Kpamkuit koncnexkm jiekyuit no oucuuniuHe

«CAIIP KoncmpyKyuil 30aHuil u COOPYHceHuil»

Jexkuyusa 1. Obuwue ceeoenus

CoBpeMeHHbIE METObI pacueTa U MPOEKTUPOBAHUS CTPOUTENBHBIX KOHCTPYK-
IUH HEMBICIIMMBI 0€3 MPUMEHEHUSI KOMIIBIOTEPHBIX TEXHOJOTHIA. DTO e MOKHO CKa-
3aTh U O HAYYHBIX MCCIICIOBAHUSAX B 00JIACTH CTPOUTEITHLHON MEXaHUKU M MEXaHUKH
TBEpJIOro Teja. BesHusiM BpeMEeHM OTBEYAET U Psifi JUCLMIUINH, BBEJICHHBIX BO MHO-
TUX CTPOUTENIbHBIX By3aX PocCCUU: «KOMIBIOTEPHOE MOJIEIMPOBAHUE U aBTOMATHU3U-
pOBaHHbIE pacueTbl HA NMPOYHOCTH», «OcHOBBI CAIIP», «KoMnbroTEpHBIE TEXHOJIO-
TUU B CTPOUTENBCTBE», « KOMIIBIOTEpHBIE METO/IBI B AMHAMUYECKOM pacueTe 31aHui
Y COOPYKECHUI.

CtaHOBUTCS HOPMOW BBIMOJHEHUE JUCCEPTALMOHHBIX PadOT MO CIEAYIOIIeH
CXeMe: IPOBEAECHUE Psiia KOMIBIOTEPHBIX IKCIIEPUMEHTOB; BBISIBICHUE BAKHBIX OCO-
OeHHOCTel pabOThl KOHCTPYKITUH IO UCCIIeMyeMOl TpoliiemMe; POBEACHUE HATYPHO-
r0 AKCIIEPUMEHTA, HAIIEJICHHOTO Ha MCCJIEIOBAHUS dTUX OCOOCHHOCTEH; MTPOBEICHHE
OOIIMPHBIX KOMITBIOTEPHBIX HCCIICIOBAHUN C WCIIOJIB30BAaHUEM JAaHHBIX HATYPHOTO
AKCIIEPUMEHTA; 0000IIeHNE MOJyYeHHON MH(OpPMallMK U COCTaBJICHUE PEKOMEH/Ia-
UH.

[Ipu MpOEKTUPOBAHUK YHHKAIBHBIX OOBEKTOB, KaK MPaBUJIO, MPOBOASTCS 00-
IIUPHBIE KOMITBIOTEPHBIC MCCIEAOBAHMUS, BKIIOYAIOIINE MOEIMPOBaHUE MPOIIECCOB
YKU3HEHHOTO ITMKJIA: MPOIECC BO3BEICHMUSI, MPOIECCHl HArpyXeHHsS, OCOOEHHO TIpH
JUHAMUYECKUX BO31ercTBUsAX; mpouecchl n3MeHenus HJC Bo Bpemenu u ap. Bo
BCEX ITUX CIy4YasX MCMOJIb3YETCs TOT WA MHOM MPOrpaMMHBIN KoMIUieKc. U 31ech
WHXXEHEP—TIPOCKTUPOBIIUK, HAYYHBIN HCCIIeIOBaTeNb, MIPEnogaBaTelb, CTYICHT IS
YCHEUTHOTO NMPUMEHEHUS U30PaHHOTO MPOTPAaMMHOTO KOMILIEKca, 0€3yCIOBHO, J0JI-
JKEH OBITh XOTs ObI B OOIIUX YepTax ObITh 3HAKOM C TEOPETUYECKUMH OCHOBAMHU 3TOU
paszpabotku. [IK JIMPA—CAIIP cocTouT U3 HECKOJBKHX B3aMMOCBS3aHHBIX MH(Op-
MallMOHHBIX CUCTEM.

Opranuzanusi B3aMMOCBSI3€d MEXIYy STUMU CUCTEMAaMU, MPEJCTaBICHHAs Ha
pUCYHKe, 00eCIIeunBaeT TEXHOJIOTUYHOCTh Pa0OThI C KOMITJIEKCOM TaK, YTO KOMILIEKC
Kak ObI caM BEJIET MOJIb30BaTeIsl — OT CO3JaHus pacueTHOM MOJIETU K KOHCTPYHUPOBa-
HUIO 2JieMeHTOB. OCHOBHOM rpaduueckoil cucremoin spisietcs cucrema BU30P-—
CAIIP, enunas rpaduueckas cpena, KOTopas pacrojiaraeT OOHIMPHBIM HabOpOM
BO3MOXXHOCTEH U QPyHKIMHI Uit POpMHUPOBAHUS aJIEKBATHBIX KOHEYHO—AJIEMEHTHBIX
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U CYIEep—AJIEMEHTHBIX MOjenei paccunthiBaeMbix 006eKkTOB. BU3OP—CAIIP no3Bo-
JISIeT MPOU3BECTU MOAPOOHOE BU3YyaJbHOE 00CIEOBaHUE CO3JAHHBIX MOJEIEeH U uX
KOPPEKTUPOBKY, ONUCaTh (GU3HMKO—MEXaHUUYECKHE CBOWCTBA MaTtepuasnoB. B aToil ke
cpene 3aJaroTcs CBSI3U, PA3HOOOpa3HbIE HATPY3KU, XapaKTEPUCTUKU Pa3IMYHBIX -
HAMUYECKHUX BO3JECHCTBUM, a TAK)KE HA3HAYAIOTCS B3aMMOCBSI3U MEXY Pa3IMYHBIMU
3arpy>KeHUSIMH C LEJbIO OMpeieJIeHHUsI UX Hau0oJiee OMAaCHbIX COYETaHHIA.

Jlyist pacuera co3aHHON MOJIENTH MOXKET OBITh BHIOPaH COOTBETCTBYIOIIUMA pac-
yeTHbId nipouieccop. B coctas [TIK JIMPA—-CAIIP Bxonut Heckonbko PACUETHBIX
[TPOLIECCOPOB. Bce oHu mnpenHa3Haye€Hbl sl OINPEACICHUS HaNpsKEeHHO—
nedopmupoBanHoro cocrossaus (HJIC) KOHCTpyKIIMKM Ha OCHOBE METOJ[a KOHEYHBIX
AJIEMEHTOB B NEpPEMENICHUX. PacueTHble MpoLeccopbl Peaau3ylOT COBPEMEHHBIE
YCOBEPIICHCTBOBAHHBIE METOJIbI PEIICHUSI CUCTEM YypaBHEHHi, 00Jaiaoiue BbICO-
KUM OBICTPOJCHCTBUEM U MO3BOJISIIOIINE PEIIaTh CUCTEMBI C OYEHb OOJIBIIUM YHCIIOM
HEU3BECTHBIX.

JIMHEWHBIN IMPOLIECCOP npejna3HaueH 11 PElICHUs 3314, OMACHIBAIO-
X padboTy MaTepuana KOHCTPYKIUH B TMHEHHO—yPYroi MOCTaHOBKE.

HEJIMHEMHBIN TTPOITECCOP 1o3BosieT pemars 3a/aun, CBSI3aHHbIE ¢ (-
3UYECKON HEJIMHEWHOCTBIO MaTepualla B paMKax HEJIMHEWHOW TEOpUU YIPYTOCTH U B
yIpyro—TIacCTUYeCKONH MocTaHOBKE (O€TOH, >Keae300€TOH, CcTane0eToH, MeTalll,
rpyHT). PelieHne Takux 3aay ONpOW3BOAUTCS IIATOBBIM M IIArOBO—UTEPAIMOHHBIM
metonoM. HEJIMHEWMHBIN MPOLIECCOP MNO3BOJIAET pellaTh 3aaydd, CBSA3AHHBIE C
T€OMETPUYECKON HEIMHEHHOCThIO (BAHTHI, OOJBIICTIPOJIETHBIE TOKPHITHSA, MeMOpa-
HbI), & TAKK€ U C KOHCTPYKTUBHOU HEJTMHEHHOCTHIO (KOHTAKTHBIE 3a7a4H, OJHOCTO-
pOHHHUE CBS3U, TpeHHE). B cocTaB OMOIMOTEKH HETMHEWHBIX KOHEYHBIX IJIEMEHTOB
BXOJISIT TAK)KE AJIEMEHTBI, MTO3BOJISIONIME TPOU3BOIUTh OJHOBPEMEHHBINA yueT (u3u-
YECKOW U TEOMETPUUYECKON HENMHENHOCTH. [Ipy pacuerax HEIMHENMHBIX 3a/1a4 I1aro-
BBIM METOJIOM TMPOU3BOAMTCS aBTOMATUYECKUN BHIOODP IIara Harpy>XeHHs ¢ y4eToM
ero ucropuu. Pacdetnsie mporieccopsl conepxkar oomupHyro bBUBJIMOTEKY KO-
HEYHBIX 3JIEMEHTOB, koTopasi mo3BOJIIET CO3/aBaTh aJC€KBATHBIE PACUETHHIC
MOJICJIA TIPAKTUYECKU 0€3 OrpaHMYEHUN Ha OMUCAHUE PEATbHBIX CBOMCTB PACCUUTHI-
BaeMbIX 00BEKTOB. [Ipu 3TOM BO3MOKHBI 33a/laH€ TUHEHHBIX U HEJTMHEHHBIX 3aKOHOB
ne(opMUPOBAHUS MATEPUATIOB, YUET T€OMETPUUECKON HETMHENHOCTH C HAXOXKIEHU-
eM (OopMbl U3HAYATILHO MU3MEHSEMBIX CHCTEM, a TAK)KE Y4€T KOHCTPYKTUBHOW HEJH-
HEUHOCTH.

JlommyckaeTcst Hanuurue adCOFOTHO JKECTKUX BCTABOK KaK B CTEPIKHEBBIX, TaK U
B TUIOCKOCTHBIX KOHEUYHBIX 3JIEMEHTaX. Peain3oBaHbl 3aK0HBI 1e(OPMUPOBAHUS pa3-
JMYHBIX KJIACCOB Kene300eToHa. BernoMorarenbHble pacyeTHbIE MPOLIECCOPhI TO3BO-
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JSAIOT TPOBOAUTH JAIBHEUINNE MCCIEAOBAHUSA PACUETHOW MOJEIM IO pe3ysbTaTaM
ocHOBHOTro pacuera. Cucrema PCY mnozBonsier npousBecTu BbIOOp Hanbosiee omac-
HBIX COYETAaHHW YCWIMM II0 KPUTEPHUIO IKCTPEMANIbHBIX HANPSDKEHWM U B COOTBET-
CTBUU C HOPMATHBHBIMHU TPEOOBAHNUSAMU MHOTUX CTPaH.

Cucrema PCH no3BossieT onpeaeianuTb NEPEMEIICHHS, YCUIIUS U HaIPsHKEHUS
OT CTaHJAPTHBIX M MPOU3BOJIbHBIX JTMHEWHBIX KOMOMHAUMK 3arpyxenuil. [lox cran-
JapTHBIMHM JIMHEHHBIMA KOMOMHAIMSMHU TOJpa3yMeBarOTCsl KOMOMHALUUU (coueTa-
HUS), KOTOPBIE YCTAaHOBJIEHBI HOPMATUBHBIMU JIOKYMEHTaMHU.

Cucrema YCTOMUYUBOCTD naer BO3MOXKHOCTb IIPOM3BECTH IIPOBEPKY 00-
e YCTOMYMBOCTH PACCUUTHIBAEMOTO COOPYKEHHUSI C OIIPEAEICHUEM KO3PPUIIEHTA
3araca ¥ GOpMBI IOTEPU YCTONUNBOCTH.

Cucrema JIUTEPA peamu3yeT BBIUKCICHUE TJABHBIX W 3KBHBAJICHTHBIX
HaIPsHKEHUM 110 Pa3IMYHbIM TEOPUSAM IPOYHOCTH.

Cucrema @PAT'MEHT mno3BosisieT onpeAenauTh CHIIbl BO3JIEUCTBUS OJHOTO
(¢parmMeHTa pacCYUTHIBAEMOT0 COOPYKEHUS Ha JpYyrod Kak Harpys3ky. B dactHocTH,
MOTYT OBITh ONpENENCHbl HArpy3KH, MepeaaBaeMble Ha3eMHOW YacThlO pacyeTHOU
CXeMbl Ha (DYyHJaMEHTHI.

Jexuyusa 2. Ilpuznak cxemol, munvt K3

IIpu3Hak cxeMbl METOJIa KOHEUYHBIX AJIEMEHTOB HA3HAYAETCSl B COOTBETCTBUU C
TEMHU CTETECHSIMHU CBOOOJBI, KOTOPHIE 3aJ€MCTBOBAHBI MPU MOJICTUPOBAHUH TEX WM
uHbIX TUNOB KOHCTpyKiui. B T1IK JINPA—-CAIIP peannu3oBaHbl ClIeIyIOIINE MTPU3HA-
KU CXEMBI:

- Ilpu3nak 1 — cxemsl, pacnonaraemMble B INIOCKOCTH XOZ; KaKIbIi y3€ll UMe-
€T 2 CTeNeHU CBOOOIbI — TUHEHWHBIC MEPEMEIICHUS BI0JIb TNI00aIbHbBIX oceil X, Z win
JOKaNbHBIX oceil X2, Z2. B 3ToM npH3HaKe CXEMbI paCCUUTHIBAIOTCSA MIIOCKUE (DePMBI
U OAJIKM—CTEHKH.

- IlpusnHak 2 — cxemsbl, pacrojaraeMble B IIIOCKOCTH X(OZ; KaxKIbIi y3€ell nMme-
eT 3 cTerneHu CBOOOIbI — TMHEHHBIE TIEPEMEILICHUS BI0JIb TII00aNBHBIX ocel X, Z win
JIOKaIBHBIX Oocei X2, Z2, a TakKe MOBOPOT BOKPYT TII00ATBbHON ocu Y WM JIOKaJb-
HOM ocu Y2. B 3TOM mpu3HAaKE CXEMBI PACCUUTHIBAIOTCS IUIOCKME PaMbl U JOIyCKa-
€TCs1 BKJIIOUCHHE 2JIEMEHTOB (hepM U 0aTOK—CTEHOK.

- IlpusHak 3 — cxemsbl, pacnoynaraeMbie B IIIOCKOCTH XOY'; KaKIblid y3€]1 UMe-
eT 3 creneHu cBOOOABI — JIMHEHHOE TTepeMEIIeHUE BII0JIb TJI00AIbHON OCH Z WIU JIO-
KaJIbHOM OCHU Z2, a TaKk)Ke MOBOPOTHI BOKPYT ri00aabHbIX oced X, Y WM JIOKAJIbHBIX
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oceil X2, Y2. B 3TOM mpu3HaKe pacCUUTHIBAIOTCS OajlOyHbIE POCTBEPKH U IUIMTHI,
JIOITYCKAETCs y4eT YIPYTroro OCHOBaHUS.

- IlpusHak 4 — NPOCTPAHCTBEHHBIE CXEMBI, KaXIbIH y3€JI KOTOPBIX UMeEeT 3
CTEINEeHU CBOOOIbI — JIMHEHHBIE MIEpeMEIIeHUs BIOJb TJI00anbHbIX oced X, Y, Z uinu
JoKanbHbIX oced X2, Y2, Z2. B 3TOM npu3HaKe pacCUUTHIBAKOTCSA MPOCTPAHCTBEH-
HbIE (hepMbl U OOBEMHBIE TEa.

- Ilpusnak 5 — npocTpaHCTBEHHBIE CXEMbI OOIIETO BUA C 6 CTENEHAMH CBOOO-
161 B y37€. B 3TOM npu3Hake cXeMbl paCCUMTHIBAIOTCS KOHCTPYKLUHU OOIIEro Buaa —
IIPOCTPAHCTBEHHBIE KapKachl, 000JIOUYKH U JOIYCKAETCsl BKIIOUEHUE OOBEMHBIX TEI,
y4eT yIpyroro OCHOBaHHs U T.II.

- IlpuzHak 6 — IpOCTPaHCTBEHHBIE CXEMBbI OOLIETO BUAA C 7 CTENEHSIMHU CBO-
0oabl B y3ne. B 3ToM mpu3HaKe cXeMbl PacCUUTHIBAIOTCS KOHCTPYKIIMHU U3 TOHKO-
CTEHHBIX CTEP>KHEH C y4ETOM JEIUIAHALMN CCUEHUN.

- Ilpm3nak 15 — nminockue U NPOCTPAaHCTBEHHBIE CXEMBI JJII MOJEIUPOBAHUS
CTAllMOHAPHBIX M JAMHAMUYECKUX MPOIIECCOB TEIJI00OMeHa. B 3ToM mpu3Hake y3ibl
pacyeTHOM CXeMbl UMEIOT OJIHY CTeNE€Hb CBOOO bl — TEMIIEPATYPY t.

buobnuomexa Kkoneunvix I1emenmoe 0Jis TUHEHHBIX 340ay

bubnuotexa koneunsix 3neMeHTOB (BKD) comepkutT sinemMeHThI, MOJIETUPYIO-
e padoTy pa3INYHBIX THIIOB KOHCTPYKIIMNA: 3JIEMEHTHI CTEPKHEHN, YEeThIPEXyTOb-
HBIE U TPEYTOJIbHBIC DJIEMEHTHI IIOCKOM 3a/1au, TUIMTHI, 000JOUKH, DIIEMEHTHI MPO-
CTPAHCTBEHHOM 3aJiauu — TETpadp, Napauleienune, TpexrpanHas npusma. Kpome
toro, B BKD umerorcs paznuuHbie crnieluaibHble 3JIEMEHThI, MOJCIUPYIOIIUE CBS3b
KOHEUHOM KECTKOCTH, YIPYTYI0 MOAATIMBOCTh MEXKY y3JaMH, 3JIEMEHTHI, 3a/1aBac-
MbI€ YUCJICHHON MaTpUIlel )KECTKOCTH.

Bce xoneunble ameMeHThI, BKIoUueHHbIe B BKD, TeopeTtnuecku 000CHOBAHBI,
JUISl HUX TOJY4Y€HbI OLIEHKU MOTPENTHOCTH MO MEPEMEILICHHIM U 110 HANPSIKEHUAM t 1
1. TeopeTndeckn 000CHOBaHA TaKKEe BO3MOXXHOCTD 3aJaHUsI KPUBOJUHEHHBIX CTEPIK-
HEW NMPSIMOJIMHCHHBIMHU 3JIEMEHTAMH U IMPOM3BOJIBHBIX 000JIOYEK TPEYTOJIbHBIMH H
IPSIMOYTOJIBHBIMU (711 UMJIMHAPUYECKUX 000JI0YEK) IeMEHTaMH TIOCKONH 0001104-
ku. [lorpemHocTh Mo HANPSKEHUSM U MEPEMEIICHUSIM OLICHUBAETCS 3/1eCh BEIUYU-
HOM, MpONopUMOHANIBHOM h.

