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BBEJAEHHWE

HenaBno MHue wucnomumnock 80 neT, W s 3aayMaics O TOM, YeM 3aHUMAJICSl BCIO CBOIO CO3HATEIBHYIO
®u3Hb. OKa3ajaoch, YTO BCE OTH TOJbI OBUTM 3alOJHEHBl HW3YUYCHUEM U YJIYYIICHHEM CPEJICTB
WCIIOJIb30BaHUS B MAaCCOBOM OTCUECTBCHHOM CTPOUTEIILCTBE MPOCTPAHCTBEHHBIX Kapkacos tuna « MERO-
KK». DT kapkacel coOMpaloT Ha CTPOWIUIOMIAAKE W3 OTIEIbHBIX CTEP)KHEBBIX M Y3JIOBBIX AJIEMEHTOB
(crepxHeit 1 kKoHHEKTOPOB) [1].

B 1959 rony m3BecTHBINM UCHAHCKUI CIISIUATUCT B 00JIACTH TOHKOCTEHHBIX 0000uek Dayapmo Toppoxa
ocHoBas IASS (MACC). Dta MexIyHapoaHas accolualysi U €€ OCHOBATENb MOCTABUIN CBOCH IIEIIBIO
JIOCTH)KEHHE TIporpecca IyTeM OOMeHa HWAESIMH MeEXIy BCEMH, KTO HWHTEepecyercs OOJerdeHHBIMU
MPOCTPAHCTBEHHBIMU CHCTEMaMH, HE3aBUCHMO OT WX CIEeNHAIH3aliH (apXUTEKTOPBI, KOHCTPYKTODHI),
MOJIMTUYECKUX B3MIAZ0B, HAIMOHAJBHOCTH M MecTa NpOXKMBaHUS Ha 3emie. BHawaie mnpeaMeTom
paccmotpenus |ASS ObuIH Kene300eTOHHBIE 000J0YKH MTOKPHITH, HO B TajbHEHIIIEM B 00JIaCTh 00BEKTOB
paccMOTpeHusi ObITM BKIIOYEHBI W JpyrUe KOHCTPYKIWHU. WTorm momyBexoBoit nesitenbHOCTH |ASS
nojBeZicHb B roOmieiiHom m3nanuu «Fifty Years of Progress for Shell and Spatial Structures» [14]. B
Hayajie dTOW KHUTH KPaTKO PaCCMOTPEHBI UTOTH ACSATENbHOCTH Dayapao Toppoxu mo 1960 r., a 3atem,
urtoru aestenbHocTr 1ASS no kaxkaomy n3 aecatunetnii ¢ 1960 mo 2009 rox (r1aBsl 1 - 6).

OcHOBHOE coJiep>)KaHle KHUTH BKIIOYAeT TJ1aBbl 7 - 12 ¢ ommcanneM OCHOBHBIX OOBEKTOB M Pe3yJIbTaTOB
uccnenoBanuii U crpoutenbctBa |ASS. B rmaBe 13 mpeanoxen B3 B Oyayliee OONEru€HHBIX
MPOCTPAHCTBEHHBIX KOHCTPYKIHH, Kak ero cebe mpeacrasmsier Jxon ®. Abens (John F. Abel), — oxun
u3 pepaktopoB kauru [14]. K uuciay mpocTpaHCTBEHHBIX KOHCTPYKIIMI B 3TOil KHUTE OTHOCHUTCS HIMPOKHIA
KJIacC KOHCTPYKIIMH, BKJIIOYas: TOHKOCTCHHBIC JKEJIe300€TOHHBIE M CTajbHble «MeTauinueckue
MPOCTPAHCTBEHHBIE KOHCTPYKIMN», 000JOYKH, MOCTBI, Ma4Thl, OamHu U T. A. U T. 1. ConepikaHue Moei
KHHWT'H MIMEET IPSMOE OTHOIIECHUE TONBKO K I1aBe 9.1 3ol KHUTH.

UccnenoBanusi, mpoBeleHHbIC STOHCKUMH YYEHBIMH HAa MHOTHX JIECSATKaX OOBEKTOB, MOATBEPIUIN, UTO
MPOCTPAHCTBEHHbIE METAJUTMYECKUE KOHCTPYKIIMU BOCHPUHHMAIOT CEHMCMHUYECKHE BO3JCHCTBHS TOpasio
JydIle TPaJAUIHMOHHBIX. ECTh OCHOBaHMS HCHONB30BaTh MX B KauecTBE YOEKHII INPH CEHCMUYECKHX
ylapax, HO JUIsl 9TOTO JOJDKHBI OBITh YJTydIIEHBI HOPMBI MX MPOEKTUPOBaHMA. B wacTHOCTH, HEOOXOIMMO
npoektupoBats CTpykTypel Merogamu CAD-CAM, ¢ pa3nmuyHOro poja TMOTJIOTHTENSMH JSHEPIrHH,
CHa0XaTh KOHCTPYKIIUHU BUOpoarmaparypoii.

B kHHMre ormedeHa poONb COBETCKMX W POCCHMCKMX YYE€HBIX poib B pabore IASS. Ux kparkme
YKM3HEOTMCaHMs IpuBeaeHs! B Kaure [14] ua ctp. 71, 84, 85.

C 1966 roma, ¢ obpazoBanueM CyppeiiCKOro YHHBEPCHUTETa, COCTOSHHE M IEPCICKTHUBBI Pa3BUTHUS
MOJOOHBIX CTPOMTEIBHBIX CHUCTEM HamOolee IMOJHO OTpakeHel B MaTepuanax koHgpepeHuuid «SPACE
STRUCTURES», perynsipHO NpOBOAMMBIX 3THM YHUBEpCUTETOM. M3ydas MaTepuaibsl KOH(epeHLuH,
MOXKHO 3aKJIOYWTh, YTO B CETOJAHSIIHEH MHPOBOW NpAKTHUKE JUIS IOCTPOCHUS MPOCTPaHCTBEHHO-
CTEPIKHEBBIX KapKacoB B KauecTBe OCHOBHOW TpuHsTa cTpouTeibHas cuctemMa «KKy». BrnepBeie oHH
BBEJICHBI U UCTIONB30BaHbl, Kak TakoBble, B cucteMe «MERO-KK» Makcom MenxeprHrxay3eHoM (TaTeHT
ot 12.03.1943; «KK» — Kugel Knoten — maposuanbie y3ibi). [IIUpOKO HU3BECTHBIE CHCTEMbI KapKacoB
MOKPBITHS, pa3pa0dOTaHHBIE W HCCIEAOBaHHbIe B mocieayromme aecatuieTus (snonckue «NS», «KT» u
nemenkas «ZUBLIN» u T.11.), otHOcsTes K cuctemaM «KK» [1, 2].

B nacrosimee Bpemsi Cyppeiickuii yanuBepcureT u |ASS rotoBsiTcs coBMecTHO npoBecTH B aBrycre 2021
cenpmyto kKoH(pepeHiuo «SPACE STRUCTURES -7».

Kak HEM cTpaHHO, Hauyamo pa3BUTHS NIPOCTPAHCTBEHHO cTepkHeBbIXx cucteM B CCCP (monm mmenem
«CTPYKTYPBI») TECHO CBSI3aHO C IOSIBIICHMEM B Halllell CTpaHe aMepuKaHCKHX nepedexunkoB Crapoca u
Bepra [3]. Otu pedsita cmornu yoenuts H. C. Xpymésa B He0OX0MMOCTH pa3BUBAaTh MUKPOAJIEKTPOHUKY.

B 1965 r. Ha 6a3ze 'KPD Obuto obpazoBano MunmctepctBo DnektponHod [Ipombiimennoctu CCCP
(MDII), kotopoe BozrmaBwa A. M. IlMoxun [4]. MOII uMeno B CBOEM COCTaBe CIEIMATM3UPOBAHHBIN
(orpacneBoii) mpoekTHbd nHCTUTYT MI'CIIN, B KOTOpOM 3aMecTHTEIEM JAUPEKTOpa MO HAydHOUW paboTe
oot U. TI. Toxapp-XapMmaHmapsH - HW3BECTHBIH apXUTEKTOp © CHEHUAIUCT 1O MOAYJIEHOMY
mpoekTupoBanuio npomsaanuii [5]. C momaum U. T'. T'oxaps -XapMaHmapssHa MOIYIbHBINA TPHHIAIT ObLT
MOJIOKEH B OCHOBY (DOPMHUPOBaHUs MIPEANPHUATHI PaANOIIEKTPOHHOMN TPOMBIIIIICHHOCTH.



B MI'CIIM Obut co3maH CIeNHUANbHBIN OTACH, KOTOPBIA 3aHUMAJICS TOJNBKO «CTPYKTYpaMm». 311eCh B TO
BpeMs paboTaIn Takue CreruaincThl, kKak b. 1. Kopmumuiea, B. M. Epmakos, A. I'. Tloykos, I'.M. Xopux
n npyrue. Kak apxutektop W. I'., TecHo coTpyanuyan ¢ MOCKOBCKHMM ApPXUTEKTYpHBIM MHCTUTYTOM
(MApxH), rae B TOo BpeMmsi nmpopekTopoM 1o Hayke Obul A.H. Ilomos, a ero cein A.A. IlonoB 3aBemoBan
Kaeapoll WHKEHEpPHbIX KOHCTPYKUMH. IlomoBbI OBIIM XOpOIIO 3HAKOMBI C 3apyOEKHBIM OIIBITOM
MpUMEHEHUsT CTPYKTYp, B T.4. «MERO-KKy, u B. K. ®aiibunrenko nocine okonvanust B 1962-om romy
MUUT noctynaer B acnupantypy kK A. A. IlomoBy. Torma s u mo3nakommics ¢ B. K. daiibumenko,
KOTOPBIIA CO BPEMEHEM CTall 3aBeAYIONINM Kadenpoi HHKeHepHBIX KOHCTPYKIiH MApxU n xpynHeHmmm
B CCCP crnennanucToM Mo «CTPYKTYPHBIM» KOHCTpyKIusaM. Ha ocHoBe momgynsHOTO nipuanmna MI'CIIN B
corpynauuectBe ¢ MApxW paszpaOaTbIBarOT OJHOATaKHBIE MOIYJIH C MPUMEHEHHUEM «CTPYKTYPHBIX»
KOHCTPYKUMH JUIsL 3JEKTPOHHOM mnpombinuieHHOCTH. B 1967-om B.K. daiibuimenko 3amuimaeT
KaHIMJATCKYIO auccepTauuio «lccnenoBaHue NepeKpecTHO-PEOPUCTHIX CUCTEM KBAIPAaTHBIX B IUIAHE MPH
pa3IMYHBIX BapHAHTaX OMUPAHUs» [7].

B 1968-om rony A.U. lllokuH co3naeT Ha Oa3e ObIBIIMX MexaHW4Yeckux mactepckux [KPD ®pssunckuii
dKCIIepUMEHTANBHEIN 3aBoj (PD3), a B 69-oM roxy B pesynbrare coBmectHoi padoter MI'CIIN, MApxU u
@33 ObLT MPOM3BENEH MEPBBIA COBETCKUI CTPYKTYpHBIH «Momynb» Ttumna « MERO-KKy. DtoT mMomyns
MPOILIEN YCTICUIHbIE HCIBITAHNS pacyeTHOW Harpy3koil B r. KucnoBojck, a B 70-oM Takoii sxe MOIyIb ObLT
WCIIONB30BaH B MOKPBITUH 30aHUA Ha 3aBoje «MHUKPOKOMIIOHEHT» B YUKEKEHE, XOTs TEXHOJIOTHsI COOPKH U
MOHTaa TaKUX TOKPBITHIA ObLIa eIlle HeIOCTATOYHO 0cBOeHa [6 - cTp. 54].

Kazanocse, uto ycnemnas pabora MOIl 1 MApxU ciioTUT y4acTHUKOB, HO HE TyT-TO Obuto. Hauanmch
IpsI3TH, CBSI3aHHBIEC C JIEJIEKOM TOMYYSHHOTO pe3ysbTara, u B utore MApxU ornagaer oT cioxusmiencs
KOAQJIHIINH, [IEJTNKOM TPUCBOMB cede pa3padbotky mox umenem «MApxWy. Ilocne rubemn A. A. Ilomosa B
aBuakaractpode B.K.Daiibuienko «npuBaTH3UPYET» Pe3yNIbTaThl COBMECTHOH PadOTHI, «103a0bIBY, YTO
«MApxN» ornmuator o1 «MERO-KK» TONBKO OTAENbHBIE YNpPOIIEHUS B KOHCTPYKIIMH M TEXHOJIOTHH,
KOTOPBIE BHECEHBI, B OCHOBHOM, P33,

Oco6eHHOCTh MEPBOr0 CTPYKTYPHOTO MOKpbITHA THIAa «KK)», BO3BEIEHHOrO B YUKEKEHE, COCTOUT B TOM,
YTO COCJUHEHUS MEPEXOHBIX HAKOHEYHUKOB M TPYOUaTHIX KOPIIYCOB CTEPIKHEH BBITOTHEHBI 03 CBAPKH.
Ha uunuuapuyeckoid MOBEPXHOCTH KaXKIOW NEPEXOJHOM JIeTald MPOTOYEHBI JIBE KOJIbLIEBbIE KaHABKH,
3aIloJIHsIeMble MaTepuanoM TpyObl Ipu oOKaTke ee pojluKamMH. Takoe KOHCTPYKTHBHO-TEXHOJIOTHYECKOE
pelleHre COeJMHEHUS TPYOBl ¢ MEPEXOJHBIM HAKOHEYHUKOM OBLJIO MO-HACTOSIIEMY HOBBIM M MOTJIO OBI
CTaTh CEPbE3HBIM IMpPH3HAKOM, omTinyaromuM cucremy «MApxM» ot «MERO-KK», HO oHO BbI3Ballo
CIIMIIKOM MHOTO BONpOCOB. B mepByio ouepeap moa CcOMHEHHE OblUla MOCTaBJICHa MAaJOLUKIIOBAS
ycranoctb Takoro coeauHeHus. MI'CIIM 3axmroyaer AOroBOp Ha BBIOJHEHHE COOTBETCTBYIOLIUX
uccnenoBannit He ¢ MApxU, a ¢ PT'Y, rae ¢ 68-ro rona st paboTtain mo 3Toi TemMartruke Ha Kadeape Teopuu
ynpyroctu. B teuenwe 1971-72 r. s mpoBEn SKCIEpPUMEHTHI HAa HATYPHBIX 00pa3iax, KOTOPHIMH
YCTQHOBJIEHA HE TOJBKO HEJOCTATOYHAs MAJIOLMKIIOBAs, HO TaKXXe M CTaTH4YeCKas HPOYHOCTb TaKOIo
coequHenns B ucnoimHennn P33. B pesynprate B cucteme «MApxW» mpuHATO CBapHOE COEAMHEHHE
TpyOBl C TEPEXOJHBIM HAKOHEYHHKOM, YTO YCTPAaHWJIO EIMHCTBEHHOE CYIIECTBEHHOE OTJIMYHE B
nepBoHadanbHOM €€ Bapuante oT «MERO-KKy». Takum oOpa3om, mnepBasi NHONBITKA NPUMEHUTH K
peIIeHunio ToCTaBIeHHOH 3a1aun MeTooB OM/] (0OpaboTka MeTaIoB JaBICHUEM) OKa3alach HEYTadHOM.

Baxxnyro posib B pa3BUTHH JIETKUX CTPOUTENBHBIX METATHUECKUX KOHCTPYKIHUH (B T.4. «CTPYKTYPHBIX») B
Hamel crpane ceirpano nocranosiaeHue LHK KIICC u Cosera Munuctpo CCCP Ne381 ot 29 mas 1972 r.
«O0 opraHuzalMyd TNPOW3BOJICTBA M KOMIUIEKTHOH NOCTaBKH JIETKUX METAIMYECKHX KOHCTPYKLUH
NPOMBINIICHHBIX 31aHui» [8]. TlocraHoBieHHWEM HameueHa OOIMIMPHAs KOMIUIEKCHAs Mporpamma o
CO3/IaHUIO Tpollecca IMPOEKTUPOBAHUS, CHENUAIN3UPOBAHHOIO 3aBOJICKOTO H3IOTOBJICHUS ITOCTaBKH M
MOHTaXa JIETKMX METaJUNIMYECKUX HECYIIUX U OrpaKJaroIIMX KOHCTPYKLMH NMPOMBIIIJIEHHBIX 34aHui. B
YaCTHOCTH, TI0 TIOCTaHOBJICHNIO Ne381 MHUHMOHTaKCIIEIICTPOEM OPTaHW30BaH PsJl IPOU3BOJCTB OOIIEH
MIPOM3BOAUTEIHHOCTHIO 8 MITH. M? B TOJI, BBIITYCKAIOIINX CTPYKTYPHBIE KOHCTPYKIIMHU 110 CXEME OIMPaHHUS,
npemioxkennoit B. K. daibumenko (B Kupeescke, Brikce, Tamkenre u T.1.). Opranu3oBaH MHCTUTYT
HHWUIIpoexTnerkonctpykmust (LIHMWJIMK), na3naueHHBIN TOJIOBHBIM B 00JAacTH NMPOEKTHPOBAHHUS U
WCCIIEIOBAHNA JIETKUX MeTajuindeckux KoHCTpykiui. Bcekxope IHUMJIMK pa3pabaTsiBaeT THIIOBBIE
CTPYKTYpHBIE TOKPBITUS KOMIUIEKTHOW mocTaBkH «KuUCIOBOJACK». YUWTHIBas, YTO CTOMMOCTh MeTajia
coctaBisia Torga okono 70% oOmiedl CTOMMOCTH KOHCTPYKUWH, MpHU MX pa3paboTKe ocoboe BHUMAaHHUE
06palagocs Ha METAIOEMKOCTH [12].

OrtevecTBEHHbIC UCCIICOBAHUS (B T. 4. MOHM) OPUCHTHPOBAHBI HA 00BEKTHI MACCOBOTO CTPOUTENILCTBA!



MPOMBIIIJICHHBIC 3/IaHUS, CKJIAJIbl, TEPMUHAJIBI, CETEBbIC Mara3uHbl U T. ., TJIe PEIIAIONIYIO POJb UTPaeT
neHa 1M? mepekpbiBaeMol IUIOMIaAH. B TPOTHBOIONOKHOCTh 3TOMY B HACTOSIIEE BPEMS KOHCTPYKIIUU
«MERO-TSK» (coBpemennoe HazBanue ¢pupmbl «MERO») mpHMEHSIIOT TOJIBKO B YHUKAIBHBIX 00BEKTaX,
IJIe CTOMMOCTh METaJlla He UMEeT 00MbIIoro 3HaueHus [ 1].

U3 Tex cpencts, kKoTopele obecreunBaioT 3()()EKTUBHOE HCIONB30BAHUE «CTPYKTYPHBIX» KapKacoB B
MacCOBOM CTPOUTEILCTBE, HANOO0JIee BayKHBI CIIEIYIOLIHE:

- pacdeT ¢ BO3MOXHOCTBIO ONITUMU3AINN I‘COMCTpH‘IeCKOﬁ CXCMbI KapkKaca u HOI[60pOM CCUCHU KaXKA0I'o
CTEPKHEBOT'O 3JICMCHTA B OTJCJIbHOCTH,

- aBTOMATUYECKOE HM3TOTOBIICHHE DJIEMEHTOB MO TEXHOJOTHHU, TECHO YBA3aHHON C UX KOHCTPYKTUBHBIMU
OCOOEHHOCTSMU;

- c60p1<a KapKacCoB Ha CTpOﬁHJ'IOHlaILKC 1 UX NOABEM B IMMPOCKTHOC MOJIOKCHUC KPYITHBIMU OJIOKaMH.

Koneuno, Bce 3Tu cpeacTBa Kak-To MEPEIUICTAIOTCS, BIUSIOT APYT Ha Apyra, HEBO3MOXKHO Ja’Ke KOPPEKTHO
pacmoyioKUTh HMX B NOJOOHOM CIMCKE IO CTemeHH BakHOCTH. OOHAKO, OHM BCE K€ JOCTAaTOYHO
CaMOCTOSITEIbHBI, YTOOBI KaXXIOMY M3 HHUX TOCBSITUTH pa3fell KHUTH, OTPKAIOIINI MOW JTHYHBIN OIBIT,
HaKOIUIEHHBIN B KaX/I0M M3 NTEPEUNCIICHHBIX HAalpaBIeHUH.

Cpenn ymoMsiHYTBIX CPEICTB HaMMEHee pa3paboTaHbl TEXHOJIOTMM MOAbEeMa OJIOKOB Ha MPOEKTHYIO
OTMETKY, T. K. OHH B HauOOJbIIEH CTENEHH 3aBUCIT OT XapakTepa 00bEKTa U CTPOUTEIHHOH MJIOLIAJKH,
T.€. OT CIIly4aifHbIX (akTOpoB. MOKHO yKa3aTh JIUIIb O0IIME MPUHLIUIBI pa3pe3Ku KapKaca MOKPBITHS
MacCOBOTO CTPOUTENLCTBA HA OJIOKH € Y4ETOM MX 3KOHOMHYHOI'O MOHTaXa:

- HUYTO HE JOJDKHO NPEISITCTBOBATH COOpKe OJI0Ka Ha «3eMJIe» U €r0 MOABEMY Ha IPOCKTHYIO OTMETKY;
- 3a30pbI MEX Iy OJIOKaMU IOJDKHBI OBITH PaBHBI MIIM COM3MEPHMBI € IIArOM Y3JI0B B OJIOKaXx;
- K OJIOKY Tiepe]l ero moyJbeMOM JIOJKHBI OBITh IPUCOCIMHEHBI €T0 OTIOPHBIE Y3JIbI MJIH UX YaCTH;

- BBIIIOJIHCHHEC p3,60T Ha BBICOTC HCXKCIIATCIIBHO 1 Tpe6yeT TEXHHKO-3KOHOMUYECKOr0 000CHOBAHHUS.

31ech HalO0 OTMETUTH, YTO OOJBIIEr0 BHUMAaHHS M Pa3BUTHS 3aciyXHBaeT METOJ ToabeMa OJOKOB C
MOMOIIIBIO HAJIKOJIOHHUKOB, TpeioxkeHHblil B [35]. Bosiee kpynHbie OJ0KH B 0OCOOCHHOCTH apOYHBIC WUIIN
KYyIOJIbHbIE MOTYT OBITh MOJHATHI MeTo oM Pantadome, kotopsriii u3o0pakén B kuure [14] Ha cp. 122 u
Ha cTp. 313 puc. 9.1.21, a takxe B kuure [43] Ha ctp. 84 u 143, 147, 150.

Pacuer npocTpaHCTBEHHBIX KapKacoB ObLI MEPBOW TEMOM, KOTOPOU s 3aHSUICS, MIOCTYNHB B acCUPaHTYPY
HUWU CrpoutensctBa B PoctoBe-na-/lony B 1963 rogy. B To Bpems 3TOT Bompoc OblUT HETPHUBHAIBHBIM,
T.K. 2JIEKTPOHHAsI BEIYMCIINTENbHAS TEXHHUKA JieJlaa CBOU MepBhle mark. [IepBbii TOUHBIN pacueT kapkaca
«KK», kak nmpocTpaHCTBEeHHOH (pepMbl, ObLT BBHIMOJIHEH MHOIO METOAOM «CHJD» AJISl KBaJIpaTHOrO OJoKa
8x8 siueek, omeproro no yriam. C y4eToM CUMMETpUHU OJI0Ka OTHOCHTENIBHO YETBIPEX IJIOCKOCTEH B HEM
0Ka3a0Cch 12 HEH3BECTHBIX METOJA «CHJI». PellleHne CUCTeMbl KaHOHWYECKUX YPaBHEHHMH BBIITOJHEHO B
OMUTP Pocrosckoro Ilpomcrpoitnnunpoekrta (I1CIT) MeroaoM l'aycca Ha IOJHOKIJIABUILHOMN
JIEKTPOMEXaHNUECKON MammHe Tuna «PelHMeTanmm». OTOT pacdeT C TpOXOTOM M JISI3TOM  JUIWJICS
HECKOJIBKO YaCOB M, €CTECTBEHHO, BO3HHUKJIA MBICIIb O0paTUTHCS K 00JIee MPOCTHIM PaCYETHBIM MOJENSM, B
YaCTHOCTH, II€PEKPEeCTHO-0amouHbIM. Pe3ympTaTel 3THMX pa3paboTOK TOAPOOHO OMHCaHBI B MOEH
KaHIUAATCKOM nucceprannn «CTaTHUEeCKWH pacdeT IUIOCKUX CTPYKTYPHBIX IEPEKPBITHII MacCOBOTO
crpoutenscTBay [33].

Vike K MOMEHTY 3aIluThl MOed KaHmammarckoi mmcceprammu (1973 1.) m ¢ BeIxomoM kHuru B. .
Tpodumona u I'. b. Beryna [6] cTasio sicHO, YTO TEMITbI Pa3BUTHS BHIYUCIUTEILHON TEXHUKN HE OCTABJISIOT
MecTa A5l NpuOImKeHHBIX MeTo0B. K ToMy xe, s mepemen Ha padoty B PI'Y u nosznakomumics ¢ B.®.
CoxkounoBoii, BexynmM nporpammuctom HUM Mexanuku u IlpuknamHoit Matemaruku (HUMMulIM),
KOTOpasi BCKOpE cTaja Moei KeHo. MBI BMeCTe Hadanu padoTaTh HaJ IPOTPAMMOM pacdeTa «CTPYKTYpP».

1975 - ocoOmlii Tox B Moei Ouorpaduu, Korjaa s, OYHYBIIMCH OT MEPSKMBAHUN, CBSI3aHHBIX C 3al[UTOH
KaHJIUJATCKON JUCCepTallid, BCEPhE3 3aayMalics O JaibHeWieidl cBoeil pabore B M30paHHON MHOIO
obmactu. B To BpeMs 51 yBHACH TOJNBKO JIBE aKTyalbHBIC 33/1a4H.

[lepBas 3a1ada kacagach MOHTa)ka MHOTOMPOJICTHBIX CTPYKTYPHBIX MOKPBITHH, BKITIOYAIONINX HECKOJIBKO
omoxoB. [lepBas 3amaua pemeHa MHO Toraa ske. E€ pemieHne cocTOMT B MPUMEHEHUHN YHUBEPCAIHLHOTO



mpreMa, Korja GJIOKH IIOKPLITHS YCTAHABIMBAIOT C 3a30POM, PABHBEIM HJIH OJIM3KHMM K mIary y3ioB (3 - 4 M)
B MOSICHBIX peIIeTkax. Ito pemenne npumereno A. H. YcanosbiM (rmasusiv umkenepom ITHUNIIMK) B
THUIOBBIX cTpyKTypax «KuciaoBoack» cepun 400 ¢ mHAEKCcOM «A» [12].

Bropas 3ajaua kacanach BBIMOJIHCHUS KOPITYCOB CTEPXHEBBIX AJIEMEHTOB OCCIIOBHBIMH, T.€. U3 €IUHOU
TpyOdJaToil 3aroToBkH. BTopas 3amada - okazamachk Ooiee CIOXHOH M IOKa He pemieHa B Poccum
OKOHYATeNbHO, XOTs 3a pyOesxom cymectByer cucteMa «ZUBLIN», kak mpuMep NONOKHUTETLHOTO
pemenus 3Toi 3amaqn (hoto 2.1).

B konue 70-x rooB s 3aHsuICcs prOOpoM «J{MHATOH» ATl U3MEPEHUS YCHITUH, (PaKTHYECKH JeHCTBYIOLINX
B CTEpPXKHAX CTPYKTYPHOTO Kapkaca. JTa 3amada obuia moctasiena MI'CIT MOII mist KOHTpOIIst OIKOOK,
BO3HUKAOIINX MPU BBIUMCICHUN YCWIHH B CTEP)KHAX, NMPEXKIE BCErO, BCIEACTBHE HAPYLICHHs OITYCKOB
Ha uXx AnuHy. [IpuHnmn paboTsl nmpubopa «/IMHATOH» COCTOMT B MCHOIB30BAHHH 3aBHCUMOCTH YacTOTHI
€ro MomnepeyHbIX KoNeOaHUi OT IeHCTBYIOMIETO B HEM MPOJOJIBHOTO YCHIMs. YK€ B MEPBBIX OIMBITAX Ha
HaTypHON KOHCTPYKIHUH BBIACHUJIOCH, YTO 3aKPEIUICHHE KOHILIOB CTEPXHS HE COOTBETCTBYET NMPHUHATON B
pacdeTe HIApHUPHOM CXE€ME M CO3JacT CYIIECTBEHHBIE 3alleMIICHUs. B nanbpHEHIIeM 3TH 3aIleMIICHHS
ObUIM YUYTCHBI B METOAWKE H3MEPEHUs NPOJOJBHBIX ycuiuid mpubopoMm «/lunaton». Bo Bpems moero
ouepenHoro ordera B «Jlaboparopum HOBHIX ¢opMm Metammndyeckunx koHcTpykuuin» B LITHUUCK eé
corpynauk WM. JI. [luMeHOB 3aMeTni, YTO BO3MOXXHOCTh M3MEPUTH MpHOOpoM «JlMHATOHY» 3aIeMIiIeHus
KOHIIOB CJKaTOTO CTEP)KHS BaXKHee, YeM U3MepeHne ycuius B HeM. U 3To cTamo McXoJHBIM MOTHBOM MOMX
JaJIbHENIINX MCCIe0BaHUI pabOoThl CKATOTO CTEPXKHS B CTPYKTYpHOM Kapkace. [IpaBna, uepes MHOro Jet
(oxos10 2009 T1.) B pe3yJbTaTe 3THX HCCICIOBAHHMN BBISICHHIOCH, YTO ONMPEICICHHE YCUIHSA B CTEPIKHE TI0
YacTOTe €ro BEPTUKAIbHBIX KojeOaHMii HekoppekTHo B mpuHimne [25]. Ilo aroil mpuymHe paboTta 1o
CO3aHUIO MPUOOpa B TeUEHHE HECKOIBKHUX JIET HE MPE/ICTABICHA B 3TON KHHUTE.

B 1984 rony HTHUMCK BeimycTin «PekoMeHaaluu 1o NpoeKTHPOBAHUIO CTPYKTYPHBIX KOHCTPYKIIMI», B
KOTOPBIX 00OOIIEH OMBIT, HAKOTUICHHBIH B HaIllel cTpaHe W 3a PyOeKOM B TE€UYEeHHE MpenplIymux 12-tu
aet [54]. 3aech mepeyrciieHbl H3BECTHBIC TPEUMYIIECTBA «CTPYKTYPHBIX)» KOHCTPYKIH, K KOTOPBIM s ObI
N00aBMJI BO3MOXKHOCTH 00Jiee TOYHOrO TOA0Opa CEeUeHUs KaKJOro CTEpXKHS B COOTBETCTBHM C
BOCIIPUHUMAEMbIMH UM YCWIMSMH U JAPYTMMH YCIOBHAMH paboTel. B «PexkomeHpauumsx...»  3aTpOHYT
LIIMPOKUN KpYyr MpoOjeM NPOEKTUPOBAHUS CTPYKTYPHBIX KapKacoB, HO B IpellaraéMoil KHUre B3To,
MPAKTUYCCKH, HC HAIJIO OTPAXKCHUA 110 CICAYIOIIUM IMTPUINHAM.

Bo-nepBrix, s paccmarpuBaro TONbko cucteMbl «KK», XoTs B pekoMeHmanusx Hapsagy C HHUMHA
paccMaTpuBaIOTCI U JPYTHE CHCTEMBI IPOCTPAHCTBEHHBIX KapKacoB. COOTBETCTBYIOIIHUE PE3YJIHTATHI
OKAa3BIBAIOTCS CIIUIIKOM YHUBEPCATBHBIMU M, COOTBETCTBEHHO, CIIOKHBIMH JIUISI HCIIONIb30BaHus [54].

Bo-BTOpBIX, ¢ MOMeHTa onyOnmkoBaHus B 1984 roxy npomuwio yxe 6onee 35-tu net. MHOTHE po6iIemMbl
pacuéra CTPYKTYp, CBSI3aHHBIE, B OCHOBHOM, C MaMATbI0O U ObicTpozelictBueM DOBM, ycrapenu, T.K. 3a
MHHYBIINE TOJbl OHU ObLIM YCTPAHEHBI OBICTPHIM Pa3BUTHEM BBIYHCIUTENLHON TeXHUKHU [54].

B-TpeTpux, onTUMH3anMs OCHOBHBIX IAPAMETPOB CTPYKTYP MO «IPUBEIACHHBIM 3aTpaTaM» IPOBEJICHA B
TO BpeMs, KOTa LeHbl HAa MaTepUalibl, TPYJ, SHEPTUIO U T.II. OBUIM CTPOTO ONpEAEIICHbI, HO CErOIHS 3TO
HEBO3MOXHO. K TOMy e, ONTHMHU3AIMOHHBIA pacuéT, BbimojgHeHHbIH B Ilpunoxkennn 1 [54], He
YYUTBIBAECT OJUH U3 BAPUAHTOB KOMIIOHOBOYHOI'O DPELICHUS 3[aHUs, KOIZa €ro yTEILICHUE BBIIOJIHEHO
W3HYTpU Kapkaca. B 3ToM BapuaHTe BBICOTa KapKaca IOKPBITHS HE BIHMSET Ha OTAIUIMBAEMBIH 00BEM
3@aHUs U, CJIEI0BATENIbHO, Ha €€ ONTUMAJIbHOE 3HAUCHUE HE 3aBUCHUT OT 3TOro 00bEMa.

Wnest BBIMOTHATH KOPITYC CTEPKHA M3 €IMHON 3arOTOBKH MOAXBadeHa pa3pabOTUNKaMH OTE€YECTBEHHBIX U
3apyoexHbx «KK» cructem u B cepenune 80-x 51 CHOBa BO3Bpallaloch K 3ToH 3a1ade. HoBble BapuaHTHI €€
pemieHus B BHJie «OyTHUIOYHOTO» CTEPXKHS MOSIBHIMCH B CBS3M C pa3pa0dOTKaMH 1O OOKaTke TpyOBbl,
KOTOpBIE BBINOJHEHbI 10X pykoBojxctsoM B. I'. Kamopoeuua B Kpamatopckom HMuHaycTpuanbHOM
Wucruryre (KUN) [47].

Bckope s moanucan 10roBop ¢ 3aBoJIoM «IKCIIOCTPOHMAI Ha Mepeaady CBOUX pa3pabdoTOK, KaCarOLIIXCsI
W3TOTOBJICHUSI CTEp)KHEH ¢ OEecCTHIKOBHIMH Kopirycamu. MIMEHHO Ha 3TOM 3aBoje ObLIO OKOHYATEIHHO
oTpaboTaHo 00OpyAOBaHHE, MPEACTABICHHOE B PHUC............ [IpaBaa, Most paboTa B 3TOM HampaBICHHU
HECKOJBKO TMPOTHUBOpEUMIa pa3paboTKaM 3aBOJCKHX TEXHOJIOrOB 10 BHEIPEHHUIO CBApPKH TPEHHEM, HO B
uTore, 00e 3TH paboThl He OBUIH 3aBEPIICHEI, T.K. PyKOBOJICTBO 3aB0JIa TIOTEPSUIO K HUIM UHTEPEC B CBSI3H C
KPYTBIMH TTOJIUTHIECKIMH U3MEHEHUSIMH B CTPaHe.
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K teme, cBsI3aHHOM ¢ «OyTBHUIOYHBIMY CTEPXKHAMH s BepHYyJics okojio 2006 roaa, koraa y3Hall O MOSBICHUN
¢unckoro OMJI o6opymoBanuss «FINN-POWER» wu wamén B PocroBe-na-Jlony ¢upmy
«THUJJPODIIEKCy, xotopas obnanaet Takumu npeccamu. Ha 3Toit (pupme ObLIM M3rOTOBJICHBI HATYPHBIC
00pas3Ipl KOPIYCHBIX JeTaneit u3 Tpyosl @60, BKIIOYAMOIINE MMEPEXOIHbIC HAKOHEYHUKH M UCIBITAHHBIC
pactspkenueM B maboparopun HUMMulIM PI'Y. HcnbiTanus mokasand, 9To 6€CCTBIKOBOI KOPIYC MOYKHO
BEITIOJHUTH C TOTeped mpodHoctd He Oomee 3%, B CpaBHEHHHM C WCXOJHON NMPOYHOCTHIO TpyOuaToit
KOpILyCHOH JIETaJIH.

C 3 mo 5 ampens 2017 roxa B r. [laTHropck cocrosuiack HaydyHO-TIpakTHUYecKas KOH(epeHus «45 et
OTpaciii JIETKUX METAUIOKOHCTPYKIHiA: oT Momynsi KucmoBomck o momyns llsturopck», mMaTepuaibl
Kotopoi omyOsmukoBanbl [58; 59]. Cpenu 3THX MaTepuanoB 0COObI MHTEPEC IS MEHS MPEICTABIISIOT
crateu  Paitbumenko B. K., mampexkrtopa Hayuno-npoektnoro uentpa «BUKTOPUS» u riaBHOrO
WHKeHepa 3Toi opranusanun, Hemacosa B. C. [58]. B wactHOCTH, 5 HE corylaceH ¢ TeM, YTO Ul KapKacoB
trna MEPO mmm MApxM HeoOXoawmM eAWHBIN «3aKOHHBIN» COPTAMEHT TPyOYaThIX 3JIEMEHTOB, XOTA
COTJIaCeH, YTO ATOT COPTaMEHT, JOJDKEH OBITh Hallle B 001acTh TPyO MallbIX CeUeHH.

B nocnennue roasl Bc€ yare npuxoautcs BuaeTh B uHTepHeT pekinamy JICTK (ierkux cranbHbBIX
TOHKOCTEHHBIX KOHCTPYKIHMiI). OnbIT UX npuMeHeHuss B PO yke HAKOIUIEH, HO MO-TPEKHEMY
aBTOpPBl PEKJIIAMHBIX MaTEpUATIOB NPU3BIBAIOT MOJIb30BATHCSA YCIyraMu CIEeHUaIN3uPOBAHHBIX
opranusanuii, Hanpumep, «Lstkclub». Cucremsr JICTK BriItouaroT 3j€MEHTHI Kapkaca |
OTpKICHUS, NPUUEM SJIEMEHTHl OTpaXKIEHUs Yalle BCEro BKIIOYAIOT YTEIUIUTENb U3
MuHepaipHOM BaThl [60]. C npyroil CTOpOHBI, UMEETCSI ONBIT CTPOUTENBCTBA XOJOAUIbHUKOB,
OTPaKICHUS KOTOPBIX MPHUILIKBAIOTCS U3HYTPpU Kapkaca. Ecnu MCHoibp30BaTh, HApPUMEp, Y3IIbI,
COCJIMHEHHSI CTEH M TOJBECHBIX IMOTOJIOYHBIX OTPAKIICHUM, KOTOPHIE MPUBEIEHBI, HAlpUMEpP, B
UCTOYHUKAX [61; 62] , TO 3TO MOKET MOCIYKUTh HayalloM Pa3pabOTKU HOBBIX MOKPBITHI, BBICOTA
KOTOpBIX HE BXOJUT B OTAIUIMBAEMbI 00bEeM 31aHUS. 34€Ch TEIUIOM3OJIALIMOHHOE 4YepAayHOe
MEPEKPHITHE MOBEIICHO K CTPYKTYPHOMY KapKacy MOKPBITH 3[aHMs, KaK MOKa3aHo Ha puc. 6.2 B
uctouynuke [61]. 3ech HEOOXOAUMO OTMETUTB, YTO TIOTOK HOBBIX HOpMaTUBHBIX Marepuaios [70 - 73], a
TaK)Ke MaTEePHAaJIOB MO UCCIIEN0BAaHUIO CTPYKTYp BCE Hapactaet [58 - 69].

Llesb MOMX MCCIIEIOBAaHMH COCTOMT B TOM, YTOOBI CHU3UTH CyMMAapHBIE 3aTpaThl HAa HPOCKTHPOBAHHE,
W3TOTOBJIGHHE 3JIEMEHTOB, M BO3BEICHHME INPOCTPAHCTBEHHBIX KapKacoB MOKphITHA cucTteMbl «KK» B
YCIIOBHSIX MAacCOBOI'O HX CTPOUTENbCTBA. Pedyb wupeT 00 yIydllleHWH, MpekAe BCEro, OCHOBHBIX
9KOHOMHYECKHUX IOKa3aTeneld KakJoro Kapkaca, T.€. €ro METaIJIOEMKOCTH W TPYAOEMKOCTH _«B JIEIEN.
Crporasi MOCTaHOBKa M pELICHHE TaKkoW OOIIeH 3a7aud B IIEJIOM CIHUILKOM CJO0XHO, €CJIM B NPHHLUIIE
BO3MOYHO, T.K. HA CTOUMOCTb OOBEKTa OKAa3bIBAIOT BIIMSIHUE I[EHBI HA MaTepUallbl, paOCHITY, SJHEPTHIO U
T.II., 3aBUCUMBIE OT PHIHOYHOW KOHBIOHKTYPHI M 3apaHee HenszBecTHble. OHM MOTYT CHJIBHO MEHSATBHCS B
3aBHCHUMOCTH OT pailOHa CTPOUTENILCTBA M CBOMCTB CTPOUTENBHOHN IUIOMAAKHA. TakuM 00pa3oM, B TaHHOH
KHUre g (B MEpy CBOMX 3HAHUH U OMbBITA) 3aHUMAIOCh TTOMCKOM HAMITYUIIIUX PEIICHUI

I OTACIBHBIX KOHCTPYKTOPCKO-TEXHOJOITMYCCKHUX W PACYCTHHBIX 3a/1a4,

4TO OmpeaciasaeTcds HUX COOTBCTCTBUECM O6H_II/IM n cleuuaJlbHBIM Tpe6OBaHI/I$IM, MNpEAbABIIACMBIM K
PCHICHUIO. Takune YIaydlIeHusd g npeamnojarajl pacCMOTpPEThb, HAYMHAsg C PACUCTHBIX 3a/a4d, U 3aBCPUIUTH
KHUTY H3JIOKECHHUEM HAKOIINICHHOTO MHOIO OIlbITa CTPOUTECIILCTBA. Korna 9TOT OMBIT OBLI H3JI0XKCH,
YBUACT, YTO HMCHHO OH SBJIACTCA OCHOBOM JJIA IIOMCKa HOBBIX pemeHHﬁ B TaKHX 06nacmx, Kak
KOHCTPYHUPOBAHUEC U TCXHOJIOTUS U3TOTOBJICHUA 3JICMCHTOB. TaK, CJIOKWJIACh CTPYKTYpa I[aHHOfI KHUT'H.

B kHmre mmerorcs IpuMedaHus, SIKOGBI, HEC MMCIOINHME OTHOUICHME K pCIIa€MbIM 3agadaM, HO KaK-TO
CBsI3aHBI C CBSI3aHHbBIE C YEJIOBEYECKMMU OTHOIIEHUAMHU. OHM B3SIThHI paMKH U BbIACIICHBI KYPCUBOM.

B 3AKJIIOYEHUU Boiaenensl HanboJsiee CyIIeCTBEHHBIE Pe3yIbTaThl MOeH paboThl 32 MpOLIEIIINE TOIbl 1
HaMEYeHbI IyTH WX Pa3BUTHSI.



PA3JIE] 1

OnbIT pa3padoTKH, BO3BEACHNUSI M HCCJIETOBAHNS CTPYKTYPHBIX NOKPLITHH

B oTeuecTBEHHBIX CUCTEMaX CTPYKTYPHBIX KapKacoB IMOKPBITHS UIsI MACCOBOrO CTpouTenbeTBa «MApxI»
n «KuciaoBoaCK» YacTo OCTAlOTCA HEpPEaM30BAaHHBIMU IOTEHIIMAIBHBIE BO3MOXKHOCTH TOBBIIICHUS WX
SKOHOMHUYHOCTH 32 CUET YMEHBIICHUS YUCIa AIEMEHTOB. M3 U3BECTHBIX MPUEMOB HOCTHUKEHUS 3TOM LEIn
HauOosnee mpocThl U A((EKTUBHBI CICAYIONIUE: Pa3peKEeHUE CTPYKTYPHOTO Kapkaca M UCHOJIb30BAHHE
oecuporonHbix cxeM. B PA3JIEJIE I npuBeneH psm MPUMEPOB HCIOIL30BAHUS 3THX IMPHEMOB B MOCH
MPAKTHKE pa3pabOTKH CTPYKTYPHBIX TTOKPBITHA.

Crnenyer ynoMmsiHyTh €€ OOUH MPUEM M3 TOTO XK€ piga: YBEJINYEHUE MOAYJS (IIara y3jIoB CTPYKTYpHI B
ocsx). B Hame Bpems, xorga cranaapT Ha Moaynb (3000 MM) cran Ui OTEYECTBEHHBIX CTPYKTYPHBIX
cucreM HeoOs3arenbHbIM. PocToBckas CrpoutensHas Kommanus KOraneprocneucTpoii moiyduna oT ero
YBEIMYEHWSI COIMTHBINA SKOHOMIUECKUH 3P PeKT, MpuHAB MOAYIIb CTPYKTYps 4000 MMm.

B ommcanum 00BEKTOB 0COOO BBINEIEHBI T€ WX DIIEMEHTHI, KOTOpPBIE OONafalli HOBHU3HOW HAa MOMEHT
pa3pabOTKH KapKaca U MOBBIIIAIHA €I0 3KOHOMHUYHOCTb.

Kak nmpaBuito, st 3aHMUMAaCS ¥ pa3paboTKON U peann3alieil CBOUX MPOEKTOB U 3TO OTPAXKEHO B TEKCTE.

1.1 Pa3padoTka u HATYpHbIE HCTILITAHUA IKCIIEPUMEHTAJIbLHOI0 010K NOKPLITHS 24x12

JUTsl IPOU3BOJCTBEHHBIX 31aHUN U3 AneMeHTOB «KuciaoBoack» BeinoidHeHbl MHOWO B [THMUJIMK B 1987-
88 romax coBmectHo ¢ IITHMUCK um. Kyuepenko no 3aka3 - Hapsgy Ne0008 [16]. M3sroromnenue
3IIEMEHTOB OJI0Ka, ero cOOpKa M MCIBITAHUS BBHIMOJNHEHBI Ha TEPPUTOPUH M € ydacTHeM KucioBojackoro
3MK. Ilocne ucnbITanuii onbITHOTO O0Opa3na O6J0Ka Ha TOH ke IuIomanke Obll COOpaH BTOPOW TaKOH ke
OJIOK ¥ OHW COCTaBWJIM KapKac MOKPBHITHS MPOW3BOACTBEHHOTO 3maHus 24 x 24 M, TOe IO cHX TOp
W3TOTOBJISIFOT CTEPXKHEBBIE 3JIEMEHT ISl CTPYKTYPHBIX TOKPBITHHA «KHCIOBOACKY.

1.1.1 Buenom sty HUP Henb3st npu3HaTh yaadHo, XOTs OHA MMO3BOJIIIIA JOCTUYD IHIejel, KOTOpbie ObLIH
nepeJ1 Helo MOCTaBIICHBL:

- DKCIEPUMEHTAJIBHO M3YYHUTh OCOOEHHOCTH IpoLecca pa3pyLIEeHHs CXKaThIX TPyOUaTBIX CTEp)KHEH
cuctembl «KncinoBoack» B peanbHOM KOHCTpYKIUU «KK» ¢ MUHIMAaTBbHBIM YHCIIOM (JTHUIITHUX) CBSI3EH;

- TPOBEPHUTHh MPUMEHHUMOCTh K TaKUM KOHCTPYKIIUSIM HOPMATHBHBIX MOJOXKEHWH 1O PacueTHOW OIEHKE
HECYIIEH CIIOCOOHOCTH CXKATBIX CTEPIKHEH, B 0cOOEHHOCTH, Manoro ceuenns P48 x 2.8;

- anpoOupOBaTh U MPEIOKUTH ISl BHEAPEHUS HOBOE KOHCTPYKTHBHO - KOMIIOHOBOYHOE pellIeHrne 0JIoKa
TIOKPBITHS 11 OJTHOITAXKHBIX 3/IAHUNA MACCOBOTO CTPOUTEIHCTBRA.

OToMy crHocOOCTBOBaNl Psii KOHCTPYKTUBHBIX PEIHICHHH CTPYKTYpHOIO KapKaca, HCIIOJIb30BaHHBIX B
OTEYECTBEHHOW MPAKTHUKE, I0-BUIUMOMY, BIIEPBHIE.

Bo-nepBrix, 00K MocepeHe MpoJieTa UMEET TaKoH MmepesioM, 4To 00e ero mojJoBUHEI UMeroT ckat 10%
01, HAITpUMeEP, KPOBENBHBIM HACTHJI U3 COHJIBUY - TTAHEJeH nil nmpodiucTa.

Bo-BTOphIX, Kapkac Oyoka moakperuieH ayms 3atsokkamu (1.1 - «Bumx mo A-A»), KOTOpbIE BBITOIHEHBI
IO MINPEHTeJIbHOM cXeMe, T.€. IMEIOT Pa3HOYKJIOHHBIE YYaCTKU M COSJMHEHBI C OJIOKOM CTOMKaMHU.

B-TpeThux, y370BBIC 2IIEMEHTH B 30HE TEpejoMa BBITIOJHEHBI W3 CTAaHAAPTHBIX 3arOTOBOK, MPUYEM
Y3JI0BBIE 3JIEMEHTBI BEPXHETO M0sICa MMEIOT TPaHu, (ppe3epoBaHHbIC MO/ YTIIOM yKIIOHA KpoBiH (y3en «by),
a y3JIOBBIC 3JICMEHTHI HHXKHETO T105Ca BHIMOJIHEHBI MOCEPEIHHE OJI0Ka pa3pe3HbIMHU (Y3l «A).

