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VJIBTPA3BYKOBOE CBEPJIEHUE I''TYBOKHUX OTBEPCTHI
AJIMA3HBIM UTHCTPYMEHTOM

Joopuna A.A., lllanoanos P.I'., Poionnckas T.A.
(kagh. Mexanuxu, TTH FODY, 2. Tacanpoe, Poccust)

B MammHOCTpOeHHH, MPHOOPOCTPOCHUH U PAJMOIICKTPOHUKE Bce Oosee MMPOKoe
NPUMEHEHUE HAaXOIAT Pa3M4Hble HEMETANIMUYECKHE MaTepualibl: ONTHYECKOEe, KBApIEBOE U
TEXHUYECKOE CTEKJIO, KepaMHKa, CUTAJUIBI U Ap. DT MaTepualibl 00J1a1al0T BEICOKOH TBEPAO-
CTBIO U XPYTIKOCTBIO.

Mexannueckasi 00paboTka TBEPABIX HEMETAUIMYECKUX MaTepHajoB, 0COOCHHO TIiTy0o-
KOE€ CBEpJICHHE OTBepCTHH Mayoro nuamerpa (D=3,6 mm; A>50 MM), cBsi3aHa ¢ OOIBITUMU
TpyaHocTsiMu. Kpome TOTo, mpy MCTIOJIb30BaHUU M3BECTHBIX METOJIOB MEXaHMYECKOH 00pa-
OOTKM OTBEPCTHH B TaKMX MaTepuallaX 4acTO HE YJAeTcs BBIIACPXKAaTb TpeOyeMble TeXHHYe-
CKUMH YCJOBUSMH KaueCTBO MOBEPXHOCTH M TOYHOCTH 0Opabotku. [IpuMeneHne 0OBIYHOMN
CXEMBI yJIBTPa3BYKOBOH pa3MepHO 00pabOTKH Jake MPH MCIIOIB30BAHUH aKTHBHBIX CIIOCO-
00B momauu aOpa3uBHOW CyCHeH3WH B Pabodyio 30HY HEI()PEKTHBHO BCIECICTBHE MaJION
NPOU3BOAUTEIHFHOCTH, HU3KOM TOUHOCTH U OOJIBIIOTO H3HOCA HHCTPYMEHTA.

[lepcrieKTUBHBIM HampaBlIeHUEM YJIBTPa3ByKOBOTO pe3aHUsl XPYNKHX TpyAHOOOpada-
TBIBAEMBIX MaTEPHUAJIOB SBJISIETCS 00padOTKa BpAIIAIOIIUMCS aJIMa3HbIM HHCTPYMEHTOM.

3a pyOexxoM pa3paboTaHbl CHEIHUATU3UPOBAHHBIE YJIBTPA3BYKOBBIE CTaHKH MaJlon
motHocT (0,1—0,2 kBT) ¢ BpamaroummmMcest aaMa3HbIM HHCTpyMeHTOM. OJIHAaKO BCE 3TH
CTaHKH MPUTOJHBI /Ui 00paboTKU Ha riyOouHy He Oosee 25-30 mMm. [Ipumenenue s 3Toi
LEJIM CHEUAIM3UPOBAHHOIO YJIbTPa3BYKOBOr0 cTaHka MO-22 Takke HE MOKET PEluTh 3a-
Jlauy rIyOOKOTO CBEpJICHHsI OTBEPCTHM Majloro JuaMerpa.

J51s1 OpUEHTHPOBOYHOM OIIEHKH ((HEKTUBHOCTH BIHMSHUS YIBTPA3ByKOBBIX KOJICOAHMIA
Ha Mporecc 00paboTKU ONTUYECKOTO CTEKJIA MPEABAPUTEIBHO OBLIM MOCTABJICHBI OMBITHI IO
[apanaHuio TUIOCKMX 00pa3lioB OPUEHTUPOBAHHBIMU M HEOPUEHTUPOBAHHBIMHU KPUCTAJIAMHU
ajMasa.

Coo01ieHne ajaMa3HOMY WHACHTOPY YJIBTPa3BYKOBBIX KOJEOAHWH Mol aMILIUTYIbI
MO3BOJISIET B PE3YJIbTATEe CO3JAHMSI CETKH MHUKPOTPEIINH CYIIECTBEHHO WHTEHCH(HIIUPOBATH
NpoIEeCC TUCTIEPTUPOBAHUS XPYIIKOTO MaTepHaia, MpudeM HanOoJiee 3HAYUTEILHO BO3PACTa-
eT IIMpYHA KaHaBOK, 0COOEHHO NPY LapanaHui HEOPHEHTHPOBAHHBIMU KPUCTAJUIAMH aMas3a
(ot 3 1o 5 pa3).

DKcnepuMeHTalbHble pa0OThl MO YJIBTPa3ByKOBOMY CBEPJICHHIO ITyOOKHX OTBEPCTUH
BBITIOJTHSUUIA HAa YCTAHOBKE, CMOHTUPOBAHHON Ha TOKApPHO-BHHTOPE3HOM CTAaHKE, CXeMa KOTO-
poii mpuBeneHa Ha puc. 1. ICTOYHHKOM yIIbTPa3BYKOBBIX KOJIEOAHUH CITYXKHIIH JIBYXCTEPK-
HEBbl€ MAarHUTOCTPUKLIMOHHBIE MAKEThI ¢ padoueil yactoroit f ot 24 no 43,5 x['u. K nakeram
NPUTIAsTHBI TI0JTyBOJIHOBBIE DKCTIOHEHIIMAIbHBIE KOHIIEHTPATOPHI, K KOTOPHIM Ha pe3nrde Kpe-
NUTCS PE30HAHCHOM JUIMHBI TpyOKa ¢ anmma3Hoil kopoHkoi. Boja, mosaBaemast moJ| 1aBjieHu-
€M, OXJIAKIAeT MAarHUTOCTPUKIMOHHBIA TMaKeT W, MPOXOJsS Yepe3 OTBEPCTHE ajlMazHOM Ko-
POHKH, OXJIQXIAeT 30HY PE3aHUS U BHIMBIBAET CTPYKKY. YJIBTpa3ByKOBas TOJIOBKA C ITOMO-
HIbI0 KOHYCAa 3aKpeIieHa B TMHOJM 3aHei 0a0Ku TOKapHOIro cTaHka. PaznuuHble oceBble Cu-
ael P B mpouecce 00pabOTKM yCTaHABIMBAJIM C MOMOIIBIO JUHAMOMETPUUECKONW CKOOBI 5.
MarHuToCTpUKIIMOHHBIN TpeoOpa3oBaresb BO30YKAAETCS OT YJIBTPa3ByKOBOTO T'eHepaTropa
VY3M-1,5 co cnienanpHO 1epeoOopy0BaHHBIM 33JIa0IINM KackaaoM. [lepBrie sSKkciepuMeH-
ThI IPOBOAMJIM aJIMa3HBIMU KOPOHKAaMHU JuaMeTpoM 6,4 MM, H3rOTOBJICHHBIMU U3 aiMasza Al6
Ha MeTaJIMYeCKOH cBsa3ke M5-6, 100%-HOi KOHIIEHTpaIUH.
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Puc. 1. Cxema 3xcriepuMeHTaIbHONU YCTAaHOBKU: 1 — yJIbTpa3ByKoOBasi rOJIOBKA;
2 — muHOB 3aHeH 0a0ku; 3 — oOpabaTbiBaeMasi 3aroToBKa; 4 — amMa3Hoe CBEPIIO;
5 — TuHAMOMeTpHuYecKasi ckoba

I'mybuna 06paboTku B ombITax ¢ yibTpa3sBykoMm h=50—60 mm. [Ipu pabote 6e3 konebda-
HU 00paboTKy BeM Ha riyOuHe He 6osiee 20 MM.

OO0pabaTeIBa€MOCTh XPYIIKUX HEMETAUIMYECKUX MATEPHUAJIOB MPHU yJIbTPa3BYKOBOM all-
Ma3HOM CBEPJICHHH 3aBHCHT OT psiJia UX (PU3NKO-MEXaHWYECKHX CBOMCTB, CBSI3aHHBIX C MPOY-
HOCTbIO, COOTHOIIIEHUEM MUKPOTBEPAOCTH ajiMa3za U MaTrepuaia, CTpyKTypoi Marepuaa.

To4yHOCTB yJIBTPa3ByKOBOTO aJIMa3HOIO CBEPJICHHS 3aBUCUT OT MHOTOUYMCIIEHHBIX aKy-
CTHYECKHX U TEXHOJOTHYECKHX (PaKTOPOB: PEKUMOB 00paOOTKH, XapaKTEPUCTUK PEIKYIIETO
WHCTpYMEHTa, xkecTKoCTH cucteMm CITM/], kunemaTudueckoi cxemsl mpoiiecca u ap.

TouHOCTH 00PaOOTKM OLIEHUBAIU MO CJIEAYIOIIMM KPUTEPUSM: TOYHOCTb pazMepa — 1o
OTKJIOHEHHMSM IOJYYEHHOTO pa3Mepa OT 3aJaHHOTI'O Ha BXOJAE B OTBEPCTHE U BBIXOJE U3 OT-
BEPCTHUS; TOYHOCTH (POPMBI — IO KOHYCHOCTH U SJUTMIICHOCTH OTBEpCTHsi. Bee 3T morpemrHo-
CTH HOCAT CIyYailHBIA XapakTep W, KaK MOKa3zaind pe3yJbTaThl 00pabOTKH IKCIIEPUMEHTAIb-
HBIX JAHHBIX (pHUC. 2), MOAYUHAIOTCS 3aKOHY HOPMAJIBHOTO PacIpeieeHusl.

AHaNM3 MOyYEeHHBIX B Psi/Ie SKCIIEPUMEHTOB JAaHHBIX (Ta0u. 1) moka3piBaeT, 4To TOY-
HOCTb 00pabOTKHU aJIMa3HbIM MHCTPYMEHTOM 3HAYUTENIBHO BBILIE TOYHOCTH OOBIYHON YJIBTpa-
3BYyKOBOM 00paboTku cBOOOIHBIM abpa3uBoM. Tak, Hanpumep, 94% Bcex OTKIIOHEHUH pa3me-
pa Ha Bxojae otBepctusi coctaBistoT 0,02—0,06 MM, 98% oTkIIOHEHUH pa3Mepa Ha BBIXOJE OT-
BepcTHst cocTaBisitoT 0—0,02 MM, KOHYCHOCTb MPU 3TOM HE NPEBBIIIAET 5', AJUTUICHOCTD Me-
Hee 0,01 MM. YBennueHueM *KeCTKOCTH MHCTPYMEHTA WM MPUMEHEHUEM CIEI[UAJIbHBIX JIO-
HETOB MOYHO TMOJYYUTh OTBEPCTHUS 2-TO KJacca TOUHOCTH (OTKJIOHEHHs pazmepa menee 0,015
MM). KonycHocTh rimy6okux otBepcthii (A = 200 MM) He mpeBbIIIaeT 3,5', HICKpUBIEHHE OCH
— Mmenee 0,1 MM.

KonycHOCTE 00paOOTaHHBIX OTBEPCTHH TMPH YJITPA3BYKOBOW anMa3HOW 00paboTke
3HAYUTEJbHO MEHBILE, YeM IPHU YJIbTPa3ByKOBOM 00paboTke cBOOOIHBIM abpa3uBoM. Ha-
npumep, 1o nauHsiM H. U. [llepOadyenko, cpenHsst BeMMUMHA KOHYCHOCTH cocTaisieT 60' mpu
s=+20".

Takum o0Opa3oM, yJIbTpa3ByKOBOE aJMa3HOE CBEPJICHHE SBISETCS BBICOKOTPOU3BOJIHU-
TEJbHBIM CIIOCOOOM MOJIY4€HHUsI TOUHBIX OTBEPCTHH Majoro nuamerpa (D=3,8 MM) B XpyTKHUX
HEMETAJUIMYECKUX MaTepuaax.

[TpoBeneHHble HccaeI0BAaHUS TOKA3aIM, YTO IEPOXOBATOCTh 00paOOTaHHOM MOBEPXHO-
CTH MU peXHUMax yJIbTPa3ByKOBOH aliMa3HON 00pabOTKH, COOTBETCTBYIOIIHUX MaKCUMAJIbHOU
MPOU3BOIUTEIBHOCTH, HAXOIUTCS B mpejaenax 4—5-ro KjaaccoB U NPAaKTUYECKU HE 3aBUCUT OT
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pasMepa 3epeH anMasa (B mpegenax AMS5—AMI16). [{ns nonydeHus: 60iee BEHICOKUX KJIACCOB
IIPOBEJCHBI OIBITHI 10 CBEPJICHUIO CTEKJIA MU MHUHEPAJIOKEPAaMUKU C MAJIOW IoAadeil. Ycra-
HOBJICHO, YTO MPUMEHEHHE MaJIOH Mmojavyu B mnpexaenax 4,6—14 MM/MHUH TO3BOJISIET TOJTYYHUTh
CPaBHUTENHLHO BBICOKHH KJIACC YUCTOTHI 0OpaOOTAaHHON MOBEPXHOCTH. YKa3aHHBIM pPEXHM
paboTHI ¢ MAJIOW MPHUHYAUTEIHHON TOJAa4eH ISl JOCTHKEHHS BBICOKOTO KJIacCa YUCTOTHI 00-
paboTaHHOM OBEPXHOCTH MOKHO HA3BATh PEXKUMOM YJIBTPa3BYKOBOH alIMa3HOM JOBOKH.

y ; Ry @
| L
= |
06 H\+ ; 0,3
' [
! |
04 | L1 g2
| |
|
02 —— g1—
N
| -4 o |
0 8,02 004 006 Sum 0 147 ?,:5” 4,2" K
a) 6)

Puc. 2. To4HOCTB yJIBTPa3ByKOBOIO aJIMa3HOI'O CBEPJICHUS: 4 — YBEJIIMUEHUE JTUAMETPA
orBepcTHii (1 — Ha BXxoze, 2 — Ha BBIXO/Ie), 0 — KOHYCHOCTh OTBEPCTHUI

Tabauua 1. TouHOCTh yIBTPa3BYKOBOTO aJIMAa3HOTO CBEPJICHHUS

[TorpemnocTn X S v
OTkIJIOHEHUS pa3Mepa Ha BXOJI€ OTBEPCTUS 0,039 mm | 0,0124 mm 0,32
OTKJIOHEHUsI pa3Mepa Ha BBIXO/1€ OTBEPCTHS 0,01 mm | 0,0053 mm 0,53
Konycnoctb 2,80' 0,84 0,3

PesynbraThl MpoBeIEeHHBIX MCCIEI0BAHNI MOKA3bIBAIOT, YTO YJIBTPA3ByKoBast 00paboT-
Ka OTBEPCTHH BpPAIIAIOIIUMCS aJIMa3HBIM HHCTPYMEHTOM B TBEPJBIX XPYIKHUX MaTepHasax
HUMEET CIICAYIOIINE IPEUMYIIECTBA Mepel OOBITHON YIIETPa3BYKOBOM pasMepHOI 00paboTKOM
cycrneHsuen kapbuaa Oopa: 1) BbIcOKas MPOU3BOAUTEIBLHOCTh MPOIECcca; 2) BHICOKAs CTOM-
KOCTh MHCTPYMEHTA; 3) BO3MOXKHOCTh 00paboTKu TiyOokux otBepctuit (A mo 500 MM mpu
D=3,6 mM); 4) BbICOKasi TOYHOCTh M Majlasi LIEPOXOBATOCTh; 5) yJIy4IIECHHE CAHUTAPHO-
TUTUEHUYECKHUX YCJIOBUH T 00CITy KMBAIOIIEro mnepcoHana; 6) He Tpedyercs 3aimra y3aoB
CTaHKa OT TonaiaHus a0pa3uBHOMN CyCIICH3UU.

Hapsiny ¢ npenMyIiecTBaMu yJIbTpa3ByKOBOE alIMa3HOE CBEPJICHHE MMEET M HEeJ0CTaT-
Ki: 1) HEBO3MOXKHOCTh 00pabaTeiBaTh OTBEPCTUS (PaCOHHOTO MpoGuisi; 2) BHICOKAs CTOM-
MOCTb HHCTPYMEHTA.

Onnako mpu oOpabOTKE OTBEpCTUH B TeJaX BpalleHHs YJIbTPa3BYKOBOE ajMa3HOE
CBEpJICHUE SIBIISIETCS BBICOKOTIPOM3BOAMTENHEHBIM CIIOCOOOM. DTOT METOJ OCOOCHHO d(deK-
THUBEH M I1eJIeco00pa3eH mpu 06paboTke IiIyOOKHUX OTBEPCTH MaJIOTO JHaMeTpa B TBEPJbBIX
XPYIIKUX MaTepuaax (CTeKI0, KepaMHKa, CUTAJIBI, TepMaHUi, KpEMHHI U Ip.)

Cnucok sutepatypsbi: 1. Xmenes B.H., ®upcos A.M., Uupuxos B.B., lllytos B.B. Yisrpa-
3BYKOBOE€ CBEPJICHHME MHOTOCJIONHBIX KOMMIO3UIMHA U3 XPYNKUX MaTE€pUaJIOB, COEIMHEHHBIX
3JIACTUYHBIM NOJIMMEpOoM. Marepuanbsl MeXayHapoJHOW HAYyYHO-TEXHUYECKOW KOH(pEpEHIINH
«Kommno3utsl — B HapogHOe x03siicTtBO Poccun», bapuayin, 10-12 centsopst 1997 r. («Kowm-
no3ut-97»), 1997 r., r. bapunayn, Anl'TY, c. 26-27. 2. Mapkos A.W. YabrpazBykoBas oOpa-
06oTka maTepuasioB. — M.: Mammuoctpoenue, 1980. — 237 c., ui.
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PA3PABOTKA TEMIIEPATYPHO-BPEMEHHOI'O ITIPO® WIS
NH®PAKPACHOI'O HATPEBA BGA MUKPOCXEMbI

Epmouiaesa H.B., JIuteun H.B.
(kag. pusuxu u muxpoanekmponuxu, BUTU (¢p) HUAY MUDH, 2. Boreoodonck, Poccuu)

Ha ceronusmnmii 1eHb B NPOU3BOJACTBE 3JEKTPOHHBIX YCTPOMCTB BCE YaIllE UCIIOIb3Y-
I0TC MUKpPOCXEMBbI, BBIIIOJIHEHHbIE B Kopmycax BGA. BpiBoabl 3THX MHMKPOCXEM HMEIOT
(bopMy IAPUKOB U PACTIOIOKEHBI MOJT KOPITyCOM, YTO MO3BOJISIET YBEIUIHUTh INIOTHOCTH MOH-
Taka Ha mevyaTHoil mare. [Ipu paGoTe ¢ HUMU BO3HUKAeT HEOOXOAMMOCTb PEIICHUS! TaKUX
3a/1a4, Kak COBMEILEHHUE BBIBOJIOB MUKPOCXEMBI ¢ KOHTAKTHBIMU IUIOLIA/IKAMH Ha IUIaTe, BbI-
auBaHUE MHUKPOCXEMbI (YCIOKHEHO B CBA3U C TPYJHOJOCTYITHOCTBIO BBIBOJOB), PaBHOMED-
HOE 3allauBaHNE BCEX KOHTAKTOB, KOHTPOJIb KAUE€CTBA MalKHU.

