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BBEJIEHUWE

Exeronno Ha 3emHOM Imape npoxoaut cBbiiie 300 ThICAY 3eMIIETPSICEHUN,
OOJIBIIIMHCTBO U3 KOTOPBIX, K CYACThIO, UMEET HEOOJIBIIIYIO CUITYy WM MPOSBIISIOTCS B
HEHACENEHHBIX paiioHax. OJIHAKO HEKOTOpPbIE OYard CHJIbHBIX 3€MIIETPSCEHUN
pacrnoyiararorcs OJIM3KO K HAcelNEeHHbIM IyHKTaM. B 3ToM ciy4ae NpOUCXOAST
OO0JIbIIME TOBPEKACHUS U OOPYILIEHUS HETOCTATOYHO MPOYHBIX COOPYKEHUH.

Yucio YenoBEYECKUX HKEPTB IMPU 3E€MIIETPSICEHUSX MOXKET JOCTUraTh
KOJIOCCAJIbHBIX pa3MepoB. Tak, rpu 3emieTpscenuu 1 centsOps 1962 roga B ropoje
l'azpuna (Mpan) morm6no oxono 12 Teicsy denmoBek. Ilpu 3emierpsicenun 16
centsiops 1978 1., Ha ceBepe-Boctoke Hpane (Tabac) moruGio okosno 25 Thicsu
yenoBek. Ilpum 3emnerpscennn 20 wuroHa 1990r B CeBepo-zamannom Hpane
(Manmxun), cuna 7.3-7.7 6amioB no mkane Puxtepa, 50000 morubmmux. 26 nekabps
2003 Ha roro-Boctoke Upana, ¢ sanuiieHTpom B ropojie bam, npousonuno cuinbHenee
3eMJIETPSCEHNE MarHUTyAou 6.5, 4yTo coorBeTcTBYeT 9 Oamam mno mkaie MCK-64.

[To mocnegaUM OoQUITMATHHBIM JaHHBIM MOTHOJIO IO KpaiiHei Mmepe 42000 JyenoBexk.

Puc. 1. Benuxkoe 3emierpsacenue Kanto 1923 rona (Sinonus)



B 1556 1, B npoBunuuu lancu (Kurait) morn6mo okono 830 ThIC. 4eNOBEK;
semuierpsicenue B KanbkyTtre (Muaus) 11 oktsiopst 1737r. yHecno »xu3nu cBsiire 300
TBIC. YEJIOBEK; MPH 3eMJIETpsACCHUHU B T. byxTa - cBbiie 100 Teic. yenoBek. B uncne
pPa3pyIIUTENbHBIX 36MJIETPSCEHUN MOCIEIHUX JIET MOKHO OTMETHUTH 3€MJICTPSICCHHE
B Crnurake (1988 r.), na Kypunax (1994 r.), B Kob6e (SAmonus, 1995 r.), B
Hedreropcke (1995 r.), B ropoae Uzmut (Typuus, 1999 r.).

Puc. 2. 3emnetpsacenue 1988-ro rona, yunutoxusiiee ropos Crnurak

OpHoit W3  BaXHBIX  3aJlay CEHCMOCTOMKOTO CTPOUTENbCTBA  SIBJISIETCS
pa3paboTKa METOJIOB pacuera 3JaHHil M COOpYXEHUM, MO3BOJISIONIMX Haubosee
TOYHO OIICHUTh BO3MOXXHOCTH KOHCTPYKIIMH  COINPOTHBIATHCS  Pa3IAIHBIM
CEHCMUYECKUM BO3ACHCTBUSIM. AHAIU3 BO3MOXHBIX IOCJIEACTBUI (pa3pyIIeHHN)
naet uHGOPMAIMIO JUISI TPOCKTUPOBAHMS 00Jie€ CEMCMOCTONKMX KOHCTPYKITUH,
HAXOKJIEHUSI SKOHOMUYHBIX PEIICHUM, TIOBBIIICHUS X 0€30MacHOCTU, YCUIICHUS yKe
MOBPEXICHHBIX 3aHUI U COOPYKEHUH.

B cranoBneHue u pa3Butee TEOPUU CEHCMOCTONKOCTH OOJIBIION BKJIal BHECIIU
Ab6nypammaoB K C., Aiizen6epr SI. M., bapmreitn M. ., beixoBckuii B. A.,
INonpnenbnar W. U., lapounsu C. C., Erynos B. K., XKapnaunkuit B. U, XKynycos T.
K., 3aberaes A. B., 3aBpueB K C., Kadynos B. K., Kapanersu b. K., KapuuBamze I'.
H., Kopuunckuii U. JI, MaptembsinoB A. WM., Mensenes C. B., Hazapos A. T,

HanerBapunze III. TI'., Hukonaenko H. A., IlonsikoB C. B., Pacckazosckuii B. T.,



Pactopryes b. C., PammunoB T. P., Caaksan A. O., CaBunoB O. A., CunuubiH, A.
I1., CmupnoB C. b., Ypazbaes M. T., Xauusn 3. E., lllanupo I'. A., u MHorue
npyrue. Cpeau 3apyOeXHBIX HCCIIeIOBaTENIe HEOOXOAUMO OTMETUTh paboThl buo
M., bmroma JIx., bopmkepca JIxk., Benercoca A., Ixeko6cena JI, Jbxennunrca I1.,
Kanaun K., Knada P., Myto K., Haum ®., Heiomapka H., Oxamarto 1., ITaymam
T., Ilenzuena k., PozenOmtoera 3., Xay3nepa [k,

B Hacrosmee BpeMs pacuer 3JaHUM U COOPYKEHHW Ha JIEUCTBUE
CEUCMUYECKUX HArpy3ok mnpousBogutcs B coorBercTBuu co CHUII II-7-81* (CII
14.13330.2011), B OCHOBY KOTOpPBIX 3aJIOKEHO ympyroe aehopMHUpOBaHUE
KOHCTPYKIIUH C BBEJACHHEM HEKOTOPBIX OOOOIIEHHBIX KOPPEKTUB, YUUTHIBAIOIINX
MOJIaTIUBOCTh CUCTEM M 00pa30BaHME IJIACTUYECKUX MIapHUPOB. Pacuer npoyHocTu
AJIEMEHTOB MPOU3BOAUTCS MO MPEACIIbHBIM YCUINUSIM, BOCIPUHUMAEMBIM 3JIEMEHTOM
B HOPMAJIBHBIX, HAKJIOHHBIX WU MPOCTPAHCTBEHHBIX ceueHUsix. [Ipu 3TOM BBOASATCA
crienuaibHbie  KOd(DPUITMEHTBI yCIIOBUH pa0OThI, YUYWUTHIBAIOIIAE OCOOCHHOCTH
CEHCMMYECKOI0 BO3ACUCTBHs. TakoM MOAXOA paccMaTpuBaCTCsd KaK YCJIOBHO
CTaTHYECKUN METOJI pacyeTa Ha CEMCMHUYECKHE BO3JECUCTBUSA. MeETOJ MMEET CBOM
MOJIOKUTENIbHBIE CTOPOHBI U HEAOCTATKU. [ TaBHOE TOCTOMHCTBO €ro 3aKIH0Yal0TCs B
MIPOCTOTE, KOTJIa UCIOJB3YIOTCS XOPOILO U3BECTHHIE MHKEHEPY MPUEMBI U IIPaBUIIA,
MIPUMEHSIEMBbIE ISl pacueTa KOHCTPYKIUM MPU OOBIYHBIX CTATUYECKUX BO3JCHCTBUSX.
OnHako TakoW TOAXOJ HE YUYWTHIBACT JIOKAJIbHBIE MMOBPEKICHUS B DJIEMEHTaX.
CeiicMuueckass ~ Harpy3ka  ONpEAeNsieTCss B NPEANOJIOKEHUH  YIPYTroro
nedopMUpoBaHKs KOHCTPYKIUNA, a 00pa30BaHUE OCTATOYHBIX JepopMariuii, TpeuH,
MJIACTUYECKUX 30H MPOW3BOJUTCS YCIOBHBIMH SMIHUPUUECKUMH KOdhQUIIMeHTaMH,
KOTOPBIE HE 3aBUCAT HU OT MHTEHCUBHOCTHU 3EMJICTPSICEHHS, HU OT CBOWMCTB CaMoOro
coopyskeHus. Bmecte ¢ TeM, peasibHble ycI0BUs 1e(hOPMUPOBAHUS KOHCTPYKIMI U
CECMMYECKHUX BO3JICUCTBUAX OUYEHb CIIOXKHbIE. CelicMUYecKas Harpyska, MOMHMO
0COOEHHOCTEW BO3ACHCTBHUS, 3aBUCUT TAKXKE M OT JUHAMUYECKUX XapaKTEPUCTHUK
3MaHUN U coopyxeHuil. [Ipu CHIBHBIX 3E€MIIETPACEHUSX B KOHCTPYKIUSAX

MNOABJIIOTCA MW PAa3BHUBAIOTCA ITOBPCIKACHHA. 910 IIPUBOAUT K H3MCHCHHIO HX



KECTKOCTHBIX M JWHAMMYECKHX XapaKTEpPUCTHUK. B mpormecce CcerucMUYecKoro
BO3JICHCTBHS COOPYKEHUE M3MEHSAET CBOM CBOWMCTBA CTOJIBKO Pa3, CKOJIBKO LIUKJIOB
Harpy’keHus (TOJIYKOB) OHO IIEPEHECIIO 3a BPEMS 3€MIIETPSICEHUS], U, TIO CYILECTBY, HA
KaXJIOM  JTale  JOJDKHO  pacCMaTpUBaTbCs  COOPYXKEHHE € HOBBIMH
xapakTepucTukamMu. Kpome TOro, kK MOMEHTy 3€MIIETPSCEHHsS B 3JaHUAX W
COOPY)KEHUSIX YK€ CYIIECTBYET TO WJIM HWHOE HaNpsSKEHHO-AE(POPMUPOBAHHOE
COCTOSIHME, BbI3BAaHHOE JEHCTBHEM HX COOCTBEHHOI'O Beca, IOJIE3HBIX Harpysok,
TEKTOHUYECKUX JBWKEHUN TIPYHTOB, HEPAaBHOMEPHBIX OCaJOK, YCAJOUYHBIX U
TEMIIEPATYPHBIX HANPSDKEHWW. BriusHMEe NpenmecTBYIOMUX  CEHCMHUYECKOMY
BO3/EICTBUIO HArpy30K (IIPEAbICTOPUH) BHOCUT CBOM BKJIaJ HE TOJIBKO B U3MEHEHUE
OPOYHOCTHBIX U J1e()OPMATHUBHBIX CBOMCTB MAaTepuaioB, HO U B H3MEHEHHE
JUHAMUYECKUX XapAKTEPUCTHUK 3/1aHHS B LIEIIOM.

HopMaTuBHBIM METO/I HE MO3BOJISIET YUECTh BBIIIEU3II0KEHHbBIE (PAKTOPBI, YTO
IIPUBOJUT K 3HAYUTEIBHBIM OTKJIIOHCHHSM PE3YyJIbTATOB pacyeTa M MPOEKTUPOBAHUSA
0T (haKTUYECKOTO XapaKkTepa padOThl KOHCTPYKLMNA MPU PEAbHBIX 3€MJICTPSCEHUSX.
[TopToMy BecbMa akTyaldbHbIM M CBOEBPEMEHHBIM SIBIISIETCA pa3padOTKa HOBBIX
YCOBEpLIECHCTBOBAHHBIX METOJOB pacdeTa CECMOCTOMKOCTH, HauboJiee NMPaBUIBLHO
OTpaXAIOIIKX MOBEACHUE 3AaHUN TP 3€MIIETPSICEHUX, 00€CIEUNBAIOIINX OOIBIIYIO

HaJAC)KHOCTD U, B TO )K€ BPEMsI, DOKOHOMHUYHOCTD IMPOCKTHLIX pemeHHﬁ.

PA3JIEJI 1: OCHOBHBIE IIOJIOXXEHUSI JUHAMMWYECKOI'O PACYETA
KOHCTPVYKIUN

1.1 Hecmopus ounamuku coopyscenuil

JlnHamuka coopyXeHud Kak Hayka 3apomunack B 20-x rr. XX B. EE
BO3HUKHOBEHHE OBLUIO OOYCJIOBJICHO TMPAKTUYCCKUMHU HYXKJIaMH CTPOUTEIIbCTRA,
3HAYUTEIIBHBIM  YBEJIMYEHUEM  JHUHAMHUYECKMX  HArpy30K Ha  COOPYKCHHS:
MOBBIIICHUEM MOIHOCTEW M CKOPOCTEU JIBUKEHUS MAlllWH, CKOPOCTEN IOJBUKHBIX
Harpy3ok u T.4. OJIHaKO pa3BUTHE AMHAMHUKHU COOPY>KEHUM B 3TH I'OAbI CYIIECTBEHHO

OTCTaBaJI0 OT €€ TEOPETUYECKOM O0a3bl — TEOpUH KOJIEOAHUW U CTPOUTEIBHOU



MEXaHUKH, U (pakTuyeckod uHOpMaANUKU, JOCTABIAEMONM JUHAMUYECKUMH
UCIIBITAHUSIMU COOPYKEHU.

IIpumensBIIMICA B 3TOT IEPUOA TPAAULIMOHHBIA METOJA Y4€Ta BIIMUSAHUSA
NUHAMMYECKOM HAarpy3ku - BBEACHHE B CTATUYECKUM pacu€T COOPYKEHUs
JTUHAMUYECKOTO KO3 (UIIMEHTa HArpy3KH, ObLT HECOBEPUIEHHBIM; OH UTHOPUPOBAI
JUHAMHYECKUE XapaKTEpUCTUKUA COOpYKEeHHMM M Harpy3ok. B 30-x rr. /lunammnka
COOpPYXEHHH cTasia ObICTPO Pa3BUBATHCS, ONUPAACh HA HKCIIEPUMEHTAJIbHbIC TaHHBIC
u gocrarouyHo crporyto teoputo (. . bapkan, H. U. besyxos, C. A. bepuuireiin, A.
®. CMUpPHOB U J1Ip.).

B 50—60-x rr. B CCCP, BiepBble B MUPOBOM MPAKTHKE ObUTH OMYyOJIMKOBaHbI
MHCTPYKIIMHU 0 JUHAMUYECKOMY pacuéry coopykenuil (paspadoranusie [[HUMCK
n HUM ocHOBaHMII M MOJ3EMHBIX COOPYXEHHWI), OTPa’KaBIlIME€ BBICOKUU YPOBEHb
pa3Butus nuHamMuku coopyxkeHuii B CCCP. B 3Tu roasl noiayuduiau pa3BUTUE HOBBIE
BAKHBIE HANpPaBJICHUA B JUHAMHUKE COODPY)KCHHM: JUHAMHYECKHMU PaCUET
KOHCTPYKIIMHU C HEJIMHEUHBIMU YIIPYTUMH WIN JUCCUNIATUBHBIMHA XAPAKTEPUCTUKAMH.
Takke NOMy4YMJIM Pa3BUTHUE PACUYEThl COOPYKEHMM Ha CIyYalHbIE HArpy3Ku C
IIPUMEHEHUEM METOJIOB CTAaTHCTUYECKOM JUHAMHMKHA WA TEOPUU CIy4YalHBIX

npoueccos - B. B. bonotun, U. U. lN'onpaenbnar, H. A. Hukonaenko u ap.

1.2 lfpedmem u 3ada4yu QUHaMUKU COOPYXXeHull
JluHaMuKa COOpYyKE€HUH - Hayka O KoyieOaHHMAX W METoJax pacuéra

COOPY’KEHUM, MOJABEPraloOIIUXCsl JACHUCTBUIO JUHAMUYECKUX HArpy30K, M crocodax
yMeHblIIEHUsT  KosneOanuil.  JluHamMuyeckue  HArpy3kM  Ha  COOpY>KEHHE
XapaKTePU3yIOTCSl HACTOJIBKO OBICTPHIM H3MEHEHHUEM BO BPEMEHU HX BEJIMYUHBI,
HaIpaBJICHUs] WM MECTa MPHUIIOKEHHUS, YTO BBI3BIBAIOT KOJIEOAHUS COOPYKEHHS,
KOTOpbIE HEOOXOAMMO Y4YWUTHIBaTh MpuU ero pacu€re. TakoBbl Harpyskw,
BO3HUKAIOIIKE IPU pabOTe MAIIMH C HEYPaBHOBELICHHBIMU JBHKYLIUMUCS MacCaMH,
IpU yJapax MacCUBHBIX TeJl, IPU 3eMJICTPSICEHUSX U B3pbIBax U T.A. KoyebaTenbHbI
XapakTep MMEIOT HE TOJIBKO IIEPEMEILIECHHS] TOYEK COOPYKEHMS, HO U BHYTPEHHHUE

YCWIINA U HAIIPSPKCHUS B €T0 3JICMCHTAX.



OrnpeneneHne 0KUIAEMBIX aAMIUIUTY]l NEPEMEIICHU, BHYTPEHHUX YCUIUW H
HaAMpPsDKEHU B COOPYKEHUM TPU €ro KoJeOaHHsIX MoJ JACHCTBUEM IUHAMUYECKOU
Harpy3ku, T. €. IPU BBIHYXKJICHHBIX KOJEOAHUAX U CPaBHEHHE MX C JOMYCTUMBIMU
3HAYCHHUSIMH  COCTABJSIIOT OCHOBHOE  COJIEP)KAHME JAUHAMUYECKOTO  pacuéra
coopykeHus. JlomycTuMble 3HAUCHUS aMIUIUTYJ BHYTPEHHUX YCHIIUKA 00YCIIOBJICHBI
TpeOOBaHUSIMU TIPOYHOCTH M JIOJTOBEUHOCTH CTPOUTENIBHBIX KOHCTPYKLMM, a
3HAUYCHUS aMIUIMTY]] CKOPOCTEH M YCKOPEHUN KoJIeOaHWW 3MaHHU M COOPYKEHU, B
KOTOPBIX HAXOJATCS JIFOJM WU MOMEIIEHUE MPOU3BOACTBA C TOYHOM TEXHOJOTUEH, -
TpeOoBaHUSAMHU OE3BPEIHOTO BIMSHUS KOJIeOaHUI Ha 3J0POBbE JIIOJIEH U HA KaYECTBO
BBIITYCKA€MOU MPOTYKIIHH.

JIlnHaMuKa COOpPYKEHHM TECHO CBA3aHA CO CTaTUKOM COOPYKECHUM,
SBJISIFOLIEKUCS OCHOBHBIM Pa3/IeJIOM CTPOUTEIBHON MEXaHUKH. BOMpoc 0 MpOYHOCTH U
JOJITOBEYHOCTU COOPYKEHUsI PEIIACTCS HAa OCHOBE CTATUYECKUX U JTUHAMUYECKHUX
pacy€ToB.

JluHamuKa coOpy>KeHHUI UCIOJIb3YET XOPOIIO pa3padOTaHHbIE METO/IbI CTATUKH
COOpPYXEHUM, OJHAKO CYIIECTBEHHO HX 0000IaeT ¢ TOMOIIbI0 MPUHIIUIA

JlanambGepa, BBO/ISI B ypaBHEHHE HOBYIO IIEPEMEHHYIO - BPEMSI.

1.3 Teopemuueckan u IkcnepumeHmanbHas OUHAMUKA COOPYHCEHUT

[lo MeromaM  MCCIIEOBAaHUS  pa3jIMYalOT  SKCHEPUMEHTAIBHYIO U
TEOPETUYECKYIO TMHAMHUKY COOPYKEHUM.

