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HCCJAEANOBAHHUE KOJIbLILEBOT'O CPE3A

1. M. CEJJOKOB, M. B. MOMCEEHKO, A. ®. CEJTUH

(IlpencraBaeHo HayuHBIM CeMUHApOM KadeIph CONPOTHBJAEHHS MaTepuaJsoB)

Bo MHOrux MamxHax NpejlycMOTPeHbl MeXaHHYeCKHe IIpeloXpaHHTeH,
KOTOpble Cpe3aloTcs NpH Neperpyskax, 6aaronaps ueMy ynaercs u3bexarb
2BapHil H NOJOMOK TaKuXx MaldH. B pesuHopaszorpeBaTenbHBIX BaJjbllax
KabeJapHOH M PEe3UHOBON TNPOMBIJIEHHOCTH TNPHMEHSITCS MeXaHHueckue
npeJoXpaHHUTeJd B BH]e IHCKa C KOJbIeBbIMH KaHaBKaMH. Pacuer npepo-
XpaHUTEJNBHBIX JINCKOB HAa MaKCHMAaJbHYI HArpysky MoxKer ObiThb CBelleH
K ONpeleNeHHIO TOJILMHBEL Cpe3a, NOCKOJBKY LIHpHHA Ccpe3a, paBHAas NepH-
METpY Cpe3amlllero MyaHCOHA, OCTAETCs /st JaHHOH MalllHHBI NOCTOSAHHOAM.
Ho ans rakoro pacuera HEOOXOAHMMO 3HAThH BEJHUHHY NIpejea IFPOUYHOCTH
Ha Ccpe3 MaTepuaJsa, H3 KOTOPOro M3roTOBJASIOTCS AMCKkH. Kaxk noxazanu
nepBble ONBLITH, IIPejie/i TPOYHOCTH Ha Cpe3 IJisl OAHOrO H TOTO XKe MarepuaJa
SBJISIETCS] BEJIMYHHON MepeMeHHON U 3aBUCAlllel OT TOJMIHHLL cpesa. [ToaTomy
BO3HHKJA HeOOXOAUMOCTb NOAPOOHOIO MCCJAENOBAHHS MpolLiecca KOJbLUEBOIO
cpe3a, KoTopoe 6blJI0 IpoBeieHO B Jab0opaToOpHy CONPOTHBJEHUS MaTepHAJ0OB
ToMCKOTo MOMUTEXHHUECKOTO HHCTUTYTA B 1959 ropay.

B ykasaHHOM HCCJe/IOBAHHH PETHCTPHPOBAJHNCH CHaa W Aedopmands
B npollecce KOJbUEBOro €pe3a JHCKOB pas3/jiMYHOH TOJIIUHMHLL, KOTOphie ObIIH
M3TOTOBJIEHBl U3 JIBYX Mapok craJjei: crand 6 M CTaau AJsA BarOHHBIX OCei.
Mexainueckue XapakTepUCTHKM 3THX CTaJjell 0Ka3aJHCh CACAVIOUINMH:

Craan 6 Craab ocenad
Ilpenen mnpounocrTs na pas-
pBIB, K2 MM? 51 53
Ornocutenproe yiaaulienue
npH paspoiBe, B% 26 15
Ilpeaen npouanoctn ila cpes,
K2 MM2 32,1 34,5

[Ipeiea NmpodyHOCTH Ha cpe3 omnpefensacs Ha obpaslax KBaJlpaTHOro
ceyenns 1010 mm npu OQHOCTODOHHeM cpe3e. 3a npenes NPOYHOCTH Ma-
Tepuasa Ha cpe3 OblJO NPHHATO MAKCHMaJbHOE KacaTelbHOe HampsikeHHe,
pABHOE OTHOLIEHHIO Cpe3alollell CHJBl K MCXOAHOH IJIOLIaJH IONEepeyHoro
ceuenus obpasua. 3a npeies NPOUHOCTH NPH KOJBLEBOM cpe3e OBLIO NPH-
HATO TAKXKe MaKCHMaJbHOe KacaTeJbHOE HalpsiKeHHe 110 MJIOCKOCTH cpeaa,
KOTOpoOe onpeneadJ/JioCb IIVTeM JAeJI€HHdA MaKCHUMaJbHOH HATPY3KH Ha 1J10-
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Lidaib H0KOBOH NOBEePpXHOCTH UHJIHHIPA, BbILITAMIIOBLIBAEMOTO MYAHCOHOM
NPH NPOJLABAHBAHHH TUCKA.