B-ueTBepTHIX, B 30HE mepeyoMa OJOKa CTEPKHHM BEPXHEro mHosica UMeroT Oombmyto miuHy (3400 mm),
gem apyrue (3000 MM), HO BO BCeM OCTaIbHOM HE OTIIMYAIOTCS OT cTep kHer «KucmoBoacky.

B-nmsaThIX, coBMenieHbl (DYHKIMH TPOrOHOB M TMPOJOJIBHBIX CTEp)KHEH BepxHero mosica. ITockonbky
pacyETHBIC POJOJILHBIC YCUIUS B OTUX CTEPXKHSAX HE3HAYUTEIbHBI, OHH BBIIIOJIHEHBI U3 THYTOTO IIBEJIEpa
120 x 60 x 5 mm (yzen «b»).

1.1.2 CneumnansHo paspaborana Oe3omacHas CHCTEMa HArpyXeHusl OJOKa, MO3BOJSIOIIAs ILUIABHO
YBEJIMYHMBATh HArpy3Ky npu npuOmmwkenun e€ k paspymaromei (1.2). K coxanenuto, oHa He Obuta B
IIOJIHOM Mepe HCIOJIb30BaHa U3-3a MPEXKIEBPEMEHHOIO pa3pyIIeHus! 010Ka, KOTOPOE BBI3BAHO HEBEPHBIM
OJ00POM CEUEHHUM KOHTYpPHBIX CXKATBIX CTEpXKHEH BEpXHEro mosica. 3ech HE YUYTEHO, YTO 3TU CTEPKHU
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cnabo 3ameMiIeHbl B KpallHUX y3/laX, K KOTOPHIM MPaKTHYECKH IIAPHUPHO NPHUKPEITUICHB CTEP KHU-
MIPOTOHBI.

1.1.3 B paspaboranHoM OJIOKE JOCTHTHYTO OJHM3KO€ K MHHHMMAJIbHO BO3MOXKHOMY KOJHYECTBO
CTepKHEBBIX 3MeMeHTOB - 0.62 mT/M? (BKJIIOYash MPOTOHBI M 3aTSDKKH), YTO OMPEICNseT €ro HU3KYIO
TPYAOEMKOCTb. MeTaimoeMKocTh Ostoka 15,38 kr/m? - 6mm3ka Kk MetamutoeMkocTH (15.2 kr/m?) Hanbonee
SKOHOMHUYHOTO THIIOBOTO pemreHuss moa Harpy3ky 300 kr/m? (C y4eToM MPOTOHOB W CTOEK IOJl HHX).
Texnonmorus cOOPKH U MOHTaXka OJIOKOB, a TakXKe TPAHCHOPTHPOBKU MX 3JIEMEHTOB Malo OTIMYAETCS OT
TEXHOJIOTHii, IPUMEHSEMBIX ITPHU BO3BEICHUU TUTIOBBIX TOKpbITHi «KucmoBoack» [16].

1.2 Ckaaa-npucrpoiika B . Buanoe (6nmxnee [1omMOCKOBBE) €O CTPYKTYPHBIM OKPBITHEM ITIOCTPOCH
kommnanuen «tOKC» mnpu MoéMm HemocpeAcTBEHHOM ydacTuM B 1996 romy H3 KOHCTPYKLUH,
nsroroBineHHbIX AOOT « DkcmocTpoiiMany mo Mmoemy mnpoekty [18].

1.2.1 KoMmoHOBKa Kapkaca MPUCTPOHKU ONpeaescHa €€ pacnoaoKEHUEM BIOJIb CTEHBI CYIIECTBYIOLIETO
kopiyca Ne 453 TUAII (I'ocynapcTBeHHBI HHCTUTYT a30THON MPOMBIIIJICHHOCTH) BBICOTOH 15 M. DTuM
o0ycIioBJIeHa OTHOCKATHAsI POJIETHO-KOHCONIBbHAS cxeMa MOKpbIThs (15+6) M, obecrieunBaromias:

- HaJISKHBIA BOJOOTBOJ C KPOBIIH;
- ONarompusITHBIC YCIOBHS ISl YCTpOHCTBa (PyHIaMEHTOB;
- SKOHOMUYHOCTh KOHCTPYKIIMU TPY HATMYHHA MOIITHOTO CHETOBOTO MEIIKa ¢ Harpy3koi 1o 640 xr/m?;

- JJOCTaTOYHO OOJIBIION 3a30p MEXIy KapKacoM IMOKPBITUS MPHUCTPONKH U CYLIECTBYIOIICH CTEHOH M TeM
CaMBbIM - HE3aBHCHMOCTh BEPTHKAJIBHBIX NIEPEMEILIEHUI KapKaca MOKPBITHS OTHOCUTEIBHO CTEHBI.

1.2.2 Hecymmii kapkac MOKPHITHs MPUCTPOWKH BBHITTOTHEH W3 TATHAIIATH IIPOCTPAHCTBEHHBIX OJOKOB C
pa3mepamu B miaHe 10 19.5 x 9 m. ( 1.3 ). CtpykTypHbIe OJOKH NOKPHITUS HAKIOHEHBI K TOPH30HTY IO
yIJIOM 5°, 94TO COOTBETCTBYET yINly yKJIOHa KpoBiu. OHOpHBIE y3710Bble 37eMeHThl 1 6ioka o ocu «M»
BBITIOJTHEHBI M3 CTaHAAPTHBIX 3arOTOBOK LIAPHUPHBIMH IyTEM BBEACHHs IpuOOBHAHBIX BcTaBok 2 (1.3-
y3en «A»). OTo obecreunBaeT HEHTPUPOBAHHOE MPUIIOKEHNE K HEMY OMOPHBIX PEaKIUil HE3aBUCHMO OT
MOTPENIHOCTEH yria HakiIoOHa OJIOKa W OMOPHBIX CTOJMKOB Ha KOJOHHax. Bocmpusitue oTpuIaTeNnbHBIX
BETPOBBIX BO3JeHCTBHUII Ha 00K obecneunBatoT 60T 3 ¥ Konblo 4. OnopHble y37bl 110 ocsaM «K» u «JI»
BBITOJIHEHBI aHAJIOTUYHO C YMEHBIIEHHEM BBICOTHI U IMamMeTpa IpHOOBUIHOM BCTaBKH 2.

1.2.3 bBnoku coOpaHbl Ha 3eMJie W3 THIIOBBIX CTEPKHEBBIX M Y3JIOBBIX dyieMeHTOB Tuna «MAPXW» u
«KucnoBoack», a Takke HETUIOBBIX «M3THOAEMBIX» CTEP)KHEH, KOTOphle pabOTalOT B COCTABE BEPXHEH
MOSICHON PELIETKH CTPYKTYPHOTO KapKaca M BBIMOJIHSIOT (GyHKIUHU NporoHoB. Ha 3ToM 00BekTe BriepBble
OBUIM MTPUMEHEHBI «M3TH0AEMBbIC) CTEPKHH, UMEIOIUE COCTABHOE CEUYEHHUE, BKIIIOYAIOIIEe JIBA WM TPH
yroskoBbIX npoduis (5+6+7), coeMHEHHBIX MPEPBIBUCTOM cBapKoil. McrbITanus, MpoBeieHHbIE MHOIO Ha
3aBojie «OJKCHOCTpOMMAI» Ha CHENMANbHO CO3JAaHHOM YCTaHOBKE, IIOKa3ald, YTO TakoOW mnpoduib
paborocniocobeH. OH okazancs JOCTATOYHO TEXHOJOTMYHBIM B MPOM3BOJACTBE U cOOpKe Kapkaca. Ilocne
TOTO, KaK YroJIKW COCJMHEHBI B COCTaBHbBIE MPOQUIbHBIC CTEPKHHU, MPUOIU3UTENBHO TOJOBUHY U3 HHUX
CHa0XXalOT HAaKOHEYHUKaMH, Kak nokazaHo Ha puc. 1.3 «llo b - b», a k ocTanbHBIM NPUBApUBAIOT TOJIBKO
tanku 8. [Ipu cOopke Kakaoro 0JI0Ka CTEP)KHU € MPUBAPEHHBIMU HAKOHEYHMKAaMH PacIiojlaraloT Mo ero
MPOJIOJILHBIM CTOPOHAM, & 3aTeM HMX COCAMHSIOT CTEPIKHSMH, K KOTOPHIM IPHUBapEHbI TOJIHKO TUIAHKH 8,
pa3BepHyB UX B TUTaHe B TutaHe Ha 180°.

1.2.4 Kaxaplif U3 CTPYKTYpHBIX OJIOKOB IMOKPBHITUSI Maccoi A0 3.5 T MOAHAT HAa MPOEKTHYIO OTMETKY
ogHUM aBTOKpaHoM «VIBaHoBery. Ilocie mombema odepenHOro OJ0Ka Ha IPOEKTHYIO OTMETKY €ro
MTOJIO’KEHUE BBIBEPSIIOT W MPUBAPUBAIOT KOJIbLIA 4 K OMOPHBIM CTOJNHMKAM KOJOHH. Jlanee, uX COSOUHSIIOT C
paHee MOTHATHIM OJIOKOM B YPOBHE BEPXHEH IMOSICHOM pEIeTKH CTEP>KHSAMH-TIPOTOHAMH C MPHUBAPEHHON
ankoil 8. CTBIKM CTEpKHEH-TIPOTOHOB C y3JIOBBIMH 3JIEMEHTAMH BEPXHETO MOsICa KapKaca BHIITOTHEHBI

C UCTIOJIb30BAHNEM CBApPKH, T. K. KOHHEKTOPHI BBIIOIHEHBI 13 ctamu 25172C.

1.2.5 MerannoeMKoCcTh KapKaca MOKPHITHS MOKHO OLEHHTh, KaKk CyMMapHYyto ero maccy 40819 kr (iuct
9), OTHECEHHYIO K CYMMAapHOi1 ITepeKphIBAeMOI KapKacoM IUIoIa i, KoTopas paBHa (muct 6) 180 x 21 — 27
x 6 = 3618m% Takum 00pa3oM, ycpeAHEHHAs METAIZIOEMKOCTh KapKaca IOKPBITHS, BKJIIOYAs MPOTOHBI,
COCTaBIISICT: 40819 /3618 =11.3 xr/m%
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1.3 Marazun «MuIIHoH Mejioueii» B buoupeBo (r MockBa) - OIUH U3 KPYIHEUIINX 00bEKTOB, KapKac
KOTOPOTO s MPOEKTUPOBal U CTpomsI B 1997-98 romax mo A0roBopy (GpUPMbI-3aCTPOUIIMKA ¢ HHCTUTYTOM
LHUMUJIMK [19]. 3aBog AOOT «JkcnocTpoiimariny MU3roTOBWII JIEMEHTHI CTPYKTYPHOTO —HOKPBITHS
MApxU, a Takke 3JIEeMEHTBI OTIOPHOTO Kapkaca 3aaHus rabaputamu 75 x 46.5 x 15um (1.4).

1.3.1 T'naBHast 0COOEHHOCTh JAHHOTO MPOEKTA COCTOMT B TOM, UTO TPEXATAKHOE 3J]aHNE UMEET MOKPBITHE,
CTPYKTYPHBIH KapKac KOTOPOTO HE MOT OBITh COOpaH W MOJHAT Ha MPOEKTHYIO OTMETKY 0€3 Upe3MepHBIX
3aTpar Mocie YCTPOMCTBA MEXKYyITaXKHBIX MEPEKPBITUH. Y CTPOMCTBO K€ MEPEKPHITHI OBLIIO HEBO3MOXKHO
M3-32 He3aBEPIICHHOCTH apXUTEKTYPHOHN MIIAHUPOBKHU dTaxkei. UTOOBI COKOHOMHUTH BpeMsi, OBIJIO PEeIIeHO:
CHadasa OCYyIIECTBUTh IMOKPHITHE 3/IaHMUS, a 3aTE€M II0J] HUIM BBIIIOJTHATH MOHTaX MEPEKPHITHH.

Kapkac mokpeITusi 34aHUSI CMOHTHPOBaH M3 4eThIpEX OyiokoB 36 x 21 M 1Mo ceTke KOJOHH 24 x 12 M
corinacHo miaHy Ha puc. 1.4. COopka OiokoB mokpbiTus (1.5) BbIMONHEHA Ha JHE  KOTJIOBaHa,
MOJATrOTOBJIEHHOI'O JUIS OJBAJILHOTO 3TAXA.

st mogpema OJIOKOB Ha TPOEKTHYIO OTMETKY MPUMEHEHBI JIBa MOOMIIBHBIX KpaHa, W3 KOTOPBIX MEPBbIi
MOCTOSIHHO pa3Mellaics Ha JHEe KOTJIOBaHa, a BTOPOH - y €ro KOHTypa CHapyXu. UTOOBI 0OecrequTh
NEepeMEeILeHHE MEPBOTO KpaHa IO IHY KOTJIOBaHA, cOOpPKa M MOABEM OJIOKOB BBINOJIHEHBI I103TAITHO:
CHayasa coOpaiy U NMOJHSIN OAHY mapy OJOKOB IO OJHY CTOPOHY OT IPOAOJILHOW OCH 3[aHUs, a 3aTeM
BTOPYIO Mapy IO APYTYIO CTOPOHY OT €ro MPOI0JIbHOM OCH.

Urto6s! 00eranTh padoTy OJ0Ka MPH MOAbEME KeIaTeTbHO MaKCUMaIbHO MIPHOIM3UTE Y3IIbI CTPOTIOBKHA K
€ro OTNOPHBIM y37aM. B 1aHHOM ciydae 3T0 JOCTUTHYTO YAAJICHUEM CTEPXKHEH - IPOTOHOB, IOKAa3aHHBIX Ha
puc. 1.5 mMyHKTHpPOM, M CMEIEHHEM KPECTOBBIX CBs3€ll YCTOWYMBOCTH B coceqHHe sueiku. braromaps
3TOMY Y3JbI CTPOIIOBKH PAcIIOIararoTcsl psIMO Ha OCSIX ONMHUpaHus OJI0Ka, a TOCIe ero MOJbeMa CTEpPIKHH,
MOKa3aHHbIE ITYHKTHPOM, YCTaHABJINBAIOT HA MECTO.

1.3.2 CtpyKTypHBIH KapKac TOKPBITHS BINOJIHEH, B OCHOBHOM, B cucteme «MAPXW» mo TY400-28-101-
75, HO TIpX 3TOM MMEET PsiJ] CYIIECTBEHHBIX OCOOCHHOCTEH.

Bo-mepBBIX, ONOKM HOKPHITHA HAKIOHEHBI K TOPU3OHTY MoJ yriioM 2.5% (~1.5°), cOOTBETCTBYIOIIUM
3aJJaHHOMY YKJIOHY KPOBIHM. DTO YCTpaHsA€T Pa3HOBBICOKHE BCIIOMOIATEJIbHBIE 3JIEMEHTHI, CO3JArOIUe
YKJIOH, HO HECKOJIbKO yCIOXHseT «OmnopHbIe y3Ibl», oKazaHHbe Ha puc. 1.4, Kaxaplil U3 Takux y3j10B
BKJIIOYaeT ABa 31eMeHTa. [lepBriii conepxur neramu 1 - 3, coenuHenHsie 6oarom 4. Ilpu 3TOM BcTaBka 2
o0ecrieurBaeT IICHTPUPOBAHHYIO Tepe/ady ONOPHOM peakluy HE3aBUCHMO OT YTJIOBBIX IMOTPEHIHOCTEH
MPU M3TOTOBJICHUH KOJIOHH. BTOpO# 27eMeHT BKJIFOYAeT JIMCTOBBIC JIETalM S5 W 6, KOTOpbIE COEAMHEHBI
cBapkoil. B mpouecce MOHTa)xa 3TH 3J€MEHTHI pas3zaeneHbl. IlepBblil BXoguT B cocTaB OlOKa, a BTOPOI
MPUKPEIJIEH K OTOJIOBKY COOTBETCTBYIOIIEH KOJOHHBI Oontamu 7 (M20), KoTOphle NOKa HE 3aTSHYTHI.
[Tociie ycTaHOBKM KOHHYECKHX OMOp 3 Ha IUIACTHHBI 6 (Y4eMy MOMOTalT HampaBisoume 5), u
MOCJEIYIOUIeH BEIBEPKH IOJIOKEHHS OJIOKOB, O0NTHI 7 U 4 3aTATUBAIOT 10 YIIOPa, ONMOPHI 3 IPUBAPUBAIOT K
IUTaCTHHAM 0, a CaMU 3TH IUIACTUHBI - K OTOJIOBKAM KOJIOHH.

Bo-BTOpBIX, U3 PEryisipHON CTEP)KHEBOW CHCTEMBbI YJAJEHBI BCE «IMILHUE» CBS3H, NPUAAIOLIUE €
CTaTUYECKYI0 HEOMPEJeTMMOCTh M JlaKe HEKOTOPOE KOJIMYECTBO CBs3el (cTeprHel), 00ecreunBaronmux
TreOMETPHYECKYI0 HEU3MEHSEMOCTh OJIOKOB B TUIOCKOCTH MIX BEPXHEro spyca. B mpussToil OecriporoHHOH
CXeMe HEM3MEHSIEMOCTh OJIOKOB B 3TOH IJIOCKOCTH 00OECIEeUMBAETCS Ha CTAIHM DKCIUTyaTallud >KECTKAM
nvckoM npodHactina. OHaKo, Uit obecriedeHns HeM3MEHIeMOCTH Ha CTaJIMM MOHTaXKa, KOTJia HAaCTHIIa
ellle HET, B YKa3aHHOW MJIOCKOCTH BBEJICHBI 00JIErUYeHHbBIC KPECTOBBIC CBSI3M NMPYyTKOBOro cedeHus (C-8).
OTH CBS3HM CONPATAIOTCS C PETYJSIPHOW CTPYKTYypO#l OJoKa uepe3 MOIU(PHUIIMPOBAHHBIA THIT y3JIOBOTO
anemenTa (Y-1m), kak mokazano Ha puc. 1.4, y3em «Ax».

B-Tperbpux, BepxHHe mosica 0JIOKa, PacIOIOKEHHBIE MOIEPEK CKara, BHIIOJHEHBI U3 ABYTaBPOBOI'O
npoduis, TPOYHO COEIMHEHBI C NPO(GHACTHIOM U BBIIONHAIOT (PYHKIMU MpOroHOB. s peanuzauuu
JTAHHOTO OECITPOrOHHOTO PelIeHHs MOTpedoBaIachk pa3paboTKa HOBBIX TUIIOB «H3ruOaeMbIx» cTepxkHen (C-
7, C-8, C-9), conpsraeMbIX ¢ TUIIOBBIMHU y3JIOBBIMHU dJIeMeHTaMu cucteM «MApxW» i «KucmoBoacky.

B-uerBepThIX, B OCCHpOTOHHOM, MPENCITHHO Pa3PEIKECHHOM CHUCTEME KOJIMYECTBO 3JICMEHTOB IOYTH
BJIBO€ MEHbIIIE, YEM B TUMOBBIX MOKPHITUAX «MApPxM», HO B TO € BpeMsi YPOBEHb PACUETHBIX YCUJIUH B
CTEpXHSIX CHIJIBHO BO3pacTaeT. B 4acTHOCTH, B pacTSHYTHIX MOscax OH MpuOmmKkaeTcs K 30-TH TOHHaM.
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Hcnonp3oBanne TpyOUaTBIX CTEP)KHEBBIX DIIEMEHTOB M3 HOMEHKIATYphl «MApxM» mpu TakoMm ypoBHE
pacTATHBAIONIMX YCHIIMH SKOHOMHUYECKH M TEXHHYECKH HereraecooOpasHo. [1o3ToMy BHOBH BBEJICHHBIN
TUl CTEepKHs AByTaBpoBoro mpoduis (C-7) pa3paboTaH, C y4eTOM BO3MOXKHOCTU €r0 YCHICHUS H
KCIIOJIb30BaHUS HE TOJIBKO B BEPXHEM, HO U B HIDKHEM SIPYCE CTPYKTYPHOM CHCTEMEI.

1.3.3 MeramioeMKoCTh KapkKaca IMOKPBITHS MOXXHO OIEHHTh, KaKk ero cyMmMmapHyio maccy 50511 xr,
OTHECEHHYIO K CYMMapHOW TMepeKphIBaeMOi KapkacoM Iurommanu (Juct 24), t.e. xk 46,5 x 75 = 34875 m>.
Takum 00pazoM, moxyvaeM: 50511/ 34875 =14.5 xr/m>.

OT0 OJIM3KO K METaNIOEMKOCTH HamboJjee S3KOHOMUYHOTO THIOBOTO Kapkaca mokpeiTus CII127-300A mox
Harpy3ky 300 kr/m? npu cetke koioHH 18 x 18 M [12].

Heobxo0umo ommemums, kax ckasancs na cmpoaujemcs obvexme ypazaw, nporecuiuticsi Hao Mocxeoii @
Houb ¢ 20 na 21 wons 1998 2o0a. B momenm e20 603HUKHOBEHUSL OBLIO Yoice CMOHMUPOBAHO 08a OJIOKA
NOKPbUMUSL U HA KAJCOOM U3 HUX HACMENeH U NPOYHO 3aKPenieH npohHAcmu, m.e. Obliu CO30aHbl YCA06Us.
07151 ompwiea HI0K08 cunamu omceoca. Bee 3aguceno om ckopocmu u Hanpagienus éempa. Imoeo s He 3HAL
u Haympo 21 urons nodvesacan K Cmpotunioujaoke ¢ maxiceablm 4yeCmeom, HO 6bll0sl U3 Mempo Yauyy,
yeuoe: 6ce 6 nopaoke, Kpvluia He yiemena!l

Hosoice s y3nan, umo cxopocms eempa xoaeoanacy om 15-mu 0o 31 m/cex [20], npuuem, nanpasienue
6empa 6HayaIe ce6epHoe, CMaAlo CKIOHAMbCS 6 patone bubupeso k 3anady. Unvimu crogamu, yeon amaxu
6empa no OMHOWEHUIO K HACMULY Obll OIU30K K HYIIO, m.e. OMCOC, eciu U Obll, Mo MUHUMATbHBL.
THosmomy npounocms 60amos 4 M18 ( «Onopnulil y3en»), yoepocusaiowux O10KU om 631emd, OKA3A1ach
docmamounou. K smomy eonpocy mvl ewé eéepremcs 6 n.3.2.1.

1.4 IokpsbiTHe TPUOVH cTaguoHa «Mamyk» (HbiHe «IleHTpaabHbIH») B I. [IATUIOPCK BBHINOIHEHO B
TedeHue Mapta - anpens 2003r no gorosopy Mexay ['eHenpoekTupoBIIMKOM «KaBKa3zkypopTIpOeKT» H
Kucnosoackum 3MK B cootBerctBuu ¢ T3 I'ennpoektuposimka [21] .

1.4.1 CormacHo npennoxeHHOH B T3 KOMIIOHOBOYHOH CXeMe MHOIO ObLI 3aIIPOEKTHUPOBAH U TMOJ[ MOMM
PYKOBOJICTBOM pealM30BaH HECYIUI KapKac MOKPBITUS TPHUOYH W3 31eMeHTOB "KuciioBoack", KOTOpHIH
omupaercsi Ha dcrakany aauHou 114, BeicoToit 11, mmpuHoit 6 M ¢ marom koioHH 6 M (1.6). TTokpsiTHE
TpuOyH miomaneto 120 x 25,5 M BEINOIHEHO 1O KOHCOIBHOW cXxeMe ¢ BhuIeToM 18 M u pa3geneHo Ha 10
MOHTa)KHBIX 0JI0KOB rabaputamu 25,5 x 12 x 2.12 M, paccunTaHHBIX Ha CIEAYIONINE BO3ICHCTBUA:

- pPAaBHOMEPHO pacipe/iesieHHasi Harpy3ka oT cOOCTBEHHOI0 Beca M cHera - 140 kr/m?;
- paBHOMEPHO paclipe/leieHHasl OTpHIIaTeIbHAsT BETpoBas Harpyska (orcoc) - 70 kr/m?;

- CEICMHUYHOCTE - 8 0aJLI0B.

1.4.2 CoOopka 1 MOHTaX MOKPBITUS OCIOXKHSUIUCH TEM, YTO €r0 OJIOKH HE MOTJIH OBITh COOpaHbI Ha MECTe
yKe CymecTByromux TpuOyH. Jlims 3Toro mMoria OBITh HCHONIB30BaHAa TOJBKO CBOOOJHAS II0JIOCA,
pacrnojoXeHHas MmapajuiellbHO TPUOYHAM, HO TI0 IPYTYI0 CTOPOHY OT OIOPHOH 3cTakassl. [Ipu 3ToM Macca
Kaxx1oro 0J0ka OblTa CTPOro OrpaHuyeHa, T.K. apeHjoBaHHbI kpaH CKI-25 e mor noanarts 6onee 3.5 T
mpu HeoOxouMOM BhUIeTe cTpenbl 11 - 12 M. bonee MomIHbIN KpaHa He cMOT OBl MAaHEBPUPOBAThH CPEIU
(dyHIaMeHTOB 3cTakaapl. TakuMm 00pa3om, OTPeOOBAIOCh YMEHBITUTh MacCy OJIOKa YK€ He TOJBKO W3
SKOHOMHUYECKHUX, HO TAKXKE U U3 TEXHOJIOTHIECKUX COOOpaKESHUH.

1.4.3 Kapkac MoKpbITHsI TPHOYH BBINOJIHEH B cucTeMe «KHCITOBOJCKY, HO € CYIIECTBEHHBIMU OTIHYUSIMH
OT U3BECTHBIX TUITOBBIX PEIICHUI.

Bo-mepBBIX, OJOKH MOKPHITHS PACIIOIOXKEHBI ¢ YKIOHOM 5% B CTOPOHY OTIOPHOM dCTakambl. YKIIOH
OJI0KOB 00pa30BaH Pa3HOCTBIO OTMETOK OTIOPHBIX CTOJIMKOB Ha KOJIOHHAX BHYTPEHHETO W HAPYXKHOTO psija
acrakansl 300 mm (1.6 - «Pa3pe3 mo A - A»). B omopHbIX y3:1ax KOHHEKTOPHI 1 COeTMHEHBI ¢ KOJIOHHAMHU
Yyepe3 cIieluaibHble CBapHbIe OamMaku 2 U3 MOJIOCOBOM cramd. Kakaplii Gammak >KECTKO COEIUHEH C
KOJIOHHOM 1ByMs Oontamu 3 (M22), a ero mapHUpHas CBS3b C KOHHEKTOPOM 1 BBIMOJHEHA C MTOMOIIBIO
rIagKod MWk 5 u aByx raek 5* (M22). B mpomecce MoHTaxka Oioka Oammaky cHayajia CTaBAT U
MPUKPEIUISIOT OonTaMu 3 K CTOJMKAM KOJIOHH, HE 3aTATHBAasg MX OKOHYATENBHO. 3aTeM, MOCIe BBIBEPKH
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B3aMMHOTO PACTIOJIOKEHHSI BCEX CMEXHBIX OJIOKOB MX 3aKPEIUISIOT OKOHYATEIbHO, 3aTATHBAs OONTHI 3,
raiiku 5 ¥ mpuBapuBas KKl OarMak K KOJIOHHE.

Bo-BTOpBIX, CTPYKTYpHBIH KapKac MOKPBITUS - OECHPOTOHHBIA CO CTEPXKHSMH - NPOTOHAMH M3
raytoro mBesmiepa 120 x 60 x 5. Y3noBble aneMeHThl BepxHero spyca u3 crainu 2512C npuBapeHs! K 3TUM
IIBEJIJICpaM Ha 3aBOJIE IBaMU 12, 4TO MOTPeOOBaI0 HEKOTOPOro U3MEHEHHS OOBIYHOM TEXHOIOIHH COOPKU
6moxoB. [Ipuniocs HaunHATH COOPKY C MOABEMA U (PUKCAIIH CTEPXKHEH - MPOTOHOB Ha BBICOTE OKOJO 2.3
M, JUIS 4ero Ha 3aBOJie ObUIM CIIeHUALHO U3rOTOBIICHBI BpeMEeHHbIE X-00pa3HbIe ONOPHI.

Kpome Toro, nmpuHsiTas OecporoHHas cxema Kapkaca MmoTpeOoBaia BBEICHHS CTBHIKOBBIX DJIEMEHTOB H3
Toro e rHyToro mseimepl20 x 60 x 5, coenMHSIOMUX MSTUMETPOBBIC YYAaCTKH MPOTOHOB M B Mpejeiax
Kaxaoro 6igoka u Mexay Omokamu Oonramu 13 (1.6 -y3enm «Aw; «Ilnan kapkacay). B mpenenax Omoka
CTBIKOBBIEC DJIEMEHTHI IPOTOHA BBOAAT B Mpoliecce COOpKH OJioKa, a MeXIy OJOKaMHU UX yCTaHABIUBAIOT
ocIie BRIBEPKHU TIOJIOKEHHSI OJIOKOB.

B-tpeTpux, mnpu moabope cedeHHMH JUIA CTEp)KHEH KapKaca MOKPBHITHS BBIICHWIOCH, YTO Ha CKIIA/E
ectb Tpyba @102x4, HO OHa HE MPOXOIUT IO MPOYHOCTH HA pacTsDKeHHe 0e3 (U3MYecKoro KOHTPOJI
CTBIKOBBIX CBapHBIX IIBOB, MPUKPEIUISIOMINX HAKOHEYHHUK K TpyOe. XOoTd 3TO KacajoCh BCEro Copoka
HanOoJlee Harpy>KeHHBIX PAaCTAHYTBIX CTEPXKHEH, 5 B3SUICS PELIMTh 3Ty MpolieMy H pa3padoTai cBapHOE
COCIMHEHHE HAKOHEYHHUKA ¢ TpyOoil, He TpelOyromee ¢u3udeckoro KoHTpois (1.6 -y3en «A»). B atom
pElICHAN CYIIECTBEHHO HCIONB30BaHWE MY(THI 6, KOTOpas BBINOJIHEHA U3 TOH e TPYObl, 4TO KOPIYC
crepxHs. PaspeszaB my(dry 6, yMeHpIIAIOT €€ AraMeTp, a 3aTeM MPHUBAPUBAIOT K HAKOHEYHHUKY / TIBOM 8.
[Tocne sToro Mmydry 6 BCTaBISIOT B TpyOUaTyIO0 KOPITyCHYIO NeTanb 11 v coequHsioT e€ ¢ HaKOHEYHHKOM
KOJIBIIEBBIM IIIBOM 9 KpOMC TOI'0, BBIIIOJHAIOT IIPOAOJBHBIC YTJIOBBIC HIBBI BAOJbB KPOMOK ‘-ICTI)IpéX 11a30B
10 Ha KOHIIaX TpyOUATOM 3arOTOBKM KOPIYCHOH netanu 11.

B-deTBepThIX, MNPOSKT KapKaca MOKPBITUS MPEAyCMATPUBACT YCTPOWCTBO HAKIOHHOTO JKpaHa IO
HapYXKHBIM MPOOJIBHBIM €r0 CTOPOHAM, KOTOPBIH PE3KO YMEHBIAET OTPHUIATEIBHYIO BETPOBYIO HArpy3Ky
Ha MOKpBITHE (0TCOC).

1.4.4 Tlpu Bcex yCIOKHEHHUAX MOHTaX KOHCTPYKIIMU MOKPHITHSI, a TAK)KE YCTPOHCTBO OMOPHON ACTaKaIbI
U KPOBEJIbHOI'O HACTWUJIA BBINONHEHO KUCIOBOJACKMM 3aBOAOM METAITIOKOHCTpYKUMU 3a 50 gHeil. Macca
0JI0Ka yjepKaHa B Ipejiesiax 3,5 T, YTO COOTBETCTBYET METAINIOEMKOCTH Kapkaca MOKphiTUs - 11,5 kr/m2.

1.4.5 ucropus ¢ yBOJIHEHHEM MOHTAKHUKA

1.5 HoxpsbiTHe ckaana ¢pupmbl «AKTHC» B I. HoBouepkacck Ha TeppuTopun 3aBojaa «Hedremarn»
CIPOEKTUPOBAaHO W BO3BEJEHO IOJ MOWM DPYKOBOJICTBOM B TedeHue uioHs - aBrycta 2003 roma B
cootBeTcTBHU ¢ JoroBopoM OO0 «Aktucy ¢ Kucnosonckum 3MK.

1.5.1 3aka3umk mocTaBWII 3aj]ady: BO3BECTH MOKPBHITHE - HABEC HAJl OTKPBITONM CKJIAACKOH IJIOMAaAbo 5.2
ThIC. M? B KpaTyailre CpOKH U C MUHUMAJIbHBIMH 3aTpaTaMy. Bo3BoIMMOE X0I0IHOE MOKPBITHE JOJKHO
JONYCKaTh BO3MOXKHOCTb €T0 YTEIUIEHHUS, a Takxke pa300pKy M HOBTOPHBIM MoOHTaxka. CeTka KOJOHH
JOJDKHA OBITH JIOCTaTOYHO MPOCTOPHOM, YTOOBI HE MENIaTh PadoTe HAMOIBHBIX MOIBEMHO-TPAHCTIOPTHBIX
cpenctB. Becem aTuM TpeOOBaHMSAM, OTBEYAET TUIMOBOE CTpyKTypHOe mokpbiTre CI127-300A [12], kpome
SKOHOMHUYHOCTH, T.K. JJISl OpPraHU3alii BOAOOTBOJA C HEro TpeOyercsl HaACTpOHKa HaJ «CTPYKTYypOW»
BBICOTOM OKOJIO TPEX MeTpoB. Kpome TOro, TUIOBOE MOKPHITHE paccunTaHo Ha Harpy3ky 300 kr/m2, a B
HoBouepkaccke ycTaHOBIJIEH BTOpPOW CHETOBOW pailOH W MOJIHAs pacueTHasi paBHOMEPHO paclipeiesieHHas
Harpyska He npesbimaer 200 kr/m2.

1.5.2 Tlpunsatyro 3a ocHOBY cxeMmy kapkaca CI127-300A, ans noBbIIIEHNS €€ 3KOHOMUYHOCTH NPHUILIIOCH
MOAN(UINPOBATH B CIAEAYIOMINX TYHKTaX.

Bo-mepBBIX, i 4eThIpex OJIOKOB MOKPBHITUSL TabapuThl B TUIaHe MPUHATHI 28.5 x 33 M 1 st ofHOTO
Gioka - 28.5 x 30 M. DTO 3aBUCHT OT MX PACIIONOKEHHs Ha TuiaHe nokpeitus (1.7).

M 3TOM JUIA BCeX OJIOKOB IIOJIyYEeHA HEU3MEHHAs CETKAa KOJOHH X M U YMEHBIIEHUE KOJIUYECTB
IIpu o10 cex OJOKOB MOJy4YeHa HEM3MEHHAs CeTKa KOIOHH 18 x 18 e €HHE KOJIMYECTBA
(hyHIaMeHTOB U KoJIOHH Ha 20%, 10 CpaBHEHHIO ¢ 0a30BBIM BapUAHTOM.

Bo-BTOpBIX, KaKABIH OJOK MOKPHITHS YCTAHOBJICH C YKIOHOM 8%, IUIS Yero B KaKIOW Mape KOJOHH,
OJIHA WMEET HAIKOJIOHHHUK BBICOTON 1440 MM. OrmopHBIE y371blI BBITIOJHEHBI TaK, YTO KOMITCHCHPYIOT
HETOYHOCTU HM3TOTOBICHHS M COOPKH DIIEMEHTOB B JIByX BEPTHKAIBHBIX IUIOCKOCTAX. Kpome Toro, oHH
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UMEIOT KpETEeXKHBbIE JeTand B BUae 00AToB M16, BOCIpHHHMAIOIIME OTPHIATEIbHBIC BEPTHKAILHEBIC
Harpy3Ku Ha KpoBiie 0J10ka (0Tcoc).

B-TpeTrbhux, mnpuHsTa OCCIPOrOHHAs CXE€Ma CTPYKTYPHOTO Kapkaca, pa3peXeHHas HACTOJbKO, YTO
MOXKET PacCMaTpHUBAThCs, KaK CHCTEMa, COCTABJIICHHAS U3 OTACIBHBIX TPEXTPAHHBIX CTPOMIIBHBIX (hepM,
OTMPAIOIINXCS HA TAaKWe K€ MOACTPOIIbHBIE (hepMbl. «3rnbaemplie) dJIEMEHTHI, COCTABICHHBIE U3 JBYX
YTOJIKOB, COETUHEHBI C KOHHEKTOPAaMHU BEPXHETO Apyca CTPYKTypsl u3 ctanu 091'2C depe3 KOpOTHIIN U3
yroJika, MpUBapeHHbIC K KOHHEKTOpaM. C y4€ToM BO3MOXHOCTH pPa300pPKU TaKOe COSAMHCHUE COICPIKHT
cTa"mapTHeIH 00nT M16 x 40, mocie 3aTsHKKA KOTOPOTO TOJIOBKY ITPUXBATHIBAIOT CBAPKOI K MOJIKE yTOJIKA.
laiika mpenoxpaHeHa OT caMOpPa3BHHYMBAHMS ITyTEM OTTHOA Ha e€ TpaHb CTOIIOPHOW IIAHObI U3 JINCTOBOM
OIIMHKOBAHHOMU CTaJIU.

B-yerBepThIX, «u3rubacMbie» CTEPKHU BEPXHETO sPyca, PACIOJIOKCHHBIC HAJ[ OMOpPaMH, CHUIBHO
pactsayTH (0 25 Tc). OHM WMEIOT HETHIIOBBIE CEYCHHS M COCAMHEHHS  C Y3JIOBBIMH DIIEMEHTaMH,
KOTOPBIE ONPE/IS/ICHBI COCTABOM CCUCHHS DTHUX DJIEMEHTOB: Kpyr+ yroyok (1.7 - «ug o B - By).

Haunbonee nHTEpecHO 3/1€Ch BKIIOYEHHE B KOHCTPYKIIMIO CTEPXKHS ABYX KOHHEKTOPOB IO €ro KOHIaM. Tem
CaMbIM YCTpaHsieTCs HEOOXOAMMOCTh CHIILHOW 3aTSDKKH CTBIKOB OTHX CTEp)KHEW C KOHHEKTOpaMH IIpH
cOopke Kapkaca, T.K. 3Ta OIepaLysl BBIIOIHAETCS B IPOLIECCE U3TOTOBICHUS CTEPKHEH.

B-nmsThI X, KOMIOHOBOYHas cXeMa Kapkaca OJI0OKa MOKPBITHS JOIMOJHEHA IO MPOAOJBHBIM CTOPOHAM
HaKJIOHHBIMH IIUTaMH, KOTOPbIE 3alUIIAIOT MMOKPBITHE OT YpEe3MEPHOr0 0TCOCa U B TO ke BpeMs Ha 5.5%
YBEJNMYMBAIOT MepeKpbiBaeMyto miomanpb (1.7 - y3en «Ay). [l ycTAHOBKH IIMTOB B KapKac BBEICHBI
CJICAYIOIINE TOTIOJHUTEIbHBIC 3JIEMEHTHI:

- IPO/IOJILHBIN HEepa3pe3HOH purenb u3 ruytoro msemiepa 120 x 60 x 5;
- pactiopku u3 TpyOsI (h48 x 2.8, yCTaHOBIIEHHBIE C IIIaroM 6 M;
- IOJIBECKH, MOIZICPKUBAOIINE PUTEIb U PACTIOPKH, U3 PyTKa 10 ¢ marom 6 m.

B-mecThiX, reomerpuueckas HEM3MEHIEMOCTh CTPONMIBHBIX (PepM M KaKIOoro OJOKa B IIEJIOM B €ro
MPOJIETHOM 30HE 00eCIeYnBaeTCsl OTAEIBHBIMU THIIOBBIMH CTEPKHIMH «KHCIOBOJICK», B HIKHEM sIpyce
CTPYKTYPBI, & B KOHCOJIbHBIX 30HaX — MPOQHACTUIIOM.

1.5.3 TlepeuncieHHble MEpPbI MO3BOIMIM CHU3UTh METAINIOEMKOCTh KapKaca MOKPBITHS B cpeaHeM 10 11
KI/M?> TIpH y4eTe JOIMOJHHUTEIbHBIX 3JICMCHTOB, BBEJACHHBIX B KapKac, W IUIONIAJEH, MOKPBITBIX C HMX
MOMOIIBI0. JTa METAIOEMKOCTh HAMHOTO HUXKe, 4eM B 0azoBom Bapuante CI127-300A (14.7 kr/m?), uto
COCTaBJISIET OCHOBHYIO JIOJIFO OOIIEH SKOHOMUH CTaH 1o 00beKTy (Oonee 25T).

1.6 HoxpbiTue BHyTpeHHero asopa TPI «Topusont» B r. PocroB-Ha-/loHy BbIIOJHEHO no T3
I'ennpoextuposiuka (Poctosekuii [TpomcTpoitauunpoekt). B coorserctBum ¢ T3 ot 28.07.03, kapkac
MOKPBITUSL B TIONEPEYHOM pa3pe3e MMEeT Kpyrosoe ouepraHue paauycom 172 m. Ilo moroBopy mexmy
Kucnosonckum 3MK u TPL «lopusoHT» s paspabotan mpoekT mokpbitus Ha craguu KM n KM/,
PYKOBOJMII COOpPKOW KapKaca MOKPHITHSI Ha cTpoimiomanke u K koHIy 2003 rona KOHCTPYKIHU ObUIH
TOTOBHI K MOABEMY. B 3TOT MOMEHT OBLIO pEIIeHO y4ecThb B MPOEKTE KapKaca W3MEHEHUs, BHECEHHBIE B
CHull 2.01.07-85* ¢ 1 wurona 2003 roga [22]. B wacTHOCTH, COTJIaCHO 3THM HM3MEHEHUSIM, pacdeTHas
cHeroBass Harpy3ka B PocrtoBe-na-Jlony yBemmuena ot 100 mo 120 xr/m?%. VYtounénnoe T3
IennpoextupoBmka ot 06.04.04 [22] mnpeanuchiBaeT H3MEHHTh MNPOEKT TMOKPBHITHS B CBSA3H C
YBEJMYEHHEM PAacdeTHOW CHETOBOH HArpy3KH M M3MEHEHHEM KOHCTPYKUMH (oHaps. 3aka3zuuk, co cBoer
CTOpOHBI, TpeOyeT MHHUMHU3UPOBATH JIONOJHHUTENBHBIE 3aTpaThl, CBS3aHHBIE C YCHJICHHUEM H
PEKOHCTPYKIMEH Kapkaca MOKpHITHA. B pesynbraTe pemeHo, B OCHOBHOM, OCTaBUTh 0€3 M3MEHEHHS
paHee NPUHSTHIE KOMIIOHOBOYHBIE U KOHCTPYKTHBHO-TEXHOJIOTMUECKUE PEIICHNUS.

1.6.1 Kapkac nokpsiTs pa3mepoM B muane 36 x 48 m (1.8) cocrout u3 nByx 0110K0B 36 x 24 M, KOTOpBIE
00beIMHEHBI Ha TIPOEKTHON oTMeTKe. CXeMa ONMpaHus KapKaca KaluTelbHas 10 ceTKe KOJIOHH 24 x 12 M.
mupuHON 12 M. [IpumblkaHue TOpIa MOKPHITHS K CTEHE BBICOTOM 12 M Haj KpoBiel oOpa3yeT CHEroBou
MEIIOK C MAaKCHMalbHOW pacueTHOM Harpyskoii no 640 xr/m?. Ha kapkac MHOKpBITHS ONHMpaeTcs
IIPO/IOJIBHBIH JIBYCKAaTHBIN (POHAPH BEPXHETO €CTECTBEHHOIO OCBELICHUS.

BecniporoHHslii KapKac MOKPBITUSA B IMPOJIETHOH 30HE MOKPHITOH (poHapeM, 0CBOOOXIEH OT IPOJOJIBHBIX
MOSICOB. 37€Ch OH MPEJACTaBIsIET COOOM, MO CYIIECTBY, PEUIETUATYI0 CKJIaIKy. TOJIBKO B HAJIOMOPHBIX
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MOJIOCAaX CTPYKTYPHBIN KapKac MOJHOCTHIO coxpaHeH. OH BBIMONHSET 31eCh (HYHKIUIO MOICTPOIIIEHBIX
(depM, Ha KOTOpBIE OITHPAIOTCS HAKIIOHHBIC CTPONIUIBHBIE (hepMbI, 00pa3yroIIue CKIaIKy.

N3rub kapkaca B IOMEPEYHOM CEUCHUU JIOCTHTACTCS YBEIUUCHUEM JITUHBI BEPXHUX MOSICOB CTPYKTYPBI, 110
CPaBHCHUIO C HW)KHHMMHU, Ha 37 MM U BBEICHUEM C(QEpPUUYCCKONH KOHTAKTHON MOBEPXHOCTU MEXKITY
NIECTUTPaHHOW My(TOW 2 W KOHHEKTOPOM 1, UTO OCYIIECTBJIIEHO C MOMOIIbIO ceprueckod maiiobr 3
(1.8 - y3en «A»). Chepuyeckas KOHTAKTHAsI MOBEPXHOCTh BBEICHA TAKKe MEXIy T'OJIOBKOH Oosta 4 u
HAaKOHEYHUKOM 5. B 3TOM *ke y31e nmoka3aHbl KOMOMHHPOBAHHBIC CEUCHUS «H3THOAEMBIX)» CTESPIKHEH U MX
COTIPSDKEHHSI C TUIOBBIM Y3JIOBBIM 3lieMeHTOM «KucioBoack» u3 cramu 2512C, Kk KOTOpOMY TpUBapeH
KopoThI 6 u3 yromka 50 x 5.

1.6.2 CyuiecTBeHHOEC W3MCHCHHE B KOMIIOHOBOYHOM CXEME Kapkaca, CBSI3aHHOC C POCTOM CHETOBOM
Harpy3KH, 3aKJIF0YaeTCsl BO BBEICHUH JOMOJHUTEIHHON KOJOHHBI, MOICPKUBAIONICH KapKac MOKPHITHS B
30HE CHETOBOTO MelIka. Peanm3anus 3Toi WieW BhI3BANa HEMaJble 3aTPYAHEHHS, KOTOPBIE MHE YOallOCh
MPeoIoNeTb, B OCHOBHOM, Ha CTaauM pacueTa. J[edo B TOM, 4TO BBEIEHHE JOMOJHHUTEILHONW KOIOHHBI B
paHee MPHUHATOM pacyeTHOM MoOJenH Kapkaca BbI3BIBa€T B HEHl Takoe mepepacrpeneieHne CHil, KOTopoe
moTpeboBao OFI MONHOI pa300pKH, a 3aTeM MOBTOPHOM KOMIUIEKTAUK M cOOpku O61oka Nel.

Bonee nmpuemieMblii BapuaHT ObLI TONYUYEH IMyTeM yIAICHHS M3 MOJEIH KapKaca KaKoro-To KOJIHYecTBa
crepxkueit. [lo cymiecTBy, 3TOT cmoco0 pemieHus 3ajavyud CBOIWICSA K Mepedopy BapHaHTOB pacueTHOM
MOJIENTN C Pa3HBIMH CXEMaMH Pa3pe)KeHHs B TIOMCKAX BAPHUAHTA, B KOTOPOM MUHHMAIBHOE YHCIIO CTEPKHEH
noTpedyeT 3aMeHbl. DTO CTall0 BO3MOXHBIM, T.K. K TOMY BPEMCHH ObLIa B OCHOBHBIX YepTax TOTOBA
mporpaMma pacuera CTpykTypHbix kapkacoB N_2015, npencrarnennas 8 PA3JIEJIE IV.

[Mporpamma N_2015 no3BosseT B AMaJOTOBOM PEXUME PEIAKTHPOBATH KOH(PUTYpAIUI0 MOJICIIN KapKaca,
MoJNlyJasi Ha JKpaHE pacrlpelelicHHe YCHIMHA B KaXKJIOM BapuaHTe 3a | - 2 MHHYTBI, YTO TO3BOJIAIO
JIOBOJILHO OBICTPO HaWTH HamOosiee OMarompusiTHBIA W3 HUX. OH COCTOSAN B yHNAJICHHH TPEX MOSCHBIX
CTEepHEH HaJ JOTIOJIHUTEIILHOM KOJIOHHOW U 3aMeHe 0KoJi0 15% creprHei B kapkace 010ka Nel.

1.6.3 OcoOeHHOCTh M3MEHEHHOW pacueTHOW Mozaenu Oymoka Nel cCOCTOMT B TOM, YTO JOTOJHHUTEIhHAS
KOJIOHHa BOCHPHHHMAET TOJIbKO CHETOBBIE HArpy3KW. OTO JIOCTHUTAeTcs Olaromaps KOHCTPYKIIUU
«OnopHOTo y37a JION. KOJOHHBI», KOTOpas m300pakeHa Ha puc. 1.8 W peanusyeTcs HpU OTCYTCTBUH
CHETOBBIX HArpy30K CIEAYIOUIUM 00pa3oMm:

- XOJI0BOH BUHT 7 ¢ AByMs raiikamu 8 u mrrudrom 9 BcraBmsitor B ocHoBaHue 10;
- ocHoanue 10 ycTaHaBIMBAIOT HAa «IOM. KOJIOHHY» M 3aKpeIuIsfoT Oontamu 11, He 3aTsiruBas ux;
- Taliku 8 mepeMemaroT Mo BUHTY 7 J0 TeX IMOop, Moka MTHOT 9 He BOMET ETUKOM B KOHHEKTOp 1;

- HIDKHIOIO TaiiKy 8 ciierka 3aTsAruBaioT, OONTHI 6 3aTATMBAIOT 10 OTKAa3a, a BEPXHIOI TaKy 8 MCIOJb3YIOT,
KaK KOHTPraiiKy Juisi HWO)KHEH raiiku 8.

