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W3105keHbl pe3yabTaThl UCCIEA0OBAHUM MO MOBBILICHUIO TOUHOCTH ONPENENICHNUS YCHINHM Ha BajKax
MIpU MPOKATKE TOJIOCH! C MCIIOJIb30BAHUEM MaTepHajoB MaTEMaTHUECKON MOJIENH MPOKATKHU Il YTOUHEHHS
pacnpeneneHusl TEMIIEpAaTyphl MO CEUYEHUIO MoJochl. [IpoBeleHO cpaBHEHME MOMYyYEHHBIX PE3yNbTaTOB C
JAHHBIMH  SKCIIEPUMEHTAIBHBIX HCCJIEIOBAaHUN MPOKATKM MOJIOCKI Ha craHe 2250 Am4eBCKOro
METaJUTypru4ecKoro KomMOuHara.

KarodeBble ciioBa: ropsyas ImpokaTka, MOJIoca, MaTeMaTH4yecKash MOJEejb, TEIJIOBOE COCTOSHHE,
pacnpeneneHue (haKTUIECKON TeMIIEPaTyphl, YCHITHE TPOKATKH.

The results of research to improve the accuracy of effort on the rolls during rolling strip using a
mathematical model of rolling materials to refine the temperature distribution over the cross section of the
strip. The results are compared with those of experimental studies pro-rollers strip mill at 2250 Alchevsk Iron.

Keywords: hot rolling, the strip, a mathematical model, thermal state, distribution of the actual
temperature, the rolling force.
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INPUMEHEHHUE METO/10B HHQ)PQBOﬁ OBPABOTKHA
N30BPA’KEHUU IJI1 UBSMEPEHHUU B ITPOIECCAX OM/]

PaccmoTpeHbl coBpeMeHHbIE OECKOHTAKTHBIE METO/IbI H3MEPEHUI TeOMETPUYECKHX MTapaMeTpOB OOBEKTOB B
npouecce ux aepopmanuu. [IpexcraBieH HOBBI METOX ONpeAeiIeHHs IMojel aAedpopMaluu B MONEPEIHOM
ceyeHnn oObekTa. HOBBI MeTo] OCHOBaH Ha 00paboTKe cepuu (POTOCHHMKOB, CHIENIAHHBIX B IIPOIECCEe
nedopmaryn 06bexTa. PaccMOTpeHbI OCHOBBI METOI0B OECKOHTAKTHOTO M3MEPEHHS INIOCKOCTHOCTH.

KiaroueBbie cioBa: 00paboTka MeETauIOB JaBJieHHEM, Ioiie aedopmaruii, IIIOCKOCTHOCTB,
nppoBoe N300pakeHne, TOYHOCTh H3MEPEHHI

BBenenue. B Hacrosiiiee Bpemsi Oosbllie BHUMaHHUS yJeseTcss pa3paboTke
CPEICTB aBTOMATH3ALMKU JUISl 3KCHEPUMEHTAIBHBIX METOJOB HCCIEAOBAaHUU. ITO
[IO3BOJISIET ~ CHU3WUTHh  TPYJOEMKOCTb  IIOCTaBJIEHHBIX  3aJay,  ITOBBICUTH
IIPOU3BOJAMTEILHOCTh U TOYHOCTh METOAOB. [IpH 3TOM Ba)KHO aBTOMaTU3UPOBATh KaK
MPOLECCHl MOJTYYEHHs] MEPBUYHBIX JaHHBIX, TaK U UX OOpabOTKY, YTO IO3BOJISIET
MaKCUMaJIbHO HCKIIOUUTHh BIMSHUE YENOBEYECKOro (akTopa HaA pPe3yJbTaThbl
n3MepeHnil. B cBA3M C 3TUM, Ha CErOAHALIHUN JE€Hb aKTyaJIbHOM 3a1a4ey SIBJISIETCS
pa3paboTKa MOJTHOCThIO aBTOMATU3UPOBAHHBIX METOJI0B U3MEPEHUM.

