MOI[eJ'II/IpOBaHI/Ie B TCXHHUKEC U DKOHOMUKE

Hatsxenne oCHOBBI Ha TKAIIKOM CTaHKE M3MEHSIETCS] B IIMPOKOM JiMarna3oHne Bpemenu. llosTomy
JUTSL OTIMCAHUS HAIPSDKEHHO-IC(OPMHUPOBAHHOTO COCTOSHUS HEOOXOIUMO BBIOPATh TaKyro (DYHKITHIO,
KoTopasi OBl ONHWCHIBaJla TPOIecC Kak Mpu BpemMeHn Onm3koMm 0, Tak ¥ TpU UINTEIHHOM BpPEMEHH.
Takumu QyHKIHUAMH B MATEMATHKE SIBJISIFOTCS CJ1a00CHHTYJISIPHBIC (DYHKIINH.

Haubonee mpoctoil cimaboCcHHTYISIpHOW (YHKIMEH SIBISIETCS SAPO PellaKCaIliy, TPeAsIOKEHHOe
A.P. PXxaHUIIBIHBIM
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Pe3onbBenta sToro siapa nomydena M. A. KonTyHOBBIM B BUIC
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riae ['(x) — ramma — GyHKIMs 9ncia x; A, a, b — mapaMeTpbl, XapaKTepU3yIOIIUEe BSI3KOYIIPYTHe CBOWCTRA
HUTEH.
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s pacuera mapaMeTpoB HampsHKCHHO—Ie()OPMUPOBAHHOTO COCTOSHUSI HUTEH Ieraecoo0pa3Ho
HCII0JI630BaTh IIDBM.
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Pedepart: B pabote paccmMaTpuBaroTCsi CTATUCTHYECKHUE MTOKA3ATEIH CXOKECTH U300paKEHUI: MCXOJHOTO
U TonydeHHOro OwHapm3armmerr Oiry. Mepa CTPYKTYpHOTO TIOJOOUS - TIPEACTaBIseTCS B BHIE
MIPOM3BENIEHUS] TPEX CTATUCTHYECKHUX TapameTpoB. llepBbrii — Koa(hGUIMEHT | KOppesiiuu, KOTOPBIN
H3MEpSeT CBsI3b MEXKAYy H300pakeHUsIMUA. BTOpoil mapaMeTp AEMOHCTPUPYET CXOJACTBO CPEOHUX
3HAYeHWH SIPKOCTH. TpeTuii mapamMeTp OmpeAeNsieT CXOJICTBO KOHTPACTOB [BYX CpPaBHHBAaEeMBIX
1300pakeHNH, KOTOPBIA COTIOCTABIISAET SIPKOCTH CaMBIX CBETJIBIX M CAMBIX TEMHBIX 00J1acTeli CHUMKOB.

K omenke kadecTBa H300pa)KEHUS MOMKHO IOJIXOAWUTH C IOMOIIBIO PA3IUYHEIX METO/IOB:
CyObEKTUBHOIO M KoJMuecTBeHHOro. Ho o0a naHHBIX METOAa MMEIOT CBOM psiA HEAOCTATKOB. Tak K
HEJOCTaTKaM CyOBEKTHBHOTO METOJa OIIEHKHM MOJKHO OTHECTH 4YelIOBeYeCKHd (akTop, HEBEPHO
MOIOOPaHHYIO TPYIIY 3KCIEPTOB — TaKas OLIEHKA MOXKET ObITh HETOYHOW, OCOOCHHO, €CIT MPEeIMETOM
AKCIIEPTHOTO aHaln3a SIBISIETCS NPOMBINIICHHOe u300pakeHue. C Apyroil CTOPOHBI, HEIOCTATKOM
KOJMYECTBEHHOTO aHaln3a, OCOOEHHO, KOTJa HEOOXOAMMO CPaBHHUTH JIBa H300paKCHHSA, SBISETCS
OTPaHMYEHHOCTD TIO/IX0/Ia, YYUTBIBACTCS TOJNBKO KaKOH-TO OJUH (akTop. MeTo MOKET TOAXOUTh JUIS
CHHMMKOB C O€JIBIM IIyMOM, HO HE MOXKET KOPPEKTHO paboTaTh NPH CKATUU (KOAUPOBAHHH) U300pasKEeHHSI
(MeTox cpemHeKBagpaTUIHON ommOKM). KonmnmuecTBeHHbIE METO/IBI 3a4acTyI0 HE YUUTHIBAIOT CTPYKTYPY
n300paXeHUs] U TIOATOMY MOTYT JaBaTh OAMHAKOBYIO OIEHKY JIBYyM COBEPIICHHO Pa3HbIM CHHUMKAM —
TaKo€ MPOUCXOIUT, K IPUMEPY, IPH HCIIOIB30BaHUN HOPMBI MHUHKOBCKOTO [1].
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Mepa cTpyKTYpHOTO MOI0OUS, SBISSICH OJHUM M3 KOJMYECTBEHHBIX METOJOB, TEM HE MEHEe,
HaunOoJee mpubIMKEHa K YyenoBeueckomMy BocnpusiTuio[2]. OH 6azupyercs Ha HaOIIOAEHUH, YTO MTUKCEIH
Ha OPUTMHAJbHBIX, HE3ALIyMJICHHBIX M HEOOpaOOTaHHBIX CHUMKAaX CBS3aHbl C IHKCEIIIMH B CBOUX
OKPECTHOCTSIX. DTHU CBSI3U HECYT IOJIE3HYI0 MH(OPMAIIUIO O CTPYKTYpE CaMOro M300paKEHHS H MOTYT
OBITH MCIIOJB30BAaHBl B KAuyeCTBE MapKepa MNpU CpPaBHEHMM JBYX W 0Oojee CHUMKOB, TaKk Kak H
YeJI0BEYECKasi 3pUTEJIbHAsI CUCTEMAa BOCIPHHMMAET M300pakeHHE HE HAOOpPOM OTHENbHBIX TOUYEK, a B
COBOKYITHOCTH.

