Hactosuee n3obpeTeHne OTHOCUTCS K B3pbIBHBIM paboTam, TOYHee - K 3apsgamM A5is B3pbIBHbIX paboT 1 MoXeT
OblTb MCNOMBL30BaHO MPU 3aPSPKaHUM BEPTUKASIbHLIX UMW KPYTOHAKMOHEHHbIX CyXMX M OOBOAHEHHbBIX CKBaXKWH
B3pbIBYaTLIM BELLUECTBOM B KOHTEMHEpaXx (pykasax), a Takxe npu Heob6xoOnMMOCTU pasMeLLEeHUs B CKBaXXUHAX KaKuX-
nMBO ChIMY4UX UM XXUOKNX BE LLECTB, YNIaKOBaHHbIX B NIIEHOYHbIE pyKaBa.

M3BecTHbI Takke cnocob M yCTPOMCTBO Afsi YNakoBKM BELLECTBA B MMEHOYHbIN pykaB B CyxoM M 0OBOAHEHHON
ckBakmHax [1].

Cnocob BkMoYaeT, repMeTusaumio U pasMelleHne B YCTbe CKBaXWHbl OLHOMO KOHLiAa pykaBa HeobxoavMMOoM
ONVHBI, NpeaBapuTENlbHO YIOXEHHOTO Ha MyCTOTENYH HanpaensioLlylo, NoAayvyy B pykaB 4Yepe3 ero BTOPOW,
OTKPbITbIA KOHEL, HEOOXOAMMOrO KOMMYyecTBa BeLlecTBa, a Takke TOPMOXEHWEe pykaBa Mpu ero nepemeLleHnn B
CKBaXkKMHe Noj BeCOM BellecTBa.

B aTom cnocobe yuuTbiBalOTCA HE BCE 3aKOHOMEPHOCTU Mpouecca dopMupoBaHust ctonba BellecTsa Npu ero
nogave B pykaB, MEPEMELUEHUN pyKaBa B CKBaXMHEe, a Takke Mocreylowen ycagku BellecTBa B CKBaXMWHE, YTO
NPUBOOMT K M3NMLLHEMY pacxody pykasa, KOTopbI CO3aeT Cknagku n Npobkn B cTonbe ynakoBbiBAEMOro BeLlecTBa
W, Kak cnencTane, NPUBOAMNT K CHKEHMIO KaveCcTBa NOAMOTOBKM 3apsaa U CHUKEHMIO 3dhdeKTMBHOCTA B3PbIBaA.

M3BecTHoe ycTpoiictBo [1], peanusyiolwiee nNpuBEOEHHbIN C1ocob BkMOYaeT MyCTOTENYO HanpasnsoLLyo
(rvnb3y), B BEpXHEN YacTy KOTOPOMW yCTaHOBIEHa BOPOHKA AN19 MoJayu BELUECTBa, a B HUXKHEW YacTu TOPMO3HOe
KomnbLO, NpeacTaBnstoLiee cob60M KOHYC, LUMPOKMM KOHLIOM OOpaLLEHHbIN K CKBXKUHE.

PykaB yknagbiBaeTcsl B BUAe "rapmMoLUKK" No HapykHOM NOBEPXHOCTU MUMb3bl U NPU NEPEMELLEHUN B CKBXKUHY
noJ BECOM BeLLECTBA, TOPMO3UTCS 32 CHET TPEHWUS €r0 BHYTPEHHEN NMOBEPXHOCTN O TOPMO3HOE KOJbLO.

Jlexxawmn B OCHOBe 3TOr0 YCTPOWCTBA NMPUHLUMM TOPMOXEHUS BHYTPEHHEW MOBEPXHOCTUM pyKaBa O KOHYCHYHO
NOBEPXHOCTb TOPMO3HOTO KorbLa, He obecneunBaeT perynupoBaHus U ctabunusaumm cunbl TOPMOXEHUS pyKasea,
NPUBOAUT K 3HaYUTENbHBIM AedhopmaLmsaMm MaTepuana u HeonpaBsgaHHOMY pacxoy pykaea, YTo yxydllaeT KayecTBo
YaKOBKM BELLECTBA U Te XHUYECKME XapakTepUCTVKK 3apsaja.

Mpoueccel mogaynm BellecTBa B pykaB M mocneaylowen ycagku ctonba BellecTBa B pykaBe COMPOBOXAAOTCH
HeraTMBHbIMU 3dheKTaMn, NPenATCTBYO LMY POPMMPOBaHUIO HEMpPepbIBHOrO cTonba BellecTBa OT HUXHEN YacTu
pykaBa, a TakXe 3HauMTernbHO NPEBbLILAKWMMM pacxos pykasa No OTHOLUEHMIO K MUHUManbHO HEOOXO4MMOMY ero
KONNYeCTBY, CBA3AHHOMY TOJIbKO C ANTMHON CKBaXKMHbI.

Haunbonee cywecTBEHHbIM U3 HEraTUBHbIX 3PGEKTOB ABNAETCS NOTEPS XKECTKOCTM pyKaBa, HaxoasLlerocsa nog
nepemMeLLalLLMMCs B HEM BELUECTBOM 1 0O6pa3oBaHue Cknaaku NOXHOro AHa, Yepe3 KOTOpYo BELLECTBO HE MOXET
npocbinatmCsa CO CKOPOCTblO ero nojaym B pykaB. B aTom cnyvae pykaB, pacriofioKeHHbI Hpke obpasytollerics
CKnagku, BBMAY He3HaA4MTenbHOW MpPOJONBHOW >KECTKOCTM CKuMaeTcsa noA [JAeWCTBMeM Beca BellecTsa,
HaxoAsLerocs Hag ckrnagkoun u nepemellaeTcs BHU3 40 BeLEeCTBa, PasMeLLEeHHOro BHM3Y A0 obpa3oBaHua cknaiku.
B ctonbGe BelectBa obpa3syetcsa npobka M3 maTepuana pykaBa, pacxoj pykaBa pesko Bo3pacTaeT, a npu
HeJOCTaTOYHOM €ro 3anace BepXHW KOoHel, oOpbiBaeTcsd WM yxoOUT B CKBaXWHy. OTO AenaeT HEeBO3MOXHbIM
OCyLLeCTBNEeHNEe npouecca AanbHeNnLwero pasveLleHus BelecTsa B p ykaee.

TexHuyeckon 3agayen rpynnbl n306peTeHnin, CBA3aHHbIX Mexay cobol eauHbIM 13obpeTaTenbCkM 3aMbICIIOM,
SIBMNSIETCHA YCOBEpPLUEHCTBOBaHME cnocoba u yCcTponCTBa A 3anOSfTHEHWSI HUCXOAALUMX CKBaXMH BELLUECTBOM B pykaB
B CyxO/ M 0OBOOHEHHOWM CKBaXMHax MyTeM ydeTa BMUSHUSA 3aKOHOMEPHOCTeW npoueccoB opMupoBaHus ctonba
BeLLeCcTBa Npu ero nogave B pykaB, NepeMeLLeHnsa pykasa No CKBaXKMHE 1 NOCNeayloLlen ycaaku BelecTsa B pykase
B CKBaXWHe, NMYTEM CHWKEHUS BENMYMHbI pacTsarmBarowmx AedopMauuii pykasa npu TOPMOXEHUU, obecneyeHust
YBENNYEHNS U U3MEHEHUS CUTbI TOPMOXEHMSA MO TpeBGyeMOMy 3aKOHY U CHUXEHUSI ee 3aBUCUMOCTM OT AuameTpa
pykaBa, obecnevyeHms BO3MOXHOCTM pacyeTa HeobxoaMMOW ANWHbI pykaBa U CUMbl TOPMOXEHNSA ANS YNaKoBKW B
pykaBe TpebyemMoro KonuyecTea BeLLeCTBa, yCTpaHeHUs CKragkoobpa3oBaHus N CKPYMMBaAHUA pyKasa M ynydLIeHns
TEXHUYECKUX XapaKTepPUCTVK 3apsija.

