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ONTUMAJIBHBIE MAPAMETPbI HOPUMHBIX KOBIUEW
JJ51 3EPHA',

(Coobmenne 1)

JIeHTOUHBIl 3J1€BATOP — HOpPHUsI SBJSETCS OLHOH M3 CTapeilnX
TPAHCIOPTHBIX MAIMH, IMHPOKO mpuMensiollefica B pasiUuHBIX
0TpacaXx HapORHOIO XO35UCTBA JJIS BepTHKAJbHOro InepeMellleHHs
CBIIyUHX MaTepHasoB.

Hecmorpst Ha 3710, Teopus ee paboTnl RO CHX nop HOJHOCTBI)
elfe He pa3paborana, a paboumil NpoUecC HE H3YYeH.

TIpoBenennrle 3a mOCHeNHHE ABaALATL JeT TeOpeTHYeCKHe H
3KCHEepUMEeHTaJbHEE HCCAel0Banus paboTel HOPHHM BCKPHIIH le-
JBIH psA 3aKOHOMEpPHOCTeH, 03BoJgIomNX Oosiee NPABUABHO PE-
11aTh OTJAeJbHble BONPOCH KOHCTPYKUHM MamuHb. OgHako MHOrde
BOIIPOCE! OCTAIOTCsI elile HesICHBIMHM U TPeOyIoT BceCTopOHHero ray-
6OKOro UCCje0OBaHHUS.

3710 Kacaercsi B MEPBYIO OYepelb MPOLECCOB 3aueprbiBaHUA H
3arpy3kd Martepuana paGouMM  OpraHoM HOPHU — HOPHAHLIM
KOBILIEM.

Hacrosimee ncc/aefoBanie CTaBwiIo meped coGO# 1enb yCTaHO-
BHThL BAHSHHE OCHOBHBIX NapaMeTpOB HOPHHHOIO KoBmia Ha pabo-
M mpolecc HOPHHM, HA OCHOBe yero pa3paloTaTh PEKOMEHAALMH
110 BEIOOPY STHUX NapaMeTpPOB.

HecnenoBante OBIIO NPOBEAECHO C HAEAJBbHBIMHU CHIOYYHMH T€-
Jamy, Ko3(pPUIHEHT CHENVIeHUs] KOTOPHIX OJIH30K K HyJIo (3epHO),
i C CBUIYYUMH TejaMu, o06/1ajaloWUMy 3HAYHTEIbHEM KO3 duiu-
CHTOM cHemTeHHss (MyKa)>.

Jns usyuenuss paboudx MPOLECCOB HOPHHM Oblia HOCTPOEHA

! Pa6ora BbinojHeHa B naGopatopud Kadenpsl NOABEMHO-TPAHCHOPTIEIX
mawmrd OTH um. U. B. Cranuna. B paGore npuauManu yuactie HHXK. Aran-
KiH ¥ uEK. Panikonan.

? PesynbTaThi sxcnepnmemanbuoro ucceopaHus paboThl HOPHH 1pH Ne-
PeMElleHHH 3ePHA H3JIOXKEHBI B HACTOAMIel cTaThe, PE3YABTATH HCCACORAIMS
lipit nepeMellleHHH MyKH OYyAyT H3JIOXKEHBI B MOCIELYIOIIEM BLIIYCKe 1pyAon
IICTHTYTA, ,
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¢riefiiasibias SKCepUMentanbuas ycTanoska (puc. 1) ¢ crewiisin-
HOU mepenHell CTeHKOH. PasMepnl IKCIEPHMEHTAJbHOH yCTAHOBKH
COOTBETCTBOBAJIM NPOU3BOACTBeHHON HOpHH. Hopniinbie kOB A5
SKCIIEePHMEHTANIbHON YCTaHOBKY GBIIM H3rOTOBJIEHH M3 ABYX INOJO-

Puc. 1. O6wmit Buj sKcriepMMEHTANbHOH YCTaHOBKH.

BHHOK (puc. 2-a), LIAPHHPHO. COENMHEHHBIX JAPYT € JAPYroM, 4To
HO3BOJSIIO BapbHPOBATh 3HAUEHHAIMH OCHOBHBIX NapaMeTpoB KOB-
ma B GOJbIIOM JAHAaNa3oHe. '

Jlna uccaenoBaHMsi XapaKrepa [ABHXKEHHS 3epHA B KOBlie B

npouecce 3arpy3KH—pasrpysku NpHMEHS/ICH KOBII C CTEKJAHHOH

Gokosoii creHkoll (puc. 2-6).
Hopus npoBoausaace BapHaTOpOM, NO3BOJSBIIHM IL1aBHO H3Me-
HATh CKOPOCTb JIEHTH B 3HAUHTeJIbHBIX Ipele/ax.

HaG6moaenns 3a paGoToit HOpHH NPOH3BOAMAHCL NpH NMOMOLIX
CKpo6ocKoma, KOTOPHHI [apBaj BOSMOXKHOCTL MOJYUYHThb UYHCJIO -

BCHHIIEK B npexenax or 600 mo 3000 B mumyTy.
4 ,

B KauecTBe NOROMBITHOTO MaTepHata 6hiia B3fTa MIIEHHHA C
K2-

, 0
06'beMHBIM BECOM 756@3.74 BAaXHOCTBIO 12,5%, npeBapHTeNabHO

OYHIIECHHAA OT copa.

-

Puc. 2. dxcnepuMeHTaibHBIE HOPHHHEIE KOBITH.

[Ipu ucc/ienoBaHHH BHHMaHHE YNEJISAAOCH, TJaBHEIM 0O6GPa3soM.
BJAMSIHHIO YIVia 4yeprnadus HOPHHHOro kosma € (puc. 3) ua pa6o-
uhii npouecc HopuH. Bribop yrya ueprmannsg © B KauecTBe OCHOB-
Horo napaMeTpa BHI3BAH T€M, UTO JHTePaTypHLIE HCTOUHHKH, a
TaKXKe OMBIT IKCINIyaTaHHH PA3JHUYHBIX THIOB KOBUIEH yKa3blBaioT
Ha pellaollyie 3HAYEHHS ITOrO MapaMmerpa Ha paGoumii mpolecc
nopud. Beawunna yria uepliaHusi H3MEHWJIAch B 3HAYHTEJbHBIX
npejesax, OXBaTelBad BCe ero 3HAYEHHUS, MPUMEHSIOMIHECH B NPAaK-
THKE. '

PabGora HOPHHHOTO KOBLIAa OHEHHBAJACH TPEMs TOKA3aTeNAMu:

1) cremeHbio 3amOJIHEHHs KOBIA MAaTepPUANOM B HHXKHeH ro-
JIOBKE HOPHH, o ‘

2) norepsiMm MaTepmata NPH €ro mepeMelleHHH OT HHKHel
TOJIOBKH K BepxHef.

3) pasrpyskoit HOPMHHOFO KOBIia Ha BepxXHeM GapaGane.

3anosHeHHe KOBHIA B HHXHEH OJOBKE HOPUH OUEHHBAJIOCH
K03 pHIHEHTOM 3aMOTHEeHHs KOBIIa

o6 beM MaTepvana B KORIe
reGMETPHUECKHA OOHCM KOBLiA °
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HO’I‘EpH MaTepHana TP TPAHCHOPTHPOBAHHH olieHuBanach Be-
" JIAYAROH 0OpaTHOH ChIMK :
ofpaTHas Chillb Bc

= — ex - 100 /.

IPOU3BOAKTENBHOCTh HOPUH c—’;—i

Pasrpyska KoBlla Ha BepxHem OapafaHe OleHHBaJNaCh KOJHU-
JeCTBEHHO oép‘amoﬁ CHINBIO B HHCXOASILUEH BETBH HOPUH, a TaKHKe
IMarpaMMofl pasrpysku KOBIUEH IIpH PasjiuyHblX HX MOJIOXKEHH:X
Ha Bepxuem GapabGare. Kpome TOro, (GpuKCHpOBaNNCh: MOJNOMKEHHUS
KoBlIa Ha BepxHeMm OapabaHe, NIpU KOTOPHIX HAUYMHAJIOCH JABHIKe-
HHMe MaTepualta B KOBIIe, H MOMEHTHl Hadala H OKOHUAHHA pas-
IPY3KH KOBIIA.

[Tpu mocTaHOBKe ONHITOB Obl1a NPHHATA LEHTPOOEKHAsT pPas-
Ipy3Ka, NPH KOTOPOH CKOPOCTH KOBLIA H3MEHfJIach B [pelesax

M M
or 1,5 10 4,5— c wunreppaiamu 0,5 —.
CeK CeK

Pe3yabTaThl 3KCHEPUMEHTANBHOIO. MCCIEN0BAHUS

Pasrpyska HOPMHHOrO KOBIIA IPOMCXOAUT Ha yuacTke (puc.4),
OMpesieIieMOM YIlaMy g, (Hauasio),e,  (Komem).

Besuuuna yraa ¢, Kak noxaanm HCCTe0BAMS (cm. purc. B),
HaXOJHTCA B ONpEeJeJeHHOH 3aBHCH-
MOCTH OT CKOpPOCTH JI€HTE ¥ H yrja
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Puc. 3. Hopuilupii ko Puc. 4. Tlonoxenne xoBuia B

MOMEHT Hayaja ¥ OKOHYaHHS
pasrpyskH.

uepnanus O, npHueM 3aMeTHOE BJWSAHHE OKAa3LBAaeT M CTEleHb
3alONHEHUS] HOPHAHOTO KOBIIA (cM. pHC. 6). Buausinne xoaddu-
LHMEHTA 33NOJHEHHS 3HAYHTENBHO JBIb npH $=0,4, a mpu 4 >0,4
BEJHUYHMHA YIJa ¢, NOYTH HE H3MEHAeTCH,
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TTosyuennble AaHHBle ONPOBEPraloT BHIBOAL pPAJAa aBTOPOB,
NPUMEHSBIINX IJs1 ONpeleieHHs YIVia Hauajda pASrPy3Ku MEeTO[
JlorapHMHIeCKOH CIHPAJIH.

[TonyuenHble naHHble 00 H3MEHEHHH yIya KOHIA pasrpyskd ¢,

B 3aBHCHMOCTH OT CKOPOCTH KOBIUa M yIJla ueplaHMsA Takke He
TIOATBEPKAAIOT PE3yAbTATOB, TONYUYEHHBIX PALOM aBTOPOB, IIpHMe-
HABLIMX METOA JorapH¢MHUeCKOl Clupatu IJs ONpPEeNesIeHNs KOH-
1a npouecca pasrpyskH,

N
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Puc. 5. 3dBHCHMOCTD Haualla Pasrpy3kKH OT CKOPOCTH U yIia »
YyepriaHus.

Kak noxasaau wmccae- N
JOBaHHSA, BEJHYHHA ¢, 7

HaXOJMTCA B Hemocpen-
CTBEHHOH 3aBHUCHMOCTH 60
OT BEJHYHHH yIJa 4ep-
naums (puc. 7). C po- 7

Ma

CTOM YIJIa YEpNaHHA Be- 4,
JIUYAHA YIJIa, XapaKTepH-
3YIOIIETrO OKOHUaHue pa3- 30 8250

IPYSKH, PeSKO Najaer, ,
cleays MOYTH OJHOMY

U TOMY X€ 3aKOHY IS s ;

BCEX 3HAYEHHI CKOPOCTH ! ' "

KoBuia. pc b o Y FRTAT
03 84 05 06 07 08 09 £ ;‘

Ycranosaeno,  uro Puc- 6, Bausnne xosppuumenta an

uc. 6, -

npomece ONOPOKHEHHS noMFeRy XoOBUIa Ha yroA Hauana
KOBHIa I@POTEKAET HE- pasrpysku.
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paBHOMepHO. CKOPOCTH ONOPOKHEHHS KOBIIA HA PA3jIMUHBIX y4a-
CTKax €ro [BHXKEHHs Pa3iHyHa, O ueM CBHAETENLCTBYIOT KPHBHIE,
XapakTepH3ywllHe pasrpysky kosma (cMm. puc. 8 u 9).

Ha rpadukax (puc. 8, 9) moctpoens! Kpusble: 1—omnpenensio-
1jasg ONOPOXHEHHe KOBlLUA B INPONEHTax OT ero eMKOCTH B 3aBH-
CHMOCTH OT NOJIOKEHHS KoBlua Ha Oapabane B IpoLecce pasrpys-
KH — KPHBaf a0COMIOTHOro onopoxueuust u [l — xapakrepusyio-
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Puc. 7. Bausuue yIia UepnaHHs W CKOPOCTH Ha
OKOHYAHUE pa3rpy3KH KosBLIa.
Hiass OTHOCHTeJbHOE ONOPOXHEeHHe KOBILUA, TO €CTh IOKAa3LIBalo-
mas, Kakoi o0beM MaTepHasa B IPOLEHTAX pPasrpykeH U3
KOBIIA Ha JgaHHoM OTpeske nytH. IlyTh KOBHIA XapakTepH3yercs
BeJIMYHHON HEeHTPAIbHOrO yria o. ;

Kax BHaHO u3 npHBeZeHHHIX rpaUKoB KpHBasi abCOMIOTHOTO
OTIOPOXKHeHHsT KOBLIeH BO BCEX CIydadx TONYHHEHA OJHOMY H TO-
My e 3aKOHY. ‘ . ‘

KpuBasi OTHOCHTENBHOrO ONOPOXKHEHHs KOBLIEH, XapakTepu-
3yIOIAsi HHTEHCHBHOCTH Pa3rpyskH KOBIIa, MEHSieT CBOH xapakTep
B 3aBHCHMOCTH OT CKOPOCTH H yryia uepnayug Kosila. C ysenu-

YEeHHEM YyIvia uepIlaHdud [AJiss OAHOTO H TOro )xe 3HAYEHHsA CKOPO- -
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Puc. 8. OnopoxHeHne HOPUHHOTO KOBIIA B 32BUCHMOCTH OT CKOPOCTH.
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Pue. 9, OnopoxHenne HOPHHHOrO KOBIIA B 3ABMCHMOCTH OT yria YeplaHHd.
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CTH ABUMKEHMS KOBIIA, OCHOBHAdA PAasrpysKa KOBIUA NPOHCXOIHUT B
cpelHell 4acTH €ro myTH.

ATo TNOJOXKEeHHe OODBLACHASTCS TeM, UTO B 3aBHCHMOCTH OT
ycaoBii paGoThl HOPHH H3MEHSIETCH BeJMYMHA OTHOCHTEIBHOH CKO-
pocTH MatepuaJla, pasrpyaeMoro u3 Koslla HODHH.
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Puc. 10. Beanunsa OTHOCHTENBHOH CKODOCTH IBHXEHHA MaTepHasta npn
pasrpysie KOBIIA.

[Mosyuennag Tmpu MCCAeNOBAHHH 3aBHCHMOCTb BEJIMUYHMHLL OTHO-
CHTEJbHOH CKOPOCTH MBHIKEHHS Pasrpy’kaeMoro maTtepHasia Ha
BhIXOJe u3 KoBila (puc. 10) or mnoJiokeHHs1 KOBIIA Ha BepXHeEM
GapabaHe YyKasblBaeT Ha pellalolliee 3HAUCHHe yriia 3auepIibiBa-
nusg. Bo Bcex cayuasix npH BeinunHe yria 3auepnhiBaHusa 8.<55°
KpuBasi ¥MeeT CBOHl MAKCHMyM, ITOC/e KOTOPOTO BeJMYHHA OTHO-
CUTEJILHOH CKOPOCTH pe3ko napaer. Ilpu yrae uepnawua @ =70
3aKOH H3MeHEeHHs BeJHUMHBI OTHOCHTEJNBHOH CcKopoctu Oyler
HHBIM. B 3TOM cilyuae KpuBasl NOUTH BCErAa He UMEET MAaKCHMyMa
H BeJMUMHA OTHOCHTENBHON CKOPOCTH Jarke HECKOJNBKO BO3PACTAET.

He menee BaxHBIM (AKTOPOM, OMpenesioNiM OCHOBHBIC Ma-
pameTpsl HOPHUHOrO KOBINA, ABJSIETCS €ro CHOCOBHOCTL K 3avep-
HBIBaHMIO MaTepuaJa, onpejeaseMas Koa(p(pnuHeHTOM 3aTOJIHEHHS
KOBIIIA.

[Mporenennble UCCHeNOBaHUs TIOKA3aJdH, YTO TIPU COGJIONEHHH
HEH3MEHHBIX ONTHMaJIbHBIX YCNOBHI MOJaud MaTepuaja B HOPHIO,
KOG (GUIMEHT 3aMO/HEHHS NalaeT ¢ POCTOM CKOPOCTH W C yBeJH-
YeHHeM yIJa uepnanusi KoBuwa (puc. 11).

YcraHoBieHo, 4ro ¢ YBeJIHUEHHeM Yria ueplanus = KOBIIA.
ofpaTHas CHINb B BOCXOZMIHEH BeTBH BO3pacTaer (pHC. 12), npwu-
ueM yBeJMUeHHe CKOPOCTH KOBIIA CMOCOGCTByeT HalibHeflreMy
pocty chm#. ITO OGBACHIETCS TeM, YTO C POCTOM YIVia UepraHHus
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CHIXKAETCsT IIyOWHA KOBila, T. €. CHHMKALTCH CITOCOOHOCTH KOBIUA

yAepKHBATL MaTepuasl. .
C gpyroid cropo-

§fo" HBI, YBEJHUYECHHE yIJaa
. yeprasns pesKo CHH-
&/ N *aer 06paTHYIO CHIIb

Ha HHCXOJAlIel Ber-
Bd (puc. 12). 310
06 LICHACTCS TEM, YTO
C yBeJHYEHHEM YrIJja
yeprnaHHs KOBIIA IIPO-
IeCC pasrpys3Kd Io-
CIeTHEr0  3aKaHuH-
BaeTcs paHblie M He
nepexofuT Ha HUCXO-
ISILY10 BETBb, KK 3TO
HMEeT MeCTO IpH Ma-
JHX SHAUEHUAX yrJa
gepnadus (cM. puc. 7).

a4 BiHAHME BEJHUH-

20 30 40 50 60 70 ©° Hu yeaa uepnaHus Ha
0o0paTHyl0 CHIOb Ha-

Puc. 11. 3aBucuMocts Ko3dduuuenta samon- TJAAHEE BCEro BUAHO
HEHUS HOPHHHOrO KOBILA OT CKOPOCTH ¥ yrid H3 rpaq)m(a y KOTO-

uepranus. pOro mo OocH abCuuce
OT/I0KEHA BeJIMUHHA CyMMapHOf OBGPATHON CHIH, T. €. 7 ==,

b Mg (PHC. 13).
B % heth, -

Y508 Huczogsues g, boexopauicn
40 40 .
Ve Mese 4%@,{-
30 VAT en # ,o‘sz
el Yeer
20 20
77 1a

@& Wl 8 a8 @ o b w6

Puc. 12. 3aBucHMOCTL BEJIHYMHBL OGPATHOH CHIIM OT yria uepraHus.
' o



I'pacuk nokashIBaeT, YTO ONTHMAJIbHOE 3HAUeHHe yrJja uepia-
HHS, COOTBETCTBYWOLlee MUHHMAaJNbLHOH ofpatHoi CHIlH, -JIEXKHUT B
mpegenax & = 50° — 60°.

B mpomecce HCC/eNOBaHHS, HAPSLY C BHISCHEHHEM BJUAHHA
yIia ueplanus Ha padounii Ipoueqc Hopuu, Gbina ompenejaena
thopma nosepxnocm MaTepHasa B KOBIIe [IPH ero BBIXOJe u3 3a-
I'PY30YHOTO YCTPOHCTBA, NPH JIBHMKEHWH HA BePTHUKAJbHOM YuacCTKe
H NIPA JBHXEHWH KOBLIA Ha Bepxuem OGapabaue.
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Puc. 13, Bamarne yrna uepnanus Ha ob6paTHYIO Chlb
B HOpHH.

OKa3bIBaeTCH, YTOo NOBEPXHOCTL MaTepuaa B KOBIIe npu BHI-
XOJle ero H3 3arpy30YHOro yCTPOHCTBA Be&ChbMa O/H3KA K MAOCKO-
CTH, KOTOpasi B Ciyyae NMOLAYH MAaTephala B HOPHIO «IPOTHB XO-
Jla» pacrojiaraeTcsa B KOBIIE TI0J] HEKOTOPBIM VIJIOM K TOPU3OHTY"
(puc. 14-a), senuyuHa KOTOpOrO He mpesbimaer 15°. ITpu noxaye
Ke MaTepHasa «IO XOAy» €ro NOBEPXHOCTb paclosarajiach ION
HEKOTOPHIM OTPHUATENbHBIM YIJIOM K TOpU3OHTY (pHc. 14-6), He
npesruimaomum 10°—15°,

[Ipn nBH:KeHHH KOBIEA HA BePTHKANLHOH BeTBH IOJOXKEHHE
MaTepHaja B KOBILIE NOYTH He M3MEHHJIOCH, MPOHCXOMIMNO TOMBKO
HEKOTOPOe BBIPABHHBAHHE MOBEPXHOCTH.

12
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B moment naGeranus xoslila Ha Gapaban MaTepuan B Koblie
upuxonuT B OBHXeHHe. Ilo Mepe NpoaBuKeHWs KOBIIA, OT TOUKH
naferandst Ha BepXHHH OapabaH 0. HAuaad erc pasrpysku, B
KOBIIE NDOHCXONHJIO repeMelleHte MaTephaja OT BHYTpeHHe#H
CTEHKH K HapyXHOH, npH 3TOM ()OpMa IOBEPXHOCTH MaTepHa/a
npeacTaBiana co0oifi Bce BpeMms MJOCKOCTb. ITpn mepeceueHuy Mno-
BEPXHOCTbIO MaTepHala Hapy*HOH KPOMKH KOBIla HacTymaer pas-
rpyska, Ketopas 3aBepliajach B TOT MOMEHT, KOrAa IOBePXHOCTh
MaTepHana COBMajaja ¢ MIOBEPXHOCTbIO HAPyXHOH KPOMKH KOBIIA.

WTak npu ABMXKEHHH KOBIa Ha BepxHem Gapabane OT MOMEHTA
ero Haleranusi 10 MOMEHTa OKOHYAaHHA pasrpy3ku MOBEPXHOCTb
MaTepHalia g KOBHIe BCerJa MMeJa BHJ TJIOCKOCTH. DTa IUIOCKOCTh
Kak Obl BpaulaeTcs BOKPYF OCH, HOpMaJbHOH K GOKOBBIM CT€HKAM
KoBIIa. -

" npom:/g z0ger

s, 30 xogorm*”

Puc. 14, Pacnonoxenne MoBepXHOCTH MaTepuana

. B HOpHIHOM XOBHIe: a — MpH fOlaue Marepnana

,TIPOTHB X0ja*, 6 — OpH HOJaue MaTepHana ,Io
xony“.

Ananusppys NoJydeHHble AaHHble M YBA3biBasg HX ¢ OTAedb-
IILIMH 3TanaMy padoyero npouecca HOPHH, MOKeM CHENaTh cie-
JlyIollde BRIBOJBI O BBHIOODEe OCHOBHOTC ONTHMAJBHOrO napamerpa
HOPUHAHOTO KoOBlIA. ‘

Pasrpyska xoBma. [asg HopMasbHOH paGOTH HOPHH
neo6x0luMo, yToOBl pasTPy3Ka KOBIIA IJPOH3BOAWJAach Ha BO3-
MOXXHO KOPOTKOM MNyTH. [y 3TOTO HYXHO, 4TOOBI yroa ¢, OblI '
MHHHMaJbHBHIM. KaK 5TO BHAHO M3 NPHUBEJEHHLIX IpadHKOB, Makx-
CHMaJlbHOe 3HaYeRHe yIyia p, H MUHHMAJbHOE 3HAYEHUE yIVa ¢
COOTBETCTBYIOT 3HAYEHHAM Yyria 4YeplaHusd, JexalluM B o6nactH
W = 45°~-70°. CiaenoBaTeJbHO, ONTHMAJbHOE 3HAueHHEe YIjia uep-
nanusg J0JKHO BHIOHpaTbhCs B 3TOH obnacTy..

CKOpoOCTh Pa3rpy3KH KOBIIA 3aBUCHT, C OXHOH
CTOPOHBI, OT AJHHH TYTH Pasrpy3kd H, ¢ APYyroii CTOPOHLI, OT
yrjia 4epnasus, T. €. oT (OpPMB KOBHIA. ‘

U3 rpatpqxoa (puc. 9) BHIHO, yTO BeJHUYNHA CKOPOCTH pas-
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rpy3KH KOBIla IOCTHIaeT MAaKCHMAaJbHOTO 2HAYEHHs] NPH HeHsMeH-
HOH BeJHYHHE CKOPOCTH TATOBOrO OpraHa MJs Koiliefi ¢ yrjoM
yeprianus 8>50°, Cliefi0BaTe/bHO, ONTHMaJbHOE 3HAueHHe yIaa
yeplaHus, onpenensieMoe CKOPOCTbIO PasTPy3KH KOBINA, JEXHT B
obaactn & = 50°—70°,

OTHOCHTeAbHAasd CKODPOCThL ABHXEHHs MaTe-
puaaa B KoBie CKOPOCTh pasrpy3ku KOBIla ONpeesiercs
BEJIMUYHHOH OTHOCHTEJNBHOH CKOPOCTH JBHXEHHSl MaTepuaja B HEeM.
[losroMy npu BhIGOpe OGJacTH ONTHMAaNBHEIX 3HAYeHHH yrja dep-
MaHuA 3TOT NOKasaTelb AOJNXKEeH ObiTb Y4YTEH.

Kax suano u3 rpaduxa (puc. 10), oTHOCHTeNLHAd CKOPOCTH
JJisS KOBLIefl ¢ yryioM uepnasus © > 50° pospacraer Ha BceM NyTH
JBUKEHHS KOBIIA Ha BepxHeM OapaGaHe, JOCTHras HanGOJbINEro
3HaueHHsl B KOHILe NepBOro Ksaapaxra. ClefloBAaTeIbHO, PyKOBOM:
CTBYSICb 5THM . [IOKa3aTejeM, BeJIHUHHA yraa yeprnaHusa 8 JOIXKHA
yIOBJIETBOPATH yCJaoBHI0 6> 50°,

Ganonunenne kKoswa. Ecmm paccmorpennble (axThl
onpenessiin coBoli Tmpomecc Pasrpyskd KOBINA, TO Ko3hduiHeHT
3al0JHEHHS ONpellesiseT COO0H NPOH3BOANTENLHOCTL HOPHH.

I'paduk (puc. 11) noxassiraer, uro ecan 8< 50°, To npu pas-

JHYHBIX CKOPOCTX paboyero oprana KoxhUUHEHT 3aNONHEHHH |

KOBIIA TIajaer HE3HAYHTeIbHO. JlajibHelilllee yBeaHyeHHe YIVI2
ueplnaHHsl BHI3bIBAeT 3aMeTHOE YMEHbIICHHe Koadpqmunema 3a-
NOJIHEH KA.

CrnieoBaTesIbHO, CTPEMACh NOJYYUTH OOJbIIYI0 NPOU3BOLH-
1€JIbHOCTb, HeOGXO0MMMo BHIGUpaATL yrog -uepnaida O 50°, npH

KOTOPOM Kosq)q)nuuem 3arj0/HeNHs H3MEHsieTca B Ipefenax OT

0,70 no 1,0.

O6partHag cHIb MaTepuaJaa B BOCXOAfAHIeH U HH-
CXOAsiieH BeTBH HOPHH SIBJISIETCS Pe3y/NbTATOM, C OJHOH CTQPOHEL,
HeTNpaBH/ILHOH KOHCTPYKUMK BepXHell roJIOBKH aJjepaTopa (4TO
TIPU HCCJIEJOBAHMH YCTPaHEHO) H, ¢ JApyreofi CTOPOHBI, HENmpaBHIIb-
HO BHIODAHHLIMH OCHOBHBIMH NlapaMeTpaM# KOBHIa,

I'padux (puc. 13) mnoxasmiBaer, urTo BeJHYHHA CYMMAapHOH
o6paTHOH CHIIM HAXOAWTCH B ONpEAeJeHHOH 3aBHCHMOCTH OT YIViad
ueprnanus. MUHMMAJAbHOMY 3HAUEHHIO CyMMapHoH o6paTHou CHINY
COOTBETCTBYIOT yIJnl yepnanua © = 50°—60°.

Crre10BaTeIbHO, C HENbI0 HOJYYeHHs MUHHEMAJLHOA BeJHYHHBL
oOpaTHO! CHINH, YroJl yeplaHHA HAMJEKHT BbIOHDATh. B YKa3aH-
HEIX IIpellesax.

O6o6masi ckasaHHOe, MOXHO COCTABHTb TablHly ONTHMAaJb-
HBIX 3HayeHHH YrJoB yepraHus Hopuinoro Kobma (ra6a. 1).

Bri6panHoMy 3HaueHmio yria uepnaus ©==50° coorser-
CTBYIOT ONTHMaJbHbBIE YCJIOBHS paGoTH IO BCEM IOKA3aTeJasM.

'
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Tabanna 1

]
YenoBus, onpexeAmOmEE OurtumanuHoe 3 Pesyabratsl pagorm
» ]

2 sHAUEHHE § Ew KOBMIA C ONTHMAABHEIM
= yroJ Yéphanns yrios E>E
- : HepriaHng gg g yriom Yeprasng
3 25 &
2 Mo
1 | Yroa nauaxa orxopom- .

Henus . . . . . -| 45° mo 50° 50° ¢n = 25° 10 45°
2| ¥ron oxoHuaHHA OINO-

poxcaeHuss . . . . .| 55° me 50° 50° ox = 220°—230°
3 | Cxopocts ONOpOXKHEH.

KoBma, . . .- . .| 50" po 70° 50°
4 | OrHocurenbpHasg CKO- ) C

POCTh . . . » « « .| B0° mo 70° 50° Un=05—1,22 wmicex.

Ur=7,75—1,30 x/cex.

5 | Koadduuuenr 3anonane- :

HHA xoBwa . . . .| 30° mo 45° 50° ¢ = 0,70—0,88
G | O6parnas cens . . . .| 50° o 60° 50° 7 =02 —0,8%%

IIpaBna, npu 2T0M KO3DQUIHEHT 3amlo/NHEHHs KOBIIA OymreT
e OueHb GONBUINM; OJHAKO CJefyeT HMeTh B Bu,ay, 9TO OOBIYHO
IpH pacyetax OH He NpHHHMaercsa Oogsblie 0,7.

Jannpie, nomyyeHHble NPU MCCAENOBAaHHM HOPHHHBIX KOBIIeH,
NOJTBEPAK AT MPaBUJbHOCTL YIJIOBHIX TflapaMeTpoB HOPHAHOTO
KoBIla XKOHCTPYKIMN (PUIHNTNOBA, NPHMERSIOLErocs s CKOpo-
CTHRIX HOpHit (U>3,0 #t/cek.).

JleficTBuTennno, aig Kosma (UIHNNOBA yros ueplaHus Ha-
PYKHOR cTenkn @ == G730, yTo pmaer BO3MOMKHOCTH MOJYYHTH
IHBLIYTIIHe DeSYALTATEE IPH pasrpyske. (MuHHEMaJjibHOe 3HAvYeHHE
yraag,). Yrog uepnanus nonepeyHoll neperopoikn xopma 0, =40°,
OnpeJeAsioninil xapakTep Ipoiecca 3adepnbiBaHus, oGecneurpaer
HOJYHCHKHC JLOBOJIBHO BBICOKOrO 3Ha4YeHHs Kod(dHIMeHTa 3amoJ-
nenust Xopa (pue. 11). -

Bropoii napamerp . 3J€BaTopHOro KOBHIA — yroJi cpesa oInpe-
JlefisleTcsl ypOBHEM MaTePHajia B KOBIIE,

Kak Gbio yka3aHo, MaTepuaj B 3/I€BATOPHOM KOBIle yKJIa-
JBIBAETCS TaK, 4TO YrOJ MEXIy TOPH30HTANbIO H IJIOCKOCTBIO Ka-
CaTeNbHOH K NOBEPXHOCTH MaTepuajla He NpeBHIaer | = 15°
CaenoBaTebHO, Yrosl Cpe3a KOBIIA JOJIXKEH OBITh BHIOPAH TAKHM,
NPpH KOTOPOM BEpPXHHH Cpe3 kopila OblA OBl BHILIE YPOBHsI Mare-
puana. Tlpu cobmoneHun- 3roro ycaosus Gyger obecreueHo yaep-
JKaHHe 3ayepIIHYTOrO MaTepHaja KOBILEM,
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Bumoansa 310 yC/aoBHe, MOJyudM yroa ¢pesa KOBila -

E o o
g -

[09TOMY NPHHHUMACM ONTHMaJbHOE 3Hadernue §-—70°

Ha6moaenns 3a NPOLECCOM pasTPy3Ku KOBIIA NOKAa3ajH, 4To
MaTepHall H3 KOBIA «BHITEKACT» uepe3 HapyXKHYI0 KPOMKY CJOeM,
He NPEeBOCXOAAIMM no TojiuHe 15—20 mau. CnenosaresbHO, Ha
NIPOLeCC PasTpPy3KH KOBILA pa3Mep OTKPHITOH yacTu KOBIHa, Ompe-
JeJsieMOd BBLIETOM, He OKa3blBaer - CKOJBKO-HUOYAb 3aMETHOrO
pauAnusa. [109TOMy npu BeOOpe 3TOro napamerpa HeOOXOAHMO
PYKOBOJICTBOBATHCS TONBKO MAaKCHMaJNLHBIMM pasMepaMu OTAe]b-
HEIX 4acTHI] TPAHCHOPTHPYEMOTO MaTrepuaja.

Tak xax 3T0 yCJaoBue JJisi 3epHa He SIBASETCHA JHKTYIOLLUM, TO
BBIICT KOBIUA JJsi GBICTDOXOMHBIX 3CPHOBBIX JICHTOUHBIX HOpHH
JOJKeH BHIORpATbCs M3 yCJIOBHMH obecCreueHHsi ompejeJeHHON pac-
YeTHOM €MKOCTH TIpM JAAHHOH ero ILMPHHE, COOTBETCTBYIOLIEH
yCTAHOBJIEHHOH - IPOU3BOXUTENBHOCTH HODHH.

Ecav emkocTs KoBlia { (npeHedperas norepell eMKOCTH B 3a-
KPYIJIEHHOH 4YaCTH KOBIIA) BBIPaXKaeTcs B BHAE

— 2 Bctg @+ ctg),

TO BRELIET KOBIIA MOXeT OHITh OnpeneseH ypapHEHUEM |

A= l/
B (ctg (r)—}— ctgg)

OnTumanbHbBle KHHeMaTHUYeCKHe YCJOBHSA 174 BLIOpaHHHIX ma-
paMeTpoB 3epHOBBIX HOPHMHBIX KOBHIEH, KaK 3TO He TPYAHO BHU:
JIeTh M3 NPHBEJEHHBIX MATEepPUaJIOB HCCAENOBAHMA, ONPENENSfIOTCHA
CKOpOCTBIO TAroBoro oprana v = 2,0 — 4,0 m/cek.

YuurhiBas, uto Hanbojbllee 3HAUCHHEe KO3(QOHIKEHTA sano-
fIeHHs] KOBILIA COOTBETCTBYeT CKOPOCTSAM TSATOBOrO OpPrama, -Jexa-
wpM B npenenax v = 2,0 — 3,0 #/cex, npu KOTOPHIX OCTaJibHbIE
yCJIOBHS, ONpenensiollire paboTy KOBIIA, HE3HAUHTEABHO OTKIO-
HSIIOTCH OT ONTHMAJBHHX, MOXKHO NPWHATHL 3a ONTHMAJBHOE
3HaueHHe CKOPOCTb paGouero oprana 2,5 uam 3,0 #/cek.

- BbIBOJbl

Ha_OCHOBaHHH IAHHBIX HCCJEJORAHUS MOXKHO CAENAaTh Clelylo-
1111e BbIBOABL.

Pasrpysxa 3J1€BATOPHHIX KOBIlle HauyWHAeTCsi He B TOUKe Ha-

Geranns KOBIIA HA BepxHHil 6apabai, a B HEKOTOPOM TOJOXKEHHH
KxoBIna Ha OapabaHe, OnpeleJseMOM YIJOM ©®,, 33BHCAIINM OT

yIjia yepllaHMsi H CKOPOCTH paGouero opraHa.
16 '

OnoposkHenie KoBiia HAUKHHAETCS B TePBOM KBaapaliTe u 3a-
KaHyuBaeTcs I KOBlieH ¢ yraom uepnasus © < 70° qubo npu
Hepexoue KOBHIa Ha HUCXOLALIYIO BETBb a.neBaTopa JAubc Ha HH-
cXonsliell BeTBU 3J1€BATOPA.

CKOpOCTh ONOPOXKHEeHHs1 KOBIla Ha BCEM NyTH Pa3TPysKH He-
OIMHAKOBa. MaxcuMajbHass CKOPOCTb COOTBETCTBYET IiepexOAy
KOBLIA M3 IIEPBOr0 KBaJpaHTa BO BTOPOH M HaXOAHTCA B OHpeje-
JIeHHOfi 3aBHCHMOCTH OT VIJia dYeplnaHHs M CKOpPOCTH paGouyero
oprasa.

Kos¢ddunnent samonsenus KOBHIa 3aBHCHT OT cnocoba nojadn
Marepuana («3a XOZoM» Jnb0 «NPOTHB XOAa»), CKOpPOCTH palo-
L€ro OopraHa M yrJja uyepnaHHs KOBIIA.

OGpaTHasi Chilb HAXOAMTCS B ONPEAETEHHOl 3aBHCHMOCTH OT
yIJjla yepnaHHa KOBLla H CKOpOCTH pabouero oprasa.

OtnocuTeNbHass CKOPOCTE JBHKEHHsT MaTepHasta IPH BBEIXOIE
H3 KOBIIA JOCTHIaeT 3HAYHTEJbHON BeauuuHH. IIpeneGpexenue
3TOH CKOPOCTBIO TPH NOCTPOEHHH TPAEKTOPHH Il0JeTa MarepuaJa,
a CJNIelOBaTe/bHO, NPH ONpeje/ieHHH KOH(HUIypauuHW BepxHel Fo-
JIOBKH HOPHH TIpHBelleT K O0JbIIOH OMIHOKe, ,

Baiaronapsi 3HauHTeNbHOH BEJMYHHE OTHOCHTeNLHOH CKOPOCTH,

NTPaeKTOpHst BHIrPY’KEHHOTO M3 KOBIedl MaTepuaja OTXOAUT OT

™ OKpPYXKHOCTH, O4ePUYEHHOH HaPYyXHBIMH KPOMKaMH KoBine#i. B cdiay

3 3TOro PaccTOSHHE MEXY KOBIIAMM B HOPHH MOXET NPHHUMATHCA

> MHHEMAaJBHBIM. DTO YCI0BHE, K4K I0KA3aJ10 HCCAeN0BaHHe, YMeHb-
J luaeT pacxol SHEPruM Ha 3ayepnLIBaHHe MaTepHasa:

OnTuManpbHBIMA  TapaMeTpaMH HOPHHHOrO KOBINA I 3epHa
SBASIOTCA: yroJ uepnanus 6 = 50°, yrom cpeza & = 70°,

CKopoCTb TATOBOTO OpraHa (.HeHTbI) JUIs1 3€PHOBLIX "HOpUil MO-
#er OBITH mpHHsTa ot 2,5 M/cex no 3,0 mjcex.

CyluecTByloniue B3IVISAL HA HEOGXOMHMOCTL NPUAAHHS Tepel-
neii cTeHKe KOBIIA (UTypHOH (OpMBI BBHAY (UIYPHOH NOBepX-
HOCTH MaTepHajJa MCclleOBaHUEM He mnoaTeepxpalorcd. Haobo-
pUT, ONHTAMH YCTAHOBJEHO, UYTO HaJHYyHe qmrypnou KPOMKY $B-
JHCTCS OTPHIATEIBHBIM q)aKTopOM

Haubosee npuemisiemoli ¢opMoii nepeanefi CTeHKH KOBIIa $iB-
JISeTCs TWIOCKOCTh, Kak o0ecneynBaloulas Jyuniee ONOPOKHeHHE
KOBIA.

Ilpu npuMeHeHHH NOBLINIEHHHIX CKOpOCTell paboyero opraa
Hopun (v > 3,0 M/cex) onTHMaJbHOE SHAYeHWe yIJa YephNaHHs
xoswa Onusko K 70°. TlpuMeHsieMble B HacTosilliee BpeMms s
OBICTPOXOANHIX HOPHI KOBIIM CHCTEMbi OHJINNNOBA, HMeOUIHE
yroj gepnauus 6= 67°3(, COOTBETCTBYIOT ONTHMAJIBLHBIM YCJ/IO-
BHSIM Pa6OTHl CKOPOCTHBIX 3€PHOBHIX HOpHUH.
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TPYIbl OMECCKOT® TEXHOJOTMUECKOTO MHCTHTYTA
T. VII umenn Y. B. CTAJIMHA 1955 1.