B BKD BKJIIOYEHBI TOJIBKO TAKUE 3JIEMEHTHI, 1JI1 KOTOPBIX MAaTEMATUYECKH J10-
Ka3aHa CXOJIMMOCTb, TO €CTh MOJYUCHBI t U T . 3HAUCHUS ATUX MapaMETPOB MO3BOJIS-
IOT HE TOJIbKO OOPECTH YBEPEHHOCTh B Pe3ysIbTaTax PEIISHUs TOW WIIM WHOM 3aa4H,
HO M OIICHUTH CTETICHb MPUOIMKEHUS TTOTYUYSHHOTO PEIICHHS K TOUHOMY.

YHusepcajabHbliii crepaxers (KJ 10)
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VYHuBepcanbHblil cTepkeHb CTep:KeHb UMEET MECTHYIO CUCTEMY KOOPAUHAT
X1,Y1,Z1, oTHOCUTENHHO KOTOPOM 3a/JaeTcsi MECTHasi Harpy3ka, a TaKke

OIIPCACIIAIOTCS YCUIINA.

A

Lo X

[
=

[IpenycmatpuBaroTcs pa3inyHble BO3MOXHOCTH

MPUKPETIJICHUS CTEPIKHS K y3JIaM CXEMBI:

- TpHU TOMOIIY a0COIOTHO KECTKUX BCTABOK BJIOJIb MECTHBIX OCEH;

- TIpY TIOMOIIM CHSTHS CBSA3M MO JII0OOMY HampaBlICHUIO (CHSATHE CBSA3H, COOT-
BETCTBYIOILIEH JINHEWHON CTENEeHU CBOOObI, 00ECeYBAET MPOCKAIb3bIBAHUE; CHSI-
THE YIJIOBOM CBSI3U — CBOOOIHBIN TOBOPOT, TO €CTh HWJIMHAPUYECKUHN TIApHUD).

JlommyckaeTcst HalMuue yrnpyroro OCHOBaHUs. MOKeT yUUTHIBATHCS CIIBHT.

YHuBepcajibHble KOHEYHbIE JJIeMEHTbl 0AJIOK—CTEHOK, TOHKHX IUIMT W
odosnouek (KD 11, 12, 21-24, 27, 30, 41, 42, 44)

[Ipeana3zHayueHsl JUisl pelICHUs IJIOCKOM 3aJaud TEOPUHU YIPYTOCTH, a TaKkKe
MPOYHOCTHOTO pacyeTra TOHKUX, ECTKUX IUIACTUH M TOHKHUX MOJOTUX O00OJIOYEK.
Marepras 0OqHOPOIHBIN MO TOJIIUHE YIEMEHTA, TUHEWHO YIPYTUM, H30TPOITHBIN.

TOHKMMH CYMTAIOTCS IUIACTHUHBI, y KOTOphIX 5 < Lmin/d, rme Lmin —
HAaUMEHBIINNA U3 Pa3MEPOB B IJIaHE; O — TOJIIMHA.

KecTkumMu CUHMTAIOTCS TIACTHHBI, Y KOTOPBIX HAWOOJBIINNA TPOTHUO HE Tpe-
BeImaeT 0/5. O00JI0UKM cuuTaroTcsa TOHKUMU, ecii R/d > 20, roe R — MUHMMAIBHBIN
paanyc KpUBU3HBI CPETUHHON TTOBEPXHOCTH.

O6omouku cuuTarorcs nojorumu, eciu Lmin/fo > 5, rae fo — crpena nogbema

cBoga obonouku. [Ipu pemiennn miockoi 3agaun Teopun yrnpyroctd, MK3O ncxonur
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U3 OOLIENPUHATHIX TUIIOTE3 00 OTCYTCTBUM AedopManuit (€z, yxz, yyz = 0 ans ciy-
YyaeB MJIOCKOH JAedopMalium) Wik HapsKeHui (6z, 17Xz, tyz = 0 ams ciaydas IiocKo-
IO HalpsKEHHOTO COCTOSIHUSA).

YHuBepcajibHble KOHEYHbIE 3JIEMEHTbl NMPOCTPAHCTBEHHOH 3a/1a4M Teo-
puu ynpyroctu (K3 31-34, 36)

[IpenHa3HaueHsl U ONPEEIECHNs HAalPsHKEHHO—1e()OPMUPOBAHHOTO COCTOSI-
HUSl KOHTUHYaJIbHBIX OOBEKTOB M MACCHUBHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIUH U3
OJTHOPOJHOTO M30TPOIHOIO JINHEWHO—YIIPYTrOro Marepuasna B IIOCTAHOBKE TPEXMep-
HOM 3a/1a4X TEOPUU yIPYTrOCTH

CnenuanbHble KOHedHbIe 3J1eMeHThI (KD 51, 53, 54, 55, 56)

IIpenna3zHayeHsl 11 OIPAaHUYEHUS JIMHEHHBIX U YIVIOBBIX IEPEMEIICHUN I10
HAIIpaBJICHUSIM OCEHW KOOpPJAMHAT, JJIl BBEICHUSA CBSA3EH KOHEYHOU JKECTKOCTH II0
HaIIpaBJICHUAM OCEl KOOPAMHAT, a TaKXKe I ydeTa MOJATIMBOCTH MaTepralia Mex-
Iy CMEXHBIMU y3J1aMH (HallpuMep, MOJATIMBOCTh POCTBEPKA WM METAJUINYECKUX
IPOKJIAJIOK MEXKIY FIEMEHTAMU ).

K9, Mmoaeaupyomniue cBsizu KOHeYHOM kecTKOCTH (TUIBl KO-51, KD-56)

Hannpie KO npuMeHstoTCs Uil BBEIAEHUS CBSI3M KOHEYHOW JKECTKOCTU I10
HarnpasyieHuto ogHou u3 ocert (KD—-51) unu otHOCcuTEeNnbHO Beex oceit (KD—-56) rio-
OaJIbHOW WJIM JIOKAJIbBHOW CHUCTEMBI KOOpJWHAT y3ja. Tak, Hampumep, JJs CTEICHU
cB000BI Z KOHEUHbIH sneMeHT KO—51 no3BosisieT cMoieanpoBaTh paboTy MPYKUHBI
VI YIIPYTOTO OCHOBAHMUS.

3akoHTypHBIH ABYXY3/10B0i#1 KJ ynpyroro ocHoBanus (turn KO-53)

Hauubiii KO npu mensiercss Ajisi MOACIMPOBAHUSL OTIOpPA MOJIOCHI TPYyHTa 3a
npeaenamMu 1nThl. [lonoca rpyHTa mpu 3TOM pacrnonaraercs MNepreHIuKYIsIpHO
KOHTYpPY IUIUTBHI. YYeT OTIOpa 3a KOHTYPOM IMPOUCXOIMT 3a CUET pabOThI IPyHTa Ha
CABUI. B Ka)XOM M3 y3JI0B MMEETCS 110 OJHOM CTENEHU CBOOOJbI — MEpEMEIICHNE
BJI0JIb TJ100aJIbHOU OcH Z.

3akoHTypHBI 01HOY310B0M KJ ynpyroro ochoBanus (tun KO-54)
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Jauubiii KO npumenseTcs 11 MOJAEIUPOBaHUs OTIIOPA YIJIOBOM 30HBI TPYHTA,
MPUMBIKAIOIIETO K YITy IUIMTHL. YUYET OTIOpa B 30HE, MPUMBIKAIOLIEH K YTy, IPOUC-
XOJIUT 3a CUeT pabOThl FPYHTA HA CABUT. B KakI0M U3 y3JI0B UMEETCS MO OJIHOM CTe-
MEHU CBOOO/IbI — IEPEMEIICHHE BJIOJIb TNI00aNBHOM OCcH Z.

K3, Mmoaeaupyomuii ynpyryio cBsizb Mexkay y3jaamu (tun K9-55)

Haunblii KO npeanazHadeH misl ydyera MOJATIMBOCTH CBSI3U MEXAY Y3JIaMHU
COCIMHEHMSI KOHCTPYKTHUBHBIX 3JIEMEHTOB — KOJIOHHBI ¢ auadparMoi, pureins ¢ Ko-
JIOHHOM U T.I. DJIEMEHT ONKCHIBAETCA BYMsI y3J1aMU, B KaXJOM U3 KOTOPBIX UMEETCS
M0 IIECTh CTETIEHEW CBOOOIBI, OMPECICHHBIX OTHOCUTEILHO OCEH TiI00aabHOUN CH-
CTEMBI KOOpauHAT. TakuM 00pa3oM, 3JIEMEHT MO3BOJISIET CMOJICINPOBATh KaK JTMHEH-
HYI0, TaK U YIJIOBYIO MOJATIMBOCTh CBSI3U OTHOCHUTENIBHO oceit X, Y, Z oOiei cu-
CTEMbl KOOpPJWHAT. Y3Jbl, MEXAY KOTOPBIMU MOJICIUPYETCS MOJATIMBOCTh, MOTYT
UMETh OJMHAKOBblE KOOpAuHAThl. KOHEUHBI 35ieMEeHT npucrnocabivBaeTcs K MpH-

3HAKy CXCMBI.

.]Iek'l(u}l 3. Pewienue cucmemoit Kauouutteacuxypaeueuuﬁ

[Tocne Toro kak 3ajgaHHas KOHCTPYKLHMS NPEICTaBICHAa B BHUAEC KOHEUYHO—
AJIEMEHTHOM CXEMbI, 3aJjaua 00 ONpEICIIEHNU MEPEMEIIECHUN Y3JI0B CBOAUTCA K pe-
IIEHUIO CUCTEMBI IMHENHBIX aNreOpanyecKuxypaBHEHUN BUIA

AX=B
rae: A — cMMMeTpHUYHas OJIOKUTENBHO ollpesiesieHHas Matpula pazmepom N * N;

B — maTtpuia npaBeix yacrteii (3arpyxenuii) pazmepoM N * k (k=konuuecTBo 3a-
IpyXEeHUM);

X — ucKoMas MaTpulia repeMenieHuit pazmepom k * N.

[Tockonbky B OOJIBIIMHCTBE CIy4yaeB MaTpulla A SIBISICTCS pa3peKeHHOM, TO
JUI. YMEHBIIEHUs TpeOyeMOW ONEpaTUBHOM MaMsTH, BHEUIHEW NMaMATH U BPEMEHU
cyeTa MpeABapUTEIbHO MPOU3BOAUTCS YIIOPSI0UEHNE HEU3BECTHBIX cucTeMsl (3.1) ¢

OCJIb0 MMHMMM3allu1 HpO(bHHﬂ MaTpHUIbl. Peanu3oBanbl cdieayromue MCToAbl YIIO-
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pspodyeHust: oopaTHbid anroputM Katxumna—Makku, anroput™ «(pakTop IepeBbEBY,
aNTOPUTM MHUHUMaNbHOW cTerneHu. [losib3oBaTento mpeaocTaBieHa BO3MOXKHOCTH
BbIOOpa MeToa ynopsiaoueHus. [lo ymouanuto ucnonb3yeTcss 0OpaTHbIA alropuTMm
Karxunna—Makku, Tak KaKk y 3TOr0 METOJIa MUHHAMAJbHbBIE 3aIPOCHI K OMEPATUBHOU
namatu. KoHkpeTHble peKoOMeHIaluu AJig BIOOpa METOoa YNOpsJ0UYEHUsS HE MOTYT
OBITh JaHBI, TaK KaK 3(HEKTUBHOCTH TOTO WJIM UHOTO aJITOPUTMA CYIIECTBEHHO 3aBH-
CUT OT CTPYKTYphl KOHKPETHOM MaTpullbl A. /{51 perieHus: cucteMsl IpeaBapUTEb-
HO IIPOU3BOJUTCS TPEYTOJbHOE Pa3IOKEHHE MAaTPULBI A.

AJNTOpUTM pelIeHust pa3peKeHHbIX MaTpull, peanuzoanHbiid B [IK JIMPA, oc-
HOBBIBaeTcsl Ha anroputMme ladda u npencrasnser coboit meton ['aycca ¢ Takoi Hy-
MEpalKel HEN3BECTHBIX, KOTOpas MO3BOJSIET MUHUMU3UPOBATh KOJIMYECTBO BBIYHUC-
JIEHUM, TO €CTh, YMEHBIIUTh KOJUYECTBO 3JIEMEHTOB MATPUIIbI, 3alIOJIHSIEMBIX B IIPO-
1ecce UcKIYeHns. Ecnu B mpouecce TpeyroJibHOTO pas3ioKEeHHUsT MaTpUIbl A BbIsIC-
HSAETCS, YTO A BBIPOXKJIEHA, TO MPOU3BOJUTCS ABTOMATUYECKOE HAJIO)KEHUE CBA3EH,
KOTOpbIE 00ECIeYNBaIOT TEOMETPUUECKYIO0 HEM3MEeHsIeMOCTh. [Ipu aTOM mosb30BaTe-
JII0 MPEOCTaBIsIeTCs UHPOpMaIM 0O HOMEpax y3J0B U HOMEpax cTeneHer cBoOObl,
0 KOTOPBIM MPOU3BEJAECHO HAJOKEHHE CBs3ed. B 3TOM ciyuae peKOMEHAYeTCsl BHU-
MaTeJIbHO MPOAHAIU3UPOBATh PACYETHYIO CXEMY U BBIICHUTH MPOUCXOKIAECHUE T€0-
METPUUYECKON U3MEHAEMOCTH KOHCTPYKIUH.

JIOTIOJIHUTENBHBIM CEPBUCHBIM CPEACTBOM SIBIISIETCSI KOHTPOJb PELICHUS CHU-
cteMbl. [Ipu nosiBieHun cooOIeHrs 0 00JIBIION BEIMUYMHE ONTUOKHA peIleHus, KOTO-
poe, KaKk MPaBUJIO, SBISCTCS CJICACTBHEM IUIOXOH OOYCIOBICHHOCTH MATPHUILI A,
CJIelyeT BHUMATEIIbHO MPOAHAIM3UPOBATh BEIMYMHBI MEPEMEIICHUN y3J0B U yOe-
JUTHCSI B TOM, UYTO TOJYYEHHOE pEIIeHUE SIBISACTCS MPUEMIIEMBIM C WHXXEHEPHOMU

TOYKHU 3PECHUS.

Jexuyua 4. Cynepinemenmnoe mooenuposanue
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B ITIK JINMPA-CAIIP peann3oBaHa BO3MOXHOCTh PA0OTHI C CyNEepIIEMEHTHON
pacueTHOM MoJenbo. Ha KonMuecTBO HEM3BECTHBIX HE HAJAraeTcsl HUKAKUX OTpaHu-
yeHuil. BeiOOp pa3OuBKU CXEMbI Ha CYMEPAJIEMEHThI WM TOJBKO HAa KOHEYHBIE 3Jie-
MEHTBI OCTaeTCs 3a MoJyib3oBareneM. Vcnonp30Banne CynepaieMeHTOB Iienecooopas-
HO B CJIEAYIOIIMX OCHOBHBIX CIIy4asix:

- TIpearnoaraeMasi pa3MepHOCTb 3aJlayi MPU KOHEYHO—AJIEMEHTHON pa30uBKe
MPEBOCXOIUT BO3MOXKHOCTH KOMIIbIOTEpa (MaMsiTh, OBICTpOACHCTBHE, Mmioxas 00y-
CJIOBJIEHHOCTh MaTpPHIIbI);

- B 3a/1a4e COJEPIKUTCS OOJIBIIOE KOJMYECTBO OAMHAKOBBIX KOHCTPYKTHUBHBIX
3JIEMEHTOB (ITaHEJIH, 00BEMHBIE OJIOKH H T.I1.);

- B 3a/lay€ MPUCYTCTBYIOT KOHCTPYKTHUBHBIE 3JIEMEHTBI, KOTOpPbHIE YK€ ObLIH
c(hOpMHUPOBAHKI I PaHEE PACCUNTAHHBIX OOHEKTOB;

- B 3a/1au€ UMEET MECTO JIOKaJIbHOE COCPEI0TOUCHUE HEIMHENHO nedopMupy-
€MBIX 3JIEMEHTOB.

YacTo BCTpevaeTcs cuTyalusi, KOrja 3agadya COJIEPKUT HECKOJIBKO Pa3HOPOA-
HBIX 00BEKTOB, KOTOPBIE PA3IMYAIOTCS MO MaTepually, Mo Habopy KOHEYHBIX 3JIeMEH-
TOB, IO TEOMETPUU U T.I. ITO MOXKET ObITh, HAIIPUMEP, CHIIOCHBI KOMIUIEKC, CBS-
3aHHBIN TAJIEPEAMH U ONIUPAKOLIMICS HA TUIUTY HA YIIPYTOM OCHOBAHUM.

[IpencraBienne Takoro 00ObEKTa B BUJIE€ KOHEYHO—3JIEMEHTHOM CXEMbI MPUBO-
JUT K OYEHBb OOJIBIION Pa3MEPHOCTH 3a/1a4M, a PACUJICHEHUE €r0 Ha CYNEPIJIEMEHTHI
MOXET CYHIECTBEHHO €€ YMEHBIINTh. B 3TOM cirydae pacueTHass MOJEIb MOXET CO-
CTOSITh U3 TPEX THUIIOB CYNEPIJIEMEHTOB: MEPBbIA — IUINTA Ha YIPYTOM OCHOBAHMH,
BTOPOIl — CHJIOCHAs! OAIlIHs U TPETUN — KOHCTPYKIIMS TraJiepeH.

Eme npumep. [Ipu pacuere maHeqbHBIX TOMOB MeJKasl pa30MBKa KaXaA0W Ia-
HEJIU TPUBOJUT K OOJBIION pa3MEpHOCTH 3aJaud, a IPUMEHEHUE CYNEep3JIEMEHTOB
MO3BOJISIET CYIIECTBEHHO CHU3UTH BIIMSIHHE Pa3MEPHOCTH MOAOOHBIX 3aja4 Ha CKO-
pocTh uX BbINONHEHUA. [Ipn TOM emie ciaeayer ydyecTb, YTO KOJIMYECTBO THUIIOB

CYIICPIJICMCHTOB B HOI[O6HBIX 3a/lavdax, KaK IIpaBujio, HCBCIIHUKO.
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Cy11eCTBEHHOTO COKpAILEHUsI BPEMEHU CUETA MOXKHO JAOCTHYb NPU PELICHUU
HEJIMHEHHBIX 33J]1a4, B KOTOPBIX MPUCYTCTBYIOT KPYITHBIE JIMHEHHO aehopMHUpyeMBbIe
BKIIOUeHUs. Hampumep, ciiosxHbie 31aHus (TaHEIbHbIE WM KapKacHbIE JOMa, CHIIOC-
HbIe OallTHU, pe3epByaphl), ONMUpPAIOIINEcs Ha TPYHTOBOE OCHOBaHue. i Takux 37a-
HUN y4eT HEeJTMHEHMHOU paboThl OCHOBAHUS MMEET CYIIECTBEHHOE 3HaueHue. B aTom
cllydae HaJI3eMHO€ CTPOCHHE HEOOXOAMMO OOBABUTH CYINEPIIEMEHTOM, MaTpHIlla
YKECTKOCTH KOTOPOTO HA KAaKJIOM IlIare HeJINHEMHOTO pacyeTa 0CTaeTCsl HEU3MEHHOM.
Hcnonp30BaHne CyNepaEMEHTOB IMO3BOJISIET HE TOJBKO CYIIECTBEHHO COKpallaTh
BpeMsl pelieHus 3ajladyd, HO M BO MHOTHX CIIy4asX NpeojoJieBaTh Oapbep IIOXOM
0OyCIIOBIEHHOCTH MaTPHIIbl KAHOHHUUYECKUX ypaBHeHHIT MKD.