[IpumennTenbHO K JIOKABHOU mMaiike/BhimanBaHuio BGA KOHKYpUPYIOT JIBa MOJX0JA:
TepmoBo3ayIIHbId U uH(pakpacueidi (MK) [1]. B cooTBeTcTBUHM € 3TUMH TOIAXOJAMH IS
MOHTaKa U JIEMOHTaXa 3JIEMEHTOB C MIOBEPXHOCTHU IUIAThl UCTIOJBb3YIOTCS PA3INYHbIE MasIIb-
HbI€ CTaHLIUU.

TepMOBO3yIIHbIE CTAHIMM UCHOJB3YIOT JJIi HarpeBa KOMIIOHEHTOB OTKPBITHII MOTOK
ropsiuero Bo3ayxa, c(poKyCHpOBaHHBIN C MOMOIIBIO COIIa Ha BBIBOJBI KOMIIOHEHTa. Takue
nasiyibHbIe CTaHIMU MO3BOJIIIOT PETYJIMPOBaThH TEMIEpaTypy Bo3ayxa Ha Bbixone oT 100 mo
480 °C, Tak *e eCThb BO3MOXHOCTb PETYJIUPOBKU BO3AYIIHOTO MOTOKA. OAHAKO MPU UCTIOIb-
30BaHUM TEPMOBO3IYIIHBIX CTAIMi BO3HHKaeT psia mpobieM. BeBoas BGA-KOMIIOHEHTOB,
NpEJICTaBISIIONIME COO0OM KOHTAKTHBIE IUIOIIAAKU C IIApUKaMH IPHUIMOsS, PACIOIO0KEHbI O]
KOPIIyCOM YCTaHOBJICHHOTO Ha IUIaTy KOMIIOHEHTAa W HEIOCTYMHBI JUJIsl TPAAULMOHHBIX Ma-
SJIbHBIX MHCTPYMEHTOB. [l03TOMy maiika KOMIOHEHTOB BBINOJIHAETCS IIYTEM CKBO3HOIO IpO-
rpeBa kopmyca. [Ipu 3ToM BepxHss 4acTh KOpIlyca HarpeBaeTcs ObIcTpee, YeM IIapHKOBHIE
BBIBO/IbI, [IOCKOJIBKY OHM KOHTAKTHPYIOT C IJIATOM, UTO 3aTPYIHSAET UX HArpes.

B nenom, Bo3aymHON cTpyeil JOCTaTOYHO CIIOKHO 00ECTIeYnTh PaBHOMEPHBIN MPOTPEB
IUIOCKOCTH CO 3HAUYUTEIbHBIMHU JIMHEMHBIMU pa3Mepamu. KOHBEKIIMOHHOE OIUIABJIEHUE CO-
IUIOM MaJoro uaMeTpa He MOXKeT 00eCleunTh paBHOMEPHBII HArpeB KOMIIOHEHTA, B TO Bpe-
Msl Kak MOTOK BO3JyXa M3 cOIula OOJIbIIEro JuameTrpa OyJIeT «3aleBaTb» psIOM CTOSIINE
KOMITOHEHTHI. [103TOMY IS JIOKaIbHBIX PEeMOHTHBIX paboT (ocoberHo ¢ BGA) nienecoobpas-
HO NIPUMEHATh HHPPAKPACHYIO TEXHOJIOTHIO. J[aHHAS TEXHOJIOTHS XapaKTEPU3YETCsl yCOBEp-
[IICHCTBOBAHHBIM YIIPABJIEHUEM YPOBHS HarpeBa, KOTOPOE rapaHTUPYET paBHOMEPHOE pac-
NpeJielIeHUe TeIla M0 MOBEPXHOCTU KOMIIOHEHTA, B COUETaHUM ¢ 0ojiee HU3KOM Temrmeparty-
PO maiky.

B UK masutbHBIX CTAHIUSAX BMECTO TIOTOKA TOPSYETO BO3IAyXa HCHOJB3YIOTCS UH(Ppa-
KpacHbI€ BOJIHBI € AJTUHON 2—8 MKM. CTaHIIMU BBITIOJIHAIOT ONEpaliy HHPpaKpacHO! Maku U
BbIIIaMBaHUsl C KOMIIOHEHTaMH, UMEIOLIUMU JIMHEHHbIe pa3Mepsl oT 10 1o 60 MM, MOHTUpYE-
MBIMH KaK Ha IOBEPXHOCTh, TaK U B oTBepcTHUsA. CKOpPOCTh HarpeBa Mo4TH Ha OJHMH MOPSI0K
HIWDKE IO CPABHEHUIO C YCTAaHOBKAMH JUUI KOHICHCALIMOHHOM NMalKu. B 30He nalku HE BO3HU-
KaeT COCTOSIHHE TEPMUYECKOTO PaBHOBECHS, a HArpeBaHUE MEPEXOJUT HEMOCPEACTBEHHO B
dazy oxyaxaeHus.

Harpes BGA mukpocxemsl ¢ nomousto MK-u3nyuenust obnagaer TakuMu mpeumMyl1ie-
CTBaMH, KaK PaBHOMEPHOCTbh JIOKAJIbHOTO MH(PAKpaCHOr0 HarpeBa, HEBO3MOKHOCTb C/1yBa C
MIEYaTHOM IIaThl KOMIIOHEHTOB, BO3MOKHOCTb PabOThI CO CIOKHONPO(GMILHBIMU KOMIIOHEH-
Tamu [2].
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OpHaKo TpH UCTIOJIB30BAHUH JAHHOTO METO/Ia CIIEAYET YUUTHIBATh CIIEAYIOIINE €ro He-
JocTaTku [2]:

- HEpaBHOMEPHOCTh HarpeBa BCEro M3JIENHs, TIOSBICHUE B HEM TOPSYHX TOUEK;

- N30MPATENBHOCTh 10 OTHOIIEHHWIO K MaTepHaly MEeYaTHOH IJIaThl U OTPAHUYCHUS 110
BBIOOPY 3JIEMEHTHOM 0a3bl;

- TPYTHOCTh OTBO/Ia JISTKO UCTIAPSIONINXCS BenecT ((uroca U T.1.);

- HEOOXOAMMOCTH O00PA PEKUMA MAWKU JIJIsI Ka)KIOTO TUIA TIEYaTHOTO y37a.

B nacrosmeit pabote A TOCTHKEHHST BRICOKOKAYECTBEHHBIX PE3yJIbTaTOB MalKU OBLI
no100paH ONTUMAaJIbHBIN TeMIepaTy pHO-BpeMeHHOH npoduins HarpeBa BGA Mukpocxemsl Ha
nasuibHO-peMoHTHOM 1eHTpe ERSA IR\PL 550A. OcHoBHOI 1ienbio paboThl ObIIO cOXpaHe-
Hue foporocrosieil BGA MuUKpocXeMbl 1711 TOCIEAYOUIEr0 €€ BOCCTAHOBIICHHUS.

[Iponiecc HarpeBa MHUKPOCXEMBI COCTOUT U3 HECKOJBKHX CTaauil: CTagusl NpeaBapu-
TEJBHOTO HATrpeBa, CTa/IUs CTa0WIM3AINI, CTaUs OTUIaBJIeHUs, cTaaus oxnaxaeHus[1]. IIpo-
BEJIEM aHaJIM3 KaX10l CTaJuy HarpeBa.

Cragus mpenBapuTENbHOIO HAarpeBa MO3BOJISIET CHU3UTH TEIUIOBOM y/lap Ha 3JIEKTPOH-
HbIe KOMITOHEHTHI U TIeYaTHBIe IUIaThl. B mporecce npeaBapuTeb-HOTO HarpeBa MPOUCXOIUT
UCIIapeHre pacTBOPUTEN U3 NasibHOM macThl [1]. Ilpu ucnosb30BaHUU MasJIBHBIX MACT Ha
OCHOBE HamboJiee pacrpocTpaHeHHbIX ciiaBoB Sn62/Pb36/Ag2 u Sn63/Pb37 npenBapurens-
HBI HarpeB ocymecTBis0T A0 Temnepatypsl 90—-130 °C, npu 3TOM CKOpPOCTh MOBBIILICHUS
temneparypsl npoduist cocrabisier 2—4 °C/cek. OTMETUM, YTO BBICOKAsI CKOPOCTh TPEIBAPH-
TEJIFHOTO HarpeBa B JAaHHOM CIydyae MOKET MPHUBOAHTH K MPEXKIEBPEMEHHOMY HCIApEHHIO
pPacTBOPHUTENS, BXOSIIETO B COCTAB MasUIbHON MACTHI, U K LEIOMY PSIIy Je(PEeKTOB: MTOBPEK-
JIeHHEe KOMIIOHEHTOB 3a CYET TEIUIOBOTO yJapa, pa3OpbhI3TUBaHUIO LIAPUKOB MPUIIOS U BO3-
HUKHOBEHHIO TIepeMblueK npunosi. [loaTroMy Mbl mpearaeM U3MEHATH TeMIeparypy OoJjee
TUIaBHO co ckopocthio 0,5-1 °C/cexk.

Craaus craOwim3anyy TO3BOJSIET AKTUBH3HPOBATH (MIIOCYIOUIYIO COCTABIIIONIYIO U
yAanuTh M30BITOK BIIAard W3 MasiabHOW macThl. [loBBIIEHHE TeMmmepaTypbl Ha STOHW CTaIuu
NPOUCXOJNUT OYSHb MEJICHHO. MaKkcuMalibHasi akTHBAIMs (PIIroca MpOUCXOANUT NPU TeMIIepa-
Ttype okoso 150 °C. PekoMeHayemMoe BpeMsi CTaOMIM3ANNH JUIS «TPAJTAITIOHHOTO» TPOQUIISL
cocrasisier 80—-160 cex. Mbl npezyiaraeM JUisl IOBBILIEHNSI Kaue€CTBAa HAarpeBa yBEJIUYUTH 110
BpPEMEHH CTaMI0 cTabuim3aluuu. MukpocxeMma npu 3TOM OYyIET MporpeBarbesi 00Jiee paBHO-
MEPHO U B JaJbHEMIIEM O0Jiee JIETKO CHUMATbCs 0€3 MOBPEKICHUS KOHTAKTHBIX MJIOIIAI0K.
Kpome Toro, nmocne mpoiiecca BOCCTAaHOBJIEHHUS! IIAPUKOBBIX BBIBOJIOB MHUKPOCXEMa MOYKET
OBITh HCIIOJIL30BaHA TOBTOPHO, YTO OOECIIEYMBAET BHITOAY B NPOM3BOJACTBE 3JIEKTPOHUKU
OTIBITHOTO M CTIEUAILHOTO HAa3HAYCHUS.

[Ipu ontummuzanuu AaHHOW CTaJMM MpoOIEcca Mbl Y4WiM clieayroliee. B KoHe 30HBI
crabmwimmzanumn temreparypa o0braHo gocturaet 150-170 °C. B ciyuae mmTenbHOro Bpeme-
HU W/WIN BBICOKOW TeMIIepaTyphl CTaauH cTaOuiam3anuu (HIr0C MOKET MOTEPSAThH 3aIlUTHBIC
CBOJCTBA, €r0 aKTUBHOCTH CHM)KAETCSI, 3TO MPUBOJIUT K YXYIIICHHUIO MpOLEcca MaliKu U pas-
OpBI3TUBAHMIO IIAPUKOB MPHITOS HA CTAINN MAHKH.

Ha craguu onnasnenus TemnepaTypa HOBBILIAETCS JJO PACIUIABICHUS MasUIbHON MacThl
U NPOUCXOAUT (POPMUPOBAHUE MASHOTO coequHEeHus. /[ o6pa3oBaHus HAJEKHOTO MassHOTO
COEMHEHMs MaKcHuMalibHas Temmeparypa mnaiiku gopkHa Ha 30—40 °C mpeBblIaTh TOUKY
IUIABJIEHUS NasuIbHOM macThl U cocTaBisATh 205-225 °C (Ha miare). Bpemst B TeueHun KoTo-
pOTo MeyaTHas TuiaTa HaXoAUTCs BbIie Touky maBieHus (179-183 °C) nomkHo ObITH B Ipe-
nenax 30-90 cek, npeanoytuTensHo He 6oiiee 60 cex. CKOPOCTh MOBBILIEHUSI TEMIIEPATYPhI B
30HE OILIABJIEHMS JOJDKHA cocTaBiIATh 1,5-5 °C/cek.
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Craaus oXJaXIeHUs BakKHA HapaBHE C APYTUMH cTaausMu. [[ins obecneueHus Makcu-
MaJIbHOM MPOYHOCTH MastHBIX COCTUHEHHI CKOPOCTh OXJIAXKICHHUS J0JDKHA ObITh MaKCHMallb-
HOM. B ToXe BpeMms BbICOKas CKOPOCTb OXJIAXKJIEHUS] MOYKET BbI3BaTh TEpPMOyAap IO 3JEK-
TPOHHBIM KOMIIOHEHTaM. PexomMeHayemasi ckopocTh oxyaxaeHus 3—4°C/cex 10 TeMreparypbl
Hwke 130 °C.

TeMnepaTypHO-BpEMEHHBIE PEXXUMBI CTAAMN OILIABJICHUS] U OXJIAXKIAECHHUS Mbl OCTaBUIN
06e3 mmenennii. Ha puc. 1 npuBeaensl paszpaboTaHHas HaMH CXeMa TEMIIEPaTypHO-
BPEMEHHOI'0 pEXMMa HarpeBa MUKpOCXeMbl. Takke Ha pUCYHKE IpEJCTaBICHA TPaJULMOH-
Hasi cCXeMa Harpea is nasimbHO-peMoHTHOTOo neHTpa ERSA IR\PL 550A.

°C _A —~| |*— Mk —10 cek

Temnepatypa nanku 205 — 225 °C

200 |

B Temnepatypa nnaenedna 179 - 183 °C

1 Axrueauma ¢pnoca — 150 °C

100 0,5-1,0°C/cek

N «HoebIn» Npodunb Nakn OxnaxaeHune
3,0 —4,0°C/cek

2,0—-4,0°C/cek

«TpaguUNOHHbIN»
npodunb Nanku

| | | | | | | >
T l T l T l T l T I
60 120 180 240 300 cek

Puc. 1. Temneparypusie npodumm HarpeBa BGA Mukpocxemsl

Psan sxcriepumenToB no HarpeBy BGA MukpocxeM mokasai 3p¢GeKTHBHOCTD MPEICTaB-
JICHHOM TEXHOJOTMH MPU PEMOHTE 3JIEKTPOHHBIX YCTPOICTB OMBITHOTO, MEIKOCEPUHHOTO U
CHELMAJIbHOTO Ha3HaueHus. JlaHHas TEXHOJOTUs MO3BOJIMJIA HE TOJBKO COXPAHATH MHUKpPO-
CXEeMbI B OOJBIIMHCTBE CIy4YacB, HO W TMPUMEHSS TEXHOJOTHIO PeOOJUIMHTA, BOCCTAHOBHUTH
IIAPUKOBBIE BBIBOJIbI U UCIIOJIb30BATh MUKPOCXEMBI TIOBTOPHO.

BeiBoabl. IIpy peMOHTE 3JIEKTPOHHBIX YCTPOWCTB ONBITHOTO, MEIKOCEPUIHOIO U CIIe-
[IMaJTBHOTO Ha3HAueHHMs MeToJA HMH(ppakpacHOro HarpeBa sBisiercs Ooisiee 3(PPEeKTUBHBIM U
TEXHOJIOTUYHBIM, Y€M TEpPMOBO3IAYyIIHbIM. Pa3zpaboTaHHas HamMu cXema TeMIepaTypHO-
BPEMEHHOTO peXrMa MH(PPAKPaCHOTO HArpeBa MUKPOCXEMBI IS MasuIbHO-PEMOHTHOTO II€H-
tpa ERSA IR\PL 550A mo3BojsieT He TOJIBKO COXPaHATh MHUKPOCXEMBI B OOJIBIIMHCTBE CITy-
4YaeB, HO U MPUMEHAS TEXHOJOTHIO peOOJUIMHIA, BOCCTAHOBUTH IIAPUKOBBIE BBIBOJBI U HC-
M0JIb30BaTh MUKPOCXEMBI TIOBTOPHO.