3HayeHue Mepbl CTPYKTYpHOro momoOusi Beramcisercs 1o ¢opmyne[l], rme Kaxaslid u3
MHOXHTEJICH OTBEYAET 3a OLIEHKY OTAEIbHOIO MapaMeTpa H300paXKEHUH — KOPPENSLHI0, CXOACTBO
CPeIHUX 3HAUeHUH SIPKOCTH U KOHTPACTOB:

Oy 2XY 20,0y
OxOy ()?)2 +(7)2 0')2( +O')%

rae SSIM — 3HadeHue Mephl CTPYKTYPHOTO Momodus, o, , o, — CPEIHNE KBaJIpaTUYeCKHUe OTKIOHEHUS

SSIM = (1)

COOTBETCTBYIOIIMX W300pakeHUil, X , Y — MaTeMaTU4YeCKHE OXUJAHWsS U300paKCHUN, a O, —

KOppeISIIMOHHBI MOMEHT.

B cBoeil paboTe MBI IPOM3BOAMM aHANW3 OWHAPHBIX M300paKEHHH C Pa3IMYHBIM 3a1aHHBIM
[IOPOTOM  CHHUMKa MHKPOCTPYKTYpbl ~TIOBEPXHOCTH MeTajula, I[IOJyYEHHOIO  MPOMBIIIICHHBIM
MHUKpocKorioM (pucyHok 1). ~bunapuzanust mo3BOJsieT HE TOJNBKO COKPAaTUTh HH(POPMALHUIO,
COJICPIKAIIYIOCS] B M300pa’keHUU [10' MUHUMYMa, HO M NpeoOpasyeT MOJyTOHOBBIC TOHA BBILIC M HHXKE
[IOPOrOBOTO 3HA4YEHUsI B OeJible U YEPHBIE MUKCEIIH, YTO I103BOJISIET JIydlle KOHTPOJIMPOBATh I10JIyYEHHbIH

pe3ybTAT HE TOJNIBKO KOJTMYECTBEHHO, HO M HATIISIHO (CYOBEKTHBHO).
= " -~ VIR vr-odih Al

=<

PucyHnox | — buHapu3zanus cHUMKa OBEPXHOCTU METaJLIA: & — OPUTMHAI CHUMKA;
0 — OuHapHOE N300paKeHNE

o . Oy
[epoiii MHOXHTEND (1), paBHBId K, = , SBIISIETCSI KOO (PUITUCHTOM KOPPEIISILIMA MEXKTY
OxOy
moopakeHnaMH X 1 Y. KodpOUIIHEHT KOPPEISIIT U3MEPSET CBSI3b MEXKIY IBYMs W300paKCHUSMH.
Uem Onmxke naHHBIN KOA((GUIMEHT 1O 3HAYCHHUIO K EAWHHUIE, TeM Ooliee CHIBHOW SBIISICTCS
MOJIOXKHTENIbHASL CBSI3b MEXIY JBYMs H300pakeHHsMHU. PaccMoTpum rHcTorpammy KoadduipenTta
Koppersinuu (PUCYHOK 2) IUIsI HEKOTOpPOro Habopa m300pakeHHM, KOTOphle OyneM MOoIyvaTh, M3MEHSS
nopor ouHapu3auuu B auamnazone [0,1].
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Pucynok 2 — I'ncrorpamma koadduumenta koppensiuuu s uatepsana [0, 1]
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Kak BuaHO M3 rucTorpaMMmbl, HanOOJBIIUM 3HAaYeHHEM Kod(duIMeHTa Koppersiuuu olnagaer
OuHapHOe M300pakeHHE C TOPOTOBBIM 3HadeHueM Ommskoe K 0,8. Tak Kak 4YMCIEHHOE BBIpaKEHHUE
koddduimenTa B 3aaHHOM Topore mnpesbimaer 0,75, TO ypOBEHb CBS3M MEXKAY JBYMS CHUMKAMH —
OueHb BBICOKHIA. Bricokum ypoHeMm cBsizu (0T 0,5 10 0,75) oOnanaroT Takxke OMHAPHBIC U300PaXKCHUS C
noporamu 0,6 u 0,8.

