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KOHCTPYKIIMH YIPYTOH KIEMMBI, KOTOPasi HCIIOIB3YETCS B MTPOMEKYTOYHBIX PETECOBBIX CKPETUICHISIX IS
o0ecTieueHNs TIPIDKATHS peNibca K MOApenbcoBoit omope. [IpyxuHHasE TpyTKOBas KIeMMa PelbCOBOTO
CKpEIUICHHUSI, BBINOJHEHHAs W3 TPyTKa YNPYroro Marepuana, W30THYTOrOo ¢ OOpa3oBaHUEM €IMHOM
neranu B-o0pas3Hoii GopMBI B TPOEKIINN HAa TOPU30HTAIBHYO TNIOCKOCTh, CAHMMETPUYHON OTHOCHTEIIEHO
MOTIEPEYHON OCH KJIEMMBI M COCTOSAIICH W3 CONMPsDKEHHBIX MEXITy cOO0OH M0 paanycaM ydYacTKOB,
BKJTIOUAIOMIUX MPSMOJIMHENHHBIH B MPOEKIUN HAa TOPU30HTAIBHYIO IJIOCKOCTh Y4aCTOK ONHMpaHHs Ha
PeIbC, MePexXonAni ¢ IBYX MPOTHBOIMOIOKHBIX CTOPOH IO PagrycaM CKpyIJICHHS B OOKOBBIC YUACTKH,
MEePEeXOAIINE B yIYACTKH ONMUPAHUS Ha YIIOPHBIA JIEMEHT PEIbCOBOTO CKPEIUICHISI, KOTOPBIE TIEPEXOIST
B KOHIIEBbIE YYAaCTKH, HAlpaBIEHHBbIC B CTOPOHY y4yacTKa OMHUPAHHs Ha PEIbC MOA NPSAMBIM YTIOM
B IPOCKIMH HAa TOPU3OHTAJIBHYIO IUIOCKOCTh, IIPH 3TOM YYaCTOK OIMPAaHUS Ha PENbC B MPOAOIEHOM
npo¢uiie BBIIOTHEH pAJWANBHO BEIMYKIBIM, C IBYMS KpacBBIMH TOYKAMH OIOPHl Ha peibC, a
BEpIINHA yyacTKa OMUPAHUs Ha PEJIbC HAMPaBICHA B CTOPOHY KOHIIEBBIX yYacTKOB, IIPU 3TOM Y4YacTKU
ONMpPaHUS Ha YHOPHBII 3JEMEHT PeIbCOBOTO CKPEIUICHHS BBITIOJIHEHB! IPSIMOIMHEHHBIMH B TIPOCKIIHU
Ha TOPU30HTANBHYIO IUIOCKOCTh M PaIUalIbHO BOTHYTHIMH B NMPOEKINU Ha BEPTHKAIBHYIO IUIOCKOCTH B
MPOJOJILHOM Npoduiie, a OOKOBBIE YYaCTKH PACIIONOKEHBI 110]] HAKIIOHOM K TOPH30HTAIBHON TNIOCKOCTH
ONHpPaHUsA KIEMMEBI B IPOIOIBHOM NMPO(UIIE U BBIIONIHEHHI IT0 (POpMe BHITYKIOH KPUBOH B HOMEPEIHOM
npo¢uire, 00pa3oBaHHON AByMs paJlycaMH, OAWH W3 KOTOPHIX OOJBIIE BTOPOTO, MPU STOM BEPIIHHEI
OOKOBBIX YYacCTKOB CMEIIECHBI B CTOPOHY y4yacTKa ONHPaHUS Ha PeibC, KAkl KOHIIEBOW y4YacTOK
BBITIOJTHEH W3 JIBYX MPSMOJIMHEHHBIX YacTeH, IMPH 3TOM IepBas MpeAHa3HaueHa IS KOHTAKTUPOBAHHUS
CO CpE/ICTBOM KpEIUICHH, a BTOPAast YacTh PAacHOiIOKeHa MOA TYIBIM YIJIOM K IEPBOI YacTH KOHIIEBOTO
ydacTKa U SBISETCS C OTHOTO KOHIIa TOPLIOM KOHIIEBOTO y4acTKa, IPH 3TOM BEPIIMHA Y4aCTKa OIHpPaHUS
Ha PeJIbC PACIOoIaraeTcss MeX Iy BTOPBIMH YaCTAMHU KOHIIEBBIX YYACTKOB B MMPOEKINHU HA TOPU3OHTAIBHYIO
miockocTh. ObeceunBaeTCs MOBBIIICHAE CTAOMIBHOCTH YCHIIHS TPIKATHS PEbca ITyTeM TTOBBIIICHUS
MO/IATIIMBOCTH KOHCTPYKIMHU KJIEMMBI OJIHOBPEMEHHO C 00ECIIeYeHHEM pacIpe/iesIeHNs] HallpsHKEHUH 110
OonpIel YacTH KOHCTPYKIIUH KIIEMMEI.
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MIIK E01B 9/48

YIIPYT'AA KIEMMA PEJIBCOBOI'O CKPEIIVIEHHUSA

Ob6aacTh TEXHUKH

H300peTeHne OTHOCHTCSI K KOHCTPYKLMHM BEPXHErO CTPOEHHUS >KEJNE3HOIOPOIKHOTO
NyTH, a HMMEHHO K KOHCTPYKLHMH yIOPYyrol KJIEMMbl, KOTOpas HCHOJBb3yeTCs B
NPOMEXXYTOYHBIX PEJIbCOBBIX CKPEIUIEHUSIX JJIsi  OOeCreueHus] MpIKAaTUsS penbca K
MOZIPEIBCOBOM OIOpE.

VYhpyrast kjaeMMa J0JDKHa 00eCreurBaTh JOCTATOYHOE YCHIIME TPHIKATHA Peiibca K
MOZPEIBCOBOM OMOpE.

YpoBeHb TeXHUKH

W3 ypoBHsI TeXHUKH W3BeCTeH McToyHMK nHpopMmanmn RU 2767807 C1, 22.03.2022
(aHamor), B KOTOPOM PaCKPbITa KOHCTPYKIHS NPYKUHHON KJIEMMBI PEIbCOBOTO CKPETUICHUS,
BBIIOJIHEHHAsE W3 TPyTKa YIPYroro Marepuana, H30THYyTOro C  00Opa3oBaHUEM
NPSIMOJTMHEHHOTO HApebCOBOIO YYACTKa, IJIABHO NEPEXOAALIero CHadala B OOKOBBIE
NPOTSDKEHHBIE YYACTKH, & 3aT€M B IIPUMBIKAIOIINE APYT K IPYTy HallNaJlbHbIE AyrooOpasHbIe
YUYaCTKHU U B KOHLIEBbIE YUACTKH, OTOTHYThIE BHYTPb KJIEMMBbI, IPU 3TOM KXKbIH U3 OOKOBBIX
NPOTSDKEHHBIX YYaCTKOB O0Opa30BaH YacTbIO OKPYKHOCTH C ILIEHTPOM, JIeKAaI[UM Ha
NepEeCeYeHNH TMPOAOJIBbHON OCEBOM JIMHUU MPSIMOJUHEIHOrO HapenbCOBOIO y4acTKa U
IPSIMOH, MTPOXOJAIIEH Yepe3 TOUKY OMOPbl HALIMAIBHOTO JYyroo0pa3HOro y4acTka O IInany u
TOUYKY IPUJIOKEHUS YCUJIMS HA KOHLIEBOM Y4acCTKe.

K HenmocraTkaM H3BECTHOIO TEXHUYECKOTO pEIIeHUs CJEeNyeT OTHECTH ero
KOHCTPYKTHUBHBIE OCOOCHHOCTH, CBSI3aHHBIC TIPEKIE BCEro C M30BITOUYHOW JKECTKOCTBEO
KOHCTPYKLIMH KJIEMMBI, B CJIEACTBHE 4Yero He oOecreunBaercs CTaOWIBHOCTh —YCHUIHS
NpWKaTUsl peibca K IOAPENbCOBONM OMOpe B Mpolecce OKCIUyaTallud pPelbCOBOrO
CKpeIUIeHHUs, CBA3aHHOE C TeM, YTO B IpOLiecce SKCIUTyaTallud TOJIIHWHA IOAPEIbCOBOM
NPOKJIAZKH YMEHBIIAETCS IO MPUYHHE €€ U3HOCA W/IITH IIACTUYECKUX eopMannii

BcenencrBue yMmeHblleHHs TOJIIMHBI MPOKJIAAKH YMEHBIIAETCS YCUJIME MpHKaTUs
penbca K MOJAPeNbCOBON OMope, KjieMMa He MOXET KOMIIEHCHPOBAaTh JAaHHOE YMEHbIIEHHe
TOJILIMHBl TMPOKJIAJKH H3-3a TOrO, 4YTO €€ KOHCTPYKLHUS HMMEET YCIOBHO IUIOCKYIO
NPOCTPAHCTBEHHYIO T'€OMETPHIO (TAKyl0 T'€OMETPHI0O MOXKHO Pa3MECTHThb B IIIOCKOCTH, C
yUETOM NpPeHeOpEKEHHUsT OTHOTO U3 IeOMETPUIECKHIX ITapaMeTPOB, MOCKOJBKY €ro YHCIOBOE

3HAYCHHUE MAJIO OTHOCUTEJIBHO APYTIUX MPOCTPAHCTBECHHBIX TCOMETPHUICCKUX napaMerpOB).