CrpaBeIMBOCTH pajy CIEAYET BCE )K€ 3aMETUTh, UTO CYIEPAIEMEHTHASI MO-
JeIb UPOKO MPUMEHUMA JIMIIb JJI PEIICHUS JTUHEUHBIX 3a7a4. 3a/1aud YCTOMYUBO-
CTH, a TaKXKe 3aJ1aud ONPEACIICHUS 4acTOT U (JOPM COOCTBEHHBIX KOJICOAHUN B ITOM
CJIy4ae BBINOJHAKTCSA TOJIBKO JJIs1 OCHOBHOM CXEMBI.

[TpumeHeHue cynepaieMeHTOB TpeOyeT ONMpeIeICeHHOTO HaBbIKa, MO3TOMY pe-
KOMEH/JIyeTCsl OCBauBaTh pabOTy C HUMHU TOJBKO IMOCJE MOJPOOHOTO O3HAKOMIICHHMS
co BcemH pyrumu Bo3zmoxkHocTsimu [TK JIMPA-CATIP.

[Ipy “cnoab30BaHUN CYNIEPITIEMEHTHON MOJENIA KOHCTPYKIIMA OCHOBHAs pac-
YETHAas CXeMa PaCwICHSETCS Ha HECKOJIBKO PAaCYETHBIX CXEM, KOTOPbIE HA3bIBAKOTCS
CXEMaMU CYNEPIANEMEHTOB. Y3Jbl CTBIKOBKH CYIIEP3JIEMEHTOB C OCHOBHOM CXEMOWU
Ha3bIBAIOTCS CyINEpy3JIaMHU. AJITOPUTM PELIEHU 3aa4d ¢ IPUMEHEHUEM METO/A CY-
nepasieMeHToB (MCD) OCHOBBIBAETCS Ha PACUJICHEHUU UCCIIEAyeMOro oObeKTa Ha S
HOJICXeM (CYNepa3JIeMEHTOB), KOTOpble OOBEIUHSIIOTCS B OOIIYI0 OCHOBHYIO CXEMY
IIPU TTIOMOIIM CYTIEPY3JIOB.

B IIK JIMPA-CAIIP peanu3oBaH YHHUKaJIbHBIA AJITOPUTM BHU3yaJIM3aLMU Pa3-
BEPHYTHIX cynepanemMeHToB. Kak Ha cTraiuu popMUpOBaHUSI paCU€THOM CXEMbI, TaK U
Ha CTaJuU aHAJIM3a PE3yJIbTAaTOB MOJIb30BATEIIO MPEIOCTABISIETCS BO3MOKHOCTh BHU-

3yalM3UpOBaTh KOHEYHO—AJIEMEHTHYIO MOJIeb 0€3 yueTa pacuieHEHUs ee Ha CyIep-
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K3 255.256
UMCNEHHOE

EF=.
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HucrieHHbIE XapaKTEPUCTUKU JJ1s1 TUHENHBIX KD cTepkHen:

EF — nmpogonpHas sxectkocTh; Ely — u3rubHast >keCTKOCTh OTHOCUTENBHO ocu Y 1
Elz — to xe otHOCcUTENnbHO ocu Z1; GIk — )keCTKOCTh Ha KpyUYEHHUE;

GFy — caBurosas skecTkocThb BJ10b ocH Y 1; GFz — To ke BaoJsb ocu Z1;

Elw — cekTopuasibHast KECTKOCTb.
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Koncmpykmop ceuenuii

KoncTpyKTOp CceueHnii mo3BOIAET:

- (hOopMHpPOBATH TE€OMETPUIO MPOU3BOJIBHBIX MHOTOMAaTEPHAIbHBIX MACCHUBHBIX, TOH-
KOCTEHHBIX U CMEIIAHHBIX CEUYCHUU CTEPKHEN CI0KHOU M MPOCTOM, HECTAHIAPTHOU
U CTaHAAPTHON (HOPMBI;

- 3a/1aBaTh (PU3MKO—MEXaHUYECKUE XapaKTEPUCTUKU MaTEpUAJIOB, BXOJIAIIUX B ceye-
HUE, C LEJbI0 ONpeIeJICHHs HAMIPSHKEHU, HEIMHEWHO 3aBUCSIINX OT AeQopMalluii;

- BBIYMCIISTH )KECTKOCTHBIE XAPAKTEPUCTUKHU LEJTOCTHOTO CEUYEHHS U €ro COCTaBHBIX
4acTeil, a TaK)Ke BBIIOIHATh IKCIOPT 3TUX Xapakrepuctuk B BU3OP;

- onpeaenats H/IC nenoctHoro ceyeHus npyu 3aJaHHbIX WIA UMIIOPTHPOBAHHBIX U3
BHN30Pa ycunusix;

- 3a7]aBaTh 3aKOHBI HEJTWHEHHOro neopMHUpOBaHMS OETOHOB PA3IMYHBIX MAapoOK U
apmatypHbix ctasied B cooTBercTBuu ¢ CII 63.13330.2012, CHull 2.03.01-84* u
EBponkon 2;

- 33/1aBaTh 3aKOHBl HEJIMHEWHOTO AePOPMHUPOBAHUS MOJOCOBOTO U MPOGUIHHOTO
MIPOKATa;

- 3a/1aBaTh 3aKOHbI HETMHEHHOTO Je(pOPMUPOBAHUS B TAOJIUYHOM BUJIE;

- otroopakats HJ[C B Buie MO3auK, U30TI0JICH U SITIOP HAIIPSKEHUH;

- BBIMOJHATh AHUMAIIMIO HAMPSHKEHUH MPHU TMOIMIArOBOM HapalllMBaHUU 3aJIaHHbIX
YCUJIU M.

CranpapTHbIE MACCUBHBIE CEUCHUS 3aJAI0TCS MPHU MOMOIIM MPOTOTUIIOB, XPaHSIINX-
Cs B COOTBETCTBYIOILEH OMOIMOTEKE — MPSAMOYTOJbHUK, TaBP CUMMETPUYHBIA U
HECUMMETPUYHBIN, IByTaBp CHMMETPHYHBIA U HECUMMETPUYHBIM, IIBEJUIEP, KOJIBLO,
KpyT, KOpoOKa, KPeCT CUMMETPUYHBII 1 HECUMMETPHUYHBIN, YTOJIOK CUMMETPUYHBIH
U HecuMMeTpuuHblid. CTaHAapTHBIE MPOPMIN CTATLHOTO MPOKATa 3aJat0TCs MPH M0-
MOIIIM BBIOOpA HEMOCPEACTBEHHO U3 OOIMPHON OMOIMOTEKN COOTBETCTBYIOIIUX COP-
TaMeHTOB. CeueHus TPOU3BOJILHOU (POPMBI MOTYT OBITh CO3/IaHbI C UCIOJIb30BAHUEM

IIUPOKOTO CIIEKTPA MOIMHBIX IpapUIECKUX WHCTPYMEHTOB, MPEAHA3HAYCHHBIX IS
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r€OMETPUYECKUX ITOCTPOCHUM — ITOCTPOCHUE I10 KacaTelIbHOU, KpUBbIE besbe, cruran-
HBI, 1yT'Y DJUIAIICA U OKPYKHOCTH U MHOTO€E JPYTO€.

KoMOuHanus 3Tux cpeAcTB MO3BOJsIET POPMUPOBATH CIOKHBIE CEUEHHUSI KaKk Ha0op
KOHTYPOB Pa3JIMYHOI0 OYEPTAHUS, TOHKHX ITOJIOC, 4 TAKKE TOYEUHBIX U apMaTypPHBIX
BKiItoueHui. Jlomyckaercs opMupoBaHue oTBepCTUi paznuyHoit popmel. [Ipu dop-
MUPOBaHUU CEUEHHI MPOU3BOIBLHON (POPMBI MCIIOJIb3YIOTCS OYJIEBbI ONEepaIuu.

Jlng 3amaHusl Matepualia CeueHHUsl W/WIM ero COCTaBHBIX YacTel MCHOJIb3yeTcsl 00-
mpHasi OMOIMOTEeKa Pa3IMYHbIX MaTepralioB. brubinoTexa MarepuanoB MOKET OBIThH
JIETKO JOTOJIHEHA HOBBIMM MarepuasiaMu. J[OrmycKaeTcs Takke KOPPEKTUPOBKA JTaH-

HBIX O COJIEpKaIUXCcs B OMOIMOTEKEe MaTepraiax.

Jexuyusa 6. Pacuémul na 3a0annoe apmuposanue

Nudopmanus 00 apMUpPOBAHUU CEUECHUM CTEP’KHEBBIX U IUIACTMHYATHIX AJIEMEHTOB
KeJIe300€TOHHBIX KOHCTPYKIMM MOKET Terneph ObITh BKIIOUEHA COCTAaB HMCXOHBIX
JAHHBIX KaK THUII 33IaHHOTO apMupoBaHus — T3A.

Kaxnprit T3A onuceiBaeT JuaMeTpbl U PaCCTAaHOBKY apMaTypHBIX CTEpKHEH B Mpsi-
MOYTOJIbHBIX U KOJBIEBBIX CEUCHUSX CTEP)KHEHM, a TAKKE B CEUCHMSIX IUJIACTHH.
Ha3nauennie T3A BbINOJHAETCS aHATIOTUYHO 33J]aHUIO TUIIOB KECTKOCTH.
Peanu3oBanHas BO3MOKHOCTh MO3BOJISIET BBIMIOJIHATH PACUEThl KaK JTUHEHHBIX, TaK U
HEJTMHENHBIX 3a/1a4. Pa3paboTaHbl U pean30BaHbl pa3HOOOpA3HBIE TAPaAMETPUUCCKHEC
nporotunsl T3A, cnocoObl MX Ha3HAYEHUS! CEYEHUSM M BO3MOXKHOCTH aHaIM3a IO-
JTy4YEHHBIX pe3ynbTaToB. [lapamerpuyeckue NpoOTOTUIIBI MO3BOJISIIOT TPUMEHSTh UX K
pazIMYHBIM pa3MepaM CEYEHHUI 3JIEMEHTOB. [[0mycKaeTcsi TakKe CO3JaHue IMOJIb30-
BaTeIbCKUX MPOTOTUNOB T3A 1 00beIMHEHNE UX B COCTABHBIC THUIIBI.

JIJist perynsipHO PachoJIOKEHHBIX apMAaTYPHBIX CTEPIKHEH MOTYT OBITh HCIIOIh30BaHbI
KOMOMHUPOBaHHbIE MPOTOTUIIBI. JIJIsi HEpEeryIsipHOW CXeMbl PACCTAHOBKH apMaryp-
HBIX CTEP>KHEH MPEe0CTaABIISIETCS IBE BO3MOKHOCTH:

- U MOMOIIY cocTaBHOTO T3A B mapaMeTpuyecKoM BU/IE;
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- IIpM NOMOIIM TaK HA3bIBAEMOTO TOYHOI'O IIPOTOTHINA, B KOTOPOM pPacCTaHOBKA
CTEP>KHEN OCYILECTBIISIETCA 110 PEATBHBIM Pa3MepaM CEUECHHUS.

PeanuzoBana TexHoJ0THS MpeoOpa3oBaHus yKe MOJA00paHHON apMaTyphl U3 COCTaBa
pEe3yJbTaTOB pacyera B COCTAB UCXOAHBIX JAHHBIX JUIA MOCIEAYIOLIErO Mepepacyera
KOHCTPYKIMU. [Ipr 3TOM IOIMyCKAETCs pacyeT Kak B JUHEHHOMU, TAK U B HEJIMHEWUHOMU
nocTaHoBKe. Peann3oBaHa BO3MOXKHOCTh 3aJjaHUsI HEJTMHEHHBIX 3aKOHOB Jieopmu-
pOBaHMsI MaTepuaia A1 apMaTypHBIX cTepxkHel, Bxoasmux B T3A. Jlannas undop-
Mallusl UMEET MPUOPUTET MO OTHOILIECHUIO K MH(OpMAIUK, 3aJaHHON NPU OMKUCAHUU
JKECTKOCTHBIX XapaKTEPUCTUK CEUECHHS.

CrepeHb NPSIMOYT0JILHOTO CeYeHHUS

[ns crepHEW NpsIMOYTOJIBHOTO CEYEHMS PEaIM30BaHbl HECKOJIBKO MPOTOTHUIIOB 3a-
JTAHHOTO apMUPOBAHHUA: TTApaMETPUUECKUN, KOMOMHUPOBAHHBIM, TOYHBIN U MONEpEy-
HOTO apMmupoBaHusi. T3A, co3qaHHble Ha 0aze 3THX MPOTOTUIIOB, MOTYT OBITH 00B-
eauHeHbl B coctaBHOM T3A. [Tapamerpudeckuii mpoTOTUN AJIsSI POJOJILHONM apMary-
pbl Peanu3oBaHsl clie1yomue NpOTOTUIIBI PACCTAHOBKHU ITPOJOJIBHBIX CTEP/KHEM:

- Bce (YIJIOBBIE M POMEXKYTOUYHBIC) CTEPKHU Y HUKHEH, BepXHEH, OOKOBBIX TpaHEH;

- TOJIBKO YTJIOBBIE CTEPKHU Y HUKHEHN, BEpXHEW, OOKOBBIX I'PaHEN;

- TOJIBKO TIPOMEKYTOUYHBIE CTEPKHU Y HUXKHEN, BEpXHEH U OOKOBBIX IPAHEH.

. P

VY mapameTpuuecKUX MPOTOTUIIOB BCE CTEP’KHHU JOJKHBI UMETh OJMHAKOBBIN Jua-
METpP, U KOJMYECTBO CTEpP>KHEW JOJHKHO OBITh OJIMHAKOBBIM y Kaxkaou rpanu. [lpu
3a/IaHUU CTEPKHEN Yy BCEX TPAHEH UX KOJMYECTBO JOJKHO OBITh KPATHO YETHIPEM.

[IpononpHBIE apMaTypHBIE CTEPKHH MOKHO 337aTh, BEIOpaB UX AHMAMETP WJIM yKa3aB
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ux Tomans. [lnomans MoxeT OBITh 3a/laHa KaK OTAEIBHOTO CTEPXKHS, TaK U CyM-
MapHas Ha Bce cedeHue. s quaMerpa MOKHO 3aaTh KAk 3allUMTHBIM CJIOM, TaK U
paccTosHME N0 IeHTpa TsokecTu. JUId miuomaau 3aJaeTcs TOJBKO PACCTOSIHUE A0
LIEHTPA TSKECTH.

Nwmsa T3A aBTroMaTH4ecKd TeHEpUPYeTCs Ha OCHOBAHWHU BHIOPAHHOTO MPOTOTHIIA, 3a-
JAHHOTO JTUAMETPA U 3alIUTHBIX cJ0eB. Kaxaplli MPOTOTHI MMEET CBOK HMHIECKCA-
10, aHAJIOTUYHYIO TOM, KOTOpask UCIOJIb3Y€ETCsl PU MOA00PE apMaTypsl (HalpuMmep,
st yrinoBbix ctepkHen — AU). Umsa T3A aBTOMaTthyecku JIOMOJIHAETCS 3aIlMChIO
Buna kdD(kxAs) c(a) ¢ s(a_s), rme k — konmaecTBo crepxkaeit, D — nuametp, As —
TJIOMIAh, C — 3aITUTHBIA CJIOW, a — MPUBS3KA K MEHTPY TsoKecTu. Ecnu uHbopManms
OyZeT U3MEHEHA, TO UMl IEPEreHEPUPYETCSI AaBTOMATUUYECKHU.

[Tonp3oBarenbckoe HanMeHoBaHue T3A (KoMMeHTapuii) OyneT pa3MenieHo B CKOO-
Kax nepej uiu nociie umenu T3A.

[Ipu pacuere nuHelHbIX 3a1a4 nHGOpManus o uznueckoit HenuuetHocT HE 3ama-
ercs. Jns pusnuecku HenMHEHHBIX 3a/1a4 HHGOpMAIUs 0 3aKOHaX Je(OPMUPOBAHUS
Marepuajia 3aJaeTcsl B THUIIE >KECTKOCTH. EcCiM ke rpynmna CTep)KHEW, 3aJaHHas B
T3A, noguuHseTcs APyromy 3aKoHy J1ehopMHUpPOBaHHUs, TO TPEOyeMbIil 3aKOH MOYKHO
3aaaTh npu onucanuu 3toro T3A. Ilpu sTom ydeT puznueckol HeTUHEHMHOCTH, 3a-
naHHbld 1 T3A, uMeeT IPUOPUTET MO OTHOUIEHUIO K 3aKOHY, 33IaHHOMY B THUIIE
KECTKOCTU KOHEYHOT'O 3JIEMEHTA.

Komounuposanunwtit npomomun T3A

KoMOuHMpoBaHHBIA TPOTOTHUIT MO3BOJIIET 3a7aBaTh OJHOBPEMEHHO MPOJOJBHYIO U
MIONEPEYHYI0 apMaTypy B IapaMeTpudeckom Buzae (puc. 7.12). [Ins kaxaon rpynmsl
IPOJIOJIBHBIN M MOIMEPEYHBIX CTEPIKHEH MOXKET OBbITh 3a/1aH CBOM AuameTtp. duametp
JOJDKEH OBITh 33/1aH TOJBKO ISl PEaIbHO CYIIECTBYIOHIMX cTepxHel. KomnuecTBo
MPOMEKYTOUHBIX CTEPKHEH MOXKET ObITh pa3HbIM y BEepXHEW M HIDKHEH rpaHei. Y
OOKOBBIX — OJMHAKOBBIM. JlMamMeTp M miar ropu30HTAIBHON U BEPTUKAJIBHOM more-

pEUHOI apMaTyphl JOJKEH OBITh OJWHAKOBBIM. [IpoMekyTouHas monepeyHasi apma-
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Typa He 3aJaeTcsl.
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JlommyckaeTcsi B OJJHOM M TOH K€ 3allMCH MCIIOb30BaTh 00a Buaa Gopmyi. [lonoxe-

HUE apMaTypHBIX CTEP)KHEH MO OTHOUICHHIO K TpeOyeMOl I'paHU C Y4eTOM HalpaB-
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JICHHS CTEPKHEN 3a1A€TCA BETMYUHOW 3aIIUTHOTO CJIOA.

CyMMapHas 1J10111a/1b apMaTyphl CJI0s 33Ja€TCA B pacueTe Ha 1 .M. ceueHus.

