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6
BBEAEHMUWE

B uacmﬂme'e BpeMA Iieped NpedlIpUATHAMH  cepBHCAa W JIETKoi
MPOMBIINTEHHOCTH c ocoboi ocTpoToi BO3HHKNA npobnema
KOHKYPEHTOCIIOCOOHOCTH BSIITyCKaeMOH NPONYKUMH 110 OTHOWEHUIO K aHANOTHYHOI,
NPOH3BOAMMOI B PA3BMTLIX CTpaHax. 3Ta npobieMa cyllecTBOBaNA H paHee, ORHAKO,
B IPEKHUX YCIOBHAX YIPABIACHHA SKOHOMHKOH, OPHEHTHPOBABILCH NpeANpUATHS T10
NPCUMYLIECTBY HAa BHYTPEHHHH pPBIHOK, HE NpOSABNSANAach TAK OCTPO. JACMEHTEHI
PBIHOYHO} JKOHOMHUKH, OCNlaDUBLIHE HMIIOPTHBIE OrpPaHHYeHUs, NPHUBCIH K TOMY,
YTO BONPOC KOHKYPEHTOCMOCOOHOCTM MNPOAYKIHH CTal aKTyalbHBIM s
NOAABNISIOLIETO Gom;mnnc*raa NpeAnpUATHH cepBHCA U JIETKOH MPOMBIHIICHHOCTH.
KoHkypeHTOCOCOOHOCTD, KAK H3BECTHO, HENOCPEACTREHHO CBA3aHa ¢ AOCTHXKCHHEM
BLICOKOTO  KadecTBa mOpoAyKuuH, ofccrnedyeHueM ee  cepTHQUKALMHA  MpH
CPaBHUTEILHO  HEBBICOKOM  CTOUMOCTH d  Moxer  OBITH  JZOCTHIHYTA
COBEPIUCHCTBOBAHHEM CYILIECTBYIOUIMX MIH CO37alHHeM HOBBIX TeXHOJOIHil ¢
HCITONB30BaHHEM OoJiee COBEPLICHHOrO 000pyI0BaHHs, HOBOH OpraHu3alMy Tpyaa H
crnocoGoB ymnpaBnexHus. B 2TOM KOMIIEKCE BOIMPOCOR OCHOBHBIM, NO-BHAHMOMY,
ABNIAETCS pa3paboTKa HOBBIX TCXHOJIOMHMH M COBEPIICHCTBOBAUUE TEXHONOIHYECKOTO
o00opya0OBaHHA, IOCKOJILKY HUKAKHE, AaKe caMble Jiyullde cnocolpl YOpaBJIcHUY
NpOHM3BOACTBOM, HE JaayTr cyuecTBenHoro osddiexra na 0ase  ycTapeBIUMX
TEXHOIOTUit M 000pyIOBAHUA, HE OTBEYAOUIMX COBPCMCHHERIM TPEOOBAHUAM.

CaMu TeXHONOIHU MPEeICTABNSIOT c000ii UHTErpHpoOBaHHLId Habop TEX HiK
MHBIX  MAMMWHHLIX  TPOLECCOB, PCANMIYEMBIX  KOHKPETHBIM  KOMIJIEKTOM
TexHOAOTHUccKoro ofopynosanus, OuesupHo, Haubonee sddexTUBIIOE € TOUKU
3peHUs DKOHOMMYECKHX TIOKAa3aTeNneil H KayecTBa NPOoayKliuu o0opynoBanue N0MKHO
OaznpoBaThCA HA HAMNYUlNEM MAIHHHOM Npollecce, T.e. Peajlu30BHIBATh NEPCAOBYHO
TeXHOJIOTHIO.  YJIYYIICHHC  TEeXHHMYECKHX  XapaKTepUCTHK  BCero  mapka
TeXHOJIOry4eckoro obopynoBaHHsA, HCCOMHEHHO, JOCTHrAcTCA NyTeM BHe/peHHUs

I .
COBPEMEHHBLIX HAYu!110-000CHOBAHHBIX KOHCTPYKTOPCKHUX peLICHHH.
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IlombiilleHne KayecTBa roTOBOH OOYBM BO MHIOIOM 3aBUCHT OT YCIOBHH
NPOBCACHUA TEXHOJOMHYCCKHX ONepauMil NpH ee M3roTOBIEHHH. AHANHM3 IOTOBOH
MPOAYKLHH MOKa3bIBAET, UTO MHOTHE Ae(eKThl, 00pa3yloluecs Ha MPOMeKyTOUHBIX
TCXHONIOTHYECKUX ONCPatUsiX, MPOABISIOTCS U HA KOHEUHOM KauecTBE NMPOAYKLHUU,
4TO BEACT K CHINKEHHIO COPTHOCTH, 8, CNef0BaTeNLHO, H CTOHMOCTH ey
/1,7,53,76/.

Oauum U3z HauGoJice pacnpOCTpaHCHHBIX MATCPHANOB NPH U3TOTOBJICHHU
o0yBu sBnsieTcst KoOXxa, 410 O0BACHAETCs ee coBeplUeHHO crneurHyecKuMu
CBOHCTBAMH, HE UMEOLUUMH cebe aHanmoros, B TOM YHCHEC U TIPH BOCIIPOH3BECIEHHH B
BHIE HCKYCCTBEHHBIX MaTrepuanos. [Ipu >TOoM KadecTBO M3MEIHMA H3 KOKH, Kax
KOHCYHOTO MPOJIYKTa BO BCEI TEXHOJOrHYECKOH NenoYKe, B 3HAYHTCARION cTenelu
3aBHCHUT OT KadecTBa CaMOro MAaTepHasa, NpeACTABIAIONIero KoMOnHalnio 0oJiLLIoro
yucna (axkTopoB, COBEpIICHHO HEe3aBUCMMBLIX Apyr ot npyra. OHY, BO-NEPBBHIX,
OTIpeaensaloTcs BHAOM CLIpbS, a TaKHKE €0 WCXOOHBIMK XapaKTepHCTHKaMM,
COBOKYMHOCTL KOTOPBIX M3BeCTHA W BechMa BeliMKa. BO-BTOPHIX, KaueCTBEHHbIE
IoKasaTtejm  roToBoii  npoaykuuu  (GOpPMHPYIOTCS  [OCIE0BATEIbHO B
TEXHOJIOTHYECKOM nponecce o0paldoTKK KOXH, KOTOpas, BCTyNas B 3TOT LUK, HOCUT
Ha3BaHHE «LUKYPb» H TONLKO Nocie OONBLIOro HHUCNa orepauutii npuolpertaer
HeoOXOmMMblE U1 «KOXKH» IpH3HaKH., B TpeTbux, Ha Kaxnoit u3 onepanwii
TEXHOJIOTHUECKOro JIPOICCCa UMEETCS! ROCTATOHHO OONBUIOE YHCIIO YNPABIAEMBIX, a
TAKXKE HEyNpaBlseMBIX NapaMeTpoB, KOTOpbIC CYLIECTBEHHO OTPAKAIOTC Ha
cBoiicTBax rorosoii nponykuuu /1, 43, 47, 55, 68/.

HccnenoBanusivm, HaNpaBIeHHBIMYU Ha COBEPIUCHCTBOBAHHE
TEXHOJIOTUYECKUX NPOLECccOoB U oOCpYyJA0BaHUS MNpeNIPHATHI cepBHca U Jierkoi
MPOMBIILIIEHHOCTH, 3aHUMANHCE 00MbUIOe KONHYeCTBO aBTOopoB. Becomelil Bxnan B
paspaboTKy (yHIaMEHTANBHBIX W NMPHKNANHBIX HAYYHBIX HCCICHOBAHWI B A2HHOM
HanpasneHuy  BHecin  ydeHele Mockosckoro K Caskr-IlerepOyprekoro
rocyaapcTBEHHBLIX YHUBEPCHTETOB Au3aiiHa M TexHoaorud, MOCKOBCKOro

rocynapcTBeHHOTO YHHBCPCHTCTA cepBHCa, LlenTpaneHoro Hay4HO-
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00yBHOM TIPOM3BOACTBE, KaK CIOXHOID THIPOTEPMHUYECKOTO H TEXHOJOTHYECKOTO
npolecca, TpeOywomero - HayyHOro IOAXOHa K IpobneMe HHTEHCHOHKALUH
TETIOMACcCOTICpeHOCa, BLICOpa palMOHANLHBIX CXCM YCTAaHOBOK H ONpeaeneHHsd
ONTHMANbLHBIX pe;xmlma HX paboThl, SBNAETCS COBPEMEHHBIM M aKTYanbHEIM.

O¢exTuBHas paboTa COBpeMEHHOro MpednpHsATHs HeBO3MoOXHa ©Oe3
NpaBIJIbHO OpPraHHMIOBAaHHOIO M HadexHo padoTaiouiero npoMBILNIEHHOIO
TpaHcnopra. Ha npeanpusrHsx cepBuca M JIerkod  NPOMBILIEHHOCTH
TPAHCHMOPTHPOBAHNE IBIIEBHAHBIX, MOPOMIKOOOPA3HBIX M MEJIKOKYCKOBLIX TPY30B
OCYIIECTBIACTCA MPEHMYUIECTBEHHO IUHEKOBBIMHM KOHBelepaMH. OTH KOHBCHEpLI
ABJAOTCA TAKXKe COCTaBHOI 4acThlo KOMILIEKTOB 000pyAOBallKs, NpejiHa3HavYeHHbIX
JNS BLITONIHEHUs! OTIpeie/IeHHBIX TeXHONOTHYecKuX npoteccos /60, 160/,

[uexosele  KoHBeliepEl obNafaloT TaKHMH  [JOCTOHHCTBAMH, Kak
HEMpPepLIBHOCTL MEPeMCIUEHHS TIpy3a, FepMeTHYHOCTb, NPOCTOTa KOHCTPYKLHH,
HaJACKHOCTE B  DKCIUIyaTalUWH, BO3MOXKHOCTL arperHpobalids ¢ JpPYTHM
obopynosattiem ¥ ap. OCHOBHBIM HCHOCTATKOM 3THX KOHBCICPOB sABNACTCA
CPABHUTENHHO HH3Kad TNpPOM3BOAMTENBPHOCTE M, Kak CIEACTBME, BhLICOKafA
3HEPTOEMKOCTE TPaHCIOPTHPOBaHUA. Oco0EHHO SIPKO 3TOT HEXOCTATOK NPOSBIACTCA
NpH TPAHCNOPTHPOBAHKMH BIAXKHBIX, IITACTHYHBIX H ITBUIEBHIHBIX MATEPHAIOB.

Ilossimenne addeKTHBHOCTH pabOTHI IMIHEKOBHIX KOHBEHCPOB BO3MOKHO, KakK
NoKa3bIBaeT  aHanu3, nyteM (opMHpOBaHHWA  YCJIOBUH, CHOCOOCTBYHOUIMX
YMCHBILICHUIO CONMPOTMBNEHWs. B 30HE 3arPy3Kd H  YBEIMYCHHIO CKOPOCTH
nepeMellleH s MaTeprana.

C1pyKkTypHO-pyHKIIMOHANBHAss  cxema  paboTel, IpuBedeHHas  HUXKe,
NOKAa3bIBaeT IOCHEAOBATC/LHOCTL, HANPABACHHOCTh W COJAEPXKAaHHE OCHOBHBIX
3TANoOB UCCAEAOBAHUS B JIaHHOH Auccepranuu. Jnsg pemrenus colUaNbHON 3ajauu —
YIAOBIETBOPCHHUA moTpeOHOCTeH HaceneHns PoccMH B BLICOKOKAQYECTBEHHBIX H
KOHKYPEHTOCNOCOOHBIX TOBapaxX Peald30BaH METOXA HCCICHOBAHMA «OT obLuero K
4acTHOMY» M BO3BPAaT OT «4acTHOro K 00lieMy», HO Ha Oolee BHICOKOM YPOBHE, C
pa3paboTKoit HayyHO-TEOPETHUECKHX OCHOB COBEPLICHCTBOBAHHA COOTBETCTBYIOLIEH

TEXHHKH H TGXHOJ'IOI;HI/I.
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CrpykrypHOo-gynKIHOHANBHAS cXeMa paboTal
' | —

Hcceaosanus HalpasneHbl Ha pelciHe OCHOBHOLM 334211 MPOMBIIICHHOCTH —~
YAOBJNETBOpEHHE 110TpebHocTeit Hacenenus Poccuit B BLICOKOKaYeCTBCHHBIX TOBApPaX M yclyrax

v
3amaqa penIaeTCs NPH YCIOBUH BITYCKA 3aNaHHOrO KOMUUCCTRA H3icanit [pH OTHOCUTEILHO
' Hu3koil cebecToMMOCTH
: ¥
Pcanu3anus ycnosuii Tpebyer npuMeHeHH COBPCMEHHBIX TEXHONOMi
1 COOTBETCTBYIOLIEro 000pY/I0BaHUS

Y ™
PexkonMeH/a- Boanpar or 4acrHoro K MeTtoa wHccienoBaHus, Kak Or
11U K BHEApE- obuemy, 10 Ha Gonec ctocob NPaKTHUCCKOTO 0Gtero K
HUIO BLICOKOM ypOBHE BBITNOJIHCHHS 3a/12%H YaCTHOMY
I Y v
AHaNU3 TEXIOJIOIMYECKHX NpolteccoB 00yBHOIO MPOU3BOICTEA U ONpPENecHIC HANpPaBelHit
> COBEPUICHCTROBAHUA ofopynosaHus
Onpegenetune .
SHAUYMMOCTH = Bribop Texnonoruit ans u3ydeHus M aHaIH3a
daxropos v
KauceTBa Ha Kak- |1 Anamuz TeXIONOTHI € LIeNLIO BRIABICHUA «Y3IKHX» MECT B
Joft onepanii na MEXAHH3aIIHH TEXHONOIHYECKHX NPOLICCCOB
KayecTBo - Y
KOLIEYHOTO BriGop oncpanuii H 00opyIOBaHHA IS UX COREPILICIICTBORAHMS
NpoayKTa y
> CogepliiieHCTBOBaHAE oliepanuit 1 obopynosaHus
¥
: I .
Pa3zpaboTka HOBOTO H COREPIICH- PazpaGoTka 110BBIX M yIYMLICHHE ACHCTRYIONHX
CTBOBAHHE MMCHLIETOCH oﬁopynoaamm TEXHOJTOIMYCCKHX NPONECCon
Y J
¥ v
i
Teopus u npaxTaka
1 O6opy/ioBaHRC IS pacKpOs MaTePHANIOB

1 M3Mennuurenu oTxonos 06}'131101‘0 NpoM3BOOCTRA

YcTanosku AN yBAAXKHEHUs 3aroTOBOK Bepxa o0yBU

| OGopynoBaHKe % DUTHPOBATI U

Obopyaosanye ANd NPHKIEUBAHNA HU32 00YBH

OGopynonanue Ans TPAHCIIOPTHPOBAHMA MaTePHANos
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~  TEOpeTHYECKHEe M 3KCIepPHMEHTANEBHEIC HCCJIe/IOBaHHA IPOLECCOB pPackpos
nerajieii oOyBH W H3MeNbUeHHMSl OTXOJO0B, YBMa)KHEHHUS 3aroTOBOK Bepxa
0o0yBH, TPAHCITOPTUPOBAHHSA H3MEIBUYCHHEIX OTXOL0B H APYTrHX MaTCpHUAJIOB;

- pa3paboTrka, pekoMcHOAlUMH Mo COBEPUICHCTBOBAHHIO TEXHONOTHHYCCKOro
0o0opy/10BaHUs, TEOPCTHYECKOE H 3KCIIepHMEHTalbHOE olipeienelue
ONTHMAJIBHEIX PEKUMOB €ro paboTer,

- paspaboTka MaTeMaTH4YeCKHX Mofefiell HCCIeNOBAHHBIX TEXHOMOTHYECKHX
npoLeccoB ;

-  BBHINIOJIHEHHE  MPOEKTHBIX, KOHCTPYKTOPCKHX M  TEeXHOJIOTHYECKHUX
npopaloTOK MO pe3yJbTaTaM TEOPeTHHYECKHX M 3KCMEePUMEHTUILHbIX
HCCNIeOBaHuUi;

-  BbINIOJIHEGHHE nabopaToOpHBIX M ONBITHO-NPOMBILIUIEHHBIX  MPOBEPOK

I
pe3yanTaToB pa3paboTOK M BHeApelHe HX B NPOH3BOICTBO.

B muccepraiuM MCHONb30OBAaH DKCHEPUMEHTANIBHO-TEOPETHYECKHHA MOAXOM,
NO3BOJISIIOIIXNA TNONYYHTE PE3YNbTATh!, aA¢KBaTHbIC AICTBUTENBHOCTH, MPH OTOM
peanu3oBaHLl METONb! aHanH3a M CHHTE3a  TEeXHHYECKHX peuleHud, METOAbL
CTAaTUCTHYECKOrO aHallKM3a, MUIAHWPOBAHUA 3KCIIEPUMEHTa, MeTOHbl (PU3UYECKOro U
MaTeMaTHYeCKOro MOJENUpOBaHMA, NMOHCKOBOro Kouctpynposauus. [Iposonunuch
CTEHIOBbIE  HMCITBITAHUs OJKCHEPHMeHTANBHBIX 00paslioB, a TakXxe HX OMNbITHO-
NPOMEILNEHHAH [IPOBEPKA 110 CTAHAAPTHAIM METOIHKAM.

Hayynas HoBhzHa paboThl, KOTOPYIO aBTOpP BLIHOCHT Ha 3aIUTY COCTOWUT B
CleyIoneM:

- paspaloTaHel 1 Hay4HO oDOCHOBaHBl  HanpaBleHHA  JalbHElllero
COBEpPHIEHCTBOBAHMS TEXHOJIOIMYCCKUX NpoueccoB M obopynoBanus
00yBHOTrO NPOM3BOACTBA C LEIBI0 VIYUIICHHS HX TEXHHKO-IKOHOMHUYECKHX
nokasaTened, YMEHBIIEHHS 3arps3lieHus OKpyskamollell cpefpl OTXOoAaMu
MPOH3BOACTBA M ynyumieHHs ycnoBHH paloTel  ofcnyskHBalonlero

nepcoHana;
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paspa0oTaHbl OCHOBbI Teopud paloThl BEPTHUKAILHOIO IIHEKOBOTO
KOHBeliepa € BpalalOMIMCS KOXYXOM, H3 KOTOpPOH cieayeT, YTo IpH
BpallleHHH KOKYXa HABCTPEUY BPALEHHIO ITTHCKA C TOMH e JacTOTOMH:

* cospatorca Oonee OnaronpHsTHble YCIOBHA paloThl KoHselepa 3a
CYET €ro ypaBHOBEUINBAHUA;

" [ar HaBHMBKHM CIMpaJiM IUHEKa MoxeT ObITL yBenuueH jno 1,5 ero
AWAMCTPOB IO HapY)XHOMY pasMepy, HTO YMeHbIIaeT IyTh
TPAHCHIOPTUPOBAHMSA M BEC IIHCKA, COKpPAIAeT pacXoibl Ha €ro
H3rOTOBJICHUE;

" pOH3IBOXHTENBHOCTb KOHBeliepa ysenuduBaercs B 1,2-1,9 pasa no
CPAaBHCHHUIO ¢ BapHaHTOM, KOTAa KOXYX HEMOJBUXKEH, a yIelbHas
9HEProeMKOCTL TpPAHCIOPTHPOBAHUS B TAKOM JKe COOTHOUIEHUH
YMEHBIIACTCS;

" [0 Mepe H3HAIIWBAaHUs CIHpalu y KoHBelepa coxpaHsiioTcs Oonee
BbICC:I{He TPaHCHOPTUPYIOLHE KaYueCTBa;

* HaJHMYMe Ha IMHeKe 2-X 3axXOJHOro HaKOHEeYHHKa ¢ OJHOH
YKOpodcHHOH crHpanelo  o0ecnedyuBaeT yYBENMUEHHC o00LEMa
repeMmelIcHHoro Marepuana s 1,1-1,2 paza;

pazpaboTana TeXHONOTHS MOBBILIEHHS CTOHKOCTH PeXXYIHX WHCTPYMEHTOB
o0yBHOTO INpOMU3BOJACIBA, H3TOTOBICHHBIX N3 YIJICPOMHCTEIX CTalcH,
KoTOpas MOXeT OBITh WCMNOJB30BaHZ KaK Ha MPeAnpHATHSX 110
H3rOTOBIEHUI0 HHCTPYMEHTOB, TRK M HCIIOCPEACTREHHO Ha NPCANPHSTHIX

cEpBHCa,

I
pazpaGoTaHa  TEXHOJOTHS  BAKYYMHO-COpOLMOHHOTO  YBIAXKHEHHS,

obecnieunBaroiasg TpeOyeMbli IPUBEC BIIATU B 3aroTOBKaxX Bepxa 00yBH, YTO

HeoOXOAUMO JJIst UX KaYeCTBEHHOro d)OpMOBaIIHﬂ;
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- mnojly4eHH B ananuTHveckoll ¢opMe MaTeMaTHuMecKHe MOJend  Anis
I
ONMMACAHHA HCCIENOBAHHBIX TEXHOJIOTMUECKUX TMpolieccoB M Buibopa
ONTHMAaNEHBIX NapaMeTpoB obopyAOBaHHUs At HX OCYINECTBICHHUS.

JlocToBepHOCTL HAYUYHBIX MONOKEHHH, BEIBOAOB H pexoMelaaluii, npeacras-
NeHHBIX B JAMCCepTallMM,  NOATBEpKHaercA  OnoDpeHHBIMH HAyUHOH
OOLISCTBEHHOCTEIO W NpaKTHKof pPe3yAbTATAMM  TEOPCTHHECKHX U
3KCMEPHMEHTANBHEIX — MCCNIeNOBAHMM, BBIMTONHEHHBIX MOJ PYKOBOJACTBOM M MpH
AKTHBHOM YYACTHH aBTOPa, @ TAKXKE XOIOM WX PeaiM3alliy U HCHONL30BAHHEM B
[POMBILITEHHOCTH. 3KCIIEPUMEHTANBHEIME METOJAMH TTIOATBEPXIEHB] TEXHIUUSCKHC
BO3MOMXHOCTH MO CO3AAHHIO H IOMICPKAHMIO CTAGHIBHBIX YCNOBHI paGoTHI
TEXHONOrnyeckoro 00OpYAOBAaHUS B TeUeHUC MIHTENLHOTO JKCIIYATALUOHHOTO
nepuona.

BONBIIHHCTEO NONYYEHHLIX pe3yIbTaTOB HCCIIEQOBAaHMH HMEIOT NPaKTHUECKYIO
HanpasiacHHocTh. OHU NO3BONSIOT pemHlaTh 3aJadM MOBBILCHHA 3(Q(eKTHBHOCTH
cOopyZoBaHUsl NpPeAnpUATUH CepBHca N0 H3rOTOBNEHHID M PeMOHTY o0yBH. Ha
OCHOBE aHann3a pe3yNhTATOB WCC/IeIOBAaHMI TEXHOMOTHYECKUX MPOLECCOB HAa
yposie uzobperenuil coznan paa o0pazloB obopynopanus, Oojlee COBCPIIEHHOIO B
TEXHUKO-JKOHOMHYECKOM OTHOWUCHHH, AN NPCANPHUSITHH CccepBUCa M JIErKoi
MPOMBILLICHHOCTH.

PezynpraTh!l AnccepTan®oHHOH paboTEl MOTYT OBITH HCIONB30BAHEI TTPOEKTHO-
KOHCTPYKTOPCKHMH H HAYYHO-HCCIEN0BATCIBCKHMH OPraHH3alHAMH IpH:

- pa3paboTKe H COBEpIICHCTBOBAHMM TEXHOMOTMYECKOro oOOpYAOBaHUs, a
TAKXKC CYIIECTBYIOIIHX TEXHOJIOTHYECKHX MPOLECCOB pAacKpos jeTaneii
o0yBH W W3MENLUEHUS OTXONOB O0YBHOrO IMPOU3BOACTBA, YBIAKHCHHSI
3aroTOBOK Bepxa OOYBH, TPaHCIOPTHMPOBAaHUA M3MeJIbYEHHBIX OTXOJIOB H

IpyTHX MaTepHaNoB;
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- paspaboTke  HayyHo-o0OCHOBAHHBEIX  HCXOJHEIX  TpeboBanuiti  Ha
NIPOSKTHPOBAaHHE HOBOre O0OPYAOBaHHA € HEOOXOAHMEIMH TCXHHYECKHMH
XapaKTepHCTHKaMH, HO3BOJAIOIIMMYU [OBBICUTE KavyecTBo U ad(peKTuBHOCTD
TEXHOJIOTHIECKHX MPOLIECCOB;

- pa3paboTKe McponmpuaTHif 10 CHMKEHHMIO BpPEOHOTO  BO3AeHCTBHA
TCXHOJIOTHYECKHX MPOLECCOB Ha OKPYKAIOIIYIO CpeRy KakK Ha CTaJuH HX
NPOeKTHPOBaHUA, TaK H B IIPOLIECCE NPOH3BOACTBA.

ITpakTHYecKyio e HHOCTEL ¥ 3HAYHMOCTh paboTh! MOATBEPKAAET TOT (AKT, HTO
BCE pa3paboTKH MNo paccMarpuBaeMoil npoOneMe BHIMOAHANMCE B paMKax
KOOPJMHAIMOHHBIX IJIAHOB M HayuHO-TeXHH4YeCKHxX mporpamm Munbsita PCOCP
(PocOrpITCOI03a), perHOHANBHEIX LENEBBIX  mporpamM, InaHos HHP HOPI'Y2C
(ITUBO, AT'AC), X03sHCTBEHHBIX JOTOBOPOB C NpeANpHATHAMH. PesynsraThl

I

UCCIICAOBAHHM  HCNONL30BAaNMCh  HAyYHO-HCCICAOBATEJIBCKMMH M MNPOEKTHO-
KOHCTPYKTOPCKMMH MHCTHTYTaMH M opranuzauusamu  (HHWUUGLIT, LTHHWUKII,
OKTb), By3aMu JCrKoit NMpPOMBHINEHHOCTH H BY3aMH I'pynnbl cepsrca. OHH HalIH
oTpaxkenne B yuebHuke «O0OpynOBaHHE INsT PEMOHTA U ITOWIHBA O0YBU», B psife
BY30BCKUX yueOHEIX mnocobuii. BHejnpenne pe3ynsTaToOB  HCCleAoBaluil
NOATBEPKAAETCA aKTaMid BHEApeHNS C CYMMAapHBIM 9KOHOMHHECKHM 3({eKToM
1015 reic. pybaeii B ron.

OcHoBHBIC NONOKEHUA H Pe3yNbTarbl paGoOTEl NOKAAABIBANHCL H MONYYHIIH
MONOXHUTEJIBHYIO OIIIBHK)’ HA Hay4qHO-TexHH4yecknx comerax MunOmra PCOCP
(PocOwrTcO103a), Ha  BcecorosHbIX  HAyYHO-TEXHHYECKUX KoH(pepeHIHAX
«[IporpeccuBHas  TeXHHKAa W TCXHONOMHMA,  CHCTEMBl  YHpaBleHHS M
aBTOMaTH3HPOBAHHOTO NPOCKTUPOBAHNA B TEKCTUIIbHOI H nerxkoit
NPOMBILLICHHOCTH (1985-1989 r.r.), Ha HayuHbeIX kKoHpepennusx KTHIIIa

(1986 r.), MTH (TACBY) (1990 r.), oOnacTHbIX HayHHO-TCXHHHMCCKHX

KOH(pepeHUUAX, Ha  HayuyHo-TexHHueckHX koHpepeHuusx HITUBO-ATAC
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BEJIMYMHE] YITIA HAK/IOHA M HaMpaBleHHA BEKTOpa CKOPOCTH OTHOCHTCIBHOTO
ABHKEHHA PEXYIIEro HHCTpYMEHTA H MaTepHana.
Ecnn vepes 1quky 4 (pucyHok 1.3), nexaniyro Ha BepHIMNE pexyllei KpOMKH,
NPOBECTH NPAMYIO A4 napasieiblio RanpaBleHHIO CKOPOCTH pe3aHus, oHa Oyner
ABJATHCS TPACKTOPHCH OTHOCHTENBHOTO BIKEHWsS HHCTPYMEHTA M Marcpuana,

I'Ipamaﬂ AA2 ABIIACTCA CIEOOM IAOCKOCTH ONpeaciieHusa TeoMEeTpHHUCCKOro yIria

3a0CTpCHUA /48/.

Pucynox 1.3 — Cxema onpenenenus yria 3a0CTpeHHs & ,

H yrla a'p B KOCOYIOJIbBHOM PE3aHHHA.

a — F'OPHU30OHTANBEHOC ABIMKCHHC | 0-— BCPTHKAJIBHOC ABHIKCHHC

WHCTPYMEHTA. HHCTPYMCHTA.
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an QIHOBPCMCHHOM JBHKCHHH HOKa B BCPTHKaNILHOM HanpabBJICHHH

€O CKOpOCTRIO Uy M B FOPH3OHTANLHOM CO CKOpOCThIO Up Touka A 3a To xe BpeMs !

npoiper nyts AA41 , a ee ckopocTh Oy/eT paBHa

Do =g U, (1.9)

Kak BupHe wu3 cxemsl Ha pucynke 1.4, panpasieHue BekTOpa

pe3ynsTHpyloliei ckopocTd Uy 3aBUCHT OT COOTHOUIEHUs cKopocTeil U n Uy, a

OHO ONpefeNsieT NonoKel e MIOCKOCTH, B KOTOPOH MPOH3BOAHTCH H3MepeHHe YIia
pesaHus.
JnuHa myTi Sy npu 5TOM OyaeT paBHa:

!
M3 npamMoyronsHoro TpeyronbHuka A4 1B naiinem:

o

«
AA, =AIB/Ig-2—p=u '

Tak kak B oboux Criy4dasax MpoaoKHTCJBHOCTE BPEMEHH OJIHIIaKoBa, TO:

S, S5 A B __ 4B,
-—-—U ='_D HHHI (Zp " 4 v
r —_— .

B tpeyronvhukax AA|B n AA>B| ctoponsl 418 u A3B| paBHbl, 103TOMY:

a

o
| t ..._‘n....u :r ........‘?_.ou
g 2 o g 5 I's
a a v
P 3 Vr
g ——=1g ———— 1.10
OTKya g > g 2 o, (1.10)

Tak kaxk Up <Ug 10 UF/UO <l n [109TOMY, CCJIHM HOX HMCCT H

FCPH3OHTANLHOE, H BEPTHRKAIIBHOC IEPEMCIHICHHE, KaK HAIIPHMED, ITPH NMHIEHHH, YTOJl
pe3atnAa BCerja MEeHLIE YIJia 3a0CTpCHNA,

Taxum 06p2130M, B 0OlIeM BUAC H3MCHCHHA yrna pe3anisd npH CJICKHOM

ABHXKCHHU OnOpenensioIca COOTHOIUICHHEM CKOpOCTBﬁ, YIJIOM 33a0CTpCHHSA, YTITIOM

f
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PucyHok 1.5 —3asucumocts yria pesanns & p, ot koadpuuuenta K.

Yron pezauns &, , rpaj,

[Ipouecc pesanus Marepuana npu (pe3cpoBaHUH MOKHO MNpPEACTaBHTh
cneaylolM odpa3oM (pucyHox 1.6). Jlessue dpessl, Bpaiascs Bokpyr ToukH O co
CKOpOCTBIO (), Cpe3aeT ¢ ABMKYLIErocsd Ha HEro MaTcpHala CTPYKKY BO3pacTalollcH

TonIKHE. Jleasue Bxoaut B Matepraan y Toukd C H, cpe3aB CTPYKKY, BLIXOAHT H3

Hero B Touke C; , aurasch no xpusoit CC; /110/.

Pucynok 1.6 — Cxema ¢pescpoBalug MaTepuana
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. o2 2
Tpenebperas manoit enuuunoit §~ / D7, NONnyynM

- Sin |1 600 \/7

rae U,,— CKOpoCTh NOJa4ul MaTepHana.

Kak cnenyer m3 a1oit ¢opmynbl, yMEHBIIMTE TONIIMHY CTPYKKHM MOXKHO,
yMmensllias U, win ysenuuusasin,z, D .

B npoueccel ¢pe3cpoBaHus 3y0 ¢pe3pl npeodoneBacT CONPOTHBICHHC

marepHuana Ry, clisl AaBleHHsS MaTepuana na rpaHu 3yda N u N, CHIBI TPCHUS

marepHala o rpaHd 3yba F u F; . Hnsa npeoponenuss dTHX CONPOTHUBIEHHIA

HeoDXOAHMO B HANPAaBJICHHH JABIKEeHHA 3y0a (pe3bl NpHIOKHUTE cuny P, paBHYIO

NPOCKUNAM BCEX CHIT 1A HANPaBICHHE CKOPOCTH NNOAAYH MaTepHana:

P=P,+N- f+N{f,-Cosf+Sinp),
rae Po - CHJI& PE3aHuA OCTPLIM NE3BUEM,
f 5 f| - k03(hHULMEHTHI TPelis MaTepHala o rpaHH 3y0a;
I

[ - yron pezanus.

Hinudosanue npepcrasnser coboll npollecc pe3aHHs, OCYIIECTBISCMBIA C
MOMOLBIO HacTHL TBEPABIX abpa3uBHEIX MaTepuanoB (KopyHaa, kapGopyuna u ap.),
OCTpHIE I'PaHH KOTOPBIX JIeHCTBYIOT Kak pexyuiue nessus. Ilnudosanue obnanaer
pagoM ocobennocreit /82/;

BBICOKAsi CKOPOCTh pe3aHus, nocturatomas 20 — 50 m/c;

11 GOBaNBHEIH HHCTPYMEHT (KpYT, FONOBKa, OpPyCcOK) COCTOMT U3 OTAENBHBIX
3epeH, KOTOPBIE B npouecce paboThl CHUMAKOT CTPYIKKY NMepeMEHIIOro ceyeHHs;

abpa3uBHBIC 3épl-za B MHCTPYMEHTE NpPOU3BOJLHO OPHEHTUPOBaHbl U NO3TOMY
yroJ pesaHus MMeeT NepeMelble 3HaYeHN

B npouecce obpaboTKH u3Aenus H3MCHATHL TEOMEeTPHIO NLTH(OBANBHOTO
MHCTpYMEHTa HEBO3MOXKHO, M[O3TOMY YHpPaBMATL NpoOleccoM  HUTU(GOBaHKA

JHAYUTENLHO TPYAHCE IO CPABHCHHIO € APYTHMHT BHIAMHU PC3aHHA MAaTCPHANTOB,
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KOKEBEHHOH CTPY:XKH ¢ TNonuusonuoHaroM. CMech HMX NOCIC TOMOreHH3alMH
OTBEPK/IAI0T NOJ JaBleHHEM MpHU TeMiepaType 110 °c.

Bo ®pannuu exerogHo nepepabatsiBaroT okono 70 Telc. TOHH KOXEBEHHOTO
CBIpbS, U3 HUX 90 % - 13 Koxku xpomoBoro ayoneuus /89/. Mcnonks3oBalue oTxX010B
KO’KEBEHHOTO IMPOU3BOJCTBA BEAYT B CIEAYIOUIMX HAMpPaBleHUsX:

TIOJy4YeHHEe HCKYCCTBEHHBIX MaTepHAIOB Ha 0a3e KOKeBEHHBIX BOJIOKOH;

IIPOH3BOACTBO KOPMOB U YIOOPeHHI AN CENbCKOTO X03SIHCTBA;

MPOU3BOJACTBO JKEJIATHHA, KOCMETHYSCKHX M MEeOHUHHCKHX IpenaparoB;

nonyuetive TeNNOBO JHCPIrHH.

B Lleutpe xoxu /r.JInoH, ®paHuus/ paspaboraH MeETOA NONYHEHHA
BONOKHHCTOrO Marcpuana mox Hassanuem DERMOMAT, B cocras Koroporo
BXOIHUT KOKCBEHHOC BOJIOKHO. JTOT MaTcpHal MOJIy4aloT CyXUM crnocoOom.
KoxkeBeHHOE BOMOKHO CMELINBAIOT ¢ CHHTCTHYCCKUMH B cooTHoucHuu 2:1. Buibop
CUHTETHYECKOTO BOJIOKHA 33aBHCHT OT Ha3HaueHHMs Mmatepuana, Cmech BOJNOKOH
BBOAAT B Kapjaodyccanbiyio MaumiuHy. CdOpMHPOBAHHBIH MAILIMHON  XOJICTHK
comepxuT oxono 60% KoxeBeHHBIX BOJIOKOH. HecKonbko Takux ciioeB npomnyckaior
uepes npoluuBiyo Mamuuy. Jajlee clielyeT OTAENIKA OBEPXHOCTH JUIS NOBbILIEHUS
YCTOHYNBOCTH MaTc[;na.na K UCTHPaHHIO U NpeOTBpaLleH sl OTAeNeNs BOJIOKOH.

Matepnan npon3BogHTCA B NPOMBIIIEHHOM Macilitabe, oH ncronb3yercs Oes
MOKPHITHA B KauecTBe IIOAKIAJOUYHOIO MaTepHana, a ¢ NOKPLITHEM - AN BEpXa
cnopTUBHOH 00yBY, €ro NpHMEHAIOT TAKXKE JUIt OOHBKH CTEH H CHAESHHH.

B ®PI' npumeHsaioT depMeHTATHBHOE pasioKeHHe CHIPLeBOi H TroNLeBOi
Me3IpLl, KoTopas colepkHT B cpenneM 11 % xupa, 6% Oenka, 2% MuHepanbHBIX
pemiects 1 81% Boam.  PaspaboraHa MOMHOCTBEIO — aBTOMaTH3HpPOBAHHAA
MPOMBINUICHHAA YCTAHOBKA JUIA NNepepa00TKH OTXOA0B NPOH3BOAWTENBbHOCTHIO 10 30
TOHH B AeHb /89/.

Beakonrniid runfjonmar HC COJICPKHT KUpPa, OH JICTKO pa3naraercs B a’poOHBIX
YCHIOBHUSIX M MENEHHO - B aHAdpOOHBIX, CrO MOYKHO HCIOJIL30BATE B CEIbCKOM
X03fficTBe B KauecTBe yA0OpeHus.

B BCHHKO6PHT3HHH KOEBCHHLIC OTXO0JILI MNPHMEHAIOT AN H3TOTOBIECHHA
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JOBOJLHO HpOCTOﬁ MeTon onpeaeaeHua yria 7

M.B. Mypamos u AM. I'puropsee B pabote /116/ npu paccMoTpeHHH
NPOU3BOAUTENLHOCTH BEPTUKANLHOIO [IHEKA BBENH TaK Ha3biBaeMblil koaddunmenr
IIpOU3BOAMTENILHOCTH,  MaTeMaTHYecKH NpeACTaBiAIIMi  Npou3BeAeHUE
KodthpuirenTOB CKONMLXKEHUSA M HamonHeHus. MHTepec mnpenctaBnser  Takke
3aMeyaHne aBTopoB paboThl O TOM, YTO NPOH3BOAWTCILHOCTL IUHEKAa B BecbMa
CUNILHOM CTENCHH 3aBHCHT OT ero 3arpy3kd. UeM Oonbllle HacToTa BpauieH s 1IHeKa,
TEM TpYZHEe €ro 3arpy3ka, XOoTd TPaHCTIOpTUpYoUias cIocoOHOCTE UIHEKa PacTeT co
CKOPOCTBIO BpatueHHd. [IpH HeynauHoil KOHCTPYKUMH 3arpy304HOro YCTpOiicTBa
OBICTPO BpallaIOIMIHCA UIHEK MOXET BHIOPAchIBaTh, a He 3aXBaThIBAThH 3arpyKacMblil
B HCT'O MAaTcpHAN U BPAlATHCS IYCTRIM.

AM. I'puropres B  Monorpaduu  /60/ o6Gobmmn  MHOrosjeTHHe
vccnefoBanus B obnacTi  palOTRI  TPaHCIIOPTHBIX mHekoB. B Bompoce
NPOM3BOAMTENILHOCTH BCPTHKANBHBIX WLIHEKOB 00pallaeT BHHMaHHe M3JIOXKeHUe
HECKOJILKMX MCTOZOB pacyeTa: ¢ yUeTOM OCEBOH CKOPOCTH MaTepuana, ¢ YuCTOM €ro
OTHOCUTENLHOH YITIOBOH CKOPOCTH M, HAKOHeEIl, C YUeTOM KPUTHYECKUX paguycoB U
NacCUBHBIX o0nacTtei.

TeopetHueckds 4acTh paGoTh! ONHMCEIBAET JBIDKEHHE H30JMPOBAHHOI
MaTepHanbHO# TOYKH, CIJIOIIHOTO [MOTOKA TPAHCIOPTHPYEMOro  MaTepHalna,

BOIIPOCHI TTPONU3BOAUTCNIBHOCTH ¥ QHEPIreTHKH BHHTOBBIX KOHBeﬁepOB.

1.3.2 TpaucnopTupoBaHue MaTepHAJIOB BEPTHKAJIBHBIM

HIHEKOBLIM KOHRBEHepom

Bo MHOrux paﬁorax, B TOM HHCIE H B NEPECHHCICHHBIX BLINIE,
paccMOTpeH nmpounecce nepcMcCuIeHms BJ'IEMCHTapHOﬁ YacTHLIEI MaTCpHana. TToneiTkH
TCOPCTHUECKCIO pacc{:MO'rpeum[ npoiecca nepeMelIenys UrHEKoM obneMa MaTepraa
HC TIIpHUBCTIH K [MIOIYYCHHIO pPacYeTHLIX (i)OpMYJ'I, KOTOpPBIE MOI'MHU Obl  OBITH
HCHOJIB30BaHel IIPH  [IPOCKTHPOBAHHH IIHECKOBBIX KOHBeﬁQPOB Cc T'p86yeMbIMPI
XApaKTCPHCTHKaMH, TaK KaK pacCMOTPCHHC NpoHccca TpaHCIIOPTHPOBaHHA obbeMa

nm*peﬁorsano IIPUHATHA pAJla JIOH)’].L[EHHI?I, ITPaBOMCPHOCTE KOTOPLIX COMHUTEIBHZ,
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MoxHO cuMTaThR YCTAHOBJICHHBIM, YTO HA  YacTHIy  MaTepHala,
MepeMelacMyI0  BEPTHKANLHBIM IIHEKOBEIM KOHBeiHepouM, nefcTBYIOT
cnepyromue cunsl (pucynok 1.7 ) /50/:

I

cuna sBeca vactuusl G

HOopMaNnbHas peakuyusa Cco  CTOPOlibl  CTCHKH  KOMXKYXa M{, paBHas 110

abcomoTHo# BennYMHe areGpanyeckoi cymMme CHI MHCPLUMH NEpCHOCHOIO H

OTHOCHTEBLHOIO JIBHXKEHHUS U CUITbl HHepluK Kopronnca;
cuna TpeHMA YACTHUBI O CTEHKY KOXKyxa F,, paBHag NpOM3BEACHHIO

HOpMaﬂbHDﬁ PEAKLIH CO CTOPOHEI CTEHKH KOXYyXa N» a KOB(i)(bHLlHCHT TPCHHA

MaTepHalla O CTEHKY KOXyXa
Fx=Nfc'fk; (1.23)

HOpMaNbHAA pCakKlivAg ¢O CTOPOHBI BUHTOBO NOBCPXHOCTH HIHCKA Nm »

cHia TPCHHA YacTHILE] L8] BHHTOBYI0O NOBCPXHOCTL IHCKA F‘:u s

paBHad MNPOUIRCACHHID HOpMaJ]bHOﬁ PCaKkllHN TIOBEPRPXHOCTH INHEKA Nm HA

ko3 pUIHEHT TpeHNs MaTepyana o IHeK

Fm:'Nm .fr,u. (124)

[

Pucynox 1.7 — Cxema cun, geficTByHOUIMX HA YaCTHILY MaTepHana
1 .
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Ecin mmex He bpamaerca (@, =0), uacruma marepmana Takwe

nenogemxaa @ = 0 | Venosue PABHOBECHA 1acTHLEI HA BHHTOBOM MOBEPXHOCTH

IIMHEKa HMEET BHA.

G ..
—R-@=N,(f, cosa-sina), (1.25)
g
E.R.ﬁ.;:ga:-—G+Nm(fm-cosa’+fm'ana’) (1.26)
g *

ra¢ g— YCKOpEHHE CHIBI TAXKECTH, G/g = m - Macca4acTHllbl;

¢, ¢ - YIJIOBast CKOPOCTh M YIJIOBOE YCKOpEeHMe UYacTHLEI MarepHaa
OTHOCHTENLHO LIHEKA,
OuepnaHo, 4TO HaCTHLA MaTepUaia HAXOOUTCA B YCTOMYHMBOM COCTOSHMH Ha
CIIUpany IIHeKa, eclnu (0 =0unuecnu (f, ‘cosa —sina) >0 re. fm >iga,
JuddepennunaneHpie  ypaBHCHHS, ONNMCHIBAIOUIME OBIMKCHHE  YACTHILB
MaTepuana Ho CHMPATH IHEKa, MMEIOT BHL:
I

m+R-p=-N_(sina+f, -cosa)+

(w~ @)
+N,f,- , (1.27)
J@-¢)? +9* 127

m-R-p-tga=-G+ N, (cosa— f, sina)—

_ . Q-lga , (1.28)
I =
(0-9) +9" 18"
m-R-(¢g—w)* =N, (1.29)

BpeMH, B TCYEHME KOTOPOro JMABMKEHME HYACTHIULI MaTepHala BBepX

1
CTAHOBHTCA pABHOMEDHBIM:

!
[dp = [p-ar,
lo

otkyra @ = @t — -1,

Tak kak Io=0, Q=@ -t
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- ¢

@’ - f, -cosa-(cosa—f, -Sfﬂ(l’)-% -cosa - (sina + f, -cosa)

(1.30)

Kak suano n3 dopmynot (1.30), BpeMmsi, B TeUCHHE KOTOPOro IBIKEHHE
YacTHIL! MaTepHajla CTAHOBUTCA YCTAHOBHBIUMMCA, TeM MeHBIe, teMm Qonsile
YIJioBas CKOPOCTE IIHEKa H Kod((HIMEHT TpelHHi MaTepHalla O CTeHKY Kokyxa. C
yBenu4eHHeM KodhdHIHeHTa TPCHUA MaTepHana 0 BUHTOBYIO NOBCPXHOCTD IHCKA U
yria MoXbeMa BHHTOBROI JIHHUH BpeMs, B TCUCHHE KOTOPOTo JABM:KEHHE YaCTHLBI
MaTepuana 1no mHEKy cTabunu3HpyeTcs, BO3paCcTaET.

PacueTsl noka3piBarOT, YTO JBMXEHME HacTHIIBI MaTepuana o IIHEKY
CTAaHOBUTCA YCTRHOBUBIUHMCSA 3a BeChbMa MaLIH NPOMEKyTok BpemeHH (MeHee |
CeKYHNbl), MO3TOMY Ha HpakTHKE MOXKHO CHHTATh 3TOT Mpoliecc B  LEJIOM
YCTAHOBHBUIMMCS.

TTepeMellienne yacTHHBI MaTepHana BBepX IO CHHMPanM UIHEKA TPOUCXOJUT
yCnewio, ecly yrioBast CKOpOCTh MM 4YacToTa Bpainienus wHeka Oonsiue

KPUTHYECKOH:

g (sina + f,, - coscr)
R- f,.(cosa - f,, - sinc)’ (1.31)

@, =

S 30 | g-(sina+f, :cosa)
R f.(cosa— f,, - sina)

w (1.32)

Tax kax [MpH pQGOTe IIHCKOBOTO I{OHBeﬁepa Ha cnupaid HIHeKa HaXOAHUTCA HE
oTAencHasd Yyactuala MarcpHana, a Kakoii-To o0neM MarepHana, B NpHBEACHHBIX
BBILIC q)opmy.nax H3MEHHUTCA PpacCTOAHUHE R or ocu BpalleHd [HHEKa 1O

LEHTPa MAacchl TPAHCIOPTHPYIOIIETO MATEpHana, 4TO Mpearaercs Y4HTLIBATh
koaddmuuentom Ky /507,

YuuteiBas, 4TOo B mpolecce pabdoOThl IMHEKOBOIO KOHBeHepa 3amoigHEHWC
MCIKBUTKOBOTO TpOCTpaHcTBa coctasnseT nopanka 0,2 — 0,4 noncsHoro obnema, a

caM MAaTepHai pacroJiaraercs nolepexk CliHpaniH 110 c])opme OJNM3KOH K napa60ne,

3Ha4cHUA ko3 duimenTa K| cneayer npunumars B npenenax 0,8 —0,9.
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Ilpu TpancnopTHpoBaHUH 0ObeMa MaTepHalla CHIIBI TPEHHUS O CTEHKY KOXKYXa
MMEIOT MAKCHMANLHBIC 3HAYCHHUA HA KOHTaKTe YacTHIl ¢ Koxkyxom. ITomaras, 4rto
3aKOH CHWXKEHMsI 3TOH CHABI TpeHWst MoxeT OBITh ONH3KHM K npsaMoil TMHUM,
Y4CCTb 3TO sIBJIeHHE BO3MOKHO mocpexcteoM koddduumenra K, , uucnennoe
3HAYCHHC KOTOPOTO JIs MPAKTHYECKUX pacueToB MOXKIO NPpUHATE pasHbiM 0,9 /507,
C yuerom xoadppuumentos K; wu K, dJopmyna ana onpeaenchus

MHHHMAaNBHON HaCTOTHI BpallCHYs 1MHEKa, NpH KOTOpOﬁ NMPpOHUCXOOUT NepCMCIICHHE

MaTepHuala BRCPX, UMEET BHA!

30 g (sina+ f,, -cosq)
Mpin 27~ , (1.33)
TR f K, -K,(cosa— [, -sina)

Mopmyia (1.33) cea3elBaer Mexny coOOH TpW OCHOBHEIX IapaMeTpa
IUHEKOBOro KOHBeiepa: 4acTOTy BpallicHHs, pajuyc (IMaMeTp) M yron nogbema
BUHTOBOMW JIMHUH.

Ha ocHOBanun anannsa 3toit (hopMynel MOXKHO CAeNaTh BBIBOL O TOM, YTO C
NeJALI0  YMEHBLIEHHS MMHHMAILHOH 4acTOTBI BpalleHMs LUHeKka Heobxoaumo
yBETHYHBATL KOO(D(UIUHMEHT TpeHHUS TpPaHCHOPTHPYEMOro Marepuana O CTeHKY
KOXKyXa # yMeHbILaTs KodGGHLUHEHT TpeHHd O CIUpalh [IHeKa, DTO 03Ha4aeT, YTO
BHYTPEHHAS] TOBEPXHOCTH KOXKyXa JOMKHa ObITL ulepoxoBaToi, a pabouyas
MOBEPXHOCTh CIHPANH, HampoTHB, oO4eHb 4HCTOH. [lpu TpancnoprupoBanuu
TpyAHONepeMellaeMblX (BIAXKHBIX, MIACTHYHBIX) IPY30B B HUX cneayeT A00aBiAThb
HeOONbIIOEC  KOJNHYECTBO  MACHAHBIX  OTXOAOB, YTO IO3BOJINT YMEHBIUHTDL
Kod(ppULHEHT TpeHHsa MaTepuana MO chHpanu. 3Hasi MHHHMAIBHYIO HacTOTYy

BpallCHHA IHIHCKA, MOKIHO OTNTPEACIIHTEL H HCOﬁXOﬂ.HMYIO OKPYAHYIO CKODOCTD:

Vorp =7 * Apgin - R 160 (1.34)

Pacuersl, BbIDONHEHHBIE MO 3TOi (opMmynie, NOKA3BIBAIOT, YTO LIHEKOBLIC
KOHBeHepbl H3BECTHLIX KOHCTPYKUUH paboTaroT MpH OKPYKHBIX CKOPOCTAX MOPSOKA
1 — 2 m/c. Ilpy GoNbIINX 3HAYCHHAX OKPYKHOH CKOpPOCTH UIHCKOBBIH KoOHBeliep
MOXeT nepeMelaTh MaTepuansl B KHAKOM COCTOSHHH MiM paboTaTh Kak BOAAHONI

Hacoc.
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OnunM U3 HeoOXOAHMBIX YCJIOBHH TPaHCMOPTHPOBAaHUS MAaTepHasla IHEKOM
ABNAETCH TO, MTOOB! LeHTpoOexKiible crlbl OBUTH CcIOCOOHE! MepeMecTHTEL MaTeprall K
nepudepyH CITHpalK, TAC OH KOHTAKTHPYeT C BHYTpeHHeil cTenxoii Koxyxa. Ecnm
LHEHTpOOEXXHBIC  CHAB!  He3HAauYuTelbHBl, IIHEKOBHIi  KOHBeiiep  palotaer

manoadgdektuBHo. JlaHioe yCnOBHE MOXKHO 3aMUcaTh B BUOE:

rzF, (1.35)
I
rne F:; - CHJa HHEepIIHH, ﬂeﬁcraymmaa Ha JacTUIlY MaTepruaia.
7°-n*-R-G 2
= =m-w R
900g

MuHHManbBHAS  4acToTa BpallicHHUA IIHEKA ITOo  YCIOBHIO CO3HnaHHA

HeoDxonuMoil HeHTpoOe:KHOM cHITEl paBHA

. .30 [g-1, -cosa)
Poin 2= = (1.36)

Kak suano n3 dopmynot (1.36), ¢ yBeauueHHeM yria MoALEMa CIIMPAIH M
xoohdrnvenTa TpeHUA MaTepHana o lilieK MHHHMANLHAS YacTOTa BpallleHHs ITHCKA
NOBRILIACTCSA, @ C YBeNHUeHHeM paaxyca (AHaMeTpa) IIHeKAa — YMeHbINAeTCs, YTo
COTNacyeTcs C IMPaKTHICCKUMH JAHHBIMH,

Ecnu  TpahncnmopTHpyeMuiil  maTepuan  yASTCA U3 30HBI  3arpy3ku
Heo(PeKTUBHO, TPOUCXONT er0 H30LITOUHOE HAKOTJICHHC, YTO MOJKET IPUBECTH K
ocTaHoBKe KoHBeliepa. [TooTtoMy HeoOXoxuMo nioaBaTh B 30HY 3arpy3KH KOHBelepa
CTONBKO MaTepHana, CKOJNBKO OH Crmoco0eH TNepeMecTUTh B EAUHUIY BpPEeMeHH.
[Ipou3BoaMTENBEHOCTL IIHEKOBOrO KOHBeHepa MoxeT ORITH ompelielieHa  H3

BuIpaxenus /64/

; 7 n,
QW=K3Z(Di—d2)-h'nm' 1-—=1, (1.37)

n

i

e K, - KOOh(pMUUEHT  3aUOJHEHUS  MarTCpHalloM  MEXBHUTKOBOI'O

MPOCTPaHCTRA LLIHEKa;

Dm ud- JUAMETPhI HIHEKA M €T0 CEPACYHNKS,
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h - juar HaBMBKH CIHpaH;

R.p - KpHTHYECKAs 4ACTOTa BpallleHHs [IHEKa, TpU KOTOPOil

HAaYHACTCA [ICpeEMEIEHNE MaTEpHana 1o HHEKY BBCPX;

nm - JelicTBUTeNBHAA 4acTOTa BpalllcCHUA [ITHEeKA,

Ecnu 1mHex wumeeT Y3KYHKY CIIHpanb, TO IMNpH OPOYHX PaBHLIX YCMOBHAX,

xoaduuuent sanomnenns K; cranosurcs Gonsiie 1 npH €ro Belanue, GAM3KOM K

CIHHHLIS, NPOHCXOANT MPaKTUYCCKH NOJIHOC 3AmoNIHEHHE  MECIKBHTKOBCIO
NpoCTpaHCcTBa LUNERA TPAHCHOPTHRYCMEBIM  MAaTCPHAJIOM. an 3TOM MOTYT
06paSOBbIBaTbCH TaK HAa3plBacMbIe «CaNlbHHKH», MPCHATCTBYIOLIHE NEPCMCIICHHIO
Matcpuaia, BCJEACTBHEC HEro NpPOHCXOIHT nudo CHHXeHue IPOH3IBOAHUTCIBHOCTH

KOHBCﬁepa, JIM00 ero ocTaHoBKA.

n

i
Bblpa)KCHHe nm 1 n - 2T0 YacTora BpalueHus MaTepHana
L

OTHOCHUTENBHO IUHCKA B MPOTHBOMNOJIOXHYIO CTOPOHY H C YBCIMYCHHEM €€
YHCHCHHBIX 3HAUCHHI BO3pacTacT NPou3BOAUTENLHOCTE MIHEKOBOIO KOHBCHCpa.

Kak cneayet u3 opmysist (1.37), npoH3BOAUTENBHOCTS LLHEKOBOIO KOHBelepa
3aBHCUT OT IIKPHUEEI CITUPANH, Iara HARBMBKHY CIUPAIA K JACTOTHI Bpalllel ksl IHEeKa.
Huxnuit npenen qaé’rorm BpallleHns [IHEKAa MOXHO paccunTaTh no gopmyne (1.33)
NpH ITOACTAHOBKC B HCC YHMCICHHBIX 3Ha4eHNH KO3((HUIIUCHTOB TPeHHST XOpOILIO
TPAHCMOPTHPYCMEBIX CYXHUX, ChINYUUX MATEPHANIOB, a BepxHHil npefen — 1o 3TOH Ke
QopMysie MpH TIOACTAHOBKE KOM(QHUMEHTOB TPEeHHA TPYUHO TPaHCHOPTHPYEMBIX
BA3KKX, JIMIKUX MaTepuanos., YTo kacaeTcsi WIMpUiBl CHHPAid, OHAa 3@BUCHT OT
BCJMYMHE] OUaMeTpa INHexka W HaliTu ee MOJMKHO, HMCXO0HAd U3 [NPaKTHYECKHX
peKOMeHJauuit 0 TOM, YTO JAHaMeTp CepleUHHKA ILIHCKa COCTABISEeT MNPUMEPHO

NNONOBUAHY ANaMCTpa LIHEeKa, T.C..

d=05-D,,

!

Torna wmpuHa cnimpanu:

b=(D, -d)/2=(D, -0,5D,)/2=0,5D,, /2=R,, /2.
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1ilar HaBuBKH CIIHpaJiH LHIHCKA PCKOMEHAYETCA NpUHHMATh H3 COOTHOIIEHHA!

h=(0,5-10)-D

o

Buisoju:

I. Hzyudenue jnpouecca packpos neraneii obysu Ha npeccax I03BONIIO
YCTAaHOBHTE, YTO YCHNHE BBIPYOAHHA 33BHCHT OT COCTOSHHSA PCKYLUCH KPOMKH
pe3aka, B  ICPBYIO  OuYepeAb OT CTENEeHH €€ 3aTyIuleHMsl, TaK Kak Jaie
HE3HaYUTeNLHBIH H3HOC JIe3BUS MTPUBOJAUT K CYIIECTBCHHOMY YBEJIUUEHUIO HArPY3KH
Ha npecc. [loatomy akTyaneHBIMH Afd AanbHEHIIMX HCCHEN0BAHHI ABIAOTCH
BONPOCH! H3YHEHUSA cNOCOO0B MOBLIILCHUA CTONKOCTH pe3akoB.

BonpocoM, TpeOyiOUIMM JanbHeHIICTO H3VUCHMA, SBISETCS  TakXe
obecrieteHHe TOYHOCTH paboThl BeIpYOOUYHOrO KOHCONLHOTO Mpecca, HTO MOKCT
o0ecneyuTh NOBBIILEHHC HANEKHOCTH ero paloTh!, YMEHbIIEHWe pacxona SHepryuu
TPH pacKkpoe. I

2. 3JHaUUTENBHYIO YACTh OTXOAOB OOYBHOTO NPOM3BOJACTBA COCTABINIOT
KOKCBEHHBlE  MaTepuasnpl, TpeOylomme ans  gankHeiied  nepepaboTku
NpeaBApHTCILHOr0 H3MENbUCHHA. TeXHH4eCKHH ypOBEHb HCHOJB3YEMOrO A OTHX
ueneit obopytoBaHus He o0ecrneuHBaeT HyKHOTO KayecTBa U3MeJIBUeHHs] OTXOA0B, B
CBA3M C 4eM BO3HHKaeT HeQoOXOMMMOCTL COBEPUICHCTBOBAHHMA HMEIOLICTOCH M
CO3LAHUS HOBOIO TexHoNOTHYecKoro obopynosanns. Jns pellcHNs dTHX BONPOCOB
HeoOXOAHMBI HCCASNOBAHHUS, HANpaBACHHBRIE HA ONTHMH3ALHI0 KOHCTPYKUMH
pabounx OpraHoB M PEKYUINX HHCTPYMEHTOR, a TAKXKEe IOWCK HOBBIX TEXHUUYCCKHX
pellieHuii, obecreyHBaIOIINX CYIECTBEHHOC MOBBINICHHE 3(peKTHRHOCTH mpollecca
H3MeNpHeHNs epepd0OTKY OTXOMOB.

3. Ha ocHoBaHuu BBINONHEHHOIO aHalM3a YCTAHOBIEHO, 4YTO OJIHUM W3
KpUTEpHEB, ONpEeNensioINUX BHCIIHMH BHJA M KauecTBO OOYBH, SIBISIOTCS
dopmMyeMocTh W (OPMOYCTOHMHBOCTh 3aroTOBOK BeEpXad, KOTOPBIE 3aBHCAT OT
CTPYKTYpB! M CBOHCTB MaTepuana Bepxa, ero HavyanbHOod M KOHEYHOH BIa)KHOCTH,
IapaMeTpoB BAAXKHO-TeNToBoii o0paboTkKu, cnocoGoB yBRakHeHMsT U (HOPMOBAHHUS.
Hauboneuiee snusune Ha popMyeMoCcTh Bepxa 00yBH OKa3BIBACT BlIara, Colepaine

KOTOPOH B 3aroTOBKE 3aBHCHT OT cloco0a yBIaXKHEHUS.
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Hoctukenne tpebyemoli crenely yBNaXIiCHHS 3arOTOBOK BEPXAa BO3MOXKHO
NpH HaMMEHBIUMX 3aTparaX BPEMCHU M CPEJICTB € HCHONL3OBAHHEM BaKyyMHO-
copbuHOHHOrO crioco0a, HO A €ro peanusauHd B 00yBHOM
NPOU3BOACTBC HEOOXOMHUMO BBINONHUTE TEOPETHYECKHE " 3KCTICpHMCH-
TanbHbIE  HCCJENOBAHHA  MeXaHM3Ma BIArolepeHoca B KAl pHO-IIOPUCTHIX
MaTepranax, OMNpefelUTh pAlHOHANbHbIE PEKUMBI YBIAXKHEHHMS U paspabortarh
PEKOMEHIAIHH [10 MPOEKTHPOBAHUIO TCXHOJNOTHYECKO YCTaHOBKIL,

4, K HACTOAIIEMY BPEMEHH H3BECTHO [I0CTAaTOHHO Sonplioe  4HCIO
nybGnukaunii o BonpocaM [MMpPOCKTHPOBAHUS M 3KCIUTYATAUHH BepPTHKaNBHBIX
IIHEKOBBIX KOHBCHEPOB B Pa3zNMYHLIX OTPACHsX NPOMBIMIAEHHOCTH, B KOTOPBIX
MHOTHC aBTOpPhl OTMEYAIOT, YTO Jalible DKCIMePHUMEHTANBHBIX HCCIeAOBAHNN
HEPEAKO NPUXOJAT B IPOTHBOPEYHE C U3IBCCTHBIMH TEOPETHUECKHMHU IMOJO0XKCHUAMH
B TAKUX NPHHUMIINANBHBIX BONPOCAX, KaK KpUTUYECKas HacToTa BpalleHUs LIHEKa,
BbIOOP ONTUMANBHBIX 11ara ¥ IWIHPUHBI CIIHpaNA, @ PCKOMEHIYEMbIC analuTHIECKHE
3aBHCHUMOCTH MANONPHIOAHBl JUIA HWHMXKeHepHLIX pacdeToB, HeoOxomumo Taxke
BLITIOJIHEHHE OalbHEHlINX HCCNeloBaHMHA IO MOBBIIIEHHIO MPOU3IBOAUTEILHOCTH
BCPTHKAJBLHOrO LIHEKOBOI'O KOHBelepa H yMEHBUIEHHIO SHEpPrOEMKOCTH INpouecca

TPaHCTIOPTHPOBAHHUSL
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2. MeTo/iHKH HCCJIC/IOBAHNH TEXHOJOTHYECKHX nmponoeccon

00yBHOro NpoH3BOACTBRA

2.1 MeT()lIHKfl HCCJIeIOBAHHIT IPOLECCOB PACKPOs /leTaei o0yBH

YBenuueHHe OTHOCHTENBHOH CTOMMOCTH 3HeproHocuresnell W, Kak CIACACTBHC,
YBC/AHYEHHE B CTOMMOCTH TOTOBOH 00YyBM JONH 3aTparT Ha H3TOTOBJICHHE
BEIpyOaHHeM JeTaniei BepXa M HuU3a, JeNaeT AaKTYanbHLIM BOIPOC BBISIBIEHUS
Haubosee palUHoHANBHBIX CXEM PC3aHHA M ICOMETPHH HHCTPYMEHTa, NoMcKa Oonec
3 deKTUBHBIX METONOB pPacKposi KOXK, pPC3WHbI, HWCKYCCTBCHHBIX OOYBHBIX
MaTepyaioB, H, BO3MOXHO, HOBBIX KOHCTPYKUMHA BBIpYOOMHLIX IIpeccos.
BO3MOXHOCTH COBpeMEHHON H3MEpUTENbHOH M BHIMHCIHTENBLHOH TCXHHKH
MO3BOSIIOT TONYYHTL Ooniee TOUHBIC SKCHEPMMCHTANBHBIE OLEHKH Tpouecea
BeIpy0aHHs, YTO BechbMa BAXKIIO JUIS IMOHCKA TEXHHYCCKUX pelieHni, CHHIKAIOLIHX
3aTpaThl ANIEKTPOIHEPTHH MPHU H3ITOTOBNEHNN feTaneil o0yBH.