ITon KecTKOCTBIO (MEXaHMYECKOW) COTJIACHO CBENEHHSIM, H3BECTHBIM H3 YPOBHS
TEXHUKH, CJIEAYyeT MOHUMATh CIIOCOOHOCTDH Teja CONMPOTUBIATHCS Ae(opMaluu Npu JaHHOU
BennunHe Harpy3ku. (bmom 3.9, CnoBapb OCHOBHBIX METAJUIOBEIUYECKUX TEPMUHOB.
ExarepunOypr 2002 r.).

Kpome Toro, eme ogHUM HEIOCTATKOM KOHCTPYKLUU H3BECTHOHN KJIEMMBI SIBJISETCS
IPEUMYIIECTBEHHO JIOKAJIbHBIM XapakTep paclpeneieHusl HaNpsDKeHUN B HEW, T.e. B
NpOLECCe HAarpy>KeHHWs KJIEMMbl BHELIHEH Harpy3kOl OTAEJbHBIE YYaCTKH KJIEMMBbI
neperpyarrcs (B HUX BO3HHMKAET BBICOKHI YPOBEHb KOHLEHTPAIMU HAMPSKEHW), YTO
NPUBOIUT K 0OPA30BAHUIO U3JIOMOB U CHHKAET PECYPC KIEMMBI.

JlaHHbIE HENOCTATKH M3BECTHOW KJIEMMBI B TIEPBYI0 Ouepenb OOYCIIOBJICHBI
OTCYTCTBHEM Pa3BUTON MPOCTPAHCTBEHHOW I'e€OMETPUU KOHCTPYKLMH KJIEMMBI, T.€. KJIeMMa
SIBJISIETCS. YCJIOBHO TUIOCKOM, YTO MPHUBOAUT K TNPEUMYIIECTBEHHOH paboTe KIEMMBbI Kak
TOPCHOHA.

CTouT TakKe OTMETHUTh, YTO MPH IEHCTBHU OOKOBBIX HATPY30K HA PENIbC MPOUCKOIUT
OOKOBOE OTXKaTHE TOJIOBKU peJibca (OTKJIIOHEHHE TOJIOBKH PENIbCa OT IUIOCKOCTH CHMMETPUHU
penbca), B ClIy4dae BO3JCHCTBHS HAa PEIbC BBICOKMX OOKOBBIX IHHAMHYECKHX Harpys3ok,
OT)KaTHE TOJIOBKH pelbCa MOXKET OBITh JOCTATOYHO OOJBIIMM, YTO MOXKET INPHBECTH K
PACKaHTOBKE PEJIbCOBON HUTH.

B Buay BBIlIE YKA3aHHOTO, K €Il€ OJHOMY HENOCTAaTKy M3BECTHOIO TEXHHUYECKOIO
peuieHuss (KJI€MMBbI) MOXKHO OTHECTH TO, YTO B €€ KOHCTPYKIMH He IpPeoyCMOTpEHa
BO3MOKHOCTb YBEJIMUEHUSI KPYTUJIBHON JKECTKOCTH CKPEIJIEHHs] OTHOCUTEIBHO MPOAOJIBHOM
OCH pellbca, CIIOCOOCTBYIOINAS MPENOTBPAIIEHUIO ONACHOIO YPOBHS OOKOBOIO OTXKATHS
TOJIOBKH pejibCa MPU KOTOPOM KOJIECHAsl Mapa MOXET COWTH BHYTPb KOJIEM IMPH BBICOKUX
OOKOBBIX TUHAMUYECKUX HArPy3Kax, MepeaBaeMbIX OT KOJEC Ha PEJIbCHL

JlaHHBI HENOCTATOK HW3BECTHOH KJIEMMBbI B TMEPBYHO ouepenb OOyCIOBJIEH
OTCYTCTBHEM Pa3BUTON MPOCTPAHCTBEHHOW I'e€OMETPUU KOHCTPYKIMH KJIEMMBI, T.€. KJIeMMa
SIBJISIETCS. YCJIOBHO TUIOCKOM, YTO MPHUBOAUT K TNPEUMYIIECTBEHHOH paboTe KIEMMBbI Kak
TOPCHOHA, a TakXe OOYCIOBJIEH OTCYTCTBUEM B KOHCTPYKLMH KJIEMMbl BO3MOXKHOCTH
JOTIOJIHUTENBHOTO  YBEJIMYEHUs] KPYTHJIBHONH JKECTKOCTH CKpEIUIEHHS OTHOCUTENIbHO
MIPOJOJIBHON OCH pejibCa.

U3 ypoBHA TexXHUKH H3BecTeH MCTOYHMK HH(popmarmn RU 174600 Ul, 23.10.2017
(aHamor), B KOTOPOM PACKpBITA KOHCTPYKLHS NMPYKHMHHON NMPYTKOBOH KJIEMMBI PEIBCOBOTO
ckperuieHus B-oOpasHoii B muaHe (B MPOEKIMH HAa TOPU3OHTAJIBHYIO IUIOCKOCTH) (POpMBI,
cozeprkalie ConpsikeHHbIe MEXAy COOOH B IUIaHE MO pajnycaM IMpPSMOJUHEHHBIN y4acTOK

OnupaHus Ha PEJIbC, PACIIOIONKCHHBIC MO ITPAMBIM YI'JIOM K HEMY HpHMOHHHeﬁHbIe B IIJIAHE U
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paguanbHO BBINYKJIbIE B MpoQuiIe NPOMEKYTOUHBIE YYAaCTKH, PAAUyCHbIE B IUJIAHE H
paguanbHO BBINYKJBIE B Mpoduie (B MPOEKIUH HAa BEPTHKAIBHYIO IUIOCKOCTh) YYaCTKH
OMUpPAHUS Ha YIOPHBIA 3JIEMEHT PENbCOBOIO CKPEIUIEHUS M HAlpaBJ€HHbIE B CTOPOHY
y4acTKa ONMHUPAHUsS Ha PesbC MPSMOJIMHEHHbIE B IUIAHE U PAJUaJIbHO BBIMYKJbIE B Mpoduie
KOHLIEBBIE YYACTKHU, IIPH 3TOM B MPpOQHIIe BEIUIHHBI BHYTPEHHHUX PaJUyCOB IMPOMEXKYTOUHBIX
Y KOHIIEBBIX YYaCTKOB PaBHBI, & B CBOOOIHOM COCTOSIHHM NMPO(HIIb KIEMMbI IPEICTABISIET
co0oit (purypy, 3aMKHYTBIH KOHTYpP KOTOPOM COCTOUT M3 ABYX TMOJYOKPYKHOCTEH, paanyc
KOTOPBIX PaBeH PAANyCy MPYTKA, U CBA3BIBAIOIIMX MUX JIBYX YT, Pa3HHULA MEXIY PaaryCamu
KOTOPBIX HE MPEBIIIAET BEJIMYUHBI TUAMETPA MPYTKA.

HenocratkamMu  M3BECTHOrO  TEXHMYECKOTO  peIleHus  (aHajora)  sIBJISFOTCS
KOHCTPYKTHBHBIE OCOOEHHOCTH, OOYCJIOBJICHHbIE W3JIUIIHEH JKECTKOCTBIO HW3BECTHOM
KJIEMMbI, KOTOpPbIE€ CBSI3aHBbI C OTCYTCTBHEM B €€ KOHCTPYKLIUH Pa3BUTON MPOCTPAHCTBEHHOM
reoMeTpun (KJIeMMa SIBJISIETCSl YCJIOBHO IUIOCKOHN), 4TO He obecrnedynBaeT CTaOMIIbHOCTU
YCUJIMSI TIPYDKATHsI peNibca K TOAPENIbCOBOH ONOpe MO Mepe YTOHYEHHs NOAPETbCOBOH
NPOKJIATKH.

