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PA3JIEJ 1.

OPTAHM3ALISA U METOJIUKA ITPAKTUYECKUX 3AHATHUI

1.1. Heap u 321244 NPAKTHYECKUX 3aHATHH
enp 3ansaTH — IprUOOpETEeHUE MPAKTUYECKUX 3HAHUM M0 CYIIHOCTH (PU3UKO-
XUMUYECKUX BO3JCHCTBUI Ha pa3iUyHbIE MaTEpHalbl, OCYHIECTBISIEMBIX C IIEJIbIO

dbopMooOpazoBaHusi, U3MEHEHHUS Ka4eCTBa MOBEPXHOCTH U JIP.

1.2. IIpouecchl BO3AeiiCTBUIA HA TEXHOJIOTHYECKHE 00bEKThI
B kadecTBe mpolieccoB B X0/1€ 3aHSATUN pacCMaTpUBAIOTCS B OCHOBHOM BBICOKO
SHEPreTUYeCKre PU3NKO-XUMUYECKHUE TIPOIIECChI, UMEIONINE MECTO MPHU Pa3pyIICHUH

HJIM CUHTC3C MaTCpPUAJIOB.

1.3. 3aganmne Ha NpaKTHYeCKOe 3aHSATHE:

— TPOBECTH aHAIHM3 MOJIEJIEH pa3pylIeHUsI UM CUHTE3a MaTEPHAJIOB JieTajei
IIPH Pa3INYHBIX (PU3UKO-XUMHUECKHUX MPOIIeccax;

— 000CHOBaTh OCHOBHBIE (DAKTOPHI, BIUSIONINE HA TIPOIIECC PA3PYIICHUS WU
CUHTE3a JIJIsl paCCMaTPUBAEMOI0 MEXaHHU3Ma 00paboOTKH;

— HCIONB3YS MPEUIOKEHHYI0 TEXHOJIOTHYECKYI0 cXeMy 00pabOoTKH paccuu-
TaTh CKOPOCTHBIC WJIM Ka4eCTBCHHBIC MTOKA3aTENIH MPOIIecca BO3ACHCTBUS;

— TIPOBECTH aHAJIU3 PE3yJIbTaTOB MOJICITUPOBAHMS BO3ICUCTBUI W TOTyYCH-

HBIX IMOKa3aTesie o0paboTKH.

1.4. IlopsiioK BBLINOJIHEHUS

— O3HAaKOMUTBHCS C TEOPETUYECKUMHU CBECACHHUSIMH K OYEPEIHOMY 3aHSTHUIO
(cm. paznen 2);

— O3HAaKOMHThCS ¢ HanboJee U3BECTHBIMU MOJICTSIMA paccMaTpUBAEMbIX Ha
JTAHHOM 3aHSITUU MPOIIECCOB;

— TIPOU3BECTH aHAJIW3 MOJEJIEH BO3IACUCTBUM M OIPEACIUTHh BAKHEUIINE
(dakTopsl;

— COCTAaBUTb TCXHOJIOTUYCCKYIO CXCMY BOBI[CfICTBHH;
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— IO IPEJIOKEHHBIM METOJMKAM PACCUUTATh MapaMeTpPbl BO3IACUCTBUS NIPU

3aIaHHBIX HA4YaJbHBIX U TPAHUYHBIX YCIIOBHSIX;
—  BBINOJIHATH AHAJIU3 PE3YJIBTATOB PAaCUYETOB;

— chopmynupoBaTh BBIBOJIBI TIO padoTe.

1.5. OT4eT 0 BLINNOJTHEHUH 3aJaHHA.

OTuer 1o KaXJI0My NPaKTUYECKOMY 3aHATHIO COCTABJISIETCS B MPOU3BOJIBLHOU
dbopMe U JOIKEH COepKaTh:

— YKa3aHWE LU 3aHITHus,

— KpaTKO€ OMMCAHUE MOJEJIEH BO3JCUCTBUHN JJIsI pAaCCMAaTPUBAEMOIr0 MPOIEC-
ca;

— pe3yJbTaThl aHAJIU3a U PACYETOB MapaMETPOB;

— BBIBOJBI.

1.6. JIuteparypa, pekoMeHAyeMasi 1 NPAKTHYECKUX 3aHATHI

1.JIrooumos B.B. ,Boirun B.M., I'nuguna 1.B., UBanos A.B. ,MorujibHUKOB
B.A. Bricokue TeXHOJIOTHH B MAIIMHOCTPOCHUH: YueOHOe nmocobue, B 2 U.-
Tyna:Tynl'V,2011-284c.

2. Bracos B.W., I'puropser C.H. Dnexktpodusnueckas u 3IEKTPOXUMHUIECKas
obpabotka- bubnuoreka texnonora M.: U3a-so «UTO»,2010.-108 c.: .un

3. Kynukog, U.C. DnexTponutHo-mia3MeHnHas o0paboTka MaTepua-

noB/U.C.Kynukos,C,B.Bamenko,A.l.KameneB.-MuHnck: benapyc.HaByka,2010.-232c.

Llonoanumenvnas tumepamypa

4. HamurokoB K.K.OnmekTpoapo3nonnsle sBineHus. — M.: Oueprus, 1978. —
456¢

5. Munkesud M.K., bymuk A.U., bakyto N.A. Dnexkrpospo3uonHas oopa-
0oTka Meta;mioB. - Munck: Hayka u Texnuka, 1988. —216c.

6. BosneiictBue nazepHoro usinydeHus Ha matepuansl/ P. B. Apytionss, B.
IO. bapanos, JI. A. bonsmos u np.; OtB. pen. E. I1. Benruxos. —M.: Hayxka, 1989. —
367 c. : un.
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7. ApmmnoB B.A., Anekcees I'.A. Pe3anue MeTamioB u pexyuuid HHCTPY-

MeHT. M.: Mammunoctpoenue,1975. 440 c.

8. Bo3aeiicTBre KOHIIEHTPUPOBAHHBIX MTOTOKOB YHEPTUH Ha MaTepuaibl. — M.:
Hayka, 1985. — 246¢.1.6.9. Apramonos b.A., Bonikos 10.C., [Ipoxanosa B.W. u ap.
DnekTpodu3nUecKre U dIEKTPOXUMHUECKUE METOIbI 00pabOTKU MaTepuaioB. Yueo.

ITocoOue. M.: Breicnr. mk., 1983.-247 c., n.

10. I'puropesnn A.I'. OcHOBEHI 1a3epHO 00paboTKK MaTepuanos. — M.: Ma-
mmHocTpoenue, 1989. — 304c.

11. bapsunok B.A., bormanosuu B.M. ®dusnyeckue OCHOBBI U MaremaTHye-
CKO€ MOJIEJIMPOBAHUE MPOIIECCOB BAKYYMHOT'O MOHHO-INIA3MEHHOTO HalbUICHUS. M.:
Mammunoctpoenue, 1999. — 309c¢.

12. Puccen X., Pyre . Nonnas umnnanranus: [lep. ¢ vem. B.B. Kiinmosa,
B.H. [Tanesanosa./ [Tog pen. M.1. I'ycepoii. — M.: Hayka. ['maBnas penakius ¢huzu-
KO-MaTeMaTU4YeCcKoi aureparypsl, 1983. —360c.

13. Hanecenune nokpseituii mnasmoii / B.B. Kymunos, I1.1O. ITekaes, B.B. be-
JameHko u ap. — M.: Hayka, 1990. — 408c.

14. Peikanua H.H. u ap. OCHOBBI 2JIEKTPOHHO-JIYyYeBOM 00pabOTKHM MaTepura-
70B. — M.: Mammunoctpoenue, 1978. — 239c.

15. Heromen JIx. Dnekrpoxumuueckue cucteMbl. — M.: Mup, 1977.- 463 c.
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PA3JIEJ 2.

YKA3AHN K BBITIOJIHEHUIO [TPAKTUYECKUX 3AHATHUH

OO6mue mosnokeHusl. AHAM3 XapaKTePUCTUK (HU3UKO-XUMHUECKUX BO3JECH-

CTBUU Ha MaTCpUaJIbl.

DU3UKO-XUMUYECKUE BO3JICHCTBUS AHAIUM3ZUPYIOTCS ¢ TOUYKU 3PEHHSI MOJEIH-
POBaHMS U ONPEIEICHNS YCIOBUN U TapaMeTPOB Mpoliecca pa3pyIieHus Ui CHHTE3a
MaTepuaoB.

1. Moaenu mporeccoB aHaTU3UPYIOTCS ¢ TOYKH 3peHusi o0ecnieueHus Tpedye-
MOTO paclpeAeNeHUs] SHEPTUU MO0 MOBEPXHOCTH BO3ACHUCTBUS NIl CO3TAHMS 3a]aH-
HOT'O F€OMETPUUECKOI0 U KAUECTBEHHOT'0 00JIMKa (POPMUPYEMOM TOBEPXHOCTH.

2. YcnoBus mpoiiecca U ero mapaMeTphl ONPeAesoTCs Ui MPOTHO3a Ka4ecTBa
TEXHOJIOTMYECKOT0 BO3JACHCTBUSL..

[TockonbKy KaXkIblii METOJl BO3IEHCTBHs Ha 00padaTbIBAEMyHO IOBEPXHOCTb
oOnamaer cnenu@puUecKUMH OCOOCHHOCTAMH, TpeOyeTcs aHaau3 JIEKTPUUYECKUX,
TEIUIOBBIX M JPYIHX MOJEH Ui onpesesieHus: BO3MOKHOCTU U 3()p(PEKTUBHOCTU KOH-
KPETHOTO BUJa BO3/ICUCTBUS HA MaTepUaIIbI.

C momo1IbI0 BEIOPAaHHOTO METO/Ia pacueTa mapaMeTpoB Mpoliecca Mo NPUHATON
MOJIEJIM B 3aBUCUMOCTH OT BUJA BO3JEHCTBUS ONPEAEIAIOTCA:

OOmmii TOK;

CxopocTh TeueHus paboueit KUIKOCTH;

Pacnpenenenue mioTHOCTENW TOKOB 110 IOBEPXHOCTH BO3/IEUCTBUS;

IImoTHOCTH BHEPTUY;

CkopocTs yaneHus( ocaxJaeH!s) MaTepuaa;

Temneparypa B 30HE BO3JEHCTBUS U Jp. TapaMETPBHI.

Pemenne 3amau BeIOOpa W pacdera mapaMeTpoB BO3JCHCTBHI 0OecriednBacT-
s, BO-TIEPBBIX, HATMYUEM 0a3 JaHHBIX, COACpIKAIIUX MH(GOPMAIMIO O MaTepHuaax,
oOpabaTbiBaeMbIX (U3UKO-XUMUUECKUMH METOJaMu , 0 pabouyux cpeaax, o0opyo-
BaHWU U OCHACTKE, a, BO-BTOPHIX, MaTEMAaTHUYCCKUMHU MOJECISIMH, JETATHHO OMHUCHI-

BAIOIIUMH TIPOIIECCHI AIEKTPOPUZUKO-XUMUIECKON 00pabOTKH I KaXJA0ro KOH-



KPETHOI'O0 METOJA.

2.1. K 3anatuio Nel Ananu3 sHEpPreTH4eCKuX XapaKTepUCTUK PU3UKO-
XUMHYECKUX BO3JICUCTBUI Ha MaTepHualibl. MOJIeI MEXaHUYECKOTO pa3pylIeHUs Ma-
TEPHUAJIOB.

Ha nmpaktrueckoM 3aHsaTuu Nel ocylecTBIIsIeTcsl CpaBHEHUE U aHAJIU3 SHEpre-
TUYECKUX XAPAKTEPUCTUK (PUZUKO-XUMUYECKUX BO3JEHCTBUI Ha MaTepUabl.