Hoxrop rexn. nayx B. A, BEJIE[IKI/II{

AHAJIMTHYECKUH METOA ONPEAEJEHHS KPHBHU3HbI
¢ NPOEKTUPYEMbBIX NMJOCKHUX KYJIAYKOB

1. Beepenue :

Has npaBunbHOro Bpi0Opa paauyca posHKa, a Takike JJsi 10-
cJEAYIOUIEro pacyeTa KyJauka H POJHKA 10 KOHTAKTHHIM Hanpd-
JKEHUsAM, HeOOXOAMMO B Mpolecce NPOSKTHPOBAHMSA KYJAauKOBBHIX
MeXaHM3MOB ONpeJesaTh KPMBHU3HY TeOpPETHUECKOro Ipodunia Ky-
JlauKa.

Huxe coobmiaercs paspaboraiHbili namu eme B 1947 r. [1],
HO J0 CHX JIOp He ONyOJUKOBaHHBIH aHAJHTHUYECKHH MeTOH ofmpe-
J€JIeHHst KPHBH3HBI TeOPETHUECKOro npoduis Kyjlauyka, OCHOBAH-
Hblii Ha CBOHCTBe 3aMeHSIOILMX MEXaHM3MOB H Ha TeOpeMe 3alen-
JICHHS.

B 1948 r. M. Bakcrep [2] ony6iukosan pacuethl KPHBH3HBI
KyJauKOB HEKOTOPBIX THNOB KYJAauKOBHX MEXaHH3MOE, B TOM HHC-
Je H AJ TPHBOJUMEIX HUXKe TepBHIX AByX THnos. OAHAKO 5TH .
pacyerhl, OCHOBAHHBEIE HA METOLAX KHHEMATAYeCKOH TeOoMeTpHH,
3HAUMTEJIBHO CJIOXKHEe HalIuX.

2. KOopOoMBIC/JIOBBLIH KyJauKoBbI MeXaHH3M

KunemaTHueckas cxemMa MeXaHH3Ma nsobpaxkena Ha puc. 1.
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MexanusM ¢ ofiiiME HHM3WMMH HapaMu, 3aMensioumfi NAHHEHA
MeXaHH3M, — IIAPHAPHBI UYETHIPEX3BEHHHK MOJYYMM 110 OOLIHM
npasuJaM, H3JjaraeMbiM B Kypce TCOPHH ME€XaHH3MOB H MalllHH.

Pue. 2.

Mpu sroM Beaymiee AB u BenoMoe CD 3BeHbsi ueThipeX3BEHHHKA
ABCD B mepuos ynajieHusi KOPOMEICJa BPAIAIOTCS B NPOTHBOIO-

Pue. 3.

JIOXKHBEIX HanpasieHuax (pHC. 2), a B nepuHog BO3BPALIEHHA KOPO-
WMEBICJIA — B O/THOM W TOM e HampasJjenud {(puc. 3).

Beesem caepyiomue o603HaUEHHA:
r,— JjauHa cTOikH AL KyJAadKkQBOro MexaHusma H 3ame-
HAIOUIET0 MEXaHH3Ma;
— AJIMHA KOPOMHEIC/IA KYJAAYKOBOTO H HETHIPE3BEHHOrO
MEXaHNW3MOB;

3 — JIJIHHA pajMyca KDHWBH3HBI TeOpeTuueckoro npodmuis,

kysnauka B Touke C u a1uHa maryHa BC ueTHpex-
3BEHHHKA;

¢ — YO/ IOBOPOTA KYJauKa;
$ — yroJs, o6pasyeMuit 3BesoM CD co. crofikoii;
20

& — YroJ Mexjay HOpMalbio Hi K Ipoduaio Kyaayka B
touxe C ¥ CTOHKOiH, OH Xe YroJq HaK/JOHa IIaTyHa
BC YeTHPEX3BEHHHKA K CTOliKe;
Y — YroJ, onpeiesiouuii NOJIOXKEHHE HOpMaJaH K npo-
¢uaI0 Kynayka OTHOCHTEJLHO KOPOMBHIC/IA, 8 TaKXe
YroJq Mexjay OCsIMH IaTyHa Kopomucna B UETHIpEX-
’ 3BEHHHKE;

. d )
i= [_i—q’ — BeJIHYHHE, HpOHOpHHOHaJIbHaﬁ YI/I0BO# CKOPOCTH KOPO-
? . o«
MBIC/Ia;
2
K zd_‘l’ -- BEIMYHHA, NPONOPUHOHAIbHAA YINIOBOMY YCKOPEHHIO
¢ KOPOMEICa;

— YIJIOBasi CKOPOCTh BpPALIEHHS KYJayka H Benymero
3peHa AB ueTHpeX3BeHHHKA:

 — OTHOCHTEJIbHAsl YIJIOBas CKOPOCTh 3BE€HA K OTHOCH-
TeJIbHO 3BeHa /.

Coruaceo dopmysne (9) paborw [3] anuwa wmaryna BC, a
C/ICHOBATEAbHO, B pacCMaTpUBAeMOM cJydyae JJHHA pajgHyca
KPHUBH3HBl KYJA84Ka:

P—"”(irz:%i.-n—q‘ (1
Oy sy

M3 prc. 2 Ha OCHOBAaHMH TEOPEMH O TpPeX MrHOBEHHBIX

HEeHTpPaxX BpaUICHHs CjAeAyeT: :

Wgy = Wy — Oy,
A Ttak Kak .
(] ®, H ® "—da(l)
41 1 42 d(p D
TO

Wgy == (1 — Z’g) ©;. (2

[Moncrasasas 910 3HaueHHe o, B ypasHeHue (1), Haxozuu,
YTO KPHBU3HA Npodusia KyJdauka paBHa:

1 __ siny ¢ da)
b rsing (l de &
Corsiacro ypasueruio (6,2), comepxamemycst B padore [3],
sinaz';i(H—i)sin 1 4)
4

Huddepernupysa o6e yactu ypasHeHus (4) no yriy noso-
poTa KyJ/adka, MoJyqaeM: ‘

cosaif:filxsinr}—(l +i)cos~(-d——7]. )
de r, dej

21



IMockoubky (cM. puc. 2)

7=180°—¢ —a, (6)
TO

tl_Y:__._.é_a »

o i e ‘ - (7)

ul’IoaTomy u3 ypasuenns (5) mocje NpoCTHX Hpeo6paszosa-
HHH Haxo uMm: - .

< _de __ry i(14i)cosy—rsiny
de 1, Cosa*{‘ﬁ(l-{—i)cosy.
rd

CaepopatensHo, gopmynsa (3) MOXeT OuTh NpeACTaB/ICHA
TaKHM 06pa3oM:

1 sin ‘ rs (1 +1i)cosy —xsi
S—Smlfy g LOEf s ks ®
@ rysing P+ cosa+ 12 (14 i) cos y

r4

Ilpu BO3Bpamenuu KOPOMEICIA B3aMeH ypasrenus (5) 6yaem
uMerhb (cM. [3]):

. 7 . .
sina =2 (1 —i)siny. )
r, '
Benencrsue storo opmysia aJs onpeneneHusi KPHBH3HBL TEO-

peTHyeckoro npotuas xymnauka IpH BO3BPAIUEHHH KOPOMBICIA
OpuMeT CaeAyIOUHH BUA:

L8y ry rs ill—dcosy+ksiny 10y,
p l‘4Sinqi|: v, Cosa‘l"f-:{-(l‘“i)cosy] .
. Py ; ,

Paszymeercs, opmysn (8) u (10) Moryr 6HTh OGBEIUHEHH
B OAHY.

1
p

(11)

. I
S Facosa + 13 (1 1 i) cosy

sin y [1 Lty Ersiny+i(l ii)cosy} )
8]

Ha ocmopauun ypasneuufi (4) u (5) u B CHIy 3aBHCHMOCTH
(6) maxomum: :

Ctgo == £ —ctg ¢, (12)

r
£ (14 i) sin
Ws sroro ypasmenns (12) onpenensiem BejuuuHy yriaa a.
¥Yroa Y naxomum, 3aTeM, u3 ypasHenus (6).

Ilpu nosip3opanun dopmyaamn (12) u (11) ‘neoGxomumo cO-
61101aTh CJAeLyIOIiHe NPAaBHIA 3HAKOB:

2

1. Bepxuue 3HAKM YAEPKUBAIOTCA INMPH YAANECHHH KOpOMHICHIA,
a HIDKHHUE 3HAKW -— IPH BO3BPANICHUU KOPOMEIC/A.
9. BeamuuHa k¥ QOJXKHA GHTH B3ATa CO CBOMM 3HakoM. Ecan

g d? ‘
YCKOpEHHE KOPOMBIC/Ia (&-%) HMEeT TO Xe€ HampaBJeHHE, YTO H
> ? -

‘ d
| €ro CKOpoOCTh (d—q'\), To GepeM 3HaK mAOC. B mpoTHBHOM C/yuae
\ P

HYXHO nojcTasuTh B ¢opmyay (11) Beawunny x, B3ATYO
co 3makoM MuHYyC. KOHEYHO, €CIH 3aKOH JBHXKEHHS KOPOMHIC/IA
3afaH B aHaauTHYeCcKOH (opMe, TO 3HAKH HPH BEJRUUHE K
TOJyHaTCs TaK CKa3aTh camu Co60#. :

3. CMemeHubIl# W UEHTPANbHBIA KyJaukoBhI MeXaHU3M )

B mensix COKpalleHHs BBIKJIafOK BOCIOJIb3yeMCs TEM, YTO
cMelieHHBIH (MM LEHTPAJbHEIA) Ky/JauKOBHIH MeXaHU3M sBJAET-
CHl YaCTHHIM CJIyYaeM TOJNBKO UTO PAaCCMOTPEHHOrO KOPOMBICJIOBOrO
| KYJIAUKOBOIO MeXaHH3Ma. ‘

Tax, nepemelieHue mwranra S
MEIIEHHOTO KYJ/AaYKOBOTO Mexa-
usMa (puc. 4) paBHO MJIHHE TEp-
enguxkynapa (AE), onymesHoro
3 IEHTPa BpAUIEHHS KyJIad4Ka Ha
opoMmuIciio (pHC. 1).

Beuny TOrO, 4ro
(AE)=r,sin b

H, KpoMe TOro (pHuc. 4), e ==Y, TO
Ha OCHOBaHHH YypaBHenus (3) mo-
JIYUHUM:

1 __sinyfy _dy), |
P S(l dqo) (13)

Puc. 4.

H3BecTHO, 4TO AJisi paccMaTPHBAEMOro BHAA KY/IaYKOBOIO Me-
XaHH3Ma BeJHUHHA yIJa Nepeflauyd OT Ky/auka K IITaHre { MOXeT
GITh OUpeNeeHa M3 CAeAyOLIero ypaBHeHHS: '

Ctgy="2", (19

ds
e me=— -
de
Mpu moap3oBanuu ypapHenuem (14) ciaenyer ¥meTb B BHIY,

YTO eCJIM IEHTP BpAalIeHHA KYy/JAayKa CMEUICH.OTHOCHTE/BbHO JHHHH
23



JIBHXKEHUS TOJNKATENs BJeBO (Kak Ha puc. 4), TO BeJuduHa CMe-
[IEHHSA e MOMONHUTENbHAS [IPH YAAJEHHE TONKATE]Ss W OTPHUATeAb-
nasi 1Py ero BO3SBpauleHHH. [Ip¥ HHOM B3aHMOPACIOJIOXKEHUH
IeHTpa KyJadka H JMHHM [BHXKEHHs ToJKaTresds 3Haku OepyTcs
COOTBETCTBEHHO NPOTUBOMOIOXKHEIMH YKa3aHHBIM.
Huddepennupys obe yactu ypapHenusa (14) no yray nmoBopo-
Ta KyJayka, HaHAeM:
-

do
rAe nmd“f . -

a . . d .
Tlojcrasasa HaligeHHOE snaqeﬁueu%‘ B ypasuenue (13), nol,
. ? N i

i . :
:s~¥ (nsiny — mcosTy),

JqydaeM:

! zﬂﬂ[l —l—l-(nsinx——mcos-{)]. (15)
p S S
[pu monnaosanun dopmynod (15) cienyer: cobarofarTe HpaBH:
Jla 3HAKOB, AHAJOTHUHHE NPUBEJCHHHM paHee MJI KOPOMBICHAO
BbIX KYJAYKOBHIX MEXaHH3MOB.
SIcHO, uTo B C/Iyuae NEHTPATBHOTO KyJAUKOBOTO MEXAHH3M
JOCTaTOYHO HOJIO}KéTb B ypaBHenuu (14) e paBHbIM HyJO.

4. Kynaukosbifi MeXaHH3M ¢ NOCTYNAaTeNbHO ABHKYIIHMCS
KYJa4YKOM H KOPOMBICJIOM

Ha puc. 5-a moxkazana KuHeMaTHYeCKas CXeMa TAKOIG Mexa-
HU3Ma (CnioliHble JMHHK) ¥ 3aMEHSIONEro ero MeXaHH3Ma| C
oaHuMM HE3IWMMH napamu ABCD (NyHKTHpHBIE JHHHH).

W3 nnana ckopocreit (puc. 5-6) roro MexaHu3Ma, BHIHO, o

sin ¢

v .
A siny

BT
Tak =2,
KAK Vgp==®cy - p  ®¢y =", 10 KPHBHSHA Ky/auKa

_L_: sin y da i (l6)
P squ dt’

M3 Toro xe mJIaHa CKOPOCTEH CICLYET TAKKE, uTO
cos (a—y) v

_ A, (17) |
cos a vC .
oTCIoa: ’

4

Vo

/

|
|
!

1

Jlndpdepenuupys obe wacti ypapsesns (17) no Bpemennm,
HalileM BeJHYHHY Z—i;, MOJICTaB/IAs KOTOpYIo B ypaBHeHHe (16),

HOCJAC IPOCTHIX NMPeo6pa3oBaHUi GyAeM HMETh:

Y4
Taccosa+mgsin(a—qa)
. v
LI T ; (19)
3 U sin v
: A sin (o —¢) — R sina
vC

rie o,—YyrjaoBas CKOPOCTb KOPOMEIC/A
It @ —Yyckopenue ToUKH C KOPOMBICHA.
Beqnuury yraa’e onpenesaseM u3 ypapHenus (18), a sean-
UMY yrJa {—u3 paBeHCTBA (CM. puc. 5-6):

1=90° -+ ¢ —a. (20)

‘o,

Puc. 5.

5. KyJaykOBblii MeXaHH3M ¢ HOCTYNaTeJbHO JBHXKYWIHMHCA
KYJA4YKOM H TOJIKaTesNeM

KunemaTHueckue CXeMbi KyJayKOBOTO M 3aMCHSIIOUIETO ero Me-
XaHW3Ma NpejcTaBJeHbl Ha puc. 6-a, a ma puc. 6-6 — mras cKo-
pocreft.

Vron mnepenaun NBHMKEHHS OT KylauKa K WTAHTe COTJIACHO
puc. 6-6 HAXOAUTCA U3 YPABHEHHUA:

v ' ()1)
Cigy=-C. ¢
g1 v,
Beaepersue Toro, uro
d 1 UA

Vep=%cp " P “cs=7; B Yes siny’



TO ' «
1 _siny dy (22)
P (JA dt
B cuay ypasuerus (21)
dy a
— = -Esin2y.
dt vA

Crano 6biTH KPHBH3HA TEOPETHUECKOTrO Npoduis KyJauka
MOXeT OblTh onpeneneaa U3 CAEAYIOLIEr0 YpPaBHEHHSA:

1 a_sin®y

L (23)

Puc. 6.
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TPYIbl ONECCKOI'® TEXHOJIOTHMYECKOTO WHCTUTYTA
1. VII nmenn W. B. CTAJIMHA 1955 r.

Hoxkrop rexn. nayx B, . BEJIEIKHHA

O PACYETE HAMMEHBIIHX PABMEPOB LIEHTPAJIbHbIX
U CMEIIEHHBIX KYJIAYKOBBIX MEXAHH3MOB

Pacuér HauMeHbIIMX Pa3MepOB IEHTPAIbHHIX H CMELIEHHBIX
KY/auKOBBIX MEXaHHM3MOB, BeIOMBIE 3BEHb KOTODBHIX CONpHKaca-
JOTCsI ¢ KyJlauKaMu OCTPHEM HJIH POJIMKOM, pa3pafoTaH HOKTOPOM
TexHuueckux Hayk, mpod. B. T. Kocrunmembim [1, 21 B aByx Ba-
pHAHTaX.

ITpu pacueTe no mMepBOMY BapHAHTY UCXONHHIM fBJSETCS YCJIO-
BUe. MAKCHMAJBHHBA yrol JABMEHWS B MEXaHU3Me He [OJIKeH
OBITL GOJIbIIE TOMYCKAEMOTO yIvia HABJCHHA 11 HCXOZHOIO IOJO-
KeHus Mexauusma. [IpH 3TOM YCJIOBHH pa3Mepn! NPOEKTHPYEMOro
MexanusMa Oyayr GoJibile MHHHMAaJbHO HEOOXOAKMEIX DPasMepos.

Bropoit BapuaHnT pacuera 3MKIETCSI HA HCXOAHOM YCJOBHH O
KacaHW# KPHBBIX (DaKTHUECKMX ¥ HOMYCKAEMBIX YIJIOB JNABJEHHS.
TMocneanee yciaoBHe JdaeT BO3MOMKHOCTD OIPENEINTh HAHMEHbIIHE
pasMepel C TOYHOCTBIO, 3aBUCAIIEH HCKAIOUHTENBHO OT TOWHOCTH
MeTOJOB, TPH TOMOIM KOTOPHIX BEINOJHSIETCH PAacuer.

Buiffosquus pacuer ajs oaHoro uactaoro ciyuas, B. T. Kocrtu-
ustH [1, crp. 57—59] mames, yTo NpH pacyere o BTOPOMY Ba-
pHAHTY pasMepHl MexaHu3Ma moayuvaiorcss Bcero na 4,539 wmeHb-
e, yeM NP pacyere 1o NepBOMY BapHAHTY, HO TPYAOEMKOCThb
pacuera TPU 3TOM 3HAUNTENBHO BospacraeT. ITostoMy ou MpHIIeN
K BHIBOAY O TOM, UTO €CJIH HET OCOOBIX TPeGOBaHHH K TOUHOCTH
MOJy4aeMblX Pe3yJabTaTOB, TO 'n‘pennhoHTeJIbHo BECTH PACYET IO
fonee MPOCTOMY BapHAHTY — IepBOMY’.

OTMeTHM oOfHAKO, YTO KPHTEpHEB IJIS OLEHKH CTeHeHH pac-
XOXK/IEHUs PE3yJNbTATOB, MOJYYaEeMBIX IIPH pacyere MO KamKIOMY
W3 BapHaHTOB, He mpemtoxeno. CAeNOBATENBHO, TPEABHIACTH 3a-
paHee, T. €. O BBITONHEHHs pacuera mo o0OMM BapHaHTaM, CTe-

! Tipu cpapuuTenbHOR OLEHKe OGOKX BAapHAHTOB pacuera cooGpamelne o
TOM, YTO B mpoliecce paBoTe BeauuuHa Kod(ouUHEHTA TPEHHA MOWET uame-
IATbCS, AOMMHO OBITh, NO. HAalleMy MHEHHIO, HCKJIOUeHO: 3TO O0OCTOATENBCTBO
11€06X0IMMO YUHTHIBAT, HE3ABUCUMO OT pACUeTHOTO BapuanTa Kak RelGopom
naggexaiefl BeqUYHHbl KO2GdHUIHUeHTa TPEHUA, TaK H BedHUHHB KOd(dHuHen-
T4 3anaca OT CaMO3aKAHHHBAHHA MeXaluiMa.
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IIeHb TAKOTI'O PaCXoX/AeHus  (KoTopasl, BOOGLLE roBOps, MOXeT OKa-
3aTBCH M 3HaUHTENLHO" Oosblie 4,55%) HeBO3MOXKHO.

Hrtak, npu pacdyeTe HaMMEHBIINX PAa3MepPOB MexXaHW3Ma MO Tep-
BOMY BAapHAHTy MBI He HMeeM BO3MOXHOCTH CYAMTL O TOM, Ha-
CKOJIbKO Pa3Mephbi IOJYUEHHOTO MEXaHHW3Ma OTJAMYaiorTcss OT Jel-
CTBUTEIHHO MHHHMAJbHO HEOOXOIHMBbIX,

OcTaHOBUMCS TaKiKe Ha HEKOTOPOH OCOGEHHOCTH NpelsIOXKeH-
HeX [1, § 5] ueThipex MeToOB pacuera [0 BTOPOMY BapHAHTY.
Ona 3akjaiouaercs B cjeaywoiieM. Haumenbmine pasmepbl Mexa-
HHM3Ma HAXOAATCS J16O HeNOCPeACTBEHHO MO KPUBBHIM, MOCTPOEH-
HBIM MO. OTAENBHEIM TOYKaM, JHGO e Kak KOOpPIHHATEl TOUKH Ka-

caHusi KPHMBOH, NOCTPOEHHOH TakxKe MO TOUKAM B NPSMOYTOJBHOM -

cucTeMe KOODIMHAT, ¢ MPaMO, o6pasyoued ¢ ocsMu KOOPIAHHAT
-yron 45°. BeaencTBue 3toro, COBepllieHHO OUYEBHAHO, YTO 3TH Me-
TONbl PacyeTa OTNUYAIOTCS HE TONBKO 3HAUHTENBHOH TPYILOEMKO-
CTbIO — UTO OTMeYaeT W HX aBTOP, — HO OHH MPAKTHUECKH HE MO-
ryT o6ecrneunTh MOMyueHHe TOYHBIX 3HAYEHHH HCKOMBIX HAHMEHb-
ILIKX pa3Mepos.

V3 M3JI0XKEeHHOTro HEeTPYIHO BHIIETb, UTO HMeercs HeOOXOIu-
MOCTb B Pa3paboTKe TOYHOrO M JOCTATOYHO IPOCTOro MeTofa pac-
yeTa HAUMEHBINNX Pa3MepoB KyJauKoBOro MexaHH3Ma pacCcMaTpH-
BAeMOro BHIA, HCXOAs M3 YCJAOBHs pPaBeHCTBA (AKTHUECKOro H
IOMyCTHMOrO yrja AaejeHus (MM Mepefavyd) B ONHOM H3 IOJO-
JKeHHH MEeXaHu3Ma,

Huxe wusnaraercs npelmarathm MEeTOJI, OCHOBAHHBIH Ha HC-
TO/Ib30BaHUM ABYX ypasHenu#t (1 u 5), npusexenunix B pabore
[1], u Metona pacuera HaWMeHbUIEro pazMepa KyJiauyka, H3JIOXKEH-
Horo B Hauweii paGore [3]. :

Coh—s\
g, =5 f(1 +2277),

hemHAr—f-1, @

rpe (puc..1) (cM. Ha crp. 29):

Y, — AONYCTHMBI#l YroJq mepejaud OT Ky/JauKa K BELOMOMY
3BEHY.

% — koadhpHIHEHT 3amaca MexaHH3Ma OT CaMO3aKJHHUBAHHS,

J — xoapbunuenT TpeHus BeIOMOro 3BeHa O HampasJ/sloniue,

H — mMaxcaMaJipHBIH pa3Max BeZOMOIO 3BEHa,

r — pajgAyC pOJHKA,

r’ — pajnyc BeJOMOrQ 3BEHA,

S — nepeMenieHue BEAOMOro 3seHa OT Kpanaero HHXHEro no-
JOXEHHA,

| — pJiMHA HanpAaBJSIOLIEH.
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Paauye tientposoro (e-

opernueckoro)  npodmuis
OCHOBHOR mafbn KyJaau-
Ka: .

dS
R-—:afg'(amS, (3)

rie ¢ — yroix TmOBOPOTA
KyJauka.

' Ha ocroBannu (1) ypas-
HeHHe - (3) MoxeTr OHTH
3anHCa’do CAeAYIWHM 06-
pasom:

=Z_§3 -f(l+
+2‘h:i§)“ S. . (4)

Hanmenbmue pasmepsi
MeXaHu3Ma JIOJIKHB OTBe-
4aTh YCJIOBHIO:

dR
= 1. (5)
B cuay ypashenus (4)
6y11eM UMETh:

. h——S ds
= o ©
Puc. 1. : M3 ypasuennit (5) u (6)
caegyer:
20y, fih— S IS
=23 f(h S)d?. (7)

Haumenbmasn jgonycrumas seandnHa paguyca R HaxOZuTCH
. dR
(em. [3]) m3 ycaopus: d—zO, KOTOPOE ¢ NOMONILI0 YpaBHEHHS
P

(4) mocne nmpocTHx npeo6pasoBaBHii NpHBEJET K CaAeAVIOmEf

JaBHCHMOCTH:
: 2
d2 S (h—S)— (dS)

=9 4¢° de/
1 dS &S

8. f f de de?

Wckmouas H3 ypaerenuit (7) u (8) o6yl mepeMenHyio se-
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aunny L moayudaem:

. "QS(h—S)——(Zf)fQ

a5 _ 2 dg¢* de/ |. )

dy . f(h—8) | 1 dS_ &S
8- f do de

CopePIEHHO SICHO, YTO 3HAYEHHE YI/a HOBOPOTA KyJauka
w==¢_ , fIPH KOTOPOM TOJbKO YTO MNOJydYeHHOE YypaBHenHe (9)

06pamaeTCcs B TOKZECTBO, AAET TO NMOMOKEHHE MEXAHW3MA, B
KOTOPOM P2BEHCTBO MCTHHHOIO H JIOIYCTHMOTO 3Ha4eHMH yria
nepenaud OGECMEUNBAET MOMYUEHHE MEXaHH3MA HAMMEHBLINMX
pasMepoB. ' 3Has ¢m, HAXOJHM COOTBETCTBYIOIIHE eMY 3HAYCHHS
dSs
de
vus (4) # (7), HaXOAUM COOTBETCTBEHHO Rmin H Lpin.

TaguM 00pa3oM, KaK Mul BHIHM, peilileHHe 3afaup He Tpebyer
npHMeHeHHA KaKuX-A100 HCKYCCTBEHHBIX NPHEMOB, a NPHBOLHTCH
K Pelerd YPABREHMR 9). Tip2pna, b oOmeM PHRE PLWWIL 3TO
ypaBHeHHE BDSJ JH BO3MOXKHO, HO TrpaguugCKoe €ro pelleHue He
npeacraBAfieT HHUKAKHX 3aTpyAHEHUH M BBHIOJHAETCA OOBIUHBIM
croco6oM.

ds
ITo¢konbKy rpaduk (yHKIMH {7 TP¥ TPOCKTHDOBAHHN MeXa-

Hu3Ma BCerja CTPOMTCS, TO B TOH 2Ke KOODAMHATHOH cucTeMe (4
B ToM XKe, pasyMmeeTcs, ‘MacuiTabe) HYXKHO IOCTPOUTL JOTOJHHU-
tenbpuplil TPad¥K u3MeHeHusi Npaeoit yacTH ypasHeHyst (9).
A6cuncca TOUKH TlepeceueHHsl HA3BaHHBIX JBYX IpaduKOB H ompe-
Aenut sHaueHuwe yrya ¢==¢ . Ilpu 5Tom, nonyueHnas BeJHUHHA
¢, Kak OOBIUHO B TAKWX CydYasx, Npu HEOGXORUMOCTH MOXKer

ObiTh yTOYHEHA C JiI0GOH CTeneHblo.

Ecay HOJNYYEHHOE pacyeTHHIM MyTeM 3HadeHHe [p;, OKa3H-
BaeTcsa HE KOHCTPYKTHBHO MaJ/blM, IIOCTYMAaeM CJAeAyiouuM o0pa-
3oM. BrOHpaeM nojxoAsinyio Beauduny [ ¥, NOJbL3YACh Ypap-
nennem (4), HaxoMMM /g pafga COOTBETCTBEHHWX 3HA4YeHHi S

" %‘_g, pesnunEn R, HauGoapmyio us HallieHHHX TakuM ob6pa-

peanyns (S), _, H (

e ) , MOJICTaRA4Ag KOTOpLE B ypaBHe-
mn 9 = gm s

P
30M BeJMYHH R M CAeAyeT NPHHATH 3a LEHTPOBOH pajguyc oc-
HOBHOH LIafi6pl kyJjauxal.

B toM XKe cIyyae, ec/ad IPHXOIHTCA 3aaBAThCH BEJAHUMHOM /,

1 [lonOMEHHEe MeXaHH3Ma, KOTOPOMY COOTBEICTBYET MUHHMAaJibHO-LOMNY-
cTumoe sHayenHe R, moxer Ontb Halineso wu3 ypasrenus (9). Vlocaennee
npoiie BCEro PEIIATH PaQHUCCKAM NMyTEM. ’

30

TO HAXORHM pAf 3Hauensii / a3 ypaBHEHHS:

=2 "=S% -0
ET
ds ”
— D,
dy d

fl0Jy4aeMoro W3 ypaBHenua (4), n ocTAaHABiWBaeMcA Ha HAHOOMD-
iieM H3 3THX 3HAYeHHH. _

Ilpu pacyere CMeLIEHHOTO KyJayKOBOrO MeXaHH3Ma BeJIH4H-
Hy R Hajo paccMmartpuBaTh [2] kak NPOEKIMIO LEHTPOBOrO pa-
Auyca waibnl KyJauka Ha JUHAIO JBHKEHHS BEJOMOro 3BEHA.
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TPYbl OAECCKOI'0O TEXHOJOIrMUECKOIO WHCTUTYTA
. VI uMesn H. B. CTAJIMHA 1955 r.

Hoxkrop rexn. Hayk B. . BEJTEZIKH]/"/ [

NPOEKTUPOBAHUE KPHUBOIIHITHO-KOPOMBICJIOBbIX
MEXAHH3MOB ' ‘

KpHBOIIMIRO-KOPOMBICJIOBEIE MEXaHU3MBbl HIHPOKO HNPHMERSIOT-
¢ B PasJMYHBIX NPOM3BOACTBEHHBIX MAaIUXHAX IVIaBEBIM 00pasoM .
/a5 npeoGpa3oBaHHs BpalllaTesIbHOro ABHXKEHHs KpuBomgna AB
(puc. 1) B KauarejbHOe ABHXKenue Kopomuicna CD.

. Puc. L.

. 3ajaya NpPOEKTHPOBAHHS TAKHX MeXaHH3MOB COCTOHT B OIpe-
MeJIeHMH OTHOCUTEJbHBIX IJIUH 3BeHbeB, ofecreudBaIlux BOCIpPO-
¥izBeleHHEe 3aJaHHBIX BeJHUYMH YIJa pasmaxa KOpOMHICA2 § H
«0stbdunrenTa U3MEeHeHHs] CKOPOCTH X0Ja k 10 yCJIOBMSM BHINOJ-
115IEMOr0 TeXHOJOTHYEeCKOro mpouecca. Pelilenue Takoll 3afaum He-
CJIOXKHO, OCOOEHHO eCcsH BOCIIOJNb30BATHCS TpaduuecKHM METOLOM,
IPUBOJAUMEIM B KypCax TEOpUM MeXanusMos W Mawuu [11. 7

OpHaKO TPOEKTHPYEMHIH MEXAHH3M [OJXKeH YAOBJIETBOPATE H
JIMHAMHUYECKHM TPeGOBaHMAM, 3aKJAI0UAIONIUMCS B TOM, YTOOH yroJ
nepeflayd B MeXaHH3Me He OBLT MeHbille HEKOTOpoH mnpejenbHOH
BEIMUMHBL 7 . . 3ajlaHde Xe 3TOH BeNHUHHBI, KaK NOKas3aj Kanji.
rexH. Hayk, pon. C. A. Uepkynunos 2], manaraer onpezesieHHble
OFPAHMYEHHsS] HA OTHOCHTE/IbHBIE AJIMHRE 3BEHHEB MeXaHH3Ma.

B paGore [3] aBropa npeasoxed MeTOH IPOEKTHPOBAHHUA
KPHBOIIHITHO-KOPOMBICTIOBOTO MeXaHH3Ma 10 3aAaHHBIM KWHEMAaTH-

3. Tpyser TexHonorMyeckoro HHCTHTYTA, 7. VIL 33



ueCKHM (& B ) ¥ JAMHAMHUECKHM (y,,,) VenoBHaM. Pemenue
NPUBOAUTCH K TPOEKTHPOBAHHIO MEXAHHW3MA TO UETHPeM IONOXKe-
muaM (puc. 1): asym kpaiinum (AB,Ci\D u AByC,D) u nsym
(AB:CsD u AB4CiD), B KOTOPHX yIviHl Iepefaud NPHHHMAIOT
HauMeHblMe 3Hauenus. OTHOCHTEe/NbHBIE PasMepbl 3BEHbEB HAXO-
IATCS TIPH 3TOM IyTeM DeIleHHs CHCTeMbl M3 CE€MH YPaBHEHHH.
Ananus mosyvyaeMeX NPH TAKHX pacyeTax Pe3y/bTaTOB IIOKa3bl-
BaeT, YTO YroJ mepefiaud NPHHMMaeT HaMMeHblilee 3HAUSHHe BCer-
Ia B MojoxeHuu Mmexannsma ABs;CsD. Orcioga ciefayer BO3MOXK-
HOCTb NPOEKTHPOBAHHs MeXaHH3Ma JHIIb IO TPeM ero MHOJoXe-
HusaM (puc, 2). :

Puc. 2.

B stom ciyuae, Bocmojib3oBapiidch ¢opMmyaaMmu (1)—(5) u
3aBHCHMOCTbIO (X), NpuUBeReHHBIMH B pabote [3], 6ynem umets:

v sin 7, i -
R I
ry sin ($, + 11) . ( )
r_",l —_— .JM?.__._ . ¢
ry o osin( ) @)
r, . sin 7,
2= +i) ———; 3
ry ¥ sin ¥z + 7s) )
r, . sin v,
Ta (1. .
ra {1+ 13) sin §s 3 (4)
:;4 - éin $ : sin ¢ g )

2 ____‘_ 42

sin 7, sin 7,

r 1
A . 6
r iy + 1 ©)
2
ri o osing,  sing, ’ (7)

sin Yy sin ¥,
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31ecn:

v, — IJIMHa Kpupowuna AB;

r, — AJuHa uratysa BC;

r, — AJAHHA Kopomeicaa CD;

r,— Aanna crofixku AD;

1 - YTOJ Mex/J1y HIaTyYHOM H KOPOMKIC/OM;

% — YroJl HA4KJOHA KOPOMBIC/JA K CTOHKE;

[ — IepejaTOYHOE OTHOLIE€HHE MeXaHH3Ma (OTHOUIEHHE YIJo-
BHX CKOPOCTe# KOPDOMBICJA3 H KPHBOINHMA).

Bsamen (1)—(7) Jsierko noayyaem C/eAyIOLYI0 CHCTEMy H3
ueTHPeX ypaBHEHHH:

sin (y, + 1) sin vy
sin (Y2 + 12) sin 7, ( )
1 2
Mi;“vsmnl»l _ sing, —h ®
sin 14 sin v,
sindy —0,5 (1 4 i) (e s_)n_%_) Sin a3 (10)
sin y, sin 1§,

sin ({1 4 74 — sin (Y3 -+ 7a) (1 1)

sin 7, (1 +4¢,)siny, .

Kak uspectHo, BesinunHa KOSPQUIHEHTa HAMEHEHHS CKOPOCTH
X0/a K M oCTpulil yroa 6 (puc. 2) MeXIy OCeBLIMH JIMHHSIMH
maryna B,C; u B,C, B KpallHuUX MOJOXEHHAX MEXAHU3MAa CBsi-
3aHB CJEAYIONIefi 3aBHCHMOCTLIO:

. Q= 180° L=1 (12)
o]
M3 puc. 2 BuanO, 4TO
b= — S
il
180° — (y -+ 73) = 180" — (b, - 1)) -+ ©.
CaenoBareabHo,
=T 17— 8.
Beeaem o603HaueHHE
M= — 8; “(14)
TOTAa
To=="T -+ M (15)

Wrak, 3a1aHHEe YCAOBHSIMY IPOEKTHPOBAHHS MEXAHH3MA Be-
JUUMHEBL ¢ B K yCTAHABJUBAIOT OllpeJie/IeHHYI0 3aBHCHMOCTbL HeE
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TOABKO MEKAY yriamu ¢;, # ¢y, HO TAKKE M MEXAY YLJAAMH 9,
" 7.. Tak xax, KpoMe TOro, 3alaHa €ule M BEJIHYHHA Y3=TYmin,
TO HeTPYAHO BHIETby YTO NpHBEJEHHas BHIIE CHCTEMa H3 4e-
Thipex ypaBHeHmn#l (8)—(11) comepxur yeThipe HEH3BECTHLIE Be-
JHYHHB, KOTOpHE, CJeA0BATEJbHO, ONpelenaTcs B pesyJ/brare
. pelIeHHsI CHCTEMH.

[Tocseanee MOxKeT GHITh BHIIOJHEHO CJIEAYIOMIHM, HAIPHMED,
obpasom: : , )

1. 3agaemMcs NPOH3BOJIBHEIM 3HAYEHHEM yrjia 7,, NPHYEM
H3BECTHO, YTO Yy > Ymin-

2. HaxoguM u3 ypasHenus (12) Beanunuy .

3. U3 ypasuenus (14) Haxomum A,

4. B cuny saBucumocTH (15) moayuyaem ¥,.

5. ¥Ypapnenue (8) Ha ocHoBauum (13) MOXHO 3ammcaTh Ta-
KuM obpa3om:

sin (§ + 74) — siny (16)
sin (g — ¢ + 715) sin Yy
DT0 ypaBHeHHE JaeT BO3MOXHOCTb ONPEAETHTH §,.
6. Bocno/ab3oBaBUmIMCh 3aBHCHMOCTHIO- (13), HaxoxuM Y,.
7. Onpenensiem u3 ypaBuerHds (9) i,
8. o ypasuenuto (10) BuuUCAAEM ;.
9. MpexacrasuB ypasrenue (11) B cienyiomem Buae

A —cos

sin ¢

Cigy, = (17)

rune '
= Sin (3 + Ya) (18)
(1 +iy)sinys’

HAaXOLHM H3 HEro BEJIHUYHHY YIaa Y;, KOTOPYI0 0603HAaYHM He-

pes 1i*.

Pasymeercs, BesnunHa 1,* OKaxercs He paBHOH B OOmEM
cJaydae IPOH3BOJIBHO BLIODAHHOMN B HayaJje pacyeTa BeJTHYHHE 7q.

[losroMy 3asanuMcsi HOBHIM 3HaYeHHEM 7, H HOBTOPHM BeChb
IpuBeJeHHHH BHIIe pacyeT. B pesyasrate HaliieM HOBOE 3Ha-
yeHne 1,* W Tag A0 TeX HOp, Moka He Gyner AOCTHFHYTO pa-
BEHCTBO T,* = 1;.

Jlns coxpallieHHs YHCJa I[IOBTOPDHEIX pPacueToB Mojie3Ho, Kak
BCerja B AHAJOTHYHHIX CJy4YasiXx, NpuOersyTh K IOCTPOEHHIO B
NPSIMOYTOJIbHON CHCTeMe KOOpAMHaT rpadukoB dynkuwi. B Ha-

umeM. cayuyae rpaduxos ; =4¢, (1) 1 1,* =1,* ($;). Kooprunars
TOYUKH NEpeceyeHus 3THX rpaduKoB NaXyT HCTHHHHE 3HAYEHHA
BeJauuMd |, H §,. Ilpn Heo6xoAMMOCTH noc/aefHHE HPH NOMOILH
ypaBueuns (16) Moryr ObiThb YTOUYHEHH C JIO60H TOYHOCTBIO.