Kpome Toro, kneMma naHHOH KOHCTPYKLUH (YCJIOBHO IUIOCKAsl KJIEMMa) OTJINYAETCsI
JIOKAJM30BaHHBIM XapaKTEPOM paCHpeAeIeHUs HaNpsoKeHWH (BBICOKUM  Ko3(dduumeHToM
KOHLICHTPALIMH HAMIPSKEHUH).

Croutp OTMETUTH, YTO TaKHUE€ KJIEMMbl BECbMa TEXHOJOIMYHBI 3a CYET IPOCTOMH
(GopMBI, HO CYLIECTBEHHO TEPSIOT YCHWJINE NPUXKATHUSA 10 MEpPEe YMEHBLIEHHUsS BBICOTHI
NPOKJIATKU.

Eme onHuM HENOCTaTKOM H3BECTHOIO TEXHHUYECKOrO pelIeHHs (KJIEMMBbI) SBIISIETCS
TO, YTO B €€ KOHCTPYKLHH HE TMPEAyCMOTPEHAa BO3MOXKHOCTb YBEJIHYEHHs KPYTHIJIbHOU
JKECTKOCTU CKpPEIJICHUS OTHOCHUTENbHO TIPONOJBHOW OCH penbCa, CrIocOOCTBYOINAs
NPEAOTBPALICHUIO OIMACHOTO YPOBHS OOKOBOTO OTKATHsI TOJOBKU PelbCa MPU BBICOKHX
OOKOBBIX TUHAMUYECKUX HArPy3Kax, MeperaBaeMbIX OT KOJEC Ha PENIbCHI.

HauGonee ONM3KMM aHAJIOrOM K 3asBISIEMOMY H300PETEHHUIO SIBIISIETCS HCTOYHHK
uHpopmaumun RU 210417 U1, 14.04.2022 (mpoTOTHUIT), B KOTOPOM PACKpPbITa KOHCTPYKIIHSI
KJIEMMBbI JUIS y3J1a PEeNIbCOBOTO CKPEIUICHHUS, BKIIOYAIOIIAs MPSIMOJIMHEHHYIO HapeIbCOBYIO
4acTh, MEPEXOIIINYyI0 B OOKOBBIE NETIH, KOTOPbIE NEPEXOAAT B KOHIEBBIE IETIH C
KOHLIEBBIMH
yCcaMH, MPHU 3TOM BEPIIMHBI M3THOa OOKOBBIX INETENb 3arHyThl B CTOPOHY, OTHOCHTEIBHO
TOPU30HTAJIBHON IUIOCKOCTH, B KOTOPOH pPAacIoOJIOKEHbI HApeNbCOoBask YacTb U KOHIIEBBIE

MIETJIN, ¥ BEPIIMHBI OOKOBBIX METENIb CMEIIEeHbI B CTOPOHY HAPEJIbCOBOM YaCTH.



HenocratkaMu  M3BECTHOrO TEXHMYECKOTO peleHHst (MPOTOTUIIA) — SIBJISFOTCS
KOHCTPYKTHBHBIE OCOOEHHOCTH, TAK)K€ CBsI3aHHbIE C €€ HEeIOCTATOYHOW MOJATJIMBOCTHIO,
XOTSl, OHA M HMeEeT Ha OTAENbHBIX ydYacTKax (Hampumep, Ha OOKOBBIX) pa3BUTYIO
NPOCTPAHCTBEHHYIO T€OMETPHIO.

OnHako, Takue y4acTKU KJIE€MMBI, KaK y4aCTOK OIMPAHUsS HAa PENIbC SBIISIFOTCS YCJIOBHO
IUIOCKUMH, YTO CBUIETEIbCTBYET O HEUCIOJb30BAHUU BO3MOXKHOCTH  YBEJIMYEHUS
MOJATIMBOCTH KJIEMMBI 38 UX CUET.

OTtcyTcTBHE PAa3BUTON MPOCTPAHCTBEHHOUW T€OMETPHUU BO BCEM KOHCTPYKLIMU KJIEMMBbI
He ofecneynBaeT CTaOWJIBHOCTH YCHJIMSI TIPYDKATHS pesibCa K MOAPETbCOBOM IUIOIIAIKE
IITAJIbI Yepe3 YIPYTYIO MOAPENTbCOBYIO MPOKJIAAKY MO Mepe €€ M3HOCA W/HIH IJIACTUYEeCKHX
nedopmarmii.

Eme omHuUM HENOCTATKOM H3BECTHOTO TEXHHYECKOTO peLIeHHs (KJIEMMBbI) SBISIETCS
TO, YTO €€ KOHCTPYKLHSI He 00JajaeT KOHCTPYKTHBHBIMH 3JIEMEHTaMH, 00€CIeunBarO IIMMHU
BO3MOYKHOCTh YBEJIMYEHHUSI KPYTHIBHON JKECTKOCTU CKPEIUICHHUSI OTHOCUTENIbHO MPOAOIBbHOM
OCH peJbCa, CIOCOOCTBYIOIIAs MPENOTBPAIEHHIO OIMACHOrO YPOBHS OOKOBOTO OT)KATHS
TOJIOBKH PEJIbCa MPH BBICOKMX OOKOBBIX AMHAMHYECKHX Harpy3Kax, MepenaBaeMbIX OT KOJEC
HAa PEJIbCHI.

Taxkum 00pa3oM, ¢ y4yeTOM CBEINEHHH, BBISBIEHHBIX W3 YPOBHS TEXHHUKH, B JAHHOM
o0yacTu TeXHUKU ObUTHM OOHAPYKEHBI CIEAYIOIIME HEOOCTATKH, a WMEHHO. B TpoIecce
SKCIUTyaTallM{, »JJIEMEHTbl KOHCTPYKLHMH IPOMEXYTOYHOIO pEIbCOBOTO  CKPEIJIEHUs
MOJIBEPTralOTCS M3HOCY, HUMEET MECTO YTOHUEHHME YINpPYrod MOAPENbCOBONH MPOKIAAKU C
TE€YEHHEM BPEMEHHU, YTO MPUBOAUT K HM3MEHEHHUIO €€ TOJIIUHBI, BCIEICTBHE YEro pesibC
NpOCeaaeT, MPU STOM CHIDKACTCS YCHUITHE TIPUIKATHUS PENibCa K OAPETbCOBON OIMOpeE.

CHmwkeHue yCWIHMs TPWXKATUS B TMEPBYKD oOdYepenb OOYCIOBIEHO TEM, HTO
KOHCTPYKIUH M3BECTHBIX KJIEMM HE UMEIOT Pa3BUTON MPOCTPAHCTBEHHOW IreéOMETpHH (MMEIOT
YCIIOBHO TIUIOCKYHO (pOpMy), BCIEACTBHE YEro OHH He O0NamarT JOCTATOYHOM
NOJATIMBOCTBIO Il 0OeCTIeueH s CTA0MIIBHOCTH YCHIIHSI TIPUKATHS PENTbCa K MOIPENIbCOBOM
Orope TPU YMEHBUICHHH TOJIIHMHBI TMPOKJIAAKH, T.€. 3a CYET BBINOJHEHUS KIEMMBI C
KOHCTPYKIMEH, He UMEOIIell pa3BUTYIO MPOCTPAHCTBEHHYIO F€OMETPHIO, HE 00€CIIeunBaeTCsI
BO3MOYKHOCTh KOMIIEHCALIUHN OCNAONeHNs YCHUIIMS MPHXKATUS Pebca K MOAPEIbCOBOH OTOpe,
BCJIEZICTBHE YMEHBIIEHUSI TOJIIUHBI TPOKIATKH.

Kpome Toro, n3BecTHbIE U3 YPOBHS TEXHUKH KOHCTPYKIMH KIIEMM (YCIIOBHO IIJIOCKHE),
TaKXKe He 00eCHeunBaIOT paclpeeeHnsl HalpsDKeHUH 1Mo BCell KiieMMe, BO3HHUKAIOIUX MPU
€€ SKCIUTyaTallly, YTO NMPUBOIUT K JIOKAJIHM3ALMU HAMPSOKEHWH HA ONpPENEeNIeHHBIX y4acTKax

KJIEMM, NIEPErpyxKas Ux, U Kak CJICACTBUC, K CHUKCHUIO PECYypPCa TAKUX KJIIEMM B LICJIOM.
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Ewme oqHUM HEOOCTATKOM KJIEMM H3BECTHBIX U3 YPOBHs TEXHUKH SIBJISIETCS TO, YTO B
UX KOHCTPYKLHUSAX HE MNPEAyCMOTPEHA BO3MOXKHOCTb JOINOJHUTENBHOIO YBEIWYEHMUs
KPYTWJIBHOW ~ JK€CTKOCTH  CKPEIUICHUs]  OTHOCHUTEJIBHO  IPONOJbHOM  OCH  peibCa,
CIOCOOCTBYIOINAs MPENOTBPALIEHNUIO0 ONMACHOTO YPOBHsSI OOKOBOT'O OT)KATHsI TOJIOBKU peNbca
IPU BBICOKMX OOKOBBIX JHHAMHYECKHX HArpy3Kax, MepeaaBaeMbIX OT KOJIEC Ha PEJbChI.