Jexuyua 7. Onpeodenenue pacuemnvix covemanuit nazpy3ox (PCH) u ycuaui (PCY)

Pemenue 3anaun 00 onpeneneHny HanboJiee ONAacHbIX COYETaHUN HArpy3ok odecre-
YMBACT B3aMMOCBSI3b MEXAY pe3yJbTaTaMH pacueTa COOPYXKEHUsS Ha pas3lInyHbIC
HArpy3kd U KOHCTPYMPOBAHHEM €ro 3JIEMEHTOB. B o0meM ciyyae mosiHoe Koyndye-
CTBO COYETAaHWUM HArpy30K JOCTUIAET 4YuCia 2n, rI€ N—KOJUYECTBO IPUIIOKECHHBIX
Harpy3ok. [Ipu 3ToM nuMeercs B BUY, YTO pAcUET COOPYKEHHS IPOU3BEIECH B JTUHEH-
HOM INOCTaHOBKE. [IpakTHYeCKHn 3TO 03HAYAET, YTO JJI PACCUUTHIBAEMOU KOHCTPYK-
MU HEOOXOAMMO HAWTH 2n HANpsKEHHO—1e(OPMUPOBAHHBIX COCTOSIHMM, a 3TO He-
IPUEMIIEMO J1a)K€ MPU HCIOJIb30BAHUH COBPEMEHHOW TEXHUKH. YK€ IPHU CpaBHU-
TEIbHO HEOOJBIIOM 3HAYEHHM N JOCTH)KEHHME pE3yJibTaTa CTAHOBUTCS 3aTPYyJIHU-
TENbHBIM, a 00BEM €ro — He0003pUMBIM. B CBA3M ¢ 3TUM BO3HUKaET cieayrolas 3a-
Jlava: HAWTH KpUTEpHid, HA OCHOBAHUU KOTOPOTO MOXKHO OBLJIO ObI OTPaHUYHUTH KOJIH-
YEeCTBO PACCMAaTPUBAEMBbIX COYETAHMN Harpy3ok a0 uucia m (m << 2n). Koncrtpymn-
pOBaHME, BBIMIOJIHEHHOE HAa OCHOBAaHMU M COYETaHHM, JOJKHO OOECHEeYHTh MpOoU-
HOCTb KOHCTPYKLIMM JUI BCEX 2n couyeTaHui. Ui pemeHus 3Tou 3aa4yu NMPUMEHs-
I0TCSl pa3iuyHble moaxoAsl. OIMH U3 TaKUX MOJIXO0J0B OCHOBAH HA BBIYMCIICHUU pac-
yeTHbIX coueTaHuil Harpy3ok (PCH) u coOTBETCTBYIOIIMX UM YCUJIMA HA OCHOBaHUU
HOPMHUPOBaHHBIX (popMyJl. Takol MOAX0[ MPUHAT KaKk OCHOBHOW B cTpaHax EBpornbl
u CIIA. OH BbITEKaEeT U3 BEPOSITHOCTHOM OLEHKH BKJIa/a TOW WIM MHON Harpy3Ku B
UTOTOBOE HAMPSKEHHO—1€(POPMHUPOBAHHOE COCTOSIHHE COOpPYKEeHHA. [l Kakaoro
COOPY’KEHHsI pacCMaTpUBaeTCs BCETa OJMHAKOBO OIPAHMYEHHOE KOJIMYECTBO COYe-
tanuil. [Ipu 3TOM BechbMa BepOSITHO, UTO HauOoJIee OMacHbIe COUYETaHUsl OyAyT YITy-
mieHbl. CielyeT OTMETUTb, YTO JAHHBIN MTOAXO0Jl MOKET OBITh IPUMEHEH U JUIsl pelLle-
HUS HEJIMHENHBIX 33/1a4, XOTS B CUJLy HECIIPABEUIMBOCTH IPUHLINIIA CYNEPIO3ULUN

3aJlaya COYETAaHUs HArpy3oK IepepacTaeT B 3a/Jady PACUETHBIX COYETAHUN HMCTOPHUIM
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Harpy>KeHHUsI.
OtedecTBEHHasl IIKOJA pacyeTra COOPYKEHUHM MpeasiaraeT JBa Croco0a pereHus
sToM 3amaun. O6a OHM OCHOBaHBI HA MPUHIUIE CYNEPIIO3UIIMHN, KOTOPBIN CIIpaBel-
JUB JUIs JIMHEHHO AeopMUpyeMbIX cucTeM. BerencTBue 3Toro 3ajada onpeieaeHus
OMACHBIX COYETAHUW HArpy30K IMpeolOpaszyercs B 3a/lauy OINpPEeNICHHs OMACHBIX CO-
YETAaHUW YCUJIIMU. DTHU TOCIEIHUE HA3bIBAIOTCS PACUETHBIMU COUYCTAHHUSIMU YCUIUI
(PCY). IlepBsiii u3 cnocoboB Oa3zupyeTcss Ha KPUTEPUU IKCTPEMAIBHBIX YCHUJIMHA B
CEYCHMH, KOI'/1a IKCTPEMAIIbHOMY 3HAYEHUIO OJTHOI'O U3 YCUJIMH CTaBUTCSA B COOTBET-
cTBUE cymMMma ocTanbHbIX. Hanmpumep, Nmakc—McootrB, MMakc—NcooTB. DTOT cro-
co0 MMeJ B CBOE BpeMs HIMPOKOE MPUMEHEHHUE B MMPOEKTHOU npakTuke. Bropoit cro-
co0 onpenenenusi PCY sBisercss oOMM U OCHOBAH HAa HaXO0JIEHUU SKCTPEMYMOB

YIOPYroro noTeHIana B JI000i Touke KOHCTPYKLUHU OT JEHCTBUS MHOTHX Harpy3oK
(wu MHOTHX 3arpykeHuit). Kpurepuii 3KkcTpeMalibHbIX YCUJIUHN MPU 3TOM paccMmar-
puBaeTcd Kak 4yacTHbIM ciydail. [IpuMenenue oOiero cnocoda MpUBOJIUT K OTpaHU-
4eHHOMY (TOpa3z o MeHee 2n) KOJMMYeCTBY paccMmarpuBaembix komoOuHaruii (PCY),
KOTOpBIE W SIBIISIIOTCS HamOosiee onmacHeiMU. OnpeneneHue PCY npousBoauTcs 1o
HopMmaTtuBHBIM (opmynam CHull w/munu JIBH, a BervmciieHns: BBITOJHSAIOTCS HA OC-
HOBAHUU BBILIECOMUCAHHOTO OOILIEro crnocoda, YYUTHIBAIOLIETO0 OCOOCHHOCTH YIPYTo-
ro NOTEHIIMAJIA, XapaKTEePHbIE JI1 CEUEHUI CTEP>KHEH, MIIACTUH, 000JI0UYEeK U 00BEM-
HBIX TeJl. DTH 0COOEHHOCTH MO3BOJISIOT BBIPA3UTh PEIICHHUE 3a/1a4l BhIOOpA OMACHBIX
COYETAaHUMN 4Yepe3 KPUTEPUN DKCTPEMAJbHBIX HAIPSIKEHUN B XapaKTEPHBIX TOYKaX
ceueHui. binaromapst 5’ToMy KOJIMYECTBO pACCMATPUBAEMBIX COUETAHUMN CYLIECTBEHHO

OI'paHUYIHBACTCA.

Kpumepuu evioopa PCY ona cmeporcueit
B kauectBe kputepus onpenenenus PCY 3aech NpUHSTHI SKCTpEMaIbHbIE 3HAUCHUS
HOPMAJIBHBIX M KacaTeJIbHBIX HAMPSIKEHUN B KOHTPOJIBHBIX TOYKAX YCJIOBHOTO Mpsi-

MOYTOJIBHOTO CCUCHUSI.
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J171st HOpMabHBIX HANPsDKEHUM MpUMEHsIeTCs cieytomas opmyra:
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rjae: k — Touka ceuenust crepxkus (k=1 -9).
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rae: AY 1,2 u S1Z1,2 — sapoBbie paccTosiHUS B cedeHun crepxHs (1=1,2).

Tako¥ moaXoa MO3BOJISAET ONPEAECIUTh IKCTPEMAIbHBIE HOPMAJIBHBIE HANPSIKEHUS B

cedueHHH JII000H (HOpMbI, TIPUBEAS €€ K IPSIMOYTOJILHOM.

JI1st KacaTebHBIX HAPSDKCHUH MCTIOIB3YeTCs TpuoOIKeHHas Gopmya:

0, . L My,
2 E:E."']-:l _HJ':-f: ]

(DOPMYJIBI BBIYHCJICHUA SKCTPCMAJIbHBIX 3HAUCHUMN JJIA K&)I(I[Oﬁ TOYKH CCUCHMA IIPH-

BEJIEHBI HUKE B TaOIHUIIE.

Ne TOYKM ceveHus HopmanbHble HanpsxXeHUa KacaTenbHble HanpsaXeHUA cevyeHus

oF =N+ My /A2 + M/Ay -

oF =N+ My /Az - M/A2 -

1
2
3 GF = N = My /121 = M:/S1,2 -
4 OF = N = M, /91 + Me/Sy1 -
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N2 TOYKM cevyeHUn Hopmaanble HanpaxeHUA KacaTenbHble HanpaxeHWa cevYeHnAa
_ Q: ﬂ'ir?‘P
5 oF = N + M54 cF—?+2(H__+E )
0. M,
6 F= M- MJSH == T®
7 & 2 24,+4,)
M,
7 oF = N+ MS» Fo 9 >
2 2(}I:l + H:l }
M
8 oF = N = My/A ZF=Q——,7"P
3 2(}i,: - H:Z }

B3aumoceaso 3azpyscenuii

[Ipu onpenenennn PCY yduTHIBAIOTCS JIOTMUECKUE CBSI3U MEXAY 3arpyKEHUSIMHU,
KOTOpBIE OTPaKatOT (PU3NYECKUI CMBICIT 3arpy’KEHUN U TpeOOBaHUS, PErIaMEHTHPY-
€MbIE pa3IMYHBIMU HOPMATUBHBIMU JOKYMEHTAMU. BBIIENAIOTCS TpU THIIA 3arpyxkKe-
HUM:

- He3aBUCHUMBbIE (COOCTBEHHBIN BEC, BEC 000OPYIOBaHUS U T.11.);

- B3aMMOMCKJIIOYarome (BeTep ciieBa M BETep CIpaBa, CEMCMHYECKOE BO3JEHCTBUE
BJI0JIb PA3HBIX OCEW KOOPJIMUHAT U T.I1.);

- COIYTCTBYIOUIUE (TOPMO3HBIE MPU HAIMYUU BEPTUKAJIBHBIX KPAHOBBIX HArpy3oK u
T.11.). IIpenocraBnsiercss Takx e BO3MOXKHOCTh O0OO3HAUUTh 3HAKOIEPEMEHHOCTH 3a-
IPYKEHHUsI IIpU OJMHAKOBOM MOJYJE ero Bekropa. [Ipom3BoauTcs y4yeT IIUTEIbHO-
CTU JICUCTBHUS 3arpPy>KEHUMU.

Yuugpuxkayua PCY

[Ton ynuduxaumeit B 11K JINPA-CAIIP noapasymeBaercs OOBbEAMHEHUE TPYIIIBI
KOHEYHBIX 3JIEMEHTOB C HJEHTUYHBIMH CBOMCTBaMHU (MapaMeTpamMu MaTepuana u
pa3MepaMu CeYeHHsI) B €AMHBIA YHU(DPUIIUPOBAHHBIN >JIEMEHT. Y HU(DUKALIMS BBITOJI-
HseTca Ha ocHoBaHMU PCY. M3 BhIUMCIEHHBIX 3HAYEHUM Kaxkaoro kpurepusi PCY
BBIOMpAaeTCst HAaMOOJIbIIIEE U TPUCBAUBACTCS YHUDUITMPOBAHHOMY 3JIEMEHTY.
Yuudukanusa ueiaecoodpazHa MpH KOHCTPYUPOBAHUM 3JIEMEHTOB W TMO3BOJISIET IS

HUX MOJYYUTh 00111ee KOHCTPYKTUBHOE PEIlICHHUE.
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PeanuzoBanb! Tpu TUNA YHUDUKAINN:

- 1 Tun — rpynna 3jaeMeHTOB, 00JIaJaroIasl €IUHBIM CEYEHUEM; IPH 3TOM Ka)IbIi
CTEpKHEBOM AJIEMEHT B 3TOH rpynmne o0JagaeT eANHBIM M0 JJIUHE PACUETHBIM cede-
HUEM;

- 2 TUI — Tpynna 3JeMEHTOB 00JIaJaeT OJJMHAKOBBIMU PACUETHBIMU CEYEHUSMHU B I10-
psAAKE BO3pacTaHUs HOMEPOB PACUETHBIX CEUYECHHM, TO €CThb y TI'PYIIIBI JIEMEHTOB
OJIMHAKOBBIE IIEPBbIEC CEUCHHUS], OIMHAKOBBIE BTOPBIE U T.JI. PACYETHBIE CEUECHUS;

- 3 TN — rpynna 3JIeMEHTOB 00J1aJaeT OAMHAKOBBIMU, CUMMETPUYHBIMU IO JUJIMHE,
pPaCyYETHBIMU CEUYEHUSIMH, TO €CTh y IPYIIIBI 3JIEMEHTOB OJVHAKOBBIE IIEPBBIE U I10-
CJIEIHEE CEYEHUsI, OAMHAKOBBIE BTOPHIC U ITPEAIIOCIIEAHUE T.JI. PACUETHBIC CEYEHUS.
JIst CTEp)KHEBBIX KOHEUHBIX 3JIEMEHTOB NMPUMEHHMMBI BCE TPHU TUINA YHU(DUKAIUU.
JIns minockocTHRIX U 00beMHbIX KO npumenum 1-it Tun, Tak Kak 3TH KOHEUHBIE 3Jie-

MCHTBI UMCIOT CIMHCTBCHHOC PACYCTHOC CCUCHHUC.

Cmpyxkmypa pe3yivmamog pavbomot PCY

Buyrpennue rpynnsl PCY

B mpouecce BbIYMCIEHMH JUIsl KaXIOTO KPUTEPHsl ONpenesieTcs 8 BHYTPEHHHUX
TPyl COYETAHUN JIJIS1 UX MOCJIEAYIOIIErO UCIIONIb30BaHUs IIPYU KOHCTPYHUPOBAaHUU — 4
TPYIIBI 11 KOHCTpYyHpoBaHus 1o 1-my npenenbHomy coctosiuio (111C) u 4 rpym-
bl 1711 KOHCTPYUPOBAHUS 10 2—My nipeaenbHoMmy coctosuuto (211C).

Bayrpennue rpynmnst qis 111C — rpynmer Al, B1, C1, D1 — popmupyrorcst Ha ocHO-
BaHWU KPUTEPUEB, BHIYMCICHHBIX O MOJHBIM PAacueTHBIM 3HAUCHUSIM yCHIni. BHYT-
pennue rpynmsl 1751 211C hopmupyroTes TBOSKO:

- rpynnsl A2, B2 — Ha OCHOBaHUM KPUTEPHUEB, BHIYUCIECHHBIX MO JIUTEILHON YacTu
HOPMATHUBHBIX (XapaKTEPUCTUUECKUX) YCUIIHI;

- rpynnsl C2, D2 — Ha OCHOBaHHH MOJIHBIX HOPMATUBHBIX YCUJIUH.

I'pynna Al — BKJIIOYAET TOJBKO T€ 3arpy>KeHUs, KOTOpbIe 00Jadat0T JIUTEIbHOCTHIO
NEUCTBUS; B ATY TPYMIY BKIIOYAIOTCS MOCTOSHHBIC, JJIUTEIbHbIE U KPaTKOBPEMEH-

HBIE 3arpy>KeHUs; BUIbI 3arpyxenuit — 0, 1, 2.
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['pynna Bl — BkiroyaeT Bce 3aJaHHbIE 3arpy’K€HHs HE3aBUCUMO OT JUIUTEIBHOCTH
NEHCTBUS, KPOME CEMCMUYECKOTO U MMPOYUX OCOOBIX.

I'pynna C1 — Bxtowaet rpynmy B1 muroc celicMuueckoe 3arpykeHue.

['pynma D1 — Bkmrouaet rpynmny B1 mutroc oco0oe (He ceiicMuueckoe) 3arpyeHue.
I'pynna A2 — BKJIIOYAET TOJBKO IOCTOSIHHBIE U JUIMTENIBHBIC 3arPYyKEHUs; BUIbI 3a-
rpyxxeHui — 0, 1.

['pynna B2 — BkiroyaeT MOCTOSIHHBIE, IJTUTENbHBIE U KPATKOBPEMEHHBIE 3arpyKEeHHS
(KpomMe MTHOBEHHOTI0); BUbI 3arpykennii — 0, 1, 2.

I'pynna C2 — BkiIrOYaeT Bce 3aJaHHBIE 3arpy>KEHHUs] HE3aBUCHUMO OT JUIMTEIBbHOCTH
NEHCTBUS, KPOME CEMCMUYECKOTO U MMPOYUX OCOOBIX.

['pynna D2 — Bxinrouaer rpyniy C2 mroc ceCMUYECKOE 3arpyKEHHE.

OmnucanHas CTPYKTypa MpeAcTaBieHa HIKE B TaOIuIIe.

PacueTHble | HopmaTuBHbIe |

Bupa sarpyxenus |Kog| MonHble 3HaveHnss | OnuTenbHble 3HaveHust || MMonHble 3HaYeHUs |
A1 | B1]¢c1] D1 | A2 | B2 | ¢c2 | b2 |

| Mocrosmmoe J O] + [+ |+ | + | «+ | =+ | + [ + |
| Bmurenshoe [ 1 | + [+ [+ ]+ | o+ [ 0+ | + [ + |
| KpaTkoBpemeHHoe || 2 | + || + || + || + || || + H + ” b |
| Kpawosoe [ 3 | [+ [+ | + | [ L+ |+ |
| Topmoswoe |4 ]| [+ | + | + | | [
| Ceitemmueckoe || 5 | [ | + ]| | [ [ L+ |
| Ocobee | 6] | | |+ | | [ | |
| Mrrosenroe  [| 7 | [ + | + || + | | L+ L+ ]

Bce BrimeoncanHbie TPYIIITBI UCTIOIB3YIOTCS TPU KOHCTPYHUPOBAHUH JIEMEHTOB KaK
&KeJe300€TOHHBIX, TaK U CTaJbHBIX KOHCTpYKIUH. [Ipu mogbope cedeHuil cTaibHbIX
KOHCTPYKITUH UCIIOJIb3YETCSl YCPEAHEHHBINM KO3(PUIIMEHT HAAC)KHOCTH 0 HATrpy3Ke
IUISL TIEPEX0/1a OT PACUETHBIX 3HAUYEHUNW K HOPMATUBHBIM (XapaKkTEPUCTUUYECKUM) IO
KaXXJI0l BHYTPEHHEHN TPYIIIIE.

Brruncnennsie coueTanusi 00pa3yroT 4 TaOIHIIbI PE3YIHTATOB:

Tabnuua 1 — PCY pacueTHble, BBIYUCICHHBIE [0 PACYETHBIM 3HAUEHUSIM YCHIIUM.

Tabmuua 2 — PCY pacueTHble JUIMTENbHBIE, OJYYEHHBIE TPU MOMOLIM YMHOKEHUS
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pacueTHBIX YCUJIMM Ha COOTBETCTBYIOIINE KOA((OULIUEHTHI JUIUTETHHOCTH.

Tabnuna 3 — PCY HOpMaTuBHBIE, MOJyY€HHbIE NMPHU MMOMOILIX ACJIEHUS PaCUETHBIX
YCUJIMH Ha COOTBETCTBYIOLINE KO3(DPUIIMEHTHI HaIS)KHOCTH 110 Harpys3Ke.