1.6.4 OTKOPPEKTUPOBAHHBIN MPOCKT KapKaca MOKPBITHS ObLI peaan30BaH, HO (PaKTHUECCKUA BO3BEICHHAS
CUCTeMa CHJIBbHO OTJIMYAETCS OT MOJEIH, MPUHATON B pacyere. Tak, B MPUHATON pacueTHOW MOJIEITU He
Y4TEHO, YTO B peain3oBaHHON cucteme Ha orMeTke +5 (000 BBemeHBI aHTPECONBHBIE KeNe300€TOHHEIC
MEPEKPBITHS, KOTOPhIC PE3KO YMEHBIAIOT FOPU30HTAILHYIO MOJIATIMBOCTh OI'OJIOBKOB KOJIOHH. BBeneHue
YTOYHEHHOM IOJATIIMBOCTH KOJIOHH B PacyeTHYI MOJIENIb Kapkaca 37aHHs I0Ka3ajo, uYTO BCe KpahHHE
CXKAThIE CTEPKHU HIDKHETO spyca B MPOJIETHBIX CKIaIKaX, UMEIOIINe MUHIUMaIbHOe ceueHue (48 x 2.8),
HECKOJIBKO TeperpykeHbl. [IpOeKT yCHIIEHUS 3THUX CTEp)KHEH pa3paboTaH, MepeiaaH MHOK 3aKa3uuky U
peanm3oBad B 2005 roxy.

1.7 Kapkac nokpoiTus genbpunapus B JlazapeBckom paiione r. Coun Bo3BeneH ¢ ceHTs0ps 2004
roja no mait 2005 rosia mo MoeMy NpPOEKTY U MO MOUM PYyKOBOZACTBOM IO Jorosopy Mexay OOO «Tapac-
98» (3aka3unk) 1 OO0 «Crpoiikomrpynm» (moapsauuk). CormacHo T3 I'ennpoextuposiiuka ot 10.09.04
r. (CO CA P® OOO «CounapxmpoexT»), HOKpBITHE Aeidb(pHUHApUs NpeNcTaBsieT co00il HaBec U3
npodHacTuIa, yI0KEHHBIN MO MIIOCKOMY CTPYKTYPHOMY KapKacy u3 ieMeHToB "KucnoBoack".

1.7.1 Mos pabora o MpOEeKTHPOBAHUIO JAHHOTO 00BEKTa Hayajach B IPOILIECCE €r0 peaH3alvu, Koraa
«HYJEBOW IUKI» OBUI MPAaKTUYECKH 3aBepIlicH CHJIaMH 3aka3zdyWka. B pesynbrare, B mpejenax ILIONIA N
MOKPBITHS HE OKa3aJloch MecTa IS (YyHJAMEHTOB, CIOCOOHBIX HECTH €ro Maccy Ha 15-TM MeTpoBoi
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BBICOTE B YCIOBHSIX 8-OauipHON ceficmMuku. Ilpu 3TOM 0O0mIMA IIaH oO0beKTa OBLI pa3MeueH Ha
CTPOUTENFHOH TUIOMIAIKE BEChMa HEOPEIKHO U COMPSIKEH C yKe TTOCTPOCHHBIM 3[1aHueM B ocsiX «H» - «O»
¢ omuOko# 110 0.5 M Brons ocu «A» (1.9).

B a1Hx ycnoBusix TpeOoBaNM CBOCTO PEIICHUS HE TOJIBKO 3a7auu pa3MelleHus (pyHIaMeHTOB i Kapkaca
TTOKPBITHSI, HO TaK)ke ero COOPKM W MOHTaxa. PelreHrne MOCIeAHHX COBMEIICHO C IPOSKTHPOBAHHUEM
KapKaca TOCTHHHUIIBI MEXIy ocsiMH «A» - «b», koTopoe B3si1 Ha ceOS OTIEN POCTOBCKOTO OT/IEIECHUS
OHUUM TICK mon pyxoBoactBoM H.H. Pan. Ilo mpennokeHH:o 3TOTO OMBITHOTO MHPOCKTUPOBIIMKA
MTOKPBITHE CTPYKTYPHOTO KapKaca BJIOJIb €r0 TOPIIOB OBLIO OMEPTO HA COCETHUE 3MaHUS JeNb(pHHAPHS, KaK
rmoka3aHo Ha puc. 1.9 («IpomoibHEI pazpesy).

1.7.2 BecbMa CyIIECTBEHHO, YTO KapKac MOKPBITHS ACTb(QUHAPHS BBITIONHEH M3 3JIEMEHTOB CHCTEMBI
"KucnoBoack", MAOCTaBICHHBIX M3 APMEHHH MoOcCjie Pa30OpPKH CYLIECTBOBABIIMX THIOBBIX MOKPBITHH.
[TosTOMYy MHE mpUIIOCH NPSMO Ha CTPOMIUIOLIAJKE OPraHU30BaTh YYacTOK IO Ae(EeKTaluu U PEMOHTY
3JIEMEHTOB CTPYKTypbl. OJHAKO HCIONb30BaHUE 3NeMEHTOB BY B 3ToM Kkapkace chenano 3KOHOMHIO
MeTaJljla He CTOJIb BAKHOW 3aJaueh.

1.7.3 TlocraBneHHBIE 3a7a9d apXUTEKTypPHOTO M KOHCTPYKTHBHO - KOMIIOHOBOYHOTO XapakTepa ObLTH
peUIeHbl COYEeTAaHUEM TPUBHAIBHBIX W HETPAIHMIIMOHHBIX IPHEMOB, KOTOPHIE TECHO CBS3aHBI C MPUHATON
MOCJIEI0BAaTEIbHOCTHIO COOPKHU U MOHTaXKa Kapkaca.

Bo-mepBBIX, KaxIablil OJOK IO CBOMM IPOJOIBHBIM CTOPOHAM OIHMPAETCS HA JBE HAKIOHHBIC CTOMKH,
PacHoIOKeHHBIE MO YoM 12° K BEpTHKAIM B TONEPEYHOM pas3pese, IMPHUYEM MPOJIET MEXKIY OTIOPHBIMU
y3namu 61oka coctapisier 30 M, a POJIET MEXKIY y3JIaMH OMUpaHHs CTOCK Ha (yHAaMeHTHI - 34,8 M, 4TO
MO3BOJIMJIO CBOOOHO Pa3sMECTUTh 3TU (PyHIaMEHTHI.

Bo-BTOpBIX, CTPYKTypHBIN KapKac BBIMOJHEH U3 JBYX IUIOCKUX OJIOKOB, KOTOPBIC PACIOIOKEHBI C
MPOJIOIBHBIM YKIIOHOM 7° M ¢ mepenaaoM 2,2 M B MX CTBIKE. 37IeCh MPEAYCMOTPEHO CBETONPO3PAYHOC
orpaxkJieHHe, KOTOpoe 3amuiiaeT 00K 1 OT BETPOBBIX OTPULIATEIBHBIX MEPETPY30K U CO3aeT HEOOIBIIOH
cHeroBoi Memiok Ha 6710ke 2 (1.9 - «poaoIbHBIN pa3pesy).

B-TpeThuXx, B KaxI0Hi 30HE ONMUpaHKs OJOKa HA HAKIOHHYIO CTOWKY OH YCWJICH CHU3Y TPEXIPaHHOI
(depMoii M3 TUMOBBIX AJIEMEHTOB «KHCIOBOJCK». AHAIOTWYHOM TOTNepevHoi ¢epMmol ycuieH Onok 1
BJIOJIb CBOCH CTOPOHBI, CMEKHOMU 0JI0KY 2. CBSI3M «B», COeIUHsIIONIME OJ0KK 1 1 2 mocepeuHe mpojieTa,
YaCTUYHO MEPENIAl0T HATPY3KY OT CHETOBOI'O MEIITKa Ha 3Ty TPEXTPaHHYIO Gepmy.

1.7.4 BseneHue HaKJIOHHBIX CTOEK HCKIIOYAeT HCIOJIb30BaHHE PaHEE WM3BECTHBIX PEIICHHN OMOPHBIX
Y3JI0B U COOTBETCTBYIOIIMX NPUEMOB MOHTaXKa CTPYKTYPHBIX OJIOKOB. OCOOEHHOCTH HCIIOJIb30BAHHON
TEXHOJIOTHM MOHTa)Ka COCTOMT B TOM, YTO I€pe] MOJIbeMOM OJIOKa HAKJIOHHBIE CTOWKH Pa3MEINaloT MOJ
HHUM M [IOJIBEIIMBAIOT K €ro onopHbIM y3iaM. [lo Mepe mogbpema 6110Ka CTOWKH MOCTETIEHHO Pa3IBUTAIOTCS
U, HakoHel, cBOOOJHO moBucaroT. [locne 3Toro ux OamMaku pa3BOJSAT B CTOPOHBI M ONYCKAIOT Ha
¢byHaaMeHTl BMecTe ¢ OyiokoM. st sTOro cmeuuanbHO pa3paboTaHHBIE OMOPHBIE y3JIbI 001aJaroT
LIAPHUPHOHN TOABMKHOCTBIO B JIBYX IUIOCKOCTSIX U B TpeOyeMbIX npeaenax. HakioH cToHKU CyliecTBEHHO
MEHSIET KOHCTPYKIMU €€ conpspkeHus ¢ GpyHIaMeHToM 1 ¢ KapkacoM MmokpbIThst (1.9 - y3ib1 «A» u «by).
OTH U3MEHEHUs1, CBSI3aHHBIE, B OCHOBHOM, C TEXHOJIOTHEH MOHTa)Ka KapKaca, pacCCMOTPEHBI HUKE.

1.7.5 TlocnenoBarenbHOCTh (HOPMHUPOBAHUS KapKaca MOKPHITHS TaKOBA!
- BEpXHHUE Y3IIbI A -OIOp MOJIKPEIUISIOT BPEMEHHBIMH CBSA3SIMH Ay,
- cOOMPArOT ¥ MOHTUPYIOT TIEPBEIi OJIOK KapKaca MOKPBITHUS;
- MOHTHPYIOT KapKac TOCTHHUIIBI B OCSIX «A» - «b»;
- COOMPAIOT ¥ MOHTUPYIOT 2-1 OJI0K KapKaca MOKPBITHS;
- BBOJISIT TOPU30HTAIIBHBIE CBS3U «0» MKy OJIOKaMH 110 UX HAPY>KHBIM IPOJIOIBLHBIM CTOPOHAM;
- YAAJSIOT BPEMEHHBIE CBSI3U «@» € KOHCTPYKIHMAMH Kopiryca 1mo ocsim «H» - «Oy;
- BBOJISIT BEPTUKAIBHBIC CBSI3U «BY», COCIUHSIONINE OJIOKYU MMOCEPEANHE MPOJIeTa.
1.7.6 COopKy M MOHTa)X IIEPBOI0 OJI0KA BBIMOIHSIN B CJASAYIOIICH MTOCISI0BATSIBHOCTH:

1) Ha CICIHUAJIBHO NOATOTOBJIICHHOC MCECTO YKIIAAbIBAIOT KOJIOHHBI;
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2) cobwuparoT MmIockuit 610K pazMepoM B maHe 36 x 30 M;

3) ycTaHaBIMBAaIOT MIPOTOHBI;

4) TMOTHUMAIOT IJIOCKHIA OJIOK M YCTaHABIMBAIOT HA BPEMEHHBIE OMOPHI BEICOTON He MeHee 2.2 M;
6) KaKAylo KOJOHHY MOJABEHIMBAIOT K OLIOPHOMY Y31y ¢ IOMOIIBIO Mapbl ceper 4 1 AByX 00JTOB 5;
5) cobuparoT Tpu NOAKPEIUIAIoNINe PePMBI M JIBE KAITUTEIH ¢ OTIOPHBIME y31aMu «A» 1 «By;

7) 610K cTpOmAT BOIU3W OMOPHBIX Y3JIOB «A» W MOAHUMAIOT C TIOMOIIBIO IBYX aBTOKPAHOB Ha BBICOTY,
KOT'/1a KOJIOHHBI CBOOOTHO TIOBHCAIOT, @ caM OJIOK MMEET YKIIOH HECKOIBFKO OOJIBIIHIA MTPOEKTHOTO;

8) omopHbIe y31IbI KaNuTeNIeH YCTAHABIMBAIOT Ha OTIOPHBIC CTOIHKHA A - ONOpP ¥ 3aKpeIuIsoT 6otamu 6,
HE 3aTATHBAs WX JI0 0TKa3a;

9) ONOPHYIO YaCTh KAXKIO0H CTOMKH OJHOBPEMEHHO OTBOASAT HAPYXKy Ha 2.4 M M OIMYCKAIOT MX B MPUAMKH
bynnamenToB pazmepom 700x700 mm (1.9 - yzen «b»);

10) ycTaHOBOYHBIMH BUHTaMHU { KOPPEKTUPYIOT MOJOKEHUE CTOCK;
11) BBIBepeHHOE MOJIOKEHUE OTIOPHOW TUTUTHI PUKCHPYIOT HAKIIOHHBIMH 8 TUIaHKaMH U cBapKoi 9;
12) BemonHs0T o uBKY 10 ommopHBIX TIIUT ¢ BUOpaIueii;

13) KaxapIii ONOPHBIA y3ell «A» QUKCHPYIOT YCTaHOBKOW BTOpPOW mapwl ceper 4, 3aTsDKKoi 0onToB 5 n
MOHTaXHOU CBAPKOU BOKPYT CEPET;

14) xaxnplii onopHbIH y3en «By» GukcupyroT 3aTsHkkoi 001TOB 6 1 MOHTa)KHOM CBapKOA.

COopka W MOHTaX BTOPOro OJIOKa BBINOJHSUICS B TOH JK€ IOCIEIOBATEIBHOCTH, HO C HEKOTOPBIMH
OTJIMYUSAMHU OT BBIIIEHU3JIOKEHHOTO B CIEAYIOMUX MyHKTaX:

B 1.1) rabapuTsl mmockoro 61oka B miaHe 36 x 27 M;

B 1..5) coOHMparoT J1Be MOAKPEIUIIONe GepMbl, a OMOPHBIE Y31kl «B» COEAMHSIOT HEMOCPEACTBEHHO C
YIIIOBBIMU Y3J71aMU HHXKHETO sipyca 0JI0Ka;

B 11.7) /U151 IoAbeMa OJioka OOaBIISIOT TPETUI aBTOKpaH MOCEPEIHE CTOPOHBI 0JI0Ka CO CTOPOHBI OcH «by,
PEryIUPYIONIHIA YKIIOH OJI0Ka BO BPeMsl MOHTaXa,

B 11.8) OMOPHEIE Y3IbI «B) ycTaHaBIUBAIOT Ha 3JIEMEHTHI KapKaca TOCTHHHIIHL.

1.7.7 Kak BHIUM, MCHOJIB30BaHNE HEOOBIYHOH KOMIIOHOBOYHOM CXEMBI HE MMEBIIEE 37I6Ch CBOCH IEIbI0
pelLIeHue ONpeAeIeHHOH apXUTEKTypHO-KOMITO3UIIMOHHOW 33/1a4M, B LIEJIOM OIPEICIMIO OPUTHHAIBHBIH,
XOPOILO Y3HABAEMBIil O0JIMK BCEr0 COOPYKEHHSI.

0c06020 YNOMUHAHUSL 3ACTYAHCUBAION NOOPOOHOCIU MOHMANCA NePE8020 OIOKA. 3aKa34uKx YNOPHO HACMAUBAN HA
MOM, 4mo nodvem 3moco o1oxa maccou 6onee 20 m 00124ceH BLINOIHUMb HAUOEHHBIU UM CYHAUHbIU KPAHOBWUK, He
UMEIOWUl COOMEEMCMBYIOWUX O0OKYMeHmMOos. Mbl 0oneo cnopunu Ha 5my memy u 6 KOHYye KOHYO8 5, CHA8 ¢ cebs
OMBEMCMEEHHOCb 3 Pe3YIbMambl, OMCMYNULCSL.

U ov11 nenpas!
Vowce 6 nauane nodvema 610Ka parcasgole Cmponvl mo2o Kpamd, 0 KOMopom Mbl CHOPUTU, NOPEATUCH U OJLOK PYXHYI HA
3eMI10, NOBPEOUB HECKOIbKO 0eCAMKO8 cmepoicHel. Dmo Oblio 8ecbMa CKPOMHOU NAAMOU 3d MO JecKOMbICAUe,
Komopoe s OONYCMUNL 8 CMOJIb 8AJICHOM U OnacHom dene. Tpyouo dadice 6000pasums me nNOCACOCMBUSL, KOMOpble
Hac oxcudanu 6 mom cayuae, eciu Obl CMponbl OKA3AAUCL YYMb NPOYHee U NOPEAIUChL Obl He 6HAuane, A 8 KOHYe
noodvema, K02oa c60600HO NOOGeUleHHble CIMOUKU YJice CMO2TU Obl ONEPemb sl Ha 3eMIO ...

1.8 IpoekT vcujaeHus NOKPuITUA BHYTpeHHero asopa TPI «TopusonT» B PocTtoBe-Ha-JloHy.

PykxoBoactBo TPLl «I'opuzonT» B Hawane 2016 roma nmocTaBuiIo 3ajady yCHINTh MOKPHITHE BHYTPEHHETO
ZBOpa, YTOOBI MOJIBECUTH K HEMY JIOTIOJHUTEIbHBIE peKIaMHble KOHCTpYKIuH. K 310l pabore B KauecTse
I'eanpoextuposumka npusiedeHo Pocrosckoe otaenerane OO0 «THUUIICK um H.I1. MensauKOBa» 1
Ha cybnoapsiae «IHCTUTYT MaTeMaTHKH, MEXaHHKH M KOMIBIOTEPHBIX Hayk» FODY (morosop Ne213-01-
14/2016-20 ¢ IHUUIICK). Kak aBTOp mpoekTa M PyKOBOAMTENIb pabOT MO BO3BEJCHHIO MOKPBITUS, 5
BO3IJIABIJI M PabOTHI 1O ero ycuiaeHnto. Otyer 00 3Toil paboTe, BBHITOIHEHHOH COBMECTHBIMH YCHIIMSIMU
Pocroeckoro otmenenuss ITHUUIICK u IODY, omybmukoBan Ha MoeM caiite [15; pl5] u orocman B
xypnan [International Journal of Space Structures]. ITosToMy HmXe HaHO JIUIIL KPaTKOE €€ OMICAHHUE.

1.8.1 IlpusHaro, 4TO K PELICHUIO STOU 3a/1a4M Y MEeHS ObUT COOCTBEHHBIH U OYeHb OOJBIION HHTEpPEC.
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Jeno B ToM, uto B koHie 2015 roma Obuta 3aBepiicHa ceprtudukanus nporpammbl N_2015, nHanbosee
CYIIECTBEHHBIM TPEUMYIIIECTBOM KOTOPOH, SIBJISIETCS BO3MOKHOCTB OIPE/ICNICHHsT HECYIIel CoCOOHOCTH
CKaTOrO CTEPXHS IO HEIIockoi ¢opme ero mpogonsHoro u3ruba (CIT 16.13330.2011 m.10.2.6).
OcTaBanoch TOJABKO HA PEAbHOM OOBEKTE MPOBEPUTH 3KOHOMHUYECKYIO 3(PPEKTHBHOCTH YTOUHEHHOTO
pacdera CXKaThIX CTEP)KHEH, MPUYEM JKENATeNbHO OBbUIO 3TO c/ejdaTh UMEHHO Ha TaKoM OOBEKTe, Ijie
PEKOHCTPYKIIUS U YCHIICHUE CTEPXKHEH HanboIIee CII0KHBI U IOPOTH.

U BOT B mepBhIH ke Toa oduImansHoN padoTsl mporpaMMbl N_2015 Tako# cirydait mpeacraBuics!

OKOHOMHYECKYIO 3(P(PEKTHBHOCTh YTOYHEHHOI'O pacyera CxKaTbiX crepxHed mo mporpamme N_2015
TENeph MOXKHO OBLJIO «IOIIYIATh)» HEMOCPEICTBEHHO M 3TO COCTABIJIO MEPBYIO JIONOJHUTEIBHYIO 33729y
uccienoBanys. Bropas gonmoJaHUTeabHAS 3aja4a CBsA3aHa C TeM, 4To cepThudukaius mporpammel N_2015
ObLTa TIpoBezieHa 0e3 cephe3HBIX €€ Bepu(PHKAIMOHHBIX WCIIBITAHUM U 3Ta Tpollenypa Oblia OTIOKEeHa Ha
HEOMpeICTCHHBIN cpoK. B o0ImiemM, 3TH ABe 3a7a4u OKa3aauch B YKCIE PEIIAeMBbIX 1O J0roBopy Ne213-01-
14/2016-20, napsmy ¢ OCHOBHOM 3a/aueii Mo pa3paboTKe MPOSKTa YCHICHUs KapKaca MOKphITHs 1o T3.

1.8.2 I'maBHBII MYHKT MOETO MPOEKTa YCUJICHUS MOKPHITUS COCTOUT BO BBEACHUHU TPEX 3aTSHKEK MEXKIY
ero OmopHbBIMH y3inamu 1o ocsim 3, 5, 7 (1.10). Dto MOE pelieHHe, MPUHATOS COUCIIOIHHUTEISIMA U
3aka3unkoM 0Oe3 BO3paKEHHM, 3HAUUTEIHHO 00JIerdano padoTy pacTSHYTHIX CTEp)KHEH HIKHETO Mosica B
MPOJIETHON YacTH HOKPBITHSA, HO OCJOXXHWIO PabOTy paHee YCHJICHHBIX CXKAThIX CTEpP)KHEH Mo Kpasm
nposieta. Tak BO3HUK BOMpoc 00 ONTUMH3ALMU CEYCHHUS 3aTsDKKU M OH OBUI pelleH B Ipolecce pacdera
kapkaca 1o nporpamme N_2015 ¢ pe3yibrarom okoso 12 cm2.

1.8.3 Kak cnenyer u3 ommcanus nporpammel N_2015, xoaddummeHT 3amemMieHns cXaToro CTepKHS M0
KOHI[aM CHJIbHO 3aBHCHT OT U3TUOHO# )KECTKOCTH €r0 COMPSDKEHUSI C Y3IIOBBIM 25ieMeHTOM (p KI'c x M/paj).
3HaueHue p OoOpeaAci€HO B pacye€Te IO SKCICPUMCHTAJIbHBIM OJaHHBIM, IOJYYCHHBIM Ha CHCHI/IEU'II)HOﬁ
ycranoBke (1.12) 6e3 yueTa MOMEHTa 3aTSHKKH COMPSDKEHHS, T.C. JTOBOJBHO MPHOIU3UTENBHO. 10 3THM
JIaHHBIM pacueTHoe 3HadeHne p = 10000 mpu pazMepe mecTUrpaHHoi MypThI o Kiitod S =36, KOTOPBIN
HNPUHAT MOCTOSHHBIM JUIS BCEX CTEPXKHEW NaHHOH CTpyKTyphl. OnHaKo, BO3SHHMKAET BONPOC, B KaKYIO
CTOPOHY M HACKOJBbKO (PAKTHUECKOE 3HAUCHHE P OTIIMYAETCS OT MPHHATOTO PACUETHOTO 3HAYCHHS, T.K.
MMEHHO 3TO OmpeJieNnsieT 0€30MacHOCTh PACUETOB CHKATHIX CTEPIKHEH.

OTOT BOMNPOC PELIACTCS MyTeM CPaBHCHHS JBYX 3HadeHnmid R, w R, momy4eHHBIX I8 KaXIOro us

o0cClielyeMbIX Y3JI0B KOHCTPYKIIMH DPacdeTHBIM M JKCIIEPHMEHTAJIbHBIM MyTeM. 31ech R - jKecTKOCTb
COIPOTHBIICHHUS TIOBOPOTY Y3JIOBOTO JIEMEHTA B KAKOW-TMOO BEPTUKAIBHOM IIOCKOCTH, KOTOPYIO CO3/IAI0T
BCE CTEP>KHU, COSIMHEHHBIE C HUM MPU YUETE KECTKOCTEH P UX CTHIKOB C KOHHEKTOpaMH.

1.8.4 R, He MOXeT ObITE HEMOCPEICTBEHHO BbI4MCICHO 10 mporpamme N_2015, Ho oTo craHOBHTCS

BO3MOXKHBIM TIPU BBEJICHHUHM BUPTYaJIbHOIO CTEPI)KHS, COCIMHEHHOTO C HCCIEIyeMbIM Y3710M. YTOOBI
YMEHBIIUTh BIUSHUE BUPTYaJIbHOTO CTEPKHS Ha paboTy Kapkaca, ero MOrOHHYHO KECTKOCTh I U YCHIIHE
(-N) npuanMaeM MHUHMUMaIbHBIMH. JKECTKOCTh CONPSDKEHHS BUPTYAIBHOTO CTEPXKHS C HCCICIYEMbIM
y3I0M p, = 0, a Ha Apyrom ero koHue p, = 0. Ciexys NpUHATON cHCTEME U3MEPEHUS YIIIOB () IOBOPOTA
y3Jla, OCb BHUPTYaJbHOI'O CTEP)KHS HAIpaBlIeHAa BHU3 OT Y3JOBOTO 3JIEMEHTa BEPTHKAJIbHO HJIHM C MaJbIM
OTKJIOHEHHEM OT BepTHUKaIH (10 5°).

ITo mporpamme N 2015 xomanga m Ha manenn «Koppexuus» Gopmupyer Tabiuily napameTpoB Beex
CXKAaTBIX CTEp)KHEH, B T.4. BUPTyalbHbIX. B Tabmuie npuseneHo riaBHoe 3HaueHue K ..., a Takxe
N, = K nax! Kimin 91 TOTO KOHIA BUPTYaIbHOTO CTEPXKHS, KOTOPBIH JKECTKO (P, = 00) NPUKPEIUIEH K Y31y
kapkaca. [IockobKy TOrOHHAs JKeCTKOCTh I BHPTYaJbHOTO CTEpP)KHS 3a/laHa, HETPYAHO HAWTH TJIaBHBIE
3HAYCHHUs PACUCTHOM KECTKOCTH 3aKPCILICHNUs y3ia B Kapkace: R ,min= Kyyin x T; Romax= N x Rymin-

1.8.5 Merox u3MepeHus KECTKOCTH R, COCTOMT B TOM, YTO K MCCIEIyEMOMY y3JIO0BOMY DJIEMEHTY B

3aIaHHOM BEPTUKAJIBHOM IUIOCKOCTH MpPUJIAaraloT MOMEHT M U U3MEpSIOT yroj MOBOPOTa ( 3TOTO y3ia B
TOH ke miockoctH. Torma nckomas xectkocts R, = M/¢. Taxoit meron onpenenenus, R, B npuHImne

MPOCT, HO TPH €ro pealiu3aiuid HeoOX0AUMO yUeCThb PsJl Pa3HOOOPa3HBIX 00CTOSATEILCTB.

Bo-mepBBIX, (akTHueckoe 3HAYCHHWE MapameTpa P 3aBUCUT OT MHOXKECTBA CIYYaWHBIX (PaKTOPOB,
BIIEPBYIO OYEPEe/lb OT TOUHOCTH 00Pa0OTKHU COMPSATAEMBIX JIeTANICH U OT YPOBHSI MIPEIBAPUTEIHLHON 3aTHIKKU
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CTBIKAa, KOTOpBIE HAaM HEW3BECTHBL. JTO 3HAYUT, YTO METOAMKA H3MEPEHWH [OJDKHA OBITH JIETKO
MOBTOPSIEMOM Ha MHOTHX y3JIaX M JJaBaTh MaTEPUAIT JIJIS TOCTIETYIOMEeH CTATUCTUIECKOH 00padoTKH.

Bo-BTOopBIX, U3MepeHne R, S5KOHOMHYECKH I€IeCO00PAa3HO TOIBKO B KOHCOJIBHBIX 30HAX HMOKPBITHS,
TJIc HA OTMETKE +5 M CYIIECTBYET aHTPECONbHOE MepeKphITHEe. [ SKCIIEpUMEHTATLHOTO UCCIICIOBAHUS
JOCTYIHBI JIUIIb Y37Ibl HIDKHETO TOsICa MOKPHITHS, HATPYKEHHOTO TOJBKO IOCTOSIHHOW HArpy3Koil OT ero
COOCTBCHHOT0 Beca. B Takux ysiax u mpu Takoil Harpyske ObuIi BeI4HCICHBI R, st cpaBHeHus ¢ R,

B-TpeTpux, BBHUIy OTpaHHYEHHOCTH 30H JOCTYITHOCTH, H3MEPEHUS POBOTUIINCH, 3a9aCTyI0, Ha y3JaxX,
MMEIOINX WICHTUYHbIE pacueTHBIE CXEMBI U TPU 3TOM PACHOJIOXKEHHBIE 10 00€ CTOPOHBI OT IUIOCKOCTH
CHMMETPHH Kapkaca MOKpHITHs. Takue y3isl ¢ onuHakoBbiM R, 00beMHEHBI B IPYIIIIBL, 1Sl KOTOPBIX TIpH

CpaBHCHUHA R3 n Rp’ IMPUHATO €ANHOC 3HAUYCHU A Rg,- MHWHHMAJIBHOC 3HAYCHUEC Ra B I[aHHOfI rpymnme.

HpI/I CTaTUCTUYECCKOM O6pa6OTKC YUYUTBIBACTCA U YMCJIO Y3JIOB, BXOJAIINUX B I'PYIITY, KaK UX «BECH.

B-geTBepTHI X, KOINYECTBO U3MEPEHUH MOXKET OBITh PE3KO COKPAIIEHO, €CIH () U3MEPAThH B TIIABHBIX
IUIOCKOCTAX JKECTKOCTH Y3Ila, Y€MY COOTBETCTBYET COOTHOMIEHHE @, << @y. [losTomMy enmaTenbHo
HMCTIONIb30BATh [ M3MEPEHHH () IBYXOCEBOH NPHOOP, U3MEPSIOMHUN @, ¥ @y OTHOBpeMeHHO. [Ipu 5TOM 110
npe/IBapUTEIbHON OIICHKE MOTPEIIHOCTh U3MepeHus @ He noypkHa npesbimars 0.0001 mrad.

1.8.6 B kadecTBe cpeicTBa U3MEPECHUS YIJIOB MOBOPOTA @y H 9y BBIOpaH BBICOKOTOYHBINA JBYXOCEBOM
unkmuaoMeTp NIVEL 210 mBeiinapckoit ¢gupmer Leica. OH 3akperuisercss Ha OUYEpeHOM Y3JIOBOM
ANIEMEHTE C MOMOIIBI0 UCIBITATEILHOTO HpHcocodneHuss Moeit paspaborku (1.11). C ero momorso
MHKJIMHOMETP MOKHO YCTQHOBHTH CTPOTO TOPH30HTAILHO M IOBOPAYMBATEH €T0 BOKPYT BEPTHKAIBHON OCH
y3Jla BMECTE C IUIOCKOCTBIO MPHUIOKEHHUST MOMEHTA, ONpeAessieMOi MONOoKeHHeM phldara. M3mepenue ¢
uakmuaoMetpoM NIVEL 210 ocymiectisercs uepe3 kommbiorep 1o mporpamme Nivel Tool. IIpu stom
HOTPEITHOCTH U3MEPEHHUS @ B auanasone + 1.5 mrad cocrasmser + 0.005 mrad [23].

1.8.7 B kadectse Mepsl cpaBHeHus R, u R, npumsito otHomenne v =R, / R,. PaccmaTpuBast 3Ha4CHHS V,
MOKHO 3aMETHTh:

- BO BCEX ClIydasdaX v 3BHAYUTCIBHO Ooublire CANHUIIBIL, YTO 'OBOPUT O HAZACI)KHOCTHU PE3YJIIbTATOB;

- OTHOIICHUA V 1JIA Rmax BC3/1€ 3HAYUTCIIbHO HMXKC, YEM Rmin: YTO I'OBOPUT O NPUHAJICIKHOCTHU V JIA Rmax
1 Rmink Pa3JIMYHBIM I'€HEPAJIbHBIM COBOKYITHOCTSIM.

CrarucTiyeckas OleHKa HUKHEN TPaHMILBI V, . JJOBEPUTEILHOTO HHTEPBAJIA, B KOTOPOM MOKET

HaXOMTBhCs V 10 Ry 1 Ry BEIMONHEHa 110 mporpamme EXCEL ¢ noBepuTenbHON BEPOSTHOCTBIO HE

n
meHee 0.99 s Tpex BapruaHTOB BRIOOPKH V:

s Ry Vo = 1,17;
- st Ry Viin = 1,19;
- Ry + R Vin = 1,05.

To, uto omenka v_. mis R

Rmax
TIOBJIUATh HA TOYHOCThH BBEIYHMCIICHUS HECYIIEH CIIOCOOHOCTH CXATBIX CTEp)KHEU mo mporpamme N 2015,
TaK KaK 3HaueHUs KOA(P(UIMEHTOB 3aIllEMIIEHUS 110 KOHIIaM CTEP>KHS CBS3aHHBI, B OCHOBHOM, C R .

max+ Rmin SHAYUTCIIBHO OTIIMYACTCA OT APYIrux, C€ulc pas MOATBECPKAACT, YTO

n Rmin OTHOCATCA K Pa3IMYHbIM I'€HCPAJIbHBIM COBOKYITHOCTSM. O)IHaKO, 9TO HE€ MOXECT CHJIBHO

min

1.8.8 Bepuduxauus nporpammsl N_2015 B OTHOMmIEHHMH YTOYHEHHOTO pacueTa CKaThIX CTEPXKHEH
BBITOJIHEHA C ITOMOIIBI0 KOHEYHO - 3JIEMEHTHOTO Tiporpammuoro nakera ANSIS. [l Bepudukamnuu Obutr
YaCTHYHO HCIIOJIb30BAHbl PE3YIbTAThl BhIYMCICHHS R, it ux cpaHeHus ¢ R, , HO ObUIM 1O3TAIHO
nosropensl B ANSIS u Bce onepanuu no pacuety cxaroro crepxHs no nporpamme N_2015. IlpaBaa, sTo
CHI€JIaHO TOJIKO Ha IPUMEpE TOJIBKO OJHOIO CTEPXKHsI, HO B COBOKYIIHOCTU C JPYI'MMH pe3yJbTaTaMU
BepU(UKAINH, CpaBHEHHE, PUBEICHHOE B Tabiuue 1.1, TOBOPUT O JHOCTATOYHOH TOYHOCTH U BBICOKOMN
0e30macHOCTH pacyeTa Hecylle CIOCOOHOCTH CKaThIX cTepkHer o mporpamme N_2015.
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Tabnuma 1.1

ki N1 Kz N2 ) n N*
o ANSYS 1,47 134 157 127 3,0° 0,797 10,595
Io N_2015 1.4 1.4 15 1.3 0.7° 0809 10437

1.8.9 bBonee nmeranmbHOo ¢ pesynpratamu HUP mo ycuieHWro MOKpHITHS BHYTpeHHero nasopa Ha TPI]
«["opr30HT», MOXHO O3HAKOMHUTBCS Ha MOEM caiiTe, Tlle NPUBEACH IMONHBIA TEKCT, WUIIOCTPALUU H
MPUIOKEHHUS K OTYETY O BBIIOJIHEHHBIX padoTax [15; p15].

1.8.10 IToaBoas uroru noapasgena 1.8, orpaHHYyCh CAEAYVIONIUMH 3aMEUYaHUSIMHU

A.

B.

Pemena ocnoBHast 3amaua HUP: paspabortan u mpezicraBieH 3aka3yMKy HpPOCKT YCHJICHUS
Kapkaca TOKpbITHS BHyTpeHHero aBopa TPL[ B coorBerctBum ¢ T3. Kazamocs 06r,
BBIHY)KICHHOE PELICHHWE CThIKA CTEPKHEBOI'O M Y3JOBOIO 3JIEMEHTOB OKa3aJoCh Hauboiee
HA/ICGKHBIM U YKOHOMUYHBIM JUISl CTPYKTYPHBIX KOHCTPYKLHH, T.K. MO3BOJSIET Oojiee CTPOTro
HOECHTPUPOBATH YCHIIUA B Yy3J1aX 663 MOBBIIIEHNST TOYHOCTH H3TOTOBJIEHHS 3JIeMeHTOB. Kak
MOKa3aJ0 JaHHOE HCCIEIOBAHHWE, UMEHHO KOHCTPYKLHMS CThIKa OOECIIEYMBACT HPUEMIIEMYIO
CUMMETPHIO B €ro paboTe MpH IepeMeHe 3Haka MOMEHTa.

OKOHOMHUYECKUH 3PPEKT OT yTOUHEHHOTO pacyeTa CKaTbix cTepikHer mo nmporpamme N_2015
coctaBmi Ha JaHHOM 00BekTe okosio 1 800 000 pybmneit, 4TO MOYTH BABOE MPEBBIMIAET CyMMY
3aTpar Ha BBINONHEHHe BeeX 3anad HUP. Pemensr 00e momoTHUTEIRHBIE 3a]a9H1, YIIOMSIHYTHIC
B n. 1.8.1. Urtorn Bepudukamuu nporpammer  N_2015 ¢ ucmons3oBaHHEM MPOTPaMMHOIO
koMmIuiekca ANSY'S moaTBepkaaroT TOCTaTOYHYIO HAJEKHOCTh YTOUHEHHOIO pacueTra CiKaThIX
CTEpIKHEN.

OrpomHyto ponb B BbimosnHeHun 310t HUP ceirpan Anekcanap Jlamun, K.(.M.H., JOUIEHT
kadeapsl Teopun ynpyrocta FOOY.

Bo-niepBrix, oH ocBOmMI MeTOAUKY paboTs ¢ mprudopom NIVEL210 uepes koMibioTep U IpoBel
BCE U3MEPEHUS () Ha 0OBEKTE.

Bo-BTOpBIX, UM BHINONIHEHA Bes paboTta 1o Bepudukaiuu nporpaMmmel N_2015 ¢ npuMeHeHneM
ANSYS.

Taxum oopazom, umenno Anexcandp Jlanun obecneuun ycneuinoe evinoynenue oannoii HUP
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PA3JEJ I

KoHCTpYKIINS, TEXHOJOTHS M3roTOBJEHHS M COOPKH THIOBLIX JIEMEHTOB KapKaca

2.1 O01me nosoKeHus

2.1.1 B o Bpewms, korna cuctema «MERO-KK» Obuta eTMHCTBEHHOH, B CBOEM POJie, CUCTEMOMN KapKacoB,
CJIOXKHJIOCH TIPEJICTABIICHUE, YTO BCE MOAO0HBIC CHCTEMBI COCTOST U3 AJICMEHTOB JIBYX THIIOB!

Y3JIO0BBIX U CTCPKHCBBIX.

Opnako, c¢ passutuem apyrux «KK» cucrem, B ocobennoctu simoHckux «NS» m «KT», mosBuiach
HEO00XOJUMOCTh BBECTH B PACCMOTPEHUE TPETHUI HE3aBUCUMBIN 3JIEMEHT

COCIMHUTEIIbHBIN MCXAaHH3M,

KOTOPBIH Ipy cOOpKe KapKaca MO3BOJISIET COEIUHSTh CTEP)KHEBBIC 3JIEMEHTHI ¢ KOHHEKTOpaMu. OOBIYHO
coeauHUTeNbHBIE MeXaHn3Mbl «KK» crHcTeM BKITIOYAIOT KPETEXKHbIC IETal ¢ HApyKHOU pe3b00ii (OOITHI,
BUHTBI, LINUIBKH).

Nmenno Takoe mpezacraBienne o «KKy» cucreme, kak 0 cucreme, BKIIOYAIOUICH SJIEMEHTHI TPEX THUIIOB,
MOJIOKEHO B OCHOBY HACTOSIIETO pasfesia KHUIH. Ero memb cCOCTOMT B TOM, YTOOBI, IPUHSB 32 OCHOBY
HEKOTOphIe TPeOOBaHUS, CIEAYIOIIME M3 MHUPOBOIO M MOEro COOCTBEHHOIO OIIbITA, HAMETUTHh IyTH
COBEpIIICHCTBOBAHMS KaXKAOT0 U3 3THUX 3JIEMEHTOB CTPYKTYPHOI'O Kapkaca U MPeAsIOKUTh KOHKPETHBIE UX
peLeHus.

2.1.2 Bce ameMeHTHI KapKaca IMoApa3elsoTCs Ha JIBE KaTerOpru:

THUIIOBBIC 1 HCTUIIOBEIC.

K THUMOBBIM y3JI0BBIM 3JIeMEHTaM OyJiIeM OTHOCHUTH TOJIBKO T€, KOTOPHIC COCAUHSIIOT THUIIOBBIC CTepKHU. K
TUTIOBBIM CTEPXKHSIM OyleM OTHOCHTH T€, KOTOpPhIe OOpa3yoT PEryisIpHYI0 PENIeTKy CTPYKTYPHOTO
Kapkaca Kakoi-mi6o m3sectHO» («MERO», «KT», «ZUBLIN» u T.1.) uin HoBoii cuctemsl «KK» B ee
MIPOTOHHOM HCIIOTHCHHH.

I[anee, THUIIOBBIC CTCPKHU CTPYKTYPHBIX KAPKACOB PA3JACIIAOTCA HaA:

LKPAOOBBICY, «KCKATBICE» U «KPACTAHYTBIC),

MpHYeM IS KaXJ0TO M3 BUAOB THIIOBOTO CTEP)KHS MOXKET CYIIECTBOBATb CBOIl THUIl COEIUHHUTEIHHOTO
MeXaHu3Ma, HanboJjiee COOTBETCTBYIOIIUI XapakTepy ero KOHCTPYKIIUH U paboTHI B KapKace.

K HetnmoBbM OyneM OTHOCHTH HECYyIHE W3rHOaeMble JIEMEHTHl BEPXHEH MOSCHON PEIIETKH B BEPXHEM
spyce OeCIpOrOHHOTO TIOKPBHITHSI a TaKKe OTOPHBIC Y3JIbl, KOTOPBIE OMUPAIOTCS HA HECYIIHE KOJOHHBI
Kapkaca 31aHug. K HeTHrnoBbIM OyJaeM OTHOCHTH TaKKe JJIEMEHTHl THIA 3aTSHKEK W IINPEHTeNeH,
MOJKPETUISIONINX CTPYKTYPHbIE OJIOKH, @ TAKXKE y3JIOBBIE 3JIEMEHTHI, KOHCTPYKTHBHO CBSI3aHHbBIE C HUMHU.

2.1.3 CymectByloT 0éuque TpeOOBaHUs, KOTOPBIM JOJDKHA COOTBETCTBOBATH J100as KOHCTPYKLMS, B
0c0OEHHOCTH, NpeIHa3HAYECHHAs U1l MaCCOBOI'O IPUMEHEHHUS B CTPOUTEIIbCTBE!

(bYHKLII/IOHaIIBHOCTB, TCXHHUKO-3KOHOMHNYCCKasa 3(1)(1)€KTI/IBHOCTB;

COOTBETCTBHE HOPMATUBHBIM TpeOOBaHUAM, Haripumep, AeiictByromemy B PO CIT 16.13330.2011;

- JOCTYIHOCTH [JI1 OCBOCHHA MaJbIM OTCYCCTBCHHBIM IIPOU3BOJUTECIIAM C HX OI'PaHUYCHHBIMH
(1)I/IHaHCOBI)IMI/I BO3MOXHOCTIMMH,

- y4éT YCIOXHEHHS apXHTEKTypHO-3CTETMYECKMX 3ajad, pEeUIaeMbIX IPH CO3JaHHUU PAJOBBIX
00BEKTOB MacCOBOTO CTPOUTEIHCTBA U COOTBETCTBYIOIIETO YCIOKHEHHUS MX TA0APUTHBIX CXEM.

MoryT BO3HHKATh U 0COOble TPEOOBAHNSA, TIPEIBIBISIEMbIE K OTACIBHBIM THUTIAM 3JIEMEHTOB CTPYKTYPHOTO
kapkaca «KK». Ouu GpopMmynupyrorcs B Xoe pa3padOTKH KOHKPETHBIX AJIEMEHTOB KapKaca MOKPBITHSL.

2.2 TumnoBoii y3JI0BOii 3JIeMeHT (KOHHEKTOP).

2.2.1 KoHCTpyKIIMsS THUIOBOIO KOHHEKTOpa IO/UKHA OTBEYaTh PALY 00wiux W 0codbix TpeOOBaHUMU, U3
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KOTOPBIX HanOO0JIee BaXKHEI CIICTYIOIITHE:

- ol0ecneynTh COoeMHEHNEe MHOTHX (0 18-TH) CTep)KHEBBIX HJIEMEHTOB, OCH KOTOPBIX IIEPECEKAIOTCS B
LIEHTPE y3JI0BOTO JIEMEHTA MPOCTPAHCTBEHHOT0 KapKaca 1o pa3inuHeiMy yriaamu (ot 30° mo 180°);

- MOJYYHTh MAaKCHMAJbHO BO3MOXKHYIO JJIHHY pPe3bObl B KPEMEKHBIX OTBEPCTHAX MPU 3aJdaHHBIX
rabapUTHBIX pa3Mepax KOHHEKTOpa.

DtuM TpeGoBaHMAM HambosIee MOJTHO OTBEYaeT KOHCTPyKIus KoHHekTopa cuctembl «ZUBLIN», koTopas
ananornuHa KoHHEKTOpy «NS» Tmma UX [2] m oOnamaer nydmmMu TOKa3aTesiiMH B CpPaBHEHHU C
rpaHeHHBIM KOHHEKTOpOM «MERO» 1 «KT» (dhoto 2.1) .

Konnektop «ZUBLIN» mMeeT cHapyxu eInHYIO chepudecKyl0 KOHTAKTHYIO TOBEPXHOCTb, Hamboiee
TEXHOJOTMYHYID B MAacCOBOM aBTOMAaTH3MPOBAHHOM IPOU3BOJCTBE, a €ro IIOJOCTh IMO3BOJISET
0o0pabaThiBaTh KpEIEeKHBIE pPe3bOOBBIC OTBEPCTHUS, KaK CKBO3HBIC. biaromaps 3TOMYy 3HAYUTEIBHO
CHIDKACTCSl PacXoj] MHCTPYMEHTAa B COUYETAHWHU C 3aMETHBIM POCTOM NPOU3BOAUTENHHOCTH. Kpome Toro,
HECKOJIBKO BO3PACTaeT JJIMHA KPEMEKHOrO pe3b00BOr0 OTBEPCTHUS MPHU MPOUYUX PABHBIX, YTO YBEIUYHBACT
HECYIIYI0 CITIOCOOHOCTh PE3b00BOT0 COCTUHEHUSI.

2.2.2 Tlpunss 3a ocHOBY KOHCTpyKIuio kKoHnektopa «ZUBLIN», He06X0auMo, Tpesk/e BCETo, PELIUTh
BOIIPOC O TEXHOJIOTMH IHOJIyYEHHs IOJIOW IIapoBOH 3aroToBKU. K cokajeHuio, Bce MOU HOIBITKU Y3HATh
T0IpOGHOCTH MPOU3BOCTBA 3aTOTOBOK sl KOHHEKTOPoB (upMoii «ZUBLIN» He yBeHUaIUCh YCIIEXOM.
[losTOMYy 3a1a4u, CBA3aHHEIE C IPOM3BOACTBOM KoHHekTopoB Tuma «ZUBLIN» B Hameii crpane, ceromns
TaKOBBI:

3aoaua 2.1 - pa3paboTaTh TEXHOJIOTHIO MOJYUEHHS IMyCTOTEIION MIAPOBOM 3ar0OTOBKH KOHHEKTOPA;
3aoaua 2.2 - pa3zpaboTaTh TEXHOJOTHIO MEXaHUIECKOW 00pabOTKM KOHHEKTOPA, KOTOpask BKITFOYAET:

3aoauy 2.2.a - pa3paboTaTh TEXHOJOTHIO 00pabOTKM 0a30BBIX MOBEPXHOCTEH (OCEBOrO
OTBEPCTHS U CPEepHUUECKON HAPY)KHOU TIOBEPXHOCTH);

3aoauy 2.2.6 - pa3paboTaTh TEXHOJOTHIO BBIMOJHEHHS B IIAPOBOM MyCTOTEION 3arOTOBKE
Pe3b0OBBIX KPETICIKHBIX OTBEPCTHIA.

2.2.3 K pewenuro 3adauu 2.1.

B Poccuu mpousBozsT, TiIaBHBIM 00pa30M, KaTaHHbBIC MMOMOJIBHBIC APkl JIsi TOPHOPYAHON M 1IEMEHTHOM
NpOMBIIIEHHOCTH. HenocpecTBEHHOE MCMOJIb30BAHUE TaKMX IIAPOB B KAYECTBE 3arOTOBOK 3aTPyAHSIET
WX BBICOKAs TBEPIOCTh, T.€. HEOOXOIUMOCTh JOTIOIHUTENEHOW TepMooOpaboTku. [lonydenne nmpoxarkon
TI0JIOTO TIapa MpoOIeMaTHIHO.