B MammHOCTPOHUTENEHOM MPOU3BOJACTBE HCIONB3YIOTCS TAKUE TEXHOJOTHU-
YECKHE ONEPAIMM KaK BOJOYEHHE, aHTUKOPPO3HMOHHOE MOKPBITUE METajlla, CBap-
Ka B3pbIBOM. llepe BBIOJIHEHHEM 3TUX oOmNepanuil HeOOXOJUMO MPEIBAPUTEIHHO
MOJITOTOBUTH  00pabaThIBAEMYIO TOBEPXHOCTh, T.€. YyAAIUTh OKAIHMHY, PXKABUMHY,
OKHCJIBI, CTapYyI0 KpacKy, rpyOble 3arpsi3HEHHs], TPOIYKThl OOYIJIMBaHUS, OCTaTKU
NecKka M IUIaka. MHOIOYMCIEHHbIE METOJbl MOJArOTOBKH IMOBEPXHOCTU IOJ BBI-
NOJIHEHUE 3TUX ONepaluid MOYKHO pa3/ieIuTh Ha MEXAHUYECKUE U XUMHUYECKHE.
K xuMuueckuM MeTozaM OTHOCSTCS TPABJICHUE CEPHOW MM COJSHOW KucioTou. K
MEXaHUYECKUM OTHOCSITCS Takue Kak, oOpaboTka ImETKaMmu, IIapolnkamu, alpa-
3UBHBIMHM KpyraMu, apoOectpyiHas u T.1I. [lepcrieKTUBHBIM METOJOM OYUCTKH Me-
Taljia 3a HauOOJNBIIYIO MPOCTOTY, ACUIEBU3HY U HKOJOTMYHOCTH IO OTHOUICHHUIO K
NEepEeUYNCIEHHBIM METO/IaM CUHUTaeTcs uriodpesepoBaHue. B kauecTBe MHCTpyMeHTa
npu Uraoppe3epoBaHU UCIONIb3yeTCs Uriiodpes3a — pexyluid UHCTPYMEHT € He-
CKOJIbKUMH COTHSIMH TBHICSY PEXYIIUX DJIEMEHTOB, COOpaHHBIH B BHAE Tela
Bpall€HUs W3 IMpPSAMBIX M PABHBIX MO [JIUHE OTPE3KOB BBICOKOYIIJIEPOAUCTOMN
CTaJIbHOM MPOBOJIOKU — TN ¢ TBEpHocThio HB 500, ¢ MIOTHOCTBIO yIAKOBKM Ha
paboueii moBepxHocTH 65...85%. Kaxnas npoBosioka (Mria) mpeacTaBisieT coOoi
MUKpOpE3€el] C OTPULIATENbHBIM MEPEIHUM YIJIOM pe3anus — y. OOs3aTenbHbIM
YCIOBHEM pPabOTOCIIOCOOHOCTH HMHCTPYMEHTA SIBISIETCS YIPYTOCTh KaXXIOW WIJIBI
U BCEH COBOKYMHOCTH WIJI, YYAaCTBYIOIIMX B KOHTAaKTe C 0OpabaThIiBaeMbIM Ma-
tepuasioM. [lporecc ocyiiecTBaseTcs OpU BpalleHUH PEXYLIEro MHCTPYMEHTA,
KOTOPBIN, Oyay4dd MPUXKATBIM K TMOBEPXHOCTU ABMXKYIIECTOCs u3aenus (1udo

JIBUTASACH caM) oOpabaThIBaeT mocieaHee puc. 1.



Puc.1. Cxema urnodpessl 1 npoiiecca Urioppe3epoBaHus

OCHOBHBIMHM TIOKa3aTeNIIMH, XapaKTEPU3YIOIIMMH Mpolecc HUrioppoBaHHUE3-
HUS,

SIBJISTFOTCSI:

* CKOpOCTb pE3aHMUs;

* CKOPOCTb MoJIauu 00pabaThiBAEMOTO MaTepUaa;

* yCWJIHE MpUKUMa UTII0(PeE3bl K TOBEPXHOCTH 00padaThiBAEMOT0 MaTepuana;

* HatAr (BeiuuuHa aedopMalii ynpyroi CUCTEMbI UI);

* 00BEM yIamsieMoro B €IMHHUIY BPEMEHU MaTepHuaa;

* Ka4eCTBO MOBEPXHOCTH;

* CTOMKOCTb MHCTPYMEHTA;

* pa3mepbl 1 popMa MUKPOCTPYIKEK.

Ckopocts pe3anus (V) 3aBUCUT B OCHOBHOM OT (PH3UKO-MEXaHUYECKHX
CBOMCTB W TEIUIOCTOMKOCTH Marepuana uril. CKOpOCTh pe3aHus MOXKET BO3pac-
TaTh C YMEHbBIIIEHHEM TBEPAOCTU 00pabaThIBaEMBIX MaTepuasoB. B nmpaktuke ymao0-
HO TIOJIpa3AeiisaTh oOpadaThiBaeMble UIIIO(pe3aMu MaTepuaiabl YCIOBHO Ha TpHU

BeChbMa OOIIMpHBIE TPYMIBI MO TBEPAOCTH, U3MEPEHHOI 1o bpunento:

* MaTepuaiibl, TBEPAOCTH KOTOPbIX He npesbimaetr Hb 100...110;

* MaTepuasl, TBEPIOCTh KOTOPBIX He npebimaetr Hb 150...170;
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* MaTepuasl, TBEPIOCTh KOTOPBIX He npesbimaetr Hb 250...270.

OOpabaTeIBaEMOCTh PA3IMYHBIX MAaTEPUAJIOB XapakTepusyercs KoddduimeH-

oM K

rne HB, — tBEépmocTs urim;

HB,, — tBépnocTs 00pabaThiBaeMOro MaTepuara.

Ky nmomxen ObiTh Oombine 1, ciemoBaTenbHO, MPU MAKCUMAIbLHON TBEPIO-
ctu uria HB 500 wurinodpezamu Moryt oOpabaThiBaThbCsl MaTepuaibl C TBEPIIO-
cThi0, He mnpessimaronier HB 250...270.

Cxopocth nogauu (S) MOKET MEHSTHCS B IIUPOKHUX Mpe/esiaXx TaKkKe B 3aBU-
CUMOCTH OT 00pabaThiBaeéMbIX MaTE€pUaNOB M OT Lejedl oO0paboTKH, T.K. OHA Cy-
IIECTBEHHO BJMSET HA MPOU3BOJUTEIIBHOCTh, KAUECTBO MOBEPXHOCTU, Pa3Mepbl U
dbopmy cTtpyxek. Bennuuna S moxker umerh 3HaueHue 0,2...200 m/muH. O0BEM
yAQISIEeMOro MaTepuana B eIuHUIly BpemeHHU (Q) — MpOU3BOJIUTEIBHOCTh, 3aBUCUT
OT TayOWHBI pe3aHus, IMUPUHBI 00PAOOTKHU, CKOPOCTH MOJA4U U OT Iiesiel 00padoT-
ku. [Ipy He3HAUUTENBHBIX MO BeMYUHE TiIyOnHax pe3anus A0 0,05MM u mmpuHe 06-
pabOTKH, KOT/Ia yAAISEMBbI B €IUHUILy BPEMEHU O0BEM 3aBUCUT OT CKOPOCTHU IO-
a4y, TO MOJaya OnpeaeisieT IPOU3BOJUTEIBLHOCTD mpouecca. Y crns npuxuma (N)
BIIMSACT HA BEMYMHY JeopManuu uriodpe3sl U 00pa3yomuiics Ipu 3TOM OTpHIa-
TEJIbHBIN MEPEIHUIN yTOoa pe3aHus y. Y CUIue NMPUKUMa 3aBUCHUT OT KECTKOCTH yIpPY-
roil YacTW MHCTPYMEHTA W IIHUPHUHBI ero pabodeil moBepxHocTH. Bennunna nedop-
Manuu uriogpessl (6) OnpeAenseT TONIIMHY CPEe3aeMOro ciod t, KoTopasi CHUJIbHO
3aBUCUT OT CBOWMCTB 00OpabaThiBa€MbIX MaTEpHAIOB W CKOpocTH mojadu. Ormpe-
nensiercs o popmyne o =R - H.

3ananue
1. M3yuuthb pusnyeckre OCHOBBI MPOIlecca MUKPOPE3aHUsl.

2. PaccmoTperb 0COOEHHOCTH UTI0(ppe3epOBaHUs.
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3 Paccuurarh 06pabaTbIBa€MOCTh € MOMOIIBIO METO/A UTIIO(pE3epOBaHUS

Pa3IMYHBIX MAaTEPUAIIOB

4. ObopMUTDH OTYET.

2.2. K 3ansatuo Ne2 l3yueHue yclOBUH TEXHOJOTHYECKOIO 3JIEKTPOIPO3U-
OHHOI'0 pa3pyIlIeHHs] MaTepUaoOB.

Ha npaktuueckom 3ansitre Ne2 oCylIECTBIAETCA PacUET XapAKTEPUCTUK MPO-
1ecca AIEKTPOIPO3UOHHON 00PaOOTKH.

[Ipou3BOAUTENHHOCTH JIEKTPOUCKPOBON 00pabOTKH, IEPOXOBATOCTH 00pado-
TAHHON MOBEPXHOCTH M TOYHOCTH BBITIOJIHEHUSI TEXHOJIOTHYECKUX MPOLIECCOB OIpe-
JENSIFOTCS. MHOTHMH (pakTopamu. BaxkHeHmmMu U3 HUX SBJISIOTCS TTapamMeTphbl DJICK-
TPUYECKOW CXEMBI, OMPEACIISIONINE PEXUM PabOThI; MaTepuain 000UX 3JIEKTPOJIOB;
cpena, OKpy:Karouasi 3J1€KTpOJIbl, @ TAK)Ke€ B3aUMHOE pacioyioxkeHue, Gpopma u pas-
MEpBI ANEKTPOJIOB.

Pa3mepsl TyHKH B 3aBUCUMOCTH OT SHEPIHH U JUIUTEIBHOCTH Pa3psiaoB MpUBe-
nensl B Tabmuie 1.1. @opma myHKH, 00pa30BaBIICHCS OT SHEPTUM pa3pslia U €ro
JUTUTEIIBHOCTH, MPEJICTaBICHA HA pUCYHKE 1.1.

OHeprus ummnyibca E, kak paboTa 3JIeKTpUYECKOro TOKA 3aBUCHUT OT IIPOU3BeE-

JACHUA CHJIBI TOKa I Ha HaIIPsSKCHUC U 3a BpeMs Ty IPOTCKAHUA UMITYJIbCA.

™

E,=] Iudm. (1.1)
0
B nepBom npubmmkenun suepruto E, MOXHO paccuuTarh 1Mo CpeAHUM 3HaYe-

HUSIM TOKA U HAIIPSKEHUS:
E.=IpUep T

OTHoleHne AuamMeTpa JIYHKH K ee TIyOnHe, Kak 9To BUAHO u3 Tabmn. 1.1, yBe-
JUYUBACTCS C BO3PACTAHHEM JIUTEIHHOCTH paspsna. VI3MeHssl SHEPTHIO0 U CKBaX-
HOCTh paspsia, MOKHO M3MEHUTh TE€OMETPHUIO oOpasyromencs JTyHKU. Tak, Harpu-
Mep, TIPH TOW K€ SHEPTHH pa3pssia, HO MEHBIIEH ITMTEIBHOCTH WMITYJIbCOB JIYHKH
nosryyarotrcsi 0osee riayOOKMMU UM MeHee paciuibiBuatoi dopmel. Hanbomwimuit 2¢-
(eKT 3pOo3uu MOTydaeTcs MpH OMPEACIEHHOM COOTHOIICHUH YHEPTUU U JUIUTEIHHO-

cTu pa3psana. Uem xopoue paspsj 10 BPEMEHH, TeM OOJiblllas SHEPrusi CKOHIIEHTPU-
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poBaHa B 00bEME pa3psiia U BbllIe 0Opasyrouiascs Npu paspsae TeMieparypa U UH-

TCHCUBHOCTBb CbCMa MCTAJlJIA.

Tabnuua 1.1 — Pa3Mepsl TyHKH B CTaTbHOM DJIEKTPOJE B 3aBUCUMOCTHU
OT DHEPTUU U JJIUTEILHOCTH Pa3psiOB

DHeprus pas- JIMMTeNnbHOCTD ['my6buna HuameTtp O0beM TyHKH
psanos E,, paspsna T, nyaku H nyHku d k;=d/H V, MM
Brc MKC MM
0,001 3 0,015 0,1 6,67 0,0000788
0,004 5 0,018 0,15 8,34 0,000218
0,008 12 0,020 0,22 11,00 0,000507
0,03 20 0,022 0,45 20,45 0,002325
0,1 40 0,025 0,75 30,00 0,00736
0,2 110 0,028 0,95 33,80 0,01322
0,4 200 0,033 1,20 36,40 0,0249
0,6 300 0,037 1,40 37,80 0,0379
0,8 450 0,040 1,55 38,70 0,0505
1,00 600 0,042 1,65 39,30 0,0598
2,00 1500 0,050 2,00 40,00 0,1046

)

a — BHEILIHUIU BUJI C YBEJIMUEHUEM; O — pa3pe3 JIyHKU: | — OCHOBHOM MeTalLT;
2 — cnoil MeTauia, 3aCThIBIUIMK HA JTHE TYHKH; 3 — BaJlMK 3aCTHIBILIETO METaslia

10 KpasiM JIYHKH

Pucynox 1.1 —Jlynka
Temnepatypa paspsannoro kanana aocrturaer 40000 C’u IPU KOPOTKUX HM-

MyJIbcax OOJBIION SHEPTUHU MOXKET MPEBBICUTH YKa3aHHBIN Mpe/en.
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b.M. CraBuukuil npenyoxuil sMIupudeckue (Gopmysibl i ONpeaeseHus

rCOMCTPHUUICCKHUX PAa3MCPOB JIYHOK: ITHaMCTpa, I‘JIY6I/IHI>I 1 00beMa B 3aBUCHMOCTH OT

DHEPTUU UMITYJIbCA. JJuamemp nyHKu onpenensercs no Gpopmyie
D,=nE,"”, (1.2)

rae D, — nuaMmeTp JTyHKH, MKM;

E, — 3anac sHeprun umiryiabcoB, MKM- JIK;

n; — Ko PUIIMEHT TraMeTpa JIYHKH, 3aBUCSIINN OT MaTepHalia JIEKTPOI0B
M COCTaBa MEXDJICKTPOTHOW CPEIIbI; MIJIT METHBIX AJIEKTPOJOB IpH 00paboTKe B Ke-
pocuHe n; = 4.