Tabnuna 4 — PCY HOpMaTUBHbBIE ATUTENbHBIC, MTOJYYCHHbIE MPU MOMOIINA YMHOXE-
HUSl HOPMATUBHBIX YCUJIMM HAa COOTBETCTBYIOIINE KOAP(UIIMEHTHI JJIUTEIBHOCTH.
Pacuemnan cucmema PCH

C nomompto cuctembl PCH BBINOMHSAETCS BBIYMCICHUE ITEPEMELIEHUI Y3JI0B U yCH-
UM (HanpsKeHUi) B 3JIEMEHTaX OT CTaHAAPTHBIX U MPOU3BOJIBHBIX JIMHEWHBIX KOM-
Ounauuit 3arpyxenuil. [log cTaHmapTHBIMH JIMHEHHBIMM KOMOWHAIIUSIMU TOJpa3y-
MEBAIOTCA KOMOMHALMK (COYETaHWus), KOTOpblEe YCTaHOBJCHBI (opMyJlaMU HOpMa-
TUBHBIX JIOKYMEHTOB.

B cucreme PCH peanuzoBanbl HopmatuBsl JIBH B.1.2-2:2006 (Ykpauna), CHull
2.01.07-85* u CII 20.13330.2016 (Poccus), EBpokon, CTb EH 1990-2007 u TKII
EN 1990-2011(02259) (benapycs), ACI 318-95, BAEL-91 (®panuumst), ACI 318-95
u IBC-2000 (CILIA), CH PK EN 1990:2002+A1:2005/2011 (Kazaxcran), EN 1990-
2011. ITpou3BoaNTCA y4ET 3HAKONIEPEMEHHOCTH Y B3aUMOUCKIIFOYEHUS.

[Ipu 3aganny MPOU3BOJIBHBIX JTMHEHHBIX KOMOMHALMNA BETUYMHBI U 3HAKH KO3PPu-
LUEHTOB HE OrpaHU4YMBArOTCA. IIpy HaMM4YMM TMHAMUYECKOTO BO3ICHCTBUSA JOJKHBI
OBITh 3a/1aHbI KOA((PULIMEHTHI KaK UId BO3ACHCTBUS B 1IEJIOM, TaK U Ul €r0 COCTaB-
nasromux (dhopm). B pesynprate pacuera PCH obpasyercs deTbipe Tpymnmbl coueTa-
HUM, aHajmoru4Hele rpynnam PCY.

[TosrydyeHHble 3HAUY€HUSI MOTYT OBITH MCIIOJIb30BAaHbI NMPU KOHCTPYHPOBAHUH CTajlb-
HBIX U KEJIEe300€TOHHBIX 3JEMEHTOB, MPHU BBIYMCICHUU HArpy30K Ha (parmeHT, a

TaKKe P MPOBEPKaX MPOUYHOCTH U YCTONIMBOCTH.
Jlexkuyusa 8. Peuwienue HelUHECIIHBIX 300aY

Henuneltnpiil mpoiieccop npeaHa3HaueH i pelieHust GU3ndecku U reoMeTpUUeCcKH
HEJIMHEHHBIX, a TAaKXKe 3a7a4 C HAIMYUEM KOHCTPYKTUBHOW HETMHEHHOCTH U Mpe/iBa-

PUTCIIBHOTO HAIIPAKCHUA.
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B nuHenHBIX 331a4ax CyIIECTBYET JIMHEWHAs 3aBUCUMOCTD MEK/1y Harpy3KaMu U Ie-
pEMENICHUSIMU BCJIEICTBUE MaJIOCTH mepeMenieHuil. Hanpsbkenus (ycunusi) u ae-
(opManusMu CBSI3aHbI TAK)XKE JUHEHHBIM 3akOoHOM ['yka. IlosToMy nisi NMHEWHBIX
3a/1a4 CPABEIIMB IIPUHLIAII CYIIEPIIO3UIIUN U HE3aBUCUMOCTH JAEUCTBHSI CUII.

B ¢Qusnueckn HenMHENHBIX 3a7ayax OTCYTCTBYET JIMHEWHAas 3aBHUCHUMOCTb MEXIY
HanpspKeHUsIMU U iehopmanusaMu. MaTtepuan KOHCTPYKIMH MTOJAYUHSETCS] HEJTMHEH-
HOMY 3aKOHY nedopmupoBaHus (HEIWHEHHAs YOPYTrocTh). 3aKOH e(opMHUpPOBAHHUS
MOJKET OBITh CUMMETPUYHBIM U HECUMMETPUYHBIM — C Pa3JIMYHBIMU IPEJEIaMH CO-
IIPOTUBIICHUS PACTSDKEHUIO M CKaTuio. Permenue 3Tux 3amad MpOU3BOAMTCS IIAaro-
BBIM METOJIOM.

B reomeTpudecKku HENMHEMHBIX 3a/1a4axX OTCYTCTBYET JIMHEWHAs 3aBUCUMOCTD MEXKY
aepopmanusaMu U nepeMenieHusiMu. Ha mpaxkTuke Hanbosibliiee pacrnpocTpaHeHHE
UMeEeT cllydail OOJbIIMX MEpEeMEUIEHUH Mpu MalblX Aedopmanusax. Pemenue stux
3a]a4 MPOU3BOIUTCS IIarOBBIM METOJIOM, IIPUUEM IIar BEIOMpAETCs aBTOMaTHUECKH.
B 3agayax KOHCTPYKTMBHOM HEIMHEWHOCTM HMEET MECTO HU3MEHEHHUE PAaCUECTHOU
CXEMBI 110 Mepe 1e(OpMUPOBAHNS KOHCTPYKUMHU. Tak, HanpuMep, B KOHTAKTHBIX 3a-
Jayax Ipy AOCTHKEHUU HEKOTOPOM TOYKOM KOHCTPYKIIMH OIPEAEICHHON BEJINYUHBI
IIEpEMELICHNS BOZHUKACT KOHTAKT 3TOW TOYKH C ONOPOH.

[Ipu pemrennn 3a1a4 KOHCTPYKTUBHOM HEJIIMHEMHOCTH, a TAKXKE MPU PEUICHUHU 3a1a4
C OTHOCTOPOHHUMH CBSI35IMH U 3a]1a4, YYUTHIBAIOINX HAJIMYUE TPEHUS, IPUMEHACTCS
11arOBO—UTEPALIUOHHBIN METO.

[Ipu pemenun 3amay, MOJCIUPYIOIIUX YNPYro—IUIaCTUYECKYI0 paboTy MaTepuana,
ONMCBHIBAEMYIO nuarpamMmoit Ilpanatiis, Takke NpuMeHseTcs aroBO—MTepanuOHHbIN
MeToa. s pelenHus HeJIMHENHBIX 3a/1ad IIPOLECcCOp OpraHu3yeT I0IIaroBoe Harpy-
YKEHUE KOHCTPYKLMH U 00ECIIEUMBAET PELICHUE JTUHEAPU30BAHHON CUCTEMBI ypaBHE-
HUM Ha KaXJOM Iare JUisi TEKyLIEro IPUpPAIIEHHs BEKTOpa Y3JO0BBIX HAarpysok,
Cc()OPMUPOBAHHOTO /17151 KOHKPETHOTO HArpyXEeHUSI.

Jlnisa perienus pU3NYECKN HEIMHEHHBIX 33]a4 IarOBBIM METOJOM HEOOXOAUMO 3aja-
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BaTh MH(OpPMAIHIO O KOJIMYECTBE MIAaroB u koddduimentax k Harpyske. Cxema mo-
KET COJIep’KaTh HECKOJBKO HArpy>KEHUH, U3 KOTOPBIX AOIMycKaeTcs (HOpMHUPOBATH
MOCJIEIOBATEIBHOCTD (MCTOPUIO) HATPY>KEHU.

MonenvupoBanue Gu3HMUECKON HETUHEHHOCTH (HETMHEHHON YIIPYroCTH) MaTe-
pHAJIOB KOHCTPYKLMHA MPOU3BOJUTCS C TMOMOIIBI0 (PU3NYECKH HETMHEHWHBIX KOHEY-
HBIX 3JIEMEHTOB, BOCIHPHUHUMAIOIIUX MUHPOPMALIMIO U3 PA3BUTOM OMOIMOTEKH 3aKO-
HOB Jle(hopMHUpOBaHMS MaTepHANIOB (3aBUCUMOCTEN o—¢). bubmnoreka 3aKoHOB Je-
(dbopMHpOBaHUS MMO3BOJISIET YUUTHIBATH MPAKTUUECKH JIFOObIE HEIMHEWHbIE CBOMCTBRA
MaTepuana. Jta OuOIMoTeKa 3aKOHOB IeOpPMUPOBAHUS MaTepuaia sBiseTcs Ouo-
JINOTEKOM OTKPBITOrO THUMA U MOXKET MOMOJHATHCS HOBBIMHU 3aKOHaMH. HenmHenHbin
IPOLIECCOP MO3BOJISIET MOJYUYUTh HAMPSKEHHO—IE(HOPMUPOBAHHOE COCTOSIHUE C yYe-
TOM HEJIMHEHHBIX 3((HEKTOB KaK JIJIsI MOHOMATEPUANIBbHBIX, TaK U JIJIsl OMMaTepuaib-
HBIX KOHCTPYKUMA. /{7151 mocnenHux npeasiaraeTcst OnpeieseHHblil Habop XapakTepu-
CTHK BTOpPOTO MaTepuaja (apMUpYIOIIUX BKIOUeHUM). bubnroreka ¢uzndecku He-
JVMHENHBIX KOHEYHBIX JJIEMEHTOB COAEPIKUT TAKIKE SJIEMEHTHI,

MO3BOJISIONIME MOJEIUPOBATh OJJHOCTOPOHHIOW pabOTy TBEPAOro Tela U ChIydel
Cpelibl — IPYHTa Ha CKAaTHE, C yUETOM CABUIa B COOTBETCTBUH € 3aKOHOM KyitoHa.

Martpuna >XKeCTKOCTH JMHEApU30BAaHHOW (PU3MUECKH HEJIWHEWMHOW CHCTEMBbI
dbopmupyeTcs HAa OCHOBaHUM NMEPEMEHHBIX MHTEIPABHBIX JKECTKOCTEW, BBHIUMCIIsIE-
MBIX B TOYKaX UHTETPUPOBAHMS KOHEYHOI'O JIEMEHTA NPU PEIIEHUN YIPYrou 3a1auu
Ha KOHKpETHOM mare. Cxema YHMCIEHHOTO MHTErpPUPOBAHUS MO 00JACTH KOHEYHOTO
3JIEMEHTa U HAOOp HCIOJIb3YEMbIX JKECTKOCTEH OMpPEeNesstOTCS TUIIOM KOHEYHOTO
sneMeHTa. UToObI OMYyYUTh COOTBETCTBYIOMIMN HAOOP MHTErPaIbHBIX KECTKOCTEH,
CEYEHHE KOHEYHOI'0 AJIEMEHTa B TOYKAX MHTETPUPOBAHMS IPOOUTCS Ha Psijl dJIeMEH-
TapHbIX Nojo0iacteid. B meHTpax 3Tux mogo0iacTeil onpenessioTcss HOBbIE 3Haye-
HUS (PU3UKO—MEXaHUYECKUX XapaKTEepPUCTUK MaTepuaa B COOTBETCTBUU C 3aJaHHOU
auarpaMMmon 1eopMUpPOBAHUS.

Ha kaxxmom 1iare pemiaercsi TMHeapu30BaHHas 3a/1a4ya ¢ popMHUpOBaHUEM BEK-
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TOPOB MEPEMEIICHUN, YCUIINM U HOBBIX MHTETPAJIbHBIX )KECTKOCTEHN IO KaCaTEJIbHO-
My MOIYJIO IS mocieayromero mrara. KoiawdecTBo maroB 1 KOdGOUIIMEHTH K
Harpy3Kke 3aJ1aloTcs MOoJIb30BaTeNieM. | 'eoMeTpruyueckass HHTEPOPETALUS IarOBOro Me-

TOAA JIA Cliydast OTHOOCHOTO PACTSKCHUA (C)KaTI/Iﬂ) MMpCACTAaBJICHA HAa PUCYHKC.

KacamensHble Modynu i-z0 Wasa
b

&i

[ITaroBeIil porieccop MO3BOJISIET KOMOMHHUPOBATh JIMHEIHBIC U HEJIMHENHHBbIE KOHEU-
HBIE DJIEMEHTHI. J[OITyCKaeTCs pacyeT Mo CyNepIIEMEHTHOW CXEME, €CIIA HEJIMHEVHBIE
3JIEMEHTHI IIPUCYTCTBYIOT TOJILKO B OCHOBHOM cxeMe. Ha kaxaom mare mpou3BOIUT-
Csl OLIEHKAa HaIlpsKEHHO—1e()OpMUPOBAHHOIO COCTOsHUSA. B pasnene pesynbraToB
pacuera «CBeieHUsI O COCTOSIHUM MaTE€pUalioB» IMPUBOJATCS COOOLIEHHS O Pa3BUTUU
WU JOCTUKEHUU MPEAEIbHBIX COCTOSHUH, MOSBICHUH INIACTUYECKUX IAPHUPOB WU
COCTOSIHUU pa3pyLICHUs.

JU1st  CTEp)KHEBBIX KOHEYHBIX JJIEMEHTOB AHAIMU3UPYETCS HAIPSKEHHO—
ne(OpPMUPOBAHHOE COCTOSIHUE MOMEPEUHBIX CEUCHUI CTEP:KHA B TOUKAX APOOJICHUS.
HanpsokenHo—1eoOpMUPOBAHHOE COCTOSIHUE B IUIOCKUX M OOBEMHBIX KOHEUYHBIX
JJIEMEHTaxX AHAJIU3UPYETCSA B LICHTPAJIBHOM TOYKE iieMeHTa. B pesyibrare pacyera
bu3nyecKkn HENMMHEWHBIX 3a7]a4, KPOME MEepPEeMEILIEHUH Y3JI0B U HaINPSHKSHUI
(ycunuii) B sneMeHTax, BbIpaOaThiBaeTCs MH(OpMalMs O COCTOSHHUU Marepuaia B
AJIEMEHTaX KOHCTPYKIMH. DTa MHPOpMALMs pa3MeIaeTcsl B TaOJIULE CBEEHUM O Co-

CTOAHUU MaTcpuralia U COACPKUT COO6HI6HI/I$I O ITOBCACHHNU (bI/IBI/IquKI/I HEJIMHEHMHOTO

Kpamxuii koncnexm nexyuii no oucyuniautne CAIIP koncmpykuyuii 30aHuil u coopynceHuil

32



MaTepuaja B Mpolecce MOUIaroBoro npuiokenus Harpy3ku. [Ipuuem Tabmuma ¢op-
MHUPYETCS B TOM CJIy4ae, €CJIM B MPOLIECCE PEIIEHUS 3a/1a4i MaTEpHAl CEYEHUS ObLIT
YaCTUYHO WJIM MOJIHOCTBIO Pa3pylIlIeH, a TAaKKe, €CJIM B MPOLIECCE IArOBOr0 pacuera B
KaKOM—JIH00 CceueHUH o0pa3oBayicA IJIACTHUECKUN MapHUp. B MpOTHBHOM ciydae
TabyMIla ocTaeTcs MycTo. B coo0IeHnsIX yka3bIlBaeTCs MPOLEHT pa3pylIeHUs ceve-
HUW 3JIEMEHTOB, KaK 110 OCHOBHOMY, TaK M M0 apMHUpyloleMy Marepuaiy. [IpoueHt
paspyllieHHs] MaTepuaia BBIYUCIIAETCS HA OCHOBAHUM 3aJaHHOW BEIUYMHBI JpoOJIe-
Hus cedeHus (tadn. 10.3). Ilpu oOpazoBaHMM B CEYEHUHU IUIACTHUECKOTO IIAPHUPA
NeYaTaeTCsl COOTBETCTBYIOIINNA TEKCT U BEJIMYMHA NIPENEITBHOIO MOMEHTA.

MopenupoBanue reoMeTpuYeCKOM HEJIMHEWHOCTH ITPOU3BOJIUTCS C MOMOIIBIO
COOTBETCTBYIOIIINX HEJIMHEMHBIX KOHEUHBIX 3JIEMEHTOB. /[ TEOMETPUYECKHA HEIU-
HEWHBIX 337a4 IPUMEHSAETCS [IaroBbId METOJ C aBTOMAaTHYECKUM BBIOOPOM Iara.

JIns pemieHus 3a0a4 KOHCTPYKTHBHOM HEJIMHEWHOCTH MCIOJIB3YETCS IIaroBO—
WUTEPAUMOHHBIA METO/I.

Koneunwtit anemenm npeosapumenvrnozo namsaxycenusn (K9 308)

DJIEMEHT OPUEHTHPOBAH HA CO3/aHUE MPEABAPUTEIBLHOTO HATsKEHUS. [lepBoe
3arpy’K€HHE JTaHHOI'O 3JIEMEHTa (WJIM TPYIIIbI JIEMEHTOB 3TOTO THIA) B PaCYETHOM
cxeme o0OecreurBaeT MOSIBJICHUE B HEM 3aJlaHHOro ycunus. s mocienyromux 3a-
rpyxennii KO 308 paboraet kak KO 310. Kaxnpiii y3en ajieMeHTa UMEeT OJIHY CTe-
IEHb CBOOOJBI — NEPEMEIICHHUE BIOJIb MECTHOM OCU X1 — M BOCHIPHUHUMAET TOJIKO
MIPOJIOJILHOE YCUIIHE.

CneyuanvHble KOHeuUHble I1EMEHN bl

MopenrpoBaHue KOHCTPYKTHBHOM HEIMHEWHOCTU 00ECIIEUYMBAETCS CIIELMAIIb-
HbIMU KOHEUYHBIMH 3JI€MEHTaMU OJJHOCTOPOHHHX CBs3€il, pabOTaIOIMMU TOJBKO Ha
ckatue (pactskeHue). Takue 3ajlauyu peliaroTcss UTEepalroOHHBIMU MeToaaMu. Eciun
Ha KakoW—u0O0 M3 UTEpAlMil yCHIIME B CBSI3M CTajo OoJjbliie (MEHbINE) HYJIs, TO Ha
MOCJIEIYIONIEH UTEepalui CBsI3b BBIKIIIOUAETCS U3 paboThl. B paspsj crnenuaibHbIX

KOHCYHBIX 2JICMCHTOB OTHCCCH TAKXKC U (bI/IBI/I‘-IeCKI/I HEJIMHECHHBIN CTCPKCHb, MOJIC-
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JUPYIOUIUI PEBAPUTEIIBHOE HATSIKEHUE.
Oonoy3snoeoii rnemenm oonocmoponneii ceazu (tun KO —261)

Hanneiii KD npumensiercs ajig BBEICHUS CBA3M KOHEYHOM ECTKOCTH, pado-
TaoIIEld JM00 Ha PACTSHKEHHE, MO0 Ha CHKaTHE 0 HAIpPaBJICHUIO OJHOM M3 OCEl
rJ100aJIbHOW WJIU JIOKAJIbHOW CUCTEMBI KOOpJMHAT y3ia. Tak, Hanpumep, JUisl CTEIeHH
CBO0OJIbI Z KOHEYHBIH 3JEMEHT MO3BOJIIET CMOJEIUPOBATH PAa0OTYy MPY>KUHBI WIH
yOPYroro OCHOBaHHUS. 3aJlaHUE B OJHOM Y3JI€ OTPAaHMYCHHII HA MEPEMEICHHS IO
JBYM U 00Jiee HalpaBJICHUSIM MOJIETUPYETCS HECKOJIbKIUMHU KOHEUHBIMU 3JIEMEHTaMHU.
Jleyxy3noeoii 3n1emenm oonocmoponneit ceazu (tun KO — 262)

JIaHHBIN KOHEUYHBIA AJIEMEHT MPEAHA3HAYEH JIsi MOJACIUPOBAHUS CBSI3H, BOC-
npUHUMalolel TuOo pacTskeHue, Tubo cxarve BAoJib MecTHOUW ocu X1. IlpaBuiio
oOpa3oBaHMsI MECTHOM crucTeMbl koopauHat aHanoruaao KO 10. 3aganue B 0THOM H
TOM € y3JI€ OTPaHWYCHUI Ha MepeMelIeHus 10 IBYM U Oosiee HampaBiIeHUsIM MOJe-
JUPYETCS HECKOJIbKUMU KOHEYHBIMH 3JIEMEHTAMU.

