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PA3ZPABOTKA HOBOI'O MAJIBHO - TPEITAJIBHOI'O AT'PET'ATA
JJIA TIOJYUYEHUA JJIMHHOI'O JIBHAHOI'O BOJIOKHA
E. JI. ITamuun
KocTpoMckoil Tocy1apCTBEHHBIN TEXHOJIOTUUYECKUH YHUBEPCUTET

Aunomayus. B cmamve npedcmaénenvt pezyivbmamvl nO 0OOCHOBAHUIO U
paspabomke MawiuH, 6X00AWUX 6 COCMA8 MAIbHO-MPENalbHO20 azpe2ama
(MTA) ona nonyueHus mpenamoz2o JbHAHO20 BOJIOKHA KAK Cblpbs OJiA
MeKCmuIbHoU npomvlunenHocmu. Paboma evinoanena no saxasy Muncenvxosa
P® xonnexmueom KI'TY coemecmno c Heanosckum mexanuueckum 3a6000M
um. I'K. Koponésa. OcHogHbIM omauyuem CO30AHHbIX MAUUH SA61AemCsl
B03MONCHOCMb NepepabomKU TbHAHOU Mpecmyvl C NOBbIUEHHOU sapuayuel eé
ceolicmé 3a  cuem  UCHONb308AHUS  NPUEMO8 U  paboyux  OpeawHos,
obecneyusarowux ouggepenyuayuro 8030eUcmeutit. no Ux KoJaUvecmsy u
unmencusHocmu. Kpome >moeo, co30aHHass mexHUKa aoanmuposaHa K
B03MOINCHOMY UCNOTILIOBAHUIO CUCEM YHPABLEHUS PEHCUMAMU €€ Pabombl.

[Ipobnema cTaOunIbHOrO OOECHEYEHUsT OTEYECTBEHHOM TEKCTHIIBHOU
IPOMBIIIJICHHOCTH COOCTBEHHBIM CBHIPHEM SIBIISIETCSl aKTyadbHOW U COTJIACYeTCs
C pEeLIeHMSIMH PYKOBOJCTBA CTpaHbl IO HMMIIOpTO3aMeEIlleHHuI0 [1] Ha OcHOBe
pa3BUTHS COOCTBEHHOM CHIPHhEBOit 0a3sbr [2, 3].

B mnacrosmee Bpems B Poccum pabGotaer okono 60 1bHO3aBOJOB,
IPOU3BOISIINX JIbHAHOE BOJIOKHO JUIsl TEKCTHIIbHBIX npennpustuil. Ha Hux B
OCHOBHOM pabotaeT oOopyaoBaHue, co3aaHHoe g0 1991 roma, wu
OpPMEHTHPOBAHHOE Ha TiepepabOTKy MoOUYEHIOBOM TpecThl. EE cBoiicTBa B
OTJIMYHE OT CTIIAHLIEBON TPECTHI ABJIAIOTCS 00JIe€ OJHOPOIHBIMHU.

Hcnone3yemass B TO BpeMs TEXHOJIOTHA MpeaycMaTpuBajia CYIIKY
cTebiiel TpecThbl 70 TpedyeMoi BinaxxHOCTH (12-14%), 4To ObLIO BO3MOKHO MPHU
3HAYUTEJBHBIX TOCYJApCTBEHHBIX JOTAlUSX Ha DSHEPIeTUYECKUE PECYPCHI.
JlanHO€ OOCTOSITEILCTBO M CBOMCTBA MOYEHLIOBOM TPECThI MO3BOJISLIN
UCIIONIb30BaTh  MsUIbHO-TpenanbHble  arperathl  (MTA), cocrosiue U3

OJHOCEKIIMOHHON MSUIBHOM MAIIMHBI M JABYXCEKIHMOHHOW TpenaibHOM. OHM



oOecreyrBajii MaJlbIM YHCJIOM TEXHOJIOTMUECKHX BO3JCUCTBUN B MpPOLECCE
OpoMHHA CTeOJNe W TpenaHus ChIplia TOJy4YeHUE TPEMAaHOTO BOJIOKHA,
yIOBJIETBOPSIOLIETO TPEOOBAHUSAM CTaHAAPTOB.

CoBpeMeHHas IIPaKTUKa  OpPHEHTHPOBaHAa  HA  IOBCEMECTHOE
UCIIOJIb30BaHNE MHTEHCHBHBIX MAIIMHHBIX TEXHOJOTUH YOOpKH JbHA C TOJI,
NOJIyYEHNE CTJIAHLIEBOM JIBHSHOM TPECThI, KA4e€CTBO KOTOPOW 3aBUCUT OT
HOTO/IHBIX YCJIOBHM, a TakKe Ha €€ MOCTaBKY Ui JaJbHENIIel nepepaboTku B
BHJIC€ DPYJIOHOB. B COBOKYIIHOCTH 3TO NPHUBEIO K CYIIECTBEHHOMY pPOCTY
Bapualuu CBOMCTB TpecThl [4]. MI3MEHMINCH Tak:Ke 3KOHOMHUYECKUE YCIIOBUS
IIPOM3BOJICTBA: IMPOM3OLIENI POCT LEH HA JHEPTOHOCHUTENH, JIMKBUAMPOBAHA
NOTAlMOHHAs MOJJEpP)KKa JIbHO3aBOJMOB. BciencTtsue  BBIIECKa3aHHOTO,
VICIIOJIb3YEMBIE MTA o COXpaHEHUA IIOBBILIEHHOIO YPOBH:A
IIPOU3BOAUTEIILHOCTA M KadecTBa BOJOKHAa CTaJIM HE  YIOBJIETBOPATH
TpeOOBaHMSIM [0 YBEJIMYEHUIO KOJIMYECTBA BO3JAEHUCTBHA NpHU MepepadOoTKe
JbHA, YTO TPUBENO K 3HauuteapHOMy pocty (mo 50...60 %) monu
HE0paOOTAHHBIX BOJIOKHUCTBIX mpsiaed. X 0COOEHHOCTbIO — SABISETCS
IIOBBIIICHHOE COJEPKAHUE KOCTPBI, COCPEAOTOYECHHOM B CPEOHUX YYaCTKax
ropctu. lloBbllieHHast J0as Takux mpsaedl (HemopaOOTKM) BBIHYXKIAET
NpEeANPUATHS HECTH JIOTIOJIHUTEIbHBIE 3aTPAThI U3-3a UX MOBTOPHOU 00pabOTKH,
YTO yXyJIIaeT peHTa0eIbHOCTh MPOM3BOACTBA M BEIET K CHIKEHHUIO BBIXOJa
JUIMHHOTO BOJIOKHA.

[Ipu Takoi cUTyauuy Ha MPAKTUKE CTAId PACCMaTPUBaTh BO3MOXHOCTH
npUOOPETEHUSI U HUCMOIb30BaHUS UMIIOPTHOM TEXHUKH, CTOUMOCTh KOTOpPOH B
3...4 paza Oonblue, yeM oTeuecTBeHHOH. OpHako ampoOaius 3aKyIJIeHHBIX
00pa31oB BBISIBUIIA UX HEAOCTATKH, CBSI3aHHBIE CO CHEIU(PUKON OTEUECTBEHHOTO
Chlpbsi (TIOBBIIICHHAsl BJAXXHOCTb, HEOJHOPOJHOCTh CBOMCTB M, OCOOEHHO,
KOPOTKHUE CTEOIIN).

[ToaTroMy BO3HUKIA HEOOXOIMMOCTh CO3JaHMsl Oo0Jiee COBEPIICHHOMN

KoHCTpyKIMu MTA, ananTupoBaHHOHN K CBOIICTBaAM OT€YECTBEHHOW CTIAHLIEBOI



JIbHSIHOU TPECTBHI.

B oaroi cBA3M B pamMkax [ocymapCTBEHHOM MpOrpaMMbl pPa3BUTHSA
CEIBCKOTO XO34MCTBA U PEryJIMPOBAHMS PBIHKOB CEJIbCKOXO3SIMCTBEHHOU
OPOIYKUMHU, ChIpbs U mpojoBoiabcTBUA Ha 2013-2020 rr. (yTBepkaeHa
[IpaButensctBOM P®, moctanosienue Ne 717 ot 14 wutons 2012 r.) Obum
NOCTABJIEHbl 3aa4d MO CO3JAaHUI0O HOBBIX OTE€UYECTBEHHBIX MAIIMHHBIX
TEXHOJIOTUH ITPOU3BOACTBA JIBHAHOIO BOJIOKHA.

ITo pesynbraTtam, opranuzoBaHHoro B 2008 roxy MuHcenbxo3zom PO,
koukypca HUOKP nnst pemenust atoit mpoGiemsl Obut BeiOpan Koctpomckoit
rocyaapcTBeHHbI TexHoJornyeckuil yausepcuret (KI'TY), B koTopom HayuHas
mkosia noj pykoojactBoMm E.JIL. Ilammba morna obecneuuTh pelieHHE psiia
TEXHUYECKUX 3a/lad MO TOBBIIICHUIO 3(P(HEKTUBHOCTH TMOIY4YCHUS TPEMAHOTO
abHa. OIHOM M3 HUX SABJSIETCS COBEPUICHCTBOBAaHUE IPOLIECCA IOATOTOBKHU
JBHSHOTO cChlpua K Tpenanuto. OOpa3yeMblil Mociie MNPOMUHA TPECThI, OH
OpEJCTaBIsIeT COO0OMl BOJIOKHHUCTYIO MacCy C COJEpKAHMEM HACBITHOW WU
IPUCYIIMCTON KOCTphbl. [lo mpuymMHE I0CTaTOYHO BBICOKOM HMHTEHCUBHOCTHU
BO3JICHCTBUM B NPOLECCE MATHS M HEYAOBIECTBOPUTEIBHOIO KAadeCTBA ChHIPbS,
BOJIOKHO B CBIpLE MOXET pa3pbIBaThCs, YTO MNPUBOAUT K OOpa30BaHMIO
KOPOTKOBOJIOKHUCTBIX ()paklMif, KOTOpPbIE HE MOTYT OBbITh BBIACICHBI MPH
TpPEMaHWU B BHJIE AJMHHOIO BOJIOKHA M HEU30€XKHO MOMaayT B OTXOJBL
[ToaToMy oOecriedeHue YCIOBUH  CHMJKEHHMS  BOJIOKHUCTBIX  OTXOJIOB,
yIY4IIEHHOTO yJAleHUs KOCTPbl U OOOCHOBaHHE PEXKMMHO-KOHCTPYKTHUBHBIX
napamMeTpoB MallWH I UX pealu3aluy SBWIMCh OCHOBOM HOBOIO croco0a
00paboTku [5], KOTOpBIM OBLI MPHUHAT K pealu3aluu MPU CO3JaHUM HOBOTO
MTA.

Haunnas pa3paboTky, ObUIO IPUHATO PEIIEHUE O COXPAHEHUH OCHOBHBIX
OPUHLIUIIOB 00pabOTKM JBHAHOW TPECThI: MOATOTOBKA CIOS CTEONel, ero
YTOHEHHE, NPOMHH M TpenaHue cbipua. OTinuuMs peaycMaTpuBaIuCh B

obecrieyeHnu MOBBILIEHHOMN nuddepeHnanum BO3JICHCTBUIA Ha



oOpabaTphiBaeMblii MaTepuadl ¥  BO3MOXKHOCTU HCIOJB30BAHUS CHUCTEM
yIpaBJeHUs peKuMamMu paboThl BHOBb CO3JaHHBIX MAIllUH B 3aBUCUMOCTHU OT
W3MEHSIOIIMXCA CBOWCTB II0TOKA CTeOJIed JibHA. VcCronp30BaHMe Takoro

10JIX0/Ia BIICPBBIC OBLIO MPEI0KEHO B paboTax [6, 7].