MoctaBneHHas 3ajadva pellaeTcd Tem, YTO B CNocobe 3amnofHEHWS! HUCXOASILUMX CKBaXKMH BELUECTBOM B
repMeTUYHbIN pyKaB, BKIIOYAOWEM YAepXaHue HaL CKBa&OKWHOW OTKPbITOFO KOHUA pyKkaBa KOHEYHOW AfUHbI,
YNIOXKEHHOTO C BO3MOXHOCTbI €ro pacxoga, nogady BellecTBa B pykaB M TOPMOXEHWe pykaBa, COrnacHo
n3o06peTeHnI0 TOPMOXEHUE pyKaBa OCYLLECTBISOT C CUSION, NPEeBbILLAOLLEN UMW PaBHOW cune TpeHUs BeLlecTBa O
pyKas.

OcHOBHbIM (hakTOpOM, onpefensiowmmMm Kavyectso GopMmupoBaHust ctonba BelwecTBa B repMeTUYHOM pykase
SIBNSiIeTCA NOAJAEpKaHWe HaTAHYTOro COCTOSHUS pykaBa MpuM €ero pacxofe, KOTOpbl [OIDKEH MpPOUCXoauTb
NpoMnopLUMOHanNbBHO NO Mepe ero 3arnofiHeHMs BeLecTBOM, YToObl n3bexaTe obpa3oBaHUA CKMNafok pykasa, a 3To
MOXeT ObITb JOCTUIHYTO TONIbKO NyTEM TOPMOXEHWS PACcXOAHOM YacTu pyKasa, YTo Mpexae BCero 3aBuCUT OT Cun,
BO3OENCTBYIOLLMX Ha pYyKaB, OCHOBHbIMU M3 KOTOPLIX SBMASIOTCA C/Na TPeHUs NofaBaeMoro BellecTBa O pykas U
cuna Beca BellecTBa, MOMeLIaeMoro B pyKas.

TopMOXeHMe pykaBa C CUIOW, NpeBbllLAKOWENn cuiy TPEHVs MO4ABAaEeMOro BeLlecTBa O' BHYTPEHHHOK
NMOBEPXHOCTb pyKaBa WUCKMOYaeT Ccknagkoobpa3oBaHMe pykaBa B CKBaXWHE M TeM cambiM obecneumBaeT BbiGOp
ONTUManbHOM ANVHbI pyKaea.

Mpu atoMm, yaepaHue OTKPLITOTO KOHLA pyKkaBa OCYLLECTBMSAOT C CUIOW, NPEBbILIAIOWEN CUIY TOPMOXEHUS
pykaBa, 4Yto obecneunBaeT ycrnoBus 3amnoSyIHEHUS BELUECTBOM pyKaBa W npefoTBpallaeT cxof OTKPbLITON BepxHewn
YacTu pykaBa B CKBaXKMHY.

OcHoBononaratiowym CyLEeCTBEHHbIM MPU3HaKOM HaCTOSLLEro U306peTeHus SIBNSIETCS YCNOBUE TOPMOXEHUS
pacxofyeMoW YacTu pyKkaBa C CAOW, MPEBbILIALWEN UM PaBHOW CUIle TPEHWS BELLECTBA O CTEHKM pykaBa, Tak Kak
BbIMOMIHEHNE 3TOro0 YCrnoBus obecnevmBaeT HaTAHYTOE COCTOSIHME pyKaBa, KoTopoe wuckniodaeT obpasoBaHue
CKNagoK 1 NpoboK, BNNSAIOLWLMX Ha KOHEYHbIN pesynbTaT, 8 MMEHHO KayecTBeHHOoe dopMmpoBaHme ctonba BellecTsa
B CKBaXVHE U, Kak crneAcTBue - adhpekTMBHOE AeNCTBNE B3PbIBYATONO BELLECTBA.

CnegctBmeM BbIMOMHEHNS 3TOTO YCIOBUSA SBMSIETCS BO3MOXHOCTb pacyeTa HeoOXoAMMON MCXOOHOW AnvHbI
pykaBsa.

VMcxoaHyto AnuHY p ykasa BblGMpatoT Mo crieaytolen 3aBUCMMOCTH

Lp=Kg-lB + (1+Kn-[E])-Hn, m (1)



rae Lp - MmHMManbeHas AnvHa pykasa, obecneumBatowas pasmeLlleHe B Hem Bcero HeobxoaMMoro KonuyecTsa
BellecTBa, M;

KB - KOacbmumeHT 3anaca pykasa Ha hopmmpoBaHme cTonba BeLlecTsa;

HB - BoicoTa cTonba Be LLecTBa, M;

Kn - koacbdmumeHT npefoxpaHnTensHOro 3anaca pykasa;

[E] - npepgensHas npogonsHasa AedopMmaums MaTepuarna pykasa;

Hn - BelcOTa He3anoMHEeHHOW YacTu pykasa Haj BELEeCTBOM, M.

OTa 3aBNCMMOCTb onpeaenseT MUHUManbHYI0 AIMHY MCXOAHOW YacTu pykasa A0 ero 3anofiHEHVsI BELLEeCTBOM,
KoTopas yuuTbiBaeT PakTopbl, BMMSAIOLLME HA pacxoq pyKkasa npu ero sarpyske.

Beibop Heobxoanmon anvHbl pykasa He MeHee Lp(1) obecneynBaeT BOSMOXHOCTb 3arnofHEHUS pykasBa BCEM
HeobX0AUMbIM KONMYECTBOM BeLLEeCTBa, Tak Kak y4MTblBaeT 3aKOHOMEPHOCTU NPOXO4SALMX NPU 3TOM MPOLEeCcCcoB, a
MMEHHO: ycalKu BellecTBa B pesyrnbTaTe ero ynioTHeHWs nog AeNcTBMeM yaapa najatolero BellecTsa B npoLecce
€ro noJayu v Beca BelUeCTBa, YBNaXKHEHUs BeLlecTBa Npv nonagaHum BoAbl B pyKaB B 0OBOOHEHHOW CKBaXWHE U
TO., @ TakXe BWHTOBOro mM3rmba cronba BellecTBa, YNAKOBAHHOMO B pyKas, AMAMETPOM MEHbLUE CKBaXWHbI, U
Aedopmaunii ctonba BellecTsa, CBA3aHHbIX C HEPOBHOCTAMW CKB&KMHbI.

Kpome Toro B dopmyne (1) yunTblBaeTCA BAMAHUE WBMEHEHWS KIMMaTUYECKMX YCINIOBUN WU reOTEeXHUYECKUX
NPOLEeCCOB NpU ANUTENbHOM HaXOXAEHUM BELLECTBA B CKBaXMUHE.

Mpu gnuHe pykaBa MeHbluel Lp, BeCb pykaB nepemMecTUTCs B CKBaXKMHY A0 3aBepLUeHMs nogaw B Hero Bcero
HeobxoAMMOro KonmyecTBa BeLLeCTBa UMW MOCIe 3aBeplUeHus Modayy BeluecTsa Npu ANUTENbHOM HaXOXAeHUN
cTonba BeLecTBa B CKBaXKMHE.

B atom cny4ae B pykaB He BonaeT He06xoaAMMoe KONMYECTBO BELLECTBA M UCKIHOYAETCs BO3MOXKHOCTb KOHTPOIA
napameTpoB cTtonba BelecTBa (BbICOTbl M Maccbl), U NPWU CYLWECTBEHHOM WX M3MEHEHWM - BO3MOXHOCTb WX
KoppeKumm.

C Havamna nepemeLlleHMs pykaBa A0 AOCTWKEHUS ero repMeTM3npoOBaHHbIM KOHLIOM AHA CKBaXMWHbI UM rpaHuLbl
BOAbI B CKBaXXMHE NOAavy Be LUeCTBa NpekpaLLaoT Unn npoAosikatoT C NPOU3BOAUTENBHOCTLIO, HE NPeBbILLatoLLen

Q=1,74 (Do)’ V A, krlcek (2)

Do - akBMBaneHTHbIN BHYTPEHHWI AnaMeTp pyKasa;

V - NNOTHOCTbL BeLUeCTBa, KIr/M;

| - BbICOTa YNOXXEHHOTO Ha NYCTOTENY0 HaNpPaBnSALLY0 pykasa, M.

MpekpalleHMem nogayy BellecTBa B pyKaB NPU BbIMOMTHEHMM yKa3aHHbIX YCNOBUIM 06ecnevnBaeTcsi CHKEHME
Tpebyemon cunbl TOPMOXEHUS pPacxoQyeMon 4acTu pykaBa. OTO OObSACHSAETCs TeM, YTO MpPU 3TOM YCTpaHsaeTcs
BO3MOXHOCTb 3aXMMa MOTOKa BELeCcTBa PYKaBOM, CAABMEHHbIM aTMOCHEPHbIM AaBNeHUEM, Npu HenpepbiBHON
nogave BellecTsa U 6bICTPOM NepemMeLLeH pyKaga.

