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BBEJIEHUE

Axmyanvnocme npoodaempt. Coznanue MagoradapuTHOW TEXHUKH IS IEpeEpa-
OOTKM CBIpBSl Y MPOM3BOAUTENS — HauOosee 3P(PEKTUBHOE HAMPABICHUE PA3BHTHUS
CEJIbCKOXO3SUCTBEHHBIX (C.-X.) MPEANPUATHH. [N CHMXKEHWS SKCIUTyaTallMOHHBIX
3arpar npu TepMooOpabOTKE C.-X. CHIPbS HEOOXOAMMO MPETYyCMOTPETh NEPCIICKTHB-
HBIC UCTOYHUKH TeMIA. MICMOJIb30BAHNE SHEPTHH SJIEKTPOMATHUTHBIX U3JTyUYEHUH AJIst
ATUX LEIEH OrpaHUYECHO M3-3a CIIOKHOCTH OOECIEeUEHUs] TOTOYHOCTH TEXHOJOTHYE-
ckoro mporecca. CylecTByIOIMeE paboure KaMmepbl CBEPXBBICOKOYACTOTHBIX (CBY)
YCTAaHOBOK MO3BOJISIFOT TPAHCIIOPTUPOBATH CHIPhE Yepe3 OOBEMHBII PE30HATOP B CITy-
Yyae HaJIW4Ms 3alpeaesIbHbIX BOJTHOBOAOB, OTPAHMYMBAIOIIMX MOIIHOCTH MOTOKA W3-
JYUYEHHS, OHM CJIOHBI 10 KOHCTPYKLIMH, U BO3HUKAKOT TPYAHOCTH MPH HACTPOHKE
ANEKTPOAMHAMUAYECKON cucTeMbl «CBY reHeparop - 00bEMHBIH pE30HATOP - CHIPHE)
Ha HEOOXOIMMYKO 4acToTy. [IIMpOKOMY BHEAPEHUIO TAKUX TEXHOJIOTHNA MPEMSATCTBY-
€T CJIOKHOCTh U JIOPOrOBH3HA UCTOYHUKOB AJICKTPOMATHUTHBIX U3JIYYCHUN. ATTBTEP-
HATUBHBIM JCIICBBIM BapuaHToM CBY MCTOYHMKA SIBJISIETCS MArHETPOH OBITOBOM
MUKPOBOJIHOBOH neur. /lanHas paboTa nocBsieHa 000CHOBAHUIO METOI0B MOBBILIIE-
HUS 3P(PEKTUBHOCTH arpOMHKEHEPHBIX TEXHOJIOTHHA (PEaTM3yeMBbIX KOMILIEKCOM
CBEPXBBICOKOUYACTOTHBIX YCTAHOBOK ), OMPEACIICHAI0 HAMPSHKEHHOCTH 3JIEKTPUYECKO-
IO MOoJisl B 3aBUCUMOCTH OT (D)YHKIIMOHAIBHOW LIETH TEXHOJIOTMYECKOTO MPOLEcca U
CTPYKTYPHI ChIpbsi, OOOCHOBAHWIO KOH(pUTypalMu U 00beMa PE30HATOPHBIX Kamep,
00ECNEUNBAIINX PABHOMEPHBIA BHYTPCHHUH TEIUIOOOMEH B CBHIPBE B IPOLIECCE
TEpMOOOPAOOTKH B TOTOYHOM PEKUME.

OCHOBBIBaACh HA CYIIECTBYIOIIMX TEXHOJOTHSIX TEPMOOOPAOOTKH CHIPBS, PYKO-
BOJICTBYSICb TEOPUEH AJIEKTPOMATHUTHBIX BOJIH, MPEUIAracTcsl BO3ACHCTBOBATH SHEP-
TMEH 3JIEKTPOMATrHUTHBIX M3YYEHHH Ha C.-X. ChIPbE MPU TPAHCIOPTHPOBKE B Che-
puueckux pesonamopax B pa3pabOTaHHBIX M M3TOTOBJIEHHBIX oOpasunax CBY ycra-
HOBOK. Kputepusimu oneHkn 3(p(PEeKTHBHOCTH pa3padaThiBAEMOr0 TEXHOIOTMYECKOTO
000pyIOBaHUS C 3JIEKTPOMArHUTHBIM M3NyueHueM (OMU) SBISOTCS CHUYKEHUE DKC-
IUTyaTallMOHHBIX 3aTpaT Ha TEPMOOOPabOTKY C.-X. CHIPbs M YJIYUIIEHUE KAueCTBa

MPOAYKIIMM, OIEHUBAEMOE YEpPe3 OPraHoJECNTHUCCKUE, (PUBUKO-XUMUUYCCKUE U MHUK-
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pobuonornueckre nokaszarenu. [103ToMy opraHm3anus MOTOYHOCTH TEXHOJOTHYE-
CKOTO Tporecca TepMooOpadboTKl U 00€33apa’kuBaHUs ChIPbsl C MOMOIIBI0 pa3pado-
TaHHbIX CBY ycTaHOBOK ¢ 0OBEMHBIMU PE30HATOPAMH B SKPAHUPYIOLIEM KOPIYCE C
3anpeacibHbIMA BOJTHOBOAAMMU, AKHIYAIbHA.

Hayunaa npobaema — nobilieHue 3PPEKTUBHOCTH MPOLIECCOB TEPMOOOPAOOTKH
C.-X. ChIPbs U YAYUYLICHUE KQUeCTBA MPOAYKTA.

Cmenensv pazpadomannocmu mempl. bolboi BkIaa B pa3paboTKy crnocoOoB
TEpMOOOPAOOTKH C.-X. ChIPbs C WCIOJIB30BAHUEM (PU3HUYECKUX (PAKTOPOB BHECIH W3-
BECTHBIE yueHbIe, Takue Kak: A.B. JIeikoB, A.C. I'mu30ypr, M.A. Poros, B.H. Pac-
ctpuruH, BepHep Manbtpu u ap. HecMoTps Ha HamuMuuMe Pas3iMyHbIX MOIXOAOB K
cnocobaM M cpeAcTBaM TEPMOOOPAOOTKHM C.-X. ChIPbs B padOTax yYEHbIX HEIOCTa-
TOYHOEC BHUMAHHUE YJEIICHO BIMSHUIO MHOTUX TEXHOJIOIMYECKUX (PAKTOPOB HA Kaye-
CTBO MOJIY4YaeMOro NMpoAyKTa. AHaJIN3 MCCIEAOBAHUN, BBIMOIHECHHBIX MHOTUMH aB-
TOpaMH, MO3BOJIET BBIJACIUTH OCHOBHBIE Y3Jbl, TPEOYIOMIME AATBHEHIIETO COBEp-
LICHCTBOBAHUS NIPH TEPMOOOPAOOTKE CHIPBS C MCMONB30BaHUEM SHEPruu OMU: 310
OCYIIECTBIEHUE NOMOYHO20 pedrcumMd TTPA MAKCUMAIIBHON TOOPOTHOCTH OOBEMHOIO
pPE30HATOPa, 00ECHEUYMBAIOLIETO BbICOKYIO HANPSICEHHOCHb JIIEKTPUUYECKOTO MO,
OPU KOTOPOH MPOMUCXOIUT 00€33apaKMBAHUE MPOAYKTA, pa3pabOTKa MHOIOMO/IYJIb-
HBIX 1 MHOTOI'€HEPATOPHBIX YCTAHOBOK JUIsl PEPMEPCKUX XO3SHCTB.

Ilenvto uccneooeanusa sBAseTCs NMOBBIMICHAE YPPEKTUBHOCTH (PYHKIIMOHUPOBA-
HUSl YCTAaHOBOK ISl TEPMOOOPAOOTKH C.-X. ChIPbs BO3ACHCTBHEM 3JIEKTPOMArHUTHBIX
W3IYYEHUI U COBEPIICHCTBOBAHUE WX OCHOBHBIX pPa0O4YMX OPraHoB, 0OECIECUMBarO-
HIMX YJYYIICHUE Ka4eCTBA MPOAYKTa C HAMMEHBIIMMHU JKCIIIYaTAMOHHBIMU 3aTpa-
TaMHU.

3aoauu uccneoosanui:

1. PazpaboTare METOAMKY MPOEKTUPOBAHUS M TEXHOJOTMYECKOTO PACUETA OCHOBHBIX
Y3J10B YCTAHOBOK, MPEAHA3HAYCHHBIX JUIs TEPMOOOPAOOTKH PA3TMYHOTO C.-X. CHIPBSI.

2. Teopernueckn 00OCHOBATh JJIEKTPOJMHAMUYECKHE XAPAKTEPHUCTUKH CUCTEMBI C
Y4ETOM KOHCTPYKTHBHBIX OCOOCHHOCTEH OOBEMHBIX PE30HATOPOB, 0OECIICUMBAOIINX

NOTOYHOCTh TEXHOJOTHYECKOTO MPOoLEcca TEPMOOOPAOOTKH C.-X. ChIPbS.
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3. O00oCHOBaTh KOHCTPYKTMBHO-TEXHOJOTMYECKUE TMAPAMETPBI U PEKUMBI PabOTHI
CBUY ycTaHOBOK Ha OCHOBE MCCIEAOBAHUH MHUKPOOMOIOTMYECKUX U3MEHEHHUH CHIPhS
B IIPOLIECCE TEPMOOOPAOOTKH [UIsl CHCTEMHO-KOMILJIEKCHOTO PELICHHS 3a/1a4M TOBbI-
HICHHS KQUeCTBA MPOAYKLIHH.

4. PazpabotaTe 1 anpoOMpOBaTh B MPOM3BOACTBEHHBIX yciaoBusax CBU ycraHOBKH
Ui TEPMOOOPAOOTKU C.-X. CBHIPbs, OLEHUTh TEXHUKO-3KOHOMUYECKYIO 3(h(eKThB-
HOCTh UX MPUMEHEHHS B (PEPMEPCKUX X035 HUCTBAX.