ITo-Bunumomy, HauboJiee 1eIecoo0pa3HO MPOU3BOJCTBO MOJIBIX IAPOBLIX 3ar0TOBOK METOAOM KOBKU WU
ropsueid  mramnoBku. CoBmectHbiMH  yeuiusamMu  MI'TY  «CramkumH» u Ps3zaHckoro 3aBona
«Tspknpeccmarn pazpabotaH M anpoOHPOBaH CHOCOO MITAMIIOBKU CTATBHBIX LIAPOB C MOJOCThIO [55].
3neck 00pa3oBaHUE MENMIOMINX IAPOB OCYIIECTBIIAIOT U3 UCXOAHON 3arOTOBKH, OTPE3aHHON OT HAarpeToro
KpyIJisika, B TpU Iepexoja: ocajka, oOpaTHOe BbLAaBiIMBaHHE W 00kuM. OOpaTHBIM BBIJABIMBAaHHEM
NOJIYy4YaroT —3aroToBKy (IPOMEXYTOYHYIO) B BHE CTakaHa C INIAPOBHIHBIM JHUIIEM. Ecim amamerp
crakana cocraBisier 0.9 - 0.92 nuamerpa mapa, ero 00KUM B MonycepuvaecKuX MaTpHIaX MPOUCXOUT
0e3 000 W C XOpOIIUM WX 3amojHeHWeM. [IpW HWCTIONB30BaHWM aBTOMATHYECKHX CTAHKOB
«TspKIpeccMann MPOU3BOAUTENFHOCTh MPEATIOKEHHOIO criocoba ITaMIOBKH MOXET JocTuraTth 70-Tu
rapoB B MuHyTY [34].

B03M0OXHO, TEXHOJIOTHSI TOJyYeHHs] KOBKOW MOJBIX IIAPOBBIX 3arOTOBOK JUISL Y3JIOBBIX JJIEMEHTOB JUISI
daxsepko «ZUBLIN» B uém-To momo6Ha TexHonoruu «CTaHKHH». DTa TEXHOJOTHs MOKa He Halula
HIMPOKOTO MPAKTHYECKOTO MPUMEHEHHS], BO3MOXKHO, M3-3a MOBBIILIEHHOH ee CIoKHOCTH. OHa MOXeET OBITh
CHJIFHO YIPOIIeHA W YCUICBIIeHa PH UCIIOJIb30BAaHUM BMECTO KPYTJISIKA TOJICTOCTEHHOW TPYOBI, XOTS €
LeHa Takoi TpyObl 3HAUMTENHHO BBINIE, YeM Kpyriska. B mpuHuuIe, HEe MCKIIOYEHO HCIIOJIB30BaHUE
KaTaHbIX IIAapoB 03 MOJIOCTH, KOTOPbIE MOT'YT OKa3aThCs BIOJHE KOHKYPEHTOCIIOCOOHBIMU —Onaropaapst
BO3pOCIIEMY UX Ka4eCTBY, HU3KOU IIeHe, a TaKKe KOPPEKTHPOBKE KOHCTPYKIIUH KOHHEKTOPA.
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Heckombko JteT Ha3a] B MHTEPHET MOSBUIICS KOJUICKTUBHBIN TpyH mpernoaaBatenei n3 Kazanu «Bwidop u
CIOCcOOBI M3TOTOBJICHUSI 3arOTOBOK JJIsI JeTalleii MaMHOCTpoeHus» [57]. B 3Toi KHUre OYeHb JETaTbHO
MPEACTABICHBl METONbl TMOJY4YeHUs 3aroToBOK JuUThEM W OMJI. U3 mnpuBeieHHBIX B 3TONH KHUTE
PEKOMEHIAIUI ClIeyeT, YTO HanboJiee paliMoOHAILHO IPUMEHEHUE 000MX 3TUX METOJIOB: CHaydaja OTJIUThH
IMyCTOTENBIA Imap, a 3aTeM ero o0XaTh, MOKa OH HE OCTBUI HIDKE TEMIIepPaTyphl PEeKpPUCTATUIM3AIIHH.
Pazymeercs, Ha Ka)XIOM W3 3THX 3TaloOB JOJDKHBI OBITh MPUMEHEHBI HanOOJee pallMOHAIbHBIE CITOCOOBI
muthsd u OMJI. DTO 3HAUUT, YTO MIAPOBBHIE KOHHEKTOPHI CIEAYET MPOU3BOIUTH HAa CICIUATU3UPOBAHHOM
MPeNNpHUSITAN, HAIPIMEp, Ha pa3aHCcKoM «TshKmpeccMariiey MW THTEPCKOM « DHEPTOIHUTEe», BIaISIONINX
COOTBETCTBYIOLIMM 000pynoBanuem [36; 34].

Tax nnu uHaye, TexHonoruueckas 3adaua 2.1 0 MOAYUESHUH IAPOBBIX 3arOTOBOK JIOJKHA OBITH pellieHa U
e€ pelieHue 1eaecoo0pa3Ho HayaTh ¢ KOMIIBIOTEPHOI'O MOJCIUPOBAHUS MPOLIECCOB ropsiyeli 00paboTKH
MeETaJlIa JaBJIeHHueM, HAIPUMED, C MTOMOIIBIO IPOrpaMMHOT0 KOMIDIeKca, Harpumep, QForm 7 [37; 38].

2.2.4 K pemennto 3adauu 2.2 (cm. . 2.2.2).

Mexannueckass 00pa0OTKa IuaMmeTpaibHOTO 0a30BOTO OTBEpPCTUST M CHEepUUecKOW KOHTAKTHOU
MIOBEPXHOCTH MOXET OBITh BBINOJHEHA CTAaHIAPTHBIMH CpeIcTBaMU Ha TokapHoM ctanke UITY mmm nHa
craake 0e3 UIIY, HO co crenuanbHBIME TIpHUcTiocoONneHms M. Takum oOpazom, 3adaua 2.2 CBOAWUTCS K
3aoaue 2.2.0.

BrmonHenne pe3r00BhIX KPETeKHBIX OTBEPCTHH TpH HATMYUK coBpeMeHHBIX cTaHkoB 1 OL ¢ UITY Taxke
HE BbI3bIBacT 3arpyaHeHHd. OnHAKO, HE BCIKOE Malloe€ MPEANPHUSITHE CIHOCOOHO HX HPUOOPECTH.
Bo3Hukaer Bompoc 0 pa3paboTKe CHEeHUATbHBIX MPUCTIOCOOICHUI U MPUEMOB 00pabOTKH, MO3BOJISIONINX
MPUMEHHTH IOCTYIHOE TIO0 IIeHe 000pyI0BaHuE.

Ocu KpenexHbIX OTBEPCTHI B KOHHEKTOPaX MOTYT pacIojlaraTbCs Mo pa3IndHbIMHU, B O0IIEM cllydae,
MIPOM3BOJIBHBIME yriamMu. VX moJioskeHue mpolie BCero 3a/1aTh B MOJSIPHBIX KOOPAUHATAX, UCIIONIbB3YS
IKBATOPHAJIBbHYIO TIOCKOCTD Iapa paauyca I' B kauecte pynaameHtansHoit (2.1 ). Eciau Ha oty
9KBATOPHAIBHYIO IUIOCKOCTh CIIPOEKTHPOBATH OCh KAKOT0-MHO0 KPEIIeKHOTO OTBEPCTHSL, €€ MOJI0KECHNE
OIIpENeNINTCS ABYMSI YIIIOBBIMU KOOPAMHATAMU:

- 3€HUTHOW, PaBHOM YTIIy @ MEXK]ly CAMOM OCBIO U €€ MPOEKIUEN (- 60° < a < + 60°);

- a3UMYTAIbHOW, PaBHOW yrily f MeXAy NpPOEKUUEH W MPOHM3BOJIBHO BBHIOPAHHBIM palualibHBIM

JTy4OM, JICXKAIINM B SKBATOPUATHLHOM TIOCKOCTH (0 < f < 360°).

CoBpemennoe UIIY obopynoBaHue TIO3BOJISIET AaBTOMATHYECKA  IMO3UIIMOHHPOBATH  3arOTOBKY
OTHOCHUTEIILHO MHCTPYMEHTA B COOTBETCTBHH C 33JaHHBIMH KOHKPETHBIMU 3HAYCHUSMHE ¢ U f§ ISl KXKIOTO
ouepenHoro oreepctusa. Hampumep, eciim Ha mnatdopme HakinoHHO-ToBopoTHOTO cTona RT160 «HAAS»
3aKpENHTh MAPOBYIO 3arOTOBKY KOHHEKTOPA, €€ HAKIIOHOM MOYXHO aBTOMAaTH4eCKH 33J1aTh @, a IOBOPOTOM
- B. OnHako, B mpoliecce Hape3aHus pe3bObl HEOOXOAMMO YAEp)KaTh LEHTpP Iapa Ha OCH WHCTPYMEHTa,
obecneyrB JJOCTaTOYHYIO KECTKOCTh 3aKpPEIUICHHUS 3arOTOBKH, @ TAKXKE €ro NMpOYHOCTh, KOTOPask JOJDKHA
MPEBBILIATh YPOBEHb YCHIINH NIPY HApE3aHUU PE3bOBbI.

CTOMMOCTh ¥ MPOU3BOIUTEIHLHOCTE 000pPYJOBaHUS, OTBEUYAIOIIETO BCEM ITUM TPEOOBAHUSM, 3aBHCHUT, B
OCHOBHOM, OT BBIOOpa OJTHOTO U3 JBYX AJIbTEPHATUBHBIX CIIOCOOOB Hape3aHUs PE3bObI:

dpe3oii  WIM  METYUKOM.

2.2.5 Hape3ky pe3n0bl (pe3oii BHIMONHSIOT, Kak MPaBmiIo, Ha oOpadateiBatomieM 1entpe (OL]), nmeromem
(YHKIMIO BHHTOBOM WHTEPIONSIMH, TPU YacToTe BpamieHus mmuHuens mopsaka 5000 o6/mMuH U
ckopoct pesanust okosio 300 m/mMuH. OTBepcTus noA pe3bdy npu 00pabOTKE MONBIX HIAPOBBIX 3aTOTOBOK
tuna «ZUBLIN» Takke 1LenecooOpasHo BBIIOMHATE (pezamu. Jjisi 3TOr0 MOTYT OBITH HCIOIb30BaHbI
crennansaeie Gpessr «Sandviky wim kopoHuaTeie Qpess.

CkopocTHoe (hpe3epoBaHUe UMEET PsiI IPEUMYIIECTB, 10 CPABHEHUIO C HApe3aHHEeM Pe3bObl METUYHKOM:
- CHW)KCHHE YCHJIHMH pe3aHusi, MPAKTUUECKH, Ha TOPSIOK;
- W3MeNbYeHHE CTPYKKH, o0Jerdaroliee ee yiajieHne;

- CTabMIIBHOCTH MPOIECcCca, CTOWKOCTh HHCTPYMEHTA.
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HuTepecHa Taxke BO3MOXHOCTH (pe3epoBaTh OJHOHN (Ppe3oil pe3bObl Pa3InYHOrO JUAMETPa, UMEIOIUE
OJIMHAKOBBIH IIIAT WK JIAXKe Pa3IMYHbIe [IarH.

CHMXKCHHE YCUIIMH pe3aHusl JaeT BO3MOXKHOCTh HUCIOIb30BATh YIS MO3UIIMOHUPOBAHUS 3arOTOBKH CaMble
nerkue UITY ycrpoticTBa THma ynomsiHyToro croyia RT 0e3 kakux-1m0o OMONTHUTEIBHBIX (PUKCUPYHOIINX
cpenctB. YcranoBka RT Ha mByxoceBom crone Ol mo3BonsieT aBTOMAaTHYECKH KOMIIEHCHPOBATH TO
TOPH30HTAJIBHOE CMEIEHHE IIEHTPA 3ar0TOBKH, KOTOPOE BO3SHUKAET MPH U3MEHEHHH KOOPJAWHATHI O, M TEM
CaMbIM aBTOMATHYECKH yJICPKUBATh IICHTP 3arOTOBKH Ha OCU MHCTPYMEHTA.

Ecnu opueHTHpOBaThCSA Ha MCHOb30BaHuMe cambix Jerkux OILl, Takux, Hampumep, kak VF-1 wiu VF-2
«HAAS», To CTOMMOCTb TOJBKO OCHOBHBIX COCTAaBISIFOIIMX KoMIUIekTa obopynoBanus (OLl + RT160)
coctaBut He MeHee $100 Thicsiu, a Bcero Komiwiekta — okomo $150 Teicsa.  [IpogomKUTETIBHOCTD
o6paboTku Ha OL] ogHOTO OTBepcTUs M22 + M33 cocraBmnsier okoio 30 cexyHn, yemy cooTBeTcTBYeT 120
OTBEPCTHH B Yac WM B cpeaHeM 12 KOHHEKTOpoB B uac. Jlinsg Mameix mpeanpustuii PO, xoTopeiM, B
MEePBYIO 0YEpe/ib, aAPECOBAaH 3TOT TEKCT, CAMHOBPEMEHHOE KalMTaIbHOE BiIOKeHene mopsiaka $150 Teic.
3aTpyIHUTEIBHO, a C JIPyrod CTOPOHBI, JOCTUTAaeMasl MPOM3BOJUTEIBHOCTh - upe3MepHa. Bcé 3To
3aCTaBJSeT UCKATh PEIIeHHS C IPUMEHEHHEeM 00Jiee JOCTYITHOTO I10 TIeHe 000pyTOBaHWSL.

2.2.6 Hapeska pe3p0bl METYMKOM MOXKET OBITH BBIIIOJIIHEHA HA JFOOOM CBEPIMIFHOM CTaHKE, HMEIOIIEM
¢yHkuuio pespbonapesanus. CaM cTaHOK MOXeT ObITh OCcHalieH uin He ocHameH YITY, Ho Ha ero crome
JOJDKHO OBITH yCTaHOBJIEHO aByxoceBoe UIIY ycTpoiCcTBO MO3ZWMITMOHWMPOBAaHUS W (PUKCAIIMH IIapOBOM
3arOTOBKH, I0J00HOE HAKJIOHHO-ITOBOPOTHOMY cTOITY ( 2.2 ).

OHO JI0/DKHO OTJIMYAThCS OT, Harnpumep, ctona RT160 tem, uTo:
- IPY U3MCHEHUH YTJIOB & U ff IICHTP KOHHEKTOPA JIOJIKEH OCTaBaThCsl HEMOABHKHBIM;
- Cpe/ICTBA TO3UIIMOHUPOBAHUS MOTYT OBITh Tpy0ee U JICIIEeRIIC;

- TOCJIC YCTAHOBKH 3aJIaHHBIX 3HAYCHUU o M f IIapoBasl 3aroTOBKa JOJDKHA OBITh JOCTAaTOYHO YKECTKO U
MPOYHO 3a)MKCUPOBAHA JIJISl BOCIIPHUSATHS 3HAYUTEIBHBIX YCHIIUN pe3b0OHAPE3aHUs METYHKOM.

ITo cBoeill cxeMe YCTaHOBOYHOE IPHUCIIOCOOIEHHE AaHAIOTHYHO HAKJIOHHO-IOBOPOTHOMY cToiy RT
«HAASY, KOTOpBIil COIEpKUT HAKIOHSIEMYIO JIIOJIbKY, CHa0XXEHHYIO0 MOBOPOTHOU Tuiatdopmoii. UToOb!
n30eKaTh CMENICHUI KOHHEKTOpa B TOPU3OHTAIBHOW MIOCKOCTH W HCKIIOYUTH YIpaBJICHHE 1O TPEThei
OCH, JIFOJIbKA JIOJDKHA OBITh HACTOJILKO TITyOOKa, YTOOBI IIGHTP KOHHEKTOpa Jiexal Ha ee ocu. J{Js HakioHa
JFOJIBKM M TTOBOPOTA IIAT(OPMBI MOXKHO HCIIOJIb30BaTh HauOoJee MPOCThIe, KOMIIAKTHBIE M HEIO0pOTHE
KOMIUIEKTYIOIIME, Hanpumep, noBopoTHble cToibl RT100, RT150 «OPTIMUMy wnu koMmnakTHbIC
penykropsl « TRAMEC) cepun X [39].

Cromet «OPTIMUMy, ob6mamatoT JOCTAaTOYHOW pa3periaroliell CIOCOOHOCTRIO TOPSAKAa HECKOIBKUX
YIJIOBBIX MHUHYT, OJIHAKO IArOBBIN MPUBOJI, KOTOPHIM OHHM KOMIUIEKTYIOTCS, He o0ecreunBaeT TpedyeMoit
ckopocT moBopota. OcHaleHue CToiioB cepBompuBogoM BaltSistem wam Delta mossmiraer ckopocTs
MO3UIIMOHUPOBAaHUSA B HYXHOH Mepe. CTOMMOCTh TaKOrO CTOJIa C YCTPOHCTBAMH YIIpaBICHUS U
nporpaMMHBIM obecrieuerneM coctaisieT $ 5 Toic. (mo ganabiM OO0 «IIpomanexTponukacepsucy [40]).

Tpebyemast XKEeCTKOCT, W TMPOYHOCTHh 3aKPEIDICHUS 3arOTOBKM KOHHEKTOpPA OIPEACNIeTCS MOMEHTOM
pe3pOoHape3aHuss KPEMeKHBIX OTBEPCTHH, KOTOPBIA st oTBepcTmii M33 moker moctmrats 250 Hwm.
CpenctBo (uKcalluu 3arOTOBKM, BKIIOUEHHOE B YCTAaHOBOYHOE YCTPONCTBO, JOJDKHO pa3BUBATh
JIOCTaTOYHOE ycWiiMe. B wacTHOCTH, THCKH, CIIOCOOHBIE YAEpKaTh cuilaMy TpeHus map auamerpom 100
MM nipu MomenTe 250 Hwm, momxHbl pazBuBath ycmnme okoio 50 xkH. Otcroma criemyer, 94To B €JUHOM
YCTaHOBOYHOM OJIOKE CpeJCTBAa (PUKCAIMHM JOJDKHBI OBITh (DYHKIMOHAIBHO OTIEIEHBI OT CPEJICTB
MO3UIIMOHUPOBAHUS, YTOOBI OCBOOOUTH MX OT YPE3MEPHBIX Harpy3ok. [Ipu 3TOM yCTaHOBOUHBINA OJIOK
TOJDKEH UMeTh rabaputhl mopsiaka 500x500x500, arobs1 cBOOOAHO pa3MeENaThCs Ha CTOJIE CBEPIIMILHOTO
CTaHKa Mmojxojsiield MomHocTd. Tak, Hegpoporoit ctanok B 50 GSM «OPTIMUM)» ($14 Thic.) uMeeT cToi
600x600, paccrostaue ot mmuHAeNs A0 ctoia — 800, MoxkeT Hape3aTh pe3n0y 1mo cranu g0 M42.

2.2.7 TlpenBapureiabHble KOHCTPYKTOPCKHE MPOPaOOTKH MOKA3aJIM, YTO CO3JaHHE YCTAHOBOYHOI'O OJIOKa,
OTBEYAIOIIETO BCEM TICPECYMCIICHHBIM TPEOOBAHMAM BIIOJIHE BO3MOXKHO. B pesynbrare MOIydeHO
TeXHUYECKOe pelieHue, 3amumenHoe [larentom Nel58157RU Ha monesnyro moxpens «HakimoHHO-
ITOBOPOTHOE CTAHOYHOE IMPHUCIOCOOJICHUE I TO3UIIMOHUPOBAHUS W (UKCAIMH IIApOBOM 3arOTOBKH B
npouecce GOpMHUPOBAHUS B HEl paauanbHbIX orBepeTuiiy (2.2) [46]. Ero crommocts He mpeBbimaer $15
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ThIC., a 00Ias CTOMMOCTh OCHOBHBIX CPEACTB MEXaHHYECKOH 00pabOTKH pe3bOOBBIX OTBEPCTHH C
UCIIOJIB30BAaHUEM MeTYHKa He rpesbiinaeT $20 Toic.

XKéctkuii xopryc 1 mpucnocoOieH!sT YCTaHABITUBAIOT HA CTOJ 2 CBEPIIMJIBHOTO WM (PPE3EPHOTO CTaHKA.
Ha npagyto ctoliky kopmyca 1 onupaercs npuBox 3, HalpuMep, CEPBOMPUBO/, HAKIIOHSIOIIUN 3ar0TOBKY
4 KOHHEKTOpa OTHOCHUTEIBHO OCH X COBMECTHO C JIIOJBKOH 5, KOoTOpas MMeeT nBe OOKOBBIC CTCHKH H
nepekiaaguny. [IpaBas cTeHKa JIONBKU JKECTKO COCIUHEHA C TPUBOJIOM 3, a JieBas CTEHKA JIFOJBKU
onupacTcs Ha MOJAUIUITHUK 6, pa3MeIleHHbIA Ha JIeBON cTolike kopmyca 1. Ha mepexnamuHe moinbku 5
pasMeleH MpUBoJ 7, HAPUMEP, CEPBOTPUBOJI, BPAIAIOIINI 3arOTOBKY BOKPYT OCH Y, COBMAJAOIICH €
ocklo 0azoBoro otBepctusi 8 3arotoBku 3. lllnuHAens 7 cHaOXeH IIAaHTOBBIM yCTpoicTBOM 9 mepenaun
BpallleHUsl OT INMUHAES 7/ K 3arotoBke 4 uyepes e€ 6a3oBoe OTBEpCTHE 8.

Kpome nmronbku 5, co mmunageneM 3 COOCHO COEIUHEHO MO pe3bde 0azooe koubia 10 ¢ konmyeckoi
KOHTaKTHOW MOBEPXHOCTHIO, OOPAIIEHHOW B CTOPOHY IIAPOBHUIHON 3aroTOBKH 4, KOTOpas OMpeienseT eé
MOJIOKEHUE BO BpeMsi 00pabOTKH KpEemEXHBIX OTBEepCcTHi. DHKcalusi 3TOrO MONO0KEHUS OCTHTaeTcs C
MOMOIIIBI0 TUApOIIIHHApa 11, pa3MernieHHOro Ha JeBoi cToike kKopmyca 1, cHaOxkEHHOTO TOKOM 12 M
KoHu4eckuM auckoMm 13. Ilpu OTCYTCTBHHM NPHKMMHOTO YCHITHS 3aroTOBKa 4 ONWpaeTcs Ha CTaHWHY S
yepes ynpyryto onopy 14. O0paboTka Kpené&xHBIX Pe3b0OBBIX OTBEPCTHI C MOMOIIIBIO MPUCTIOCOOICHUS,
n300pak€HHoro Ha (2.2), MOXKET OBbITh BBITIOJIHEHA, HAIIPUMED, B CIICYIOIIESH MOCIeI0BATeIbHOCTH:

1) 3aroToBKy KOHHEKTOpa 1 yCTaHaBIMBAIOT B MPHUCIIOCOOJEHHE TaK, YTOOBI B3aMMOOPTOTOHAJIHHBIE €r0
ocu X, Y, Z npoXoauiIv yepe3 EHTpP 3aroTOBKH, a 0Ch 0a30Boro oTBepcTHs 13 coBmnaia ¢ ochbio Y

2) Bpamiasi 3aroToBKy 1 Bokpyr ocu X BMecTe ¢ JIONBKOH 5 mpuBoAoM 3, puaaeM el yroi o, paBHBIH
3€HUTHOI KOOPMHATE IIEPBOTO OTBEPCTHS;

3) 3adukcupoBaB MOJOXeHHE 3aroTOBKU B Kosblie 10 ruaponmmmagpom 11 vepe3 mrok 12 u guck 13,
CBEpJIAT NEPBOE OTBEPCTHE CBEPIOM l¢, 3aKpEIUICHHOM Ha IINHUHAENE 3;

4) 3aMEHSIOT B LIMUHAETE CBEPIO 1 Ha METUYHK |y ¥ IPOM3BOST Hape3aHHe Pe3bObl B OTBEPCTHH 1;

5) 0cBOOOKIAIOT 3arOTOBKY OT JaBJICHHS INTOKA 12, MEHSIOT B LINMUHJENE METYHK |y Ha CBEpPIO 2¢ U
OZIHOBPEMEHHO MOBOPAYHMBAIOT 3arOTOBKY KOHHEKTOPA Ha YIJIbl dp - a1 U ffp - f1 (B1 = 0), ucnons3ys
MPUBOJIBI HAKJIOHA 3 ¥ MMOBOPOTA 7 3arOTOBKH, IIOBOPAYHMBAIOIIHE €€ OTHOCHTENBHO oceit X 1 Y,

6) 3arotoBKy (GUKCHUpPYIOT TruapoumminHapoM 11 u cBepioM 2¢ BBICBEPIMBAIOT BTOPOE KPENEXKHOE
OTBEPCTHE, MEHSAIOT CBEpPNO 2¢ Ha METYMK 2y M Hape3aloT 3TUM METYHUKOM pPe3b0y BTOPOTO
KpEMNeXHOTO OTBEPCTHUS;

7) nanee, mogo00HO 1. 5) TPH Mepexojie OT 00pabOTKKU OTBEPCTHS | K OTBEPCTHIO | + 1, 3HAYEHHS yIIIOBBIX
KOOPAMHAT 3arOTOBKH JIOJDKHBI OBITh U3MECHEHEI Ha (ai +1 - ai) U (fi+1 - ).

2.2.8 Jlns yMeHbIICHHS CYMMAapHOH JJIUTENBHOCTH OOpa0OTKM KOHHEKTOpa, IMOPSJIOK BBIOTHEHUS
oreparuii Mo 00pabOTKE €ro KPEMeKHBbIX OTBEPCTHA MOXET ObITh CHJIBHO HM3MEHEH, MO CPAaBHEHHIO C
MPUBEACHHBIM BhIlIe. B onbITHOM 00pasie npucnocoOnenus, co3ganHoM MHoto aisi KucnoBoackoro 3MK
B corpyanuuectBe ¢ OOO «IIpomdnekrponukacepsucy» [40], mpemycMoTpeHa aBTOMaTHYecKash CMEHa
KOOPJIMHAT 3ar0TOBKH TI0 CHEIHATBHOW MporpaMMe cepBonpuBogamu 3 U 7. McnbiTanus sToro obpasiia,
npoBeneHnsle Ha 3MK, mokasanu, 4yTo yrioBble KOOPAWHATHI 3aTOTOBKHM MOKHO MEHSTH C IpUEMIIEMOM
CKOPOCTBIO, HO UX TOYHOCTh HEJOCTATOYHA, T.€. MPHUMEHEHHBIC NMPUBOABI 3 M 7 , & TaKKE€ CUCTEMBI HX
yIpaBJIeHUs TPEOYIOT COBEPIICHCTBOBAHHS.

OCHOBHOE TEXHOJIOTHYECKOE BpeMs 00pabOTKH Pe3b00BOT0 OTBEPCTHS C KCIOIL30BAHHEM METYMKA HE
MPEBBIIIACT BPEMEHU 00pabOTKH (pe30id, HO 3/1€Ch 3HAUUTENHHO YBEJIMUMUBACTCSI BCIIOMOTaTEIbHOE BPEMSI
Ha PyYHYK CMEHY MHCTPYMEHTA, U3MECHECHHUE PEKUMOB PE3aHUs, yIAJIECHUE CTPYXKKH U T.II. onepauuu. B
pe3yibTaTe MPOU3BOIUTEIBHOCTE 00paOOTKH OTBEPCTHI yMeHbIIaeTes B 2 + 3 pasa.

Taxum 00pa3om, akTyanbHbIE 33a4l COBEPILICHCTBOBAHMUS YCTAHOBOUYHOTO OJIOKA COCTOSAT B CIICAYIOIIEM:

- YBCIIMYUTH TOYHOCTH U CKOPOCTH MO3UIIUMOHUPOBAHUA 3aIOTOBKHU;

- aBTOMAaTHU3UPOBATh CMEHY HHCTPYMEHTA.
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B ciyuae ycmemHoro pemieHus 3THX 3aja4 MOTeps B MPOU3BOJUTEIBLHOCTH MOXET OBITh YaCTUYHO
CKOMIICHCHPOBaHa TNPUMEHEHHEM CTAaHOYHBIX MPHUCIIOCOONIEHUH, HampuMep, npemiokeHHoro tuma. C
y4€TOM ITHX TEPCIEKTUB WK 0€3 MX y4eTa, Ha CEroAHs SCHO, YTO JIJIsl HEOOJBIIOro npeAnpusTs B PO

TEXHOJIOTHS Hape3aHus pe3b0bl METUMKOM 00JIee IOCTYIIHA U [ieJecoo0pa3Ha, yeM (hpe3ou.

2.3 TunoBble cTEpP;KHEBbIE 3JIEMEHTDI.

2.3.1 B cucreme «MERO-KK» mpHHAT TpUHIMI MaKCHMAaJIbHOW YHH(DUKAUH KOHCTPYKTHBHBIX
peurennii. CuUTANIOCh, YTO OH JIaeT PEIIarolee MPEUMYIIECTBO CTPYKTYpaM B MX MPOM3BOJICTBE. Toro xe
MPUHIMIEA TPUACPKUBATUCH KOHCTPYKTOPBI OTEUYECTBEHHBIX cHucTeM «MApxI» u «KucmoBojack», HO
COBpEMEHHBIE METOABI O0pabOTKH IOCTATOYHO IPQPEKTUBHH M TPU HEBHICOKOM YpPOBHE YHHU(DHUKAIIUH
m3nenuii. Tak, Hanpumep, B smoHCKas cuctema «KT» BKIIOYAET CTEPXKHEBBIC DIIEMEHTHI Pa3IMYHON
KOHCTPYKITUH, KOTOPAsi COOTBETCTBYET M 3HAKY W MOJYIIIO BOCIIPUHUMAEMBIX UMH ycuiuid [1; 2].

51 mpUHMUMAKO 3TO COOTBETCTBHE B KadecTBe OOIIEro TpeOOBaHHs, KOTOPOE KacaeTcs, B NMEPBYIO O4epeib,
BBIOOpa MPOGUIIS CTEPXKHSI U CTIOco0a COeANHEHHS TIEPEXOJTHOTO HAKOHEYHHKA C KOPITYCHOM JETaNbIO.

VY4uTHIBas, YTO CTPYKTYPHBIA KapKac MPeaCcTaBIseT co00il MpOCTpaHCTBEHHYIO (epMy, OyaeM pa3inudarh
CJIEAYIOIIME PA3HOBUAHOCTH TUIIOBBIX CTEPKHEH 110 BOCIIPUHUMAEMbIM UMH IIPONOJIBHBIM YCHIIHSM:

«PSIOBBIE» - oz Heboupume (1o 20Tc) mpomonpHbIe yeuaus 000MX 3HAKOB - 6onee 50%;
«CHKATBICY - o1 cxxuMatrotue yeuius oonee -20T¢ (o moyiio) - 10-20%;
«PaCTSIHYTBIE» - MOJ pacTsaruBaromue ycummms oonee +20Tc (o Moxysro) - 10-20%.

VYka3aHHbIE qUaa30Hbl U3MEHEHHS YCWIWN Ul KaXJIO0TO HaNMEHOBAaHWS B KIacCH(UKAIUU CTEp)KHEH
OpPUCHTHPOBOYHBI. JlaHHBIE O MaCCOBOCTH HMX NPUMEHEHHUs elle Ooyiee MPUOIU3UTEIBHBI, T.K. CHJIBHO
MU3MEHSIOTCS OT 00bekTa K 00bekTy. OHM 37€Ch MPUBEACHBI U1 TOTO, YTOOBI KaK-TO O0XapaKTepHU30BaTh
CPaBHUTEJBHYIO MaCCOBOCTbh UCTIOJIB30BAHMS CTEPIKHEN Pa3IMUHBIX THITOB.

Kopriyc THIOBOrO cTepKHS BKJIIOYAET KOPITYCHYIO J€Tallb IIOCTOSHHOTO NPOQHIS M TEepeXOTHbIe
HAaKOHEYHWKH, COEIMHEHHBIE K KOPITYCHOM JI€TaJld 10 €€ KOHIIAaM WJIM BBITIOJHEHHBIE M3 €IWHOU C HEero
3aroToBkH. B cucteme «KT» BbIOOp mpoduiist KOPIYCHOM JeTanu Al TUIIOBBIX CTEPXKHEN yXKe CAesaH:

JUISL «PAIOBBIX» CTEPIKHEH - pyrias Tpy6a D X S ¢ HapyKHBIM JramMeTpoM D U TOJIIMHON CTEHKH S
(D=48+102 mm; S=2.5+3.5 mMm);

JUTSL «CYKATBIX» CTePKHEH - kpyriasi Tpy6a D x s (D =102 + 219 mm; S =3 + 8 mm);
JUISL «PACTSHYTBIX» CTepikHEer - kpyr auamerpom D (D =35 + 120 mm).

3TOT BBIOOD BIOJHE 000CHOBAH MHOTOJIETHUM ONBITOM npuMeHeHus B AAnonuu cucremsl «KT» u « MERO-
TSK» [27]. Teneps s ero npuHUMA¥0, KaK IPaBUIIO.

Hepez[ HaMU CTOUT TCIICPh CJICAYIOIAasA KOHCTPYKTOPCKO-TCXHOJIOTNUYCCKas 3a/iada:

3adaua 2.3 - BHIOpaTh CHOCOO COEMUHEHUS TEPEXOJHBIX HAKOHEYHUKOB C KOPITYCHBIMH JETAISIMU JUIS
KaXI0M pa3HOBUAHOCTH TUIIOBOT'O CTEP)KHEBOTO HJIEMEHTA.

2.3.2 K pemenuto 3adauu 2.3 nnsi TUNOBBIX CTEPXKHEH.

Crnoco® ¥ TEXHOJOTHIO COCJAWHECHUS HAKOHEYHHKA C KOPITYCHOW IETANbI0 VIS «PSIOBOTO»  CTEPIKHS
BBIOMpaeM, MCXOIS U3 OCHOBHOTO TPeOOBaHHMS — MAaKCUMAaIBHO HCIIOJIB30BaTh NPOYHOCTHBIE CBOWCTBA
MeTayla KOPIYCHOW JeTali W HAKOHEYHHUKA MPH PacTsHKeHuH, ckatuu u usrude (p). Ilpu pactsokeHun
3TO, NMPAKTUYECKH, PAaBHO TPEOOBAHUIO PAaBHOIPOYHOCTH COCIMHEHMS caMoil KoprycHOW aeramu. [Ipm
COKaTHUU CTEPIKHS MPEIIOYTUTEIbHBI PELICHHS ¢ BBICOKOH KECTKOCTBIO P, HO OHA 3aBUCHT, B OCHOBHOM, OT
KOHCTPYKIIH CThIKa CTepHs ¢ KonHekTopoM (Typ_i). B [15 p13] aToT Bompoc paccMoTpeH moapodHee.

Hcnonbs3oBaHue CBApHOTO COEIAMHEHMsI JAYIOBOHM CBapkoM He Aa€T NPOU3ZBOAUTEISIM  OKHMIAEMOM
MIPOYHOCTHON Ha/IEKHOCTH U IKOHOMHUYHOCTH CTBIKA MEPEXOIHBIX HAKOHEYHHKOB C KOPITYCHOM JETAIIBIO.

Bo-mepBrix, mno otedectBeHHbIM HopMam mpexHero (CHull [11-B.3-72) wu Hamero BpeMeHH
(CIT16.13330.2011) nmns CTBIKOBOTO CBApHOTO COCIWHEHHS MOXHO OOCCIICUUTh CTOIPOICHTHYIO
PaBHONPOYHOCTH TPH PACTSHKEHUH TOJIBKO B CIy4ae CIUIOIIHOTO (PM3MUECKOT0 KOHTPOJIS IIBOB, YTO PE3KO
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MOBBIIIAET TPYJAOEMKOCTh U CTOMMOCTH H3nenuid. [Ipu cBapke 0e3 pu3nIeckoro KOHTpPOIS IIBOB HOPMBI
TpeboBanmu M TpeOyroT CHIKeHHsS Ha 15% pacdeTHOTO COMPOTHBICHUS IIBA, MO CPABHEHHIO C €r0
MCXOJHBIM 3HaueHueM Ry miis TpyObl. IHBIME clioBaMHM, TOKa HAM MPUXOIUTCSI MEPUTHCS C YBEIIMYCHUEM
METaJUIOEMKOCTH CTPYKTYPHBIX KapKacoB Ha 5 + 7%.

Bo-BTOpBIX, HAIO)KEHUE TIONIEPEYHBIX IITBOB TyTOBOW CBAPKOW HE MO3BOJIAET COOJIFOCTU CTPOTUE TOTTYCKU
Ha JUMHY crepxHs nopsiaka 0.5 M. [Ipu 0OBIYHBIX Y HAC JIOIMyCKaX HA M3TOTOBIICHHE KOPIYCHBIX JieTanel
ycajiKa IIBOB MOCJIE CBapKH HEpaBHOMEpHA. JTa MpodiieMa peleHa Ha 3aBojie B T BropuOypr BHeApeHHEM
Ja3epHOW CBapKW, He TpeOyromed 3a3opa ansd ykiuaikd mBa. OgHako, W 37ech HaleKHOCTh IIBOB
00eCreYnBalOT CIUIONIHBIM ~ (U3WYECKAM KOHTPOJIEM, BKJIOYAs TMPSIMbBIC HCIBITAHUS —CTEPIKHEH
pacTshkeHueM. B HalMx yCcIOBUSX HENb3s PEKOMEHIOBATH MallOMy MPEANPHUITHIO TIPUHATHE TAaKUX MeEp.
Hx moporoBusHa yxe 3acTaBuiia TOT e 3aBoj B BropuOypre cHauana 0TKa3aThCsl OT 00BEKTOB MacCOBOTO
CTPOUTENLCTBA, & TOTOM U CBEJICHUSI K MUHUMYMY TIPOU3BOJICTBA CTPYKTYPHBIX KApKaCOB BOOOIIIE.

[Nowuck pemenus 3adauu 2.3 M1l «PSIOBOTOY» TUIIOBOTO CTEPIKHS MOXKHO BECTH B HECKOJBKUX Pa3TUIHBIX
HampasieHusX. Huke paccMOTpeHbI 3TH HaNpaBieHWs W JAPYrHe BOIPOCHI, CBS3aHHBIE CO CTHIKOBKON
KOPITYCHOM JeTaIy ¢ IepeXOAHBIMI HAKOHEUHUKAMHU CTEPIKHSL

2.3.3 Beccmblk0goii Kopnyc MOKET OBITh BBITIONHEH TONbKO cpeactBamu OM/I. Takoif kopmyc mpumMeHEH,
Hanpumep, B cucteme «ZUBLIN» (doto 2.1). TexHonorus nponus3BoacTBa CTEPKHEH U3 €MHOM TpyOUaToit
3aroToBKU guamerpoM oT 60 mo 150 MM, B mpuHIUIE, HE OTAUYACTCS, OT TOM TEXHOJOTHH, KOTOPYIO
paspaboran B. I'. KamopoBuu B Kpamaropckom Hunmyctpuampiom Hucturyte (KUN) [47]. Pasuuna
COCTOUT B TOM, 4TO0 00Katky Tpy6 ams «ZUBLIN» oCymecTBIAIOT, TO-BUAMMOMY, O€3 TpeHHs, T.e.
pOJTUKaMHU.

Jpyro#i BapuaHT Takoro OECCTBHIKOBOTO Kopmyca Obut paspadoran MHO0 B LIHUMJIMK B konme 80-x
rOJIOB W 3aIluileH mateHToM Ha u3obpererne Ne 2004732(RU) ot 1992 roma [13] . Dtum perenrem
NpPeyCMOTPEHO XOJIOMHOE PEayIHMpPOBaHUE TPyO4aTON KOPIYCHOH JeTald Mo ee KOHLAM, a 3aTeM -
ANIEKTPOBBICAIKA KOHIIOB KOPITyCa B KOJIBIEBBIC Ma3bl MATOrabapUTHBIX MEPEXOAHBIX HAKOHEUHHKOB. DTO
penienre u 000pyIOBaHME /TS €r0 pealn3aluy, MOAPOOHO omHcaHHOe Ha caite [15; p8], He momyuwno
IIMPOKOT0 NMPHUMEHEHUs], B IEPBYIO OYepe/ib, U3-3a CIOKHOCTH 000PYIOBAHUS JUIs rOpsYell BBICAIKU. DTO
pelIeHre UMEET U JIPYTHe HeJ0CTaTKU, HAllPHUMeEP, HEBO3MOXKHOCTh 3aTSDKKHU CThIKA OOJIBITUM MOMEHTOM.

Inasnas mexunonocuueckas owubKa, cocmosia 6 mom, ymo O Hazcpeéa KOPHYCHOU O0emanu nepeo eé
eopAuell 8blcadkoll Obll 8bIOPAH AKMUBHBIN DJIEKMPOHASPEE BMECHO UHOYKYUOHHO020. Dmo nompehoeano
muyamenvHol hOPMOBKU U 3AUUCMKU KOHMAKMHBIX NOGEPXHOCMEN KOPNYCHOU O0emanu U CO30aHUs O
2mou yenu ewyé 00HOU CREYUATbHOU YCMAHOBKU.

Hpyeas owubka cocmosna 6 mom, ymo He OblIU YCMAHOBIEHbL NPUOPUMembl 8 nposedenuu pabom. Ha
3a600e «IKcnocmpoumaury, 20e 1 00HOBPEMEHHO pAbOMAn HAO MeXHONo2Uel WMAMNOSKY mpyouamotl
KOpHYcHOU Oemanu U WMAMNOBKU NepexooHo2o Hakoneunuka. Ilockoneky osma oOemanv umeem
e6mopocmenennoe 3HaueHue, MOXCHO Obl10 Oisl HAYaNa 02PAHUYUMbCA U MOKAPHBIM €€ 6aPUAHTNOM.

B nacrosimee Bpemsi Ha pocCHIICKOM phIHKE TosiBIIIOCh ¢puHCKoe OM/]] 00opynoBaHue, MO3BONIAIONIEE TT0-
HOBOMY TMOJOWTH K PEIIEHHI0 OECCTHIKOBOTO KOpIyca. JTO BOCBMHUKYJIAYKOBBIE T'HAPABINYECKUE
pannansHo o6kuMHBIE TIpecch ,,FINN-POWER®. Hanpumep, mpecc P32 neroro okono $30 Thic. criocoben
BBINOJHUTE 0K0JIO 500 00’kMMOB B 4ac mnpu auamerpe Tpyosn! 10 87 mm. Ilpecc FP120 HeckoabKo g0poke,
HO OH criocoOeH BhIMoMHUTE B yac A0 3000 Takux o0xkumoB. C MOMOILBI0 TTI0A00HOTO Tpecca TpyOuaTast
KOPITyCHas 3aroToBKa 00HMMaeTcs MO KOHLIAM HACTOJIBKO, YTO BCTaBJICHHas B TpyOy aHKepHas raiika He
MOJET OBbITh M3 Hee u3BiedeHa. CHiTy BBIICPTUBAHUS aHKEPHOM Tallku 2 B HY)KHOW Mepe yBeIHMYHBaeT
MOJIKPEIJICHUE 00KaTOro y4acTka TpyObl OaHaaXHbIM KoibiioMm 3 ( 2.3 ).

Kak mokazanu mpoBeJeHHbIE MHOIO 3KCIIEPUMEHTHI, TIOJJOOHOE COMpPSDKEHHE MEPEXOJHOr0 HAKOHEYHHKA,
T.€. aHKEPHOI Tallky ¢ KOPIMYCHOW JeTaibio 1 MOXKET UMETh MPOYHOCTb, OIM3KYI0 K MPOYHOCTH TPYOBI
KOpITyCHOW nmeTanmu. Tak, B OMBITHBIX O0pa3iax paspylieHue TpyObl MPOMCXOAMIIO BAATU OT 30HBI €&
KOHTAaKTa ¢ aHKePHOW ralKoM, TaM, rae aedopMaiiuu o0kuMa He mpeBbimanu 2 + 3%. 9To 00bsICHICTCS
3HAYUTEILHBIM YIIPOYHCHHEM METaluia B Tpoliecce TIyO0oKoil XonomaHo# nedopmarmm. [IpoBeneHo Taxke
WCIIBITAaHUE 3TOM KOHCTPYKIIMK KOpPIyca ITMKIMYECKOW Harpy3kod B muamazoHe ot 0.2  mo 0.7 ot
paspymaromiei Harpysku. [Tocie 1000 UKIOB HUKAKMX U3MCHECHUU B TIOBEICHUH 00pa3loB HE, HAHWIEHO.
Wx craruueckass TPOYHOCTh OCTajdach Ha YPOBHE O0O0pas3loB, HE TMOABEPTHYTHIX ITHKIHYECKOMY
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HarpyxeHuro. JIaHHOe TEXHHYECKOE pEIICHHE CTEPXKHS MPHBEJCHO B ONMUCAHWM M300pETEHHS K 3asBKe,
MPHUHATON IAaTEHTHBIM BEIOMCTBOM I'epMaHHM ¢ permcrpanuoHHbIM HOMepoMm Aktenzeichen 10 2012
024 199.2.

TakuM 00pa3oM, BBIIOJIHEHHBIC pPa3pab0TKU U UCIIBITAHUS TEXHUYSCKUX PEIICHUN «PSIOBOT0Y» CTEPXKHS C
0ECCTBHIKOBBIM KOPITYCOM MOKHO CUMTATh MOJOKUTEIHHBIMH, HO TIOKa B 3TOM HAlpaBlICHUH HE MOTyYCHEI
pe3yIbTaThl, KOTOPBIC TO3BOJIMIIA Obl PEKOMEHJIOBATh MX K MacCOBOMY Mpou3BoAcTBY B Pd. Ha ceromns,
Hau0OoJIee MEePCICKTUBHO COYETAHUE TEXHOJOTUYECKHUX MPOIECCOB PEAYIIUPOBAHMS KOPITYCHOH JeTanu B
KOHMYECKON MaTpUIIE ¢ TIOCIEAYIOIUM 00XIMOM OaHnakHbIX Kouel] B mpeccax «FINN-POWERy.

2.3.4 Yuugurayua nocadounozo ouamempa nepexoOHvIX HAKOHEYHUKOE OCHOBAaHA HA BO3MOYKHOCTH
penyuupoBarh TpyOuUaThii KOpITyC IO KOHIIAM IIepe] MPHUBapKOW K HEMY HAKOHEYHHKOB. CMBICT Takod
00pabOTKH COCTOMT B TOM, YTO IMO3BOJSIET YHH(UIMPOBATH MOCAJOYHBIN TUAMETP HAKOHEYHUKOB TNPH
CBOOOJHOM BapbUpOBaHHWU MCXOMHOrO nuamerpa D TpyOwl B 3amanHOM nuamasone. IIpu 3ToM MOXXHO
UMeThb He Oosiee Tpex KOMIUIEKTOB MATpHIl AJS PelylUpOBAaHUS KOPIIYCHOH AeTand ¢ 00erX CTOPOH M
HAaKOHEUYHUKH IBYX- Tpex nuameTpoB (Hampumep, 40, 60 u 80 mMM), IpoM3BOIMMBIX «Ha CcKiaa». [Ipu
penyurupOBaHUU KOPITyCHOW NETajaH IO KOHLAMH M HCIIOJB30BAHUU CBAapKH TPEHHEM MOKHO IMOJIYYHTh
BIIOJTHE PAaBHOMPOYHOE COSTMHEHNE HAKOHEYHUKOB C KOPIYCHO# AeTaibio (2.4).

2.3.5 Cesapxa mpenuem Oblna TPUHATA B KAYECTBE OCHOBHOTO CPEJICTBA COCAUHEHHUS IEPEXOJHBIX
HAaKOHEYHUKOB C KOPIIYCHOW NeTajbpl0 B KOHLE 80-X HA MOCKOBCKOM 3aBOJAE «IDKCIOCTpOHMAamD». Itor
croco® cBapku OBLT yKe B TO BpeMsl JTOCTaTOYHO XOpoIro pa3padorana demssonackum OO0 «KTHUAM»,
KOTOPOE JI0 CHX MOP MPOU3BOAUT U TIOCTABIISIET HEOOXOJUMOE ISl CBAPKU 000pyJOBaHUE.

[IpuHIMI CBapKU TPEHUEM COCTOUT B TOM, YTO, HAIIPUMED, KOPITyCHAs J€Talb 3aKPEIUICHA, 3 HAKOHEYHHUK
OBICTPO BpALIAIOT, MPIKUMas K TOPILY KOPIyCHOH neranu. TpeHue Mexay TopLamu Aerayieidl ObICTpo HX
pa3orpeBacT A0 BBICOKOW TEMIIEPATYPBHI, IIOCIIE YETO BpalllEHUE HAKOHEUYHUKA IIPEKPAIlaoT U MOJAI0T €TI0
BJIOJIb OCH BPAILEHUS B CTOPOHY KOPIIYCHOH JeTainu. B 3TOT MOMEHT M IPOMCXOAMT CBApKA JETAIECH C
BBITECHEHHEM M3 I1IBa MEXy HUMH I'paTa - MaTepraia, COAEpKallero BCeBO3MOXKHbIe 3arpsizHenus. [locne
3TOTr0 IpaT AaBTOMAaTHYECKU YAAISIETCS C IOMOIIBIO clienuanbHoro ycrpoiicrsa. [Ipu capke TpyOsl
MAaCCHBHOMW JIETaJbl0, KaK B HAIlleM CiIydae, YCIOBHUs HarpeBa TpeHHEM HanOosiee OJaromnpHsTHBI M TPH
3TOM OH TIPOHCXOJUT OJAHOBPEMEHHO IO BceMy cedeHHs! TpyObl. [103TOMy cBapka TpEeHHEM JIaeT IIBBI
OUYEHb BBICOKOI'0 Ka4yeCTBa IPU BBICOKON MPOU3BOIUTENBHOCTA. KpoMe TOro, MIaBHO PEryIupys BEIUINHY
M0JIa4M HAKOHEYHHKA, MOXKHO TOOUTHCS BBICOKOM TOYHOCTH M3TOTOBJICHUS CTEPIKHS 11O JITTHHE.

Voxe B Hame Bpems PoctoBckas CtpourensHast Komnanusa FOraneprocnenctpoi, yuuTsBasi JOCTOMHCTBA
CBapKH TPEHUEM, HAMEPEHA BHEJPUTH €€ B MacCOBOE IIPOM3BOJICTBO CTEPXKHEH CTPYKTYpHBIX Kapkacos. B
3TOM JIeJIe Mbl PACCUUTHIBAEM Ha COTPYAHHYECTBO co cTopoHbl OO0 «KTUAM» [41].