IMocae storo corsacro 3aBucumoctd (13) Hafizercs BeJH-
YHHA §,.
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Hakonen, no dopmysaam (1), (5) u (7) maxozum 3HAueHHUS

pemmumn: 4, "o oy Ce
r's r, ry

Ocranbueie dopmyast —(2), (3), (4) a (6) — moryr 6HTHL HC-
NOJIb30BAHKEL JIA NMPOBEPKH NPABHIABHOCTH NPOU3BENEHHOIO pacue-
1a. BnpoyeM, Takasi nposepka MoxeT GuiTh NPOBEleHa Hemocpen-
CTBEHHO N0 KHHEMATHYeCKOH CxeMe. CIPOEKTHPOBAHHOIO MeXaHH3-
Ma; OJHAKO MepPBHIA MyThb ABJAAETCH Gojee TOUHRIM. :

OrMeruM, YTO B HEKOTOPBIX CAy4asix MNPAKTUKH MOXKET OKa-
3aTbhCa  GoJlee 1€71eCOOOPA3HBIM IIPOEKTHPOBATL MEXaHHM3M TakK,
yToGHl NpeleNbHEIN YTol nepefaun v, OBUI paBeH He HaHMeHb-
1IeMy YINly mepellayd XOJOCTOFO XOla MeXaHH3Ma, KaK 3To H3-
JOXKEHO BBl 4 HAMMEHbIIeMy yriy nepefaud paGouero xoia.
EcrecTBeHHO, B TAaKOM Clyuae B HEPHOJ XOJOCTOIO XOfa Yroj ne-
penaun Gyper npHHHMaThb 3HAYE€HHS W MeHblIHe NpeneinHoro, Ho
TNIOCKOJIbKY TIPH XOJIOCTOM XOJle YCHJIHS, epeiaBaeMble OT KpUBO-
IIMIa K KODOMBIC/Y, 3HAUMTENBEHO MeEHbIle, yeM IpH padoueM

X0lie, TO yKasaHHoe 06CTOATENLCTBO HE HMeeT CYUIeCTBEHHOI'Q 3Ha-
YECHHA.

Puc. 3.

Ilpn npoexTHpOBaHMH MEXaHU3MAa IO 3aJ3HHHIM BEJAHYMHAM
(puc. 3) §, ¥ H Y, = {min H3NOXEHHHH BHIIE NOPAIOK pacyera
NOJHOCTBI0 COXPAHAETCH, HO B3aMed ypasHenuit (10), (11) u (18)
oyxem (cum. [3]) cOOTBETCTBEHHO HMETH:

sin (p4 —-—0,5( sin 7, + sin Yz) (1 L4) Sy (loya)
sin (¢34 11) . Sin a4-714) .
sin v, (I —i)siny, ™ (11,a) ‘
_osin(e4vd) (18 a)

T (l—ip)siny,
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[lpuBeneM 4HCIOBOH pacuer.

TpeGyercd CHPOEXTHPOBATH KPHBOUIHIHO-KOPOMBICJIOBHH
MEXAHH3M MO CAeXYIOIHM YCIOBHAM: KO3(DOHUHEHT HIMEHEHHS
CKOPOCTH Xola ¥ ==1,25, Maxcuma/jpHBI# pa3Max KOPOMHCIA

% =30°, npege’abHOe sHauEHHEe yrJja mnepejayd mpH XO0JOCTOM
XONle MeXaHu3aMa 7, ==4bH°.

Pacuer BeJeM COr/;acHO H3/I0XKEHHOH BhHUIE CXeMe.
1. BerGupaem v, = 70"

2. Coraacho ypasHenuio (12) umeem:

0 —=180° =1 = 180° 2B =1 _ 900,
©+1 1,25 +1-

3. Vs ypapnenns (14) maxommm:
h=1{ — 0 =230°— 20° = 10°,

4, Tlo ypasuenuio (15): |
o= g - A= 70° - 10° = 80°.

5. B coorserctBuu ¢ ypaBuenuem (16)
Cosin(g k) siny

sin(g—b4y,)  siny,
WM NMOJACTaBJSI W3BECTHHIC HAM BEeJHUHHEL:
sin (¢ + 70°) — sin 70°
. _sin (g; 4+ 80°) . sin 80°
OTCIOLa HaxoLuM —¢; ==37°,

==0,96;

6. Coraacuo sasucumocty (13)
Dy =) — $==37° —30° =7°,

B cuiy ypabuenna (9):

1. -2 2 =

iy osing,  sing, sin 37 __sin7 o

sin v, sin 1, sin 70 | sin &0

IMostomy i,=0,35. °* '
8. Sin,==0 5("‘“ ho —‘E-“L) (1 - £) siny, —

siny; sin y,

sin 37 sin 7 .
=05 <sm 0T sin 80 ) (14 0,35)sin45=0,38.

OTkyna HaXxOZuM ¢, = 22°,
38

9. A5 (kv _ sin(22+ 45)

=10,95.
(1 4+ i)siny, (1 +035) sin4d
_A—cos¢, 095 — cos37’__0 95: ‘
ctgn = sin gy sin 37 =

orciofa: y,*==76°.

Mockoapky %,* =76° #y,="70°, TO pacyer OPHAXOXHTCH
NOBTOPUTH, 33aAaBUIHCH HOBHM 3HaueHHeM Y. [Tocrpous rpaduku
$y=b1 (1)) 1 7,*=,"* (8), GHCTPO Haikzen, uT0 y,=60° 1 $4=53".

OCJie 3TOrO COTIACHO_NPHBE/ICHHOH BHIIE CXeMe pacyera
YCTAHABIMBAEM, YTO Y, = 70°, ©,=23° B $g=39°.
Coraacuo dopmyaam (1), (5) u (7) Haxoaum:

ry sif ¥, sin 60

r, sin (§; + 11) sin 113
e 2 = 2 =15
re sin ¢, sin gy sin 53 + sin 23
sin 7, sifl Yy sin 60 sin 70
Ty __ 2 o 2 —
r sing;  sing, sin53  sin23
sin ¥, sinn Y, sin 60 sln 70

Puc. 4.

Kunemaraueckass cxeMa HafileHHOro MeXaHuW3sMa H300paxkena
a puc. 4, .
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Wsnoxennbifi MeToz pacuera MOXKer OhTh, padyMeercs, HC-
IOJIb30BaH H JJifi INPOEKTHPOBAHHS KPUBOUIHITHO-KOPOMBICIOBOTO
MeXaHU3Ma IIPH YCJIOBHH, 4TO KOI(QQHIMEHT R, a CJeI0BATEIbHO,
M yroa 8 paBHBl HYJIO, :

Hast Takoro mexanusma (puc. 5) BCIGACTBUE €r0 CHMMETDHY-
HOCTH:

Puc. 5.
. T =90°—0,5¢ (19)
H
1= 90"+ 0,5¢. - (20) .

Beujy storo ypasHerne (8) [/as1 pacCMaTpHBAaeMOro ciyuas
o6pawaeTcs B TOXAECTBO.

] TaxuM 06pasoM, /s pelleHHsi NMOCTABJAEHHOH 38aYH MH
pacnonaraem tpems ypaBHenusMmu (9), (10) u (11), u3 xkoropmx
HYXHO ONpEJeJHTh TPH HEH3BECTHHE BeJHUHHB: U, ¢5 U i.

IIpu 3TOM JOMOJHHTENBHO CJEAyeT BOCIOJb30BATHCA YCJAO-

Buem (13).

[MTocko/bKy 3afaHHEIMH ABJAIOTCA BeJHUHHH § H Y5, TO pe-

HICHHE MOXHO BECTH IO CJIefylolnes cxeme,

1. Ua ypapuennit (19) u (20) HaxoA¥M 3nauEHHS BEAWYHH Y,

H s

2. 3anaBasch NPOU3BOJIBHEIM 3HaYEHHEM YTIJIa §;, BHUHCIIEM
corsracno (13) ¢,, a 3aTem, no ypasHeHuio (9) — cOOTBETCTBEH-

HO i3;

3. U3 ypaBuenns (10)-naxoxum ¢,; :
4. Mo ypassenuio (11) BhumcaseM ¢,, KOTOpOE, KOHEYHO,

He OyJZeT COBHNaJaTh C NE€PBOHAYA/JIbHO H3OPaHHBIM. ’

¢

40 ,

B rmannHefilneM MOXHO IHNOCTYIHTH AaHAJOTHYHO H3J/I0XKEH-
HoMy paHee. [1OCTpOHTB B NPAMOYIOJNBHOH NPAMONHHEHHOMH
CHCTeMe KOOpJIMHAT fB€ KpHBHeE iy ==i;(}), mo ypasrenmio (11).
KoopauHaTHl TOYKH IEPECEUEHHMs STHX KPHBHX JIaAyT HCTHH-
Hple BeJHYHHH ¢, H I,. [locae 3TOro omnpepejeHHe OTHOCH-
TeJbHHX Pa3MepoB 3BEHLEB NPOHM3BOJHTCA B COOTBETCTBHH C
ypapuenusmu (1)—(7).

JIUTEPATYPA-

{.Apro6onesckuit Y. Y., Teopus MexannsmoB u maumu, § 67, 1953.

2. Uepkynuuos C. A, Yron nepenayn B UAPHUDHOM UeTHIDEX3BEHHHKE,
Tpyab ceMHHApa TO TEOPHH MalIMH M MeXanu3Moe ucTuTyTa MamuHo-
seneuns AH CCCP, sun. 9, 1947,

3. Beneuxkuii B, §., K AHHaMHuecKOMY CHMHTe3y WAPHHUPHBLIX YeThIPeX3BEH-
HBIX MEXaHM3MOB, «BeCTHHK HHMKEHEDOB H TEXHHKOB», Ne 5, 1951,



TPY®I OOECCKOI'O TEXHOJIOTHUUECKOIo MHCTUTYTA .
T. VII pmenn Y. B. CTAJIMHA 1958 r ’

Kand. rtexu. nayx, doyenr B. ®. MAJIBLIEB

ONPEAEJIEHUE PACIHOPHOIO YCHJHS MEXAY
JUCKAMHU KIIMHOPEMEHHbBIX BECCTYNEHYATBIX
NMEPEOAY ;'

B npusone pabounx MallMH IIMPOKOe PacmpOCTPaHeHHe HAINIH
wiHHOpeMenHble OeccTyneHuaTwle nepenasu Onarogaps psiny Jmo-
CTOMHCTB, NpHcymux stum mepenauvam [3l. Omxmaxko B psage cuy-
1468 OHM BBIXONST M3 CTPOSl PaHLIIE YCTAHOBJEGHHOTO CPOKA.

Ha ocyoBaHMH ONBITA 3KCIIYATAUHHM KIHHOPEMeHHBIX Geccry-
IICHYATHIX Tepefay B NPHBOIAX BOJOUMJbLHBIX CTAHOB 1 KaHaTO-
RLIOMAX MamuH Ha OJEeCCKOM CTaJeNpOBOJAOYHO-KAHATHOM 3aBO-
jic GBLTIO YCTAHOBJEHO, YTO OCHOBHO!M TNPHUHHON HEXOCTATOUHONH
/IONITOREUHOCTH YKA3AHHKX nNepefad ABJIAETCs Manas paBorocno-
COOHOCTh feTasnel, BOCIPUHHMAIOILHX OCEBYIO Har’py3Ky, u TIpex-
JIC BCEro, INApPHKOBHIX NONIIHATHUKOB.

UYrobLl pemuTs BONPOC O NPABUILHOM BHOOpE NOANIMIHHKOR
¢ rpebyemMoli paGOTOCTOCOGHCTBIO ¥ O pacueTe HaNPaBJSIONINX
HOABUMKHBIX JIUCKOB, HEOGXONMMO OMPENeNHTh PaCloOpHOe YCHJHE
() Mexnay nosoBHHKamH mkuBoB. CyllecTsyioliue MeTonsl Onpe-
JCACHAST YCHJAHA  OCHOBaHBI HA PaCUeTHON CXeMe, I'le YCHIUS
€O CTODOHH DPEMHsi Ha TIOJOBMHKM WIKHBOB pacCMaTpuBaloTCs B
OJIHOH TJIOCKOCTH TOAOOHO MefiCTBHIO CHMMETPHUHOTO < KAWHA, a
NOITOMY 3TH METOIH SABJASIOTCH CYTY00 NpHOIMKEHHBIMH.

Huxe wmanaraercs TOUHBIH MeTOJ ONpPEIeseHusi PacIOPHOTO
VCHJTHSA, NeHCTBYIOIIETO HA TOJOBHHKU Pa3fABHIKHOILO KIHHOPEMeH-
HOro UIKWBA.

PaccmoTpum ajieMeHT KAHHOBOTO pemMus A Ha BeJOMOM
miuse (puc. 1), cooTBercTeylonmil NeHrpaibHoMy yray de.
I{ycth warsxenue peMus B ceyenwn 1—OQ papuHo s, Torma m
cenenun 11—-0 ono 6yner s -+ ds. B pagnanbHOM HampaBj€HUH
14 BTOT BJAEMEHT neficTByer cuaa wHepnuu d/, pa3pusaemas
MACCOH 3JIEMEHTA NPH ero BPaAmATeJbHOM [BRIKEHHW BMeCTe
¢O WKHBOM, KOTOpas ONpelesUuTCH

dl=q2de,
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. ‘ [ J

TAEe g — BeC OJHOr'O MOTOHHOT'O METPa PEMHS B K2}
U — NOCTOAHHAA OKPYXKHAsi CKODOCTH PEMHS B M/CeK;
&£ — YCKOpEeHHEe CHJIN TSXKECTH B M/cex?,

Puc. 1.

Co CcTopoHH KOHHYECKOI NOBEPXHOCTH INOJIOBHHOK HIKHBA
HA 3JEMEHT AelCTBYIOT HOpMajibHHe AapieHus dNu cuiasl Tpe-
wus fAN. 3necy f—xoeddunuesT TpeHHS HA NOBEPXHOCTH CO-
NPUKOCHOBEHHA PEMHS H LiknBa. PacnopHoe ycuauwe Q, neii-
CTBYIOI[EE CO CTOPOHH 9JEMEHTAa PEMHS Ha IIKWB, HAKAETCH H3
YCJAOBHsT PaBHOBECHS 3/IEMEHTa:

(S—q:;)(cosx-——fsin*{) S——qu
dQ = = &
< 2(siny 4 fcosy) ? 2tg(v+p) de. (1)

TAE p — YroJ TPEHHS HA [OBEPXHOCTH CONPHKOCHOBEHHH WIKHBA

H DEMHs, :

W3 Teopuu KJIHHOpEMEHHOH Nepejauyd u3BECTHA 3aBHCH-
moctb (1)

—F = fdy, | ©
S—qg —
g
rie
2(R*— 1)

K

=3 (R*—r)siny-p, *
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O6ossaunm S, Hatsmenne pefoMoli persu pemus. Murerpupys
supaxenue (2), MOJy4YHM 3aKOH H3MEHEEHsT S B QYHKIHH yrja ¢

S ds (e
i
S, q g 0

2 2 Nf'
s-uq'i;z(Sr—q%)l . (3)

,02
[loncrasass B BhipaxeHnue (3) 3HaueHme S2——q; , oInpeJeneH-

WJIn

noe no ¢opmyae [1] ) p
v
Sy—q—=

g ey
NOJYy4HM

v
S—qg—“ le?_] ’

P [*fe
rie P— OkpyxHOe yCHJIHE.

v?
[Mocre mMOACTAaHOBKH 3HayeHus S-— g —B ypasHeHue (1)
4
nocjaefHee 3anHIIeTcs
dQ=

P o

21g (1 +0) (7" —1)
Murerpupya o6e gactu BhipaxKeHHs (4), Haijewm:

. Q 2 Kfe
p d
0 o 2tg(1+p) - —1)
| P

Q= 2K flg( Lp) ©)

IHopcraB/isa 3HayeHue K B HOCJAeAHee BBIDAXKEHHE, OKOHYA-
TeJbHO MOJYYHM

(4)

nim

3P(R*—r%sing £,
- B 6)-
, Af(R*—r)ig(y+p) ®)
Jra GopMy/a 3HAYHTENLHO YNPOCTHTCH, €C/IH NPHHATL [2]
~ 2R —ry
Pu g (Rt —r2) ’
TORJA \
Psiny
= e | : 7
2f1g (1 +p) 7
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®opmyast (6) u (7) Moryr OHTH HCNOAb30BAHEI NPH pacyeTe
Ha ITIPOYHOCTL ¥ BBIHOCAHBOCTL 3VICMEHTOB 66CCTyH€anTbIX KJaH-
HOpeMeHHHIX Iepelay, d Tak¥Ke IJsA OlpeAelNeHUs YCUIHH,  peH-
CTBYIOIMX Ha peryaupylomiu#i Mexanuam. [lociexnnee BeceMa
BAxHO 3HaTh B CJjayuae ABTOMAaTHYECKOH peryJaupoBkn Ilepenavf.

JINTEPATYPA

I. Monskos B. C, KaunopeMennsie nepegaun, Mawrus, 1947.

2. Tlponunn B. A, Knunopemerusle nepenauy, Mauirus, 1952 (BHUTOMAILLL).

3. Manpues B. @. Kimnopemennwe GeccTylenyaToie Nepefasud co CTad-
JapTHHIMH peMHsMH. «BecTHurk MawmuHOCTpenus», Ne 10, 1953.

TPYJIb! ONECCKOI'0 TEXHOJIOTHYECKOTO MHCTUTYTA
T. VI nmMesn U, B. CTAJIMHA 1955 r.

Kand. rtexn. nayk, doyenr B. ®. MAJIBLIEB

ONPENEJNEHUE ®OPMb! POJIMKA NPOCTPAHCTBEHHDIX
ILHIUHAPUYECKHUX KYJAYKOBbIX MEXAHHW3MOB

B COBPEMEHHOM MAalIHWHOCTPCEHHHW ULIMPOKOe IHpHUMeHeHne Ha-
X00AT IPOCTPAHCTBEHHBIE KYJ/JAauKOBble MEXaHH3MBL.

K nemocratkaM 5THX MeXaHH3MOB CJeAyeT OTHECTH IIOBBIIEH-
HBIH HM3HOC MOBEPXHOCTeH KyJauka H POJHKA, OOYCJOBJEHHbI
rKOJIbYKEHHEM [PH NepeKaTbiBAHWM POJIMKA 110 NOBEPXHOCTH Nasa
KyJiadKa. ,

C 1esbl0 yMeHbBIIEHHS 5TOr0 CKOJIbXKEHHS POJIMKH BBHIONHAIOT-
ca anbo chepuyeckoil ¢GopMH, JuH60 B (OpMe YCEYEHOro KOHY-
ca [11.

KynauxkoBble MexaHH3MHE €O CepHUECKHMHM POJIHKAMH HaHGO-
Jiee OJAarONPHATHHL B CMBICJE YMEHbIUEHHS CKOJbXKEHHs, HO He
I"Cc€TJa NPUMEHHUMb 1O NPHYHHE BHICOKHX KOHTAKTHBIX HaNpsiKe-
DMl Ha TOBEPXHOCTH CONPHKOCHOBEHHA POJMKA M KyJaagka, ODTH
K€ MEXaHH3MEl C KOHHUECKHUMH POJHKaMH, Ha060poT, NPHBOAAT K
MCHBIIHNM KOHTAKTHBIM HANPSKEHHSAM, HO IOBLIILEHHOMY CKOJb-
Kenuo. CKOJbXKeHHe MeXAY POJHKOM M KYJaukKoM B KaXJoM
rJlydae MOXKHO CBECTH K MHHMMYMY 1TOA0OOPOM COOTBeTCTBYIOIIEH
(opmel pomvka B paGouell MOBEPXHOCTH KyJiauKa.

s

Puc. 1.

Y KyJIayKOBOTO MeXaHH3Ma C NOCTYMNAaTeNbHO-ABHXKYILMMCS BC-
NOMBLIM  3BeHOM (pHuC. 1) npu noBopoTe Kysnauka Ha yron dy
POJIMK TIePeKaTHTCH MO 3J1eMEHTAPHOH NOBEPXHOCTH 11a3a KyJiau-
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Ka abca; N NOBePHETCS NPH ITOM BOKPYT CBOEH OCH BpallieHHsl HA |
yroa dj. j

CunTtas 3/JeMEHTAPHYI0 NMOBEPXHOCTL @bca, BUNTOBOH € IOCTO- |
AHHBIM IUaroM S, pasBepHeM BHHTOBHIe JHMHHM €e Ha IJIOCKOCTb

(puc. 2). .

Li
%)
-7
oli }
~——xdy—] ]
i 2xXx —y
Puc. 2.

3nech npsAMEe ab U ac SBAAIOTCS Pa3BepTKAMM BUHTOBHIX JH-
RHA, PACNoONOXKEeHHBIX COOTBETCTBEHHO HA LMWJIHHAPAX C JAMaMeT- |
pom D; u D. Onpenenum AnuHy JUHHM NePeKaTHBAHHA pOJIHKA |
[0 NOBEPXHOCTH Na3a KyJayka, COOTBETCTBYIOLLYIO NPOM3BOJIBHO- |
My CeyeHuio posuka an (puc.1). Jas sroro ma puc. 2 mpoBelem-
npAMy0 af 1peACTaBASIOMy0 PA3BePTKY BHHTOBOH JIMHHH, Pac- '
TIOJIOXEHHOH Ha LMJMHApe NPOH3BOJBHOIO pajHyca X, TOrga CMO-
»eM 3alHCaTh: ;

'x— i
dL:icosai‘d(P" e e e e e .(1)2

HJIH ;
szx]/tg'zai—}—l do, . . .. ...2
TaK KaK i
tga =" ... ... .. ... .(3)]
go=;—, (3)

TO =_]~ 2 2 52
dl 2“]/s +4nixtdo. (4),
JlinHa 3/€eMeHTapHOR Ayru nepexarsiBAHMA POJHKA JJiA Ceye-
HHS Al ONPEAeIHTCH: , j
dl=yd{ (5)/
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KauaHneé pofnka mo noBepxHocTH hasa Kyjaduka Oyger mpo-
HCXOMUTE (es CKOJIb2KE€HHUS, eCJiu

dL =dl, (6)
T. €. v 2 | A2 g
, ydy QW]/S L4x?xd . @)
Jlnq 3HadeHnit
— 2y x=Dj2
2
3TO BHIPAXKEHHE 3anHIIeTCs:
dj2dy = i‘/s2+4ﬂ29fd<p. (8)
2w 4 -

IToce noacravoBky d¢ u3 (8) B (7) ¥ HeKOTOPHX mpeobpaszo-

BaHHH, TOJAYYHM: .
) re]e
= B ©

§*+ (n D)*

[TociefHUM BHIpaKEHHEM ompeneasercsa GopMa NOBEPXHOCTH
POJIHKA W NMOBEPXHOCTH Npodu/ia nasa KyJayka B CAydyae Ka-
"aHHs poauka 0e3 ckouabxeHus. M3 dopmyas (9) HeTpymHo
ycMOTpeThb, uTo ¢opMa pOJHKA IPH KadaHHH 0e3 CKOJbiKEHHHA
p o0leM cayyae JO/DKHA INpejfCcTaBIsATb co6olf CA0KHYI0 NO-
pepxHocTe. Ho Tak xak npakruueckn ¢opma pOJHKA BHIIOJ-
HHeTCA B BHJE TNOBEPXHOCTH Bpalll€HHS, TO B STOM Cayuae,
korfa S = f(¢) XxayanHe poJiHKa GYyJeT CONPOBOXK/IATHCA CKOJb-
JKeHHEM.

UucToe xayaHHe TEOPETHYECKH MOXHO MNOJYYHTB TOJBKO
JHIIb TOTJA, KOrJa Na3 KyJayka BHIIOJIHEH IO BHHTOBOH mo-
BEPXHOCTH C MOCTOSAHHBIM HIaroM, T. €. § = const.

JeficTBUTE/NbHO MOC/AE HEKOTOPHIX INPEeo6Pa3oBaHHA MOMAY-
YUM:

y

o
rAaa : (10)
rae .
s sd

b =

2V st + (z D)?
CaenoBateqbHO poiuk Gyner umerp Gopmy runepboJsiona Bpa-
nedusd, npoduap ke nasa KyJgayka AO/KeH OHITb OYEPUEH 110
runep6ose corsaacHo ypasuenuio (10).

CKOpPOCTh U, ABHXEHHA TOYKH IO BHHTOBOMN JIAHHH, ONHCAH-
ol Ha NHJAHHADE pajgMyca X, H CKOPOCTE U, BpalleHus pPOJIH-
4, Tpyaw TexnonoruvecKoro WHCTHTYTa, T. VI 49
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¥4, COOTBETCTBYIOIEIO paiwycy y, oupeneirsercs #u3 CooTHo-
HEeHHS

;c::Lin;c='|/(2Wx)’+Sz n,
tvp =9 Ty np,
rie n,—4uca0 060pOTOB KyJauka,
t,—H4HCI0 060POTOB POJIHKA.

J1s kavanma 6€3 CKOJbXEHHs HEOGXOAHMO BHHOJHHTH
yciiosue

HJIH
2 2
gV @rxypis
L 2ny

"
D
[NMocrennee ypaBHeHHe, eC/AH NOACTaBHTH B HErO x=5 7t
d _
y==—, OYIeT uMeTb BHJI

2
n,,:V =Dy +5" n.
nd

Xors mar BHHTOBOH IOBepXHOCTH Ha3a KyJjauka B OOJEBIINH-
CTBe CJIy4aeB. $BJIACTCS BeJUYUHOH IlepeMeHHON, OXHAKO ualie
BCETO Y4acTKH, COOTBETCTBYIOIKe paboueMy [ABHKEHHIO, BBITNOJ-
HAIOTCS B BWJe BHHTOBOH IOBEpXHOCTH ¢ MOCTOSTHHBIM AroM, Kak
J0KA33H0 Ha AuarpamMme (puc. 3).

h
b

PREOGUL ROL XOA0EPON RO

. X Q)
— — ~0°
g d0° &G° 9G° 120° 15G° 180° Zi0  240° Z10° 300" 330 JI60° 4

Puc. 3.

Uro6n noayusth P 3TOM MeHBbIUMHA H3HOC clenyer GopMy
ponHKa ompejesaTh ANl pabouyero ywacrka JABHXKEHHs, I/ KOTO-

poro BeJHYHHA S=:cuill.
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Ecnu mas Kysnauka BEITOJHEH 110 BHHTOBOH MOBEPXHOCTH C Iie- |

DEMEHHBIM 1IaTOM, TO MOXHO pPEKOMEHIOBATL TMPOCKTHPOBATDH
¢opMy ponuka um mpodmis nasa Kyjnauka 1o cpelHeli BeJHUHHe

mara Scp coraacuo gopmyse (10).

Cpenngs BesnumHa 1WWara: -
1 e
. S, == w--jj s(e)de, 1
; (11)

Te ¢, ~—Yroa NOBopoTa Kyaauka, COOTBETCTRYIOI(UH PacUETHOMY
YUacTKy NpoQHIs KyJaauka,

YunTBIBag yCJIOBHS M3TOTOBJEHHS, NOBEPXHOCTb THAEPGONOHAA
BpalleHuss MOXKer OBIThH ‘3aMEeHeHa NOBEPXHOCTHIO KOHYCa, Kak no-
Ka3aHO Ha PHC. 4 NMyHKTHPHHIMU JIMHHSIMH, ‘

Puc. 4.

Heo6xonuMo 3ameTHTh, 4TO YeM MeHblle OCEBOH Iuar Nasa
Kysiayka, TeM TUnepOONOHA BpallleHHsi OaMXKe NOAXOAMT K IIO-
tcpxnocTH KoHyca. Hpn S = 0, ypasuenne runepGosni (10) naer
[\BE TIpAMBIE, CI€XOBATENbHO, PONHK Oyner HMeThb (HOPMy KOHYCA.

st IpOCTPAHCTBEHHBIX MEXaHH3MOR C KAUAIOMUMCS BEIOMBIM
“BEHOM HaOJIO/aeTCs NepeMelleHHe POJIMKA OTHOCHTENbHO KyJau-
KA He TOJNBKO B INIOCKOCTH KauaHuga BEeOOMOro 3BeHa, HO ¥ B Ha-
MPABJICHNH, NEPNCHAVKYAAPHOM STOH NJIOCKOCTH (B HATpaBJIeHHH
OCH POJIKA). .

Sl
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Dto BHAUMT, UTO B 3THX MeXAHHM3Max CKonbXKenue Oymer Ha-
6mozaTeCs npu JnoGoit opme ponuka. Ecan mepeMelienye posiH-
Ka B HaNpaBJCHHH €ro OCH BPALIEHHs] OTHOCHTENLHO He BEJMKO,
TO cJeayeT OTAaTh NPEANOYTeHHE KOHHYECKOH ¢opMe PONHKA,
0COGEHHO B TOM cJyuae, KOTfa OCeBOH war B mepuoa paGouero
XOfla OCTaeTcsi NPHMEPHO [OCTOSHHBIM.

Onpenenenre GOPMBI POJHKA B ITOM cayuae MOXKHO NPOU3BO- -
ANTb TeMH 7K€ METOJAaMH, KaX u AJS KyJauKOBOTO MeXaHH3Ma C
NOCTyaTeNbHO-ABHKYIIUMCS 3BEHOM.

Eciu e nepeMellende POJHKA OTHOCHTENbHO KyJauka B HA-.
NpaBJeHHH OCH BpAIIeHHsl DOJHKA BEJHKO, a OCEBOH IIar Pe3Ko
H3MEHsIeTCs, CellyeT IPUMEHATh POJHKM chepuyeckoil GopMBI.

ITpumep: Onpeneants GopMy pOJAHKA AJNS MPOCTPAHCTBEH- |
HOTO KyJ/1auKOBOrO MEXaHH3Ma C MOCTYNaTeJbHO ABHXKYIINMCS Be-
JOMBIM 3BEHOM, BOCHDOM3BOJASIIMM 3aKOH ABHKEHHS COTJIACHO |
puc. 3, ecIM HW3BECTHO: Yroj MOAbeMa CpefiHeH JMHHH 11asa Ky- |
JauyKka B nepuox paGouero xoaa o, = 30°, d==30.mun, D = 80 mau !
D, =50 un.

[lar BHHTOBON NMOBEPXHOCTH B NEPHOA paGOUero xoaa ompe-
LenuTcs: :

s=nD fga;=3,14- 800,577 = 145 mm.
Besuu#na noayocei runep6oJsi:

sd 14530
2V s+ (xDy 2V 145 + (3,14 - 80)?
Ypassenue runepGoJibl 3anUIIETCA:

G

o
56,25 538,24

ITo stomy ypaBHeHui0 Ha pHC. 4 NOCTpoeHa ¢opMa PONHKA.
ITysxkTHpoM ykasaHa 3aMeHsiioliass KOHYCHasfg HOBEPXHOCTb.

b= =7,5.

.

JINTEPATYPA

" 1. Peweros Jl. H, Kynaukobe mexanusmbl. Mamrus, 1948.
2 10aun B. A, Ilunamnqecxuﬁ CHHTE3 TVIOCKHX H NPOCTPAHCTBEHHBIX KV- j
JIAYKOBBIX MeXaHHaMoB, 1940.

[y

TRYABLlI ONECCKOTO TEXHOJIOIMUECKOIO MHCTUTYTA
1. VII umenu W. B. CTAJIMHA 1955 r.

Kawnd. rexn. nayx, doyenr A. 1. KOPOb

BOMPOCH! BECA ¥ CTOMMOCTH HEKOTOPBIX
BOJITOBbIX COEJLMHEHHH

[Tpu npoeKTHPOBaHUM GOJTOBHIX COeJHHEHHH YaCTO NpeACTaBs-
€TCA BO3MOXKHOCTb IPHMEHEHHS HECKOJIbKHX BapHAHTOR KOHCTPYK-
nun. Bei6pate HYKHO, KOHEUHO, HauboJiee SKOHOMHUHBIH BapHAHT.
OnHako KOHCTPYKTOp He BCErfa MMeeT BO3MOXKHOCTh IOJb30BAaTh-
C KaNbKYJSHHASMH CTOMMOCTH, BHIMOJHEHHBIMM O BCeM CpaBHM-
BaeMbiM BapHaHTaM. [To3ToMy GOABLIYIO MOMOLL MOTJIH Gb OKa-
3aTh ofIuve MaHHEE O BIUSHHH OCHOBHHX NapaMeTpPOB—B 4acTHO-
CTH GOJITOBBIX COEIMHEHHH — Ha BeC ¥ CTOMMOCTbH MPOEKTHPYyeMOH
koucrpykuuu., Ho paspaGoTka oBuMX pekoMeHmaiuil s BCeX
BOSMOXKHBIX OOJNTOBHIX COEHXHHEHHH BecbMa C/IOXHA B CBA3H C
MHOroo0pasueM KOHCTPYKHMHA H pasnuuueMm B TpeﬁoBaHnsxx,
NPETBABMSAEMEX K COETHHEHHSM.

B nacrosimeir pabore caesnana nonbm(a naTh Hexoropme 06-
e 3KOHOMHYECKHe COOOpaMKeHHs [0 BOMPOCY BJHSHHMS OCHOB-
HbIX TTapaMeTPOB OTHENbHBIX GOJTOBBLIX COCJMHEHHH Ha HX BeC H
CTOMMOCTb, OCHOBAaHHHE Ha ayaJH3e Beca U CTOMMOCTH GOITOB C
rafikaMu, a TakxXe TPHUCOEAMHMTENIbHBIX uyacTell coepunenus. Cre-
AyeT OTMETHTb, UTO H3JIOKEHHBIe HHMIKEe DPEKOMEeHAAlUMH MOMKHO
OTHECTH TOJNBKO K TIPOCThIM, MaJIOOTBETCTBEHHEIM GOJTOBLIM COe-
JDVHEHHAM, NOJABEPraeMbIM CTATHUECKOH Harpyske. CpaBHUBaeMble
BAPHAHTEl PABHONPOUHBIX COEAWHEHHH NONKHB OBITb pPABHONEH-
HLIMH TI0 TIPOYKM YCJAOBHAM: IUIOTHOCTH, >XeCTKOCTH W jap. Bce
pacueThl CTOMMOCTH GOJTOB ¢ raikaMH, a TakXe MPHUCOEKUHN-
TEJIBHBIX yacTefl Bbmonﬂg;m Ha OCHOBAHHH TPefiCKypaHTOB ONTO-
BoIx ned na 1952 r. [1,

OcranosuMcst cHawa/la Ha BOTpoCe O BhBope uucaa GONTOB B
coeauHennn. [ToHATHO, 4TO c yBenHueHHeM uucjaa GONTOB MOXKHO
VMEeHBIIATbL ¥X JHAMETD.

Kaxo#l e BapHaHT clefyeT NpeaflouecTb: ¢ GOJBIIMM HJIH C
MEHBIIHM YHCJIOM GONTOB?

B GomblMHCTBE KOHCTPYKuuiti cOeNUHEHHM Zuamerpel 60JaTOB
OTIPENeNSAIOT pPasMepsl TPHCOCAHHHTENBHBIX YacTed.
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Tabauua 1

MI2|MI16|M 20 M 22| M 27

1 | DkBUBAJIEHTHOE N0 NPOYHOCTH KO- )
augecrso Goaros . ., . . . .| 10 525 3,34 2,661 1,75

2 | BeC 9KBHBaJCHTHOrO KOJWYECTBA
604TOB ¢ rafixame B k2 . , .| 0,9 0,92 1,07 121§ 1,29

3 | Cumxenve peca GONTOB € rail
KaMH npum mnepexone X Onu-
WaHieMy MeHbIIEMY HX JiHa-

METPY B % v o = v oo o+ ., 22 136 120 81
4 | CrouMOCTb SKBHUBAJEHTHOTO KO-
auvecta Goatos B py6asx . .| 22 | 2,02| 2,16 2,18] 212

5 | Bec nByx nofcos MNPHCOEIHHH-

TeabHbIXx Yacteil naunow 10 cu ’ .
BKZ o o o v oo »v .. 0961 141 19| 298 312

6 | CtomMOCTH JBYX NOACOB NPHCOe-
IHHHTENBHbIX dacTed RLIHHOI0
10 ca 8 pybnsx. . . . . . .| 3,85 562] 7,63| 9,16| 12,53

7 | CHHKEHME BECa ¥ CTOMMOCTH UpH-
COENMHUTEALHBIX 4YacTeH npu
nepexone ot GoJpIEro K G-
WaHIEeMy MERbLIEMY TUAMETDY
GOATOB B % . .+ « - « .« . . 31,3 26,1

168 268

B rta6n. 1 npuBesleHn! BeCa H CTOMMOCTH DPaBHONPOUHLIX COe-
JUHEHHH TpyNIaMH uepHBX GOJTOB pasHbIX [AHaMeTpoB ¢ MpH
GCeBOi, paBHOMepHO paclpelle/leHHOH HAarpyske. ' :

3jech MMEOTC B BHAY JUWLIL CJiyuyad, KOTAa IIPOYHOCTL COe-
JMHEHHs 3aBHCHT TOJILKO OT CYMMAapHOH ITOLIaqu CeYeHHs] BCeX
GONITOB. '

HpPI ompenesieHHu BeCa MOACOB INPUCOCHHHUTEbHBIX yacreft

npuHsiTa TONUIMHA (oranna 8==1,25 d. [llupuna cdnanua npueATa
mo TOCT 1234-41. CrouMoCTh NpHCOENHHHUTENBHBIX wacTell ompe-
JesieHa 1O WX BeCy, HCXO[sl U3 OITOBHIX UeH Ha | xe uyryHHOTO
JIUThSI CPeNHEH CIONKHOCTH BecoM oTimBKHu 10 50 ke [2].

U3 rabauunl BHAHO, YTO BApHAHTH C MEHBIIHM JHAMETPOM
GONITOB JAlOT 3HAYHTEJILHBIC CHHXKEHHS] Beca H CTOHMOCTH TPHCO-
eHHUTRNbHBIX wuacTell Hapsilly ¢ HeKOTODHIM CHHXKeHHeM Beca
Goatos c rafikamy. CTOMMOCTb GOJATOB C rafKaMu MpuH TOM KO-
nebiercss B npepenax + 5%. Onnako, ecau yuects, uTo yHAeNIbHHIH
BeC CTOMMOCTH TPHCOSIMHHUTEJbHEIX yacTell [eraseii B Bece H
CTOHMOCTH BCEro COeIHHEHHS 3HAUHTeJNbHO BHILE, ueM GOJTOB C
raifkaMu, TO MOXKHO BHJETb, UYTO CTOMMOCTb COEIMHEHHs B LEJIOM
CHHXKA@TCA C YMEHbIIeHueM AHaMerpa OOJTOB. "
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TakaM 06pa3soM, H3 UMCAA BOSMOXKHHIX BAPHAHTOB Gosiee BH-
TOAHLIMH 110 BeCy M CTOHMOCTH HABJIRIOTCA BapHAHTH C MEHBIIHM
IHAMeTpoM BGO0JITOB.

Tlepexonum Teleps K CPaBHEHHIO BO3MOMKHBIX BAPHAHTOB COe-
nuHeHHs 60,1TOB, HArPYMKEHHBIX MONEPeYHHIMK cuiaMi. Kak uase-
CTHO, B 9TUX CJIYYaAX MOMKHO OCYLIECTBHTb COeAHHEHHe UYHCTHIMH
Gonramy, paGoTAOIMME Ha Cpe3 JIHGO YepHHMH (WIH aonyuu-
CTEIMH) GOATaMH, PacCUHTBIBAEMBIMH Ha PacTAKeHHE.

Ipr sTOM pacueTHas Harpyska ais uepHnix GONTOB Ha pacrs-
XeHne NpEMepHO B 5 pa3 Gonblle, yeM JUIs YHCTHIX Ha cpes [3].
Iouatno, uTo NpH OAMHAKOBOA HArpPy3Ke AHAMETP UepHBIX GOMTOR
SHAYHTEJbHO BO3PACTAET 1O CPABHEHHIO C IUAMETPOM YHCTHIX
60aTOB. B COOTBETCTBHH C yBeJNHYeHWeM AHAMeTpa YBeJIHUaTCs
TaKKe pasMepnl NPUCOCAUHUTENBHHX uacrek. Uro XKe Kacaerca
CTOMMOCTH COENAHEHHs, TO CJIELYeT UMEThb B BHAY, YTO NpPH YH-
CTRIX GoaTax MOGaBASIOTCH PacXOAB HA Das3BepTHBAHMe OTBep-
lcruit u 3anpeccoBky 604TOB.

Tabauna 2
YucTtoie HYepuue
g M12 'm20 | Mm27
/!
1 | Sksusanentnoe no npownocTw KOJA-
yectBo 6oATOB. . . . . . . . .| 10 16,7 8,8
2 | Bec 3KBHBaJEHTHOTO KOAUYECTBa 60.- ’
TOB C raiikamu B K2 . . . . . . 6,9 5,32 6.48
3 | CroumocTs 3KBHBAJIEHTHOTO KOJHUE-
ctBa 60ATOB C rafixamu (mIg uH-
CTBHIX, BKIIOUAst CTOMMOCT 3aIpec-
COBKM M pasBEPTHBAHMA  OT-
Bepernit) B py6IAX . . - . . . . 8,13 138 10,7
4 | Bec mByx noscos npucoemuwnTens- -
HBX vacreiil nanHoo 10 cu B K2 0,96 L9 3,12
5 | CroumocTs ABYX NOSCOB NPHCOCTHHA-
TEJABHHIX YacTell fandoio 10 ¢ S
Bpybasx . . .« .« . ... ... 3,75 7,63 12,53

B Taba. 2 mpuBejeHsl CPABHUTENbHble JAaHHBIE O Bece U CTOM-
MOCTH DaBHOMPOYHBIX COCNHHEHHH YHCTHLIMH H YepHBIMH GoaTam#
1IpH morepeynoft Harpyske. K crouMocru uucThix GoJMTOB ¢ rafika-
My Jo6aBjiena CTOHMOCTb MX 3alIpeCCOBKM H pa3BepThIBAHUS OT-
1epCTHH, paccuUTaHHAS HCX0[d M3 HopMm BpeMenu [4]. Beca u
CTOHMOCTH TPUCOSIUHUTENBHBIX YaCTell pacCUMTAHBL AHAJOTHYHO
BBILCH3JIOKEHHOMY.