PackpbiTHE CyIIHOCTH H300peTeHHs

3amaueli, Ha pelleHHe KOTOPOH HAIMpPaBJIEHO 3asBiIsieMOe H300peTeHue, SBISIETCS
YCTPaHEHHE HEIOCTATKOB U3BECTHOIO YPOBHS TEXHUKH.

Texnuueckuil  pe3yapTaT, [OOCTUTA€Mbli IIPU  OCYLIECTBICHUU  3asBJISIEMOrO
U300peTeHNs, 3aKJIIOYAeTCs B TMOBBIIIEHUH CTA0MJIBHOCTH YCHIIMS TPIDKATHS peibca K
MOJIPENIbCOBOM  OMOpe  YNPYrod KJIEMMOH, YMEHbIIEHWW HamnpsokeHU B Haubosee
HArpy>K€HHBIX 30HaX KJIEMMbI C OJJHOBPEMEHHBIM OOECTIEUeHHEM BO3MOXKHOCTH YBEIHUEHHSI
KPYTHJIBHON KECTKOCTH CKPEIUICHMsI IIPU €ro 3KCIUTyaTalUu.

CyIIHOCTh TEXHMYECKOTO PEIICHUS 3asBJSIEMOrO M300pPETeHHUs 3aKIF0YAeTCS B TOM,
YTO MPY>KUHHAsE NPYTKOBas KJIEMMAa pPEIbCOBOTO CKPEIUICHUs, BBIMOJHEHHAs M3 INPYTKa
yOPyroro mMarepuania, U30rHyToro ¢ obpasoBaHueM enuHoOi nerann B-oOpasHoit Gopmbl B
MPOEKLUN HA FTOPU3OHTAIBHYI) IUIOCKOCTb, CUMMETPUYHON OTHOCHUTENBHO MONEPEYHON OCU
KJIEMMbI U COCTOSIIIEH U3 CONPSDKEHHBIX MEXY COOOM IO paguycaM y4acTKOB, BKIFOUAKOLINX
MPSIMOJIMHEWHBIN B NMPOEKLUUHA Ha FOPU3OHTAIBHYIO MJIOCKOCTh YYaCTOK OIHUPAHMS Ha PEJIbC,
NepexoslINi ¢ ABYX INPOTUBOIOJOKHBIX CTOPOH IO paguycaM CKPYIJIEHHs B OOKOBBIE
YUYaCTKH, IEPEXOASIINE B YUACTKU OMUPAHUS HA YIOPHBII 3JIEMEHT PEeIbCOBOTO CKPEIICHNS,
KOTOPbIE NEPEXOAST B KOHLIEBbIE YYAaCTKU, HAIIPABJIEHHbIE B CTOPOHY y4acTKa OIUPAHUs Ha
peNbC MOJ MPSIMBIM YIJIOM B MPOEKUUHM HAa TOPU3OHTAJIBbHYIO IUIOCKOCTb, MPU 3TOM y4aCTOK
OMHUpPAHUSI HA PENbC B MPOAOJLHOM MPOo(duie BBHIMOJHEH PAAHaIbHO BBIMYKJIBIM, C JBYMsI
KpPaeBbIMU TOYKAaMH ONOPBI HA PEJIbC, a BEPLIMHA YyYaCTKA ONMMPAHUs HA PEIbC HANPABJICHA B
CTOPOHY KOHILIEBBIX Yy4YaCTKOB, NPU 3TOM YYaCTKM ONHPAHUs HA YIHOPHBIA 3JIEMEHT
PENBbCOBOrO CKPEIUICHUS BBINNOJHEHBl MPSAMOJUHEHHBIMU B NMPOEKLUU HAa TOPU3OHTAIBHYIO
IJIOCKOCTh W pAgualbHO BOTHYTBIMM B IIPOCKLHUH HAa BEPTUKAIBHYK IUIOCKOCTH B
NPOZOJILHOM Tpod e, a OOKOBBIE YUACTKH PACIOIOKEHBI O] HAKJIOHOM K TOPHU30HTAJIBHOM
TUTIOCKOCTH ONHPAHMS KJIEMMBbI B MTPOAOJIBHOM MpOQ e M BBITIOJIHEHBI IO (OPME BBITYKJIIOH
KpHBOH B TMOMepedyHOM mnpoduie, oOpa3oBaHHONH ABYMS paaMyCaMH, OAMH M3 KOTOPBIX
Oosblile BTOPOro, MPU 3TOM BEPIIMHBI OOKOBBIX YHYACTKOB, CMEIIEHbI B CTOPOHY Y4YacTKa
ONUPAHHUsI HA PEJIbC, KAXKABIM KOHLIEBOM Y4aCTOK BBINOJHEH U3 IBYX NPSAMOJUHENHBIE YaCTEH,
IIPU 3TOM MepBas MpeaHa3HaYeHa [Jisi KOHTAKTUPOBAHUS CO CPEACTBOM KPEIUICHHUs], a BTOpasi

HaCTb pPacCnoJIOKE€HA MOA TYIbIM YIUJIOM K HepBOfI HaCTHU KOHLEBOTIO y4dJaCTKa U ABJISICTCA C
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OJTHOT'O KOHI[Aa TOPLIOM KOHILIEBOT'O Y4aCTKa, IIPH 3TOM BEPIIMHA Y4aCTKa OMUPAHUS HA PEIbC
pacrionaraercss MeEXKAYy BTOPBIMH YacTSIMH KOHLEBBIX YYaCTKOB B IIPOEKIMH HA
TOPU30HTAJIBHYIO TNIOCKOCTb.

3asABNsAeMBbIN TEXHUUYECKUH Pe3yJbTaT JAOCTUrAIOTCA 33 CUET KOHCTPYKLHUH KJIEMMBI,
UMEIOIIEH pa3BUTYIO MPOCTPAHCTBEHHYIO TE€OMETPHUI0 OTHUM, JOCTUTAETCsl CHUXKEHUE
JKECTKOCTH KJIEMMbI I YMEHbIIEHNE HANpPsDKeHUH B HanOoJiee HArPy>KEHHbIX 30HAX KJIEMMBbI,
a TaK)Ke YBEJNYEHHBIHN YIIPYTUi X0, 4To o0ecreunBaeT CTabMIbHOCTD YCHITUSI IPUKATHSL.

Takke B KOHCTPYKLHMIO KIEMMBI 3aJI0)KEHBl KOHCTPYKTHBHBIE  3JIEMEHTHI,
o0ecreynBarome BO3MOXHOCTh  YBEJIHMUEHHUS] KPYTHJIBHOW JKECTKOCTH  CKPETUICHHSI
OTHOCHUTENIbHO TPOJOJBHOH OCH peibCa MPHU BBICOKOM (KPUTUYECKOM) YPOBHE OOKOBBIX
HArpy30K, TepenaBaeMbIX OT KOJIEC Ha PEeNbChl, T.€. 3asBisieMoe n300pereHue obyamaer
KOHCTPYKIHEH ¢ HETMHEHHBIMU YIIPYTHMH XaPaKTEPUCTHKAMH.

HoBpIM B 3as1BNIsIeMOM M300pPETEHUU SIBIISIETCS KOHCTPYKLUS KJIEMMBI, KOTOPasi UMEeT
dbopMy C pa3BUTOH MNPOCTPAHCTBEHHON TeOMETpPHEe IO CpPaBHEHHIO C H3BECTHBIMU
TEXHUYECKHMHU PELICHUSIMH M3BECTHOTO YPOBHS TEXHUKH, 33 CUET KOTOPOHl obecreunBaercs
paguanbHO BhIMyKIIas (opMa KJIEMMBI KaK B IPOIOJIbHOM, TaK M B TIONIEPEYHOM MPOPHIIAX.

K TakuMm ydacTkaM OTHOCSTCS y4acTOK ONMPAHMS HAa PeslbCc U OOKOBBIE YYACTKH, a
TAKXKe KOHILIEBBIE YUACTKH.

