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Hapsmy C coapeMeHHblMH MeTO!(SMl! HCcneJ:tOBSHHSI sneMeHTapHblX qac

THil (ny3blphKOBb18, HCKpoBble KaMepbl H J:tp.) B cl>H3HKe BblCOKHX 9Heprmi yc

newHo HCllOm.3yIOTCSI 6onee npocTblE! MeTOJlbl, xopowo 3apeK0MeH!(OBaBUIHe 

ce6H B paHHHX 9KcnepHM8HTax. K HHM npeJK.tte acero cneeyeT OTHOOTH MeTOJl 

HJ:tepHblX il>OTOSMYJibC~A. Hau6om,wee p83BHTH8 4>oroaMYn&CHOHBblA MeTC_>.Q no

nyqun C BB8.1l8HH8M B nprucTHKY SMYnhCHOHHb!X KaMep, T.e. 6noKOB H3 OT.Qem.

HblX SMYnbCHOHHblX cnoea, CBSl3aHHblX Me)l{Jly co6oA CHCTeMoA KOOp.QHHaTHblX 

OTMeTOK. TO'Ulble KOnH'leCTBeHHble H3MepeHHSI xapaKTepHCTHK cne.QOB 'UlCTHit 

BblCOKHX 9HepruA HaTanmaaJOTCSI Ha OI"P8HH118HHSI, Bb1TeK.810DlH8 H3 cl>HaHKO-Me

xaHH'leCKHX oco6eHHoCTeA TOllCTOCnOAHblX cl>OTOMaTepHanOB. Ilpe)Kl(e acero STO 

OTHOCHTCSI K HCKWKeHHSIM reoMe'IpH'l8CKOA cl>oPMl>I cne.QOB 3apmKeHHblX 'ISCTHit 

B qJOTOSMYJibCHH, Bbl3B8HHblM JleqJOpMallHSIMH SMYnbCHOHHblX cnoea B nponecce 

113I'OTOBneHHSI, o6pa60TKII H T.Jl. Ilpo6neMa HCK1IIO'leHHSI BJIHSDDISI HCKWK8HHA, 

oco6eHHO TaK H831,maeMOI"O 'no:iKHoro pacceSIHHSI', B SMYnbCHOHHblX KaMepax 

CTana BeCbMa aKTyam.uon: npH ll0Bb1W8HHH SHeprHH ycKopeHHblX 'UlCTHit Ha 

COBpeMeHHb!X ycK0pHT811SIX. 

XoTH npnpolla no:>KHoro pacceSIHHSI no cux nop srami:eTCH npe.llM8TOM 

uccneJ:tOBSHHA, TeM He MeHee cymeCTBYJOT p83nH'Ulb18 MeTO!(l,1 HCKlll0'18HHSI 

llO)K}IOI'O pacceSIHHSI Ha HH.llHBHllYam.HblX cnel(ax '18CTHit B SIJl8pHb1X SMYm.cHSIX. 

Ilpn: STOM OTMe11aJOTCS1 3HS'IHTellbHble qinyKTyamm BemAHHb1 nO>KHoro pacces

HHH He TOn&KO cpe}lH OTJleJibHblX cnoea SMYnbCHOHHO:R K8Mep1,1 ('cl>YHKIUISI Ka-
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Mepbl') t HO .lla)Ke H BHYTpH cnon. 3TH o6cTOSITenbCTBa GaTpy.llHSIJOT IlOHCK· 

B03MO)Kffl,JX npH'IHH B03HHKHOB8HHSI JI· poCTa HCK8>K8HHH B SI.ll8PHbJX 3MYJlbCHSJX. 

8 .llHCCepTaUHH pacCMaTpHBalOTCSI npH'IHHbl BOOHHKHOBeHHSI HCKa)K8HHH 

pa3nH'IHblX THnOB, oco6eHHO nO)KHOI"O pacceSJHHSI, B 3MyJlbCHOHHblX KaMepax, 

nposIBneHHblX B npOH3B0.llCTBeHHblX ycnOBHSIX. Ha 60JlblllOM CTaTHCTH'l8CKOM 

H <J>aKTH'l8CKOM MaTepHane H3yti:8HO BnHSIHHe TeXHOJ10I"H'l8CKHX oco6eHHOCT8il 

npouecca H3I"OTOaneHHSI 3MyJibCHOHHblX KaMep Hati:HHan OT c6opKH H IlO.llI"OTOB

KH 3MyJlbCHit K o6nyti:eHIIJO H KOH'lrut onepaUHSIMH <l>oTOXHMH'tJ:8CKOit o6pa60TKH, 

/1-8/ 
Ha B03HHKHOB8HH8 HCK8)K8HHA B 3MYJibCHOHHblX cnonx KaMep • 3Hati:HT8Jlb-

H8SI ti:aCTb H3MepeHHit HCK8>K8HHil Ca11CTOpCHA) Bbl[I011HeHa OpHI"HHaJlbH~m pac-

/9-12/ 
TpOBblMH MeTOAaMH • 3To nooaonHno IlOny,IHTb KOllH'l8CTBeHHbl8 .ll8HHbl8 

o6 HHTerpanbHOM pacnpeaenemm .llHCTOpcutt npaKTHti:ecKH .llrut nro6oro cnon 

3MyJibCHOHHOii KaMepbI, 

ilHccepTaUHSI COCTOHT H3 lll8CTH rnaa H BBe.ll8HHSI. TTepBbl8 .llBe I"naBbl 

npeacTaBllSIJOT co6oii p6sop nHTepaTypHblX .llaHHblX no TeXHHKe 3MyJibCHOHHblX 

KaMep H MeTOA8M H3M8p8HHH HCKa)K8IlllH. 8 Ill rnaae H3nO)K8Hbl npHHUHIIbl, 

nonO)K8HHbI8 B OCHOBY <J>ororpa<J>Hti:8CKHX paCTpOBblX MeTO.llOB H3M8p0HHA xapax

TepHCTHK nyti:KOBblX cneAOB 3apSI:>K8HHbJX ti:acTHU B SI.ll8pHblX 3MyJibCHSIX. 8 lY 

rnaae .llaH noapo6H1,dt aHaIIH3 BnHSIHHSI Texuonoruti:ecKJrx npoueccoa KoM1Inexc-

11ott. no.llrOTOBKH H o6pa60TKH 8MyllbCHOHHblX KaMep Ha B03HHKHOB8HHe pa3nH'I

HbJX BH.QOB .llHCTOpCHii H nO)KHOI"O pacceSIH·HSI. B y rnaae npeano)Keffbl MeTO.llbl 

H3I"OTOBll8HHSI cneUHallbHOA annapaTypbl .llllSI MaCCOBOii o6pa60TKH 60nblllHX 

3MyJlbCHOHHbJX KaMep. B YI rnaae H3llO)K8HbI OCHOBHble pesym.TaTbl pa60Tbl. 

MaTepHan1,1 .llHCcepTaium .ll0llO>K8Hbl Ha Me>K.llyuapO.llHOA KOH<J>epeHUHH no 

naepHoA <J>OTorpa<jlHH (<l>nopeHUHSI, Eapcenoua, EyxapecT), ceccHSix <i>OTOOMyJib

/1-20/ 
CHOHHOI"O KOMHTeTa 0:illlM (ily6ua) H ony6nHKOBaHbl a • 
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1. ct>OTOIPAct>W-IECKHE PACTPOBbIE METO.Ubl 
H3MEPEHH8 .YrnOBbIX XAPAKTEPHCTHK IlYl.JKOBbIX cnEilOB 

3APH~EHHbIX l.JACTHU B 3MYnbCHH 

Ilpogenemn,Ifi 3My-llhCHOHHblit cnoii, npe,llaapHTenbHO o611Y':I8HHhlit KOJ'UIH-

MHpOBaHHblM IlOTOKOM aapSJ)K8HHblX 'ISCTHU BbICOKOA 3HeprHH, OOH8PYJKHBa8T 

CBOfiCTBa, npucyDIHe Tp8XMepHblM pacTpOBblM CHCT8M8M C perym1pHblM pacno-

nO)K8HH8M paCTpOBblX aneMeHTOB, pom, KOTOpbIX BbJrI01lHSIIOT cne.[lbl 'ISCTHI.t 

B 3MynbCHH. PaCTpbl IlO.[lOOHOI'O po,[la II BX -HeperyngpHOCTb, BbJ3B8HH8SI MeCT

HO:li KPHBH3Hoii cocTaBnSIIOillHX aneMeHTOB, MOI'yT 6b?I'b o6Hapy:,K8Hbl BH3yam.ao 

no lUflPPBKllHOHHOMy a4KtieKTY HHTerpam.Horo xapSKTepa. no THUY opH8HT8ltHH 

paCTpOBblX aneMeHTOB 3MyJibCHOHHbl8 paCTpbl y.llo6HO pS3,ll8nHTb Ha ,[(Be KSTe

ropHH: p8CTpbl C HOpMaJibHblM pacnonO)K8HB8M aneMeHTOB (nepneH.[lHKynSlpHO 

K nnocKOCTH 3My-nbCHH) - paCTpbl I po.[la II pacTpbl C npO.[(OnbHblM pacnono

)K8HH8M 3ll8M8HTOB ~ paCTpbl II po.lla. Mo)KHO YK838Tb HecKOllbKO xapSKTepHbIX 

M8T0,[(0B npSIMblX 11a6nIO.[l8HHtl: 3MynbCHOHHblX paCTpOB. 