Paszpabomka u cozoanue cnoegpopmupyrouweii mawunsi[8-13].

[IpoBenénnsie B KI'TY wuccnenoBaHus BBISIBUIIM — CYIIECTBEHHYIO
B3aMMOCBSI3b BBIXOJIa ITTAHHOTO BOJIOKHA C MOKA3aTEIeM MPUTOTHOCTH CTEOIeH
K TpenaHuto [/, KOTOPBI 3aBUCHUT OT JJIMHBI CTEOJEH, UX HAKIJIOHA, YIJIOBOM
JI€30PUEHTALINH IPYT OTHOCUTENIBHO JIpyra U PacCTIHYTOCTH B CJIOE.

JlokazaHo, 4TO BEJIMYMHOW MPUTOAHOCTH K TPEMAHUIO MOXKHO YIIPABIIATH
MOCPEACTBOM M3MEHEHHUSI MOJIOKEHHUS CJI0Sl (KOOPAMHATHI PacroiokeHus: X) 1o
OTHOIICHUIO K JIMHUSIM 3KMMHBIX TPAHCIOPTEPOB TpenaibHOM MamnHbl MTA.
[IpuMeHUTETPHO K  YINOMSHYTBIM CBONCTBAM  JIBHOTPECTBI  CYIIIECTBYET
ONTUMAaJbHAs KOOpJAMHATA pacnojoxeHus cios X,,,. Ha mnpaktuke, kak
npaBwio, oOpabotka npHOTpecThl Ha MTA mpou3BOAUTCS B YCIOBHUSX
OTKJIOHEHHSI KOOPAWHATHI PACIIOJNIOKEHUS CIIOS OT €€ ONTUMAJIBHOTO 3HAYEHUS
(puc. 1). BenmnuuHa 3710 pa3HULIBI MOXKET JOCTUTaTh 25...30 cM, YTO BBI3BIBAET
cHmkenue npuroaHoctd 10 30...50 %, a 3HAYUT W YMEHBIICHUE BBIXOJA

JJIIMHHOI'O BOJIOKHA.
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Puc. 1. Bo3aMoxHBIE pa3zaudusi ONTUMATBLHON U (DaKTUYECKON KOOpAUHAT
PACIIONIOKEHUS CII0sT JIbHOTPECTHI Ipu €€ 00padoTke Ha MTA



N3ydass 0coOEHHOCTH MO3TAaHOW MEXaHUYeCKOH 0O0pabOTKH JIbHSHOM
tpecthl Ha MTA 10 mnpouecca TtpenaHusi, ObUla BBISBICHA 3aBHUCHUMOCTD
YXYALICHUs] MOKa3aresl MPUTOJHOCTH MPU pean3aluu cioeyToHeHus. [lpu
JAHHOM OIlepalM¥ 3HAYUTENIPHO YXYHAIIAETCS CTPYKTypa CJHOSI 3a CUET
yBEJIMYEHUS YTJIOBOW J€30pUeHTaK cTede 2a.

[Ipy yMeHbIIEHHH CTENEHH YTOHEHMs cJiosi (HampuMmep MOCpPEeICTBOM
COKpAalIEHUs] 4YMClia 30H YTOHEHHS B CYIIECTBYIOUIEH clioeopMupyromei
mamuHe [1JI) MOXHO CHHU3UTH YIVIOBYIO JE30PHEHTAIMI0 U  YIY4IIUTh

MoKa3aTeslb IPUTOHOCTH JI0 TPEX pas (puc. 2).

[Jpuzadkocme cA05 Kk mpenanue 17

Puc. 2. 3aBucuMocTh nokasaresst npurogHoctu 17
OT CTENIEHU YTOHEHHMSI U YTJIOBOM JI€30pUEHTALIUU CTe0sIel B clioe

OpHako yMEHbBIIIEHHE CTEIEHH YTOHEHHS CJos He OyneTr obecreyuBaTh
TpeOyeMyro sl mocleayrome oopaboTku (IpOMUHA U TPEMaHus) TOJITUHY
CJ10s. ITO 0OCOOEHHO BAXKHO JIJIsl IEPEPA0OTKU HEJIONEHKAION TPECThI UITU TIPHU €€
TOBBINICHHON BIQKHOCTH.

[ToaTOMy 1UIs1 yBEJIMYEHHs] MPUTOJHOCTH B YCIOBUSX HEU3MEHHOCTH
yyucia 30H YTOHEHHMS BO3MOXEH JIpyroil BapwaHT: MNPUHYIUTEIHLHOE
YMEHBIIIEHUE HWCXOJHOW VYIJIOBOM [E€30pPUEHTAlMM TEPENl CIOCYTOHSIONIEH

MAIITUHOU.

Takum 00pa3oM, 0O pe3yabTaTaM MCCIEIOBAaHUN  MPEIJI0KEHbI



HalpaBJICHUs] YIYYIIEHUS TIOKA3aTedsl MPUTOJHOCTH B 3aBUCUMOCTH OT
HMCXOJIHBIX CBOMCTB cTeOIEH U CJI04:

— 3a cu€T 00ecCreueHUs] ONTUMAIBHON KOOPAUHATHI MOJIOKEHUS CIOS X5

— TOCPEJCTBOM H3MEHEHHSI CTENEHU YTOHEHUsSI WIM TPUHYIAUTEIHHOTO
YMEHBIIECHHS UCXOIHOW YTIIOBOU JI€30pUECHTAIINU 2.

3amMeTUM, 4YTO O3TH pPEIICHHUS TPeOYIOT MPeIBapUTEILHOTO KOHTPOJIS
napaMeTpoB TMOCTymnarome Kk mnepepadotrke Tpecthl. [losTomy  ObLIM
NPEIJIOKEHBl  CTOCOObI  OECKOHTAKTHOTO  KOHTPOJS CBOMCTB  CTEOIEH.
[IpuMeHuTenbHO K HUM pa3pabOTaHbl TEXHUYECKHE PEIICHHS MO HU3MEHEHHUIO
KOHCTPYKIIUU clIoeopMHUPYIOIIEeH MaliuHbI (puc. 3).

B wactHOCTH, JUIs1 TOATOTOBKHU CJIOS1 OBLT BBEACH y3ed 1, IpeaioKeHHbIN
B.b. CokonoBeim u H.K. CopoxuHbiM, 00€cneYuBarOIIMiA BCTPSIXUBAHHE
COBOKYMHOCTHU cTebsiel B cioe. [JaHo 000CHOBaHKE MO MCIOJIb30BAaHUIO HOBOTO
KoMiIeoAOuBaTeNst 2, KOTOPHIN pacroyiaraeTcs Ha ClenuaibHON miaTdopme ¢
BO3MO>KHOCTBIO CMEILIEHHUS CII0S OT JIEBOTO KpalHEro MOJIOKEeHUs 10 TpeOyeMoil
ONTUMAILHOM BEJIUYUHBI X,

HemocpencTBEHHO — CIIOSYTOHSIIOMIMK  MEXaHU3M OBLIO  MPEIJIOKEHO
YCOBEPIIIEHCTBOBATH CJIENYIOMUM 00pa3oM. [[ist u3MeHeHus: CTENeHN YTOHECHUS
CJI0Sl IPUMEHUTEIBHO K TPEM IOCJICAHUM BajaM 3 YTOHSIOIIMX JUCKOB BBEJIU
WHJUBUAYaJbHbIE TPUBOALI — MOTOp-peAykKTopbl 4. OHM MO3BOJIWIH
MOCPEACTBOM HCIIOJB30BaHUSI PETrYJIATOPOB YacTOThl IJIABHO U OINEPATUBHO
U3MEHATH CTENEeHb yTOHEeHUs oT 2,8 1o 11,6. Takoe n3amMeHeHrne MOXKHO JIOCTUYb
u 00Jiee MPOCTHIM PEIICHUEM — JIUCKPETHBIM M3MEHEHUEM CTETIIEHU YTOHCHMS
IIyTEM UCIIOJIb30BaHUs LETHBIX NIepeaay.

1 TpUHYIWUTENIBHOTO CHMXKEHHSI MCXOJHOM YIJIOBOM JE€30pHUECHTALUU
cTebiiell ObLIO MPEJIOAKEHO BBECTH IMEpe]l 30HOM YTOHEHHUS JOTOJHUTEIbHBIN
y3el 5 JJisl CrpyKuBaHMs cTeOJIel B ClIO€ U, KaK CIIEICTBUE, MUHUMU3AINKU UX

YIJIOBOM JIE30pHUEHTAIIMH 110 criocoOy [14].
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Puc. 3. Cnoedopmupyromas ManmHa ¢ HCTIOJIb30BaHUEM
HOBBIX y3JIOB: & — TEXHOJIOTHYECKAs cXeMa; O — 00bEMHAsI MOJIETb

beiu co3manbl SKCIIepUMEHTAIbHBIE 00pasiibl YKa3aHHBIX y3J0B MAIlIUHbI
JUTSI TIOATOTOBKU CJIOS, @ Tak)Ke OJOK TEXHUYECKOTO 3PEHUS I KOHTPOJIS
KOOPJAMHATHI PACIIOJIOKEHUS CJIOS, YIJIOBOM JIe30pUEHTalNK cTeOJel, uX IBeTa,

JUTMHBI ¥ PACTSHYTOCTH IO KOMJIEBBIM M BEPIIMHHBIM KOHIIaM (puc. 4-9).



Berpsxusaromue cnoi
KOJIKOBBIE PEMHH

KOMHCHOI[6I/IB3.IOH.IEI$I
IIJIaHKa

IIpuBon mnst
NEpEMEILECHUS
KOMJIETIOIOMBAIOIIEH
IUTAaHKU

[Tepemeniaromasics
wiatdopma ysia
CMeEILEHUS

IIpuBon nepemenieHus
1aTOpPMBbI
Puc. 4. Y3nul AJI1 BCTpAXUBAHMA CJIOSA KOJIKOBBIMHU PEMHAMU U OJIs1 CMCIICHHA

CJIOSI B TPOTIECCE €TO KOMJICTIOJOMBAHUS

MoTtop-penyKTophl 1Jist
M3MEHEHUS 4acTOThl BpaIllEHUS
TpEX MOCIEAHUX AP
CJIOCYTOHSIIOIINX JUCKOB

Puc. 5. MoTop-penyKTopsl [Jid IIIABHOTO U3MEHEHUS CTEIICHU YTOHEHUS CJIOSI
B CJIOCYTOHSIOIIEH MAIIIMHE



Puc. 6. Y311 npuBoa 111 IMCKPETHOT'O M3MEHEHUS YUCIa 30H YTOHCHHUS |
BapUaHTHI CO CTENEeHbIO yTOHeHus: a—11,6; 6 — 6,5

CWCTEMA PACTIOINAS

Puc. 8. CucteMa KOHTpOJIS TapaMeTPOB CIOs Puc. 9. UuTepdetic ¢
pe3ynbTaTaMy UICHTUPUKALUN
apaMeTpoB CJI0S JIbHSIHOU TPECTHI
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B mpomecce wucnbiTanmii  JokazaHa uX  pabOTOCIOCOOHOCTh U
BO3MOKHOCTh YJYUIIICHUS TOKa3aTesasl MPUTOJHOCTH CTeOsieil k o0paboTke.
[ToaToMy OBUIM TOATOTOBJIECHBI NMPEIOKEHUS VBaHOBCKOMY MEXaHUYECKOMY
3aBOJY VM. I'.K. Koponéra o W3MEHEHUIO KOHCTPYKIIUH
CJIOENOJITOTOBUTENIbHBIX Y3JI0B U MAIllMH, U UX UCHOJIb30BAaHUIO NIPU CO3JAaHUU
HoBoro MTA. Hrorom coBmectHoi pabotel kadeaper TIJIB (KI'TY) u
COTPYIHUKOB yKa3aHHOTO 3aB0J1a SIBUJIOCHh CO3JJaHME HOBOM ci0edopMHUpyrolen

MarruHbl (puc. 10).