Ilns  npoBeAcHHUS 3THX  HCCNe/oBaHWH  paspaboTaH M M3roTOBIEH
SKCMepUMEHTaNbIIbIT cTeHA Ha Oaze BeipyOouHoro npecca HBI'-8-2-0 /28/. Ctena

BKJIIOYAET CJIEAYIONME N3MEpUTeNbHbIC OIOKH (pHcyHOK 2.1):

ZW + To + L + R + P
| Wex H T — Lo | X
— W, — 7, , — L, — ¥
— W, — T,

Pucynox 2.1 — CtpykrypHras cxema cTeHaa
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2. W - 6nox M3MEPEHHUs 3aTpaT DHEPrUW U3 CETH, BKIIOHYasA 3aTpaThl Ha
paboTy B XOJIOCTOM  peCiKHMeE W.., 3ampatsi Ha MOATrOTOBHTENBHO-

zakmouuTeNbuble  onepanun W, . (DOBOPOTHI M IBWKEHHA  YAAPHHKA IO

MOMEHTa BXOJIa pe3axka B MaTepHEUI), 3aTpaTel Ha BBIpYGaHHe /4 )

T, - 6nox TaliMepoB, o0ecleuHBatOIlMX H3MepeHHe BPEMEHH XONOCTOIO XoZa
T.., BpPeMEHN Ha NOACOTOBHTENHHO-3AKIIOUMTENbHBIE oOnepaiuu 1 55,

BpeMeHH Ha cofcTBeHHO BripyGanue 1 P

L - GnoK M3MepeHHs NepeMelleHHii yiaphHka He B mpouecce pesanual,,
nepeMeIieHns pesaxa npu packpoe L ps

R - Onox upsaMoro H3MepeHHs YCHNHS BBIpYOauusd §no BepTHKansHOH

cocTasnsatomei ¥ 1 no 6okoso# cocTapisiioneit (Ha ygacTkax pesaka) X;

P - Onox KocBeHHOro oOnpelefeHHs YCHIHA BLIpyOAHHA 1O JNABIEHHIO B

paboyeM LUIHHApE.

M3MepurennHble ycTpoiicTBa BKJIIOYAIOT: CTPENOYHbI 00pa3loBklil BaTTMETD
knacca 0,25 , camonmmymmii npubop H-325-6, Oaox myneTHBHOpaTOpOB,
obecrieyuBaroiuX CTpo0-UMIyIbCHl I (PUKCAMM  TPOMEKYTKOB BPEMEHH,
nvHefiHbie  u3MepUTEnM  nepeMmeilllcHHH  peocTaTHOro  THHA, CHEHUAIBHYIO
H3MEPHUTENBIYIO TUINTY, O0ECNEUNBAIOMYI0 H3MepeHye YCHIHI  BBIPYOaHHs 1o
80 kxH c¢ wucnone3oBalHeM JATYMKOB KOHTAKTHOTO CONPOTHBICHHA (MIH
TEH30JAaTINKOB), CMELUHANbHBIA  H3MEPHUTENBHEIM  pe3ak, o0ecrneyMBaCIINiA
H3MepeHHe OOKOBOH cOCTaBISIIOUIEH ycHNMs BbIpyOaHuUsi, TEH3OMETPHUYECKYHO
annaparypy.

Brmonuenuple  JUTEpaTypHBIl W NATEeHTHBLIH O0030pEI MO TeXHUKE JJIA
BoIpyOating zicraneii o6yBH, HE BLIABUIIM MATepPHAllOB O CTEHOAM ¢ NpUBEeACHHBIMH
BBINIE CTPYKTYPOH M  BO3MOXKHOCTAMH. 3T0, N0 BHAMMOMY, OOBICHAETCA
OTHOCHTENLHO HOBOH ¢iynkuuedl paspadoraHHOro creHjla, OpHEHTHPOBAHHOTO Ha

HCCNIeNOBaHIC 3HEPrOEMKOCTH IpoLecca BrIpyOaHusl.
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Crespi mossoser ofpefenuTh 3aTPaThl IMEKTPOsHEpruy Gonee TOUHO U
JOCTOBEPHO B CPAaBHEHWH C M3BCCTHBIMH H3MEPHTENBHBEIMU CPCACTBAMH IIpoliecca
BpIpyOannd, kak Ha coOCTREeHHO Ipolece, Tak 1 Ha paboty BelpyOouHOro mpecca.
OueBugHo, uto 3(pQcKTUBHOCTE paloThl BelpyOOYHOrO mpecca M Ipouecca
BeIpyOaHUsA Ha HeM MoseT ObITh OLIEHEHA YHENLHBIMH 33TpaTaMH SHeprHH Ha

M3rOTOBJICHHE OJIHO} geTanu o0yBH.
Ectn P, — Makcumanshoe ycunue BepyBanus, To paGory pesaka IO

BLIpYOQHHIO MOYKHO ONpeleNNTh [0 BLIpaXKeHHIo;

AP = Pg 'h/2,
rjae /1 — TONIIKHA ICTANM.

C npyroit cropoHBl MOXHO oOHpelenuTh pabory BbIpyOOuYHOrO mpecca Mo
noTpebngeMoil u3 ceTH anekTpo3Hepruu ¥ 3a spems sripyGanus 1
Ay =W - Ty
D¢ ¢deKTUBHOCTE Mporecca BRIPYOaHMA Ha BEIPYOOYHOM IIpecce MOKHO

OIICHHUTE KOD(b(bHL{HeHTOM YHCHBHOH (CCHH BBCCTH ITOHATHC O3TallOHHOIO pe3aKa)

JHEProeMKOCTH HIH k03¢ bHLIHEHTOM s3¢pekTHBHOCTU noTpedNeHuA

JNEKTPOIHEPIHH LK

A
v==—:100%
Hi

2.2 MeTOAHKH HCCJIeOBAHMUIT ITPOIIeCCOB H3MEJILMEeHHsl OTX0/I0B

OKcnepHMeHTanblble  HCCIeAOBAaHHSA JMPOLECCR M3MENBUYeHHS] OTXONOB
pe3aHHEM BBINOJHANUCE HA CHEHUANbHOM CTEHJE, CXeMa KOTOpOro IoKa3zaHa Ha
pucynke 2.2, Kak BHAHO H3 cxeMbl, Ha BaJly POTOpa 3JCKTpoABHrarens 7
MOIIHOCTBIO 7,5 KBIT YCTAaHOBJICH OJIOK WIKNBOB 8, cojep:alluii HICCTL HNIKHBOB
pasnoro guameTpa. Takoil »ke 6ok MmKHBOB 9 3akperuicH Ha BepTHKAIBHOM

BaJly poOTOpa 10 CTeHna, TOJIBKC B 3TOM OJI0Ke HIKHUBBL YCTAHOBJICHEI B
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obparioit nocnesiopatenbHOCTH. Hanmiyune 1Byx GJI0KOB LIKWBOB PasHOro aAHaMeTpa,
COeAMHEHHBIX KIIMHOBBIM DEMHEM, 00eCHCYHBAIO BO3MOXKHOCTL  peryiupoBalus

OKpY’KHO cxopocTH Hoxell 11, 3akpennennsix Ha potope 10.
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Pucynoxk 2.2 - (Cxcma dKCIEpHMENTaNBHOrO CTCHAA 110 M3MENILUCHUIO OTX0JIOB

3a cyer nepCCTAaHOBKH KAHHOBOTO PEMHA HA UMIKHBEL PazHONO IJHaMeTpa
MOXHO ObINO H3IMEHATH nepeaaTovyHoe HUCHO pememmﬁ nepenaiid B CICAYHOLIEM

Ananasone:

U, n=2,0;1,75; 1,50; 1,0; 0,75; 0,50.
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Ipu sTOM YacToTa BpameHus potopa [0 craHoBUIaCh PaBHOIA:

1, = 485,554, 646,970, 1293, 1940 mun™

NpY YaCTOTE BPAIIEHHS POTOpa dMeKTpoasurates 970 Mun™', 2 OkpyxKias CKOPOCTh

Hoxe#t ! Inpuolperana crneayonue 3HAYEHHA:

U, =11,4; 12,7; 14,8; 22,3; 29,7; 44,6 w/c.

Hoxn 11 kpenuiance K poropy 10 OonramH, 4YTO NO3BONSJIO IIpH
HeoOXOAUMOCTH CHHEMATh UX H NPOU3BOAMUTE ICpPeTodKy uind 3ameny. Hoxu 12
C MOMOUILI0 BUHTOB I3 MoOxHO OBINO nepeMellaTs B TOPH3CHTAILHOIA
MIOCKOCTH  JUIA PeryAupoBaHNs 3a30pa MexAy HUMH M Hoxamu 11, CMeHHBle cHTa
6 BEINONHEHLI C OTBEPCTHAMHM 10 Beced MNoBepxHocTH., Kaxznoe cuto nMeno
NOCTOAHHLIH pa3Mep OTBepPCTHIA, @ HX TUaMeTP U3MEHsUICcS B quanaloHe ot 1,5 MM Jio
20 mM. CuTa © HYKHBIM pa3MepoM OTBEPCTHIH YCTaHABIWBAMUChL Ha CTelje MO0
Hayalla npoLecca HaMelbyYeHH .

[Ipuuuyn padoTel cTeHna cocrosn B cnenytounieM. OTxonmsl, rnoanexauiie
nepepaboTKke, 3achHIA/INCL B 3arpy304HYK0 TpyOy 4 W IonajaanH Ha BEpPXHIOIO
KOHYCHYIO MOBCPXHOCTE potopa 10. [Tpn BknodeHun anexkTponsuratens 7 porop 10
HaydlHaN BpalIaTBCHd NPOTHB YacOBOH CTPCJIKM H NOX ASHCTBHEM LeNTPOOEKHBIX
CHJI, & TAKKC 3a CHCT KOHYCHOCTH pPOTOpa OTXO/Ibl Monagaliu Mesxkny Hoxamu 11 v 12,
rie M MpPOMCXONMIIO HX H3MmensyeHue. [lepepaboTka 0TX0M0R HpoomKanace Ao TexX
nop, Noxa u3MesikyeHHBIE YAcTHLBI MaTcprala Mo pa3Mepy CTAHOBWINCE MEHBILE
JUaMeTpa OTBCPCTHH B CMEHHBIX CHTaX, IOCJe Hero 4epes 3TH OTBEpCTHA OHU
NONajaliy B CHeliHaILHbIe MCIUKM, NPUKPeIIeHHble K CHTaM C Hapy>XHOil CTOPOIbL.
ITo Mcpe HanonueHMs MeEINKOB OHM CHUMAJNMCE CO CTEHIa MAJS TOC/IEAYyIOINCro
aHanM3a 3MENbLUYEHHOrOo MaTepuana,

[TepepaGoTke 'Ha cTeHe IMOABEPTANINCE OTXOJALl KOX XPOMOBOTO JyOneHHs
pa3iMuHoi BeIp2OOTKH, OCTaBLIMECA TIOC/IE pacKkposa Jerancii Bepxa o0yBH,
romuuHol 0,95 — 1,6 MM. Jlo nposeicHHA 3KCNEPHMEHTOB MO HM3MEJILUEHHIO Ha
CTeHRE IpPOM3BOAMJINCE 3aMephl YIJ0B 3atouku HoxeH 11 u 12, oueHmBanoco

COCTOHHE MX PexKyUIeH HacTH.
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B npouecce sxcnepuMeHToB dpmkcHposalich Yactora BpauleHus poropa 10,
NpPOAOKUTENLHOCTE BPEMEHH M3MeILUEeHMUs, NoTpebaseMas dNeKTpoasuraTeniem 7
MOLLHOCTb.

OKCHepUMEHTsl MO M3YYEHHMIO TPOLECCOB  U3MENBYECHHA  OTXOHOB
(ppescpoBanncm M nHGOBAHHEM BBINONHSAIUCE Ha MOJCPHU3HPOBAHHOM CTAHKC
tina CHM — P /3/. Cranok npenHasHaveH J714 BBINOJIHEHHUSA CIEAYIOUIMX ONCpaLMii:

B3LEPOLIKBAHUA Y IUEPIIeBaHUd Cliefa U AeTaneil o0ysu;

uinugoBaHus (cTekaeHHs) KabnykoB, na0oek, ype3a MoAoLB H HaboekK;

ofpadoTkn fpoHTa KabIyKoB;

BRIDABHHBAHKA U cBEpPICHNA KaONyKoB;

YHCTKH H MONHPOBKH.

Ilocne molepHM3auuM HA CTaHKE MOABHIIACH BO3MOMHOCTL BBIINOJHATH

onepaluu o gipe3epoBaHHIo ype3ia MoJoILBs! H KabNnyKoB.

TexHnyeckas XxapakKrTepucTHKa

' - -1
YacTtoTta Bpaleunus IUMHHAEIEH, MU £

¢pesepHoro (1M oBaTBEHOrO) - 6000 (1970)
MOIUPOBAILHOTO - 776
YcrakoBnesHas MOIHocTs, KBt - 0,18

CraHox CI-H\'/I — P — ManoraGapuTHBIH, HacTONBLHOrO THMA, COCTOMT H3
KOpnyca, UMIHHAeNs ¢pe3epHoro (UTHGOBaNLHOre), HHIHHAEAS MOMHPOBAbLHOTO,
CMEHHBIX pabounux HHCTPYMEHTOB, NBIENPHEMHAKA, NpHBOIA c
aneKTpoaniapatypoi (pucyHok 2.3 ).

Kopnyc  npeacraBaser  coBoli  cOOpHO-CBapHYH)  KOHCTPYKLHMIO,
BKmovatomlyto ocroB I, koxyx 2 u momnon 3. llnuugens dpesepusiit
(b oBaneHpli) 4 CNy:KUT JUIS 3aKpenaeHdss Ha HeM CMEHHBIX HHCTPYMEHTOB JUIA
¢pesepoBanma, unundoBaHWs, wWepmeBaHuds,  B3bepommBanus.  Hnuanens
KOHCOJIBHO CMOHTHPOBAHl B KOPIYyCe ¢ BO3MOKIOCTEIO 3aKpeIUIeHHsl CMEHHbIX

[
MHCTPYMEHTOB.
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HInunpaens nonupoBaNbHbI 6 CIY>XUT JUIsT 3aKpeiICHUSA HAa HEM CMEHHBIX
BOJIOCSIHBIX LIETOK ¥ CBEPJIUNIBHOMH ONPaBKU. DTOT WINUHACIE 3aKpenieH Ha CToiike
noj Gppe3epHLIM HNUHIENCM.

FpuBon mwmmuneneil ocyulecTsngerca or oAHo(a3HOro sNcKTpoABHrareas 7
HCPE3  KIMHOPEMEHHYIO  Hepefady, COCTOSILYIO M3  KJIMHOBOTO PCMBHA 8,
OXBaTLIBAIOLIETO TPH 1K1BA. [TLINenpHeMHUK COCTOUT M3 MpHeMHOro pactpyba 9 u
BBIXOAHOTO NATPyOxa ¢ (aHLleM, ¢ NOMOLILI KOTOPOTC CTAHOK MOAKNIOHAETCH K
acnupanHonHoi cucteMe.

B npouecce 3KCIEpHMEHTOB  (DHKCHpOBAaNHCL 4YacToTa  BpalleHUsA
WInHHEENei, BpeMa 06paCoTKY, MoTpeGnacMas JNeKTPOABHIATCAEM MOLUIOCTS,
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Pucynok 2.3 — O6uwmit Buj cranka CHM - P
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2.3 MeToauka MccneoBaHHI npoitecca BAKYYyM10-cOPGIHOHHOTO
yBJIAXKHEHHS 3ar0TOBOK Bepxa o0yBY

B xadecTne 060BbeKTOB HCCNEAOBAHUS HCMONB30BANNCh KOKH — XPOMOBOIO
nybnenus  ans Bepxa oOyBH TonuHoH 0,95 —1,6 MM ¢ SMYJILCHOHHBIM
MOKPBLITHEM, H3rOTOBICHHBIE M3 IIKYP OBIMHHEI MCTOLOM YepeayIoluXcs MOM0BHHOK
Ha TaraHporcKoM KoxeBEHHOM 3aBOJIE IO TUIIOBOH TEXHOMOIMU:

KOXa XpOMOBOro OyOneHus, He JORyOncHHAs CHHTAHAMH M HE HAIOJIHCHHas
NONUMEepaMu; |

KOska XpOMOROro ayOneHHus, 10aybnenHas cunternyeckum nyoutenem 5HC ¢
pacxoziom 5% OT Macchl CTPOTaHLIX KOXK, CUNTAs Ha AyOsmue;

Koxa Xpomosoro AyOneHus, HanondedHas nonnmepom MX-30 ¢ pacxoaom
5%, canTas Ha Cyx0il OCTATOK MONHMEPa;

KOka XpoMoBoro nyOneHus, wanonneHnas nonumepom MX-30 ¢ pacxonoMm
2,5%, cuuras Ha cCcyxoil OCTAaTOK MNOAHMEpa, M noayOneHHas CHHTETHYECKHM
ny6urenem BHC ¢ pacxonom 2,5%, cuntas Ha nyOsve.

Hccnenopanud KHIIETHKH BaKyyMHO-COpPOLHOHHOTO yBAAKHCHNA
NPOBOAWIHCE Ha JabopaTOpHOM CTICHOC, KOTOpPLIH NpencTaBnseT coboM Kamepy
obnemom 0,09 M’ ¢ IEPMETHYHO 3aKpbIBAIOICHCA KPBLIMIKOM, COCAMICHHYIO Hepes
30JI0THHK YTIpaBieHus, BlarounsTp ¢ BakyyMHBIM Hacocom (tun 2HBP-5]M,
NMPOM3BOAHTENLHOCTS Sn/c, AMana3oH JaBNeHHs Ha BXoje oT atMocdepHoro no 0,02
MITa, momttocTs anexrpoasurarcas 0,55 xBt). Jlnd seipaBunuBanus nasnenus ¢
aTtMociepHBIM Kamepa cHabeHa KianaHoOM Hamycka Bosayxa. Jna noanepixanus
TeMmepaTypsl paboueil cpeas! BHYTpM KaMephl B HeH yCTAaHOBICH TpyO4aThli
snexkTpoHarpesaTens  MouwHocTeid | kBT, Hanpsxenne, nonasaemoe nHa TOH,
PErynupoRAIOCk  cxeMoil onextponuranus crenpa. [logaua Bnaru k obpasuam B
Kamepe TIpH HCCIEeNOBAHHH IPOLECCOB  YBIMKHEHUS OCYWIECTBIAIACL JIBYMSH
criocobamu:

COEJIMHEHNEM BaKyYMHPOBaHHO#  KaMmephbl 4epe3 BHOYCKHOH KhamaH C
OTACNLHLEIM 0aYKOM — MaporcHepaTopoM, B KOTOPOM HaxOAWJIACk BOAA, Harperas B

Pa3sHLIX OMBITAX JI0 Pa3NHHHBIX TeMitepaTyp (pHcyHOK 2.4);
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ucnapeHueM nogorperodl  BOABI ¢ OTKPHITOM IOBEpPXHOCTH €MKOCTH C
BOJIOH, NTpeABapUTEILHO YCTAHOBAEHHOH B kKaMepy (pHcyHOK 2.5).
OCTaTOuHOE JaBleHue B KaMepe H3Mepssoch Bakyymmerpom tHna BMII, a
TeMIepaTypa paboucii cpenbl B TpeX To4UKaX,  pPaBHOMEPHO
PacroNoKeHBIX 0 BBICOTE KAMEPLI, XPOMEb-KOMeJICBbIMH JAAaTHHKAMH JHAMETPOM
0,1 MM ¢ BuIBOZOM HA LHGPOBOH MHINHBONETMETP H cCaMmollHcel. Temiepatypa

BOAbLI B fayke U eMKOCTH H3MEPANTaCch PTYTHBIM TEPMOMCTDOM,

12\@ 13\%} 1

4
b)
: IO 50Iy
1. Kamepa yBAaXHUTC/BHAA BakyyMHasi 7. DNEKTpOHArpeBaTenp
2. BeHTunb 3aN0pHLIA NIPOXOIHOM 8. IlaporeHeparop
3. Bentuns 114 BOycKa napa 9. Knanat npenoxpaliuTeabHbIH
4, Jlosymuka ans yJaBjHBaHus 10. Bentuis ans pnycka Bo3ayxa
KOHJeHcaTa 11. MaHnomeTp
5. BakyyMmHbI# Hacoc 12. Bakyymmerp
6. DsekTponsurarens 13. TepmomeTp

Pucynox 2.4 — Ilpunnunuanesasg cxeMa 3KClHepHMeHTalbHOH

i
YCTAHOBKH C l[aporéHepaTopoM
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B 3aaavy SKCINePUMCHTAILHOIO HCCIeAOoBaHUA, BEINIOIIHEHHOTO Ha NEPBOM
JTarne, BXogHaa paapaGOTKa TaKUX PEeKUMOB YBIAXKHCHUA, KOTOpRIE HCKIIHOYANOT
KOILICHCAIUIO ITapa Ha IOBEPXHOCTH oﬁpasuon H obecrncyuBaroT pPABHOMEPHOCTD

yBRaKHeHus B nipefenax 30% oTHOCHTENLHO BIa’KHOCTH.

Y 10

- ~ 220 B
501y s
I
6 3

1. Kamepa ypnaskHuTenbHas 5. BakyyMHBbIH Hacoc

BaKyyMHas 6. DnexTpoaBUrareih
2. Bannouxa c¢ Bogoii 7. Bentuns ang Bnycka Bo3ayxa
3. BeHTub 3al10pHEBLL IpoxoaHoH 8. 3nekrTponarpesarenb
4. Jlomyumika aius ynaBnuBaHus 9. BakyymMmertp

KOHJIEHCATA 10.TepmomeTp

Pucynok 2. 5 —IlpuHnunuansHas cxema 3KCIIepHMEHTaILHOH yCTaHOBKH

C OTKPEITOI1 EMKOCTBIO C BOAOH
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Ilpu npoBezieHHU MCCHENOBAHMII HA 3TOM 3Tane HCrONL3IOBANNCL 00pa3lbl U3
KOXH XpOMOBOTo Meroaa AyOsnenus Tonumuoit 1,0 -1,1MM, BBIKpOEHHBIE MCTOAOM
acHMMETpU4YHOIf 0axpomel M npuBefeHHblE K CTAaHIAPTHOMY BO3AYLINO-CYXOMY
COCTOSHUIO NYTEM BBINEPKKH B DKCHUCATOpE, 3ANOJHCHHOM CepHOii KHUCIOTOH
mnoTHoctsio 1,27 riem’ .

Uro0s! ofeclieduTh MeHblllee pacceHBaHHe pasbpoca nokazarteneili M,
YUHUTBIBag, 4TO Haubonee TpynHOo ¢opMyemas OeTANL Bepxa o0yBH — COIO3KA,
o0pasybl BBIKpPAaHBANHCL M3 YENPavyHOM YacTH KOXKM pasmcpoM 20x100 M.

OTtHOCHTENnBEHAA BJOXHOCTE oﬁpasuoa nocje BaI{YYMHO-COPGU;HOHI-lOFO YBIaKHCHNAA

ofipeAenanach no popmyne /101/:
W =[100(g, —g1)+g2W,1/ g1, (2.1)
rae W, - nauansuas paBHOBeCHAs BIAXKHOCTE;

&1, &> - Bec obpa3lia 0o M noce yBIaxKHeHUsl,

Bec oOpaziioB 10 1 nociie yBnaXklieHHS M3MepsJICsl Ha SJIEKTPOHHEBIX Becax ¢
ToutocThio o 0,1 r. JIng uckmiodeHmns BO3MOKHOCTH KOHJCHCALMM napa Ha
MOBEPXHOCTH 00paslos 3a cHeT pasHOCTH HX TeMIepaTyps! U TeMIepaTyph! HapoBoit
cpelibl, KaMepa ¢ MoMeleHHLIME B Hee o0pa3snaMu NnpeBapHTeLio Harpepajiach I0
50 °C, a 11ayanoM OnLITa CYMTAICA MOMEHT JOCTHIKEHHS B YBIAKHHTENLHON KaMepe
Temiepatypsl 60 °C M nauvanpHore ocrarouroro gaspenus 0,02 MITa. Takue
nmapameTpst cpeianl  ofecrieudBasd  HacHUICHHOCTL ee  Braroit go  100%.

[IponomKuTeNBIIOCTE ONLITOB CocTaBndna 2, 4, 6, 8 MUHYT.

2.4 MeroaHka HeC/IeOBAHHH NIPOLECCOB TPAHCTIOPTHPOBAHHA

MATEPHAJIOB IHCKOBLIM KOHBEﬁepOM

OKCepUMCHTANEHEIE  HCCNEJOBAHUA TMPEANonaraly M3yueHHe mpolecca
TPAaHCHOPTHPOBAHUS MaTEpHAJICB  BEPTHKAIBHBIM IIHEKOBBIM KoHBeiiepoM. B
KayecTBe 0a30BOro MCIOJIL30BANCH IIHEKOBLIH KOHBelHep M3BeCTHOH KOHCTPYKLIHM,

COCTOAIMI M3 IUleKa M OXBATLIBAIOUICIO €ro HEMOABWXKHOrO Koxyxa. Mns
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CpaBHEHHS TMPHMCHANCHA UIHEKOBBbIl KoHBeidep, y KOTOpPOro KOXyX moay4an
BpallEHUEC OTHOCHTENhHO IlIHEKR B TNPOTHBONONOXHYIO CTOpPOHY. 3apaveii
OKCIEPUMEHTANILHEIX HCCEIOBAHUH ABJIANOCE ONpE/eselie OCHOBHLIX MTapaMeTpoB
npoiecca TPaHCIOPTHPOBAHNSA B 3aBHCHMOCTHM OT HAacTOThl BpaUleHWH IIHEKa M
4aCTOTHI BPAIleHNs KOXKYXa, WHPHHBEL H YI7a NTOAbEeMa CHHPAH, BeIMYKHHEL 3a30pa

MEKNY IWHEKOM H KOKYXOM, CBOIHCTB TPAHCIICPTHPYEMEIX MATCPHAIOB.
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Pucytoxk 2.6 - DKCNepUMEHTANLHDIA CTEH © HEMOABMKHBIM KOXYXOM

Jinst BHINONMHEHHA DKCIICPUMEHTANBHBIX HCCCHOBaHuil OvITH pa3paboTaHbl
M M3TOTOBJEHBl  CHCUManbible  JadopatopHile  creupsl. Ha pucynke 2.6
NOKa3aH 3KCNEPHMCHTANBHEIR CTEH], Ha KOTOPOM BLIMTOJHSIHCL HccieloBaHUHA
IHEKOBOI0 KOHBeliepa C HEMOABHXHBIM KoxyxoM. CTEeHA WMel BepTHKAILHBIN
uieK 6, KOTOPENt Nony4an BpalleHHe OT 3JeKTpoJBMUraTens 1, depes peaykrop 2,
FOPH3OHTANBHBLIM Ban 4 H KOHHYECKYIO 3yOuatylo mepenmauy 5. 3arpyska IIHeka 6
OCYIIECTBIANACE uepe3 OyHKep 8 rOpH3oHTalIBHBIM LUHEKOM 7, KOTOpBIH Monydan
BpalllcHHe TAKJKC OT JNEKTPOABUraTeNA 1 yepe3 pedykTop 2 H LUUTHHAPHYECKYIO
3ybuaTyio nepefayy 3. Brirpyska TpaHCHOPTHPYeMOTO MaTepHala MMPOH3BOJAMIACE
yepes noTok 9 B MepHylo eMmkocTh, OO0 addextmsHocTH paboThl IHEKOBOIO

KOHBeiiepa CyaMIIN TI0 KOTUYECTRBY MATCPHANa, NCPEMEILeHHOT0 U3 30HB  3arpy3KH
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B 30HY BBIIpy3kn. YacTora BpanieHus IuHeka coctasnsana 30, 90, 140, 224,
-1
355 mun . MommnocTs anekTpoasurarena ctenaa — 3,0 kBT npu yactoTe BpaieHus

potopa - 1440 MuH

Bropoii akcnepumeHTannHBlii  cTeHn Obul paspafoTan Ha Gaze

paanansHo- cBepnuIbHoro ctanka Moacnu 2JI-53 (pucyHox 2.7), uMelolcM
CHeQyFOLIHe TEXHIYECKHE XapaKTepHCTHKH:

4yaCcTOTA BpalleHUs INUHIEN, MHH-I - 30, 90, 140, 224, 355;

MOILUHOCTh IEKTpOJIBUTATe/s NIPpUBOJA InuHaens, KBt - 2,2,

~ N2
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Pucynox 2. 7 — DxcnepuMeHTANLHLIM CTEHA C BpalllaioMIuMest KOXKYXOM
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OcHOBHEIM BHICMCl-lTOM 9KCIEePHMEHTAIIBHOIC CTEHIA SIBIANCH BEPTHUKAJILHBIH
ITHCKOBBLI KOHBCHcp, cocTosiuH H3 opHo3axoaHoro Hileka 9 u xoxyxa 10.
["naBHas TpyAHOCTH NPU MPOEKTHPOBAHUY K H3TOTOBIEHHH 3TOrO CTCH/A COCTOsANA B
TOM, 4ToOBl OOecneyuTh MPUBON BpalLEHHs KOXYyXa B CTOPOHY NPOTHBOIONOKHYIO
BpalleHdlo IlHeKa, a npd HeoOXOAUMOCTH HMEeTh BO3MOYKHOCTh BRIMONHATD
3KCTIEPUMEHTBI IIPH HEMOJIBUIKHOM KOXKYXE.

BapuanTt paboTs! IWWHEXOBOTO KOHBelepa C KOXKYXOM, BPALLE@IOLIHMCS B OJJHOM
HAMPAaBJIICHHH CO IIHCKOM, HA SKCIIEPHMEHTATIBHOM CTEHAE HE UMEJI pealn3aluH, Tax
KaK IpU Takof KMHEeMaTHKe, KaK MOoKa3asl NpelBapHTeNLHbI anaiui, MOXKHO ObLIo
0XHIATh yBOZA Korl-lseﬁepa OT OCH WMNUHAENS 3KCNEePUMEHTAILHOIO CTEHAa, YTO
HeXeaaTeasHo. KpoMe Toro, Npon3BOANTENBHOCTE IIHEKOBOI'O KOHBeliepa IpH 5TOM
CYL[ECTBEHHIO MeHpNIc, 4YTO OLNIO QOKa3aHO MNpPH pPacCMOTPEHHH MeEXaHH3Ma
B3aMMOJIEHCTBHS TPAHCHOPTHPYEMOro MaTepHana co ITHEKOM H KOXKYXOM.

HeoOxoaumas kunHemaTuka pa0oTHl IMHEKOBOrO KolBedepa, KOrjAa KOXKyX
BpallaeTCcs HaBCTpeYy UIHEKY, peaNd3oBaHa NyTeM oT0opa KpyTALUEro MOMCHTA OT
sNeKTpoABHraTesa I, BLIXOAHOTO Bana 3 KOpoOKM MojayM 2 IMIHHAENS cTaHKa H
nepefadd ero Ha runbdy 4, OXBaTBIBaWOLLYIO IWINHHAENb CTaHKa S, ucpes
JOMONMHHTEILHBIH PCAYKTOP €O CMeHHbIMH  lectepHsMun 6, 7, 8. B
JansHeiem BMCC'IJ‘O 3y0uaToro peaykropa HCMONB30BaNd LEMHYHO Hepe/lady
CO CMEHHBIMH 3BE3T0UKAMH,.

B pesynbTare 3TOro sxkcmepuMeHTaNbHLIH CTeHJ OOCCNCYMBAN ClEAyIOHIHE

CCOTHOILICHHA HACTOTEE BPAIICHNUA KOXKYXA K HaCTOTC BPAIICHHS IMTHEKA

1y

=0,23; 0,50; 0,75; 1,0; 1,25; 1,80.

P

[Tpn NPOBEJICHHH  3KCMEPHMEHTOB WMIHGK 9 nollydan BpallCHHE OT
wnuiaens cranka 5, a Koxyx 10 npupommncs Bo Bpaulenue runeioii 4. Ilpu
OTKNHOYEHHH Bmxom'{oro Bana 3 BpaunieHuc Koxkyxa 10 npexpawanocs, Hu
3KCHCPHMENHTH! NPOBOANNNCE NTPH HCMOABMIKHOM KOXKYyXe. 3arpy3oyHoe ycTpoiicTBo

COCTONIO H3 BOPOHKH 11 v HemoaBH)KHOIO CTaKaHa 12, KyJa 3axoJ(Mla HHIHAA
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YacTh lIHeKa 9, uMeBmasl BBUIET 1O OTHOIIEHHIO K TOpPLY Koxyxa 10 na nonosuiy
BUTKA crupany. Beirpyska TpaHcnopTypyeMoro martepHana NpOM3BOAMIACH uUepe3
oxHO |3 HenogBIKHOrO cTakana 14 ¥ BOpoHKy 15 B MepHYIO €MKOCTE 16.

C 1enblo IKCNEpHMEHTANLHOrO H3ydeHus paboTocnoco0HOCTH UIHCKOBOrO
KOHBEHepa C BpaUlAIOIUMCA KOXYXOM H BO3MOMHOCTH €T0 MNPHMCHEHHS JNsl
TPalCMOPTHPOBAHMS MAaTCPUANoB, B KadyecTBe Mojaenu Oplao paspaboTaHo U
H3rOTOBJIEHO  YCTpOHCTBO, nokazanHoe Ha  pucyHke 2.9. OHO cOCTOSIIO
M3  OOHO3aXOJAHOrOo uIHeka | u Metasnuueckoro Koxkyxa 2. IlocneaHuit
MMeJl  pasrpy3ouHBle OKHa 3 M OBl mocaykeH Ha INHEK IOCPEICTBOM
wapukonogmmnyuka 4. Ilepexoaunk 5 cny:xun mns coearHeHHs YCTPOHCTBA CO
ILMHHJENEM 3KCIIEPUMENTANBHOIO CTCHAA.

[Ipn  npoBeneHMH OMBITOB  KOXKyX JuO0 Bpam@aics B CTOPOHY
NPOTHBOIIONOXKHYIO ‘BpallleHHIO 1IHeKa, MO0 He uMen YIrIOBOro nepeMellcHusA u
yAep:KHBanNcCad OT BpawieHHd cneuuanbueiM  KponwTelinom. Boimer mHexa
OTHOCHUTENBHO TOPIIA KOKYXa OCTaBaJICsl MOCTOSHHBIM H COCTARJISUI MIOJIOBUHY Il1ara
HaBUBKH cnupand., B rnpolecce SKCHCPHMCHTOB KCHOAL30BAMIUCH  KOXKYXH
paznuunoii GopME! B MOMEPEYHOM CEUEHHH: LNUWIHHAPHUYECKO, ropuposanHoi, B
BMAC LLECTHIPAaHHUKA U AP.

C ucnanr u3ydeHus npoliecca 3axBaTa MaTepyana HIHEKOM B 30HE€ 3arpy3ku
NPOBOIAWINCH 3KCIIEPUMEHTHI C UCIIONB30BaHIEM LLIHEKOR, MMEBILUUX B HHKHEH HacTH
KopoTKyIo 2% u 3% - 3aXOMIHYIO HacaJKy C pa3HbIM YIJIoM NMoAbeMa ciupanei.

[lpy wu3yuendu TpaHCHOPTHPYIOWIMX KAauecTs LIHEKOBOro Kouselepa ¢
pasnuuHOi  kuHeMatTukoft paloTLl B KadecTse HepeMenlaeMoro MarepHana
MCIIOJIB30BAICA CYXOH MecoK, MMeBUINi CICAYIOIIHE XApPaKTEPUCTHKH:  CTereHb
BnaxxHoctH — 10-15%, nacemuoit sec — 1,35-1,39 I‘ICM3, rPaHyIOMETPHUYCCKHH
coctaB — no 2,5 MM, ko3 @uuueHT TpeHus no crany — 0,32, yron BHYTpeHHero
Tpenust — 30-31°,

Kputepuem 3ddexTuBiiocTH paboThl LIHCKOBOrO KOHBeliepa NpHHUMANCS
o0beM recka, MepeMCLIEHHOTO B €MHHUILY BpeMeHH, uUTO npeacrapider coloii

00BLEMHYIO IPOH3BOIMTENEHOCT.
!
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NPOU3BOAMIIMCE  3aMepbl  moTpeOnsieMoif  MOLWHOCTH,

AHAUIMTHICCKHUM NYTEM [{POU3IBOAWIOCE ONIPCACNICHHE KOBq]q)HL[HEHTa 3AaT0/IHEHHA

MCHKBHTKOBOIO obbeMa INHCKA,

OTHOCHUTEILHO LITHEKA.

KOB(i)(bH OUEHTa TMpOCKallb3BIBaHUA MaTepHana

3amepnl notpebnsicMoif MOLIHOCTH HAa XONOCTOM M pabouux pexumax

npou3BOAMANCE BatTMerpoM THma J-551. YucneHHele 3HaueHHA KozdiuuueHTa

3aMOJIHCHUA MEXBUTKOBOIO 00LEMa LIHeKa ONpeacnaliucs H3 BEIpAKECHHA!

K.? = Vn /me . (2'4)

rage Vrg - 00neMm [HECKa, HaxXoAUIErocss na oJHOM BHTKE CITHpAJIHN UIHCKR,

V:-'.mf - ME@XXBHTKOBEIA 00BeM LIHEKA HAa OQHOM INare CHHUpaJIH.

!

PI».IcyHOK 2.8

Cxema aKkcIepUMEeHTaNLHOI

MOJeNH LIIHEKOBOro KoliBeiepa

B xoge SKCHEpUMEHTOB NPOW3BOAMIACH
perucTpalns CIeAYOUWHX NapaMeTpoB: YacTOThI
BpallleHHs1 LIHeKa W Koxyxa, o0beMa IecKa,
3aCBIN@HHOTO B 3arpy304HYld BOPOHKY H
Neperpys>KeHioro B MepHyl0 eMKOCTh, BpeMeHH
TPaHCMIOPTUPOBAHKUSA, NNOTPEONAEMOH MOLIIIIOCTH.

OKCMEePUMEHTEI no OIpeneneHHIO
palHOHANILHOH BETHYHHE] YI/Ia HOABCMA CrMpanH
wHeka (ara HaBUBKY CHUpam®) W BIUAHUSA
qacTOTEI BpalleHusl IHeKa Ha cTo
TIPOH3BOJINTEIBHOCTD BBITTONHAINHCE HA CTEH/C C
HEMOABUIKHBIM KOXYXOM, OSKCHEPUMEHTHl IO
YCTAHORBNSHUIO PaUHOHATBHOTO  COOTHOUICHMS
YacTOTHl BPALIEHHUS IIHEKA W KOXyXa - Ha

cTeHae ¢ BpallARIIKMMCH KOXYXOM.
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2.5 O0paboTka 3KCNEPHMEHTAJILHBLIX JaAHHLIX

Ilpu opranuzauuy sKcnepuMMeEHTaNBHBIX PaboT M olleliKe COMOCTaBHMOCTH
IONYy4acMbIX DPE3yAbTATOB C TEOPETHUYCCKHMH  3aBHCHMOCTSIMH  YUHTBIBUIUCH
pexoMeHZauuu, cojep:kawmecs B JmTeparype /54, 97/. DkcnepuMeHTanbHO-
CTAaTHCTHHECKHH TNOINXOX ONMpeAeNiuNl HCHONb30BAHHE MCTO/OB MAaTeMaTHUECKOi
CTaTHCTHKH /52, 67/ u uncneinuix MetopnoB anamusa /111/ npu obpabotke
AOJTyYeHHBIX JaHHbIX.

O0BeM aKkcnepuMeHTa onpenensiacs no gopMy!lie :

! 2. 53V}

N = - : (2.5)

rae N — KOJIMYECTBO ONbITOB;
{ - TabyuuyHOe 33a4YcHUE aprymeHTa (Ipy NPUHATON HaJle)KHOCTH
£=095; t=1,96).

£ - NOrpeliHOCTE OTIpe/ieNienus MoKasaTeneit.

PesynnraTsl OMNLITOR paccMaTpHBaNHCh KakK BapUaIHOHHBIA

pan H OlICHHBAIHCD no BCJIIHYHUHE MareMaTH4YECKOro OXXHMIAaHHA

N
o Sy,
— 2 = ar
y - ZV:/N . ,uchepcuH S {V;} = ;Vl I H OTHOCHTCIIGHOH CTCIICHH pacCceHuBatug
i=1 -

JS2V)
y

¢ =0,05. BocnpoH3BoaMMOCTE 3KCliepuMeHTa mposepsanack 1o G — KpHTepHIO

(ko> dunpenty sapuantun) V= NpH  MPHHSTOM YpOBHE 3HAYHMOCTH

Koxpena, paBHOMY OTHOLICHHIO MAKCUMAIBHOH IMITHPHYECKOH AHCICPCHH K CyMMe

BCEX JIHCIEpCHi :

__SHVy
Koxonum — N (2.6)
PILRLA
=
IMonyuennas senuuubna (G - KpuTepHs cpaBHMBANach ¢ TabnuyHoil. Jns

oueHxkd oumubox (BeIOpocOB) HCMONL30BAHO paclpeleieniHe MaKCHMAJILHOTO

OTKJIOHCHHAL
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Yomax =Y A
Fmax = = N —1 0 Fyin = ;m ] ' (2.7)
S S
THE Vyyge W P, - TAONAYHEIE 3HAYEHHS KPUTEPHA BRIOpOCA;
Voae H % min - HaHOONbllICE U HAMCHBIIEE 3HAYCHHS OTAENBHBIX
pe3yJLTaToB,
Z 5\ 2
S, -9
S(Vy=4s3{y,;} == Y - CTAHAAPT UM KBA[PATHUHAL OIAOKa

OIIBITA.
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3. IPONECCHI PE3AHUSI MATEPHAJIOB IIPA PACKPOE
AETAJIEH OBYBH W H3MEJIBUMEHUH OTXOJOB

3.1 HedhopmanHonnble ¢BOHCTBA KOKEBEHHLIX MATCPHAJIOB

NnpA CGKATHKR H PACTRAKCHHH

B nmnpouecce packpoa nerancit o0yBH H H3MENBYEHHA OTXOJ0B pE3aHHEM
MaTepHanbpl MNOJBEPralOTCA CHKATHIO M PAcTsKEHHIO, OKasbiBasx I[IpH  OTOM
3HAYUTENBHBIC COMPOTHBIIEHNA nedopmaunn. [oatomy nna o6ocHoBaHHOrO BLIGOpPa
cniocoda M PAIUOHANBLHLIX PEXXUMOB pe3aHus HeoOXONMMO 3HATh MeXalH4EeCKHC
XAPAKTEPHCTUKH MATEPHANOB M 3aKOHBI X NOBCACHHS MPU CKATHH U PACTAKEHUH.

Hedqopmarnonseie cROHCTBA KOKH NPU CKATHH M3YHANUCH lia YHHBepcanbHOH
ueneiTatensHoit MamuHe «Muctpon» (pucyHox 3.1), Ha KoTopoii HMmeercs
BO3MOXXHOCTE C INOMOINBIO CAMONKCHA MONYYUTh JMarpaMMbl «Harpy3ka —
negopMaLusy» IPH HeNpepLIBHOM yBennueHun acdopmaunu cxarusa obpasia.

CkopocTh u3Menenust neopmanuu obpasua cocrasisna 1MM/MIH, YTO BBHAY ce
HE3HAYUTENBHOH BeNMUUHEL [103BONAET NpeHeOpeyb CHIIaMU BA3KOI0 CONPOTHBIEHU
MaTepyana M TeM, CaMbIM pacCMaTpHMBaTh BHEWMIHIOIO CcHAY P B KayecTse
Pe3yNLTHPYIONIEH CH YNIpyrocTy ofpasua, pacnpeAe/IeHHbIX 110 MIICIaAY KOHTAKTA
neOpMHUpYIOIHEro 3neMcHTa ¢ oGpa3iioM. CxemMa Harpykeuusl nokasasHa Ha
pucynke 3.2, M3 KOTOpOro BHANHO, 4YTO NYyaHCOH 2 3akpeIvieH B Tpaeepce 1 M,
liepeMeniadgch BHU3, CO3OAET HArpy3Ky Ha obpasen 3.

Ha pucynke 3.3 nokazanbl rpauky 3aBUCHMOCTH MEXAY Harpy3koH H
nediopmayueit oGpasuoB KoXkH (ONOEK, BBIPOCTOK, IMONYKOMKHHK) MPH OAHOOCHOM
CKaTuH. Pe3ynbTaTsl 3KCIIEPHMEHTOB MOKa3bIBAIOT, YTO O0MbILas HacTh AedopManiy
00pasLoB NPOUCXOLUT NIPH HE3HAUKWTCNABHEBIX Harpy3kax (ydacTox 1).

ITpu manpHelilieM yBenuUeHHH Harpy3kud MHTCHCHBHOCTHL pocTa AedopmManiui
cyulecTsenno ymensmaercs (yyactok 2). Tak, npn yBeJHUEHHH Harpy3kd oT Hymd
ao 50 MIa pedopmanus cocraswia 44%, T.e. B cpennem 0,9 — 1,1% na cauHHLy

Harpy3ku. B nanbHeifitem nedopmaums Bripocna ia 22-33% npu yBenndeHuu
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narpy3ky go 250 Mila, a MHTeHCHUBHOCTHL pocTa JedopMallHH  CcOCTaBHna
0,09 - 0,13 %, T.e. cTana MeHbllle NPHMEPHO B ACCATL pa3. Ob61nacHsieTest 3TO
TEM, 4TO ¢ HawagoMm AedopMallMH IMPOHCXONHUT YNNOTHEHHE HCHOLITHIBAEMOro

MaTepiiana, a 3aTeEM BO3pacTaeT ero KeCTKOCTh.

19
18

17

16

15

1,2 — camMomucel M MynsT €ro ynpasienns; 3,4 — HUKHNAH U BepxXHHii BEIK/OYaTelu;
5 — AaT4HK HaIrpy3KH; 6 — CepBOYCHITHTEb; 7,8 — MaHENb YIIPaBNeHHUs MOI3YHOM; 9 —
cunxponpusof; 10 — pykosartka; 11,12 — Beixnouarteny rnasyoro asurarens; [3 —
UCTOYHHK nutanud; |4 — xopoOka ckopocteit; 15 — anexrpoasurarens; 16 —
YCUNUATEND AaTUMKa Harpy3ku; 17 - camonucern; 18,19 — ycusutens

Pucynok 3.1 - YHuBepcansHas ucneitarensyas Mmamuga «KMHCTPOH»
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4 w2
2 3

| |
P
1 — TpaBepca, 2 — nyaHcoH, 3 — o0pazel KOxH.

Pucynoxk 3.2 — Cxema Harpy:KcHHA o0Opasla

o-10%, Mlla
2,5

>

v
Y

/|

N

0,11 022 0,33 0,44 0,55 066 077 &

-h- - O1i0EK XpOMOBOTO AYONCHUS, ¥%-- BLIPOCTOK; 4~ NOMYKOKHHK

Pucynox 3.3 — Kpubpie «Harpyska — aedopMatiys» npu olHHOOCHOM C:KaTUU

L[e(popmaunonﬂmc CBOHCTBA KOXH NP pacTAXKEHHH TakKKe H3yualllich Ha

mamnne  «Mucrpon». [lo TonumuHe CTPYKTYpa KOXH  pasinuyHa, M[OITOMY
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KOJKCBEHHRIE MaTepHalIbl NPH MCHOBITAHUAX Ha pacTsHKeHHe OLEHHBAIOT HE 10
I

HalpaB/IEHUIo, @ M0 MHTCHCHUBHOCTH HArpy3kd Ha eOHHHLY AnuHel. PacTsxeHHio

NojiBepraauch CTaHapTHLIE MONOCKH, BLIPYOJIeHHBIE W3 YenpauHol 4acTH BBEIPOCTKA

XpPoMOBOTo RyOnenus. Pe3ynbTaThl HCHBITAHKNA 10Ka3aHbl Ha pucynke 3.4,

o, Mlla
40 /
L )
30
20 rr
. .-—/
10 ———-—-:"
]

0,10 020 030 0,40 £

Pucynok 3.4 - Kpupas «Harpyska — gedopmaliusi» npu OIHOOCHOM PacTsiKEHHH

Ananu3 mnpeacTaBIeHHOH 3aBHCHMOCTH T0Ka3biBaeT, UTO €€ XapakTep
COBMAAAeT ¢ 3aBUCHMOCTSAMH, NOXa3aHHBIMM Ha pUcyHKe 3.3, HO mo abCOMIOTHOI
BEJIMHTHHE HANPAKCHHA IPH MAKCHMAILHO# AcpopMalHi pacTAKeHHs NPUMCPHO B 5
pa3 MeHbllle, YeM npH AeOpMal{Hi CKATH.

Ilpu packpoc aerancH o0yBH 1 M3MENBYCHHH OTXOJ0B pe3alineM NPOHCXOIAT
BBICOKOCKOPOCTHBIC | MIPOLECCH  AeOpMHPOBAHUS MaTepHanoB, 4YTO W3IMEHACT
MEXaHHYECKUC XapakTCPUCTHKH nocneAaHux. JiMHamuyeckoe Harpy:xeHde Ha
boneplioil cxopocTH pepopMMpoBalvg BLI3BIBAET BO3HUKHOBEHHE B MAarepuarne
HEMNOCTOSHHBIX Tonelt HeoaHopomuoi nedopmanuu. VMx ananns tpebyer cospanus
MOJIeNTM MaTeprala, BpIOOp KOTopolt BNMAeT Ha NONy4YCHHbBIE pe3yasTaTel. B cBsizH ¢
OTHM, HHTEpeC MNPeACTaBNaIOT METOALl HCCICOOBAaHMM, ITO3BONSIOIINE, H3YYHUTh
nopeaenne wmarepuana. Llens — mnonydyeume Oosiee JNOCTOBEPHBIX AAHHBIX,
aZeKBaTHEIX peanbHOMy nponeccy. lloaroMy mnpencTaBnsitoT HHTEpec MeETOJIbI
vcClieI0BaHuii, Mo3BoNsiOUIMe H3y4MUTL MOBejeHye MaTepHana, ONpele/iHTL ero
nehOpMaLMOHHBIE 1M TPOYHOCTHBIE  XapaKTePHCTHKH  HENOCPeACTBEHHO  H3

pe3yALTATOB JKCHCPHMEHTOB Oe3 MpHBJICYEHHA AN aHaku3a anpHOpHOH MOACIH
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Matepuana. OfHNM 13 TAKHX MCTOJOB SBNSICTCA H3BECTHBIN TCOPCTHYECKHH HMOIXON
«cocTaBHOro crepxkHsa [lonkuncona» (CCID), npumensiemblii TOrma, Koraa
cobniofaeTcs NOMYLICHUC O paBEHCTBE HaNpMKeHHil Ha Topitax obpa3ua /90/.
JKCMEPUMCHTANBHLIC 3anauH, pewaemble Metogom CCIT, knaccuduuupyoTes
CHe /I OIIIM 06pasoM:
NOJy4YCHUE IHHAMHYecKoH IHarpaMMel G- £

NONyUYCHHE BA3KOYNPYTHX XapakTepHCTHK MaTepHaloB Ha ypoBHe moforo

BapPHAHTA MOAENH BAZKOYNPYTHX CBOIMCTE;

HccnefoBaHKe TPCIHHHOCTOHKOCTH NP GONBIIHX CKOPOCTAX HArpy:KeHHs.

OKcnepUMeNTAIBHOE  ONpelleIcHHE  OWHAMHYECKHX  CBOMCTB  O0YBHBIX
MaTCpHaIoB Ha HMcerouicMea ofopyaoBaHun Ha o0ccIEeYMBAET BO BCEM pcalbHOM
AMana3oHC Harpy’KEHWH MONyHMEeHHs HOCTOBEPHBIX MEXaHMUECKHX XapaKTepHCTHK.
JAas BEIABIEHMS TakuMx 3HAYEHWHA WMCMONb30Banach YCTaHOBKA (pUCyHOK 3.5),

I
MO3BOJIAIOMad NPOU3IBOAHTE YHAPHOE HAPYXKEHHE UCTIBITYCMOIO 06})33118.

} 4
HameputennHblii =
| Jy1 T
OMITITCKC 7 l
%
”, -‘N\
i % l 3
G777,

PHCYHOK 3.5-CxemMma YCTAHOBKN )11 DHUHaAMHUYECKHUX HCIBITAHHI KOXKHU

JBa ogMHAKOBLIX NPHIMATHUYECKHX CTEP:KHA 1| M 2 H3TOTOBNEHBL! M3 CTAlH C

BLICOKHMH NPOYHOCTHBIMH H YNpPYrMMH Xapaxktepuctukamu mapku 38 XMIOIA.



85

Crepxedb 1 Xpenurcs HENOABHXHO, a cTIepXeHb 2 — HMeeT BO3MOXKHOCTh
HepeMeillaTECsl B CBOOONNOM MaNeHUW 10 HANPaBIsoNM, LOCTUras 3aJaHHOMH
CKOPOCTH JBWXKEHHS 33 CuUeT H3MCHeHMs HavanbHo#t BbeicoTel. OOpazen 3
YCTAHABIHUBAEGTCA HAa HENOABIKHOM CTep’KHE ¥ MNpH N3ajCHUM CTrepxus 2
BOCIPMHUMAET YAApPHbIH MMNynkec. Bo30y:knaeMBIH NpH DTOM CHrHan NepeaaeTcs 1o
K2OXXIOMY M3 CTEepKHEH H PETHCTPHPYETCS NaTHHKOM 4.
AHanHTHYECKH ONpenenyTh CKOPOCTh PaCNpOCTPaHeH s BoNHbl B cTepikiie Cp
MOYHO Mo (bopmyne:'
C,=+E/p,
rae £ — monyns KOura ans crany;
£ ~ IOTHOCTD CTAJIH.
C Rpyroi cTOpOHEI, 3KCIEPUMCHTANLHLIM ITyTEM HAXOJUTCS
C, =1/At,
rae / — paccTosHHe MeXAY NaTYNKaMU, PETHCTPHPYIOLUUMHU TPOXOKAESHHE
yIOapHoii BOJHEI;
§

At — BpCMA MPOXOXKIACHHA BOJHEL.

B npunsaroii cucteme X1 (0)=0; x,(0)= A,

rie Mg - HavansHas TomunuHa ofpasna.

Tekymas TomuuHa o0pasua npH gedopmanuy
h(t) = x5 (1) — x;(¢).

Hanpﬂmenm Ha CTEPAKHAX N0 NOABICHHA BOIHBI K O’[‘pﬁ)KGHHOﬁ OT KOHILla
!

CTePIKHSA
o —pe® ]
H dt
dx, [ 3.1)
g =~ 0T
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HpeobOpazyem bopmyntr (3.1)

/ a5 _ O |
dt pc
&y 1%
dt 23

M3 3axona I'yka: O‘(l‘) =£- E(t) HIIH O‘(l‘) = p02 . S(I),

rae 6‘(1‘) - OTHOCHTeNbHas JeopMalMsl CTCPXKHS, KOTOpas 3aMepseTcs

HATUYHKOM,
Hanee

| dh _ -, L E-slt) a(t)

dt o
3anyuieM B BUAES

dh
— ==V, -2c-£lt
ar 0 —<C 5( ),

¥ UHTErpUpYs 10 df, HAaXOAUM
t
h=hy =Vt —2c[&lt)dt.
0

Takum ob6pasom, negopmarus obpazua:

!

h—h
e()= 70—9'
HITN
1
Vot +2c [&(t)dt
et)=- hoo —le(t)<0 u &.(f)< 0] (.2)

CregoBaTebHO, B 2KCHNEPUMEHTE B K2XK/LIH MOMEHT BpeMeHH { u3Mepsercs
f

HanpsxeHue B 00pasne & (¢) ¥ cooTBETCTBCHRO nedopmanus £ (1) .
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Ipn peanuzauun npeanaraeMoro crocofa Harpy>xeHue o0pasna KOXKH
OCYLICCTBISETC YAAPHBLIM  BO3UEHCTBHEM, T.e, KpaTKOBPCMEHHOH HMMOYIbLCHOMH
Harpy3KoH, BLI3BIBAOLICH HEOIHOPOAHOE HANPSHKEHHOC COCTOSIHHA o0pa3sia.

[To 3axoHy pacnpOCTpaHCHHS YNPYrHX BOMH CKOPOCTh YacTHI| yABanBacTcH

IPH OTPAKEHHH OT HepaGouero TopLa CTepXIIs:

2V (¢t)= I[a(r)dt,
0

rae a (t) — yckopetine ¢cBoOOIHOTO KOHLA CTEP:KHS, HA KOTOPOM KPENHUTCA
JAaT4HK.
OxoHuaTenpHble (OpMyNBl RNA  BEIMHCACHHS 3HAUCHUI HANpSKCHHA H

aedbopMauy:
1 H
alt) = > Poco [ale)dt
0

t t
Vot — [t [alt)dt |- (3.3)
00

hy

£lt)=-

3aBucumocti (3.3) MOXHO MCHONB30BATh MNPU pacdeTaX HMHAMHYECKHX

J

npoteccoB 00paboTkH 00YBHEIX MaTepUaOB.

DKCHeprUMEHTANBHOS ONpeieyleHue MeXaHWYEeCKINX XapaKTepHCeTUK KOXHU Ha
C’KaTve NpU AMHAMHYECKOM HArpy:XKeHHH Mokazano, 4ro JedopMauus cocTaBIa B
cpenHeM 3,9 — 13,0% Ha enuHMUY Harpy3k, T.e. [0 CPaBHEHHIO CO CTATHHYECKHMH

ACTILITRHUAMH Jledopmaliua yeeanuunace B 4,3 — 10,9 paza.

3.2 BnugHuCc H3IHAUIHBAHUS PCRYILETIO HIICTPYMEHTA HA

3¢ e KTHBHOCTE NpoNEcca Pe3aHUN

IIpu packpoe netanel o0yBH pe3akoM MaTepHal cHavana Iporudaercs,
o0pa3sys BrianuHy noa nezsreM. [Ipn atom obnemMuoe pacnipocTpaHcHe AedopMaLiu

32BUCHT OT CTPYKTYpbl MaTtcpuana, €ro cBOHCTB, peKMMa packpos ¥ COCTOSHUSA
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pexyllleil kpoMku pe3axa. [Io Mepe norpyxeHus pesaka gedopmaiusi Matepuana
YBEJIMUHUBACTCH, NPOUCXOAHMT 3aTACMBAHHUC CJIOCB, MPWICTAIOUIMX K BEPTHKAIBEHOH
rpauu pesaxka. [Ipy 3ToM ciAoM MmaTepHana, KacarollMecs HaKIOHHOH TIpaiH,
3aTATUBAIOTCS BHUZ M OTOABUIAIOTCA B CTOPOHY, HTO BBLI3LIBAET CNpPECCOBLIBAHME U
ynnoTHene., JlanpHefilee ImorpykeHue pe3aka B MaTepUall  COMPOBOXKAAETCH
BBIDYYMBARHHEM MaTepHana, MNpHIerarilero K BepTHKAILHOW rpanu. MecTHoe
BBIMYYHBAHHE CBHACTENLCTBYET O HeOONLHIOH BENMMHHE 30HL!I PaclIpOCTpaHeiMs
aedopMauHu U 0 HEIHATHTENLHOCTH ko3 duuuenta 06LeMHOTO CXaTHA MaTepHaa.
YuacTku MaTepHana, NpuJcralolye K HakIOHHOH TpaHH, OTOABUTAIOTCA B CTOPOHY H
NpoACTKAIOT ONyCKaThed, NpH 9TOM JedopMalusa paclnpocTpaHseTcs Ha OONLIIOH
yuacTok matepHana. Koraa pezak norpysmrca Ha 80-90% Tonmuubl Matepuana,
ocTaBUIAfCA €TO YacTh pasphIBAETCS H PAa3OBUIAacTCA KIHHOM pe3aka /88/. Ecnu ke
YCIOBHS NpolLlecca pe3aHUA TAKOBLI, YTO HKKHMH Cloil MaTepuana He pa3pbIBacTCs,
TO YIUIHHAETCA Hepaspe3aHHbIN chnoil MarepHana W OTOABHMraeTcs OfHa HacTb OT
npyroit. B ofoux cnyuasx, Kkoraa ne3Bue pe3aka JIOXOANT RO yKa3aHHOH rimyOuHbI,

YCUIIHE Pe3aHusl MaJacT [10 Mepe fanLHeilero NpoABMKeHHUs pe3aka B MaTepHall.
P,xH 4 2

20

15

10

0,5 1,0 1,5 20 25 30 3,5 z, MM

PHcynok 3.6 — BEJFBHCHMOCTH YCHIINA pe3aiud I0¢TH OT riyOHHBI MOTPYXKEHHUS
pe3aka NMpu pPasHeIX 3aTYIUICHUAX PCIKYUICH KPOMKH:

1-A=0,1mMm; 2-A=0,5 MM
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Pe3yneTaThl sxcnepHMeHTaNbHBIX UCCACAOBAHUM MMOKA3LIBAKOT, YTO BeJIUYHHA

MAKCHUMAILHOTO YCHJIMS pe3aHus BO MHOTOM 3aBUCUT OT COCTOSHUSL pexyiiei
I
KPOMKH pe3aka, rIaBHBEIM 00pa3oM, OT CTelely 3aTyIIeH!sl Ie3Busl.

Kak BuzHo u3 pucyHka 3.6, npy yBenMueHWUM 3aTYIUIEHMs JIe3BUS pe3aka
YCHJIAE pacKkpos 3HAUMUTENBHO BO3pacTaeT, Tak, npHu pe3aHHH NMpakTHUYECKH OCTPhIM
pesakom (A = 0,1 MM) MakcHMalnbsHOe ycuame Obno pasio nopsaka 6 kH, a npu
3aTynnennu neseus ao A = 0,5 MM oxo cocraBuno okono 21 xH, T.e. ysenmuuunocs B
3,5 pasza. Otcroga cneayer, 4To NMpH packpoe jetaneii o0yBH OCTPBIMH pe3aKaMH
3HAYNTENbPHO YMEHBIUAIOTCA Harpy3KH Ha BHIpYOOUHBI npecc M perKkymid
HHCTPYMEHT, [OBBIMACTCS WX HOJNTOBCYHOCTh, CHHIKAETCA YPOBEHbL UWIyMa H
BHUOpatny, YMEHBUIACTCA PACXOA JHEPrHH. To xe camoe MOXKHO CKa3aTh U B
OTHOLUEHHH PEKYILIHX HHCTPYMCHTOB, NPHMEHsIEMbIX IPH HU3MCJIBUCHHUH OTXOAOB
00yBHEIX MaTepHanos pe3aHHeM. [103ToMy BechMa aKTyalbHBIM SBIseTCS H3yHeHHE
npoliecca H3HAUMBAHUA PEXKYUINX HHCTPYMEHTOB, HCMONb3YyeMbIX [IpH pPacKpoe
netaned o0yBU H U3MENLMCHHMM OTXOHAOB, H pa3paboTKa crnoco0oB MOBLILICHHA HX
CTOMKOCTH.

Manauiusanne — 2T0 nporecc W3MEHEHUA pPa3MEpPOB M FeOMETPHH
MHCTPYMEHTA, NPOUCXOAALINI B pC3yNbTaTe YMEHLIICHHA €ro 00beMa 110/ BIUFHHEM
CHJI TPEHUA NIPH Pe3aHWU MaTepHanoB. Pe3yibraToM H3HALUIMBAaHHS ABIsSETCs U3HOC,
3MepsieMbli norepleffi ob0peMa WJIM Beca WHCTPYMEHTA HJH OUCHHBAacMBIH IO
M3MCHEHHIO pa3MepoB H (POPMBI HHCTPYMEHTA JINOO APYTHX KOCBEHHBIX NIPH3HAKOB.
CrofikocTs — 37O NyTL pe3anus (TpeHus), NpoilleHHLIH HMHCTPYMEHTOM IO Cro
H3HOCA.

