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OTBETCTBYIOIIMMH KOJMYECTBEHHBIMU H3MEHEHMS-
mu ¢a3. [Ipu nazepHoii 00paboTke Ha MOBEPXHOCTH
MOJTyYaJy OIUIABJICHHBIE CJIOW YyryHa HCXOTHOTO
COCTaBa, KPUCTAJUIN3AIUS KOTOPBIX MpU OBICTPOM
OXJIAKACHUM IPOXOnwia ¢ 0Opa3oBaHUEM CTPYK-
TYp, COCTOSIIIMX W3 NEPBUYHOIO ayCTECHHUTAa B BHUIE
JIEHIPUTOB U JieaeOypHuTa 0€3 BUANMBIX BKIIIOUCHNH
rpaduTHON (a3bl.

[Ipu nazepHOil MOBEPXHOCTHOW 00pabOTKE TH-
MUYHBIX YIIEPOAUCTBIX W  CPEAHETIETUPOBAHHBIX
CTaJIell ¢ LIebI0 MOBBIIIEHUS MPOYHOCTH U U3HOCO-
CTOMKOCTH TIPOMCXOIUT TpaHCHOpMAIHs CTPYKTYP
B COOTBETCTBHM M juarpammoii cocrosuust Fe —C.
O0pazyroTcs CIIoH, B KOTOPBIX IPUCYTCTBYIOT CTPYK-
TYpHBIE COCTABIISIOIINE B COOTBETCTBUH C COAEPKa-
HHUEM YIJIepO/ia B CIIIaBe MPH 3aKajKe UX OT TEeMIIe-
paryp Boiie AC1 1 oxXJakIeHUN HIDKE Heé, ¢ Tiepe-
XOJHBIMU 30HAMU MEXIY CJIIOIMH CO CTPYKTYPHBIMHU
COCTABJISIIOILMMH CMEXHBIX 001acTeH.

JlazepHoe JserupoBaHue H3 OOMAa30K B CBOIO
o4epelb YBEIMYMBAECT MHOI0O0OOpazue BO3MOXKHBIX

YIK 621.983.044

CTPYKTYpP JIETHPOBAHHBIX CJIOCB IO CPAaBHECHHUIO C
TPaIUIIMOHHBIMHU CIIOCO0AMHU XUMHKO-TEPMHUYUECKON
00paboTku. XMMHUYECKUM COCTaBOM CJIOS, €r0 MH-
KPOTBEPIIOCTHIO M OJJHOPOJAHOCTHIO MOXKHO YITpaB-
JSATH TyTeM PEryJUpOBAaHHUS CIETYIOINX OCHOBHBIX
rapaMeTpoB 00paOOTKH: THTIA M TOJIIWHBI JETHPY-
oIIe 00Ma3KH, (PaKIIMOHHOTO COCTaBa UCTIONb3Yye-
MOTO TIOPOIITKA, POJIa OKPYKAFOIIIEH Ta30BOM CPEIIbI,
reoMeTpun (HOKYCHUPOBKM JIA3€PHOTO H3IYyUYCHHUS,
MOIIHOCTH M CKOPOCTH CKaHUPOBAaHUS Jyda.

JlazepHasi TEXHOJIOTHS YIPOYHEHHMsI ObLIa ampo-
OupoBaHa JijIsl pa3jIMYHOIO PoJia CMEHHBIX JieTaliei
pabounx opraHoB c¢/x mammuH. [lo pesynsraram uc-
clleZloBaHM Tpeanoxensl Mapku craieit (601111,
30XT'CA, 9X®...) 1 TOKPBITHI JJIST N3TOTOBIECHUS
JeTaNe HOKEH THIA: WU3MEIBIUTEICH KOpMOy0o-
pounsix MarmuH, PCK, MPK, kocniok, KyKypy3HBIX
JKaToOK, T0OOpe3KH OOTBEI, TUCKOB CESJIOK M OOPOH,
paboTarnmx Mpu OTIMYAIOIINXCS YCIOBUAX C Iie-
JBIO TOCTHKEHUSI HEOOXOAMMOTO YPOBHS JKCILTya-
TAI[MOHHBIX XapPaKTEPUCTHUK.

TEXHOAOTHYECKHH IPOIIECC PA3IAYH
TPYBYATBIX SAI'OTOBOK, COCTOAHHE U
IIEPCITEKTHBBI

B.C. Ilempaxkoeckuii, A.A. bakunoeckasn
Quzuxo-mexnuueckuti uncmumym HAH Benapycu

2. Munck, Pecnybnuka benapyco
Buinonnen ananuz cocmosanus npoyecca pasoadu mpyouamvix 3a20mooK 6 JIUCMOBOU WMAMNOSKe.
Tlokaszan HedoCmamouHbwlll ypoeHsb UCCIe008aHULL NPOYeccd, Ymo He NO360J4em paccyumams OOnycmu-
MYI0 cmeneHb pazoayu mpyouamoil 3a20mosKu. Ycmanosnienvl 0CHOB8Hble (PaKmopul, enuswue Ha cme-
neHb pasoauu npu OCyuecmsieHuy npoyecca pasoadu mpyouamsix 3a20Mo60K NACMUYHOU cpedoll U UM-
RYIbCHLIMU MEMOOAMU WMAMROSKU. Hlcciedo8ana cmenens ux 61UusHUA HA NPoYecc 2uOpoyOapHOll paz0ayu.
Paspaboman unsiceneprwiii Mmemoo pacuema npedenbHol CmeneHu pazoadiu.