Cnucok gurepatypbl: 1. B. Jlanun. MHppakpacHblil HarpeB B TEXHOJOTHUU MalKU MOBEPX-
HOCTHOTO MOHTa)ka / TeXHOJOTUM B 3JIGKTPOHHOU mpombltiuieHHocTH, Ne 3, 2007, C. 38-42.
2. JIabopatopust "YOAHOVYT". YUro Takoe uH(ppakpacHble MasJIbHO-PEMOHTHBIE LIEHTPHI
ERSA? http://ufanout.ru/equipment.
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MEXAHM3AIIUA U ABTOMATHU3ALIIUSA ITPOLECCOB CBOPKH

Manub6opko B.B., IllanoBasnios P.I'., Poiounckas T.A.
(kagh. Mexanuxu, TTH FO®Y, 2. Tacanpoe, Poccust)

TpynoemMkocTs cOOpOYHBIX PabOT B MAIIMHOCTPOEHHUU cocTaBisieT npumepHo 20-50%
OT 00IIell TPYIOEMKOCTH M3TOTOBJICHUS] MAIIMH. B MaccoBOM HPOM3BOJCTBE TPYA0EMKOCTh
cOopouHbIx paboT 3aruMaeT 20% OT BCEeil TPYJOEMKOCTH M3TOTOBIICHUS] TPY30BOTO aBTOMO-
Ouisl, B €MHUYHOM U cepuiiHOM mpousBoacTtBe — 40—60% oT Bcell TpyJOEMKOCTH MAILIUHBI.
Ha MammHOCTpOUTENBHBIX 3aBOAAX W3 BCEro oObeMa COOPOYHBIX PabOT MEXaHU3UPOBAHO
ToJIbKO 15-20%, a ocTanbHast 4acTh COOPOYHBIX OTEpAlMil BBITIOIHACTCS BPYYHYIO.

Becpma He3HauuTeNnbHOE NPUMEHEHHWE B MAIIMHOCTPOCHUM HMEET aBTOMAaTHUYECKas
cOopka, cocrapistomas mpuMepHo 6—7% oT Bcex BUIOB cOopku. [loaTomy HEOOX0IUMO CO-
KpamaTh TPYJI0EMKOCTh COOPOUYHBIX paboT IMyTeM ee MexaHu3aluu U aBromarusaiuu. Coo-
POUYHBIE MPOIIECCH B MAIIMHOCTPOUTEIHHOM MPOMBIIIJICHHOCTH OTCTAlOT OT MEXaHH3ALUH U
ABTOMATHU3AIMM TEXHOJOTHYECKUX MPOIECCOB MEXaHMUECKOW 00paboTKu neraneil. MexaHu-
3anusl 1 aBTOMAaTH3anusl COOPOYHBIX MPOIECCOB MOBHIMIAIOT MPOU3BOJUTEILHOCT TPY/la pa-
00uuX, yJIyYIIAlOT yCIOBUS UX paOOThI, COKPAIIAIOT YHUCIO PAOOINX-COOPIINKOB, TOBBIIIAIOT
Ka4eCcTBO MPOIYKIMH, YMEHBIIAIOT yIEIbHYIO IUIOMIAAh IeXa Mo COOPKY, CHIDKAIOT cede-
CTOMMOCTBD BBIITyCKaeMOH1 PO Ty KIIUH.

[Ipumenenne maioil aBTOMaTu3aly COOPOYHBIX TMPOIECCOB, NMPH KOTOPOH MPOH3BO-
JUTCS aBTOMAaTH3alUs OTAEIBHBIX COOpPOYHBIX oOTepammi, naet Hebonboi r¢dekr. Ipu
ATOM OOJIETYAIOTCS YCIOBUS TpyAa pabOvMX, yJIydIIaeTcss KadyecTBO COOMpPAEMBIX H3CIHIA,
HO YHCII0 pab0YnX-COOPIIMKOB HE YMEHBIIIACTCS.

Beicmieii cTyneHp0 aBTOMaTH3aH COOPOYHBIX PadOT SBISETCS KOMIUIEKCHAsI aBTOMa-
TU3AIMsl BCEX OCHOBHBIX M BCIIOMOTATEIBHBIX COOpOYHBIX padoT. Ilpm s3TOM mpowmsBoauTcs
ABTOMAaTHU3aIMs BCEX OTeparmii COOPKH y37a WM U3ZeNns ¢ IPUMEHEHHEM COOpPOYHBIX aBTO-
MaTOB WJIM aBTOMAaTHUYECKUX JIMHWH, BBITIOJHAIOMNX COOpKYy Oe3 ywactus yenoBeka. DyHK-
K pabovnX-HaJdaJuMKOB CBOJSATCS K HAOJIOJCHUIO 3a MPABWILHOW pabOTON aBTOMAaTH4e-
CKUX COOPOYHBIX YCTPOUCTB, MX MOTHATIAIKOM, 3arpy3K0il OyHKEpOB JI€TAIISIMHU.

Haubonpmmii TeXHUKO-5KOHOMHYECKHH 3()(eKT mpu KOMIIEKCHOW aBTOMAaTH3AIMH
COOPOYHBIX MPOIECCOB MOMYUYACTCS OT MPUMEHEHHS aBTOMAaTHYECKUX COOPOYHBIX JIMHUHN IS
BBITIOJTHEHHUSI BCETO KOMITJIEKCA COOPOYHBIX OTIEPaIHil.

[Iupokoe mpUMEHEHHE MEXaHU3AIMU M aBTOMATU3aIMK COOPOYHBIX MPOIECCOB UMEET
B MacCOBOM TPOM3BOJICTBE, MEHBIIIEE — B CEPUIHHOM MPOM3BOJICTBE, HE3HAYUTEIHHOE — B €U~
HUYHOM mipom3BojicTBe. Crabasi MeXaHW3alys M aBTOMAaTH3alus COOPOYHBIX IPOIIECCOB B
MAIIUHOCTPOSHUN OOBSCHSIETCS HEINOCTATOYHOW TEXHOJOTHUYHOCTBIO COOMPAEMBIX HW3CIH,
OTCYTCTBHEM THIOBBIX YCTPOMCTB /ISl aBTOMAaTU3aIMH COOPKH, HECTAOMIFHOCTBIO PAa3MEPOB
coOMpaeMbIX JeTanen u3emus.

Heo0xoauMo y9HuTHIBaTh, 9TO XOPOLIO coOMpaeMas KOHCTPYKIHS MAIIHHBI IPH PYYHOU
cOOpKe MOKET OKa3aThCs HETPHUTOJIHOM JIJIsl €€ IMepeBo/ia Ha aBTOMAaTHIEeCKyo cOopKy. BHe-
JPEHUI0O aBTOMATHYECKOW COOpPKH MPENSATCTBYIOT OTCYTCTBHUE 3aKOHUEHHOM HAy4YHOU MeETO-
JIUKH TI0 TIPOCKTHPOBAHUIO TEXHOJIOTHYECKUX MPOIECCOB aBTOMATHYECKOH COOPKH Y3JIOB U
MaIllMH W HE3HAYHUTEIHHOE KOJMYECTBO INPAKTHYECKH BHEIPEHHBIX aBTOMATH3UPOBAHHBIX
COOPOYHBIX MPOIECCOB.

BoJbimm npensiTcTBHEM JUTS TIPOBEICHUS paOOT 10 aBTOMATH3AIMK MPOIECCOB COOPKH
SBIISIETCSI HEOOXOAMMOCTh MPOCKTUPOBAHMS CHEIMATEHOW OCHACTKH M €€ M3TOTOBIICHUS IS
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Ka)XJI0TO 3aBOJa. DTO MPUBOAUT K OOJBIION TPYAHOCTH N3TOTOBJICHUS ABTOMATU3UPOBAHHBIX
cOOPOYHBIX YCTPOICTB U 00XOIUTCS IOPOTO.

[Ipu pa3paboTke HayYHBIX OCHOB aBTOMAaTH3alMM COOPOYHBIX MPOLIECCOB HEOOXOIUMO
pEIUTh PsiA BOMPOCOB, TaKUX, KaK BHIOOP ONTHMAJIFHOTO HpOIEcca aBTOMATH3MPOBAHHOM
cOOpKH, BEIOOD HAMIYYIIEH CTEIICHH aBTOMAaTH3alul cOOpKH, o0ecrieyeHrne 3aJaHHOM TOYHO-
CTH, HaJJ&)KHOCTH U TPOHU3BOJUTEILHOCTH yCTPOICTB aBTOMAaTHUECKOW COOPKH, BHIOOp THUIA
KOHCTPYKIIMU M pa3MepoB COOPOYHOM OCHACTKH, OTIpeieieHre TpedyemMoro remmna cOopoyHo-
ro obopynoBanusi. Bece nepeyucinennbie BOIPOCH HE UMEIOT JIOCTATOYHO OOOCHOBAHHBIX Ha-
YYHBIX IOJIOKEHUH M MPAKTUYECKUX PEKOMEHIANWI IS IHUPOKOTO BHEAPEHHS B IMPOMBIIII-
JICHHOCTb.

Crnenyer ynenaTh TOJDKHOE BHUMAHUE BHEAPEHHUIO THUIOBBIX U IPYIIOBBIX TEXHOJIOTHU-
YEeCKHX COOpPOYHBIX MPOIIECCOB B MEPHOJ Pa3padOTKU HAYYHBIX OCHOB aBTOMATH3aIMU U Me-
XaHW3ay UX. TUNOBBIE COOPOYHBIE MPOLECCH MPUMEHSIOTCS B KPYITHOCEPUIHHOM M Macco-
BOM, a IPYIIIOBBIE — B CEPUIHOM MPOU3BOICTBAX.

YcnenHoe BHEAPEHHE TUMOBBIX M TPYIIIOBBIX MPOLIECCOB aBTOMATU3UPOBAHHON cOOp-
KH MOYET OCYIIECTBISTHCS MPH YCIOBUH MPOBEACHUS HOPMAITU3AIMU, YHH(DUKANN U yIyd-
HIEHHUS TEXHOJOTUIHOCTH COOMPAEMBIX Y3JIOB.

[Tpu npoeKTHpOBaHUM aBTOMATHU3UPOBAHHBIX MPOLECCOB COOPKU JIOJLKHBI OBITH pa3pa-
O0TaHbI TUIIOBBIE COOPOYHBIE YCTPOICTBA ONPEAEICHHOTO Ha3HAYEHHS, U3 KOTOPBIX MOKHO
KOMIIOHOBATh pa3iMyHble COOPOYHBIE aBTOMAThl M aBTOMAaTUYECKHE JIMHUU. B 3TOM ciyuae
3HAYUTEIHHO COKPAIIAIOTCA TPYIOEMKOCTh U CTOMMOCTh aBTOMATHU3UPOBAHHBIX COOPOYHBIX
YCTPOICTB ¥ YMEHBIIAIOTCS CPOKU MX BHEJPEHUS Ha 3aBOJIAX.

B nepuos nmpoekTupoBaHusi KOMIOHOBOK COOPOYHBIX aBTOMATOB M JIMHHUIA U3 TUIOBBIX
y3JI0B CJIEIYET UCTOJIb30BaTh TEOPUIO Pa3MEPHBIX LENeH AJIs MOJydeHHs 3a1aHHON TOYHOCTH
Y HaJISKHOCTU COOPKH Y3JIOB M3]IEIHH.

Uro0b!l ycHenHO BHEIPATH aBTOMATHU3ALHUIO B CEPUIHOE IMPOM3BOJICTBO, HEOOXOIMMO
pa3paboTaTh TepeHaTaXHMBaeMble COOPOYHBIE ABTOMATHl C PA3TMYHBIMU CHUCTEMaMH IIPO-
rpaMMHOTO ynpasjieHus. Ha 3aBoiax He0CTaTOYHO M3Y4EHBI HaJIE)KHOCTh M OTKa3bl B pabo-
T€ aBTOMaTHYECKOTO COOPOYHOTO 000PYAOBAHHS M CIIOCOOBI HACTPONKH COOPOYHBIX aBTOMA-
TU3UPOBAHHBIX YCTPOUCTB.

B MaccoBOM NpOM3BOJCTBE TEXHOJOTHYECKHE MPOILECCH COOPKH OCHOBAHBI Ha MpPHH-
IUITE TIOIBMYKHO-TIOTOYHOM OpraHn3aiiy cOOPKU MAallvH, Py CMaTPUBAIOIICH:

1) pa3nenenne BCEro TEXHOJOTUYECKOTO Mpolecca COOPKU Ha Psiji MOCIEI0BATEIHHO
PacCIIOJIOKEHHBIX TI0 BPEMEHH U MPOCTPAHCTBY COOPOYHBIX OIEpaliyii, BEITIOJIHAEMBIX OIEpa-
TOPaMHU-COOPIIUKAMH, KOTOphIe Ha pabodeM MecTe BBINIOJHSIOT ONPEICNICHHBIA KOMIUIEKC
cOOpOUHBIX padoT;

2) npUMEHEHNUE CIEUUAIbHBIX TPAHCIOPTHBIX YCTPOMCTB AJI IepeMelleHus: coOupae-
MBIX Y3JIOB MEX/Iy COOPOYHBIMH YCTPOWCTBAMH U 00ECTICUCHHS 3aJaHHOTO TeMITa COOPKH;

3) npuMeHeHUe CTeNaIbHBIX TPAHCIIOPTHBIX YCTPOMCTB IS MOJAYH JIETANCH U y3710B
K TJIAaBHOMY COOpPOYHOMY KOHBEHepy Uil COOpKH MAaIluH;

4) MCTIOJIK30BaHME CHENHATBHOTO M YHH()HIIMPOBAHHOTO WHCTPYMEHTA M TPHUCTIOCO0-
JICHUH [T MEXaHU3ALUHA U aBTOMATH3AIMH TEXHOJIOTHIECKOTO TpoIiecca COOPKH.

Cnucok sutepatypbl: 1. Hayunbsie OCHOBBI aBTOMATH3aIMK COOPKU MAIIMH U MEXaHU3MOB /
[Tox pen M.I1. HoBukoBa. — M.: MammHoctpoenue, 1976. — 472 c. 2. 3amsatun B.K. Texno-
JIOTUSL U aBTOMATHU3anus cOOpku: YueOHUK st By30B. — M.: Mammnoctpoenue, 1993. — 464
C: WL
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TEHAEHIIUU PASBUTUA MAILIMHOCTPOEHMUA B IO’ KHOM ®EJIEPAJIBHOM
OKPYTE

Mupomnunuenko C.b., IlororoBa 10.C., Puiounckas T.A., lllanosanos P.T'.
(kagh. mexanuxu, TTU FODY, 2. Taeanpoe, Poccus)

MammHOCTpOCHHE KaK OTpacib CYLIECTBYeT Oosee IByXcoT JieT. [Io uuciy 3aHATHIX B
IPOU3BOJICTBE JIIOJIEH M IO CTOMMOCTH BBIITYCKAa€MOM NPOIYKIMHA OHO 3aHHUMAET MEPBOE Me-
CTO CpeIH BCEX OTPACIC MUPOBOM MPOMBIIUICHHOCTH. Y POBEHb Pa3BUTHUSI MAIIMHOCTPOECHUS
ABJIAETCA OJHUM W3 Ba)KHBIX IOKa3aTeslel YpOBHS pa3BUTHsI CTpaHbl. MalllMHOCTPOEHHUE OII-
penenser OTpacieByl0 H TEPPUTOPHATBHYIO CTPYKTYpPY MPOMBIIUIEHHOCTH MUpa, 00ecreyu-
BaeT MallMHAMHM U 00OpYyIOBaHMEM BCE OTPACIM SKOHOMHUKH, NMPOU3BOIUT PAa3HOOOpPA3HbIE
IpeIMEThI TOTPEOICHNS.

B mammnocTpoutensubiit kommieke Poccun Bxoaut oxono 7500 npennpusituii. 3 Hux
npuMepHO 92% aKIMOHUPOBAHbBI, OCHOBHAS J0J TOCCOOCTBEHHOCTH CKOHLIEHTPHUPOBAaHA B
HAYYHBIX M TPOEKTHBIX OpTraHM3alusaX. MalIMHOCTpOeHHE ABIISIETCS BeayIlell 0a3oBOH OT-
pacibi0 SKOHOMHUKH M €€ TJIaBHBIM CHCTEMOOOpPa3yIOIUM 3JIEMEHTOM, OTPEACISIIONINM CO-
CTOSIHUE TIPOM3BOJICTBEHHOTO TOTEHIIANAa 1 000POHOCIIOCOOHOCTH TOCY1apCTBa, YCTOHUIHUBOE
(YHKIIMOHHUPOBAaHME BCEX OTpACiiCil NMPOMBIIIJICHHOCTH W HATOJHEHUE IMOTPEOHTEINHCKOTO
PBIHKA.

B cTtpykType MammMHOCTpOeHUs] HacuuThIBaeTcs 19 KpynmHbIX KOMIUIEKCOB 9 oTpacieit u
6onee 100 crenuanu3supOBaHHBIX MOJOTpaciel U Mpou3BOJACTB. K KOMIUIEKCHBIM OTpacisiM,
CXOJIHBIM I10 TEXHOJIOTUYECKHM IIPOLIECCaM U HCIOJIb3yEMOMY CBHIPbIO, OTHOCSATCS: TSKEJIOE,
HHEPreTUYECKOe M TPAHCHOPTHOE MAUIMHOCTPOEHUE; 3JIEKTPOTEXHUYECKas MPOMBIILICH-
HOCTh; XUMHYECKOE M HE(PTAHOE MAIIMHOCTPOESHHE; CTAHKOCTPOUTEIbHASI U HHCTPYMEHTAJIb-
Hasl MPOMBILUIEHHOCTD; NPUOOPOCTPOEHHE; TPAKTOPHOE U CEJILCKOXO35UCTBEHHOE MAlllMHO-
CTPOEHHE; MAIIMHOCTPOEHUE IS JIETKOM M NHUIIECBOM NPOMBIIUICHHOCTH U Ap. Jlons Mammu-
HOCTPOEHHMS B IPOMBILIUIEHHOM IIpou3BocTBe Poccun oj1Ha u3 cambix 0osbimmx — 19,5%.

Haubonee nepcrnekTMBHON 00J1aCThIO MAIIMHOCTPOEHUS B MUHIPOMHAyKU CUUTAIOT
aBTOMOOMJIECTPOEHUE, KOHLEMIMS Pa3BUTUS KOTOPOIroO 0/00peHa MpaBUTEILCTBOM B HIOJIE
2002 r. CaenyromuM IO MOTEHIMAIBHBIM BO3MOXHOCTSM PBIHKOM CUHUTAETCSI SHEpreTHYe-
CKO€ M TPAHCIIOPTHOE MALIMHOCTPOEHHUE, & TAKKE MAIIMHOCTPOEHHUE JIJIsl Ta30BOM U HEPTSIHOM
MPOMBIIIIEHHOCTH.