I nyouna nynxu onpenensercs no Gopmyre
H, =nE,"”, (1.3)

rae H, — rimyOuHa J1yHKH, MKM;

N, — KOA()PUIMEHT IITyOUHBI JIYHKH, 3aBUCSIINIA OT MaTepuala dJIEKTPOJIOB U
COCTaBa MEXDAJIEKTPOJIHOU CPEbl; UISI MEIHBIX JIEKTPOJIOB MPU 00paboOTKe B KEPO-
cuHe n, = 0,45.

Obvem 1yHKuU, paBHBIA 00BEMY MeTallJIa, BHIOPACKIBAEMOTO 33 OJTUH UMITYJIBC,

omnpenaensercs no popmyie
V, = n/6-Hy(3R,> + H,?), (1.4)
rae R, — panuyc nynku, unu o Gopmyiie
V, = 1/6-n,(3/4k,> + k,))E,,, (1.5)

Koaddunment k; 3aBUCUT OT (GOPMBI JIEKTPOIOB U PACCTOSIHUSL MEKAY HUMH,
a TaKkKe OT IapaMeTPOB AJIEKTPUYECKOro paspsiia. 3HAYEHUs k; IOJIyUYEHHBIE U3
OmbITa, JeXkaT B npeaenax 4...40.

Koadbdumuent k, 3aBUCUT OT mapamMeTpoB JIEKTPUUECKOTO pa3psiia ¥ U3MEHsI-
ercs ot 0,11 no 0,15. O6e BenuuuHbL, k; U k;, OT MOJASIPHOCTH IEKTPOJIOB IMPAKTHYE-

CKH HEC 3aBHUCAT.
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Cpenusst BeIM4rMHA MAaKCUMaJIbHON BBICOTHI HEPOBHOCTEN hyyax, TTOTYUAOIIINX-

Cid B PE3YyJabTAaTC BOSHCﬁCTBHH Ha IIOBCPXHOCTbL MCTAlJIa CCPUU HMIIYJIbCOB TOKaA,

ompenensercs mo Gopmylie
hinae= Hy/3= n,E, /3. (1.6)

CpG,Z[HCG KBaApPaTHUYHOC OTKJIIOHCHHUC HCpOBHOCTCﬁ hC.K oT CpGI[HCﬁ JINHHUHN

npoduis onpenensiercs o popmyse
hC.K = n3EI/Il/39 (1 7)

rjae n3; — Ko3(QQUIMEHT, UIsi MEIHBIX 3JEKTPOJIOB MpU 00paboTKe KepocuHa
paBublii 0,04.

3aganue

1 Haiitu snepruto ummnynbca (10 JaHHBIM BapHaHTa 3agaHusi, Taoi. 1.2).

2 Haiitu auameTp JIyHKH OT 3HEPIHMH OJHOI0 MMIYJibca (IIPU YCIOBHH, UTO
IPUMEHSIETCS MEHBIN 3JIEKTPO1 U paboyasi )KUIAKOCTh — KEPOCHH).

3 Haiitu rmyGuny JTyHKH (OT SHEPTHH OJHOTO UMITYJIbCA).

4 Haiitn 00beM JIyHKH (OT DPHEPTUU OJTHOTO UMITYJIbCA).

5 Haiitu npou3BoauTeabHOCTS DDO (MM’ /MHH).

6 HaiiTu cpenHo BEJIWYMHY MAKCHMAJIBHOM BBICOTBI HEPOBHOCTEW HpH
BO3JICVICTBUU CEPUU UMITYJIbCOB HA TOBEPXHOCTh 3arOTOBKH.

7 Haiitu cpenHee KBagpaTUYHOE OTKJIIOHEHUWE HEPOBHOCTEM OT CPEIHEM JIH-
HUU TIpodus.

Tabauya 1.2 — Bapuanmel 3a0anus

Ne Bap. 1 2 3 14|56 7 8|9 10 |11 |12 13 14
Uqp, B 10 | 20 |30 [ 40 |50 | 60 [ 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140

Loy, A 90 | 80 | 70 | 60 | 50 | 45 140 |30 |25 | 20 10 | 3,5 |25 2
£, kI 8 2 8 6 | 8 [10]12 44| 2 1 2 3 2 1
q 5 16516 |55 5 13[4 ]3[25] 2 2,5 3 3,5 4

Ne Bap 15 | 16 |17 [ 18 |19 |20 |21 |22 |23 | 24 | 25 | 26 | 27 | 28
Uqp, B 15 | 25 |35 [ 45 |55 |65 |75 |85 |95 105 | 115 | 125 | 135 | 145

o A 85 | 75 |65 5545|3525 15]75] 5 | 2 [35]25] 45
£, 6 | 4526106811 2 1 | 4 | 2
q 51656 55524352 [25]3 [25] 2

Matepua 3aroTOBKHM — CTaJlb KOHCTPYKIIMOHHAS!, MaTepHall 3JIEKTPO1a-HHCTPYMEHTA — ME[Tb.
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KoHTpo/abHBIE BONIPOCHI

KakoBa ¢usuueckas cymHocts mnpoiecca 22507

KakoBa nocinenoBatenbHOCTh MOCTPOEHUS TEXHOJIOTUUECKOTO Tpoiiecca’?
OT 4ero u Kak 3aBUCHT SHEPTUS UMITYJIbCa?

Kakune pexxumbl npumenstoTcs B 9907

Kak 3aBUCHUT OT JJIUTETLHOCTH UMITYJIbCA TIIyOMHA MOJTy4aeMOn JTYHKH?
Ot 4ero 3aBUCHUT 00BEM JTyHKHU, TTOJIy4aeMOM B pe3yIbTaTe UMITyJibca?

Yro BIMUAET HA TOYHOCTH DD0?

0 9 N AW N

OT yero 3aBHUCHUT IIEPOXOBATOCTh 00pabaTHIBAEMOIl MOBEPXHOCTH IPHU
2507?
9 Ot yero 3aBUCHUT IPOU3BOAUTEIBLHOCTH TIpoliecca 2307

10 Yto BruseT Ha 06pabaThIBAEMOCTh 3arOTOBKH 1pu D0?

2.3. K 3ansaruio Ne3 M3yuenue 3akoHa Papaaes I pa3iudHbIX YCIOBHUHI
OCYLIECTBJIEHUSI aHOJHOI'O PacTBOPEHMs M3ydeHue BIIMSHUS TEUYEHHs DJIEKTPOJIUTA
Ha 3JIEKTPOXUMHUYECKUE MTPOLIECCHI.

Ha npaktnueckom 3anHaTHe Ne3 OCymIECTBIIETCST pacyeTa XapaKTEPUCTHK
IIPOLIECCA AIEKTPOXUMUYECKOTO TPABJICHUS.

OnHUM U3 METOJIOB ANEKTPOXUMUYECKON 00pabOTKHU SIBISETCS JIEKTPOXUMHU-
yeckoe TpasieHue (OXT), TexHonornueckue 0COOEHHOCTH KOTOPOTO paccMaTpHUBa-
I0TCS B JaHHOM pabore.

OXT MoxeT ObITh MCHOJIB30BAHO ISl MU3TOTOBJICHHS PENbEPHBIX IIKal, Tao-
ML, (UPMEHHBIX 3HAKOB; JUISl MOJYYEHHS HAa METaJIe CIOXKHBIX M300paKeHUU CO
3HAYUTENIBLHON TUIyOMHOU penbeda BIUIOTH 0 MOJYYEHUSI CKBO3HBIX OTBEPCTUH
CJIOHOTO TIPODUIISL.

B ocnoBe DXT nexur aHOAHOE PACTBOPEHUE METANIa B CPEJIe IJIEKTPOJIUTA
IIPY NMPOXOKIACHUH YEPE3 AMEKTPOIUT TOCTOSTHHOTO JIEKTPUYECKOro ToKa. [Ipm aTtom
MeToze 00pabOTKH 3aroToBKa sIBIsETCS aHOAOoM. Huke mpeacTaBieHa nojiHas cxema
ANEKTPOJIN3a B TEXHOJIOTUYECKOU CUCTEME «DIIEKTPOJUT — BJEKTPOABD). DIEKTPOIIU-
TOM 3/IECh SIBJIIETCS BOJHBIN pacTBop xsopuaa Harpus NaCl, a aHo1-3aroToBKa U3ro-

TOBJICH M3 KCJIC3A.
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NaCl —» Na’" + CI

Karon: Na", H,O Anog (Fe): Fe, Cl', H,O
2H,0 + 2¢ —H, T+ 2(OH) Fe’-2¢ =Fe*
Na“+ (OH) =NaOH Fe*" + 2CI = FeCl,

2 NaOH + FeCl, = Fe(OH), + 2 NaCl
4 Fe(OH), + 2 H,O + O,=4 Fe(OH); | (BbITagaeT B 0Caa0K).

Takum 00pa3om, Ha MOBEPXHOCTH 3aroTOBKH, OOpAIlIEHHOW K KaTody, B pe-
3yJIbTaTe OKUCIUTEIHLHON peakluu MPOUCXOIUT pacTBOpeHUE MeTauia. JJis 3aiuThl
TEX YacTeil 3aroTOBKU, KOTOPBIC HE JIOJDKHBI MOABEPraTtbest (HOPMOU3MEHEHHUIO, UC-
MOJIB3YIOTCSI M30JIUPYIOIINE MACKU, HAHOCHUMbIE HA MOBEPXHOCTU (HOTOXUMUYECKUM

WIH IPYTUMHU CIIOCOOAMH.

NHTEHCHBHOCTh aHOJHOTO PACTBOPCHMS OMHUCHIBACTCS TMEPBBIM 3aKoHOM Da-
panes:
m=k, I, (2.1)

rJie m — Macca MeTajula, pACTBOPEHHOI'O Ha aHOJIE, KT;

K,x — DIIEKTPOXMMUYECKHUI SKBUBAJICHT MaTepuaia anoaa, Kr/Ki;

I — cmna toka, A;

T — BpeMs IPOTEKaHUs Ipouecca, C.

Ha npaktuke macca pacTBOPEHHOIO Ha aHOJE BELIECTBA Mg OKa3bIBACTCH
MEHBIIIE MacChl, pacCYUTAaHHOW MO 3akoHy Dapames. DTy 0COOCHHOCTH Tpoliecca
YYUTBIBAIOT BBEJEHHEM B (hopmyay (2.1) koobduuuenta k,,, HazpiBaemMoro xod¢hdu-

LUEHTOM 8b1x00a no moky. aKTUYEeCKy0 Maccy MeTajula, paCTBOPEHHOIO Ha aHOJE,

PacCUYMUTHIBAIOT MO (popmyiie

mg = ky kox I 7. (2.2)

Beuay 0osbiioro uucia (Gakropos, BAMAKOMIKX Ha Kod(uuuent ky,, HaiTH

€0 3HAYCHHUC TCOPCTUYCCKUM IIYTCM HC YIaCTCH. HOBTOMy Ha IIPAKTHKC 8bIX00 NO

mokKy ONpCACIIAOT 3KCIICPUMCHTAJIbHO 4YCPC3 OTHOIICHUC

K, =— =200 (23)
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IJIE Py — IUIOTHOCTh MATEPHAIIa AHOMA, KI/M';

S — mIOmIAAb AHOA, OAIEHKALIAS TPABICHHUIO, M ;

Ah — TonmmHA ¢osi, paCTBOPEHHOTO HA aHOJE, M.