CpasnueaHue pykaBa NPOMCXOAUT M3-3a HEXBATKU BO3ayxa B pykaBe, 06yCroBNeHHOM NepekpbITueM OTKPbITOrO
KOHLa pykaBa MOTOKOM NOAaBaeMoro BeluecTBa.

O10 ycroBue npegoTBpallaeT obpasoBaHWe CklAOoK pykaBa B MOMEHT [OCTWKEHMs KOHLOM pykaBa C
BELLECTBOM [Ha CKBaXWHbl UM YPOBHSA BObl B CKBaXWHE, KOr4a NoJ BO3AENCTBMEM CUIbl MHEPLMUW NPOJOITKaeTcs
nepemeLleHne pykasa.

OrpaHunyeHmre Npon3BOANTENBHOCTM MOTOKA BellecTBa BennuuHoi Q obecneunBaeT CHKeHue TpebyemMon cunbl
TOPMOXeHUs pykaea. [lpu TakoM OrpaHM4YeHMn B pykaBe OCTaeTCcsl MNPOCTPaHCTBO Ans npoxoda Bo3adyxa
OZIHOBPEMEHHO C NOTOKOM BELLECTBa, YTO U yCTpaHsAeTCs coaBnuBaHue pykaBa atMocepHbIM LaBMNEeHNEM.

3710 ycnosue obecnevnmBaeT paBHOMEPHOCTb 3aMOMHEHVS pykaBa M NpefoTBpalaeT pe3koe M3MeHeHue
CKOPOCTU NepeMeLLEHNS pykaBa Npu NpeBbllleHun GanaHca Beca BeLUeCTBa Haj YCUnMeMm TOPMOXEHUSI pyKaea.

Mpwn oTcyTcTBUM Nofaum BelLeCcTBA TOPMOXEHNE pyKaBa OCYLLECTBMSIOT C CUMOM, NpeBbILAoWen cuny TpeHus
pyKaBa O CTEHKWN CKBaXKWHbI.

OT0 ycnosue HeOOX0ANMMO ANS UCKITIOYEHMS 0Opa3oBaHMsl CKNagok pykasa Mpu €ro nepeMeLleHMn B CKBaXUHe
noa AenCTBMEM Beca pa3MeLLEHHOIO B HEM BeLLECTBa.

TopMOXeHMe pykaBa OCYLLECTBMSAIOT C CUIION, MPONOPLIMOHANbLHOW CKOPOCTU MEPEMELLEHUS pyKaBa C Peskum
yBENMYEHNEM MPU IO OCTAHOBKE.

TopMOXeHUe C CUIMON, N3MEHSIOLWENC OT CKOPOCTU MepeMeLLeHUs pykaBa C MUHMMarnbHbIM 3HaYeHUEM Mpu
3a[1aHHOM CKOPOCTW MEepeMELLEHUs pykaBa No CKBaXXWHE, B Havamne npolecce 3arpy3ku, pe3kMMm yBENUYEHVEM MpU
OCTaHOBKE pyKaga, 4O NepBOHAYanbHOIO 3Ha4YeHNsi, COOTBETCTBYIOLLENO MOMEHTY Havana nepemelleHus pykasa rno
CKBa&XXUHE WM YBENUYEHMEM [0 3HAYEHWA, NPEBbILIAOLIErO NepBoOHaYansHOe Npu CKOPOCTU NepeMeLLeHns pykasa,
npeBbllaoWER AONYCTUMYIO, WCKNOYaeT cknagkoobpasoBaHMe B OOBOAHEHHOW CKBaXWHE, a TakKe CHWKaeT
BEPOSAATHOCTL MOPbIBa pyKaBa O BbICTYMNbl B CKBXWHE U MPpU yaape O OHO CKBaXWHbI, T.e. NOBbIAET HaAeXKHOCTb
YIaKOBKM BelleCcTBa B pykaB. OTO OCYLIECTBMSAETCA 3a cyeT cTabunmsaumm CKOpoCTU MepemMeLleHus pykasa npu
yKa3aHHOW cure TOPMOXEHUs, Ha 3a4aHHOM YPOBHE, UCKMNIoYaloLweM pe3koe MoTonsfeHne pykasa C BELUeCTBOM B
BOOE M BO3MOXHOCTb €ro BO3BpaTa Noj [OEWCTBMEM BbiTaNKMBAOLWEN CUMbl, a TakKe NpexaeBpeMeHHOro
NOTOMNJIEHUS YaCTN pyKaga, 3anoriHEHHOW BELLECTBOM, NMPY NepepbIBe NoAayn BeLlecTBa B p yKaB.

Mpun nogaye BellecTBa B pykaB B HEro nopawT BO3A4yX MO AaBMEHUMEM, PaBHbIM WM MpeBblAKLIEM
aTtmocdepHoe.

3710 ycnosue obecneumBaeT nNpefoTBpaLUEHNE BO3MOXHOIO CrMMNaHUs CTEHOK pykaBa OT BO3LEWCTBUS Bakyyma,
obpasylowerocs B npouecce MoAayv BelwecTBa B pykaB M CNOCOOCTBYEeT CHWXKEHMIO Heobxooumow Curbl
TOPMOXEHMS.

3asBnsieMbli cnocob peanusyeTcst YCTPOWCTBOM, KOTOpoe obecrneunBaeT YCNOBUS BbIMONIHEHUS OMepauun
cnocoba onsa AoCTVXKeHWst TpebyeMoro TexHMYEeCKoro pesyrnbTaTa.

B ycTporictBe ana peamm3saummn cnocoba 3anosHeHNs HUCXOOALMX CKBaXKMH BELLECTBOM B pyKaB, coAepXalleM
NyCTOTENYIO HaNpPasnsoLWyo, YNOXEHHbIM Ha HEeW W 3akpenneHHbIM OTKPbITbIM KOHLOM B €€ BepxHew 4acty,
3aKpbITbIl C APYrOro KOHLA pykas, C BO3MOXHOCTbIO €r0 pacxofa, U CpeACTBO TOPMOXEHMS, COMMacHO n3obpeTeHuto,



CPeLCTBO TOPMOXEHUSI YCTAHOBMEHO B KOMbLE, pa3MeLlUeHHbIM B HWKHEW 4acTv MycTOTENOW HanpaBrsolen c
BO3MOXHOCTbIO €e oxBaTa M BbIMOJHEHO B BMAE paguarbHO PaCoNIOKEHHBIX YPYIMUX SMEMEHTOB, KaXKAbA U3
KOTOPbIX OOHUM KOHLIOM >X€CTKO 3aKpenieH B KomnbLe, a ApYrMM NpukarT K pykasy.

Mpeanaraemoe yCTPOWCTBO peanuayeT TOPMOXEHME pyKaBa O CTEHKM NMYCTOTENOW HanpaBnsoLWEn U ynpyrue
3MeMeHTbl 3a CYET YBENMYEHWSA CuUlbl TPEHWA MaTtepuana pykaea O MaTepuan nycToTeNnow HanpaBnsowen u
mMaTepuan, u3 KOTOpOro M3roTOBMEHbI YpyrMe SfeMeHTbl, CO3[4atlme ycunme npwkatusa pykaea K MycToTenon
HanpaBnsAoLLEN.

CpencTBo 3aKkpenneHns OTKPbITOro KOHLA pykaBa B BEPXHEW 4acTu MycTOTerNon Hanpaensaowen MoxeT 6biTb
BbIMOJSIHEHO B BUAE 3MaCTUYHOTO KOJbLa, OXBaTbIBaOLLErO P yKaB.

Mpu nonHom pacxode pykaBa 3nMacTUYHOE KOMbLO MOXET nepemMellaTbCsd BMECTe C pPYKaBOM K YNpyrum
3MleMeHTaM CpefcTBa TOPMOXEHUS U 3aKMUHUBATLCS B HUX, JOMOMHUTENBHO PE3KO YBENMYMBAS CUIY TOPMOXEHUS
pykaBa, YTo NpefoTBpaLlaeT cXo OTKPbITOrO KOHLA pykaBa B CKBaXXUHY.

