Ha npasax pykonucu

BEPJABILIEB Urops Baagumuposu4

IOBBINEHUE 3®PEKTUBHOCTH UCIIOJIb30OBAHUS MAIIINH B TECHOM
XO35IMCTBE IIYTEM OBJIEI'1EHUA 3AITY CKA
JABUI'ATEJIEW, IEPEBEJIEHHBIX HA I"'A3

CHCHH&J’IBHOCTB 05.21.01 — TexHOJOTUS ¥ MAIIUHBI JIECO3aTIOTOBOK U JISCHOT'O X035 CTBa

ABTOpedepar

AUCCEpTallu Ha COUCKAHNCEC yquOﬁ CTCIICHU
KaHauaaTa TCXHUYCCKUX HayK

ExatepunOypr - 2012



2

PabGora BemonHeHa Ha Kadeape «OKCIUTyaTalus  MAaIIMHHO-TPAKTOPHOTO  IMapKay
denepanbHOr0 roCyJapCTBEHHOIO  OMOJUKETHOrO0 00pa30BATENBHOTO  YUPEXAEHUS BBICIIErO
npoeCCUOHATBHOTO  00pa3oBaHMs  «YpajbCKash TOCYNapCTBEHHas  CEIbCKOXO3AWCTBEHHAsS
aKaJeMus».

HayuHbIil pyKOBOIUTE: JIOKTOp TEXHUUYECKUX HayK, podeccop,
OxotHukoB bopuc Jlazapesny

OdunmanbHpIe ONIIOHEHTHI: IInakcun Ajexceit MuxaiijioBuyd
JOKTOpP TEXHUYECKUX HayK, Ipodeccop,
®I'bBOY BIIO YensouHckas rocynapcTBeHHAS
arpowH>XeHepHasl akajeMus / kadenpa
HKCIUTyaTallMi MAlIMHOTPAKTOPHOTO MapKa,
npodeccop

Kosanes Pynoasd Hukonaesnu

JIOKTOP TEXHUYECKUX HayK, mpodeccop,
VYpasbckuii rocyAapCTBEHHBIN JIECOTEXHUYECKUI
yHUBEpCUTET / Kaeapa 5KOHOMHUKH TPAHCIIOPTa
U JIOTUCTUKH, 3aBEIyIOIINIA Kadeapoii

Benymas opranuzanus: Mapuiickuii rocy1apCTBEHHBIN
TexHn4yeckuit ynusepcutet (Mapl' TVY)
r. Momkap-Ona

3amuTa auccepranmuu coctouTcs «22» wmapra 2012 roma B 10-00 wacoB Ha 3acemaHum
nuccepranuonHoro cosera /[.212.281.02 mpu ®I'BOY BIIO «Ypaneckuii rocynapcTBEHHBIN
JIeCOTeXHUUECKUI yHUBepcuTeT» 1o aapecy: 620100, r. ExatepunOypr, Cubupckuii Tpakr, 37.

C nuccepramueit MOXHO o3HakoMuThcsi B Oubmmorexke @OI'BOY BIIO  «Ypanbckuii
roCyJAapCTBEHHBIN JIECOTEXHUUECKUN YHUBEPCUTET .

Astopedepat pazocnan «20» pespans 2012 1. u pa3MenieH Ha opHUIHATEHOM caiTe WWWw.usfeu.ru
20 despans 2012 T.

VYueHblil CeKpeTaph AUCCEPTALIMOHHOTO COBETA,
KaHJUJaT TEXHUYECKUX HAYK, TOUEHT H.B. Kymny6una


http://www.usfeu.ru/

3
OBLIASA XAPAKTEPUCTHUKA PABOTbBI

JlecHoe X03511ICTBO 3aHUMAETCS] U3YUYEHUEM, YUETOM, BOCIIPOM3BOACTBOM JIECOB, OXPAHOU HUX
OT moXxapoB U T.I. B pa3zpaboTke NECHBIX MacCHBOB, HMX OKCIUTyaTallud W BO300HOBJICHUU
3HAUUTENIbHAs pOJIb IPUHAMISKUT TPAHCHOPTY. TpaHCIOPTUPOBKA JIECOMATEPUATIOB U3
JIECO3arOTOBUTEIBHBIX IYHKTOB, TI€PEBO3Ka CEMEHHOTO0 U IOCAJOYHOTO Marepuala mpu
BO300HOBJICHHUH JIECOB, NEPEBO3KA paOOTHUKOB JIECHOTO XO3SHCTBAa K MECTaM MPOBEACHUS paboT U
T.I., - BCE OTU OIEpalMy OCYILECTBISIOTCS IyTeM HCIIOJIb30BAHMS TPY30BBIX aBTOMOOWIIEH,
¢bypronos, nukamnoB. B cebecToMMOCTH MPOAYKLNHU JIECOMPOMBIIIICHHOTO KOMITIEKCAa OOJBIIYIO
JIOJII0 COCTABJISIIOT TPAHCIOPTHBIE pacxonbl. PocT 1eH Ha MOCTaBisieMOE JIECHOMY XO3SIICTBY
MOTOpPHOE€ TOIUIMBO, TOJIy4aeMoe W3 HE(PTH, BEAET K YBEIMYECHUIO CEOECTOMMOCTH TMPOIYKIIHU.
V3MeHUTD CIOKUBLIYIOCS CUTYAIMI0 MOKHO ITyTEM MPUMEHEHHUs albTepHATUBHBIX BUJIOB TOILUIMBA.
[TpuMeHeHHne C)KMKEHHOTO HE(PTAHOTO ra3a B KaueCTBE MOTOPHOTO TOIUIMBA B CBSI3U C HEBBICOKOM
CTOMMOCTBIO U IKOJIOTUYHOCTBIO SIBIISIETCS SKOHOMHYECKH BBITOJHBIM KaK Ui JIECHOTO KOMILIEKCa,
TaK W JJIl CEIbCKOTO XO3sMCTBA. JlaHHBI BOMPOC HAXOAMTCS IOJ KOHTPOJEM TOCYJIapCTBa.
OTpunaTenbHOH  CTOPOHOW TNPUMEHEHHUS CXKUKEHHOTO He(TSHOro Tra3a B  KadecTBe
aBTOMOOWJIGHOTO TOIUIMBA SIBJISICTCSl 3HAYUTEIBHOE OCIOKHEHHE OKCIUTyaTallud TEXHUKH WU
0COOEHHO 3aIlyCK JBHUTratensi B 3uMHUI nepuoja. OU3NKO-XUMUYECKUE CBOMCTBA ra3a ONpeAemsioT
HEOOXOMMOCTh TEIUIOBOM TOATOTOBKM TOIUIMBA IEpe]] 3allyCKOM JABHraTens. Beixomom s
JIECHOTO XO3SHCTBA SBISETCS BKIIOUYEHUE B MEPOIPHUATHS €XKECMEHHOTO TEXHUYECKOTO
00CITy>)KUBaHHsI MAIlIMH ONEPaIfii 0 TEeIJIOBOM MOJArOTOBKE TOIUIMBA TEPE]l MOoAa4eid B HIJIUHAPHI
JBUTATENs, OOECIEeUnBAIOIIUX OE30TKa3HOCTh TEXHHKH, CHIDKEHHE 3aTpaT BpEeMEHU U Tpyaa,
MTOBBILLIEHUE POU3BOIUTENBHOCTH U COKpallleHue ce0ECTOUMOCTH NEPEBO3OK.

TeopeTnueckoil OCHOBOM HCCIENOBAaHUS SBISIOTCA TPYIAbl M Pa3pabOTKH COBPEMEHHBIX
yueHbIX. OIHaKo ciieyeT OTMETUTh HEOCTaTOYHYIO0 IPOpPabOTaHHOCThH BOIMpOCca MO pa3padoTKe U
HCCIIE/IOBAaHUIO CPEACTB OOJIErdeHusl 3amycka KapOIOpaTOpHBIX JBHraTelel Ha CKUKEHHOM
HedTsaHoM raze (CHI') npu Hu3kux temmneparypax. Takue paOOThl JOKHBI ObITh HalpaBieHbl Ha
obecrieyeHre 3amycka JBUraTeseil mpu OTpULATEIbHBIX TEMIepaTypax OKPYXKAroIlero BO31yXa C
MajbIMU 3aTpaTaMHM DSHEPIUM, BPEMEHHM M MHUHUMAJIbHBIMM HM3HOCaMU. OTO OIpPEAETIUIIO
HanpaBJIeHUEe HAYYHOTO IMOUCKa U 00YCIOBHUIIO BHIOOP TEMBI, CBSI3aHHOM C MCIIOJIb30BaHUEM MAIIUH
B JIECHOM Npou3BojcTBe. PaboTa BHINOJHEHA B COOTBETCTBHM C KOHLENIUEH pa3BUTHUS JIECHOIO
xo3siictBa  (PenepanbHoe areHTCTBO «Pocnecxo3» MUHHCTEPCTBO TNPUPOAHBIX PECYpPCOB
Poccuiickoit deneparun).

Heabio padoThl sBiIseTCs MOBBIIICHNE 3()()EKTUBHOCTH MCIIOIB30BaHMUS MAIlUH B JIECHOM
XO3SIIICTBE B YCIOBUSAX HU3KUX TEMIIEpATyp 3a cueT 00JeryeHus 3amycKka JBuraress, paboTarolero
Ha CXKM)KEHHOM HEe(TSIHOM rase, MyTeM ero TeII0OBON MOATrOTOBKHU.

O0beKkTOM HcC/IeI0BAHUSL SIBJSIETCS TEIJIOBas MOJArOTOBKA TOIUIMBA IMEpe]l 3allyCKOM
nsurateneit Ha CHI' kak ycnoBue noBbieHus 3 ()EeKTUBHOCTH MCIIOJIb30BAaHMUS MAIIUH B JIECHOM
XO3SIMCTBE B 3UMHUI MEPUOT.

IIpenmer mccaenoBaHusi — B3aUMOCBSI3b IIpoliecca TEIUIOBOM IOArOTOBKM rasza c
3 (PEKTUBHOCTEIO W TIPOJOJDKUTEIBLHOCTHIO 3amycka jaBurarens, paoOortaromero Ha CHI B
IIPOU3BOJICTBEHHBIX YCIOBHAX JIECHOTO XO0351CTBA B 3MMHHUN MIEPHOJ.