1. atxbeKT runbpaKilHOHHblX KOnent 06p830B8HBe mi$p8KllHOHHOil: KapTH

Hbl 118 3KpaHe npu OCB8Ill8HHH pacTpa I po.[la KorepeHmblM CBeTOM. 

2. 3bdleKT OTp8)1{8HJffi1 06paaoBBHHe auayam.aoro 3lf>cl,eKTa H3-Ga pac

ceSIHHSI CB0T8 3ll8M8HT8MH pacTpa Bllyrpll 9MynbCHOHHOI'O cnosr. B TOM 'Ulcne 

ImTerpanbHbI0 aM,eKTbl Ha paCTpax I po.[la: 

a) npu ocaemeHHH HanpaaneHHblM caeTOM; 

6) npu ocaememm .llHqxl,yaHblM caeroM; 

a) npu OCBelll8HHH HeCKOm.KHMH mm nonuxpoMaTH118CKHMH HCTO'IIHHK.a -

MR CBeTa. 

3, abbeKT "nyHHOii: nopo>KKH'. 06p830B8HH0 .llmt,paKIUIOHHO:A KB.PTJU!bl B 

3MynbCHH IlpH OCB0Ill0HHH pacTpa II po.lla np~XO,[(SllllHM CBeTOM OT npoTSDKeH -

HOI'O HCTO'IBHKao 

Oco6eBHOCTSIMH 3My-nbCHOHBbIX paCTpOBblX CHCTeM SIBnHIOTCSI: 'BblCOKaSI 

CB8TOCHna, 6nH3K8SI K 0.llHHHI.t8 ,[(ml paCTpOB I po.[la; 3H811HTeJlbH8SI yrnoBaSI 
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8UH3OTpOIIIISI paCTpOBblX aneMeHTOB; ManasI HIDICHSUI rprumua Ha6mo.tteHHSI .ttH4>-. 

PaICIUIOHHOI"O af,q,eKTa. 

PacCMOTpHM oco6eHHOCTH 'aqxpeKTa O'lpa>KeHHSI: HaH6onee npHI"O.ttHOI"O 

.ttml H3MepeHI1A .ttHCTopcmi B SI.ttepIIbIX aMym.CHSIX. 

3«M>eKT Bbl3BaH pacceSIHH8M ( 0Tpa>K8HH8M) CBeTa aneMeHTaMH pacTpa 

no.ct onpe.tteneHHbIM yrnoM no omoweHuro K Ha6mo.ttaTemo H HCTO'DIHKY caeTa. 

BH3yam.Hbtlt actxl>eKT .ttlllI O.ttHOpO.ttHOI"O pac-rpa C DbICOKOA yrnoBOti aHH3OTpOnH -

eA Ha6nroaaeTcn KaK paaHoMepHoe caeqeHue aceA noaepXHocm aMynbcHH, sa

HSITOA paC'IpOM. HapyweHHSI perymlpHOCTH pac'lpa, BbI3BaHHbI8 M8CTHbIMH .tte-

4>opMallllllMH 3MylibCHH1 o6HapY)KHB8IOTCSI BH3yam,Ho no IIpH3HaKY OTcyTCTBHSI 

CB8'18HH.51 pac'lpa B COOTB8TCTBYJOIIUIX yqaCTK.aX 3Mym.cHH. BenH'IHHa .tte<l>opMa-

mm aMym.CHH fl y = y - y , r.tte y - H8'181IbHblit yron o6nyqeHim aMym.-o X 0 

CHH; }' x - yron HaKnOHa TeCTOBbIX cne.ttOB H3-38 .tte<l>opMaitHH 3Mylll:,CHH. Yron 

>'x OIIpe.ttenBeTCSI yrnoM nonopom 3MyllbCHOHHOA nnaCTHHKH. ( fJ x ) , Heo6xo

.ttHMbIM .ttnn BOCCT8HOBneHHSI BH3yanbHOI"O a4>4>eKTa B .ttaHHOM yqaCTKe. Me}l{,.tty 

y u fJ npu noCTOSIHHbIX ycnoBHSIX Ha6mo.tteHHSI ( a = cons t ) cymecTnyeT 

3aBHCHMOCTb }' = ( 11 - ½ ) - {J , n03BOnSIIOII{aSI rpaayupoaaTb nuM6 H3M8-

PHTelll,HOI"O YC'IpOtiCTBa Henocpe,ttCTBeHHO B 3Ha'l8HHSIX yrna KJ)HBH3Hbl >'x· 

CxeMa B03HHKHOB8HHSI at><l>eKTa OTpIDK8HHSI H H8KOTOPbI8 TO'DIOCfflbI8 xa

paKTepHCTHKH paC'lpOBOI"O M8TO,lla fiOK.a38Hbl Ha pHCe 1-2. DocTaTO'DIO YK.a3aTb, 

'ITO CJ:lBHf'Y TO'IKH Ha6mo.i:teHHSI Ha 1 MM (npH 6ase Ha6mo.i:teHHSI 300 -500 MM ) 

COOTBeTCTByeT nHHefiHbul C.llBBI" TeCTOBblX cne.i:tOB B 3MynbCHH BenH'IHHOA 

OKono 0,2 -0,3 MKM HnH .ttHCTOpcml B H8CKOJ'll:,KO KOB8HCOB. Ilpu KOnH'leCTBeH

HhIX H3Mepemmx B peam,HbIX ycnoBHSIX Heo6xo.ttHMbI npOC'IpaHCTB8HHhl8 yrno-

Bble nOIIp8BKHe Dm1 3TOI"O .llOCTaTOtmO H3M8pHTb YI"nbl }' B .llByx B3aHMHO 

nepneH.llHKYnSIPHblX nonO:HCeHHSIX nnaCTHHKH, T.e. B CyutHOCTH npoeKitHOHHble yr- . 

mi Y.x H Yy • Me:HC.lly yrnaMH y , Y. , Y. JI y ycTaHoaneHbl 
X y Z 

COOTHOW8HHSI : . 
tg li tg >'y 

tg }' = --======
/tg2 }' -f- tg2 }' 

X y 

tg Yz = tg >'x / tg y Y • 
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B 

a=const 

PHC. 1. CxeMa o6pa30BallWI scW,exTa OTp8lKBHIISI .OT aneMeHTOB pacTpa B, SMYm.cHOHHOM cnoe. A - SMYm.c. 
cnoA; 8 - nOTOlt CBeTa; a - yron pacCM8TpHB8HIISI; {3 - yron noBopOTa llO B0311HltHOB8HHll scW,ex
Ta; y - yron o61JY'18Hml SMYm.cHH. 

Puc. 2. K Oll8Hlt8 pa3PeW8IOWeA cnoco6HOCTH 3MYm.cHOHHlrO pacTpa B CxeMS o6pa30B8Hllll MHOl'~3HlrO 
scW,exTa. C - TO'llt8 HS6lll0llellllll; D - cjiOToKSMepa; E - HCTO'IHB!t ceeTa; F - CBeT()(j,MbTp. 
Oc:Tam.Hoe - no pHc. 1. · 
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Ecm1 B npouecce H3MepeHHSI yrnoB Y npOH3BeCTH CMeHy CHCTeMbl KOOp

.ttHHBT TaKHM o6paaoM, 'IT061,1 Y x = 11 I 2 pa.tt., Tor.tta na a1,nne npnae.tteHHbIX 

COOTHOW0HHit y = y y • TTpn STOM HeHa6e>KHble 83HMyTan&Hbl0 nonpaBKH HCKmO

qaJQTCSI. B H8CTOSlllleit pa60T0 .ttJm npoBe.tteHHSI yrnOBbIX H3M0p8HHit HC:::non&ao -

BaH yrn~MepHblit CTOnHK c 4-5 OCSIMH apameHHSI. 

