12.2 — PacdyeTHEIe CXeMEBI K OTIPeICTICHUIO HAPSIKCHHOTO
COCTOSIHUS HAOPBI3r-0ETOHHOI 061€JIKH TOHHEIIS KPYroBOro o4epTaHus
TP AE€HCTBHN CEHCMIIECKHX BOJIH: @ — NIPOJOJIBHBIX, 6 — MONEPEYHBIX

12.14 HaGpbisr-6eToHHass o0jenka MOJEIUPYETCs BHYTPEHHUM CIIOEM
KOJIBLIA S3 ¢ COOTBETCTBYIOIIUMY JIepOpMaMOHHEIMY XapakTepucTukaMu Ej, vi.

12.15 JIna obecneueHrs: BHYTpeHHeTo Tabaputa TOHHEJS BBOIATCS Mapa-
METpbI: CPEITHAS BEMYHHA TTepeGopa o, Mo KOTOPOii oHUMAeTCs & =28, 1 Ipo-
eKTHBII pamuyc o6aenku R — pagmyc BHYTPEHHEro KONTYpa OG/IENKH, POBE/IeH-
HOTO TakuM 00pa3oM, 4TOOBI Bce HEPOBHOCTH PAcIioNarajiiuch BHE HEro.

12.16 HaiinenHnsle ycrnas — U3rubaromue MOMEHTE! M U NpOAOIbHbIE CHIIBI
N, COOTBETCTBYIOLIME MAaKCHMAJIBHBIM MO abCONMIOTHONW BENHYMHE PacUCTHBIM
HAaIpPsDKEHUSIM, IPUHUMAIOTCS CO 3HAKAMU «% U «—» U CYMMUPYIOTCS € YCUIIUAMU
OT CTAaTHYECKUX Harpy30K.

12.17 Metoauka npuMeHUMa IS pacyera OOMENIOK, YCHIMBaeMbIX B MpO-
Liecce 3KCINTyaTallliy, U IBYXCIOHHBIX KOHCTPYKLHUH.

12.18 Mertonuka MO3BOISAET PacCUMTHIBATH MOHOJMTHBIE OOJENKH (IBYX-
CIOMHBIE) KPYTOBOrO O4YepTaHus KaK YacTHHIM ciydail OpH 3aJaHUd aMIUTUTY/IbL
HepoBHOcTel 0= 0 WK cpeaHel BEIMUNHEI epebopoB §=0.

AJITOpUTM pacueTta

VcxoiHBIMU JaHHBIMM JJ1S pacyeTa sIBISIIOTCS

R — UpOeKTHBIA BHYTpEHHHUI paTHyc OONeKH (3a1aeTcs TaKUM 06pasoM,
yTOObl BCC HEPOBHOCTHU pacriojiarajich BHE HEro), M;

71 — 4NCJI0 HEPOBHOCTEH KOHTYpa MONEPE4HOIro CeYeHUs BLIpaboTKuU;

d — cpemHsIa BeMunHA TIEpeGOpOB, M;
Ay, Ay — TONIIMHBI COOTBETCTBEHHO YKPEIUICHHOH 30HBI W OO0AENKH
(HaGPBI3r-GETOHHOTO TTOKPBITHA ), M;
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E; (i = 1,2, 3) — monymu aepopmarmu, MIla, COOTBETCTBEHHO MacCHBa
(i = 1), ykpennenHo#t 30HbI TpyHTA (i = 2) W MaTeprana o0aenku (i = 3

vi (i = 1, 2, 3) — xo3bduuuentsl [lyaccoHa COOTBETCTBEHHO MacCHBA
(7 = 1), ykpemeHHo#t 30HH TpyHTA (7 = 2) 1 MaTepHana obaenku (i =

v — 06BeMHBIit Bec TpyHTa, MH/M;

4, Ko K1 — k03 pUITHEeHTEI, MPUHNMAaEMBIE B COOTBETCTBHH ¢ 11.7.18.1;

Ty — npeobnaaaronuii mepuo] KonebaHuit 9acTull FPyHTa,

N — 4iCno 4neHoB psAnoB (JUis JOCTHXKEHUS yIOBIETBOPUTENHHON TOYHOCTH
JIOCTaTOYHO NPUHATE N=10).

PacdeT cOCTONT B BBITOJHEHHH CIIEIYIOIUX ONEpaLuii:

1) OnpenensitoTcs BEMUIAHEL

n=n-1; 8= S;R:}§+8;q=§;
2 R

&, =3-4v, (i-1,2,3),

£ v, | = l 1-2v,
1-v,’ \[ 2(1-v,)’

Eg(1-v,) 1 .
———— P=—AK K yc1,.
y(1+v;)(1-2v,) ’ o ! o¥erlo
2) Pemarorcs Ba anrebpandeckux ypaBHEeHHs (n1-+1)-i cTeneHu

R - (1+A;8j1€2 ! R{'”—[HWJR{#ézo.

G =

R R

B kauectBe R; (i = 1, 2) xax/plii pa3 Oepercs €IUHCTBECHHBIN JEHCTBUTENbHBII
KOPEHb YPaBHEHUA, OONBIIUN €MHNLBL.

3) OnpegensroTcess KOMOMHAINH Ae(POPMAITMOHHBIX XAPAKTCPUCTHK MaTEPH-
aJI0B 00ETKY, CI0s YKPEIICHHOTO IPYHTA M MACCHBA B €CTECTBEHHOM COCTOSHIH

i=12)
Bra= l,= H];(ji:]_BM ; l~i=1_‘?i;§i:1_t~i~
E(1+v,,)’ 1+ e, 1+ e,
4) C ygeTom 0603HAUCHHIA
Jl, npu k=v; i fl, opu  k=13,5,.;
10, npu k #v;, k 10, npu k=2.,4,6,8,...;
L mpu k<v;
oy _10, npu k>v.
BBIYUCIIAIOTCA BeMauHEL (k, v=1,...,2N-1;i = 1,2, 3)
hy = qRi(”H)' Ie=Dyy + anf(nH)hlgi—)l;
A=l =0 [ L
= I:v(n + l) - n]hﬁ\y_l .
5) BorumcmsroTest KOB(I)(i)I/ILLl/I@HTbI (k, v=1,...,N)
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1) < I <0 AL

k kv o>
BA( 2)(1) _ b(2 (_2\)(7 1 My B]E )31 =%, +b' : B}?\2(4‘1) =0
opu j=2,3
B]‘;;{\ —1 ( 1)j }\’k Ve kg\2 17) O Bk ;\’]1) 6L V2 I:(n + 1) (n 2):|h\ k+1 >
B](e]2\ 7\’k\7\’x1(n 2)//l( > kZ\VJ) O‘

Bk27)£r1—1” )\’/ \}\’\f lh(() )’ /(?Z)iv 1/) QLIr RY }‘v\, 1]/10> ) (S = 4)

k27\ ( l)j ko /2&2” 0, B/(fv\%-l])— k\wl:\’(”""l) I:I k410
B = 2 B =8, 0 [n=v(n+1) 42,
B =p, | (s=2,3);
Bﬁi“{) 0; B}%‘jj =0; B =0 (s=12,4);
\ I:v(n+1) I:Ih,fi\
£2E{ [v(n+1) (n—2) ]
B =8 [3=v(n+1) 0 BT =2 o BT =(-1) 2
3(4)(41) 0.

k.2v

6) Boruncnsitorest koapdurmentst (i = 1,2,k v =1,2,3,..., N)

12(“)('4) =2, ~_. P(ll)(’l) =0, 1)(341)(’41) — (j '(‘). P(' 1)(01) _ )ﬂ d-

pk( db( (2 (e _ =, d p(“’“’)( 1) _ =M, +db' ) (4 Nl 0
PZ(;EEFZ‘\—IEI =N, vf;'; Pz(;i )(7 2 = 0; P 1)(2 )= disk.wd I:v(n + 1) - (n - 2):| h\('f—)kﬂ;
R)(: 11)(21\2)1 7"1{ vdf ’

PG = P2 (=12)s B =B (=3.4):;
PINSD = <h g d, (n=2) ) PASD =0 (=2, 3, 4);

P ==l A =0 (-2,3,4);

Pl = a h AR PN =0 (-2,3,4);

B =B B =0 (5= 2,3, 4);

PN <o i P =05 BRI =8, [ v(n+1)-1]d A,
P <o,
P = RN PRI =0 Pf{lf”)= —P (=3, 4);

2k2v

= =

(1.3) 12)_ 23)(4,2) _ 7. (3.3)(7.2) _ g
L a2 I:n V(”H‘l):l el }jz(k—l 2y )1 Agyd, s Pz(k-l)z\:-'l =Ry dis

2k-1,2v-1

Cyl

1)42)(’7) 0

2k-12v-1

3)(1.3) 3)(i3 3)(i.2
1)7//1(7v—1— Pz(kj—lz\—l (/ 12) Pz/jl(z\ )1 ])7(/{17\—1 J= 34)

55



PLANY =0 G = 1,24y PRAY =[v(n+1)=1]d
P(,z,z) _P(jz)l’j)(li‘l 74)_

2%k—12v 2ho12v
P =0 (G =1,3,4); PNY =[v(n+1)-(n-2)]d ),
PN =By (- 1,2,3, 4);

/)7(; ;)\(' 2) _ 5, s |:3 V(n+]):|dhk s Pz(k 2)(' 2) _ =h, . d; 1)2(1?:;51.'2) =N

2V

P"”=—P‘ 2 = 1,2y, PYI = U2 -3, 4),

2L 2v

7) BEIUUCIISIIOTCS KoacpcpHuHeHTH (i=12;1=1,234; k,v=1,...,.N)
I)A(LZ)("J) _ i_b}i(") Z (b'( )1) 1-3)(’1 + b( /) 1) (L) 1))
Y 17KV p-v >
p 1

2.2 ! (2 3 1 1),
1)1((,\1 )( k WV z Z bk pj)p v >

Pk(i, i) _ =05 +le’ \) Z(b;g[)lgf)(i-l) 4 p) pBIED) );

k.p” pv
p=1
N
PA(‘\‘,Z)(’ 1) _ 2:][7]5 LP’S“\ (). }2(1\4)(’ 1) _ ‘ _ Z a}z(;}Pzglf 11)’
r=
2\ N ~
1,}(("2»:4)(’:1) - _Z (’31)}52»*)(’ 1. ],)(3 A _ [,a]'{(’\) _ Z 1’((2]);3»3)(’ 1),
p=1 p=1
})k(i:‘l](”l] = A‘/r,\rll;
mpu s =23

F ’2(1{7 71)(21\3 1= (_ 1)3 Shpshg, + l: {7‘1418\/,1”2 |:” - V(”’ + 1)] hl((i)\v+1 +As 7\’,’(4\/} +

+Z{8p.k+2|:p(n+l I’l:|//l‘ p+l 7;”112\‘/)14_[1 n+l Jh/\+/l 7/)2\ 1 }’
P7(]Z71);\§ _[:}\‘ZX[V l’l+]—] :|h15:—\

N
+ 248, 0a[p (10 1) = A0, PN+ [1= p () 2, RS
=
P =T, [v(n+1)-(n-2) ]h,ﬁ

{8,02[ P(n+1) =311, PYND +[n=2= p(n+1) ), PUZS

—])S Sk, t+ /~, {7%16

+
1=

pl2)is) _

2k.2v

—_~

[3 v(n+1) ]hk +7L1y27uk7\,}+

v.k+2 —v+l

+

M=

{81),1(+2|:p(n+] 3]hk Lpil 2172\ +|:” 2- P(”'H) k;p[)_(;’gl)gx)};

1

s
I
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PN, = (1) 8 g+ {h B [V(n+ D) = (1 =2) W40, 2, b+
+g{5k,p+z[”*2*p 1) A, PR 0 (- 2) R 2;1};_51)}
P =Ty o Ay (2= ) +
+Z{Ap+z[n 2= por+ DAL PRI e g (1= 200 BLN,
%‘2,‘251"—1x P h) +

+z{5k,p+2[1— p(n+ 1) PUNED 2, 0, HOP ,(1’,1>1<;i>1}

p—k+112p 2v

lei;v‘s =(- )S)L 2 v+Z{)‘137”/:v+2|:v(”+l)_]]h@k+1+7“L47“k.v}+

+Z{ kp+2|:1 p(”+1 :Ih(—k+l 21’;32\(:5 +2y }” 1h0 2[)~12v }
8) quucnmorrcsl k03¢ durmentsi (k = 1,...,N)
0(1)("1) = JR,h(()i); QG)("J) =-%, fR, —c?,R,h,f”;
O =20, OB =0, O = O = 01 =0 (s=2.3),
C MCTIONB30BaHHEM KOTOPBIX HOpMUPYIOTCS MAcCHBHL (k= 1,...,N)

) . N, o . ] )
O = SR ~LRH = 3 (B0 + 000
Q(4 (i.1) =My, 11R;ho 2‘1 )Q(3 (8 1)

. N ) . ”
Q)gz)(m) = 7‘1—2 {Sv,k+2 [V(” +1)- n]hlfr—)leS\?El 4 D V(” + ])] th (%) )}

Qge)(”)_( ) lxk}"klRJ-"z{ sz[n 2- V(”"'l)]h\( kel 23)_({3 +

b (= 2) RO (k=1,..,2N;5=2,3).

9) Beogsatcs 0603Ha9eHUST

/= 2, npu s=1; < _|N, npms=1,

74, mpu s=23; ° |2N, nmpu s=23.

10)MIpu i=12,f, u k:1,2,...,]\~/j COCTABJIAFOTCS TPH (s= 1,2,3) CHCTEMBI

JIMHENHBIX ATeOpandecKux ypaBHeHHﬁ BUJA
M 11)@) zs (, 9
»
KO3(h(ULMEHTB! MaTPULL U CBOGOI{HLIC YWICHBI KOTOPBIX ONPENENAITCA C YIETOM
cleayromux BenmdauH (g =1,2,3):
mpu g =1
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k(n+l)—1, mpu j=1;
k(n+1l)-n, 1pum j=2,
e(j,k,q) ( —k(n+ ) +1), mpu j=3;
( 1), npu j=4;
npu q=2, 3

k(n+1)-n, npu j=1;
k(n+1)=(n-2), npuj=2

i2k—1,q)=
el -4) n-2-k(n+1), mpuj=3;

n—k(n+1), npu j =4;
k(n+1)-3, mpu j =1
ok k(n+l)—l, opu j =2;
c(j’ ’q)_ 1—k(n+1), mpu j =3;
3—k(n+1), pu j=4;
~ o~ e(m,t,.s)
.0)(s 4.4 NN 7.5) pe(f.pss R m,j)(2.s m)(Lys),
w33 ZBé,’p(")Rz(’p‘)(—lj g
J=lm=11=1 p=1 RQ

B I

L(klf, ZZZZB (7.5) jkvP(m] ZS)Qm(ls

J=lm=11=1 p=1
11) B pesynbrare pemenym cucteM (1. 10 anroputma) OnpeaensOTCa TpU
rpyrmLIKopHeH(s—123)c (l L2, v=1,. N)
12) Beraucisirorest K03 (QOUIMEHTH

(i=2,3,1=12,5=1,2,3; k=1,..., N,) 1o pexyppentHbIM hopMyam:
(l k s)
{0 [ g j Zl Zl PN m)i-1) . (0i)
2 m=1v:

13) JIns KaXkio# TOYKM BHEIIHETO U BHYTPEHHETO KOHTYPOB MOMEPEYHOrO
ceueHUst OOAEIKHM MPH 3HAYCHUAX P = R; ( J =2,3) npu u3MeHeHum 0<0<7 ¢

marom A =

T BEmMmcsOTCS:
2(n+1)
Cl'(f) =1— anJ""1 cos(n+ 1), dl'(") = anJT”_] sin(n +1)0;
. N
‘71(])(1) =y [1 —-v(n+ 1):|CS’1)(3)RJTV("+1) cosv(n+1)0+
v=l

+[v(n +1)- n]c£3’1)(3)Rj(.V‘l)("+]) cos(v-1)(n+1)6;
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B = i [v(n+1)~1]lDORMDsin v (4 10+
+[v (n+1)-n]cOR R\ D) sin(v—1)(n+1)6;

i [n=v(n+1)]cl O Rr 0w cos[n—l—v(n+l)]6+

v=l

+[3 v(n+1) :|c2” R vin+t) 005[2 v(n+1) ]6+ (s=2.3)
+v(n+1)-(n-2 ]C(“ ‘("”) (- 1)cos[v (n+1)=(n-1)]0+
+[v(n+1)-1]cC R;(”” cos[v(n+1 )-2]e.

[f'z(j)(s) = i [n -v(n+ ])chlj)lmR" 1ot sm[n —-1-v(n +1)J9 +
v=]

J
+[3-v(n+1 ]c(1’°'X})R?'V(””) sin[2-v(n+1)]0+
+[v(n+1)-(n- 2)]c (3-43) o ( "“) (=) sm[v(n+l )=(n-1)]6+
+[v (n+1)- 1](:2;‘) Q)Rj (re1)-~ sm[v (n+1)-2]e;

[ll(f)(z) — Fl(j)(z); Z;](/)(Q) - ]:2(1')(2);
G0 Z 00, GO _ 0
dy =—(n+1)ngR,"sinnb;
=Ry cosO+qR) cosnB; d = gR) sinnd— R;'sin®;
a = %jlv(n +1)[v(n+1)-1] O R [v(n+1)- 1]o+

(s = 2,3)

Hv=1)(n+1)[(v=1)(n+1)+ 1] Rl cos[ (v=1)(n+1)+1]e;
b = Z\;v(n +D)[1=v(n+1) IR, ) 'sin[ v(n+1)~1]0+
+(v=D(n+D[(v=1)(n+ 1)+ ] IOREI N sin [ (v - 1)(n+1) + 1],
al) = ﬁl [(1=v)(n+1) =1 JeEMIRIN2 o5 (1 v)(n+1)0+
+[V(l; +1) = 1] ORD2 cos v (n+1)6;

0 _ z [(1=v) (7 +1) = 1]eCIORIENZ G (1) 41)0 +

+H[v(n+1)=1]SORED 2 sinv (0 +1)6;

59



pYe =3 > [n 1-v(n+1)|[n-v(n+1 ]czls) IR0

xcos[n—v(n+1)][0+[3-v(n+1)][2-v(n+1) AP RI ) o

xcos[3=v(n+1)|0+[v(n+1)=(n-2) | v(n+1)-(n-1)]x

xS IR cos[v(n+1) - (n-2)]0+

+[v n+1)—1][v n+1)=2]c R cos[ v(n+1)-1]e;
Z [n=1-v(n+1)][n-v(n+1) 0O prmam(ml) o

xsm[n—v (n+1)]0+[3-v(n+1)][2-v(n+1) ]I R0
xsin[3—v (n+1) ]6+[v (n+1) —(n—2)][v(n+1)—(n—1)]x
xS IR sin[v(n+1) - (n-2) 0+
+[v n+1)—1][v (n+1 —2]c213><3>R;(”“)‘3 sin[ v(n+1)-1]0;
z [n=2-v(n+1) ] )OR D cos[n-1-v(n+1)]0 +

+[v n+1)—n]cz’ () R{vDir) cos| v(n+1)—-(n-1)]6+
+[1-v(n+1 ]cfvsl ZV"+1)cos[v(n+l)—2]9+
+[v n+1)—3]c2 Ry cos[v (n+1)-2]6;

z [n=2-v(n+1) ] )OR D sin[n—1-v(n+1)]0+

+[v n+1)—n]cz’ () R{vDir) sm[v n+1)—(n-1)]6+
+[1-v(n+1 ]cfvsl Ry sin[ v(n+1)-21]6+
+[ v( ”+1)_3:|sz V(”+l)_4 sin[ v(n+1)-216;

H3 KOTOPBIX (I)OpMI/IpyIOTCH MAaCCHUBBI YUCEIT
agz) :Dl(z); 52(2) =D§2); Cl~§2) =D3(2); 53(2) =D£2);

A=l 5O ZpP. g o_pl. 58 = pld.

2 > 72 1 > ™3 > V3 3

A =GP0 5. Bl p) g _ K
ALY = A9 - B, B\ = B¢, — A,
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14) BBIUHCIAIOTCS COCTABIISIONINE HAMPSHKEHUI COOTBETCTBYIOMIMX IPYII
(s=12,3):

SOemap _ 1 | [(M)Z + ( d«z))zT [2( 5006 @ ,;(z)(s)d'(a) _
' [(a(z))ﬁ(dr(n)z}zl o

~ a0 L FOGE) _ gl @) | 5 J AV d'()}
oo _ : ! 2{[(0,(2))3(6,'(2))2} [2(552)(%;(2)+151<2><s)d1r<2))+

(e +(o)]
L@ _pOge 4 gl 5§s)51(2)] — AP ® Bz(s>d;<z)};
A0 4 FEIG0) |

(3 )(S)Bl]}Tp _ Cll

() (]

15) Beraucnsirotess aBa 3HaueHUs (j = 1, 2) 3KCTpeMalIbHBIX HOPMaTbHBIX

TAHTCHIMATBHBIX HAPSOHKESHUH ogﬁﬁzj)ﬂa BHYTPEHHEM KOHTYPE HOIEPEYHOro ce-

yeHus 001eIKu

(BHWW _ 32 (BHYrP) (3.3)@uyrp) | 1+§ 1)eRyTp)
6(aKetp) QJ ]+Q 6(oxetp) :I +|:09(3|«:'rp) 4 GO(@KC’[p) .
3 MOJIyYCHHBIX JBYX 3HAYCHUH BBI6I/IpaeTCH PACUCTHOC 3HAYCHUEC HAIIPs-

KEHHS Guery), KOTOPOE SIBSETCS MAKCHMANBHBIM [0 aGCOMIOTHON BETHYHHE U

(uKcupyeTcs napameTp j *:' J, COOTBETCTBYIOLIMI 3TOMY 3HAYCHHUIO.

OnpenensieTcs COOTBETCTBYIOIIEE 3HAYECHUE HOPMAIBHBEIX TAHTCHIMATBHBIX
HanpsHKEHUH Ha Hﬁpy)KHOM KOHTYpe
(3.2)(uap) (1 2)yrp) (3 3)(uap) (3 3)(@iyrp)

(nap) Ge
o 1 + Q
[¢]
(alccrp) ( ) 3.2 (BH\IP) (3,3)(1311yrp)
6(axerp) Ge(JKCTp)
1 +& (1)@
4 Ge(skc'rp) :

TMonyyeHHbIE 3HAYCHAS HAPHKEHMH YMHOMKAIOTCS HA BEMUMHY P U Ompe-
OCIIAKOTCA YCUITAS — I/I3FI/I6af0H.[I/Ie MOMEHTH M u TIPOAOJIBHBIC CHIIBI N , COOTBECT-
CTBYIOIIUEC MAKCUMAJIbHBIM HATIPSDKCHUSIM

A? (BHYTp) (Hap) A (BIYTP) (Hap)

M= 12 (G()(sl(ch —Ge(al«:'rp))’ N=— 2 ( 6(3Kcrp +69(3Kc‘rp))’

rac

A= \/(x2 - x3)2 —+—(y2 —y3)2 ; X3 =RpcosO+3p " cosnd |p=R%R? ;
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Vo3 = RpsinO+8p™" sinnd |P=RJ€ .

Jlnst mPOBEPKH BO3MOKHOIO OTpPbIBa HAOPHI3rOETOHA OT IMOPOJBI ONPENEII-
FOTCSl HOPMAJIBHBIE KOHTAKTHBIE HAPSHKEHUS 110 (popMyJie

ety =) O+ )i T+ [eny T} ety

IIpumep pacyera
HCXO[[HLIC JAHHBIC:

- paguyc MPOEKTHOIO BHYTPCHHETO KOHTYpa NONEPEYHOro CEYeHUs! 00IETIKH
R=3m;

- TOJIIIMHA 30HBI TOPOJI, YKPETUIEHHOH ankepamu A, = [,=1,2 M;

- TOJIIHA HAOPHI3TOETOHHOTO NOKPHITUS Ay=0,05 M;

- MOAyJb Ae(hopMaLi HOPOJ BapPBUPYETCs, IPHHAMAS 3HAYCHHS

E1=9000, 18000, 36000 MITa;

- k03¢¢puuenTr! Ilyaccona MaccuBa OPOA B €CTECTBEHHOM COCTOSIHUM U B
30HE YKpEIUIeHus v; = v, = 0,3;

- jgeopMalMOHHBIE  XApPAaKTEPHCTHKHW  HAOpBI3rOSTOHHOW  0Omenkn

= 30000 MIIa, v3=0,2;

- YACTBHBIN Bec MOpPoA ¥ = 23 kH/M;

- k03(puuueHT, yIUTHIBAFOIIHI Ha3HAYEHAE COOpYxeHus Ko= 1;

- K03 PUIMERT, YIUTHIBAIOIHI JOMyckaeMBble ToBpeskaeHus K; = 0,25;

- YHCJIO HEPOBHOCTEH MOBEPXHOCTH BHIPAOOTKHU 77 =9; CpemHss aMIUTHTYZAA
HEPOBHOCTEH BAapbUpPYETCS M NPUHUMAET 3HAYCHHS & = O (HEPOBHOCTH OTCYT-
cTBYI0T), 0,05; 0,1; 0,15 ™.