Metoabl Hccie0BaHUSI: TEOPETUUYECKHE UCCIENOBaHUS 0a3upyrloTcs Ha NPUMEHEHHU
METO/IOB aHaJIN3a, IPUUYNHHO-CIIEACTBEHHBIX CBA3EH, IKCIIEPTHHIX OLIEHOK U TEOPHH TETIOTEXHUKH.
B ocHOBe 3KcHepuMEHTAIbHBIX MCCIEAOBAaHUN JIEKAaT TEIIOTEXHUYECKHE pacdyeTbl, METOIbI
U3MEpPEHUsl, TEOPHUS BEPOATHOCTH, MaTEMAaTUYECKast CTATUCTHKA U JIp.

HayuyHnasi HoBH3HA:

- YCTaHOBJIEHA 3aBUCHUMOCTb paclpejieieHus TeMmIepaTyp B 3UMHHH MepHOa Ha ILIMPOTE
pEervuoHa, TO3BOJIAIONIASI OLCHUTh HEOOXOIUMOCTh Pa3pabOTKH MEpPONMPHUATHNA IO OOJErYeHHIO
3alycka JBHraTelel MallluH, SKCIUIYyaTHPYEMBIX B CIOXHBIX MPUPOIHO-TIPOU3BOICTBEHHBIX
YCIIOBUSIX JIECHOTO XO35HCTBA;
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- paspaboTaHa cucTeMa TEMJIOBOH NOJATOTOBKM TOIIMBA TII€pe] 3alyCKOM JBUTATEIN,
obecreynBaoIiasl HCHApeHHe CKUKEHHOro He(TSHOro raza M OCyLIecTBIseMas BO BpeMs
€KECMEHHOTO TEXHUYECKOI0 OOCIIy)KMBaHMsI MallUMH IPpd HX COAEpPNKAHUM HA OTKPBITHIX
IUIOINAKaX IPEANPUATHH JIECOPOMBILIUIEHHOI'O KOMILJIEKCa;

- pacKpbITa B3aUMOCBSI3b apaMETPOB MpOLEcCa TEIUIOBOM MOATOTOBKM TOILIMBA (BPEMEHH,
KOJINYECTBA TEIUIA) Iepe/l 3allyCKOM JIBUTaTEeNsl ¢ OKA3aTesIMU:

TEMIIEpaTypa OKPY’KaIOILIEro BO3/yXa, IJIOAAb OBEPXHOCTU HarpeBa, TeMIleparypa Bo3ayxa Ha
BBIXOJI€ U3 M1OA0TpeBaTeNs, U T.11.;

- YCTaHOBJIEHBI 3aBUCHMOCTH IMPOJOJKUTEIBHOCTH 3allyCKa W pa3orpeBa ABUTATENs IPU
Pa3IUYHbIX TEMIIEPATYPHBIX YCIOBUSIX.

IIpakTHYeckas 3HAYUMOCTH Pa0OThI M peajin3anus ee pe3yJbTaToB

[TpenmyckoBoif MOAOrpeB TOIUIMBA U PA30IPEB JBUTATENs B MOJKAIOTHOM IIPOCTPAHCTBE C
HCII0JIb30BAaHUEM TOPSIYETO BO3yXa COKpallaeT 3arpaThl BpeMenu B 1,8...2,1 pa3a nmo cpaBHEHUIO ¢
3aIlyCKOM U pa3orpeBOM JBUTraTels Ha OeH3uHe U rase. Pacxoj TorumBa ajs pa3orpeBa JBUTATENs
no mnoc 40 °C cokpamaercs B 1,7...1,9 paza. TexHonoruio u cpeacTBa TEIUIOBOW MOATOTOBKU
asuratens, padoraromero Ha CHI' B ycloBHSAX HU3KHMX TEMIIEpaTyp, C LEJIbI0 UCKIIOUEHHs 3aTpatr
Ha CO3/IaHuE€ TPOMO3JKUX U JOPOTOCTOSIINX, TPEOYIOIMIMX JAONOJHUTEIBHBIX UCTOUHUKOB SHEPIUH
cucreM g mnoporpeBa JIBC mnpennoyTUTENbHO HCHONb30BaTh Ha MPEANPUATUSAX JIECHOTO
XO35IICTBa,  XapakTEpU3YIOLIUXCS  CIOKHBIMH  YCIOBUSIMU  TIPOM3BOJACTBA U Tpyna
(TPYAHOAOCTYIHBIE JIECOCEUHBIE IUIOIAAKH, OOLIMPHBIE JIECHBIE YTO/bsl, JIECOBOCCTAHOBUTEIbHbIC
tepputopun). IlodydyeH maTeHT Ha MOJIE3HYIO MOJENb «YCTPOMCTBO Ui 3alycKa JBUraTelns Ha
CKIDKEHHOM He(TSHOM Ta3e B 3uMHHUX ycnoBusax» moa Ne 108806 denepanbHoil ciyx0Oo0i 1Mo
UHTEJJIEKTYaJIbHOM COOCTBEHHOCTH, IaT€HTaM W ToBapHbIM 3HakaMm oT 27.09.2011 ropa,
oromerenb Ne 27.

OcHoOBHBIE 110J10KeHH, BBIHOCUMbIE HA 3aIUTY:

- B3aUMOCBSI3b ITapaMETPOB Ipoliecca TEMIOBOM MOATOTOBKM rasza npu EO MammH necHoro
XO035IiCTBa € TIOKa3aTeNIIMU: TEeMIEepaTypa OKpPY)KAIOIIEro BO3AyXa, IUIOMAb IOBEPXHOCTH
HarpeBaeMbIX JIEMEHTOB, KOJIMYECTBO TEIIa MOAAaBaEMOro K peAyKTOpY U JIp.;

- 3aKOHOMEPHOCTH TOBBIIIEHUS] TOTPEOHOCTH TeIula JAJisi oOecreyeHus 3ammycka, B CBSI3U C
MIOHM)KEHUEM TEMIIEpaTyphl OKPYXKAIOIIETO BO3/1yXa;

- CpaBHUTENbHbIE JAHHbBIE 3aIlycKa JBHUraTeNsl C MCIOJb30BAaHUEM TEIJIOBOM MOATOTOBKU
TOIUIMBA C CYHIECTBYIOLUM 3aIlyCKOM OT TEMIIEPATYPbl OKPYXKAIOIIET0 BO3/1yXa;

- YHUCJICHHbIE 3HAYEHHs [apaMeTPOB MAaTEMaTHYECKOW MOJEIN NPUMEHUTEIBHO K
KOHKPETHOW MapKe aBTOMOOWJIS U HarpeBaTels.

Anpobanusi pa6orbl. OCHOBHBIE IOJIO)KEHUS U pe3ylbTaThl pabOThl JOJOXKEHBI U
0J100peHbl Ha HaydHO-TexHH4Yeckux KoHpepeHuusax Ypl'CXA (ExarepunOypr, 2007 — 2010 rr.), Ha
HayyHo-nipakTudyeckoi koH@epeHumu KI'CXA (Kypck, 2010 r.), Ha Hay4HO-TE€XHHUYECKOU
koHpepenimu YI'AA (YensOunck, 2011 r.).

yonaukanumn. Ilo pesynabraram uccnenoBanuil onyonukoBaHo 11 Hay4dHBIX paboT, B TOM
4lCJIE YETHIPE - B U3/1aHUAX, peKoMeH10BaHHbIX BAK.

Crpykrypa m o0beM auccepraumu. Jluccepranus COCTOUT W3 BBEACHHUA, ISTH TJaB,
BBIBOJIOB IO pabote, Oubnuorpapuu u3 195 nammenoBanuid u 19 npunoxenuit. OCHOBHOE
coziepkaHue paboThI U3II0KEHO Ha 179 cTpaHHWIaX MAIIMHOMMMUCHOTO TEKCTa, CONEePKUT 21 Tabmuiry
U 25 pUCYHKOB.

COJAEPKAHUE PABOTDBI

Bo BBeaeHmH 000CHOBaHa aKTyaJlbHOCTh TEMBI HCCIEOBAaHUS, TIIOCTAaBJICHA LEJb
UCCIIeIOBaHMs], TT0Ka3aHa €€ Hay4Has M MpaKkTHYecKas 3HaYMMOCTb, C(hOPMYJIUPOBAHBI OCHOBHBIE
10JIO’KEHHU S, BHIHOCUMBIE Ha 3aIIUTY.

IlepBas rnasa «Cocmosinue 6onpoca u 3a0ayu uccie0osanusy TOCBAIIEHA aHAIU3Y
(bakTOpOB, BIMSIOUIMX HA 3aIyCK JIBUTATENEeH BHYTPEHHETO CrOpaHHs B YCIOBUSAX OTPHILIATEIBHBIX
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Temmeparyp, 0030py TEXHOJIOTHI M CPEICTB TEIUIOBON MOJITOTOBKH K 3aIlyCKY, €€ OCOOCHHOCTSIM
npu paboTe ABUraTesied, MCMOJB3YIOUMX Ta30BOE TOILIMBO, aHAIM3Y HAYyYHO-HCCIIEA0BATEIbCKUX
pabor mo Teme. Illupokoe mpUMEHEHHE TPY30BOIO aABTOMOOWJIBHOTO TpaHCIOpPTa B
JIECOMPOMBIIIJIEHHOM KOMIUIEKCE 00YCIOBIMBAET MPUHLUIIBI TEXHUUECKON SKCIUTyaTallud MalluH.
TexHuueckass HSKcIUTyaTanus aBTOMOOWJEH JObKHA OBITh HampaBieHAa Ha HMHTEHCH(HKAILNIO
IIPOU3BO/ICTBA, MOBBIIICHUE POU3BOJAUTEIBHOCTH U YIIYUIICHHE YCIOBUU TPYyJa, SJKOHOMHUIO BCEX
BUJIOB PECYPCOB U OOECIEUEHUE SKOJIOIMYHOCTH TEXHOJIOTMYECKUX IpoueccoB. OCHOBHBIMU
AJIEMEHTAMU TEXHUYECKOW OSKCIUTyaTallud SBJSIOTCS TEXHHUYECKOe OOCIy)KMBaHME U PEMOHT,
KOTOpBIE JIOJDKHBI COOTBETCTBOBATh psAy TpeOoBaHMii: oOecrieueHHe 3aJaHHbIX YpPOBHEH
AKCIUTYyaTal[MOHHON Ha/JeKHOCTU aBTOMOOWJICH MpU palMOHaIbHBIX MATEPUAIBHBIX U TPYIOBBIX
3aTpaTax; pecypcocOeperampomas M HKOJIOTMUYECKass HaIpaBJIEHHOCTDb; I1JJAHOBO-HOPMAaTUBHBIN
XapakTep; y4eT pa3HooO0pas3usl YCIOBUM HKCILTyaTal[MH MOABHUKHOTO COCTaBa  JIp.

dakTopel, BAMSIONIME HAa paboOTy JBUTATENs BHYTPCHHETO CrOpaHHSs, MPUYUHBI
3aTPYyAHEHHOTO 3alycKa, IyTH YCTPAHEHUS IPUYMH, OCJIOKHSIOUIMX 3allyCK JBUTATEINS B YCIOBUAX
HU3KHX TeMIepaTyp, paccMarpuBaiuch B paborax XsarkoBa A.H., Iankuna HO.M., Munkuna
M.JIL., Mennenesuua f.A., Mouceitunka A.H., bpycsunuesa H.B., Jlocasuo I'.C., bepexxnosa H.I'.,
yuoesa B.U., Jlenexxo JI.B., HoBonamuna JI.A., bopoBckux A.M. u npyrux.