HeperyzmpHOCTb SMYn&CHOJmoro paCTpa, BbI3BaHHast HCK8:>K8HHSIMH paa

nH'IHOf'O THIIa, Ha6mo.ttaeTCst BH3yan&HO H MO:>KeT 61,1Tb at,OTorpa«t,npoaaHa o6bA

HblMH MeTO.ttaMH (pnc. 3-4). HHTerpan&Hblit xapaKTep Ha6mo.ttaeMoro acW,eKTa 

ll03B01lll8T Oll8HHTb CTeII8Hb H00.ttHOpO.ttHOCTH (ueperyzmpHOCTb) paCTpa no 

BCeit nnaCTHHKe O .tt H O B p e M e H H o. Hcnon&a}'ll B yrnoMepHOM yCT

poitCTBe HecKOn&Ko HCTO'DIHKOB caeTa (pnc. 2), pacnono:>KeHHbJX no.tt onpe.tte

neHHblMH yrnaMH K OCHOBHOit OCH, MO:lKHO H86ruo.ttaTb O.ttHOBpeMeHHo H0CKOn&KO 

4'a3 anayan&HOI'O aqxlieKTa npn 4'HKCHpOBaJlliOM nonO)K0HHH nnaCTHHKH. Bae.tteHHe 

llB8THbIX CBeTcxl>Hn&TpO~ B OllTH'l0CKylO CHCTeMY ll03BOJmeT BbIDOnHHTb MHOI'O

llB0THoe paa.tteneHne <fiaa acW,eKTB.. 

B .ttHccepTallHH pacTpoaasr MeTO.ttHKa ncnon&aoaanac& .ttzm onpe.tteneHHSI 

OllTHMan&HbIX pa60'IHX yqaCTKOB .ttJm H3MepeHl!it MHOI'OKp8THOI'O pacceSIHHSI, 

.tt1lll KOnH'l8CTBeHHOA xapaKTepHCTHKH .ttHCTopcnA, J:t1lll SKcnpecc-KOHTpOJm na -

paMeTpOB o6ny11eHHS1 SMYn&CHOHHblX KaMep H .ttp. B pa6oTe npHBe.tt8Hbl MHOI'0-

11HcneH11bl8 npHMepbl, xapaKTepHayJOIIlHe pa3nH'Dlbl8 THIIbl HCKruKeHHit, a TaIOKe 

ll0Ka38Hbl HeKOTOpble BH.ttbl .ttHCTOpcHA, He Ha6mo.ttaBWH0CSI pSHee. 

II. HCCnELlOBAHHE <l>AKTOPOB TTPOH3B0LlCTBEHHOro TTPOUECCA 
TTOLlI'OTOBKH H OBPABOTKH 3MY nbCHOHHhIX KAMEP, 

BnilllIOIUHX HA OBPA30BAHHE HCKA:>KEHHA 
· B .HllEPHhIX <l>OT03MY nbCH.HX 

K SMYn&CHOHHblM MaTepHanaM KaK K HOCHTeJmM cnoJKHoA HH4>0PM8IlHH 

npeA'bSIBnHJOTCst cep&eau1,1e Tpe60BSHHSI a oTHomeHHH ncKaJKeHHA. Lle$opMallHH 

SMYn&CHOHllblX cnoea He38BHCHMO OT npn'l!m npHBO.ttSIT K CTOAKHM HapymeHH

SIM O.ttHOpO.ttHOCTH CTpYKTypbl :>KenaTHHOBor'O KapKaca 9MYn&CHH H B03HHKHOBe-
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HHIO HCKWK9HHA B 8MY1IbCHOHHbJX cnostx. 11ay'tJeHHe npH"IHH, Bbl3blB&OlllHX HCK8-

)K9HHSI reoMeTJ)H'lecKoA (j>opMbI cne.llOB qacTHU a aMym,cuu ( oco6eHHO aTo OT
HOCHTCst K MHKPOHCK8)1(9HHSIM THIJa llO)KffOJ"O paccegHust), stBnsteTCSI OCHOBHOA 

38.llS"IeA .llHCcepT8UHH. MeTO.llHK8 8KcnepHMeHTo_a npe.llyCM8TpHBana Hapst.llY C 

H3MepeHHstMH .llHCTO~CHit H no)Kfforo paccestHHst H3BeCTHbIMH MeTo.llaMH TaK>Ke 

HCD01Ib30BaHHe OpHI"HH8llbHblX paCTpOBblX MeTO,llOB. IleTanbHble H3MepeHHSI 

MHKPO.llHCTopcnA BMeCTe C ronorpa(j>ueA .llHCTOpCHit no nnomB.llH OOK838llH, 'ITO 

llO)ICHOe paccestHHe Bbl3bJB89TCSI He H938BHCHMOA nepeopueHT8UHeA MHKpoyqacT

KOB 8MYllbCHOHHOI"O cnoSI, 8 KOHKPeTHOA ,lle(j}OpMaUHeA 8MYllbCHH, llOKallbHblMU 

CMemeHHSIMH 8MY1IbCHOHHblX y"IaCTKOB H .llpyrHMH .ll~(j>OpM8UHSIMH, "18CTO Mexa

HH"I9CKOI"O npOHCXO)K!(9HHSI. XapaKTep llO)KffOf'O paccestHHSI OITIIC8Tb KOHKpemoA 

MO.ll01Ibl0, no-BH.llHMOMY, H0B03MO)Kff0, T8K K8K .lleq>OpM811HH B aMynbCHH ( H 

Bbl3B8HHbl9 HMH HCK8)1(0HHSI) HM9IOT anepHO.llH"IeCKHA xapaKTep H SIBnstlOTCSI He

CT8UHOH8pHbJMH. ITpuane'tJeHH0 pacTpOBblX M0TO,ll0B HHTerpallbHOA oueHKH ,llHC

TOpCHit no nnomann Il03BOnHno HCKlllO"IHTb cnyqaAHbJe (j>aKTOpbl H nony'!HTb 

CT86HnbHble cp8BHHMbl9 peaynbT8Tbl npH H3MepeHHSIX MHOI"OKpaTHOI"O pacceSIHHSI. 

KoMIIneKC 00.llJ"OTOBHT01IbHblX onepaUHA, npe.lllll0CTByIOlllHX o6nyqeHHJO 

K8M0pbl, MO)KeT 6b!Tb O.llHHM H3 Ba)KHblX (j>aKTOpoa, Bbl3blB810lllHX HCK8)1(0HHSI 

B 8MY1IbCHH. Oco6eHH00 3H8'10HH0 npH 8TOM HM0IOT (j>H3HKO-M0X8HH"I9CKH0 CBOit

CTBa 8MY1IbCHOHHblX- cnoeB, HCD01Ib3Y0MblX .llnst c6opKH KaMep. PacnpocTpaHeH

HblM THIIOM .llHCTOpCHH, Bbl3B8HHOA M8KpOKPHBH3HOit noaepXHOCTH 8MYllbOiH, SIB

nstlOTCSI HCK8)1(0HHSI (HCKpHBneHHSI) cne,llOB "18CTHU nocne H8Kn0HB8HHSI .8MYllbCHit 

C .lle(j>eKT8MH nosepXHOCTH. ITono6Horo po.ll8 HCK8)1(0HHSI ( "nceB.llO.llHCTOpCHH") 

nerKo H,ll0HTH(j>HUHpyIOTCSI pacTpOBOii: MeTO.llHKOA. ITpH 8TOM MOI"yT 6bJTb yCTa

HOBll9Hbl Bellll'IHH8 H rpaHHUbl pacnpocTp8H0HHSI "nceB,llO.llHCTOpCHit" K8K ,llllSI 

OT.ll01IbHblX cnoeB, T8K H ,llllH BCeA 8MYIIbCHOHHOit K8M0Pbl. B Ta6n. 1 npuse

,ll0Hbl ,ll8HHbl0 H3MepeHHit llO)KHOI"O paccestHHSI .llnst pa3nH"IllblX 8MYllbCHOHHblX 

M8TepHanoB. OqeaH,llHO, 'ITO 8MY1IbCHOHHbl0 M8TepH8llbl, He H3M0HSIIOlllH0 (j>op

Mbl nosepXHOCTH B MOMeHT o6nyqeHHSI, HMeioT MHHHM81IbHbl0 HCK8)1(0HHSI. 