TeopeTnueckas AMHAMHKA COOPY>KEHHUI pa3paldaThiBaeT aHAIUTUYECKUE U
YUCJIEHHBIE METOJAbl ONpPEIEICHUS aMIUINTY] BBIHYKJIEHHBIX KOJEOAaHUMH, a TaKke
4acToT ¥ (opM CBOOOMHBIX KOJeOaHHI coopykeHHil. MeToIbl perieHns OCHOBHOM
npoOJeMbl 3aBUCAT OT BHJA JUHAMHUYECKOM HArpy3kh M pPACUETHOM CXEMBI
coopyxkeHus. Ilo cBoemy BHJIy JIMHAMMYECKHE HArpy3ku paslessiorcs Ha
JNE€TEPMUHUPOBAHHBIE, W3MEHSIOIIMECS BO BPEMEHHU MO OMNPEACIEHHOMY 3aKOHY, W
ClIyyailHble, HM3MEHSIOIIHMECS BO BPEMEHM HE3aKOHOMEPHO M XapaKTEpH3yeMbIe
CTaTUCTUYECKUMHU BEJIMYMHAMH. B 3aBUCHMOCTM OT BHJA PACYETHOM CXEMBI

coopykeHus - Oanka, ¢gepma, pama, apka, IJIUTA, CBOJ, 000JO0YKa, MPUMEHSIOT
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COOTBETCTBYIOIIUI METOJA IJIsi OMPEACIICHUS aMIUTUTYAbl KoJieOaHUM Kak (PyHKIIUU
KOOPJAMHAT TOUYEK COOPYKEHUS.

Metonsl ompeaeneHuss 4actor W GopM KoJieOaHW 3aBUCAT TOJBKO OT
pacu€THOM CXEMbI COOpPYXEHHS. 3HaHHE YacTOT M (POPMBI COOTBETCTBYIOIIHUX
KOJIeOaHUN COOPYKEHHS TTO3BOJISACT €IIIE /10 €ro pacuéTa Ha JUHAMHUYECKYIO0 HAIPy3Ky
Mpeayrajarh Ka4yeCTBEHHYIO KApTUHY BBIHYXKIEHHBIX KOJI€OaHUH, MaKCUMaJbHO
COKPATUTh ATOT Pacy€T W BBISIBUTh HEBBITOJHBIC 3HAYEHMS YaCTOT MEPHUOIUYECKUX
Harpy30K ¥ MPOJOJIKUTEILHOCTH KPAaTKOBPEMEHHBIX HAarpy3o0K.

DKCliepUMEHTaNIbHAsl JUHAMHUKA COOPYKEHUIN C MOMOIIBIO OMBITOB B HATYpE U
Ha MOJICJISIX U3y4aeT JUHAMHUYECKHUE HArpy3KH Ha COOPY’KEHMS: OT CTAllMOHAPHBIX U
MOJABMIKHBIX MaIllMH U MEXaHU3MOB, CEICMUYECKHUE, BETPOBBIC, MYJIbCAIIUN JTABJICHUS
KUJIKOCTEM W Tra3oB B BOJOMNPOBOAAX, KOTJIaX W T.M. A TakkKe JIWHAMUYECKHE
XapaKTEPUCTUKU MATEPUATIOB M KOHCTPYKIMNA: JUHAMUYECKHE MOAYJIM YHPYTOCTH,
BHYTPEHHEE TPEHHE U BHEIIHUE COMPOTUBIICHUS, TMPEIEIbl BBIHOCIUBOCTH
MaTepUaIOB M COCIMHEHUN KOHCTPYKUMWA - 3aKJIEMOYHBIX, CBapHbIX U Jp.
OKCIepUMEHTaIbHAsl JUHAMUKA COOPYKCHUN H3ydaeT Mpeesibl MPOYHOCTH M
TEKYYeCTH TpU OOJBIINX CKOPOCTAX Ie(OPMUPOBAHWS, BBI3BIBAEMBIX MOITHBIMH
yaapaMu, TPOBEPseT HAIEKHOCTh PACUETHBIX CXEM COOPYKEHUU U 3PHEKTHBHOCTH

Croco0O0B YMEHBIIIEHUS KOJICOaHUIA.

1.4 Yacmomot u ghopmul cod6cmeennvix Ko1edanuil

Yactorel u (GOpMBI COOCTBEHHBIX KOJICOAHWUW SIBISIOTCS BaKHEHIITUMU
TUHAMUYECKUMH XapaKTEPUCTUKAMHU KOHCTPYKUMNA. 3Has YacTOThl U (POPMBI
COOCTBEHHBIX KOJICOAHMI, a TaK)Ke BO3MYIIAIONIYI0O HArpy3Ky, MOXXHO HE TOJBKO
MOJTHOCTHIO TIPOBECTH AWHAMUYECKUN pacyeT KOHCTPYKIWW, HO M MPEIyCMOTPEThH
BO3MOYHBIE MEPOTPUATHSI 110 YMEHBIIICHUIO TUHAMUYECKUX JeopMaIiuii U yCUIH.
OOBIYHO 711 AMHAMUYECKOTO pacueTa KOHCTPYKITUH UCTIOIB3YIOT METO ] Pa3I0KEHUS
mo (¢opmam COOCTBEHHBIX KOJEOAHHI; MPU ATOM TOYHOCThH pacuera CYIIECCTBEHHO

3aBUCHUT OT YHCJIa YUYUTHIBAEMBIX Takux (popm kosnebanumii. B mpakTudeckux pacuyerax
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CTPOUTEIIbHBIX KOHCTPYKILIMM, XapaKTEPU3YIOMIMXCS TYCTBIMM CHEKTPaMHU YacTOT
KOJIe0aHM, OCHOBHBIM PACUETHBIM CITydaeM SIBJISIETCS] pacueT Ha pe30HAHC.

Cy11ecTBYIOT pa3IudHbIe METOJIBI OMPEICICHHs 4acTOT U (JOPM COOCTBEHHBIX
KoJieOaHWil ~ MHOTOATaXHBIX  37MaHui. Hawmbomee pacmpocTpaHEHBI — METOIbI
nedopmanmii u cui. [Ipu aToM crenyeT cuuTaThesl ¢ peajbHON CTaTUYECKOW CXeMOM
3aHUs, KOTOpask HEMOCPEACTBEHHO 3aBUCUT OT €r0 pacueTHOM CXeMbl (KapKacHasl,
OeckapkacHasi, CMEIlIaHHas U T. 11.).

B 3aBucuMoCTH OT pacueTHON CXEMbl 3/IaHHs MPeo0Iaaar0T U3THMOHbBIE WU
CIBUTOBBIE MOCTYIIATEIbHbBIC KoJIeOaHwms, WU3TMOHOCIBUTOBHIE u
KpyTHibHONOCTYNaTenbHble. CyIecTByeT MHOXKECTBO MNPUOIMKEHHBIX CIOCOOOB
BBIYKMCIICHUS YacTOT U (opM COOCTBEHHBIX KoJieOAaHUM, pPACHpPOCTPAHCHHBIX B
MpakTUKE JUHAMHYECKHMX  pacdyeToB  coopyxeHus: Gopmyna JlyHkeprnas
UCIIOJIB3YETCS JUIsl OMPENEICHHUS TPUOIMIKEHHOTO 3HAYEeHMsS] TIEPBOM YaCTOTHI
COOCTBEHHBIX KOJICOAHWUN CHCTEM CO MHOTHMH CTEICHSIMHU CBOOOABI, METOJ
CHEKTPaJIbHBIX (DYHKITMH; SHEPreTHUECKUH METOM;, METON IOCJIEI0BATEIbHBIX

MPUOJIMKEHUI; METO PUBEJICHUS MacC U T. 1.

1.5 O6bwue nosioxKeHUs1 NpuU NPOeKMuUPo8aHUU celicMocmolkux 30aHul

HoBble KOHCTPYKTHBHBIE CXEMBI 3JaHUM M COOPYKEHHII B Hadaje Ipolecca
POEKTUPOBAHUS MOJIEKAT 0053aTEIIbHON SKCIIEPTHOM MPOpPadOTKE CrelHaIUCTaMU
HAaY4YHO-HUCCJIEAOBATEIIbCKUX U TMPOEKTHBIX OpPraHU3alfi, CHECHUATU3UPYIOIIUXCS B
00J1aCTH CEMCMOCTOMKOTO CTPOUTENILCTBA.

IIpy TPOEKTUPOBAHMU CEUCMOCTOMKUX 3JAHUM U COOPYKEHUHM U TIpHU
YCWJICHUH 3[aHUN CYIIECTBYIOIIEH 3aCTPOMKH CIIETYET:

- TNPUHUMATH OOBEMHO-IUIAHUPOBOYHBIE M KOHCTPYKTHBHBIC pEIICHUS,
oOecreunBaoIIne, Kak MpaBUiio, CAMMETPUYHOCTh U PETYISIPHOCTh pacipeneeHus

B IIJIaHC U I1O BBICOTC 34aHH MacCC, YKECTKOCTEH U Harpy3o0K Ha ICPCKPLITUA,
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- TPUMEHATH MaTepHanbl, KOHCTPYKUUM U KOHCTPYKTHUBHBIE CXEMBI,
o0ecreunBaIe HAWMEHbIIME 3HAYCHUS CEMCMHYECKUX Harpy3ok (JIerkue
MaTepualbl, CEMCMOU3OISLINIO, APYTUE€ CHUCTEMBI JUHAMUYECKOTO PETYJIUPOBAHUSA
CEHCMUYECKON HArpy3KH);

- CO3/1aBaTh BO3MOXXHOCTb pa3BUTHS B  OIPEICICHHBIX 3JIEMEHTaX
KOHCTPYKIIUH JOMYCTUMBIX HEYNPYTHUX Jepopmariuii;

- BBIIIOJIHATh PAcUEThl METAJUIMYECKUX KOHCTPYKLUUN 30aHUM U COOPYKEHUM C
y4€TOM HEJIMHEHHOTro J1e(OpMUPOBAHUS KOHCTPYKIIHI;

- TMpeaycMaTpuBaTh KOHCTPYKTHBHBIC MEPOINPHUATHSA, 00ECIICUNBAIOIIIE
YCTOMYHUBOCTh U TEOMETPUUYECKYIO HEU3MEHSIEMOCTh KOHCTPYKLHUW MPU Pa3BUTHU B
AJIEeMEHTaX W COCIMHEHUAX MEXKIy HUMHU HEyNnpyrux jaedopmanuid, a Takxke
HCKJIIOYAIOIINE BO3MOXKHOCTh XPYIIKOTO UX Pa3pyILICHUS;

- pacmnoJyiaraTh TsDKelloe 00OpyJOBaHME HAa MUHMMAJIBHO BO3MOXXHOM YPOBHE
T10 BBICOTE 3/IaHUSI.

IIpr wmcnosib30BaHMH CEUCMOM3OJSINAA W JAPYTUX CUCTEM JTHHAMHYECKOTO
pEeryJIMpOBaHUsl CEHCMHUUECKUX HArpy30K BBIOOp TOW WJIM MHOM CHCTEMBI, a TaKXKe
pacdeT W KOHCTPYHPOBAHUE  JOJDKHBI ~ TPOU3BOAUTHCS  C  YYAaCTHEM
CIICLIMAJIM3UPOBAHHBIX POCKTHBIX U HAYYHBIX OPraHU3aLINM.

B 3paHugx ¢ HeECymIMMHM CTE€HaMH, KPOME HApPYX HBIX MPOJOJbHBIX CTEH,
JIOJDKHO OBITh HE MEHEE OJIHOM BHYTPEHHEH NPOJIOJBHON CTEHBI. 3/IaHUS JOJIKHBI
UMETh TpaBUWiIbHYIO GopMy B 1iaHe. CMeXHbIE YYacCTKU 3/1aHUs BBILIE WIM HUXKE
MJIAHUPOBOYHOUM OTMETKU HE JIOJKHBI UMETH TIepernaibl 6ojiee 5 M.

IlepexphIThs B 31aHUAX CIIEAYET pAcloaraTb Ha OJJTHOM YPOBHE.

[lepen CTpOUTENBCTBOM 3[aHUSI WA COOPYKEHUS CHUKECHUE MHTEHCUBHOCTH
CEMCMMYECKUX  BO3JCUCTBUH  MOXET  OBbITh  JIOCTUTHYTO  IOBBIIIEHUEM
ceficMocToiikocT ocHoBaHMi. Heobxoaumo ctpouts Ha rpyHTax I u Il xareropuu
cornacHo knaccudukanuu CHulla II-7-81%, T.x. yeM rpyHT npoyHee, IIIOTHEE, MAJIO
HACBIIIEH BOJIOM, TeéM OBICTpPEE CKOPOCTh MPOXOXKICHUS Uepe3 HEro CEHCMHUUECKOM

BOJIHBI. HpOGKTI/IpOBaHI/IG (bYHI[aM CHTOB 3IIaHHﬁ CICAYCT  BBHIIIOJIHATL B
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COOTBETCTBUM C TPEOOBAHUSAMH HOPMATUBHBIX JOKYMEHTOB MO OCHOBAHUSM 3JIaHUM
U COOpYKEHUH U CBallHbIM (QyHIaMeHTaM. [yOuHy 3anoxeHusi (pyHIaMEHTOB
PEKOMEHIYETCSl YBEJIIMUMBATH ITyTEM YCTPOMCTBA MOIBAJIBbHBIX ATAXKEH.

@dyHIaMEHTHI 371aHUN BBICOTOM OoJiee 16 3Taxeil Ha HECKaJIbHBIX TPYHTaX
CJIelyeT, KaK MPaBUII0, MPUHUMATh CBATHBIMU WJIM B BUJIE CILIOIIHON (GyHIAMEHTHOU
IJTUTHI C 3ariyOJICHUEM MOJOIMIBEI OTHOCUTEIBHO OTMETKA OTMOCTKH HE MEHEE 4eM
Ha 3,0 M.

@yHAaMEHTHl 3JaHUK, BO3BOJMMBIX Ha HECKAJBHBIX TPYHTaX, JOJDKHBI, KaK
MpaBUJIO, YCTpauBaTbCs Ha OAHOM ypoBHE. lloaBanmbHBIE 3Taxu cleayer
MpeaycMaTpuBaTh 1oj BceM 3aanueM. [Ipu pacuetHoit ceiicMuunocty 7 U 8 0amwioB
JOMYyCKaeTcsl yCTPOWCTBO MoJBala NOJA 4YacThlo 3AaHusA. [lpu 3TOM cienyer
pacnoJiaratb €ro CAMMETPUYHO OTHOCHUTEIIBHO TJIABHBIX OCEeM 3maHud. Jlid 3panni
BbIIIe 12 3Ta)kedt yCTpOIMCTBO MO/ [Bajia MOJI BCEM 3/IaHHEM 0053aTeNbHO.

IlepekpbiTisi ¥ TOKPBITUS  CIEAYET BBINOJHIATH B BHAE  KECTKUX
TOPU3OHTAIBHBIX  JUCKOB,  HAJIE)KHO  COCIMHEHHBIX C  BEPTUKAIbHBIMHU
KOHCTPYKIIUSIMM 3JIaHUSI M OOECIEYMBAIONIMX HX COBMECTHYIO paboTy TIIpu
CEHCMMYECKUX BO3AEUCTBUAX. [lOKpBITHMA 37aHUN CIEQYyEeT NPOECKTUPOBATh U3
KOHCTPYKIIMH, KOTOPbIE MAKCHUMAJbHO CHUYKAKOT UX BEC, MCIOJIb3Ys, HAlPUMEDP, B
METATMYECKUX KapKacax MpouInpoBaHHBIN HACTHIT U 3P(HEKTUBHBIC YTEILTUTEIH.

MexXnys3TaXHbIE NEPEKPBITHS B 3JaHUSAX C METAUIMYECKMMHM KapKacamu
PEKOMEHYeTCsl BBIMOJHATh MPEUMYIIECTBEHHO MOHOJMTHBIMU KEJI€300€TOHHBIMHU.
B cnywasx mnpumeHeHusi COOpPHBIX KeEIE300€TOHHBIX TEPEKPBHITHI  ClieTyeT
MpeycMaTpUBaTh KOHCTPYKTUBHBIE TPOTUBOCABUTOBLIE MEPONPUATHS (MOHOJIUTHBIE
0OBSI304HbIE MOSACA, ITMOHOYHbIE CTHIKM MEXAY MaHENSIMHU U JIp.), aHAJIOTMYHbIE TEM,
YTO PEKOMEHIYIOTCS 111 CECMOCTOMKUX 3/1aHUH C )KeJI€300€ TOHHBIMU KapKacaMH.

[ToxpeITHsI ¥ TEPEKPHITUS 3AaHHUM, OOBEAMHSIONIUE OTAEIbHBIC 3JIEMEHTHI
KOHCTPYKIIMI B NPOCTPAHCTBEHHBIN KapKac, JOJKHBI CO3JaBaTh >KECTKHI B CBOEH
IJIOCKOCTH JAUCK. [l yBeIW4YeHUs KECTKOCTH HTOr0 JUCKAa B TOKPBITHUSX C

HCIIOJIb30BaHHUCM CTaJIBHOT'O HpO(i)I/IJII/IpOBaHHOFO HaCTHJIa HGO6XOI[I/IMO
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MpeycMaTpUBaTh CUCTEMY CBS3€H B IMJIOCKOCTH BEPXHHUX MOSICOB (PepM, B KOTOPOH
POJIb pACIIOPOK MOTYT BBITIOJIHSATH IIPOTOHBI.

B MHOrosTa)XHbIX KapKaCHbIX 3JaHUSAX CUCTEMOW, BOCIHPUHUMAIOIIEH
FOPU3OHTAIBHYI) CEMCMUYECKYI0 HAarpy3Ky, MOXET CIIYKUTh ITPOCTPAHCTBECHHBIN
KapKac C JKECTKMMH PAaMHBIMU Yy3JIaMH; MPOCTPAHCTBEHHBIM KapKac C JKECTKUMU
paMHBIMU y3JlaMU C 3aIllOJJHEHHEM, YYACTBYIOIIMM B BOCHPUSTHUM CEHCMHYECKOU
Harpy3k; Kapkac C BEPTUKAIBHBIMH CBS3SIMH, AuadparMaMu WO  SApaMu
KECTKOCTH; OC3pUTEIbHBIN KapKac.

MOHOJIUTHBIE 31aHUA CHEAYET MPOCKTUPOBATH, KaK IIPAaBUIO, B BUJE
MePEKPECTHO-CTCHOBOM CHUCTEMBI ¢ HECYIIMMH (B OCHOBHOM H3 TSDKEJIOTO OETOHA)
WA HEHECYIIMMH BHEUIHUMH CTE€HaMHU. [IepekpbIThsi MOryT IpenyCcMaTpuBaTbCS
MOHOJIHUTHBIMH, COOPHBIMH B COOPHO-MOHOJIUTHBIMH.

KpynHonaHenbHblE 37aHHUSl CJIEAYET IPOCKTUPOBATH C IMPOJOJBHBIMU U
MONEPEYHBIMU HECYIIMMU CKBO3HBIMH CT€HaMH. [lonepeuHbie u NpoaoIbHBIE CTEHBI
COBMECTHO C TIEPEKPBITUSIMU U TTOKPBITUSIMU 00Pa3yIOT €IUHYIO MTPOCTPAHCTBEHHYIO
CHUCTEMY, BOCIIPHHUMAIOIIYIO CECMUYECKUE HATPY3KH.