Puc. 10. Cnoedopmupyromas mamurna arperatra MTA-3J1 ¢ y3nom
KOMJICTIOJIOMBAHUS 1 CMEIICHHUS CIIOS

Pazpabomka u cozoanue manvnou mawmunst[8,9, 11,15, 16, 19].
B npomnecce nposenenuss HUOKP Ob110 0OpaliieHo BHUMaHUE HA TO, YTO
B M3BECTHBIX HMMIIOPTHBIX arperarax B  OCHOBHOM  MCHOJIb3YIOTCS
MHOTOCEKITMOHHBIE MSUJIbHBIE MaliuHbl. (OCHOBHBIM HMX TPEUMYIIECTBOM
SBISIETCS (UKCAIMS CJIO0S 3aKUMHBIMH TPAHCIIOPTEPAMH, HAaYMHAS C dTama
npoMuHa cteOJel U 10 BbIXoJa TPEMaHoro jJbHa. Mexay ceKuiaMu (UKcaius

CJ104 MPEAYCMATPUBAET HAIMYHE y3J1a IepEeXBaTa Ciosl.
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OnHako mpu aHajdu3e YCIOBUM mepexBara 00pabaThIBaeMbIX Mpsieil
BBISIBJIEHBI ~ CYILIECTBEHHBIE HEJOCTATKH, OOYCJIOBJIEHHbIE OCOOEHHOCTHIO
CBOICTB OTEUECTBEHHOW JILHSIHOW TPECThI B CPABHEHUU C 3apyO€KHBIM CHIPHEM
(MOHMKEHHAas JJIMHA W TIOBBIIIEHHAS PACTAHYTOCTh KOHIUEBBIX YYacCTKOB
cTebneid Apyr oOTHOcHTeNnbHO Jnpyra). Ilpm mnpommHe TOTOK cTebei
npeoOpa3yercst B CJION ChIpLia, CTPYKTypa KOTOPOTO CYHIECTBEHHO M3MEHSIETCS.
B pesynbrate B3auMoaeicTBus ¢ pugIEHBIMU BaIKaMU CPEIHAS LIUPHUHA CIIOS
YMEHBIIIAETCS, & PACTIHYTOCTh BEPLUIMHHBIX U KOMJIEBBIX KOHIIOB BO3pPACTaET.

[Tpu Mcnonb30BaHUM B KAU€CTBE MCXOAHOTO ChIPbS JJIMHHOCTEOEIBHOTO
JbHA, YKa3aHHbIE OCOOCHHOCTH cna00 BIMSIOT HAa KOHEYHBIE PE3yIbTaThl
nepepabotku. OpHAKO TpU TPOMHUHE, XapAKTEPHBIX Ui POCCUHUCKOTO
JTHHOBOJICTBA, KOPOTKHUX cTebnelt (10 70 cM) U Npu HATMYUHM UX PACTIHYTOCTH
CYHIECTBEHHO YXYAILIAIOTCS YCJIOBMsI MOMAJaHUs BCEX CTEOJEH MOJ 3aKUMHOMN
TpaHcopTép B 30HE mepexBara. OOWIENPUHATHIMM METOJAMHU pacyéra
BBISIBJICHO CHMIKEHHE IPUTOJHOCTH MPSIAEH ChIplia K NOCIEAYIOLUIEMY TPEIaHHIO
B 2 u Oosiee pa3 mo 3Toil mpuuuHe. Takoil pe3ynbraT BEAET K YMEHbUICHUIO
BBIX0/1a Ha0oJiee LIEHHOTO IJIMHHOTO BOJIOKHA.

Takum 00pazoM, UCHOJB30BAaHUE y3/a IepexBara CJOs MPU HPOMUHE
JbHA C TMOBBIIICHHOW PacTAHYTOCTBHIO cTeOJiel U ¢ JuImHOM ctebineir 1o 70 cm
HEIEIeCO00pa3Ho.

C y4yé€Tom 3TOro BbIBOJA MCCIEAOBAIM OCOOCHHOCTH MPOMHUHA TPECTHI C
IPUMEHEHUEM OTEYECTBEHHBIX OJHOCEKIMOHHBIX MsUIBHBIX MaluH. Mcnone3ys
MsTbHYIO MarmuHay M-110-J12, ObUTO W3YYEHO pachpeacsieHHe TONIIUHBI CIIOS
[0 €ro IIMpUHE. BBISIBIEHO, YTO TOJIIMHA €0 cTeOJIel U ChIpla, HAYMHASL OT
KOMJIEBBIX KOHILIOB K BEPIIMHHBIM, CHauajga BO3pPACTaeT, a 3aTe€M, JOCTUTHYB
MakcUMyMa, BHOBb cHmkaeTcs (puc. 11). Ilpuuém xooparHaTa MakCUManbHON
TOJIIIMHBI TOCTOSIHHO BapbHpPyeT M0 IIHPUHE CJOSA, pacrojiarasich IO
OTHOLICHHMIO K CEpeAMHE Bajlka Ha pa3HOM paccTosHMM. [IpuunHON ToMy

SBJISIETCSI KOHYCHOCTh M HEKOHTPOJIMPYEMasl PACTSIHYTOCTh CTE0JIEH, a TaKkKe UX



12

HEPOBHOTA IO JIJIUHE.

B Takux ycioBuSiIX BEpXHHE MSJIbHBIE BAJIKU Hapsgy C MEpeMelleHUEM
«BBEPX-BHHU3» HAUMHAIOT B 3TON K€ BEPTHUKAIBHOM IUIOCKOCTH COBEPIIATh
YIJIOBBIE KOJIEOAHMSI B MJIOCKOCTHU MEPIEHIUKYJIAPHON HANPABICHUIO IBMXKCHUS
cnosg. C mnpuMeHEHHWEM MeTOoAa TEH30MEeTpuu ObLla  OCYIIECTBIEHA
KOJIMYECTBEHHAs] OLICHKA JIMHEWHBIX BEJIMYMH MNOAbEMA TOPLEBBIX YYaCTKOB
BaIKOB. OKa3anock, 4TO, HECMOTPS HAa U3HAYAIBHYI YCTAHOBKY BaJIBLIOB B IIape
C PEKOMEHAYEeMBIM 3axokaeHueM pudiei, npaktudecku a1 S0 % Bcex
3aMepoOB MEpPEMEIICHNUN BaJIbLIOB «BBEPX-BHU3)» BEJIMUYMHA 3aX0XKACHUS pudien
npyu TPOMHHE HE SBISIETCS ONTUMAIbHOW. B psme ciydaeB pudau
pacroJiarajiich HE € 3aX0XKACHUEM APYI OTHOCHUTENIBHO JIpyra, a ¢ 3a30pOM B
2...3 mm. Ilo 3T0#l mpuuMHE ydacTKH CTeOJe MO KpasM HIMPUHBI MSUIbHON
MallMHbl HE NPOMUHAIUCH. [l MOATBEpKACHUS YKA3aHHOTO SIBJICHUS
UCCJIEIOBANIM PACIPEACIICHUE COJIEPKaHUsI KOCTphI IO IIMPUHE CJIOSI IMOCHe
npoMuHa. Vcrnosb30Baliv JIbHSHYIO TPECTY, U3 KOTOpoil Obl1 copmMupoBan
cinor mmpuHor A0 100 cm. [locne mpomuHa ciiosi €ro pe3aid 1Mo IIUPUHE Ha
Y4acTKH 1o 7,5 ¢cM. B KaxIoM U3 HHUX ONPEHEISIM MAacCOBYIO JIOJIKO KOCTPBI.

Pacnipeneniennst MaccoBOM JOJIM KOCTPBI MO IIMPUHE CJIOS ChIPLA MPEACTABIICHBI

Ha puc. 12.
5
= TpecTa
§~ 4 CchIpel]
=
S 3 /
o
: /
5- i \T\i\
=
8 1 ~3 -

- 11 19 26 34 41 49 56 64 71 79 86

KOMeJIb LWupuHa cnosa,cm BEpIINHA

Puc. 11. 3meHenue TOMIUHBI ¢10s CTeOJIeH U ChIPIIA MO ero MUPUHE
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MaccoBas gonAa Koctpbl,%

4 11 19 26 34 41 49 56 64 71 79 86 94

KOMeJIb WwupuHa cnon,cm BepIINHA

Puc. 12. Pacnipenenenne MacCOBO# 10JIM KOCTPHI B CBIPIIE 1O €T0 ITUPHUHE

Oxazanoch, 4YTO TOCJIE€ TMPOMHHA KOCTPHI B CpPEOHEW YacTH CIIOs
COJIEP>KUTCSl CYIIECTBEHHO MeHble. M3-3a 3Toro HabmrogaeTcs MOBBILIEHHOE
3HaYeHHEe KOd(DHUIMEHTA BapHaIlMK MAaCCOBOM JIOJIM KOCTPHI IO IITUPHUHE CJIOS B
nesom (10 22 %).

[ToydeHHBI pe3yabTaT MOATBEPHKIACT BHICKA3aHHBIC MPEIITOIONKCHUS,
YTO MPHU UCTIOIB30BAHUH CJIOSI CTEOJICH C MOBBIMIEHHOW PACTIHYTOCTHIO HX JAPYT
OTHOCHUTEIILHO Jpyra TpH TPOMHHE HA OTEUYECTBEHHBIX OJHOCEKITMOHHBIX
MSUUTBHBIX MaIllliHAX HE (POPMUPYIOTCS paBHBIC YCIOBHUS Ui HM3THOa-M3JI0Ma
cTeOyield Mo Bced MmUpHUHE CJos. B cpemHedt yactm ciios, ¢ HaWOONbBIICH
TOJIIIMHOW, HAOOMaeTcss  YIUIOTHEHHWE  Marepualia, MPEnsSTCTBYIOIIEE
dbopmupoBaHni0 TpeOyeMoi TITyOWHBI 3axX0KIeHHs pudIieli B 30HE BEPIIUH H
komuiei. [Ipu HaTM4MK TOTIOTHUTEIHHBIX YTJIOBBIX KOJIEOaHUH BabIla IO Kpasm
CJOs, TAE €ro TOJIIMHA MWHHUMalbHA, WUTOTOBas 3()(PEKTUBHOCTH MPOMHHA
3aMETHO CHHKACTCS.

JUIT MCKJTFOUCHHST TaKUX PE3yJIbTaTOB OBLIO IMPEIJIOKEHO OCYIIECTBISATH
JIOTIOTHUTEIFHBIA TPOMUH KOHIIEBBIX YUYacTKOB CTebOneil. DTo oKa3aloch
BO3MOXXHBIM C TPHMCHCHHEM BAJIBIOB, Y KOTOPBIX B WX CPEIHEH dYacTH
OTCYTCTBYIOT pU(JIM, UTO UCKITFOYAET UX CONPHUKOCHOBEHHE ¢ 00pabaThIBaEMbIM

MmatepuanoM. Takum 06pa3om, MPeasIoKEeHO MPOMUH MPOU3BOJIUTH B JIBa ATArla.
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Jns mpoBepku 3¢pdekTUBHOCTH Takoro mnpuéma Oblla MPOBEACHA
SKCIIEPUMEHTAIbHAsI MPOBEPKA O METOJUKE, CXOJHOW C METOIMKON TEepBOTO
srama. [lo pesympraTam ombiTa OBUIO OIpPEAETICHO YCPEIHEHHOE 3HAuCHUE
MacCOBOM J0JIM KOCTPHI B TPEX 30HAX IO HMIUPHUHE C10s1 (KOMJIEBOH, CepeMHHON
U BEPIIMHHOI) IMOCJie OJHOKPaTHOrO IPOMHUHA M TOBTOPHOTO IPOMHKHA
KOMJIEBOM W BEpPUIMHHOM d4acte cnos. I[lpm ucnons3oBaHMM yKa3aHHOTO
JBYXATAllHOTO MPOMHKHA CJIOSI HAOMIOAAIOCh OTHOCUTENIBHOE YMEHbILECHUE
MacCOBOM JTOJIM KOCTPBI B KOMJIEBOM M BEPIIMHHOM 4HacTiax ciios. Kpome atoro,
MUMEJI0 MECTO CHMKEHHE KO3 PUIIMEHTa BapUallid OCTaTOYHOM MaccOBOM J10JIU
KOCTPBI 110 HIUPUHE CIIOSL.

