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[IpaBunbHast opranuzaisi yOOpKU JIbHOTPECTHI, TOJATOTOBKA €€ K XPaHEHHUIO
U TepepaboTKe SIBISIOTCS BaXKHBIM YCIOBHEM IMOJYYEHHUS BBICOKOTO BBIXOJA U
KauecTBa JIbHOBOJIOKHA. B HacTosimiee BpeMs pacmpocTpaHeHa pYJIOHHas
TEXHOJIOTUS YOOPKH M MepepabOTKH, MPU 3TOM BIAKHOCTb JILHOTPECTHI SIBIISIETCA
onpenenstonuM (akrtopoMm. I[loroaHo-kIMMaTHYECKUE YCIOBUSI pPEerioHOB Pd
3a4acTyl0 HE TO3BOJISIIOT 3aroTOBUTH JBHOTPECTY B PYJIOHAaX C JIOMYyCTHUMOMU
BJIQXHOCTBIO, KOTOpass HeoOxoamma it  3(dQexkTuBHOrO XpaHeHus. B
cootBeTcTBUM ¢ TpeboBaHusiMu ['OCT BIaXXHOCTH JOJDKHA COCTaBIATH HE Ooliee
23% [1], a onTuManbHOE €€ 3HAYEHHUE, TPH KOTOPOM JILHOTPECTA B PYJIOHAX MOXKET
COXPAHATBCA JUTUTCIIbHOC BpeMms He JoibkHa npebimate 20% [2]. Omnako B
peabHBIX YCIOBHSAX MX (DaKTHUYECKas BIAKHOCTh MOXET IMPEBHINIATh YKA3aHHBIC
3HAYCHMUSI.

Jns onpenenenust pakTUUECKOW BIIAXKHOCTH 3aroToBlieHHBIX B 2012 roay
PYJIOHOB, HAMHM B TIEPUOJ] 3aTOTOBKH MPOBEJEH IKCIIEPUMEHT Ha JibHO3aBoze. B
MeCTax XpaHEeHUS PYJIOHOB ObUTH MPOU3BOJIBLHO O0TOOpaHbl 11 pysIOHOB, Y KaXI0TO
U3 HUX C TIOMOIIBIO 3JICKTPOHHOI'O U3MEpHUTels BiaxkHocTtu SuperPro Combi mo
cyuiecTByromeid Mmeroauke [1] Obuta ompeneneHa ¢akTHUYECKas BIAKHOCTD

Kaxxaoro pyioHna. lllyn Braromepa BBogwics B TOpEL pyJIoHa CO CTOPOHBI BEPIIMH



crebneii B YCTBIPEX TOYKAaxXx A0 MOMCHTA @HKC&HI/II/I Ha JOJUCIICC 3HaA4YCHMA

BJIA’)KHOCTH.

ITOBTOPHOCTH. PGSYJ'ILTaTBI OKCIICPUMCHTA IIPEACTABJICHLI B Ta6J'II/IHe.

N3mepeHne B KaXIOM TOYKE MPOBOAWIOCH B TPEXKPATHOU

Ta0Omuma

dakTrUyecKas BIaKHOCTh 3aroTOBJIEHHBIX B 2012 1oy pyJIOHOB JIBHOTPECTHI B
Koctpomckoii o6nactu

Baaxnocts B Touke, % Cpennsis Cpenusis
Ne Touka
S R — Usmepenune | Usmepenne | Usmepenue | BiaaxHocTb | CKO| BiaXHOCTb
Py P No 1 No 2 No 3 B TOuke, % pyioHa, %

1 28 29 28 28,3 0,47
2 42 40 45 42,3 2,06

1 3 34 35 35 34,7 0,47 35.2
4 35 37 34 35,3 1,25
1 36 35 36 35,7 0,47
2 26 26 25 25,7 0,47

