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AJIMA3ZHOE XOHUHI'OBAHME. OITPEJEJIEHUE OCHOBHBIX IAPAMETPOB,
MOJAEJIMPOBAHUE PABOYEI'O IMKJIA

Aas [I:xkanu Paduk, FonyooB H.B. (kag. TM, /[onHTY, Yxpanuna)

XOHMHTOBaHME, KaK (pUHHINHAS OTIepanysi, CHUYKAeT OTKIOHEHUsI ()OPMBI U TIOBBIIIACT
pa3MEpHYI0 TOYHOCTb, YMEHBIIAET MapaMeTp LIEPOXOBATOCTH IOBEPXHOCTH, COXPAHSET
MUKPOTBEPAOCTb U CTPYKTYpPY HOBEPXHOCTHOTO CJ0s1, yBEJINYMBAET HECYIIYIO IOBEPXHOCTh U
OCTaTOYHbIE CXKMMAIOITUE HarpsKkeHus [1].

HaubGonbmas 3¢¢peKTUBHOCTh AOCTUTACTCS aiMa3HbIM XOHUHroBaHWEM. M3HOC
QIMa3HO-METAJUIMIECKUX OPYCKOB [0 CPAaBHEHUIO C aOpa3suUBHBIMH yMeHbIaeTcs B 150 - 250
pa3, Omaromaps dYeMmy yIpOIIAeTCs HalaJKa U CTaOWIM3UPYETCs KadecTBO OOpabOTKH.
XoHHMHTOBaHMEM 00pabaThIBalOT JE€Tadd W3 CTald, YyryHa W IBETHBIX METAJUIOB,
NPEUMYIIECTBEHHO OTBEpCTUS (CKBO3HBIE M TIJIyXHe, € IVIQAKOM M MPepbIBUCTOMN
NOBEPXHOCTbIO, LWIMHAPUYECKUE M KOHMYeckue). Ilpu XOHMHroBaHMM B pE3aHUH
OJIHOBPEMEHHO Y4YacTBYET OOJIbIIOE YHCIO a0pa3sMBHBIX 3€peH, B pe3yjbTaTe 4Yero
o0ecreunBaroTCsl BbICOKasi MPOU3BOJUTENBHOCTh, HU3KHE JAaBJICHHE U TEMIIEpaTypa B 30HE
pe3anus (50-150°C) u, xak cieAcTBHE, COXPAHEHUE MCXOJHOM CTPYKTYpbl IOBEPXHOCTHOTO
ciosi. bpycku paboTaioT B yCIOBHSIX caMo3aTauyuMBaHMs M He TpeOyroT mpaBku. Ywucio
peXymux OpyCKOB B XOHMHIOBAJIbHOM TOJIOBKE BBHIOMpAlOT MaKCHUMajbHbIM. Hambosee
3¢ (HEKTHBHO CHIDKAeT OTKJIOHEHHUsS ()OPMBbI XOHHMHIOBaJIbHAs TOJIOBKA C YETHBIM YHCIIOM (8,
6, 4, 2) TuaMeTpaJbHO PACIIONIOKEHHBIX OPYCKOB IO OKPYXKHOCTH. B 3TOM ciywae Opycku
paboTaroT MOMAPHO, ITOK PaJUaIbHON MoJaduu OpPYCKOB pa3rpy’kaeTcsi OT OJHOCTOPOHHETO
JIEUCTBUS paIUaIbHBIX CHUJI, OT)KMUMAIOIIUX XOHUHIOBAJIBHYIO TOJIOBKY [1].

Jlmay [ OpycCKOB BBIOMPAIOT B 3aBHCHUMOCTH OT JUIMHBI L 0OpabaThiBacMOro
oTBepcTusi. Menbime oTKIoHeHUs (opMbl 0TBepcTHs gocturarotcs mpu /= (0,5 - 0,75)L.

st 006pabOTKU KOPOTKUX JeTalied ¢ TOYHOCThIO 6-8-r0 kBanmrera mpu L<d
Jomyckaemas JuiMHa aOpa3uBHbIX OpyckoB pasHa (1,0-1,2)L. [Inuna BeIXoga OpyckoB
cootBerctByeT mnpumepHo 0,33/. Ot miuHbl BbIXOAA OpycKa M3 OTBEPCTHS 3aBUCUT
OTKJIOHEHHE OT LMJIMHAPUYHOCTU OTBepCTHsA. Eciau OTBEpCTHE 10 XOHUHIOBaHHS HMEET
dbopmMy KOHyca, HEOOXOIUMO YBEIMUYUTH BBIXOJ OpYCKOB 110 (,5/ CO CTOPOHBI MEHBIIETO
JMaMeTpa M COOTBETCTBEHHO YMEHBIINTh JUIMHY BBIXOJa OPYCKOB C MPOTHBOIOJIOMXKHOMN
CTOPOHBI

[lpn Hammuuum ceI000Pa3HOCTH OTBEPCTHSl JETald BBIXOJI OpYCKOB CIeIyeT
ymenbiuth g0 0,14-0,25 [ B cinyyae 004K0OOpa3HOCTH OTBEPCTHS BBIXOJ OpYCKOB
HeoOxoaumo yBennuuTh 10 0,5-0,75/. OkoHUaTenbHyO0 JJIMHY BbIXOJa OpYyCKOB YTOUHSIOT B
nporecce HaJAJAKH B 3aBHCHMOCTH OT XapakTepa W OTKIOHEHWH (OPMBI OTBEPCTUS [0
XOHUHTOBaHMUS, Ka4ecTBAa OPYCKOB M JPYTHX TeXHOJoTHueckux ycioBuil. [llupuny OpyckoB
BBIOMpAIOT C YYETOM 4YHCJIa OJHOBPEMEHHO paloTaroumx OpyCKOB B XOHHHIOBAJIbHOM
rojoBke. OTHOIIEHUE peXylleld MOBEPXHOCTH OpYCKOB K 00pabaThiBaeMOW MOBEPXHOCTH
OoTBepCTUsl JOJDKHO ObITH paBHO 0,5-0,6 mpu XOHMHTOBaHWU TiaAkux oTBepctuit u 0,8-1,0
IIPY XOHMHIOBAHUM IJIMLEBBIX OTBEpCTUH. [l neraneil Malod )KECTKOCTH 3TO OTHOILIEHHE
BHIOMPAIOT MUHUMAJIEHBIM.

CxopoCTh BO3BPAaTHO-NIOCTYMATEIbHOTO JBM)KEHUS XOHHMHIOBAJIBHOW TOJIOBKM Ha
NpE/BAPUTENIbHBIX ~ ONepauusix Juid oOecrnedyeHus: HauOoJblIed MPOU3BOAUTEIBHOCTH
BbIOMPAIOT MAaKCUMAJIbHO BO3MOYKHOM. ¥ XOHUHTOBaJIbHBIX CTAHKOB 3TH CKOPOCTH OOBIYHO HE
npeBbIIAOT v; = 15-20 M/MHH, Ha YUCTOBBIX ONEPALUSAX XOHUHIOBaHUS CKOPOCTh V; IOJDKHA
ObITh Ha 20-50% MeHbllIe, UeM Ha IpeaBapUTeNbHbIX. CKOPOCTh BPAIICHUS! XOHUHIOBAJILHOM
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TOJIOBKH V BBIOMPAIOT UCXOJIS U3 CIEAYIOUINX COOTHOILICHUI: v/ v; = 2-4 pu XOHUHTOBaHUU
CTalM U v/v;=3-5 MIpU XOHWHTOBaHUU YyTyHa [2].

[Ipou3BOANTENFHOCT, XOHMHTOBAaHUS C  YBEJIMYCHHEM CKOPOCTH  BO3BPATHO
NOCTYTATENLHOTO JIBWKEHUS V; ToBbImaercs. C yBEIMYEHHEM V TPOU3BOAUTEIBHOCTD
BHAyaje MOBBIIIACTCS, a 3aTeéM HpPU JOCTIKEHHM HEKOTOPOTO KPUTHUYECKOTO 3HAuCHHS
cHmxkaercsi. IIpon3BOAMTENFHOCT, XOHMHTOBAaHHMS HMHTEHCHBHO pacTeT C YBEIMYCHUEM
YAETBHOTO JAaBlieHUS OpyCKOB Ha oOpabaThiBaeMylo MOBEpXHOCTb. OmHAKO AN KaxIoi
XapaKTEPUCTHKH OpYCKOB KakK a0pa3WBHBIX, TaK M aJMa3HbIX CYIIECTBYET NpeAeTbHOE
JABJICHUE, BBIIIE KOTOPOTO BecTH 00paboTKy He pekoMmeHayercs. Ilpu paboTe anma3zHbIMU
OpyCKkaMHM TpEBbIIIEHHE TNPEACTbHOTO JaBJICHUS TNPUBOJUT K HMX HHTCHCUBHOMY
3acaJMBaHUIO.

Ha mpenBaputenbHbIX onepanysx yJIenbHOe aBieHne OpyckoB Ha oOpabaThiBaeMyro
MOBEPXHOCTh 00BIYHO HaxonauTcs B npexaenax p = 0,98-1,3 Mlla, a Ha OKOHYATENbHBIX p =
0,3-0,8 MlIla /[Ins cHMKEHHUS LIEPOXOBATOCTH MOBEPXHOCTH CJIELYET NMPUHUMATH MEHBUINE
yJAeTbHBIC AaBIICHHUS OPYCKOB, a IPU OOJILIINX MPHUITyCKax HA 00pabOTKy yelbHbIC TaBICHUS
JOJDKHBI OBITH TOBBILICHBI JI0 TIPENENbHBIX 3HAUYEHWHA. 3aJaHHbIC JaBJICHUS MOKHO
NOICPKUBATH JTO3UPOBAHHON paauaibHOM mogaueil. 6pyckoB xona oT 0,1 10 3 MKM/AB. X0/1.
2]

Koneunass TtouHocTh (opMbl  00pabaThiBa€MOTO  OTBEPCTHsI, KAdyeCTBO H
NPOU3BOAUTEIHFHOCTh 00pa0OTKU CYIIECTBEHHO 3aBUCST OT TOTO, HACKOJIBKO NMPAaBHIBHO U
palMoHaIbHO TOCTPOEH pabouMii MK XOHMHTOBaHMA. B WacTHOCTH, BapHaluu JaBJICHUS
XOHUHTOBAJIbHBIX OpYCKOB B TedeHHE pabodero LHUKJIA MO3BOJIIIOT IIEJeHANPaBICHHO
U3MEHATh TOKa3aTell KOHEYHOW TOYHOCTH 0OpabOTKH, KadecTBa M MPOU3BOIUTEILHOCTH
orepanyy XOHUHTroBaHUA. [Torck onTUManbHON CTPYKTYpHI paboyero IMKIa XOHWHTOBaHMS
MOJKET BBITIOJHATHCS SKCIEPUMEHTAIBHO WM HAa OCHOBE IIOCTPOCHHS W HCCIECIOBAHMUS
MaTeMaTHYeCKOM MOJeNu Ipolecca XoHuHroBanus. Ilocnennuil nmyTh siBiasieTcs: HamboJee
NPOTPECCUBHBIM, OCOOCHHO B YCJIOBUSIX TPUMEHEHHS COBPEMEHHON BBIYHCIUTEIBHON
TEXHUKH.

[lox onTuManbHON CTPYKTYpOH paboyux LMKIOB XOHHHIOBAaHMS NOHHUMAETCs 3aKOH
MU3MEHEHUsSI PETYJIHPYyEeMON COCTaBIBIIONICH PEXKMMa XOHHHTOBaHUS (HANpUMEp, JaBIICHUS
XOHUHTOBAJILHBIX OPYCKOB) BO BpEMEHH IMKJIa 0O0pabOTKH oAHOM Aetanu. B vactHOCTH, B
Ka4eCTBE KPUTEPHSI ONTUMAIHLHOCTH CTPYKTYpPhI pabouero mukia MOXKET CIIy)KUTh KPUTEPUI
YCIOBHBIX pa0OT Ay, MIPEACTABIAIOIIMIA cO00H [3]

A,., = [ p(H)dt — min.
0

HeobxommmocTs onieHkH 3()()EKTHBHOCTH IHMKJIAa XOHHHTOBAHHS C TEPEMECHHBIM
JABJICHUEM XOHHHTOBAJIBGHBIX OPYCKOB TIO0 TOMY WIM HWHOMY KPUTEpHIO OOYyCIIOBJICHA
MHOTOBAapUAHTHOCTBIO CTPYKTYp pabO4uX IMKIIOB, 0OecreduBarouIux TpeOyemble yCIOBUS
BEJICHUsI Mpoliecca.

3aj:[aqy OIITUMH3aIlMM IIHMKJIa XOHHMHI'OBAHHWA Ha OCHOBEC HpHHfITOfI MO €I
nesnecoo0pa3Ho pa3fenuTh Ha JABa dTamna. [lepBelil 3Tam 3akioyaeTcss B BbeIOOpe
pallMOHAILHBIX ~ [MApaMETPOB  Tpollecca XOHWHTOBaHMA B IeJioM.  BeiOupatorcs
XApaKTCPUCTUKU HMHCTPYMCHTA, BCIIMYUHBI Hpo6era XOHHUHI'OBAJIbHBIX 6pyCKOB, 3HaA4YCHUA
HEU3MCHHBIX B TE€UEHHUE IHUKJIAa 00paOOTKH OKPYKHOW CKOPOCTH Vi, CKOPOCTH BO3BPATHO-
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MOCTYNATEILHOTO JABUKECHUS Vg, AaBieHUS p, cocTaB COXK B 3aBUCUMOCTH OT KOHKPETHBIX
TEXHOJIOTUUECKHUX TPEeOOBAHUIA

Bropoit stanm onTUMu3alMM MApaMeTPOB IMKIA XOHMHTOBAHMS 3aKIIIOYACTCS B
BBHIOOpPE TaKMX 3HAYEHW JaBICHHS OpPYyCKOB Ha KAXKAOW CTYNEHH IUKJIA, KOTOpPBIC
obecrieunin OBl JTaNbHEWINIEE YIYUYNICHHE TEXHOJIOTHMUYECKUX TOKa3aTelneld o00paboTKH.
O(PPeKTUBHOCTh  TaKOW  ONTHMHU3AIMHU  3aBUCHUT OT  MPABWILHOCTA  MOCTPOCHHUS
MaTeMaTH4eCKOH Mojenu (pOopMUPOBaHUS TEXHOJIOTHUECKHUX TOKa3aTeliell XOHWHTOBAaHHS B
Te4eHHue paboyvero HuKJa.

PaccMoTpyM HEKOTOpBIE BUABI MaTEMAaTHYECKHX MoOJIENel mporecca o0paboTKH,
METO/IBI X UCCIICIOBAHUS U 00J1aCTH MPAKTHYECKOTO PUMEHEHUSI.

Haubonee mpoctoii siBisieTcss MaTreMaTudyeckas MOJAEIb XOHMHTOBAaHHS Ha OCHOBE
MPOCTHIX CTENEHHBIX 3aBUCUMOCTEH.

OYHKIIMM HW3HOCA HMHCTPYMEHTA (XOHHMHIOBaJbHBIX OpyckoB) M, a TaKxke
MeTtamuiochema Q ISl n-CTYTEHYaTOTO IUKJIAa MOKHO NPEICTaBUTh B BUjeE [3].
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Hamuuue ypaBHeHMi NpuBENEHHBIX BbIlIE ypaBHEeHHH 4 U O NO3BOJISET NOCTABUTh
JIB€ 3a1a4M U 1aTh UX MAaTEMaTUYECKOE OIIMCAHUE.

1. 3amaya mOBBIILIEHUS pPa3MEPHOM CTOMKOCTM MHCTpyMEHTa ©€3 CHIKECHUS
NPOU3BOAMTEIFHOCTH. DTa 3a/a4a MOKET OBITh MpHU OOJBIIMX 3aTpaTax WHCTPYMEHTa Ha
00paboTKe TEX WIM HUHBIX JETajei C MOCTOSHHBIM JaBJIEHUEM p, 3a N, JBOMHBIX XOJOB.
MaremaTnyeckas MOJEIb 3a0a4u:

Zn:Nipiyl
_ il

u }/1
Nypy

iNip? :
@ — i=1

¢ N,py

2. 3ajava TOBBINICHUS MPOU3BOJUTEIHLHOCTU TIpoliecca 0€3 CHMKEHHUS pa3MEepHOU
CTOUKOCTHU HHCTPYMCHTA. OHa, B YaCTHOCTHU, MOXKCT BO3HUKHYTH IJid CJIy4dacB, KOTOa
H€O6XOI[I/IMO CHUMATb TIIOBBIIICHHBIC IIPUITYCKH. MaremaTtudeckas MOACJIb 3aaadyu
3aMMChIBAETCA B CIIEAYIOLIEM BHJIE:

— min ;
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D=1

Do—>max.

B03MOXHO MOCTpOEHNE MAaTEMAaTHYECKON MOJIENIH NPOLEcca XOHUHIOBAaHUS HA OCHOBE
gorapupmuyecknx  (yHkimid. JlaHHas ~ marteMaTHueckas MoOJeNb  sABisieTca  Oolee
YHHMBEPCAJIBHOIN B CBSI3M C TEM, UTO CBSI3bIBACT OJHOBPEMEHHO IOKA3aTeId CheMa MeTajlia,
M3HOCA MHCTPYMEHTa, a Takke (QyHKUMH & TpUHUMAMOIEH OO0 3HaYeHHE MOoKas3aTens
mepoxoBaTocTu Ra, 1mOO 3HA4YCHUE IIOKa3aTesii TOYHOCTH TIEOMETpUYECKOl (hopmbl
oOpabatpiBaeMoii TOBEpXHOCTU. Br160op Buaa GyHKIMHM & 3aBUCUT OT KOHKPETHBIX YCIOBHH
3a7aun.

MareMaTHYECKyI0 MOJEIb TMPOIecca XOHMHIOBAHUS MOXHO TPEIACTaBUTh B BUJE
CHCTEMBI alireOpandeckuxX ypaBHEHHH, OMHUCHIBAIOIINX BAKHEHIIINE TIOKa3aTeNu Ipoliecca:

Ww=aptax;t axe; + azxs T apxixz tazxoxs tapxixz +apsxxox;s
Yo=bo+ bix;+ boxs + bsxz + byaxixs + bosxoxz +bysxixs +byozxixoxs ;

YRa=Co tCiX; T Cox2 + c3x3 + croxpx2 + co3xoxz + ci3xgxz + Cp23x1x0X;3 .

rae yu=In U, yo=InQ, yra=Ra, x;=In p, x;=In N, x3=ln & a , b; ¢; - xo3pduurenTs! npu
HE3aBHCHUMBIX TEPEMEHHbIX; N- YHCIO ABOWHBIX XOJOB (WIM YHUCIO B IMKJIE CTYNEHEH C
PaBHOM JJIUTENBHOCTHIO) [3].

Orta MaremMaTHyecKash MOJeNb TI03BOJISIET ONPEeNsATh IMapaMeTpbl CTYNMEHYATHIX
IIMKJIOB XOHWHroBaHMS. Takue IMUKJIBI TpU OOJIBIIOM YHCIE CTyNeHeH ¢ Maioi
JUTMTETTHHOCTBIO MOTYT OBITh alIIPOKCUMHUPOBAHBI B OECCTyIIEHYATHIE.

Ha ocHoBe paccMarpuBaeMoil MaTEMAaTHYECKOM MOJEIM MPOILECCa XOHUHTOBAHMS
MOTYT PemaThCcs CIEAYIONIHE 33/1a91 ONTUMHU3AIMH CTPYKTYPhI pab04ero MUKIIA.

1. IloBbllleHHE TPOM3BOAUTEIBHOCTH OOpPAaOOTKM MPH JKECTKOM TpeOOBaHUM K
nokazare’mo & TOYHOCTH TEOMETpUYecKod QopMbl 00padaThIBAEMOrO OTBEPCTHS WM
IEPOXOBATOCTU 00pabaThIBA€MON TOBEPXHOCTH.

2. VYiay4unienue mokaszaTens & MpU JKeCTKOM TpeOOBaHUM K BEJIWYMHE CHUMAEMOTO
NpHUIyCKa.

3. IloBbImeHHE CTOWKOCTH XOHHHTOBAJBHBIX OPYCKOB TPH KECTKOM TPEOOBAaHHMU K
NPOU3BOIUTEIBHOCTH 00PaOOTKHU.

4. CHWXeHHE TEXHOJOTHMYECKOH Ce0ECTOMMOCTH O0OpabOTKM TpH  KECTKOM
TpeOOBaHUM K TOYHOCTH T€OMETPHUYECKOM (POPMBI 00pabaTeIBaeMOro OTBepCTHs [3].

Cnucok autepartypsli: 1. CipaBoYHUK TexXHOJora-mamuHoctpouteni. B 2-x 1. T.1
/Mon pea. A. T'. Kocunosoit u P. K. MemepsikoBa.— 4-¢ u3nm., nepepab. u gomn.— M.:
Mammnoctpoenue, 1986. 656 c. 2. AOpa3suBHasi W aiMa3Hai 00paboTKa MaTepUasoB.
Crnpasounuk. Ilon pen. n-pa texH. Hayk npod. A. H. PesaukoBa. M., , «kMammHOCTpOCHHUEY,
1977. 391 c. 3. [IporpeccuBnsie Mmetoapl XoHuHroBanus /C. . Kymukos, ©.®. Puzsanos, B.A.
Pomanuyk, C.B. KoBanesckuil. - M.: Manmnoctpoenue, 1983. 135 c.
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BbIBOP TEOMETPUN 3ATOYKHN UHCTPYMEHTA IIPU PYYHOM
T'PABUPOBAHHNU U3EJIHM

Byrtenko B.!., Mouceenko IL.C. (kageopa mexanuxu TTH FODY,
2. Taeanpoe, Poccus)

I'paBupoBanue m3nenuil SABJIAETCS PACIPOCTPAHCHHOM OIEpanUeil XyI0KECTBEHHOU
0o0paboTkn MarepuanoB. KadecTBo rpaBepHBIX pabOT BO MHOIOM JIOCTHUTAETCs
NPaBUIBHOCTBIO BBIOOpA FEOMETPUH PEXKYLIET0 MHCTPYMEHTa. TeXHOJOTHYECKUe OTeparun
NpY BBINIOJHEHUH PYYHOH TI'PaBUPOBKH MPEICTABISIOT COOOHM MpoLEcc CHATHS MeTauia
PEXYIIUM HHCTPYMEHTOM. B CBSI3M € 3TUM mIpolecc pe3aHusi NMpu IPaBUPOBAHUHM UMEET KaK
o011re YepThl ¢ MPOIECCOM MEXaHMYECKOH 00pabOTKM Ha METAIOPEXKYIINX CTaHKaX, TaK U
OTIpe/IeIIEHHBIE 0COOCHHOCTH.

Ha ocHOBe KiacCMYECKMX TNPEACTABICHUN TEOPHH pE3aHus METauIoB Oblia
pa3zpaboTana MaTemMaTHYeCKasi MOJIeNb Mpoliecca pe3anus Npu rpaBupoBanun. [Ipu sTom cam
IPOLIECC pe3aHus JAeIuics Ha JiBa dTana:

1 — Bpes3aHue, KOT/Ia yCUJIME PE3aHMsl HANpaBJIeHO BAOJIb ocu pe3ua (puc. 1); 2 —
npope3Ka, KOTla YCUIINE PE3KH HalpaBJIeHO NapaJuieIbHO MMOBEPXHOCTH IPaBUPYEMOil AeTanu

(puc. 2).

O6pabarbiBacMast R
TIOBEPXHOCTb
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r
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Puc. 2. [leiicTBue cui Ha pe3el] IpH Mpope3Ke MaTepuaa
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W3 ycnoBus paBHoBecus cui (puc. 1, 2) ycunue, N1eUCTBYIOLIEE HA 3JIEMEHT CTPYKKU
CO CTOPOHBI IIEpEIHEN TOBEPXHOCTH PE31A, ONPEIEIAETC KaK

R=P /(A-(sin(@+ B)+ f -cos(w+ B))+ B-(cos(w+ B)— f -sin(w+ B))), (1)

rae A=cosy u B=siny

p=I2 @
siny
3/1eCh T — Mpeje TekyuyecTu matepuana rpu casure (I1a);
S — momaae NONEPEYHOro CEUYeHUsI CHUIMAaEMOIo MeTaJljia (MMZ);
W — yroJi ckaibiBaHus (rpai.).
Ecnu cuna F, HampaBiieHa BAOJb pe3la, TO
FreR. sin(f + o)+ f - cos(B + o) . 3)
COS @
a cuna Py, neiicTByromias Ha 00pabOTaHHYIO MOBEPXHOCTb, OIPEAEIIAETCS KaK
P, :R-(cos(a)+ﬁ)+f-sin(a)+ﬁ)); 4)

OTKyJa
P, = R-(cos(a)+ﬁ)—f-sin(a)+ﬁ))+R-sina)-(sin(a)+ﬂ)+f-cos(a)+ﬂ)). (5)

Ecim F, HanpaBieHa mnapajulebHO IIOBEPXHOCTH, TOTJA Yycuiaue pesaHus F;

OTIPEJIEIINTCS KaK
F. = R-(sin(w+ B)+ f -cos(w+ B)). (6)

[Ipu sTOM mepeaHuit yroiu y npu oOpabOTKE IrpaBEpPHBIM MHCTPYMEHTOM 3aBUCHUT OT
yTJ1a 320CTPEHHMs [ ¥ yIila HaKJIOHA Pe3la m:

7 =90°=(B+ ). (M

[Tomy4yennrie He3aBuCUMOCTH (3) — (7) MOXKHO MCIIOIB30BATh I BIMSIHHS YTJIOB £ U
@ TOTOMY, YTO 3TH BEIMYWHBI OIPENEIAIOTCS W BapbUPYIOTCI CaMUM TIpaBepoM: i —
MOJIy4aeTcsl NP 3aTOYKE IPABEPHOTO MHCTPYMEHTA; » — BapbUPYETCS IOJIOKEHUEM DPYKHU
rpaBepa npu Npope3Ke.

Ha puc. 3, 4 mpuBefeHbl SKCIEPUMEHTANbHBIE 3aBUCHMMOCTH P, u F, or yria
3a0CTpeHUs f W HAaKJIOHA pe3la o, U3 aHaIn3a KOTOPBIX CIEAYET, YTO MPU YMEHBIICHUHN YTIIa
3a0CTpeHHs [/ yMEHbIIAeTcs cwia pe3aHus Fr, kak mpu pe3aHuu, Tak U MpPH MPOpeE3Ke
KaHaBKU. BiusHUE yTia 3a0CTpEeHMs HA BEIWYMHY CHIIbI, IEHCTBYIONIEH Ha 00pabOTaHHYIO
MOBEPXHOCTh F,, HECKOJbKO pa3IM4HO MpHU Bpe3aHuM U mnpopeske. llpu Bpesanuun c
YMEHBIIEHUEM YIJa 3a0CTpeHHs [ BenuuuHa P, CcTaHOBUTCA OoJjiee cTaOMIBHOM mpH
M3MEHECHUHU yTIJla HakKJIOHa pe3na o. llpu mpopeske ¢ yMeHbBIIEHHWEM yria fi BO3pacTaer
ycuime P,, 4TO IpH ONpEAENCHHbIX YCIOBUSX MOXET NPHUBECTH K 3aTATMBAHHUIO pe3lia B
Mmarepuall. B To e BpeMs ¢ yBeIMYEHUEM yTIia f ycuiaue P, MOKeT NpUHATh OTPHLATEIBHOE
3HAYEHHUE, YTO COOTBETCTBYET APPEKTY BHITAIKUBAHUS PE3IIA.

MuHMMaJIbHBIN paanyc NpH TPaBUPOBAHUM 3aBUTKOB OpPHAMEHTAa ONpENENseTcs W3
YCIIOBHSI Pa3MEILEHUs TPEYTOJbHUKA CEUEHUs PEXYIIEH 4acTh pe3la IJIOCKOCThi0 «b — by,
COBMAJAIONICH C MOBEPXHOCTHIO TPABUPYEMOU J€TallM, C KPUBOJMHEHHON YacThIO KaHABKHU
(puc. 5). Ilpu 3TOM ¢ yMEHBIIICHUEM 3a]THETO yIJia o OyIeT YBETUUYHBATHCS BHICOTA ) CEUCHUS,
3TO OIPaHUYMBAET HIKHUM NpEJeN pajnyca rpaBUpOBaHUS.