10 



XapaKTep 

noaepxHOCTH aMYllbCHA 

O6bI'lHOro nma H3 · CTSHnapT-

HOA KSMepbl 

To 2Ke c TmaTeJibHblM oT6o-

poM 8MY1lbCHH no noaepXHOCTH 

To :>Ke, HaK1IeeHHb1e HS CTeK-

no no o6ny11eHHSI 

cf>oTonnacTHHKH 

0,115 
.±0,001 

0,056 
±0,001 

0,081 
±0,001 

0,065 
±0,001 

pacceSIHHe 

1,0 MM 

0,136 
±0,003 

0,100 
±0,002 

0,069 
±0,002 

0,089 
±0,002 

Ta6nHna 1 

B MKM HS H'leAKe 

2,0 MM 4,0 MM 

0,235· 0,540 
.±0,007 .±0,03 

0,128 0,293 
±0,003 ±0,011 

0,094 0,112 
.±0,003 ±0,005 

0,063 0,129 
±0,002 ±0,005 

OTC10na BblTeKaIOT Tpe60BSHHSI K K8'l8CTBY nosepxHOCTH 8MYm.cROHHblX 

cnoea, ucnom.ayeMblX B 8MYnl,CHOHHblX KSMepax. D.IISI MSCCOBO:lt oopa60TKH 

60JiblllHX 8MYnbCHOHHbJX o6~MOB HSH6onee .llpHI'OllHbl OllHOCTOpOHHHe MeTOAbl 

nposranemm, T.e. C llOCTyIIOM o6pa68TbIBaIOIIXHX pacTBopoB C OllHOA CTOpOHbl, 

npH 8TOM npyrrui nnOCKOCTb 8MYn&CHH npenaapHT81IbHO IlpHKneHBa8TCH K IlO.ll

'no1KKe-cTeK1IY. Ba:>KHeAwyio ponb B OllHOCTOPOHHHX M8TO.QAX o6pa60TKH npHo6-

peTaIOT cnoco6L1 HaKneHBaHHH cnoea Ha nonnolKKY, HCKnIO'laIOIIUle pocr AOIIon

HHTe1lbHbIX MHKP?HCKWK8HHfl:. fuMeH8HH8 IlpOAOn:>KHTenbHOCTH npe6b1BaHruI 

8MYnbCHOHHbJX cnoea B pacTBOpax { "MOKpble" nponeccbl), KSK IlOKB38BO B 

Ta6n. 2, MOlK8T npHB8CTH K cepb83Hb1M Aecl>OPMSilHHM H POCTY HCKIDK8HHA 

(Ta6n. 3). 

D.oru1 "MoKpbIX' npouec

coa { a omoweHHH K 

cTaHnapmoA HaKJie:ltKe). 

Ta6nuna 2 

BapHSHTbl npoeeneHHH HSKneHBaHHH 

CT8Hll8pTHhlff 

1,0 

11 

coICpameHHhlA 

0,55 

C HCKYCCTBeH

HOtt aanep~oA 

a pacTaopax 



T a 6 n u g a 3 

BapHaHT H8KII9HBaHHSI I 
no)KH. p8CCeHHH0 B MKM ll/IH SI'leeK 

0,5 MM 1,0 MM 2,0 MM 4,0 MM 

CTSH.llapmblA 0,102 0,125 0,105 0,263 
±0,001 ±0,002 '±0,02 ±0,04 

C 'aaaep.>KKoA" 0,283 0,668 1,40 2,85 
±0,003 ±0,009 ±0,20 ±0,42 

BoaMO.)KJIOCTb npSIMblX H3M0peHHA HMnyllbCOB 'ISCTHit BbJCOKHX aaepmA 

orpaHH'IHB80TCSI H3""'38 pacTyIJUfX ae<l>opMBitHA, BbJ3BaHHbJX 8HOM81IHSIMH npo

neaypbl ilaicneHBaHHSI. B Ta6n. 4 npHBe.ll0Hbl .llaHHbl0 no 3KcnepHM0HT81IbHOMy 

onpeaenemuo B0/IH'IHHbl p {JC .lllIH H0KOTOpbJX aapHaHTOB H8KII9HBBJIHH, on-
MBKC 

peaeneHHOA KaK rpaHHita H3M0H0HHSI p {JC Ha .ll811HOA Sl'10AKe npH ycnoBHH 

DI e = 2, rae D - aKcnep11MeHTallbHb1e aaa"leHHSI, a e nonyqeao H3 ycnoaHH 

2 2 ½ 
e = (D - D ) • 

KYII 

Ta_6nuga 4 

Cpemme 3H8'1eHHSI p §CM SIIH aapHaHTOB HSKIIeHBaHHSI (a~fal:l) 
aKc 

H 'leAKa, MM 

0,5 

1,0 

2,0 

4,0 

MeTOA 

CTSH.llBPTHblA 

2,2 

5,6 

21,0 

32,0 

npoaeaemm H8KII0HB8HHSI 

I COKpaIJ10HHblA I C 'aSAeplKKOit" 

1,6 0,97 

3,5 1,3 

7,9 1,8 

11,0 2,5 

B Ta6n. 5 npHB0.ll8HbI 3KcnepHM0BT81IbHbl8 .ll8HHbl8 .H3MepeHHA IIO)Kl{Of'O 

pacceSIHHSI B 3MyllbCHOHHOA KaMepe, o6pa6oTaHHOA OAHOCTOpOHHHM M8TO.llOM 

npH OIITHMallbHbIX ycnOBHSIX HSKJI8HBBHHSI, a TaIOKe c6opKH nepeA o6nyqeHHeM, 

onHCBHHbJX BblW0. 
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Ta6nuua 5 

BapHaHT 
H '18fl:K8,MM 

O6naCTb npoCM0Tpa 1,0 2,0 4,0 
HaKneHBSHHSI 

Y Il0Jln0>KKH 0,159 0,135 0,322 

CTSHJl8pTHblA 
±0,002 ±0,003 ±0,01 

Cuean~ a.rm QIJ2Sli 0,097 0,122 0,256 
±0,002 ±0,003 ±0,01 

Y Il0Jln0)KJCH · 0,106 0,133 0,110 
±0,002 ±0,003 ±0,008 

CoKpameHHblA 
CueS!!ee ,!JnSI cns;iSI i 0,092 0,117 0,198 

.±0,002 .±0,003 ±0,008 

OqeBHJlHblil: pocT n0)K}I0I'0 pacceSIHHSI y Il0Jln0:>KKH, Bb13B8HHblA ua6yxa

HH8M 9MYnbCHH npH HSKneHBSHHH, 38Me'lll0 CHIDK88TCSI npH COKP8Ill8HHOA: TeX

uonorHH HSKneHBSHHSI • 

.Uru1 COIIOCTaeneHHSI MeTOJl0B nposmneHHH HJl8pHblX SMYnbCHA:, HSH0Onee 

H3BeCTHblX B npaKTHKe ( 0JlHO- H JlBYCT0p0HHHA: M8T0Jlbl npOHBneHHSI). 6blnH 

nocTaeneHbl 9KcnepHM8HTbl C SMYnbCH0HHblMH cnOHMH, 'ISCTH'IHO HSKn88HHblMH 

Ha CTeKII0. no paCTp0B0MY s4$eKTy OTpruKeHHSI 6blll yCTaH0BneH xaparrep HC

KWK8HHA: B TSKHX SMYnbCHSIX (pHc. 4). Ha 0CH0Be paCTp0BblX H3M8peHHA: JlRC-

TOpCHA IlOCTp08Hhl TOnorpaci>H'l8CKH8 KPHBble ( .,H30KnHHbl.,) 1 C08JlHHBIOIIUl8 

y'!SCTKH SMY~CHH C Il0CTOHHHblMH 3H8'18HHSIMH yrna KPHBH3Hbl TeCT0BhlX cne

Jl0B }' X (pHc. 5). l13MepeHlm MH0J'0KpBTH0I'0 pacceSIHHSI np0BOJlHlIHCb Jlml 

CM8W8HHblX Y'ISCTKOB SMYnbCH0HHOI'0 COOSI ( OJlHO- H JlBYCTOp0HHSISI 06pa-

60T1Ca, 30H8 .,B, H 0JlHOCTOp0HHSISI o6pa60TKS, 30H8 ,, A,, JlJUI ~OHTpOrul). 
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~ }A 

0 10 20 30 40 50 

L,mm 

PHc. 5. Tonorpll4>W1 HCKmKeHHll no llBHHblM paCTpOBbllt 

113MepeHHll (pHc. 4). -W'lpHXOBOA nHHHeA noxa-
3aHa rpanHua pa3nena nayx MeTO.Qoa o6pa6oTKH. 

Ha puc. 6 IlOK838Hbl oco6eHHOCTH H3Mepemm pacceSJHHSI B YJCS38HHhlX 30Hax. 

CpellHHe 3H8''JeHHSI Ll1ISI n0>1<HOI'O pacceSIHHSI B STHX )Ke Y''ISCTKSX SMyllbCHH 

npuaeaeHbI a Ta6n. 6 ! 