AHAJIN3 MOCJeHUX HCCIeI0BAHMUA W JuTeparypbl. Potorpadus s
Pa3IUYHBIX SKCIEPUMEHTAIBHBIX METOJ0B OMJ] mpuMeEHSIOTCS YK€ J0CTaTOYHO
naBHO [l] W ABASAIOTCS KMCTOYHUKOM TOJIYYEHHS TIEPBUYHBIX JAHHBIX 00
uccienyeMbix npoueccax. OIHaKo MPUBEACHUE PE3yIbTaTOB BU3UPOBAHMS K BHUIY,
MIPUTOTHOMY JIJIsi 0OpabOTKH, MPOM3BOJIUTCS, KaK MpaBwio, BpydHyto [1, 2], 4To
yMeHbIIaeT 3PPEKTUBHOCTh NMPUMEHIEMBIX METOAOB M3MEpeHUil. BbicOokue TeMIibl
pa3BUTUs  HUQPPOBBIX  TEXHOJOTHM  TO3BOJISAIOT  CErOAHA  pa3padaTbiBaTh
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aBTOMATU3UPOBAHHBIE METOMBI aHaMM3a IUEAPOBBIX HW300PAKEHUA C IIEINBIO
MOJIYYE€HHSI TaHHBIX O TOM, KaK MPOTEKaIoT pazauyHbie rmpoieccb OM/I.

B pabore [3], npeacraBieH BapruaHT 00pabOTKU M300paKEHUM MOTYYEHHBIX C
NOMOIIIBI0 CKaHEpa BBICOKOTro paspemieHus. OCHOBHBIM IMPEUMYIIECTBOM TaKOTO
MOJIX0/1a SIBJISIETCS BO3MOXHOCTh pacueTa pa3MepoB HCCIIEeNyeMoro oObeKTa Ha
OCHOBAaHMHU XapakTepucTuk ckaHepa (dpi). OmHako mpu 3TOM OOBEKT HEOOXOIUMO
pa3mMerarh Ha pabodyeM CToJIe CKaHepa, YTO HE BCEr/1a BO3MOKHO.

bosnee coBepiieHHBIMU SIBISIIOTCST METONBI, B OCHOBE KoTOpbix Jjexar DIC
(Digital Image Correlation) anroputmbl 00padbOTKH (POTOCHHUMKOB, MOJYyYaeMBIX C
upoBbix ¢Gotokamep [4, 5]. DT METOABI MO3BOJSIOT MPAKTUYECKU TOTHOCTHIO
aBTOMATU3UPOBATh TPOIECCHl TOJYYCHHS IEPBUYHBIX H3MEpPEHUH W 00pabOTKH
pesynbratoB. C momompio DIC mMeTomoB BO3MOKHA OpraHU3alivds TAHAMHYECKOTO
skcniepumenTa. OJHAKO CyTh JAHHOTO METOJa HE TO3BOJIAET NPUBA3BIBATH
pe3yabTaThl UBMEPEHUHN K ONPeEICHHBIM 00JIACTSAM TUIOCKOCTH JIETAJIH.

TOYHOCTP METOJOB, B OCHOBE KOTOPBIX JISKHUT 00paboTka UHU(PPOBBIX
M300paKEHM, BO MHOTOM ONPENETSETCS XapaKTePUCTHKAMU HCIOIb3YEMOTO
o0opyZOoBaHUSI U pa3MepaMH HcclieqyeMoro oObekTra. Tak, TNpUMEHEHHE
COBPEMEHHBIX (pOTOKaMep TMO3BOJISIET MOJIydaTh TOYHOCTh mopsiaka 0, 01 mMm [6].
NurencuBHOe pa3BuTHE HUGPOBBIX (POTOTEXHOJIOTUN NPUBOJUT K YBEIUUCHHIO
paspemiaronieii  cnmocoOHOCTH (OTOKAMEp U YMEHBIICHHUIO HUX CTOMMOCTH. YiKe
cerofHsi ObiToBast ugpoBas porokamepa MOKET F3P(HEKTUBHO MCIIONB30BATHCS IS
Pa3JIMYHOTO POJia U3MEPEHUH, UTO JieiaeT pa3padoTKy IKCIEPUMEHTAIBHBIX METOI0B
HCIIOJB3YIOMMNX (OTOTEXHUKY BEChbMa MEPCIICKTUBHBIM HAIIPaBICHUEM.

