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HU3BECTHUA TOMCKOTIO I/IHIWCTPI/IAJIbHOFO UHCTUTVYTA
Tom 59 umenn C. M. KMPOBA. ’ Boin. I

JAEMEHTAPHAAl MEXAHHKA NPOLECCA CBOBOJAHOTO
“’ PE3AHHA METAAAOB.

Loy. Po3enbepz A. M.

[Mpoueccom <BOGOAHOrO pesaHusi Ha3HIBAETCHA TaKOH NpOWECC, Korga B pe-
3aHHMM YYacCTBYET JWIIb OJHA pexymas KpoMmka. Tako# cayuaii  Moxer GHTb
NpH TOYEHHH HA TOKAPHOM CTaHKe OypTa MJM AMCKAa C MONMEPeyHOH noxaue
pesua, NpMYEM [/MHA J€3BHA pesNa NpeBblWaeT TOJLIMHY GypTa MJIH AHCKA
(wupuny cTpyxku). Taxoll cayuaft MOXeT OwTb NP CTPOraHud rpeGEIIKOB
Ha CTPOTaJbHOM CTaHKe, NMpu paGoTe TOPUEBOrO 3€HKEpPa [0 TOPLY KOAbIA.
JTOT Ke cayyali Mel uMeeM npu paboTe
LUHJIHHAPHYECKOrO (¢pesepa, KOraa, Kak
 § OOLIYHO, IMPHHA (pe3epyeMoll MOBEpPXHO-
4 CTH MEHbUIE AJHHBI (pesepa.

9 Ecan pexyias xpomka pesua npu npo-

| necce CBOGOAHOrO pe3aHHs PacCIONOXKEHA

1r NepreHaAMKyMIPHO K HaNpaB/JEHHUIO JBH-

Puc. 1. JKEHHsi PE3aHHsl, TO OTALISIOWAACT CTPYK-

Ka o6pa3yer apXUMeAOBYV CHHPaJb H HET

HBMKaKHX COMHEHHWH B TOM, 4YTO KaK BCH

CTPYXKa B 11eJ0M, TaK K OTAEJbHBIE HaCTHLH METaJ/aa B Hel, NEePEMemaloTcs
NpH 3TOM B IJIOCKOCTH HODMAaJbHOH K pexylueMy Je3BHi0. B 3Toil maockoct
W HAaXOJHTCH AEHUCTBYIOIMA YroJ pes3anud. :

Ecan xe pexyumiee JesBHe He COCTABASET NOPAMOTO yraa C HanopaBJeHHEM
€ro ABHXEHHS, TU CTDYXKa 3aBHBAETCH BMHTOBOH CIIHDPANbio C HANPaBJCHHEM
H 11aroM, 3aBUCALIHM OT H3KJOHA pexyllled KPOMKHM K HaNpaBJIEHHUIO ABHMKE-
Husl. JTO sIBJEHHE XOPOUIO HJJIOCTPUPYETCs PHC. 1, 3aHMCTBOBAHHLIM U3 KHHTH
F'unnnepal). Co3naercs BneuaTJeHHe, 4TO CTPYXKKA B 3TOM C/1ydae CXOAUT He
B NJIOCKOCTH HOPMAaJbHOH K pexyilell KpOMKe, a 3HaYHUT yroJ pe3adusd HYXKHO
H3MEpSATh HE B NAOCKOCTH HOPDMAJBbHOH K PEXYlled KPOMKE, a B HHOH, BKJIO-
yapued B cebs Hanpap/ieHUe IBUXKEHHS CTPYXK-

KM M0 nepenHed rpanu  pesna. Boobue yraom £ G

pesanus Mbl OyJAeM HAa3bIBaThb YroJa MeXiay Ka-
CaTeJAbHON K HAMpPaBNCHHIO JBMIKCHUA HaHHOA
TOYKH JI€3BHA M HanpaB/eHUEM JBHXKEHHS uac-
T METAANa CTPYXKH, MPOXONSIINX Uepes JaH-
HYIO TOYKY JIe3BHfA, IO mepejHeli IrpaHH pesua.
IToT yroa onpeneaser AedopMauHI0 MeTanaa
npu obpasoBaHuu CTpyxkH. Ha puc. 2 npencras-
nen kau-pesel. [Inockocrs ABCD—naockocTh
pesanud. Ecan peseu aBuraercs B HanpasieHHH
DA, a wvacTulu MeTajana CTPYXKKH NO mepenHed Puc. 2.

rpaHu pesua nepeMemaroTcs B HanpasJienu AE, »
yroa pesanus EAD. Ecin nanpaBiaenue 1rxenus pesua AH, sanpasaenue 1 .B-
MEHHUS YaCTHI| MeTa/Ia mo nepegsed rpany pesua Ag, yroa pesanus gAH. Ecau
OBl MOXHO ObUIO MpeACTaBHTL cebe caydyaH, Korga 0pPH JBHKEHHH pPe3ua B
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HanpaBienuun DA, yaCTHUB CTPYXKH NEPEeMEIaJHCh OH B HanpasJleHHH Ag,
YIJ0M pes3aHHsl HYXHO OblJIO 6H cuutaTh AD. :

B 1896 roany Ceaneprpes 2) npeaoXuJ, IPH HaJHYUH HAKJIOHHOIO K Hampa-

BJEHWIO IBHXKEHHS JE3BHs, U3MEpPATb YroJa pe3aHus B MJOCKOCTH, OTKJOHHA-
Iomeicsas OT HOPMAJbLHOM K JIESBHIO HAa TOT XKe YroJd 7, Ha KOTOpPHH Jie3BHE
OTKJIOHSIETCA OT IMepHeHIuKyJ¥pa K Hampas- \
Jenmio apuxkenus. [lo Ceaneprpeny yroJa pe-
3anus HyxkHO MepuTb He B mnockoctu NNN, a
B naockoctd NTT (puc. 3), mpuuem yroa pe-
3aHUS Oy ONPELEJHTCH H3 BLIPAKEHHUA.

tngdr = tngdx . cosT.

d1o noaoxenne npod. I'me6oB Ha3Bax ,3a
koHom Ceaneprpena“ u, xots CeJJeprpes o
HAINpPaBJAEHUHM JBUXKEHUS CTPYXKKH IO mepel-
Hell rpaHu pe3na B CBOe#i pabdoTe HE ymOMH-
Haet, npod. 're6os man ,3akony Ceaneprpe-
Ha" cAeAYOWYI QOpPMYJAHPOBKY 3): ,yroa OT- Puc. 3.

KJOHEHHS CTPYXKKH OT NMepueHAuKy/aspa K Je- _ ;
3BHIO DABEH YIJYy OTKJIOHEHHS Je3BHA OT INEePNeHAHKYJIADA K HaIpaBJ/ACHUIO
JIBUXKeHuq"“.

Kpome roro, npo¢. I'ne6oB cuutaer, 4TO ,BHHTOBOE JBIXEHHE CTPYXKHU
MpH HAJMYMH HAKJIOHA JE€3BHS K HANpaBACHHIO ABUKEHHs OOBSICHIETCS TeM,
4TO B 3TOM CJayyae CTPYXKKA OTKJIOHAETCHA B CTOPOHY OT CBOEro HOpMaljb-
HOTO HAaNpaBJeHHs, MePNeHIHKYJAAPHOro JAe3BHI0. . .

‘M3 BCex 3THX mOJ0OKEHHH BLITEKAET, 4YTO HAKJOHHOE II0JOXKEHHE Je3BHud
6/1arONPUATCTBYET I[POIECCY OTIEJNEHHs CTPYMKKH, TaK Kak ,MedACTBYIOIIHE®
yroJa pesaHud Sr B 3TOM CJydyae MeHbIIe CYMMH yrJa 3a0CTpeHHs H YyIJaa 3a-
30pa M TPH 3TOM, HE YXYAWAsS YCJAOBUH TENJNOOTBOAA OT PEeXKYINed KPOMKH,
UMEeeTCs BO3MOXHOCTb YMEHbINHTb Harpysky Ha pesle.

Moxnro cosnpath Takue ke yCJAOBHA paboThH, cOO0MIAs PE3IY KpoMe OCHOB-
HOrG JBHXKEHHs B HanpasjeHuun Vy, elle [AONOJMHHUTE/IbHOE IBUMKEHHE B
HAIpaBJAeHAH Vs Tapajje/bHOM Je3BHIO (PHUC. 4), 1P 3TOM
pexyliee Je3pue OyaeT AeHCTBOBATb, KAK HAK/AOHEHHOE K
HAMpPAaBJEHUIO IBUKEHUS.

MsBecTen kJaccHYeckHil mMpUMep HOXKA, KOTODPHIH IpH
NPOTATHBAHHH €ro BAOJb JHHHM JE3BHs, Jerie BHeJpsieTcd
B paspesaemoe Tteqo. [lo sromy nosoay upod. I'eGos
, NUUieT:

,YMeHbIIeHHe JAEeHCTBUTENBHOrO Yrja pPe3aHus HyTeMm

Z 7 . HakJOHAa Je3BHS K HanpaB/ECHHIO ILBH}),KEHHRPBCGM H3B€3(72TH0
: -/ W3 OOBIIEHHOH (KM3HH: KOTrZa MH, Hanpumep, pexem xJeb

8 | © OOGLIKHOBEHHLIM HOXOM, MEI HMKOrJa HE BeJeM HOX nepreH-
AUKYASIDHO €ro Jes3sBHio, HO BCerja IBHraeM €ro Hanopobue
nuael, BIOEpPen HWJAM HA3ax, B pesy/jbTare 4ero HampaeJe-
HU€ JBHXEHMS HOXa COCTaBAd9eT C HalpaBAEHWUEM JIe3BHS
Pac. 4. HOXA OYCHb MaJeHbKHH yros, OJU3KUH K HYJAIO, 3TO yMEHb-

- IIeHHE yrja Hak/JQHA NPUBOJHUT K YMEHbIIEHHUIO YI1a pe3anus
M MH Kak 6 pexeM HOXOM, 3HAUUTENbHO GoJiee OCTPHIM, YeM OOhIYHOE 3a0-
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CTpEeHHE KJUHKA®. , YKa3aHHOE YMEHbIIEHHE YIJa De3tHHs OCOOEHHO BaXHO

BBHAY TOTO, 4YTO OHO ZA€T BCE BHITOIK yMeHbINEHHS KaBJACHHS BCACIACTBHE MEHb-
mero yria o (pesanus) Ipu COXPaHEHMH YFAA 3a0CTpennsl, 6/1aroaaps 4emy, yMeHb-
m2d HaBJeHHe, MBI HE TEpseM HH B CTOMKOCTH pesua, HH B CIIOCOGHOCTH ero
@/BOJUTbL TEMJAOTY".%) ‘

.C HCKA0uMTENbHON y6eNuTeNBHOCTBIO 9TO KE ABMEHHE HAMIOCTPHPYET Npod.
[lankuH B cBOelt cTaThbe ,KHHEMATHUECKOE 3dOCTPEHHE PEeXYIIMX Je3Buii“. )
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HaselBas KHHEMaTHYECKHM 3a0CTPEHHEM YMEHbINEHHE Yrja pesaHust (Wi
yraa K/AuHa) NPH BCAKOM ABHXKEHHUH Dpe3ua (H/H HOXKa), COCTaBJACHHOM M3 ABYX
ABHXEHHH, OJJHO U3 KOTOPbIX HOPMANbHO K DEXYINEH KpOMKe, APYroe napa-
JenbHo e, npod. Ilankun ormeuaer, 4TO ,NPAKTHUECKOE' IDUMEHEHHE 3TOTO
KMHEMAaTHUECKOTO 3a0CTPEHHS MBl BCTPEYAEM B OTHAJIEHHBEIE 3[0XM HPH yIoT-
pebaennn xoaoaHorce opyxkusg. [Hlamka npu pyoke /1036l OPOTArHBAETCH BIODL
CBOEH OCH, TypenxHe SiITaransl UMead CBOeoOpasHyl H30I'RYTYIO QOpMy, obec-
NeYHBAOILYI0 YMEHbIIEHUE yrsia 6e3 NPOTACUBAHUA OPYXKUA“.