Pa3memenue 11eco3aroToBOK OOYCIIOBIEHO HaJMYMEM JIECOCHIPbEBBIX pecypcoB. I[loatomy
BEIYLIMMHU palloHaMU IO NPOM3BOACTBY JEJIOBOM japeBecuHbl sBisitoTcs: EBponeiickuii Cesep
(Apxanrenbckas u Bosorojackas obmactu, Pecniyonuku Kapenust u Komu), Boctounas Cubupb
(Upkytckas obacts u KpacHosipckuit kpait), Ypan (CBeputoBckast 00sacth) u Ap. OOIIen3BecTHO,
YTO JAHHBIE PErHOHbl XapaKTEPU3YIOTCS XOJOIHBIMU U JIaK€ CYPOBBIMH KIMMAaTUYECKUMHU
YCIIOBUSIMU B 3MMHUH TEPUOJ, OCIOXKHSAIOIIMMHU JKCIUTyaTallMl0 aBTOMOOMJIBHOM TEXHMKH.
[IpoGieMHBIM sIBIISIETCS 3alyCK JABHUTraTeseid, paboTalolMX Ha KHIKOM M Ha ra30BOM TOIUIMBE.
AHaJIN3 CYIECTBYIOMUX TEXHOJOTUN U CPEACTB TEIJIOBOM MOATOTOBKH K 3alTyCKy aBTOMOOMIIEH,
paboraromux Ha CHI', moka3zan, 94To croco0 TemiaoBOi MOATOTOBKY ABUTATENS K 3aMyCKy TOPSYUM
BO3JIyXOM TMPEJCTABISAECT 3HAUUTENbHBIH HHTEPEC C TOYKH 3PEHHUS] IPOCTOTHI, HEBBICOKOU
CTOMMOCTH U JIOCTYITHOCTH MOJTYYEHUS TOPSUEro BO3AyXa B JIIOOBIX YCIOBHSIX, B HEOTPAHUUEHHBIX
KOJIMYECTBAX, a TaKkKe Oe30MaCHOCTH TEIUIOHOCUTENS U MPOCTOTHI 00CIyKUBaHUs. B cBsI3u ¢ 3TUM
CIoco0 BO3YXOIOJOTPEeBa palMOHAILHO HCIOJIb30BaTh B JIECHOM XO3siicTBE A OOJIerdyeHus
3alycKa JABHUTaTeled B CIOXHBIX MPUPOIHO-IIPOU3BOJACTBEHHBIX ycioBUAX. OOieryeHue 3amycka
JIBUTATENS] OCYIIECTBIISIETCS NYTEM IMOJOTpeBa TOIUIMBA B PEAYKTOpPE-HCHApUTENe BO BpeMs
eXKeCMeHHOTOo TexHudyeckoro obciyxuBanus (ETO) aBroMoOmIis, 00ecreuynBarOMIero HaaeKHBIMI
3almycK, O€30TKa3HOCTh, COKpallleHue TPYIOBBIX W MaTepHAIbHBIX 3aTpar, TOBBIIICHNE
MIPOU3BOIUTEIILHOCTH TPYJa.

Ha ocHoBe aHanm3a nUTEpaTypHBIX HCTOYHUKOB, OMHCHIBAIOIIUX MPUHIUI pabOThl U
YCTPOMCTBO Tra30oBOM ammapaTypbl, a Takke (QU3UKO-XMMHUYECKHE CBOMCTBA CHKMIKEHHOTO
He(TAHOTO Ta3a, OblIa chOopMylIHpoBaHA padodasi rMMOTe3a: TEIIOBas MOJTOTOBKA TOIUIMBA B
peayKTope-ucnapurene, oOecleyuBaroleM MapoByl0 ¢a3dy, B Ipolecce EeKECMEHHOIro
TEXHUYECKOTO OOCITY)XMBaHHUS aBTOMOOWIIEH CIIOCOOCTBYET HAJECKHOMY M HEMPOJOIKUTEIHHOMY
3almycKy OEH3MHOBOI'O [BUTATeNsi BHYTPEHHETO CropaHus Ha CXKUXKEHHOM He(TIHOM Trase B
YCIIOBUSIX HU3KUX TEMIEpaTyp.

Takum o0Opa3zom, aHaiuW3 COCTOSIHMSI BOMNpOCAa TO3BOJWJI  ONPENEIUTh  3aJAadM
HCCJICIOBAHMSA:
1. YcTaHOBUTH OCOOCHHOCTH 3amycka W paboThl OCH3WHOBOTO JBHUTATENs HAa COKUKECHHOM
He(TSIHOM raze NpH HU3ZKUX TEMIEpaTypax B YCIOBUAX MPOM3BOACTBA JIECOMPOMBIIIIEHHOTO
KOMILIeKca, 000CHOBaTh HEOOXOIMMOCTh BKJIIOUEHHUS OMNepaluil TErIOBOW MOATOTOBKH TOIIMBA B
nepevyeHb MepONPHUATHIA €KECMEHHOT0 TeXxHU4Yeckoro oocnyxuanus (EO).
2. Teopernueckn 00OCHOBaTh M YCTAaHOBUTH 3aBUCHMOCTH MEXIY TEMIIEpATypOH OKPYXKaIOIIETo
BO3/1yXa JIECOPOMBIIINIEHHOTO PErMOHA U MapaMeTpamMu Ipoliecca MOArOTOBKU raza K COKMTaHHUIo.
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3. Ompenenuth 3¢ (EeKTUBHOCTH ONEpalnuii TEIUIOBOW MOATOTOBKH TOIUIMBA K 3aIyCKy ABHTraTels
yepe3 TeMIIepaTypHbIN AMAla30H PeruoHa M MOKa3aTelu: MPOJOJKUTENLHOCTh 3allyCcKa, pacxoj
TOTLTMBA U SKOHOMHMIO JICHEKHBIX CPEJICTB.
Bropas riaaBa «Obocrosarue mexnono2uu u cpeocmes meniogou n0020moeKu 6eH3UH0B020
JBC k 3anycky na CHI 6 ycrnosusax ompuyamenvuulx memnepamyp» TOCBALIEHA YCTAHOBICHUIO
3aKOHOMEPHOCTEH M3MEHEeHMsI MapaMeTpoB Impolecca TtemnoBoi moarotroBku CHI' k 3amycky
6ensunoBoro JIBC B ycnoBHsIX OTpULIATENIFHBIX TEMIIEPATYP, pa3paboTKe TEXHOJIOTUU U CPE/CTB.
B pasHbIX YCHOBHMSIX OSKCIUTyaTallud [IOKa3aTeld HaJeKHOCTH aBTOMOOWJIEH JIECHOTrO
XO35IiiCTBa M JIECO3arOTOBUTEIBHOIO Ipoliecca OYyAyT pa3iauyarbCsi, UYTO CKaXeTcsl W Ha
nokasareisix (P(EeKTUBHOCTH HMX TEXHUYECKOM HKCIUTyaTallid U TEXHUYECKOTO OOCIYKMBaHHS.
CymiecTBeHHOE BIMSHHME Ha XapakTep TeXHUYecKoro oOciayxuBaHusi (execmenHoro TO)
OKa3bIBalOT MPHUPOJHO-KIMMATUYECKUE U CE30HHBIC YCIOBHUS HKCIUTyaTallMd TPAaHCIOPTHBIX
cpeacTB. B cBs3u ¢ 3THUM HCCIENOBaHBI M YCTAHOBIICHBI TEMIIEpATYPHbIE H3MEHEHUSI BO3/YIIHOM
cpensl 3a oceHHe-3uMHUK miepuon 1998-2007 rr. Pesymbrarel oOpa®OTKM MpelCTaBiICHBI Ha

pucyske 1.
15
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nuamna3o «A» - 1o 0 °C (26 quei);
nuana3oH «b» - ot 0 °C 1o — 5 °C (31 aenb);
nuana3o «B» - or — 5 °C go — 10 °C (42 aus);
e nuama3oH «I'» - ot — 10 °C go — 20 °C (83 gus).
Pucynok 1 - Pe3ynbrarsl aHanuza pacnpeeseHust TeMIIepaTyp B XOJOIHOE BpeMs
(o maHHBIM «Y PAITHIPOMET)

Pe3ynbpTaThl HaOMIONEHUI MOKa3bIBAIOT, YTO CPEIHss IOJ0Bas JUIMTEIBHOCTh JHara3oHa C
OTpULIATENIbLHBIMM TEMIIEpaTypaMu cocTaBiger 156 paHeit B roay. OTo mpeaonpenenser
HEO0OXOMMOCTh Pa3pabOTKH MEPONpPHUATHI MO OO0JIETYeHHIO 3allycKa JBUTaTelled, Tak Kak
SKCIUTyaTaluss M XpaHCHHE MallMH B JIECHOM XO3SHCTBE B OCHOBHOM OCYIIECTBIISIETCS Ha
OTKPBITHIX IJIOMIAKAX JTNOO B HEOTAINIMBAEMBIX TOMEIECHHUSX.

C nenpro ompeneneHus (HaKTOPOB, OKA3bIBAIOIIMX HamOOJee 3HAYUTENBHOE BIIMSHUE HA
BpeMs 3allycka B 3UMHHUN MepHo]] KapOIopaTOPHOTO JBHUraTelsl Ha CKMKEHHOM He(TsHOM rase,
MCIIOJIb30BaH METOJI DKCMEPTHOW OIICHKHU CIICNHATUCTaMH. B pe3ynbrare BBHISBICHBI (HaKTOPHI,
3aTpynHsomue 3amyck asuratened Ha CHI',- mpomecc cMmeceoOpa3oBaHHsS M HCHAPAEMOCTb
CKUKEHHOTO He(TSIHOTO rasa.