Beenenue
B HacCTodAIIeC BpPEMs JIMCTOBasd HITaMIIOBKa OT-
HOCHUTCSI K HanOosiee BOCTPEOOBAaHHBIM U TIPOrpec-
CUBHBIM METO/IaM 00paOOTKH METAJUIOB U 3aHUMAET
O/THO M3 BE€AYIIUX MECT B COBPEMCHHOM ITPOU3BO/I-
ctBe. Ee ynenbHbI BeC B OCHOBHBIX OTPAaCisX Mpo-
MBIIUTEHHOCTH 3aHnMaeT oT 60 1o 95 %. JlucroBas

LITAMIIOBKA MOJTyYniIa TaKOE IIKUPOKOE PaclpocTpa-
HEHHME B NIPOMBIIUIEHHOCTH, B IEPBYIO O4Y€pEnb,
Onaromapsi TAKAM CBOMM JIOCTOMHCTBAM KaK HH3Kas
TPYAOEMKOCTb U CTOUMOCTD BBIITyCKa€MOM IPOAYK-
1Y, BBICOKas HpOI/I3BOI[I/ITeJ'II>HOCTI> U TOYHOCTb U3-
nenuii. JIncToBas mIraMIoBKa 00bEeIUHSIET OOJIBIIOE
KOJTMYECTBO Pa3HOOOPA3HBIX TEXHOIOTUISCKUX OTle-
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paruit. B.I1. PomanoBckuit Beigensier 21 0CHOBHYTO
OTepalrio, KOTOpbIe MO3BOJSIOT MOJIYYUTh OTPOM-
HOE MHOTrooOpasue JieTalnei, Kak ¢ IUIOCKUX, TaKk U
MIPOCTPAHCTBEHHBIX 3arOTOBOK, B TOM YHCIIE TPyOUa-
TeIX [1]. Oneparuy mTaMItoBKH TpyO 3aHUMAIOT CY-
IECTBEHHOE MECTO B 00IIEM Py HOPMOU3MEHSIO-
LIMX ONEPaLHi, TaK KaK KpyIas Tpyoa rnpu orpeze-
JICHHOM IIEpUMETPEe UMEET MaKCUMAaJIbHYIO TUIOLIa b
IIPOXOJHOTO CEUCHUS M JKECTKOCTb, U I03TOMY TPYObI
4acTO MPUMEHSIOTCS B KAUECTBE OCHOBHBIX CHIIOBBIX
9NIEMEHTOB U B TPYOONIPOBOAHBIX KOHCTPYKLMSIX [2].
Omnepauun MWTaMIIOBKH TPYO pa3nenstoTcs GpakTuye-
CKH Ha paszzady, 00kuM u THOKY Tpy0 [2]. Kaknas u3
3THUX ONeparyii MOXKET UMETh Pa3InYHbIe PA3HOBU/I-
HOCTH, HalIpUMEP, C OCEBBIM CKATHUEM, PACTSKEHH-
eM, HarpeBoM. Llenpro Hamieit paboTHI ABISICTCS HC-
CJIeTOBaHME CBOOOTHON pa3aadul TPyOIaToH 3ar0TOB-
kd. YTO KacaeTcst TEpPMUHOJIOTHH, TO 3Ty OIEPALUIO
B Pa3HBIX HCTOYHMKAX HA3bIBAIOT MO-pa3sHOMY. Jlake
KJIACCHKH JIMCTOBOM IITaMIOBKU OOO3HAYAIOT 3Ty
ornepauuto no-ceoemy. B.I1. PomanoBckuil HazpiBaeT
ee pacTsokkoH (pasmada), M.E. 3y0110B — (hopMOBKOIA,
A.H. ManoB — GopMOBKOH pacTsiKEHHEM, a aBTOP
Kiaccuueckoit Monorpagun «llltamMmnoBka pesnHON
u xuakocThio» E.W. McauenkoB — ¢popmooOpazoBa-
HUEM U3 IIPOCTPAHCTBEHHOM 3aroToBKHU. M TOJIBKO
M.H. T'opOyHOB 3Ty orneparyio Ha3bIBaeT pa3aadci.
MBI B CBOMX HCCIIENOBAHUSIX TPUIECPKUBAIUCH 3TON
TEpPMHMHOJIOT MY, CUUTas ee Haubojee NpaBUIbHOM, U
10 TEPMUHOM pa3jjaya Mbl HOHMMAaeM IPOLIECC yBe-
JMYCHUS TONEPEYHBIX PasMEPOB IOJIOH 3aroTOBKU
(TpyOBI B TaHHOM CITydae) IMoJ| IeiCTBHEM BHYTPEH-
HEro JIaBJICHUs IyTeM TaHTEHIMAJIbHOIO pacTsiikKe-
HUS. DTOT TMpoLece SIBISETCS HanOosiee CIOKHBIM
U TPYAOEMKUM CPEIM CYIIECTBYIOIIMX MHCTPYMEH-
TaJbHBIX omneparuii mramnoBku. OJHAKO B COBpe-
MEHHOM MAaIlIMHOCTPOCHUH CYIIECTBYET OOJBIION
KJIacc JieTaJiel, A1l N3TOTOBJIEHUS KOTOPBIX MPOIIecC
pa3madu sBIISETCS €ANHCTBEHHO BO3MOKHBIM CIIOCO-
6om ux m3rorosneHus. [lomydyenne Takux neranei B
HMHCTPYMEHTAJIbHBIX KJIACCHYECKUX IITaMIIaX 4acTo
3aTPYIHEHO WJIM BOOOILE HEBO3MOXKHO M3-3a IIOXO-
r'0 KauecTBa MPOAYKIIMU U 3KOHOMHUYECKOH Helere-
cO00pa3HOCTH, T.K. IUISl OCYLIECTBICHHS HpoLecca
pasnayd TPaIUIMOHHBIMH METOAaMH HEOOXOIMUMBbI
CJIOKHEHIIINE pa3ABHKHBIE JIETIECTKOBBIE IITAMIIBI,
koropsie B 30—40 pa3 nopoke OOBIUHBIX IITAMIIOB,
Jla 1 JIeTajau NOoJydarorces ¢ orpankoil. Iloaromy ta-
KOW TpoIiecC SKOHOMHUYECKH Heleliecoo0pas3eH U B
MIPOM3BOJICTBE MPAKTUUECKU HE TPUMEHSAETCS.