TaxkuMm 06pasoM, CUYHTAETCH TBEPAO YCTAHOB/IEHHLIM, UYTO BCHAIKOE HAKJAOHHOE
NOJOMEeHHEe pEeXYINEero JesBHs K HANpPaB/JCHHIO €ro JBUXEHHA 3acTaB/asieT
CTPYXKY 3aBMBATbCSl BUHTOBOH CNHUPAanblo, OTKJOHSATHCA MPH CBOEM ABHXKEHUHU
no nepejnneii rpadm pesla OT HAaNpaB/JEHHS UEPIEHAMKYJISIPHOTO pexymeh
KPOMKE H CXOAHTh C pe3na B CTOPOHY C MEBbIUMM YI/OM pe3aHuf.

HecmoTpst Ha y6eauTenbHOCTh M MOJHOE €AMHOAYIIHE, C KOTOPLIMH JA0TCH
B TeXHHYECKOH JUTEpaType BhICKa3aHHble BHIIIE MOJIOXKEHHS, OHH ABJSIOTCH He
Gosee kax oOmUM 2abnyXxAEHHEM, OCHOBAHHBIM HA BHElIHEM Ha0/II0ACHMH 32
NpONECcCOM OTAeJEHHS CTPYXKKH. [leTallbHOE pacCMOTPEHHE 3TOro BOMpOCa,
a TaKXe SKCIePpUMEHTAaJAbHAS
MPOBEPKA PHBOISAT K COBEPIIEH-
HO HMHBEIM BHIBOJaM.

Ha puc. 5 npeacrasnexso Ha-
KJIOHHOE MOJIOXEeHHe pexyines
Kpomku AB CTPOraJjbHOro pesua
(8<C90°). Myerp xpomka U3 no-
JoxeHnss AB nepeMecTuTCs B
noaoxenue A'B', nxsuraiacr B
Hanpas/JeHuu cTpeaku V, T. e.
IEPIEHAMKYASIPHO CBOEMY pac-
noJjoxenuw. llpy Takom nBu-
XEHUH KaxJas 4aCTHla CTPYyXK-
KH OYIET nepeMemarbCst B IVIOCKOCTH HOPMaJIbHOM K JI€3BHIO, B YEM HE TPYLHO
y6enuTscsi, €l NpeaCTaBUTh Ce6e MOBEPXHOCTh, C KOTOPOH CHUMAETCH CTPY K-
Ka, pasieseHHOd HA PAX NOJOCOK NepneHauKyJspHbix Je3dpuio AB. Kaxnas
M3 NOJOCOK NpH 06pasoBaHHM CTPYXKKH OyNeT 3aBUBATHCS APXHMENOBOH CIIH-
panbio, BCS Ke CTPYKKA NMOJYHYHT BRI BHHTOBOH Cnupanw, cXOAsmied ¢ pesua
B HanpasaeHuu oT A Kk B u cosnalomed noJHoe 'BnevarieHne COeraHHs CTPY-
KKH B CTOPOHY YMEHBIIEHHOrO YyrJja pesanus. Ecau pasBepHyTb CTDYXKKY B
JIEHTY, Pacno/OoXuTh ee nepea Je3BHeM’ A’B' U NpPeAnONOKHTb, UTO ycanka
CTPYXKM OTCYTCTByeT, TO Touka [ nomectutrcs B Touky D);,CsC,, npuuem
DD, =D,D,, CC;=C,C,. Yron HaK/IOHAa COHPalu CTPYKKH TNPH 3ITOM OVieT
paBen yray 8. Takum o6pa3om Gyjer nonydena BHHTOBAsS CMUpPAbHAS CTPYKKA,
cberaomas Mo NepenHell rpand peslia B CTOPOHY MEHbUIErO yrjia pesaHus, HO
0o6pasoBaHue 3TOH CTPYXKKH NMPOHCXOAHT MPOLECCOM NEpeMelleHus OTAeNbHHX
YaCTHIl MeTa/Ja B IMIOCKOCTH HODMalbHOH K pexyuemy Jessuio, Jaq uad0CT-
panMH Ha pHC. 5°crpaBa H306pakkeHa Takas CTPYMKKa.

Ecniu npuHaTh BO BHHMAaHHE YCAaAKy CTPYXKKH, BCErAa COIYTCTBYIOLLYIO:
NpoLeCCy pe3aHHs, TO NOJYYHTCA eaie Gosee OOMaHYMBOE BredyaT/ieHHE.

Ycanka cTpyxKH, T.e. ee yKopoueHue, GyAeT HPOHCXOAHTh B HAIPABJECHHE.
JABHXKEHHUS] OT/C/JIbHHX 4YaCTHI[ METanla, T. €. B IMJOCKOCTH HODMalbHOH K pPexy-
memy sespuio. Ha puc. 6 npencraeiaerno nBa monoxenus Jgessuss AB u A'B' n
passepuyras nepen Jaessuem A'B’ cTpykka, kOTOpasi npu cBoeM 06pa3oBaHHUH
NoJyynsia HEKOTOPYH YCalAKy, BLIDaxaeMyi0 HEKOTODHIM KO3(DHUUEHTOM YCalKH

K=-—, rae lp—nyTb, npofieHntil pe3uom, a 1— AAUHA CTPYKKH, NOJYYeH-
0
HO# C 3Ttoro nytd. [loBepxHOCTE 06pabaThBaEMOro H3jaenust, NPOKOAUMAs pe3-
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10M NpH repeMeUleHHd ero u3 nonoxesnus AB B noaowenuun A'B’, cxemaru-
YeckH pasOHTa HA PAl NONOC NApaNIeNbHHX Pexylled KpoMke. DTH ke No-
JIOCKH IOKa3aHbl HA CTPYXKKE, HO SAECh B CHIY YCAAKW, KOTODAas NPOHCXOLHUT
B ILTOCKOCTH HOPMaJbHOR K PpeXyLWEMY JEe3BHIO, 3TH MOJOCKH CTaau Gosee
Y3KHUMH,
Hs puc. 6 caeayer:
CE=1,
EC1 = 1 - Kl(}
EC,. cosf’ == CE cosB;
Kl cosp’ =1, cosB;

cosp' = cosf. .
K

Tax xak xosduuuent ycaixku ,K“ BCerga MeHbile €AHHHUE H MOKET IO-
CTUraTb NIPH TOHKHUX CTPYXKKAX 3Havenuit K= 0,2—0,36), To BC/JEIACTBHE 3TOrO
yroa B’ 6yzeT momyyaTbCs NDH HAJAHYMM YCAZKH BCEr)a SHAUHTENBHO MEHBIUE
yraa B n GyneT cO31aBaThCH eule 6oJee APKOE BHeuaTaeHue cOGeradus CTPYKKH
0o pesuy B CTOPOHY MEHBINETO yIia PesaHH#s, B TO BPeMs KaK B NEHCTBUTEb-

1

Puc. 6. ! Puc. 7.7

HOCTH KaXJhasg vuacTHlUa MeTajana npu oOpasoBaHUM CTPYXKKH OyAeT nepemes
aTbCsl B IJIOCKOCTH HOPMaAbHOHM K pexyumed KpoMmke pesiia.
B o6Goux paso6pannbIX CaAyyYasx pexyulas KPOMKa IEpeMelNasach NmepreH-

y JHKYJISIPHO CBOEMY pPaclOJIOKEHHIO. PazbepeM Tenepb caydaid, KOrAa pexymas

KpOMKa pacno/oXeHa HaKJIOHHO K HampaBJeHHio ABHxkeHus. [To puc. 7 B <C90°
W IBHIKEHHME Pe3la NMPOHCXOLUT B Hanpas/ienuu cxopoctu V. Takoe nBuxenue
MOXeT GBITb NPEACTABJICHO COCTOSUIMM H3 JBYX [ABHIKEHHH, OJHOTO B Hampa-

' BJIE€HHH Vny HODMaJbHOTO K pexymeil KpOMKe W JAPYroro B HampaBjieHuu Vs

nmapaJgJeJbHOr0 pexylle# Kkpomke. '

Ecau Mpl mpomsseneM nepeMellenue Je3Bus M3 MoJokenus AB B moo-
xenuun A'B’ cnepsa xBmxenueMm B nanpasaenunm Vy, TO MBI JO/IKHBE OyzeM
IIOBTOPDHUTH BCE TO, UTO CKA3aHO HAMM BHIIe N0 puc. 6. CTpyxKa npu 3TOM
3aimer nosoxenue EC,D(F u ee wactuusl 6yayT nepeMemaThbcs B IOCKOCTSX
HOpMaJIbHHIX peXymed KpOMKe. 3aTeM MH NPOHU3BEAEM MepeMelleHHe pesia
B HampaBaeHnd Vs. Ecau npu sToM cumrath, 4TO CHJA TPRHHS MEKAY pes-

'QOM H CTPYXKOH COBEPIUEHHO OTCYTCTBYET, TO OT HEPEMEUIeHHS B HAIpa-

BJACHHH Vs HE BOBHHKHET HHKAKOIO BO3IEHCTBHA OT Pe3la Ha CTPYMKKY, HHaue
roBOpsA, MOpH OTCYTCTBUH TPEHHS MEXAY CTPYXKKOH U pPE3LOM YaCTHIH
CTPYXKH NPH J000M PaCnonoXeHHH JE3BHS OTHOCHTEJNbHO HATPABJICHHS €T0
JABHKEHHS NMEePEMEIIATCA BCErja B IJOCKOCTAX HOPMAaJbHBIX K JE3BUIO.
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[Tpu Hasuuuyu CuJAL TPEHHS MeXAy CTPYXKOH H pesuoM, nepemelleHde
pesua B HamnpasJeHHH Vs Oyner CBsS3aHO € JOMNOJHHTENbHHIMH Ae(POpMaLHAMH
B CTPYXKe, a UMEHHO CTPYXKa OyJAeT OCaXuBaTbCsA B HanpasJeHunu ot B’ x A’

u 3afimMer nojsoxenne EC;D,F. Takoe AONOJHHTEALHOE OCAXHBAHHE CTPYKKH
3aTpyaHseT ee o00pazoBaHHe, YBeJHYHBAeT yCaAKy (yMeHbWaeT KOo3puuueHT
yCaiKH).

M3 npuBoaHMBIX HaMH Qortorpaduil crpyxku Ha puc. 8, 9 u 10 acuo BuxHO,
YTO NPH PACTOJOXKEHHH Je3BHSl HAKJOHHOM K HAanpaBJ/JeHHIO JABHKEHHUS, BUTOK
CTPYXKKH mnoJayuwaercss OoJee KOpPOTKHH (Oojee 3HAYWTENbHASA yCaaxa), 4yem
NpU NepPNeHKYASIPHOM PACIOJI0XKEHUH A€3BUA. DTO Ke caeayet u3 taba, I, rae
NpEeACTAB/ICHB PE3YAbTAaTHl H3MepeHHH# Takux cTpyxkek. CTPYXKKH CHHUMAJACH
He6O/bLIVN TOJIIKHE, TaK KaK HMCCJAeLOBAaHHE 3TOro BONPOCAa HAC HHTEPECO-
BAaJ0 B NPUJAOXKEHHUH K npoueccy ¢pesepoBaHusl WHAHHIPHYCCKHUM (pesepowm,
rae o6bYHO TOJMUHA CTPYXKKH H3MEPAEeTCSs COTBIMH LOJAIMH MHAJHMETPA.