Ynpyrve anemeHTbl pa3MmeLleHbl paBHOMEPHO MO NepuMeTpy NyCTOTENON HanpaBnsaoLWen, TeM cambiM Co3aBast
paBHOMEpHOE No BCEMY NepMmeTpy NyCTOTeNON HanpasBnsoLWen yeunue npwxkatna pykasa K Heu.

Ynpyrme anemeHTbl BbiMOMHEHbI KPUBONIMHENHBIMY C KOHLIAMUW, 0OpaLleHHbIMY B CTOPOHY NEepeMeLLeHns pykasa
¢ obpa3oBaHNEM KOHTaKTHON MOBEPXHOCTU C PYKaBOM.

YkasaHHoe oTnmyme, obecrneunBaeT TOPMOXEHME C CUMNON, N3MEHSIOLLENCS OT CKOPOCTU NepeMeLLeHNs pykasa C
pPeE3KUM YBENUYEHMEM OT MWHMMAsbHOrO 3HAYEeHUs MpPU OCTAHOBKE pykaBa W YBENUYEHWEM [0 3HAYEHUS,
NpeBbILLIAoLLEro Ha4yanbHOE N0 MEPE poCTa CKOPOCTH.

OT0 pocTuraeTcst 3a CYET TOro, YTO TPEHUE MOKOS KPMBOSMMHEMHBIX Y MPWKaThIX K PyKaBy YIPYIMX aNeMeHTOB
BbilEe TPEHUS CKOMbXeHusi. [Mpu yBenuMYEeHWM CKOPOCTM MEpEeMELLeHUs pyKkaBa yBenuuuBaeTcs u3rmb ynpyrmx
anemeHToB. [pu 3TOM yBENUUMBaETCA MMOWAAb UX KOHTaKTa C PyKaBOM M CuMa npwxatus pykasa K MycToTernon
HanpaBsnswLen, BCNeACTBNE NepeMeLLEHMS MO paguycy, OTHOCUTENBHO TOYEK 3aKPEMNMEHWST YNPYINX aIEMEHTOB B
KOnbLie, OTKIIOHEHHbIX MEPBOHAYaIbHO B CTOPOHY, MPOTUBOMOSIOKHYIO OBMXXEHMIO pyKaBa X KOHLOB.

CMexHble yrpyrme anemMeHTbl coefuHeHbl Mexay coBor arnacTUYHbIMWU MepenoHKamu, BbINOMHEHHbIMU C
cobnogeHrem ycrnosus

Sw>(Pi/n) (Dp-D1)d, m (3)

Sui - nnowaap wenu, obpasyemMon NMHUSAMU NepeceyeHnsi C MONEPEeYHo CEeKyLLen NyCTOTENYIO HanpaensoLLyo
NNOCKOCTLH, HAPYKHOW MOBEPXHOCTM MYCTOTENON HanpaenstoLlwen, GOKOBbIX NMOBEPXHOCTEWN YNPYIMX 3NEMEHTOB
nepenoHk1, Mm%

Pi - nocTtosiHHas, paeHasa 3,14;

N - KONMYECTBO YNPYrMX 3NeMeEHTOB;

Dp - ouameTp pykaBa, M;

DT- skBMBanNEeHTHbIN HAPYXHbIA AMamMeTp HanpasnsaoLwen, M;

d - TonuwwmHa pykasa, M.

CoeavHeHWe CMEXHbIX YNPYIMX 3MeMeHTOB MexAay cobol anacTMyYHbIMW MepenoHKkaMmu  OOMNOMHUTENbHO
MoBbILLAET CuUIy TOPMOXEHWS pykaBa, a obpasoBaHue Lenu nnowaasto Gonee Su, mexay nepenoHKamu,
MycTOTENOW HanpaensloWen U yNpyrMMu aneMeHTaMmu npegoxpaHdeT oT gedopmauui pacTsKeHus maTtepuan
pykaBsa.

B ntoboi nonepeyHo cekyllei NycTOTENYIO HanpaBnsoLLYO NOCKOCTM B 06nacTu ynpyrux aNemMeHToB Mexay
HUMK cobniogaeTca paccTosiHne, paBHOE YOBOEHHOW TOMLUMHE pyKkasa Mpu yoaneHUn OT HapyKHOW NMoBEepXHOCTU
HanpaenAwLLEN He MeHee, YeM Ha

r=(Pi/(2n))(DpDT1),™m (4)

r - paccTosiHMe OT HapyXHOW NOBEPXHOCTY NYCTOTENOW HanpaBnsitoLen;

Pl - noctosHHas, paBHas 3,14:

N - KONIMYECTBO YNPYrMX 3N1EMEHTOB;

Dp - anameTp nyctoTenon HanpasnstoLwen, m;

DT - skBMBanNeHTHbIM HapyKHbIM AnaMmeTp NYCTOTENON HanpaBnsaoLen, M.

Cobntogenve atoro ycrnoeusi obecnevmBaeT MCKIIOYEHME MOMEpPeYHbIX pacTarMBalowmx Aedopmauunii pykasa
npu ero TOPMOXKEHUM, YTO MOBLILLAET CUMY TOPMOXKEHUS.

OtcyrcTBUE NonepeyHblx Aedopmauunii pykaBa, a Takke UCMoNb30BaHME NpUeMa TOPMOXEHUSI MyTEM 3axuMa
pyKkaBa Mexay HanpasnsAwLwen 1 ynpyrmmu anemMeHTamu, ycTpaHseT 3aBUCUMOCTb CIbl TOPMOXKEHUST OT AnameTpa
pykaBa.

MoBblIWEHNE CUNbl TOPMOXEHNSA pPyKaBa, a Takke He3aBUCMMOCTb ee OT AnameTpa pykaBa co3gaeT ycrnoBus and
peanusauum N3meHsitoLLENCS Mo TpebyeMoMy 3aKOHY CUIbl TOPMOXKEHNS .

Ynpyrme aneMeHTbl BbINOJHEHbI U3 3M1aCTUYHOTO Martepuana u apMyMpoBaHbl YNPYMMU BCTaBKaMy NepeMeHHoN
XECTKOCTU, 3aKpenrneHHbIMU B KOmbUe, YTO obecneynmBaeT MOBLILWEHWE CUMbl TOPMOXEHUS NyTEM YBENUYEHUS
XECTKOCTM YNPYr X 3NEMEHTOB.

Ynpyrue anemeHTsl pacrnonokeHbl spycaMmu.

PacnonoxeHve ynpyrvx anemMeHTOB BOONb MYCTOTENOW HaMpaBrsaloWen B HECKOMbKO ApycoB obecneunBaet
YMEHbLUEHME KOHLEHTpaLMM HanpskKeHWn, a cneposaTenbHO M gedopMmaumm mMaTepuana pykaea, T.K. MpyU 3TOM
MOXeT ObITb pe3ko yBennyeHa obLlas nnowans NpwkaTnst pykaea K NycTOTeNOoW HanpasnsioLLen.

B nTore ato yBenmuMBaeT cuny TOPMOXKEHNUS.

Kpome TOro ynpyrme anemMeHTbl B K&KAOM Spyce MOryT OblTb CMeELUEHbl OTHOCUMTENIBHO YIPYrUX 311EMEHTOB
cocedHUX $SPYycoB, 4YTO co34aeT paBHOMEpPHOE pacnpeferieHre Younun npuwkaTua pykaBa K NycToTenon
HanpaBnsoLen N yMeHbLUaeT BEPOSITHOCTb BO3HUKHOBEHMSI CKNaakoobpa3oBaHUs pykaea.

3aKpbITbIN KOHEL, pyKaBa BbINMOJIHEH ABYXCIONHBIM, B BUAE BbIBEPHYTOrO OTpe3Ka KoHLa pykaBsa.

HaTaHyTbI Ha pykaB BbIBEPHYTbIA OTPE30K pykaBa WM NMPUKPENMEHHbIN K 3aKpbITOMY €ro KOHUY OOUH Ui
HECKOMNbKO OTPE3KOB pyKaBa CrnocobOCTBYIOT YCTpaHEHMWIO CKraakoobpasoBaHWs Mpu MOMEPEYHOM pacTAarMBaHAN
TOHKOTO pykaBa B MpoLecce ero nepemMelleHnst No CKBaXXuHe noj AENCTBMEM Beca BelUeCcTBa B pe3ynbTaTe peskoro



3ame[NeHns OBWKEHNS pykasa Npu BCTpeye C HEPOBHOCTAMMW CKBaXMHbI.