Ho ¢ mosiBiieHnemM MeTo10B MITaMIIOBKH KHIKOCT-
HOH 1 271aCTUIHON CpeaaMu, 0COOCHHO UMITYIBCHBIX
METOJOB (IUTaMIIOBKA B3PBIBOM, 3JIEKTPOTUIPABIU-

YyecKas, MarHUTHO-UMITYJIbCHAs!, ra30MHaMUYecKas
IITAMIIOBKAa ¥ 0COOCHHO THAPOYAapHAs IIITAMITIOBKA)
TEXHOJIOTHS pa3Jadyl 3HAYUTEIHHO YIPOCTUIIACh, €€
TEXHOJIOTHYECKHE BO3MOKHOCTH 3HAYMTEIBHO pac-
mmpuianck. OHAKO NPOLECC Pa3aaun MPAKTUUECKU
HE M3Yy4YeH M Ja)Ke OCHOBHOH I1OKa3aTelb IpoLecca
pasmaun — yBeJIMYCHHE AMameTpa TpyOHOH 3aro-
TOBKH Ha3bIBAalOT No-pazHomy. M.H. I'opOyHOB 3TOT
MOKa3aTesb Ha3bIBaeT KOA(GPHULMEHTOM pa3aadu (0T-
HOLICHHE JuaMeTpa TpyOuaTol 3aroTOBKH K MaKcH-
ManbHOMYy auamerpy naeranu), B.I1. PomanoBckuit
9TOT IOKa3aTejb TAKXKe Ha3blBaeT KOAIPPHIMEHTOM
pacTshKKU (pas3ziadu), HO 3TO y:Ke 00paTHOE OTHOIIIC-
HUE, IpyTHe aBTOPHI ONIEPUPYIOT TOIHKO MaKCHMAaJlb-
HBIMHU TaHTCHIIUATBLHBIMHA JIehopMaIisiMU. A 3Have-
HUS ATHX KOAPPHUIUEHTOB JA0TCS KaK IPUOIIKEH-
Hble U 00OOIIEHHbIE AJISI AJIOMHHUEBBIX CILIABOB
nnu ctayned. Onupasce Ha 9TH JaHHBIE TEXHOJIOTH-
YeCcKUi MpoLece pas3fadn, He CIIPOCKTHUpPYEllb, T.K.
OHHU HE OTpa)KaroT BCEro MHOrooopasus (pakTopos,
BIMSIIOIIMX Ha Tpouecc paznadd. OnucaHus 3THX
(axTopoB U TeM OoJiee MCCIIENOBAHUNA X BIMSHUS
Ha TPOLECC Pa3faud B JOCTYMHBIX WHPOPMaIHOH-
HBIX UCTOYHMKAX MpakTudyecku HeT. [loaTomy ormpe-
JIeTICHHEe OCHOBHBIX (DAaKTOPOB, BIMSIOMIMX Ha TPO-
LIeCC pa3iayM U CTENeHb UX BIMSHUS HA MOKa3aTesn
pasnauu, sSBJISIETCS aKTyaJbHOU 3a7a4ueil U npecTaB-
JISET MIPAKTUIECKUA HHTEpEC.

Les1pr0 HACTOSAIIETO UCCIIEA0BAHUS SIBIISIOCH BbI-
SIBICHUE OCHOBHBIX (DAaKTOPOB, BIMSIOIIMX HA IPO-
1ecc cBOOOAHON THAPOYIApHOH pa3iadyl TpyOuaThix
3arOTOBOK M ONpeleSieHHEe BEJIMYHHBI 3TOTO BIIHU-
SIHUSI Ha OCHOBHOH TIOKa3arelslb pa3fadyd — CTEIEHb
pa3znauu Kp :D,m /DTp M Ha 3TOM OCHOBE CO3JIaHHE
METO/IOJIOTUH MTPOEKTHUPOBAHUS TpoLecca pasiadn
TpyOUaThIX 3aroTOBOK MMITYJIbCHBIMH METOAaMH, B
YaCTHOCTHU THUPOYAAPHBIM METOZOM IITaMITOBKH.

MeTtonuka U pe3yabTaThl HCCaeT0BAHMI

MHoroo0pasue (hakTopoB, BIUSIONINX HA IPOIECC
THIPOYIAPHOM pa3iadd, CIOKHOCTh MX OJHOBPEMEH-
HOH OLICHKH HAKJIaAbIBAIOT ONPEENICHHbIE TPYIHOCTH
B BBIOOpE E€AMHOIO KPUTEPHS, IO KOTOPOMY MOMKHO
ObII0 OBl OLIEHWTH MpOLECC pasnadyu B HejaoM. s
nporecca THAPOYAAPHOM BBITSDKKHM Takash METOAMKA
CYILIECTBYET, II€ B KAUECTBE KPUTEPHSI IITAMITYEMOCTH
HCTIONB3YETCsl 3HAYCHNE MPEIENTbHON CTETIEHH BBITSIK-
ku K i Dmmax/d, tne D, — MakCUMAaJbHbIH J1a-
METp 3ar'0TOBKH, KOTOPYIO MOYKHO BBITSHYTh 3a OJJHO
HarpykeHue 0e3 paspyuieHusi, d — TuaMeTp BBITS-
ruBaemoii neranu [3]. U ecnu mpenronoxkuTh, 9T
MpoIecC pa3fayd TPyO4aTod 3aroTOBKH SBISIETCS
BBITSDKKOM MPOCTPAaHCTBEHHOM 3arOTOBKH, IJIE B Ka-
gecTBe (praHIa BEICTYIAIOT CBOOOMIHBIE KOHITBI TPY-

12

| ((I/IH)KBHBP-MEXH.HPIK»