Tabauna 1.
‘ Janua Jnunga Kosduunent
[euxenne 'E?m,,?:: NIpOHieHHAR | NOAYYEeHHON ycanku Mpumeuanne
pesua %’M pesuoM CTPYHKH _ | p
- o ! =
[To cxeme 0,05 62 33 0,53 be3 cMasku
puc. 6 0,05 63 38 - 06 - Co cwmaskoi
~* 0,1 62 34 0,556 Bes cmasku
0,1 63 39 0,62 Co cmaskoh
Ilo cxeme 0,05 61 16 0,26 Bea cMa3ku
puc. 7 0,05 63 23 0,36 Co cmaskoi
0,1 61 19,5 0,32 bes cmazku
0,1 63 23 0,36 Co cmazkoi

M3 Tabauup 1 caexyer, uYTO NP HAKJIOHHO DPAaCHONOXKEHHOM JIe3BHH
ycajKa CTPYXKH B3HAUMT@AbHO BO3PACTAET, YTO SBJAETCS PE3y/IbTATOM IO
MOJHATE/bHOR xedopMauMKM TMOJ BJHAHHEM OTHOCHTE/JBHOrO MepeMelleHHs
pesuna B HampaBaeHuH V, ¥ BO3AeHCTBy0OINEH Ha CTPYXKY B 3TOM Hanpas-
JEeHHH CHJBI TPEHHUd.

M3 BCero H3JI0KEHHOrO BbIIE MOXKHO CHeMaTh 3aK0UEHHe, 4TO, €CJaH
pexymasi KpoMKa PACHONOXEHA HAKJOHHO K HANPABAEHHIO ABHXKEHUS (B<90°),
YaCTHIb CTPYXKH OTKJAOHAIOTCA OT MJIOCKOCTH HOPMA/IbHOH PeXYLIEH KPOMKH,
YTO SABJAETCA PEe3Y/JAbTAdTOM OTHOCHTENbHOI'O NEepeMelleHHs pe3la B Halpas-
aennn Vs Ha puc. 11—QO nanpaienne IBHXEHHS De3na, Je3BHE KOTOPOTO,
AB pacnosoxeHO HAaKJOHHO K HanpaBJeHHo ABHxKeHus. [lepenusis rpaub
peaua ABCD. Tlo CeﬂneprpeHy, Fne6oBy, IlaHkuHY CTpYKKa HOpHU 3TOM
JO/KHA MO HepelHed rpaHd pesna mepeMemarscs B Hanpasaenuu OS, oTae-
JA55ICh MOK yraom pesanus SOQ.

IIpoBeseHHBIl HAMH @HA/IH3 NOKA3HIBAET, UYTO TAKOE MNEpeMeileHKe CTPYXK-
KM B LeJOM OmJO OBl BO3MOXHO NPH OTCYTCTBMH YCaAKH CTPYXKH H IDH
OTCYTCTBHH CHJB TPEHHSI MEXAY CTPyXKOH u pesuoM. Ho u npm stom
1o HampaBJieHuiw OS 6yneT mepeMemarbCs JUIIbL CTPYKKA B LEJAOM, OTHAE/Ib-
Hble 4MacTHLb MEeTa/1a mpu 00pa3oBaHHM 3TOH CTPYHKH OYAYT NepeMeliaThcs
B HampaBjaeHuu OR, HODMaJbHOM K JE3BHIO,

Ecau ke B3aTb peasbHBIH NpPONECC PE3aHusA C HAJNUUMEM YCALKH CTPYXKKHU
U CHJABl TPEHMs MexXAy CTPYXKOH H nepenHell rpanblio pesna, TO B 3TOM
cJaydae CTpykka OyneT oO0pa3oBhIBATbCA NepeMelleHHeM YacTHIl MeTasia B
HANpaBJEeHHM, OTKJAOHSIOMIEMCS OT HODMaJ/JH K JEe3BHIO B CTOPOHY OT B k A.
D10 Hampap/enue Ha puc. 11 yc/j0BHO (TOYHO ero VkasaTb HeJb3sl) 10KA3aHO
6ykBaMmu OP. ¥Yroa pesanus B 3ToM caydae G6yaer QOP. Kdak Mbl BUAMM, OH
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6ynet -Goabuie, Yem yroa QOS u Touno Taxke Goabuie, yeM yroa ROF, us-
~ MEPEHHHH B IJMOCKOCTH HOPMAJbLHOH JIE3BHIO.

Takum o6pa3oM, jeTaJbHBEII Pa3bop BOHPOCA, MOAKPENJIEHHBIH dKCIEPH-
MEHTOM, NPHBOJHT HAC K BHBOJAY, YTO HAKJOH JE3BHUfA K HANPABJICHHIO ABU-
JKeHusi He YMEeHbHIaeT YyroJ pe3aHHsd, a yBe/JWYHBAET ero.

EcCTecTBEeHHO BO3HHMKAET BOMNPOC, UM XKE MOXHO OOBICHHUTL Gosee Jerkoe
BHEJPEHHE HOXA-KIMHA B DPAa3pe3aeMoe Teno0, MPH COOGMIEHHH HOKY KpOoMe
JIBHXEHHA HOPMA/JbHOrO JIE3BHIO ellle JOMNOJHHUTENHHOTO ABHXKEHHS NPOTSITU-

‘ BAHHS BLOJb JHHUHU Je3Bus. Jlig oTBeTa HA 3TOT BONPOC O6PATHMCA K PHC. 12,
Ha KOTOpPOM NPEJCTAaBJEH KJHH, NePEeMEeaiouiCd B HANPaBIEHWH NEpHeHH-
KyJAsipHOM €ero Je3Buio. P —cu/bl, IeACTBYOIINE HOPMANbHO K €ro GOKOBLIM

Pac. 11. ‘ Prc. 12.

rpanHsAM OT pa3pesaeMoro Teaa. f — KOd(pHUHEHT TPEeHHS Ha GOKOBHIX IpaHfx,
fP—cuaa TtpeHud. Q; — CHAa, KOTOPYI0 HEOGXOAMMO MPHJIOXKHUTL K KIHHY A/%
ero BHEJPeHHs B 3TOM Caydae Gyxer '
Q,= 2P { sin - - f.cos ﬁ—} )
2 2
[Mpu manwx yraax e Opesadupyomee 3Hadesue B cune Qp 6yser urpathb
BTODO# u/MeH B CKOOKaX, T. €. WieH, 3aBHCALIUA OT CHJB TPEHHS. '
‘ [TycTh xauHy OyAeT AaHO, KPOME OCHOB-
HOrO JBHXEHHS HODMAJBLHOTO JIE3BHIO CO
cKkopocThio Vy, ellle AODOJHHTENbHOE Ie-
pemelneHue, napaJiienbHoe Je3BHI0 CO CKO-
poctbio Vs (puc. 13). PaBunonelicteyromas

onpeneasitTcs M3 npsAMoyronabHuka Vs-—
V. Pexywass KpOMKAa KJAUHA& Pacloyoxe-
Ha K HanpaB/JeHHIO ABHXEHH NOJ YIVIOM
B <90°, npnuem

tngp= 2

Vs’

CxkopocTs Va macT Ha GOKOBON CTOPOHE KJMHA COCTABAAWYIO V. CcOs

[r4
5 , KO-

TOpas B COBOKYNHOCTH €O, CKOpPOCTbio Vs macT Ba OOKOBOU CTOpPOHE K/AHHA
paBHOAe#cTBylouylo V), HanpaBnesdyio noj yraoMm B;, K J€3BUI0 KJHH2,
npuyem
' a V. a
tng 8; = tngB . cos — = —=~ .cos —.
2 Vs 2
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Ecnu HOpMaibHOE iaBieHHe Ha GOKOBYIO CTOPOHY kJauHa Gyper P, To cuia
Tpeuus fP O6yaer XeHCTBOBaTb B HaNpaB/JE€HHH NMPOTHBONOJOXKHOM CKOPOCTH
Vi, B HanpaBJeHHWH KE HOPMAJBHOM K peXyle# Kpomke Oyner IeiCTBOBaTh

JUWb YacTh CHJAB TPEHHH :
fPsing,.

dTta uacTh CHJAB TPeHHss H OyJeT OKasbBaTh CONPOTHBIEHHE NPOHHUKHO-
BEHHIO KJHHA B pasfe/seMoe TeJ0 M Cuaa Q,, KOTOpYyi HyXHO Oyaer npu-
JOXHTh K KJAMHY B HanpaBJICHHH HOPMAaJbHOM K €ro JIE3BHIO, ONpENENUTCs:

Q,=2P [sin %— -} fsinB;cos -%—-] (2)

B atom BHpaxenuu
. . e

sin § cos —
2

]/Cos%i—[—sin%%cos —;—

. a
sinBcos? o

Q:=2P sin%‘—}-f ' 3)

l/cos%} - sin?Bcos —g~

HeTpyaHo 3aMeTHTb, YTO ypaBHEHHE 1 ABAAETCS YACTHBIM CAYYaEM YP-HUSA
2 u 3 B Tom cayuae, korna B=§;=90°u Vs=0, T. e. KOraa pexymas Kpomka
nepeMelnaeTcs HOPMalbHO CBOEMY pacnoJoxeHuwo. Takum o6pasoM, ypasHe-
B 2 U 3 ABAAIOTCA OOIMMH yPAaBHEHHUSMH IJIsi OUpelesneHus CUJAN Q, Hesa-
BHCHMO OT pacnojoxerus pebpa XJHHA K HaNPaBJEHHIO €r0 MEepPeMellEHHs.
Mo ypaBrenusM 2 u 3 BHAHO, YTO C YMEHbIIeHHEM B, T. e. C yBeJHUYEHHEM

14 "
—-—§-, YMEHBHIAETCA CHJIa Q, npuyeM NpUYMHOHW 3TOTO0 YMEHbUICHHUSA ABAALTCH

N .
VMeHbLIEHHe BTOPOro u/neHa B CKOOKax, TO-eCTb yMeHbLICHHE MPOTHBOAEH-
CTBHSI CHJB TPEHHS U HH B KOeM C/ydyae He yMeHbIIeHUe yria pesaHusi, Kax
9T0 caenyeT H3 oObsicneHuil ['neb6osa—I[lankuHa.

[MpencraBum cebGe, yro cuna tpenus orcyrcrByeT (f=0) u B 3TOM Cayuae
ypaBHenus 1, 2 ¥ 3 naayT ONHY H Ty Xe BEeJHUMHY CHJIB M HHKAKOE HaJH4ue
NPOTATHBAANSA BJOJb JE3BHS HE MOXET H3MEHHTb CHJIB Q.

Tak kak HOX HJM KJAUHOK HMEIOT Bceraga He6OJbIIOH yroJa «, TO, CyAsd
0 ypaBHEHHIO 2 H 3, yMeHplUeHHE BTOPOro 4jeHa B CKOOGKax OyaeT 0COGEHHO
CU/BHO yMEHbIIATh cuay Q.