Ta6nu11a6 

3oua uaMepeHHSI H q e AK a, MM 
0,5 1,0 2,0 4,0 

KoHTponhHSSI ("A") 0,081 0,096 0,170 0,225 
±0,008 ±0,01 ±0,02 ±0,028 

Pf}60"i8SI ( "B") 0,090 0,199 0;434 1,22 
±0,007 ±0,02 ±0,065 ±0,21 
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Pac. 8. A3l!MyTan&11hlit npOlj,Jun, (Ai) • nepBbl& (!i) H BTOpble (Di) pa3HOCTH KOOJ).QHHaT, H3MepeHHb18 Ha 

cne.ixax p 70 rsB s 30H8X 'A' (cn8.llbl 1K-8K) H 'B' Ccnellbl 1-S) no pac. 5. 
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4 

PoCT no)Kfforo paccesrHHsr B pafSo11eA o5nacTH H3MepeHHA ( "B"') BbI3B8H 

BnHSlHHeM HCKpHBn8HHSl cne.[lOB H3-38 o6pa5oTKH 8MyJibCHH B CBOOO.[lHOM co

CTOSlHHH, 'ITO IlO.[lTBep>K.[laeTCSl H3MepeHHSlMH 83HMyT8JibHOI"O npocflHnst cne.[lOB 

H .clpyrHMH .[lSHHblMH (pHC. 4-6) • 

B pa5ore p8CCM8Tl)HB8nHCb p83nH'IHbl8 npaKTH'l8ClOl8 BapHaHTbl npoae

.[l8HHSl T8XHOnorH'l8CKHX onepaIUIA 0.[lllOCTOpOIIHero npouecca o6pa50TKH 8Mynh

CHOHHblX K8Mep. Bee aKcnepHM8HTbl npOBO.[lHnHCb O.[lHOBpeMeHHO C M8CCOBOA 

o6pa50TKOA 8MynhCHOHHblX K8Mep B npOH3BO.[lCTB8HHblX ycnOBHSlX HS cneUHaJib

HO paapa50TaHHOM o6opy.clOBaHHH. 

Ha pHc. 7 IlOK838Hbl peayJibTSTbl H3MepeHHA: no}Kfforo paccestHHSl mm 

W8CTH OCHOBHblX BapHaHTOB o6pa50TKH H weCTH THnOB srnepHblX 8MynhCHA:, o6-

ny'18HHblX B ny'IKSX 38pSOK8HHblX 'ISCTHU C HMDYJibCOM 10-70 faB/ c. 

:s. -< 
0 

o.; r 
0.6 

I 
0.4 

0.2 

0 

1 

0.8 

0.6 

0.4 

0.2 

5 

f 
.___ _ _.._~ __ _,.__ 

5 

2 

0 ......._....__......._ _ __._ 

11 

/' 

O.StO 2.0 4.0 0.5 tO 2.0 4.0 0.5\0 2D 

5 

4.o T ,mm 

Pee. 7. HaMeHeHHe IIOlKHOro pacceSIHB!I OT B8pH8HTOB o6pal5anm (I-YI) B THD8 8M7111,CBB ( 1-6). J:lmi B8pB-

8HT8 YI DpBB01lHTC51 '18CTb Jl8BJll>Dt. 
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PocT no:>KHoro pacceSIHHSI na6mo.ttaeTCSI lIHWb .ttlISI BapHBHTOB o6pa60TKH 

c pe3KHMH H3MenemmMH Texnonor1m ( BBpHaHTbI Y, YI ) , a TaIOKe .ttlISI 9MY1Ib

cnit HeBblCOKOro KBqecTaa (nanpHMep, 5 ). CpaBHHTenbHO Mance BnHSIHHe TeX

H0110rHH o6pa60TKH ( BBpHaJITbl I-IY) Ha poCT HCKIDK8HHA MOJKHO OO'bSICHHTb 

CTa6H1IbHOCTblO ynpyrHX CBOACTB )K8naTHH8 9MY1IbCHH npH OTHOCHTelibHO HH3-

KHX TeMUepa-rypax o6pa60TKH, OTCYTCTBHeM M8XBHH'leCKHX B03.tt8AcTBHA Ha 

SMynbCHIO npu o6pa60TKe, nBMHHapHOCTblO TOK8 pa6oqux pacTBOpOB B annapa

Type H .ttpyrHMH q>aKTopaMH, xapSKTepHbIMH .ttlISI oilHocTOponneit o6pa6oTKH 

9MY11bCHOHHbJX KaMep. B Ta6n. 7 llpHBe.tt8Hbl H8KOTopble 9KCII8pHM8HT81IbHbl8 

.ttaHHbl9 H3MepeHHH HMny1IbC8 qacTHil .ttlISI pa3nH'IHblX BapH8HTOB o6pa60TKH. 

Ta6nHga 7 

.HqeAKa, BapuanT 3neprHSI nepBH"IHoro II}"IK8 '18CTHJl7 fsB 

MM o6pa6oTKH p 10 p 19 p 70 

I-IYJE 7,2 ± 1,6 8,4 ± 1,0 10,0 ± 1,8 
0,5 

YI 1,4 ± 0,5 3,4 ± 0,2 

I-IY5 9,7 ± 1,2 18,1 ± 0,85 26,7 ± 3,1 
1,0 

YI 1,3 ± 0,1 6,5 ± 0,6 

1-IY* 11,3 ± 1,27 18,1 ± 1,1 54,7 ± 6,1 
2,0 

YI 2,0 ± 0,24 10,7 ± 2,0 

I-IY* 11,0 ± 1,7 19,8 ± 0,9 76,1 ± 8,4 
4,0 

YI 3,3 ± 0,25 9,35 ±1,5. 

* - cpe.ttHne anaqeHHSI .ttnH 6nuaKHx aapHBHTOB. BapHSHT YI OTHOCH'l'CSI · 

K o6pa6oTK8 SMylibCHA B CBOOO.ttHOM COCTOSIHHH, 083 noano:>KKH. 

illISI onpeaeneHHSI HMUynbCa 11aCTHU HCU0nb30BM8Cb CT8HJlapTH8SI npo-

/13/ . 
ueaypa H3MepeHHA C HCIIOllb30BaHH8M pa311H'IHblX M8TOJlOB HCKm0'18HHSI 

noJKHoro paccestHHSI. Ha p;c. 8 noKaaano cpaBHHTenbHoe pacnpei:teneHHe P pc, 
nonyqeHHoe p83nH'IHblMH M8T0Jl8MH. MeTOJl HCKmo'118HHSI nO>KlIOro pacceHHHSI C 

npHB118'18HH8M ll8p8M8Tp8 'p ' ( p = iPtffl ) Jl88T 001188 Y3K08 pacnp8Jl8118HH8, 

qeM JlpyrHe, 6onee cno>KHbie MeTOJlbl. 
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Pac. s. CpaBJDrrem.aoe pacnpe.aeneJllle p {JC t UC>ny"l8BB!.IX pa3llll'UIJ,IMJ( M8TOl18MII. J - C llapaMEITJ)OM ' p '• 
II - C BCUOlll,30Ba!Ul8M S-x pa3BOCTel. ill - C BCU01Ib30B811.118M 8LICJIIBlt pa3110CTel. 

OnHH H3 HSH6onee cepb83HbIX HCTO'IHHKOB B03HHKHOB8HHSI HCKSJK8HHft 

3SKlll011HTenbHSSI onepaIUISI npOH3B0.llCTB8HHOI'O IlHKna o6pa6oTKH, BbICywHBaHHe. 

BHYIP8HHee HanpSDKeHHe B 9My-1IbCHH, Bbl3BSHHOe 8HOM8nHSIMH npouecca BbJCywH

BaHHSI, o6HSpY>JCHBa8TCSI npu H3M8p8HHSIX HCKSJK8HHil: no xapaKTepHl,IM oco6eH

HOCTSIM • .llnsi BblSIBneHHSI nono6HblX HCK8)K8JIHfi HCfiOnh30BaH pSC'IpOBblil: M8TO.ll, 

n03B0nSIIOIIIHA onpenenaTb Be1IH'IHHY H .llHCnOKSilHIO C.llBHI'OB B 9MYnbCHH. Y 'ISCT

KH 9MYnhCHH, HS KOTOpblX o6aap}'1KHBaIOTCSI .llHCT0pCHH TSKOI'O THna, He B8nHKH, 

O.llHaKo BKna.ll HCKa)KeHHfl: e cpe.llHIOIO BenH'IHHY D Ha cnenax 11aCTHit, 
•B H3Mep. . / 14 15/ 

npOXO.llSllllHX 11epea 'necl>eKTHbie' }"laCTKH, MO)K8T 6h1Tb 3HS'IHT800H ' • 

Ha pHc. 9 noKaaaHhl npHME!pbl BnHSIHHSI TaKHX .llHCTOpCHfl: Ha H3MepeHHSI MHo-

roKpamoro pacceSIHHSI B Sl.ll8PHblX 9My-1IbCHSIX. Bb16op onTHManbHOft o6nacTH 

.llJIH H3MepeHHfl: pacceSIHHSI, HanpHMep pSCTpOBblM M8TO.llOM, MO)KeT 6blTb none-

30H JlS)K8 .ll1ISI 9My-nbCHfl:, o6pa6oT8HHblX B ceo6o.llHOM COCTOSIHHH, .llnSI KOTOpblX 

o6lllHfl: ypoeeHb HCKS)KeHHA acer.Ila aenHK. 
,ct,'?' 
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PHc0 9. A3BM)'Tan&Hhlll npo,j,mn,(Ai) Clle.[IOB '18CTl!ll (p50 rsB) B 9MylibCBH1 o6paooT8HHOl! B CBo60.t1HOM 

COCTomIBH. CneJlhI h:-&t B3MepeHbI C paCTpOBbIM ltOl!TpOlleM .tlHCTOpcBll. 