2.3.6 @u3uueckuii KOHMPOIbL CBAPHOTO IIBA OCTAETCS HEOOXOIUMBIM IIPH JIFOOOM criocobe CBapKu U B
3TOM HampaBJICHUH HEOOXOIAMMBI AONOJHUTENbHBIE HcclenoBaHus. Haubonee 3KOHOMUYHBIM 1O LIEHE
SIBIIACTCSL METOJ] aKyCTUYECKOW SMHCCHH, KOTOPBIH K TOMY K€ XOpOIIO COYETAETCS C HCIBITAHUAMHU
CTEPKHEBBIX 3JIEMEHTOB PACTIATMBAIOIIECH Harpy3koil. Takue ucnelTaHus CTEpKHEN U3JaBHA ITPOBOJMIM HA
MOCKOBCKOM 3aBOZI€ «DKCIOCTpOHMAIl», HO 0€3 UCI0Ib30BaHUs METOJI0B HEPa3PyIIAOLIEro KOHTPOJIS UX
HaJEeKHOCTD BbI3bIBaJa COMHEHUs. Vcnonb3ys mapauieIbHO METOA aKyCTHUYECKOW 3MHUCCUU MOKHO PE3KO
MOJTHSTH HaJIe)KHOCTh CHUIIOBBIX MCITBITAHHA, HO JJISL STOr0 HEOOXOINUMBI JIOTIOTHUTENBEHBIE HCCIIE0BAHMSL.
Tak, B dYacTHOCTH, HEOOXOIWMO TIOATBEPAWTH B KOHKPETHBIX YCJIOBHAX CHJIOBBIX HCIIBITAHUH
3¢ GEKTUBHOCTH TIOBTOPHBIX HAIPYKEHUH CTEPKHS, TOCKOJIBKY €ro OAHOKPAaTHOE HarpyXeHue, 0ObIYHO, HE
MO3BOJIIET OJJHO3HAYHO MHTEPIIPETUPOBATH BO3HUKAIOIINE IIIYMBI.

B ToM ciyuae, ecnu UCHBITaTeNbHAS YCTAaHOBKA, BapHaHT KOTOpoW u300paxéH Ha puc. 2.13, Oyzer
MOCTPOEHA, TaKHE MCCIECJOBAaHMS MOXXHO HMPOBECTH HA HATYPHBIX oOpasmax cuwiamu OOV, T.k. B 3TOM
YHUBEPCHTETE MMEIOTCS CIICIHAIUCTHI 10 aKyCTHYECKOW IMHUCCUH. B NpemnokeHHOM BapHaHTE BaKHO
KOHCTPYKTHBHOE PEIICHHE YNPYroil OMmOphl Uil HCHBITyeMOro obOpasia. YIpyrue Ornopbl OCOOCHHO
HEOOXO/JMMBI, ISl HMCHBITAaHUH O00pa3ioB OOJBIION Macchl, KOTOpas MOXET JIOCTUTaTh HECKOJIbKHX
JECATKOB M Ja)Ke COTeH Kr. 3arpy3ky TakuX OOpaslOoB B YCTAaHOBKY MOYKHO OOJIETYUTH YCTPOHCTBOM
CIIeNATIBHBIX TPAHCIIOPTHBIX MyTEH, O KOTOPHIM OHH MOTYT KaTUThCS, HO JJIsl COSTHHEHHUS] CO CMEHHBIMU
My(TaMu yCTaHOBKH TPEOYIOTCSI MX HEOOJBIIHNE MEPEeMEIICHHs IS JOCTHKEHHSI COOCHOCTH ¢ My()TaMH.
DTOro MOKHO HOOUTHCST Oe3 OOJBIIMX YCHIIHHA CO CTOPOHBI OIIEPAaTOpa MPU BIIOJIHEHUU OIOP CTEPIKHS -
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o0pasIia MoAaTIINBBIMU 110 BEPTUKAIN M TOPU30HTAIH. KpoMe Toro, YIpyTrue Omopsl JOJDKHBI OBITH TIPOCTHI
B M3TOTOBJICHWU W TIEpEHANaKe U OBITh JIETKO CMEHSEMBIMU. Pelennst ynpyrux omnop, MpuBeIeHHBIE Ha
puc._2.13 oTBe4alOT He BCeM 3TUM TPeOOBAHUSAM M pa3padOTKa TAKUX YIPYTUX OMOP SIBISIETCS aKTyalbHOW
3aJ1ayell 0 COBEPUICHCTBOBAHMIO UCIIBITATENBHON YCTAHOBKH.

2.3.7 3ampamel Ha ucnvimanus cmeprcHell MOTYT ObITh 3HAYUTENLHO COKPAIEHBI, €CIIA UCTIBITAHUSIM
MOJIBEPTaTh HE BCE PACTSIHYTHIC «PSJOBBIC» CTEPXKHHU, HO TOJHKO MX HEOOJBINYI0 YacTh M MapKHPOBAThH
WCIIBITAHHBIC CTEP)KHU, HATIPUMED, JIUTEPOH «3». CTEPKHEBBIC JICMEHTHI C TAKOH JTUTEPON JTOJIKHBI OBITh
BHECEHBI B TaONHUIIBI TYP_i C Hecymel crnocoOHOCThIO Ha pacTshkernue +N*, mogyueHHON 63 YMHOKCHHUS
Ha 0.85. Ilo ouenkam, mumib 10+15% «psimOBBIX» CTEPKHEH HArPYKEHBI TAK, UTO TPEOYIOT UCIIBITAHUH .

B wupeampHOM BapUAHTC KOHCTPYKTHUBHOC PCHICHHUC JISI «PAAOBOI0» THUIIOBOI'O CTCPIKHA HE HJOJDKHO
Tpe60BaTI> JOMNOJHUTCIIbHBIX 3aTpaT Ha MNOATBCPKACHUC IMPOYHOCTU JId KaKAOT0 HU3ACIIHA. B stom
OTHOIIICHUU HauboJee IEPCIICKTUBHO pa3BUTUC 0ECCTHIKOBBIX pemeHHﬁ, HO 5KOHOMHUYECKH C HUMH MOI'YT
COnepHUYaTh U METOAbI, OCHOBAHHBIC Ha CBAPKE TPCHUEM.

Ha puc. 2.5 npuBeneHbl BapHaHThI COCIMHEHHS TEPEXOIHBIX HAKOHCYHHKOB C KOPITyCHOW JIETaIbI0 LIS
THTIOBOTO «PSIOBOTO» CTepxHSA. (CreBa TpHUBENEH CTHIK, BBITIOJHEHHBIN OOBIYHOW YTOBOW CBapKOML.
CrpaBa Takoil e CTBHIK, BBIIIOJIHEHHBIA CBApKOW TpeHHEM C yHH(HKamend MOCaZoYHOrO IuameTpa
MEPEeX0THOTO HAKOHEYHHKA. B JefcTBUTENBHOCTH, pa3yMeeTcs, CTEPKHEBOW 3JEMEHT HMeeT IO KOHLaM
OAWHAKOBLIC CONPSIKCHUA NIEPEXOAHBIX HAKOHCUHHUKOB C KOpHyCHOﬁ JCTaJIbIO.

2.3.8 K pemennto 3adauu 2.3 11st «CKATOTO» THIIOBOTO CTEPIKHSI.

KoHCTpyKIIMsT M TEXHOJOTUS BBIMOJHEHUS «C)KATOTO» CTEpP)KHS MEHbIIE BIMSIET Ha HAAEKHOCTh U
9KOHOMUYHOCTH BCEH CTPYKTYPBI, YUeM KOHCTPYKILUS «PSIIOBBIX» cTepskHe. OHM MOTYT BapbUpOBATHCA B
3aBUCHUMOCTH OT guaMeTpa D cTepkHs M HanW4us y IPOU3BOAUTENS TOTO MIIM HHOTO obopynoBanus. Tak,
HampuMep, mpu auamerpe He Oomee 130 MM coeguHEHHWE KOPITYCHOM MeTald C HaKOHEYHWKaMU
1es1ecoo0pa3Ho BBHIIOMHATH CBAPKOW TpeHHEM, TOCKOJbKY mpousBoanumoe «KTHUAM» obopynoBanue
MO3BOJISIET cBapuBaTh TpyObI quamerpom 1o 130 mm [41]. Pasymeercs, «kKTMAM» MOKeT 10 criernzaxkasy
W3rOTOBUTH YCTAHOBKY, CIIOCOOHYIO CBapHBaTh TPYObI M OOJBLIETO TUaMETpa, HO €€ 1eHa Oy/leT HaMHOTo
BBIIIIE U MOXXET OKAa3aThCS HEJOCTYMHOW JUIsI MaJloro MpeAnpustus. B 3ToM ciaydae TpyOwl OOJBIIOrO
JMaMeTpa MOXKHO CBApUBATh ¢ HAKOHEYHUKAMH JyTOBOM CBapKOM.

Pemenne THUMOBOTO «CXKATOTO» CTEpXKHS, TMPHUBEIEHHOE Ha puC. 2.7 IEJIOM SBISETCS IMOBTOPEHHEM
pemenust «KT-1» wm «KT-11» ¢ HeOGoOmpIMUMU H3MEHEHUSMHU, KOTOPHIC CBS3aHBI, B OCHOBHOM, C
ucnoib3oBanueM nareHra PO Nel185390 [32].

VYHaudukanus mocagoyHoro 1uamMeTpa NepexoJHbIX HAKOHEUHUKOB IIPH 3TOM Tak ke 3 (EeKTHBHA, KaK H
UL «PSIIOBBIX» CTEpXKHEH, T.K. 00€ 3TH Pa3HOBHIHOCTH THUIIOBBIX CTEpXKHEH HMEIOT TpyOuaTble
KOPITYCHBIE JIETaJIH.

2.3.9 K pemenuto 3adauu 2.3 i «pacTsHYTOT0» TUIIOBOTO CTEPIKHS.

B crepxne «KT-ll1» ¢ HakoHedHHK, Kak TakOBOW OTCyTcTBYyeT. CoOeAMHUTEIbHbIE MEXaHU3MBI 3/1€Ch
HEIMOCPEICTBEHHO CBA3AHBI C KOPIYCHOW JETaiabl0 KPYroBOTro Mpoduiis 1Mo ee BHyTpeHHeH pe3pde. DTum
00yCIIOBJIEHBI CyIeCTBeHHbIC HemocTaTku ctepskHen «KT-11y» [27]:

- ans 00pabOTKK BHYTPEHHEH pe3bObl IO KOHIAM KOPITYCHOHM AeTaln HeoOXOIMMBI KpynHoraOapuTHbIE
CTaHKH, KOTOpPBIE HE MOTYT OBITh 3aMeHEeHBI coBpeMeHHbIMH OLJ;

- OTBEPCTHS TIOJ BHYTPEHHIOIO pe3b0y CYIMIECTBEHHO YMEHBIIAIOT IUIOMAAb IMOTEPEYHOTO CEYCHHS I10
KOHI[aM K KOPIYCHOM JeTalH, 4TO CHIXKaeT 3()()eKTUBHOCTh UCTIOJIH30BAHMS €€ MaTepHala.

HauGonee mpocT u AOCTyIEH IUIsl Majoro POCCHMCKOTO MPEANpPUATHS IEePEXOHOW HAKOHEYHUK M €ro
COEIMHEHHE C KOPIYCHOW JETaNIbI0 M0 MaTeHTY Ha MOJe3HyI0 Mozenb «CTepKHEBOW 3JIEMEHT COOPHOTO
kapkaca» [13]. B aToMm pelreHnn mepexoaHol HAKOHEYHHK B BHJIE CTaKaHa HAAET Ha KOHEI[ KOPIyCHOMN
JIETaId KPYTIJIOTO MPO(QWIS U COSAMHEH C HEIO YTIIOBBIMU CBAPHBIMHU IIBAMH, YI0KEHHBIMU B MPOJIOJIBHBIC
na3bl HakoHeYHHKa (2.8). JIOCTOMHCTBO TaKOTO COCAMHEHHS COCTOUT B TOM, YTO JUTHHA CBApHBIX ITBOB
KOHCTPYKTUBHO HEOIPAaHUYEHHA.

B nokpeitun TpubyH craanona B [IaTHropcke MHOIO anipoOUPOBaH HECKOJILKO 00JIee CIIOKHBIN CBapHOM
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BapUaHT COCAMHCHMS HAKOHCUHUKA C TPYOJaTOH KOPITYCHON NIETajbI0, MIO3BOJISIONINNA TIOJYIUTh TyTOBON
CBapKO# paBHOIIPOYHOE COCAMHEHNUE, He TpeOyromiee Gpuznueckoro koHTpous ( 1.6 - yzen «A») [15; pa3nen
13]. B oTnenpHBIX MOAOOHBIX CIydasx MOKHO PEKOMEHIOBATh CTHIKOBKY HAaKOHEYHHKA C KOPIYCHOM
JeTanplo MO JaHHOW KOHCTPYKTHBHOM cxeme. Ecnn jke mMocTaBUTH CBOEH MLIENbIO, CBECTH HCIBITAHUS
«pacTSHYTBIX» TUIIOBBIX CTEPKHEH M COOTBETCTBYIOILIME MPOU3BOACTBEHHBIC PACXOIbl K MUHUMYMY, TO
HAWITYYIINi pe3yabTaT JOCTUTACTCS IPH OECCTHIKOBOM KOpITyce, H300paxéHHOM Ha puc. 2.3.

COCI[I/IHI/ITGJ'ILHBIC MEXaHHM3MBI 00€CIEYNBAIOT mpouecc C60pKI/I CTBIKOB Kapkaca, BKJ'I}O‘IaIOHII/Iﬁ
CICQYIOIIMEC 3TAIIbI.

1) cBMHUYMBAHHUE CTEPIKHEBBIX U Y3JIOBBIX JIEMEHTOB KapKaca MeX.Iy co0o¥;

2) KOHTPOJIb MPaBHJIBHOCTH COOPKH U YCTPaHEHUE BO3MOMKHBIX OIIMOOK MyTEM 3aMEHBI AJIEMEHTOB,;
3) mpenBapuTebHAs 3aTSDKKA CTHIKOB, BBIMOJIHIEMAsI C [IEJIBI0 YCTPAHEHUsI 3a30POB B CTHIKAX;

4) okoHUAaTeNbHAS 3aTsDKKA C UCTIOIb30BAaHHEM THHAMOMETPUYECKHX KITIOUEH, BBITONHAEMAs C
LIEJTbI0 IOCTHKEHHS B CThIKaX MPOEKTHBIX HATATOB.

Bcee wm3BectHble «KK» cucTeMbl OCHAIlEHbl COEAWHHUTEIBHBIMH MEXaHU3MaMHM, 00s3aTeIbHO
BKJIIOYAIOLIMMHU PE3bOOBYIO KPENISKHYIO eTajlb, HAPUMEp, OONT WM INHUIbKY. XOTS B OCTAIbHOM
WX KOHCTPYKLUH Pa3IUYHbI, 3TO MOJO0XKEHHE 0CTAETCs] HEU3MEHHBIM.

Heobxo0umo ommemumy, umo Ha pucyHkax 0anHo2o noopazoena coeOuHeHUs NepexooOHbIX HAKOHEUHUKOS
C KOPNYCHOU 0emanvio U300padceHvl 8 COYEemAaHUuu ¢ KOHKPEMHbIM COCOUHUMENbHbIM MeXaHUIMOM,
peKomeHOyemMbiM 011 OAHHOU PA3HOBUOHOCMU MUNOBLIX cmepdicHell. Taxoe coemewenue no3eoasem
VMEHbUUMDb 00Ujee KOIUUECTHBO PUCYHKO8 8 OAHHOU KHUZe .

24 K pelieHHI0 HEKOTOPBIX 3aaa4, /UIA COEAWHHUTEIbHBIX MEXaHM3MOB. OTBEYAIOIIUX
NMOCTABJIEHHBIM TPeOOBAHUAM, KOTOPbIE MEePeYncIeHbl HUKE.

1. Ocob6bie TpeOoBaHUs K MEXaHH3MaM COEIWHEHHUS] KPENEKHON JeTand MpU CBUHYMBAHUH DIIEMEHTOB
Kapkaca, HanpuMmep, yTeM e€ BBIIBI)KEHHs B Hayalle CBUHUMBAHUS aeTaneil cTpykTypbl. ObecrnieunBaTh
aBTOMAaTHYECKOe HaXHMBJIICHUE Kperexka. Tak, Hanpumep, B cucreme «KT» [27] ucmonb3yercs nBa BHIA
YCTPOWCTB, BBITAIKUBAIOIINX KpPEHEXHYI0 AeTalb IpHu cOopke kapkaca. B oqHoM cirydae 310 pe3nOoBoe
YCTPOWCTBO, B IPYTrOM - IWJIMHIAPUYECKAst IPYKHHA.

2. BBITH KOHCTPYKTHBHO W TEXHOJIOTHYECKH HE3aBUCHUMBIM U OT CTEP)KHS U OT KOHHEKTOpa. B mpuHImme,
COCIUHUTEIIbHBIA MEXaHU3M MOXET OBITh CBSI3aH INPH M3TOTOBJICHHH CO CTEPXKHEBBIM 3JIEMEHTOM
(«(MERO», «Kucnosoack», «MAPXW» u T.1.) win ¢ konHekropoM («bpect» [48]), HO OH MOKET Takke
MOCTABJISATBCSI HA CTPOUIUIONIAJKY, KaK CaMOCTOSTeNIbHOE u3zenue. Takoil 0coOeHHOCTBIO 00ajaer,
HaNpuUMep, COeNMHUTENbHBIH MexaHmsM B Hemenkoil cucteme «ZUBLIN» [27] u smonckoit «NS» [2].
Crnenyst aToMy TpeOOBaHHIO, MOKHO OPraHHM30BaTh MPOW3BOJICTBO KOPITYCOB JUIsi HauOoJiee MacCOBBIX
«PSAMOBBIX» CTEPKHEBBIX DJIEMEHTOB Kapkaca «Ha ckiamy. CoequHUTENbHBIC MEXaHU3MBI K HUM MOTYT
OBITh TIOZOOPAHBI IO HECYIIEH CIIOCOOHOCTH U 110 pa3MepaM B MPOIeCCe KOMIUISKTAIMH KapKaca Ha 3aBO/Ie
Wi ero cOOpku Ha cTpoimuiomanke. [lpu 3ToM mpowm3BOACTBO HamboJiee OTBETCTBEHHBIX ICTANICH,
HaIpUMep, BHICOKOIIPOYHOI'0 Kperexka MOXKET ObITh MePeIaHo CIEHATU3UPOBAHHOMY MPEATPUATHIO.

3. llpupaBaTh CTHIKY MaKCHMAaJIBHO BO3MOXHYIO M3TMOHYIO KECTKOCTH P (TEXHHYECKU M S3KOHOMHUYECKH
OIIPaBJAHHYIO), B T.Y., IIyTEM 3aTSXKKH CTHIKOB OOJBLIIMM KOHTPOJIUPYEMBIM MOMEHTOM. DTO TpeOOBaHHE,
BBITEKAET W3 MOMX HCCIAEIOBaHUM pabOTHI CKAaTOrO CTEPKHA B CTPYKTypHOM Kapkace [15; pl3].
OnHOBPEMEHHO YCWJIEHHE 3aTSDKKM MOXKET OBITh HCIOJB30BAHO ISl MOBBIMICHHS BUOPOCTOMKOCTH
KOHCTPYKUMH Kapkaca. Tak, Hampumep, B cucteme «KT» coelMHHTENbHBI MEXaHHU3M JIOMyCKaeT
MPeBAPUTEIbHYIO 3aTSHKKY CTBIKOB JFOOBIM 33/IaHHBIM MOMEHTOM WMEHHO JUIsl TIOBBIIICHUS WX
BuOpocroiikoct [27]. Insi yBeqWuYeHHS B TAaKOM CTBIKE HM3THOHO# JKECTKOCTH P HEOOXOIMMO TOJBKO
no00paTh MAaKCUMAaJIbHO KECTKHE Ha U3TU0 BCE NETaH [l COSAUHUTEIBHOTO MEXaHU3MA.

4. JlomyckaTh MEXaHM3alMI0 CBUHYMBAHUS DJIEMEHTOB KapkKaca, T.K. 3TUM IIyTeM MOKHO CHIIBHO
YMEHBIINTh TPYAOEMKOCTb COOPKH CTBIKOB. OTCYTCTBHE PEIICHHH M Jake MPEUIOKCHHUH Ha 3Ty TeMy
TOBOPUT O TOM, Kak CJOXHa »3Ta mpobrmema. EE pemieHne, HECOMHEHHO, JEXHT B 001acTH
M300peTaTenseTBa. B KauecTBe NpoTOTMHA MpuHATAa repmanckas cuctema «ZUBLIN» [55; 56; 27],
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OTJIMYHUTENbHBIC TIPU3HAKK KOTOPOH B OCHOBHOM IOCIYXHIH 0a3oi jist GopMupoBaHusi TpeOOBaHUI K
pa3pabaTeiBaeMOMY COEIMHUTEIPHOMY MEXaHU3MY.

3adaua 2.4 cocTOUT B pa3pabOTKE COCAMHHUTEIHHBIX MEXaHW3MOB JIIST Ka)KIOH Pa3HOBHUIAHOCTH THITOBBIX
crepxueit (1. 2.1.2), orBevaromux oowum (1. 2.1.3) 1 oco6vim (11. 2.4.2) TpeOOBaHMAM.

2.4.3 K pemenuro 3adauu 2.4 nnsi «psaOBBIX» CTEPIKHEH.

CucTemMa IpocTpaHCTBEHHBIX kKapkacos «ZUBLINy npecTaiseT coboii peannsaluio n300peTeHus
Apmuaa Mumaeyca (Armin Mylaeus) mo marenty «CTpOHTENbHBIH KOMIUIEKT JUISi HM3TOTOBJICHUS
TpeXMepHbIX KapkacoBy [55; 56; 27 ]. ITo aTomy mateHTy, TpEXMEpHBIC KapKachl HMEIOT B CBOEM COCTaBe
COEAMHUTEIIbHBIC MEXaHU3MBbI, BKJIIOYAIOIINE KPEEXHbIE NeTald B BUAC HIMWIEK C pe3b00 pa3inuyHoro
mara mo koHuam. llocepeanHe MNUIBKH HMEIOT, HANpUMEp, MIECTUTPAaHHBI MPUBOIHOU TMOSCOK,
COTpsiTaeMblii  C BHYTPEHHEH MIECTHTPaHHOW MOBEPXHOCTHIO MPUBOMHOW My(droil. Takum o6pazom,
Kbl CTEPKHEBOM AJIEMEHT UMEET IO JBa HE3aBUCHUMBIX COSIMHHUTENBHBIX MEXaHU3Ma 110 €ro KOHIIaM,
Kak U B ipyrux u3BectHoIX «KK»y» cucremax, Hanpumep, B «kMERO».

COC}Z[I/IHI/ITGJ'II)HI)II\/'I MEXaHHN3M B U3BCCTHBIX CTPYKTYPHBIX CUCTEMAaX UMECT CICAYIOINEC HEAOCTATKU.

1. YcrpoiicTBO MIECTUIPAaHHOTO MOSICKa MOCEPEAMHE KPENEKHBIX LIMUIEK HE COOTBETCTBYET 0OuUiemy
TpeOOBaHUIO SKOHOMUYHOCTH COCAMHHUTEIBHBIX MexaHu3MoB (1. 2.1.3). Takoii mosicok mpoie Bcero
BBIITIOJIHUTL IIPU H3TOTOBJICHUHW IOIMWJICK M3 MICCTUIPAHHHKA, HO 3TO CBA3aHO C I[OHOHHHTGJIBHOP'I
00paboTKol M moTepelt Marepuana B oTXxoabl. Kpome Toro mecturpaHHUK AOpoxke Kpyra. B wmrore,
OoJiee SKOHOMUYHBIM OKa3bIBAETCS, HAPUMED, peleHue 1o narenTy Nel85390 RU [32].

2. B cucreme «MERO» u mpon3BogHBIX OT He€ oTedecTBeHHBIX cucteMax «MAPXW» n «KucinoBomck»
LIMKIbKA 3aMETHO BBICTYNAET U3 MPHUBOIHONW My(Thl BHa4Yajle CBUHYMBAHUS CTEP)KHEBOI'O 3JIEMEHTa C
Y3IJIOBBIM 3JIEMEHTOM, 4TO 3aTPYAHSET COOPKY KapKaca Mpu HEOOXOTUMOCTH BCTABUTh CTEPKEHD MEKIY
JByMs 3aKperUIéHHBIMH KoHHekopamu. B cucteme «ZUBLIN»  9TOT HemOCTAaTOK BBHIpaKeH
3HAYMUTEIHHO MEHbIIE, YeM B cucteme «MERO».

3. B cucreme «ZUBLIN» rny0uHa BBMHYMBAHHUS LINHMJIBKKM B KOHHEKTOP CHJIBHO 3aBUCHT OT BUTKa
pe3sObl, ¢ KOTOPOro HAayajloCh 3TO BBUHYMBAHME W MOXKET KojeOaTbcs B NpeAeiax HECKOJIbKUX
MUUIAMETPOB, YTO HEJIOIMYCTUMO TIPY OrPAaHUYCHHOW T1yOMHE BBHHYMBAHUS IHIBKH B KOHHEKTOP.

4. Tlpm cOopke KapKacoB HENPUMEHHM H3BECTHBII MEXaHW3UPOBAHHBIH WHCTPYMEHT, YTO HeE
COOTBETCTBYET TpeboBaHuIO «4» B 1. 2.4.2.

[lo-BuaMMOMY, yKa3aHHEIE HeAoCTaTKu U 3actaBuin pupmy «ZUBLIN» oxono 2000 roga oTka3aThcs OT
IMPOMU3BOJICTBA U PEKJIAMbI B UHTCPHECTEC CO6CTBGHHOI>‘I CHUCTCMBI IPOCTPAHCTBCHHBIX KApPKAaCOB B IICJIOM.

244 Hapuc. 2.5 mokasaH, 10 MOEMY MHEHHIO, OOJiee YAaYHbIi MPUMEP KOHCTPYKIIUH COCTUHUTEIBHBIX
MEXaHU3MOB JJIsi THUIOBBIX «PSJIOBBIX» CTEpPIKHEH, OTBEYAIONIMIA BCEM IOCTABJICHHBIM TPeOOBaHUIM
(cmotpw 1. 2.4.2). 31ech K KOPIYCHOM JeTanyd TPUKPEIUIEHBI 0 KOHIIAM MEPEX0IHbIE HAKOHESUHUKH 2 U 3
C OCEBBIMH PEe3b0OBBIMH OTBEPCTHSIMH, UMEIOIIMMU JICBYIO U MIPABYI0 BHYTPEHHHUE PE3bObI.

Kpenéxuple mmunbku 5 1 6 pa3nuuHel: onHa U3 HUX (5) MMeeT JEeBYIO U MpaBylo pe3b0y Mo KOHIaM, a
npyras (6) umeeT mpaByio pe3n0y 1Mo oboumM KoHuam. ITocepennte Mexay pe3bdaMu 00€ HIMMIBKA UMEIOT
MITaMIIOBAaHHBIE IITIOHOYHBIC BBICTYIIBI 7 W 7%, KOTOpBIE CONPSDKEHBI C BHYTPEHHUMH IPOOIEHBIMU
nazamu 10 u 10* mydr no I[Marenrty [32]. /IBwkeHne nmpuBOAHBIX My(PT 9 OTHOCUTENBHO IIMMICK 5 U 6
orpaHuueHo BbicTynamu 11, oTmTamrmoBaHHBIMH Ha Topuax MypT 9 m 9%, KOTOpble KOHTAKTHPYIOT C
MEePEeXo/THPIMH HAKOHEYHHKaMU Kopiryca 2 u 3.

[TpuBonuble MydTel 9 1 9* B 000MX MexaHHM3Max CTEPKHEBOTO >JIEMEHTa OJUHAKOBBL. Kaxnmas ux HHX
UMeeT JBa ydacTKa HapyXHOW moBepxHOcTH. OAMH HMX HHMX - LWIMHAPHYECKUH mNperycMaTpUBaeT
WCIIONIb30BAaHNE  MEXaHU3UPOBAHHOW COOpPKH, NPYroi YYacTOK - IIECTUTPAHHBIN JaeT BO3MOXKHOCTH
WCTIONB30BaTh MPH PYYHOH COOpKE POXKKOBBIM Kitod. BooOmie-ro My(Tel ¢ Takol HOBEPXHOCTBIO YiKE
cymectBytor B wucnaHckux cucremMax «LANIK-SEO», HO TamMm OHM He HCHONB3YIOTCS IS
MeXaHU3UPOBaHHOU cOOpKHU Kapkaca [43].

Crnenys BeiBomy «b» B 1. 1.8.9, «psmoBbIe» CTEP)KHEBBIC DJIEMEHTHI MOTYT OBITH COCTBHIKOBAHBI C
KOHHEKTOpamMH 4epe3 cepudeckue maiodel 12 m 12*, coxpansiomue paauanbHYIO MOJBHKHOCTH NPH
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cOOpKe CThIKa, T. K. OHM HaAeThl HA IIMWIbKKA 5 m 6 uepe3 Bryaku 13 u 13*, manpumep, u3 ryduaroit
PE3UHBI HJIH TUTACTHKA.

[IpennoxkeHHass KOHCTPYKIMS COCTUHUTEIBHBIX MEXaHU3MOB XOPOIIIO COUETACTCS ¢ KOHCTPYKIIUEH CaMOro
CTEePXKHS, KOTOpasi, HE3aBUCUMO OT OCOOCHHOCTEH ©€ BBIMOJIHEHUS, T. K. BKIIFOYACT JIBA OCEBBIX PE3bOOBBIX
OTBEpPCTHSI MO KOHIAM. TexXHoJNorW4eckw 3TO YHOOHO, KOT/a, Bpallas KOPIyC CTEpXKHS B OJHOM
HaIpaBJIeHUH, MOKHO OJJHOBPEMEHHO Hape3aTh B ATHX OTBEPCTUAX MPABYIO U JEBYIO PE3LObI.

[Ipu 3TOM MEepexo/iHbIe HAKOHEYHUKH 2 W 3 BBHINOJIHEHBI MO-pa3HOMy. HakoHEeYHHMK 2 Ha JICBOM KOHIIC
CTEpIKHSI UMEET, HallpuMep, 10 KOHTYPY paJiuaibHbIe OTBEPCTHSI 3 TIOJ] CEPIIOBHIHBIN KITI0Y, 2 HA IPYTOM
KOHIe (CrpaBa) HAKOHEYHHWK BHITIOJHEH M3 IIECTUTPAaHHUKA IO POXKKOBBIA Kirod. Pasymeercs, B
JEHCTBUTEIBHOCTH, IEPEXOTHBIC HAKOHEUHUKH IS KaXKJOTO CTEP>KHEBOTO 3JIEMEHTA U MX MPUKPEIICHUE
K KOPIYCHO JieTainu 1 BBITOJHSAIOTCSA OJTMHAKOBO, B T.Y. U3 €MHON C HEIO 3arOTOBKHU.

2.4.5 Bo BpeMs TpaHCTIOPTHPOBKH CTEPIKHS OT 3aBOJIa K MECTY MOHTaka 00e Kpen&XHbIX Jetand 5 u 6
JIOJDKHBI OBITh BBUHYEHBI B TIEPEXOIHBIC HAKOHEYHUKU 2 U 3 10 YIOpa OTIITAaMIIOBAaHHBIX BHICTYIOB 11 n
11* B mmoHoy4HbIe BRICTYIBI 7 U 7*. [Ipu 5TOM pe3nba KpenéxHbIX JIeTaleil 3aluieHa OT NOBPEKACHUH,
T. K. HaXoauTcs BHyTpu Myt 9 m 9*.

Bo3MokHBI pa3nuyHbIe BapuaHTHl CBHHYMBAHUS CTBIKOB TaKOTO CTEPXKHS C KOHHeKTopamu 16 u 16%,
KOTOPBIC 3aKPCIUICHBI, HO UX CTBIKK C APYTYMMU NPUMBIKAIOIIMMHU K HUM CTCPKHAMHU HC CHIé HC 3aTSAHYTHI
okoHyarenbHO (1. 2.3.1). COopouHBIE OmEpanuyd MOTYT OBITh BBIMIONHEHBI, K MPUMEPY, B CIEIyIOIei
MOCJIE/TI0BATEIILHOCTH

- Ha y3J10BOM 3jeMeHTe 16* 3akperuisiroT maidy 12* u koibio 13* nanpumep, ¢ momouso npooku 18;

- BBIBHHYHMBAIOT KPEMIEKHYIO JETalb 5 M3 KOPIyca CTEPKHS ¢ MOMOIIBIO YIIIOBOTO MEXaHH3HPOBAHHOTO
MHCTpYMEHTa, yriyoiaeHuit Ha e€ Topiie, Koutpoaupys miuny | (2.7);

- DOOJHOCHT KOHEIl IMWJILKA 5 BINIOTHYIO K Kpené&KHOMY OTBEPCTHIO Y3JIOBOTO dieMeHTa 16, coxpanss
MOJIOKEHUE CTEPAKHEBOrO NIEMEHTA B IIPOCTPAHCTBE, OJIU3KOE K IIPOEKTHOMY;

- COTPSATAIOT MEXaHU3UPOBAHHBIN HHCTPYMEHT C IMITHHAPHIESCKON YaCThIO MTOBEPXHOCTH MY(DTHI 9 1
BKJIIOYAIOT €ro Ha 2 - 3 cek.;

- BBICTaBISIOT My(Pry 9* coocHo mmaiibe 12%*, compsraloT MeXaHW3UPOBAaHHBIA WHCTPYMEHT C
MWIMHIPHYECKON YacThIO IOBEPXHOCTH My ThI 9* 1 BKIIIOUAIOT €ro Ha 2 - 3 ceK.

Bce BapmaHTBl CBUHYMBAHUS CTBIKOB KapKaca OCHOBaHBI HAa HCIIOJIB30BaHUM JOIMYCKOB Ha M3rOTOBIICHUE
pPE3BOOBBIX €r0 KPENEXKHBIX COCIMHEHHH, KOTOPBIE MO3BOJISIOT CBHHYHMBATH CTBHIKM IPH HEOOIBIIOM
HapyIIEHHH COOCHOCTH BHYTPEHHHX M HAPYKHBIX KPENEKHBIX pe3b0. DTO HECKOJIBKO CYXKaeT 00JacTh X
NpUMeHEHUs. B 4acTHOCTH, NpH CBUHYMBAHWH ATHUX Pe3b0 C rapaHTHPOBaHHBIM 3a30pom H6/g6, cOopka
CTEP)KHEBBIX JIEMEHTOB JUIMHOHM 0kosi0 1500 MM B OcsIX, CTAHOBHUTCS 3aTPYAHUTEIBLHOM.

2.4.6 IlpenBapuTenbHYIO W OKOHYATENBHYIO 3aTSHKKY CTHIKOB MOXKHO BBIMIOJHHTH B CIIEAYIOIIEH
[IOCJIEI0BATEbHOCTH:

- Bpalias KOpIyc CEpIOBUIHBIM KIIIOUOM, 3aKPBIBAIOT 3a30p B CTHIKE C KOHHEKTOpOM 167,

- Bpamas My¢$Ty 9 poKKOBBIM KITFOUOM, 3aKPBIBAIOT 3a30PHI B CTHIKE CTEPIKHS ¢ KOHHEKTOpPOM 16;

- Bpamias KopIyc JByMsl CEpIIOBUIHBIMH JHHAMOMETPHUECKIMU KITFOUaMH U, YIIEPKHUBAst OT BPaIlCeHUS
MydTy 9, OZHOBpEMEHHO COOOIIAI0T 0OOMM CTBIKaM CTEPKHs ¢ KOHHEKTOpaMu 16 u 16* npoeKkTHbIH
HATST.

[porecc ynmepsxkanusi OT BpameHUS MyPThl 9 MOXXHO HCKJIFOYHUThH, €CIM Ha e€ Topel, OOpaIiéHHbIA K
KOPITYCY CTEp)KHS, HAHECTH aHTU(QPUKIIMOHHOE IMOKPHITHE. DTO IMO3BOJUT OJHOBPEMEHHO CHU3UTH W
MOMEHT OKOHYATEIbHOW 3aTSHKKU CTHIKOB CTEPKHS C KOHHEKTOpamu 16 u 16*.

Bakueiinme oTauaus 3TOTO peumCHusA, OT paHEC U3BECTHBIX, COCTOAT B CICAYIOIICM:

BO-TEPBBIX, MO KOHIAM CTEP)KHS PaCIHOIOKEHBI COCTUHUTEIBHBIE MEXaHU3MBI, KOTOPBIE 3HAYUTENBHO
OTJIMYAIOTCS IPYT OT APYTa;

BO-BTOPHIX, TPHU CBUHYMBAHUHM CTEP)KHEBBIX DJJEMEHTOB C Y3JIOBBIMH DJEMEHTaMH BO3MOXHO
MPUMEHEHNE MEXaHN3UPOBAHHOTO HHCTPYMEHTA.
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HoBu3Ha 5THX NMPU3HAKOB HCIIOJIB30BaHA B 3asBKE Ha M300peTeHHE, MOJAAHHOI B [laTeHTHOE BEIOMCTBO
I'epmanuun (Die Anmeldung hat das Aktenzeichen 20 2020 005 356). Ilo 3To#i 3asiBKEe YK€ IMOJIYYEHO
HOJIOXKUTENBHOE PEIICHHE B BH/IC MIATCHTA HA MOJIE3HYI0 MOJIEIb.

Paccmotpenne 3asBku B ['epMaHCKOM TIATCHTHOM BEJOMCTBE TWIPOJOJDKACTCA, T.K. OHA IOJaHa C
BO3MOKHOCTBIO BBIJIauW MAaTEHTa Ha M300peTeHHe, a STOT BOMPOC TpeOyeT Ui CBOErO PELICHUs ropaszio
6opire BpemeHu. OOBIYHO 3TO HA 3TO TPpeOyeTcst OKOJIO roja.

24.7 K pemenuto 3adauu 2.4 nisi TATIOBBIX «CYKATHIX» CTEPIKHEH.

Jlis CBHHYMBAHMS THIIOBBIX «CXKATBIX» CTEPXKHEH ¢ KOHHEKTOopamu 16 pekoMeHAyeTcs KOHCTPYKIHUS
COCJIMHUTENIPHOTO MeXaHu3Ma, u300paxkénHas Ha puc. 2.7. [IoCKONbKY MpH CKATHH PE3KO CHUKACTCS
OTACHOCTh XPYIIKOTO pa3pylleHHs IIIBOB, CHIXKAETCS 3P PEKTUBHOCTh MPUMEHEHHUsI OECIIOBHOTO KOpITyca.
C npyroii CTOPOHBI, CIIOCO0Y CBUHUYMBAHUS U 3aTSDKKH CTHIKOB ITyTEM BpAIllEHUs] KOPITyca CTEPXKHS 3]1eCh
MemaeT O0IbITas Macca CTEPIKHS.

Taxum 00pa3om, 31echk Hanbosee ymMmecTeH mexanusM coeannenns KT-11, npuBenennslit Ha puc. 2.7 u

U HECKOJBKO CKOPPEKTUPOBaHHBIH B cooTBeTcTBHM ¢ mnareHtoM [32]. IlpaBma, 31O pelueHue He
YAOBJIETBOPSIET 0cofomy TpeboBaHW0 2) B 1. 2.4.2, HO 3TO KacaeTcs CPaBHHUTEIBHO HEOONBIIOTO
KosnuecTBa crepykHed (1o 20%), M3rOTOBICHHBIX Ui OMpPEASIEHHOr0 o0bekTa. Kak mpaBuiio, B 3THX
CTEPIKHAX He TpeOyeTcsl olepaTUBHAS 3aMEHa IeTalleil COSTMHUTENBHBIX MEXaHU3MOB.

2.4.8 K pemennto 3adauu 2.4 st THIIOBBIX «PACTSIHYTBIX» CTEPKHEH.

st CTBIKOBKM THIIOBBIX «PACTSHYTBIX» CTEPXKHEH KPYIJIOTO CE€YEHHUS C KOHHEKTOPAMMU KOHCTPYKLIMIO
COCAUHUTCIIBHOIO MEXaHnU3Ma MOKHO BBIIIOJIHUTH TaK K€ IIPOCTO U S(I)Q)GKTI/IBHO, KakK 1 Ui «PpAOOBBIX)
cTepxHeil. Hanbomnee nHTEpECeH BapuaHT, H300paXEHHBIN Ha puc._ 2.8 W, B MPUHIIHIE, HE OTINYAFOIIUHACS
OT COCJMHUTEIBHBIX MEXaHH3MOB JUIS «PSAOBBIX» cTepxkHeil (2,5). TexHonorus ero cOOpKH TaKKe He
OTJIMYAETCs OT U3JI0KEHHOH B 1. 2.3.2.

Oco60 BBIAETIO BAPHUAHT, N300paKEHHBIA Ha puc. 2.9 , Korza /1Ba WM HECKOJIBKO «PaCTAHYTBIX» CTEPKHEH
PAacIONIOKEHbl COOCHO B YPOBHE, HAIlPUMEp, HIDKHEH IMOSICHOM peIIeTKH M K KaXAOMY KOHHEKTOPY
MPUMBIKAET JIBa TaKuUX CTepXkHSI. B 3TOM ciiyuae COEAMHHUTENbHBIM MEXaHW3M MpEeCTaBiIseT COOOH
Pe3b00BYIO MIMUIIBKY, UMEIOIIYIO MO0 KOHIIAM pe3b0bl OJTHOTO WM Pa3IMYHOTrO AMaMeTpa U Iara.

COopKa CTHIKOB ¢ IOMOLIBIO TAKUX IIMUJIEK BBITOJIHSIETCS CICIYIOLIMM 00pa3oM:
- KOHHEKTOp 16 ycTaHaBIHMBaIOT BIUIOTHYIO K paHee yCTAaHOBIEHHOMY CTEPXKHIO 2;

- IIMWIBKY MPOITYCKAIOT CKBO3b KOHHEKTOP MU BBUHYMBAIOT B HAKOHCYHUK paHEC YCTAHOBJIICHHOT'O
CTCPIKHS C IIOMOIIBIO, HAITPUMED, HINTUIIBKOBEPTA,

- Ha CBOOOJHBIN KOHEIl MINMWIbKY HABUHYMBAIOT OYEPEIHON CTEPKEHb, Bpalllasi €ro KOPIYC ¢ MOMOIIbIO
TOTO K€ MHCTPYMEHTA, KOTOPBIA UCTIOIB3YIOT MPHU COOPKE «PSIIOBBIX» CTEPIKHEH;

- JUIS TIpeIBAPUTEIILHOM 3aTSDKKU CTBHIKOB TI0 1103. 3) B 11. 2.4.1 HCHONB3YIOT CEPIIOBUIHBIC KITIOYH;

- s OKOHYATEJIIFHOM 3aTSDKKU CTBIKOB 1O 103. 4) B 1. 2.4.1 HUCHONB3YIOT CEpPIOBHIHBIC KIIOYH,
cHaOXEHHBIE TMHAMOMETPUYECKUMH BCTaBKaMH.

2.4.9 Tlpu c6opke Kapkaca, BKIIOYAIOMIEr0 MapoBblie KoHHekTophl THia «ZUBLIN» BO3HHKAeT BOIIPOC O
BpeMeHHOH (hrkcanuu maiid 12* B monoxxeHun, 0003Ha4€HHOM, HarpuMep, Ha puc. 2.5. Gukcanus maiid
12* moxeT ObITh OCYIIECTBIICHA MHOTMMH CITIOCO0aMM, KKl U3 KOTOPBIX TPeOyeT FKCIEPUMEHTAIbHOM
npoBepku. Hanbosiee mpocThl crioco0bl HAMarHMUMBaHUS MaiObl 12* win €€ ycTaHOBKHM Ha IMMOBEPXHOCTH
KOHHEKTOpA C MOMOIIBI0 KOHCUCTEHTHOW CMa3KU, HO IIPU 3TOM BO3MOKHO IOMA/IaHUE B KOHTAKTHYIO 30HY
pa3IMuUHBIX 3arps3HeHuil. bonee ciiokHO, HO, BO3MOXHO, 3(pQeKTUBHEE MMOA00paTh Marepuail u
KoH(puUrypanuto npodku 18, koropas Hpu BBUHYMBAHMU INNMHIBKA 6 B OTBEPCTHE KOHHEKTOpa 16*
YaCTUYHO WM MTOJTHOCTHIO OyIEeT MPOIaBICHO B 3TO OTBEPCTHE

2.5 Py4YHOI MHCTPYMEHT ANA MEeXaHU3UPOBaHHOW COOPKM-Pa3bopKM KapKacos.

25.1 B TepmaHckoe MaTeHTHOE BEJOMCTBO MOJaHA 3asfBKAa Ha TMOJE3HYI0 MOjenb (M300peTeHHue),
koTopas 3apeructpupoBana mom Ne 20 2023 000 520.5. IIpaBna, MOJOXKHUTEIBLHOE PEIICHUE IO JTOM
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3asiBKe MOKa HE IMOJY4YeHO, HO B ['€pMaHCKOM MMAaTEHTOM BEIOMCTBE PACCMOTPEHHUS CPOK
paccMOTpeHHsI MOAOOHBIX 3aBOK JJOCTATOYHO BEJUK (10 5 JeT).

Hpe;[ﬂar acMocC I/I306peTeHI/I€ OTHOCHUTCA K 00JacCTH MOHTaXka M ACMOHTAaKa KapKacCoB,
COCTAaBJICHHBIX M3 CTPCKHEBBIX 3JICMECHTOB W HIAPOBUIHBIX COC,Z[I/IHI/ITGJ'IGI‘/’I.

1. M3BecTHBI U MIMPOKO HCHOJB3YIOTCS KapKachl, COCTABICHHbIE M3 CTPEKHEBBIX SJIEMEHTOB U
MIAPOBUIHBIX coenuHHUTENe. Ilpu MOHTaXe TaKMX KapKacoB BO3HUKACT HEOOXOJMMOCTb
BKPYUMBaTh KOHEI[ CTPEKHEBOIO »DJIEMEHTa, HEeCyllero pe3ndy, B pe3p0oBOE OTBEPCTHE
IIAPOBUIHOTO COCAMHUTEIBHOTO 3JeMeHTa. [Ipu 3Tom aisi pabGoThl JOCTYyMHA TOJIBKO OOKOBast
MOBEPXHOCTh CTPEHKHEBOTO JIEMEHTA.

2. B pa3nuuHBIX BapwaHTaX CTEPKHEBBIX JJEMEHTOB Ha HUX MOTYT OBITh BBIMOJHEHBI JIHOO
OTBEPCTHS JJI1 padOThl CEPHOBUAHBIM KIIOYOM, JTUOO MIECTUTPAHHUKU JUIsI pabOThI POKKOBBIM
KkJroyoM U B TOM U B APYrom ciiyyae 3TO JAOJITUH U TPYI0EMKUI mpoiiecc.

3. Ha mnpou3BOJCTBE NBITAIOTCA MEXAHU3UPOBATh 3THU ONEpalUUd 32 CUET MCIOJb30BaHUS
TPEUIOTKH, Ha BBIXOJHOM BajJly KOTOPOH yCTaHABJIMBAIOT paOdOYMid POJIMK, MPEIHA3HAYCHHBIN IS
B3aMMOJCHCTBUSL C OOKOBOW  IWJIMHIPHUYECKOH TOBEPXHOCTHIO  3aKpPyuMBAeMOIo WU
BBIKPYYHBAEMOT'0 CTEPKHEBOT'O 3JIEMEHTA.

4. Taxkasi yCOBEpIIEHCTBOBAaHHAs TPEILIOTKA [TO3BOJISIET rOpa3/io ObICTPEE MPOU3BOIUTH MOHTAX U
JIEMOHTaX KapKacoB, HO MMEET CYIIECTBEHHbIC HENOCTaTKH. B Hell cuia mpmwkuMa padodero
POJHKA K IMJIMHIPHYECKON MTOBEPXHOCTH CTEPIKHEBOTO JIEMEHTA PETYIUPYETCsl BpydHYHo 6. OTO
NPUBOJNUT K OONBIIMM OOKOBBIM YCHIIMSIM, HalPaBJICHHBIM MEPICHIUKYISIPHO OCH CTEP’KHEBOTO
3JIEMEHTA, YTO MelIaeT padoTe.

5. S mpennaraio yCOBEPIICHCTBOBAHHE PYYHOTO HHCTPYMEHTA, BBECTH, pACIIOJIATAIOIIYIOCS
napajielbHO IUIOCKOCTH Pabo4yero posiika, a Ha IUIACTHMHE YCTAaHOBUTH OINOPHBIA POJHUK, OCh
KOTOpPOTrO TapajulelbHa BBIXOJHOMY Bally TPEHIOTKH. B 3ToM ciydae ycuiauwe, mepenaBaeMoe
paboyuM PpOJIMKOM CTEP)KHEBOMY OSJIEMEHTY B HAlpaBICHUH, MEPHEHIUKYISIPHOM OCH
CTEP>KHEBOTO AJIEMEHTa, Oy/IeT KOMIIEHCHPOBATHCSI OTIOPHBIM POJIMKOM.