B 3aBucumoctu ot knmumatnueckux ycinouid ppakuun CHIT (mpoman u OyTaH) NpUMEHSIOTCS
B COOTHONICHUsX: B JeTHUU mepuon - 50% mpomana u 50% Oyrana, B 3umHuUi nepuox - 70%
nponana u 30% Oyrana. B 3akpeiTrom cocyne CHI™ obpasyer nByxda3Hyro cuCTeMY, COCTOSILYIO U3
KUIKOW U mapoBoi (a3. [laBneHue B OasIOHE 3aBUCUT OT JIaBJICHUS HACBIIIEHHBIX TTApOB, KOTOPOE
B CBOIO OYepe/b 3aBUCHT OT TeMIEPaTyphl )KUIKOM (a3bl U MPOLEHTHOTO COOTHOLICHUS MTpONaHa u
OyraHa B Hel (PUCYHOK 2).
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Pucynok 2 M3menenue naBieHus HacblmeHHbIX mapoB: 1 —100% Oyrana; 2 — 50% nponana u 50%
Oyrana; 3 — 70% mnpomnana u 30% Oyrana; 4 — 100 % npomnana.

JlaBrieHre HACBHIEHHBIX ITAPOB XapaKTEPH3yeT HCHApPSEMOCTh CHKIKEHHOTO HE(PTSIHOTO
raza. McmapsemocTh mpomaHa Bbllle, 4yeM OyTaHa, MO3TOMY U JAaBJICHHE MPU OTPUIATEIBHBIX
TEMIIEpaTypax y HEro 3HA4YMTENbHO BblIIE. [IpyM HU3KHMX TeMIlepaTypax OKpYKAIOLIETO BO3ayXa
sbdektuBHee ucnonb3oBaTh CHI' ¢ MOBBIIEHHBIM colep:kaHueM MpomaHa. [Ipu BBICOKHX
MOJIOKUTETBHBIX TEMIEpaTypax OKpyKawoomero Bo3ayxa s¢dektuBHee wucronszoBath CHI ¢
MEHBIINM COJEp>KaHUEM IMpolaHa, TaK Kak HpH 3ToM B OauioHe W TpybompoBoaax Oyner
CO3/1aBaTbCd 3HAUUTENbHOE H30BITOYHOE JaBJIEHUE, YTO MOXKET MOBJIMATH HA TE€PMETUYHOCTh
razoBoii cucreMbl (CHI' mapku IIBA). Hcnapsemocts CHI' moBsbilIaeTcst mpu MOBBIIMIEHUH €TI0
TeMieparypsl. B cBsi3u ¢ 3TuM pazpaboTaHa cuctema ero pazorpesna.

B kauecTBe 0HOTO M3 CPEACTB, MO3BOJSIOIIMX OCYHIECTBIATh IpeanyckoBou pazorpes CHI'
IIPY HU3KUX TEMIIEPATypax BO3AyXa, BO3MOXKHO MCIOJIb30BaHUE BO3YIIHOIO OTONUTEINS. B CBsA3M C
TeM, UTO MpeodpazoBaHME ra3a U3 XKHUJAKOrO COCTOSIHUA B Mapo0Opa3HOe MPOUCXOANT B peAyKTOpe-
UcHapuresie, TO ¥ pa3orpeB ra3oBOi anmaparypsl 1eJaecoo0pa3Ho MPOU3BOINUTh MOJauel TOpsuero
BO3/JlyXa HENOCPEACTBEHHO K peayKTopy-ucnapurento. C IeNbl0 COKpalleHHUs] BpEMEHH TEIJIOBOU
noarotoBku CHI' penykTop momMeniaercs B KOXKyX, KyJa IOJAETCsl TOPSAYMIl BO3AYX OT OTOIUTENS.

[Ipu uccienoBaHMK MapamMeTpoOB CUCTEMBI MOJATOTOBKM TOIUIMBA paccMaTpUBAIMCh Macca U
00BEM BO3]lyXa, MOABOJUMOTO K PENYKTOPY-UCIIAPUTEII0; CKOPOCTh IBUKEHUS FOPSYETro BO3IyXa;
KO3 PHUIMEHT TEeMJI00TIaul; KOJIUYECTBO MPOU3BOAMMOIO OTOMUTENEM TeIula (II0Je3HOE, MOTEPH);
KOJIMYECTBO TeIJIa U BpPEMEHH, HEOoOXOAUMOro /Jisi pa3orpeBa penyKTopa-uCHapuTeis MpH
Pa3IMYHBIX TEMIIEpaTypax OKPYXKarolero Bo3ayxa.

3arpaThl Tela M BPEMEHM, HEOOXOJMMOIO Jisi MOATOTOBKH TOIJIMBA, W TeMIeEparypa
BO3/lyXa B TMOAKAallOTHOM MPOCTPAHCTBE, MPU PaA3JIUYHBIX TEMIEPATYPHBIX [OKA3aTENIX
OKpY KaIOIel Cpeibl 3aBUCAT OT MHOTUX (haKTOPOB:

t,=[ R, N, C,a,4,d,S, AT, Q
Qpi:J-(Mpe()7 Ca.'l’ Mowc’ Coofc’ TZ’Tl)!

rne R, - xputepumii Peitnonbnca; N, - xpurepumit Hyccenmpra; C - xoadduuuent (const); a —

1);

om !

Bm

2

; A - TEIUIONPOBOMHOCTH BO3AyXa, Bm/mepao; d -
M epao

KO3 (ULUEHT TEeIIo0TaauH,

BHYTpEHHHMIA uaMeTp maTpyOka, »; S - 06Imas miIomaas moBepxXHocTeii (matpybka u Koxyxa), m° |
AT - pa3HOCTB TEMIIepaTyp BO3AyXa Ha BBIXOJE U3 OTOMHTENS M OKpy»Karomero Bo3ayxa, °C; Q,,, -

TEIUIONPOU3BOIUTENIBHOCTh  OTONUTEN, KkBm; [[, - TONE€3HOE TEIIO B MPOLEHTaX K

TEMIONPOU3BOUTEIBHOCTH OTOIUTE s 3a 1 cex; M, - Macca pepykropa-ucnapurens, ke, M ,,. -

Macca OXJaKJaroulel >KHIKOCTH B peayKTope-ucmapurene, x2; C, - TEIIOEMKOCTbh MeTasuia
Kloe

penayKkTopa-ucnapuTess (aTFOMIUHUEBBIN CIUIaB), ;
Ke X e2pad



Kl

; T,, T, -HavanbHasg u
Ke X epao

KOHEYHas TeMIIepaTypa pelyKTopa-ucnapuTess COOTBeTCTBeHHO, “C.
KonuuecTBo Tema, HEOOXOAMMOIO [UIsl HarpeBa peayKTOpa—HMCIApUTENsd U OXJIaXAArolen

C - TEIUIOEMKOCTh OXJIAXIAIOMIeH >KUAKOCTH (TOCOJIA),

024

’KUJKOCTH B HEM Q,=(M,, C,+M,, C,)(T,-T,),xx, (1)
Bpemsi Ha pa3orpeB peayKTopa-uCIapuTeNs H OXJIKAAIONICH KUAKOCTH B HEM
Q,
t, =—"—, ceK, (2)
Qom HZ

B pesyabrare mpeodpa3oBaHus MmapaMeTpOB 3aBUCHUMOCTH (2) uepe3 (GakTOpbl, CBSI3aHHBIC C
TEIJIOM: HarpeB TOIUIMBA (IIOJIE3HOE TEIUIO U MOTEPU TeIuia), KOAPPHUIMEHT TeIUIOOTAAYN - BPEeMsI
pasorpeBa peayKTopa-ucnapuTeisa

P :
' Q,, —(cRe" ASAT)

Takum 00pa3om, Bpemsi HarpeBa peayKTOpa-UCIapUTENs MPSIMO IMPOMOPIMOHAIBHO 3aBUCUT
OT MACChbl HAarp€BacMbIX IJICMCHTOB, TCIINIOCMKOCTH MATCPUAJIOB, U3 KOTOPBIX OHU HU3I'OTOBJICHLI, U
TEMIIEpaTypbl OKpysKarolel cpeabl. CHUKEHUE 3aTpaT BPEMEHHU CBSI3aHO C KOJUYECTBOM TEILIa,
moJaBacMoOro HarpeBaTciicM (OTOHI/ITGJ'IGM), IIOMAaJAb0 IIOBECPXHOCTU HAIpCBACMbLIX 3JICMCHTOB,
K02 (HUIIMEHTOM TEIIOOTAa4Yu U Jp. Pe3ynbTaThl pacuera BpeMEHH pa3orpeBa rasa 4epes pa3orpes

penykropa-ucmnaputeins g0 mwioc 40 °C B pa3in4HbIX TEMIIEPATYPHBIX YCIOBUAX MPEIACTABICHBI B
Tabimue 1.

Ctm + MowcComc)(TZ - Tl)
‘ , CEK. 3)

Tab6ymma 1
PesynbTathl pa3orpeBa mpu TeMIEpaType
[TokazaTenu OKpYy>Karomero Bo3ayxa, °C
0 -5 -8 | -15| -18 | -20 -25 -30 -35 -40

Temo, HEOOXOAUMOE TSI
HarpeBa peayKTopa 74 83 90 101 | 107 111 119 | 132 137 147
1o +40 °C, /e

ITone3Hoe Temio,
[10/1aBAEMOE OTOIIUTEIIEM 0,73 {063 | 063 | 0,44 | 0,44 | 041 | 0,33 | 0,25 | 0,16 0,08

AHC
K PEAYKTOpPY, w—
C

Bpewsi, Tpebyemoe mist
pasorpeBa peayKkropa 1,70 | 2,20 | 2,40 | 3,80 | 4,00 | 450 | 6,00 | 880 | 14,3 30,5
o +40 °C, MmuH

Ha PUCYHKC 3 NpUBCACHA 3aBUCUMOCTb KOJMYCCTBA TCIlJIA, HCOGXO,Z[I/IMOFO JJIs1 IIOATOTOBKH

TOINIMBA OT TEMIICPATYPHI OKPYKAIOMIETO BO3AyXaA.
By . wllox
200

\ 150
— 100

S0

-50 -40 -30 -20 -10 0 Tr°C
Pucynok 3 — 3aBUCHMOCTb KOJIMUYECTBA TEIIa, HEOOXOJMMOTO JUIsl TOATOTOBKH TOTTUBA OT
TEMIEPATyPbl OKPYKAIOIIETO BO3AYXa
AHanu3 NaHHBIX TAaOMUIBI U PUCYHKAa 3 MOKa3bIBAET, YTO C IMOHMKCHHEM TEMIIEpaTyphl
OKpY’KaloIIEro BO3yXa yBEJIMUMBACTCA KOJIMYECTBO TEIIa HEOOXOIMMOTO AJIsl HarpeBa peyKTopa-
ucnaputens. IloHnxeHue Temmeparypbl Ha OJIMH TpagyC YBEIMYHMBAECT MOTPEOHOCTH TeIlia B
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cpenHem Ha 1,8 kx/Dx. KomnuecTBo mose3Horo temna mnpu 3ToM yMeHbmaerca ¢ 73% no 8%.
[Torepu Temma mnpu Temmepatypax Hmwke MuHyc 20 °C pactyr Ha 8-9% c mnoHHXeHHEM
TEMIIEPATYPbI HA Ka)K/bl€ MSATh I'PAyCOB.