B 3aBHCHMOCTH OT THIIa yCHIJICHHSI CTEHBI B 3JIaHUSX U3 MOTYT OBITh:

- U3 KUPOUYHOU (KAMEHHOW) KIIa/IKU;

- KOMIUIEKCHOM KOHCTPYKIMM - BBIIOJHSAIOTCS YCTPOMCTBOM B KJIAJKE
BEPTUKAJIBHBIX KEJI€300€TOHHBIX BKJIIOYEHUU (CEpACUHUKOB) WU NPUMEHEHHEM
TPEXCJIOUHBIX CTEH, BHYTPEHHUM CJIOH KOTOPBIX W3 MOHOJIUTHOTO JKeJIe300€TOHA;

- KapKacCHO-KUpIUYHbIE (KapKaCHO-KAMEHHbIE) CTEHbl -  YCHUJICHHBIE
MOHOJIMTHBIMH  JKE€JIC300€TOHHBIMM KOJIOHHAMH C HMCHOJB30BAaHUEM KIIAAKA B
KadecTBe onanyOku. KoJIOHHBI COBMECTHO C FOPU30HTAIbHBIMU MOHOJUTHBIMU WIIH
COOPHO-MOHOJIMTHBIMHU TOsiICaMU OOpa3ylOT KapKac € HECYIIUM 3allOJHEHUEM U3
KJIaJKHU;

- YCUJICHHBIE BEPTUKAIIBHBIM apMHUPOBAHUEM, MPEABAPUTEIIBHBIM

HAIIPs’KECHUEM UJIN APYTUMHA SKCIICPUMCHTAJIBHO 000CHOBaHHBIMU METOOdaMHU.
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[Tpr TpOEKTUPOBAHNHU CTATBHBIX HECYIIUX KAapPKAaCOB CO3/1aBaTh YCIOBHS IS
pa3BuTHs Iactuyeckux naedopmanmii. Ilpu BeIOOpEe KOHCTPYKTHUBHBIX CXEM
IpearnouTeHue ClIeAyeT OTAaBaTh CXeMaM, B KOTOPBIX 30HBI IIACTHYHOCTH
BO3HUKAIOT B IIEPBYIO OUYEPE]b B CBI3AX U B TOPU3OHTAIBHBIX AJIEMEHTaX Kapkaca
(purensix, mepeMblukax, OOBA30YHBIX Oankax U T. 1.). Cieayer Mo BO3MOYKHOCTHU
BBIHOCUTH CTHIKU M3 30HbI MAKCHMAJIbHBIX HATPSHKEHUH.

CranbHble KOJIOHHBI MHOTIOSTaXXHBIX KAapKAacCOB PaMHOTO THIIA CIIEAYET
IPOCKTHPOBATh  3aMKHYTOr0  (KOpoOdYaToro WM  KPYIOBOTO)  CEYCHHS,
PaBHOYCTOWYMBOTO OTHOCHUTEIBHO TIJIABHBIX OCEH HMHEPUUHU, a KOJOHHBI PAMHO-
CBSI3€BBIX KApPKACOBIBYTABPOBOIO WJIM 3aMKHYTOTO CEUYEHHMH. Purenan cranabHbBIX
KapKacoB CJIEAyeT MPOEKTUPOBATh U3 MPOKATHBIX WM CBAPHBIX IBYTAaBPOB.

Hecymiast crmocoOHOCTh 37IEMEHTOB CTAbHBIX KapKacoB JOJKHA OBITh TaKOH,
YTOOBI MJIACTUYECKHE LIAPHUPBI OOpPa30BBIBAINCH B PUTENIAX WU B COCIUHEHUSX
puresneil ¢ KOJOHHAMH, HO HE B KOJIOHHaX. DTO TpeOOBaHUE MOKET HE COOII0aThCH,
€CJIM CKaTUE B KOJIOHHE OT MOCTOSIHHOM Harpy3ku He npesbimaeT 30% oT 3HaueHus

HECyIeN ClIOCOOHOCTH KOJIOHHBI Ha CXKaTHE.

PA3JIEJ 2. PACUETHI HA CEUCMUNYECKUEBO3JIENCTBUS

2.1 MemoObI pac4yemoe u ux npumMeHeHue
B nanHoMm maparpade paccMOTpeHBI PEKOMEHIYEMBIE COBPEMEHHBIMHU

HOpMAaMH _ METOJIbI pacyeTa 3JaHUM U COOPYKCHUH HAa CEHCMHUYECKUE
BO3JCHCTBHS. A Tak € HEKOTOPbIE BAapUAHTBHI PACUETHBIX MOJEJICH 3IaHMUIl.
OTMeTM, 4TO B COBPEMEHHBIX HOPMAx II0 WHEPLMHU IPHUCYTCTBYET yCTApEBIINE
MPUHLIUIBI (POPMUPOBAHUS PACUETHBIX MOJIENICH, JOCTABUINECS B HACJIEACTBO C TEX
nop, KOrJJa  HEBO3MOXKHO  ObUIO  BBIMOJHATH  JWHAMHUYECKHE  PacueThl
IIPOCTPAHCTBEHHBIX COOPYKEHUI BBICOKOW pazmepHocTHu. Hampumep, k nogoOHOMY

PYAUMEHTY MOHO OTHECTH KOHCOJIbHYIO PACUETHYIO CXEMY 3/IaHMUSI.
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PacueTsl coopyxeHuii Ha o0co0Oe€ COYETaHHE Harpy3oK C Yy4eToM
CEHCMHUYECKHUX BO3JCUCTBUI CIIETYET BBITOIHATH C UCIIOJIb30BAHUEM:

- CEKTPAJIbHOI'O0 METO/IA;

- OPSAMOI0 JMHAMUYECKOI0O METOJa C IPUMEHEHUEM HMHCTPYMEHTAJIbHBIX
3amuceil yCKOpPeHW TpyHTa NpH 3€MIIETPSCEHUSAX WM CTaHAapTHOTO Habopa
CUHTE3UPOBAHHBIX aKCEJIEPOTPAMM.

[IpsiMoit TMHAMUYECKHUI METOJ JydIlle OTpakaeT BCe 0COOCHHOCTH PacueTHOM
MOJIENIM U BO3JCHCTBUSA Ha HEE, HO SBISIETCA TOpa3fo Oojee TPYJOEMKUM, YeM
CIIEKTPAJIbHBIMN.

Pacuersl 10 crieKTpaabHOMY METOLY CIEAYET BBINOJHATH Ul BCEX 34aHUU U
COOpyXeHui. B cilyyae HECOBIAJEHHUS PE3YyJbTATOB pACUETA IO CIIEKTPAIbHOMY
METOJly U MPSIMOMY AMHAMUYECKOMY METOJy ClIeyeT IPUHUMATh 00Jiee HEBBITOTHOE
pemieHue (IpU 3TOM PACUETHbIE CEHCMHUYECKHE Harpy3Kd MPUHMMAIOTCS HE HIDKE
Harpy30K, OIPEIEIEHHBIX [0 CIEKTPAIbHOMY METOAY ).

Jig  31aHUBl U COOPYXKEHMHM TPOCTOW TeoMeTpudeckol (opMmbl ¢
CUMMETPUYHBIM M PETYJSPHBIM DPACIOJIOKEHHEM MAcC M KECTKOCTEM pPacyeTHBIE
CEHCMMYECKHE HArpy3KH ClEeAyeT INPUHAMATh ACHUCTBYIOIIMMHU T'OPHU30HTAIBHO B
HAIIPaBJICHUH, KaK IPABUJIO, B HAIIPABJIECHUH IPOJOJBHON U MONEPEYHON OCH IUIaHa
3MaHUSL WM COOpYyKeHHMsA. JIeMCTBHE CEMCMUYECKMX HArpy30K B YKAa3aHHBIX
HAIIPaBJICHUSAX CJIEAYyET IPUHUMATh Pa3JEIbHO.

[Ipy pacdere COOPYKEHHMH C HECUMMETPUYHBIM UM  HEPETYISPHBIM
PaCIoJIOKEHUEM MacC MU JKECTKOCTEW ClIelyeT Y4YWThIBaTh HauOOJIee OINAaCHbIE IS
JAHHOM KOHCTPYKLUHHM WM €€ DJIEMEHTOB HANPABJICHUS EUCTBUA CEMCMHYECKHX
Harpy3ok. B Tex ciydasx, Korja OIpeleS€HHE ONACHOIO HAIPaBIICHUS JEUCTBUSA
CECMMYECKOM HArpy3KH BbI3BIBAET 3aTPyAHEHUS, PEKOMEHIYETCS BBINOJIHATD
HE3aBUCHMBIE PAcyeTbl KOHCTPYKLMH IIPU TPEX B3aUMHO OPTOTOHAJIBHBIX

HaIIpaBJICHUAX ,ZIGI?ICTBPIH CEHCMHUYECKHUX CHII.
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2.2 CnekmpanbHbIl Memo0O pac4yema
IIpu ompeneneHnM pPacuyETHBIX 3HAYEHUM TOPU3OHTAIBHBIX CEUCMHUYECKUX

Harpy30K Ha 37aHUsl U COOpY>KeHusl BbicoToW H, mpeBbimaroiei B 1Ba u 0oisiee pas
ero wupuHy B m mmHy L momyckaercs NpUHMMAaTh PACUETHYIO CXeMy (PHCYHOK
2.3.1,a) B BUIe MHOTOMAacCOBOI'O YIPYro-aepopMUPyeMOro KOHCOIBHOTO CTEP>KHS,
KECTKO 3a/IeJJAaHHOTO B OCHOBAHUH, HECYLIETO COCPENOTOYEHHbIE Macchl BecoM Qk,
Ha YpOBHE MEPEKPBITHI, 1 COBEPIIAIOIIETO KOJIEOATENbHOE ABMXKEHUE 110 OJTHOMY U3

HaIpaBJICHUH (X WUJIH V).

B?—ﬂ

Puc. 3. PacueTHbie cxeMbl 31aHUI U COOPYKEHUM: a) B BUIE MHOTOMAaCCOBOTO
KOHCOJIBHOT'O CTE€pkHs; 0) B BUIe MHOTOMAaCCOBOW MEPEKPECTHOM CUCTEMBI; B) B BUJIE
IIPOCTPAHCTBEHHON JUHAMUYECKON MOJEIIN.

[Tpu mmpunHe coopyxkenus B, meHsblel B Tpu u Goiiee pa3 ABYX APYTHUX €ro
pasmepoB (H u L) momyckaercsi mpuHUMaTh pacyeTHyr0 cxemy (pucyHok 2.3.1,0) B
BUJE MHOIOMAcCOBOM  yIpyro-aeopMUpyeMOil MEpEKPEeCTHOW CHUCTEMBI C
COCPEOTOYEHHBIMH B Y3JIaX MAacCaMH, PACIOJI0KEHHBIMU HA YPOBHE NIEPEKPBITHIA.

Kak mpaBuio, peKOMEHIyeTCsl UCIOJIb30BaTh IIPOCTPAHCTBEHHBIE PACUETHHIE
JTUHAMHYECKUE MOJENIH C COCPENOTOYCHHBIMU B y3j1axXx Maccamu (pucyHok 2.3.1,B).
PacueTHoe 3HaUY€HHE TOPU3OHTAIBHON CEHCMUYECKON HATPY3KU Sik, MPUIOKEHHON K
TOYKe Kk W cOOTBeTCTByloIee 1-0Ml (hopMe COOCTBEHHBIX KOJEOAHWM 3MaHUS WU

COOPY’KEHHUs, cieayeT onpeneniats no ¢opmyinam (1) u (2) - B stux ¢gopmymnax
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UCIIONb3yeTCsl KOA(DPUIMEHT nomycKaeMbIX moBpexaeHuil k1 , ¢puznueckuii cMbICa
KOTOPOT0 — BEJIMYMHA, oOpaTHas Kod(PhUIIMEHTY J0NMyCKaeMbIX MoBpexaeHuu 1/K,

€CTh Mepa pe3epBa HEeCYyIleH CIIOCOOHOCTH COOPYKCHUSI.

2.3 lMpsimol QuHamu4ecKkuli Memod pacyema ¢ NMPUMeHeHUeMm
pacyemHbIx celicMu4ecKux eo3delicmeaull Kak ¢hyHKuuUl epeMeHuU

[IpsimMble TUHAMHUYECKUE PACUYETHI 3JaHUN U COOPYKEHUH CIIEAYET BBIIOJIHATH C
HCTIOJBL30BAaHMEM PACUETHBIX akceleporpamm ai(t) = A; yi(t), rme 1 - HoMmep
COCTaBJISIIONIEH BeKTOpa KoJebaHuil; Aj -MaKCUMaJIbHOE 3HAYCHHE AaMIUIUTY/IbI
YCKOpeHHi; y(t) - HopMHUpOBaHHAs Ha €AUHUIYY (DYHKIIMS, OMMCHIBAIONIAs KoJeOaHue
TPYHTa BO BPEMEHH.

[Ipn mpoekTHpoBaHWK OCOOO BaXKHBIX OOBEKTOB B MPSIMBIX JUHAMUYECKUX
pacyerax CienyeT HMCIOJIb30BaTh PACUYETHBIE AKCEIEPOTrPaMMBbl, ITOCTPOCHHBIE IS
3aJJaHHOW  BEPOSITHOCTH  HENPEBBIICHHWS  MAKCUMAJbHBIX  CEMCMHYECKUX
BO3JIeiCTBUI, cooTBeTCTBYIOMIEH KapTe OCP. PacueTHbie akceneporpaMmbl CTPOSTCS
Ha OCHOBE MHCTPYMEHTAJIbHBIX 3alIMCEU CHJIBHBIX U MPOMEKYTOUHBIX [0 BEIUYHHE
3EMJICTPACEHUM, 3apPErMCTPUPOBAHHBIX  HEMOCPEACTBEHHO HA  CTPOUTEIBLHOU
IJIOMAKe, JU00 B YCIOBUSAX, OJNM3KUX K YCIOBHUSM IUIOMIAJKH MPOEKTHUPYEMOTO
3IaHUSI UK COOpPYXKEHUs. BenmuuuHbl Aj B 3TOM clly4ae ONpeeisitoTCA C MOMOIIBIO
paboT MO0 YTOYHEHHUIO CEHCMUYECKON OMTACHOCTH TIIOMIAIKH.

IIpu MpOeKTUPOBAHMH HETUIIOBBIX U OTBETCTBEHHBIX 3JaHUU U COOPYKEHUU B
NPAMBIX JUHAMUYECKHAX PACUYETAX JIOMYCKAETCS HUCIIOJIb30BAHUE CUHTE3UPOBAHHBIX
PACUETHBIX AKCEJIEPOrpaMM, MOCTPOEHHBIX C YYETOM YCJIOBUM IUIOIIAJKA U €€
MOJIOKEHUS, OTHOCUTEJIIBHO OIACHBIX CEHCMOTEHHBIX 30H. Ilpm oTcyTcTBUHM
WHCTPYMEHTAIBHBIX 3aIllUCEN I TEHEpPalMU PACUYETHBIX aKCeJIeporpaMM MOTYT
WCTO0JIb30BaThCSl PacyeTHbIE METOAbl M JaHHBICE O MPUPAILICHUU CEUCMHYECKOU
0aJNIbHOCTH 3a CUET BIUSHUS MECTHBIX TPYHTOBBIX YCJIOBUH IUIOIIAIKH, TTOJTYYEHHbIE
MIPU MPOBEAECHUH €€ CEUCMUYECKOT0 MUKPOPANOHUPOBAHUSL.

IIpu npoeKkTUPOBAHUU 3HAHUN U COOPYKEHUM, HE TIPUBA3AHHBIX K KOHKPETHOU

MIOMAaaAKe, B IIPAMbBIX JTHHAMUYCCKUX paCUCTaxX pCKOMECHAYCTCA MCIIOJIb30BAThH IMAKET
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TPEXKOMIIOHEHTHBIX CMHTE3UPOBAHHBIX aKCEJIEPOrpaMM, KOTOpPbI€ ObLIA MOCTPOEHBI
Ha OCHOBE 3anucedl KojeOaHUM I'PyHTOB, 3apErMCTPUPOBAHHBIX B Pa3HbIX pErHoHax
CTpaHbI C TOMOLIBIO HUPPOBBIX CEMCMOCTAHILIUN.

AMIUIATYABI  CHHTE3UPOBAHHBIX  aKCEJIEpPOrpaMM B 3aBUCUMOCTH  OT
CEHCMMYHOCTH IUIOIIAJKA HEOOXOIMMO YMHOXAaTb BO BCEX Clydasix IpHU
BBIIIOJIHEHUN MPSAMBIX JUHAMUYECKHX PACUYETOB 3JaHUM U COOPYKEHHMM Ha
MacmTabHbIN KodpduimeHt K cooTBeTCTBEHHO.

MakcumanbHble 3HAa4€HHMsI YCKOPEHHsSI OTHOCATCA K TOPHU3OHTAIBHBIM
COCTaBIISIOLIUM KosieOanuit. [Ipr OTCYyTCTBUU MHCTPYMEHTAIBHBIX 3aIIUCEH 3HAUCHUS
BEPTUKAJIBHBIX YCKOPEHUN OCHOBAaHUS JOMYyCKaeTcs NpuHUMaTh paBHbIMU 0,7 OT
3HAYECHUN FOPU30HTAIBHBIX YCKOPECHHM.

[Ipn mpoBeneHMH MpsAMBIX AUHAMHYECKHX PACUYETOB C HCIOJB30BAHUEM
Habopa CHHTE3MPOBAHHBIX AaKCEJIIEPOrpaMM HEOOXOJMMO NPUHUMATh B KayecTBE
pacUeTHBIX aKCeleporpaMMbl, MpPeodIafaroIre MEepUoabl KOTOPBIX ONM3KH K
nepuoiaM COOCTBEHHBIX KOJICOAHMI 3aHMs TI0 TIepBOil hopMme.

PekomeHnnanuu nmo BbIOOPY pPACUETHBIX AKCEIEPOrpaMM AOJKHBI YUUTHIBATh
COOTBETCTBHUS [UI1 KOHKPETHOM IUIOHNIAAKA II0 OCHOBHBIM CEMCMOJIOTUYECKUM
IapaMeTpam:

- MarHUTyI¢;

- SIMULEHTPATBHOMY PACCTOSIHUIO;

- [NIyOMHE U MEXaHU3MY ouara;

- TPYHTOBBIM YCIIOBHSIM U JP.

3HaueHus CEHCMHUYECKMX HArpy3ok, TmepeMenieHnii u  nedopmanuii
KOHCTPYKLUMH CJIENAyeT ONpeAessiTh € YYETOM OCOOEHHOCTEW HEJIMHEHHOIro
nehopMHUpPOBaHUS KOHCTPYKLHUH.

IIpn pasnesnbHOM UCIHONB30BAHUM B pacyeTax 3JaHUM U COOPY)KEHHM Ha
NEHUCTBUE TOPU3OHTAIBHBIX M BEPTHKAJIBHBIX KOMIIOHEHT aKCEJIEIOrpamMM CIIEAyeT

MPUHUMATh HanboJiee OMacHbIe HAMIPaBICHUS! CEHCMUYECKUX BO3JECHCTBUM.
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[IpsiMble TUHAMUYECKHUE pPACUETHI 3IaHUWA C CUCTEMaMH CEHCMOM3OJISILIUM, C
aJIAlITUBHBIMU CUCTEMaMHU CEHCMO3AIINThI (BKIIOYAIOIMMUCS U BBIKIHOYAOIIUMUCS
CBA3SIMH),  JWHAMUYECKHUMH  TacUTEIsIMU  KosieOaHUW,  AeMOPUPYIOIHUMHU
YCTPOMCTBAMM U APYTMMH CEHCMO3AIUTHBIMH 3JIEMEHTAMU CJIEAYET BBIIIOIHATH IIPU
HAyYHOM CONPOBOXKJIEHUU M MPU y4aCTUU OpPraHM3alMil, UMEIOIIUX JIMLIEH3UI0 Ha

BBITIOJTHEHUE TAKOTO BUJIa padoT.

2.4 Pac4yembl 3/1eMeHmMo8 KOHCmMpyKyuli
[TonOop ceueHud »HIEMEHTOB KOHCTPYKIIMM, WX Y3J10B M COCAMHEHUH

MPOU3BOAUTCS TO HECYIIeH CIOCOOHOCTH B TPEINOJIOKEHUU CTaTHUYECKOTO
IIPUITOKEHHUS CEUCMUYECKUX Harpy3okK. B Cy4asx, 000CHOBaHHBIX
TEXHOJOTUYECKUMU TPEOOBAHUSIMU, JIOMYCKACTCS BBINOJHATH pacueT MO BTOPOH
rPYMNIIE NPEIEIbHBIX COCTOSTHUM.

Pacuerpl MeTaUIMYECKUX KOHCTPYKIMW 3MaHUM W COOPYKEHUU CIENYET
BBITIOJIHATH C YYETOM HEIMHEHHOTO JIeOopMHUpPOBaHUSI MaTepUala.