IMATEPI/IAAI:I KOH®EPEHIIHUN 1 CEMHHAPOB

OblI, a IMAMETPOM MATPHUIIBI SIBJIICTCS IUPUHA prdTa
TpyOBbI, TO pa3pabOTAHHYIO JUIS BBITSKKH METOIUKY
MOYKHO TIPUMEHHTH JJIs pazgaun TpyO. Takum oOpa-
30M, JIJIs OIIEHKH MPOIIecca CBOOOTHOM THIPOYIAPHOI
pa3madn TPyOUaThIX 3arOTOBOK HAWOONIee YIOOHBIM
SIBJISIETCS] CTETIEHb pazadu K D /D ,rme D, —
MaKCHUMaJIbHBIH JHaMeTp qu)Ta D — WCXOJHBIN
muamerp TpyObl. CreneHb pasz[aqn IIpH  KOTOPOU
TaHTEHIMaNIbHbIE Jle(hOpMalii JIOCTHTAIOT CBOETO
MaKCHMYyMa, SIBIISIETCS TPEIEIBHON CTEIEHBIO pa3-
paun K v BBIpaKaer co0oli TIpeiIeTbHOE 3HAYCHHE
JIMaMeTpa JeTalu, KOTOPYH MOXHO IMOJyYUTh C 3a-
JTAHHOTO JIaMeTpa TPYyOBl.

AHanu3 mporecca TUAPOyJapHOi pazgadu Tpyo
(cBoOOmHAsS pa3gadya) M MPeIBAPUTEILHBIC YKCIICPH-
MEHTBI [TOKa3bIBAIOT, YTO BEJIHUUMHA NPEICTBHOM CTe-
nenu pasfadd K, TIaBHBIM 00pa3om, 3aBHCUT OT
I (S13% {0)11170:¢ (baKTopOB 1 — marepuana TpyOsI; 2 —
OTHOCHMTENIBHOM JUIMHBI TPYO4YaTol 3aroToBku L /B
(L — JIUTMHA TPyO4aToi 3aroTOBKH, B — MIMpUHA To-
nyqaeMoro paznaueii pudra uiaM 30HBI JePOPMUPO-
BaHUsl); 3 — OTHOCUTEILHON TOJIIUHBI CTEHKH TPYO-
JaTOM 3arOTOBKU S / D, (S — HCXOIHAas TOJIIUHA
CTCHKH TPyO4aTon 3aFOTOBKI/I D, — nuamerp Tpy-
Ob1); 4 — OTHOCHUTEHHOMN HII/IpI/IHBI pudpra B/S; 5 —
CKOPOCTH HAarpy»EHHUsl 3arOTOBKH (OTHOCHTeJIbHOI/I
Maccel Ooiika m /m), toe m
— Macca JKAJIKOCTH B paboueit
KaMepe THAPOYIapHOTO Tpecca,
m_ —macca Oo¥Ka.

6
OTC}O,I[a BBITCKAIOT 3aJ1a4u

HHUE Ha CTENeHb pa3ladd, a MOJTy4YEeHHBbIE 3HAUEHUS
NpeAeTbHBIX CTENeHel pa3aadu KOPPEeKTHPOBAaTh C
MTOMOIIBIO TOMPABOYHBIX KOI(D(PHUIIMEHTOB, YUHTHI-
BAaIOIINX M3MEHEHHUE PYTUX MapaMeTpoB, MOJOOHO
TOMY, 9TO pa3padoTaHO ISt THAPOYAAPHOHN BBITSKKA
[4]. BBugy »TOTO, OIIEHKY IITAMITyEMOCTH IIPOBO-
JTAITH TIYTEM TTOCTPOCHUS SKCTIEPIMEHTAIBHBIX KPH-
BBIX IITaMIyeMOCTH, MPECTABISIONNX co00i B3a-
MMOCBA3b Y/CIbHON JHEPrun ynapa E , BEIIMYMHEL
OTHOCHUTEJBHOW JJTMHBI TpyOuaTron 3ArOTOBKH L, /B
1 pe3ynbTaToM pa3fadd. A 1o pe3ysbraram 3Kcnep1/1—
MEHTa CTPOUJIMChH 3aBUCHMOCTH IMPEJENIbHON CTere-
HHU pas3fayu I(p' up OT BETMUHHBI LTP/B.

OKcrniepuMeHTalmbHass padoTa MO MOCTPOSHHIO
KPHUBBIX IITAMITyEMOCTH IIPOBOIMIIACH HAa THAPOYIAp-
HOM nipecce CDT- 510 Ha MaTpuIax ¢ paanycoMm 3a-
KpymIeHus R = 25 ¥ AMaMeTpaMu PaBHBIMH JIHaMe-
TpaM HCXOAHBIX TPyOUaThIX 3aroTOBOK (25-50 Mm).
BenmunHa OTHOCUTENHHON IUTMHBI TPyO4aToOl 3aro-
TOBKH L /B u3MeHsachk ot 2 Ao 12. Hlupuna 30HbI
L[eq)opMHpOBaHHsI Obuta pasHoii 10 S,. Jlnanason
sHeprui ynmapa 1-5 xJIx. U_[TaMHOBKa TpyOuaThIx
3aroTOBOK M3 pa3lMYHBIX MaTrepuajoB MPOU3BOAM-
Jack MO cxeMe CBOOOTHOH pa3iadd 3a OIHO Harpy-
KEHHE CHUMMETPHUYHO PACIIOJIOKEHHOIO IO BBICOTE
3arotoBku pudra (puc. 1).

OKCIICPUMCHTAJIBHOI'O  OIIPCAC-

JICHUS TPEACIIbHBIX CTencHen
pazgaqyu Ui pas3IMYHbIX MaTe-

pHUangoB TpyO M Ka4eCTBEHHOTO
U KOJMYECTBEHHOIO Xapakrepa
UX UW3MEHEHHs B 3aBHCHUMO-
CTH OT BBILIETIEPEUHCICHHBIX

(hakTopoB.  Pa3HOIIAHOBOCTH J

U pPa3InIHOC KOJMYCCTBEHHOE |
BIIMAHHUE 3THX (DAKTOPOB HA MPO-
1ecC, W TMpPENeNbHYI0 CTETeHb ‘

pa3mauu JienaeT HEeBO3MOXKHBIM
co3fgaHre OOImEd  METONUKH \

OLICHKH IITaMIIyeMOCTH TpyO,
OJTHOBPEMEHHO  yUYUTHIBAIOIIEH
BIMSHUE OTHX  IapaMeTpOB.