Ha pucynke 4 mnpuBeieHa 3aBHCHUMOCTh BPEMEHH IOATOTOBKH TOIUIMBA OT TeMIIEpaTyphl
OKPY>KaIOILEro BO31yXa.

£ 4y 3 VIETEX

as
3 30
\ 25
\ 20
\ 15

—— =]

45 -0 -35 -20 -25 -20 -15 -10 -5 0o Tr~C
Pucynok 4 - 3aBucuMOCTb BpEMEHH NOATOTOBKH TOIUIMBA
OT TEMIIEPATYPhI OKPY’KAIOLIETr0 BO3AyXa

AHanu3 pe3ynbTaTOB IOKa3blBaeT, 4YTO BpeMs IOATOTOBKM TOIUIMBA C IOHM)KEHEM
TEeMIIepaTypbl OKpY’KawlIlero Bo3ayxa oT Hyias no munyc 40 °C yeenmuuBaerca ot 1,7 go 30,5
MUHYT. C NOHMKEHNEM TeMIIEpaTyphl Ha OJIMH T'PaJyC BpEMs HarpeBa yBEJIUUYMBAETCA B JUaa3oHe
ot Hyns 1o munyc 15 °C na 0,1 — 0,2 muH, npu temneparype Huxe munyc 20 °C — ot 0,3 o 3,2
MuH. KosnnyectBo TpeOyemoro Teria Ha MOJArOTOBKY TOIUIMBA B 3aBUCHMOCTH OT TEMIIEpaTypbl
OKpY’Karolllero Bo3ayxa usmensiercs ot 74 no 147 x/Ix.

Tpersss raaBa «llpocpamma u Mmemoouxa NposedeHus IKCHEPUMEHMATLHOO0
uccne006anusy BKIIOYAET 3a/1a4l U METOAMKY SKCIIEpUMEHTAIbHBIX UCCIIEI0BaHMi, 000py10BaHNE
U cpenactBa usMepeHui. Ilepen skcnepuMEHTOM IOCTaBlieHAa WeJib — IPOBEpKa IMOJTYYEHHBIX
TEOPETUYECKHX 3aBUCUMOCTEH U CpaBHEHUE PE3yIbTaTOB MCIIOIb30BaHUs pa3pabOTaHHON CUCTEMBI
3alycka € CYIIECTBYIOLIEH Ha mpakThke cucteMod. Ha OoCHOBE NpOBEIEHHBIX TEOPETUUYECKUX
UCCIIEIOBAaHUIM M aHallM3a JIMTEpaTypsl pa3paboTaHa IMporpamMma 3KCHEpHUMEHTa, IMO3BOJISAIOIIAs
YCTAaHOBUTh BO3MOXKHOCTH pAacIIMPEHHs] TEMIIEpaTypHOIO JAMana3oHa 3alycKa JBUTATeNs IpH
paboTe Ha ra3e B paMKax YCTAaHOBJIEHHBIX PErMOHaJbHBIX TemmepaTyp (puc. 1). HMccrnemnoBanue
mpolecca pas3orpeBa peayKTOpa-UCIapUTeNss OCHOBBIBAJOCh Ha pErucTpaly  BXOJHBIX,
KOHTPOJIMPYEMBIX, YHPABISEMbIX M BBIXOJHOTO (akTopoB. B KauecTBe OCHOBHOIO KpUTEpHUs
OLIeHKH 3((})EKTUBHOCTU TEIJIOBOM TMOATOTOBKHM CXKM)KEHHOTO HE(TSIHOrO rasza mepej] 3amycKoM
JABC OblI0 NpUHATO BpeMs pazorpeBa peayKTOpa-ucmapuress. 3afada SKCHEpUMEHTATbHbIX
HCCIIEIOBaHUM CBOJMJIACHh K YCTAHOBJIEHUIO €M0 MUHHUMAJIbHOTO 3HAU€HUS, KOTOPOE CYIIECTBEHHO
3aBUCUT OT KOJHMYECTBAa TeIUIa, HEOOXOAMMOro JJsi HarpeBa peayKTOpa-hCIapuTeNs, U
TEMIIEPATyphbl OKPYKAIOILIET0 BO3TyXa.

N .
tpi Qpi,T)—) min

Q, € [4..150kx [T € p...—40°C 4)

B mponecce 5KCIIEPUMEHTOB PErMCTPUPOBANKCH CIEAYIOLIME MAapaMeTphl. BPEMs Pa3orpeBa
CHI' t,.,, MuH; Bpems 3alycka IBHTAaTelNsd Ha rase t,, cex; BpeMs pa3orpeBa JBUTATENS IOCIIE

3aIyCcka t MMH, pacxo[ TOIINIMBA ABUIaTCJIEM, OTOIUTCIIEM L, JI; IaBJICHUEC ra3a B Ia3o0IpoOBOIC

P >
P, atM, Temmneparypa okpyxatomero Bosayxa T, °C, Temieparypa OXJIaxIarollel >XKHUJIKOCTH B
penykrope-ucnapurene 1, ., °C, TeMneparypa Bo3yxa Ha Beixoje u3 oronurens 1, , °C.

Jlnig  mpoBeneHMs  OKCIIEPUMEHTANBHBIX MCCIENOBAaHUN  pa3pabOTAaHO OTONMUTEIBHOE
YCTPOMCTBO, TO3BOJISIONIEE OCYIIECTBIATh MPEAMYCKOBOM pa3orpeB peryKTopa-ucrapuTest
HHU3KOro JAaBJICHUSA, CXMXCHHOI'O HG(I)TSIHOFO radja B HCM W IMOAKAIIOTHOTO IIPOCTPAHCTBA.
TexHonornyeckui Npouecc pa3orpeBa MNpeICTaBiIeH Ha PUCYHKE S.
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i - Hapsarenue romoka GH™
———=>—— HarpagrneHue 2a308030yLHOL CMECU
————=  HarpaereHue 20paye20 803dyxa
—=>  Harpasrexue onpabomesuLx 2aso8
ZZ--TZ HapaeneHue nomoka GeHsuHa

L

\ 20

—_
1 - razoBmiii OayyioH; 2 - OJIOK 3alOPHO-KOHTPOJIBHOW M MPEJOXPAHUTENBHON apMarypshl; 3
BBIHOCHOE 3aIpaBOYHOE YCTPOMCTBO; 4 - Ta30BBIM TPYOONPOBO; S - TPOMHUK METAJUIMUECKUit; 6 -
MaHomeTp Huzkoro nasieHus JAM1001Y2 1P40, TOCT2405-88; 7 - razoBsblif anekTpokiamnas; § -
TpoHUK Metayumueckuid; 9 - marumk mgasiaenms OTK1 — 09-08; 10 - curnamphas namma; 11 -
MaHoMeTp Huskoro pgasnenus JM1001Y2 [P40, T'OCT2405-88; 12 - ra3oBblii penykTOp-
WCTIApUTENh HHU3KOTO HaBlIeHUs; 13 - KOXyX I MOJOTPEeBa Ta30BOTO PEAYKTOPa-HCIApUTEIs
HU3KOTO JaBlieHus; 14 - mutanr pe3uHOBBINA (Tocoun); 15 - TpoMHMK MeTanmudeckuii; 16 - gaTduk
temneparypsl TM 100A; 17 - BBICOKOBOJIBTHBIM mpoBOJ; 18 - ykazaTenb TemIepaTypsl
oxnaxnatomien xxkugakoctu SPA DG100; 19 - mmanr pe3uHOBBIN 1S Ta30BO3AyIIHON cMecH; 20 -
ra3oBelii go3atop; 21 - ra3oBBId cMecutTenb, 22 - jgurarens 3M3 - 51110-8V-4; 23 -
MeTaJUINYeCKUi roprpoBaHHBINA MaTpyOoK; 24 - oTOnUTENs BO3AYLIHBIN HezaBucuMbIi O15-0010-
10; 25 - d¢umanenm; 26 - MeTauIM4ecKUid TOQPUPOBAHHBIA NATpyOOK; 27 - OCH3MHOBBIN
ANEeKTpOKJanan; 28 — pe3NHOBBIN TOIUTMBHBIN IIIAHT (O€H3WHOBBIN); 29 - OTCTOMHUK OEH3WHOBBIN;
30 - anexTpoben3onacoc; 31 - ToruMBHEIA 0ak (OeH3MHOBBIN); 32 - BBICOKOBOJIBTHBIN MTPOBOJ; 33 -
akkymyisitop 6CT-75, TYVY 31.4-31950849-001-2004; 34 - BBICOKOBOJIBTHBIA mpoBoa; 35 -
MepEeKITIoYaTe b Ta30B0-0€H3MHOBBIM.

Pucynok 5 - CucreMma 3amycka ABUTaTeNs ¢ uCnoliib3oBanueM nojporpesa CHIT
Penykrop-ucnapurens 12 momenieH B Koxyx 13, Ky/la mOCTyIaeT TOPSYHiA BO3IyX OT OTOIHTEIS
24 uepe3 MPHUCOETUHHUTENbHBIN CHEMHBINM MeTaulnyeckuii rogpupoBaHHbli maTpybok 23. U3
KOXKyXa TOpsTYMi BO3AYX BBIXOAMT B IOAKAIOTHOE TIPOCTPAHCTBO, HATPEBasi €ro U JaBUTaTenb. s
KOHTPOJISI TeMIepaTyphl OXJaKJarollel >KUIAKOCTH B PEIYKTOpe BCTPOEH YKaszarenb (+AaT4MK)
16,18 gepe3 TpoitHMK 15 B OAWH W3 PE3WHOBBIX IIJIAHTOB. MaHOMETpPHl HHU3KOTO JaBieHus 6,11
BCTPaMBAIOTCSl B Ta30MPOBOJ] MEpei T'a30BbIM 3JIEKTPOKJIAMaHOM 7 U IOCJe HEero MoCpeICTBOM
METaJUIMYECKUX TPOWHUKOB 5,8. K MaHOMeTpy, yCTaHOBIEHHOMY 3a DJIEKTPOKJIAIIAaHOM, BCTPOCH
TakKe JAaTYUK JaBieHus 9, K KOTOpOMY TMOJKIIOYeHa curHaibHas nammna 10, BeIBeqeHHas Ha
MaHesb MpUOOPOB. PeayKkTop-ucnapuTeNb pacloioKeH BHYTPH KOXKyXa Ha paccTOSHUH 8-10 MM OT
€ro CTEHOK. JTO TMO3BOJIIET TOpsiueMy BO3JyXy CBOOOJHO MPOXOJMTH BOKPYI BCEH MOBEPXHOCTU
peaykropa, nepenaBas emy Temio. COOTHOLIEHHE IJIOMAAEH MONEePEeYHOro CEYeHHs! BXOIHBIX U
BBIXOJHBIX OTBEPCTUH NTOJ00pPAHO PACUETHBHIM ITyTEM U MIPOBEPEHO HA OMBITHOM YCTaHOBKE.




