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OBIIAS XAPAKTEPUCTHKA PABOTbBI

AKTyalbHOCTb pa0doThl. B HacTosIee BpeMsl U3-3a yBEIUUEHUS KOIUYECTBA I10-
TpeOuTeNeil, B 4aCTHOCTH, TPAHCIIOPTHOI, MEOCIIEHOH NMPOMBIIUICHHOCTH, ITPOU3BOICTBA
YIIAKOBKH, OCHOBBI JUIl KOBPOB U T.[., BO3pAacTaeT IOTPEOHOCTD B I1OJIy4€HHH EHOPE3U-
HBL. Bo3HHKaeT HEOOXOMMMOCTE Pa3pabOTKH, MOJICPHI3AIMH U BHEAPEHUS B IIPOM3BOJI-
CTBO TEXHOJIOTHH ¥ 00OpPYIOBaHMUS JIMHHUH IO IIPOU3BOJCTBY BBHICOKOKAYECTBEHHOH ITe-
HOpPE3MHBL J[0 HACTOSIIETO BpeMEHN pa3paboTKa anmapaTypHOro o(popMIIeHHs JTaHHOTO
IIPON3BOJICTBA OCHOBBIBAACH Ha OIBITE Pa0OTH MPEAIISCTBYIOIMNEro 000pYIOBaHUS.
ITpr 3TOM OHO XapaKTepU3yeTCs 3aBBIIICHHBIMH MAaCCOTa0apUTHBIMH M YHEPrOCMKHMH
IOKa3are/lsiMU. B CBSI3U ¢ 3TUM aKTyaJbHBIMH SIBIISIFOTCSI KOMIUIEKCHBIE M CCIIEI0BAaHUS
10 ONTHMAJTFHOMY HPOEKTHPOBAHHUIO JIMHAH IIPOU3BO/ICTBA TICHOPE3NHEL.

PaboTa BEIONHEHA B COOTBETCTBHU ¢ (hefiepabHON IeneBoit mporpammoi «Hayd-
HbIE U Hay4HO-IIeJJaroruueckue Kaapbl nHHOBaIOHHOU Poccun Ha 2009 — 2012 roxsn»
I'ocynapctBenHbli koHTpakT Ne 14.740.11.0141 ot 13.09.2010 r.

Heas padoTel. /[nccepramionHas paboTa IOCBAIICHA MCCIIEAOBAHUIO MpoIecca
M3TOTOBJICHHUS JIATEKCHOM MEHOPE3HHBI U €r0 alaparypHOro o(GOpMIICHHs, BKIFOYAIO-
IETO HOBYIO TEXHOJOTUYECKYIO OMEPAII0 — BCICHUBAHUE JIaTEKCa B yCTPOKUCTBE 1abu-
PHHTHOTO THIIA. B ManHOI paboTe mocTaBiIeHs 3agaun:

— pa3paborarh KOHCTPYKIMH BCIICHUBATEJIS KaK YCTPOHCTBA, 00CCIIEUMBAIOIIETO
OJTHOBPEMEHHO IIOJIy4€HHE IIE€HBl U €€ IOoJauy Ha CIEAYIOLIYI0 TEXHOJIOIMYECKYIO
ornepanuio;

— IIPOBECTHU HKCIEPUMEHTAIBHBIE UCCIEIOBAHUS 110 ONPEJEICHUIO PEXUMOB pa-
OOTHI BCIICHUBATENS B 3aBUCHMOCTH OT KPaTHOCTH ITCHEI;

— paspaborarh MareMaTHYeCKOe ONHCAHHE OCHOBHBIX OINEpAalMii MpPOHM3BOJCTBA
MICHOPE3UHEL ITOIydCHHUE ITEHBI U3 JIaTeKca B IJAOMPUHTHOM BCIICHHBATEIIC; OTIPE/ICIICHIC
JUINHBL arperara eJaTUHUPOBaHUSA-BYJIKAaHU3ALMY Ha OCHOBE PEIUCHUS 3aJaud HecTa-
LIUOHAPHOH TEIUIONPOBOJHOCTH, IUAPOAUHAMUKH IIOTOKA MOIOLIEH KUIKOCTU B BaJIKO-
BOM MalllMHE;

— pas3paboTrarh MaTeMaTHIECKYIO MOJENb OCHOBHBIX CTaJHil Iporecca M3roTOB-
JICHUS] ICHOPE3UHBI, KOTOPasi MOXKET CIYXKHUTh I Ieed ONTHMU3AIiN padoTaloIero
000pyIOBaHHS U ISl pa3paOdOTKH HOBOTO;

— CO371aTh JIAOOPATOPHYIO YCTAHOBKY VIS TIOTYy4EHHS TICHBI ¥ €€ TPAHCIIOPTHPO-
BaHUS,

— IPOBECTHU SKCIEPUMEHTAIbHBIE UCCIIEIOBAHUS 110 ONPEASICHUIO PEKUMOB I10-
JIy4eHHUs IIEHBI 33JJAHHOTO KauecTBa.

Hayuynast HoBH3Ha pa6oThl. Pa3paboTaHa HOBast KOHCTPYKITHS BCIICHUBATEIIS JIa-
TEKCHOH cMecH, To3BoIIsTIonast 3(p(HeKTUBHO CO3/aBaTh NMEHY M OAHOBPEMEHHO OCYIIIe-
CTBIIATh €€ TPAHCIOPTHUPOBAaHUE Ha CIEIYIOLIYI0 TEXHOJOTrMuecKyro onepauuto. Ilpen-
JIOXKEHA METOJIMKA OINpPEACICHHUS ONTHUMAJIbHOM AIMHBI KaMephbl arperara xelaTHHUPO-
BaHMSI-BYJIKAHU3ALUM, HA OCHOBE KOTOPOH MOXXHO IIPOM3BOAUTH €0 pacueT U KOHCT-
pyHpOBaHME AJs 33JJaHHBIX YCIOBUI IPOU3BOJICTBA.

IIpakTHYeckas HeHHOCTb. J[okazaHa 3(PeKTHBHOCTD MONYICHNSI ICHOPE3HUHEI C
HCTIONIb30BaHMEM BCTICHHUBATENS JTaOMPHHTHOTO THIA. Paspaborana MIXeHepHAs METO-
JIMKa JUIS pacdeTa PeXKUMHBIX U KOHCTPYKTHBHBIX TapaMeTPOB 000PYAOBAHUS JUIS TIPO-
U3BOJICTBA IIEHOPE3UHBIL.