ITon mpomONBbHBIM U NONEPEYHBIM NMPOQUIIMU, B paMKaxX 3asiBJIIEMOr0 H300peTeHus
ClielyeT TIOHHMMAaTh BUA cHepend M COOKY, COOTBETCTBEHHO, IPH T'OPU3OHTAIBHOM
pa3sMelIeHUH KJIEMMBbI Ha TNIOCKOCTH

3a cyer ydyacTKa KJEMMbIL,  BBIIOJHEHHOIO  paJuaJbHO  BBINYKJIBIM U
KOHTAKTHUPYIOIETO C penbcoM (Y4acTOK ONUPaHUST HA penbe), 00ecrneYnBaeTCs
JOTOJTHUTENbHAS TOJATIMBOCTh KJIEMMbI Ha U3THO BOKPYT MOMEPEYHONH OCH KIIEMMBL

Hanuume B KOHCTPYKLMH KJIEMMbl BEPTHKAJIBHBIX PAJHAIbHO BBINYKJIBIX B
nornepeyHoM mnpoduiie OOKOBBIX Y4aCTKOB OOeCredYrBaeT MOBBIIIEHHE MOAATIUBOCTH Ha
U3ruO BOKPYT MPOJIOJBHON OCH KJIEMMBI, a TAK)KE 32 CUET BBIMOJIHEHUS] OOKOBBIX YYaCTKOB B
¢opMe BBIMYKIIOH KPUBOH B MOMEpeyHOM npoduie, oOpa3oBaHHON ABYMsI paguyCaMH, OIUH
U3 KOTOPBIX OOJbIIE BTOPOTO, CO CMELICHHEM BEPUIMHBI OOKOBBIX YYAaCTKOB B CTOPOHY
y4acTKa ONHUPAHHUS HA PENbC MO3BOJSIET CMECTHThb KOHLEHTPALMIO HANMPSDKEHWH OT Oolee
HArpy>K€HHOTO Y4acTKa KJIEMMBI.

B pesynprare npemsiokeHHBIX KOHCTPYKTHBHBIX NPeOoOpa3OBaHUM TEXHUYECKOTO
peLIeHUs] MPOTOTHUIIA, PSR YIACTKOB KOTOPOro ObLT nmepepadoTaH, B KOHEUHOM MTOTE CO3/1aHa

KOHCTPYKIUS MIPY>KUHHOMW NMPYTKOBOW KJIEMMbI PENIbCOBOTO CKPEIJIEHHs, KOTopast o0nazaer



NOBBIIIEHHON TOAATIMBOCTBIO, & TaKKe OOecreYnBaeT pachpefesieHne HaNpsDKeHUH 110
OosblIel 001acTH KIEMMBI, a TaKXKe 001aaeT HeMHEHHBIMHI YIIPYTHMHU XapaKTEePUCTUKAMHU.

Takum oOpa3om, NpH paBHBIX YCJIOBUSIX SKCIUIyaTallUd 3asBISIEMON KJIEMMbI H
U3BECTHBIX KJIEMMBbI U3 YPOBHsI TEXHUKHU, HAPY3KH, ACHUCTBYIOLIUE HA KJIEMMBI U UMEIOIINE
OZIMHAKOBbIE YHCJICHHbIE 3HAYEeHUs, OyAyT B CIy4ae U3BECTHBIX M3 YPOBHS TEXHUKH KJIEMM
BOCIIPUHUMATBCS TPEUMYLIECTBEHHO OIpPENeNCHHbIMI Y4aCTKaMU KOHCTPYKLUHU (Y4acTKU
ONMpaHMsl Ha YIOPHBIH 3JEMEHT), Meperpyxkas HX, YTO B KOHEYHOM HTOre MNpPUBENET K
CHIDKEHUIO COMPOTHUBIICHHSI YCTAIOCTH 3TUX YYACTKOB U JAJIbHEHNIIEMY BBIXOJY TAKUX KJIEMM
U3 CTPOSL.

OpnHako, B KOHCTPYKLMH 3asBJsIEMON KJIEMMBbI, NEHCTBYIOLIUE HAa HEeE Hamlps KEeHUs
Oynyt Oojiee paBHOMEPHO pPACHpPENENAThCS MO IJIMHE NPYTKa KIEMMBbI, YTO JOCTUTAETCs
OonblLIe TOAATIMBOCTBEO KJIEMMBI 3a CYET pAa3BHTOH MPOCTPAHCTBEHHOW TI€OMETPUHU
KOHCTPYKLIMM KJIEMMBbI, BCJIEACTBHE YEro CHUKAETCS KOHLIEHTPALUs HANpsDKEHUM Ha
OTHAENBbHBIX YYaCTKax KJIEMMBbl, HANPHUMEp, HA Y4aCTKEe ONHUPAaHMs HA YIOPHBIA 3JIEMEHT
PENBbCOBOTrO CKPETUIEHUs 3asIBJISIEMOMN KJIEMMBI.

B 3asBiseMOl kjaeMMe Y4YaCTOK ONHMPAHUS HA PEIbC, PAagualbHO BBINYKIBIH B
NPONONIBHBIN MPO(UIB, N3rHOAETCs TPU BOCTIPUATHHN IEHCTBYIOIIEH HArPY3KH.

BbokoBBIE y4acTKM KJIEMMbI TOABEP)KEHbI W3rH0y M KPYYEHUIO NPU BOCIPHUATHH
BHEIIHEH HArpy3kd, I@IIpU 3TOM H3-32 PAa3BUTONM MNPOCTPAHCTBEHHOW TI'€OMETPHUH,
0o0ycloBNIEHHON uX (OpPMON, OHU SBISIIOTCA OoJiee TONATIMBBIMU, IO CPAaBHEHUIO C
TEXHUYECKUMHU PEIIeHUSIMU WU3BECTHOIO YPOBHS TE€XHHMKH, OTHOCUTEIBHO MPOAOJBHOM OCH
KJIEMMBI, YTO TTO3BOJISIET KJIeMMe O0eCIeYMBaTh JYYLIYIO CTAOMJIBHOCTD YCHJIMS NPYDKATHS
penbca.

Kpowme Toro, cMemenne BepiirH OOKOBBIX YYaCTKOB B CTOPOHY y4acTKa OMUPAHUS Ha
penbC TMO3BOJIIET CMECTHTh KOHIIGHTPALMIO HANpPSDKEHUH OT Haubojiee HarpyKeHHOTO
y4aCTKa KJIEMMBI.

KoHneBble y4acTKH KJIEMMBI TIPU BOCHPUSATHH BHEIIHEH Harpy3ku u3rmdarorcs. Mx
KOHCTPYKTHBHOE HCIOJHEHHE TMO3BOJsieT obecreunBaTh TpeOyeMblil yIpyruil XOa KIEMMB,
KOTOPBII B CBOK OYepenb IO3BOJIIET O0eCrevYnBaTh CTAOWJIBHOCTb YCHJIMS MOHTaXKHOTO
NPWKATHUS PeIbca MPH 3aTSHDKKE KIEMMBbI CPEICTBOM KperieHus (OONTOM, IIypyIoM U T.I1.).

Kpowme Toro, nx KOHCTPYKTUBHOE UCIIOJHEHNE B COBOKYITHOCTH C YY4AaCTKOM ONHUPAHUs
Ha PeNbC MO3BOJIAET NOOUTHCS HEMTMHEWHOW YNpyrod XapakTepPUCTHUKU KJIEMMBI, a UMEHHO
IPU BBICOKMX OOKOBBIX AMHAMHYECKHX HArpy3Kax KOHIIEBBIE YYAaCTKU KJIEMMbI HAYHUHAIOT
KOHTAaKTHUPOBaTb C yYaCTKOM ONHMPAHUs HA PEJIbC, TEM CaMbIM YBEJINYUBAs KPYTUJIbHYIO

JKECTKOCTDb CKPCIJICHUS.



ITon ynpyrum XOmoM KJIEMMBl CTOUT TIOHUMATh BEJUYHMHY OTHOCHTEIbHBIX
nepeMelIeHNH TOYKH KOHTAKTa KJIEMMBI CO CPEICTBOM KPEIUIEHHs] M TOYKH KOHTAKTa
KJIEMMbl C penbcoM Impu ee naedOpMHPOBAHMM A0 oOOecredeHus TpeOyeMOoro yCHIIHs
MOHTaKHOT'O TIPUKATHUS.

Takum oOpa3om, 3asBisieMasi KOHCTPYKLUHUSI KJIEMMBbl MMEET HEIMHEHHYIO YIPYIYIO
XapaKTePUCTHKY,  TOBBINEHHYI) IOAATIMBOCTD M  OJHOBPEMEHHO  o0ecrednBaer
pacrpeneneHre HanpsuKeHU 1o OoJbinel 00NacTH KOHCTPYKIMH KJIEMMBbI 32 c4eT (HOpMBbI
KJIEMMBbI, KOTOpPasi UMEET PAa3BUTYIO MPOCTPAHCTBEHHYIO T€OMETPHIO.