AHKepa HMEIOT HECYII 3ylo crocobHocTs P, = 100 kH H yCTaHOBNIEHBI C
IUTOTHOCTBIO 7 = | aHKep/M~ (OTHOIICHHE HNPHBEIECHHOTO MOIYJIS AedopMaiuu
TPyHTa YKPEIJICHHON 30HBI K MOJYJIO Ac(hOPMAIMU OKPYKAIOIIET0 MacCHBa B CO-
OTBETCTBHY C pUC. 12.1 B = Ey/E1=1,92);

PeayneTatel pacuera NpeAcTaBieHbl HA puc. 12.3 B BHAE 3aBHCUMOCTEH

MaKCUMAIBHBIX HOPMAIBHBIX TAHTCHIHMATBHBIX HallpsyKEHMH 08222‘3), KOTOPBIE

MOT'YT BO3HHKATL B HAOPEI3rOETOHHON 00AENKE IPY CEMCMIIECKUX BO3IEHCTRHAX,
OT aMILTHTYIbI HEPOBHOCTEN § IPH PA3TMUHBIX OTHOLLEHUSX Moayneit aedopma-
iy Iopox u HaOperoeToHa. Kpuebivu 1, 2, 3 Ha puc. 12.3 moka3aHbl 3aBHCAMO-
CTH, TOTYYEHHbBIE COOTBETCTBEHHO NpH 3HaueHusX £, / I =0,3,0,6;1,2.
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(BHYTD)
Gemax s MITa /
7

6 2

4 ]
2 —]

0 0,05 0,1 0,15 6, M
Pucynox 12.3 — 3aBUCMMOCTH MaKCHMaJIbHBIX HOPMAJIBHBIX TAHT€HI[UAIBHBIX

HaTpsDKEHUI, KOTOpble MOT'YT BO3HUKATh B HAOPBI3r-0eTOHHOM 00aenke
NpY CEHCMUYECKHX BO3ASHCTBHAX, OT AMILTHTY bl HEPOBHOCTEH

63



13 Metoauka pacuera MOHOJIHTHBIX 00/1€JI0K TOHHe1eil, COOpyKaeMbIX
¢ IpUMEeHeHHEeM HHBEKIIHOHHOTO YKPeIJIeHHsI TPYHTa

13.1 Mertoauka npegHa3HaueHa 1Jis pacueTa MOHOJIMTHOM OeTOHHOM (>kene-
300€TOHHOM) OOMENKH TOHHENS MPOM3BOIBHOTO TOTIEPETHOTO CeUeHMs (C OXHOM
OCBIO CHMMETPHU), COOPY>KEHHOIO ¢ IPUMEHEHUEM UHBEKIIUOHHOIO YKPEILICHUS
MaccHBa rPYHTA.

13.2 MeToauka MpUMEHAMA JUIsl pacueTa ABYXCIOWHBIX 00AETOK TOHHEIEH
IIPOU3BOJILHOTO MONEPEUHOIO CEUECHHUS.

13.3 30Ha yKpemneHHOro rpyHTa pacCMaTPUBAETCS KaK COM 3aJaHHON
TOJIIMHBI BOKPYT BBIPAOOTKH, Marepras KOTOPOro MMeeT Ae(OpMalMOHHBIE Xa-
PAKTEPUCTUKH, CYLIECTBEHHO OTIIMYAOLINECS OT CBOHCTB MacCUBa.

13.4 Ob6nenka, 30Ha IPYHTA, OJBEPIKEHHAS HHBEKIIMOHHOMY YKPEIUIEHHIO,
1 MAacCHB IPYHTa B €CTECTBEHHOM COCTOSHMY PAaCCMATPUBAIOTCS KaK ¢AUHAS Ieo-
MEXaHMYECKas CUCTEMa, DJIEMEHTHl KOTOPOH, B3aUMOJEUCTBYS DY C JAPYIOM,
00yCI1aBIMBalOT B3aUMHbIE fedopManui.

13.5 Metonuka pacueTa OCHOBLIBAETCS HA MCXOMHBIX IPEIIOCHUIKAX H II0-
JIO’KEHUSIX pasaena 7.

13.6 OOpenka TOHHENS W 30HA YKPENJEHHS PAacCMaTPHBAKOTCS Kak JBYX-
CJIOMHOE KOJIBLO CO CIIOAMM 33JaHHOHN TOJIIUHBL, IOJKPEIUISIOIEE OTBEPCTHE HE-
KpPYroBOIro ouepTaHusi B OECKOHEUHOIM JIMHEHHO-Ae(hOPMUPYEMOii cpeae, MOeIH-
pyroLei MacCuB rpyHTa.

13.7 B xadecTBe Hapy>KHOIO CJIOS MOXET TAKKe PacCMaTpHBaThCsl 30HA
YKPEIUIEHHOT0 TPYHTA, CO3JaBacMas IIyTeEM YCTAHOBKH aHKEPOB KOHTAKTHOIO TH-
mma. B 3ToM ciydae ams ompeaencHus MOAyIs AehopMallii YKPETUIEHHBIX TPYHTOB
BBOJWTCS TOBBIIAIONIHN KOIDPHUIMEHT [, BENMMUHHA KOTOPOTO OMPEHENAETCS B
3aBHCHMOCTH OT XapaKTEPUCTUK MPUMEHIEMbIX aHKEPOB (cM. 1. 12.8).

13.8 HampsbkeHHOE COCTOSHHE OOMENKH OTPEAEIIICTCS W3 PEMICHHS IBYX
IUIOCKUX KBa3HCTATHYECKHUX 33134 B COOTBETCTBUM C PACUCTHBIMHU CXEMAaMH, MPEJ-
cTaBjeHHEIMA Ha puc. 13.1 [8].

Cpena Sy, MOAETMPYIOIIAsT MACCUB TPYHTA, MMeeT nehOpMaOHHBIE XapaK-
TEPUCTHKH Ej, Vo (COOTBETCTBEHHO MOIYIh aedopmartiu U ko3pdunueHt [Tyacco-
HAa) ¥ UCIIBITBIBACT Ha OECKOHEUHOCTH ABYXOCHOE HEPABHOKOMIIOHEHTHOE CXKaThe
(puc. 13.1 a) u uncTslii casur (puc. 13.1 6) HaNpsLKEHUAME, IPUHUMAEMbIMU B 3a-
BHCHMOCTH OT [1apaMETPOB CEHCMHYECKHX BOJIH, BUAA pacueTa M TUNA TOHHENS
COTJIACHO ITOJIOKEHMSIM paszena 7.

Cnoit S, ¢ nepopMaOHHBIMU XapaKTePUCTUKAMH F;, V, MOJAEITHUPYET 30-

Hy YKPEIUIEHHOTO I'pyHTa. BHyTpeHHmMI cnoft komsna S, ¢ AehopManuoHHBIMU
XapaKTepUCTHKaMH £,, V, MOJETIPYET MOHOJIUTHYIO OETOHHYIO (3Kene300eTOH-

Hyto) obnenky TonHens. Cnom Komelia U cpena AehOpMUPYIOTCS COBMECTHO, TO
€CTb Ha JIMHUAX KOHTAKTa L, L; BBIIOIHSAIOTCS YCIOBUS HENIPEPEIBHOCTH BEKTO-
POB HaNPsDKEHUH U IIepeMelleHnit. BHyTpeHHnH KOHTYp L, cBOOOAEH OT AeiicTBUs
BHEIIHUX CHJL.
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PucyHok 13.1 — PacueTHEIe cXeMBI K ONpee/IeHUIO HAIPSHKEHHOTO COCTOSHUS
06IeTKY TOHHEISI HEKPYTOBOI'O OYEPTaHHUs, COOPYKAaeMOT0 C IPUMEHEHNEM
HHBEKIIMOHHOTO YKPEIUICHHS TPYHTA, IPH JAEHCTBHH CEHCMUYECKHX BOJIH:

a — TIPONOTBHBIX;, 6 — ONePEYHBIX

13.9 Ecnu yKpeIUIeHHas 30Ha CO3JaeTcs IIyTeM YCTaHOBKH aHKEPOB KOH-
TaKTHOTO THIIA, MPUBEICHHBIA MOAYIb JehopMalui 06NacTH S, BBUHCILETCS IO
dopmyne E, =BE;, roe B - xo3dPUUHEHT, onpelenseMblii B COOTBETCTBUM C
m. 12.8.

13.10 MeToarka TO3BONSAET PAacCUHTHIBATH MOHOJMTHBIE (ABYXCIOWHEIC)
00 1eNKY KpyroOBOrO OYEPTaHus KaK JaCTHBIH CIlydai.

AJTOpHUTM pacyera

UcxoaHBIMY TAaHHBIMH TSl pacyeTa SBISIOTCS:

- 3a/]aHHbIe (JopMa ¥ pasMepbl BHYTPEHHETO KOHTYpPa MOMEPeYHOro ce4eHus
00 IeNKY;

Ay, Ay — TONMIIMHEI COOTBETCTBEHHO YKPETUICHHOW 30HBI M OOJENKH B CBO-
ae, M;

Ey— monynb aedopmaituu rpynta, Ml 1a;

Vo — koa(puiuent Ilyaccona rpynra;

E,, vi — cooTBeTcTBeHHO Moaynb Jedopmanuu (MIla) u kxos¢popurmeHT
[TyaccoHa rpyHTa B yKpeIUIeHHO#H 30HE;

E,, v, — cootBercTBeHHO Momyns nedopmauuu (MIla) u xoadduiment
TlyaccoHa MaTepmaia o0/IeNKH;

y — 06BeMHEIH Bec rpynTa, MH/M’;

A, Ky, Ky — xo3ummeHTHI, TpHHAMaeMble B cooTBeTcTBHH ¢ 11.7.18.1.

Ty — npeobagaronwii nepro/| KonedaHuii YacTHI| FPYHTA, C;

1 — 9ucio Ko3(hpuiueHToB oTodbpaXkaouen GpyHKIuY;

N — 4HCTIO YIEHOB, YAEP)KUBAEMBIX B PANAX Pa3IOKCHNS KOMIUICKCHBIX MO-
TEHIIMAIIOB.
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3Hauenus 1, N 3a7ar0TCsl B 3aBUCUMOCTH OT CJIOXKHOCTU OYEPTaHMs MOIe-
pevHOTro ceueHHs 0OMeNkn TOHHENS. JINs MPaKTHIeCKHX PacdeToB OOMENIOK TOH-
Heqell CBOAYATOr0 OYEPTaHUs BBITSHYTHIX BIOIb OCH X MM BJIOJIb OCH Y CIELyeT
OpUHATH paBHbIME 7= 4, N = 30. IIpu paccMoTpenun o0aenok, Gopma momneped-
HOTO CEYeHWs KOTOPBIX MPHOMIDKAeTCS K KPYTOBOM, BeNMUMHA N MOXET OBITh
yYMeHBIIEeHA, Harpumep, 10 N = 20.

1) ITponsBomurcs KOH(POPMHOE OTOOPLKEHUE BHELIHOCTH SIUNHIIHOTO KPY-
ra Ha BHEIIHOCTh BHYTPEHHETO KOHTYpa TOTIEPEUHOTO CEUCHHUs OONEIIKH M OTpe-
Jenserca MaccuB ko3 dunuentos b, (v=0,..., i +1) otodpaxaromeii GpyHKINH B
cooTBeTcTBHH ¢ [Ipunoskenuem ['. B mpakTHUecknX pacdeTax MOXKHO OTPaHUIUTh-
ca m =4.

2) Pemarotcs ypasHeHns (=0, 1)

5
v _
LOR T =h,
v=0

2
e h, =1, + 3 A,, lo— paccTosHue OT HaYaa KOOP/IMHAT JI0 CBOJA OONENKH.

s=1
* vy vy -~ v
B kauectse Rj KaXXIbIM pa3 MPpUHUMACTCA €AMHCTBCHHBIN TCUCTBUTCIIbHBIA

KOPEHB, OOJIbLINY IUHULIBL.
3) OnpenenstoTcst BETNIHHBI

i

R; =1, R~ q, :vagl"'(v=0, 1,...,n), R=q.
Vo = [1-2v, E, 1-v, 1 -
- 0= |——% . = |[0—0 - P=— AK K.,y¢/]
: 1-v, ¢ 2(1v,)" "y (1ovg)(1-2v,) o oA

4) Onpenensrotest BemawHH (=0, 1, 2),

J

®, :3—4\/}., u,=

2(1+vj)’
a ipu u3Menennn j—0, 1 — creyromme BeTHIHHbI
1 T u;
n=—— t=nll+e, —L| d=n|1--L1|
J ]+ ® J J Jt J J
4 W, K,

s;=1=t,,1,=1~d,.
5) C yueroM 0603HAYCHWIA
, mpu k=v 1 mpu k<v
}\‘k v > SL v >
0, npu k=#v 0, mpu k=v

BBIYHCIIAIOTCS KOMIUIEKCHBIE BEJTMUMHBL (j :0 1,2):

hﬁ(:j) = 872,k %Rjk Z 6\ y gi—k+1 (] V)R_v q‘ h\(ﬂ( >
0
(k—n, n—1,..A,0,—1, -2,..,~2N);
VR, (v=0, £ 1, £2,*N).
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6) OmnpeneistoTCs MaCCHBEI YUCET
XD _ ) (X2 ]
OV =Re D, fO=TmfD (k v=11,42, N,
u ko3 ummentsl (/=0,1; k£ v=1_. N)
(LDADG) = ke pa2Lg) _ k(X2
Bc,v xk:\’tj +dJ'ijk,—v > Pk,v / —_dejf}c(]X )

S~V

DA _ pZ2XLIG) _ G/ k()1
pk,v _Pk,v _prky (J)=dej k;()j

G2)XLYD) — _ k rGX2) (4,D)(LIX 5) 2k 4.2)(L1)
Br,v - dej](",V > Pk,v = x’k,vdJ'Rj > Pk(,v D) =0;

LAY — _ k G)2) (1,2X1,2X /) k(Y1
1)k,v - d]RJ k,‘v > jjk,v = kk,vtj —dJR] k(fz(v),

QLX) — p2.2A2)) _ GDAX /) _ k()2
Bc,v - ])k,V =0 > IDk,v = _dej fk(fv( ) >

(3.2)(1L.2XJH) — _ k GX1)
])k,\,' - d_]R] k,\/

>

(4,1X1.2) 4.2)1,2)( j
Pk,v (L.2)( /) - 0’ ])k(,v XL2)(j) — _}\‘k?vdeik;

DB — _ pA2)X3.2X)) _ —k £GX1) -
j)k,v - ])k,V _dej J(—(]X)

k,—v?>
(L2)3EX) — pADG2X)) _ —k £(GX2)
])k,\' - ])k,\’ - _d]R} —k,~v >

GG = _ pR2X32XD) 2k pRAGI) _ p2IG2
By ==0 =N d RP*, P2 = PRIeAD _

G.DEDG) -k _G)1) (32X3.IX ) _ p3IX3.2X s - ;
By =d R M B =D Z"defkacXVZ)

B2 _ g -k G @DGIU) — pEaGI) _ (. s
BS =—d, R fG)+ 0 1, B = B2 =

kv o >
(4,1X3.2X)) _ p(4.2X3.2X)) _ DA _ k(1)
By =h =0, K" = LRI 90,
D2 2D — k GX2)  DIX2I0) _ P(2,2X 21X j
1)k,v - ljRj f“krv’ Pk,v - }\'k,vlj > })k,v 7= 0 >
DD — 2k k(XD HG2Y2DG) _ k rGX2)
})k,v - kk,Vsz]' + ljRj —kyv > ])k,v - _ljRj Af—k,v >

DD — p22DRDG) _ DA22X ) _ 7 pk £GX2)
1)1{,\/ - ])k,V =0 > ])k,v - ljRj f—(;c,—v >
D(1,2)(2.2)(J) — k QD) .
Pk,v - ZJR_] .f;k,—v B

£2.12.2)(0) _ D(2.2X2.2) ) _ pGBD22XJ) _ k (X2)
Pk,v _O,Pk‘v =A, [ Pk,v —ZJ.RJ

kv jo iJ-kyv >
D(3.2X(2.2XJ) — _ 2k k(XD
B =N SR+ LRSI,

HADR2G) _ pd2)2.2)(J) _
Pk,v - })k,v =0

>

k,—v> >

DADED) — -2k ~k (N DAXADG) _ —k £GX2)
Pk,v - 7\‘k,\’S_l'}ej + ljRj ﬁ ])k,v - _ZjRj -f;r,—v

DDA _ p22EANG) _ PG4 ) —k £GXD
Pk,v - Pk,v =0 > Pk,v - ljRj f

ky >
DG2XAD) _ _ ~k £()2)  DEIEIXS) _ D(4.2X41XJ) _
Pk,v - ZjRj -fk,v > Pk,v - 7\’k,vlj’ IJk,v - 07
HAIX4.2X)) _ -k £GX2)  pQA2X42X) _ 2k —k (Y1)
B =LR I, B =N SR+ LR; fk{_v ,

HRHAN) _ p22XADG) _ BEINA2X ) _ )

})k,v _Ii(,v —O, Bc,v _ljRj f:{v R
D(3.2X4.2)(J) _ ~k LY A2 _ BA4.204.2X ) _

I =LRT S By =0, BT =y

3necy omeparopbl «Re» m «Imy» 0003HAYAIOT BBIAEICHUE COOTBETCTBEHHO
NIeHCTBUTEILHON U MHUMOI YacTell KOMIUIEKCHOTO YMCa.
7) Boruucistorcs kodbuumentr (1=1,...,4; s=1, 2)

>
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k
P(/,y)(zl)(;) P(l SN2 4 RA ZZ( ]) (f'(J)(”)P(l LSXLDG) +f(1)(r)P(l )3, 1)(;))

—lpl

PR = P22 RkZZ( FPEDPLAD 4 £ PULoGrX ,))

llp]

P(’ SXAD) — P(’ XA 4 R kzz( 1y ( f(j)m P(’ XL 4 f(})(r) P<’ sxmx;))

(Ls)4.2X ) — psX4.2)XJ) _ k NG pUlus)XLr() 4 3= p j
D = PR — RS S (OB 4 0 )

8. Borumcisttorest MaccuBel uncen (4, p=1, .., 4; s, r = 1,2,k v=1, .., N;
J=0.1)
2 4 N
(LsXp.rX0) _ p(.s)prX0) (Ls) pr)D) _ p XD dsXq.

B0 = PO, BN < 533 plgrarO Bl
u=1g=1¢=1

9. Beraucsirorcs kodduuentsl (k, v=1,..,N;j =0, 1)

M(l,l)(l) = Rz_k +f(2)(1J M(l 20 _ f(zxv) M,f;,n(l) - M(f 2D _ ).

k-v >

M(3 DM _f(2)(1) M(3 20 _ f(2)(2). M4>1)(1) =7\, RQk M}E?V,Z)(l) =0

>

M(l 1X(2) _f(2>(2) M(l 2X2) _ }\’ R +fk(°)(1) (2 1X2) — MZ\,/B)O) -0

>

v s
MS‘,D(Z) f(2)(2) M(3 2)(2) f(")(l) M(41)(2) 0; M(4’2)(2) - )\‘k N Rf;
M/S;DG) =f(2)(1) M(12)(2) f(2)(2) M(21)(3) )\. Rz M(2,2)(3) 0;

k—v> k~v o
(GIN3) k (2XD). (32X3) (2X2). (4‘1)(3) — Af423) _ .
Mk,v - }\‘ R f kv > M fl—k,v > Mk.v - Mk,v - O,
1LIX4) _ (2)(2 12 4 (2)(1). (2,1)(4) -0 (2,2)(4) _ ~k.
Mk,v _f —v)’ M( = f M —0 M _A’kv >
G4 _ D). (a 2X4) _ k (2XD). (41)(4) 4.2X4) _
Mk,v f kv > M }” R f;kv > M M

10) dopmupyercs Marpnua Koaq)qmuneHTOB o (bopMyJIaM (t, 1=1,2
=1,...4,kv=1,.,N)
U[Et,l)(r) ZZ ZM(] s)(r)B(l AXTSXD
v 5=1 =1 p=1
11) BoMMCISIOTCS TPH TPYIIIEI KOMIUICKCHBIX BETIAYHH
APD(=0,1; v=+1, 42, .. £N), APV (=0,1; v=£1, £2, ..+ N) no popmy-
JlaM, IPUBEACHHLIM B Tabmmie 13.1.
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Tabnuna 13.1 — QopMyIsI AT BEIYKCICHAS TPy Beuunn A

Bennunnamn Howmep rpymmst
1 11 11
ADD A oR[ M R, 48,1 H | — oM R A oM iR,
QX5 ) ) .
A x])ORH}iH[aa]kv R =8, K0 [ n G RE R | R e R,
7 J J

12) Onpenenstorcst TpW TPyNmel AEHCTBUTENBHBIX BenuumH (k = +1
2, .. EN)

ASPD Z Re 4D AP = T 4D
1 COOTBETCTBEHHO TpH rpymnisl BenmuunH (7=0,1,2, s=1,2; k=1,..., N)

O = (=1y'n Rk( AL 4 4C- J)(S))

QX =(-1yn, Rj ( AL Afz,;f)(s)),

Q<2 XS — Rk( &, ALY _ Af;f)“))

Q(4J)(S) -n, R ( &, A(l;)(s) A}gz,jxs))

U3 KOTOPBIX (OPMHUPYIOTCS MaCCHBEI

2 N
2.1 (2. k r 1 3,
Q/S N Q](C2 Do +RjZZ(_1) (f(})(r)Q( Xr) +f(])(r)Q( J)(r))

r=1 v—l

H

2

Q(7 JN2) Q(2 JX2) szz(f(j)@—r)Q(l IX) f(])(3—r)Q(3 SJr) ) ,

r=lv=1

(4,jX1 (4,71 —k r X)) HYLiXE) (J.JXr) B Xr)
X0 _ G RS (1Y (IO 1 [0

—1v-1
(4.4X2) _ A _ pk ) VNN ORI 0) CROPNEN) )
Q 7 Q / R ZZ(fJ Qv +-fk,v Qv )
r=lv=1
13) C moacTaHOBKOH COOTBETCTBEHHO Tpex rpynn 3Hagenuit O u semn-

und AP u3 Tabmuupt 13.1. BEIMHCISIOTCS TPY PYIIIH BEIMYMH € TIOMOIIBIO CO-
OTHOIIECHUI

2 4 N
(POXP) _ H(POXP)  (pIXF) _ (L)X prXD) 1y (10Xs) |, (PN
D, =0 > Dy =222 1 Dy + O >
s=1/=1v=1
a TaKKe TPU rpynnbl KOdHPUIMEeHTOB

2 4 N
r) _ (J5Xr) y(J-1Xs)
Ve? =220 2 M7 D
s=1j=1 p=1
14) CocraBnsitorest cucrema 4 N NUHEHHBIX anreOpandecKuX ypaBHEHUI
BUJA:
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2

N
YIS UL =y (r=1,..4;, k=1,.,N),

2
1=11=1 v=1
KOTOpasi pemaeTcst Tpy pasa otaocurensno ¢V (1, /=1,2;v=1,.,N) ¢ coot-
BETCTBYIOIIIMHE TPYNIIAMU CBOGOHEIX ICHOB, B PE3YJbTaTe Uero MOMyHYaroTcs
Tpu rpymm kopredt ¢ (1), XD (T), (OO (1),

15) BhraucsioTes CooTBeTcTByromue Kodbduumenter c P70 (r =1, 2;
p=1..4 k=1..N,j=1,2) xaxnoit rpymnsi I, II u IIl no pexyppeHTHEM (op-
Mynam

24 N

(2:5)F) _ (L) pr)(j-1) (.j-1 .J-1

lop: _lezl:Zpkva)(pr)(J i )(SJ_._Q]EPJ Xr)
s=11=1v=1

U OTNpPENENIIOTCA TPH TPYNIBL koMimiekcHbix Bemunn b (1), b9 (11),
B () (1=1,2;/=0,1, 2, k= 1,2, N)

B = D 4 il O _ G0 .