2 3 21 24 25 23,3 1,70 29,9
4 36 34 35 35,0 0,82
1 26 27 24 25,7 1,25
2 17 17 17 17,0 0,00

3 3 14 15 15 14,7 0,47 194
4 19 20 21 20,0 0,82
1 21 21 20 20,6 0,48
2 20 21 23 21,3 1,25

4 3 14 16 17 15,6 1,25 19.1
4 20 19 17 18,7 1,25
1 40 42 40 40,6 0,95
2 35 36 34 35,0 0,82

> 3 19 19 20 193|047 | %3
4 34 35 34 34,3 0,47
1 43 42 42 42,3 0,47
2 39 39 36 38,0 1,41

6 3 40 38 43 40,3 2,06 398
4 38 39 39 38,7 0,47
1 28 32 31 30,3 1,70
2 42 46 47 45,0 2,16

! 3 17 20 17 18,0 1,41 30.7
4 29 29 30 29,3 0,47
1 25 24 24 24,3 0,47
2 31 33 32 32,0 0,82

8 3 18 24 22 21,3 2,49 27,6
4 32 33 33 32,7 0,47
1 28 28 28 28,0 0,00
2 42 44 45 43,6 1,25

9 3 39 36 38 37,7 1,25 38,3
4 41 46 44 43,7 2,06

10 1 36 35 35 35,3 0,47 32,2




2 29 32 30 30,3 1,25
3 41 39 38 39,3 1,25
4 23 25 23 23,7 0,94
1 45 26 27 32,7 8,73
2 30 32 35 32,3 2,06
= 3 38 39 41 39,3 1,25 301
4 44 42 46 44,0 1,63
CpeaHsisi BIaXXHOCTb JIbHOTPECTHI BO BCEX MCCIEAYEMBIX PYJIOHAX 31,0

W3 naHHbIX TaOIUIIBI BUIHO, YTO BJIAKHOCTH TPECTHI B PYJIOHAX U3MEHSETCS
ot 14 no 44%, cpenuss ux BIaXHOCTb cocTaBisieT 31% u Toapko 2 pynoHa u3 11
UMEIOT JTOIYCTUMYIO JUUISl XPAHEHUs BJIAXKHOCTb. OUYEBHJIHO, UTO B JAHHOM Cllydae,
XpaHEHHE JIEBSATH PYJIOHOB C TaKOW IIOBBIIIEHHONW BIJIAXKHOCTBIO BBI3OBET
3HAYUTENBHOE YXYAIIEHUE CBOWCTB JBHOTPECTBI K MOMEHTY €€ MEXAHWYECKOU
00paboTKH.

CHM3ATh BIAXHOCTh PYJIOHOB JIBHOTPECTBHI MEPEN XPAaHEHHEM U
nepepaboTKOM A0 TPEOYEMOIo TEXHOJIOTHYECKOTO 3HAYEHUSI MOKHO MPUMEHEHUEM
CYIIWJIBHBIX MAIUH JJi1 pyJoHOB. [10/100HBIE MalIuHBI pa3paOOTaHbl U yCHEIIHO
orpoboBanbl [3]. Ha nbpHO3aBO/IaX MPHUMEHSETCS] TaK)Ke CYIIKAa JIbHA B PYJIOHAX
HEMOCPEJICTBEHHO Tepell MeXaHW4eckoil mepepaboTkoii. B wacTHocTH B
cymmmiibHOM  MammHe CJIP-3M2  pynoHsl IpOAyBarOTCs  TEIUIOHOCUTEIEM
MOOYEPEHO B TMPSAMOM U OOpaTHOM HAINpaBIEHUSAX, YTO OOecleurnBaeT
PaBHOMEpPHOE BBICBIXaHME BEPIIMHHOW M KOMJEBOW 4acreu. BeprukanpHOe
ITOJIOKEHUE PYJIOHA MIPU 3TOM IO3BOJISIET ar€HTY CYIIKH PACHPOCTPAHATHCS BIOJb
cTebeil, 4To cnocoOCTBYET ONTHUMAIbHOMY M SKOHOMHYHOMY PacXoJ]ly SHEPruu
[3, 4].