B cayuae peanpHOrO KJMHKA MJAH HOXA YMEHbIIEHHE CHAB NMPH HAMHYUH
NPOTATHBAHHA MOXeET OT4YacTH O6YCJAOBAMBAaTBECS KPOME BCEro BHILIEH3/O0XKEH-
HOrO elle # HeH30eXHHIM HaJUYMeM Ha BCSIKOM DeajibHOM Je3BUH MeJabyaidliux
HEepPOBHOCTEH uJH 3a3yOPHHOK, KOTODHIE DU NPOTArMBaHMU OYAYT NeHCTBOBATH
HanonoOue mnu/IB, NPOW3BOJAS HAADHIBL, TEM CAMEIM pa3fie/ifsg yaCTHIH Marte-
puana u objeryas NpOHHKHOBEHHE B HEro JIe3BHSA KJMWHA.

sinfy =

To ecth

CuApl Ha HaAKAOHHOM Ae3BHH.

[punaro nymath, 4TO NpPH mpolecce cBOGOIHOrO pe3aHus, KaK Obl HH Ohlia
pacnoJioxeHa pexyuas KPOMKa K HanDaBACHHIO [BUXKEHHUs, PABHOAEHCTBYOMAS
BCeX CHA Ha peslie PACHOAOKEHa B NJAOCKOCTH HODMaNbHOM K pexylemy
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ne3Byio. K TaxoMy BLIBOLY MOXHO NPUHTH Ha OCHOBAHHH KAPTHHHI PaBHOBECHS
cus, npuBoAHMOA B paGortax Cemewuenko?), Pesnukosa8), [auueasua?), Cas-
BuHa ), Pynnuxa!!), Kpusoyxosa!?), Kyppeiina!?), lllnesnurepatlt) u mpyr.
Ecau npuHaTb 3TO MOJOXEHHE M PacCMOTPeTb CHJBI, [eHCTBYOME B NJIOC-
KOCTH pe3aHHd, TO Mhl NOJYYMM CJeJyIollee MX reoMeTpPHUYeCKOe- COOTHOIIEeHHE

(puc. 14). ' p ,
v 1 |
P sinp @
P, 1 S |
P tngB (%)

Ha puc. 14 AB—pexymass KpoMKa, pacrnoJO:keHHas non yrioM 3 k Ham-
PaBJEHHUIO JBHKEHHUS, H—HIMPHHA NMOBEPXHOCTH, C KOTOPON CHHMAETCS CTPYKKA.
: Py —cuna B niockocTH HOPMaabHOH K

/ Ne3BHI0, P— cuna B HanpaBJeHHAH PaBHO-
q nedicteyomen ckopoctu V, P, — nonepeu-

Hasg cuna. Takyio ke KapTHHY ROJYYHM,
€C/IH NPEeACTaBHM cebe pa3BepTKy NOBEpX-
HOCTH pe3aBus LUIUHAPHUECKOro (pesepa
CO CnHDaNbHBIM 3y6OM C YriaoM DOAbeMa
cnupanu B. B atom cayuae P— oxpyxHas
(xacatesnbHasi) cuaa, P, oceBast cuJa Ha
' 3ybe (pesepa. ,

Puc. 14. Mbl cOBepIIEHHO HE 3HAaeM OIMLITOB,
B KOTOphHIX OB u3Mepsiiach cuia Py npu

L
CBOGONHOM DE3aHHY HAKXJOHHHM JIE3BHEM, COOTHOLIEHHE KE —O

MO:KHO nNoO-

JYUUTH ¥3 ONBITOB ¢ (pesepamyu, NPOBEAEHHHIX pPa3IHYHHIMH aBTOpamu. B
tTaGja. 2 Hamu nKaeTcs CBOJAKAa IIPOM3BEACHHHIX HAaMH MOACYETOB no pabo-
TaM PAasAMUHBIX ABTODOB, NPHYEM HYXHO OTMETHUTBb, UTO BCE aBTOPHI, 3@ HCKJIO-
yennemM bocTona, Jxuabbepra u Kanizepa, usMepsanu HE OKPYXHYIO
cuny, a cuay mnopauu npu ¢peseposanuu P,. Hamu u3 cuns nonaun 6baa
MOJCYHTAHA OKPYKHAsf CHJ/A MyTeM 3aBHCHMOCTH

P=09 Py S,

3xecb S,— TONMHA CTPYXKKH INOCPeNMHE Ayr¥ KOHTAKTA. JTa 3aBUCHMOCTH
6uJia MOJydYeHa HAMH B pe3y/bTaTe CheHHaJhHOH 3KCMepHMEeHTaIbHOH paboThl

, , ! ¢
1 jpaer omubky e OGoJaee +5% (npn o =0,15).
[lo Bcem aBrtopam, 3a wuckaioueHuem Ai#izene u bocrona, ¢ yseanuenuem

P
S omomeﬂne?"ynenmnaaerca. Fpemenn u3MeHeHHs Jjamel B TabJaune.

. P |
Y Aifizene KOJIeﬁaHI/IH—P—)iCOBepmeHHO He 3aKOHOMEpPHBHIL

Ha puc. 15 npejacraBieHo COMOCTaBieHHe BCeX B3THX NaHHbX. OHW pac-
MOJAaraipTCa TaK, YTO MO0 HHM MOXHO NPOBECTH HEKOTOPYIO CPeJHIOI0 KPHUBYIO,
NpHYEM 3Ta KPHUBAasA YKa3biBaeT HA TO, YTO AEHCTBHTE/]BHOE, ONPEAENIEHHOE U3

ONLITOB omomenne—;‘-’—npumepuo B TPU pasa MeHblIE 4eM MO YPABHEHHIO S.
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¥23 10 :
. ypaBHEHHIO 5, TAK KAK TIPH 3TOM HYXHO 7 § x-lroges
- 6210 OBl JONYCTHTB, YTO NpeobJanato- i O-Unesnrrer
* mas v9acTh CHAH P aBaserca cuaoi 08 b | g_‘jj;:;‘;”
TPEHHSl Ha 3aTHIIOYHOH rpauy, YTO CO- || Omes s
BEPIIEHHO HEBEPOATHO. : : | C-6ocrom
[Ipruuna Takoro pacxcXAEHHUs Kap- a5 R
THHH PAaBHOBECHS C PE€3Yy/bTATAMHU OMbI- N
N

Ta6Gavua 2.

[Mepeanntt |¥Yron uonpe- | P O6pabaTbiBacMblit
yroa Ma cnupamm a WUcrounnxk
1 p Mmarepuan
80° 0,066
70° 0,125
60° 0,194
15° 50° 0,256 15)
41° 0,2—0,32 Cranp 50.11 Ilirosep
40° | 0,326
30° 0,435
25° 0,31
25° 0,3—-0,6
. Craap o, = 36 14)
27 58° 0,11—0,15 | kr/mm? Llnesnnrep
100 480 0,2—0,22 CTa.’lb GB :6 \‘—"70 Kyppa‘ﬁﬂ 13)
10° 65° 0,1—-0,28 | Cranp o, = 70 Afizene 16)
Kuxebyw u
8° 52° 0,134—0,333| Crane VCN—35 | IToan 17) ™
5°—20° v65° 0,12--0,16 | Craap 3150 Bocrod, dxuab-
15° 45° 0,35 6epr u Kailzep 18)

[MonbiTKy OOBSICHUTHL 3TO #BJEHHE MH Haxoaum Juwb y lItoBepa, xoto-
puifl CUMTAeT, YTO 4aCTb OKPYMXKHOH Cuabl P saBjseTcd CUJOH TPeHMA HAa 3aThl-
JOYHO# rpany, He BH3BIBAaOINEeH oceBOi cuan. HO 3TO o6bsicHeHHe HEYNOB-
JE€TBOPUTENbHO BBHAY TPEXKPATHOrO PACXOXKZEHHA MEKIY H3MEDEHHLIM B OIIbi-

Tax 3HAYEHHEM —;— H HOJICQHTaHHblh/I o

Ta MO HAlIeMy MHEHHMIO KDOeTcA B He-
NpaBHALHOM CYLIECTBYIOIIEM mpeiacTa-
BACGHUH JeiCTBYIOIUX HAa JIE3SBUU CHIL X 07 N
Tak kaKk nNpH HAKJIOHHOM . pacnosoxe- _ o W T -
‘ 5 w 9z ) i
uuu Jae3Bua (B <C90° pasmoseiicTBytO- s Nﬁ\, ¢
Ias CKODOCTH MOXET OBITb DPAa3/0XeHa Lo e <\* L
Hd HOPMAJbHYIO K JIE3BHIO COCTABJAAO- N IS )
myio Va ¥ NapanienbHyio JesBuio Vi 4y G0 60 70 20 908
(puc. 7) ¥ mocaeAnAs W3 HHX, KaK MHl
NOKAa3aJH paHee, NPOU3BOIMT JONOJ-
HHTENbHOE OCAXKHBaHME CTPYKKH, TO B

AN i

|
p £ &0 30
Puc. 15.

-_BanpaBJeHHHU Napa//eNbHOM JIe3BHIO 10JKHA NEACTBOBATL OT Pe3lad Ha CTPYKKY

CHJa, NPOM3BOAALIAS 3T0 OCaxXHBaHHe. DTa CHJIA Fs N4€T B COBOKYMNHOCTH C
Px pasroaeiicTByouyio R, xoTopas yxe He OyleT pacCloJioXeHa B MJIOCKOCTH
HOpMaJbHON K JesBuio (puc. 16). _

Cpasuenue puc. 14 u 16, B KOTOpHX cu/na P vaneceHa OJHOA BEIUUHHBL,
HOKa3bIBAET, YTO NG cxeme puc. 16 cuasl P, u Py noayuaiorcsd 3HaYHTENbHO
MeHblIe, yeM no puc. 14, T..e. no ypasHenusaMm 4 u 5. B ciyuae pabGoth TO-
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KapHOTO MMM CTPOTAaJbLHOIO pe3ua MH OUYeHb PEAKO BCTpeuaeMCs ¢ npolec-
«COM CBOOOJIHOTO pe3aHus, KPOME TOro, B 3THX CJayuasax yros 3 o6HUYHO OUYEHb
Hau30k Kk 90° noaTomy a8 2THX CJAYyHaeB YKAa3aHHOe H3MEHEHHe CXeMHl HeH-
CTBHSI CHJI CYIIECTBEHHOTO 3HaueHusd He umeer. [lpu ¢pesepoBaHHU HHUJIHHIPH-
yeckuM ¢pesepom, BaA060OPOT, BaKHO yMeTb MNOACYHTATH AelfCTBUTENBHYIO Be-
JUYHHY OCeBOt CHABl P, KoTOpasd 34eCh, BBUAY HAJAHYHSA YrJIOB B, 3HAYH-
“TeqIbHO OoTanyaromuxcsa oT 90°, MOXKEeT MMeTh CYLIECTBEHHYIO BEJAMUYHHY M Oymer
OKa3HBaTh 3aMETHOE BO3JeHCTBHE Ha TOAIIUNHHKK LWNKHEAEAS, KpenexHble
NIpHCNOCO6/IeH s, HArPpyKaTh BUHT [ONEPEYHOH NOAauM, HANPAaBAAIOLIHE H T. .
U3 puc. 16 noayuaem

P=Py.sinB-+ Ps.cos B 6
P, = Pycos B— Ps.sin § . 7
£T1CI0/a HETPYAHO MOJYUYHTL:
Py
— —sin B
P _P 8
p  cos P
1—L£n sin 8 ,
P, P ' 9
P cos B
&:cos B—& sin 8 10
P P