R e P U

0
16) Ilpn m3merernn 07 < 6 < 360° ¢ marom AO BEHUHCIAIOTCS KOMIUIEKCHBIE
BenMuMHbI (=1, 2)

o W n+l " L O n+l v v
— 0. = —v__l-v . J) _ — Vo V-
c=¢"; aq Z'Bq‘,Rj oV, &’ =3 (1-v)q,Rc";
v= v=0

a' = _"H —v-1__-v-1.
70 == v(1-v)g, R
/=0

a TaxoKke BeauduHel (j=0, 1, 2; 5=j~1,; 520)
N

505) — DG ppv-1__v-1 . ~(j il ) pv-2 V-2 .
614] ) — Z va Rs‘ s : ag,,s) - Z V(V—l)b\(,l)(")R: ZGv ;
v=—N v— N
) X 1)
G — 7 pv-l_v-1
ag ZVV[)V R7c".
v=-N

¢ UCHOJIB30BAHAEM KOTOPBIX OIPENENIAIOTCS TPH IPYIIEL KOMIUIEKCHBIX BETHYIH
1o (opmynam, NPHBEACHHBIM B Tabmume 13.2.
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Ta6muma 13.2 — GopMymsl AN OMpeAeenus rpynn semuaun ai*, ai/*, ad

Homep rpymmst (7.5) (o5 (j.5)
P TPy aj as’ ag
1 Gy - AR a9 ﬁé”‘)
2 a‘(‘].:) ﬁu 5) ﬁém) + 7\‘j,OR
~ 50.5) 505
3 agm a ag”" — kJ'OR

17) BBIYHCIAIOTCA TPU TPYIIE HOPMATGHBIX, HOPMAIBHBEIX TAHTCHIMATb-
HBIX M KacaresbHbIX HAPDKEHUM B Maccuse (obmactu S)) Ha rpaHune Ly (TIpH § —
j =0) u B MomenupyoLIeli YKpEIUIEHHEIH CIToN TPyHTa 001acTh .S Ha KOHTypax Ly
(mpu s = 1 — Ha BHyTpeHHeM; mpd § = O — Ha BHeHmHEeM), 0003HAYaeMEBIE
o/ (D), of (D), YYD, oY ), of (1), D), oY (1), oy (),

©47(Il), B pesy.bTaTe MOACTAHOBKH COOTBETCTBYIOLIMX IPYNN BETHYHH ai*”,

(M) 3J»s)
as”’, ag.

. 1 . . L a,(,i) _ _ )
ol = Re{2a(’s) a0 02[01(1) ad? - Sy + o aé.z,S)J};
D)
|a( >| ay
. 1 _ ( 2
6§ = Re{za(”) D 42 [ ) g — g ()a(”)+a(” (m]}
Ia’l 7
s _ 2 =) 8 _ ()a() 499 4 g g
Jss = JsS ] 3 JsS, J JsS.
0 — m{c [al as a, (]) Y v ay ag ]},
‘a(1)| a;
2

18) Onpenensercs Hanbonee HEOIATONPUITHOS HANPSHKEHHOE COCTOSHUE B
Ka&KJOM HOPMaJIbHOM CE€UCHUM OOAENKHM MPU COBOKYITHOM ACHCTBUU BOJIH CKATHS
— pacTspkeHHs (TMPONONBHBIX) M CIOBHTA (MOMEPEYHBIX) JIFOO0ro HampasicHHs B
IUIOCKOCTH MONEPEUHOT0 CEUYEHUs cOOpY)KeHUsl. C 3TOH LENbI0 BEIYUCIIIOTCS 3HA-
YEHUS SKCTPEMAIBHBIX HOPMATBHBIX TAHTCHUHATHHBIX HAMPSDKEHUH HA BHYTPEH-
HEM KOHTYpe 0OAeJNKH 1o GopMye:

o =P(¥ (1) +0,[0+0") floF > (P +[o> (I })

19) BeluncnsioTcs HOpMANTbHEIE TAHTEHINATHEHBIE HANPSDKEHHS HA BHEIIHEM

6" W KOHTAKTHBIC HANPDKEHMS G, T4

KOHTYpE 00JIENKA Gy

o =PI HE e )2 O\f1 7 o>V (Mol (y+o®> Ae (M

J[cf '>(11)] +[o 5,2’“(111)]2
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IIPUYEM 3HAK Iepel BTOPBIM CIaracMbIM COOTBETCTBYET 3HAKy B (opmyie m. 18
aJirOpuT™Ma, NMPH KOTOPOM MNOJYYCHBI MAKCUMAJBHBIC IO a0COTIOTHOM BEITMYHHE
HOPMAJIbHBIC TAHTCHIUAIBHEIE HATPSDKEHUS HA BHYTPEHHEM KOHTYPE.

Eciu npoexTupyeTcs ¢ JONMyLUeHHEM 00pa30BaHus TPELIMH, TO B Pe3ybTa-
TE pacuera ¢ ucroib3oBaHueM (opmysn nm. 18, 19 anroputMa nomyvaroTcs 1o Jse
SIIOPHL HANPSDKEHUE, COOTBETCTBYIONIME HAMOOJBIIMM CXXUMAOUIMM (OTpHUIa-
TETBHBIM) M PACTATUBAIOILUM (MOJIOKUTENLHEIM) HOPMAIBHBIM TaHMCHIMATbHBIM

HANPHKEHAIM GY > B KOHCTPYKIIMHU, KOTOPbIE MOT'YT BO3HMKATh TP COBOKYTHOM

JIEMCTBHUM TIPOIOIBHBIX BOJH B (ha3e CHKATUs M TIOMEPEUHBIX BOJH.
20) BbIUMCIAIOTCS KOOPAUHATHI TOUEK BHYTPEHHErO (§ = 2) U BHELLUHETO
(s = 1) KOHTYpPOB 00AETKH, B KOTOPLIX TPOM3BOIUIINCH BBIUMCICHUS HAMPSKEHUH

(2:5) = Imal(z)

2.5) _ Reag®
XY =Reaqy”, y
¥ ONIPENETAOTCA KOOPAUHATEL TOUEK CPEIHEN JTMHUY BHYTPEHHETO CIIOS, MOJIEIIH-

pyromero o01enKy, B KOTOPBIX BEIYUCISIOTCS YCUIIUS

X @ _NtYs
2 0 T
21) BBIUMCIISIOTCS yCHITUS — U3TUOaroIine MOMEHTH M U TPOI0JIbHBIE CHITBI
N B O3¢MHOH KOHCTPYKLMA

AP =

(2.1) (2.2)* (2.2) _ 6(92'1)

"
y +0, M= Ai 500 7
2 12
rae b =1wm, A; - TommuHa 00eNKH, onpeaessiemMad no gopmyJe
2
A, :\/(Jﬁ _3‘2)2 +(n-») .

22) Ecnu paccMaTpuBaeTcsl JBYXCIOiHAs 00JeNKa, JOTMONHHTENBHO OIpe-
Jiensiercss Haubonee HEOIAroNpUATHOES HATPSYKEHHOE COCTOSHHE B TOUYKAX HApPYXK-
HOTO CJIOS. B COOTBETCTBUM ¢ nn. 18-21 anropurma, npUHUMas BO BHUMaHHE 000-
3HAYECHHS, UCTIONb30BaHHbIE B 1. 17 anroputma.

IIpumep pacuera

HcxonHbie naHHbIE:

- aeopMaLMOHHBIE XapaKTEPUCTUKU IpyHTa [y = 3000 MIla; vo= 0,3;

- pedopMalMOHHBIE XapaKTEPUCTHKH YKPEILIEHHOrO IpyHTa E; = 4500
MlIla; v;=0,3;

- nedopMaMOHHEIE XapaKTepHUCTHKN OeToHa obmenxu [, = 20000 MIla;
Vo= 0,2;

- TOJILIMHA 30Hbl YKPETUIEHHOTO FPYHTA B CBOJAE A; = 6,0 M;

- TOJILMHA 00aenKu B cBOJE Ay = 0,4 M;

- o0BeMHBII Bec Tiopoa ¥ = 0,025 MH/M;

- npeoOnafaronmit nepuoa konedanuii yacruw nopox 75=0,5 c;

- K03 puimeHT, yUUTHIBAIOLIMI Ha3HAYSHUE CoopykeHHs Ky= 1;

- K09 QUUMEHT, YIUTHIBAOLINI JONMyCKacMble oBpexaenus Ki= 0,25,

- KO3 GULMEHT, YUNTHIBAIOLINI HHTEHCUBHOCTB 3eMieTpsiceHus 4 = 0,4.

@dopMa U pasMepsl MONEPEYHOTO CEUEHUs] 00JENKH U 30HBI YKPEIUICHHOTO
IpyHTa NOKa3aHbl Ha puc. 13.2

>
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PucyHox 13.2 — ©opma u pa3Mephl IIONEPEIHOTO CEUEHMs 00AEIKH
M 30HBI YKPETJIEHHOTO TPYHTA

PesyneraTel pacuera 00neNKH MPeaCTaBICHB! Ha pucyHke 13.3, Ha KoTopoM
TIPUBEEHBI CIUTOMIHBIMY JIUHUAME 3opsbl yewmid M, kH-m; N kH, cooTBeTcTBY-
FOLIUX MAKCUMAJTBHBIM COKMMAIOIIUM, a TYHKTUPHBIMHU JTHHUAMH — MAKCHMAITbHBIM
pacTATHBAIOLIMM HOPMATBHBIM TAHTEHIMAIbHBIM HanpsbkeHusaM. IloxasaHHbIE
SMIOPHI HCTIONB3YIOTCA TPH IMPOSKTUPOBAHNH OOJIETKH ¢ JOIyNIEHUEM 00pasoBa-
HUS TpeH. ECIM TpemMHBl HE DOMYCKAatOTCs, TO B KAYECTBE PACYETHBIX NPAHH-
MAFOTCSl YCVITHS, COOTBETCTBYIOIINE MAKCUMAIBHBIM CHKMMAIOIIM HalPLKEHHIM
(CILIOLLHBIC JIMHUK ), KOTOPbIC MEPEH CYMMHUPOBAHUEM C COOTBETCTBYIOIIMMH yCH-
TMSMH OT CTATHUYECKUX HArPy30K JOJDKHbI IPUHUMATBCS CO 3HAKAME «+» H «-».
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Prcynok 13.3 — PacueTHBIE 3MIOPEI YCHITHH, COOTBETCTBYIOIINX MAKCHMATBHBIM
CHKMMAFOMIUM (CIUIOIIHbIE) U MAKCUMAIBHBIM PACTATUBAOIIUM (IIYHKTUPHEIE)
HOPMaJIbHBIM TAHTCHIMATILHBIM HAMPsDKEHUSM B 00/IETIKE
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14 Mertoanka pacuera HaOpbI3T-0ETOHHBIX 00/1€/10K HEKPYTOBBIX
TOHHeJIEeH, COOPYKaeMBbIX ¢ MPAUMEHeHHEM YKPeIIeHHsI TPYHTA

14.1 MetoauKka mpeaHa3Ha4deHa A pacuera HaOPLIBrOCTOHHON 00AeIKH
TOHHEJIL HEKPYTOBOIO IOIEPEYHOrO CEYEHMs, COOPYKAEMOro € NPHUMEHEHHEM
VKPEIUIEHUS TPYHTA.

14.2 Meroauka pacueTa OCHOBBIBAETCS HA MUCXOAHBIX MPEANOCHIIKAX U MO-
JIO’KCHUSIX, YKa3aHHblX B 1. 12.1 — 12.9 pazpmena 12.

14.3 HanpskeHHOE COCTOSTHHE OOMENKH TOHHES HEKPYrOBOTO OYePTAHUS
IIpU AEHCTBUM MPOJOJILHON M MONEPEYHBIX BOJIH, HANPABICHHBIX 110, IIPOU3BO1b-
HBEIM YIJIOM 0L K BEPTHKAJIN, OTIPEACIIAIOT M3 PELICHUS ABYX IIJIOCKUX KBA3HCTATH-
YECKUX 33Ja4 B COOTBETCTBUU C PACUECTHBIMHM CXEMaMHM, TPEACTABICHHBIMH Ha
puc. 14.1 [8].

144 MaccuB TpyHTa, MOJENUPYEMblii  OCCKOHEUHOM  JIMHEHHO-
JedopMupyeMoii OAHOPOMHON H3OTPOIHON Cpemoi Sy, MEXaHWUECKHE CBOMCTBA
KOTOPOH XapaKTEPU3YIOTCsS CPEIHUME 3HAUCHUSMU MOAYJIS AedopMarmu [y B Ko-
s¢drmenTa Ilyaccona vy, HCHBITHBAET Ha OCCKOHEYHOCTH IBYXOCHOE HEPaBHO-
KOMIIOHEHTHOE cxxatue (puc. 14.2 a) u uuctolii capur (puc. 14.2 6) HanpsbKeHus-
MH, 3aBUCAIIUMH OT IapaMETPOB BOJIH.

P\\S::\ x A%if’
N
N N &
W S B
Y S\[Eovi] Si[ELv]
Sz SZ
L’.\
/, n N\ 74
NP — A
) QS e
T AN\

(@)

a

PucyHok 14.1 — PacyeTHBIE CXEMBI K OMIPECTICHUIO HANPSIKEHHOTO COCTOSHUS
HaOpbIRr-0eTOHHOM 0OXENKY TOHHEII HEKPYTOBOTO OUePTaHNs IPH ICHCTBHAH
CeCMUYECKUX BOJIH!

a — TIPOJOTIBHBIX, O — IONIEPEYHBIX

30Ha YKpemjaeHHOro IpyHTa (Hapy>kKHbI! ClIoii AByXCOiHON 0Oaenku) Mo-
JeTUpyeTes coeM S 3aIaHHOM TONIMHEL A; ¢ Je(hOpMAITMOHHBIMA XapaKTepH-
cTuKamu Ei, vy.
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Ha6pe3roeTonHas o6aenKka MOAETMPYETCS BHYTPEHHHM CJIOEM KOJbIA S)
TOJIIMHOK Ay ¢ COOTBETCTBYIOIIMMHU AcHOPMAIMOHHBIMA XapaKTEPUCTUKAMH k),
Vi.

14.5 IIpn uCnONB30BAHUU AHKCPOB KOHTAKTHOIO THMIIA YKPEIUICHHAs 30HA
MOZEIMUPYETCS KBa3HOJHOPOIHBIM CIIOEM S; C TTPHUBEACHHEIM MOIyJIeM nedopma-
LIUH, BEYHCIIEMEIM 10 hopmyne E, =BE,, rae P - koaddummenT, ompenenseMsrit
B COOTBETCTBMH C 1. 12.8.

14.6 Jlna ydera coy4aifHOrO XapakTepa paclpelefieHHsT HEPOBHOCTEH B
HaOPBI3rOETOHHOM 00eKe pacueT IPOM3BOAMTCS BA pa3a; MPH MOJIOKUTEILHOM
3HAUCHUHM AMIJIMTYABl HEPOBHOCTEH 8, COOTBETCTBYIOILEM HAMYMIO BOAJMHBI B
BEpXHeif ToUKe CBOJA, IPH OTPHIATEFHOM 3HAUCHUH O, COOTBETCTBYIOIIEM HAJIH-
4MI0 BBICTYNA B CBOAE. PesynbraroMm pacyera sBisercs: orudaromasi ABYyX MOIYy-
YEHHBIX JIOP HAPSKEHUIH.

14.7 ins obGecnieueHus BHYTPEHHEro rabapura TOHHENS BBOAUTCS NapaMeTp
8=28 — cpemnss BenuunHa nepeGopa, 3a/1ABACMOIO TAKHM 06Pa3oM, uToObl Bee
HEPOBHOCTH PacMoNarajiich BHE TPOEKTHOrO (MIAAKOro) BHYTPEHHETO KOHTYpa
MONIEPEYHOTO CeUCHUs OOIEIKH.

14.8 HaiineHHsle ycuimis — U3ruaromme MOMEHTBI M M POJOIIbHBIC CHITBI
N, COOTBETCTBYIONIHE MAKCHMAJBHBIM MO a0CONIOTHOW BEJIMYMHE PACICTHEIM
HAMPSHKEHUSAM, TIPUHUMAIOTCS CO 3HAKAMH «+» M «—» U CyMMUPYIOTCS C YCUITUAMHU
OT CTATHMYECKUX HAarpy30K.

14.9 Meroauka MpUMEHAMA A71s pacueTa 00AEIOK, YCHINBAEMBIX B IIPOLEC-
C€ IKCIUTyaTaIllMd HAHECCHUEM BHYTPEHHETO CJIOS U3 APYToro Marepuaia, U JByX-
CJIOMHBIX KOHCTPYKIUI.

14.10 MertoauKka TO3BOJISET PACCUUTHIBATE MOHOJMUTHBEIE OOIENKU (IBYX-
CIIOMHBIE) KPYTOBOTO U HEKPYTOBOTO OUEPTAHMM Kak 4acTHHIE CIydau IpH 3ama-
HUH aMIUTHTYABI HEPOBHOCTEN 6= 0 WM cpesHeli BeMMIUHbI TepebopoB 5=0. Jaa
pacuera HaOpHIBrOETOHHOM O6JCNKH B TOHHENSX KPYTOBOrO OUEPTAHUS CIEAyeT
TIPAMEHATH METO/IVKY, H3TIOKEHHYIO B pazgene 12.

Anroputm pacdera

HCXOMHBIMI TAHHBIME IS pacueTa SBIsSIOTCSL:

— 3amaHHble GOpMa W pa3Mephl BHYTPEHHETO KOHTYpa MOMEPEIHOTO cede-
HHA 00 TEIIKH;
A;, Ay — TONIIMHBI COOTBETCTBEHHO YKPEIIEHHON 30HBI U 0OENKY B CBOJIE,

M:

>

7 — TECIIO HEPOBHOCTEHN IIOBEPXHOCTH BEIPAOOTKH (71 > 5);
=28 — cpenHsas BemuMHa nepedopa, M (& — OTKJIOHEHHE OT IPOEKTHOIO
#*
KOHTypa ).
[y — Monyns nedopmarmu pyaTa, MIla,
Vo — ko3 durrent [TyaccoHa TpyHTa;

") Ha 3uavueHus 7,8 HAKIABIBASTCS OTPAHMUCHHE 710 << R . (R - cpenmmii panuyc BHpaGoTKI)
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E}, Vi — COOTBETCTBEHHO MOAynb Aedopmanmm (Mlla) u kodpdummeHt
TlyaccoHa IpyHTa B YKPEMICHHON 30HE,

E,, v; — COOTBETCTBEHHO MoOAynb AcdopMaunu (Mlla) u xodddumuent
IyaccoHa MaTepHana OOENKY,

¥ — 00BeMHBI Bec rpyHTa, MH/M;

A, Ko, Ky — k03¢ dULIEHTHI, TPUHIMAEMbIE B COOTBETCTBHM ¢ 11.7.18.1.

T, — mpeobnafatomuii mepuo KoneOanmit YacTHLl TPYHTA, C,

1 — urcio ko3 punueHToB oToOpakaromeil GyHKIKY,

N — 9WCIIo YICHOB, YAESPKABAEMbIX B PAAAX Pa3IoXKEHAS KOMIUICKCHBIX 110-
TEHIHAJIOB.

1) I[TpousBoauTcs KOHPOPMHOE OTOOPAKEHHE BHEIIHOCTH €AUHUYHOTO KPY-
ra Ha BHEOTHOCTB MIPOEKTHOTO (TJIAIKOTO) BHYTPEHHETO KOHTYpA MONIEPEIHOTO Ce-
YeHust 00JIENKH U OTPEACNAETCS MAacCHB KOI(D(PULIEHTOB Z;V (v=0,1,..., 5) oT06-
paxaromeit pyHKUUN B cOOTBETCTBIHM C [Ipunoskenuem I

2) Beomutcs 0003HaueHNHE

4 npu <4
={ﬁ—1npy1 n>4.
Ompenenstorcst KO3QHUIUESHTDI:
-mpu <4
b b, +& npu v="7;
' 5\ TIpH V # 7,
-npu 1>4

15v mpu v=0,1,....4;
b,=40 mpu v=5,.n-1,i1=5

S mpu v=rn.
3. Pemarorca ypasHeHus (=0, 1)

5
*1—\'
Eob" R =h,

2
e h, =1, +3+> A, lo — paccTosHME OT HaYaNa KOOPJWHAT /10 CBOJA OO/IENKH.
k=1

* ~ ~ vy ~
B kauectBe Rj KaXKIAbIA pa3 NPUHUMACTCA CAUMHCTBCHHBIN JCUCTBUTCIIBHBIN

KOpeHb, OONBIINIA €JUHUIIBL.

Jlanee pacueTsl MPOM3BOAATCS B COOTBETCTBHH C mil. 3 — 22 anropurMa,
MIPUBEACHHOTO B paszaene 13.

IIpumep pacuera

PaccmarpuBaeTcs HaOpBI3TOCTOHHAs OOmeNIka TPAHCIOPTHOTO TOHHEI,
¢dopma u pasMepsl TPOEKTHOrO (TIaKOr0) BHYTPEHHEr0 KOHTYpa MOMEPEYHOTO
CEUCHHA KOTOPOH NpeACTaBiieHbl Ha pucyHKE 14.2. TOHHENDL COOPY>KAETCSA € MPHU-
MCHCHHEM aHKCPHOTO KPCTIJICHHSA.
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Pucynok 14.2 — ®opma 1 pa3Meps! MONEPEYHOTO CEIEHHS TIPOSKTHOTO KOHTYpa
TOHHEJS

HcxonHble faHHBIE:

- Ae(hopMaLMOHHBIE XapaKTEPHCTUKY IpyHTa [rg = 8000 MITa; vo= 0,25;

- neopMaIMoHHbIE XapaKTEPUCTUKH VKpEIUICHHOro rpyHta £ = 14000
MITa (9T0 COOTBETCTBYET MapaMeTpaM aukepoB P,— 100 kH, n,— 0,75) v;= 0,25 ;

- Ae(opMaLMOHHBIE XapaKTepHCTHKH OeToHa obmenkm F; = 33000 MIla;
v,=0,2;

- TOJIIIUHA 30HBI YKPEIUIEHHOTO IPYHTA B cBOAE A = 2,5 M;

- TOJIIIIMHA O0IENKH B cBoaE Ay = 0,1 Mm;

- 06BeMHEIH Bec mopox Y = 0,0265 MH/M;

- npeoOnafaromuit nepuoa konedauuit actuu nopox 7¢=0,5 c;

- KO3 ((PUIUEHT, YUUTHIBAOLIMI Ha3HAUEHHE coopyxkeHus Ko= 1;

- k03 dunreHT, yUnTHIBaIOIMI qomyckaeMble noppexaeHus K= 0,25;

- K03(hpHIHEHT, yUUTHIBAIOINI HHTEHCHBHOCTH 3eMieTpsicenud 4 = 0.4.

Ha pucynke 14.3 npejcraBneHsl B pa3BepPTKE MIOPH MAKCUMAIBHBIX HOP-

MAIIBHBIX TARTCHIUAIBHEIX HANPDKEHUI cg’"’""’), KOTOpBIE MOTYT BO3HHMKATH Ha

BHYTPEHHEM KOHTYpE NONEPEUHOro ceyeHus ooaenku. Homepa Touek Ha puc. 14.3
COOTBETCTBYIOT IIOKA3aHHBIM Ha puc. 14.2.

CrtommHo# uHueH Ha puc. 14.3 noka3aHbl HANPSDKEHUS, BBIYUCIICHHBIE TIPU
8 = 0,6 M (Hanuume miepebopa B BepXHEH TOUKE CBOJIA BHIPAOOTKH, KaK ITOKA3aHO
Ha puc. 14.4 a), nyakTupHO# — ipu & = —0,6 M (oTcyTCTBHE MEpedopa B BepXHEH
TOYKE CBOJA BHIPAOOTKHU, KaK OKa3aHO Ha puc. 14.4 ), WITPUXIYHKTUPHO! — npu
0 = 0 (oTcyTCTBHE HEPOBHOCTEH MOBEPXHOCTH BHIPAOOTKH). B KauecTBe pacHeTHO
OPUHUMACTCSI 3MMI0pa, OrHbaromas TPU MOCTPOSHHBIE JIIOPHl U YUUTHIBAIOILAS
CIy4aliHbIi XapaKTep pactpeeeHus] HEPOBHOCTEH TOBEPXHOCTH BHIPAOOTKH.

TToJTy4eHHble PacueTHBIC HANIPSKEHMS Gy NMPUHAMAIOTCS CO 3HAKaMH
«+» H «—» U CYMMHPYIOTCS C HANIPSDKSHUSIME OT APYTUX BHIIOB HAIPy30K.
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Pucynok 14.3 — Pe3ynbTaTsl pacuera HaOpbI3r-O6TOHHON Kpemn

a 0

Pucynok 14.4 — @opMbl HOIEPEUHOTO CEYEHUS BEIPAOOTKY:
d — ¢ HaIM4MeEM niepedopa B BepxXHel Touke BLIPaOOTKH;, 6 — IPU OTCYTCTBUU
nepedopa B BEpXHEH Touke
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15 Meroauka pacyera MHOTOCIOHHBIX 00/1€JI0K nepeMeHHOI TOMIHHbI
TOHHEJIeH MPOH3BOJILHOTO NONEPEYHOr0 CeYEeHHsl ¢ Y4eTOM TeXHOJI0rH4ecKoi
HEOAHOPOAHOCTH FPYHTA

15.1 Meromvka mpenHa3HauYeHa Juls pacdeTa MHOTOCJIOMHBIX O0MENOK Te-
PEMEHHOM TOJIIMHEI TOHHEJEH MPOM3BOJILHOTO OYEPTaHHA (C OOHOH OCHIO CHM-
METPUH) NIYOOKOro 3a70)KEHHMS] Ha CEHCMUYECKHUE BO3ICHCTBUS 3eMIIETPACEHHTI.