ITpusegenusie B TaGs. 2 gawHble MOKASKIBAT, YTO MPH BHIGO-
pe BapHaHTa OOJNTOBBIX COCNHHEHHH HYXKHO CTPEeMHThCA K OCy-
JUECTB/ICHHIO COGNHHEHUs YHCTHIMHM BONTAaMH, KOTOpOe HaeT 3Ha-
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YHTEALHOE CHINKEHHe Beca M CTOMMOCTH IPHCOEAMHUTENbHLIX 4a-
crefl, a TakkKe GOATOB C ralkamu.

Hanee, neiicreyroummu g CCCP craniapraMy NpeayCMOTPeHb!
GoaTel ¢ HOpPMAaJIbHEIMU ecTurpandbMd (T 9) M KBaapaTHHIMH
(T 10) rogoBkaMu, a TakXe ¢ yMeHbileHHBIMH rososkamu (T I,
T 2). Boarbl ¢ yMeHbIUEHHBIMH TOJOBKaMH B OOJbIIMHCTBE CJ1y-
YyaeB YHAOBJETBOPSAIOT YCJAOBHAM IIPOYHOCTH M BIOJHE MOTYT 3a-
MeHHUTb GOJATH C HOPMAJIBHBIMU T'OJOBKAMH. , :

. BMmecte ¢ TeM, "acTo yCTaHABJAMBAIOT GOJTH ¢ HOPMaJbHBIMH
rOJIOBKAMH TaM, TJ€ MOXKHO NPUMEHHTb OOJThI C YMeHbLUEHHHIMU
rosoBkaMu. Ha nepsnift B3rasig 310 Kaxerca Menouso. Onnako,
KaK BHJHO U3 NPHBENEHHOro B TaGJ. 3, Bec OOJNTOB C yMeHbIeH-
HBIMH TOJIOBKAMH CHHJKAeTCs 1O CpaBHEHHIO ¢ 0oJTaMH C HOD:
MaJIbHBIMK To/10BKaMu Ha (10--17)9%/,. Eme Gojee 3HAUMTENBLHBIN
ToJyuaercst yMeublleHHe cTroumocTH — (21-+-32)°/,. Orciona cier
AyeT, uTO ‘HeoOXoouMo Gosee ILMPOKO NPHMEHATH B coennnenm%
fOAITEL ¢ yMeHbIUCHHBIMH Pa3MepaMu TOJIOBOK. DTO BBIFOIHO U MO
TOMy, YTO YyMeHbIIeHHe DPa3MepOB TOJOBOK B HEKOTOPLIX KOH!

i
i
§

TaGanua 3\5 ‘_‘
@ M 10 M 20 M 27
g 2 R g
S £zt Ext S5t
s | 1ol T1 |83 | Tto|T1 28 | T9| T1|§=Q
£3 §58° lssss £33
=53 2355 | 225% Z25%
Bec 100 6oatos (B x2)

351 3,24 2,741 155 17,2 |"146 15,1 — — —_—

100 7,2 1 6,01 16,5 326 - 28,1 13,8 61,9 l 55,4 10,5

150 10,3 | 852| 17,1 45,0 | 38,6 14,3 844 | 74,8 114

_ Croumocrs 100 Goaros (B pyGasx)

351 11,2 7,4 31,3 39,5 | 29,8 24,6 —_ — — '
100 18,5 | 12,56 32,5 60,2 | 46,0 23,6 |101,0 | 78,0 21,8
150 28,6 | 189 26,5 75,5 | 67,9 23,4 |126,7 | 98,1 22,5

CTPYKHUSIX MOMKET AaTh TaK)Ke BO3MOXHOCTb CHHXKEHHS Beca M.
CTOMMOCTH TPHCOEJVHHTEJIBHEIX YacTeil. \

W nakouel, pacCMOTPHM HEKOTOpble BOIPOCH BHIGOpa MmaTte-
puaja GostoB. B npefickypantax (1] ngaloTCs equHBle LeHbLI HA |
GOJTHL i K2XKMOH Ipynmel MaTepranoB. Tak HampuaMmep, aJs
yepublx GOJNTOB npuBeldefn! ueHs npu Marepuane CT 3 u CT
10—15. Ha uucrrle 6oate umeloTcs 3 rpyniisl MaTtepuaJos: A 12, ]
CT 10—20, CT 25—45. ;

I/Issecmo, YTO B Tex caydasix, Korga mAacTHYHOCTh MarepHaJda
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He HMeeT GOMBLIOrO 3HAUEHMS, HCIONL3OBaHHe IJjiag GOJTOB MaTe- ‘

puana ¢ Gojiee BHICOKMMH NPOUYHOCTHEIMH XapaKTePHCTHKAMH MO-
JeT CHH3UTh Bec coenunenus. [Ipu stoM obpauiaer Ha cebs BHH-
MaHHE TO OGCTOSITENBCTBO, YTO LEHHI HA YePHBle OGOJTHI, H3rOTOB-
nennnle u3 CT 3, unxe, ueM — 13 CT 10—15. B To ke Bpem:d
npenen Tekyuectd craim mapiu CT 3 pumute, wem CT 10—15.

TakuM 06pa3oM, C TOYKH 3PEHHs Beca W CTOUMOCTH Gosee Bbl-
[OJHBIM HARJASIETCS NpPHMeHeHHe UepHbIX CTAHNAPTHHIX OO/TOB 43
matepuana CT 3.

AHaJIoruuHo LeHbl Ha uHCThie GoaTel M3 cramM A 12 HuXKe,
yem u3 CT 10—20, B To Bpems, Kak'cTanap A 12 obaanaer Gomee

" BLICOKHMH IPOYHOCTHHIMHM XapaKTEPHCTHKaMH, ueM CT 10-—20.

[TosToMy mamBosiee BHIFOAHBIM MATEPHANOM IJIsi YHCTHIX GoJ-
TOB ABJAsIeTCA CTadb A 12. »

PesioMupysi, MOXKHO C/iellaTh. CJIe[ylollHe BBIBOALL N0 BHOOPY
ONTHMAJbHOrO BapHaHTa COCAHHEHHil rpvinamu OOJTOB C TOYKH
apeHHsl BeCa ¥ CTOMMOCTH COeJHHEHHs (IPH IPOYHX PABHHIX YC/IO-
BHAX).

1) B coenuneHusix rpynnaMy GoaToB CHEAyeT CTPEMHUThCH K
BosipIIeMy UHCAy OONTOB C MEHbLIIHM HX HHAMETPOM.

2) Tlpu nomepeuHO# Harpy3ke Ha OOJITH CleAyeT NPEANOYH-
TaTh COEJHHEHHS YHCTHIMH OOJITaMU, '

3) Hyxuo Gonee mmupoko NPuMeHsTh COATH C YMEHbIIEHHHI-
wmu rososkamu (T 1 w T 2) BMecto GOJNTOB ¢ HOPMAJdBHHIMM TO-
noskamu (T 9 u T 10).

4) HawBosee BBHITOAHBIM MaTepuasgoM [ dYepHbIx GOJATOB
spaserca CT 3, a mis uMcThIXx GoatoB — crajbp A 12.

JIUTEPATYPA

1. TpefickypdHT ONTOBHIX LEH Ha METAJJIOH3AC/AUSA TIPOMHILICHHOrD Ha3HA-
yenus. Merannyprusnat,, 1951. )

. Tpefickypant onToBHIX lleH Ha OGOPYHOBaHHE, MPHOOPH, NHTHE M IOKOBKH.
Merannyprusgar, 1951.

.Jo6poBonbckufit B. A, Jleranu mawud. [ocTexuspar Ykpaunsi, 1950.
. Hopmatusbl Bpemenu Ha pasMeTOuHbie, ciecaphbie u cGopoutbie paGoTH,
Merannyprusaar, 1951, !
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TPY bl ONECCKOTO TEXHOJOTHUYECKOI'0 UHCTUTYTA
T. VII . umenun M. B. CTAJJMHA 1955 r.

Kand., rexu. nayk, Goyenr A. [I. KOPOB,
ct. npenodasaress . JI. KOTAH

FPADUYECKHUE NMPHEMBI ONPENAEJEHUA
JE®OPMALIUA NPOCTPAHCTBEHHO HATPY)XEHHBIX
‘ BAJIOB : :

'

BaJie! MaliMH M TPAHCMHCCHI yallle BCEro HArPyXKeHnl CAJNAMH,
06pasyIoIHME TPOCTPAHCTBEHHYIO CUCTeMy. B 3Tux cayuagx u30-
rHyTasi OChb Baja NPEeACTaBJseT cO60#l MIaBHYIO NPOCTPAHCTBEH-
Y0 KPUBYIO CJIOKHOH KOH(HTypaluy.

Kax H3BecTHO, IONHBIE [POrHG B Ka)KAOM CEYEHHHM MOXKHO
ONpe/Ie/IATE  TEeOMEeTPHUYECKHM CYMMHPOBAHHEM  COCTABJSIONIHX
nporu6a B 2-X B3aWMHO-TEPNEHIUKY/SPHEBX MJIOCKOCTAX,

H3noxedHble B HACTOSINERH CTATbe rpayUuecKHe NpHUeME], Oc-
HOBAaHHBE HAa METOMAx HAYepPTaTeNbHOR TeOMeTpUH, KAI0T BO3-
MOXHOCTb IIOJIyUHTb CyMMapHble 3Ha49eHHs TMPOrHOOB MO BejadyH-
Ile M HaOpaBJeHWIO B TNOJAPHOM AHAarpaMme, MOJAbL3YSCH KOTOPOH
He TPYHAHO Takxe ONPEIEIUTL CeUeHHS: C SKCTPEMAJbHBIMH
3HaueHHsIMH Tiporuba. ‘

VYka3aHHBle NMOCTPOEHHS JAIOTCSt B JIBYX BapuadTax. [TokaxkeMm
HX Ha KOHKDETHHIX NpuMepax pacueTa Bana. JI1a mocTpoeHu#
CuHTaeM 3aJaHHBIMH H30THYTHE OCH BaJja OTAEIBHO OT BepTH-
xanbublXx (puc. 16 u puc. 26) u OT rOpH3OHTaNbHBIX (pHC. 1B H
puC. 2B) COCTaBJAIOIIUX HATPY30K. [TOHSATHO, YTO KPUBBIE Ha DH-
CYHKaxX [aHbl B 3HAYHTENbHO YBeJMUYEHHOM Mmacwitabe mis TPOTH-
Gos. o CyTu mena, 3TH KPHBBIE NMpPEACTABJIAIOT CO0OH jBe Mpo-
GKIMH TPOCTPAHCTBEHHOH KPUBOH, MO KOTOPEIM MOXKHO TOCTPOUTH
npoUIbHYIO HPOEKIHUIO.

Bapuant 1 (puc. 1). Ob6e npoexiyum pacmoyoKeHn! ORHA
Ham ApYyroH.

Jlas mocrpoenuii BeGupaeM noqoc L (puc. 1) u coennuaem
Touky K, Jexanyio Ha OCH X TOPH3OHTaJbHOH NPOEKIHH, JIH-
mieit Ky K, L. Ananoruuno coexmusieM Touky M, Ha ocu Bep-
THKaJbHOH NpOeKuuH c TOyko# L.

TapaifenpHsiM  nepeHeceHneM — TOYEK  BepTHxadpHOM
(My M; My My M) u ropusontanbros npoexnun (K, K, K, K; Ky)
110J1y4aeM IOAHATYI0 NPOGHABHYIO NPOEKIHIO.
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BexkTops B npogpuabHOl Npoeknuy (Lg, Ls, Ly, Ls, Lg) nator
MO BEIMYMHE M HANPABJIEHHIO CYMMAapHble OPOrHGH B COOTBeT-
CTBYIOIIHX ceueruax (2, 3, 4, 5,

CoefMHHB KOHIE BEKTOPOB IIABHOM KPUBOH, MOJYyYdM NOpPO-
¢uARHYI0 TpoeKIHUIo H3OTHYTOX OCH B BHJAE NOJAPHOM avarpam- |
MBL C TIOJIOCOM B Toyke L.

Honyvennas npodunsnas NIPOEKUHA JaeT BO3MOKHOCTb OIpe-

ReJIUTH MaKCHMaJbHBIA NPOTHG [0 BeJHYHHE W Mo HalpaBJieHHIO, |
a TaKXKe ONpefelHTh CeYeHHe, B KOTOPOM Gyzer 3TOT MpOrHG..
Tak, nns paccMorpennoro NpHMepa MAaKCHUMAaJNbHbIA HpPorué onpe- |
RRJIAETCH BEXTOPOM Ly, a Cedenme, B KOTOPOM 6YIeT 3TOT HpOrHuG, |
COOTBETCTBYeT TOuKe 4. ' ‘ o ‘

Kpubos  cyrmoprex  npoeubpB §

T E T E T T T T

g

Bepmukonenat coemaBpsroutas

2
IN

lopusonmanswas | cocmobrmowss

U -

Puc. 1,

¢

TMocrpoennsMy, ACHEIME 6e3 JOMOSHHTENBHHX OGbSICHEHHI,
MOXHO IO NPOdRILHOH NPOEKIHY NOCTPOHTH TJIOCKOe H3o6Gpaxe-
KHe - H30THYTOH OCH ¢ CYMMapHLIMH 3HaYeHHAMH nporu6os
(puc. 1a). : ’

Bapuadr Il oriuuaercs or NpeABIAYIIero B3auMopacio-
JIOMEHHEM BEPTHKAMLHOA (pHC. 20) M ropu3OHTANbHOH (puc. 2B)
npoekunn. Tak, OfHa n3 NPOEKUHH YCIOBHO NOBEPHYTa OTHOCH-
TeIbHO JApyro# Ha 90° Takum 06pasom, uTOGH OCH OGOMHX fpoeK-
LA NPH MX NPONOKEHAN NEpeCceKauuch B TOUKe O, Mpu srom
1eo0XouMo COBMIOCTH YCJIOBHE OB,=0B,. Ecau npu r1aKkoMm
PACIIONIOKEHHH NPOEKUHH COeIUHUTL NIPOEKHUH ORHOTO TOTO Xe
CEUeHust Bana, TO JIMHHA HX coeluHenus K, K, Gymer nakioHe-

Bepmuronsnas  cocmadnanues

\\

AN ‘ 6

KouBas . cyrirapHoix

Dpoze0ad .~

Jopp3onmpneno s

cocmnabnsitoulds

Puc, 2.
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Ha nop yrioM 45° k ocam mnpoekimii. [lonydenue npoduibHOR

OPOEKUHH IJIs JIIOGOro CeueHHsl NOHATHO M3 IIOCTPOeHHH, MOKa3aH-
HBIX Ha pHC. 2.

Tak, naiipuMep, AJs ceuenud K, 1OKa3aHHOrO Ha COOTBET-
CTBYIOIUX NPOEKUMAX TOUKAMH 2, H 2, B NPOQUIBHOH NPOEKUHH
noJsyuntcsi Bekrop 02.

B pesysbTaTe TaKHX Ke IIOCTPOeHHH JAJd paja cevyeHHH
(2, 3, 4, 5, 6) nonyyum Ha NpPOGHJILHOH NPOEKUHH COOTBETCTBYIO-
mue Bektopnl (02, 03, 04, 05, 06).

AHaJIOTHYHO H3JIOXKEHHOMY JJ/1 TIePBOTO BapHaHTa 3/1eCh Tak-
JKe MOXKHO, COeJIHHHB KOHLE BEKTOPOB IIABHOH KpUBOH, NOJY-
4uTh NPOMUIbHYIO TIPOEKIMIO N3OTHYTOH OCH B BHAe NONSPHON
JHarpaMMEl, ONpeNeJHTb MAKCHMAJBHBIHE NPOrH6 HO BelHYHHE H
HaNpPABJCHHIO, a TaKXe HaWTH ceyeHHe, B KOTOpPOM OyAeT 3TOT
nporuo6.

Tak e Kax u B IepBOM BapuaHnTe, MOXHO IIOCTPOHTL KPHBYIO
CyMMapHBIX 3HayeHHI nporuboe (Ha puc. 2 oHa rnocTpoena Ha
BePTHKAJILHON NPOEKIHH HHXKE OCH—a).

O6a BapHaHTa COBEpLICHHO ONKMHAKOBH C TOYKH 3pEHUsS] KOJH-
ueCcTBa NOCTPOEHH#, HO BTOPOH — KOMIAKTHEE NEPBOTO.

B oGomx paccMOTpEHHBIX BapvaHTax BRHIOOp CedyeHHi, s KO-
TOPBIX HPOM3BOAATCH IIOCTPOEHHUs, MOXKeT ObiTb CAeNaH DpPOH3-
BosbHO. [TOHATHO, YTO ¢ yBeJHUeHHEM 4YHCJIA TOUEK TIOBHICHTCA
TOYHOCTb NOCTPOEHHS W3OFHYTOH OCH.

Crefyer OTMeTHTb, YTO IOCTPOEHHSIMH, aHAJOTHUHBIMH BbllIe-
H3JI0XKEHHBIM, MOXHO MOJIYUHTh TIOJAPHYIO- AMarpaMMy YRJCE NO-.
BOpPOTA CeyeHWH Bajla To BeJuuMHe K Hanpapjenuo. C  arof
LieJbl0 HAa OpAHHATaX TOPH30HTAJBHBIX H BePTHKAJbHBIX IIPOEK-
UMA CcjelyeT OTJOXHTb 3HAUEHHst YIJIOB IOBOPCTA CeueHUH B He-
KoTopoM Macuirabe.

TPYAL OJECCKOro TEXHOJIOTHUECKOro MHCTHUTIVTA
1. VII umenn M. B. CTAJIMHA 1955 r.

Kand. rexn. nayx I'n ¥. KOTAH-BOJIbBMAH

K BONPOCY TOYHOCTH NPHBOAOB YINPABJIEHHA
C THBKHMH NPOBOJIOYHbBIMH BAJIAMW

§ 1. B mexannuecKHx NPHBOJAAX AHCTAHIHMOHHOIO ynpaBjieHdaA
IPHXOAUTCA NPHMEHATh CJOXKHBIE MHOTO3BEHHble NPHBOHBIE Me-
XaHH3MBEL, D70 00BACHAETCA TeM, UYTO MeCTa YNpPaBAeHUSs MOryT
OHITh PACHOJOXeHb CaMBIM pPasJHYHHM 00pa3oM 1O OTHOHIEHHIO
K ynpasJsieMbIM OpPTraHaM, — YacTO OHH PACNOJIOXKEeHBE HA SHAYH-
TeJibAbIX PAcCTOAHHAX APYr OT ApYyra W pasjeseHsl NpensTcTBMs-
mu, TpebyomuMu obxona.

TpuBox mofnydaercs ocOGEHHO CAOXKHBIM, eclH B3auMopacno-
JI0XKeHHe eTo 3JEMEHTOB B IIPOCTPAHCTBEe MeHfeTCs B Inpolecce
PETYAUPOBKHU. .

Ussectso [1], uTo, ¢ TOuUKM 3peHHss TOUYHOCTH ynpaBJeHHs,
CXeMa TNpPUBOJHOTO MeEXaHA3Ma JO/KHA NpeAyCMaTpHBaTb BO3-
MOXKHO MeHblllee YHCJO 3BeHbeB ¥ KMHEMATHUYeCKUX Hap.

Puc. 1.

HanG6oaplilee yNpoilleHHe KHHEMATHYeCKOH CXeMpl NPHBOAA
MOxXeT OblTh NOJYYEHO NyTeM HENOCPEeXCTBEHHOro COeAHHEHHUs Be-
AyLUIero U BENOMOrQ 3BeHbeB FMOKUM BasoMm (puc. 1).

OTHM JIOCTHraercs ymnpoHieHHe MEXaHH3Ma, erc yAelleBJeHHe,
oferdeHye IKCIVIyaTalliy, a 4YacTO W yMeHbIIEHHe Beca.
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PRS-

OnuaKo THOKH{l NPHBOLHON BAJHK = BCAEACTBHE MaJol Kpy-
TMIBLHON JKECTKOCTH BBOJAMT BeCbMa 3HAUHTEJIbHYIO NEPBHUHYIO
omubry!, ABJATIOLLYIOCA cucTeMaTHuecKoil omuGKoi. i

Mexay TeM, KaKk CHPaBeiuBO YKa3bIBaeT aKajeMUK H T}
Bpyesny 12}, cymma  CHCTEMATHUeCKOH M npeneabHoii omubor® !
N0J3KHA OBITh MeHblle 3alaHHOH BEJHURHDI, 3aBHcsimel oT Heol-
XOAMMOiHl TOUHOCTHM PEeryJHpOBKH YIPaBJIsSeMOro obBexTa. A

B cudy 3TOro, MPeACTaBIAeTCs HONE3RbM BEISCHHTL HEKOTO" ¢
pble OCHOBHBIE TyTH MOBHILIEHUS TOYHOCTH MPHBOLOB yIpaBJeHus ;
¢ ruOKHMH BajJMKaMH. _

§ 2. PaccMorpuM NpOCTEHHIYIO CXEMY NpUBOAA ¢ T'HOKAM Ba-
JUKOM Ha puc. la, rie ‘m — ynpapisioniuil IeMenT, n — ynpas- |
JisieMbiil IEMeHT, 4 — TMOKRil BajiHK, k — yKasaTellp NMOONEHHS.

Cnepys H. T. Bpyesuuy [l1], sanuiem snipaxenue Als npe-
JieIbHOY OLINOKH NOJOMKEHUs YNPaBJIAEMOro 3JEMEHTa:

=VE+s, o ()

rae £, — npeje/bHasd  OMHMOKa NOMOXEHHS, BHI3HIBAEMAd CKpY- |
ypBaHWeM ruOKOro Bafa,

. & — mpene/bHas OMHGKA NMOJNONKEHHST YNPaBAAIONMETO - 3/e-

MeHTa. ‘ j

B KAYEeCTBe BeJHUMHBI, XapakTepH3ylOLleH KDYTHJBHYIO KeCT-

KOCTb THOGKOro Basa, yAOGHO NMPHHATH MOTOHHBIH YroJ CKPyuHBa* -

s QP onpeniensieMbiii M3 TIONYYEHHOro aBTOpOM Ha Gase |

P2

teopun H. A. UepHuilueBa BbIpaKeHUs:

Mx
y=— -

L ooy g
=1 ;
m v M (2) :

231 { Bgi_v2i [(My— 100+ My, 2i1) e — My, 32;'—1]}
_}_ —

izl i1, 2
i=1,234. .. ..m ‘
e i — HOMEepa KOHTAKTHHX Hap C/0eB MPOBOJOK

BaJja,

! [lepBuunbiMu omuGKaMu MeXanusMa, KOTODOMY NPUHAAJIEKHT JAHHOE]
3BEHO, HA3EIBAIOTCA OTKJOHEHHS pacnonoXennii B 3Bene 3IEMEHTOB KHHEMaTH-
decKMX nNap OT HAeanbHBIX NOJOXeHHH. i

2 OmAGKON MOJIOKeHHs BEeOMOro 3peHa OyAeM CUUTaTh DasHHLY i10K0XKe-
HHfl BeJOMBIX 3BeHbeB AEHCTBHTENHHOTO M MAEAJBHOr0 MEXaHd3Ma, TpOHCUIel-,
HIYI0 OT HETOMHOCTH MeXaHH3Ma K HeTOYHOCTH NONOXKEHUH BeAYHIHX 3BeHbeB.:’

TlpepensHoll OWmMGKOA nNOMOXenHA BEAOMOr0 3BeHA HA3LIBACTCA MAKCH-
ManbHoe BO3MOXHCe OTKTOHEHHE BENMUHHL OLHOKH NOJOXKEHHS BeIOMOro;

3BeHA OT €e CPeJHero 3HAaYeHHT, , ~
64 P

M, — KPyTAIUH MOMEHT, iépesaBaeMblil BajOM,
My, 2s — KPYTAILAA MOMEHT, NepeaaBaeMbll KOH-
TaKTHOH mapofi CJioesB, ‘
ag; -1, 2, PB2i—1, 22 — KO3hOHIHEHTH, 3aBHCAIHE OT reoMeTpH-
YeCKHX I1apaMeTpPOB CJOE€B H MOAYAA
HOPMAJIBHOI YPYTOCTH IPOBOJIOK,

My 2i-1 — MOMEHT HATAXKEHHA NPOBOJOK OTHOCH-
TEJIbHO OCH BAJA OPH HABHBKE HapyX-
HOTO CJIOf KOHTAKTHOH mapH..

IMpeaenvnas omu6Ka, BH3LIBaeMas YIJIOM CKpy4HBaHHA BaJa,
GyAyuu BhIpaXe€Ha B Ipaaycax, COCTABHT:

° 180° *
€ =L — 3)
rae L —auHa Bajla B MAM.

[NeppauHy0 OMHOGKY YNPaBJAAIOMIErO 3JEMEHTa NPH OTCYT-
CTBHH HOHUYCa MOXHO CYHTAThb paBHOH IOJIOBHHE LEHH jeJje-
HHAA WIKaJbL

o AO .

§2 =:_2‘ ’ (4)
rjge A°—neHa Je/eHus IIKaJjbl yIPaBASOmEro 3JeMeHTa B
rpafycax.

[lpu nanuyun HOHMYCA

° A°
f =
2 n-+1
rje n—4ucJa0 JAeJenuil HOHuyca.
Yuprmpag (3) u (4), nepennmenm (1)

=Y o

TlpenenpHas OmuGKa TONOXKEHHs MOXeT OHTh YMEHbLICHA, B
OCHOBHOM, 34 CYeT YMeHbIUEHHs yria CKPyYHMBaHHR BaJa.

U3 pripaxkenus (2) BHAHO, 4TO, MOMHUMO HArpy30K, T€OMETpH-
HeCKHX [apaMeTpOB MPOBOJOK W KayeCTBA WX Martepuana yroi
CKPYuHBaHHs Bajla 3aBHCHT TaKe OT HATAXKeHHA IPOBOJIOK B
f[poliecce HAaBHBKH CJIOEB. ‘

B TabGaune 1 npuBeAeHH BeJHUHHBI OTHOCHTE/]BHOTO YMEHb-

A
IIeHHd yIJa cxpyqvfmamfm%J AJag Bajza jgunameTpoM 8,3 MM

iIpH pas/H4HHX -HAarpyskax—A,. MOMEHTH HaTAXKEHHS NPOBO-

JIOK IIPH HABMBKE HAPYMKHLIX CJ0€B COCTABJAIH COOTBETCTBEHHO
Al KOHTaKTHBIX map OT mnepudepHd Baxa K €ro LEHTPY
100,70,56 xemn. '

. Tpyan TexHOMOTHHECKOTO HHCTATYTa, T. VII, 65



Ta6auna 1

M” KeHum 10 30 50 100 I 200 l 300 | 500

534 | 488 364 | 285 | 21,6 | 18,35 | 144

Takum oOpasoM, mpu BCTpeuaiomiuxcs paboumx Harpyskax Io-
paaxa 50-—150 xemm, BBeieHMe YKA3aHHOIO HATSXKEHHS INIPOBO-
JIOK TIpH H4BHBKE YBEJHUHBACT KPYTHIbHYIO MKECTKOCTb Baja Ha
25—35%.

CoorBerCTByIOLIHM 00pasomM yMEHBILAETCH H OMIMGKa MOJIOKE-
HHA YOpaBJfeMOro 3sJeMeHTa. :

§ 3. Onsako B psile ciyyaes, H3-3a 3HAUMTEJNBHON INEPRHYHONR
onmu0OKH, BBOAUMOH THOKMM BajiOM, OLIMOKa TNONOXKeHWsl VIpaB-
JFEeMOTo 3JieMeHTa Bce e Oyner NPeBOCXOAMTh AONYCTHMYIO 14
fanHoro npuGopa nuGo ycTpoiicTBa.

Ota omubka MoxeT OHIThb Pe3KO YMEHbIEHA NyTeM BBEJECHHS
nocjae ru6KOro Bajia NMOHH3HTENBHOH IepefayH, 4To YMEHELIder
KPYTALME MOMEHT, HArpyXalomuid Ba. -

Ecnu. npemvsipasiercs TpeGoBaHHE COOTBETCTBHSI B ABMKEHHH
YOpaB/gIOULEr0 ¥ yIpaBAsfieMOro 3/J€MEeHTOB, TO MeXAy IIepBEIM
M3 HUX M THOKHM BaJjiOM CJeflyeT BBECTH YCKOPHTEIBHYIO llepela-

Uy C NepelaTOYHBIM OTHOLIEHHeM, OOPATHHIM NEPeJaTOYHOMY OT-

HOLIEHKIO YOHH3MTeJbHOH nepemayn (puc. 16).

Cnenys nompexxnemy H. T'. BpyeBuuy, sanumem Benuuuny.

CpeﬂHeKBaleaTH‘IHOﬁ OIIHOKY II0JIOXKEHHA BEAOMOrQ 3BEHA 3TOrO
MEXaHusMa

=V &+ (58 +8, (6)

rae &, & — npeneasHbie OMHGKH 3yGUATHX 3alenyeHnfi 2—3

n5— C yueroMm (3) u (4) noayuum

S T

6 COOTBETCTBEHHO.

5=]/E%+

§ 4. Bsenesne [0nOJHHTENbHHIX 3BEeHLEB [OBJIGKJAO 32 -
NOJIOXKEeHHS |

Co00# mnosABJIEHHE HOBHIX

HePBHYHHX OWHGOK
& K &.
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CoemectnOe paccMoTpenne ypasHeuuii (5) u (7) mossoaser .
CHENATh BHBOJ, HUTO MpEAeNbHAA OLHGKA MOJONEHHS YIpas- -
JAEMOTO 9/IEMEHTA MEXaHH3Ma [0 CXeMe 0 OYAET MeHbuie TOH |

Dt e e i e i

B R it TR i e

Ke omub K MO CXeme @, B cliyyae ecid

(q; z l§9ﬁ)“_ &

i3

Iy 5 < {8)

(LL} Z @) + §2
B taGn, 2 nprBefieHbl B NePBOM NPHOIHKEHUH BEJHYUHH TIpe-
JleNBHBIX MEPBHUHBIX OWMMOOK MUNAHAPHYECKUX 3yGuaThix Kodaec (3l

4 Tabanua 2
) HauGonsmasn Han6onbmas =
S — : HAKONNEHHAA  (BO3MOXKHAA OMINGKa| &
BIL TIEpen ¢ £ |NOTPELIHOCTS WIara) IpH MHHHMaibHOM | O
= & |(no KoXecy) B uMu | nuamerpe Koneca | ©
Se ¢ ¥) R p S
3y6uartas {IMHIPHU- 1 0,030 0°5
yecKan . . . . .
-2 0,050 08 roct
r 3 0,100 0°17 1643

Jaunsle NpHBefeHBl Ana 3y6uaThiX KOJeC Manablx MOAyJeH
(1—2,5 mm) u nnamerpos (40—100 mm). HauGosbwas yraopast
omMBKa BBHIUHCASIACh AJA Hauxyauero caydas — 40 sm, T. K. B
JlaHHOH TpynIe JHaMeTPOB OHa YMEHbLIAETCH NPONOPLHUOHANLHO
yBeJIHUeHHo ‘Anamerpa. [l MeHBbIIMX KoJec BeJHUHHA H4KOM-
JIEHHBIX NOTPelIHOCTeH MeHblUE.

IMpumem, uro B cxeMe O 3y6uaThie KoMeca BHINOJHEHH I10
TPeTbeMy KJACCy W yCTaHOBJeH saauk 6,5 B2—paunoro 1000 mm
(xaTanmor MyHHCTEpCTBA 3J1€KTPONPOMLILIIEHHOCTH).

INpu kpyTtsimem Momente M, =100 xemm o06e cxemul (puc.
la, 6) GyayT PaBHOLEHHBI IO TOYHOCTH yXKe TIPH CTOJNb HeBOJNb-
1IOM HepeNlaTOYHOM OTHOLIEHHH, KaK i, , ==1,0004, yro of6Bsc-
usiercs NpeobaafaloliM BAMSHHEM HA NOAHYIO MOTPEIHOCTbL Tep-
Brygol omubKM rubxoro pasja. DTo BAHAHME cKaXercs elle 60O-
Jlee, eClii y4eCTb, 4TO HanOoOJlee pPAaCNPOCTPAHEHHBIMM THOKUMH
kaJaMHi SIBASIOTCS BAJBl MaJbix guameTpoB (3, 4, 5 mu) ¢ HHB-
KOl KPYTHJIBHOH MKECTKOCTHIO.

Beuay sroro, mpH paccCMOTPEHHH NPHBOLOB YupaBiaeHusi €
LAHHHBIMH TROKHMH Bajamn (L > 1000 mu), narpyxesHbIMH
KPYTSILUMH MOMEHTaMH, OJM3KHMH K HOMHMHAJbHLIM, NePBHYHLIMH
omu6KaMy 3y6uaTHX Kojec MOXKHO IpeneOpeun M OIMIHOKY moOJO-
XeHHsl YNpaBlsgeMOro 3JeMeHTa ONpPefeasaTb ¢ NOMOILbI0 YIPO-
leHHOrQ BHPaXKeHHs .

' g2y L 12 )
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Ilpu foBHIneHHHX TPeGOBAHMSX K TOUHOCTH yrpapjielnus, He-
GoNMbIUIMX [JHHAX BAJOB W 3HAUHTENBHOH HEAOTPy3Ke HX, Tpe-
JAeJibHast &u.méxa NOJIOXKEHU YIPaBJAAEMOro NeMeHTa MOXXET
GHITh onpeNeseHa M3 BhpaxkeHus (7); a ecqm NpHHeOpeusr BesH-

Z,\%
YHHOH (_Z—:) £, 10 “
§6:‘/ & + (%—:q)Llsfc')%i;. (10)

§ 5. OOHuno ©pH INPOEKTHPOBAHMHM MEXaHH3Ma MpPHBOAA
yIpaBjeHAs NPENebHO JOIycKaeMas Ou0Ka NONOXeHHs yIpaB- |
JiseMoro 3JeMeHTa OniBaeT 3ajana. B TaxoM Clyuyae HauMenbilee
IepenaTouHoe OTHOUICHHE NOMOJIHHTENbHBIX MEXaHM3MOB — MeXa-
HA3MOB JeJeHHs OWHGKH, — HeoOXoAHuMOe [Jf YAepiKaHug mpe-
HeibHON OMIKMOKM TOJIOMCHHS YNDaBJISEMOrQ 3/EeMeHTa B Sa/aH-
HHX npegenax (Mg cxeMu 0) Oyzer:

AZ
. E:+&—7

l_= ”—T-
6‘5 (ch 180)_{-523 ,

kig

(1 |

§ 6. Eciu MexagusM lesieHHsi OMIHOKH MBOTOCTYNEHUATHIA, TO |
ypapnenne (11) cJjeiyerT BHIOH3MEHHTh TaK, YTOObI JieBad 4acTh |
cofepxana ofIee NMepefaTOuHOE OTHOWIEHHE MEXaHH3Ma AeJNEHH:H
OHOKH i, aCyMMa KBAZPaTOB MEPBHUHBIX OIIMGOK CTyNeHeH
sroro MexanusMa &%  pxofmia B KaueCcTBe€ BTOpPOro cJjarae-
MOTO B 3HAaMeHaTelb NOAKOPEHHOro BRIpaXKEHU:. 4

Yro Kacaercss CyMMBl KBaJpaToB NEPBHYHBIX OLIMOOK CTYMNEHEH .
MexaHH3Ma, pacloJoXeHHBIX A0 THOKoro Baja 2 Et}: 1o oma
JOoMKHA BOWTH B UMCJHTENb MOAKOPEHHOrc BHIPAXKEHUA CO 3HA-
KOM MHHYC , :

2__ Y 2 A2 :
. m 4 o
" 180°\2 | o (l2)}
(upL = )+zan,

rjge £— npefesbHO AONYCTHMas OMWHOKA MOJOXKEHHs ynpasfde-:

MOro JieMeHTa.

§ 7. Yacto ObiBaer KesaTeJlbHO YMEHBIUHTb KDPYTALIMA MO-J
MEeHT Ha BeAyilleM 3BeHe C LeJblo obserdenus ynpasjenus. OAHO-:

EPEMEHHO IIKaja MOXeT OnTb YAOOHO WCMONb30BaHA JIHIIb B
npenenax < 360° : , ;
" B rakom cayuae (pHc. 2) MeXAy YNpaB/sOmUM 3JEMEHTOM
M W yKasaTeJeM % BBOJHTCS NOHH3HTeNbHas INepenaua. Ilocaen-
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HAS CcXeMa IIOJyYyuJa TpPHUMEHeHHWe, B YaCTHOCTH, B HNPHBOAAX
YOPaBIeHAA TOCTYNATENbHBIM JBUKeHWeM (Ha CXeMe — 3Jje-
MeHTa 1),

MoxGopom mepenaToyHOro OTHOIIEHHS i, , MOXKHO OOECNeYHTh

COOTBETCTBHE [OJIHOTO MepeMellleHus YIpasaseMoro 3JeMenTa A
JKeJlaeMOMYy YIJIOBOMY IeDeMEIIeHHI0 yKasatend K. :

MMocnenuee nukryercst yno6CTBaMu yCaOBHI oTCUeTa.

§ 8. BelmenpuBenenHble PacCyXAEHHSA BeJHCH B JIPEANOIOKe-
HHH, UTO KPYTHJbHAS KECTKOCTh Bajia: OAHHAKOBA NpPH CKPYYHBA-
HHH ero B o0e CTOpPOHH. B HeHCTBHTENBHOCTH e, YIoJ CKPYUHBA-
HHSA THOKOro Bajia IPHM HATPYXKEHUH ero KPyTAIHM MOMEHTOM B
HAnpaBJieHHH HABHBKH HAPYXKHOTO CJOS 3HAUHTEJbHO MeHbplIe
yIyia CKPyyHMBaHHsi BaJja, HATPYXKEHHOTO B MPOTHBONOJIOKHOM HA-
npasjeHud. Pasnuunbl, Takum o6pasoM, ¥ NepBHUYHBIE OIIXGKH B

3THX JIBYX CAy4Yasx. e ke ‘4&

.
[ aan )
(;4‘:—, -
i w
P N S (Y i e
Puc. 2.

Pasnnua 6uiBaeT BeChbMa 3HAUATENBHON M MOKET NOXONUTH HO
30—50%.

OpueHTHPOBKA H@ MeEHBIIYID KECTKOCThH TOBJeueT 3a COBOM
HEeNOUCIONHL30BaAHE BO3MOXHOCTeH BaJa HpH Bpameﬂnn o Ha-
UPABJAEHHI0O HABHBKH HAPYXKHOro CJIOS.

Taxum 06pasoM, MOMKET OKa3aThCs 1eJecOO6Pa3HbIM CO3aHHUE.
KOHCTPYKIHH BaJla ONMHAKOBOH KeCTKOCTH NpPH HAarPysKeHUH ero
110 W NPOTHB HANPaBJEHHS HABUBKH HAapPYXHOTO CJOS.

UncTo amanuTHUECKOe DelleHve 3aJaud HAa3HAUEHHS TeOMeTpH-
YeCKHX NapaMeTpoB TAaKOro BaJjia TMpPeACTaBJsfgeT 3HAYHTEJIbHBIE
TpyAnocTH. KpoMme TOro, Her HyXnsl B YBEJIHYEHHH YHCAA THIO-
pasMepoB BaJiOB INyTeM CO3NAHUSI COBEPIIEHHO HOBBIX KOHCTPYK-
unii. PeBepcuBHBIN Bad MOXHO CKOHCTPYHPOBATHL IyTeM BHECEHHS
HeGOoMbIINX M3MEeHeHHl B CYILECTBYIOU[HE THIIOPA3MEpHI.

3anaua sTa Moxer GbITh PemieHa, OCHOBHIBASICHL HA HEKOTOPHIX
OUEeBHIHBIX TOMOMKeHHSX.

HeficTBATENbHO, TaK KAK ¥eCTKOCTb ONMHOYHBIX CJAOEB HE3Ha-
unTeNbHA M BHIPaXKEHHeM (2) He YUHTHIBaercs, TO AJs paBHOH
’KEeCTKOCTH BaJia B 06e CTOPOHEI HEOGXONMMO MMeTh PaBHOE YHCJO
KOHTAKTHHIX Map IPH HAarpyXeHWH B ONHY M APYIYIO CTOPOHHL

IToatoMy, B IPOTHBOMOJNIOKHOCTH HEPEBEPCHBHOMY Bajy, pe-
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BEPCHBHBIH JO/KeH 0083arebHO COMEPKATh HEYETHOE . UUCHO |
CJ10€eB.