IIpn pacuere 3J1€EMEHTOB KOHCTPYKLUHMM Ha NPOYHOCTH U YCTOMYUBOCTb,
MOMUMO KOA((PUIIMEHTOB YCJIOBUI pabOTHI, ClIEIyeT BBOJUTH JIOMOJHUTEIbHbBIC
KOA(DPUITMEHTHI T, YIUTHIBAIOIIKNE TMOBBIITICHUE MEXaHUYECKUX CBOMCTB MaTEepHAJIOB
MIPU BBICOKUX CKOPOCTSIX Harpy>KEHUsS U OTpeIesieMbIe COTJIACHO Ta0JInIIe 7-].

CedeHus 3JIEMEHTOB CIIEAYET MNPUHMMAaTh HE MEHBIIE YE€M TMOJYYECHHBIE IO
pe3ysbTaTam pacyeTa Ha OCHOBHOE COUYETAHUE HATPY3O0K.

PA3OEN 3: MOOENbHbLIA NMPUMEP BBOOA MYJIbCCALMOHHBLIX U
CENCMUYECKUX HAIPY3OK

3.1 Cmamuueckasn éemposasn nazpy3ka

B nmaHHOM mpuMepe mnpencTaBlieHa pelierdaTas KOHCTPYKIMS, Ha KOTOPYIO
Harpy3ka IIepefaeTcsi B Yy3JIax M BBIYUCIIETCS COIVIACHO HOpPMaMm C y4eToM

OTHOILICHUA HJIOH.I&I[GI)'I 9JICMCHTOB, BOCIIPMHUMAIOIIUX BETCP.
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MpoekTel PacTp Beraeka [onHe Budw uvw-3asaTo

@parwenT PegakTipopaTe  PacqeT KombuHaumm PesynbTathl HagTporicn 7

1o

(DeRX 2ol BEHHLTE s HEH| 0L L MR M- | 8W -Z |2 =B -A =8

LEER

-1

L

=
v

Zoom
Refr

EIRARIEY

MpoekTbl
Pactp
Beraeka
MonHbIA
Bua,bl
uvw-3agartb
PparmeHT
PepakTnpoBaTthe
Pacyer
KomBuHavuuu
Pesynbtarhl
HacTpoikn
Beixog,

‘ ‘ <X-Y-Z-KoopauHatbl>

Puc. 4. AkcOHOMETpHSI TEOMETPUU PACUETHON CXEMBI

B nanHOM mnpuMepe BETPOBYIO Harpy3ky HEOOXOAMMO 3a/aTh CHUJIAMH,

IMPUIOKCHHBIMU B Y3JIaX OaIHu. HOI[CLIGT S3HAYCHHUA CHJI Ha pPa3HbIX OTMCTKaAX

HY>XHO BBIIIOJIHUTH «BPYYHYIO». MO3>KHO HCIIOJIb30BaTh BCIIOMOTATEIbHBIC CpCaACTBa

— HAIIpUMCECP, SJICKTPOHHBIC Ta6J'II/IHBI.

HopMaTuBHBI BeTpPOBOM Hamop 10 3agaHui0 38 kr/m2. Pacmpenenenue

BeTpoBoro Hamopa 1o BeicoTe BbinmojsHuM B MS EXCEL. Otmerku ogHoro mponera

okpyrisieM. PesynbTars! Beranciieanss B MS EXCEL cBenensr B Tabmurie 11.

Tabmuma 11
Bricota, M | Koad. K Koad. E AxtuBHbId, | [laccuBHbil, | Cpennss,
KI/M2 KI/M2 KI/M2
0.00 0.50 1.22 15.20 11.40 13.30
3.59 0.50 1.22 15.20 11.40 13.30
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7.18 0.57 1.15 17.19 12.89 15.04
10.78 0.67 1.05 20.23 15.18 17.70
14.36 0.74 1.00 22.41 16.81 19.61
17.95 0.81 0.95 24.59 18.45 21.52
21.54 0.87 0.91 26.43 19.82 23.12
25.13 0.91 0.89 27.79 20.84 24.32
28.72 0.96 0.87 29.15 21.87 25.51
32.32 1.00 0.85 30.52 22.89 26.71
35.91 1.05 0.82 31.89 23.91 27.90
39.50 1.09 0.80 33.25 24.94 29.09
43.09 1.13 0.79 34.38 25.78 30.08
46.69 1.17 0.78 35.47 26.61 31.04
50.29 1.20 0.77 36.57 27.43 32.00
54.02 1.24 0.76 37.70 28.28 32.99
55.89 1.26 0.75 38.27 28.70 33.49

3arem ornpezaenseM Ko3PpUINEHT:
Ck :A_lKZCKiAi :

[Ipn ompeneneHuM IUIOMAAM KOHTypa pELIETYATOM KOHCTPYKIMM Yy4dTE€HA

BBICOTAa IIPOCKIHH CCUCHUM Ha IIJTIOCKOCTB,

NEPHEHAUKYJIAPHYI0 BETPOBOMY

BO3JeCcTBUIO. Pesynbprarel ompenensem B Tabmuunout dopme B MS EXCEL

(Tabmuma 12).

Tabmuna 12




, M2

Bricota, m
Cpenusis, kr/m2
[upuna GamrHu, M
[Inomane manenu, M2
JnvHa onopHou
cToKH (T10sica), M
ITnomane ceyeHus

OIIOPHOW CTOMKH
[Imomntans ceuenust
TOPHU30HTATBHBIX
0anoK, M2
[Lnomaae packoca,
M2
CyMMapHasi Tuionaab
peueTku, M2

0.000 | 13.300 8.280

3.590 | 13.300 7.830 28.917 | 3.597 | 1.007 1.096 1.058 5.227

7.180 | 15.040 7.380 27.302 | 3.597 | 1.007 1.033 1.009 5.066

10.780 | 17.705 6.930 25.758 | 3.607 | 1.010 0.970 0.961 4,912

14.360 | 19.610 6.480 24.004 | 3.587 | 0.789 0.907 0.912 4.310

17.950 | 21.519 6.030 22.455 | 3.597 | 0.791 0.844 0.865 4.158

21.540 | 23.122 5.580 20.840 | 3.597 | 0.572 0.781 0.819 3.563

25.130 | 24.316 5.130 19.224 | 3.597 | 0.572 0.718 0.774 3.409

28.720 | 25.509 4.680 17.609 | 3.597 | 0.572 0.655 0.729 3.258

32.320 | 26.706 | 4.230 16.038 | 3.607 | 0.574 0.592 0.687 3.114

35.910 | 27.900 3.680 14.198 | 3.601 | 0.479 0.515 0.641 2.755

39.500 | 29.094 | 3.330 12.583 | 3.594 | 0.478 0.466 0.602 2.626

43.090 | 30.082 2.880 11.147 | 3.597 | 0.478 0.403 0.570 2.499

46.690 | 31.040 | 2.880 10.368 | 3.600 | 0.479 0.403 0.553 2.467

50.290 | 31.997 2.880 10.368 | 3.600 | 0.479 0.403 0.553 2.467

54.020 | 32.989 2.880 10.742 | 3.730 | 0.496 0.403 0.565 2.526

55.890 | 33.487 2.880 5.386 | 1.870 | 0.249 0.403 0.412 1.725

HUTOT'O: | 276.94 54.083

OKoOHYATEIBHO:

Ck =1,4%x54,08/276,94 =0,273.

[Ipu omnpeneneHur BETPOBOM HArpy30K HCIOIB3YETCS PEKOMEHJIOBaHHas B
HOpMax METOJMKa ONPEICIICHUS] Harpy30K Ha penieTyaThie KOHCTPYKIIMU — Harpy3Ku
ONPEACIAIOTCS ISl KOHCTPYKIIMM B 11eJIoM. BHauasie omnpenesneHbl Harpy3kud Ha
KKyl TIaHellb, 3aT€M Harpy3KH paclpe/elieHbl B y3JIbl KOHCTPYKIIMH C y4ETOM

dakTUUeCKOW  IUIOIMAAM  TPOCKIUWA  CeYeHUH dneMeHToB. JIns  KOHTpoJs
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pacupeaciiCHus BbIYMCJICHA CyMMa HAIpy30K II0 IIaHCISIM M CyMMa Y3JIOBBIX CHIIL.

Harpy3ku BbuMcIieHbI pacyeTHbIe, ¢ KO3 PUIMEeHTOM Haie)KHOCTH 1.4. Pe3ynbraTsl

npe/CcTaBlIeHHbI B TabauyHOM dopme. [Ipu 3TOM yuTeHO BIMSIHUE BETpa Ha MAHEIH C

IIPOTUBOIOJIO)KHOW CTOPOHBI, IO3TOMY PE3YyJIbTAThl HA KaXK/bIM y3€J YIBOCHBI.

Taomuna 13
PacuerHas
PacuerHas
Baicora, Cpenuss, [upuna [Tmomane Harpyska Ha parpysKa Ha
Kr/m2 OallHu, M | MaHEeIH, M2 OJIHY TIAHEITb,
e Kaxaplii y3en, kKH
0.000 13.300 8.280 2.7
3.590 13.300 7.830 28.917 5.4 5.6
7.180 15.040 7.380 27.302 5.7 6.1
10.780 17.705 6.930 25.758 6.4 6.5
14.360 19.610 6.480 24.004 6.6 6.7
17.950 21.519 6.030 22.455 6.8 6.8
21.540 23.122 5.580 20.840 6.7 6.6
25.130 24.316 5.130 19.224 6.5 6.4
28.720 25.509 4.680 17.609 6.3 6.1
32.320 26.706 4.230 16.038 6.0 5.8
35.910 27.900 3.680 14.198 9.5 5.3
39.500 29.094 3.330 12.583 5.1 4.9
43.090 30.082 2.880 11.147 4.7 4.6
46.690 31.040 2.880 10.368 4.5 4.6
50.290 31.997 2.880 10.368 4.6 4.8
54.020 32.989 2.880 10.742 5.0 3.7
55.890 33.487 2.880 5.386 2.5 1.3

BBOIII/IM Y3JIOBBIC HAIrpy3KH. I[J'IH HallpaBJICHUA 1 Y3JIOBBIC CHJIbI HAIIPAaBJICHBI

BJOJIb OCHU VY cornacHo HpHHHTOﬁ CUCTEMC KOOPJAHHAT.

Mento: Pedoakmupoeame — Hazcpyzku — Y3noevie — Cunvl u Momenmol.

3HaUYeHHUE CUJI BJOJIb OCHU vy YCTaHaBJIUBACM COI'JIACHO Ta6J'II/II_[C " BBOJHM B CXCMY.
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BbicoTa, m

Y3noBas BeTpoBasi Harpy3ska

60.000
13 |
\
T ——e37
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4.6
4.4
40.000 SR
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6.6
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/0/4
/
0.000 ot |
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Y3noBas Harpy3ka, kH

—&— AKTVUBHbBIN

Puc. 5. Y3noBas BerpoBas Harpy3ka. kKH
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Puc. 6. IIporecc BBoga BETPOBBIX CHJI B HarpyXeHHUE 6
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Puc. 7. Y31n0Bble BETpOBbIC Harpy3KH MO HaIpaBIeHUIO |
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[Ipomiecc BBOAa HArpy30K IO JAPYTUM HANpPaBICHUSAM MPAKTHYECKH HE
OTJIMYAETCS OT BBOJIa HarpyxeHust 6. OHaAKO HY>KHO Y4Y€CThb, UTO 3TH HAIPABJICHUS
HE TMEPICHIUKYJISAPHBI TJ00adbHBIM OCsiM KoopauHat. [losTomy TpeOyercs
BBIYHUCINUTH KOA(PGUIIUEHTHI JUIsl BBOJA cuil PX u Py, 4T00BI CHiibl ObLITM HaNpPaBIIEHBI
BJI0JTb COOTBETCTBYIOIIETO HATIPABIICHUSI.

[Ipoekuuu  cui: P, =Pxcosa, Py =Pxsino. W3 reoMeTpHyYeCKUX

COOOpaXeHUM CcleayeT, 4uTo [ HarpyxeHus 7 (I HampaBieHus 2)

cosa = 0,866, sin o =—-0,5. st Harpy>KeHUs 8 (HampaByeHUE 3)

cosa =—0,866, sin o =—-0,5.

Taomuna 14
Bricora, m Pa?;g;iifgggaﬂ ITpoexmus Px, kH | Ilpoexuus Py, kH
0.000 2.7 2.3 -1.3
3.590 5.6 4.8 -2.8
7.180 6.1 5.3 -3.0
10.780 6.5 5.6 -3.2
14.360 6.7 5.8 -3.3
17.950 6.8 5.9 -3.4
21.540 6.6 5.8 -3.3
25.130 6.4 5.6 -3.2
28.720 6.1 5.3 -3.1
32.320 5.8 5.0 -2.9
35.910 5.3 4.6 -2.7
39.500 4.9 4.3 -2.5
43.090 4.6 4.0 -2.3
46.690 4.6 4.0 -2.3
50.290 4.8 4.2 -2.4
54.020 3.7 3.2 -1.9
55.890 1.3 1.1 -0.6

Hpouecc BBOJa CUJI aHAJIOTHMYCH BBOAY IIO HAITPABJIICHHUIO 1, IIPOCTO 3HAYCHUA

YCTaHABJIMBAKOTCS JJISI POCKIMKA CUIT HA X U Y.
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Wma 3HauveHne
Py = 2.3
Py = -1.3

Puc. 8. YcranoBka npoekiuii cui

Py, ‘r-.:ﬂ,'..'r‘;.‘;: :- U B

Puc. 9. Harpy3ku Harpy>xenust 7 (HampaBieHuUe 2)
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Puc. 10. Harpy3ku HarpyxeHus 8 (HampaBieHue 3)

[TybcalimoHHBIE HATPY3KH U CEHCMHUYECKHE HAIPY3KH CTPOSATCSA HA OCHOBAaHUHU
pacdyeTa IO OMNpEACIICHHI0 dYacToT W (opm cBoOOAHBIX KoyeOanuii.  OHH
paccMOTpeHbI B TOME 3, T.K. TaM MPHUBEACHBI BCE OCHOBHBIC pacyeThl. 3/1ech paboTa
3aBepIIcHA [0 PyYHOMY BBOJY JaHHBIX.

BBeneHna reoMeTpusi CHCTEMBI, MaTepPHAIIbI, OMIOPHI, HATPY3KH, ONpE/eIsieMbIe

B IIPOEKTE «BPYUHYIOM.
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Ja onpenesieHuss CEUCMHYECKUX W MYJIbCAIMOHHBIX BO3JCUCTBUU CHadasa
HEOOXOJMMO BBITIOJHUTH pacyueT I0 OMPEACIICHUI0 4YacTOT U (PopM CBOOOIHBIX
KojebaHuil. 3areM, Ha OCHOBE JTOr0 pacuera, CHOPMUPYIOTCS MYJbCALUOHHBIE

BETPOBBIC U CEICMUYECKHUE HATPY>KECHUS.

3.2. Pacyem no onpedesieHur0 4yacmom u ¢popm ce0600HbIX KosiebaHull

Harpy3ku, BBeJileHHBIE B ITPOEKT BPYUHYIO, MOXKHO Pa3JeiUTh Ha JBE TPYIIIIHI.
B mepByro BxomaT Harpys3kd, MpUpoOJa KOTOPHIX HEPA3phIBHO CBSI3aHA C MAacCOM
KOHCTPYKIIMH, AJIEMEHTOB, 00OpyaoBaHus W T.1. Bo BTOpoil rpymnme Harpyskw,
KOTOpble HE OOYCJIOBJIEHBI MaccaMu OTHEIbHBIX 3jeMeHTOB. Hampumep, BeTpoBbIe
Harpy3Ku, TeMIEpaTypHbIC U T.J.

[Ipu BBIMOTHEHUU pacyeTa IO OMNPEACIICHUI0 4YacTOT U (OpM CBOOOJHBIX
KojeOaHui HeoOXOIMMO yKaszaTh Mporpamme, KakKhe€ Harpy3Kd MpeArnoIaraiT
HaJIMYMe€ MHEPLUMOHHBIX CBOMCTB (Macc), a KaKUe HeT.

JUist 3TOro BBOAUTCS JUHAMUYecKas KoMOuHauus Harpy3ok. Koadduuuenr,
CTOSIIIANA JIJTST KQXKJA0T0 HArpy>KeHHs B 3TOH KOMOWHAIINH, YKAa3bIBAET, KaK IMEPEBECTU
Harpy3ky (cuily) B Maccy. MacCUBHBIM Harpy3kam HY>KHO CTaBUTh KO3 UIIMEHT
0.1, nemaccuBHbiIM — HOJb. Koapduuuentr 0.1 cooTBeTcTBYeT O0OpaTHOW K
YCKOpPEHHUIo cBOOOHOTO TafeHus ¢ Benmmuune: K = 1/g.

OnHako HOPMBI 3a/1al0T PsiJi MOHMKAIOIUX KOAPOUIIMEHTOB Il Pa3HbIX
TUMOB Harpy3ok. Jlyis mocrossHHOM Harpy3ku koddduuuent Oyner 0.09, mis
mmrtenbHon — 0.08.

B pacuere yureM TOJNBKO MacChl OT COOCTBEHHOTO BecCa KOHCTPYKIHH H
o0opynoBanus (Harpyxenus 1 u 2).

BBegemM  COOTBETCTBYIOIIYIO  JAMHAMHYECKYH0  KOMOMHamuioo.  MeHio:
Komounayuu. Ilocne OTKpbITUS IUAlOroBOro OKHa BbliOepeM BkJIaaky Maccet,
BBEJIEM HOBYIO KOMOWHAIIMIO M YCTAHOBUM 3HA4YCHUS KOIPDUIIMEHTOB K TIEPBOMY U

BTopomy HarpyxeHuto 0.09 u 0.08 cOOTBETCTBEHHO.
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ITocne MNOATBCPIKACHUS BBOAA MOXHO IIPHUCTYIIATh HCEIMOCPCACTBCHHO K

pacuery.
x
KorekHaumg  Macee | Han. Ha gc*roﬁuusoc:'rbl
HI-1 HI-2 HI-3 HI-4 HI-5
K-1 0.09 0.05 0 0 u] 1
L] 3
Tun MINAAR - HanoseHua E Hogan |
% Her
' AnA KOMEHHALMEA E Hnanure |
" 1NA KOMBUHALWA W HAFDY#EHG E [ p— |
SAnaTE CEOMETES HEMWHEAHEIE KOGHHALHEA | TTHH AHE MH] |
Belgog KOMEMHALME
& Wword  igwer BriegcTi |
kK I OTmeHUTE Morowe |

Puc.11. JInnamMudeckass KOMOMHAIUS
Meunto Pacuem — QOo6wquii. OTKpPHIBA€TCS IHAIIOTOBOE OKHO BBIOOpA THIIA
pacueta. Bribupaem Bapuant Co6cmeeHHble KonebOanus, yCTAHABIMBAEM YHCIIO
cobcTBeHHBIX (hopM 12. Uem Oodbliie Mbl paccMoTpuM GopM, TEM TOUHEE OyAET ATOT
u cienytonmue pacdetsl. OTHAKO BMECTEe ¢ TeM OynaeT pacTu oOmmias TpPyJA0eMKOCTh
paboThl. OcTallbHbIE OMIIMU MOKHO OCTABUThH M10-YMOJIYAHUIO.
[Tocne Haxkatuss kHONKK OK HAaYUHAETCS CaM PacyeT IO ONPEACIECHUIO YaCTOT
u ¢opwm. [Tocie ycrentHoro BBIMOTHEHHUS pacueTa mporpaMma 3arpykaeT MOJIeib, U
oTAeIbHON TiporpamMmMoit (Viewer) aBToMaTHYeCKH OTKPBIBACTCS IPOTOKOJI pacyera.
W3 meHto Viewer MOXHO BBIMOJIHUTH DKCIOPT MPOTOKoda B gokyment Word
(o mpockOe mporpamMMbl yKa3aTh UM U TAIKY, B KOTOPOW COXPAHSIETCS MPOTOKOT C

TEM, YTOOBI M03)KE BCTABUT €T0 B OTYET).
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Boibop THNa pacyeTa ﬂ

—Bug pacyeta————— [~ MTepauMonHEIl pacyet
T ouHoCTE IEI.EIEIEI'I
™ Cramuieckui [~ Teopwall nopaaka

[~ Tpoc [T DpnonoTouss pacuer
¥ Ormursaums
[T 3akpenneHue yznos

JCTOMRMMEOCTE

L0ACTEEHHEIE KONEOaHME

NeLTRANEHEIR COEME

[~ DgHocTopoHHME onopkl

[T OaHOCTOpOHHME WAPHUPE!
" [legoprMpoEaHHEE"

[~ MNpesblusHHE HTERALHEA
KONESaHAA

oy . . ¥ MpepelBaH9e HTEpaLME
ENMHERHAR" YCTORYHEOCTE g AEHAE CTAHAADTOE .
MTepaumm9 IEUU :II RT

" "HenuHerHI

CMEKTRANEHEIN CAEHT T ouHOCTE W BbIIE;_DﬂHDESHJ'IbTaTDB

Konqyg#TeD cofcTEEHHER v p:::::H

®op 12 ill ¥ Heeazku
MpoekT IEaLuHﬂ \i"‘-——--""""l
[1puredaHL1E I
HenonHurens IF'anasiuk L.