15.2 Metoauka MO3BONAET ONPENCIIATh MAKCHMAIBHBIC HANPSDKEHUS, KOTO-
pbIc MOT'YT BO3HMKATh Ha HAPYKHOM U BHYTPEHHEM KOHTYpax KaKAOro cios 00-
JIENIKM OPH Pa3M4HbIX COYETAHUSX COBOKYNHOIO ACHCTBUSA OIHOBPEMEHHO MpH-
XOAAIMMX (XyAWHi ciydail) JUTMHHBIX MPOAOIBHBIX M MONEPEUHBIX CeCMUUECKIX
BOJIH, PaCIPOCTPAHIIOMMXCA B IMPOM3BOJIGHOM HANPABJICHHH B IUIOCKOCTH MOIIE-
PEUYHOrO CEYEHUs TOHHETISL.

15.3 Metoauka MOKeT OBITH MCIOJIB30BaHA MPH  pacyeTe 00AeNoK TOHHE-
neil Ha BozaeiictBue MP3 ¢ nenpto yuera 30H Heynpyrux aedopmanuii (XpymKkux
pa3pylleHHii), KOTOPbIE MOJCIUPYIOTCS CIOSMU C TPUBEICHHBIM MOJIYJIEM Je-
¢dopmarmu (1. 7.6.2).

15.4 B OCHOBY METOAMKH MON0KEHBI aHAJIMTUYECKUE PELLEHUS IBYX IUIOC-
KHX KBa3UCTATHYECCKHX KOHTAKTHBIX 3aa4, PACYETHBIE CXEMBI KOTOPBIX MPUBENE-
HBI HA pucHyKax 15.1 a, 6 [12, 16].

15.5 IlonzemMHas KOHCTPYKLUS MOJAEIMPYHOTCS MHOTOCIOHHBIM KOJIBLIOM,
TPaHHIBI CIOEB KOTOPOTO MPEeACTaBIAIOT Co00# IMafkie 3aMKHYThIE KPHBHIC.

15.6 Ecnu okpysxaromuii BbIpabOTKy MacCHB MOJBEPXKEH BIIMAHHIO TEXHO-
JOTHYECKUX (HaKTOPOB, B PE3yNBTATE KOTOPHIX MEXAHWUYCCKHE XapaKTEPUCTHKH
IPyHTa U3MEHSIOTCA, B PACUETHOM cXeMe MHOrOCioiHOro xonsua (puc. 15.1) mo-
HOJIHUTENBHO BBIAENAIOTCS CIIOM MACCHBa S; (~1,...,N") ¢ COOTBETCTBYOIUMH JIe-
(OpPMAIMOHHBIMHM  XapaKTEPUCTUKAMK, MOJICIMPYIONIHE 30HY TEXHOJOTHYECKOH
HEOJHOPOAHOCTH.

15.7 MHorocnoiiHas 06Aenka MOJENUPYeTCs BHYTPEHHUMH KONbLAMH .S
( “N"*1,.., N) oOmeit cuctembl «o0enKa — MaccuBy. Martepransl 3THUX KoJer| 00-
JafaroT COOTBETCTBYIOWMMH e(OPMAlOHHBIMKM  XapakTePUCTHKaMH Fj, v,
(j=N"+1,..., N).

15.8 B pacueTHOM cxeme 0OAENKH MOTYT ObITh BBLAENCHBI HEOJHOPOAHBIE
CITOW, HallPAMEp, TIPH PACCMOTPEHNM PaMHOM KPEITH, KPENH H3 JKeIe300€TOHHBIX
O70KOB ¢ pedpamMu KECTKOCTH, KOTOPbIE MOASITUPYIOTCS KBA3HOAHOPOIHBIMHU CIIO-
SMH Ha OCHOBE JOMYLICHUH 1 MPUHLMIIOB, H3JIOKEHHBIX B paslene 9, ¢ TeM OTIH-
YMEM, YTO B PAMKAX HACTOSAIIECH METOAUKYA JTH CIOH MOTYT UMETh KaK KPYrOBOE,
TaK HEKPYTOBOE OYEPTAHMS, & TAKKE U3MEHSIOIIYIOCS 110 NEPUMETPY TOJIILIHUHY.

15.9 Mcnonb3oBaHue HAcTOAIMIEH METOAMKH MO3BOJIIET PacCMaTPUBATH KAk
YACTHBIC CIy4ad MOHOJUTHBIE OOJEIKM KPYrOBOI'O U HEKPYTOBOIO IONEPEUHBIX
CeUeHUH, a TaKKe MHOTOCIOMHEIE OOOENKA KPYroBOTO OYEPTaHUs OAMHOYHBIX
TOHHENEH MTyOOKOro 3aM0KEHNS TIPH 3a1aHUK COOTBETCTBYIOLIMX AAHHBIX.
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A X

Pucynok 15.1 — PacueTHbIe CXEMBI K OMPEACTCHUIO HAMTPSPKEHHOTO COCTOSHUS
MHOTOCIIOWHOH 00AENKM TOHHENS TIIyOOKOT0 3aJI03KEHUs IPH ACHCTBUN
CEACMUYECKUX BOJIH:

@ — IPOJONBHBIX; O — MONIEPEYHBIX

AjroputM pacdera
HCXO/E[HBIMI/I JAHHBIMU JIs1 pacqua SABJIAKOTCS .
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Ny, N,, —4MCIIO CNIOEB, MOAETUPYIOLINX COOTBETCTBEHHO O0JENKY U 30HY
TEXHOIOTHUECKOH HEOTHOPOTHOCTH MACCHBA,

E™, v\ — cooTBeTcTBEHHO MOY/Tb neopmammu (MITa) u koabduument
[lyaccoHa HeHapyIIEHHOTO MaCCHBA TPYHTA,

EM™ V" (j=1,..., N,y) = cootBercTBenH0 Moayu nedopmaun (MIla) u
k03 dunuenTs [lyaccoHa cI0eB TEXHOIOTHIECKHA HEOTHOPOJHOM YacTy MacCuBa,

E® VI (j=1,..,N) — cootsetctBerH0 Moy Aedopmamn (MITa) 1
ko3 duiments [TyaccoHa clIoeB 00ENKT;

N —uMCIO YIep)KUBAEMBIX WICHOB PAIOB, BXOAANIX B PEUICHHAE 33124, H
00ecrneunBaroIe TOYHOCTb BEIYHCIICHUT (PEKOMEHAYETCS 331aBaTh N=40);

A — miar 1o yriy 0, OTCUMTBHIBaeMOMY OT OcH O.X TIPOTHB YacoBO# CTpel-

KH,
Y — YACIbHBIA BeC HOPOA, MH/m;
A4, Ky K7 — xo5dPunmenTsl, IpuHUMaeMble B COOTBETCTBHY ¢ 11.7.18.1;
Ty — npeobnagalonyii nepuo KojaeGaHuii YaCTHII IOPOIEL, C,
p p p
1) OmpenenstoTcs BCIOMOTaTENbHbIE BETAYHHBI
N=N, k+N ms
E™ mpu =0 v®»opu  j=0;
_Jpmm _
Ej - E}\; +1-j nipu _1 m’ Vj =1Vn mHl—J npu J _1 m’
E](’i)\m npu J=N,+1,..,N; v, mpu j=Nm+1,...,N;
e N, +1-5, 5, #0;
N, +5§, 5, #0;
W TTapamMeTpbl CEHCMUYECKOTO BO3ACHCTBHS
[9.8- I, 1-v, 9,8-E,
¢ = =
Vv (+ve-2vy) 27(1+v,)

P= %AKIYC]];); &= 7 j‘i} ; 0= %AKlyczTO ; 0=, f% .
0
2) TIpousBoauTcs KOHPOPMHOE OTOOpaXKCHHE BHELIHOCTH €IUHUYHBIX
okpyxHocreit y; (j=0,1,...,N) B mnockocTsx &; (7=0,1,...,N) Ha BHEITHOCTH COOTBET-
CTBYIOIIMX KOHTYpOB cioes L; (j=0,1,....N). KondopmHOe 0TOOpaskeHHE CTPOHTCS
YICJICHHBIM 00pa30M Ha OCHOBE KOMITBIOTEPHOH pealn3alui aIropUTMa, NpHUBe-
JeHHoro B Ipunoxcernnm I'. B pesynbTate mid Kakaoro xomtypa L; (j=0,1,...,N)
onpenensrores kodhguuueHTs b,, W3 KOTOphIX (opmupyercs maccus m.)
(G=0,1,..,N;k=0,1, ..., m+1). 3necb mapaMeTp /# COOTBETCTBYET KONUYECTBY
K03 (UILMEHTOB B 0OTOOpakaromieil (hyHKIMH.
3) Onpenensiorcs Koaq)cpnunemm:
qP=m?; aP=mP (v=0,.., nt+1),
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=())
B = _9 - .
Rj—ao , qv_l—R% (V 1, m+1)
J
4) BeraucisaroTess KOMOMHAIMK YIIPYTHX MOCTOSTHHBIX MaTEPUAJIOB CJIOEB T10
(dopmyam:

E.
& =3-4v., n,=—>=~L— (j=0,..,N),
/ / 7 2(1+v))
1 l""+l ”"+l
n=—— t=n|l+a,, 2|, d=n|1--L|,
J 1+33j+1 J J J+l u] J J H]
szl t], lj_l_djp (]:0: :N_l)

5. C yuerom 00603HaUEHU I
N 1 1pwm k=v;8 I mpu k<v;
k’v_{O mpu  k#v, = _{O npu  k>v
BBIUUCIISIFOTCS BCTIOMOTATENbHBIE KOMITJIEKCHBIE BETMUUHBI (j = 0, ..., N):

0 q}iﬁ | q(j) 0
h =8 _218“7;171“1(1_\’) 5

2k () () vk
qy qy

(k=m, m—1,.,0-1,-2,..-2N);

) _ ) = \
iy =0, VA (kv=0,%1,£2,  +N)
1 KO3 (PUIMEHTHI
) _ ~(7) — N
Ly =90, 504, > (n=0,..., N')
n n
o _ () ) =) 1) =) 1D
lk+1,n - 8n,rh+lqk+n + Zk,n+l + 8n,rh+1zqn—rlk,r - 8n,rﬁ+lzqk—rlr,n >
r=l =1

(k,n=0,..., N)
U _1- U __zU. ) —_, ) _1. — \7
uiy =1, wy =-qy"; wia=whi=1; (k=0,.,N-1)

k
0 _ ~(J) ~(, (D .
Uho= _8k,rh+1k9k -2 8n,rh+1qn U o s
n=0

k—v
W — D 500, () — .
uk‘*'l,\’ - uk,V—l - Z 8r,r7l+lqr Z/lk—r,v (V 19"-:k)3
r=0

~ n
k
OL(J'+1>:L | By | _ 3y | RO _k oD
n G | Tkl rn Sk s Pen = %
l/ln’n Rj r=n+1 n

(k=1,2,...N;n=k k-1,....,0).
6) OnpeaenstoTcss KOMIUICKCHBIE BEJIMYMHBI

. 1 k=1 . .
G+ _ GDnGHD | (f— C .
Nx == My =0 2B, | (k=1,..., N; n=1,..k),
k.o r=n

a Taroke kodddurments (k, v=1,..., N):
—npu s=1, 2
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(S)(S)(J+1) -
N 8v k+1M .

vk s
N(s+2)(s)(}+1) Z - | |
) (J+J) UH) _ )
- 1,Z_m B, Z I =, SO
—Tpa §=3, 4
(S)(s)( JH) _ (e
N - 8k v+1(x’ J,k ) .

7) O?peHeHﬂIOTCSI MACCHBHI J1eHCTBHTENBHEIX GHCE
f(])( ) Ref(J) f(])(2) ‘Imf(f) (vt 12 .“,_N)’

kv >

N(l)(s)(J+l) ReN(l)(s)(j+1) Nl(rli(sxm)(z) _ Ilegl\)}(s)(j+l) (k,v= 1,2, .__,N)’
U C Y4€TOM 0003HAYEHHS ’ ,

) I, mpu [=s,5+2,

s _{O, npu [ #5,1# 542
BBIYUCIISFOTCS BCIIOMOTATENbHbIE feiicTBUTENBABIE Bemmunnsl (/, s= 1,....4; p=1, 2;
kv=1,.,N) | |

SN < (1) N SO = N,

1 kosdummentst PP BUPEII) (p= 1, 2) 1O dopmynam:
2
R W) fk(')(\}), PP = fOD

1
P(“)(“)U) P(“)“DU) 0, POlelx;) —d 1,

(4.2)XLD() _
1)(32)(11)(]) ——d f(,)(z) P(“X“XJ) X d P » =0,

D
P(ll)(l2)(})___d f(;)(z) (12)(12)(1) = ,vt —-d o

p(zmzxn_ pEDAAD =0, ¥,

L2 _
P(41)(| 20 — O P(4 212 x’k,vd‘

(])(1)
])]((3},2)(1;2)(]) d f

1))
POLOID = — PG 2 =d, o0,
o X2)
p<1,2)(3,1)(j) p(l 1)(? 2X7) = —a’ /(;( 2

2 26 = p<2,1)(3,2>< »=0,
P(z 232X — 7“/( d (

P( DEHU) = 31)(32)(]) d (2)

(3:2X3, 1)(]) 9D
P(3 DEU) = d f(;)(l) +;“k P
(l 0)
17((3:2)(3,2)(1) _d. f(, D htys @
RY
W=l k=l N) 2)
(j P(l 20200 =~/ f(])(—w

p(l DeHS) =] f(/)(l)

S22 =0,
P(Z 12, J) = }\'k vl [

GX2)
) = ,
(XD P(3 2)2. X fk\
F(31)(21X") }L S +l/;kv 2
1XJ) =
P(2 2)(2 X O "

(41)(2 X7 =
T =q.2x2.2X) =] f(/)w,

P(l DD =] f(l)(Z) P
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) _
peDEAXD =0, ﬂzlxzf”“ =Ml

B D
P(s,.)(z,z)(ﬂ = MS ‘|']f(kv ’

(3,1)(2 2N =], fIXD

U L ks

]354,1)(2,2)( P = P(432)(2’2Xﬂ =0,
AY

-

0 00 Zc(“”q e

13(1 20400 =~/ f 30

20 - g0 Z 20

v=0 GXD
D) =] f ,

(2 24000 =0, pPe
p(21)(41)(/) =B Ty b ) =0,

P(32)(41>(1)__] fo)(z) P(“X“X’)—M l v
HADE2X ) =] P

Bf,v lj'f"f,- 20 X2)

P = P =0 PGD(4 N=l fﬂ

k. i AY

! ]3<4,1>(4,2)<n 0, B 2620 =y >

a 3aTeM Kosdduumentsi (/=1... 4" s=1,2)
7 (15X
P(lsxz D) = P(’ 2D 4 R‘ Z Z( 1) ( f(;?)(p) P

—lpl

XD
P(12)(42XJ)___}\,k 5+l f“.v ’

13(3,2)(4@(]') =] f(f)(l)

(153 1)(1))
L) +f(1) "Py

- ([;X? r)(])
_ L) 4 FOIBTI P
PSRN = fIC- 2)) _szz( 19 nplX D+ fep

=1 p=1
1,5)3 r)(J)
2 N y | 4D P(
k (X pUSXLXT) 4
P(’ AN = P(I SX4()) +R, ZZ( 1) (f pp f,
r=1 p=1 -
. . 2 N (])(3—;')1)(1 HEXDY
1s)4.2)J Ls)(4,2X.) -k (31 (1 YLD
])k(,vx)( 2X0) :])k(,vsx _Rj ZZ( k—-p P f P
r=1 p=1
8) BeIauc/sIoTCs MACCHBBI THCeN (p, =1, 2; [, s=1,.
2 4 N
*(pXsr)J) — (XD ppX SO0
Pk,v PXSIHS) = Zfz ZS/{,M I—:{,vp >
t=1 f=lu=1

u koddduumentsl By P (I, p=1,..4; 5, r=1,2; k, v=1, 2,.,N; j=0,..N-1) ¢
TIOMOIIBIO PEKYPPEHTHBIX COOTHOIICHU

Ak v=1, W)

BbXerX0 p*(l SXprXO0) . B(’ SPIGH) ZZZ P*(q P+ B(’ SXquX))
u=lg=11=1

9) Onpenensorcs kodddurments (k, v=1,2,...,N )

MDD - Dy + L0 M(l 2 _ — ),

QIXD _ 3 12X _ (. g G0 :
MEPD = MY =0, MEP®O = 100,
3.2 _ NX2). 4
MO0 00 a0
MEDD 0,y = v,
k-v >

1,2X2
M( X2) _ 7\, L+ f(N)(l) M(2 D(2) =222 _

kv
kv

kv

>
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M(3 12) _ f(N )(7) (32)(2)

= £V,
@) _ A, (4,2)2 v
M Z 0, M <>=;th;
L3 .
k—v >

M]£2,1)(3) l M(2 2)(3)
RV

M(3,1)<3> =X, + f< . M(3 23 —f >,
M(4 1X3) _ M4 2X3) =0; Ml 1)(4) f(N)(2)
k,—v °
(1, 2)(4) (N)(l) 21
M - f by M( N4) - O

(22>(4) (Baxa
M =00 M o = fe,

(3.2)X4) _ _ (]v)(]).
M ==, + £, MEDD g2 _ g

kv >

1 Gopmupyercs ManHua Ko3bdummentos (1, [ = 1,2, r=1,....4; k, v= 1,..,N)
U}((t;l)(r) ZZZM(] s)(r)B(I O(j,sXN= n

s=1 j=1 p=1
D
10) Onpenenstores Tpu rpymmer MaccuBOB KOMITEKCHBIE BeWuHH Al

U=0,..N; v=£1, 32, £ N), APD (j=0, . N—1; v=t1, £2, ... £ V), no dopmynam,

NPUBCACHHBIM B Tabnm. 15.1, us KOTOPBIX (OPMHUPYIOTCS MACCHBBI JEHCTBUTEIb-
HBIX YHCEN

(A f ] i \/
APV =Re APV | 450D 1 49D (ky= 1, 42, . £ N).

3neck oneparops «Re» 1 «Im» 0603HAYAIOT BHIETEHHE NEHCTBATENBHOM 1
MHHUMOH 4aCTeH KOMIIIEKCHOTO YKC/ia COOTBETCTBEHHO.

Tabnuua 15.1 — DopMybl A1 BEMECIECHHS PPy BEIAYHH AP

N Howmep rpymmst
Benuaunst T 10 101
Asl)(") )\‘j oﬁo (xv,q + 8v,rh+lh\(rj)) -2, Oxv g )”JFO)LV iRy
A\(lz)(]) " ORO H]H ) 3_1 . m+1h(])) }‘j OlleO u]+l V]RO ”’j+1
M, j H,

11) Beruncnsrores senmuuunst (j=0,....N, s=1, 2; k=1,..., N)
Q(lj)(s) _( 1) n. ( A A(z j)(v))

Q}gz,n(s) =-n, (Cj+1 Afl,;-’)(s) _ A%j)(s))’

O = (<1y'm, (%X + AZ7),

Q§4,f>(s> ——n ( ¢ A“ JXS) _ Af’”@).

13) Boiuucnsrorcs Koatl)(buuHeHTH (=0,...N; k=1,..., N)
éz,jxl) Q(zm) +ZZ( ) ( (1)(r)Q(11)(r) 4 f(])(")Q(3J)(7’))’

r=lv=l
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2 N
i S22 (JX3-1) )L, N ERSPNEY
ORI = (XD _ZZ(LIL‘! DO +f_(,£)53 QoS ])(i’))’

r=lv=1

2 N

J 504X (£ AL

O =GP0 + I (V000 4 frg@),
r=lv=

2 N
4.2 4.jX2) (NG YL.jXr) )3-) (3.7
QP = OiiX —ZZ( AIETQNN 4 fEr })(r)).

r=lv=1

14) Beraucnsiercs Maccus uncen (p, r=1,2; 1, s=1,.. 4; k, v=1,...,0):
Q[N = i ii SEPXPUD LX)
peilsival
15) Berumcmsiores Tpu Ipymmel Bemwum - DPOO(1), DO (I,
DO, L), L (D, L W), VO @), VO), VO ) (p=1,..,4: =1, 2;
k=1,2,.,N;j=0,...N-1) c MOACTAHOBKOH COOTBETCTREHHO TpeX TPYII 3HAYCHHI
pennunH AV w3 Tabn. 15.1 B peKyppPERTHBIE COOTHOWEHHUS

) 2 4 N ) ) -
D](cp,O)(r) — Qk(p,U)(r); D]Ep,ﬁl)(r) — ZZzPk’(‘{,s)(p,r)(J+l)D\(’l,j)(S) + Qk(p,ﬁl)(r) ,
s=1/=1v=]
a TaKKC B BEIPOKCHUS

W) _ gANXD. 72 _ 4(NX2). 7(3) _ 4QALNXL). 1(4) LNX2).
L) =40 [P =4 L7 = A5, [ = 460

% k >
() () LiZ (F5Xr) (GN=1)(s)
") _ gy S)(r LN=1)(s
Vk _[’k —ZZZMk,p Dp .
s=1 j=1 p=1

16) Cocrapmsercs cuctema 4 N THHEHHbBIX anreOpanvecKuX ypaBHEHHMN BU-
na:

2 &S X X0XD _ 1) v

o A r .

ZZZUL',V cv =I/k (}":1,...,4, kzl,.‘,, N)a

I=1t=1v=1
koTopasi pemaetes otHocutenbHo ¢ (1/=1, 2; v=1,. V') tpmrmst ¢ coor-
BCTCTBYIOUIMMHA IPYNTIAMH CBOGOAHBIX “/ICHOB, B Pe3yJIBTATE Hero MOJYHaroTes

s (XN0.0)0) o (£)(0,0X7) X0,0)/

TPH IPYIIIIBI KOPHeH ¢! (D), XX (L), ex0D (7).

17) Beramcasiores Tpu rpymmbi Ko3(duimenTon e QA AD )
(s=1..4r=1,2,/=0,.,N-1, k= 1,..,N)no PEKYPPEHTHBIM (hopMyiam
2 4 o
(NI _ (LY. XJ) (D). S .
ct _Z ZZPMP (S')(J)C‘())(J])(P)+QIEVJ)(V)’
p=l I=1v=1
SN _ s opXsnat)y (01X p)
()L, — DOCES GRS J+l, .
S —ZZZSk,VP T TR
p=li=sv=1
18) OmnpenensioTes TpH Ipymmbl KOMIJIEKCHBIX BeIHumH bIED (1,
XD (1Y XD — 19 = : - -
B (), YA (s=1.2,1=1,2; =0, N: / — .t k=41, +N)
aXLj) _ (X1 X1 (XX . ] i . l.j
B = (DD XD = (PN BN,

OXLD _ @XLXD) . XLy , (k= 1,y N3 j=0,.. . N=1; =, j+1)
BEXED = cOXLIXD XX, BEXED = XD | XX
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19) TTpu m3menernn 0 < 6 < 360° ¢ marom A BEIYMCIISIOTCS KOMITIEKCHBIE
BENMUMHBI (s = 1, ..., N)

; m+l
c=¢"; a® = Z g6 d Z (1-v)gPs™;

i =S v1-vg
a TaKKe BEIMYUHEI (f = 0 ...,N s=j,j+1;520)
. N . N .
55&1) _ Z vb(l)(s 1) . 5?51) — Z~V(V _ l)b\(,l)(&,l)c"—z :

v=—N v=—N

N
50) XNyl
dg 2 Vb o

v=—N
20) Onpenensitotes Tpu rpymmsl Bemmaun ., a$”, a®” (j =0, ..., N,
s =J, j+1; s <N)no ¢opmynam, IpUBEICHHBIM B Ta0I. 15.2.

Tabnuua 15.2 — @opMyNsL 71 ONIPEACICHUS TPYII BENUYHH o, a7, al)
Howmep rpymmst aff"’ ) ag""f ) aés'i )
I 535-1) — }\‘/.OR\I 5;_’5-/) ﬁé-w)
I e s N+ n R,
I e e g =20k,

21) BBUACIIAIOTCS TP TPYNIEI (B Pe3yIbTaTe MOACTAHOBKH COOTBETCTBY-
romux semunn a), al*”, af*) HopMaTBHBIX, HOPMATLHBIX TAHNCHIMATBHBIX

M KacaTeNbHBIX HampskeHnd, obosHauaembix o0 (), of’(1) , 57(D),

o), o (), G (D), DY R =1,2,3;, of(IIl), 15 (1) B Maccn-

Be (obmactu Sy) Ha TpanuLe L (npu s=/=0) ¥ B MOACIUPYIOUIMX HEOAHOPOIHBIN
MAacCHB M KOHCTPYKLHIO oOmactax S; (j=1....,N) Ha xoHTypax L, (npu s=j — Ha
BHYTPEHHEM, NIPH $—j — HA BHELIIHEM ); pH s—j+1 — Ha BHyTpeHHeM'

(s:J) — 1 —~ Re 2a(w) (J)_G aPDag'sn _ —(1) 3 (S])+a(l) (s 7
P 1s (J)
‘ (1)‘
) 1 N . a(j)
Ggs.j)= Re za(w) (])+G —](J)ag\,J)_c—l](J) ii) (‘1)+a(1) (\])

‘ J)‘ ay

. 1 S ( )
(s.J) _ 2| =) (5.0 —(j) (5./) p (s )]
T =—pImio”| g 'a; a (,)04 +a;
a)
2

22) Ompenensercs Haubosiee HEONATOMPUIATHOE HANPSHKEHHOE COCTOSIHUE B
Ka’KIOM HOPMAaJIbHOM CCUYCHHH KaKAOro CJIOs KPEIM IPU COBOKYITHOM JlGﬁCTBI/II/I
TIPOJIONIBHBIX U TIOTIEPEYHBIX BOJIH JII0OOT0 HAMpPAaBICHHS B MNIOCKOCTH NONEPEYHO-
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ro ceueHus coopyxenus. Eciu o6zenka nprankepena K IopoJe, WM obpa3oBaHue
TpemMH B 00/ieKe He HOMYCKAETCS, BEIMTHCISIOTCS 3HAYEHHS SKCTPEMAJIBHBIX
HOPMAJIbHBIX TaHT€HIHAIbHBIX HANPDKEHUI HA BHYTPEHHEM KOHTYPE KaXIOro j-
ro cniost (j=N"+1,...,N) o opmysam:

68/‘,_,‘)=P<IZ§ (“)(I)+Q\/(1+Q2 [c(“)(ﬂ)]z+|:G(ej’j)(IH)]2}>.