Kpartkoe onucanue ueprexei

CymHoCTh npeayiaraeMoro u300peTeHus MOSCHASTCS HIDKECIENYIOIUM OMHCAHUEM U
NPUIAraéMbIMH WITFOCTPALIMSMHU, HA KOTOPBIX TTOKA3aHO:

@ur. 1 — npencrasieH oOLUINIT BUA PEIbCOBOIO CKPEIUICHUS, B KOTOPOM NPHUMEHSIETCSI
ympyrast KIIeMMa U3BECTHOTO YPOBHSI TEXHUKH (ITPOTOTHIT).

@ur. 2 — npeAcTaBlieHa 3asBjsieMasi KjeMMa o0l B (M30MEeTpus).

@ur. 3 — npencTaBieHa 3asBlsieMas KJIeMMa BHIbI B MPOEKIMHA HA TOPU3OHTAIBHYIO
TJIOCKOCTH (CIIEpenn, CBepPXY, pa3pes, U30METPHUs).

@Qur. 4.1, 4.2 — npencraBieHbl pe3yJbTaThl pacyeTa PacHpeneaeHusl SKBUBAJECHTHBIX
HanpspkeHui (mo Musecy) B 3asiBJIsieMOH KJIEMMeE IOCJIe 3aTSDKKH CPENCTBA KPETUIEHUS BH
CBEpPXy M CHHU3Y COOTBETCTBEHHO, IIPOBENEHHbIE C MHCIOJb30BAHUEM IPOrPAMMHOIO
komruiekca KABAQUSY.

@ur. 5 — npeacrasned rpaduk (KavyeCTBEHHBIN) 3aBUCUMOCTH YCHIIUSI NMPUXKATHS OT

YIIPYToro Xozaa AJIst 3as1BIsIEMO KJIIEMMBL.

OcymecTBieHue u3o0peTeHust

Ha ¢urype 1 mpencraBieHO penbCOBOE CKPEIJIEHHE M3BECTHOTO YPOBHS TEXHHUKH, B
KOTOPOM MpPUMEHSIETCS yIpyras Kjiemma, oOJajaroniasi H3BECTHBIMH HEAOCTATKAMH YPOBHS
TEXHHUKH, 33 CYET KOTOPOH o0ecreynBaeTcsi mpukaTue peiibca K MOAPENTbCOBON OMOpe, MpH
S5TOM OCHOBaHHME pelibCa paCIoJiaraeTcs Ha YHOPyro moapeabcoBod mpokianke (1),
CIy»Kallel IJisi CHIDKEHHUS] TUHAMUYECKUX HArPY30K Ha MOAPEIbCOBOE OCHOBAHHUE.

[Ipy MOHTaxke y3Ja PEeIbCOBOIO CKPEIUICHUS YIpyras KiIeMMa MPUKPerIsieTcs
CPeICTBOM KperuieHus: (OOMTOM, IIYPYNOM U T.IL.), TIPH 3TOM BO3HUKAET YCUIIUE TIPUKATHSI
peJbca K MoAPeTbCOBOM OMOPE B MPOLECCE 3aTSIKKU CPEACTBA KPETIICHUS.

OnHako, BCIEACTBHE YMEHBIIEHHUs! BBICOTHI MOAPENbCoBOH mpokianku (1) (m3-3a eé
W3HOCA W/WIM TUIACTUYECKOW nedopMaluu), yCHINe MPWXKATUS pPelibca K IMOAPEIbCOBOM

OIOpe YMEHbIIAETCS.



VMeHbIIEHHe YCWINS TPUXKATHS MOXKET NPUBECTH K HEIOCTATOYHOMY YCHIIHIO
3aKpEIUICHUs] PENbCOBBIX IUIETEH, K TMOTepe TEMIIEPATyPHOIO peXHMa 3aKperuIeHHs
penbCOBBIX HHUTEH, yroHy nyTu. [lepeuncieHHble OTKIOHEHHsS OT HOPM COAEP)KaHUS IyTH
NPUBOJAT K YBEJIUYECHUIO TPYIO3aTPaT HA 3KCIUTYaTALHIO MyTH.

Ha ¢urypax 2 u 3 npencraBiieHa 3asiByisieMasi KJIeMMa B Pa3HbIX BHJAX, HA KOTOPBIX
NPENCTABIICHbl  yYaCTKU  3asB/SIEMONM  KJIEMMBbI, KOTOpble  OOpasylT  Pa3BHTYIO
NPOCTPAHCTBEHHYIO T€OMETPHIO.

Tak 3asBnsiemMasi MPy>KUHHASL PYTKOBAsI KJIEMMa PETbCOBOTO CKPETUIEHHs! BBIMOJHEHA
€IMHON JNeTaNblo, CUMMETpU4HOW B-00pasHoii Gopmbl, B MPOEKIMU HA TOPHU3OHTAJIBHYIO
TUTOCKOCTb.

Takoe BBIONHEHHE PEATU3yeTCsl MyTeM TMOKU MPYTKA, BBINOJHEHHOTO M3 YIPYTOro
Marepuaja, B 33JaHHBIX MECTaxX, ¢ OOpa3OBaHHUEM YYaCTKOB KJIEMMBI, a UMEHHO Yy4acTKa
OMHpaHusi HA penbe (2), panuagbHO BBIMYKJIOrO B MPOAOIBHBIA MPOQHib, ¢ 00pa3oBaHHEM
ABYX TOYEK OMOpHI (6), NBYX OOKOBBIX yHacCTKOB (3), paguabHO BBIMYKIBIX B IONEPEUHbIH
npoQ b 1 UMEFOIINX HAKJIOH OTHOCUTENBHO MOPU30HTAIBHON TUNIOCKOCTH OMUPAHUS KIIEMMBI
B [IPOZIOJIBHOM NpO(HiIe, yUaCTKOB OMUPAHUS HA YIOPHBIN 3J1eMEHT (4), KOHIIEBBIX Y4aCTKOB
(5), mpu 3TOM KOHIIEBBIE YUACTKHU BBITIOJHEHbI U3 ABYX 4yactel (5.A, 5.B) kaxneiii (purypa 2).

Taxke Ha purype 2 obo3Ha4ueHs!I poponbHas (7) u nonepeuHsle (8) ocu 3asABIsIEMOI
KJIEMMBI.

HauGonee mpenmnouTuTenbHbIM BapUaHTOM MaTrepuaja, U3 KOTOPOTO BBINOJIHSETCS
3asiBJIsieMast KJIeMMa SIBJISIETCS IIPY>KUHHAsI CTalb.

Ha ¢urype 3 npencraBnena 3asBisemast ynpyras KJiI€MMa, BHIbI CIIEPEIH, CBEPXY,
cOOKy B paspese (ceueHme A), a Takke BUA B HM3OMETPUM ISl JIYYLIErO MOHHUMAaHUS
KOHCTPYKTHBHBIX OTJHYUH, OOECIeYHBAIOIUX JOCTHKEHHH 3asBISIEMOTO TEXHHYECKOTO
pe3yibTara.

Ha ocHoBe m3oMeTpuyeckoro Buaa KjieMmbl Ha ¢urypax 2, 3 u BUIOB Ha Qurype 3
MOYKHO C/I€JIaTh BBIBOJ O TOM, YTO 3asBJIsIeMasi KIIEeMMa MMEET Pa3BUTYIO MPOCTPAHCTBEHHYIO
TeOMETPHIO, YTO JAenaeT €€ Oojiee MOAATIMBON M MO3BOJsIET 00ecneunBaTh CTAOMIIBHOCTH
NPWKATHUS pesibca K MOAPETbCOBON MPOKJIAAKe 0€3 3HAYUTEIbHON MOTePU YCUIIHS TPYKATHS
13-32 M3HOCA MPOKJIAIKH.

Kpome Toro, Takoe wucCromHeHHe OOeCmeunBaeT JOCTATOYHO PAaBHOMEPHOE
pacripeneneHne HanpsDKEeHUH 1O COTPSTaeMbIM Y4aCTKaM YIPYTrOH KIEMMBIL.

KOHCTPYKTHBHOE HCIOJHEHHE KOHLEBBIX YYacCTKOB (5) KJII€MMBI B COBOKYITHOCTH C
YY4aCTKOM OIHpaHus Ha penpc (2) TmO3BOJSET JOOUTBhCA HENWHEHHON ymnpyrow

XAPAKTEPUCTHUKU KJIICMMBI, IIPpU BbICOKHX OOKOBBIX AUHAMHUYCCKUX Harpy3kax KOHIECBLIC
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YUYaCTKH KJIEMMBI, & IMEHHO €ro BTopas 4acThb (5.5) HAUMHAIOT KOHTAKTUPOBATh C YUYACTKOM
ONMpaHUsl Ha PeNbC, TEM CAMBbIM YBEJINYMBAsl KPYTUJIBHYIO JXECTKOCTb CKpEIJIEHHs ISl
IIPOTUBOJEHCTBUS OTKATHIO TOJIOBKU PEJbCa.