3ﬂeKTpOHHbII71IlapXI/IB YITITY

YceTpoiicTBO  TEMJIOBOM MOATOTOBKM — TOIUIMBA, MPEACTaBICHHOE Ha pPHUCYHKe O,
CMOHTHpOBaHO Ha mTatHoM jaBurareie 3M3-51108-8V-4. B nauane skcriepuMeHTa U IMOCIE €ro
okoHuaHus (stHBapb 2008 1, stHBappb 2011 r) npousBeneHa noBepka U3MEPUTENBHBIX CpelicTB B PI'Y
«YpallbCKHIl LEHTp CTaHJapTHU3allMMU, METpoJioruu U cepTudukauuuy». IloaroroBka aBurarens
MPOBOJIMIIACH B COOTBETCTBUHM C IMPOrpaMMOM HCHBITAaHHH B HEOTAIUIMBaeMOM OOKCe B 3UMHEE
BpeMs Tofia.

1 2 la |5 6 /7 /8 |9 |10
1 - ykasarens temreparypsl oxiaxmaronier xuakoctu SPA DG100; 2 - koxyx mjis momorpena
peayKTOpa-ucHapuTeNsi HU3KOTo JaBieHus; 3 - matuuk temmneparypbl (TM100A); 4 - maHoMeTp
Huskoro pasienus JIM1001Y2 P40 'OCT2405-88; 5 - 6ensunHoBbIN aurateias 3M3-51108-8V-4;
6 — paguarop; 7 - OEH3UHOBBINM dNEKTpPOKIIANaH; § - TOo(QpPUPOBAHHBIN METATUTMUECKUN MAaTPyOOK
orpaboraBmmx ra3oB; 9 - ortomutens 015-0010-10; 10 - rodpupoBaHHBI MeTaTMIECKUN
natpyook. PucyHok 6 - YcTaHoBKa il IPEAMYCKOBOTO pa3orpeBa peIyKTopa-uCHapuTes
3aMepsl BpeMEHU pa3orpeBa peayKTOpa-uCHapuTess W 3amycka JBHTATeNlss Ha OCH3WHE, Ha
CHI', na CHI" ¢ ucnons3oBanuemM nojorpeBa NpoBOAUINCH Npu TeMiiepaTypax 0; Munyc 5, 8, 15,
18 u 20 °C. Usmepenus BeimonHsuiuch ¢ 100-KpaTHOM MOBTOPHOCTHIO NMPHU KaXJOM 3HAUYEHUU
TeMreparypbl. Pe3ynapTaTel 3KCHepUMEHTOB 00pabaThIBaUCh METOJAMH  MaTeMaTHYeCcKOM
CTaTUCTUKH.

YerBeprass riaaBa «Pesyibmamsl  9KCNEPUMEHMANbHO20 — UCCAe008AHUsLY — BKIIOYAET
MaTepuaibl HCCIelOBaHUM, KOTopble mpoBoawinchk Ha mpennpustun OO0  «Jlorukom»
bornanoBuuckoro paifona CBepasioBCKOM  oOmacTd. 3aBUCHUMOCTh  KOIMYECTBa  TeIUIa,
HEO0OXOIMMOTro JUIsl MOATOTOBKH TOIUIMBA K 3alyCKy ABUTATENsl B Pa3IMYHBIX TEMIIEPATypHBIX
YCIIOBUSIX, PEACTABIEHBI HA PUCYHKE 7.

2, wllox
150
140
{TeopeTHYeCKH) ¥= _(),()()913(3 = (Z|,2834.x2 - 3,8784x + 73,806
— = 120
_ R®=0,9917
(axcer — 100
TaMEHO) et r
= 80
Jlrreera ]
------- 60
TpeHIa
{(momeHORN- 40
HHAIEHAA)
20
—as —an -as -an 25 -20 -1s -10 -5 o T

Pucynok. 7 - 3aBUCMMOCTH KOJIMYECTBA TEIIa JIsl MOJrOTOBKHU TOILIMBA (TEOPETUUECKHE U
AKCICPUMEHTAJIbHBIC TAHHBIC)
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Ha pucyHke mpejicTaBiieHa TEOpeTHYECKas 3aBUCUMOCTh HEOOXOJUMOT0 KOJMYECTBa TeErlia
JUIS pa3orpeBa peayKTopa-uCIapuTess U OXJIaKIaroIIeld KUAKOCTH B HEM JI0 TeMIEpaTyphl ILTIOC
40 °C mpu TemmepaTypHOM JAHana3oHE OKPYKaroIIero Bo3ayxa oT Hyhs 1o munyc 40 °C.
DKcrepuMeHTANIbHBIE IaHHbIE Pa30rpeBa MOJTY4YEHBl B JAMANa30HE TEMIEPATyp OT HYJS 0 MHUHYC
20 °C u3-3a IOrOJIHBIX YCIOBHM.

OKcrnepuMeHTallbHass 3aBUCHMOCTbh KOJHMYECTBA TeIlla, HEOOXOJUMOro MJis pa3orpesa
ToruIMBa 70 Temrepatypsl witoc 40 °C nepea 3amyCcKoM JIBUTaTeNs

Q. =73806—0,0091T 3 —0,283472 —3,8784T , (5)
Pi
rae T — remmeparypa OKpy’Karomero Bo3ayxa.

AHanM3 TEOPETUYECKMX M AKCIICPUMEHTAIBHBIX JaHHBIX MOKa3bIBAET, YTO PE3YJIbTAThI
NPaKTHYECKH WJICHTUYHBI, pasHHLA COCTaBisieT OT oxHoro no Imectu kJ[x. CoBmaneHue
TEOPETUYECKMX M  ONBITHBIX JaHHBIX  cocTaBiasieT 92%, 4YTO  CBUAETENBCTBYET 00
YJIOBJIETBOPUTEIEHOM COBIAICHUH TTOJTyYCHHBIX PE3YJIBTATOB.

JUTUTENBHOCTh MOJATOTOBKY TOIUIMBA B PA3JIMYHBIX TEMIIEPATYPHBIX YCIOBHUSAX MpEJCTaBlICHA
Ha pucyHke 8.

i

35

30
{TeopermyeckH) \

- 25

—-— \ 20
(3 cnepnnt- \

eHTaTEHO) ¥ =-0.0006x- 0,0165%" - 0,2632x + 1,6231 15

) S \ R’ = 0,9945
10

e

T T T
-45 -40 -35 -30 -25 -20 -15 -10 = 0o T°C

Pucynoxk 8 - 3aBrucuMocTH BpeMeHH IMOATOTOBKH TOTUTUBA OT TEMIIEPATYPBl OKPYKAIOIIETO
BO31yXa (pacueTHbIC U IKCIIEPUMEHTAJIbHBIC JAHHBIC)
3aBUCHUMOCTh KOJMYECTBAa BPEMEHH, HEOOXOJMMOIo JJIsi pa3orpeBa TOIUIMBA B PEIyKTOpe-
ucnapurese 10 teMrneparypsl mwioc 40 °C ot TemnepaTypbl OKpYKarOLIETo BO3AyXa

t,, =16231-0,0006T 3_0,016572 —0,2632T , (6)

rae T — remneparypa OKpyKarolero Bo3ayxa.

Pe3ynbTaThl TEOPETHUECKUX H OKCIHEPUMEHTAIBHBIX HCCIECIOBAHUN IIOKa3bIBAKOT, YTO
3aBUCUMOCTHU TPAKTHYCCKHU COBIIAAArOT. COBH&I{GHI/IG TCOPCTUUCCKHUX U OIBITHBIX AJaHHBIX
cocraBisieT 95%, 4YTO CBUAECTENHCTBYET 00 YAOBIETBOPUTEIHHOM COBMAJCHUU MOJIYUYEHHBIX
pe3yIbTaTOB.

Jns  obocHoBaHHS S(PPEKTUBHOCTH TMPUMEHEHHSI DKCIEPUMEHTAIBHON YCTAaHOBKH TIO
CPaBHEHHUIO C CYIIECTBYIOIIEH CHCTEMOM 3amycka MPOBEACHBI JKCIEPUMEHTHI M0 3alyCKy
nBurarens npu HU3KUX Temreparypax Ha CHI, na Gemsmne m Ha CHI' ¢ ucnonb3oBaHueM
paszorpesa raza. 3aBUCUMOCTH MPOI0JLKUTENBHOCTH 3anmycka apuratens Ha CHI' ¢ ucnons3oBannem
MPEITYCKOBOTO Pa3orpeBa TOIUIMBA U 0€3 HEro MPEe/ICTaBICHbI Ha PHUCYHKE 9.

t, CeK

120
(6es moforpera) i ¥=-0,1039% - 6,1397x+ 31 619 100
R'=09993
s o v\.\\ 80
(c momorpeson) + \ ‘\1\‘\\ -
T 40
—_ ¥ = 0247957+ 0.2504% - 0.7208x + 9 8691 \\q\ qt“‘
_penas 2 M 20
(o MHOMIHA T HAR) R’ =09985 0 '

-25 -20 -15 . -10 -5 o T

Pucynok 9 - 3aBucMMOCTH BpEMEHHU 3aIlyCKa JBUTATEINsI HAa ra3€ C UCTIOIb30BAHUEM
MOJIOrpeBa TOILJIMBA U 0€3 HEro OT TeMIepaTyphl OKPYKAIOUIETro BO3AyXa
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AHanu3 3aBUCUMOCTH MO3BOJISIET CAENATh BBIBOJI O TOM, YTO BO3MOKHOCTD 3allycKa JIBUTaTeNs
Ha CKMKEHHOM HE(TSHOM ra3e 3HAUUTEIbHO OTrpaHHYEHa TeMIlepaTypHbIMU ycIoBHsIMHU. Bpems
3anycka JIBC Ha ra3ze 0e3 MOATOTOBKM TOIUIMBA IPU TeMIlepaType OT Hyils A0 muHyc 8 °C
3HAYMTENIbHO TpeBbimaeT Bpems 3amycka JIBC, pabGortarommx wa CHI, ¢ wucmonas3oBanmem
pazorpeBa TOpsSYUM BO3AyXOM. TeMIepaTypHbId AMana3zoH, NPU KOTOPOM BO3MOXKEH 3aIlyCK
JIBUTATENsl Ha ra3e C MCIOJb30BAaHHEM IPEANYCKOBOTO pa3orpeBa, 3HAUUTEIbHO HIMpE, YeM Mpu
3amycke 6e3 Hero. 3aBUCMMOCTh BPEMEHH 3aITycKa Ha ra3e 6e3 moaorpena

t,, =31,619-01039T 2 _61397T, )
3aBI/ICI/IMOCTb BpCMCHI/I 3aHYCKa Ha ra3c C HOI[OI‘pCBOM TOIIJIUBA
t,, =9.8691+ 0,2479T3 +0,25047°2 —0,7208T , (8)

rae T — remneparypa OKpyKarolero Bo3ayxa.
3aBUCUMOCTh BpPEMEHHM 3allycKa [BUTaress Ha OEH3MHE M Ha ra3e C MCIOJIb30BaHUEM
MOJIOTPEBA MPH OJIMHAKOBBIX TEMIIEPATYPHBIX YCIOBUSIX MpeACcTaBIeHbI Ha pucyHke 10.