HopMaJIbHble TAHTEHIHANBHBIE HATIPSHKEHNS HA BHENIHMX KOHTYpAx CIOEB
65"/ u xonTakTHBIC Hanpsxerus 64, 1Y naxosres mo dopmye

. 1+ & o - — 6(.1';)(11) . G('i’j)(H}FG('i’S) (HI) . G(j’j)(lﬂ)
U = p U1y + 1+O? 0 [}
c yE )£ OV1+0

\/[ng,,)(u)]z +[oyam

371eCh CHMBOJIOM G 0003HAUYEHBI BCE KOMITOHEHTBI HAMPS>KEHNH.

3HaK mepe BTOPHIM CIIaracMBIM COOTBETCTBYET 3HAKy B (hopmyse a1 Mak-
CHMAJIBHEIX 1O a0COMIOTHOM BENMYMHE HOPMAIBHBIX TAHTCHLIMAILHBIX HaIpsDKe-
HHit Ha BHYTPEHHEM KOHTYPE.

23) Ecnu 06enka He NpMAHKEPEHA K MOPOJC M MPOSKTHPYETCs ¢ AOMYIe-
HEEM 00pa30BaHWs TPEIIMH, TO B PE3yJIbTATE pacuera ¢ NCHOJb30BaHNeM (GopMmy-
7B B . 22 aNropuTMa MOTYHaloTCs IO JIBS SMIOPHl HAIMPSDKSHHIA, COOTBETCTBYIO-
mye HanOONMbLIMM CKMMAIOLIUMM (OTPHULIATENbHBIM) U PACTATUBAIOILUM (TIOJOXKH-
U B KOHCTpYKIMH,
KOTOPBIE MOTYT BO3HHKATH IIPH COBOKYITHOM ACHCTBMH NPOJOJIBHEIX BOIH B (hase
CIKATHS U HOTIEPEIHBIX BOJIH.

24) B xaxmoM j-M cioe (j=N*+1,....N) BEMUHCIIOTCS KOOPAWHATHI TOYEK
BHYTPEHHEro (Ipu s=j—1) U BHEIHEro (IpH s=j) KOHTYPOB, B KOTOPHIX TIPOU3BO-
JIVITHCH BBIUMCIICHUS HaIPsHKEHUM

X% =Re al(j) , y(_ll,s) =Im al(j)
7 ONPEIENAOTCA KOOPAUHATEI TOUEK CPEHEH JIMHUM KaXKIOro j— TOro cios (j=
N*+1,...,N) IOepeuHoro ceueHus 001eNKU, B KOTOPBIX BHIUMCIIAIOTCS yCHHS

TeJ'IBHBIM) HOPMAJIbHBIM TAHTCHOWAJIbHBIM HAMNPSDKCHHAM Gy

o2 Fm g Yt
o2 0 2
25) BBIYUCIIAIOTCSA YCUNUS — M3TUOAOIUEe MOMEHTHL M ¥ IPOJONBHEIE CH-
7Bl N; B KaK10M j-ToM cnoe (j = N*+1,...,N) odaenku
SV L U 5, GG gD
N,=A b—e' =A b—",
2 12

rae b = 1 M, A; — TONIIMHA j—TOTO CIIOS, onpe,uem[eMaa 1o popmyie

A, \/;1 j (yl—l yj)z’

1 HAXOJATCS YCHINS B HOPMAJIBHBIX CEUEHUSIX MHOTOCIIONHOM 00 MeKH

~ N - N
Ne= ¥ NiM,= 3 Nge,,

J=N*+1 J=N*+1
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Tac
M. N -2, .
=L 3 | R, A NN,
g N, k=N 2 iy |B U sV )

IIpumep pacuera
Husxe npuBoasaTcs pe3yabTarhl pacueTa MOHONUTHON OeTOHHOH 0Oaenku
TPaHCTIOPTHOTO TOHHENS. DopMa W pa3Mephl MOMEPEUHOTO CeYeHHs OOMENKHA TMo-

Ka3aHbI HA pUCYHKe 15.2 (CpeHmii pajmyc BEpaGoTKH R =3,86 M).

r0,4M

|
|
|
i 73 M
|
|
|
I

Pucynok 15.2 — [IpoekTHOE IONEPEYHOE CEUCHUE OOAEIIKI

PacueTHl MPOM3BOMITACE C YICTOM OCHAONCHUS OKPY)KAIOIIETO BBHIPAGOTKY
MaccuBa nocie OypoB3phIBHEIX pabot. Mi3MeHenue Moayis aedopMaliu rpyHra ¢
yIaNeHNeM OT HOBEPXHOCTH BHIPAOOTKH OMMCHIBAJIOCH (hopMyoii

pl.5
By, [1- 2387,
r
rae Ey—Momyns redopManiii MaccuBa B €CTECTBEHHOM cocTtosHuu, MI1a; r — pac-
CTOSIHME OT LIEHTpa BHIPA0OTKH, M. B COOTBETCTBHHU C ONMHCAHHON METOANKOM He-
NPEPHIBHOEC U3MCHEHUE YKA3aHHOH XapaKTePHCTUKU 3aMEHSUIOCH CTYICHYATbHIM,
TIPMBEACHHBIM Ha pHCYHKe 15.3.
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E(/E, s

0,8 —_——
0,6 /
0,4

0,2

0
1,0 1,7 2.4 3,1 3,8 45 riR

Pucynok 15.3 — BeimeneHue coeB B 0clnablleHHOlH 30HE MacCHBa

B maccuBe rpyHTa BOKPYT BHIPAOOTKH BBIAENSIUCE N =10 CJI0€B, OTHOCHU-
TeJbHbIE TOILIUHBI KOTOPBIX A/ R (/=1,...,10) npusenensl B Tabm. 15.3. Tam xe
JaHsl Oe3pa3MepHble 3HaUeHUs Moayeil aedopmanmn E/E, (j = 1, ..., 10), npuns-
THI€ TIOCTOSSHHBIMY B TIPEIEIaX OJHOTO CJIOS.

Tabnuna 15.3 — 3uagenus A/ R, E/Ey, N(pUHAMAEMBIE [T pacuera
Tlapa-
METPBI

Howmep cnos , j
1 2 3 4 5 6 7 8 9 10

AR 0,60 | 0,60 | 0,50 | 0,50 | 0,20 | 0,10 | 0.10 | 0,10 [ 0,10 | 0,09
I/, 1090]085]0,78 10,70 ] 0,61 | 0,55 ]| 049 | 0,43 | 0,34 | 0,25

Hexonnbie maHHBIE:

— obmee umeso cnoeB N = 11;

— OTHOCHTEJIBHAS TONIHHA O6IeTKN Ay R = 0,104;

— OTHOIIEHWE MOAYJeH AedopMalyu Mareprana O0JeNK) U TOPOA HEHApPY-
IIEHHOro MaccuBa E£y1/Fy= 6;

— koo uient ITyaccona marepuana odaenku vy = 0,2;

— koo durreHT, cooTBeTCTBYIONMH Oarny 3emnerpacenus 4=0,4;

— K03 (QUIUEHT, yUUTHIBAIOIINI JOIyCKacMble NOBpexacHus K = 0,25;

— K03((QUIUEHT, yUUTEIBAIOIIUI Ha3HAYECHUE COOPYKeHUs Ko = 1;

— yaensHbIi Bec mopox y = 0,025 MH/™’;

— MoayJNb AeopManuy IOPOA HETPOHYTOro MaccuBa £y = 4000 MITa;

— npeodnagaromii nepro konedanuii yactul nopoast 7= 0,5 c.

Koa¢pdunmentsr IlyaccoHa MPUHAMAINCE OJMHAKOBBIMH JJII BCEX CIIOEB,
T.e. v;= 0,3 (/=0,1,...,10).

PacteTHbIe 3ITIOPH HOPMANBHBIX TaHTEHIMAIBHEIX HAIPSDKEHHM HAa BHEI-
HeM oU'P) ¥ BHyTpeHHeM Gy""”) KOHTypax OOMENKH, a TaKyKe SIMIOPHI YCHTHH —
U3THOAONX MOMEHTOB M U MPOJOIBHBIX CHJT N B KOHCTPYKIHMH, YUHTHIBAIOLINC
BCK) BO3MOXKHYIO COBOKYMHOCTb BO3ACHCTBHI OJTHOBPEMEHHO MPUXOAAIINX (XY /-

91



I CiTy9ait) MPOOJBHBIX U MONEPSYHBIX BOJH PA3JIMYHBIX HAPABICHHUIN B IIIOC-
KOCTH TIONIEPEYHOTO CEYCHHUST COOPYXKEHHSI B CAMOM HEOJAroIpHATHOM HX COYETa-
HHH U K&KAOr0 HOPMAIBHOTO CEYCHHUsI KOHCTPYKIWH, MPEACTABICHBI Ha PHC.
154 a, 6.

o™ Mlla o™, MITa MmN, xH

-5,71

Prcynok 15.4 — PacueTHBIE STIOpHI:
0 — HOPMAJIBHBIX TAHTCHIMAIBHBIX HANPSHKEHUH HA HAPYKHOM Gy'?

¥l BHYTpEHHEM Gy™"") KOHTypax o6 IeNKi,

6 — M3rubaroIMX MOMEHTOB M ¥ TIPONONBHBIX crjt N

B cuny cuMMeTpuu >MIIOPHL AaHbL JJIsl OJIOBHHBI cedeHHs. CIUTOMHBIME
JIMHUAMH TIOKA3aHBl HANPSOKCHUS M YCHIINS, COOTBETCTBYIONIHE MAKCUMAJILHEIM
COKAMAIOIIWM, NMYHKTUPHBIMH — MAKCHMAJIbHBIM PACTSTHBAIOIIAM HOPMAJILHEIM
TAHTCHINATBEHBIM HAMPSKCHUSM.
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16 Meroanka y4yera aelicTBHA ceiicMHYeCKHX BOJIH, pAclpOCTPAHSIIO-
INHMXCA BAOJb OCH TOHHEJISI

16.1 Bo3nelicTBre CEHCMHYECKUX CHII, HAIPABIEHHBIX BAOJb IPOAOJIBHOM
OCH TOHHENSA, KOMIECHCUPYETCSl YCTPOHCTBOM ceficMuueckuX JeopMaliOHHBIX
mBOB (pa3zen 6) U npH pacdere 000K TOHHENEH, Kak MPABWIIO, HE YUUTHIBAET-
csl.

16.2 Tlpu HeobxomuMocTH O0GOCHOBAaHWA KOJHYECTBA AHTHCEHCMHYECKUX
Je(OopMaLOHHBIX IITBOB BHIIOJHSIETCS pacueT 000K TOHHENEH Ha MPOAOJILHYIO
COCTaBJIAIOLIYIO CEHCMUYECKOrO BO3ACHCTBHS C MCIIOIB30BAHUEM CEHCMOIMHAMHE-
yeckoit Teopuu KoneOanwmii [4, 7).

16.3 PacueT BBINONHSAETCA UL TOHHENEH, JJIMHBI KOTOPBIX COM3MEPHMBI €
JUIHHAMH CEHCMHYECKHUX BOJIH.

16.4 Llenpto pacdera OONEIOK TOHHENEH HA MPOJOJBHYIO COCTABISIOLIYIO
CEHCMHUYECKOT0 BO3ACHCTBUA ABISIETCSA ONPEACICHUE HANPSDKEHUI, a TAKKE Mpo-
JIONIBHBIX Ae(opManuii B dIEMEHTaX OOJENKA TOHHEIS, KOTOPBIE JOJDKHBI OBITH
KOMIIEHCHPOBAHBI QHTUCCHCMHUYECKAMH IIBAMH.

16.5 TpaHcropTHBII TOHHEND paccMaTpuBacTCa Kak Tpyba ¢ 3aJaHHON Mpo-
JIOJIBHOM JKECTKOCTBIO B, COCTOAIIAS U3 OTACTBHBIX CEKIHii, KOTOPBIE COCIHHEHBI
pasnu4HEIMU criocobamu (pucyHok 16.1).

% |
' 7 7 7

Lo
:n-I: " :HJ:
|

|
1 ] l
v 7
a

R

0 B
Pucynox 16.1 — CxeMbl coeiuHEHHS KONl (CeKIuii) 001e]IKH TPaHCTIOPTHOTO
TOHHEJISL:

@ — TOJIHOCTHIO OMOHOJIMYEHHAs! KOHCTPYKIUS, 6 — KOHCTPYKIHs OO/ICIIKH U3
OTZETIBHBIX JIEMEHTOB, JKECTKUX B TIONEPEYHOM HAIPABICHAH
10 OTHOILIEHUIO K OCH TOHHEJLS, 6 — 00€TIKa C aHTHCCHCMUYECKUMU LIIBAMH

16.6 Ilpu pacueTe momaraercs, 9YTO BCE CEKLIHH TOHHENS WMEIOT PaBHBHIE
JUIMHBI U KaKAasd CEKIUs oOnafaeT ojHO# cremeHbio ¢cBoOoabl. Cekimu 00nheau-
HAIOTCA B €JMHYIO KOHCTPYKLHUIO Y3JIaMH, KOTOPHIE MOTYT MMETh Pa3IHYHYIO
JKECTKOCTB.

16.7 Ilpn onpenencHUA OPOAOIBbHBIX YCHIIHH, BO3HUKAOUIAX B y3J1aX, YUH-
TBHIBAIOTCS. CHJIBI COIIPOTHUBIICHUS OKPY>KAIOIIEro rpyHTa (B TIPEIONIOKEHHH TOTO,
4TO MaTepuai OOACIKU TOHHENS U TPYHT SBIISIOTCS OJHOPOJAHBIMH B IPOIOJIBHOM
HAIPaBJICHUN), & TAKKe ynpyrue ehopMaiii pacCMaTPHBAEMBIX CEKIIHIA.

16.8 Cocrapnsercs cucrema n 1 HepeHINATBHBIX YPABHEHHH, KOXKI0€ U3
KOTOPBIX ONMCHIBAET MPOAOIBHBIC KOJIEOaHNsI COOTBETCTBYIOIICH CEKIIUH 00/ICKH
TOHHENA. Pemenne cucteMsl Au(pQepeHIMATGHEIX YPABHCHHI BBIMOIHACTCS YHC-
JICHHBIM METOJIOM.
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16.9 C ucnonb30BaHNEM NOPOJONBHBIX YCWINM, HaWOECHHEIX JUIS KaXKIOU
CEeKIMM 00/IeTIKH, OIPENENAIOTCS OTHOCUTEIBHEIE TIEPEMEIIICHUS Y3II0B.

16.10 OnpenensieTcss MUHAMAIBHOE YHCIIO CEKIUIL TOHHENS /1, IPU KOTOPOM
3HAYCHUSA TPOAOJIBHBIX HGPGMGH.[GHI/If;I Cpe)meﬁ CCKIIMH HE 3aBHUCAT OT 4HUClia
YDPaBHEHHHA 7.

16.11 Tlo HaliAeHHBIM 3HAYEHUSAM TPOJIOJIGHBIX (OCEBBIX) CHJI OTIPEIEISAIOT-
Cs HOpPMAIbHBIE HANPHKEHHS M TPOBEPAETCA NPOYHOCTL KOHCTpyKuuH. Ecymm
MPOYHOCTE O0AENKH He obecrieyeHa, MpeAyCMaTpUBacTCs YCTPOHCTBO NOMOJHH-
TEJILHBIX aHTHCelicMuueckux aedopmaroHHbIx mBOB. Jlanee pacyer oOaeinKu
TOBTOPSIETCS ¢ YYETOM TOTO OOCTOSTENLCTBA, YTO OTHAEIbHBIC YYACTKA TOHHEIS
COEMMHEHBl MEXIy co00lf aHTHCEHCMUYECKIMH INBaMM  (JEMII(UPYIOIMMHE
YCTPOMCTBAMH) C y3JIaMH Pa3IMYHOMN >kecTKOCTH (cM. puc. 16.1 B).
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17 Metoauka pacyeTra MHOIOC/JIOMHBIX 001€J0K NapaLieIbHBIX KPyro-
BBIX TOHHeJIeil

17.1 MeTtoauka npeJHa3HauYeHa IS pacyeTa MHOTOCIOMHEIX OOAENOK ma-
PaJIeNBHBIX OIM3KOPACHIONOKEHHEIX KPYTOBBIX TOHHENEH, MCIBITEIBAIOIINX B3a-
VMHOE BIIVSHUE.

17.2 Metonuka pacyera 6a3upyeTcs Ha HCXOJHBIX OPEANOCHUTKAX M II0JI0-
JKCHUSX, yKa3aHHbIX B pasaene 7 n .. 10.9 — 10.13 pasgena 10.

17.3 Metoarka OCHOBaHa Ha PACCMOTPEHMM KaX/IOW M3 MHOTOCIOMHBIX
KOHCTPYKIHH KaK COCTABHOH 4acTH BCETo KOMIUIEKCA COOPYIKEHHH, COCTaBIIIO-
IIEr0 eAMHYI0 1e(QOPMUPYEMYIO CUCTEMY C OKPYIKAFOIINM MAacCHBOM TPYHTA.

17.4 Metonuka pUMEHUMA TIPU pacdeTe O0OAEIOK TOHHENEH Ha BO3IEii-
creue MP3 s ygera 30H Heynpyrux aedopManuii (XpynKuX pa3pyIneHuit), Ko-
TOPblE MOJIETMPYIOTCS CIOSMH C [PUBEACHHBIM MOJyJeM jAedopMaruu
(cm. . 7.6.2).

17.5 HanpsbkeHHOE COCTOSHHE MHOTOCIOMHBIX 000K KPYyrOBOTO OUepTa-
HUS [IpU AeHCTBUU IIPOJOIBGHON U IONEPEYHbIX BOJIH, HAPABICHHBIX MO IPOU3-
BOJIBHEIM YIJIOM O K BEPTHKAIH, ONPEACIACTCS U3 PEIICHUS JBYX IIOCKHUX KBA3H-
CTATHYECKUX 33/1a4 B COOTBETCTBHE C PACUCTHBIMU CXEMaMH, IIPEICTaBICHHBIMU
Ha puc. 17.1 [13, 15].

Cpema S,, MOIeIUpYIOIIas MaccHB IPyHTa ¢ Ae(GOpMaMOHHEIMHU XapaKTe-
pHCTHKaMH — MoayiteM nedopmarmn £, u kodddurmenTom Ilyaccona v,,, ocnad-
JieHA TIPOM3BOJILHBIM YHCIOM N OTBEPCTHI ¢ KOHTypamu L, , paguycamu Rop

IIEHTPEl KOTOPBIX PACIONIOKEHBI IIPOM3BOIBGHEIM 00pa30M B TOYKAx ¢ KOOpAMHA-
Tamu z, =x, +1y, (j=1..,N). 31ech U nanee CHMBOIOM «i» 0003HAYACTC MHH-

Mas eIVHAIA B OTIMYUE OT «i» - HOMEpa KOHTypa.
MHOroC/OMHEIE KOHLIEHTPHYECKHE KOIBUA, COCTABIEHHBIC CIOAMHA S, ©

BHYTPEHHAMH KOHTYpaMH L, ; pamMycamu COOTBETCTBCHHO R, (i=1,...m;, n, -

YHCIIO BBUIENIEHHBIX CIIOeB B 00jeNKe, j =1,...,N), MOAETUpYIOT 0OAENK TOHHE-

neit. Cpema S, wcnon S, ; (i=1,....n;, j=1,..,N) nehopMHAPYIOTCS COBMECTHO,

BHYTPEHHHC KOHTYDHI [, . (j=1,...,N) CBOOOIHBI OT ACHCTBUS BHELIHUX CHJL.
A

17.6 IIpu pacuere 00eN0K TOHHENEH, COOPYKAEMbIX C TPUMEHEHUEM MHDB-
EKUHOHHOTO YKPEIUIERAS PYHTa, HAPY>XHbIe CloH S, ; (j=1,..., V) MoJenupyior

CIIOH YKPEIUIEHHOTO IPYHTA BOKPYT OONENOK TOHHENeH, a konbla S, ; (i=2,...,n,,

J=L,...,N) MoaenupyT 00/1c/IKH TOHHEIEH.
17.7 Kaxmpiit crnoid S, ; KOJIeI[ BHIMOJIHEH U3 MATCPHATOB € nedopmanon-

HBIMU XAPAKTCPUCTHKAMH £, ;, V, ; (i=1,...,nj, j=L..,N).

17.8 MetouKka MO3BOJIAET BHIONHATH pacyeT 0OJENOK TOHHENEH, COOpy-
JKaeMBIX C TIPUMCHEHHEM AHKEPOB KOHTAKTHOTO THIA, HCHONB3Ys MONOXKEHHUS
m 12.8.
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AJroputM pacuera
I/ICXOI[HI:IMI/I JaHHBIMHA JJ1s1 pacqua SIBJISIFOTCA:
N — 4uCTIO TOHHEIIEH,

n,;(j=1,...,N) — 4iCIo BbIACICHHBIX CIIOCB B 00feNKe j -r0 TOHHES;

x,,¥;(j=1,..,N) — KOOpIMHATE LEHTPOB IOMNEPSUHBIX CCUCHUH 0OLCTOK
TOHHEJIEH, M,
R ;(i=0,1,..,n;j=1,...,N) — pagaycs CIOEB IONEPETHOTO CCUCHUS o0ne-
JIOK, M;
FE, —Moxyms nedopmarmu rpynTa, Mlla,
o — koabdrmment [Tyaccona rpyHTa;

L, (i=1,.,n;j=1,.,N) — wmomymb neQopmaumu Marepuansa CIos
S,.J(fz':l,...,nj;j =1,...,N) o6nenxu, Mlla;
v, (i=1,...n,;7=1,..,N) — xoopduument Ilyaccona MaTepuama Cios

S, (=1,.,n; j=1,..,N) obnenkmu,

y — 00BEMHBIH Bec TpyHTa, MH/M;

4, Ky Ky — x03hpUIneHTH, MpHHNMAaeMble B COOTBETCTBUM C II. 7.18.1;

T, — mpeoOnafaronmi nepuoa konedanuii JaCTHII MOPOALL, C.

JIOTIONTHUTENBHO 3aMaeTCsAd # — YHCIIO YICHOB B PAAAX, UCHOIB3YEMBIX IMPH
peLIeHny 33124, KaK IpaBuio, » =20.

PacdeT cBOAMTCS K BBITIOIHEHUIO CIICAYIOMINX ONMEPALHii:

1) BerqucinsieTcs MacCUB YUCEI ¢ HOMOLIBIO PEKYPPEHTHOTO COOTHOILEHHS

L= I = kJV“V vy (k=01 n+dv=1,..n).

2( Onpenensitorcs Benmuuuubl (j=1,...,N)

E, E ‘
&, =3-4v,, HOZZ(TOVO) 3@ =34, 0= 2(T\j/) (i=1...n);
ij
ﬁ]]_:&, Bij=ui+l.j (i=1>~~~7nj_1);
’ Ky k M ;
]_B1+l l+ zei, 'Bl .
di’j_1+a3 J = 1+a; ,llj—l d”,k .—1—ti’j(l=0,1,.”,nj—l).

i+, i+l,j

3) Onpenensrorest Benmmuunsl (m=1,...,N, j=1,...,N)

si,p’mzR"—"" (i=],...,nm;p=0,1,,..,nm—1),8j_m0=&,

Rn,,,,m o R(),m

= 1:()’1 =, r,, =arcg/~— Y™ V] s
JO =5, + ;- ) X, =%,

97



l"j’m npnyj—ym>0,xj-xm>0
-1, npnyj—ym>0,xj-xm <0:
211—]"_,.’,” npu y; = y,, <0,xj~xm >0,
n+l, npnyj—ym<0,xj-xm<0’
Oanyj—ym=0,xj~xm>0)

n npuyj—ym=0,xj—xm<O’

n/2 npnyj—ym>0,xj~xm:0’
3n/2 npnyj—ym<0,xj—xm=0.