JIuneiinas CKOpOCTh pacTBOpeHHst 3, M/C, MOKET OBITH ONPEIEIEHA CIIEMy-

IOIIUM 00pa3oM:

9. :A_h:kaxl kax

Pt opn SN

piky, (2.4)
rJe pj — IUIOTHOCTh TOKA, AN,

Pacuersr o dopmyne (2.4) 3aTpyaHEHBI B CBS3H C TEM, YTO C yBEIMYCHUEM
IJIOTHOCTH TOKA MaJIa€T 3HAYCHUE 8bIX00d NO MOKY. DTO CBSA3AHO C SBJICHUEM M1ACCH-
BAllMM aHOJA, T. €. C MOKPBITUEM AHOJA HEPACTBOPUMOM OKCHUIHOM IUIEHKOU. fBIie-
HUE MMACCUBAIIMU aHOAHOW MOBEPXHOCTH MPUBOAUT TAKKE K 3HAUUTEIHLHOMY YyBEJU-
YEHUIO YJIeTbHON SHEPrOeMKOCTH IMpoliecca, 3HaYeHue KOTOPOl Wy, Jx/Kr, paccuu-

THIBAIOT 110 (popMyJie
W= [-U-t/mg,, (2.5)
rae U — HanpsbkeHue Ha 3JekTpojax, B.
N3 dopmynel (2.5) ciemyer, 4To yaelbHAs SHEPrOEMKOCTh Wy, Tiporiecca DX T
C BO3pacTaHueM cuiibl Toka | yBennuuBaercsa. Pocty wy, CHOCOOCTBYET €Iie u TO, 4TO

OJIHOBPEMEHHO TAJAET 8bIX00 NO MOK).
3aganue

1 CornacHo BapuaHTy 3aJaHusl, IPUBEJECHHOMY B Ta0iuue 2.4, C IOMOUIbIO
tabmuiy 2.1, 2.2 1 2.3 Ha3HAYUTH PEKUMBI DJIEKTPOXUMHYECKOT'O TPABJICHUS JJIs JIe-
TaJM, 3CKU3 KOTOPOH U300pakeH B Tadnuie 2.5.

2  BpuucauTh miomanb S MOBEPXHOCTH, O0BEM MaTepHala U €ro Maccy,
MOJJISKAIIYIO JIEKTPOXUMHUUECKON 00padoTKe.

3 Haiitu BpeMs npoTekaHus mpoiiecca, YuuTbiBas K03hQUIIMEHT BbIX01a 0
TOKY.

4  HailTu TMHEIHYI0 CKOPOCTh PaCTBOPEHUS.

5 Paccuurtarh npou3BOAUTENHHOCTH 1O Macce Iy, Kr/c, u yaenbHyto sHepro-
€MKOCTh Tpoliiecca 00pabOTKU Wy, JIK/KT.

6 Onpenenutb cuily Toka I, o0ecnednBarolly0 CKOPOCTbh aHOJHOIO PacTBO-
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penus 9y = 107 m/c, 1o gpopmyne I =pP;S u Bpems 06paboTku T, IPUHAB aHOIHEIH

BBIXOJ[ 110 TOKY Ky = 1.

Tabnuua 2.1 — XapakTepucTuka OCHOBHBIX OIEpaliil 3JIEKTPOXUMHUYECKOM

00paboTKH
Pexum 06paboTkn TexHonornyeckue noxkazareian
Bun ITnor- |Hamps-| Mexoanek- | Ckopocts (Temmnepa- | Cxopocts | TouHOCTS, Ra,
HOCTb | )KEHHME | TpPOIHBIM | BJEKTpo- | Typat, noJauw, MM MKM
orepanuu Toka p;, | U, B 3a30p z, JIUTA O, °C MM/MHH
Alem® MM Mm/c

Dopmoobpa- 15...200{6...24 | 0,03...0,3 | 10...35 | 20...45 | 0,2...3,5 ]0,05...0,5 | 0,2...2,5
30BaHHE  Tpa-
BIOD IITamIioB
u npecc-popm

[IpomuBka
20...250(9...24| 0,1...0,5 5..35 |20...40 | 0,3...6,5 |0,05...0,5 ]0,63...5,0
KamubpoBka ¥
KOHTypHass 00{ 8...60 |[6...18 >0,1 15...30 | 20...30 - 0,05...0,35(0,32...2,5
paboTka  Herof
IOBIDKHBIM  KaTo;
JIOM

Y nanenue 3a4
YCEHIIEB 2..25 16...30] 0,2...2 0,2...0,8 | 20...40 | 4...100 - 1,25...2,5
MM/CEK

Tabnuna 2.2 — KoadduiueHt BpIxo/ia mo ToKy

ky, (xnopun k, (auTpar
Martepuai 3aroTOBKU HaATpH) HaTpus)
KoHCTpyKIIMOHHBIE W HU3KOJETUPOBAHHbIC 0,80...0,85 0,6...0,7
CTaJIn
2KaponpouHbie criaBbl 0,85...0,93 0,6...0,7
TutaHoBBIE CILIABHI 0,83...0,85 -
AJIOMUHHEBBIC CIJIABbI - 1,1...1,35
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Tabnuua 2.3 — IIIOTHOCTD U AJEKTPOXUMUYECKHUE SKBUBAJICHTHI

HCKOTOPBIX CILJIABOB

Ne Marepuain P, KT/M kox, kr/Ki
1 2X13 7750 2,58-1077
2 X18HIT 7900 2,76-107
3 5XHM 7800 2,86-107
4 BKS 14350 3,10-107
5 T15K6 11000 2,75-107
6 T5K10 12200 3,05-107
7 30XI'CA 7850 2,88-107
8 38XHMIOA 7710 2,83-107
9 gl 2800 0,93-10”
10 BT16 4680 1,79-107
11 BT22 4500 1,72-107
12 DU-893 8800 2,64-107
13 Cranb 45 7800 223107
14 12X18HIT 7900 1,65-107
Tabnuna 2.4- BapuanTsl 3agaHus
Ne 1 2 4 5 6 7 8 9 10 11 12 13 14
Bap
;cxm 1 2 4 5 6 7 8 9 10 11 12 1 2
Ma- 2X13 X18HOT S5XHM BKS8 T15 T5K 30XI'CA 38XHMIOA a1 BT16 BT22 DU- Craap 12X18
TEpHU- K6 10 893 45 HOT
Ne 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Bap
;ﬂms 3 4 6 7 8 9 10 11 12 1 2 3 4
Ma- 2X13 X18HOT S5XHM BKS8 T15 T5K 30XI'CA 38XHMIOA a1 BT16 BT22 U- Craap 12X18
TEpHU- K6 10 893 45 HOT
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Tabauya 2.5 - Bapuanmul onepayuoHHbiX 3CKU308

I_r:lﬁ OnepaumoHHbIi 3CKN3 II'\lﬁ OnepauvoHHBIN 3CKN3 rr:lng OnepaumoHHBbI 3CKN3
, \ A A L D7
1 : qu 5 L _l 9 CI.)S -
— 120 S ---—<;>§--- /i |
l 2
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- ®I0 @15 . 12 %ﬂ—? \
4 ‘i' y 8 ; ] E' Ji EZ}% _.il
v %%
/T\ - Do E 1,'5 - ] :: N = o
| v ’\ -r*.’ /- A
L YD) = e
NIiIva AU
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KoHTpoJibHBIE BOPOCHI

I Kakue kiiaccuueckne 3aKOHbI UCIIOIB3YIOT MPU onucanuu mnpouecca 3X0O?

2 Kak ciaegyet BbIOMpPATH 3JIEKTPOJIUT?

3 Kak BeIOpaTh HanpsiKEHUE Ha AJIEKTPoaaX?

4 KakoBa 110cae10BaTeIbHOCTh NOCTPOEHUS TEXHOJIOTMYECKOTO ITpoLecca?

5 Ha3zoBuTe OCHOBHBIE TEXHOJIOTMYECKHE MOKaszarenu mpouecca 9XO m ux
B3aMMOCBSI3b.

6 Kakue maTepuaabl UCTIONB3YIOTCS JIJIsl U3TOTOBJICHUS paboueil YacTu HJIeK-
TPOJa-UHCTPYMEHTA?

7 KaxkoBa CyIIHOCTb SIBJICHHS TTacCUBAIUN?

8 OT 4ero u Kak 3aBUCUT JIMHEHWHAs! CKOPOCThb pacTBOpenus npu DX T?

9 Ot 4ero u Kak 3aBUCHUT yJI€JIbHAsI SHEPrOEMKOCTh Iporiecca?

10 Ot 4ero u Kak 3aBUCHT NMPOU3BOAUTENBHOCTH Iponecca DX T?

11 Ot yero u Kak 3aBUCUT TOYHOCTH NpH mporecce IXT?

12 Ot yero u Kak 3aBUCHUT IIEPOXOBATOCTH IpH Mnporiecce IXT?

2.4. K 3ansaTtuio Ned V3ydeHue MpoLECCOB Ja3epPHBIX BO3JICHCTBUII HA MaTe-
pHUAJIbl IPU UCTIOJIB30BAHUM TBEPJIOTEIBHBIX U Ia30BbIX Ja3€POB

Ha npaktuyeckom 3anstnu Ne4 OCyIIECTBISIETCAONPEACIEHUE TUIOTHOCTH
MOIIIHOCTH JIa3€pHOT0 U3Ty4YeHHUsI, HEOOXOAMMOM I HarpeBaHUsl pa3IMuYHbIM MaTe-
pHUanoB A0 TEMIEPATypbl KUIIEHUS U UCTIAPEHMUSI.

BoNbIIMHCTBO JTa3€pHBIX TEXHOJIOTMH OCHOBAHbI HA TEIUIOBOM JEHCTBUU M3-
nydenus. [Ipu mageHny mydka J1a3epHOTrO HU3JIYUYEHHs Ha MOBEPXHOCTh Marepualia
YacTh M3IIYYCHHS] OTPAXKAeTCs OT Hee, a 4acTh MPOXOAUT BIUIyOb Marepuania, mo-
IJI0IIAsICh B HEM.

PacnipocTtpanenue u3iydeHUss B BELIECTBE, KAK IPAaBUIIO, ONKCBHIBAIOTCS 3a-
KOHOM byrepa:

q(x)=qo(1-R)exp(-ax),

I7Ie ¢(X) - TUIOTHOCTh MOIITHOCTH M3/ IyYEHHUS B BEIICCTBE HA PACCTOSIHUHU XOT
€ro TIOBEPXHOCTH, ¢y - TJIOTHOCTh MOIIHOCTH TaIArOIIETO U3TydeHus.R - K03 hu-
[IUEHT OTPaXEHUS TTOBEPXHOCTH,0— MOKA3aTelb OCIa0JICHHS CBETa B BEIIIECTBE.

[Tpr mOTTIOMIEHNHM M3IIyYEHHUs BEHIECTBO HarpeBaeTcs. Pa3nmmuaioT pexuMbl
HarpeBaHUsl MaTepuasia, COOTBETCTBYIONIUE CHIIBHOMY (TIOBEPXHOCTHOMY) U clabo-
My (0OBEMHOMY) MOTJIOMIEHUIO H3My4deHHs. [Jis OONBIIMHCTBA TEXHOJIOTHUECKUX
MIPOIIECCOB HCIOJIb3YETCS JIa3epHOE M3IIyYCHHE JUTMH BOJH, HAXOJSAIINXCS B CIICK-
TpPaJIbHOW 00JIACTH CHJIBHOTO TIOTJIONIEHUS BEIIECTBA, TaK KaK 3TO 00ECIICYHBAET JIO-
KaJIbHOCTh BO3JCUCTBUS U O0bIIyt0 3(h(HEKTUBHOCTh HCIONIB30BAHUS JHEPTHUU.
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CunbHoe IMOrjIomeHMUEe CBE€Ta UMECT MECTO B MCTAJlJIaX, B IIOJYIIPOBOJHUKAX ITPHU HUX
«MCTAJIU3AlHMK» JOCTATOYHO MOIIHBIM HU3JIYYCHHUECM, d TAKIKC B ITOJYIIPOBOAHUKAX U
AUIBJICKTPUKAX, KOrJda IJJIMHA BOJIHBI H3JIYYCHHUSA JIC)KUT B o01acTH MX q)YHHaMeH-
TAJIBHOI'O IIOTJIOIICHMA. HpI/I 9TOM FJIY6I/IHa IMPOHUKHOBCHHUA H3JTYUCHUA 0OBIYHO
MHOI'O MCHBIIC XapaKTCPHOI'0 pasMcEpa TCILUIOIPOBOJHOCTH. TermnoBol UCTOYHUK B
MAaTCpUAJIC B TAKUX YCIOBHAX ABJIACTCA IMPAKTHYCCKHU IMOBCPXHOCTHBIM. Maremartu-
YCCKH IIPpH PCIICHUHU YPAaBHCHHUS TCINIOIIPOBOAHOCTH 3TO YUUTBIBACTCA B I'PAHUYHOM
YCJIOBHH Ha ITOBCPXHOCTH. TOHHII/IHa IMporpeToro CJiiod B MaTCpuajiC OIPCACIIACTCA

XapaKTEPHBIM Pa3MEPOM TETUIONPOBOTHOCTH V &f | t — BpeMsl BO3JICHCTBUS, @ — TEM-
epaTyponpoBOAHOCTh MaTepuaa.