y y 2XY
Bropoii muoxumTens Gopmynsl (1), paBHbI K, =| -—-—— |, AEMOHCTPUPYET CXOACTBO
() +(rf
CPeJIHUX 3HAYCHUH SIPKOCTH, KOTOPBIA SBISETCS OJHUM W3 KPHUTEPUEB, MPOBEPSIONINX OIHOPOIHOCTD
oQacTell IByX U300pakeHU.

I'ncTorpamma cpenHeil SpKOCTH MPEACTaBICHA HA PUCYHOK 3(a).

Ha rucrorpamme (pucyHok 3a) BHIHO, 4YTO OWHApHBIC H300paKEHUsS, 33 HCKIIOUYCHHEM
MOCCAHUX JIByX C MOpPOroM mpeBblmaomuM 0.8, MOYTH MOTHOCTHIO COOTBETCTBYIOT OPHIHMHAIBHOMY
N300paKCHUI0. DTO MOXKHO OOBSICHUTBH TEM, UTO MOCIEAHUE JBa OMHAPHBIX U300paKEHUS MOJTHOCTBIO U
MOYTH TIOJHOCTHIO TIPEJICTABICHBI TEMHBIMU TMHKCEISIMH M JIAXKE BU3YallbHO, CYOBEKTHBHO, CHIIBHO
OTJIMYAIOTCSl OT OPUTHHAIIA.
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Pucynok 3 — I'paduk cratuctuueckux napamerpos K1,K2 nzobpaxenuit
a — FUCTOTpaMMa CpeTHUX 3HAUCHUH SPKOCTH; O — THCTOTpaMMa CXOACTBA KOHTPACTOB
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Tperunit MHOXkuTenbs (opmynsl (1) K= ONpEAEIsiCT CXOACTBO KOHTPACTOB [BYX
CpaBHMBAECMBIX H300paXCHUH, KOTOPBIA COMOCTABISACT SPKOCTH . CAMBIX CBETIBIX M CaMbIX TEMHBIX
oOnacTeld CHUMKOB. HamnmydmmM 3HaueHHEeM B JaHHOW KaTeropuu objagaeT OMHapHOE M300pa)KeHue C
3amaaHbIM TToporoM 0,5 (pucyHok 36). Bo3aM0)kHO 3T0 CBsI3aHO ¢ HEM, YTO cama Mporeaypa OnHapu3aiuu
BBI3bIBACT M3MEHEHHE YPOBHS KOHTPACTHOCTH M HAa PHUCYHKE | BHIHO, YTO:NPH BBICOKOM 3HAYCHUH
mopora ujeT npeodaajaHue TEMHBIX TOHOB Ha M300pakeHHH.

Mepa CTPYKTYpHOTO TO/I0OMST OOBEAMHSAET BCE TPU KOIPPUIMEHTA ‘W II0KA3bIBAET CTETEeHb
CX0XKECTH M300paKeHH, YeM e 3HaueHue Orke K 1, TeM 0oJiee CX0KHU M300paKeHust (PUCYHOK 4).
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Pucynok 4 — ['ucrorpamma 3HaueHUI MEPBI CTPYKTYPHOTO TIOJO0HS
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AHanu3 rucTorpaMMbl MOKa3blBA€T, YTO MPH HU3KUX 3HAYEHHUSX W TPU BBICOKMX BO3MOYKHO
norepss ”HPOPMATUBHOCTU M300paxkeHus. Anannzupys kodddummentst K1, K2, K3 mMoxxHO momoOpatsb
HanOoJiee ONTUMATIBHOE UX COYETAHHE.
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Pedepar: B HacTosmiee Bpemst Bce Yaile B JIETKOH IPOMBIIIIEHHOCTH UCTIONB3YIOT OTXO/BI IOy pETaHa.
B mensx onTtuMHu3anuy TEXHOJOTHYECKOTO Ipoliecca MX MepepaboTKH paccMOTpeHa MPHOPUTETHOCTh
MoKasareyel KauecTBa, KOTOPbIMU OHH JOJKHBI 00J1aJ1aTh.