B sTuX myHKTax coAep>KUTCS, B OCHOBHOM, COJIEp>KaHUe M300peTeHus, KoTopoe Oosee moapoOHo
U3J10KEeHO B onrcanuu nu3oodperenus 3a Ne 20 2023 000 520.5.
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PA3JIEJI 111

KoHCTpYKIINSA, TEXHOJOTHSI N3roTOBJEHHUSIH H COOPKH HETHIIOBLIX 3JIEMEHTOB KapKaca

3.1 OO0uue nmo10KeHus

HetwumoBele 37eMEHTBI BXOJISAT B THIOBBIE W HeTUNOBBIe Kapkachl «KK», KoTopbie yxe ceifuac oveHb
Pa3HOOOpAa3HbI 0 KOMIIOHOBKE W KOHCTPYKIIUU U 3TO pa3HOOOpa3ue JOBOJIBHO OBICTPO yBenuuHuBaercs. B
JTAHHOM pa3Jiesie paCCMOTPEHBI JIUIIb HEKOTOPhIE HETUITOBBIC JIEMEHTHI, TIOA00HBIE pa3pabOTaHHBIM MHOIO
U KapkacoB ToKpeIThs u3 PA3IEJIA I:

1) onopHbIe y37bI;
2) «m3rudaemMbIe» CTEPIKHU BEPXHEH CTEPIKHEBOU PEIIETKH B OECIIPOTOHHBIX KapKacax;
3) 7eMeHTHI MOJKPEIJICHUS] CTPYKTYPHOTO KapKaca 3aTsDKKaMH U IIPEHTeISIMU.

DTH 3J€MEHTHl JOJDKHBI OTBEYATh 00uiUM TPEOOBAHUAM QYHKUUOHATBHOCMU W IKOHOMUYHOCHU, A
TaKXE Tpe6OBaHI/I$IM HAallMOHAJIBHBIX HOPMATHBHBIX JOKYMCHTOB. HpI/I 9TOM OOJIXKHBI 6I)ITI) YUYTCHBI paHEC
YK€ MNPUHATBIC KOHCTPYKTHBHO-TCXHOJOTMYCCKUC Tpe60BaHI/I$I 1 HCIOJIB30BaHbl OTBCYAKOIIHNE UM
pELIeHUs UIsl TUITOBBIX M HETHIIOBBIX JIEMEHTOB Kapkaca. B Ka)I0M KOHKPETHOM CiTydae MCIOJIb30BaHHs
paHe€ PEKOMCHIAOBAHHBIX TEXHHUYCCKHUX peHICHI/Iﬁ HCO6XOI[I/IMO IMPOBECTHU PpaCYCThl HAa MPOYHOCTH
HanboJiee OTBETCTBEHHBIX ﬂeTaJIeﬁ, HarmpuMep, METOAOM KOHCEYHOI'0 3JICMCHTA. Hetunossle 31eMeHTHI
MOTYT OTJIMYAThCS OT TUIOBBIX HE TOJBKO KOHCTPYKIHMEH M COCAMHHUTEIBFHBIM MEXaHU3MOM, HO TaKXKe U
TexHooruelt coopku. [109ToMy OHM paccCMOTPEHBI B 3TOM paszielie 0co0o.

3.2 OnopHbIe y3JIbI U ONOPHBIE Y3JI0BbIE 3JIEMEHTHI (KOHHEKTOPHI)

3.21 3adaua 3.1 coctoutr B pa3pabOTKe KOHCTPYKTHUBHBIX PEIICHUH W TEXHOJOTHH HW3TOTOBIICHUS
OTIOPHBIX AIIEMEHTOB KapKaca, YIOBJIETBOPSIIOIINX BCEM TpeOOBaHUAM, TIepeYHCICHHBIM B 11. 2.1.3.

OnopHBIN y3€d BKJIIOYAET THUIOBOM KOHHEKTOpP M, CIEJAO0BAaTEeNbHO, 3aBUCUT OT €ro KOHCTPYKLHH.
[puuaTeii B kKauyecTBe TuNoBoro koHHekTop «ZUBLINY», oKa3biBaeT Ha KOHCTPYKIMIO M TEXHOIOIHUIO
BBIMOJIHEHNSI OINOPHOTO y3Jia MOJIOXKHUTENbHOE BiusHHE. Ero cdepuyeckas HapykHas NOBEPXHOCThb
COOTBETCTBYET C(HepUIECKON KOHTAKTHON MOBEPXHOCTU OMIOPHBIX KOHHEKTOPOB, KOTOPHIC HCTIOIB30BaHbI B
npoekTax mokpbiTuid (1.6 w 1.7), HO B 3THUX ciydasx morpeboBajach JONONHUTENbHAs 00paboTKa
3aroTOBOK.

Bonee moapoOHOro paccMOTpeHHs 3/4eCh 3aciy>KMBaeT BONPOC 00 HCHOJIB30BaHMM OonTa S5 1iist
BOCTIPUATHSL OTCOCa B TaKOW, HallpuUMep, CUTyalluH, KoTopas oOpucoBaHa B m. 1.3.4. OneHka ycuaus
0TCOCa, KOTOpPOE 3TOT OOJIT BOCHPHHUMAET B MOKPBITUM MarasuHa, Aaja 3HaueHue okoio 7 Tc, T.e.
MeHblIee, YeM Hecymasi criocoOHocTs Oonta M18 Ha pacTspkeHHe HE3aBUCHMO KJlacca HPOYHOCTH BBIIIE
4.6 (mo 'OCT 1759.4 - 87). Ecnut sxe OpreHTHPOBAThCS HA BHICOKOTPOYHBIH Kperex kinacca 10.9, To 6ont
WK mmwibka M16 uMeeT MEHUMAaITbHYIO TIPOYHOCTH 16.6 TC M MOXKET OBbITh HCIIONB30BaHA KaK KPEMeK,
BOCTIPHHUMAIOIUI 0TCOC, TPAKTHYECKH, BO BCEX Clydasx, ynomsHyTsix B PA3JIEJIE I.

Hcxons u3 3TOTo M ¢ yU4eTOM OIbITa pa3padOTKU KapKacoB MOKPHITHA B noapasaenax 1.3 - 1.7, va puc. 3.1
MPEIOKEH BAPUAHT OMOPHOTO Y314, TJIe B KA4eCTBE KOHHEKTOPA MCIIOb30BaH THIIOBON Y3JIOBOM dJIEMEHT
tuna «ZUBLIN», a orcoc BocnpuaumMaer 6ont 5 (M16). B stoM perenun cdepudeckas MOBEPXHOCTH
KOHHEKTOpa 1 omupaercs Ha KOHUYECKYIO IOBEPXHOCTD JIOKA 2, KOTOPOE THAMETPOM HECKOJIBKO MEHBILE
KOHHEeKTOpa 1 ¥ MoXeT ObITh 00paboTaHO Ha JIIOOOM TOKapHOM cTaHke. JIoxke 2 IMpHUBapeHO K OMOPHOU
wmTe 3, KOTopast UMeeT OTBEpCTHs 4 1o MOHTaKHBIE 00nThl. KpoMe Toro Mexny jJokeM 2 U ONMOpHOH
IUIMTON BBapeHb! (hacOHKHU 6, MOIKPEIUISIONINE OOPHBIA KOHTYP JIOKa 2 ¥ ONOpHYIo Mty 3. bont 5 npu
HAaBUHYMBAHWYU HA HETO Taliku 7 omupaeTcsi CBOei chepruiecKoi TOMIOBKOH Ha KOHUYECKYIO MTOBEPXHOCTb
JoXa 2, COXpaHsisi BO3MOXXHOCTH CBOOOJIHO TIOBOPAYMBATHCS BOKPYT IEHTpa CHEPUUECKOW TOJOBKH.
[ToBopoTy OonTa BOKPYr €ro OcH MPEMATCTBYET HAJIpe3 B €ro rojioBKe W IWTH(T 8, MpOHU3BIBAIOIINI
KOPITyC JIOXa 2 U TOJIOBKY OonTa 5. BeimageHue mwtudra U3 0TBEPCTHUS JIOKA 2 MPEMATCTBYIOT (PaCOHKH 6,
NPUBApPEHHBIE B COOTBETCTBYIOIIMX IUIOCKOCTSX. [alika 7 ommpaercs Ha CEpHYECKyIO MOBEPXHOCTh
KoHHeKTopa 1 uepes maiiosl, iockyio 9 u cpepuueckyro 10.

3.2.2 PCIHGHI/IC, MPUBCACHHOC B NPCALIAYIICM ITYHKTC HCJOCTATOYHO YHUBCPCAIIBbHO. Ero MMPUMCHUMOCTD
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OrpaHHueHa, PEKC BCETO, YIIIOM HAKJIIOHa KOHHEKTOPa 1 K TOPU30HTY, KOTOPKIH HE JIOJDKEH MPEBhIATh
5°. DTOT yros npuOJIM3UTENHFHO COOTBETCTBYET YTy HAKJIOHA JKeCTKMX KpoBenb (10%), HO maxke cpenu
o0bekToB, ynoMmsHyTteix B PA3JIEJIE | umerorcs Takue, rie 3TOT MapaMeTp 3HAYUTEIBHO IPEBHIIICH.
Hanpumep, yroin ykiioHa moKpbeITHS Haj nenbduaaprueM B Coun paBeH 7°.

Korna yrox HakioHa KOHHEKTOpa B OTIOPHOM y3i1€ He mpebiiraet 30°, pemenue, n300pakéHHOE Ha pHC.
3.2 MOXeT OBITh HCIOIB30BaHO, HO C HEKOTOPHIMH JOTOJHUTEIHHBIMU YCIIOKHEHUSIMHU. B 3TOM cirydae
OIOPHBIC CTOJIMKY Ha KOJIOHHAX MOYKHO BBITIOJHUTH C HYJICBBIM YKJIOHOM, a YKJIOH KOHHEKTOpa 0KkoJio 30°
CO3/1aTh BBEJEHHEM MEXIy OIOPHHIM KOHHEKTOPOM M CTOJMKOM KJIMHOBOW neTtanu 11l. Yrom HakioHa
OTIOPHOTO KOHHEKTOpA 3/I€Ch TaK)K€ OTPaHWYEH, T. K. YToJd, KOTOPBIA Ha puc. 3.2 paBeH 11° u He momkeH
OBITh MCHBIIIC HYJIS.

3.3 CTep)KHeBbIe «H3rudaeMbie» 3JIeMEHThI H HX CTBIKH C KOHHEKTOPpaMHu.

3.3.1 HerumnoBsle «u3rudOaemMbe» CTEPKHEBBIE DIIEMEHTHI OJOKa OOBIYHO MPOEKTHUPYIOT TaK, YTO OHHU
BOCIIPHHUMAIOT B OECIIPOTOHHOM KapKace BEPTUKAIbHBIC HATPY3KH OT BHIMIENEKAIICH KPOBIH, a TaKKe
pacTsAruBalolfe WK HeOONbIINE CxXUMaromue ycuins. KoprycHast getanb Takoro JIeMeHTa MOXKET ObITh
BBITIOJTHEHA U3 CIUIOLIHOTO MJIM COCTaBHOTO MPO(MMIIS Pa3BUTOTO 11O BEPTHKAIH.

«MzrubaeMble» CTEPKHM M3 CTAHAAPTHOTO CIUIOIIHOTO HPOQUIS HCIOIB30BAHBI B MPOEKTE OIMBITHOTO
6moka 24 x 12 M, ucneitanHoro B Kucnosoncke B 1987r (1.1). 3xeck mporoHsl W3 THYTOTO MIBEIJIepa
COEAMHEHBI HEMOCPEICTBEHHO C Y3JIOBBIMH JIEMEHTAMH U OJHOBPEMEHHO BBIIOJIHAIOT (QYHKIMH CTEPIKHEH
BEPXHEH PEIIETKU CTPYKTYPhl, HAIIPABJICHHBIX MOMNEPEK CKaTa. JTO PEIICHHE NMPHU BCEW CBOEH MPOCTOTE
MMeEeT CYIIECTBEHHBbIE HEJOCTaTKU. Bo-TepBbIX, BBHICOTA KapKaca MOKPHITUA HECKOJIBKO 3aBBIIICHA H,
COOTBETCTBEHHO, 3aBBILICH OTAITUBACMbIii 00beM 3MaHus. Bo-BTOPBIX, KPOBENBHBIN HACTHI, HAIPUMED,
npodHACTUII CHIIBHO YAAJEH OT LIEHTPa y3JI0B, BEpXHEH HMOSCHOM PEILIETKH, YTO MELIaeT BO3MOXHOMY €ro
BKITIOUEHHUIO B paboTy cTpykTypbl. C yueToM 3THX 3aMeuaHMil JaHHOE pelIeHHe ObLIIO0 PEeKOMEHAOBAaHO K
MacCOBOMY IIPUMEHEHHUIO.

B mnarente B. K. ®aiiOuiieHKo MpeayioKeHO BBIIONHATh «U3THOAEMBbIe» CTEP)KHH W3 JBYTaBPOBOIO
npoduiis, HO caM OH 3THM IPUEMOM YMEHBIINTH KOJMYECTBO IEMEHTOB CTPYKTYPBI HUTJIE HE TIOJIb3YETCH.
ITo xpaiineit Mepe, 06 3TOM HHUTJIE HE TOBOPHUT B CBOMX Tekcrax [9]. S HampoTHB, CYMTAIO 3TOT MPHEM
YMEHBIICHUS] KOJHMYECTBA 3JIEMEHTOB JOCTATOYHO YHUBEpcalbHBIM 3(dekruBHbM. OH, Hampumep,
NpUMeHeH B mpoekTe «MuUmoH Mesouei» B r. Mocksa (1.5) u BO MHOTHX JIpYrux MOHMX mpoektax [15].
CoenuHeHne NEpeXOHOT0 HAKOHEYHHWKA C JIBYTaBPOBOW KOPIYCHOH JeTanblo B OOOMX 3THX CIy4dasx
BBITIOJTHEHO CBApHBIM C MPOPE3KOI B CTEHKE JBYTaBpa y €ro TOPIIOB OKOH, HO 3TH PEIIEHUS COBEPILIEHHO
Pa3IMYHBI IO KOHCTPYKIIUH COEeMUHHUTENbHOr0 MexaHm3Mma. B pemenun B. K. daiibumeHko KpenexHblit
OO0JIT COEIMHUTENBHOIO MEXaHU3Ma MIPOHMU3BIBACT IUIAHKY, UTPAIOLIYIO POJIb IIEPEXOAHOTO HAKOHEUHHKA. B
ocTajbHOM OHO TmoBTOpsier pemienne «MERO» ¢ mompaBkamu u3 cuctemsl «MAPXW» [50].
CooTBeTcTBEHHO, 31ech moBTOpsiIoTcs HemoctaTtkn «MERO», Bkimodas HEBO3MOXXHOCTH CMEHBI
KPEMEeXHbIX JAeTalleil 1 MeXaHU3al1 COOPOYHBIX ONEpaLuil.

B wmoém pemennn (1.5) «u3rnbaemeiiiy CTEp)KEHb CHAOKEH MEPEXOMHBIMH JETalIMH B BHJIE
HaKOHEYHHUKOB, KOTOPBIC COSAMHEHBI C KOPIYCHON JETAIBI0 KOPOTHIIIAMH S W3 KBaJPaTHOTO MPOQIIISL.
OmHUM KOHIIOM OHU MIPHUBAPEHBI K TIEPEXOAHOMY HAKOHEYHHKY 4, IPYTUM - K TIOJIKaM JiByTaBpa 6. B atom
PEIICHUH COCIUHHUTEIbHBIH MEXaHHW3M BKIIIOYAeT INMWIBKY CO CIUIOIIHOM mpaBo pe3b0oit wu
CIIEIUAIBHYI0 TalKy, KOTOpas MMEET TOPEIl C IIeCTUTPAHHBIM YTIIYOJICHHEM IO MPYTKOBBIN Kitod. M3
PUCYHKOB BHJIHO, YTO «U3THOaeMBbIil» CTEpXKEeHb B KapKace IOKPHITUS Mara3uHa B buOupeBo Oonee
TPYJOEMOK B U3TOTOBJICHUH, HO HaJIe)KHEE MPH pacTshkeHuH, 4yem 1o nateHty B. K. daitbumenko. Kpome
TOro, MOE peIeHNe OTBEYAeT BCEM TPEOOBAHUSAM K COCAMHHUTEIHLHOM Y MEXaHU3MY, M3JIOKEHHBIM B II.

2.3.2.

B gactHOCTH, MexaHM3UpOBaHHAsl cOOpKa CThIKa, H300paxeHHoro Ha puc.1.5 (Bua no «2 - 2»), ¢ noMouso
YTJIOBOTO MEXaHW3UPOBAHHOTO HHCTPYMEHTA, BKIIIOYACT CJICTYIOLINE OTIEPALIHH:

- IMWIBKY 2 TPOMYCKAIT CKBO3b HAKOHEYHHK 4 WM BBUHYMBAIOT B KOHHEKTOP 1 C MOMOIIBIO YIIIOBOTO
MEXaHU3UPOBAHHOTO UHCTPYMEHTA;

- Taliky 3 BBOJSIT B TIOJIOCTh HAKOHEYHUKA 4 M HAKUBIISIIOT €€ pe3b0y ¢ pe3b0oid IMUITBKHY 2,

- Taliky 3 CBHHYMBAIOT CO IITHIBKOW 2 C MOMOIIBI0 MEXaHU3UPOBAHHOTO YIIIOBOT'O HHCTPYMEHTA,
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- raiiKy 3 3aTSArMBaIOT C MOMOIIBIO IPYTKOBOIO KJIH0Ya C JMHAMOMETPHUYCSCKOM BCTaBKOM.

3.3.2 JIyst CTHIKOBKH «M3TH0AEMBIX» JIEMEHTOB C KOHHEKTOPAMH TIPUMEHSIOT Pa3InYHbIC KOHCTPYKIH
COCIMHUTEILHOIO0 MEXaHU3Ma B 3aBUCHUMOCTH OT 3HAYCHHS BOCIPUHHUMAEMOI'O UM TPOJIOJIBHOTO YCHIIHS.
Tak, onvcaHHBIN BBIIE «M3rHOACMBIN» AJIEMEHT PacCUUTaH HAa BOCHPHUATUE MPOJOJIbHBIX ycwmid 10 +30
Tc, HO B TOM e KapKace UMEIOTCS IByTaBPOBBIC «U3rHOACMBbIe» DIIEMEHTHI ¢ YCHIUsIMH He Oonee +2 Tc.
KOHCTpYKITHsI CONPSHKEHHST TAKOTO 3JIEMEHTa ¢ KOHHEKTOPOM M300pakeHa Ha puc. 1.5 (Bum mo «1 - 1»).

BrinonuseTcs Takoe COIIPSKECHUC B cneﬂy}omeﬁ IOCJICA0BATCIIbHOCTH!

- B KpENeKHbIE OTBEPCTUS KOHHEKTOPOB BBUHUYMBAIOT JIO OTKa3a MIMUIBKH M3 XOPOIIO CBAPHBAEMOTO
MaTepuIIa MOBIICHHOH TTPOYHOCTH, HanpuMep, 091 2C;

- KOHHCKTOPBLI COCAUHAIOT CKO6OI>'I, 3aJaroniei IMPOCKTHOC PACCTOSAHUC MCIKAY UX OCAMU,

- «u3rudaeMeIey» DIEMEHTHI C BbIPpC3aMH, BBIIIOJIHCHHBIMH 3apaHEC IO €Tr0 KOHIaM, OAHOBPEMCEHHO C
obomx KOHIIOB YCTaHaBJIMBAIOT HAa IIIMAJIBKU U MIPUBAPHUBAIOT UX K HIITUJIBKaM MOHTaKHOM CBapKOfI.

Takast KOHCTPYKIHS ¥ TEXHOJOTHs, IPUMEHEHHBIE HAa JAHHOM O0BEKTE, HE PEKOMEHAYIOTCSI K MaCCOBOMY
MPUMEHEHUIO, T.K. TPEOYIOT ISl CBOCH pealln3allii MOHTaXKHON CBApKH, YTO HEXKENATEIbHO.

3.3.3 B mpuBeneHHBIX MpUMEpax HE HCIONB30BaHbI 3(()EKTUBHBIE TOHKOCTEHHBIE MPOGWIH, KOTOPHIE
HaIUTH IMIHPOKOE MPUMEHEHNE B aBHANIMOHHON MpOMBIIUIEHHOCTH. OO0pyA0BaHNE M TEXHOJOTHS IS MX
MPOM3BOJICTBA XOPOIIO HU3YYCHBHI W PEaTN30BaHBI B Takux opranuzanusix, kak OAQO «YIbSHOBCKUI
HUAT» , OO0 «Creurexuomnorust» u HITO «MAM» (r. YabsiHoBcK [44]) . Cpenut mpou3BOAUMBIX 371€Ch
npoduieit Hanbosee UHTEpeCHb Z U X - 00pa3Hbie, HO 00OPYIOBAaHUE I WX M3TOTOBJICHUS CIUIIKOM
noporo it HeOosipmoro mpeanpustus. [IpocTeiiniee pemieHne 3To MPOOIEMBI COCTOMT B TOM, YTOOBI
3aKa3aTh OIBITHYIO MApTHIO MpodWiIed Ha MPEeIUpUATHH, TAe Takoe 00OpYyIOBaHHE WMeEETCs, HO TOrna
BCTa€T BOITPOC O I[eHE TaKOTO MPO(HIIS U, CIEIOBATEIHHO, O IEIeCO00PA3HOCTH €ro IPUMEHEHHSL.

B nacrosiee Bpems 1ieHa 3(h(GEKTHBHBIX TOHKOCTEHHBIX Hpoduiiel cocrasiseT okono 75000 pybneit 3a
TOHHY, 4TO Oosee, yueM B 1.5 pasa Oompmie neHsl THyTbIX wmBesiepoB no ['OCT 8278-83. Takoe
COOTHOILICHHE LIEH SBHO HE CIOCOOCTBYET MOKA MOUCKaM B JAHHOM HalpaBJICHUH.

3.3.4 «HM3rubaemMbie» 3IEMEHTHI COCTABHOTO MPOGWIIsS MIMPOKO MPUMEHSUIUCh MHOIO B OECHPOTOHHBIX
CTPYKTYPHBIX KapKacax. BriepBble OHM HCIOJIb30BaHBI B BHJE «U3rHOAEMBIX» JJIEMEHTOB, CBAPEHHBIX W3
ABYX WIH TPEX YTOJKOB B MOKPHITHH CKiaaa B ropoge Bumnoe (1.3 - mo «B - By»). 3arem, mogo0OHbIe
pelieHus ObIIN MPUHATHI B MOKPBHITHH cKiasna B HoBouepkaccke, a Taxke B moKpseITud TPLL «I"opu3oHT» B
PocroBe-na-/lony (1.3; 1.7; 1.8). Ilena «uzzubaemozon cmepichs ¢ maxkum npoduiem u e2o 6ec Huyice
Yenbl IeMeHma u3 06ymaspa, 4Ymo HeCKo1bK0 KOMREHCUPYEMCs €20 NOGbLULEHHOU mMPYOO0EeMKOCMbIO.

Ocob6enHocTh KOHCTPYKIMHK MOKpBITUSL TPLL cocTOMT B TOM, YTO 3/1€Ch B BEPXHEM SIpyce CTPYKTYPHOTO
Kapkaca IMpUMEHEHbl KOHHEKTOPHI, M3TOTOBJIEHHBIE M3 XOPOIIO CBApPUBAEMOM, HO JIOCTATOYHO MPOYHOU
cramu 09I2C (1.8; y3en «A»). K xoHHekTopam Ha 3aBOJIc NpPHBApEHbI YTrOJKOBBIC KOPOTHIIIM 6 C
OTBEPCTHUSIMH, UCIOJIb3YEMbIE ISl CTBIKOBKH «HM3TH0aEMOro» CTEpKHS ¢ KOHHeKTopoM. [Ipu pacueTHOM
npoaosibHOM ycwimu 1o +2 Tc coeauHeHHne «M3ruOaeMoro» »jIeMeHTa ¢ KOHHEKTOpaMH Hpu cOOpKe
KapKaca BBIIOJIHAETCS 0€3 UCIO0JIb30BaHMs CIIELUaIbHOIO COeAUMHUTENBHOr0 Mexanusma. Ilocne toro, kak
«A3rn0aeMbIi» 3JIEMEHT YCTAHOBJICH B IPOEKTHOE MOJI0KEHUE, ET0 COSTUHSIOT M0 KOHIIAM C YTOJIKOBBIMHU
KopoTbImamu 6onrtamu M16 € mocnenyromieil 00BapKOi CTHIKOB MOHTAXKHOM CBapKOM.

Korpna ycunme pacTsbkeHUsI B CTEpXKHE cOCTaBIsieT 0kolio 10 TOHH, ero npoduiib COCTOUT U3 TPYOBI U IBYX
YTOJIKOB, a TpyOa cHaOKeHa 10 KOHIIAM COSAMHUTEIILHEIMI MEXaHN3MaMu CUCTeMBI «KucmoBoick». Takoi
«u3ru0aeMplil» CTEp)KEHb BHauyaJleé CTBHIKYIOT C KOHHEKTOpPaMH C TIOMOLIbIO BCTPOEHHBIX B HErO
COCAMHUTEbHBIX MeXaHU3MOB «KHCIIOBOACK», a 3aTeM CKpPEIUIAIOT ¢ HUMH OOJTaMH M MOHTaKHBIMH
cBapHbiMU mBaMH (1.8; y3enm «Ax; o «1 - 1y).

3.3.5 DTu npumepsl NPUBEIEHBI JJIS TOTO, YTOOBI [TOKA3aTh, KaK pa3HOOOPa3HbI MOTYT OBITH BO3BMOYKHBIC
KOHCTPYKTHBHBIE PEICHHS «U3THO0aeMbIX» CTEPKHEH M TEXHOJOTHMHM MX CTBIKOBKH ¢ KOHHeKkTopamu. Ilo-
BUAMMOMY, B HACTOsIIEe BpeMs HAWIYYIIMMH TOKa3aTeNIMH OOJNQJaloT  «U3rH0aeMbie» CTEp)KHH
COCTAaBHOTO cedyeHus. Kpome TOro OHM HMMEIOT DA CYIIECTBEHHBIX NPEUMYIIECTB, CPEAN KOTOPBIX
HauOoJsiee BaXKHBI CBOOOJA BBIOOpa cocTraBa Npoduiisi, a Takke (OPMHUPOBAHHMS KOHCTPYKIIMHM CTBIKOB C
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KOHHCKTOPaMH. OIIHaKO B IEPCIEKTUBE CO CHHMIKXCHUCM IIECH HAa TOHKOCTCHHBLIC Z u X UMEHHO 3THU
HpO(bI/IJII/I MOT'YT OKa3aTbCs Hanbojee SKOHOMUYHBIMU JJIA BBITIOJIHCHUA «M3rn0aeMBIX» DJIEMEHTOB.

3.3.6 IIpemnoxenue Henacora B. C. u ®atioumenko B. K. o npuMeHneHnn cucteMbl pa3BepHyTOM Ha 45°
HeOeccropHo. Ilo kpaiiHel Mepe MOM MONBITKUA BBISCHUTh, KAKOBBI MOTYT OBITh HCTOYHUKH TOJTYy4acMOro
MIPH STOM BBINTPHIIIA HE TPUHECITH OXHUAAEMOTO pe3yinbTara. Bo3MOXKHO, S IpH 3TOM HE 3HANl KaKOTO-TO
JJIEeMEHTa CHCTEMBI, KOTOpbIi u ompexaensn e€ 3()(eKTHBHOCTH B JaHHOM cilydae, T.€. NMPHU3HAKa, I10
KOTOPOMY MOYKHO OBLTO OBl OTJIHYNTE JAHHOE PEIICHHE OT CYIECTBYIONMX pemeHuii [58].

3.4 KoHCTPYKIHUS ¥ TeXHOJOTMH BbINOJHEHUSI ITIPEHTeJIell U 3aTSKeK

3.4.1 B pmanHOM moppasjeiic pacCMOTPEHbI HETHUIIOBBIC 3JIEMEHTHI 3aTSDKEK U IIMPEHIEICH, a TaKKe HX
Y3JIOBBIC COMNPSDKCHUS MEXKIY COO0OW M ¢ KOHHEKTOpaMH CTPYKTYPHOH KOHCTPYKIMH. VCXOIHBIM
MaTepuajioM JUIS 3TOT0 TOCIY)KHJIM MOM pa3pabOTKH, H3JIOKEHHbIe B moapasmemax 1.1 - 1.8.
IMoakperenue 610ka Ha puc.l.l BBIMOTHEHO MO cXeMe mmpeHres. [IpoeKT yCHIeHHs KapKaca MOKPBITHS
TPII B PocroBe Ha JIoHY BKIIIOYACT B KAYECTBE MOAKPEIUIAIONINX 3JIEMEHTOB psif 3aTsmkek (1.10).

TeMmy Hacrosiero nojapasjeia HEBO3MOXHO IOJHOCTBIO PACKPHITh HAa OCHOBE OOBEKTOB M3 IEPBOTO
pasmena KHuTH. [109TOMY BO3HMKIIA HEOOXOJMMOCTh MPHUBJIEYD K 3TOH pabOTe MPOEKTHI, BHITIOHEHHEBIC B
nocjeqHee BpeMs, HO el He peaan30BaHbl. B 4acTHOCTH, MCIOJIB30BaH IMPOEKT KapKaca MOKPBITHS
MaHexa Juis . PoctoBa - Ha - JIoHy, pacdeT KOTOpOro BBINOJIHEH BO BTopoi mosoBuue 2019 roxa [73].

3.4.2 DnemeHTHI 3aTsDKKM U3 THYTOro mBeiiepa 120 x 60 x 5 MM mpuMeHeHsI B 6J10Ke MOKphITUs 24 x 12
M, onmicanHoro B 1.1.1. Takoii BeIOOp OBUT OmpeseNeH, B OCHOBHOM, TEM, YTO B 3TOM OJIOKE yke ObLTH
MPUMEHEHBI IIBEJJIEPHl TAKOTO )K€ CEYCHHUS B KAaUeCTBE NMPOrOHOB. DTOT apryMEHT BaXKEH Ul THIIOBOMH
KOHCTPYKITUH, B KQUECTBE KOTOPOI U pa3pabaTsiBaics 010ku 24 x 12, HO BOOOIIE-TO €ro Heb3si OTHECTH K
CylIeCTBEeHHBIM. bonee BaxXKHBIMU MPENICTAaBISAIOTCS Ipyrue TpeboBanus u3 . 2.1.3, Hanpumep, mpocToTa
U DKOHOMHUYHOCTH CaMOM 3aTSDKKM U €€ CTBIKOB ¢ KOHHeKTopamu. Crexys 3ToMy TpeOOBaHHUIO
HEOOXO0JIMMO, MPEKIEC BCEro, BbIOPaTh MPOQMIL MPOKaTa Ui 3aTSHKKH, IIEHa KOTOPOro Oblia Obl
MUHHMAJIBHOW TP KOHCTPYKTUBHOW €ro BapuabelnbHOCTH M JOCTYMHOCTH. Hambosnee mpuemiieMbIM 10
9TUM TIOKa3aTeJsIM OKa3bIBAETCSl IPOKATHBIN YroyioK. JloBOIBHO OJM3Ka K HEMY IO IIEHE I10JI0Ca U3 CTalld
09I"2C, HO OHa ycTynaeT Yrojky 10 CBOUM KOHCTPYKTUBHBIM BO3MOKHOCTSIM.

Puc. 3.3 u puc. 3.4 mpeacTaBISAIOT NMPUMEPH pelieHus y3i10B «B» m «'» mmpeHrensHOW CXEMBI,
nogkpemwtomeid 610k mo n. 1.1. B y3ne «B» poibp cCOeAMHUTENBHOTO MEXaHHW3Ma WIPAeT pe3bOoBast
mnuibka 2 ¢ 1ByMs raiikamu. Ha puc. 3.3 m300paxkeH CTBHIK. 3JIEMEHTA 3aTSHKKH C TUIIOBBIM KOHHEKTOPOM
tuna «ZUBLINy. 31ech mmuibka 2 TPOHU3BIBAET TUIIOBOH KOHHEKTOP 1 M IOJNOCOBbIE HAKOHEYHUKH 3
3JIEMEHTA 3aTsDKKH «a» U3 IBYX HEPaBHOIOJIOYHBIX YTOJIKOB 4, COeIMHEHHBIX HAKIaJKaMHu 5.

Ha puc. 3.4 noka3zaH y3en COeIMHEHHS JBYX SJIEMEHTOB 3aTSHKKH «a» U «O», a TakKe IIIPEHTeIbHON
CTOUKH «BY». 3JIeCh IIMUIBKU 2 BBUHYCHBI B MACCUBHBIA IWIMHIDP 6 CKBO3b HAKOHCUHUKH 3 3JICMECHTOB
3aTSDKKH «a» U «0». Ctolika «B» B y3ie «I'» coelmHeHa ¢ MWIMHAPOM 6 MMHMIBKOW 7 , KOTOpas OJIHUM
KOHIIOM BBMHYEHa B Hero. Jlpyroil KoHel WINWJIbKH, Ha KOTOPHIH HaBUHYEHBI raiiku 8, BCTaBIEH B
MEPEeXOAHBI HAKOHEYHUK 9 CTOWKHM «B», YTO MO3BOJIAET C MOMOLIBIO raek 8 peryiaupoBaTh YCHIIME B
3aTsDKKE.

B mpexHeM pemieHuH, yxe HCHOIB30BaHHOM B Onoke mokpeitha 24 x 12 x 300, mpemycmoTpeHa
¢dpeseposka memiepa 120 x 60 x 5 MM 1O KOHI[AM 3JIEMEHTOB 3aTSKKH JTHHOHM okono 6 m (1.1). Dto
TpeOyeT 3HAYUTEIHHBIX CBOOOJHBIX MPOM3BOJCTBEHHBIX TLIONIAJICH U COOTBETCTBYIONIETO 000PYIOBAHUS,
YTO HE BCET/Ia JIOCTYITHO MAJIIOMY MPeNpusTHIO. Pemenus, npuBeneHnslie Ha puc._3.3 u puc. 3.4

UMEET He TOJIBKO TEXHOJIOTMYECKHE U SKOHOMHUYECKHE MTPENMYIIecTBa, HO U Oojiee YHUBEpPCAIbHO, T.K. HE
CBSI3BIBAET TAK JKECTKO pa3Mepbl MPOQMIIs 3aTsDKKU C pa3MepaMy KOHHEKTOPA.

3.4.3 DneMeHTBI 3aTSHXKKU KPYroBOTO MPOQHIS HCHONB30BaHbl B MPOEKTE YCHIICHHS KapKaca MOKPBITHS
BHyTpeHHero asopa TPLl B Pocrose-na-Jlony. IlokpsiTue Bo3BeneHo B 2003-4 r. mo MoeMy HpPOEKTy U3
HECKOJBKO M3MEHEHHBIX JIEMEHTOB cucTeMbl «Kucmorojck», nsroronenubix 3A0 K3MK (moapasnen
1.8).

OCOo0EHHOCTh ITOTO MOKPBITUS COCTOUT B TOM, YTO OHO BBIIIOJHEHO UCKPUBJIEHHBIM 110 LMJIMHIPUYECKOH
MOBEPXHOCTH C paalycoM MO BepxHeMy mosicy cTpyktypbl 174 m (1.8). Takas KpuBU3HA MOKPBITHS
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JIOCTUTHYTA TE€M, YTO B IUIOCKOCTH WCKPUBJICHHS CTEP)KHU HIDKHEH TMOSCHOM pENIETKH HMEIOT
CTaHIApTHYIO JIMHY B ocsax 3000 MM, a B BepxHe# moscHoi perierke — 3037 mm. Ilpu 3TOM B CTBIKax
CTEP)KHEBBIX JJIEMEHTOB C Y3JIOBBIMH, BBITIOJHEHHBIMH 0€3 ydeTa WCKPHBICHHS KapKaca, BO3HHUKIUA ObI
yrinoBele morpemHocTr 0.5° W JUHEWHBIE TOTrpemHocTH Okoimo 1 MM. OO6e 3TH TOTPEITHOCTH
CKOMIICHCHPOBAHBI CJICAYIOIUMHA HM3MCHEHHSIMH B KOHCTPYKIIMH CTEPXKHEH M HMX COCIMHHUTEIBHBIX
MEXaHU3MOB:

- KOHTaKTHass MOBCPXHOCTH T'OJIOBKH 00JITa BBIIOJIHEHA C(bepnqecxoﬁ, a colpsaracMast ¢ HCHO TOpLEBasA
IOBEPXHOCTH IIEPEXOTHOI'0O HAKOHCYHHMKA, BBIIIOJIHCHA KOHquCKOﬁ;

- KOHTAaKT C(EepUYecKOro Topla MPUBOMHONW MY(THI C TpaHEHBIM KOHHEKTOpOM «KHCIOBOJCK» Takke
OCyIIeCTBICH uepe3 chepuueckyro maidy (1.6 - y3em «A»).

DJIEMEHTBI 3aTSHKEK KPYroBOro MPOQHIS MOKHO COEIMHATH C Y3JIOBBIMH 3JEMEHTAMH CTPYKTYPHOIO
KapKaca ¥ MKy CO00i C IIOMOIIBIO TEX K€ CTAKaHOB M MY(T, KaK M THIIOBBIX «PACTSIHYTHIX» SJIEMEHTOB
(2.7 n 2.8), omHako, BO3MOKHBI U IPYTHE PEIICHHUSI.

3.4.4 Hapuc. 3.6 mpuBeleH BapHaHT ITPOeKTa ycuieHus kapkaca nokpeitust TPLL B Pocrose-Ha-/lony.
VYcunenue kapkaca IOKPBITHS 3alPOSKTUPOBAHO B BUJE TPEX 3aTSHKEK MEXAY BEPIIMHAMM OIOPHBIX
Kanmrenei mo ocsm 3, 5, 7, (1.10). OcoOeHHOCTh TaHHOTO BapHaHTa COCTOMT B TOM, YTO OH BKJIIOYAET
OMNOPHBIM KOHHEKTOpP, HAKIOHEHHBIA K TOPU3OHTY IOJ YIJIOM OKOJO YeThIpEX rpaaycoB. Takod yron
HAKJIOHA TO3BOJSET MPUMEHHUTh pPEHICHHWE OMOPHOro y3na, u3o0paxEéHHoe Ha puc. 3.1 BKIroUaromiee
omopublii  konHekTop Tuma «ZUBLIN». 3mech HeTumoBoif omopHsii koHHektop Thma ,,ZUBLIN
COCTBIKOBAH C 3JIEMEHTOM 3aTSDKKH «a» 4epe3 XOMYT, KOTOPBI BKIIFOYAET:

- TIEpeIHIO0 TpaBepcy 3 C YCHIMBAIOUINM €€ UCKOM 4, UMEIOIIUM 0ceBoe pe3nboBoe oTBepcTre M36;
- JIBe BBICOKOIPOUHBIE IMHILKU 5 u3 ctanu 40X ¢ pe3pbamu M 16 no koHIaM;

- 3aHIOI0 TpaBepcy u3 Opycka 6 ceuenuem 50 x 50 ¢ kpyrioi BcraBkoit 7 (¢h50), KOHTaKTUPYIOLIEH C
KOHHEKTOPOM I10 CBOEI KOHMYECKOH ITOBEPXHOCTH.

XOoMyT TOJBEIIEH K OMOPHOMY KOHHEKTOPY 4Yepe3 IpuOKH 8 ¢ OTBEpCTHSMH B MUIAIKAX, Yepe3 KOTOPbIE
MPOMYILEHB IIHIBKY 5.

CO0pKy XOMYyTa U CTBIKA 3JIEMEHTA «a» C KOHHEKTOPOM BBITIOJIHAIOT B CIIEAYIOIIEH ITOCIEI0BATEIbHOCTH:
- B ONOPHBIII KOHHEKTOP BCTABJISAIOT TPHOKH 8,
- IINWJIBKK 5 BBUHYHMBAIOT B TpaBepcy 6, M MPOITYyCKArOT CKBO3b OTBEPCTHS B IUISTIKaX IPHOKOB 8;
- TpaBepcy 3 HaJIeBalOT HA IIIWIBKY 5 U ClleTKa HaBHHYMBAIOT Ha HUX raiiku 10;
- YyCTaHABIMBAIOT HA MECTO OTPE30K TpyOb! 9 1 0 yrnopa noarsrusatot raiiku 10;
- JJIEMEHT «a» BBUHYMBAIOT B MIEPEIHIOI0 TpaBepcy Mo pe3nde M36.
3.4.5 Ha puc. 3.7 u3o0paxkeH apoyHbIi OJOK IMOKPHITUS MaHeka pazMepoM B miaHe 53 x 12 M ¢
MPUMEHEHUEM CIIEYIONINX YCIOBHBIX 0003HAUSHMI:
- CIUTOIITHBIE YTOJIICHHBIC IMHAN — )KECTKUE Ha U3TU0 dJIEMEHTHI KapKaca,
- MyHKTUPHBIE YTOJIILEHHBIE JTUHUH - 3JIEMEHTHI 3aTSHKKH U3 THOKUX CTEPKHEH;
- MyHKTUPHBIE TOHKUE JTMHUU — THOKHE TTOABECKU U3 MPYTKA.

[1aTp Takux GIIOKOB B KapKace MOKPHITHA, PACIIONOKEHBI C MHTEPBAIOM 4 M M COEIMHEHBI MEXIy c000i
MPOTOHAMHU WM «U3TH0aeMBIMW» dJIeMeHTaMH Kapkaca. Kaxneiii  Onok cHaOXEH ABYMS 3aTsKKAMH
IHOM 45.72 M, KOTOpBIE COJEpKAT MO BOCEMb JJIEMEHTOB (4 dJIeMEHTa «a» U 4 dJIeMeHTa «0»). Y3Ibl
CTBIKOBKH JJIEMEHTOB 3aTsDKEK «a» M «0» COEIMHEHBI C apOYHBIM KapKacoM CTPYKTYpPHOTO OJoka
KECTKUMH CTOMKaMH «B» ¥ THOKMUMHU noBeckamu. [locepennne kaxmoro 6J0Ka COCTHIKOBAHHBI 4 37eMeHTa
3aTSDKKH «0», KOTOphIE COEIWHEHBI CO CTPYKTYPHBIM KapKacoM XECTKUM JIEMEHTOM «B» THOKHMH
MTO/IBECKAMH.

CoOupaeMOCTh Takoro OJIOKa MOXHO OOECIEUMTh, €CIM IPU H3TOTOBIEHUH  3JEMEHTOB 3aTSKKH
HCIONIB30BaTh HECUMMETPUYHBIM A0MycK Ha ux uHy 11.43 + A, roe +A - HIOJOXKUTENbHBINA NOMYCK,
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ONTUMAJIbHOE 3HAYCHHWE KOTOPOTO 3aBUCHUT OT JIOMYCKOB Ha JUIMHY THIIOBBIX JJIEMEHTOB CTPYKTYPHOTO
kapkaca. CrabuHa 3aTsDKKH, onpenersieMas A, MOKeT ObITh ycTpaHeHa ¢ TToMmonisio Taek 11. Bomee toro,
raiiku 11 mO3BOJIAIOT TONYYUTh 3aJaHHOE MPEIBAPUTEIBHOES HATIPSHKCHUE 3aTsHKKU. KOHCTPYKIINS 3aTsHKEK
1 uX paboTa UMeIoT cienyromne ocodbernrocta (3.5 ).

Bo-mepBbIX, Kax/Iplii 2MIEMEHT 3aTSDKKH BKIIFOYACT YETHIPE BETBH KPYIJIOTO CCUCHHS U [IBE IEPEXOTHbIC
Jetany 6 U3 IPOYHOH XOPOIIO CBapHBaEeMOH MOJIOCKI, HanpuMep, U3 ctanu 251°2C, KoTopbie TPUBAPEHBI 110
KOHIIaM BeTBEW. B Kak[0M 3JIeMeHTe 3aTsHKKH €r0 BETBH COCMHEHBI MEKAY 000 MIaHKaMu 7 Ha CBapKe
C LIaroM OKOJIO 3 M. DJIEMEHTHI 3aTsDKKU 00beJMHEHBI TonapHo mimuibkamu 8 (3.5 - mo «B - By).

Bo-BTO PBIX, I CTBIKOBKHU 3JIEMEHTOB 3aTAXXKH UCIIOJIb3YIOT BRICOKOIIPOYHBIC IINNWIBKA U3 CTaJIA 40X.

B yvactHOCTH, 711 CTBIKOBKH 3aTSKKU C TUIIOBBIM KOHHEKTOPOM THIIA «ZUBLIN» PEKOMEHAYIO LIMUIBKY
2, BBIMOJIHEHHYIO W3 KanuOpoBanHoi ctamu 40X He menee D27. B mpennaraeMoM pemieHUH 3TOTO CTHIKA
KOHHEKTOp TpeOyeT HeOONbIIOi MOpaOdOTKH, KOTOpas 3aKIIOYAETCS B MPOTOYKE IABYX IMITMHAPUIECKUX
Y4acTKOB 5. B y31max CTBHIKOBKH 2JIEMEHTOB «a» U «0» MPUMEHUMBI IITIIEKA MEHBIIETo JuamMerpa oT M16
10 M22. DTO OTHOCUTCS U K LIEHTPAJIBLHOMY Y311y 3aTSKKH, IJI€ CTBIKYIOTCS UETBIPE 3JI€MEHTa «0».

B-TpeThux, B TpéX CpPEeAHUX CTHIKAX 3aTSHKKHU, TJI€ COSTUHSIOTCS SJIEMEHTHI «0», OCHOBHYIO HArpy3Ky
BOCIPUHUMAIOT mai0bl 14 ¢ Oypramu, KOTOpbIe NEepemaroT e€ Ha IMIMHAPUYECKHE CTEHKH KaHaBOK,
MMPOTOYCHHBIX B IMOJOCOBBIX MCPEXOAHBIX ACTAIAX 3aTAKCK. Amnanoruyna nepeaavda yCujinsda OT 3aTAKKHU K
KOHHCKTOPY Ha €ro HWIMHAPUYCCKUE BBICTYIIbI 5, XO0Td 340€Chb 3HAYUTCJIbHAsA 4YaCTb YCHWIIHA 3aTsXKKU
nepenaéTcsi Ha MOBEPXHOCTh INHIBKH 2. YTIIyOJNeHNs B IEPEXOAHBIX JCTAISIX 6 MOTYT OBITH BHIITOTHEHBI
0e3 Ype3MEepHBIX 3aTpaT ¢ TOJIBKO HA COBPEMEHHBIX 00padaThIBAIOIINX LIEHTPaX U 3TO CIEAYET YUUTHIBATDH
IIPpU UCIIOJB30BAHUHU NPCAJIOKCHHOI'O PCUICHMA.

B-dueTBepTHIX, HamexKHas Iepeaada 3HAUNTEIBHBIX YCHUIINHA Ha Y3KHE TIOBEPXHOCTH OypTOB oOecredeHa
Onmarogapss IPUMEHEHHIO TMPIKAMHBIX Imai0d 4 u 14 ¢ KomblieBRIMH OypTamMH MO KOHTYpY. bombrmoe
npeaBapUTeNIbHOE HATSDKEHHUE HIMUIIEK, KOTOPOE MOJACPKUBACTCS YIPYTOCTHIO BEICOKOMIPOUHBIX a0 4 u
14 ycunusaert 310T 3 deKT.

3.4.6 Tlocne ToOrO, KaK CTPYKTYPHBIN KapKac apoOYHOTr0 OJIOKA MOKPHITHS COOpaH, €r0 CTHIKU C 3aTSHKKaMU
10 puC. 3.5 BBIMOJHSAIOT B CJASAYIOUICH MOCIIEI0BATEIbHOCTH:

1) mmuabKy 2 BCTaBISIOT B OTBEPCTUS KOHHEKTOPA;

2) mepexoaHbIe JleTay 6 HaJIeBalOT HAa BBICTYIIHI 5,

3) mepexomaHble aeranu 6 GUKCHPYIOT rafikamu 3 depes 1maiobl 4 Tak, YTOOBI CO CTOPOHBI AJIEMEHTA «I'»
0CTaBaJICs Y4aCTOK Pe3bObl JOCTATOYHBIH JIJISl €0 MIPUCOCSINHEHHS K JAHHOMY Y3J1Y;

4) mepexoJHO HAKOHEYHHUK JIEMEHTA «I» HABUHUMBAIOT HA KOHEIl IITHJIBKK 2 10 YIOpa B raiky 3;
5) snmeMeHTHI «a» U «6» pacroyaraloT OTHOCHTEIBFHO OJIOKA B MOJ0KEHHU OJIN3KOM K ITPOEKTHOMY;
6) pa3BoOJis DJIEMEHTHI «a» U «0», BBOAAT MEXTy HUMH IIMWIBKH 8 U GUKCHPYIOT UX raikamu 8%;

7) Ha mnuiIbKy 9 HaBUHYMBAIOT Takiku 11 W BBUHYMBAIOT €€ B MJIMHAPUUECKYIO pacropky 10, sjnemeHT
«B» MOJIBEIIUBAIOT K apOYHOU CTPYKTYPE;

8) OoproBbie maiObl 12 ycTaHABIMBAIOT B MPOSKTHOE MOJIOXKEHHUE 11O CKOJIB3SIIEH MocaaKe, MIMHIbKY 9
BCTaBJISIIOT B OCEBOE OTBEPCTHE HAKOHEUHUKA DJIEMEHTA «BY;

9) pacniopky 10 BcTaBnstOT MKy Iiaibamu 12 ;

10) ycTaHaBIMBAIOT B MPOSKTHOE MOJIOKEHUE HIMTUIBKY 13;

11) Ha koHuB! mmibku 13 HageparoT maioer 12*, ynpyrue maiObl 14 1 HaBUHYMBAIOT raiku 15.
Bce nepeunciieHHble onepanyy MOBTOPSIOT CHpaBa U CiIeBa OT IUIOCKOCTH cuMMeTpun O1oka. [locepenune
Ka)XXJOM 3aTsHKKH, TJ€ CTBIKYIOTCSI YEThIPE OJMHAKOBBIX JJIEMEHTa «0», BBINONHSIOT omepaiuu 7) + 10).
Ilocne BBIOSHEHUS YyKa3aHHbIX COOPOYHBIX OIEpalyil NMPOU3BOIAT PETYIMPOBKY IIPEIBAPUTEIHLHOTO
HATSDKEHHMS 3aTsDKeK OJioka ¢ momompblo raek 11, mpoBepsioT ¢ MOMONIbI0 HUBEIHpAa B3aMMHOE

PacCIONIOKEHHE 3aTHKEK M MOICPKUBAIONIUX UX DJICMEHTOB, MPOU3BOIAT OKOHYATEIBHYIO 3aTSKKY BCEX
ek 2, 13 u T.4.
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BapuanT snemeHTa 3aTSHKKH U3 YETHIPEX CTEP)KHEH KPYIJIoTo Hpodwiis He eAMHCTBEHHBIA U, BO3MOXHO,
HE caMbli SKOHOMHMYHBIA. B HmkHe#l yactu puc. 3.5 mpuBeneH Apyroi BapuaHT cedeHus «B — By,
KOTOPBI BKJIFOYACT YETHIPE YTOJIKOBBIX Mpoduias. B 3ToM BapuaHTe BO3MOXHO YBEIUYCHHE IIara
COCIUHUTEIBHBIX TUIAHOK 7 10 4-x wmiam gaxke 6 M, cOOopka 3arTskku yrpoineHa. CylnecTBEHHbBIH
HEZOCTaTOK 3TOTO PEHICHHS COCTOUT B CIOKHOCTH KOHTPOJIA W BOCCTAaHOBICHHS AHTHKOPPO3UHHOTO
TTOKPBITHS 3aTSDKKH.