[TosTomy 1enecooOpa3HoO dKc-

NEPUMEHTAIILHOE  [TOCTPOEHUE
rpadguka mMTaMIyeMocTu Tpyo-
YaTOM 3aTOTOBKH B 3aBUCHUMOCTH
OT OJJHOTO IapaMmeTpa, KOTOPbIil
OKa3bIBaeT HaMOOJbILECE BIIMSI-

Puc. 1. Cxema sxcnepumenmos:

1 — pabouas kamepa; 2 — 6oek; 3 — norymampuysl; 4 — onopHoe Koivyo,
5 —3aeomoska; 6 — yenmpupyrowias emyika, 7 — obouma

((I/IH)KCHBP-MQX&HI/IK»

13



MATEPHUAABI KOH®EPEHIIUN 1 CEMHHAPOB |

[MapTuu 3aroTOBOK pPa3UYHBIX JIJIMH, HaYMHAS
C HaWMMEHbIIeH mojBepraiu pasnade. B mporecce
3KCIEPUMEHTa (PUKCUPOBAIACh SHEPTHs yaapa, Ipu
KOTOPOM MPOUCXOJAT pazjada C MOJHOM YTSKKOU
(hmanmeB B 30HY nedopmupoBanus pudra, ¢ He-
ITOJTHOW YTSHKKOM (hIaHIeB W paspylieHne pudra.
[Ipumep mocTpoeHust TpaduKa MTaAMITYeMOCTH TPY-
061 13 Marepuana 12X18H10T @40 MM u TONMIMHON
crenku 0,5 MM noka3aH Ha puc. 2.
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T.€. TIPEICTABILIIOT CO0OH IpenieIbHbIe CTEHNEHH Pas3-
Ja4y JUIsl Pa3IMYHbIX COOTHOLUCHUMN LTP/B. 3o0Ha, Ha-
XOZSIIASICS TIOZ IPEACIIBHON KPUBOM, SBJISIETCS 30HOM
Ka4eCTBEHHBIX M3/ICNIUH, a 30Ha, HAXOASAIIAsICs Haj
KPHUBOH — 30HOH pa3pylleHHst TpyOuaToil 3aroTOBKH.
Kax BumHO U3 rpadMKoB, Bce KPUBBIE HMEIOT MAKCH-
MyM IIpY 3HAYCHUAX LTp/B, JIeXKAUX B JUAla30He 0T
2,5 1o 3, a xapakTep BIMSIHUS LTp/B OJIMHAKOB ]ISl BCEX
HCCIelyeMbIX MaTepHaloB 1 pH 3Ha4eHusix L_/B 6o-
siee 6 OTHOCHTENNbHAS JUTHHA TPYObI yiKe
MIPaKTUYECKN HE BIMSAET Ha TIPEICIHHYTO
CTEIeHb pa3auH.

Takum 00pa3oM, TOCTPOCHUE TAKUX
MIPEAEIbHBIX KPHUBBIX IMITAMILyeMOCTH
MO3BOJIMJIO  OINPEAEINUTh  BEIUYHHBI
MIPEACIbHBIX CTENIEHEeH CBOOOIHOM pa3-
Jla4¥, KOTOPBIE SIBISIIOTCSI OCHOBHBIM
rokasaresieM IpU MPOEKTHPOBAHUU
porecca ruApoyIapHoil paznaun. 3Has
BEJIMYMHY IIPEJIENbHON CTENEHU pas3/ia-
Yl Marepuajia TpyObl, MCIOIb3YeMOro
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© - HEIMOJIHAaA YTIKKaA (bHﬂHL{eB;
A - TIONTHAS yTSAKKA li)JIﬂHL{eB;
X - paspyIIeHne 3aroToBKHI.

JUIA W3TOTOBJICHUS 3aJaHHON JIeTajiu
" paCC'-II/ITaB 10 qepTe>1<y JCTaJIn HE-
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Puc. 2. I'padpux wmamnyemocmu 015 mpyowr uz mamepuana 12X18H10T

W3 mpencraBneHHoro rpaduka INTaMITyeMOCTH
BUJIHO, YTO KPHBBIC SIBIISIFOTCSI TPAHUIIAMH TpeX Xa-
paxrepHbIX oOmacteit. Obmacts | ompemensier Takue
COOTHOILCHNS YACHBHBIX SHEPruil E ¥ BEINIMHbI
OTHOCHUTEJILHOW JUIMHBI TPyO4aTod 3aroTOBKH LTP/B,
IIPU KOTOPBIX MOYKHO IOJYyYUTH pasfady C HEIoil-
HOM YTSOKKOM (DIaHIIEB 3aroTOBKM B 30HY pudra.
Oomnacts Il ompesiesnsier 3TH COOTHOIICHHS, TIPH KO-
TOPBIX MPOUCXOIUT TIONHAS YTSDKKA (DIAHIEB B 30HY
pudra. OHa BecbMa Mana M JUIsl TIONYYEHHS] TaKUX
neraeil TpeOyeTcsi O4eHb TOYHAst JO3UPOBKa SHEPIHN
yaapa. O6macts Il onpenenser Takue COOTHOIICHUS
Eyﬂ u LTP/B, MPY KOTOPBIX BCETNa MPOUCXOAUT paszpy-
menne pudTa. O0mas st Bcex Tpex o0acreil Touka
Ha KPHUBBIX, COOTBETCTBYET BEITMINHE LTp/B, IPY KOTO-
PO IOCTHTaeTCs MAKCHMAITbHAs CTEIIeHb pasfadn K .
Taxue rpaduky ObLIH IOCTPOSHBI ISl IIMPOKOTO psizia
MarepuasoB, IPUMEHSIEMBIX B JIUCTOBOM IITAMIIOBKE.
[omy4eHHsIe B mpoliecce 3KCIIEPUMEHTOB 00pa3Ibl U3
Pa3IMYHBIX MATEPUAIIOB U C PA3JIMYHON BEIMYUHOU
LTp/B WCIIOJIb30BAIIUCH JUIS OIPE/IEIICHUS CTENEHH Pa3-
Jlaan Kp B 3aBUCHMOCTH OT LTP/B. Pesynbrarsl 3T0T0
oTIpesieNieHrs IpuBeeHb! Ha puc. 3. Touku, nexarme
Ha KPHBOM, COOTBETCTBYIOT KPUTHYECKOMY COCTOSI-
HUIO 00pa3loB, TMPEIIIECTBYIOMEMY pa3pyIICHHIO,