VY cTaHOBNIEHO, YTO B KOMJIEBBIX ydacTKax cTeOJieil MaccoBast 10Jis1 KOCTPBI
MOCJI€ MOBTOPHOTO NMPOMHMHA CTAaTUCTHMYECKH 3HAYUMO CHUKaetrcs Ha 16,6 %
(otH.), a B BepmuHHbIX — Ha 30,1 %. Ilpu sTom KO>(pduIMeHT Bapuanuu
MacCOBOM J0JIM KOCTPBI MO IIUPUHE Ciios focTturaetr 7,3 %, 4To CyIIeCTBEHHO
MEHbIIIE Bapuallid TMpU TUIIOBOM cxeme oOpabotku (22 %). IlomydeHHsbie
pe3yabTaThl CBUIETENBCTBYET 00 3(P(GEKTUBHOCTH MPEJIOKEHHOTO BapUaHTa
00paboTKH.

Takum o0pa3oM, Mo pe3yabTaTaM NPOBEAEHHBIX HCCIIEIOBAaHUMN ObLIN
OpeJIOKEHBl  CAeAyrone pekoMeHmanmu. [IpomuH  crebmeil  moImKeH
peaM30BbIBAThCSl TPU MCKIIOUEHUU I[epexBara CJos ChIplla, HEraTUBHO
BJIMSIFOIIETO Ha BEPOSITHOCTH TOTIAaHMsI TIPSAIEH MO 3aKUMHbBIE TPAHCTIOPTEPHI.
[losiyueHnue cepipa TPOMHUHOM JOJDKHO OCYIIECTBISThCS B JBa d3Tanma. Ha
NEPBOM MTPOMHUHAIOTCS B OCHOBHOM CEpPEIMHHBIC YYACTKHU CJIOS, @ HA BTOPOM —
JIOTIOJIHUTEIILHO ~ KOHIICBBIC Y4acTKW Tpsnged  cbipua (puc. 13). [l
UHTEHCU(UKAMM TMPOMHUHA KOHIEBBIX y4YacTKOB crebneil  (0coOeHHO
BEPIIMHHBIX) LEeJeco00pa3sHO MpOIeCcC PEealn30BbIBaTh NPU YBEIUUYECHHOMN
nIyOWHe 3axoaeHudd pudenb, obecmednBas TeM CaMbIM  BO3MOKHOCTh
OTHOCHUTEILHOTO NIEPEMEIICHUSI 10 HUM 3aKOCTPEHHOM TPSIAU.

[Ipu npanpHeWIIEM COBEPIICHCTBOBAHMHM TMpollecca NPOMHUHA OBLIH
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NOCTaBJICHbl JOMOJIHUTEIbHBIE 337aund. OHa U3 HUX CBsI3aHA CO CHIDKEHHUEM
BEPOATHOCTH TIOBPEXKIACHHUS BOJIOKHHCTOTO TMOKPOBA M3-32 MOBBIIIEHHOTO €ro
HATSDKEHUS TIPU OTHOAHUU KPOMOK pudenb BaikoB. Jlpyras — ¢ BO3MOXHOCTBIO
OTIEpAaTUBHOTO YIpPaBIEHUS PEXKHUMaMH TMpolecca MsThs B YCIOBHUSX
JBUKYIIETOCS CJIOS, YTO NPU MCHOJIb30BAHUM CYHIECTBYIOIIEH TEXHUKU HE

NpeaACTaBISACTCA BO3MOKHBIM.

Y
Cexkmug 1 Cekrug 2

Puc. 13. Hpe;maraeMa;I TCXHOJOTHYCCKAA CXCMa OpraHru3alinu
ImponcccCa IIpoMHruHa

Pemas mepByro 3amgady, UCXOIWIN U3 HEOOXOIUMOCTH WHTEHCU(DUKAIIAN
mpoiiecca MPOMHUHA 32 CUET CKOJIbKEHHUS 3aKOCTPEHHOM MpPSau MO KPOMKaM
pudens. YcTraHOBIEHA CYIIECTBEHHAS 3aBUCHMOCTh BEIMYUHBI OTHOCHUTEIIBHO

nepemerteHust Al npsiau mo KpOMKe OT MTyOUHBI 3aX0XKACHUS pudes I

2
Al =2 i2+D—sin2£—Dsin£, (1)
4 Z Z

rie | — royOouHa 3axoxaeHue pudens; D — nuameTp BaikoB; Z — 4uciio pudeb.

OnHako TIpW TOBBIINICHHBIX 3HAYCHHUSIX | HAONIOJACTCS POCT YIJIOB
oOxBara TpsAIbI0 KPOMOK pudenb, 4to, corjacHo BbiBogam A.M. Hmarona,
MOKET TPHUBOJUTH K UPE3MEPHOMY POCTY CHJI HATSHKCHUS BOJIOKHA. Y Ka3aHHBIM
aBTOPOM pEIIICHA 3a/ada 1o yCTaHOBJICHHIO cooTHommeHus N = T/Ty, tme T —

HaTsDKeHWe cOeraromieil npsau ¢ KpoMku, a To — HaOeraromieit. Benuuuna n
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OIICHUBAJIACh ISl MJCATbHO THMOKOW HUTH W ISl NPSAA C HAJIWYWEeM Ha HeHl
XKECTKUX 3JIEMEHTOB (KOCTphI). B mepBom ciydae ymnoMsiHyTO€ COOTHOILICHHE
CHJI OIIpEeeNseTcs 10 u3BecTHOU (opmyie Ditmepa N = T/To = €'’ (3mech € —
OCHOBaHHE HATypalbHOTO Jorapudpma; | — KOAPOUIMEHT TPEeHHs MPSAu O
KPOMKY; @ — YroJI 00XBaTa npspi0 KpoMkH). J[Jist citydast Ipsiiu ¢ KocTpou N =
T/To = (cosy + psiny):( cosy — psiny), rme y = ¢. CpaBHHBas yKa3aHHBIC
3apucuMoctd N = f(y = ¢) (puc. 14), ObLI ceaH BBIBOJ, YTO IMPUMEHUTEIILHO K
3aKOCTPEHHOW TpAIM UCIOJNb30BaHUE YIJOB oOxBaTa Ooyiee 7/2 MOXKET

IIPUBOJAUTH K OITACHOMY POCTY HaTSKEHUM U UX OTHOLLIEHHUIO N.

/

u

UIMKIUEHUE HATMAMEHYL

o

Puc. 14. 3aBucUMOCTh OTHOIIIEHUS HATSHKEHUN OT YTJIOB 00XBaTa JIsi THOKOU
HUTH (1) ¥ IpsAZIU € )KECTKUM diieMeHTOM (2), monmydeHHas MnaTtoBeim A.M.

Ha ocHoBe 3TOoro ananmza npejioKeHa KOHCTPYKIMS pudIu MSIbHOTO
BaJIka B BHJe Tpaneruu (puc. 15), Wcrmoapb30BaHHE KOTOPOM HE IO3BOJISLIO
IOPEeBBICUTh KpUTUYECKUH yrona obOxBara m/2. Kak criemyer u3 pHCYHKA,
HaOeraroIas npsjib B M0J€ MAThS ABAXAbl orudaer KpoMku pudau 1 u 2. [Ipu
KaKJI0M orubanuu yros obxBara ((o ¥ @) He mnpeBbimaer m/2. [lpum Takux
YCIIOBUSAX CHMKEHHE CWJI HATSHKEHHS] 3aKOCTPEHHOW Mpsad, B CPAaBHEHUU C

HCIIOJB3YEMBbIMH Ha OTCUCCTBCHHLIX MAJIBHBLIX MalllMHAX pI/I(I)J'ISIMI/I, JOCTUTACT

ooJiee, yeM B 2 pasa.
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Puc. 15. Pudenb MsuibHOTO Bajika ¢
CEUYEHUEM B BUJIE TPAICINU

Pemenne BTOpOW 3a1auyd, CBA3aHHOM C BO3MOXHOCTBIO OIEPATUBHOTO
yIOpPAaBICHUS PEKUMaMH TIpoliecca MsSThbS B YCIOBHSIX JIBHXKYIIETOCS CIIOS,
OCYIIECTBHIIM IyTeM HCIOJb30BaHUSA TMPEIIOKEHHBIX n300peTenuii [17,18].
Pemenne mo [17] obOecneynBaeT BO3MOXKHOCTH PETYIHPOBAHUS TIyOMHOM
3ax0XJeHUsT pudesnb 3a CcueT MPUMEHEHUS TMOJBYHOB 1 CO CKOIIIEHHBIMU
KpoMkamu. llepeMenienre 3TUX TMOJI3YHOB MPUMEHUTENBLHO K TPYMIE BAJIKOB
(2—4 mT) TPOM3BOAMTCS TOCPEACTBOM MOTOP-PEAYKTOPa C BO3MOYKHOCTBIO €r0

ynpasiieHus (puc. 16).

-
b
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Puc. 16. Mexanu3sm asst u3MEHEHUs TITyOMHBI 3aX0KIeHUS pudenn
B Mpoliecce NPOMHHA

Pemmenne mo [18] Hapsimy ¢ yKka3aHHBIM HM3MEHEHHUEM TTyOUHBI
3aX0XKIACHUST pUQesb, JOMOJHUTENBHO MO3BOJIET PETYIUPOBATH U CTENEHb

OpYKATUS NPY>KMHAMH 33 CYET BTOPOTO MOJI3yHA 2 CXOAHOW KOHCTPYKUIUHU (PHC.
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17). D10 pemraer akTyaqbHYIO B HACTOSIIEE BPEMs 3a/Jady IO PETyJIUPOBKE B
npoliecce MPOMHMHA €ro OCHOBHBIMU TEXHOJIOTMUECKMMHU MapaMeTpamu, B
3aBUCUMOCTH OT U3MEHSIOIINUXCS CBOMCTB JIbHSIHOM TPECTHI.

=y =y =Y =N

=
L

Puc. 17. Mexaau3M st ©3MEHEHUS TITyOUHBI 3aX0XKACHUS PUPETH
Y CTETNIEHU MX MPHKATUA B IPOLIECCE TPOMUHA

Ha ocHOBe poBeICHHBIX UCCIICIOBAHUH U pa3paboToK OblIa MpeIoKeHa
HOBasi KOHCTPYKIIMS MsUTbHOW MAIIIMHBI, TPEACTaBICHHAs B BHJE CXEMBI,
ykazaHHOM Ha pucyHkax 13 u 18. E€ u Obl10o peKOMEHJOBaHO BKJIIOUWTH B

cocTaB pazpadarsiBacmMoro MTA.