BoimonHeHHble uccieaoBaHMs MOKa3ald, YTO ONTUMAajbHbIE NapaMeTpbl F€OMETPUU
3aTOYKM MHCTPYMEHTA II03BOJISIIOT TMOBBICUTH KAauyeCTBO IPOPE3KUM IPU  CO3JaHUU
XYJ0KECTBEHHBIX KOMITO3UIIMHA HAa TOBEPXHOCTH TPABUPYEMBIX HU3JCTUA U yIy4YIIUTh HUX
ACTETUYECKOE BOCIIPUSITHE.
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Puc. 3. Biusanue yria 3aoctpenus f Ha ycunue P, opu 1 — o =10% 2 — o = 20° 3 — o = 30°;
a — TIpU Bpe3aHuu; O — MPH NPOpe3Ke
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Puc. 4. Bousaue yrna 3aoctpenus ff Ha cuity pezanust F, mpu 1 — o = 10°; 2 — o = 20°;
3 — ©=30° a — npu Bpe3aHuH; 6 — MPH MPOPE3KE
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TEXHOJIOI'TA TPUBUMIPHOI'O IPYKY

I'aitnap O.I'., I'anzka I'.10.
(UouHTY, 2. /loneywvk, Yxpaina)

Kowmm'toTepHi TexHoJOTii BCe OuIblle 3aMOBHIOIOTH HAIlE JKUTTA. AJle TpaHb MK
peabHUM CBITOM 1 BIpTyaJIbHUM 3QJIMIIA€THCS, IEPEHECTH 00'€KT 3 OJHIET peaTbHOCTI B HIITY
HE TaK JITKO. 3BUYaiHO, SKIIO MOBA W€ MPO TEKCT, KAPTHHKMU 1 1HIII IBOMIpHI 00'€KTH —
NPUHTEPU 1 CKAaHEPU BXKE JABHO 3pOOMIM TaKMid OOMIH CIIPaBOI0 HECKIJIAQJHOIO 1 IIJIKOM
Oynennoro. Ilpore y Bumanky 3 TpUBUMIpHHUMHU (GI3UYHUMH 00'€eKTaMu Bce Habararo
ckiagnime. TexHosorii, fKi T03BOJAIOTh MOOAUYUTH TPHUBHUMIPHY KOMITIOTEpHY MOJETH B
peambHOMY 00Cs31 HE MOXHA Ha3BaTH CHJIBHO TIOMIMPEHUMHU, HE TOBOPSYH BXKE IIPO
MOKITUBICTH TPUMATH TaKy MOJICTb 1 3 HEIO0 B3aEMOIISTH.

PosrisitHeMO TEXHOJOTii, IO JO3BOJIIIOTH BIATBOPUTH KOMI'IOTEPHY MOZAETH B
peabHOMY Marepiali.

Criouatky 11l TEXHOJIOTIi TOYaJld BAHUKATH B 1HAYCTPii — B OCHOBHOMY ISl IIBUIKOTO
BUTOTOBJICHHSI MPOTOTHIIIB — 00 MOJUBUTHCS, SK MOJENb BUINISIAATHME B Marepiami. 3a
CIIOBaMH TIpeJICTaBHUKA aBiakocMiyHOi kommaHii Pratt & Whitney «BapTicTh po3poOKu
CKJIAZJHOTO TPOAYKTY MOJKE JyXe CWIbHO 3HU3UTHCS, SKIIO 3alpolOHYBaTH iHXKEHEpaM
3aMICTh JIECATKIB KpPeCJICHb MOJAMBUTHUCS Ha pealibHy JeTaib». KpiM Toro, Ha TOTOBIH Mozaeni
MOJKHA MPOBOJUTH Pi3HI TECTH IIE 70 TOTO, SIK Oy/Je rOTOBUH OCTATOYHHWII BapiaHT BHPOOY.
Binbmn TOro, MpOTOTHUITM JO3BOJISIOTH MPOBOJUTH TaKi TECTH, SKi HA TOTOBOMY BHUpOOi i HE
npoBeaem. Hanpukian, Porsche BukopucToByBana mpo30py IUIACTHKOBY MOJIENb TPaHCMICIi
911 GTI nns BUBYEHHS CTpyMy MacTwia B mpoueci ii po3poOku. [Ipore roioBHe, Taky
MOJIeJb MOJKHAa 3pOOWTH Iy’K€ IIBHIKO — a B HAll 4ac BHUCOKHUX INBHAKOCTEH IiE IyXe
BaXJMBO. BracHe, icHye mina iHmyctpis mBuakoro npototunyBanHs (Rapid Prototyping —
RP), sika sikpa3s i 3aiiMaeTbest pO3pOOKOIO 1 BAKOPHUCTAHHIM TEXHOJIOTIH 00'€MHOTO APYKY JJIst
MX IIei.

[IporoTunm — e TiABKK MOYATOK, HACTYyMHA HIa0ellb — MIBHUAKE BUPOOHHULTBO. Bike
3apa3 Jeski TexHosorii RP 103BOJSIOTE BUTOTOBISATH TOTOBI MPEAMETH 3 PI3HUX MaTepialis.
Lle ineanmpHe pimICHHS Ui MajloCepifHOTO BUPOOHUIITBA, OCKUIBKY CTAaHAAPTHUN TEXIPOIIEC
Jla€ MOXJIMBICTH 3pOOMTH MIO 3aBroAHO (B PO3YMHHX MeXKax, 3BHYAWHO) 3a BIJHOCHO
HEBENMKUI Yac. 3HOBY JX Takd, ACSKI 3 TEXHOJOTIH TPUBHMIPHOTO IPYKY IO3BOJISIOTH
MIBUJKO BUTOTOBISITH (POpMH Uil JTMTBA — HY a Jajli BAPOOHWYMI MpPOIEC BXKE HaKaTaHUH.
[lpaBna, miHW 1 AOCTYMHICTH (PiBHO, K 1 BHOIp MaTepiayliB) MOKH 3ajMINAIOTH OaxaTh
Kpamioro.

s BUpoulyBaHHA MOJEl SK IOYAaTKOBI BUKOPUCTOBYIOTHCS [laHi, OTpHUMaHl B
nporeci MoaenoBaHHsA B Oyap-akiii CAD-cucremi (MammaoOyyBanss, apxirekrypa, ['IC i
Tak gaii) abo 3 3D-ckanepa.

[Iporpamue 3abesneyenHss 3D-mpuHTEpa T03BOJISIE ONTUMAIBHO MIATOTYBATH
orpumany B CAD-cucteMi MoJienb 10 APYKY, pO3MICTUTH ii, BigMacmTadyBaTu B HEOOX iTHUM
po3Mmip, ipu HEOOX1THOCTI po3dhapOyBaTH, HAKJIACTH TEKCTYPY 1 HaHecTH 3D-mapKipyBaHHS.

Icnye ’a1b cioco6iB BUrotosseHHst 3D-moaeni:

® 32 JIONIOMOTOI0 MIKpOBEPCTATIB;
3a JIOTIOMOTOI0 JIA3epHOTO IPYKY;
3a JIOMOMOTOIO JIA3EPHOTO CITIKAHHS;
3a JIONOMOTOIO JIAaMiHYBaHHS;
3a JOMOMOTOI0 CTPYMMEHEBOTO JAPYKY.
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Termep Mpo KOXKEH 13 COCO01B TOKIAIHIIIE.

Mixposepcmamu. Halbiap1 mpocTi, IemeBi 1 JOCTYMHI NPUCTPOi, IPOTe HE MArOTh
HIIKOTO BIJHOIIEHHA 10 NPHUHTEPIB, X04ya NPETeHAYIOTh Ha iX 3BaHHA. MoBa Hae mpo
BEpPCTaTH 3 NPOTPAMHUM YNpaBIiHHAM. BOHM ayXe KOMIAKTHI 1 MOXYThb KepyBaTHUCS
oesnocepenapo 3 CAD-nporpam. VY mporpamax po3poOJsIOTBCS MOJEN SKi Hajani
BUPI3YIOTHCS, BUITMITIOIOTHCS 1 BUCBEPUTIOIOTHCS B MaTepiali.

Marepianu BUKOPUCTOBYIOThCS caMi pi3Hi. Lle Moke OyTH IUIacTHK, I€pPeBO, a Tak
camo Opon3za abo amowmiHiii. Bepcrar moxe oOpoOmsatu obcsru 23x14x15 cm, 15x10x6 i1
3/IaTHUH MO3UIIIOHYBATH IHCTPYMEHT 3 TOUHICTIO JI0 COTHX JIOJIb MiTIMETpA.

MikpoBepcTaTu 3HAHIIIM MHPOKY cepy 3aCTOCYBAHHS. IX BUKOPHUCTOBYIOTh SIK JIJIS
0e3mocepeIHOTO BUTOTOBJICHHS 00'€KTIB MO TPUBHUMIPHUM MOJEISAM, TaK 1 JJIS MiATOTOBKU
dbop™m 1T TUTBA.

Jlasepnuii opyx. lle TeXHOJOTiss BUKOPUCTOBYBaHA B 00'€eMHUX MPHUHTEpax. IcTopuyHO,
niepmoro Oyma po3podinena crepeomitorpadis. CyTs ii B ToMy, 110 B poOoUiil 30H1 IpUHTEpa
3HAXOUTHCS PiIKuil poTomnomiMep. Sk BimoMo, poTomosiMep TBEpIHE 1 HEPETBOPIOETHCS HA
JIOCTaTHBO MIIHUI TUIACTHK TPHU OCBITJICHHI YJbTpadioNeTOBUM CBITJIOM. 3acBiueHHS
MOJIIMEpPY  3IIHCHIOETBCS 32 JOMOMOTOK  yibTpadiolieTOBOro Jasepa abo 3BHYANHOI
ynbrpadioneroBoi gammu. [IpomiHb llazepa ckaHye poOOUYy TUIOCKICTH 1 (GopMmye OKpemi
TBEP/i JUITHKH, IOKH HE JIOCSTHE B PE3yJIbTATi MepeTHH MoAeNi Ha mactuili. Hamani piBeHb
doronoyiMepy MIBUIIYETHCSA, 1 MOBEPX HBOTO (OpMY€EThCs HacTymHHA mmap. Lleit mporec
MOBTOPIOETHCS 10 THX Mip, TIOKM MOJeNb He Oyae moBHicTIO roToBa. Crepeositorpadis
JIO3BOJISIE OTPUMYBAaTH TOYHICTh «BIAOWUTKY» TOPSIKY HECSATHX JI0JIb MiTiMeTpa, no0pe
BIZITBOPIOE JPiOHI MeTai i 3a0e3mneuye TOCTaTHO PIBHY MOBEPXHIO 00'€KTY .

Mammna nmoOyqoBaHa Ha npuHIWIT Jritorpadii ckiamaeTbes 3 mapu Jyazepis (1), (8),
minsu (2), ni3epkana (3), mipta (4), unctuinpHUKa (5), pigkoro noaimepy (6), miardpopmu (7)
Ta 300pakeHa Ha puc. 1.

s TexHoMOTIA HaOUTLII TIomMpeHa. He nuBisauch HA BCi ii mepeBaru HE BapTo
3a0yBatu po HeAoMiku. [IpuitHATHI e oquHUYHKM BUOIp MaTepiany — e goTomomimep.
Jlo Toro x i cama yCTaHOBa, i MaTepiajii JOCTaTHBO JIOPOTi.

Puc.1 Burnsan crepeonitorpadiyHoi MalrHa 3cepeauHu
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Jlazepne cnixanna. lleit crocid € aabTepHATHMBHUM METOJOM TPHUBUMIPHOTO JPYKY.
AHAJIOTIYHO BHIIE ONMCAHOMY METOJy, B JAaHOMY TaK CaMO BHKOPHUCTOBYETHCS Ja3ep, MPOTe
K poOoumnii MaTepiajl BUKOPHCTOBY€ETHCS MOPOIIOK SKOTO-HEOY b JIETKOTIJIABKOTO TUIACTHKA.
CrikaHHS 3IIACHIOETBCS TAaKMM YMHOM: IUIACTHK HAarpiBaeTbCs Maibke 10 TeMmIepaTypHu
IUIABJIIHHSA, a 00 BiH HE 32)KEBPIB 1 HE CTaB OKUCISITHCS, B poOOUy 30HY IMOJAETHCS a30T;
NOTIM TUIACTUK HArpiBa€ThCsl BUIIE 32 TEMIEPATypy IUIABIIHHA B CIIACTBI YOTO CIIKAETHCS.
3BepXy HACHUMAETHCS HACTYITHUM 1Iap 1 MpoLeaypa MOBTOPIOETHCS.

Puc.2 [TpuHmmn po6oTy anapaTy Ja3epHOTO CIIKaHHS

JlazepHe cmikaHHS 3a0e3redye TOCHTh BHCOKY TOYHICTH Mojemi. Otpumani B
pe3yIbTaTi MPOTOTHIN BiIPI3HAIOTECS BHCOKOIO MIIHICTIO 1 TAKMM YWHOM JaHi NMPUHTEPH
NPHUIATHI JUIT MAJIOCEPIHHOTO BHPOOHMIITBA. BaXKIMBO Bi3HAYMTH, MO0 TaK CAMO MOMJIUBE
BUTOTOBJICHHSI MOJICJIi 3 PyXOMHUMH YaCTHHAMH, a IIe PO3POOHIH MaTepiau M0 J03BOJISIOTH
Oe3mocepeIHbO BUPOOJISATH MeTajieBl jgerani. [OJOBHHI HEMONIK JaHOT yCTaHOBKH —
HIBUKICTh BUPOOHUIITBA (BOHA JTyXKE MaJa).

Jlaminysanns. llle onHa TeXHOJIOTIA 00'€MHOTO IPYKY 3 BUKOpUCTaHHAM ja3epa. CyTh
TEXHOJIOTIi (prc.3) Taka - B MAIIMHY 10 Yep3i 3apsKAI0Th TOHKI JIMCTH poO0YOTO MaTepiaiy,
3 SIKOTO TIOTIM JIa3epOM BHPI3yIOThCS MIapu MailOyTHRO1 Moieni. [licis pisanHs mapu
CKJICIOIOTHCS OJIMH 3 OJTHUM. SIK MaTepiaj CIiouaTKy BUKOPUCTOBYBABCS CHEHIaIbHUN Mmamip 3
[IapOM CKJICIOBANIbHOT pe4oBHHU. [IpOoTe TaKUM YMHOM MOYHA TaKOX Hapi3yBaTH TOHKUH
IUTACTHK, KEPaMIKy 1 HaBiTh MeTajeBy (OJbBTy.
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Puc. 3 CyTb TexXHONOTI1

Cmpymenesuil opyk. PoboTa 31iliCHIOEThCS TaKUM YHHOM. Ilepmr 3a Bce, mporpaMHe
3a0e3nedeHHs MPHHTepa po3pizae TPUBUMIPHY MOJIeNb 00'€KTY Ha MOMepeyHi MepeTHHH abo
mIapu, TOBIIMHa SKUX MO’Ke KonupaTucsd B miamazoHi Bim 0,0875 mo 0,2 mm. IToTim
3OIHCHIOETHCS TTOCTIAOBHII APYK OTPUMAHUX TOIEPEeUHNX MepPeTHHIB Bill MiICTaBH 00'€KTY
10 10T0 BepUIMHN. Y MPHHTEPI BUKOPHUCTOBYIOThC JiBa mopiiHi (puc. 4-7). Pyxoma pama i3
BHPIBHIOIOUHM BaJIOM PyXa€ThCs 371iBa HAPaBO, BUPIBHIOIOYHN MOPOIIOK i IEPEHOCS YN 0T0 B
o0nacTh CTBOpeHHsS Mofeni (puc.4). Bamuk cKumae HaITUIIKH MOPOIIKY B CHEIiaTbHUII

KOHTelHip (puc.5).

obnacTe CTBOPEHHS

BMPIBHIOKOHHA el

Banik .

0

o AL il M B
NOPOLWKY

Kamepa coipa |

HELMHLLEIE
MICEOLLIEY

Puc.4
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BUPIBHAHWIA NOPOLLIOK

AaNUWIKKW _— - B
NOPOLWERY ol ol

Puc.5

OPWE MOTOMHOMD NEPETHHY
MOOERI

Puc.6

Konu nonatoua cucrema 3armoBHEHa MOPOLIKOM,
NOpIIEHb I0Jayi, IOKa3aHUH Ha MAaJIOHKY
JTiBOpYyY, nepeOyBae B HUKHBOMY TOJIOXKEHHI, a
nopiieHb B 00JacTi  CTBOPEHHS MO/,
300pakeHU B MpaBili YacTHHI MalllOHKa, — Y
BepxHbOMY. KpiM ToTO, Ha miarpamax MarOHKa
nokaszaHi Bamik (y BHUIVISAI KpyKedka) i1 OJOK
apyky (y Burmsiai  kBagpaTtuka).  Bonu
BCTAaHOBJIEHI pPa3oM Ha pyXxoMiil pami, fKa
PYXa€EThCSI TOPH3OHTAIBHO YTIOMEPEK 001acTi,
MPHU3HAYEHOT JJIsI CTBOPEHHS MOJIENi 00'€KTY .
Komu Omox npyky pyxaerbcsi cropasa
HaJliBO, JPYKylo4a TOJIBKa JPYKy€ YEproBUi
nrap nepetuHy mozeni (puc.6). [Topmens mogaui
MOPOIIKY NEepPEMIIaeThCsl Ha OJJUH LIap Bropy, a
NopIIeHb B 00JacTi CTBOPEHHA MoJeNi — Ha
ONMH WIap BHHM3, 1 TPOIEC MOBTOPIOETHCS

(puc.7).

Puc.7

[Ipu 37iiicHEHH1 TPUBUMIPHOTO NIPYKy B HMPHUHTEP1, MEpII 3a BCE, HAHOCUTHCS LIap
MOPOUIKY 3aBIOBXKKH, BUIMOBIAHIA TOBLIMHI LIapy MONEPEYHOr0 MNEPETUHY CTBOPIOBAHOI
Mozeni. JIpyKyrodi TOJIBKYA 3aJIMBAIOTh IIEW 1Iap CKIJICIOBAJIBHOIO PEYOBUHOIO, 3a PaxyHOK
YOTO YaCTUHKHU MOPOINIKY MPUKJICIOIOTHCS O/IHA JI0 OJHOI 1 10 BXKE HAJPyKOBAaHUX MOMEPEIHIX
nrapiB Mozeni. [ToTiM nopiens 00Ky mojadi NOPOIIKY MEePEMIIIaEThCsl Ha OJIMH I1ap Bropy,
a NopuIeHb B 00J1acTi, NPU3HAYEHUH AJI1 CTBOPEHHSI MOJIEI, OIyCKAEeThCs HAa OJIUH ILIap BHU3.
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[Ticyist OO HAHOCHUTHCSI HOBHM IIAp MOPOUIKY 1 MPOLIEC TOBTOPIOETHCS 10 TUX Iip, TIOKU HE
OyJie Ha[pyKOBaHa MOJIEIb BChOTO 00'€KTY.

Y npunTepi mependavyeHo JEKUIbKa PEKUMIB poOOTH, IO 3abe3meuye MIBHIKE
CcTBOpeHHs Mojenel 00'exTiB. KnelioBuii po3unH BHIOi KOHIEHTpaLii HAHOCUTHCS HAaBKOJIO
KpaiB 00'ekty, Qopmyroun MilHy «O0OOJIOHKY» HABKOJO HOTO 30BHIMIHBOI oOmacTi, a
BCEPEIMHI CaMOTO OO0'€KTy CTBOPIOE CTPYKTYpy €JIEMEHTIB, IO HeCyTh. Pemta miIsHOK
BHYTPIIIHBOT 00MACTi APYKYEThCS 3 HIDKYOIO KOHIIGHTPAIIEI0 CKIICIOBAJBHOT PEUYOBHHH.
Takuii pexxum IpyKy 3a0esnedye HeoOXiIHy CTaOUIBHICTh KOHCTPYKIII MOJENI 1 BUKIIOYAE
3aliBy HACHUEHICTb KJIEEM, SIKa MOYKE MIPUBECTH JI0 CHOTBOPEHHS (OPMU 00'€KTY .

Ockinbku BEepXHI MIAPU MOPOLIKY MATPUMYIOTHCS HIKYUMH, TO MOJEIH O0'€KTY
CTBOPIOETHhCA 0€3 BUKOPHCTAHHS CIIEIiaJIbHUX €JIEMEHTIB, M0 HecyTh. [Ipu 1IbOMy MOXYTh
Oyt HazmpykoBaHi 00'eKTH OyIb-aKOi CKIagHOI KOH(pIryparii, HEZOCTYNMHOI IS I1HIIMX
AHAJIOT1YHUX CHCTEM.

[Ticnst 3aBepiIeHHS IPYKY MOJENH 00'€KTY BUTATYETHCS 3 00JIaCTi CTBOPEHHS MOJIEIII,
3 Hel BIIAISIOTHCS HAJUIMIIKU MOPOINKY 1 MOAENb CYHIMThCS. J{st 30UIbIIEHHST MIIHOCTI 1
JIOBTOBIYHOCTI TIOBEPXHSI MOXKE OyTH MPOCOYECHA IMAaHO-aKPWIATHUMH CyMIIIaMHU, BOCKOM,
€MOKCHIHOI0 CMOJIOI0 a00 iHmMMH MaTepianamu. OTpuMaHa MOJENb TOTOBAa O BHECEHHS
3MiH J10 11 JU3aifHy TOTO X JHSA, 3a3BHYAi BXKE MPOTATOM JEKUTHKOX TOJIHH.

[Momanemr po3poOku B 1l 06nacTi WayTh mOBHUM XoaoM. Ock, HaNpHUKIAA, Tpyma
yuenux 3 KamidopHniiicekoro yHiBepcureTy B bepkii po3po0iisie TeXHOJIOTII0 TPUBUMIPHOTO
JPYKY, SIKUIA TO3BOJIMB OW OJTHOYACHO CTBOPIOBATH 1 hopMy, 1 3mMicT. [1ix 3MicToM MaeThCst Ha
yBa3i He OUIbIN, HI MEHII — eJeKTpOoHHa HauuHKa. CKaXiMO, MPHUHTEpP APYKYe KOPITYyC
MOOUTFHOTO TeneoHy 3 IJIaCTUKA 1 OJHOYACHO JIPYKYE€ BCEPEIUHI BCIO EJIEKTPOHIKYy. B
NPUHIMII, BXE ICHYIOTh CIOCOOHM APYKY IUIACTHMKOBUX HAIIBIPOBIIHUKOBUX MPHUCTPOIB 1
NPOBOJIB, HI0 CHOJYYarOTh iX. 3aJUIIAJIOCA JMIIE CKOMOIHYBaTH iX 3 ICHYIOYHMH
TEXHOJIOTiIMU 3D-NIpUHTEPIB 1 TOTOB PEBOJIIOIIHHUI IPOPUB B Cy4aCHOMY BHPOOHHIITBI.

A0G0, oCh, HampuKad, po3poOku YHiBepcureTy Miccypi, IO JO3BOJIIOTH 3a
JIOTIOMOTOI0 CTPYHHMKA BHUBOJIUTH Ha JPYyK CBOEPITHI 3arOTOBKM OIOJIOTIYHUX OpTraHiB. Sk
YOPHWJIO TPU ILOMY BHKOPUCTOBYIOTHCS 3TYCTKH KIIITHH 33/IaHOTO THUITY. 3aMICTh «IIarmepy»
BUCTYIIA€ CIEIiadbHUNA OMO-TelNb, SIKUi (PiKCy€e TOJO0KEHHS KIITUHHHUX 3TYCTKIB B POCTOPI.
JpyK MpoBOIUTHCS B IEKUIbKA MIAPIB, TAK IO B PE3YJIbTATi BUXOAUTH 00'€MHA KOHCTPYKIIIS 3
KJITOK, SIKa, B MPHHIUITL, MOXE IMITyBaTH OyIb-sIKMil opraH (Iicist 3pOCTaHHs KIIITHH T'ellb
PO3UMHSIETHCS, TAK IO MOYKIIMBE OTPUMAHHS TIOPOXKHUCTHX CTPYKTYDP).

[lepcniextiBu mepen 3D-ApyKOM BiIKPHBAIOTHCS HAWIIMPIN — IS TEXHOJIOTIS BXKE
JO3BOJISIE €KOHOMHUTH Macy 4Yacy 1 CWil JAu3aifHepaM 1 iHKeHepaMm. I3 3emieBieHHsSM
TEXHOJIOTIi 1 MaTepiaiiB BOHA CTaHE JOCTYIHA Yy BUIJISIAI HEIOPOTOl MOCIYTH, TOOTO MOKHA
Oyne 3poOuTH OyIb-KUI MPEeIMET, SKUH 3MOKETe BUTaJaTH 1 HAMAJIIOBAaTH Ha KOMII'IOTEPI.
Jlocuts HaMaIOBaTH MOJI€Nb, BUBHAYUTH MaTepiaj 1 BIANPAaBUTH 3aMOBJIEHHS 110 IHTEPHETY.
Ile nasuBaerbca "JlucranuiiiHe BuUpoOHMITBO Ha BuMory» (Distance Manufacturing on
Demand). A y nanpHiil IEpCHEKTHUBI Taka TEXHOJIOTI CTaHE MACOBOIO, 1 TOA1 Y KOXKHOTO Ha
cToi Oyjae CBIM NMEPCOHATBbHUM MEXaHIYHUM 3aBOJIUK, 3aMIHIOIOYHMI B IPIOHUILIX 3BUYAITHE
BUpOoOHHUITBO. CaMe Tak, sIK 1 IPUHTEPHU 3aMIHWIM JIpyKapHi 1 MallIMHOIIMCHI O0pO.

Cnucoxk giteparypu: 1. Hoe nokomninus npunrepis.// Y cBiti Hayku. Ne 4 — 2008,
KBITeHB. 2. http: //ru.wikipedia.org/wiki/3D-npunTep. 3. http: //www.avaks- prom.ru/novosti/
novoe/3d printery mify i realnost....html
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UHTEHCHU® UKAILAA MTPOLECCA IIUIN® OBAHMA W3JIEJIUA U3
IMPUPOJHOI'O KAMHA

I'onuapenko /1.0., l'opoden W. A. (xagp. TM, [{lonHTY, e [loneyx, Yrpauna)

B Ykpamune, B pe3yibraTe COOCTBEHHBIX OOUIMPHBIX 3aMacOB CHIPHs, OOJIBIIOE pAa3BUTHE
noigyymwsna oOpaboTka mpupoaHOro KamHsA. Ha Teppuropum Hameld CTpaHbl BBHIY
YHHUKAJIHHOTO TEOJIOTUYECKOTO CTPOCHUsSI HAaXOIATCs OKoyo 40 KpYIHBIX MECTOPOKICHUIH
TaKMX BOCTPEOOBAaHHBIX IOPOJ KakK TrpaHUT, rabOpo u mnabpamoput [l]. Uzpmemus wu3
NPUPOTHOTO KaMHS HCHOJB3YIOTCS B MAIIMHOCTPOCHMH (Hampasisiromue u cranuHsl MC,
Bajbl, BaJbIIBl, J>KEPHOBA), CTPOMTENHCTBE (OOJMIIOBKA, MOIICHHWE) U XYJA0KECTBEHHO-
MPUKJIATHOM JTH3alHE.

BMmecte ¢ TeM K wu3genusM W3 TPUPOAHOTO KAaMHS TPEABSIBIAIOTCS JKECTKHE
TpeOOBaHMs MO Ka4yeCTBY IOBEPXHOCTHOTO clios. BceiencTBue 3TOoro 0oJibIlIoe BHUMAaHHE
HEOOXOAMMO YIENsATh Ha Hauboliee TPYJOCMKHE TPEABAPUTENbHYI0 M (PUHUIIHYIO
00paboTku u3aennit — nuMpoBaHUE U MTOJIMPOBAHHE.

[IImioBaHe TPUPOJHOTO KaMHS — CaMbIil JUIMTENBHBIA, OTBETCTBEHHBIH U
TPYJOEMKHUI MHpoLecC, 0OCOOEHHO Ha NEPBUYHBIX omepaunusax, 3aHumarommid 50-60% Bcero
mTyyHoro  Bpemenu [1].  Jisg  yMeHbLIEHUsS — JUIMTENBHOCTH W YBEJIMYCHHUS
NPOU3BOAMTENFHOCTH TIPOLIECCa, a 3HAYMT, W YMEHBIICHUS Ce0ECTOMMOCTH W3ICIHiA,
pa3paboTaHbl MHOTOMHCTPYMEHTAIBHBIE CUCTEMBI.

J1n1s1 BBIIETICHUS] IPEUMYIIECTB U HETOCTATKOB KAXKI0TO KOHCTPYKTUBHOTO MCTIOTHEHUS
MHOTOMHCTPYMEHTAJIBHBIX CHUCTEM pAacCMOTPHMM HauOoJiee pacHpOCTPAHEHHBIE CXEMBI
JBYOKEHHUI a0pa3uBHOTO MHCTPYMEHTA IpH 00paboTKe MPUPOTHOTO KaMHSI.

Cxema [JBWXEHHH aOpa3sMBHOIO HWHCTPYMEHTa IPH MHOTOMHCTPYMEHTAJIBHOM
00paboTKe C TOTIOJIHUTEIbHBIM MIEPEHOCHBIM JBUKEHUEM BOKPYT OCH z [2] mpeacTaBiieHa Ha
puc.1.