Yj,m =

A K03 PUIMEHTHI

(Jmy* _ s-v vtk (JmM* _ q-v
B =8 JUNTY A cos(k + v)y im> BT =8 0

(k=1..,n+4v=1,..n);

I Vi
k’\'rj,m SIH(k + \))’Y .
Jm

P )y P ) P Ve 2 P ;
AT < (k4 2B kB 2270 gy
LJ
i ok i ok 7 s 2 P .
AL = DB -k« 2 g

J
(k=1,...,n+2;v=1,.,n).

4) Beraucnsiiores kooddurments (k=1,...,7;, j =1,...,N)
BY = (k+2)(1-82, )82 1 CP =8 dy,+8 0.1

1,.0,77n,.0,5°0,5 2 j n;,0,570,5
FP =—k(1-87) )8,%, s G =82 1 +8,% s,
kT 70,550,052 Sk T Pni0.500,5 n;.0.7 0.7

HY =FEP+kCPA-87, ). DO = (k+2)F(1-8, 04~ C,

n;.n; -1.7
N = kB (=82, , )-GP, 89 = BY — (k+ G (1~ 52,
JT oM=Ly ).
5) C y4eToM NEpPEMEHHO#

lupu / = p;
b ={O upu [ # p;

BBIYHCTISIOTCS Kodhduumentst (p=12; [ =1,....4; j=L...N; m=1__n.
k=1, .n+2 v=l..n) |

(LIXO,fm)* _
])k,v - 7\‘ 7\‘

(LIXO,j,my™* _
m,j v_ktO,m’ jl;c,v - Oa

(2.100,/,m)* _ p(2IX0,j,m** _ .
jjk,V - Pk,v - 0

)

O™ = (1= o (A VB,
O™ = (= by )y (AL = VB,

IE,Z\;I)(OJ,WI)* =(1~1,)d, , B]E{v,m)* ) ng‘;l XOm™ — (1= N, )y B}E{bm)** :
T (T T (SR (B S VS UN A O
sz,lv’z)(ogjgm)** =(=2, D,y ~ L, )Bfi'nl)** >
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PR2X0Sm™ _ .

kv >

(2.2X0.j.my* _
I)k,v - 7\‘m,j;\'v,kl

0,m >

(1.2)(0,7,m)* _ (j.m)y* (j.my*
kv =(1-4,, ,){ So By —Aady, B+
(J.m)* (jm)*
H(1= A Wk =2)dy [ 47T —vBIZY |}
(1,2)(0, j,my** _ (J.m)** (Jmy**
kv =(- ;\‘m, ,){ So, jBk,v _)\‘k,ldo, jBl,v +

H= D k=2, [ A2 V03T
Qlfv’2)(0,j,m)* =(1- 7\‘m,j )(1- l“)(k _ 2)d0,j315{£13* ’

)** .

(2.2)(0,j,my= _ (j.m

kv - (1 - )\‘m, j )(1 - 7‘1‘:,1 )(k - 2)d0,jBk—2,v >

(13)(0,7,m)y** _ (J.m)* (13X0, j my** _ (J my*
Pk,v = (1 - 7Lm,j )tO,jBk,v > Ly - (1 - }K‘m,j )tO,jBk,V

(2.3X0,7.m)* _ p(2,3)0,7,m** _
])k,v - ])k,v - O

(1,3)(0,7.my* _ (Jm)*
v == Ay gado VA=A, Ihady B

(13)0, jmy** _ (jm)y**
O (1- )\‘m, J )xk,ldo, jBl,jvm >

>V -
(23)0,j.my* _ (2,3X0,j,my** _ 0.
Qk>V - ;\‘m,])\‘v,kd Qk,v - O)

O,m >

L4)0,j,my* _ j,m)* (jm)* jm)*
B0 = (1= W by [ AT = VBE]~Ce+ 2000 BT Y

A%

>

2

1,4 0’ " ek _ ',m k% ',m ok ', ok
RO = (=, Wy [ A7 = vBI™ = e+ 2000, B2

k+2,v
(2.4)(0, j.m)* _ (J.m)* (24X0.5.my** _ 1 _ (j.my*™.
Pk,v - (1 - }\‘m,j )ZO,jBk,v > ‘Pk,v - (1 }\‘m,j)lO,jBk,v >
(L.4XO0,jm)* _ (L4XO, fmy= _
v =M M [0 + (K +2)dy V], o =0,
(2,4X0,7,my* __ (2.4X0,/,m)y= _
Qk,v - _7\‘m,j}\‘v,k+2 (k + 2)dO,m H kv - 0
6) Om (I)0.)* 0, jy**
PEACIAIOTCA TPU I'PYIIIBI BEJIMYWH ¢, > i

(/=1,..,4 j=1,.,N; k=1,..,n) o popMmymam, mpuBeIeHHLIM B Tab. 17.1.

Ta6nuua 17.1 — GOpMyJIBI 1Sl BHIMUCIERNS TPy BEIHUHH g%/ | g0

Benuunas I Herep rperIHIbI I
q I(: X0, /) 0 xk,ldO, jR0> j 0
g M1 (85 o DR, 0 0
7 | R, 110, 0 0
o 0 Ml 1R, 5 0
qlgl)(O,J')** 0 0 7bk,ldo,jRo,j
go0n" 0 0 0
ql(€3)(0=1')** 0 0 0
q,(€4)(0,j)** 0 0 ‘}“k,llo, jRo, j
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B = 4
IO AXED) =1....4 [=1...%
7) Beramc TCsl KOO (GUIUEHTEL Pk({’,] Xa7) Q/ii? Xe) (p 1,

i=1..,n,-1,j=1.,N; k=1,.,n+2, v=1..,n+2) 10 opmymaM
LHEH — QDG _ pGDGEL) _ p(aE.)
P( ' _kvktij7 Pk, P Ii(,v —O
11 5 — OIS — (3,1)(,)_
( ¥i.J Q ij 0, Qk,v Lf) — i,jO\'v,k+2_;”V,k)v’

Q(4,1)(1,J) l d

tj’
1.2 _ (22)(,)
P( Xid) = v k- ”(tzj ll])V P " )\‘vjcz]>

(3,2)(1;]) — _ (4,2)(1,]) —
IJk:v - v,k k,l( i.j i,j)’ Pk,V - 0’

(3.2Xn,-1.j) _ (4.2Xn-17) _ .
B = Al Ly =0

n;-1,j> >

(1,2>(n,—1.j)_ QRN _ @20 _ QI((32)(n LD _ 9 Sy
v — Xk.v — Xkv v vk n; -l

me: D = PEAED 2 pUID 0 pAND Z) g

ij>
(13X — (23)E.0) —
d (7\‘\/1( - }\’v '—2)v7 kv )\‘ dl J

kv

3.3EJ) — (4 3D — ()
Q 7\’ }\“k 1%%,j > g, - O=
PA(IA)O’]) — P(2 B (N O P(2 AXET) —

v

>

v,k+2 (li,j - ti,j)V:

BEPD = s O =0 ls, +d, V(v +2),

Q/E,ZC4)O’]) — _;\’\’sz v, ]Ei,’&)(t,ﬂ — Qg\,ﬁ)(i,j) =0.

8) Ompememsiorcs maccuBel Kodsddummentos  AfF
(p=1..4,1=1..,4i= L,n; =2 j=L. N, k=1 n+2, v=1,.. ,n+72)

MEDED = poIXED L DD | e o _ gD,
9) Boraucrsiorcs kos(duuuenter M2 N{_{:’Xu}) (p=1,..4 [=1,.4
=1.,N; k=1..n+2;, v=1,.

(pDGEN)"
Mk,v

»1+2) ¢ MOMOIBIO PeKypPEHTHEIX COOTHOLIE-

<

HHUN
MEDED = gD,
BIXiD) _ s KB selom) g D) 3 fPXLD)
MEXD =30 5 SME M, (i=2,.n -2)
s=1 p=1 J ?
NI Z gD
PN _ o B el g5 DX (psXi-L)
Nk,\' _Z Z 81 l—l_]M N (l .,ﬂ.-—z)
s=1 p=l J ?
rac

e(s,p) = THTpHM s =1,2;
P wmprs=34.

10) Ompenensorest kosdpdummentet GiA°  (p=1. 4 /=12 k=12

=1, ..,/’l); ]-7;’1‘:41) (p:l,__,,4; l:l,...,4; k:l,...,n; v=1 . n+2)
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— B (n-1,7) _ 2 —1.7)

G(p D n N _11(2 Sninj._l,j)Ml(ﬁ Y(7;-1.7) +8 1 _LJM(P 2)(n, J)
([7 2) _

Gy Y

(Pl _ <2 (P3Xn~Lj) | a2 (p:2mLp)
G —8 _LJM +87, . M

AL _ 3 A(p2Xn L)
(M, =M,

3)n,-1,7)" _
M(p Xn;=1.7) 82

(p.2) _ 2 (p2)(n; —11)‘
GZ,V - 6 M2 Y

n;=1.j

(pl)(n -Lj)' () s—(k+2) (p:2)n; —11)‘
M C 6}1 a1 ]Mk+2v

n;=1,j

(p.h) _ (]) -
Ec,v —Hk 8

,l]

. M}EP23X” -Lp) +F(_])8k M(p4)(n —LJ)‘
I J +2.v

F(P 2) _ H}EJ) 8-

(Dgh+2
+D; 8 oy

M(P D(n=1,7)" C(j)S (k+2) (P 2)(n; L))"

n;-1.j n;n=lj k+2v
(Hsk+2 (p-3)m=L7)" Nk (pAXn;-1.j)"
D 6 n;-1 ij+7 v - Ec 8 ;-1 _]M >
(»3) _ ay(Ns-k (p.)(n;-1.7) () s—(k+2) (p.2Xn;-1.))'
Ec,v N 8n M -1 ]M B 8n N —l,JMk+2V +

q(])6k+2 M(p 3)n-1,7)! G(])Sk M(p AX(n; —11)‘

n;.n;=1,7" k42, n;n;=1.j

Fk(p,4) _ N]EJ)S -k M(p D(r=17)" B(;)S—(k+2 M(p 217"
RY

n;-lj k+2,v
(Hshk+2 (p 3)(m=1,7)" Nk (p,4)(n-—1,1)”
S 8 =1 ij+2v G 8 -—1] ’ :

11) Bblqncmﬁorcs[ MACCHBBI 9HCEN Ek(f’v”)(j”")', Hpm' - e Dm:

2

HEDI (p=1,..,2, I=1,..,4; m=1,.,N; j=1,..,N) no gopmynam

4 .
E(p,l Xjm)' _ Z’i Se(s,u) M(S D(ni=2.7) I: PesXO.j.my* Q(p X0, m)*:|
kv - [TRY

1,07 kp
s=1 u—l

(p DGm)' _ e(s,) p) (S (n;-2,5) (p,s)(o,j,m)** (P>sXO0,j,my**

H Z} Z 81 0,j ! [:J.,V Q >
s=1 p=l1

E,gp”)(f’”)" Z Z S N <s anj—l.i) [ PPsHO.jmy _ Q(p X0, m)**:l

B 1,0 ; >

v §= lu 1 j Y

(pAXj.m)" e(s,) u) (S IXn;=2.7) (p-sX0,j.m)y* (p.sX0.j.m)*
Hk,v Zl Z‘i 81 0,7 ! })p.,v - Qp.,v :

s=1p=

12) Onpenensitorcss TP IPyNNbl BETUYUH v( Xey=Lg )'([ ), Vg)("f_l’j )V(I] ),
Vg)(”]—]:,/) ([]]) " V(l)(” L))" (]) (1)(" L))" (][) V(I)(n -Lp" ([[[)

(n;-L.j e(s,1) (5 N(n;=2.7) _(sX0,5)*

Vi 2261 0 My q, >
s=1p=1
. 4 n

(I =1 )" _ e(s,10) (s IXn=2,7) _(s)0,7)**

Vi = 2281 0. Ny q,
s=lp=1
C IIOICTAHOBKOM Tpex rpymm 3Hadernii ¢/, g™ u3 rabmaupt 17.1.
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13) Cocrapnsietes cucteMa u3 4Nn TMHEHHBIX anredpanyecyy,
OTHOCHTEIIEHO HEH3BECTHBIX {PXO7"  ((PXOm™ (f 1 5. ) X Ypasuenni

j:]’_“’N) > —LeLn; m=17“-’N;
N 2 n N .
>3 Ul g pum e gy
m=1 p=1v=1 ’
N 2 n " )
>3 z[X(p DY) (p)(O mt L Yk(ﬁ,l)(jym)c‘(/pxi),»n)’”] - d}gl)(,)
=1 pelv=l ’ ’

a6 k= L.,n=2upul=1,2,
L..,n mpu /=34,

4 n
e(s.u) (S D (p.sXj.m)
. SZ% u218'-1,,-2, kuE o npu /=1,
(p:)(Gom) _ ) 570 W=
Ukv\’ Tl 4
e(s,1) "(SJ) (P m)"
> IBn —ln—Z/ Tk Fp,v mpu [ =2;
P
n
e(s.) (5’) (p.s)j.m)
ZSH ~ln-2. k Hl | W E
Wipim s=lus=l
e(s.1) (\ Dy (ps)jm)" .
225,, L2, L Hpt,v npu /=2
solpel
e(s.n) 7.0 (psXjm)' —
i 25“215 4,7./72,]1"1(,,1 Ep.v npu [ =3,
PN J.m) _ =
Xk.v -
e(s,1) (1) [ (p.s)(j.m)" —A4-
ZZSnJ—l,nI—Z,jF;L,_u Eu,\‘ npu [ =4,
=1 et
G oo o(s.) L7 (posXjmy
ZZS —1n-2;1' T HuAvy " npu [ =3,

(pI)j.m) _ | s=1u=l
Yy =
Z z §etm (s I)H(p S)f.m) npu [=4.

ny-Ln-2.j
=1 p=l

14) Onpe/:[enmoTca TPH TPYIIIBI CBOOOAHBIX YWICHOB

e(s,1) (sl) (s)(n=1.7)" _1.
_Z{Z:]Bn 1n—2] Vu TpH I=1
f(l)(j) — s=ip=
Jr =
e(s.0) (s.0), (X =Lj)" _n.
—ZZS 71,,72/(7 v, npu /=2,
s=lp=1
_ZZSe(s ) N F(sl) (S)(n -1 npu 1=3
a2 5
) _ ) s=les
dk B (sYom;=Lj)"
“(s.), (XL .
Z,jjtk(ju' )Vu ! npu /= 4>
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C MOJACTaHOBKOW COOTBETCTBEHHO \,S)("_f—l-ﬁ'(,)
vﬁ’)("f"l’”“( ), VLSX"./"L/)“ an, v;s)(n,-l,,)“ (.

15) Cucrema ypaBHeHmii (. 13 ITOPUTM) PEMAaEeTCs TPWKIBI C COOTBET-
CTBYIOUIMMH IPYNTaMu CBOGOJHBIX 4JIGHOB, B pe3ybTaTe Yero MONyYaloTcs TPH
TPYIIBl  KOpHEit C‘(,p)(O-'n)* (D), C\(/p)(OJn)“ (), c&p)(O,m)* un, CE’p)(O,m)*"( ),
PO, PO (p=1,2 m=1,..,N; v=1,.,1).

16) OnpeaensitoTest MO TPH IPyIIE AeliCTBATENBHEIX H MHAMBIX YaCTei KO-
shdummenton X (1), P, (PG gry, (PGP, DD (I,
¢y (i=1,...,n;  j=L.,N) mo dopmymam (I=1...4; k=1..n

N)

(1)(1 ) . Se(l k) {z Z Z[(P(P CNED Y Q(p X0, jm)y* )C(P)(O my*

m=1 p=1v=1

()L’ ($)n,-1,
Ve an, vi i) u

>

(PO, jmy* (PO, jmy=* 0.my** 1X0,5)*
O QI g oo,

N 2 n
(DA* _ sedl k) (pIX0, j,my** L0, 7,my** N (p)(O0m)*
M = 8y {Z 3 S [(BOIm _ OUr s pXOm

m=1 p=1v=1

>

(pIXO0.j.m)* _ (PO, jm)*y (pXO0,my+* (X0, jy* (.
+(Pk,v Q/r,v )cv :l +qk / }

DG _ se(lk) (p.D(-1,5) (11)(!—1 L .
P =50 S S M P im2m,
p=lv=1
n
(DG _ se(lk) (PDE-LH" (p)E-1jy= . _ .
Ck 811 I/ZZMk,v cvp ! N 1—2,...,}1].’
p=lv=1

17) Jinst TOYeK BHEMHETO (p, ; =3, ,, ) M BHYTPCHHETO (p,,; =1) xoHTypos
TIONEPEYHOTO CeUEeHHs i-ro ciost (i=1,...,n) j-oif obmenxy (j=1,..., N) npu u3me-

Hernn 0° <0 <360° ¢ marom A6, Hanpumep, AG =15, BRIYHCIIOTCS KOHTAKTHEIE
Y HOPMAITBHBIE TaHreHuHanLHme HapspkeHUs 110 GopMyiaM

o) = Zk{ POk + D)D" cos( +1)0 —

—(k +3)c <”<' P sin(k +1)0 + " cos(k —1)0 + ™ sin(k —1)0] +
+P, 9 [(3 k)C(S)(I J* cos(k—1)p— 3- k) (3, j)** sin(k —1o—

i cos(k +1)0+ ¢ sin(k + 1)61},
) = Z k{ ~(k+) [ (k+ )" sin(k +1)0 +

+H(k+ 1) “*’ 7" cos(k + 10+ sin(k =10 — ¢ cos(k —1)6 | +
! [k =D sin(k = 1B+ (k — e cos(k —1)0 +
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+eD sink +1)0 + ¢ cos(k + 1)9]},
o) = _Z k { (k4 [(k DD cos(k +1)0 +

Gy R, =
(k=DM sin(k +1)0— ¢ cos(k —1)0 — X sin(k ~ 1)9] +

+p [ (R + DX cos(k —1)0 = (k+ e sin(k - 10 +

+M cos(k +1)0— ¢ sin(k + 1)9]} .

18) Boruncienus no ¢dpopmyiam 1. 17 airoputMa MpOU3BOAATCS TPHKIBL €
[10ICTAHOBKOM COOTBETCTBEHHO TPEX rpynn kodddurmentop ¢ (1=1,..,4;
i=1l..,n; j=1..,N) n onpemensiorcs cocrapusioume Hanpsxennit (1),
s I, o™l (i=1,...n; j=1..,N) (cumBoniom G/ oGo3HaueHsI Bee

KOMIIOHEHTHI TEH30pa HaIPsHKEHHH ).
19) BBIYUCIAIOTCA BENUYMHEI

= Yo ~=f5
a'1—VO’Q 2

A ONPCACTAIOTCA 3HAYCHHA OKCTPCMAJIbHBIX HOPMAJIBHBIX TAHICHIHAIBHBIX
Harps>KCH aii Ha BHYTPCHHUX W BHCIIHUX KOHTYPaX MONEPEUYHOI0 CCUCHUA KaXKI0-
O CJI0S KaXXI0M KOHCTPYKIMH 110 (popmyam
1+ - —
a=15600 (1) + 0+ OISz, (1) + 6502, (D],

4 Gy eHymp. Oenymp. Oenymp.

B 1+& 60 ()= Q\/(1+Q NSSD2 (11 +68D2 (11T)],

4 6 eHymp. OQenymp. Oenymp

C=12600 (1) + 0,1+ O G2 (1) + 042 (D),

Genem Qeneu. Oeneut.
4

D 1+& o) (1)— Q\/(1+Q 62 (1) + 602 (1))

4 Benem Oeneut. O enew.

W3 3nauennii 4, B, C, D BeiOuparoTcs HanOosbIee 10 adCONOTHOM BeJTH-
YHHE OTPHIATENIbHOC W HAWOOJNbINEE MONOKUTENbHOE. Ecii HaumOONBIIUM TOTO
WA HUHOTO 3HAKa OKAKETCSA YMCIO A Wik B, TO BCe HANPSDKCHUS ONpPEACIIIOTCA
COOTBETCTBEHHO 10 JopMmyIie

o = Z‘g SD(I)+

@.j) (@i.j) g @.j) (@.J)
- =z UGG, )+ (oD, ()
VIO U2 (I1)+62 (I '
Gelg/mp GOehfymp.( )

Ecm manGonsmmM okaxercst uncino C uim D, TO BCE HANPSDKEHUs Onpeie-
JISAIOTCS TI0 IPUBEACHHOM BhIIIE (OpMYJIe C 3aMEHOI B HHX Gg;{;imp Ha Gé’ﬁfl)p B pe-
(Y]

G(' J) 9)) @.J)

3yJBTATE MOJYYAOTCS 10 ABE SMIOPBL HANPSDKEHAR G, . Oors Tonap > Trimymp »
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) o) P — - i=
Corap> Coammp G =L..sn;5 j=1,..,N), coOTBETCTBYIOIME HAUOOIBIINM CKIMA-

TOIAM U PACTATUBAIOMIUM HOPMAIbHBIM TAHTCHIMAILHBIM HAITPSYKEHUAM, BO3HH-
KalOLUM B TOYKAX HAPY>KHOTO W BHYTPEHHETO KOHTYPOB IONECPEYHOIO CEUCHHS
CIIOEB OOJENKH, KOTOPbIE MOTYT BO3HUKHYTh IPH COBOKYITHOM JEHCTBHH IIPO-
JIOJIbHOM BOJHEI B (pa3e CkaTHsl U MONEPEUHON BOHEL.

20) 3HaueHns HANPSDKEHUN YMHOXKAIOTCA Ha BennunHy P (cM. m. 7.18.1).

Iprmep pacuera 00AeNOK IBYX NAPAILICIBHEIX TOHHENEH

Hipke prBeIeHBI pe3yITbTaTH pacdeTa 00HeIoK 13 JKene300eToHa AByX Ma-
PaUIENBHBIX TOHHENEH, IONEPEUHbIE CEUSHHs KOTOPBIX NMPEACTABICHBI HA PUCYH-
ke 17.2.

' So[Eg. vol |

T | ! 512 [P

Pucynok 17.2 — Ilonepeunoe cedeHre 0OAENIOK NapalIEIbHbIX TOHHECH

Pacuer BEINIOTHEH ITPH CIHCAYIOIMX HCXOJHBIX JJAHHBIX:

- HapY’KHBIE PaTnyChl Ce9eHHs 00eNnok Ry, =Ry, =2,75 m;

- BHYTPEHHUE PaTyChl CEYEHHsA 00eNoK R = R, =2,55 m;

- PacCTOsIHHE MEKAY LIEHTPAMH CeueHuit TorHenei /=111

- ne(opMaIOHHbIE XapaKTePUCTUKH TpyHTa £y = 3000 MI1a, v, = 0,27;

- nedopMauoHHbIC XapaKTEPUCTHKHI Marepuana o6xenok
B, =E,=33000 Mlla, v, =v,,=0,2 Mlla;

- oGBeMHBII Bec rpyHTa Y = 0,0218 MH/M’;

- k03 dunreHT, yuuThiBaOLMIA Ha3HAYCHHE COopykeHus K= 1;

- k03 dbunmenT, yauTEBatOIIHit JOMycKaeMble moBpexaeHus K= 0,25;

- KO3 ((PUIUEHT, YUUTHIBAIONTHI HHTEHCUBHOCTE 3eMieTpscenns 4 = 0,4;

- mpeobnanaronuii mepuos kosedanus rpyara 7y = 0,5 c.

Ha pucynke 17.3 npuBeAcHbl pe3ynbTaThl pacuera A OOACNKH JIEBOTO
TOHHEJS — S0Pl N3TUOAIOIIIX MOMEHTOB M 1 IPOJOJIBHBIX CIII N B Pa/HAbHBIX
CEUCHMAX KOHCTPYKLHUM, COOTBETCTBYIOLIIMX MAKCUMANbHBIM  COKUMAIOLIAM
(CTIOUTHBIE JMHHM) U MaKCHMAJIBGHBEIM PACTSTUBAIOIIMM (IITPHXOBHIC IIMHWM)
HOPMAJIBHBIM TaHT€HITUATBHBIM HAMPOKEHUAM (3IIOPHI CIIPABEUIUBEL UL IPABOTO
TOHHEJISL ¢ YIETOM OCEBOH CHMMETPHH).



-136,0

Pucynox 17.3 — HanpsbkeHns 1 ycusust B 00A€IIKE J1€BOI0 TOHHETL,
COOTBETCTBYIOIINE MAKCHMATBHBIM CKMMAIOLIUM (CILIOLIHbIE JIMHAH )
1 PacTATMBAOLIUM (IYHKTUPHBIE IMHUN) HAMTPSHKEHUSM B PAIHATBHBIX CEUSHUSIX

[IpuBeneHHble HAa PUCYHKE 17.3 SMIOPbl YCUITHIA ClIEAYET UCTIONB30BaTh MPH
TPOCKTHPOBAHNHK 00JETOK TOHHENEH ¢ JomymeHneM o0pa3oBaHus TpeiuH. Ecim
TPEIIMHBl HE JOIIYCKAKOTCS, TO Il IPOBEPKH MPOYHOCTH CCYCHHUH Ha CXKarhue u
PaCTSDKCHUE MCIONB3YIOTCS 3IIOPH YCHIIUHA, COOTBETCTBYIOIIUE MAKCHMAIILHBIM
COKUMAIOLIAM HANPSHKEHUSIM (CIUIOIIHBIE JIMHIM ), 3HAYEHHS C KOTOPHIX OepyTcs co
3HAKAMH «+» H «—).
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18 Mertoaunka pacdera 0061e/10K NapaJiebHbIX TOHHeJeH HeKPYyroBoro
nonepeyHOro ceyeHus

18.1 MeTonrka IpeqHa3HaueHa JUIs pacdeTa 3aMKHYTHIX MOHOJUTHBEIX 00-
JIeTIOK OJIM3KOPacIIONOXEHHBIX TOHHeNeH, COOPYKaeMbIX 3aKPBITEIM CIIOCOOOM.