Kpome TOro, mpv Mcionb3oBaHUM OTPe3KOB pykaBa OuaMeTpoM MOMepevHoro CeYeHWst MeHblle guameTpa
CKBaXMHbl 0becrneynBaeTcs BO3MOXHOCTb 3arnofiHeHMs pykaBa BeLeCcTBOM No AaHHOMY cnocoby B pykas, auameTp
KOTOPOTro NpeBbILaeT AMaMETP CKBKUHBDI.

3T0 Takxe CHKaeT BEpOATHOCTb NOPbIBA OCHOBHOTO pykaBa O CTEHKWN CKBaXKMHBI.

Konbuo moxeT 6biTb COEAMHEHO C BEPXHEW YaCTbI0 MYCTOTENOW HanpaBnsAoLWen HEMOABWKHO UMM LLUaPHMPHO.

O10 oTnMuMe obecneunBaeT CaMOLEHTPMPOBaHME CPeacTBa TOPMOXEHUS OTHOCUTENbHO MyCTOTENOon
HanpasnsoLen, 4yTo obecneynBaeT Nyvlwne YCroBus Afst CXo4a pykaBa C HEE M yMeHbLUaeT ckragkoobpasoBaHune
pykaBa.

Konbuo Takke MOXeT ObiTb YCTAHOBMEHO HE3aBMCMMO OT MYCTOTENION HanpaBnsloWeENn B CKBaOXUHE, 4YTO
SIBMNSIETCA SKBMBASIEHTHBIM MPU3HaKoM U obeceynBaeT TakoW Ke TeXHUYECKUA pe3ynbTaT, a UMEHHO TOPMOXEHWe
pykaBa.

SnacTMyHoe KomnbLOo Ans 3aKpenrneHust OTKPbITOro KOHLa pykaBa BbINMOMHEHO C BO3MOXHOCTbIO0 B3auMO4encTBums
C pyKaBOM Ha AnvHe, paBHON

Kn-[EJHn,m (5)

rae Kn - koachdmumneHT npeaoxpaHnTeNibHOMoO 3anaca pykaea;

[E] - npepenbHas npogonsHas Aedopmaums MaTepumana pykasa npy pacTskKeHuu;

Hn - BbicOTa He3anonHeHHOW YacTu pykasa Hafj BELLECTBOM, M.

O710 ycnoeune obecneunBaeT HanMyne He3arnosrHEHHOM YacTu pykaea Mpu 3aBepLUeHUMU npoLlecca 3anosfiHEHUs
pykaBa BeLLeCcTBOM Ansi ob6ecrneyeHns KOMMeHcaLMn pacxoja pykasa Mpu ycaZKke BELLECTBa, a Takke TOPMOXEHME
Hepacxooyemon (BepxHen) 4acTu pykaBa Ha YKa3aHHOW [fiMHE, C CWUIION, MPEBbILIALWEN CUMy TOPMOXEHUS
pacxooyeMol 4dacTu pykaBa, obecrneumBaeT pa3MelleHve TpebyeMoro KonvuecTsa BeLUECTBA MyTEM KOPPEKLn
ctonba BellecTBa Mpu ANUTENBHOM HaxXOXAEHWM B CKBa&XWMHE, YTO CHWKAET BEPOSATHOCTb MEepeMeLLeHUst BCEro
pykaBa B CKBaXVHy M MOTepiw CBA3M co cTonbom BellecTBa, KoTopas CylWecTBYeT u3-3a BO34ENCTBUS
KNUMaTU4ECKMX YCIIOBUM U re0TEXHUYECKNX (PaKTOPOB.

COBOKYNHOCTE MNPUBEAEHHbIX MPU3HAKOB YCTpoMCTBa obecneunBaeT peanu3auuio cnocoba 3anonHeHus
HUCXOAALMX CKBaXXMH BELLECTBOM B repMETUYHBIN PyKaB M BO3MOXHOCTb AOCTUXKEHUS NpeabsABnseMblx TpeboBaHuii
no kayecTBy pOpMMPOBaHUSA 3apAda B3pbIBY4ATOrO BELLECTBA.

B panbHenwem wn3obpeTeHMe MOSACHAETCA OMMCaHMEeM KOHKPETHOro, HO He OrpaHuM4MBaloOLLIEro HacTosilee
nsobpeTeHne, npuMepa OCYLIECTBNEHUS YCTPOWCTBA [Afsi 3arnofIHEHUS HUCXOOSALMX CKBaXKMH B3pbiBYaTbIM
BELLECTBOM B p yKaB.

Ha dmr. 1 npeactaesneH rpadmk AencTBmMa cunbl TPEHUS BellecTBa O pykas F Tp npu ocylecTBneHum npouecca
3anosnHeHusi pykaea 6e3 cknagkoobpasoBaHusi; Ha dur. 2 - rpadmk U3MeHeHUs1 CUrbl TOPMOXEHUS pykaBa F Topm oT
ckopoctn ero nepemelleHns W; Ha cur. 3 - yCTPOMCTBO ANS 3anOfHEHUS HUCXOOSALMX CKBaXKWH B3pblBYATHIM
BELLECTBOM B repMeTUYHbI pyKaB; Ha dur. 4 - pparMeHT cpeacTBa TOPMOXEHUS, BUL, CBEPXY; Ha dwmr. 5 - ceveHne
A-A dwr. 2 (Nnpn MakcMarnbHOM YCUNUKM TOPMOXEHUS); Ha dur. 6 - cedeHne A-A dwr. 2 (NPY MUHUMANBHOM YCUMUK
TOPMOXEHUA); Ha GUr. 7 - CEYEHMNE YNPYTroro areMeHTa U3 3racTMYHOro MaTepmana ¢ pa3mMmeLleHHON B HEM BCTaBKOM
NepemMeHHOW XXeCTKOCTW; Ha dwur. 8 - cevyeHue cpeacTBa TOPMOXKEHUSA C SPYCHBbIM PAaCONOKEHUEM YNPYrnx
3MEeMEHTOB.

3asBnaemMbin cn1ocob 3anoMHEHUS HUCXOOALUMX CKBAXXUH BELLUECTBOM B repMETUYHbIN pyKaB XapakTepu3yeTca
NpYMepPOM HaunyudLen peanmsaumm.

Cnocob BknoYaeT yaepaHue Hapg CKB&XMHOM OTKPbITOrO KOHLA pykaBa KOHEYHOW ANVHbI, YIOXEHHOTo C
BO3MOXHOCTbLIO €ro pacxofa Ha nNyctoTenylo LMNMHOPUYECKYIO HanpaBnsaoLwyo (rmnb3y). [inuHa pykasa Bbibupaetcs
pacyeTHbIM NyTem no dopmyne (1) c HekoTopbiM 3anacom L>Lp.

B kayectBe maTepmana pykaBa WCMOMb3ylOT MOMUITUIEHOBYIO MMeHKy, nubo nwbon gpyron maTepuarn,
Hanbornee NOOXOAALWMNA ANSA BbINOMHEHUS HEOOXoAMMON (DYHKUMWM M XOPOLLO M3BECTHbIN crneuvannctaM B AaHHOW
obnacTv TexHUKK.

PykaB 3apaHee, Bpy4HYO UK C MOMOLLBK XOPOLUO M3BECTHbLIX crieyuanuctaMm B 3Tol o6racty MexaHW3moMm,
yKraablBaloT Ha NOMYI0 Mnb3y B BUAE "rapMOLLKU" 1 3aKpennsaoT B €ée BEpXHen 4YacTu.

MMnb3y ycTaHaBnMBalOT Ha4 CKBaKWMHOW UINU B YCTbe CKBaXKWHbI M Yepe3 YCTaHOBIMEHHYIO B BEPXHEWN ee Yactu
NPUEMHYI0 BOPOHKY NOJA0T B3pbIBY4ATOE BELUECTBO B PYKaB, 3aKpbIThblil (HAaNpUMep NepeBa3aHHbIN) HKE MIb3bl.