; 7
/

Puc.1. Cxema pgBwxkeHud abOpasuBHOoro Puc.2. Cxema ABWXEeHHUI aOpa3MBHOTO
MHCTPYMEHTA NMPHU MHOTOMHCTPYMEHTAJILHOH WHCTPYMEHTA IPU MHOTOMHCTPYMEHTAIbHOM
00paboTKe C JOMOJHUTEIBHBIM MEPEHOCHBIM NapajuiebHON 00paboTKe

JBMYKEHHEM BOKPYT OCH Z’

[Tpu Takoii cxeme 0OpaOOTKH MOBBIIIEHUE MPOU3BOIUTENLHOCTU JOCTUTAETCS 3a CUET
YBEJIMYEHUSI IUPHUHBI ITU(POBAHUS 110 CPABHEHHUIO C OJTHOMHCTPYMEHTAIBLHON 00pabOTKOM.
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[Ipy MHOTOMHCTpyMEHTaIbHOH 00pabOTKE BO3MOMKHO CYIIECTBEHHOE YBEIUYEHHE
NPOU3BOAUTEIFHOCTH MPH MapauleJIbHON 00paboTKe HECKOJIBKHUMH, HANpUMEp, YETHIPbMS,
Kpyramu (CM. puc. 2).

s obecrieueHusi MEPEKPBITUSI COCETHHUMHU Kpyramu oOpabaTbiBaeMOil MOBEPXHOCTH
OHU YCTaHaBIMBAIOTCA CcO cMelleHueM. OJHaKko Takas cxema OoOpabOTKHM HE I03BOJISIET
COBMECTHUTbH NIEPEX0/Ibl YEPHOBOH U YUCTOBOM 0OPabOTKH.

CoBMECTHTh 3TH TEPEXOJbl MOKHO €CIH YCTaHOBHTH KPYTM COOCHO OJHMH BHYTPH
JIpyroro. 9To cxema Ioka3aHa Ha pUCyHKe 3.

7 z
/
X
N=—
0
4
-
Puc.3. Cxema nBwxkeHHil aOpa3sMBHOTO Puc.4. Cxema nBuxeHnit abpa3uBHOTO
MHCTPYMEHTA npu UHCTPYMEHTA IPU MHOTOMHCTPYMEHTAIbHON
MHOTOWHCTPYMEHTAJILHON napasuiesIbHO-TI0CIIe0BaTeIbHOM 00paboTke
I0CJIE10BAaTENbHOM 00paboTKe JByMsI TpyHIaMy HHCTPYMEHTOB

OpHako, Takasi cxema, COBMeEIIas YepHOBOM, MPOMEKYTOUHbIE W YHCTOBOM MEPEXOIbI,
OTPaHMWYMBACT HIMPUHY NUM(YyEeMON MOBEPXHOCTH IHAMETPOM TIIOCIEIHEr0, YHCTOBOTO
Kpyra.

VYBenuuuTh MUpUHY OUTM(GOBAHUS M COBMECTUTh YEPHOBOW M YHCTOBOW MEpPEXObI
BO3MOYXHO HECKOJIbKO BHJIOM3MEHUB NPEIBIAYIIYI0 CXeMy M IOCTpOMB Ha ee 0asze
NOCJIEIOBATEIbHO-TIAPAIIENIBHYI0  cXeMy  00pa0oTKHM,  pacmojioXuB  aOpa3uBHBIC
MHCTPYMEHTHI B JABe Tpynmbl. [lepBas, omepekaromias rpyImma, OCYIIECTBISIET YEPHOBYIO
00paboTKy, BTOpast — YUCTOBYIO, YN YACTOBOM MPUITYCK ¢ (CM. puc. 4).

Takas cxema JODKHa OOECHEUUTh IOBBIMICHHWE IPOU3BOIUTEIBHOCTH M 3a CYET
YBEJIIMYCHUSI UIMPUHBI NUTU(QOBAHUS, W 3a CUYET COBMEIICHHS UYEPHOBOTO M UYHCTOBOTO
nepexonoB. OnHako, Takasg cxeMa OyJeT JOCTaTOYHO CJIOXKHOM [UIsl pealn3alud Ha
CyHIECTBYIOIIIEM 000PYI0BaHUH.

BBImoTHUTE COBMEIIEHHE MTEPEX0/I0B, MOKHO pealn3ysi CXeMy, MPUBEICHHYIO Ha PHC.
5. Ho u osta cxema 00pabOTKM HMMEET HEAOCTaTOK: YEPHOBOW W UYHCTOBOH IEPEXOJIbI
OCYHIIECTBIIIFOTCS. WHCTPYMEHTaMH, HMEIOIMHU OJIMHAKOBYIO 3€pPHUCTOCTH. Y CTPAHHUTh 3TOT
HEJIOCTATOK IMO3BOJIIET HHCTPYMEHTAJIbHAs CUCTeMa paboTaroIas o cxeMe, MPUBEJACHHOW Ha
puc. 6.

Ha ocHoBaHuu npuBeneHHBIX cxeM 00paOOTKH MOTYT pa3padaThiBaTbCsl KOHCTPYKLUHU
MHOTOMHCTPYMEHTAJILHBIX CUCTEM [2].

Jlpyrum acriekToM WHTEHCHU(HKAaIUKU Tporecca NUMGPOBAHHUS IMPHUPOJTHOTO KaMHS
SBIISICTCSI U3MEHEHUsI B TEXHOJIOTUH, & UMEHHO — HAJIO)KEHHE BHOpamuid, MpH KOTOPOM
BJ100AaBOK K OCHOBHOMY (hOpMOOOpa3yIOIIeMy JBIKEHHUIO, IPEIY CMOTPEHHOMY
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Puc.5. Cxema pnBuwxeHuit aOpasuBHoro Puc.6. Cxema  1IBMXKEHHH  aOpa3MBHOTO
MHCTPYMEHTa TPH MHOTOMHCTPYMEHTallb- MHCTPYMEHTAa MPHU MHOTOMHCTPYMEHTAJIbHON
HOW TapasuieIbHO-TIOCTICIOBATEBHON 00- MapauielbHO-IIOCIIEA0BATEIbHONH 00paboTKe
paboTKke C  JOMOJHHUTENBHBIM  TIOCTY-

naTe’IbHbIM JBH)KEHUEM

KHMHEMATHYeCKOH cxeMoH, (opmMooOpas3yromemMy HHCTPYMEHTY WM JCTall COOOIIAr0TCS
BUOparmu [4].

Ilo cnocoOy HamoxeHusi BHOpamuii B 30HEe 00paOOTKE BBIACIAIOT CIEAYIONIUE:
HaJIO)KEHHE BHOpanuii HEMOCPEICTBEHHO Ha (hOpMOOOPa3yIOIINi HHCTPYMEHT; HaJIOKEHUE
BUOpaIMii Ha 3arOTOBKY; HAJ0KEHHE BHOpALMii KaKk Ha MHCTPYMEHT, TaK U Ha 3arOTOBKY.

DKCIIepUMEHTAJIbHO YCTAaHOBJIECHO, YTO HauOombmmil 3¢ (dexT mocTuraercss mpu
HaJIO)KEHUN BUOpauuil yibTpa3BykoBoro auanasona (cebime 20 kl'm) [4]. YabrpaszBykoBoe
numMdoBaHUE COCTOUT M3 JABYX OCHOBHBIX IIPOIIECCOB: YAAapHOE BHEJPEHHE a0pa3MBHBIX
3epeH, BBI3BIBAIOIIETO BBIKAJIBIBAHHE YacTUI[ 00padaTblBaeMOro W CaMOOOHAaKCHHUE
aOpa3uBHBIX 3€PEH.

O0s13aTeNbHBIM  YCIIOBUEM  BBICOKOTIPOM3BOJIUTENIBHOM yJIbTPa3ByKOBOM 00pabOTKu
XPYIIKUX MAaTepuajioB SIBISIETCS HMHTCHCHBHOE TIPOTEKAaHWE OSTUX JABYX IPOIIECCOB;
OTPAHWYCHUS, BO3HHUKAIOIIUE JJsI TNPOTEKAaHWS OJHOTO W3 HHX, BBI3BIBAET CHIDKCHHUE
3¢ GEKTHBHOCTH BCETO METO/IA.

Bricota MukponepoBHOCTEll npu oOpaboTke ¢ yiapTpa3BykoMm cHmxkaerca Ha 30 — 40 %
10 CpaBHCHUIO ¢ 00paboTkoil 6e3 ynprpasByka [3]. Korma amrumryna kosebanmii Oynet
paBHA WK CTaHET OOJIBILIE PACCTOSHUS MEXY 3€pHAMH, BEICOTa MUKPOHEPOBHOCTEH JI0DKHA
CHM3HUTHCS. TakKe yCTaHOBJIECHO, YTO TeMIIepaTypa, BOZHHUKAIOMIAS B 30HE HUTU(OBAHUS C
yIABTPA3BYKOM, CHMXaeTcsi mpuMmepHo Ha 30%; 3TO NPHUBOAWT K YIYUIICHUIO YHCTOTHI
MOBEPXHOCTH, OTCYTCTBHUIO NMPKOTOB U YMEHBIIEHHUIO YUCIIa MEKPOTPEIIHH 110 CPABHEHHIO C
00bIuHBIM UM OBaHKMEM [3].

Cnucoxk autepatypsbi: 1. Jlo6sr9a n 06padoTka npupogHoro kamas: CripaBOYHUK /
noxa obur. pea. A.I. CmupnoBa — M.:Hexapa, 1990 — 445 c. 2. Muxaiuios A.H., l'opoberr 1.A.,
I'ony60B H.B. «IloBbilieHre NpOU3BOAUTENFHOCTH NUTH(OBAHUS U3AEIUN U3 TPUPOJTHOTO
kamasi», 2005. 3. Huunmua B.M., Jlanaes F0.A., lllanpun 10.b. u np. YierpassykoBoe
numdoBaHUE aIMa3HO-a0pa3UBHBIM HHCTPYMEHTOM HOBBIX KOHCTPYKIIMOHHBIX MaTepPHajoB.
—JL.: «3nanuey, 1969. — 30 c. 4. MapkoB A.U. Yibrpa3BykoBas 00paboTKa MaTepHaiOB. —
M.: «MammHocTpoenue», 1980. — 237 c.



NHXEHEP, Ne 10, 2009 r. 33

TEXHOJIOT MYECKHUE OCOBEHHOCTH NPUMEHEHUS HAHOTEXHOJIOT Ui
B MAIIMHOCTPOEHUHA

Nyosiro M.H., CtyabHeBa A.B. , Poiounckas T.A., lllanoanos P.I'. (kagpedpa mexanuxu,
TTU FIODY, 2. Tazanpoe, Poccus)

Pa3zBuTue HampaBiieHMII HAayKH, TEXHUKH W TEXHOJIOTHM, CBSI3aHHBIX C CO3JaHUEM,
UCCIICOBAHUSAMU M HCIIOJIb30BaHHEM OOBEKTOB C HAaHOPA3MEPHBIMU JIIEMEHTAMH, YK€ B
OmmpKaifliue TOAbl MPHBEAET K KapAWHAJIbHBIM W3MEHEHHMSM BO MHOTHX cdepax
YEJIOBEYECKON JIeATENIbHOCTH — B TOM 4YHCIE€ U B MamumHocTpoeHuu. Hoselimme
HAHOTEXHOJIOTMHA  Hapsily C  KOMIBIOTEPHO-UH(POPMAIMOHHBIMH  TEXHOJOTHSMU U
OMOTEXHOJIOTHAMH SIBIISIOTCS (YHIAMEHTOM HAy4dyHO-TeXHHUYecKoil peBosmonun B XXI Beke,
CPaBHHUMBIM U Ja)Ke MPEBOCXOSIIUM 110 CBOMM MacIITadaM ¢ MpeoOpa3oBaHUAMHU B TEXHUKE
¥ 00111eCTBE, BBI3BAaHHBIMU KPYITHEUITMMU HAYYHBIMU OTKPBITHSIMHE X X BeKa.

B pa3BuTHIX cTpaHax 0CO3HAHUE KJIIOUEBOM POJIM, KOTOPYIO YXKE B HEAAIEKOM Oy IyIieM
OyIyT wWrpatb pe3yibTaThl padOT 10 HAHOTEXHOJOTHSM, TIPHBEIO K pa3paboTke
HIMPOKOMACIITA0HBIX IPOTPaMM M0 UX PA3BUTHIO Ha OCHOBE I'OCYIAapCTBEHHOW MOAIECPKKH.
AKTUBHAs TOCYJapCTBEHHAs TOJHUTHKA B OOJIACTH HAHOTEXHOJIOTHH TO3BOJHT C BBICOKOM
3¢ (HEKTUBHOCTBIO HCHOJIB30BaTh WHTEIUIEKTYyalbHBIH W HAyYHO-TEXHUYECKHH IOTEHIHAI
CTpaHbl B MHTEpecax pa3BUTHUS HAyKH, IPOU3BOJACTBA, 3/pPAaBOOXPAHEHUS, HKOJOTHUH,
oOpazoBaHusi M oOOecrnedyeHus HalHoOHambHOU Oe3omacHoctn Poccuu. HcenonszoBanue
BO3MOXHOCTEM HAHOTEXHOJIOTMM MOXET YK€ B HENAJICKOH IEpPCIEKTHBE IPUHECTH
3HAYUTENbHBI SKOHOMHYECKHHA J(PQPEeKT B MAIMMHOCTPOCHHWH. B 3IEKTpOHHOM U
ANEKTPOTEXHUYECKOM MAIIMHOCTPOEHHUHU - PACUIMPEHHE BO3MOXKHOCTEM paJrOIOKaIlMOHHbBIX
CHCTEM 3a CUeT NMpHUMEHEHHUs (pasMpOBAHHBIX AHTEHHBIX pEIIETOK ¢ Majomymsiammu CBY-
TPaH3UCTOPAaMU HA OCHOBE HAHOCTPYKTYpP M BOJOKOHHO-ONTHYECKHX JIMHUHA CBSI3U C
MOBBIIIEHHON TPOIYCKHOW CHOCOOHOCTBIO C  HCIOJIb30BaHHEM (OTONPUEMHUKOB U
MHKEKIIMOHHBIX J1a3€pOB HA CTPYKTYypaX C KBAHTOBBIMU TOYKAaMH; COBEpLICHCTBOBAHUE
TEIUIOBU3UOHHBIX OO030pHO-IIPULIEIbHBIX CHUCTEM Ha OCHOBE MCIIOJIB30BAHUS MaTPUUYHBIX
(OTONPUEMHBIX yCTPOUCTB, M3TOTOBJICHHBIX Ha 0a3e HAHOTEXHOJOTHH M OTIMYAIOIIUXCS
BBICOKUM TEMIIEPATYPHBIM Pa3pEIICHUEM; CO3aHNE MOUTHBIX IKOHOMUYHBIX MHXKEKIIMOHHbBIX
Ja3epOB HA OCHOBE HAHOCTPYKTYP [JIsl HAKAUKU TBEPIOTENbHBIX JIA3€POB, UCIOJB3YyEMBIX B
(EeMTOCEeKYHIHBIX cHUcTeMax. B SHeprernyeckoM MalIMHOCTPOCHUHM - HaHOMaTEepHasbl
UCHOJB3YIOTCS  JJI1  COBEPILUEHCTBOBAHWS  TEXHOJOTMM  CO3JaHUsl  TOIUIMBHBIX U
KOHCTPYKIIMOHHBIX 3JIEMEHTOB, MOBBILLIEHUS 3GPEKTUBHOCTH  CYIIECTBYIOMIETO
000pyIOBaHMs U Pa3BUTHS AILTEPHATUBHOW YHEPTETHKH (aIcOpOIuMs U XpaHEHHE BOJOPOAA
Ha OCHOBE YTJIEPOJHBIX HAHOCTPYKTYp, YBEIMUEHHE B HECKOJBKO pa3 3(PQPeKTHBHOCTH
COJIHEYHbIX OaTapelli Ha OCHOBE TMPOLIECCOB HAKOIUIEHHWS M DHEpromepeHoca B
HEOpPraHWYECKUX U OpPraHMYeCKHUX MaTepHuajaX C HaHOCJIOEBOM M KJacTepHO-(paKTanibHOU
CTPYKTYpOM, pa3paboTKa »dJIEKTPOJOB C Pa3BUTOM TOBEPXHOCTHIO IS BOJOPOJHOMU
DHEPTETHKH Ha OCHOBE TPEKOBBIX MeMOpaH). Kpome Toro, HaHOMaTepuaibl MPUMEHSIOTCS B
TEIUIOBBIIEISIONNX U HEUTPOHOMOTJIOUIAIOIINX AJIEMEHTaX SIAEPHBIX PEaKTOPOB; C TIOMOIIIBIO
HAHOJATYMKOB 00ECMEeUYMBAETCA OXpaHa OKPY’Karolllel cpelbl MPU XpaHEHUH U NepepadoTke
OTpabOTaBIIEro SIAEPHOTO TOIUIMBA U MOHMTOPHHIA BCEX TEXHOJIOTMYECKUX MPOLEAYp AJIS
YIOpaBJIEHUs] KayecTBOM COOpPKM M OKCIUTyaTalMu SIACPHBIX CHCTEM; HaHO(UIBTPHI
UCTOJIBb3YIOTCS JUIS pa3lelieHusl Cpell B MPOU3BOJACTBE U NepepaboTKe s/IepHOro ToruvBa. B
JBUTaTEJIECTPOCHUH W aBTOMOOWMJIBHOM NPOMBIIUIEHHOCTH - 3a CuYeT [PUMEHEHUs
HaHOMATEepHAJIOB, OoJiee TOYHOW OOpaOOTKM M BOCCTAHOBIICHHUS TTOBEPXHOCTEH MOKHO
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no0uthes 3HauuTeNbHOTO (10 1,5—4 pa3) yBenuueHus pecypca pabOThl aBTOTpPAHCIOPTA, a
TaK)KE CHW)KEHMS BTPOE€ OKCIUIyaTallMOHHBIX 3aTpaT (B TOM YHCJIE pacxoda TOIUIMBA),
YJIy4IIEHUS COBOKYIIHOCTHM TEXHMYECKMX IIOKa3aTejaed (CHWKEHUE IlIyMa, BPEAHBIX
BBIOPOCOB), YTO IO3BOJISIET YCIEIIHEE KOHKYpPUpPOBaTh KaK Ha BHYTPEHHEM, TaKk U Ha
BHEIIIHEM PBIHKaX.

bonpuime mnepcnekTuBBl MMEIOTCST B YIYUIIEHUH 3JIEKTPOHHBIX KOMIIOHEHTOB
aBTOMOOWIA ¢ MOMOUIbI0 HaHOTexHoJorui. Tak, MukpodnekrpoMexannueckue CuCTEMbI
(MicroElectricMechanical Systems — MEMS) yxe pacmmpsiioT CTaHIAPTHYIO TEXHOJOTHIO
MHUKPOJIEKTPOHUKH, TIO3BOJSIIOT OOBEOUHATH B  OJHOH  MHKPOCXEME  DJIEMEHTHI,
obecnieynBaronMe Kak MEXaHUUECKOE MepeMenieHne (pU3nIecKux 4acTeil, Tak U 3JEKTPOHOB
B DJIGKTpUYECKOM cxeme. OTO TMO3BOJIIET BMECTO Pa3AelbHOIO  IMPOM3BOJICTBA
MHUKPOAKTyaTOPOB U CEHCOPOB JI€/1aTh UX B BUJE UHTETPUPOBAHHOTO B MUKPOCXEMY €AMHOTO
maenus. [lpy 3TOM 111 MX TPOU3BOACTBA UCIONB3YeTCS YyXKe anmpoOupoBaHHAS
TpaJAMLIMOHHAs TEXHOJIOTHS MTPOU3BOACTBA UHTErPAIbHBIX MHUKPOCXEM U NOJYNPOBOJHHUKOB.
Wnero mnoaBmwkHOTO KpemHMs (emie Tak HaspiBatoT MEMS) mpekpacHO WILIHOCTPUPYIOT
MEMS-akcenepoMeTpbl, KOTOpBIE YK€ ILIMPOKO HCIOIB3YIOTCS B KaueCTBE CEHCOPOB
aBTOMOOWJIBHBIX ~ MOJAYIIEK Oe30macHOCTH. Bpamarommecs akcenepoMeTphl — TaKxke
UCTIOJIB3YIOTCS JIIsl PACIIUPEHHs BO3MOYKHOCTEH aHTHOJIOKHPOBOUYHBIX CHCTEM aBTOMOOMIIA
(ABS). Kpome toro, B aBToM0oOmIsiXx MEMS HaxonsT npuMeHeHHe B 1aTYUKaX MPOJOJIbHBIX
U TOINEPEUYHBbIX YCKOPEHMH, JaTuMKaxXx KpeHa M T.A4. Onpenenss MOJOKEHHE Ky30Ba, OHU
CIIy’)KaT HWCTOYHMKOM HHpOpMAIMy Ui  pabOThl Pa3NMYHBIX DJIEKTPOHHBIX CHCTEM
cTabuaM3alui U KOHTPOJIsl KypcoBoi ycroitunBoctu. Taksxke MEMS mnpenctaBisitoT uHTEpEC
JUIS CO3/1aHusl JAaTYMKOB JaBJIEHUS, TeMIepaTypbl. B noporux aBTOMOOWISX KOJIWYECTBO
JTaTYMKOB U CeHCOpoB Ha ocHOBe MEMS-TEeXHOJIOrMM MOKET COCTaBIISATH 10 HECKOJIBKHX
necsiTkoB WTyK. Kpome m3mepeHus yCcKOpeHuH M jAeTeKTHpoBaHus nepemerienuid, MEMS
ucnoib3yercs B cucremax GPS-naBuranuu. Mcropus paszsurus MEMS nacuutsiBaer 6oiiee
COpOKa JIET, HO LIMPOKOE MPAKTUUYECKOE PACIPOCTPAHEHUE ITH CUCTEMBI MOJIYUYMIN TOJBKO C
cepenunbl 90-b1x ronoB XX Beka. B Hacrosimiee Bpems yxke uuer peub o pazButun NEMS -
NanoElectroMechanical Systems. B pe3ynbrare sBomoruun MEMS niporcXoIuT yMEHBIICHNE
JI0 HaHO pa3sMEpPOB MEXAHWYECKUX KOMIIOHEHTOB CHUCTEM, CHUXKAETCA MX Macca, IIPU 3TOM
YBEJIMYMBAETCS UX PE30HAHCHAsI 4acTOTa M YMEHBIIAETCSI KOHCTAHTHI B3aUMOJEHCTBUS, YTO
CKa3bIBACTCSl HAa 3HAYUTEIHHOM MOBBIIICHHN (PYHKIMOHAIBHOCTH JAHHOTO POJia YCTPOMCTB.
ToyHOCTh M3MEpPEHUsI MEPEMEILIEHNs y JTy4YlIMX 00pa3loB TaKUX YCTpPOWCTB cocraBisieT 10
HaHOMETPOB.

PazBurtne  HaHOTEeXHONOTHH  OOEMIaeT  MaccoBOE€  pPAacCHpOCTPAHEHHE  HOBBIX
KOHCTPYKIIMOHHBIX MAaTepUajoB C YHHUKAJbHbIMM CBOMCTBAMH U XapaKTEpPHUCTUKAMHU.
Haubonpmii nHTEpEC NMpeACTaBIAIOT YIVIEPOJHBIE MaTepHualibl, U3 KOTOPBIX B HAcTOsIEe
Bpems HauOoyiee W3Y4YEHHBIMHM, a TakKe HauOoyiee TMEpCIeKTUBHBIMU IS  LIeJei
NPaKTUIECKOTO TPUMEHEHHs SIBISIOTCS yriepoanbie HaHOTpyOku (YHT). Onum obGnanmaror
CaMblM IIMPOKMM HAa0OpPOM YHHUKAJbHBIX CBOWCTB, JEJNAIOIIUMX MX Ype3BbIYaiHO
NEPCNEeKTUBHBIMM  JJIsI  UCHOJB30BaHUS, B TOM 4YHCI€ B  aBTOMOOWJIECTPOCHHUHU.
bannuctuueckuit xapakrep ayekTponpoBoaHocTH YHT (31eKTpoHBI JIBHXKYTCS, Kak ObI
CKOJb3sl IO TIOBEPXHOCTH, HE BCTpeuyas MPEnsATCTBHI) TO3BOJUT  CO3/JaBaTh
BBICOKO3(()EKTUBHBIE FIEKTPOMPOBOSINNE Y3/Ibl PA3IUYHBIX MAIIMH U MEXaHU3MOB, B TOM
yyuclie aBTOMOOWIIel. YTiiepo/iHble HAHOTPYOKH YK€ HaxOoJsST NMPUMEHEHUE B KOHCTPYKLUHU
COBpeMEHHbIX aBToMoOwWneil. Hanpumep, wumxeHepbl kommnanuu Toyota pobasiser
KOMITO3UILIMOHHBIA MaTepuall B IUIACTHKOBbIE Oammepbl M JIBEpHbIE MAHEIU CBOUX
aBromMoOumielt. [IoMuMO MOBBIILIEHUS] TPOYHOCTH U CHUIKEHUSI MAcCChl, IJIACTHK CO CMOJION U3
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YHT craHOBUTCS DJIEKTPONPOBOAHBIM, M €r0 MOXHO IOKPBIBATh TEMH XKE KpacKaMH C
ANEKTPUYECKUM HAHECEHUEM, YTO U METAJUIMYECKHE AETAIIN.

DNEeKTPOHHBIE CUCTEMBI BCe 00Jiee TECHO MHTEIPUPYIOTCS B KOHCTPYKIIHIO aBTOMOOMJIS.
CymecTByeT TEHAEHUUS JAalbHEHIIEro paclIMpeHHss HCIOJb30BAaHUSA JJIEKTPOHUKH B
aBTOMOOWJIAX C OJIHOBPEMEHHBIM YCOBEPILIEHCTBOBAHUEM CaMOMl NOJYNPOBOJHUKOBOM
TEXHUKH U MOSBICHUU HAHOIIEKMPOHUKU U MONEKYIAPHOU 21eKmpoHuku. HaHOTpaH3UCTOPBHI,
B TOM YHCJIE C HAHOTPYOKaMH B KOHCTPYKUMH OynyT oO0najgath psSaoM YJIydIICHHBIX
XapaKTEPUCTHK M OECCHOpPHBIX MNPEUMYIIECTB IO CPaBHEHHIO C TPaTUIMOHHBIMU
KPEMHUEBBIMU: TOBBIIIEHHOE OBICTPOACHCTBHE, TEPMO - U pPaTUALMOHHAS CTOWKOCTD,
MUHHAATIOPHOCTH,HU3KOE OJHEPromnoTpedieHne ¢ Kak CJEACTBHE - HE3HAYHTEJIbHOE
TEIIOBBIIENICHUE TIpU padoTe.

Bonpuioil mHTEpEC NpenCTaBIsIOT HAHOTEXHOJOTHM Uil CO3JaHUs MEPCHEKTHUBHBIX
aBTOMOOWIIEH Ha TOIUIMBHBIX AyeMeHTaX. C MOMOIIBI0 HAHOTPYOOK MPEAIOJIaracTcs PemnTh
npoOsieMy HaJEKHOTO M OE€30MacHOr0 XpaHEeHUs BOJAOpona Ha OOpTy TPaHCHOPTHOTO
CPEICTBa, TaK KaK HapsAy C METaUIlaMH M >KHIKOCTSIMH YTJIEPOJHbIE HAHOTPYOKH MOTYT
3aIMoJIHATHCA Ta3000pa3HBIMH BEIIECTBAMHU H CBSA3BIBATH OOJIBILIOE €r0 KOJIMYECTBO.

[lokpbiTHE W3 HAHOYACTUII KpeMHe3eMa JeiaeT o0paboTaHHYI0 MOBEPXHOCTh
ruapoPoOHOI — HAa TIOBEPXHOCTH ¢ MIEHKOM M3 Si0, Karisi BOJBI KacaeTcs cybcTpara JIMIib
HEMHOTMMH TOYKaMH, 4YTO BO MHOTO pa3 YMeHbIIaeT BaH-aep-BaanbCcoBbIE CHIIBI U ITO3BOJISIET
CWJIaM TIOBEPXHOCTHOTO HATSKEHMS >KUIKOCTH C)KaTh KaIUII0 B IIAPUK, KOTOPBIH JIETKO
CKaTBIBAaeTCS 10 HAKIOHEHHOMY CTEKJIy, YHOCS C COOOM HaKOMMBINYIOCS Tpsizb. B cuy
HaHOPA3MEpPHOM TOJIIMHBI, TaKWe IOKPBITHUS COBEPIIEHHO HEBUAMMBI, a Onarojxaps
OMOMHEPTHOCTH KpeMHe3eMa — O€3BpEeAHbl NI 4YeJoBeKa M OKpyxarouied cpenbl. OHU
YCTOMUYUBBI K YJbTpaduoieTy U BblIepxkuBaOT TeMmieparypsl a0 400 °C, a aeiictBue
BoJOOTTANKKBatonero 3¢dekra mmrcs B TeueHne 4 mecsieB. Heckonbko 3apyOesKHBIX
¢GupM y’ke BbIIIYCKatOT OJ00HbIE MOKPBITHS B MPOMBIIUIEHHBIX MaciuiTadbax. Ha poccuiickom
pPBIHKE HUX TMPOAYKLUUIO NPEICTaBISET HKCKIIO3UBHBIA JUCTPUOBIOTOP — KOMIIAHUS
Nanotechnology News Network. Kpome NOKpBITHI JIi CTEKOJ Takke pa3pabOTaHbl H
BBIIIYCKAalOTCSl COCTaBbl C QHAJIOTWYHBIM JEHCTBHEM JUIsl TKaHEH, MeTasia, IUIacTHKa,
KepaMHKH — ¥ BCE OHM HMEIOT TOTCHLIHAN JJsi TPUMEHEHUS B aBTOMOOWIBHON
npombinieHHOCTH. W3 cepuitHbix Mozenedt  aBTromoOuieil TuapodoOHOEe TMOKpPBITHE
HaHocHTCS Ha OoxoBble crekna Nissan Terrano II. OHO He co37aeT MOJHOLEHHBIN
BOJOOTTANKUBAIONHMH 3((eKT, HO yMEHBIIAaeT MATHO KOHTAKTAa IMOBEPXHOCTH C KaIULIMH
BOJIbl, OJ1aroapsi 4emy BO BpeMs JOK[SI CTEKJIO OCTAE€TCsl BIOJIHE PO3PAYHBIM.