Henunelinass ynpyrast XapakTepUCTHUKA JId 3asBJIsIEMOM KJIEMMbl IPUBEAEHA Ha
¢urype S. OHa COCTOUT M3 2-X YNPYrUX XapakTePUCTHK — YNPYroil XapaKTepUCTUKU C
MEHbIIEH KeCTKOCThI0 (uHuA 9 Ha ¢urype 6) M ynpyrod XapakTepHCTHUKU C OoJblIel
KeCTKOCThi0 (uHust 10 Ha Qurype 0), U TOYKH, XapaKTEPU3YIOIIEH MOMEHT KOHTaKTa
KOHIIEBBIX YYaCTKOB C y4aCTKOM OIHPAaHUs Ha PEJIbC KIEMMBbI

IIpy HOpPMaNbHBIX YCIOBUSAX (DYHKIIMOHHPOBAHUS YIPYrOW KJIEMMBI, YYaCTOK
ONHUpPAHUs Ha pelbC (2) U KOHLEBbIE YYaCTKH (5) yIpyroi KJIeMMbl HE KOHTAKTUPYIOT JIPYT C
APYyroM, HPU 3TOM KPYTHIIbHAs XECTKOCTb CKPEIJIEHUs] OTHOCUTENIBbHO IPOAOJBHOM OcU
penibca He MOBBILIAETCS.

B cnyuae BO3meicTBHS Ha pENbC BBICOKMX 3HAYEHUH OOKOBBIX JUHAMHYECKHX
HArpy30K, KOTOpbIE MOTYT NPUBOAUTH K 3HAYUTEIbHBIM OOKOBBIM OTXKATHUSIM peibca |
pHCKaM CXOofa KOJIECHOH Mapbl B KOJIE0, KOHLEBBIE YYaCTKU KJIEMMbl (5) HAaYHHAIOT
KOHTAKTUPOBAaTh C YYAaCTKOM OINUpPAaHUS Ha pejbe (2), TeM cambiM obecneunBaercs pabora
KJIEMMBI ITPH OOJIbIIEH KPYTHIIBHON KECTKOCTHU y3J1a CKPETJIEHUsI OTHOCHTENBHO MPOJOTIBHOM
OCH peJibca U TEM CaMbIM MIPEIOTBPALLAETCS BO3MOXKHOCTb CX0J1a KOJIECHON Maphbl B KOJEKO.

B nmonTBepikneHue BbINEYKAa3aHHBIX CBENEHUI OBLIM MpPOBEAEHBI pacdeTbl Ha
3JIEKTPOHHO-BBIMUCIUTENbHON MammuHe (nasee DBM) ¢ ucnonb3oBaHHEM NPOrpPaMMHOIO
komriekca KABAQUS» (manee ITK «cABAQUSY).

Pe3ynbraThl pacdyeToB A 3asABIIIEMON KJIEMMbI NpeiCTaBieHbl Ha ¢urypax 4.1, 4.2
COOTBETCTBEHHO.

[TockonbKy 3asBisieMast ymnpyras KieMMa HMEET CHMMETPHUUHYK GopMmy, s
YIPOLIEHNUsT BOCTIPUSTHS MH(POpMALMK, a TAKXKe PacdeToB, MPOU3BEACHHbIX Ha DBM mpu
nomornu [TK «c ABAQUS», nocTaTo4yHO paccCMOTPETh TOJBKO OAHY CHMMETPUYHYIO TIOJIOBUHY
KJIEMM.

B pacuerax MonenmpoBajics MPOLECC 3aTSHKKH CPEACTBA KpEIUleHUs (Kak ONWH U3
pPAaCYeTHBIX CIIy4aeB HArPy>KeHHs KJIEMMbI), Harpy)kKaroLlero KJIeMMy, IO MOMEHTa
o0ecriedeHus PIKaTHs pesibca yeririeM paBHbM 12,5 kH, mpuxonsmumcst Ha OTHY U3 OBYX
KJIEMM CKpEIJIEHHSI.

Taxoke 1ist MPOBEAEHUST PACUETOB, B KAYECTBE MaTepHalia JJIsl KAKAOro U3 OObEKTOB
pacuéra (KJI€MMBI-IPOTOTHIA U 3asBISIEMOrO M300peTeHns1) ObUIN MPUHATHI CBOWCTBA OTHOTO

¥ TOTO ke MaTepuaja (Mpy>KUHHAs CTaJb).
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Pacuersl mpoBomunuck ¢ ucnonszoBaHueM I[IK «ABAQUS» B HenuHeHOM
KBA3MCTAaTUYECKON IOCTAHOBKE C y4eTOM (DPU3MUECKON, reOMETPUIECKON HEeTMHEHHOCTeH, a
TAK)K€ KOHTAKTHOIO B3auMOJeHCTBUs. B Mozemsax KkieMM HCHOJb30BaHbl TPEXMEPHBIE
reKCa’/lpalibHble 3JIEMEHTHI MEPBOTrO TMOpPsNKa, g aOCOMIOTHO MKECTKUX KOHTaKTHBIX
MOBEPXHOCTEHN UCIONb30BAJICS KOHTAKT YepPe3 Mapbl KIOBEPXHOCTb — OBEPXHOCTDHY.

Tak Ha durypax 4.1 u 4.2 npencraBieHbl pe3yJbTaThl pacueTa MO PaCIpPeneICHHUIO
SKBUBAJIEHTHBIX HAMNPSLKEHUM NI 3asBJIAEMOrO0 TEXHUUECKOTO PELIEHUs], BUJ CBEPXY W BUJ
CHHM3Y COOTBETCTBEHHO, NPHU 5TOM BBIOpPAaH LIAr HEJIMHEHHOTO pacyera, COOTBETCTBYIOLIHIA
yeunuro nprkatust 12,5 kH (ogHO#H Ki1eMMoii).

Kaptuna pacnpeneneHusi SKBHUBAJEHTHBIX HANpPsOKEHUW HWMEET KadyeCTBEHHBIN
xapakTep (pe3yabTaThl pacueTa comaepskar rpaduyueckyro uHGopManuo 00 0OIACTIX KIeMMBbI
C pPa3HBIM YPOBHEM 3KBHUBAJICHTHBIX HANPSDKEHWH O€3 YKa3aHMs YHCIIOBBIX 3HAUEHHH 3THX
HATPSDKEHUH ).

Tax, cornmacHo nmposeneHHbIx npu nomoinu IIK « ABAQUS» pe3ynbpTaToB pacueros,
00J1acTH 3asIBJIIEMON KJIEMMBI, UCTIBITHIBAIOIINE PAa3HbIE HANPSDKEHUS, ObUTH MPEICTABIICHbI B
Pa3HBIX BETO-TPAQUUECKIX OTOOPAKEHHSIX.

Obnacty ¢ HANMEHBIIUMH 3HAYEHISIMH HAINpPsDKEHUH MMEIOT CUHUIH 1BET, 00J1acTu co
CPeIHUMU 3HAUYEHUSIMU HAIPSDKEHUNH UMEIOT rojiyOOi, 3eJIeHbIM, KENThIi, OPaHKEeBbIH IBETa
IO BO3PACTAHUIO HANPSDKEHUH COOTBETCTBEHHO, M OOJIACTH C HAMOOJBIIMMH 3HAYEHUSMHU
HAIpPsDKEHUM UMEIOT KPAaCHBIN LBET.

Ha ¢urypax 4.1 u 4.2 npusemeHbl rpaduku pacrpeneneHuss >KBHUBAJCHTHBIX
HaIpsDKEHUH, U3 KOTOPBIX BHUAHO, YTO 30HA MAKCHMAJIbHBIX HaNpsoKeHUH (UKCHpYeTcs Ha
BHYTPEHHEH YacTH ydYacTKa OIMUPAHUs HA YIOPHBIH 3JIEMEHT W YaCTMYHO Ha OOKOBOM
ydacTke (30Ha HaumOOJBIIUX HANPSDKEHUH OTMEUeHa KpacHbIM IBETOM Ha (urype).
Hanpspxkenuss 6ojiee paBHOMEPHO pAaCHpeneseHbl MO JUIMHE MPYTKa 3asBJISIEMON KJIEMMBI.
3asBisieMOe TEXHUYECKOE pelleHHe [I03BOJISIET CHU3UTh YpPOBEHb KOHILEHTpaLUU
HaNpsDKEHUH, YTO MOBBIIIAET PECYPC KIEMMBL.