MetoaukH pacyeTa ONTHMAJIBHBIX [IapaMETPOB BCIIEHMBATENs, arperara >Kejaru-
HupoBaHUs-BylkaHu3anuu (AXB), MalmHbl 10 OTMBIBKE IEHOPE3HHb! NpUHATH. OAO
«HUWPTMan» (r. TamOOB) sl MPOMBIIIDICHHOTO MPOSKTHPOBAHUS JIMHHUH 110 MPOU3-
BOJICTBY IIEHOPE3UHEI, C Pa3pabOTaHHEIM BCIICHMBATEJeM JIAOMPHHTHOTO THMa. Pacuer-
HBIH 9KOHOMHYECKHH 3(PEKT OT pe3ylIbTaToB paboTHI cocTaBiseT 245 THIC. P. B TOJ.

Pe3ynbTaThl IPOBEIEHHBIX UCCIEI0OBAaHUI U CO3aHHAsl HA X OCHOBE MHXKEHEpHAs
METOJIMKA U MpOrpaMMHOE 00eCIIeUeHIe MCIIOIE30BaHbl M BHEAPCHBI B Y4EOHBIH Ipo-
necc TaMOOBCKOTO TOCYIapCTBEHHOTO TEXHWYECKOTO YHHBEPCHTETA W HCIIONB3YIOTCS
MU TOJrOTOBKE WHXKEHEPOB IO crieruaibHocTH 655400 «OHepro- m pecypcocbepe-
ralolyie MPOLEcCH B XUMHUYECKON TEXHOJNOTHH, B HE(TEXMMHUH U OMOTEXHOIOTHN» B
paMkax quCIMIUIHBL «O00pyRoBaHHeE JUIS IepepadOTKH ITOJIMMEPHBIX MaTEPHATOBY.

Anpobanus padoTel. OCHOBHEIE pe3yIbTaThl IUCCEPTAIMOHHON paboTHI JOI0XKe-
uel Ha XII HaygHol KoH(DepeHnun TI'TY «DyHnaMeHTaIBHbIE U TPUKJIATHEIE HCCIIETO-
BaHWsI, WHHOBALMOHHBIC TEXHOJIOTHH, TpodeccuonansHoe obOpazoBanue» (r. TamOOB,
2008), ma II Bcepoccuiickolf HaydHO-WMHHOBAIIOHHOH MONOJEKHOH KOH(EepeHIH
(c MexmayHapoaHBIM ydacTueM, r. TamoOoB, 2010 r.), Ha Hay9HO-TIPaKTUIECKON KOH(e-
pertmu TT'TY «Pemmenne pernoHaNIBHBIX 9KOJIOTHYECKIX Ipodiaem» (T. TamooB, 2011).

My6mmkamm. [To mMaTeprnaraM HCCIEIOBAaHUH OITyOIMKOBAaHO IIECTh PadoT, W3
HUX [ITh B )KypHanax, pekoMeHj0BaHHbIX BAK PD.

O0beM H CTPYKTypa auccepranuu. JyccepraionHas paboTa COCTOUT U3 BBeJIe-
HUSl, HIECTU [JIAB, OCHOBHBIX PE3yJAbTAaTOB U BHIBOJIOB, CIIMCKA HCIOIB30BaHHBIX UCTOU-
HUKOB U3 72 HamMmeHoBaHuil u 3 mpunoxenuii. Compepxut 121 cTpaHUIly OCHOBHOTO
Tekcra, 31 pHCYHOK, 3 TaOIHIIBL.

COJEPXAHHUE PABOTBI

Bo BBeJeHHHM aHO KpaTKOE COAEp)KaHUE paboThl, 00OCHOBAHA €€ aKTyaJbHOCTb,
Hay4dHasl HOBU3HA U IPAKTHUYECKasl 3HAUUMOCTb.

B mepBoii ri1aBe mpoBe/eH INTEpaTypHBIA 0030p COBPEMEHHOTO COCTOSIHHS B 00-
JIACTU TEXHOJIOTMM U 00OpYIOBaHMS Ul M3TOTOBJICHHS NEHOPE3UHBI U3 JIaTeKca, JaHa
XapaKTEePUCTUKA HCXOJHBIX MAaTEPUAIIOB 1JIs €€ MOJIy4eHHs], IPEICTaBlIeHa CTPYKTypHast
CXeMa Ipoliecca U3TOTOBICHHUS.

PaccMmorpeHO moBeAeHHE TIEHBI TIOCTE €€ IOMyYeHUS W (paKTOpHI, BIUSIONIE HA
pa3Mep ITy3BIPBKOB M MEXaHNU3M UX Pa3pyIIeHHsL.

IlepBas riaBa 3aBeplIacTCs IOCTAHOBKOM 3a/1au UCCIIEI0BaHUSI.

Bropas rinaBa nocaslleHa paCCMOTPEHHUIO aHaIM3a 000PYAOBaHUS IS TOTY4EHUS]
IeHbl U3 J1aTeKca. B HacTosee BpeMs IpUMeHseMble B IPOMBIITIEHHOCTH BCIIEHUBATE-
JI1 UMEIOT OJMHAKOBYIO NPHHLUIIHAIBHYIO CXEMY U OTJIMYAIOTCS TOJIBKO KOHCTPYKIIUEH
OTJENbHBIX 3JIeMeHTOB. Hanbonbllee pacipocTpaHeHUEe UMEIOT BCIIEHUBATENIN aHTTIMH-
ckoit ¢pupmer «Oakes» n BceHuBatens Tnna BH-1, paspaborannsii CKb «Jlenmom-
MepMan» Ha 6a3e TOIaHACKOTo BCIeHnBate st « Eur-o-matic». AHaNN3 KOHCTPYKIHI U
paboTHI yKa3aHHBIX BCIICHUBATENECH IOKA3bIBAET, YTO OHH UMEIOT PSAM CYIIECTBCHHBIX
HEJI0CTaTKOB:

— 0oJbpIIas METANIOEMKOCTH BCIICHUBATENIEH 1 CMECHTEIIBHON TOJIOBKH;

— TPYZHOCTH Pa30OPKH IPH UHCTKE;

— 0oJbIIoi pa3dpoc Mo pasMepaM My3BIPHKOB B MEHE,;



— He0oO0XOIMMOCTh JIOTOIHUTEIFHOTO Hacoca IS TPOKAadYKH JIaTekca depes3 BeIe-
HUBATENb.

C 1enplo JMKBUJIAIMH YKA3aHHBIX HEJOCTAaTKOB ObUIA MPEUTOKEHAa KOHCTPYKITHS
BCTICHHBATEJIs] HAa OCHOBE JJAOMPHUHTHOTO HAacoca.