B Taun. 8 npHB~lleHbl peayllbTSTbl H3MepeHHit: no>KHoro pacceSlHJUI H llHCTOPCHii: 

B TSKHX SMynI:>CHBX. TaM )Ke npHBelleHbl ll8HHbie llml SHOManHtt npouecca Bhl

cyWHBSHHSI. Bb1CywHBaHHe SlllepHblX SM}'llbCHii: B CilHpTOBOllHblX pacTBOpax C no

BhlWeHHhlM COllep)K8HHeM nnacTHIJ>HKSTOpoB,_ HCilOm.30B8HHblX llml yMeHbWeHHSI 

Koaq><i>HllH_eHTa YCSllKH SMyllbCHH, npHBOllHT K 3HS'IHTenbHhIM HCKS>KeHHSIM, HC-

KnlO'laJOlllHM B03MO>KHOCTb TO'DlblX H3MepeHHH. 
Ta6nHua 8 

BapuaHT cywKH 3ona H3Me- IlHcTOpc~st, .H 'I e tt K a, MM 

peHHil MKMI MM 0,5 1,0 2,0 4,0 

C TSHllapTHhlil, o6pa- A* 32 0,155 0·326 0 733 1,42 
60TK8 B CBOOOllHOM ±0,007 ,±0;021 ±0:069 ±0,20 
COCTOSIHHH 6 76 0,211 0,604 1,98 4,90 

,±0,01 ±0,04 ±0,18 .±0,70 
CywKa C nOBhIWeHHblM A* 43 0 288 0,597 0,928 
coaep>KaHHeM rnHuepHHa, ±0:015 ±0 036 ±0,085 

' 1 87 o6pa6oTKa OllHOCTopommg 6 110-200 0,272 0,~ +0'19 ±0,015 ±0, - , 

Jt - OilTHManbHhlil BbDOp 30Hhl H3MepeHHA paCTpOBhlM MeTOAOM. 

19 



Hcnom,aoBSHHe OilTHM811bHblX ycnoBHfl: o6pa60TKH H IlOAI'OTOBKH 8MYnb

CHOHHbJX KSMep, uano:>KeHHblX Bblllle, noaaonuno pe3KO CHH3HTb ypOBeHb HCK8-

:1Kem1tt, oco6eHHO no:iKHoro paccesmusi, a 8MY11bCHOHHbIX cnosix H aano aoaMo:>K

HOCTb npOBOAHl'b H3MepeHHSI HMnym.cOB 38pSl>K0HHbJX 'IBCTHU B A0CSITKH raB/ C. 

Ha pHC. iO IlOKB.38Hbl peaynhTBTbl H3MepeHHit p {JC B 8MYnbCHOHHOH KBMepe, 

co6pBHHott H3 SMYnbCHit EP-1-600, o6ny'leHHOii B nyqKe nporonon c SHeprueif 

/14/ 
19,1 raB (UEPH) u nposraneHHOit a omrn • 

N 
40 

30 

20 

10 

0 10 20 3.0 
Ppc.GeV 

Pac. 1 o. &cnepm.ceHT811Wtoe pacnpeae1I81me P pc llllll 

85 nepBB'IBLllt cnaaoe, npBBB.anelK8IIIIIJt 
p 19, 1 raB. N - ucno HeSaBHCHMbllt 3HA11e

BIIA. p pc ' Bhl'lllCneHBbllt C napaM8TJ)OM , p •• 

B H8CT0Sllll88 BpeMSI HM0IOTCH ABHHble o6 H3MepeHHH HMnyJibCOB BblCOKOSHep

rH'lHbIX 'l8CTHil BtinOTb AO 100 raB/c B 8MY11bCHOHHblX KOMepax, o6pa6oTBH

HblX B 011.HH OAHOCTOpOHHHM M0TOAOM. 

AHanH3 IlpB'IHH, Bbl3bIBaIOlllHX BCK8:lK0HHH B SMYnbCHOHHblX C1IOSIX KSMep 

B npouecce KOMIIZieKCHOit IlO.llI'OTOBKH ~ o6ny'l8HHIO . H BO BpeMSI cl>OTOXBMJITl8C

KOA o6pa6oTKH, IlOKa3blB88T, 'lTO OCHOBHbIMH BCTO'IHHKSMH HCK8:lK8HHfl:, B TOM 

'lHCne no:iKHOI'O paccesIHBH, SIBnSIIOTCH nponeccbl, CBH38HHble C H3MeHeHHeM 
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<\IH3H118CKOI'O COCTOSIHHSI CTp}'KTYJ)hl 8MfllbCHOHHOI'O cnosr. K HHM npe)KJle BCero 

cne.ayeT omeCTH npouecCbl 4>oTOXHMH118CKOH o6pa6oTKH, npOBOJlSllllH8CSI IIPH 

0 
pa6011HX TeMnepa-rypax, 6nH3KHX K 28-30 C' Kor.aa IIOSIBnSleTCSI onaCHOCTb Ha-

pyweHHSI npO'UIOCTll }K8ll8THHOBOI'O K8pK8C8 8MyllbCHOHHOI'O cnOSI. K STOA )K8 

K8TeI'OpHH cne.ayeT OTH8CTH TeXHOllOI'H118CKHe npoueCCb~ CBSl38HHbl8 C MexaHH-

118CKHM B03Jl8ii:CTBHeM HS -paa6yxwHii: 8MyJlhCHOHHbJH cnoii ( H8Kll0HB81IHe, Bbl

cywHBaHHe H np.). Heo6xo/lHMO TaJOKe y'IHTbIB8Tb BruKHylO pOllb K8'18CTB8 IIO

BepXHOCTH 8Myn&cHH, H8nH'IHe anepHO/lH118CKHX HCKPHBn8HHH noaepXHOCTH H 

npyrHX ne<l>eKTOB. nono6Hhl8 ne<l>eKTbl, npHBO/lSIJllHe K "nceB]lO/lHCTOpCHSIM"' 

MOI'yT IlOBTOpSITbCSI B K8}K]lOM cnoe K8M8Phl H3-08 HeoimopO/lHOI'O C>KB.THSI 

CTOilKH 8MyllbCHA. 3TOT BH/l HCK~eHHH BO MHOI'HX cny-qasrx MOJKeT paCCM8TpH

B8TbCSI KaK HeKOTOph1it nocTOHHHhii\: 4laKrop, xapaKTepHbtii nnsr .aaHHoA K8Mepb1, 

nerKO HCK1ll0'188Mhlit pacTpOBblM M8TO/lOM. p acTpOBblMH M8TO/l8MH Hll8HTHq)HUH

pyroTCSI H8KOTOpbl8 HOBbl8 BH/lbl llHCTopcHfi - T0118"tJHbl8 CllBHI'H, HCKIDK8HHSI 

B TOHKHX 8MyllbCHOHHblX cnosrx, noaepXHOCfflbl8 CM81Il8HHSI H T.Jl. 

m. PA3PAEOTKA H 3KcnnYATAUllil KOMnnEKCA AnnAPATYPbl 

nJI.H OEPAEOTKH EOnbWHX 3MYnbCI10HHbIX KAMEP 

OnHOCTOPOHHHM METOnOM 

8 COBp8M8HHblX 4>H3H'l8CKHX. 8KcnepHM8HT8X C HCilOnb30B8HH8M sr.aep

HhlX 8MyllbCHfi B03HHK88T Heo6XOJ:lHMOCTb nposraneHHSI 3H811HT8llbHblX 8MynbCH

OHHblX o61>eMOB. nocTSTO'IHO H8IlOMHHTb O KpyIIHblX 8MynbCHOHHhlX KSMepax, 

o6nyqeHHbIX B CTp8Toc4>epe, Ha 60PTY CIIyCK88MblX annapaTOB KOCMH'l8CKHX 

Kopa6nett, Ha ycKopuTensrx H<PB3, OHHH, UEPHa, ct>HAna u .ap., 'ITOObl 

IlOHSITb B8}KHOCTb H H800XOJlHMOCTb paapa60TKH CII8IlH8llbHOA annapa-rypbl AnH 

q>OTOrpa4>u11ecKOA o6pa60TKH. <l>OTOrpaq>H'18CK8SI o6pa60TK8 TOllCTOCOOAHhlX cpo
TOM8TepHanoa npeAcTaansreT <?05ott cnolKHyro TeXHH"tJ:ecKyro aaAa-qy, npeeycMST

puBaIOmyro co6moAeHHe MHOI'HX Tp_e6oammA, KOTOpbI8 yqHTblB8mICb IIj:>B paapa-

60TKe annapa-ryphl. K HHM npe)KJle acero omocsrTcH cneAyrolllHe : 
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1. Hcnom,soaaHHe M8TOAOB npos1Bn8HHSI C BbJCOKHMH $ororpalJH'18CKHMH 

nOKB38T8nSIMH, cao.nsmmx K MHHHMYMY HnH HCK100118lOillHX HCK8>K8HHSI reoMeT

PH'l8CKOA $opMbl cne.noa aapSilK8HHhlX 'ISCTHII B 3Mj'1IbCHH. 