U3 ¢urypel 4.2 (Bux CHHU3Y) BHIOHO, YTO HAa HW)KHEH 4acTu OOKOBOTO ydYacTKa
3asBIIIEMON KJIEMMBI MPeo0NazaoT KPacHbIH M OpaHXKeBbI 1BeTa. M3 3TOro cremyer, 4to
OOKOBOW  y4aCTOK HATPYXeH, CIIeIOBAaTEbHO, IMO3BOJSIET KieMMe o0ecneunBarh
IOCTATOUHYIO MMOATIMBOCTD, & 3HAYUT COXPAHSTH CTAOMIBHOCTD YCUJIHS IPUKATHUS.

VY4acTok onupaHus Ha penbCc 3asgBsieMON KJIEMMbl MMeEeT pachperesieHue
SKBHUBAJEHTHBIX HANpPsDKEHUI CO CPEIHUMH 3HAYEHUSIMH (3eseHbll 1BeT Ha ¢urypax 4.1 u

42), 4dTO MO3BOJISCT, CACATH BbIBOA O TOM, YTO Yy4YaCTOK OIMpPAHUA KICMMBbI Ha PEIIbC
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BKIIOYEH B paboTy KJIeMMbl 0pU €€ Harpy)kKeHHH, a 3TO TO3BOJSIET YBEJIUYUTH
3¢ $eKTUBHOCTD HCIIONB30BaHUs MaTepraia (3 PeKTHBHOCTD 3amacaHust yIpyroi SHEPTrum).

HauMeHplne 5KBUBAJEHTHbIE HANpPSKEHUS BO3ZHUKAIOT HA KOHLEBBIX Yy4acTKax
KJIEMMBI (30HBI TOJTyO0ro U CHHEro LBeToB Ha gurype 4.1 n 4.2).

AHanu3 pe3ysibTaTOB pacyueTa 3asBIsIEMONH KJIEMMBbI IIOKa3bIBa€T BO3MO>KHOCTb
IOOUTBCS C TIOMOLIBEO PAa3BUTON MPOCTPAHCTBEHHOH TreoMeTpuu OOKOBBIX Yy4acTKOB (3)
KJIEMMbI U Y4aCTKa OMUPAHUS Ha pesibC (2) OonbliIel Mo CpaBHEHUIO C U3BECTHBIMHU M3 YPOBHSI
TEXHUKUA KJIEMMaMH TIOJATJIMBOCTH KJIEMMbI, TEeM CaMblM OOeCle4rBas TOBBIIICHHE
CTa0MJIBHOCTH YCWIMS TPWKATHS pPeibca KJIEMMOH IpH HEU30eKHOM H3HOCE YIPYroi
NOAPEIbCOBON MPOKIAAKU.

Takum 00Opa3oM, MO pe3ysibTaTaM IMOJYYEHHBIX PACYETOB MOXKHO CHENATh BBIBOA O
TOM, YTO 3asBJsIEMO€ TEXHHUYECKOE pelIeHHe, yIpyras INpPyTKOBas KJIEMMa pPeJlbCOBOIO
CKperuieHus, uMerotnasi (opMy ¢ Pa3BUTON MPOCTPAHCTBEHHOH reomerpueili, odecrneynBaer
NOBBIIIEHHE CTAOMIBHOCTH YCHJIUSI TPHIKATUSL PEbca IyTEeM IOBBIIICHUS MONATINBOCTH
KOHCTPYKIMH KJIEMMBbI OJHOBPEMEHHO C OOECIeYeHHEM pacIpeneNieHus] HaNpsDKEHUH 110
OonblIe 4acTH KOHCTPYKIHMH KJIeMMbL Taxke MmpeaycMOTpeHa BO3MOXKHOCTH YBEITHUYEHHSI
KPYTUJIbHON KE€CTKOCTH CKPEIJIEHHS] OTHOCUTENBHO NMPOAOJIbHON OCH PeNbca MPHU BBICOKOM

(KpUTHUECKOM) YpOBHE OOKOBBIX Harpy3o0K, IeperaBaeMbIX OT KOJEC Ha PEIbCHI.
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MIIK E01B 9/48

YIIPYT'ASAA KIEMMA PEJIBCOBOI'O CKPEIIVIEHU A
dopmy.Jia uzodperenust

Ilpy>xuHHas NpyTKOBasi KJIE€MMa pPelbCOBOIO CKPEIUJICHUs, BBINOJIHEHHAas U3 MpPYyTKa
yIpyroro MaTepuana, HU30THYTOTO c o0pa3oBaHueM eAUHON JeTanu
B-oOpasnoii (¢opMbl B MPOEKUMM HA TOPU3OHTAJIBHYK) IUIOCKOCTb, CHMMETPHYHOMN
OTHOCHUTEJIbHO TOTIEPEYHON OCU KJIEMMbI M COCTOSIIEH M3 COMNPSKEHHBIX MEXAy COOOU o
pandycaM yd4acTKOB, BKJIOYAIOIIMX MPSIMOJUHEMHBIH B MPOEKLIUH HAa TOPU3OHTAJIBHYIO
IUJIOCKOCTh YYaCTOK OIMHUPAHMS Ha pelbC, NMEePeXOASsIIUN ¢ ABYX MPOTHUBOIOJIOXKHBIX CTOPOH IO
pamuycam CKpyTJIeHUs B OOKOBBIE YYaCTKHU, MEPEXOIIIINE B YYACTKH ONMHPAHHS Ha YIOPHBIN
3JIEMEHT PEeNIbCOBOIO CKPEIJIEHMsI, KOTOpbIE MEePEXOAST B KOHLIEBbIE YYaCTKH, HAlPaBJEHHbIE B
CTOPOHY ydYacTKa OINHpPaHMs Ha pesbC MOA MPSMBIM YIJIOM B IMPOEKLUHUHU HAa TOPU3OHTAJIbHYIO
IUTOCKOCTh, OTJIMYAIOIIASACS TEM, YTO y4YacTOK OMHUPAHUS HA PEJIbC B MPONOJBHOM mpoduie
BBIMOJIHEH PaJUajibHO BBINYKJIBIM, C JABYMs KpaeBbIMM TOUKAMU OINOPHI HA peJibC, a BEpLIMHA
ydacTKa ONUpaHUsl Ha pejibC HAIpPaBJIeHA B CTOPOHY KOHLIEBBIX Y4aCTKOB, MPU 3TOM YYaCTKH
ONMpaHUsl HAa YHOPHBIH 3JIEMEHT PEIbCOBOIO CKPEIJIEHUs BBIIOJHEHBI NMPSMOJMHEHHBIMU B
NPOEKLUH Ha TOPU3OHTAIBHYIO IUIOCKOCTb W paJMajbHO BOTHYTBIMM B IPOEKLHUHM Ha
BEPTUKAIBbHYIO IUIOCKOCTh B MPOJOJBHOM Ipoduie, a OOKOBbIE YYAaCTKU PACIIOJNOKEHBI ITOX
HAKJIOHOM K TOPU30HTAJIbHOM IUIOCKOCTH ONHUPAHUs KJIEMMbl B MPOAOJBHOM mpoduie u
BBINIOJIHEHBI N0 ()OpME BBINYKJIOH KPUBOH B MoOINepedHoM mpoduie, oOpa3oBaHHON IBYMS
paaMycaMy, OIMH M3 KOTOPBIX OOJbILIE BTOPOTrO, NMPH 3TOM BEPIIMHBI OOKOBBIX YYaCTKOB,
CMEILEeHbl B CTOPOHY y4YaCTKa OMHPAHUS Ha PeJbC, KaKAbIH KOHLIEBOW Y4aCTOK BBITMOJHEH U3
IBYX TNPSMOJIMHEWHbIE 4acTel, Ipu 3TOM IepBas NpeaHa3HaueHa Jii KOHTaKTUPOBAHUS CO
CPEINCTBOM KpEIUIEHHUs, a BTOpas 4acTh pAacIoioKeHa MOJ TYIMbIM YIJOM K MEepBOH YacTH
KOHLIEBOTO y4acTKa U SIBJISIETCS C OJHOTO KOHLIA TOPLIOM KOHILEBOTO y4YacTKa, IPU 3TOM
BEpILIMHA y4acTKa OMHMPAHUS Ha PENbC PaclojiaraeTcsi MeXIy BTOPBIMH HacTSIMU KOHLEBBIX

Y4YaCTKOB B IMPOCKIHNHU HAa TOPU3OHTAJIBHYTO IIJIOCKOCTb.
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