Heabio paboThl sBIsIETCS pa3pabOTKa METOJI0B OCCKOHTAKTHBIX WM3MEpPEHUM
T€OMETPUYECKUX MMapaMeTpoB OOBEKTOB B Mpoliecce ux AehopMaiiiv, OCHOBAHHBIX
Ha 00paboTKe MUPPOBHIX N300PAKECHUN.

Marepuanbl ucciaegoBaHUM. B OCHOBE DOKCIEpUMEHTAIBHBIX METOJI0B
ompenesieHuss mnoJjied aedopMmanuii JexaT U3MEPEHHUsT T€OMETPUUECKUX pPa3MepoB
OTZIETTFHBIX 00BEMOB TeNa 710 U Tociie Tporecca Aedopmanun. M3BecTHBIE CITOCOOBI
M3MEpeHUl 00JIajaloT OTPaHUYEHHOW pasperaroniell cnocobHocThio. BenencrBue
ATOTO, (PAKTHUUECKU OMPEICAIOTCS XapaKTePUCTUKU TOJBKO HEKOTOPHIX OTACIBHBIX
Y4aCTKOB TIOBEPXHOCTH JeTanu. Takum o00pa3oMm, 3agada OINpeAcsieHUs Mojen
nedopmanii  BKJIIOYaET B ce0s IKCIEPUMEHTAIbHYIO 4YacTh (OmpenaesieHue
MepeMEICHHI ) U MaTeMaTUUYeCKyIo (pacdeT moJist 1epopMariim).

JKCIepUMEHTaAlbHAasE 4YacThb Meroaa. B ocHOBe mpemaraeMoro Meroja
JEKUT TOJyaBTOMAaTHueckass KOMIIbIOTepHass o0paboTka cepun 1U(POBBIX
(hOTOCHUMKOB TOBEpPXHOCTH nedopmupyemort aeranu. [lapamerpsl cepuiiHOCTH
dboToceccuu OMPENENSIOTCS YCIOBUSIMU JKCIEPUMEHTAa U JUMUTHUPYIOTCS TOJIBKO
BO3MOXXHOCTSIMU MTPUMEHSIEMOT0 anmnapaTHOTO 00ecTrieYeHusl.

Perucrpanus nepeMemeHui OTAENbHBIX IUIOMIAEH IOBEPXHOCTU AETav
MIPOU3BOJIUTCSI C TTOMOIIBIO CETKU TOYEK (MapKepOB), HAHECEHHOW HAa HCCIIENYEMYIO
MOBEPXHOCTh. PacrnoyioxkeHne CeTKU MapKepoB Ha MEPBOM CHUMKE MPUHUMAETCS 3a
HayaibHOE, HEACPOPMUPOBAHHOE  COCTOSIHME  JeTand. [lo  W3MEeHeHUusIM
OTHOCHUTEJIbHBIX TOJIOKEHH MapKepoB Ha TMOCIEAYIOIIMX CHUMKAX CEpUU
OTIPENICTIAIOTCA OTHOCUTEIbHBIE AedopMaIuy JeTaju.
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[Tox mapkepoM MOHUMAETCS] KOHTPACTHO BBIJACIEHHBIA YY4aCTOK MOBEPXHOCTHU
JeTanu, KOTOpBIA B Tpolecce jaedopManuud OyAeT TMOKa3bIBaTh IEpeMelIeHe
JAHHOTO y4yacTka rnoepxHoctu. B orinune ot IDC mMeToia Mapkephl «IpUBSI3aHbI) K
MOBEPXHOCTU HCIBITYEMOro oOpa3la M H300pa)KaroT MEpPEMEIIEHUE €€ TOYEUHOTro
y4acTKa, FEOMETPUYECKOE MECTO KOTOPOTO ONPEAEIISIETCS KaK HEHTP MacChl MapKepa.