Hanee, TaKk Kak B CHJIy CBOHX T'€OMETPHYECKHX NapaMeTPOB
HapyKHasl KOHTaKTHasi Iapa sBJIAETCH OCHOBHON TIPy3oHecyllefl
HapoH, HeoOXOAHMO YCHANTE HATPY3OUHYIO CHOCOGHOCThL maphi, CO- |
crosiliel u3 2 M 3 CJOf, 32 CUET HEKOTOPOro ocCjaabJeHus maphl,
cocroaitedf u3 ! u 2 caos. Ho 2-o#f cioil BXoguT B 06e KOHTAKT-
HBle Nappl, TO3TOMy oc/iabenyie MOMKET OBITH NPOU3BENEHO TOJNb-
KO 3a Cyer’ MepBoro CJos. \

Caenyer orMeruts, uto ociablieHue KPYTUABHON IKECTKOCTIH |
I-it maper 3a cyeT yMeHbUIEHHS YHCJIA IIPOBOJOK HAPYIKHOTO ee
CNIOSt OUPABABIBAETCS TAKXKE TEM, UTO B 3TOM Cjiydyae BHIPABHWBA- |
HHe KPYTHIBLHOH JKeCTKOCTH CONPOBOXKIAeTCH MHHMMAJbHBIM YBe-
 AWYCHUEM H3THOHON IKECTKOCTH.. , ]

IMonnoe BEIpaBHHBAaHHE XECTKOCTH Baja mpH pabore B Ofe |
CTOPOHBI MOMKET OBHITb AOCTHIHYTO 32 CueT GOJblliero HaTSKEeHUs |
IPOBOJIOK UETHBIX CJIO€B, €ClAu He YNAeTCH IOJHOCTBIO BHIPABHATE
KPYTHIBHYIO KECTKOCTh IyTeM OC/JabJeHHs HapyXKHOTo CaAGH.

BBIBOIbI

1. Bosmbliyro wacte OMHGKH IOJOXKEHHsS YIPABJISEMOTO 3Je-
MeHTa NMPHBO/A YNPABAEHHS ¢ MMOKMM BalOM COCTABJSeT MepBUY- |
Has ommu6Ka, BBOAMUMAS IHOKAM BaJIOM. j

2. Jra omubKa MOXKeT GhiTh CYIIECTBEHHO yMEHbIUEHA [10CTA- |
HOBKOH BaJIOB, HABHTHIX C 3HAYHTE/IbHHIM HATSKEHHEM NPOBOJIOK
NPK HABUBKE, W RBEJCHMOM MEKIY BANOM Ji yNPaBAfeMbiM 3ie-
MeHTOM nepenad, XeJAIHX OWHOKY. .

3. Ban onumakoBo#t KPyTW/IbHOM ¥KECTKOCTH NPH HATPYKEHHH
B 060HMX HANPaBJCHHAX MOXKeT OBITh IOJIYUeH M3 CYLIECTBYIONIHX
KOHCTPYKIMHA TyTeM HABUBKH NOMOJHUTENLHOrO CJOSl, OCTabJeH- |

TPYZIBI OJECCKOIO TEXHOJOTWUECKOIo UHCTUTYTA
T. VII uvenn M. B. CTAJIMHA -~ 1955 r.

HOrO 3a CYeT YMeHbIIeHHd uuc/ia MPoBOMOK B HeM. OKoHYaTeNh-
HOe BHIDABHHBAHUE JKECTKOCTH MOMKET OBIThL JOCTHIHYTO COOTBET- ]
CTBYIOIMM TOAGOPOM BeJHUYMHB HATIKEHUS NPOBOJIOK TPH Ha- ]
BHUBKE. 1
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'CPABHUTEJbHOE UWCCJIENOBAHUE KO3®®HUIUUEHTA
TPEHUS YYTYHHBIX MOBEPXHOCTEM C PA3JIHYHOH
MUKPOTEOMETPUEN HUX

B upcie (pakTOPOB, ONPENESOINX TEXHOJOTHUECKYIO s dex-
THBHOCTp H3MeJbUeHHsI KPYNOK M AYHCTOB B BaJbHOBHIX CTaHKaX
Pa3MOJLHEIX CHCTeM, HAXOMSTCS YCJAOBHS BTATHBAHHS HCXOXHBIX
npoayktor B pabouylo 30HY NapHOPAGOTAIOLWX BajbLOB. ITH
ycoBHs, B CBOIO Ouepenb, HAXOAATCA B 32BHCHMOCTH OT BeAHYR-
HBl H3MEHSIONIerocsi B mpollecce 3KCHayaTalun Kosddunrenta 4-
HAMHUECKOTO TPeHHsi MPOAYKTa O MOBEPXHOCTH BAaJbILOB.

Boc¢raHoBNeHHe LIEPOXOBATOCTH paGOYMX HOBEPXHOCTEH He-
pHdIeHHEIX BANbIOB OCYIIECTBASIOT B HACTOAIIEe BPeMs, I1aBHBIM
o6pasoM, MerofoM abpasusHoro mandoBanus. Kpome TOTO, A%
3TOH Ke Iesd Pa3paGoTaHHl JBAa IIPOTPECCHBHBEIX 3JEKTPOTEXHOJO-
THYeCKHX cnocoba: B OJecCKOM TeXHOJOrHYeCKOM MHCTHTYTE HM.
M. B. (Qraausa TOA HAYYHBIM DYKOBOJCTBOM IOIL. A. B. TanueH-
KO paspaboTaH dJEKTPOUCKPOBHI cliocob obpaborku Baisuos f1],
BO BCECOI3HOM HAYUHO-HCCJIEOBATENBCKOM HHCTHTYTE 3€pHA
umk| B. M. Top6yHOBBIM H KaHA. TexH. Hayk A. P. JlemMnnoBbiM
pa3paboran crnocof SAeKTPOUCKPOBOH npupaGorku Badsuos [21.

23MONMOCNOCOOHOCTE GOueK BaJbIOB OOYCIOBIHBAETCA, NpPH
BCEY JPYTMX ONMHAKOBHIX YCJOBHAX, MX IIePOXOBATOCTHIO, KOTOPas
MOMKeT OBITb OUCHEHA He TOJBKO CPEIHHM KBaApPaTHUECKHM CTKIIO-
HenMeM MHMKPOHEPOBHOCTel TIOBEDXHOCTH OT Cpennedl Jaunuu ee
npdduns (H,), HO u KOIDDHUHEHTOM TPEHHS.
neaAxX CPABHHTENLHON OLEHKH BeJHYHH KO3(hPHUHSHTOB HH-
HAMHUYECKOTO TPEHWSA MDY HEHSMEHHBIX HAYAMBHHIX 3HAUeHUAX /7,
TPYUIHXCSA MOBEPXHOCTeR, HO MOJAYYEHHBIX IIPH DAa3JHYHBIX METO-
nax o6paGoOTKH MX, NpOBeNeHa HAaYUHO-3KCIepHMeHTaNbHas pabo-
T4, (OCHOBHbIe PE3YJIbTATH KCTOPOH H3Jaralorcsl B JaHHOH CTaThe.
cClenoBaHUe TPOU3BOJHIOCH HA MasTHHKOBOH Mamuue Tpe-
ung (puc. 1), npuHuun gefCTBHA KOTOPOA OCHOBAH HA M3MEHCHWH
3aTyXaHKA KoJeGauufl mpoCTOll MeXaHHUeCKo# CHCTeMHL B BHIE
(PEBHYECKOro MAATHHKA B 32BMCHMOCTH OT IIEPOXOBATOCTH M HA-
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IpyXeHus TPYHMXCS uyTyHHBIX noepxnocrelt [3l. B cocras ma-
DIMHBl BXOAAT CJEAYIOIIUE Y3JBL:

— MacCHBHas CTOWMKa, PeryJHpoBaHHE BEPTHKATbHOCTH KOTOPO#
MOXKeT OCYLIeCTBJASTBCS NOCPEACTBOM TpPeX YCTaHOBOYHLIX BHHTOB;
K 3TOH CcTofike NpUKpeN/ifAercss NepBblil HCIbITYeMblfi o6pasel B
RHIE TIPAMOYTOJbHON IJIaCTUHKH;

i SR 00
B L

L

!

Puc. 1. Cxema MasTHHKOBOH MaulMHEL Tpemus,
TLeP-

— MAasTHHK, B CTepXKHe KOTOPOrO BHICBEPJIEHO CKBO3HOE O
CTHE Il YCTAHOBKH BTODPOTO HCHBITYeMOro o6pasua B Bule Ypsi-
MOro LWIMHAPA; TPEHHE TOPUa NOJ3YHKZ O IVIACTHHKY NPOHCXO-
IUT B IUIOCKOCTH, (1apa/iesbHOH TJIOCKOCTH KosdeGaHus Mastup-
Ka; HarpyxeHue IOJ3yHKa OCYIIECTBJISIETCH NOCPEACTBOM THphb,
BeC KOTOPHIX MNepefaercsi Ha NOBEPXHOCTH TPEHHA uepes CUCIEMY
pLIYAroB, He W3MEHHIOLIMX CBOEro TOJIOMKEHHS TpH KoJeOamusx
MafTHUKA ) .

— perucTpupylomui Npubop Nias 3anucCH Ha GVMAaKHON JeHTe
AuarpaMMbl 3aTyXaHuH KoseGaHU# MaATHHKA,

ITo yrazaHHBIM AuarpaMMaM BO3SMOXKHO CYAHTb O CHJIe Tpe-
HHs, Tak Kak, B OCHOBHOM, OHa H fIBJfeTCHd NPUYHHOK 3aTyXagus
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gosnebauuit Mastunka. KodbpohuuuenT TpeHusi BO3MOXHO oflpeie-
JiATh pacCueTHHIM TyTeM mo Gopmyne [3l:

AA—¢e
f=Q—
rae: Q@ == 0,041 — nocTosAuHas MAaIUMHBEL, HAXONASWIAACH B 3aBHCHA-
MOCTH OT pacCTOsHHHA KOHCTPYKTHBHEIX 2JIeMEHTOB HO LEHTpa Ka-
YyaHHs MAasTHHKZ H OT Beca Cro;

AA — yMeHblIeHHe 3aMMCAHHON HA guarpaMMe JJIMHBL aMIVid-
Tyabl KosleGaHua 3a OLHH MOJHBIA TEePUON NPH HAJHYKM UCCaeNye-
MOH CcuJBl TPEHHS;

¢ — BEJIHUMHA «COOCTBEHHOro» 3aTyxaHus KojeGaHuil MasTHH-
Ka, BhHI3BAHHAS TPEHHWEM B IIAPHUPHBIX y3JaxX MallyHbI OPH OTCYT-
CTBHMH HATPYyXKeHHS Ha MON3YHOK, a TaKxke NHMHAMHUYECKHM ¥ Bf3-
KOCTHBIM COINPOTHB/JEHHEM BO3[yXa [IBIKEHHIO MAATHUKE;

N — vopMmaJsibyasi Harpyska Ha TOJ3YHOK, H3MeHABINAacs B
HallMxX ombltax B mpexesnax or 100 mo 1000 rpammos.

Juarpamma «cOBCTBeHHOro» 3aTyxaHus KoJjeGaHuil MasTHHKA
npeacTapiaega Ha puc. 2. Jlias ysacHeHHs 3aKOHOMEPHOCTH 3TOrO

- M

~3 . .

Puc. 2. {lnarpamma ,cOGCTBEHHOTO* 3aTyXaHHs KoJAeGaHMH MasTHHKA
NP OTCYTCTBHH TPEHHS MON3YHKA O NAACTHHKY.

SIBJIEHHSI K aMIJINTYAAM TpOBelieHbl KacaTeNbHble, H TaK KAk OHH
B COBOKYIHOCTH IIPEACTaB/AIOT ORHY HNPSMYIO JIHHHIO, TO, CJEH0-
BAaTeJbHO, aMILIMTYLa KoJeOaHUs CO BpeMeHeM YOuIBaer Mo 3aKO-
HY apH(pMeTHYeCKOH MPOrpeccHu,

B kauecrBe OGBEKTOB HCCJIENOBAHMS YKA3aHWBIMH BBillle CHO-
cobaMy OBLIM H3rOTOBJIEHBl O0Bpa3Hbl OTEENEHHOrO UyryHa, YHCTO-
Ta KOTOPHIX sl abpasuBHOIIU(OBAHHBIX MOBEPXHOCTEll HaXOMH-~
siack. B npefenax or 13 mo 4 wnaccos (H,—=0,02-+-9,5xx), nis
06pabOTaHHEIX 3JJICKTPHUECKHMH CHOCOGAMH — B mnpeienax oOT 7
ro 4 xnaccos (H,,=1,5=-9,5xK). Ouenka YHCTOTH TMOBEPXHOCTH
TPOR3BOAHJIACH MTOCPEACTBOM HHTEPHhEPeHI-MHKPOCKONA U ABOHHO-
ro MHKpocKona KoHCTpykumu akax. B. Il Jlurnwka, a Takxke
NPOHIOMETPOM NPEPHIBHCTOTO OUIYIBIBAHHUS, .
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Ha puc. 3 u 4 ripeacrasjeqbl A@arpaMMel 3aTyXaHHd KoJieba-
HHil MasTHHKa npH Harpyske 700 e, nepenaBaeMoil MOJNSYHKOM Ha .
HCCAGNyeMble TPYIMECs MOBEPXHOCTH: PUC. 3 — WPU HCHLITAHMU
a6pasuBHONLIHGOBAHHBIX MOBEpXHOCTeH (F,, = 1,5 mr), AMeIOLIHK
ko3b¢uupent Tpenns f= 0,22, seuucaeHuslii 1m0 Qopmyae I;
PHC. 4 — TIpH MCTIBITAHHH TOBEPXHOCTEH, 06pa6oTaHHBIX 3JIEKTPO- |
HCKPOBEIM CrOcOO0M (Hm-——-5,5 le),-
UMEoIIUX KO3 @uuueHT TPEHHA .
f=0,31. W3 paccmoTpeHns 3THX
PHCYHKOB cCJGAyeT, 4YTO M IHpH ;
HArpyMEeHHHX IOBEPXHOCTAX Tpe- |
HUs yOnBaHHe aMILIHTYHABI KOJe- |

Gaunsl MasTHHKA IOJYHHATCHA 33~
KOHY apudMeTHyecKol mporpec-
CHH.
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Puc. 4. [ImarpamMma 3aTyXaHHs KOleg
Ganuit mastHuKa npH Harpyske 700 2 B
TpYIIHECH TIOBEPXHOCTH ¢ H = 55 Mich
06paboTaHHEIC 3AEKTPOHCKPOBLIM CIIOY

cobom. ;

Puc. 3. [lmarpamma 3aTyXaHus
xoneGanuit MaaTHMKA INIpH Ha-
rpy3ke 700 2 Ha abOpa3uBHOILIH-
¢oBaHRpie TpyHmMecs TOBEPX-
Hocrn ¢ H,, = 1,5 mk,

Vccaenosanue 3aTyXauus KoseGauuii mpocToil MeXaHHUueCKOS
CHCTEME siBJSIETCSs, TAKAM OOpa3oM, CPEJICTBOM aHANA3a BHEIIHY
O TPeHHsi KOHTAKTHDYIOLIMXCS NOBEPXHOCTEH B 3aBHCHMOCTH
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ux cpoiictp. C/lefoBaTenbHO, PACCMAaTpUBAEMBIH METOX AaeT BO3-
MOZKHOCTb HeHOCpeJlCTBePiHO PerucTpupoBaTh CTATHCTHUECKHHU pe-
3yJbTaT psifia JIBUKEHHH C TpPEHHem HAaxke NPH ORHOKPATHOH
3aMHCH 3aTyXaloWuX KolebaHnH.
” Ha pgc. 5 NPEeNCTaBJIEHBl CPeldHie JaHHBIE TPEXKPATHHIX UCIIBL-
AHHH a0pasHBHOMNH(OBAHHBIX MOBepxHOCTed ¢ /7, =0,02-+-6mK
cK 4 *
}_}&pflfalms ‘1% 514 06paGoOTaHHBIX 3JeKTPOMCKPOBEIM CTIOCOGOM ¢
= 1,0-+9,5 Mr (xpusasi 2). OTHocute bHBIE QUIHGKH OTAENb-

HBIX H3MEPEHHH HAXONMIHCH B NPejesax OT 3 10 6 NPOLEHTOB.
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Ul spoxobanocme nobgoxnacme .

Puc. 5. MaMenenue NUHAMHUECKOrO KO3MQUIUHEHTA

TPeHHUs B 3aBHCHMOCTH OT IUEDPOXOBATOCTH H HArpy-

MEHUA TPYLIUXCS TNOBEPXHOCTEH: xpuBas 1 — a6pa-

3HBHOILINGOBAHHbIE IIOBEPXHOCTH; KpHBagx 2—IO-

BEPXHOCTH, OCpaGOTAHHBIE 3MeKTPOUCKPOBHIM CNO-
cobom. '

Kax BHAHO M3 PacCMOTPEHHs TeUeHHs KpHBOi 1, C yée.nnqeuneM
1IEPOXOBATOCTH KO3DGDUUHEHT NHHAMHYECKOTO TPEHHS HMCET MH-
nuManpHble snavenns npu 7, =0,9--1,5 ux. Takoe sBjeune, Kaxk
TO ycranosJjeno paboramu npod. M. B. Kparensckoro u uiena-
<oppecnonienta AH CCCP B. B. Jlepsaruna [4], Moxer Obith
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0BBHICHEHO TeM, UTO MPU YBeJHUEHHH IIEpPOXOBaTOCTH HO Olipene-
JIEHHLIX MpeNeNoB yMeHbINAeTCs MAOUIafhb NEHCTBHTENLHOIO KOH-
TakTa TPYUIMXCA noBepxHoctell, Cjenyer yKasaTb M Ha TO, 4YTO
MUHHMAJbHbIE 3HAUEHHs KOMpGHIHEHTA TPEHHS MPH OLHOW H TOH
Xe peaduuHe ff,, Tem Bbime, Yem Goablle HArpyXeHHe MOBEPX-

HOCTel TPeHHd.

OT16eJEHHBIA uyryH, 00paGOTaHHBEIH 3JEKTPOMCKPOBHIM CIIOCO-
Gom, HMMeeT IpU OIAHHX M TexX Xe 3Hauenusx K ' kosdduuuent

Tpenusi 3HAUMTEJLHO BBILE, 4YeM OOpaGoTaHHBIi aGpa3HBHBEIM
mndonanueM. Tak, nanpumep, upn /7, = 1,5 ux u Harpy3Ke Ha

flonzynok 1000 2 xoadpduuuent TpeHus abpasuBHOULTH(OBAHHON
nopepxnoctH [ = 0,14, a nas MOBEPXHOCTH TNOCJe 3MEKTPOMCKPO-
poit o6paborku [ =0,23, T. e. BHIe, npuMepHO, Ha 65%. [ToBH-
menne KOIPGUIMEHTA TPEHHUS ONHOH TOBEPXHOCTH OTHOCHTENBLHO
Jpyroii PH ONMHAKOBHIX 3HAUeHHAX Ff,, MOXeT GbiTh OGBSACHEHO

pasnuupeM CTPOEHHS MHKPOpe/bedOB MOBEPXHOCTEH, MOIYUaeMbIX
npu pas/IHUHBIX Meronax o6paboTku ux. VsBecTHO, uTo abpasus-
Houud)0BAHHAS MOBEPXHOCTL BANLUA HMEET QHCOYHBIE XapaKTep
¥ pasAmyHyIo WIEPOXOBATOCTH B TIOMEPEUHOM H OCEBOM CEUEHHAX
€ro, T. €. COOTBETCTBEHHO MEHLUIYIO LIEPOXOBATOCThL B Hampasje-
puy mandoBaHus M GOJIBIYIO — B HANPABAEHHH MPOXONLHOH TO-
naum BaAbua mpu o6paboTKe Ha NIHGOBANLHO-pH(ESLHOM CTaH-
ke. Hao60pOT, MMIyJbCHEE Pa3pPSAB NPH 3JIeKTPOHCKPOBOH 06-
paBoTKe OCTaBJISAIOT JYHKOOOPa3Hble CJeNB Pa3pyLIEHHs MOBepX-
HOCTH, HAKJAJABIBAIOWINECS APYF HA JAPYra, 4ro CO3JIaeT lIepOXO-
BATOCTh, JOCTATOUHO PABHOMEDHYIO B TIOTNEPEUHOM M HPOAOJILHOM
nHanpasneHusax. Takum ob6pasoM, BeiBop mnpod. I1. E. JIpsuen-
ko [B] o TOM, UTO «OPH ONMHAKOBOH BLICOTE HEePOBHOCTell KO3¢h-
¢uunenT TPEHAS 3aBHCHT OT B3aWMHOJ HaNpPaBJEHHOCTH lEPOXO-
BATOCTHY, NOJHOCTBIO TMOATBEPKNAETCH JAHHBIMHM HalIero Hccie-
NOBAHUS.

VuuTHiBas MOJOKHTENIBHEE Pe3VALTATH NPHUMEHEHHS BAJbIIOB,
06paBoTAHHBIX 3J1eKTPo3po3HoHHEIM cniocobom BHHMHK3a 16 n 21,
HaMu GBlJIO TIPOBeleHO CPaBHHUTeNIbHOe onpenescHue xo3¢hhunu-
eHTOB TPEHHs BBIINEYKA3aHHBIX MOBepXHOCcTell (puc. 6, kpusasg 1)
M 06paBGOTAHHBIX JEKTPOMCKPOBHIM criocobom (puc. 6, kpusas 2)

T MeTOAy OIIECCKOI‘O TEXHOJOTNYECKOrO HHCTHTYTAa HMEHH .

M. B. Cranuna [1]. ITockoneky xapakrep MuKpopesnbedos To-
BepxHocTeH, TOMyUeHHBIX B pe3yabTaTe TNPHUMEHEHUs JeKTpuue-

CKHX CHOCOOOB 00paBoOTKY, UIEHTHYEH, TO, KAK U CASJ0BAJIO OXH-

1aTh, BeJHUHHB KO3hODHUINENTOB TPEHHS MPAKTHUECKH ONHHAKOBHI
NpH OXHHX M TeX e 3HAUEHUAX [/, 3aciHyXKHBaeT BHHMAHHA U

TO, 4TO MIPH H3HOCe TPYUIMXCS MOBEPXHOCTeH, T. €. NMPH yMeHblile-
Hun H,,, cruxenne koaddruuuenTa TpeHus MOBEPXHOCTeR, obpa-
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GOTaHHBIX 5JEKTPHUECKHM METOXOM, IPOTEKaeT MeHee HHTEHCHBHO,
Hexesid 06paGOTaHHEIX aGpa3HBHBHIM UIIH(OBAHHEM.

s

WA
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O
>

b,

Kosp@uguenn mpewust y2 f/

¢ % 3 =
Uepoxobamacins nobepxnocma Hy (k)

Pac. 6. Usmenenvue nuRaMuyeckoro K03bdHUUeHTa TpeHHs

B 3aBHCHMMOCTH OT IU€POX0BaTOCTH: KpuBas 1 - noBepx-

HocTd, OO6paGoTaHHble 3NEKTPOIPOIHOHHBIM  CIOCOGOM

BHWW3a; kpusas 2—nosepxHoctd, OO0paboTaHHble 3/EK-

TPOUCKPOBEIM cHOCO00M Ofecckoro TEXHONOIHYECKOTrO MH-
cruryra umenn WM. B. Cranuma,

Takum o6pa3oM, IHpeacTaBisercs BO3MOXHBIM YTBEePHAATh,
4YTO TIPpEMEHeHHe 3JIEKTPHUECKOT0 MeTOAa 06paGoTKH BaJbLOB Oy-
JeT 06yCJOBNMBATH 3HAUHTEJbHO GOJPLIMIA 110 aGCONIOTHOR BeJIH-
yiHe ¥ MeHee HHTEHCHBHO yMEHbIIAIOMMACSA NpPH H3HOCe KOIPHu-
HHeHT TPeHus NPOAYKTOB 0 paboure HOBEPXHOCTH OOUEK B TeM
CAMBIM CIIOCOGCTBOBAThL YJyullieHHio TeXHHYECKHX H 3KOHOMHUE-
CKHX TNoKasaTenefi paGoTH BajbIOBBIX CTaHKOB pPa3MOJbHBIX
cHcTeM.
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E Jinsuenko [l E, Biusneé nampapnenns crenos Mexannueckoli ofpa-
GOTKH HA CHJY TPEeHHf, H3laHue HHCTHT}ZTa mamunoseaenus AH CCCP,
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TPYJIbl OMECCKOFO TEXHO/OFHUECKOTO MHCTHTYTA
1. VII wmenu M. B. CTANMHUHA 1955 r.

Kand, gus.-nam. nayx, doyenm 3. X. FTOXMAH
Ob OJHOM OBOBIIEHHAU MHTETPAJIA

Kak uapecTHo, QYyHKIHA 7|, OHpEHEIE€HHAR H HeOTpnuaTénb-
Hasg JJs BCAKOTO MHOXECTBa NpocTpaHcTea X M paBHas HYJIO
IJis OYCTOTO MHOXECTBA, Ha3. 8HeuiHed Mepoll, ecin

1(A) <1 (B) (AcBcX)

124,) <Zy(4,)

JAnsi mo6o# KOHEUHOH HWJIM CYETHOH CHCTEMB MHOXeCTB A,
npocrpanciBa X. MuoxecTBo A Has. {—u3mepumbim, eCin L1s

BCAKUX IABYX MHOXecTB P u Q, YIOB/JETBOPAIOIIHX YCAOBHAM
PCA u Q CX—A, BHNOJHAETCS PABEHCTBO

TP+ Q=1(P)-++(Q).

BHemnsa Mepa | HA3. PE2YASAPHOH, ec/H sl BCIKOTO MHO-
;KecTBa A CYUI€CTBYeT |—H3MepHMoe MHOXxecTBO £ Takoe, uro
ACEn(A)=1(E)

MararaeMoe B HacTosIdeHd 3aMerke 0GOOINeHHE HHTErpaJjia
OCHOBaHO Ha CJAeAYiouleM H3BECTHOM CBOHCTBE BHEIIHEH MepH:

1°. Ecau A, CE,, rae {E,} ecms vaxas-au6o Koneunas uau
CLEMHAA CUCMEMA [—UBMEPUMBLY NORAPHO HENEPECEKAUUX

MHOKICECSE, MO
T(EA)=I1(A,).
n n

Mnu 6ynmem mnpexnosarats, uro 7(X)< co. 3amernm, uTO
HH)KENPUBEAECHHEIE DPE3YJ/IbTaThl JIEFKO 0000IAITCA HA cayual,
Korga 7(X)=oc, npuyeMm X ecThb cueTHas CyMMa MHOXECTB

» Aag Kotophix 7 (A,) < o

Tlyere f(x) ecTp QyHKIHA, onpeje/ieHHAss H HEOTPHUIATE/b-
jlag BO BCeX TOYKax mnpocTpancrea X. Mu OyAeM npegmoJa-
raTh, 4TO 3Ta QYHKNHA Y-—H3MEPUM3, T. €., 4TO Y{—H3MEPHMO
Bcakoe MHoxecTBOo X[f(x) > a], rae @ mnpoussoiasHOE Bele-
CTBEHHOE YHCJIO. *
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Mycts A ects HamHOE MHOMeECTBO MpocTpancTea X, Beakyio
CyMMy BHAA :
§== § o7 (AX),

rre {X,) ectb kakas-1n60 KOHEUHAsh HJH CuUeTHas CHCTEMa

1—H3MEPUMHIX IONAPHO HENEPECEKAIoUIUXCA MHOXKECTB B {a)—
Kakas-fu60 CHCTEMA HEOTPHIATEJLHHEX YHCe/, Y/JAOBJETBOPA-

IOLHX YCJIOBHIQ

aléj(,\é) (xeAX,),

Mb GYJeM Ha3HBaTh [—MUKOP-CYMMOE QYyrKuUU flx) HA MHO- !

xectse A. (371ech wuHAexc i NPHHHMAET Te H3 3HAYCHHH
1,2,3. ..
BepxH1010 rpaib | —MHHOP-CYMM QyHKIHH f(x) HA MHOXKECTBe

A MBl GyneM Ha3biBaTh OGOOWEHHBLM —~UHME2PAAOM BTOH .

(yHkuuH Ha MHOXKecTBe A H Gyzem 06o3HawaTe yepes [ fy win,
A
ecan ynxuus f(x) ¢puxcuponana,—uepes I' (4).

Ecau mHooCeCm8o A {—u3uepumo, o606uennbliL —uKme- |
2pas COBNANAET, KaK HETPYAHO BUAETh, ¢ UHmezpason Jlebesa- |

Cmuabsmoeeca B OOmENPUHATOM CMEBIC/IE 3TOTO CJ/0OBa.
bes Tpyna Aoxa3wiBaeTcs NpeNIOXKeHHE.
2°. Ecam 7 (A)==0, 7o T'{A)=0.
Ha ocxopanuu 1° jerko JA0xasarh:

3° Ecan {A,} ecmb KOHELRAR UAL CHEMHAZ CUCMENA KO-

aecms, mo
T (ZA,) <ET(A).

2. Eean T(A)< oo 1 A® = A [f(¥) = o], 10 7(4%)=0. §
Jlad  poxasatenncTBa moaomuM X, =X [f(x) > n] (n=1,;

©2,3,. . .) INpoussenenne n-7(AX,), ABAAACH +— MHHOD-!
cymmot gymknun f(x) Ha MHOxeCTBE A, HE NpeBHIIAET THC/Ia g

I'(A). Caenosarensro §(AX,) élnI‘(A)-; Ho A% cAX, no-§
stomy B 1(A%)< -T(A) (r=1,2,3,...). Orciona 1(A® }=0.§

5°. Ecim A c B n

flay=oo
mo T (A) <T(B).

B camoMm zies1e, pacCMOTPHM NPOU3BOA6HYI0 | — MHROP-CyMMY]
4

¢ynknuu f(x) Ha MHOXecTBe A:
s,==ZLa 1(AX).
i i

¥
i

80

., A7 KOTOpHX Inepeceuenne AJX,; He mycTo).

(xeB—A), (1)

3nech " ‘
o, <f(x) (xeAX):
Ha ocnoBanuu (1) orcrooza umeem:
o, < flx) (xe BX)- .

CrenoBaTéapHO CymMMa
Sp= ? o1 (BX))

SBISIETCA |—MHHOP-CYMMOH (yHKUAR f(x) HA MHOXeCTBE B,
w nostomMy Sz ST(B). Tax kax 1(AX ) < y(BX)), 10 $,s,

H, CAelH., Sa é_I‘(B), orkyzaa I'(A)=T(B), uro u Tpe6oBalochL
JA0Ka3arTk. :
Beaxyo cyMMy Bafa
S‘_‘?sz(A Y;‘)!

rae {Y,} — kakas-1a60 KOHeUHAR HAH CYETHAH CHCTeMa Y—H3-

MEepHMBIX, MONapHO HENePeCeKalolHxCs MHOMXECTB, yJAOBJE-
TBOPAKINAS AONOJHHTEbHOMY yciosuiw A CL Y, u (B,)—cu-
i

CTeMa KOHEYHKIX YHCeJ, yJOBJETBOPHIOMHX YCAOBHIO
F() <8, (xeAY)),

MBI OYA€M Ha3HBaTh {—MAHCOpP-CYMMmok GYHKUUN f(Xx) Ha MHO-
xecrse A.

Ha ocuosannu 1° jgerxo noxasars, yto Jiofas { — MHHOp-
cymma ¢ynkmum f(x) ma MHOXectBe A He OGoupure M0G0
[—MaxO0p-CyMMbl S 3T0# (yHKIHH Ha MHOXecTBe A, [ToaTomy
ra)<s.

6° Ecan f(x)<<oo  (xea), To I'(A) ecms nuxcnasn epans
[~—Maxcop-cymm Pyuxgun f(x) Ha mHodcecmee A.

B noxasareabcTBe Hyxjaercs JHIIL CIydal, korga IVA)< co.
HHonoxum N=X [f(x)==0] u

X

X=X [Q1< 1) < Q1 -2,1,0,1,3,. . .),

rae Q>1. MuoxectBa N, Xy, X,, . . . {—H3MEpHMH, Io-
napuo He mepecexawrcs u A CN-- I X, Herpyauo  Buzers,
N . ) i -

(i=. .

4TO CYMMH
‘ SQ?:ini_lT(AXi) n SQ:Z;.QW(AXI)
SBIAIOTCH COOTBETCTBEHHO 7 -—MHHOP-CYMMOH H {—MaXO0p-CyM-
moli gyHknun f(x) Ha MHOxecTBe A. Ha OCHOBaHHMH 3TOrO
Su—TA) =Sy —s5,=(Q—1) 5= (Q—1)T(4)

6. Tpyast TexxHonoradeckoro HHCTHTYTA, T, ViL. 81



i, cief., pasnocts S, —I'(A) MOXHO CleAaTh MeHbIIE M06Oro
HOJMOXHTEeILHOI'0 YHCIa IPH COOTBETCTBYIOIEM BHOOPE YHCaa Q.

7°. Ecau A C B, 10 I‘(A)_S_F(B)._
B zoxasare/nbcTBE HYXKZATCA JHINE caydail, korjaa I'(B)< co.

Ecau f(x) <o (xeB), HEPAaBEHCTBO I‘(A):<:I‘(B) Jerko Jo-
Xa3aTrh, paccMarTpHBas OOGOOLIECHHEIH HHTErpalt, KaK RUINCHIO
rpaHs | ~— MaAHCOp-cyum. B obimem ciaydae HOJOKHM

A® =A[f(x)=e], B® = B[f(x)= ],
A, =A—A®, B =B—B®,

M3 wepasenctsa I'(B) < co cornacso 4° cjaenyer, 4To
1(B®)=0 v, Tem Goxee 7(A®)=0, n6o A® < B*®, Toraa
Ha ocHoBanug 2°:; I'(A® )=0. Corsacio 3°: T'(4) cT'(4,) + ;
A4- T (A®) wu, cuen., I‘(A)_S_ I'(4,). Ho A, CB, wu,
f(x)< e (xeB,); nostomy I'(A,)<T B,). Haxonen, B cuny 5°:

I'(B,) £ T(B). Takum o6pasom,T (A) < T (B). ]
Ha ocpoBanuu 3° u 7° MH HPHXOJMM K CJIEAYIOHIEMY BH- ,
BOAY: ]
8°. QGo6weHublil | — urmezpas OaHHOl yHKYUL, paccma- |
mpusaemuli, KQK PYHKYUA MHONCECMBA, ECMb BHEULHASL Mepa.
Jlanree nerpyaHO JOKa3aTh CAeAYIOIHE NPeNI0XKEeHHs:
9°. Bcawroe +—uzmepumoe muoxcecmgo T — usmepumo u
I03TOMY : ‘

P(EE)=LI'(E) '*
n r

OAfL BCAKOR KOREHHOUL WAN CHEMHOW CUCMEMbl (—UZMEPUMbLY
nonapro uenepecexarouuxcs muoxcecms L.

10°. Ecau 8HEWHAL MEPQA | PELYAAPHA, MO PELYAAPHA U}
sreuwnas nepa T, 4

1° Ecau y ecmsv pezyaspuas sHeunsas mepa, {f, (x)}f’

nOcAeJ0BAMEABROCME Y — USMEPUMBX — HEOMPUBAMEAbHbLX
byrryni, :
AR <M< - (xeX)

A A —~ KaKoe-aulbo MHONCEcmso, mo
lim =\ {lim .
n :‘s;fﬂ’f ;( n iﬂ) T

12°. Ecan f, u f,—7— usmepunsie keompuyamensuie gﬁymc-a
82 s ’

jun,—a, H o,—Heompuyamessiee 4ucaa n A—raxoe-1u60
MHOXCECm 80, mo

Jalafi +as fo) 1=, fafittaafs for.

SameTnm emie, 4T0 A9 0GOGUIEHHOTO HHTErpaja uMeer
MeCTO Te€opema, aHalorHuHaa Tteopeme Panona-Huxoguma. Ha-
KOHEL, omnpeneneHne oOGCOUIEHHOrO WHTErpaJa TPHBHAJIBHHEM
06pa3oM pacnpocTparfieTcss Ha caydal, KOrja MOAHHTErPAIb-

Hast (QYHKIHA NPHHAMAET B TOYKAX npocrpadcTea X 3Hayge-
HHS Ji060ro 3Haka.



TPYIBI ONECCKOIO TEXHOJIOTHUECKOrO HHCTUTYTA
T. VII umeny W. B. CTAJIUHA 1955 r.

Kauo. gus.-mam. nayk, doyenm M. C. CJAYLIKHH
K BOMNPOCY O PEWIEHUU CUCTEM YPABHEHMUI

B srofi pa6ore MBI H3jsaraeM crnoco6 OOHIKHOBEHHBIX HTEpa-
IHH /s CHCTEMEl M yPaBHEHHH C /M HEH3BECTHBIMH.

Mzl npuBOAMM JOCTaTOYHBIE YCJAOBHSA CXOJHMOCTH OOBIKHO-
BEHHHIX HTEPanuH, a8 TakXe OIEHKY CXOJMMOCTH B cmocobe
OOLKHOBEHHOH HTepaluu,

§1. Cnoco6 umepayuu 0451 cucmeMs. YPABHEHUL.
Pemrenne cucreMpl ypaBHEHMH
x,c"::f,c(xlx Xy o o X), k=12...m (1)

o crnocofy HTepalnyMu 3aKJI4aeTcss B TOM, YTO, HCXOJA M3 He-
KOTOpPO§l CHCTEMH 3HAYeHUH
X0, xO, X9,

CTPOSIT HOBHE CHCTEMH 3HAYEHHH MOC/JIEN0BaTeJBbHO HO ¢Gop-
MyJam
Xt = f (M, xm, . . x®), k=12...m (2
§ 2. Teopema. Ecau B ob6jactu J, onpejensemMoit Hepa-
BEHCTBaMH ~
M) —h<x, < X0 h, k=12, . .m,

BLIIO/AHEHH CACAYIOIHE YC/JIOBUS:
1) dyskunn f, (X, X,. . .X,) HMEIOT HeNpepHBHHE YacT-
Hbl€ NMPOH3BOJHLIE mepBoro mopsaaxa (k=1, 2,. . . m);

mn
||
2) Z(— <M<, k=1,2,...m
axi
p=l .
3) l_’_l"M <'h, rae h, o6o3Hauaer HAHOOALINYID H3 a6Co-
JIOTHEX BEJUYHH
!xﬂ)—x(,?)l, k=12...m,
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' TO
a) moc/efioBaTeIbHOCTE Towek x(), M. . . x4, mocrpoen-
Hasg ucxois M3 Touku (x{), X, . . . x0) no dopmyram (2),

JICXHT BHYTPH J,
6) B J HaxoauTCAd €QUHCTBEHHOE PelleHHE

El’ Eg, .« . ‘§m
cucremn (1),

B) limwxg')--—-‘i,{, k=12.. .m
n—i

Hoxkasarensctso. [Tpefnonoxum, 4TO TOYKH
(X, X9, 0L xP), P=12, ..,

Jexar B J (4To HABEPHO CHpaBefIHBO NpPH A =1 B CHIY yCJO- -

Busa (3).