IS I=20 2725 z=|25 BHHT, 2734 + =22 ZTEE zTes“m"“::m
"‘”%"‘-’Qg - g 1D @?fﬁ@(iﬁﬁﬂ
J =i ' L

Puc. 18. TexHonorudeckas cxema MsUTbHOM MaluHbI (*— CIipaBOYHBIC pa3Mephl)

KonctpykTopckas pa3paboTKa W WM3TOTOBJICHHE MSUIBHOW MAIIWHBI, TIO
npemnmoxennont  KI'TY  cxewme, Oblma  ocymiecTBieHa  IBaHOBCKUM
MexaHndeckuM 3aBoaoM um. I'.K. Koponésa. EE BHemHui Buj NpeIcTaBiICH Ha
pucynke 19. MammHa nMeeT JBe CEKIMH, OJHA U3 KOTOPBIX SIBIISIETCS THUIIOBOM

MsutbHOM  Mammuod M-110-JI12  (puc. 20). 3a He#t ciemyer BTopas —
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opuruHajibHas cekius (puc. 21), couepikaiias Baibl, MO KpasM KOTOPBIX
3aKkperuieHbl pugaéHble noay-Bajiku. [IpoMexyTok Mexay HUMU MpeAHa3HaYeH
UL TIEPEMEIICHUsT 32)XKUMHOTO TpaHcrmoprépa. [IpUMEHHUTENEHO KO BTOPOId
CEKIIUM OBbLT pean30BaH y3el JJIs U3MEHEHUs TIIyOHHbI 3aX0XKACeHUs pudenb B
npoiiecce npomMuHa (puc. 22).

[TonoXuTenbHbIE 3aBOJCKUE WCIBITAHUS HOBOW MSUTBHOW MAITUHEI
TIO3BOJIMIIN €€ BKIIIOYUTH B COCTaB HOBOT'O MSIJIbHO-TPENAILHOTO arperara.

MsnbHasg
cexmust Nel

Msnbuag
cexuust No2

Hampasnenue nsuxenue
CJIOS JIbHA

Puc. 20. PaGoune oprausl MsiibHOM Mamabl M-110-J12
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Puc. 22. Y3en qyis u3mMeHeHUs TITyOWHBI 3aX0KICHUS PUQETh
B TIpoIiecce MPOMHHA

Paszpabomka u cozoanue mpenanvhoit mawunsi[20-25].
PaspabarbiBasi HaydyHO-TEXHHUYECKHE OCHOBBI IpoIlecca TPETaHWs,
paccMaTpuBaid OOHICTIPUHATYIO CXEMY C IMOCIEI0BaTeIbHON 00paboTKOM

KOMJICBBIX M BEPIIUHHBIX YUaCTKOB cTeOeit (puc. 23).
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JaXUMHOU /IbHAHAS NP0k
MPaxCAopmen

. TpenabHele
. 0apaoarel

Puc. 23. Cxema Tpenanus JpHa

[Tomaranu, 4yTto oOLIas BEPOATHOCTh yAAJIEHUS KOCTPbl Py W3 JbHSIHBIX
npsiaeld B pe3yibTaTe COBEpIICHUs K TpenaabHBIX BO3JACHCTBHUI, KaXaoe U3
KOTOPBIX (B CPEIHEM) XapaKTEpHU3YyeTCs BEPOATHOCTBIO OTIEIEHUS KOCTpPHI P,
MO>KHO OIPENEIUTH 110 popMyIIe:

Py=1-p". (2)

3Ha4YCHHE BEPOSATHOCTH OTAEIICHMS KOCTPBHI p 3aBUCHUT, C YYETOM paHee

IIPOBEAEHHBIX HUCCIIEIOBAHUM, OT YCJIOBUM M CTEIIEHU INPUKATHUSI BOJOKHUCTOU

Opsad C¢ KOCTpOM K KpoMKe Ouja TpenalbHOro OapabaHa W OT CBOWCTB

AbHOTpeCThl. OYEBUIHO, UYTO CTENEHb MpUXKaTUs OyleT ONpenessiThCs CUIION

HaTsDKEHUs: npsiau 1, KOTOPYK MNPUONMKEHHO MOKHO OLICHUTb, HCIOJb3YS
M3BECTHYIO 3aBUCHMOCTb DiJiepa:

T=Te", ©)
rae 1, — HayalnbHOE HATSIKEHUE, IPUMEHNUTEIBHO K KOHLIEBOMY YYaCTKy MPSIH;
f — xoahpunmenT TpeHns NpsIU MO KPOMKE OMIIa;00 — CyMMapHBIH yroyl 00xBaTa
OPsIIbIO KPOMOK OWJI B 110JI€ TPEMAHUS.

3amMeTuM, 4YTO BeJWYMHa 1 HE JOJDKHA IMPEBBIIATh HEKOTOPOIO

KPUTUYECKOTO 3HAYEHUS, ONPEAENIAEMOrO Pa3spbIBHOW HArpy3Kou BOJIOKHA T,



22

TO €CTh JIOJDKHO BBIIIOJIHATLCA yCI0BUE 1 <Ty, .

C yuétom (3) moBpmeHue 7 BO3MOXKHO JIMOO TIOCPEACTBOM pOCTa
HaualbHOTO HaTsKeHus 71,, MO0 3a CYET yBEJNIMYEHUS CYMMApHOIO yria
obxBarta a. PaccMOTpUM 3TH yCIIOBHSL.

HauansHoe HatskeHue 7, 3aBUCUT OT MapaMeTpOB KOHIIEBOIO Y4YacTKa
3aKOCTPEHHOW TIPSI/IA M YCIIOBHM €ro HarpykeHus. B mpouecce Tpenanus mMacca
ATOr0 ydacTKa MPSAIA W3-3a yIaJEHUS KOCTPBI CHIDKAETCS, YTO TpeOyeT Jyis
coxpaHeHusi ypoBHs 7, UHTEHCU(DUKAIIUUA €T0 HarpykeHus. B cymiecTByrommx
KOHCTPYKIIMSIX ~ ONEPATHUBHOE YBEIIMYEHHUE HMHTEHCUBHOCTU  HarpyXEHHUs
JIOCTUTAETCS B OCHOBHOM 32 CUET MOBBIIICHUSI YaCTOTHI BpaII€HUs TPEnaaibHbIX
0apabaHOB.

PaccmoTpum apyroii BapuaHT IOBBIICHHMS BEJIWYMHBI I — 32 CYET
YBEJIMUECHUSI CyMMapHoro yriia obxsara a. CienyeT OTMETUTh €ro MEHbIIee
BIMSIHE Ha BeMMYMHY I B CpaBHEHHHM C YacTOTOW BpalleHus OapabaHOB.
[TosTOMy B CyllleCTBYIOIIEH MPAKTUKE OCHOBHBIM MPUEMOM HHTEHCU(DUKAIUU
nporecca O00ECKOCTPUBAHMSI CUMTAIOT IOBBIIMIEHUE YAacTOThl BpPAILCHUS
TpenajabHbIX OapabaHOB, 0OECIEeYMBAIOIIEH OJHOBPEMEHHO POCT KOJIMYECTBA
BO3/ICHCTBUI K Ha MPSAM B TIOJIC TPEIaHUS.

OmHako  OPUMEHHUTENIBHO K CYIIECTBYIOIIUM  OTE€UYECTBEHHBIM
KOHCTPYKIMSIM TPENAIbHBIX MAIIUH W YHIOMSHYTHIM BBIII€ W3MEHUBIIUMCS
CBOMCTBaM 00palaThiBaeMOl TpecTbl (HEPOBHOTE IO JJIMHE U MOKA3aTellto
OTJICNISIEMOCTH, TIOBBIINICHHONW BJIAXXHOCTH CTeOJiel) yKa3aHHBIA MpUEM
YBEJIMYEHHSI YaCTOThl BpalleHUs TpPENaJbHBIX OapabaHOB CTan BbI3bIBATH
HEONPABJAHHBIA POCT BOJIOKHUCTBIX OTXOJOB, 0Opa3yrolIUXcCs, Kak MpaBUIIO,

npu 00pabOTKe KOHIIEBBIX YYaCcTKOB Ipsiiel (puc. 24).
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Puc. 24. ®opmupoBaHre BOJOKHUCTBIX TOTEPb, 00Pa3yIOIIUXCs B TIPOIIECCe
JOTIOJTHUTEIBHOM 00pabOTKH HeAoTpEna

beumn  WccnenoBaHbl  MPUYMHBI  3TOTO  SIBJICHHMA. B pesynbrare
NPOBEACHHBIX M3BICKAHWHA OKa3aJloch, YTO POCT HArpyKCHHs KOHIIEBBIX
Y4acTKOB, OTMPEACIAIOMUX BeIUInuHy 7,, TPOUCXOIUT O0jiee MHTEHCHUBHO, YeM
CPEIHUX YYaCTKOB MpPsiAu. B 4acTHOCTH, YyCTaHOBIJICH 3HAYUTEIILHBIN MPUPOCT (B
nBa u Oosiee pa3) yCKOpeHUH 31eMeHTOB npsau (puc. 25). [Ipu Takux ycioBusix
YBEJIMUEHHUE YaCTOThI BPAIIEHUs TPEMalbHBIX 0apabaHOB BBI3BIBAET «O0OCEUKY»
KOHIIEBBIX yYaCTKOB BOJIOKHA, YTO M SIBJISIETCS OCHOBHOM TNPUYHHOMN
00pa3oBaHMsI BOJIOKHUCTBIX OTXO/10B M3-3a 0OPBIBHOCTHU IPsIIEH.

[ToaTomy Oomee  memecooOpa3HBIM  HampaBiICHUEM  ITOBBIIICHUS
BEPOATHOCTH 0OECKOCTPHUBAHUSA 33 CUET YBEIMUYEHUS CHJI MPWOKATUS TpsAIEH K
KpOMKaM Oujl TpenadbHbIX OapabaHOB OyneT yBETWYEHHE CyMMAapHOTO yria

o0OxBara «a.
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Yckopenue
TOYEK

Yckopenue
TOYEK

0

YckopeHne Touek
2
TIpsiTU, KM/C

VYron noBopoTa O6usia 6apabana, rpaj
B

Puc. 25. 3meHenne yCKOpEeHH TOYEK IPSIN 10 €€ UIMHE: a — Y 3aK1Ma;
0 — B cpellHe yacTH; B — y CBOOOJHOTO KOHIIA

Ha ocHOBe moyyueHHBIX pe3yibTaTOB ObUIM OOOCHOBAaHBI OCHOBHBIE
TEXHOJIOTUYECKUE PEKOMEHAAIMU II0 COBEPIICHCTBOBAHMIO W OPTaHU3aLAH
npouecca Tpenanus. OHU BKIIIOYAIU B ce0sl CleayIoLIee.

Ha nepBoM sTame mporecca HEOOXOAUMO, HpPEeXJe BCEro, 00eCHeyuTh
YCJIOBHUS COXPAaHHOCTH BOJIOKHUCTBIX NPAAEH OT UX paspbiBa 1<T,,,. Jud 310r0
IIPUOPUTETOM SIBJIIETCS YMEHBIIECHUE MACCHI MPANEH B MOJIE TPEMAHUS 34 CUET
yJdaJeHHs HACBITHOW KOCTPBI MOCPEACTBOM IIAIALIEH 00pabOTKU TpEernaHUuEM B
YCTIOBHSIX MaJIOX 4acTOTHI BpallleHUs TPenaibHbIX O6apaOaHOB.

Ha cnepyromem »stame, mociieé CYIIECTBEHHOI'O YMEHBLIEHUS MAacChl

npsiied, a 3HaUUT U CHUKeHUs T, TpeOyeTcst pocT CyMMapHOTro yria ooxBara o,
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HO IIPY YCJIOBUU COXPAaHHOCTHU BOJIOKOH OT paspbiBa (1 <T,,;). Takoe okaszanoch
BO3MOKHBIM ITOCPEACTBOM YBEIUYEHUS KOJIUYECTBA TOYEK OMNOP MPSAAH B IOJIE
Tpenanus. [y 3Toro 6pU10 MPEIOAKEHO UCTIONb30BATh CIIEUATbHbIE ThUIHHBIE

IUTAaHKH K OMJ1aM ¢ M3MEHSIOIEH s 110 JTnHe OapabaHa BeJIMYHMHOM MX BbuIeTa h

(puc. 26).