Ok | OTraeHKTE [Morowe
Puc. 12. Onuuu pacyera
[ e s = - _—

G0 A 0 ) O] s 2 e
XK G i B AW

——
—r=1 =
e
" Pacemr qasmen i popur]

e F EEEIHE e KTl
=

Baunn
284101 STARKES

B L Lo |

Tl o1 R S5 MO T N CPeRCRD: K
pocuery]

B -
A e )
o TT——— T T T

Puc.13. Dkcnopt nporokoina B Word

Janee npuBeeH nepeaanabiii B WOrd npoTokos pacuera.
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[IpoTokon nuaammyeckoro pacuera STARK ES

--Cucrema
OnieMeHThl  Y3ibl  YpaBHeHus  JKeCTKOCTH [ToTpe6nllamsitu
264 111 666 22654 176 Kbyte

JIlnHaMU4YeCKUI pacyer:

Onuuu 1715 pacyera AKTyaJIbHO
OntumMusanus y3JioB Ha
[TpoBepka TpeGyemMoro MecTa Ha IUCKE Ha
[IpepriBanue 1151 MOABUKHBIX CUCTEM a
CornacoBaHHbIE MacChl a

CoOcrB3Hauenus: 12

--KomOuHanmu Harpy>keHuii - UHTEPIPETaIrs Harpy30K Kak Macc

Harpyxenue KomOunarms
1

0.09
0.08
0.00
0.00
0.00
0.00
0.00
0.00

co~NoolTh, WwWwN -

--MecTo B mamMATH

PabouasllamsaTe Tpedbyer JloctymHo

Pemarens 423 Kbyte na

Juckllamsars Tpeobyer Jloctrymuo  IlyTh

PesynbpTaTh 463 Kbyte 18 Ghyte "G:STAVROPOL-BAS..."

--O6padoTtka cuctemsl : 0 sec

--Htepanuu nmoarpocTpaHcT

Urepanusa  Bpewms pacuera To4yHOCTB- To4yHOCTH
CeK npeaen aKTyaJIbHas
1 0 1.0000e-006 1.0000e+000

2 0 1.0000e-006 1.1282e+000

3 0 1.0000e-006 4.5892e-001
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12
13
14
15
16
17
18
19
20
21
22
23

eclololololololel NeloeloelolololNol ool
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1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006
1.0000e-006

2.0626e-001
1.9949e-001
4.9554e-002
4.1468e-002
2.1117e-001
1.5176e-001
2.0107e-002
3.8569e-002
1.8995e-002
5.0023e-003
1.5249e-003
5.4275e-004
2.1013e-004
8.4977e-005
4.3683e-005
1.4404e-005
4.0238e-006
1.0957e-006
3.0196e-007
3.0196e-007

--IIpoBepka mosHOTH coOcTBeHHBIX 3HaueHui (Tect L Typma)

Kom6Ounamnus Bpewms pacuera  Tounocte  KommyecTBo KosmmuecTBo
Cek Cob6ctB3nau  CobcTB3Hay
(TecT) (HalieHo)
1 2.274997e+003 3.0196e-007 12 12
--ITonnasiMacca (neicTB)
Mx My Mz Rmx Rmy Rmz

1.25e+001 1.25e+001 1.25e+001 6.16e-001 6.15e-001 1.54e-001

--Harpy3ka / OnopusiePeakiiumn

Co Px / Ax Py / Ay Pz/ Az
[Kn] [Kn] [Kn]

1 -24.43/24.43 139.85/-139.85 -0.01/0.01
2 139.94/-139.94 24.40 / -24.40 0.00/-0.00
3 -234.86/234.86 905.51/-905.51 3.88/3.88
4 911.25/-911.25 236.68 / -236.68 -3.50/3.50
5 -86.49/86.49 45.07 / -45.07 -0.72/0.72
6 1585.28/-1585.28 706.58 / -706.58 2.20/-2.20
7 706.73/-706.73 -1597.79 / 1597.79 -1.05/1.05
8 13.10/-13.10 23.85/-23.85 -51.08 /51.08
9 140.85/-140.85 -993.68 / 993.68 -0.93/0.93



10
11
12
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-979.49 /979.49 -135.25/135.25 -1.29/1.29
774.49/-774.51 450.58 / -450.65 -18.14/18.18
-448.77 | 448.78 774.821-774.78 -12.04 / 12.02

--IIpoBepka opTOroHaAILHOCTH COOCTBEHHBIX ()OPM YCIICIIHO 3aBeplieHa

--3aJjaya JUHAMHKHU 3aBEpLICHA
PacuetHoe Bpems : 3 cek

*#* Pacuer ycnemHo 3aBepiieH ***

Tenepb MOKHO MPUCTYNUTH K aHATU3Y PE3yJIbTATOB pacyuera.

n.fea (FEA-NpoeEKT)

0EATE  PacdyeT  MoMOMHAUMM | PesyneTaTel HacTpofkk 7

[P0 R @no ETTHE - .
CpatHia '
THM pE3YNLTATOR

RN

Puc.14. Bxox B 00paboTKy pe3yibTaToB

JUis BBIBOJa pPE3yNbTaTOB BbIOMpaeM MeHw Pe3yabmamut. VIX MOXKHO

nmpocMaTpuBaTh B Tpaduyeckol M TaONM4HOW (opmax. 37ech OCTaHOBUMCS Ha

rpaduueckom npeacraBiaeHuu. Beioupaem noamento I paguxa.

OTKpbIBaeTCs OKHO, B KOTOPOM BBIOMpAeM, KaKhe 0 TUITY PE3yJIbTaThl XOTUM

npocMmatpuBath. Beioupaem tun — Iepemeutenus.
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Pe3ynbTarthbl Fpaduika X|
— Heunua Fearuuu B onopas
™ E cTep#Hax " y=noERlE
" & pefpas = AMHERHEIE
" B nnacTuHas ' MNOCKOCTHEIE
" B 3D = nemeHTaN
i~ rnaeHelE * [epemewweHis
" B CADUCTEIX 3 NEMEHTAY = Hepasku
" Apmarypa B CTEpHHAR " MorpewHosTH
Ok, I OTHEHUTE |

Puc. 15. Boi6op Tumna pe3ynapTaToB

[Tocne naxatuss OK Ha skpaH BeIBoAMTCS AedopMHpoBaHHas cxema. T.K.
MaclmTad NepeMeleHnid MOKET ObITh Mall, TO C MOMOIIbIO 33a/laHus KO3 (dULIMEeHTa
MOKHO  YBEJIMYUTh  OTHOCHUTENBbHBIM  MacmTad  mepeMenieHuil. 3HadeHHe

kod(pdureHTa BEIOMpAETCss METOJI0OM 0100pa I pa3HbIX BApHUAHTOB PE3yIbTATOB.
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Print

R
XY \ YZ \ Xz \ 3D
pvmagu Gopwe | »
Einz | | Krz |

Hazap

Tabnuybl
paduka
Tun pesynbTaToB

3aech MOXHO 3a1aTh

Maciurad
IepeMelLeHHIT
Koadp-1

BTa KHOMKA OTKAKYNT

= a———-
HA10XKEeHIe —_— W
HeAedopMHPOBAHHOT j
CXeMEl <I LYl >

3ech YCTaHABANBaeTCA W = 7.934 pag/c
f=1.263 ]
T=0792c

HOMep HOpPMBI KOAeGaHMI
AAs AHAAM3a Pe3VAbTaTOR

Puc.16. OxHO pe3ynbTaToOB U €r0 yHPaBISIONUe (PYHKIHH

Ycranopum  Macmtad nepemerieHud 5. Bumsyanmuzanms  aedopmanuii
yay4qmuTcsi. MOXHO paccMaTtpuBath AeOPMHUPOBAHHYIO CXEMY TOJT pa3HbIM yTIIOM,

B pasHbIX npoekuusax. Hanpumep:
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Puc.17. BapuaHTsl BbIBO/Ia PE3yJIHTATOB I10 MEPBOI opMe KoeOaHmit

B HwxHEM mpaBoM yrily BbIBeACHa Tabiwma co 3HadeHussMu 4acTtoThl (f) u

nepuona (T) cBoGoaHbIX KOJIeOaHUi OarrHu 1Mo TIepBoi Gopme.

I{ dopma 1 ‘ P‘

W = 7.934 pag/c
f=1.263 Ty
T=0792c

Puc.18. 3nauenus neprogoB u Gopm CBOOOIHBIX KOJIEOaHMI 1O MEepBOM popme



40

N3mensisi HoMepa GhopM, MOXKHO MPOCMOTPETh BCE OCTaJbHBIE PACCUUTAHHBIC

dbopmbl KOJTEOAHUH.
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1

5
] & N

A
2

3

1‘ dopma 2 _)

W =7.947 paplc
f=1.2651y
T=0.7906c

Puc.19. Bropas dhopma xonebanuii

Bropas ¢opma mpakThyeckd MO BCEM MapaMeTpaM COOTBETCTBYET MEPBOIA.

OTnrune B TOM, 4TO KOJeOaHUs MPEUMYIIIECTBEHHO JIEKAT B IPYTON MIIOCKOCTH.
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ﬂ dopma 3 ‘ « ‘ﬂ ﬂ dopma 5 ﬂ dopma 6
V\f = 27.02 pag/c W = 27.26 paglc V\i = 37.07 pag/c V\l = 37.93 paalc
f=4301Ty f=4.339 [y f=59T f=6.037Ty
T=02325¢ T=02305c¢ T=0.1695c¢c T=01656c

Puc.20. ®opmsl kosebanuii 3-6

@opMmbl  3-4  onpenenstoT JIOKaNbHbIE KOJIEOaHUST HIKHHX (parMeHTOB
pemieTku (packocoB) OTHOCUTENBHO Bceil KoHCTpykiumu. dopma 5 cooTBeTCTBYET
KPYTWJIBHBIM KOJICOAHUSIM KOHCTPYKIMH B 1ejdoM. OcTanbHble (QOpPMBI Tak Xe
COOTBETCTBYIOT JIOKaJIbHBIM KOJEOAHUSAM 3JEMEHTOB pPEHIETKH OTHOCHUTEIbHO

KOHCTPYKLMH B LIEJTIOM.
Jliist onipeiesieHrst TMHAMUYECKUX Harpy30K Oy/1eM UCIoib30BaTh popmbl Ne 1,

2, 9.
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3.3 Pacyem nynbcayuUOHHbLIX U CeUCMUYECKUX Ha2py30K
Mento: Pacuem — Kouncmpykmuenwiii. OTKpPOETCS IHAIOTOBOE OKHO

KOHCTPYKTHUBHOI'O pacyera.

Haszap,

(%)

< KOHCTPYKTUB HBIN

[MpeaenbHBIA aHann3
OueHKa NpPoOYHOCTH
HuHamuka

LleHTp macc

Boibop THRA pacyeTa il

— Ceficruyeck e Bos0efcTBHA — PacuyeTHele coueTaHua younmil
{~ Harpysku no CHuM 1-7-81% [ naockan mogens | " B cevEHMAr CTERHHEN £ no CHul
i~ Harpyzku no KME 2.01.03-95 " Feakuqi onep N0 KOMGHHALMAR
—Harpyski 407 3803HHEIR CREKTPOE OTEETa HErPY#EHMN
™ MocTynaTensHoe BosnelicTeMe — A enes00eTOHHEIE KOHCTPYKLMA
" BpawarenbHos BosAEHCTEWE " CrepsHessIE 3 AEMEHTE! ©° CHuM 2.03.01-24
" HupdepeHyHancHan Moges € Fetipa noem £ CMN 52-101-2003
MnacTuHE! " MokansHeIR packsT
— OnpegeneHye onacHoro HaNpagEneHHA
r " OcHoEHaA apratypa ™ Akcnopr & NPYCE,
MNocTynaTeneHoro E0SAEHACTEMA ) Pererisr S
{” BpawarensHoro BosgelicTEMA
~ . £ |l HpMHA pACKREBTHA TRELHH
MocTynaTenkHorD EOSAEACTEMA 0,07 3 NEMEHT O
= [pogaEaHEaHHE
— DueHka Bk.naga hopr KONSEaHHE
" KOHCTPUKTHEHBIE 3 MEMEHTEI
" TpM NOETYNATENLHOM EDSLERCTEMH

" MpW BPALLETENLHOM BOSNEHCTEWA — MeTanmyeckue koHCTpYkUMA o CHWl 11-23-81

i~ Marvtaemele 3 nemeHTEl

" Peakuua 50 BPEMEHHON 0BAACTH " TpokaTHEIE KONDHHE! M 3 NEMEHTE BEpM
" CKBOSHBIS KONOHHE!
_W ™ CEapHEIE KOAOHHE
arpyzkid no CHl 2.01.07-85* )
—YeroluueocTe

{” Mnockas Mogens

] ] " PacueTHEIS 0AMHE! CTER#HEN
% TpOCTPAHCTEEHHEA MOGEE

" AHEpreTHYECKME AHAAMS PONH 3 NEMEHTOE

— Mo pe Akd 2000 .

e M PELAENEHSA 43CTOTS

i~ Meperel eHUA H YCHAKS oK I S — | Tt s |

Puc.21. Bxoxa B pacueT aiis onpeneeHus MyIbCallHOHHBIX HarPy30K
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BriOupaem tun pacuera — nyapcayusn eempa, NPOCMPAHCMEeHHAA MOOETb.
OTKpbIBaeTCs IUATIOTOBOE OKHO, B KOTOPOM CJIEIYET 3alOJIHUTh OCHOBHYIO

qaCTh U OKHO OJOITOJIHUTCJIIBHBIX YCHOBHﬁ.

PacyeT Ny nbCcalywi BeTpa ﬂ

Tun pacyéta

HDMED CTATHYECKOMD

MATRRERLA " CoficTeeHee ﬂaHHble ANA pacyeTa X|
3nadenve Ronoocuws |0 Konedanka |

) NetoptUpoEaHHLIE — NarapHetHISCRMA GEKPEMEHT KONSGaHHE
Srasenqe fio na oeu |0 KO/IEGEHUS © [1nA ¥eNe306ETOHHEK H KaMEHHEIX CODPYKEHME, 3 TaKKe,
3Haverwe Fomoocuz |0 A7 FAAHHA CO CTAAEHEIM KaPKACOM NP HAAH4HM

~ Homep BeTpoBoro parioHa | O pAHAEKIIAE KOHCTRYKRLAE (03]

3nadeHue Hino ooy a “ | o .
oo * {[109 CTANEHEIR BAWEH, HaYT, PUTEP0ESHHER 4BIMOBEE
Inauenme Hino oou'™y co TPy, ANMNApATOE KOADHHOMD TMME, B TOM YYCNE Ha
LY oy WENEs00eTOHHE NocTareqTax [0.13)
AHaveHue Hino oo £ oy (@Yl

Kaon-eo YYHTRIESEBIL

= T 1M MECTHOCTM
Oprd  KONESaHWi
TI_"I; CHWM) : @;;“H”TE”'?HHE HCﬂm--% (¥ A\ . OTKPEMEIE NOSEPEKES MOPEL, 038P W BOLOXPAHMIMLL

NYCTRIHK, CTEMNM, ASCOCTENM, TYHOPS

T

I™ 3anate Homepa moph I ' B - ropoAcKHE TEPPHTOPHM, MECHBIE MACCHER! M OpYrHe

MPHMEYAHME: FMECTHOCTH, PSEHOMEPHD NOKPEMTEIE NPENAT CTEWANM

EEEWTE HOMERE UHHTRIESEMEIY B fACHETE hOpi HERES SanATUH, ERIcOTOM Gonee 10
fies npotenes. Hampumep, 1, 5- 12,17

CC- ropogckHe pafdoHel ¢ SacTPORkON S0a3HMAMM BEICOT oM
fonee 25 m

TOMHOCTM LNA BETPOBbLIX HArPY30K.

Cunel I':'-D'l tarmeHTEI I':'-':"l Ok I OTHEHTE MatdowE
Pacuer I OTreHuTE | Morowe |

Puc.22. Oxna napameTpoB pacuera Mmyjbcalui BeTpa

OKHO OononnumenvHble ycioeus 3anonHsercss oauH pa3. OCHOBHOE OKHO
HY>KHO 3alOJIHATh KaXABIM pa3 IJid pacuera IyJbCalluy MO HampaBlieHusMm 1, 2, 3.
OcHOBHBIC TaHHBIEC 3aMONHAIOTCA cornacHo Tadmuie 10, CHull 2.01.07-85 (2003).

[lynpcanmsi BeTpa 1O HANpaBICHHID CTATHYECKOTO  BO3JEUCTBUSA 6

(mampaBinienue 1)
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PacqeT nynbcayqd BeTpa ﬂ

Horep crarueckoro IE Tun pacuéra
Har pY#eHHs

{* CoficTEEHHBIE
Anaverie Bo noocuxs  |717 KONEGAHHA

' edoptUpoEaHHEIE

3Havere Ho no ooy |3.28 KOnEEaHHA

AnaueHde Bonoocu s |3.28 .
~ Horep BeTpoEoro paioHa

K.0-B0 YYHTEIESEHEL
opr  EOnegaHuiA
[ma CHul] :

AraveHie Hi no ocu = ISE.EEI la Ll
. (el Lo
3 H N IEE.BEI
HaueH1e Hi mo ocu Y oy
3ravenue Hi no oo £ : I?.'I? el 4yl
|3

HononHuTeNEHEE YCNOEKA

¥ 3anate nomepa dopr |1,2,5

MPHUMEYAHKME:
EESaMTE HOMEDA YUMTEIESEMER: B PACYETE POP YEpEs SAMATYD,
fies npofenoe. Hanpurep, 1. 5- 1217

TOYHOCTM 009 BETPOBEIX HArpY30k,

Cunel ID-EI1 b oraeHTEI ID-D'I
FPacuer I OTreHKTE | [Marowe |

Puc.23. [TapameTpsl pacuera Jyisi CTATHUECKOTO BETPa MO HAMPABJICHUIO |

[Tocne Haxatusi KHONKU Pacuem NOSABISETCS COOOLIEHHE O €ro YCHEUTHOM
BBIMOJIHEHUH. BoiigeM Tenepp B MEHIO HArpy30K JJIsI MPOCMOTpPAa Pe3yJIbTaTOB
pacueta (Pedakmuposamv — nazpysxu — Hazpyycenus).

Msb1 BBOIWIM Bpy4HYH & HarpyxeHuid. OIHAKO €CIM NMOCMOTPETh HOMEpPA
Harpy>KeHH MOCJIE€ 3TOr0 pacyeTa, TO YBUAUM, UYTO MOSBUIKNCH ABA HOBBIX - Ne 9 1 Ne
10. OTu HarpyXeHus aBTOMAaTHYECKU CHOPMHUPOBAHBI MPOTPAMMOM U SBIISIOTCS
MyJIbCAIMOHHBIMA  COCTABJISIOIIMMHU BETPOBOW HArpy3KM K CTaTUYECKOM B

Harpy>keHuu 6.