B cdopmyne (1) koaddpmumeHT 3anaca pykaBa KB 1, obecneuvBatoumin coopMmupoBaHue cTonba BeLllecTsa,
onpegenseTcs cneayloLlen 3aBMCMMOCTbIO;

Ke=1+KB1+KB2+KB3. (6)

roe K1 - koachuumneHT pacxoaa pykaea Ha cknagkoobpasoBaHue B npoLiecce ycaaku ctonba BellecTsa;

KB 2 - koadhpmumeHT pacxofa pykasa Ha n3rmb ctonba BellecTBa B CKBaXMWHE;

KB 3 - koadhdpmumeHT pacxofa pykasa Ha ormbaHve BbICTYNOB CTEHOK CKBaXKMHbI;

KB 1 cBA3aH € ycaaKkom BbICOTbI BELLECTBA B OCEBOM HaMNpaBfeHUM CKBEXUHbI.

B cyxom BellecTBe ycagka ctonba BellecTBa CBsidaHa C €ro YNnioTHEHWEM Mo OeNCTBMEM Beca BellecTBa (B
TOM 4ucre B Mpouecce Mofdays B pykaB) W NpuM ONUTENbHOM HAXOXAEHAW B CKBaXKMHE C BO3OENCTBUEM
KNMMMaTU4eCKMX YCroBUNA.

B npouecce ycagku 3a cyeT TpPeHWs BeELLECTBA O BHYTPEHHWE MOBEPXHOCTUM pykaBa HEM3BEXHO ero ocesoe
CTSiTMBaHWE CO CKMakoobpa3oBaHUEM.

B pactBopsioieMcsa cyxom BellecTBe NMpu nonajaHwy BOAbl B pyKaB YNMOTHEHWE W ycagka NpOMCXOAsiT B
npouecce pacTBOpPeHUs.

B 06BOOHEHHOW CKBaKMHE MpU HapyLeHWW FepMETUYHOCTM pykaBa GorbLUOE BNWSHWE HA BEIMYMHY ycaaku
OKa3blBaeT BbIMbIBaHVIE PaCTBOPEHHOIO BELLECTBa M3 pykaBa.

Cwvna TpeHusi BelecTBa O BHYTPEHHIOK NOBEPXHOCTb pyKaBa SABMSETCS OOHON M3 NPUYMH 06pasoBaHus cknaiku
pykaea noj najarowmm BeLUeCTBOM, Tak Kak obOycrnoBnmBaeT AONOMHUTENbHBIA CXOA4 pykaBa 4Yepes cpencTsBo
TOPMOXEHUSs!, CMNa TOPMOXKEHNST KOTOPOro YpaBHOBELLEHA BECOM BELLECTBA Y)KE PaCMONOXEHHOMO Ha JHE CKBaXKMHbI



B KOHLIE pyKaBa.

Cwuna TpeHus BelwecTBa O pykaB CBs3aHa C pa3HOCTbIO CKOPOCTEN nepemelueHus BellectBa M pykasa. Ona
onpefensieTcs CBOMCTBaMM BELLECTBA, MaTepuarnom U COCTOSIHUEM BHYTPEHHEN NOBEPXHOCTU pyKaBsa.

Cuna TpeHus BellecTBa O pykaB pe3ko BO3pacTaeT MNpuU YMEHbLUEHWM MNPOXOAHOIO CEeYeHUst pykaea,
00ycnoBneHHoro cOrKeHneM CTEHOK pykaBa. OTO NPOUCXOAMT NpU MNpoOOoSibHOM HaTsXKEHMM pykaBa nopg
BO3AENCTBMEM CUIT BeCa U TOPMOXEHUS B HAKIOHHbIX CKBaXXWHaxX W OOMOMHUTENbHO MNOA4 OENCTBMEM Beca
MaTepuana pykaea. OTO Takke BO3MOXHO Mo AelcTBMeM aTMocdepHOro gaBneHus npyu 6bICTPOM Cxofe pykaea C
nyctoTenow Hanpaensowweln 6e3 noacoca Bo3ayxa. lNocneaHee NpoucxoauT NPy HENPEpbLIBHOW NoJave BellecTBa C
NPOM3BOAUTENBHOCTBIO, MPU KOTOPOW MepekpbiBaeTCs NoJaBaeMbiM BELIECTBOM BCe cedeHue pykasa. [Mpu atom
nogaBaemMoe BELUECTBO 3@ CYET 3HAYUTENbHbIX CUN TPEHUs, OOYCNOBMEHHbIX CMblKAHMEM CTEHOK pykaBa nopg
BO34EMCTBMEM aTMOCKEPHOrO JABMNEHUs 3aBUCAET B pykaBe Mo BCeN ero AnvHe. Tak Kak B MonepeyHoM ceyeHun
BELLECTBO 3aMOfHAET pyKaB YacTM4HO, B 3TOM Cry4Yae pykaB BMECTE C BELLECTBOM Mo AENCTBMEM ero Beca bymer
VKINaablBaTbCsA HA JHE B CKBaXMHE B BMAE cknadok. MNpy HegocTaTouyHOM 3anace pykaBa B nakeTe B KOHEYHOM MTore
BECb pykaB coneT B CKBaxuHy. [pouecc pasmelleHuns BellecTsa He ByaeT ocyllecTeneH. Takum obpasom, npolecc
3anosiHeHNsi BELLECTBOM pyKaBa B CKBaXVHE MOXeT ObiTb OCYLIECTBMEH TOMbKO €CNU CuMfa TOPMOXEHUS pykasa
npeBbIlLaeT cufbl TpeHus BelwecTBa O pykaB. Cuna TpeHusa BelwlectBa O pykaB FTp npu ero 3anonHeHw B
3aBUCMMOCTM OT YCIOBUIN MOXET U3MEHATLCA B JuanasoHe

O<FtpB<Q-ta.g, (7)

rae Q - npou3BOAMTENBHOCTL NOTOKA BELLECTBA, KI/M;

tn - Bpems onyckaHusa KOHUA pykaBa [0 QHa CKBaXKWHbI, CEK;

g - yckopeHune cBoboaHOro nageHus, m/cex.

Ha dr. 1 nomaHbiMu nuHMUsSMK 1 M 2 0603HAYEHbI MBMEHEHMWSI COOTBETCTBEHHO HAaUMEHbLLIEMO U HanborbLUero
3Ha4YeHU cunbl TPEHUS BELUECTBA O BHYTPEHHME MOBEPXHOCTM pyKaBa B MPOLECCE 3arnofyIHEHUS ero BEeLLUEeCTBOM.
LUndppamu |, 1I, [l 0603HaYeHbl COOTBETCTBEHHO MHTEPBAN BPEMEHU NEPEMELLEHNS KOHLA pyKaBa g0 AHA CKBKWHbI
N NHTEepBan BpeMEHU HAaNoOMHEHUs pykaBa BeLLeCTBOM A0 TpebyeMoro ypoBHS.

Ha | vnHTepBane MuHMManbHOE 3Ha4YeHWEe CUMbl TPEHUS BELUECTBA PaBHO HYMIO MPU paBHbIX CKOPOCTSX
nepemeLLeHmns BELLECTBA M pyKaBa MakcumarksHoe.

Q Tgo npu nonHOM 3akMMme BellecTBa PykaBoM. B MOMEHT [OCTWKEHMS KOHLOM pyKaBa [Ha CKBaXKWHbI
MWHUManbHasa cuna TPeHUsA CKaykoM Bo3pacTaeT 4O HEKOTOPOW BEMUYUHDI

Fp=frp-1p -(PI Dp), (8)

roe fTp - yoenbHasa cuna TpeHus, Him;

1p - ANWHa pykaea, NOMELUEHHOTO B CKBaXMHY, M.

Mo mMepe HanoOMHeHWs1 pykaBa MWHUMarnbHas Ccura TPEeHUS YMeHbluaeTcsl BCNeaCTBUE CHWKEHUSI BblCOThbI
nageHus BeLlecTsa.