Jist oTy4eHust KauecTBEHHOI ITeHBI HeOOXOIMMO OpPraHH30BaTh HanooIee MHTeH-
CHBHYIO THIPOAMHAMHYECKYI0 OOCTAHOBKY B amIapare Ul CMEIICHUS ABYX HOTOKOB
KHJIKOCTH, T.¢. HEOOXOIMMO MUMETh 3HAUHTeNIbHOe urcio PeifHombaca. B xone uccneno-
BaHHUS YCTAaHOBJIEHO, YTO OoNbImMi 3p(hekT OymeT mMeTh MecTo, eCiiM Ha TypOyJIeHTHBIA
MOTOK OyJeT HaKJIaIbIBaThCS JOMOJHHUTEIBHO BUXPEBOE IBIDKEHHUE, UYTO CIIOCOOCTBYET
Oostee OBICTPOMY M KQUECTBEHHOMY CMEIIICHHIO.

Takas THApPOJMHAMIYECKAss 00OCTAHOBKA B ITOTOKE XUIKOCTH CO3/aeTCs B IPOTOY-
HOH "gacTh paboTaromero JaOMPHHTHOTO BCIICHMBATENS (OCHOBHBIMHU 3JICMCHTAMH KOH-
CTPYKIIMHU JTAOMPUHTHOTO BCTICHUBATEIIS SABILIOTCSI POTOP M CTATOP, MMEIOIIe MHOT03a-
XOJHYIO Hape3Ky B3aUMOIIPOTUBOIIOJIOKHOIO HanpasieHus). [Ipu BpameHun poropa Ha
€ro0 BBICTYIAX U BBICTYIAX CTATOPa MPOUCXOAUT HENPEPHIBHOE BOSHUKHOBEHUE U OTPHIB
BUXpEil, B pe3yibTaTe 4ero HabIroJaeTcss OOMEH KOJIUYECTBAMU JBIDKEHUS JKUIKOCTH,
MPHIETAIOIIEH K POTOPY, C JKHIKOCTBIO, NPHIIETAIONIEH K cTaropy. Takoil MeXaHH3M
BO3JICHCTBHUS pabOUMX OPraHOB HA JKUAKOCTH IPUBOIUT K CO3JAHHIO HAIIOpa B XKHIKO-
CTH, T.€. 00pa30BaHUIO HACOCHOTO (P PeKTa.

Vicnionp30BaHMe TaOMPHHTHOTO BCIIGHUBATENS JUI BCIICHUBAHHS JKUAKOCTEH JaeT
BO3MOXKHOCTb OJHOBPEMEHHO IEepeMeLaTh U BCIECHUBATH JIaTeKC. IIpuMeHeHHe KOHCT-
PYKIMH pOTOpa U CTAaTOpa B BUJIE PACXOJSIMXCS YCEUCHHBIX KOHYCOB 10 XOJY JBUXeE-
HUS XKHJIKOCTH o0JierdaeT pa30opKy M YHCTKY BCIICHHBATENs, KOTOPBIA B Iporecce pa-
00TEI 3a0MBaeTCs KOATYTIOMOM JIATEKCA.

BcnenuBaHue 1aTEKCHOH cMeCU B YCTPOMCTBE TAKOI'O TUIA IIPOUCXOAUT B PE3YIlb-
TaTe €e CMEIICHHS C BO3AYyXOM. [IpeiCTaBHTh 4eTKO MEXaHH3M OOpa30BaHUS BO3JIYII-
HBIX IY3bIPHKOB JJOBOJBHO 3aTPYAHHUTEIbHO. MOXKHO TOJNBKO IPEANONOXKUTh, YTO MH-
TEHCHBHOCTH CMEINIECHHS, POCT 0OPA3yIONMXCS ITY3bIPEKOB W UX pa3Mep OIpeaesseTcs
THAPOAMHAMHUYECKHM (haKTOpPOM, TeoMeTpreil pabodell ITOBEpXHOCTH yCTPOMCTBa U TIa-
paMeTpamu pabOTHI BCIICHUBATEIS.

Tornma 4ncio oOpa3yloMmMXcs My3BIPHKOB P BPAIICHHN POTOPA MOXHO MPEJICTa-
BUTH B BHJIC 3aBHCHMOCTH

ﬂ =zRe, D
dt
TJIe z — YMCII0 3aX0/I0B BUHTA; Re — uncio PeitHonbca; T — BpeMs mpeObIBaHUS JaTeKCa
BO BCIICHUBATEIIE.
Re= M , 2
n

rae dy, — IPUBEICHHBII THAMETP IPOXOJHOIO CEYCHHMS; L — OKPYXKHAs CKOPOCTh POTOpa;
W — TMHAMHYECKAN KO3 (QOUIMEHT BI3KOCTH JIaTeKCa; P — IJIOTHOCTD JIaTeKca.
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Ha pucynke 1 npexcraBiieH nonepedHslii pas-
pe3 BcrieHuBarelst JabupuaTHOrO THNA. IIpN padore
BCIICHHBATEIIS IPOMCXOINUT Kak 00pa3oBaHME, TaK U
paspylleHHe IMy3bIPbKOB B Pe3y/lbTaTe UX 00BeIu-
HEHUs, OOYCIIOBIGHHOE Pa3HOCTBIO IMaMETPOB H
BHYTPEHHETO JABICHUSL.

ITpunyMas Takoil MEXaHU3M YMEHBILECHUS KO-
JIMYECTBA ITy3bIPEKOB, OyIeM CUHTATh, 9TO YHCIO UX
OIPEENAETCS 3aBUCUMOCTBIO
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rie b — koaddunment.
Tora KOJIMUeCTBO 00pPa30BaHHBIX MTY3BIPHKOB

U3 ypaBuenuii (1), (6), (7) onpenernsieM 4icIo My3bIpbKOB
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rae V), — 00beM Bo3ayxa B IICHE; 7' — CPEIHUH pauyc ITy3BIPHKOB B ITEHE.
B ypaBHenuu (9) BblpaszuMm V), uepe3 KpaTHOCTb HEHBI «K», KOTOpas ONpeaeseTcs
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W3 ypasuenuii (8) u (10) onpenenseM paauyc Iy3bIpbKOB
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Pacxojn narekca IIpy BCIICHUBAHUN
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JInneliHas CKOPOCTh BpallleHUS! pOTOpa
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e de, — CPEJHUH HApYKHBIH IMAMETP POTOpA; 71 — YUCII0 0O00POTOB POTOPA.