W3MmcHetine $opMbl M pa3MepoB HMHCTPYMEHTa B NpONCCCe H3HAIIHMBAHUS
NMPOTEKaeT pasfiMuHO B pasHbIX yCnoBusax. [ToBepXHOCTH M3HOCA HCPEAKO HMEIOT
CNOXKHBIC odepTaHus. [loKka3aTelH H3HOCA CRyKAT HE TOJLKO NS XapaKTEPUCTUKH
CTOMKOCTH HMHCTPYMEHTOB, HO H AAfA MOJCMCTa HAIpy30K Ha HHX. [losTomy Juid

XAPaKTCPUCTHKH H3HOCA Tpeﬁye‘rcz HECKOJIBKO fioKa3aTenei:
l— BBICOTA HBI—IOHIBHHOI'O CITOA HITH H3HOC I10 BBICOTC NIC3BHA,

A - nuHeiHEII H3HOC No 3a0Helt rpaHu;
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F—panuyc CKpyiyieHusa JIe3pHi,
Fjam = IIpOEKIHA TUIOUIAZIKH H3HOCA 110 3aJHEeil I'paHH Ha IUIOCKOCTE pe3atiust;

V — 00BpeM HUSHOILEHHOM YacTH JI€3BHA.

OTH noxasarein CBA3AHEI MEXKIY coboi onpeaAcICHHEIMH COOTHOIIEHAMH.
OﬂHaKO Ka}l{,[lblﬁ H3 IHPIX HUMCET N CAMOCTOATENRHOEC 3HAYCHHE, HANPUMED, N3HOC 1O
BBICOTE JIE3BHS MOKCT OBITH HCIIONB30BAH AJId CpﬂBIIHTCJ’lBHOﬁ xapamcpnc*mxn
H3HOCOCTONHKOCTH HHCTPYMEHTAJIBHLIX MAaTepHaNiOB  PAasNUYHBIX KOHCprKU.Hﬁ
HMHCTPYMEHTOB, NPOCKUHH IUIOILANKH H3HOCA HYXKHa AJId NOOCHETa HArpys3O0K Ha
HHCTPYMEHT M T.A. XaPAKTEPUCTUKH HIHOCA MOTYT OBITL OCHOBAHLI Ha H3MEPEHHSIX
KOMHMYECTBA H3HOUICHHOIO MartepHana, $OpMBbl NOBEPXHOCTH H3HOCA M COCTOSHMSA
MOBEPXHOCTH H3HOca (LIEpPOXOBATOCTH, NApanuHbl), Ho HauGonee OOIMM
KONMHYCCTBEHHBIM nokasarelseM, XapaKTepH3YHOIHM H3HOCOCTOHKOCTD
MHCTPYMEHTANIBHEIX MATCPHANIOB, SBISACTCS JIMHEHHBIN H3HOC NO BHICOTE,

CroiikocTb pémymem HICTPYMEHTA M3MEPSeTCA B MeTpax NyTtd pe3anus L.

HMuteHcuBHOCTL  H3HAlUMBAHMA nNpcAcTaBiaseT coboil  yJeneHBIT  H3HOC Ha

3NMeMEHTAPHOM MYTH TpeHHUA:

iy =dl/dL - nnrencHBHOCTL H3HAIMBAHUA 110 BLICOTE;

i =dF,,, /dL - autencusnocts pocta miomanku usHoca.

H3Hoc Bo3HHKaeT B pe3ynsTaTe TPEHHA NMPH OTHOCHTENBHOM MepeMeielun
ABYX NMpWXKaTHIX JIPYT K Apyry noeepxHoctell /96/. Tpyumecs noBepxHocTH Beerja
0012Ja50T 1EePOXOBATOCTERIO, KOTOPAsi BOCTIPOM3BOJMUTCS B MPOLIECCC MIHAUIMBAHMSL.
B 3aBucHMOCTH OT 1 XapakTepa B3auMOICHCTBHS TPYLUIAXCHS IOBEPXHOCTEil M3HOC
MOXET HOCUTHL pa3nHuHblll xapaktep. Ilpn HeQonpliMx Harpyskax zgeiopMauus
BRICTYMOB OyAeT ynpyroil M uX pa3pylleHUC MOXeT IPOH30HTH B pe3yJeTaTe
ycTanocTy Matepuana. Uxcno 0MKNOB, NPHUBOASUIMX K pPa3spyLUEHHIO BLICTYIOB,
umeer BeamuapHy mopsaxka 10° —107, IMpn Gonsumx Harpyskax, Korja riyoHHa
BHE/PEHHA BEICTYNAa NpeBBIUIAET yNpyryio JedopMauuio, BREICTYN BHEApsSeTcs BO

B3aMMOJCHCTBYIOLY MOBEPXHOCTh B pPe3IYNbTaTe IIIACTHYECKOrO OTTECHCHUS



|
!

MarepHana. Pa3pyuunnu: NPOHCXOANUT BCHEACTBHE NOBTOPHBLIX IINMACTHHMECKHX

Redopmaunii. Yucno 1MKIOR, NPUBOASIIMX K Pa3spyUIEHWIO BLICTYNOB, UMeeT

NopaoK 10° -10*. Hsnoc pexyulei KpOMKH onpejensieTcs XapaKTepoM
pacnpejleneHusa KOHTAaKTHbHIX JAABAeHUI M COOTBETCTBYIOIIMX MM CHJI TPEHHSI, HA
KOTOphle BIMSIIOT TEeOMETPUs WHCTPYMeHTa, (N3MKO-MeXaHuuccKue cpoiicTsa
pa3pe3aeMbIX MaTepHalloB ¥ HHCTPYMEHTANLHOTO MaTepHana, napaMeTpsl pe3aHus H
ap.

Ha ocHOBaHHM W3ydeHMS [AMHAMHUKM U3HOCA PEKYLIMX HWHCTPYMEHTOR
YCTaHOBIICHO CIIEYIOLIEC:

Haubosee HHTEHCHBHO H3HAUIHBAIOTCS YYACTKH PeKyLied KPOMKH € BEICOKMMH
YAENBHLIMH JaBICHMSAMU, Y OCTPOTO HOKA CPABHUTENLHO OBICTPO CKpYINIAETCHA
Ne3BUE;

0 Mepe H3HOCA CHNBHO HAarpy:XKE€HHBIX yYacTKOB YBCIIHUHMBAETCs Harpy3ka Ha
MEHee HarpyKeHHbIC M IPOMCXOAMT BHIPABHUBAHHME KOHTAKTHLIX JlaBIEHHH, 1O
(opMe HM3HOCA JIC3BHS MOXKHO CYAHMThL O XapakTepe pacrpeselellHs KOHTAKTHbIX
AaBneHHN 10 ero H3HOCa;

MpH  YCTAHOBUBIUEMCS  Ipolicece, Korga  NOBEpXHOCTL  M3HOCA
copmupoBanachk, BHpABHHBAHHE NABJICHHI NOMKHO NPOH3OHTH Ha Beell muomanke
KOHTAKTa, SBICHUC  BLIPABHUBAHHA  JIaBIICHMI  noaTBepxaactes  (axrom
NpONOpLUHOHAIBHOCTH NMPHUPOCTA YCUIKS PE3aHusi BCAMMHHE NMPOEKUMH [UIOUIAAKU

H3HOCA.

Y

Prcynok 3.7 - Cxema W3HAlIMBaHUA pexylleii KpOMKH
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ITpu packpoe o0yBHEIX MaTepuanos (Koxa, pe3nHa) NPOUCXOHUT abpasnBHOE
ulHalKBande  ne3suit pesaka. Ilpu 3ToM, Kak MOKaselBAeT ONbIT, UpOLECC
H3HAUIMBAHUA II(;.'3BHﬁ COMpPOBOXAAETCA 3aKpyTJeHHEeM PexyIHX KpOMOK
(pucyHox 3.7). SkcnepHMEHTANBLHO YCTalOBIIEHO, MTO PAAUYC 3aKpyINEHUs NE3BUA

BO3pacTaer ¢ yBennuenueMm ¢ (pucyHok 3.8) /88/.

F

Pucynox 3.8 - 3aBucumMocTty pajiHyca 3aKpyr/ieHHs pexylleit KpoMKu
OT BpeMelH paboTEl peXyIllero HHCTPYMEHTAa:

l-npu o=n/4;2—-npu 6=x/8; 3—npu d=x/16.

CTOHKOCTL peXylUlero HHCTpYMEHTa onpeaensdercd He TOJIBKO  ero
reoMeTpue, HO 3aBHCHT TaKxe OT CBOICTB MaTepHana, H3 KOTOpOro M3roToBJicH
MHCTPYMEHT, pelkumMa TepMoobpaboTKH, MOBEpXHOCTHOI TBepaocTH U ap. Hssectho,
YTO YeM TBepXKe Pexyllast YacTh HHCTPYMEHTa, TeM OoNblle ero cToiikocTs. Micxons
13 3TOro, aBTOPOM Paapaﬁoraﬂ JOCTATOYHO [POCTOH M CpaBHUTENBHO HERXOPOTroi
C110co0 MOBBINICHHS CTOMKOCTH PEXKYLIMX HHCTPYMeHTOB /22/,

3aBMCHMOCTL M3HOCA JIe3BUA OT IIYTH pe3aHus B olLieM clyuyae HMeeT TpH

30HB! (pHCYHOK 3.9):
A, 11

v, 1, I 11 I

- L

Pucynox 3.9 - 3aBUCHMOCTS M3HOCA JIE3BUS OT MYTH pe3aHus
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I — 30na MHTelCHBHOrO M3HOca. B 3TOT nepuon mpoHcXoAuT MHTEHCHBHOC
ckpyrnenuc sne3sus. K KoHLY 30HEI popmupyetcsi paboyasi reoMeTpusi HHCTPYMEHTa,
KOHTaKTHBIE JABIEHYs Ha IOBEPXHOCTH H3HOCA BLIPABHHBAIOTCS;

IT — 30Ha ycTanoBnBwerocs H3Hoca. [loBepXHOCTL H3HOCA YBEIHUHBAETCH, HO
¢ce TCOMETPHA OCTaeTCs B CpeAleM NpakTHYECKH Hen3MeHHoH. M3HawmnsaHue
NPOMCXOAMT IJIaBHLIM 00pasoM B pe3ynsTaTe HCTHpaHHs., KoHTaxkTHbIe AaBlIeHUA Ha
nodIafike H3HOCA [HOCTOHHHBI HAW MEONeHHO CHHXKAIOTCH, ACHMIITOTHUYECKH
NpHOIHKAACH K HEKOTOPOMY ITOCTOSIHHOMY 3HA4YEHUIO;

IIl — 30Ha ycTanoOCTHOrO WJIH TEMIEPaTypHOre H3HOCA, HHTEHCHBHOCTD
U3HAIMBAHUA PE3KO BO3PAcTaeT.

[IporssxernnocTs 30HBI [ B cpaBHeHuu ¢ 3ouoli Il cocrapnser ne Gonee 5 —
10%. 3ony III u3Hoca cnenyer He AOMYCKATh, HA3HAYAS COOTBETCTBYIOLIUC PCKHMBI
pe3aHuist U CBOEBPEMCHHO 3aMeHss MAN 3aTaymBasi MHCTpyMeHT. OcHOBHOH paboueit
301H0H, OMNpEeAcNAEeH CTOHKOCTh HHCTPYMEHTR, CleJyeT CHHTaTh 30HY
YCTAHOBUBUICTOCS W3HOCA. YUHThHIBag He0ONBIIYI0 MpOTSKEHHOCTH 30HE! |
3aBHCUMOCTh mHocja OT ITIYTU pe3aHUus lenecoo0pa3Ho NpPeJCTaBHTEL IJHHeHHOI
byuxuueii:

A=A, +ip-L,

aHAIOTHYHO I=1,+i;-L,

rne A, ml = YCJIOBHBIH Ha4abHbIA M3HOC 110 32/tHEN Tpatu

U MO BLICOTE JIE3BHA COOTBETCTBEHHO.
U3 mccneporanuii B 0obnactu M3Hoca HM3BecTHO /96/ , YTO HMHTEHCHBHOCThH
H3HAUIHBAHUS TPYIUHUXCs JeTanell Mo BRICOTe:
! iy =1/ L =const
Ora 3aBUCUMOCTh OOBSICHSETCS TeM, YTO HOPH KakKAoM o0opoTe poTopa Ha
pexyLUIMX KpOoMKaXx HOXKel BCNeAcTBUE pPesaHHsi MaTepuaila HCTHpaeTcs
onpeleneHubll cnoil Metanna. Bricota cnoa Juis kaxpoll JaHHOR TOYKH HMeer
NOCTOSIHHOE 3HAUEHHe, He 3aBUcilllee OT cTeNeHM 3aTYIICHHS ¥ OT TeOMeTpHH

l'IpO(l'JPIIIH. SKCHep BMCHTAJIBHBIC HCCIICTOBaHHA TAKIKE NOATBEPAMIIN, HTO
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f
HHTCHCHBHOCTL H3HAUINBaHHA 110 BLICOTE HE 3aBHCHT OT 'COMETPHH HpO(l)HJ’IH HOXKA.

B GonbiIMHCTBE ciy4aeB OTK/IOHEHWsS OT CPCAHMX 3HAYCHMI HC TpeBblUany 5 —
10%. Ilpu 3TOM no AnuHe JIE3BMSA M3HOC MOXKET OBITh pa3nuyeH B PA3HBIX TOYKaX M
onpenenseTcsa XapakTepoM pacnpefelleHUst KOHTaKTHLIX JaBrneHuit.

VInTeHCUBHOCTL H3HALIMBAHUA IO BBICOTE MOXeET CHAYXKHTL IOKa3aTeleM
a0pasMBHOCTH M3MeNb4YaeMBIX MaTepHaoB M H3HOCOCTONHKOCTH HHCTPYMEHTA.
Moxno cpaBHHBaTE Me:xxy €000 pe3ysikTaThl HCCICHOBaHMH, BHIIOIHEHHBIX C

HCIMONB30BAHHEM HOXeH ¢ pa3nnquoi71 r‘eome'rpuel?i. Yem MeHbllic OTHOLUEHHE

Ip /1 { » TEM MEHbLIE IMHEHHBIA H3HOC O 3a]HEei I'PalH H NNoLIa Ka H3Hoca.
1

3.3 Bausinue BeJIN'UMHEE YIJI2 H TOUHOCTH MOBOPOTA YAAPHUKA

KOHCOJILHOTD IIPecca Ha KA4YecTRO BbIpyOaembIx JeTasei

Msrorornernne oGy RU BBICOKOrO KAYeCTBA BO MIIOTOM 3aBUCHT OT NMPABHITBIOL
paboTE! TEXHOJIOMHYECKOTO 00OPYNOBaHHS, B YACTHOCTH, OT TOUYHOCTH BRINOJHEHU
onepauuii Ha BeIpyOOUHBIX npeccax. OfHAKO B NPOH3BOACTBCHHEIX YCIOBHAX 110
pasnuyHeEIM NpHYHMHAM HE Bcerjaa colioAaroTcs B NMONHOH Mepe Tpebyemsble TS
M3TOTOB/CHHS M3 pesxuMbl, Hanpumep, 1pH OKCmlyatauud BbIpyGOYHBIX
npeccos Tuna IIBI[-8-2-0 npoucxomuT pasnagka MexaHH3Ma MOBOPOTa YAapHHKa,
YTO OTPULIATCABLHO BIHAST HA KaUeCTBO BLIpYOaeMpIX 3ar0TOBOK,

OueHnte  TOHHOCTE paloOThl  yKa3aHHONO MeEXaHH3Ma MOKHO  IIyTEM
YCTaHOBNEHHSA OIITUMANILHOrO AOINYCKa YIJla Mmopopora ynapHuka. C aToft Uensio
OpM npoBedeHb! dKcnepumedTsl Ha LHaxTtrHCKO# 0o0yBHOH dupme «[loHuanKa»
(OO0 «Mannena»), Npy KOTOPBIX (JUKCHPOBANKCL OMUOKH, BO3ZHHUKAIOIIMC NPH
NOBOPOTAX YMAPHMKA M3 MCXOMHOTO TOJOXEHHA K BBIpYOOYHOH NnHTe, Koraa
NPOM3BOJIUIICA pacKpoil netanel ans My>KcKoii 00yBH.

Ilpn 5TOM NPUHHUMANIOCH BO BHUMAHKC, YTO OTKIOHEHHS LOBOpOTA yHapHUKa
OT 33/lJaHHOr0 YIfia MOFyT OBITh PaBHBIMH MO adCONIOTHON BENHYHHE B TY MJIH HHYIO
CTOPOILY, TO €CTH BEPOATHOCTH pacnpelefieHus olnOoK pasibl /51/;

P(—AIT) = P(+AIT) = 0,5, (3.15)
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rne P - BepoATHOCTb OTKIOHCHHA YAapHUKA OT 1IeHTPa BEIpYOOUHOMH TTHTEI;
AIT - ciydaifnas omM6Ka, T.e, OTKJIOHEHHC YAAPHHUKA OT 3aJaHHOTO YIUia.
Ilo nNaHHBIM, TNOJAYYEHHBIM B pe3yjLTaTe 3KCICPHMEHTa, ONpeAensiock

MareMaTHdeckoe oxuganme M(/T), mnokasmBawollee UEHTP paclpeneneHus

(bamw{ecxnx 3HaAuCHUH yrna TIioBopoTa  YAHIPHHKA H - 3HAYCHHE  CpedHC-

KBaIpaTHYECKOTO OTKIIOHCHHSA Sn - BeINYyHiibl pacCeHBaHuA yrja IIOBOPOTA

YAApHHKa BOKPYr MareMaTHYeCKOro OXHIAaAHHA, I'lo BEIMMCHCHHBIM 3HAYEHHUAM HA
OCHOBE TEOpUH BBpOSITHOCTBﬁ onpenenAnch IJIOTHOCTD BepOATHOCTH

paciipeacjicHnd cnyqaﬁHoii BEJIHYNHElI H MNNOTHOCTE paclipedclICHHA Cﬂy‘laﬁllblx

oumbox AT /297,

Ecnu BRecTH OMyCK Ha OTKIIOHCHME yIiia MOBOpoTa J, To omubKa B paboTte

npeécca BLIpAInuTCH
!

-9, SAll <+d,,
4 BEPOATHOCTL BAPEUPOBAHNS BENHUNHDI All B npeacaax Joiycka

5!1’
P(=8, SAIT<+5,)= " [F(AIDA(AIT).

IT

Ilpn HopMupoBaHHo# omnbke = AlT/S,, nonyuum

) o 1 +l§n/S” t2 5
P(—L<t€+y=—- exp| —— Wt = @ 3.16
Sn Sn) virm —5HI/SH r 2 (S”) ( )

Jna oueHxu pabotst 060py/I0BaHHA B MAIUMHOCTPOCHUN OOBIMHO HCIIONL3YIOT
TaK Ha3bIBAEMYIO Brcnulmﬂy 3§ , T.e. B 3TOM clyuyae BEpPOATHOCTH MOABIEHHUA
abCOMOTHBIX OLIMOOK TNPH H3ydaeMoOM SABJIEHHHM ABNsgeTcs MHHUManbHOH. TaxHMm
obpa3oM, paborocnocobHOCTh npecca OyACT ONTHMANBHOH IIPH yciaoBuH O, =35,
YAOBIETROPUTRNBHOI — ecni §,, =35 u HeyIOBACTBOPUTEILHON ~ nipu &, <3S.

ITIpn &, /S =3 BepoATHOCTL TOro, YTO 3HAYEHHUA OTKJIOHEHUS BHIHAYT 3a

npeAeins! Aonmycka Jd,:

g=1-P; q~I1-0,997=0,003,
COoCTaBiseT npam‘uqccxu Manyo BeHH‘{HlIy, KOTOpOﬁ MOXKHO l']pf:HCGpC‘ib.
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B unenoMm BeposaTHOCTL mnosBnenus Opaxa MoxeT OLITL paccunMTana no

dopmyne:

1)
q=1—P=1—(D(-S£) (3.17)

It
Hns onpeaenenys TouHOcTH paboTel  BbIpyOOHHOIO mpecca MOXKHO
NprHUMATh OTHOLUEHWE JONycka OTKNOHEHHA YylapHuka o, K cpelHe-

KBAZpaTHYHOH BeJIMYHHE PACCeHBaHHs YIJla ero oBopoTa S, pPaBHLIM:
|

0,/5,=1,0; 2; 2,5; 3,0.

[To macnopTHeIM NaHHBIM BRIpyOOutioro npecca I1IBI'-8-2-0 yron nosopoTta
ylapHuka poikeH Opith 90° (npu gonycke £5°), Qaxruuecknii paibpoc, Kak
TNIOKa3aNnK OKCIIEPHMEHTHI, cocTaBua oT 83° no 92° npu cpenHekBaapaTHYHOM
orknodennn 2,36°. Hcmonezys dopmyny (3.17), Tabnuiy suavennit QyHkunn

Jlannaca /52/ w Bolweyka3anHble 3uaueHHss  J,/S,, NocTpoeHa 3aBUCUMOCTL

BEPOATHOCTHA NOSBICHUS OpaKOBaHHBIX JieTayieil (B mpolieHTax K obiieMmy odbeMmy
3arOTOBOK), BBI3BAHHBLIX HETOYHOCTBIO pPabOTBl MexXaHH3Ma IMMOBOpOTA YyAapHHKa

BeIpyOouHoro npecca (pucyHnok 3.11, kpuBas 1).

%
A\
RN
10 »\ |
5 3/ T~NT——
, ] 2 3 5,18,

Pucynok 3.11 ~ 3aBUcHMOCTH BepOSTHOCTH NOABJICHUS §paKa OT BeIHYUHEI
yriia nopopota ynapsuka (1-90°, 2-60°, 3-30°)

AHanus nonyquHoﬁ 3aBHCHMOCTH [I0Ka3bIBACT, |YTO €CJIH B MCXalH3M

noeopota yaapHuka npecca [IBI-8-2-0 Bmectn perynsarop yriia noBOpOTa,
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obecrneyHBaOLIMA BO3MOKHIOCTE OTBOJIA YAAapHHKA OT LEHTpa BbIPYOOUHOI ITHTHI
Ha Yron MeHblIe ’HaCHOp’I‘HOﬁ BCAMYMHBI, 3TO MOBLICHT TOYHOCTH pPaboThI
BLIpYOOYHOTO Npecca M YMeHBILHT KOH4ecTBO OpaKoBaHHBIX JeTanei.

C uenplo NpoBepKH 3TCro npeanosioxenus OpL1 pazpaboTal peryiasTop yria
MoBOpOTa yIapHHKa, ONMHCaHWe KoToporo npupeacto B £6.1, obecreumBarouimii
BO3MOKHOCTh OTBOJA YAApHHKa OT BbIpyGSouHO# tuutol Ha yrael 30° u 60°. Ilpu
NPOBEHEHNY DKCNEPHMEHTOB € YITIOM OTBOAA yaapHuka 30° dakTuyeckue 3HaueHus
cocTtaBunM 25°-31° npu cpeaHekBaapaTHyHoOM OTKIoHeHuu 1,5° npu yrme oTBOIA
yaapnuka 60° ero oxcnepuMeHTanbHBIE 3HAYEHWs cocTaBunm  54°-63° mpu
cpedHeKBaZpaTH4YHOM OTKNOHeHHH 1,85°. PacueTHBIe 3aBUCHMOCTH, IOCTPOEHHEIE €
HCNONE30BAHUEM 3THX HaHHEIX, NOKA3aHb! B BUAe KpHUBBIX 2 U 3 Ha pucyHke 3.11.

M3 cpaBHCHUA TONYYSHHBIX 3aBUCHMOCTCH CIEAYCT, YTO C YMCHBIIEHHEM YIa
OTBOMA YJapHHKa BEPOATHOCTD NOABNEHUA OpaKoBaHHBIX JeTancit o0yBu CTaHOBHTCA

menblie. Tax, ecnu §, = 3§, mapamMeTp g yMeHbluaercesa ¢ 6,5% npu yriac nopopora

90° mo 0,8% npu yrne nosopora 30°. Orcroga cneiayer, 4TO OCHAIIEHHE
BHIpYOOUHBIX KOHCOJILHBIX NPECCOB PCryasATOpPOM YIjla OTBOAAQ YAApPHHKAa MOWKHO
CHMTATh lleJiccooOpasHbIM, [IpH nanivuM nocaeHero yaapHuK B Ipolccce packpos
netaieli 06yBH MOXKET OTBOIMTBCA OT BRIpPYOOHHO! IUIMTEI TONBKO HA TaKoil yro,
KOTOPEI HeoOX0auM JUIA MepecTaHoBKH pe3aka. MmcnHo takuM obpa3oM nocTymaer

onepartop Ha nipccce Tina [1BI'-8, He uMeroieM MexaHHU3Ma [TOBOpOTa YIapHHUKA.

3.4 U3imenbueHHe OTXO/I0B HA YCTAHOBKAX POTOPHOIO THIA

B miMmenbyurene POTOpHOrIC THHA C BepTHKaHBHOﬁ OCBIO BpallAlONUECA HOXKH
1 KecTKO Kpendrcs Ha porope 2, @ HEIONBHKHbBIE HOXKU 3 — Ha xopliyce (PHCYHOK
3.12) c BO3MOYKHOCTHIO MX IepeMelliel s OTHOCUTENLHO Hoxell 1 B ropH3oHTaNbHOI
MJIOCKOCTH.

[TepepaGatoiBaeMElii MaTepHan 3arpy:Kaercid CBepXy Ha potop 2 H [0A

JeHCTBUCM U.EHTPOGB}KHLIX CHII NnepeMelacTea K HCNOABHKHOH 4acTH Kopliyca,
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nonafaer B 3a30p MeXAY BpaUlalolMMucs HOKaMu | H HENOABHXHBLIMH HOXaMH 3,

rne M NMPOHCXOUT ero H3Mmenbdenue. BenusHa 3azopa Mexiy Hoxkamu 1 u 3

olpejieiseT pasMep (pakuUu U3MeNbiUeHHOro Matepuaia. ITpoluece uimenbpueHns Ha

TaKUX YCTAHOBKAaX NPUONIKEHHO MOXHO paccMaTpUBaTh Kak TMpollece pe3aHus
I

HOKOM MaTepHala, HE HMCIONIICTO (bHKCHpOBaI-IlIOI'O nonoxeius. QcloBILIM BHIOM

NedopMaling MaTepHasa IpH 5TOM sBIsIOTCA fedopMativg pacTsiKeH s,

Pucynok 3.12 — Cxema U3MeNBUYHTCIS POTOPHOTO THNIA

I"'comeTpuueckie napaMmeTpbl Hoxell | HMeIOT peulaiomce 3HadcHHE KaK Ha
spdekTHBHOCTL Mpoliecca H3MeNpUEHHS, TaK W Ha YCHIHC pe3aHnd, a
CIeIOBATCNILHO, HA 3aTpaThi MOWIHOCTH H JHEPTOEMKOCTh NIPOLIECCCA B LENOM.

YeranosiicHHe ONTUMANILHBIX 3HAYCHUHA Yryla 3a0CTPEHMs HOXa, IepedHero
3aflHETO  YIJIOB JONKHO TPOM3BOAUTHCH C ydeToM jnedopmatnu Matcpuana, Ha
KOTOPBIi ,ueﬁc-ray}o% YCHIIYISl CO CTOPOHB! MHCTPYMEHTa. IIpH BBICOKMX CKOPOCTAX
pe3aHus ppoucce nepexofla YNpyrux fedopmalivii B IUIARCTHYCCKHE HEe  YCMIEBaeT
Pa3sBUTBCA TIPH  HE3HAUNTENBHBIX IIPOMEKYTKaX BpPEMeHW, B TCUeHHe KOTOPBIX
cpesaetess crpyxka (3-107% -5.107%cex), u nmedopmauuu cnoes Matepuana,
PACIOIOKEHHBIX IO HOMXOM, HAaXOOATCA B YNPYroi 30HC, a NMOCKOINBKY 30HL

PACIpoCTpaHCcHUs NnacTUyecKux aedopmaiuii yMeHbIIAIOTCH, MATEPHUAT CTAHOBHTCA

oonee Xpynkum.
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CyIILCCTBeHHOB BIIMSIHHE Ha 1MpolecC pe3aHMsa MMEeT BCIIHYHHA 3aJHETO YTIia

& (pucyHox 3.13). B pesynstaTe maBieHHA, KOTOpOE OKa3blBACT JIE3BUE HOKA HA

MaTcpHan, Tocnefnil noja HuUM AediopMHpYeTCs H, eCli 3afHuil YTOn (@ HEBEJHK,
MaTepuan NpHXKMMAaeTea K 3aAHEH 4JacTh ae3snd. B pesynnTare BO3HHMKAaeT TPCHUE
MCKAY MaTEePHAIIOM H JIC3BHEM, UTO NPHBOANT K YBEJIHYEHHIO 3aTpaT MOLIHOCTH Ha

H3MEIIBUEHHL,

Pucynog 3.13 ~ CxemMa K OIpeleNIeHHIO reOMETPHYECKHX
napaMeTpoB JIe3BUs1 BpallAoLIerocs: HOXa
Kpome 3TOro, NpoNCcXoAUT HarpeBaHHe MHCTPYMEHTA, HUTQ MOXKET MPHBECTH
K YMEHBLIIEHHIO CTOHKOCTH €ro Jie3Buil. 3KCNEPUMCHTANLHBIM NTYTEM YCTAaHOBJIEHO,
YTO BCIMYHHA 3aQHEro yrja He MOXeT OBITh Melbllie 15°, a pandoHanbibie €ro
3HAYEHHS HAXOMATCSA B AHANA30HE 20-35“ B 3aBHCHMOCTH OT (PU3HKO-MEXAHHMYECKUX
XapaKTepHCTUK U3MENLYaeMBbIX MATEPHaioB.
B coorseTcTBHH cO cxeMOH, MokazaHHoH Ha pucyHke 3.13, Ha uaMenbuaemblii
Matepuan 2 AeHCTBYIOT CO CTOPOHEI JIe3BUSI HOXKa 1 ycunue R, HanpapnenHoe o
pamuycy, u ycunue (Q, HampapicHHOe IO KacaTelLHOH K pexylieil KpoMke,

Papuoaeiicteytotitas P, pasHas
_ [p2? 2
P=4JR*+Q* |

oOpasyer ¢ ycunueM R yroa o, :

1ga, =Q/R,
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CooTHonIeHHE MeEXAY paAHalbHBIM W TaHTEHNUAIBHBIM YCHIHAMH HE
ABIieTCA MOCTOSHHON BenuuuHoli, OHO M3MensieTcs B mpoliecce Mamenbdenns. [Ipu
pe3aHUy OCTpO 3aTOYEHHBIMH HOKaMu yron &, Onuzox K 90°. Korpa pexymue
KPOMKH 3aTyIislioTes, yron &, npubnmxactes kK 45° Tlpu 2ToM npoHCXOAUT

CYICCTBCHHOC YMCHEUICHHUEC YCUIIHA Q, BCIICACTBHUC YETI'O CHUMKACTCA 3(1)(1]CKTHBHOCTB

U3MeNbUYCHUS.
a3 2 ! 6) 3 2 1 g} 3 2 1
NS N AN a
/
g P” 700 g PK Uo ﬁ
1 - - 4r 7
7, ! e 7
7 _ A » 7

Pucynok 3.14 — CxeMb! H3MeNbYCHUA MaTEpHana NpH NPAMOYTOJILHOM

H KOCOYI'OJIBHOM pEe3anHH

ITpy npuHATOR cXeMe YCTAHOBKH Ha HM3MeNbuuTeNne Bpamatomuxcs 1
HENOABMXKHBIX HoXeld 3 M3MenpyaeMblii MaTepuan 2 TNpmwKUMaeTcs K mnepeiici
rpany Hoxa 3 nessueM Hoxa 1. Ilpn aTOM nepenuas rpaHs HOXKa 3 BHINOJIHAET pOJib
OnopE! AN MaTepuana. YToOwl He NIPOUCXOANIIO NONIOMOK JIE3BUS, BEJIMUHRY 3aIHETO
yriia HoXa 3 NPUHHMAIOT nopsajka 15°,

B 3aBHCHMOCTH OT B3aMMHOTO DPACHOJIOKCHHA PeXYLIETO HHCTPYMEHTA H
Marepuana pesaHue MoskeT OLITh NpAMOYroNbHOC HIIH KocoyroabHoe (pHCYHOK
3.14).

Kak crnentyer 3 NMpUBEACHHBIX CXEM, NIPH NPAMOYToabHOM pe3aHun (PHCYHOK
3.14, a) noxk | BCTynaeT B KOHTAKT ¢ MATCPHAJIOM OIHOBPESMCHHO MO BCeil JNMHE
ne3sus. Flpu xocoyronpHoM pesanuu (pucyHox 3.14, 6, B) InnHa KOHTaKTa Je3BHA
Hoxa | ¢ matepuanoM 2 3aBHCHT OT yrila HakJIoHa JIE3BHsA, HO B JIr0OOM ciydac oHa

MCHBILE, YeM NPU NPIMOYTOJbHOM PE3aHHH.
ITpu pezaunu mo cxeMe (6) ycunue P, packnanpiBaercss Ha yCHIHE pe3aliHs

PP H COBHIAKOIIIYIO CHTY PC’ HanpaslCeHHYIO BHH3 IApAUTICIIBHO NC3BHIO HOXKA l.
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[Tpn pesanuu no cxeme (B) caABHrawINas cuna P. HanpasieHa peepx. Ha ocHoBauuu

aHanM3a 3TUX JABYX CX€M MOXKHO 3akKIO4HTb, HTO I IIpollecca H3MeNlbuyeHMS
MaTEepUaNiOB HAa YCTaHOBKE POTOpHOro THna Gosec NpeAnouYTUTENHHOH ABNgETCA
cxeMma (6), TAaK Kak OpH STOM Jle3BHe HOXa | MpuKuMacT mMartepuan 2 U K JIC3BHIO
HOXa 3, H K NOBEPXHOCTH POTOPA, HTO CNOCOOCTBYET PE3aHHIO,

PaccMoTpuM aty cxemy Oonee noapo0Ho (pucyHok 3.15).

\

SO

I

Pucynox 3.15 — Cxema pesanus MatepHala HOXOM C HaKJIOHIBIM JIE3BUEM

[lpouecc pe3aHns HauWHAETCs B TOUKE 0, KOTAAa BEpPLIHHA JIe3BHA HoXxa |
xacaeTcd Marcpuana 2. [lo Mepe nepeMeuleHHA HOXA JIHHA KOHTAKTA NE3BUS C
MaTepHanoM yYBeJIMYHBACTCSA U COCTABNAsIeT MAKCUMAaJIbHOE 3Ha'eHHe, Korjaa BCpUInHa
Je3BHA JOCTUraeT TOUKM a (nHHUS ag). 3a BpeMs DTOro IHepeMelllenns ycHiIue
pe3aHHa BO3pacTaeT oT Hynsd 0 MaKCHMyMa, I10CJIe HETO OHO OCTAeTCH MOCTOAHIBIM
JIO TeX nop, MOKa JIe3BAC HOXKa HE JOCTHracT JHUHHUH cd, a 3aTeM 0 aHAJOTHIHOMY
3aKOHY YMEHBIIAETCS.

CpaBHHBasg cxeMs! pe3anus (2) 1 (6), MOXKHO OTMETHTD, YTO BO BTOPOM Clyyac
TpeDyemMoe ycuMe pe3aHus MeHblle Grnarofapst TOMY, YTO OTACIEHHE MaTtcpHana
IPOUCXOAMT NMOCHENOBATCABHO IO JMHUM pe3a HeGonbiuoit Juuuel. 3Has obulyio
JUIMHY MaTepHasia A ¥ ANMHY JAKWUMHM pe3a g8 N0 WX COOTHOILIEHHIO MOYKHO
OpHCHTHPOBOYHO ONpeAeNHTh BO CKOJILKO pa3 TpeOyeMoe ycuaue pe3aHHA BO

BTOpOM chyuac 6}’,[{6'[' MeHble. Kak creayer U3 CXEMLI Ha PHUCYHKE 315, JJIHHA
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JJHHHH pe3a g6 3dBUCHT OT Yrla HAKINOoHa JE3BH:A ﬁi’, BCIIHYMHY KOTOpPOT0 Ha

OCHOBAHHH SKCIICPUMEHTANBHLIX JJAHHLIX PCKOMCHAYCTCHA NMPHHHUMATL NOPAOKR 30°.

M3 Tpeyronnuuxa age uMeem:
as = &/sin30° =25 . Torna h/28 = 0,54/ .
O603HAYMB yCHNHE PE3aHUA HOXOM C NPSMbBIM JIe3BHEM P, HOJy4YHM, YTO
YCHITHE pe3aHisl HOKOM C HAKJIOHHBIM JIC3BHEM JOMKHO ObITh:

P.S
p ==z
, 70,5k

=2P,6/h (3.18)

Ananns 3apucumocta (3.18) nokaseiBaeT, MTO MPH KOCOYTOJBHOM PE3aHHH

Tpeﬁycmoe ycunue Pp 6y,ueT MCHBUIC, HEM NPH NMPAMOYIONbHCOM DC3aHHH, 10 TCX

Nnop, NMoxa BLIIMWIHACTCS YC/IOBHE!

5/h<05,
OOLee yeunve Py, NPHNOXKEHHOE K HOXY (pucynok 3.15), pasHo:
Pp=P, -cosa%:%
Ecnu =309 P, =2,3P, -5/h.
OxpyxHoc ycpimue Ha porope:
NpH NpAMOYTOiLHOM pe3annu - 1, = Pyn, | (3.19)
NMpu KOcoyronaphoM pesanun - Fy =Ppn, =23P, %n,, , (3.20)

rae H, - qucio HO)KCﬁ, OAHOBPEMEHHO HAXOOALIIUXCA B KOHTAKTE C

MarepuanoM.

Ofmee xoanuecTBo HOXKEH, YCTAHABIMBAEMBIX HA pOTOpE HM3MENbUHMTENd,
3ABHCHT OT €ro KOHCTPYKIIMH ¥ pa3sMepoB, 110 OecCopHLIM ABNseTCs TOT (akT, YTo
OJIHOBpEMEHHO B KOHTAKTE C MATepHaJIOM JIOJDKHO OBITH NapHoe KOJHYeCTBO HOMXKeH,
pacmooKelHbIX  JHAMCTPANBHO — NPOTUBOMONOXKHO, TaK Kak MNpH  3TOM
ofecrieunpaerca Oosice paBHOMEpHOE paclpelieneiiie Harpy3kH Ha onopsl Bafa

poropa. CpaBHenue pripaxkeHdii (3.19) u (3.20) nokasmiBaer, uto TpeOyemoe
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OKpY>KHOE YCHIIHE BO BTOpOM ciyuae OyneT MeHbllle 0 TeX Mop, I0Ka BLITONHACTCS
yciloBue:
Sfh<0,43.

‘Taxum o0OpasoM, M 10 YCHJIHIO pe3aHus, U 0 OKPY:KHOMY YCHIIHIO BapHaHT
pe3aHHsd MaTepHaToOB  HOXOM ¢  HAKJIOHHBIM  Jie3BueM  sBisercs  Oonee
NpEeANOYTUTENBHEIM.

OnelT nokazeiBaeT, YTO NPH H3MeENbYeHHH OTXOJMOB OOYBHBIX MaTepualion,
XapakTepH3YIOIIUXCad JOCTAaTOMHO BbICOKOH abpasHBHOCTEIO, IIpOLEcC pe3auusd
OCTPBIMH KpPOMKaMH 3aKaHYHBaeTcsd cpaBHHTeNbHO Opictpo. ITosTomy depes
HeOONBIIOH NPOMEIKYTOK BpEeMEHM peKylIMe KPOMKH IpHoOpeTaloT HEeKOTOPLIH
pPajuyc 3aKpyryIeHUs, yBCIHUNBAIOIIMACA O Mepe paGoThl MHCTPYMEHTA.

TTpu pe3auuln HOXOM C JIE3BUEM, HMEIOUIHM pAfUyCc 3aKpYINeHus r, B
MOMEHT CONMPUKOCHOBEHHS JIe3BMS C MaTepHalnoM, Kak M NpuH packpoe, mpollecc
pe3aHus eule He HacTynaer. TORBKO NpH HOCTUKEHHWH HEKOTOoporo nporuda
MakCHMaJBHOE HanpsKelye, BOZHHKAIOUIEC NMPH BAABIUBAHWH JIC3BUS B Marepuan,
OyacT paBHO HEKOTOPOMY KPUTHYECKOMY HaNpPsXEHHIO, MPH KOTOPOM HAYMHAETCA
Npolece pe3aHus.

OnpenesnuyM cuily, IeHCTBYIOUIYIO Ha Jic3BHe HOKR, IIPH BHABJIMBAHHH €ro B
matepuan. JlapneHue MOKHO CBA3aTh ¢ IPOrHOOM clleAyIoIUM cooTHOuIeHHeM /88/:

R=c-d, 3.21)

1
riae ¢ — Ko3(pduuHeHT 3nacTUYHOCTYH, Y MATepuUanoB, OpUMEHNEeMBIX JUIs

Hu3a obysH, ¢ =0,8-3,2 H/ma.
Ha pucynke 3.16 mnokazaHpl 33BUCHMOCTHM YCHIMSL BAABJIMBaHHSA OT

BeMUHHE! Nporuéa MaTepuana o .
Yennue Pe3annAd HOYKOM, JIE3BHEC KOTOPOro HMCEET paauyc 3aryIUIEHHA r ,
PaBHO:
R=R,+n- Ry,
riie R, -~ ycumue pe3aHus OCTPLIM JIe3BHEM;

n- Koalrb(bmmcm, YUUTHIBAIOLIH I 3aTYJICHHE IE3BUS;

R;- ycunue X010cTOTO X012,
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Tauresipansuoe ycunue:
Q:Qo'*'n'f'Ph

rae f - koodUIHEnT TpeHHs MEXIYy JIe3BUEM H MATEPHAIIOM.

R, HI ‘
40 T
35
20

10

|
1 1 | ] )
0,25 0,5 0,75 1,0 1,25 O, MM

Pucynok 3.16 — Brnsiaue ycunua BAaBBaHus HA BETUYHHY nedopMaLyy

MaTtepuana: | — obpazeny u3 Koxy; 2 — obGpazell U3 pe3uHbl

VIHTeHCHBHOCTh 3aTYIUIEHHA JIE3BHS 3aBUCUT OT BEJHYHHBl €70 yIvia
3aocTpeHus. YeM MeHLUIE 3TOT yroJi, TeéM BhILIE HHTEHCHBHOCTH €ro M3HAIIMBaHUs.
Ha ocHOBaHuM ONBITHBIX MaHHLIX BENMUUHY YIJIa 330CTPEHHSA PEeKOMEeHAYeTCH
NpHHUMATh B nuanasoHe 25-40°,

Donsitoe BHUMaHHMe Ha HM3HOCOCTOMKOCTE M NPOYHOCTh PEeXyHIMX KPOMOK
OKA3kIRAET NMEPCAHUH yrom e3nds. Ero onTHManbHble 3HAUCHUS JICKAT B AHATIA30HE
20-40°, ,
K pexpmam paboTel OTHOCATCA CKOPOCTh pPE3aHHA, CKOPOCTH T0jaudd
MaTepHAaNla Ha HOoX HIM HOXAa Ha MarepHal, rayOuHa pesanus. [IpuMeHHTeNbHO K
cXeMe M3MenbHuTeNs, NOoKazaHHOH Ha pUcyHKe 3.12, CKOpoCcTh pe3aHHsd SIBISIETCA
OIHOBPEMEHHO CKOPOCTBIO IOAaUYH HOXA Ha MaTepHall.

Belize oTMeyanoce, 41O NpH BBICOKHX CKOPOCTAX PE3aHHA YMCHLIIAKTCH

NnNIacTHYECKHUE ﬂe(bﬂpMalIHH, OJJHOBPEMCHHO TNOHHKAKTCA YCHUIHUA pe3aluA. KpOMC
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TOro, yMEHLIACTCAH KOO(i)(bHLIHEHT TRPCHHUSA O CONPUKACATOIHHMCH NOBCPXHOCTAM

N€3BUA U MaTepuala,

RQ
H/vat

20

15

10

|
1
10 15 20 25 30 v, , M/c

Pucynok 3.17 — 3aBucHMOCTN YCUNIHS PE3aHUS OT CKOPOCTH

Ha pucynke 3.17 nokaszanbl 3KcHepUMeHTaNBHEIE NaHHBIC, NOJYyYeHHBIE TPH
H3MeNTBYeHHH MOOLBEHIION KOJKH ¢ Pa3HBIMH CKOPOCTAMH pe3alius.

IlpuBeneHHble 3aBUCHMOCTH IOKA3BIBAIOT, YTO C YBCIHYEHHEM CKOPOCTH
pe3aHHd NPOUCXOAUT yMeHbulcHHe YCcuinid. OAHAKO NpH A0CTATOYHO OOJbLUOM
YBEMHYCHUH CKOPOCTH PC3aHHA, 32 CYCT IMOBLIIICHNA YacTOTHl BpPallleHHUsl pOTOpa,
OBICTPO pacTyT BUOPALHOHHBIE HAIPY3IKH H NPH COBIAJICHAH YacTOThl COOCTBEHHBIX
KonmeOaHUH ¢ 4acTOTOM BBIHYXAECHHBLIX KONeOaHWil HACTYMAET sBJICHHE pe30HaHca U
NpU 3TOM MOJKHO OKUAATH paspylueHus 1nbo poropa, audo onop Baia, HA KOTOPOM
oH 3axpemned. IlooToMy Jns TONYyUYeHHS BBICOKHX CKopocTeff pesaHus Ha
V3MENBYUTENAX POTOPHOrO THHA HYKHEI CHCUMANbHBIE KOHCTPYKTUBLLIE PelleHus,
04O H3 KOTOPBIX ONMHCALIO HIDKE.

[Ipy yBenu4eHHM TONNIMHBI Pa3pe3aeMOro MaTeprana, Kak I[1OKasbIBaioT
ONbITHBIE JaHHBIE, NPOUCXOOUT pOCT YCHIHH pe3auua (pucyHok 3.18), npuuem
ycunde R pacTeT OTHOCHTENBHO MEUICHHO, @ MHTCHCHBHOCTE pocTa ycminsa Q
3HAYUTEALHO Bbliie. OOBIcHACTCA 3TO, OYCBHAHO, TCM, HTO TNpH YBEIHHYCHHH
TOJHHHMHB!I MaTepuana HOpMalibHblC JABNCHHA Ha HEro pacTyT He3HAYUTeNnblo, a

TaHFCHUHANBHBIE, HANIPOTHUE, CYILIECTBEHHO BEIPACTALOT,
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RQ
Hivamt

Y20 T
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) I | o
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Pucyuox 3.18 — 3aBHCHMOCTH yCHIIHSA Pe3aHHs OT TONIIMHE]

paspe3aeMOro Marepvana

3HauyMTenbHOE BNHsHHE Ha 3GQGeKTHBHOCTE Tpolecca  M3MENBUCHHA
oxaseiBaeT hopMa npodruls pexylueil KpoMKY Hoxa, Tak, npu H3MeNbLYCHHH MATKUX

MaTrepHanoR MOXKHO NPHUMCHATE HOXKU C IIPAMEBIM JIC3BHEM, PHCYHOK 3.19.

a) 6) " B)

-

Pucynoxk 3.19 — @opMs1 npodiei peiky X Jie3sui

ITpu peszanuy nnacTHYeCcKUX MaTepuanoB Oomlee TPUTOJHO Jie3BUE C
BOTHOOOPA3HLIM npodiiieM, a NPH Pe3aHHMM SKECTKHX MAaTepuanoB — ¢ 3yGUaTBIM
npoduneM. JIng se3suit ¢ BoNHOOOpasHBIM NpoduieM Yroj pe3aHHs 3aBHCUT OT

TOrQ, B Ka&KOH TOuYKe BCpLIinna KpPOMKH BB&HMO,IIGI‘;ICTBYET C paspciaeMLIM

maTtepuanoM. Tak, B TOYKAX y BEpPIIHHB YrOJl ¢ YBeJIUYUBAETCH, 4 Y CAMOTO
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OCHOBaHHA BOJIHBI OH Onu3ok K 90°. BenepcTeie 2TOro, NpouCXOAUT YMEHLIICHHE
yraa pesauud. Ipy npumeHeHuH Hoxkeii ¢ 3yGuathiM ne3sueM HeoGXoaAnMo, YTOOL!
oTHOHIEHHE //f OLINO MHHMMATBLHEIM, TAK KaK YeM OHO MeHbllie, TeM MeHblle Yroln
pe3aHud.,

ix aTHX paccy:xacHHI clieAyeT, 4TO NPH U3MEIBYEHHH Pa3HBIX MaTepHanon
HY’HO HCTO/B30BaTb HOKH C PA3THIHEIM npodunem pexyuieii kpomku. s
abecrieueHus 3TOTO LeNiccoadPa3zHO NMPOU3BOAMTE 3aMEHY He CaMUX HOXKEil, a TONLKO
MX pexkyieii yacTH, HO A8 JTOT0 HeoOXOoAHMO, YToOLl HOKH HUMENH COCTABHYIO
KOHCTPYKIMIO, MPHHEM COCHMHEHHE pewxyulcii HacTH ¢ KOpnycoM HOXa JOJKHO
ObiTh OblcTpocheMHBIM. [IpH Takoil KOHCTPYKUMH HOXeH MOTYT CYIICCTBEHHO
YMEHLUIMTHCS 3aTPATH BPEMCHH Ha WX 3aMEHY U NEPETOUKY.

HeenepopaHusMi YCTAHOBJICHO TAKXKE, YTO HA PEXYILIYIO cMocoOHOCTL U
CTOHKOCTE MHCTPYMEHTA OKasblzaeT DOJNBIIOE BNUSIHHE MHUKpPOTEOMETPUs Pexylel
kpomku /48/, TIpudeM 310 BIMsiHHE CKA3bIBAETCH KAK HA OTHOCHTENBHOM YBEIUYEHUH
YACNIBHOTO YCHIIMA DC3AHWA, TAK M HA XapakTepe CHIDKCHHS H3HOCOCTOHKOCTH
HOXeil.

Cpeausass BeIcOTa MHKporpeQelIKOB UIH  pe3y/IbTUPYIOIAs  BhLICOTA
MUKPOHEPOBHOCTEH peXkylleil KpOMKU oIpedensieTcs KakK cpcaHeapH(MeTHUCCKOE
JHAYEHUC BBICOT BBICTYIIOB, U3MepseMBIX Mo Beel anuHe paboucit 4acTH ne3sus.
Pexxymiie HHCTpYMEHTLI, NPUMEHACMbIE B 00YBHOM IMPOWM3BOJACTBE, HMEIOT BHICOTY
MUKpOHepoBHocTel B ananasone ot 0,1 no 0,3 mm. B 3aBucuMocTH OT TBEpAOCTH
Je3BUA MPOUCXOANT JIHOO OTpeIB, JinOo pedopMauus MUKPOBBICTYNOB, 4YTO B
KOHEYHOM CYEeTE MPHUBOAMT K YBENUYCHHIO KOHTAKTa PeXyulell KPOMKU Ne3Bus ¢
pa3spe3acMbIM MAaTCpPHANOM M K YMEHBIUCHHIO BEIHYMHB! YACIBHOTO KOHTAKTHOIO
HaBICHUA.

YCTaHOBNEHO, 4TO JIe3BHA C  OTHOCHTENRHO MEHRUIEH  BHICOTOMH
MUKPOHEPOBHOCTEH UMCIOT OTHOCHTENBHO OONBUILYIO M3HOCOCTONKOCTh. JTO
0OBACHACTCA TEM, YTO AP NPOYHUX PaBHBIX YCIOBHAX Harpyska pacnpelensacrcst Jo

BCEeH JinMile pexyulefi KpOMKHM Oosiee DaBHOMEPHO, MHKPOHEPOBHOCTH HMCIOT
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OTHOCHTEJILHO GOMBIIYI NPOYHOCT, MO3TOMY HX AedOpMaLMsl WIH OTPSIB McHee
BEPOATHEL.

Haunyu4iilyio MHKPOTreoMCTpHIO pexyllieil KPOMKH € TOYKH 3PSHHS PCKYIICH
Cr1IocoOHOCTH H H3HOCOCTOMKOCTH MIMENH HHCTPYMEHTLI, 3aTOMeHHble Markumu (M1,
M2) abpasususiMu KpyramMu. OKpyxHast CKOPOCTEH 3aTOUKH NP DTOM cocTaBHia 14-
15 m/c npu BozaymHOM oxnaxiaeHun u 20 M/C npm OXNaxKAeHMH BOJOH MIH
smynescueil. IIpn npumeHenumn anMa3zHoil 3aTOYKH, KoTopas obecneduBacT Oonec
BBICOKYIO IIPOM3BOJUTENLHOCTE 00paboTKM HHCTpYMEHTa, ClelyeT HCNONIb30BaTh
Kpynuozepumcteie Kpyru Al6 — Al2 ua Gaxenutoroit csizke ¢ 50% unm 100% -
HOM KOHUEHTpaLuelt aIMa3Horo cios.

[Tockonbky  mpollecc  H3MeNbYeHMS  MaTepHalioB  OCYHIECTBIACTCHA
HENOCPE/CTBCHHO B 30HE B3aumogeitctaua noxeidt 1 u 3 (pucynok 3.12), npuuem
pe3aHue OIHOro W TOro e (PparMeHTa MOXKeT MPOHU3BOANTECH MHOMOKpPaTHO IO
OOCTHXKCHUA TpcOyeMoro pasMepa QpakLiuii, Hy)XHO, yToObl paboyas roBepXHOCTH
poTopa HMeXa Takylo (oOpMy, NpH KOTOPOH 4YacTHIBI MaTepuana IIOCTOSHHO
HaxoATca B paboycii 30He,

i JTO0 YyCnOBHE MOKCT BEITONHATECH,

ecllH poTop uMeeT GOpPMY YCeHeHHOro KoHyca

(pucynox 3.20).
G” pucy )

8 OnpegenuMm  yronm  obpasyiolneit

|
!
!
!
1
: lG KOHyca, NpH KOTOPOM YacTHla MaTepHana

Pucyiok 3.20 — cKaThiBaeTcs BHH3. 13 cxembl Ha prcyHke 3.20

CxeMa K onpeneneniio yria CJieAyeT, 4TO 3TO YCIIOBHE BLINOJIIACSTCA, €CITH

oGpasyionteii KoHyca poTopa Fo>F,,

rae I, mp - CHIIA TPCHUS YACTHIHI O NIOBEPXHOCTHL POTOPA.

G-Sina>G- f-Cosa,

rac f— ko3 GHIHEHT TPEHUA YACTHIULI O IIOBEPXHOCTE POTOPA.

B ntore o> arc tgf . (3.23)
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Tax xak ko3¢ duuneHTs! TpeHus 00YBHBIX MaTepPUANlOB N0 CTAIN HAXOAATCS B

ananasore ot 0,39 no 0,84 /76/, yron ofpasyrouleii koHyca goxkeH ObITh HE MelbILE

21 - 40°. Ilpuanmas Gonsllice 3HadeHne yria, nonydauMm a >40°,

PaHee yxe OTMEUaNoch, UTO eciy HOK MPOU3BOIUT pe3aHue MatepHana Mo
crioco0y Nubl, TO ero paGovnii yron 3a0cTpelusa CTRHOBHTCS MEHBIIE yIia 3aTOUKH,
BCJAEACTBHC HEro YMEHbILAKTCS yCHnus pe3aHus. [IpuMennTeNnbHO K H3MENLUHTEINIo
poTopHOTO THUMa B paloTe HCCNENOBaHB! KPHBOUIMMHO-IIATYHHBIH MeEXaHH3M
OOMOJIHUTEABHOIO MEpEMELIEHN pPOTOpa € HOXAaMH B BEPTHKAJILHON MIOCKOCTH

/31/, nokazanuelii Ha pucyHke 3.21, a TaxKe KyJIavKOBbIii MCXaHU3M.

Pucynok 3.21 — Cxema K onpeieneHHIo epeMelleHnit potopa

B BEPTHKANIBHOH U FOPH30HTANBHON TUIOCKOCTAX
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B coOTBeTCTBUU CO CXeMOii, 3a BpeMsa { pOTOp H3MENBUHTCNA MOBEepHETCA B
rOPH30HTAILHON IJIOCKOCTH Ha Yroil (&, @ B BCPTUKANBHOH TUIOCKOCTH KPMBOLUHMM
COBEPLIUT IOBOPOT HA Yron { :

A=Wy, ,P=W,, 1, (3.249)

rae @ ,,®,, - yrIOBble CKOPOCTH POTOPA U KPHBOLIMIIA,

Hepemelnenue noeif, 3akperuieHHBIX Ha poTOope ¢ paauycoM R, B
NPOeKLUAX HAa KOOPAHHATHLIE OCH:

xy =R-Cosa, y, =R-Sina, z, :r|:(1—Cosq))—%vSinzqo],(&ZS)

rae r, / — paaguyc KpUBOILMNA U JUIMHA 1IaTyHA.
O0utee nepemeuieHue HOKa B [OPU3OHTANLHOH U BEepPTHKAIBLHOH

MMTOCKOCTAX:

Sszf, + Yy 4z =\/R2 +r2[(1~Cosqp)—Erl--Sin2<p]

I
CKOpOCTb HOXa B IIPOCKIHAX HA KCOPAHHATHERIC OCH:

dx, da LN )
Uy, = Tt -Z—a}p(—R-Sma)——a)p-R Sina
dyy da
v, = —=m, Cosa
Yu  da dt P
dz, dp ( ¥ )
v, = -——=w \-R-Sinp)=w,, -r-| Sing——Cos
PesynLTHpPYIOWAL CKOPOCTL HOKA:
2 2 2
uﬁz‘juxﬂ oy, T HUz," =

2
wf) CR% .St +w!2) ‘R? . Cos’a +a);é;(r -Singo—%S:’nzqa] = (3.26)

2
- a;f, -R? +cu,3{',(r-Sinq9—§—Sin299)
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M3 nocneanero BelpaxeHus cnejyer, uyro npu @ =0, 180°, 360°
pe3yABTHPYIOLAs cxropocm HOKa paBHa:

Uy =@, R, (3.27)

T.e. POTOp H HOXH NepeMellaioTcs TOJLKO B TOPH30HTANBHOHM TLIOCKOCTH, a HX

ckopocTe MuHumansha. Ilpu ¢ =90°, 270° cxopocTes HoXelt MakcumanbHa U

nepeMelaloTesa OHH 110 [IPOCTPAHCTBEHHOM TPReKTOPHH:

vy, =\/a)§ . R? +cofp -2 (3.28)
[lpu pmpyrux 3naueHASX (P CKOPOCTh HOXeil 3aHUMaeT NPOMEKYTOUHBIC

3HadeHuAa, HO BCErja ConpIlIC MAHUMAaNbLHOH. CJIC,[[OB&TEJIBHO, TONBKO NpH P =0,

180°, 360° palouuii yroi 3a0CTpeHAS HOXKCH paBeH Yriiy MX 3aTOMKH, a BO BCeX
OCTANBLHEIX CIYYasX OH CTAHOBUTCS MeHLlle, 32 CUET HEro YMeHLIUAIOTCHS CHIIbI
pe3anusi. Kpomc Toro, BepTHKallbHLIE TIepeMClleHHsa HoXed cnocoOCTBYIOT
HCKIIOYEHHIO CITYYaeB 3aKIHHUBAHUS MaTepHana MpH U3MeJIbUeHHH.

3anuuieM 1ocneaHee BBIPAXKCHUE B BHOL!

2

O

vy =@, R [+ P
P

(3.29)

!
W3z otoit Qopmynst cnenyer, uto mpu @,, =@, peanbHOe yBelHueHHe

pe3yneTHPYIOLICH CKOPOCTH HOXa BO3MOXHO, eciH r =0,5R, UTO NpaKkTHYECKH
HEMPHCMIIEMO, TaK KaK IPH 3TOM POTOp ¢ HOXaMH JOJLKeH coBepllaTh OONbLIHE
BepTUKajbHEIE NepeMeinenns. CriefoBaTeNbHO, YBEHUCHUE U);; BO3MOXKHO 33 CYCT
NOBBIIIEHUS. YIIOBOH CKOPOCTH KPUBOIUIMMNA TIOC/E TOro, Kak JOCTHIHYTa
MaKCHMANELHAA YrJIORAas CKOPOCTh pOTOpA.

C UeNBrO  YIOPOUIEHHS  KOHCTPYKLMH  U3MENBUUTEI  NpeacraBsisaeTcs
ircnecoo0pasHeIM - MCNONB30BATE  JUIS  BEPTHKA/ILHBIX  HEpeMCUIEHHH poTopa
KyJlauKoBblil MeXamH3M, KOTOPLli oOnafgact No CPaBHEHHIO C KPUBOUIMIIHO-

HIATYHHBIM MEXaHH3IMOM 3HAYHTE/ILHO MEHBIIHMH raﬁapﬂ"mbmu pasMepamMu. an
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OTOM TOABNACTCA BOSMOKHOCTL HCITONB30BATL NPUBOL BpallleHHUs poTOpa TAKKE M
JIiA obecneueHns ero BEPTHKANBHBIX nepememcnui«i. Kunematuyeckas cxcma
MeXaHu3mMa, oﬁecncqnnammem H BpalleHHe potopa, W €ro BEePTHKANBHBIC

nepemelilenus, MOXeT BBIIIISJIETS TaK, KaK [0Ka3aHo Ha pucyHke 3.22.

I

T

NN
==
AN
—~

\

Pucynok 3.22 - Cxema McxaHU3Ma NPHUBOJA pOTOpa H3IMENBHUTENS
!

B cooTBeTCTBHN ¢ NpHBEICHHON CXeMOH NPH BKIIOUEHHH ICKTpoABHraTend |
yepe3 peMeHHYH nepenauy 2 obecmevurBaeTcsl BpallieHHe BepTUKanbHoro Bana 3, a
BMECTC ¢ HHMM DpoTopa 4 M HHcKa 5. EcNH BLUONHHTE HHKHIOWO TOPLIOBYIO
TIOBEPXHOCTh MHCKA 5 B BUIE LMJIMHAPHHMECKOTO MPOQUIHPOBAHHOIO KyJlayka, a B
npocTelileM clydae B BHJIC HAKIIOHHON MNOCKOCTH, onupatolneiics Ha ponuk 6, To
NpH BpallieRu K Bana 3 nuck 5 obecnevnT BepTHKANbHSIE NepeMenens poTopa 4.

Tlockonbky BepTHKanblble NepeMellieHus POTopa 4 CBA3aHEl C NPEoIoAeHUEM
SHAYMTENBHBIX CHA MHepUUH, OONBIIOE 3HAYEHHME MMEET MNPaBIbHBIH BhIOOp
npoduis paGoueit ndgepxHocTH aucka 5. Ecnu 3Ty noBepXHOCTE BHIIOJIHUTE B BUAE
HaKIOHHOH MAOCKOCTH, PACITONOXKEHHO# 1101 YIIoM f K TopLy AYCKa, BEPTHKAIBHOE
nepemellieHne S poropa 4 B 3aBUCHMOCTH OT YIiia MOBOpPOTAa POTOpPa & MOMKHO
ONpeJeNHTS 1o opmyne:

S=R(-cosa)-1g8.

AHanor CKOpOCTH IlepeMcHIeHHsA poTopa B BEPTHKAILHOM HaNMpaBICHUN

OMpeAeldeTcs Kak lepBasi IPOM3BO/IHASL OT 3TOTO BLIPAXKEHMS, 4 aHANOT YCKOPCHHS —

KaK BTOpas npoM3BogHAaA!
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.S = Rsina -1gf,; (3.30)
S =Rcoso-1gf.

Bripaxenue (3.30) noxassiBaeT, 4TC 3aKOH HU3MCHEHWS YCKOpPEHUs [pH
BEPTHKANBHLIX TEpeMELIeHHsIX POTOpPa ~— KOCHHYCOMAANLHBII, NpH KOTOPOM
NpoHCXOAUT OBICTPOe HApacTaH{e CKOPOCTH B Hauane ABWXeHHd N ObicTpoe
yOBIRaHHE CKOPOCTH B KOHUE JABWXKEHHS, & B cpejilcii YacTH OTpe3Ka, KoTopas
ABNAETCS. OCHOBLIOH, CKOPOCTh BCPTHKAJIBLHOIO ICpeMelllcHHA poropa Onuska K

NOCTOsHHOH BennunHe (pucyHok 3.23)

1
S
B
|
"
g
—=—u"""", 9
ol 1|21 3] 4] 5|67 8
3
S
———t P,
0 /r "‘\\ Ex
Sl
e
P P o
\\
h

Pucynox 3.23 — Jluarpammsl niepeMeliieis, CKOpOCTH U YCKOpenus

pPOTOPA NpU NPUMEHEHHH KYTAauKOBOr0 MEXaHU3Ma

Y KpHUBOLIMIHO-IIATYHHOrO MeXaHH3Ma 3aKOH M3MCHEeHus YCKOpeHHs
CHHYCOMJAILHBIE, NP KOTOPOM CKOPOCTb BEPTUKANGHLIX MEpeMellicHUiT poTopa
HapacTaeT W yOpIBaeT GoNec IUTaBHO, BCHEACTBHE YCrO B CpeftHCH UACTH OTpe3Ka
CKOpOCTb MeHbllle, Hem B Heppom  caydae. CrenosaTenbHo, NPHMEHeHHe

KyJIaYKOBOro Mexaunusma fosee 11esiccoodpaszHo.
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Pe3ynbTaTsl 3kcnepUMEHTANLHBIX HCCACHOBAHHH MOKa3aiy, MTO C POCTOM
[UIOIIARKM  3ATYMICHHS HA Ppexylleil KpOMKe JIe3BMs  yCHIMe — pe3anus
NPONOPUUOHANEHO YBelHuuBaeTcs. [TosToMy ans ero yMeHbIUEHHMs HCOOXOAMMO
MCPUOAUYCCKH NIPOH3BOJNUTD 3aTOYKY HOXKell, HO CIIMIIKOM YacTO OCYUIECTBISATE OTY
ONepaIHIO HEBO3MOKHO, TAK KAK 2TO MOTPeOYET YaCThIX OCTAHOBOK M3MENBYHUTENS.
[Tosromy npencrapnsercs liellecooOpasHLIM YCTARHOBUTL Ha POTOpE M3MENbUHTENs
{(pucydok 3.24) BMeCTO TNIOCKUX HOKei MHOroNe3sHiitibie BpamAlOINecs
uunuaapudeckue ¢pesnt, IlpuMenenne ¢ipe3 MO3BOJUT MHOroKpaTHO (KPaTHOCTDL
paBHa yHcy 3yOneB (ipe3bl) YBEJHYHTE BpeMs paboThl H3MENTbYHTEIA 10 NepeTOUKH
ux ne3suil. Kpome 10ro, npu ogHoH M TO e CKOPOCTH pe3aHus 4acToTa BpalllcHHs
poTOpa CTAHOBUTCA CYHIECTBEHHO MeHBINE M, KaK CleJICTBUE, MEHBIIE 3aTparhl

MOIIHOCTH.