[IpenoxpanuTenbHbId AMCK COCTOHT H3 LEHTPAJbHOR UAaCTH — LUJIHHAPA
nHameTpoM 82 ma M BBICOTOH 13 mam ¥ Hapy:KHOTO BHICTYNA BLICOTOH 15,5 mm,
adameTrpaMu 88 u 115 ma.

Mesx 1y ueHTpasbHON YacTblo JHCKA U HApYKHBIM  KOJbLOM ¢ 06enx
CTOPOH JAMCKA MPOTOUEHBI KAHABKU LIMPHHOA 3 MM, rayGUHA KaHABOK Melln-
Jdacb, YeM C03/1aBajloCh H3MeHeHHe TOJILLHHBL cpe3a.

3aBUCUMOCTb MAKCHMAaJbHBIX KacaTeJbHBIX Haﬂpﬂ}KeHHﬁ JJid JAHCKOB
¢ KOJIbIEBBIMH KaHaBKaMH, HM3TOTOBJAEHHBIX H3 OCEBOH CTanAu M CTaJd 6,
OT TOJUIHHLI Ccpe3a, NpeicTaBjJeHHass Ha pHC. |, HMeeT [10BOJbHO CJAOKHLIII
Xapakrep.
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Puc. 1. 34aBHCHMOCTE MaKCHMAaJbLHbIX KacaTeldbHbiX HEIHPH}KG![HI?I OT TOJILIHHDI Cpl3a
JUIST AHCKOB ¢ KOJILIICBLIMHM KaHnaBKaMH,

[Tpu yBejH4eHHM TOJILHHBL cpe3a OT ~ 1,5 10 4 MM KacaTebHble Ha-
npskenust Bospacraior ot 22,8 a0 32 kxe/mm? (nis1 oceBoil cranu), 3arem
OCTAIOTCA MOYTH MOCTOAHHBIMH NPH YBeJHUEHHH TOJAUIHHBI g0 9 ma, a mocse
9 am pesko BO3PACTAIOT NPH HEIHAUUTEABHOM YBEJHUCHUH TOJLIMHLL H 10-
XOaAT noutH no 40 xe/mme.

Jluckn ¢ Maaofl TOIUIMHON cpesa (ray0oKie KAHABKH) CPe3aguch NpH
HANIPSIZKEHUSIX, 3HAYUTENBIIO MelIbUIRX Npejiesia NPoOulOCTH 1a cpe3 1ias 1an-
HOH CTaay, a AUCKH OOAbWOil TOJIMIHBL (MeJaKHe KaHAaBKM) Cpe3ajtnuch npH
HANPAKENUIIX, TPEBbIIAIOUIMX NPEles MPOUHOCTH,

Taxoe namenrenre KacaTegblibIX HANPsKeNHd NpH  KOJBLEBOM  Cpeze
JMCKOB, O0BACHARTCS H3MEHEHNEeM HAIPSIKENOro COCTOSIHUS 10 Mepe pocTa
TOJUIMHEL Cpe3a.

Kak n3BecTHo, pasavvaror j1Ba OCHOBHBIX THIA PAa3pyLIeHs: T0 pas-
pylleHue NyTeM OTPHLIBA M pa3pylieHHe nyTeM cpesa [1].

OTpblz NPUHLUMNMAJABHO IPOMCXOANT Ge3 NpelBapHTe/]bllol I1acTHue-
CKOH jedopMauiy, HO peajJbHOMY Pa3pylIeHHIO NyTeM OTpPbBd  OOLIUIIO
npeiuecTByer XoTst Obl ouelib Magas nuacTuueckas jgehopMaliis, npHueM
CONpPOTHBJEHHE OTPhIBY B 3HAYHTEJBHOI CTENEHH 3aBHCHT OT BeJHUNIIbLE
3TOH NpeUeCTBYIONEH Pa3pylIekuo miacTHueckoid 1edopmaunn [2].
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B Hamux onbiTax WIPHHA KOJbUEBLIX KAHABOK MOCTOSHHAS, a rayduHa
HX MeHaJ1ach C H3MeHeHHeM TOJUIHHbB cpe3aemoro cjod. [lpu manoi To.1-
UiMHe cpesa HajApe3bl (KAHABKH) IM0JYUYAJUCH TIAYOOKHMH M TeM CaMblud
C03/aBaJIHCh YCJAOBHSA, 3aTPYAHAIOLIHE DA3BHTHE CYUIECTBEHHDBIX IJIACTHYE-
CKHX aedopMalHil, NpeIllecTBYIOHIMX Pa3pyLIeHHIO.