ANTOPUTM BBIJICJICHUS MapKepoB Ha 1UM(POBOM CHUMKE OCHOBAaH Ha
ONPENEJICHNH Y3KOTO IBETOBOrO JMana3oHa COOTBETCTBYIOIIETO I[BETY MapKepa.
Ananm3 nugpoBeix CHUMKOB mpom3Bomutcs B HSL (Hue, Saturation, Lightness)
LIBETOBOM MPOCTPAHCTBE, MPUMEHEHUE KOTOPOTO IO3BOJISIET MOBBICUTH TOYHOCTH
BBIJICJICHHS MapKepOB U sBIIsIeTCsA Ooiiee ymoOHOM cuctemoii, uem RGB, Lab u mp.
MpoCcTpaHcTBa. (OKOHYATENBHOE  BBIJEIECHHE Y3KOTO IBETOBOIO  JMana3OHa
COOTBETCTBYIOIIETO LBETY MAPKEPOB MPOU3BOJIUTCS IOJIB30BATEIIEM MPOTPAMMHOTO
oOecrieueHus: Ha OCHOBE MPEJIOKEHHBIX IIPOrPaMMOil MOICKA30K.

OObenMHEeHNE BBIJICJICHHOTO Habopa MHUKCeled B MapKepbl MPOU3BOIUTCS
aBTOMATHYECKH, HAa OCHOBE HM3BECTHOTO METOAAa «BOJIHBDY. BCTpOoeHHBIN (QUILTP
BBIJICJICHHBIX JJIEMEHTOB, TO3BOJIAET JOMOJHUTEIBHO TOBBICUTh YCTOWYMBOCTH
pabotel meTona. Dopma npunoxkenus «Mapkepy npencTaBiieHa Ha puc. 1.

B pesynbraTe mepBoro srama o0paOOTKM cepuu, (HopMUpYETCs ONMUcCaHUe
CETKU 3JIEMEHTOB. DTHU JAaHHBIE COXPAHSAIOTCS B MPOMEKYTOYHOM (haiisie, KOTOPBIN
SABJISIETCSI UCTOYHUKOM BXOJIHBIX JAHHBIX JJIS aHATUTUYECKOM uacth Mmerona (B
nanbHeuIen paboTe UCX0HAS CepUsi CHUMKOB HE UCTIOIB3YETCs ).

3ajgaya aHAIWTAYECKOM 4YacTU METOoAA — ONPENEIICHHE COCTOSHUSA IOJIS
nedopMalvy B 33JaHHOM 00JIACTH, TO €CTh OMUCAHUE €ro (PyHKUUEH OT KOOpJMHAT.
Jlist mmockoit nedopmariuu MepBUYHBIMU JTAHHBIMA O COCTOSIHUM JI€TaU SIBJISIETCS
moJie TIepeMEIIeHU MapkepoB. B 3aBucumocTu OT ycClOBUK AehOpPMUPOBAHUS
JIeTaju Ha €€ MOBEPXHOCTU MOTYT MOJYy4aThCsl OUEHb CIIOKHBIE KOH(UTYpaIlUU MOJIs
nepemeniennii. Ha panHoM »srtame B kadecTBE (OPMBI 3JIEMEHTOB BBIOPAHBI
TpeyroibHUKU. [IpyuMeHeHne TpEeyroabHbIX 3JIEMEHTOB MO3BOJIAET JOCTATOYHO TOYHO
OTUCKIBATH CIIOKHBIE KOH(MUTYpaIuu (HOPMBI AETAIH.