Pucynok 3.24 - CxeMa K ollpefieNleHHIO HacTOTHl BpaleHUs poTopa

Kak BmaHo u3 cxemsl, Ha portope | 3akpernenel ¢pe3sl 2, KOTOPBIC
BpalaloTcs BMECTE C POTOPOM H, KpOMe TOro, OHM BpallaloTcsi BOKPYI' CBOMX ocei.

OxpysHasg cKopocTh poTopa pasHa /5/:

a
o.p. =55Dp Ny, (3.31)

rae Dp U 1, - IMaMeTp U YacToTa BPallleHH POTopa.
|

AHaIOTHYHO OKpYKHad CKOpOCThL Qpe3sl:
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_— % d
Uo.p. “ 0 Ry, (3.32)

rje d ¢ M Ng- nuamerp u yacToTa BpaiueHus (Gpessl.

anI{ﬂB, HYTO OKPYXKHAA CKOPOCTh (ppESBI pasHa Opr}KHOﬁ CKOpPOCTH poTCpa,

1
MONYHUHM:

Uo.([). = Uo.p. = d(p -nd, = Dp -np
OtKyna creayer, YTo YacToTa BpalleHUs poTopa

d
np=—£-n¢;,

Dp

34aBHCHUT OT OTHOLUCHHA AHaMCTDROB (prSBI H poTepa.

Mz cxembl Ha pucyHke 3.24 BUIHO, YTO CKOPOCTL Pe3aHis paBHa:
: Upe3. = Uo.p. + Uo.g(;. )

HO TaK KaK Up p 10 yeiioBu1o pasHo Up 4, TO

Upes'. = zuo.p. = 200.({).

Orciona Upes, = 20, ), =25Dp p :EDP Hp
Torna yacToTa BpalICHHs poTOpa:
_ 30-v pes.
p = (3.33)
P

H}JH H3IMENTbYCHUM MATEPHANIOB IJIOCKUMH HOXaMH, 3aKpenieHHbIMH II0
I

NEPHMETPY POTOPA, €TI0 HacTOTa BpAalllCcHHA paBHa:

L 60-0,,

n,o=—-
P (3.34)
Dp

CpaBrHeHue nByx mocneAHuX (OpPMyJ MOKa3plBaeT, HMTO E€CNH Ha pOTOpe
YCTaHOBIIEHB! Bpaulaomuecs: Gpesbl, ero 4acToTa BpalleHHsd yMmeHbllaeTcsa B 6,28

paza.
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Kax oTmeuyanocs Bslile, pe3aHHe OJHOTO M TOro ke QparMedTa martepHana
Npd  M3MCIBYEHHH MOXKET NPOW3BOAUTHCA  HCOAHOKPATHO OO0  IIOJYHCHHS
HeoOxoaumoro pasMepa ¢pakuuii. C  uedbl0 HHTEHCH(pUKaUMH  [Ipolecca
M3MCJILYEHUS NpeACTaBsieTces uenecoobpa3HeiM 00ecneYyTh NoJa4y B 30HY pe3aHus
CXaTore BO34YyXa, OCHOBHOE Ha3zHaueHHe KOTOPOro COCTOHT B TOM, 4YTODLI
NPUIOAHMMATE YacTHlel MaTcpuana Hax paboucii NMoBEpPXHOCTLID poOTOpa H
OCYINECTBAATE HMX NepeMellBAHUC B npouecce pesanud. Kpome atoro, cixarbii
BO3lyX CNOcOOCTBYeT BLIHOCY M3MeNbLUYEHHLIX A0 HY)KHOTO pa3Mepa YacTHILL 4epes
OTBEPCTHA B CHTaX B MeHIKH, 3aKpelulsieMble ¢ BHELIHell CTOPOHEI M3MENbUUTEIA.
lipp >ToM mnpoOZOMKHTENBUOCTL Mpollecca H3IMENLYCHMA R0  JOCTHKCHHA
HeoOxoauMoro pazmepa ¢(paknmii MaTepuana COKpaMIAeTCs, YMEHLIUAETCs TaKiKe
sHepronoTpedienye.

Onpedenenne paliHOHANBHBIX NaPaMETPOB NMOTOKA CXKATOTO BO3ZyXa COCTOUT B
YCTAHOBJICHMHN Heo0xoauMoro pacxona u nasienus. Pacxon Bosnyxa onpencnser
>pIeKTUBHOCTL MNepeMeiiBaHus H3MelibYaeMoro MatepHasia U yHaNcHUs M3
paGouell 30HBI YacTHL, NOCTUTMIHX HeoOxomuMeiX pasmepos. [Ipu HepocTaToUHOM
KONHUECTBE BO3AYXA MOXKCET NOPOHCXOJIMTH JIOBTOPHOE W3MCIBYEHHE, NpPU €ro
H30BITKE — Bo3pa0"raé1‘ IHCProeMKOCTL npoliecca.

Bo3MmoxHel cnenyloue BapHaHTHEl HepeMelleHUs HacTuUl[ MaTepuana B
BO3LYUIHOM IOTOKE BHYTPH U3MenLMUTenda: 0e3 oceBoro IlepeMewenys, B IOTOKe
BO3MyXa 0e3 oca)k[eHHa Ha POTOop, B MOTOKE BO3AYXa C MEPHOANUCCKHM OCAKIEHUEM
Ha porop. QOueBnpaHO, YTO [nd Lelell H3IMENbUYEHHA MarTcpuanoB Haubonee
MPUTOJHBIM SBMNAETCH TPETUH BapUaHT, KOTAA [PH JOCTHAEHHU HEOOXOAUMOTO
pazMepa (pakuuil TACTHIL] JOIKHEL MEPEMEIIATECS B MOTOKE BO3AYyXa K CHTaM H
YARNATBCA U3 UIMENBYUHTESH,

HMsyuenue 3akonomepHOCTeH JBIKEHHs JNCKPCTHBIX Mace TBepARoil ¢assl
noj JHeHCTBMEM [IOTOKA BO3JAyXa OOBLIYHO IMPOU3BOAHTCA € NpUMEHEHHEM
audibepenynaneuelx  ypasHeuuit Habpe-Crokca., [IpuMmenuTtennino K JaHHBIM

YCIOBHSIM ypaBHEHUs! ABNXKeHUst uMeroT Bua /133/:
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ov,;, 2 0v,
T+ Y= +(pr —pe) S Xy, (3.35)
ot k=1 axx

S pr
!

rac S — obreMHan KOHUCHTpAlHA TBEPHOrO KOMIOOHCHTA B A3p0OCMECH;,

Prs Pg - IOTHOCTH TBePAOIT (a3sl 1 Bo3AyXa;
U,; - COCTaBIIAOLLAs BEKTOPOB CKOPOCTH TBEPALIX YaCTHIL;

R; - cocTaBnsiolnas BeKTOpa B3AHMONEHCTBNA IOTOKA BO3AYXA C
TBEPABIMY YaCTHIIAMH;
X'§; - COCTaBNAIOMAA BEKTOPA MACCOBBIX CHJI, OTHECEHHBIX K €IMHUYILIM

TDIOIAAKAM TBEPABIX MaCTHL;

X - KOOPJIHH&TBI JACTHULLI MaTeprala.

s onucans JABHXKEHWS HeECyILEro MOTOKa MOJYKHO ONCpPHpOBaTh €ro
ocpeaHeHHBIMH  XapakTepuctukamu. Pemenue ypasvennii (3.35) Bo3MOXHO C
NMPUMCHCHHEM METO/Ia KOHEHNbIX pa3HocTel, CYIHOCTE KOTOPOro 3aKjodaeTcs B UX
annNpoOKCHMALMK, a TAKXKE IyTeM 3aMeHbl HAYaJbHBIX W I'PAHUYHBIX YCJIOBHil HX
KONEYHO-Pa3HOCTHLIMKM AHaNoraMy, YTO IO3BOJiseT NepelTH OoT noucka peueHuit
ypaBHenHi ¢ JacTHLIMH NPOU3BOAHBIMH K pelIeHHIO anredpanvyecKUX ypaBHEHUIL.

IIpr nmHeBMaTHYCCKOM MNepeMelnBaHMH 3()¢EeKTHBHOCTL 3TOro mpolecca
3aBHCHT OT CKOPOCTH BO3ZYHIHOIO MNOTOKAa M CHUNLI €ro JaBleHus HAa YacTHIY
MaTepHaania. !

HeoGxonuMas cKopocTs IBHAKEHHA NTOTOKA BO3AYXa paBHA:

Us = pr + Uu?ﬁ »

rae ., - KpUTHYECKas CKOpOCTh JBHXKEHHMSA TITIOTOKa BO3AYXa, [IpH KOTOPOH
Ep p y * p p

GaCcTHOBL MATCPHANA PACHCTHeIO pAIMEpa NEPEXOLAT BO B3BCUICHHOC

COCTOAHHE,
L. - u3bLITOUHAA CKOpPOCTE BO3AYLIHOI'O ITO0TOKa, oGecnetha}omaH

IepeMetIeHHEe YacThl MaTepalia K CMTaM.
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Kax mpaBuio, KpHTHYECKyHd CKOPOCTb JBHXKEHHSA IIOTOKA BO3jyXa
ONpeneNAlOT Ana vacTul co cdepuyeckod copmofi mopepxHocTH. OaHaxo

IMOJIYHaeMEBIE TTPH U3MENBUCHHH YacTHIL! MaTepHJIa HMCIOT HENIPABUNBHYIO (bopmy,
B pE3ynbrare 4YeEro HaOMOJArTCd OTKJIOHCHHA (I)aKTHIICCKHX 3Ha4YeHHH UNP oT

pacueTHhIX. bonbllloe YHCIO DKCICPHMCHTOB CBHACTCABCTBYET O TOM, MTO HacTHIA
HenpaBUAbHOH QoOpMBEl  CTPEMHUTCH 3aHATH TAKOE MOJIOXKEHHE, NpH KOTOpPOM
HauOonblIIce ee ceHeHME pacloiaraercsl MepreHAHKYNIApHO K TIOTOKY, B pe3ynsTare
YEro B3BCUIUBAHHE YACTHILI MPOHUCXOAUT MPH MEHBILEH KPHTHUECKOH CKOpPOCTH
NBUIKEHHs BO3yXa.

[TpoBeseHHBIMH HCCNIEOBAHHAMH YCTAHOBJIEHO, YTO B3BEIIHBAHHE HacTHIL
HenpaBUNbHOH  (QOpPMBI  HOAYMHASTCH TCM K€ 33KOHOMEpPHOCTSM, UTO H
mapooOpasHplX. KpHTHYeCKYI0 CKOpOCTH MABHKEHHS ITOTOKA BO3AyXa MOKHO

ONpeACiHTL W3 BBIPAXKCHNA:

- P
pr=2’26.R‘3'La d,.p'." Ps _J om ,
r Pr P

sux
rne K, - xosdduniuent xonenTpatyi YacTHL MATEPHANA B HOTOKE BO3AYXa;
L, - Geapa3MepHEIi Mapamerp;
P, - cTaTH4ecKoe AaBAeHUE Ha pOTOPE H3MEJILUHTEII;
P,. - NaBleHue BO3NYXa Ha BBIXOAE U3 M3MENbuUTENs; 4YTOOB HC

NPpOUCXoauNng 3albllCcHUe [MIOMEIICHNMS, A€ YCTAaHOBJICH H3IMENLYHTCID, P

suix
NPUHUMAIOT paBHbIM nopsaka 0,12 MlTa.

Ha pucynke 3.25 npuBelicHb! 3aBUCHMOCTH KpUTHHeckoff CKOpPOCTH
BO3AYILHOIO MOTOKA' OT AUaMcTpa YacTHll, ROMYYEeHHBIX MPH H3IMeNbYEeHHH OTXO/OB
HaTYpalbHON KOXKHU pa3iM4HOI MIOTHOCTH.

M30blTouHast CKOpoOCTh BO3AYIIHOMO TOTOKA JOJKHA — obcecneuuBath
CBOEBPEMEHHOE YAalelHe M3 30Hbl DE3aHUs YacTHl] MaTepuana, JOCTUIIIKX B
pesyabTare u3aMenbyeHHs TpeOyeMeIX pasmcpoB. B npoTHBHOM chydac MOMKCET
NPOUCXOJINTL AOMONHHUTENBHOE H3MelNIbYeHHe MaTepHaia, 4To Helenacecoobpasto. B

TO K€ BpeMA MNpH BLIOOPC BeNHYMHEI H3OLITOYHON CKOPOCTH HepalHoHalleH H
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I
nepepacxon BO30yXa, YTO MOXCT  BBI3BAThH HeolIpaBAaHHOE YBeIIHMYEHHE

YCTHIIOBO‘{IIOﬁ MOIIHOCTH NNPHUBOMA KOMIOpeccopa,

um,,-w/m 3
25+
20+ 2
157 1
107
5 1 1

5 10 15 d,mum

Pucyuok 3.25 — 3aBucHMOCTH U, = f(d,-):

] - pT=l’0 2/0)”3;2- pr=1,5 2/6';143;3_ przz’o g/c{w:;

HGHOCPGHCTBGHHO B 30HE HM3MeJbYEeHHA 3a cuyeT H3OBITOUHOMH CKOpPOCTH
Bo3ayxa Co32aloTcid  NONMONHHUTCNBHEBEIC  YCHJINA, lICﬁCTBYIOHIHB HAa HYHACTHIIBI
Mareppana u obecncunBalolme ux Tporanie ¢ MECTa H pas3rToH.

Tipn wM3MenpueHHH peXyIIMM HHCTPYMEHTOM KpHUTEpHEM JOCTATOYHOCTH
H30BITOYHOH CKOpPOCTH B 30HE pC3aHUd MOXKHO CHHTATL COOTBETCTBHE €¢ JHHCHHOH
CKOPOCTH Ha HOHaX, T.C.

D 6 =ﬂ-'ﬂp .np

BennuuHa u30LITOYHOIR CKOpOCTH BO34YyXa, onpe,u;enﬂemoii 1o 93TOH
3ABHCHUMOCTH, ABIACTCA pﬂC‘ICTHOﬁ AN olIpeel€HHA o0ulero pacxolia Bo3ayxa Iipu
TPAHCIIOPTHPOBAHHH H3MCILHCHHEBIX YACTHI] H DACIIDOCTPAHIACTCH HA YaCTHUBI BCEX
pasmepos. Ho dhakTuueckie cKOpOCTH ABIXKEHHA yacTHL OyAYT pa3TMTHBIMH.

Hanuuue pasudusl B CKOpPOCTAX OBWKGHHST uqacTuil ofycllaBiauBaeT
HeU30CKHOCTE HX coy,uachHii. Menkue HacTHIIRI, HMES GOJ'II:IHY}O CKODOCThL
nojfikeMa, CTankusaioTcst ¢ Oojlee KpymHLIMH., OTH COYJIapeHUd He H3MeHsIoT
KOJIHYECTEA IIBH}I{elHHH CHCTCMLI H JIBHMKCHHS IIEHTpPa Macc, a BEI3LIBAIOT
nepepacnpeleeHue JHCPruM Mekny vactuilamu. OQHaKo CHCTEMA NOTOKa YACTHIY

OTNHYACTCA YCTOﬁ‘iHBOCTL}O H K COXpaHCHHUIO CKOpOCTCﬁ JABMIKCHHA, KOTOpad
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BEITEKaeT M3 3aK0HA HHepUHWH. IIpH yBeNHdeHHH CKOpPOCTH KPYIHG YacTHUEI NTociie
COoyllapeHHUs ¢ MENKOH BO3HHKAET HapyllleHHe paBHOBeCcH: AeCTBYIOIMX Ha Hee CHII
— NObCMHas CHJIa BO3AyXa CTAHOBHTCA MCHBIIE CHILI Beca HacTulbl. B pesyabprarte
NPOUCXOONT 3aMeASICHUE JIBIKEHUS M yYMEHBILEHHE CKOpPOCTH HacTulbl [0
nepBoHayanbHod BennduHBL. HaoGopoT, ymenbilleHMe CKOPOCTH MCIKOH YaCTHLEBL
BLI3LIBACT YBENIMUCHHE ITOABCMHOW CHIBI BO3AYXa M YCKOpCHME ABMKEHUR 1O
BOCCTAHOBNECHUA npexkHei cxopoct. TakuM obOpazoMm, Onaromaps ycroiuupoii
MHEPUHOHHOCTU MOTOKAa Meloud, BIMAHHUEM coyJapeldii JacTHIL Ha CKOpPOCTH HX
JABUKEHHA MOXKHO TpetieOpeys.

fIponecc orpeiBa OT poTopa M B3BELIMBAHHS YaCTHL MaTepHaia B BO3AYLUHOM
NoTOKe BechMa CJI0XeH M HeaocTaTouHo M3yueH. [lo manneiM paGorsr /142/ B ero
OCHOBE JICKHT KOMIUIEKCHOE BO3JdeiiCTBHE HAa YacTHIY pasNUYHEIX (JAKTOPOB -
TYpOYNeHTHBIX BHXpel, HeOAHOPOAHOCTH CKOPOCTHOrO MONA, HaNH4yHg IpajHenTa
cKkopocTH ¥ Ap. OnhITAMH YCTaHOBICHO, YTO B 3aBHCHMOCTH OT CKOPOCTH IOTOKA M
KpYIHOCTH HacTHIl ABWKEHHC MOMKCET HAUHHATBRCA MYTCM [CPCKaTLIBAaHMUA HIIM HX
CKONBLXKEHNS, CKauKooOpasHOro ABWKEHHS C MNEepHOAMYECKHM B3BelIMBaHMEM, a
TAKKE YCTOHYHBOTO MepeMeIlIeHHsA BO B3RellleHHOM cocTosiHHH. CKOpOCTh BO3IyXa,
MpH KOTOPOI MPOUCXONHT OTPBIB YACTUIIE M Ha9HHAeTCs JBHXKCHHE, ONpelenscTcs

COCTOAHHEM pPaBHOBECHA MCXKOY CHIaMH YacTHUEIL. OTta CKOpOCTE, KaK H

KPpHTHHECKAsd CKOPOCTL BO3AyXa pr , ONIPCHCIIACT TPAHUYHBIE YCIOBHS TPOraHHA H

Ha3bIBAETCA KPHTHYECKOH CKOPOCTHIO TPOTaHHA U, . OyeBHHO, YTO S < Up.
I

KoadhduiptenT conpoTHBieHUs ABHKEHHIO YACTHIL P TPOIaHUH OTIHYAETCS
N0 BeNINYHHE OT KO2((HIIHEHTA COMTPOTHBIEHHA NPH B3BEUINBAlHHE B BEPTHKATLHOM
notoke. CyuiecTenioe BAHAIHE TPU 5TOM OKa3bIBaeT aCUMMETPHUYHOCTEL 00TeKalus
YacTHL  NOTOKOM  BO3AyXa.  JKCHepUMERTaisHBEIC  MccnenoBanusa — /142/
CBH/ETENLCTBYIOT O PalHOHAJIBHOCTH OLEHKH KPHTHYCCKOH CKOpOCTH TporaHus
ucpe3 KPUTHYECKYH0 CKOPOCTh BO3AyXa. YCTalOBIEHO, MTO IJst HacTHIl pasMepoMm

Gonee 1,5-2,0 MM

_ f r
Ump_vxp 4 ’
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, o -
rae ¥ - npuseficHHbI KO3QQUUMEHT CONPOTHBIEHNA, 3aBHCAIIHIT OT GOPMBI

YacTHIL M COCTOAHUSA HX MoBepxrocTy (i <1,0).

Pacxon Bo3gyxa, HeoOxomuMblii Ha rnepeMelIMBaHHEe H3MEIBYACMOFO
MaTepuana 3aBUCUT OT CKOPOCTH BO3JIYUIHOIO MOTOKA H [UJIOIAAM IONEPCYHOro
CEeYyeHUs KaHallOB JUTd €70 BhIXOJA:

Q=x-Sv,, (3.36)
rae x — Kod(uiiMeHT 3anaca, MpUHIMAaecMBblil 00614110 paBibeiM 1,2;
S — cyMMapHas nIollanb NonepevHoro ceYeHus Kalanos.

[TpuMmeHnTENEHO K cXeMe H3MCIBUMTeNs, IoKa3aHHoH Ha pucyHke 3.12,
OTBEPCTHA 1 NMOJAyW CHKATOTO BO3NYyXa CICAYET PaciiollaraTh HEMOCPEACTBEHHO
fnepel peKyLUMMU JIC3BUSIMU BpallakoIIMXces Hoxell. B oToMm cnydae pacxon Bosiyxa
Ha ncpeMelMBaHNe W3MeNbYaeMbIX MATEPHANOB MOXKET OLITh HE3HAYMTENLHBIM

(pucyHox 3.26).

Q, M /MEH
0,06 +
I

0,05 | 5
0,04 |
0,03 |-

0,02 +—

|
0,01 1T /

¥

Pucyrok 3.26 — 3aBUCHMOCTH pacxo/la C:KaToro BO3/yXa OT pasMepa 4acTHIl

matcpuana (1) 1 guaMerpa orBepcTHit (2).
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Kak cnenyer H3 pacueTHBIX NAHHbIX, MPENCTABNICHHBIX Ha pPHCYHKE 3.26,
pasMep YacTHil MaTepuana He OKa3biBaeT CYLIECTBEHHOIO BIUSIKS Ha pacXon
BO3/lyXa, HO TNPH YBeJIWYEHWH JUAMeTpa OTBEPCTHH JUIA MOIA4H CKaTOro BO3AyXa
ero pacxojl pe3Ko Bo3pacTtact.

Jns  onpenmenenusi HeoOXozmumoll CHNbI JaBleHHs BO3JAYUIHOTO MNOTOKA
paccMOTpHM CXeMbl B3aMMONEHCTBUS H3MENbYAEMOro Marepuala ¢ poTOpoM H
KOPIIyCOM U3MENbYNTCS.

H]JI/I HaXO0XJCHHH Ha POTONE N3MENBYUHTENA 1 oguHOYHOIR UaCTHLIE] MarepHala

2 (pucyHok 3.27) B COCTOAHUH [TOKOA HA HACTHLY AeHCTBYET TONBKO cUlla Beca Gq .

[Tocne BRIOYCHUA M3MENbUMTENS 3a cdeT BpallleHHUA poTopa 4YacTHLA MarcpHala

nonsepraeTcs Bo3fielicTBUIO ncHTpoGexHoii cumsl F, , , KOTOpas BBI3BIBAET CHNY

TPCHUS K mp YACTHLIBI O LHEMOABRHKHBIHA KOPNYC HU3MEIBUUTE 3.

Iy

& /
w 1 ;/3

Yy mp

H
1
i
' L
1
i
i

Pucynox 3.27 — Cxema cuin, neficTBYIOINX HA OAMHOUYHYIO

HacTHLY MaTepHalia

B a2ToMm CJiyda€ cHjia AaBlIeHHA BO3IIYIHHOﬁ CTIPYH, HCOﬁXOﬂHMaH AJIA MMoILEMA

HacTHIbl MATEPHAIA, PABHAL

2
Pa:Gt£+Fn:p :GH+E’{.H.‘f;‘=GM+mw'a)p‘R.ﬁc
WM P6=r51,‘-g+mq-a)f,-R-ﬂ=mq(g+a)f,-R-ﬂ{), (3.37)

rae R - papuyc poTopa MaMeIbunTeNs;
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S - xoahduumeHT TpeRNs YACTHLE MATCPHANA O KOPIYC.
B npouecce usMenbueHHs Ha pOTOpe HaxOJHTCS He OAMHOYHAd HacThua, a

onpeneneHsiit o0beM MaTepuaa, pacnonaracMeiit nocnoiino (pucyuok 3.28)

' )2

r 8

- .5,

G'WF

y mp.c

i
1
+
i
1
1

Pucynox 3.28 — Pacnonoxxesre 4acTHIl MaTepHaia Ha POTOPEe W3MeNbUYUTENs

an TaKoM pacnonomelmn MaTepuana BeEJIHHHHA uem‘poﬁemﬁoﬁ CHIIbI
3aBHCHT OT ME€CTa HaXOKIEHHA HMACTHIULI Ha pPOTOpe. Ecmu NPUHATE MAaccy YHacTHUIl

YCIIOBHO OﬂHHaKOBOﬁ, TIONYHNMI

F:fts.l =m, 'a)fz ‘R,

F:;.s.z =m, 'a);zu .(R-dt.r )’

‘F:*;.b‘.?p m«r CU; (R“Zdv )’
s = M@ (R - Hd,‘ );

rae F, 1> F, 02, F, .3 - neHtpoBexxnan cuna, HeficTBYIOmAs HA HaCTHILY
)
MaTepuana, HaxoIsuyloca B IepBOM, BTOPOM, TpPeTheM BepTHKaJIbHOM

PSAY OT KOpIlyca H3MEeNLUHTE .

Kak CICAYCT U3 NMPUBCACHHLIX BblpaH{GHHﬁ, HanOoblIas uenrpoﬁe}{maﬂ CHIa
ﬂeﬁCTByeT Ha 9aCTHIIBI MATCpHAIa, pACHONOKCHHBIC B [ICPBOM BEPTUKAIBHOM pANY,
T.€. HCMMOCPCACTBCHHO Y KOPITYCa H3IMCHLYHTECA.

HOCKOHBK)’ OTBCSPCTUSA INA NOAAYH CHATOI0 BO3NYXA KOHCTPYKTHBHO CHEOYET

pacmonaratbs no nepmbepmi poTopa, Tak Kak 3Jech 3aKpeluledb! BpalllaroIlMecs
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HOXH, TO YCHIIME CTpPYH CXKAToro BO3nyxXa LOMAHO obecnmeyuBarh rcpeMelIieHNC
HAacTUl MAaTepHuaya B 30HC HX KOHTAKTa C KOPNYCOM H3IMENbHUHTEIA. an IToOM CcHIla

BECA HacTHU, HAXOMIIIHXCH B BEPTHKANEHOM pslly.

G.:G‘t.na'l’

rae 1., - 4ucno cnoen Marepnajia B BEPTHKAJIBHOM pALY.

Cymmapnas cuna TpeHHs 3THX YacTHL paBHa:

! _ )
Fmp.C“Fmp[ +FmP2+'"+Fmp.na ---qunc;, owp .R.-](; ,

rne J, cp = CPERHSS BelMYNHA KOG QHIHCHTA TPCHUS.

Tak kax noa jneHcTBHeM CTpyH BO3JAyXa ABMKYILascs YacTHUa TPeTrcs H O

KOpNyC U3MEeNBYNUTENS, U O ApYyTHe YacTHLbL, TO
1
fo=5(f+ 1),

rae f, - KO3 UIMEHT TPEHNA YACTHIIEI O HAaCTULLY.
Takum obpazom, HeoOxonuMmas cuna JaBncHUA BO3AYIIIHON CTPYH paBHa
!
—_— -_— - 2 * -
Ps - Gq .nm +Fmp.c - mq nc.-?(g_l-a)p R .fcp)
IKCTICPUMEHTANBHAS NIPOBEPKA MONYYEeHHEIX PE3YALTATOB MOKA3ana, YTO NpH
3

110/1a1e CKaToro BO3LyXa OT KOMIlpeccopa MpoH3BOAUTENbHOCTHIO 0,3 M7/MHH  MIpH

pasnedun 0,15 Mfla npoucxoxnino >(peKTHBHOE MNEpeMElIMBaHHE H3MENbYaeMblX

MaTepUanos.

3.5 andosanne MaTepHAJIOR MANIHHOH ¢ HCHOMHATEIILHLIM
OpraHoM ABOHHOro BpallieHus
I
Panee BEIMONHECHHBEIMH HccnenoBannamu /108/ ycTaHoBIIeHO, 41O ueM
MEHBLIE (paKliMsl W3MENLUYCHHLIX OTXOAOB, TeM Ooiablle MX ob6nacTi NpHMCHEHUA
NPH  W3rOTOBJIEHUH TCIUIO- H  3BYKOHW3OALHMOHHBIX H3JENHH, CTPOMTENBLHBIX

matepHaioB ¥ Apyro#f npoaykuuu. [lostomy uenecooSpa3Ho, Ha Hawl B3rnsf,
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PAcCMOTPETH BO3MOXKHOCTL IIPHMEHEHNS TNpoitecca UUIH(QOBRHHUA NPH H3MENLYEHHA
OTXOIOB, KaK ofecneyHBaroLlero HAHMeHLUIYIO BeJTHYHHY QpaKILaH.

llInudoBanue H3gennii aOpa3uBHEIM KPYrOM MOXXET ITPOH3BOANTECA NHOO ero
nepudepreit NpH NPHMCHCHHH [UIOCKOIO Kpyra, NH0O ToplieM npH NpHMeHEeHHH
yaueyHoro kpyra (pucyrnok 3.29). [IponsponutensHOCTL 00paboTKH MaTepHalioB BO
BTOPOM Cllyyae MOKeT ObITh 3HAUHTENBHO BEIIIE, TAK KaK NpUH 3TOM 32 OJHH NPOXOX
obpabareiBacTcs 6omblas MIoLAAb.

IMpn wusyuennn npouecca umudoBanusa TopueM kpyra /82/ wamu
YCTaHOBNEHO, YTO obpaloTka w3jlenuili NMpPOU3BOAMTCS, KaK MpaBHIIO, MALIMHAMU C
O/IHUM KpYyroM, 3aKpensiciiHblM Ha BepTHKanbiioM Bany. Ilpu 3TOM HanpasieHue
YCHAMS HPH:KATHs Kpyra K M3/esIUi0 COBMANACT € €r0 OChIO BpaLICHu,

Takas cxema B3aumopeiicTBuA aOpasuBHOro Kpyra C w3jenxcem oblaaaeT
CleayoUMH HEAOCTATKAMH:

HabnrofaeTcs HEYCTOHUHBOCTL PabOTLl Kpyra Ha U3AeNIHH, & TaKKe ero
yBOJX B CTOPOHY OT OCH BPALUCHHS;
HEOOXOOMMO TalicHME pPEeaKTHBHOTO MOMCHTa, BO3HUKAIOWICIO MpH
obpaboTtke u3nENHs.
C nmenpro ycTpaHCHHMA OTMCYEHHBIX HCAOCTAaTKOB, HAMH IIPCJIONKECH
UCTIONTHUTENGHBIH  OpraH M OBATBLHOH MalUmMHBl, UMEIOHIMH JBa a0pasuBHBIX

Kpyra, yCTAaHOBJIEHHBIX COOCHO 1 BPalllalOIHXCs B MPOTHBOMOIOKHEIC CTOPOHE! /82/.

Pucynok 3.29 - [Inockoe utmuosatne

ay niepuepueii kpyra; 0) Topuem kpyra.
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[pn ITOM HEeOOXOAMMBIM
YCIIOBHEM o0ecneyenust
pPaBeHCTBA KPYTALIUX MOMEHTOB
HA BHeHIHeM H BHYTpeHHeM
abpa3uBHEIX Kpyrax sIBNgeTcs
HEpaBeHCTBO  IUIOLIajCH HX
KOHTAKTHBIX  TOBEPXHOCTEHl ¢
oOpadaTsIBaeMBIM MaTCPHANIOM, a

HMCHHO: niomaib KOHTaKTa

BHYTPEHHETO Kpyra C H3JACIHCM

nomkHa OBITH OOnBlIe TUIOINAAHM

KOHTAKTa  HAPY)XHOTrO  Kpyra
Pucynok 3.30 - (pucynox  3.30).  Pasencrro

Cxemax OMpe/IeACHIIO MIOMANM KOHTAKTa KPYTALUX MOMEITOB Ha
abpa3suBHEBIX KPYrOB € H3JeNHeM abpasMBHBIX  Kpyrax  MOXKHO

3anucarts CJlenyIomnm 06p33 CoM:

TH =T6:

T, =FI 'Rm Te =F}3 'Rea

n
F}H 'Rn =Ft6 'Rca
rae I, F; - OKpysHEIE CHIIBI HA HADYKHOM M BHYTPEHIEM

abpa3UBHEIX KPyrax;

R,, R, - panuycsl NpunoKeHUst OKPYKHEIX CHIL.

OKpy:KHBIE CHIIBI MOKHO OMpeAenTb U3 dopmyn:

F;‘H =q'Sn’ F}e :Q'Sa’s

e ¢ — y/IeNbHOE YCHHe pe3aHus.

(3.38)



1 127

Kak BuANMM, NpH MOCTOAHCTBE ¢ OKpY:KHas CHNa 3aBMCUT OT IUIOUIaAH
KOHTaKTa alpa3uBHOTO Kpyra c uzgenmem S.
Pacueramy yCcTaHOBIEHO, YTO €CHM TPHHATL BENHUYMHY 3a30pa MCXAY

BHYTPEHHHM H BHELUHUM KPYramH PaBHBRIM 5 — 10 MM, TO COOTHOIUCHHC PaJUyCcOB

3TUX Kpyros RG / RH cocrasnser 0,90 — 0,95, a ¢ yBeAuucHHeM AHAMETPOB Kpyros

NpH NMOCTOSHHON BEJIMUMHE 3230pPa MEXKAY HHMHU, 3TO COOTHOMIEHHE NPUONHKALTCH K
enutinue. Toraa u3 BelpakeHus (3.38):
1 F}n - (0’90 - 0’95)}7{8
H CNEeIORATENBHO
S, =(0,90-0,95)S, (3.39)
3Has reoMeTpHUecKHe pa3Mepsbl HapY)KHOTO Kpyra ¥ HCTMOJNb3ys BbIPAKCHUE
(3.39), MOxHO onpeAcnIMTH NapaMmeTpbl BHyTpeHHero Kpyra. Ilpu taxoM nonbope
abpa3HHBIX KPYroB, KaK MOKAa3aIN 3KCIEPUMCHTBI, OTMEYEHHEIC BBILIC HECAOCTATKU
He HabmoxaroTes.

Ananusupya cXemy mnponecca oOpafoTku M37CnUS  HCTIOMHHUTCALHBIM
OpraHoM € OJTHMM M JIByMsI a0pa3uBHBIMU Kpyrami, HaMH YCTAHOBJIEHO, HTO BO
BTOPOM cllydac MOHO OKUAATH MOBBILICHHUS NPOU3BOANTENIEHOCTH HUTHOBaHHA 3a
cyeT HOBOH cXxeMel B3aHMozecicTBusi pabodero opraHa ¢ oOpalarsiBaeMoii
nmosepxHocTed (pucynok 3.31). Tak, ecnn npusars WUPHHY H3ZENHS paBHOl
AUaMeTpy HapyHOTO Kpyra, H MocleJoBaTenbHo 00padaTsiBaTk €ro cHauana oJHuM
KpPyrom, a 3aTeM JByMs Kpyram, oOHapy»KHM, UTO NpH NUTHGOBAHHH OHHM KPYTroM
3a OJIVH 11pOX0A Bee H3ene obpabaThiBaeTces OAMH pas, a IUiowans ascd - LBa pasa;
npu mnudorauum ABYMS KPyraMu 3a OOUH MPOXOJ Bce H3menue oOpadaTeiBacTes
JIBa pa3sa, a liomank a 8 ¢ d’- yetsipe pasa.

DKCIepUMEHTB!I, BbIICHEHHbIE MPU WNU(POBAHHH JKECTKUX KOK U3 OBIMUHbI
WNHpOBATBHOM MaHHOH ¢ OBYMS a0pasuBHBIMH KPYTraMH, I[I0Ka3alH, YTO
HCNOJHUTENLHBIH  OpraH  TaKOH  KOHCTPYKIIMH  oOccreyHBaeT  NOBBILICHHC

NIPOH3BOAUTENIEHOCTH npouecca B 1,6 - 1,7 paza.
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BMmecte ¢ T1em YCTAHOBICHO, YTO TOPLEBLIE MNOBEPXHOCTHM HApPYXKHOTO U
BHYTpPCHHCTO a6pa3HBme Kpyros HE Bcerga HMERT OHIIOBpeMel{HBIﬁ KOHTAaKT C
oﬁpaﬁammaemoﬁ MOBEPXHOCTRIO, BCICACTBHUC ©C KPHUBW3HBL, H AAd JNOCTHUXEHHA
JTOro HCOGXO,IIHMO, 4yTOOHI 0IHH H3 KpYroB, NpelliodTHIclibliee BIIyTpeHHHﬁ, OulL
IoCaAXKEH HA Bal C BO3MOMKHOCTLIO O©OCEBOFO CMELICeHHsI H NpPHIKATHA Cro K

obpalaTbiBaeMOMY U3HENHIO NOCPEACTBOM IPYKUHBI.
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Pucynok 3.31 — Cxemsl 00paGoTKH H3ENUsSt ONHUM H JIBYMsSI

abpa3nBHBIMHU KPYTraMH 32 OJIHH NPOX0J

B atoM cnyuae 00pa0boTKa H3xenus HAYKWHAETCAS BHYTPEHHHM KPYTOM, TaK Kax
3a CHET NPYKHHbL o BBIJABUHYT OTHOCHTC/IBHO TOpLIA BHELIHEro Kpyra, a 3ateM [IpH
NPHIOKCHHH OCEBOTO YCHNIHA BHYTPEHHHII Kpyr  yramnuBaeTcsi H o0Opabotka
H3J1eJIHA NPOH3BOANTCS OOOUMH KpyraMH OJTHOBPCMCHHO, IPH 2TOM olecrieynBaeTcs
NOCTORHHBIH KOHTAKT pafounx nosepxHocTel abpa3uBHLIX KPYTOB C H3ACHUEM.

IMpoueccs! wnugoBaHUsS NPUMEHSIOTCS TAKKE B IPH W3TOTOBICHHH U PEMOHTE
00yBH, B YaCTHOCTH, NPH KJICCBOM KpeIuleHHH ‘Hu3a o0yBH, KOTOpOE€ MOJY4YHIO
ILIHPOKOE paclpOCTPaHeHUE HA NPeJIpHATHIX CEpPBHCA.

[Ipo4HOCTs KIEeBOrQ COGAWHEHUS 3aBUCHT OT pafa (axTopor, KoTopsie
MOXHO pa3/IcnuTh Ha HeThipe IPYyIHILI:  AArC3HOHHbBIC, KOHCTPYKLUHOHIbIE,

TEXHOJIOrHYCCKIe, aKemuTyaTanontsle /132/, Cpean aTHX (akTopoB cyllecTBeHHOe



129

3HA4YCHHC  HMMeeT npolecc  0Opa3oBaHMS  HICPOXOBATOCTH  CKJICHBACMBIX
NOBEPXHOCTEH, TaK KaK IpH ITOM YBEJIHYHBAIOTCA TUIOLI2OH KOHTAKTA MOBEPXHOCTEH
3a CYET HX pa3poIXNIeHus H, KpOMe TOTO, MPOUCXOOUT rNy0oKoe NPOHHKaHWE Kied B
MOphl, TPEMHLI M HEPOBHOCTH CKJICHBAEMBbIX NOBEPXHOCTEH. DKCIepHMEHTANBHO
JIOKa3aHO, YTO HCKYCCTBEHHOE YBEJIMYEHHUE IMEepOXOBATOCTH IOBEPXHOCTEH
NPUBOIMT K 3HAMATENLHOMY — YBE/MHCHWIO HPOYHOCTH KJICCBOTO COCAMHEHMA.
Tak, NpouHOCTE HA pacciaWBaHHe NS CHCTEMbl ONOEK XpOMOROro nyonemns
— MOAOLIBeHHAas KoXa coctaBwia Oe3 oOpaboTkH  JIHLEBOH MOBEPXHOCTH
0,63-1,2 xH/m, npu cMmbiBanun ammpetypsl — 1,0-1,6 kH/M, a npu cHaTHH NHLIEBOH
MMOBEPXHOCTH B3bepolrHsaHueM — 5,9-8,4 xH/M. Ilpn mudosannn HexomoBoi
[TOBEPXHOCTH KOXAHBIX IMOAOMIB NEpe)l CKieHBaHMEeM NPOYHOCTH Ha pacciavbBanue
u3Mensnace or 2,5-2,8 kH/m no 6,1-7,6 kH/m  /132/.

ITpovHOCTL Ha paccnanBaHUE CYHIECTBEHHO 3aBHCHT TAaKXKe OT TEXHONMOTHH
NpUKJIEHBaHuA AetancH HU3a Ha npecce. Tak, Npu NpUKNENBalUU JeTanei HU3a Ha
npecce THna IMII-4-0 npecc-noAymKy nepeMelmaroTes K KONOJOYHLIM yNopam ¢
MOCTOSIHHO, HeperynupyeMoii M JOCTaTOYHO BLICOKOH ckopocThio, Bcmeacrsue
3TOrO, NpH [I0JIXOAE KONOJKM C 3aTsAnyToil 3arotoBkoif Bepxa o0yBM K yHopam
NMPOMUCXOJIKT HMX YyAapHoe B3aHMOJAEHCTBHC, YTO MOXET BBI3BIBATh CMeELIEHHE
NOACLUBLI OTHOCHTCNBHO KOJOAKH, Pa3spLlBbl 3arOTOBKH Bepxa M Apyrie Jiedektol. C
LleJbl0 YCTPAaHCHHS ODTUX HENOCTATKOB, paspaboTaH npecc, ofecneynBalonii

TOYHYIO YCTAHOBKY KOJIOJ/IKH OTHOCHTEIBHO yriopoB /128/.
Beisojasn

1. Tlpn packpoe Jetaneil 00yBH U MIMENBUYEHUH OTXOIOB pe3aHueM oOyBIIble
MaTCpHAaNbl UCTIBITRIBAIOT HANPS/KEHHSA CKATHA, pacTAXCHMS, H3ruba, OCHOBHLIMH
M3 HHUX SBNAIOTCA HANPDKEHHA CXKaTHA W PacTsKeHHS. JKCICPHMEHTAIBHOC
onpeneneHUMe 3aBUCHUMOCTEil «Harpy3ka-fedopmanus» Ha ofpasmax M3 KOXH
MOKa3ajo, YTO MpH CTAaTUYECKOM HArpy>KeHUM HalpsKeHHd NpPH MaKCHMAaNlbHOH
nedopMaLuy pacTAKEHUsA HpuMepHo B 5 pa3 MeHblIe, deM NpH JAedopManiy
CXKATHA,; NIPH AMHAMHYECKOM HarpyxeHuHu AedopMalus KOXKH ysemunuBactcs B 4-10

pazs. Cﬂ'E}IOBaTeJ'lBHO, pe3anne KOKEBCHHEIX MaTCpHaloB 1181130006})83110
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!
OCYNIECTBIATE B AMHAMHUYCCKOM peskuMe H TakuM o0pazoM, 4T100bl mpH 3TOM

npeoGnafany HanpsKeHU PacTHKEHUS MaTepHana.

2. VYcraHoBleHO, uTO Kak Npud packpoe pneraneil o0yBH, Tak W NpH
H3MENBYEHHH OTXOI0B Pe3aHHEM NMPOHCXOANT HHTCHCHBHOE H3HAIIHMBAHHE PEKYLLHX
Ne3BHiH, BCAEACTBHE Yero 3HAUHUTEpHO YBEJIMYHBAIOTCA YCHIIMA Pe3aHHsa, a TakXe
BO3PacTalOT HArpy3kd Ha BblpyOOuHBIE Npecchl M HM3Menbyaollee obopynoBaHue,
YTO OPHBOAHUT K HX Hpe}KlleBpEMEHHOMY H3HOCY. Bmecte ¢ 3THM, YBSIIHYUBAIOTCA
3aTpaThl BPEMEHH H CpPEeACTB Ha NOROEPKAHHE pEXKYIUHX MHCTPYMECHTOB B
Tpebyemom paboyem coctosgHuH. IloaToMy BecbMa aKTyanbHOi sBnfeTcs 3amaya
paszpaboTkn crocoba IAWTENBHOTO COXpaHCHHI HeOoOXOAUMON CTeneHH OCTpOTE!
pPEXRYUINX HHCTPYMEHTOB.

3. YcraHoBneHo, 4yTo npouecc packpos getanci o0ysH Ha npecce tuna [1BI-
8-2-0 kayecTBo BLIpyOacMBIX JeTaneil 3aBHCHT OT TOYHOCTH YCTAaHOBKU YAapHHUKA
OTHOCHTENLHO BBIpYGOHHOfi NAHTEL,. AHANHTHYECKH INoOKa3aHo, HTo, €CJIH BBECTH B
KOHCTPYKHHIO [Mpecca  peryiasrop yrjia JopopoTa  yHdapHHKa, 3TO  ITO3BONHT
YMCHBIIUTh KONMHYECTBO JeeKTHHIX AeTaneH, MonyyaeMeIX NMpU packpoe.

4. IokazaHo, 4TO NpPH H3MENLUYCHHH OTXOIOB OOYBHOIO MPOU3BOACTBZ HA
YCTAHOBKAX POTOPHOIO THIA, HCOGXO}]HMO obecneyuTsh BpallaIoOLMMCH HOXKaM
HNONONHATENRHOC MEpEMEICHHE B BCpTI/[I{aJ'lBHOfr‘I NNOCKOCTH OTHOCHUTCIBHO
HENIONBKHBIX HOXKEH, YTO MOKET GBITh AOCTUTHYTO MOCPEACTBOM MpHMEHCHHS
KyJauKOBOr0 MIJIH KPHBOLUIMIHO-LIATYHHOrO MexaHusMma. Ilpn aToM yMeHbLIaeTCH
Yyrojl pc3aHus MaTCpUalloB, & CICAOBaTeNLHO, M 3aTpaThl MOIHOCTH Ha npouecce
H3MeNLYenud. 3aMeHa TUIOCKUX HOXEH Ha IMIUBIAPHYECKUC Bpanalonipecs (Qppeis
MO3BOJINT MHOTOKPATHO YBEIHUUTE BpeMs OC30CTaHOBOYMHOH paboThl H3MCEIbLYUTENS
M YMCHBUIATEL 4acTOTY BpallleHHs pOTopa.

5. TlokaszaHo, uTO ¢ LenblO WHTEHCH(PHKALMU Npoulecca H3MeNbUcHHS Ha
YCTAHOBKax POTOpHOTO TULA, HCOGXOHHMO obecneyuTb noma4yy B 301y pBBaHI’Iﬂ
11eDOJNBIIOTO KONMHYECTBA CHATOTO BO3JYXa UM TepeMelMBaHUsI H3MENbYACMBIX
MaTepHanoB. JKCHePHMEHTALHO-AHAMTHYECKHM NIyTeM ONpejencisl Tpebyemsle
AapaMETPhl BO3AYIIHOTO NOTOKA. '

6. Ipu u3yuyeHnu mnpouecca UBIMGHOBAHHA MATePHAOB YCTAHOBIEHO, MTO

IIpHMEHEHMC IIIJ'IHfl)OBEU]bHOﬁ FOJIOBKH € HCIIOJIHHUTENEHRIM  OpraioM JBOHHOTO
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BpallleHHd, KOrjJa YCTaHOBIIEHHbIE COOCHO a0pa3uBHLIE KpYrH BpallaloTca B
NPOTHBOMNOJOKHBIE CTOPOHBLI, O0ecrnevHBaeT IOBLIIUCHHE MPOU3BOAMTEILHOCTH
obpaboTkn w3nenus B 1,6-1,7 pasa, ofHOBpPEeMEHHO € 5THM CHWKAaeTCS YPOBCHD
BHOpalyy, MOBBIIACTCA YCTOHYHBOCThD TOMOBKM Ha H3IeNMuM B Ipolecce

IIIJ'IH(l)OBaHHH 3a cUeT ralicHHs peakTHBHOIO MOMCHTA.
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4. [IPOLUECCBI BAKYYMHO-COPEHUOHHCTI O
YBJIAJKHEHHS 3AI'OTOBOK BEPXA OBYBH

4.1 Bnusninne ¢azbl BJATONEPCHOCA HA €0 CKOPOCTL

WMsBectHo /85/, uTo mna mobol KanmumIAPHO-NOPHCTOH CHCTEMB!, TUITHYHEIM
NPeRCTaBHTENEM KOTOpOH fBIAETCH KOXKa, BIAaroNepeHoc MOXKET OCYUIeCTBIATLCA
pasnHuHbIMM  cnocobamu: dthdyaved (MonekynspHeii mnoTok no Kuyacety),
onddysned kuakooOpasHoil Bnaru (Baskuii morok no Ilyaseiinio), nepeHocoM B
azicopbuuorioM croe (noBepxHocTHas Auddy3us, NIICHOYHOE TCUCHHE).

Jlts olleHKH BKJlalla KaXKI0T0 U3 STHX NMPOLECCOB B CyMMAapHBIil BNaronepcHoc

NpH BaKYYMHO-COPOLIMOHHOM yBHa)KHEHHH MCTOJL3YeM NepBblii 3akoH (Puka /867,

d
AM =-DEZL . AS AT, @.1)

dx
rmae AM - MacCa KOMIIOHCHTA, KoTopas IIEPCHOCUTCA 3a BpeMA AT HEpe3
aneMeHTapHylo miomaaky AS B HanpasicHMM HoOpManM X

K paccMaTpuBaemoil Muolaike B CTOPOHY yOBIBaHMS IIOTHOCTH;
- TPajMEeHT MIOTHOCTH;
dx r
D - xoapduumenT nuddysuu.

Benuunny koadpuunenta juddysnn B razosoii  cpeae  CorjlacHo

KMHETH4ecKoH Teopuu razoB onpeaenum no ¢gopmyne /101/

1 —
=—7-1
3 , (4.2)

raoe u - CpeauAsa CKOpOCTh TCIJIOBOTO ABHAKEHNUA MONIEKYI;

A - cpennss wuna cBoGonHoro npotera MoeKyIl.
CymectByer psn GopMmyn mis oupeAefeHHs cpefHeH AIMHB CBOGOIHOrO
npobera MonekyJi, Hanpumep /101/:
= kT
A= P
TN2-d“ - p

(4.3)
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rne £K=1,38.10 =23 JToc/K — noctosnnas Bonbumana;
T'— temneparypa no Kessbuny;
d — nuaMmeTp MOJIEKYJE;

P — AaBJICHHE ra3sa.

Tak, npn T=323K /50 °C u cOOTBETCTBYIOIIEM €l paBHOBECHOM JIaBIICHHH

napor oot p=123-1 03Ha BeNMUYUHA cpendeil mnuupl csobopHoro npobera

MoNeKyNsl Boaw: auametpom 3,0 -1071% 4 cocrasur 0,906 107 % a1
Benuuuily cpenHeil CKOPOCTH TeIUIOBOTO IBHJKEHUS MOJEKYNbl BOALI

onpeaenuM no gopmyne /101/:

] 0= i@ =~ [,60 ’Es (44)
\'ﬂ'ﬂ m

i€ m — Macca MOJIEKYJIBl BOABI, paBHas 29,9 -7 07?7 ke.

TIpu npuHsAThIX napametpax ¥ ~ 6,17 - 10° m/c.
Toraa koadduunent pudipysnn napa cocTaBur;

D =-;--6,17-102 0,906-107% = 1,87.107% m? /e

Hna  onpenerenna  koapdumMcHTa audihysuH  KHAKooOpasHoit  BiIaru

BOCHONB3YyeMcs JOpMyNOit:
f
kT

Dy =
I 67[‘?7'd’ (4'5)

rae 77 - nuHamuueckuit Ko3(GUUUEHT BE3KOCTH BOIBL.

JTOT KO3PPUIHEHT MOKHO ONPCASTNTE o Gopmyse [yaszeiins:
n=n,[1+0,0377 (T —273K)+0,000221 -(T - 273K)2]“ ! , (4.6)
rae 7], - BeAnuMHa AMHAMUHYECKOrO KO3 PUIMCHTa BAIKOCTH
(npn T=273 K, 1, = 17,910~ He/u?).

Torna npu T:=323 K uMeeM:
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n=17,9-10"*[1+0,0377-50+0,000221-50°1 1 = 5,21- 1073 He/n?,
. _ =10 2
a kodbduument muddysuu sxunxoodpasuoii snaru D; = 1,51-10° " m*/c |

Takum  ofpazoM, wu3 cpaBHenus sexmdun D =1[,87-10" 1l lc

~10 2
n Dy=151-10 M©/c cneayer, MTO HHTEHCHBHOCTh MAaccollepeHOca BIard B

rasoBoii (paze Ha 6 NOPSAKOB BbILIE, YEM B XHAKOM.
B cBs3u ¢ 9TUM, IpU MOJENIHPOBAHNU TpOLECCa BaKyyMHO-COPOIUOHHOIO
YBIQXXHCHHs CJIEyeT paccMaTpHBaTh BIIATONIEPEHOC M0 KaNmMWUIAPAM KOXKH B

razoofpazdoii ¢ase, kak Oonee 3 hexTUBHbII.

4.2 XapakTep H3MEHEHUS KOHUEHTPAUN apa

OT BPEeMEHH 1Mo JIJInHHe KanuJinaapa.

Tlycts B IMIHHAPHYecKOH TpyOke anupoii L B MoMent Bpemenn 7 <0 uer
I
MONeKyn ROAAHOrO mapa # Bo3ayxa. B moment npemenn 7 =0 yGupaercs
neperopoaka Mexuy OHHUM W3 OcHoBaHUlN TpyOKM H pe3epByapoM, COACPKaLIUM
BOJHOH 1ap.

IMpenanosaraeM, 4ro oObeM pesepByapa MHoro Oonbmie o0beMa TpyOKH.
OnpesiennM KOHIEHTPAIMIO BOAAHOTO mapa B TpyOke B MomeHT spemenn 7 >0,
npeanoiaras, 4To ANMHA TPYOKH HaMHOro Oonblue ee HOmNepedyHBIX pasmepos. B
3TOM cllydae 3aflady MOKHO CHHTATh OJIHOMepHOH. Havano koopauHaT pacrnonoxum
Ha IrpaHmLe MexIy TpyOkoil 1 pesepsyapoM c mapamu Bozabl. Ock x HampasneHa B
TpyOky. Torma TIPOHECC NPOHMKHOBEHUA BOMSHEIX I1apOB B TpyOKy MOXeT OBITL
ONUCaH ypaBHenueM nudpysuu /98/:

du d’u
X _-pZ =
dr  dx?’

roe u(x, T ) - KOHLIEHTpaLU#sA [1apoB BOABI, 3aBUCAINAS OT PACHONOKEHHA U

(4.7)

BpEMCHH.
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Ha rpanuue mexny pesepsyapoM u TpyOkofi, T.e. npy x=0, KOnLUeHTpaLH

pasHa ¥, rge Y, - koHueHTpalus Napos B pesepsyape. Tak xak ofneM pesepByapa

no NPUHATOMY HAMHU YCJIOBHIO MHOTO Gonblite 00bema TpyOKH, Benududy ¥, MOXKHO

CYNTATE NMOCTOSHHOIA,

[TonyuaeM rpagnyHoe yclosue:
u(0, z‘)=uo (4.8)

Ha npyrom kouue TpyGxu (pu x=L) NporCXoANT OTpaxeHue MONeKyJl BOIbL
(BLIMONHSETCSA YCIOBHE HEMPOHULREMOCTH).

MaremaTH4ecKH 3TO YCIOBHE 3allMIIeTCs! B BUJE:

a2 4.9)

dx|y=J .
Tak kak npu 7 = 0 B Tpy6Ke HET HapoB BOJILL, TO HMEEM:

u(x,0)=0, (4.10)

riec 0<x<L.

Pemenue ypasuenus (4.7) ¢ kpaeBbiMH ycJioBHAMH (4.8) i (4.9) u HayanbHBEIM

ycnosueM (4.10) nmeer Bua:

eK+n? 2D
du o - 2 2K+ 1) 7
u(x,7) = U -2 Z ! L (—““—)—“"( 4.11)
OcraTox naHHOTO psaa oleHBaeTcs no Gopmyne /97/:
— a2
Fi;
]R (x, T)‘ —“"—"“', (4.12)
T A

_@n+1 )rr\/_

rae Ay

K3 dopmynst (4.12) cnenyer, uto npu Mansix 7 B ypasHeHuu (4.11) nyxHo
YYUTLIBATH 3HAYUTCARHOE UMCHO YICHOB pAna, 3aTeM Mo Mepc BRozpactanns T ux

YHCIIO MOXKHO YMCHBUIHTEL U, HAKOHEL], 11pH Oonpinx 3Hayenusx 7 B pAAC MOMXKHO
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yuuThlBATL OIAMH-ZIBA HWIE€Ha, a 33aTCM INpPH MaKCHMaNBHOM 3HAYCHHH T pAan
CTRHOBHUTCA NMPAKTHUCCKH PABHBIM HYJIIO, @ KOHIUCHTpALMA BCIONY paBHOU u() .

Ilpp  manelx 3HaveHusx 7 BMecto ypamuenus (4.11)  ynoOuee

BOCMOJIL30BATLCA pelieHHeM, NoJyUeHHBIM B padoTte /155/:

u(x,7T) = 2u0[1 — d{ﬁ) + (D(-r_;;—iﬂ , (4.13)

2
2

*d _ ypterpan BeposTHOCTEH.

I X
O(x) = je
3NecCh J_
25’70 o

0.2L°

Tak, mpu T <Tp = pexoMeHayeTCs ToNnb30BaThes ypaBHeHHeM (4.13),

npu 7 = T, HHXKE NPUBEACHHLIM YPaBHEeHHEM:
! [ -1
_ n°Dr _ 97°Dt
du . .
o 4L2 ) T X 1 4L2  sin 3Tx

2L 3 2L | @14

u(x,7)= u, -

Hng nansHeiiero aHanusa ynpoctuM ypasHenus (4.13) u (4.14) ¢ nomotusto

3aMEHEI NNepeMEHHbIX

C,=%2)—, C2=% (4.15)
Tlocne npeobpazosanus ypasuenuii (4.13) u (4.14) nomyuacm:
s T<T u(x,v)=2u | I-® _Qi +® L2 (4.16)
o 0 \/CT \/Cij s
s T2T,
[ IZ"?C] 97r2C1 |
u(x,7)=u _4u0. e_ 8 »Sin-ﬂfg—+—-eu 8 -sin37r.cz (4.17
e g 2 3 2 A7)



file:///4JUT

137

CnenoparenbHo, KAk cileayeT W3 aHanusa ypabHeHuit (4.16) u (4.17),

KOHUEeNTpauus sBfgercs dpyHKIueH Tonsko Tpex nepeMernnix - ¥y, Gy, €2, npnuem

uo SBIACTCA IIPOCTO MHOKHTCIIEM,

TaxnM 00pa3oM, KoHleHTpauuio #{X,T) MOKHO BbIPA3sHTh yPABHCHHUCM:
u(x, vy =u_- £(C,.C,),
rze f(C I,Cl'z) - onpenensierca  jaubo  ypaBHeHuem  (4.16), nmbo
ypastienueM (4.17).
s ananusa dyuxupn J(C;,C5), npencrasnenwoit B BHpe TaGnuust B
pabGore /155/, cnenyer, 4TO cpeiHsIA KOHUEHTpaIMs NapoB BOAbI B TpyOKe, paBHas

U, /2, nactynur yepes spems T :

L2
T=0,22-—, 4.18
5 (4.18)
a s co3naHuda 95% KOHIEHTpauMH Napos BoAbl B TpyOKe notpebyercs Bpems
2
L
' T=1,953 (4.19)

PcanbHble Kanwuispel KOKH He ABMSIOTCH MUIMUHADHYECKUMH TpyOKamu, K
TOMY K€ HMEIOT Malblii AHaMeTp, MO3TOMY NpPH ananuse npouecca AUGdy3nHd B
KallWnapax HeoOXoAuMo YYUTBIBATh MANIOCTh HX IHaMeTpoB U H3BUAHCTOCTH /102/,

Kax cnenyct u3 gopmynsl (4.2), kosddunnesT auddy3nd nponopuHoHanci
cpenHel nnuHe cBoGonHore npoOera Monekysl. BOmn3M creHoXk Kanumnapa,
OUCBHIHO, CpeAHsAS AnKHa npobera MoneKyn GyNCT MCHBHIE, TAK KaK MOJICKY/Ib! 11apa
OynyT crankuBaThCd HE TONBKO JApPYF ¢ APYTOM, HO U cO cTeHkaMu, YeM MeHblle
AUaMeTp Kanuanspa, TeM MeHbllle Cpeltss AnuHa ¢cBoboaHOTrO npodera, a 3HAUYHT, U
ko3 duuuent anddyzud.

HM3sectHo, /104/ uto cpenuumii pajiMyc KanmwmsapoB KOXK XpOMOBOTo ny6nenus
_6 -
coctapnser 2,48-10 " m , cnenoBaTenbHO, cpeiHHil guaMeTp NMpHMEpPHO B 5 pa3

Gonslue cpenueii anuunl npobera Mosnekyn mapa A =0,906-10_6M, onpeeneHHokl

npu 1=350°C n gapnenun P=12,3 10 1a, [MostoMy As nOp cpeaHero paguyca
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H Oonee ko3 ¢unueHT N dysnd B OMepeyHOM HANpaBleHHH OyIeT OTIHYaThCs HE
Oonee, wem Ha 20%. llpn npBMxeHUM MONEKyN B NPONONBIOM HampasicHHH
yMeHBIIIeHHe cpe/iHel NTHHBI CBOGOAHOTO NMpobera MOICKY, O4EBUIHO, €Hle MeHee.
HMsBunucTocTs KanusApoB TakkKe HECKONBKO yMeHbluaeT koddduuncHr auddysun,

TaK KakK MOJICKYJhI Halle CTanKHBAlOTCA CO CTEHKaMH, HO B BUIOY Matol BenHuHlbl

A , 510 BausHMe GymeT He3HAUMTENEHO IS TOP CPEAHEro U GOMLIIOTO PanMycoB.
M3BHAHCTOCTL KanWUIAPOB A1 XPOMOBBIX KOX coctaBnseT [,4-2,6 m/x.

Cuuras npogmoneublit kodPguuuenT Auddy3Hu B CcpeaHHX H IHHPOKHX
Kanuaaspax TNPHMEPHO TaKHM 3KC, Kak M BIAJIH OT CTCHOK, BpeMa T , 3a KoTopoe
CpeAHsA KOHIIGHTpAlMs napa B KallWIApE €O CPCOHUM 3HaucnueM koapduuuenta

[
uisuarcroctn ¢ =2,0M/m w Tonumuoit koxu B 1,5 am  cramer pasuoii  95%

KOHIEHTpalUUK Nlapa B pe3epsyape cocTaBaser npumepHo / O_IC.

B Muxpoxamuusipax (r <1077 x) CpelHss HONMHHA cBobojaHoro mpodera
MONEKYNEl [Iapa B MonepeyHoM HANPaBReHWM paBHA NPUMEPHO IHAMETPY
Kamuuapa ¥ B 3TOM CIyuae 3alnojiHeHHe MHKPOKAIHIUISPOB NMPOUCXOAUT B TCYCHHC

HCCKONBKHX CEKYHI.

4.3 Xapakrep KanH/UISIPHO - COPOIHOHHOIO NpoLecca KOHIeHCAUHH

napoB' BOAbI NPR BAKYYMHO-COPONHOHHOM YBIAQKHEUHH

Mssectro /105/, uro xanuinspHas KOHICHCALMA BOASHOrO Napa NPOUCXOIHT
TONBKO B MENKHX KalMLISpax ¢ 3QQeKTHBHBIM paguycoM r < 1077y W paxe B Tex
clnyyasx, KOTAA CTEHKHM Kanunnapos rugpogoOHel, Orctona cnepyer, UTo NpH
BaKyyMHO-COPOLIMOHHOM YBNAXXHEHWH NMPHUBEC BIATH B KOXKE IPOHCXOOHT 3a CYET
KOHAESHCALUY BIIarH B MUKPOKANAILISpax.