TbibHAT N =
NAaHKa \

Puc. 26. Tpenansubie 6apabaHbl ¢ JOTIOTHUTETHPHBIMY THUTBHBIMHA TIJIAHKAMH
JUTSI YBETTUYICHHS YIIJIOB 00XBaTa MPSIAbIO B MTOJIE TPEHaHUS

B mnponecce wuccienoBaHuil ObUIO yAENEHO TakKe BHHMaHHe Oosee
HAJICXKHOU (pUKcanuu mpsifeil chiplia B 32KUMHOM TPAHCTIOPTEPE TPEenaabHOM
MaIIMHbl. ITO OCOOEHHO BaXXHO B YCIOBUAX MPOXOKIACHUS CIOS OTHOCUTEIHHO
NepBOM 4eTBepTH JIUHBI OapadaHoB. C 3TO# 1eabi0 OBLIM HMCIIOJIh30BaHbBI
pPEKOMEHJIallMi MO0  M3MEHEHHMIO KOHCTPYKIMM  MPWKUMHBIX  POJIMKOB
Tpancnoptépa (puc. 27)[25]. B yacTHOCTH, TOBEPXHOCTH POJMKOB MPEII0KEHO
BBIMIOJIHUTh C YIJIyOJIGHWEM B CpeJHEW YacTh uX WIUpHUHBL. B 3ToM ciyuae
KayeCTBO 3a)KMMa YIIY4IAeTCs 3a CUeT JOMOJHUTEIBHOTO JEUCTBHSI OOKOBBIX
gacTel mpo(uIbHOTO peMHS 32KUMHOTO TPAHCTIOPTEPA.

VYKka3aHHbIE TEXHOJIOTMYECKHE HOBIIECTBA CPAaBHWIM C 3apyOeKHBIMU
anaimoramu ¢upm Depoortere, Union u Vanhauwaert. YcTaHOBJICHO, YTO HAITH
pelIeHus Mo3BOJISI0T HE MeHee YPPEKTUBHO PeaTU30BbIBAThH MPOIECC TPEHIaHUs
BapbHPYEMOI0 [0 CBOWMCTBaM JIbHA 3a CUET Oosiee riyookoi nuddepeHnnanum

BO3JIECTBUI.
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VYranybnenue B cpegHen
YaCTU LIUPUHBI POJIUKA

}

Puc. 27. IIpmxuMHBIE POJIMKN YCOBEPIIEHCTBOBAHHON KOHCTPYKLIUN

B kxoneuHom wmTore ObLIa TpEmIOKeHA TpemaabHas mammHa (puc. 28),
cojiepxarias e ceKIuu st oopaboTku komieBbixX (Ne 1 u Ne 2) u aBe cexuuu
U1t 00paboTKK BepmnHHBIX YacTelt ciiost (Ne 3 u Ne 4). HoBU3HO#M KOHCTPYKIIMH
MAaIllMHbI ~ SBIISIETCSI WCTOJB30BaHWE B CEKIMAX ©OapabaHOB C  pa3HBIM
KoJimyecTBOM Omit. B cexkmusax 1 u 3 mpuMeHSrOTCS TpeXOuiapHbIe OapaldaHbl, a B
CeKIUAX 2 U 4 — YEThIPEXOUIIbHBIE.

Ha OapaGanax, HaumHas ¢ TmTEpBOM TPETH UX MJIUHBI, HUMEIOTCS
CHeIMabHbIe THUIbHBIC TUIAHKU, 00€CTIeUMBAIONINE TOCTEIIEHHOE IMOBBIIICHNIE
CyMMapHOTro yrjla oOxBaTa BOJOKHOM pa0O4MX U THUIBHBIX KPOMOK B IOJI€
TpemnaHwus 3a c4éT mapamerpa h.

B  HOBOIl KOHCTPYKIIMM TpemaJbHOW  MAaIllMHBI  TPEIYyCMOTpEeHA
BO3MOYKHOCTh PETYJUPOBKH €€ OCHOBHBIX TEXHOJIOTMUECKUX TapaMeTpOB:
CKOPOCTH TIEPEMEIICHHS] 3aKUMHOTO TpPAHCIOPTEpa, YAaCTOThI BpaIleHUS

TpemaabHbIX 0apabaHOB M BEIUYUHBI JBOMHOTO MPOTpETIA.
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Puc. 28. Cxema npeyio)keHHOM TPENaIbHOW MaITHHBI

s storo B mporecce nposenenuss HMOKP 6Owbuta anpoOupoBaHa Ha
NPAKTUKE CHCTeMa OECKOHTAKTHBIX IaTYMKOB, aJallTUPOBAHHBIX K CHUCTEME
yIpaBieHHUs] YKa3aHHbIMH mapameTpamu (puc. 29). bbul Takxke coszmaH u
IOPOBEPEH y3€J M3MEHEHUS BEJIUYMHBI ABOMHOTO NpOTpemna, paboTa KOTOPOTOo
TaKXKe aJlaliTUPOBaHa K BHEIIHEH cucteme ero ynpasienus (puc. 30).

B mpouecce wucnbiTaHWs ~ HOBOM  TpeHaJibHOW  MalllMHBI  ObLIA
NOATBEPKIEHA MU3BECTHAsI 3aBUCHUMOCTb CKOPOCTHBIX PEXUMOB €€ padOThl OT
BJIQKHOCTH NepepadarbiBaeMoil TpecTbl. C yueToM BO3MOKHOHM paboThl HOBOTO
MTA 0e3 mpeaBapuTEIbHOTO TMOACYIIMBAHUS CHIPBS, ObUIa KOHCTAaTHPOBaHA
HEO0OXOAUMOCTh MOTOYHOTO KOHTPOJS BIAKHOCTU TPECTHI, 3HAYECHUE KOTOPOIl
BXHO JI YNPaBICHUS MSUIbHOM W TpemainbHOW MarmuHamu. [losTomy Obin
pa3paboTaH HOBBIM CMOCOO KOHTPOJISI BJIAXHOCTH W YCTPOMCTBO ISl €T0
peann3anuy B yCJIOBHX NepeMentatonerocs cios. Ero ycTaHOBKy MpeajioKeHO

OCYILIECTBHUTD IIEPE]T CIIOCYTOHMIONICH MamuHoM (puc. 31 u 32).
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0

Puc. 29. JlaTunku 11t KOHTPOJISE CKOPOCTHBIX PEKUMOB PabOTHI TpeTaIbHON
MAaIIUHBI: a) KOHTPOJIb YaCTOThI BPAILIEHHS IKMBA 32KUMHOTO TPAHCIIOPTEPA;
0) KOHTPOJIb YAaCTOTHI BPAIICHUS TPETATIbHBIX 0apabaHOB B Pa3HBIX CEKIUIX
TpENAIIbHON MAaIIMHBI

Puc. 30. VY3en uaMeHeHHsI OJIOKECHHSI BUJIKH JBOMHOTO MPOTpETa B 30HE
repexBara MnpsiJiek JbHSHOTO ChIpIa MEXIY CEKIUSIMU TPENaabHON MalTuHbI
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Puc. 31. Cxema KOHTpOJISI BIIaXKHOCTH

1 — Bnaromep; 2 — npuBOJ BIaroMepa; 3 — HanpapJIstoNne;4 — 103UpyroIUe AUCKH; S
— NpUEMHBIE TUCKHU; 6 — 30Ha C IOCTOSHHOW IJIOTHOCTBIO MaTepuana; 7 —
YyBCTBUTEIBHBIN 3JIEMEHT BJIArOMEPa; 8 — PacKIaJOYHBIN CTOI; 9 — CIIOM JIbHOTPECTHI

Puc. 32. CpenctBo KOHTPOJIS BIAKHOCTH TPECTHI
B IIPOLIECCE MEPEMELEHUS CIOs
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KonctpykTOopckass pa3paboTka M U3TOTOBJIIGHHE HOBOW TpenaibHOU
MatuHbl, o npeioxenHo KI'TY cxeme, Obia ocymiecTBiaeHa MBaHOBCKUM

MexanndeckuM 3asooM uMm. I'.K. Koponésa. EE BHemHu Bua npeacTaBicH Ha

pucynke 33. YcTaHOBJICHHBIC B HeM OapabaHbI IPeICTaBIICHBI HA pUCYHKE 34.
E o MR

Puc. 33. Buemnuii Bua TpenaibHON YETHIPEXCEKIIMOHHON MaIlIMHbBI

Puc. 34. TpenanbHbie 6apabaHbl 7151 CEKIMM: a — JJIsl IEPBOM U TPETHE;
0 — [U1st BTOPO# U 4eTBEPTOI
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Ilo pe3ynbraTaM 3aBOACKMX MCIIBITAHUA TPENAJBHOW MAIIWHBI €€
KOHCTPYKIUS U Y37bl JUJISl aJanTaliy ¢ BHELIHEH CUCTEMOW ymnpaBiieHUs ObUIH

PEKOMEHOBAHBI JJIs1 UCTIOJIB30BaHUS ITPU co3AaHnu HOBOro MTA.

Paszpabomka eapuanmos cucmem ynpaenenus padomoi Mawiun, 6xo0Auux 6
cocmae Hoeozo MTA [13, 26].

[IpuMeHUTETPHO K CO3JAHHBIM KOHCTPYKIMSM MAIIWH, BXOMISIINX C
COCTaB HOBOTO MSIJIBLHO-TPEMAIBHOTO arperara, ObUIM TPEIIOKEHBI JBa
BapuaHTa CUCTEM YIPaBJIECHUS UX pabOTOM.

[TepBrrii, HanboJEe MPOCTON U3 HUX, OCHOBAH Ha MPUHITUTIC «TTOJICKA3KI)
OTepaTopy O BO3MOXKHBIX PAIMOHAIBHBIX PEXKUMaX padOThl, MPHU KOTOPHIX
Oynet obecriedeH TpeOyeMbIil pe3yabTaT mepepaboTKH TPeCThl. TaKkoi MPUHITHIT
YOpPABIEHUS U CaMy CHCTEMY €ro peajd3alli CJleAyeT CUMUTaTh CUCTEMOM
npunsatus pemenus (CIIIP) onepatopom.

[Ipu TakoM BapuaHTE yHpPaBJICHUS BaKHBIM SIBJIIETCS PELICHUE 3a/1a4U 110
BBISIBICHUIO  BAapUAHTOB peXuUMa pabOThl  MalliuH, O00ECIECYMBAIONINX
MaKkCHUMaJlbHO€ 3HAuYeHHe BbIXOJA JUIMHHOTO BOJIOKHA MpH, TPeOyembIX IO
CTaHJApPTy, COJEPNKAHUIO B BOJOKHE KOCTPHl M HEIOpAOOTaHHBIX MpsCH
NPUMEHUTENBHO K MepepadbaTbiBaeMbIM JILHSIHBIM cTeOIsIM. HemocpencTBeHHbIH
BBIOOP BaPUAHTOB, PEKOMEHIYEMBIX CUCTEMOM, OCYIIECTBIISIETCS OTIEPATOPOM.