BosnelicTBue HAHOTEXHOJIOTMH Ha JKW3HB OOCMAeT WMETh BCEOOIIMI XapakTep,
M3MEHUTbh SKOHOMHKY U 3aTPOHYTh BCE CTOPOHBI ObITa, pabOThI, COLMANBHBIX OTHOLIEHUH. C
MOMOIIBI0 HAaHOTEXHOJIOTUH MBI CMOKEM 3KOHOMHUThH BpeMs, IMoJIyyaTh OoJiplie Ojar 3a
MEHBIIYIO LIEHY, OCTOSIHHO MOBBIIIATH YPOBEHb U KaYECTBO JKU3HU

Cnucok autepartypsl: 1. [onoBun 10.U. Benenue B Hanotexnuky. M., 2006. C. 32—
45. 2. I'yce A.l. HanoMarepuabl, HAHOCTPYKTYphI, HaHOTeXHOJoTUu. M., 2005. C. 51-55,
78-91. 3.KobGascu H. Bsenenmne B Hawmorexnosoruio. M., 2005. C. 10-17.
4. Hanorexnonoruu. Y. Ilyn, @. Oyanc. Ilep. ¢ anrmn. - Mocksa: Texunocdepa, 2005. C. 7-20.
5. HanorexHosnorust B OmwkaiimeM necstuwietud. [Iporno3 nHampasienust passurtus // Ilog
pen. M.K. Poko, P.C. Yunssimca u [1. AmuBucaroca: [lep. ¢ aarn. M.: Mup, 2002. C. 54-63.
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MMPUMEHEHUE 3AIIATHO-JIEKOPATUBHBIX NOKPHITUM B YCJIOBUAX
COBPEMEHHOI'O ITIPOU3BOJACTBA

KanbipoB A.C., Poiounckas T.A. (kagpeopa mexanuxu, TTU FODY, 2. Tacanpoe, Poccus)

Henpto  paboThl  siBHsieTcss  0030p  CYIIGCTBYIOIIMX  METOJOB  OOpabOTKH
KOHCTPYKTOPCKMX JE€TaJIel, 3allUTHbIX M JEKOPATUBHBIX IOKpbITUHA. Tema sABusercs
AKTyaJIbHOM, T.K. CErOJIHA K KOHCTPYKLMOHHBIM MaTepuaiaM NPEIbsBISIOTCS MOBBIIICHHbIE
TpeOOBaHUs HAJICKHOCTH.

CyILIHOCTB 3aLUTHOTO NOKPBITUSI COCTOUT:

- B HAHECEHUHM AaHTU(PPUKLIHMOHHBIX MOKPHITHHA TOJIIUHON OT AECATHIX AOJEH M0
HECKOJIbKMX MUJUIMMETPOB M3 MOPOUIKOBBIX MaTepUaloB (METAUIMYECKUX, KEPAMUUYECKUX,
NOJMMEPHBIX) HAa  IOBEPXHOCTb  J€Taled PYYHBIMHM WIH  MEXaHU3HUPOBAHHBIMU
IIA3MOTPOHAMH, Ta30IUIAMEHHBIMH TOpEJIKaMH, O00eCHeunBaIOIMMH yHHUBEPCATBHOCTh
NPOIECCOB, THOKOCTh PETYJIUPOBAHHSA PEXHMOB (IPOIECCHl IUIA3MEHHOW HAIUIaBKU U
ra30TEPMUYECKOTO HAIBLICHUS );

- B HAHECEHHM TOHKOIUIEHOYHOTO (IO 3 MKM) aiMa30mofo0HOTO TOKPHITHA TpHU
aTMOC()epHOM  NaBJICHHH  MaJora0apuTHBIM  PYYHBIM  IUIa3MOTPOHOM 32  CYET
IUIA3MOXUMHUYECKUX PEaKUUil MPU UCIOJIb30BAHUM CHELMATIBHBIX KHUIKHX TEXHOJIOTHUECKHUX
npenapaToB (Iporecc GUHUIIHOTO MIa3MEHHOTO YIPOYHEHHS );

- B CO3JaHUM TOBBIIICHHBIX AHTU(QPUKIMOHHBIX CBOWMCTB TOBEPXHOCTHOTO CJOS
OCHOBHOT'O ME€Tajula JBYX WIM OJHOM M3 CONPSDKEHHBIX JleTalell map TPEHWs 3a CUET ee
00pabOTKM CHEelMaIbHBIMU IUIA3MEHHBIMU JYraMH WM CTPYSMH (IpOLECCH IUIa3MEHHOM
3aKaJIK{ ¥ IIa3MEHHOM MOTN(UKAIIHN ).

lenp HaHeceHUs MOKPBHITUI HA HOBBIE WM JJI1 BOCCTAHOBJICHUS] N3HOIIEHHBIX JieTallel
U W31 ¢ aHTU()PUKIMOHHBIMU CBOMCTBAMH MOBEPXHOCTH, 00JIQIAIONINMU TOBHIIICHHON
CTOMKOCTBIO MPOTUB 33AUPOB U CXBAaThIBAaHUS, CTOMKOCTBbIO NPOTHB BOJIOPOJHOIO
W3HAIIMBaHKs, 00eCTIeYMBAIOIIMM U HAWTYYllINE YCIOBUS yAEpKaHUsI CMa304YHOTO MaTepuaia,
YMEHBIICHHE BPEMEHM MPHUPAOOTKH, CHIDKEHHE IymMa ©  BuOpammu. [lokpeiTus
NpeJHa3HAaYeHbl [yl HAHECEHUS Ha JETald U3 YIVIEPOJHUCTBIX, JIETMPOBAaHHBIX CTaled U
[BETHBIX CIUIaBOB. D((EKT OT HAHECEHWM TOKPBITUS JOCTHTAeTCs 3a CYET W3MEHEHHUS
(U3UKO-MEXAHUYECKUX CBOWCTB HOBBIX WJIM BOCCTaHOBJEHHBIX PaOOUMX IMOBEPXHOCTHBIX
CJIOCB: YMEHBIICHHUS KOX(PQPHUIMEHTa TPEHHS, YBEIMYCHHUS MHUKPOTBEPJOCTH, CO3JIaHHS
C)KAMAIOIIMX OCTATOYHBIX HAMNPSOKEHHWH, 3allednBaHUS MHKpojaedekToB, oOpazoBaHMs Ha
MOBEPXHOCTH AUDIEKTPUYECKOTO U KOPPO3UOHHOCTOMKOTO IJIEHOYHOT'O HMOKPBITHUS ¢ HU3KUM
KOA(PPHUIMEHTOM TEIJIONPOBOIHOCTH, XUMHUYECKOW WHEPTHOCTHIO H  CHenu(UIecKoi
Tonorpaguell MoBepXHOCTU. Marepuaibl MOKPHITHH, HAHOCHUMbIE METOJAMHM HAIUIAaBKU U
HATBUICHHS, MOTYT OBITH CIICAYIOIIHE: MeTaJuTndeckue (0a00UTHI, OPOH3HL,), KEpAMHUECKUE
(oxcunbl, KapOuabl, HATPU/IBI ), TOJMMEPHBIE, a7IMa30TI0J00HBIE.

[ToBbllieHUEe HAMEKHOCTH COBPEMEHHOW TEXHUKH, CHHXXEHHE Ce0eCTOMMOCTH €€
00ciy’KrBaHus, oOecrneyeHre KOHKYPEHTOCIIOCOOHOCTH, MPOAJIEHHE pecypca IKCILTyaTalu,
a TaKXe €e peHoBallMs IMyTeM NMPUMEHEHUS COBPEMEHHBIX TEXHOJOTHH ISl BOCCTAHOBIJICHUS
paboTOCIOCOOHOCTH Y3JI0B JI0 YPOBHS HOBBIX M3AENUM - Haubosiee TNPUOPUTETHHIE
HalpaBleHUs] pa3BUTUS TEXHUKU. [IpuMeHeHHe TEXHOJOTUH HaHECEHHs 3alMTHBIX
MOKPBITUH, CPEeIU KOTOPBIX ra30TEPMUUYECKHE MPOLECCHl 3aHUMAIOT 3HAYUTEIBHOE MECTO,
ABJIAETCA OJHUM W3 KapAWHAJIbHBIX IyTeW pelnieHus AaHHoro Bompoca. C HCNob30BaHUEM
CYIIECTBYIOIIMX B HacTosiee Bpems OOOpYyIOBaHUS, MATE€pPHAJIOB U TEXHOJOTUHN
ra30TepMUYECKOTO HAIBUICHUS CTaJl0 BO3MOKHBIM 3HAUMTEIbHO CHU3UTH WJIM HCKIIIOYUTh
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BJIIMSIHUE HA M3HAIIMBAaHUE JeTaliell TakuxX (akToOpoB, KaK 3pO3usi, KOPpo3us (B TOM 4YHCIE
BBICOKOTEMIIEpaTypHasi), KaBUTAlMsg M Jp. 3alUTHbIE TOKPBITUS MOTYT OBITH TaKXke
NpeJHa3HAaYeHbl, HampuMmep, IS CO3JaHus TepMoOapbepHOro ciosi, obecneyeHus
AJIEKTPOU3OJIILIMOHHBIX  CBOMCTB, TOTJIOUICHUS] M3IY4YEHHsS IMPOAYKTOB DPaJUOAKTUBHOTO
pacmana, oOecredyeHus] OIpPEEICHHBIX ONTHYECKHX CBOWCTB, PEaTU3aIllMHU CEIEKTUBHOTO
CMauuBaHMA, CO3JaHHUsI OMOJIOTUYECKN AKTUBHBIX MOBEPXHOCTHBIX CBOMCTB JJISI Pa3IMYHBIX
HCKYCCTBEHHBIX OPTaHOB U MHOTOTO APYroro. I'a3oTepMuyeckue MOKPBITUS IPUMEHSIOT TPU
peMOHTe 000pyJOBaHMS W YHPOYHEHHH pPabOYMX TOBEPXHOCTEH HOBBIX jeraneil. B
3aBHCUMOCTH OT HA3HAYEHHUS TMOKPBITUS U YCJIOBHUH €ro pabOThl MEHSIOTCS TpeOOBaHMS K
TOYHOCTH COOJIIOJCHUSI OCHOBHBIX IApPaMETPOB TMOKPBITHS - €ro COCTaBa, TOJIIHHBI,
IUIOTHOCTU U MIPOYHOCTH CLEIJIEHUS C MOJI0KKON. OCHOBHBIE TEXHOJIOTMUYECKUE MTPOLIECCHI,
KOTOPBIE CErOJIHS UCTIONb3YIOTCSI B MUPOBOM MPAKTUKE, - 3TO BHICOKOCKOPOCTHOE HAIIBLJICHUE,
IIa3MEHHOE HalbIJICHUE Ha BO3AYXE C MCIOJIb30BaHUEM IJIa3MO00Pa3yIOIINX Ta30B, a TAKKE
ANEKTPOAYTOBAs METAUM3ALMsl U HAIlJIaBKa.

[lo cBOeMy Ha3HAUEHHUIO MOKPBITUS JEJIATCS Ha CIEIYIOLIHUE:

- 3aIIMTHBIE TOKPHITHS, obOecmeunBaronue OoJiee UMTENbHYI0 paldoTy neraneil B
pabounx yCIOBHSIX;

- TEXHOJIOTHYECKHE TOKPBITHS, 00ECTIeUNBAIONINE 3AIIUTY TTOBEPXHOCTH JeTalell nmpu
TEXHOJIOTUYECKOM IEPEIEIE;

- KOHCTPYKIMOHHBIE MOKPBITHS, C TIOMOIIBIO KOTOPHIX BOCCTaHABJIMBAIOTCS pasMep U
dopma neranm, MPHUIAIOTCS HOBBIE CBOMCTBa €€ TOBEPXHOCTH WM KOTJA MOKPBITHE
BBITIOJIHSIET POJIb KOHCTPYKIIMOHHBIX MaTepHAJIOB.

CyHIHOCTD IIa3MEHHOTO HAIBIJICHHUS COCTOWT B HAHECEHHH TOKPBITUS M3 OTAEIBHBIX
4acTULl  MOPOILIKOBOIO  MaTepuaja, HAarperoro M  YCKOPEHHOro ¢  IOMOUIbIO
BBICOKOTEMIIEpATypHOU IIa3MEeHHOU cTpyu. Llenb niua3MeHHOTo HalbUIEHUS - U3TOTOBJICHHUE
JeTaneid W W3ACNH CO CIeNUATbHBIMH W JEKOPATUBHBIMH CBOMCTBAMH MOBEPXHOCTH:
M3HOCOCTOMKOCTBIO (32 HCKJIIOYEHHEM JeTalieid, HCTBITHIBAIONINX YIapHO-adpa3uBHOE
W3HAIlIMBaHUE), AHTU()PUKITUOHHOCTHIO, IJIEKTPOU3OJIILUEH, JKapOCTOUKOCTBIO,
APO3HOHHOCTOMKOCTBIO, CTOWKOCTBIO MPOTHB KOppo3uu U 1p. DPpdekr or mrazMeHHOTro
HAINBUICHHUS JOCTUTACTCS 33 CUET CO3JAHUS Ha MOBEPXHOCTU M3/IENUS 3AIIUTHOTO MOKPHITHS,
KOTOPO€  MHOTOKPAaTHO  TIOBBIIIACT  OJKCIUTyaTallMOHHBIE  CBOWCTBA  JCTaNd  HJIK
BOCCTAHABIIMBACT IEPBOHAYANBHBIA pazMep. OOopymoBaHMe il IDIA3MEHHOTO HAINBUICHUS
COCTOWT M3 HCTOYHMKA TOKa, OJOKa ammapaTrypbl, MaJOTa0apUTHOTO IUIA3MOTPOHA W
MOPOIIKOBOTO J03aTopa. [lma3sMoTpoH (MOIIHOCTBRIO 70 25 KBT) M MOpPOIIKOBBINA 103aTOP
M3TOTABIIMBAIOTCS MO OPUTHHAIBHBIM KOHCTPYKTOPCKHM pa3padoTkaM. TeXHOIOTHYeCKHit
NpOIECC MUIa3MEHHOTO HANBUICHUS COCTOUT W3 MPEIBAPHUTEIHFHON OYHMCTKU aKTUBAIMOHHOMN
00paboTku (Hanmpumep, abpa3MBHO-CTPYHHOM) M HEMOCPEACTBEHHO HAHECEHMs MOKPBITHUS
NyTeM TMEpPEeMEIEHUs] M3JeNMsl OTHOCUTEIBHO IUIa3MOTpOHa WM Hao0opoT. CKOpoCTb
nepemenieHus 2...30 MM/cek, paccTostHie Mexay MiazMoTpoHoM u uznenueM 100...150 mm,
nuamerp msTHa HambuieHus 10..25 mwm, tommmua nokpeitus 0,05...1,0 mm. Temmeparypa
HarpeBa JieTaled TpU IUIA3MEHHOM HambpuleHud He mnpesbimaer  100..150°  C.
[Tna3moo0pa3yromuM ra3zoM sIBJSIFOTCS, KaK NPaBWJIO, aproH WJIM Bo3AyX. Pacxon aprona
15..20 s/mMuH. B KauecTBe NOpOIIKOBOIO MaTepuana, (GOpMUPYIOLIEr0 MOKPBITHE,
UCTIOJIL3YIOTCSl  Pa3NIMuHBIE MaTepualibl M CIUIABBI, TYTOIUIABKHE COCJAWHEHHS, OKCHIIBI,
NOJMMEPBl W WX KOMMo3umuu pasmepom dactun 10 100 mxM. KoHTponb kauecTtBa
TUIA3MEHHOTO HAIBUICHUSI OCYIIECTBIISIETCS BU3YAIHHO 10 HAIMYUIO TOKPBITHS, a TaKXKe MO
pe3ysbTaTaM aJiIre3MOHHBIX UCIBITAHUN Ha 00pa3lax-CBUAETENSIX U Ip. METOJaMHU.
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[To cpaBHEeHHIO ¢ aHATIOTAMU - Ta30IUIAMEHHBIM, JIEKTPOYTOBBIM U JACTOHAIIMOHHBIM
HalbUICHUEM, IPOLIECCAMU HAIUIaBKU M OCAXKACHHUS, JTaHHBII IPOLIECC UMEET IPEUMYIIIECTBA:
3¢ (}eKTUBHOE YyNpaBICHHE SHEPTETHYECKUMH XAPAKTEPUCTHKAMHM HANBUISIEMBIX YaCTHIl H
YCIOBUSAMH (POPMHUPOBAHUS TOKPHITHS 33 CYET THOKOCTH PETyJIHPOBAHUS MapaMeTpOB H
PEXUMOB pabOTHI IIA3MOTPOHA; BEICOKHE KO3(PPUIIMEHT HCIIONb30BaHus mopomika (10 85%),
MIPOYHOCTh CLEIUICHUS MOKPBITUS ¢ ocHOBOHM (1o 60 Mlla), Hu3Kass MOPUCTOCTDH; BBICOKAs
IPOU3BOJIUTENBHOCTh IPOLECCA; HAHECEHUE IMOKPBITUS Ha MW3JEIMsl, H3TOTOBJICHHbBIE
NPaKTUYECKU U3 JIIOOOT0 MaTepuala; OTCYyTCTBHE OTPAaHMYEHHUH MO pa3MepaM HaIlbLIsIeMbIX
U3JeNMi; HU3KOE TEPMHUYECKOE BO3/IECHCTBUE HA HAIBUIAIEMYIO OCHOBY, 4YTO I103BOJIAET
n30exath geopMaruii, I3AMEHEHU pa3MepOB H3/ICIIHIA, a TAKKE UCKITIOUYNTh HEKEaTeIIbHbIC
CTPYKTYpPHBIE NPEBPALLEHUS OCHOBHOIO METAJUIA; MOJIOXKUTEIbHOE BIMSHUE HA YCTAJIOCTHYIO
IPOYHOCTHh OCHOBBI, 3 CUET MOJIyUYEHUS NPU IUIA3MEHHOM HANbUIEHUU CIIOUMCTOW CTPYKTYpBI
HOKPBITHS, B OTJIIMYHME OT CTOJOYATOH, 0Opasylomielicss Mpu OCaXKICHWH W3 Ta30BOM WIH
napoBoii ¢a3el, 1u(Py3MOHHOM HACHIIICHUN; HAJIEKHOCTh U CTAOMIHLHOCTH 000PYOBaHUS,
BBICOKHUI pecypc 3JIEMEHTOB IIJIa3MOTPOHA, 32 CUYET ONTHMHU3ALMHU YCIOBHM OXJIAXKIECHUS U
obOecrieueHNsl IUIaBHOTO HAapacTaHUs U MaJACHHUS TOKa, MAHEBPEHHOCTb M BO3MOXHOCTh
aBTOMaTh3aluu  mpoirecca. [lpumepsl NpUMEHEHHS  IUIA3MEHHOTO  HAIbUICHHUS B
MAWUHOCMpOeHuy: KaauOpbl, TOMIIMITHUKN CKOJIbKEHUS, THUIPOUWIMHAPHI, IUTyHXepa,
HAMPAaBISAIONIME TOKAPHBIX CTAHKOB, MIMHUHACIA W BaJlbl, MATPHUIBI IS TPECCOBAHUS
TYTOIUIABKMX METAJUIOB, KOKWIN M T.IL.; d8MOMOOUNILHOU NPOMBIUUIEHHOCMU: KOJEHYaThle
BaJIbl, MOBOPOTHBIE Harn(bl, OCH KOPOMBICEN, KyJauyKi PaclpeeUTEIbHBIX BAJIOB, CTYIIHIIBI
MaxOBHUKOB JBHUTaTess, BaJbl BOJSHBIX HACOCOB M BEHTHISTOPOB, TOJOBKH IWJIMHIPOB,
MOPIIHEBBIE KOJIbLA, TIYLIUTENIH; 21eKMPOMEXHUYeCKOU U dIeKMPOHHOU NPOMBILULEHHOCU:
KOH/ICHCATOpPbl,  BEHTWIALIMOHHBIE  JIOMATKM  TypOOTE€HEpaTopoB,  JIEHTONPOTSKHBIE
MEXaHU3Mbl, POJIMKM Ui MOJayud NPOBOJOKM M COIUIAa CBAapOYHBIX YCTAHOBOK M T.IL.;
XUMUYECKOU NPOMbIWIeHHOCMY: JE€Tadl KOBIIECH, BaJKU IPOKAaTHBIX CTAaHOB M T.I.; 6
ObIMOo60U mexHuKe: THUILA KaCcTPIOJb, 3JIEKTPOHArpeBaTe/IbHbIE YCTPOMCTBA U T.11.

OxoHomuyeckast  3()()EeKTUBHOCTh  IUIA3MEHHOTO  HANBUICHUS  OINpPENeNsIeTcs:
MOBBIIICHUEM HAJIEKHOCTH U JOJITOBEYHOCTH BBIMYCKAEMON M HCIOJIB3YyEeMOUN MPOAYKIIUU
MUHHMYM B JIBa pa3a; COKpAIIEHUEM 3aTpaT Ha U3rOTOBJICHUE 3allACHBIX YacTel; IKOHOMHUEH
MeTajula, pacXoJayeMOTo Ha U3TOTOBJICHHE 3alIaCHBIX YacTel; BEICBOOOXKICHUEM paOOTHHKOB,
3aHATHIX Ha M3TOTOBJIEHMM 3alacHbIX 4YacTell M BOCCTAHOBJICHHUU JeTaliel; yBEIWYEeHUEM
BbIIyCKa NPOAYKIMH Ha CYLIECTBYIOIIEM 000pYyA0BaHUH, BCIEACTBUE COKPAILLIEHHUS [TPOCTOEB
JUIS  3aMEHBl HW3HOIICHHBIX JCTalicd M aBapUHHBIX PEMOHTOB obOopynoBanus. (O0630p
CYILECTBYIOLIMX METO/I0B 00paOOTKM KOHCTPYKLUMOHHBIX JIeTalel oKa3aj, YTO Hy>KHO OY€Hb
BHUMATEILHO TOJXOAUTh K BUy 00paOOTKH, B 3aBUCUMOCTH OT TOTO Kako¥ Harpyske Oyner
noJiBepraTbcs JeTajlb U B Kakoll cpeae 3KciuryatupoBaThesl. CyIIecTByeT IPEBEINKOE
MHOXECTBO MaTepuajoB U CHocoOOB uX OOpabOTKH, OJIHAKO BEChMa CIIO)KHO HaWTH
UICHTUYHBIE PE3yJIbTaThl MPU 00paOOTKM OIHOW M TOM K€ JeTaal pa3HbIMH METOJaMHU, YTO
TOBOPUT O YETKOM MNPUHAJIKHOCTH KaXXJOTO METOoJa K KOHKPETHBIM YCIOBUSM
npuMeHeHus. Tak e CTOUT OTMETHUTh, YTO METOJbI IUIA3MEHHOTO HAIBIICHUS UMEIOT PsiJl
HEOCTIOPUMBIX MPEUMYILIECTB U UX MACCOBOE BHE/IPEHUE B POCCUIMCKOM MPOMBIIIIEHHOCTH.

Cnucok Jgurtepartypbl: 1. benenpkuit M.A. DJEKTpOOCaXKACHHE METALTUYECKUX
nokpeiTuii. M.: Meramnyprusi, 1985r, 289¢. 2. Cungees 1O.I'. 'anibBaHMYECKHE TIOKPBHITHS.
M.: ®enukc, 2000, 251c. 3. Xokunr M., Bacatacpu B., Cumku Il. Meranmuueckue u
KepaMU4eCKHe MOKPBITHUS: I0TyYeHHe, CBOMCTBa, mpumeHenue. M.: Mup, 2000. 518 c.
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OU3NYECKHUE OCHOBBI IIPOLIECCA JIEKTPOAKYCTHYECKOI'O
HAIIBIJIEHUSA

JIaxoBka B.B. (kagh. «AMuY», AI'TY, 2. Pocmos-na-/{ony, Poccusi)

Beenenne. CoBpeMEHHBIE TEMIIBl Pa3BUTHUA  TEXHOJOTHUH  MPOMBINIIIEHHOTO
OPOM3BOACTBA  0a3upyrOTCSI HAa  MOCTOSIHHOM  HCIIOJIb30BaHMM  (DyHIaMEHTAIbHBIX
JOCTWKEHHUAX COBPEMEHHOM Hayku M TexHukd. Co3gaHue cuMOMO3a MEXIy HAayKod u
COBPEMEHHBIM IIPOU3BOJACTBOM II03BOJIUT BBIBECTM OTEUECTBEHHOE MAIIMHOCTPOEHHE Ha
Ka4eCTBEHHO HOBYIO CTYIIEHb CBOETO pa3BuTUs. OJHOW M3 OCHOBHBIX IMPOOJEM Hapsay C
YBEJIIMYEHUEM pecypca padOThl M CHIDKEHHEM CEOECTOMMOCTH H3JENUH MalIuHOCTPOCHHS
SBJIICTCS BBEJCHHUE JMCKPETHOTO YIPABICHHUS HM3HOCOCTOUKOCTHIO (HOPMOOOPa3yIOIIEro
UHCTpYMEHTa. PemieHne mnpoOiieMbl CTAHOBUTCS BO3MOXKHBIM OJIarogapsi YNpOUYHSIONICH
TEXHOJIOTUH, B OCHOBE KOTOPOM  JIEXKUT KOMIIJIEKCHOE UCIIOJIb30BaHNE
BBICOKOKOHIIEHTPUPOBAHHOM 3JIEKTPUUYECKON SHEPTUU U MOUIHOI'O MPOJO0JIbHO-KPYTHIBHOTO
yIBTPa3BYKOBOTO mouisi. OH TO3BOJSIET HAHOCHTH JIIOOBIE TOKOIPOBOJSIINE TOKPBITHS C
NPOTHO3UPYEMBIMHU MOKA3aTENIMU KaueCcTBa MOJYy4aeMOro NoBepXxHOCTHOTro cinosl. [lo cBoeit
npupoae meron DJIAH sBiasercs 5KOJIOIMUECKH YMCTOM YTWIM3HPYIOLIEH TEXHOJOTHEH,
NOTOMYy UYTO OH UCTOJBb3YEeT B KAauyeCTBE HAHOCHUMOIO MaTepuajla OTXOMbl
¢dopMooOpa3yromero HMHCTPYMEHTAa MAIIUHOCTPOUTENBHOTO IPOM3BOJCTBA, a Majoe
notpebnenue snexkrpudeckoid sxepruu (100-200BT) U KOMMAKTHOCTH BXOJAIIETO B HETO
000pya0BaHMs JIENAI0T €ro THOKOM sTYeMKOol aBTOMaTU3UPOBAHHOTO MPOU3BOJICTBA.

YcTaHOBKH /151 HAHECeHUsI OKPBITHS

CTpykTypHasi cxeMa CTaHIIUU 3JIEKTPOAKyCTHUYECKOro HambuieHus [l] mpeacraBieHa
Ha puc.l. Bxogsdummii B KOMIUIEKT OOOpYJOBaHMS CTaHLMU HAIbLICHUS YJIbTPa3BYyKOBOM
reepatop Y3I'l-1 mpennHasHaueH I TPeoOpa3OBaHUsl  AIEKTPHUYECKOW  DHEPTUH
INPOMBIIUIEHHOM  4acTOThl B  OJHEPTUI0  YJIbTPa3BYKOBOM  4acTOThl M NHUTaHUSA
MarHUTOCTPUKIIMOHHOTO  mpeoOpazoBarenss  [IMC1-1.  [Ipeo6pazoBarenrs  [IMCI1-1
MOJKIIFOYAeTCsl B KauecTBe Harpy3ku K Bbixonay Y3I'1-1 m cimyxut nis mpeoOpa3oBaHUs
AJIEKTPUYECKOM IHEPTUH YJIBTPA3BYKOBON YaCTOTHI B aKyCTHUECKYIO.