PA3JIEJT IV
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Pacuet cTpyKkTYpHBIX «KK)» - KApKAaCOB M 3JIeMEHThI HX ONTHMHU3AIHNI

PaspaGoranHass HaMu pacueTHas MporpaMMa BHAYaje HE OTIMYATaCh HOBHU3HOHM, HO HalllJla IIUPOKOE
MPUMEHEHUE B pacueTax THIIOBBIX CTPYKTYPHBIX TOKpbITHN «KHCIOBOACK» I 31aHHWA KOMIUICKTHOM
MTOCTaBKH, KOTOpbIe pa3pabareiBan B To Bpems uHctutyT LIHWUUIIpoexTnerkoncrpykuus (L{HUNIJIMK). B
YaCTHOCTH, B MEPBOI BepCHH MPOrpamMMbI OT 73-ro roja ObUTH HCIOIh30BAHBI BAPHAHTHI COCTABICHHS U
PCUICHUS CUCTEMbl KAHOHWYECKMX YpaBHCHWH W3 KHuUTH [6]. B nanpHeWineM HamM yCWIHsS ObLTH
HaIpaBJIEHBI, MPEXKJE BCEro, Ha OOPHOY C OrPaHUYCHHBIMH BO3MOXKHOCTSIMU BBIYMCIUTCILHOW TEXHUKHU.
Kpome Toro, MHOTO BHHMAaHHs OBUIO YIEJIECHO pallMOHATHHOMY (OPMHUPOBAHUIO MCXOJHBIX JAHHBIX JUIS
pacdera ¢ y4eToM OCOOCHHOCTEH CTPYKTYPHBIX KapKacoOB M MX ONTHUMH3AIMH B MTPOIIECCE pacueTa.

4.1 TocranoBka 3ana4u no pa3padorke nporpammsl N_2015

CoBpeMeHHBII KOMIUIEKC TpeboBanuii k mporpamme N 2015 601 copmupoBan okomo 2015 roma wu
HECKOJIbKO pacuupeH B TedeHue 2017 — 19 romoB oo cBOEro TemepemIHEro cocTosiHUsl. BakHo, 4To
IMPOLCCCHI pacy€Ta U ONITUMHU3AallUU KapKaca 6LIJ'II/I IMMPpU3HAaHbI pa3JIMYHbIMU, XOTA OHHU B3aUMO3aBUCUMBIL.

Bo-mepBbIX, mpu 10CTaTOYHONW MPOM3BOAUTENBHOCTH M cooTBeTcTBUU TpeboBaHmsM CII 16.13330.2011
CIeLUAIN3UPOBaHHAs IPOrpaMMa J0JKHA 00ecIeunBaTh:

1) aBTOMaTHUYECKOE IOCTPOEHHE PErYISIpHOi reoMeTprueckoid 3D cxembl (depTexa) CTpyKTYpHOTO OIoKa
MIOKPBITHS B cpesie ABTOKaN;

2) yder Tuma CThIKa TYP-i WM 33JaHHOTO YPOBHS M3rMOHOTO B3aMMOJCHCTBHS JJICMEHTOB Kapkaca,
KOTOpBIN ONpeensieTcs, B T.4. MOMEHTOM 3aTsHKKH CTHIKOB;

3) BBeIcHHE B KOKAOM y3iie 0JI0Ka OMOPHBIX CBSI3€H W HArpy30K Mo TpeM KoopauHatam X, Y, Z;

4) aBTOMAaTHYECKOE BbIYKCIICHHE YCHIHA N 1 aBTOMaTHYECKHiA TIOA00p CEUSHHUI A [T KaKIO0TO CTEPXKHS
pacyeTHOH MOJIENH U3 3aaHHOTO A-TiepeuHsi, BHIOPAHHOTO U3 MPUHITON Tabauiel TYp-i;

5) aBTOMaTHYECKUH BBIBOJI PE3YJIHTATOB pacueTa MOJeu 0J0Ka Ha €T0 YePTEXK;

6) ABTOMAaTUYCCKOC IIOCTPOCHHUE MW BBIBOJ Ha IICYATb CHeLII/I(i)I/IKaLII/II/I SJIEMEHTOB OJI0Ka B KaXI10M
BapHaHTC pacquHoﬁ MOICIH, conepmameﬁ IMOKa3aTeiin €€ METAJINIOEMKOCTH U TPYAOCMKOCTH.

Bo-BTOpBIX, MporpamMma J10JKHA 00€CIIeUNBATh BO3MOXKHOCTh KOPPEKTUPOBKH PacueTHONW MOJEIH OJjioKa
yTeM:

7) ynaneHus <«IMIIHUX» CBA3EH (CTEpXKHEW) M3 PerysisipHOM IeOMETPHUYECKONW CXEMBbl WIIM BBEACHUS B
pacyeTHYI0 MOJIEINb JIOTIOIHUTENIBHBIX CTEPKHEH U Y3JI0B, YCHJIMBAIOIIUX PETYISIPHYIO CTPYKTYPHYIO
HECYIIYI0 KOHCTPYKIIHIO;

8) TOBOpPOTa TEOMETPUIECKON CXeMBbI OJIOKA M KaKOW-ITHOO0 €ro YaCTH OTHOCHUTENBHO OCH, 337aBaeMOi
Ha TUTaHE TOKPBITHS, C MOCIEAYIONINMM BOCCTAHOBJICHWEM HApYIICHHBIX CBsi3ed (CTep)KHEW) MEXITy
y3JIlaM{ HETIOIBYDKHON M HAKJIOHSIEMOU 9acTH OJI0Ka,

9) usmeHenus (yBenuueHHs1) MOy |, paBHOTO 1mary y3i10B (B OCsIX) B MOSICHBIX CETKaX CTPYKTYPHI;
10) u3MeHeHHs BBICOTHI N CTPYKTYpBI.
B-Tperbux, mporpaMma JOJKHA OO€clI€UHMBATh OIPEEICHHUE HECYIIEH CIOCOOHOCTU CXKATOr0 CTEpPXKHS
CTPYKTYPHI C YI€TOM peKoMeHaaun, n3noxenHoi B 1.10.2.6 CII 16.13330.2011, myrem:

11) BBIYMCICHUS YTOYHEHHOTO 3HAYEHHUS HECyIIeH CHOCOOHOCTH CXKATBIX CTEPKHEW C y4eToM uX
B3aMMOJEHCTBUSL C CONPSDKEHHBIMHM JJIEMEHTAMH KapKaca M BBIBOJ HAa JKPaH PpE3yJlbTaTOB ITHX
pacyeToB B BHUJE TAOIHIBI «W» U TPOMEKYTOYHBIX PE3YIHTATOB;

12) HUCMOJIb30BaAHUA YTOUYHCHHOT'O 3HAUCHUS Hecyu_[ef/'l CIIOCOOHOCTH CHKATHIX CTep)I(Heﬁ nu3 Ta6J'II/II_IBI «P»
AJI1 KOPPCKTUPOBKHU Ce‘leHI/Iﬁ, Haﬁ[[eHHLIX M3 aBTOMATHYCCKOI'0 pacycTa KapKaca,

13) ucrons30BaHUs YTOYHEHHOTO 3HAYCHUS HECYIICH CIIOCOOHOCTH CIKATBIX CTEPIKHEH U3 TAOIUIIBI «L»
TSt (POPMHPOBAHIS HCXOMHBIX TabuIl TYP_ | 1 A-mepedveHb.
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B-4yeTBepTHIX, MporpaMMa J0JKHa OOCCIIEYMBATh BBIBOJ Ha Ie€4YaTh JOKYMCHTOB, HEOOXOMAMMBIX IS
(hopMHUpOBaHUS MTPOCSKTHON JOKYMEHTAIIMH B IIBETHOM U Y€PHO-0EJIOM MCIIOTHEHHUH, B TOM YHCIIE:

14) pe3ynbTaToOB pacyeTa, MOIYYCHHBIX MO M. 3) Uil KaXKIOW W3 PELICTOK CTPYKTYphbl (BepxHed - B,
packocHo# - P, nmkneii -H) u s 61oka B 1iennom (Beé);

15) pesynbraToB BEMucIeHUs iepeMerienni o X, Y, Z Bcex y3110B 0J0Ka;

16) TabnuIpl 3HaYEHWI HArPy30K, MpUiIaraeMblx K y3iam Omoka mo X, Y, Z mo m. 2), a Takxke Tabiuiry
TUIIOPA3MEPOB CTEPHHEH, UCTIONH30BAHHBIX B JAHHOM 0JIOKE A-TiepevyeHb.

4.2 Tlpouecc pacyera cTpyKTypHOro 6;1oka nmo mporpamme N_2015

JlaHHBI TOApa3NeN COACPKHUT H3JIOKEHHE M O0CYXJeHHE TeX, (PYHKIMOHAIBHBIX OCOOCHHOCTEH
mporpammsl N_2015, koTOpbIe HO3BOISIOT PEAIM30BaTh BBIICIIEPSUHCICHHbBIE TPEOOBAHMS.

Knonka «N», pacmonoxeHHas B JEBOM BEpXHEM YIIIy MOHHATOpPAa B CTPOKE WHCTPYMEHTOB ABTOKAJ
BBIBOJIUT Ha SKpaH MOHUTOpA CIHCOK NaHesnel ynpasiaeHus B cTpoke Hanens: «AcXoaHBIO», «...».

U3 310i1 cTpoku MoxkeT ObITh BhIOpaHa jro0ast M3 maHelell B TOM BUZE, KaK OHU NPEICTAaBICHBI HIXKE I10
CTpeJIKaM:

E3)

larens Hcxoowbie | Mogens | Koppexkuus | [oKyMeHTbi I’

/ \ \ JokymerTs X

oAent x| I—m’ _>-<j A+N BCE B UBeTE
NapameTpbi oo | it el Acuaress creymneh | A+N_uépr/ben
Teom. cxema KapKaca FIOBNL A N it b B | P ITI Bcé
| Tun-i; A-nepeyerb Yenon 2 Crax A BChONER
3HaueHUs HarpysoK ool [ | AN B Sencmovenre Hepeassione
Cneundmkauws Av6ns 3asop LI Kernik ;I

Tabnuubl KCXOAHBIX

4.2.1 Haxaruem xmaBumm [[lapamerpb] Ha mnaHenun «HcxoaHble», TONyY4aeM CIHMCOK OCHOBHBIX
[1apaMeTPOB, XapaKkTEPU3YIOLIMX KapKac M MaTepual, U3 KOTOPOro OH BBINOJHEH. MICXOAHBIE IapaMeTphl
npursTel it N_2015 mo ymomuanuio cornacuo CIT 16.13330.2011 [42].

42. TlapaMeTpsl, IPUHATHIE 110 YMOIYAHUIO, MOTYT OBITh ONEPATHBHO U3MEHEHBI.

ITocne Haxkatus Ha na"enu «McexoaHbIe» KIaBUIIU |Fe0MeTpI/1q. cxeMaJ Ha MOHHUTOPE MOSBISETCS OKHO, B
KOTOPOM TIpEIJIaracTcs BBIOOP OYEPTAHHSA SYCHKH IMOSCHOW CETKH CTPYKTYphl: KBagpaT WK
PaBHOCTOPOHHUE TpeyrojpHUK. Korga 3TOT BBIOOp clenaH, B TOM JK€ OKHE Ha3HAYAIOT MapaMeTphl
penreTok 6oKa:

- JUISL TIPAMOYTOJIBHOTO = Ny, Ny, I, h;

- IS TPEYTOJIBLHOTO -n, I h

31ech:
Ny, N, - KOJIMYECTBO MOJIYJIEH | Boomb oceii Xu'Y;

| - cropoHna stueiiku B KBaApaTHON WM TPEYTOIBHOM MOSCHON PEIIETKE CTPYKTYPhI (MOIYIb);
N - KOJUYeCTBO MOyJeH | Ha CTOpOHY TpeyroabHOTO 0JIOKa;

h - BbIcoTa CTPYKTYpHI (paccTOSIHUE MEy BEpXHEW M HIKHEH MOSCHOH PEIETKOM B 0CSX).

Haskas B TOM e OKHe KiaBuiry [HauepTuts 3aHOBO|, momydaem 3D uepresx Goka B ABTOKA/C, TIE CEUCHHS
BCEX CTEP)KHEH UMEIOT HEKOTOPOE «HYIJIeBOe» 3HadeHUE A = Ag.

4.2.2 Kaxmas tabmuna TYP i, cocraBinenHas B EXcel, cooTBeTcTByeT 0JHOMY KOHKPETHOMY COYETAHHIO
3aJJaHHBIX MMAPAMETPOB CTPYKTYPHI:
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- THUITY CTHIKOB CTEPXKHEBBIX M y3JIOBBIX JIEMEHTOB (TIapaMeTpsl p, A) ;
- JIMHA TI0SICOB B OCSX, HECHIIBHO OTindaeTcss ot 6a30Bbix 3Hauenuii (I = 3000 wiu | = 4000 mm);
- 3aJIaHHOMY PACCTOSHHIO MEX/Y TIOSCHBIMH CETKaMH, T.€. BBICOTE CTPYKTYPHI N B oCsIX.

B Takyro Tabauily BKIIFOUSHBI pAcUCTHBIC 3HAUCHUS IUIOIIAIN KOJIBLIEBOTO U KPYIJVIOTO MOMEPEUHOTO
cedeHus A, a Takke HeCyIlel crtocoOOHOCTH CTepKHS npH pacTsbkeHnu +N* u cxatum -N* mpu 3amaHHBIX
3HAYCHUSIX HapyHOTO JuaMeTpa D u Tommmael cteHku S. [Ipu 3ToMm 3HaueHus -N* npuBeIeHbI TS TIOSICOB
U JUTS PAaCKOCOB B OT/EJIBHOCTH, T.K. JJIMHA PACKOCA U €ro HECYIas ClOCOOHOCTh 3aBHCHUT OT 3a1aHHoro h.

Tabmuua TYp_i MOXET coaepKaTh TaKKe HKCIICPUMEHTAIBHO IMOJYYCHHBIC 3HAYCHUS (C JIUTEPOH «3»)
HecyIIel CTOCOOHOCTH PACTSHYTHIX CTEPXKHEH, MOIyYeHHbBIC HA UCTIBITATEIbHOM ycTanoBke (2.10).

Kpome Ttoro, B tabmuie TYp_|I Ui KaXI0ro TUIOpasMepa CTep)KHs 3aJaHa Macca IOTOHHOTO MeTpa
KoJbIieBOro mpoduist D x S v mapamMeTphl | - CThIKA CTEPXKHS ¢ KOHHEKTOPOM:

M - HapyXHBII TUaMeTp KperexkKHOH pe3bObl (M3 padovero yepTexka CTep’KHEBOTO 3JIEMEHTA).

p - U3ruOHas JKECTKOCTh CTHIKA, NMPHBEACHHAs K HEHTPY y37a. YCTaHOBKA Ul SKCHEPHMEHTAIHLHOTO
OTIpeIeNICHHs P U METO/IMKA €€ UCTIONIb30BaHMUs ITOAPOOHO oNKcaHbl Ha MOEM caiite [15; p13].

A - Macca nepexoJHbIX JeTaliell, KpeneKHbIX U BCIIOMOTaTeNbHBIX JIeTalleH.
Mertozuka onpeaeneHuss A COCTOUT B ClieayronieM. B3aBecuB cTepkeHb JI000ro THIIOpa3Mepa, HaXOIuM:
A=G-gx| |kr,
3nech: G -Macca cTepikHS [KT);
g - Macca MOrOHHOTO MeTpa IpoduiIst |Kr/m|;
| -muHA cTep)KHS B OCAX M.

O6beM Kakaoi Tabmaumel TYP | HeorpaHWYeH W MOCTOSIHHO YBEIWYHMBAETCS TPH HCIIONB30BAHUN €€ B
pacuere. J{yis KaXa0ro KOHKPETHOTO 0JI0Ka HEOOXOIMMO MOCIIE BEIOOpa KOHKPETHOTO HOMeEpa i, BBIOpaTh
U3 cooTBeTcTBYytomel Tabmuusl TYP_i psn cedenuit D x S u D, koTopsie MOTYT OBITh HCIOJIB30BaHbI B

JaHHOM OJIOKe, T.€. MOCTPOUTh Tabuuiy | A-iepedens,. E€ pasmep He Gomnee 20-TH CTPOK.

4.2.3 Tlpouenypa BBeJeHHs OMOPHBIX CBs3€H M HArpy3oKk moJpoOHO omucaHa B [51; mm. 6.1, 6.2] u
BBINOJIHAETCS ¢ NaHenu «Moaesib» 1ociie HaXKaTus KJIaBUILIH |Onopm| Wi |Harpy31<a. Ha geprexe Onoka
OTIOPHBIE CBS3W 0003HAYAIOTCS TPEX3HAUYHBIM MIM(POM, pacHOJIOKEHHBIM JIeBee W HIDKE CaMoro ys3ia, B
KOTOpPOM TIepBasi, BTOpas, ¥ TPeThs u(pa O3HAYAOT HajIu4due ormop 1o ocsMm X, Y, Z, mpudeM Halndue
OTIOpBI 0003HAYEHO EIMHUIICH, & €€ OTCYTCTBHE - HYJIEM.

Kpome TOro omopHbie CBSI3M MOTYT UMETHh OMNpPEAETCHHYIO JUIMHY CEYeHHE, WMUTHPYIOIINE >KECTKOCTh
3JIEMEHTA KapKaca 3/1aHusl, CBA3aHHOIO ¢ OJIOKOM B JaHHOM y3Jie, HalpuMep, KOJOHHbI. B 3TOM cityuae ux
M300paKAIT HA YepTeke OIOKa uepes KiaBumy [JIOMONH. dIeMeHTh| Ha naHemn «MoJedb» 1 depes
KJIABUIITY Ha manenn «Koppexuus» npucBanBaioT UM TpedyemMble cedeHus A.

Harpyskn Takxe 0003HA4alOT TpeX3HAYHBIM MU(GPOM, PAacCHOJIOKEHHBIM BHINIE M TpaBee y3nma. B sTom
mudpe mepsas muppa COOTBETCTBYET HOMEPY CTPOKH TAONHMIGI [BHAUCHWS HATPY30K, B KOTOPOIl JaHO
3HA4YEeHUE Harpy3Kd AaHHOTO y3i1a 1o ocu X. Bropas u TpeTbs undpsl B mmdpe cOOTBETCTBYIOT HOMEpPaM
CTPOK, B KOTOPBIX PACIOJI0KEHBI 3HAUEHHsI HArPY30K JAaHHOTO y3i1a o ocsim Y u Z.

4.2.4 Pacder 0yioKa 3aIyCKaeTCs HAKaTHEM KIIABHIIH Ha ma”enu «MojJejb» U HadYuHAeTCs C
BBOJIa B MaMsATh MAIMHBI BCEX MCXOIHBIX JAaHHBIX. 3aTEM BBIMOJHIETCS, COOCTBEHHO, pacyeT, KOTOPBIM
BKIIOYaeT ()OPMUPOBAHUE M PEIICHHE CHCTEMBbl KAHOHUYECKHX YPaBHEHUH METOJa «IIepeMEIICHUID MpH
3aJaHHBIX 3HAYEHUSAX MMPOMOIBHON MOroHHOU )ecTkocTH EA/| kaxmoro m3 crepxHeii 61oka. ITOCKOIBKY
IJIONIAIA CEYCHHUH 3apaHee HEM3BECTHBI, UX MOA00D BBIMOJHACTCS B TPH UTEpAIMH, M3 KOTOPBIX IepBas
WTEpAIns BBIMOJHIETCA NPU «HYJIEBOM» 3HaYeHHHM Ag, MPUCBOCHHOM BCEeM CTEepXkHIM. B pesynbraTe
moA0Op CeUYCHU MPOM3BOAUTCS ABTOMATHYSCKHA W3 IPHHITOTO A-TIEPEYHs IMyTEeM CpaBHEHUS 3HAYCHHIMA
pPacUeTHBIX YCHJIUH B KaXJOM CTEPXKHE C €ro HECYIIeH CIIOCOOHOCTHIO IOCIIC BBIMTONHEHHS KaxIo0u
utepanuu. Ha kaxaoli mocienyromell uTepanuy pacyeT MPOU3BOAUTCS MPU 3HAYCHUSIX, IMOJYICHHBIX B
npeapiaymei. Kazagoch Obl, TOYHOCTH MOAOOpa CEYCHWH MOXKHO IOTHATH YBEIUYCHHEM KOJIMYCCTBA
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uTepannii, Ho OBUIO MOKa3aHO MPSAMBIM JKCIEPUMEHTOM, YTO MOAOOp CEYeHHl B TPU HTEpalHH, Kak
MIPaBHIIO, OITUMAJICH.

4.2.5 Pe3ynbTarhl pacuera 0JIOKa BHIBOJSTCS aBTOMATHUYECKH HA €r0 YEPTEK IMOCIE May3bl, 3aJaBacMoOi
KJIABUIIICH E Y HaXKaTusl KJIaBUIIA Ha na”enu «Mogeab». Homep nogobpanHoro ceuenus A
corimacHo A-TiepedyHI0 n300paxkaeTcs BONM3M CEpeUHBI CTEP)KHS; pacueTHoe 3HaueHue ycmius N - Goree
MEJIKHM KeTJieM BCIIe/ 32 HOMEPOM. DTH 3HAUCHHS M300paXKaloTCsl B TOM JKe IIBETE, YTO CaM CTePKEHb, K
KOTOPOMY OHU OTHOCSTCS, HO B IPYTOM CJIO€ ABTOKaa.

4.2.6 Ilocne HaxkaTus Ha kiapumy (Crierudukanus Ha naHenu «Moaeaby BBIBOJUTCS IS IPOCMOTPa U
mevyatu crenupukanus 3MeMeHToB 0oka. OO0Iriee KOJTUYEeCTBO IJIEMEHTOB XapaKTepH3yeT TPYAOEMKOCTh

Omoka, a CyMMapHas WX Macca XapaKTepH3yeT €ro MeTaUIOeMKOCTh. TeKCT cheru(uKaiiu cHadaia
MOSIBJIICTCS ~ HAa TIAHETW OTJOKEHHBIX 3a7ad B «Bopae». UTOOBI €ro yBHIIETh, CICAYET KIHUKHYThH
«BOPIIOBCKYI0» MKOHKY. [lepen 3amoMuHanueM crenuUKanuu ClIeIyeT OTKOPPEKTUPOBAaTh e€ Ha3BaHUE,
yKa3aB B HEM BC€ HEOOXOUMBIE TaHHBIE O OJIOKE, K KOTOPOMY OTHOCHTCS CHETH(pHKAIIHSL.

4.2.7 Ynanenue o0OOro CTEPKHEBOTO 3JEMEHTA M3 YepTeka OJOKa, MOCTPOCHHOTO B ABTOKAJ, MOXKHO
BBITIOJIHUTE B IIpEaciiax O6I)I‘IHOI‘O ABTOKAaAOBCKOTO HMHCTPYMCHTAapHUs. OHTI/IMI/I?;aHI/IH FCOMCTpH‘ICCKOﬁ
CXeMBbl OJI0Ka IM0 METATIOEMKOCTH W TPYIAOEMKOCTH IIyTEM €€ pa3pekeHHs IMOApPOOHO OMHcaHa B
nonpaszaene 4.4, Ho MOTYT OBITh IOCTAaBIIEHBI U HBIE LIEJIH.

Tak, Hanpumep, B 0ECKOHCOIBHOM 0JIOKE, KOTOPBIN HMEET BEepTUKAIBHbIC OMOPBI MO yriiaM (1o ocu Z),
OOBIYHO, OBIBAIOT MEPErPYKEHBI MOSICA B MPUKOHTYPHBIX 30HAX MPH HEAOTPY3KE TMOSCOB YAAICHHBIX OT
KOHTypa. B TakoM ciyyae BeIpaBHMBaHHE YCHWIMH B IOsICAaX MOXET OBITh JOCTUTHYTO IyTE€M YAAJICHUS
HECKOJIBKMX PACKOCOB B MPUKOHTYPHBIX 30HAX 0€3 HapyIICHHs] TeOMETPHUYECKON HEU3MEHIEMOCTH OJoKa.
[Ipu 3TOM, 3a4acTyro, BO3HHKAET HEYCTONYHNBOCTH MPOIlecca BRIPABHUBAHUS YCUIIUI, KOTOpask yCTpaHsIeTCs
(uKcamueit ceueHnid, T.e. HAKATHEM KIIABUIIIH |A —(I)HKcnpOBaTL| Ha naHenan «Koppexums».

4.2.8 HeoOX0QMMOCTb B JIOTOJHHUTEIBHBIX JJIEMEHTAX BO3HHKACT, OOBIYHO, MPHU YCHIICHUH PETYJISIPHOM
CTPYKTYPHOM PEIICTKU 3aTSDKKOW MM IIMPEHreIeM, a TaKKe MPU OCCKOHCOJBLHOM OINMPAHUU OJIOKOB Ha
KOJIOHHBI. T€XHHUKA BBEJCHHUS JOTOIHUTEILHBIX 3JIEMEHTOB JIOCTATOYHO MOpOOHO omnmcaHa B [51]. 31ech
TOJIBKO OTMEUY, YTO JIOTIOJHHUTEIBHBIE CTEPIKHU MIPH UX BBEICHUU UMEIOT «HYJIeBoe» ceueHune. CeueHus ux
MOJIOUPAIOTCS aBTOMATHYECKU B pe3yibrate pacueta (m. 4.2.4) wid 3apaHee NMPUCBAUBAIOTCS BPYUYHYIO

Yyepes3 KJIaBUIly |A-IPUCBOUTH|.

ABTOMaTHYECKHI TIOA00p CEYCHUH A B TPHU UTEPALMU HE BCETa JacT BEPHBIN U, TeM OoJjiee, ONTHMaIbHbIH
pesymbrar. Jns ycTpaHeHus omacHbIX ommbOok B mporpamme N 2015 meperpykeHHbIE CTEp)KHU
BBUICJISIIOTCS. KPACHBIM IIBETOM Ha 4epPTEeKEe OJIoKa ¢ pe3ysIbTaTaMu pacyeTa, KOTOPhIC BBI3BIBACT KIJIABHIIIA
Ha maHenn «Moaeaby. B 6onpmmx 01okax (6omee 1000 crepkHE) MOMONHUTENBHBI KOHTPOIh H
KOPPEKIMS CEYEeHHH MeperpyXKeHHBIX CTEP)KHEH OCYIIECTBISETCS C MOMOINso (aiima Red, koTopsrit
(dhopMupyeTcst B pe3ynbTare pacueTa OJIOKa M COXpaHSETCS B KaTallore BMECTe C JIpyruMu (aiinamMu 1o
JaHHOMY OJIOKY.

KoppekTupoBKy pe3yJbTaTOB pacueTa MOXKHO HadaTb C IPUCBOCHUS IIEPErPYKEHHBIM «KPACHBIMY
CTEP)KHSIM C ITOMOIIBIO KJIABUIIN Ha maHenu «Koppexkums» 1UIomaneil cedeHus A,
KOTOpBIC TPEBHIIAIOT aBTOMATUYECKH HaiijieHHble. VIMEHHO & 3TOro A-mepedyeHb JOJDKEH OBITh
COCTaBJIEH C HEKOTOPBIM 3amacoM II0 Hecyliel crnocoOHOCTH crepkHed. Ecnm takoro 3amaca HeT, TO
MPUXOUTCS, HHOT/Ia, KOPPEKTUPOBATh paHee MPUHATHIH A-mepedeHb win naxe tadbmauiy Tun_i. [Ipasna,
3/IeCh BCE 3aBHCHT OT CTENEHH INeperpy3ku cTeprkHed. Ecim meperpyska HeBenMKa, TO MOXET OBITh
HCMOJI30BaHA Ta e KJIaBUILIA JUTSL TIPUCBOCHUS OOJBIIIMX CEYECHUU CTEPIKHIM, KOTOPHIC
pacmojokeHpl W paboTalT MapalUlellbHO NeperpyKeHHbIM. B o0mem, komanma
WCIIONB3YeTCA JOBOJIBHO IMIMPOKO M PazHOOOpa3HO B MPOIECCE pacdeTa W ONTHUMH3AINH CTPYKTYPHBIX
0n0KoB. B wacTHOCTH, TIPY HAXKATUW KJIABUIIN Ha naHenun «Koppekuus», Ha yepTexe
OJIOKa CHPEHEBBIM IIBETOM OTMEYAIOTCA Te CTEp)KHH, B KOTOPBIX 3aBBIIICHO CEYeHHE, MOJ00paHHOEe
aBTomMaTuuecku. [Ipennaraercs ero BO3MOKHOE U3MEHEHUE, KOTOPOE MOKHO MOJITBEPAUTH Yepe3 KIaBUIILY
WM HE MOATBepxKaaTh. [locne KOPpEeKTUPOBKU CEUEHU pPacTSIHYTBIX CTEp)KHEN

MOKHO YCTPaHUTh CUPEHEBHI IIBET C UepTeXka KiaBwuiei [Bee B 1iBeTe| Ha maHenn «/l0KyMeHTBI».
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4.2.9 YkI0oH BceMy OJI0KY WJIM KaKOH-TO €ro YacTH MPUIACTCS, B Pa3IMYHBIX IENSIX, B YACTHOCTH, JIJIS:
- OpraHu3alMy CTOKA BOJBI C KPOBJIH;
- ycuiieHus 0JI0Ka PIIEMEHTaMU TUTIA 3aTSDKEK U IIMPSHIeNeH;
- pCIlICHUs] APXUTEKTYPHO - XYI0KECTBCHHBIX 3a7ad.
HeszaBucuMo OT e, MOBOPOT OJIOKA HITH €r0 YaCTH, OCYIISCTBIISCTCS C TIOMOIIBIO KIIaBHIIH Ha
rmanenu «Mojesib» B TOH ITOCIIeIOBATEIFHOCTH, KOTOpas oipoOHo onrcana B [51; m.6.4] .
4.2.10 Bomnpoc 06 u3MeHEHHE BEICOTHI KapKaca MOKPBITHS N BO3HUKAET, 0OBIUHO, MPH HEOOXOTUMOCTH:
- ONITUMHU3HUPOBATH KaPKaC 110 METAJUIOEMKOCTH;
- YMEHBIIUTH MIPOTUOBI IOKPHITHUS;
- YMEHBIIUTH OTAIUIUBAEMBII 00BEM 3JIAHHS;
- YHU(UIMPOBATH JUIMHBI CTEPIKHEH B Ipeienax 0J0Ka WIIM KOHCTPYKTUBHOTO KOMILIEKCA.

DTOT mpolecc HAaYMHAETCS C TOrO, YTO OJIOK HJIM €ro 4acTh, II¢ HEOOXOIMMO H3MEHHTh BBICOTY h,
NPUBOANUTCS B TOPU3OHTAJIBHOE IIOJIOKEHUE IYTEM YCTPAaHEHUs YKIOHOB, paHee MONy4YeHHBIX 10 [51;
11.6.4]. 3aTeM, HEOBXOAMMO HAXKATh KIABHIIY |[eoMeTp. cxema Ha maHenn «Mcexomubie». B pesybrare Ha
9KpaHe CHOBa IOSBISICTCS OKHO Ha3HAuCHHs MapaMeTpoB, B KOTOPOM HEOOXOIMMO BOHCATh HOBOE
3HaueHME BHICOTHI N, a 3aTeM HakaTh KiaBumy [M3menenue Bbicothl h|. IIpm 5TOM HEDKHSS TOsCHas
pemieTka OJOKa 3aHMMaeT HOBOE IOJOKEHHE, COOTBETCTBYIOIIEE M3MEHEHHOH BBICOTE. ABTOMATHYECKH
BKIMIOUaeTCss (GyHKUMS  (CTBIK, yCTPAHSIOIAS PA3phIBEI, BO3BHUKAIOIME IPH IEPEMEIICHHH HIKHEi
MOSICHOU penIeTK OI0Ka, U yepe3 KOPOTKOE BpeMs Ha DKpaHe MOSIBISETCS TEKCT: BBICOTA H3MEHEHa.

4.2.11 Haxarue KJIaBUIIN m Ha maHenu «Koppekums» 3amyckaeT pabOTy HOAMPOTPaMMBI by,
CONPSDKEHHOW ¢ moarnporpammoit «Ky, Pe3ynbraTel X COBMECTHOW paOOTHI BBIAAIOTCS B BHIE TAOIHIIBI
«W», KOTOpast IMEET CIIeTyIoIIee COJepyKaHue Mo CToI0naMm:

1- 3 - mopsAKOBBIN HOMEP CTEPXKHSI H HOMEPA Y3J10B, KOTOPHIE OH COCMHSIET;
4 - mapametpsl cedenus crepxus D x S wnu D;

5, 7 - 3HaueHUs k03D (PUIMEHTOB 3alleMIIEHUS 110 KOHIIaM CTepKHs | u 2;

6, 8 - orHOmEeHUa N =Kmax | Kminmo KOHIIaM CTepKHs 1 1 2;
9 - yron d MeXIy OZHOMMEHHBIMH CBSI35IMH 110 KOHIIAM CTEpXkHS 1 1 2;
10 - 3HaveHue KOdPPHUIMEHTA PACUSTHON JITUHBI L3
11 -3navyenue N* Hecymiel ctOCOOHOCTH CTEPsKHsI TpH CxxkaTuu [Tc];

12 - koo dunment ucnonb3oBanus Hecynien ciocooHoct N/N*.

4.2.12 JInsg KOPPEKTUPOBKH CEUCHUH CXKATBHIX CTEp)KHEH, HalJICHHBIX aBTOMATHYECKH, HWCIOJb3YyeTcs
KJIaBUILIA Ha maHenmn «Koppexkums». [locme HaxaTtns KiaBuII E u
BBIUMCJICHHbIE 3HAYEHUS YCHIMM B CXKaTbIX CTEPKHSAX CpPAaBHUBAIOTCA CO 3HAYEHUSAMHU HeECylled
CIOCOOHOCTH M3 TaOJUIIBI «P» U B CIIydae HEBEPHOro Moa0Opa CEYeHUs! OKPALIMBAIOTCSl CUPEHEBBIM. JTa
OKpacka MOKET ObITh CHSITA KJIABUIIIEH Ha MaHen «oKyMeHThD».

3HaueHHs HECYIIEH CIIOCOOHOCTH CTEP)KHEH NP CKATHU MOTYT ObITh IPUHSATHI B TaOUIax Typ_i B
COOTBETCTBHU C YK€ CYIIECTBYIOIIUMH WIIN CTIEHUAILHO MTOCTPOSHHBIMU TAOIUIAMU LY.

4.2.13 BbIBoJ Ha Te4aTh JOKYMEHTOB IO pe3yJibTaTaM pacdyeTa B LBETHOM M UepHO/OenoM Buje
JIOCTATOYHO TMOIpoOHO omrcan B [51; m.8].

4.2.14 Haxatuem knaBumu [[lepememenusi Ha naHend <«/{OKyMeHTBD» BBIBOIAST Ha DKpaH Ul
[IPOCMOTpA U Ie4aTH 3HA4YeHHsI IepeMEeLIeHUll Bcex y3JI0B Oj0ka. 3HaYeHUs IepeMelleHU Y3710B KapKaca

BBIHECEHBI Ha ero aH («cioi» NUmmer), rme oHH pacoJIOKEHBI CIICIYIOIIIM 00pa3oM:

- HOMEP y3J1a pacIioJIOKeH HUKE U JIeBee €ro;

46



- IepeMelleHre 0 OCH X - TIpaBee U HIXKE y3I1a;
- iepeMelneHue o ocu Y - JieBee U BBIIIC y37a;
- IepeMellieHHe 1o 0cu Z - TpaBee H BBIIIE y3IIa.

4.2.16 B ouepennoii penakiuu mporpaMMbel N 2015 konna 2018 roma mpeaycMOTpeH BBIBOJ Ha IevaTh
TaGIHI] MCXOMHBIX JaHHBIX KIaBHIIeH |[TabiIiibl HCXOHBIN]:

- A -mepedeHb - IepeyYCHb THUIOPA3MEPOB CTEP)KHEH THUIA «i», KOTOpbIE HCIOJb30BaHbI B JTAHHOM
CTPYKTYpHOM OJIOKE;

- TaOnuIla 3HAYCHUI HArPy30K, B y3iax 0j0ka Bjioab ocelt X, Y, Z no 1n.3) B moapaszaene 4.1.

4.3 PaGoTa c:kaTOro cTep:KHsi B CTpYKTYpHOM Kapkace «KK»

Baxne#mmMm 3TarmoM B Pa3BUTHM METOJOB pacyeTa IMPOCTPAHCTBEHHBIX TPYOUATHIX KapKacoB CTaJo
YTOUHCHHUC pacy€Ta CKaATOI'0 CTCPKHA Ha YCTOI>'I‘II/IBOCTB. OcHOBHEBIE PE3YIbTAThI 3ACCH 6I)IJ'H/I IMOJIy4YCHBI 10
2010-ro roma, Korga OCHOBHBIM HOpMAaTHBHEIM TOKyMeHTOM B P® 6wt CII 53-102-2004. OHM U310KEHH B
ctarbe [25]. B manpHeleM MaTepraisl IO 3TOW TEME PETYISIPHO MyOIMKOBaUCh Ha MoeM caiite [15; p13]
U JI0 CHUX NOP OHH AKTyalbHbI, T.K. METOJMKA IIPOBEPKU YCTOMYUBOCTU CXKATOIO CTEPKHS 10 HOpMaMm PD
MIOKa HE U3MEHMJIACh.

Cornacno CII 16.13330.2011, mo-npexxHeMy, Hecymasi CIOCOOHOCTh CIKAaTOTO CTEPKHS CHIIHPHO 3aBHCHUT OT
KO3 (UITMEHTa €ro pacyeTHOW IMHBI B. B cBoio ouepenmp, p 3aBUCUT KOA(D(DUIIMEHTOB 3allleMIICHUS
KOHIIOB CTEPXHsl, KOTOpPbIC OIPEICISIOTCS KECTKOCTBIO CONPSDKEHHBIX C HUMHU 3JIEMEHTOB Kapkaca H
KECTKOCTBIO X CTHIKOB C Y3JIOBBIMH JIEMEHTAMH .

B craTpe [25] cTraBsaTcs U pemIaroTcs IBe OCHOBHBIE 33/Ja4H.

3adaua 4.1 - BBIYUCIUTD KOAPPUIIMCHTHI 3aIIEMIICHUS KOHIIOB JIJISl CKATBIX CTEPIKHEH.

[Ipu mombITKE peIIUTh 3Ty 3a7ady CTajJo SCHO, YTO B CTPYKTypHOM Kapkace «KK» CxaThlii cTepKeHb
nMeeT 1o KoHIaMm (1 u 2) IpoCcTpaHCTBEHHBIE CXEMBI 3alleMIIEHUSI. DTH CXEMBbI XapaKTEPU3YIOTCS CBOUMHU
raBHBIMA 3HAYEHUAME Kimax, Komax # Kimin: Komin, JT€XKanmuMu B IBYX B3aUMOHOPMAIBHBIX TUIOCKOCTSIX,

npoxoasaiuX 4€pe3 OChb CTCPIKHA. Ha KOHIAax CTCPIKHA (1 )51 2) MOTYT 6I>ITL TAK)XE BbIYHCIJICHBI 3HAYCHUS .
n, = K1max / k1min u n,= szax / I(2min-

I'naBnble 3HaueHus K, B o01em cityyae, HalipaBJIeHbI TI0 KOHIIAM CTEPXHsI TI0-pa3HOMY, T.€. TNIOCKOCTH, B
KOTOpBIX JexaT, HanpuMmep, Kimax 1 Komax, PacIosioxkKeHsl MO yriioM §, 4eM H 00YCIIOBIEHA HEIUIOCKas
¢dhopma mpogonpHOTO M3rnda crepxkHs. [lpu 6 = 0 wim npu N = 1 Ha omHOM M3 KOHIOB (1, 2) cTepkHA
MPOJIOJILHBIN M3THO CTEPKHS OYJEeT ITOCKHM.

VYike mocne onyOnuKoBaHUs cTaThu [25], ObuM BEIBeNieHBI (opMyinbl s kodddunuento K ¢ yderom
KECTKOCTH P COTIPSKEHHS CTEPIKHEBBIX JJIEMEHTOB € Y3JIOBBIMHU 3JIEMEHTaMH, PUBEJICHHOH K LEHTPY y37Ia.
Ortu dhopMyiisl mpuBeaeHbI Ha caiite [15; p13]. Tam ke naHa METOIMKA SKCIIEPUMEHTAIBHOTO ONPEACICHHS
KECTKOCTH P, NMPHUBEJCHHOW K INEHTPY y37a. 3HAUeHHs p, MOIYyYEHHBIE TAaKHUM IyTeM JJIsl HEKOTOPHIX
TUHIOpa3MepoB crepkHed oredecTBeHHBIX «KK» cuctem «MApxW» mmn «KucmoBoack», NpuBEnEHBI B
tabmune Tun_1 u cocraBistor ot 6000 1o 12000. B npyrux takux Tadmuuax (Tun 0, Tun 7) npuBeneHs!
snaueHus p = 10, T.e. Ha 3 - 4 nopsAAKa MEHBIIKNE PeaabHBIX 3HAUCHUH Pp. DTO O3HAYACT, YTO U3THOHBIC
B3aMMOJICCTBUS 110 KOHI]AM C)KATOTO CTEPXKHS B JAHHOM CiIydae, NMPAaKTUYEeCKH, HE YUUTHIBAIOTCS, a
KOHEYHOE HMX 3HAYCHHE BBEACHO I TOTrO, YTOObI B MpPHUMEHSIEMBIX (OPMYJIaX HCKIIOYUTH JICJCHHE Ha
p=0.

3adaua 4.2 - BBIYUCIUTHb KPUTHUYECKYIO CHIIy C)KaTOr0 CTEpXKHsS MpHU 3aJaHHBIX KO3 duImeHTax
3aIleMJIEHHS TI0 eT0 KOHIIAaM, OnpeieNieHHbIX 1o 1. 4.1.1.

B cratbe [25] 3Ta 3a1aua oCTaBlIeHA U PEILIEHA B CIEIYIOLIEM BUE:

- IOCTPOEHA MOJENb HEHTPAIBHO CKATOTO YIPYTroro MpsIMOIMHEHHOTO CTEPXKHSI KOIBIEBOTO (UM UHOTO
LEHTPaJIbHO-CUMMETPUYHOTO) CeUeHUs], KOTOPHIA UMEET Ha KaKIOM KOHIIE MapHUPHYIO CPEepUIECKyIO
OTIOpYy, a TaKXe JIBE€ IUIOCKOCTHBIE B3aMMHOHOPMAJIbHBIE YNPYTHe SKBUBAJCHTHBIE CBS3W, KaXaas U3
KOTOPBIX MPEMATCTBYET NOBOPOTY TOPLA CTEPKHS B CBOEH TIOCKOCTH;
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- 3aaHbl 3HAYCHUs >KECTKOCTHBIX XapaKTePHCTHK CBS3ed W yria, OMPEHCISIONIEr0 Pa3HHUIy HX
pacmonoxenus 1o kouram: (K, n)i, (K, N)z2, 8, rme: K — MUHMMAabHBIE TIaBHBIE 3HAYCHUS KECTKOCTH
3aIEMIICHHS CTEPKHS 10 €ro KoHiaMm | u 2; N — OTHOIIEHHWE TJIaBHBIX 3HaYeHHi skécTkocTr K/K o
KOHIIaM CcTepkHs 1 u 2;

- ONPENEINTh 3HAYEHHE KPUTHUECKOTO CKUMAromiero ycuians Nxp, BRIpaKeHHOE depe3 Oe3pa3sMepHBIit
ko3¢bdunuent Harpysku  v=r1 (N /N»3)"0.5=(N/EI) ~0.5.

3Ha‘ICHI/IC VKp OTBICKHBACTCs, KaK KOpeHL ypaBHeHI/ISI yCTOﬁ‘IHBOCTH CTep)KHH
A(v) =0,

rae A(v) -matpuna ko3pGUIIHEHTOB KAHOHMYECKOW CUCTEMbI YPAaBHEHHIA, 3aBUCSIIMX OT V, a TAKKE OT
saganubIx 3Hauenuit (K, n)i; (K, n)z; 8.

COOTBETCTBYIOIIEE 3HAUCHHUE =T/ Vip.

B MoMmenT Hamucanus ctaThu [25] ObUT HesCeH (DU3UUECKHUI CMBICT MapaMeTpa M B Clydae HEIIOCKOTo
MPOIOJILHOTO U3rHba CKATOro CTePKHS. braromaps aHanmuTHuYeckoMy petieHuro 3adayu 4.2, moay4eHHOMY
B.A. EpemeeBbiM, npodeccopom Mexmara FODY, crano sicHO, YTO 1 WMEET B JaHHOM CIy4dae TOT Ke
CMBICII, YTO M TP IJIOCKOM TPOAOTIBHOM H3rube. OTIMYUE COCTOUT B TOM, YTO, paccMarpuBas (opmy
Ipoa0JJILHOTO I/I3I‘I/I6a B PA3JIMYHBIX MPOCKIUAX, MBI BUAUM CMECIICHUC TOYCK Hepem6a BJIOJIb OCU CTCPIKHA
MIPY HEM3MEHHOM PACCTOSHUH MEXIy HIMH, COOTBETCTBYIOIIEM pacueTHOH utnHe cTepxHs [15; p13].

4.4 Tlpuémsl ONTHMHU3ANNN CTPYKTYPHBIX KAPKACOB B X0/1€ UX pacuera mo nporpamme N_2015

44.1 3agaua ONTHUMH3AUH CTPYKTYPHBIX TMOKPBITHA HE MOXET OBITh IIOCTaBIeHa B CTPOTrO
MaTEeMaTHYECKOM CMBICIIE Aa)Ke Al OJHOr0 KOHKpPETHOro oObekra. Ilosromy B nanpHeimeMm Oynem
MOHUMATh TOJA ONTHUMM3ALUEH IMOUCK CPABHUTEIHHO SKOHOMHYHBIX DPEHICHUH B paMKax OrpaHUYCHUH,
3aJjaHHbIX B T3, a Takke CBSI3aHHBIX C BO3MOXKHOCTSIMH MIPOU3BOJCTBEHHOH 0a3bl.

[Monoxwum, yto B T3 Ha MPOEKTHPOBAaHHE YCTAHOBIECHBI TrabapuTHas cXeMa, Harpy3kd Ha IMOKpHITHE, a
TaKKe Ipyrue OrpaHUYeHHUs Pa3IuyHOro poja:

- OKCIUTyaTallMOHHBIC OrpaHUYCHUA, CBA3AHHLIC C HA3HAUYCHHUEM 06’beKTa;

- OrpaHN4YC€HUA, CBA3AHHLIC C BOSMOXHOCTAMU HpOH?,BO]Z[CTBGHHOﬁ 633131;

- CTPYKTypa UMeEeT IMOCTOSHHYIO BBICOTY h;

- STYEHKH MOSICHBIX CETOK KBaPaTHBIC MM PAaBHOCTOPOHHHE TPEYTOJIbHBIE CO CTOPOHOHA |;

- JuinHa ctepxkHer | <5 M, koria cOopka kapkaca BO3MOXKHA 0€3 MObEMHBIX MEXaHU3MOB,;
- obecneunBatoTcsa Bce HopMmatuBHbIe TpeboBanus CII 16.13330.2011;

- CTEp>KHHU UMEIOT, IPEUMYILIECTBEHHO, TpyOUuaToe (KOJIBLEBOE) HIIM KPYTJIOE CEUCHHE;

- JIpyrue OrpaHUYeHHUs, CBI3aHHBIE C 0COOCHHOCTSIMHU KapKaca U CTPOUTEILHOM IIIOMIATKH.