Jna noctpoenns matemaTuueckod MOACAH 3TOrg mnpouecca npeacraBuM

KanMANApel KOXH KaK IMJIMHAPHYECKHUC TPYOKM, INHHA KaKACH M3 KOTOPBIX

1
3HAUMTENBHO OONBNIC ee AMAMeTpa, PaBHOro 27,, Tie F,- Paauyc eAMHU4HOro
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Kamumiapa. HYCTE' B MOMCHT BPEMCHH T, Ha4HHAETCA MpOLCCC MEPEHOCA Mapa B

TpyOKY M €ro ocaxieHuc Ha CTeHKax. Ilpolecc KoHOCHCAUMH Napa MOXKHO CUHTATL
PaBHOMEPHBIM, IOTOMY 4YTO, BO-NEPBBIX, AH(pY3HsA napoB, Kak ObUIO BLIICHEHO
BEILIE, MPOMCXOAWT OUCHb OBICTPO, TaK KaK BO3AYX W3 KAMIWINAPOB yHAalneH Npu
BaKyyMHpPOBaHUM, & BO-BTOPBIX, YHCIO CKOHACHCHPOBABHINXCS MOIEKyl Iapa
3aBUCHT OT MEPROHAHANBHON PAa3HOCTH TeMIlepaTyp CICHKH, BOASHOIrO Napa W CHl
MOBCPXHOCTHOIO HATAXKCHHS, KOTOPEIE OJMHAKOBEI 110 BCel JUTHHe Kaluansipa.

B pesynbraTe koHAeHcalMH IIapa Ha CTEHKaX pajuyc uacTH TpyOkw, He

3aHATONH napoM, Oynmer yMmenbulatbed. Mamenenue oToro paanyca o0o3HauMM
!‘(T ) M BLIACHHM, KaK OH 3@BUCHT OT BPEMEHH.

MycTs 3a Bpems AT na crenxax TPyOKH CKOHAEHCHPYeTCS Macca Bnaru Am,
OAS KOTOPOit cnpaBeIMBO BEIpAXKeHHE:

Am=AV - pg, (4.20)

I

rac AV -~ OpHUpauiedue obnemMa BOOAHOTO CNOA, M d :

£ g - IOTHOCT BOABL, K&/ M >,

Tpupamesnue o6hema srarn AV papno:
AV =2xar-Ar- L, (4.21)
rae A7 - uameneuue pannyca TpyOKu;
L - nymuna tpy6xu
L=¢ "]
rae [ - paccTosiHUE MEXAY TOPLAMH TPYOKH.

Macca Am o 3akoHy Duka /85/:

Am =-D df 1. S(r)-dr, (4.22)
X

rae S(7)- momans cevenns TpyOKkH B MOMEHT BpeMenu AT

2
S(@)=~lr(0I,
P - IIOTHOCTH Napa.

[onctasnas seipaskenna (4.21) u (4.22) B (4.20), nony4um:
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—Dg—&’--ﬂrz-ﬁr=27rr-Ar-L-pg (4.23)
d
HITH "D-{gxﬁ-r-Ar=2L-p6-Ar (4.24)

3ameHuB npupauenue Auddepennmanamu, nonyuuM muddepenunuansHoe

YPABHEHHE € PA3ACITAIIHMHUCA MMEPEMECHHBIMH:

den
dx dr
— dT =— 25
] 2L - pg r (4.25)

[IpounTerpupoBan BpipakeHue (4.25), monyuuM:

D dpn
In(r) = SN S C, (4.26)
2L * pg ’
Dp:1

2L-p
um #(7)=C;-e 8 (4.27)

Tpu 7 =0 pamuye pasen Ty, nostomy C; =%, ,a p;; = p),(0) - rpanuent
KOHLEHTPALMH Napa Ha BXOJE B KAMMILIAD, TOTAA

~ Dp’ (0) .

2L-p
8 (4.28)

r(r)=r,-e

O0peM CKOHICHCHPOBAHHOI BIAru B Kanmunusiptioi TpyOke onpefesnsercd no

CEAYHOIUEMY BRIpAXKEHUIO!

o,
2 2 P,
Ver =Vinpmay = Vinpxon ="y L—mry -1 e ¢ L=
i
. N2 (4.29)
_Dp, (0)
Ll 1-e “FPe
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Jns BeuMcnenus obOwvema Bnard mo dopmyne (4.29) HeoOxoaumo 3HAaTh
suauenust Du Py (0), xoToprIc 3aBUCAT OT laBNEHUs U TEMIEPATypHI apa.
3amaBUIMCH MX CPENHHMH 3HAYEHWAMH, MOKHO TEOPCTHUECKH ONpPEAeNHTh

00BeM CKOIlﬂEHCHpOBalIIIOﬁ Bhard. Cpezmm‘fi rpPAgUCHT KOHLICHTpallMH napa I10

JutHe TpYOKH paBeH:

pn _ Pn
dx x

lLHH YCTAHOBIICHHUA 3ABUCHUMOCTH MEXKAY CPEIHUM I'PpajHenToM KOHLIEHTpalllH

(4.30)

1apa ¥ I'paJIUEHTOM KOHLEHTPAaUyy Ha BXOJE B KalMJUISP, PacCMOTPUM DPCILICHME

ypaBHelius nuddy3uu ¢ nornoiediem /155/:
2
d
; pELn_g, =0, (4.31)
dx
rae K - macca napa, CKOHICHCHPOBABLIErOCs 33 CAHHUILY

BpEMCHH Ha CAMHHUC ANTHHBI Tp}’6KH.

[IponHTErpUpoBaB ABAXKALI BBIlIIE IPHBE/ICHHOE YPaBHEHHE, MONYHYHM:

Ky .2
2—5.x +Cx+C, (4.32)

Pn

Jnsa  onpefpenenus  BeIWYHMH C]H Cg BOCMONB3YEMCSl  HAYAJLILIMH

YCITOBHAMH:
pn (0) = pno ¥

rac pno - IJIOTHOCTE Mapa Ha BXOJIC B KaMHUInAp.

dap,, ~0o
- = 13 yCJI0BHs HENPOHHIACMOCTH.
dx =1

CrneposarensHo

C2=pn0, C‘(:_-B‘L

Moxctasnas Haitnenuple 3Hauenns B ypasnenue (4.32), noiyuum:



K2 K
pn_ZD X D X L+pn0 (4.33)
dp, K K
Orciona —df=—Dl--x "B]“L
!

Torna npu x=0 umeem:

bl __K

dx =0 D

Haiigem cpenunit rpaguent napa Ha otpeske (0,L) , ucnonsdys hopmyny:

dp,, 1 L dp,
———— .d
(dx] Lé o F (4.34)
cp

W3 KOTOpOoiH uMeeM:

0
dp I[K; ¥ K I(K; L K KL
it R o DA 9 % I AT DE L N ) S R
ac ) "L{D 2 D L L2 D 2D

CnemoBaTennho, BenuMHHA CPEeAHEro TrpajaMeHTa KOHUEHTpauuM napa Ha
otpeske (0; L) B ABa pa3a MeHbllle rpasivenTa B ToHuke x=0.

Fpanuem‘ KOHIICHTPAIMY T1apa Ha BXOAE B Kalnnuiniap:

p;?(o):_ dpﬂ(o) — 2pﬂ

4.36
IloncraBup BelpaskeHue (4.36) B ypasHeuue (4.29), monyuum;
( 2Dp 2
4
— 2 . 'z'
Vo=l 1-e = o
on =, L 4 (4.37)
\ )
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!

VpaBHenne (4.37) npenctaendcet colol  BwIpakeHHe, I103BONIONICE
onpefenuTh 00beM BIArd, CKOHACHCUPOBAHHON B KOXKE, @ CClid YMHOXHUTh Cro Ha
IJIOTHOCTh BOABE Og , NONYYUM (OPMYITY JUIS pacyeTa Macchl BIIArH,

C yveToM TOro, 4TO KOHJICHCALHUs 1apOB BOAbI MOXKET [IPOMCXOJNTE TONLKO B
MHKpOKanuuisapax, o0beM KOTOPBIX cocrTassieT B cpeaHeM 16,5 % B Kowax
xpomoBoro ayOsenius, no ypasHcuMwoo (4.37) MOXKHO pacCHUTATh TCOPESTHUCCKUM

IIpUBEC BNarH. Cpem{ee 3HAYCHHE NNOTHOCTH napa MOXKIIO BLIYMMCIHTL, HCNONL3YA

)
3aKOH KJ’I&HHEPOHR - Menpeneena:

m
pV=—RT (4.38)
y7;
OT1kyZaa nioTHOCTh Napa paBHa:
=In_PH
Pn v RT (4.39)

rae M - Monsiphas Macca BOASHOrO napa, pasuas 18 xr/K mons;

I
R — yHuBepcansuag razoBas noctosuHas, papias 8,37 103,£Imc/(iuo.rzb K)

Pe3ynmaml pacHeTa TEOPCTHYECKOIO nmpueeca BIIard NpHBeHACHL! B

Tabnanue 4.1.

Tabnuna 4.1 - TeopeTuyeckuil MpUBeC BAark B KOXKE B 3aBUCUMOCTH OT

BPEMEHH BaKYYMHO-COpPOIIMOHHOTO YBNaKHEHN

BpeMsi yBIaXHCHUSA, MUH

Teopetnueckuit

npuBec Bnary, % I 2 f 6 8 1o

9,5 13,5 15,3 16,0 15,8
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Kax BHANO U3 NpHBENCHKBIX NAHHBLIX, C YBENMYEHHEM BPEeMEHH YBIAKIEHMA
HHTCHCHBHOCTE KOHIEHCALINHA napa 3a cHeT KﬂHHJHIHpHO-COp6[[HOHHbl}( ABJICHHH

nanaet. Harnsano 310 noxasano va pucynke 4.1.

I
A

Am%
16 [~
15 [~
14 —

13 —
12 —
11— '

10

8 I | | T ] >
2 4 6 8 10 7T ,Mun

Pucynok 4.1 - 3aBHCHMOCTb TEOPETHYECKOTO NIPHBECca Biard ot

BPEMEHH BAKYYMHO-COPOILUOHHOIO YBIAXKHEHUs

!
4.4 Xapaxkrep KoHJeHCAUMH B Hpoliecce Temao0obMeHa

MEXRY KOxKeil 0 napom

B pesynerare TemnooOMeHa Mexiy KOXKed, HMeEOLEd HauyalbHYIO
TeMneparypy 1y, M HarpeThiM TNapoM, [POHCXOAMT €ro KOHACHCAUuus, Y10 M
BBI3BIBACT YBEJIMMEHHE MACCEI KOXH 33 c4eT NpUpocTa B Heil Buaru /1, 101/

B ofmem  cayuae 3aBHCUMOCTB YACHBHOH TEIIOGMKOCTH BOJALI H

nap006p3303a1mﬂ oT TCMIIEPATYpbl B NEPBOM l'IpPI6JIH}KCHHH ABNACTCA

auHednoi., Jlnd paxoKOeHHs 3aBHCHMOCTH MEXKIOY TEMICpaTypoil KOKH U
I
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KOJIMYCCTBOM CKOHJICHCHPOBaBIUeiica B Heif Bnard B pesyibraTe TeniaocodmeHa, Ges
ydeTa KalnuJUIsipHO-COPOLMOHHLIX  TIPOLIECCOB, COCTABMM  AudipepeHuHansHoe
ypaBHEHHUE [TpoLecca.

HYCTB 3a BpCMs AT B xoxe Mmaccoit MK Nnpou3oLluna KoHAeHCcAalul Iapa

Maccoli Am, pyu 3ToM KoXe Nepeanock KoauiecTso Tenta Aq:

Aq=Am-C,(T), (4.40)

1
rae Cn - YALNbHas TCIJIIOCMKOCTE Hap006p33083.HHS{.
B PE3YJIbTATC TennooOMeHa 3a BpCMA At TEMIOECpaTypa KOXH H YKC

CKOHHGHCHpOBaHHOﬁ Bnard nmopbiCHTCA HaA AT

Mg=(M -C +m-C)AT, (4.41)
rac CK - YACIbHAA TCIINOEMKOCTE KOXH,

Cg = YACJIBHaA TCINOCMKOCTE BOABL.

1lpupaBHaB npaBble wactd ypaBHeHHWit (4.40) u (4.41), nonyunm
andepeHManbHoe ypaBHeHHe:

Am-C (T)=(M, -C _+m-C AT (4.42)

3aMeHss NpHpalleHHs Maccsl W TeMileparyphl JAuddepeHLMaTIaMU U

pa3aciiaid [IEPeMEHHLIC, NMONYUYHM]

dm _dT 403
M- Cotm-Cy Co(T) (4:43)
Pemium MNOJIYUEHHOC YpaBHCHHE OTHOCHTECJIBLHO 11T
1 dar
—InM_-C_+m-C |= +C
& oM, -C, +m-C,| IC,,(T) | (4.44)
' dr
Co! C (T)
M, -C. +m-C =C;j-€ " (4.45)
| €l cd(TT)
HIIU m=E_' C]'e n _MK.CK (4.46)
(2
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Ecnu NPpCOMoONoKNTh, HTO TEMNOCMKOCTD HﬂpOOﬁpaSOBaHHﬂ B HHTEPBAIC

Temnepatyp ot 20°C mo 80°C usMensercs JmHeHHO, TO MOJAyYHM:

dT dr 1
[ = [ ==-In|a + 6T (4.47)
CuT) "a+8T ¢
Torpa
dar
8 ] &*’_[ T Cq
C (T) nla + 6 | —&
n =¢ 6 =(a+6T) ¢ (4.48)
CrienoBarteliLHO
! ] Ce
m(T)=-C—,—- (a+el) ¢ —M,-Cy (4.49)
8
PaccMmoTtpum uacTHblii cnyuait, koraa C,,(T) = a = const ,
Toraa nonyyum:
In|M - Cp + m-C6|=g—3—T+ C; (4.50)
a
! Cor
HIH m=—-I C;-eq" —-M,-Cy 4.51)
Ce
HaiineM noctogHHyio C; M3 HAYAIBHOTO YCIOBHS
r m(T,)=0 (4.52)
Torna
CeT
AT}
Cp-e @ =M, -Cy (4.53)
Orcrona
M _-C
Cr=—¢7- (4.54)
a8 I
e 4
OKOHYATENBHO MONYYHM:
c CGT
1|\ M, -
f — K K . [ S .
m(T)= c|cr, e M, -C,. (4.55)

e a
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C
M . —“(T-TH)
HITH m(T)=—’é Kled

G

—1 (4.56)
I

3ajaBiuuck cpedHeil yoenbHOM TemnoTtoii  mapooGpazosanus npu 50 °C,

pasro#t 2382 x/[w/kr /98/, Tenmoemkocthio Boabl, paBHoil 4,19 xJDxk/(kr 'K) u

MOJICTABUB UX 3HaueHusl B ypasHeHue (4.56), monyuum:

4,19 o
m(T):MK' K .| 2382 (-7, _

1
479 (4.57)

Paznenus o6e uwactu ypasuenus (4.57) na My, T.e., paccmarpusas

BJIAKHOCTE KOXKH Kak OTHOLLCHHE MAacCel BHard m K Macce KOXH [0
YBINAXKHCHHA, TIONYYHIIM,
I

m Co ( 000176(T-T,)
— =k " 1w 1. 100%
YRENT ( ] 6 (4.58)

K
3ajaBuIMch yaenbHOH Temmoemkocthio koxu Cy, pasHoii 1,61 kx/(xr K),

MOJIYYHM UYHMCIIEHHBIC 3HAUYCHHA IIPpHBECA BJIAari B KOXKE B 3dBHCHMOCTH OT

TEMNEepaTyphl, IpeACcTaBlIeHHEIE B Talbnuie 4.2.

Tabnuua 4.2 - TeopeTuueckue 3HaueHHA IPHUBECA BIArH B KOKe B pe3yNibTATEe

TeIIo0OMeHa B 3aBUCHMOCTH OT TEMITEPATypPhl

XapakTepucTHKa Temnepatypa, °C
20 30 40 50 60 70 80
Ilpusec Bnaru, % 0 07 1,3 2,1 2,8 3,6 4,3

CYMMapHBIﬁ TGOPCTHHCCKHﬁ ODpHECC BIAarH B KOXE TIpM BaKyYyYMHO-
COpﬁLlHOHHOM YBIAKHCHHH MOXET ObITL pacCHiiTaH KaK CyYMMa IIpHBECOB BJIarH,

NOJNyYEHHEIX B Pe3yNbTaTe KaNWIIAPHO-cOpOIMOHHbIX SB/eHAH U TermnooOMeHa.
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YucneHHbIC 3HAUCHHA 9THX BECIIHYHH, MOJIYYCHHBIX TCOPETHYCCKH, IIPHBEJCHE]

B Tabnuue 4.3.

Tabmuua 4.3 - 3navenns cymMMapHOro TEOPETHYECKOro TpUBeca BIard B

3aBUCHMOCTHY OT BpeMeHN BaKyyMHO-COpPOLHOHHOTO yBIAKHEHHS.

INoxazatesu npreeca Bpems yBaaXKHeHHS, MUH
| 2 4 0 8
TeopeTHueckuii  mpupcc BJard opH
KarnUIIsIpHo-copOLIMOHNLIX Nponeccax, % 9,5 13,5 15,3 16,0
Teopetnueckuit npusec Bnaru B pedynwrarc | 2,5 2,6 2,7 2.8

TeriooOMeHa, %o

Teopernueckuii cymmapustii npusec Bnaru,| [2,0 16,1 18,0 18,8
%

»

/_\.m,"/m
20

14 - 1

12 |

10 [ [ I | >
0 2 4 6 8 T , muH

PucyHok 4.2 - 3aBHCHMOCTH NMpHBECa BAary B 00pa3iax KoxKH, pacCUHTaAHHbIE

TeopeTHyeckd (1) H NonyueHHBIC DKCIICPHMEHTANBHBIM ITyTeM (2).
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C y4eToM DTOro MOJIyMEHE! AHATHTHYECKHE BRIPAKEHUS I TEOPETHUECKOro
onpeaeneHns Macchl CKOHAEHCUPOBAHHON BJAarM B pPe3YNbTate KalHIUISPHO-
COP6HHUHHBIX npoueccos # MacChbl BIArH, CKOHI[GHCHpOBaHHOﬁ B HayaJbHbIH
MOMEHT BPCMCHH B DE3YNLTATC TennooOMeHa MCXKAY NTapOM H KOXCH:
2Dpn g
Mgy =7rr(;2L- 1-e L5 pe " P, (4.59)

C 0,00176-(T -T
Xle ( ”)—1 -M

"=T19 K-

(4.60)

OKcNepuMEeHTAIBHAS IPOBEPKA PACHETOB, BEIONHCHHEIX 10 dopmynam (4.59),
(4.60) mpencraeneHa Ha pucyHke 4.2. Pa3nnnia B IOKa3aTelsX, PAcCUMTAHHBIX
TEOpPETUYECKH U NONYYEeHHBIX 3KCHEPUMEHTANBHEIM IIyTEM, He npepsimaet 20%, uto
CBUICTENRCTBYeT OO0 ajfeKBaTHOCTH paspaboTaHHOM MaTeMaTtuuyeckoil mopenu

nmporecca yBIaKHCHHA.

4.5 PesxumMel BAKYYMHO-COPOIMOIIHOrO YyBIAKIenus

B uzBecTHBIX ycTpoiicTBax /20, 80/, peanusylomux BaKyyMHO-COPOIIMOHHBL
cnocod yBMaXHEeHUWs, nNogada mapa K obpasiiaM, pacrnolloKeHIBIM BHYTPH
BaKyyMHOW KaMepsl) MPOU3BOAMTCA M3 MaporeHeparopa. IlpuueM nap, B OTASIALHO
CTOAWIEM TMaporenepatope, obOpazyercs NpU  aTMOC(EPHOM MIIH  HOHIKEHHOM
HAaBIICHHH, HO AanHbBIC .0 BIIMAHHU NpeaBapruTeIEHOIO Harpena BOAbE,
FeOMETPHYUCCKHUX pasMCpOB DlaporeHeparopa ¥ KaMepsl Ha OTHOCHTCIBHYHO
BAAKIOCTEL YBIIAXKHACMEBIX KOX B JIATEPATYPE OTCYTCTBYIOT.

Bnusauue CHOCOG& ioaavyy 1apa M NnpeaBapvTeNIbHOIO Halr'pesda BOXABI, UHa
OTHOCHUTCIBHYIO BIAXKIOCTE KOX XpPOMOBOIQ IlYGJICHI/ISI H CHCTCM MaTepHanos
H3y4anoch Ha KCIIePHMCHTANBHLIX YCTAHOBKAX, OMMcauHLIX B rase 2, O0pasnnl B
KaMepe pacmojlaraylich B JBYX 30HaX - HeNocpeACTBEHHO HAaA BIYCKHBIM
naTpybKoM, COEMHILIOIIMM KaMepy depe3 BEHTH/Ib ¢ BOOSHEIM Oaukom (3oHa 1) U Ha

pacctoanny 150 MM mo ropusoHTaNH OT narpyOka (3ona 2). 3ta cepus ONBITOB
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NpoBOAXIACh, NP OHAMETPE INPOXOAHOTO CEUCHHA BeHTUNA 3 MM. Pe3ynbraThbl

IKCIEPHMEHTOR NpeAcTaBleHsl B Tabnnue 4.4,

Tabnuna 4.4 - Bnusave  TemnepaTypsl  NpenBapuUTeNIbHOTO — HarpeBa  BOJBI
B Maporedeparope HAa NpuBEC Blaru B o0pasiax Koxu XpoMOBOro

nyOneHus (BpeMs YBIaKHEHUS 5 MUH)

ITpuBec Biaru B
Koneunoe Koneynasn
Temnepatypa ofpasuax, %
JIABIICHHE B TeMImepatrypa B
BOJIeL, °C
Kamepe, Mlla kamepe, °C 3oHa | 3oHa 2
60 0,024 55 3,51 2,35
70 0,028 56 4,02 2,44
80 0,034 58 4,25 2,522

!
Kax puano u3 gannbix tabnuue: 4.4, 3Hayenus Ipupeca piaru B oOpazsliax,

HAaXO[UBWIHXCH B PpasHbIX 30HAX, CyMEecTBeHHo otTauualorca. [Ipu a3tom ¢
YBEJIMHMEHHUEM TEMINEPATYPhl BO/JbLlI OTHOCHUTENbHASI BJAKHOCTh Kak B TOif, TaKk U B
Apyroii 30Hax BO3pacTana.

TemnepaTtypa B kKamepe B TOUKaxX H3MEpEeHHUs He OTJHHalnachk APYT OT Apyra (B
npejenax TOYHOCTH H3MEPEHHA) M HEe3HAMHTENLHO pocia IO Mepe yBeNHuCHHs
TeMIepatyps! Boanl B Oauxe. IoHeunoe pAaBnoeHME B KaMepe H3MEILLIOCH
He3HAYUTEeNLHO B HHTepBane Temmeparyp 60-70 °C ot 0,024 no 0,028 Mlla,
MaKCHMAIbHBIH POCT — 0,034 MIla sabniogancs npy TeMneparype sonst 80 °C.
Maneiit npusec Biaaru B oOpastiax, MOIYyYCHHbIH B 3TOH cepUd ORBITOB, 00BACHICTCS,
QYEBHJHO, TEM, YTO H3-32 HA3KOI DpPONYCKHOH CNOCODHOCTH BCHTHUNA B Kamepy
NOCTyNaio HeQONbILOE KOJHYECTBa Iapa. [ paguenTsl BNaKHOCTH M TEMIEpPATyphI,
NnoA NeHCTBUEM KOTOPBIX Biara NpoHWKana B o0paslipl, B OTUX YCJIOBHUAX ObLIH
Hebonpmnmy, B cBA3n © OTuM, JansHeitiue onelThl  OLUIM  HpOBelCHBl  NpPH
iWameTpe MpoXoAHOro cedeHust BeHTwass 10 MM, a TemnepaTypa Boabl B Oauke

n3MeHst1acek ot 60 a0 90 °C, Tabauua 4.5.
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Tabmuua 4.5 - Bnuauue Temnepatrypbl NpPEABapHUTCIBHOIO  HarpeBa  BOJBI
B TapOTeHepaTope Ha nNpuBec Biary B obpa3nax KoKH XpOMOBOTO

JyOnenmns (BpeMs YBIAXKHCHHS 5 MHH)

Koueunoe
Koneunas [TpuBec Braru B o6pasuax,
Temneparypa | nasnenve B _ %
Bopsl, °C xamepe, Mila reMnepatypa B
kamepe, "C 3onal 3oHa 2
60 0,036 53 6,01 3,88
70 0,040 35 6,75 4,01
80 b 0,042 58 7,04 5,19
90 0,043 62 7,05 5,19

Kak BunHO U3 AaHHEBIX TabGauusl 4.5, yBeJIHUYEHHE NMPONYCKHOH CrocoGHOCTH
BEHTUJIS! [IPHUBENIO K OLLYTHMOMY pOCTY NpHBECa BIIATH B YBNaXKHsieMBIX 00pa3tiax.

Onuako, 1o npexHeMmy, HaQNoOZancd CYILECTBEHHBI pazdpoc B BeIUYHHAX
npuBeca Blaru B o6pasiiax, NoMeIleHHBIX B pa3nHyHbIX 30HaX Kamepsl. Kpome Toro,
B [IEPBLIE MOMEHTHI ITOCJIE OTKPLITHA BEHTHIS OTMewascs BeIOpoc BOXbl M3 Oauka
BCIIEICTBHE PC3KOro nepenana AaslcHuil. BeiOpoc Boasl NMpuUBOAMI K YACTHMHOMY
HAMOKaHHIO0 00pa3LoB, pacNoNOKeHHbIX HECNOCPEACTBEHHO Had narpyOkoM (BX0J0M
naposoiaHoil CMecH' B KaMepy). YCTaHOBKAa B KaMepe OTpakaTens U pacCceKaTels
fapa 3HAYHTENIBHO YCPEIHHIO YBNAXHEHHOCTh 00PA3lLOB B pa3HbIX TOUKAX KaMephl.
Onnako m B 3ToH CcepHH ONBITOB MaKCHMAaNbHas BJIAXKHOCTBE o0pasuoB noclie
o6paboTkn ocTaBanack HefocTaTouHoii. Kpome aToro, ¢ pocTom Temreparyphl BOJbI
Boile §0° C npakTHyecKoTo MpHABeca BiIard He HacTynaio,

B ceasu ¢ umeromteiics xapTHHOH HepaBHOMEPHOTO yBRaXXHeHHs oGpa3uos,
HAXOAAWMXCA B UHTCHCHBHOM [IAPONOTOKE M BHE €ro, ObLUIM  [OpOBEACHDLI
9KCIICPUMEHTDLI, B KOTOPBIX M3MeHsICA pabounii o0BeM KaMeph! MpH HEM3MEHHOM
ero obiieM oObeMe H MOCTOSHHOM 00BeMe U IUIOLIAAN 3ePKATA BOJIBI B €eMKOCTH, DTO
NOCTHranochk  BBEGHHCM B KaMepy  AONOJHHUTENBHBIX  NEPeropomok,
OrpaHiYMBaBLINX PacCNPOCTPARHCHNE HHTEHCHBHOIO NapoNoTOKA B pa3ible CTOPOHbI.

B pesynbTarte NPOBCACHHBIX JKCIMEPUMEHTOB OLLIO BHISIBIEHO, YTO NO Mepe

YMCHBUIEHNA paﬁoqero obnema KaMepp! BAGKHOCTL OGp&SHOB, HaXOOAUIHXCA B
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HeM HuBenuposanach. OIHOBPEMCHHO C 3THM POCHO TNPUXOAsIIeecs Ha CAHHHUILY
pabouero o0ObeMa KamMephl KOJNHYECTBO BOJLI, BwIOpomIeHHOH u3 Oauka. Korga
f
pabounit obvem Onin nosegeH no /3 obbema xamepsl, Bce o00paznel HMeJH
zamokanse. [Tpu atom nabnionancs KOHAEHCAT BOJSIHOIO Napa KaK HAa CTEHKaX, TaK H
HA TNIOBEPXHOCTH 00pa3lloB.

Beiny npoBefieHpl Takke JKCIEPUMEHTHI MO yMenblieHHo oluero o0nhLeMa
KaMepbl NpU HEeH3MEeHHOM o0beMe 0auka, IJTO AOCTUralloch BBEJCHMEM B Kamepy
HaMOMHUTENs € MaNoi r’MIrPOCKONUYHOCTLIO, OMNBITE TOKa3a/H, YTO C YMEHAIIEHHEM
obneMa JaamjleHHe B KaMepe pocino BO BpeMeHH ObIcTpee, YTO NPHBOAMIO K
OmicTpoMy  3aryxaumioo mnapooOpasoBanus B ©0auke ¥, Kak CJACACIBHE,
HC3HAYHTC/IBHOMY YBIAXKHCHHIO. 3TO XOPOLIO COIVIacyeTcst € TEOPETHHECKHMH
JAaHHBIMH /43/, cor.n;lcno KOTOPBIM CYLIECTBYET KPUTHYECKOE COOTHOIIEHHE MCHKILY
obbheMoM KaMepsl, BeJUUYUHOW paspexenus (BakyyMa) H Maccoil ulaenui,
NOMCIIEHHEBIX B KaMepy, MEHEILE KOTOPOro BaKyyMHOE YBNa)XKHEHHe NPaKTHYECKH HE
NPOUCXOJNT, TaK Kak INpouecc NMpud ObICTPOM TOBBILIEHUHM JaBIEHHS B Kamepe
nepexoaAuT B Apyryio a3y - ysmakHeHue copOuMed BnarM W3 BO3AyXa NpH
IOaBAEHHUAX, OJIH3KUX K aTMOchepHOMY.

Jlnst Toro, uto0s! U30aBUTECA OT HeXKeNaTeNBHOIo SBJICHNA BuiOpoca BOAL! M3
0auxa B KaMepy, a TAaKXKC C UeNIbl0 YBCNHUYEHUs 301l UHTEHCUBHOrO NapoOIOTOKA,
€MKOCTh € BOJIO# ObUTa NoMelieHa HENOCPeCTBEIHO B KaMepy, TaK, YTO o0pa3us! B

)
moOolt Touke KaMephl HaXOAMJINCh HAaJl OTKPHITO! BOAHOI moBepXHOCTEI0. B aTHX
YCIIOBHAX IIPH TIOHIKCHHHM A4BNEHHs B KaMepe nap, obpasyrlnuiics B npouecce
KAMCHASA BOJIBI, HE M3MEHseT CBOEr0 TePMOAUHAMHUYECKOTO COCTOSIHHS IIpH
MOCTYIUVICHHH K MMOBEPXHOCTH YBINAMHsIeMEIXK 00pasyoB, HO HAXOAUTICS B TaKOM
COCTOSIHHH KOTOPOE COOTBETCTBYET AABJICHHIO M TeMIlepaType, HMEIOIUMCS BHYTPH
KaMmepsl.

B pesynpTare npoBeReHHOW CEpHH 3KCINEPUMCHTOB OLUIO YCTAHOBIEHO, YTO
o0pasiupl, NOMEUIEHHLIE B PAMUUHBIE 30HEL KaMEPHl HUMend paBHOMEpHOeE

YBNAXKHEHHE, TIpHU 3ToM pa3bpoc npuseca Bnaru B oOpasnax He npesbiuan [ 26.
I

PesynsTaTts! oneITOB NpeAcTaBnels! B Tabnuie 4.6.
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Tabnuua 4.6 - BnuAnve TeMmepaTypsl NpeABapHTCILHOIO  HarpeBa  BOJBI
B CMKOCTHM Ha InpHsec Bjpard B 00pa3lax KoXH XPOMOBOrO

Ayonenns (Bpems yBHaKUEHHS 5 MHH)

Temrnepatypa B
Jasnetiue B 6auke, Kaprng Temnepatypa [Mpusec
klTa r Bonbl B 0auke, BJ1ary B
°C obpasuax, %
NayalLHoe KOHEUHOL HadYaakrHasds KOHCUHAaA
20 42 50 55 60 10,3
20 44 50 58 70 13,2
20 48 50 67 80 12,1
20 55 50 78 90 9,6

Kax suano wu3 Tabauuet 4.6, nHauOonce nNpHeMICMBIM AHANIA30HOM
TCMIepaTypsl HarpeBa BOJbI, 0DECHEYHBAIOWIMM MAaKCHMaJLHBIA [pUBEC BIaru
apusercas 70 - 89" C. C nanpHefiluMM yBenMYEHUEM TEMIEPATYPH! BOJBI
rHabmoaanoch pe3koe yBenHUueHne TABNEHUA H TeMIIepaTyphl NapORO3AYINHOH cpelkl
B KaMmepe, 4TO BBI3BIBANIO YMEHBUICHHe Bnarcuaceinlenusa olpasuos. C uensio
YTOUYHCHHA WHTEPBANOB BLLACP:KKY OOpazlloB B BaKyyMe NIpPH YBIAKHCHHHU (OTCHeT
BpeMEHH BEJICA © MOMCHTA JOCTHXKEHH HavdanbHoro paipe:keHus), OLUIM poBeAeHb]
3KCMEPHMENTHl MO YBIAXKHCHHUIO MpH pa3NUYHBIX 3HAYEHWAX BpeMeHH. B oTHx
JKCMEpHMENTaX HadalpHoe paspexeHHe B Kamepe pasusanock 20 klla, remneparypa -
50° C, temneparypa BoEt B 6auke - 70 °C,

PezynwTaTh! HcenenopauHi NpuBeeHsl Ha pHCYHKE 4.3,

Kak BuanHo M3 rpadika, ¢ NOBBIIIEHHEM TEMITEPATyphbl CHAYana NPOUCXOIHUT
MHTEHCHUBHOE YBEIWYEHHEe BJark B o0pa3slax, a PpeKoMeHAyeMBIH Juana3oH
temnepatyps!l coctasnder 70 - 80° C, rak kak npu aanpHeillieM ec yBenUYeHWH
HaliroAanoch CHUKCINE BIArOCOACPKAHHSL.

I10 MOKHO O0BACHHTE TeM, 4To o(GY3HOHHBIH IepeHoc Bnarm IIpH I10-
HHM>KEHHOM JaBJIEHHH MMCCT MECTO JO OMNpedeleHHOro Impejena, 3areM JaBleHHC B
KaMepe TMOJIHUMAETCHA, pewaiollee 3HaucHHe HayHHAeT HIparth BHCLIHUNR
Macconepenoc, pu KOTopoM NporcXoauT obparHas nugdy3us snary u3 odpasiosn B

pabouyio cpeny.
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PucyHok 4.3 - 32aBUCHMOCTb [IpHUBECA BIAru B 00paslax KOXH OT

TeMIepaTypbl BOABI B Gauke

Ocobo crneayer oTMeTHTs, 4TO TNojada HapoB BIark K obpa3suam,
ocyllecTRasieMast UCapeHHeM NOJOrPeToi BOAbl C OTKPLITOH NOBEPXHOCTH EMKOCTH
C BOJIOH, yCTaHOBHe}lIHOﬁ BHYTpPH KaMepsl, obecneynBaeT BLICOKHH NIPUPOCT BJIarH B
o0pasuax KoxH.

CpapHuTeNnbHble  Pe3ylbLTAaThbl  DKCIEpPUMEHTANBHBIX — HCCNIEAOBaHHH IO
YBIAXHEHHKO O0pa3loB KOXM B YCTAHOBKE C OTHE/]LHBIM [apOreHepaTopoM H B
YCTAHOBKE MMEIOUIeH OTKPEITYIO eMKOCTh ¢ Bofoil HarpesaeMoil TOHoMm, nokazans!
Ha pUcCyHKe 4.4.

M3 npencraBneHHBIX JaHHBIX MOKHO CAENATh CIASAYIOLUINE BEIBOIBI:

BO BTOPOM cliydae IpuBec BAark B 00pasgax koxxu 0wl Gonsute 8 1,3-1,9 paza
10 CPaBHCHUIO C IEPBBIM BAPUAHTOM;

MaKCHMATEHOE 3HAUCHHE ApuBeca BJIary BO BTOPOM ciiydae JIOCTUraNocs Ipu

TeMIeparype BoAL! B eMkocTi 70° C.
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Pucynok 4.4 - 3aBucHMOCTH NpyBeca Bilard B 00pasuax Koxu, pacCHUTAHHbBIC

TeopeTHHeckH (1) M MONYYCHHBIC IKCIIEPUMEHTAIBHEBIM 1yTeM (2).

Ha ocHOBaHuM pe3yNLTAaTOR TEOPETHUYECKHX M 3KCIepUMEHTAIbHBLIX
HCCNieOOBaHUH BaKyYMHO-COpOUHOHHOTO YBNAKHEHHs 3aroTOBOK Bepxa o00yBH
PeKOMEHAYIOTCA CNEAYIONIHE peskuMbl paboThl YCTAHOBKH AN peanu3alHi# JIToro

)
npouecca;

IpeIBAPHTEBHETA HAIPER BOSMYLLINOI Cpenpl B Kamepe [0 TeMIleparyphl

(50-60)° C n BoB! B eMKocTH 10 Temneparypst 70° C, Myt -2
BakyyMMHpOBaHue paboyeli kaMephl ¢ 3ar0TOBKAMH Bepxa o0yBH

JI0 BeNUYUHELI ocTatouHoro aasinenus (0,02-0,01) Ml 1a, muy -4-5
BEIIEPXKKA 3aroToBOK Bepxa oO6ysd B pabodveili kamepe BO

BJIA’KHOM HACHIIIEHIIOM BJIAroi rnape, MUH -4-6
HallyCK BO3/lyxXa B pabouyio Kamepy RO JOCTHIKEHHS B Heii

aTMOC(IJCpHOI'O AaBJICHHS, MHH - 0,2
I
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BniBonhn:

1. Ha ocnoBe aHanm3a MeXaHM3MOB BRAronepeHoca B KAMMUTIPHO-HOPUCTLIX
CHCTEMAX MOKHO YTBEPXKAATH O HATHYHH NTPH BaKyYMHO-COPOLIMOHHOM YBAQKHEHHH
ABYX Pa3HbIX INPOLECCOB: KanWUIsIPHOH KOHAEHCAlMH B pe3ysibraTe COPOLHOHHBIX
SIBJIGHUI H KOHAEHCAUHH, 00YCIIOBICHHOH TeIIO00OMEHOM MEKIY KOXKeH H NapoM.

2. Teopernyeckie HCCIEOBAHMA DTHX NPOUECCOB MO3BOMMIN [ONYHHTE
AHAINTHYECKHE BLIPDKEHUS AN ONpCleNeHns Macchl CKOHACHCHPOBAHHOH BJAaru B
pe3yJbTaTe KanwuIAPHO-COPOIIMOHHBIX ABIEHMII M Macchl Blaru B Ppe3yabTate
TernooOMeHa MexAy kowxeit u mapom, OCHOBIIBIM fiponieccoM, o0ecreunBaonuM
TpeOyeMBIf IpHBEC Bary B KOXKe, ClelyeT CYUTaTh BAKYYMHO-COPOLIMOHHBIH.

3. HauGonbunii npusec Bnara B Koxke XpOMOBOTO jayOnenust Habnropancsd B
TOM cllydae, KOrjla nojlaja Bhnarm K ofpasuam ocyllecTBrAnack UCNapeHUeM
NONOTPETOH BOABI C OTKPBITOH MOBEPXHOCTH EMKOCTH, YCTAHOBJIEHHOI BHYTpPH
BaKyyMUPOBaHHON KaMepel.

4. TeopeTi4eckH 1 HA OCHOBE IKCNIEPHMEHTANBHBIX HCCIICAOBAHMI KUHETHKH
BaKyyMHO-cOpOLMOHHOro ciioco0a yBhakHeHHE ycTaHoBIeHO OLicTpoe (B TeueHUe
4-6 MMUHYT) HachllleHVe BIaroil o0pasioB KOxXH, 4TO NO3BOJISICT COKPaTHThL FIPOLECC
yBNaXXHeHHsd B HECKONLKO pa3 [10 CPaBHEHHIO C TPRAHLHOHHBIM CIIOCOOOM.

5. B pesysastare DOKCHCPHMEHTAILHBIX  MCCIENOBAHWN  yCTaHOBJICHA
ncobGxonumMasi TemnepaTypa BOABI B ¢MKOCTH, pamuas 70° C, npu xortopoit
ROCTUTACTCA MAKCUMAJIBHEI NPHBCC BAATH B 00pasiiax KOKH.

6. Ha ocHoBannu npoBejieHHbIX KCCHeA0BAHNH pa3paboTasbl peskUME! paboThI
YCTAaHOBKH jUisi BAaKyyMHO-COpGUMOHHOIO YRNAXKHEHUS 3aroTOBOK Bepxa o0yBH,

obecnewnsaromue TpedyeMulil npusec Bnary k Teverne 10-13 munu.
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5. IPONECCBHI TPAHCIIOPTHPOBAHHSI MATEPHAJIOB
BEPTHKAJIbBHBIM HIHEKOBBIM KOHBEUEPOM

S.1 MaTCMEITIIl'-IECKaﬂ MOkeJL [ponecca TpAHCNOPDTHPOBAHNA

Ixex (BUHT) ABISIETCH OCHOBHEIM 3NIEMeHTOM KoliBeitepa. OH mpejacTaBnsier
coboli noabidA WAM CIAOIMHOH LHAWHAPHYECKUH cepAe4YHHMK ¢ HABHTOM Ha Hero
cnupaelo. JIMHUS KOHTAKTA CUpai C CCPACHHUKOM ABJIACTICH BUHTOBOM MMHKUE, a
CNHpalle NpCACTABIRET o000 BUHTOBYIO NOBCPXHOCTE.

BunaToBas nuxng 3TO IpocTpaHCTBEHHAs KpHBas, oOpasyemas IPH CIOXHOM
NBIKEHHW TOUYKM M 10 IMMIMHApPHYECKOH noBepXHocTH {(pHCYHOK S.1):

MOCTYNaTeIBHOM BIOAEL 00 pa3syrollell H BpallaTeJEHOM BOKpYT ocH LuimuHapa /50/.

Pucynox 5.1 = CxeMa x onpezeneHuIo napaMeTpoB BHHTOBOH JIHHHH

HHHHHHpH‘IeCKaﬂ BUHTOBadx NHHKUA ONTMCBIBACTCsE YPaAaBHCHHAMU!
x=r-cosl,,

y=r-sinf,, (5.1)
z=C,0,

rAe X, ¥, Z— KOOpAUHATbl TOYEK BUHTOBOH JIITHHU;
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¥ = pPAacCTOAHHE OT OCH UIHEKA 00 TOYEK BUHTOBOIA JIHHHH,
93 = ¥roll NoBopoTa TOYCK BUHTOBOH JIHHMH IO OTHOMIEHHIO K
NepBOHAYAJIEHOMY TONOKECHHIO,

Cg~ npupalliesue BEICOTE! (KOOPIMHATE! Z) BUHTOBOWH NHHUH,
NpUXOJsLIEiicA Ha ONHH paanan yria O, .
r h
C, =—=r-tga,, (5.2)
27

rae A — war BUHTOROH JIMHUK;
o, - yroji NogLeMa BUHTOBO# JIMHKMH Ha pajiuyce r.

W3 ypasHenunit (5.1) u (5.2) cnenyer, uto

L= tgl,  O,=arc tgz-
X X
MMoncrasnss snauenns &, B ypasHeHue (5.1), nonyuum
z=C,arc tg—Ji (5.3)
X

TlpoekuMu 'BUHTOBOH! NMHMM Ha TNNOCKOCTH X0z M Y0z SBAAIOTCH

COOTBCTCTBEHHO KOCHH)/COHIIOI‘".I )51 CHH)’COH)],Oﬁ:

Z . z
xX=r-cos |— 1| y=r-sin | —

H
i3 )

Ilpockuua BUHTOBOI JIMHMKM HA IUIOCKOCTB X0) ABAACTCS OKPYKHOCTHIO C
2 2 __ .2
pPajKycoM r M HEHTPOM B Hadalie KoopauHat: X~ + Y~ =r",

JneMeHT AYTH BH HTOBOW NHHKUU

dS, =+r* +C? -do,.
ro,
S, =r2+C2 .0, =% (5.4)

cos’0,

Hanna pyrm

BunroBasg nHHHA, KaK IPOCTPAaHCTBEHHAHd KpUBad, 00JayaeT KpUBH3HOH H
KpyvyenueM. KpuBH3HY BHHTOBOIT IMHUH, KOTOPasi XapaKTCPH3yeTCA OTKJIOHCHHEM ce

OT NIPAMOM, MOKHO ONPEACIHTE No Gopmyne:



K,= \/562 +3t 43t = + + , (5.5)

rae ¥ .9 ,# - BTOpLIe NPOU3BOILIE OT X, ¥, Z 110 Og.
3amensas napametp Oy uepes Sy, nonyunm

7 =—————S“
) «,{r2+C§’

ypaBHeHHs] BUHTOBOI! IMHUH NpPeJCTaBUM B BUAE
Se
Jrr+CE’
y=F 'n—~———-——S“
=r-s , (5.6)
1/}‘2 +C§
S

7=Cq [2 - 2 -

re+C;

Juddepenumpys  ypaswenus (5.6) asaxgel no C; u noxcrasnss

d’x d*y d*z'
7, a0 s a2 BypaBHeHue (5.5), mocie npeoOpa3opaHuil momyunm
dS?’ dS%’ ds;

i
X=F-CoSs

r
K =—2" 5.7

W3 (5.7) BuAio, 4TO KPUBHU3HA BHHTORO#H JIMHUH — BENMUYNHA OCTOSHIAS,

Panuyc KpuBH3HEI

¥
Yo =——— (5.8)
cos“a,
I

BuHTOBas TUHNMA MMeET NPABOE HAINpPaBIEHHE, €CIIH C3>O , M JIEBOE, CCITH

C, <0.
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KpyueHue BuHTOBOI TMHUU

C tga
O-ﬁ’z 2 . 2= g rz (5.9)
re+Cy r-(l+1g°a,)
1
KacatenbHblil BeKTOp K BHHTOROH IMHUN
t =cosa, (—sinb, -cosO, -1ga,) (5.10)

Kacarenwhas 06pa3yer C HamnpapJI€HHEM OCH Z MNOCTOSHHEIA yron paBHblﬁ

(90¢ —a,). YpaBHcuHd KacaTenbHoi MOXKHO 3alHCaTh B BUJE

X-x V-y Z-z

. 5.11
sin@, cosl, Iga, 3-11)
YPaBHCHHe KacaTelbHOH INIOCKOCTH K BHHTOBOH JIHHHH HMEET BUNA!
!
Oz Oz
(X—x)-(--) +(3’—y)-[-—] +(Z-2)=0, (5.12)
Ox J pf W)y
Oz Oz
roe | T — H| o - 9acTHLIC MPOH3IBOAHLIC Znmo X unulyY
ox M ay M

BTOuke M(x, v, z).

B nammemMm cnyuae

oz Co-y  Cooy 02 _ Co-x Cyp-x

ox x4y’ r2 7y x4y 2
|

3aMeHus Cg zf"fga’,- H NIOACTAaBUB 3JHAYMCHMA YaCTHBIX NPON3IBOAHBIX B

ypaBHeHHMe (5.12), nonyuum

x-{ga,

_.Jilf:_i’b.'ﬁ‘r,.(){_x)-;- (Y =3)+(Z-2)=0 (5.13)

HopManbhias MIOCKOCTE K BHHTOBOH JIMHUH OITUCBHIBACTCH ypaBHeHHEM

-y X+x¥V+C,Z2-C,z=0 (5.14)
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CoanKacaloma;lcn NIOCKOCTh K BUHTOBOM JIMHUH

C,-sin0,-X —C, -cos@, -Y +rZ =rC, -0, (5.15)

Yron, o6pazyemblii conpukacaroeiics MI0CKOCTLIO ¢ OCHIO Z
inp r
Sin =—
g > > (5.16)
re+C;

Ecnm Bce TOUKH KpHBOI OMHCHIBAIOT OKOJIO OJHOW U TOH K€ OCH BHHTOBBIE
JIMHUH OIMHAKOBOTO mara /1 , To obpasyercs ob1uast BHHTOBas IMOBEPXHOCTB, KOTOpasi

CHUCBHIBACTCAH CHEAYHOIIIHMH YpaBHEHNAMML
x=R-cost;-t; y=R-sinG,-t; z=C,-0,+U

rae U= ®d(R).
Jns npsimoit BUHTOBOI nosepxHoct U =0.
¥Yron nojbemMa BUHTOBOMR AMHUU:

HQ HHIMHAPHYCCKOM CEPACHHHKE LIHCKA pauyCcoM F

I

Q, =arc tg h/2ar, (5.17)
Ha Hapy:K1IOM pajuyce IHeKa R

ap =arc tg hi2aR, (5.18)
B mobo# TouKe BHHTOBOIA [TOBCPXHOCTH
o; =arc tg h/2aR; , (5.19)

U3 Buipaxennii (5.17), (5.18), (5.19) caenayer, uto yroa nombema BHHTOBOMH

NWHHA SABIseTCA NnepeMeHHOH BeanunHo# (pucyHoK 5.2).

U3 gopmyn (5.17) u (5.18) umeeMm

i
o, R Q, R
g = — unu ——=arcig — (5.20)
a p r Qp v

YucneHnnsle 3Ha4cHHA pa3HocTd yrioB (&, - p ) y BepTHKANLHLIX LIHCKOB

) 0 o
M3BECTHBIX KOHCTPYKLUUH KonebntoTes B npegenax ot 7 go 19,
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Pucynox 5.2 — 3aBucuMOCTE yIila noibeMa BHHTOBOM IMHUH OT pajuyca

TIpsaMas BUHTOBAs! NOBEPXHOCTh NPHHANNCKHT K YUCIY MHHIHMANBUBIX, T.€. K
TaKuM NOBEPXHOCTAM, KOTOpbIE NPH 33J1aHHOI1 orpanuynBaioueii kpuBoi obnauaior
Ha¥MeHbleH TUIOIIABIO,

B of1uem criyuae nnomans BUHTOBOMH MOBEPXHOCTH, OMPAaHHYEHHOH paivycoM

R, onpeaensaeTea nul JIBI:Ipa}{{eHHFI:

F =

1
R0, | ———tgap -In rg“TR , (5.21)

]

2 * Leosap
roe atp =arc tg C, /R,
IInomans BHHTOBOH NOBCPXHOCTH IlIHEKa ¢ BHEIIHUM paauycoM R H

BHYTPEHHHM PaJIHyCOM /»* paBHa:

o,
F, =-2§- R? -(.sec ap —tgag-in tg%&)ﬂf‘z(wc agr—igog-in t‘g"azi) (5.22)

BluinToBasl noBepXHOCTh 1IHEKA MpeAcTaBageT coboil KOHOW, NPOHU3aHHEI
KPYTOBBIM IIMJIMHAPOM PaZyCOM #, MMCIOLIMM € HUM 00wylo och. B pesynnrare

[nepeceyecHuA oﬁpaayercn oIy apUuiIcecKas BUHTOBAsS THHHAA, 1Uar KOTOpOﬁ QIHHAKOB

C {IaroM Hanpas/sioeH BUHTOBOH JIMHHH panuycoM R .
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Marematuueckas Mogens ABHKEHHS HacTHIbl MaTepHana [0 BEPTHKANLIOMY
LIHEKY 0a3upyercs Ha ClEeAYOIUX JonyuieHunx /60/

obbeM TpaHcmOpTHpyeMOTO MaTepuajJa HpeAcTaBlcH B BHAE
JIUCKPETHO# Macchl (4acTHILbI);
CHUJIBI TPEHHS HacTULBI O IIHEK M O CTCHKY KOXyXa ABJAIOTCA CHIAMH
TpeHns CKONIbKEHNS;
KOJNBUEBOH 3a30p MexXOy UIHEKOM M CTEHKOH KOXKyxa HMeeT
MOCTOSHHYO BCAUUUHY N0 JUIMHE KOHBelepa;
IIHEeK cOBEepHIAeT JBHKeHHE BOKpYr cOOCTBEHHO! OCH, a €ro cnupaib
HMeeT IPAMOYTONBHEIH NpoQHIIb,

JIpyeHue wacTHIbl MaTepHana IpH MHepeMellcHHH ce€ BepTHKANLHBIM

LIHEKOM OIHCBIBAaeTCa cHecTeMol ypasHenyH Jlarpanxa Il pona:

dafar)_ or _o
dr'\ 9q; oq; g, (=12...), (5.23)

rae T — KHHeTudecKas JHEPTHA Tpchnop'mpyeMOii JacTHLBI,

q;-~ obol1LeHnbIe KOOp/iMHATLI, ONpeAendionie NojJoXKeHHe YacTHL DI,

Q g - ©o0o0LelHble cupl 110 0600ILEHHEIM KOOPAHMHATAM ¢;
i - wucno o0o0UICHHBIX KOOPAUHAT, PABHOE MHCHY cTeNncHeit cBoboan!

4acTHIIBI MaTepHalia NpH TPaHCMOPTHPOBAaHHU €€ BCPTHKANIBHLIM

HIHCKOM,

Honoxenue yacTuilkl B Nponecce TPAHCNOPTHPOBAHUA MOMET ObITh

onpeaeleHo ABYMs KOOpJAHHATAMN., YITIOM JI0OBOPOTA €€ OTHOCHTCIEHOIO IHHEKA 96’
r

H MNOJOXCHHEM MHIHEKa OTHOCHTENIBHO KOXKYyXa Z , M ONHCAHO CHCTEMOH

YPaBHEHHUH:
(d(oT )\ or -0
de\ a6, ) o0, ~°
Va(or) or (5:24)
dt\ 6z, ) oz, Q-
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Tak kax B UIHEKOBOM KOHBeHepe KO/KyX He HMCCT OCEBOro MnepemellleHus
(Z , =0), HeoOxonUMO HaiiTH peuleHe NCPBOro ypasHeHus cucreMs! (5.24).

KuneTuueckas s CpPruAa 4acTHIB!

1 G 1
T=—2~-—-uj=§-m-ua, (5.25)
g
rHe G —Bec HACTULBI MaTepHala,
£ - YCKOpCHHE CHJIBI TSDKECTH;

i — Macca HaCTHLbl,

D, - 20COMOTHAA CKOPOCTH YacTHILEI.

v, = R\/(a)m ——96)2 +(E}3 -tgaR)z , (5.26)

rne (@, - yriosas CKOpPOCTB IIIHCKA;

96 - yrnopad CKOpPOCTL YaCTHIEI OTHOCHTCILHO HIHCKA.

[MoacTtapnan (5.26) B (5.25), nonyuum

1 T 2 2
T:E«m-[:(a)w—'ge) +(‘93"g“zz) ]-R , (5.27)
Toraa
or 2] 4 2
69.6=m-R 9e(l+tg aR) -0 | (5.28)
d{ or 5.
E(aé J:m-Rz(é'e—a)m-coszaR)vseczaR i (5.29)
8

rae @y, - yrnoBoe yCKOPSHHC LIHEKA;

9 ¢ = Y[JIOBOC YCKOPEHHE HACTUILI OTHOCHTCHIEHO LIHEKA.

Ob6obiienHas cuna Qg MOXKeT OBITh ONpefieNieHa N3 BhIPAKEHUS

ox oy Oz
Q9=ZFr’x 69R+ZFU’ 89R+ZFfZ agR, (5.30)

g ] g
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rae ZF}x, ZF}},, ZF,Z — amrebpanyeckas cymMma  NPOCKUMH

dKTHBHBIX CHII, ,ueﬁc*rayroumx Ha dacTtuly Martcpuana

MO OCSM KOOPAWHATYX, Y, Z ;

Xr>»YgsZp - KOOPAMHATH! YACTHILI MATepHana OTHOCHTENLHO IIHEKA.

[Ipennonoxum, uTO ABWXEHWE HACTHIbl TPAHCIIOPTHPYCMOTO MaTcpHana
OTHOCUTENLHO BHWHTOBOH MNOBEPXHOCTH BEPTHKANBHOIO LUHEKOBOIO KOHBeiepa
MOXeT MNpOMCXOAUTL KaK C OTpPLIBOM OT Hee, TaK M 0e3 OoTphlBa 3a CUET
NPOCKANL3LIBAHMA.

Jna  BrIBoga MaTeMarHyeckod Mofenu Oe30TPBIBHOrO  IepeMelleHUs

PAcCMOTPHM CXeMy CHIT, RelCTBYIOLIMX HA YacTHlly MaTepuana (pUcyHok 35.3)

a) Z 4 6)
Ug D, :
Ce B ¥
Fop.a Frpie | oo ' Y,
a ¢ Z F os f3
‘c

> mp.K

- . Y

27R v Fop rcOSCQ
X

Pucynok 5.3 — Pacuernas cxema

3 cxembl CHUT HMeeM:

zFix =F -cosa-sinf - F +cos f-sind ,
mp.u 8  mMp.K 6

.8

ZE =-F -cos@-cosfd + F -cos f-cos@ ,
Y mp. 8 mp.x é

.

(5.31)

F_=-G-F -sina - F - sin £,
LZ iz mp.u MpP.K

rne Fmpm ~ CHJIa TPCHNA YAaCTHULI O IHHEK;
I
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ijp.x - CHJIa TPECHHUA HaCTHUE! O KOXKYX;

f - yrol HakIoHa BUHTOBOH JIMHUK, MO KOTOPO HaCTHUA [BUKETCS
B a0CONIOTHOM ABHKeHHH,
Yron - u3 nnaHa cxopocrei

p=arc cosw =arc sin= (5.32)
Ua Ua
HIIH '
-0 ) ¢
S =arc cos Cf)‘“z = == arc sin ?‘3 £2 _ =
@, -0,y +@,a) V@, -6,)+(6,1g2)

Cuna TpeHHA HACTHIE! O KOKYX, HANPaABICHHAA IIPOTHR abCoMOTHOM
CKOpPOCTH 4aCTHIkl, paBHa.

Frupse = fie Ny, (5.33)
rie Jfx - K03 QRIMEHT TPeHHS YaCTHIIE! O KOKYX;

N, - HopMansHas peakius CTCHKH KOXyXa.
Cunia TpeHHUs YacTHIIBI O LIHEK:

’ -
Fmp.m = fu - Ny, sinGg , (5.34)
rne S - xo3dbdHIMenT TPEHNs YACTHIEI O IIHEK;
N,, - nHopmanbHas peakuus HIHeka.

Hopmaneuste peakuun Ny uw N, Moryr ObITh HalfieHBI 43 YCIIOBHSA
AUHAMHYECKOTO PaBHOBECHS TPAHCIIOPTHPYEMOil YacTULb!

G —
P +y P=0, (5.35)

CupoextupoBaB ycunus, AelicTByIoUlMe Ha YacTHOY, COOTBETCTBEHHO HA

TNaBHYIO HOpMATL 71 1 GunopMans b, mocne npeoGpasoBanuii Moy auM:

G .
N, =E(%—93)2R (5.36)

cos o
C yuetom (5.36) 1 (5.37) cunel Tpeunsa OyAyT paBHbI:

Ny = %[gm (@, ~6,)*REEE) 4 Rigatcosa (537,

7 \2
Fmp.x = Jx E}"(a)m ~0,)" -R , (5.38)
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I

G .
Fmp-lli = Su ?[gCOS a+t filw, _gs)sz

(5.39)

x sin (a + )+ o, R -sin a]lcos 2a

[lonoxkeHHe 4YacTHLBI OTHOCUTENBHO .MIHEKA B npouecce €€ nepeMEICHA

OnpeaenseTed KoopaAHHATAMH !

xp =R-cosb,,

: Ynr =R'Sin96, (5.40)
Zp = R 98 -tga'
[Mponnddepenunponar Beipakerne (5.40) mo O, NONYHHM:
oX p X oY p 0Z p
= —Rsinb,; = Rcos0,; = Riga
280, 8 ) 6 ) 1 (5.41)
[Tocne npeofpazoBaliuii UMeeM:
.4 G - .2
Oy =—GR(f,sinl +i1ga) + [, — (@, —05)" %
g
 Oytga— Zn _
<[(1- [ tga-sinb,) - ; R (f.sinf, +tga)]x
~Ye
y Dy — Yy _ (5.42)

J@, -6,)2 +(O,tga -z, R)>

G, _
- fu Ea)mthga-sfnﬁs + ZsinG,
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VpaeHeHue (5.24) ¢ yueToM (5.29) u (5.20) MOXKHO TIpe/ICTABUTEL B BHJIE:

mR%(8, — &, cos’ap)sec’a = —GR(f,, sin 6, — tga)? +

+ fx "g(a):lu _93)2[(1 - fmtga 'Sinée) -
g

tga -6, — 2 _
- ; R (fusin@, +tga)lx
W, —Ug
w, -0 (5.43)

X
. N
\/(a)m -0,)* +(tga -6, - ?’")2
— S —g—a)mthga .sin@, + £, -Ciz sin @,
g

OxoHYATENBEHO UMEEM!

6, = %(fmsin 8, + tga)cos *a + [y, ~é3)2 X

- 1‘ga'-9.3—zi .
X[(l'—fmfga'smga)_ > R (fm's'inee +iga)]x
@, —0,
w~0
x g - .cos 2a + (5.44)

7 32 j 2
(0, ~0,) +(ga-0, ~—1)
r R
+ @, (1~ figa-sinf,)cos 20 + T?’g—(fmsin 0, +1ga)-cos 2q
Ypasnenue (5.44) onuceiaer 0€30TPBIBHOC ABMXXEHME TPAHCNOPTHPYEMBIX
YaCTHI] IO BEPTUKANEHOMY IIHEKY.

YcnoBue OTPERIBA YHACTHIEI OT CIIHPAaJIH BBINOJIHACTCA, €CIIH:

N, <0

YuuteiBas ssipaxenue (5.37) n cuuras, uto cOS® > 0 umeem:

. ] +
G+ fun(m, — g’ R-STCFP) | o Rem-tga <0 (5.45)
, cosa
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Anannusupya Boipaxkenue (5.45), BUIMM, 4TO KaxIOe H3 cllaracMbIX JieBoi
4yacTH OoJiblie HynsA, a CAeAOBATENHHO, YC/IOBHUC OTPLIBA HacCTHIB! HC MOXKET

RBINOAHATBECA O3 NONONHUTENbHBIX BOIMYILAKOIHHX CHIL.

5.2 3akonomMepHocTH mnepeMelIeHHs YACTHHBI  MATEpHAJA
BEPTHKAJIBHAIM HIHEKOBBIM KOHBCHEpOM ¢ HeMOABHAKIBIM

! KOKyXOM

5.2.1 HeoOxonumnle YCJIOBHA IS HCPEMEIINCHHA YACTHIILI MATEPHAA

IHockoneky ImHeK Bpawaercs C [OCTOSHHOH YIJIOBOH CKOpOCTLIO  H

MepeMeIeHne ero 10 BepTUKamy OTcyTCTBYeT ( @y, =const, < = O), ypaBHEHHE

(5.44) npumer BUA:

do )
__i:‘&(fu; +tga)c032a +fx(wut _93)2 X
d ' R
tgo -6
x[(1~ fulga) === (f, +iga)lx
w ¢ (5.46)

; 2
(w,, —0 )cos“a

X
3} 22 2 32
J(a)m-—ga) +tg a’-@e

PsnoMm nccnenosarenieit yeranosneno, yto  yron [ uaMeHseTcs B npejenax
[ =0-12° /49, 66/. Tak Kak 3TOT yYron CPAaBHUTENBLHO MaJl, MOXHO NPUHATE , UTO
cosf =1.