) el
!

Puc.1. CtpykTypHas cxema yCTaHOBKH HamlbIJICHUs: | - BOJHOBOJ C 3aKPEIUICHHBIM Ha
€ro KOHIIE DJCKTPOJAOM; 2 - yNpouHsieMmas JeTaib, 3 - AaTYMK oOpatHOW cBa3u; 4 -
MarHUTOCTPUKTOP; S5 - yJIBTPAa3BYKOBOM  TeHepaTop; 6 - cucTema ympaBlieHus; 7 -
AJIEKTPOHHBIN KIIt0Y; 8 - UCTOUHUK nUTaHus; C - pa3psaHas eMKOCTb
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s TpanchopMaIy npo10JIbHBIX KOJIeOaHUi aKyCTHUECKOH CHCTEMBI B MPOJI0JIbHO-
KpYyTWJIbHBIE HCIOJB3yEeTCS BUTOM BOJHOBOJ.  Jlep>kaBKka C yCTaHOBJIEHHBIM B Hee
AJIEKTPOJIOM  KPEMHUTCS C TIOMOINBIO pe3b0OBOTO COEOMHEHHS K BOJHOBOAY WM
KOHIIeHTpaTopy. Cucrema ynpaBieHHs OJIOKOM 3JEKTPOHHBIX KJIIOUEH MO3BOJIIET U3MEHATH
da3y M 4YacTOTy MOJAYU Pa3psAHBIX MMIYJIbCOB. BXOJHBIM CHUTHAIOM Il HEe SIBISIETCS
CUTHAJI, MOCTYMAIONIUN C JaT4yuKa OOpaTHOM CBS3H, KOTOPHIM YCTAHOBIIEH HAa aKyCTUYECKOU
cucreme [IMC1-1.

®uznyeckue ocHOBBI npouecca JJIAH

@u3nyeckre IMpoLECcChl M SBJIEHUS, IPOTEKAIOUIME IPHU 3JIEKTPOAKYCTHUYECKOM
HalbUICHUU, SIBJSIIOLIMMCS TJIABHBIM HHCTPYMEHTOM B M3MEHEHHM HW3HOCOCTOMKOCTH
(dopMooOpa3zyronero HHCTPYMEHTa U JieTajeld MallliH, TOBOJIBHO CJIOXHBI U HEOJTHO3HAYHHBI.
duznueckass MOJEIb Npoliecca YIPOUHEHHs U3/EINI MallIMHOCTPOEHUs [2] mpeacTaBieHa Ha
puc.2. B mnepBoHauyandbHBII MOMEHT BPEMEHM IOJAETCSI BBICOKOYACTOTHBIM CHUTHAl C
YJIBTPa3BYKOBOTO T€HEpaTopa Ha MarHUTOCTPUKTOP, KOTOPBIA COBEpIIAET KOJICOAHUS C
4acTOTOM MOJaBacMOro CUTHaia. BolHOBOJ, COBEpIIAOIIUN IPOAOIbHO-KPYTUIIbHBIE
KOJICOaHUsT 3a CYET OCOOCHHOCTEH CBOEW KOHCTPYKIMH, ¢ 3a()UKCHPOBAHHBIM Ha KOHIIE
DJIEKTPOJIOM, TIPUKPEIUIeH K KOHIEHTparopy KkoiebaTenmbHON ckopoctH. Cucrema
YOpaBJICHUs] OMNpAIIMBAET JAaTYMK OOPATHOM CBSI3M TaKUM 00pa3oM, 4TOObI Ha 3JEKTPOS,
COBEpUIAIONINIA TPOJOJIBHO-KPYTHIbHBIE KOJIeOaHUs, ObUT MOJAH pa3psIHBIA MMIYJbC Ha
OIPEJECIIEHHOM PAacCTOSHUU OT MOBEPXHOCTH YNpOUYHsAEMOro obOpasna. B MomeHT monpaum
Pa3PSIHOTO MMITyJIbCa IOBEPXHOCTB IIEKTPO/Ia Pa3orpeBaeTest NpHoImsnuTensHo 10 5000 °C,
IpU 3TOM B NPOCTPAHCTBE MEXKIY 3JIEKTPOJOM M TOBEPXHOCTHIO YIPOUHSEMOM AeTaau
o0OpasyeTcsi Menpyaiias «Kanejbkay BEIIEeCTBA AJIEKTPOJa, HaXOIAIIErocss B KBa3MKUAKOM
¢aze. Ha «xamnenbKy» JeHCTBYET 3JEKTPUUECKOE 101, KOTOPOE 3aCTaBISET ABUIAThCS €€ 10
HalpaBJeHUIO K KaToxy. [Ipu 3TOM B MOMEHT €€ OTpbIBa OT 3JIEKTPOJia, aKTUBHAS IUIOLIA/b
B3aUMOJICHCTBUS €€ ¢ OKpy»Karomen cpenoil paBHa SO. CKOPOCTh JIBUKCHHS «KaIeIbKI»
Oyner paBHa:

Vo=Vi+V>,

rae V; - ckopocTb, C KOTOPOW JABMUraercs 3JEKTPOJ B HaIPaBJICHUM MNEPHEHIUKYISIPHOM
OTHOCHUTENIHO IUIOCKOCTU YIPOYHsEeMOM neramu; V> - CKOpOCTb, cooOliaemasi KaresbKe,
KOTOpasi 00yCJIOBJIEHA IEUCTBUEM CHJI, IPUJIOKEHHBIX CO CTOPOHBI AIEKTPUYECKOTO MOJIS.

Ha «xamnenbky» NeHCTBYET 3JIEKTPUUECKOE MOJI€, KOTOPOE 3aCTaBIISIET JIBUTATHCS €€
[0 HampaBleHUI0 K Katoay. IIpoJoiabHO-KpYTWIbHBIE YJIBTPA3BYKOBBIE KOJICOAHUS
OKa3bIBAIOT CHJILHOE JUCTIEPTUPYIOIIEE BO3ACHCTBIE Ha «Kanelbky» [3,4]. UHbIMU cioBamu,
OHa paclmpuIsieTcs Ha elle 0ojee MENKUE «KalelbKW», TEM CaMbIM, YBEJINYMBAsl aKTHBHYIO
wiomaak (SO) B3aUMOAEHCTBUS Marepuaia »dJEKTpoja ¢ OkpyxKaromen cpenoil. Ilo
MCTEUEHUM TOJYNepuo/ia MPOUCXOAUT MEPEHOC BELIECTBA 3JIEKTPOJa Ha MOJJIOKKY, T.€. Ha
MOBEPXHOCTh yIpouHsieMoi neram. MTak, u3 puc.6. Mbl BUIUM, UTO MaTepuai yrpouHsieMoi
JeTajiu UMeeT MoAyJib caBura (7, a HalblJIEHHBIN C10M MOyJib caura G»

[Ipu sTOM 00pasyercs nmepexoqHON ClIoi, MOTyJIb CIBUra KOTOPOTO MMEET 3HAYEHHUE
G 2. YcioBre COOTHOIICHUST MOJTYJIEH CABUTOB MOKET OBITh 3aITUCAHO B BUJIE

G1<G;<Gy.

Ha cnenyromem »stame mnporecca NPOUCXOAMUT yaap CO CABUIOM DJIEKTpPoJa O
MOBEPXHOCTh JeTanu. [lmactuyecku nedopMHpPOBAaHHBIH MOBEPXHOCTHBIM CIIOW HMeEeT
MoayJib caBura Gs, a Ae(pOpMUPOBAHHBIN CJION MOJJIOKKHA COOTBETCTBEHHO Gy.
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AMKM Hcxons u3
DIEKTPOL BBIIIIEU3JI0KEHHOTO, MBI
npearnosaraeM, 4To Iporecce

Ap An YIPOYHEHHUS

15 Ax &T 3JIEKTPOAKY CTHYECKUM
1 \ As HaIbUICHUEM JeTaIu
210 MPOUCXOANT Ha OapbepHOM

| » yposue. IlepBeiii OGapbep,

NPENSITCTBYFOIIUNA  BBIXOJTY
UCIOKALMU Ha
MOBEPXHOCTH, Oyner
obpasoBan cinosimu Gy uGyy,

BTOpOoii Oapwep cnosimu G
uG;.
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IIpn YIPOYHEHUH
IO VIO KKH u3
BBICOKOJIETHPOBAaHHOM CTaJIN

Puc. 2. ®usnueckas MOJEIb 3JIEKTPOAKyCTHUECKOTO aHOZIOM M3 TBEPJOTO CILIaBa

Haneuienusi: Gy, Grz, G, G3, G4- COOTBETCTBYIOIIUE NOJy4qacTCA clion C
XapaKTEpPHbIM  TMOCJIONHBIM

L CTPOCHUEM, OTIMYAIOUIUICS
KosneOaHuit; A, - BEKTOp aMIUIUTY[bI KPYTUIBHBIX BBICOKOM  JTMCIIEPCHOCTBIO
ayCTEHHTHOTO  3epHa W
MepBUYHBIX KapOWIOB, UTO B
COYETAaHMH C  BBICOKOH
CKOPOCTBIO KPHUCTALIM3ALUU TOATBEP)KAACT BBIIBHHYTYI0O HAMH TEOPETHUYECKYIO THIIOTE3Y
JIBOMHOTO Oapbepa, NPEensITCTBYIOMIET0 BBIXOY AUCIOKAIMN Ha MOBEPXHOCTb.
BrIBOIBI

B pabote ocymiecTBieHa MHTEPIIPETALUST BO3JACUCTBHS BHICOKOKOHIICHTPHPOBAHHOM
AIIEKTPUYECKOW JHEpruM M IHepruu KomiuiekcHeix Y3K Ha oOpabareiBacMyro cpemy, H
pelieHa Ba)kHas HAyYHO-TEXHHUYECKass mpoOjeMa Co3JaHus NPUHIMIOB pa3pabOTKH
NPOIECCOB HAa OCHOBE YKAa3aHHBIX BBIIIE OJHEPTUH, WMEIONMX BAXXHOE HAYYHOE U
NPOU3BOJACTBEHHO-TEXHHYECKOE 3HAYCHUE JIJIsI TIOBBIIICHUS DKCIUTYaTallMOHHOW HA/IeKHOCTH
JeTaneid MamuH W (OpMOOOpa3yIoMIero HMHCTPYMEHTAa NPHU CYIIECTBEHHOW SKOHOMHHU
TPYIOBBIX M MAaTepUAIBHBIX pECypcoB. BrepBeie mpemoxeH OapbepHBI MEXaHU3M
000CHOBaHUsI YIPOUHEHHMS AETaeH MallliH, a TaKKe JaHa (hu3udecKas MOJENb MeXaHH3Ma
o0pa3oBaHus JBOMHOTO Oapbepa, MPEMsITCTBYIOIIETO BBIXOIY AUCIOKAIMNA Ha TOBEPXHOCTD.

MOJAYyJiM CABUTA, An - BEKTOP aMIUIHUTYAbI IPOAOJBbHBIX

xoseOanmii; A - PE3YETHPYIOILIHIA BEKTOP KoJIe0aHu i

Cnucox Jureparypbl: 1. Tepumnbn J.A., Ppunman B.M. ViaprpasBykoBas
TEeXHOJIOTHUecKasi ammapatypa. M., 1976. 318 c. 2. MunakoB B.C., KoueroB A.H.
JlmarHocTHKa ¥ yIpaBlieHME B TEXHHYECKHX cucremax // @dusmdeckas MoJenb
AJIEKTPOAKYCTHYECKOTO HambuieHus1. MexBy3 c0. Hayd. Tp. PocToB-na-Jlony. 1998. 3. bepman
JI. YpTpa3Byk U ero npuMeHEeHHe B Hayke U TexHuke. M.: 3n-Bo uHoCTp. uT., 1967. 726 c.
4. ®u3nyeckue OCHOBHI yibTpa3BykoBoi TexHosioruu / [loxg pen. JI.JI. Pozenbepra. M.: Hayxka,
1970. C. 165-252.
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PEKOHCTPYKIUSI JE®EKTOB B CJIOUCTBIX KOMIIO3UTAX
OTHOCHTEJLHO KOMIIOHEHT BEKTOPA HATIPSI’)KEHWI1 HA BHYTPEHE
I'PAHULE, COJXEPKAIIE i JE®EKTBI

Makapuuk H.C., Cnoxaxun A.C. (kagh. «CM», I'TY, . Pocmos-na-/{ony, Poccus)

B Hacrtosimel paboTe mpeasiaraeTcs METOJI pEeUIeHHs IPOOIEeMBbl
uIeHTUGUKAI UK pacciaoeHud u GpopmynupoBka cucteM 'Y oTHOCUTENBHO
KOMIIOHEHT BEKTOpa HANpPSAKEHUW HAa BHYTPEHHEU I'paHULE, CONepKaALECH
nedexTsl. DTU CUCTEMBI ABIAIOTCS UHTETPAJbHBIMHU ypaBHeHUs MU Openronapma
l-ro pona ¢ TIaAKUMH AApaMH, MO3TOMY MpoIeaypa UX peleHus Tpedyer
perynspusanuu. Pemenue ux cTpouTcs Ha OCHOBE COUYETAHUS UJEH MeToAa
TPaHUYHBIX 3JIEMEHTOB, METOJa KOHEUYHBIX JIIEMEHTOB U METOAA
perynspusanuu A.H. Tuxonosa [1]. IlonydeHHble pe3yabTaThl ONUPAIOTCS HA
MOJIXOJBl pa3BuThie B pabote [2].

N3BecTHO, 4TO pemeHue 3aaa4 ¢ fePpeKTaMu B paMKaX JUHEHHOU TEOPHUH
YOPYTOCTH MPHUBOAUT K CHHTYJISAPHOCTH HaNpsKEHUH B BepuinHax aedexTa.
KoHe4uHO-3JIeMEHTHOE MOJEIMPOBaHUE TAKUX 00BEKTOB TpeOyeT nubo
CTYIIEHUS CEeTKU B OKPECTHOCTH 0COOBIX TOUEK, TUOO BBEJCHHS CTEIUATBHBIX
CUHTYJSIpHBIX 3JIeMeHTOB [3, 4]. B Tom ciydae, korga MecTOpacmnoJg0XKeHue
nepeKTa U3BECTHO, aCUMIITOTUYECKOE NOBEJEHUE MEXaHUUYECKUX MOJIEH B
OKPECTHOCTHU OCOOBIX TOUEK ONpeensieTcs Mo U3BECTHBIM MeToauKaM [5] u
YUYUTBHIBAETCS MPU YUCJIEHHON pealnu3aluu.

Puc. 1. IlocienoBaTeabHOCTh BCIOMOTATEIbLHBIX
3agad (K, =1, K, =2).

[TocTanoBka oOpaTHOM 3agauu OMUCaHa B mpeasaymie padore.
PaccmoTpum KpaeByIo BCIIOMOTATEJbHY O 3agaqy TSt Tena

K v
V2=Ukile, K, <Kmupu pelicTBHM Tex JKe Harpy3ok Ha S;, IpHieM
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K o
MOBCPXHOCTH Sintl PIRIG:| HOCICOAHECTO CJI04d CBOGOI[Ha oT HanpsAXKCHUU

o 2
(paccMoTpuM BHadaje ciydail, korja BHyTpu Tena V'~ nedekToB Her).
OTa 3agavya onuceiBaeTca AuPdepeHINaTbHBIMH YPaBHEHUAMU

o) =—po’u®, k=12,..K xeV,

Y]
(5) _ o0 ()

Gl] l]mlum l

~ 2
OTHOCHTCIBHO U, , EEV , TPAHUYHBIMHU YCIIOBHUAMMH BUOA

5, =0, 1 ;=01 15,=0,

i
ti |S0:Gynj ‘ So Q (x 5)3 EaéeSO
d TaAK¥XC YCIOBUAMU OTCYTCTBHUA HAI'Py30K Ha Sll’lt

ti |SK1

int

=0

3ameuanue 2. 3aBucumocth Qpynkuuit Q, (x,&), Q (x,&)u or & o3Hayaer, 4TO

MOXET OBITh pPAaCCMOTPEHO HEKOTOpPOE OJHOMapaMeTPUUYECKOE CEMEHCTBO,
HampuMep

0/ (x,8)=P'5(x—¢&) 0, (x,6)=P 5(x-§),

3ameuanue 3. Metogonorus noctpoenus I'MY He m3sMmeHuTcsa, ecam temo V>
Oyner coaepxkaTh U3BECTHBIE JAcPeKThl (BO3MOXHO, HAaWJICHHBIC Ha
npeablAylieM 1mare).

BeiBog 'Y
PaccMoTpum ciayyall HaJluM4us pAacCIOCHUW M OTCYTCTBHUS pPa3pbIBOB, NyCTh
BCIIOMOTaTeJIbHAs 3ajladya pemeHa, 0003Ha4uUM

i =9 (x,&), xe8,, £e8,

BBengem B paccMOTpEHHE ONEpaTop

F',p.g .0)=[u! ()0, (x.£)dS, - [§, (x.£)p,(x)dS, = F,(£)

PaccMOTpHM Teno, 3aHuUMamImee moxo6macTs V’, m OpUMEHHM K HEMY
TeopeMy B3auMHOCTH paboT [2]. Torma monydum, 4To
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[ @, o)1* (s, = F (&) (1)

int

Y4ureiBasi, 4YTO COMHOJUTEIM MOJABIHTErpajlbHOT0 BbIpaxeHus B (1)

nt

ompeneneHsl BClOAy Ha Sy m B cuny £ |.=0, ¢=12,..M

tt‘(Kl) |F = 0 (2)

TO cooTHomeHue (1) MoxkeT OBITH peAcTaBlieHO, Kak cuctema 'Y mo
U3BECTHOM rpanune S

75 (k) (K1) —
[#% 6 ()ds, = F(£) £, (3)
Sl
[Ipn uucnenHoil peanuszanuu pemeHus cucremol ['UY (3) ocHoBO#
UIEeHTUQUKAMU TPEIMH CIYXAaT JBa CBOWCTBA pEIICHHUA: COOTHOIEHUS (2) H
CHUHTYJIIpHOE NMOBEJAEHNE KOMIIOHEHT BEKTOpA HANPS)KEHUM HA KpasX TPEUIUH.

Cnucok autepartypsi: 1. TuxonoB A.H., Apcenun B.fl. MeTtoasl pemeHus
HEKOppeKTHhIX 3anad. M.: Hayka, 1979. 285c. 2. Barynesn A.O., ConoBbeB
A.H. HekxoTopble MONYSABHBIE QJTOPUTMBI PEKOHCTPYKIUH HHTEPPEHCHBIX
tpemuH. // U3B. By3oB. CeB.-KaBk. peruon. EctecctB. mayku. 2003, N 3. C.
20-24. 3. HoBankuit B. Teopus ynpyroctu. M.: Mup. 1975. 872 c. 4.
benokous A.B., Epemeer B.A., Haceaxun A.B., ConoBreB A.H. brnounsie
CXE€Mbl  ME€TOJa KOHEYHbIX J3JEMEHTOB  JJs  JHUHAMUYECKHUX  3ajay
akycTtolanekTpoynpyroctu // IIMM. 2000. T. 64. Bpm. 3. C.381-393. 5.
Hacenxun A.B., IletrymkoB A.JI., ConoBreB A.H. Pa3zpaboTka Bu3yanuzauuu u
yHpaBJIeHUS B KOHEYHO-3J1eMeHTHOM kKoMiuiekce ACELAN // 3umHss mkomna
0 MEXaHMKE CIUIOMHBIX cpena (TpuHazamnaras). llkona MonoAbIX Yy4Y€HBIX IO
MEeXaHUuKe chniaowmHbXx cpen. Teszuce poknanoB. ExarepunOypr: YpO PAH,
2003. C. 274.



NHXEHEP, Ne 10, 2009 r. 45

ONTUMAJILHASI JIMHEMHASI CKOPOCTb OBPABATBIBAEMOM
MOBEPXHOCTH JIETAJIA ITPM MATHUTOABPA3ZUBHON OBPABOTKE
CTAJIA 40

Hommmyx B. C., Jdouenxko K. M., Carpeesa @®. H., fumenxo I. B. (HT[
«Peaxmueanexmpon» HAH Yxpaunel, JJoneyx, Ykpauna)

MarnutaoabpasusHas o6paborka (MAO) neraneii u3enuii ABISETCS HA CEroIHAIIHAM
nenp Haubojiee MEPCHEKTHBHBIM HarpasieHneM ¢uuumHON oOpabotkm [1]. Jlna MAO
ucnosp3yercs MaruuTHoabpasuBHbli mopomok (MAII). On  nomken obecrneyuBarh
MaKCHMAJIbHYIO TBEPAOCTh aOpa3MBHOW KOMIIOHEHTBI M XOPOIIAE MAarHMTHBIE CBOWCTBA
marpunsl [2]. HTI[ «Peakrusanextpon» HAH Vkpaunbl 3aHuMaercs pa3pabOTKOH H
HcIbITaHHEM — noimpylommx  cBoiicts  MAIL.  Jlns  oroii  menmm  Opula  co3jana
SKCIEpUMEHTaIbHAS ycTaHOBKA (puc. 1). DKCIIEpUMEHTHI 110 BIMSHUIO JIMHEHHOH CKOPOCTH
obpabareiBaeMoii moBepxHOCTH AeTanu Ha sddexTuBHOCTE MAO npooaumm ¢ MAIL, rze B
KauecTBe abpa3sWBHOM coCTaBisifoliel OBUIH HCIOJIB30BaHbl YacTHIBI KapOuaa THTaHa
pasMepoM 5-7 MKM, a MarHuTHOW Martpuued MAII - okenesHblii NOPOIIOK MapKH
IDKP3.200.28 ¢pakuuu menee 40 mMxM. Benuuumna MarHuTHOTO mojst B pabodyem 3asope
MEXly CeplieYyHMKOM MarHuTa u obpabareiBaemoi neranbio — 1 Tin. MAO mozasepramm
xonbiia P36x26 u h20 MM u3 cramu 40 tBepaocthio 159,2 HB. Kommnosunmonnsii MAIT
MOJIYYad BBICOKOTEMIIEPATYPHBIM CIIEKAHHEM Kejle3a ¢ KapOuIoM THTaHa B BaKyyMme.
KpynHocTs criedeHHoro, apobienHoro u orcessunoro MAII cocrasmsna 250-300 mxm. [locie
Kak/10r0 dKcnepuMenTa 1o MAO onpeziensuii yAeNbHbIH cheM MeTaiuia ¢ 00pabarbiBaeMoro
obOpasua, ppakioHHbI cocTaB 3epHa orpadoranHoro MAII v mepoxoBaTocTh NOBEPXHOCTH
JeTaIH.

B npouecce MAO ynenbHBIH cheM MeTalia C
obpabarsiBacMOM JieTai yBennuuBasics (puc. 2), a
CKOPOCTh yJeIbHOro cheMma najana. Yepes 20-30 mun

00000000 MAO CKOpPOCTh Y/EIBHONO CheMa MPAKTHYECKH

00000000

3 ey cTabHIIM3MpOBAIIACh.

\ Cpenuuii pasmep orpaGorannoro 3epaa MAII B
\ nporecce paborbl ymeHbmaics. Ero crabuimmsaims
m—— S npoucxoauia He mo3xe, 4eM depes 0,5 gaca mocrne
e — Hagana MAO (puc. 3). YMeHbleHHE pa3Mepa 3epHa
MAII cBsizano ¢ ero paspymenudeM. I[Ipu sToM
D —— HEMAarHUTHBIE YacTHIbI abpa3MBHON COCTABJIAIONICH
........ MAII, otraensionecss OT IKEJIE3HOW MarHHTHOH

———u-uo L 1

COCTABIISIONICH, HE YIeP)KUBAIOTCS B MArHUTHOM I10JI€
paboueii 30HBI B yansioTCs 3a ee npezensl. [Iponece
HCTHpaHHs 3epeH KapOujga THTaHa TakKKe HMeeT
MECTO, HO He  SBIsieTcs  JIOMHHHPYIOIIHM.
OnHoBpeMeHHO ¢ moTepell Beca ucxomnoro MAII
MPOHCXOOHUT €TI0 YBCIIHYCHHC 3a CYET MAarHHTHBIX
NpoayKTOB  HM3Hoca  oOpabarbiBaeMol — JeTaly,
BO3HHKAIOIMX B Mpolecce NOJUpoBaHus (puc. 4).
[TpoyKThl H3HOCA MPEACTABISIOT COO0M OKHCIICHHBIE
yacTHIl 0OpabaTsiBaeMoro marepuana (cramm 40).

Pucynok 1 — Cxema
SKCIIEPUMEHTAIBHON  YCTAHOBKH
JUIst HCCJIEIOBAHHUSA CBOMCTB
MAII: 1 —conenouy; 2 — MAII; 3
— obpabarbiBaeMas JeTalb.
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Pucynok 2 - HM3meHeHHEe yJIeJIbHOIO Chema

1
20 30 40 50 60

Bec orpaborannoro MAII 4yepe3 dac
nonauposanus Obu1  OoJble, YeM Ccymma
BecoB ucxogHoro MAII u Beca cHsitoro 3a
9TO BpeMs MeTajUla C IMOJHMPYEMOH AeTanu
TBepaoCTh OKCHJIOB JKeje3a BbIE, YeM
marepuasia oOpabarbiBaeMoit jaeranu, HO
HIKe, 4YeM KapOuJa THTaHa, [O3TOMY
nporecc MOJHPOBAHHS IMPOJOJIKAETCS, HO
yKe ¢ MeHbleH ckopocteio. B aToit
HUCCJIE/IOBATEILCKOM pabore ObLIH
npojiesanbl onbiThl ¢ pasHbiMu MAIL Ilpu
3TOM CKOpPOCThb YZEJIILHOTO ChEMa Ui HHUX
oTnHyYanach Toibko B nepeeie 10-30 MHHYT

Metauia obpasua npu uuHgoBaHHUH. 23 g
MAIIL: Cneuennsiii nopomok Fe u TiC. EZz ssol. |
[Tosupyemas netans: cranb 40 (159,2 HB). $3 w0l |
JInueiinas ckopocts  oOpabarbiBaeMoi Eg a0l o i
noBepxHocTH aeranu: 1 — 2,2 m/c; 2 — 3,8 ﬁg 180l -}3’ ST -~ -'r -0
m/c; 3 - 5,8 M/c; 4 — 9 m/c. §§ seol , 3 -
nocie Hayana MAQ, Korna OCHOBHO#M BKJIA/I B §§ 1401 \'T_—_'g____._:____‘ut:
TIPOLECC MOJMPOBAHMSL BHOCH/IM abpa3vBHBIE ol Kara i
qacTHibl HcxoaHoro MAIL Ilo mepe Toro, 100¢ PO U S S S
KaK U3 30HbI NOJIMPOBAHMS YXOJMJIH YaCTHIIbI 0 10 2 30 4 S 60
HEMarHuTHOH abpa3uBHOH COCTaBIAIOLICH, a Bpens Lunuposaies, M
BMECTO  HHX  TPHXOAWJIH  OKHUCJICHHBIE
Pucynox 3 - W3menenuwe cpennero
pazmepa 3epua otpaboranHoro MAII
ot npu uvmdoanuu. MAIL CnedenHbIH
§ i nopomok Fe u TiC. Tloaupyemas
g wl | nerans: crans 40 (159,2 HB). Jluneiinas
s g CKOPOCTh obpabareiBaeMoOi
z g 80+ - nosepxHoctu aeranu: 1 —2,2 m/c; 2 - 3,8
g ol ‘ _ m/c; 3 — 5,8 m/c; 4 -9 m/c.
wt ] J YaCTHYKH CTald C JICTAJU  IOJIHPYEMOro
0 20 40 60 %0 400 800 800 1000  00Opa3la, CKOPOCTH Y/EIBLHOrO CheMa MeTalia

Pucynox 4 - W3menenue HCXOAHOro

Beca orpaboranHoro MAII  npu
numdosanun.  MAIL:  Cnedennbiit
nopomok Fe wu TiC. Tlonmpyemas
petans:  cranb 40 (159,2 HB).