Cneyuanvuvle kKoneunvle Inemenmol mpernus (tunt KO — 263, 264)
Hanubie KO npeaHasHadyeHbl 1711 MOJSTUPOBAHUS CKOIBKEHUS MEXIY y3JI0M

KOHCTPYKILIMU U onopoit. [Ipu pacuere uCronp3yeTcs maroBO—UTEPALUOHHBIN METO/I.

Hnocenepnan nenuneiunocmep

[To mMepe mMOCTENEHHOTO HArPYKEHHS KEeJIe300€TOHHBIX JJIEMEHTOB UX HW3HA-
yajbHas *KECTKOCTh MpeTepreBaeT U3MEHEHUs B CUITy MoJI3yyecTu OeTroHa, o0paso-
BaHUS B HEM TPEIMH U JIPYTUX CIENUPUISCKUX 0OCOOCHHOCTEH jKene300eToHa. Y4uer
BO3HUKAIOLIECH MPU 3TOM 3aBUCUMOCTH MEXIY YCUIUAMU U U3MEHSIOIIMMUCS JKECT-
KOCTHBIMHM XapaKTepUCTUKAMU (U3UYECKH HEIMHEHHBIX KeJe300€TOHHBIX CEUCHUM
MOET OBITh BBITIOJHEH HAa OCHOBE MIAroBOTO Metoia. OaHaKo Takol TMOIXO0H He
YKJIQIBIBAECTCS B PAMKU TPAAUIIMOHHON TEXHOJIOTMU: OMPEAECICHUE YCUIIUUA OT Kax-
JIOTO HArpyXEHHSI — COCTABJICHHE PACUETHBIX COUETAHUN YCUIIMA — KOHCTPYHUPOBa-

HHE 3JIeMEHTOB. B HCKOTOPBIX HOpMAaTUBax MJid yUC€Ta YKA3aHHBIX cneumbnqecmdx
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0COOEHHOCTEH KeNe300€TOHa PEKOMEHIYeTC sl POCTO BBOJUTH MOHIKAIOIINE KO3(]-
(GUIMEHTHl U JKECTKOCTEH 3JIEMEHTOB — JJsi m3rubaembix snemeHToB 0.3 u ans
ckatbiX neMeHToB 0.6. IIpu 3TOM He yuuThIBaeTCs TOT (AKT, UYTO CHUKEHHUE JKECT-
KOCTH 3aBUCHUT OT BEJIMYMHBI MPUIOKEHHBIX ycuinidi u xapakrepa HJIC ceuennii. O
CHI)KEHUH JKECTKOCTH PAaCTSHYTBIX 3JIEMEHTOB BOOOIIE HUYero He rosopurtcs. Ilo-
NOOHBIE PEKOMEHJALMU TO3BOJISIOT MPOU3BECTU JIMILIb I'pPyOyIO0 OLIEHKY JEHCTBH-
TEJIbHON CUTYaIlUU.

B peanbHbIX pacueTax cuTyanus eue 6osee cioxHas. KoJIoHHBI 3a4acTyro uc-
OBITBIBAIOT 3HAUYUTEIbHBbIE M3THOHBIE yCHIUSA. Banku HCHBITHIBAIOT 3HAYUTEIBHBIC
HOPMAaJIbHbIE YCWIIMS. B MIIacCTUHYATBIX K€ 3JIEMEHTax, KaK MPaBUjlo, BO3ZHUKAIOT CO-
U3MepUMbIe MEMOpaHHbIE U U3rHOHbIe yeunusl. [1onb3ysich MHKEHEPHON HEJIMHEWHO-
CTBIO MOYKHO OIIPENENUTh, KAK UMEHHO IPOUCXOJIUT MEpepaclpeiesieHue YCUiIui B
JJIEMEHTaX, HACKOJIBKO YBEJIMYMUBAIOTCS MEPEMEILEHNUs, a TAK)KE YUECTh MHOTHUE APY-
rue OCOOEHHOCTH PabOThl KOHCTPYKIUHM, KOTOPbIE HEBO3MOXKHO OOHAPYXHUTh IPU
JMHEUHO—yNpyromMm pacuere. MaKTUYECKU HHKEHEPHAs HEIMHEWHOCTH I103BOJISET
npousBecTd JU(p(HEepeHIIMPOBAHHOE CHUKEHHME YKECTKOCTHBIX XapaKTEPUCTHK cede-
HUH 5KeN1e300€TOHHBIX 3JIEMEHTOB.

Cucrema «VH)XeHepHasl HEIMHEHHOCTDY pean3yeT YKa3aHHBIM METOX H, C OJ-
HOM CTOPOHBI, MO3BOJISET MPUOJHUKEHHO YUECTh (PU3UUECKYI0 HETMHEHHOCTh pabOThI
&KeJle300€TOHa, C IPYroi CTOPOHBI, POBECTU PacueT MO TPATUIMOHHON TEXHOJIOTHH.

Texnonozus pacuema

1. 3agath UCXOAHBIE JaHHBIE KaK /Ui OOBIYHOTO pacyeTa (reoMeTpusi, rpaHuy-
HBIE YCJIOBHS, )KECTKOCTH, HAIPY3KH);

2. Co3natb BapuaHT KOHCTPYMPOBAHHUS M BbIOPATh HEOOXOAMMBIA HOPMATHUB-
HBIN JOKYMEHT JJIs1 pacueTa >ke1e300€TOHHBIX KOHCTPYKIINA;

3. Ha3znauuth Matepuanbl (Tur, OETOH, apMaTypa) Ha AJIEMEHThI pacyeTHOM
CXEMBI, XapaKTEPUCTUKU KOTOPBIX HEOOXOAMMSBI JJIsl BBIYMCIIEHUS HOBBIX — IIPHUBE-

JICHHBIX — ’KECTKOCTEH;
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4. CchopmupoBaTh «OMpPEACIAIONICe HATPY)KEHUE» — KOMOWHAIIMIO HarpyKe-
HUM, KOTOpasi, 10 MHEHUIO IOJIb30BATENS, OKAXKET CYIIECTBEHHOE BIIMSIHUE HA U3MeE-
HEHUE )KECTKOCTU KOHCTPYKIIMHU, BBI3BAHHOE PACKPBITUEM TPEIIMH, U3BMEHEHUEM BbI-
COTBI C)KaTOM 30HBI U T.II.;

5. BBINOJHUTE pacyeT ¢ MOMOIIbIO CUCTEMBI «HKEHEPHASI HEIIMHEWUHOCThY.

Ha ocHoBanuu ycunuii B onpeaesstomieid komounamnuu (mpu stom PCY u PCH
HE HUCTIOJB3YIOTCS) BBIMIOTHSACTCS IIarOBBIA pacueT ¢ M0I00pOM apMaTyphl B CEUCHH-
X JJEMEHTOB Ha KaxAoM miare. [lo pe3dyimbratam apMupoOBaHUs, MOJYYECHHOIO Ha
MOCJIEAHEM IIare, BHIYUCISIOTCS OHUKEHHBIE )KECTKOCTHBIE XapaKTepucTUku. OHuU
CUMTAIOTCS] OKOHYATEJIbHBIMUA U ABTOMATUYECKHU ITPUCBANBAIOTCS AJIEMEHTAM CXEMBI.

[Tocne 3Toro BeIMOJIHSAETCA OOBIUHBIN JTMHEHHBIN pacueT Ha BCE 3arpyKeHHUsl, B
TOM 4HcClie U AuHaMuueckue. [Ipu 3Tom Beruucisitores nepemennenusi, ycunus, PCY,

PCH, nog6upaetcst apmarypa.

Jexuyua 9. Pacuemno—cpaguueckas cucmema MOHTAK-nnroc

Pacuetno-rpaduueckas cuctema MOHTAXK—muroc npenHa3zHayeHa i KOM-
MBIOTEPHOTO MOJEIMPOBAHUS MPOLIECCA BO3BEACHUS COOPYKEHUW, B TOM YHCIE U
BICOTHBIX 3/IaHUUA C MOHOJIUTHBIMU >K€JI€300€TOHHBIMU KOHCTPYKLMSIMU Kapkaca. B
Mpoliecce KOMITBIOTEPHOTO MOJICTUPOBAHUS COOPYKEHUI U3 kKene300eToHa MOTyT
OBITH YYTECHBI KIIMMATUYECKHUE YCJIOBUS, IPH KOTOPBIX MPOUCXOJUT 3aMOPAKUBAHHE
WM OTTAaWBaHUE YJIOKEHHOU OETOHHOU cMecHu. Takoi yueTr pean3yercs ¢ MOMOIIbBIO
3amannsi Kod((OUIMEHTOB TOHKEHHS WJIM TOBBIIMICHUS] TTPOYHOCTH M MOAYJIS Jie-
dbopmanyu 0eToHa Ha PA3IMYHBIX CTAIUSX BO3BEICHUS.

Ha xaxpoil craguu BO3BEACHUS] TMPOU3BOJUTCS PaCUET COOTBETCTBYIONIEH
KOHCTPYKTUBHOM CXEMBbI 3[aHUs, COAEpPKAllell 3JI€MEHThl, CMOHTUPOBAHHbIE (WJIU
JIEMOHTUPOBAHHBIE) K 3TOMY MOMEHTY. [Ipu 3TOM MNpOM3BOAMTCS YYET TEKYIIHUX
MPOYHOCTH U MOAYJA AedopManuu OETOHA, a TaKKe HaJIUYUs BPEMEHHBIX CTOCK

onanyOku. Ha xax10#l cTainu Takoro pacdera onpeaesieTcss KOJIM4ecTBO apMaTyphl
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BO BCEX CEUEHHUAX KEIE300€TOHHBIX 3JEMEHTOB (KOJIOHH, IJIMT MEPEeKPHITHH, aua-
¢dparm sxectkocT). Eciin mpoekTHO# apMaTypbl WM MPOEKTHOTO KeJIe300€TOHHOTO
CEUEHHUs OKa3bIBAECTCS HEJOCTATOYHO, TO BbIAAETCA MH(pOpManus 0 HeOOXOIUMOCTH
KOPPEKTUPOBKHU MPOEKTHBIX PELICHHH.

Monennpyemoe 31aHIe MOKET UMETh HEOTPAHUUYEHHOE KOJIMUYECTBO ITAXKEH.

bnoku 31aHMs MOTYT OBITH Pa3HOBBICOKMMH. B miiaHe 31aHHME MOXKET MUMETh
IPOU3BOJIBHYIO (POPMY — MPOU3BOJIBHBIN HAOOP MPSAMOYTOJIBHBIX M KPUBOJIMHEMHBIX
B IUTaHe OJIOKOB. [IMUTBI MEpEKphITHS TaKKe€ MOTYT UMETh MPOU3BOJIbHBIA KOHTYD
(JToKUM, SPKEPBI, OATKOHBI, TPOU3BOIBHO PACIIONIOKEHHBIE OTBEpCTHUs J1I000H (op-
Mbl). [IIUTBI MEepeKphITUIl MOTYT UMETh BKIIIOUEHHUS PA3IMYHON TOJIIMHBI, MOTYT
OBITh MOANEPTHl OAJIOUHBIM POCTBEPKOM WJIM UMETh Oe30anounyro cxemy. [Jomycka-
€TCs 3aJJaHUE€ HArpy30K pa3IMYHbIX TUIIOB!

PaBHOMEPHO pPAaclpeiesIeHHbIX 110 BCEMY MEPEKPBITHIO, IO 00JaCTH, OIpaHu-
YEHHOM MPOU3BOJIbHBIM MHOTOYTOJIBHUKOM (ILTaMII), WK 110 JUHHUH, a TAKXKE cocpe-
JOTOYEHHBIX Harpy3ok. Pacronoxenne BpeMEeHHBIX OMop (CTOEK omaiyOKH), moce-
J0BATEIbHOCTh UX YCTAHOBKH U y/IaJI€HUS MOT'YT OBITh IIPON3BOJIBHBIMHU.

B cucteme BU3OP—CAIIP co3naercst pacueTHasi cxema 3aKOHUYEHHOTO COOPY-
xeHus. OHa JTOJDKHA COJEPHKATh BCE DJIEMEHTBI COOPYKEHHUS — KaK MOHTHPYEMBIE,
TaK U JeMOHTHpYyeMble. OTHaKO JEMOHTaX 3JIEMEHTOB MOKET ObITh BBIIIOJHEH TOJIb-
Ko onuH pa3. [locne Toro kak cxema co BceMu ee aTpuOyTaMu co3/iaHa, He0OX0UMO
chopMUpPOBATh MOHTXKHYIO TAOJIHILY.

MownTaxxHas Ta0auIa COACPKUT TPU Habopa TaHHBIX.

1) Craguu. [Ins ka0l cTaguy BO3BEICHUS YKa3bIBAIOTCS 3JIEMEHTHI, KOTO-
pbie OyayT CMOHTHPOBAHbBI U JI€MOHTHUpOBaHkbI. JlomyckatoTcs myctble ctaguu. O0o-
3HaYuM oOlee KOJIWYECTBO cTaiuil Bo3BeieHus m. I[lycTas cramus uMeeT coctaB
3JIEMEHTOB, COOTBETCTBYIOIINX MIPEIUIECTBYIOLIEH CTAIUU.

Hcnonp3yeTcss TOMBKO JUIs 3aJaHusl Harpy3ku. Kaxaoil craaum BO3BeAEeHHUs

AOJIKHO COOTBETCTBOBATL CBOC MOHTAKHOC 3arpy’KCHHUC. Takum O6p330M, KOJINYC-
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CTBO CTaIu{ M KOJUYECTBO MOHTAXKHBIX 3arpy>KEHHMU OJMHAKOBO M paBHO m. IIpm
3TOM JOIYCKAIOTCS IIyCThlE MOHTAKHBIE 3arPYKECHMUS.

DKCITyaTallMOHHBIE HATPY3KU Ha 3aBEPLIEHHOE COOPYKEHHUE 3aJal0TCs Ha I10-
CJIETHUX CTAAMIX, KOTOPbIE JOKHBI ObITh ITyCTHIMHU.

2) I'pynmbl. [y KaxAa0W TpyMNIbl 3J€MEHTOB CXEMbl 3a1at0TCSl TOMPABOYHbIE
KO3 PUIIMEHTHI — K MOAYIIO IepopMalvy U K MPOYHOCTH OETOHA B COOTBETCTBHUU C
HOMEpaMHU CTAIUU BO3BEIACHUS.

[TonpaBounbie KOA(UIMEHTH HE MOTYT OT CTaAuWW K CTaAUM TPUHUMATh
yObIBarome 3Hauenus. Ecnu nndopmanus o rpynmnax He ykazaHa, TO XapaKTepUCTH-
KM MaTepuaja OCTalOTCs HEM3MEHHBIMU HA BCEX CTAJMSX.

3) HomnonHuTtenbHble 3arpyxeHus. g Kaxa0il cTaauu 3a1al0Tcsi HoMepa J10-
HOJHUTENIbHBIX 3arpyeHuil U Kod(d(uuueHTs (B TOM 4YHCIE HYJEBble U OTpHIla-
TEJIbHBIE), C KOTOPBIMH 3TH 3arpy>KEHUS JTODKHBI YUUTHIBATHCS PU BO3BEICHUH.

[Ton AOMOTHUTENBHBIMY 3arPYKEHUSAMH MMOIPA3yMEBAIOTCS TAKUE 3arpyKEHUS,
KOTOPbIE MPUCYTCTBYIOT TOJBKO NPH BO3BEACHUH. DTO, HAPUMEP, 3arpyKEHUS OT
CKJIaINPOBAHUS CTPOUTEIBbHBIX MAaTEPUAIIOB, OT UX MEPEMELIECHUS B IIpEAEIax dTaxa
WIN C Ta)kKa Ha 3Tax, U T.I. DTU 3arpy>KEeHUs 3a/1al0TCs 0] HOMEpaMH, OOJIBIITIMH,
yeM m. O003HaYUM KOJIMYECTBO JOMOJHUTEIBHBIX 3arpyeHui d.

KpomMe mMoHTa)kHOM TaOIMIIBI, TOKHA OBITH 3a7jaHa TabJMIa MOJICIUPOBAHMS
HEJIMHENHBIX 3arpyKEHHI, B KOTOPOH 00s3aTEIBHO JOJKHO COAECPKATHCA M CTPOK.
[IpenpicTopus 3arpyK€HUM YUUTBHIBAETCS Bcerna. Hamuuue cymepaiieMeHTOB B pac-
YETHOW CXEME B IAHHOW BEPCUU HE JIOIYCKAETCHI.

B pesynbraTe pabothl pacuetHoro mpoueccopa cucteMbl MOHTAX—mtoc
JUISl DJIEMEHTOB BBIUMCIIIOTCS YCWIMS U HAIpPSDHKCHMS, HAKAINIMBAEMBIE B MPOLIECCE
BOo3BeZeHu. [1o ymMouaHnio nepemenieHrs y3i0B B IIPOLECCe CYeTa HE HaKaIluIuBa-
I0TCSI, @ BBIYUCIISIIOTCS 3aHOBO JUIS1 KAXKJIOW CTaIAH.

JIns onipeneneHus apMUpOBaHUS B JIIEMEHTAX YCUJIUSA U HANPSHKEHUS JOJIKHBI

OBITH UMIIOPTUPOBAHBI B KOHCTpyHUpytolnyto cuctemy JINP-APM, B koTopoii mpous-
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BOJUTCSl OTCIICKUBAHHUE KOJMYECTBA HEOOXOIUMOUM apMaTyphl MO KaKIOW CTaIauH.
Pesynbrarel apMupoBaHUs IS KaXIOW CTAIUW MPEACTABJICHBI B BHUJIE TAOJHII, IO
KOTOPBIM JIETKO OLEHUTH, SIBJIIETCS JU MPOEKTHOE apMUPOBAHUE JIEMEHTOB JOCTa-
TOYHBIM.

Ecnu undopmaius o rpynnax u JOMOJHUTENbHBIX 3arpy>KEHUAX HE yKa3aHa,
to cucrema MOHTAX-mmtoc padoraer kak cucrema MOHTAX. B atom cnyuae
MOeT ObITh 3a1aHa emle u tabmuua PCY, naxe ecnu cxema COACPKUT HETMHEWHBIE
aneMeHThI. [Ipu 3TOM KOJIUYeCTBO CTPOK B ATOM TaOIMUIIE paBHO M.