Pexxumbr 00ydeHus, obecrieunBarommue 00beMHOE TOTJIONIEHUE H3ITyYCHUS,

1 /
— > Val | \Ccnonb3yroT MPU HEOOXOIUMOCTH CO3/IaHHs B 00pabaThiBacMOMMAaTEPH-

ajie 00BEMHOT0 TEIIOBOI0 HCTOYHUKA WIIK NPHU (POKYCUPOBKE U3ITyUeHUs (U JTOKAJb-
HOI 00paboTKe) BHYTpU 0OBEMA.

Jliist perieHust ypaBHEHUHM TETUIOMPOBOIHOCTH CYIECTBYIOT pa3iiMyHbIe MaTe-
MAaTUYECKUE METOJbI, CPEIr KOTOPhIX HamOoJiee YMOTPEeOUTENbHBI METOJbI HWHTE-
rpalibHBIX TIpeoOpa3oBanuii (B TOM 4mcie npeodpaszoBanue Jlamaca), meton Oypre
(pa3neneHusi MEPEMEHHBIX) U METOJ MCTOYHUKOB. 3aMETHUM, YTO MPU HArpEeBaHUU
MaTepuaia ero ONTUYECKUEe U TeTUIOPU3NYECKUE CBOIMCTBA M3MEHSIOTCA, B OCOOEH-
HOoCcTH KOd(duiueHT orpaxkeHusiR.Kpome Toro, OomnplIoe BIMSHHE Ha MPOLECC
HarpeBaHMs OKa3bIBa€T BPEMEHHAsl U NPOCTPAHCTBEHHAACTPYKTYpPa U3IIyUEHUS. DTH
(dakTopbsl MHOTJAa HEOOXOJUMO YUYUTHIBATh ISl TOYHOTO OMNPENEICHUS BPEMEHHOTO
X0Jla TeMIEpaTypbl HArPEeBAEMOT0 U3ITYyUYEHUEM Tella U MPOCTPAHCTBEHHOI'O pachpe-
JIEJICHUS] TEMIIEPATYPBI.

[Ipn HarpeBaHuM Tena Ja3epHBIM H3JIYYEHHEM B HEM AaKTUBUPYIOTCS pas-
JUYHbIE Mporiecchl. K X YUCITy OTHOCSTCS SMUCCUOHHBIE TTPOLIECCHI (IMUCCHUS DIIEK-
TPOHOB, MOHOB, HEUTPAJILHBIX MOJIEKYJI), IOBEPXHOCTHBIE U 0ObEMHBIE XUMUYECKUE
peakuuu, CTPYKTYpHbIE TMPEBpAIlCHHs, TEIJIOBOE  pacllUpeHue ©u  Tep-
MOMEXaHUYECKUE MPOLECCHI, TUIaBJIECHUE, UCMIAPEHUE U T.M. DT U3MEHEHUS MOTYT
OBITh MOJIOKEHBI B OCHOBY TOTO WMJIM MHOTO TEXHOJOTMYECKOIo IMpoliecca — Halpu-
Mep, UCTapEeHUE U TUIABJIEHUE NP PE3KE U CBEPJECHUU OTBEPCTHUH, IUIABICHUE MPHU
CBapKe, CTPYKTYpHBIE PEBPALIEHUS TPU TEPMOYIPOYHEHUN MAaTEPHUATIOB U T.1I.

[Ipu ompeneneHnn OCHOBHBIX TMapaMeTpPOB Ipollecca Ha MPAKTUKE B OO0Jb-
IIMHCTBE CIIy4aeB HE TPEOYyeTCs TOUHOTO PEIICHUs TEIUIOBOW 3a7a4yM, a JOCTATOYHO
OIICHUTH MOPOTOBYIO IJIOTHOCTh MOIIHOCTH M3JIy4YE€HUS ¢, (UM MOPOTOBYIO MOIII-
HOCTh P,, moporoByto sHepruto W,). IloporoBas mioTHOCTh MOIUIHOCTH H3Ty4CHUS
— 3TO TaKOE€ €€ 3HA4YEeHHE, TP KOTOPOM B 00JIy4yaeMOM MaTepualie HAaUMHAIOT Mpo-
UCXOIUTH 3aJlaHHbIC U3MEHEHUs. TeOopeTUUeCKU BEIIMYMHAG, OINPEIEIeTCs KaK Ta-
KO€ 3HAYCHHUE IIOTHOCTU MOIIHOCTH IaJAr0LIEr0 U3JIYUYEHUS ¢y, IIPU KOTOPOM MaK-
cuMasbHas Temreparypa oOpabaTbiBaeMOro maTepuana JOCTUTaeT 3HadeHus [x, co-
OTBETCTBYIOLIEr0 Hayaly AAaHHOTO mpolecca (HarpuMep, IJis UCIIapeHusl MaTepuala
3TO TeMmreparypa ero kurenus). [loporoBeie XxapakTepuCTUKH MOTYT OBITH Ompe/ie-
JICHBI U3 BBIPAXEHUS, ONIPEIECIIAIOIIEr0 TEMIIEPATYPY Ha IIOBEPXHOCTH TEA B LICHTPE
00ydeHHON 00JaCTH B BUJE KPYyTra PalyCcoM 7y B MOMEHT OKOHYAHUS BO3/ICHCTBHSI.
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Jlst oOnmydeHust B pexuMe 00bEMHOT0 MOTJIOIICHUS

T = £0-Rr ﬁ — exp(—i ri Ei(— ri )}+TH, (1)

pcod dat!)  dat 4ot

rjae6— riyOuHa MPOHUKHOBEHHUS CBETA B BEIIECTBO (MpU MOTJIONIEHUHU 10 by-
repy6 = 1/a), Fi(u) — uHTerpaibHas mokasarenbHas QyHkuus. T, — HavanabHas
TeMIiepaTypa.

Bripaxkenue (1) umeeT 1Ba 4aCTHBIX Cydas :

a) 1pu ro>>art

_ qo(1-R)t
T = T +T

6)  mpu r<<+lor:
_ ‘IO(I—R)VOZ at
T = Tln(l94?) +TH ,
F,Hek — TCHHOHpOBOI[HOCTB MaTepI/IaJIa.

JIlpyruM Ba>KHBIM ITapaMeTpOM Ja3epHO 00pabOTKHU SBISIETCS CKOPOCTh aKTH-
BUPYEMOT0 B 00JTydaeMOM maTepualie mporecca. J{s 60IbIMHCTBA TEPMUUECKH aK-
TUBHPYEMBIX IMPOIECCOB, TAKUX KaK WCMApPEHUE, PA3TNYHBIE TEPMOXUMHUUYECKHUE Pe-
aKIUH, CKOPOCTh IpoIiecca V 3KCIMOHEHIIMAIBHO 3aBUCUT OT TeMmeparypsl I, 4To B
HauOosiee o01eM BUe Xapaktepusyercst popmysion OpeHkes:

V(T) = coexp(—54).

R

rae LY — oHeprus akTHBAaIMK COOTBETCTBYIOIIETO IPOIECCa B pacdyere Ha
eIMHMITY MaccChl (TEIIOTa UCMAPEHUs U T.I.), Cp — CKOPOCTh 3BYKa B TBEPJOM Te-
ae,R ., — yHUBepcaibHas Ta30Basi MOCTOSHHAS, L — MOJISIpHAs (aTOMHas) Macca
oOpabaTpiBaeMOro Matepuana.

Omnpenenenue TeMIepaTypbl MaTepuaia, 00JydaeMoro JIa3epHBIM U3ITy9YCHHEM.H
OCHOBAHHBIA Ha HEM PacyeT CKOPOCTH MCIIAPEHUS TAI0T BO3MOKHOCTh IMOJTYYUTh UH-
TerpajbHbIC XapaKTEPUCTUKH TIpoIiecca 00pabOTKH 1 OMpeeTUTh HEOOXOAMMbIC T1a-
paMeTphl pexxruma 00pabOTKH.

B HEKOTOpHIX Ciydasx TEIIOBas MOJACIb BO3JCHCTBUS M3TyUYCHHS OKA3bIBACTCSI
HEJOCTAaTOYHOMU 17151 KOPPEKTHOTO PACCMOTPEHHMSI TIPOIIECCOB JIa3ePHBIX TEXHOJIOTHH.
Hanpumep, nipu cBepiieHnn TiTyOOKUX OTBEPCTHIA HEJIb3sl HE YUUTHIBATH MOTJIOMICHUS
U3y4YeHHs B mapax B oOpa3yromieMcs KaHajie u T.1. B HacTosmemM mocoOuu 3Tu Bo-
IIPOCHI HE PacCMaTPHUBAIOTCSI.

CymiecTBYIOT Jia3epHbIE TEXHOJIOTHH, OCHOBAHHbBIE Ha OBICTPOM TEIUIOBOM pac-
MIMPEHUH BEIIEeCTBA MPU HArpeBe Ja3epHBIM H3IyYeHUEM. TeXHOJOTHUS CyXOu Jia-
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3€pHOM OUYMCTKU MOBEPXHOCTH TBEPJOTO Tejia OT 3arps3HSAIONIMX YaCTHIl OCHOBaHA
Ha OBICTPOM HArpeBe W TEIUIOBOM PACHIMPEHUU MOTJIOMIAOIIUX H3JIYyUYEHHUE YacTHIl
W/WJIM TIPUMIOBEPXHOCTHOTO CJIOSI OCHOBHOT'O Marepuaja UMITYJIbCOM JIa3€pHOIO M3-
ayuenus. [lociae okoHUaHMS UMITYJIbCA T10]T IEUCTBUEM MHEPIIMOHHBIX CHJI POUCXO-
JUT OTPBIB YACTHUIL OT MIOBEPXHOCTU U UX YJaJICHHE.

O1eHuTh MIOTHOCTh MOITHOCTH JIA3€PHOTO H3JIYUYEHHUS, HEOOXOIUMYIO IS
HarpeBaHMs ATIOMUHUS, MEAH, BOJb(dpama, jkele3a 10 TeMIepaTypbl IUIABJICHHUS H
TEMIIEPATYPbl KUIIEHUS U3JIyYEHUEM Jla3epa ¢ AJIMHOW BOIHBI 0= 1,06 MKM mipu aiu-
TeNBHOCTH MMITyJIbca m3nydenns t= 10c,r=10"c.

2.4.1 Ilpsook evinonnenust pabomol

[Ipy uMnysbCHOM BO3ACHCTBHUM J1a3€PHOI0 M3IYUYEHUS HAa METaJJIbl TEMIlepa-
Typa HOBEPXHOCTH OMPEIEISAETCS CACTYIONIUM BhIPAKCHUEM:

T=T + 2qgdval

kim

raeA = 1 - R— nmornomarenbHas cnocoOHOCTh MaTeprana;R — ko3 dumuent
OTpakeHHUs MaTepuaa.
OTcroma nmoiy4aeM BbIPa)KEHUE JJIs TNIOTHOCTH MOUTHOCTH:

I i
G = Z1-BWar
Pe3ynbTaThl BEIYHCICHUI CBEJCHBI B TaOJHIy (IUIOTHOCTH MOITHOCTH H3JIyYe-
HUSL B TaOHIe BhIpaskeHa B Br/cm®):

2.5. K 3ansaTuio Ne5 V3ydenue kpuTepreB pa3pyuieHus Mpy yIbTPa-3ByKOBOM
¥ KOMOWHUPOBAHHBIX BO3JEHCTBUIX

Ha npaxtuueckoM 3anstuu NeS ocyIiecTBiIsieTcsl pacyeT IpOU3BOAUTEIbHOCTH
npolecca pa3MepHON yJIbTPa3ByKOBOW 00pabOTKK CBOOOAHBIM aOpa3uBOM.

VYnbrpa3BykoBas o6padorka (Y30) oxBaThIBaeT OOJIBIIYIO IPYIIITY TEXHOJIOTH-
YEeCKUX MPOLECCOB U OINEpaluil pa3IMyHOr0 Ha3HAYEHHsI, OCYLIECTBIIIEMbIX pa3Jiny-
HBIMU METOJaMH (XUMHUYECKUMHU, MEXaHUYECKUMH U JP.) U BBINOIHIEMBIX MIPU 00sI-
3aTeIbHOM BO3JICUCTBMM Ha 00pabaThiBaeMyr0 3aroTOBKY, 0oOpadaThIBarONINil WH-
CTPYMEHT WJIM Cpeay, B KOTOpPOH Benercs oO0paboTKa, MEeXaHWYeCKHX KOJIeOaHMi
yJIBTPa3BYKOBOM yacToThl (cBbIIe 16 kI'm). XapakTep 3TOro Bo3A€HCTBUS pa3indyeH
IUIA Pa3IMYHBIX TEXHOJIOTMYECKUX MPOIECCOB. B oHUX — yIbTpa3BYKOBbIE KoJieOa-
aus (Y3K) nmepenaior B paGodyio 30HY IHEPrHio, HEOOXOIUMYIO JJIsl BBIIIOJHEHUS
TEXHOJIOTHUECKUX OMNEpaluii HEeMOCPEICTBEHHO, HANpUMep, MPH yIbTPa3ByKOBOM
abpaszuBHOil 00padoTke (Y3AOQO) TBepablx Xpynkux Marepuanos. B gpyrux — Y3K
UCTIONB3YIOT KaK CPEJICTBO MHTECHCH(PHKAIIMU TEXHOJOTHYECKUX OIepallfii, BHIMOJI-
HSIEMBIX TPAJIULIUOHHBIMU METOJJaMH, HAIPUMEDP MEXaHUYECKOH 00pabOoTKOM pe3aHu-
em. M torga Y3K sBisitoTCS JOMOIHUTENBHBIM UICTOYHUKOM SHEPTUU.