10 me/B

00XOOMMYIO CTENeHb pa3Jadd, MOKHO
CeNaTh 3aKJIIOYEHUE O BO3MOKHOCTH
€€ W3TOTOBIIEHUSI THUAPOYAAPHOM pas-
nmageir. B Tabm. 1 mpencraBneHsl mpe-
JIENIbHBbIE 3HAUCHMs CTETEeHEH pasjaduu
JUTSL ICCIIEAYEMBIX MaTepHaIOB MPH OTHOCUTENBHON
JyMHe TpyO4arToli 3arotoBku L, /B paBHOMU 6 M OTHO-
CUTEJILHOHM IHUpHHE pudTa B /§0 pasHoii 10 §.

K
16 F

TS |
/AN — :
o/o/ N
/ /N —
oA 5
- ;

1,2
1 3 5 7 9

w

Linp/B

Puc. 3. 3asucumocmo npedenvroti cmenenu pazoaiu
0m OMHOCUMENLHOU QUL MPYOUAMOU 3a20MO8KU
onst mamepuanos: 1—medo MIM; 2 — nepoicaseiowas
cmanv 12X18HI0T; 3 — namynwv J163; 4 — anomunuii A0;
5 — antomunueswiii cnnae AMyM,; 6 — cmanw 10
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IMATEPI/IAAI:I KOH®EPEHIIHUN 1 CEMHHAPOB

Taébn. 1
[IpenenbHble 3HaUEHUs CTENIEHEN pa3adn
JITISL Pa3IM4HbIX MaTepUalioB

N IIpenenbHble cTe-
Marepwuan TpyO4aToif 3ar0TOBKH
neHu pasgadn K
Cranp 10 1,29
Hepkagseromas crans 12X18H10T 1,47
Amomunuii AQ 1,38
AnroMuHUEBBIN crimaB AMoM 1,31
Mens MM 1,5
Jlaryns J162, J168 1,43

[Toy4eHHbIE TIPH OITPEICTICHHBIX YCIOBHUSIX TIPO-
1iecca 3HauCHUs TIPeJIeNTbHBIX CTENICHEH pa3iadn, Npu
KOHKPETHBIX yCJIOBHUSX MTPOIECCa MTAMITOBKH OyIyT
M3MEHATHCS B 3aBUCHMOCTH OT TIPUBE/ICHHBIX paHee
(hakTOpOB, KOTOPBIE ITTAaBHBIM 00PA30M BIIHSIOT Ha Kp‘
W3Mensist Kaxaplid U3 ATHX (AKTOPOB M CTPOSI KPH-
BbI€ MITAMITYEMOCTH JUIsl HUX, MOXKHO OIIPEJENNTh
XapakTep W BEJIMYHHY STOTO BIMSHHS Ha CTENEHb
pasnaun TpyoOuaroii 3aroroBku. [IpoBeneHHbIe TAKUM
00pa3oM HCCIleIoOBaHMsI TOKA3aNIH, YTO BCe (paKkTOphI
OZHOTHUITHO BJIMSIOT Ha MPEeNbHYIO CTEeHb pa3ia-
YK TPyOUaTOIi 3arOTOBKH JIJISl BCEX HCCIIETYyEMBIX Ma-
TEpUANIOB. A 3TO 3HAYUT, YTO 3HAYCHUS MPEICTHHBIX
CTeTIeHEH pa3/iauu, OTyUYeHHBIE MTPU OTIPEICTICHHBIX
YCIOBHSX MOYKHO YCIIEIIHO KOPPEKTHUPOBATH C TO-
MOTIIBIO TTOTIPABOYHBIX KOA(PPHUITUECHTOB. Y YNTHIBAS,
YTO MBI TIOIPOOHO PACcCCMOTPEN BIUSHHE OTHO-
CUTENIbHON JUIMHBI TpyOuaroil 3arotoBku L /B Ha

TOJIIIUHAMU CTEeHOK 1; 1,5; 2; 2,5 MM u TpyOBI qua-
meTpoM 25 MM ¢ TommuHamu 1,0+2,0 MM, 9TO TIO-
3BOJIWJIO TIONYYHTh TUAIIA30H BaphbHUPOBAHUS OTHO-
cutenbHoi TommuHel oT 0,01 mo 0,08. ITomydaennsie
koo uurenTel BusHuA S /D, Ha TPENETbHYIO
CTeneHb pa3nauu K npuBeneHsl B Ta0m. 3.

Tabn. 3
KoadurmenTs BIUSHUS OTHOCUTEIHHON TOIIIUHBI

3aroTOBKHY Ha MPEEIbHYIO CTEIICHb pa3aaqn

OTHOCHTEEHAS TOJIIIMHA CTCH- Kos(dment K
Ku 3arotoBku S /D, -100% S
1-2 0,91-0,97
2-2.5 0,97-1,00
2,5-3,0 1,0-1,03
34 1,03-1,095
4-5 1,095-1,15
5-6 1,15-1,19
67 1,19-1,21
7-8 1,21-1,24

[o aTo#i e MeTomuKe ompeaensuin Ko3hhumu-
CHTBI BIMSIHUE OTHOCHUTEIBbHOW LIMpHHBI pudra B/
S0 u ckopocTH HarpyskeHus 3arotoBok Ko (otHOCH-
TENFHOM Macchl OOHKa o) Ha MpeeNbHYI0 CTeIeHb
paznaun. [lomydeHHbie K03 UIIMEHTHI IPUBEICHBI,
COOTBETCTBEHHO, B Ta0JI. 4 u 5.