Poct npousBoacTBa U MupoBoro norpednenus nonmyperaHos (I1Y), onennBaemblil Ha ceronHs
okoJio 19 mMiH. T, 00yCiTaBIUBaeT MOCTOSHHOE YBEIMUEHHE OTXOIOB MPOU3BOJCTBA. Bo3eiicTBre Mx Ha
OKpY’KaloOIlyl0 cpely SBISETCS NPUYUHON pa3iIMYHBIX ~JKOJOTHUYecKHX mpobieM. TpaaunuoHHbIE
croco0bl yTunu3auu otxonoB 1Y He 1atoT monokuTeabHoro 3¢ hexTa, MOCKOIbKY CKUTaHUE MTPUBOIUT
K BBIICJICHUIO BBICOKOTOKCHYHBIX, B TOM YHCJI€ KaHLIEPOT€HHbIX, [IPOAYKTOB TepMopacnaia (IHaHuCTOro
BOJIOpOJA, AaleTOHWTpWiIa, (QocreHa, mnHUpUIUHA, OCH3OHUTPHUIA) ' M BTOPUYHOMY 3arps3HEHHIO
aTMoc(depbl, a MOBBIIIEHHAS COMPOTHBIsieMOCTh [1Y Kk aTMocdepHbIM BO3IEHCTBUSAM NPEISITCTBYET UX
€CTECTBECHHOMY PA3JI0KEHHUIO MOJ BIMSHUEM IMPUPOAHBIX (PAaKTOPOB B MpHEMIIEMBIE CpPOKH. B To ke
BpeMsI OTPaHMYCHHOCTh MIPUPOAHBIX PECYPCOB, M KaK CIEJCTBHE, UX yJIOPOXKAHUE U JEPHUIUT BICKYT 3a
co00l HEOOXOIUMOCTb HCIOJIB30BaHUSI BTOPUYHOTO ChIpbsi. Cpean MHOrooOpasus npous3BoanMbix 1Y
HauOONbIINI 00bEM MNPUXOAMTCS HA CETYAThle IOJIMMEPHI, NMPUMEHSEMbIC Yalle Bcero B OOYBHOM
MPOMBIIIICHHOCTH ¥ BJIEKyIIUE 3a co0OW 00pa3oBaHHE OTXOJIOB: BBINPECCOBOK, JHTHUKOB H
OpakoBaHHBIX TOAOIIB. HambGosee pannoHandbHBIM TyTeM NepepabOTKH TaKHX OTXOJOB SBISETCS
TEPMOMEXAHUYECKUN METOI.

JlaHHBIE METO/ MepepadOTKU CBOJMTCS K IOJNYYCHUIO T'PaHYJIMPOBAHHOTO TEPMOILIACTHYHOTO
MaTepHaia U BKIIoYaeT B ce0sl CIeqyIOIINe ITarbl:

1) CoptupoBka — HEoOXoauMMa JAJsl TIIATENBHOTO pa3AeieHUsl MO TIpyNnaM OTXOJO0B B BHJE
JIUTHUKOB, Opaka M OTAEITHHOT0 coopa 00105,

2) W3menvuenue — oOecreynBacT PaBHOMEPHYIO pPa3MEpHOCTh HM3MEIbUCHHBIX YaCTHI[ H3-32
Pa3NUYHOM CTPYKTYpBl OTXOHOB (00JOH HMEEeT MOHONMUTHYIO CTPYKTYpY, JMTHHKH U Opak
WHTETPATBHYIO);

3) I'panynupoBanue — oOecreyrBaeT INepepabOTKy OTXOJOB HA  IIIHEKOBO-THUCKOBOM
rpaHyiaTOpe C MOJYYCHHWEM WIHYpOB B Ipolecce MPOAABIMBaHHUs Marepuana uepe3 (QuiIbepbl, HX
OXJIQKJICHUU U PE3KU Ha IpaHyJibl pazmepoM 3 x 5 mm [1].

[Ipy HEeoOXOAMMOCTH MaHHBIA METOJ TMOoCJe TPAaHYJIHPOBAHUS MOXKET BKJIIOYATh OMNEPaIUIo
CMCEIIMBAHUSI MaTEepPUaoOB, OJAHAKO HEOOXOAWMO CIEOUTh, YTOOBI HE MPOUCXOIWIIO TEPEeMEIINBAHUS
rpaHyJIiTa pa3HOH LBETOBOM raMMBI, IIOCKOJIBbKY Y HUX pa3Hasi TeMIIepaTypa IJIaBJICHUS U3-3a Pa3IMIHbIX
m00aBOK KpacHUTETeH.
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