O0vekmom uccneooeanus SBISOTCA TEXHOJOTUYECKAE KOMIUIEKCHI U TTPOLIECCHI,
NPOTEKAIIIUE MPU TEPMOOOPAOOTKE PA3IMYHOIO C.-X. CBHIPbS C HCIOJIB30BAHHEM
sHeprun DMU; skcneprMeHTaIbHBIE H OTIBITHBIE 00pa3iibl YCTAHOBOK M UX padoune
Oprasbl — 00bEMHBIEC PE3OHATOPHI C YCTPOHCTBAMU BBOJA U BBIBOJA MPOAYKIIMH B MO-
TOYHOM PEXUME; TOTOBAsE TPOYKIIMSL.

Ilpeomemom uccnedosanusa sBNSETCS BBISBICHUE 3aKOHOMEPHOCTEN BO3JACHCTBUS
OMMU Ha c.-X. cbIpbe A 3PPEKTUBHOrO (PyHKIMOHUPOBAHMS YCTAHOBOK B MOTOY-
HOM PEKHME.

Memooonozusa u memooul ucciedoeanuil. ViccnegoBanue 3aKkOHOMEPHOCTER TeX-
HOJIOTUYECKUX MPOLIECCOB BBIMOJIHEHO HA OCHOBE HAYYHOW TMMOTE3bI O MOBEACHHUU
ANEKTPOAMHAMUYECKUX CHCTEM NPU OOECHEUYCHHH MOTOYHOIO PEKMMA TEpMOoOpa-
OO0TKHM ChIPbs, peamn3oBaHHOro B CBY ycTaHOBKax ¢ c(hepruuyeCKMMH PE30HATOPAMH.
[TpUMEHUTENBHO K MPOOIEMATHKE UCTIOIB30BAH KOMILIEKC CYIIECTBYIOIMX 0Aa30BbIX
METOJIOB MCCIEAOBAHUS, MO3BOJUBIIMX BBISIBUTH HOBOE KOHCTPYKTHBHOE MCIIOJIHE-
Hue pabounx opraHoB CBY ycTaHOBOK B BHJE MEPEABMKHBIX CHEPUUECKUAX PE3OHA-
TOPHBIX KaMeP, PACHOOKEHHBIX B SKPAaHUPYIOLIEM KOPITyCe € 3aNpeIeIbHBIMU BOJI-
HOBOJAMU. Teopusi nocmpoena Ha WCTIOIb30BAHUHM M3BECTHBIX MOJIOKCHUN TUAIICK-
Tpudeckoro Harpesa CBY numamasoHa, 3JIEMEHTOB TEOPHM JJIEKTPOJAMHAMHYECKUX
cucreM CBY yCTaHOBOK M PAacpOCTPaHEHHS JIEKTPOMArHUTHBIX BOJH B 0OBEMHBIX
pe3oHaropax. /[iist akcnepumMeHmaibibiX UCCIECA0BAHNN MPUMEHSIIUCH CEPTUPULIMPO-
BaHHBIC AJICKTPOM3MEPHUTEIBHBIC IU(PPOBbIE TPUOOPHI U anmnaparypa, 00ecreunBaro-
M€ JOCTATOUYHYE) TOYHOCTh PE3YJbTATOB, CTAHJAPTHAS METOIMKA OLICHKH BOCIPO-

M3BOJUMOCTH 3(P(PEKTHBHBIX PEKUMOB PAOOTHl YCTAHOBOK, YMCIEHHBIC METOMABI Pe-
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HICHHS 337a4 MPU TEOPETUYECKON pa3pabOoTKE MATEMATHUYECKUX MOJIENCH MPOLECCOB
TepMooOpaboTKH Chipbs. [loaTBEP)KACHHE 3aKOHOMEPHOCTEN TMHAMKUKHN HArpeBa Chl-
Pbsl B IEPEABMIKHBIX PE30HATOPAX JOCTUTACTCS M0 HATYPAIBHON BENMUYMHE KPUTEPUS
OllcHKU (pakTopoB B mporiecce ampodanuu CBY ycTaHOBOK B MPOM3BOACTBEHHBIX
ycnoBusix. [Ipu 000CHOBaHMM BIIEKTPOTEXHOJOTUYECKUX MPOLIECCOB U TEXHUUYECKUX
pPELIECHUI MCMOIB30BaHA C€IMHAs CUCTEMA B3aMMOJCHCTBUS OCHOBHBIX Y3JIOB yCTa-
HOBKHM: MCTOUYHUK CBY u3nyueHus, 00bEMHBII PE30HATOP, 3aNPEAECIBHBIE BOJHOBO-
Ibl, 3aMEIJIAIOIIME M SKPAHUPYIOIIME JIEMEHTHL. B McCae10BaHuAX MOIb30BAINACH
METOJMKON aKTHBHOTO IIAHMPOBAHHS TPEX(AKTOPHOTO SKCTEPHMEHTA THMa 2° H
CTATHCTUYECKOIH 00pabOTKOM pe3ysIbTaTOB UCCICAOBAHHS ¢ TPUMEHEHUEM KOMIIBIO-
TepHbix mporpamm Microsoft Excel 10.0, Statistic 5.0, TpexMepHOro MOAEITHPOBAHHUS
KOHCTPYKTUBHOTO ucnosHenuss CBY ycranoBok B nporpamme Kommnac-3D V15. B
padoTe 0OOCHOBBIBAKOTCS METOBI PacUeTa U KOHCTPYMPOBAHUSI OOBEMHBIX PE30HA-
TOPOB, B TOM YHCJIE OCOOCHHOCTH MPOCKTHPOBAHMS YCTAHOBOK C MEPEIBHYKHBIMU
chepuyeckumu pezoHatopamu CBY reneparopos.

Paboma omnuuaemes om cywecmsylouux uccie0o6anuti — METOAMYECKAM 0000-
HICHUEM JJIEKTpoauHaMudeckoi cructeMmbl «CBY reneparop — o0beMHBIA Pe30HATOD
— CBIPbE» C PA3NIMYHBIM KOHCTPYKTHBHBIM UCIOJHEHHEM paboueil kamepsl, obecre-
YUBAIOIIEH MOTOYHOCTh TEXHOJOTMYECKOIO MpoIecca TEPMOOOPadOTKH U 00€33apa-
YKUBAHUS CBIPBS 32 CYET MHOTOKPATHOTO Bo3aeiicTBus DOMU. M3-3a KOHCTPYKTHBHBIX
0COOEHHOCTEH OOBEMHBIX PE30OHATOPOB YCTAHOBKM UMEIOT CIIEUU(PUKY B TPUHIIMITAX
paboThl, B METOAAX MPOCKTUPOBAHUS Y3JIOB M BCEX DJIEMEHTOB MEPENAYM SHEPTrUU
OMMU oT m3nyuarens B ChIPbE B LETOM. B KOHCTPYKTHBHOM OTHOIIEHWH 3JIEKTPOAH-
Hamuueckue cuctembl CBY reHepaTopoB OTIMYAKOTCS cosMeueniem nepeoGUIHCHbIX
PE30HAMOPHBIX U JYYEBbIX KAMED, PACHONOINCEHHBIX 8 MOPOUOUIbHOM SKPAHUPYIO-
wem kopnyce. B CBY TexHHKe Takol cnoco0 nepesayd SHEPrUU COCTABISIET CaMO-
cmosimenviiylo obnacme uccieoosanus. [Ipouecc TepMoOOPaAOOTKH C.-X. ChIPbs OMH-
CBIBACTCS PEUICHHEM KPAacBOM 3a1auM TEIUIONEPEHOCA B MPUOJIMKEHUM 3aJaHHBIX
NapaMeTPOB BJIEKTPOMArHUTHOTO TOJISI CBEPXBBICOKOM YacCTOTHI, B CBOKO OYEPENb

HAMJICHHOTO M3 PCIICHUA KpaeBoﬁ 3alavuu JJICKTPOAMHAMHKHW Ha HCKOTOPOM HHTCP-



BaJic BPEMEHU, TIOBTOPSISL PACUETHI JJI HOBBIX MHTEPBAJIOB BPEMEHH A0 JTOCTHXKCHUS
3aIaHHOM TemnepaTypbl Chipbs. [IpM 3TOM MOKHO BBISIBUTH TMHAMHUKY MPOLECCa C
Y4ETOM U3MEHEHHUS BO BPEMEHM AUDIEKTPUUECCKUX U TETUTO(PU3NUECKUX MMApaMETPOB
CBIPbSI, paccuuTaTh KOH(PUTYpanuo U pasMepbl 0OBEMHOIO PE3OHATOPA B COOTBET-
CTBUM C JJIMHOW BOJHBI U KPUTUYECKOH HAMPSHKEHHOCTBIO SIEKTPUUYECKOTO MOJIS,
OIPEACTUTh KOTMYECTBO UCTOYHUKOB M UX PACHOJIOKEHUE B paboueii kamepe.

Jlocmogepnocmb OCHOGHBIX 66160006 U RPEOIOINHCEHUN TIOATBEPKAACTCA: AKTaMU
anpo0anuy W pe3yJbTaTaMu TEOPETUYECCKUX M AKCIICPUMEHTAIIBHBIX HMCCIIEI0BAHUI
CBY yctaHoBOK B JIAOOPAaTOPHBIX W MPOM3BOACTBEHHBIX YCIIOBUSX; MPOTOKOJAMHU
naGoparopun OeacpaibHOTO OKOIKETHOTO YUpEKAeHHs «I 0Cy1apCcTBEHHBINA PETHo-
HAJIBHBIN LICHTP CTAaHAAPTU3ALMN, METPOJIOTUU U UCTIBITaHWI B YyBalickoii pecmyo-
JIMKE», CBUJIETEILCTBYIONMMHU O O€30MacCHOCTH MPOIYKTa, MPOTOKOJaMHU JIadoparo-
pur QeaepaTbHOrO OFKETHOTO YUPEKACHUS 3APABOOXPAaHEHUs «LIEHTp rMrHeHbl U
snuaemMuoniornd B Uypamckod PecnyOnmke - UyBamimsy», NOATBEPKAAIOLIMMHA CO-
Omonenune 6ezonacHoi HopMbl CBY u3nydeHHs mpH SKCITyaTauuu pa3padoTaHHBIX
YCTAHOBOK.