[Honcrasus 3nauenus Re, v, O, B (11), momyunm
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CMOYEHHBIH NEPUMETP NPOXOAHOTO CCUCHU S BCIICHUBATCIISA
M =[r(D,+ D,)+2t(2-z)],

rne D) — muametp BaauH; D, — AMaMeTp BIAJUH BTYIIKH; { — IIMPHHA 3y0a.
B cBoro ouepens,
Dy =d.,+2t;

D,=d,+2t.
[oncrasus (16) u (17) B (15), momyunm
= 2(ndcp + 2t — tz).
ITpoxonHoe ceyeHue BCIIEHUBATENS
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[oncrasus (18) u (20) B (14), momyunm
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VYpasHenue (21) xapakrepusyeT paauyc Iy3bpbKa, KOTOPBI 3aBUCUT OT TE€XHOJIO-
TMYECKUX U KOHCTPYKTUBHBIX IAPAMETPOB M PEOJIOTUIECKUX CBOMCTB JIaTEKCa.

B TpeTtbeii riaBe omicaHa KOHCT-
pyknust 71abOpaTOpHOH YCTAHOBKH  CO
BCIICHMBAaTeJIeM  JIAOMPUHTHOTO  THIIA,
CXeMa KOTOpPOro IPe/ICTaBlIeHa Ha puc. 2.

Jlana MeromMka M mporpaMma Ipo-
BEJICHHUs DKCIIEPUMEHTa HCCIICIOBaHUN.
PaccmorpeHo TeueHne AByX(azHON KuI-
KOCTH B IPOTOYHON YaCTH BCIIEHUBATEIIS.

IIpoBenensl  >KCHEpUMEHTAIIBHBIE
Puc. 2. Cxema ycTaHOBKH BCIIeHUBATeJISA: HCCIIEIOBAHMS 110 ONPEIENICHUIO Pabounx

[ — BeneHnBaTeny; 2 — WTYLEp N0Aa M XapaKTEPUCTHK BCIIEHUBATENs, KOTOpPbIE
natekca; 3 — natpy0oK moacoca BO3yxa; TIEICTABIICHEI HA HC. 3

4 — KJIMHOpEMeHHas Tiepesiaya; e

5 — 3TIeKTOPOBHIATEITb AMITEPMET; OKCHEPUMEHTANBHBIC UCCICIOBAHNSA

6 — BOJIBTMETD; 7 — aMIepMeTp 00pa30BaHUS MEHBI MPU PA3IUYHBIX pe-

XKHMMax [IPOBOAUIUCH Ha MOJEIBHON KUJ-

KOCTH, KOTOpasi IO OCHOBHBIM (PU3MUYECKHM ITapaMeTpaM aHAJIOTHYHA JaTekcy. KoH-
TPOJIBHBIE UCTIBITAHUS IPOBOAMIINCH Ha jarekce Mapku BC—-50.

Kpupas pacnpeneneHust [uaMeTpa Iy3bIPbKOB IIPU Pa3JIMUHON KPAaTHOCTU IIE€HBI

npesncrasieHa Ha puc. 4. IIpy 5ToM ¢ yBelnMYeHUEM KPaTHOCTU NEHBI BO3PAcTacT CMe-
LIEHUE KPUBOH B CTOPOHY MOBBIIIEHHBIX PA3MEPOB ITy3bIPHKOB.

Ne| HM %
BT 80+
0.4 1 2

60 1+

0.2 O1
0.1 201
2 4 6 8 10 e 0.1 02 03 0.4dep, MM
Puc. 3. 3aBucuMOCTb XapaKTePUCTHK Puc. 4. Kpusble pacnpeje/ieHusi iHaMeTpoB
BCIIEHUBATeEJIS1 OT IPOM3BOAUTEILHOCTH: My3bIPHKOB B MeHEe MOIeJIbHO i :KHIKO CTH
H — BemmumHa Hamopa; N, — pacxoayemMast MOIL- npu Q =2-107° m’/c, n = 3260 06/mun:
HOCTb; /iy — BAKyyMHYECKAs 1 —xpatHoCcTh K = 2;
BBICOTA BCACHIBAHUS 2 —kparHocth K =4



Kax mokazamu SKCHCPUMCHTHBI, Ha pa3sMep IY3bIPbKOB OKAa3bIBAIOT CYHICCTBCHHOC
BJIMSIHUC PCIKHUMBI pa60TI)I BcrieHuBarens. M3 pUCYHKa 5 BUJIHO, YTO C YBCIMYCHHCM
KPaTHOCTH IICHBI pa3MEpP MMY3bIPbKOB YBCJIUYUBACTCA IIPU YMCHBIICHUHN YHCJIa O60pOTOB
POTOpAa, TAKXKE BO3PACTACT INaMETP ITY3bIPbKOB ITPU YBCIIMYCHUHN pacXxo/Ja JIaTeKCa.

do, 4 dop, A
MM MM
024 0.4+ 1
0.3¢4
1 2
0.151 0.21
5 0.4
0.1 . . . >

N_
s
Ay

[+

w

1 4‘Q‘10-6 Mle
a) 0)
Puc. 5. 3aBucumocTh cpe/iHero AuamMerpa ny3bpIpbKoB OT:
@ — KpaTHOCTH TIEHBI B MOJIETBHOI skuKocTH mpu Q = 2-107° M/c;
6 — OT IIPOU3BOJUTENBHOCTHY BCIICHUBATEIS IpH K = 4;
1 —n=2312 06/Mun; 2 — n= 3260 06/MuH

Pe3ynpTaThl NPOBEIEHHBIX HCCIIEHOBAHUI IPEACTaBICHEI B BHJAE TIpaduka
Ha puc. 6. Kak BunHO, 3HaueHUE CPeTHEr0 1UaMeTpa My3bIpbKOB IPAKTHUUECKH HE OTIU-
YalOTCS OT BEJIMUMH Iy3bIPHKOB IIPH BCIEHUBAaHUU MOJEIBHON >kuaxocTd. OnHaKo Juist
JIaTeKca XapakTepHa Gojiee MoHoaMcHepcHas nena. IIpy 5ToM BeNnYMHA CPETHETO Ana-
MeTpa Iy3bIPbKOB YIOBIETBOPUTEIILHO ONMCHIBAETCS ypaBHeHUEM (21), rae nmompaBod-
HEIA ko3 dunuent b = 0,43, onpeeeHHbII Ha OCHOBE SKCIIEPUMEHTAIBHEIX JAHHBIX.