AHaJIN3 CyHIECTBYIOIIMX MAIIMH U1 CYIIKH PYJIOHOB ITOKA3aJl, YTO B HUX HE
KOHTPOJIMPYETCSI U3MEHEHHE BIIAXXHOCTU B IIPOLIECCE CYLIKH, TO €CTh OTCYTCTBYET
oOpaTHas CBsI3b 10 OCHOBHOMY BBIXOJHOMY MapaMeTpy — BJIAXHOCTH JIbHOTPECTHI.
OTcyTCTBHE KOHTPOJIA BIAKHOCTH TPECTHI B PYJIOHE MPUBOJAUT K HENOCYIIKE WIIU
nepecyiike credneil. Bo BTopoM citydae 3TO MPUBOIUT K JIOMKOCTH BOJIOKHA H,

KaK CJICACTBHC, YXYAUICHHUIO €ro BLIXOJa M KadCCTB4A, a4 TAKKC K IIECPCPaACXOAYy




SHEPIrUU TEIUIOHOCHUTENSI M COOTBETCTBEHHO K YAOpOKaHUIO mpouecca. Kpome
HayaJbHOM BIIAXXHOCTU OOJIBIIIOE BIMSHHE HAa KOHEYHYIO BIAXXHOCTh PYJIOHA U
CKOPOCTb CYIIKM OKAa3bIBa€T IUIOTHOCTh PYJIOHA, KOTOPYIO TakxXKe CIeayer
YUUTBHIBATH MPU PETYIUPOBAHUY MTAPAMETPOB MPOIlecca CYIIKH.

B Hacrosimelt pabote mpeiaraeTcsi aBTOMAaTUYeCKash CUCTEMa KOHTPOJIA
BJIQXKHOCTHU JIbHOTPECTHI B PYJIOHAX MPHU CYIIKe, (DYHKIIMOHANIbHAS CXeMa KOTOPOu

IpeACTaBJIeHa Ha puc. 1.
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Puc. 1. ®yHkunoHagbHasi CXemMa CUCTEMbI KOHTPOJIS BIIAXKHOCTH JIbHOTPECTHI TIPH
CYIIKE B PYJIOHAX

CucreMol ¢ NMOMOIIBIO JAaTYMKOB B MPOLECCE CYIIKM KOHTPOJIUPYETCS
M3MEHEHHE BIIAJKHOCTH B HECKOJIBKMX MeECTax pyJoHa. B pe3ynbraTe Takue
napaMeTpbl  CyHIKM  Kak  HalpaBlIEHHE, CKOpOCTb,  TeMmIlepaTypa U
MPOJOJDKUTEIBHOCTh MMOJAYM  TEIJIOHOCHUTENST  ONPENEISAIOTCS CUCTEMOW Ha
OCHOBaHUH MOCTOSIHHOTO OJTHOBPEMEHHOTO KOHTPOJISI BIIAXKHOCTU Ka)JA0T0 pyJOoHa
B OTJICTIbHOCTH, a HE HA OCHOBE HAYaJIbHBIX MTAPAMETPOB PYJIOHA, KAK 3TO JIeNaeTCs
B Hacrosimiee Bpems. CucremMa peryiasipHO 00pabaThIBaET MOCTYHAIOLLYIO
nH(OpPMAITMI0O U B COOTBETCTBUU C 3QJI0KEHHBIM QJITOPUTMOM CO37A€T HY>KHBIN
pexuMm cymku. CKOpPOCTb, HAalpaBICHUE W TNPOIOJIKUTEIBHOCTh BO3JIECHCTBUSA

areHTa CyIIKA Ha KaXIbli PYJIOH B OTACJIBHOCTH YIPABISIOTCS CUCTEMOU C



MIOMOIIBIO COOTBETCTBYIOIIMX 3aCJIOHOK W KJIAllaHOB, KOTOPBIE PETYIUPYIOT
yKa3aHHBIC BBIIIE TAPAMETPHI CYIITKH.