B uuncae sTHX yCja0BHH -— 3HAUHTENBHBIA MepeKoc caaforo 3BeHa npeio-
XPAHHUTEJBHOIO IHMCKA, YTO MOMXKHO CpPaBHHBAThL [10 CBOMM pe3yJabraraM
C MCTMBITAHHEM HajApe3aHHBIX 06pa3loB HA pacTsXKEHHE C MEepeKoCoM.

Ilpu ucnbiTaHuu Haape3aHHbIX O0O6PA3LOB Ha pACTSKEHHe C MaJjibiM
MePEeKOCOM OTMEUaeTCd MNOBBILIEHHEe YCJIOBHOTO HaNpsXKeHHA B CPABHEHHH
¢ raaakum obGpasloM, a NpH yIJe nepekoca nopsiika 8° mabaicjgaercs 3Ha-
UHTENbHOE TMajleHHe YCAOBHOTO HampsiKeHus. B Halwux ombiTax mpH Magol
TOJIIIMHE CPe3a OTMEYaJ/Cs 3HaYHTeJAbHbIH NIepekoc ca1ab0oro sjeMeHTa JHCKa,
a 10 Mepe yBeJHUYCHUS TOJLIHHBI CPe3a 3TOT NMEePeKOC PEe3KO CHHIKAJCS.

IDTUM M 06BACHSETCH, MO HallleMy MHEHHIO, HU3KOe 3HAUeHHe YCJOBHBIX
pa3pyllaollyuX HaNpsixKeHUH MpPH HCNBITAHHH JHCKOB C MaJioll  TOJLIMHOH
cpesaemoro ciaos. HaMu onpenensiiuch KacaTedbHble HANIpsAXKEHHA, & paspy-
LIeHHe HIeT NMyTeM OTPBIBA, CJeJ0BaTeJNbHO, YCIAOBHbIE KacaTeJbHble Hanpsi-
JKEeHHs He MOryT OBITh [IPHUYMHON, omnpeaesslolled npoluecc paspylienis
TaKHX JAUCKOB.

[Tpu nocrerneHHOM yBeJHYEHUH TOJUIMHBl CPE3AEMOTO C/A0S yMEHbLIAAACh
rayGuHa KaHAaBKH M CO31aBaJINCh YCAOBHY, MPH KOTOPBIX Pa3pyLIeHHIO
NpeAllecTBOBAjIa 3HayHTe/bHas IMJacTHueckas jAedopMalus, uyTo, Kak #3-
BECTHO, BeJeT K pAa3pylUeHHIo INyTeM cpesd.

TakuM 06pasoM, POCT M2KCHMAJNbHBIX KacaTeJbHBIX HanpsKeHHd i10
MJIOCKOCTH cpe3a ¢ yBeJuueHHeM TOJMUIMHEL cPe3a MOXKHO 00bACHUTD, BO-IIED-
BBIX, TOBBILIEHHEM COTPOTUBJEHHA OTPHIBY C POCTOM MJAaCTHYECKOH aedop-
MAIMH H, BO-BTOPbIX, IEPEXOJ0M K Pa3pyLUeHHIO IyTeM cpe3a.

Ilpy McmbITAaHAU IUCKOB ¢ 00JbUIOH TOJIIHHOH Cpe3a HAPYXKHOe KOJbUO
CHUJABHO H3rHbajioch W 3dKHMaso UEHTPAJBHYK I[IPOJaBJMBaeMylo 4acTb
aucka. HaauuMeM paimasbHBIX CHKUMAOMIUX HANpPSDKEHHH IO IWIOCKO-
CTH cpe3a u 06DbICHAeTCH TO, UTO MaKCHMAaJbHble KacaTeabHbie HanpsaKeHn:d

14151 TAKYX JAMCKOB OKA3bIBAIOTCH BbINIE Tpenead fIpoOYHOCTH Ha cpes Aad aaw-
HOH cTaJaHu.

Kax Obisio yKa3aHo Bbille, TIpH HCMBITAHHM IHCKOB n3Mepsinach aedop-
MalHs cpesa, npuueM 3a nedopMauuK cpesa B 1aHHOM Cjydae NpUHEManach
ray6uHa BAABJAMBAHHS TyaHcoHa B ofpasell. Msmepenne rayOnHbl BIaB/IH-
BaHMs NyaHcoHa B oOpasel 10 MOMEHTa OKOHUATeJbHOro OJHOKPATHOIO
ObICTPOTO Cpe3a TNPOBOAHACCH HHIAMKATOPOM.