B Hanbonee KpUTHUECKOM COCTOSTHHUM CETOHS HaXOJHTCS CTaHKocTpoeHue. OObeMbl
NPOU3BOJICTBA B TPAKTOPHOM M CEJIbCKOXO3SMCTBEHHOM MAIIMHOCTPOEHUU TAKXKE JEMOHCT-
PUPYIOT yCTOMYUBYIO TEHICHIMIO CHUKEHHSI 00BEMOB MMPOU3BO/ICTBA.

HecmoTps Ha cuibHBIN CIIaJ B OTPACIM HA NPOTSKEHUH LIEJIOTO JECATHIIETHSI, POCCUN-
CKO€ HHepreTuyeckoe 000py0BaHHE MOJIb3YETCsl XOPOIllel pemyTale U CIpocoM Ha MUpPO-
BOM PBIHKE, a OTEYECTBEHHbIE MPOU3BOAUTENN 00JIAZA0T MEPEIOBBIMU U MEPCIEKTUBHBIMU
pa3pabotrkamMu. OqHIM U3 (AKTOPOB, OJATONPHUATHO CKA3BIBAIOIIMXCS Ha MEPCHEKTUBE pa3-
BUTHS DKCIOPTA, BBICTYIIAET [IEHOBAsi KOHKYPEHTOCIIOCOOHOCTh HAIIeH MPOIYKIMH, IICHBI Ha
KOTOpYI0 B cpenHeM Ha 30% HUKE MUPOBBIX.

OKCHOPTHBIA NMOTEHIMAT OTEYECTBEHHOI'O YHEPreTUYECKOTr0 MAIIMHOCTPOEHHS OYEHb
BEJIMK. DHEproo0opyaoBaHue, co3nanHoe B Poccun u no Poccuiickum npoekram, ycTaHOBIIe-
HO Ha MHOTUX 3JekTpoctaniusax Bocrtounoit EBpomsl, FOxHoit u IOro-Bocrounoii Asum,
bmxnero u Cpennero Bocroka, B adpuKaHCKHUX W JIATHHOAMEPUKAHCKHUX TOCYJlapCcTBax,
ctpanax CHI', Kurae.
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B Taranpore paboTaer npeanpusTue ¢ MUPOBBIM UMEHEM B c(epe MPOU3BOACTBA 000-
pYyZOBaHUs ISl TEIUIO3HEPTETUKH — KoTiIocTpouTenbHblll 3aBox OAO «KpacHblil KoTelNb-
IIMK», OCHOBaHHBINA B 1896 roay. [Ipennpusarue mpou3BOAUT CIOKHOE IHEPreTHIECKOe 000-
pYyZIOBaHUE, B TOM YHCIE KOTJIbI, 000pyJ0BaHUE Uil MApOTra30BbIX YCTAHOBOK, TEIIO000pPY-
nosanue. B 2008 roay BBeZeHa B 9KCIUTyaTaIMi0 aBTOMATHUYECKasl JIMHUS CIIUPAILHOTO 0ped-
penust Tpy0. Ilyck manHOrO 00OpY/IOBaHMS MO3BOJIMI PACIIMPUTh HOMEHKIIATYPY BBIIYyCKa
NPOAYKIMU U BBIMTH Ha PBHIHOK MPOM3BOJICTBA KOTJIOB COBPEMEHHBIX BBICOKOI()()EKTUBHBIX
ANEKTPOCTAHLIUHI, MTPOU3BOASAIIMX KaK 3JEKTPUUYECTBO, TaK M TEILUIOBYIO 3Hepruo. Cucrema
KOHTPOJISI Ka4eCcTBa COOTBETCTBYET TPEOOBAHMSAM POCCHUICKMX W MEXKIYyHApPOJHBIX CTaHAAp-
ToB. Kot OAO TK3 «KpacHblii KOTEIBLIMK» XOPOLIO HM3BECTHBI HE TOJILKO B Poccum,
ctpanax CHI', Ho u B nanbheMm 3apyOexbe. Oxono 60 % snexkrpocranuuii Poccun u crpan
CHI ocHaieHsl KOTiIaMH IPOU3BOJICTBA NPEANPUATHS U NTpakTudecku 90 % 31eKTpocTaHI i
- KOTEIbHO-BCIIOMOTATENbHBIM 000PY0BAHUEM.

B uronie 2002 rona npuHsTa KOHLUENIMS Pa3BUTUS aBTOIIPOMa, IJIaBHOM 1ENIbI0 KOTOPO
Ha3BaHa MHTErpalys B MHUPOBOE aBTOMOOMIIECTPOEHHE U BBINMYCK TEXHHKH, COOTBETCTBYIO-
1eif MUPOBBIM TPEOOBAHUSAM 3KOJIOTUH U Oe3omacHocTH. KoHuenwms npeaycMaTpuBaeT co3-
JTaHWEe HOBBIX MOIIHOCTEH MO MPOM3BOJCTBY aBTOMOOWIIEH, B T.4. C y4aCTHEM MHOCTPAHHOTO
KaIuTasa, pa3BUTHE KOHKYPEHIMH U MTO3TAIHY0 UHTErPalliio B MUPOBOIl aBTOPHIHOK.

B 2004 r. B Poccun npoussezneno ceeimie 1,1 MitH. 1erkoBeix aBromMoomiei (B T. 4. 130
THIC. THOMapOK Ha cOOpOYHBIX 3aBojax), 200 THIC. TPY30BbIX aBTOMOOMIEH, 76 ThIC. aBTOOY-
COB U MUKp0aBTOOYyCOB. Jl0J1s1 cOOpaHHBIX NHOMApOK B POCCUIICKOM IPOU3BOJICTBE JIETKOBBIX
aBTomoOmelt coctasuna 11,6% npotus 6,4% rogom panee. K 2010 r. cbopka B Poccun aB-
ToMOOMIIeH 3apyO0eKHBIX HHOMApOK yBennmuuiioch 70 0,4—0,5 MITH. IITYK B TOJ, a MpH OJaro-
NPUATHBIX YCIOBUAX B OyIylLIeM MOXKET JOCTUYb | MITH. €AMHUI] B TOJI.

B Poccun nelictByer 6 cOOpPOUYHBIX MPOU3BOJICTB MHOMApOK, B YaCTHOCTH, TaraHpor-
CKHMi1 aBT03aBOJ coOupaeT Kopeiickue yerkosbie apTomoommu Hyundai. imenHo cO6opodHble
3aBO/Ibl IEMOHCTPUPYIOT HAWIYULIYIO IMHAMHUKY IPOU3BOJCTBA AaBTOMOOMIIEH.

B nacrosiiee BpeMsi Ha 3KcnopT oTHpasiisiercs nopsiaka 12% Beimyckaemsix B Poccun
JIETKOBBIX aBTOMOOWMIIEH, 0k0JI0 25% rpy30BUKOB U 0K0JI0 15% aBTOOYycOB. OCHOBOY KOHKY-
PEHTOCTIOCOOHOCTH OTEYECTBEHHBIX JIETKOBBIX aBTOMOOWIICH sIBIsieTCST HHM3Kas IeHa. Bos-
MO>KHOCTH yJIep>KaHUS IPOU3BOJIUTENSAMHU 1IEH HA aBTOMOOMIIM HAa HEBBICOKOM YPOBHE HUMEIOT
CBOM IPAHUIIBL.

DKoHOMUYECKUN KpU3UC 90-X ro0B MPHUBEN K PE3KOMY COKPAIIEHUIO 00hEMOB TIEPEBO-
30K U MPaKTUYECKH MOJHON OCTAaHOBKE 3aKyNOK HOBOI'O TATOBOI'O IMOJBHUYKHOIO COCTaBa CO
ctopoHsl MIIC P®, MHOrOKpaTHOMY YMEHBLIEHUIO 3aKyIIOK BarOHOB U MPEKPALIECHHUIO HHBE-
CTULIMH B pa3pabOTKy U BHEJPEHHE HOBBIX TEXHOJIOTHI JIOKOMOTHBO- M BATOHOCTPOCHUS.

[punstue MIIC PO (npeodpazoBanHom Brniocnenctsun B OAO «PXKJI») macmrabHo
NpOrpaMMbl MOJIEPHU3ALMU M OOHOBJIEHHUS IMOJBH)KHOTO COCTaBa IMPHJIAJI0 POCTY BBIMyCKa
JKEJIe3HOJOPOKHON TEXHUKU BBICOKHE TeMIbl. OHU CEroJiHsi — OJHU U3 CaMbIX BBICOKHX HE
TOJIBKO B MAIIMHOCTPOEHHUH, HO U B OT€YECTBEHHON MPOMBIIIJIEHHOCTH B LIEJIOM.

OCHOBHOM NPOU3BOUTEND 3J1EKTPOB030B B Poccun — HoBouepkacckuil 31€KTpOBO30-
ctpoutenbHblid 3aBoj (PocroBckast obnacth). OTeuecTBEHHBbIE MPOU3BOJUTENN TIPY30BOTO
MOJBMKHOTO COCTaBa CIIOCOOHBI B OOJIBIIIMHCTBE CIy4aeB yAOBJICTBOPATH MOTPEOHOCTH Ke-
JIE3HBIX JI0POT.

Beoimyck rpy30Bbix BaroHoB B 2004 roay Ha 5% npeBbICHI MaKCUMaJbHbIE [TOKA3aTENH,
3aduKcupoBaHHbIe B niepBoi mosioBuHe 1970-x romos. [Ipu mpomospkaromemcs: pocTe BHYT-
PEHHEro CIpoca Ha BaroHbl CTAHOBSTCS 3aTPYIHUTEIbHBIMHU UX MMOCTABKM HAa BHEUIHHE PbIH-
KM, TJI€ OHU TAK)K€ MOJIb3YIOTCS CIIPOCOM.
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VYxe celiuac Ha 3KCHOPT nocTasisgercs okojio 20% BbITYyCKaeMON KEIE3HOJOPOKHON
TeXHUKU. [10 COOTHOIICHHUIO I1eHa/KaueCTBO POCCUICKAs IPOAYKIIUS MOKET YCIEIIHO KOHKY-
pPUpPOBATH C TOBApaMH BeIyIIUX 3apyOeKHBIX (UpM. BrilTyckaeMblil 0T€4eCTBEHHBIMU MPOH3-
BOJIMTEJISIMU TIOJIBMKHOM COCTaB, MHOT/IA YCTyTIasi 3apyOeKHOMY B OT/IEIIbHBIX Ka4eCTBEHHBIX
XapaKTEePUCTHKAX, 00J1aIaeT B HECKOJIBKO Pa3 MEHbIIIEH CTOMMOCTHIO.

Poccuiickoe xene3HOJOPOKHOE MAIIMHOCTPOSHUE 00anaeT OOJIBIIMM SKCTIOPTHBIM
NOTEHLUAJIOM, HO HYX/IAa€TCsl B MHBECTULMAX U rocylapcTBEHHOU nojuepxke. [Ipeanpustu-
SIM HE00XO0IMMO PAaCHIMPEHUE TPOU3BOICTBEHHBIX MOLTHOCTEW 1 OOHOBIICHHE 000PYAOBAHHUA.

Komnanus OO0 «K3 «PocTcenpmaiin» BXOAUT B MSATEPKY KPYMHEHIINX MUPOBBIX MPO-
W3BOIUTEIICH KOMOAWHOB M CEIHCKOXO3SIHCTBEHHON TEXHUKHU, KOHTPOJMPYOIHi 65 % phIHKa
3epHoyOopouHoit Texuuku Poccuu u CHI' u 17 % mupoBoro peiika. C MOMEHTa OCHOBAHUSA
(1929 ron) mpenmpusiTHE MOCTABUIO CBOMM KiMeHTaM B 48 crpaHax mmpa Oonee 2,6 MITH.
enuHun TexHUKH. Ha mpenanpustim ObUia peanu3oBaHa MporpaMMa MaciiTabHOTO TeXHHUYe-
CKOTO TIEPEBOOPYKECHUS: YCTAHOBJICHBI COBPEMEHHBIE JIa3€pOPACKPONHbIE U THOOYHBIE KOM-
TUIEKCHI, MEXaHOCOOPOYHOE 000PYJOBAHNE OTEUECTBEHHBIX U 3apyOEKHBIX MPOU3BOIUTEIICH,
CO3/1aHO COOCTBEHHOE MPOM3BOJICTBO MOCTOB JIJIsl KOMOAHOB, BBEAICHA B HKCIUTYaTaIMIO JIH-
HHUS OKOHYATENIbHOM OKpacku komOaitHoB. 3a mocnennue Tpu roga OO0 «K3 «Pocrcens-
Mal» MOCTAaBUJIO Ha KOHBelep ciemyrone Moaenn kombaitHoB: «ACROS-530» (kmacc 5),
TORUM, camoxoanyto kocuiky (Queprocpenctso ES-1), tpakrop «Bepcataitm, kopmoy6o-
pounsiii kombaiiH «PCM-1401». Ilpennpusitue mpopomkaer paboTy MO CO3JAaHHIO HOBBIX
Mo/ieJiell yOOpOUHBIX MAIlMH U aJalTepPOB.

HakoruieHHbI ONBIT ¥ MPUMEHEHUE NEPEIOBBIX TEXHOJOTUM Ha BCEX 3Tanax >KU3HEH-
HOTO LMKJIa MPOAYKIMH MO3BOJIIET KOMIIAHUM CO3/aBaTh MAIIMHBI, CTAaBIIME STAJIOHOM Ha-
JIEKHOCTH, TIPOU3BOIUTEIIBHOCTH M dKOHOMHYECKOH 3 dekrnBHOCTH. CepuiiHas TEXHHUKA U
koHcTpykTOopckue pazpadbotku OO0 «K3 «Poctcenpmain» He pa3 3a CBOIO UCTOPUIO OTMEYa-
JIMCh POCCUICKUMU U MEXyHapoaHbIMU Harpanamu. [lo uroram yudactus B BbicTaBke «Bcee-
poccuiickuii Jlenp mossg-2008» KoMmmaHusi MOy4yWia MATH 30JI0THIX MeAayied U JBOMHOM
['pan-npu: «3a ayqmmii kKopmoyO6opounsiii komoaiiH (RSM 1401)» u «3a myummii 3epHOY00-
pounsiii komOaitH (RSM181)». «Poctcenbpmai» ObUT HArpaXkKACH MIECTHIO TUITIOMaMU 32 pas-
paboTKy, MPOU3BOACTBO U BHIBOJ Ha PHIHOK BBICOKOA((PEKTHBHBIX, YHEPTO- U pecypcochepe-
rajomux o0pasnoB TexHUkH Ha XVI MexayHapoJHOM arpONpOMBIIIIEHHOM (opyme
«tOrarpo-2009». XKriopu dopyma BbICOKO orieHmI0 poTopHblii kombaitH TORUM 740, tpak-
top VERSATILE 400, sueprocpenctso ES 1, o6opynoBanue aiisi KOpMO3aroTOBKH.

OAO «10-T'TI3» (r. PoctoB-Ha-/loHy), ocHOBaHHBIN B 1955 roay, 3aHMMaeT Bemyliee
MECTO B CTpaHE MO BBIMYCKY HNOAIIMIHUKOB KaueHus. [Ipoaykims nocrapisieTcss Ha aBTOMO-
OusbHBIE U TpakTOpHbIe 3aBoJbl Poccun u ctpan CHI', npeanpusitus 371eKTpOTEXHUYECKON U
MeTaJLTy prudeckoil MpOMBIIIJIEHHOCTH, SKCIOpTUpYyeTcst B YKpauny, benapyce, JIuty. Oc-
HOBHbIMU TIoTpeburensiMu sBisitoTcsa: OAO «I'A3», OAO «KKAMA3», ABTOMOOUIBHBIN 3a-
BoJl «YPAJI», Munckuit aBToMmo0mibHbIN 3aBoj, OAO «YA3», 3aBODKCKUIA MOTOPHBIN 3a-
BOJ| U IPYTHE.

Cnucok aurtepatypsl 1. bopkosckuit A.H. [IporHo3 BHemnelt Toprosiu P® Ha nepuon ao
2025 rona // BuemneskoHoMuueckuil Oromnerenb, 2003. Ne 12. 2. Kyuuna E. IIpoGnemsl
obecreyeHnss KOHKYPEHTOCIOCOOHOCTH MPOAYyKIMU MamuHocTpoenus // Mapkerunr, 2006.
Ne 2. 3. Cepree B. DxcnopTHble BO3MOXHOCTU poccuiickoro MamuHoctpoenusi // PUCK-
2006, Ne 1. 4. CmupHoB E. BHenHesKoOHOMUYECKH MOTEHIINAN POCCUHCKOTO MAIIUHOCTPOU-
TEIHHOTO KOMILJIEKCa /! MexnyHapoaHas SKOHOMHUKA, 2005. No 9.
S. http://www.zr.ru/news/44984/
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BUTPAK B COBPEMEHHOM UHTEPBEPE

HInmnasinukoBa E.H., lonrrononoa A.I'., Peiounckan T.A.
(kagh. Mexanuxu, TTH FO®Y, 2. Tacanpoe, Poccust)

Camoli nepBoil BUTpaXH cTaja MCIOJIb30BaTh KaToJU4YecKas LepKoBb. CBET, MPOXOsd
CKBO3b BHUTPAX, OKPAILIUBAETCS B €0 I[BETA M CO3/1aeT 0COOYI0 IMOLMOHAIBHYIO aTMochepy,
4YTO OCOOEHHO Ba)XKHO B Xpamax. [Ipou3onuio 310 mpuOIM3HTENFHO B MEPBOM ThHICSYEICTHH
Hamei spbl. Mcnosp3yemoe CTekso ObUIo oueHb HeoJnHopoaHo. OHO pomwnock B Erumre,
BO3MOKHO, CAMOM Maruueckoil MBUIM3ALMU U ObLIO Herpo3padHbiM. [Ipo3payHoe OGecuBeT-
HOE CTEKJIO NOSIBUJIOCH OJJHOBPEMEHHO C XpPUCTUAHCTBOM.