Hoeusna pe3ynomamog ucciedoeanuii COCTOUT: B CUCTEMHOM MOJAXOJE K TEOpe-
THYECKON OLICHKE 3aKOHOMEPHOCTEMN MPOLIECCOB, MPOUCXOIAINAX B IIEKTPOIUHAM H-
YECKMX CHCTEMAaX; B pa3paboTke cnocoOoB BozaciictBus OMMU Ha ceipbe; B paspa-
OO0TKE MaTEMATHYECKUX M PETPECCHOHHBIX MOJEIICH, ONMUACHIBAKOIINX MPOLECCH TEP-
MOOOPaOOTKH CBIPbS;, B COCTABIICHUM METOJIWMKH COIJIACOBAHHMS KOHCTPYKTHBHO-
TEXHOJIOTMYECKAX NAPAMETPOB C PEKMMaMK padOThl YCTAHOBOK C YYETOM KPUTEPHUEB
OLICHKHA MPOLECCOB; B BBISBICHUN PE3EPBOB, MOBHIAKIMNX 3PPEKTUBHOCTE (PYyHK-
nuonupoBanuss CBY yCTaHOBOK €O CEPUUYECKMMHU PE30HATOPaMM Ui TEpMOoOpa-
OOTKHM C.-X. CBIPbSl B OTOYHOM PEKMME; B M3YUCHHUM JTWHAMUKH HarpeBa MpH BO3-
neiicteun OMU Ha crippe B mep(OPUPOBAHHBIX CPEPUUECCKUX PE30HATOPAX;, B Pas-
pabOTKE METOIMKHA MHXKEHEPHOIO pacyeTa napameTpoB YCTaHOBOK Ul TEpMOOoOpa-
OOTKH C.-X. CbIPbs C KCMOJIb30BaHKeEM DMU.

Ilpakmuueckyio 3Hauumocmo npeocmagiaem MeTonuka npoexkrupoanus CBY

YCTAHOBOK C PHEPronoABOAOM B C(PepUUECKUE PE30HATOPHI, O3BOJISIOLIAE AOCTUYD
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MAaKCHMaJIbHOW JOOPOTHOCTH M MOTOYHOCTH TEXHOJIOIMYECKOTO MpoLecca TEPMO00-
PabOTKM Pa3iMYHOrO C.-X. ChIpbsl 0€3 CIIOKHBIX CHCTEM OIPAHUYCHHS M3TYUYEHHS Ye-
PE3 KPAHUPYIOLIUH KOPITYC C MPUMEHEHUEM MAJIOMOIIHBIX MArHETPOHOB.

HoBu3HA TEXHOIOTMYECKUX U TEXHUYECKUX PEIICHUI MOATBEPKAcHA 18 mareHTa-
My Ha u300pereHud. [lokazaHa nenecooOpa3HOCTh MpUMEHEHUs 3Heprun OMU B
TEXHOJIOTHAX TEPMOOOPAOOTKN U 00€33apakKiBaHUs ChIPbs I MOAy4YeHUs: Oe3onac-
HOW MPOAYKIMH W ONMPEACTEHBI PE3EPBbI, MOBBIMIAONIME 3(HPEKTHBHOCTD HIIEKTPO-
JUHAMHAYECKAX CUCTEM. M3rOTOBIICHBI M MCIBITAHBI B MPOU3BOICTBEHHBIX YCIOBUSX
YCTAHOBKH JJIsl TEPMOOOPAOOTKH C.-X. ChIpbs ¢ MCTOUHMKaMU OMMU, mo3ponstomue
CHU3UTh JKCIUTYaTAMOHHBIE 3aTPaThl M YJIYyYNINTh KAUYE€CTBO MPOAYKUMH. BripaGo-
TaHbl PEKOMEHAALMHA IO aNNapaTHO-TEXHOJOTUYECKOMY O(QOPMIICHHIO YCTAHOBOK M
pa3paboTaHbl KOHCTPYKTOPCKUE TOKYMEHTALIMH JUTSl UX U3TOTOBIICHUS.

Peanuzauyua pesynsmamoe ucciaeooséanui. YiccnenoBanus mno paspadoTke ycTa-
HOBOK JIJIsl TEPMOOOPAOOTKH C.-X. CHIPbs ¢ UCTOUHMKaMu DMMU npoBoauiuch B COOT-
BerctBuM ¢ mimanaMu HUOKP ®I'BOY BO «Kazanckuii I'AYy, ®I'bOY BO «Uy-
Bauickas ['CXA» B mabopaTopHbIX W MPOW3BOACTBEHHBIX YCIOBUAX. J[aHHas padoTa
SBJIIETCS YaCThI0 MCCIEAOBAHMNA MO HAYYHOMY OOECIICUEHHMEO PA3BUTHS arporpo-
MBILIJIEHHOTO KOMIIJIEKCA, MMPOBEACHHBIX COITIACHO LIEJIEBOM MPOrpaMMe IO TEMaTH-
yeckoMmy iany MCX P®, paznen «buo,-HaHOoTEXHONOTUMY (00€33apa’KNBaHUE MO-
noka BozxeicteuemM OMMH, 2011 r., TepmooOpadoTka macna-ceipes B OMIICBY,
2013 r., pa3paboTka BBICOKOI((EKTUBHON TEXHOJIOTHH TMOJYYECHHsS MPOAYKTOB Ha
OCHOBE KPOBH YOOMHBIX KMBOTHBIX», 2014 1.). AnpobupoBanne CBY ycraHOBOK Asist
TepMO0OPadOTKH C.-X. Chipbs MpoBoamin: B CXIIK «Coro3» n OIIX «JlenuHckas uc-
kpa» Snpunckoro paidiona YP, OAO «BypHaapckuii msicokomOunaty YP, OAO
«ITpuBomxckoey» Uebokcapckoro paiiona UP.

Pemenune OTAENbHBIX YACTHBIX 33]a4 M0 TEME JUCCEPTAMOHHON PabOThI BBIMOJ-
HEHO MPU YYaCTHM KaHAMJATOB TEXHMYECKUX Hayk: [ A. Anekcanaposoii, A.B. Po-
nuonoBo#, H A. 3yesoii, M.I'. Epmosoii, /[.B. Jlykunoii, B.C. Uesanosa, H.T. Ye3n-
HOro u acnupantoB M.A. Bukroposoii, /[.B. [Topyunkosa, M.I'. Copokunoini, A.H.

®enoposoid, E.I'. MakcumoBa, H. A. Kyropkunoii, T.H. JIaBpeHTbEBOI.
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Pazpaborana TexHuyeckash JOKyMEHTAlMsl HA YCTAHOBKM M WU3TOTOBJICHBI KCIIE-
PUMEHTaJIbHBIE 00pasibl, 00ECIEUNBAKOIIME TEPMOOOPAOOTKY Pa3IUYHON C.-X. TPO-
OYKIHUA. Pe3ynpTaTel HAYYHBIX UCCIICIOBAHWNA MCMONB3YIOTCS B YUYEOHOM MpoLecce
OI'BOY BO «Uysamckas ['CXAy», ®I'BOY BO «Mapuiickuii ['Yy», ®I'BOY BO
«Kazanckuit I'AY», AHO BO «Axamemusi TEXHOJOTMM W ynpasicHus», OI'BOY
BIIO «Mopnosckuii I'Y um. H.IL. Orapesay, ®I'BOY BO «Hwmxkeropoackas ['CXAy,
OI'BOY BO «Mxkesckas ['CXAy». Pe3ynpTarbl UCCIENOBAHUS OTPAKEHBI B 2 MOHO-
rpadusx s NPUMEHEHUS B X03HCTBAaX PETMOHA U CTPAHBI.

Anpobauusa padomsi. Ha BbIC3THOM PACHIMPEHHOM 3aceqaHuu «BIOpo CEKIMU Me-
XaHU3ALWK, ICKTpU(PUKALMA W aBTOMATHU3ALMW» OTACIEHUS CEIIbCKOXO3SMCTBEH-
HbeIx Hayk Poccuiickoil akanemun Hayk (OCXH PAH) omoOpeHsl pe3ynabTaThl BbI-
NOJTHEHHBIX MCCIIEOBAHUI M HampaBlicHUE Hay4yHoi pabothl. (Iloamucu 3amecture-
ns akanemuka-cexkperaps OCXH PAH, unen-xkoppecnonaenra PAH  1O.A. MBano-
B4, 3aBEAYIOUIET0 CEKTOPOM MEXAHW3aLUH, JJICKTPU(PUKALMA M aBTOMATHU3ALNAU
OCXH PAH, n.1.1. FO.X. lllorenosa, r. Kazans, 22.10.2015 r.). PesynpTarsl paboTh
JOJIOKEHBI, 00CYKEHBI HA MEKTYHAPOIHBIX U BCEPOCCUICKNX HAYYHO-TEXHUUYECKIX
koH(pepeHuusx: ®I'BOY BIIO «Kazanckuii 'AY» (2009...2015 r.r.); ®I'BOY BIIO
«Mapwmiickuit I'Y» (2009...2015 r.r.); ®I'BOY BIIO «Bsarckas 'CXA» (2013 r.);
OI'BOY BIIO «Uysamckas ['CXA» (2009...2014 r.r.); AHO BO «Axkanemust Tex-
HoJloruy ¥ ynpasieHus» (2014...2015 r.r.); ®I'BHY «BUSCX» (2014...2015 r.r.).