3aBHcHMOCTh aBcoM0THON tepopManry BlaB/ldBaHKs NyaHcoHa OT TO.1-
LMHBL CDe3a MMeeT TAKOH e XapakTep, KaK M 3aBUCHMOCTb MAKCHMa/bHLIX
KaCaTeJbHbIX HATIPSyKEeHUIT OT TOJILIMHEl Cpesa.

Hekotopoe pacxoxKieHHe B yKasaHuubx rpapukax nab.aio1aercs Ha
yuacTKe TOJIMHBL cpe3d o1 4 10 9 ma.
Ha 3ToM ydYacTke rnpejest IPOYHOCTH Ha CPE3 OCTAETCS HOYTH MOCTOAM-

HbIM (pHe. 1), a dedopMauns cpe3a pacTeT, XoTd M 3HAUHTENbHO MeLJIEHHee,
yeM npy ToJamuEE cpe3a ot 1,6 10 4 mm v Bbime 9 ma.

OTHocHTeTbHas ieopyaunsa BiaBiMBaHHs NMYAHCOHA Najfaer ¢ POCTOM
TOILLHIELI Cpe3a. YBediuenie OTHOCHTEABHOH —AedopMalUy  BiaBAHBAHHS
MyaHcoHa NMpH YMCHBUICHAN TOJUIMHBEL Cpe3a 0ObsICHARTCA TeM, YTO Npu HC-
MBITAIEMH THCKOB Ma0i TOJMLHHBL MMe a MecTo 3HauuTedbHan Tedopmaiils
usruGa cpezaemoro caos  (puc. 2). Muaukartop 3amepsia  TepeMeiieHHe
MyaHCoHa, a T0 MepPeMelleHHe 11 AHCKOB Masoi TOJUIHHLL /IO B OCHOBHOM
34 CUeT IepeKeca CPe3acMOoro €105 JAMCKa H, B MeHbLIeH Mepe, 3a cueT Je-
dopmManmu cpesa.
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monwiuwa cpesgemolc crod 8 mm

Puc. 3. 3aBUCHMOCTD MaKCHMAJBHLIX KACATCIDHDBIA HAIPAKCIHIT 0T TOJWMHLL Cpe3a
JUIs1 6CCKanaBoulbLiX AHCKOB DIPH KOJLICBOM CPe3c.



B xo0/1e uccaerosannsi paboTel JHCKOB ¢ KOJbUEBHMH KaHaBKaMH GbL1a
NMpe1J0XKeHa KOHCTPYKIHS 6ecKaHaBOUHOTO JUCKA.

3aBHCHUMOCTL MAKCHMAaJbHBIX KacaTeJbHbIX HAMPSIMKEHHI NPU KOJblle-
BOM cpe3e 6eCKaHaBOYHbIX AUCKCB W3 OCEBOH CTaaW OT TOJMUIMHBL Cpe3a Mpej-
cTaBjeHa Ha puc. 3, kpusas 1. Ilpexes npounocty A5 GeCKaHABOUHBIX JMC-
KOB SBJIsSIeTCA TakKxKe (yHKUHMeHR TOMIHHBL Cpe3a, HO U3MEeHSeTC B MeHbLIHX
npenenax. Ilpu TommMue cpesa, paBHOK 2 MM, HaIPSKEHHE — OKOJMO
36 Ke/mm?, 3aTeM OHO GBHICTPO pacTeT A0 42 k2/MM? IPH TOJMLIMHE cpe3a 4 Mal,
a jaJjiee MeIJIeHHO maaaeT IO 38 ke/mm>.

Bce GeckamaBOuHBle JHCKH CPe3aJuCh IPH HATPSAKEHHSAX, IPEBBIIIAIONIX
npejies NpoYHOCTH HA Cpes A/ 1aHHOH CTagu.