K npeumymectsam Y30 OTHOCAT: BO3MOKHOCTh ITPE0OpPa30BaHUs AIIEKTpUIE-
CKOI PHEpruM B aKyCTUYECKYIO MPH HEOONIBIINX 3aTpaTax; CPAaBHUTEIBHO MPOCTHIC
crioco0b! BBeneHus: Y3K B pabouyio 30HY; OTHOCUTENIBHO HECJIO0KHOE M BO MHOTHX
ClIy4asiX TpaJULMOHHOE KOHCTPYKTUBHOE PEIIEHUE CPEJICTB MEXaHU3AIMN U aBTOMa-
THU3ALMUKU ONIEPALIHI U AP.
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Henocrarkamu Y30 sBIsAOTCS HEOOXOAMMOCTh MPUMEHEHUS CIEIUaTbHbIX
TEHEPaTOPOB TOKA, KOTOPHIE 3aHMMAIOT OMNPEEICHHYIO IMPOU3BOJICTBEHHYIO ILIO-
maab U TpeOyIoT yXo/a ClenHalbHO MOJATOTOBIEHHBIM MEPCOHANIOM, a TaKxke Ooee
BBICOKAsi CTOMMOCTb aKyCTUYECKOW SHEPTUU 10 CPABHEHUIO C APYTHUMH €€ BUIAMH.

VYaeTpazBykoBas abpasuBHas oOpaboTka (Y3AO) oObeIUHSIET Onepaiuu, npu
BBITIOJTHEHUN KOTOPBIX ChEM MaTepHalia OCYIIECTBIISETCS MHOXKECTBOM CBOOOJIHBIX
(He 3aKperuIieHHBIX Ha MHCTPYMEHTE) aOpa3uBHBIX 3€peH WU abpa3uBHBIMH (aIMa3-
HBIMH, 3JIbOOPHBIMU) HUHCTPYMEHTAMU MPU BUOpAIM HHCTPYMEHTA UJTU 3aTOTOBOK C
yJIbTPa3ByKOBOM yacToToi (puc.3.1).

[ - 3aroTOBKa; 2 - YIBTPA3BYKOBOM MHCTPYMEHT; 3 - aOpa3uBHas CyCIICH3US

Pucynok 3.1 — Cxema Y3AO cB0OOAHBIMH a0pa3uBHBIMH 3€pPHAMHU TBEPIBIX
XPYIKUX MaTE€pUaIOB

Y3AO0 cBoOoaHbIMU a0pa3uBHBIMH 3€pHAMU OCHOBAaHA HAa XPYMKOM BBIKAJIbI-
BaHUU YacTHIl 00padaThIBAEMOro (XpyImKOTro) MaTepuasa Mo BO3AeHCTBUEM MHOXKe-
cTBa aOpa3WBHBIX 3€pPEH, MO KOTOPHIM yJapseT KOJECOMIOMMICS C yIbTPa3ByKOBOU
4aCTOTOW UHCTPYMEHT.

3aganue

CorylacHO BapuaHTy 3aJaHus, IPUBEJACHHOMY B TaOywuie 3.7 U ¢ YIYCTOM CBe-
JIEHWH, MpecTaBIeHHbIX B Tabimmax 3.1, 3.2, 3.3, 3.4, 3.5, 3.6 u Ha pucyHkax 3.2,
3.3 3.4 He0OXOQUMO:

BbIOpATh MaTepual MarHUTOCTPUKIIMOHHOTO MpeoOpa3oBaTes;
BBIOpATh cxemy 00pabOTKH;
BBIOpaTh MaTepuai, GopMy U JUTMHY BOJTHOBOIa-KOHIIEHTPATOPA;

4 BpIOpaTh aOpa3MBHBIN MaTepHal U CIOCO0 MPUHYAUTEIHLHON MO/Ia4u B pa-
00uyr0 30Hy a0Opa3UBHON CYCIICH3HH,

5 paccumTaTh MPOW3BOAUTEIHHOCTH Tpolecca 00padOTKH, aTh PEKOMEHIA-
MU TI0 YBEITWYCHUIO TTPOU3BOAUTEIILHOCTH TIpoIiecca.

W N =



25

Tabnuua 3.1 — OCHOBHBIE XapaKTEPUCTUKU MAaTEPUAIIOB, TPUMEHIEMBIX
JUTSL U3TOTOBJIEHUSI MArHUTOCTPUKIIMOHHBIX MpeoOpa3oBarteen

apgliHe(:);H(I:ﬂe . Hukens ITepmenntop Ansdep
X TEPUCTUKH
MaTepuana HIuH2| k4902 | K65 | 1014 | 1012
MarHuTOCTPHKIHS A 35.10° | 70-10° | 40-10° | 50-10° | 35-10°
MaruuTHO€ HachIIIEHHUE, 2C 6400 24000 22000 13400 15000
HavanpHast npOHALIIAEMOCTB L 400 700 150 1000 400
MakcumasibHasi OTHOCHUTEIIbHAS 2500 4500 1500 2300 1500
MPOHUIAEMOCTD fnax
Kospuurusnas cuna H,, 2 0,7 2,0 3,7 0,7 0,6
[Totepu (s8m/ke) mpu f=20000
Iy
B=5000 2¢ 28_00 2870500 120725500 1 1_75 :
B=10000 ec
VYenbHOE JIIEKTPUUYECKOE CO- 7105 | 26106 | 2.10° | 90-10¢ | 90.10°
npotusneHue p, Om-cm
Moxnyb yapyrocti E,, ke/cm’ 2,1.10°12,18-10°|2,24-10°| 1,77-10°° —
TI0THOCTS p, 2/’ 8,9 8,09 8,25 6,65 -
T[Ipo4HOCTb Ha Pa3phiB o, ke/cv’| 47 45 67 79 —
Touka Kropu, °C 380 980 — 500 —
CKOpOC}“E pacnpoCTpaHEHUS 47610°| 5.2.10° | 5.10° | 5.1.107 B
YHOPYTO# BOJIHBI ¢, CM/C
YACTbHAL JIOMyCTHMAs MOI-| g, 100..110 50...55
HOCTb P, Bm/cm
Ta6muma 3.2 — Knaccudukarus Y3AO
pnpa| ~ Hasmasemne Knnemaraueckasn cxema K et Y eebemay AR g
2
8 O
B4 | Toammne: po- e i |
Z3 ¢ | mercryomux  dop- MOAHEOM. Péﬁi?i?: g;:n?;;;{;; I;hlxnggg'
5%z | Me paGouen wacTH 4acTh HHCTPYMeHTa | cTeil awoGolf (BOPHY-
&'88 HHCTpYMEHTaA Kon¥pyer obpaGa- | ToH HAH BROYKJIOH)
g g HitcTpyMent 2 cosep- | THEaeMue saemed- | dopMu
> g maer ¥3K ¢ ampuanty- | TH
g Ro#t 2A,: pabomas nmoga-

HA OCYUIECTR/IAETCH BEp-

a THHEAALHBIM nepeMene-
1= HHEM HHCTPYMeHTa WIN
gg TMoayqenne oTeep- }MMDHK“ e yeupsey AGpasuBHYIO cyc- dopmoolpasona-
E‘ ~ | CTHY  MNOCTORHHOTO cT neHsuic 3 ooflapT | HYe OTBEPCTHH pas-
o d=} ceqerHHn NOJMHBOM HJAH BpYY- JHYHOro KOHTYPA
o2 HYEO; SAroTOBKH
a3 NPHKNERBAIOT K
£ CTeRATHHBIM mog-
; g KaagKam 4

g

=
8 |
g Moayuesne  rmo- 7 3arotoska I Bpapjaer- AGpaansHyo cyc- @opmoobpazona-
20 BEPXHOCTEH npH i g € €O CKOPOCTBIO Ugyp: | MeH3Hlo noaaoT mo- | HHE INeMeHTOB ge-
s iﬂﬁmeuﬂﬂ 3aroTos- HECTPYMERT 2 coBepuraer | THBOM; AIA yaepxa- Tadel THNIA Tesl Bpa-
%“;" H TOCTYNarTes- ¥3K ¢ ampauryaoit 24 nua ee p soHe ofipa- | weHHsn HeloAblupx
&5 HOM  HepeMemjeduy 1 K | 6otkn mox uHcTpy- | pasmepos
Fa | HHCTPYMeHTa ke X M MPUKHMACTCH K 3aT0- | yeyrom paaMeln(aioT
gg 5 =T TOBKE ¢ YcRJReM Feq BaHHY
=B B ~N
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One- KHHEeMaTHuecKHE TexHoNOrH¥ecKHe O6nacts
pauns Hasnayenwne KnnemataecKkas cxema 0CcOGeHHOCTH oco6eHHOCTH NpHMEHERHR
=
i OTnenedue wactu -ﬂ:I HHcrpyment 2 cosep- st HeRMo9eRH A Packpofi 3aroTo-
25 3aTOTOBKH  TI0  He- ™ maeT npojonsHue Y3K | ckonop Ha BeXoge | BOK eIMHHYHBIMH
S FEMKHYTOMY KOHTY- 2—-—'—_—4- t © aMnAnTyIoH ..4“: pa- | nezBRAHEOrO HHCTPY- HIW  MHOTOMECTHEI-
Ex | by B 3 4 Souas mogawa  ocyme- MeHTae Bsam-rouxy gt_ir_l ei;l:{r;-rpymemamu:
@ 1 CTRIRETCR BepTHKaML- | MPHKARHAALT K o3 NASCTHH,
gg m flbIM  TIepEMenIeNHeM K- CTCK.TIHHH?ﬁG non- | MunnMaibHas Um“.
58 vyt || Wt A CTPYMCHTa WJAH B8rOTOE- ﬁfon“iyih Dintoun. | _weis G0~
= E: k: kM [ ¢ ycnamem F :
55 \\\\\\\T\\\\\\\\\\\\ L cr NOpanT  BPYUHYIO
HAH [ONTHBOM
Huerpymenr 2 cowep- HAas BckaoueHHs .
waerT npoaoakApe Y3K | CKOAOB Ha BHIXOLR
C aMnaeTymol 2A4 .. pa- | HHCTpYMeHTa 3aro-
fouasn nopaua ocyme- | TORKY NpPHKJAEHBAOT
CTBNRETCH  bepTuKann. | K CTEKIAHROR mof-
HEIM nepememenuem mu- | KA2AKe 45 alpasus-
CTPYMEHTa HMJIM 3aroTos- | YO CYCHUeH3Hio no-
KH 1 ¢ yCHAHEM Forp .32101‘ LCAHBOM M
pes NoNocTh  MH-
CTRYMERTA ®opMoobpasona-

¥ibTpasByKonoe Rupesadde (V3IB)

Buipesanne saro-
TOBOK N0 3aMKHY-
TOMY KOHTYPY

Henpodunuapouanuni
HHCTPYMEHT — TIPOBOJO-
Ka 4 nepeMarkiBnaeTch
€ KaTymKH [ Ha KaTyui-
KY § # noayyaer ¥3K ot
KOHUSHTpaTopa 2; 3aro-
TOBKA 4 NpPHKEMaeTcs
K MHCTPYMEHTY & YCH-
nueM Fop H nepememaer-
Cif B TropH3OHTAJLHOI
MAOCKOCTHE 1o 3afasHof
TPAeKTOPHH, CODTRET-
cTBVIOmeH KOHTYDY BRI-
peaaeMoil 3aroTOBKH

AfpasnuBHYIO Cyo-
NEHINI NORAKT To-

JHBOM. 33}13“"851
TPAGKTOPRH Hepeme-
THEHHA IATOTOBKH

oGeclnienHBaeTca o
VHENHIEHHOMY "ep-
Tery-mabaosy =AW
¢ posmombio YITY.
Huactpyment —
cTanpHas NPOBOJO-
Ka