Yemanoeku oemoncmpupoganuce: Ha pecnyOIMKAaHCKOM KOHKYPCE IPOEKTOB
«3¢¢pexruBnbie myTH pazBuTus AIIK B Uysamickoii Pecrybmuke» (Uebokcaper, 2010
r.); Ha XVII u XVIII BeicTaBkax «Pernonsl — coTpyiHUYECTBO O3 rpaHumy (YeOok-
capebl, 2011...2012 r.r.);, Ha MEKPETUOHAITLHOM HAYYHO-MTPAKTUYECKON KOH(EPEHIIAN
MOJIOJIBIX YYEHBIX, aCMUPaHTOB «MOJObIe YUYECHBIE B PEIICHUW AKTYaJIbHBIX IMPO-
onem coBpeMenHol Hayku (OI'BOY BIIO UI'CXA, Yebokcapsl, 2011...2014 r.r.);
Ha BCEPOCCUICKON HAYYHO-NPAKTHYECKON KOH(EPEHIMN « ATpapHas Hayka — OCHOBA
ycrnemHoro passutus AITK» mpu yuyactuu npeacraButencii agmMuHuctpanuun YP
(3am. mpexacenarens KaOMHETA MUHHCTPOB — MUHHUCTpaA CelbCcKkoro xossiiictea C.B.

[TaBnoBa, 3aM. MuHUCTpa 0Opa3oBaHus U MoJioaexkHOoNW nommutukn C.B. Kyapsmiosa,
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3aM. MHHHACTPa 3KOHOMUYECKOTO Pa3BUTHS, MPOMBILIIEHHOCTH U TOProeiu A.A. BbI-
yeHkoBa, Yebokcapel, 04.10.2012 r.); Ha KOH(PEPEHIMSIX, MOCBALICHHBIX JHIO PA0OT-
HUKOB C.-X. U IEpepadaThIBAOUICH TPOMBILICHHOCTH, MPX YYaCTUH MUHUCTPA CEJIb-
ckoro xo3siictea PO H.B. ®enoposa, (Uebokcaper, 20.10.2012 1., 08.11.2013 r.); Ha
pecryONMKaHCKUX — (PECTHBANAX HAYYHO-TEXHUYECKOTO TBOPUYECTBA  MOJIOACHKHA
«HTTM-UyBamms» (2011...2014 r.r.); Ha koHkypce «I'pant Kazanckoro I'AY mo-
J0JbIM y4eHbIM» (2013 T.).
Peszynomamer ucciedosanuii YOocmoervlt OUNnIOMOs:

- nobeautens KoHKypca «Monoaoii uzodperarens Uypanickoit PecnyOmukuy, 2011
r., 1 «Mosonoit naHoBarop Yysaickoi PecnyOnvkuy, 2011 r.;

- 32 aKTUBHOE y4aCTUE BO BCEPOCCHIICKOM MHHOBALMOHHOM (POPYME arpapHoOi Mo-
JOJEKH W BBICTABKE — JIEMOHCTPALMH JIyYIIUX MHHOBALMOHHBIX MPOEKTOB B c(hepe
AIIK, «Poccuiickoe arpaproe nsmwxkenue — PAJl», UeGokcapsr, 2010...2012 r.r,;

- Jaypeara (QecTHUBals HAy4YHO-TEXHUYECKOro TBOpUYecTBa MOojoaeku «HTTM-
Yysamms», Yebokcapel, 2012 1.

- mpu3epa [X u X pecnyOnMKaHCKAX KOHKYPCOB HAYyYHO-MCCIIEA0BATENBCKAX PadoT
Mostoabix yueHbix «Hayka XXI Bekay, UeOokcapsl, 2013...2014 r.r.,

[TpoekT «Pa3zpaboTka CBEPXBBICOKOYACTOTHON YCTAaHOBKH JJiI TEPMOOOPAOOTKH
KPOBU YOOMHBIX )KMBOTHBIX» ObUT YJIOCTOEH JUIUIOMA 2 CTENEHU U rpanta KazaHcko-
ro TOCYJAPCTBCHHOTO arpapHOro0 YHUBEPCUTETA MOJIOJBIM YUYEHBIM, B HOMUHAIUH
«buorexHomorumy, 2013 r.

[Tpoekt «Pa3paboTka ycTaHOBKH 111 00PaOOTKM KUILIEYHOTO ChIPbs YOOMHBIX KH-
BOTHBIX C MPUMEHEHUEM YJIBTPA3BYKOBBIX W CBEPXBBICOKOYACTOTHBIX T€HEPATOPOBY,
BBITIOJTHEHHBI 1IOJT PYKOBOACTBOM aBTOPA ObLIT YAOCTOCH JUIUIOMA U T'PaHTa Mo Mpo-
rpaMMe «YYaCTHUK MOJOJEKHOTO HAYYHO-WHHOBALMOHHOIO KOHKypca 2015y,
10.04.2015 r.

Tlonoscenus, BBIHOCUMBIE HA 3ALLNATY:
- KOHCTPYKTHUBHBIE M TEXHOJIOTHUYECKUE CXEMBI Pa3pabOTaHHBIX U anpOOUPOBAHHBIX B
NPOU3BOACTBEHHBIX ycnoBusx CBY ycTaHOBOK 1i1st TepMo0oOpaboTKh M 00e33apaxku-
BaHUS ChIPbs, MMEIOLIMX HOBOE KOHCTPYKTUBHOE MCIIOJHEHNE PA0OUMX OPTraHOB;
- TEXHOJIOTUUECKUH MPoLiecc TepMOOOPAOOTKH ChIPhS B MOTOYHOM PEKHUME 3a CUET:
* ONPOKUBIBAOIIMXCS MEPEABMKHBIX CHEPUUYECKUX PE30HATOPOB, PACHOJIOMKEH-

HBIX B 3KPAHUPYIOLIEM KOPIyCE € 3aNpeac/IbHBIMUA BOJTHOBOIAMHY,
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* ep(OPUPOBAHHBIX CPEPUUECCKUX PE3OHATOPOB, MOJKIFOUEHHBIX C YEPEIOBAHU-
eM K uctounuky CBY sHeprum, pacronoXEHHbIX B LAJTUHAPUYECKOM SKPAHUPY-
IOLLEM KOPITyCE;
- MareMaTHYeCKue MoJen nporecca pyHkuuonuposanuss CBY ycTaHoBOK ¢ nep-
(opupOBaHHBIMH CPEPUUECCKUMH PE3OHATOPAMH,
- METOAMKA COTJIACOBAHUS KOHCTPYKTHUBHO-TEXHOJIOTMYECKUX IMAPAMETPOB KIIKOYE-
BbIX pa004YMX OPraHoB ¢ peXUMaMH PadOTHI YCTAHOBOK sl TEPMOOOPAOOTKH C.-X.
CBIPbS C UCIIOJIB30BAHUEM dHEPrun OMU;
- KOMIUIEKC KOHCTPYKTMBHO-TEXHOJIOTMYECKHX MapaMeTpoB M pabodymMx PEeKUMOB
YCTAHOBOK, 00€CNEYNBAIOIINX YIIYUIIEHUE KAYECTBA MPOAYKTA MPU CHUKCHHBIX SKC-
IUTyaTallMOHHBIX 3aTpaTtax, MOATBEPKACHHBIX pe3ysbraraMu 3(PpPexkTuBHOrO (yHK-
LIMOHUPOBAHMSI YCTAHOBOK B MPOU3BOACTBEHHBIX YCIOBHSIX.

Ilybaukayuu. Pe3ynbTaTbl TEOPETUUCCKUX U SKCIICPUMEHTAIIBHBIX HCCIICTOBAHUI
OTpaXeHbI B 86 meyaTHbIX padoTax, B TOM YHCIE 28 — B BEAYIIMX PEUEH3UPYEMBIX
HAY4YHBIX >KypHanax, onpeneneHHbix BAK MunucrepcTtBa o0pa3oBaHus U HAyKH
Poccuiickoii ®eaepanum, B 16 mareHTax, B 2 MOHOTpausx.

Cmpykmypa u 00vem ouccepmauuu. Jluccepranmonsas padota COCTOUT U3 BBE-
JEHUS, WECTU PA3ACIIOB, 3AKIIFOUEHHUS], CIMCKA UCITOJIB30BAHHOM JTUTEPATYPBI, BKITIO-
yatouiero 409 HauMeHOBaHMA W npujiokeHuid. Pabota uznoskeHa Ha 341 crpaHunax,
coaepxkuT 230 pucyHkoB u 60 TabnuiL.

ABTOD BBIPAKACT UCKPEHHIOK OJIAr0AapHOCTh AOKTOPY TEXHUUYECKUX HAYK, MPO-
(peccopy BacuibeBy Anekceli HukonaeBudy U JOKTOPY TEXHUYECKMX HAYK, Mpodec-
copy CropueBomy Bnagumupy denopoBudy, NPUHUMABIIAX y4YacTHe B paboTe Ha
Pa3HbIX €€ 3Tanax Mpy PEIICHUNA OTACIBbHBIX 3a1a4.