4| Harpywenne 9 | p» | Harpywrenue 10| P

¥Y3noBblxX Harpysok = 97 Y3NoBblxX HArpy3oKk = 76
SNeMeHT. HarpyzoKk = 0 SNeMeHT. Harpy3oKk =0
Harpyaok no ctop. = Harpy3ok no ctop. =

To4elHblx Harpy3okx
NMHeRHBIX Harpy3oK
MNOCKOCTHBIX Harp.

0 ToueYHblx Harpy3ok
0 JTMHeWHbIX Harpy3oK
0 MNOCKOCTHBIX Harp.

0
0
0

Puc.24. Jlo6aBouHbIe aBTOMATUYECKU CO3/IaHHBIE MMyJIbCAlIMOHHBIC HATPY>KEHUS
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Ecnu BoWTH B peXUM Y3JIOBBIX HArpy30K, TO MOYKHO YBHJIETHb 3TH CHJIbI Ha

YCPTCIKC.

4
Py=0.15224

Py=(.
Py=0.0284

/ .
Py=0.071532

Harpyxenue 10
Harpyxenue 9

Puc.25. JlononHuTenbHbIC Y3JI0BbIE HATPY3KH OT IMyJIbCALIUK BETpa MO HAIIPaBICHUIO
1

3HavyeHus1 CUJI IO HarpyxkeHuw 10 ropa3no MeHbllle, 4eM B HarpyxeHuu 9. B

npuHiune, HarpyxxkeHue 10 MoxHOo ynamuth. [lokakemM 3TO B yueOHBIX UENsX.

Bxoaum B MeHt0 Hacpysycenusn (Peoakmuposeamv — nacpysku — Hazpyscenus).

Boibupaem Harpyxenwe 10 u HaxuMaeM KHOINKY YJalduThb. Temepb B MPOEKTE

OCTaJIOCh TOJIBKO 9 HAarpyKeHU.
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M3MEHUTb HOMEp |
KONMUPOEBEATb

yAanuTb »

|

| Harpy:kerue 10| PP}

JNeMeHT. Harpy3ok =
Harpysok no ctop. =
ToyeYHblx Harpy3oK =0
JIMHeWHBIX Harpy3oK =r?

AaAcCEACTURIY LArn

Puc.26. Y nanenue Harpy>keHus ¢ MaJbIMH Harpy3kamu

[Tynbcarust BeTpa Mo HaNpaBICHUIO CTATUYECKOTO BO3ICHCTBUS 7
(HanpaBiieHue 2)

PacueT nynbCalvid BETPA x|

Homep craruyeckoro I? Tun pacuéra
HarpuskeHIA ;

¥ CofcTEEHHEE
JHadende Bonoocne |77 KOAEEaHUA

€ NedopMUpOEaHHEE

JHaveHde Romoocuy |5.28 I S

AHaveHue Ronoocke |8.28 .
~Horiep BeTposora patioHa

AnaueHue Hinooow . |55.89 Cla [

3 Hi v [g5.89 LA
HaueHKe Hi no oo . e oy

AnaveHye Hino ook 2 ; 17 (Y| Ll

F.on-Bo QUUTEIESEMBLY
PO KONEAAHME
[no CHull] :

11111

HonoaHuTenEHEE YCAOEKWA

¥ 3anate Homepa dop |'|,2,5

MNPAMEHAHME:
BeequTe HOMERS YUMTEIESEMElY B PACYETE OQM YEPES SaNATYD,
fes npofenos. Hanpueep, 1.5 -1217

TOYHOCTH QNA BETPOERIY Harpysok

Cunkl ID-':"I I oraeHTEI ID-':"I

Pacyer OTrdeHMTE | MNardawe |

Puc.27. [TapameTpsl pacuera myiabCcariu i CTAaTUYECKOTO BETpa MO HAIPaBJICHUIO 2
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Taxxxe noOaBieHsl 2 HOBbIX HarpykeHust Ne 10 m Ne 11. OpHako cuibl
pa30pocaHbl B HUX PaBHOMEPHEE T10 BEJIMYMHE 3@ CUET TOTO, YTO HAIpaBIECHUE BETpa
HE COBMAJAAET C OCSIMU KoopuHat. [ToaToMy Harpy>xeHust He OyZeM yJIaisTh.

Crnenyer y4yecTp, 4TO IOCJE yNaJeHUsl HArpy>KeHUs MPOrpaMMa CUHUTAET, YTO
JaHHbIE U3MEHEHBI. 1103TOMy NpPOCHUT BHOBH BBINOJHUTH PacdeT IO ONPEAEICHUIO
gyactoT U ¢opMm cBoOOAHBIX KoseOanuid. I[loaToMy ynaneHue HarpyKeHuit
aBTOMAaTUYECKH C(OPMHUPOBAHHBIX HArpy30K CJEAYEeT BBINOJHATH AKKypaTHO, U

JIydli€ 3TO BBIIIOJHATH ITOCJIC YCTAHOBKH BCCX THMHAMHUYCCKUX HAI'PY30K.

Px=0.$153
Py=0.42838"

Px=0.106%4 %1352
Px=0.1324 ble 4076

(640614

Px=5.29959
Py=0.95R%

306311
Px=0.§% 5
' Pba254
HarpyxeHue 10
056651

=P R4 7924

Puc.28. JlononHuTenpHbIE y37I0BbIE HATPY3KHU OT MYJIbCAIL[MU BETPa MO HAIIPABIICHUIO

2
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[lynbcanuss BeTpa MO HANPABICHUIO CTATUYECKOTO  BO3ACHUCTBUA 8§

(mampaBiieHue 3)

PacuyeT NynbCalyid BETpa El

Tun pacuéTa

Hormep crarkueckoro
LB LR (%' CofoTeeHHEE
3HaveHke Ronoocu . |7.17 KoNnefaH1a

" NedopmiposaHHEE
KonedaHHd

:

3HavyeHHe Ronoocu ™ |8.28

3Hauerve Bomoock 2 |8.28 N
~ Hariep eeTpoBora paiioHa |

SHaveHHe Hi no oo > IEE.BS la Lol

: ol Loll!
3 H by |55.BE|
HaueHKe Hi no oo oy Oy
3Haverre Hino ocuZ . |7.17 ey Lt ]|

F.on-B0 guMTEIEaEMEN
POPr  KONEGaHKA
[mo CHul]

3

JononHuTeneHeE YCNOEKMA

V¥ 3anatk Homepa @opm |1,2.5

MNPHUMEY2HKE:
BeeaMTE HOMEPA YIUTHIEEME: B DACHETE $OpM YEPES SanATy,
fies npotienos. Hanpumep, 1.5- 1217

TOYHOCTH 4NA EETPOEE HArpYs0K

Cunkl ID-01 I orteHTEI ID-EI1
Pacuer I OTreHHTE | Morow e |

Puc.29. ITapameTps! pacyera myJIbCalluy AJIsl CTATUYECKOTO BETpa MO HAIPABICHUIO 3

CdopmupoBansl HOBble Harpyxkenus Ne 12, 13, 14. Harpyxenwms 12-13
nofgoOHbl HarpyxkeHusiMm 10-11 (c TouHocThio A0 HampasieHusi). Harpyxenue 14
MMEET OYeHb Mallble 3HayeHus. JSIBisAeTCS Mapa3UTHYECKUM, CIIEJCTBUEM
BBIYMCIIMTEIBHBIX OTPEIIHOCTEN. MBI €r0 yAansieM U3 NpoeKTa.
Urak, ¢ yuyerom BbruucieHus (HopMm CBOOOAHBIX KoJieOaHUM, CHOPMUPOBAHBI
JTUHAMUYECKHUE BETPOBbIE HATPY3KH.
1. HanpaBnenuto cratudyeckoro Berpa | (HarpyxkeHue 6) COOTBETCTBYET
yJIbCAllMOHHAS HATPy3Ka B HArpyKeHuu 9.

2. HampaBrieHnuto cTaTHUecKoro BeTpa 2 (HarpykeHue 7) COOTBETCTBYET
MyJIbCAllMOHHAS Harpy3Kka B Harpy»xenusx 10-11.

3. Hampasnenuto cratuueckoro BeTpa 3 (HarpykeHue 8) COOTBETCTBYET

NyJIbCAIlMOHHAs HArpy3Ka B HarpykeHusx 12-13.
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3.4. Onpeoenenue celicmuyeckux Hazpy3oK

CelicMuueckue HArpy3Ku 3aaC€M TaKKE B KOHCTPYKTHBHOM PaACUCTC.

Bribop THNa pacyeTa

— CefichMYeck e BEOZ0EHCTEWA

* Harpysku no CHWM 11-7-81% [ nnockas mogene |
™ Harpysku no KME 2.01.03-95
— Harpyzku onA 3a0aHHER CNEKTROE OTEETE

™ TNocTunaTensHoe BOSNERCTEME
" BpalwlarensHoe BOSERCTEME
" NuedepeHuHanEHaA MOLe

B DFIIZIEJJ.E.I'IEHHE OMN3CcHOrO HanpagnedHHAa

i nDCT':II'IEITE.I'IbHEIFEI EOZ1EHCTEMA
i BI:IEILLI,EITE.I'IbHEIFEI EOZ1EHCTEMA

i nDCT':II'IEITE.I'IbHEIFEI EOF1EHCTEWA 40A 3 NeMEHTOE

— DueHKa BKNa0a POpr KONEEaHME

™ [pu NOCTYNATENLHOM EOSAEACTEMH
™ Tpu BPALATENEHOM BEOSIERCTEMM

{~ Peakuwd B0 BPEMEHHON 06N3CTH

— MNunecaumy BeTpa

—Harpuzku no CHuWl 2.01.07-85*
" Maockas mMogent
{” MpocTpaHCTESHHEA Moge:

— N perordeHoaumard LHAWCE, 2000 .

i M PEAENEHAA HACTOTS

™ Tlepetell EHHA W YSHAKA

— PacyeTHelE codeTaHHA YCHAMA

" B ceusHUAs cTEpHHEN " mo CHuM
| Peakuui onop ™ No KoMEHHALMAR
Har pyReHK|H
— A.Enes0fETOHHEIE KOHCTRYKLMM
" CTEp#HEBEIE 3MEMEHTE!  CHuM 2.03.01-54
" Fetipa mavm M 52-101-2003
MMnacTuHE! " NokansHe pacyet

" [DcHoEHEA apraTupa " Jkenopr & MPYUCK,
" Pacuer aprdamypel
) WHpHHa pACKPLTHA TRELMH

" MpogaenyeaHie

i KDHCTI:I':IKTHBHI:IE ANEMEHTEI

— MeTannuueckre koHcTpukuMK no CHWl [1-23-81%
" Wsrutiaemele 3 0eMeHTE

" TpoKATHEIE KOADHHE! M 3 NEMEHTE GEpt
" CKEOSHBIE KOAOHHE

" CEapHbIE KONDHHLI

— HeoTolureocTE
{~ PacuyeTHEIE SAWHE! CTEpHHEN

i HHEDFE-'TH'-IECKHH dHANKM: pond 3 neteHTo0E

(] I OTrEHKTE | Marowe

Puc.30. Bxox B pacdeT celicCMUYECKHX Harpy3ok

OnpeAeneHHE CEHCMMUECKWA HAarpyY 30K

K.onuuecTeo aTaked ;
K.oadpeprumeHT K17
CeficruyHoCTE

K.areropua rpyHTa

Hron mesay HanpasneHHE
CEHCMUNECKOrD BOZAEHCTEWA (90

W 0Chio % [B rpagycas)]

Pacuer
OTraeHHTE

Morowe

Tatmiua 3

= Tagmiua B

LT
0L

Hyer EEQTHEANEHBIX Macc

Puc.31. ITapamerpsl pacuera ceiiCMUUECKOM HArpy3KH 10 HAINpaBJICHHIO |

ABTomatmuecku chopMUpOBaHO 12 HOBBIX HarpykeHui ¢ Homepamu 14 — 25.
Kaxxnoe HarpyxkeHue COOTBETCTBYET ouepenHoil u3 12 ompeneneHHbIX (opMm

KOJIEOaHMId.
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OnpeAeneHHe CeHCMMUECKHE Har P30k

FonuyecTen aTaMEMN Pacyer

Koos pamumeHT 1% OTHEHWTE:

CefctUYHOCTE © [MorMowe

FK.areropua rpyHTa

Hron Mexay HaNpaENEHHEM
CEHCMMYECKOrD BOZOEACTEMA .20
W ockH ¥ [B rpanycar] ;

Tatiauua 3

x|
_ P |
_omenms |
LT

11

Hyer BEPTHEANEHER MaCcC

Puc.32. ITapameTpsl pacdyera celiCMUUECKON HArpy3KU MO HAIPaBJICHUIO 2

Amnanoruuno copmupoBansl 12 HarpyxxeHuit ¢ Homepamu 26 — 37.

OnpeeneHye CERCMMYECKHE HArpy3oK X|
F.onMyecTEn aTamen I'I [ Pacuer I

Koz popuuHeHT £1%

OTrEHHTE

CeficrHYHOCTE | Marowe

A
I p

K.aTeropua rpyHTa

Hron mesay HanpasneHKHe
CefCMMYECKOrD BOSAERCTEMA  [21] Tatiniua 3
W 0ckio ¥ [B rpaoycax] ;
Tatmua B

<]

Hyer EEPTHEANEHELY MHMaCcC

Puc.33. ITapameTpsl pacyeTa ceCMUYECKON HArpy3KH O HAMPaBJICHUIO 3

Amnanoruuno copmupoBansl 12 HarpyskeHuit ¢ Homepamu 38 — 49
Wtak, ¢ yderom BbIYHCICHUS (OpPM CBOOOIHBIX KosieOaHMi, cHOpMUPOBAHBI
CEHCMMYECKNE HATPY3KHU.

1. HampaBnenuto 1 COOTBETCTBYET ceiicMuUUecKas Harpy3ka B Harpy>XKeHHsX
14 — 25.

2. HampaiieHuto 2 COOTBETCTBYET CEHCMUYECKasi Harpy3ka B HarpyXeHMsIX
26 — 37.

3. HampaBnenuto 3 COOTBETCTBYeT ceiCMUYECKas Harpy3ka B HarpyXeHHsIX

38 —49.
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PA3OEN 4. MIPUMEPbI PACHETOB
4.1. lNpumep 1.

CraTvueckuii W JUHAMHUYECKHM pacdyeT MHOIO3TaXHOIO >KWIJIOrO JIOMa,
pACIIOJIOKEHHOIO HA yYacTKe, OrpaHWYeHHOM yi. KpacHoapmenckou, Vil

Kypasnesa, yn. I'peueckoro ropoaa Boinoc, B r. PoctoBe-Ha-/{ony,

Mopens nocTpoeHa B MPOCTPAHCTBEHHOM ITOCTAHOBKE IO KOMILJIEKCHOM CXeMe
BEpXHEE CTpoeHHE — (yHIaMEHTas IUINTa — CBalHOE OCHOBaHUE. BhIMOJHEHBI
CTaTHYECKUM, JHUHAMHUYECKHM pacuer, M0 pe3yJbTaTaM KOTOPOroOmpeAesieHa
IIyJIbCALIMOHHAS COCTABIISIONIAS BETPOBOW HArpy3ku. Kpome TOro, BBIIIOJIHEH pacdeT

Ha OOIIyI0 TOTEPI0 YCTOMYUBOCTH 3/TaHHUS.

Pacyer BbImoNHEH TO NUIEH3MOHHOW Bepcum mnporpammbl MicroFE-2005,
nmerore ceprudukar coorserctBuss CHull Ne POCC RU.CIT11.H00169 Ne0313922,

nerctBuTelbHBIN 110 10.06.2007T..

B nanHoM TOMe oTueTa IMPUBCACHO OIIMCAHUC pacquHoﬁ CXCMbI Ha YPOBHC
MO3UIMM M KOHEUYHBIX DJICMEHTOB. I[aIOTCSI IPHUHATBIC B MOACIM MaTCpuallbl.

[IpuBeneHo onrcaHue Harpy30K pacC4eTHOM CXEMBI.

BetpoBbie HarpykeHus cpopMUpOBaHBI COTJACHO BBIYMCICHHBIM TaOJIUIIAM
pacrpeeneHus: BETpOBOTO Haropa 1o BeicoTe. [lanee npuBeaeHa Tabiuia BETPOBOTO
Harmopa Mo BbICOTE U rpadUKHU paclpeiesieHus] JIMHEWMHOTO BETPOBOTO JABJICHUS B

YPOBHE IUIUT NEPEKPBITHH (KI/M).
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PacnpenesieHue HOPMATHBHOIO BETPOBOI0 Hanmopa no Bbicote. Tadauma 2

Bricora, | Koad. | Koad. | HopmaruBHOE pacnpeneneHue PacueTtnoe pacnpenenenue
M K E BETPOBOr0O MOTOKA BETPOBOr0 MOTOKA
AXTHUBHBIN, IlaccuBHBIN, | AKTHBHBIH, ITaccuBHBIN,
Kr/mM2 Kr/M2 Kr/mM2 Kr/M2

0.00 0.50 1.22 15.20 11.40 21.3 16.0

4.20 0.50 1.22 15.20 11.40 21.3 16.0

7.85 0.59 1.13 17.80 13.35 27.2 20.4
11.15 0.67 1.04 20.46 15.34 31.4 23.6
14.45 0.74 1.00 22.47 16.85 34.2 25.7
17.75 0.81 0.95 24.47 18.35 36.7 27.5
21.05 0.86 0.91 26.24 19.68 38.5 28.8
24.35 0.90 0.89 27.49 20.62 40.2 30.2
27.65 0.95 0.87 28.75 21.56 42.0 315
30.95 0.99 0.85 30.00 22.50 43.7 32.8
34.25 1.03 0.83 31.26 23.44 45.5 34.1
37.55 1.07 0.81 3251 24.38 47.2 35.4
40.85 1.11 0.80 33.70 25.27 48.6 36.4
44.15 1.14 0.79 34.70 26.03 50.0 37.5

46.55 1.17 0.78 35.43 26.57 51.4 385
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PacnpeeneHve BeTPOBOro Harnopa B ypoBHe nepeKpbITUii

70.00

60.00 Y —
134.1 178.8
1306 74.2
50.00 127)1 169.5
/123.7 /164.
1202 160.3
4000 j116.7 / 55.6
1126 151
104.2 1444
3000 1039 #1385
99.5 1827
5.2 1269
121.1

847 Q 29

95.4 1272

/ [§S] RS

—e.1 3

BbicoTta, m

S

20.00

10.00

\g’\
%\a

0.00 3*“/
200 400 600 800 1000 1200 1400 1600 180.0 200.0

BeTtpoBoii Hanop, Kr/m

Puc. 34. Pacnipenenenue TuHEIHOTO BETPOBOTO JABJICHUS B YPOBHE MEPEKPHITUN

Harpyxenus 8 u 9 — nobGaBouHbIC, HCIOJIB30BAHBl IS TOBBIIICHUS
HAJIC)KHOCTU KOHCTPYKTUBHBIX PELICHUN IPHU «pa3jiaMbIBaIOLIEM» JCHCTBUU BETpa
Ha BOTHYTBbICE BOBHYTPb (hparMeHThl 37aHUS. AHAIW3 PE3yJbTaTOB IOKA3aJ, YTO
pe3yibTaThl apMHPOBAHUA C YYeTOM UM 0e3 yuera «BETPOBBIX KapMaHOBY
MPAKTAYECKA COBMAJAOT, T.€. BIMSHHUE «BETPOBBIX KapPMAHOB» B JAHHOM 3JaHUU

OKa3aJ0Ch HE3HAYUTCIBHOC.

Jlnst ydera Harpy3ok OT BeTpa IOCTpOEHA OTHAENbHAs MOJEIh (DUKTUBHBIX
aleMeHTOB. BpicoTa (QUKTUBHBIX 3JIEMEHTOB COOTBETCTBYET BBICOTAM JTaXeEM,
pa3Mepsbl B IJIAHE MTPUBOSAT K ONMUPAHUIO JIEMEHTOB HA BEPXHIOIO U HUKHIOKO TOUKH
KOJIOHH WJIM CTeH 3Taxka. K 3Toi Mojenu npuiiokeHa cBOOOAHAs pacrpeiesieHHas
Harpyska oT JeWcTBus BeTpa 1o ocsiM X u Y. CBoOoaHass Harpy3ka aBTOMAaTHUYECKH

TpaHC(OPMHUPOBAHA B Y3JIOBBIE CHJIBI OT BETPA B YPOBHAX IUIUT MEPEKPHITUI ITAKEH.