. 2. BocnpoHaae.tteHHe OAHOPOAHbJX (CT8HA8PTHl>!X) peaym,TSTOB o6pa6oT

KH OT napTHH K napTRH, 8 T8IOK8 BHyTpH OT.Q8Jll,H1,JX napTHit. 

3. MexaHHsamrn H 8BTOM8TB38IUISI OCHOBHblX T8XHOnorH'l8CKHX nponeccoa. 

4. CTaoHnhHOCTh pa60Tbl annapaTyp1,1 a ycnoamoc uenpepbJBHott aKcnny

aTamm xono.itHJU:,HOro H IlHPKYnSIIXHOHHoro o6opy.noaru11m. 

5. MaKCHM8Jll,HO BOOMOX<HSSI eMKOCTb annapaTypbI AnSI CHH)K8HIUI noTepb 

OT perpecCHH npH pas.neneHHH KPYilHhlX KaMep Ha 'ISCTH .nnst nposmneHHSI. 

6. PmumIXHOHHSSI 381IlHT8 8Mj'nbCHOHHOrO MSTepHana npH nocne.noaaTem,

HOM npOSIBn8HHH KPYilHhlX napTHA 3Mj'1IbCHH. 

Cepb83Hbl8 npeHMYIIl8CTB8 OAHOCTOpOHHHX M8TOAOB npOSIBneHHSI, IlOK8-

38HHbl8 Bhlllle, 61,um HCilOJII:,30B8Hbl npH paspa60TKe cneimanbHOit annapaTypbI 

AnSI nposraneHHSI 3Mj'nhCHOHHbJX KSMep, 3KCilOHHp0B8HHhlX B ny,max BblCOKOSHep

rH'IHl,JX qacTHII, TexaonomqecKoA OCHOBOit MeTO.tta nposraneHHSI noc~n Hs

BeCTHbiit .nayxTeMIIepaTypH1,1tt nponecc npOSianeHHSI, npe.nno)KeHHbI:lt HHK<l>M H 

01-ffiM npHMeHHTen&110 K cyxoA 'TennoA' CTa.ttHH. B Hacrosrmee apeMSI aTo 

coapeMeHHbltt TeXHonorH'lecKHA nponecc o6pa6oTKH n.nepHbIX SMYnhCHit, npe.n

aapHTenhHO H8Kll88HHblX Ha no.ttnmKKy-CTeKno, nosaoruuoIImit nony'IHTb BbICOKHe 

cl>OTorpacl>H'l8CKH8 xapaKTepHCTHKH o6pa6aTbIB88MblX it,oToMaTepHanoa C MHHH

MaJn,BbIMH HCK£UK8HHSIMH. 

nm1 paspa60TKH KOMIIneKca annap8Typbl HSMH Obin HCilOJil:,30B8H npHH

IUUI MHOrocnoAHott yicmuum 3MYnhCHOHHblX cnoea-mmCTHHOK B YHH4,Himp0B8H

HOM 6noKe-KOHTeitllepe, Hcnom.syiomeMCSI Ha acex CTa.ttmlX npoH3BOACTBeHHOro 

nponecca. nm1 o6pa6oTKH SMYnbCHOHHhlX cnoea a o.nHHaKoa:blX TeXHonorH'lec

KHX ycnommx npH MaccoaoM nposraneHim 6onblllHX napTHA SMy'libCHH Hcnom,so

BaHbl TeXHOJIOt'H118CKH8 JmHHH C 8BTOM8TH'l8CKHM no.n.nep)K8HH8M 38.itaHHbJX 

napaMeTpoa nponecca mm OT.ttenr:.1u,JX ero cTa.ttHA a Te'leHHe acero AnH-
. /16 17/ 

TenbHOro IXHKna o6pat5oTKH. B COCTSB KOMIIneKca o6opy.noaamm • BXOASIT 
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cnenyrom110 OCHOBHble sneMeHTbl H yanhl: npOSIBO'IHOe, cI,HKca:>KHo-npOMhlBHoe, 

cynmnLHoe, xono.cumhHoe, IUIPKYruJIUIOHHoe H acnoMoraTeJlbHoe o6opy110BaHHe, a 

. TSIOK8 sneMeHThl SBTOMSTHKH H KHn. Ymit,H1U!pOBaHHhie 6noKH-KOHTefiHephI, 

BMemaromee SMYnhCHOHHhl8 cnoH no cI,opMaT8 20x40 CM BKmo'IHTenhHO, CJiyJK8T 

.llllll TpaucnopTHpOBKH SMYnbCHOHHhIX cnoea, npOB8Jl8HHH onepaIUIA npoHBneHHH 

H cI,HKcHpyxome-npoMblBHbIX onepaIUIA n COOTBe'.l'CTBYJOIIUDt 6noKBX annapaTyphl. 

BnoICH annapa-rypbl BKnIO'l8Hhl B 8BTOHOMHbI8 IUIPKYnHUHOHHhie CHCTeMl>l, HC

nonh3yromue Tennoo6M8HHHKH X0nOJlHnbHOI'O o6opyJlOBaHHH, l1KJ)KYMilHOHHb18 

sneMeHThI H T.n. B npOH3BO.llCTB8HHOM KOMIIneKce Hcnonh3y8TCSI TPH aBTOHOM

HhIX IUlpKynHIUIOHHhIX CHCTeMhI, o6ecne1JHBalOmH8 38Jl8HHb18 TeXHonorH"18CKHe 

napaM8Tphl o6pa60TKH. EMKOCTb o6opyAOBaHHH BO Bcex Tp~X CHCTeMaX (no 

Aea napannenbHhIX KOHTefiHepa a Ka:>KAoA) H TpexceKIUIOHHoro CyxIUlnhHOI'O 

wKBlt,a co cneIU1anbHbJM YBn81KHHTeneM . COCT8BnH8T OKOno 600 cnoea cI,opMaT8 

lOxlO CM HnH SKBHBaneHTHoe .Konu11eCTao sMynhCHH Apyroro paaMepa 110 

20x40 CM BKnlO"IHTenbHO. llonyCKOOTCH yBenH'l8HH8 8MKOCTH o6opyJlOB8HHSI 38 

C'leT BBeAeHHH AOnOnHHT81lbHhIX sneMeHTOB. npoH3BO.llHT8nbHOCTb KOMIIneKca 

npH o6pa60TK8 SMYnhCHOHHhlX cnoea paallll'IHOit TOlIIIlHHbl npHBeJleHa B Ta6n. 9. 