18.2 Ob6nenku ToHHenel paccMaTpUBAIOTCA KaK 3aMKHYTBle KOHCTPYKIMU
3aJaHHON TONIIMHBI U KOHQUTYpaliH, paboTarolie B yIpyro# cramun nedopMu-
POBaHHS B yCIOBHAX ITOJIHOI'O KOHTAKTA C MAaCCUBOM I'DYHTA.

18.3 Metonuka MmMO3BONSET ONMPEHCIATh HANMPSDKEHUS H YCHIHSA B 06emKkax
B3aMMOBIIUSIONMX TOHHENEH MPOWN3BOIBHOTO TONEPEYHOTO CEYCHUS, MMEROIINX
BEPTUKANBHYIO OCh CHMMETPHH, B ClIydasx, KOrjla OKPY)XHOCTH, ONHCAHHEIE BO-
KpPYT IOIIEPEYHBIX CEIECHHH 00/I8II0K, HE IIEPECEKa0TCsL.

18.4 Meronuka pacdera 0azupyeTcs Ha UCXOJHBIX MPEIINOCHUIKaX U IIOJO-
JKeHUSIX, YKa3aHHEBIX B pasjerne 7.

18.5 HanpsbkeHHOe cocTOsHEE 00/1efIOK B3aMMOBIMSIONINX TOHHENEH Iipu
JeACcTBUY IIPOJONBHON M MOMEpPEeYHON BOJH, HANpaBISHHBIX O] IIPOM3BOIBEHBIM
YIJIOM O K BePTHUKANH, ONPeeTfOT W3 pPelleHnH TNIOCKUX KBa3UCTATUYEeCKUX 3a-
Jlad TEOPHUH YNPYTOCTH IUIsL KOJELl [IPOU3BOJIBHOM (OPMBI, HOAKPEILLIIOMNX OT-
BepcTHsl B IHHEHHO-medopMupyeMoil cpeme mpH IefcTBUM Ha GECKOHEYHOCTH
HanpspkeHn, ompenenseMsx dopmymamu (7.18.1) u (7.18.2), B cOOTBETCTBHHU C
pacueTHBIMU CX€MaMH, IIpeIcTaBIeHHBIMU Ha pucyHke 18.1 a, 6 [14].

&P X
Srr A, /

S B + S, [Eovi]

EEA S, [E.v]
f
zl Zl
Y ] Yy
P EpP

Pucynok 18.1 — PacdyeTHple cxeMbl K OLPEIEICHHIO HAITPSDKEHHOI'O COCTOSIHUS
00e0K B3aMMOBJIHAIOIINX TOHHEIESH MPOW3BOJIIFHOTO OMEPEYHOr0 CEUSHHUS TIPH
JeficTBHM CeHCMIIECKUX BOJTH:

a — IPOJTOITBHBIX; 6 — ITOTIEPEYHBIX

MaccuB rpyHTa MopenvpyeTcsl OeckOHeYHOH OJHOPOIAHOH IJMHEeHHO-
JIedopmupyeMoii cpenoit Sy, nedopMalliOHHBIE CBOHCTBA KOTOPOH XapaKTeph3y-
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FOTCS CPEHUMM 3HAYEHUAMH MOAyJis nedopmarmu [, u koapuimenta Ilyaccona
Vo. O6enKd TOHHENEH MOAETMPYIOTCS 3aMKHYTBIMH KOJIbLAMHU S, U3 MarepuaioB
¢ neopMAIOHHBIMI XapaKTEPUCTHKAMH £, V,, IEHTPHI KOTOPHIX PACIIONOKEHBI
B TOUKaX C KOOpAWHATAMH z; = X, +1V; (j=1,...,N).

T'paHuYHBIC YCTIOBHS pacCMaTpUBAaEMBIX 33/1a4 HA JIMHUSIX KOHTakTa L, OT-
pa’karoT YCIOBHS HETPEPHIBHOCTH BEKTOPOB HANPSHKEHMA M CMEILEHUI, BHYTPEH-
HHUE KOHTYPHI Konel /., CBOOOIHBI OT NEWCTBHS BHEILHUX CHIL.

AJropuTM™ pacyera

HcxomHBpIMU IAHHBIME JUTS pacyeTa sBJISATCS:

N — KOnMn4eCTBO pacCYMTHIBAEMBIX TOHHENEH,

X, Yo (n =1, ..., N) — KOOpAHHATHI LICHTPOB MOMEPEUHBIX CEUECHU T TOHHEIEH
B IIPUHATON CUCTEME KOOPAMHAT, M;

— 3amaHHble opMa U pa3Mephl BHYTPEHHETO KOHTYPa MONEPEUHOTO CEUCHUS
KaKI0M 7-i1 001eKu;

A, (n=1, ..., N) — TONIMHBI 00/IC/IOK B CBOJE, M;

Ey —Monyns aedopmanuu rpyaTa, Ml1a;

vy — ko3¢ durment [lyaccona rpyHTa;

E,(n=1, ..., N) —monymu gedhopmanuu Marepraia obaenok, MI1a;

v, (n=1, ..., N) — koapdurmments [TyaccoHa matepraa 0OeNoK;

v — 0GbeMHbIi Bec rpyHTa, MH/M;

4, Ko, K1 — K03 PULHEHTDI, TPHHAMAEMEIE B COOTBETCTBHH ¢ 11. 7.18.1;

Ty — mpeoGnanaroruii mepuo koneGanuii YacTUL IPyHTa, C.

3agaercs 4yMcio YiIeHOB K, yIePKUBAEMBIX B psAax PasfioKeHUs KOMIUIEKC-
HBIX [TOTEHIINAJIOB B 3aBHCHMOCTH OT OuYepPTaHHA OOAENKH TOHHENS, I MPaKTH-
YECKUX PACUETOB JOCTATOYHO NpHHATH K = 30.

1) ITponsBommTCs KOHGOPMHOE 0TOOPaKEHHE BHEITHOCTH €MHUYHOTO KPy-
ra Ha BHEITHOCTh BHYTPEHHETO KOHTYpa MOMEPEYHOr0 CEUCHUs KXKIOM 1-ii 0One-
JKU U ompenenserca MmaccuB kKodgdummentos by, (n=1,...,N; k=0,1,...,m+ 1)
oToOpakaromieif (YHKIMH B COOTBETCTBHHE ¢ [Tpuoskermem I

2) Ompenensrorcs BeNMUMHBL R

"o

NpPEACTaBISIOMME Cco00H  pafrycChl
OKPY’KHOCTEH ¢ LIEHTPOM B Hayajle KOOPAWHAT, MEPEXOASIINE MPH KOHGOPMHOM
0TOOpaXXECHUH BO BHEITHWI KOHTYP MOMEPEYHOTO CCYECHHS COOTBETCTRYIOIIEH 00-
qenky. C 3TOH [ENbI0 YMCICHHO PEIAOTCs YPABHEHHUS
m+l
*1—v
va,n ? =10;1+An (I'I:]’,,,,N),
v=0
rae ly,, — PaccTOSHUE OT LEHTPA HOMEPEYHOTO CEUeHHUs H-if 00IENKH 10 BEpXHEH
TOYKH €€ BHYTPEHHETO KOHTYpa. B KauecTBe BenMuuH R, TIPHHEMAIOTCS NelCTBH-
TeJIbHbIE KOPHA YPaBHEHMH, IPEBHIIAIOIINE ¢IMHHMLLY .
3) Onpegensrorcs KOMILIEKCHBIE KO3()GHIHEHTHI z,, COOTBETCTBYIOILNE KO-
OpAUHATaM LIEHTPOB TOHHENEH
:)I = xl} + lyn
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M KOMIDIGKCHbIC  Kodbduumentst 1Y (fn=1..,N; ) » iy
k=1,.,2K +2) 110 pexyppeHTHbIM (PopMmyaam s 0)-“,]( +9.
. R . . ’
Ié]km: i J k;l\(i.ln).)'=[\(£1,,;k+V.&
’ :”—Zj) ’ Tv+l Z=z”
4) Onpenernsrores Benuuunbl (j=0,1n=1,.,N) !
Y ~ 1-2v
E=—2— 0= |——1
1-v, 2(1-vy)
3-4 Ein
&, =3-4v. n,, =—"—
o o> M
’ 2(1+v,,)
1+ @, e 1 Ho
t, - W v d, -t ys,=1-t:0 =1-q .
1+ &, 1+ &, >
R,=hRy; R, =1/R,.
5) Omnpenensrorcss KOMIUIEKCHBIE KO3(D(QUIUEHTHI qi"’f qtm
i Vim
k=1..,2K+2;v=1,...,2K +2) 10 peKyppeHTHBIM opMyam (< Lo &
b,, . v ’
D=7 R ql) = 2450008,
0.1 5=0
o’ =1 4y, == 240008
=1

k) N (k) (-
0 =245,
=0
6) Haxonsmess netictutensubie kosdduumentst 7" (j=01; - %
k=-n,. 2K +2) Tt

i+l —_
o) _ LAk Ay —vp,(jm)
B =q R, 8o = 2 (1= "R IS, -
v=1

7) Onmpegmensotcs 3mauenus kodhdummentos DY FI7(j=1,2,3;
n=1,.,N;kv=1,..,K)

Dlg’vn) =-v [(de,n_k + lRl,nk )hi(/i’i)_\ + mR\,nk (Rl,n_kﬂ,?lhilk’?v—l - h(t/)filw)'*l ):IB‘"”"";

@) _ 3 vekelp Ly _ 2 0m) \s .
Dy _de,n V(R1,n A h\—k—l)bk—m.v’

DE = R VS| (R WL OB,

—v-5-19v.m-ss.m-k

s—k-1p.(1,n) 0.1) ) 2,(0.1) .
hs—k—l —K )h 3, .m+)6/¢77n.3 ] >

'(R 's—k—1 J s—v-

1
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Fh(ka) = Vl:(le.r;k —IR, " - dR k)hlg(ile - mh,gl_':)_lR o :|6\um+k;

1.n 1.n 1n

(2.m) _ -k (1) vk=1 _ p(0.n) Y\ g .
G’.v - deJl V(h R hk+\r'fl)bfmfk.v=

k+v-1"Yn

k.v k+s—1 s—v=1"v,m+s~ —m—k.s

D —
b,(f&,n) _ _de.’;/»VZS |:(h(l.n) RL,,/HS—I _ /7;53:1,)1 )h(O.n) 8 8 +
s=1
(0,n) (1.1) k-s-1 (0.1)
+(hk7571 - h/cfs—lRl,n )h—v—s—lSV.,tn»‘vS‘\uerk :|
9) Onpenensiorcst aeiicTBUTENbHBE Kodpdumments A" (= 1, 2;
n=1,..,N;k,v=1,...,2K)
AT = hy g (m R+, B )+ DES = (1Y DI

] nttn k.v

G _ yem.
A/r.v+1( _D/c_v >

AL, =y (AR = (VLR )+ FE;

AR =B = G EL.

10)  Beluncisiorcs  3HAYeHAs — TpeX  Ipymn KO3 (QHIMEHTOB
M (j=1,...4 k=1,.,2K)

- rpynmna la

MA(I;): = _(ln + dn)ql(clzl,nsk,mﬂ;

M}EZI: = _(Sn +In)q(]) S ;

k+1n~k,m+1>
T3 _ .
Mk,iz - _}\‘l,k (tn + dn )7
@ _ . .
Mk,n - _7\’Lk (5” + /n )’
- rpynna Ib
yiONs .
Mk.n - }\‘k.ldn’
@ _ .
Mk.n - }\/r.lln’
73 _ @)
Mk.n - dnqk+1.rz8
7@ _ @
Mk.n - nqk-+-1.rt8
- rpymma Il
YO g
Mk.n - x/r.lldn’
T _ i
er,n - 7\’k,lllnﬁ
T3 _ (1) .
Mk.n - ldnqk+]~n8k,m+l >
@ _ g O
Mk.n - ’lnqk+1.116k,m+l'
I[aﬂee peann3yeresa I/lTepaLlHOHHbIP’I nporece, COCTOAIINH B OCIEA0BATENb-
HOM BbINoMHeHNK . 10—16 anroputma.

k,m+1>

k,m+1>
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11) Onpenenstorcst AHCTBUTENBHbIE KoacpcpI/IHHeHTLI Ein, Orn (k=1,....K),
IIPK 9TOM B [IEPBOM MPUOIIKEHNH TIpUHIMaeTcs M\7) = M )

v v.m—k

—k—v-1)7.(1,n) (0.,1) )
kn_Rln Z ( 1.n hk\l h—c )M 3

v=1

— k (2) VIO
v—k-1 v.n - k—m.v Rl n M Rl,n M/r.n’

e
k k=17 (L) ©.n) 3)
_RIJI Z V(Rl n‘ h - hvf/cfl )M S
v=l

©

_ -k (L) k=v-1 (0 ) M
Q=R Zv(hk_'j_ R, =l )M 8
v=l

. 1n v.aYv.m+k

—R] n—k Z V(h(l n) l—v—/r _ h(lo.{l_) )M(3)8

v+k-1 v+k-1 vanO-m—ky

—kM(4) R1 /»M(3)

0

12) OHpCZ[GJ'ISHOTCS{ Koacpq)HHHeHTm (n=1,...,N;k=1,...,K)
B =Rek,,; B = ReQ, .

n>

(Ln) _ AR (1.n)
Bk _]Inbk.n’ B/+1\ 1Ian.n‘
3neck oneparopsl «Re» u «Imy 0003HAYAIOT BBHIACNEHNE NEHCTBUTENBHON 1
MHHMMOH 4acTell KOMILUIEKCHOI'O YMCIa COOTBETCTBEHHO.

13) Jins kaskaoi rpynmst kodpduunentos My (1a, Ib, IT) pewaetcs cucte-

Ma ypaBHEHHH
2K
Gm G _ BUM (719 = =
DA =B (j=L2n=1..,N;k=1,.,2K).
v=1
M BBIYHCIIAIOTCSA KOMILIEKCHBIE Ko3Gduuuents (=1, ..., N)
al” = x4 ix®:
=X+

(%n)_ M )
A = Xprken ¥ X5k e

14) HauuHas co BTOPOro MpUOIMKEHUS, OTIMYHE KOKIOTo Koo duimenra

7 BLIMMCIIEHHOTO B T1. 13 aIropuTMa, OT COOTBETCTBYIOMIETO KOd(MHIMEHTA

ak n

@™ | OMyHeHHOTO Ha TIPE/IbAYILIEM IIare HTEPALHOHHOTO TIPOTIECCa, B3ATOE TO

abCONIOTHOM BENMYKHE, CPABHUBACTCS C 3apaHee 3aJaHHOM MaJoi BEHYHHOMN €.
Takum 00pazom, IpoBepsIeTCs YCIOBHE
al? —dr|<e (j=12n=1.,N:k=1K).

B cityuae, €CIM 5TO yCIOBHE BBITONHSETCS T BeeX koddduuuentos ay”,
UTEPAMOHHBIA MPOLIECC CYUTACTCSA 3AKOHUCHHBIM H CIICAYIOIIMM BBITONHSCTCS
. 18 anropurMa. B ciyuae, ecim ycnoBue He BHIMOJHSETCS, HTEPALHOHHBIN OPO-
IIECC MPOJOIDKAETCS, U CIICYIOIIUM BBIIONHAETCA 1. 15 anroputMma.

15) Berancnstores koodduuuentst ¢ (j=1,2n=1,.. ,N;k=1,..,K)
U0 _ g GA0) (-¥) .
k.n chn qk v,
2 /.0) (s, :
C,(jn* *) = Zcf,{s )I,(rfv”) (s=L..,N;s =n).

v=1
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2 .
16) Haxonsres 3Hauemms  kodbduumentos  a”,al>” (j=1,2;

ns=1,. . Ns=mk=1,.,K)

5(JS) '(J+2 $) (V). (J+2.8) _ W(j+2.5) (V)
ak.n Z ( qv+k.n > ak,n % ( v.n qv—k e
V=

17) Onpez[cn;{}orca Koa(b(bnuueHTH MO =1,...4n=1. ,N;k=1,..K)

k—m.v V.

N K

a _ (1,s) (o 1) (3.5 O _(Ls). (4.5) (O]

Mk,n—z m akn +dnzv( v—hk— Ia 8 _h—k—v— a Svm k)+dnak,n :| Mkn’
s=1[_ v=l

N K _

2) _ (1,8) (0.1) (335) (0.n) (L9s

Mk.n - Z S, ak n + ln Z V(h\ —k-1"%v,n Sk—m.v - h»kfv—l av,n bv,m—k
=1 v=1

)Hagﬂ+M@;

N K
M =5 oy +d,,zv(h<° 2%
v=1

k+v— » g Y -mk=v
s=1[_

©O.n) (Ls) (2.5) “r(3).
—hkvla 8vm+k)+dakn :|+Mk,n’

N

o N e

s=1

V.7

(0,n) (1 5) (2.5) “r(4)
_h —v- la 6» m+k)+lnak.n j|+Mk,n'

—mk=v

1 OCYIIECTBIAETCS IIepexo] Ha II. 12 aaropurma.
18) 3amaroTcs 3HaYeHus IOAPHOM KOOPAHUHATH B 0TOOpaXkaeMoit 001acTH

0,=A0) (j=0,..m~1),

27 ~
rae A= ; M1 — YHCJIO TOUEK Ha KOHTYpe BEIPAOOTKH, B KOTOPLIX ONpeaens-
n—
1

HOTCS HAPSDKEHMS,

Jarnee ompenensoTes KOMIIEKCHBIE KOOpAUHATHI (j = 0,....,1; —1):

- TOYEK €AMHUYHOH OKPY)KHOCTH

o =c0s6, +isinb ;
- TOUYEK OKPY>KHOCTH PaiuycoM R
Cl.j = RlCO,j;

- COOTBETCTBYIOIIMX TOYCK HAPYXKHBIX (s = 0) W BHYTpeHHHX (5 = 1) KOHTY-

POB 00A€I0K TOHHENEH

£y =R, Z ey

19) [Ina kaxnoro 3HayeHUs yria 6,- OTIPENETISIFOTCS 3HAYEHHs 0TOOpakaro-
mux GYHKIMR U UX TIPOM3BOJHBIX (§ = 0,1; n=1,.,N;j=0,..,mn)

m+l

(") Z qlE Sj >
0)(5,1]) Z (1 k)q(l) S, ;*

(") Z k(k 1)q(1) —k-] ].
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20) Jlnst kaxaoi rpymmst kospdruwentos ai’ (j=1,..,4;k=1,...,N) (Ia, Ib,
H) onpez[ensnor Cs BHAUYCHUA l'[pOI/IBB(),EleIX KOMITIJICKCHBIX MMOTCHIUAJIOB le/l Ka-
JIOM paccMaTpUBacMOM 3uaqum yrma 9, (s 0,1;n=1,.,N;j=0,...,m)

(C¥ (L) o=k (31)
of = Zka - +Zka

S_]’

op" Zk(k +Da G 2+Zk(k Dag, 5o

2,1 »kl 4.1
W =G Sk

21) JIns KaXIoro TOHHENS onpenensnoTc;[ HaNpPSHKEHUS B COOTBETCTBYIO-
IIMX TOUKax BHYTPEHHETO (s = 1) 1 Hapy»HOTO (s = 0) KOHTYPOB MOMEPEIHOrO Ce-
YeHUs 00JENKH
0%

. 1 [ )
(s.J) _ (") (n)/ (”) (m)// (n) 278 (") ('l)
GB - (n) Re 2(") (psj + CU J s] (PSJ (psj (n) + lll

(0]

5 J
5.]
22) B k&)kKI0M HOPMATBHOM CEUCHHH OOAENKU OTIPEACISIOTCS SKCTpEManb-
HBIE 3HAUEHHS HOPMAIBHBIX TaHTE€HLUHAILHBIX Hanp;mcennﬁ Ha BHYTPEHHEM M
HapY>KHOM KOHTypax nomnepeuroro ceuenus (j = 0,...,n; —1)

A =™ =8 600 1a) + 01+ >[c“f'”(lb)wg"fﬂ(n)];
B, = &gBHYFPJ) - 1;:5 a, J)(la) Q\/(1+Qz)I:G(U)Z(Ib)+G(U)Z(H):I;

€, =0 = L2600 (1) + 0+ ) o () o (D) |

J

D, =c~sg*"’=f>=1 S 60)(Ta) - QJ(1+Q ) o (Ib) +02(1I) |

23) U3 3navenuii 4;, B;, C;, D; BrIOMpatoTcs Haubombllee OTPULATENLHOE W
HanOOoJbIIee MOJIOKUTENBHOE.

Ecnu HauGombmuM OTPULIATENLHBIM MM HOJIOKUTEIBHBIM OKKETCS OXHO
u3 yucen A; wma C;, ONpelenaeTcss COOTBETCTBYIOMUI eMy Yrojl MaJeHust BOJIH O
1o opmyiie

D) — 5P
a;= 2ar gw (j=0,.,m-1),
Qo (Ib)— oy’ (1)

B KOTOPO#i monaraercs oy =™ | eciiu HaMGONBIIAM OKa3aIOCh 3HAYCHHE A;,
1 6’ =™ ecrm HanGonbIIAM 0Ka3anoCh 3HAYeHHE C.
Ecii HauGOJBIIAM OTPHLATENLHBIM HITH TOTOXHTETBHBIM OKKETCS OJHO

U3 uMcen B; wim D), COOTBETCTBYIOMMIA €My YTOJI HaficHH BOJH OL ONPEAENACTCS
o gopmysie
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arct 0o (1) - o (Ib)
a;= 7 +5 EQ ((Tb) -6 (1)
8 0
B KoTopoit Toaraetcs 6§’ = ™™ | ecim HauGOIBIINAM 0Ka3a/I0Ch 3HAUCHHE B), 1

(=0,...m =1),

6’ = 6P ecnn HAMOOBITM OKA3aI0CH 3HAYCHHE ;.

24) Jinst kaxmaoi 0OMeTKK OIPENeTsIOTCA HAPSIKEHUS, COOTBETCTBYHOIINE
MaKCHMAJIBHOMY CKHMAOIIEMy W MAaKCUMAIbHOMY DaCTArMBAIOLIEMY HaIpsDKe-
HUSIM, KOTOpBIE MOIYT BO3HMKHYTb B PAcCMaTPABAEMOM HOPMAITbHOM CEYCHHH
[P 3EMIIETPSICEHIH 33 1aHHON HHTECHCUBHOCTH

6 = %G(D (Ta)+ ch(j)(lb)(Qcos 20, —sin 201}.) +

+Qc(-f)(II)(Qsin2aj +cos 20c].).
31echk oz cuMBONOM «6y TIOHEMaeTCs MOG0E U3 OTHICKMBAEMBIX HANPS-
xermii 607, G (eo’j),cfbj),téfe') (G=0,..,n-1).
25) Jlyist 060MX MOMY9IEeHHBIX BAPUAHTOB ONPEACIIAIOTCS BEIMYKMHEI yCUIIN B
PacCMATPUBAEMBIX HOPMAIBHLIX CEUESHUSIX KKI0H 0baenku no Gpopmynam
(Ggm_\,,.p,j) (Hap ) )52 (G(BB}ryTpﬁj) _ G(Buup:j) )6

M. = J ]V—
J 12 2

rae 8, =|o,, —o,,|

J

(J = O)"'anl _1) >

26) IlonydyeHHbIE YCHIMs COOTBETCTBYIOT HAMOONBIIAM CKHMAIOMMM H
PACTATHBAONIAM HAMPSDKEHUSAM Gp B HOPMAJIBHBIX CEUCHHAX OONENKH, MOJyYeH-
HBIM B MPEANONIOKEHUM, YTO PACTATHMBAIOINAs HOPMAlbHAs HAarpy3ka Ha KOH-
CTPYKLIUIO HE NepeacTcs. PeKOMEHAyeTCsl HCTIOJIb30BaTh I0JIyYEHHBIE 3HAYEHUS
YCHIIHIL ANs NPOBEPKU HNPOYHOCTU OOAENOK, IIPOSKTUPYEMBIX C JOMYLICHHEM 00-
Pa30BaHuUs TPEIIHH.