Toraa

D _96’
1

3 2 2 32
\[(com—t?g) +ig a-0;

[1pu 3TOoM ypasrenue (5.46) npumet BHA;
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!dg& =—"'g-'(fm +Iga)0032a+fx(wm -—9.3)2 .
dt R
] a-é (5.47)
x[(l —fmtga)"—_g-_jh(ﬁu +tga)]co.5‘20.'
7] i1
HIH
do, _ ABGZ _Bée +C. (5.48)
dt
ruae

A= f.; B=w, f,.[2(1 —fmtga)cosza +(f,, +iga)lsina - cosa;

C= cofu f,‘.(l'—fmtga)cosza—%(fw +tg(x)cosza

VYpasnenue (5.48) npenacrasnsier coboil Henuuelnoe nuddepenunansHoe

ypaBHEHHe BTOPOro NopsgKa ¢ MOCTOst HHBIMH Ko3( QpHLIeHTaMuU,

: y
Brinonisa noactaHoBKy Os =—Z‘v' M pemas TNONy4YeHHOC OOHOPOioe

nuHeitnoe auddepenunansioe ypasienve suaa ¥ + By + ACy = 0, nonyuum

B B
! B (K=2x B ~(K+2)
CiK-2e 2 —Cr(K+)e 2
o =1L 2 2
g ’
(K—E)t —(K+£): (5:49)
C}G 2 +C2€ 2
s
y K =——AC,
rae 1’ y
Tlonarast, 410 MIpH t=0, 8,=0, ég =0, nonyunM NOCTOABHBIC

WHTErPUPOBAHHS G un G

%+§ K—g
Cy= K exp(—A46,); C,= K exp(—A0,)
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Moncrapnaasuagenns Cf 1 Cap BeIpakeHHe (5.49), nMceM:

(K—-E)r (K+£)t
, o2 _g 2
05 = e B B
: ] K==y ] —(K+=x (5.50)
ki 2+ 5¢ 2
K-2 Kk+Z
2 2

M3 sxcnepuMeHTanLHBIX HeeneaoBanuii /62, 94/ uspecTHO, UTO NCPECXOAHLI

npolece 3aHHMaeT HeGonbiloii npoMexyToxk BpeMend (menee 0,3 c) , nosTomy

npuHumas O, = const, G, =0, noayuum ypasHeie yCTaAHOBUBILErOCs MPOLECCa:

g = Bu 2eiga + @, ) +iga |
2 | aglate,)tiga

(5.51)

! 2 g
s ogetgla+e, )~
_|od [ 2cg(a+ ) +iga B Y R
4 | ctgla+@,)+iga cigla+o@, ) +iga

rae @,, = arc Igf,, - yron Tpenns 4acTHIb! O BUHTOBYIO
HIOBEPXHOCTS HLIHEKa,
Ckopocte nepeMenienus uyacTruel suons ocu OZ pasna V, =6, R-tgax. C

yueToM Bhipaxkenns (5.51) nonyuum:

P _ Oy 2ctg(a+qpm)+!ga_
S 2 | aglarte,)tiga

] 5.52
g } (5.52)
Rfm 'a)i
cgla+ @, )+iga

4[ctg (a+op,)-

2
2ct + +1
[ cig(@ + @u,) ga] ~ pig o

cigla+@,)+iga

-

Bepaxenue (5.52) y1o0HO /Uis aHaNIU3a CKOPOCTH NMepeMelicHus 4acTHI! B

3aBHCHMOCTH OT Pa3fMHuHLIX (aKTopOB.
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Ipu V. =0 BeIpaketine (5.52) npuMer BuA:

{a)m ‘Riga # 0

5.53
Rfwicigla+¢,)=8 (.33}
(,, - Rtga =0

2etgla+ ¢, ) tiga
crgla +p, ) +iga

2 (5.54)

2 4 Crg(a‘l'@u‘)— 2
[2Ctg(a+¢m)+fga:| Rff\'w“‘ £ 0

5.2.2 KpuTyieckas MACTOTA BpanieHNa NIHeRa

I - o
HOJI KpHTHYECKOH ITOHUMAETCH TaKad 4acTora EBpallcHHsA, MpH KOTOpOH

IIepeMeicHHE YacTHURI MAaTCpHaJla B OCCBOM HalpaBJICHHH IIIHCKA HE NMPOHCXOAHT,

re. V. =0 /50/. Uz ypaBHeHHs (5.53) MOXHO MONy4UTh BBIpAKEHUE NS pacueTa

KPUTHHCCKOI YIITIOBOH CKOPOCTH IIIHEKA:

Kp o g
P \[R'fx -c1gla+¢,,) (5-53)

BripasuB yrnoBylo CKOpOCTh uepe3 HacTOTy BpaulcHUs, MONyuuM dopMyTy

IUTd pacyeTa KpHTH‘IECKOﬁ HAaCcTOTEI BpAUICHHA NIHCKA!

' 30 g
nl ==
w = \/ R-f, -cig(a+py) (5.56)

K —
HOCTpOI/IM rpadmx 3aBHCHMOCTH a)mp - f(R) NpH NTOCTOAHHBIX 3HAYECHUAX

napamerpos: & =15°20' ; f,,=02; f, =0,6.
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R, nm

Pucynok 5.4 - Tpaduk sapucumoctu @, = f(R)

W3 artoro rpa(bHKa CJICNYCT, UTO 33aBUCHMOCTE KpHTH'—IeCKOﬁ yI'JIOBOﬁ

CKOpOCTH IIHEeKa OT BEAHUMHBI €T0 paauyca (auaMeTpa) nMeeT XapakTep runcpGonkt,

K,
npu4em HaUOONBINKE 3HAYESHUA wﬂf? HMEIOT MECTO IIPH MAJBIX JHAYCHHAX R.C

K,
yBeNnnueHueM paauyca uiHeka Oosice 0,10 M HHTCHCHBHOCTH H3MEHCHHS a)uf’

CYIUECTBEHHO YMEHbIIAETCA.
M3 moipaxernns (5.56) cneayer, 4YTo BenMMUHA KPUTHYECKOH 4YacTOTEI
BPAIlEHHs] LHEKa 3aBHCUT 0T Kod(hGhHMUUEeHTOB TpeHus TPaHCTOPTHPYEMOro

MaTepHana ITo ILUHEKY U KOWKYXY H yrjia rnoabeMa CITupani. P€3YIIBT3.TBI pacucTon no

K,
ONnpencIcHO nu{’ B 3aBHCHUMOCTH OT 2THX NapaMeTpoOB NPHBEIEHELI HA pPUCYHKE 5.5.

13 rpaduxoB Ha pucyske 5.5 Bupuo, yTo ¢ yBenuueHnem Koadduumenta

Kp
TPeHUs MaTepuana no koxyxy ";; ymcHeaeTcs, a ¢ yBelmHueHHeM Koa(pduueHTa

Kp
TpeHa MaTepHajlia o  [IHCKY nw YBCIIHYHBACTCH. C YMEHBLICHHCM

l\'OC}(l}(bPlLIHBHTOB Tp(;.'l-IHH KpHTHYCCKAA UYacTOoTa BpalleHHA IIHEKA HU3SMCHACTCA B

oOpaTHOM nopsizke.
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0,1 03 0,5 0,7 0,9 fer fu

PucyHoK 5.5 — 32BUCHMOCTH KPUTHYECKOH YaCTOTh! BPALUEHHS ILHEKA OT
BeJINYMHL]  KOIPOHINCHTOB TPCHHA Marepyana Iio

IIHEKY U KoxXyxy (R=0,1 M):

g =L (Sx)s e = g =1 (S )-

Kpome Toro, us rpadukoB Ha pHCyHKe 5.5 MOXKHO 3aK/IIOUUTh, YTO HCM

K,
MEHBIIC YIONl MIOABEMA CIIHPANH, TeM HipKe IIpoXoaut kpusast My =f fu » Jx ). D10

obcToATENnLCTBO  ClleayeT  YHUTHIBATH NpH  O0OCHOBAHHM  KOHCTPYKTHBHBIX
lapamMeTpoB LIHCKA. 'Tax, eclu M3 TEXHOTOFHYECKHX coo0pakeHUii HYKHO, YTOOB!
WHEeK HMen MHHUMAaNBHYIO HacTOTY BpalleHHsd, a4 OCTAlbHble IapaMeTpbl
oco0oro 3Ha“CHUA HE HMEIOT, 3TO YCIIOBHE MOXKHO BBIIIONHHTb, YMEHbIIASA YFoll
noanema cnupajii. Ha pucynke 5.6 mpeacraBneHa HOMOrpaMMa Jis onpejene s

OCEBOH CKOPOCTH HNepeMelleHid YacThulbl MaTepHana B 3aBUCHMOCTH OT yI‘J‘IOBOH

CKOpOCTH IIHEKA M BETHYHHEI ero paguyca (a=15°20"; f,, =0,2; f;\-:(),G).
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v, -1'0_3,.-1:)':: J R=0,3u
R=0im
160 R=0,05m

80
60

40 |

[}

20 1

10 20 30 40 50 g pagc

PucyHok 5.6 — Homorpamma ans onpefeneHus 0ceroi CKopocTa

NEPeMENICHHUA YacTUIR] MaTepHana

Homorpamma [MOKAa3bIBACT, HTO OCCBaA CKOPOCTh NCPCMCIUNEHHUA HYACTHILE]

MaTepuana 3aBHCHT H OT BCJIHYHHE] ymonoi’i CKOpOCTH, H OT BRIHYHHLI pajguyca

_ (nmametpa) wHexa, MPHYCM, €CIH 3aBHCUMOCTB Uz =f (Ct)w) HOCHT JIMHCHHBIA

XapakTep, TO 3aBHCHMOCTE U = J(R) B uccrnemosanHoM auManas’oHe WMeCT BUL

o § s
kpusoii (pucynok 5.7). Kak BHIHO M3 3TOro puUcyHka, Haubollee 3aMeTHBII pocT

OCEBOH CKOPOCTH IIPOMCXOMMT DPH YBEIWYEHUU pajauyca liHeka jao R = 0,15 M,

3aTeM MHTEHCHBHOCTL pocTa U, cumxaercs.

A
v, 1077 mic
=30
100 + 0 =30 pan/c
80 71 W =25 pap/c
60 L
40 +
20 0 =20 pap/c
1 | | : !
' " RMm
005 0,10 0,015 0,20 0,25 0,30

Pucynok 5.7 — 3aBUCHMOCTH OCCBOI CKOPOCTH NepeMelilcHus

YACTHUILI OT pajuyca HHeKa
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5.2.3 Bausnue BeIMMHMHBI paguyca BIHeKa Ha npouece
TPAHCHOPTHPOBAHKA MaTEPHAIA.
!

W3 Breipaxenns (5.52) cnenyer, 4TO HNpH YBEJIHMUYCHHU pajiuyca HIHEKA occBasfd
CKOPOCTh NCPEMCIIEHHNS YacTHLBl MaTepHala pacTeT, OOHAKO AaHHadA 3aBHCHMOCTD
WMCET MECTO B ONpeieiieHHOM Iuanazone u3amellieHHs K. MakcuManshas BeaHuMHa
pagdyca [IHeka OrpaHu4yuBaercd JHOO 3afaHHLIMM pasMepaMd  UIHEKOBOro
xoHnsefiepa, MO0 BO3MOXKHOCTSIMH TCXHOJNOTMYECKOr0 IpoOLecca MO M3rOTOBJIEHUIO
umiexa, MUHHMansHasg BENWYHHA pagdyca [IHeKa HaXoANTCs M3 YCIOBUS, UTO OCEBast

CKOPOCTE IICPEMELUCHHA HaCTHUL! MaTcpHalida paBHa HYJHO0, T.C. Uz = 0, Jro

OrpaHHYcHHE obbicHseTCs TCM, UTO € YMCHBUICHHEM palHyca LIHCKAa BECJIHYHUHA

CHJIBI Fmp,x , nBHmy'mcﬁ yacTully, nanaer. CreoBaTebHO, MOXKHO NPeANONOXKUTE,

410 OpH  KakKoM-TO MHHHMMAaILHOM 3Ha4CHHH R, HA3pIBaeMOM KPpHTHHCCKUM,

ABIAKYIUEA CHJIA 4YacTHlbl OTHOCHTCIEHO WIHEKA CTAHOBUTCH paBHOﬁ cCHle

CONPOTHUBJICHHUS 2TOMY ABWXKehnHnr. [losToMy mpu R< RK nepeMenieHue YacTHLIBE
-

10 WHEKY HE NPOUCXOJMT, a cienosatenso, Jg M U, paBHBl HyII0. 3HadeHuc
KPUTHYECKOI'O pajiiyca IIHEeKa MoxeT ObITh onpelienicHo U3 BelpakeHud (5.52):

@, 12cgla+e, }tiga N

z 2 | cglat+e,)+iga

I

-

(5.57)
d ctg(a + @ )__4%3__#
2etg(a + @, Y+iga “ Rf}{a)i
- e — rRtga =0
ctg(a+gom)+tga ctg(a+¢m)+fg0:

<

W3 seipaxenus (5.57) npu U, =0 nocne coOTBeTCTBYIOWIMX npeodpasoBaHnil
HMCEM:

I X Ui

g
Rp1 =0, Ry =-f———3--tg(a+¢?w) (5.58)
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Tlpu Cz)m =31,4padic, q =15°21", f,,=02; f.=0,6 3uaucuue Rkp

npubnuzurensio paHo 8,3 mm. C  yBenuueHHCM YIJIOBOH CKOpOCTH R,{p

HHTEHCHBHO YMEHBIIACTCA.

Ha PUCYHKE 5.8 OpeacTapiCHpl 3aBHCHMOCTH BEJIHYHHBL KPUTHYCCKOIo

panuyca wiHeka Ryt 0T K03 HIMEHTOB TpeHHs YaCTHIL MATEpHana o HeK f,, |

CTEHKY KOxyXa J -

Rxp ']0‘33 M IJ/
/7

40

30

20

10

02 04 0,6 038 Je . fu

PucyHox 5.8 — Bauaune ko3 @unueHToR Tpeuus Ha BeNKYUHY KPUTHYECKOro

paauyca LITHEKa [IPY pasIHYyHEBIX yIilax HaKIIOHa BHHTOBOI JINHUH:

e RpfSi) === - Ry =R Sfu ).

Kax BHIOHO M3 3TOro pHcyHKa, BCIHMMHA KPHUTHYCCKOTO paadyca IIHEeKa B
bonblueit cTereHy 3aBHCHT oOT KodgipunHeHTa TPEHHS YacTHIBI MarepHata Mo
KOXYXY, BIMAHME KodhduuHeHTa TpPeHHST N0 UIHEKY TMpOABIsSETCs MeHee

HHTCHCHBHO,
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I

5.2.4 Bansinue yria noabemMa BHHTOBOH JIMHHH

13 ¢u3uyeckoil cylHOCTH Mpollecca MEPEeMELCHUS YacTHUR! N0 CIHPAIH
IHEKa CIEAYET, HTO C YBCIIHUCHHUCM YTIIa NOJECMA BUHTOBON JTMHHH PAcTyT M CHUIIBE
CONMPOTHUBJICHUA ABMNKENHIO yacThuubl. [Ipn HekoTOpoM 3HayeHHH Yria, KOTOpDlii
cnenyer Ha3zhiBaTh ONTHMANBHHIM, YBENUYEHUC CKOPOCTH TPaHCMOpPTHPOBAHUS
YaCTHLB! NP [POYHMX IIOCTOSHHBIX NapaMeTpax mpouecca He IPOUCXOAMT.
BenuuuHy ONTHUManeHOro yria roghseMa BHHTOBOI JIMHMM LIHEKa, NMPH KOTOPOM
obecrieunBaeTcsi MaKCUMYM CKOPOCTH TPAaHCIIOPTHPOBAHHS, MOXKHO HaHTH H3

H
BBIPKCHUA:

ov, d%v,

=0 <0
Py (npu ycnosuu 302 ) (5.59)

OnHako B SABHOM BHAOC NNOJIYHIHTE AQHAJIIHTHICCKYHY  32BHCHUMOCTE

Conm = S (ﬂ)u,,R,fu;aj‘;‘)BeCBma CIOXKIIO H TNOITOMY HMEeT CMBICH FOBOpPUTH

Ul O NPHONUKEHHBIX PEIICHUAX,

YucneHHBI pacueT 3HauCHHH gy 1O 3aBHCHMOCTH (5.52) mpu Uy = Uy

IoKasall, uTo BEJIIHYMWHA aonm pPacTeT NpH YBEIWYCHHH HAaCcTOTHI BPAWCHHA 1IHEKA.
I

ITO MOXHO OOBACHUTE TEM, YTO TIpY GONBIIMX HACTOTax BpPallleHUH LIHeKa HacTula
MaTepHala ¢ OONbBMIMM YCHAMEM HpPHKHUMAETCs K CTeHKe Koxyxa. IIpH aTom
YBEIMYHMBALTCA ABHKYLIAS CHIA, PONib KOTOPOH BLIMONHACT CHIIA TPEHHS YACTHLL! O
KOXYX.

BaugHye yrna nogbema BHHTOBOHM JIHHUM HAa CKOPOCTL TPAHCHOPTHPOBAHUS
MpH pa3HYHBIX YacTOTaX BPAIICHUSA IHEeKa M0Ka3aHo Ha pUcyHKe 5.9.

M3 rpadukos Ha pucyHke 5.9 ¢ HexoTOpbIM MNPUONHXKEHHEM MOWKHO

3aKMO4YUTh, MTO KpHBble U = f(@) sBasiorcs napabonamMu ¢ BeplMUHON MpH

l s
aonm. HOBTOMY IIpH OPHEHTUPOBOYNLIX pACHETaX ONTUMANIBHLIK YTOJ 1MOALCMa

BUHTOROH JIMHHH MOXKHO CNpene/IHTh H3 BRIPAKCHHA:
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_ aR‘pl +ax‘p2
Conm = 5 R (5.60)

rie &ipis Gyp2 - BEPXHHI ¥ HHKHUH KPUTHYCCKHE YIVIBI IOALEMA
f

BUHTOBOH JTHHUHA, ITpH KOTOPBIX OCeBasd CKOpPOCTh

nepeMeHieH s HacTHIIBI MATCpHasa paBHa HY/JILO.

v, -10“3,M/c
200 —\\i‘"” n=600 MuH_l
150 // A\ P 11=480 Muu-l

| e

//
/—-—~
100 / / -1
: =360 mun
/// T~ "

¥/ St
] -1
| n=240 rmunu

0 10 20 30 40 & 2pao

Pucytiok 3.9 — 3aBHCHMOCTH QCEBOIt CKOPOCTH IMEPEMEILCHHSA

HAacTHIBI MaTCpHana oT yria noabemMa CIinpaln

3naueHns Typl 0 Cyp2 MOTYT OBITH ONpenesie bl 13 (5.52) npH yCI0BUH, YTO

v, =0 :

o o, R 2¢tg(aKp +@ m)+rgakp
Z
2 crg(axp +@ m)+tgaxp

(5.61)

g
cigla,,, +¢,,)—
\ ctg(axp+gom)+tgaxp ctg(akpﬂom)%-tgakp Kp




i80

Pewtas ypasueiine (5.61) orHOCHTENbHO Q) , HMEEM

2
Wy, S R
Cypy =0, @,y =arc ig——— I —arc tgf,, (5.62)

Wz ypasuenus (5.62) ¢ yderoMm BeIpaxkeHna (5.61) onTHManbHBI Yyron

nogbeMa BUHTOBOH JIMHUH paBCH:

!

2
a _1 ww'fx'R

onm = 7| @re g —arc tgf;u (5.63)

PesynsTarel 3Havenuii &y, , BEIUMCIENHEIX 10 GopMmynaM (5.52) u (5.63)

npHBeeHs! B Tabauie 5.1.

Tabnuna 5.1 — UucneHupic 3HaYeHNMS ONTUMANBHOTO YTJIa NOAbeMa BUHTOBOH JIHHHU

!

OnTuManbHBI yron noasema BUHTOBOM tuHuu &gy , 2pad
@Dy, e BeiuncieHus Brraucnenus
pao/c aar” no copmyne (5.52) o dopMmyne (5.63)
25,2 240 8°55’ 9925
31,4 300 15°20 15025
37,6 360 20°30' 20°30"
50,4 480 28°15' 27950
628 | 609 32045" 33°15°

Jaunple Tabnuoer 5.1 nokasblBalOT JNOCTATOMHO XOpOUICe COBMAIcHHE
pacyeTHBIX 3HAYEHHH ONITHMAJIBHOIO YI1a IOABEMAa BUHTOBOI JTHHHH, IOJy4YCHHEIX €
ucnonb3osanueM sbipaxeui (5.52) u (5.63), 4TO CBUJCTEABCTBYCT O NMPABHJIBHOCTH

NPUHATHIX NPEANOCHUIOK IIPH BEIBOJE 3THX GopMyTL.
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5.2.5 Bnusnne TpeHHH YACTHI O IIHEK H CTEHKY KOXKYXa

TpCHHe HaCTHI O BRHTOBYKD IOBCPXHOCTL IIHEKA MOXHO OICHHTD

K03 dUIMEHTOM TpeHns iy KOTOpLI OfpeAenseT CHIY CONPOTHBICHHUS

JIBUKEHHIO YacTuil Mo mueky. [losromy c ysenuuenuem fy, cxopocts Uz
TpPaHCIOPTHPOBAHUA YacTHL MAajaeT, YTO CleAyeT H3 Irpa(HKoB, NpHBEAEHHEIX A
pucynke 5.10. Tlpn nocrtpoennu 3aBucumocteil Uz =f (fm) BEIMUMHA [y

npHHUManacs pagHoii 0,6.

uz-lo“B,MIc:«.'\ -
150 ~ Sy /‘/ \‘\}_ nm = 600 .-mm_l
~ / ™~ < — =480 mun
60 > PaiN N~ n =360 i
< N —1 %
0L N R —— n =240 s
N\

ol 03 05 07 09 Ju, fx

Pucynok 5.10 — Bnusnue ko3pPpuureHTOB TpEHUA Ha OCEBYIO

CKOPOCThL NEPEMEILCHNA HACTHIIRI MaTeprana

Uz=f(fx)s _.._.._Uz:f(fm)

TpeHurc yacTHIIBE! © CTEHKY KOXKYyXa onpeaensieT qRHxKyillyto cuny. Floatomy Ha

r‘paqml{ax C ¥YBCIHYCHHCM fK CKOPOCTEL TPRAHCITOPTHPOBAHNA BO3PAacTacT. HPH

HOCTPOEHHM 3aBycumocTel Uy = f(fk) BenuuuHa f;, NpuMHHUMaiachk paBHOii 0,2.
)

W3 npuBcicHHBIX 3aBHCUMOCTell cnenyer, 4To Uit yBeinudeHus ckopoctd Uz

HYKHO [i,; YMEHBIATH, & f; - YBEJHUMBATD.



182

5.2.6 KuiteMaTHKa HIHEKOBOTO m)lmcﬁepa C HCIMOABHAKHBIM KOAKYXOM

YactHlia TPaHCTIOPTHPYEMOro MaTepuana, Haxojsiascis Ha BHHTOBON

MDOBECPXHOCTA INHEKR, ABHMKETCA C abcomoTHOIM CKOPOCTBIO Ua, KOTOpas SABNACTCA

reoMeTpudeckoii  cymmoit nepedHocHoit ckopocTH U, M  OTHOCHTEJIBLHOH

CKOPOCTH CKOJIBXKCHHA BOONMD BUHTOBO# IIOBCPXHOCTH INHeKa , T.C.

D, =D, +0;, (5.64)
npuyem
U, =0, =0, "R, (5.65)

rae U, - OKpy:XHaa CKOPOCTh 1IHEKa;

U3 cxeMel ckopocTeit Ha prucyHke 5.11 umeem /59/7;
I

v U U
E—=z—"t-=—_= (5.66)
sin(la + B) sinff  sina '
v, v, Uy
A /
Xy, B AT
061 * Y i < E) ui
N M r
! a
Pucyhox 5.11- Cxema cxopocTeii
Yros noareMa ciupany Ha HapyKHOM pafiHyce 1HHeKa
tgaty =h/27R=P/R, (5.67)

rne P =h/27 - napamerp weka, xapaxrepu3yromuil BETHUHEY NOXbEMa

CIMPANTH NPH MOBOPOTE HA OIIVH pagHat.
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H3 soipakenust (5.66) ¢ yuetom (5.65) u (5.67) nonyqena dopmyna mid

onpeacyiecHus abconroTHO CKOpPOCTH NBHKEHNA HAaCTHLBI

: Pow R
- sme ., = w (5.68)
sinfa+ ) ¢ Pcosf+ Rsinpf
VYrnosas CKOpPOCTL HaCTHIILI
; Po
2 U siha «-cos
w, =0, =2 =" .y =w (5.69)
| R R-sinfla+p) ¢ P+Regp
rie U, - OkpyKHasi CKOPOCTD HaCTHLIbI
P Pme
v,=6, R=w,R=—" 5.70
[4] ¢ { P + ngﬁ ( )
CKOpOCTb OTHOCHTC/IEHOTO JBHKCHHA YACTHIIBI IO HIHEKY
sin B a)mRsinﬁ\/Rz +P?
U o T ———————— U _ —
T osin(a+ p) € Pcos B + Rsin B
(5.71)
| metgﬂ\/Rz + P2
- P+ Rig B
CKOpOCTb nepemMeienny HacTnlbl BBEPX
P-w R-igh P-w -R
v, =v,sinff= = = . (5.72)
P+ R-tgf Plhg f + R
C ,ﬂpyFOﬁ CTOPOHB], OCCBAA CKOPOCTh NIOALCMA HACTHIIR! PABHAL
v, =0 tga, (5.73)

i/
rae U?‘ - OKpyiXHafd CKOpPOCTh YaCTHIBI MaTepHana OTHOCHTEIIBHO LITHEKA,

IpupaBHuBasIpaBeie yacTu BuipakeHuit (5.72) u (5.73), umeem:
w w Rigp
rooorga+igf

Opr}l{Hy10 CKOpPOCTh HacTHIb! OTHOCHTENIBHO IMHCKA MOXKHO NMPEACTABHTE B

v (5.74)

BHC:
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v =w,R-K, (5.75)
i
rne K - ycpeaHeHHBlH KOSQ(UUMEHT NPOCKANL3ILIBAHHS YaCTHIBL
OTHOCHTEABHO LIHEK.
W3 Boipaskennit (5.74) n (5.75) umeeM:
wp-18% (5.76)
I1-K, :
Koadduuueur npockanesvipanus Ky, onpeje/isgeMelli OIEBITHEIM IIyTeM,
3aBUCUT OT BHMIA TPAHCIIOPTHPYEMOIO Marepuana, COCTOSHUA MOBEPXHOCTEH LIHeKa
H KO’KyXa, a TAK)KEe FeOMETPHYECKHX U KUHEMaTHMeCKUX MapaMeTpoR LUHeKa.
ABaTu3  nOCTEHETO BBIDAKEHHA TNOKa3bIBAET, UYTO C YBCIHYECHHEM

koadpuunenra K| yeenuuupaercs yron [, a clienoBaTeibHO, BO3PACTAET OCEBast

CKOpPOCTL TMNMECPCMEIIEHHA YacTHILbI UZ H M[pOHU3IBOOUTCILHOCTD MIHCKOBOTO

KOHBelepa.

3.2.7 Bnusinue cocTosHus NoBepxXHOCTeH LIlleKa H KOXyXa Ha
KOPPHIHECHT NPOCKAJIb3bIBAHNS YACTHUB] OTHOCHTEILHO
mHeKa
Ananutnuecks ko2(GuinesT npockankisisauus K| MoxeT GEITL onpejieneH
M3 CIAERYIOLIErO BEIPAXEeHHS:
_b__ v
K= w, w, Rigo

L

(5.77)

Ilocne noacTaHOBKH paHee IIOMY4eHHBIX BRIPAXKEHHH ans 96 u U, umecm:
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2ctg(a + gom)+ g

K, =
2ctg (a' + qow)-i- 2tgx
(5.78)
5
2 clg\a + -
20tg(a+(am)+tga _ g( %") Rf.o?
ZCrg(a +gom)+ g crg(a+gom)+ Igo
O6o3HaunB 26'1'8(05 -+ 4%)"‘ 2tgax =T | nonyuum:
T—-tga— ftgta— ngz
Rf 0,
K, = - (5.79)

B kavectBe mnpumepa B Talimue 5.2 npuBefeHBbl HHCIIEHHBIE 3HAYUEHUS
I

koapuumnenta K|, nonyuentisie pacHeTHEIM NyTEM IPH

w,, =31 4padlc; R=0,1m, ax=1520",

Tabnuua 5.2 — 3uayens kodpdunuenta K| B 3aBUCHMOCTH OT

K03 PULIHEHTOB TpPEeHHs! IO KOKYXY H IMHEKY.

I 0,1 0,2 0,4 0,6 0,8
Jou ,

0,2 0,293 0,498 0,642 0,705 0,743

0,4 0,204 0,349 0,510 0,580 0,622

0,6 0,175 0,244 0,426 0,505 0,551

ITo panueiM Tabmuns! 5.2 nocrpoenst rpadukn K| = f(f,{)npn PasnM4YHBIX

snauenns Sy, (pucyuox 5.12).



186

K| o8
: /-—-"-— \"“"'-f w =0,2
0,6 " T =
0,4 / ] Juu =0,6

Y74

0 02 04 06 08 S

Pucynoxk 5.12 — 3aBucumocts kosdpduumenta K| ot xospduuuenta Tpenus
O KOXKYXY.

V3 mnpuseneHHBIX rpaukoB clefyeT, Y9TO C YBeNWYEHHEM Jx =u
YMCHBIIEHHEM Ju koapduuuent K| Bozpacraer. Kak chnexctsue, NpH 3TOM

YBIMUIABACTCH OCCBAS CKOPOCTL HACTHIEI Uz .

5.2.8 HpOHZ!BIOIlﬂTEJILHOCTL ITHEKOBOIo KoHRBeHepa

TpancnoptupyeMelii LIHEKOM MaTepHali COBepILAaeT CJIo’KHOe BUHTOO(pastoe
ABWXKEHHE. YCTAHOBAEHO, YTO B IIOTOKE Marepuana HabnonaeTcs B3auMublil caBUr
CNnoeB Mo LMIMHAPHYECKHMM IMOBEPXHOCTAM, & TaKkKe NapasUlelibHe ITOBEPXHOCTH
CNHpany MIHEKa. B pesyabTare BO3HHKaAET NepeMelliMBaHue MaTepHalia no riayoHHe.
CaBur coeB 1o MUIUHAPHYECKAM NOBEpXHOCTAM ABJIAETCS Pe3yNbTATOM H3MEHEHUS
0CeROH CKOPOCTH MO AUaMeTpy uineka. B moToke orMeyaeTes pocT 0CeBOM CKOPOCTH
C YBEIHUYCHHEM pajuyca BpaulcHHsA. CMCILICHUE CJOEB NapalNielibHO NOBEPXHOCTH
CHpald IUHeKa oO0YyClIOBAEHO UW3MEHEHHEM OCEBOH CKOPOCTH [0  BBICOTE
LUIMH/IPHYECKOTO  COS. HMHTeHCHMBHOCTL JTOTO CMCIIEHUS YMeHsIIaeTcsl no Mepe
yRaneHUs! ClIosl OT NOBEPXHOCTR LiHeka. [[pouzsoanTeNLHOCTE KOHBeitepa 3aBHCUT
OT MHTEHCHBHOCTH IOCTYTUIEHHS Ha HEro TpaHCIOpPTHpycMOro Mmarcpyana. Hem
Oonbiue 3arpysxa koupeiiepa, TeM Oonblie ero  NPOU3BOAUTENLHOCTE 3a  CUCT

yBEAHYEHHA Ko3(pULHEHTa 3aN0NHEHNS MEKBUTKOBOTO npocTpatictea. [Ipesensuasn
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NpOU3BOANTENLHOCT, 00ECHeYHBACTCA NPU MNOJHOM 3QMONHEHHH MCKBHTKOBOTO
npoctpaHcTBa. i ec onupeneneHMs BBIAGNMM  H3 BHTKS CNMpanH  IUHEKa

JNIEMEHTaPHEBIH YYACTOK C pajiuycoM # U pasMepaMi dr U do (pucyHok 5.13).

| U,

-

C

Pucynok 5.13 ~ PacueTHasn cxema U1t onpelieieHus

MMPpOU3BOJAUTCABRHOCTH IHIHEKOBOTO KOHBeﬁepa

HPOHBBO,E[HTCJ'IMIOCTL JTON yyacTka ¢ yderToM KOBQ)QJHHHGI-ITH 3anonHeHHH

MEKBHTKOBOI'O NPOCTPAHCTBRA K 3 MOKET OBITh OTIpEAceHa CICAYOLM 00pa3oM.

M3 nogoOus TpeyronsHukos AMN u ABC M0xKHO 3anucaTh

f

Ac_BC (5.80)
AN MN
AC=R-—RKp, AN=r—RKp, (5.81)
BC=v,, MN=uv,
IMoactaensg (5.81) B (5.80), nonyuum:
(r -R,, ) v,
v =
r R— Rxp (5.82)

IMpoussonmtesibHOCTH yuacTka:
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dﬂm :KS.’rda'dr'U K FR D, dr-da (5.83)
-R,,

Hocpeacteom koaddunpmenta 1,2 yunreiBaeTcs BOIMOXKHOE — yBeJIMHEHHE
NPOH3BOMTENBHOCTH 32 CHET CABUTA CNIOEB MaTepHaia,

|
HPC,E[CJI bHaA [IPOHIBOANTCIGHOCTE

a)npu R, =r,

K3Dz R 2r
Hw =E—_"E;;R;[) 6[(1‘2 —RKP ~r)'a’r-d0: =

(5.84)
— 2 2
=047 - K, 'UZ(ZR _Rkp 'R_Rkp)
6) npu R,,, <7,
R2r
Hm J-j.( 'I’)‘df"-d&:
xp g 0
_047-K,-V, (5.85)
(2R3 —3R,,-R*-2r) +3R},- )
R-R,,
Ipou3BOAMTENBHOCTD WIHEKA IpH R, , 27, paBHa:
11, =0,27K ,Rigawo (2R2 R R-R2 ) 2cigla+ 9., )+1ga
=, - - X —
w PRt w Kp Kp Ctg(a+¢m)+tga
4[crga+¢9 ]—
M2erg(a+pu)rigal “ Rf,‘ > (5.86)
\ Ctg(a+(f’zzc)+fga ce‘g(a+qom)+tga

MpousponutensHocTs mueka npu Ry, <ty :
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7= 0,275K,Rtga(2R3 —3Rpr2 -2r’ + BRKprsz)- @, y {2ctg(a +@, )+tga' _

“ R-R, ctgla+o, )+tga
[ - (5.87)
4 -
_ 2cigla+o, )+iga i _ lergar+ ] Rf.o’
\ ctgla+ o )+ 1ga ctgla+¢, ) +1ga

Beeas oGosnavenue [ZCtg(a' + (pm)-l- ZIga] =7, rne P, =4arc tgfm ,
MOMYYHM:

Tipn RKP 2,
0,472K ,Rew Rt
n, == CuTET (OR* ~ R R-R% )x
(5.88)
2T
x| T —tga - ftgia + & > b
Rf o,
|
Mpu R, <71,
1, = 0,47K Rw Riga (2R3 ~3r R —r:’)x
k=R,
(5.89)

x| T —tga— |tg’a+ 2gT2 ,
R @,

UlcneHHbIE 3HAYCHUSA KPpUTHYHECKIIX PpaiglyCoB IHHEKA OIIpeacjieHbl Ipu

a=15°20", fm =02, o, = 20, 30, 40 pad /¢. PacueTHme Jaunbie

NpUBEACHE! B Ta0uLe 5.3.
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Tabauua 5.3 ~ Pacyersbie 3HAYCHUA KPUTHUECKHX PARHYCOB LHeKa (M)

Jx
0,2 0,4 0,6 0,8
@, , pad /¢
20 0,062 0,031 0,021 0,015
30 0,027 0,014 0,009! 0,0068
40 0,015 0,0077 | 0,0051 0,0038

Pesynbrarter pacueroB 11, no dopmyne (5.88), Boinonuennse npn a=15%20"

1 f,=0,2 , npuBesieHsl B TaOMuLe 5.4 ¥ NOKa3aHb! HA pUCyiiKe 5.14

3 -3
Tatnuna 5.4 ~ Pacyernbie 3HaUeHUs IPOU3BOAMTENRHOCTH WHeka M /c-10

fK 0’2
0. pad | o 0,4 0,6 0,8
20 0,18 0,27 0,31 0,33
30 0,43 0,52 0,56 0,58
40 0,68 0,77 0,81 0,83
I, »/c-107 |
0.8 /"" @, =40pao/c
p 06 o
0.4 — \ @, =30pad/c
02l Lo, =20padle
| ( 1 1 ;

Tx

PucyHnoxk 5.14 — 3aBUCHMOCTH NIPOH3BOAKTEIILHOCTH LIHEKa OT

K03 pUlLHEHTa TPECHHA MaTepHAaNa 1o KOxyxXy
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M3 anamusa 3aKkoHOMepHOCTCHf  MepeMeIleHWs  YacTHLBl  MaTepHala
BePTHKANLHBIM IIHEKOBLIM KOHBefiepoM € HETIOABHMKHBIM  KOXYXOM CAEAYET,
4TOQ JUIsl YBENMUEHNs ero NpOoH3BOAUTEIBHOCTH HeoOXoaArMo cleayouce:

NOBLICHATE YTTIOBYKO CKOPOCTH LUHEKA;

YAYYUIHTE KauecTBO 00paboTku paGoueii MOBEPXHOCTH 1HHEKa;

NOBBICHTL KOI(MPHUMCHT TPCHUSA YACTHULI 110 BHYTpeBHEH NONOCTH KOKyXa
WY BEINOMHUTD €€ pIerHcroii WK ropUpOBaHHOIA;

NpeoyCMOTPETh BO3MOKHOCTL BpAllCHMA KOXYyXa HaBCTpeuy BpalieHHIo

LIHCKA.

5.3 3AKOHOMEPHOCTH IIEPEMEHEHHUA YACTHL bI
MATEPHAJIA BEPTHKAJIBHBIM HHEKOBBIM
KOHBEWEPOM C BPALIAIOLUMCS KOXKYXOM

Taxasg KOHCTpYKLMS LIHEKOBOTo KOHBEitepa ofecreyuBaeT JOMONHHTENLHOE

NPOCKANh3LIRAHNAC TPAHCIIOPTHPYEMOI YACTHLBI MATEpHana OTHOCUTENRHO
CHUpany INHEeKa, YBCIMYHBAasg TEM CaMbIM €€ OCEBYIO CKOPOCTh 0€3 YBelnM<cHUs

YTI0BOH cKopocTH wuHeka /23/.

5.3.1 KunemaTnka IIHEKOBOIc KOHBEHepa

Cxema ckopocTeil yacTHIIB! MaTepHana NpH IepeMEIlEHHH €€ IIICKOBLIM
KOHBEICPOM € BPAILAIOIINMCS KOKYXOM ITOKa3ana Ha pucylke 5.15.

ITpr Bpaulenuy MWHeKa YacTHNA MarepHana M, HaxoAsascs Ha CIIHpaiH, 3a
CYET CHJ TpPEHHA YBIEKACTCAd BO BpaWlaTeIbHOE JABHIKEHHe, 104 AcHCTBHEM
LHeHTpoOSKHOH CHILLI OHa MNepeMelaeTcsl IloNepek CAupanu M TPUXOIHT B
CONPUKOCHOBEHHUE ¢ BHYTPCHHCH CTCHKOH KOXyxXa. TpeHHC YHacTHLBE! O CTCHKY
KOKyXa 3aCTaBISET ee NMPOCKANL3bIBATL OTHOCHTENBHO CITMpaNy, B pe3yapTare 4Yero
U IPOUCXOIUT MOJBCM HaCcTHIBI BBepX. B Havane nBUAEHMS 4acTUIa MaTepHala
nepeMelfaeTcss No  Hapy:xXHoH BUHTOBOM nuHMM wHexka  AMB. PaizsepHem
LU MHIPHYECKYO TIOBEPXHOCTL BHYTPEHHEH CTEHKH KOXyXa B IUIOCKOCTL S,

a2 HapyXHYN JHHHIO LIHEKa Ha BeJIMYpHe ara /4 - B NpIMYIo nunuio AB.
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!
AGCONIOTHYIO CKOpPOCTB JIBMKEHHS HaCTHUBI v, Haligem KaK

reOMETPHUECKYIO CYMMY OTHOCHTENBEHOMH CKOpOCTH Ur ABHKCHHNA YaCTHIlbl I1O
INHEKY H CKOPOCTH Ug HEPEHOCHOIO ABHMKCHHA. B oTHOCHTCNLHOM ABHXKEHHH

vacTiua M IBMXKETCS 1O  BUHTOBOH JwHHUH AB co ckopoctbio Uy, KoTOpas

oK
MOMeT ObITh pasfoxeiia Ha OKPYXHYIO CKOPDOCTDH Ur H CKOpOCTh ABHAKCHUA

U . B oceBoM HanpapiIeHHH.

S T e
]
| A \ B
A\ &
\ v
v, z Oy
Un KH
K v
B r:u ’QU‘:‘”
OK
] U
e 7 r K h
L U D - LN D" o % -—--%
 al 177
e 0 N
N v v
A\
\
A}
A
kY
\
f \\
N C
»
\
(84
A ¥
27R
Pucynox 5.15 — Cxema crkopocTei
Oxpy:KHas CKOpOCTh paBHA
0% =g + 5%
, UL ,os (5.90)

]

rane - OKpyA&Had CKOpPOCTb HAaCTHIBI OTHOCHTENLHO LIHEKd

I

MPH HENNOJABUXKHOM KOXKYXE,
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- K
v y “AONONHUTECIBHAN OKPYXXHAA CKOPOCTh HaCTHIL]

OTHOCHTCIILHO IIHCKE 34 CHCT BpalllcHHA KOXKYXa.

I
CKOpOCTb nocrynaresqbHOro ABUKCHHUA BAOJIE OCH IITHEKA

- - K - A
¥ = v + U
Z " . (5.91)
- R
rae v 1 « CKOPOCTD oceBoro nepeMeneHu JACTHIEBL
OTHOCHTECIIBHO IIIHEKA IIPHW HETMMOABHMIKHOM KOXYXeE;
- i1
2

x -~ AOTNOJIHHTENBHAA CKOPOCTE OCEBOI0O IMMEPEMCLICHIA .
JAaCTHUEI OTHOCHTCIILHO IHEKA 3a CHET BPallCHUA

KOXKyXa.

OTHOCHUTENIBHEIC CKOPOCTH Bpall¢HUA U MNEPCMCIICHHAA MO JIMHHH AB cBa3aHbl
3aBHCHMOCTAMH

wn . kn K
v, v, feosa; V= Jcosa (5.92)

ﬂepenocnaﬂ CKOpOCTh JABHKCHHA SJACTHUB! PaBHA

— - OX
1)) =U
e e ?
- OK
roe U e -OKpY:KHagi  CKOPOCTh  YACTHLELI, PACMIONOXKECHHOH

Ha paccromm{R OT ©OCH UIHCKa, Bpaliaruierocs
I

C YIJIOBOH CKOPOCTBIO @y, .

O, =@, R (5.93)

B mepeHOCHOM ABMXEHMM YacTUl@ MarepHaia Aswxercs uo nunud KL. B
pesynsTare cjoyKeHusd ABMXKeUUH 4YacTUUbl MO BUHTOBOH nuHUM AB u nuunu KL
TpacKTOpus ee abCONOTHOTO ABHKCHHUS NpeACcTaBseT BHHTOBYHO NuHut0 C.

M3 cxembl cropocTeii Ha pucyHKe 5.15 monyuaem cnejylollue 3aBUCHMOCTH:

abcomoTtnas CKOPOCTE ABHIKCHIIA YACTHIIET
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P-wo -R
Hiid

a  Peosf + Rsinf3’
YIJIOBas CKOPOCTE YACTHUILE]

v

Pow
— i
4 P+R-tg[)”

OKPYXKHAA CKOROCTE YaCTHILBI

a

P-w R
v =a)q-R= u ,
. ° P+R-tgf

CKOPOCTh OTHOCHUTECABHOIO ABHKCHHA YACTHIILI MO NIHCKY

@ oR—tgﬂ\fR‘? + P2

v =
r P+ R-tgp
occpad CKOpPOCTh YaCTHIIBI
P-w R
v, =73
—+ R
tgf3

C npyroii cTopoHsl, OceBasi CKOPOCTH YACTHIIB! paBHA
. D =[ v v"]zga
Z r ¥

W3 1BYX n1ocneHux BeIpaykeHHil uMecM:

@ - R -t p
vF + VP = 4
g a + 1g f ’

s

rae vy =w, ‘R-K,,

K
vr =w, R -K,,

rae K 5 - ycpenueuustil xo3duuuesT MpocKasss3bBaHKS
YaCTHIE! OTHOCHTENBHO HEKA 38 cHeT BpalcHHs
KOKyXa.

OKoHYATENEHO HMEEM

g f = —u—!

(5.94)

(5.95)

(5.96)

(5.97)

(5.98)

(5.99)

(5.100)

(5.101)
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Iipu Ky = K5 = K nonyunm:
!
tga K (o, +o_ )
g p = “ = (5.102)

w, - Ko, +o )

W3 ananuza peipaxkenuit  (5.99), (5.101) u  (5.102) cnegyer, uto ¢
yeenuyeHueM xoaduumedros K| u Ko tgf sospactaer, a, cliefoBaTeNibHO,

YBENHYHBAETCA OCEBass CKOPOCTEH YACTHIILI TPAHCTIOPTHPYCMOr0 MaTepuana U pacTeT

ITPOH3BOJHTCIIDHOCTE KOH Bei’iepa.

5.3.2 Onpenencune ROIQGMOHIHCHTOB NPOCKANL3ILIBANKSA
I

Hpe,IIITOIIOPKHM, YTO B HAYANBHLIA MOMEHT BpEMEHH HaCTHIA M naxoputcs Ha

ocu y . 3a BpeMst t IlIHeK MoBepHeTCs Ha yron € = @, I, a KoxXyx - Ha yroia

W = @l (pucyHok 5.16).

¥

Pucynok 5.16 — PacuerHas cxema

3anas OﬁpalIJ.CHHOC ABIOKCHUE CHCTEME KOXYX-UIIHEK CO CKOPOCTHIO,

ﬂpOTI/IBOHOIIO}KHOﬁ CKOPOCTH KOXKYyXa, INOAYYHM NOJOXKEHHE, IMTPH KOTOPOM KOWKYX

BCPHCTCA B TNEpBOHAYANILHOC COCTOAHHC (W:‘O), a4 HIHEK JOIIOJHHTENBHO

nogcpHeTcA Ha yron ¥ = @, -T , Torxa yroy nopopoTa MIHEKA COCTABUT
§

= t+ot=(o,6 +o, )t (5.103)
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I'Ipennonoxum, HTO 3a BpeMHd [ 4HacTHula IIOBEPHETCA Ha YIoll (0. Toraa

OTHCOCHTENLHO LIIHCKA OHA MNEPEMECTUTCA HA YT'OJ1

0, = —-p=(w, +w,)t-—0p (5.104)
Tlonoskenue HaCTHLDI B NpoCTPaHCTBE MQOXECT OLITD OIIpEaeEneHto
YPaBHCHHUAMH: I
x = Rsing
y = Reosg (5.105)

= (wm +mk)‘t—p¢

CKOpGCTb HACTHILIRI B ITPOCKIIUAX HA KOOPAHHATHEIE OCHL

-

Ux-:ﬂ)f—-ﬁg:Rgbsingo
dt do
Uy=—q)—’--££=—R¢;bcosqo
dt do (5.106)
B P A
T P\®,, x
Yekopesse YacTULBl B TPOSKLMAX HA KOOPAMHATHbIE OCH:
( dv, do 3 2 .
a, =-—>=.——= Rlpcosp —~ @ sin
=902 99 _ bfgang - gaine)
dv, d
1a, = —= --—-@-=—Rgbsin(p
dt do (5.107)
4 _dv, 7
T p

Henonbsysi Bbllpa}KeHHH (5.99) u (5.100), MoxHO 3a11MCaTh:
v, ={w,-R-K,+o, -R-K,) 1z (5.108)
W3 ripaxenud (5.108) onpejgenum kozdunvenra K,

B . o, K,
@, R-1ga @

K, (5.109)

Iy
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Koaguuuent K, moxno ONpENENUThE TaKKe ¢ y4eToM Bolpamenuil (4.7),

(5.79), (5.109):

(a)w+a),‘_). T—-tga—\/t‘g2a+ 28T 2
. Byl +o,)
, = —
4T o
X (5.110)
- 04w, T—'tga—\/tgza+ 2gT2
foa)m
4T - w,

Huxxe B Tabnute 5.5 npubenennl pe3ynsTathl pacdetos KoddqihullMcHTA K,

npu @ =15°20', @, =40 paod/e, R =0,15 ™, fm =0,2.

Tabinna 5.5— Binsuue yriaoBoi ckopocTu Kokyxa ¥ KosgduuueHTa TpeHus

MaTepHalla O KOXKYX Ha BCIHUHHY KOS HIHEHTA K
2

@, , pad/c
10 15 20 25 30 35 40
Jx
0,2 0,61 | 0,48 0,42 0,38 0,36 0,34 0,32
0,4 0,66 0,52 0,45 0,40 0,37 0,35 0,34
0,6 0,68 | 0,53 0,46 0,41 0,38 0,36 0,34
0,8 0,70 0,54 0,46 0,41 0,38 0,36 0,34

Ha ocHOBaHMp JaHNBIX, NPeACTABNEHHLIX B Talmuue 5.5, MOXHO clenaTh
ClleAYIOUUe BBIBOLL

C YBC/IHYCHHEM yl"J’IOBOﬁ CKCDOCTH KOXyXa IPOHUCXOAUT YMCEHBIUCHHC

Ko3(puiInenTa K, , Ho HMHTCHCHBHOCTH M3MEHEHHA DTHX napaMeTpoB pasmHYHBL
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NpH yBeIWYEHHMH YITIOBOH CKOPOCTH KOXYyXa B 4 paza BenuuvHa Koddduuuerra K,

YMEHBUIAETCS IIPUMEPHO B 2 pasa;

BIMAHNE Kodp(uienTa TpeHUs Marcpuana O KOXYX Ha BENUYUHY

koapdrumenta K, pechMa HesHauuTENBHO.
['paduky 3aBUCHMOCTH OCEBOH CKOPOCTH HacTHUB! OT YIJIOBOH CKOpPOCTH

KOXKyXa NpY pasnudHbIX KoddpunuenTtax TpeHus noxasausl Ha pucynke 5.17.

Uzs M/ € 5 4
1,9

1,8 ~

17 e
L
L~

| f=0,8
™ f..=0,6
~ /=04
fe=02

1,6 =g
1,5 -
1,4 7
1,3
1,2
1,1+
1,0

PN
ALAN

- .

NEAL
\

05 1015 20253035 @,,pad/c

Pucynok 5.17 — Ipaduxu 3apucumocty U, = f (fx,w,;)

M3 rpaduxoB, mpuBegeHHBIX Ha pHcyHke 5.17, BUOMM, HTO 3aBHCUMOCTE

v,=f (wx) HOCHT JHHEHHBIN XapakTep M NpH 3TOM Yrojl HAKAOHA NpPAMBIX NpPH
i
paznuuHerX  Koddduumenrax f, npaxTiuecks — oxumaxos. Ilpu mepecedenMH

NPAMBIX C OCBIO U, MOAYYMM 3HaueHus oceBoii cxopoctu npu @, =0, T.c. npu
HEOABIKHOM Koxyxe. OTcioja HarisgHO BUAHO, YTO BpallleHHE KOXKyXa

CHDCO6CTBYET [MOBLILLIEHHIO OCCBOM CKOpPOCTH NCpeMENISHUA MaTepHana.

5.3.3 [unaMuika IIRCKOBOT0O KOHBeHepa

Ha yactuny tpaHcmopTupyeMoro Martepuana neicrsyior cuna tskectn G,
peaKkitds €O CTOpOHBl KOXyxa N, peakuust cO CTOPOHBI HACTHIIBI IO LUHEKY
)

Nm . HpOCKﬁHb'BbIBaHHC YACTHIE] [TO IUHEKY oﬁycnaBnnBaeT BO3HHKHOBCHHC CHJIBI
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TPEHUA Fo=fu Ny, HaNpaBleHHOH B CTOPOHY, TNPOTHBONOJOKHYIO

OTHOCHTENBHOMN CKODOCTH  CKOJIBXKCHUA Ur. TpeHHC YacTHHbEl O KOXKYX

XapaxkTepusyercs CUINO# TpEeHAA FK = f K’ N x>  TpOTUBONONOMXHON

CKOPOCTH abcomoTHoro JBHIKEHIHA Ua - an HCIIONB30BaAHHH MeTona
I

ofpalleHHOTO ~ ABWKCHHMA ~ HMeeM  LIHEeKOBblii KoHBellep ¢ HENOIBHIKHBIM
KOKYXOM, ¥ KOTOpPOro yrjaoBas cKOpPOCTh IIHEKa paBHa CyMMe CKOpOCTeil LIHEKa M
KOXKyXa.

CocraBum YPaBHEHHU NHHAMHKH B ITPOCKIHUAX HA OCH KOODAWHAT

(mR(g'écosgo - gbzsfn(o)—k N, (sz'ngp + frcosa- cosgo)—-
— N,{cosga(f,{cosa + sin cx) =0

3 mR(éf'SfM? + t,’bzcosqo)+ N, (fkcosﬁ sing - cosq))——
— N sing(sino + fmcosa) =0 (5.111)

mpp+ N, (cosa — fmsincz)-!— Ny frusin =0

YpaBuenunsa (5.111) npeacrasnsuor coboii auddepeHianbHble YpaBHCHHUA
OBHKEHAA 4YacTHUI B JeKapTOBbIX KoopawHartax. OHU coaepkaT 4deThIpe
HEM3BECTHLIE BENWYMAHBI W NS WX pellleHus HeoOXOOWMO HCHOAL30BaTh OJHO M3
BBIPOKCHNI KMHEMATHKH.

PaCCMDTpHM ABHZKCHHE YACTHIBE! OTHOCHTEJBHO IIIHCKA. an NMepeMEIeHNH

HaCTHUE! OTHOCHTEITEHO IITHEKA Ha YTod 66' = f(‘t)

. R .
v =RO,, v, = p— g (5.112)

M3 Toykn M nposegem ecTecTBeHHbLIE OCH, CBS3aHHBIC C BHHTOBOI JIMHHEH
IIHEKA: 1 — TJIaBHas HOpMallb, COBITAMAIOIAS C PaANYCOM IlIHeKa R, ¢ — KacaTciakHasi

H b - 6HHOpMAIIE.
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YCKOPEHHC OTHOCHTENEHOI'O OBHIKCHIA B NPOCKIHAX HA CCTCCTBCHHLIE OCH C

R

YUETOM, UTO Pagnyc KPHBH3HB BUHTOBOH nHHEY paseH F = cos ot

. R
Ay = U, = 0
cosS @
@ = RO; (5.113)
dyp = 0 .

. 2
K peficTByrolmum cunaM 10GABHM NEPCHOCHYIO CHITY HHEpHHR Py, =M@, R u

cuny udepunn Kopronuca Py = 2m Ct)ngg M COCTaBUM YPABHEHHUA JBUKCHHUA B

NpOeKUHUAX BHA OCH K, [ H b.

rmRéf +mw2R-2mo, RE,—N, =0

mRO, + N f, cosa+Gsinacosa —
~ N, f.(cosBR~ psinB)=0 (5.114)

(N, —Gecosa- N, f, (sinacosfB +cosasinfi) =0

HMuddepenunansinie ypasuenus (5.114) xapakTepu3yroT JBHKEHHE JaCTHIEI
OTHOCHUTENBHO IuHeka. Jia uX pemmeHus HeOOXOAWMO HCIIONB30BAaTH OMHO H3

BprEUKE:HHﬁ OTHOCHTENILHOH CKOpPOCTH JIBHKCHUA.

paCCMDTpHM OTHOCHTEJILHOE ABUAKCHHE YdCTHUIIEL B OCHAX C Tp&&KTOpHeﬁ 3TOTI'G

OBHAKCHUAD TNTaBHAad HOpMAJb nl TPacKTOpHHU coBuafaerT < paadycoM IUHEKaA,

KacaTelsHas f{ 1 ¢ HanpaBneHHEM CKOPOCTH HBHKeHus U,, a OuHOpMAanL

nanpasnesa no opry by = f; X 7] . OkpyxHas ckopocTs iBxeHns n3 (5.106):
ox 2 2 . UOK R

LT =,Jur + U5 =R¢p, a abcomoTtHas ckopocTh: Yg @,

- cosfB  cospf
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VekopeHus B IPOSKLMAX HA OCH My, 1y U by

R__psinf(p+Rgp) |

L p a2,
a,=R¢p~;a, =
cos 8 pw,,

(5.115)

Cocrasum nuddepeHnnalibHble YpaBHEHUS aOCOMIOTHOrO JABHKEHHS YacTHLE!

B NIPOEKUMAX HA OCH 7,1, WU by:

(mR@? — N, =0

R gsinf(p + Rigp )2
cosf3 P,

+ Ny f = Ny fucos(a+ B)= Nysin(a + f)=0

m @+ Gsinf +

v

(5.116)

thfmsin(a' + )+ Geosf — N, cos{a + B)=0

YpasHenus (5.116) xapaxkrepusyror abcomoTHoe ABH#enre yacTULBL. JIna nx
pelICHUS HEOOXOAHMO OJHO H3 BEIpaXKEHHH CKOPOCTH.

CoctaBum ypaBHeHus Jlarpan:xa BToporo poxa B 0000LICHHEIX KOOpAUHATAX.
ITockonsky d4acThlua ABHIKETCS [0 BHHTOBOH JIMHHMM, TO OHa 00NagacT OJAHOM
crenelibio ceo0OABl, KOTOpas MOXeT OBITH 33flaHa OOOOLIEHHOI KoopAauHaToil. 3a

0GOGILICHHYIO KOOD/JHHATY MPHUMEM yroll () MNOBOPOTa 4acTHUs! B aGCONIOTHOM

asuxernn. OOobmienHoil koopaunare cooTBercTByeT 00o0DLIeHHas cuia Q@,

ornpeapendcMan U3 ycrnopuda, 4To BO3IMOXKHAA paGOTa dKTHBHLIX CHII CS‘I=Q§Q‘3 B

paccMarTpuBaeMoM cliydae

ox 0
Q¢=2Fxg¢“+ZFy"l+ZFz‘—— (5.117)

i Z F,, ZF ,Z F, . CYMMBI NPOEKUHH BceX aKTUBHBIX
I
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CHUJI Ha OCH KOOpIAHHAT. K akTHBHLIM CcHUIIaM OTHOCATCSA F F;u s

cuna Beca (.

Huddepenuupys ypasaenus (5.105), nomyuum:

; E=Rcosqo
g
3 —ai:—Rsingo
¢ (5.118)
% __
6p ="

CYMML! HpOEKuHﬁ BCEX aKTHBHBIX CHJI HA CCH KOOPIAHHAT
Z F,=F, cosacosp — F_cosfcosp
F,==F, cosasing + F,_cosfsin
2 Fy=-F, ¢+ Fycosfsing (5.119)
> F.=—F,sina—Fsinf -G

O6006uieHHas cuia pasHa

Q=N_f. (psz‘nﬁ—Rcos,B)-i— N, 7. (psina + Rcosa)+ Gp (5.120)

CkopocTb ABHKeHMS yacTHLsI U3 (5.1006)

—\/u +v +u \/R2¢72+p( @, — ')2_

Haiinem npousBonHbie

Z; g[(fi’ +p )60 wmpz];
e

B utore nonyynM:

E(R2 + pz) ¢=Nxfx(p‘5inﬂ_ RCOSﬂ)‘I'
g (5.121)
+ N, fu(psina + Reosa)+ Gp
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VYpasuenue (5.121) npeacrasnser coboii ypaBHeHue Jlarpanxa BTOpOro poaa.
Jass  ecro  peuleHMs  MOKHO — BOCIOJIL3OBATRCS  PAHCC  HONYUYEHHBIMU
aupdepeHUMANILHBIMH - ypaBHeHHssMH. HeycraHoBuBINMicS mnepHOA  JABHXeHMHs

YaCTHUB] OYEHE MAJl H MTO3TOMY ocobnIid HITCpEC NpeaACTaBNACT ABHKEHHEC YACTHIEI

Mo LIHEKy NMpH YCTRHOBMBLIeMcH pexcume, korma ¢ =8, =0, B asrom cayuae

auddepeunanbHele ypaBHCUMA LBHXKEHHS B JACKAPTOBBIX KOOPHWHATAX NMPUMYT

BHU:
[N (sing + Jrcospeosp)— N, cosp( f,, cosa+ sina) —
— qubzsz"nqp =)

A

N, (f.cosBsing+cosp)— N, sinp(sina + f,,cosa)+
2 (5.122)
+mRp° cosep =0

Ny Sesin—N,, (cosa~ f,sina)+G =0

JuddepeHunansHpic ypaBHEHUS OTHOCHTCIBHOIO OBUXCHUS npeobpa3yrorcs

N NR® + p® =GR~ N, f.(pcosf + Rsinf) =0
N furR? + p® +Gp—~ N, f.(cospR + psinf) =0

P

(5.123)
mR(w—-03)* =N, =0
Juddepenunanbible ypaBHEHHSA abcomoTHOrO JNBUKCHUS npw
YCTAHOBUBIIEMCS PE/KHME NPUMYT BUI:
Gsinf+N, f.—N,_f cos(a+ B)—N si{la+ ) =0
mRp" —N_=0
¢ N (5.124)

N f.sirla+ )+ GeosB—N f coste+ ) =0

Vpasaenne Jlarpainka sroporo poaa (5.121) mocne npeoOpa3zoBaliug HMeeT

BHJIL

N f.(psinfi— Rcosf)+ N, f..(psina — Reosa) + Gp=0  (5.125)
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Hcnons3opanue nonyyeHHBIX YpaBleHHUI B pa3iHUHLIX COYETAHHAX NO3BONACT
BEIOHpaTL HauOoNee pauHOHANBHBIE BApHAHTLI HMX pelIeHnit ¥ peiKUMOB
TPaHCIIOPTHPOBAHUS.

f

5.3.4 PanroHanbHbIEe COOTHOIIENHA YIVIOBLIX CKOPOCTCH lIIHEKA H KOKyXa

Kak cnenyer u3 MaTepuanoB, M3NOXEHHbIX BBIIUE, IIHEKOBBIH KOHBelep ¢
BpalfaloiMMest  KOxXyxoMm obnajaer Ooliee  BBICOKMMH — TPaHCIOPTHPYIOLIMMH
KAa4yecTBaMy [0 CPAaBHEHHIO ¢ BapHAHTOM, KOTRa KOXKYX HeloiBWXeH. 3amaqei
HACTOAIUMX UCCIEeN0BaHNH ObINO ONpeAenHUTh PALMOHANBHEIC COOTHOLLIEHHS YITIOBBIX
CKOpOCTCH KOMKYXa U IIHEeKa, & TAKKe YCTAHOBUTL BIUSHUE 11ara HABUBKY CIMpanu u

CTENEHM €e H3IHOCA HA TPAHCHIOPTUPYIOILYI0 CnocolHOCThL KOHBeliepa c

BpauiaroimMce KO)K)”XOM.

V, %
o 1T A~
/A c)___m \A

90 3\ﬂ Axﬁ\o
s ~

2
g5 L \://

80

0,5 1,0 1,5 w

Pucynox 5.18 - 3aBHCHMOCTH OTHOCHTENBEHOTO 00BbCMA IEPEMCIIEHHOTO
Tecka OT COOTHOIIEHHS YITIOBBIX CKOpOCTCH KOKyxa
U HIHEKA NPH YacTOTE BpalleHHs IHEKa:

(1-90 mun'; 2 — 140 mun™"; 3 — 224 mun™)
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OKCMEepUMEHTANBHBIE  UCCEA0BAHUSL TI0  OINpCACNEHHIO  PAllMOHANBHBIX
COOTHOILEHHMIT YITOBBIX CKOpOCTEi MIHEeKa M KOXyXa NpH HX BpallleHUH HaBCTpeuy
ApYT ApYry BBHIIOJHEHBI HaZ SKCHEPHMEHTANLHOM CTeHJE © BPaLAoNINMCA KOXKYXOM
NMPH TPAHCTIOPTHPOBAHHH CyXOro necka. PesynbTaTbl dKenepHMelTOB NpeacTaB/leHEl
Ha pucyHke 5.18.

M3 mpeacTaBieHHBIX JaHHBIX MOXKHO coOpMyNHpOBaTL CleAyIOUIHe
BBLIBOIBL: ,

HAHOONBHUIYID TPAHCHOPTHPYIOILYI0 CHOCOOHOCTE IIHEKOBBI KOHBeHep

pa3BUBAcT NpH COOTHOLICHHH YIJOBBIX CKOpOCTeH, paBHOM edMHNIE, T.C.

KorJa KoxyXx Bpaulaercss ¢ Toif e wacToroii, uro u wHek. Hapsany ¢ atum,

ApH paBeHCTBE YIMJOBBIX CKOpPOCTEH IIIHCKA M KOXYyXa IPOUCXOANT

YpaBHOBEIINBAHNE LIHEKOBOIO KOHBeHepa, CIEACTBHCM HCTO MOXET OBITh

yBenuuee cpoKa CIyk0Bl €ro onop, a Takke yMEeHbIICHHE AHHAMHYECKHX

Harpy30K Ha 3JICMEHThI TPUBOJa;

BIMAHME YacTOThl BPALICHHUS IIHEKA M KOXYXa Ha TPAaHCIOPTHPYIONLYIO

CrocobHOCTS | KxoHBeliepa B MCCACHOBAHHOM  JAMANasoHe  BEChMa

He3HaunTensHo. Tak, Npu  YBEJMYCHMM 4acTOThLI BpauleHuss B 2,5 pa3a

NpupoCT 00BbeMa BLIJIAUH TIECKa cocTaBUl Beero 3%.

DTOT BEBIBOJ MMECT OWYeHb BaXKHOe 3Ha4eHHe, TaK KaK ¢ YMEHbUICHHCM
YaCTOThl BpALIEHUA IIHEKA M KOXKYXa CHIKAeTCs JSHEeProeMKOCTh INpoLecca
TPAHCIIOPTUPOBAHUSA MaTepHana.

B jnanbueffimeM OplIH  npoBefeHB! CPABHUTENBHBEIE OJKCMEPUMEHTHl IO
M3YUCHHIO  TpaHClopTHpylolleif  crnocoGHOCTH  IIHEKOBOro  KOHBelepa ¢
BPALIAIONMMCA H HEMOABHKHLIM KOXKYXOM, IPHYCM B NIEPBOM CIIyYae COOTHOIIEHHUE
YTJIOBLIX CKOPOCTEH INHEKAa W KOXKyXa ObLIO NMPUHATO PaBHBIM CIMHHUE (PHCYHOK
5.19).

Kax BuaHO 13 Mpe/ICTaBNeHHLIX AAHHBIX, NPH BPAllCHWH KOXKYXa INHEKOBLIH
Koupeiicp obecrieunBaer fepemcileHde Gonsiero obbema mecka. IMoaTsepineso
TAKKC, YTO YBENHUEHMC YACTOTHl BpaUleHHs LIMHHAENs B HECKONIBKO pa3 He

NPUBOINUT K KAKOMY-IHDO CYILICCTBEHHOMY NpHpocTy 00beMa BLIRAYK NIeCKa.
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Pucyrnok 5.19 - 3aBucrMocTH 00beMa NepeMCUIeHHOTO

[IECKA OT YHACTOTRI BRALICHUSA IIIHCKA:

1 — KoKyX HENMOABUXEH; 2 — KOXYyX Bpaiuaetcs, @, = 4y, .