IpoBeneHHBIE SKCIEPUMEHTAIBHBIC HCCICIOBAHHS 110 TIEHOOOPA3yIOIeH cr1oco0-
HOCTH JJAOMPUHTHOTO BCTICHUBATEIS ITOJTBEPKJAIOT BO3MOXKHOCTD €T0 MCITOIb30BAHUS
Kak JJIs MOJy4eHHUs IEHBI, TaK U I €€
TPaHCIOPTUPOBAaHUA K  IOCIEAYIOMEH
TEXHOJIOTHYECKOH onepauuu. IIpu sToM
OTIafacT HEOOXOAUMOCTh HPUMEHEHHS 1 2

%

JIATEKCHOTO Hacoca, 4T0 YMEHBIIAET pac- 604
XOJBI Ha MPOU3BOACTBO NEHOPE3UHEI.

Ha ocHOBaHMM MpPOBEAEHHBIX TEOpE- +
THUYECKUX U HKCIEPUMEHTAIbHBIX HCCIIE-
JIOBaHWH pabOTHl BCIICHUBATENS MPEIIO- 20+

JKEH MOPSAIOK pacyera, Al KOTOPOro Tpe-

Oyercsi MMETh IaHHBIC, HCXOISl W3 IIO- o0 oh
TpeOHOCTH KOHKPETHOTO MPOM3BOJICTBA, a
MMEHHO: pacxoj JIaTeKCHOH CMecH —

03 dop v

Puc. 6. Kpusblie pacnpeje/jieHusi inaMeTrpoB

0., M’/c; KpaTHOCTb TIeHBI — «K»; 4HCIIO
000poTOB poTopa — n, 06/MuH; H — Hanop,
MM. BOJI. CT.

ny3bIPLKOB B NeHe jgarekca mapku BC-50
npu Q =2-107° m’/c, n = 3260 06/mun:
1 —xpatHocTs K = 2; 2 — kpatHocTh K = 4



Ha ocHoBaHmHM padoT 1O HMCCIIeIOBaHUIO JTAOMPUHTHBIX HACOCOB BEIOMpaeM Tpe-
YrOJIBHBIN Mpodrinb pe3s00Boi Hape3kH ¢ yrioM o = 60°, KOTOpHIA co3aeT MakKCH-
MaJTBHEII HAIOp IPH PaBEeHCTBE JPYTUX IMapaMeTPoB, T.. 00ecleunBaeT MaKCHMAaIBHOE
BUXpeoOpa30BaHUE B TPOTOYHOH YaCTH BCIICHUBATEIIA.

OmnpenernseM BEIMIUHY MTPOXOJIHOTO CEUCHHUs BCTICHUBATENSI 10 opmyrie (22), 3a-
JlaBasich TMaMeTPOM BHHTA d:

ndn
F = 9o ; V=—, (22)
" n r cosa 60
=
2

rae 1, = 0,4...0,5 — kosdpurmeHT yBenuucHusI.

b
ITar Mesx Ty 3yObSIMH B ITOIIEPEUHOM CEUECHHH POTOpa £ = — .
z

HpI/IHI/IMaeM YHUCJIO 3aX0[0B z U ONpEAC/IsIEM BBICOTY HAPE3KU U3 COOTHOULICHUS
h
—=03.
t

PaGouas JuiMHA POTOpA U CTATOPa ONPEENSETCs 10 hopMmyIie
kndgH

L= - (23)

ki z K—£+tgoc
2 F,

ITpoBepsieM 3HaUCHHE TPOXOTHOTO CEUYCHHUS BCIICHIUBATENS 110 (hopMyIIe
T2 2
Fyp :{Z(D -d )—22f:|, (24)

rne D u d — COOTBETCTBEHHO JTUAMETPHI BIAMH CTAaTOpa M POTOpa; f — ILIOMAh cede-
HUS TPEYroJIbHUKA Hape3KH.

YeTBepTasi riiaBa MocesilecHa BONpocy (popMUpOBaHUS MEHOPE3UHBI B arperate
JKEJIATHHUPOBaHUI-ByJIKaHU3aUuu. [Iporecc xKenaruHupoBaHUS MOXKHO OIMCAaTh YpaB-
HEHMSIMH CBSI3aHHOI'O TEIJIOMAacCOOOMEHa:

ot 0%t 0%t ot rou
—=a| S +— |-v———. (25)
ot o~ Oy ox cot

ou o*u o%u ou he| 0% 0% | s ot
—+ +—v—

_—t V———

—=a 26
or loxt oy? ox  pr'| oy’ 8y2 ' 0Ox .

Uucnennoe PCHICHUEC 3TOr0 YpaBHCHHUS IMPEACTABICHO l'”pa(i)I/IKOM Ha puc. 7, 110 KO-
TOPOMY PACCUHUTHIBACM JJIMHY KaMCPbI KCJIIATUHUPOBAHU L

L,=1v=120-0,02=2,4 M. 27)
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t, q

Puc. 7. U3menenust Kr/kr
BJIAT0 CO/IePKAHUS H TEMIEPATyPhI 1007 0.87
NeHbI NPH ee )KeJATHHUPOBAHUH 4
B 3aBHCHMOCTH OT BPEMEHH 807 067
NPH CKOPOCTH IBUKEHUS
neHopesunsl v = 0,02 m/c: 601 044
1, 2, 3 —M3MEHEHUS BJIAr0COICPKAHMS
B IICHE COOTBETCTBEHHO B BEPXHEM a0l o2t
cloe, B CepeMHE TOJIIMHBI
W Ha MOJUIOXKKE; 6, 5, 4 — U3BMEHCHHE 20 0.054 ) ) - 1, 2 3
TEMITEpaTypbl B AHATOTHYHBIX TOUKAX 20 40 60 80 100 120 TC

INocne xemaTUHUPOBAaHUS UJET MIPOLECC BYIKAHU3AMK IEeHOpe3uHbl. Jlis pele-
HUS 3a/laud TEIUIONPOBOJHOCTH IIPU BYJIKAHU3ALUK IEHOPE3MHB! HCIIONb3yeM 3a/ady
HECTAllMOHAPHOH TEIUIONPOBOAHOCTH, ONUCHIBAEMOI ypaBHEeHUsIMU (28) ¢ KpaeBbIMU U
rpaHU4YHbIMU ycnoBusaMu (29) — (33):

2 2
otleyr) _ [@tlxyt) 0tlr.p.) ,0<x<l, 0<y<h, 1>0;, (28)

ot 8x2 ayz

t(x,2,0)=f(x.»); *)
A M_al (’(anﬁ)—’cl):(); GO

Ox
x—at(l’y’1)+a2 (t(l,yaT)_fcz):O; Gl

Ox
» M_% (t(x,0,7)~1.5) =0; (32)

oy
A %+a4 (t(x,h,T)—fczt):O' 33)

y

Pemenuem 31oif 3an1aun siBusiercst ypasHeHue (34), KOTopoe UMEET BUT,

NM

Jls1 pemiennst JaHHOM 3a/1auy cocTaBlIeHa mporpamma pacuera Ha OBM. B kauect-
Be MpHMepa MPUBOAUTCS pacueT TEeMIEPaTyphbl B MEHOPE3MHE MPH JTaHHBIX: HaYalIbHas
temniepatypa 3arorosku 100 °C; Temnepatypa ropsiuero Bo3ayxa 160 °C; umpuHa 3aro-
TtoBKHU 0,6 M; TonmmHa 3aroroBku 0,04 M; TEMI0EMKOCTh PE3UHBI 1,25-10° JIx/(xr-rpan);
IJIOTHOCTH pe3uHbI 60 KI/M’; TerIonpoBoaHocTh pe3nnbl 0,038 Bt/(M-Tpan).

o rpaduky, NpencTapIeHHOMY Ha pHC. 8, paccuMTaHa JUIMHA KaMePhl BYTKAHH3AIIAH
npu t,=148 °C; 1, =640 c.