Mu nocraBuiu nepen cOO0H 1eabl0 3KCNEPUMEHTAJBHERIM MNYTEM ONpene-
JIATh COOTHOLIEHHME CHJ HA HAK/JOHHOM JE€3BHH INPH Pa3JHYHEIX 3HaueHusax .
D10 OBI0 HEOGXOLKMO IS TOrO, YTOGH OLEHHTh 3HAUEHHE CHJIH P KpoMme
“TOTO /I pelIeHHs BOMNPOCA, SBASETCH JH yAEJbHOE [aBJeHHEe De3aHUd NOCTOAH- §
HOfi, He 3aBHCAWIEH OT yrsa 3 W B KaKOM HAMpaBACHHH 3TO YACAbHOE 1aBJje-
HHe NPHHEMATH JJf PacdeTa CHJ, KPYTAUAX MOMEHTOB, Mommuocred. Jlo cero -
BPEMEHH OHO MPHHUMAJOCh NOCTOSIHHLIM, He 3aBUCAIMM OT 3, B HaNpaBJeHUU
HOPMAJIbBHOM K PEeXYINedl KPOMKe, H 3TO N0 cxeme puc. 16 p0MxHO Obo OH

' IPHUBECTH K YBeJHYeHHIO CHJIH' P c yMeHb-
mennem B, npu b= const, BBHLY BIAHAHHS
cunsl P Ha P. ‘

W3 ypaBuernuit 8, 9 10 u puc. 16 Bun-
HO, YTO JJs ONpeIeneHHs BCeX CHJ ILO-
CTATOYHO OMNpeAenuTh JBe U3 HuX. Ho MH
CYUMTAAH, YTO JAas Oonbmel [0CTOBEP-
HOCTH JKeNaTe/NbHO NPOBECTH HENoCpel-
CTBEHHOE W3MEpEeHHe BCEeX CHJIL

Kpome TOro, Hac HHTEpPECOBa/IO CpPaB-
HEHHE XaPAKTEPHUCTHK MNPOHECca pesaHus
NpU CTPOTAHHU U ( Pe3epPOBaHUM IJsi pe-
HIedds BOMPOCAa O BO3MOXHOCTH MepeHe-

CeHHd NPHHUUNHAIbHHX 3aBUCHMOCTEH OA-

HOrO Ha JIPYro#.

Mu npesxae Bcero BHIABHAM 3aBHCHMOCTb CHanl P OT yTaa § npu crpora-
HUM C Pa3AHUYHON TONIIHHOM CTPYyXKH. [lns aTOro peser Obl1 YKperJeH B che-
{MaJbHOH NepxaBke Ha Tpasep3e yHHBepcastbHOro (Qpesepuoro cranka. Ha
€TONe CTankKa (CM. puc. 17) 68/ yCTaHOBJIEH H3MEPHUTEABHBIA CTOM JJA U3MEPCHHUA
TODH3OHTAJBHOMA CcuAb nojaun npu QpesepoBanud. B 3ToM crone 3akpen-
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nsacs 6pycoK MeTansa, noiJexamui CTPOXKKE, U TAKHM 006pasoM Mbl MOIAK
3aMepATb [JaBHOE JHaBjenue pe3aHus P Ha CTPOraabHOM peslle, KOTOPHA B

' cBOeM npHcnoco6Grenud MOr OHTbh YCTaHOBJAEH ¢ Aw6um yriom 3. Hamepu-
TeNbHH CTOJ, U3TOTOBJIEHHHN B JaabopaTopuu pesanus mertansos Tomckoro
MHAYCTPHAJALHOIO WHCTHTYTA, UMEJ BBICOKYHO TOWHOCThH, TaK KaK GBI/ MOHTH-
poBaH Ha IIapHKax, Ol CHAGXKEH TUAPABIMYECKOd MECCN030#f W CaAMOPEruCT-
pupyiouium ManomerpoM. [lepen paGoroét o Gul NMPOTapUPOBAH, NMPUYEM NPH
TaANUPOBKE BHIACHHJAOCH, YTO OOKOBHE U BEPTHKA/NbHLIE CHJ/b, HEH30EKHO AeH-
CTBYyIOUIME HA H3MEPHTENBHHH CTOJN B MpOlecCe pe3aHMs, HHKAKOTO BJHAHHA
HE OKa3hbiBAIOT HA €ro NoKasaHus, B CHAY OCOOGEHHOCTEH erc KOHCTPYKIHH.

-

Puc. 17.

Ha puc. 18 u 19 npencrasiens pe3yabTaThl U3MEDEHUsS CHAbl P NpPH CTPO-~
FaHUH C Pas3auudBIMH yriaaMmu 8 cranan o, =060 x2/mm?, KOTOPHIE TOBOPAT O TOM,
YTO NpH MOCTOSHHON WHMpHHE cTporanus b cuna P (B Banpas/JeHHH ABHKEHHS
pesua) aas yraos 8 =90°—30° He 3aBMCHT OT YyrJa 3, HECMOTPA HA TO, UTCG
NpH yMeHbUIEHWH B yBeAMUHBAETCS WHDHHA CTPYXKH [, rlhe f

b
sin B3

e e

¥
i

=

IIpu B<C30° ciuaa P HauaHaer BO3pacTaTh.
29:




[Nono6uoe ke aBnedne OLIIO NMOMYYEHO NPU ONHITAX ¢ uyrysoM Hz= 150,
C TOH pasHulledf, 4TO yreqdueHHe Cuasl P 3Jecb HauWHaeTcsd IPH yraax
B<C40°

Bce aTH OnpITH OHLVIM TMPOBELEHb C PE3IOM, HMEIOIIHM NepeIHHH Yrod
1=10° co ckopocrteio pesauuss ¥V ==200—760 smjrmux.

[lapansenbuo ¢ atuM ObLTM TPOBEAEHHl 1O TEM K€ MAaTePHAJAM ONBITHI
Mo (pe3epOBAHAI0 UMAMHIAPHYECKHME (pe3epaMu C yriaMu NOABEMa CIIHPaIH
8=80°% 8=164,5°; 8 =45° u B=25° B onmrTax usmepajcsa KPyTAMHI MOMEHT
Ha (pesepe NpH MOMOIIH CNENYAILHOTO JHHAMOMETPA KOHCTPYKIHHU aBTOPa 19),
‘$pesepa umean nepemnuid yroa y==0° Ha puc. 20,21, 22 npencrasiaeHr pe-
3yJbTaThl ONLITOB ¢ (pesepamu. I'paduku TOCTPOEHH B KOOPAMHATAX Aw—-
. YAeabHas paboTa B Kemm/mMm® U S;—TOJIMEHA CTPYXKKH IIOCPEAHHE AYTH KOH-
‘TakTa B MHUKpPOHaXx. CooTHomeHue 3HaueHud A, 0OpH OJHUX M TeX XKe S,
KaeT COOTHOUIEHHME CPeJIHHX OKPYIKHBIX CHJA NpuU (ppesepoBaHui.

Taxum o6pasom, puc. 20, 21, 22 noxasmBaioT, 4T0 npu (pe3epOBAHUK Mbi
YMeeM TAaKYI0 XK€ 3aBHCHMOCTb cuasl P OoT yr/aa 3, 4TO W {IpM CTPOraHuH.
Ha puc. 23 nano comocraB/ieHHE TE€X U IPYTHX Pe3yJabTaTOB, NPHYEM TOYKH

nast ¢ppeseposanud ¢ 3=90° u B=75° HaHeCEHHl IO HAIUMM ONBITAM C MAaquT-

HUKOBBIM JHHAMOMETpPOM 19),

3areM HaMM OBIIM DIPOBENEHB! ONBITHL [0 H3MEPEHHIO HOPMAJAbHON CHabl Py
Ha cTporaJdbHOM pesne, umewomeM 8 < 90°. Jas ocyuiecTsaeHus H3MepPeHUd
HOPMAJIbHOW CH/bl HAa HAKJOHHOM JIE3BHH MBI MOCTYMMIH CAefyomuM obpa-
30M. Peseu 6bl/1 YKpPEmJIeH B ONMMCAHHOM BHIIIE NPUCHOCOGJEHHH HA TPaBep3e
()pe3epHOro CTHKA TaK, 4TO JIe3BHE €ro pacrmo/arajnoch NeprneHInKyasapHo
JBHXKEHHIO MPOLOJBLHOH II0jJa4d, BO BpPEMA XKE ONBITOB Mbl OJHOBPEMEHHO C
MPOJAOJABHOA mojaueil CToay (Gpe3epHOro CTaHKa COOGWAJH MONEpPEeUYHYIo Io-
Jady, napajasesbHYyI Je3BHIO pesta. B pesyabtarte 3TUX JBYX ABHXKEHUI .00-
pabaTeiBaeMoOe M3/eJ/Ke, YKPEIJEHHOEe HA CTOJE, MePEeMEeN[an0Ch OTHOCHTEABHO
pesna B HampaB/JeHHH MOJA yrjoM [ K €ero pexyme#l KpoMKe, NIpUYeM €CJH
CKOPOCTh NPOJOJLHOA noaadn Vy, a ckopocth nmonepeunoir Vs, 1O

. -
Vs

tng B =

Taxum oGpasom, cospaBast pasauunsle coorHoweHus Vs u Vy (11s yero

‘Ha BUHT NONEPEYHOH NOoJayd JBIKEHHEe IMepenaBajJoCh C Pa3/JH4HLIMM CKO-
POCTAMH OT NOCTOPOHHEro IPUBOIA), MBI MOIVIH [O.1y4YaThb pe3aHHe C Pas3jany-
‘HbIMH B M PETUCTPHPOBATH CHAY Py TeM Xe H3MEPHTEJAbHBIM CTOJOM, KOTO-
PbHIM B BHILICONHCAHHOH CEpPHM QNHITOB perucTpupoBasachk cunaa P. Beanunna
yraa 3 perucTpupoBasach B OUBITAX [PH MOMOIIM KapaHAAIia, YKPENJeHHOIO
Ha TpaBep3e, KOTOPLII UYepTuJ IMPsSMYI0 Ha TMOJAOCKe OyMard, ykpenjeHHOH
Ha CTOJE. DTa HpaMas He UTO HHOe, KAaK HANpPaB/JeHHE pe3yJbTHDYIOUEro
nepemeuienuss obpabatoiBaemoii- 60/1BaHku (mosocka OyMaru) OTHOCHTEJIbHO
pesuna (xapasnaiu). ' ,

B pesyabrate Takoi MOCTAaHOBKHM OMBLITOB HAMH BIEPBHIE B HCTOPUH HCCIe-
JOBaHHSl NPOLECCOB pe3aHHd HEeNoCpPeJCTBEHHO M3Mepdaach (a He noJayda-
Jlach B pe3yJbTaTe nepecyeTa II0 KakuM-1u60 ¢opmyaam) cuna Py Ha Hak-
JIOHHOM JIe3BHH. :

PesysbTatel onelTOB mpeacTaBgeHn Ha puc, 24 u 25. OnbiThl HPOBOIH-
JIUCh C MOCTOSHHOM NIMHOH pexyiwledl KPOMKH [, HAXOAAWIEHCs NMOA CTPYK-
KO#, M03TOMY 1O OCH OpPAHHAT Ha puC. 24 m 25 orjoxeHa BeauyuHa Py.sin B,
‘Tl. €. HOpMaJ/bHadA CHJIA, OTHECEHHAad K TMOCTOAHHOHW JJHHE peXyled KDOMKH
({ ==const)1), .