OyukuuonupoBanue CIIIP peanusyercs caemayrouMm obpazoM (puc.
35). K MmoMenTy noctyrieHus cios creduei Tpectsl K MTA undopmanus o e€
CBOMCTBAx, TOJIYYCHHass OT OJIOka OCCKOHTAKTHOTO KOHTPOJII Tiepemaércs B
OBM 1 mocieayromiero McnoJib30BaHusA. [[OMoJHUTENbHO K HEM MOCTymnaeT
uHpopmanusi o BiakHOCTH Tpectbl. Ha OBM nannble oOpaOaThiBatoTcs C
MOMOIIBI0 HEUPOCETEBOTO WJIM MHOTO (CXOAHOTO MO 3 (HEKTUBHOCTH) aHAIU3A.
B wutore cucrema obecmeunBaeT moiydeHWe HWH(POPMAIMM O BapUaHTaX C
palMOHAIILHBIMU  pEeKUMAaMH U TapaMeTrpamMu palboThl MamuH. JlaHHbIE

BBIBOASTCS HAa CEHCOpHyr0 maHenb. Omneparop MTA, ananmmsupys
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OpE/CTAaBICHHYI0 Ha TaHeld HWHPOpMalUIO, TMPUHUMACT pEIIeHHE O
NIEPEHACTPOMKE PEKUMOB. ITO BBIIOIHAETCA Bpy4dHYHO omneparopoM. K uwuciy
pPETyJIMPYEMBIX PEKUMHBIX ITapaMETPOB OTHECEHBI: BEJIMYMHA CMEIIECHUS CJIOS
JUISL TOCTHOKEHUSI Xopp; CTENEHb YTOHEHHS CJIOSI; HEOOXOIUMOCTh BKJIFOUEHUS
y3J1a JUii MUHUMU3allii HadallbHOM YTJIOBOM JI€30pUeHTAIK cTeOeit; riyOnHa
3aX0XKJE€HHUSI pU(eTb B MSUIBHOW MAIlMHE; CKOPOCTHBIE PEXUMBbI PadOTHI
TpenaJbHOW MalIuHbI (4acTOTa BpalEHUs TpenaibHbIX 0apabaHOB M CKOPOCTh
NEPEMENICHUS] 3a)KUMHOIO PEMHS); BEJIMYMHA JBOWHOIO MPOTpENna MyTeM

HN3MCHCHMS I10JIOKCHHS BHUIIKH.

JEM

lpozpaMMHan cocmabaqowaa cucmeMs NOddepXKu NPUHAMUA peweHuu
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Puc. 35. Cxema peanuzanuu CUCTEMbI MOIAEPKKH PUHATHS PELLIEHUN
npu nepepadboTke JbHIHOU TpecThl Ha MTA

VYnpasnenust pabotoii MTA BO3MOXKHO Take C UCHOJIb30BaHHEM OoJee
3¢ pexTuBHOM, HO 0OJiee CJIOKHOM CHCTEMBI YIPABJICHUS, HCKIIOYArOMEeh
IIpUBJICYEHHE oneparopa. B 3roM ciayyae peanm3yeTcs IOJHOCTBIO
ABTOMATU3MPOBAHHBIA aITOpUTM. B €ro ocHOBe nexar pemeHus 3agad Mo
IPOTHO3UPOBAHUIO PE3YJIbTAaTOB IMEpepabOTKU M IMEPEHACTPOMKE PEKHUMOB C

y4E€TOM BPEMEHH U3MEHEHUS CBOUCTB TpecThl nepen MTA.
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B »stom ciydae mepeHacTpoiika paOOThl MaliMiH B aBTOMATHUYECKOM
BApHAHTE OCYLIECTBISIETCA C wucnojib3oBanueM ACY, cxema KOTOpOH
pazpaborana B 2010 rogy mpuUMEHUTEIHHO K CO37aBAEMON HOBOW TEXHHUKE U
npejacTaBiieHa Ha pucyHke 36. DQPpdeKTUBHOCTh €€ MCMOJb30BaHUs Oblia

noateepxaeHa paboramu U. A. Pymsanesoit u B. H. T'ony0eBa.

CeHcopHas naHenb
onepartopa CM270

Linchposoe usobpaxeHue

O6paboTka OnpepenexHve
n3obpaxeHuns rpaHuy
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cocTogHum ACY
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PacknagouHbii
Eehl MuTaTtenb NbHAHO

TpenanbHasa TpenanbHas TpenanbHas TpenanbHas
cekumsa 1 cekumsa 2 cekuua 3 cekumsa 4
N1, yactota N2, yactora N3, yactora N4, yactota

BpaLLeHus BpaLLeHus 2-i BpaLLeHus 3-i BpaLeHus 4-i
1-7 cexuum ceKLum cexum ceKumum

POMEXYTOUHbIN
TpaHcnopep

YnpaBnsiembivi
KomnenoaGueartens

V1, HayanbHas CKOpoCTb
[IBWKEHUS CrIost l - DPOCTH A1BKEHMS CrIost Mocre M1, CKOPOCTb AIBIKEHNS 3aXKVIMHOTO TpaHCNopTepa
]

3aXXMMHOM TPAHCMOPTEP V2 - ckopocTs ABMKEHNS!

Puc. 36. Cxema aproMaTu3anuu padoThl MalIMH MPH MOJTYyYEHUN
TPENaHOro JIbHa MPUMEHUTEIBHO K HOBOM CHUCTEME KOHTPOJIS €r0 CBOMCTB

Pe3yromameol ucnvimanuit H06020 MAILHO-MPenaIbHO20 azpecama [27].
[IprieMOYHBIE UCTIBITAHUSI MAILIWH, BXOASIIAX B COCTaB HOBOTO MSIJIBHO-
TpenaJIbHOTO arperata (B aKkTe€ HUCIBITAHUS HAa3BAHO <JIMHUS»), MPOBOIMIUCH
MEXBEJIOMCTBEHHOM KOMMCCHEHN, B COCTaB KOTOPOW BXOJWJIHM MPEIACTABUTEIN
Muncenbxo3a PO, ®T'BY «AreHTcTBO «JIeH», pa3HBIX JbHOCEIOIIMX PETHOHOB
P®, uncnekuuu no tpyny, a Takke padOTHUKM VIBaHOBCKOTro MEXaHMYECKOTO

3aBoaa u KI'TY. HMcnblTanus nokaszaiy CIeayrolue pe3yabTaThl.
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OOecnieunBaroTcsl yCioBUs 0€30MacHOM SKCIUTyaTaluu Becex MamuH. [lo
pe3ynbTaTaM  arpoTeXHUYECKMX U TEXHOJOTMYECKUX  HCHBITAaHUN  C
UCIIOJB30BAaHUEM JIBHSIHOM CTJIaHIEBOM TpecTthl Homepa 1,25 u 1,75
YCTaHOBIIEHO, YTO:

- B CpPEIHEM II0 BCEM HCIIBITBIBAEMBIM IMAPTUSM IMPOU3BOIUTEIBHOCTD
JIMHUM 110 TPECTE COCTaBUIIA MpuUMeEpPHO 1,6 T/4;

- B pE3yJIbTaT€ HWCHBITAHUN BBIABICHO, YTO HW3MEHYUBOCTH CTEIICHU
YTOHEHHS C UCTHOJIb30BAHUEM CIIOEYTOHSIONIEW MAIIMHBI cocTaBisteT 1,69 pasa,
TO €CTh CTENEHb YTOHEHUS CJI0S BO3MOXKHO U3MEHUTH € 6,5 110 11 pa3;

- IOKAa3aTeNb IPUTOJHOCTH C0s cocTaBwil: s nmaptuu Nel — ot 0,60 no
0,78, a nna maptuu Ne2 — ot 0,64 nmo 0,81. B cpennem mo BceM mapTusim
IPUTOJHOCTD CJI0SI IPU UCIIOIB30BaHUU HOBBIX MaluH cocTtaBuia 0,795;

- YMUH JIJIS1 UCTIBITBIBAEMBIX MTAPTUH B cpeiHeEM cocTaBui 31%:;

- JUIA HOBOW TpemaqbHOW MaIlMHBI CTeneHb auddepeHnranum
WHTEHCUBHOCTHU BO3JEUCTBUI cocTaBmia 213 (A1 UCMOb3yeMOi B HACTOsIIIEe
BpeMs Ha JbHO3aBoAax — 110).

Y CTaHOBJIEHO YIYUYIIIEHUE OCHOBHBIX TEXHOJIOTHUECKUX Mokasareneu. [1o
BBIXOJy HJMHHOTO BOJIOKHAa HaOmojancs pocT 10 32%. Ilo yposHio
HeJI0pabOTaHHOTO BOJIOKHA — CHUWxkeHue Ha 15,7%. KauecTBo BOJIOKHA,
MOJIy4aeMOoro Mpu NepepadoTKe, 0Ka3ajJoch HE HIbKe HoMepa 11.

[TonydyeHHbIE MOJOKUTENbHBIE PE3YNbTAThl MO3BOJIWIN CAEIaTh BBIBOJ,
YTO HOBBIE MAIIMHBI, COCTABJSAIOIINAE JIMHUIO JUIA TOJIYYCHHsS] TPENaHOIro
JBHSHOTO BOJIOKHA, YJOBJETBOPSIOT TpeOOBAHUAM TEXHUYECKOTO 3aJaHMs,
BbIJTaHHOTO MuHcenbxo3oM P®, corimacHO rocyaapCTBEHHOrO KOHTpakTa Ne
1556/13 ot 14.10.2008 r. Ilo 3TUM mapaMeTpam HCHBITAHUS CIEAYET CUUTATh
YCIIEIIHBIMH.

Komuccusa pekomennoBaa Muncenbxo3y PP oCylmiecTBUTH YCTaHOBKY
HOBOTO 00OpY/IOBaHMS Ha OJIHOM M3 JIbHO3aB0/10B Poccuu. Beibop npHO3aBOA,

Ha KOTOPOM OYyAyT anpoOUpOBaHbl HOBbIE MALITUHBI, TO0JHKEH OBITh OCYIIECTBIICH
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¢ yueToM TpeboBanuii MuHcenbxo3a PO, npemioxeHunit TbH03aBOIOB, a TAKKe
C Y4ETOM pEeKOMEHAalUN pa3padoTynKa JMHUHU U 3aBOJIa-U3TOTOBUTEIA.

B nactosimee Bpemst HoOBhIM arperatr  MTA-3JI ycraHoBiieH Ha
JlaHumoBCKOM  JIbHO3aBOJI€  SIpociiaBCKOM  oOjacTH i MOCIEAYIOIIeH

skcrutyaranuu (puc. 37).

Puc. 37. HoBblil MsinbHO-TpenasibHbIi arperaT MTA-3J1 B niexy JlaHHIJIOBCKOTO
JbHO3aBOAA (BU: HAUMHAS C MOCTEHEN CEKIIUU MSUTbHOW MalllMHBI
U YEeTHIPEXCEKIIMOHHAs TpenajlbHasi MalluHa)

3AK/IIOYEHUE

CrabunpHOe obOecreueHue JhHIHOM TEKCTUIBHOW MPOMBIIIICHHOCTH
OTEUECTBEHHBIM CHIPHEM SIBJISIETCSl aKTyaJIbHOM 3a/1auei, 0COOEHHO B YCJIOBHSIX
uMmnopro3amenienus. [1o3atomy Al TEXHOIOTHUECKOTO Pa3BUTHS MPEANPUATUI
o TMEepBUYHON 00pabOTKe JIbHA HEOOXOJMMbl WHHOBAIIMOHHBIE Pa3pabOTKH,

06CC1'I€‘-II/IBaIOIIII/Ie CHW)KCHME CeO0SCTOMMOCTH MW TOBBIIIEHHE KadyecTBa
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TPENAHOTO JILHSHOTO BOJIOKHA.

AHanu3 NpPUMEHSEMbIX Ha MPAKTUKE MAIIUHHBIX TEXHOJOTHWH, MPUEMOB
HOJTOTOBKH CHIPbS M OCOOCHHOCTEHW CBOMCTB MOCTYMAIOIIEH Ha JHHO3aBOIbI
JBHSHOM TpecThl BbIABWI cienyromiee. Mcronbzyembie MTA miis  coxpaneHus
TpeOyeMoil MPOU3BOAUTEIBHOCTH, HE 00ECHEUMBAIOT JOJDKHOTO KOJIWYECTBA U
WHTEHCUBHOCTA BO3JICUCTBUI MpuU TMepepadoTKe JbHA. ITO TMPHUBEIO K
3HauuTENbHOMY pocTy (10 50...60 %) nonu HepopaOOTaHHBIX BOJIOKHUCTBIX
npsineid. OCHOBHOM NPUYMHONM 3TOrO SIBUJIOCHh CYIIECTBEHHOE IOBBIILICHUE
HEOJTHOPOJHOCTH CBOWCTB TPECTHI U €€ II0Xask MOATOTOBKA K TPEIaHMIO.