JInueitnas ckopocTh oOpabarbiBaeMoii
[OBEPXHOCTH AeTayu: 3,8 m/c

obpabareiBaeMoii jieTanu i paznugabix MAII
BBIpaBHUBAIMCE. Takoi X0J1 pa3BuTHs rpolecca
MAQO MarHMTHBIX CT@ICH HMMEET MECTO JIMIIb
OpU [POYHMX PABHBIX YCJIOBHAX IMOJIMPOBAHHUS.
JUt pa3auyuHbIX CKOPOCTEH MojupoBaHus OyayT
YCTAHABIMBATHCA Pa3HbIE CKOPOCTH YJEJIBHOIO
cheMa Metauia ¢ oOpabareiBaeMoii ieTanu (pHc.
5). Ho mpu MakcHMaJbHOM CpEJHEM pa3mepe
3epHa otpaboTaHHOrO MAII Oyner
YCTAHABJIMBATBLCS ~ MAKCHMaJbHasi  CKOPOCTh
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YIAE/IBHOIO CheMa MeTaia IoJHpYyeMOH JsietaiM  (puc. 6). MakcuMaibHbIH  pasmep
orpabotannpix uactunn MAII naGmojaercs npu smHelHOH ckopoctn oOpabarbiBaeMoid
noBepxHoctH aetand - 3.8 m/c. Tlo BuaAMMOMY, npu 3TOH CKOPOCTH YCTaHABIMBACTCH
ONTUMAIBHBIA TEMIIEPAaTYPHO- CKOPOCTHOH pexkuM pesanus. Takum oOpasom, cyuecTByer
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MiHeAHan CKOPOCTL 06pabaTLIBaeMOi 0 1 2 3 4 5 6 7 8 9 1
NOBEPXHOCTM AeTanu, Mic NuuenHan ckopocTk o6pabarsisaemon
NOBEPXHOCTH OETaNM, WC

PucyHoK 5 - 3aBHCHMOCTbH YAEIbHOIO Pucynok 6 - 3aBHCHMOCTL H3MEHCHHS
CheMa MeTajUla JICTAIH NpH LUTHHOBaHUH CpejiHero pasmepa 3epHa OTpabOTaHHOTO
MAII B reuenue 1 waca or JuHEHHOMH MAII npu numdosanuu 3a 1 wac or

CKOPOCTH obpabarbiBacMOH MHHEHHONH  cKkopocTH  oOpabarbsiBaeMoii
MOBEPXHOCTH. MAIL: CrieyeHHBIH nosepxHocTH aeranu. MAIL: CneueHHbri
nopomok Fe  u TiC. llonupyemas nopoumok Fe u TiC. [loaupyemas neras:
Jlerans: crans 40 (159,2 HB). cranb 40 (159,2 HB).

CKOPOCTb, 1PH KOoTOpo# oTpaboranHbie yacTuilbl MAIT uMel0T MakcuMaiibHbIH pa3smep (puc.
6). A Makcumanpublii pazmep dactui MAII obGecneuuBaeT MakCHMAIbHYIO CKOPOCTH
yJeJIbHOro cheMa Metaia ¢ obpabarsiBaemoit aeranu [1]. IToaromy pucysku S u 6 umeror
10/100HbIC KPUBbIE.

BbiBo/bI

B navanbHoit cragmm MAO  xoHCTpyKUMOHHOH cTanmm 40  KOMIIO3MIIMOHHBIMH
MarHuTOabpa3HBHBIMH TOPOIIKAMH Ha OCHOBE jKejie3a M kapOuaa turaHa Habmojaercs
MaKCHMAaJIbHas CKOPOCTh YAEIbHOTO ¢heMa MeTauia. C yBeTHUEHHEM BPEMEHH 1OJIHPOBAHHUS
pewiaioniee BIMSHUE HA YJCJIbHBIA ChEM METala HAYMHAIOT OKa3blBaTh MAarHUTHBIC
NPOAYKTbl H3HOCA MOJHPYEMOH JCTalH, KOJHYECTBO KOTOPBIX 3aBHCHT OT JIMHEHHOM
cxopocth oOpabaThiBacMOil MOBEPXHOCTH JieTau. [IpH 3TOM BejiMYHHA CKOPOCTH Y/ICJIBHOTO
ChEMa METaula ONpe/esseTCsi, B OCHOBHOM, JIMHEHHOM CKOPOCTBIO BpAlllEHHs ITOBEPXHOCTH
obpabarbiBaeMOH JieTasIH.

Ha ocHOBaHMM O9KCIEpUMEHTAILHBIX JIAHHBIX [0Ka3aHo, 4ro 3,8 M/c sBisercs
ONTHMAJILHOH JIMHEHHOH CKOpOCTBIO 00pabarhiBaeMOi  NMOBEPXHOCTH  JIETalH IS
maruuToabpazusnoit o6paborku cranu 40.

Cnucok aureparypsi: 1. bapon 0. M. MaruutHo-abpasuBHas ¥ MaruuTHas o6paboTtka
U3JIeHH B pexXylMx uHeTpyMeHToB. JI.: Mamunocrpoenue. 1986-176 c. 2. TTommmyk B. C.
Unrencudukanus npoeccos 1noay4eHis KapOHI0B, HUTPH/I0B K KOMITO3HITHOHHBIX
martepuasioB Ha ux ocHoe. Cesacrononb: «Bebep», 2003-327 c.
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HOBBIE U CIHIEHUAJIBHBIE METO/IbI OTAEJKH 3YBYATBIX KOJIEC
CanapoB ®.A. (xag TM, /[onHTY, Yxpauna ragh TM)

Co3pnanue MeETOOOB OTAEIOYHOW 00paboTku 3yObeB HampaBJIEHHO Ha
NOBBINICHUE KadyecTBa 3y0OdYaThIX KoOJIeC M Tepeaad, a TakKe MPOU3BOJHUTEIBHOCTH
o6paborku. M3 HOBBIX MeTOAOB 3y0000pabOTKM MOJIYYMIH pPaclpoCTpaHCHUU
3ybouunpoBanue OpoPUIABHBIMH M YEPBAYHBIMU  Kpyramu u3  3ib0opa,
3yOOXOHHMHIOBaHUE OXBATHIBAIOIIMM XOHOM , a TakXe 3yOOTOYCHHH 3aKaJIeHHBIX
3y04aThIX KOJIEC TBEpIOCIJIaBHBIM MHCTPYMEHTOM. B TabiuIiie mpuBeIeHb OCHOBHbBIC
TEXHHYECKHUE XaPaKTHUPUCTHKH CTAHKOB, HA KOTOPBIX BBIMOJHSIETCS 00pabOTKa dTUMH
METOJIaMH .

O6paboTka TpOo(HUIBHBIM 3JIOOPOBBIM KpyromM Haumboliee 3KOHOMHUYHA B
YCIOBUSAX KPYHHOCEPHUHHOTO W MAacCOBOTO MPOM3BOJCTBA, TAaK KakK A KaXIOTO
KOHKPETHOTO KoJjeca TpedyeTcs NuinoBaIbHBIN KPYT OMpPEaeIEHHOTO PO QUIIs.

[MInudoBanbHbIe 2JI00POBBIC KPYTH MPEACTABISET CO00H CTalbHOW KOPMYyC C
TOYHO OTHUIM(GOBAHHBIM 0a30BBIM TpoduieM, Ha KOTOPHIA TaJlbBAHUYECKHM
CrocoO6oM HaHECEHO OJHOCIOIHOE 3Ib00POBOE MOKPHITHE C HUKEIEBOW WM HHOMN
CBS3KOM.

HInupoBanue >a600pPOBBIM KPYyroM He
TpeOyeT mnpepbiBaHuss 00pabOTKU IS TPaBKH
Kpyra, TapaHTHPYET MOCTOSHHBIE BBICOKYIO
TOYHOCTHh mpodwmias 3yba 3yduaTroro koneca u
CTPYKType ero mnoBepXHOCTH. Mcmosp3oBanme
Kpyrop Majoro jauamerpa (mo 25 MM) gaet
BO3MOXHOCTb nundoBaTh KoJieca c
BHYTPEHHUMU 3yOBIMHU M TaKOH KOH(DHUTYpanuw,
KOTOPBHIE paHbLIE nuin@oBaTh ObLI10
HEBO3MOJKHO.

Kpennenue cranbHOro Kopmyca Kpyra Ha
MNWHAETb CTaHKa ¢ MUHUMAaJbHBIMHU 3a30paMH
MO0 OTBEPCTHI0O U TPUKATHUEM K  TOPIY
mMnuHAeaS o0ecnednBaeT BBICOKYIO TOYHOCTH

Pucynok. 1. Cxema NOJOXKEHNUd  paboueill MOBEPXHOCTH  Kpyra
HIJII/I(l)OBaHI/I;[ 3y6anor0 KoJieca OTHOCUTCIBHO OCH €r0o BpAalICHH. Bce Gonee
PO GHIBHBIM 3JTE00POBBIM MIHPOKOE  INPHUMEHEHHE  HaXOJWUT  IIpaBKa
KPyTom abpa3uBHOTO 00KaTO4YHOTO UHCTPYMEHTA

00BEMHBIM  aJIMa3HbIM HMHCTPYMEHTOM  WJIHU
31b00pPOBBIM HHCTPYMEHTOM, BBIIOJHEHHBIM B BHJE 3yOuaToro kxojeca ¢
napamMeTpaMy, COOTBETCTBYIOIUMH IapaMeTpaM o0pabaTeIBaeMOro KoJieca.

Tak, pupma «Peiicxayep» (LlBeiinapus) {1} BeimyckaeT 3yOonuingoBaJIbHbIN
ctraHOK RZP, uHCTpyMEHTOM B KOTOPOM sIBJsieTCs] abpa3uBHbBIN II0OOUIHBIN YEpPBIK,
IpaBKa KOTOPOr0o MPOU3BOJIUTCS 3yOUaThIM KOJIECAaM C aJIMa3HbIM MOKpbITHEM. Takum
0o0pa3oM BBINOJHSETCS IMpaBKa 3y04YaThlX HAHOB 3yOOXOHMHIOBAaJbHBIX CTaHKaXx,
BhilycKkaeMblX ¢upmoit «Deccaep» (IlBeinapusi». Mertonq 3yO0OXOHUHTrOBaHUE
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«®eccnep» (IlIBeiinapus» OCHOBAH Ha MPUMEHEHUHU 3y0YAaTOTO XOHA C BHYTPEHHHUMU
3yOobsiMu, (puc 1) KOTOpBIM mpeccyeTcs MO TOYHOMY (pe3epoBaHHOMY KOJIECYy H
NEePUOJMYECKH TPABUTCS HA O3TOM XK€ 3YOOXOHHMHTOBaJbHOM CTaHKE alIMa3HBIM
npaBsIIUM KoJsiecaM. JlocTuraer ycTpaHeHue 3a00WH M YMEHBIIEHUE IEePOXOBATOCTH
noBepxHocTH 3yObeB. Tonmmuua cpe3zaemoro cios no 0,03-0,05 mM Ha ToNmUHY 3y0a,
BpeMs 3yOOXOHMHTOBaHUS M NMPaBKa XOHA aJIMa3HbIM KoJjiecaM OKOJIo 1MuH.

Cranok D-250 MO3BOJISIET

7t 500
% oOpabaTsiBaTh OJTHOBEHIIOBHIEC u
MHOTOBEHIIOBBIE 3yOuaTbie KoJieca

auamerpom g0 250 MM Opu  IIUPUHE
3ybuatoro BeHua g0 500 mM.

Pa6ora BHMUAJIMA3a u I'A3a {1}
oKa3aju, 4TO 3ybuarsbie XOHBI,
U3TOTOBJICHHBIE  HAaHECEHHWEM  aJIMa3HOTO
nopomka  ACB 80/63 Ha  TOYHOE
MEeTaJUIMYeCKOe OCHOBaHHE , 00ecrnedmBaroT
o0pabotky a0 10 komec ¢ m=3,5 z=25 npu
ToaeluHe cpezaemoro cios 0,02-0,03 mm Ha
TONIMHY 3y0a ® ycTpaHeHUH 3a00MH
rinyounoit 0,1 mM.

HHUUTMAIIII u I'A3 paspaboTtanu
U TOPUMEHSIOT MeTox 3yO0OOTAeNouHOMU

Pucynok. 6. Cxema 00pabOTKH IUIOCKUM BJILOOPOBBIM KpPYyrom
XOHUHIOBaHUS 3y0UYaTOro Kojieca IPH HYJEBOM yrii¢ CTAaHOYHOTO 3aleTJICHUS
XOHOM C BHYTPCHHUMHU 3y ObSIMH 0e3 KMHEMaTHYECKOW CBsSI3M 3aroTOBKU U

MHCTpYMEHTAa Tpu 00paboTke H [ICJICHUH.
OOpabaTeiBatoTcsl TpsAMO3yOble Kojeca b<35 MM, oOecmeyumBarOTCsA: OTCYTCTBHE
HUCKaXXEHUS HSBOJBBEHTHOro Tmpoduis 3yO0beB Kojeca Omarogaps OTCYTCTBUIO
KPpOMOYHOTO KOHTAaKTa MHHCTPYMCHTA MW 3aroTOBKH; MOI[I/ICI)I/IKaHI/ISI npoaoJIbHOTO
npodunsa 3yObeB Kojeca C MOTPEHIHOCTBIO 5 MKM; BO3MOXHOCTh 00pabOTKu
9BOJIBBCHTHBIX KOJIEC MPOU3BOJIBHOIO C IMOTrpCIIHOCTBIO 5 MKM. BO3MOXHOCTbH
00paboTKH  IBOJIOBEHTHBIX KOJiecC MPOU3BOJBHOTO HUCXOJHOTO KOHTYpa
YHCBCPCAJIbHBIM HHCTPYMCHTOM, MHWHHMAJIBHOC BJIHWAHHUC H3HOCAa HHCTPYMCHTA Ha
TOYHOCTH KoJieca. BpeMs o6padoTku ogHoro 3yb6a okoso 0,1 MuH.

Takum 00pa3om, M3JIOKEHHBIC PEKOMEHIAIMH HUCIOJIb30BAHBI MPHU pa3paboTke
TEXHOJIOTHYECKOTO MpOIecca U3TOTOBICHUS BAJI-TIECTEPHS MOIBEMHO-IIOTPY30IHOTO
KoMOalHa 7 CTEEeH! TOYHOCTH.

Cnucox Jgureparypbi: 1. Tainab.A, Koranl.M, «lIpousBoacTtBo 3yO4aThix KOJIECH
crpaBoyHuK M.Mammnoctpoenue 1990 — 464 crp. 2. T'unzOypr E.I'. «lIpousBojactso
3yOuathix kojecy Jlennnrpasn .MamuHoctpoeHus Beimyck-3, 1978 — 133ctp.
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IEPCIIEKTUBHBIE HATIPABJIEHUS ITPMMEHEHUA HAHOKOMIIO3UTOB

CeBactbsiHoB K./1, Poiounckast TA., Ilanosanos P.I'.
(xagpedpa mexarxu, TTU FODY, 2. Taeanpoe, Poccus)

MacirrabHasi Hay9HO-TEXHOJIOTMMECKas: PEBOJTFOLIAS HAILIETO BPEMEHH CBSI3aHA C BO3HHKHOBEHHEM U
Pa3BUTHIEM HAHOTEXHONOTHil. Poccust SIBISIETCS OHMM M3 BKHEHIINX IEMEHTOB (POPMUPYFOITISHCS MUAPOBOM
HAHOTEXHOJIOTVYECKOM CHCTEMBL.

Iocnennre Topl cram niepenioMHbIMU 11711 Poccn ¢ TOUKM 3peHrst CTparervii SKOHOMHUYECKOTO
pa3BUTUSL  CIpaHbL: €€ TPHOPUIETH] HAYaM pPasBOpauMBareCsl OT IPESKHHMX  («CBIPHEBBIX» — K
«®BICOKOTEXHOJIOTVIHBIMY». AKLIEHT CMEILAETCsl B CTOPOHY CTMMYJIMPOBAHMS CIIPOCAa HA MHHOBALMM. JTO
MPUHLMIMATIBHO BOKHOE MBMEHEHME TOCYIAPCTBEHHOM MOMMTUKK. MIHHOBaIMOHHAs SKOHOMUKA B Poccin —
3TO YXKe He TOJBKO TIIAHBI, a PEaTbHO (hPOPMHPYIOLIASICS CUCTEMA.

HaviOonee wHTEpECHBIE MEPCIIEKTHUBBI OTKPHIBAIOTCS TP KCTIONK30BAHWA HAHOTEXHOJIOTHA ISt
CO3JIaHNST KOMITOZUIIMOHHBIX MareprasioB. POpMHUPOBAHKE HAHOCTPYKTYPbI MOYKET MPOMCXO/IUTH KAK 32 CYET
KIACTEPHBIX BBIIENCHU B aMOP(HBIX MAIpUIiaX, Tak M 3@ CYET TOBEPXHOCTHOIO JIMOO OOBEMHOIO
MOIM(HLIPOBAHKST HAHOYACTHIIAMHI METALTHYECKHX, KePAMUUECKHX U TIONIMMEPHBIX Mareprasio. [ Ipu stom
MOYKHO TIOJNy4aTh Mareprasibl, OOJaIAloIe YHUKATEHBIME CBOVCTBAMH: BBICOKMMH KATATUTHYECKIMHU H
MArHUTHBIMU  XapaKTEePUCTHKAMY, CEJICKTVIBHOW TIOTJIOIIAFOMICH CTIOCOOHOCTHIO,  TPHOOTEXHIYECKAMU
CBOVCTBAMH, TEPMO- Y XUMHMHYECKOH CTOMKOCTBEO, BBICOKAMH IIPOYHOCTBIO U ITIACTUYHOCTBIO.

Paccmotpiv  Goriee  TOAPOOHO MArHWTHBIE, KATATATHYECKUE W TPHOOTEXHWYECKHE MATepHATIbL,
VICTIONTE30BAHKE KOTOPBIX CTAHOBUTCS TOBCEMECTHBIM. J[J1s1 pearmzaliy Beex MPEerMyI1IeCTB HAHOKOMIIO3UTOB
He00XOJIMO M3yU€eHNE 3aKOHOMEPHOCTEH MOBENIEHHSI HAHOCHCTEM IPH M3TOTORIIEHUH M3 HHUX M3IETHI.

IIpoBeneHHbIe  MCCHEAOBAHMS TIOKA3ATM  TIEPCTIEKTUBHOCTh  MCTIOJIG30BAHKSI  HAHOTEXHOJIOTUHA U
HAHOKOMIIO3UTOB MAarHUTHOIO KJIACCA /1711 3alLIUTHI OT /IEKTPOMATHUTHOTO M3JTyUYeHHs] TEXHIUECKHX CPEJICTB U
Orororueckux 00BeKTOB. HaHoMaTepHasib! TIO3BOIBIFOT, BO-TIEPBBIX, PACIIMPUTH PAOOUFIiA IHAIa30H YacToT H,
BO-BTOPBIX, YBAJIMUHTH Y()DEKTUBHOCTH YKPAHAPOBAHFS F TIOTTIOIICHES 3JICKTPOMATHUTHBIX BOJIH.

K Hacrosimemy BpemeHu pa3pabOTaHbl M WICTIBITAHBI HECKOJIKO MOIM(HMKAIMIA CHCTEM 3aIlATHI
MPHOOPHBIX ¥ HABUTAIIMOHHBIX KOMITIEKCOB, YDEKTHBHO pabOTAIOIIMX B KIWIO- M METareprioBOM JIMANA30HAX.
YerenHo nponum UCTIbITaHUs CUCTEMbI SKPaHUPOBAHKS KAOEJIHHBIX TPACC M CHVIOBBIX CETEH, a TAKOKe JIETKHX
3AMUTHBIX KIWIETOB, KOTOPBIE MOTYT OBITh UCTIONB30BAHBI I CBAPIIIMKOB, SKUNAKEH TPAHCTIOPTHBIX CHCTEM H
TICPCOHAIIA, OOCITY>KMBAIOILIETO 000PY/IOBaHKIE, TCHEPHUPYOITICE CHITHHBIC ATEKTPOMATHUTHBIE TIOJTL.

[loMMMO TPKIAHCKOTO TPUMEHEHVS], WCTOJB30BAHME HAHOKOMIIO3UTOB MArHWTHOTO Kiacca B
CHCTEMaX OJICKTPOMATHUTHOW 3allMThl  MHTEP(EPCHIMOHHOIO KJiacca TIO3BOJBIET PEIMTH  TIPOOTieMy
3AMETHOCTH  OOBEKTOB BOGHHOM TEXHHUKH, OOCIICYMTH 3AllMTy IPUOOPHBIX KOMITIEKCOB — OT
EKTPOMArHUTHOTO OpY>kuisl. Eltie ofHa BaxHas cgepa MCroIIb30BaHNsT HAHOKOMITO3ULIMOHHBIX MATepHasioB —
3TO MPOTUBOJICHCTBHIE TEPPOPUCTAYECKON IESTEITBHOCTH.

Jlpyroe TepCrieKTMBHOE HaNpaBieHHE MPUMEHEHMS] HAHOMATepHATOB CBSI3AHO C  CO3IAHMEM
KATATUTHYECKUX CHCTEM, TPEKIE BCEIO UK pEIlieHWs TpoOsiieM BOIOPOIHOW HSHEPIETUKU. AKTHBHO
TPOBOZATCSA PabOTHI 110 CO3IAHHEO CHCTEM TAPOBOM KOHBEPCUHU YITIEBOJOPOJIHOIO TOITIMBA M XUMHUYECKOU
pEereHeparyy Tervia yisl TUIEP3BYKOBbIX JIETATENIBHBIX anraparoB. [ Iporeces! mapoBoi KOHBEPCHH TOIUIMBA U
XAMUYECKOW pEereHepaliy TeIUIa pea3yoTCs B TEPMOXUMUYECKHX PEAKTOpaX, Ha BHYTPEHHEOIO TIOBEPXHOCTD
KOTOpbIX HAHOCSITCS HAHOCTPYKTYpHble Karaymsatopbl Ha ocHoBe cuctembl Ni-Cr-AlLa. [lpu 3tom
WICTOYHHMKOM 3HEPIHM JUTS OCYILIECTRIICHHS PEaKy TpeoOpasoBaHus! YITIEBOAOPOIHOIO TOITIMBA B BOZOPO]
CITY>KUT TeITIo, TIOJTy4aeMOe BCIIECTBHE a3pOIMHAMUYECKOTO HATPeBa OOIIIMBKY JIETATENHHOTO AIIiapara.

HcrbIranyst ToKasam, 9T0 3T TOKPBITYEL, HAPSITY ¢ JMHAMAYECKON TPOYHOCTHIO U BBICOKOPA3BUTON
TIOBEPXHOCTHIO, 00MaiatoT 3((HEKTHBHOCTHIO TpeoOpazoBaHyst Tazoo0pasHoro Torrmea 110 80 %. CormacHo
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pacyeTam, UCTIOJH30BAHKE HAHOKOMITO3UTOB KaTATUTHAYECKOTO KIiacca ro3BoriT yBenvunts KI /T apurarens va
15-20 % 1 IOBBICHTB 3HEPTOEMKOCTH TOIUMBA Ha 25-30 %.

Tak ke aKTMBHbIC ISUCTBUS TPUHUMAOTCS 110 PEILICHHIO TPOOJIeM CO3JAHKS CUCTEM HAKOIUICHUS U
XpaHeHus] BOZIOpOZia M MEMOPAHHBIMU TEXHOJIOTMSIMH U CeNapaliii  BOZOPOJICO/IEPIKAILIETO  TOTDTHBA.
Beicokast KaTamuTiyeckas akTHBHOCTh HAHOKOMIIO3UTOB JIACT OCHOBAHWS TS OIMTAMKCTHYECKUX TIPOTHO30B
OTHOCHTEITBHO TIEPCTIEKTHB MOJIOOHBIX TEXHOJIOTUIHA.

Crieryrotiee ¥13 NepCrieKTUBHBIX HAMPABJICHUH — 3T0 TIPUMEHEHHE HAHOKOMIIO3UTOB U YIVIETIIACTHKOB C
HAHOMOJT(PKATOPAMH B TPHOOTEXHUKE.

Ipu co3nanmy JAaHHOTO KJIACCa MAaTepHasioB B KAYECTBE HAHOMOIM(PUKATOPOB MOTYT HCTIONE30BATECS
TIOJIVBIPATBHBIE MHOTOCTIONHBIE YITIEPOIHBIE HAHOCTPYKTYPbI (DyIUIEpOHIHOTO THTIA CO CPEITHIM PasMEPOM
gactur] 60-200 HAHOMETPOB (aCTPAICHB), YIBTPAIHCTIEPCHBIE PTOPOITIACTHI ¢ pazMepoM dacTuil 10 100 HM, a
TAKKE BHICOKO/THICTICPCHBIC METALTHYECKIE TIOPOIIIKH HUKETIST, MeITH, 0ad0uTa.

HanokoMIo3uTs! TPHOOTEXHIYECKOTO KIAcca XapaKTepU3yIOTCS BHICOKOM HAIKHOCTHIO, Pa3MEPHOIM
CTaOMITEHOCTHIO, JUTATETHHBIM CPOKOM CIY>KOBI M SKOJIOTMHMECKOH OE30MACHOCTHEO TIPH SKCIUTyaTaliu.

HoBble Marepriaribl HAMIYT NPUMEHEHNE B TIOAIMIHUKAX PYJIEBbIX MAILVH, PYJIEBBIX, BEIIBIKHBIX U
JICWIBYTHBIX YCTPOWCTB Cy/IOB M KOpaOliell BCceX KJACCOB M HAa3HAYCHUHM, B TOM YHCJE CKOPOCTHBIX
TNACCAKUPCKIIX CY/IOB U KATEPOB, CTPOSIIIIMXCS SKCTIOPTHBIX CyZIOB M KOpaliel ¢ TMHAMIYECKUMI TPUHLIATIAMI
TIOJUICPYKAHVISL.

B runpoTypOHMHOCTPOSHHH, HACOCOCTPOCHHH M TSDKEJIOM MAIIMHOCTPOSHAH HAHOKOMIIO3UTHI OyIyT
VCTIOJTBE30BATHCS: B TIOMIIMITHAKAX CKOTBKESHHS HANPABJBIIOLIX ANTIAPATOB THIPOTYPOUH, B TOPLEBBIX
VIDIOTHEHISIX, B IIEIEBBIX YIVIOTHEHISIX BV, B MOAIIMITHAKAX M TOPLEBBIX YIUIOTHEHHSIX Bajla HACOCOB
TIOJUIEPYKaHKS! TIIACTOBOTO JIABTICHMST HA HE(TIHBIX MECTOPOYKICHWSIX, B HACOCAX ATOMHBIX JIGZIOKOJIOB, B
TOJILMITHUKAX [HATAIOIIMX HKCKABATOPOB W JIPYIOM JIOPOYKHO-CTPOMTEIBHOM TEXHUKE. YKe HMMECTCS
YCIIEIIHBIN OTTBIT SKCIUTyaTal i TOPLEBBIX YIUIOTHEHHI M3 HAHOKOMIIO3UTOB [y TpoTypOuH [ OC « TP
(Mamus Tata Energy Research Institute [ TERI]) u Dmp-Kaxon (Mekcrka El1Cajon).

YuurbiBasi 3HAUHTEILHBIC TIOTPEOHOCTH POCCHICKON TPOMBIIUICHHOCTH B TIOJIOOHBIX VBIEIHSIX, HA
TEPPUTOPHH HAILICH CTPaHBI PEAI30BAHO X TIPOM3BOJICTBO.

Cdepa wHTEpecOB B OONIACTH CO3MAHMST HAHOKOMIIO3UTOB BECHMA IMPOKA W BKIFOYACT KAk
KOHCTPYKIMOHHBIE MaTepHasibl — METATIOMATPUMHBIC KOMIIO3UTHI Ha OCHOBE Jierkux MetamioB Al Ti, Mg,
CBEPXTIPOYHBIC CTATH, OOBEMHO JICTUPOBAHHBIC HAHOKOMIIO3UTAMH, YKAPOTPOYHbIE HAHOMATEPHAIBI C
TIOBBIIICHHOM ~ TeITIONPOBOIHOCTHIO, CBAPOYHBIE MaTepuasibl, MOIM(DHIIMPOBAHHBIE HAHOKOMIIO3HTAMH,
CBEPXTBEPIIbIC HAHOKOMIIO3UTHI, TaK W (DYHKIWOHATGHBIC Marepraibl — (PYHKIMOHAJLHO-TPAIUCHTHBIC
TIOKPBITHS. ¢ 3(P(EKTHBHOM 3aITATON OT BHEIIHUX BO3ICHCTBYOIIMX (PAKTOPOB, OCOOOUYBCTBUTCIIHHBIC
CEHCOPHBIE MaTEPHATIBI T FBMEPEHHS (PHBUUECKUX TIOJIeH U TI1.