BaXHBIM TIpU TOCTPOCHUHM CHUCTEMBl SBIICTCS HAIEKHOE H TOYHOE
(GYyHKIMOHUPOBaHUE HW3MEpUTENbHOM YacTh. Cpeau CyIIECTBYIOUIUX METOOB
OTIpeNIeICHUST BIAKHOCTH (pHUC. 2) HAaWOOJBIIEH TOYHOCTHIO OO0JIAAl0T TMPSMBbIC
METO/IbI, OJTHAKO, OHH TPEOYIOT CIIEIUATBHON MOATOTOBKH MPOOKI, YTO 3aTPyAHSCT

HX UCIIOJB30BaHUC IIPHU HCIIPCPBIBHOM KOHTPOJIC BJIIAXKHOCTHU.

MeTogbl onpeaeneHnsa BnaXxHOCTH

Mpsamble KocBeHHble
TepmorpaBuMeTpUYECKUii  DneKkTpuyeckne dusnyeckune MexaHuyeckue
OKCTPaKLUMOHHbIA
XNMUYSCKUii KonaykTromeTpuueckuin | PaanoakTneHbin
BecoBoii HduanbkomeTpudeckuin HeiATpoHHbI

OnTuyeckunin

CeepxebicokodacToHbin (CBY)
ﬂAe‘pHO-MaFHVITHOFO pestaHCa (APM)
Tennodunandecknia

Puc. 2. Meroap! onpeaeneHus BIaXXKHOCTH MaTepHaioB

DJEKTpUYECKHE  METOABI  TO3BOJISIIOT  OCYIICCTBIISITh  HEMPEPHIBHOEC
HU3MEpEHUE BIAXHOCTH. [10 cpaBHEHHIO ¢ KOHAYKTOMETPUYCCKAM METOJOM B
TUDIIEKOMETPUYECKOM METOJIE U3MEPEHHsI BIAKHOCTH HA TOKa3aHHUS BIaroMepoB
OKa3bIBAIOT MECHbIIIEE BIUSHUEC CTPYKTypa M XUMHYECKHH COCTaB H3MEPSICMBIX
BEIIECTB, a TaKKe TMEPEXOJHOE COMPOTHBICHUE MEXKIY OJJIEKTPOJAaMH U
matepuanamu  [5]. IlpuMeHeHWe  ONTHYECKOTO METOAa HE  IO3BOJISCT
KOHTPOJIUPOBATh  BJIAXXHOCTh JILHOTPECTHI BHYTPU pyJIOHA. BOJIBIIMHCTBO
JAaTYMKOB paboTtarommx Ha ocHoBe ¢usmueckux meronoB (CBY, MK) umeror
JOCTaTOYHO BBICOKYIO CTOMMOCTBH. [lodTOMYy IS JTaTYMKOB  BIIAKHOCTH

pa3pabaThiBaeMoit CUCTEMBI HaMU npejaraeTcs HCII0JIb30BaTh



JUAILKOMETPUUECKUN (€MKOCTHBIN) METOJl, B KOTOPOM MCIHOJIb3yeTCSl BIIMSHUE
BJIA)KHOCTH MAaTEpHalia Ha €T0 JIUAJICKTPUUECKYIO MPOHUIIAEMOCTb.