[Ipenmpusatrss oTpacn B TaKOM CHUTyaluud CTald paccMaTpuBaTh
BO3MO>KHOCTH IPHOOPETEHUSI U MCIIOIb30BaHUS UMIOPTHOM TeXHUKU. OJHAKO
anpoOanus 3aKyIJICHHBIX 00paslloB BBISIBMIA UX HEJOCTATKH, CBSA3aHHBIE CO
crnerupuKon OTEYECTBEHHOTO CBIpbs (ToBBIIIEHHAs BIIQ)KHOCTb,
HEOJHOPOJIHOCTh CBOMCTB M TIOHWKEHHas JuiMHa ctebinei). Oxaszanach
npo0sIeMOll CTOMMOCTh 3apyOexHoro oOopynoBaHus, KoTtopas — B 3...4 pasza
0oJblile, YeM Y OTEUECTBEHHBIX arperaros.

ITpu Takux yciaoBHSIX NOTPEOOBAIOCH CO3/IaHUE HOBOIO 00OpYyHOBaHUS,
paboTa koroporo obOecrmeunBaiga OBl aJaNnTaldi0 K CBOMCTBAM MCXOJHOTO
JBHSHOTO CBIPbS HA OCHOBE MPUMEHEHHS CHUCTEM MPOTHO3UPOBAHMS
PE3yJabTaTOB €ro MnepepaboTKU U aBTOMATH3AIMK YIPABICHUS AJIS1 TOCTHXKEHUS
ONTUMAJIbHBIX peKUMOB paboTel MTA.

JUIs TOBBINIEHUST NPUTOAHOCTU CJOS JIBHSHOM TPECTBl K TPEHaHWI M
YBEJIMUEHHMSI BBIXOJA JJIMHHOTO BOJIOKHA 00OCHOBAHbI TEXHUUYECKHUE PEIIECHUS 110
COBEPLIEHCTBOBAHNIO KOHCTPYKLUU CJI0€(OPMHUPYIOIEH MAIIUHBI IOCPEICTBOM
UCIIOJIb30BAHUS JIOMOJIHUTENBHBIX Y3JI0B: OJIOKA KOHTPOJII CBOMCTB TPECTHI,
y3la BCTpSIXMBaHUS cllos  creOsiedd, miuargopmbl A NEepeMEIIeHUs
KOMJIENTOIOMBATENS, MEXaHU3Ma CrPYKUBAaHUA NEpe] YTOHEHWEM W NPHUBOJA,
o0ecreuynBaroIIero HW3MEHEHHE CTENEHM YTOHEHHUs ciios (C BapuaHTaMH

JUCKPETHOM WK HEMPEPBIBHOW PETYIHPOBKH).
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[IpennoxkeHo ympaBiATh pexXUMaMH CcJI0eOPMUPYIOLIEH U JIPYrux
MallnH, COCTaBJISIOMIMX MSJIBHO-TPENANbHBIA arperar B 3aBUCHUMOCTH OT
CBOICTB nepepadaTbiBaeMOil IbHSHOM TPECTHI.

OpHoit U3 TPUYMH HU3KOU 3 (PEKTUBHOCTH MPOMHHA KOHIIEBBIX Y4aCTKOB
cTeOneil JTbHOTPECTHI SBISETCS HEPABHOMEPHOCTh BBICOTHI MPOQPMIIA CIOS IO
€ro IIHUPUHE, YTO SBJSIETCA CJIEIACTBHUEM MOP(POJOTHUYECKUX OCOOCHHOCTEH
CTpOeHHUs cTe0JIeH JIbHAa U UX PACTIHYTOCTH.

[Ipy wWCMONB30BaHMM KOHCTPYKIMHM 3apyOEKHBIX JIBYXCEKIIMOHHBIX
MSUJTBHBIX MAIllUH HAJIMYUE y371a TepexBaTa CJIos MpH UCIOJIb30BaHUM CTEOJICH ¢
NOHW)KEHHOM JUIMHHOM U PAacTSIHYTOCTHIO MPUBOJUT K CHUYKEHUIO IMPHUTOJTHOCTH
cTebJieii K TpernaHulo.

B KOHCTPYKIMSIX OTE€YECTBEHHBIX OJIHOCEKIIMOHHBIX MSIJIBHBIX MAIIWH,
pazIuYMs TOJIUIMHBI CJIOS MO €ro IUpuHe U (GOPMUPYIOLIUMECS H3-32 3TOTO
YIJOBBIE KOJEOAaHUs CJI0sS HE MO3BOJISIIOT (POpMUPOBATH TpeOyeMyro TiIyOMHY
3ax0JIeHUsI pyudieid Uisi KOHIEBBIX 00Jiee TOHKHUX YYaCTKOB CJIOS.

Jis noBeiieHUsT 3()PEKTUBHOCTH MPOMHUHA TMPEJIOKEHA HOBas cxema
JIBYXCEKITMOHHOHN MsJIbHOU MamuHbl. [Ipu e€ paboTe Ha 3aKIIOUYUTEIIHLHOM dTare
npolecca KOHLEBBIE YYacTKM IOJBEPraroTcs IONOJHHUTEIBHOMY IIPOMHUHY C
UCIIOJIb30BAaHUEM pHUQIIeH, KOHCTPYKLUS KOTOPBIX CHUXKAET BEPOSITHOCTD
BO3HHUKHOBEHHUSI OMACHBIX HATSIKEHUN BOJOKHUCTBIX MPAACH. J[OMOJIHUTENBHO K
ATOMY HMCKJIIOYAETCS YCIOBUS Ul BOSHUKHOBEHHS HE 3((DEKTUBHBIX YTIOBBIX
Kosie0aHuil BaJIKOB. DTO JOCTUrAeTCs 3a CUET TOTrO, YTO CPEJHSS YacTh CJIOS HE
B3aMMO/JICUCTBYET C BaJKaMU, a GUKCUPYETCS B 3aKMMHOM TPAHCIIOPTEPE.

C uenpl0 pPErylMpoBKH TIyOWMHBI 3aXOXIAeHUss pudiel u creneHu
OpWKaThsg BAJIKOB B MpOLECCe MNPOMHUHA pa3pabdoTaHa OpUTHMHAIbHAs
KOHCTPYKIMSI OIIOp BAJIKOB. B OTUIMUME OT U3BECTHBIX AHAJIOTOB €€ NPUMEHEHUE
BIIEPBBIE MO3BOJIMJIO ONEPATUBHO MEHATHh PEKHMBI padOThl MSIBHOW MalIUHBI

0e3 octanosa MTA.
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Hcrnonb3yemMble B HACTOSIIEE BpEMs TPENAIbHBIE MAIIWHBl IPH
nepepaboTKe CTJIAHIIEBOM HEOJHOPOJHOW 1O CBOMCTBAM TPECThl  HE
oOecrneynBarOT TpeOyeMbIX 3HAUCHUN BBIXO/Ia M KaueCTBa JJIMHHOTO BOJIOKHA B
COOTBETCTBMM C OTpaclieBbIMHU HOpMaTUBaMU. BrbIsiBIIeHa HEOOXOIUMOCTb
YBEJIMUCHMSI KOJMYECTBA BO3JCHCTBUN Ha 0O0pabaThiBacMbIii MaTepual B
npolecce TpenaHusi ¢ BO3MOXKHOCTBIO MOBBIIIEHHON AU(QPEepeHIai no ux
MHTEHCUBHOCTH.

Haubosnee 1EeIEeCO00pa3HbIM crocobom UHTCHCU(DUKAITIH
00eCKOCTpUBaHUS JIbHA MpPU TPEMaHUU SIBIISIETCS COBMEUICHUE BapHUaHTOB
00paboTKH, OCHOBAaHHBIX HA W3MEHEHUU YacTOTHl BpAIICHHUS TpENalbHbBIX
OapabaHOB M yBEJIMYEHUU YIJIOB OOXBaTa MpPSAAbl0 KPOMOK 3JIEMEHTOB
KOHCTPYKIIMU O6apabaHa B akTUBHOMU 30HE. D(HPEKTUBHBIM MPUEMOM YKA3aHHOTO
YBEJIMYEHHUSI, HaApSAIy C U3BECTHBIMHU PEUICHUSMH, MPEII0KEHO CUUTATH POCT
yucia ow Ha 6apabaHe W YCTaHOBKY HA HUX CHEIHATBLHBIX THUIBHBIX TJIAHOK C
W3MEHSIOLIENCS BBICOTOM BBLJIETA. [enecooOpa3no NIPUMEHEHUE
YETBIPEXCEKIIMOHHOW TPEMAIbHON MAILIUHBI.

JIJig IpOrHO3UPOBAHUS PE3YyIbTATOB MEPEPadOTKU B Kaue€CTBE OCHOBHBIX
BBIXOJHBIX IapaMETPOB IMPEIJI0KEHO UCIIOJIB30BaTh BBIXOJ TPEMAHOTO
BOJIOKHA, COJIEpKaHWE B HEM KOCTPhI M JOJI0 HeAopabOTaHHBIX mpsiaci. B
OCHOBE IMOMCKAa PALMOHAIBHBIX YCIOBUN MEpepabOTKH BO3MOXKHO NPUMEHEHUE
HEHPOCETEBOr0 aHalin3a, OTIUYUTEIbHOW OCOOEHHOCTBIO KOTOPOTO SIBISIETCS
BO3MOXHOCTh OIEPATUBHOIO J0OOYYEHHS CHUCTEMBbl B TMPOU3BOJICTBEHHBIX
YCIIOBUSX.

Jns >pdexTuBHON TepepabOTKU JTHHOTPECThl B KOHCTPYKLHSX HOBBIX
MalluH MPETyCMOTPEHbI Y3Jbl JUISl ONEPAaTUBHOIO H3MEHEHUS PEXKHMOB HX
pabotel. OHM ajganTupoBaHbl ¢ cucteMoil ympasieHuss MTA Ha ocHoBe
OTOYHOT'O KOHTPOJISI CBOMCTB TPECTHI.

VYmpasienue pexumamu padotsi MTA BO3MOXKHO ¢ MPUMEHEHHEM JBYX

BUJOB cucteMm: noaaepxkku npuHsatus pemenuit  CIIIIP wm ACY. Onu
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(YHKIIMOHUPYIOT B 3aBUCUMOCTH OT CBOMCTB 0OpabarsiBaeMoi cTeOeil: 1BeTa,
CTPYKTYPHBIX TTapaMeTPOB COBOKYITHOCTH CTE€OJICH B JICHTE U UX BJIIAKHOCTH.

Paspabotannsie Bapuanthl peanusanuu CIIIIP u CAY npemioxens ais
MPAKTUYECKOTO UCIOJIb30BaHUSI TIPU BHEJApeHUU HOBoro MTA, co3gaHHOro 1o
pe3ynbrataM uccienoBanuii KI'TY coBmectHo ¢ MIBaHOBCKkuM 3aBooM um. [.K.
Kopounéga.

PaspaboTtanHple MamuHbl i MepepabOTKM JibHA W BapUaHT UX
arperaTupoBaHMsl YCIEIIHO TMPOUUIM TOCYJAapCTBEHHBbIC UCIBITAHUS U B
Hactosiiee BpeMst HOBbId MTA-3JI ycranoBieH Ha J[aHUIOBCKOM JIbHO3aBOJE
SApocnaBckoii 06acTu.
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