Ha pucyHke HMke CXE€MaTHMYECKH MPEACTAaBIEH IPOILIECC BO3BEACHUSI OJIHO-
MIPOJIETHOM TPEXATAKHOU PaMBl.

Ha kaxnoil craguym BO3BENEHHUS IPOM3BOJUTCS PACUYET COOTBETCTBYIOLIECH
KOHCTPYKTHUBHOUM CXEMBbI Ha JICCTBUE COOCTBEHHOTO BECAa U MOHTAXHBIX HATPY30K C

YU4E€TOM UMCIOMIUXCA, CHATBIX WA ,Z[O63BJ'ICHHBIX BPEMCHHELIX OIIOP.
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1= cmaousa monmadsica — a.
CMOHTHpOBaHBI JIEMEHTHI 1, 2, 3 mepBoro staxka u croiika onanyoku — 10. O6006-
meHHas Harpy3ka Pl — coOCTBeHHBI BeC CMOHTHMPOBAHHBIX KOHCTPYKIUH M MOH-

TaKHas HAarpy3ka, COOTBCTCTBYIOMIA ATOU CTaarn BO3BCACHU. B PE3YyIJIbTATC pacuc-
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Ta HA OCHOBAHMH MOJYYEHHBIX YCUJIUHN OMpEAEIsIeTCa apMaTypa B CEUCHUSIX JIEMEH-
ToB 1, 2, 3 ¢ yueToM MOHMKEHHOMN MpoyHocTH OeToHa, Hampumep K1=0.3. D10 o3Ha-
YaeT, 4TO Ha JJAHHOM CTaguu OCTOH B pe3ysbTare 3aMep3anus HaOpan Tosibko 30%
MPOYHOCTH OT MOJIHOTO 3HAYEHHUSI, COOTBETCTBYIOIIETO MPOYHOCTHOMY KJIACCY.

2— cmaoust monmasica — 0.

KpomMme 351eMeHTOB 1epBOro 3Taxka JOMOJHUTEIBHO BO3BEACHBI JIEMEHTHI 4, 5, 6 BTO-
pOTO ATa)xka U yCTaHOBJIEHA BpeMeHHas crtoika 11. Harpyska P2 — coOcTBeHHBII Bec
BHOBb BO3BEJICHHBIX KOHCTPYKIMI U MOHTaXHasl Harpy3Ka Ha 3TOM 3Ta)xe. Y CUius B
3JIEMEHTaX, COOTBETCTBYIOIIME Harpy3ke P2, cymmupyroorcs ¢ 3aQUKCHPOBaHHBIMU
YCWIMSIMU B 3JIEMEHTAX, IPUCYTCTBOBABIIMX Ha cTtaauu 1 ot Harpy3ku P1. ITo noiy-
YEHHBIM YCWJIMSIM ONIPENEIIACTCS apMarypa Bo Bcex aneMeHTax 1, 2, 3,4, 5, 6 ¢ yue-
TOM HEMOJIHOM MPOYHOCTH OE€TOHA Ha ATOM 3Taxe, Hanpumep K2=0.45.

3—4 cmaous MoHmaoica — 6.

Kpowme snemenTos 1, 2, 3, 4, 5, 6 nepBbIX IBYX 3Taxeidl, BO3BEICHBI JJIEMEHTHI 7, 8, 9
TPETHErO 3Ta)ka U YCTAHOBJIEHA BpEMEHHAas CTOMKa 12, BpeMeHHas cToiika 11 coxpa-
HEHa, a BpeMeHHas croiika 10 ynanena. Harpyska P3 — coOcTBeHHBIN BEC BHOBB BO3-
BEJICHHBIX KOHCTPYKIMI U MOHTAa)KHAsl Harpy3ka Ha 3—ii cTaaud. Y JajleHUe BPEMEH-
HOM CTOWKHU MOJEIMUPYETCS NpuiioxkenrueM cuiibl P10, paBHOM ycuinio B HEH.
Hakonenne ycuimii B 3J€MEHTax NMPOU3BOJUTCS AHAJIOTMYHO BTOPOM CTAAMH, T.€.
JUIs paHee BO3BEJCHHBIX AJIEMEHTOB 1—6 MPOMCXOAUT CyMMHpPOBaHUE 3a(UKCHPO-
BAHHBIX YCUJIMWA CO BHOBb ITOJYYEHHBIMH yCHIHAMU. [10 HaliIEHHBIM yCHIIUSIM OITpe-
JIeNIAeTCs apMarypa BO BCeX djieMeHTax 1-9 ¢ y4eToM MOHM)KEHHOM MpoyHOCTU Oe-
TOHA Ha 3TOM 3Tarne, Harpumep, K3=0.7.

4—5 (axcniyamayuoHuasn) cmaous — 2.

Ha »Ton cramum pacueTHas cxeMa COOTBETCTBYET 3aBEPLIEHHOMY COOPYKEHMIO.
VY naneHne BceX BPEMEHHBIX CTOEK BBINOJHAETCS aHAJOTHMYHO YHAJIEHUIO CTOMKH 10
Ha 3—i1 cranuu. O0o61IeHHas Harpy3Kka P4 BkitoyaeT Bce Moje3Hble Harpy3Ku U J10-

MOJIHUTCIIBHBIC ITOCTOAHHBIC HAI'PY3KH, 3d HCKIIFOUCHHUCM HAIrpy30K OT COOCTBEHHOTIO
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Beca, BKJIIOYEHHBIX B Harpy3ku P1, P2, P3, ycunus oT KOTOpbIX 3apUKCHPOBAaHbI HA
npeapiaymux craauax. [IpouyHocTs 6eToHA Ha 3TOM CTaaWK MOKET MPUHUMATHCS B
COOTBETCTBHUH C KJIACCOM OETOHA MU OBITh HECKOJBKO 3aHMKEHHOM, T.K. 3aMOpaXu-
BaHHE OETOHHOUN CMECH B MPOLECCE MOHTaXKa MOKET CHU3UTh OKOHYATEIbHYIO TPOY-

HOCTb O€TOHA.
Jexyusn 10. Mooenupoeanue 2pynmoeoz2o0 0CHOBAHUS

[TIK JIMPA-CAIIP mpenocTaBisieT BO3MOKHOCTh OOECIIE€UUTh YUET COBMECT-
HOU paOOThI HA3EMHON YaCTU COOPY’KEHUSI C TPYHTOBBIM MAaCCHBOM, 00pa30BaB COB-

MCCTHYIKO KOHCYHO—J3JICMCHTHYIO MO/ICJIb.

B 3T0i1 pacueTHO MOAENTN TPYHT MOXKET OBITh OMHMCAH MJIOCKUMHU UM 00BEM-
HBIMHU KOHEYHBIMHU 3JIEMEHTaMU IrpyHTa. Takol MoAX0/1 K PEeLUICHHUIO 33aJa4H SIBISICTCA
HanOosiee O0IIKM, a pe3yJIbTaT ee pelIeHus sBIseTca Hauboee OJIM3KUM K AeHCTBU-
TenbHOCTH. [Ipu 3TOM 10MKHO OBITH IPUHATO BO BHUMAaHUE, YTO TPYHTOBBIA MAaCCHB
SBIISIETCS] HETMHEHHO—Ie(hOPMUPYEMOU CPE0iA, COCTOSIIEH U3 CIOEB C Pa3IMIYHBIMU
cBoiictBamu. Crienyer y4ecTb U TOT (pakT, 4To pa3Mepbl MPUHUMAEMOIO B pacyer
IPYHTOBOTO MAacCHBa JOJDKHBI OBITh TAKUMH, YTOOBI XapaKTep T'PaHUYHBIX YCIOBHM
1o 00JIaCTH, OTPAaHUYMBAIOIIECH ATOT MAaCCHB, HE OKa3bIBaJl CYIIECTBEHHOTO BIUSIHUSA
Ha HanpspKeHHO—1e(hOpMUPOBAHHOE COCTOSTHUE Beel mozaenu. HeoOxoaumocts yue-
Ta 0003HaYeHHBIX (PAKTOPOB MPHUBOJIUT K CYIIECTBEHHOMY POCTY 00beMa BBIYHCIIE-
HUM, KOTOpPBI MOXET OKa3aTbCsi Ha TPaHW BO3MOXKHOCTEH Nake Y COBPEMEHHBIX

KOMIIBIOTEPOB.
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B cBsI3U ¢ 3TUM Bce €llle OCTAOTCS AKTYyaJIbHBIMU PAacy€THbIE MOJEIIA TPYHTO-
BOI'O OCHOBAHMSI, 00€CIIEUNBAIOIINE KOPPEKTHYIO CBA3b METOJIOB MEXAHUKU TPYHTOB
C METOJaMH CTPOUTENbHONW MEXAaHHWKH U MO3BOJISIIOIINE IIPU pacueTax KOHCTPYKLMH
3aMEHUTH OOJIBIION TPYHTOBBI MacCHB OTPAaHUYEHHBIM YHCIIOM MapaMeTpoB, OTpa-
KAIOIIMX €ro cBoiicTBa. BO3MOKHOCTh TakOM 3aMEHbI MPENOCTaBISET MOJENb JIU-
HEIHO YIpYyroro MoJIynpoCTpaHcTBa [78], KOTOpas NpUMEHSIETCA NPHU BBIYHUCICHUU
OCaJlOK OCHOBAaHHMs, a TAaK)K€ MOJIETM OCHOBAaHUS, MpeIIoKEHHble BHHKIEpoM—
®yccom u [lactepHakom.

B monenmn Bunknepa—®ycca pacnpenenuTenbHble CBOMCTBA TPyHTA OIUCHIBA-
10TCs TIpu nomoi ko3 duurenta nocrenn Cl, KOTOpsIid oTpaxkaeT paboTy TpyHTa
Ha C)KaTHE U CBS3bIBAET BEPTUKAIBHBIN OTIIOP TPYHTA C OCAJAKOW OCHOBAHMS O] I10-
nomBoit pyHnamenta. Moaens [lacTepHaka OCHOBBIBaE€TCS Ha JBYX HE3aBHCHMBIX
K03 puIMeHTaxX MOCTEIN, OAUH U3 KOTOPBIX sBisgeTcs Kodpduuuentom cxatus Cl
(ananor ko3ddunmenTa noctenu Bunkiepa), a npyrod — KodQQPUIIUEHTOM CIBUTA
C2, KOTOpBIM CBS3bIBAET MHTEHCHBHOCTh BEPTHKAJIBHOI'O CIBUTA, BO3HHUKAIOLIEIO
BCJIE/ICTBUE BHYTPEHHETO TPEHUS MEXKAY YaCTULAMU IPYHTa, C OCAIKOM IrpyHTa MOJ
nojomBoi (yHaaMeHnTa. Peann3oBaHbl ABE TEXHOJIOTUU BBIYMCICHUS KOA(PPUIIUEH-
toB nocrenu Cl u C2:

1) C nomompto nporpammel Pacuer Cl1, C2, xoTopas BeluuciseT KodhPpuim-
eHTsl noctenu Cl u C2 1ig ueHTpanbHOl TOUKH (pyHIaMEHTa WIH IUIMTHI B MIPEIo-
JIOKEHUH OJJMHAKOBOW PaBHOMEPHO PACIIPEAEIECHHON Harpy3KH U OJUHAKOBBIX IPYH-
TOBBIX YCJIOBUM IO TTyOMHE MO BCeW MOIOMBOM (yHIaMEHTa WU TUIUTHI,

2) C nomombto cucteMbl ' PYHT Ha ocHOBE MOCTpOEHMSI IPOCTPAHCTBEHHOMN
MOJIENIU TPYHTA.

Ilpozpamma «Pacuem C1, C2»

IIporpamMma npeiHa3HaueHa JIsl BBIYUCIEHUS KO (ULIMEHTOB ITOCTENN IPYH-

ToBOro ocHoBaHus C1 u C2 noJ1 IeHTPOM OTACNIBHO CTOSIIETO (yHIaMEHTa WIH

(1)}’HI[3MCHTHOI>1 IINTUTBI ITO HECKOJBKHMM MCTOAHNKAaM, OCHOBAaHHBIM Ha BBIYHNCICHUN
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OCaJKU B COOTBETCTBUHU C PA3TUYHBIMU HOPMATUBHBIMU IOKYMEHTaMHU.

HcxoaHbie TaHHBIE pa3/IeNICHbl HA JIBE TPYIIbI.

l—as rpynmna uCXOIHbIX JaHHBIX OTHOCUTCS K KOHCTPYKTUBHOMY pelIeHuto pyHaa-
MEHTa U BEIOOPY CXEM pacuera.

J171s1 onivcaHusi KOHCTPYKTUBHOTO pElIEHUsI HEOOXOAMMO yKa3aTh:

- pa3Mep MeHbIIIeH CTOpOoHBI U hopMy PyHIaMEHTa, a TAK)KEe OTHOIIIEHUE OOJIbIIeH
CTOPOHBI K MEHBIIEH;

- IOJIHYIO Harpy3Ky Ha (yHIaMEHT;

- OKCLIEHTPUCHUTET MPUIIOKEHHUS HATPY3KU;

- [IIyOUHY 3aJI0KEHUS;

- YIeJIbHBIN BEC TPYHTA BBIIIE MOI0MIBHI (DyHIaMEHTA.

- HE0OXO0IMMO TaKKe BbIOpaTh TpeOyeMyI0 CXeMy pacueTa 0CaokK:

- CXeMy JIMHEWHO yrnpyroro nojynpoctpanctsa (cxema JIIIII) B cooTBeTCTBUY C IL.II.
1-6 ITpunoxenus 2 CHull 2.02.01-83* nnm n.o. 5.5.31-5.5.45 CII 50-101-2004;
- cxeMy JInHeHO aedopmupyemoro cios (cxema JIJIC) B coorBeTcTBUY C 1.1, 7—8
[Tpunoxenus 2 CHull 2.02.01-83*.

[Ipyn HaNMMUMK TUHAMHUYECKHUX BO3JIECTBUI MOYKHO BOCIOJIB30BATHCS AMIIMPUYECKON
dbopmyinoi O.A. CaBuHoBa 11 BeruucieHus ko3¢ dunmenta Cl.

Jliist onipesienieHrs HUKHEN rpaHulibl ckumaemoit Tomum no CHull 2.02.01-83*
HEO0OXOAMMO 33/1aTh JOMYCKAEMOE OTHOIICHUE A MEXTY JOTOTHUTEIHHBIM BEPTH-
KaJIbHBIM HAIPSKEHUEM U BEPTUKAIBHBIM HANIPSKEHUEM OT COOCTBEHHOTO Beca
rpyHTa. [{ns onpenesneHus HUxHen rpanuibl cxumaemoit Toaum no CIT 50-101—
2004 oTHOIIEHHE A MOKET OBITh BBIYUCIICHO aBTOMAaTUYECKH U BBIJITAHO B pPE3yJIbTa-
Tax pacuera.

2—as Tpynna UCXOAHBIX JAHHBIX OTHOCUTCS K MHKEHEPHO—EOITOrHYECKUM YCIIOBH-
M. 3/1eCh 33Ja€TCsl KOJIMUYECTBO CJIOEB IPYHTA U €r0 XapaKTEPUCTUKU:

- E — monynb nedopmanuu rpyHTa (10 BETBH MEPBUYHOTO HATPY>KEHUS );

- k — ko3 durmeHT nepexoaa K MOAYIIO AeopMaliy rpyHTa 10 BETBU BTOPUYHOTO
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Harpy>KeHus

Ee=k*E (3amaercs tonbko npu pacuere mo CIT 50-101-2004);

- v — ko3 unment [lyaccona;
- h — TonmuHa cnos;

- Y’ — yJeNbHbIM BEC TPYHTA.

s pacueta o cxeme JIJIC HeoOX0o1uMo 3a/1aTh Tak)Ke MPU3HAK TPYHTA — MECUAHBIN

WY OBLJIEBATO—TJIUHUCTBIN. HY)KHO TAKIKC YKa3aTb, ABJLICTCA JIN COOTBGTCTBYIOIHI/If/'I

CJIOM TpyHTa BOJIOHACHIIIIEHHBIM UJIM BOJIOYIOPHBIM. UTOOBI BOCTIONB30BATHCS IMITH-

puudeckoit popmyioit O.A. CaBuHOBa, HEOOXOAMMO yKa3aTh KOAPPUIUEHT KECTKO-

ctu CO, COOTBETCTBYIOLIMI BUy TPYHTA.

cz Beruwcae nwe woasduprupenton C1 1 C2

]
T ]

P=500T1

he=im

Al

Cxerda pacnpeisneHHs BEDTHEANEHEI HANDEARSHMN

X

ol KonctpukTieHoe pewenie | (] Feanorua 85 Pesunerar |

Erp- |1552.14 o Arrt

mp - [03375
Erp3 = W T S I1E

i~ [00121366

Lam = iuzi

™ BeiSpare merog, 1
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" BeiGpaTb MeTOg, 2
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Ii L

" BriSpare meTon 3
|7 T S I3
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B pe3ynbTaTe 0T0OpaxkarTcs CleayIONIe BEJIMUYUHBI CM. PUC. BBIIIIE:

- S — ocanka ¢hyHIaAMEHTA,

- HC, HJI — rpanuna c:xxumMaemon Toiiu cootBeTrcTBeHHO At cxeMm JITIT u JIAC;

- ET'P — ycpennenHsIit Moayib qedopManu rpyHTa;
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- mI'P — ycpennennsiit koaddunment [lyaccona;

- EI'P3 — ycpennenHsiit MoyIib AeopMaliuu TpyHTa, BEIYUCIISIEMBIN U3 TIPEIION0-
KEHUHN 00 yBEIMUYECHUH MOJYJIs AeopMalii TPYHTA 10 TIIyOHHE U O pABHOMEPHOM
pacnpeeseHuu JOTOJTHUTEIBHOIO HAIPSKEHUS;

- Cl1, C2 — ko3 puimeHTsl OCTEIN TPYHTOBOI'O OCHOBAHUS Ha C)KAaTHUE U CJIBUT

- 1— kpeH ¢ynaamenta o Gopmyne 10 mpunoxenus 2 CHull 2.02.01.—83* umu no
dbopmyie 5.22 CII 50-101-2004;

- ko3 purueHT A.