O6o3nauas wepe3 /1, HanGOJBUIYIO N3 aGCOIOTHHIX BEIHYHH .

k=12, m, P=012 . 1,

P+l
| wpe—x0,
HaxoJuM, B cuay yciaosuii 1) u 2),
. n af
P r(xP-1 L x(P) — xtP-1).
]x;‘+)_xg‘m<zoxi(1 + 0 (xf R

i=1

2P0 (P D)5 L[ | AP — P <
Chp o M (1)
P=1,2,...n, ‘
n03TOMY
hp <hp_y M < by MP. (3)
CJ/ie [oBATEJBHO

| 20 — 50| < 5 | P — 5P| < § AP — 4P| <
P_o 0

E=4

[+ o]
1
< Z'/Z()MP:/ZO <h, IC=1,2,. . o M.
Pai 1—M
OTKy.lIa cilenyer, 4ro TOUYKa
-1 1 13
(xp*l, xlprd o x(n4l)

aexut B J. [losToMy HepaBeHCTBO (3) cnpaBeLTHBO st Beex P, |

M3 atoro mepaBeHcTBa 3ak/0uaeM, 4TO PAX
XD 4 (0 — 60)  (KP—x0) . L (20— 2

S Kk=12.. .m;
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abcomorno cxomutcs. OGo3HawuM ero cymmy uepes &,
k=1,2,...m. Torga

—=1i x(n) o P R
g, lllzI’I:lw (), k=12, m
Touka (§;,%, . . .3,) MeXHT B J, TaK Kak

0 A,
[ nf< oM =gy <t

[MosTomy u3 ycaosufi 1) ciaepyer, 4To B 3TOH TOUKE

f,‘(xl,x% . .xm), K=12...m
HENpepHBHHL.
ITepexons B paBenctBax (2) K mpefeny Koraa n-» o, Ha-
XOXHM
Ext:fx@us?w . -§m), K=12...m
TO eCThb
8, 8. . L6,

ects pemenue cucremst (1). -
Il I0Ka3aTeJqbCTBA €JHHCTBEHHOCTH PeINeHHs

El) Ez:- . E

m
0603HaUUM Yepes
;ﬂl) Nas « « Tlm

M0Goe penieHHe NAHHON CHCTEMH, Jjexamee B J, H HOKaXeM,
YTO 3TO pelleHHe COBMNANAET C HAWZEHHHIM HAMH.
M3 pasercrs

§i:f1(glx EZ’ L 'Em)

= %, . N,

HaXO0J UM
| & — ;| < M- max| &, —n,].
Orciona caenyer
max | &, —n,| <M-max|§, —,]|,
uro Bo3MOXHO (tak xak M <1} TOJBKO IpH YCJIOBHH, YTO BCE
Pa3HOCTH
’nx - glc = 0’

UTO M JOKA3bIBaeT €XMHCTBEHHOCTh PEIICHHS H BMECTE C TeM
TeopeMy.
: 87



§ 3. Oyerxa noepewnocmu 8 cnocobe umepaguu.

[TpemOIOKHEM, YTO BHIIOJHEHH YCJOBHS NpeAHAYIIEH Teo-
peMH H nycrs B J

m
MY
=1

OueBugHO, 4TO MOXHO BHOpaTh BCe M, Tax, uro
M <M<,

Hs unepapenctsa (1’) npexnnymeii TeopeMsl HaXOZuM IO-
cJaenoBareJibHO:

s k=12,. . .m

Y
dx

¥=12.. .m.

| XD | < M, b,

hn—l < M- /Zn 2
lzn-2 < M hn-s
’li < Mﬁo. :
[Toatomy ‘

| xlrtl — xM) < M. M1k,
Janee u3 pasencrma
() = :
§K x(':c __(xg‘n-}—l)__xfcu)) + (xfc"+2)—x;(cn+l))+- .
caenyer, 4To
o0
" i )
[ € — x| <12‘,| XD — O < M, - M=y (1 M M-, | )
=n
TO €CTh
M,
1—M
TO €CTb HOJNYyYAM (POPMYNY I/ OLEHKH IIOrPeLIHOCTH. }
OueBunHO, YTO [/ mpeaBapHTEIBHON OmEHKH NOrPEMIHOCTH i
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KOTOpas MoJyvaercs, €Cau NPHHATH B NpeibAyuieli (opMy.e
(n - 1)-0e mpu6imxenne 32 HCXoIHOE. '

TPYJbl OAECCKOrQ TEXHOJIOTMYECKOIO HHCTHUTYTA
1. VII umenn M. B. CTAJIMHA 1955 r.

‘AC(JuCTeHT‘ B. A. AJ]EKCEE‘BA

NPUBENAEHHBIE HAOPS)KEHUSA UYTYHOB B YCJIOBUAX
BCECTOPOHHEI0O HEPABHOMEPHOIO C)KATHUA

MexannueCKHe CBOACTBA UyryHOB OOLIYHO ONpPERENSIOTCSA HCIML-
TaHHeM HMX Ha TBePIOCTh, Ha M3ru6 u Ha cxXKate, OmHako 3THX
JIAHHBIX HENIOCTauHo, YTOOH CYAHTH O paboTe M M3HOCE MOBepX-
HOCTHHIX CJIOEB HeTajiell MalluH, paGoTalllMX B YCJIOBUSAX KOH-
TAKTHOTO IPHJIOXKEHHs] HATPY3KH. '

B. . T'posuupm [1] 6BL10 yCTaHOBIEHO, UTO, HECMOTPH Ha
He3HAYUTENbHE 00beM TOHKHX NOBEPXHOCTHHIX pafouux CJoes
MeTajlJia 0 CPaBHEHHIO ¢ 00LEMOM Bcell eTaldH, poJb 3THX CJIOeB
BechbMa BeJMHKa. Tak Kak MaTepHan B 30He KOHTAaKTa HAXOAUTCH
B YCJIOBHSIX BCECTOPOHHEr0 HEpaBHOMEPHOTro CKaTuf, TO TOBEpX-
HOCTHBI CJIOfl UCHBITHIBAET M BHIACPKUBACT HATPY3KH, MHOTO IIpe-
BHIIAOIHe OOBIYHbIE NPH CTATHUECKHX HUCIBITAHHSAX. ;

B Hucruryre crpoutenbroil Mmexannku AH YCCP B. 1. T'posu-
HoiM faspaGoTaH MeTo; HCOBITAHMS XPYNKHX M TBEpABIX Mare-
pHasoB B YCJIOBHSX BCECTOPOHHETO HEPABHOMEPHOrO CXKATHS, NPH
KOTOpPOM OIpeJeNsieTcs CONPOTUBIAEMOCTh MaTepuasa CABHTY B
YCJIOBHAX KOHTAKTHOH HarpyskH.

dTta XapaKkTEePHCTHKA, BhIpAMKEHHAs BENUUMHOH NPUBENEHHBIX
HanpsKeHHH CXKaTHsl o K2/MM?, HENOCPeJCTBEHHO CBSI3BIBAET Me-
XaHHYECKHe CBOHCTBA MaTepHaja C ero NOBEPXHOCTHOH HM3HOCO-
CTORKOCTBIO IIPH KOHTAKTE W OfJjieruaer KOHCTPYKTOpPY BhIGOp Ma-
TepHasa.

B HacTosimiel paGote NpUBOAATCH PesyJbTaThl UCOHITAHUE Uy~
TYHOB, IIPOU3BENEHHBIX aBTOpoM B HHCTHTYTe CTpOMTENBHOH Me-
xauuku AH YCCP ua 100-ToHHOH yHUBepCaJNbHOH MalluiHe MOA
pykosopcteom B. JI. Tposuna, , :

Jasi co3maHus BCEeCTOPOHHEr0 HepaBHOMEPHOro HaIpPSIXKEHHOrO
coctostHHg o0pasern u3 HCIEITYeMOro uyrysa (Kpemep), samnpecco-
BaHHbI# B OOOAMY W3 BSI3KOTO MaTephasa, MONBEPraeTcsi OCEBOMY
cxkaruto. [Ipucrniocobnenne nnst UCHHITaHHST 0OpasOB Ha CXKaTHe
noxpofHo onucano B cratbe H. M. Bapdonomeesa [21.

IMpu cxatun obpasiua, nomenieHHOro B 06ofiMy MeXay ABYMS
CTaJLHBIME  3aKaJIeHHBIMH IIOAKJIAJKAMH, HArpy3ska BOCIPHHH-
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MaeTca Kak 00pasuoMm, Tak W o0ofiMofl M BHI3bIBAaeT MX Aedop-
MAaIHIo. ‘

Ha nuiockocTsix COMPHKOCHOBEHHS TOPIOB ofpasia ¥ NCAK/a-
JIOK BO3HHKAIOT CHJIBI TPEHHS, KOTOPhle He AAI0T BO3MOMXKHOCTH Je-
¢opMupoBaThCst 06pasmy c oGOAMON y TOPIOB, NO3TOMY OGpasen
H ofoliMa mpuHMMAIOT O0uykoOGpasHy (opMy, B pesy/brare 4ero
nionyuaercsas GOKOBOe naBjenHe oGoiiMbl Ha obpasen.

CrenoBaTenbHo, of6pasell HAaXOAHTCA NOJ AeACTBHEM OCEBOH
CHJIB, GOKOBOTO MABJEHHUS M CHJBI TPEHHS, TO €CTh B COCTOSHHH
BCECTOPOHHErO HepABHOMEDHOrO CIKATHS.

Jlns pacuera NMPHBEeIEHHOrO HAMPSKEHHR ;! Hamu Gblia Mpu-

MeneHa ¢opMyna, rpennoxennas B. JI. I'posunbM

rae: 5 — JAeHCTBHUTENbHOE HAMpsKeHwe B Ke/MM?, xapaKTepH3ylo-
mee Matepuas oGOAMBI OPH COOTBETCTBYIOIIEM 3HAYCHHH TIACTH-
yeckoli gedopmanvu %/ '

AP =P’ — P" — pa3HOCTh HArPy30K B Ke, BHI3BIBAIOIIAs OJHHA-
KOBYIO BeJHUHHY AedopManyu Npy CKAaTHH UyTyHHOro ofpasua,
3ampecoBaHHOr0 B 06OHMY, M CXKATHH CIVIOMIHOTO UHJIMHIpHYE-
ckoro ofpasua u3 marepuana odofiMet (cranp 20);

Q,—HavaJ bHHE pagnyc obpasua;
h,—h

e ==

obpasua B %.

dOpMH W pasMephl OGPA3LOB BHIMONHEHH B COOTBETCTBHH C |

yueTpykunein Maerutyra crpounrenshoii mexanukn AH YCCP.

Kpeiiepa GBI H3rOTOBJEHB! U3 HCTBITYEMBIX YYT'YHOB: CepOro,
MOIH(HUIUPOBAHHOTO M ¢ roByaspubM rpaduToM. Martepuan
o6o#imbr — crans 20.

MexaHHUeCKHe CBORCTBA M XHMHUECKHH COCTAB HCIBITAHHBIX

uyryHoB mpejicraBjens B Tabaumax 1| u 2.
- XuMmnueckuli aHANW3 ¥ MeXaHHUYECKHe HCMBITaHUs BCeX MapoK
uyryHoR GBIIM Tpou3eefieHbl B jadopartopuu 3aBoma uM. Ctapo-
crura (r. Onecca). Monyaws mopMasnbHo# ynpyrocti E onpenevie
B na6oparopun Kadenpn «ConpoTusienpe Marepuanosy Oxeccko-
ro TIOMYTEXHAYECKOTO WHCTHTYTA HA YHUBEPCAJbHOR MalnHe C
sepkajJbpHBIM npubopom Maprenca.

Ocepoe cxatue obpasiia B 060fiMe MPOH3BOAMJIOCH MPH HOCTO-
'auHoOfl T BCEX OOpPA3UOE CKOPOCTH HATPYMKEHHS JO Das/MYHBIX

cremeHefi MIACTHYECKHX NedopMalnil Moc/He 0BaTENBHO OT MAMBIX |

10 BecbMa OOJLIIHX.
90

. 100%, — oTHOCHTeNBHAs jedopManns CxaTHT

Ta6auna 1
[penenvHble HampsKenus Tsep- Monyns
| 1o HODM,
Mapxu uyryHos Cwartus Paig”' Hsurba ROCTR ynp.

pNe nmfu

op Ke[mm¥|ag k2| MMapp woynn®| Hpe| MM E Ke|su?

1| Yyryn ¢ raoGyasp- )
HbLIM rpagpuToM . . 188,5 46,5 76,8 269 1,30-108

2 | Mopuduurposanubiil
UYTYH . o . o & 103 31,9 47,5 241 1,25-108,
3 | Cepuit uyryn 18--36| — 18 36 187 | 1,26.10¢
Tabanna 2
o NE
N Mapxu uyrysos C Si Mn S p

1 | Uyryn ¢ raoGyaspusiv rpagurom | 3,45 | 2,54 | 081 ] 0,1 | 0,13
2 ) Monuduuuposaunmit uyryn . . .| 3,20 | 1,20 ] 1,13} 0,13 | —

3 | Cepwiit wyryw . . . -, ..., .| 35| 1.75] 0,81 | — —

IMocse xaxaoro Harpyxenusi 3amepsiiace abcomoruas pedop-
Maldsl Rpellepa BMecTe ¢ ODOKMOH, 3aTeM IO PA3HOCTH Hauajb-
HOH ¥ KOHeuHOH BHICOT o06pasuma ONpenejsaach OTHOCHTE bHAH
ux nedopmanus, paBHas OKTa3ApHUYecKofi medopmauuu [3].

Tak Kak 4yryH HMeeT BHICOKYIO TeMIEpaTypy ILIaBJeHHS, TO
BJIMSIHAE OT/AbIXA M DPEKPUCTAIN3AUNA IJIS HEro CTOJAb HE3HAYU-
TEJNBHL, YTO B HCIBITAHUAX He VUUTHIBAJHCH (4],

Ilpu onpenenennn npaBefeHHBIX HANPSXKEHHH UYTYHOB B YCJIO-
BHSIX BCECTOPOHHETO HEPABHOMEPHOTO CXKATHUS HCIOBITAHHIO IOJ-
BEPrasioCh OT LIECTH A0 JAeCATH 00pa3snoB KaxXIOH MapKu uyryHa.

[To cpennum apudMeTHuecKHM RAHHBIM HedOpManuil yyryHoB,
TOJYUeHHBIM B PE3yJbTaTe HCOBITAHHH, U COOTBETCTBYIOIIUM HM
Harpyskam rocrpoeta puarpamma P! —e%, koropas ua puc. 1
MI0Ka3aHa CIVIOMHLIME JINHHSIMH.

Ins pacuera o, OBUIM TIPOM3BENEHH AHANOTHUHLIE HCIBITAHHS
UATH CIUIONIHBIX IUIHHAPHYECKHX OOpaslLioB M3 MaTepHana oGoii-
MBI 2c[ ﬁTHomeHHeM BBICOTH 006pasma K ero Juamerpy, pPaBHO-
My .
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Ha puc. 1 nynkTHPHOA nuHued npupenena auarpaMma P s—ed/,,
NOCTPOEHHAsl [0 CPeNHHM 3pUGMEeTHUECKHM OIBITHBIM JaHHBIM

OTHOCHTEJLHEIX Ae(OpManuil AJs COOTBETCTBYIOIMX HArpysok.
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HeiicrsaTenbHEEe HaNPAKCHHS CHKATHA O PACCUHTAHBL 1O

e
gopuyn b

°i=70(1”ﬂ))" N )

rae: P-—Harpyska, COOTBETCTIBYIOIIAH 3HaueHHIO JeQOpManuH
80/())
F,—Ha4a/jibHas NJIOMIAAb CEUCHHS HUIMHApHYecKoro obpas-
a B MM,
¢ —CpeJHsAs OTHOCHTe/bHAd AedOopManHs, NOoJNydeHHas IIpPI
HCOLITAHHH Marepraa o0OHMEl (CTanab zU) Ha OoCeBoe
coxatue B%. -

KpuBasi neficTBUTEJbHBIX HanpsxeHuli cxarug craau 20, no-
JiyyeHHAasi U3 pacuera, NOKasaHa INyHKTHPHOH JIMHHMER Ha pHC. 2.

Ha ToM e puCyHKe CIVIOLIHBIMM JIHHHSIMH NIPeACTaBJeHa MTO-
roBas AMarpaMMa OPHUBEAEHHDIX HANpsKEeHHH CKaTHA BCeX HCIbI-
TAHHBIX YYTYHOB, XapaKTepH3yIOlias CHOCOOHOCTh MaTepHala co-
NPOTUBJAATLCH CABHTY B YCJIOBUAX OOLEMHOIO HepaBHOMEPHOrO
CKaTtud.

Kax BHIHO W3 JHarpaMMbl NpHBeJEHHBIX HAOPSKEeHHH 4yI'YHOB
(puc. 2) nanGoJee IIPOYHBIM SIBJASETCS YYTYH ¢ IJIOGYJISPHBIM
rpaduToM (KpHBasi 1); COIPOTHRJAAEMOCTb CEPOro 4yryHa CABMLY
(xpuBas 3) B yC/NIOBHAX KOHTAKTHOH Harpy3KH 3HAYHTEJbHO HUXKeE,
4eM y YyryHa c rjoOynapHeIM rpaduToM # MORHGHIKEPOBAHHOIO
YyryHa; IIPOMeXKYTOYHOe IOJOXKEeHHe 3aHUMaeT KpuBasi 2 MOAH(DH-
IHPOBAHHOTO YyTyHA. -

IIpn ManBIX OTHOCHTEIbHBIX ,Zle(bOpMauPIHX KpHUBBIe NIPHBeJEH-
HEIX HaIpsiKeHMH CXKaTHs BCeX UYI'YHOB Pe3KO BO3PacTaioT, TaK
Kax I0JyYeHHBIH HAKJENl NOBHIIAeT HX CONPCTHUBINEMOCTb CABHIY.
NIPH BCECTOPOHHEM CXKaTHH, 3aTeM C yBeJHuYeHHeM AepopMaluH
5TO BO3pacTaHue HOCHUT IJABHBIH xapakTep.

I1puBeReHHble HADPAXKEHHSA CXKaTHA Ceporo yyrysda (kpusas 3)
nocje jgedopmauuit nopanka 17—I18Y% amaunTeNpHO CHUXKAOTCA
3a cueT HACTYNMBUIErO pa3ylnpOuHeHHs MmaTepHasna,

INpuBenennble HANPSXKEHHsI CXKATHA UYTYHOB MOAM(HLHDOBAH-:
HOrO ¥ ¢ 0Gy/spHBIM TpadutoM (kpusas 2 u 1) nocsie pedop-
Manui nopsaaxa 20 He TOABKO He CHHKANOTCH, HO 3aMETHO BO3-

pacraioT 3a CueT yBeJIHYeHHs HakJjela 3ITHX UyT'YHOB.

AHaMu3UpPys pe3ysbTATH NPOBENEHHOIO HCCHAENOBAHHSA, MO)KHO'
caenaTh CAEAyiolMe BHIBOIBI :

1. OrHocurelbHble Je(pOpMauuu UYyryHOB HPH BCECTOPCHHEM)
HepaBHOMEPHOM CXKaTWu JocTHralor 32—34Y%, B To BpeMms xaK§
IIPU OCEBOM CXKaTHH OHHM He mnpesnimaior 8—109%. 1o moarsep-]
Kpuaer nonoxenne Hapau [5] o ToM, 9TO mAacTHYHOCTHL €CThb He{
CBOMICTBO, a COCTOSIHHE MaTepHaJa. 5

2. MagcuMaJbyble 3HaUeHHS NPUBEJEHHBIX HANPSKEHHHA uyry%

- 94

HOB NIPH BCECTOPOHHEM CXKATHX IS UYTyHa ¢ MIOOYASPHHIM rpa-
¢duroM cocraBasiior 330 K2/Mm?, I MOAMPHUYPOBAHHOTO —
289 xe/mM? 1 pas ceporo — 262 xe/mm?,

3. IIpuBeleHHble HANPSIKEHUs] IIPH BCECTOPOHHEM HepaBHOMED-
HOM CXKaTHH YyryHa ¢ TJ100yaspHeiM rpadutom Ha 12,56% OGojbiie
MOAH(PHUIHPOBAHHOIO, B TO BpeMs Kak IIpeleJ IPOYHOCTH NpH OCe-
BOM CXKaTHH UyryHa ¢ TIJOGY/spHbiM rpaduToM NpeBHINaeT Ta-
KOBOH I MOZuduIupoBanHoro Ha 45%.

Taxkum 06pasom, npuMeHeHHe METOAa BCECTOPOHHErO HepaBHO-
MepHOro CXKAaTHs JaeT BO3MOXKHOCTh YCTAHOBHTh YTOUHEHHBIe Me-
XaHHYECKHEe XAPAKTePHCTHKH YYTYHOB B VYCJAOBHAX KOHT&KTHOH
HarpysKH.
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1Py bl OMECCKOro TEXHOAOTHYECKOIC MHCTUTYTA
T. VII umenu M. B. CTAJIMHA . 1955.1.

Accucrent B. A, COMOB

HEKOTOPBIE 3JIEMEHTbI TEOPHH BO3BPATHO-
NMOCTYNATEJABHOIO NAPAMETPHYECKOIrO N BUTATEJS

ITapaMeTpHueCKu#l BO3BPATHO-NOCTYNATeNbHLIH ABHraTeNb OB
BIlepBble 3asiBJeH B MHHHCTEPCTBO 3J€KTPONPOMBIIJIEHHOCTH
CCCP E. A. Kysneuosnim 14 ¢espanss 1951 ropa (asropckoe
cauaeTenbeTBO No 93402), HesapucHMO OT 3TOro anajoruyHHR
ABHratenp Obla 3asisien B 1954 romy rpymnnoii corpyanukos Onec-
CKOro TexHOJoruueckoro uucturyra MMewu WM. B. Craauna. o
HACTOSILIler0 BPeMeHY OKOHUaTeJbhHQ He YCTAHOBJAEHO SBJISETCH JH
asuratesnb OJ1ecCKOro HHCTHTYTa NOBTOpPeHHeM jpuratens E. A.
KysnenoBa /M MMeeT Je€MeHTH HOBH3HBI,

Ceiiuac B OnecckoM TEeXHOJIOTHUECKOM MHCTHTYyTe HMEHH
Y. B. Crannna Beaytes paGoThHl, mpeaycMaTpPHBalOlLlYe BHeApPEHHE
9TOro ABUIaTe/]s B MYKOMOJILHYIO TPOMBIILJIEHHOCTL AJs IPHBOAA
CHTOBHIX KOPILYCOB. ‘

VYuuTthBasg OTCYTCTBHe ONyOGAHKOBAHHOIO Martepualia no mapa-
MeTpHYECKHM JBUTATEJSIM, HUXE OCBELLAIOTCSl HEKOTOPbie 9jeMeH-
TapHBle BONPOCH TeOpHH PabOThi TAKOro JABHIaTess.

OnuckiBaeMBlll aBHratenan (puc. 1) npeacrasasier us cebf
3JIEKTPOMATHHT MepeMenHoro Toka (l), sKopp Kotoporo (2) He-
7. Tpyas TeXHOMOrHUECKOTO HHCTHTYTa, T. VIL a7



 NOCPeHCTBEHHO CBA3aH ¢ HCMOJHHTENBHLIM BO3BPATHO-NOCTYNA-
TeNbHEIM Opranom paboueil Mauwdnel (3) (3 AaHnoOM Cayuae ¢
CHTOBLIM KOPIyCOM), @ B Lieflb TSATOBOH KaTyLIKH TOCAELOBATE/b-
Ho Briouen xongencarop (4). IloaBHXKHasa CHCTeMa 3akpeneia
Ha npyxunax (D) W TepeMellaeTCs B mpesenax ynpyrux neqop-
Mauuil 3THX NPYKHH (OT TOUKH «a» J0 TOYKH «B» U o6paTHo).

OcHOBHOE OTJHYHE JAHHOTO NPHBOAA OT OOBIKHOBEHHOrO 3JeK-
TPOMArHHTHOrO IIPHBOAA 3aKJII0YaeTCsl B OTCYTCTBHH MEXaHHYECKO-
YO KOMMyTaTopa B LieNH TAMOBOH KaTyIIKH 3JEKTPOMArHura.

HecmoTpa Ha OTCYTCTBHE TaKOro KOMMyTaTOpa, MOABMXHAA
4acTh [BHTATeNs, IPH ONpPeleJEeHHBIX YCJOBHSIX, COBEPIIAET KOJIE-
GaHusi, YacTOTa KOTOPHIX MOXKeT OnlThb Ha MHOIG MEHbLIe, UeM
wactora narapomero Hanpskenud, (IIpaxTuuecku Ha SKCHEpUMeEH-
TaJbHON yCTAaHOBKE NOJyUYeHH Kojie6aHus ¢ 4aCTOTOH, MEeHSI0LIEH -
¢si or 50 mo 800 mepHOZOB B MHHYTY).

Jlag Toro, uToOwl 1I0OKa3aTh, moueMy OyAyT coBepulaThes KoJe-
fanusi SKOpsl JAEKTPOMATHWTA, PACCMOTPHM [PHUHIAIN JCHCTBHSA
O6GBIUNOr0 TEIJIOBOrO JBuratess, paboTalollero, HalpuMep, IO
nukny OTTO. AnnpoxcuMAPOBaHHAs juarpaMma Takoro ABHrare-
as B cucreme Pju mpubesena Ha puc. 2. Mssectno, uro pabora

Pi

TENJOBOTI'0 ABHrareJ sl BO3MOMKHA -

TOrja, Korjga pa6ora, copepiae-
Masi cHJaMH ra3oB B IIpolecce
pacmupenus, 6yjaer 6oJblie pa-
6OTH, COBepIHaeMOil HWHEepPOHOH-
HBEIMH MaccaMH B UPOLECCe CiKa-
THS!

Taxoe mnpoJoxeHHe  HMEeT
MEeCTO B TOM ¢Jydae, Korja mo-
auTpona paciuHpeHna (pHc. 2,
KpuBas 3, 4) HAXQAHMTCs BHIIE
IOJIHTPOIIbI cxaTus  (KpH-
Bag 1,2).

3amTpuxoBanHad IJIOULAAb

Puc. 2. LMKJa, KaK H3BECTHO, IIPONOP-
uuoHanbHa padore.

AnajorvuHble TPOLECCH COBePIIAIOTCS W B HallleM ABHUraTese.
Kpupad 31e€KTPOMarHUTHOA CHJLI, AeHCTBYIOINEH Ha SIKOpPhL 3JIeK-

TpOMarHuTa B Nponecce BTACHBAHUA €ro B TAroBylo KaTylIKy, Je-

KUT Bbille KPHBOH 3JEKTPOMArHWTHOH CHJibl, AeHCTBYytoLled Ha

AKOpb B IIPOLECCE BLIXO/A €ro H3 KaTyIlIKH. Poas HHEPIHCHHBIX

Maccec, HaKafllmuBalOIuX ¥ OTAAIOIIUX IHEPruo B COOTBETCTBYIOIIHE

epHoJbl, BBINOJHACT MaccCa HOILBH)KI;IOﬁ CUCTEMBI COBMECTHO C

NPYKHHAMH.
Cuna, neficTeyolllas HA SKOPb 3JeKTPOMATHHTa, €CTh IHepe-
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MenHast BeJIMYMHA, 3aBHCANIAST OT NPOTEKAIEro uépes TArOByl0
KaTylmKy TOKa M OT IOJIOKEHHS cepleuHHKa B KaTymke: F==q (/ /).
B c¢Boo ouepenb TOK, NPOTEKAOMIHA yepe3 KaTyLKy, 3aBHCHUT

OT IIOJHOTO conpoTHBienus uenu (L, ¢, r) ¥ OT TNPHUIOKEHHOrO
HaNpAKCHHNS:

=" (1)
rie Z=)/rz-- (x, — x,)2

CompoTuBnenne uend paccuuThiBaeTcs TaK, yTOGH B IIONOXKE-
HHH, COOTBETCTBYIOUIEM BBRIJIBHHYTOMY $IKOPIO SJIEKTPOMAarHmTa
(e Touke [ =/, puc. 3-a), B mefi HACTymasn pe3OHAHC HAaNpsKe-
HEH. 3aBUCHMOCTB TOXKa OT Mo-
JIOKEHNUST AKOPS, IIPH 9TOM YCJI0-
BHH, WMEeT POpPMY, NOKA3AKRIYIO
Ha puc. 3-a, kpuBoH 1,

B xBasucraTHuyeckoMm pexu- }
Me, IpH KOTOPOM HKOpb 3JeK- 3%
TPOMarHuTa TeOpeTHUecKH 6ec-
KOHEYHO MEJJEHHO Ilepeme-
maercd OT TOYKH K TOUKe,
QYyHKIHUSA TOKA OT NOJOXKEHHS
cepneyHnka He OyjeT 3aBHCETH
OT  HalpapJeHHd  JBHXKEHHIH
axkops. Tox 6yaer MeHAThbest 1O
ONHOW M TOH xe kpuBo#l 1, w F}
paboTa, copepuiaemasi 3JeKTpo-
MarHUTHBIMA CHJIAMH IIPH 3TOM
338 OIHH NOJHBHA 33aMKHYTHH}
uuka, 6yger papHa:

W= fu,hadl—
—irupa=o. @

&

B aunamMuueckoM pexume,
HPH KOTOPOM SIKOPbL 8JEKTpOo-
MAarHuTa IepeMellaeTcss MexIy
Kpaﬁmian TOUKaMu ¢ ompepe- Puc3
JIEHHOH CKOpOCTBIO, BCTYIAKT B
CHAYy IepexojxHnie SJMEKTpHUEC-
ckue npounecch, #H Gyaxnusg J=f, (/) CTAHOBHTCA 3aBHUCHMOH OT
HalpaB/ienus JBHKEHHS SKOPS.

Ilpu nBHKeHHH SKOPS 3JE€KTPOMAarHMTa BIPABO K IIOJOXKEHHIO
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pesOHcha KpnBa;l peasibHOro TOKa 9 «oréraet» of KBasHCTaTH-
yeckoil KpHEOH 1.

Ipu HBHXKEHHH SIKOPsSi /I€KTPOMArHMTa BJEBO OT MOJIOXKEHHT
pesoHaHCa, KpUBas PEAJbHOTO TOKA 3 OllepexaeT KpHByIo 1.

B sroMm ciyuae paGoTa JAeKTPOMATHUTHOH CHJBI 32 OMH MOJ-
HHIi LUKJ He paBHa Hynlo, a Oyjer NPONOPUHMOHAJNbLHA 3AIITPH-
xopauHo# muomanu (puc. 3-6).

B cayuae, Korpa 3ra pabora cnocofHa NOKPHTL CyMMy MeXxa-
HHYECKHX HOTEPb W IOJe3Hyio paboTy, COBEpIIAEMylo sIKopeM 3a
OJIMH NMKJ, ABHraTejb GyleT coBepliaTh OeCnpepbiBHOE BO3BPAT-
HO-TIOCTYIIaTeIbHOE JIBHXKEHHE.

Huxe npuseneno npubapxkenHoe pemeHHe auddepenHnnas-
HOTO ypaBHEHMs JJid paccMarpHBaeMOl 3/eKTPHYECKON Lenw, INo-
Ka3blBarolllee HAJHMUHe MNOJOKHTENbHOH paloTH B AMHAMHUYECKOM
pexunme.

Huddepenuuanbioe ypaBueHHe, CBA3BBAlOLEe TOK W HaMps-
JKeHHe B IeTH (L ¢, r), HMeeT BHI:

Lrip yLdt—Umsm (@f + ). (3)

Kos¢dduunent L (MHAYKTHBHOCTb TATOBOH KATYIUKH 3JEKTPO-
MarfuTa) B JAHHOM Clyyae BeJHYHHAa @E€peMeHHas, 3aBHCALlas
OT NOJIOKEHHS! CepleyHHKa B KaTyIUKe M OT BeJMUYMHBI NPOTEKalo-
iiero Toka. [losromy nosmHoe peleHue 3T0ro ypapHeHHs B COUIeM
EXfie CBA3aHO C OONBIUPAMU MATEMATHUYECKAMH TPYIHOCTIMMU.

ITpubnmkennoe e pellleHHe ero Mbl MOJYYHM, NPHHSB Cre-

Jyloliye yCJAOBHS:

dt

a) BequusHy TOKa B NEpHOJ BpPEMEHH, COOTBETCTBYIOLHH =

JIBHKEHMIO sAKOPA OT TOYKH [, (puc. 3) go Ttouku [, cunraem
paBHOM HYJIO, M, OCHOBHBAACH HA 3TOM, CUHTAEM, YTO B TOUKE
[, HanpsaxKeHHe nOSAB/ISETCA NPH ABHKEHHH SKODPSA' BIPABO H
HCY€3aeT NPH ABMKEHHH AKOPsS BJIEBO;

6) MHIyKTHBHOCTb [ B NEPHOA BPEMEHH, COOTBETCTBYIOWIAI
JBHXEHHIO IKOPS MeXAy TouykaMu [, u [, ocTaercs BeJARHHON
IOCTOSIHHOI;

B) ra yuacrke [,, I, coGcrseHHas uwacrota uenu (L, ¢, r)
paBHA YacTOTe NMHTAIOHIErO HanpsKeHHUs.
Ilpn Takux yc/AoBHsX pemeHHe ypasHeHHs 3, npH JABHKe-

HUH SKOPA BIPABO OT TOYKH !, no Toukm I, m oGpaTHO 10.

TOukH [,, umeer sug [1]:

S, (l—e %) sin (ot -+ ), 4)
=", T
rae 2L
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COOTBETCTBEHHO AEHCTBYIONIEE 3HAUEHHE TOKa
J'_l_J/_’“.(l —e-t), (5)
2

[lpu aBHKEHHH AKOPSA BJAEBO OT TOYKH [, mo [

J” .
J// e_a ¢ (6)
Ve

~ CoOTBETCTBYIOIHE 3THM ypaBHEHHAM KPHBHIE TOKA NOCTpOe-
HBl HAa pHC. 3 C Y4YeTOM, YTO IIpH YCTaHOBHUBIIEMCS BO3BPATHO-
NOCTYNIaTeJbHOM [OBHKEHHM SKOpHA 3JEKTPOMArgura speMd
B dopmyaax (5) u (6) 6ymeT cpsisaHO C nepememiesneM [ B
npocrefimieM caydae JuHeHHo#l (yHKIHeH f==kl.
[pu atom ¢opmyasl (5) u (6) npuMyT Tako# BHA:

J'=]J/"_”_ (1 —e- Bf(i)), (7

2

\ - j"=1_'/_e—of(t) | ®)
2

Ha puc. 3 xpuBas 2 cooTBeTCTBYeT ypaBHEHHIO (7) M TOKa-
3KIBACT H3MEHEHHE TOKa IIPH [BHXCHHM SKOpPS OT TOYKH £,
Jo Touku [, u o6paTHo A0 Touxu [,; KpuBas 3 COOTBETCTBYET

ypaBHEHHIO (8) H NOKa3bBaeT W3MEHEHHEe TOKa INpPH’ ABHXEHHH
AKOpSl OT TOYKH [, BJIEBO LO TOUKH [,

[TpunsiB Takxke B MepBOM NPHOJIHKEHHH, UTO CPEHss CHJIA,
JeidcTBYyI0las Ha AKOpb 3/JAEKTPOMAarHuTa, O6pPaTHO HPONOPUH-
OHaJbHA KBaJpaTy pacCTOsHHA H IPAMO IPONOPUHOHAJBHA
TOKY, NONIYYHM YPaBHEHHH jJiA cHJ, JeHCTBYIOIUX Ha fIKOPb
3/IEKTPOMArHRTa, B BHAE:

rem I vy L 9
F KV“(I e=¥0) —, ©)

Frepd'm, —arm L (10)
Va2 F
rae F'—cuna, geficTBylowasi Ha SKOpPb 3JEKTpOMAarsura IpH:
JBHXEHHH ero BHPABO;
F’—cuna, pefictsywomias Ha SKOPb 3JeKTpOMaruura nOpH
JBHXEHHH €ro BJIEBO.

Ha puc. 3 kpuBasi 4 COOTBercTByeT ypaBHeHHI0 9, a xpuBaf
5—ypasuennio 10.

Hakouén, kpupas 6 (puc. 3) RaeT 3aBHCHMOCTb 3(eKTHB-
HOI'O 3HaueHHs TOKa KaTyWIKH OT paccrommﬂ l, CHﬂTYlO c peft-
CTBYIOINEH MOIENH MyTeM ocunmorpacpnposaﬂm
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3uaunTenbHble PacXOXKAEHHS MeXKAYy 3KCIePUMEHTaJbHOH |
TEOPETHUECKON KPHBHIMH TOKa OOBACHSETCS TeMM YCJIOBHSMH, KO-
TOpble. MBI NPHHSIA TPH PELIeHHH yPaBHeHHs 3.

Kpusast 4 (puc. 3) HalOMHUHAeT HMHAHKATOPHYIO AMACfaMMy
as.r. (puc. 2). Ha Heft yuactox 1, 2 COOTBETCTBYeT YUACTRKY
«CAKAaTHe» MHIAKATOPHOH IuarpaMwbl, W OTpAaHMYEHHAs AM ILIO-
IaasL [PONOPUHOHATbHA OTPHLATeNbHON paboTe. YuacTok 2, 3, 4
COOTBETCTBYET Y4acTKy «pacllHpeHHe», M OTrpaHHYeHHas WM IIO-
[Iajib TPONOPIHOHAJbHA TIOJOXKHTENLHOH padore.

3amTpuxoBanHas IJowaas (puc. 3) OPONOPIHOHAJNBHA OTHA-
BaeMo#l pa0oTe 3a OAMH IIHKJ, H ecju 3Ta padoTa IOJOKHTeNbHA,
TO ABHTaTelb Oyler COBepIIaTh GecHpepbiBHOE BO3BPATHO-IOCTY-
naTteapHoe HBHxKeHue. IIpu sToM posib MaxoBuka OyaerT BHINOJ-
HATH MAacca TOJABHKHOH CHCTEMBI COBMECTHO C NPYXHHAMH.

Taxum o6pasom, paGora ABHraTeJs OCHOBAHA HAa HAJHUHH Tle-
PexXOIHbIX MPOMECCOB B LEMH C TepeMeHHbIMH 3JeKTPHYeCKHMH
napaMmeTpamH.

Caenyer oco60 OFOBOPHTRCS, UTO NPUBOIHMEIA 31€Ch aHalu3
ABJSIETCS Cyry60 NPUOJHKEHHBIM W IPHMEHEH aBTOPOM TOJIBKO
LIS OCBeNIeHHs OCHOBHBIX (DH3HUECKHX INPOLECCOB B JBUTATeJNe.
JeficturenbHasi KapTHHA SBJEHW# B [ABUraTesie 3HAUHTENLHO
ClOXHee H ee aHaJHu3 TpebOyeT ONpeNesieHHBIX TeOPeTHYeCKUX U
IKCIIEPUMEHTATBHBIX HCCIEIOBAHUI,

OcpeleHre BOMPOCOB, CBSI3AHHBIX C K. TI. J. JIBHTATeNs, C €ro
COS ®©, 4acToToi KojebGaHuil u T. ;., TpeOyer CIeNHANBHOro pac-

CMOTpEHHS.

JMHUTEPATYPA ‘ /

—

Tporexuuku. 'OU, 1951.
. Kamanrtapos Il JI., Teopus nepemennnix ToKos. I3, 1949.

SIBJICHHST B 3JeKTpHuecKux uensix. Iocrexuspat, 1953.
. Kpyr K. A, OcHoBol anektporexunku. 'DH, 1946.

> W

i

. Kanmanrapos II. JI. 1 Hefiman JI. P, TeopeTuueckne OCHOBHI /1K~

. Kountaposnuy M. H., Onepauuonnble ucumciends ¥ HecTaLdOHApHbiE

TPYIIbl OAECCKOI0 TEXHOJIOTMUECKOIO UHCTUTYTA
T. VII umenn M. B. CTAJIMHA 1955 r.

Kand. rexn. Hayk, doyenr A. B, TAHYEHKO,
kaud. rexun. Hayx I'. A, F'AJIBITEPHH

IKCNIYATALHOHHBIE HCHbBITAHHWS UEINHBIX
ME)XBAJIBILOBBIX MEPEAAY HA H3HOC

Kadenpoii «Texunonornueckoe obopynobanues ONeCCKOro Tex-
HOJIOTHYECKOro MHCTHTYTa nmenn M. B. Crasuua nposoastca (ua-
ygHast ¢ 1951 roma) Ha MenwkomGuuaTe Ne 2 Omecckoro Tpecra
«T'naBMyKRa» 9KCOMIyaTAIMOHHBIC HCTBITAHUS MEXBaJbLOBHIX Tie-
pefay, OCYIIECTBJICHHbM TGCPEACTBOM IIACTUHYATHIX 3yOuaThix
JBYXCTOPOHHUX (BecuiyMHBIX), nemnel.

enp ucnnTauui:

a) Hsyuurth xapakTep W BeJqHUHHY H3HOCa lenell u 3Be3noyek
MeXBaJbLUOBLIX Tepejay B VCJIOBHAX WX paboThl HA BAJbLOBBIX
CTaHKaX PAa3JHUHBIX CHCTEM H YCTAHOBHTH NPHMEDPHYIO HOJTOBeu-
HOCTb TAKHX Tepenau.

6) YcrauoBuTh 3a CuUeT M3HOCA KAKMX jerajefl mapuupa rias-
HEIM 00pasoM TIPOHCXOAMT BHITSAXKKa (H, CJAEIOBATENHHO, BHIXOIL
U3 CTPOs) JBYXCTOPOHHHX 3yOuathlx uened. B CBS3H C 3TUM BH-
SIBUTb ' BOBMOXKHOCTh H 11eJIeCOOOPA3HOCTh PEMOHTA LeNeit myteM
3aMEHB! OTHEeNbHEIX HX JeTaJef.