OnuH 13 caMbIX NEPBBIX M3BECTHBIX BUTpaxel OblT 0OHapyskeH B MOHAcThIpe CBATOTO
[TaBna B Anrmuu. OH natupyercss 686 rogom Hamiedt 3pel. Ho cnpaBeaimBocT paau Hazo
OTMETHUTD, YTO MOMBITKA CO3JaHUsI YETO-TO MOXO0XKETO HAa BUTPAXH MPEANPUHUMAIIUCH U JI0
3TOTO.

CaMbpIMH CTapbIMH 3aKOHYEHHBIMU BUTpakaMu EBPOIBI CYMTAIOTCS TATH (PparMeHTOB
3 Ayrcoyprckoro Cobopa. DT BUTpaXXu CIENaHbl U3 SIPKUX CTEKOJ Pa3HOro IBETa C MC-
II0JIb30BAaHUEM TEXHUKHM 3aKkpamuBanus. [o3nHee, npuMepHo BO BTOpoy nonosuHe XIII Beka
B EBpone nmosBMINCH Tak Ha3blBaeMble ApaBUICKUE CTEKJIAHHbIE OKHA. OTAENbHBIE YacTH
CTEKJIa BCTaBJBLINCh B MPaMoOp WM KaMeHb. Y30p TaKUX BUTpaked ObLI HE OUeHb OOTraThIM,
T.K. UCJIaM HE JIOIyCKaeT HUKAKUX y30pOB, KPOME F€OMETPUUECKUX WIH PACTUTEIbHBIX.

[Iponiecc pa3BUTHS BUTPAKHOTO MCKYCCTBA MPOJOJDKAJICS, U HOBBIM 3TAllOM CUUTAIOTCS
Butpaxu B Koponesckoit nepkBu ab0arctBa Cen-/lenu. 31ech B BUTpakHbIE TMAaHHO ObLIH
BKJIFOYEHBI HE TOJBKO (PUTYpBI, HO M TEKCTOBBIE KHU3HEOMUCaHUsT XpucTa, Mapuu U mpounx
CBATHIX.

TpanuuuoHHasE TEXHOJIOTHS HW3TOTOBICHUS BHUTPAKEH OKOHYATENHHO O(QOpMHIAch B
oAMHHaAUAaToM Beke. [Iporiecc HaunMHaCS ¢ M3roTOBJIEHUS LBETHOro cTekia. B Cpennue Be-
Ka CTEKJIO BapWiM B CPEpUUECKUX IeYaxX, UCIOJIb3Ysl B POJIM TUIVIEH KEPAMUYECKUE FOPIIKH.
OKHUCITBI METAJUIOB, M3 KOTOPBIX M3TOTABIHMBAIOTCA KPAacKH, JOOABISUIUCH B PACIUIABJICHHOE
ctekio. [Ipu 3ToM nosryyancst 10BOJIbHO Y3KUH CIIEKTP TOHOB.

B xonne nestHaanaroro Beka kon Jla ®apx u Jlync Tuddanu cramm HamepeHHO
100MBaTbCcd HEOJAHOPOAHOCTH cTeksia. COBPEMEHHOE BUTPAKHOE CTEKJIO IMOJIydaeTcs B pe-
3yJIbTaTe MCIIOJIB30BAHUSI MHOXKECTBA PAa3HOOOpa3HEUIIUX TeXHOJIOTHI. CTEKI0 MOXKET ObITh
NPO3paYHbIM U [IIyXHUM, OJHOPOAHOTO IIBETA U CMECHIO PA3JIMYHBIX I[BETOB U OTTEHKOB OJIHO-
'O [[BETA, TJIAJIKUM U C Pa3HOOOpa3HOU (paKTypoil.

K nHam Butpaxku npunum u3 EBponsl, U MpUMEHEHHE UX Yy HAC HayaJjloCh 3HAYUTEJILHO
no3aHee. Ho, Tak ke kak 1 B EBporne, MX yCTaHaBJIMBAJIA B OCHOBHOM B LIepKBsX. [1o31Hee nx
CTaJIi IPUMEHSTH U JJIs IEKOPATUBHOTO O(POPMIIEHNSI BHYTPEHHUX MHTEPbEPOB YACTHBIX J10-
MOB.

Hano ckazate, 4TO BUTpaku y HaC HUKOT/A IIUPOKO HE MPUMEHSIINCh, TIOCKOJIbKY BUT-
paxk BO Bce BpeMeHa ObLT U3/I€JIMEM JOPOTOCTOSILINM.

Butpaxx oTnmuHO y)uBaeTcs ¢ JII0ObIM CTUIEM MHTEpbEpa — OT KIACCUKHU 10 XaWTeKa.
OH Bcerya yMmMecTeH Ha KyXHE, B BaHHOM, TOCTHHOW WM KaOuHeTe. BurpaxHeie OkHa He
TOJIBKO TIPUBHOCSAT YIOT B IOM, HO ¥ MO3BOJISIIOT CO3/aTh SIPKOE ISITHO B MHTEPbEPE, CKPHIThH
HE CJIMIIKOM pe3eHTa0eIbHbIN BUJ U3 OKHA, 3alIUTUTh OT Yy KHX TJ1a3.

C nomo1plo0 BUTpaxka, HapUMEp, MOXKHO PEIIUTh MpoOeMy TEMHOMN MPUXOKeH Win
X0JU1a, TJe OJHA UM HecKoybko aBepel. [IpaBmibHO nmogoOpaHHbIe 10 LBETY U MIPO3pavyHO-
CTH BUTPAXKHBIE IBEPU B COUETAHUU CO CBETJBIMHU 000SIMU CENAIOT XOJIJI CBETJIEE U YIOTHEE.
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Korzaa BuTpak B KauecTBE MEPErOPOAKU WIM CTEHbI pa3rpaHUYUBAET MOMEILEHUE, OH CIIOCO-
OeH co37aTh WUTIO3MI0 HOBOTO MPOCTPAHCTBA Jake B HEOONbIIOW KoMHaTe. ['maBHOE — co-
OJIIOCTH OCHOBHOE IPABUWJIO: BUTPAX JIOJKEH COUYETAThCS C MHTEPHEPOM IO CTHIIIO U I[BETO-
BOM raMme.

[Ipy pasmelnieHnr BUTpaKEW CIEAYET YUWUTHIBATh XapaKTEPHbIE IMPUEMBl PELLICHUS
OKOH-BUTpPaXEH.

B nocneanee BpeMs MOJHBIMU CTaJId BUTPa)KHbIE BCTaBKU B CTEHbI Haja OapoM. 31ech
TaKXkKe HeoO0XOJuMa BHYTpPEHHssS mojacBeTka. KoHe4HO jke, MpH BO3MOKHOCTH KEIaTEebHO
UCIIOJIb30BaTh KJIACCHYECKHI CIOCOO BBITIOJHEHHUS BHTpa)keil. XOTh OH OUYEHb CJIOXHBIA U
TpeOyeT BBICOKOW KBANMM(UKAIMH U3TOTOBUTENS, @ TAaK)Ke JEPUIMTHBIX MaTEpPHaIoOB, HO BCE
3TO OKymaercss JOOpOTHBIM KauecTBOM. [1o 3TOMy crocoOy 000 3JeMEHT BBIPE3AI0T M3
CHEUAIBLHOTO [BETHOTO CTEKJA. 3aTe€M 3TOT 3JIEMEHT 00paMisioT [1-00pa3HbIM CBUHIIOBBIM
npodunem. OOpaMIICHHBIC JIEMEHTHI IPUITAUBAIOT IPYT K APYTY.

Hosgelinme TexHoJI0TMM MPOU3BOACTBA CTEKJIA 3HAYUTEIBHO PACIIMPWIA BO3MOKHOCTU
(GYHKIIMOHAIBHOTO HUCTIOJIB30BAHMS BUTPaXka. biaromaps cBoei CBeTONpPOIYCKHON ClIOCOOHO-
CTH, MJOCKOCTb BUTPaka MOXET CIY>KUTh MPEKPacHbIM NPUEMOM 30HUPOBAHMS, HE Hapy-
MIAIOLINM LEJIOCTHOCTH BOCTIPHUATHS MpOocTpaHcTBAa. CTOUT OCOOEHHO OTMETHTH, YTO TOJIBKO
BUTPaX CHOCOOEH co37aBaTh B MHTEPhEpPEe OCOOYIO CBETOBO3AYIIHYIO CPEy, N3MEHUUBYIO H
HETpECKa3yeMyI0 UTPy LIBETA.

Butpax He ocraHeTcsi HE3aMEUEHHBIM W JIMIIUT OAHAIBHOCTU CaMBIH 3aypsAHBIA HH-
Tepbep KBAapTUPHI WK Oduca. JJaBHO mepecTaB BBIMOJHATH (PYHKIHIO JIWIIb 3aMOTHSIIONIETO
IPOEMBI TEKOPAaTUBHOI'O JIEMEHTa MHTEPbEpa, BUTPAX CIIOCOOEH CTaTh CTEPIKHEM, BOKPYT
KOTOPOTO MOET OBITh BBICTPOEH HE TOJIbKO AM3ailH MHTEpbepa, HO U IKCTEPbEp 3aHUs.
DTOMy CIocoOCTBYeT OOJIBIIIOE pasHOOOpasue mBeTa U (HakTyp CTEKIa, a TAKXKE TEXHOJOTHI
nojiydyeHus: Butpaxei. CyliecTByeT O0JbIIOE KOJUYECTBO PA3IMUYHBIX TEXHHUK BBIMOJIHEHUS
BuTpaka. Hanbosee n3BECTHBIMU M 4aCTO NPUMEHSEMbIMU TEXHUKAMU BUTPAXKHOTO UCKYCCT-
Ba SIBJSIIOTCS KJIACCHUYECKUM TAasiHBIA BUTpaX, TU(QQaHu, (HbIO3UHT, MATUPOBAHHBIN BUTPAK,
Butpaxu «Plastic Lead», [lnenounsiii Butpax, texnosorust SGO, ¢anerHslii BUTpakK, KOM-
OMHUPOBAHHBIN BUTPaX, pACIIMCHON BUTPaX, TPABJIEHBIN BUTPAK.

CBUHLIOBO-NasAHbIN ([Ta€4YHbIN) BUTPAXK — KJIACCUUECKAs TEXHUKA BUTpPaXka, NOSIBUBLIAs-
Csl B CPEIHUE BEKA M MOCIYKUBIIAS OCHOBOM I BCEX APYTHX TEXHUK. DTO BHUTPaXK, COOpaH-
HBI U3 KYCOYKOB CTEKOJI B CBMHIIOBYIO OIIpaBy, 3alasHHYIO B cThikax. CTekyia MOTYT OBITh
[IBETHBIMHA W PaCIMCAaHHBIMH KPAaCKOH M3 OKHCIIOB METAUIOB, KOTOpas Jajiee 0OKUTaeTcs B
CIELMaJIbHO YCTPOEHHBIX mnevyax. Kpacka Hakpenko BIUIaBJISETCS B CTEKISIHHYIO OCHOBY, CO-
CTaBJISISI C HEU eTMHOE IIEJIOE.

Krnaccndecknii BUTpak HECET HU C YeM HEe CPaBHUMYIO KPacoTy, CBOE OOasiHHE, CBOM
nrapM. OgHaKO KJacCuKa He BCErAa MOAXOAUT K pUTMaM cCOBpeMeHHOM xu3HU. [lomumo Tpa-
JUIMOHHBIX CYIECTBYET TAKXKe HECKOJIBKO COBPEMEHHBIX METOJJ0B U3TOTOBJICHHS BUTPAXKEH.

OpHoli n3 HanboJiee pacpOCTPAHEHHBIX TEXHUK M3TOTOBJICHUS! BUTPAXKa SIBIISIETCS TEX-
Huka «Tuddann». Takoe Ha3BaHUE OHA IMOJIyYMIa OT UMEHH CBOETO M300peTaTels U IOIy-
nsipuzaropa amepukania JIstouca Tuddanu, Ha pydexe XIX—XX BEeKoB BJIOXHYBIIETO HO-
BYIO JKU3Hb B JIpeBHEe UCKYCcCTBO. CyThbIO YCOBEPIIEHCTBOBAHUS TEXHOJIOIMU MasHOTO BUT-
paxa sIBJISIeTCSl UCTIOJIb30BaHKUE B KAUECTBE COETUHUTEIBHOTO JIEMEHTa TOHKOW MEHOM JIeH-
Thl. Kpas JeHThl, N0 MIMprUHE HEMHOTO MPEBBIIIABIINE IUPUHY CTEKJIA, 3arM0auch MO yT-
oM 90 rpaaycoB K IJIOCKOCTH TOPIIA CTEKJA, CO3/1aBasi, TAKUM 00pa3oM, ma3, yIAep KUBarO-
HIUHA CTEKJIO B 3aJJaHHOM 10J10KeHUH. COCTaBJIEHHbIE B €IUHYIO0 KapTUHY 3JI€MEHTHI BUTPaXkKa,
MPOINANBAIUCh HA CTHIKAX OJIOBOM, @ 3aTE€M NOKPBIBAJUCh MEAHOW WM YEPHOW MATHUHOM.
['maBHBIMU JOCTOMHCTBAMU HOBOM TEXHOJOTUU MOXKHO OBIJIO MPU3HATH OTHOCUTEIHHO MAJYIO
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HIMPUHY 3aKPEIUIIONIMX 3aXBaTOB JIEHTHI — BCEro 1—2 MWIMMETpa, a TaKXKe Majblii yaellb-
HBII BeC Kapkaca M BO3MO>KHOCTb CO3/1aBaTh CKOJIb YTOIHO (PUIYpHBIE KOHTYPBI OTIEIBHBIX
3JIeMEeHTOB m3Jienusi. HoBbIN crmoco mo3Bosisia cOOMpaTh BUTPAKU U3 CKOJIb YTOIHO METKUX
KyCOYKOB CTEKJIa, YTO CHJIBHO YBEJIMUYMBAJIO UX 3PEIUIIHOCTb.

OTKa3 OT KECTKOr0 METaNIMYECKOT0 KapKaca cejiaj BO3MOKHBIM IIPUMEHEHHE TaKuX
JIEKOPaTUBHBIX M3/I€JMH HE TOJBKO B KaU€CTBE CTEKJISIHHOI'O 3aIIOJIHEHUSI IPOEMOB B CTEHAX,
HO U, HallpuMep, B Ka4ecTBe M1a()OHOB AJIsi CBETUIBHUKOB MIIM KaK OTAEIKA JJIsl TIOTOJIKOB.

TexHOIOTHYECKHIA POLIECC U3TOTOBICHHUS BUTPAXKEH M MPEIIECTBYIOIUX eMy paboT B
OCHOBHOM CBOJUTCS K CIEAYIOLIEMY: XYJOXHHK JIENaeT B Kpackax 3CKU3, a 3aTEM MHUIIET Ha
IUIOTHOM OyMare mabJoH-KapTUHY B HAaTypalbHYIO0 BeIWYMHy Oyaymiero Butpaxa. O6e cra-
UM HEOOXOIMMBI, TaK KaK TBOPUYECKHUH 3aMbICeN Xy0KHUKA TOJDKEH OBITh COTJIACOBAH C 3a-
Ka3uyuKoM. [ MOKOCTh TEXHOJOTHH, pa3HOOOpa3ne UCXOIHBIX MaTEepPHalIoB, TOMHOKEHHOE Ha
0e3ynepkHyto (aHTa3uio NPOQPECCHOHANBHBIX XYJI0)KHHUKOB, TU3AaHHEPOB TMO3BOJSIOT BO-
IUIOIIATH B KU3Hb CAMbl€ OPUTMHAJIbHBIE, CMEJIbIE 3aMbICIIbI.

Texnomnorneit (BIO3UHT JTOCTHTAeTCs HEOOBIKHOBEHHBIN JEKOPATUBHBIA 3((EKT BUT-
PaXHOTO CTEKJIa, KOTOPOE IPEKPACHO BIIMCHIBAETCS B COBPEMEHHBIN qu3aiiH uHTEphepa. [Ipu
UCTIOJIb30BAaHUH 3TOM TEXHOJOTHHM MOKHO 3allOJHATH OOJIbIIME TMPOEMBbI 000 GopMbI 1
NPaKTUIECKU JII000T0 00beMa. DBIO3MHT UCTIONB3YIOT I M3TOTOBJICHHUS PA3IMYHBIX dJe-
MEHTOB B JU3aliHE MHTEphEpPA: EKOPATUBHBIX NAaHHO, HHTEPHEPHBIX NEPErOPOAOK, BUTPAXK-
HBIX BCTAaBOK JUIsl IBEpEH, OKOH M MeOENH, 1 MHOTOTO JPYToro, Ha 4TO TOJILKO XBAaTUT (aHTa-
3un. MeTo1oM (bprO3UHra MOKHO CO3/1aBaTh U OTAENbHBIC IITYyYHBIC H3/ENs, HAIpUMep Ba-
3bl, Omoa, abaxypsl, nupepomaTel 1iss yacoB. DBIO3WHTOBEIE BUTPAXKU BBITJISIAT COBpE-
MEHHO U 3CTE€TUYHO, 1 MOJIB3YIOTCS 3aCIyKEHHOM MOMYJIIPHOCTBIO B IU3aifHE UHTEphEpPA.