1) Beugy 0coGeRHOCTEHi MOCTAHOBKM OMMITOB, Mbl HMEEM B OMNbTax [ = b, HE3aBHUCUMO OT
yraa 8. Ha puc. 24 n 25 ykasasa senuuuHa b.
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[To puc. 24 u 25 MOXHO CleqaTh 3aKJAOYEHHE, UTO LPH MOCTOSHHOH TOJ-
IlMHe M IIHPHHE CTPYXKKH, T. €. IPDH NOCTOIHHOM €€ CEeueHHH, cula Py 3Ha-
UHTE/bHO YMEHbIIAETCSA C YMeHblleHHeM yrja 8. DTo sB/JeHHe, IO HalIeMy
MHEHHIO, OObsICHACTCA "CaeAyromuM o6pasoM. Bo-mepBhIX, ueM MeHbIIE YroJ
B, Tem Goable OTKJOHAETCS HanpaB/eHHe JIBHUXEHUsl YacTHL CTPYXKH MO
nepejHe# rpaHH OT HOPMAIH K JIE3BHIO, YTO CBS3aHO C yMEHbLIEHHEM COCTaB-
JAOMEHR CH/Ibl TPEHUs HA 1NepejHed TIpaHM B HAIPaB/IE€HHH HOPMAJbHOM K
JIE3BMIO, KOTOPAas HECOMHEHHO OKa3biBaeT BJAUSIHME HA BEJAHYHUHY CHIH Py.
Bo-BTOpPHIX, ¢ yMeHbIIeHHEM yrJia $ CTaHOBHTCA 60Jee 3HAUMTEJIbHHM 3(PeKT
MOJNHU/IMBAHMS CTPYXKKHU JE3BHEM, TAK KAK C YMEeHbleHHeM [ YBE/IHYHBAETCSH

Sn

A . OTHOIIEHHE —— YTO BH-
500 ® l T ] : V#fl/r’/‘/!ﬁ;T N ?
- s ! - De52; 2et8, 3150°
Ny || siomooie  IMMO OCJErdaeT mpouecc pe-
AT | ‘g-z.zmp:-%, 3aHud. B-TpeThbHX, C yMeHblle-
b3 - N =8 B4 5" .
e e P ~ paoreslee| HHMeM  yraa B yBeqMuHBAeTCs
Ot T, ALl 4o cuna Ps, nanpaB/JeHHas mapad-
sl S JeJbHO Je3BHI0. dTa cuaa (K
00 . - A -}.‘ .
B & | 4YacTb ee, NPUIOKEHHAs Ha Ie-
?r g ! : . peaHe# rpaHu), siBJg5Cb BHEUI-
e T T TR T T N T T He#l CHJao#, JelicTBylomie#t Ha

CTPY¥XKY, -IDOU3BOAUT OTBOpa-
YMBAHHE €€ B CTOPOHY, YTO NO-
BHIMMOMY, BEI3nBAaeT paspylie-
HHE yaCTHIL MeTaslla nepe,a Je3BHEM Desla u TeM croco6¢eTByeT ymenbmeumo
cuanl Py.

C yBesuueHHeM TOJIUIMHL CTPYXKKH YMeHbIIeHHe CUJAL Py ¢ yMeHbilleHHEM
§ craHOBHTCA MEHEE 3HAYHUTEJbHBIM, 4TO OCOOEHHO $ICHO BHAHO U3 puC. 24,
TaK KaKk YyKa3aHHbIE BHILE OOCTOSTEAbCTBAZ NPH TOJCTOH CTPYXKE HMEIOT
OTHOCHTEJNbHO MEHLIIHH YAeJbHLIH BeC, YeM IIpU TOHKOH.

M3 puc. 24 u 25 MOXHO 3aKJ/IOUHTB, YTO YIE/JbHOE [aBJCHHE PE3aHuA
(Ks) He MOXeT CYHTATBHCS B HANPABJAEHHH, HOPMAJbLHOM K JE3BHIO, HE3aBHCH-

Puc. 22.

& O- POEIOPOFSE S H® .
& X-CT RO s "’"’g’m
//i/‘ '. Crﬁﬂé . 00 r__f CTPOrFHNE 4:L -
iy 400 b crans Ege 5O
72 | o ‘ fi7 g | pa
’ 300 1
4 ‘
70 s e S Vo W 4 200 / ;,}ﬂr‘{ e
/ ) |
D A | A1 é‘//‘}
3:4 3 w o //m} o- Br90°
12 w0 | A A s
b~ 8880
ETS P94 ;:2:‘;::
10 ST OS VL BD 1 A 5 o 4\20r
2
! g N Qo8 ﬂ“wmqafﬂf {2 4” 44 a5
10 20 30 40 50 60 70 80 90 j3° S
Puc. 23. Puc. 24.

UM OT yraa §, Kak 3TO NPHHHMAJIOCh MHOIMMH AaBTOpPaMM B NDHUJIOXKEHHH K
npoueccy ¢pesepoBanus.

Jlanee MBI mpoBeJH PsAN SKCNEPHUMEHTOB NO ONPELENECHHIO OCEBOH CHJBI
P, npu ¢pesepoBanun NUJIMHIPHYECKUMH (pe3epaMu, HMEIOUIHMH PasjHYHBIE
yIJbl MOAbeMa CIHpadH {§ u, 3aMepsis OJHOBPEMEHHO C OCEBOW CHJOH Ha (¢pe-
3€pe M OKPYKHYIO CHJIY P, MOAYy4YHIH BO3MOXKHOCTh ONPEAE]HTh OTHOIIEHHE

32



.Bce 3Tu omnbiTe ObIM NPOBEJEHH NPH pPaBHOMEDHON IMpHHE (pese-

POBaHH{A, YTO TapaHTHPOBAJO CNOKOHHYIO pa6oTy (pe3epoB H TOUHLIE 3ANHCH
peructpupyomux npubopos. OkpyxHas cujaa P onpejensnach U3-KPyTALIEr O
MOMEHTa PErucTPUPYeMOro AMHAMOMETPOM, YKa3aHHHIM Bhime 19).OceBas cuaa
Ha ¢pesepe P, onpenreasnach CHEHUAJTLHBIM H3MEPHUTEJNbHHIM HPHCHOCOGJe-
HHEM, CXeMaTHMUYeCKH TMPEACTaBJAEHHBIM Ha puc. 26. B xopnyce dpesepHoro
CTaHKa (1) HA NMOAWHNHHUKAX C KOHWYECKHMH POJHMKAMH MOHTHPOBAH WITIHH-
neqab (2) ¢ BHYTpEHHHM OTBEPCTHEM, B mnuamesab BCTaBAeH KOHYC (ppesep-
Ho#t ompaBku 3, Hecymeil dpesep 13. KoHyc onpaBku He KacaeTcs BHYTpPEH-

HEro KOHyCa WINUHJIE/R, & MOKOHUTCH Ha

S _ IIAPUKONOAIIUITHUKE, BHYTPEHHEE KOJIbIO
*0 Crec 45-,?. KOTOpPOTO IPOYHO CKPENJIEHO C KOHYCOM
300 wyrir % OINpPaBKH, BHEIIHEE KOJIbILO BAEJNAHO B Le-

(| fr20% E3tmmd ﬂy/ / TaJdb 4, YKpeNJeHHYI0O Ha TNepeiHeM KOH-

L I B o . ue wWnuHAeJs. BHyTpeHHee U BHelIHee
| ’/ & KOJIbIIA LIADHKOMOAUIMIIHUKA, MEXKAY KO-

! / ! TOPBEIMH 3aKJIOUeHbl WIADHKH, BHITOIHEHEE

200 // o' t IHJIHHApHUECKUMH ©6€3 KaHaBok, 0.Jaro-
& /‘:/// o~ §-ect Japs 4YeMy OHU MOIYT IepeMellaThCs
500// ,z/y —«‘2 aes IPYT OTHOCHTEJBHO ApYyra H B OCEBOM
50 5 N Hanpas/JeHnd. Mekay crneluajibHBIMH BbI-
40 A p- 41237 crynamu jgetand 4 u 6ypra OmpaBKH 3
30/ ' 3aK/I04eHH MITHPb 6 M HATSIKHAS NPY-
0ol e a2 43 9508 HUHA 7, NPUHYJRTEJbHO Bpallaiomue Oli-
cﬂm paBKky ¢ (pesepom mpu BPALIEHHH IITHH-

Puc. 25. JeJst, HO He NPenATCTBYIOUINE €€ OCERO-

MY HepeMeIIEHHI0 MOI BJAMSHHEM OCeROH
cuib Ha (pesepe. OnpaBka MOKOUTCA B MIIHHAPHYIECKOM MOAUIMIHUKE CKOMb-
Xenusa 5. B koHmueckuil XBOCT OmMpaBKH BBepHyTa IITaHra 8, KoTopas, mnpo-
X051 CBOOOJHO yepe3 OTBepCTHE UIMHHAENS, YIHPAeTCs uepe3 yHODHHIHE Lia-
PHKONMOAWIMNHUK B Meccno3y 9. [IpeaBapuTeabpHHl HATAT BCEH CHCTEMBL
cospaercsa npyxuuod 10, koropas 3arsaruBaercd 6oatoMm 11, BBepHYTHIM B
KPOHWTEHH 12, 1 4epe3 YHOPHbIA IIAPUKOMOJUMIHKUK JAaBHT HA OODAaBKY 3,
wradry 8, meccnosy 9.

BOSHI/IhaIOIU,I/Ie BO BpeMsl paboThl (bpesepa OCeBhle YCHJUg OyAyT Iepena-
BAaThCsl MECCHO3e 9 M el PEerhuCTPHPOBATHCS.

[Ipn paccmoTpenun cxeme
puc. 26 MOXeT BO3HHUKHYTH
[IPeINnoJaoXeHne, 4TO BpeX-
HBl€ CONIPOTHBJEHHS B HOJI-
IUIHUKE. 5 OYAYT HCKakKaThb
BEJHYHUHY OCEBOTO VCHJHUS, '
PETHCTPHPYEMOTO MECCHO30H  Foguovd

‘ *\\“\\\\\\?\\\\wm"- ;

o @'\\“w\\m\\
. °© v - |'z | gt
9. Ho B nmeficTBUTENLHOCTH 5 v 7
3TH BpeJHbIe CONPOTHBJE-
HHsl OYAYyT OYeHb MaJkl IO Puc. 26

CAEAYIOWHUM COO6paxKeHuaM.

©  MakcumanpHOe  nepemelne-

'HHE TNOpIIHS MecCHOo3bl, a 3HAaYHT H OCEeBOe TefeMelleHHe OIPABKH 3 H

WTaHCH 8, DM H3MEHEHWM OCEBOH HArpY3KM OT HYJIA L0 MaKCHMyma, CO-
cTaBasgio auwb 0,10 am.
Cusa Tpenus F B noamuanuuke 5 B HANPaBJEHUH OKDPYKHOH CKOPOCTH

uanq)u
F=fN,

3* Ussectna THU 1. 59 B. I, ‘ 33



rne f —xko3(HUHMEHT TpeHus,
N — peaknus.
" [Ipumem 2 N paBHBIM T€OMeTPHUECKOI cymme cus1 Ha 3y6e (ppesepa

2N==]/p2._l_pr2

P — oxpyxHas cusaa Ha 3y6e (pesepa,
P, — papnaapHas cuja Ha 3y6e (pesepa
[Tpumem P,=0,50 P .
trorra N=0,56 P

Bospmem f=20,1 (B Ilenc'rsmenbuoc'm OyneT HHUXKe).

Torna
F=0,056 P

[TpumeM MUHHMAJbLHOE COOTHOILIEHHE MEXKAY H3MepsieMOi oceBOH CHAOH
Ha ¢pesepe P, u OKpyxHOI cuiaoi P

Ps _o,1
p

Torna
F:O,SG pa

TakoBa BesquuuHa CHJAB TpeHHd Ha nande B HanpaBneHnn ee OKPY3KHOH
CKOPOCTH.

Jlnig onpeje/ieHHss»CH/IB TPEHUS B OCEBOM HanpaB/JeHUHM NPelNoJOXHM,
UTO Harpyska Ha ¢pesepe OT HyJ s A0 MakCHMyMa MeHsleTcss 2 Z pa3 3a OJHH
o6opoT, rae Z—uucao 3y6uoB ¢pesepa.