@ PyuHan HaCTpOIiKa NapaMETPOB Pacno3HABaHNA NATE

MsaTeH: 104

LiseToB0€E NPOCTPAHCTEO |®|1[|h'rp ] KpuTepui naTHa ] ™ MocrduneTp

MpocTpaHcTso  3HaueHue J

ENT s - | =

Puc. 1 — ®opma pabouero okHa IpOrpaMMHOTO MOIYJIS
10 ONPEJEIEHNI0 KOOPAMHAT LIBETOBBIX MapKEPOB
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Ha ocHoBe JaHHBIX O TICPEMCIICHUH Y3JIOB JUIA OJICMCHTOB CCTKHU
PaCCUUTBIBACTCA BCKTOP OTHOCHTCIIBHBIX ,Z[G(l)OpMaHI/If/'I, HpeIICTaBﬂeHHBIﬁ B BHIAC

TPEX COCTaBIISIONIHX:

€x — MPON3BOJIHASI KOMITOHEHTHI X TOJISi CMEIIEHUH M0 KOOPJIMHATE X.

€y— MPOU3BO/IHAS KOMIIOHEHTHI Y IOJIsl CMELIEHHH 10 KOOpIUHATE Y.

Yxy — CYMMa IPOU3BOJHBIX OT KOMIOHEHT I0JIsl CMELIEHHH.

[Tpumep omwmcaHHUs SJIEMEHTOB TPEYrOJbHOW CETKHM M TIOCTPOCHHUS IOJIeH
nedopMariuii, OJYdeHHBIX B pe3yJibTate 00paOOTKH ITM(POBBIX HU300paKE€HUU IO
MpeIOKEHHON METOIUKE, IPEICTABJICH Ha puUC. 2.

Puc. 2 — Iloctpoenune momns negopmanun: a — myremM o0paboTKH ceprur CHUMKOB, O — Tiporiecca
nedopMaluy CBUHIIOBOTO IMIMHIPA (IM(PBI — HOMEP CHUMKA B CEPUU)

Busyanuzanus nojgyd4eHHbIX JAHHBIX MPOU3BOAUTCSA C IPUMEHEHHEM CPEICTB
OpenGL, 4dro moOBBIIAET HATIASAHOCTH MeTona. Pe3ympTatel MOTYT OBITh
MPEICTABIICHBI KaK B BUJI€ TUIOCKOW I[BETOBOM AUArpaMMbl, TaKk U B BUAE 00OBbEMHOIO
rpaduka mOBEpXHOCTH.

To4HOCTh NPEMIOKEHHOTO METO/A OLEHUBAJIACH IO BOCHPOU3BOAMMOCTH
pe3ynbTaToB  dKcmepuMeHTa. [IpumeHeHne  Takoro moaxoda  OOOCHOBAHO
OTCYTCTBUEM B pACHOpPsKECHUM AaBTOPA aJbTEPHATHUBHBIX METONOB OIPEACIICHUS
mmosieit pedopmaruii, 00J1a1afOIUX BEICOKON CTEIEHBIO aBTOMATH3aIIUH.