Ipy3KH

Puc. 35. Cxema (pUKTUBHBIX KOHEUHBIX dJI€
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Puc. 36. Y3moBas BeTpoBast Harpy3ka +X (HarpyxeHue 6)
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VY3noBas BeTpoBas Harpyska +Y (HarpyxeHue 7)

. 37.

Puc
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Puc. 38. Y3noBast BeTpoBasi Harpy3ka — BETpOBOM «kapMaH 1» (HarpyxeHue 8)
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Puc. 39. Y310Basi BeTpoBasi HATPy3Ka — BeTPOBOM «KapMaH 2» (Harpy:keHue 9)

[Tocne ompenenennst 4actor u ¢GopM CBOOOAHBIX KoJeOaHWil (B KOHIIE
npuMepa TpUBEACHBI TpU (POpMBI KOJEOAHMIT) BBIIOJHEHO aBTOMATH3WPOBAHHOE
OTpeeCHIEe TYyJbCAIMOHHBIX COCTABISIONMIUX BETPOBBIX Harpy3ok. Ilpm 3ToM
yuutbiBasioch 20 ¢opMm cBOOOMHBIX KoneOanwii. [lynbcaliMOHHBIE HArpy»KeHUs C

HYJIEBBIMHU WJIA OYE€Hb MAJIBIMU HArpy3Kamu yJAJICHBI U3 COCTaBA BO3ICHCTBHIA.

[lynpcanlMOHHBIE COCTaBISIOIIME HCMOJb30BaJIM B KAdeCTBE CTATUYECKHUX
BO3JICMCTBUA OCHOBHBIE BETPOBBIC, T.€. HarpyxkeHuss 6 um 7. IlymbcanmonHbie

COCTABJISIFOLIME paclpeesieHbl B Harpyxenusax 10-15.
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[TynbcalliOHHBIE COCTABIIAIOIIME 110 HArpyxeHuto 10

.40

Puc

Puc. 41. ITynbcanimoHHbIE COCTABIISAIONIME IO HarpyxeHusm 11-12
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[TynbcaliMiOHHBIE COCTABIISIONINE MO HArpyXeHuto 13

.42,

Puc

15

Puc. 43. [lynbcaiiioOHHbIE COCTABIISIONINE 110 HATPYKEHUsIM 14-
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JluHaMUYeCKU aHaIu3 BBITIOHEH VIS CJICIYIONIe KOMOMHAITMN HATpy KEeHUN
(yuyuTbIBaeTCsl, UYTO BCE€ HArpy>KeHHUs] OT BHEIIHUX CWJI, HE BBIYUCIISEMBIX

nporpaMMoﬁ ABTOMATHYCCKH 4YCPC3 INIOTHOCTL, HAAO OC/INTHL Ha 10 — YCKOpPCHHC

CBOOOHOTO TaJICHUA).

3afnaHWe W KOPPEKTHPOBKS KOMBHHAL MM |

KortkHawy  CofeTe. KoneSaHua | Hon. K.I:IMﬁHHaLI.HHI

Hr-1 Hr-2 Hr-3 HIr-4 HIr-5
K-1 0.9 0.09 0.08 0 0 i
1 3
", Hoean |
BHHAMAHKE I =
K. 3 L MEHTE] KOREMHELLAM MPH I_I.
PACYETE Ha COBCTEEHHBIE KONEGaHUA | 2A3MHTE |
530aKTCA © YYETOR AEAEHHA HA
UCKOpPEHME CEOADIHOMD NA1EHMA O 1 I BoccranoemTs |
Ja0aTh CEOHETEE HEMMHERHEY KOSHHALHI | TTHH, £ HE AHH., |
Brigog KOMEHHALMA
i Wfaord i igimer EbIBEE-“TH |

| ] 4 I OTreHHTE Moraow & |

Ha cnenyronmx pHCyHKax NpUBEAEHBI CXEMbl JepopMaludy 3JaHHs TI0
cBoOOAHBIM ¢opmam Kosiebanuii — yuutsiBasioch 20 dopm. Ilepsrie aBe Qopmbl
MMEIOT IPEUMYILECTBEHHO M3TMOHBINA XapakTep, TPeThs GopMa — SBHO BBIPAXKEHHOE

kpyuenue. [lepuon neppoit hopmel 2.94c, Bropoii 2.02¢, Tpetseit 1.28c.
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Puc. 44. ®opma cBoOOHBIX KosieOanuit 1
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4.2. lNMpumep 2.

MHOro3TakHbli Kujaou 1oM 1o yi. BonkoBa — yi. Jlo6poBoiabCKOro Bo 2-M
MKP CXP B r. PocroBe-na-/lony. Cekuun 1 u 2. KoHeuHO-371€MEHTHBIE MOJIEIIH

3JIaHUA:

Puc. 47. KoneuHo-31eMeHTHast MOJIeJb 3aHus B 1iesioM (Bui 1)
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PacyeT NynLCaluyid BETpa

Horep eTatideckoro
HarpYHEHHA |

()

1

3HaueHue Ronoocu X |3

17E

JHaueHue Ronoocu s |30

3HaueHue Fo no ooy

AHaueHue Hi no oo =

3HayeHue Hino ook 'Y

.

111

3HaveHue Hino ocK Z
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JaHHuIe AnA pacyeTa

— Nor apHerAHYSCKME QEEPEMEHT KONSGaHME
% I1nA #enesoGeT0HHE M KAMEHHEIX COOPYAEHME, 3 TaKHe,
019 SAAHKA CO CTANEHBIN E&DKACOR MR HA M4
Or QA AMLAY KOHCT Yk LME [0.3]
" [nA cTankHbE BAlWEH, MaYT, $YTEPOEIHHE QEIMOBEIE
TRYS, SNN&EETOE KOAOHHOMD TUAA, B Tok YUCAE Ha
HENES00ETOHHBR NocTareHTax (0.1 5]

— THM MECTHOCTH

" A - OTEPLTLIE NOGEPEHKER MOPEH, 0380 M BOLOXPaHM ML,
MYCTEIHK, CTEMW, NECOCTENM, TYHAPS

* B - ropoockHE TEDPHTODMM, NECHBIE MACCHER! H APYrHE
FECTHOCTH, PAEHOMEPHD NOKPLTEIE NPENATCTEHARM
EblcOToN Gonee 10

I C- roOpoaCkHE paHoHEl C SACTROMKEON S0aHMARM ERICOTON
fonee 28 r

OTHEHMTE

[arow e |

PacueT Ny nLCauqH BeTpa

x|

THn pacyéra Homep cTaTuyeckoro

HaErPYHKEHMA |
% CofcTeeHHbE Py

KONEGaHUA 2HadyeHue Ronoocux |44

| NedopripoEaHHEE
KO Ie0aHUA

SHavyeHue Rono oo’y |12

) 3Havetue Rono ookl |44
~Horep seTpoBoro paioHa

Cla o 3HaueHue Hi no ocu = BB i |a (el
i Lol

:: :'L" :: :,I 3nauenre Hino ooy |BE :: :LI iy

LY LY | Inaverme Hino ook Z : o\ ol

T

X

Tun pacuéra

¥ CofcTeeHHEIR
KONESaHMHA

| ehoptupoEaHHEE
KEnesaHHa

—Horep seTpoBoro pakioHa

K.on-B0 YuHTEIBAEME I
Ok KOASSaHHA
[ma CHuM) :

—_
o=

K.on-80 yuHTEIEEMELX
DOPM  KONESaHHIA
[mo CHuWM) :

—
=

JononHurensHee YCAOEMA |

HononHKTEnEHEIE YCAOEMA

[~ 3anate Homepa dopr I

[~ ZanaTe HoMERa ®OpM I

[IEMHMEHSHME:

[IEMMEYSHME:

BEEAMTE HOMER S UHLTEIEAEMEN B ACHETE BOph YERES SanATy,
Ges npotenne. Hampumep, 1, 5- 12,17

BEeaume HamMepa YYUTEIEaEMEN B DacyeETe fopn YERes SanATyi,
fies npotenos. Hampumep, 1, 5 - 1217

ToMHOCTH 41A BETPOBLI HarpY3ok

Chnkl IU-U'I I orteHTEI I'j-':"I

To4HOCTH 00A BETPOBRIY HAMpY30k

Lkl ID-'T| koreHTEI ID-EI1

Pacuer I OTreHHTE |

Morowe |

Pacuer I OrreHuTE |

Mormowe |

Puc. 55. ITapameTpsl pacuera myabCallMOHHONW COCTABJISIFOIIEH HArpy3Ku
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4.3. lNpumep 3.
Pacuer oducHOro meHTpa CcO BCTPOEHHOM aBTOCTOSHKOM 1O  TIep.

JlonmomaHoBckuii B T. PocToBe-Ha-J[OHY 110 KOMIUIEKCHOM TPOCTPAHCTBEHHOW CXEME.
2

PIEI

MEh! —C—Koulé{na g

28) 100-76-42

Puc. 56. Oducnblii eHTp
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Puc. 57. Bung u3 xocmoca
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Puc. 58. Koneuno-ainemenTHas Mmoaenb. Bun 1.
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BeTpoBbie Harpy3ku B pacueTe MPUHATHL C y4ETOM IyJbCalUM BeTpa. T.K.
OTPAXKIAIOIINE KOHCTPYKIMU CTEH 3JaHUS SBIISIIOTCS HEHECYIIMMU, U B PaCUETe OHU
YUYTEHbl  Harpy3koM, TO  BETpOBas  Harpy3ka  [pUKIAJbIBAIACh  4epes
BCIIOMOTaTeNibHble OaJKu B YPOBHE IUIMT TMeEpeKphiTuil »Taxkel. Ilpu yuere
MyJIbCAIIMOHHON COCTABJISIONIEH TNMPUHAT MaKCUMAJbHBI BapuUaHT Harpy3ku 0e3
ydeTra CHmkKarmux koddduunrentoB. B crnemyromeit tadnuie npuBEACH MOICYET
BETPOBOI HAarpy3KH, 3MIOpa IaBJICHUS BETpa OTpakeHa Ha rpadukax.

BerpoBas narpy3ka. Tadiauuna 3

Beico | Koadp | Koad At Hacensn fymscan [ToronHsIi MeTp, IMor m crat
ra X & HEIH, BINA, HOHHAS, CymMapHasi, Kr/M ot o
Kr/m? Kr/m2 Kr/M?

0.00 0.50 1.22 15.20 11.40 46.36 61.56 57.76 101.6 95.3 25.1 18.8

3.30 0.50 1.22 15.20 11.40 46.36 61.56 57.76 203.1 190.6 50.2 37.6

6.60 0.55 117 16.66 12.49 44.41 61.07 56.91 201.5 187.8 55.0 41.2

9.90 0.65 1.06 19.67 14.75 40.40 60.07 55.15 198.2 182.0 64.9 48.7
13.20 0.71 1.02 21.71 16.28 38.58 60.28 54.86 198.9 181.0 71.6 53.7
16.50 0.78 0.97 23.71 17.78 36.82 60.53 54.61 199.8 180.2 78.2 58.7
19.80 0.85 0.92 25.72 19.29 35.07 60.78 54.36 200.6 179.4 84.9 63.7
23.10 0.89 0.90 27.02 20.26 34.25 61.27 54.52 202.2 179.9 89.2 66.9
26.40 0.93 0.88 28.27 21.20 33.50 61.77 54.70 203.9 180.5 93.3 70.0
29.70 0.97 0.86 29.53 22.14 32.75 62.27 54.89 205.5 181.1 97.4 73.1
33.00 1.01 0.84 30.78 23.09 32.00 62.78 55.08 207.2 181.8 101.6 76.2
36.30 1.05 0.82 32.03 24.03 31.24 63.28 55.27 208.8 182.4 105.7 79.3
39.60 110 0.80 33.29 24.97 30.49 63.78 55.46 210.5 183.0 109.9 82.4
42.90 1.13 0.79 34.32 25.74 30.07 64.39 55.81 2125 184.2 113.3 84.9
46.20 1.16 0.78 35.32 26.49 29.69 65.02 56.19 214.6 185.4 116.6 87.4
49.50 1.20 0.77 36.33 27.25 29.32 65.65 56.56 216.6 186.7 119.9 89.9
52.80 1.23 0.76 37.33 28.00 28.94 66.27 56.94 218.7 187.9 123.2 92.4
56.10 1.26 0.75 38.33 28.75 28.56 66.90 57.32 220.8 189.1 126.5 94.9
59.40 1.29 0.74 39.34 29.50 28.19 67.53 57.69 111.4 95.2 64.9 48.7

Kpome Ttoro, mocine omnpeneneHuss 4yactoT U (GopM CBOOOAHBIX KOJEOAHUI
BBITIOJTHEH AaBTOMATUYECKUN yYeT MyJIbCAllMOHHOW COCTABJISIONICH BETPOBOM

Harpy3ku (pacdyeT Ha AuHaMuUuyeckud Berep). OaHAKO yCwiMs B 3JIEMEHTax
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KOHCTPYKIMH, TOJY4YEHHbIe 0O€3 ydeTra CHWXAoWuUX KO3()PUIMEHTOB, OKa3aJHCh

HCCKOJIBKO BBIIIC 1 OHU IIPUHATHI B OKOHYATCJIIbHOM BAPHUAHTC pacdcTa.

PacnpepeneHvue BeTPOBOro Hanopa B YpOBHe NepeKpbITUN -
cTaTM4YeCKumn
60.00
126.5
123.2
50.00 1 . 119.9
40.00 A
s
o)
& 30.00 A
]
]
m
20.00 A
10.00 A
O-OO - LV.1 T T T T T
20.0 40.0 60.0 80.0 100.0 120.0 140.0
BeTpoBoWw Hanop, Kr/m
—&— AKTVBHbIN —8— [lacCBHbIN

Puc. 60. Dmropa cTaTiyeckoro pacueTHOro BETPOBOTO BO3JEHCTBUS B YPOBHE

NEPEKPBITUN
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PacnpeneneHue BeTpOBOro Hanopa B YpOBHe NepeKpbITUM - ¢
nynbcauuemn
60.00
220.8
218.7
50.00 A 216.6
214.6
212.5
40.00 - 2105
208.8
s 207.2
©
6 30.00 -
)
]
m
179.9¢ 202.2
20.00 179.4¢ 200.6
10.00 A 1824 198.2
000 _comsy T
50.0 100.0 150.0 200.0 250.0
BeTpoBoW Hanop, Kr/im
—&— AKTUMBHbIN —B— [laccuBHbIN

Puc. 61. Dmropa pac4eTHOTO BETPOBOTO BO3/ICHCTBUSI B YPOBHE TIEPEKPHITUI C

YUCTOM IIyJIbCallun
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Jlanee Ha pPUCYHKax IOKa3aHO DPACIPEACIIEHUE BETPOBOrO IIOTOKA B YPOBHE
nepekpbITuid. [IpuHATO 4 OCHOBHBIX HAIlpaBJICHHS BETpa: IO ocaM X, Y U MOJ yrom
45 u 135 rpangycoB kK OCHOBHBIM OCsiM. [0 3THM HanpaBlEHHUSIM OTACIBHO YUYTECHBI
IIOJIOXKUTEIIBHOE U OTPULATEIBHOE HAlIPaBICHUE BeTpa. BeTpoBbie Harpy3ku y4YTCHBI

B HAI'PY>KCHUAX

6 — Betep +X,
7 —Berep —X,
8 —Betep 1Y,
9 — Betep -V,

10 — Betep mox 45 rpamycoB (+X, +Y),
11 — Betep nox 45 rpamxycos (-X, -Y),
12 — Berep nmox 135 rpaaycos (+X, -Y),
13 — Berep mox 135 rpagycos (X, +VY).

[Ipy BBOAE [aHHBIX BBINOJIHEHO HEKOTOPOE OKPYIJIEHHE — Tak, OJIM3Kue
3HAYEHUSI BETPOBOIO HANOpa B Pa3HbIX 3TaKax € ydyeToMm myibcauuu (199 — 216

KI/M) IPUHSTHI IO MAKCUMYMY.
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Harpy#enune = &

B Gxir=2.210

] Gwir=1230
[ Gxir=1.020
[ Gx/r= 0,950
B o/ = 0.ESD
B o= 0580

Puc. 62. BerpoBas Harpy3ka 1o Harpy>keHuro 6
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Puc. 63. BerpoBas Harpy3ka 1o Harpy>keHuto 7
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Harpymenne = B

Bl 0vs=-2210
[ ] Gys=1890
[ Owés=1.020
[ /s =0.950
B 0v/s= 0680
Bl 0v/s =050

e N . TR

/

Puc. 64. BetpoBas Harpy3ka 1o Harpy»eHuto 8
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B s =-1.890
[ Gwis=-2210
[ Gw/s = -0.950
[ Gw/s=-1.020
B s = 0580
Bl 0y = -0EED

-
b R O
T,

Puc. 65. BetpoBas Harpy3ka 1o Harpy>keHuro 9
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4.4. lNpumep 4.

OObekT — roctuHrYHbIA KoMIuteke «IBIS Krasnodar» mo anpecy yin.Kpachas, 1. 25 r.

Puc. 66. Moxens Ha ypoBHE COOPKH ITO3UITUIA

AN

ANNAANASAN
SN
4 AN\

NI
i AL LSS S L

LW WL WO

alf A A -

Puc. 67. AkcoHomeTpusi COOpPKHY MO3UN MOJENIH C y9€TOM B3auMOBIHsHUS O510Ka b
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68. KoHeuHo-31€MeHTHAasI MOJIEIIb 2 — C YY4ETOM B3

Puc. 68.



Ha mepBoMm »sTame BBIMOJHEH pacyeT IO OMNPEACIICHUI0 4YacToT U (opm

CcBOOOJHBIX KoJiebanuil. B pacuere yurensl 20 nepBbix GopM.

Ha BTOPOM 3Tall€ BBIIIOJHCHO OIIPCACIICHUC  OIIACHBIX HaHpaBHeHI/Iﬁ
CEHCMHYECKOTO BO?)I[CI‘/’ICTBI/I}I. B PE3YIbTAaTC BBIICIICHO 7 wmamboyiee OITaCHBIX

HAaNpaBJICHUM.

3areM 1O KaXJIOMY HANpaBJIEHUIO aBTOMATHYECKH C(HOPMUPOBAHBI
celicMUYeCKue Harpy3ku g Bo3jeicTBus 7 OamioB. [lo kaxaoMy HarpaBiIeHUIO

dbopmupoBanoch 20 Harpykenuid, utoro 140 ceilicMUUCeCKUX Harpy>KEHUH.

ITocne 3TOoro BBIIOJIHEHA OIICHKAa BKJIaga HArpy30K OT KaKAOI'O HArpy>XCHHI.
HpI/I 9TOM OTACJIbHO CYMMHUPOBAJIUCH CUJIbI CO 3HAKOM IIIIOC U CO 3HAKOM MHHYC, YTO
IMO3BOJIMJIO OLCHHUTHL HC IMPOCTO CYyMMApPHOC BOSI[CI)'ICTBI/IG 10 HAITIpaBJICHUIO, HO U

MaKCUMaJlbHOE 3HAU€HHE HAarpy30K.

Ha ocHoBe mnosy4eHHBIX 3HAUYEHUW ONpeAesieHO 17 HarpyXeHui, KOTOpPbIC
Jany HauOoJee 3HAUMTENbHBIM BKIIAJ B OOUIYI0 PEakUUi0 COOpykeHus. Itu 17
Harpy’KeHUM CIrpyNIIMPOBaHbBl IO 7 pPa3IW4YHBIM ONACHBIM  HAIpPaBJICHUIM
ceiicMuueckoro Bo3necTBus. Harpyxxenust umeror Homepa 13-19, crpynnupoBaHsl
[0 CEUCMHMYECKUM HAMPABJIEHUSAM IIPU ONPEAECICHUN PACUETHBIX COYETAHUN yCUIUI

COINIACHO ITapaMCTpaM, IMMPUBCACHHBIM B CIICAYIOINUX JUAJIOTOBBIX OKHAX.