Tabn. 4
KoadduimenTs! BIUSHUS OTHOCUTEIbHOM IINPUHBI
pudTa B/SO Ha ipenenpHyI0 CTETIeHb pa3aadn

NpENeabHYI0 CTENEHb pa3/iaun Kp, TO U MpPUBEIEM OrHocuTeNbHAS NIUPUHA K
MIEPBBIMH 3HAYCHUS MOMPABOYHBIX KOAPPHUIIMEHTOB pudra B/S, ’
K,, ¢ moMOIIbI0 KOTOPBIX MOKHO CKOPPEKTHPOBAThH 3-5 1,12-1,07
MPEAENIBbHYIO CTEIEHb pa3fadyu JUisi KOHKPETHOM 5-7 1,07-1,03
JUIMHBI TPyO4aToil 3aroToBKu. YnCIieHHbIE 3HAYCHUS 7-10 1.03-1.0
9TUX KOA(PPHUIMEHTOB IPUBECHBI B Ta0. 2. 10-12 1-0.98
BrusiHre OTHOCUTENTEHOM TOMIIIMHEBI CTEHKH TPYO- -
o 12-15 0,98-0,97
4yaroi 3aroToBKu S /D, onpeaessuii aHaJOTHYHBIM
i 15-20 0,97-0,96
crocoboM. [l SKCIEpUMEHTOB HCTIOIB30BAINCH J J
Tpy6BI M3 Marepuana AMoM nmamerpom 60 MM C c. 20 0,96
Tabn. 2
KoaddurmenTs! BAMSIHYAS OTHOCHUTENLHOW JUTHHBI TPYOYaTOl 3aTOTOBKH Ha TPEICTbHYIO CTENICHD pa3/ladu
OTHOCI/I”{GJ‘ILHaH JUTMHA TPYO- 222 2225 3-42 3.4 45 5.6 B 6
YaTOU 3arOTOBKU Lm/B 2,5-3
Kospdpuuuenr KL 0,96-0,99 | 0,99-1,03 |1,03-1,042|1,04-1,022|1,022-1,01| 1,01-1 1
Tabn. 5
KoaddurmenTs! BAusIHAS OTHOCHUTEIILHOW MacChl OOMKa oL Ha TIPENIEbHYIO CTEIICHb Pa3/ladu
a=m /m_ 0,1 0,2 0,35 0,5 1,5
K, 1,0 1,015 1,026 1,03 1,033
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[Tony4ennbie 3KCHIEpUMEHTANBHBIC JaHHBIC TO-
3BOJIMJIM Pa3paboTaTh WHXKESHEPHBIA METO[| OIpese-
JICHUS TIPENEIbHBIX CTENCHEH pa3maddl MpH THIPO-
yJIapHOM IITaMIIOBKE, OCHOBHOIO TOKazaress Ipu
MIPOCKTHPOBAHKH TIPOIIecca pa3aadn. 3HaYCHUE TIpe-
JIEJIbHOM CTENEeHM pa3jiadd 3aBUCHUT OT FeoMeTpuye-
CKHUX TTapaMeTPOB TPyOUaToi 3aroToBKH U Jiehopma-
LIMOHHBIX CBOWCTB MaTepuaiia TpyObl, KOHCTPYKTHB-
HBIX XapaKTePUCTUK UMITYJIbCHOTO OOOPYIOBaHUS U
TexHonornueckot ocHactku. [loatomy ans onpene-
JIEHUs UCTUHHOM MpEAENIbHOM CTENEHU pa3ladu Kp
HCT HEOOXOIMMO 3HATh BEJIUUMHY U XapaKTep BIIHS-
HUS 3TUX (PAKTOPOB Ha MPEICTBHYIO CTEIICHb pa3za-
YH, 4TO U OBLJIO SKCICPUMEHTAIHHO YCTAHOBJICHO B
HACTOSIIIEM HUCCIIeIOBaHUU. B utore, 3Hast 3Ha4EHUS
TIPENeTBHBIX CTETICHEH pa3adn pa3InIHBIX MaTEPU-
aJioB TpyO B OMPEICIICHHBIX YCIOBUAX — K , MOYKHO
OMpEIEIUTh HCTHHHYIO CTEHeHb pasjaun K Juis
Tr000TO0 Marepuala B JIIOOBIX YCIOBHAX, a 3TO 3HA-
YUT, YTO MOKHO JIETKO CIPOEKTUPOBATh TEXHOJIOTU-
YecKuil mporecc 0e3 NpeaBapUTEIbHBIX DKCIICPH-
MEHTOB.

MznoxenHbie paccy>KIeHUs] MOKHO BBIPA3UTh B
BH/JIC TAPaMETPUUECKOTO YPABHCHHUSI:

Kp. mer KP .KL ' Ks 'KB ’ Ka’

e K, — npejienibHas CTENeHb pas3iadu, NoaydeHHast
9KCTIEPUMEHTAJIBHBIM ITyTeM (Tali. 2);

K ,K,K, K —xo3phUineHTsl, yYUTHIBAOIIKE BIIK-
STHIE OTHOCHUTEIILHOM JUTMHBI TPyOUaToil 3aroTOBKH,
OTHOCHUTEJIbHOW TOJIIMHBI CTEHKH 3arOTOBKH, OTHO-
CUTETILHOHN IUPUHBI pU]Ta, CKOPOCTH HATPYKEHUS
3ar0TOBKU Ha CTEMEHb BBITSDKKHU, 3HAYEHUS] KOTOPBIX
MIPUBEJICHO B Ta0M. 2—5.