Oco0yr MpU3HATENBHOCTh aBTOP NPUHOCUT coTpyanukam OI'BOY BO «Kazan-
ckuii 'AY» u ®I'bOY BO Yysawckoii 'CXA, AHO BO «AkagemMuu TEXHOIOTUU U
YIPaBIEHUS» 34 MOMOILb NMPH Pa3padOTKe, UCIBITAHWNA B MPOW3BOACTBEHHBIX YCIIO-
BUSIX YCTAHOBOK C UCIOJIb30BAHUEM MCTOYHHUKOB JJIEKTPOMArHUTHBIX U3JIYYEHUH IS

TEPMOOOPAOOTKH C.-X. ChIPbSI.
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1 COCTOSITHUE HAYUYHOI ITPOBJIEMBI 1 TIOCTAHOBKA 3AJIAY
NCCJEJOBAHUI

1.1 Anaau3 pecypcoB ChIpbsi H 00bEMOB MPOU3BOACTBA MPOLYKIUH
bazoevie memooonocuueckue pabomsl. Ha OCHOBE aHanu3a CYILIECTBYIOILUX
AAEKTPOPUINYECKUX CTOCOOOB 00PAOOTKH ChIPhs, 00BEMOB UX MPOU3BOJICTBA B PD 1
Yysamickoii PecriyOnuke, U ¢ y4ETOM UX AUAICKTPAYECKUX H PU3UKO-MEXAHUUECKUX
XapaKTEPUCTHK PacCMaTPHUBACTCS COCTOSIHUE M3YUYEHHOCTH mpodsiembl. Mccnenosa-
HUE HAIMPABJICHO HA Pa3pabOTKy METOJOJOTHYECKMX OCHOB COBEPIICHCTBOBAHUS CH-
CTEM TEXHOJIOTUM U TEXHUYECKUX CPENCTB, B pAMKAX PEIICHUS 3a/1a4 UCCIICIOBAHHA.
B 0CHOBY HacTosIIIEr0 MCCIECAOBAHUS TOJIO0KEHBI HAaMOO0JIee 3HAYMMBIE B TEOPUHU U
MPaKTUKE NEPEPAOOTKU ChIphsi padOThI U3BECTHBIX yUeHbIX [29, 30, 352, 358, 363,
364]. Ha ocHOBe aHaii3a W CHCTEMATH3alWU JUTEPATYPHBIX NAHHBIX B 00JacCTH:
Pa3paboTKN mexHos0euYeckoeo 0bopyoosarus Mg NepepaboTKu C.-X. TPOAYKLHAA
(Poros M.A., Ueamos B.U., Tpetbskor H.I1., bontenkoB .M, Xpomeenkora B.M.,
Kypoukun A.A., 3uranumn B.I'., CokonoB B.U. u ap.); meopuu menioobmennuix
npoyeccos (JIsikoB A.B., Harymmn A B., I'un30ypr A.C., Jlypse M IO., ®unonenko
I'K., Ykonos B.C., Pyno6awmra C.I1. u ap.); snexmpomexnonocuu (Ctpedkos /1.C.,
bopomun U.®., Bopoose B.A., Kynpseues U.@., Ilyrnenok H.B., Benaun C.B. u
ap.); hpoyeccwvr u annapamer nuwesvix npoussoocme (Kasenxmii I'.J]., Ilnakcun
IOM. u np.), meopuu obwvemnuvix pesonamopos (Atadbekxo I'H., becconoB JLA.,
[TuensaukoB FO.H., Kpeuto H.H., Helfiman M.C., bynumosuu B.U., Kucyneko ['.B.)
peumaemca npodnema «IloBbiieHre >3HEProdhHEKTUBHOCTH MPpoIiecca TEPMOOO-

PabOTKM CENBbCKOXO3SMCTBEHHOTO CHIPBS M YIIYUIICHUSI KAYECTBO MPOIYKTAY.

B nponecce penienus 3aaa4 1o yCOBEPIICHCTBOBAHUIO MPOLIECCOB TEPMOOOpa-
OOTKH C.-X. CBIPbS, pa3padoTanbl 3(pPeKTHBHBIE 0OPA3LBI YCTAHOBOK C HOBBIMU KOH-
CTPYKTUBHBIMH PELICHUSMHU.

Huoice npoananuzupoeativi 00vemel C.-X. Cblpbsl, KOMOPBIX BO3MONICHO nepepadba-
MI8AMb 8 YCA0BUAX (PepMePCKUX XO3ATICME ¢ NOMOULbIO YCMAHOBOK C UCOYHUKAMU
IOMU ¢ payuornaneHotl npouse00umebHOCHbIO.

[Tpennaraercs cnoco® TepMooOpabOTKM KPOBH YOOMHBIX KMBOTHBIX, KOTOPBIA MO

CpaBHCHHUIO C U3BCCTHBIMUA crroco0amMu MO3BOJISIET YAJIHUHUTE CPOK XPaHCHUA I'OTOBO-
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B UP umMeroTcs nsaTh MICOKOMOMHATOB CPENHEH MOIIHOCTH. B CpeHEM B KaXKIIOM

MSICOKOMOMHATE CIIEAYET nepepadarsiBaTh KPOBb YOOMHBIX KUBOTHBIX B KOPMOBYIO
nobasky 58,5 1/rogq wnm 0,3 T/CyTku. Ecnu mpoM3BOAMTENBHOCTE MPEIIAracMoi
YCTAHOBKH ISl TEPMOOOPAOOTKN KPOBU YOOMHBIX JKUBOTHBIX cOCTapiseT S50 Kr/4, TO
3a 7 4acoBoil padouMii 1€Hb MOKHO CBApUTh KpOBb >KUBOTHBIX 350 kr. Torna nmns
OJTHOTO MSICOKOMOMHATa JOCTATOYHO MMETh OJHOH YCTaHOBKH. B CBs3HM ¢ 3TUM mO-
UCK DHEProcOeperarumx TEXHOIOTHH, 00eCeunBaOIMX KAY€CTBEHHYIO Tepepa-
O0TKY KpOBH YOOHHBIX >KHBOTHBIX W UCTIOJIb30BAHUE €€ B BUAC OCIIKOBOrO KOpMa AJIst
JKUBOTHBIX, akTyajieH. [loaToMy Hamu pazpaboTaHa yCTaHOBKA Jijisl TEPMOOOPAOOTKH
KPOBH YOOWHBIX KHBOTHBIX C UCMOIb30BaHHEM DMMU.

Tabmuna 1.2 — O0beM nepepadaTbiBACMOT0 MHeUpocooepcamieco coipb: [40, 360]

PO qgp OAO «BypHap-
HaumeHoBaHHe CKHH MACOKOMOH-
HaT»
[Ipomssoncreo KPC Ha yboii, 2920 211,9 1542 1/ron
TBIC. TOJIOB/TOT
[IpoussoncTBo cBUHEH Ha YOOI, 1089000 201500 1542 t/ron
rOJIOB/TONT rOJIOB
OObeMm cBuHEl Ha yOOU B *KHBOM Bece, T/TOA 1429320 5300 10000
O6beM ChIpbst (MsICO C KOCTSIMH), T/TON 6000
O6mwem kocreit ot Tymku KPC (18%), 1/ron Msico: 73,6% - 70,5%, Koctu: 22.2% - 25,1%
101250 1080 50
O6wem kocteit ot Tyuku ceunel (12,5%), Msico: 71,6% - 62.8%
T/ron Inuk: 13,6% - 24,4%
Kocru: 13,4% - 11,6%
24000 | 750 50
IIpon3BOAUTENBHOCTD YCTAHOBKHU KI/4 60
KI' B CMEHY 240...250
KonmudecTBo HEOOXOANMMBIX 20 2
MPOU3BOJCTBEHHBIX YCTAHOBOK, IIIT.

Tabmuma 1.3 — O0bem npousBoACTBa KostbacHsix uzdeauit [40, 360]

Haumenosanue PO yp
BCErO 1,6 MaH. TOHH 300 TBIC. TOHH
IIpoussoncteo
KONOACHBIX U3/IETHI COCHUCKH, CapAeNIbKU 480 TBIC. TOHH 58 ThIC. TOHH
KonnuectBo HEOOXOMMBIX YCTAaHOBOK, 11400 1430
MPOU3BOUTENBHOCTRIO 20 KI/4, TIT.
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Tabnuma 1.4 — AHanu3 He0OX0AMMOTO 00BEeMa TIepepadoTKH cyonpodykmos [40, 360]

TToxazarenu PO qp

IIpon3BoacTBO NTUIIBEI HA YOOI, MITH. TOJIOB/TO

(cp. Bec 1 ronossl 1,98 kr) 1111 12,4

IIpousBoncTBO nTHIBI Ha YOO, THIC. T/TOJ 2200 245
TBIC. T/TON 100,1 1,1
ITpon3BoACTBO MAKOTHBIX CyOIPONYKTOB T/MecaI
(cepaLe, MBIIIEYHBIH KEJYOK, TeUYEHb) (17 nneit) 8342 9L7
T/CYyTKH 491 5,4
O06mwem chipbsi, mepepadaTbBAEMOr0 MPOSKTHBIM — 250 2.5
BapUAHTOM
IKCHEePUMEHMAIbHOT
KI/4 3,7...5 3,7...5
kr/cmeHa | 18,5...20,1 18,5...20,1
IIpon3BoauTENBHOCTD
CBUY ycTaHoBKH NpOU3800CMBEEHHOT
KI/9 25 25
KI/CMeHa
KonudecTBo HEOOXoanMBIX npou3BoacTBeHHbIX CBY ycTaHOBOK, 1400 14
INT.
B kaxxpoit ntunedadpuke Heodxoaumo nmers CBY ycTaHOBOK, 1IT. ) 5

1.2 AHaiu3 371eKTPOPU3NIeCKHX NMPOLECCOB H TEXHUYECKHUX CPeICTB,
oGecneynBarOINX 3P PeKTHBHOCTH TEPMOOOPAOOTKH CEJIbCKOX03HCTBEHHOT 0
ChIPbA
Kak u3BecTHO, MpH MPOBEACHUN TEIIO-MACCOOOMEHHBIX MPOLECCOB B MPOAYKTaX

JOJKHBI ObITh COXPAHEHBI WK YJIYYIIEHBl MX MEPBOHAYAIBHBIE CBOKWCTBA
[1, 41, 85, 100, 110]. IlosToMy B 00OpPYyaOBaHHSX ISl TEPMOOOPAOOTKH ChIPbS
PEyCMATPUBAIOT Y3JIbl, MMO3BOISONIME COYETATh TOHKOCTH MPOLIECCA.

Cnocoovl mepmoobpabomrku cvipssa. B HacTosuiee BpeMs TepMooOpadboTKa cellb-
CKOXO3SMCTBEHHOTO CHIPbsSl OCYIIECTBISIETCS HECKOIBKAMHM PA3IMYHBIMU (MM COB-
MEUICHHBIMH ) MeToAaMK. CaMbIMH PACIIPOCTPAHEHHBIMU SIEKTPOPU3NYECKUMU CIIO-
cob0aMHu TEpMOOOPAOOTKHN SBIISIFOTCS. UHPAKPACHDBI, KOHBEKMUGHDbII, KOHOYK-
MUGHBIU U MUKPOBOIHOEbIU Memoobl [390, 391, 392].