[Ipu omnpeneneHUn CEUCMUYECKUX HArPy30K YUYUTHIBAJIOCH U BEPTUKAIBHOE

KoJIeOaTeJIbHOE JABMXKCHHUEC CUCTCMBI.



OnpefeneHye pacieTHEIX COUETaHWA ¥o

x|

OnpejeneHye pacyeTHEIR COYETIHHA ¥C

x|

|3D-6anm 0K I |3D-ISanKH (1] 4 I
BeTpoBbIE M CEACIMYECKME HArPYKEHMA | OTHMEHMTE | BeTpoEbie M CENCMUYECKIME HAMPYHEHHMA | OTMeEHMTE |
COMETAEMOCTE CEMCMUYECK W Harpg}KEHulll Morowe | ZOYETIEMOCTE CENCHUYECENE Harpgmemﬁl Maorowe |

— HLAPAKTEPHCTHEM HArpY#EHHR

Hordep Harpys#eHHa; 13 -

1315

Icu:nﬁoe 'I
ICEﬁCMHKa [H]

Horep B K3 -rogenm :

i

Tun

MTouHME, :

[PYNME! Harpy#EHHA

HecoveTaetibie. .. |
ConyreTeyowMe. .. |
OereeauHAsHEIE. . |

CraHaapTel |

HakonepererHos v KH |-|

Pacuer |

OnpeaentTe KH 1 K.cLl Ka: ID

FPezyneTar |

BrLiEECTHE ..

= word & \iewer

— MAPAKTEPHCTHEMH HarpYsEHME
-
Horep B K3-t0aeim IW

3nakonsperenroe VW gy |1
Onpeaemume KHu kg, | Ko : IEI

Horep HarpuseHIs:

Tun

WorodHug,

BriBecTHE ...

 wod 0 Viewer

[ pUnnEI Harpuys#eHKiE

Hecouetaemele. .. |
ConyTCTEYIOWHE. .. |
0 feequHASMBIE. .. |

CraHaapTel |

Pacuer

OnpeAeneHye pacieTHEIX COUETaHWH ¥o

x|

OnpeaeneHye pacyeTHEIR COYETAHHH ¥C

|3D-6anm

BeTpoERIE W CEACHUYECKIME HAMPYHEHWUA |

Ok I

OTrEHUTE |

|3D-6anKH

BerpoEsie W CENCMUYECKIME HAMPYHEHHA |

Ok

_ Peer |
Pezynetar |

x|
[w ]

OTreHMTE |

ZOMETAEMOCTE CEMCMHYECKHE HEFDH}KEHH4

Morowe |

ZOYETIEMOCTE CEFCHMYSCKHE HEFDH}KEHH4

Morowe |

— #ADAKTEOHCTHEM HArPUHKeHME
-
Hordep B K3 -rogei : |1 219

Homep HarpyseHmHa;

— [ PYNNE! HarpYs#eHME -

Hecoveraerble. .. |
ConyreTeyowme. . |

BrigectiE ...

" word & \iewer

AP AKTEOUCTHEM HAr DY EHME
m g ~
Haorep & K3-roaem ; |2D-22

Horep HarpyseHmMa:

Tun I ooofoe - I MI Twn I oCofoe s |

HMToqHuE Iceﬁcmma [H) | MeTouue : IE:EI::ICMMKEI [H]
CraHaapTel

ZnakonepereHHos W gy I‘l Pacyer | 3naroneperedtos W gy I'l

Onpegenqts KA W Ea... | Ka: IU Pesynstar | Onpeaenime KHu kg, | Fa: ID

— [ PYnnE! HarpysEHMHE -

Hecoyeraerkle. .. |
ConyrcTeyowme. .. |
[ feequHABMEIE. .. |

BriBeCcTUE ...

 wiod £ Vigwer

CraHaapTel |
Pacyer |
Pezynstar |

OnpeeneHye pacyeTHLIX COYETaHWA ¥o

X

OnpeeneHye pacyeTHLIX COYETAHHA YO

x|

|3D-6am<u

BeTpoERIE M CEACHUYECKME HAFPYKEHWUA |

oK I

OTraeHMTE |

|3D-6anm4

BeTpoELIE M CEMCMMYECKIME HAMPYHEHMA |

ok I

OTreHTE |

COMETAEMOCTE CEMCMUYECH X HaFDH}KEHbq

Morowe |

COMETAEMOCTE CEMCHMUYECK WX Har|:l':|}KEHH4

Maorowe |

— KAPEKTENHCTHRM HArpUY#EeHME
-

Haorep HarpyseHHa:
Horep B K3-rogei :

Tun

HTouHME, |

[PUNME! HarpuyA#EHKiA

Hecoveraerble, .. |
ConyrcTeytwme. .. |
O&teaHHAEMEIE. .. |

CTaHnapThl

3nakoneperenHoe W |‘|

Onpegenre KH W K.u.l Ka: ID

BrLiEECTHE ..

 word % iewer

Pacuer |

FPezyneTar

— AApaKTEPMCTHEM HATpUHEHMEA

Horep HarpuseHs:

Homep & K3-rogenm |25-2E
Iocoﬁne 'l

Icemcmuka [H]

3nakoneperenroe W |1
Onpeagenure KH 1 Ka... | Ka: IEI

Tun

MeTouHuE, ;

[ pUNEI HarpuyseHKE

Hecoyeraerele. .. |
ConurcTEywWME. .. |
D &bequHAEMBIE. . |

BriBecTHE ...

o % Viewer

CTaHnapTh |
Pacuer |

Pezunetar

Puc. 69. Yuer ceiicmuueckux Harpyskenuit ipu omnpezaeneaun PCY (a)



x
|3D-ﬁaJ'IKH | ] I
BeTpoBkie M CEMCHMMYECKIME HArpYKEHMA | OTreHMHTE |
—DYETAEMOCTE CEHCMUYECKHE Harpgmewﬁl [MorMowE |
— HapaKTEPMCTHEM HarpuKeHui —— — [ pynnkbl Har pus#eHMi -
Hotep HarpysseHua; - Hecoveraemeie... |
Haorep B K3-mogean ; IEF"-EE ConyreTeytume. . |
T Iu:u:u:uﬁu:ue j OfeaquHAEMEIE. . |
Heraunue : Iu:eﬁu:qua [H]
CTaHoapTEI |
Jnakoneperentos ¥ gy |1— Pacuer |
DOnpegemre KA 1 kg, | Fa: IU— Pesynsrar |
BRIEECTUE ...
" word % Wiewer

CeACMHUECKHE W BETPOELIE HArPY M EHWA Xl

CeficruEa [nepetdew eHm1a) I Berep [nepemeweH1a)
Berep [peromeHmaumi) I K.om P HUMEHT Bl EMODHPOEAHKA
Ceilcruka [ysnoekie Harpuysku] | Berep [ysn0Bsie Harpuskm9)
— CefichUyeck e Har pykeHKA
M 1-0[ foprel | Hucno gopr | MeTog | M Ekora -
13 3 CHHM ~lo
16 2 CHH ~lo
18 2 CHH o
20 3 CHH o
23 2 CHHM ~lo
25 2 CHHM ~lo
27 3 CHHN ~lo
HosaeuTe | Hoamure |
MPHMEYAHIMA.

MeTon cyrrMpoEaHUA;

1-CHuM, 2 - COC, 3 - cefictuka HateruoTana,

Miord: O - ecad Harpy#eHHa B NOAYYEHE! HA OCHOBE PAcYETa Ha
COACTEEHHEIE KON2G3HUA MK HOMED COOTEETCEYHILWEN KOMAHHALMM
43 '0edOptUPOESHHER KONetaHKi

0k | Cancel | Apply | Help |

Puc. 70. Yuer ceiicMuueckux HarpyxeHuii npu onpeaeneHuu PCY (0)

IIpu omnpeneneHWU CTENEHW BIUSHUS OTACIBHBIX U3 140 cellcMUUECKUX
Harpy>kKeHM  KMCIOJIb30BaHbl ~ CyMMapHbIE  3HAQUCHHUS  TOJIOKHUTEIBHBIX U
OTPULIATENBHBIX CHUJ  (BBIUKMCIEHO OTACIBHO — CyMMa TIOJOXKUTEIbHBIX U

OTPpHUOATCIIBHBIX CHJI) I10 X, VY u Z cornacHo PaCIICYaTKS AUAJIOTIOBBIX OKOH.



= AHanw3 yueTa CEHCHMWYECKWKE HAarpy3eHyi No HanpasneHKe: 1 — |EI|5|

N Em P Py+ |F'_|,J Fz+ |F'2- | [ %apra 1 —
P opria 2
1 156 183 15 0.0 0.3 0.2 Popra 3
] ®opma 4
2 0.0 12063 1.2 0o 03 03 Popmia 5
FPopra b
3 258 5207 41 00 0e 04 Fopma 7
Popra 3
4 100.1 182.3 0.5 03 10.1 49 O] Foprs 3
[] #opma 10
5 870 2839 1.9 o7 222.1 235 ] opma 11
Popra 12
B 05 06 06 02 4963 1054 E Popma 13
7 178 53,4 0.0 00 743.2 116 E iﬁg:z I
B 144.1 4335 03 01 19 18 E igg:; ]E
i i [] ®opra 18
5 14 45 0.0 0.0 T35 294 E ®oma 19
10 260 530 1.1 05 B0.0 282 L] Fopra 20
1 02 02 0.0 00 417 335
12 0.0 0.0 0.0 0.0 4.0 291
13 0.0 0o 0.0 0o 274 241
14 0.0 0.0 0.0 0.0 197.2 A07.0
15 01 01 0.0 0o 82 7.8
16 01 04 0.0 0o 530 333
17 0.0 0.0 0.0 0.0 an.4 £33
18 02 03 0.0 0o 11 11
19 0.2 03 0.0 0.0 213 A6E | |
20 04 a0 0.0 0o 10.0 9.4
/| | H 4
_|Ol x|
Me P+ Pu- P+ |Py- FPz+ |F‘z- | L] Fuapra 1 -
Fopraa 2
1 168 143 267.9 01 03 02 Fopria 3
[] ®apraa 4
2 1108.2 0.0 918 03 0.3 0.3 Popra 5
Popma b
3 4775 237 3138 0.0 06 04 Popra 7
Poprda B
4 167.2 9.8 421 236 104 443 ] Fapma 8
[] #Popra 10
5 260.4 798 147.9 528 222.1 235 ] %opma 11
Popra 12
B 05 05 431 153 4863 1054 E Dopa 13
7 54.4 164 44 22 749.2 116 E zﬁg:: .
8 3976 322 25.0 0.0 14 1.3 E $§E:: ]E
3 42 13 41 20 36 294 E igg:g ]g
10 485 218 833 371 50.0 282 L] Fopra 20
11 0.2 0.2 27 1.4 417 335
12 0.0 0.0 0.0 0.0 4.0 291
13 0o 0.0 0o 0.0 274 241
14 0o 0.0 07 04 197.2 07.0
15 01 01 01 0.0 8.2 78
18 03 01 01 0.0 53.0 333
17 0.0 0.0 0.8 0.4 an.4 £33
T 0.3 01 0.0 0.0 11 11
13 03 0z 01 a1 213 16E | |
20 09 03 0e 03 10.0 34

Puc. 71. Bknan celicMUYecKHX Harpy3oK 1o HampasjiaeHusM 1 u 2



=) AHanW3 YUeTa CelCMWIECKME Har pyM<eHHA N0 HaNpagnexdkH: 3 1Ol x|

Y

b [ P Py+ |Py- Pz+ |F'z- | % $EE:2 12 —
1 15,8 134 344.1 02 0.3 0.2 V| Popra 3
2 1036.2 0.0 117.9 04 0.3 03 % $25:2 :
3 47.2 222 403.0 0.0 05 04 % $§E:2 :
4 196.5 6.0 54.1 303 01 43 % $25:2 ;
5 2433 47 1839 7.9 2221 235 % $§E:Z "
5 05 04 5.3 2085 4063 1054 % $§§:§ L
7 51.0 153 57 28 743.2 16 %35::];
5 w24 238 321 128 13 1.8 % o o
5 39 12 52 25 136 294 % $g§:g h:
10 455 223 1069 477 50.0 282 [ opria 20
1 0.2 01 35 A7 "7 335
12 0.0 0.0 01 0.0 34.0 291
13 0.0 0.0 0.0 0.0 274 24,1
14 0.0 0.0 0.4 05 1992 4070
15 01 01 01 01 8.2 7.8
16 0.3 01 0.1 01 530 333
17 0.0 0.0 11 05 0.4 £33
18 0.3 01 0.1 0.0 11 11 | |
19 0.3 02 0.2 02 213 ABE
20 09 03 08 04 0.0 84 -
4| | 4
) =]
e Pu+ Py- Py+ |F'_I,J- Pz+ |F'z- | igg:g; i
1 12.7 108 4842 02 0.3 0.2 Papma 3
[ #opma 4
2 8364 0.0 165.8 05 0.3 03 Popma 5
3 361.0 7.9 5671 0.0 06 04 $§E:: ?
4 126.4 594 76.1 426 101 43 E $§§E§ 3
] Fopraa 10
5 196.9 503 267.2 955 2221 235 O Popraa 11
B 04 04 778 285 863 1054 E igg:: 1
7 M2 124 80 33 7432 116 . B
8 3006 -99.9 452 A1 1.9 1.8 E igg:g 1?
3 32 10 7.4 36 336 294 E $§E:: I
10 W7 1680 150.5 7.1 500 262 [ Popria 20
11 01 01 43 25 1.7 335
12 0.0 0.0 0.1 01 34.0 291
13 0.0 0.0 0.0 0.0 27.4 24,1
14 0.0 0.0 12 08 197.2 A07.0
15 01 0.0 0.1 01 8.2 78
16 0.2 01 0.2 01 53.0 333
17 0.0 0.0 15 07 0.4 £33
18 0.2 01 0.1 01 1.1 A1
13 0.2 01 0.3 02 213 ETY: :
20 07 03 11 05 100 94

Puc. 72. Bxian ceficMudecknx Harpy3ok 1o HampaBieHHsM 3 u 4



=} AHanW3 YUYETa CERCMWUECKWE Har py #eH9d No HanpaeneH|rn: 5 = |EI|_J

he Pi+ Pu- |Py+ |F'_l,l- |F'z+ |F'z- | vl Fopra 1 i
[ $opma 2
1 35 30 E5A.3 0.3 0.3 02 ¥ Papma 3
[ Popma 4
2 2281 0.0 226.0 08 03 03 Popma’h
Popma b
3 935 44 7729 0.0 06 04 Fopwa 7
(] ®opra 8
4 45 189 1037 531 101 41 [ opra 3
[ Popma il
5 537 164 641 1301 222.1 235 1 Popwa 11
B 01 a1 1061 392 4863 | 1054 a2
7 .2 34 109 54 7492 116 E zgg:g i
[] ®opma 16
] 220 273 E1E 245 19 1.8 (] bopmat?
i B i L] Popmald
] 09 03 101 49 136 294 o Popa 19
10 10.0 49 205.1 914 50.0 282 L] Fopma 20
11 0.0 0.0 EE 33 a7 335
12 0.0 0.0 01 01 340 291
13 0.0 0.0 0o 0.0 704 241
14 0.0 0.0 16 1.0 197.2 A07.0
15 0.0 0.0 0z 01 82 78
15 0.0 0.0 03 01 530 313
17 0.0 0.0 21 1.0 90.4 13
13 0.0 0.0 01 01 11 A1
13 0.0 0.0 04 0.3 73 ETY: :
20 0.2 01 15 07 100 9.4
~=1ol;
m B = Py+ |Py- Pz+ |F'z- | TPopra |
[ Popma 2
1 1.0 1.2 G705 03 0.3 0.2 Popra 3
[] #opra 4
2 0.0 77.8 2297 08 03 03 Papria 5
Popra B
3 1.7 36 755.4 0.0 0s 0.4 Popra T
[] opra 8
4 E5 118 105.3 53.0 10.1 4.3 ] dropma 9
[ +opra 10
5 56 8.3 370.0 4322 2321 235 [ Fopra 1
Popma 12
5 0.0 00 107.8 299 4063 1054 E Dopra 13
[ ®opra 14
7 1.2 33 11.1 55 743.2 16 ] Popra 15
[ ®opra 16
8 a3 -28.0 626 -25.0 1.4 1.8 = hopra 17
. i . [] #opra 18
9 01 03 102 44 336 29.4 5 o1
10 17 24 2084 829 50.0 282 L] Papta 20
11 0.0 0o E7 3.4 417 335
12 0.0 0o 01 0.1 34.0 291
13 0.0 oo 0o 0.0 274 241
14 0.0 0o 17 1.0 197.2 107.0
15 0.0 0o 0z 0.1 82 7.3
16 0.0 0o 03 0.1 5.0 333
17 0.0 oo 21 1.0 a0.4 £33
18 0.0 0o 01 0.1 1.1 1.1
19 0.0 0o 04 03 21.3 ABE
20 0.0 0o 15 07 10.0 9.4

.

Puc. 73. Bxiana ceficMuyeckux Harpy3oK 1o HamnpaBjeHUIo 5 1 6



=) AHANW3 YYETA CEHCMWUECKWE Har pyM¥<eH1d No HanpasneH H: T - |I:

e P+ Px- Pu+ Fy- Pz+ Fz- Fapraa 1
P opra 2

1 04 98 567.3 0.3 0.3 0.2 Popma 3
[] Fopra 4

2 0.0 E46.4 1943 07 0.3 0.3 Popma 5
Fopra B

3 13.8 2790 EE4.5 0.0 05 0.4 Popma 7
[] ®opra B

4 536 977 891 439 101 49 [ opma 9
[] Fopra 10

5 466 1521 2131 1113 222 1 235 ] Papa 11
[] Fopra 12

g 0.3 03 1.2 337 4363 1054 1 Popma 13

7 95 3.8 3.4 4.6 743.2 116 E iﬂ;:: i

5 77.2 2323 53.0 212 19 1.8 B igg:g I

) ) ) [] #opra 18

g 0.7 25 8.7 4.2 336 29.4  Fomra 1

10 13.9 284 176.3 786 50.0 282 (] #opma 20

11 0.1 0.1 5.7 29 17 335

12 0.0 0.0 0.1 0.1 4.0 291

13 0.0 0.0 0.0 0.0 274 241

14 0.0 0.0 1.4 0.9 1972 107.0

15 0.0 0.0 0.2 0.1 8.2 78

16 0.1 0.2 0.2 0.1 53.0 333

17 0.0 0.0 13 0.8 90.4 £33

13 0.1 0.2 0.1 0.1 1.1 1.1

19 0.1 0.2 0.3 0.3 213 166

20 0.2 05 1.3 06 10.0 9.4

Puc. 74. Bknan ceiicMuuecKuX Harpy3oK 1o HamnpaBjeHUIo 7

[Tokazan mpumep pacnpeieneHuss Y3JO0BbIX CHJ  JJIi  aBTOMATUYECKH

BBIUMCJICHHBIX CEHCMMYECKUX Harpys3okK, Jaromunux MaKCHUMaJIbHBIN BKJIa.

Kak BUIOHO, ydTeHBl Kak NOCTYIATEJIbHbIE BAPUAHTHI BO3JICUCTBUH, TaK H
BO3JCUCTBHSL C PA3HBIMM 3HAKAMH, ONPEACISIONIME KPYTWIbHBIM XapakKTep

nedopMarmii.



Harpywenme 13, Celfermueciare cunbi no X Cedicrmuecioe cinbi no ¥ Cesicrmueckme cuni no 2

Harpywenme 14

Harpywenme 15

Puc. 75. Ceiicmuueckue Harpykerust 1-3 (NeNe 13-15)
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Puc. 76. BapuaHTsl celicCMUYECKUX HATrpy>KeHUH
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