JusnexkTpuueckas MPOHUIIAEMOCTh Y CyXOro BEIECTBa OOBIYHO COCTABIISCT
2-5, a 'y Bojibl — 81, mo3TOMY HEOOJIBbIIIOE U3MEHEHHE COJICP)KaHMS BJIard B TPECTE
3HAYUTEIIPHO U3MEHSIET €€ AUAIEKTPUYECKYI0 MPOHUIAEMOCTh. Jnanexkrpuueckas
MPOHUIIAEMOCTh BJIQKHOI'O MaTepualia OMNPENENSIETCd MO0 HW3MEHEHUIO €MKOCTHU
KOHJICHCATOpa, MEXK1y OOKIaJKaMi KOTOPOT0 HAXOUTCS KCCIIEAYEMOE BEIIECTBO.

Ha moka3anust natdyukoB OyJeT TakKe OKas3blBaTh BJIUSHHE TeMIepaTypa
JIBHOTPECThl B pyioHe. Jlnd KOMIIEHCAMU €€ BJIMWSAHUSA CJIEIYEeT BBECTH
COOTBETCTBYIOIIME TMOMNPAaBKM HAa PE3yJbTaThl U3MEpeHHil. TemmneparypHas
KOMIICHCAIMSI MOYKET OCYIIECTBIISATHCA C MOMOIIBID TEPMOMETPA, BKIOYEHHOTO B
W3MEPUTEBHYIO CXEMY.

B kayecTBe mpoTOTHNA KOHCTPYKIMH JTaT4yMKa Oblja MPUHSATA KOHCTPYKIIHS
AJIEKTPOHHOrO Biaromepa SuperPro Combi. Jlns HempepbIBHOTO KOHTPOJISA
BJIAXKHOCTHA TPECThl B KaXJOM PYJOHE MPEIJIaraeTcsi HCIOJIb30BaTh YETHIPE
naTtyuka.  Takas KOH(pUTypalus CUCTEMbl U3MEPEHHUS BhIOpaHa B COOTBETCTBUU
¢ naeictByromuM crangaptoM [1]. B kadecTBe YyBCTBHTEIBLHOTO JJIEMEHTA
JaTuydKa MPEeIaracTcs HCHOJIb30BaTh COOCHBIE METAIMYECKHE W30JIMPOBAHHBIC
JIpyT OT Jipyra HWIMHAPHI, 3aKpeIyiecHHbIe Ha cTepkHe JiuHoM 0,5 M. IunuHapel
OyIlyT UCHOJHATH POJIb OOKJIA0K KOHAEHcaTopa. JJIMHHBIA CTEp>KEHb MO3BOJISET
BBOJUTh UYYBCTBUTEJIBHBIE DSJIEMEHTHI BO BHYTPEHHIOIO 4YacThb pYJOHA U
KOHTPOJIMPOBATh TaM BJIAXKHOCTb.

DJIEKTPUYECKYI0 CXEMY IUJIAaHUPYETCS BBIMIOJHUTH TakKUM 00pa3oM, 4YTO
4acTOoTa CHUTHAJIa JaTdydka OyJeT 3aBUCETh OT BJIAKHOCTH HW3MEPSEMOTO
Matepuala. B kadecTBe 0Ji0Ka CUCTEMBI YIIPABJICHUS MpPEAiaraeTcs UCIOIb30BaTh
nporpamMHo-niornyeckuid  kontpouiep OBEH IIJIK 154, BcerpoeHHsbli
anmapaTHBIA CYETUYUK U MOAYJIU OOpabOTKM aHAJTU3UPYIOT CHUTHAJBI OT TaTYUKOB
¢ wacrotor no 10 x['m. Hammume BcTpoennoro mutepderica Ethernet mossonwut

BBIBOJUTh HWH(MOpPMAIMIO O BIAKHOCTH C KOHTPOJJIEpAa HA TMEPCOHATBHBIN



KOMIIBIOTCP, IPUMCHCHUEC JUCKPCTHBIX BBIXOAHBIX ITOPTOB obecrneunuT YIpaBJIICHUEC

CHJIOBBIMH HCIIAMHA UCIIOJIHUTCIBHOT'O OpraHa.
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