Hugpparkpacuwiiit memoo. AKTyalbHOH W TIEPCNEKTUBHOMN SIBIIIETCS TEpMOOOpa-
00TKa TPOAYKTOB C MPUMEHEHUEM MH(PAKPACHOTO M3nyucHus. MHppakpacHoe n3-
JYYEHHE TBEPABIX TeJl 00YCIOBIECHO BO30YKAECHUEM MOJIEKYJ U aTOMOB Te€Ja BCIE-
CTBHE MX TEMJIOBOTrO ABMKEHUS [115]. Ilpu noromennn nH(ppaKpacHOro U3ITy4EHUs
00Jly4acMBbIM TEJIOM B HEM YBEITUUYHMBACTCS TEIUIOBOE JIBHYKEHUE aTOMOB U MOJIEKYIL,

YTO BLIZBIBACT CI'0 HArpCBaHucC. HepeHOC OHCPIUU IPOUCXOAUT OT TCjla € OOIBIINM



18
NOTCHHOHUAIOM IICPCHOCA TCILIA K TCIIY ¢ MCHBIINM IMOTCHIIMAIIOM. HpI/I TaKOM MCTOAC

TepMOOOPabOTKM NPOAYKTOB MH(PPAKPACHOE U3MYUEHUE OMPEACICHHON JJIMHBI BOJI-
Hbl AKTMBHO TOTJIOINAETCS BOAOHM, COAEPKALICHCS B MPOAYKTE, HO HE MOIMJIOMIACTCS
TKAHbEO 00pabaThIBAEMOT0 MPOAYKTA, MO3TOMY YAAJIECHUE BJIArd BO3MOKHO NPU HeE-
BbICOKOH Temneparype (40...60 °C), 4To naeT nNpakTUYECKH MOJHOCTHIO COXPAHUTh
BUTAMUHBI, OMOJIOTUYECKH AaKTHBHBIE BEIIECTBA, ECTECTBEHHBIN LIBET, BKYC U apOMar
NO/IBEPrarOIIMXCsl HArPEBY MPOAYKTOB.

Harper mH(pakpacHbIMM MCTOYHMKAMU PAdOTACT, B CPABHEHMH C MHUKPOBOJIHO-
BBIMU MCTOYHUKAMM, Ha Oojiee BBICOKMX 4YacTtoTax (Ha 2...3 mnopsnaka). CooTBeT-
CTBEHHO, YMEHBIIAETCS TNTyOWHA MPOHWKHOBEHHWS, W HArpeBACTCs TOJIBKO MOBEPX-
HOCTBH ChIpbsi. OCTalbHONH 00BEM ChIPbs MOJIYYACT TEMJIO JMIIb 3a CUET OoJee Me-
JIEHHOT'O MPOoLEecca TEMIOMPOBOAHOCTH. OTO NPUBOAUT K TEPMOMEXAHUUYECKUM TEpe-
HANPSDKEHUSIM M MOTEPE KAayeCcTBA MPOAYKTA. BBICOKAs MIOTHOCTH MOINHOCTH W
ayuias (pOKyCHPOBKA MUKPOBOJIH TPUBOIUT K OOJBIIONH SKOHOMHH 3HEPrun. MHTe-
rpanusi CBY yCTaHOBOK B aBTOMATHUYECKYHO MPOU3BOICTBEHHYIO JIMHAKO JOCTATOYHO
npocra, Onaromapss NPUEMIIEMONW CTOMMOCTH, SKOHOMHYHOCTH M KOMIIAKTHOCTH.
Bo3moxxHa kOMOMHALMS ¢ IPYTUMH BHIAMU 0OPabOTKH.

Koneexmuenolit memoo. 3T0T crioco0 HarpeBa MPOAYKTOB OCHOBAH Ha Mepenaye
TEIIa TPOAYKTY 3a CYET SHEPrUM HArPETOro CYIIMIIBHOIO arcHTa - BO3Ayxa WM ma-
porazoBoii cmecH. [Ipu 3ToM crocoOe HarpeBa 3a c4eT coo0IaeMoi MPOAYKTY Tel-
JIOBOHM HEPrUM MIET UCTIAPEHUE HAXOASAIICHCS B MPOAYKTE BJIArd, a YHOC IMapOB BJia-
I'M OCYLIECTBIIICTCA CYLIWJIBHBIM ar€éHTOM. Heoocmamxu: HarpeB KOHCTPYKLUN U
OKPY>KaKOIIEH CPEabl;, MEPErPEB MPOAYKTA; MOSIBICHUE IUIEHKH, 3aTPYIHSIOICH Tep-
MOOOPAOOTKY M yXYAIIAKWIEH Ka4eCTBO MPOAYKTA (M3MEHSETCS LIBET, BKYC U €CTe-
CTBEHHBIH apoMar NPOAYKTA), PA3BUTHE OKUCIMTEIBHBIX MPOLIECCOB M MOTEPS. BUTA-
MUHOB M OMOJIOTHYECKHA AKTHUBHBIX BELICCTB B MPOAYKTE, HE MOJABISCTCS MEPBUYHAS
MUKpOQIIOpa. Y CTaHOBKH, OOECIEUMBAOIIUE TAKOW METOJ HArpeBa UMEKOT BBICOKHE
yaenabHbIE 3HEpro3arpartsl (ot 1,6 1o 2,5 kBT u/kr).

KonoykmueHulii Memoo HarpeBa MPOAYKTOB OCHOBBIBACTCS HA MEpeaye Temsa
OPOAYKTY IMyTEM HEMOCPEACTBEHHOIO KOHTAKTA ¢ HArPEBAEMON MOBEPXHOCTBIO 000-

pynoBaHus. [IpOIyKT, KOHTAKTUPYIOIMKA C HArPETON MOBEPXHOCTHIO, MEPECYIIABA-
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CTCA, YTO IPHUBOAUT K HeO6paTI/IMOCTI/I nponcCCOB BOCCTAHOBJICHHA. HpOI[YKT TCPACT

30...40% BUTAMUHOB M OMOJIOTMYECKH AKTUBHBIX BEIIECTB M3-3a BHICOKOW TeMIEpa-
Typel B Kamepe. [Ipn KOHIYKTUBHOM HarpeBe MPOAYKTa TEMIO COOOIAETCS BIAKHO-
My MaTepHually TOJbKO OT IPEIOLICH MOBEPXHOCTH W NMEPEIAETCS K OTKPBITOM MOBEPX-
HOCTH MPOAYKTA C MOCJIEAYIOIEH OTIa4Yel €ro B OKpYy’Karlyro cpeay. KomuuectBo
TEIIA, MOIYYEHHOE OT I'PEIOLIEH MOBEPXHOCTH, PACXOAYETCS HA MCMAPEHUE BIAlH,
HA MOTEPH TEIUIA JIYYCHCITYCKAHUEM W KOHBEKIMEH OTKPBITOW MOBEPXHOCTBIO MPO-
AYKTa B OKPYXaroUyro cpeay. J1ons 3TuX moTeph B 0OMIEM pacXoe TEIJIA HEBEIIMKA
U COCTABJISET MaKCUMAIBHO 3...5 %, 4uTo femaet 00opyA0BaHUE JOCTATOYHO 3PheK-
TUBHBIM.

Mukpogonnogutit menod. CBEpXBbICOKOYACTOTHAS SHEPTUSL OYEHb YAOOHBINA UC-
TOYHUK TeIa, 00JIaJatonInii B psiic MPUMEHCHHI HECOMHEHHBIMU TPEUMYILIECTBAMHU
nepe ApyruMu uctouyHukamu. OH HE BHOCHUT 3arps3HEHUI MpU HArpeBe, MpH €ro
WCIOJb30BAHUU OTCYTCTBYIOT Kakue-IuOO MPOAYKTHI CrOpaHus. JIerkocth, ¢ KOTO-
poii CBY sHeprus npeodpasyercst TEIIO, MO3BOJET MOIYYUTh OYEHb BBICOKHAE CKO-
POCTH HArpeBa, P 3TOM B CBHIPbC HE BO3HMKAET Pa3pyLIAOLIMX TEPMOMEXaHUYE-
CKMX HAMpPSOKCHHUNA, €CIM MPEAyCMOTPETh CIEHMANBHBIE 3aMEUISIOIINE CHCTEMBI
[179, 258, 312]. OO0py10BaHKE MOJHOCTBIO AJICKTPOHHOE U PadOTAET OE3bIHEPIU-
OHHO, Onarojaps 4eMy YpOBEHb MOIIHOCTH MOKHO MTHOBEHHO M3MEHsATh. Codera-
Hue CBY HarpeBa ¢ IpyrHMH METOJAMHU HarpeBa JAacT BO3MOXKHOCTb KOHCTPYHPO-
BaTh YCTAHOBKH JJIsl BBIMIOJIHEHUS pa3inuHbiX ¢yHkuuii. CBU HarpeB no3BoJsieT co-
3/1aBaTh HOBBIC TEXHOJIOTMYECKHAE MPOLECCHI, YBEIMUMBATD UX MPOU3BOIUTEIBHOCTh
Y TOBBILIATh KQYECTBO MPOAYKIHMHA. MeTOA OCHOBAaH Ha BO3/JCHCTBHM HA HarpeBac-
MbId TPOAYKT HMHTEHCHBHOTO 3JEKTPOMArHUTHOTO TMOJSi CBEPXBBICOKMX 4YacTOT
(CBUY). [Toxa neficteuem CBY mosist MOJEKYJIbI BOJBI (IMNIOJM) HAUAHAIOT COBEPIIATH
KOJ1€OATENBHBIE U BPALLATENBHBIE ABM)KEHUS, OPUEHTUPYSCH C YACTOTOM MOJIS MO €r0
ANEKTPUYECKUM JIMHUAM. Takum 00pa3oM, pa3orpeB MPOMCXOAWUT BO BCEM 00BEME
OPOAYKTa, mpuueM O0Jiee BIAXKHBIE YYACTKH TMOJYYArOT OOJIBIIE SHEPTAU. 3a CYET
3TOT0 MPOUCXOANT YJAICHUE BIIArd, BapKa MPOAYKTa, U, OAHOBPEMEHHO,— BBIPABHU-
BAHUEC BJIAKHOCTH B 00BbEME MPOAYKTa. MUKPOBOJIHOBAsE TEPMOOOPpadOTKA XapaKTe-