Pazpabotka ¥ BHEIpEHWE HAHOTEXHOJIOTWM M HAHOKOMIIO3UTOB TIPUBENYT K PEBOFOLIMOHHBIM
NpeoOpasoBAHMSIM B CAMBIX  PATMUHBIX OOJIACTSIX TPOMBIIUICHHOCTH, B TOM YHCTE CyAOCTPOCHHH,
ABUACTPOCHUM, XHMHH, SHEPIETUKE, MEIUIIMHE, OWOJIOHH, SKONOTMH. MBI yBEpEHBI, YTO POCCHICKAs
HAHOWHITYCTPHS JIOJDKHA CO3IABATHCS HA 0aze BBICOKOTEXHOJIOTWMHBIK OpraHM3aIiA, B TIEPBYIO OYEPElib,
TOCY/IapCTBEHHBIX HAYUYHbIX LIEHTPOB. [Ipr 310M HEOOXOIMMO 00eCTIEYMTH METPOJIOTUHMECKOE COIPOBOXKICHHE
HAHOTEXHOJIOTVYECKUX TIPOIECCOB.  BBINONHEHNE KOMITIGKCHBIX  MEKIHCIMIUIAHAPHBIX  MCCIICIOBAHMIA
TIO3BOJIMT Pa3BEPHYTh HAYYHBIE pa3pabOTKM B OOJACT HAHOTEXHOJIOTHH, CO3/IABaTh HOBBIE KIIACCHI
HAHOKOMIIO3MTOB M HA VX OCHOBE — KOHKYPEHTOCTIOCOOHBIE CEpHIHBIC MBIEIISL. Y CIIEITHOE PEIlICHHE ITHX
387184 CTIOCOOCTBYET TEXHOJIOTMHMECKOM 1 3KOHOMHHYECKOH KOHKYPEHTOCTIOCOOHOCTH 1 Oe30racHocT! Poccrn,

Cmacox smreparypbl: 1. 1llyka A.A. Hanosnexrponnka. — M.: @mmarkaura, 2007. — 464 c.
2. Hanomarepuanbl. HanotexHonornn. HanocrcremHas Texauka. Muposble poctipkenust 3a 2005 ron /
Cbopnuk o perakimeii 1.T.H., pod. [1I1. Manbresa. — M.: Texuocdepa, 2006. — 152 ¢. 3. T'opemun .
HanoxomriosursI: iperMy1iiecTsa v rieperiektvBbl / Texnononic, 2005, Ne 5.
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MIIBUIIEHHS E@EKTUBHOCTI JOCIIKEHHS MPOIECIB JOBEJE HHS
KEPAMIKH 3A PAXYHOK BUKOPUCTA HHSI MOJIEPHI3OBAHOT'O
BEPCTATA

Cepreeuena O.C., Kanadarosa JLIL. (kagh. MBI, /[onHTY, m. [oneywvk, Ykpaina)

BaxumBoro 0051acTiO 3aCTOCYBAaHHSA TEXHIUYHOI KepaMiKi € BUPOOU TPHUOOTEXHIYHOTO
NPU3HAYCHHS, HATIPUKJIAI, TOPIEBI FTepMETUYHI YIIIbHEHHS, BAKOPUCTAHHA SAKHX 3a0e31euye
BUCOKI BHMOTHM TIO 3HOCOCTIMKOCTI BY31iB, IO OOYMOBJIEHO BaXKUMU PEKUMAMHU
HABaHTQXEHHS B YMOBax a0pa3wBHOTO 3a0pyaHeHHS (TIpHHYI, NIIAIXOBO-TPAHCHOPTHI
MalluHKA). Y TEXHOJOTIYHOMY TPOIECI BUTOTOBJICHHS TOPLEBUX T€PMETUYHHMX IMPHUCTPOIB
niepen0avYeHe 3aCTOCYBAaHHS aIMa3HOTO NUTIQYBAaHHS 3 HACTYITHUM JOBEICHHSM, 110 JI03BOJISE
JOCATTH HEOOXITHUX TOYHOCTI i XapaKTepUCTHK MiKpopenbedy pobdodoi moBepxHi. Bumoru
0 TO4YHOCTI po3MmipiB [1] i Gopmu MOBEpXHEBOTO MIapy MPEUM3IHHUX [eTalel MamuH i
NpUiIaaiB MOXYTh OyTH 3a0e3ledeHi Ha OCTATOYHHUX OTepaIlisiX BUTOTOBJICHHS METOJaMU
abpazuBHOTO noBeeHHsS. JloBemeHHs [2] € OCTaTOYHUM METOJOM OOpOOKM BUPOOIB i3
KepaMiky, M0 3a0e3nedye BHCOKY SKICTh IIOBEPXHEBOTO Iapy 3 MIOPCTKICTIO [0
Rz=0,050....0,010 MxmMm.

Jnis mpoBeNieHH HAyKOBHX JOCHTIIKEHb II0JI0 BU3HAYEHHS OOPOOIIIOBAHOCTI PI3HUX
BUJIB TEXHIYHOI KepaMiKi Ha OIepamisix IOBEACHHS OyB CHPOEKTOBAaHWH CHeliajJbHUI
BepcTaT Ha 0a3i MOJEPHI30BAHOTO HACTUTLHOTO BEPTUKAIBHO-CBEPIUILHOTO BepcTary. Jlims
bOTO 3a pe3yJbTaTaMH aHAN3y ICHYIOUMX KOMIIOHOBOK JIOBOJIOUHHX BEpCTaTiB OyB
BUOpaHMi HaWOITbII NMPUAATHUN BapiaHT KOMIIOHOBKH, a TaKOK CIIPOCKTOBAHI €IEMEHTH
NPUCTPOIO JJIsl JOBEACHHS B CKJIAJi CTOJA ISl KPIIUIGHHS YaByHHOTO MPHUTUPY 1 JOBOJIOYHOI
TOJTIBKU.

Crin Ui KpilyIeHHS YaByHHOTO MPUTHPY (pHc. 1) CKIIaIaeThes 3 KOPITyCy S5, Ha SKOMY
BCTaHOBJIEHA 0e3MocepeIHb0 MOBOPOTHA YACTHHA NIPHITALIY.

Z . .Y, VAl
1 h, \1 ®
A
B =l ©
(o] B
l=[ 2]
e
e Sl—" "

Puc. 1. Ctin npuctporo st JOBEICHHS KEpaMIiKu

Ha moBopoTHOMY cTOJIi BCTaHOBJIEHAa 3HIMHA IUIMTA 2, Ha SIKYy BCTAHOBIIOETHCS
yaByHHUH nputup. Bam 1 30upaerbcs mo3a ckiajaJibHUM BY3JOM 1 BCTAHOBJIKOETHCS B
MI0CAJIKOB1 OTBOPH KOPITyca i KPHUILIOK.
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ObepTanHs cTONa BiAOYBAETHCSA MO KPYTOBUM HAMPSIMHUM V-00pa3sHOrO KOHIYHOTO
npo¢uTo. 3aXUCT HANPSMHUX BiJl MUY 311HCHIOETHCS 3aBISKU JTaOIpUHTOBUM YUIUTBHEHHSIM
13 i 14.

OOGepTaHHs CTOJNA 3MIHCHIOETHCS Bill €JIEKTPOJABHUIYHA 27 Yepe3 MacoBy Iepenady Ha
Bai 1. EnexTpoaBUryH KpinuThes 10 TIKHTH 6 1 ipu oOepTaHHi rBUHTa 17 Ma€ MOXJIHMBICTh
nepeMilaTucs Mo HaNpsIMHUX JJIs1 pEryJIIOBaHHS HATATY PEMEHs.

Konctpyxkuis noBomo4Hoi romiBku (puc. 2) BKIIOYAE ABi macoBi nepenadi. KpirieHHs
TONMIBKM B IIMUHIEIh BepcTaTa 3AIMCHIOETBCS 3a JOTOMOTOK KoHyca 2. Ha apyromy
BEJICHOMY WIKIBI PO3TAIIOBAHUI Naselb 3, HA IKUH KPIMUTHCS 3arOTOBKA.

8 Tl

Puc. 2. JloBogouHa roJiBka
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Hatsr pemenst 16 y nepuriii nepenadi 311MCHIOETbCS IUITXOM 3CYyBY CTakaHy B Iasy,
10 (IKCY€EThCS BTYJKOIO 3 pi3pOIeHHsIM 9, 6onToMm 18 1 raiikoro 19.

Harsar pemenss 17 y apyriii mepenadi 37iHCHIOETBCS TOBOPOTOM EKCIIEHTPHUKOBOL
BTYJIKH, PO3TAIIOBAHOT Ha HLITILAX.

VY pesynbTaTi BUKOHAHUX KOHCTPYKTOPCBKUX pOOIT OyB CIPOEKTOBAaHMIA BEpCTaT I

JOBEACHHA MallorabapuTHUX BHPOOIB 13 KepaMiku Ha 0a3i HACTUIBHOTO BepTUKANBHO-
CBCPAJIMIIBHOT'O BEpCTATa.

[Ipuctpoem nans noBeneHHs ~ OyB MOJEPHI30BAaHMHA HACTUIBHOTO BEpPTUKAIBHO-
CBEpUIUIBHUN BepcTar, e(eKTUBHICTb SKOTro Oylia MiATBEp/DKEHA TMpH NPOBEICHHI
Ta0OpaTOPHUX  JOCH/DKEHb  [IOJ0 BU3HAYEHHS  OOpOOSIOBaHOCTI  PI3BHUX  THUIIB
aHTU(PUKIIIHHOT KepaMiKy Ha OTepalisax J0BEICHHS.

Tak nOBeneHHA TOPLEBUX TE€PMETHYHHX YUIUIbHEHb 13 BUKOPHCTAaHHAM BLIHHOTO
abpa3WBy 3[IMCHIOBAJIOCST HA MOJEpPHI30BaHOMY BepcraTi Ha 0a3l  HACTUILHOTO
CBEPUTWJILHOTO BEpCTaTa 3 BUKOPUCTAHHIM YaBYHHHX IUTHT - IPUTHUPIB, K1 AT OTOBIISIUCS
10 MeTOy 3-X IUIMT (IepIla MJINTa - IPUTHPAETHCS 0 APYTIH, MOTIM O TPETiH, TpeTs ImTa
- MO TepuIii, MOTIM MO APYTii, Apyra IUMTa - MO TPeTid, motiM no mnepuriit). [Ipu mpomy
BUKOPHCTOBYBAJIM MOCIIZIOBHO allMa3Hi mactu 3epHuctictio 28/20, 10/7 i 3/2.

BinmosinHo 10 pekoMeHparii [1] KOHTaKTHHI THUCK Ha MOBEPXHIO, IO JIOBOIUTHCS, ckianaB p=0,11
MIla, a mBUAKICTH MEpeMillieHHsT KepaMidHOTO KUTbI 1o nputupy 3 m/c. [lpn mux ymoBax cepeiHi 3Ha4EeHHS

CHJI pi3aHHs Ha OKPEMHUX 3€pHAX HE MEPEBUIIYBAM 3HAYCHb, PH SKUX BUHUKAE PO3TPICKYBAHHS 00pOOIFOBAHOT
TTOBEPXH.

B pesynprari gociimkeHb OyJo BCTaHOBIEHO, IO BUOIp PEXHMIB 1 3€pHUCTOCTI
a0pa3MBHOTO TOPOIIKY BU3HAYAEThCS BUMOTAMHU JIO BHCOTHHX TapaMeTpiB MiKpopenbedy
BUpPOOIB 3 KepaMikh ¥ MPOAYKTHBHOCTI Tpolecy. I[paHuyHi 3HAYeHHS pIBHA
MIKpPOHEPIBHOCTEH BU3HAYAIOTHCS MOPSA 13 PO3MIPOM 3€pHa TaKOXK 1 PI3UKO-MEXaHIYHUMU U
CTPYKTYPHHMH BIIACTUBOCTSIMH 0OpPOOIIIOBAHOTO MaTepiay.

Jominytounm ¢axropoM [3], 0 BIUIMBA€E Ha SKICTh (MIOPCTKICTH) 1 MPOAYKTUBHICTH
nporecy nutipyBaHHS BUTBHHM aOpa3WBOM € po3Mip 3epHa HUTiQyBaJIbHOTO MOPOIIKY. 3i
30UIBIICHHSM PO3MIPYy 3€peH 3pOCTa€ MOPCTKICTH (OPMOBAHOI MOBEPXHI 3AJEKHICTH SKOT
mae Bull R, ~(0,01...0,02)d 5. SIkicTh mOBEepXHi Mmic/IA MOBEACHHS 3aJEKUTh Bill IBUIKOCTI

MPOIECy W MATOMOTO THUCKY. 31 30UTbIICHHSIM IIBUAKOCTI ¥ 3MEHIIEHHSIM IMUATOMOTO THUCKY
BEJIMYMHA IIOPCTKOCTI 00pOOITIOBAHOT TOBEPXHI 3HIKY €THCSI.

[IpoyKTUBHICTH TIPOIIECY TOBEACHHS 31 30UIBIICHHSIM IIBUIKOCTI i THUCKY [4] B 30HI
00poOKH 3pOocTae AOTH, TOKH 3pOCTAHHS TUCKY HE CyIPOBOKYETHCS PO3AABIIOBAHHAM 3€pEH
abpas3uBy 1 NOPYIIEHHSIM YMOB 0OpPOOKH.

CripoekToBaHMI BEpPCTAT MOXKE TaKOK OyTH PEKOMEHIOBAaHHH ISl peatizamii onepartii
JOBEJIEHHS MajoradapuTHUX BHPOOIB i3 KepaMiku B piOHOCEpITHOMY BHPOOHUIITBI.

Iepeaik mocunanb: 1. Opno II.H. Texnomormueckoe oOecreyeHHe KadecTBa
nerajge meromamu AoBoAku. — M.. MammuHocTtpoenue, 1988. — 384 c. 2. Anmaznas
o0paboTka TexHuueckod kepamuku / J[.b. Bakcep, B.A. Usanos, H.B. Huxutkos, B.b.
PabunoBuu. - JI.: Mamunoctpoenue, Jlenunrp. ota-uue, 1976. - 160 c. 3. badaes C.I'.,
CappiroB  II.I. Ilputupka u [10BOAKAa TIOBEPXHOCTEH Jneraneil MamuH. — M.:
mammHoctpoenue, 1972. — 120 c. 4. Amepunpin [LU., IlonoB C.A., Haepman M.C.
[TporpeccuBHas TexHOJOTUsI QUHUIIHON 00padoTku neraneid. — MH.: benapyce, 1978. — 173
c.
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PEKOHCTPYKIUA JEPEKTOB B CJIOUCTBIX KOMIIO3UTAX
OTHOCHUTEJBHO CKAYKOB CMEIIIE HUIA

Cnoxakun A.C., Makapuuk H.C. (xagp. «CM», AI'TY, e. Pocmos-na-f{ony, Poccus)

B crarbe npeuiaraeTcst METO1 PEKOHCTPYKIHMH 1€(DEKTOB B CIIOMCTHIX KOMITO3UTAX B BHJIE
pacciioenuii (naTepdericHpie TpenrHbl). OOpaTHBIC TEOMETPUIECKUE 3a]]a9H PEKOHCTPYKIHU
TPEIIMH CBOJATCS K PEIIEHUIO MOCIEI0BATEIbHOCTH CUCTEM I'PAHMYHBIX HHTErPAIbHBIX
ypaBHeHuii (I'MVY), mnojgydeHHBIX HAa OCHOBE NpPHUHLMIA B3aUMHOCTH paboT mpH
YCTaHOBHBIIMXCS KOJeOaHMAX uccieqyeMbix oOpasuoB. Pemenne MY mpoBoaurcs Ha
OCHOBE COYETaHMsI METOJa KOHEUHbIX 31eMeHTOB (MKD), merona rpaHMYHBIX 3JI€MEHTOB
(MI'D) u merona perymspmsarmd A.H. Tuxonoa. [lomonHuTenbHONH WHpOpManuen s
pemieHuss OOpaTHBIX 3aJad CIy)KUT I0J€ CMEIIEHUI, MU3MEPEHHOE€ Ha 4YacTH BHEIIHEH
IpaHMIIBI TeJIa, CBOOOTHOM OT MEXaHMUYECKUX HAMpPsDKEHUH. PaccMOTpeH YUCIeHHBIH TpuMep
UICHTH(UKALIMN PACCIOCHHS OTHOCUTEIHHO CKAYKOB CMEIICHUH B paMKax IUIOCKOW 3aJadu
TEOPUHU YIIPYTOCTH.

Beenenue

OmnpeneneHne MECTOPACTIONOKEHHS U pa3MepoB J1e(DEeKTOB SABIISIETCS aKTyaIbHOU 3amaueit
HEpa3pylIaloIIer0o KOHTPOJS KayecTBa W3JENIMK, CBApPHBIX M KJEEBBIX COCIWHEHHUI.
PaccmoTrpenne momoOHBIX TpoOIeM B paMKax JIMHEWHOW TEOPHH YINPYTOCTH HPUBOJMT K
pemeHno oOpaTHBIX TEOMETPUYECKHX 3a/1ad. B Tex ciydasx, Koraa pacnoioxenue aedexra
OTPENENAETCd COCTABHBIM XapaKTepOM KOHCTPYKUMH. 3ajadya OINpENENeHHUs KOOpAMHAT
nedexTa, pacrojiOKEHHOTO Ha TpaHMIE pas3iena cpel, MOKeT ObITh HCclieoBaHa IpH
MOMOIIM METOJMKH, OCHOBAaHHOW Ha PEIIEHUHU MPSAMBIX 3a/1a4, C 3aJlaHHbIMU NapaMeTpamMu
nedexra, npeaioxkeHHou B [ 1, 2] ayia nosry0eCKOHEUHBIX Cpe.

N3BectHO, uTO Hammuue nedeKTa B KOHEYHOM YIPYTOM TeJie MPHUBOAUT M3MEHEHHIO Kak
€ro PE30HAaHCHBIX YacToT, Tak W ¢opm Konebauuii [3, 4]. [lpu sTomM omHH GOpPMBI
OKa3bIBAIOTCS BEChMa YYBCTBHUTEIBHBIMU K HaIW4mio Aedekra, a apyrue Het [S5]. Ha stom
CBOICTBE OCHOBAH COBEPIICHHO MHOM MOAXOJ K MpoOiieMe WACHTU(PHUKAIMN UHTEPPEHCHBIX
ne(eKTOB, B OCHOBE KOTOPOTO JIEKaT KaK MOJIAIbHbIM aHAJIN3 U METOJI KOHEUHBIX JIEMEHTOB
(MKD) [6], Tak u mpolieaypa aHAIMTHYECKOTO MPOJOJDKEHUS TOJIEH YIPYTUX CMEIICHUN U
HaMpsKEHUHM OT TpaHULIbl BHYTpb obnactu [7, 8].

IlocTanoBka oOpaTHOIi 3agaun

Puc. 1. O6pasen ¢ nedexkramu u 6e3 n1ePeKToB
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B nexapToBoil NpAMOYrojbHOW cucTeMe KoopauHaT — Ox x,x; (x=(x,x,,X;))

K
paccMaTpHuBaeTCcs KOHEUHOE COCTaBHOE YIpyroe Tejo, 3aHMMaroliee obiacts V =UHV
(puc.1 cieBa) u orpaHmdeHHYI0 moBepxHOCTBIO S . [logoGmactu V) mpexcraBmsor co6oii

ciaon, S BHYTpEHHHE HHTEp(QEiiCHbIe TMOBEPXHOCTH pazaena mnopobmacteid. Ha

int
nosepxuoctd S 3amano pasoumenne S=S5,US, US 4+ (dactH  Kkotoporo, He

NepeceKatoTes), 4acTh S, - 3aKperuUieHa, Ha S, 3a/1aH BEKTOp HaNpsukeHui, S ;. - cBoGo1Ha
ot Hanpspkenunit. Ha mosepxuoctu S f- BBLIEJIACTCA, 4acCTh SO - cBOOOHA OT HATPSIKCHUH U

AOCTYNHA Juisl WM3MepeHust Bekropa cmewennid (S, = §,). Mwmeerca cucrema
M (+) )

HETNEPECEKAIOIINUXCS TPEeIIuH F=U A (I, =T, Ul"q ), KOTOpBIE PACMOJIOKEHbI Ha
.

BHYTPEHHHUX TOBEpXHOCTAX S . (paccnoenus) puc. 1. Kpaesas 3amada, B KOTOPO#l Kpome

int
onpenenenus xapakrepuctuk HJIC, TpeGyeTcs onpenennTh reOMETPUIO CHCTEMBI TperuH [,
dbopmymmpyercs ciaenyonmM oOpazoM. OHAa COCTOMT W3 ypaBHEHHN JMHEWHOW Teopwu
ynpyroctu [§] B ciydae yCTaHOBHBIIUXCS KOJICOaHUH

(k) _
o= —po’u®, k=12,..K xeV, (1)
(k) _ (&), (k)
Gl] l]mlum / )
rpaHMuHbIX yenosuit npsmoii sanaun u | =0, ¢V i =0"n; | =p,, 17 ]; =0
ycnoBuil HenpepbiBHOCTH HA S, \ [
(k) (k+1) (k) (k+1)
Uy " s, r=u; soars Lo ls = 5, \T 3)
yCJI0BUI Ha Oeperax TpeluH
t; =0, ¢=12,...M 4)
Y JOTIOJHUTEIbHBIX YCIOBUH, OTBEUAIOIINX U3MEPEHHIO BEKTOpa CMelleHuit Ha S,
u(k)| , TIe G(k) ) KOMITOHEHTEI TEH30POB HATIPSKERHI 1 YIPYTHX
i 18y~ AC Gy s Ciipy P P ynpy

(k)

o k
IIOCTOAHHBIX, u KOMITOHCHTBI BEKTOpAa CMCIICHU U, p( ) , (U - IIOTHOCTh U KPyTOBas
qacTtoTa KOJ'IG621HPII>1, I/lj - KOMIIOHCHTBI CAMHUYHBIX BEKTOPOB BHENTHEN HOpMaJik K

COOTBETCTBYIOIIUM MTOBEPXHOCTSIM.
3ameuanue 1. Ha mpakTike 0OBIMHO 3a7aeTCsl HE paclpe/iesieHHe BEKTOpa IepeMeieH it
Ha S, a 3HAUYEHHs NIEpEMENICHHI B HEKOTOPOM HA0Ope TOUEK, COOTBETCTBYIOIIMX MECTAM
YCTaHOBKH JJATYMKOB, IPUYEM aHaJoT (4) UMeeT BU/T: ”,-(k) (x,)= uﬁn , x, €8, m=12,.M
BcenomorarenbHas 3agaua
PaccMOTpHM KpaeBylo 3ajady - s Tenma V' Ge3 nedeKToB, TOTna Ha BHYTpPEHHEH
MOBEPXHOCTH O;,, TPAHMYHBIC yCIOBUs OYIyT COOTBETCTBOBATH HEMPEPHIBHOCTH BEKTOPOB

CMELIEHUH U HAPSKEHU.
Ota 3a1a4a cOCTOUT U3 AU depeHnanbHbIX ypaBHeHul aBmkeHus (1),(2) oTHOCUTENBHO
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(ky* R
u;"”" , x €V, MTPaHUYHBIX YCIOBUM:

W | =0, 1 [g=o®n, | =0, ti( ) |S0:gl§, ) n |S0:Qi (x,£), x,£€8,

¥ yCIIOBHI HEIIPEPHIBHOCTU HA S,

MO Gy

(k)* — (k+D)*
i Sint i l | =1 |

Sint > i int z
BeiBog I'1Y
PaccMoTpuM cirygait Hanmugus pacciaoeHUl, MPEOI0KIUM, YTO HAHICHO peIIeHUE
KJIACCHYECKOM 3a/1aui U 0003HAYNM

©)

Sint

u(k)* |St:¢*()_(«.,§)5 EESI, éESo,

BBenem B paccMOTpeHHE onepaTrop
G’ p.¢ .0 = [ul (O (x.6)dS, - [ ¢ (x.£)p, (x)dS, =G,(§)
Sy S,

1 .
[pumennM kx Tenam V' m V' Teopemy B3ammHocTH paGoT [8] M ¢ ydeToM yClOBHii

nenpepbisHocTd (3) Ha S. \[" u (5) Ha S, ., momyunm, uro

int int »

[t (. &) (0)dS, = G,(£) (6)

r

rae y;(X) - CkauKu KOMIIOHCHT BEKTOpA [EPeMEICHNI Ha TPeluHax, npyu oM Ha S, \ [’

nt

ATOT CKayKU paBHbI HyJr0. O003HaYUM

| x npu xel
X"(E)_{ 0 mpu xeS\T

Torna cootHomenue (6) mpeAcTaBisieT CO00H CUCTEMY MHTErpabHBIX ypaBHEHHH (TpU
MHTCTPHPOBAHUN II0 H3BECTHOH IOBEPXHOCTH ;) OTHOcHTensHO GyHkumit X, (x),

X € Sint

[t @ X )dS, = G(&).  E€8, (7)

VYpasuenue (7) npu pa3IUuHOM BBIOOpPE YaCTOT M (PUKTUBHBIX HATPY30K MOXKET CITY>KUT
JUIsl PEKOHCTPYKIMHU TPEUINH, KOTOPBIE SBIIAIOTCA HOCUTEISAMU Ui QyHKIuA X, (x) .

YucneHHbIN npUMep PEKOHCTPYKIMN TPEIIUH

B nmamHOM mpuMepe wuaeHTHQUIHMpYeTcs WHTepQelicHas TpeumHa B CBOOOJIHOM
oumopduoit (Fe, Cu) mmactune (0.3x0.04 m). B Tabnmie 1 mpeacraBieHbl TEpBbIE TPU
COOCTBEHHBIX 4acTOThl U (Gopmbl Kojebanwit. M3 3Toi Tabmuipl cieayer, 4To 4acToTra B
OKPECTHOCTH NEPBOM M3rHMOHOW (QOpPMBI HE MOAXOAUT i 3PPEKTUBHON PEKOHCTPYKIHH,
IPU UCIOJIb30BaHUM BTOPON COOCTBEHHOM YacTOThI IJIABHYIO POJIb MUIPAeT TOPU30HTAIbHOE
CMellleHue OeperoB TPEHIMHBI, a Ha TPETbe COOCTBEHHOM YacTOTHI PACKPHITHE TPEIIMHBI
MPOUCXOJIUT IO BEPTUKAIIH.
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Tabmmma 1. CoGcTBeHHBIE 4acTOTHI U GOPMBI KOJICOAHUI
CobctBennast yactota B k/ 1 | CoOcTBeHHast popma KoaeOaHui
2.57 Pacnipenenenune

1.82 Pacnipenenenue

BEPTUKAILHOTO . ‘

o — _
\ *'“

TOPU30HTAILHOTO

CMEIICHHUS \ JE—

5.97 Pacnipenenenue *
BEPTHUKAILHOI'O

CMCIICHUA

Jis  pEeKOHCTPYKIMH TpELMHbl HCIOJIb30BaJIOCh ypaBHeHue (7) npu ero
JUCKPETU3aIM HEM3BECTHBIX (DYHKIMH - CKauKOB IEpeMEeNIeHUH OeperoB TPEIMHBI C
nomouplo 10 KycO4HO-NIOCTOSIHHBIX 3J1€MEHTOB. Tak Ha puc. 2 IpencTaBieHbl HAalIEHHbIE
CKa4KH TOPU30HTAIBHOTO CMEUIeHHs (ClieBa) B OKPECTHOCTH BTOPOM COOCTBEHHOMN YaCTOTHI
(16000 pan/c) m BepTHUKAIBHOTO CMEIIEHHs (CIpaBa) B OKPECTHOCTH TPEThel COOCTBEHHOM

YacTOTHI.

u

1269 HpOBCZIeHHI)IG YHCJICHHBIC
OKCIICPUMCHTBI IIOKa3aJjiu, qTo
TOYHOCTb OHNPCACICHHUA KOOpAHWHAT
KOHOOB TpCIIMH B 3HAYUTCIIBHOM
MEpE€ 3aBHUCUT OT PaCIOJIOKCHUA

ydacTka "usmepeHus’.

BE-10-

4E-10-

-
10!

6 I l
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BO3HUKHOBEHUME TEXHOJIOI'MU CO3JAHUA KOBAHBIX 9JIEMEHTOB B
APXUTEKTYPE

Tpopumenko A.B., Poiounckasn T.A. (kagedpa mexanuxu, TTHU FODY, 2. Tacanpoe,
Poccus)

Hctopusa XymoXKeCTBEHHON KOBKM YXOJIHT CBOUMH KOpPHSMH BriyOb BEKOB.
Cuuraercs, 4To Hadalo eil ObuIO moJsiokeHo emé B JlpeBHeil ['penuu, rae xkeneso
CYUTAJNOCH JPAroleHHBIM METAJUIOM M W3 HEero Jaejlalu pa3jIudyHble yKpalleHHUS.
HemHOTO€ COXpaHUIOCh M 10 HAIIMX JAHEW M MPEICTABJICHO B My3€sIX Pa3HbIX CTpaH.
KoBka mnpumeHsnach MHOTO BEKOB TOAPSAA B CTPOUTENIBCTBE, apXUTEKType U
U3TOTOBJICHUU  OBITOBBIX  mpeaMeToB. llodp3ysick  (QyHKIMOHAJIBHOCTBIO U
NOOpPOTHOCTBIO KOBAaHBIX W3AENUH, JIIOAW cTanu oOpamaTh BHHUMaHUE Ha Apyrue
CBOMCTBa KOBKHM. Tak BO3HHKJA XyJ0XXECTBEHHAs KOBKAa, MPHU3BaHHAs yKPAaCHTh JOM
win mnomenieHue. Pa3zHooOpa3me XyHOKECTBEHHBIX CTUIICH, NPUMEHSIEMBIX TMpHU
U3TOTOBJICHUU KOBAHBIX M3JEIUN, O CEH JAEHb MOPaKkaeT He TOJbKO HCKYCCTBOBEIOB,
HO M TMPOCTHIX JIOOHUTENEeH MPEeKpacHOro. XyJ0KeCTBEHHAasi KOBKa BCErja 1uia B HOTY
C XYAOXXECTBEHHBIMH CTHJISIMH, HCIOJB3YEMbIMH B apXHUTEKType | JH3aiiHe.
[IpocToTa W CTPOTOCTh KOBAHBIX H3JENUU JAejajda MX MaKCUMajJIbHO YIOOHBIMH B
UCIIOJIb30BAHUH.