TERINS JECLLUAL NS 3 YRUAL 4S04 )

11



t°CA
160+
1544
148+
1424
1364
1304
1244
1184
1124
1061,
100 —

0 300 600 90

+ t t t t t 3
0 1,2*101,5%101,8%102,1¥102,4%10 2,7¢10 T €

=
>

Puc. 8. 3aBucumocTh BpeMeHH BYJIKaHU3ALUH OT TeMIIePaTypbl

JlnvHa ydacTka ByJIKaHU3aLHUH

L, =1,v=640-002=128u. (35)

0611_[215[ JUIMHA arperara »KCJIaTUHUPOBAHWA-BYJIIKaHU3allluH

Ly=L,+L, =24+128=152m. (36)

B nATO# ri1aBe pacCMOTPEHO YCTPOMCTBO VI OTMBIBKH ITEHOPE3HUHBI I1OCIIE arpe-
rara )KeJaTHHHUPOBAHUS-BYJIKaHU3aLUH.
Motiika wm3menusi HeoOXoAMMa IUIsl TIPHIAHWS €My BBICOKMX CaHHTApHO—

THTUEHUYECKUX CBOMCTB. B HaCTOAIICC BpEMsi MOMKa U OTKUM MMPpOU3BOJUTCA B yCTa-
HOBKaXx BaJIKOBOI'O THIIA.

HeﬂOCTaTKOM CYHICCTBYIOIIIMX MOCYHO-OTKUMHBIX YCTpOﬁCTB SABJIICTCA BBICOKAs

ocraro4yHas BJIAXHOCTb I/I3I[CJ'IPII>1, KOTOpast ABJIACTCSA OCHOBHBIM KPHUTCPHUEM OLICHKHU

12

GEmES
J

Puc. 9. Cxema padotsi
OTKHMHBIX BAJIOB

s¢dexTuBHOCTH TIpoIecca 00E3BOXKHBAHHS.
DTOT HpoIecC 3aBHCHT KaK OT KOHCTPYKTHB-
HEBIX IApaMETPOB, TaK ¥ OT PSKUMOB PAaOOTHL

KauecTBO TPOMBIBKM ¥ IEIOCTHOCTH
U3lenuii  00ECIeunBaeTCsl  ONPEACICHHBIMH
pEeXUMaMH, 3aBUCSIIMMHU OT YCIOBHI JBIXe-
HYISL U3/ICJIHS] MEXTy BAJIKAMH U TEYECHUEM BJa-
TH Yepes3 TOPHI TEHOPE3HHEL

OCHOBHBIM ~ITapaMeTpoM, TPeOyHOIUM
OIIpeseNIeHNs, SBIAETCS YCWIME Ha BajKax,
KOTOpOe HEOOXOIMMO JUTS pacdeTa HAXKUMHBIX
HPYXHH.

CxeMa pabOTHI OT)KUMHBIX BaJOB HpeJ-
CTaBII€Ha Ha pucC. 9.



B pabote mpoBeeHBI UCCIIeJOBAHUS 0 OTXKUMY ITEHOPE3UHEI OT BJIaTH MEXTy Ma-
poii BankoB auameTpom 800, 600, 400 MM ¢ pa3IMYHON TBEPAOCTHIO MOKPHITHSI.

V3 aHamM3a MoJTydeHHBIX JAHHBIX BUAHO, YTO YBEJIMUCHHE AHaMeTpa Bankos ¢ 400
70 600 MM moBbIIAET 3(GEKT OTKNMA, JaNbHEHINee YBEIMUCHHUE THaMeTpa HE MOBEI-
IIaeT, a Ha00OPOT, XOTh U HE3HAYUTENHHO, HO CHIDKAeT KauecTBO OTKUMa. [IpakTiaeckn
ONTUMAJBHBI JUaMeTp BAJIKOB JIEXKUT B npesenax 600 M.

IMocne mporecca OTMBIBKH B BaJIKOBOI MaIlMHE B MIEHOPE3HHE OCTAETCS JOCTAaTOY-
HO MHOTO BJIard. AHaJIN3 paCCMOTPEHHBIX PAadOT 110 CYIIKE TEHOPE3NHEI OCTE OTMBIBKH
MTOKAa3bIBAET, YTO HAHOOJIee TPUEMIIEMBIM CITOCOOOM CYIIKH, KaK C TOYKH 3pEHHUS Kade-
CTBa, TaK M PacXofia YHEPIUH, SBISCTCS METOJ CKBO3HOH MPOTYBKH H3JCIHUS TOPSIIIM
BO3JYXOM. DTOT CIIOCOO ITO3BOJIAET HHTCHCH(MIMPOBATH MPOIECC 33 CYET OOJIBIIOI
MOBEPXHOCTH BHYTPEHHUX IOp ¥ MycToT. [loka3zaHo, YTO B MCCIETOBAaHHOM JHara3oHe
N3MEHEHHS MTapaMeTPOB CYIIKH IIPOIIECC MPOTEKaeT [eMKOM B ITEPHOJ MaJaroIeil cko-

POCTH CYILKH.
PacuerHas opmyrna Iyt onpeesIeHns TPOAOIDKUTEIBHOCTH CYIIKH

125 (G;ZX)O’S | [a+b(u2—up)][ul —up]

aE(Vp)™ nhl+b@1_“pnb2—“J’