MarupoBaHHbBI BHUTPAXK BBINOJHAETCA C IMOMOIIBIO NECKOCTPYMHON YCTaHOBKH W3
HenbHOro Jucta crekia. [leckocTpyitHas oOpaboTka (MaTHpOBaHUE) — ATO TPATUIIMOHHAS
TEXHOJIOTHUS JCKOPUPOBAHMS CTEKOJI M 3€pKaJl, OCHOBAaHHASI Ha MEXaHUYECKO 00paboTKe 1o-
BEPXHOCTU CTEKJIa BO3JIYLIHOM CcTpyel ¢ yacTuukamu aOpaszuBa. Ha xommbroTepe aenaercs
OyIyluil pUCYHOK BUTpa)ka U NMEPEHOCUTCS HA IUIOTTEPHYIO IUIEHKY. 3aTeM yOuparoTcsi Te
YYaCTKU IUIEHKH, TJI€ PUCYHOK OyaeT MatoBbIM. KBapueBblil mecok (B Xopommux (upmax B
KauecTBe abpasuBa MCIIOJIb3YIOT OKCHJI aTIOMUHMS) B CUJIBHOW CTPYE CXKAaTOro BO31yXa BbI-
OMBaIOT YaCTHLIbI CTEKJIA, JI€JIasi €ro MOBEPXHOCTh MATOBOW Ha HE3AIMUIEHHBIX TUIEHKOH yua-
CTKax. DTO MO3BOJISIET JeaTh Ha CTEKJIE BCEBO3MOKHbIE PUCYHKH, HAIAMUCH. 3aTEM BUTPAXK
00s3aTeNbHO 00PadaTHIBAIOT 3AIIUTHBIM COCTABOM Ha OCHOBE CHWIIMKOHA. V300pakeHne mo-
Jy4aeTcss MaTOBBIM Ha MPOo3pavyHOM ()OHE WM MPO3pavyHbIM Ha MaToBoM (hoHe. Ha nmBeTHOM
CTEKJIE MAaTOBOE M300pakeHUE NMPHOOPETAET MOJIOYHO-0€TbI OTTEHOK, HAIOMUHAIOUIUHN TY-
MaH. CteneHb 00pabOTKU MOKET OBbITH pa3HOM. [Ipu yBenrueHun 1aBaeHusl Wik BpEMEHU 00-
PabOTKM MOXKHO JOOWTHCS Pa3HON CTETIEHW MAaTHPOBAHMs, BIUIOTH J10 TIyOokoro. PemsedHbie
MHOTOYpPOBHEBBIE YIIyOJIEHHS NAIOT TIyO0OKoe 00BbeMHOE M300pakeHHe. MOKHO TOOUTHCS
uHTEepecHoro 3¢ @deKra, eciau MoJACBEeTUTh NECKOCTPYHUHBIH BUTPaX C TOPLA, TOTa PUCYHOK
HAYMHAET, KaK Obl CBETUTHCS M3HYTpH. JlaHHBIN BUI 00paOOTKM MMEET PsJ MPEUMYIIECTB:
M3TOTOBJICHHE MAaTHPOBAHHOTO BUTpaka OOJBIIOTO (hopMaTa M3 CTEKJA JFOOOW TOJIIUHEI, HE
TpeOyeT crennaibHON apMaTypbl; UMEET BHICOKYIO CTOMKOCTb K BHEIITHUM BO3/1€MCTBUSM.

JI0OBOIBHO HOBOW TNPOMBIIIJIEHHOW TEXHOJIOTHMEN IIPOMU3BOJICTBA BHUTPAXKEH SBISAETCA
«Plastic Lead». Ha crexsio HaHOCHUTCSI CBEPXMPOUYHBIA NOJUMEPHBIM KOHTYP, KOTOPBIH mocie
BBICBIXaHUsI 00pa3yeT TpaHuIbl 3aJIMBKU U CO3JaeT penbed. B 3aBUCHMOCTH OT 3aMbIcia Xy-
JT0’KHUKA TOJILIMHA KOHTYpa MOeT ObITh OT 1,5 10 8 Mm. LIBeT KOHTYypa ToXke MOKET Bapbu-
pPOBAThCSl OT CTAHIAAPTHOIO YEPHOTO WM «MOKPOTO ac¢anbTay /10 30J0TUCTOrO U cepedpu-
CTOr0. 3aTeM OTJEJbHbIE YaCTU 3aMKHYTOTO KOHTYpa 3aJMBAIOTCS LIBETHBIMH MOJIMMEPHBIMU
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JIaKaMH, KOTOPBIE MOTYT MepeaaBaTh HEOrPAHNYEHHOE YHUCIIO OTTEHKOB. TeXHOJIOTH HaHece-
HHS KOHTYPa U JIAKOB BPYUYHYIO OJIM3Ka K POCIHCH, TO3TOMY XYAOKHUK MOXKET CO31aTh JaKe
noptper. Crenuani3upoBaHHbIE MOJUMEPHBIE JIAKW MO3BOJIIIOT HAHOCUTh PUCYHOK Ha JIO-
Oble MaTepualIbl — CTEKIIO, 3ePKAJIO0, AEPEBO, IUTUTKY, TIIACTHK.

KoMOuHMpOBaHHBIN BUTPaX CEroHs OYEHb MOIYJISIpeH B Iu3aiiHe uHTephepa. OH mo-
3BOJISIET 100UThCA OorarcTBa (PakTyp, ONTUIECKUX PPEKTOB, JEKOPATUBHON HACHIILIEHHOCTH
NpU CO3/1aHUM a0CTPAKTHBIX KOMIIO3MLIMMA, TIPU PELICHUH CI0KHBIX 00pa3HBIX 3a/a4, co3/a-
HHUU aTMOC(heEpbl, TOCTPOCHHON HAa KOHTPACTaxX.

Cnucok gutepatypsbl: 1. Parun B., Xurruac M. HckyccrBo BuTpaxa. OT UCTOKOB K COBpe-
MeHHOcTU. M., 2006. 2. SIxoBneBa A. A. Tpaauuuu u COBpEMEHHOCTb: UCTOPUsI METEpOypr-
ckoro Butpaxa. CII0.: ®unonoruueckuit pakynsrer CIIBI'Y, 2007 1. 3. «Xym0kKecTBEHHOE
cTekio ¥ BuTpax» Karanor. Beinyck 5. — M.: Meramnypruzaar, 2010.

T'A30IMTHAMMWYE CKU1 METO/I HAHE CEHUSI METAJIJINYE CKUX
MMOKPBITUHA

HInmasinukoBa E.H., Illanosajios P.I'., Poiounckan T.A.
(kagh. mexanuxu, TTU FODY, 2. Tacanpoe, Poccus)

TexHONIOTHS HAHECEHUS] METAJUIOB HAa MOBEPXHOCTH JIETalle MCIIOJIB3YET T'a30JMHAMHU-
YEeCKHI METOJ] HAHECCHUS TOKPBITHH, KOTOPBIH COCTOUT B TOM, UTO TBEP/AbIC YACTHIIHI METAaJl-
Ja, ABMKYIIIUECS CO CBEPX3BYKOBOW CKOPOCTHIO, MPOYHO 3aKPEIUIIOTCS HA IOBEPXHOCTH TIPU
coyaapeHuu ¢ Heto. CBEpPX3BYKOBBIE CKOPOCTH MPHUIAIOTCS YacTHIIAM 00O0pYJOBaHUEM C TIO-
MOIIBIO CKATOTO BO3AyXa. T€XHOJIOTHS SIBISETCS CPABHUTEIILHO HOBOM, M paHee B MPOMBIIII-
JICHHOCTH HE HCIIOJIb30BAJIOCh. TEeXHOJIOTHS MO3BOJISIET HAHOCUTHh METAJUTMYECKHE TOKPBITHS
HE TOJIBKO Ha METaJUIbI, HO U Ha CTEKJIO, KEPaMHUKY, KaMeHb, OeToH. K HacTosmemMy BpeMeHH
JaHHAsl TEXHOJIOTHS TMO3BOJIIET HAHOCUTH TMOKPHITHS W3 ATIOMHUHUS, IIMHKA, MEIHU, OJIOBa,
CBHHI[a, 0a00OUTOB, HUKEJIS.

TexHonoruss HaHeceHUs MOKPBHITHM (puc. 1) BkIOuyaeT B ce0s HarpeB CXKAaToro rasa
(Bo3ayXa), Mojavdy €ro B CBEPX3BYKOBOE COIUIO U ()OPMHUPOBAHHUE B ITOM COTLIE CBEPX3BYKO-
BOTO BO3IYUIHOTO NOTOKA, IM01a4y B 3TOT MOTOK MOPOIIKOBOTO MaTepuaja, yCKOPEHHE ITOTO
MaTepuajia B COIUIE CBEPX3BYKOBBIM MOTOKOM BO3/lyXa M HAlpaBJICHHWE €r0 Ha TMOBEPXHOCTH
00pabaThIBAEMOTO M3/ETIHS.

B kauecTBe MOPOIIKOBBIX MATEPUANIOB HCIIOJB3YIOTCS MOPOIIKM METaJUIOB, CILJIABOB
WM UX MEXaHWYECKHE CMECH C KepaMHUYECKUMH MOopomKamu. [Ipu 3TOM myTeM U3MEHEHHUs
pPeXUMOB pabOThl 000PYAOBAaHUS MOHO JMOO MPOBOAUTH aOpa3uBHYIO 00pabOTKY MOBEpX-
HOCTH W3JIeNHsl, JINOO0 HAHOCHTh METAJTUUECKUE TIOKPBITUS TPEOYEeMBIX COCTaBOB.

B nanbonee pacpocTpaHEHHBIX Ta30TEPMHUYECKIX METOJIAX HAHECEHHS MOKPBITHN IS
(dhopMUPOBaHUS MOKPHITUN U3 TIOTOKA YaCTHUI[ HEOOXOAMMO, YTOOBI MaIal0IINe Ha MOJIOKKY
YaCTHIBl UMEJIH BBICOKYIO TEMIEpaTypy, OOBIMHO BBINIE TEMIEpaTyphl IDIaBJICHHUS MaTepHa-
na.

B razonpnHamMudecKol TEXHOJIOTUH HAIbLICHHUS (KOTOPYIO Ha MPAKTHKE YAOOHO Ha3bl-
BaTh «HapallMBaHHEM» METaJlla), 3TO YCIOBHE HE SBISIETCS 00s3aTeNbHBIM, YTO U 00yCIaB-
JIMBAET €€ YHUKAJIBHOCTh. B TaHHOM Cilydyae ¢ TBEpIOW IMOMJIOKKON B3aUMOJECHCTBYIOT 4ac-
THIIBI, HAXOIAIIUECS B HEPACIUIABIICHHOM COCTOSHUM, HO 00JIaJafoIIne 0OUYeHb BEICOKOH CKO-
pocThio (puc. 2). YCKOpEeHHEe YacTHIl 0 HYXHBIX CKOPOCTEH OCYIIECTBIIACTCS CBEPX3BYKO-
BBIM BO3JYIITHBIM IIOTOKOM C TIOMOIIII0 OPUTUHAIIBHBIX YCTaHOBOK.
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[IpuBnexkarenbHOCTh TEXHOJIOTUM HAHECEHMs METaJlla Ha NMOBEPXHOCTH JI€Talel U W3-
JIeNU Ta30IMHAMUYECKUM METO/I0M COCTOUT B TOM, YTO 00OpYIOBaHUE U CO3aBAEMBbIE C €T0
MOMOIIIBIO TIOKPBITUSI CBOOOIHBI OT OOJBUIMHCTBA HEIOCTATKOB, MPUCYLIUX APYTUM METOaM
HAHECCHMS METAJUIMYECKUX TMOKPBITHHA, U 00Jagar0T PsAOM TEXHOJIOTUYECKUX, SKOHOMUYE-
CKHX M DKOJIOTMYECKUX MPEUMYLLIECTB.

lazonmuHamudeckuii METOJ] HAHECEHUS METAUTMYECKUX MOKPBITUH 00NamaeT psaaoM
IPEUMYLIECTB 110 CPABHEHUIO C TPAAULIMOHHBIMU METOJAaMU. DTHU NPEUMYIIECTBA COCTOAT B
CIIEYFOLIEM:

e TIOKPBITHE HAHOCUTCS B BO3IYILIHOM aTMocdepe Mpu HOPMaIbHOM JaBJICHUH, TIPH JIFO-
OBIX 3HAYCHUAX TEMIIEPATYPHl M BIAKHOCTH aTMOC(HEPHOTO BO3/1yXa;

e IPY HAHECEHUM MOKPBITUI OKa3bIBAECTCS HE3HAUUTEJILHOE TEIUIOBOE BO3/CHCTBHE HA
NOKpPBIBAEMOE M3Jeue (M3eNe B 30HE HAHECEHMs MOKPBITHUs He HarpeBaeTcst Bbiuie 100—
150 C), uTo MCKIIOYaeT BOSHUKHOBEHHE BHYTPEHHUX HANpPSOIKEHUN B M3ENUAX U UX aedop-
MalHIo, a TAK)Ke OKUCJIEHUE MAaTEPUAJIOB TIOKPBITHUS U JETaIH;

Mopowox
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CxaTwid | ¥
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MeTannMueckan cedss MWUKpOCEAPKA HA 0T AENBHEIX
fiez nnaeneHMA WHACTHAX NNasneHA

Puc. 2
e TEXHOJIOTHSI HAHECEHHSI MOKPBITHI IKOJIOTHYECKH Oe30macHa (OTCYTCTBYIOT BBICOKHE

TEMIIEPATYPhI, ONIACHBIC Ta3bl U M3JIyYCHUS, HET XUMUYICCKU arpeCCUBHBIX OTXOJ0B, TPEOyIO-
IIUX CIIEIUATBHON HEUTpaTU3aIym);

155



NHXEHEP, Ne 12, 2011 r.

e I[P BO3JCHCTBUU BBICOKOCKOPOCTHOTO IMOTOKA HAMBUIAEMBIX YaCTHI[ MPOUCXOJIUT
OYHCTKA TOBEPXHOCTH OT TEXHUYECKHUX 3arpsi3HCHHM, Macell, KpaCOK M aKTHUBAIUS KPUCTAJI-
JMYECKOU PEICTKH MaTepualia U3/1eius;

e TIOTOK HAIBLISICMBIX YACTHII SIBJISICTCS Y3KOHAMPABJICHHBIM H UMECT HEOOJIBIIIOE TOTIe-
peYHOE ceYeHHe. DTO MO3BOJISIET, B OTJIMYHME OT TPAJAUIMOHHBIX ra30TEPMHUCCKUX METOI0B
HAIbUICHKS, HAHOCUTH TIOKPBITHS HA JIOKAJIbHBIC (C YETKUMU TPAHHMIIAMH ) YYaCTKH MOBEPXHO-
CTHU U3JICTINH;

e BO3MOJKHO HAHECCHHE MHOTOKOMIIOHEHTHBIX MOKPBITHI C TIEPEMEHHBIM COJIepKaHHUEeM
KOMIIOHEHTOB TI0 €T0 TOJIIHHE;

e 000pPYIOBaHUE OTIMYACTCS KOMIIAKTHOCTHIO, MOOMIBHOCTBIO, TEXHHUYECKH JTOCTYITHO
NPAaKTUYECKU IS JTF0O0T0 MPOMBIIIICHHOTO TPEANPHUATHS, MOXKET BCTPAUBAThCS B aBTOMATH-
3MPOBAHHBIC JIMHUM, HE TPEOYEeT BBHICOKOKBAIU(HUIIMPOBAHHOTO TEPCOHANA JJIsI CBOEH 3KC-
Ty aTalym;

e IIyTEM MPOCTON CMEHBI TEXHOJOTUYECKOTO PEKUMA 000PYA0BAHUE TIO3BOJISIET MPOBO-
JUTh CTPYWHO-aOpa3suBHYI0 00pabOTKYy MOBEPXHOCTEH I MOCICAYIOIIEro HAHECEHUS II0-
KPBITHIA WIH JTOCTHKEHHS IEKOPATHBHOTO A (deKTa.

Cnucok gurepatypsi: 1. Kammpun A. U., Kioes O. @., By3asirap T. B. YcrpoiictBo nms
ra30JUHAMUYECKOTO HAHECEHUsl IOKPBITUM U3 IMOPOIIKOBBIX MarepuaynoB. Ilatent PO Ha
uzooperenue Ne 2100474. 1996, MKN6 C 23 C 4/00, omy6n. 27.12.97. bron. Ne 36.
2. AnxumoB A.Il., Kocapes B.®., [Tansipun A.H. ['a30quHamMuueckoe HalblJIeHUE. JKCIEpU-
MEHTaJIbHOE HcclieJoBaHue npoiiecca HanbuieHus. — [IMT®, 1998, 1. 39, No 2, c. 182—-188.

INTASMEHHAS OBPABOTKA MATEPHUAJIOB

Ixaposckuii /I.B., lllanosanos P.I'., Puionnckas T.A.
(kagh. mexanuxu, TTU FODY, 2. Tacanpoe, Poccus)

B rtexHonorum mnpubOpOCTpOEHUs, paaHOaNNapaToCTPOCHUs M METaIo00paboTKu
ia3Ma MPUMEHSETCS B BHJIE Y3KOHAIIPABICHHON TropsdYeil CTpyH, CIOCOOHON pacIulaBUTh U
UCTIIAPUTh MPAKTUYECKU BCE MATEPUaIbl: KAK METAJIJIbl, TAK U HEMETAJUIbI.

[To xoHCTpYKIMM TUIA3MaTPOHBI (puUC. 1) pa3nemnstoTes Ha cenaparopbl MPSMOTO U KOC-
BEHHOTO JCHCTBHUS.

Jis mosydeHus IIasMbl UCTIONB3YIOTCSl AJIEKTPOJIMTUUECKUN AYTrOoBOM paspsn, uepes
KOTOPBIHM C MOMOIIBIO COTIJIa MPOAYBAETCs IIa3MO00pa3yoiuii ra3 (aproH, a3oT, BO3AYyX WU
ux cMmech). [Iuranue rmazmaTpoHa OCyIIECTBISIETCS OT MOILHOTO 3JIEKTPUYECKOI0 NCTOYHHUKA
¢ "ampspkeareM 200-500 B u tokom 300400 A. HeoO6xoanma craOuim3anus TyTH, YTOOBI
rops4asi CTpysl HE 3aMKHYJIaCh Ha COIJIO M HE pacIjlaBWiIa €ro, a TaKkkKe C LEeIbl0 HEKOTOPOil
doxycupoBkr. OHa OCYIIECTBIISCTCS aKCHAILHBIM IMOTOKOM Ta3a, JTH00 CYKCHHBIMU CTCHKA-
MU OXJIa’KAaeMOT0 COILIa.

[Tnazmennass oO6paboTKa MCIOJB3YETCs B IMpolleccax, TpeOYIOMUX BEICOKOTEMIIEPATYP-
HOTO KOHIIEHTPHUPOBAHHOTO HarpeBa: pe3Ka, NPOIIMBKAa OTBEPCTUH, MUKPO- U MaKpOCBapKa,
HaHECEHHE MOKPBITUH, BOCCTAHOBJICHHE U3HOIIEHHBIX JIeTalleH, IJIaBKa.