PaspaboranHass METOHOJIOTHS UCCIIEIOBAHUI MO-
JKeT OBbITh WCIIONIb30BaHA JUIs M3YYCHHs Ipoliecca
pasfgayu qpyruMU UMITYJIbCHBIMU METOAaMH (IITaM-
MOBKA B3pPBLIBOM, AJIEKTPOTHIPABINYECKAs U Mar-
HUTHO-UMITYJIbCHAS IITAMITOBKA), WCTIONB3YIOITUMHI
B KaueCTBE IepeNatoleil cpebl KUIAKOCTb, ra3 WU
CHJIOBO€ MAarHUTHOE mojie. JIs KakJIoro u3 3THX
METOZIOB HEOOXOINMO TPOBECTH CBOW ITMKJ HCCIIE-
JIOBaHUH, MOJHOCTHIO MOBTOPSIOLINX UCCIICOBAHMS
rpouecca rupoyaapHON pa3iauu ¢ y4eTOM UX CHEll-
nduku. [Ipu 3ToM Bce pakTopsl, BIHUSIONIIE HA BEJIH-
YUHY NPEACSIbHON CTENEHU pa3fadu, OCTAIOTCS TOU-
HO TaKUMH. EJMHCTBEHHBIN (akTop, KOTOPHIH OyaeT
Pa3HBIM JJIs1 K&KIOTO U3 3TUX UMITYJIbCHBIX METOOB,
9TO CKOPOCTh HArPy>KEHUs 3ar0TOBKU. U eciu st tu-
JIPOYIApHOM MITAMIIOBKM 3TO OTHOCHUTEINIbHAs mMacca
0olika, TO JJIs ITAMIIOBKH B3PBIBOM 3TO MOXET OBITh

YIEJIbHBIA BeC 3apsiia BB., a i anekrporuapasiu-
YECKOW W MarHUTHO-UMITYIILCHOM pazfadn 3To OymeT
E€MKOCTHO-WHAYKTUBHASI XapaKTCPUCTHKA Pa3PsIHO-
T'0 KOHTYDa, T.€. XapaKTepPUCTHKA OT KOTOPOil 3aBUCHUT
CKOPOCTb BBIZICTICHUS SHEPTUHU B paboueil 30He ITHX
yCTpoicTB. UTO KacaeTcsl pa3gauu IaCTUYHOU cpe-
JIOH, TO JAHHYIO METOMOJIOTHIO HYKHO TIPUMEHSTH C
OOJIBIION OCTOPOKHOCTBIO B CHITY TOTO, YTO B 3TOM
IIPOIIecCce OTPOMHYIO POJIb UTPAIOT CHJIbI BHEITHETO
TPEHUSI MEXKIYy HHCTPYMEHTOM M DJIaCTUYHON Cpe-
JIOM, jocTUrasi B HekoTopbix ciydasx 100 % Bennuu-
HbI ycrust 1e(hOpMUPOBAHHSL.
3akaouenmne

1. IIpoBeneH aHanM3 COBPEMEHHOTO COCTOSHUS
mporecca paszfgadu TPyOUaThIX 3aroTOBOK MPU €ro
OCYIIICCTBJICHUN, KaK B MHCTPYMEHTAJBHBIX ITaM-
max, Tak ¥ MPH ITAaMIIOBKE MOABIKHBIMU CPEaMH,
ITOKa3aHo, 9TO CTENEeHb pa3aayd HanOoIee MoHo Xa-
pakTepu3yeT 3TOT MPOIIECC.

2. ITokazaHo, 4TO TUAPOYIAPHBIA METOJ pa3iauu
TPyO4aThIX 3arOTOBOK SIBISIETCS A(PPEKTHBHBIM Me-
TOJIOM TIOTYYEHUS CIIOKHOMPODUIIBHBIX U3/ICITHN U3
TPyOYaThIX 3arOTOBOK.

3. BhIsBICHBI OCHOBHBIC (JaKTOPBI IIpOIIECcca TH-
JIpOyIapHON pa3iaadu, BIUSIONINE Ha TIABHBIN MOKa-
3aTelnp Nporecca — NpeAeIbHYI0 CTENeHb pa3aadu, U
YCTaHOBJICHBI XapaKTep M YHUCIICHHBIC 3HAYCHISI ATO-
TO BIIMSIHUSI, UX BETUIUHBI TIPUBEACHEI B TA0M. 2—5.

4. Pa3paboraHa METONOJIOTHUS WCCIICIOBAHUS
mporiecca pas3iadd Ha OCHOBE IMOCTPOEHHUs Tpadu-
KOB IITaMITyeMOCTH, TO3BOJIUBIIAS] yCTAHOBUTH YHIC-
JICHHBIE 3HAYCHHS TIPEISNIbHBIX CTETeHEeH pazaadn
TpyOUaThIX 3aroTOBOK 13 Meau M1M — 1,5, narynu —
1,43, uepxaseromieit cranu 12X18H10T- 1,47, anto-
munug AO — 1,38, amomunueBoro ciiaa AMuoM
— 1,31, craim 10 — 1,29.

5. Pa3paboTran WH)KeHEpHBIN METOJI pacyeTa mpo-
recca ruApoyaapHOi pa3nadn TpyOuaThIX 3aTOTOBOK,
TTO3BOJITIONIAN TTPOSKTHPOBATH TAKHE MPOIIECCHI 0€3
MIPEIBAPUTEIBLHBIX IKCTICPUMEHTOB.

6. IlokazaHo, uTo pa3paboTaHHAS METOIOJIOTHS
WCCIIEIOBAaHMS TIpOIecca THAPOYIAPHON pa3madn
MOXKeT OBITh YCIEUTHO WCIONB30BaHa IS APYTHX
AMITYJIbCHBIX METOJIOB, WCIOJB3YIONINX B Ka4eCTBE
nepenaronei cpeabl KUIKOCTb, T'a3, CUJIOBOE Mar-
HutHoe moise. lIpoBeneHue Takux HCCICIOBaHUI
3aMETHO PacUIUpsT chepy HCIOTb30BAHUS ITUX ME-
TOJIOB B COBPEMEHHOM MAIIMHOCTPOCHUM KaK Tep-
CIICKTUBHBIX CPEACTB OCYIIECTBICHHS Ipolecca
pa3fadu MoJbIX 3aT0TOBOK.
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