KpoMe KOHBEKTHBHOH CYIIKM WM CYMIKH (QIIIBTpAIieil MoxeT OBITH MCHONB30BaH
METOJI ¢ PUMEHEHHEM TOKOB BBICOKOH U cBepxBbicokoi yactoTsl (TBY u CBY). Ipu-
mererne TBY n CBY — sHeprun o0ecreunBaeT paBHOMEPHBIH HarpeB M3/eHns TI0 BCeH
TOJIITHE HE3aBUCUMO OT KOH(UTyparmu u3nemms. [Ipu 3ToMm mporiece cokparmgaercs 10
90% mpu MayoM TEIUIOBOM BO3/CHCTBHH Ha M3ZeNHe, Onaroqaps 4eMy yiaydImaeTcs Ka-
YECTBO — MOBBIIIAETCS U3HOCOYCTOMYUBOCTh. OCHOBHBIM HEJOCTATKOM YKa3aHHOI'O Me-
TOJa SIBJISETCS MOBBILIEHHBIH Pacxo[ 3JEKTpo’Heprud. Tak, Ha ynaneHue 1| Kr Biaru
pacxomyetcst okojio 2 kB1/4. KonmuecTBo Temna, 0Opa3yromiero Ipy BO3ACHCTBHH Hepe-
MEHHOI'O 3JEKTPOMAarHUTHOTO IOJIA HA JUAIEKTPUYECKAE MATEPHAIBL, MOXHO OIIpEJe-
JIUTh U3 BBIPAKEHUS

(37

O = kEfe tgd [Br/em?], (38)

e k=0,133-10"% — s TBY; k= 0,556-10""% — st CBY.

K nenocrarkam npumenenus TBY u CBY ciienyeT OTHECTU MOBBILIEHHYIO OIac-
HOCTB JUI1 OOCIY)XHMBAIOIIETO ITIEPCOHANA, a Tak)Ke BO3MOXHOCTH BO3TOPAHUS MEHO-
PE3MHBI IPU MaJIOH BIAXKHOCTH.

AHanm3 pacCMOTPEHHBIX METO/IOB CYIIKH C TOYKH 3PESHHS SKOHOMHYECKOH > dek-
THUBHOCTH ITOKa3bIBaeT OoJree Iiesiecoo0pasHoe MpIMEHEHNEe MeTola CKBO3HOI (rIbTpa-
uH. OTOT MeToJ OyaeT paboTarts Ooisiee 3(hEKTHBHO, KOTAA Kamepa CYIIKH paboTaer
II0J] pa3peKEHUEM, CO3/1aBAEMBIM BCACHIBAIOIIIMM TPYOOIIPOBOJOM BEHTUIIATOPA.

OKCHepUMEHTaNIbHbIE UCCIIEI0BAHUS 10 CYLIKE IEHOPE3HHBI IOCE OTMBIBKH, IIPO-
BeneHHble U.@. TTnkycom, moxasamy, 4to Hanbosee 3()(PEKTHBHBIM METOJIOM SBIISETCS
IPUMEHEHNE BEHTWISATOPA, KOTOPBIH COKpalaeT BpeMsl CyLIKU Ha 5%, a B cilydae IpH-
MEHEHUS BO3AYXOAYBKH MOXKeT pocrurarb 50%. OpHako MpUMEHEHHE BO3LYXOIYBKU
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PE3KO MOBBIIIAET 3aTPAThl SHEPIUH Ha CyHIKy. [loaTomy Goree merxecoobpasHO mpuMe-
HEHHE BEHTUIITOPOB BHICOKOTO JABIEHUS C CYIIKON BO BCACBIBAIOLIEM TPYOOIIPOBOJE.

B mecToii riaBe Ha OCHOBE TEXHOJIOTUYECKOH CXEMbI H3TOTOBICHUS IIEHOPE3UHBI
C HCHOJIb30BaHHEM JIAGHPHHTHOTO BCIIEHUBATEIS MPEIOKEHO MaTEMaTHIECKOE OIuCa-
HUE Ipolecca, KOTOPOE YCTaHABIMBAET CBSA3b BBIXOIHBIX N1APaMETPOB BEJIMUUH C BXOA-
HBIMU, OIPEACISIONIMMHY PEKUM BEJICHUS IIPOLIECCa.

OKOHOMHYECKYIO II€I1€CO00pa3HOCTh NPHMEHEHHSI BCIICHHBATENs JIAOMPHHTHOTO
TUIA, KOTOPbIA MOKET 3aMEHUTh JIATEKCHBIN HACOC, MOKHO OLIEHUTh IyTEM CPaBHEHUS
3aTpaT MOILHOCTH IPH paboTe ¢ CyIECTBYIOLIEH TMHUEH U B ClTydae 3aMEHBI HACOCA Ha
BCIIEHUBATEb.

Jlis CpaBHUTENBHOIO pacdyeTa HNPUHUMAeM IIPOU3BOJUTENBHOCTh IO JAaTEKCy B
000MX cITydasx oANHaKOBEIH U paBHEI O = 200 kr/4. [[ppyHAMaeM MOIHOCTH JIATEKCHO-
ro Hacoca N, =2,1 kBt. MonmHocts N, BcrienuBatens ¢ yaeroM ero KITJI u xosddumm-
eHTa 3amaca OyJeT paBHa

N, 2:0,075
N,=K—+=—"—-=043kBr, (39
n 0,35

rne K — xodddumment 3amaca;  — KI1J1 BcneHuBatedst.
3aTpaThl MONHOCTH HA SIMHUILY MPOAYKIIAH CYIIECTBYIOMIET0 000PYI0BaHNUS

s, = 2L = 00105 xBr- wier. (40)
200

3arpatsl pu paboTe BCIICHUBATENS TAOMPHHTHOTO THTIA

043

S, 0 =0,00215 xkBr- u/kr. (41)

OxoHOMIYecKast 3(PHEKTHBHOCTD

_ S, _ 00105

=21 22 488 (42)
S, 0,00215

2

[puMeHeHue TaOUPUHTHOTO BCIICHUBATENS COKpam@aeT B 4,88 pa3a 3aTpaThl dJeK-
TPOIHEPTHHU Ha SIIMHUILY BBITYCKACMOMN MPOIYKITHH.

OCHOBHBIE PE3YJIBTATBI 1 BBIBO/IbI 11O PABOTE

1. IlpennoxeHa HOBas KOHCTPYKLMs BCIIEHMBATEJIs JATEKCHOM CMECH B IIPOM3-
BOJICTBE IIEHOPE3UHBI, KOTOpasl IO3BOJIIET HE TOJIBKO IOJIy4aTh IE€HbL, HO U UX TPaHC-
IIOPTUPOBAHHUE K IIOCIIENYIONIEH TEXHOJIOTHYECKOH OIepaLiy.