1, cex

100
Ha fempme 4 y= - 106225 - 283575 - 096635+ 12,892

S T, = 09899 30

sa CHT m
Jnman 40
e ¥ = 024705 0.2504:% - 0.7208x +9 8691 \,\ \‘\
20

(TI0 O OMITH AL Has ) - 09985 “x" :

25 20 15 10 5 o T O

Pucynox 10 — 3aBuCMMOCTH BpeMEHU 3aIlyCcKa JIBUraTessl Ha Tasze ¢ MoJA0IPeBOM TOILUIMBA
1 Ha OEH3MHE OT TeMIEPaTyphbl OKPYKAIOILIET0 BO3IyXa

JlaHHBIE PKCIIEpUMEHTa CBUICTEIBCTBYIOT O TOM, YTO TEMIIEpaTypHbIE JHMANa3oHbI 3allycKa
nsurarenss Ha CHI' ¢ ucnosnb3oBaHueM pa3zorpeBa TOIUIMBAa UM Ha OeH3uHe coBnaaaroT. CpeaHue
3aTpaThl BPEMEHHM 3allycKa Ha Ta3e C IOJOrpeBOM HHUXKe, 4eM Ha OeH3uHe. DTO 00bsACHseTCA
MIOJIO)KUTEIbHBIM BIIUSTHUEM MPEIBAPUTEIBLHOTO MPOrpeBa Bo3AyXa B MOJKAIIOTHOM MPOCTPAHCTBE
U YIy4LIEHUEM YCIIOBUI JUIsl BOCIJIAMEHEHUS ra30BO3IyIIHON CMECH.

3aBUCHMOCThH BPEMEHH 3aITyCKa Ha Ta3e C MOJJOrPEBOM OIMKCBIBACTCS BhIpaxeHueM (8),
3aBHCUMOCTh BPEMEHH 3aITycKa Ha OEH3MHE

t - =12,892 ~1,062273 — 2835772 —0,9663T, 9)

rae T — TemnepaTypa OKpy»KaroIlEero BO3ayxa.

AHanu3 pe3ynbTaTOB IOKa3bIBAa€T, YTO MPEINYCKOBOM IOJOrpeB TOIUIMBA MPH HUBKHUX
TEMIIEPATypax I03BOJSET 3HAYUTENIBHO pPAaCIIUPUTh TEMIEPATypHBIM AHANa30H BO3MOKHOCTH
3alycKa JBHUraTess, padoTarollero Ha rase. 3arparbl BpeMEHU M TOIUIMBA IIPH 3aIlyCKe JBHUTaTels,
paboratomero Ha CHI, mnpu HU3KHX TeMmIepaTypax OKpYXaloIlero BO3/1yXa, I03BOJSET
YTBEPKAaTh, YTO pa3pabOTaHHAs CUCTEMa IMOATOTOBKH TOIUIMBA JI0Ka3aja cBOO 3(h()EeKTUBHOCTS.

Obmee Bpemsi pazoepesa osucamens na CHI' ¢ ucnonvzosanuem npeonyckogozo pasozpesa
moniuéa W TOJKAIOTHOTO TPOCTPAHCTBAa COCTaBISiET B 3aBUCUMOCTH OT TeMIIepaTyphl
OKpy>Katomiero Bosznyxa / - 17 muH. Bpems BkiodaeT pa3orpeB MOJKANOTHOTO MPOCTPAHCTBA
ropsiauM BO3ayxoM mepen 3amyckoM (1 — 5 mMuH) u Bpemst mporpeBa asurartens o mitoc 40 °C
nocie 3anmycka (6 — 12 muH). Pacxon tormBa (OeH3un mius otonutens + CHI mist aBuratens),
3aBHCAIIMNA OT TEMITEPATYPBI OKPYKAIOIIETO BO3yXa U BPEMEHH pa3orpeBa, cocTaBisieT oT 1,5 1o 3
1. Ilo pesynabraram pazocpesa oOsucamens Ha Oen3une TPU PaA3TUYHBIX 3HAUCHHSX TEMIIEpaTyp
OKpY>KaloIlleT0 BO3AyXa YCTAHOBJIEHO, YTO HarpeB 10 Temieparypsl mitoc 40 °C 3anumaet ot 15 g0
30 MuHYT. DTO 3HAUMUTEIBHO MPEBBIIAET BpeMs pa3zorpesa asurarens Ha CHI' ¢ nmpeamyckoBbIM
Pa3orpeBOM TOILIMBA U YBEIUYHMBACT PACcXO TOILIMBA OT 2,7 70 5,5 1 s TOCTHXEHHUST pabodero
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cocTosiHus. [IpoBeCHBI OMBITHI IO ONPEACTICHUIO JUIUTENBHOCTH pazocpesa osucamens na CHI 6e3
UCNONBL306AHUS. NPEONYCKOBOU N0020moeKy monauea. 11oydyeHHble pe3ysbTaThl OKa3bIBAIOT, YTO
3amyck asurarens Ha CHI' u, cooTBETCTBEHHO, AabHEHIINNA €r0 pa3orpeB BO3MOXKEH TOJBKO IpHU
TeMIlepaType OKpy»Karolero Bozayxa 1o Mmunyc 8 °C. BpeMms pasorpeBa mpu 3TOM COCTaBISIET OT
17 no 23 mun ¢ pacxoxom tormmsa (CHI') ot 4,25 no 5,75 n. Ilpu Gojee HU3KHX TemIieparypax
BO3JyXa HEOOXOAMM 3allyCK M pa3orpeB JBUrareiass Ha OeH3MHE (KOJIMYECTBO 3aTPau€HHOIO
BPEMEHU M TOILJIMBA YKa3aHO BBIIIE).

Taxum 06pa3zom, U3 NPUBEAEHHBIX JaHHBIX BUIHO, YTO MPEIIYCKOBOM MOJIOTPEB TOIUIMBA U
pasorpeB caMoOro JBHUTaTeist C HCIOJIB30BAHUEM TOPSAYEr0 BO3AyXa TPeOyIOT 3HAYUTEIHHO
MEHBIIUX 3aTpaT BPEMEHH, YEM pa30rpeB Ha ra3e U Ha OCH3MHE IO CyLIeCTBYIOLIeH cxeme. Bpems
pasorpeBa JIBUTATENS B 3aBUCUMOCTH OT TEMIIEPATyphl OKPYKAIOIIEro BO3Iyxa cokparaercs B 1,8
— 2,1 pa3a. Pacxon TormmBa BO BpeMmsi paszorpeBa JBurarens ao temmeparypbl mioc 40 °C ¢
MCIOJIb30BAHUEM OTOIMMUTEIHFHONW YCTAaHOBKHM SKOHOMHYHEE pa3orpeBa JIBUTATENs HA OCH3MHE U Ha
raze B 1,7 — 1,9 paza.

Iaras raaBa «Opgexmusnocms paspaboOmMaHHOU MEXHONO2UU U CPEOCm8 3anycKd
oguecamens ¢ UCHOIL30BAHUEM MENI060U NOO20MO6KUY TIOCBALICHA AaHAIU3y COLMAJIbHBIX U
HSKOHOMHYECKUX XapaKTEPUCTHK IMPEIaraeMoro Ccrocoda TeIIOBOM MOATOTOBKU JBUTATENS K
3amycky Ha CHI'. TennoBas mnoaroroBka TOIUIMBA B COCTaBE €XKECMEHHOTO TEXHUYECKOTO
0OCITy>)KUBaHHsI MAIlIMH JIECHOTO KOMIUIEKCA CIIOCOOCTBYET COONIOICHUIO TpeOOBaHU S)PrOHOMUKH,
MO3BOJISIET 3HAUYUTENILHO COKPATUTh 3aTPaThl BPEMEHH, TPYAa M CUJI BOAMUTEINS HA 3aIlyCK JIBUTATEIs
B 3uMHee BpeMs. [IpuMeHeHune pa3paboTaHHOTO YCTPOMCTBA, OOJETYAIOIIEro 3alyCcK JBUTATENS B
YCJIOBHSAX HU3KUX TEMIEpaTyp, BEJET K COKpAIIEHUIO BPEMEHU pa3orpeBa ABUraTelsi, yMEHbIICHUIO
BbIOpoca B arMocdepy OTpabOTaBIIMX Ta30B, YTO COOTBETCTBYET CAHUTAPHO-TUTHEHUYECKUM
HopMaM. PacueTsl skoHOMHYeckoro 3¢d@dekra mokaszaau, 4TO MpelaraeéMblii BapUaHT 3allycKa
IBUTATENT B CIOXHBIX TPHPOIHO-TIPOM3BOJICTBEHHBIX YCJOBUSAX JIECHOTO XO3SHCTBA U
JIECO3arOTOBUTENIBHOTO MPOU3BOJCTBA IO3BOJSET YMEHBLIUTh OSKCIUTYyaTallHOHHBIE PacXo[bl.
[Tpumenenne pa3pabOTKU TO3BOJISET YBEIMYUTHh HAJAEKHOCTH 3aIyCKa M PE3KO COKPATUTH BpEMs
MOJrOTOBKM JABMratenss kK pabore. OOmas SKOHOMHS JIEHEKHBIX CPEICTB 3a ISITh MECSALEB,
MOJTydeHHas pu dKcIuryaTanuu aBToMoouist ['A3-3307 ot mpumeHeHus: pa3pab0TaHHOTO BapUaHTA,
3a cyer ucnoib3oBanus CHI' cocraBnser mo cpaBHEHHIO C 3aIyCKOM JBMraress Ha OeH3uHe 17 —
17,5 TBIC. pYO., cpok okymaemoctH - 0,57 To/1a, B CpaBHEHUH C MCIIOJIL30BAHUEM 3aITyCKa JIBUTATEIIS
Ha CHI' 6e3 TemyoBoif MOATOTOBKU TOIUIMBA cocTaBisieT 9 — 9,5 ThIc. py0., CPOK OKymaemocTH - 1
TOf.