PU3YETCS Malol MPOMO/DKATENIBHOCTBIO M OTHOCHUTENIBHO HHU3KOW TEMIIEpaTypoi
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1.3 {uziiekTpu4eckue 1 Temjiopusniyeckue napaMmeTpsl CbIipbst

JUtst mpaBWIIbHOM OLICHKM puMeHuMOocTH CBY 3HEprum B CiEIMANIBHBIX MPOLIEC-
cax TpeOyeTcs AETaTbHOE 3HAHUE CBOMCTB CHIPhS HA PA3JIMUHBIX YACTOTaX M HA BCEX
craausx npouecca. [TormomenHas MOIHOCTh U MTyOMHA, HA KOTOPYIO 3Ta MOLIHOCTh
NPOHUKACT, OMPEACIACTCSA CACAYIOIUMH (PaKTOpaMH: AUAIEKTPAUYECKON NMpOHULae-
MOCTBIO, TAHT€HCOM YTJIa JUAJIEKTPUUYECKUX TMOTEPh, 4acTOTOi M reomerpueii CBY
cucrembl. [log rimyOMHONH NPOHUKHOBEHHWS MMOHMMAKOT PACCTOSHUE d, HA KOTOPOM
IJIOTHOCTH MOIIHOCTH YMEHbIIAETCSA A0 37 % OT 3HAYEHUs HA NMOBEPXHOCTH, T.€. 63
% HaYaJIbHON JYHEPIUU AJIEKTPOMATHUTHOM BOJIHBI MOTJIOMIAETCS B CHIPHE W IIPEBPa-
aeTcs B TEIO0. ECiM TaHreHe yria JU3JIEKTPUYECKUX TTOTEPh YMEHBIAETCS C TEM-
neparypoi, To mpouecc Harpesa crabwieH (nommomenue CBY sHeprum majmaer c
TEMIEPATYPOIl). ABTOMATHYECKOE OTPAHMYCHUE TEMIICPATYPhl MPOUCXOANUT MPU
HArpeBe ChIPbs, B KOTOPOM MOTEPU 0OYCIIOBJICHBI COIEPKaHuEM BOABL. J1Jist 000CHO-
BaHUsI KOHCTPYKTHMBHO-TEXHOJIOTHYECKUX MapaMeTpoB npoektupyembix CBY ycra-
HOBOK, HEOOXOAMMO 3HaTh AWAJIEKTPUYECKHE XaPaKTEPUCTUKH ChIPbs. [IpoaHanm3u-
PYEM  AMDIIEKTPUYECKHE TApPAMETPbl BOJBI M MCCIEAYEMBIX NPOAYKTOB. KPOBHU
yOOIHBIX )KHBOTHBIX, KWIICYHOTO CBIPbS, MOJIOKA, UL, CIMBOYHOTO MAclia, MICHOTO
ChIpbs U T. 1. [333].

Juinekmpuueckue Xapakxmepucmuku Kposeu y0ounsix sxcueommpix. OIHUM U3
OCHOBHBIX (DaKTOPOB, BIUSIOIIMX HA JUICKTPUUYECCKUE XAPAKTEPUCTUKH KPOBH, SIB-
JSETCSl TEMNEPATYPA, BIAKHOCTh, YTO HEOOXOAMMO YUHMTHIBATH MPU O0OOCHOBAHWUU
PEKUMOB TEPMOOOPAOOTKH. 3aBUCUMOCTh AUAIEKTPUUECKON XapaKTEPUCTUKNA KPOBH
OT TeMIeparypbl OOYCJIOBIEHO W YMEHBIIEHWEM BPEMEHM PENIAKCAlMKM C POCTOM
TEMIIEPATYPbl. YMEHBIICHUE 3HAYCHUS IUAICKTPUYECCKON NMPOHULAEMOCTH C HOGbl-
utenuem memnepamypsi OOBSICHSIETCS ¢ YMEHbIICHHEM (DAKTOPA MOTEPH I BOABI, &
TAK)KE C U3MECHEHUEM (DOPM CBSI3W BJIard B TKaHW, B PE3yJibTare ACHATypanuu Oe-
KoB. B unTepBane temneparyp ot 20 10 45°C 3nadeHus (akropa moTepb Bo3pacTacT
B PE3yJIbTATE MEPEPACIPEACICHUS BIaru, KOTOpass HAYMHAECT BBIACIATHCS NPU JACHA-
Typauuu OEJIKOB W 3aIOJIHAET MOJIOCTH MEKIAY YaCTHLAMH ChIPbs. DTO MPHBOIUT K

YBCIIMYCHUIO YHGHBHOﬁ IIpOBOAUMOCTH, CJICAOBATCIIBHO, K YBCIMYCHHUIO 3HAYCHHA
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cTero. 110 MCPC BO3pPaCTaHuA YaCTOThbl AUDJICKTPHYCCKAA IMPOHMIACMOCTh YMCHbIIIA-

€TCsl 0 TEX MOP, MOKA MEPUOJ HE CTAHOBHUTCS CTOJIb MaJIbIM, 4TO MEMOpaHbl HE
YCIIEBAKOT 3aPsHKATHCS, T. €. KOTJa EMKOCTHOE CONPOTUBIICHUE MEMOPAHBI
CTAHOBUTCSI HE3HAUUTENBHBIM. OTHUM M3 OCHOBHBIX (DAKTOPOB, BIMSIOIIAX HA JIH-
BNEKTPUYECKME XAPAKTCPUCTUKHA MACTA, SBIIETCS BIIAXKHOCTb, COACPXKAHUE >KHPA,
YTO HEOOXOIMMO YUHATHIBATH IPU BEIOOPE PEKUMOB TEPMOOOPAOOTKH. [uanekTpuye-
CKasi MPOHULIAEMOCTb U TAHTEHC YTIJIa JUAICKTPUUECKUX MOTEPL CIMBOYHOIO Macla
MIPYU YBEIIMYEHUH KUPHOCTH YMEHBILIACTCS.
Juanekmpuueckue xapakmepucmuku Hcupocooeprcauieo coipva [ 72, 333].

DNEKTPUUECKUE MTapaMeTPhl OMOJIOTUYECKUX TKAHEH, TaK K€ KaK U Jr00ro Apyro-
r'0 BELIECTBA, MOTYT OBITh 0XAPAKTEPHU30BAHBI AUAICKTPHUECKON TPOHULIAEMOCTBIO U
VACIBHON D3JIEKTPUYECKON MPOBOAMMOCTBIO. DJIEKTPUUYECKUE XAPAKTEPUCTUKH Pas-
JIMYHBIX TKAHEH B 3HAYMTEIILHOM CTENEHW 3aBUCAT OT COACP)KAHWS B HUX BOJIBI C
PACTBOPEHHBIMM B HEH coJiIMU. JKUPOBBIE TKaHU O0JIaJat0T HU3KOH YIEIBHON Mpo-
BOJAMMOCTBIO, & COJNECPKAHUE B HUX AJIEKTPOJIMTOB BECbMA Masio. Bo3pacranue npo-
BOJMMOCTH C YBEJIMUYEHUEM YAaCTOTHI MOKHO OOBSICHUTH COOTBETCTBYIOIIUM YMEHb-
HICHHEM E€MKOCTHOIO COMPOTUBIEHUS MEMOpaHbl KJIETKH, YTO BEACT K BO3PACTaro-
IEMY YYacCTHI0 BHYTPUKJIETOUYHOH Cpeabpl B OOHICH MpPOBOAMMOCTH TKaHu [333].
BONBIIMHCTBO MUILEBBIX MPOAYKTOB, B TOM YHCIIE KMPOCOACPIKALIECE ChIPhE IPE-
CTaBJIIET CO00 € ANEKTPOPU3NYECKON TOUKM 3PEHMS HE COBEPIUEHHBIC AUAIEKTPH-
K. OHM UMEIOT JOCTATOYHO BBICOKYIO AMMIIEKTPUUECKYIO MPOHULIAEMOCTD U HU3KYIO
ANEKTPONPOBOAHOCTh. KullieuHoe ChIpbe COCOOHO MOJABEPraThbCs AUANICKTPUUYECKO-
My HAarpeBy, KOTOPOE€ OCHOBAaHO HA CMEILECHUHU 3apsI0B U CBA3AHHBIX C HUMHU MOJIE-
Kyn (nosspuzaiwu ) npu Bozaekicteur OMIICBUY. [1pu 3TOM Ha nepemMenieHuu 3apsi-
JKEHHBIX YaCTHI] 3aTpaurBacTcs paboTa, KOTOPOE M3-3a HATMYHS BHYTPEHHETO MEXK-
MOJIEKYJIIPHOTO TPEHHUS MPEBPALACTCS B TETUIOTY.

H3mMeHeHne TUBNEKTPUYECKAX MApPAMETPOB KMPOCOAEPIKALLETO ChIPbsl B 3aBH-
CUMOCTH OT YacCTOTHI, BIAKHOCTH, TEMIEPATYPHI NpuBeaeHbl Ha puc. 1.17...1.28. C
YBEJIMYEHUEM YaCTOTHI 32 CYET YMEHBIICHUS EMKOCTHOTO COMPOTHBIICHUS MEMOPaH
BHYTPHUKJIETOYHAS CPENA HAYMHACT NPUHUMATDH YYaCTUE B MPOBEACHUM UOHHOIO TO-

Ka, 4TO IPUBOAUT K YBCIIMYCHHUIO O6I].[€ﬁ IIPpOBOAMMOCTH TKAHH.
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10...11 ¢, u3MEHEHUS TUMBNEKTPUUYECKON MPOHMLIAEMOCTH TKAHEH, CBA3AHHBIE C I10-

JIAPHBIMHA CBOMCTBAMM MOJIEKYJI BOJbI, HAUMHAKOT CYLIECTBEHHO CKa3bIBATBHCS HA Ya-
crotax Beime 1000 MI 1.