2. TlpoBemeHHBIE SKCHEPHUMEHTAJBHBIC MCCICIOBAHUS BCIICHHBATEINS JIAOMPUHT-
HOTO THUIA NOATBEPXKJAI0T BOBMOXKHOCTb €0 IPUMEHEHUS KaK /ISl BCIIEHUBAHUS JIATEK-
ca, TaK U €ro TPaHCIOPTUPOBAHUS.
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3. IlpemmoxxkeHa MeTOMWKA ITONYYCHHUS IEHHI BO BCIICHHBATeNe JAaOHPUHTHOTO
THTIA, KOTOpPas MOATBEPXKICHA Pe3yIIbTaTaMH MPOBEICHHBIX YKCIICPHMEHTOB.

4. Ha ocHOBe 3KCHEPUMEHTAIBHBIX JaHHEIX pa3paboTaHa 3aBUCHMOCTD TTOTyIeH-
HBIX pa3MePOB BO3/YIIHBIX ITy3BIPHKOB MIEHBI OT TEXHOJIOTUYECKUX MTAPAMETPOB BEIACHUS
Iporecca BCIICHUBAHHS.

5. Tloka3aHO, 4TO ¢ yBEJIMYEHUEM 4YHCia OOOPOTOB BpAlLEHHsS POTOpa pasMep
My3bIPHKOB YMEHBIIACTCS M YBEITHYUBACTCS UX MOHOUCIIEPCHOCTb.

6. Jlnsa Bcex peXUMOB PabOTHI BCHICHHBATENS KPUBBIE PACIIpENeICHHS PasMepoB
ITY3BIPHKOB MPUOIMIKACTCS K 3aKOHY HOPMAJBHOTO PacHpesieNieHHst ¢ MaTeMaTHIeCKUM
OXKHJIaHUEM, OTIPEICIISIONIM CPETHIH pasMep ITy3BIPHKOB.

7. Pa3paboraHa MeTo/MKa pacyeTa BCIIEHUBATENS, KOTOPAs MOXET OBITh HCIOJIb-
30BaHa MPH IIPOSKTHPOBAHUH HOBOTO 00OPYIOBAHUS JUTS TOTYIECHUS IICHOPE3NHBL.

8. IlpemmoxxkeHa MeTOAMKAa HWHKEHEPHOTO pacyeTa IIOJyd4eHHs HEHOPE3WHBI ¢
HCIIONTb30BaHMEM BCIICHMBATEIIS TAOMPHHTHOTO THIIA.

9. Ha ocHOBe IMpPOBEICHHBIX TCOPETHYECKUX M HKCHEPUMEHTANBHBIX HCCIICIOBA-
HUH pa3paboTaHa KOHCTPYKIHS JTAOMPHHTHOTO BCIICHWBATEINS IUISI MPOMBIINIEHHOTO
IIPON3BOJICTBA.

10. Pa3paboraHa MeTOAMKA pacyeTa ONTHMAIBGHON UIMHBI KaMepHl XKeTaTHHUPOBa-
HUS-BYJIKaHU3AINH.

11. IpemnoxxeHbl ypaBHEHUS, ONUCHIBAIONIE paOOTy BAIKOBON OTKHMMHON MAIlHi-
HBI B MIPOIIECCE OTMBIBKH MEHOPE3MHBI OT TpUMeceii, KOTopasi MOATBEPKIACTCs IKCIIe-
PUMEHTATBHBIMH JTAHHBIMHU.

12. Pemena B aHammTH9ecKor hopMe 3a1ada TEIUIONPOBOTHOCTH JIATEKCHOI TICHEI
IIPU CYIIKE ITOCTIe €€ OTMBIBKH.

13. IlokazaHa 53KOHOMHUYECKAs I€IeCO00Pa3HOCTh HIPUMEHEHMS BCICHUBATEIS
JTaOMPHHTHOTO THIIA B TEXHOJIOTHYSCKOH CXeMe M3TOTOBIICHNUS IEHOPE3HHEL.

14. MeToaukH pacdera ONTHMAIBHBIX ITAPaMETPOB BCIICHUBATEIIS, arperara xea-
TUHHpOBaHUS—BYIKaHu3anuu (AJKB), MalMHBI 1O OTMBIBKE ITEHOPE3HHBI MPHHSTHI
OAO «HUMPTMam» (r. TamOOB) i TPOMBIIUICHHOTO INPOCKTHPOBAHUS JIMHUH
[0 TIPOHM3BOJCTBY MEHOPE3WHEI, C pa3pabOTaHHBIM BCICHHBATEIEM JIAOHMPHHTHOTO
Tna. PacdeTHpi SKOHOMHUYECKHH 3((EKT OT pe3yabTaToB pabOThl COCTABISIET
245 ThIC. p. B TOA.

15. Pe3ynbTaTel IPOBEACHHBIX HCCICHOBAHMH W CO3JaHHAs Ha WX OCHOBE MHXKe-
HEepHasi METOJMKAa U NPOrpaMMHOE oOecredeHne OBUIM HCIIOJIBb30BAaHEl M BHEIPCHEBI B
y4eOHBI Tporiecc TaMOOBCKOTO TOCYJapCTBEHHOTO TEXHHYECKOTO YHHUBEPCHTETa H
WCIIOJNIB3YIOTCS TIPU TOATOTOBKE MHXKEHEPOB 1O cnenuaibHoctH 655400 «OHepro- u
pecypcocheperaronme IpoIecchl B XAMUYECKOH TEXHOJIOTHH, B HEYTEXUMHIH M OHOTEX-
HOJIOTHW» B PaMKaX JUCHMILIMHBI «O00pyIOBaHUE LIS MepepaOdOTKH MOIMMEPHBIX Ma-
TEpHAJIOBY.
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OCHOBHBIE OBO3HAYEHUA

Z — YMCIIO 3aXOJIOB BMHTA; dy, — NPUBEJIEHHBIH IUAMETP MPOXOJTHOIO CEUEHMS;
L — OKpYXHasi CKOPOCTb POTOpa; | — AMHAMHYIECKHH KO3(QUIMEHT BA3KOCTH JIaTeKca;
p — IUTOTHOCTbH JIaTeKca; F — MPOXOJHOE CEUCHHE BCIICHUBAaTeNs; [1 — mepuMeTp mpoxoi-
HOTO CEYCHHS, Ry — pajiyC THIPaBINYCCKUIi; L, — JUIMHA KaMephl JKeJIaTHHUPOBAHUS,
L, — nnvHa KaMepsl ByJIKaHuW3amuu, L, — oOllas JUIMHA arperaTa >KelIaTHHHPOBAHUS-
BYJIKAHU3aIHH.

OCHOBHOE COJIEP’KAHUE JJUCCEPTALIUU U3JIOKEHO
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