Torna cuma TpeHus B oceBOM HampasiaeHuun F, 6yZeT BO CTOJBKO pas
MeHblle CcHJAbl TpeHus F, BO CKOJMbKO pa3 oceBoe MepeMelieHHe Handbl
MeHbIIe OKPYXHOTO

Fa 22.01

F =d

Huamerp nands d =50 uu
Uncao 3y6unos pesepa Ly = 18.

0,56.2.18.0,1 P,
.50

‘ Fa MAX ZO,OIQSO.pa

B nedcTBHTeabHOCTH BeauynHa F, O6yaer elle MeHbIUe, TAK KAk OILITHI
HaMH NPOBOAMJANCH NPH pPaBHOMEepPHOH wmHpuHE (pe3epoBaHHs U KOJebaHHA
Harpysku Ha (pesepe OwIM BCerja OY€Hb HE3HAYMTEJBHBIMH, UTO CONPOBO¥-
Ja/0Ch efle MeHee 3aMEeTHHIMH, YeM NPHHATHE B pacueTe, OCEBHMH IepeMe-
meHnsaMH uangs B nogumunHuke 5. ONHCaHHOE YCTPOHCTBO OLIIO CIPOEK-
THPOBAaHO M HM3rOTOBJEHO B JaGopaTOpPHH pe3aHus METANIOB TOMCKOro HH-
JAYCTPHAJILHOTO HMHCTHTYTA,

PesyapTaTel ONLITOB 10 M3MEPEHHIO OCeBHIX CcuaA £, Ha (pesepax mpen-
CTaBaeHsl Ha puc. 27 u 28 B xoopauHatax S, (CpeauHHAss TOJLIHHA CTPYKKH)

Famax=

abcnucca — OpIMHATA.

Ha puc. 27, kpome TOro, HaHeCeHH KDECTHKAMH BEJIWYHHE, NOIACYHTAHHBIE
110 ypaBueHu0 8 Ha OCHOBaHUYU ONBITOB CO CTPOraJbHLIM pe3uoM. Xopotiee COB-
f1aJleHle YKa3HBaeT Ha NOJHYI0 WIEHTHYHOCTH MPOIECCOB, NPOUCXOAALUX NpPH
CTPOraHUH U (Ppe3epOoBaHHH. .
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ya

a

Ha puc. 29 npexcrasiaeHa 3aBUCHMOCTD

= f(B), npuuem AaHHLIE, OTHO-

camuecss K (pe3epoBaHHIO, HAHECEHHI HENOCPEACTBEHHO M3 puc. 27 u 28, nan-
Hble 1O CTPOraHMdio MNOJAyYeHH NOACUYeTOM no ypaBHeHuio 8. Puc. 29 noxaswul-
BAET HCKJIIOUHTENbHO XOpOUIee COBMNANEHHE pPE3YJBTATOB ONLITOB MO CTpPOra-
HUI0 U Qpe3epOBaHUIO, KDOME TOTO, MO3BOJAET CYNTATh A5 UYYTYHA H CTaNH OIHY
M Ty XK€ 3aBHCHMOCTb.

Puc. 29 usobpaxen 1/ HEKOTOPOro CpeIHEro 3HAYCHHS TOJIIMHBI CTPYXKH
8=3S,=0,1 mmu, Boobme xe, KAK NOKA3HBAIOT pHuC. 27 u 28,

3aBHCHT,

npaBia B O4Y€Hb HE3HAYMTEJbHOH CTENMEeHH, H OT TOMLIMHE CTPYKKH.
o [lo ypaBHenuo 9 151 ONBITOB MO CTPO-
\ raguio ¥ no ypasHeHuio 10 aas onHTOB
10 (pe3epoBaHHI0 HAMH OBLIH MOACYUTAHL

il

B€/JAHYHHBI N HaHeCeHbl Ha rpacbmce

puc. 30 aaa 6 =S,=0,1 um. [lo puc. 30
MOXKHO 3aKJIYHTh, YTO cuaa P, wanpa-
BJI€HHAas [apajjelbRO pexyiied KpOoMmKe,
JLOCTHTaeT NPH MaauX 3HAYEHHAX yraa
60/bIIOH BeAMUYHMHB M DpeHnebperarb €l
o HY B KOEM CJyuae Heab3s. ITHM M 00Obsic-
HAeTCH, moYeMy HE NOATBEPXAAIOTCS ONBITOM ypaBueHus 4 U 5, NPUHUMABIUNECS
JI0 Cero BpeMEHH Kak MpaBHJbHBIE, HO B ACHCTBUTEJILHOCTH OCHOBAHHEIE HA IPY-
60 omH6GOYHOM UPEACTABAEHUH O B3aMMOOTHOMIEHHH CHJ/1 HA HAKJIOHHOM JIE3BUH.

Tak kak Mb HAIIMMH BHIBOJAMH OTPHIAEM J0/]TO€ BpeMs CymeCTBOBAaBIIHE
BO33DEHHS M BHJBHMraeM COBEpIIEHHO HOBHE MOJOXKEHUS AJAS pacyeTa CHa Ha
cnupancHoM ¢dpesepe, MBl cuuTanu cebs 0Osi3aHHLIMH NMPOM3BECTH HEMOCPEA-
CTBEHHOE H3MepeHHe cunbt P, urobh JH0Ka3ath, 4TO puc. 30, noayyeHHbik
pacueToM, JaeT AJs Hee NMPaBH/IbHYIO BEJAHYHHY, 8 TaKke 4YTOOB NOKa3aTh,
YyTO NpelaaraeMas HaMu KapTuHa JedcTBylomux cua (puc. 16) sBaserca He-
YepnHBaKIle NOJMHOH H B IMOCKOCTH

Puc. 31.

I I

pe3anus HHKAaKWX HHBIX CHJ, KpoMe .J(g_ i . lc7a6 65260

VYTEHHBIX HAMH, HET. e o_gj'go | [rowapnaR PASOTE
Jlis HENOCPEeNCTBEHHOrO Hamepe- 49— ¥ - | T

HAA CHABL Ps Mbl TIPOM3BENH DAR 06 b—imgfidf® e

OnuTOB HA ToKapHoM crauke (IMI1— a5 :;#—_a__ __Er =—=x ]

30) ¢ TpPexXKOMNOHEHTHBIM H3MEpH- &4 |- e da

TEAbHBIM cynnoproM ¢upmel Losen- .

hausen. ' ‘ 8 o
JIinsg  OCyLeCTBAEHUS HEMOCpem- o T T I

CTBEHHOTO H3MEpeHHS CHAB Ps MLl 407 @03 aof  Gos 4o o/ 02 03 0 &an

nocrynann cjepyilomuMm obpasom. B Puc. 32.

IIeHTpax CTaHKA YKPenasaach LH/AHH-

ApHrYeckas 60JBaHKA, HA KOTOPOH NpeABAapUTE/bHO Orlid H3rOTOBACHA BHICTYNAM0-
11a8 AEHTOYHASI BUHTOBAst HUTKA C TEM HJIH HHBIM, HHTEPECYIOUIHM HAC yI/i0M CH-
paau (puc. 31). B rokapHOM H3MEPHTEABHOM CYINOPTE 3aKpenssaacs pesed aana-
TO4HOH (GOpPMH C Je3BHEM, apa/ije/bHBM OCH 60/BaHKH. Jle3BHE pe3la HMEeJQ
AJUHY, MPEBRINAONMYO IMIHPDHHY HHUTKH; PE3€Il UMea MepefHHH Yroa 1==10°
[TogBoasi pesen K MOBEPXHOCTHM BUHTOBOH HHTKM ¥ YCTAHOBHB €ro Ha XeJaae-
MYIO TOJIIHMEY CTPYXKH, MbI COOOLIHJAH pe3uy nonady, paBHyio Liary npeasa-
PHUTE/TbHO W3rOTOB/JEHHOH JEHTOYHO!H HHTKH, TaK YTO OH cpes3al C MOBEPXHO-

CTH HUTKH HENpPEepHBHYIO CTPYXKY C 3aJaHHOH TOVINHHOH H C LIAPUHOU
HUTKH.
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['1aBHOe naBjeHHE PE3aHHs NMPH 3TOM ABJAANOCH HHUEM HHEIM, KaK CHJIOH Py,
JaBJeHHe moxauu cuaon Ps, ‘

Ha puc. 32 gaHbl pe3yabTaTH ONKITOB, NMPHYEM TAK KAK ME B 3THX OIb-
- Tax H3MEpSIH HEeNoCPeacTBeHHO Py u Ps, cuay xe P npu pasauynbix P u3-
MepPUTb HE HMeJH BO3MOXKHOCTH, TO rpaduk puc. 32 JgaH B KOODIMHATAX

P P
————23 (Toamuna cTpyxku). XKenatenbnee OLLIO Gbl HMETb HE ——— | a

Py N

$

o cpaBHeHusi ¢ puc. 30, HO Mbl B JaJjpHedmIeM MOKaxem, 4uTo Py

OYeHb HE3HAUUTEJbHO OT/aHuYaeTcs oT P. .
Puc. 32 naer BnoaHe COOTBeTCTBYyIOmME PUCYHKY 27 pesyabrtate. Jlefict-
BUTEJbHO, €C/IU NPUHSATH, YTO C YBEAHYEHHEM TOJIIHHEL CTPYKKH npu B == const

P :
OTHOULIEHHE —f)“— yBeJquuuBaeTrcsa, TO o ypasdenuwo 10 caenyer, yro or-

HOUIeHHE d

JOJKHO YMEHBINATBCS, YTO MH M HabJMI0IaeM Ha pHC. 32.

N

s

OOBSACHUTDL MOHHKEHHE OTHOIIEHUS C YBeJUYEHUEM TOJIIHUHBI CTPYXKH

MOXXHO c/aeayoluM o6pazoM. Cuaa Py NpuaoXKeHa 4yacThlo HA 3anHeld rpaHy,
Y4acThI0O Ha nepejHeill rpaHu pesua. [Tocaennsis wacTh ABJAETCH HUYEM HHEIM,
KaK NPOeKLHEH CHJABl TPEHUS MeXAY CTPYKKOH H pe3noM Ha HanpaBjeHUe
napajasienpHOe pexymell kpomke. PaBHOXEHCTByOmas cujia TPeHUS HANPAB-
JIEHA NIPOTHB ABHXKEHHA CTPYXKKH IO IepejHell rpanu. DTO HANPaBJEHUE, KAK
MB! [I0OK43aJ0 BHIIe, OTKJIOHAETCH OH HOPMaJaH K pexyuiedt xpomre. OTkJIO-
HEHHE OT HOPMa/u CBSI3aHO.C JOMOJHHTEJIbHOH aedopmauned CTPYXKH, NpH-
YEeM TOHKas CTPYXKKa CP4ABHHTEJbHO MEHbIIE CONPOTHBJAsETCH AedhopManuy,
CPaBHUTEJABHO OOJbIIe OTKJOHSIETCH OT HOPMAIH K PeXyuled KPOMKe M A
TOHKOH CTPYXKKH NPOEKHUS CHJAB TPEHHS Ha HANpaB/eHHe, apajienbHoe pe-
OKymeHd KpoMKe, HMEeeT OTHOCHTEeJNbHO OOJAbIIVIO BEJAHYMHY, UeM I/ TOJICTOM
CTPYKKH.