XynokecTBeHHass KOBKAa Ha TEPPUTOPUM HAlEeH CTpaHbl UMEET MHOTOBEKOBBIE
Tpaaunuu. KoBka mpeBpamaer mMeTauy B npousBeaeHue uckyccTtBa. Haumnas XVII
BEKa, Xy1O0KECTBECHHAasd KOBKA CTaJla HEOTHEMIIEMOHN YAaCThIO NU3AHHEPCKUX PEIUICHUU
B apXUTEKType KpPYNHBIX TropoJoB. ['0OBOps 0 NpUMEHEHMM KOBaHBIX H3AEIUN B
apXUTEKType, Henb3si He BcnoMHUTH cTpoku A.C. Ilymkuna: «TBoux orpan ysop
qyryHHbli». Poccus Bcerna ciaBuiiach MacTEpPCTBOM XYJ0KECTBEHHOW 00pabOTKu
MeTauioB. XyJ0KeCTBEHHbIE 0COOCHHOCTH YaCTO HOCWIN PErHOHAIBHBINA XapaKkTep, a
nojavyac u cyrybo MecTtHblil. Tak, pycckoe mpoceuyHoe xene30 (IbIMHUKH, BOJOCTOKH,
¢darorepa), Mo CymecTBy He 3HAET aHAJOTOB.

®opmupoBaHue OCOOEHHOCTEH XYJ0KECTBEHHOrO MeTajjga, KaKk COCTaBHOM
YacTU PYCCKOM HalMOHAJIbHOW KyJIbTYpPbl, Hadajloch CO BpEeMEHHM OOpa3oBaHUs B
koHe XVII Bexa BCEpOCCHHCKOIO HAIMOHAJIBHOTO pPBIHKA, B NOPY NIETPOBCKUX
npeoOpa3oBanuii. Pemarnmyio posib B pa3BUTUH XYA0KECTBEHHONW METaII000paboTKu
ceirpano ocHoBanue lIlerpom I B Hauwame XVIII Beka mepBOro rocyaapCTBEHHOTO
OpYy’>KeHHOTro 3aBoja Ha 0a3e CYIMIECTBYIOIIMX K TOMY BpPEMEHU KY3HEYHOTO H
opyxeiHbIx npomsiciaoB. K cepeaqune XVIII cronerusa uzgenus pycckux MacTepoB €
IpUMEHEHUEM TpaBUPOBKM C MO30JOTON, HWHKPYCTAalUMH, OTAEIKU CTaJbHBIMHU
"anmazamu" npuoOpenu MUPOKYI0 U3BECTHOCTh B Pa3HbIX CTpaHaX. Pycckue Ky3HeIsl
co3Jlall M MHOJXECTBO apXUTEKTYPHO-XYJO0KECTBEHHBIX YyKpallleHUW IJs pa3HbIX
roponoB Poccum. VYikpameHuit, mnopaxarmUX TOHKOCTbIO paboOThl, HEYEMHOMU
¢danTazueil. 3T0O KOBAaHHBIE U JUTHIE PEUIETKHU, KO3BIPbKM HaJ BXOJaMHU U OalKOHBHI,
JEeCTHUIBl M MapamneTbl, JeKOPaTUBHbIE AJIEMEHTHhl Ha KOHbKaX KpBIII W IINHUIAX,
¢arorepa u  (GoHApHBIE KPOHIITEHHBI, M MHOTHE-MHOTHE JApyrue Hu3JAeus,
obnaropaxuBarouue oOJMK M CTaBIIME HEOTHEMJIEMOMN 4YacThiO JIEPEBSIHHBIX JOMOB
PEMECIIEHHOTO JII0Jla, KaMEHHBbIX Ka3€HHBIX 3JaHUM U OOrarelXx OCOOHSIKOB 3HATH.
Ky3Henpl, TUTEHIIUKN U KECTAHIIUKH, MHOTHUE NMOKOJEHUS KOTOPBIX TPYJIHJIHCH Hal
CO3/laHUEM  BBICOKOXYAOXXECTBEHHBIX U  MOHYMEHTAJIbHBIX  J€KOPATUBHBIX
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NpOU3BEJACHUN, YHOPHO  JOOUBAJIUCH OPraHUYHOTO  COYETAHUS U  CBSI3H
METAJUIMYECKUX YKpaUIeHUH C apXUTEKTYPHBIM 00pa3oM, OpTaHUYECKOTO CIUSHHS
MeTayula ¢ KaMHeM H JaepeBoM. Bcé€ »ato cmocob6cTBOoBano ¢GopMHUPOBAHHUIO
HEMOBTOPUMOTO, CAMOOBITHOT'O aPXUTEKTYPHOTO 00JIMKA TOPOJIa OPYIKEHHUKOB.

XuBonucHas 3acTpoika, BIEUATJAOINAas MHOrooOpasueM TNPUMEHEHUS
XyJOKECTBEHHOTO MeTalsla U apXUTEKTYpHBIX (OpPM, C MHOKECTBOM KOJOKOJICH,
OameH U OallleHOK, TEPEMKOB U ME30HMHOB, LINUJIEH W JPYTUX, BHICTYNAIOLIUX HaJ
KPBILIAMU 3JIEMEHTOB, YKPAIICHHBIX a)XyPOM M IPHUAABIIMM CHIY3TY rOpoJa OCTPOTY
U Ipa3sgHUYHOCTb. MHOTOYMCIECHHBIE JBIMHMKH, KOJIbIIa HaJ 3aTCUJIHUBBIMHU
KO3BIPbKaMHU M 30HTHI Y MOABE30B JOMOB 3/1aHUU, OTpagbl HAOEPEKHBIX U CKBEPOB,
NpUIaBIIME CKAa30YHOCTh OOCTAaHOBKE M 3PEIHIIHOCTh HMCKYCCTBEHHO CO3JaHHOM
cpelle OKPYXKAaIIIEero 4YeJoBeKa Mmupa. Tak BBIMISASAT MHOTHE TOpPOJa Ha CTapbIX
OTKpBITKax. M1 B 3TOM HeMammas 3aciyra Ky3HELOB, JUTCHIIUKOB, XECTSIHIIUKOB H
JpYTHX MacTepOB 10 METAJIy - HCTUHHBIX XyOKHHUKOB B CBOEM J€EJIe.

B  coBpemeHHO#  apxuTekType, B  (QOPMHPOBAHMH AaAPXUTEKTYpHO -
IrpagoCTPOUTENBHOIO MPOCTPAHCTBA B HAIIM JHM TaKXKE €CTb MHOIOYHUCIICHHBIE
IpUMEPBl NPUMEHEHHS XYJ0XKECTBEHHOro MeTaula. B 3TOM npociexuBaeTrcs
omnpezneinéHHas Tpaauuusa. bosee TOro, 3HaYMTENBHO MOJAHHMMAECTCS POJb METajljla B
HApy’)XHOW OTJEJIKE COBPEMEHHBIX 3JaHUH M COOPYXKEHUH, B JIEKOPATUBHO -
NPUKJIAJHOM M MOHYMEHTAJbHOM MCKyccTBe. KOHEYHO, €ro NIpHUMEHEHHE HMeEeT
HECKOJIbKO HHOE€ HAIpaBJIEHUE, COOTBETCTBYIOIIEE OJCTETHYECKUM BO33PDECHUAM H
COLMAIIBHO - YdKOHOMMYECKUM YCIOBHUAM CETOJHSIIHETO BPEMEHHU, HO TaK WM HUHAYe
OH BIUsAET Ha popMupoBaHUE 00IMKaA TOPOIA.

TexHuKa py4YHOW KOBKHM — ITACTHUYECKOH 00pabOTKH pacKaJI€HHOTO XKejeza —
M3BECTHAa C HeE3alaMsATHbIX BpeMEH, M Ky3HEYHOE€ O00OpyAoOBaHHE — TOpPH, MEXH,
HAaKOBAJIbHH Pa3JIUYHBIX (PACOHOB, MOJIOTKH U KJIEIIH — MOYTH HUYET0 HE M3MEHUIIOCH
U 10 Hamwmx JHEH. [Ipy TOMOIIM ATOTO HEXUTPOTO OOOPYAOBAHHUS METAII
pPacKOBBIBAJICS, TUIFOLIUICS, Crudajncs, pacTATUBaJICs, pacceKajcs, CBapHBaJICS.
Bnmote no XVIII Beka ciiecapHbIX NPUEMOB B Ky3HEYHOM Jelie HE INpUMEHsIU. B
APXHUTEKTYype KOBAHBIC HM3JENHUS BCTPEUYAIOTCS OYEHb 4acTo. B mpomioM oHU ObLIH
pacnpocTpaHeHbl JOBOJBHO HIMPOKO, M, IPEXKIE BCEr0 Ha LEPKBAX, AOMax 3HATH,
NPOMBIIIJIEHHUKOB, KYINIOB, U Ha OOLIECTBEHHBIX 3J1aHHUAX. PeméTku OaiKoOHOB,
BOPOT U KAJIUTOK, OKOHHbIE PEHIETKHU U OTPaXKJAEHUS JECTHUI], OTPaJibl U KPOHIITEHHbI
ObIM B OCHOBHOM KOBaHHbIMHU. JIErkMe M JOCTAaTOYHO MPOYHBIE IO CPABHEHUIO C
JUATBIMH, KOBAHbIE PEIIETKN UMENH IUPOKOE NPUMEHEHHE €€ U IOTOMY, YTO B CUILY
pacnupoCTpaHEHHUsI Ky3HEYHOTO Jeja, TAKUE apXUTEKTypHbIE M3/1elus, KaK, BIIPOYEM,
U Jo0ble Jpyrue npeaMersl M Beumu (K HpUMepy, XO3SUCTBEHHO — OBITOBOTO
Ha3HAYCHHUsI), MOKHO OBLIIO M3TOTOBHUTH U OBICTpO, U 0€3 ocoboro Tpyna. U pycckmii
KJIACCUIU3M, WM PYCCKUH CTUIb, M PYCCKMH MOJEPH IMOJYYWJIM OTpaXEeHUE B
ApXUTEKTYPHBIX MeTajmueckux wuznenusx. K ducny Hanbosee paHHHUX KOBAaHBIX
U3JIEJIUN OTHOCATCS pa3jM4yHblEe 10 HA3HAYEHUIO PYYKHU, 3aCOBBI, NETJIH, )KUKOBUHBI,
KOTOpbIE CO BpPEMEHEM CTAaHOBWIHCh BCE pa3HOOOpa3zHee MO XYA0XKECTBEHHBIM
dopmam, pucyHkam. lllupoko ucCrnoyib30Banoch KOBAHOE KE€JI€30 U HAa BCEBO3MOXKHBIX
peméTkax Ay OKOH M MOJOTHaX JJisd ABepeil amOapoB u unepkseil. KoBanble cBeTIIHI,
yXBaThl, KOUYEPru U Jpyrue HeoOXOIHMble B OBITY NpeIMEThl U BEIIM B H300UIUU
W3rOTABJIMBAJINCH Ky3HElAMH HE TOJIBKO JUIS HYXJ TOpOXaH M OKPECTHOTO
HaceJeHus, HO U MHOT/a Ha BBIBO3 3a rpaHuuy. /[Bepu B 10M U BOpoTa Ha ycaan0y,
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y4acTOK 4YE€JIOBEK yKpalllal H3JIpeBie U BO Bce BpeMeHa. OCOOEHHO yKpallaluch
BOpPOTa B TOPOJ, B KPENOCTh U IBEPH XpaMOB M 60TaThIX JOMOB. DyHKIHMOHAIBHOE HX
Ha3Ha4€HHUE - NPUKPBITh OT HEAPYra U OT HENOroAbl - npo3andHo. Ho ¢ pasButuem
XyJI0’)KECTBEHHOI'0 Hadajla B YEJIOBEKE HEYJEpPKUMO IPOPHIBAETCS )KEJIAHUE YKPACUTh
OKpykaroliee, cpaboTaHHOE €ro pykaMu, U HNPOsIBUTH CBOE XxyjgoxkecTBeHHoe "s". U
Opexae BCEro O3TO Kacaloch Belel, MNpeaMeTroB ObIiTa, HOCTpoek. To, dYTO
COXPAHWIOCh K HAaUleMy BpPEMEHM H3 apXUTEKTYPHO — YTHIMTApPHBIX KOBAHBIX
U3JeIUi, OTHOCUTCA B OCHOBHOM K XIX Beky, HO BcTpedarorcs usnenus u XVIII
cronetus. M3-3a yacThIX ciydaeB I[0KAapOB MEHSAJOCh HE OJHO IIOKOJEHHUE
J€pEBSHHBIX MMOCTPOEK, HO OUYEHb YaCTO METAUIMYECKUE JE€TAJU CO CTOPEBIIEr0 JoMa
emeé 0JIT0 CIYXKUJIM 4YEJOBEKY B HOBOM CTPOEHHUM. YIKE€ H3BbEACHHBIE PIKABUUMHOMU
PYYKH M 3am0pPbI, )KUKOBUHBI W METJH Ky3HEYHOW pabOThl HAa BOpPOTaxX M KaJUTKax
CTapUHHBIX MOCTPOEK MPUBJIEKAIOT BHUMAHUE U HEOOBIYHOCTHIO OUYEpPTAHMI, U B TO
K€ BpeMs CBOEH INPOYHOCTBHIO, U KaKOW — TO HajéxHocThio. KoBaHble pyuku ObLIU
gamie Bcero S—o0Opa3Hoil popMmbl. Pexxe BCTpedarTCs pydKU — KOJbIA, KOTOPHIE emé
HA3bIBAIOT OMJIAMH, TaK KaK TaKOW PYUYKOH MOXKHO CTy4aTh, TO €CTh OUTH B JIBEPb.

Bcero, koHeuHO, OCBETUTh HEBO3MOXHO, MOTOMY UYTO KY3HEUHBIE H3EJIHs
NPUMEHSJIUCh TaK MIUPOKO, YTO, MOXKAIyH, B CTapOJaBHUE BpPEMEHa TPYAHO OBLIO
OTBICKATh CTPOCHHE, TJle Obl HU MPHUIOKUI PYKY Ky3HEN. APXUTEKTYPHBIC JIEMEHTBI
W JeTald U3 yTUIUTAPHBIX H3JAEIUN TPEBPATUIUCH B MOUCTUHE XYJ0XKECTBEHHBIE
yKpalieHusl, rJ1€ OpHAMEHT KOMIIO3UIIMM KOBAHOTO METaJjljla He TOJbKO HE OTACIHUM OT
KOHCTPYKIIMH, a JaXe CTPEeMUTCS MONUYUHHUTH €€ cebe, BKitodas B ce0s nenukom. U
cama (opma peméToK UM JIOOBIX APYTUX H3ACTUNA COCTOUT H3 y30pa, TJAe PHUTM
OpHAMEHTAa PYKOBOJHUT, HANPAaBJISIET W3THOBI JKEJIE3HOTO TMpyTa WM TOJOCHI,
3aCTaBJIsIsl UX BUTHCS YIPYTMMHU 3aBUTKAMU U ciupaisiMu. MeTaa npeabsBiIsieT CBOU
TpeOOBaHUA K PUCYHKY: CBOMCTBA €ro, Kak Marepuana, TUKTYIOT CBOM ycioBus. 1M ux
KOBAJIF0 HEOOXOJAUMO XOPOIIO 3HAaTh. TOJBKO TOTJa U MOYXHO JOOUTHCS MOAJIUHHOTO
ycmexa, KOTJa B U3JCJIUM HaWAyT BOIJIONIEHHWE W KpacoTa, W NPOYHOCTh, H
COOTBETCTBUE CBOEMYy Ha3zHaueHuio. K 3ToMy W cTpeMHINCh MacTepa Ky3HEYHOTO
pemecia.

XynoxecTBeHHasi KOBKa B TOPOJCKOM cpelie onmpaBaaHa KaKk HENPHUXOTIUBBIN U
CTUJIBHBIA DJIEMEHT AU3aiiHa.

N3ydeHue u CcOXpaHEHUE NPOU3BEAECHUNA M U3JECIUNA H3 XYHIOKECTBEHHOTO
MeTajljla MPEeJICTaBIgeTCsd HE TOJbKO BaXXHBIM, HO U KpailHe HeoOxonumbiM. U He
TOJIbKO AJis1 ucTopuu. M3yueHue ocoOEHHOCTEN XyHAO0XKECTBEHHO - apXUTEKTYPHOTO
MeTalsla M TNpUEMOB €ro 00pabOTKM TO3BOJUT TEXHOJIOTAM, XYJOXHHKAM H
APXHUTEKTOpPaM Ha OCHOBE BBIPA0OTAHHOTO CTAapBIMU MacTe€paMHu ONBITA M TPaJULIUN
CO3/1aBaTh HOBBIC PELICHUS.
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PECYPCOCBEPET'AIOIIAS TEXHOJIOT US1 U3MEJIBYE HUSI 3EJTEHBIX
PACTEHUHU HA BHYTPUKJIETOYHOM YPOBHE

YBaunoB C.A., Bucio6okoBa A.B., ladt A.B. (kagh. MAIIII, II'TY, 2. Pocmog-na-/{ony,
Poccus)

OCHOBHBIMU ~ HampaBICHUSIMU peaTM3alMM TOTEHIHAJAa JSHEProcOepekeHus B
nepepabarpiBaomux otpacisx AIIK MoryT OBITh: COBEPIICHCTBOBAHUE TEXHOJIOTHI
IPOU3BOJICTBA; TIOBBIUIEHWE KAuyeCTBA CBhIpbS W INPUMEHEHHE MEHEE HHEPrOEMKOro
NPOU3BOJICTBEHHOTO O0OPYAOBaHMSA, YJyYIIEHHE TEXHOJOTHU HCIOJIB30BAaHMSA TOIUIMBA M
SHEPTUMU.

Henpto Hameld pabOThI SIBISETCS CO3JAaHUE BBICOKOTPOM3BOAMTENBHBIX HYHEPro- H
pecypcocOeperaromumx  TEXHOJOTHH  TepepabOTKH  CEIbCKOXO3SUCTBEHHOTO  CHIPbS,
MO3BOJIIOMIMX MAaKCHMaJIbHO BBICBOOOXKIATh OMOJIOTMYECKH TIOJIE3HBIE BEIIECTBA U3
MCXOJIHOTO CBIPbSI IPY MUHUMAJIbHBIX 3HEPT€TUUECKUX 3aTpaTax.

Pa3BuTHe MOJIEKyISIpHBIX HAHOTEXHOJOTHI JaeT BO3MOXKHOCTh TIIATEIbHO M3YUHTh
IPOLIECChI, MPOTEKAIOIINE BHYTPU KIETOK OpraHW3Ma B pAacTUTENbHON mnpoaykiuu. EcTh
OoJpIIMe OCHOBAHHUS IOJIararh, YTO TOYHOE 3HAYEHHE TOTO, KaK (YHKIMOHHPYIOT KJIETKU B
CEJIbCKOXO3MCTBEHHBIX PAaCTEHUSIX, IO3BOJIMT CO34aTh HAHOMAIMHBI JIMKBUAHUPYIOLIUE
HEraTUBHBbIC U3MEHEHUs, TIPOUCXOAIINE B KiIeTKax (puc. 1) M TKaHsIX Mpu UX nepepaboTke
(m3mernpueHue, npobneHue, neperupanue) [1,2].

OpnHOl W3 OCHOBHBIX TPYJHOCTEH mpw aHamm3e JaedopManuil CTOJb CIOKHOM
KOMITO3UTHON CTPYKTYpPBI, KOTOPYIO HPEACTABIISET
PacCTUTEIbHBIN MaTepual, ABIIAETCA
HE/0CTAaTOYHAsl M3YYEHHOCTh KOJIMYECTBEHHBIX U
KaUeCTBEHHbIX  XApPAaKTEPUCTHK  PACTUTENIbHBIX
MaTepHajIoB U UX MUKPOCTPYKTYP.

PactutenpHas KieTka HeceT XapaKTepHbIe
YepThl YHUBEPCAIbHOW CTPYKTYPHOM €IMHHIIBI
KUBOTO Mupa. B monHocThIO chopmupoBaBLIciics
KJIETKE pacTeHHs paszIu4yaroT O0O0O0JIOYKY U
IPOTOIUIACT, COCTOSIIINN Y KJIETOK 3€JIEHOIr0 parica
U3 KOMIUIEKCA KUBBIX OpraHeiul, METaOOJUTOB U

KJIETOYHOTO CoOKa. Knerounas 000J0UKa

Puc. 1. Crpoenne crebint parica oOycnopmuBaromas (GopMy KIETOK H TEKCTYPY

B MoTiepeaHoM cedeHuu (x125): 1 - TKaHEH, BBIMOJHSAET OMOPHYI0O U 3alIUTHYIO

KYTUKYJIa; 2 - 3THIEPMHUC; 3 - ¢byukuuu. B o0mem ciaydae 0001049Ka COCTOUT U3

sHOCIEPMA; 4 - IEPULUKIT; 5 - NIEPBUYHOM M  BTOPUYHOW CTEHOK. Mexny

XJIOpeHxuma; 6 - pnosma; 7 - 000JIOYKAMU ~ CMEXKHBIX  KJIE€TOK  pa3MEIlCHBI

KaMOuii; 8 - mepearoNuii my4ok; 9 MUKpO(QHUOpUIUIBI  KJIETYATKH,  (POPMHUPYIOIIUE
- kemsema: 10 - mapenxuma (dbparmMormiacT, WM CpeIuHHYIO TUIACTUHKY [3].

Jle3unTerpanys  3€J€HbIX pacTEHHWH Ha
KJIETOYHOM YpPOBHE BBICOKO BOCTpPeOOBaHAa B TEXHOJOTHH BIIQXKHOTO (DPaKIMOHUPOBAHMUS.
JlaHHasi TEXHOJOTHS MO3BOJIAET NOJYYUTh O€JOK, OJIM3KUI [0 aMUHOKHUCIOTHOMY COCTaBy K
JKUBOTHOMY, HEINOCPEJICTBEHHO W3 3€JeHBIX pacTeHud. TexHonorued BIAKHOTO
(bpakMOHUPOBAHUS NIPEAYyCMaTPUBAETCS pa3ziesieHue Onomacchl 3€JIeHbIX PACTEeHUH Ha JiBe
bpakiuu: «KUIKYIO» U «TBEPAYIO» - MeXaHHMuecKoe 00e3BokuBaHue. <« Kuakas» Qppaxius
(3€JIeHBIN COK) CITy>)KHT MaTepHuajoM sl MOJy4YeHHs OCNKOBOTO KOHIIEHTpaTa, a TBepjas
(>koM) BBICYHIMBA€TCS M 3aKJa/bIBA€TCS B CEHAX, JIMOO OTMPABISIETCS Ha HM3TOTOBIICHUE
TpaBsiHOM MyKH [4].
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Jns oOecnieyeHHss KayeCTBEHHOTO MEXAaHMYECKOTO OO0E3BOKMBAHMSA HEOOXOAMMO
«II0ATOTOBUTH» 3€JCHYI0 MAcCy K IPEeCCOBaHUIO. Pa3pylieHue KIeTOYHON COKOCOAEpIKaLIEH
CTPYKTYpPBI IO3BOJIIET MAKCUMAJIBHO OTJIEJIUTH 3€JICHBINA COK OT BOJIOKHUCTOM pakimu [5].

B nayuHo-uccnenoBarensckoit madoparopun JIITY paspabortana sneprocOeperarorias
TEXHOJIOTUSI U DKCIIEPUMEHTaJIbHAsl yCTaHOBKA DY -1 Ui N3MENbUEHUS! PACTUTEIbHON MacChl
KOPMOB Ha BHYTPHUKJIETOUHOM YPOBHE PE3KUM MU3MEHEHUEM JlaBiieHus (puc. 2).

VYcrpoiicto V-1
COCTOMT W3 E€MKOCTH C
BHYTPEHHEH IMIEPErOpOAKON U
c IepMETUYHBIM
NIEPEITYCKHBIM  yCTPOMCTBOM
JEAIYI0 €MKOCTb Ha JIBE
COOOIIAIOIINECS MEXTY COO0M

€ o KaMepBhlL. Bepxnssa

» P11 xoMmpeccHoHHas Kamepa

nMeeT IepMETHYHOE

3arpy304HOe YCTPONCTBO,

COE/IMHEHHOE c

a 6 KOMIIPECCUOHHOM KaMepOU U C
UCTOYHHKOM CKaToro

BO3ayXa. JlekoMIpecCHOHHas
KaMmepa BBIIOJHEHA B BHJE
PETPECCUBHOTO BHUHTOBOTO

Puc. 2. Cxema yCTaHOBKH JIJIsl U3MENTBUCHUS
PACTHUTENIFHOTO CHIPhs: 1 - KoMIpeccop; 2 - MoI0TpeBaTeb

BO3.lyXa; 3 - moABoAsKe TpyOsbI; 4 - koprmyc; S - IWKIIOHA.

KOMIIPECCHOHHAs Kamepa; 6 - JeKOMIIPECCHOHHAst KaMepa, Ha pucynke 2, 6
7 - 3aTBOP; 8 - eperyCKHOe YCTPOICTBO; 9 - M300paKeHa cxema
perpeccuBHbIN MKIOH; 10 - ciupaybHbie oJky; 11 - SKCTIEPUMEHTATBHOM
3arpy304Hoe yCTPOHCTBO; 12 -  oTBOASIINH *)eno0; 13 - YCTAHOBKH V-1 TUTST
€MKOCTb; 14 - BBITpy3HOE YCTPOUCTBO; 15 - 3eepHas VM3MENIBYECHUS.  PACTUTEIILHOTO
Kamepa npecca; 16 - mHek; 17 - 3aTBOpHOE YCTPOICTBO CBIPBSL.

VYcranoBka DY-1 (puc.
2, a) paboraer cremyronmM o0pa3oM. VCXOIHBI MPOMYKT 3arpykaercsi 4Yepe3 3arpy304uHyro
roprioBuHy 11 B koMmpeccroHHyro Kamepy S. [locie HaroTHeHns Kamepa TepMeTH3HPYETC 3aTBOPOM
7 ¥ TIepernyCcKHOTO yCTpoicTBa 8. 3ereHas Macca MoJABEpraercsi 0OpabOTKe TEIUIbIM BO3AYXOM B
TeueHne 2-3 MuH 1moj naBieHveM 2-8 atMm. [locrie BBIIEP)KKU TMPY 3a1aHHBIX TMapaMeTpax pPe3Ko
OTKPBIBAIOT TIEPEITyCKHOE YCTPOWCTBO 8§, TPH 3TOM TPOHCXOIWT pa3pylleHHe (B3pbIB) Ha
BHYTPHKJIICTOUHOM YPOBHE M pacTWUTEIBbHAas Macca CHKarblM — BO3AYXOM  BBIHOCHTCS B
JIEKOMITPECCHOHHYIO KaMepy O, T7Ie IOTIOIHUTEBHO TIOIBEPracTCsl UCTUPAHHUIO, M M3MEJTBUCHHIO TIPH
TPEHMH O CTEHKH KaMmepbl U CIHMpaIbHbIE KaHabl 9, 4TO OOecrneyrBaeT YIIydllleHHE KauecTBa
VBMEJTBYEHUS 1 BBIJIETICHUS 3€JICHOTO COKa. VI3MeTbueHHBII POy KT OTBOJJUTCS B IITHEKOBBIH Ipecc.
JlaHHast yCTaHOBKA TIO3BOJBIET B KOMIUIEKCE CO HIHEKOBBIM TPECCOM CHIZUTH SHEPTOEMKOCTD
niporiecca mMernbueHus Ha 20-25 %, v TOBBICUTH CTENeHh OTKMMa coka Ha 16-20 %, 1o cpaBHEHHIO C
HOKEBbIMU N3MCEJIBYUTCIIAMU.

Crnucok jurepatypbl: 1. Apremos, . B. UnTeHcHn(uKaims npon3BOACTB SHEPIETHYECKUX
KOPMOB Ha OCHOBE UCTOJIB30BaHMs1 parica. Kopmorpomssoncrso. 2007. C. 22 2. CeipoBarka, B. 1.
HccnenoBhrie pabourx OpraHOB M3MENbUMTENEH 3€1eHOM Macchl. TeXHHKa B CEJILCKOM XO3SIHCTBE.
2008. C. 43-45. 3. ®omun B.U., Tlpouenko I'"M. TexHonorust u 060py0BaHKUE IS BIIAYKHOTO
(paKMOHUPOBaHUSI 3€IEHBIX KOPMOB: Yued. rnocodue. Poctos-w//1.: u-T c.-X. MammHocTp., 1983.
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