B) YcraHoBuTs Haubosee nenecoofpasuoe coOTHOUIeHHe paGo-
del INMPHHBL NBYXCTODOHHEH UENH, CBA3aHHOH C Beayled 3Bes-
JIOUKOH K IIMpHHE HeNM, CBA3AaHHOH C BeloMofi 3Be3NOUKOH, mpu
KOTOpOM uMesl 6B MeCTO ONMHAKOBBHII H3HOC 3THX 3BE3JI0uEK.

r) BHIBUTH M YCTDAHHTh KOHCTPYKTHBHbIC HELOCTATKH Tepe-
Jayn.

B Hacrosiniefi craThe NPHBONSTCS OMBITHLIC JAHHEIE 110 H3HOCY
nepenay, npopaborasmux or 0,5 roma (3750 wacos) mo 1,5 ner
(11250 yacop) B VCJOBHAX TDEXCMEHHOH DAGOTH HA BAJBLOBHIX
crankax I w VI npamwix u VI pasMonsnofi cucreMm,.

Obmufi BHn wWCCIefyeMOR Nepemaud NpeacTaBjged Ha puc. 1.
Ha mefikax GbICTPO ¥ MeNJeHHOBPAIUAIOIMXCSA BaJbIIOB CMOHTH-
POBaHEI, COOTBeTCTBeHHO, BegoMas (B) u pemymas (M) 3sesmou-
KU mepeflaud; HaTsxkHag 3Be3nouka (H) cmoutupoBana ua cre-
IMaJbHON CTOWKe, YyCTAHOBJEHHOX Ha UepekpHTHU. 3ybuaras
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LBYXCTODOHHAA II€Nb BHyTpeHHel cropoHoi ornbaet 3pe3fouky b H

H, a napyxHo#l — BXOZHT B 3auernvieHHe CO 3Be3JOukoil M.
TexHHYecKHe XapaKTEPHUCTHAKH Mepeflay H YCJIOBHS HX KCIUIya-

TAllMOHHBIX HCIBITAHHH NPeACTaB/JeHsl B Tabauue 1.

a) OKOH paGoyMxX IUIACTHH IIOCPENCTBOM HHAHKATOPHOI'O HY- '

TpOMepa;

* B m3MepeHHWH H3HOCa jeraled uenu
-

K. M. Yuryp.
104

I. Usnoc nefie# ;
I VaMepenust BeJHUMHB! M3HOCA [eTajef Lemu IPOH3BOJMIIHCE':

Ta6auna 1
é g 3HavyeHue mMs LenH, npopa-
g ) 6orasei
© = o
o 2
- Iokazarean g < 3750 wacos | 11250 wacos |11200 1a-
& = . COB Ha
2o = Ha | np. Ha VI np. | VI pas-
. = X x MOJIBHOH
K § SE THCTEME cHCTeMe | oo e
Jar memu . . . . ... t MM 19,05 19,05 25,4
[Hupuna uenn . . . . . B o 107,5 107,5 105
Inuna uenn B warax. . | L, |waros 86 86 70
Xapaxtepuctukauerm . . | A | s’ 402 402 -~ 473
MexuenTpoBoe paccros- P
HHE Nepefaud . . . - MM 520 520 520
Yrox HakioHa K ropm- '

. BOHTY . . ., . ... — | rpan 60 60 60
[lepenaBaemas mommocrs| Ny, | 1. c. 3+5 5+7 1214
Ckopocth fiBmxendn nenn| Vg |M/cex. 2,62 3,94 389 |
Tarosoe ycuane . . . - K2 86+143 95133 | 2325270
Paszpymaiomee  ycuame :

HemK - o v . . ... Qp » 16100 16100 17700
Nonyckaemoe yneasmoe ke

IaBlcHHEe B wapaRupe. | — | uu® 0,923 0,923 0,923
Pacuernoe ynennuoe pas- »

JAE€HHE B IIapHUpE — » | 0.214-0,055]0,236+0,330| 0,570
Yucno 3y6ven senomoit ‘

3BE3JOUKH . Zs - 18 27 20
Uncino sybres mepymei

3BE3NOYKH + . + . . . | Z, — 44 40 30
Yucao 3y6beB  HATHKHOIM

3BE3POUKH . . . . . . | Z, — 40 40 30
MNepenatounoe oTHOLIE- ‘

HHe mepejaud . . . . i — (2,446 1,48 1,5 .

NPUHMMAK YYaCTHE HHMEHED

O R

P

6) BKJansie#f co CTOPOHBL pabOuMX IJIACTHH—ABOHHBIM MH-
kpockonom MHC-11, nu6o nytem npodriorpapupoBanus noBepx-
noctu npocpuiorpadom E. C. BepkoBuua ¢ mocaenymworeii o6pa-
GOTKO# TpOodHIOrpaMM HAa U3MEPHTENbHOM MHUKPOCKOMNE;

Puc. 1.

B) BKJAABIIEH CO CTOPOHBl BasHKa-—MHHHMeTpoM (B HOD-

MaJbHON cTOfKe);

r) BaJHKOB ~ [IpY4 MOMOLIH TOPU3OHTAJBHOrO OHNTHMETpA.

PesynbraThl UCOHTAHHN llenedl NPUBENEHH B tabaune 2.
Tabanna 2
g P Beauuuna uasoca petaieil uenei,
o o npopaGoTaBHINX B TEUEHHE
Ny = S
[»] o
= qya-
Tlokazatenu g - 3750 yacos | 11250 wacos lggiom
- g paboTst paGoTH v )
o = I pas
o% | = Ha I np. Ha VI np. oil
S8 | EE cucreMe cuctreme | MOABHO
S 55 cucTeMe
VI3HOC Basuka 110 AnaMer-
pajbHOMY CEYEHHI . , a MM 0,030 0,073 0,074
M3nHoc Bkaajplillia CO CTO-
POHH Baauka . . . .| b - » 0,023 0,066 0,073
YpeanueHHue OKOH B pa-
Goumx miacTHHAX . . c » 0,013 0,038 0,036
M3noc Braagpilia cO CTO-
poHH pabouux miactun| d » 0,012 0,033 . 0,038
YBeauyenne CpefHero
mmara or u3Hoca . . .| At v 0,126 0,347 0,368
MaxCHMaAbHO HOMYyCTH-
MOe yBejH4YeHHe Iiara R ,
pas fauHoit nepemaun Atpgs{ 0,760 0,760 1,600
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YBennueHHe CpelHero Ilara oT H3HOCA
At=a+42®-}c+d.
W3 Tabanusl 2 clemyer, uro yBeluueHde CPEeJHero [iara LENmH
. 2 (b-+d) 0
3a CueT M3HOCA BKMalbilledl, T. €. OTHOLeHHe “—y,— 100%, nas

yered, pa6oraswinx Ha 1 ap., IV gp. 1 VI pasMmoawuofi cucremax,
cocTasJisieT, COOTBeTCTBenuo, 55%, 57,1% wn 609% or Af.

Ecoim 3aMeHHTh BKJAAIABIUIM B H3HOIIEHHBEIX Iensx, TO 9TO
yMeHbIINT oflllee yBeJHUeHHe cpeAHero Irara GoJdee, yeM BIBOE.
ITosToMy MOXHO NPOAMUTL CPOK CAYKOB 1erefl peMOHTOM KX Ny-
TeM 3aMEeHbl H3HOLIEHHHIX BKJAAIbIEH HOBBLIMHU. _

Vs sroft xe Tabauusl BUAHO, Y4TO B uend, mpopaGorasmieli

0,5 roga na I apaHofl cucCTeMe yBeJqHueHHe CPeHero Wiara or
H3HOCA COCTaBJSAET ’

At 0126
At 0,760
max

Ecnn mpuGIMAKEHHO CUMTATh NM3HOC LemH pPaBHOMEPHBIM BO
BPEMEHH, TO 3Ta Lellb MOXeT npopafoTats

100
7166 .

Anasnornyno MOACYHTAHHBIA CPOK CHYKOB A8 uenH, paboTas-
mwe# #a VI np. chcreme, cocraBur 3,3 roga, a ajas uenu, pa6o-
tasiiefi Ha VI pasmonnuoit cucreme — 6,5 jer.

Cnenyer OTMETHTb, UTO 3HAUHTEJABHHIA H3HOC Ienell CBSI3aH C
HH3KHUM KayeCTBOM HX H3TOTOBJEHMS, BCIENCTBHE YEro Xapakrep
paboTBl Uenu OTKJOHAETCH OT OMHCAHHOrO B JuTepartype. Tax,
nanpumep, npo. H. B. Bepobses [1, ctp. 63] mumer: «Ilpu no-
BODOTE 3BE3MOYKH, 8 CJCHOBATENBHO, ¥ 3BeHa NMPOUCKOAHT CKOJL-
JKeHHe TOJIbKO MeXKAY CEerMeHTHOR BTYJAKO# (BKJIajbilIieM) M Ba-
JHKOM...» B JEACTBHTENBHOCTH 3Ke BKJIAQJBIL, MOMeNIEHHHH B
OKHaX IUIaCTHH, HMeeT 3HAUHTeJbHble 3a30pHl U, BCJAENCTBHE 3TO-
TO, MMEIOT MeCTO CMelleHust BKJAafbliia OTHOCHTENbHO IIACTHH;
3TO TOATBEPXKIACTCH C/NelaMH H3HOCA2 HAa BKAANLLIIE cO CTOPOHBI
TUIaCTHH, OTMEUEHHHIMH CTpesakofl d Ha puc. 2.

JInst cpaBHeHMS HA ITOM Ke PUCYHKe MOKA3aH HeH3HOMIeHHHIH
BKJIANBII (H) ¥ BKJIaXBII, H3HONIEHHBIH CO CTOPOHDLI BAJHKA.

Tlo wm3mocy BRIagblla €O CTOPOHH Baf¥Ka, OTMETEHHOMY

. 1000/0 = 16,60/0.

0,5=3 roaa.

CTpesKOd 8, BUAHO, uTO (haKTHYecKasi NUIONIAAL OMOPHOMH MOBEPX- -

HOCTH MIapHHPa SHAYHTE/JABHO MEHbIIEe XapaKTePHCTHKM Leln 3a

CYyeT pasJaMuMs B Dajdycax 3aKpyIrJeHHs BaJHMKa H BHYTPEHHEH -

NOBENXHOCTU BKJAAIBIINA.

Taxum 06pasoM, (akTHUECKOe yaeNbHOe faBAeHHe B [IAPHHPE.

Ienyu BCerma npeannaeT‘ pacueTHoe,
106 ‘

Puc. 2.

11. Mshoc 3Bespgouek
C nespio mosyvyeHns: GOMLLIETO U3HOCA B OTHOCHTENBHO HEMPO-
JIOIKATEJLHOE BPeMs 3Be3JI0UYKH HCILITYeMbIX mepenay Oblid Bbl-
segomoit - [1, crp. 157, Ecam 6bl B MeXBaJbICBLIX Mepenavax

K2
CTb‘OiHe:,I I3MM2

] w2
== 260300,

H3specTHO, uto B IEMHHIX Tepefayax BeAyIas 3Be3N0OuKa, NPH
TPOUMX PABHBIX YCJAOBUAX, W3HAINMBACTCS 3HAUNTENLHO OHICTpee
Begomoit [1, crp. 157]. Ecim 6l B MeKBAJbUOBHX Nepefauax
NPAMEHHTh BTYJIOUHO-POJHKOBYIO HENb, TO GoJee GHICTPHIH H3HOC
BeAyllel 3Be3NOYKH OB OBl TOCTOSHHBIM OpPraHHYECKHM Helo-
CTATKOM TaKOH NepefavH.

B nepejfaue 3y6uaroffl memno MOKHO OCYIIECTBHTH TAaKYIO
cOOpKy (151 ycnopuit paGoTHl ABYMs CTOPOHAMH), MPH KOTODOM
Belyliass M BeAOMas 3BE3JOUKH OYAyT NPHMEPHO ONHHAKOBO
U3HANUIUBATHCA BO BPEMEHH.

B nepenave, npopaGoraBuieli ua VI pa3MosbHOH cHcTeMe
(t =254 mm, i = 1,5), nmpu OIMHAKOBOH uMpHHe 3yGben BeLy-
uefl B BeIOMOI 3Be3JIOUeK, Beiyllas 3Be3/l0UKa H3HOCHIACH ue-
pe3 9 Mecsues, a Befomas — uepes 1,5 roga. ChenoBarensyo,
MOXHO JOCTHTHYTb OJHMHAKOBOTO M3HOCA 3BE3JOUCK TAKOH Tepe-
Aaud, écau COOpaTh MIACTHHBI LENH TakK, 4To0nl paGouyas mIHpHHA
LEMA CO CTOPOHBI BeAyIUeH 3BE3OUKH TPHMEPHO BJABOE MPEeBbI-
DiaJla TaKOBYIO CO CTOPOHB! BeZOMOH. Jlas mepemauw, paGorasurelt
na 1 npamoit cucreme (¢ = 19,05 wm, {= 2,446), oruourenue
paboueli HPHHEL 1ENH BeAyLleH 3BE3JI0YKH K BELOMOH MOMKHO
NPHHATL paBHbIM 1,15.

’ BMeCTo pexoMexayemoit [4, ctp. 279] H =
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XapakTep u3HOCA 3Be3ZOYEK LENHON MeXBaJbLOBOI nepeaauu
HECKOJIbKO OT/IMYEH OT OIIMCAHHOTO B JuTeparype. Tak, manpumep,
OOBIYHO CUMTAKT, YTO B 3yObSIX 3Be3MOUKH OJHA TPaHb SBASETCH
HepaGoueit [1, crp. 63]. B MexBanbuosoli mepenaue 3yGbsi HaHa-
IWHBAIOTCA ¢ 06enx CTOpOH. Tak mias BefoMOH 3Be3OUKH, NOCHE
7500 yacoB paGoTH, NPHBENEHHOH Ha puc. 3, ryGHHA M3HbCa
cocrapuwia: mis pabounx rpawedt 0,8 mm uw Aa «HepaGoOumx» —
0,4 mnm, .

Hanee, o6bIYHO CUMTAIOT, UYTO H3HONIEHHAS UEMb CTPEMHTCH
NepeBHHYTbCA K BepliHHe 3y6a, T. e. PacHONOXKATLCH HA 3Be3-
IOYKe MO OKPYKHOCTH, COOTBETCTBYIOIE} YBeJHUEHHOMY ee LIATY
[1, ctp. 63 u 4, crp. 263].

Puc. 3.

Kax 210 Bupano M3 puc. 3 y BefoMofi 3BE3NOUKH OKa3aJach -
W3HOLIEHHQH TOBEPXHOCTH TO OKPYXKHOCTH BMAMHH, HYTO MOXET
MMETb MECTO TIDH PaCHOJIOXKEHHH AapHHPOB LeNH M0 OKPYXKHOCTH, .
MeHblleH JeNHTeNbHON, H yMEHDbIICHHY luara Lefd IPOTHB HOMH- -

¢
wl

HAJBHOLO, i
ATH 0COGEHHOCTH B Xapakrepe paGOThl UENHOH MeXBaJbIOBOH 4

Hepefaus MOXKHO OOBSCHHUTE! _
a) Cnenudukoit paGoTel BaJbLIOBONH NApH B YCJOBHAX 3aMBI-,

KaHWs KHHEMATHUECKOH LeNnu H NepHOJHuYecKOr0o H3MEHeHHs Ha

npaBJeHust mepelnayn MomHocTH [2, crp. 9].
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6) 3nauwteibHbiM fipeiBaplitesibHbiM HaTsiKeHHeM LEMH, He-
0BXOAMMBIM TIPH MepPHOLHYECKH H3MEHSIOIEMCs] HANPaBJICHHH Tle-
peﬂaql{ NIG)KBaJIbHOBOﬁ MOIIHOCTH.

I11. BoisBieHHble KOHCTPYKTMBHEIC HEJOCTATKH Nepeaauu

B nponecce ncnbiTanust GulnM BHIABJAEHH CJelyiOle KOHCTPYK-
THBHble HEOCTATKH II€Peayu: y

a) Cmasga Gbuia NpHMEHeHa NEPHOAMYECKAs, TAK KAaK Herep-
METHUHEIA KOXKYX He IO3BOJHJ NPHMEHHTb HeNpephBHYI0 (Kap-
TEPHYIO) CMasKy. -

- . Puc. 4.

6) MonTaxX HaTAXKHOIO IPHUCIOCOOAEHUST HA JIEPEKPHITHH, OT-
/leIbHO OT CTaHKa JaeT 3HAuuTe/bHble OTKJIOHEHHs B Hapaslielb-
HOCTH OCel HaTsXHOH H pabounX 3Be3jioyek; KpoMe TOro, 3aTPyA-
HAIOTCA yCJIOBHA TOAJEPKAHUS TpeGyeMOro jaJsi NHILEBOrO Mpei-
NPHUATHS CAHUTAPHOrO COCTOSIHUA.

B) COopKa ILieri 1o cxeMe, NOMELIEHHOH Ha PHC. 4-G, BbI3Basa
OTAEeJbHBIE ClyYyad MOJOMKH BaJHMKOB M BKJajblliel or naruba,
TaK KaK TAroBOe yCuJiHe B CPelHeH JacTu LeIH, CBI34HHOH ¢ Be-
Ayliel 3Be3J0YKOH, HAIPABJIEHO NPOTHBONO/OKHO YCHIHIO B KPai-
HUX 4aCTsX LleNH, CBS3aHHBIX C BEIOMOH 3Be3J0YKOH.

Ilns ycTpanenus THX HeNOCTATKOB aBTOpaMH ObLia paspato-
TaHA HOBasi KOHCTPYKIHsA Mepepauu (3, crp. 18], ¢ repMeTHYHBIM
KOXKYXOM, CMOHTUPOBAHHAst Ha BAJbLOBOM CTAHKE C IeNbio, cob-
paHHO# MO cXeMe, NOMEILUEeHHOH Ha puc. 4-a.

‘B Teuenme 14-Tn Mecsiner ¢ Hauana HCHBITAHHE HOROH mepe-
Nauy BHIENepeuncjgeHHble HeOCTATKH He HAGJIONAJHCh.
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BbIBO/Ibl

1. Mexay BkJaawaMd ¥ IJIACTHHaMH Ledd Hpun pabore
HMEIOT MECTO OTHOCHTEJbHble CMEILEHHs, UTO BBHI3BIBAeT H3HOC
OKOH D ILIACTMHAX M H3H0C BKJajbiilefi cO CTOPOHHI IMJIACTHH.

2. B HoBBIx (HepaGoraBluMX) Hensx (aKTHYeCcKas ILICIIaAb
CIOPIOH TIOBEPXHOCTH B INAPHHPE 3HAUYATENBHO MEHbIUe Xapak-
TEPHCTHKH LENH M, CIeJ0BATEJbHO, yAenbHOe AaBJeHHe B IIapHH-
pe Bcerza OouJipille PaCueTHOFO.

3. ¥YBe/MueHHWe CpeJHEro mara uen# (M, CAelOBaTeNIbHO, BhI-
X0 e€e H3 CTpOfA) OpoucxoAut Ha 55+609% 3a cuer ABYXCTOPOH-
Hero M3H0Ca BKJAJABILEH, COCTABIAOIMX 10 Becy npuMepno 7,5%
ot Beca uemnu. Takum o6pa3s’oM, 3aMeHOHl BKJAAARILEHR B M3HOLIEH-
HBIX 1EeMsIX BO3MOXKHO M Hesecoo0pasHO IPOH3BOIHMTL HX PeMOHT.

4. Cpox ciyxG6el ABYXCTOPOHHeH 3y0uaToi leld MeJbHHYHOH
MEIKBAJIbLOBOH Iepefaud MOXKHO CUHTaThb He MeHbUWHM 3 JIeT.
YBeJquuenHe 3TOTO CPOKA MOXKeT ObITh JHOCTUTHYTO BBEICHHEM He-
AIPEepPEIBHOH CMa3KH H YACTHUHBIM PEMOHTOM HeNu nyTem 3aMeHBl
W3HOLIEHHBIX BKJAAAbIIEH HOBEIMH,

5. JJJas paBHOMEpPHOIC W3HOCA 3BE3L0uYCK COOPKY [IBYXCTOPOH-
IIHX llene#l npy mupuHe MX cBblute 100 wa pas ycaosuii 1 npa-
HOH CHCTEMbl CJefyeT NPOU3BOAMTL IO CXeMe, IPHBENEHHOH HA
pHcC. 4-a, NprUeM HMHpHHA pabouell HacTH LieNH, CBA3AaHHOW C Be-
Jyleil 3Be3oukofi, AodaxHa OnTh B 1,15 pasa Godblue IMHPHHEL
pabouell yacTH LieMH, CBSI3aHHOH ¢ BeldoMoH 3Be3aoukoi. as Ie-
penaun, paboraBiueli Ha VI pasMosbHOKH CHCTeMe, TO XKe OTHOLIEe-
HHe JOJKHO OBITb NPUMEPHO PaBHO JBYM. -

6. 3yObs 3Be310UEK H3HAWMBAIOTCH € OOEHX CTOPOH, HpHUYEM
H3HOC padouefl rpaHu IPUMEPHO BJBOE NPEBLILIACT H3HOC «HEpa-
foueli» TpaHu.

7. JIist yCTPAHEHUS HeAOCTATKOB nepenau, BLISIBJIEHHBIX B
nporiecce 3KCIJAyaTalMOHHBIX HCIBITAHUHA, MOXKHO PEKOMEHJIOBATh

KO BHEIPEHHIO HpEIUIO7KeHHbIl/I aABTOpaMu MEKBaJbUOBBIH peayK-
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TPYAbl OOECCKOI'O TEXHOJIOTUUECKOTO UHCTHUTYTA
7. VII ~nMenn M. B. CTAJIMHA 1955 r.

Kano. rexu, nayx H. s, KECTEJIbMAH,
kano. texn. Hayx J1. H. KOTJISIP

CPABHHUTEJDbBHOE E)KCI]EPI/IMEHTAJIbi'lOE
WCCJHENOBAHHUE M3HOCA OTBEJIEHHOIO 4HYIYHA
MYKOMOJIbHbIX BAJIbLOB

K umcsly CyIECTBEHHBIX (paKTOpPOB, 0OYCJOBJIMBAIOLINX YBeIU-
UeHH§ TPOU3BOJLUTENLHOCTH BAJIBLUOBBIX CTAHKOB PAa3MOJBHBIX CH-
CTeM, OTHOCHTCS IOBHILIEHHe H3HOCOCTONKOCTH pabOuYHMx OpraHoB
UX — BaJIbLOB, IIPEJACTABASIOLIMX COOOH UyryHHble JAeTalH KO-
KUJIBHOH OTIMBKH C oTOenéHHBIM pabouum cioeM. Banbuer yka-
3aHHBIX CTAHKOB PaGOTAIOT B YCJIOBHSIX MHTEHCHBHOTO adpasHBHO-
ro H3HALIHBAHHA TPYIIUXCS ITIOBEPXHOCTell, YCHIWBAEMOro 3Haud-
TeJbHBIM JaBieHreM o6GpabaThiBaeMoro " NpoAyKTa Ha BechbMa
OrpaHAYeHHble yuacTku paboueli 3oubl. Tak, Mo JQaHHBIM IPOQ.
A. 51, CokosioBa 4], pacnopuoe ycuiue B 3T0fi 30He IJIHMHOH | M
jpocruraer 1,35 r npu #3MesbueHHH NIIeHHuw 1V TuUna Baax-
HocTelo 17 %. 3HaunTesMbHAsT PA3HOCTL OKPYXKHBIX CKOpOCTeld Bpa-
HIeHHs1 NapHoPaboTAIONILX BAJbIIOB, HaXOAsALlAACA B Npelenax OT
2 no 4 M/cex, aBisercsi He MeHee CYHIECTBEHHBIM (aKTOpOM, HH-
TEHCH(QUUUPYIOLUUM NIPOLECC H3HAIIMBAHHS paéoqeu NIOBEPXHOCTH
BaJbLOB. ~

Bompoc 06 U3HOCOCTOHKOCTH 0T6eJ1eHHoro yyryHa MaJjc H3y-
4eH M HeJOCTATOYHO OCBellieH B HAaYUHO-TEXHHUECKOH JHTCpaType;
B YaCTHOCTH, COBEPIICHHO OTCYTCTBYIOT CPABHHTE/bIble JaHHBIC
00 wu3Hoce OTOeNéHHOro uyryHa, oOpaboransoro aGpa3uBHBIM
LIR()OBAaHHEM H 3JIEKTPOHCKPOBEIM CHOCOOOM, MO3BOJAAIOIUM
OCYIECTBJATE MeCTHYI0O TePMOXHMHYECKylo 06paloTKy TOBepPXHO-
crefi JyTeM COOTBETCTBYIOLIEro Nojfopa Marepuanta 3JeKTpoja-
MHCTPyMeHTa [2].

B xauectse o0bekra uccienoBanusi Obln B3aT OOBIUHBIA OTOC-
JIEHHBIH HeJEeTHPOBAHHBIA YYTYH, NPUMEHsSIEeMbIH JIYTYTHHCKEM uy-
{YHOJIUTEAHBIM 3aBOAOM JUISI H3TOTOBJICHHsI BajblLOB THHA «['»,
TIpefHA3HAYeHHBIX Uil CTAHKOB PasMOMIbHBIX cHcTeM. XHMHUUECKHH
COCTaB IIOAOMEITHEIX O0pa3loB 4yryHa OBLI TaKOH:
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\ C S Mn
3,4-= 367, 0507/ 0406,
P S
0,3--040/, * 0,10--0,12/,

Vi3 paccMoTpeHHsi XapaKTePHOH MHKDOCTPYKTYph oGpasua, mpe-
CTaBJIeHHOH Ha pHC. 1, BHIAHO, 4TO B NoJe 3PeHus IHda Haxo-
auTcs MeHee 409 uemeHTHTa M JefeSypuTta, a OCTalbHOe Ipen-
cTaBasieT CoGOl MepANT TOHKOro caoXeHus. TBeprocTb 06pasios,
onpepesiennasg Ha npubope PB (tuna Poxsenja), HaxOAKHAAch B
B mpejenax HRC=4()—:~—41, YTO COOTBETCTBYET CTaTHYCCKOH

TBEPAOCTH HB = 37hH+ 387 ;"Lz .
M

]

Hccrenyemne o6-
pasub NOABEPrajuch
abpasuBHOMY HLIHDO-
BaHHIO H  3JEKTpPO-
HCKpOBOH o06paboTke
NpH pexHMax, o6ec-
NEeYHBAOIHEX  TIOJY-~
YeHHe  II0BEPXHOCTH
HX B mpenesax nd-
TOTO KJaCCa YHUCTOTH.
[Tpumenenue  snex-
TPOHCKPOBOTO CIIOCO-
6a 06paboTku 0Gpas-
IOB,  KaK MEpH Bhl-
paBHUBaHUSA TBEp-
JOCTH H IOBBILIEHHUA
H3HOCQOCTOHKOCTH HX,
o6ocHOBHIBAETCH HC-
c/ieloBaHHEM, IIpOBe-
JE€HHHM HOX Hayy-
;gl:, AP)gfofligf;&g{?(hé Puc. 1. Muxpoc:gg;c;gp(axog?g)s'ua or6enénnoro
[1]. DM uccaenona-

HHEM YCTaHOBJIEHO HeNOCTOSHCTBO TBepAOCTH pabouers cJaos
Baflblia KaK NO MOBEPXHOCTH, TaK H B PaAWANBLHOM HaNpaBjeHHH.

B nensx nojyyeHus pe3yJbTaToOB JaGOPATOPHBIX HCHLITAHHE,
JOCTaTOYHO OJM3KHX K 3KCIIyaTalHOHHBIM, CPaBHUTENbHOE HCCJe-
Z0BayHe H3HOCA 00pAa3NOB NPOBOAMJIOCE B YCJIOBHAX IOJYCYXOro
Tpenust Ha MamnHe AE-5, B YCJIOBHSIX CyXOTO TPEHHS 0 MeTalin:

YECKyI0 TMOBEPXHOCTh M O TOpen ULIH(OBaJbHOrO Kpyra, a TaKXe
B abpasHBHOH cpefe, «[O' CNOCOGY THJIb3BI», PEKOMEHZYEMOMY

B. ®. Jloperuom.
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B kauecrse usMepurtens MaTepHajJbHOTO H3HOCA B TeueHHe
YCTaHOBJICHHOTO IIePHOJa HCTHpaHHsA 06pasioB Obli NPHHAT abCO-
JIIOTHBIH BECOBOM H3HOC, KOJHMYECTBEHHO OLEHMBAIOUIMA Bec cpe-
3aHHBIX MHKPOOOBEMOB MeTasllla B BHIAE CTPYXKeK CKaJbIBaHHH,
HO He YYMTHIBAWOWIMH, OJHAKO, M3MCHEHHe XapaKTepa IIOBEPXHO-
CTHBIX CJIO€B B pe3yJibTaTe MHKpOIJIACTHUECKHX AedopManu# HX.
Ompeseienne Beca 06PAa3Los, NpeIBapHTENbHO NPOMBITHIX B Ge3-
BOJHOM 3THJIOBOM CITHPTe H BBICYIIEHHBIX, IPOM3BOAWIOCH Ha Ja-
GOpaTOPHEIX AHAJIMTHUECKHX Becax 2-T0 Kiacca Mapku BA-200.
[Jokasaresn OCHOBHBEIX METPOJIOrMYECKHX CBOHCTB NpPHMEHAEMEIX
BECOB HMeJH OTKJIOHEHHs, He BRIXOAsALLAE 3a MPEJEJSbl JONYCKOB:
NOCTOAHCTBO BecoB — 0,2 JesieHusi, CPeiHsSsi YyBCTBHTENbHOCTH
BECOB IIPDH HAarpyXeHuH ux B npepenax or 20 a0 200 rpaMMoB—.
0,35 M2, HepaBHOILIEUHOCTH Kopombicia — + 0,8 me, nema pene-
HuA peiTepHod mKajael — 0,1 me, JlJis yCTpaHEHHs BAHSHMS TO-
CTOAHHO{ NOTPEIIHOCTH BECOB HPUMEHSJICS Cnocof ABOHHOro B3Be-
IIHBaHUs 00p43UOB Ha NpaBOii M Ha JieBOH uvamlKax. Pesyabrar
B3BCUIHBAHHA BBIYHCAAJCS C yYeTOM HAHHBIX TAPHPOBOYHOro rpa-
$uKa yyBCTBUTENBHOCTH Becop [3]. B KkayecTBe AOCTOBEpHOro pe-
syJbTaTa B3BEIIMBAHMS Oblla NpHHATA CpelHAs apudMerHyeckad
BeJIHYHHA W3 IATH IOCJeL0BaTeNbHEIX ABOHHBIX ONpe/eJNeHHii Beca
o0pasua. KputepneM s ouneHku BePOSITHON TOUHOCTH OT/eJIbHBIX
B3BCIIMBAHUA C/AyXujia BeJHMuUEa CpPeIHell KBaJADPaTHUECKOH MO-
TPEeIHOCTH, BHYHC/IfeMas no dopmyne o=0,5} 382 mz, rae 32—
CyMMa KBaJpaTOB DPAa3HOCTEH MexAy pe3yJbTaTaMd OTHeAbHbIX
JIBOMHBIX B3BEUIMBAHWHA M X CPeIHZM apHPMeTHUeCKUM 3Haue-
HHEM.

Ha mammue rtpenns AE-5 (cm. cxeMy na puc. 2), padoraio-
mefdl N0 NPHHIHNY TOPLEBOTO TPEHHA TPeX LUHJIHHAPHYECKHX O6-
pasloB N0 NOBEPXHOCTH CHLEMHOTO LITAGOBAHHONO KOJbIA B3 OT-
Ge€HHOTO uyryHa, CyMMAapHBIi nyTh TPEHHsi B TEUeHHE OJHOIrO
onbiTa cocraiasa  S,= 200 xm npH OTHOCHTENbHOH CKOPOCTH
CKOJIbXKeHHs1 00pasuoB v, == 4,6 m/tex. B KauecTBe CMa304HOrO
MaTepuaga Ag TPYILIHXCR HOBEPXHOCTEH NMPHMeHANOCh TIIATeNbHO
LpOGUILTPOBAHHOE ABTOTpakTOpHOe Macio Mapku AK-10, umes-
luee KHHEMaTHYECKYI0 BS3KOCTb v, = 10 ccr; pacson cmasku

CM3
COCTaBJs, B Cpe,ZIHeM,..40—£-‘-: - Vismepenne TeMmeparypsi TpyIIHX-

cs1 TIOBEPXHOCTEH NPOM3BOAMJIOCH IOCPEACTBOM MEeb-KOHCTAHTA-
HOBOH TepMonapbi, BCTABJEHHOH B OCEBOE OTBEPCTHE UHJAHBIAPH-
4eCKOro o6pasuad, NMPHUEM HAKOHEYHHK He JOXOJHJ IO IOBepXHO-
CTH TpeHHd, npuMepro, Ha 0,3 mm, Ilpn u3MeHeHHH JaBjeHud Ha

obpasen B npefenax or 15 xo 3b chg TeMIepaTypa TPYLUIHXCs I10-

8. Tpyau TexHoaornueckoro HHCTHTYTA, T. VIl 113



BepxHocTell He npeswiiiiada 50°C: npi 3ToM COOTHOUMIEHHE MEXAY
KHHeMaTH4eCKo# BA3KOCTbI0 Macnia npu 50°C u npu 100°C Geuto
OKOJIO CeMH, YTO CIOCOGCTBOBaJIO CO3NAHMIO OQuee HJIU MeHee
GIHHAKOBHIX YCJOBHH M3HAmIMBauusi o6pasLoB.

Cu{n:} %;_,
' 5

34 2,6 78 ic 02 OF 7o

2,0 25

' Gy
Pnc. 2. Cymmapupiit abcomotunit (G,) H OTHOCHTENBHBIH H3HOC (TS';

BN

06pa3noB 0TGenEHAOrO uyryHa Ha maumuie AE-5 B 3aBHCHMOCTH OT
VAEABHOrO JaBJIEHAS HAa TPYWMECH NOBEPXHOCTH.

[puBefennble HAa PHUC. 2 pe3ynbTaThl OMBITOB IlepBOH CepHil
nonyueHbl TIPH HCTIBITAHHH Ha M3HOC CJAENYIOIHX 00pasuoB 4yry-
Ha: 1 — o6paBoTaHHbIXx a0pa3suBHEIM IIHGOBaHHeM; o0paboTaH-
" HbIX 3JEKTPOHCKPOBBIM CIOCOGOM ¢ IpHMEHeHHWeM B KauyecTBe

AHORA-HHCTPYMeHTa—2—rpaduTa, 3—BbICOKOKAUeCTBEHHOH yrJe-

popucroli cranu Y7A, 4—MeTa/i0OKepaMHUeCKOro TBEpPAOro Cjia-
ea T15K6.

AHa/qu3upys pe3yAbTAThi OMNBITOB, TNPPBEJEHHEIX Ha MalldHE
AE-5 (cM. pHC. 2), NpeiCTaBasieTcss BOSMOXHEIM CHenaTh caefy-
101lie OCHOBHBIE BBIBO/HI:

— MHTEHCHBHOCTb H3HAIUMBAHMUSA OTOEJEHHOrO 4yI'yHA, NpH BCEX
JAPYyTrHX NOCTOSIHHBIX YCJIOBUAX TPEHHUs], IMOBRHIIACTCA € YyBeJHUE-
HHeM yAeJbHOro AaBJIeHHS Ha TpyLIHecs MOBEPXHOCTH;

—-3JIEKTPONCKpOBas 06paGoTKa 0T6eNEHHOTO YYTYHA 3HAUHTENb-
HO TMOBHIIIAeT H3HOCOCTOMKOCTb €I'0; CTelleHb IOBBINEHHsS HSHOCO-
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CTOMKOCTH HAXOMMTCS B 3aBHCHMOCTH OT MaTepHasia 3JeKTPOAA-
HHCTpyMEHTa, npuyeM HauGojee 3((QeKTHBHOI OKa3amach oGpa-
GoTka moBepxHocTe#i oOpasua (KaToAa) B CilIydae NpHMeHeHHs B
KayecTBe 3JEKTPOJa-UHCTPyMeHTa (aHoma) TBeploro cnJjaBsa
T15Ke6.

Cnenyromas, BTopass cephsi onblTOB 5bla NpoBEeAEHA Ha YCTa-
HOBKe, OCHOBAHHOM Ha NpHHLHUIE CYXOI'0 TPEHHA ABYX HCIBITYe-
MbIX UHMJIMHAPHYECKHX MOBEPXHOCTEH € NapaJljielbHO PacloJOXKeH-
HBIMM OCSIMH, BPAIlAIOIIMXCS B OAHOM HaNpaBJeHWH C OJMHAKO-
BOH OKDYXHOH CKOpPOCThIO (CM. cxeMy Ha pHc. 3). IlocrosHHOE
JaBJIEHHE MEXJy TPYLIMMHCs LMJHHAPaMu BIOJb ofpasyroiled
HX CO34aBajoCh X NOAKEPIKHUBAJIOCH IPEABAPHTENBHO IIPOTapHPO-
BAHHOH NPYXHHOH CXaTHs, NeficTBYIOLIEH Ha HOABHIKHblE ONOpPHI
OMHOTO M3 Bpaujaplkxcs o6pasloB. Martepuan u o6paboTKa
TPyWHXcsl nap OBbIM TakoBel (CM. PHC. 3):

~

Sebuii copaseu(sl) .

Apalbeni oSpaseu(7])
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Puc. 3. JuarpaMMbl OTHOCHTENBHOTO H3HOCA (—g;) BpaulanInuxca

' . HUJHHIPAHYECKHX 06pasnos.

a) abpasHpHOLIAH(OBaHHEIH oT6eAéHHbH uyryH (J/1;) no aHa-
aoruysomy oGpasuy (I1:);

6) abpasupHoUGOBaHHbH oTGenénubif uyrys (/) mo orbe-
JIEHHOMY 4yryHy, OOpabOTaHHOMY JIEKTPOHCKPOBRIM CHOCOOOM

Iy); ) S
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B) OTOENEREDBINl yryH, 0OpaGOTAHHBIA 3JEKTPOHCKPOBhIM CHO-
cobom (JIs) mo amamorsuHoMy o6pasuy (I1s);

r) or6enéuHblii uyryH, o6paGOTaHHbI 3JAEKTPOMCKPOBBIM CIIO-
cobom (J1s) mo o6pasiy M3 KauecTBEHHOH KOHCTPYKLUUOHHOH Je-
rupoBannoil craiu Mmapku 37XC, npeapapnTeIbHO IOABEPrHYTO-
My 3akaJjke mpu Temneparype 920°C B mac/je u Cpeaneremnepa-
TYpHOMY OTIyCKy Ipu Temnepatype 260°C; TepMHUECKH o6pabo-
TaHHui# ofpasell HMen TBEPAOCTb .rIRC = bl, YTO COOTBETCTBYET

kI ,
Hy =49 . ,

Ananusupyst AHarpaMMbl OTHOCHTE/NbHOrO HM3HOCA TPYILHXCH
UMAMHAPHYECKHX [Iap, NPUBE/ieHHHE Ha PHUC. 3, MOXHO TaKxe
NPHATH K BEIBOAY O Leaeco00pasHOCTH 3JIEKTPOUCKPOBOH cOpa-
GOTKH OTGEJNEHHOTO UyTyHa, KAK MEPhl NOBHIEHHs H3HOCOCTOH-
KOCTH TPYMIMXCS NOBepxHOCTeHd, pafoTalIHX B YCJAOBUAX CyXOrd
TPeHHA. ‘ :

[Tocenyiomiast, TpeTbsl CepHs IKCNEPUMEHTOB NO H3HALNHMBA-
nul0 uyryHa Obila TpoBelleHa B YCJOBUsIX KOHTAaKTa OCHOBAHHA
IMRHAPTYECKOro 06pasiia ¢ TOPLEBOH NOBEPXHOCTHIO Bpallatolle-
rocst DIARGOBANBHOIO KPyra IJIOCKOrO NPAMOre NPOGHIS MAPKH
K3120C2K6 pasmepamu 200X 25X32 mm (CM. cxemy Ha pHC. 4).
Bui6op 3epHUCTOCTH, TBEPAOCTH, CTPYKTYpHl H CBfI3KH Kpyra OBLI
TPOU3BENIGH MCXOAs ¥3 HeOoOXOAMMOCTH CO3AAHHMN YCNOBMHE ANA
NOCTOAHHOTO OGHOBJEHRS aBpasWBHOH pexyllel NOBEPXHOCTH B
npollecce HCTHpaHHA 00pasuoB. ITpoiykTsl H3HOCA TPYLIHXCHA IO~
BepXHOCTel HENpPEpHBHO YAAJISIHCh NOCPEICTBOM JKEeCTKO# BOJO-
CAHON LIeTKH, YCT2HOBJIEHOH HETOJABMIKHO 110 OTHOIIEHMIO K IHJIH-
(oBaTbHOMY KpYry, ¥ CTPyell CKaToro BO3JyXa. YJelbHOe AaB-
JIGHHe Ha TPYIIHECs! TIOBEPXHOCTH H3MEHSJIOCh B IIpeAe]ax oT 0,5

wl
o 2 ;5.