HHE TIOCKHX 3aro-
TOBOK TOJMIHHOR AC
6—10 mMmM ©o Ha-
PYMHOMY KOHTYpPY

One-

: HasHageRMe 1 ) } KuueMmatTuyeckus TexHONOTHUECKHE GGaacTh
pami:s 183Bageny KuuemaTHuecKan crema ocofe HHOCTH 0coBeHHOCTH NpHMEHERHA
_ OGpadoTka, ocy- Huctpymenrt ! koneb- 3aroTosky  Kpe- Yuctopan obpa-
S weeTpaaenad o JIBTCA B OCEROM Hampap- | NAT B onpase #wnu | GoTHa TIOBEPXHO-
=y croXcHoM  paiogem AEHUN  © avndAuTymoll | manrosom  2awmeMe. | cTell BpameHua ge-
;‘E iﬁbi:&efm? ﬂ;{c'rpy— 24 K+ BPALLAETCH CO CHO- ilopnsa A6PAIHB- Tameh Hef o Thill Hx
o eHTa W (HJIH)} zaro- = Hof cyeneHs#H sa- pasmMepon
QCTRID Uy H OepHoguuge- ?
o8 TOBKH B bil S MeHAeTca TpH  sa-
P CHY DOMKHEMALTCR K 3a~ | yepns zaroToron
eg FOTOBKe 2 ¢ yeuJanem Fop.
; = 3aroToBKa AMeeT Bpamge-

HHE CO CHOPOCTRIO  Us
{BeTpeqgHOe)

¥ AapTpasByKoBoe yAaanenuHe
' sayceHues (¥3V¥3)

OGpafoTka B ug-
KOl cpeae, OpH Ko-

TOpoR YAAJFIOTCH
sayveeHin 3aroTo-
BOK

Juo {unm cTeHKa) paH-
He I mnonyygzer ¥3K ®
coobulaer sHeprHi adpa-
3HBHBIM 3epHam 2 M 3aro-
ToRKaM J. PHE 3TOM CHO-
PUCTE BIEAHMHOTO Mepe-
M2upeHHA 3€peH H 3aro-
TOBOK HEQJHMHAKOBA:

Uy =+ Uy

Tlopuuio atipa-
IUBHOH  cycmeHzHH
W OapTHI 2AroTo-
BOK NMOTRYHLEIOT
B BaHHY OIHOBDE-
MmeHHo., Jdan HATeH-
cHOHKAUNN opepa-
4uH B BaHHE <O3-
naoT H30RTOYHOR
CTATHHECKOE® JIaBjie-
Hue (0,5—0.,6 MIla)

Yiaajenue saycen-
&R pPA3MEDPOM IO
0,08 MM ¢ MeIKHX
METZAAHYSCKHRX  Sa-
roToBOK Maccolt Zo
10—15 r. OuucTka
oT sarpasHesud,
OpOIHO CBAZAHHEE
C 2aroTOBKOR
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Omne- H KrremaTHueckne TexHoMOr BIeCKHE OGnacTs
pauns asHagesne KnnemaT#ueckas cxema emHOCTH 0COBeHHOCTH npEMeHeHEs
OGpaboTka, npwu Huactpymenr I koned- 34roToBKY  npH- Yucronan ofpa-
KoTopoi TaaBHOe JeTcsi B OCeBOM Hanpas- | KJAeEBAIOT K [J0- | 00TKA NAOCKOCTel
ABUAKCHAE pesaRun JIRHHHA C AMOARTYIOHN 24 | cKo#l MOAKAARKE IS

¥anTpasayrosoe wandosatune (¥IUD)

GCymecTBaAeTcA  sa
cyeT JSHHEHHoro ne-

H NPEXAHMAETCH K Oﬁpﬂ-
GaTeBaeMol NOBEPXHO-

yhaoGersa
HHfS HAa CTOAEe CTaH-

Kpermite-

PeMen e 3aro- CTH © VCHIHEM F.-. Sa- Ka. AGpPasHBHYIO
TOBKH b 2 -3 o | cycmemamio momaioT
roTeBKa coBepuiae B pabouyic 30y mno-
BOZEPATHO-TTOCTYNATE b~ NHBOM
HOE fTepeMenieHHe co CKo-
POCTLID Uy,

OdpadoTka, npw - Hectpymeutr ! koasl- 3aroToBKyY Kpe- Uucropas obpa-
HOTOpPO# TAABHOS 5 JeTcsi B OCEBOM Hanpas- OAT B UEeHTpax. AG- | 60TKa MOBEDXHO=
HeRMeHNe pesadus . JIeHHH ¢ AMTIIHTYIOR 24 PRIHBHYIO CYCheH- cTefl Bpamenns
oeymecTenNHeTea  3a Er g ¥ ) ame 8 nonaiol?ra 30

: NpHAHMaETCA K opGpaGa- 3
CHET. RDATLRHHS “aA- %Kﬂ Tgnaeuoﬁ HOBGPXEOCTH 2y 06paGoTHE mo-
FOTORKH 2Ax © ycuauem Fop u nepeme- [ JTHBOMV

uizeTcy BAONE OCH 32aro-
TOBKH 2, KOTOpas Bpa-

21 N[AeTCHA  CO  CKODOCTHIO
Yokp

One- #. ] Kupmemarageck e TexmagoryaecKHe Ofanacts
pauun Hasnaseune Kunematiieckan cxema ocolennocTH OCOBERHOCTR NDEMeHER U
o=
c™ Y30K, mpm Ko- HucrpyManT ¢ npodn- Pafoaan qacTe Hanecenne nao-
g TOpOM Ha BArOTOR- NHpoOBaHHON aBoweii | HHCTPYMeRnTa oTo- | cHEX H3obpame-
2 B p
§_w ‘KY HAHOCAT H3obpa- YacThlo KosebaeTes B oce- | GpasKaeT HaHOCHMOe HIiifl, 3HAKOB H TeK-
== HMEHAE HJIH 3HaK 32 BOM HanpapleHun ¢ aM- | uaofpaxenue. AGpa- | cta rayGudoid  ao
o onuy YCTAHOBKY nauTyaol 24, u npu- | supsas  cyenedaws | 1—1,5 wmwm
E.,g des NepeMeLeHH MUMaeTc K nosepxmo- | 1OAFeTCH B padouyio
Zg 33rOTOBKH B FODH- CTH 3aroTOBKH ¢ ycu- | SOHY TIOMHMBOM uiH

o 30HTAIBHOH nno- F BpyuHYIO
md o oA aHeM Fep

i

=

_ Hanecenwe w20- MHeTpyMeuTy NPRRAIGT HHCTDYMERT — Hauecenne wac-

£ | Spamenns won 3na- V3K c amnantynefl 24 ;. | kanuSposansas CHHX H3oGpame-
‘,g'—) Ka NOCABfOBATE ML~ MPHEHMANT K IIDBED,‘C- NpoOBROVIOKA AnaMe- Hilfl, 3HAKOB H TeK-
a5 HeIM fepeMenjeHHeM HOCTH 32roTOBKH ¢ yen- | TPOM 0.5—1,.5 wmMm. | cta rayGamoi 0,2—
gz HHCTPYMEHRTA I anesm F.p B nepeMemaloT AOGpazneHAA cyc- | 0,3 MM
Ew BETOTOBKH B TFopH- it neH3InAa momaeTcs

=E SOHTENbROT naa- no sammlm‘ Tpaeu’mp?m B pabouyilo  sony
33 | cxoer: nac/ie BRE3aHHN B 84r0- | ppyapyig, PaGouee
R TOHRY Mo YRR RO fepeMenieHHe HWH-
as 6“*‘?"‘ l'iepeuemem.ire U0 | crpymenta ofecne-
o= E‘i}“‘ [_“f_ﬁﬂ TRACK OP“;‘ UHEAETCH naHTo-

a OCYMEETRAAOT W NOA2- | rhadom no KOmHEPY

e aed  sarorork®. [lene- | o0 HOCPEACTROM

cooGpasfo BpameHHe | w1y
HHCTPYMeHTa

Tabnuua 3.3 — YcranocTHas IpOYHOCTh MATEPUAJIOB, IPUMEHAEMast

AJIs1 U3rOoTOBJICHUA KOHICHTPATOPOB

Marepuan

1,107,
Mlla

Marepuan

61,107,
Mlla

Crans 10
Cransb 45
Crans 50I"
Cranp 4512
Crans 20X
Cranp 40X
Crans 40XHMA

16.
25.
29.
31.
31.
32.
50.

.

.

.

22
34
.36
.40
38
.38
.70

CruiaBer;

Crans 18 XHBA
Crans 30XI'CA

amoMuHueBbid J[16T
MaraueBbid MAS
tutanoBeIil BT3-1

54...62
48...70

11,5
13,0
48,0
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Konyenmpamopul — TpanchopmaTopsl yIpyrux KoueOaHuid, OCyIECTBISIOIINE
nepegauy Y3K c¢ yBenumueHueM 3HaueHusi A,.Ilo tumy kosebaHuil pa3inyarOT KOH-
LEHTPATOPBI MPOJOJIbHBIX, KPYTHWIbHBIX U M3THOHBIX KoneOanuit. [1o popme obpa-
3yIOIled KOHIEHTPATOphl (puc.3.2)aenarcs Ha: CTyneH4aTble, KOHMYECKHE, HKCIIO-
HEHIMaIbHbIE, aMITyJibHbIe (Dypbe), KaTeHOUAAbHBIE.

D i 7 7 7

T S | e —— ] ]

] =

-
—_— = e —— -

1 2z J 4 5

Pucynok 3.2 — ®opMbl KOHIIEHTPATOPOB: 1 — KOHUYECKUI, 2 — SKCIIOHEHIIUAJIbHBIM,
3 — KaTeHOUAANbHBIN, 4 — CTyneH4aThli, 5 — amnenabHbId (DPypbe)

10, cM
A

40
30
20

10

15 20 25 30 f kxln
Pucynok 3.3 — 3aBUCHMOCTD JIJTMHBI BOJTHOBOAA-KOHIIEHTPATOPa OT 4acToThI f, KI'11

MakcuManbHO JIOMYCTUMbIE 3HAYEHUS aMIUIUTYAbl KOJICOaHUW BBIXOIHOTO
TopIa KOHIIEHTpaTopa 2A,x (MKM) HE JOJDKHBI MPEBBIIATE 2A . < 0,80_1, 15 CTY-
[IEHYaTOro KOHUEHTpaTopa; 2A.x <1,56., A1 KaTEeHOMAAIBHOIO KOHIICHTPATOPaA;
2A,x= 1,8 6.1, 1711 KOHUYECKOTO KOHUEHTpaTopa. 3AeCh G.j, — yCTAJIOCTHAs MpOY-
HOCTh MaTepuralia KOHIIEHTpaTopa.
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AoOpasuBHas cycnensus npu Y3AO Bkimogaet 20...40% abpa3zuBHOTO MaTepu-
ana (MaccoBoe Co/epXkaHUe); OcTalibHOe — BojAa U npuMepHo 1...2% uHruOuropa
Koppo3uu — HaTpus azotuctokuciioro (NaNQO,).