OCHOBHBIE BbIBO/IbI

1. DKOHOMHYHOCTh WCHOJB30BAHUS Ta3a B CPAaBHEHHH C XHUJIKAM HE(TSHBIM TOTUTHBOM,
9KOJIOTHYECKasi Oe3BPETHOCTh MPOM3BOJICTBA, HU3KHIM YPOBEHb TOKCUYHOCTH MPOJIYKTOB CrOpaHUs
ra3a, YIydlleHHE OKCIUTyaTallHOHHBIX KA4ecTB JBHUTaTeNs OnpenensioT 3(h(EeKTHBHOCTH
NPUMEHEHHs Ta3a B KauecTBE MOTOPHOIO TOIUIMBA, KaK B JIECHOM XO3SHCTBE, TaK M B JIPYTHUX
OTpacsX.

2. OU3MKO-XMMUYECKHE CBOWCTBA CXKM)KEHHOIO HE(TSIHOro Tra3a B KadyecTBE MOTOPHOIO
TOIUTMBA BBI3BIBAIOT 3aTPYAHEHHBIA 3allyCK JBUTATENsi B YCIOBUSAX HU3KUX TEMIIEPATyp.
D¢ dexkTuBHOE TEXHHUECKOE OOCITYKMBAaHHE aBTOMOOWJIEH JIECONPOMBIIUIEHHOTO KOMILJIEKca
SBIISIETCS pPEIICHHEM TpOOJIeMbl 3alrycka JBHTATeNs. MeponpHaTHsl €KECMEHHOTO TEXHHYECKOTO
OOCITy’)KMBaHHsI TO TEIUIOBOW IIOATOTOBKE Ta3a IO3BOJIAIOT 3HAYUTEIBHO OOJETYHUTh 3aIyCK
JIBUTATEIIS.

3. YcraHoBiEeHa 3aBHCUMOCThH pacIpellelIeHUs] TeMIepaTyp BO3IYLIHOW cpeabl B 3UMHMA
MEepUoJl, TOATBEPIKIAIONIAs BAXXHOCTh Pa3pabOTKU CpPEACTB OOJIETYCHHs 3aIrycka. Pe3yibTarhl
MOKAa3bIBAIOT, YTO OKOJIO CTa JIHEH B rojly TpeOyeTcs UCIOIb30BAHUE CPEICTB TEIIOBOM MOATOTOBKU
TOIIMBA TEpel 3allyCKOM JBHUraTeseil mpu UX COJEpKaHMM Ha OTKPBITHIX IUIOMIAJKAX B CIOXKHBIX
MPUPOHO-TIPOU3BOJICTBEHHBIX YCIOBHSIX JIECHOTO X0O3SHCTBA 3UMHET0 MIEpUOIa.

4. IlyreM OSKCHEpTHOM OLIEHKM, aHAJIM3a [aHHBIX JIUTEPAaTYpPHbIX HMCTOYHUKOB U OIBITA
MPEeaNpUATHI 000CHOBAH CIOCOO OOJIETYeHHUS 3aIlyCcKa JBUTATENEH 3a CUET TEIUIOBOM MOJITOTOBKU
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CXKMKEHHOTO Ta3a K BOCIJIAMEHEHHIO, pa3paboTaHa cHUcTeMa TEIUIOBOW MOATOTOBKU TOIUIMBA Yepes
MOJIBOJ] TEILJIA K PEIYKTOPY-UCHAPUTEINIO.

5. YcraHOBIIEHBI 3aBUCUMOCTH 3aTpaT BPEMEHHU TEIIOBOW MOATOTOBKH raza ¢ y4€TOM MacChl
HarpeBaeMbIX JJIEMEHTOB, TEIUIOEMKOCTH MAaTepHUajioB M TEeMIIepaTyphl OKPYXKaIOLIEH Cpensl,
KOJIMYECTBA TEIIa, [10aBAEMOI0 K PELYKTOPY, IUIOLIAN IOBEPXHOCTU HArPEBAEMBIX 3JIEMEHTOB U
Ipyrux GaxTopoB.

6. OKCHEepUMEHTaJIbHBIMU MCCIIEIOBAHUSIMU IIOATBEP)KIEHbl [aHHbIE  TEOPETHUYECKUX
pacyeToB 3arpar, HEOOXOIMMBIX JJig TMOJATCOTOBKM ras3a: a) TIOHIKEHUE TeMIepaTypsl
OKpY>KalOIIEro BO3yXa Ha OJIMH TPaJyC YBEIMYUBACT KOJIMYECTBO HEOOXOAUMOTO TEIUIA B CPEIHEM
Ha 1,8 x/Ik; 6) KOIMYECTBO MOJIE3HOrO TEIUIa C MOHMKEHHUEM TEeMIEpaTypbl BO3ayXa OT HYINS A0
munyc 40 °C ymensbiiaercs ¢ 73% no 8%; B) moTepu Teria, MoJAaBaeMoro K peyKTopy-uCHapuTeIto
Bo3pactarT ¢ 27% 1o 92%, npu temneparypax Huxke MuHyc 20°C ux poct cocrasiuseT 8...9% c
IIOHM>KEHUEM TEMIIEPATypbl HA KaXKbIE MATh IPAyCcoB; I') BPEMs [TOATOTOBKU Ta3a MpU MOHMKEHUU
TEMIIEPAaTyphl OKPY)KAIOIIEro BO3JyXa Ha OAuH Tpaayc ysenuuuBaercs Ha 0,1 — 0,2 muH B
nuanaszoHne ot Hyasa 1o munyc 15 °C, B auanazone munyc 20 °C u "Hmwke - ot 0,3 no 3,2 muH; 1)
HarpeB peaykropa-ucnaputens 10 mitoc 40 °C eimonnsercs B teuenue ot 1,70 no 4,50 muH B
Jyana3oHe TeMIeparyp Bo3ayxa oT Hyns A0 muHyc 20 °C, B AuanazoHe TeMrneparyp oT MUHYC 25
1o munyc 40 °C - ot 6 1o 30,5 muH.

7. PazpaboTanHasi mporpaMma peayu3alyy HeNd U 3a/1a4 SKCIIePUMEHTAILHOTO MCCIIeIOBAHUS
MO3BOJIMJIA CTPYKTYPUPOBATh XOJ| UCIBITAHUN, KOHKPETU3UPOBATh KOHTPOIHpPYEMbIe (AKTOPBI U
MOJYYHUTh TpeOyeMbIe pe3yibTaThl. 3Mepurensabie mpruOOphl, METOANKA 0OpAOOTKH pe3yIbTaToB U
TEOPETUYECKH  OOOCHOBAHHBIE  KOHCTPYKTHUBHBIE MapaMmeTphl  pa3padOTaHHOM  yCTaHOBKHU
IIPEITYCKOBOIO pa3orpeBa TOILUIMBA MO3BOJISAIOT MOIYYHUTh JIOCTOBEPHBIE PE3YJIbTAThl SKCIIEPUMEHTA
U BBINIOJIHUTH TIOCTaBJICHHbIE 3a1aud. [lo OCHOBHBIM TapaMeTpaM HCCIEAyeMOro Impolecca
BEPOATHOCTh COBINAJCHUS TEOPETHUECKUX M IKCIIEPUMEHTAJIbHBIX JAHHBIX COCTaBUJIA MO PACXOAY
teruia 92 %, no 3atparam BpemeHu - 95 %.

8. D dexTUBHOCTH MEPOIPUSITHI MAIIMH HA TPEINPHUATUAX JIECHOTO XO3sIHICTBA MO TETJIOBOM
MIOArOTOBKE TOIUIMBA IIPU 3allyCKE YCTAaHOBJEHA B CIEAYIOIIEM: a) 3HAYUTENBHO PAaCUIMPEH
TeMieparypHblil npeaen 3anycka /IBC Ha rase myrem ero TeIiOoBOM MOATOTOBKH, IO CPABHEHMIO C
BO3MOKHOCTBIO 3alycka 0e3 TeIuIoBOM MOATOTOBKM; 0) 3aTpaThl TOIUIMBA Ha MPOTPEB ABHraTels
ymeHbmmiuch Ha 80-95%; B) Bpemsi, 3aTpadueHHOE Ha pa3orpeB ABHUTaTelNsi C HCIOJIb30BAHHUEM
TEIJIOBOM MOJATOTOBKM TOIJIMBA MPH Pa3IMYHBIX TEMIIEpaTypax B CpPaBHEHUH C pPa3OrpeBOM
JIBUTATEJSI HAa Ta3e U Ha OE€H3MHE COKpaTuiioch B 1,8 — 2,1 pasa, mpu cokpalieHuu 3aTpar Tpyda Ha
3aIlyCK JABUTaTeNs B HECKOJIBKO pas.

9. CBOeBpeMEHHOE M KaueCTBEHHOE TEXHHYECKOE OOCITyKMBaHHWE aBTOMOOWIEH MO3BOJISET
obecreynTh  ONTHMajJbHbIE 3HAUEHUS  IOKa3aTeled  Oe30TKa3HOCTH, JOJTOBEYHOCTH U
PEMOHTONPUTOTHOCTH HUCIOJB3YEMOW B JIECHOM XO34WCTBE TEXHHMKH, CO3/1aTh TpeOyeMble
MIPOU3BOJICTBEHHO-OBITOBBIE W CAHUTApHO-TMTMEHWYECKHE  YCIOBUS  TpyAa,  IOBBICUTH
MIPOM3BOJUTENIBHOCTh TpPyZla W COKPATUTh TPYAOBBIE W MaTepuajbHble 3aTpaThl. TeruioBas
MOAroTOBKa JBurarens B mporecce EO mo3BoiseT MOIYyYUTh 3KOHOMHIO JCHEKHBIX CPEICTB B
YCIIOBUSIX TPOM3BOJCTBA JIECHOTO KOMIUIEKCA 3a 3UMHHI NEpUOJ MO0 CPAaBHEHHUIO C 3allyCKOM Ha
o6ensune 17 — 17,5 Teic. py0., o cpaBHeHUIO ¢ 3amyckoM Ha CHI' 6e3 mcmonb30BaHUS TEIIOBOM
MOATOTOBKH TotuiBa — 9 — 9,5 ThIC. pyo. (B menax 2011 r).
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