Ha puc. 33 nmo puc. 32 nano orHomenue B 3aBHCHMOCTH OT {3, IpH-

N

YeM MB HMEeM 3JeCh COBepUIeHHO TOYHOe COOTBeTCTBHe puc. 30, 4TO Hac
y0exjiaer B NMPaBUABHOCTH HAUIHX BHIBOJOB.

p
Ha puc. 34 u 35 wamu Jgaspl OTHOWIEHUS ~—}§’——, npuyeM s CTpOrafb-

HOTO pEe3Ua OHH INOJAYUYEHBI HErnocPeJCTBEHHO H3 ONKITOB, A4 Qpe3epOBaAHHA
NONCYMTAHE! MO YPABHEHHUIO 8, B KOTOPOE Mhbl IIOJCTABJASAIH IOJYYEHHOE H3

ONBITOB

Puc. 34 n 35 mnoxaswiBaioT, YTO cuaa P, mpumepHO paBHA W JHIIL He-
MHOrO OTJIHYAeTCss OT Cuanl P, B TO BpeMsi KaK IO CYIIECTBOBABIIUM IpEJ-
crapaenusamM npu B<C90° Py BCeria B GoJee W/IM MeHee 3HAUUTEJbHOH CTe-
- 'IeHH npeBOCXOauT cuay P (ypaBHenue 4).
~ Ha puc. 36 Mpl 1aeM cOmOCTaB/AeHHE MOJYYEHHBIX HAMH H3 ONBITA COOTHO-
IeHHA Cul (CIVIOIIHBIE JHHHM) C COOTHOIIEHHSIMH, COrVIACHO CYLIECTBOBAB-
WIHX [0 CE€ro BPeMEHH BO33peHHH .no ypaBHeHHAM 4 u S (NYHKTHDHbIE KPH-
BHe). Puc. 36 me TpeGyer mosiCHeHH#l M JOCTATOYHO APKO XaPAKTEPU3YeT
rpy6yio omub60oYHOCTh ypaBHeHHH 4 u D.
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‘Briogrr.

Ha ocHOBaHKHH NPOBENEHHBIX 3KCMEPHMEHTOB MOXHO YCTaHOBHTh IPaBH/b-
HOCTBb fIpelJIOXKeHHBIX HaMH ypasHenuit (6,7, 8,9,10) an1s npouecca cBo60AHOTO
pesaHus METalZ0B KaK MPH CTPOraHHH, TOKapHOH o6paboTke, Tak u npu ¢pe-
3epOBaHMH.

CooTHOIERHE CHJ HA PeXYMEM Je3BHH nmo puc. 29 u 30 10CTaTOYHO TOYHO
MOKeT ObITh BHIPaXeHO 3aBHCHMOCTIMH

P, 028 1
P - tngp
Pg
=0,72. cos B 12
Orcioga MOXHO NOJAYYHTL 3aBHCHMOCTD
Py Of28 -+ 0,72. sin 8 o 13
P sin B3

KOTOpAss XOPOIIO COrJaacyeTcsi ¢ KpUBHIMH puc. 34 u 35.
Has canel R nonyuuM caepyrolee

R :l/ 0.078¢ g9 14
P sin?j ’ o
Beipaxenus 11, 12, 13, 14 oaunakoBo NpHroaHH KakK AJs 9YTyHa, Tak H IJd
Cctand B npepenax yraos B ot 20° xo 90°, HamGOJBLIYIO TOYHOCTH OHM [alOT
JAs TOJUIUHE CTPYXKKH 6(S,)=0,1/um, HO U AN APYrUX 3HAYEHUH TOJIIHUHEI
CTPYXKH OTKJOHEHHS GYAYT CTOJb HE3HAUUTE/bHH], YTO HE HMEET CMBIC/IA UX yC-
JOXHATE, TeM Oosee, 4TO AAA HaubGoJee pacOpPOCTpaHEHHHX NpH (peseposa-
HuH yr0B B >45° aTH OTK/NOHEHUS1 0COGEHHO MaJHl.
[Iposenennas mamu pa6ora NO3BOASET YCTAHOBHTH NMPABU/bLHLIN BHJ 3aBU-
CHMOCTH OOINEro M yrenbHOro 1aBJeHHs pe3aHuss OT (PAaKTOPOB pes3aHud, a
TaKXKe, YTO HE MEHEe BaXHO, NPUHIHUIKANBHO NMPABUJIBHYIO CBA3b MEXIY 0O-
WIUM U YAeJbHBIM NIaBJCHHEM pe3anud. [[1s MOsACHEHUS YKaxXeM, 4yTo JO CEero
BPeMEHH OBIIO HEZOCTAaTOYHO ACHO, KaK OT YAEJABHOrO AaBJEHHS pe3aHHs Ie-
‘pedTH K oOme# cuie Ha pexyllell KPOMKE B CIydae HAaK/JIOHHOA pexylied
kpomku (B <C90°) mpu npouecce cBOGOAHOrO pesaHus.
Mpod. CasBuH, npunumas ad QpesepoBaHus yAeIbHOE HABJEHHE,

R
o KS:COmax
CHHTAECT, YTO 3TO Bblpa)}(eaue Jaetr BO3MOXHOCTE MNOACUNTATDH HOpMﬂJIbHyIO
CHJ]y PN, nyTeMm CyMMHpOBaHHﬂ yﬂ.eﬂbHOPO JaBJCHUS no BCEMy nCnepeqHOMy
CEYeHHI0 CTPYXKKH, H TOAyuaeT cuay P (B Hanpas/JeHH) PaBHOLeHACTBYIOIEH
CKODOCTH pe3aHusi), nepeMHoxas Py Ha CHHyC yraa noabema cnupasau B. Ta-

KHM JK€ NDUHUMNHUANBHO MyTeM HAYyT H MHOTHE JpPyrHe aBTODH, NOJAb3YACH
IAg yAaennsoro Aasjenus: Boipaxcenuem Oxford u Airey ‘

Ks=CSt

Tak nmocrynawor npodp. Pesnukos 8), npod. Pynsuxk 11), npop. Kpusoy-
xoB 1), uapk. [emMOGuBCckuil 2% u ap. Tak ke nocTynanu W Mb B HaleH
»TE€OPHH PpaboTh HUAHHAPHUEeCKOH (pe3H CO CnHpaabHHEM 3ybom* 21),

Jlpyrve aBTOpH MOJY4alOT cuay P, pacnpocTpaHas yAeJbHOE [aBJeHHE pe-
3aHHs HE HA TIONEPEYHOE.CeUEHHE CTPYKKH, a Ha €ro IPOEKIHI0 HA IIOCKOCTb
OJHOBPEMEHHO HOPMAJbHYI0 [OBEDXHOCTH pe3afysi M HANDAB/AEHHIO IBHKEHHA
pesanuda., Tak nocrymaior OOBIYHO NpH pacyeTe CHJAR HAa TOKapHOM pe3sle,
TaKOro Xe Meroja MNPHACPHKHUBAIOTCA IIPH ONPENENCHHUM OKPYXKHOH CHJILI Ha
¢pesepe Pohl 22), Klein 26) y HesmtanTr 24).
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[To pesyapTaTam HAIIMX 3KCIEPHMEHTOB, OPHEHTHPYSAChH HA puc. 18, 19 u
23, Bhpaxenne ANA CHAB P MOXHO JaTh B CJEAYIOILEM BHIE:

P= Cgh.b.2 15

3nech Cy— KO3bHUUHMEHT, YIUTHBAOMUA BIUIHHE HAKIOHA JIE3BHS,
A — koaduLHeHT, 3aBHCAIINA OT o6pabaThiBaeMOro MarepHaJa, yrJa

pesaHus.
Orcioga Ajs YIAERBHOrO AaBJEHHS NMOJYYHM BbIPAKEHHE
P
Ks— — Ca 16
b.% :

npuyeM 370 OYAET yAEJAbHas CHNa, OTHECEHHAS K eIUHHLE NOBEPXHOCTH MPOEK-
LMY [ONEPEeYHOro CedYeHHs CTPYKKH Ha MJIOCKOCTh HOPMAJbHYIO K HampasJe-
HHMIO JIBHXKEHHs pe3aHus.

Ha ocHOBaHMH U3/I0XKEHHOTO 3KCIEPHUMEHTAIbHOr0 MaTepPHana, 104 TBEPXK 1a10-
IIEro NpaBUJALHOCTH YyPaBHEHHS 6, MOXHO NDHATH K BBIBOLY, YTO IPOCTHM
NPOEKTHPOBAaHHEM JeHCTBHUTENBHOrO 3HAUEHHA HOPMaAbHON cHJAN Py Ha Ha-
npas/ieHBe PABHOJAEHCTBYIOLIEH CKOPOCTH HeJb3sl MOJNYUYHTh A€HCTBUTEJbHOE 3HA-
yeHHe CHAB P, TaK KaK B CUy P BXOXMT elle NpPOEKIUs CHUAb Ps.

B suipaxenuax 15 u 16 xosduuuent Cg HMeeT CIeNYIOMYIO BEJHYHHY.

C
B
B
- Yyryn Ciann
90°—40° 1 1
35° 1,05 1
30° 1,12 1,03
25° 1,2 1,14
20° 1,32 1,28

B npuaoxeHuu K npoueccy dQpesepoBanus OkpyxHyio cuay P Ha pexy-
el KPOMKe CHHpaibHO3yOoro ¢pesepa HoJydHM, OPHEHTHPYSICh HAa ypaBHEHHE
16 caepyromuM 00pas’oM.

YaenbHoe naBJenue

Yo Ks=Cg\S«

3neck S, — nepeMeHHas TOJUIMHA CTPYXKKH.

Beinesum Ha kpomke 3y6a yuactox augepes-
uuanpHo wmanoir BeanuuHw db (puc. 37). Cuna
Ha 3TOM Y4acTKe ’

} dP=Ks .S..db;
_ db = tngBdy;
k41 -n J-1
Puc. 37. dP=Cg\ 5 tngB S, sin bdy

3necy S; —noxaua Ha 1 3y0 dpesepa. ‘
$ — TEKYWHHA YroJ, Oonperensiomliuil NoJoXeHHe BBIJAEJNCHHOIO0 Yya-
CTKa KPOMKH 3y6a IO Ayre KOHTaxrTa.

» D k41 Y2 k1
P = Cg 5 tngB S. f sin $dy
21

40




Paspemag naterpan merozom Salomon’a, moJay4um

: K41 x 41 ®+2 x+2
P=DCgS,  tngp> 2{ sin (—‘f’;—) — sin ( “’21 )} 17
K+

YpaBuenue 17 oTauuaeTcs OT paHee BLIBEJGHHCIO HAMH YPaBHEHHS CHJIHI
Ha 3y6e ¢Qpesepa *!) Hanuunem Kospuumuenta Cg.

TakuM 006pa3oM, 1 B ypaBHEHHe MOIUHOCTH NpH PpesepoBaHuu HE06XOLUMO
BBeCTH Beauuuny Cpg. B mamux npomabx OnbITax no (pe3epoBanHuIo 3Ta Be-
JUYNHA BHfABJAeHA GHITH HE-MOrJa, TAK KAaK HAMM NPHMEHANUCH (pe3epa C yr-
Jamu B > 45°% npu 3TOM, KaK MBl BHSCHHUAHM Beinme, Cg=1.

YpaBHenna 15 u 17 B COBOKYNHOCTH € ypaBHeHHsamu 11, 12, 13 u 14 nator
BO3MOXHOCTE ONPENENUTh AI0YI0 H3 CHJ HA HAK/JOHHOM JIE3BHHU B IJIOCKOCTH

pesaHds. '
B BHNONHEHMH HaCTOAIIEH pPaGOTH NPHHHMAN y4YACTHE COTPYAHHK aBTOpA

b. B. CyTHnmHHKOB.
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