Tabauya 3.4 — Mamepuanvl abpaszuensie, npumensemvie npu Y340

Cc80000HBIMU 3ePHAMU

OTHOCUTENLHAS
CocraB Teepnocts 110 | [InoTHOCTH
Marepuan . pexymad >
(OCHOBHOIA) mkajie Mooca p, o/M
CIIOCOOHOCTh
Dnpoop
BN 1,1 11 3,45
ITopoiku anmasHbIe C 1 10 3,5
KapOuz 6opa B.C 0,5-0,6 9 2,5
Kap6un kpemmns SiC 0,25-0,45 9 3.2
DIIEKTPOKOPYH/I AL,O; 0,14-0,16 8 3,9

Tabmuma 3.5 — CrtocoObl MPUHYAUTENHHON MTOAaYU B paO0UyI0 30HY
abpa3uBHOI CyCIIEH3UU

-~ O6nacTs
CnocoG A cxema £8P iﬁf,i‘;’g?"““ MperMymiecTea HepmocTaTke npHMeHeHNS
[Moaus
[Tonava cycnensun wue- [Mpoctota  ocyme- Barpynuennmit  no- | ¥30r, ¥3B,
pes Koasio-chpefiep {WnH | CTBAGHHs;  yHHBep- | cTym npm raybuse o6- | V30K, ¥3Ilp,
COTIAI0) OT NOMUL; AaBJe- | CalTbHOCTh paborku ceenme 15— | Y3T, Y3II,
e B cHereme 0,1— 20 mm Y30, ¥3M
0,2 MITa
Harneranne
[Mozaga cycrnedswu Ha- [loBrunennas npo- Hesosmoxnocts o6- | ¥3B, ¥V3lp,
FHETaHHEM 4Yepe3 MoACCTh | HIBOAHTENBHOCTh HPH | pabDTKH rAyXHX OT- 3XV¥30
HHCTpYMeHTA; nasjie~ | yseaMueHHOR [JAyGH- | BEDCTHH H MOJOCTEH
e — 0,3—0,6 Mlla He ofpabotku (B0 mm | B3-3a Haaw4ma cped-
i Oonee) nefi meypangemol 4a-
cTH




IIpooonocenue mabn.3.5
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XapakTepHcTHKa
EHoo. @ chetts P enocobs MpenmymecTsa HenocTaTkn np?{?si?{%?us
lMomaua cycnensny Ha- To xe ¥ BO3MOXK- Heo6xonamocTs na- ¥3Ilp,
rHeTaHHem uepes npensa- | gocTk Qopmoobpaso- | AWuud npeppapHTenn- | AXY30
PHTENBHO  BLITOJHEHHOE | BAHHS CTYNEHYaTHX | HO BHINIOJHEHHOIO OT-
OTBEPCTHE 3aTOTOBKH; aB- | OTBEPCTHH M NOJO- | BEPCTHR B 3aroTOBKe
nepne — 0,3—0,6 MITa creft
MMogaua cycnessuy mo- To &xe Cnoxrocts peann- | ¥3B, Y3Ilp
JIMBOM; YIaJieHHe OTCOCOM 3aIHH; HEBO3MOKHOCTD
{0,07—0,08 MIla) wepes 00paboTKE TAYXHX OT-
: OTBEPCTHE B HHCTPYMEHTE BEpCTHI M TodocTel
Sy w (wan saroToBKe) H3-33 HaJHYHA Cpel-
N Hell Heynansemol ua-
% L /,///é 4 £
Tipemeuanns l. Pacxon alpaseBHoll CycheH3EA TIPR HarHeTaHHH COCTABJAHET npumepao 1—1,5 a/MeH; npu nogaue
JIOMHBOM H BAKYYMHBIM OTcOCOM — 1—3 n/muH. 2. OnTuMasibHas KOHOeHTpauus a0pasHBHOLO MaTepPHAla B BOAE COCTABJSET
35—45 % (maccoBoe cofiepiKaHHe) NPH Tomave noaBoM H 20—30 % npH oTcoce H HAFRETAHHH.

Pacyer npousBoauTeabHOCTH npouecca Y3AO

Pacuem xosgpgpuyuenma ycunenus amniumyowl Koieoaruti

k=

2 ¢

=),

rjae [ — 1juHa BOJHOBOA-KOHIIEHTPATOPa,
A — JUTMHA BOJIHBI, PACIIPOCTPAHsAEMON B BOJIHOBO/IE-KOHIICHTPATOPE.

Pacuem nuneiinoii npoussooumenvnocmu Y340 Q,, mm/mun

0, =¢(4'F)" f°,

(3.1)

(3.2)

rjae ¢ — ko3 GUIMEHT, 3aBUCALIUN OT CBOWCTB 00padaThIBAEMOI0 MaTepHaa;
A, — ammuutya KoneOaHuii BOJHOBOIa-KOHLEHTpaTopa (A,=A4;k);

au b — ycnoBust 00paboTKH;

F,,— ontumansHoe ycwine pabodeit nmogauu, H,

f— pe3oHaHCHas yacToTa KoJieOaHUM BOJIHOBOAA-KOHLIEHTPATOpPA.

< 3
Pacuem ob6vemnoii npouzeooumenvnocmu Y340 Q,, mm”/mun

0, =tS,, (3.3)

rje t — rryouna o0padoTKu, MM;
N 2
So— momaas 06pabdaTeiBaeéMOil MTOBEPXHOCTH, MM .
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Tabnuua 3.6 — OTHOCUTENBHAS 00pa0aTHIBAEMOCTh HEKOTOPBIX TBEPABIX
marepuaiioB Y3AO cBoOOTHBIMU 3epHAMU

OtHOcuTEenbHAs OtHOcUTENBHAS
Marepuan Marepuan
00pabaThIBAEMOCTH @ 00pabaThIBAEMOCTbH
Crekiio 1 Kepamuka 0,4
Smma 0,9 Arart 0,3
Depputhl 0,8 Munepaio- 0,2
KepaMHKa
Curamisl 0,7 TBepapIl cruiaB 0,02-0,05
Kpemunit 0,4-0,7 I'epmanuit 0,3-0,6
KBapi 0,5 Anma3s 0,1
58 F., H
A
49
38,2
29.4
19,6
9,8
0 250 500 750 1000 1250

2
So, MM

Pucynok 3.4 — 3aBucumocts F.;, H, oT miomanu o6padotku Sy, MM
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Taomuna 3.7 — UcxoaHble TaHHBIE

3w = o Eh 8
EEl 5 g 3%
O6pabatsiBacMmast Fybuna g 8 5 5 = =] 2|8 =
Ne 00paboT- | S Z S = SE| 3|ls “|la]b
IIOBEPXHOCTh 8, == Sur| 28| E
Ki, tMM | 2 o 4 z < | 2 <
s o & = | E|E
< 2 E|E
sl & kS | =
= s o <
1 2 3 4 5 6 71 8 19110
1 |®opmoobpa3zoBaHue 3 250 | Crexkmo [18,00] 3 5 10,5]0,5
MOJIOCTEN BOTHYTOU
bopMbI
2 |DopmoobpazoBaHue 8 270 Smmva |18,33] 4 6 10,6/0,6
OTBEPCTUH
3 |Dopmoobpa3zoBaHUE 1 290 | ®eppursi |18,66] 5 7 10,710,7
AJIEMEHTOB JieTaJleh
THUIIA TEJI BPAIICHUS
4 |YucroBas 06paboT- 0,02 300 | Curamner |18,99] 6 8 10,810,5
Ka IJIOCKOCTEN
5 |YwmcroBas 06paboT- 0,03 350 | Kpemuuit [19,00| 7 9 10,9]0,6
Ka OBEPXHOCTEN
BpalleHUsI
6 |Hanecenue miockux 1,4 400 Kgapuy 19,431 8 | 10 |1,0]0,7
n300pakeHui, 3Ha-
KOB, TEKCTa
7 |YucroBas 06paboT- 0,04 430 | Kepamuka|[19,56| 9 5 10,5(0,8

Ka IOBEPXHOCTEN
BpAIICHUS JIETaJICH
HEOOJBIITNX pa3Me-

poB




IIponomxkenue tabn.3.7
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1 2 3 4 5 6 71 8 19110

8 |DPopmoobpazoBanme 4 470 Arar |19,68] 10| 6 10,6/0,9
IIOJIOCTEN BBIITYK-
7101 (hOpMBI

9 |®opmoobpazoBaHUE 1,2 500 | Munepa- |20,00| 9 7 10,711,0
penbedHbIX U300- J10-
paxeHuu KepaMuKa

10 |Hanecenune miockux 1,3 520 | Tepapiii [20,30| 8 8 10,810,5
U300paKeHUM, 3HA- cruiaB
KOB, TEKCTa

11 |[YucroBas o6paboT- 0,01 560 |T'epmanmii (20,56 7 | 9 [0,910,6
Ka IOBEPXHOCTEN
BpalleHus

12 [YuctoBas o6paboT- 0,02 580 | Ammaz (20,86 6 | 10 [1,0]0,7
Ka IIOCKOCTEN

13 |Yucroas 06padoT- 0,03 600 | Crexno |21,00| 5 5 10,5(0,8
Ka [MOBEPXHOCTEN
BpalllCHUs eTanei
HEOOJBIINX pa3Me-
pOB

14 [®DopmoobpazoBanue 2 630 Amma 21,331 4 | 6 10,6/0,9
3JIEMEHTOB JIETAJIEN
THUIIA TEJI BpAILCHUS

15 |Hanecenme miockux 0,2 690 | @eppursr [21,53] 3 7 10,711,0
U300paKeHUM, 3HA-
KOB, TEKCTa

16 |DopmoobpazoBaHue 0,1 720 | Curamnsl [21,79] 4 8 10,810,5
penbeHBIX 1300-
paKEHHUIN

17 |Hanecenue nmiaocKux 1 740 | Kpemuwuii [22,00] 5 9 10,9(0,6
U300paKeHUM, 3HA-
KOB, TEKCTa

18 [YuctoBas o6paboT- 0,08 780 Kgapu (22,301 6 | 10 |1,0]0,7
Ka IIOBEPXHOCTEN
BpAILICHUS JI€TAJICH
HEOOJIBIIINX pa3me-
pOB

19 |DopmoobpazoBaHue 6 810 | Kepamuka |22,56]| 7 5 10,5]0,8
OTBEPCTUM

20 |Ynanenue 3ayceH- 0,06 890 Aratr |22,78] 8 6 10,6/0,9
LIEB

21 |Hanecenme miockux 1,5 900 | Munepa- [23,00] 9 7 10,711,0
u300pakeHuM, 3Ha- J10-

KOB, TEKCTa

KepaMuKa




[Iponomxenue tabmn.3.7

34

1 2 3 4 5 6 71 8 19110

22 |YucroBas 06paboT- 0,06 950 | Teepmerit (23,391 10 8 [0,8(0,5
Ka MJIOCKOCTEH CIJIaB

23 |dopmoobpazoBaHue 2 990 |I'epmanuii [23,50] 9 9 10,910,6
IJIOCKUX 3arOTOBOK

24 |DopmoobpazoBaHue 3 1000 Amnma3z |[23,87| 8 | 10 [1,0]0,7
AJIEMEHTOB JIeTalei
TUTA TEJ BpaIlCHUS

25 |DopmoobpazoBaHue 3 1100 Crexno 24,00 7 5 10,5]0,8
IJTIOCKHUX 3arOTOBOK

26 |YuctoBasi 00paboT- 0,02 1150 Amma |[24,31] 6 6 10,6/0,9
Ka IIOBEPXHOCTEN
BpalllCHUs

27 |DPopmoobpazoBaHUE 0,3 1200 | ®epputhr |24,58| 5 7 10,711,0
penbedHBIX N300-
paXXeHUU

28 |DopmoobpazoBaHue 5 1220 | Curamaer |24,77] 4 8 10,8]0,5
OTBEPCTUH

29 |Ynanenue 3aycen- 0,08 1250 | Munepa- [25,00] 3 9 10,910,6
1ICB J10-

KepaMHKa

30 |DPopmoobpa3zoBaHUE 2,5 250 | Teepasrit [25,39] 4 | 10 [1,0(0,7
IJIOCKUX 3arOTOBOK CILIaB

31 |YucroBas 06paboT- 0,1 300 |I'epmanwmii [25,56| 5 5 10,5(0,8
Ka IOBEPXHOCTEN
BpaIllCHUs

32 |Hanecenme Tekcra 1,0 400 Ammaz  [25,87] 6 6 10,6109

33 |Yucroas 00padoT- 0,05 500 Ksapy 26,001 7 7 10,7]11,0
Ka MJIOCKOCTEH

34 |Y nanenue 3ayceH- 0,04 600 Arar  |26,25] 8 8 10,8]10,5
()]

35 |Hanecenue Tekcra 0,3 700 Anmmaz 30,00 9 9 10,9(0,6
JTUTenbHOCTh Al Cu \\ Fe
UMITYJIbCa Joun Joxun Joun Jokun Jomn Joxun Jomn Joxun
t,=10"c 6,2:10° | 2,4-10° | 1,2:10° [ 2,9-10° | 6,3-10° | 1,0-10° | 1,9-:10° | 3,6:10°
t=10"c 6,2:10" [ 2,4-10° | 1,2-10° [ 2,9-10° | 6,2:10" | 1,0-10° | 1,9-10" | 3,6-10’
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AHaIM3 S3HEPreTUYECKUX XapaKTEPUCTUK (PU3UKO-XUMHUECKUX BO3AECUCTBUN HA MaTepUalbl
Mogenu MEXaHUYECKOI0 pa3pyllIeHNUs MaTepuaa

I/I3yquI/Ie YCHOBI/Iﬁ TEXHOJIOTUYCCKOT'O 3JICKTPOIPO3NOHHOTO Pa3pyHICHUS MaTCPpHUAIIOB

N3yuenue 3akona Papanes 11 pa3IMuHbIX YCIOBUM OCYLIECTBICHUS aHOJIHOIO PACTBOPECHUS
W3y4eHne BIUSHUSA TCUECHUS DIIEKTPOJIUTA HA IEKTPOXUMUYECKUE MPOLIECCHI

H3yyeHue mponeccos JIa3epHbIX BO3ACHCTBUI
Ha MaTepHuaJbl IPU UCIOJIb30BaHUU TBEPAOTEb-
HBIX U I'a30BbIX JIA3€POB

N3yuenue kpurepreB pa3pylieHus Ipy yJIbTpa-3ByKOBOM M KOMOMHUPOBAHHBIX BO3JEHCTBUIX
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