PesynbTaTiBHEE JaHHBIe HCCJIEAOBAHKSA, TPEACTABJIEHHBIE HA
~ puc. 4, XapakTepH3yioT INpOTeKaHHe aGCoJIIOTHOro  U3HOCA /G”)
a6pasupHolLIH(OBaHHHX o6pasuos (1 u 2), a Takxe ob6paboraH-
FHX SACKTPOMCKPOBHIM crniocoGoM (3 ¥ 4) B 2ABUCHMOCTH OT HYTH

Kl
TpeHHA (S,xx) H JABJICHHH Ha o6pa3um(p;;,); kpuBhe | u 3—

&l c xr
npr p=0,5_7, kpubie 2 H 4 — 1pn p = 2.5 M3 paccmorpenus

pHC. 4 cJeayer, YTO CPeAHAs HWHTEHCHBHOCTh M3HALUMBAHHA uy- ‘

&

ryna Ha nytu Tpenns S =30 wm cocrasaser mpu p=0,570

M2
Ans aGpasuBHounoBannoro obpasua —1,4 .., And oGpasua,

M2

06paGoTayHOro 3JIeKTPOHCKPOBLIM cnocogom — 0,34——; caenora-

KH?

TebHO, HAHOC MOc/eaHero obpasua, MpuMepHO, B 4 pasa MeHbIIE |

H3HOca a6pasHBHOLLIH(OBAHHOrO ofpasia. AHAJOTHYHOe ABJEHHE
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GoJiee BEICOKO HM3HOCOCTOMKOCTA 006pa3ucs, o6paboraHHEIX 3J1eK-
TPOHCKPOBBIM CMOCOGOM, Habaonaercs W NpH Oojee TAKEIBIX
YCJIOBHSX M3HALIHBAHHS, a HMEHHO IPH p=2:72 (xpuBble 2 u 4
Ha puc. 4). B 3aBHCHMOCTH OT CTeNeHH HATPYKEHHS HCIBITYeMO-
ro o6pasua, 06paBOTAHHOrO 3JEKTPOMCKDOBEIM CmOcoGOM, mocie
| MCTHPAHUS YIPOUEHHOTO CJIOsi UYTYHA pPAHee JMHOO MO3JHee HACTY-
raeT MepHON GONee HHTEHCHBHONC M3HAIIMBAHMSA, DABHO3HAUHBIA
MO CKOPOCTH H3HALIMBAHHIO abpasWBHOULIH(OBAHHHX 06pa3LoB.
TakuM o6pa3oM, 0600IIEA [AHHBIE. CPABHUTENbHBIX MCTIBITaHAR
¥3HOCA UYryHa, TIPUBEIEHHble HA DHC. 4, HMEIOTCS OCHOBAHHS LA
yTBEDMIEHHS, aHAJOTHYHOTO PaHee CHEIAaHHOMY, UTO H3HOCOCTOH-
KOCTb 00pa3noB, 0OpaGOTaHHBIX SJIEKTPOHCKPOBEIM croco6oM,
3HAUHTENHHO BHINIe, HeXean 06pasnos, o6paGoTaHHBIX abpasuB-
HEIM IIHbOBaHHEM. .
[Mpeanocnenuss, uersepTas Cepust IKCMEPUMEHTANLHBIX HCCIE-
JOBAHHA 1O H3HAWMBAHWIO uyryHa GblIa NPOBEJeHA «mo CrocoGy

7046:1(”2) » -

60

50

4o

30

20

10

Puc. 4. CpasunrensHsie naHnsie aGCONOTHOrO H3HOCa 06pasios
O0T6ENEHHOI0 YYIyHa, KOHTAKTHPYIOIAXCA ¢ BpallaioIHMCs LM
(OBaNBHBIM KPYTOM. :

rub3el» (cM. cxemMy Ha puc. 5). V3HaliMBauue Bpamaromuxcs
NUARHIPHYECKHX 006pasioB [POM3BOIMIOCH B aOpasHBHOH cpele
13 KBAaPUEBOTO fecka 3epHHACTOCThi0 Ne 36 (pasMepHas Xapakre-
puctuka 3epHa 500-+-600 #x) u TBEPAOCTBIO, PABHOH CeMH eIHHH-
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1aM 0 MHHepaJoruueckoil mkase. Ilecox mjas oceo6OXKIeHHA OT
IJIHHHCTOH CocTaBAdlonled NoABeprajics IATHKPATHOH NPOMEIBKE
H NOCJeAYIIEMY IPOCYIIHBAHHIO B CYLIHJIbHOM WKa(y NpU TEeM-
reparype 110°C. IloaroroBiennblii TakuM o6pasom aGpasvBHBIH
MaTepuas OBbLT PaBHOMEPHO YBJ/IAXKHEH NUCTH/JIMDOBAHHOH BOIOH
B koqnuecTBe 4% or Beca mecka. YIUIOTHEHHe 3epeH B CTAJIbHOH
rHIb3e JOCTHUTaJoCh NBOSKO: NHHAMHUECKH — NpHMeHeHHeM Jabo-
PaToOpHOro Kompa ¢ najpaioumM OGOHKOM — ¥ cTaTudecKw — HArpy-
JKeHHeM KOPOMEIC/IA FHAb3bl [TOCTOSHHBIMH H PABHBIMH O BeCy
rpysamu. B mensx ofecreueHnsi HenpepblBHOTO KOHTAKTa H3HALIH-

BaeMoro o6pasmna ¢ HOBRIMH MODPIHSMH Iecka, ofpasel, 3akpem--

JIEHHBIH Ha OMPaBKe, yCTAHOBJEHHOR B IUNHHAENE BePTHKAJBHOIO
CBEPJANJIBHOIO CTaHKa, HMeJ, KpoMe BPAllATeNbHOrO JABUIKEHHA,
OLHOBPEMCHHO DaBHOMEpPHOe IIOCTYIATENbHOE [BHKEHHE CBEPXY

NCP) A

74

Puc. 5. CpaBHuTenbHble JaHHbIE aGCONIOTHONO H3HOCA 06PA3LOB
OTOENEHHOr0 YyryHa B THJb3E C KBapLUEBbIM MECKOM.
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\BHu3 Ha rayonny 150 mm. Uccnenyembie o6pasubl MOABEPrafiHCh
[ATHKPATHOMY HCIBITAHMIO, KAXKIBIH pa3 C HOBBEIM, CBEXe3achl-
AHHBIM H YIJIOTHEHHBIM KBapIEBHIM IIECKOM, HO IPH [OCTOSHHOM
éce rpy3oB Ha KOPOMhICJIe NMPHCIOCOGJIEHHUS.

Cpennue JNaHHBle HCIBITAHME NPHBENEHBI Ha pHUC. 5: KPHBBIE
I u 2 ornocaTca K abpasuBHOLIMpOBAHHEM O6pasuam, 3 u 4 —
06paGOTAHHBIM 3JEKTPOHCKPOBHIM CITOCOGOM; COOTBETCTBEHHQ,
pusbie 1 W 3 OTHOCATCH K Bety rupb Ha Kopomeicae P=12 «T,
pusble 2 1 4 — Kk P = 4 «I'. 'paduky, NOCTPOGHHHE IO pe3yJb-
aTaM OILITOB, TMOATBEPKIAICT COBEPLUCHHO aHAJOrMUHyi0 KapTH-
|Hy TIOBBILIEHHS] H3HOCOCTORKOCTH OTGENEHHOrO uyryHa, o6paGoTaH-
HOT'O 3JEKTPOHCKPOBLIM CHOCOOOM, MO CPaBHEHHIG C abpa3HBHO-
UTH(OBAHHBIM UYTYHOM (mpHMEpHO B 3 pasa).

Bce BHIUCIPHBEICHHOR OBLIO MOCBAIICHO H3IOMKEHHIO DPE3YJb-
TaTOB MCCJAENOBAHUA CpPABHHTENBHON M3HOCOCTORKOCTH 00DAa3LOoB
OTGeIEHHOTO YYTYHA, HMMEIOUIHX OXHWHAKOBYIO TBEPAOCTb. #YUMTHI-
Baga, yro H. §. Kecrennmanom [1] ycTaHOBJEHO HENOCTOAHCTBO
pacrpenesedyust TBepIOCTH Bajblla B 30He IoJe3Horo ortbena B
panuanbHOM HaNpPaBJACHHH, BO3HHK/IA HEOOXONWMOCTh B 3IKCHEpH-
MEHTAJLHOM BBISICHEHHH BOMpPOCa, GyHeT JU SJeKTPOHCKpOBas 06-
paGoTka MOBHILIATbL M3HOCOCTOMKOCTh OTOENEHHOrO UyryHa € pas-
Juunofi TBepAocThbio. [uas stoft menm Obi1a NpOBefeHa 3aK/IOUH-
TeJibHaf, MATasg CepHd ONBITOB. B 3TOH cepum npoOM3BOAUIOCH
UCNBITaHHe OOpaslOB, HMEWIHX TBEPAOCTb TPYIIUXCSA INCBEpX-
HOCTeH HR(=35~:—45, BHIPE3aHHEIX B PANHAJbHOM HANPABICHHY H3

30HBI NONIE3HOro oTGesa Banbla tuma «I'» nnaMmerpom 250 mm (cMm.
kpusylo 1, puc. 6). Hccnenoranre TpOU3BOAMIOCH TMPH KOHTAKTE
06pasnoB ¢ BPALAIIAMCA ULTH(OBANBHEIM KPyroM Ha yCTaHOB-
Ke, CXeMa KOTOpOH H306paxeHa Ha pHC. 4, TIPH NOCTOSHHHIX Be-

- «l
JUUMHAX [2BNCHUA Ha ofpasen p==3_, HNYTH TPEHHS ST=1 DKM

W3 paccMoTpeHHs pe3y/bTaTOB CPaBHUTENILHOrO HCCIEIOBAHHA
a6COMOTHOTO H3HOCA OBPaslOB, B3ATHIX W3 DPA3JHUHBIX T[AyOUH
30HBI TIOJIE3HOTO OTGesa BaJbla, CIASAYET: .

- —u3Hoc abpasuBHOmLIM(DOBaHHOH IOBepXHOCTH (KpuBas 2,
puc. 6) HAXOAWTCA B 3aBHCHUMOCTH OT TBepPAOCTH ee; 1o Mepe
yMEHbBIIeHHS! TBEPJOCTH VBENMUHBAETCS aOCOJIOTHHI, a ClenoBa-
TeJBHO, W OTHOCHTEJNBHKI H3HOC,

—Hao06opOoT, IOBEPXHOCTL UyryHa, 0OpaboTanHas 9/J1eKTPOHCKPO-
BHIM criocoboMm  (kpusast 3, puc. 6), WMeeT He TOJbKO 0oJiee BbI-
COKYI0" H3HOCOCTOHKOCTb, HO H H3HOCOCTOHKOCTb, TPAKTHUECKU
MaJIO 3aBHCAILYIO OT TBepJOCTH ITOBEPXHOCTH mepen o6paboTKOH
ee, 4TO, HECOMHEHHO, OyjaeT cnocoGCTBOBATH IOBHILIEHHIO HOJTO-
BEYHOCTH M DPAGOTOCMOCOGHOCTH BAMBIIOBOH TAapHL.

»
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Puc. 6. CpaBHHTEeNbHEIE NaHHBE aGCONITHOTO M3HOoca 0Gpasuos
OTOENEHHOr0 YyryHa pasnuuHoil TBEpPAOCTH, 06paboTaHHbX aGpa-
SUBHEIM MAUGOBARNEM H 3MEKTPOMCKPOBEIM CnocoGOM.

H

[Iposenenutie na Menwhune Ne 2 Opecckoro Tpecra Tnasmy-
KH CpaBHHTEJbHbEIE HCIBITAHUS BAJIbLIOB PA3MOJBHBIX CHCTEM, 06-
paGoTaHHBX abpasuBHBHIM IUIHGOBaHHEM H 3J1€KTPOUCKPOBBIM
criocob6om, yOenuTeJbHO MONTBEPAHIY  BbIBOAbI J1abopaTOPHBIX
Acc/ieoBaHuil O GoJiee BLICOKOW H3HOCOCTOMKOCTY BaJbLOB, ofpa-
GOTAaHHBIX MEPelOBLIM M  TNPOTPCCCHBHBIM - 3JCKTPOIPOIHOHHBIM
criocobom. Kpome TOro, B NPOECCC NMPOM3BOACTBEHHBIX HCMBITA-
EHE CTaHKOB PA3MOJIBbHLIX CHCTEM BBHISIBJCHO BeChMa BAXKHOS
3KCIMIYaTallMOHHOE [JOCTOHHCTBO BAJbIOB, 06PaBOTAHHBIX IEKTPO-
HCKDPOBBIM cnocoBoM, 3akJualoneets 13 31auHTeNbHOM NOBBIIIE-
HUH TEXHOJOrMUecKoil 3(P(EKTUBHOCTH ux palbOTH.

JIATEPATYPA .

rextiosiornueckofl  3pPEeKTHBHOCTH

I. Kecreabman H. 9, Tlosuiesne
cuctem. Oneccwnfi

paBoTH MENbHHUNBIX BAJBILOBHIX CTAHKOR DPa3sMONBHBIX
. TexHonornueckuit uacrutyt um. W B. Cranuna, 1952
2 Jlasapenko B. P. u Jlasapenxa H. M., Dierrpouckposas o6pa-
Gotka MeTajnos, I'ocsHepronsnat, 1950. ;
. Pymo H M., Tounoe BsselgHBatue, BHUUM, 19459
.Coxonos A. ., Texunonornueckoe 06QpynoBauHe 371€BATOPOB, MEJNbHHL,
XPYUSHHIX ¥ KOMOGHKOPMOBBIX 3aBonioB, 3arormspat, 1980 '
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TPYIAblI OJECCKOro TEXHOJOIMYECKOIO UHCTUTYTA
T, VII umenn M. B. CTAJTMHA 1955 r.

Kand. rexu. nayk, doyenm B. b. PACMAH ‘

ONPENEJEHHE KO3®®dUILMEHTA 3AIPY3KH
NEPBUYHBIX OBHUIATEJIEM HA JJEBATOPAX

Yae/bHBI pacxol TOIMIMBA Ha 3/eBaTOpax, HMeEWIIHX Co0-
CTBEHHLIE 3JIEKTPOCTAHIHH, KaK H3BECTHO, B 3HAUHTEJbHON CTeme-
HH 32aBHCHT OT 3arpy3KH TepBHUHOro jBHrareis. C yMeHbIIeHHEM
3arpy3Kd NEepBHYHOrO [BHTATeNsl YBeJHUHBAETCS PACXOJA TOMAHBA
Ha 1 s(pdexruBHyO £.C.-40C, a 3HAYHT H HaA | T NepeMeieHHOro
3epHa. JTO YBeJuYeHHe VUHTHIBAeTCH KO3((HLHeHTOM v;, BXOHsA-
M B (HOPMyJIbl JJIf ONpeesenus yAeJIbHOTO PacXofa TomauBa'.

Cremets 3arpy3kd TIEPBHYHOTO JBUraTesia XapaKkTepH3yercs
k03 GUIUEHTOM 3arpy3ku m,,, TPEACTAB/SIONHMM COOOH OTHOLIE-
[IHe KOJUYeCTBa 3Hepran J, BHIPAOOTAHHOH NBHraTesNeM, K TOMY
| KOJIMYECTBY 3SHEPIHH, KOTOpPOe MOXkKeT OhITh BbIpaboTaHo 3a Bpe-
Mst T paGoTel ABHraTeNs IPH IOJHOM HCIONb3OBaHHH ero s¢pdex-
THBHOH Moinuoct# N:

3 ‘
mna”ﬁ' (1)

OuepuzHO, YTO 3HaueHHe KOS(GUIMEeHTa 3arpy3Ku 3aBHCHT OT
MPABUJIBHOCTH BBHIGOpA MEePBHUHOTO IBHTATeNS H OT COBEePLICHCTBA
IKCIVIYaTANU# TEXHONOTHYECKOrO H 3SHepreTHyeckoro o6opyaosa-
HUS 3JIeBATOPA.

B npocrefitnem cnyuae, npu oSCnAYKUBAHHE 3JA€BaTOpa ONHUM
JBUTATeNIeM M OTCYTCTBHME APYTHX NOTpeGutenedl snepruu Bpems I
paBHO uMesy uyacos pafoTw anesatopa 7.

r=T,

Uuceso wacos paboTsl ajeparopa
E
3A (2)

3/13 ’
K BMQ

rne E, —o6bemM paGoOTE HODHI 3/1eBaTopa B TOHHAX;

1 B. dacwman, HopmupoBanue suepronotpeGreHns Ha sjaesatopax. «My-
KOMOZBHO-3/eBaTOPHAS NPOMBILITEHHOCTE», Ne &, 1953,
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K —k03hANHEHT HUCHONL30BAHHA HOPHH;
Q —TtexHuyeckasa (macmoprHas) IPOU3BOAUTENBHOCTH HO-
_pHH 3JeBaTOpa B m/4ac;
8, —YHCJIO OJHOBPEMEHHO paGOTAIIHX HOPHI.
BesnuuHaa 8, mpezcrasiser co60f cpelHee 3a JaHHHIE Ie-

PHOL UHCJAO paboTaloLUX OJHOBPEMEHHO HOPHiHl H -Xapakrepu-
Sye’l‘ COBMECTHOE BBIIOJHEHHE HEeCKOJABKHX onepaunﬁ Ha 3Je-
Batope. 3HAYEHHE BTOr0o KO3D(MUIUEHTA pPABHO OTHOIUICHHIO
yucaa 4acos paboTel Hopuit 7, K YHC/IY 4acOB paboTel a/eBa-

Topa T

Tl{ Ea/z ~
Bo— A
“ T xkQT ( 3)
an an

Konu4ecTso 3HepruH, KOTopoe JOJKHO OBbITH BHIPAGOTAHO Mep-
BHYHLIM JIBHUTATeJieM,

=3 =—_ o, (4)
0,7

nep

BeauuuHa yAeapbHOTO pacxoja 3JEKTPOIHEPran Ha 1 T mepeme.
HIEHHOTO 3€pHa IJsi 3J1eBaTOPOB, HMEIOLIUX COOCTBEHHBIE 3JieK-
TPOCTAHIHH, MOXKeT OLITh BRIpaxKeHa CJIedylolluM o6pasoMm:

pP
3

m
€y M, Q

=

- ()

@

B stux dopmyaax: v, Nes Ngs Mnep— KOIPPHUHEHTH NONES-
HOI'O JEHCTBHUSI 3/JEKTPHYECKOrOo TEHEepaTopa, CEeTH, 3JIeKTpOo-
ABHrate/JeH W mepegadyd OT NepBHYHOrO JABHraTre]ss K reHepa-

TOPY; m—KoddduuuenT sarpysku snaextponsuratenefi; TP, — .

Cpeanasg CyMMapHas yCTaHOBJEHHA MOIIHOCTb 3/J€KTPOJBHIra-
Tesed, yJacTBYIOIIHX B OAHOH on€panuH Ha 3JeBarope.

W3 ypasueundt (1), (2), (4) u (5) noayunm snauenve KO3P-
(uuuenta 3arpysKe INepBHYHOrO MBHraTes N/isi NPOCTeHIuero
cayuast: ‘

3EP
m K 2

Mm,,== R (6)

TN
M M Mz My

Ilpn ycTaHOBKe Ha 3JIEKTPOCTAHUMH 3JI€BATOPA HECKOJBKHX
NEPBUYHLIX JABHraTesel ‘

3

m _
" TN TNy .
B astom cayyae T,,+Ty+T,+ . . ..0as ynpomesus
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BBEACM MOHATHE O CpEAHeM YCAOBHOM YHC/IE HACOB DPafOTH

JBHTATE]s
T,Ny+T,N,+ 2.

T == -
. N+ N+ . .-
O6o3nauuM ‘
AT_Q:IEM+LM+... )
Tg T (N1+N2+ . . .) '
£ an

Sror Ko3(dHULMeHT -TIpecTaBiseT CODol OTHOLIEHHe CpefHero
YCJIOBHOTO YHCJIAa YacoB pabGoThl NepBHUHBIX [BHTaTe/ell K BpeMe-
HH paboTHl ieBaTopa.

st paccMarpuBaeMoro cayuas

3 )
m == ,
LN A TN AT, (N N L)
WAH C yueToM ypaBHeHHH (2), (4) # ()
m == m 8" zpajl (8)
nd oM, My AN+ Not-. )7

B GonplHHCTBE clyuaeB OAHOH COOGCTBEHHON 3JMeKTpocTaHilHet]
o0CaYKUBAIOTCE KpOMe 3JeBaTopa M JApYrue mnorpeGHTesnu sHEp-
FdH — 3epHOCYHIUJIKY, HepelBUXkKHasi MeXaHU3alus B Ck/1afAax,
MACTepCKHe H OCBETHTEeNbHbE YCTaHOBKH.

O6o3naunm: , -
P, Q,,E,. 3,5, — CyMMapHYI0 YCTaHOBJEHHYIO MOLI-

HOCTh 3JIEKTpOJBHrare/eil, npou3Bo-
JHTEJBHOCTb B MJAHOBLIX €IHHHIAX,
o6beM paboTe, oOuHA H yHeb-
HHIl pacXod 3HEPrHH B 3epHOCY-
HIMJIKE;

L—CYMMapHYyIO YCTaHOBJEHHYIO MOUI-
HOCTh 9JIEKTPOABHTATENEH H IJIaHO-
BYIO IIPOH3BOJAUTENBHOCTL OJHON IIe-
NOYKH HEPEIBHIKHEIX TPAHCHOPTEPOB,
o6beM PaGOTH, OGMIHA M yje/JbHBIH
pacxoji SHEPTHH HA TepeABNIKHON
MeXaHu3aluHu;

LP,¥, T,3,—CcyMMapHYl YCTaHOB/JEHHYI0 MOL-
: HOCTH 9JEKTpOABHrateneil, xoaddu-

- IHEHT OJHOBPDEMEHHOCTH pabOTH

' aJleKTpoJABHraTes e, ofbiee YUCIO

yacoB palGOTH H PacxojJ 3HEPrUH B

MacTepCKHX;

P, QE,..3

nm? >~ nu? 3 n
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Poos® s Ty oo D,ps— YCTRHOBAEHHYIO  MOL[HOCTD,

0c8? ~ gcg’ T 08’ KOSdJ.
, (QHOHEHT ' OZHOBPEMEHHOCTH, obulee
YHCAO YaCOB TOPEHHS JAAMI ¥ pac-
X0 BSHEPTrHH OCBETHTEJRHOH ycra-

HOBKH.

VaeanHble PacxXombl SHePrHu IJisl 3€PHOCYIIMIKH H HePeJBHX-
HOM MeXaHHM3al¥{d MOXHO ONpPEAeJHTb AHAJOTHYHO YASNbHOMY
pPacxofy SHEPTHH IS 3JieBaTopa:

~— m ac

7)c 7)@ ac
rp

- nm s

YIM—.__

0,0, @

na

OnpejeruM OGLIHE DAcXO[bl SHEPIHH—[JI 3ePHOCY I HIKH:

I ? g ac mE pac Esc
330= . "= R TQ 0 ) (9)
le nnep e 9 "2 nep ¥
pivis:) Hepe,IIBI/I}KHOﬁ Me€XaHu3aluu:
s E_ miP E
na n
3’”‘-nn o Q7 (19)
2 ‘nep ¢ '8 '2 'nep " nn
JJIA MaCTepCKI/IX:
my’ b PM Tu
R T an
1T, nep
H JJs1 OCBElIeHHs:
6’06‘8 oce . ;008
30!‘8—_—:—_ 7 . .
712 " nep - (12)

Jas o6uwero cayuas, ¢ yueroMm dopmyas (7),
L9= 33/[4—930—{-3”—}—3”,—}—9 ocsd
o T3 — asﬂ+aac+anm+am+aoc
" TN TN+ AT, (N, 4+ Not . . )

8

BBens nonstHe o cymmapHBIX K03 ¢HILMeHTax nepepoia A4
3ePHOCYLIHJIKH, NePeLBHXXHOH MeXaHH3alWH, MACTEDCKHX M OCBe-
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tieHus
5 E e BN Q
3¢ = >
Es/z Qac
3 ) . En,u K Bn Q
an E O ’
an na ‘ ,
¥ T (13)
a —_ MM
M )
Ta/z
3 = ocs T‘o oce
ocs m T
34

¥ yuuthiBasi ypasmenma (2), (4), (5), (9—12), noayumm OKOH-
yaTelpHyl0 GOpMyay s OnpeieneHHs Ko3phHLHEHTa 3arpysKH
aBurarteis B o0iieM BHJIE:
F ¥ | > .
sﬂz P9ﬂ+8302 p30+°ﬂM2P"M *-BM21M+80L‘8 POL‘B (14)
M6, Mep o M RN+ L)

HaGmonenuss 3a paboTofi HECKOJIbKHX 3arOTOBHTENBHEIX 3Je-
BaTOPOB ¥ 00pabOTKa OTYETHHIX NAHHEIX NOKa3aljH, yTo (hakTHYe-

m

mno =

‘cKMe 3HaYeHHsl KO3 @HUUeHTa 3arpy3ku HEpBHUHBIX JBHraTeled

KoJqefurorcsl B WHUpokux mpejenax or 0,25 no 1,0. Menbine 3Ha-
yeHHs Ha6MIOfaNHACh NPH HEYJOBJIETBOPHTENBHOM HCMOJb3CBAHUH
060opy0BAHMS, HEJOCTATOUHOM COBMEILEHHH onepanyil, OTCyTCTBHH
€XKeJlHeBHOTO TUIAHHUPOBAHUA pPaGOTH 5/€BaTOpa W 3JeKTPOCTaH-
nuu. HaobopoT, xopoulee HCNONb30BaHue 000pyIOBaHUs, BCEMeEp-
HOE COBMellleHHe OMepaunuii ¥ NpaBUJbHOE IJIaHHpOBanHe pabOTH
3J1eBATOPA ¥ 3JIEKTPOCTAHIIUY Ha KaX/Ibifl JeHh 00ecreynBaIGT XO-
POLIYIO 3aTPY3KY NEePBUUHBIX ABUTATENEH.

OnTumManbHble 3HaueHHs1 Ko3dduuuenTa sarpy3k, noayyeHHble
OpH Das3IMYHOM YMCJe IIepBHYHBIX [BHTaTeNell 32 3HAUHTeNIbHBIE
IPOMEKYTKH BPEMEHH, H COOTBETCTBYIOLIME SHAUYEHHS A JJs Pas-
JINUHBIX YCJIOBHHA TNpuBedeHBI B TaGJauile.

3uayesus m,, 4 k:-_‘TX:

an

3navenne A npu ofcayRUBaHUN BAEHTPOCTAHIHEH

Yucao saeBaTopa,
5]€BATOPA, | SePHOCYINHJKH,

Amprate- Mno anenaTopa SAEBATOPA M | gepHOCYIMHAKH,| NepeyBHKHON
Jeft 3epHOCYHAKA|B nepeABHKHOM, MexaHH3a0HH,

MEXaHU3aMUN | MacTePCKHX H
OCBeIleHBT

1 - 0,65--0,75 1,0 1,1—1,25 12~14 1,3—1,5

2 0,75—-085 | 080—085 | 0.8-—0,95 | -0,85—0,95 | 0,90—1,0

3 0,80—0,90 [ 0,70—0,80 | 0,75—0,90 | 080—0,95 | 0,85~0,95
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Heo6xoaumo orMmertTs, ure npu yCTaHOBKe Ha 37E€KTpoCTak-
OUHN HECKOJBbKHX INEPBUYHBIX ,IIBI/IFaTeJIeH

T
Ty <T,,; A= L <1,
3/l
ITpu ycranoBKe e OAHOTO NEPBHYHOTO JABHraTess i
; p N T
ry=T; h==—3

EXJ
B Chydae OGCAYKHBAHHS 3JIEKTPOCTAHLKEH TOMBKO 3Je€BaTOpa
T,=T=T1,; I=1l,

a Tpu oOCTYKHBAHUM OJIHON J1eKTPOCTaHIHeH KpoMe 312 BaTOpa n
. AIpyrux norpebutesiell 3/eKTPOIHEPTHH, BPeMsi paboTH ABHraTess
6yner Gosplle BpeMeHH paGoThl 3/1€BaTopa, T. €.

=T>T,,; >,

DT cooGpaKeHHs HALLIM OTPAXKEHHe B Tabiulue. .

ITpyupeneHHble 3HAYCHHs A Ja10T BO3MOXKHOCTh NIPH HOPMHPOBA-
HUH pacxola TOIVIHBA ONpefeasdTh BEIHUUHY Ko3(dHUHEeHTa 3a-
rpyskd no dopmyiam (8) uam (14). B oGumewm cayuae, npu pac-
yere no ypasrenuwo (14) HeoOGXOAMMO INpeABapHTeNBLHO OIpeje-
JIHTh CyMMapHhle Kos(bQHIHeHTH NepeBofa N5 3ePHOCYMIMJIKH,
nepefBHKHON MeXaHH3alWH, MacTePCKHX H OcBellleHHs 1o-(Gopmy-
aam (13).

DaKTHYECKHE 3HAYEHHS M,, MOIYT ONpPEeNesThesi N0 AAHHBEIM
yuera paboTH 3/JeKTPOCTAHIIHH:

N

23 [l

m = . 15

20 TN, 4+ TN, 4L . (15)

Yucao wacor 7, 7T, . . . paGoThl KaxXJAOro JABHraTesas oOnpe-

HeJaF10T [10 CMEHHLIM mypﬂanaM ydyeta paGOTH 3/1eKTPOCTAHIHA.
O6mu#t pacxon sHeprHH MOxeT GHTH NOJAYYEH MO HOKasa-
HHAM cUYeT4yHka I':
4

LE9=- ,
n,

2 'nep

WM, OPH OTCYTCTBHH CYETYHMKA, MO BEIYHC/JIEHHHM HOpMaM pac-
XOZa 3JIEKTPOIHEPTruH
2 3 . 2 Ea/l + 336 E.?C + 3nM EIIM +3M + 30(‘8
1,

nap

TPYJbl OAECCKOIO TEXHQJIOTHUECKOrO UHCTHTYTA
T. VII uMenn M. B. CTAJIMHA 1955 r.

Kand. rexn. nayk, accucrenr 3. P. FTOPBHC

OB YCTPOMCTBE TFOPSYErO AYTbSl B TONMKAX
3EPHOCYLINJIOK

- PaGora TONOUHOre YCTPOHCTBA OKasblBaer 60Jbide pausHHE

KaK Ha KAayeCTBO NpOCYUINBAEMOro 3epHa (BJAAXKHOCTh, 1BET, 3a-
IaX 3epHa M T. A.), TaK U HA SKOHOMHYHOCTh (Ce6eCcTOMMOCTb)
npoiecca CyIIKH.
" B cBASH C 3THM TONOUHOE YCTPOHCTBO HOJKHO: a) obecreuu-
BAaTh -3ePHOCYLIWJIKY HYXKHBIM KOJHMYECTBOM CYIIHJ/ILHOIO AareHta
OHpeNeNeHHOT0 KauecTBa (3alaHHOH W TOCTOSTHHON TeMmepaTypHl,
[IpY OTCYTCTBHHM CaXH, HCKP H T. 1.); 6) JNOIYCKATb 3KOHOMHYHOE
CXHTaHue BO3MOXKHO 0oJiee MIMPOKOH FaMMEBI TOILIHE W B) OBITH
HauGosiee TPOCTHIM ¥ 3KCTMIYATALMOHHO HAMEXKHBIM,

CyliecTByIOlMe TONOYHLIE YCTPOHCTBA 3€pHOCYLIHJIOK B HEAO0-
CTaTOYHOH CTENEeHH YAOBJETBOPAIOT 2THM TPe6OBaHHAM, B OCOOeH-
HOCTH — HEPBEIM IBYyM TpeGoBaHMsiM. Kax M3BeCTHO, Ipoiecc ro-
pPeHHsi B TONKAX 3€PHOCYLIHJIOK OPraHH30BaH NMPUMHTHBHO. B HHX
3aTPYAHEHO CXHUTaHWe MEeCTHBIX BHAOB TOIJIMBA BJAKHOCTbIO 00-
qaee 30—35%, Tak Kak NpPH 3TOM BHI3BIBAETCS 3a1BIMJIEHHOCTD
TeIIOHOCHTENST H COOBINAETCS 3epHY HeXkeJaTeNbHbIl 3amax. I1pa
CHUTauuu TOWMMBA ¢ GOJMBIIUM BRIXOAOM JIETYUHX MOSABJAIOTCH
TPYAHOCTH B HX Roxwuramuu 1, 2, 3, 4]. Hapsny ¢ 3tum MecTHO®
TOIJIMBO, & TaKXKe YIVIU C MOBHIIEHHBIM BHIXOJOM JIETYYHX MOXKHO
6b10 ObI PALHOHAJBHO MPHMEHSTH B TOMKAX 3ePHOCYIUUJIOK TpH
HaJIMUUE rOps4ero AyTbsd. Temaopo# 3(¢bexT ropsdero ayThs, NO-
Jyuuplllero IIHPOKOe NPHMEHeHWe B TEIJOTeXHMKE, 3aKJ04aeTCs
B yJyullleHHH ¥ YCKOPEeHHH TIPOLeCCOB BOCIVIAMEHEHHs W TOPeHHsd,
B 3aMETHOM CHHXXEHHH TOTeph OT MEeXaHWuecKoro HenoXKora
(yHoca) ¥ XMMHUYECKOI HEmOJHOTH TOPEHHS.

TIpn 3TOM ropsivee AyThe HAET BO3MOXKHOCTH MOBHICHTHL TEIVIO-
Bule HampfA>KEeHHS B TOINKE, YTO OCOGEHHO 3aMETHO INpH CKHUIAaHHH
HH3KOKaueCTBEHHOTO TomauBa [2, Bl

Onuako obbluHble crnoco6Grl yCTPoficTRa ropsiuerc AyThsi (¢ MO~
MoIILIO BO3LyXONOOrpeBaTesielf, pereHepaTopos # T. A.) B JAaH-
HOM cJyuae HENpHeMJeMH B CHJY KOHCTPYKTHBHBIX H 3KOHOMHUUE-
CKHX COOGPaKeHufl,

9, TpynsL TeXBOIOTHYECKOro WHCTATYTA, T. VII : 129



' B namnoli pa6oré paccMatpHpaets npeinoKeHnblil naMu HHOH
M€TOJ OpPTaHH3alMH TOpsYero HyThs B TOMKAX 3€PHOCYLIHJOK,
OCHOBAHHLIH Ha MHCIOJAbL30OBAHUH ONpefeNeHHOR ux 0cobeH-
HoctH [6]. ,

O6mui KospduuredT H36BITKA BO3JAyXa B TONKAX 3epHOCYWIH-
JOK JIOCTHraeT BeJHYMH, HCUMCASEMBIX He eIHHULAMH, Kak B
OGBIYHBIX TONKAaxX, a jJecarkami (2= 20-~40). Baarogaps sTHM
COOTHOWIEHUAM, ATEHT CYIUKW 0O CROeMY coctamy (cu. tabn. 1)
NIpUO/IHKACTCA K BO3LYXY. A

’ Tabauna 1

CocraB aresrta CyWKH no o6bemy
cyxXux ra3oB (B %) | Mpameuanne

CO | S0, | CO | N, | O

TennoHOCHTENb

1. Cmecw npn 100°C . .| 0,0095]0,0035| 0,62 | 79,05| 20,30 | Pacuer cnenan

- LAS YT MapKH
2. ., » 200°C . .10,0228/0,0072} 1,22 | 79,00} 19,75 APIII.

3. Bo3ayX -+ « v v . o f— — — 179001 21,00

Takum 06pa3oM, TONOUYHOe YCTPOHCTBO 3€PHOCYIIMIKH CO3JaeT
areHT CyIUKH, obJajaiouui caeAyOllUMH CBOACTBAaMH: GJIH30CTHIO
[0 COCTaBY K BO3AYXy (AOJAH TNPOAYKTOB CrOpPaBHs HUYTOXHBI)
IpH TeMmIepaType, HAMHOIO NpeBHILAIOLIEH TeMIepaTypy Hapyx-
Horo BO3AyXa.

VIMeHHO 3TH CBOHCTBA areHTa CyWKH M COCTaBJSIOT Ty OCOGeH-
HOCTh TOTIOK 3ePHOCYLIMJIOK, KOTopas I[03BOJIseT OPraHH30BaTh B
HHX ropsiuee AyTbe, aHAJOrAYHOe 00 3PGeKTy ropsisemy BO3AYLU-
roMmy aythbio. Ilpu sToM YCTPOHCTBO TOpsAYErc AyThsl OCHOBBIBAET-
Cst Ha peNUPKYJSnMH (BO3BpaTe) YdCTH CYyIUHJIBHOrO areHra B
tonky. KaK BHAHO H3 pHC. 1, 2, oT6Op TEIVIOHOCHTess MOXKeT

L

NSRS N NN S SR N
NE N\ ' N
N N N )
N : e’ \\\ N
NK; b N N N
b‘ _‘mc::?“"”‘:::; N :?
HAANRNANN AN NN

l_ o—

Puc. l‘. | | Puc. 2.

13C

s ‘ -~

NPOUSBOAKTECS H3 CMECHTENbHON KaMephl W #3 CHelldansHod Ka-
MEPH «e».

Huke paccMaTpHBalOTCsi 3aBMCHMOCTH, Xapakrepusylowpe pe-
IAPKYJASAINHIO TeIUVIOHOCHTENA B TONKAX 3ePHOCYINHJIOK,

O6mpn#l  ko3hdunHenT H3GHITKA BO3JlyXa MOXHO OnpefeauTh

- C JIOCTaTOHHOﬁ TOYHOCTBIO H3 CJeAYIOUIEro ypaBHEHHS TerJjoBoro

GaJjaHca TOIIOYHOTO YCTPONCTBa CyUIMJIKH:

Zn,+aoﬁL0C8t8ﬁ(l Y+ a,,LoC,1, 39
QP v —C t
. H 'T ¢ c . (2)

[ B
0 L(Ct~Ct)’

Kaa

K
rae: QF— Hu3was TENJIOTBOPHAs CNOCOGHOCTL TOMJIHBA, ;
N, K. 0. L TOIIKH;

a,— 00muil KoappuuueHT H306BITKa BO3/YXa;

L ,— TeOopeTHYECKH HEOGXO0AHMO. IS TOPeHH KONYECTBO

Ke. 8
BO3/yXa, ;
Ke.m

C,, t —TenJI0eMKOCTb H TeMIIePaTypa HApYXKHOTO BO3AYXa,
KKan . °C-
xz°C’* "’
C,, t,—TeNI0eMKOCTb H TeMIepPaTypa CYUIHJABHOIO AarcHra,
KrKan . J
—, °C.
xe °C
CornacHo puc. 3, MOCTPOEHHOMY IO dopmyse (2), o6mu# Ko-
s¢pduuueHT H36HITKA BO3AyXa B OCHOBHOM 3aBHCHT OT TeMIepa-

TYpBL areHTa CyLWIKH H JIHUIb B HEKOTOPOH CTeneHH—OT BHAa TOI-

JuBa, 4TO  COOTBeTCTByer mnpumuuny Menpeneesa-Bosretepa
IJ

Q
—H ~ const. D10 03Hauaer, uTO NPOLEHTHOE COAEpKaHue KHUCJIO-

0 o
pora B CMeCH TaK¥Xe B OCHOBHOM OHOpelelisieTca TeMIiepaTypou

CMeCH. ~

B TorlouHoM yCTpPOHCTBe CymIM/JKH YacTb BO3AyXa BBOAMTCHA B
TOIIKY, a 4acTb Bosjayxa (Gonbluasi) BBOAHTCS B CMECHTENbHYIO
kamepy. B TONKax ¢ peuuKyJsuued rasoB HeoGXOIMMO BeCp BO3-
AyX TNOJBOAMTH B CMeCHTeNbHYIo KaMepy. B atom ciyuae Koz hu-
uHenT. n30bITKa BO3JyXa B CMeCHTENbHOH Kamepe JOJXKeH GuiTh
paBen ofuieMy Ko3dduuuenty u3CbiTKa BO3ayXa.

CoriaCcHO TPelJaraeMbIM cxemMaM penukyasnuii (cM. puc. 1,
2), B TONKY BBOAMTCS YaCTb CMECH, CAyXallas AareHroM rops-
4ero AyThsl M, OJHOBPEMEHHO, — OKHC/HTE/IeM TOIJIHBA. Ee xonu-
4ecTBO OfIPeleseTcs TeM H3GHTKOM BO3jyxa (Kuciopoja), KOTO-
pHii Heobxomum Aasi mpouecca ropenus. Ilpu 3toM BesduRHa
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