MakcumanbHass cuna TpeHus BellecTBa O pyKaB BO3pacTaeT OT CBOEro HaubomnbLIero 3HayYeHus npu
OOCTVXXEHUN KOHLIOM pyKaBa [Ha CKBaXKMHbI: @ 3aTeM YMeHbluaeTcs BCMeACTBME pacrpasBrneHus pykaea noja
JeiictBueM BXxoAsLWEro B Hero Bo3dyxa. MakcumanbHOe 3HaveHue Cunbl TPEHUS BeELlecTBa O pykaB MOXeT
pocturate 1000 n 6onee H. MN3-3a KOHCTPYKTUBHBIX U MPOYUX TEXHUYECKUX CMOXHOCTEN CO3[aHUE TakMX BENUYMH
yCUnnsa TOPpMOXEHVWEM pykaBa Heuenecoobpa3Ho. CHKeHMEe MakCcuMarnbHOW Cuibl TPEHWS O pyKaB A0 YPOBHS,
onpegensiemMoro 3aBMcUMOCTbIO (8), obecrneunBaeTcs B HacTosLWEM cnocobe 3anofIHEHUST CKBXKUHbI B3pblBYATHIM
BELLUECTBOM MyTeM MNpeKkpalleHus nofayn BellecTBa MOCMe Havana OBWKEHWS pykaBa A0 MOMEHTa AOCTUXEHMSI
KOHLIOM pyKaBa [Ha CKBaXWHbl, @ TakKe NyTeM eCTeCTBEHHOro NoACoca UMK NPUHYAUTENBHOM NoJayv Bo3ayxa noj
JaBneHnem 4Yepe3 TPYOKY, NPOXOASLLYI0 Yepe3 OTKPbIThIA KOHEL, pyKaBa U OKaHUYMBAOLLYIOCS HIWKE HWKHEro topua
MMMb3bl, NN CHWKEHVEM NPOU3BOAMTENBHOCTN NOTOKA BELLECTBa A0 3HaYeHus, onpedensemoro opMyrnon (2).

Cuna Beca paBHa cuie TOPMOXEHMWsSI MOKOSLLErocsl pykaBa W [OeNCcTBYyeT B MEPBOM WHTEpBane BpeEMEHM
npouecca ynakoBKu BeLLeCTBa B pPYKaB.

Cuna, gencTBylolLasa CO CTOPOHbI CKBKMHbI, CriaraeTcsi U3 TPEHUS pyKaBa O CTEHKU CKBaXWHbI, CONPOTUBMNEHNUS
BO34yXxa U BOAbl, HAXOASLLMXCA B CKBaXXMHE.

CyllecTBeHHOE 3HayeHve B | MHTepBarne BpeMeHu npolecca 3anofiHEHVsI pyKaBa BELLECTBOM MpU 3apsXXaHum B
BOOY MMeEET BblTankumBatowas cuna.

Cuna wvHepumm obycrnioBneHa YCKOpPEHWMEM MaccChbl BelUecTBa, pacrnofiokeHHOro B AOHHOW 4actu pykasa. B
pes3ynbTaTe BO34EUCTBUSI CUN MHEPLIMM BO3MOXHbI 3HAYUTENbHbIE YAapHblEe Harpy3ku Ha pykas, MPMBOASLLME K €ro
NopbIBY NPU CTONIKHOBEHWM C MPEMATCTBASAMMU (BbICTYNbI B CKBaXXUHE, JHO CKBaXXWHbI, rpaHuLUa Boabl 1 Bo3ayxa). Mpu
pa3veLlleH pykaBa ¢ BeleCTBOM B 0OBOJHEHHOM CKBaXMHe Yepe3d cTonb Boabl B | neproa npouecca B pesynbTate
OeVcTBYIOLLEN Cunbl MHEpLUMW BELLECTBO C pykaBoM 3arnybnseTtcs B BoAy U B pesynbTaTe BbiTankusatoLwwen Cumbl
Bo3BpallaeTcs Hasag. lNpu atom pykaB ocnabnsieTcs v noa OEWCTBMEM CUIT TPEHMS MOCTyNalwLLero BellecTsa
obpasyeTcs cknagka ¢ nocneaylLmm yTarmBaHnem pykasa. [ins CHWKeHVs oTpuuaTensHOro AeNCTBUSA CUIl UHEPLMK
1 BbITanKMBawLen cunbl HeobxoamMmo obecrneunBaTe TOPMOXKEHME, BO3pacTakLlee No Mepe yBENMUYEHUSA CKOPOCTU
OBuxeHust pykaea. Kpome Toro, uenecoo6pasHbiM SIBMSIETCS B MOMEHT OCTAHOBKM pykaBa OCYLLECTBMSATL peskoe
YBENNYEHNE CUMbl TOPMOXKEHMS.

MpueeaeHHas Ha Gur. 2 3aBUCMMOCTb BENUYMHBI CUSbl TOPMOXEHUS OT CKOPOCTU NepeMeLleHst pykaea vyepes
CpeacTBO TOPMOXKEHUS, KOOME YMEHbLUIEHUSI pacxofa pykasa U NOBbILLEHUA HAaAEXKHOCTU OCYLLECTBNEHMS npoLecca
ynakoBku B Teyenun lll ctagmm noBblwaeT BEpOATHOCTb (DOPMUPOBAHUSA HEMpepbiBHOTO crtonba BellecTsa Mnpu
HepaBHOMEPHOM ero NoToke B 06BOAHEHHOW CKBaXMHE, €CMNY NPU 3TOM B pyKaB NOCTynaeT BOAA U3 CKBaXKMWHbI.

Ob6patmcak dur. 3, Ha KOTOPOI N30OPaKEHO YCTPONCTBO ANSA 3aMNOJSIHEHNSA HUCXOASLUMX CKBAXXMH B3PbIBYATHIM
BELLECTBOM, KOTOPOE COCTOUT M3 OTKPbITON C ABYX KOHLOB TpYObl 1, cpeacTBa TOPMOXEHUS 2, 3aKpemnseHHoro
nocpeacTBOM pasbemoB 3, TAr 4 1 LLApHUPOB 5 Ha BepxHeW Yactu Tpybbl 1.

BepxHui KoHey TpyObl 1 MpUCOeaMHEH K MpUCIOCcobNeHuio Ans nprema BellecTBa, Hanpumep BOPOHKe 6,
KoTopas MOXeT OblTb CbEMHOM UMK ABMNATLCA YAaCTbIO 3arpy304HOro ycTponcTea (Ha dmr. 1 He nokasaHo). Ha Tpybe
1 pacnonoxeHo anacTMyHoe Komnbuo 7, oxBaTblBaiowee pykaB 8 ¢ HwkHUM 9 n BepxHum 10 KoHuamu w©



yaepXKuBatolLLlee BEpXHIO YacTb pykasa 8.

PykaB moxeT ObITb NepeBa3aH, 3akneeH nnv 3aBapeH B ceveHnn 11, a yactb 12 pykaBa BblBEpPHYTa U HafeTa Ha
koHel 9 pykaBa. KoHel 9 pykaBa 8 pacnonoxeH B yCTbe CKBaXMUHbI 13.

YCTpOMCTBO YCTaHaBNUBalOT B CKBaXXWMHE WNW Hag ckBaxuHowu. [pu nopgadve Bewectsa 14 B pykaB OH
nepemelyaeTcs 0o Boabl 15 (B 06BOAHEHHOM CKBaXKMHE) U Aanee OO0 AHa CKBaXMHbI.

Obpatumcs k dwr. 4, rae nsobpaxeHo cpeacTBo 2 TOpMOXKeHNs amr. 1.

CpeactBo 2 TOPMOXKEHMST BbINOMHEHO B BUAE YNPYrMX arneMeHToB 16, 3akpensieHHbIX: O4HMM KOHLIOM Ha Korble
17, a gpyrMMm, KOHLOM MpwKuMaeT pykaB 8 Kk Tpybe 1 no nnowaaun KoHTakTa BbICOTOW h, npuyem ynpyrme anemeHTbl
16 pacnonoxeHbl Tak, YTO Ha PacCTosiHWM I OT TPYObI 1, Mexay ynpyrmMun anemeHTamm 16 coxpaHsieTcs paccTtosHue,
npesbiwatoliee 2d (2 TonNwmHbl MaTepvana pykaea).

ObpaTtumcst Kk dmr. 5, roe n3obpaxeHO cpedcTBO 2 TOPMOXeHust B ceveHum A-A dwmr. 1 (HanpaBneHwe
nepemeLleHmns pykaea 8 o603HayeHo ctpenkon c L.

KoHCOMbHO 3akpenneHHble B konble 17 ynpyrme anemeHTbl 16 cOeaMHeHbl 3nacTUYHbIMU nepenoHkamm 18.
Ynpyme anemMeHTbl 16 nokasaHbl B NONOXEHUN OTKIIOHEHNS B CTOPOHY HWDKHEro Topua Tpybbl 1 npn MakcimansHOM
YCUNUM TOpMOXeHUs. Ynpyrne anemMeHTbl 16 06pasytoT npm 3TOM KOHTaKTHYIO MOBEPXHOCTL BbICOTON h € pykaBoM 8.