CyIIeCTBYIOT TaK)K€ BO3MOXKHOCTH YBEIHUCHHUS MOAYJIs | CTPYKTYpBI, 4TO 1aéT yMEHBIICHUE KOJIMIECTBA
BCEX €€ 2JIEMEHTOB 00paTHO MPOMOPIHOHANBHO |2, DTO 03HaYaeT, 4To mapauielIbHO ¢ SKOHOMUYECKON
onTuMm3anuend h, HEoOXOAMMO ONTUMM3MPOBaTh M | MO KpuTepHio OOLIEro KOJMYecTBa AJIEMEHTOB B
KOHCTPYKLUH.

4.4.2 Tlpouiecc oNTHMU3AIMU CTPYKTYPHOIO KapKaca MOKPHITHS HAYWHAETCSl C €ro pa30MeHus] MOHTAXKHbIE
OJIOKH, Ha UCXOJISl M3 YCIIOBHUS, YTO KXKIBIH TaKOH OJIOK B OTJENBHOCTH JOJKEH OBITh COOpaH Ha «3eMiIe» U
HOAHAT B IPOEKTHOE MOJ0KeHue. [Ipn perynsspHOM npsIMOYTOJIbHOM CETKE KOJIOHH pa3pe3Ka IOKPBITHS Ha
OJI0KH ¢ 3a30paMK MEX/Ty HUIMH IIUPUHOM Oyin3koii K | maer Hammydiee penieHne, MpruyeM BO3MOXKHBI JBa
OCHOBHBIX BapHaHTa OJIOKOB: KOHCOJbHbIE U OeckoHCosbHbIe. KOHCONBHBIE OOKH MPEeaNOYTUTEIbHBI IPH
IPSIMOYTOJIbHON CeTKE KOJIOHH, KOT/ia IIPOJIeT 3HAUUTEIbHO Oosblie Iara KouoHH. Eciu ke ceTka KOJIOHH
MMeeT SYEHKH KBaJpaTHBIC WIN OJHM3KHE K KBaIpaTy, O0siee SKOHOMUYHBI OCCKOHCOJIbHBIEC OJOKH, KasKIbIi
W3 KOTOPBIX TMEpEKphIBacT OAHY s4elKy IuiaHa. [IpaBna, B 3TOM cilyyae BCeraa NPUXOTUTCA BBIOMpATh
MEXIy HapylleHHEeM PEryJSIPHOCTH CETKM KOJIOHH W HapyLIeHHs PETYSPHOCTH PEIIETOK caMoro OJIOoKa.
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O06a »Ti BapraHTa HE BEI3BIBAIOT OOJIBIIUX MTPOOJIEM TIPH M3TOTOBJICHUH 2JIEMEHTOB CTPYKTYPHOTO KapKaca
Ha COBPEMEHHOM 000PYTOBAaHUH.

Kpome BOmpOCOB, CBSI3aHHBIX C TEXHOJIOTUEH M3TOTOBJICHHMS 3JIEMEHTOB, IPU pa3pe3ke Kapkaca Ha OJOKH
JIOJDKHBI OBITH PAaCCMOTPEHBI M BOMPOCHI MX TOJbEMa Ha MPOCKTHYID OTMETKY B YCJIOBHSIX KOHKPETHOWM
cTpouTensHOU Momanku. [Ipu 3ToM, mpuBeACHHBIE BHIIIE PEKOMEHIAIMH MOTYT OBITH 3HAYUTEIHHO
oTKoppekTrupoBaHbl. CoennHeHHe OJOKOB MOCTE MX MOIBhEMa IOIMyCTHMO, HO HEXENaTeNbHO H TpeOyer
0c000ro 00OCHOBaHWS B KaXKIOM OTACIBLHOM Cliydae, TaK Kak CBS3aHO C JIOPOTMMHU W ONACHBIMH
MOHTaXHBIMH paboTaMH1 Ha BBICOTE.

Z[anLHeﬁmaﬂ OINITUMH3aIWA KapKaca IMOKPBITHA BBIIIOJHACTCA B IMIPEACTIaAX KaXXI0Tro OJ0Ka B OTACIBbHOCTH C
YUY€TOM HUX PCaAILHOIO0 B33HMOI[617[CTBH$I. MOI‘y PEKOMCHAOBATL HCIIOJIB30BAHNE HCCKOJIBKUX IIPUEMOB
TaKou OIITUMH3AalIMH, KOTOPBIC MOT'YT IIPUMCHATHCA COBMECTHO HUJIM HC3aBUCUMO JpYyr OT ApyTra.

B konye 2018 200a s cayuaiino obGHapydCuinl HOB0€ HEONCUOAHHOE U NOJE3HOEe CE0UCMBO NpOcpAMMbl
N_2015. Okaszvisaemcs, oHa no3eoisem OOHOBPEMEHHO CHUUMAMb HECKOIbKO He3A8UCUMbLX OJI0KO08
Kapraca, u300padiceHHvblX HA 00HOM uepmedice. OMUM ONPEOeTAeMcs B03MONCHOCbL paciema U
onmumuzayuy 6cex OA0K08, 6X00UUX 68 NOKpbImue Oe3 yuemd, a 3amem C YYemom ux 63aumooeticmeus
uepes 0bwe OnopHbLe Y3/Ibl UTU Yepe3 NPO2OHDL.

4.4.3 YpaneHuwe «IMITHUX» CBA3el. VI3BECTHO, YTO CTPYKTYpPHBIE KaPKACHI B BEICOKON CTETIEHH CTATHYECKH
HEOMNpPEEeNUMBI, T.e. HWMEIOT OOJIbIIOE YHCIO <(JIUIIHUX» CBS3€H, KOTOpbIE HE HEOOXOIUMBI IS
o0ecrieueHus TEOMETPUYECKOH HEU3MEHSEMOCTH CHCTeMbl. [IpuHATO cumrath [54], 4TO HanIU4ue
«JTUIIHUX» CBS3€H CO3[aeT BBICOKYIO O€30IMACHOCTh CTPYKTYpP, HO 3TO IOJIOKHTEIHHOE WX BIUSHUE B
OOJIBIION CTENEeHN HEUTpaIu3yeTcs MOBBINICHHBIMH TPEOOBAHUAMH K TOYHOCTH M3TOTOBJICHHUSI CTEPKHEM.
JlomyCcKu Ha WX JJIMHY COCTAaBJIAIOT B simoHCKUX cucreMax «NS» m «KT» okono 0.5 mwm, uro TpeOyer B
HallUX YCJIOBUSAX JOMOJHUTENBHBIX 3aTpaT. YAallCeHUE «IMIIHHUX» CBA3€d - caMblii NPOCTOH H
YHUBEPCATBHBIN MPUEM ONTHMH3AINA CTPYKTYPHBIX KapkacoB. OH MO3BOJISET CHU3UTh X METANIOEMKOCTh
U, B OCOOCHHOCTH, TPYJIOEMKOCTh, KOTOpas 3aBHCHUT HE TOJBKO OT KOJMYECTBA 3JIEMEHTOB, HO U OT
TpeOyeMolf TOYHOCTH HMX H3TOTOBIICHUS. 37€Ch HEOOXOIUMO YYeCTh, UYTO yAAlCHHE «JIUITHHUX» CBS3ei
YMEHBIIIAET HANpPSHKCHUs, CBSA3aHHBIC C OMMMOKAMU M3TOTOBJICHHS CTEPXKHEH 10 JIIMHE W, CJIe0BATEIbHO,
MIO3BOJISICT YBEIMUUTE 3TU Nomycku. CriennansHO IPOBEICHHOE UCCIIEIOBAHNE HA 3Ty TEMY IOKasaio [64],
YTO JUIs HAIlUX YCJIOBHUH MOXKHO PEKOMEHIOBaTh W3rOTOBJIEHHE CTepXHEeW mo jumHe mo 1 kmaccy
TOYHOCTH, Y€MY COOTBETCTBYET I10JIe JOIycKa Ha JuHy 1.6 MM (tipu mummae ot 2500 mo 4000) [70].

[IporoHsl B MPOrOHHBIX CUCTEMAX MOXHO paccMaTpuBaTh, Kak JIMIIHUE CBSA3M M MX JKEIAaTEIbHO YIAJIUTh,
Kak TakoBble. IloaToMy mouTH Bce Kapkacel MOKpHITHS, paccMoTpenHsie B PA3JIEJIE |,
3alPOEKTUPOBAHBI, KAK OECIIPOrOHHBIE.

4.4.4 BplpaBHMBaHHE YCUINK B CTEPXKHAX MO KAKOMY-IMOO CEUCHMIO 0J0Ka. DTOT MPUEM HCIONb3YeTcs,
OOBIYHO, TPH ONTHMHU3AINH OSCKOHCOJBHBIX OJIOKOB, KX W3 KOTOPHIX MEPEKPHIBAET OJHY SYCHKY
NPSIMOYTOJIFHON CETKH KOJIOHH. B Takux Oyiokax B CEUCHMAX MOCEPEAHMHE MPOoJieTa WK 1Iara B BEpXHEH U
HWKHEW TIOSCHOM CeTKe, KaK MpaBUIIO, YCHIIUS paclpeieiieHbl BECbMa HEPAaBHOMEPHO. B MpHKOHTYpHOI
30HE OHH BEIIMKH U PE3KO CHIDKAIOTCA K IeHTpy O7oka. Takoe pacnpesieneHue YCHINN HeKelaTelbHO, T.K.
pacimypsieT CIUCOK HCIOJIb3yEMBIX MAapOK A- TIepeYeHb M HOMEHKIATypy M KpemexHbIX H3AeTuil. DTHX
HeOIaronpuATHBIX MOCTIEICTBUN yaaeTcsl u30exarh, yAalsis B IPUKOHTYPHBIX 30HaX PAacKOCHl U HaOronasl,
KaK 3TO CKa3bIBAETCS HA PACHpENeNIeHHH YCHIINH B KOHTPOJIUPYEMOM CEYEHHH. DTOT IIPUEM MOXKET OBbITH
WCTIONIb30BaH M B APYTUX CUTYAIUAX, IPUYEM MOXKHO YAAJATh HE TOJBKO PACKOCHI, HO TaK)Ke U MOsca.

445 HsmeHeHnue BbICOTBI Kapkaca h. Beicota h kapkaca BiuseT Ha MHOTHE €ro XapakTepHUCTHKH. B
HayvaJie MOUX 3aHSATHHA 3TOW TEMaTHUKOH S MOMBITAICS ONTUMH3UPOBATH OTHOIICHUE BBICOTHI CTPYKTYPHI K
mpostety 6moka (h/L) 1o ero MeTamtoeMKOCTH M 0Ka3aaoCh, YTO ONTHManbHoe oTHomenue h/L= 1/6 — 1/7.
[lpaBma, 3TOT MHUHMMYM OYEHb HEYETKO BbIpakeH. B mpenmenax wusmenenuss h/L= 1/10 — 1/12
METAJJIOEMKOCTh yBenuumBaercss Bcero Ha 10 — 12%. DTo oueHb BaxHO, T.K. U30aBisSeT HAc OT
HEOOXOMUMOCTH ONITHMH3MPOBATh BBICOTY N ¥ IO3BOJSET OTHECTH €€ 3HAUYeHHE K OTrPaHMYEHHUSM,
KOTOpBIE 3aKa34MK JOJDKEH yKa3aTh B 13, mcxoms W3 APYyTruX TpeOoBaHUWM, HANpUMEpP, U3 MUHUMHU3AINH
Pacxo/ioB Ha OTOIUICHUE.

HeszaBucumMo oT 11e1H, 11 M3MEHEHHS BBICOTHI N HEOOX0AMMO MpoAenaTh oneparmu 1o [51; m. 6.4].
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4.4.6 Tlpunanue ykJIOHa OJIOKY IMOKPBITHS WIK €ro YacTH. B mepro 0CBOCHHUS CTPYKTYPHBIX KOHCTPYKITHHA
B CCCP oHHM NMPOEKTHUPOBAINCH TOJIHKO IFIOCKUMHU M TOPH3OHTAIBLHBIMH TI0]T MATKYIO Maioykiaonayto (1.5 -
3%) xposmto. Tak, mo-BUAMMOMY, BO3HUK TEPMUH «CTPYKTYpHas IUIUTa». Yke B cepeauHe 80-X roJioB B
HHUWIIpoexTnerkonctpykuu (IIHUMJIMK) Obuta mocraBieHa 3agava 1o pa3pabOTKe CTPYKTYPHOTO
MTOKPBITHS TOJ] JKECTKYI0 KPOBIO (TpodHACTHI WM CIHIBUYMNAaHENH) ¢ ykiaoHoM 1/10. OmHOBpeMeHHO
BO3HHWKJIA 337a4a O MPHUAAHUHM YKIOHA CTPYKTypHOMY OJIOKY WM €ro 4acTH. Torma ke o0e 3amadn ObuH
PEUICHBI. DTO MO3BOJIMIIO MPEIJIOKUTh HOBBIM BapUaHT CTPYKTYPHOTO OJIOKA IMOKPBITHUS, TICPEKPHIBAIOIIETO
24x12 M ipu ipoaéTe 3aaHus 24 M U 1m1are KojaoHH 6 M (moapaszzaen 1.1). B aTom pereHun 010K MOKPBITHS
MOKPEIUIeH IBYMS 3aTsDKKaMU M3 THYTOTO IIBEJUIEPA, a €ro MPOTOHBI U3 TOTro e mmBeuiepa 120x60x4 mm
BKJIFOUEHBI B pa0OTy CTPYKTYpHOTO Kapkaca, T.K. OJTHOBPEMEHHO BBITIOTHSIOT (DYHKIIMU CTEPIKHEH BEpXHEH
MOSICHOM PEIICTKH CTPYKTYPBI, JIKAIIUX IMONEPEK CKaTa.

VYxe B IpOEKTe, YINOMSHYTOM B IPEAbIAYLIEM IOANYHKTE, WCIOJB30BAaHO IMOIKPEIUIEHHUE CTPYKTYPHI
mmpenreneM. B ganpHeliniem 3To penienre ObUIO Pa3BUTO, YTO MPUBENO K pa3padoTKe OONbLICTIPONIETHBIX
apoK, MOJKPEIUIEHHBIX 3aTSHKKaMHU U INNPEHreNsIMH. TeXHUKO-3KOHOMMYECKHE MOKa3aTeNlu TaKuX apok,
NpUBEICHBI, HanpuMeD, B [15; p8].

4.4.7 llpuMeHeHHE THUIOB CTHIKA CTEPXKHSA C KOHHEKTOPOM, MMEIOIIMX HOBBIIICHHYIO JKECTKOCTb P U
3aTsDKKa CTBIKOB Kapkaca. OnbIT ncnonb3oBanus nporpaMMbel N 2015 mokaspiBaeT, 4To mapaMeTp p CThIKa
CTEpP)KHS C KOHHEKTOPOM OUY€Hb CHJIBHO BJIMAET Ha TOT 3KOHOMHYECKHH 3()(eKT, KOTOPHIA MOMKHO
MOJYYUTh OT Yy4€Ta HM3TMOHOTO B3aMMOJEHCTBHS CXKATOrO CTEPXKHS C OPYTUMH JJIEMEHTAaMH KapKaca.
OnHakKo BBICOKOE M YCTOMYMBOE 3HAUCHHE P MOKHO MOJTYUHUTH TOIBKO MYTEM 3aTSXKKH CTBHIKOB JOCTATOYHO
BBICOKUM MOMEHTOM, KOTOPBI HE MOXET OBITh Pa3BUT NpH 3aTsHKKe CTHIKOB cucTeMbl «MERO-KK» u
monobHeix el oredectBeHHBIX cucteM «KHUCIIOBOIACK» u «MAPXW». 3Jrtor Bompoc mOApoOHO
paccMoTpeH B nojapasaeie 4.3.

[Mpuem, ycmemHo WCHoONb30BaHHBIM B sSnoHCKOW cucteme «KT» [15; p8], kacaercs ¢dopmupoBaHUS
MICXOHBIX JAHHBIX TaOmu auist pacuera [Tum i, |A-mepedens| u moToMy OH 37€Ch yIOMHHAETCS, HO, IO
cymecTBy, oocyxkaaercst B PASAEJIAX Il u lII.

4.4.8 BxiroueHue B paboTy Kapkaca MOKPBITHS CONPSKEHHBIX ¢ HUM YacTel 3/1aHusl. DTOT YHUBEPCAIbHBIN
MPUEM MOXHO CYMTaTh HE TOJBKO JKEJATCJIbHBIM, HO M 00fA3aTENbHBIM NPU BBIMIOJHEHUM pacyuera
CTPYKTYPHBIX KapKacoB, T.K. OH COOTBETCTBYeT TpeOOBaHMIO OoJiee MAETANbHOTO y4eTa (aKTOpOB,
BIIASIOIINX Ha pabOTy KOHCTPYKIHMH. [42; . 2.2.5].

OOBIYHO KapKac MOKPBITHSI OMHPAETCs Ha CETKY KOJIOHH M HEMOCPEACTBEHHO B3aWMOJICHCTBYET ¢ HUMH
BOIIOPHBIX y37ax BA0Jb TpEX ocerr X, Y, Z, HO NepeMELIeHUs ATUX Y3JI0B YaCTO B PacuyeTe HE yUUTHIBAIOT.
3TO MOKHO OOBSICHUTH TE€M, YTO B TUIOBBIX OJIOKAaX MOKPBITHS 3TH MEPEMEIICHHS, HEBETUKH, U BBI3bIBAIOT
B KapKace MOKPBITUS HE3HAYHUTENIbHBIE YCUIIUS. B yacTHOCTH, IpH OMMPAaHWU KBAIPATHOTO TUTIOBOTO 0JIOKA
[12] Ha "eThbIpe KOJOHHBI, 3alIeMJIEHHbIE B QyHIaMEHTaX, IepeMeIleHHs OTOJIOBKOB KOJIOHH 10 ocsiM X U
Y cocTaBisieT OKOJIO 3 MM, YeMy COOTBETCTBYET AMaroHajibHas Harpyska okoio 0.2 |Tc|. Ognako B apyrux
CUTYyalusiX, B 0COOCHHOCTU NMPH MOAKPEIUIEHMH KOJIOHH KPECTOBBIMH CBS3SIMH, IEPEMEIICHUS KOJOHH U
COOTBETCTBYIOIINE HArpy3KH MOTYT ObITh OYEHb 3HAYUTEIHHBIMU. B TakuX ciydyasx yd4eT TOpHU30HTAIbHON
KECTKOCTU KaXKJON KOJIOHHBI Ha YPOBHE €€ Or0JIOBKA CTAHOBUTCS 00sa3arenbHol. E€ onpenensior 1 BBOAST
B 4epTEX OJIOKa B CIEAYIOLIEH MOCIeOBAaTENILHOCTH: K OIOPHOMY Y3JIy KOJIOHHBI Ha YPOBHE IIEHTpPa €ro
Y3JIOBOTO 3JIEMEHTa MPUKIAIbIBAIOT enuHu4YHble Harpy3ku P = 1{Tc| Baomp oceét X u Y, orOpocus
CBSI3aHHBIE C HUM 3JIEMEHTHI KapKaca MOKPBITHS:

- BBIYUCIISIIOT TIEpEeMEIeHHs V, U V., [MM| OTIOPHBIX Y3JI0B OT €MHUYHBIX ;

- BBIYUCIISIOT JKecTKOoCcTH 1/V, u 1/v, |Tc/MM|, IpensTCTBYIOMINE TOPU3OHTAIEHOMY CMELICHHIO OMOPHOTO
y3J1a CO CTOPOHBI KOJIOHHBI;

- NoAOMPAIOT AJMHY U CEYEHUE CTEPKHEH, MMUTHPYIOIUX KEcTkocTu 1/V, n 1/V,,;

- BBOJST CTEPXKHH, HMUTHpYIOIHE kEcTkoctn 1/V, u 1/v,, B 4epTék Kapkaca MOKPBITHS, BBIACISAS UX
L[BETOM.

B nporoHHOM perieHnn NOKPBHITHA Ha y3JIbl BEPXHEW MOSICHON pemETKH ONMUPAETCsl KPOBENBHBIN HACTHI
4epe3 NporoHsl. PazinnyHble BApHaHTHI BKIIOYEHHUS IPOTOHOB B paboTy KapKaca NOKPBITHs (OecporoHHbIe
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KapKacel) TOBOJIBHO moapooHo paccMmoTpersl B PA3JIEJIAX | u I, Xots 3amavya o BKIIOYeHHH B paboTy
Kapkaca MOKpBITHsI IpohHACTHIIA TOKa HE PellieHa, HO SICHO, YTO JUIS 3TOTO MPOQPHACTIII TOJKEH OBITH:

- MaKCHMaJIbHO HpI/I6J'II/I)KCH K oCu CTGp)KHefI BCPXHEIro sApyCa CTPYKTYpPbBI, YTO OOCTUTACTCA B
6CCHp0FOHHBIX Kapkacax;

- KECTKO M MPOYHO MPHUKPEIUICHBI K «M3rH0aeMBIM» CTEPKHSIM — IIPOTOHAM.

Oxono 80 2o0a., 60 épems ceticmuyeckux ucnvimanuti, komopwvie LIHUHUJIMK evinonusn 6 2. Tawkenme, s
OvLL ceudemenem maxkoeo Ciydas: Noo PpAcuémHOU GePMUKAILHOU HA2PY3KOU 00UH U3 OOIMO8 8 Y2i080u
30He pa3pyuwuIcs, HoO HOKpblmue 0CManioch Hepaspyuennsvim. Tlpu daudicaiiuem paccmompenuu 0Ka3aniocy,
YUMo O0OpYWEHUI0 KOHCMPYKYUU KAPKACA NOKPbIMUS 8 SMOM MecCme Npensimcmeosan npo@Hacmul,
KOmopbili U noxyyun coomeemcmsyroujue depopmayuu. Koncmpykyus npogpracmuna He Oblia paccuumana
Ha maxue YCUIus U He COOMEEemCme08ala blueyNOMIHYMbIM 02PAHUYEHUAM, HO CAM Gakm 6KIHOYEHUs.
Hacmuna 8 pabomy cmpyKmypHo2o KapKaca OblLl Haauyo.

Orcroza ciaenyer, YTO peUICHUE 3TOM 3aJadyd JIEKUT, B OCHOBHOM, B KOHCTPYKTHBHO-TEXHOJIOTHYECKOMN
o0JacTa, HO yKe celiyac Mbl MOKEM OIICHUTh TOT TEXHUKO-DKOHOMUYECKHH d(h()EeKT, KOTOPHIA MOXKET JaTh
BKITIOUEHHUE MpodHACTHIIA B pabOTy CTPYKTYPHOTO Kapkaca. JlJisi 3Toro HeoOX0JMMO MPOBECTH HATYPHBIC
UCTIBITAHUS TI000TO OECIIPOTOHHOTO KapKaca MOKPBITHS, OTBEUAIOIETO BBIIICIIPUBEACHHBIM TPEOOBaHUSIM
M0 PACIONIOKEHUI0 U KPEIUICHUI0 TpodHacTiia. MoxkeT OBITh MCHOJIB30BAaHO OIHO M3 OECHpPOTOHHBIX
peuiennii nokpeitus, npuseAacHHbIX B PA3JIEJIE |. Pacu€r sToro kapkaca ciiefyeT BBIIIOJHUTH Oe3 yuéTa
BKJIIOUEHHUS B ero paboty mpodHactuiaa u co 100% ero BriaroueHueM. CpaBHHBas pe3yJbTaThl 3TUX
pacy€ToB C pe3ybTaTaMU SKCHEPUMEHTA, MOXKHO HAMTH, KAKOB PallMOHAIBbHBIA MPOLICHT MCIOJIb30BAHUS
XKECTKOCTU MpodHACTIIIA B paOOTE CTPYKTYPHOTO KapKaca IMOKPHITHS B TOW WM WHOW CUTYAITHH.

[lo mpenBapuTenbHBIM OLEHKAM 3KOHOMHUYECKHH 3((deKkT oT BKIIOYCHHS OpoQHACTHIA B PadOTy
CTPYKTypHOTro Kapkaca nokpsitusi «kKK» mosxet cocraButs nopsinka 10%.
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3AK/IIOYEHHUE

Hixe MEPCUNCIICHBL Hauboee CYIIECCTBCHHBIC PE3YyJIbTATBI MOHUX pa3p360TOK (1/13 NpEaACTaBJICHHBIX B
KHI/IFC), a TaKiK€ YKa3aHbl HAIIPABJICHUA UX ﬂaﬂbHeﬁIHeFO Pa3sBUTUA.

1. IloaTBepkneHa BO3MOMKHOCTh IONYYEHHUS] IPAKTUYECKH PABHONPOYHOM KOPIYCHOM JeTanu JJis
CTEPXXHS, BBIIIOJIHEHHOH W3 €IMHOW TPyO4yaTol 3aroTOBKH BMECTE C IEPEXOJHBIMH HAKOHEYHHKAMHU,
nono6Ho crepxkuiM «ZUBLIN» (dporo 2.1). 3xech skoHOMUYECKHH 3(QeKT oxkumaercs B 001acTH
MPOM3BOJCTBEHHBIX 3aTPaT Ha UCHBITAHUS U3ACTIHH Hepa3pylaomuMu GusndeckuMu Metogamu. K takum
METoJaM OTHOCHUTCS, HAlpHMep, METOJ| aKyCTHUECKOH SMHCCHM, KOTOPBIH MHE KaxeTcss Hamboiee
MEePCHEKTHUBHBIM, OCOOCHHO, IPH MOBTOPHOM Harpy>KeHHH 00pasia.

PazpaboTka cucTeMBbl TPOM3BOACTBEHHBIX HWCIBITAHUI TpeOyeT CchenuaibHbIX 3HAHWH W OMbITA.
[locraHoBKY m pemieHre 3ajad, CBS3aHHBIX C Pa3pabOTKON HCHBITATEIHHOTO YCTPOWCTBA, a TaKkKe C
METOJMKOW HCTIBITaHNIT HEOOXOIMMO HauaTh ¢ KOHCYJIbTAIUNA, HAPUMEp, ¢ GUPMO HIID «ABIK».

r. Exarepun6ypr, yi1. [lepsomaiickas, 109, od. 300 8 (343) 217-63-84 avek@avek.ru Mockea (499) 346-03-88 | Tromens (3452) 56-76-52 |
Yenaounck (351) 202-01-48 | Ygha (347) 224-26-52 | Hepms (342) 253-69-75 | Huxumii Hosropon (831) 429-13-72.

2. Pa3pa0oTaH HOBBIN METOJ pacyéra HECYIIEeH CIIOCOOHOCTU CHKATOTO CTEPXHS B CTPYKTYPHOM KapKace
o Hertockor (opme moTepu ero ycroitumBocTH, uTo pexomernmoBano B m.10.2.6 CIT 16.13330.2011.
OreHka 3KOHOMHUYECKOTO 3(h(heKTa OT TaKOTro YTOYHECHHS pacuéTa Kak-To BhIMONHEHA B 11. 1.8.10 KHUrH, HO
3TOTO SIBHO HEIOCTAaTOYHO. BechbMa jkenaTelbHO MOKa3aTh U MPOaHaIH3UpOBaTh SKOHOMHYECKH 3¢ dekT,
KOTOPBIIA MOXKET OBITH MONTydeH Oaromaps HOBOW METOIMKE ONPeNeTICHHUS HECYIel CITOCOOHOCTH CKATOTO
CTEpXHS B HOBOM CTPOUTEIHCTBE.

Hnst 3TOro HEOOXOAMMBI OOBEKTHI, AJsI KOTOPBIX XOPOLIO HW3BECTHHI TOKa3aTeNH TPYIAOEMKOCTH H
METaNIOEMKOCTH, MOJIy4eHHBIC 0 TPaJUIIMOHHOM Meroauke. K TakuM 0OBEKTaM OTHOCATCS, B HEPBYIO
OYEpE/Ib, TUIIOBBIE CTPYKTYPHBIE MOKPHITHSA, 3alPOEKTUpoBanubie, Hanpumep, [IHUWUJIMK [12]. 3amgaua
COCTOUT B TOM, YTOOBI OIpPENEIUTh METAIIOEMKOCTh JII0OOOro Kapkaca MO NpeisiaraeMoin
METOJIUKE, YTOUHEHHOM JUIS CKATBIX CTEPIKHEH M CPaBHHUTH €€ C PUBEICHHOI B [12].

3. IpemiokeH COSMMHUTENBHBIA MEXaHU3M JIJIS «PSIOBBIX», T.€. CAMBIX MAaCCOBBIX THUIOBBIX CTECPXKHEH.
OCHOBHOE €ro JOCTOWHCTBO IEpe] HM3BECTHHIMH MEXaHW3MaMH COCTOMT B BO3MOXKHOCTH IPHMEHHUTH
MEXaHU3HUPOBAaHHYI0 COOPKY Kapkaca, HO 3Ta 3a/ada pelleHa TO0Ka TOJBKO B TPUHIIMIE, HA YPOBHE
m3oopeteHus (1. 2.4.6).

JI7ist MOJTHOTO PELICHHUs TOH 3a71a4i MEXaHU3UPOBaHHOM cOopku kapkacoB «KK» HeoOxoanMma aetaibHast
pa3paboTKa CHENWHCTPYMEHTA U €ro JKCIEpUMEHTAILHOE anpoOUpOBaHNE HA CTPOMUTENILHOW ILIOMIAJKE.
HeoOxomumo Takke pemiMTh BOMPOC O BEIMYMHE TapaHTHPOBAHHOTO 33a30pa MEXIY BHYTPEHHHMH |
Hapy>KHBIMHU pe3b0aMH B CThIKE Kapkaca, T.K. HIMCHHO OH JIS)KUT B OCHOBE JIFOOBIX BApUAHTOB COOPKHU ATUX
CTBIKOB.

Otr paboTHI KeNaTeIHHO BEITIOJHUTE C IMMOMOIIBIO M MIPH YYACTHH CIEITHATHN3UPOBAHHBIX OPraHU3aIlHiM,
Takoi, kak pupma «REMS», ussectHas B P® 8 (495) 788-77-01 rinstrument2018@mail.ru|. ITo Bompocy 3a3opa
B pe3b0e Jrydie oOpaTUThCs B |AO «HUHNH3Mmepenuii B MalmmHocTpoeHnumn», (495) 602 46 00 info@micron.ru]

4. B mocienHue ronabl BcE yale NpuxoauTcst BuIeTh B uHTepHeT peknamy JICTK (jierkux cranbHBIX
TOHKOCTEHHBIX KOHCTpYKUMH). OnbIT ux npuMeHeHus B P® yxe HakomieH, HO MO-TIPEKHEMY aBTOPHI
PEKJIAMHBIX MaTepHaiOB MPHU3BIBAIOT IIOJH30BATHCSA YCIyraMu CIEIHAIM3UPOBAHHBIX OpPTaHU3aIlHi,
Hanpumep, «Lstkclub». Cucremsr JICTK Bkto4aroT 3neMeHTH Kapkaca u orpaxaeHus [62]. C apyroi
CTOPOHBI, UMEETCA OIBIT CTPOUTEILCTBA XOJIOAMJIBHUKOB, OTPAXKIEHMSI KOTOPBIX pa3MEIlEHbl U3HYTPH
Kapkaca.

Ecam ucmonb30Bath y3ibl COSAMHEHHS OTPaKICHUN, KOTOPHIE MPUBEIACHBI, HaIpUMep, B npuioxenun C
[64] wnu E [64] TO 3TO MOXKET MOCITYXHUTh HA4aJIOM Pa3paOOTKH HOBBIX MOKPHITHIA, BRICOTA KOTOPBIX HE
BXOJTUT B OTAILTUBAEMBIN 00BEM 3/1aHUs. 371€Ch TEIUIOU30IIAIMOHHOE YEPIAYHOE ITIEPEKPHITHE MOIBEIICHO K
KapKacy TOKPBITHS 3[IaHWs, HApUMep, CTpyKTypHOMY (puc. 6.2 B mcrounuke [64]). Takoe pasmencHue
(YHKIMIA YepAavyHOro TEPEKPHITUS IMO3BOJIICT ONTHMU3MPOBATH BBICOTY HECYIETO KapKaca MOKPBITHS
3JIaHUS TOJBKO IO €r0 METAJUIOEMKOCTH, T.€. 0€3 yuéTa pacXo/I0B Ha OTOILICHHUE.
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https://iass--structures-
org.translate.goog/History? x tr sl=en& x tr tl=ru& x tr hl=ru& x tr pto=ajax,sc

[Tymkun b. A. Caifr. «TexHOMOTHYHBIE CTATBHBIE KAPKACHL. ...
http://www.fen-net.de/valeria.sokolova/

Munmontaxcneuctpoir CCCP / IHUMIJIMK/ HaydHo-TeXHHUUECKHI OTYET IO TeMe: MCCIeA0BaHUe
Hecylied crocoOHOCTH CKaThIX cTepkHeH... 3akaz-Hapsn / Ne0008/ Paszmen II: «PaspaboTka un
HATYpHBIC HWCTBITAHUS  DKCIIEPUMEHTATBHOTO OJOKa TMOKpBITUS pasM. 24x12 ™M s
MIPOM3BOACTBEHHBIX 3[aHUN U3 neMeHToB «KucmoBoack». Mocksa 1988.

Ilymxun b. A., YcanoB A. H. ABtopckoe Nel1604953 o 1ByCKaTHOMY MOKPBITHIO.
http://www.findpatent.ru/patent/160/1604953.html
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https://www.mero-schmidlin.com/images/Bausysteme/publikationen/Raumfachwerke_fuer_grosse_Spannweiten.pdf
https://books.google.de/books?id=K2jiHNnCvcYC&pg=PA1417&dq=space+truss+ns+japan&hl=de&sa=X&ei=S20kT-DVJJCc-aeiKzXCA#v=onepage&q=space%20truss%20ns%20japan&f=true
https://books.google.de/books?id=K2jiHNnCvcYC&pg=PA1417&dq=space+truss+ns+japan&hl=de&sa=X&ei=S20kT-DVJJCc-aeiKzXCA#v=onepage&q=space%20truss%20ns%20japan&f=true
https://books.google.de/books?id=2mu5TN1Kvv8C&pg=PA63&hl=ru&source=gbs_selected_pages&cad=2#v=onepage&q&f=false
https://books.google.de/books?id=2mu5TN1Kvv8C&pg=PA63&hl=ru&source=gbs_selected_pages&cad=2#v=onepage&q&f=false
https://zelenograd-news.ru/news/science/23643
https://www.itweek.ru/themes/detail.php?ID=69223
https://biography.wikireading.ru/25731
https://biography.wikireading.ru/25735
http://books.totalarch.com/metal_constructions_faibishenko_1984
http://fen-net.de/valeria.sokolova/
http://www.sistems-marhi.ru/download_files/technical_specifications/TU5285_001_47543297_09.pdf
https://findpatent.ru/patent/200/2004732.html
https://iass--structures-org.translate.goog/History?_x_tr_sl=en&_x_tr_tl=ru&_x_tr_hl=ru&_x_tr_pto=ajax,sc
https://iass--structures-org.translate.goog/History?_x_tr_sl=en&_x_tr_tl=ru&_x_tr_hl=ru&_x_tr_pto=ajax,sc
http://www.fen-net.de/valeria.sokolova/
http://www.findpatent.ru/patent/160/1604953.html
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32.
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35.

AOOT «3kcnoctpoiimary / OnbiTHast 6a3a «[ TAIT» npuctpoiika k kopmycy Ne453
Konctpykiuu kapkaca /653. 05.07.95K-KM/] / 180x21 m / Ans6om 5 / Mocksa 1996.

IIpoekT Marasuna B bubupeso http://www.fen-net.de/valeria.sokolova/bibirevo.htm

Wudopmanus o6 yparane 20 urons 1998 roaa.
https://dic.academic.ru/dic.nsf/ruwiki/1658726
https://moya-moskva.livejournal.com/2844682.html

T3 ot «KaBka3kypopTHpoeKTa»

T3 [IpomcTpoitauunpoekra ot 28.07.03 u ot 06.04.04.

Wuaxmuaomerp Nivel-210. http://gfk-leica.ru/katalog/datchiki/leica_nivel 210/

[lymkua b. A., k.T.H. «CTep)XHEBbIe HeCyIIHe KOHCTPYKIHH W3 YHUPHUIIMPOBAHHBIX 3JIEMEHTOB!
MEePCTIEKTUBHI pa3BUTUAY». bromierens ctpoutenbHoi TexHuky Nel0, 1998r
http://www.fen-net.de/valeria.sokolova/bct3.htm

I[ymkwa b. A., k.T.H. «K pacuery cxaToro crepxHs mpocTpaHcTBeHHOH ¢epmbl o CIT 53-102-
2004». CrpoutenbHas MeXaHuKa 1 pacuet coopyxkenuid Nel, 2010 r.
http://www.fen-net.de/valeria.sokolova/Zaschemlenie/Sterj.pdf

®dopmoobdpazoBaHne THYTHIX Tpoduieii: Teopus u mpakTuka. (2011 r.).
COOpHHK HayYHBIX TPY/IOB. https://www.twirpx.com/file/1261854/

daiibumenko B. K. «Apxurekonnka unexxnepa Lllyxosay gokian Ha KOHPEPEHIHH.
https://www.youtube.com/watch?v=k10zMh753mc

Hayunslii HEHTp 31EKTPOHUKH B 3€IEHOTpae.
https://ru.wikipedia.org/wiki/%D0%9D %D0%B0%D1%83%D1%87%D0%BD%D1%
8B%D0%B9_%D1%86%D0%B5%D0%BD%D1%82%D1%80_(%D0%9D%D0%9F%D0%9E)

®umumonos B. U., Mumenko O. B. Kaura «TEOPUA OBPABOTKHN METAJIJIOB
JABJIEHUEM»

http://venec.ulstu.ru/lib/disk/2013/Filimonov.pdf
I'OCT 8278-83. «llIBemieps! rHyThIE paBHONONOYHBIEY. B xoMmanum "JlenCnenCrans" msensepsl
I'OCT 8278-83 6onee 50 000 p/T. https://files.stroyinf.ru/Data/298/29840.pdf

I'OCT P 58384-2019 Ilpodunu cTajibHbIe THYThIC U3 XOJIOJHOKATAHON CTAJIH
https://files.stroyinf.ru/Data/708/70861.pdf

[TaTenT Ha none3nyro monenb Ne 185390 «CreprkHEBOH 37IEMEHT COOPHOTO KapKacay
https://www1.fips.ru/registers-doc-
view/fips_servlet?DB=RUPM&rn=8166&DocNumber=185390&TypeFile=html

[Tymxun b. A. ABropedepar KaHAMIATCKOM AUCCEPTALMU 110 CTPOUTENBCTBY Ha TEMY:
«CTaTHYeCKUi pacyeT MIIOCKUX CTPYKTYPHBIX MEPEKPBITHIA MacCOBOIO CTPOUTEIHCTBAY.
Crenpansaocth (ctpout. Mexanuka) BAK CCCP 05.22. Hosouepkacck, 1973 r.

Aptec A.D., Tperstoxut B.B. «IIpo0iema coBepiieHCTBOBaHHS TPOU3BOACTBA METIOIIUX IIAPOB.
Kauectro n unnoBaiuu» xypH. «KKOMITETEHOCTb» 2014 rox Ne 3 Ctp. 50-53.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwigyaXI-
NbzAhWNjKQKHVAJEA0sQFnoECBIQAQ&url=https%3A%2F%2Frucont.ru%2Ffile.ashx%3Fguid%3D1b9
75c76-771e-42bd-86fc-87955ecf2cth &usg=A0OvVaw3jSUUugtd wiXamRHCBIjX
https://e.lanbook.com/journal/issue/293171

BCH 356 — 86. Puc. 12. https://ohranatruda.ru/ot_biblio/norma/217445/
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https://e.lanbook.com/journal/issue/293171
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56.

YKunkas mraMmnoBka http://energolit.com/

QForm 7. https://www.youtube.com/watch?v=h45bllz-CzE
QForm3D Forging Simulation. https://www.youtube.com/watch?v=1Jg-YycdzJE
Penyxropsr. https://redservis.ru/

«IIpomanekTpoHukacepBuc» B ropoae Poctos-Ha-JloHy.
https://2gis.ru/rostov/firm/70000001006465737

«KTUAM». https://glavportal.com/materials/ktiam-unikalnye-stanki-i-tehnologii

CIT 16.13330.2011. AxryanusupoBannas peaakuus CHull 11-23-81* MeTamnndeckue KOHCTP.
https://www.profnastil.com/upload/uf/674/stalnye konstrukziy.pdf

John Chilton. Kuura «SPACE GRID STRUCTURES», 2000 rox.  Architectural Press.
https://books.google.nl/books?id=1wu-RsRajtoC&hl=nl&source=gbs_book other versions

YnestHOBcku# I'ocynapcTBennsiit Texamueckuit Y HuBepcuter. ®opMooOpazoBaHNe THYTHIX
npoduieii: Teopus u MpakTuKa. YabstHOBCK, 2011 r. COOpHUK HAYYHBIX TPYAOB.

https://www.twirpx.com/file/1261854/

IASS Working group. Spatial space structures. https://iass-structures.org/

[Mymkun b.A., HonyxansH ['.A. Tlone3nas mogens Nel158157 «CraHodHOE MTPHUCTIOCOOIICHHE. . . ».
https://www1.fips.ru/registers-doc-view/fips_servlet

Kanoposuu B. I'. «O6KkaTka B Ipon3BOACTBE METAUION3AeNui», 1973.
https://rusneb.ru/catalog/002072_000044 ARONB-
RU_%D0%90%D1%80%D1%85%D0%B0%D0%BD%D0%B3%D0%B5%D0%BB%D1%8
C%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%9D%D0%91_DOLIB_-820284/

Konnekrop cuctembl «bpecty. https://www.bstu.by/nauka/razrabotki/stroitelstvo

Perucrparus 3asiBKH Ha mosie3Hyro Moeib B 'epmannu. Aktenzeichen 10 2012 024 199.2.

daiioumenko. B. K. [Tatent Ne 2577339 (RU) https://www.freepatent.ru/patents/2577339

[Iporpamma N_2015 «Pacuer u onTuMu3aIus TpyOUaThIX CTPYKTYPHBIX KapKacoBy.
Wuctpykius mone3oBatens. Yacts 1. http://www.fen-net.de/valeria.sokolova/ nyakr 17

[IporpamMma N_2015 «Pacuet 1 ontuMuzanust TpyO4aThiX CTPYKTYPHBIX KapKacoB.
Wuctpykius nmons3osarens. Yacts 2. http://www.fen-net.de/valeria.sokolova/ myukr 17

Perucrpanus 3asBku Ha 1oJie3Hyr0 MOJeNnb B ['epmannun Aktenzeichen 20 2020 005 356.

ITHUNCK TI'OCCTPOA CCCP «PexkomeHaanuu N0 NpOEKTUPOBAHUIO CTPYKTYPHBIX KOHCTPYKITHID.
MockBal984r  http://www.gostrf.com/normadata/1/4293792/4293792341.pdf

ITatrerT Armin Mylaeus (Apmun Muneii) «CTpoUTENbHBINA KOMIUICKT JJIST H3TOTOBIICHUS
TpéXMepHLIX KapKaCOB)).
https://patentimages.storage.googleapis.com/44/8d/c3/2db2ad20fa5aef/US3995962.pdf

«ZUBLIN-raumfachwerk» http://www.fen-net.de/valeria.sokolova/pics/Zueblin-0002.jpg
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https://2gis.ru/rostov/firm/7000000100646573
https://glavportal.com/materials/ktiam-unikalnye-stanki-i-tehnologii
https://www.profnastil.com/upload/uf/674/stalnye_konstrukziy.pdf
https://books.google.nl/books?id=1wu-RsRajtoC&hl=nl&source=gbs_book_other_versions
https://www.twirpx.com/file/1261854/
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https://www1.fips.ru/registers-doc-view/fips_servlet
https://rusneb.ru/catalog/002072_000044_ARONB-RU_%D0%90%D1%80%D1%85%D0%B0%D0%BD%D0%B3%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%9D%D0%91_DOLIB_-820284/
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https://rusneb.ru/catalog/002072_000044_ARONB-RU_%D0%90%D1%80%D1%85%D0%B0%D0%BD%D0%B3%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%B0%D1%8F+%D0%9E%D0%9D%D0%91_DOLIB_-820284/
https://www.bstu.by/nauka/razrabotki/stroitelstvo
http://www1.fips.ru/fips_servl/fips_servlet?DB=RUPAT&DocNumber=2577339&TypeFile=html
https://www.freepatent.ru/patents/2577339
http://www.fen-net.de/valeria.sokolova/
http://www.fen-net.de/valeria.sokolova/
http://www.gostrf.com/normadata/1/4293792/4293792341.pdf
https://patentimages.storage.googleapis.com/44/8d/c3/2db2ad20fa5aef/US3995962.pdf
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64.

65.

66.

67.

«BbBIOOp M CITOCOOBI M3TOTOBJICHHS 3aroTOBOK IS jeTajei mamuHocTtpoeHus». Kaszanp, 1915.
https://kpfu.ru/portal/docs/F646083646/Vybor.sposobov.izgotovleniya.zagotovok.dlya.
detalei .mashinostroeniya.pdf

Henacos B. C., ®@aiibumenko B. K. , «OcHoBHBIe HampaBieHus: pa3Butus cucteMbl MAPXI».
Martepranbl BCEpOCCHHUCKON HAyYHO-TIPAKTHYECKOW KOH(epeHIH «45 JeT oTpaciv  JIeTKHX
METAITIOKOHCTPYKIHI: oT Moaynst KucmoBoack mo moxysst Ilsturopeky. Anpens 2017 roga.
https://www.ncfu.ru/export/uploads/Dokumenty-Nauka/materialy-konferencii-45-let-otrasli-legkih-

metallokonstrukcij-ot-modulya-kislovodsk-do-modulya-pyatigorsk_3-5.04.2017.pdf

Benskos U. U., Onecckuit I1. [I. «CoBpemeHHbIe TPYOBI IS JIETKUX KOHCTPYKITHI.
Martepuansl Bceepoccuiickoli HaydHO-TIPaKTHUECKON KOH(epeHIMH «45 JeT OTpacim JIETKHX
METaJTIOKOHCTPYKIMiL: oT Moaynst KucnoBozack no moayns Ilaturopeck». Anpens 2017 roga.
https://www.ncfu.ru/export/uploads/Dokumenty-Nauka/materialy-konferencii-45-let-otrasli
-legkih-metallokonstrukcij-ot-modulya-kislovodsk-do-modulya-pyatigorsk 3-5.04.2017.pdf

JICTK - 8800 333-18-58, 380H0K OecruiatHbiii  email: office@fsm24.ru
https://Istkclub.ru/ograzhdayuschie-konstruktsii-zdaniy-proektirovanie/

«[IpoekTupoBaHue 3MaHM XOJIOAMILHUKOBY. Meroaudeckoe nocodue, (ctp.30).
https://www.faufcc.ru/upload/methodical materials/mp25 2018.pdf

«XomogmmeHUKK» CII 109.13330.2012 - akTyanusupoBanHas penakmus CHwull 2.11.02-87
https://docs.cntd.ru/document/1200092603

Kazanckuii ['ocyapcTBeHHBIH ApXUTEKTYPHO-CTPOUTEIBHBIN Y HUBEPCUTET.

Kysuenos U. JI., IsimonazoB M. A., 'mmpanos JI. P. «Jlerkue merammmdeckue

KOHCTpYKIMM». [Ipumepsl pacueTa. YueOHo-MeTonuueckoe mnocoome. Kazanb. 2018.
https://www.kgasu.ru/upload/iblock/962/UMP-po-LMK.pdf

Momwcees M. B. ABropedepar KaHIUIATCKOW JUCCEPTAIIMA IO CTPOUTEIHCTBY Ha TEMY:
CrenuansHocts BAK P® 05.23.01, Kazans, 2004.
https://www.dissercat.com/content/nachalnye-usiliya-i-sobiraemost-stalnykh-strukturnykh-
konstruktsii-pri-sluchainykh-otkloneni

AptémoB A.A. ABTopedepaT KaHAUJATCKOM JUCCePTAIMU 10 CTPOUTEIBCTBY Ha TEMY:
«Y CTOMUMBOCTD CTEPKHEBBIX AJIEMEHTOB, PAa0OTAIOIIUX B COCTABE PEIICTUATHIX KOHCTPYKIUI.
Crenumansaocts BAK P® 05.23.01, Mocksa, 2004. https://tekhnosfera.com/ustoychivost-
sterzhnevyh-elementov-rabotayuschih-v-sostave-reshetchatyh-konstruktsiy

Martgeer A. B. ABTopedepaT KaHIUIATCKON AUCCEPTAIIMH 110 CTPOUTENIBCTBY HA TEMY:
«IIpocTpaHCTBEHHO-CTEPIKHEBBIE KOHCTPYKIIMK MOKPHITHH C TIOSCAMU COCTABHOI'O MPOQHIISL U3
mBesiepa u yrosnka». CnennansHocts BAK PO 05.23.01 Tomck, 2004 rox.
http://www.dslib.net/stroj-konstrukcii/prostranstvenno-sterzhnevye-konstrukcii-pokrytij-s-
pojasami-sostavnogo-profilja-iz.html

3BepeB B. B. ABropedepaT JOKTOPCKON IUCCEPTALIUH IO CTPOUTENILCTBY Ha TEMY:
«OPHEeKTUBHBIECTPOUTENLHBIC METAIUIOKOHCTPYKITMH HA OCHOBE 00beMHO-(hOPMOBaHHOTO
TOHKOJIMCTOBOT'O ITPOKaTa: UCCIICIOBAaHUE, IPOCKTHPOBAHKE, N3TOTOBIICHNE», BopoHex, 2000.
https://www.dissercat.com/content/effektivnye-stroitelnye-metallokonstruktsii-na-osnove-obemno-
formovannogo-tonkolistovogo-pro
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