HansaBka M3HOCOCTOMKMX NMOKPBITHUH OCYIIECTBISETCS C LEIbIO MOBBIIIEHUS JKC-
IUTyaTallMOHHBIX CBOMCTB JeTanu. it 3TOro NpUMEHsIOT MOPOIIKOOOpa3Hble MaTepUaibl CO
CIIEMAJIbHBIMU CBOMCTBAMHM — BBICOKOW TBEPAOCTHIO, MOBBIIIEHHONW HW3HOCOCTOMKOCTHIO,
KOPPO3MOHHOM M TEPMOCTOMKOCTHIO (OKCHIIBI Wi KapOuael 6opa, Bosbdpama). Jleramu mo-
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JIy4aroTcCd € I[GIJ.IGBOfI CepI[LleBI/IHOf/'I N3 KOHCTPYKIUOHHLIX MAaTCPHUAJIOB, 4 HA OTBETCTBCHHLIX
y4acCTKax CO3Jar0TCA HCOGXOHI/IMBIC CBOMCTBA. 3HAYHUTEIIBHO CHIDKAIOTCS pacxoabl AOpoOro-
CTOAMUX JICTUPYIOIHUX MAaTCPHUAJIOB. TOJIH_[I/IHa CJIOEB MOXKECT JOCTUTaTh HCCKOJIBKHUX MUJIIH-
MCTPOB. TexHonorus nponecca TakoBa: HaHOCHMBIN MaTcpual UCIOJIb3YyCTCd B BUJIC IACTHI;
MMPOUCXOAUT PACIUIABJIICHUC U CBAPKa CJIOA HAIUIABJIIACMOI'O MaTcpuijia ¢ OCHOBHBIM MAaTCpPHA-
oM. B atom ClIy4dac MpUMCHAIOTCS IUIa3MCHHBIC TOPCJIKM KOCBCHHOT'O I[GflCTBHSI.

{
/
/

/

Puc. 1. YcerpoiictBo miasmarpona: 1 — cormio; 2 — BoJib(hpaMoBEIi 3JEKTPO/I; 3 — BBOJ
IIa3MEHHOTO Ta3a; 4 — u3zaenue; 5 — KaHa 1JIs 0JJaud MPUCAJOYHOTO MOPOIITKA

Hanblienne. HanbuisieMblii mMaTepuan HarpeBaercsl B IUIa3MaTpoHe. Temmeparypa
MOJIJIOKKH B 3aBUCHMOCTH OT 1I€JIM HaIIbIJIEHUSI MOKET ObITh pa3anyHoil. DopMHUpYIOTCS CIOU
HEOO0JIbIION TOJIIIMHBI — OT HECKOJIBKMX MUKPOMETPOB /10 OJHOr0 Musuumerpa. [{ns ysenu-
YEHMsI ail€3UN HAIBLJIEHHOTO CJIOSI CTPEMSITCSI IOBBICUTh CTENEHb XMMHUECKOI'O BO3AEHCTBUS
HOKPBITUS C MOJJIOKKOM 3a CUET €€ pa3orpeBa WM BBEJIEHUS NPOMEXKYTOUHBIX XMUMUYECKU
AKTHUBHBIX CJIOEB.

IlnasmenHas pe3ka. JlocTonHCTBa: 00pabaThIBAIOTCA JIIOOBIE METAJUIBl TOJIIMHON 10
100—150 MM, MeHbILIas MIUPUHA PE3a, YEM INIPU ra30BOM pe3Ke, Jydlllee KaueCTBO MOBEPXHO-
CTH, MEHBIIas 30Ha TepMHUUYeCKuX m3MeHeHui. Ckopocth mporecca: 0,5-1,5 cm/c B 3aBuCH-
MOCTH OT TOJIIUHBI MaTepHaIa.

Jlis mia3MeHHOM pe3KM MCIOJIb3YIOTCS IUIa3MaTpoHbl HpsiMoro aerctsus. [1na3moo06-
pa3yloluil Ta3 — aproH, a3oT, BOAOPO WK Bo3ayX. [Ipu MukporuiasmMeHHoO# pe3ke Tok 50—
100 A, TomuHa pe3ku 10 8§ MM, IUPUHA pe3a 10 1 MMm.

Jlazepnas o0paldoTka MarepuaioB MPOBOJUTCS C IOMOIIbIO OCTPOCPOKYCHUPOBAHHOTO
CBETOBOTO JIyuya, M3JIy4aeMOIo ONTHYECKMM KBaHTOBbIM reHeparopom (OKI'). Uzmyuenue
OKT (puc. 2) siBnsieTcss y3KOHAIPaBIEHHBIM U MOHOXPOMATUYHBIM. YTJIOBas pacXxoIUMOCTb
ayya ans pyOuna coctasisier 307, 1711 cTekiia ¢ mpuMechio Heoauma — 107

MunuMalbHBIN pa3mep naTHA dy, 10 KOTOPOro MOKET ObITh cokycupoBaH yuy OKT,
JOCTHUTaeT 3Ha4YeHnil 1 MKM.

[Iporiecc B3aMMOAEMCTBHUS J1a3€pHOTO H3Iy4YEHHs] C 0OpabaThiBaeMbIM MaTepHaIoM
MO>KHO Pa3/IesIUTh Ha CJIEAYIOIINE CTaUu:

— TIOTJIOIIEHUE CBETA C MOCJEAYIOIICH Mmepeaadeil SHEPTHU TEMJIOBBIM KOJIEOaHUSIM pe-
IIETKH TBEPAOTO TENa;

— HarpeB mMarepuana 0e3 pa3pylleHus, BKI0Yas 1 IJIaBICHUE;

— pa3pylleHre MaTepualia yTeM UCIapeHus U BbIOpoca ero pacijiaBlIeHHON 4acTH;
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— OCTBIBaHHE MOCIIE OKOHYAHHS BO3ICIICTBHS.

Puc. 2. CxeMa TeXHOJIOTUYECKOI JTa3epHOIl YCTAaHOBKH

[Tpormeccer o6padoTkn mMatepnanos m3myderneM OKI ymoGHO paccMaTpHBaTh MOJbB3Y-
sIch TpaUKOM 3aBICHMOCTH YAETbHOTO BBIHOCA BEIIECTBA 1) OT IUTOTHOCTH TOTJIONIEHHOTO
CBETOBOTO MOTOKa q (pHc. 3).

[Ton ymenpHBIM BEIHOCOM BelIecTBa 1) IOHNMAETCs Macca YIeTIbHOTO BelllecTBa, MPUXO0-
IATIascs Ha eQIHAITY TTafdarorieil SHePTHL.

LY

o

t t } t t 1 f f -
101 10%10°10* 10° 10°107 10% 10° q, Br/es®

Puc. 3. 3aBHCHMOCTB YACIbHOTO BEIHOCA BCIICCTBA OT aIaromiei SHEPIrHH

IIpu ManeIX IWIOTHOCTSX CBETOBOTO MOTOKA MaTepHall JINIIb HarpeBaeTCs M3IIy4YeHIEM.
[IpubmrxeHne 3Ha4eHNs K o IPUBOANT K 00Pa30BAHUIO PACIUIABIEHHOI 30HBI B MECTe JIO-
KaIM3alii N3IIy4YeHns Ha MOBepXHOCTH. 1lo3ToMy B 00nacTi 3Ha4eHHI q=qp LIeIeco00pa3Ho
IIPOM3BOMNTE CBApKy MarepuanoB. [Io Mepe manpHeiilero pocta IDIOTHOCTH CBETOBOTO IIO-
TOKAa HAuMHAeTCs MpOoIlecC paspylleHHs MaTepuana CHadala 3a cdeT HcmapeHus (mpu
q0<q<q), 2 B JaTbHEIiIIeM 3a cueT HCcIapeHHsl H BhIHOCA BellleCTBa B KUAKOIL (ha3ze dacTHIla-
MI mapa (IpH q;<q<qy). IIpi q>10° BT/cM® «IcTIapHTeIbHBIIY MEXAHN3M Pa3pPYIIEHI CMe-
HAETCS «B3PBIBHBIM» U YIEIBHBII BEIHOC BelllecTBa YMEHbIIAeTCs IIPUMEPHO B 5 pas.

Paccmotpennas BbINe 3aBICHMOCTD MO3BOINISET OOOCHOBATH YHEPIeTHUYECKUE PEKUMBL
JazepHoil 00paboTKU. B 0011acTH MOTOKOB A0 (o MPOU3BOAUTCH TepMHUYECKas 00padoTKa Mo-
BEPXHOCTH M3[EINIL, COIPOBOKAaeMas JOKAILHEIM HarpeBoM H IUIaBieHueM. B oGmactu mo-
TOKOB OT Q; JO (3, COIIPOBOKIAEMBIX pa3pylleHneM U BEIOPOCOM pacIUIaBIeHHOI YacTH Ma-
TepHana, IPOM3BOANTCS Pe3Ka U CBepIIeHIe OTBEPCTHIL.

JI71st TOBBIIIIEHISI TOYHOCTH U KadecTBa (POPMHUPYEMbIX OTBEPCTHII UCTIONB3YeTCS MHO-
rOMMIY./IbCHas1 00padoTka MaTepuana. OHa 3aKIFOYaeTCs B TOM, YTO OTBEPCTHS MONTYYaroT-
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Csl B pe3yJIbTaTe BO3AEUCTBUS cepuH KOpOoTKUX nmirysscos (0,1-0,2 mc), nepuos ciaenoBaHust
KOTOPBIX 3HAUMTENIHHO OOJIbIIe BPEeMEHH OCThIBaHMs Marepuaina. [lomoxxurenbHblil 3¢ dexT
NpY MHOTOUMITYJILCHOM 00pabOTKe JOCTUraeTcs 3a CueT:

— TMOBBILICHUS TUHAMUYECKON MPOYHOCTH MaTepuana Mmpu YKOPOYCHWH BPEMEHHU Tep-
MOy aapa;

— OoJiee paBHOMEPHBIM 10 OTHOIICHHIO K HENPEPBIBHON 00paboTKe pacrpeaesieHueM
OCTaTOYHBIX HAMPSKEHUH 10 TONIIMHE MaTepHaa.

[Ipu MHOTOMMITYIbCHON 00pabOTKe IilyOMHA OTBEPCTHH TOCTUTaeT 1-5 MM M MOXKeT
ObITH B 25 pa3 OoJibllIe AUAMETpa.

Cnucok surepartypsbl: 1. Tymanos }O.H. I1na3zMenHble, BHICOKOYAaCTOTHBIE, MUKPOBOJIHOBBIE
U JIa3epHbIE TEXHOJOTUU B XMMHKO-METaJUTyprudeckux npoueccax. — M.: @usmarnur, 2010.
— 968 c. 2. Kymukos U.C., Bamenko C.B., KameneB A.f. DnekTponuTHO-IIIa3MeHHas o0pa-
06oTka MarepuanoB. — Munck: benapyckas naByka, 2011. — 232 c. 3. I'puropreB C.H. Cospe-
MEHHOE BaKyyMHO-IDIa3MEHHOE 000pyIOBaHHE M TEXHOJOTHMH KOMOMHHPOBAHHOTO yIpPOUYHE-
HUS MHCTpYMEHTA U aetaneii mammH // TexHonorus mamuHoctpoenus. Ne 3. 2004. C. 20-26.

COBEPIIEHCTBOBAHHME MATEMATHYE CKAUX MOJIEJEM 1J51 PACYETA
N OIITUMU3ALINU PEKUMOB PE3AHUSA

Borycaasckmii B.A., Oxynuk M.A. (kageopa TM, /lonHTY, 2. /loneyx, Yxpauna)

[lox onTumanbHBIMM IapaMeTpamMH pPeXHMa pe3aHus MOHMMAIOTCSA TaKUe 3HA4YEHUS Be-
JUYUHBI CKOPOCTHU PE3aHusl U MOJauM, IPU KOTOPBIX INpoiiecc o0paboTKU ObL1 Obl MaKcCH-
MaJibHO 3((EKTUBEH C TOUKHU 3pEHHS 3KOHOMUYHOCTU U MPOU3BOJUTEIBLHOCTH, U PU 3TOM
BBITIOJTHSUIMCH OBl BCE TEXHOJIOTUYECKHE TpeOOBaHUs, MPEABSIBIIeMble K 00padaThiBacMOit
netanu. Ha He00X01MMOCTh aBTOMATU3MPOBAHHOTO pacyeTa ONTHUMAJIbHBIX 3HAYEHHUM mapa-
METPOB PEXMUMa PE3aHUsl YKa3bIBAJIOCh EIIE B CEPEIUHE MPOIJIOro BEKa, HO MOJHOCTBIO 3Ta
3aja4ya JI0 CUX MOp HE pelleHa U aKTyaJbHOCTh €€ MPOJO0JDKAET MOBBIIIATECS C Pa3BUTUEM
TEH/JCHLUMHU MHOTOCTAHOYHOT'O OOCIY’>KMBAaHUSI M CO3/1aHUEM aBTOMATU3MPOBAHHBIX CTaHOY-
HBIX KOMIUIEKCOB 11 00pabOTKH METAIJIOB PE3aHUEM.

B Hacrosiiee Bpems onpeneneHue ONTUMalbHbIX PEXKUMOB PE3aHUS OCYILECTBIISIETCS 1O
MaTeMaTHYECKUM MOJEISIM C MUCTIOJIb30BaHUEM psJia TIONPAaBOYHBIX KO3((PUIIMEHTOB, YUUTHI-
BAIOIINX NepEeMEeHHBIE (haKTOPHI Mporecca 00paboTKH (CBOMCTBa MHCTPYMEHTAIBHOTO U 00-
pabaTbiBaeMOT0 MaTepHajoB, FEOMETPUI0 MHCTPYMEHTA, HAIWYUE oxjaxaeHus u np.). Cie-
JIyeT OTMETUTb, UYTO CYIIECTBYIOUIME METO/Abl pacuera ONTHUMAJIbHBIX BEJIWYUH 3JIEMEHTOB
npolecca Pe3aHnsl yYUTHIBAIOT MIEPEeMEHHbIE (PaKTOPHI MPOIecca Pe3aHus ¢ TOMOIIBIO YCpeI-
HEHHBIX MONPAaBOYHBIX KO3()(PUIMEHTOB, CIEICTBUEM YEro SIBJISETCS 3HAUUTEIbHBIN pa3zdopoc
pPacyeTHOM M JEHUCTBUTEIBLHOM CTOMKOCTH WHCTPYMEHTA, ONPEICIIOIIEH HAJIEKHOCTh €ro
paboThI, a TaKXkKe Paz0dpOC COCTABIIONIMX CHJIBI PE3aHus, MPU3BAHHON OOECIeYnBaTh TOY-
HOCTh 00paboTku [1]. DTO, B CBOIO Odepe/h, ABISETCS CIEACTBHEM JoIyckaemoro TY pas-
Opoca CBOMCTB MHCTPYMEHTAJIBHOTO U 00padaThIBAEMOTO MAaTEpHUAJIOB M HECOBEPIICHCTBOM
METO/IMK pacuera.

[Tpu onpeneneHun pekuma pe3aHusl MO CYIIECTBYIOUIMM MAaTEMaTHYECKUM MOJIESIM He
yAaeTcsl YCTaHOBUTH CBSI3b MEXAY OCHOBHBIMU NEPEMEHHBIMHM (PaKTOpaMH, BIUSIOLMMHU Ha
npolecc pe3anus (BUOpaiusi, HEOJHOPOIHOCTh HHCTPYMEHTAJIbHOTO U 00pabaTbiBaeMoOro ma-
TEpHUAJIOB, HAJIMYKME UJIM OTCYTCTBUE OXJIAXKJIEHUS U T.1.). PeXXKUMbI pe3aHusi, BbIOMpaeMble 10
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CYLIECTBYIOLIMM MAaTEMaTHYECKHMM MOJEINSM, B 3TOM Cly4dae MOTYT ObITb ONTHMAJbHBIMHU
JMIIB JUI YCJIOBUHN, B KOTOPBIX OHU OBLIHM MOJYYEHBI, U TOJBKO JJIS T€X KOHKPETHBIX WHCT-
PYMEHTOB M CTaJIbHBIX 3arOTOBOK M3 MAPTHUIl MOCTaBOK, KOTOPBIE Yy4aCTBOBAIM B IPEIBAPU-
TEJILHBIX UCTIBITAHUSX.

Takum 00pazom, Ha JaHHBIH MOMEHT B MPAKTUKE MAIIMHOCTPOCHUS CIIOKUIIACH MPOTHU-
BopeunBas curyauus. C olHOU CTOpOHBI, cyuiecTByromue cuctemsl UIIY, co3panHbie Ha
MHUKPOIPOLECCOPHOM aPXUTEKTYpPE, CHOCOOHBI BBHITIOIHATH CKOJIb YTOJIHO CIIOKHBIE BBIYUCIIE-
HHS ¥ BECTH PacyeT ONTHMAJIbHBIX PEXUMOB 00pabOTKH HETOCPEACTBEHHO Ha paboueM mec-
T€ B XOJ€ TEXHOJOruueckoro mnpouecca. C Apyroi CTOPOHbI, OCHOBHBIE PAaCUETHBIE 3aBUCH-
MOCTH, KOTOPbIE€ TPaJULMOHHO KJIQAYTCS B OCHOBY aJTOPUTMOB pacyeTa ONTUMAJIbHBIX pe-
KHUMOB PE3aHUsl, CTPAJAIOT 3HAYUTEIbHBIMA HETOYHOCTSIMH, UTO JIEJIaeT HEeLeIeco00pa3HbIM
NPUMEHEHUE aJITOPUTMOB pacdeTa v ONTUMH3ALUH PEKUMOB 00pabOTKH.