Ecnu mpexmonaraercs, 9to o0fenka paboTaeT COBMECTHO € OKPYKAarOIHM
MacCHBOM IIOPOA, W HOPMAaJbHOE PAacTATMBAIOHICE HANPSHKEHUE MOXKET INepena-
BaThCA HA MOJA3EMHYIO0 KOHCTPYKIHIO (HanmpuMmep, 00Jenka NIpHaHKepeHa K Mopo-
Jie, BBIIIOJIHEHA W3 HAOPBI3TOETOHA, WM NMPOCKTAPYETCs 6e3 DomyIeHus: 00paso-
BaHMA TPEIIMH ¢ MAKCUMAIbHBIM 3allacOM IIPOYHOCTH), TO U3 MONYYEHHBIX JBYX
nap 3HaYCHU yCUHil BEIOMpaeTcs Ta mapa, KOTopas COOTBETCTBYET HANpPsDKEHH-
M Cp B 00jenKke, OobmMM MO abCOMIOTHOM BeMHUMHE. B KauecTBe pacueTHHIX
TMPUHUMAIOTCA COOTBETCTBYIOLUIUE SITHOPHI YCPUIHﬁ, B3ATHIE CO 3HAKAMU «+» H «—».

28) PacueTHble 3HAYCHHS HANPSDKEHUI YMHOXKAIOTCS HA BETHUUHY P, ompe-
Jensemyro o gopmyie (7.4). PacueTHbie 3HaYE€HHS POAOJBHBIX CHJI YMHOKAFOT-
Cs Ha BEINUHHY PR,,b pacyeTHbIC 3HAUYEHNS U3rHOAOIMX MOMEHTOB YMHOXKAIOTCS
Ha Bemuuuny PR,’b, rne — umiHa paccMaTpUBAEMOrO IEMEHTA TOHHENS B IPO-
JIONBHOM HamnpasiieHud. Kak npapuiio, npuHuMaeTca b = 1 M.
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[Ipumep pacuera
Hmxe npuBesieHBl pe3ynbTaThl pacyera GETOHHBIX OOIENOK JBYX Mapal-

JICJIBHBIX TOHHEJNEH, II0NepEUHBIE CEYEHUST KOTOPBIX MTOKa3aHbl Ha pUcyHKe 18.2.

[ f
wy w
3 h
9 9
)
& Y
k=] (=]
~ ¥ ~| ¥
)|
. . 5 .
S Y
3 &
5000 5000
’ 8000 |

Pucynox 18.2 — I[Toniepednsre cedeHns 00A€I0K ABYX MAPALIETbHBIX TOHHEIEH

MTla,

PacueT BBHITOHEH TIPU CIEAYIOMNX UCXOIHBIX JaHHbIX:

- JedopManMOHHBIe XapaKTepucTHKy IpyHTa £y = 3000 MIla, vy = 0,3;

- nehopMaIiOHHEIE XapaKTepUCTHKU OeToHa obmenku E; = E, = 30000
V=V = 0,2;

- oOBemMHBIi Bec rpyHTa ¥ = 0,025 MHAM;

- K03 HUIMEHT, YINTHIBAIOLINI Ha3HAYeHHE CoopyxeHus Ky= 1;

- K03 ULHMEHT, YUHTHIBAIOLINI JOIIyCKaeMble moBpexxaenus K= 0,25;

- KO3 HUIHEHT, YUUTHIBAIOLINH HMHTEHCUBHOCTE 3eMueTpsicerns 4 = 0,4;

- mpeobnaTaroIuii nepuoy konebanus rpyuta Ty = 0,5 c.

Uwcno 4ieHoB, yIepKUBAeMBIX B PSOaX pasioKeHHS KOMIUIEKCHBIX TOTE€H-

nuanos, N = 40.

Koaddunuentel orobpakaromel (GyHKINH, MONydeHHBIe MO aJTOPHTMY

[Tpunoxenns I, oquHaKoBbIe [Ulsl BHYTPEHHUX KOHTYPOB 00/I€NIOK paccMaTprBae-
MBIX TOHHeJIel, paBHEBI

by = 2,711504; b = -0,141401;

b, =0,145695; b, =0,090228,;

b, =—0,092452; b, =0,063711;

b =—0,024823.

Ha pucynkax 18.3, 18.4 mpuBojsTCsl pe3ynbTaThl pacdeTa 00IeTKH JIEBOTO

TOHHEJSI — BIIOPBl HOPMAaJbHEIX TAHI'€HIIMAIBHBIX HalpsHKeHUH Ha BHYTPEHHEM

(BHYTP)
Go

1 HapyXHOM cg”ap) KOHTYpax IOIePEeYHOr0 CeUeHUsI 00JeNIKY, 3rubaro-
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LIMX MOMEHTOB M U MPOJOJBHBIX CUlI N, COOTBETCTBYIOLIMX MaKCUMAaJIbHBIM pac-
TATHBAIOLAM W CKUMAIOIINM HANpPsIKEHUSAM B HOPMAaJBHBIX CEUEHUS KOHCTPYK-
ITHH,

G MTa %) MIa

M, xHm

Pucynok 18.3 — HanpsbkeHns 1 ycuiust B 00/ieIKe JIeBOTO TOHHES,
COOTBETCTBYIOIINE MAKCUMANbHBIM PACTSITHBAIOLINM HAPSKEHUSAM
B HOPMAITBHBEIX CEUCHHUIX KOHCTPYKIIUH
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oy Mlla o™ Mlla

-1,73

-1,68

-1,90

.38 -4,61

M, xHy N, kH
-1145
-1309

-1363 -1068

Pucynox 18.4 — HampshxeHus 1 yeunust B 00€JIKe JIEBOrO TOHHEIS,
COOTBETCTBYIOIINE MAKCHMAIBHBIM CKHMAIOIINM HAIPSDKEHUSAM
B HOPMAITBHBIX CCUCHUAX KOHCTPYKIUH

IMpencrasnennsle Ha pucyHkax 18.3, 18.4 pesynsTaTel cripaBeATUBHI JUIs
00/1eJIKY TIPABOT0 TOHHEJA (C YI€TOM CHMMETPHHU PACUETHOM CXEMBI).
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19 PexoMeHaMH 110 NPHMEHEHHIO YHCJIEHHBIX METOI0B NPH pacyeTe
001eJI0K TOHHeJIeH Ha ceficMuYecKHe Bo3/AelicTBHsI 3eMJIeTPsICCHHIT

19.1 YucneHHble METOABI KOMIBIOTEPHOIO MOACIUPOBAHUS HANPSYKEHHOTO
COCTOSIHHS OONENIOK TOHHENEH, COOPYKAeMBIX 3aKPHITHIM CIIOCOOOM B celicMo-
OIACHBIX PalfOHAX, PEKOMEHYETCS UCIIONB30BaTh IPH PACUETe CIOXKHBIX MOI3EM-
HBIX KOHCTPYKUMH, IPH U3BECTHOM COCTOSHUM U CTPOCHUM MACcCHBa, B TOM YHCIIE
C LIEJBI0 YTOYHEHHS PE3YAbTATOB, MOJYYECHHBIX ¢ MPUMEHEHUEM METOIUK, Mpea-
CTaBJICHHBIX B paszaenax 8-18.

19.2 Ecnu napaMeTphl CeHCMUUECKOrO BO3ACHCTBHS HE U3BECTHLI, MOJCIH-
pOBaHME CIECAYET IPOU3BOANTH B KBA3UCTaTHYECKOM MOCTAHOBKE TPH 3arpyKEHUH
TPaHUI IUIOCKOH KOMIIBFOTEPHON MOJIENU HANMPsLDKEHUSAMH, OIPEACISIEMBIMU B CO-
OTBETCTBHY C II. 7.18.

19.3 B cny4ae OTCYTCTBUS JAHHBIX O MOJOKCHHM O4ara 3eMIICTPICEHUS B
MIPOLIECCE MOJEIMPOBAHAM CEHCMUYECKOrO BO3AECHCTBUS CIEAYET paccMaTpuBaTh
pa3IMYHBIE T€OMEXaHWYECKUE CUTYallUM M B KAueCTBE PACUYETHBIX MPHHUMATH
orubaroIye dM0P MAKCHMAIBHEIX HAIPSDKECHMH W YCUITHIM, KOTOPBIE MOTYT BO3HH-
KaTh B MOJ3¢MHON KOHCTPYKLUMU IPH BCEX BO3MOJKHBIX COYETAHUSAX OJHOBPEMEH-
HO IIPUXOASIINX CeHCMHYECKNX BOJIH Pa3HOTO XapakTepa JIFoOOro HampaBICHHS B
IUIOCKOCTH NOIEPEYHOI0 CEUECHUS COOPYKEHUSL.

19.4 Cnemyer paccmarpuBaTh AOCTATOUYHO OOJIBINHE 00JACTH MOACIUPOBA-
HHS TEOMEXAHUYECKOI CHCTEMBI «00JENKa — MACCHUB IPYHTa» C TeM, YTOOBI pas-
Mep KOMIIBIOTEPHON MOJEIM IO BO3MOXHOCTH INPEBBINAN MATh MaKCUMAIBHBIX
MONEPEUHBIX PA3MEPOB COOPYKEHHUS UITH KOMILIEKCA COOPYKEHUHA.

19.5 Ipn MonenmpoBanuu Bo3aekicTeys [13 B IMHEHHO-YNIPYroii MOCTaHOB-
K€ CIeIyeT paccMaTpuBaTh TPHU BApHAHTA HArPY>KCHUs KOMIBIOTEPHON MoAenu
(TpW 3aja4u), pacueTHBIE CXEMBI KOTOPHIX MOKa3aHbl HA puc. 19.1 u mis kaxmoi
MOJIENM onpeneaTh HanpspkeHHoe cocrosHue o (1), o (1), o (I). 3nech cumBo-
noM ¢ 00O3HAYEHBI BCE KOMMOHEHTHI TEH30pa HANPSDKEHHW B 3aaHHON TOYKE
MOJICNH, BenMuKHa P onpenensercs no gopmysne m. 7.18.1.

OKCTpeMasbHBIE HAPSHKEHUS B 0OJENKE HAXOJITCS ¢ NCIONb30BAaHUEM BhI-
paxeHust

o7 %Ge (1)£0,[(1+0°) o3 () + o2 (1) ], (19.1)
[l Gg — HOPMAJIBHBIE TAHTEHIMATBHEIE (OKPYKHBIE) HANPSDKEHNS B PACCMATPH-
1-2v,
2(1-v,)

BaeMoif Touke obmenku; Q= ; Vo - koaddunuent Ilyaccona maccusa

TpyHTA.

OnHO U3 HOJIyYCHHBIX 3HAYCHHI HANpPsOKEHUH (C TEM WM HHBIM 3HAKOM IIe-
PEA BTOPBIM CIAraeMbIM) JA€T G, , APYTOE — G .. .
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Pucynok 19.1 — PacueTHbIe CXeMBI K ONPENEIeHIIO KOMIIOHEHT TEH30pa
HanpsKCHUI:

a — B 3amade [; 6 — B 3agaue II; 6 — B 3amaue 111

Jina oueHku Hambonee HeOIaroNpUATHBIX HalpsbkeHUE og B obmenke

HEOOXOANMO ISl K&KAOTO CeYeHHS IIPOM3BECTH BEIYUCICHHUS 110 Gopmye (1), Oe-
PS B KaUecTBe Gg €ro 3Ha49eHHs Ha BHEIUHEM M BHYTPEHHEM KOHTypaX Honeped-

HOTO CeYeHHs — U W3 YeTblpex MOJyYeHHBIX 3HaUeHUi BbIOpaTh

GOBIICUI > GeBH)Tp
Gonbliiee 110 abCOMIOTHON BenuumHe. Kak MmpaBuiio, OHO MOMy4aeTcs HA BHYTPEH-
HeM KOHTYpe U UMeeT 3HaK «—» (TIPH PacCMOTPEeHHNH COYeTaHWs BO3ACHCTBUH, 110~
Ka3aHHEIX Ha pucyHKe 19.1).

[Nony4yeHHble HANPSHKEHHS [TPUHAMAIOTCS CO 3HAKAMH «1t» U «—» H CYMMH-
PYIOTCS ¢ HANPSHKEHHAMH OT APYTHX BUJOB BO3IEHCTBHII B cCaMOM HeONaronpusar-
HOM coueTaHuu (cM. 1. 7.26)

119



20 Meroauka pacyera 00/1¢/I0K TOHHeJ el MeJIKOro 3aJI03KeHHN, COOPY-
JKAEMBIX 3aKPBITBIM €CI0CO00M

20.1 Meroarka mpeqHa3HavYeHa JUIsS pacueTa 3aMKHYTHIX MOHOJMTHEIX 00-
JIeJIOK TOHHeJNEeH, COOpYKaeMbIX 3aKPBITEIM CIIocoO0M BOIH3U 3eMHOH MOBEPXHO-
CTH.

20.2 Meroavka npUMeHHMa AJsl TIPUONIKEHAOTO pacdeTa cOOpHBEIX 00ze-
JIOK, MOHTHPYEMBIX C HEPEeBI3KOI CTHIKOB.

20.3 OOpenka paccMaTpUBaeTCs KaK 3aMKHYTas KOHCTPYKLHS 3aJaHHOM
TOJIIUHEI U KOH(UTypanuy, padoTarommas B yrpyroi craguu aehOpMHAPOBAHHS B
YCTIOBHSIX IIOJIHOTO KOHTaKTa C MACCHBOM T'PYHTA.

20.4 MeTtovKa TIO3BOJISIET OIIPEENIATh HANMPSDKEHHS U YCHIINSA B 0o0aeIKax
TOHHEJIEH C yYETOM BJIMSHMS 36MHOM ITOBEPXHOCTH NPH NEHCTBUM JUIMHHBIX MPO-
JIOTBHBIX U IOIEPeUHBIX CeHCMUYECKUX BOJH 3aJaHHOTO HAIpaBJIeHHS, a Takke
HanpsDKeHUS U YCUIHMA B KOHCTPYKIIHMH, COOTBETCTBYIOIHE Hamboiee HeOJaro-
TIPUSITHOMY HaIpsHKEHHOMY COCTOSHHIO, KOTOPOE MOXKET BOSHUKHYTHh B HOpMallb-
HbIX CEYECHHUSAX IMOA3E€MHBIX KOHCTPYKLUH NpHU 3eMIETPICEHUH 3aJaHHOM WHTEH-
CHUBHOCTH.

20.5 HampsbkeHHOe COCTOSIHHE OONENKH TOHHENS [pH JEWCTBHH POJOTb-
HOMH BOJIHBI, HAaIIpaBJICHHON I10A NPOU3BOJIBHBEIM YIJIOM (L K BEPTUKAIH, ONpeaesi-
IOT U3 pEHIeHUs IIIOCKONH KBa3UCTATUIECKON 3a71aul TEOPUH YOPYTOCTH ISl KOJIb-
I[a TPOU3BONGHON (POPMEI, IHOAKPEIUISIOLIEr0 OTBEPCTHE B  JIMHEHHO-
JedopMmupyemoli cpene npu AeHCTBMM Ha OECKOHEYHOCTH HAIpsDKEHHH, ompexe-
nsieMbeIX opMynaMmn (7.4), B COOTBETCTBHH C pacdeTHBEIMK CXeMaMH, MpeAcTaB-
JeHHBIME Ha pucyHke 20.1 a, 6 [17].

y y
P P
¢r ; Y Ll | a
~
2 o o
5B - © s ” g
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PucyHok 20.1 — PacyeTHble cXeMblI K OIIpeAeeHHI0 HAIPSHKEHHOTO COCTOSTHHUS
00/1eNTKH TOHHEJIS] MEJIKOTO 3aJI0XKEHHUS KPyTroBOro (@) U HEKpYroBoro (6) more-
PEYHBIX CEeYEHUI TIpU ASHCTBUU MPOJONBHOM BOJTHBI
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HamnpsokenHoe cocTosiHue 00OAeNKH TOHHENS NpH OeHCTBUH MONEPeYHOR
BOJIHBI, HallpaBJIeHHO! MOA MPOU3BOJIGHBIM YIJIOM O K BEPTHUKAIU, ONPEAENsIoT 13
pellieHHs TIIOCKOH KBAa3HCTaTUYECKOH 3aJaull TEOPHH YNPYTOCTH AJS KONBIA,
HOAKPEIUIIOLIETO OTBEPCTHE B JIMHEHHO-IeopMUpyeMOi cpelie IpH IeHCTBUH Ha
6EeCKOHEUHOCTH HalpsDKeHHH, ornpenenseMbiX ¢popMynamu (7.6), B COOTBETCTBHH
pacyYeTHBIMH CXeMaMH, TIpeJICTaBIeHHBIMH Ha pucyHke 20.2, a, 6.
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Pucynoxk 20.2 — PacuyeTHble cXeMbl K ONPENENIECHUIO HAPSKEHHOI'O COCTOSHUSA
06/IeNIKY TOHHEIISI MEJIKOTO 3aJI0JKeHUsI KPYTOBOTO (a) H HEKpYroBoro (6)
TIOIIEPEYHBIX CEUSHUH TIpH ISHCTBUH NONEPETHOH BOIHBI

20.6 MaccuB rpyHTa MozenupyeTcs MOMyOecKOHEUHOW OJHOPOIHOH u-
HelfHO- e opMupyeMoit cpefiolt S, TeopMaOHHBIe CBOMCTBA KOTOPOH Xapak-
TepU3YIOTCS CPEAHUMH 3HAa4eHUsSMH MOAYJs Jedopmammu E, W xoddduieHTa
Ilyaccona vy. Obnenka Momeaupyercsi 3aMKHYTBIM KpyroBbiM (cM. puc. 20.1 a,
20.2 a) unu HeKpyToBBIM (cM. pHc. 20.1 6, 20.2 6) KoIbLOM S}, MaTepual KOTOpo-
ro obnagaer neOpMalHOHHEIMA XapakTepucTukamu E), vi. ' paHudHbIe yCIOBHS
paccMaTpUBaeMBIX 3a/1ad Ha JIMHUM KOHTAaKTa Ly OTPaXKaloT YCIOBUS HETIPEPHIBHO-
CTH BEKTOPOB HAIPSUKCHHN M CMEUICHHI; BHYTPSHHUHN KOHTYp Koiblia L, cBobo-
JIeH OT JIeHCTBHS BHEITHUX CHIL.

20.7 PacyeT Ha celicMHUYecKUe BO3AECUCTBHS 3eMIIETPSACEHUs 3aJlaHHOM UH-
TEHCHBHOCTU IPOU3BOJUTCS HA OCHOBE [IOJIOXKEHHH pasfiesia 7 B COOTBETCTBHH C
aNropUTMaMH, IpeCTaBIeHHBIMU HIKE.

20.8 MeTrouka IpUMeHNMa K pacueTy TOHHeJEeH [TyOOKOTro 3aJI0KeHH .

AJTopuTM pacdeTa KPYroBhIX 001eI0K TOHHeNeH MEeITKOro 3aJ0KeHNs

HcxoaHbIMY JaHHBIMU 15l pacyeTa sBISIOTCS:

Ry, R| — Hapy>XHbI} ¥ BHYTpeHHUH paiychl 00eNK1 TOHHeIs, M;

H — rnyOuHa 3a10KeHus1 TOHHEIS;

Ey — monyns nedopmanuu rpyara, MIla;

Vo — KoadduiuenT [lyaccona rpyHra;

E1 — monyne aedopmanun Matepuana ooenku, MIa;
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— koa(purment [Tyaccona maTepuana 00 IEIKH;

y — oGBeMHHIiT Bec rpynta, MH/M;

A, Ky K1 — k03hPUIACHTHI, TPHHEMAEMBIE B COOTBETCTBHY ¢ 11. 7.18.1;

Ty — mpeoOnagatoumii nepuos koaeOaHui YacTHIL TPYHTA, C,

3agaeTcd Yucio WICHOB N, YACPKUBAEMBIX B PAIAX PA3NIOKEHHUS KOMITICKC-
HBIX HOTCHUHAIOB. J[J1s1 PaKTHYECKUX PAacUeTOB JOCTATOYHO NPHHATE N = 20.

Pacuer cOCTOUT B BBIIOIIHEHUHU CIEAYIOIIMX OIEPaLIMii.

1) Onpenensrorcst BENUYHHBI

_ Y )= 1—2\)0;
1-v, 2(1-v,)
3-4 E (j=01
@, =3-4v;u,=———(j=0,)
J PRy Y )
h=H/Ry;, =R /R,
n
1+ &, M -
t= ”°;d= u0;s=l—t;l=1—a’.
1+ &, 1+ =,

2) Onpenenstorcs: KOMIUIEKCHbIE Ko (duumenTs! 7, x(n=0,1,... 2N+3; k=

1,..., 2N+3) o peKyppeHTHBIM (hopMyIam
1 -1

et 10k+1:i;[ 1k = 1p k+n !
2ih 7 2ih " " *nel 2

3. Onpenenstores nieficTBuTenbHEE Ko>(dummentsr PYXP(f,s, p=1,2;
k,n=-=N,..,N)

B =0t 40,5, d(2—k), PO =) 4,

1
()(12) 7\‘ f— e kd(2 k) P(l)(2 2) _ ;\‘n,—kd;
Pk(Z)(ll) _

01 ="

k[ F QDA+, (1 —1)(2 + k),

= x‘n,kl - )\n.flr—2 (2 + k)d,
Pk(Z)(I,Z) —_

(2)(2.1)
Len

A8 +Q+Ekd]+ 0,5, (1 -2+ k),
= 7\‘nkl +;\’ n,—k- 2(2+ k)d

4) Onpenensitotcst AelCTBHTENBbHbIE KOS(QHITACHTHI AN(=12;
kn=1,..,N)

P2

A =PIk (— 1Y (2+ k)PIXED 2ok _ (1] p@axii, k.

2+k,n

A(j)v —pf%f Dy (_1)1(2+k)1)2(3€(2,) 2+k (_l)jF;c(;)(Z,j)rlk;

) (X1,7), k 1 _ P N
A =B = (1 (2= kPO _ (1)) p@Xyk

) (D2 )k _ 1y .2 j .-
AN v =550 - (=12 —k)pz(_li(;d)rlz k(=) PRI

122



5) Boruncnsorcs 3HAYEHU  Tpex rpynmn k0o puUIUIEeHTOB
EYP (j,p=1,2k=-N-2,.,N+2)

- rpymna la
EM =-p d+0), EF=h_(d+i-s-1); E{P =0,E> =0.
- rpynma Ib
ESV=h, dy ECV =0 I+ hods BN =0,E3P =0.
- rpymma II

EM = _d;  EP? = d—h B =0, B2 =0.

Janee peanusyercst UTEPALMOHHBINH MPOLIECC, COCTOSIIHNIA B TIOCTIEIOBATEIb-
HOM BBITIOJIHEHUH 1. 6 — 11 anropur™a.

6) Jins waxcnoii rpynner (Ta, Ib, 11) kospuumentos EX (p, j=1,2)
onpenensitores kooddummentsr By (j=1,2k=1,..,N) no cneayrommm Qopmy-
Tam

B = =M +(=1Y @+ MG PR + (=1 M3 rt

B, ==MSPrE + (=1 Q= k)M P + (=1 MG/ r 7,

IIPY 5TOM B [IEPBOM NPUOIKEHHH IPUHUMAeTCs M P = EP7
7) Peluatorcs nBe HE3aBHCHMBIE CUCTEMBI IMHEWHBIX aJircOpanvdecKux ypae-

2N .
Henuil BAzA ZA(’ X = B (k=1,..,2N;j=1,2), npasble 9acTH KOTOPHIX OMpe-

An n
n=1

JenstoTes s kakaoit us Tpex rpymn (Ta, Ib, IT) Benuunn E7
8) BEIUMCIAIOTCS KOMIDTCKCHBIE kKod(hduumentol (k =1,...,N) mifd kaxnoi
rpyrmsl Ia, Ib, IT cBOOOAHEIX WieHOB
M0 = x4 ixt?;

( 0 ()] (2)
= Xy T

9) Hauunas co BTOporo npudmmkeHus 4y Kaxaoi rpynmnsi la, Ib, IT otmm-
une KaKa0ro Kodhduimenta ¢/, BEIMUCIEHHOrO B 11. 8 arOpUT™Ma, OT COOTBET-
cTBytomero ko>ddummenta ¢’/”, nonyyeHHOro Ha IpeabLIYLIEM IAre HTEPAIH-
OHHOTO ITPOIECCA, B3ATOE TI0 AGCOMIOTHOM BEIMUMHE, CPABHUBACTCA C 3apaHee 3a-
JTAHHOM Maoif BenmmuuHOM €. Takum 00pazoM, MPOBEPSIETCS YCIIOBHE

‘CE{,’O) - c'fi,”o)‘ <g (j=L2k=1,.,N).

B ciydae, ecnu YCIoBHE BBITONHAETCA 1is BeeX Kodddummentos ¢

I/ITCpa].[I/IOHHHI/I Ipouece CUYUTACTCA 3aKOHYCHHBIM H CICAYIOIUM BBINOJHACTCA
1. 12 anroputMa. B cnyudae, ecnu yeioBre He BHINONHAETCS XOTA OBl U1 OJHOTO
13 K03 YUIUEHTOB, NTEPALMOHHBIA MPOLECC MPOJOJDKACTCA, H CIEAYIONAM BHI