[fanenue nanpsikennii KoJAbLEBOrO Cpe3a /s 6eCKaNABOUHBIX JHCKOB
C POCTOM TOJILIHHBL Cpe3a CBSA3aHO ¢ BJAMAHHeM aGCOJIOTHBIX pa3MepoB
o6pasua.

Ilast npoBepku 3TOTO NoOMOKeHHs Gbl1a M3TOTOBJIEHA CepHsl  OGBIUIBIX
06paslLoB Ha cpe3 NPAMOYTo/bHOro ceuenus. Ulupuna v Beex 06pastios Gulaa
NOCTOAHHOIL, a BbICOTA MeHsiach B npeaenaax or 2 no 11 mm. Wenpiranus
NOKA38/I1, 4TO H3IMEHCHHE HaNPAMKEHHH B 3TOM CJyuae HOCHT TOT Ke XapaK-
Tep (pHucC. 3, KpuBas 2), uTo M jas 6ecKaHaBOUHBLIX AHCKOB. CHMkKeunde npene-
J1a TIPOYHOCTH IIDH H3MeHeHHH TOUHB 00pa3noB ot 4 g0 10 mm B cayuae
MpoCToOro cpesa cocrasdser okoso 10%. [las GeckaHaBouHBIX AHCKOB NpH
W3MEHCHHH TOJIUMHBEL Cpe3a B Tex Ke npegesax Hal/iogaercs [ajeHHe Ha-
npsAXKeHHH Toxke nopaaka 109%.

C/1e710BaTebiO, OTMEUEHHOE NajeHHe HATPSKEHHI IO Mepe POCTa Toul-
UMHBI 4151 0eCKaHABOUHBIX AHCKOB CBA3AHO C BJAMAHHEM a6COMIOTHRIX pa3Me-
[oB ob6pasua. ‘ : ,

B onbitax oTmeuaercst nHekoTOpoe NOBLIILEHHe Mpefesa MPOYHOCTH HPH
TOJIIMAE Cpe3a OKOMO 4 MM Kak anasi 6ecKaHABOYHHIX IHCKOB, TaK M TIpH
IPOCTOM cpese 06pa3LUoB IPSIMOYTOJbHOIO CEeUeHHUs.

Ha ocHeBanuu nposeieHHbIX HCC/A€A0BAHME MOXKHO CAENATD CACAYIOLIHE
BbLIBO/AbI:

1. Pacyer na MakCHMaJbHYIO Harpy3ky npeioXpaHUTeNbHBIX 3JeMeHTOR,
WMEIOHIHX CJIOXKHYIO (POPMY (KaHaBKH, HAaApe3bl, BLITOUKH), HEJb3s NPOBO-
AUTh NO {1pejejly IPOYHOCTH Ha Cpe3, KOTOPBIH onpejessiercss Ha OObIYHbIX
06pasuax NpH MeXaHHYEeCKHX HCNBITAHHAX, TaK XaK (akTHUeCKoe MaKCH-
MAaJbHOE HanpsKeHHne [IpH Cpe3e TAKUX 3JEMEHTOB MOKeT ObITh 3HAUUTEJILHO
MeHblIIe MK CYIEeCTBEHHO GOJblle NMpejesaa NPOYHOCTH Ha CPe3.

2. [lpenoxpaHHUTeabHBIE 3J1€MEHTHl B MAllIMHAX U KOHCTPYKLHAX A0JKHbI
HMETb BecbMa TpocTyio popMy (6es KaHAaBOK, HAAPE30B M BHITOYEK), mpe-
-e7bHAs HATPY3Ka /15 TAKHX 3J1€MEHTOB Oy1eT NpHMepHO MPOoNoplUHOHaIbHA
NIoLAAH cpesa, Ho (pakTHUecKasi pelesbHas HATPy3Ka 6yner na 20—259%
fo.1ble PACCUHTAHHON MO Npeleny MPOUHOCTH Ha Cpe3 /sl AaHHOLO MaTe-
puaJa.

3. Tlpeaesn mMpouHOCTH Ha CPE3 3aBUCHT OT AGCOJIOTHBIX pPasMepoB I.J10-
1114711 cpe3a M HeCKOJbKO MajaeT C POCTOM 3TOH IJOLIaAH.
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