Obpatumcs Kk dur, 6, roe n3obpaxeHo cpeacTBO 2 TOPMOXKEHUS B ceveHnn A-A dur. 1. Ynpyrme anemeHTsl 16
nokasaHbl B MOMNOXEHWUN OTKMOHEHMWSI B CTOPOHY BepxHero Topua Tpydbl 1 MpyM MUHMMAaNbHOM YCUNUM TOPMOXEHUS,
OHW 06pa3yroT NPK 3TOM KOHTaKTHYIO NOBEPXHOCTb BbICOTON h1 ¢ pykaBom 8, MeHbLuyto, Yem h.

Obpatumcst k cur. 7, rge nokasaHbl PacrofiOKEHHbIe BHYTPWU YIPYTMX 3rMeMeHTOB 16, BbIMOMHEHHbIX U3
3MacTUYHOro MaTepuana, KOHCOMbHble BCTaBkM 19 nepemMeHHON XeCTKOCTU M3 yNpyroro maTepuarna, Takke XecTKo
3aKpenneHHble KOHCOMbHO B Kombue 17.

Obpatumcs k gwr. 8, rae n3obpaxeHo CPeAcTBO 2 TOPMOXKEHUS B BUAE YPYTMX 3NeMeHTOB 16, pacnonoXeHHbIX
B HECKOJTbKO SIPYCOB, YTO MOBbIWAET 3P PEeKTUBHOCTb TOPMOXEHUS pyKaBa.

YcTponcteo paboTaeT crieaylowym obpasom.

B npouecce noAroToBkM YCTPOWCTBO CHapshkaloT pykaBoM 8 nytem yknagku ero Ha Tpydy 1 B "rapmoLuky".
BepxHuit koHey 10 pykaBa 8 npogeBaeTcs B anacTuyHoe Konbuo 7. HwkHui KoHey 9 pykaBa 8 nponyckalT Mmexay
yIpyrMMn anemeHTamm 16 cpeactBa TOPMOXEHWSI 2, KOTOpble pacroriaraloT B HUXHEN vactm Tpydbl 1 wu
nocpeacTBoM pasbemoB 3, TAr 4 M WapHUPOB 5 cpeacTBO TOPMOXEHMS 2 3akpennseTca Kk Tpydbe 1 y BToporo ero
Topua. PykaB 8 repmeTuaupyetcss nubo nepessi3kon, Nnbo cBapkow, Nnbo cknerkon B ceveHnn repmetusaumm 11, a
OTpe30K pykaBa 12 BbiBOpauMBaeTCs U HaTsrMBaeTcs Ha KoHel 9 pykasa 8 Bbille ceveHus 11 repmeTtnsauun.

Camo ycTpoWCTBO MpY 3TOM MOXET ObiTh Takke pa3MeLLEHO B YCTbe CKBaXKUHbI UM HAZ HUM.

YUepes ycTponcTBO Ana npuema Bellectsa 6 1 Tpydy 1 nogatoT B pykaB 8 BewecTtso. [1pu nogaye Bewectsa 13
BECOM, MpEBbLILIALWMM CUIy TOPMOXEHUS pykaBa 8, pykaB 8 nepemellaeTcs MO CKB&XWHE CO CKOPOCTbHO,
onpefensieMon pes3ynbTUPYOLWENn OEeNCTBYIOLMX CUN U yNpaBnsemMoi CUMOoV TOPMOXEHWS U PeXUMOM MoJaun
BellecTsa 14.

Mpn nonmHom pacxode pykaBa 8 anacTMYHOe KOnbLO 7 BMeCTe C pykaBoM 8 nepemellaeTcs K Ypyrum
anemeHTam 16 cpeactBa TOPMOXEHUS 2 U 3aKNMHUBAETCA B HUX, OOMOMHATENBHO PE3KO YBEnU4YMBas CUITy
TOPMOXeHUsA pykaBa 8 1 npeJoTBpallaeT cxo OTKPbITOrO KOHLA pyKaBa 8 B CKBaXKMWHY.

McknioyeHre nopbiBOB pykaBa 8 3a cyeT 3alleMrieHMs HesaxaToro ynpyrumu anemMeHTamu 16 BellecTsa
14pocTraeTcsa pasmepamu LWenewn Mexay anemMeHTamm.

B KOHCTpYKUMM YCTPOWMCTBA ANsi UCKIHOYEHMS NOPLIBOB pykaBa 8 HE0GX0AMMO OrpaHnyMBaTb CUIly TOPMOXEHUS
pykaBa 8, ucxods u3 npedernbHOro criydasi, korga BecCh NUWHUI MaTepuan pykaea 8, oOycnoBneHHbIN pasnmunem
AnameTpoB pykaBa 8 u Tpybbl 1 cobupaeTcs B ogHy ckradky. lMpu aToM, onacHasa Ha paspbiB pykasa 8 cuTyauums
BO3HUKAET, KOrda cuina TOPMOXEHMUs, MPUXOAsLWAsCA Ha 4YacTb YNpyroro anemeHTa 16, ormbGaroLwero cknagky,
cocpefoTouMBaeTCs Ha NoLwaamn CKnagku, orpaHMYeHHON ee BbICOTOM M OBOWHON TOMNWMHOW pykaea 8 (Ha octpue
cKnagku).

OnacTuyHoe KorbLo 7 BbINONHEHO C BO3MOXHOCTbIO B3aumoaencTsus ¢ pykaBoM 8 Ha armHe, pasHon Kn-[E]
-Hn, M, rae Kn - koadprumeHT npegoxpaHuTensHoro 3anaca pykasa 8; [E] - npeaensHaa npogonsHasa gedopmaums
MaTepuana pykasa 8 npu pactskeHuu; Hn - BbicoTa He3anonHeHHOW YacTu pykasa 8 Haj BellecTBoM 14, M.

3710 obecneunBaeT HanMumMe He3anoNHEHHOW YacTu pykaBa 8 npu 3aBepLUeHWM npoLecca 3anofiHeHUs pykasa 8
BellecTBoM 14 ans obecneveHns KoMNeHcaumm pacxoga pykasa 8 npu ycagke sellecTtsa 14, a Takke TOpMOXEHUE
HepacxogyemoWn (BepxHen) 4actu pykaBa 8 Ha yKa3aHHOW ANWHEe, C CUMOW, MpeBblaloWen cumiy TOPMOXeEHUS
pacxofyeMon Yactu pykaea 8, obecneunBaeT pasmelleHne Tpebyemoro konuyecTea BellecTsa 14 nyremM Koppekun
ctonba BewecTBa 14 npy ANUTENBHOM HaXOXAEHUM B CKBaXXMHE 13, UTO CHMXKAEeT BEPOSATHOCTL NepeMeLLeHNs BCEro
pykaBa 8 B ckBaxuHy 13 1 noTepro cBA3M co cTonbom BellecTBa 14, kOTopas CylwecTByeT M3-3a BO3AENCTBUSA
KNUMaTU4eCKMX YCIOBUIA U reoTEXHUYECKNX (baKTOPOB.

PelweHne 3apgady, NMOMOXEHHbIX B OCHOBY M300peTeHnss obecrneunmBaeT MOBbILEHWE HAAEXHOCTU YNaKOBKU
BELLeCTBa B repMeTUYHbIV NNEHOYHbIA pyKaB B CKBaXMHE, CHWKEHMe pacxoda pykasa, MpUMeHeHue AN ynakoBKu
BellecTBa pykaBa, AMaMeTpoOM PpaBHbIM UMW MNpeBblLAOWMM OUaMeTp CKBaXWHbl, a Takke pykaBa C
N3MEHSAILLMMNCA pa3MepamMy MOMEPEYHOro CEeYeHUs, NMpUMEHeHMe [OeLleBbiX HEBOAOYCTOMYMBBLIX B3pbIBYATHIX
BELLECTB, COKpaLLeHWe BPEMEHW 3apsikaHusa M, B KOHEYHOM utore obecneunmBaeT MOBbILIEHNE KayecTBa 3apsga u
3peKTMBHOCTbL B3pbIBA.
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