B skcnepumeHTax Mo OLEHKE BOCHPOU3BOAUMOCTH PE3yJIbTAaTOB, YCIOBUSA UX
IIPOBEJCHNS] HAMEPEHHO YyXyAIIAIUCh. [IpUMEHAINCh HEKa4eCTBEHHbIE MCTOYHMKU
OCBEIIEHUsI, B XOJE DOKCIIEPUMEHTAa HE3HAYUTEIbHO W3MEHSAIOCh OCBELICHNUE,
MPOM3BOAWINCE HeOousblue cMmenieHus (oroammapara. B pesynbrare, kojaebanus
3HAUYEHUN TUIOLIAJIe TPEYroJIbHUKOB, NPHU YCIOBUMU OTCYTCTBUS nedopmariuii, He
npeBbimanu 10%.
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Eme ogHMM NepcrneKTHBHBIM HANpaBJIEHWEM NPUMEHEHHsS METOJIOB aHajau3a
M300paKEHUM ABIISIETCS OIPEACIICHNE MIIIOCKOCTHOCTH MTOBEPXHOCTU. B 0CHOBE Takux
METOJIOB JIC)KUT 00pabOTKa CBETOBOTO OTPAXKEHUSI OT UCCIEAYyEeMON MOBEPXHOCTH, B
X0/1e KOTOPOI MOKHO BBIJIETUTh HECKOJIBKO OOIIUX ITAIOB:

—  BBIJICJICHHE PE3YJIbTaTa OTPAXKEHUS CBETOBOIO IMIOTOKA OT ITIOBEPXHOCTH;

— (usbTpanus NOJYYEHHBIX TAHHBIX OT IOMEX;

— o00pa0oTKa BBIAEICHHBIX OOBEKTOB M TMOJYyYEHHWE NAHHBIX O KPUBU3HE
MOBEPXHOCTH B MPOCTPAHCTBE IU(DPOBOTO N300paKEHUS;

— TpPUBEJEHUE KOOPAMHAT MPOCTPAHCTBA HHUPPOBOrO U300pAKEHUA K
(bu3MYEeCKOMY TPOCTPAHCTRY.

Tncrorpamma

1,800 T 7 ” T 7 ; T 7 T
RO s R T e s S R e O e e e D e K e
1,400
1,200 4
1,000
800
600
200 1 ; ' : : '
0 - - S — - e - T T T - - - - - - T T T ¥ .

-75 -70 85 60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 65

[v - Dist1]v - Dist2[v - Dist3

Puc. 3 — Onpenenenue KpUBU3HBI MOBEPXHOCTH MO Pe3yabTaTaM
00paboTKu 1TUPOBOTO U300PAKEHUS

Ha puc. 3 mnpeacraBieH pe3yiabTaT peajau3allid TEpPBBIX TpeX U3
MEePEUYNCIICHHBIX BBIIIE A3TanoB. Pa3paboTaHHOE MPWIOKEHHUE HA JIAHHOM JTare
MO3BOJISIET OMPEETATh KPUBU3HY TTOBEPXHOCTH B MPOCTPAHCTBEHHBIX KOOPJMHATAX
M300pakeHusl. DTU JTaHHBIE MOTYT OBITh MOJIE3HBI MIPHU MPOBEACHUH OTHOCUTEIHLHOTO
aHalM3a KPUBHU3HBI TOBEPXHOCTH: BBISBICHUE (haKTa HCKPUBJICHUS, OMPEICICHHE
HaIpaBJICHUS UCKPUBJIEHUS, DOPMBI KpUBU3HBI OOBEKTA U JIP.

Pa3paboTka HaAEKHBIX CpPEJICTB KaTUOPOBKH IMPEIIOKECHHOTO METO0JIa
OTIpEICICHUS] KPUBU3HBI, TO3BOJIAT ONPEIACIATh ¢ (PaKTUUECKHUe 3HAYEHUsS, YTO
CYIIIECTBEHHO pacimpsieT 00JacTh IPUMEHEHHS pa3padaThIBAEMOTO METOIA.

BoiBoabl: Pa3paboTran HOBBIM METOJ oOmpeneneHus Tmoyier aedopmariuii
OCHOBAaHHBIA Ha 00paboTKe cepuu IUGPOBBIX M300pAKEHUM, MOIYYEHHBIX B XOJIE
sKcrepuMenTa. Peanu3zanus qaHHOTO MeTojia mo3BossieT Ha 90% aBTOMaTU3UPOBATh
MpoIIecC OnpeeNeHus oJiel aedopManmii 00bHEKTa.