Pacuemno—cpaguueckan cucmema 'PYHT

Pacuetno-rpaduueckas cucrema ['PYHT mpennasnauena isi ompenesneHus
ko3 dunrentoB nmocreau Cl u C2 rpyHTOBOTO OCHOBAaHMS MO IUIMTOM C MPOM3-
BOJIHBIM KOHTYpoM U Harpy3koi. C stoii nensto B cucreme ' PYHT BbeinosHsiercs
aBTOMAaTHUYECKOE MIOCTPOCHHUE NMPOCTPAHCTBEHHOW MOJENH IPYHTA.
[IK JIMPA u cucrtema ['PYHT undopmanmonno B3aumocBsaszansl. B cucteme JIMP—
BU30P 3amaercs pacueTHass KOHEUHO—SJIEMEHTHAs CXeMa IUIMThl U PaBHOMEPHAs
Harpy3ka Ha €€ 3JIEMEHTBI. 3aTEM BBINOJHAECTCS UMIIOPT PACUETHOM CXEMBI C HArpys3-
kol B cucremy I'PYHT, u 3ananue undopmaium, OTHOCALIECHCS K CBOWCTBaM IpyH-
TOB, IIPOU3BOJIUTCA B CPELE 3TON CUCTEMBI.
Cucrtema 'PYHT BpINOJIHAET ClIeyIOIINE ONEPALINN:
- (hopmupoBaHme B rpaguueckoM peKuMe MPOCTPAHCTBEHHOW MOJENU TPYHTa B CO-
OTBETCTBUM C 3aJaHHBIMM WHKEHEPHO-TEOJOTHYECKUMH YCIOBUSIMH IUIOIIAIKH
CTPOUTENBCTBA;
- 00paboTKa 3aJaHHBIX HArpy30K OT MPOEKTUPYEMBIX U CYIIECTBYIOUIMX COOpYXKe-
HUM, a TAK)KE IPOU3BOJILHO NIPUIIOKEHHBIX HArPy30K;
- oTpezieNieHUe TIyOUHBI CKUMAEMON TOJIM U TOJISl OCAJ0K TPYHTa B COOTBETCTBUU
C 3aJJaHHBIMM HATrpy3KaMH ¥ HH)KEHEPHO—TEOJOTHYECKUMH YCIOBUSAMU;
- BBIUKCJIEHHE KOAI(PPUIUEHTOB OCTEIN YIPYroro (rpyHTOBOI0) OCHOBAHHUS B COOT-

BETCTBUU ¢ Mojesiimu Bunknepa—®@ycca u [lacrepnaka.
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Jlyig onucaHus TUIOMIAIKK CTPOUTENHCTBA B rpaueckoM pexXuMe 3aaaercs 0asza xa-
paktepucTtuk rpyHta (UI'J), yka3piBatoTcsi KOOpAUHATHI U OTMETKH YCTHEB CKBAXHUH,
a TaKXKe€ XapaKTEPUCTUKH CJIOEB IPyHTA B KaXKJOW CKBAaKMHE. BBITIONMHSAETCS TaKXKe
IpUBS3Ka K IUIONIAJAKE CTPOUTEIBCTBA HMMIIOPTUPOBAHHOTO W3 cucteMsl JIMP—
BU30P xoutypa muutel. Ha ocHOBaHMM 3THX JaHHBIX (OPMUPYETCS MPOCTpaH-
CTBEHHAas MOJIeNib TPYHTa, a IO OTMETKaM YCThEB CKBa)KMH BBICTpamBaeTcs penbed
JHEBHOU MoBepXHOCTH. [Ipu 3TOM mpenmnonaraercs, 4to penbed sBIsieTcs A0CTaTou-
HO riaagkuM. KOHTpoJb 3a1aHHBIX TApaMETPOB MOXKET OCYLIECTBIIATHCSA C MOMOILBIO
O0TOOpaXeHMsI TEOJOTHYECKUX Pa3pe30B, KOTOPhIE BHICTPAUBAIOTCA BJOJb OTpE3Ka
pSIMOM, TIPOBEACHHOM B JIFOOOM MECTE 3a/IaHHOM IJIOIAJAKU CTPOUTEIHCTRA.

Ha 3agaHHOlM MoIIasKe CTPOUTENBCTBA MOMHUMO MPOU3BOJIBHOTO IMOJIUTOHAIBHOTO
KOHTYpa (pyHIZaMeHTa MPOEKTUPYEMOTO COOPYKEHUS (MMIIOPTUPOBAHHOTO U3 CUCTE-
Mbl JINP-BU30OP) moryT OBITh pacmojiOKEHbI TaKKe M KOHTYphl (DYHJIaMEHTOB
CTPOSIIIINXCS U CYIIECTBYIOIINX 31aHUM.

B npenenax kaxaoro KOHTypa 3aJar0TCs HAarpy3KH, IPUIIOKEHHBIE B YPOBHE
OTMETKH MOJOIIBbI COOTBETCTBYIOIEro ¢hyHaaMmeHTa. Harpy3ku MoOryT ObITh 3a7aHbl
U B IIPOM3BOJIBHOM MeECTe IUIOAAKH. 1Ipu 3TOM nomyckaroTcs Clenyromue BHIbI
Harpy30K — COCpPEIOTOYEHHBIE CHJIbI, PABHOMEPHO PACIpPEICICHHBIE HArpy3Kd IO
BCel 00J1acTH KOHTYpa M PAaBHOMEPHO PACHpPECIICHHbIE HArPY3KU MO MPOU3BOIBHO
OYEpPUYEHHOMY KOHTYpY (mrami). JlJig BBINOJHEHUS BBIYMCIEHUN TPOU3BOAUTCS TPH-
aHTyJsIIUs 00JacTeil, OrpaHUYEHHBIX 3aJlaHHBIMU KOHTYpaMu. B y3nmax TpuaHryss-
I[UH, [IIarOM KOTOPOW MOXHO YIPABJIATH, BBIYUCIAIOTCS BCE HEOOXOUMBIE MTapaMeT-
pbl. Ocalki BBIUUCISAIOTCA 110 CXEME JINHEWHO ynpyroro noxynpoctpanctsa (JIIII) ¢
y4eToM TpeOOBaHUI KOHKPETHBIX HOPMATUBHBIX AOKYMEHTOB. [Ipu 3TOM, mpousBo-
IUTCST ycpenHeHue Moy aedopmanuu u koddduirenta [lyaccona mo 3aganHbIM
CJIOSIM TPYHTA.

PesynbraTel paboThl cuctembl [ PYHT oToOpakaroTcs B BUJI€ U U30MOJEH KO-

sbdummentoB mocrenn Cl m C2, a Takxke 0CaloOK, TIIyOMH CXUMAEeMOUN TOJIIIIH,
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YCPEIHEHHBIX 3HAYeHUH MOyJis Aedopmanmu u kodddummenta [Tyaccona (cm. puc
HIKE).
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Kpowme Toro, nndopmanus o pe3yapTaTax MOKET ObITh CUUTaHa B JIFOOOH TOY-
K€ IJIOIIAJIKK CTpouTeNbcTBa. Briuncnenusie kodgdunmentsl nocrenu Cl u C2 as-
TOMaTu4Yecku uMnoptupyrtes B cuctemy JINMP-BU30P, a ux 3HaueHus nprcBavBa-
IOTCSl COOTBETCTBYIOIIMM KOHEYHBIM 3JIEMEHTAM pacdeTHOM cxemsl. llocne BwImos-
HeHus pacuera 3amaun B [IK JIMPA pesynbrathl oToOpaxkarorcs B cucteme JIMP—
BU3O0P Bune mo3auk u uzomnonen koddpduumnenton nocrenu Cl u C2, a Takxe u 0OT-

rnopa rpyHra Rz.

Jexuusa 11. Cucmema METEOP (sapuavyus mooeneii)

Cucrema METEOP (METon Enunoro O6o61menHoro Pesynbprata) npenna3Ha-

4yCHa OJId O6’B€I[I/IHGHI/I$I PE3YyJIbTATOB PACUYCTA HCCKOJIbKUX PACUCTHBIX CXEM C OJHNHA-
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KOBOM Tomosiorued B equHbIil 00001eHHbIN pesyabratr (EOP). OqunakoBas Tomosio-
T'Usl pACYETHBIX CXEM MOAPA3yMEBAECT OAMHAKOBYIO TEOMETPHIO, OJITMHAKOBOE KOJIMYE-
CTBO M OJVHAKOBBIE THUMbI 3JEMEHTOB. [Ipr 3TOM pacyeTHblE CXEMbl MOTYT UMETh
pa3JIMuHbIC TPAHUYHBIC YCIOBUS, CBSI3H, )KECTKOCTHBIE XapaKTEPUCTUKH, MapaMETPhI
ITPYHTOBOTO OCHOBAHUSI, CTATUYECKHE U JUHAMHYECKUE 3arpykeHus u T.i. Konmue-
CTBO 3arpy>K€HUI B TOMOJIOTMYECKH OJAMHAKOBBIX 3aJjayaX TAKKE MOXKET ObITb pa3-
TUYHBIM. [Ipu 3TOM KOJTWYECTBO YCUJIMN B CEUEHUU AJIIEMEHTOB JOJKHO OCTaBaThCs
nocTosiHHbIM. {1151 yenemHoi pabotel cuctembl METEOP Heo6xoaumMo, 4ToOBI BCe
oObeuHsEMbIE 3a7]aui ObLUTA PACCUMUTAHBI M JIJISI HUX OBLIN TOJyYeHBI (alibl pe-
3yJIbTaTOB, VMEIOIINE pacIpeHus NMA#00.UM A, NMA#04. M4,
NUMSA#07. UM, UMA#08. UM, DOtu daiinel coaepkatr MHGOPMALUIO COOTBET-
CTBEHHO O BHYTPEHHHX (opMarax, 0 BHYTPCHHEM MPEICTABICHUHA JTUHAMHYCCKUX
3arpy>keHHil, O BBIYMCICHHBIX MepeMelleHuaX W ycwiusax. Hamuuwe daiinos
NUMSA#10.UMS, conepxamux uHpopManuio o BeiuucieHHbIXx PCY, He sBisercs
obs3aTenpHbIM. Mcxomabivu ganasiMu i1t cuctembl METEOP ciyxat nanubeie 06
MMEHAaX UCXOJHBIX 3a/1ady U MH(MOpMaIus AJisi BEIYUCIECHUS 0000IIEHHBIX PACUETHBIX
couetanuit ycunuit (PCY). imena ucxoaHbIX 3a7a4 BHOCSTCS B UCXOAHYIO TaOIUILY
cuctemMbl METEOP. CTpoku MCXOaHON TaOIMIBI JJIsI KaKJI0OH BBIOpAHHOW 3a7adu
3aMOJIHSIOTCS aBTOMAaTUYECKH B COOTBETCTBMM ¢ MH(opMaruen, 3ajanHoi B Pemak-
TOpE 3arpy’KEHUM JTOW 3a1a4d — HAUMEHOBAHUE 3arpyKeHus, ero Bux u T.4. Ilpu
ATOM aBTOMATUYECKH 3alOJIHAIOTCS AaHHble s Beiuncienus PCY. Eciu B ucxon-
HBIX 3aa4ax O copmupoBanbl Tabmuibl PCY, To maHHBIC AJIS BBIYUCIICHUS
PCYVY Gepyrcs u3 Hux.

[To mepe 3amoyiHEHHs] UCXOAHOW TaOJIMIBI MPOU3BOJUTCS MOCIEN0BATEIbHAS
HyMepalusl €e CTPOK, HauWHas C eIUHUIIBI. DTH HOMepa OYIyT COOTBETCTBOBATH HY-
Mepanuu 3arpyxxeanii B EOP. [Ipu HeoOXoIUMOCTH JTaHHBIE B MCXOJHOW TaOIHIEe
MOTYT OBITb OTKOPPEKTUPOBAHBIL. 3a/1aua, UMs KOTOPOU SIBJISIETCS TIEPBLIM B Ta0IHIIE,

npuobperaeT cratyc 6a3oBoit 3aaxauu. Beruncnenue EOP Oyzaer npousseneno Ha oc-
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HOBAHHM MCXOJHBIX JTaHHBIX 0a30BOM 3a7jaud, a MMEHHO Ha OCHOBAHHHU MapaMeTPOB
cedeHui 6a30BOM 3a7auu.

daiin 6a3oBoil 3amaum nosaydaer HazBanne UMS NVM.PMO (ums, noauep-
kuBanue, cyppukc NVM u pacumupenne PMO). Otot daiin comepxut uMeHa o0b-
equHseMbIx 3amad. Oopasyercs Takke daitn UM NVM.t8m, KOTOpBIA COAEPKUT
3agaHHble Kodhunmentsl PCY mist 6a3oBoit 3amaun. [Ipu HeobxoquMocTu nmMst Oa-
30BOM 3a/1a4l MOXHO M3MEHHUTh. OOBEIUHEHNE PE3YNIBTATOB BBINOJIHAETCSA MPU IO-
mou Beruucienusa PCY. [Ipu aToM npegycmaTpuBaeTcs ABa BapUaHTa.

IlepBbiit BapuanT — EOP no ycuiuam. B 3Tom citydae mpou3BOAMTCS BbIUKC-
neane PCY B cOOTBETCTBHM ¢ HyMepaluei 3arpykeHuil B ucxogHou tabmune, a PCY
BBIYMCIIAIOTCS aHAJIOTUYHO 00bIuHOM 3anmaue. [Ipu ¢popmupoBanun EOP oO6benuns-
IOTCSI TAKXKE PE3YJIbTaThl CTATUYECKOTO pacuera BceX 00bEIUHIEMbIX 3a/1a4.

Btopoii Bapuant — EOP o PCVY, ecnu B 00beAMHAEMBIX 3a/1auax ObLIN 3a]1a-
HbI Tabnubl PCY 1 ObutM moydeHsl o HUM pe3ynbTaThl (daiinsl UMA#10. UM A).
B sToM ciiydae BeimonHsiercst yaudukanus pesynbratoB PCY — BeiOop asist Bcex ce-
yeHnd u3 BceX 3anad Takux PCY, KOTOpbI€ BBI3BIBAIOT JKCTPEMAIBHOE 3HAYEHUE
kaxxaoro kpurepus. [Ipu s3tom Bce PCY 1mo cOOTBETCTBYIOIIMM KPUTEPHUSIM aBTOMa-
TUYECKU CTAHOBATCS B3aUMOUCKIIFOYAOIINMHU.

Hcxoonvle oannvie ona gpopmuposanus EOP

1. ms 3agaun — uMeHa 3a/1a4y U3 nepeuHs o0beAnHsIeMbIX 3a1ad. [lepBriM BbIOUpa-
eTcst UM 0a30BOM 3a1auH.

2. Homep 3arpyeHus 0 CKBO3HOW HyMepaluu 3arpyKeHuil Juisi 00beIMHEHHOH 3a-
nayr. CKBO3HAsi HyMepalysl 3arpyKeHUid Npou3BONUTCA NOApsAA OT 1 10 HoMepa Mo-
CJICTHETO 3arpyKEHUSI B MOCJIEIHEN OMMCHIBAEMOM 3a7a4e.

3. Homep 3arpyxeHusi, COOTBETCTBYIOUIMI HyMEpaluu 3arpy’KeHHl B KaXIA0W M3
00beIMHSAEMbIX 3a7a4.

4. Nms 3arpyKeHus — OIPUCBOCHHOE MMS 3arpyKeHHs, coaepikaieecss B PemakTope

3arpy’K€HUM OMKUCHIBAEMOM 3a1a4H.
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5. Bupn 3arpyXeHusi — IpUCBOEHHBINA BUJ 3arPYKEHUs, coJepamumiica B Penakrope
3arpy>Ke€HUM U COBIAJAIONINI C BUIOM 3arpykenust B tabnuie PCY BbiOpanHOI 3a-
nauu. [lepBoHavyasibHBIN BU 3arpy>KeHHsI MOXKET ObITh U3MEHEH MPU MOMOILHU Mpe/I-
JIaraeMoro CIHUCKa BUAOB 3arpyKEHUSL.
6. Homep rpynnbl 00beIMHEHUS] — HOMED TPYIIIbI 3arpyKEeHUN, CYMMUPYEMbIX MpU
BbluncaeHuu PCY.
7. 3HAKONIEPEMEHHOCTh — MPU3HAK 3HAKOMIEPEMEHHOTO 3arpyKEHUS;, MPU3HAK BHIOW-
paeTcs u3 Crucka.
8. Homep rpynnbl B3aMMOUCKIIOUEHUSI — HOMEP TPYIIIbl 3arpy>KeHUI, KOTOpPhIE HE
JOJKHBI BXOuTh B PCY 0J1HOBpEMEHHO.
9. Homep 1-T0 comyTCTBYIOIIETrO 3arpy>KEHUs] U3 CKBO3HOM HyMepaluu 3arpyKEeHU.
10. Homep 2-T0 CONMyTCTBYIOIIETO 3arpy>KeHUs U3 CKBO3HOW HyMEpalluM 3arpyxe-
HUM.
11. KoadgpunmeHT HaaeKHOCTH IO HArPy3Ke.
12. IIpusHak ydera BTOPOIO MPEAEIbHOr0 cOocTOosiHUS npu omnpeneneHun PCY 00b-
eIMHEHHOMU 3aJauH.
13. Jloas JIMTENbHOCTH 3arpy>KEHHUS.
14. KoaddunmeHT coueranus 1jisi 1-ro OCHOBHOTO COYETaHUS.
15. KoaddunmeHT coueranus 1jisi 2-r0 OCHOBHOTO COYETaHUS.
16. KoaddunueHnt coueranus ais 0coO0ro COYETaHUsl C yU€TOM CEHCMUYECKOro 3a-
TPYXEHUS.
17. KoadduimeHt couetanust ajsi 0cOOOro0 COYETaHUSI C YIETOM 0CO00To (HEe Cceil-
CMUYECKOT'0) 3arpyKEHUS.

[IpenocraBnseTcss BO3MOXHOCTh BbIOOpa crioco0a pacuera 0a30BOM 3agauu —
no ycunusM uiu no PCY.
Kpowme Toro, 3amarorcs:
- HOMEp BapuaHTa KOHCTPYUPOBaHUs 0a30BOM 3a/1auu (B TEKYIIEH BEPCUU HE peasu-

30BaHO);
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- KOJIMYECTBO OJJHOBPEMEHHO YUUTHIBAEMBIX KPAHOBBIX 3arpy KeHHIA,

- KOJIMYECTBO OJHOBPEMEHHO YUUTHIBAEMBIX TOPMO3HBIX 3arpyKEHHI.

[lepen popMupoBaHueM crucKa O0OBEIUHIAEMBIX 3a7ad CIeAyeT YOeIUuThCs, YTO BCE
3TH 3a/1a4¥l IOCUUTAHBI, a (halijIbl C pe3ybTaTaMu pacueTa He yIaJCHbI.

Uucno 3amad MoxeT ObITh OT 2 110 96. [Ipu dhopmupoBanuu PCY 060061menHoM 3a1a-
YU BBIMOJHSAIOTCS CIEAYIOIINE MPOBEPKU:

- KOJIMYECTBO JIEMEHTOB B 33/1a4aX JOJHKHO ObITh OJJUHAKOBBIM;

- TUTIBI KOHEYHBIX AJIEMEHTOB B 33/1a4ax JOJDKHBI COBNAATh;

- KOJIMYECTBO MPOMEKYTOUHBIX CEUEHUH B CTEPKHSIX JOJKHO COBIA/IATh;

- KOJIMYECTBO YCUJIMM B CEYECHUH 3JIEMEHTA JOJKHO COBIA IaTh;

- CyMMapHO€ KOJIMYECTBO 3arpyKEHUM HE JOJKHO MPEBBIIATE 96.

OObnapy>keHHbIE OIMIMOKHA WM HECOOTBETCTBUS B MCXOJIHBIX JAHHBIX OTOOpa)KaroTCs
B [IPOTOKOJIE POXOKICHUS 3a/1auu.

[Tocne okoHuyanus pacuera nocuntanHass EOP 3a1aua oTKpbIBa€TCS aBTOMaTUYECKHU.
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