OpHUM U3 MyTel pemeHus MpoOIeMbl SBISIETCS OTKa3 OT MOCTPOCHUS MaTEMaTHYECKHX
MOJIeJIEl ONTUMHU3ALMU HA OCHOBE YCPEIHEHHBIX MaTEMaTUUYECKUX 3aBUCUMOCTEH, KCTpaIio-
JMPYEMBIX Ha BECh JMAINa30H HCIOJB3yEMBIX CKOPOCTEM pe3aHus U Ha MapOuHBbIM cOCTaB
NPUMEHSIEMbIX HHCTPYMEHTAJBHBIX M 00padaThIBa€MBIX MaTEpHAIOB, U BBEICHUE OIEPATHB-
HOT'O KOHTPOJISI MHIAMBUyaJIbHBIX CBOMCTB Ka)K10W Mapbl «MHCTPYMEHT-/IeTalby. B kauecTBe
OCHOBBI MH(OPMALIMOHHOTO 00ECTIEYEHHUS CO3/1aBaEMOTO CIIOCO0a MPUHSTA BEIUYHHA TEPMO-
anekTpoaBmkyied cuibl (TepMoI/IC) ecTecTBEHHOW TepMOMaphl «UHCTPYMEHT-U3/ICITUE,
¢uKcupyeMasi B yCIOBHSIX «KOHTPOJBHBIX» pexuMoB pesanus (V=100m/mun; S=0,1MM/00;
t=1mMm). OTIMUUTENBHON 0COOEHHOCTHIO UCTIOIBb30BaHUs BeauunHbl TepMoJ[C sBisiercs To,
YTO B JIAaHHOM METOJI€ OHA MCIOJB3YETCs HE KaK TPaTUIMOHHAs MHPOpPMAIHS O TeMIepaType
B 30HE pe3aHus, a KaKk JaTYUK CBONCTB KOHTaKTHUPYEMBIX Iap MHCTPYMEHT - uzaenue. Kon-
LEMNLIUsT UHAUBUYaIbHON OLIEHKH CBOWCTB MHCTPYMEHTA U CTaJbHOM 3arOTOBKU M3JI0KEHA B
pabote B. K. CrapkoBa [2], oqHaKO MpaKTHYECKHE PEKOMEHAAIMU JJI1 €€ BOIUIOMICHUSI OT-
CYTCTBYIOT.

BonbmMHCTBO paboT OTEUECTBEHHBIX HCCIIEI0BATENEH, TOCBSALIEHHBIX ONPEAEICHUIO OIl-
TUMAaJIbHBIX PEKUMOB pe3aHusl, 0a3UPYIOTCS Ha CTOMKOCTHOM 3aBUCHUMOCTH, NPEI0KEHHOHN B
1907 rony Teitnopom. OmgHaKo, PU CKOPOCTSX pe3aHus Bbimie 50 M/MHH 3Ta 3aBUCHMOCTH
SIBJIICTCS CYIIECTBEHHO HENMHEHHOW. BO-BTOPHIX, UCMOIB30BaHHE 0OOOMICHHON TEUIOPOB-
CKOM 3aBUCHUMOCTH JUI1 HAXOX/IECHUSI ONTUMAJIBHBIX PEXMMOB PE3aHUsl, HE MMO3BOJISIET HAUTH
aKcTpeMyM. U, B-TpeThHX, MOIy4YEeHHBIE Ha €€ OCHOBE NMPHUOIMKECHHBIC YMIUPUIECKHIE 3aBU-
CHUMOCTH Ul OTBICKaHHS PEXHMOB PE3aHUS MPEUIaraloT HaJIW4He MOCTOSHHBIX K03(duim-
€HTOB, HE 3aBUCAIIMX OT F€OMETPUU UHCTPYMEHTA, ITyOUHbI pe3aHusi, TBEPAOCTH MaTepHasa
U T.A.

[TonbITKM yTOUHUTH SMIUPUYECKUE 3aBUCUMOCTH «CKOPOCTh PE3aHUS - CTOMKOCTh MHCT-
PyMEHTa» IMyTeM NpUMEHEHHs 0oJiee CIOXKHBIX MaTeMaTHUYECKUX BBIPAKEHHH, YUUTHIBAIO-
muX OOJbIIee KOJIMYECTBO (PAKTOPOB, TAKXKE HE PaspeuIiid MpodiieMy BBIOOpa ONTHMAIIb-
HBIX PEKUMOB pE3aHUsl PACUETHBIM ITyTEM.

B psine ciyuaeB uayT Ha 3HauutenbHoe (10 60-70%) cHIKeHHE YPOBHS PEXHMOB pe3a-
HUSI OTHOCUTEJIbHO HOPMATUBHBIX [2] B MPEINOJIONKEHUH, YTO OoJiee HU3KUE PEXHUMBI pe3a-
Hust o0ecrieyaT 0oJiee CTaOMIIbHYI0 Pab0Ty MHCTPYMEHTA U, B UTOTE, TOBBICST OOIIYIO MPOU3-
BOJUTENBHOCTh 00paboTku. [Ipu 3TOM, mpH 3a7aHHOM MEPUOJI€ CTOMKOCTH HMHCTPYMEHTA,
BBISIBJISIETCS] 3HAUUTEIbHBIN CTATUCTUYECKUI pa30poc 3HaueHui croiikoctu - 10 200%. Cren-
CTBUEM CHWIKEHUS WHTECHCHUBHOCTH OOPaOOTKHU SBISIETCS emie OoJiblliee YBEIMYCHUE CTATH-
CTHUYECKOI0 pa30poca 3HauU€HUI CTOMKOCTH MHCTPYMEHTA, HEIOMCIIOJIb30BAHNE HHCTPYMEHTA
U o0opylnoBaHus, YTO B COBOKYIHOCTH OTpPHULATEIbHO CKa3bIBAETCA HA TEXHUKO-
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HKOHOMHUYECKOH 3(h(heKTHBHOCTH aBTOMATU3MPOBAHHOTO O0OpYJIOBaHUs. SICHO, UTO MpH Ta-
KOM II0JIX0/1€ IPUMEHEHNE METOIUK ONTUMHU3AIMH PEXKUMOB PE3aHUSI HELIETECO00PA3HO.

OueBHIHO, UTO pacyeT U ONTHMHU3ALMS PEXUMOB 00pabOTKH B aBTOMATUYECKOM PEKHUME
1esiecoo0pa3Hbl TOJIBKO €CIIM B UX OCHOBY IIOJIOKEHBI (PM3MYECKH 000CHOBAaHHbIE MaTeMaTH-
YECKUE 3aBUCUMOCTH, YUUTBIBAIOIINE YCIOBMS, BO3HUKAIOLUIME B 30HE PE3aHUS ISl KaKIOM
KOHKPETHO! oNepanuy pe3aHusl.

Hanpumep, ananu3 MeTOAMK M peKOMEHIAIHMH 10 BEIOOPY PEKUMOB pe3aHHs MPH CBEp-
JICHUU TI0Ka3aj, YTO aBTOPHI HE YUUTHIBAIOT BIUSHHUE KOJEOAHM HA MHTECHCUBHOCTh M3HOCA
PEXYLIEro 3JIEMEHTA, TMMUTHPYIOLIEr0 CTOMKOCTh CIMpaIbHOTO cBepJia. HazHauenue pexu-
MOB pPE€3aHHUSI HA OCHOBAHUM JAHHBIX CTOMKOCTHBIX UCIBITAHUM NApTHUU CBEPJ MEHBILIEH JJU-
HBl IPUBOISAT K TOMY, YTO CBEpJa OTHOCHTEIHHO OOJBIICH IMHBI, UMEIOIUX 3HAYUTEIHHO
MEHBUIYIO KECTKOCTh, MHTEHCUBHO M3HAIIMBAIOTCS B YCJIOBHSX OOJIBIICH aMIUTHTYABI KOJie-
Oanmif. [Ipy mpoynx paBHBIX YCJOBUSX YBEIMYCHUE AMIUIMTYABI TPOJOJIBHBIX KOJIeOaHUM
cnupaibHoro csepia ¢ 0,15 1o 0,28 MM pUBOAMUT K YMEHBUIEHHUIO NEPUOJA CTOUKOCTH B J1Ba
paza. B 3Tux ycioBusX yBEIUUMBAIOTCS 3aTPaThl BPEMEHNU Ha CMEHY MHCTPYMEHTA, YTO CHH-
KaeT MPOU3BOAUTEIHFHOCTh 00pabOTKH, @ B YCIOBUAX aBTOMAaTH3UPOBAHHOTO MPOM3BOJICTBA
npu 00pabOTKe HECKOJIBKUX OTBEPCTHH C MOMOIIBI0 MHOTOIIIUH/IEIBbHOM TOJOBKU CYILECT-
BEHHO YBEJIMYMBAET CEOECTOMMOCTh MEXaHMUECKOW 00paboTKH. AHAIU3 OTEPh MPOU3BO -
TEJIBHOCTH B YCJIOBHUSIX aBTOMAaTU3MPOBAHHOI'O IPOU3BOCTBA MOKAa3al, YTO MOTEPH MO UHCT-
PYMEHTY cocTaBisitoT 10 16% [3]. B To e BpeMs, B COBpEMEHHOM TEXHUYECKOU JTUTepaType
SABHO HEJOCTATOYHO CBEACHUI O BIMSHHUU YAacTOThl M aMIUIUTYAbl KOJeOaHUI Ha MHTEHCUB-
HOCTb U3HOCA PEXYIIMX 3JIEMEHTOB, TMMUTHPYIOLIMX CTOMKOCTh CIIMPAIbHOTO CBEpJIA.

Takum 00pa3om, [Js1 MOBBIMIEHUS MPOU3BOJUTEIBHOCTH M CHHXKEHUS CE0ECTOMMOCTH
MeXxaHU4YecKoll 00pabOTKU OTBEpCTUH HEOOXOIMMO pa3paboTaTb aBTOMAaTU3UPOBAHHbBIN WH-
(bopMalMOHHO-U3MEPUTEbHBI KOMILJIEKC J1JIs1 BHIOOpA ONTUMAJIbHBIX PEKUMOB PE3aHUsl, 10~
3BOJIIIOIIMN ONpPEAEUTh NapaMeTpbl KoJeOaHUil NpU CBEPJICHUH, U BKIIIOYAIOIIUN pacuer
MHTEHCUBHOCTH H3HOCA PEXKYIIEro 3JIEMEHTA, JIMMUTUPYIOIIErO CTOMKOCTh CIHUPAJIBHOTO
CBEpJIa C y4ETOM [IapaMeTPOB KOJICOAHUN MHCTPYMEHTA.

BaxHo# 3aa4eil Ipu NOCTPOCHUH MATEMATUYECKUX MOJENEH TEXHOJIOTMYECKHX IIPO-
LIECCOB SIBJIIETCS BHIOOP M ONMHUCAHME TEXHUYECKUX OTPAHUYEHUH, YUHUTBIBAIOLIUX JIEUCTBUE
pa3IMUYHBIX (PAKTOPOB OMUCHIBAEMOTO MPOLIECCA U CBSI3aHHBIX C BIMSHUEM Ha HEro pasiuy-
HBIX XapaKTEepPUCTUK 3arOTOBKH, MAapaMeTpPOB CTaHKa, MPHUCIOCOOJEHHUS W HHCTPYMEHTa U
JIPYTHX yCJIOBHUM 00pabOTKH.

TeopeTnyeckuM aHAJIM30M U IKCHEPUMEHTAMHU J0Ka3aHO, YTO OCHOBHOW NPUYMHOU
BCEX SIBJICHUM, CONPOBOKIAIOUINX MPOLIECC PE3aHusl, IBJSETCS TEMIIEpaTypa B 30HE pe3aHusl.
TennoBble Mpolecchl IpU PE3aHUM OKa3bIBAIOT ONPEIEICHHOE BIMSHUE Ha MOSBICHNUE HaKJIe-
1a B MOBEPXHOCTHOM CJIO€, HIEPOXOBATOCTh 00pabOTaHHOM MOBEPXHOCTH U HEKOTOPbIE JIpY-
TU€ SBJICHUS.

Bricokue Temneparypsl B 30He 00pabOTKH, BO3HUKAIOIINE U3-3a2 HU3KOW TEMJIONPOBOI-
HOCTH TPYJIHOOOpaOaThIBaEMBIX MAaTEpHAIIOB, OTPEACISIIOT HEOOXOAMMOCTH HCCIEOBAHMUS
TEMIEPATypPHBIX OTPAHWYEHUN Ha PEKUMBI pe3aHus MpH UX onTuMusanuu. CyliecTByroas
METO/IMKa pacuera TEIUIOBBIX NMOTOKOB U TEMIIEpPAaTyp B 30HE pe3aHUsl HE JAaeT BO3MOKHOCTH
YUYUTBIBAThH oxJaxaatomiee u cMmaszbiBatomee aeictsust COTC [4]. lnsa 5Tux BUIOB MaTepua-
JIOB TPEJCTaBJSIET MHTEpEC AalibHEWIIee pa3BUTHE METOAMKH OINpENeseHUs TeMIepaTyp B
30He pe3anus npu ucnosb3oBanuu COTC.

3naunmocTs BiusiHUs COTC obycnosnena tem, uto COTC siBisieTcst oiHUM U3 Haubo-
Jiee BaXKHbIX MEPEMEHHBIX (PAKTOPOB COCTOSHUSI CUCTEMBbl pe3aHus. 3a CUET U3MEHEHHs CO-
ctaBa u coctosiHust COTC MoxkHO 3(h(PeKTUBHO OCYLIECTBIATH IIyOOKHE U MHOTOCTOPOHHHUE
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U3MEHEHUs TapaMeTpoB (PYHKIMOHUPOBAHHS CUCTEMBI PE3aHUSI.

Opnako, wuMerONIMecs padOTHl MO ONTHUMH3AIMKA HE OXBATHIBAIOT 00JacTh 00pabOTKH
CIELMAJIbHBIX MAapOK HEP’KaBEIOLIMX, JKapOIIPOYHBIX M BBICOKOIIPOYHBIX CTajel U CILIABOB.
CymiecTByonme peKOMEHIAIMN 10 BRIOOPY palMOHAILHBIX MMapamMeTpoB OOPaOOTKU ITHX
MaTepHajIoB cojep:kar orpaHuyeHHble cBeneHus o BaussHuM COTC Ha pexxumbl pesanus [5].
Henocrarouno mH(pOpManMy U MO OIEHKE JOCTIXKMMOTO YPOBHS TOBBILICHUS TPOU3BOIH-
TEJNFHOCTH TpU npuMeHeHnu pa3mmuabix COTC, uto 3aTpyaHseT 000CHOBaHUE MX BBIOOpA B
pa3IMYHBIX YCIOBUSIX 00paboTku. s TpyaqHOOOpabaThIBaEMBIX MAaTEPHAJIOB IMPEICTABISET
MHTEpEC AaJIbHENIlIee pa3BUTHE METOJUKU ONTUMU3AIMU PEXXUMOB PE3AHUSI C YUETOM TEMIIE-
paTypHBIX OTpaHUYEHUI NpU UCHoab30BaHuu paznuaHbix COTC.

C yueToM NpuUBEJECHHBIX BbIIIE KPUTUIECKUX 3aMEUYaHUil O HEOCTATKaX CyIIECTBYIOIINX
METO/IMK, a TAaK)KE aHaJIM3a BO3MOKHBIX IyTEH MOBBIILIEHUS] TOYHOCTU PACUETHBIX 3aBUCUMO-
CTEH, CTAHOBHUTCSA aKTyaJbHOH mpoOjeMa co3JaHus MaTeMaTHYeCKOW MOJENH Ha3HAYEHHUS
ONTUMAJIBHOTO PEeKUMa 00pabOTKH, B OCHOBE KOTOPOH JISKAT J0CTOBEPHbIE 3aBUCUMOCTH U
onepaTuBHasi HH(OpManMA 13 30HBI pe3anus. [{uanor oneparopa ¢ cucrtemont UIIY HOBOTO
MIOKOJICHUSI JIOJDKEH COCTOSITh B 33JaHWM €l BBOAHON MH(pOpPMAIK C MUHUMYMOM 3aJlaBae-
MBIX MAapaMEeTPOB: HANPHUMEP, BEIMYMHBI CTOWKOCTH MHCTPYMEHTA, INIyOWHBI pe3aHus - Oc-
TaJbHbIE PacueTHbIE U MONPaBOYHbIE BeIWYUHbBI cuctema UIIY noimkHa noiayyaTh ONEpaTHB-
HBIM IIyTEM U3 30HBI pe3anus. IMEHHO Ha OCHOBE ONepaTUBHOW WH(POpPMAINH, a HE Ha OCHO-
B€ JAHHBIX U3 CIIPABOYHHUKOB, OHA JIOJKHA ONPENIEISITh PEXKUMBI PE3aHMS.
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IPUMEHE HUE UH®OPMAIIMOHHBIX TEXHOJIOT Ui JJIS1 OIIEHKHA
BJIUAHUSA TPOMBIHNIVIEHHBIX BBIBPOCOB OFBEKTOB TEXHOC®EPBI

AprtembeB A. C., Cansan H.A., 3BarunueBa A. B.
(BopoHnestcckuii 20cyoapcmeenHblll mexHuieckull yHugepcumem, 2. Boponeoic, Poccus)

MopaenupoBanue pacrpoCTpaHeHHUs pUMeceil B aTMOC(hEpPHOM BO3AyXe MPOMBIIILIEH-
HOTO TOpoJia TpeOyeT KOMILJIEKCHOTO y4eTa MHOTHUX (haKTOPOB, BIUSIOIINX HA COCTOSHHE aT-
Mochepnl. Kaxxapiit u3 3Tux (HakTOpoB UMEET CBOU CrielupUIecKue 0COOCHHOCTH, YTO MPH-
BOJIUT K HEOOXOMMOCTH MCTIOIB30BAHMSA JIJIS1 MX YU€Ta Pa3HbIX MAaTEMAaTHUYCCKUX MOJEICH U
0a3 maHHBIX. JlJIs1 pemeHust 3TON CJIOKHOM 3a/1auu y00HO MCTOIB30BaTh METO bl MaTeMaTH-
yeckoro mojenupoBanus U ['MC-texnonoruu. llenbio mpexacraBisieMoit paboThl sBiISETCA
MOJICIIMPOBAHKE OIICHKU 3arpsi3HEHHUs aTMOc(epbl Topoa MPOMBIIIJICHHBIMUA BEIOPOCAaMH Ha
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