Pa3paGotan wm  ompoOoBaH  MeTOon  OECKOHTAKTHOTO  OMpEIeICHUS
MJIOCKOCTHOCTH OOBEKTOB, IMO3BOJISIONINN OIEHWBATh OTHOCHUTEIBHYIO CTENEHb HMX
KPUBH3HBI 110 pe3yJibTaTaM 00paboTKH ITU(BPOBBIX U300paKeHU 00BEKTOB.
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IIpumenenue meroaoB uMdposBoii 06padoTku u300paxeHuil Aasi u3MepeHuil B mpoueccax OMJ /
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PosrnsayTi cydacHi OE€3KOHTAaKTHI METOJM BHIMIPIOBaHHS T€OMETPUYHHX ITapaMeTpiB OO0'€KTiB B
mporieci ix nmedopmarrii. [IpencrarneHnii HOBUH MeTOJ BHU3HAYCHHS TMOMIB JedopMarliii B MOMEPSUHOMY
nepepizi o0'ekty. HoBuii meron rpyHTOBaHmii Ha 00poOui cepii (oTo3HIMKIB 3po0ieHMX B mpoleci
nedopmarii 06'ekty. Po3risHyTi OCHOBH METO/IiB O€3KOHTAKTHOTO BUMIPY TIONUHHOCTI.

Karouori cjoBa: o00poOka MeTaigiB THCKOM, moje naedopMalliii, IUIONMHHICTE, IU(PPOBE
300paKeHHsI, TOUYHICTh BUMIPIOBaHb.

The modern non-contact methods of objects’ geometrical parameters measurement in the process of
their deformation are considered. A new method for strain fields determining in the cross section of the
object is presented. This method is based on processing a series of photos made in the course of object
deformation. The fundamentals of methods of flatness contactless measurement are considered.

Keywords: metal forming, strain field, flatness, digital image, precision of measurement.
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K BOITPOCY ONITUMM3AIIMA HAHECEHUSI U3HOCOCTOUKHUX
HNOKPBITUIA IJIS1 YAYUIIEHUA SKCILJIYATAIIMOHHBIX
CBOWVCTB BBIPYBHbBIX IIITAMIIOB.

B Matepuane cTaThM MPENCTABICHBI PE3yIbTATHI UCCICIOBAHUN MO ONTUMH3AIMH TEXHOJOTUH HAHECCHUS
M3HOCOCTOWKHX TIOKPBITUH Ha OCHOBE DJIEKTPOUCKPOBOTO JIEIUPOBAHUS TIOBEPXHOCTH BBIPYOHBIX IITAMIIOB
JUIS  ONEpallii JIMCTOBOHM INTAaMMOBKH. M CrMONb30BaHHWE TMOJYYCHHBIX PE3yJbTaTOB IO ONPEICICHUIO
ONTHUMAJIBHBIX PSKUMOB YIIPOYHECHHUS JAHHBIM METOJOM IPH BHEAPCHHH MO3BOJIMIM TMOBBICHTH CTOMKOCTH
OCHACTKU JIJISl Pa3/ICNIUTEIBHBIX OMEPAIiii JINCTOBOH MTAaMIIOBKH B 3-5 pas.

KiroueBble cjioBa: TEXHOJIOTHS, IITAMIIOBKA, JIUCT, JKUIKOCTh, 3JacTUYHAs cpena, (HOPMOBKa,
BO3MOYKHOCTH.

BBeﬂeHI/Ie. DKOHOMUYECKasI HCJIGCOO6p33HOCTB IIPUMCHCHUS XOJIO,Z[HOﬁ
JIMCTOBOM IITAMIIOBKM TE€CHO CBSI3aHA CO CTOMMOCTBHIO IITAMIOB M HMX CTOMKOCTBIO.
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