Hnst oupenenenuss pauuoxansHoi BEIMUYUHBI IIara HABHBKY CIHPAlU LIHEKa,
paboraroero COBMECTHO C BpalIaIomumMes ¢ Takoll ke 4acToTo KoKyxoMm, Obinu
NpoOBENEeHE! 3KCHEPHUMEHTLI, B KOTOPBIX WCOBITAHEl MINEKH C NIATOM HAaBHBKH
cnupand, pasgemM 1,0; 1,5; 2,0; 2,5; 3,0 ero auameTpaM No Hapy>KHOMY pasMepy, IpH
4acTOTe Bpallelua Heka M koxyxa 90, 140 u 224 Mum .

PesynbTaTsl 3TUX DKCIEPUMEHTOB, HNpeicTaBieHHble B Tabnuie 5.6 M Ha
pucytke 5,20 B OTHOCHTCHBHBIX CAMHUIAX, YOSOUTERALHO JOKA3LiBAIOT, UTO B
IIHEKOBOM KOHBeHepe C BPAHAICHIAMCA KOKYXOM IlIar HaBMBKH CliMpald IlI1HCKa
MoxeT OBITL yBenmdeH A0 1,5 ero AMaMeTpoB IO Hapy:XXHOMY pasmepy, a 3T0

obecnieynBaer Gone¢ KOPOTKHHM IyTh TpPaHCIIOPTMPOBAHHS MaTepHana, M03BOJIAET

YMCHBIIHTE BEC LIIHEKA H COKPATHTE PacxXoJbl Ha €ro H3roToOBIICHHE.
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Tabnuna 5.6 — Peaynptatsl JKCHEPHUMEHTOB 10 ONpPeAe/ieHUIO

paunonam,ﬂoifl BCJHYHIIB! IHAMQ HABHBKH CIIHPAJH ITHCKA

Yactora | KoXyx HenmoaBuXeH Koxyx Bpamaercs
BpalleHHs
1IHEeKa, Myl

OTtHouerue 1mara 90 140 224 90 140 224
HABHUBKH CIIHpAIN MHEKA

K ero AHaMeTpy

1,0 049 { 0,65 | 0,69 | 0,74 | 0,79 { 0,81
1,5 0,75 | 0,78 | 0,82 | 0,81 | 0,85 | 0,89
2,0 0,59 | 0,70 | 0,71 | 0,75 | 0,79 | 0,86
2,5 0,57 1 0,69 | 0,69 | 0,75 | 0,75 | 0,80
3,0 0,55 10,52 1 0,53 | 0,54 | 0,64 { 0,68
v, % 2
75 e —

50 /.17\ ‘\;\
Yy \

25
1,0 1,5 2,0 2,5 W,

Prucynok 5.20 - 3aBucHMOCTH OTHOCHTENbHOTO 0o0bema nepeMenieHHOro
_ -1
flecKka oT 1ara HaBuBKM cnupanu (1, = 140 Mun™ ):

| ] — koXyX HenoABIKeH; 2 — KOXKYX BpamlaeTcq

M3Hoc crnmpany nimexa OPHBOZMT K YMCHBIIEHHIO ee  [IMPUHBI  H,
COOTBETCTBEHHO, K YBEJIHYEHHIO KOJBLEBOTO 3230pa MeXIy HAPY:KHBIM IHAMETPOM
LIHeKA ¥ BHYTPCHHHM JHaMeTpOM KOXyXa, Hepe3 KOTOpPbli TpaHCIOpTHPYEMBli
Marepuan MoxKeT npochimaThes BHU3. [lpH oTOM yMeublyactes o0beM Bhuiaun
MaTepuana H NpPOHCXOAUT €ro HAONONHHUTENblOe H3MeNbUCHUE, HTO, KaK NpaBuio,

HeXenaTtcnopHo, an NMPOBCACHHH JKCNEPHUMEHTOBR H3HAIOUMBAHHE COHpPaldH LUHCKA
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HMUTHPOBANH MOCPERCTBOM €€ NPOTOHKH Ha TOKapHOM  CTaHKe, HOHY‘!CHHBIC

pe3yabTaThl MpeacTaBieHbl B Tabnuue 5.7 u na pucynxe 5.21.

v, %
75 2
! -&
50 \'\‘\
\\:‘
|
25

1,0 0,95 0,90 0,85 A;/A

{

Pucynok 5.21 - 3aBHCHMOCTH OTHOCHTENBHOIO 00beMa NepeMeuieHHOro
riecka OT M3HOCa criupam (1, = 140 mun™):

I - KOXYX HEITOABHXKCH, 2- KOXKYX BpalliacTCA.

Kak cnenyer H3 pucyHka 5.21, no mepe H3HOca CITUpaJid WHEKOBEIH KoHBeliep
C BpPalAOILHMCH lK()}nyo:)m coxpaHnsieT 0Gonee BBICOKHE TPAHCHOPTHPYIOUIUE
Ka4ecTBa M0 CPABHCHHIO C BapHAHTOM, KOrAa KoxyX HenoasH:xeH. OcobeHHO dTa
pasHHla CTAHOBMTCHA 3aMETHOH mnocne usHoca cnupanyn Ha 10% u Oonpuwic OT c¢

NCPBOHAYANLHO IHPHHLL.

Tabnuua 5.7 - Pesynstats! 5KCIEPMMEHTOR MO YCTAHOBIEHHIO BIIMSHHA M3HOCA CITHPAIIH

Ha TPaHCNOPTHUPYIOLNYIO CIOCODHOCTSL IIHCKOBOTO KOHBeHepa

Yacrora KoxXyx HelOABHKEH Koxyx Bpamaercs
BpaLLEeHNs
Hiupuna HeKa, MUK’
CUpaTd B ' 20 140 224 90 140 224
OTHOCHUTEJILHBIX EeIMHNLIA
1,0 0,86 | 0,86 0,88 | 0,92 | 0,93 0,96
0,94 0,71 0,76 0,76 | 0,75 | 0,81 0,85
0,87 0,64 | 0,65 0,66 | 0,67 | 0,71 0,77
0,80 0,32 | 0,34 0,69 | 0,58 | 0,65 0,67
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Takum obpa3oM, ecny KOXyX BpallaeTCcs HaBCTpeudy ILIHEKY C OAMHAKOBOI
4aCTOTOH, IIIHEKOBBIH KOHBeiep obnagaer HauOonblueil TpanucnopTHpylouEi
cniocobHocThio. 1llHexoBeli KkoHBeiiep © HENOABMKHBEIM KOXKYXOM Npn paboTe c
HOBBIM ILIHCKOM MMeN pe3ynbTaThl, Onu3kne K TeM, 4TO ObLIM IOJY4eHBl IpH
BapuaHTe ¢ Bpauaiompmca KoxyxoM., OaHako 1o Mepe H3HOCA CNHPAIH Cro

TPaHCNOPTHRYHOILHE KAYeCTRa 3aMETHO YXYAIUAKOTCA.

5.3.5 [Tepemelnenne MaTepuaia B 30HC 3arpy3kd  IIHCKOBOI0 Kouseiiepa

Ha npennpusituax snerxoff NpPOMBINIICHHOCTH HCIONL3YIOT, Kak 1paBHIo,
LIHEKOBBIE KOHBEHEPH], Y KOTOPHIX LIHCKH HMEIOT OIHO3aXOuHyio cnupans /160/,
NpuyueM Mar HABUBKH CNHPaly OJWHAKOB IO BCEH ANMHE mHEKa. OMHAKO, KaK yiKe
0TMEYANoCh, MIPH  NEpeMEeleHWH  Marepuana  BCPTHKAIBHBIM  LTHEKOBLIM
KOHBciiepoM HeolXoauMo Kak MoKHO OLICTpee NPON3BOAMTE YIlalneHHe MaTepuan U3
30HBI 3arpy3kd. B mpoTUBHOM ciiyyae MOXKET IIPOU3OHTH IMOMHOC 3arOJIHEHHE
MaTepyanoM MNepBbIX BUTKOB lIIHeka, 3aT€M MNPOWCXOAMT YINIOTHEHHE MaTcpuala B
MEXBUTKOROM MpOCTPAHCTBE W, HakoHell, ocTaHoBka uiHeka. Ouesupano, 4TO
O/IHO3aXOMHBIH IIHEK, MMes OJAHY CITHpalh, 33 OOMH ODOPOT MOXKET NPOU3BECTH
TONBKO ORMH 3aXBaT MaTepHuana B 3oHe 3arpy3ku. C ypenudeHueM yucna cnupaneit
KOJINYECTBO 3aXBaTOB  MaTepHana IIHEKOM  MpONOPLMOHAIBEHO yBenH-
uHBaeTC, 10 I C YBENHUEHHEM HHCIIA 3aX0/I0B CIMPAIH, MRCCa H CTOMMOCTL
IHeKa cTanoBATCs Qonblue,

C uenslo yayqwends npouecca yAaneHus TpaHCOOPTHPYEMOro MaTepuana H3
30HBI 3arpy3KH Mpeanoxeno Mmpoctoe H 3hGEKTUBHOE TEXHHYCCKOS pelleHHe,
3aKNFoYaloleecs B TOM, 4TOOB! HIHEK HMEJ B HUXKHCH 4acTHM KOPOTKHMA CMCHHBIi
HAaKOHEHHMK C Pa3HBIM 4YWciAOM cnupaneli /26/. DxcnepUMEeHTANBHBIM yTeM Oblno
YCTaHOBIICHO, YTO JNUHA HAaKOHEYHHKa MOXeT OBITh He OoJiee BCIUMHHBI OTHOFO
lIara HaBMBKM CHOKPanM INHEKa, NpUYeM OjHAa OCHOBHAA CRMpanb JOKHA ObiTh
HaBHTa 10 Bceil JANMHE HAaKOHEYHHKR, & BTOpas cOupank y 2-X 3aXOAHOro

HaKOHEYHHKa, BTOpad H TpPEThA CHOHPATH ¥ 3-X 3axondloro HaKoOlCYHHKA
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(BcrioMorareabHble CIMPAIN), NODKHEL OBITh YKOpOUEHSl O OTHOWICHHIO K NEpPBOH
criapad. ITpH ycTaHoBKe HaKOHEUHMKA Ha WIHEK €ro OCHOBIAs CHHpaNtb CTBHIKYCTCA
€O CTIIHpalipio 1IHeKa. [ns obecneucHus 3TOr0 YCNOBHS IIHCK H HAKOHEYHHK JIOJKHBI
HMETh TaKOE COeAUHEHMeE, KOoTopoe obccreunBato 66l TOUHYIO YCTAHOBKY OCHOBHOM
CnMpann HAaKOHEYHWKA  OTHOCUTENbHO  cnupand mueka. HeobGxoaumocTts
YKOpa4BaHHs BToPoﬁ M TpeTbeil chnupasel, HaBATEIX HAa HAKOHEYHHKAX,
00OCHOBRIBACTCS CEAYIOIKM. TaK Kak B LIHEKOBLIX KOHBeHCpax mpuMeHsoTCs, KaK
NPABUIIO, OJHO3aXOJHbIE IIHEKH, TO IIPU YCTAHOBKC HAKOHEYHHKA TOJBKO
OJIHA €70 CMHPANL CONpATAETCA CO CMHMPAIbIO IIHEKA, OCTAJIBHBIC CIIMpaiH (BTopas y
JBYX3aXQJHOTO HAKOHCHHUKA, BTOPas H TPEThS — Y TPEX3aXOAHOT0 HAKOHCUHHKA) CO
CIIMpallpio WHeKa He compsararorcd. ITosromy mpu paCore KoHBeiiepa MaTepual,
3aXBATHIBACMBIH OCHOBHOI CIMPANLIo HaKoHeUYHUKa, Oe3 NpensaTcIBUil NocTynacT Ha
CIUpaik WIHEKR H TPAaHCTOPTHPYETCs B HYXXKHOM HaNpaBlNGHHHM, a MaTepualn,
3aXBaTBEIBAEMEIl BTOPOH H TPeThel CNHpaAMH HaKOHEYHHKa, NMOAXO0As K WIHEKY, He
HMEET BIX0J1a Ha €ro Cliipans. BeneacTsue 3Toro, B MecTe CTBIKOBKH HAKOHCYHHKA
CO IUHEKOM MOJXKCT NPOHCXOONTL 00pasoBaHue NpPoOKH H3 TPaHCIOPTHPYEMOIO

Marcphana, 4rto BbI3BIBACT OCTAHOBKY WIHCKOBOI'O KDHBeﬁCpa.

a)

AR

Pucynox 5.22 - CxeMunl pasMellieHHst ciiHpaneil Ha HAKOHEYHHKe ¢
onHo3axonHOoH crupansio (a), ¢ 2-X 3aXonHoH

cnupansto (0), ¢ 3-x 3axonHol coupansio (B).
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YKopauuBsane BCIOMOTaTeNIbHBIX ClHpayledl HAKOHCYHMKA 110 OTHOHICHHIO K
OCHOBHOH MO3BONMT B Tmipoliecce paoThbl IIHEKOBOTO KOHBeliepa NpPOU3BOAMTE
HOCTEIICHHYIO TICperpy3Ky MarepHana CO BCIIOMOTATCJBHBIX — cnimpaneif  Ha
OCHOBHYIO COMpanb, a janee MaTepuan OCCOpendaTCTBEHHO NOCTYNaeT HA CRMpANL
IIHEKA.

Ilpu aHanu3e KOHCTPYKUHH DKCMEPHMEHTANBHBIX HAKOHEUHHKOB OBLUIO
YCTAHOBNICHO, YTO HAaAW4HEC HA HAKOHEGYHHKE JBYX MIH TpexX cimupaieil ¢
TAKMM 3K€ IIaroM, KaK M Ha CIHpaiH IIHEKa, yMeHbLIaeT NPOXOOHOe CeHeHHE
MEKBHTKOBOTO APOCTPAHCTBA 33 CHCT TONMMHBL [OMONHATCABHEX cnupancii
(pucyRox 5.22).

Kax BuaHo w3 pucynka 5.22, nmonepeuHoe cesieHue JUIL Mpoxoja MaTepuana
paBHO: B MepBOM  ciydae S,=(R-r)-(h—b), 8o BTOpOM
S;=(R=-r)-(h-2b), B tperrem S, =(R-r)-(h=3b), rne r u b -
BHYTPEHHHUI1 pamnyc LIHCKa U TonuuHa chinpani. Benencraue sToro yMeHbILaeTcs

IONE3HBIH 00BbCM BUTKA:

Vo =2 = d%)-(h=b), Vs = (D? = d%)-(h=2b), (5.126)

/4 2 2
v, :E(D —d*)-(h-3b). (5.127)
Ho naubosee BaKHBIM AN NMepeMellleHHa MaTepHaia OKasLIBaeTes TO, HTO

BLICOTA NPOXCQJHOTO CCYEHHA BHTKa hnp C YBCIH4YEHHEM YHCIIA C[IPIpEUICl‘:l
CTaHOBHTCA MEHEBILIC.

Tax, B nepsom cnyuae K, =h—>b,Bosropom - h,, - = (h—2b)2,8
TpeTheM - M, = (h—3b)/3.

UroOBl MpeAOTBPATUTE YMCHBUICHHE TPOXOAHOrO CCYEHUS! ¢ YBEIIHHYCHHEM
qucna cnupanei, Heobxonumo, Kak clieiyeT M3 pUcyHKa 5.22, nmpu U3roTOBIEHUU
HAKOHEYHIKA YBE/IHYHTh WAl HABHBKH CIHpaneil: y HaKOHEYHHKA C AByX3aXOOHOM
CIIHpAaNelD lar HaBHBKH JOJIAKCH OBITE PAaBCH 2D, Y HAKOHEYHHKA C TpeXBaXOJIHOﬁ

cnvpansio - 3D, Oanako NpH 3TOM Yroil NogbheMa crupaiteit CTAHOBUTCH BEChMa
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sHaUHTENbHBIM (32°36' 1 43°48" ) u nmostoMy MOXHO OBINO OXKHRATL, YTO
TPAHCNOPTHPYEMbIit MaTCcpHasl OyNeT oChINAThCHd €O cHHpaseil INoclie OCTaAHOBKH
KoHBeHepa. ;

DKCIEPHMCHTAITbHAA NpoBepKa paboThl INHCKOBOTO KOHBEHEpa €O CMCHHBIMH
HAKOHEYHHUKAMH BLINOMIEHA HA CTEHAE C HEMOABHKHBIM KOXKYXOM. J[Byx3axoaHblIi
HAKOHEUHHK MMEN HapyKHBII guamerp 76 MM, war HaBuBKH criupaneit 152 mm, obe
cnupany OblIM HABUTHL HA JUIMHE OJHOTO BHUTKA, a 3aTEM B XOJIe 3KCMEPHMEHTOB
O/IHA M3 CHHpajlell NOCTEeNEeHHO yKopauusanach. Tpex3axoansiii HAKOHEYHHUK UMEN
TAaKOH e AWaMeTp, War HaBHBKY cIupaied cocTasian 228 MM, Bce CUpann Opuld
HABUTHI HA JJIMHE OJHOIO LIara, a 3aTeM BTOpas M TPEThA CNHPAIH YKOPa4HBAIHCE.
HaxoHe4HHKH CTBIKOBAIIMCH C OJHO3aXOAHBIM IHEKOM € HApPY)KHBIM AHAMETPOM 70
MM H 1LArOM HABHBKH criupaneii 76 mm /26/.

OKCIepUMEHTANBHBlE  HCC/ICAOBAHHA  MOATBEPMIH  pPalboTocnocoOHOCTS
IIHEKOBOTrO KOHBeiiepa, HMeIollero B HIKHEH 4acTH IIHEeKa CMEeHHBIH HaKOHEYHHK.
SaduxcupoBano, 4YTO B IMIPOLCCCE TPAHCIOPTHPOBAHHA MECOK, 3aXBaTHIBAEMBIH
HAaKOHCYHHKOM, NOCTCIIEHHO MCPErpy:kanca ¢ YKOPoUeHHHIX cnyupancil Ha oCHOBHYIO
cnypajik W Janee NOCTynaln Ha coupans 1iHeka., [lcpemenieHue  necka

ocylecTeasiock 3dpdexTnBHo, Tabnuua 5.8,

Tabnuua 5.8 — Obsem nepeMeentoro necka (%) B 3aBUCHMOCTH OT YaCTOTD!

BpaALIEHHA LIIHEKA.

l1HexoBrlii KoHBeliep YacToTa BpallleHHs IIeKa, MHH
90 140 224

C OXHO3AXOLHBIM LIHEKOM oes

HaKoHeUHHKa 68 72 80

C OnHO3aX0AHbIM IHCKOM H

ABYX3aXOAHBIM  HAaKOHEYHHKOM 81 84 87

C OJIHO3AXOHEIM ILIHEKOM o

TPEX3aXOHbIM HAKOHEUHVKOM 82 84 88
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Kak cuneayer u3 pauHsix, lpHUBeeHHbIXx B Tabnuue 5.8, NpuMeHeHHE
HAKOHCYHHKA C [JBYX3aXOJHON CHHpalBlO0 I[O3BOJMIO YBenuuuth o0beM
nepeMelleHHoro matepuana Ha 7 — 13% B uccnefoBaHHOM [JHana3’oHe YacTOTHI
ppallleHHs wHeka. IIpH 2TOM  ycTanosneHo, Yro BCIOMOratenbHas CRUpab
HAKOHCYHNKA JIOJUKHA OBITL YKOPOYCHA CO CTOPOHB! LIHCKA HA MONOBUNY CBOCH
anuHpl, [IpHMeHeHHe HAKOHEUYHHKA C Tpex3axoAHoH Crupanbio He MOXKET OLITh
NMPU3HAHO uenecooi)'i)a:;umm, TaKk KaK NpH 2TOM HpHpocTa ofbeMa ncpeMenieHHoro
Marepuana MpaKTHYECKH HE NPOHCXOAUNO, MO CPaBHEHHIO ¢ MNPEALIAYIIHM

BAPHAHTOM.
5.3.6 {Ipon3BoanTENLHOCTh NIHEKOBOIO KOHBEHepa

Hna ONnpcacnCHuA MPpou3BOAHTENLHOCTH HIHCKOBOTO KOHBCﬁCp& C

BPAIAKOIIMCA KOKYXOM BOCITONB3YEMCA paHeC NOITYHCHHBIMHY 3aBUCHMOCTAMH:

HpHRszf‘er
m,, =04 2 2
w =047 - Ky 0 2R™ = Ry - R— Ry |,
HPHRKp<r3
054”‘1{3'1/2( 3 2 3 2 2)
I, = Z R 2R _3R;cp'R - 2rg +3RKp-r3

Kp
[oactanmas B nocnenuMe Beipakenus sHaverust Uz |, nmomyum:
npu R

K, ng

2 2
n,, =0,4:r-!{3(a)mRK'1 +a)wRK2)-rga(2R ——RKp 'R‘Rxp), (5.128)
npu R, <t,
_ 0,4::'-1(3

i, =
R-—rg

3 2 3
((t)mRR'I +a)mRK2)'tga'[2R —3f‘8 - R — ¥ ) (5.129)
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f
BLITOTHHM HCCNCAOBAHHA BIHAHUA KOX(D(DHLUMCHTA TpeHHS /; Kk W YIJOBRIX

ckopocTeil mmeka u koxyxa npu @y, = @) na npoH3BOAMTENHHOCTL KOHBEiiepa
npy CHeAYIOUHX NOCTOSHHBLIX napamerpax: a=15°20"; fm =0,2, R =0,1 M,

Fe =0,03m, K3=0,7.
TlopcraBnss noctosHHble BCIMYHHEL B BoipaxkeHue (5.129), nonyuum:
T, =26,66-10"%(w,K; + 0, K;) (5.130)

Pesyapratsl pacueros no $popmy:ne (5.130) npusenens! B Tabnuine 5.9.
I

Tabmnua 5.9 — PesynsTatel pacHeToB MPOH3BOAUTCIBHOCTH IITHEKOBOTO

- 3 -3
xonseitepa \M /c¢-10 ) B 3aBUCHMOCTH OT Jx M
YIIIOBBIX CKOpOCTel KOXKyXa M IHEKA

fK 0,2 0,4 0,6 0,8 1,0
a,, =0, pao/c
20 0,33 0,44 0,48 0,51 0,53
30 0,68 0,78 0,83 0,85 0,87
40 ! 1,02 1,12 1,17 1,20 1,21

ITo  nmanmev Tabanmuer 5.9  moctpoeHel  rpagmkd  U3MEHEHUA

NPOU3BOOUTCIIBHOCTH B 3dBHCHMOCTH OT K03(1)([)I/IIIHEIIT3 TpPCHUA f;{ HaCTHIIRI

MaTepuala O KOXYyX [pPH pasiMulblX WYHCIEHHBIX 3HaueHusx @y = Wy,

NpEJCTABIICHHEBIE HAa PHCYHKC 523 (IIITPHXOBI)IMH JTRHHAMY ITOKA3AaHB! pacyeTHRIC
S3HAUCHHA NPOU3BONHTENLHOCTH NIHEKOBOTO KDHBCﬁepa C HCNOABHAKHBIM KO}KyXOM).

W3 nonydeHHBIX rpadHKoB cClleyeT, 4YTO ¢ YBemHueHHeM KoadduuMeHTa

Tpenus [ M YIIOBEIX cKOpOCTEH ITHEKA M KOKYXa [POH3BOIMTCIBHOCTS KOHBelepa

BO3PAacTacT, NpuyeM HaudojIee 3aMETHBIH pOCT TNPOUCXOAHT NPH YBENHUEHHH

xoadduuuenta Tpeuua S 1o 0,4.
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o, 03 1c 1073

1,4

.5 L@y, = Wy =40 pao/c
X // _:— - | @y, =40 pao/c

1ol 1.~

w;u = w:{ =30 pad/c

0:8 B i _:N""--..

0,6 ,/"’- TP =30 pad/e
] S < Dy = D =20 pad/e

0.4 .//,..:- — | @ =20 paore

02| ]

0702 04 06 08 L0 [«

PucyHok 5.23 — 3aBHCUMOCTH NPOU3BOAMTENHHOCTH IIIHEKOBOI'O KOHBeHepa
!

oT ko3 puunenta TperHus fi NpH paziU4HbBIX YIJIOBBIX

CKOPOCTAX KOXKYXd H IIHCKA

Pacyernasd npou3soAHTENBHOCTL HIHEKOBOTO KOHBeilepa ¢ HENMOABHKHBIM
KOXKYXOM B WCCICAOBAHHOM JHAMNA30HC MapaMcTIPOB OKazanock MeHplie B 1,15 —

1,45 pasa.

5.4 CpaBHHTeﬂbeli‘i AHAJHUI ITPOHIBOAHTENLHOCTH H YACIBHBIX
BHCPFOBIanﬂT IMHEKOBBIX ROI[BCﬁCpOB ¢ HeNoIBHIKNLBIM H

BpPAamMAn0IHMCH KOKYX0OM

B BepTHKaLHOM HIHEKOBOM KOHBeHepe ¢ HEMOJBUKHBIM KOMKYXOM 3aTPaTh!
MOIHOCTH HA TPaHCHOPTHPOBAliHe YaCTHLIBI MaTepHalia MOTYT GLITh IPEACTABNIECHbI

B cliefiyloleM Buae /21/.:

P=Py+Pp +Pp, (5.131)

rae P” = 3aTpaTbl MOUNIHOCTH Ha NOABCM YACTHULIEL,
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PT_m - 3aTpaTs!l MOLIHOCTH Ha TPECHHE YACTHUBI O [IHEKS

Py, - 3atpatsl MOLHOCTH Ha TPeHUE YACTHIIBI O KOKYX.
SanaTbI MOUIHOCTH HA MOALEM HaCTHULIL
P, =G+, (5.132)
3aTpPaTht MOLIHOCTH HA TPEHHE YACTHLB! O WIHEK:
; Py, =N, - fu . [sina (5.133)
3aTpaThl MOMHOCTH Ha TpeHME YACTHIIE! O KOKYX:
PT.szx'fx'Uz/Slnﬁ, (5.134)
rae - yroa MexJy NepetocHol 1 aGConoTHON CKOPOCTIMHU

HaCTHILGI,

HopmanbHas peaknus LIHEKa:

. Gov? . sinla +
N,,=Gcosa+ N, - f, -sm(a+ ﬂ)= Gceosa + Zfz (a+5) (5.135)
g1g"f- R,
HopwmanbeHas peakuus Koxyxa:
Gv?
n Ne=—F"— (5.136)
g-1g8"p R,

C yuetoM nosnyvueHnbIx Belpaskensit (5.132-5.136) dopmyna onpenenenus
TpeOyeMOH MOIIHOCTH HMEET BHA:

P,.=GCu, +f-Luz.Gcosa Geosa + GUffxzsm(a"' )3) +
sing ata’f R,
fo G0l
sinf-g-1g” - R, -
PazsenuB  TpeGyeMyr0 MOIHOCTh Ha NPOM3BOAMTEIBHOCTh IIHEKOBOIO

(5.137)

+

KOHBBﬁCpa, IMONYYHUM BBIPDAXKEHNEC 1A OIIPEACJIEHNA YICJIBHLIX 3HEProsaTpar Ha

TPAaHCITOPTUDO Ba}melmarepuana:

2 .
BHK=PH.K =9_+ fm GCOSC{+GUZfKSln(a+ﬂ) +
o nh,., K sina-K gtg’B-R,
£ -G-uﬁ (5.138)

K-g-R,sinfig’p’

-4
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re K = 0,4;5.1{3(2122 ~R- R—R,fp),

B BepTHKaneioM LIHECKOBOM KOHBeiCpe C BpallalolliuMCs KOXKYXOM HA
TPAHCIIOPTHPOBAHHE 4yacTULEl MaTepuana NOTPEGYIOTCS CNEAYIOUIHE 3aTparth!

MOUIHOCTH:

Pe.x.=PH+PT.w+PT.x+Px (5-139)

rae P, - 3aTpaThl MOIIHOCTH Ha BpallleHUE KOXKYyXa.
OcTanbusle coctapnstowme BeipakeHns (5.139) HMeroT Te ke 3HayeHHs,
4yTo U B hopmyne (5.131).
3arparsl MOIMHOCTH HA BPaHIeHUE KOXKYyXa:
' P.=N,-f.-v.[sinf (5.140)
CyMMapHble 3aTpaThl MOILIHOCTH MOMKHO ONIPEAENTHTL H3 BBIPAKCHHS !

G+N“f'f‘“+2N{"f"'J
sing sin 3

Pgr =Uz[ (5.141)

YIlEJIbeIC JHEPTO3aTPAaTE] HIHEKOBOIO KOHBCﬁCp& C BpallaolUHMCA KOKYXOM:

36'K=P3.K =Q_+Ntu '.fm +2 Nx:ffc
, I,, K K-:sina K-sinp’

(5.142)

Gf ., »sin(a + ﬂ)vﬁ

N, =G -cosa+
rae e 5 ,
g-1g " p-Ry
2
Nkz____qz_‘i-?_____
g-ig"B-R,

P€3y11bTaTbI pacHeToB 3arpaT MOIHMHOCTH Ha TpPaHCIIOPTHPOBaHUC YaCTHIL!

marepuana no 3asHcuMmoctam (5.137) m (5.141) npu creayiomux 3HayeHHIX
!

napaMeTpos: fm =0,2; Rm =0,1 m; G =0,01 H; a=15°20"; V"¢ =0,03 M, K_v, =0,7

npuBeiensl B Tabnuuax 5.10 u 5.11.
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Tabnuua 5.10— 3arpaTsl MOLIHOCTH WHEKOBOTO KOHBeepa ¢ HCMOBUKHBIM

koxkyxoMm (BT) B 3aBUCHMOCTH OT KO3(h(HUILIMeHTa TpeHUs! / P

S

0,2 0,4 0,6 0,8

@, , padlc
! 20 0,04 0,08 0,13 0,16
30 0,14 0,28 0,42 0,55
40 0,33 0,66 0,98 1,31

Tabnuua 5.11 — 3atpaTel MOWIHOCTH IIHEKOBOTO KoHseiiepa ¢ BpamlaloLUMCA

koxyxoM (BT) B 3aBucumMocTu OT Ko3ddulIMeHTa TPEHHA f i’

i

0,2 0,4 0,6 0,8
@, =0, , pad/c

20 0,04 0,10 0,16 0,21
30 0,17 0,36 0,54 0,72
40 0,42 0,85 1,28 1,72

!

3aBHCUMOCTH, MOCTPOEHHBIE MO AaHHBIM Tadnun 6.1 W 6.2, nokasaHel Ha

pHcyHKe 5.24,

PHJ\‘ " PG.K ’
Bm-1072 @, = Wy =40 pad/c
100
s @,,, =40 pad/c
80 7 ’
Vs - Wy = Oy =30 pad/c
60 — = @y, =30 pad/e

40 ——
V// - Wy = Dy =20 pad/c
/

20 4 @y, =20 pad/c

IRRN
\

08 Jfx

Pucynox 5.24 — 3aBUCHMOCTH 3aTpaT MOUIHOCTH ILIHEKOBOTO

o
)
o
LN
L
e

KOHBelHepa oT KoadhHUHeHTa TpeHud /i P

w— = C BpAIAIOIIHMMCA KOXKYXOM, = — - C HCNIOABHKHEIM KOXYXOM.

t
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M3 npuBefieHHLIX 3aBUCUMOCTEH cneAyeT, uTo Y IIHCKOBOro KOHBehepa C
BPALNAOIIIMCA  KOKYXOM 3aTparhl MOLIHOCTH HECKONBKO Qonbllle, HO OCHOBHBIM
nokasareneMm 2QQeKTHBHOCTH paloThl MaUIMHB!I W/IH YCTAHOBKU CIICAYCT CHHTATh
yICIbHBIC OHEprosatparsl, PacyeTHble 3HAUEHHA 3TOrO I10Ka3aTens NPUBEIACHBI B

Tabaunax 5.12 u 5.13.

Tabnuua 5.12 — YaenbHble DJHEPro3aTpaTth! MHEKOROIO KoHBeliepa ¢

' Bm-c
HETOABMKHBIM KOKYXoM (™3 ).
M

S
0,2 0,4 0,6 0,8
@, , pao/c
20 239 311 419 485
30 326 538 750 948
40 485 857 1210 1578

Tabnuua 5.13 — YnefpHbie 3HEprosaTparsl HEKOBOr0  KOHBeiepa ¢

Bm-c
BPalAOLNMCS KOKYXOM KOKYXOM (3 ),
M

Jx
0,2 0,4 0,6 0,8
@y, = Wy | pad/c
20 127 | 227 333 412
30 250 | 462 651 847
40 412 759 1143 1433

I
CpaBHHTeHblILIﬁ dHalN3 FHpeaCcTaBJIeHHLBIX JHAaHHLIX IIOKalLniBaeTr, YTO BO

BTOPOM Cllydae Y/e/lbHblE 3Heprosarparb! Mensite B 1,2-1,9 pasa npH npHHATHIX
p Y Y P p s«=1,7 P pH np

3HaYeHHAX Kood(pumrenrta /; ¥ W YIJIOBBIX CKOPOCTCH IIHEKa M KOXyXa 3a CueT

BLICOKOH IIPOH3BOJAHUTENLHOCTH UIHEKOBOTO KOHBEIEpa ¢ BpaIlaloUMCs KOKYXOM.



Bm-c . _;
3}:.}0 38.&:’__3_""10 _
p M @y = Wy =40 pad/c
120
7 ______...-—-—;“"a)m =40 pad/c
100 7 £
/// Z W,, =Wy =30 pad/c
/f
/ v @y, =30 pad/c

L

80 // - -
’;/(A, o
/‘ N Wy = Wy =20 pad/c

60 .// /// //J<\

- i _ @y, =20 pad/
Y =
7
Wiz
20 .
0.2 0.4 0.6 0.8 Sx

PucyHox 5.25 — 3aBHCHMOCTH YRENBHBIX J1CPro3aTParT LIHEKOBOIO

KOHBelicpa OT Ko3(ppuLMeHTa TpeHus /i K
m—— - C BPAIAIOLIMMCA KOKYXOM, = = = - C HCHOIBHKHBIM KOKYXOM.

Takum ofpazoM, Ha OCHOBAHMM aHanmu3a 1 0000IICHUA NONYUCHHEIX AAHHLIX
MOXXHO CAeJaTh BRIBOX O TOM, YTO NpH TPAHCTIOPTHPOBAHHH CBLHIYYHX MaTCpHAJNIOB
BePTHKaNbHbLIM UIHEKOBBLIM KoHBeliepoM (ojniee NpeAnovYTHTENLHBIM  ABAAETCA
BapHaHT, KOTZia KOXKYX Bpall@eTcs HaBCTpeuy LIHEKY ¢ OfMHAKOBOH 4acToTOil.

Ilo pesynsrataMm TEOpPETHYECKHX M OJKCIEPUMCEHTANBHLIX HCCICOOBAHUH
pazpadoTaHbl IPUHIHIHAIBHO HOBBIE KOHCTPYKLUHM{ LIHEKOBHIX KOHBEHEPOB,
3all[HIlleHHbIe aBTOPCKHMMM cBuaetenbcetpaMu /10, 12, 14, 16, 17/, koropsie MoryTt

HAWTH NMpUMEHEHUE B PA3THYHBIX OTPACIAX NPOMBILNINEHHOCTH.
Bruiroasn

1. Paspaborana Teopus npolecca TPAHCIIOPTHPOBAHUS MaTepualla LUHEKOBbIM
KOHBeHepoM €  BPALAIONIIMCS  KOXyXOM, — MO3BONSIOLIAS  yCTaHOBHTL

32KOHOMEPHOCTH NepeMEHICHHA MaTepuala [o CHUpany IIHeKa NpPH pPasHBIX
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ycnoBuax (opMmupopanus neifcrByroumx cun. Pellena 3anava 1oBRIIEHHSH
3PGHEKTHBHOCTN (PYIKIHOHMPOBaKHUA LIHEKOBOro Koiseliepa 3a cuer obecnedenis
Bpallennsa KOyKyXa H YMEHBIIEHH CONIPOTHBIIEHHH B 30HE 3arpy3KH.

2. DKCHepHMEeHTaNbHBIM IIYTEM YCTAHOBACHO PallMOHANEHOC COOTHOLIEHHE
YIJIOBBIX CKOPOCTEH KO)KyxXa M IIHeKa, paBHoe eauHuue. JokazaHo, 9To HpH 3TOM
COOTHONICHHH IIHEKOBBIl KOHBeilep HMeeT HauOONBIIYIO0 TpalCMOPTHPYIOULYIO
CI10COOHOCTE, KPOME OTOr0 IPOHCXOAUT YPAaBHOBEUIHBAHHC LIHEKOBOIO KOHBeEHepa,
CJIEHACTBMEM UEro MOXKET ObITh yBeauueHHe cpoka ciykObl ero onop, a Taxkxe
yMelblIeHNEe HArPY30K HA 3JICMEHTHI NPHBOJA; BAHAHHE HACTOTHl BPAICHUSA LIHEKA
H KOXKYXa B HCCHENOBAHHOM JAHana3oHe Ha TPAHCHOPTHPYIOLLYIO CIocOo0HOCTD
IIHCKOBOTO KOHBellepa BeCbMa He3HAUNUTENbHO.

3. YcraHOBNEHO, YTO NpPH COOTHOWIEHWH YIJIOBBIX CKOpOCTEH INHEKa U
KOXKyXa, PaBHOM ¢AHHMIEC, LIAar HABHBKHU CMIUPATH LIHCKA MOXKET ObITh YBENU4EH [0
MONYTOPa €ro AWaMeTpoB IO HApPYKHOMY pasMepy, HTo ofecneuupaer Oolnee
KOPOTKUH nyTh TPAHCIOPTMPOBAHUS MaTepHalla, YMEHLLIAeT Bec IIHEKa M
COKpaLlaeT pacxo,umjﬂa €ro H3IroTOBJIICHHE,

4. Tlokazauno, 4TO LIHEKOBLIH KoHBeliep ¢ BpalAIOWIMMCH KOKYXOM TIpH
PAallMOHAIIBHOM COOTHOLUEHHMH YIVIOBBIX CKOPOCTEH LIHEKa M KOXKyXa 10 Mepe H3Hoca
ClMpajii IlUHeKa coXpaHAeT Ooliee BBICOKME TPAHCMOPTHPYIOIIME KavecTsa IO
CPABHCHUIO C BAPHAHTOM, KOTZA KOXKYX HCMOABUKCH,

5. C uesnplo yaydllleHMS OTBOAA MaTepHana H3 30Hbl 3arpy3Kd LIHEKOBOI'o
KOHBelepa npeUIoykeHa OpHUTMHANILHAS KOHCTPYKLWA ILIHEeKa, AMEIOUIEero B HHXKHeil
YACTH KOPOTKHH CMEHHGLIH HakOHEeHHHK ¢ IBYX3aXxOAHOH CcHUpansio, OIHa U3
KOTOpPEIX  ykopouena. IJo  JgaHHLIM  JKCHEpHMEHTANLHLIX — Hcc/ieZoBaHu
UCIIONB30BAHHE HIHEKA C TAaKHMM HAaKOHCYHHKOM [103BOJISIET YBENMYMTb 00bLeM
nepeMelnensoro Marepuana 8 1,1 — 1,2 paza.

6. CpaBHHTENLHBI aHaNNW3 MPON3BOIUTENLHOCTH H YACHbHBIX IHEpPro3aTpar
UIHCKOBBIX KOHBEHCPOB C HEMOABHKHBIM H BpPalll@IOILMMCA KOKYXOM IOKa3ajl, uT0
BO BTOPOM Chydae yAelbHLIC dHeprosarparhl Menbile B 1,2-1,9 paza 3a cuer Oojee

BBICOKO#1 NMPOU3IBOAUTEIIEHOCTH.
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6. PASPABOTKA H COBEPIIEHCTBOBAHHUE OBOPYJOBAHHNS!
,D,.jISI PEAJIN3ATIVU NCCIETOBAHHDBIX
TEXHOJOI'HYECKHX IIPOUECCOB

6.1 Beipy6ouniblii KOHCOJNLHBIH Apece ¢ peryJIHpyeMbIM

NMOBOPOTOM YARPHHKA

[Tpecc umeer xkopnyc 1, nonmywo ckanky 2 ¢ yaapHukoMm 3 (pucyHox 6.1),
YAAPHBIN MEXaHW3M, MEXaHH3M pEryJiipoBalids NOJIOKEHUS YJapHHKAa IO BLICOTE
OTHOCHTE/IBHO BBIpYOOYHOIMN IUIHTBI, MEXaHU3M ITOBOPOTA YAapHHKa, THAPOIPHBOX C
2NeKTPo0bOpy IOBaHIEM.

Ha xopnyce pasmelieHsl JiBd KpoHIUTEHA ¢ NaZOHHBIMM KHOMKAMU s
BKJIIOUEHHS Npecca Ha pafounit Xo yaapHuxa.

YhapHeiii MexaHu3M HMCET CHJIOBOH UMIMHApP, OOpa3oBaHHBIT HIXKHeH
YACThIO CKANKH 2 M NopilHeM 5, 3aKpenleHHbIM Ha wtoke 6. Ilonocth cHioBoro
UHIHHApPA COEAMHCHAa C IHOPONPHBOAOM IIpecca uepe3 OTBEpCTHE B IUTOKE 6 M
npeaHaszHayeHa Aas OCYILUECTBIIeHHsl paGouero Xoxa CKalKu ¢ YAapPHHKOM.

MexanusM perylupoBaHHA NOJIOKEHHA YAAPHUKA CIYXKUT g YCTaHOBKH
NOCTECHETO HA ONPSACIIEHHOM pPACCTOAHNYM TIO BBICOTE OT BHIPYOOYHON ILIHTHI,
BCIIE/ICTBHE 4er0 M3MEHACTCH BENMYMHA Xona yaapHuka. OH npencrasnscer coboi
YepBAYHO-BUHTOBOH Pe/lyKTOp ¢ NPHBOZOM OT HHAHMBHAYAJIBHOIO MIEKTPOABUTATENA,
OT KOTOPOTO BpAlIGHUC IIEpE/lacTcs HA YEPBAK, HAXOAAWMICA B 3aUeNIeHHH C
yepssuHbIM KonecoMm. lllrok 6 nmeer pe3pboBoe cocAMHEHHE CO  CTYMHLCH
YEPBSYHOTO KONeca W IpY €ro BpallleHH? oH KO0 noaHHMaeTcs, TG0 orrycKaeTes.
Ilpn sToM yIoapHHK 3 H3MEHACT CBOE MOJIOKCHHAE OTHOCHTENRHO cToNA 4.

MexaHu3M I0BOpOTa YAAPHHKA NpelHA3HAYeH JJsS NOBOpPOTa CKAIKH 2
BMecTe ¢ yfapHukom 3 B pabouce monoxeHue K BhIpyGouHOMYy crony 4 M BO3BpaTta
yIapHUKa B HCXoAHOe nodoxeHue. B Hero Bxomar aBa ruapouunuHapa 7 v §,
ABYXCTOPOHHMI mNoOpuleHb €O CcTopoHamMu nogsopa 9 M oreoga 10 ynaphuka,
3yOuaTasi peiika 26, a Takxe peryisTop yria oOTBOJa YAApHHKA, COCTOSIHUHA M3

3onoTHRkoB 11,12 ¢ nyasTom 13 Ha Kopmyce npecca M 3JIEKTPOCXEMOH HX



223

ynpasnenuus. Pefika 26 nomMelileHa B HampapnAomed 1 HaxOOHTCA B 3allENeliy ¢

3y0ObsMH CKAJIKH 2.

3 5
~220
3K Ig
.
! \ T IX 2K
13 "ooo /':' 1P 2P[N,
307 60° 90° 1PTT |2PTI

Pucynox 6.1 - BeipyOouHEblii KoHCONBHEIA nipece ¢

pPEryNupyeMsIM [MOBOPOTOM YAapHUKA

ﬂﬂﬂ TOPMOKCHHA ABHIKEHHA NOPIIHA B KOHEYHEIX IMTONONKEUHAX Ha KPBILIKaX

FHAPOUHIIHHAPOB 7 u 8 wuMerotcq BEICTYIIBI € KaHaBKaMH, & B NOPIIHE IVIYXHE

I
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oreepcTua. Co cropolibl 9 mOpUIHA MOABO/AA YAAPHHKA THAPOUMAHHAP 7 WMeeT
OTBEPCTHA s cOeIMHEHKA ¢ TpydonposonamMn noaauu 14 u yganenuns 13 macna, Co
cTopoHs! 10 AByXCTOpOHHErO MOPILHHA KpOoMe OTBepCTHH IoJaun H ynalcHHs Macna
¢ Tpybamm 15,16 B rugpoumauHape 8 BHIIONHEHO JBA AONONHHTEAEBHBIX
pacronoxeHbIX MeXIY HHUMH BHOJb OCH FHAPOLHINHAPA CIHBHBIX OTBEPCTHA JUIA
oTBOJa  ynmaphuka Ha yraol 30° m 60° or ocu  BLpyOouHOro - Croja.
ITpuuem 3TH JomonpUTeNbHBIE OTBepcTHsi coeAMHeHBI TpyGonposogamu 17, 18 ¢
macnobaxoMm 19 nocpenctsoM 3onoTHUKOB 11, 12 ¢ anexrpomarautamu I9M, 20M.
OnexkTpocxema perynsaropa yria oTBoja yAapHuka coctout u3 kHonok 1K, 2K,

3K na nynete 13 u pene 1PIT, 2PI1 co cRoMMHU HOPMaJIbHO-OTKPBITLIMH KOHTaKTaMH

1PIY;, 2PITy, coeauneunriMu ¢ kuomkamu 1K, 2K nopmansHO-3akpbITHIMH

kouTakramu IPITh, 2PIl, W HOpManpHO-OTKpPLITBIMH KOHTaktamu 1PIT3, 2PII3 ,

COeIMHEHHBIMY ¢ DIeKTpomMaruuTamMu 10M, 20M zonotHukos 11,12.

B BepxHeli yacTH cKkalKy yCTAaHOBNEH KiafaH JJs [0Ja4d BHYTPb CXKAaTOro
Bo3Ayxa. ['mapaBnuueckuift npuBox COCTOHT U3 rujapoHacoca 20, 30J0THHKa
ynpaenenus 21 ¢ :a'nempomarmrrom 22, 30JI0THMKA ylpaBaeHHd 23 NOBOPOTOM
yIapHHKA, 30JIOTHHKOB YINPaBIeHUs peryigropa yrila orsoja yaapuuka 11,12,
NpeoXpauuTensHoro kinanana 24, o0paTHBIX Kianaioe 25 B cHCTeMe MOBOPOTA
yIapHMKa, MacnoOaka 19 u cucremsl TpyGONIPOBOAOE.

Tlpecc paGoTaet ciieAylOnUM 00pa3oM.

Haxatriem nyckoBOi KHONKH BKJIOHAETCS 2NEKTPOABHTaTeNs Hacoca 20. Or
HEro Macno no TpyOonpoBoRy 4depe3 30N0THUK ynpasinenua 21 u TpyGonposon 15
nocrynaetr B MUIHHAP 8 A7 OTBOJAA yJapHMKa, MpO#afd KOTOpBIH 4epe3 OOHH H3
CITUBHEIX TpyOonposoaos 17, 18 nam 16 Bo3Bpamlaetest Ha ciiMB B MacnoOak 19.
YnapHUK OTBCACH ot BpIpyOOYHON NnuTH Ha 3amaHrbIid yron. Ilpecc pabortaeT B
XONOCTOM pEXKHUME.

Ilpn HaxkaTMH Ha NaJOHHBIE KHOMKH BKIIOYeHMs [pecca Ha paboty,
cpabatbiBacT anextpoMarsuT 22. 3onoTHHK 21 nepeknmioyaeTcs, Maciio oT Hacoca 20

uepe3 3onotHuk 23 M TpyOompoBog 13 HanpaBmsiercsi B LMIIKHHJP 7 MOBOpPOTa
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ynapuuka. [IIpoMcxomuT noBopoT ynapHuxka B pabouee nonoxenue, [locne
OKOHYAHUA nosopmé Maco, Mpoias yepez nunusnp 7 u tpybonposon 14, nogaercs
K 30J0THMKY 23, nepeMeiuaer ero BHU3 4 OT Hacoca 20 HanpaBnsercs IO
TpyOonpoBoaaMm, a 3aTeM Hepe3 MOJBIH LITOK 6 B nonocTs padodero UIHHAPA
CKanky 2 MeXJy ee AHoM K nopiutieM S, [Toj naBnenueM macna, NPeoLOneBaIOIIETO
CHJly C3KATOT'O BO3AYXa, YapHHK 3 OnycKaeTcs BHH3 U IPOH3BOAMT yZap IO pe3axy.

INocne BeipyGanus getand 00yBU OTKIIOUAETCS MNEKTPOMArHUT 22 30I0THUKA
21, 3onotHHKu 21, 23 BO3BPAIAIOTCA B HCXOHOE ITONOKCHHE.

DHEPIUs CXaToro BO3NYyXa, aKKyMYJUpOBaHHas B CKalKe, NOAHHMAaeT
ynapuHk BBepX. lloTok Mmacna ot nHacoca 20 uepe3 zonoTHMk 21 HanpapnsfeTcs B
nuausap 8 co CTOp(IJHbI 10 psyxcroponuero nopitHs. [TpoucxoauT oTBoA yAapHHKA
B 3aJJaHHOE UCXOfHOE nonoxeHune. [lonoxkenre KOHEUHOrO OCTAHOBA MOCIE OTBOAA
yAapHHka oT BblpybouHol nnmutsl Ha yraw 30° 60° u MakcuManbHBLIA yroia
BblOHpaeTcsa ONEpaTopoM IyTeM HaKaTHsl Ha OJHY U3 COOTBETCTBYIOUIUX KHoloK 1K,
2K nmn 3K myasTa 13 perynsropa yria oTBofa yHapHHKa 1o Hauana paboTel npecca.

Haxarne kunonku 1K Bel3biBaer BkmodeHue pene |PII u  nonauy
3JIEKTPHYECKOro TOKAa depe3 HOPMANBHO-OTKPbIThIe KOHTakTel 1PIT;, 1PI13

Ha 3ncKTpoMarHuT 1OM, kotopsri nepexmodact 3o0iotHHK 11. Tlocne mHawxatua
MIRIIOHHBIX KHOMOK IIPOHCXOIUT pabouuit xon yaapHuka. ITopmeds croponoit 10
OTBOJIA YOApHUKA IOA JaBJIeHHEM Maclla, 3acTaBisisi 3y0uaryio peiiky 26
IOBOPauYNBaTh CKANKY 2 € yZapHHKOM Ha 3ajanHbiil yron 30°, nepemeiaercs u
OCTAHABJIMBAECTCSA H3-3a NajJiIeHHs OaBACHHUA Macna, NMpoias cooTBETCTBYiOlIEeEe €My
OTBEPCTHE B LMIHUHAPE § ¢ OTKPHITHIM TpyOonposogom 18.

I'lpu Haxxatny Ha kHonky 2K aHanornuno npousoiner sknwovenue pene 2PI1,
dlleKTpomariura 23M u nepexitodenuc 3onoTHuKa 12 nns oTBoma macna dgepes
Tpybonposos 18. Ilocne HaxaThs TaIOHHBIX KHOMOK Npou3oiizceT pabounit xon U
NoOCNCAYIOMNUHA OTBOA YRapHUKa Ha yron B 60° H3-3a Toro, 4To AaslieHUE Macllia B
HuaMppe 8 ynazerT ¥ nopllieHb OCTAHOBUTCH MO NPOXOKASHHIO cToponoii 10

OTBEPCTHA C OTKPBITBIM TpyDdonposoaoMm 17.
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OnHoBpeMeHHOCTh BKIIOHEHHA 30J0THHKOB 11,12 HcKIOYaT HOpMalbHO-
3aMKHYThle KOHTaKTs! 1PIT;, 2PIT5.

ITp waxarun kHomkyu 3K, a 3ateM NajoHHBIX KHOMNOK, YHAPHUK IIOCI]E
palodero Xxoa OTBOANTCA B HCXOAHOE IMOJIOKCHMC HAa MAaKCHMAUIBHBIH Yroll, TaK KaK
SNEKTPUYCCKUH TOK jHa pese 1PI1, 2P u anexrpomarautel 19M, 229M ne nopaercs,
TpyOONpOBORLI  JOMONHUTENLHEIX CHHBHBIX OTBEPCTHIl OCTAIOTCH 3aKPLITLIMH
3010THHKaMH 11,12, uTo He BoI3pIBaeT NMafeHHs AaBjeHUS B HApoUHIMHApe 8 M

BbIHYXOAeT I{ByXCTopOIIIIHﬁ MOPIIEHE HepeMECTHTRCH HA MAKCHMANLHYIKO BEANYHNHY.

6.2 U3Menn4YHTENH OTXO0A0B 00YBHOIO NPOH3IBOACTBA

[lo pesynpraTaM  TeOpeTHHECKUX  HCclieZioBaHuH  pazpaboTaHel U
PEKOMEHIOBAHE! K BHEAPCHHIO HECKOJIBKO BAPHAHTOB H3MenbuuTeneii /11, 31/.

HMaMensuuten, OapabGanHoroe tHna (puHcyHok 6.2 )} COCTOMT U3 JBYX
OapabGaroB 1, BBIMONHEHNBIX B BUAe NPHBOAHLIX CONpPSXKEHHBIX 3y0HaTBIX KoOJeC
(yctpoiicTRO NpHUBOAA He MOKA3aHO), HANPABAAIOLIUX [IPOCTABOK 2, HIMEABYAIOUIHX
OapabaroB 3 ¥ 4, ¢uaLTpyrolIEil peileTky 5, cOopHuKa 6 KpoOLUKW, MexaHH3Ma 7
perynnpoBaHus 3a3opa. Jng yMeHBLICHUS 3acOpeHUs NMOBEpXHOCTEH Oapabanos 3 H
4 manpaBnAIOILME MPOCTABKH, COMpAraeMble ¢ 3THMH OapabaHamu, XOMKHBEI HMCTh
Manelif yron 3aoctpeHus (pucyHok 6.3, Touka A). Bce anemcHTEI ycTpolicTsa
CMOHTHPOBAHE! B Kopnyce 8.

Hsmensuntens padoraeT clienyoluM obpaszoM.

M3 Oynkepa Oapabansl 1 nNOBAalOT KycKH OTXOAOB B HaMpapisgloOLUE
NPOCTaBKHK 2, OTKYJa OHM MOCTYNAKOT B 30HY H3MenbyeHus (pucyiox 6.3).

Mamenpuaronpie OapabaHsl BpallaroTesl 110 HacoBOiHl CTpenke, ONpH 3TOM
CONpPATAEMBIE  YHRCTKH GapabanoB B 30HE M3MENBYEHHA IIepeMElIRIOTCH
OTHOCHTE/ILHO JApYT ApYyra B NPOTHBOICNOXKHBIX HanpaBncHuax. Juamerp G6apadana,
paboyas MOBEPXHOCTH KOTOPOro nepeMelllacTes B HANPaBICHHU MOJA4YH OTXOMOB,

peiOupaercs B 1,2 — 1,5 pasa Gonsiue AuaMeTpa BToporo HiMmelbyatoniero 6apadaua,
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a yriosas CKopocThb bapabana ¢ OONbIIHM AHaMETpoM B 2-5 pa3 Gonblle yrinoBoOH

CKOpPOCTH MeHBIIIero H3Menbyaicro bapabana.

Pucyuok 6.2 — Cxema uaMenbuuTeNs

BpaiueHHe H3IMCNLYAIOIIHUX Gapaﬁanos B OOHOM HalpaBRlcHUU o0ecrneynBaeT
¥YBENIHYCHHE ITYTH BIAUMONCHCTRAS MEeMEeHTa U3MCNBLYaeMoro MaTepHana c paﬁoun
YHacTKOM Gapaﬁaua H CO3J3aHHE MNONOJHUTCNBHBIX Hanpﬂ}xc}mﬁ PacTHKCHUA B
A3MeNnLuaeMoii 30HE, MTO NPOABIAECTCS B CHHMKEHHN 3HEPrOEMKOCTH U3SMENBYEHUA.
YkazaHHoOe BpallleHHe H3IMEHACT TPRAEeKTOpHUID [MepCMeEelleHusl H3IMellbHaeMbIX
yHacTkos MaTcpHalla Ha BPAATCBHO-TIOCTYIIATCNLHOS W 1103BOISCT YBCJIIHYHTH
3a30p Mexay usMmelpyatollumu Gapabanamu. D10 npusoadt 03 yBenuueHwus
MMCMEPCHOCTH  KPOWIKM K YBE/IMYEHHIO NPOM3BOAMTCABHOCTH HIMENBUCHUA H,
BCNIEACTBUE YyMeHblueHus o0beMHOro [aBicHMA B 30HC H3MeNbYeHHs, — K
YMEHBUIEHHIO JHeproeMKkocTH. bonpmuii Auamerp OGapabana 3 u Oonsuias yryioas
CKOPOCTL €ro  BpauleHus HcoOXoAHMBI ans  obccrnedeHHsa  MaKcHMallbHOH

NPOH3BOAHTCIIEHOCTH.
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MexanusmM  perynupoBaHHS 3azopa 7 no3BonseT U3MEHHTh
RMCEPCHOCTh  MOJY4AeMO  KPOLIKM, a Takxke BBIOpaTh  ONTHMANBHBINA
pesxxnM  u3Menpdenus (MakcHManpias NPOM3BOAMTEIBLHOCTE ofecneuHBaeTcs
COBMECTHOH perynupoBKOil 3azopa # COOTHOILUEHHEM H4acTOThl BpaUIEHHA
n3Mensuaiomux Oapabatos). 'otosas kpomxa coOupaercs B cOopuuke 6 U
TPaHCHIIOPTUPYLETEA K cheaytoueit onepauuu. Paboyas noBepxHOCTh H3MENBLUAIOMIHX
OapabaroB MokeT OBITH BBIMTONHEHA M3 aOpa3suBHBIX MOJIOTCH WMIH H3rOTOBJICHA B
BHAEC MCTA/UIHYecKHX mieTok. Ilpu HeoOxomumoctH 3T OapabaHbl MOIyT ObIThL

3aMCHCHDBI Ha Gapaﬁanm C BHHTOOGp&BHBIMH HOXKaMH.

Pucynox 6.3 — Cxema uamensyaronux 6apabaqos.

Hamenwuurens potophHoro tHna (pucyHox 6.4) cozep:xuT OyHkep | ams
3arpy3kH OTXOJ0OB 2 M [OA3YH HX B 3a30p MEXAY peryjupyeMbIMH BHHTaMM 3
painalbHO-TIONIBMXKHBIMM  HOXKaMH 4 M 3aKpelUIeHHLIMH Ha  poTope 5
BpaulaloumMucs  HokaMM 6. VsmensueHHbIE OTXONBI  OTAGNAIOTCH OT HC
W3IMENLYEHHBIX CHTAaMH 7 H 1ocTynaioT B meulku, Potop § ¢ HoxxaMu 6 ycTanosneH
Ha BePTHKAILHOM Baly 8, a NOCIICAHHH ¢ IOMOIBI peMEHHOH Nepenayn 10 cBa3aH C
anexkTpoasurareneM 11.

OmuoBpeMeHHq poTOp 5 ¢ HOXamMH 6 nonydaeT OCHMUIMpYIOuine

NEPEMCIICHHA OT KYJIayKOBOIo MEXaHHUiIMa 0.
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Pucynox 6.4 — Kusemarnyeckas cxeMa H3MeNIb4YHTCNA

[leper nHauanom paboThl BHHTAMK 3 yCTAHABIMBAIOT HeOOXONMMEIH 3a30p
MEHIY HOaMK 4 1 6, NOCPEACTROM KOTOPOTO perynupyercs TpeOyeMas BemUuMHA
¢d:pakuuy H3MENBHaEMOro MaTepHana.

Msmensuutens paboraer cneayrowmmM obpasoMm. 3arpyauB B OyHkep |
OTXOJbl, MOAAEXKAUHEe H3IMCIBYEHNIO, BKIIOYAIOT 3NeKTpoaBuratens. [Ipu sToMm
JBHXKeHHe oT 2nekTpoaBHratens 11 ¢ nomomnipio peMertoil nepenaur 10 nepenaercs
Bany 8 © poTopy 5 ¢ HOKaMu 6, KOTOPBIE BPALIAIOTCH OTHOCHUTENIEHO HEITOABHKHBIX
Hoxel 4. ONHOBPEMEHHO € 3TUM POTOP 5 NONy4aeT BepTUKAIBHBIC EPeMeLEHUA OT
KYJauKOBOIo MexaHn3Ma 9.

HMsmenpuyaeMble OTXOAB! 2 mox  AeficTBHeM  COOCTBEHHOTO  Beca
nepeMellaloTcsl BHH3 U NaaloT B 3330p MEXAY NOABHKHBIMH 6 H HENOJABHKHLIMU 4
HoxaMU. TTOCKONEBKY HOKH 6 NepeMetialoTes OQHOBPCMEHHO M B BepTHKANLHOW, U B

FOpU3OHTANBHOI  IIOCKOCTAX, pPEe3aHHe MATePHAIOB, KaK ONMCAHO  BBILUC,
OCYLLECTBIAETCS [€ C KOHCTPYKTHBHBIM YIJIOM 3aTOYKM HOxa &,, a ¢

JIEHCTBUTEIILHEIM YoM pe3aHud ap .
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[Ipu 2TOM, Kax uaBecTHO /48/:

-1
1ga, =1ga, (\/I +(v, /u,,,,,)z)

Tak kak, & p<<C& 3a CYET JTOT0 CHUKACTCH CHUJIA CONPOTUBIICHHUA PE3aHUIO

H, KaK CIIEACTBHE, YCTAHOBOYHAA MOLHOCTE IIPHBOAA HosKell, Y MeHLIIATE ap H TCM

¢aMbIM CHHXKATH YCTAHOBO4HYK MOLIHOCTE MNpHBOAA, KaK BHAHO H3 BLIIC
NPpUBSHCHHOI'O BLIpAXCHIA, BO3IMOMKHO NVTEM VYVBEIHUCHUA CKODOCTH U”. an

paboTe ycTpoiicTBa B YCTAHOBHMBIICMCA peKUME H3MeNIbYacMblil MaTepnan 2 yepcs
cuta 7 ¢ onpeneneHHbLIM pa3MCpOM MOCTYNAET B MEIIKH, i€ X HaKAIUIMBaeTCA
(Memkn ua pHcyHke 6.4 ne nokazanel). [lo Mepe HanoOJHEHHA MELIKOB OHU
CHUMAIOTCS, a B Oytikep | nmo mepe pacxoposanMs U3MesbYaeMBIX OTXOAOB 2 OHU
Jocematorcs. Vcrionb3oBaHde M3MeNbUUTCNS HAaHHON  KOHCTPYKLHMHM — IIO3BONAET
3HAYHTEILHO CHU3UTL YCTaHOBOYHYH)  MOUIHOCTh npuBoAa  3a  CHCT

peanuzaltui yCTpoicTBOM MpOrpeccHBHOro cnocofa pe3aHus.

6.3 Cnoco0 noBLINeHHS CTOHKOCTH PeXKyIHX HHCTPYMEHTOB
I

CTOHKOCTE DEXYMHX HHCTPYMEHTOB, H3TOTOBIIGHHBIX H3 YITICPOAHCTHIX
cTasniei, MOKeT OBITh YBCIIMMCHA 33 CHET NOBBILCHUA UX TBepaocTH /88/, a omHuM 13
nyTeH peHIeHHs 3TOH 3anayi, KaK [0Ka3anu pe3ynsTaThl HAlUX UCCIeRoBaHui /22/,
apasiercs 00paboTka 3THX HHCTPYMCHTOB INMy0OKUM XONoaoM. DKCHePUMEHTAIBHO
YCTAHOBIIEHO, YTO 00padoTKa pexyUIHX HHCTPYMEHTOB IIPH TEMIEpaType HisKe HyJIs
nenecoodpazHa nuNib B TOM CHyuag, €clK B CTPYKTYpPEC MaTeprana HpHCYTCTBYeT
OCTAaTOYHBIH aycTeHNT. EcnM e MapTeHCHTHOC IpeBpalleHHe 3aKaH4YNBAaCTCS
NMONHOCTLI0 MJIM [I0YTH ITOJIHOCTBIO NpPH TeMIlepaType Bbllle KOMHATHOH, ToO
OXJIa’KICHUC HHCTPYMEHTA NP OTpHLATEeNAbHOI TeMiepaType HellelecoobpasHo.