Ta6nHga 9 

TonmHHa 
Konu11ecToo nonHbIX npoH3BOAHT8nhHOCTb 

sMYm,c1m, t.1KM 
UHKnOB / M8CHil nHTpoa/ M8CHil 

200 20 23,0 

400 7,5 19,5 

600 4,3 14,8 · 

OneHKa CTaH.rtapTHOCTH npostaneHmt H B0CnpOH3BOAHMOCTH peaynhT8TOB, 

npoaeneHHaH npH o6pa60TKe 30-nuTpOBOil: SMynhCHOHHOA K8M8pbl ( BblCOKorop

HBSI sKcneAHilHH HHH.H<I> MrY), 11ana BenH'IHHY paa6poca no 'JYBCTBHTellbHoc

TH Me:>KAy OT.nenbHbIMH napTHSIMII npOHBneHHH He 6onee 1% npH cpe.nueA qya-
/18 19/ 

CTBHTenbHOCTH 29,8 .± 0,4 6no6/ 100 MKM ' • npoAOJDKHT8nhHOCTb o6pa6oT-

KH KaMepbl COCTBBHna OKOOO 40 CyTOK. 
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IY. B bl BO.Ubl 

1. TTpe.nno:lKeH KOMIIneKC q>OTOrpa4'H11eCKHX MeTO.llOB HCCOO.llOBSHHSI reo

M8TpH'l9CKHX :i::apaKTepHCfflK UY'IJKOBhlX cneitOB 38pH:lK8HHhlX '18CTHU, OCHOOOH

Hhlfl: Ha HCrt011l>30BaHHH opurHHSlll,HblX 6eahIHCTpyMeHT8llbHhlX M8TO.llOB, 38lllHlll8H

HhlX 8BTOpCKHMH CBH.ll9Telll>CTB8MH ( N.!N.! 269337, 314448) • B OCHOBY M8TO.llOB 

nonO:lKeHO HCilOlll>30BaHH8 cne.nos 38pSI)K8HHhIX '18CTHU B 8Mylll>CHOHHOM cnoe 

B K8'18CTBe aneMeHTOB OIITll"IeCKor'O TpeXMepHOI"O pacTpa. 11ayqeHhl pa3nH'I

Hh18 cnoco6bl npSIMhiX Ha6mo.neHH:8 8Mym>CHOHHhlX paCTpOB (a KOrepeHTHOM, 

.nml>4>Y3HOM, HanpaaneHHOM CBeTe) • TTpe,nnO:lK8Hbl M8TO.llhl OU8HKH ypoBHSI .llHC-

2 
TOpcH:8 B 8Mylll>CHH C 'IJYBCTBHTelll,HOCTI:,JO He xy,ice 2-3 MKWMM no CTeneHH 

HeperynstpHOCTH pac-rpa, OOH8py:lKHaaeMo:8 BH3Y8lll>HO. OnHCBHhl HHTerpam,HhI9 

M8TO.llbl nonyqeHHH TOIIorpaq>H'leCKHX .ll8HHhIX O pacnpeiteneHHH .llHCTOPCHA no 

nnomWUI, B TOM 'DICne C noMOIUbIO MHOroq>83HOl'O UBeTOBhl.ll9neHHSI. PacCMOT

peHbl nepcneKTHBbl HCU011l>30BaHHSI paCTp0BhlX MeT0.ll0B B 8KcnepHMeHTam,uoA 

Sl.llepHoA lpB3HKe. 

2. HayqeHbl oco6eHHOCTH BOOHHKH0BeHHSI HCKS:lKeHHA nplI ll0.lll'OTOBK8 

8MynbCH0HHhIX KSMep K, o6nyqeHmo. noK838HO, "ITO HanH'!He anepHO.llH118CKHX 

MaKpOHCKpHBneHHA noaepXHOCTH 8Mylll>CHH npHBO.llHT K 3H8'1HTelll>H0My poc-ry 

HCKIDKeHH:8. Hcxmo11eHHe HCKS:lKeHH:8 THII8 'nceB.llO.llHCTOpCHA' pacTp0BhIMH Me

TO.ll8MH CHIDKBeT no>KHoe pacceSIHHe B 8Mylll>CHOHHhlX cnosix B 3-5 p83. TTpeit

nom:eH MeTOA c6opKH 8Mylll>CH0HHhlX KSMep C TO'lllhIMH reOM8TpH'l9CKHMH paa

MepaMH. 

3. PaccMOTp8Hbl paanH-cmble MeTOAbl o6pa60TKH 8Mym>CHOHHhIX KSMep. 

OTM8118Hhl cepb83Hble npeHMylllecTBS 0.llH0CTOp0HHHX M8T0AOB npOSIBneHIUI npH 

o6pa60TKe 8Mym>CHOHHblX KSMep, o6nyqeHHh!X B ny,max 118CTHU BbIC0KHX 8Hep

f'HA. Ilpe.nnO.>K8Hhl OUTHMa.llhIU,te pelKHMbl npoae.nemm Temon0J"H'l8CKHX onepa

UBA, nooaonmoIUBe o6pa6aTblBB.Tb 8MyJibCHOHHbl8 cnoH C MRHHMSlll>HhlMll HCKa

.>K8HHSIMB. TTpH 3TOM B03MO>KHO H3MepeHBe HMIIym.cos O.llH038pSl.llHhlX 118CTHU 

AO 30-40 raB/ C DpH COOTH0W8HHH ., CHl"H8nlWYM', paaH0M ABYM• IloK838HO, 
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'ITO aHOMamm npouecca HaKneHBaHHSI, BblCywHB8HHSI npHBOnSIT K poc-ry no:>KHO

ro pacceSIHHSl B 5-10 paa, 'lTO COBnanaeT C peayllbT8TaMH, nonyqeHHblMH nnSI 

3MYnbCIItt, o6pat>OT8HHblX B cao60aHOM COCTOSIHHH. 

4. 11ayqeHbl oc.o6eHHOCTH B03HHKHOBeHHSI HCKruK9HHA THna no:>KHoe pac

C9SIHHe B 3MYnbCHOHHblX K8Mepax, o6pa6oT8HHblX B paanH'DiblX npouaaoncTBeH

HblX ycnOBHSIX. ITOK838Hbl nyTH CHJDK9HHSI no:>KHoro pacceSIHHSI B 3MyllbCHOHHblX 

cnOSIX, o6pa60T8HHblX OaHOCTOpOHHHM MeTOnoM, noaBOnSIIOlllHe pacWHpHTb o6-

11aCTb H3MepeHHH HMIIynbCOB '18CTHil BbICOKHX aueprHA no MHoroKp8THOMy pac

C9SIHHIO B 3MYnbCHH. 0TMe'l89TCSI 3<plfieKTHBHOCTb M9TO® HCKnIO'leHHSI nO}Kff0r0 

pacceSIHHSI c noMOlllbIO napaMeTpa " P ". IToKaaauo, 'ITO npu TlllaTem,aoM oT6o

pe aMynbcnoHnoro MaTepnana nnSI o6nyqeHHSI ( HnH ero cneUHam.HoA: nOllN>TOB

Ke , HCKnIO'l8IOlll9H HCK8:>K9HHSI THna "nceanoMCTOpCHH"), npHMeHeHHH HHTer

pallbHblX paCTpOBblX M9TOll0B nnSI abl6opa onTHManbHblX 30H H3MepeHHA, HC

nonb30B8HHH 3<pfleKTHBHblX Meronoa onHOCTOpOHHeit o6pa60TKH B CT86HllbHblX 

npOH3BOllCTB9HHblX ycnOBHSIX B03MO:>KHO CHH:>KeHHe no:>KHoro pacceSIHHSI B 3Myllb

CHOHHblX cnOSIX no ypOBHSI, nonyCK8IOlllero H3MepemISI HMilyllbCOB '18CTHit no 

70-100 raB/ c Ha CTaHnapTHblX Sl'leitKax. 

5. ITOKl138Hbl B03MO>KHOCTH BH3Y8nbHblX pacTpOBblX MeTonoa lllm HHTer

pallbHOH Hn9HTHq>HK8IlHH nHCTOpCHit, onpeneneHHSI rpauHit pacnpocTpaHeHHSI nuc

TOPCHtt, KOnH'leCTB9HHOtt xapaKTePHCTHKH HCK8>K9HHit B 3MY1IbCHH. 06eapY)KeHbl 

H uneuTJ$HilHpOB8Hbl' H9H3B9CTHbl9 paeee THnbl llHCTOpCHtt ( TO'i011Hble CllBHrH, 

HCK8:>K0HHSI B .TOHKHX 3MynbCHSIX, noaepXHOCTHbl9 cnBHrH, "nceBllOllHCTOpCHH" 

H np.) • 

6. Paapa6oTaea, HaroToaneua H aKcnnyaTHpyeTCsr a Te'leHHe MHOI'BX 

neT annapaTypa nposraotn1oro KOMIIneKca, 06ecne'1HBSIOlll8SI cTBH.llBPTHYJO o6pa-

6oTKY KpynHblX 3MynbCHOHHblX K8Mep, annOTb .llO yHIIK81IbHblX (uanpHMep, no 

nporpaMMe "11HTepKOCMOC" ) • 06'beM OaHOBpeMeHHOit aarpyaKH annapaTypbl 

OKono 2,5 nHTpOB no q>OpMaTa 20x40 CM BKnIO'IHT01IbHO. 11ccneJlOB8Hbl .TeXHO

nOI'H'i8CKHe xapaKTepHCTHKH 0Tnen1:>HblX yanoa H acero KOMIIneKca B xtenoM 

B pa60'IHX ycnOBHSIX 3KcnnyaTaUHH. 
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