OcTaTo4HBI ayCTEHMT B TOM HJIH HIOM KOJMH4YeCTBE BCEraa HMmeeTcs B
3akanennoit  cramd.  KoauuecTBO  OCTAaTOYHOrO  aycTeHHTA ONpelensacTcs

XHUMHMECKHM  COCTaBOM H  YCNOBHAMH 3aKaliKH CTallH. Onnako 00a 31H (baKTopa
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MOI'YT HIMCHATECH aae g CTaJlH OJIHOM MapkKH 3a CHET INIaBOUYHLIX OTKJIOHCHHH B

KOAHWYMECTBE YIICpoJda 1 pexUMax INIaBKH, BCIIENCTBHE paBJIH‘lHOﬁ MaccChl H (l)OprI

I
HB,IIQJ'IHﬁ, HecoOmoeyns PEXKHMODB OXNaNIACHHA H T. 1.
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Pucyrox 6.5 — KonnyecTBo 0CTATOYHOTO ayCTEeHUTA
B YIIEPOAUCTHIX CTANISIX
® - fl0C]le 3aKalKH B BoJe; X - Mocle 3aKaiKi B Macle

i
YFJ'IGPOJIHCTBIB CTall¥, W3 KOTOPBIX H3IroTABIUBRKWOT Pe3akKH W HOMKHU

U3MeNbyYNTENel, MOocNe 3aKalIKN C OXJIAKJeHHEM JO0 KOMHATHoil TeMIlepaTyphl
COXPaNAIOT 3HAUMTENLHOC KONWYECTBO aycTeHHTa. Tak, B YIJIEPOAMCTBIX CTajAX
COJlepKaHMe ayCTCHHTA MOxeT pocturatk 13% npu 0,95% yrnepona u 26% npu
1,22% yrnepona. Ha pucynxe 6.5 nokasana aparpaMma 3aBUCUMOCTH KOJHMECTBA
ayCTCHHUTA OT COACPKAHHS yIraepoja B CTald, NOCTPOeHHAs [0 pPa3IuydHBIM
IKCNEPUMEHTANBHEIM JAHHEIM,

Kak sugno u3 pHcyHka 6.5, pa30poc AaHHBIX OOCTaTO4HO BEJNHK, [103TOMY
YKa3aHHBIH Ha RUATPaMMe HHTCPBAN CONCPKAHHA AYCTCHUTA BCPOATCH JIHLIb B

Kd"yeCTBe CpCAHHUX 3HadcHuid. HexenarenoHoOCTh COXpaHCHHA OCTATOYHOI'O
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ayCTEHUTa B CTPYKType HHCTPYMEHTaNbHBIX CTasicii OOBACHAETCS TeM, 4HTO €ro
NPUCYTCTBUEC, OCODCHHO B ITOBBIIEHHOM KONWYeCTBE, NOHUKAET TBEPHOCTH M
NPOYHOCTh, CIOCOOCTBYCT € TeHEHHEM BpPEMEHH HM3MEHEHHI0 pPasMepoB TIOTOBBIX
usfenuit. Tak, TBepNOCTL 3aKaNeHHON MHCTPYMEHTANEBHOM cTanu coctapnser 60 — 65
HRC, tBepaocte aycrenuta 18 — 19 HRC; npouynocts cramm pocturaer no 2500
Mlla, npounocTtk ayctenuta — no 85 Mlla. TIpucyTcTBite OCTATOMHOrO AYCTEHUTA
YXYOUAET TaKxKe ¥ TeNJIONPOBOJAHOCTh HHCTPYMEHTAILHBIX CTaNeH, UTO ABJIHSETCA
NPUYMHON BBIXOAA U3 CTPOS PEXKYUINX HHCTPYMEHTOB, paboTarolrX, KaK [IpaBulo, B
YCIIOBHAX BBICOKOH TeMIIEpaTyPhl.

MapreHcuTiioe 1npeBpallieHHe [pd  OXJIAKOEHHH HIDKE TeMIepaTrypsl
OKpY>Kamollel cpefibl UMCET CIIeAYIOINE OCHOBHblE OCOOEHHOCTH:

yMEHBIUIEHHE CKOPOCTH NPCBPAILEHNS;

H30TCPMUHECKOE NPOTEeKaHHE;

COXPaHEHUE HEKOTOPOTO KONUYECTBa ayCTEHUTA IIPH CKOJb YIOJIHO Iy0OKOM

OXIAXIEHUH K Ap.

Uucno sapopsimieit V3 UeHTpoB KpuCTanmIusauuu mapTeHcHTHOH ¢asel,
BO3HMKAIOUWMX B TBEPHAOM PACTBOPE B €IMHHIy BPEMCHH, MOXKHO OINPENCIMTL H3
BLIPAYKEHHS:

g
Ny=K.e RN .¢ (A7)

rae K - nocrogunas boasumaHa, NpUHUMAaETCA HE 3aBUCAILEH OT

»

TEMNEPATYPBI;
U - sHeprusi akTUBaIHY;
!
B - Be/muHH2 3aBUCALLAN OT MOJEKYJIIPHOTO Beca, IUNIOTHOCTH,
TIOBCPXHOCTHOTO HATSKEHUA H T.1.;

T — aGconroTHas TeMnepaTypa;

AT - nepeoxnaskacHUC HIKE TEMIIEPATYPh! pABHOBECH .

U3 or1oro CIenyerT, 4YTo Inpd OOCTHXKCHHH 3HAYKUTE/IBHOK CTCHCHH

HNEPCOXMANKIACHHA YMEHBIIACTCA NOABHXHOCTE ATOMOB U, K&K CJICACTBHE, CKOPOCTDH
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MapTEHCHTHOTO Ilpolecca, H MO3TOMY, YTOObl YBEINUUTEL KONMHYECTBO MAapTCHCHTA B
CTaIH Heo0XOAHMO YBEJIMYHBATh BpeMs BhlIepKKH (pHCYHOK 6.6).

[MpeppallieHHe OCTATOYHOrO AYCTGHHTA 3aKalicHHOH CTand B MapTEHCUT
NPOUCXOANT HE TOJLKO IPH OXJIAXKJIECHNH MO HH3KHX TeMIeparyp, HO H IIpH Harpese
cTanmy, T.e. npu ornycke. OAHAKO 3TH pasHbIC MYTH NPCBPAIICHUS OCTATOUHOrO
ayCTCHHTA BEChMa pazNH4HO BIUAIOT Ha OKOHYaTeNbHbIE CBOHCTBA CTANH.

MapTeHCHTHOC TNpeBpaleHic OCTATOYHOTO AyCTCHHUTa MpH OTHYCKC B
YOIEPOOUCTHIX CTAISX, HE3ABHCHMO OT COJEpXKaHHUs Yriiepoja, HauuHAcTCs OKOJO
240°C n nmpoucxomt mo 280 - 295°C. Ha ostorT npouecc, HanpaBieHHbI Ha
IIOBBIIGHNE TBEPAOCTH U TIPOYHOCTH CTallH, HAKMaablBAeTCH Pa3BHUBAOIIHIICA
ONHOBpPEMCHHO OTIYCK MapTEHCHTa 3aKajKu. DTOT BTOPOH MNpOLECC BEI3bIBAET
ofpaTHBlli  9(peKT ~— NOHHXKCHHE TBEPAOCTH, Mpedena TPOYHOCTH H

H3 HDCOYCTOﬁ‘{HBOCTH 3aKaJllcHHOH CTaJIH.
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Pucynok 6.6 —IIpupauienite konuuecTBa MapTEHCHTA B 3aBHCHMOCTH OT

TEeMIIEPATYPHI IIPH PasiU4HON NPOAOJIKUTEIEHOCTH BELICPKKU

B rtabanue 6.1 npuBeaeHBl pe3yanTaThl TepMHYECKOW oOpaboTku ¢
MCIOJIL30BAHNEM KUIKOTO a30Ta BBIPYOOHHBIX PE3aKOB, HOXKEH M3MENbHHTENEH U

o0yBHBIX dpes.
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Tabnuua 6.1 - PesynsTato! 00paboTkH pe:XyLIUX HHCTPYMEHTOB B KHMJIKOM a30T¢

Mapka cranu Temneparypa Temnepatypa IIpupoct
sakankH, °C oxnaxgenus, °C TBEPJOCTH,
enunny HRC
¥8 780 0 0,5
1000 -60 1,5
Yio 780 0 0,5
1000 -90 3.0
vi2 780 -20 0,5
1000 -196 7,0
,°C
! 04 — Harpes B nevy,
600 @ ab — 3axanka B BOJIE,
T g — OXJAKAEHHE B SKUIKOM a30Te,
62 - BBIIEDKA B XHUIKOM a30Te,
500 L de — Harpes B IICUH,
exc — OTIYCK.
400 —+
300 T
e ¢
200 |
100 o o
c,
0 .
| 2 3 4 5 Ly
-100
200 8 2

Pucynok 6.7 — Pexxumel TepMuieckoil 00paboTku pexyilinx WHCTPYMEHTOB

B Toxe BpPEMA OXJTUKACHKHE N0 HUIKHX TCMNEPATYP HIMCHACT CBOMCTBA cTanyu

BCCToa B ONpPEAENeHHOM H OIMHaKOBOM HANpaBJICHHW, NOCKOABKY INIpH 3TOM

HCKINIOYaCeTCH OTHYbK MapTelCHTA. l'lp CBPAIICHHE  OCTATOvHOErO  ayCTCHHTA
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YBEJIMYUBAET B CTPYKTYPE KOIMHYeCTBO MapTeHCUTA. TBEPAOCTh 3aKANIEHHOH CTaJH B
pe3yJbTaTe OXJIAXKACHHUS 0 HU3KUX TeMNepaTyp MoxeT aocturars nopsigka 70 HRC,
4YTO NPAaKTHYEeCKH HEACCTIDKHMO NpH JwodoM JpyroM crnocobe TEpMHUYECKOi
o0OpaboTKHu.

[Ipp  BLIMONHEHWM  aBTOPOM  3KCIEPHMEHTANBHBIX — HCCHe0BaHUH
MepeyHCeHHLIe BLIjle PEKYINC HHCTPYMCHTEl OXNIAXKAATHCE B XKHJIKOM a30T¢ NpH
temnepatype -196°C. BpeMa BblOep:KKH cocTaBiano oT 30 MUHYT 710 3 HacoB, NP
3TOM IpHpocT TBepAocTH NteaBuit coctapun ot 0,5 no 7 equnury HRC, tBepnocth
ne3puit pocturana 67 - 68 HRC, a ux croiikocts yBenuuunace B 1,5 — 1,7 pasza.

Ha oOcCHOBaHHH MHOIOYHCIEHHBIX OKCIIEpUMEHTANBHBIX  HCCIeA0BaHHH
PCKOMEHIYIOTCSA  peXHMbl TepMmHueckoli oOpaGoTku pekylllnxX Jie3BHi pe3akos,

Hoxef uaMenbunTeseti, o0yBHEIX pe3, noxazaHHele HA pUcyHKe 6.7,

6.4 ObopynoBanue s LTHOBARUS

!

[To pe3ynpTaTaM BBINOJHCHHBIX HamMHM HccneaoBauuit /27, 82/ pazpabotana

lllJIl/l(i)OB‘cUleaH rofloska € HCNOAHHUTSNAGHEIM  OpraHOM JBOHHOrO BpallleHHA

(pucyHok 6.8)

Pucynok 6.8 — Kunematnyeckasa cxema nuiH(poBaibHO FOJOBKH

C UCIIOJIHHTENLEHEIM OpTaHOoM HBOHHOI'O BpaulcHuA
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1
Ilpn paspaboTtke wmMKHdOBaANLHOW TOAOBKM YUWUTBIBAJIMCH ClEAyIOILHC

OCHOBHbIE TPeOOBAHHUS:
OHa JOMKHA OBITL NMPUrOMHOM NS MPUMEHEHHsl B Ka“ecTBE CMEHHOTO
pafouero opraHa oAHOH HIH HECKONBKHX CEPHHHO BBITYCKAEMBIX
HITHQOBATIBHLIX MAUIHH;
OHA JONKHA OBITH OCCIIYMHOCH HIH MaNlOITYMHOH B padoTe;
YPOBEHb BUOpaLUUH JONKEH ObITh MEHBIIE, YCM Y CEPUIHEBIX MALLHH.

Hinudopansias ronoska (pucynox 6.8) cocToMT M3 Kopmyca, KOHUMECKOIO
PellyKTOpa, y351a IPHCOSAMHEH S PHBOIHOTO Baa, HCITOJIHUTENRHOTO OPraHa.

Kounueckuil penyKTop cocTOoUT W3 Tpex 3yO4artbix konec 2, 3, 4. Benymas
mecTepHs 2 JKeCTKO 3aKperuleHa Ha Bany 1, 3yOdaroe Koneco 3 Tak JKe 3aKpersicHO
Ha Bany 5, a 3yOuaroe Koneco 4 yiocaxeHo Ha BTYJKY 6. 3yGuatoe xoneco 3 4epes
BaJl 5 nepenaeT BpalleHHe BHyTpeHHeMmy alpasuBHomy kpyry 7, a koneco 4 uepes
BTYNKY 6— HapyxkHoMy aOpasuBHomy kpyry 8. [lpn stom abpasusHbie Kpyru
BpauAlOTCs B NPOTHBONOJIOXKHBIE CTOpOHHL B HuxuHeill vact pBana 5 Hmeercs
npyxuHa 9, TOCpeACTBOM KOTOpOil  obecnmeduBacTcsi BO3MOXKHOCTL OCEBOTO
nepeMenleHudss adpasuBHOre Kxpyra 7 H  TOCTOAHCTBO €ro MNpHXaTHd K
o0OpabatsiBaeMoii TNOBEPXHOCTH.

C uenpio cumwxkeHus uiyma npi padorte mmHgoBannpHOH ronobku 3ydyarsle
koneca 2,3,4 MOKHOQ H3TOTOBHTEL TRKHM 00pa3oM, YTOOBl HX 3y0ObA HMEIH KPYroBylo
qropMy. Bropol BapuaHT pelieHHs OJTOrO BONpOca — H3TOTOBUTL BEAYULYHO
wecTepHio 2 u3 Tekcronuta. M ecnu 3areM BhIBapHTH €€ B MAILIMHHOM MAacie, 3TO
obecneynT caMocMalpiBaHue 3y0yaToil nepelayv B TeUeHUe JTHTENBHOIO BPEMEHH.
Yr1oOHl HMCKNIOYHTE CIyyau MoMajaHus cMa3ku 1a obpabarbiBaeMyr0 INMOBEPXHOCTh
M3AENHs, HYKHO Ha BLIXOAE M3 KOpIyca Bana 5 U BTYJKH 6 yCTAHOBHTE MaHKCThI.

Pazmepe! a0pasusnplX KpyroB 7, 8 rmnoabuparoTcs B COOTBETCTBHUM €
PEKOMCHOAIMAMY, H3noxenHbIMA B 0. 3.5. Ilpu oTom, kak Obulo IIOKa3aHo,
KpyTsliMe MOMEHUTh! HA HAPY:KHOM H BHYTpEHHEM abpazuBHLIX KPYrax MoryT HMeTL
o/iHaKkoBLle 3uHavenus, ITpuuartoie Ha uudoBansHO ronoske abpasMBHBIC KPYTH

HMEJIH CAEAYIONHE pasMephl.
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HapyXHb Kpyr 8:  HapyxHslii quamerp - 125 mum,
BHYTpeHHHMIT quametp - 110 mm,
BLICOTA Kpyra - 63 M
BHyTpeHHHUI Kpyr 7: HapyxkHEli auamerp - 100 mu,
BHYTpeHHuit auametp - 80 MM,

BBICOTA Kpyra - 50 mm.

[Inoutans ToOpIcBOH MOBEPXHOCTH HapyKHOTo Kpyra parHa 25,1 cM?,

BHYTpeHHero — 28,2 oM’ , @ UX oTHoweHHe paBHo 0,89. Ilpu Takux pasMepax
abpasuBHEIX KpyroB oQecrncurBaeTCs NPaKTHYECKH MMOJIHOE rauleHHue peakTHBHOTO
MOMEHTA U crokoiitast, 6e3 Bubpanuii, pabota 1nndoBansHoMi FONOBKH.
BeprukaneHeiii Ban 5 uMmeeT no Bcell AnNMHE UCHTPANLHOE OTBEPCTHE,
KOTOpoe MOXeT ©OblTh HCMONb30BaHO JiubO giist  oTcoca meuIH, JMOGO 1S
noja4un nopepxHocTHO-akTHBHEIX BellecTB (T1AB), o0ecneunsaiowmnx nosbllucHKE
adpexTuBHOCTH Npouecca WNHQOBAHUS 32 CUET pasMsaryenusa HOBEPXHOCTHOIO ClloA

obpabaTkiBaeMOro MaTepHaia.

6.5 YCTanOBKH 1151 BAKYYMHO-COPGNHOHHOIO YRIAKHCHUA

3aroToBOK Bepxa o6yBH

B pe3ynbTaTe BLINOAHEHHBIX McciedoBannii  ocofeHHocTelh  BaKyymMHO-
copOIMOHHOTO criocoba yBNaKHeHHMs pa3paboTaHbl TexXHONOTH4Yeckuii npouecc M
cxema paboTsl YCTAHOBKH, a TAK)KE BAPHAHTHI €¢ KOHCTPYKUMH U MCHONL30BaHMs
KaK B YC/OBHSIX MPEANPUATHH 110 H3rOTOBAEHHUIO M PEeMOHTY obyBu, TaK M B
yCAOBUAX BbICOKOTIPOU3BOUTEIBHEIX o0yBHEIX NpeANpUATHUI JIETKOI
npompiyienHocTH /8, 13, 16/,

Texuonornvecknit npoliece yBaaskHeHUA 3arOTOBOK Bepxa o0yBH B Bakyyme
JIOITKCH OCYLIECTBIATLCS B CJIEAYIOWIECH 110CIe/I0BATeIEHOCTH:

BakyyMupoBaHue paboueli xamepH ¢ 3aroToBkaMH o00yBH 10 BENHYHUHBI

octatoynoro jpasnenua  0,01-0,02 MIla ¢ onHoBpeMeHHBIM HarpeBoM
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w 0
BO3AYLIHO cpensl B KaMepe xo TemnepaTypsl 50-60 'C u Boanl B

- 0
€MKOCTH, PACNIONIOKEHHON BHYTPH KaMepsl, 10 TeMnepatypst 70-80 ~C;

BBLACPIKKA 3arOTOBOK ITOCHE AOCTHKEHUSA TpeOyeMOro oCcTaroyHOro AaBiIeHUs!

BO BNIA)KHOM, HACKILICHHOM BIIaroii He mMeliee, ueM Ha 97%, napc B Tcuctue 4-6

MUHYT J0 JAOCTHHEHHS KOHCYHOro ocTaTouHoro AasncHus 0,03-0,04 Miia;

MoAHATHE ,[laBJIICHHH B KaMepe 10 atMocdepHOro nyreM Hamycka Bo3jiyXa.

VBNaKHUTENABHEIE YCTAHOBKH H3BECTHBIX KOHCTPYKLMii, Hanbonee nomio

OTBeHAlOINEe TMpenbsBiAseMBEIM TpeGOBaHUAM, HMCHT JBE¢ YCTAaHOBJICHHBIC
TOPU3IOHTANEHO MIIH BEPTUKANBHO YRIAKHUTENLHLIC KaMephl, KaXAasd U3 KOTOPBIX
3aKpBIBAaETCA KphllIKoi, nepemeulaemMol creuuansHBIM MexaHH3MoM. B Kamepax
NMEIOTCSl OTBCPCTHA NSl NOJIROKA TTapa, OTBEpCTHSA ANA BIyCKa B oTcoca po3ayxa. Ha
KPBIIKAX Kpenarcs AepikaTesd, Ha KOTOPble HABEIIMBAIOTCA 3aroTOBKH 0DYBH.
[TonroTroBka napa ofccrieuuBACTCS NAPOreHCPATOPOM, 4 pa3lpeiKcHHE BO3JAyxa B
KaMepax - BAKyyMHacocOM.

HenocrarkaMn Takux yBIaXKHHTEILHEIX YCTAHOBOK ABACTCA ClleAyIOLIee:
PAcIoNoXeHUE OTBCPCTHH JUIsT TOAauM mapa B cpeAHell HacTu
YBIQKHHUTENLHBIX KaMep He [I03BOJISIET pPAaBHOMEPHO YBIAXKHATH
3aroTOBKH, a 00AyB KaMep FOpsAuYHM BO3AYXOM BeIeT K YBEIHUYCHHIO
NIOTEph ANEKTPOIHEPTHH Ha HATPEB CTEHOK;
obecnicyeHuc Tpebyemoil cTemeHM BakyyMa B YBIAXKHWTENBHBIX
KaMepax JOCTHTacTCsi B TEUYEHHME JOCTATOMIO HIHTENhHOTO BpPEMEHHU,
4TO YBEUUHBACT IPOIOIKUTEIIBHOCTS IIHKIA YBIAXKHCHHS 3ar0TOBOK;
BAKyYMHACOC OIpelenenHoe BpeMs Lukna paGortaer nubo BXOIOCTYIO,
00 B peXXHUMeE YBEIHIEHHOTO YHCa BKIIOYEHNH — OTIIIIOUSHUIH;

Sl NepeMCIUEeHHS KpBIIEK YBIAXKHHTENBHBIX KaMep HUMEeTcd

CHicl{ManbHpiil  MexaHusm, TpeOyrommii pacxoja dHepruu s
obecneyeHus cro paboThl.

C uenpio ycTpaHeHHsI OTMEMEHHBIX HEOCTATKOB B KOHCTPYKIMAX R3BCCTHBIX

YCTPOHMCTB JUIA YBI@KHEHHA 3aroTOBOK o0yBH, pa3paboTaHO HECKOJBEKO

OPUIMHAJBHBIX CXeM  YCTAHOBOK,  PCAliM3YIOLIMX  BaKyyMHO-COpOLHOHHBII
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criocob yBnaxkHenus, OfiHa 13 HUX NOKa3aHa 1la pucyHke 6.9,

YCTaHOBKa COJIEPKNT BEPXHIOIO BaKYyYMHYIO Kamepy 1, cBox xotopoit
0O
BBITIOJTHEH B BHJE KOHyca € yr/ioM MpH Bepiumhce 60 & jsl cTeKaHUs KOHIEHCATa,

HIKHIOID  BAKyyMHYy!O  KaMepy 2,  3arpy304YHO-BBITPY30uHBIA  OTcek 3,
BLINOJIHEHHBIH B BHAE €MKOCTH, FEPMETHYHO 3aKPBIBAIOUIYIOCH OBephb 4, KPRILIKY 3,
NPEACTAaBAMIOULYI0 co0OH mnopuiensb, BEIIONHEHHSI B Bule KOHyca ¢ YTJAOM TNIpH
BepuuuHe 60 ° quia cTexaling KoHzaeHcaTa, BaKYyMHEIH HACOC 6, eMKOCTH 7 Afist BOZb!
CO BCTPOEHHBIMM B HUX DJJIEKTPOHAIPEBATeIAMHA 8§, BaKyyMHPOBaHHYK) €MKOCTh 9,
CHCTEMY aBTOMATHHECKOTO yripaBienus 10.
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Pucynox 6.9 — YcrpoiicrBo ans BakyyMHO-COPOLUMOHHOTO

YBNAXXHEHUsST 3aroToBOK OOYyBH
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Cuctema 10 Bkmouaer B ceOsa knanan 11 orceuxu BepxHel kxamepsl 1 or
BakyyMHoOro Hacoca 0, knanaH 12 oTceuky HHKHeH Kameps! 2 OT BAKYYMHOTO Hacoca
6, knanaus! 13 u 14 nanycka Bo3ynyxa B 00e BakyyMHBIe KaMepEl, Kianai 15 oTceukH
BepxHeH Kamepsl | 0T BAKYYMUPOBAHHOH eMKocTu 9, knanad 16 oTceukH HHKHEH
BAKYYMHOl KaMmeppl 2 OT BaKyyMUpOBaHHOH eMxoctn 9, knanaH 17 oTCEUKH
BAKYYMHPOBaHHOH €MKOCTH 9 or BakyymHoro Hacoca 6, gep:katcnu 18
3aroToBok 19.

B ucxonHoM monokeHHH BaKyymuasd kamepa | OTKpbITa, HU/KHAS Kamepa 2
3aKphITA MOABMIKHON KPBIIIKOR — TIOpIIHEM 5, 3arpy304HO-BBIIPY30UHEIH oTCeK 3
3arepMeTH3upOBal ABephio 4, aneKTpoHarpeBarenn 8 BKIFOUEHB! B 00CHX eMKOCTAX
Jns Bomel 7. Baxkyymublfi Hacoc 6 coeauHeH uepe3 KnanaH oTcedyku 17 ¢
BAaKYyMHpOBaHHO/I €eMKOCTEIO 9, Knanausl otcedku 11, 12 BakyyMHbIX xamep 1 u2
OT BAaKyyMHOr0 Hacoca 6 ¥ kiuanaHsel orccukd 15, 16 BakyyMmuBIX Kamep 1 1 2 ot
BaKyyMHpoBaHHoO emkoctrt 9 3akpeiThl, Knanan 13 nanycka Bo3ayxa B BEPXHIOIO
xamepy 1 oTkpeIT, a Kanau 14 Hanycka BO3XYXa B HUKHIOK KaMepy 2 2aKpshIT.

[Ipotiece ypnaxHeng NPOUCXOANT CICAYIOHM 0Opasom,

OTkpsiB ABeps 4, 3aBeLIMBAIOT HA acpxatenu 18, Haxopgyecs B 3arpy3oHHO-
BLIFPY30YHOM  OTCEKe 3, cBA3KM 3aroToBOK obysy 19, BxaouaroT
aneKTpoHarpesartenyd 8 emMkocTH 7 And BoAbl B BepxHeil kamepe 1. Ilocne atoro
3aKphIBAIOT KjanaH 13 u asepbio 4 repMeTHIUPYIOT  3arpy309HO-BBIMPY3IOUHbLIH
otcek. OnHoBpeMeHHO c repmernzauumei nasepu 4 xnanaus! 11 1 15 cocannsior

BEPXHKWIW HAaCTh YCTPOHCTBa, cocrogalieroe H2 BerlIeﬁ KaMCpLl 1 n 3arpy3oyHoro

OTCEKa 3, ¢ BaKyyMHBIM HAcocoM 6 M BaKyyMHpOBaHHOH eMKoOCThlO 9, a KianaH
Hanycka Bo3jlyxa 14 B HIXKHIOIO KaMepy OTKPBIBALOT.

B pe3ynnTaTe BO3HUKILIEH pa3HOCTH JaBNeHWH B BepxHcH HacTH
yCTpoHCTBA M HWKHEH Kamepe 2, nopuienb-Kpeituka 5 ¢ 3arotoskamu 19
nepeMentaeTcs BBepX O YIIopa B 3arpy304HBIi Topell BepxHel padouelt kamepb! K
repmerusupyer ee. Ilpoucxonaur BakyymupoBaHHEe BepxHeil Kamepsl 0 MOMcEHTA
3aKMIAHHS BOABl B E€MKOCTH 7, Iloclle udero orcexaioT knamanaMe 11 u

15 BepxHworw kamepy | oOT Hacoca 6 M BaKyyMHpOBAaHHOIl eMKOCTH 9 u

!
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BbLICPXKUBAIOT 3arOTOBKH OOYBH B NapoBoii cpene. B 310 BpeMs oTKpblBalOT ABepn 4
M Ha Jlepxateliv 18 KpbIIKI-TIOpIIHSA 5 HaBEIUMBAIOT Clle/lyIOLIHe 32r0TOBKH 00yBH.

[Tocne HcTeMeHus BpeMeHH YBIaKHEHHS B BepXHeil Kamepe, 3arpy3ouHo-
BBITPY30UHBIH OTCEK 3 ¢ HMEIOHIMMUCH YKe TaM 3aroTOBKAaMH TePMETH3MPYIOT
OBEPRIO 4 1 BKMOYArOT knanad 13 Hanycka Bo3OyXaB BEpPXHIOO Kamepy I, a
HIDKHIOIO KaMmepy 2 COeAHHsIOT kiamaHamu 12, 16 ¢ BakyyMiibIM HacocoM 6 M
BaKYyYMHPOBaHHO}} EMKOCTBIO O, NIpH 3TOM MOPLICHB-KPLILIKA 5 ONYCKaeTCsl BHH3 H
repMeTHINpYeT HIKHIOW Kamepy 2. Jlamee uMKN yBAakKHeHHsA MOBTOPAETCA B
HIXKHEH KaMepe.

EMKocTH ¢ BOJOH M BCTPOGHHBIMH DJIEKTPOHATPEBATENAMH NS MOJYUEHHS

napa, BINIOJIHGHHBIE B BUE MyCTOTENOIO TOPA, PACHONAratoTCsl BHYTPH KaMep 1 M 2,

YTO I103BOJIAET OJJHOBPEMCHHO € BAKYYMHPOBAaHHEM 3arOTOBOK B KaMepax MoJy4arh
4]
map npu pasncuun  0,01-0,02 Mila wu temnepatype 60-70 "C, obecrieunbasn

HACHILIEHHOCTh BNAro#l mapa npu 3THX ycnoBusx Ha 97-99 %, a Tak kKak npu
HArPEeBaHUH BOJBl B €MKOCTHX, PACTIONOXKEHHEIX BHYTPH Kamep, OAHOBPEMEHHO
NPOUCXOUT HarpeR M 3aroTOBOK B Kamepe, TO OTNanacT HeoOXONMMOCTE B
HCTOJIL30BAHHH JDONOIHHUTENLHOrO nojorpesa HU3KOTEMIIEpATYPHBIMU
HarpesateliamMH, T.€. NPOTPEB Kamep, 3aroToBoK 00YBH, BakKyyMupopalue U
NONyYeHHne Napa NPOUCXOAUT NapasIeNIbHO INPH OJMHAKOBOH TeMICpaType, HTO
HCKITHOYaeT KOHACHCAIMIO N1apa B NpONecce ypiIaKHeHH.

[Tocne oxoHuaiks yBNAXKHEHWS MNpPH HANMycKe BO3AyXa B Kamepy Iap
KOHIEHCHPYETCs, Kannu BMark, CONPUKACAsCh € HAKIOHEHHLIMH Toja yrioM 60°
CBOJAMH BepXHEH KaMepbl HIIM [IOpPIUHA-KPBIIUKY, CTEKAlOT 10 HX OOKOBLIM
NIOBEPXHOCTAM, HE [OMajas Ha 3aroroBKH o0yBHM, B €MKOCTH ¢ Boxoil. Takum
obpa3zoM, OTMajaeT HEOOXOJUMOCTh B CO3JAHUH CHCTEMBI PEUMPKYNAUHM  JUIA
NpcOOTBpallleHda  KOHIEHCAlUMHM napa, He HYXHBI JIOBYWIKH KoHAeHcata H
CHCTEMBI CI'0 OTBO/A.

BakyymupoBadHas eMKocTh 9 mnpefHasHadeHa JJsi COKpalleHUs BPEMCHH

BaKYYMHPOBalUY YBRAKHUTENBHBIX KaMep | K 2, Tak Kak OHA IIOCTOSHHO cogjiniena
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¢ BaKyyMHBIM HacocoM 6 M, BCleACTBHE 3TOTO BCETa UMEET HayajkHOe HaBlieHKre
MEHBIIC aTMOC(i)CpH(')FO. IoaromMy, koraa BepxHsas 1 UNU HUKHSS 2 yBNaKHATENbHbIE
KaMephl COE[MHAIOTCA OJHOBPCMEHHO M C BAaKyyMHBIM HacocoM 6, M C
BaKyyMHpOBaHHOI eMKOCTHI0 9, mpolliecc pasperkeHus BO3JyxXa B DTHX KaMepax
NPOMCXOANT OdYeHb OBICTPO, YTO COKpauaer IpPONOKHTENLHOCTh BPEMCHH
YBIQXKHEHUs, TOBBILAET IIPOU3BOAHUTEIBHOCTL YCTAHOBKH, A TakKe [103BOJAET
palMoHansHee HCT0b30BaTh BaKyYMHBIi HACOC.

YeranoBka He HMEET OTIEJBHOrO NpPHUBOJA JNA NepeMelleHHd MOpIIHA-
KPBIUIKH 5, TaK KaK NoAbeM ec BBEPX MPOHUCXOAUT 3a CHeT Pa3HOCTH JAaBiIeHHH
Bo3ayxa B KaMepe 1 M 3arpy3o4no-BLIrpY309HOM OTCEKeE 3, a ONycKaHUe BHH3 — MMOX

1
AEHCTBHEM CHIIBI TXKECTH.

Ilo 3amanuto Munbnita PCOCP paspabortansl ucxonHselie TpebosaHusi Ha

NPOCKTHPOBAHHE YCTAHOBKH [N YBNaXKieHHs 3arOTOBOK BEPXa W CyUIKH oOyBH B

BaKYyME, NPUBCACHHBIC B IIPUIOKKCHHH.

6.6 [Ipecc ana npuKIeUBAHNS HH3A 00YBH

lagectdsle npeccel ang  NpHKNedBaHHd Huza oO0yBH  coAepiKar
3aKpeIIEHHBIE Ha CTAHWHE JIBE MNpecc-CeKUMH ¢ Mpecc-NoAYWIKaMH U
KOJOIOYHBIMU ynoplamu, THAPONPUBOJI, MMEMOWMI TIHMAPOILIIMEIApPE], Ha IITOKE
KaOXJA0ro M3  KOTOPBIX  3aKpenieHa COOTBETCTBYIOIIAs MNpecc-NOAYIIKA,
aKKyMynsaTop, Macnofak, coeAUHeHHBIH TpyGonpoBoaoM ¢ THAPOUNVHAPaMH, H
anexTpoobopynosanne. HemoctaTkoM TakHX NpeccoB gBASETCH TO, MTO  Ipecc-
[MOAYNIKH NepeMeLIaloTes! K KOJIOAOYHBIM YTIOpaM C MOCTOsAHHOH, HeperylnupyeMoil H
JIOCTaTOUHO BBICOKOH CKOpOCTLio, BcenencrteHe JTOro, MpH noaxoae KOJNOAKH C
3ATAHYTOH Ha Hee 3aroToBKOH Bepxa 0OYBM K KONOZOYHBIM  YIOpaM MPOUCXONUT UX
yAapHOe B3aHMOACHCTBHE, HAONIOAAIOTCA HEONHOKpaTHbIE Clydaud  paspylleHuA
JACPEBSHHEBIX M TIACTMACCOBRIX  KONO/IOK, pa3phbIBEI B ApYrHe JAe(eKThbl 3ar0TOBOK BepXa
00yBH. C uemio yCTpaHeHUs OTMEYEHHBIX HCAOCTATKOB M YJIy4IlIeHnHd

IKCINTYTAUHOHHBIX Ka4ueCTB npecca NpeJIOKCHO TEXHHYCCKOE PCLUCHHE,
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olecneymBarolllee  ABYXCTaMHHBIl  NpolecCe noabeMa Ipecc-MOoAYHIEK: CHayaa
GBICTPO, a NPH NOAXOJE HEIOCPEACTBEHHO K  KOJIOAOYHBIM YIIOPAM - MEIEHHO.
Cymmaproe BpemA NoABeMa Mpecc-TOAYILKE OCTACTCs TAKHM K€, KaK M Ha M3BECTHEIX
npeccax. CymecTBO NPEIOKEHHOrO TEXHHYECKOIO PEIIeHHA COCTOHMT B

crneayloeM (puc. 6.10 ).
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PucyHok 6.10 Ipece sy npuxienBanus Hu3a o0yBH

| = ruiponunuBAp; 2 — OTBEPCTUE B THAPOLMIHHAPE;
3 — Macnobak; 4 — nopuUIgHE; 5 — Mpecc-TIoAYLIKA;
6- 3J1eKTPOMAarHUTHBIHA 30J10THHK; 7 — TpyOonposon
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B Bepxueit wacti palovero ruaponwmnuHApa | BEITONHCHO OTBCpcTHE 2,
coenutenHoe TpybomposoxoM 7 ¢ Macnobnokom 3 uepe3 IneKTpOMArHHUTHBIA
YTIpaBIsieMblil 30JI0THUK 6 OHOCTOPOHHErO JeHCTRHSI,

PaGortaeT npecc cneylommnM odpa3om.

[Tocne yCTaHOBKY MOMYIaph! Ha NPECC-MIOAYLIKY 5 OMepaTtop HaXuMaeT Ha
nefank UIH KHOMKY, H IIpecc-IToRyInKa ObICTpo MOAHUMACTCA BBEpX A0 TeX IIOp,
MOKa HWXHAS TUOCKOCTh nopuis 4 paGovero ruapounmnnHapa | He OTKpoeT
otsepctie 2. [Toce 5TOro HacTh MAC/a 3 FHAPOIIIKAAPA 1 HAauMHACT CIUBATHCS
B MaclobIoK 3 uepe3 OTKPHITEIH 30/M0THHK 6, CKOpPOCTL nojABLeMa npecc-
MOAYINKM YMEHBLIUAETCH, MW OHA ¢ 3aMEUICHHOW (YCTaHOBOUHOI) CKOPOCTEIO
NOAXOMUT K KOJOZOUHBIM YIIOpaM.

ITocne TOro, Kak KOJOJKA ¢ 3aroTOBKOH BepXa 0DyBH KOCHETCA KONOAOYHBIX
yNnopoB, 30JIOTHHK © 3akpelBacicA, W cius Macla no  TpyGonposony 7
npexpauiaercd. Ipuxnensanne Hu3a 00YBH NPONCXOAUT NPH 33JaHHOM YCHIIMH.

30JI0THHK 6 OCTACTCA 3aKPBITBIM A0 TEX MOP, TMOKa IIpecc-NoAylKa Mocie
OKOHYAHHS BPCMEHH NPUKICHBAHKA HU3a 00yBH HC ONMyCTUTCS B UCXONHOE HHKHEE
TIONOYKEHHC, IOC/IE Hero 30/I0THUK 6 CHOBA OTKPbIBACTCA.

Taxum obpasomM, MOXBCM NMPECcC-NONYINKA BBEPX  TNPOHCXOAUT € pasHOi
CKOPOCTBI0, 4 €€ OllyCKaHHC — C OCTOAHHOM CKOPOCTBIO.

JIOCTOMHCTRAa Mpe;anaraeMoro npecca COCTOST B CIEXYHOIUEM: yMeHBIUIeHHE
YHCNA TIONIOMOK JIEPEBAHHBIX H IUIACTMACCOBBIX KOJIOJOK JIHGO MONHOE MX NpeKpalienue;
yMeHbIIIeHHE MK TTOTHOE NCKIIIoYeHHE CIydaeB PasphiBa M APYTUX AeeKTOB 3ar0TOBOK
Bepxa o0yBH, KOTOpEIC MOTYT BO3ZHHKAThL MPU MOJIOMKE KOJIOAOK; COKpauleHUEe WIH
MCKJIOYeHHe [1OTeph BpeMeHM Ha 3aMeHYy IIOJIOMAHHBIX KOJIOAOK, ITOBBILICHHE

Oe3ontacHocT paboTh! Ha npecce,
)

6.7 CnennaiLinie NIHEKOBLIE KOHBEHepPhI

B paznene § yxa3aHo, YTo AN TOro, 4ToObI YBENHUNUTL OCEBYIO CKOPOCTD

NEPEMCLICHUA HaCcTHULI Martepualna IHEKOBBIM KOHBCﬁCpOM, HCOGXO,IIHMO
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NPHMEHUTDL KOXYX, HMCIOMHHA peOpHCTYI0 MK To)pHPOBAHHYIO MOBEPXHOCTE., JTO
HO3BOJINT YBENHYATh CLUEILIAEMOCTh YaCTHLBI C BHYTpEHHEH MOBEPXHOCTHIO KOKYXa
B PE3YIBTATE YEro MOMET BBIPACTH CKOPOCTH €e INepeMelleHHs IO HIHeKY M, Kak
CJ16]CTBYE, TPOU3BOMTCIBHOCT IIIHEKOBOTO KoHBefiepa.

Ha pucynke 6.11 nokazana cxema pa3pa0oTaHHOro HaMH CICHHANLHOTO
iwHekoBoro koHseiiepa. KoHseliep cocrout u3 mHeka 1 u koxyxa 2, MMelouero
NpoAoOJbHEIC rodpsl 3 Mo BHYTPEHHEH M Hapy:kHO#l noBepxHocTH. Cnvpanb 4 HaBHUTa
Ha TpyOuarelli ceppeunnk 5. Koxyx M BWUIKM cnHpany IIHeka MOryT ObITh
H3rOTOBNEHEI U3 IIACTMACCHL. 3TO aeT BO3MOKHOCTh CYINCCTRCHHO YMEHBIIUTh BEC
KoHBeliepa U OAHOBPEMEHHO JONONHUTENBHO MOBLICUTEL €70 MPOH3BOAUTENBLHOCTH
32 cyeT YMEHbIUeHHS Kod(QULMEHTa TpeHHS WYacTMLl TPAHCIIOPTHPYEMOIO

Mmarteprana o padouyio NOBEPXHOCTh CIHPATH LIHEKA.

A ] 2

I AL

b = e w

Pucynok 6 .11 - Cxema WIHEKOBOIO KOHBelepa ¢ ropupoBaHHLIM KOKYXOM.

)
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B pazpene 5 0bI10 TakKe 1MOKa3aHO, YTO €CIH NPUIATH KOXKYXY BpalllcHHE B
CTOpOHY NPOTHBOMONOKHYIO BpalUIEHHIO LIHEKa ¢ OJHHAKOBOI YacToToi, 3TO Oyaer
CocoOCTBOBATL NOBLIMICHHIO TPAHCNIOPTHPYIOIIEH CHOCOOHOCTH  LIHCKOBOIO
KOHBelepa.

C uenpio yaydlICHHA 3aXBaTa MaTcpuana UIHEKOM B 30HE 3arpyskH
NpeUIOKECHO YCTAHOBUTE Ha HUKHEM KOHLE IIHEKA KOPOTKH, paBHBI 110 BCITHYHHE
OJHOMY Iary HaBUBKH CAMpany, ABYX3aXOINHBIH HakoHeuHHK /26/. HakoHeuHHK
MMeeT OCHORHYIO CITNpans 2, HABUTYIO MO BCell JUIMHE, U BCIOMOTATC/ABHYIO CIIUpalh
3, KOTopast HAITONOBHHY KOpO4e OCHOBHOIA.

Jlna Toro, uyToOBl He YMCHBIMATH NPOXOAHOE CEYEHHE MEXKBUTKOBOIO

NpOCTPAHCTBa, 00e CIHPAJIH HMCIOT IIar HABUBKH B 2 pa3a Oolbllc, YeM Yy clupalii

IIHEKa.
| B npouecce paboTel KoHBeiiepa
_\‘ P ] TPAHCIIOPTHPYEMEBIM  MaTepuan  cHavala
Tl
.‘.‘\-
? .“._/ 5 3aXBaTLIBASTCA OOCHMH CIHPANAMY, a 3aTCM
[
3 < i y MOAUUMAsICL BBepX, Meperpyxaerca ¢
|
/ YKOPOUEHHOH CIHpald Ha OCHOBHYIO H IO
< ? ~ y
i Hell MepeMeraercs K 30He BbIrPY3KH.
Pucynok 6.12 - Cxema 1ByX3aX0oRHOTO Hanuuue HaxoHewHuka nono0HOM
HaKOHCYHHKa KOHCTPYKIMH MO3BOMAHT YIYYIUNTL OTBOJ

| MaTepuana B3 30HbI 3arpy3Ky U TEM CaMbIM
UCK/TIOYHUTL BO3MOKIIBIC CNy4ad OCTAHOBKH KoHBelepa 13-3a ero neperpy3xu.

[Ipn TpalcHopTHPOBaHHH IIHEKOBLIM KOHBECHCPOM BIAXKHEIX ¥ ILTACTHHHbLIX
MaTepHanoB MOXKET OBITh HCNONB30BAH 1IHEK, TOKa3aHHBIT Ha pucyHke 6.13,
KOTOpPBIA 00ecIrieYuBacT BO3MOXXHOCTB IepeMellleHUs] TPy30B KOMOHHHPOBaHHBIM
IIHEKONHEBMATHYECKUM cnocobom /18/.

IIInex coctour w3 TpyOuaTtoro cepieunnka | ¢ BUHTOBOW cnupanbio 2 U

paananbHBIMH - KaHanaMu 3, pacnonoxcHusiMd Haz paboveil  [1OBEPXHOCTHIO
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cnupanH, B ceplieyHUK 1 BcTaBsiena BHyTpeHHstst TpyOa 4, xotopas mist oGnerdeHus
BECA IIHEKAa MOXKeET ObITh U3rOTOBMEHA U3 IIIACTMACCH.

Beepxy u BHM3y WIHEKAa YCTAHOBIEHBI YIUIOTHUTENH 5, B pe3yllbTaTe HEro
MEXKIy BHyTpeHHeH TpyOoii 4 u cepaeunuxoM 1 oOpasyercs xoneleBas kamepa. Ha
rpaHule ¢ HHXKIUM yrjotuuTteneM 5 Tpyba 4 umeer paguansHele Ka”albl 6 A

CBSI3M C KOJIBLEBOI KaMepoH.

Ilpu palore wwHeKoBoro kKoHseilepa

CKAThIH BO3/yX MO BHYTpeHHel TpyOe 4 u no

Lh

KaHajiaMm 6 MOCTYNaeT B KONBLUEBYIO KaMmepy

Mesxly TpyOaMu, a OTTyAa Yepe3 KaHalbl 3 —

Ha cnHpane lexa. KonuuecTso BO3nyXa,
MOJaBaeMoOTo Ha Crupab, MOXeT
pPeryJIMpoBaThCs  UHCIAOM W  AMAMETPOM

OTBEpCTHH 3.

IMpu npuMeneHuu 1Heka noJoOHoOI
KOHCTPYKIIHH  TpPaHCHNOPTHPOBaHHWE  Mare-
pHana MpPOHCXOAUT TMpH ONHOBpeMEHHOM
BOBHCHCTBHI/I Ha HEro crypal H CKartoro
BO3gyXa.

Hocnepgnuii, xpome >Toro, cosjaer

BO3AYIUHYIO IMOAYIIKY  MeXOy  TpaHc-

AT AR TUUUUR R R
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NOPTHPYEMBIM  MaTepHanoM u  paboueit

NOBEPXHOCTBIY) CIIHpAlIM IIHEKA, BCIeACTBHE

AT P | PP AP i AT A r A | VA7

qero CYHICCTBCHHO YMCHBITACTCA

kohpuLHeHT CHHA  Marepuana o
PucyHoxk 6,13 buu R P

CIIHMpANY, 4 3HAYMT YBENUUHBACTCA CKOPOCTD
IlTrex ansg TpaHcHopTHPOBaHKUA

Cro rnepeMeIlieHHA No HIHEKY.,
BJIQAKHBIX u NMNIacTHYHBIX

MaTCpHalloB.
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OKCINIEPUMCHTANbHLIM ~ NYTEM  YCTAHOBJIEHO, YTO  JI%  YCIEIIHOIO
TPaHCHOPTHPOBAHHUA BIIAXHBIX M IIACTHUILIX MATEPHAlIOB PAcXOX BO3LYXAa MOXET
Guith He Gomee 0,3 M/MMH npu aaeiaeHun 1,5 kr/cm?, BCIENCTBHE €ETO

JONOJHMATENBbHEBIE PACXONL! BEChMA HE3HAYHTENbHEI,
BeitBoanr:

1. PaspaGoTaH peryasTop yria 0TBOZa YOApHHKA BEIPYOOYHOIO KOHCOJIBHOTO
npecca OT BRIpyOOUHOH IuMTHL, OO0€CHEYMBAIOWMI  BO3MOXKHOCTBE 110BOPOTA
yoapHVWKa MOCNie BBINOMHEHUS INpollecca BhpybaHus Ha TpeGyeMblil yrol,
BCIIEICTBHE HErO MOBLIIAETCA TOYHOCTS PabOTHI fipecca H YMEHBLUAETCH KONHMMECTBO
OpakoBaHHBIX geTaneii o0yBH.

2. Pa3pa60’ra}; CPaBHUTENILHO MNPOCTOH M HeZoporoi crocod TepMHYecKoH
00paboTkyN pexylnX HHCTPYMeHTOB o0yBHOrO HpOM3BOACTBA, oGecieuHBAarQOIni
noBelllieHre X croiikoct B 1,5 — 1,7 paza. Ilpu 3ToM cyllecTBeHHO COKpallaloTCH
3aTpaTbl BpeMEHM M CpeACTB Ha NOjJep:KaHue PCOXKYIUX HWHCTPYMEHTOB B
TpebyeMoM paloyeM COCTOSHHM.

3. Paspaborano ycrpoiictBo OapabaHiioro THpa, 3aUIMUIEHHOE ABTOPCKUM
CBUJIETENIECTBOM, KOTOPOE MOKET ObITh MCIONL30BAHO AN HM3MellbMeHUs! OTXOI0B
o0yBHOrO NpOU3BOACTBR ¢ BO3MOXKHOCTEIO MNONyueHHS ¢pakuuii TpeGyemoro
pa3Mepa.

I

4. BruinonHena  MomcpHM3anus  M3MeNbUMTENst  OTXoHoB  oOyBHOro
NPOM3BOACTBA POTOPIOrO THMHA, oDecreYHBaroWast 3a CUYeT JONOJHUTCILHOIO
nepeMelllennst HoXell yMeHbIlenne YCHNHUI pe3aHus M DHEproeMKOCTH Mnpolecca
H3MENBYeHUS,

5. Pa3paGoraunl NpUHLUHNHANEHO HOBLIE CXEMBl YCTAHOBOK AN BaKyyMHO-
COpOLIMOHHOTO  yBIAXHEHHS 3aroTOBOK OOYBHM, 3alIMUICHHBIE aBTOPCKUMU

CBHJICTCNIBECTBAMH, obecrieunRaoLINe BBICOKYIO 3[bd)CI{THBHOCTB YBIaKHEHHA TIPpH

CYLICCTBCHHOM IMOBBILIEHNH MPOU3BOAUTEIBHOCTH H CHHAKEHHH JHCPIrOCMKOCTH.
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6. Paspaboratel NpUHIMNKANBHO HOBBIE CXE€Mbl BEPTHKANBHLIX IIHCKOBBLIX
KOHBEHEPOB, 3alllMUIEHHLIC aBTOPCKHMU CBMJETENLCTBAMH, ofeclieyHBAIOLIUC
BO3MOXHOCTb [EPEMELUEHUS [PY30B C pasiHYMHBIMH (PUIHKO-MEXaHHYCCKHMH
cpoifcTBaMu 1 obuajaroniie Gosiee BEICOKHMH TPaHCHOPTAPYIOLUMH KauecTBaMH HO

CPaBHEHWIO C U3BCCTHRIMH KONCTPYKUNAMH.
I
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OBHIHE BBIBOJbI Ob OCHOBHBLIX PE3YJIBLTATAX PABOTBI

[Mpobrema  KOHKYPEHTOCNOCOOHOCTH  M3TrOTABIMBAeMOil  NPeANpUATHIMU
CcepBHCAa NPOAYKUMW TIO0 OTHOLIEHHIO K aHAJIOTMYHON, npoussoaumoii B
Pa3BUTHEIX CTpaHaX, IO YCJIOBHAM KayecTBa, YPOBHA 3aTpaT H OXpaHkl
OKpyXalollleil cpelibl SABISACTCA AKTYalLHOH, IOCKONBKY [IPUMEHACMBIC
TEXHOJIOTHH H 000pyAOBaHHE HYXKOAIOTCSI B CYUIECTBEeHHOM YAY4IIEHHH. 3Ta
npodncMa HMeeT Taioke GoMbLIYIO COLNANBHYIO 3HAYHMOCTD.
)
B pesynbTaTe npoBeAeHHOrO aHaNM3a TEXHONOIHMH H3rOTOBIEHHN M pPCMOHTa
o0yBH Ha MNpPeANpHATHAX CCPBHCAa YCTaHOBNCHO, 4TO 1IN ofecneycHHA
BBICOKOIO KadecTBa MPOAYKUHH HEOOXOAUMO YINyONCHHOE H3YHEHHE TaKHX
TEXHONOIHYECKUX TPOLECcCcOB, Kak packpoit actaneit ofyeu, ysnaxHenue
34aroToBoK Bepxa , H3IMCIBMEHHE OTXOJ0B C II€1bH) IIOBTOPHOI'G HX
HCITONB30BAHUA, TPAaHCOOPTHPOBAHHE H3IMENbYEHHLBIX OTXOA0B W IPYIrux
MartTepruanoB H Ha OCHOBe MoNnyYeHHBLIX HayYHEBIX pe3ynbTaToOB
COBCPHICHCTROBAHKE TEXHOIOTHUYECKOTI O 060py11013aﬁn51.
i

Ha ocHoBannu NMPOBCACHHLIX JIKCIICPHMCHTAJIBHBIX HCCHCHOBaIlHﬁ [IOKA34HO,
HTO KaK IHIpH packpoc ,ncmnel?i OGYBH, TaKk M NpH HM3MEJIBUYEHHH OTXO0LO0B
pPE3aHHEM TIPOHCXOUHUT HHTCHCHMBHOC H3HAUIHBAaHHE pa6o'mx HHCTRYMEHTOB,
BCIICACTBHE YErQ IHAYUTCIBHO YBEAWYHBAIOTCH TEXHOINOTHYHECKHE YCUNUA,
BO3pacTalOT HArpy3KH Ha  BRIpyOOUHBIE Hpeccsl W H3Melbyaloulee
o0opynoBaHue, BMecTe ¢ 5TUM, YBEIIMYHBAOTCA 3aTPaThl BPEMEHH H CpeJICTB Ha
NoJJIep:KaHHe peylIMX HHCTPYMCHTOB B TpebyeMom padouem coctosiiuu, C
LEeNLI0 COKpallleHuss OTHUX 3arpar pa3paldoTaH CpaBHUTENBEHO NPOCTOH H
HeJoporoi cn::)coﬁ TepMHyeckofi  00pabOTKH pekylHX HHCTPYMEHTOB,
obecneunBaroiyii noBeiienye croiikoctu B 1,5 — 1,7 paza. Jlauusti cnoco®

BHEJAPCH B HPOH3BOACTRO.
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AHaNHTHYECKH YCTAHOBJICHO, YTO IIPH pacKpoe Aeraneil o0yBu Ha npeccax THIa
IIBI"-8-2-O kauectso BhIpyOacMbiX JeTaneil 3aBUCHT OT TOYHOCTH YCTAHOBKM
YAApHHUKA OTHOCHTEJIBHO BIpYyOotuHOil minTh. ITokazaHo, 1ro, eciii odecreynThb
BO3MOMKHOCTb PperyJIMpOBaHUS YITIa NOBOPOTA YAAPHHKE, 3TO [O3BOJIUT

YMEHBUIMTE KOJHYECTBO AeeKTHBIX JeTaneii, momyyaeMpIX Ip1 packpoe.

[lo pesynpTaTaM H3y4eHWsi TpOIECCOB pe3aHus OOYBHBIX MarTepHalioB,
pa3pa60raﬂbl TEOpCTHIECKHEe M TCXHHYECKHUE pClleHHd, 06ecnequnammue
MOBLIIEHUE stdexTHBHOCTH H3IMENBYAIOIICTo o0opynoBanus H
CnocobCTRyIOMNE YCTICUIHOMY PEIISHHIO polieMbl HCIONB30BAHHA OTX0H0B U
oxXpanbl OKpyxarome#d cpeasl. IHa ypoBHe u300peTeHnss paspabortaHn
SKCHePHMEHTaNbHbIH 06pasel] yCTauoBKH il H3MENLUCHN: OTXON0B 00yBHEIX

MarepHaloB.

Ha ocHoBe aHann3za MeXaHu3Ma BIaronepeHoca B KanWUISAPHO-TIOPHCTHIX
MaTepuanax [oNnyueHa MareMaTHdeckas MojJelh Ipoliecca BaKyyMHO-
COpOHHOHHOIO YBIAXKHEHUS KOXK XPOMOBOro AyoOneHus ans Bepxa oQyBu.
[Noxa3aHa BO3MOMKHOCTH MCIONB30BAHUS NOJYUYEHHOR MOIENH B HHXEHEPHBIX
pacyeTax napaMeTpoB BaKyyMHO-COpOIHOHHOTO YBNa)KHEHHUS 3arOTOBOK BEpXa
ofyBH Ans MOCTHKCHUS TpeGyeMOro MpuBeca BNAarM B KOXKAX XPOMOBOTO

nyOleHuS,
I

o pesynpTaTam npoBEACHHOTO aHANH33 TEOPETHIECKUX H DKCTIEPUMEHTANIBHBIX
HCCIICAOBAHHH Npoliecca BAKYyMHO-COpOIHIOHHOTO yBNakKHEHUS pa3paboTaHbl
NPUHIKITHANLHO HOBbIE CXEMBI YCTAHOBOK JUIA €r0 pPealH3aldH, 3amUIIeHHLIE
aBTOPCKHMU CBUJAETEJBCTBAMH, O0ecleuuBarolyie BBICOKYIO 3((DeKTHBHOCTh
YBIAXKHEHHsI NpPH  CYINECTBEHHOM  NOBSIUEHHH  IPOU3BOAMTENBHOCTH.
PazpaboTransl # nepenaHbl  [POESKTHO-KOHCTPYKTOPCKHM — OpraHH3alUsM
UCXOAHblE  TpebOBaHHA HA NPOEKTUPOBAHMUE YCTAHOBKH I yBAAXKHCHHA
3arOTOBOK Bepxa ¥ cywlky olysu B BakyyMme. DKclepuMeHTalibHble obpa3itbl

YCTaHOBOK BHEIPEHEI B ITPOHU3BOJCTBO,
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Ha ocHOBaHWH aHANMMTHUECKUX MCCIeAOBaHHil paspaGoTaHa TeopHs npolecca
TPAHCIIOPTHPOBAHHUA MATEpUaANIOB  BEPTHKANLHBIM IIHEKOBBEIM KOHBEHEPOM €
BpallalOMMMCS  KOXKYXOM, [IO3BOJSION(As  YCTaHOBHTEL  3aKOHOMEPHOCTU
JABIDKEHUs TIpy3a n[pH BpalleHHH KOXyXa HaBCTpeuy BpalleHHMIo [IHEKa,
JOKa3aHa  BO3MOKHOCTB  3HAYUTENBHOrO  MOBBINCHHUE  3(¢eKTUBHOCTH
Q)yHKuHOHHpOB?HnH KoHBeiiepa 3a cyeT yBeJIMUEeHH S [IOCTYNaTelbHOH CKOPOCTH

NEPEMEINCHHUA MaTepuaia H YMCHBLICHUA COHpOTHBHeHHﬁ B 30HE 3arpy3KH .

B pesynbtaTe 1npoBelEHHBIX 3KCNEPHUMEHTOB YCTAHOBJIEHO ONTHMANLHOE
COOTHOUIEHHE YIVIOBBIX CKOpPOCTEH KOXyXa H LIHeKa, paBHOe eIuHHLE.
JiokazaHO, 4TO NpH 3TOM COOTHOILIEHHH LIar HaBUBKH CIIHPANH IMHCKA MOXKET
OLITL yBenMYeH [0 NOAYTOpa €ro JHaMeTpoB IO HAapy:KHOMY pasMepy, 4TO
obecnedynpaer Oonee KOpPOTKHH NyTh TpPaHCHOPTHPOBAHUA  MarepHana,
YMEHBILIZET BeC IIHEKA H COKPALIAET pacXoibl Ha €70 H3rOTOBNEHHE.
I

o pesynbraraM JKCNEpUMEHTAIBHBIX HCCIIEOBAHHNI MOKA3aHO, YTO IIHEKOBLIH
KOHBCHED € BpAIMAIOLUMCSH KOKYXOM IPH COOTHOLICHHH YIVIOBBIX CKOPOCTEH
IIHEKa M KOKyXa, paBHOM €IHHHUIE, 0 Mepe H3HOCA CIIHpanH coxpaHseT Oonee
BEICOKHE TPAaHCMOPTHPYIOLHE KadecTBa IO CPABHEHMIO C BapHAHTOM, KOr/a
KOXKYX HEMOLBH)KCH. YCTaHOBKa Ha IIHEKE IBYX3aXOJHOr0 HAKOHCYHHKA C
OnHOfl  YKOPOYEHHOH CNHpalblo  ODCCNEYMBAEGT  yBeNHUeHWE obneMa

nepeMenicHHoro marepuana gHa 10-20 %.

CpaBHHTenBHmFII alanu3 NpPOM3BOAUTENBHOCTH M Y/ENbHBIX 3HEpro3artpar
HIHEKOBBIX KOHBCHEpOB C HEMOABHKHEIM M BpalIalOIIMMCS KOKYXOM MoKazas,
YTO BO BTOPOM CJly4ac yAeIBHBIC SHepro3arpaTsl MeHblle B 1,2-1,9 pasa 3a cuer
Oonee  BBICOKO  mpousBomdrensHocTH  koHBeitepa. Ilo  pesynsraram
ucciieopannii  pa3paloTaHbl  NPHHUHUINAIALHO HOBBIE CXEMbBl LIHEKOBbLIX

KOHBGﬁGpOB, 3allMUIEHHBIE ABTOPCKUMH CBHACTCIECTBAMH.
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12. Cymmapnbiil ronosoff skoHoMuueckuil 3ddext 10 BceM peaM30BaHHBIM K
HACcTOALIEMY BpeMeHU pa3paborkaM, TMOATBEPXKJIEHHBIA JIOKYMEHTANLHO,

coctasnset 1015 Tric. pyod.

OcHoBy IHCCEpTALIMOHHOM PadOTH! COCTABNAIOT pe3yJLTATHI MHOTONETHHX
HCCIEZOBAaHNi, BRINONHEHHLIX aBTOpoM Ha kadenpax «O0opynoBaHie npeanpUaTHii
OriToBOrO obcny:xuBauusa», «MalIHHBl M annaparsl JIETKOH NPOMBIIIEHHOCTHY,
«[IpuknagHas Mexauuka H KoHcTpydpoBawxe Mamdn» IITHUBO -~ AFAC —
IOPTYOC, 3aBeayroniM KOTOPLIX #ABMANCS B pasiible nepuons! ¢ 1980 r. u mo

HacTOALIEC BpeMA.
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MPUNOXKEHHE 1

!

NWCXOOHbLIE TPEEOBAHUA K USAENUIKO «MATIOTABAPUTHAA
KOMBUHUPOBAHHAA YHUBEPCAJIbHAA YCTAHOBKA OITA
YBINAXKHERNA 3AFOTOBOK BEPXA U CYLWIKW OBYBWU»

n.1.1 Obwune cBeaeHun

M1.1.1.1 ObocHosarue yenecoobpasHocTu paspaboTkn

KadecTBeHHOC BEHITIONHEHHE ONlepallHii «yBRaKHeHHA Bepxa o0yBu nepen ob-
TSKHO-3aTSDKHLIMH ONEpallAMH» U «OCHOBHAs CyIUKA 3aTAHYTOH Ha KOJIOAKY 00y-
BEM» B 3HAUHTENLHON CTENeHN onpeiaenseT GopMoycToiIMBOCTE U TOBapHBIl B ro-
TOBOTO M3aenus. BoillodHeHNE 3THX onepaunii ABnseTcs 00A3aTeabHbIM MPH TTOHIH-
Be, KPYNHOM PeMOHTe K OOHOBIEHHUH KOXaHOH o0yBU pa3niuuHBIX METONOB KpCIulc~
Hus Hu3a. Ha npeanpustusx GwiToBoro obcny:kuBaHUs Manoil MOIUHOCTH (aTeibe H
YUACTKH CHEUHANU3HPOBAaHHEIX (ha0pHUK co CMEHHBIM BhIIyckom Ao 50 nap) yslaxk-
HeHHe 3aroTOBOK NPOM3BOAMTCA BPYUHYIO B KUIAKOH cpene, ¢ mocnenyroumeit npo-
NeKKOH, a CyILIKa 3aTAHyThIX HA KOJIOJKH 3aTOTOBOK — Ha CTe/NIa)Kax HIM CYIIHIKOH
KyCTapHOro Npon3BOACTBA. Takoe BLINOJIHCHHE Onepaludii He CIocOOCTBYET yhyd-
IICHHIO KauecTBa oOpabarsiBaeMoil 00yBH Mo pocTy ob6BeMa ycnyr u3-3a clenylone-
ro:

a) pyuHOH cnidcol yBnaxkHeHns He obecneuvpaeT TpebyeMelil NpuBec BIard 1
€€ pacnpefenenue no TONHIMHE 3aroTOBOK, UTO CKa3hkIBASTCA HA KAa4eCTBE BEBINMOJIHE-
HUs NMOCHEAYIONMX OTicpaltii, YBEHUHBAET pacxoJi (opueHTApoBodHO Ha 1,5 %)
MaTepuana Ha 3aroTOBKY, CHWXKACT JKCITyaTallMOHHBIC ITOKa3aTean obyBH;

0) yBIIa)KHECHIE B €CTECTBEHHBIX YCIOBHAX C IIPOJIEXKKOH U eCcTecTBEHHAs CyLI-
Ka YJJMUSAIOT CPOKH BBINOJIHEHWs 3aKa30B, YReNUUHBag o0BeM HezapepIIeHHOTO
PON3BOJICTBA;

B) CYLIKa 00yBH B lIKadaX KyCTapHOH KOHCTPYKLHY MPOHCXOJHT, KaK IpaBH-
O C HAPYIIEHUAMH TEXHOJOTHIECKHX PEKHMOB, YTO BEI3BIBACT YXYAICHHE KATCCT-

Ba H3AeTHi. '




















































































































































