Kup nipeacraBisier co00i ¢ IAEKTPOPUINUECKONH TOUKHM 3PEHUST HECOBEPIICHHbII
JMBJIEKTPUK. Takue cpelbl MOTYT MOABEPrarbCs AMANIEKTPUUYECKOMY HArpeBy, CBsl-
3aHHOMY C MOJISIPU3ALMEH, KOTOPast MOKET ObITh 00YCIIOBIIEHA TPEMS MPUUMHAMMU: 1)
MOCTOSIHHBIE TATIONH >KAPA MOTYT TOBOPAYMBATHCS IOJIEM M3 CIYYAHHBIX HaIpaBlie-
HUH B HANPABIICHWHU TI0JIS1, BbI3bIBAS MOJSIPA3ALMIO BCICICTBUE OPUEHTALUU MTOCTO-
SIHHBIX JWIIOJICH, - JUMONbHAS MOJIIPU3ALKUs;, 2) TOJ0KUTEIBHO U OTPULATENIBHO 3a-
PSDKCHHBIE MOHBI MOJIEKYJ KMPAa MOTYT NOJ ACHCTBUEM MOJS TaKXKE MCIBITHIBATH
CMeEILECHUE, 00YCIOBINBAS MOHHYIO MOJISIPU3ALMIO. DIEKTPUUECKOE MOJIE MOXKET BbI-
3BaTh OTHOCUTENIBHOE CMELICHHUE MOJIOKUTEIBHOIO U OTPULATENIBHOIO 3apsia B aro-
M€, HABOJS TAMOJIbHBIA MOMEHT Y aTOMa. JTO €CTh HaBEJACHHAs nonspusanus [333].
JlunoneHas nmonspuzanms xapakrepHa s skupa. B OMIICBY a¢¢ekts nonspusa-
LMK CBS3aHBl C 3aTParod SHEPIMM TIOJIA, TMOCKOJIBKY HENPEPBIBHOE H3MEHEHHE
HaITPaBJICHUS MOISPU3ALMU COMTPOBOKAAETCS BBIICIICHUEM TETUIOBOM SHEPIUM B KU-
pe. Boma sBiserca npeoOnafarOmiuM KOMIIOHEHTOM JIFOOOTO ChHIPbS M OKa3bIBET
MPEAONPEACIIAIOIICE BIMSHUE HA MHOTME KAYECTBEHHBIE XapaKTEPUCTHKU. Boja B
OCHOBHOM  ONpEACHSET  AMAJCKTPUYECKHE  CBOMCTBA  ChIpbd  Onaropaps
PENTAKCAlMOHHBIM SIBJICHHMSIM M B CBS3M C TE€M, YTO OHA BMECTE CONSMHM OOpa3yroT
AneKTposiTel. VITak, mms pelieHus psaa 3aaa4 HeoOX0IMMO 3HAHWE JHMAJICKTpHAYE-
CKUX, (PU3UKO-MEXAHUYECKHUX, TEMIOPU3NYECKUX XAPAKTEPUCTUK, BIUSIOMMX Ha
(OopMUPOBAHUE BICKTPUUYECKUX M TEMIEPATYPHBIX MOJNCH, M MPOLECCOB 3HEPrO-
MaccoOOMEHA B C.-X. CBIPBE.

Temopusnyeckne mapamMmeTpsl CeJIbCKOX0351iiCTBEHHOI0 ChIPbs

Tennogusuueckue napamempuvl Kpoeu yooiiHsix sxcueomuvix. Kposp oOnanaer
3HAUMTENIBHON PacCenBarOIIEii CIOCOOHOCTBIO M XapaKTepU3yeTCsl M30MpaTeIbHBIMU
CBOMCTBAMH MO JJIMHE BOJHBL. E€ ONTHUYECKHE CEKTPATIbHBIE XaPAKTEPUCTUKH 3aBU-
CAT OT JUIMHBI BOJIH JIYYUCTOrO IMOTOKA, & TAKXKE OT NMApPaMETPOB COCTOSIHUS KPOBH

(Temneparypa, AaBJIEHHUE, BIAKHOCT).
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KpoBb sBAsieTCS SKUAKOM TKaHbIO opranu3Ma. OHa COCTaBIISIET B CPETHEM OT HKH-

Boi Maccel: y KPC — 7.5...8,3 %, y cBuneit — 4,5...6,0%. Bszkocte kpoBu KPC
4,09...5,46 mlla-c; ceunbn 5,08..6,76 mlla‘c. [INOTHOCTE KPOBH COCTABJISET B CPEJI-
mem 1052..1060 xr/m’. OCMOTHYECKOE aBJICHHE kpou paBHo 0,75...0,8 Mlla,
Kprockomuueckas Touka — 0,56...0,62°C. Benuunna pH TOIBEKO 9TO COOpaHHOM KPO-
BH PA3JIMYHBIX >KMBOTHBIX HAXOJIUTHCS B mpeaciax 7,3...7,8. [Ipu xpaHeHun KOHCED-
BAPOBAaHHOM KpoBH BenmumHa pH nmonwxkaercs no 6,8...7.,0. DaexmponposoorHocmo
LeNbHOM KpoBd cocTapiser (40...60) 10 CM. BenuunHa cyxoro ocrartka KpOBH Yy
Pa3IMYHBIX BUAOB >KMBOTHBIX cocTaBisieT 19...21 %. Conxepkanue BiIard B KPOBU
KPC cocraBisier 80,9 %, cBunbn 79 %. Coaep:xanue Oenka kpou KPC paBno 17,3
%, ceuHbH 18,9 % [174]. Temnoemkocts kposu 3,88 kJIk/kr °C.

Axycmuyeckue cgolicmed. YACIbHOE aKyCTHYECKOE CONPOTUBIICHUE SIBISIETCS
BOKHBIM NIAPAMETPOM, XaPAKTEPU3YET CBOMCTBA CPEABI MO OTHOLUEHUIO K MPOXOs-
e yepe3 Hee BonHeE. [lormomeHue 3Byka B SKMAKOCTIX OOYCIOBIICHO BSI3KOCTBIO
Cpenbl, a TAKXKE TEMIONMPOBOAHOCTHIO. PacnipocTpaHeHue 3ByKOBBIX BOJIH B CPEE CO-
OPOBOXKIIAETCS MOTEPSIMM HA paccerBaHue. [lokazareny MOrnomEHUss U TIyOUHBI
NPOHUKHOBEHUS [UIsl KpoBU Npu 00paboTke Ha wactote 1 MI'm cnenyromme: ko3¢-
dUIMERT NorTomeH s paeH 2,0 M

Muxpobuanvroe obcemenennocnms COOpaHHOH KPOBH B CPEHEM COCTABIISET
4,368 10° KOE/em’, nonyctumast Hopma 10 100 Teic. KOE/cM’. KpoBb sBIsieTCS 01-
HUM U3 BaXHBIX (DAKTOPOB MCTOYHHUKOB OEIIKOB, YTO JETACT €€ LEHHBIM CHIPbEM ISt
MPOU3BOJCTBA MUIIEBON KOPMOBOM M TEXHUYECKOM mpoaykiuu. M3 kpoBu Beipada-
THIBAOT BBICOKOLICHHBIE OEITKOBBIE KOopMa [139].

Du3uKo-mexanuueckue napamempsl HUpPoCcoOepiHCaueo Colpbs

KupoBble TkaHu 00IaJAr0T HU3KOW yOeivbHOoll nposoOUMOCHbio, a COACPKAHUE B
HUX DJIEKTPOJIMTOB BecbMa Majio [375, 376, 384]. Bo3pacranue mpoOBOJAUMOCTH C
YBEJIIMYEHUEM YaCTOThl MOKHO OOBSICHUTH COOTBETCTBYIOIIMM YMEHBIICHUEM €M-
KOCTHOT'O COMPOTHUBJICHHASI MEMOPAHBI KJIETKH, YTO BEACT K BO3PACTAIOLIEMY YUACTHIO
BHYTPUKJIETOYHOW Cpelibl B 0OWIEH TPOBOAMMOCTH TKaHH. (kopocmb pachpocmpa-
HeHUs. Mennome. CON3MEPEMA CO CKOPOCTHIO 3BYKa M paBHa 0,33°10° m/c, ommako

CKOPOCTDB NICPCHOCA MACCEI B ITPOLCCCC HAI'PCBa COOTBCTCTBYCT IIPUMCPHO
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0,33 10™*...10™). Hepuoo penaxcayuu maccw: Barv B MPOLEcce HATPEBA JOCTHTACT
puoo p Y P Ip

275 ¢. Yoenvrnoe conpomusienue 5KWPOBON TKaAHW, U3MEPEHHOE HA TOCTOSTHHOM TOKE
paBHO 33,3 Om'M. Temnepamypa 3acmuléanysi — BOKHBIA TEXHOJIOTHYECKUIA MTOKa3a-
Tenb npu 00paboTke >kupoB. OHA 3aBUCUT OT TEX ke (PAKTOPOB, UTO W TEMIIEpaTypa
TIaBIeHUs. /{15 TOBSODKBETO KMPA TOT Nokasarens paBeH 38...47°C, a qyist CBUHOTO
— 32...42°C. Tennoemrxocms >KMBOTHBIX KMPOB KoJjicOnercs B npeaenax 1,26...2,09
kJUx/(kr-°K).  Tennoma nnagienusi (CKpbITas TEIUIOTA) >KMBOTHBIX JKMPOB paBHA
(1,21...1,46) 10> Jlx/kr [121, 372].

Tabnuna 1.8 — BIaXXHOCTh W TUIOTHOCTb KMPOBBIX TKAHEH JKUBOTHBIX

Yepesa Bnaxuocts, % IInoTHOCTS,
r/em’
CBuHbIe 21,5 0,91 ...0,92
T'oBsixkbst 14,2 0,93...0,94
Bapanbs 11,6 0,94... 0,95
IITun 8,6 0,92... 0,93

Baszkocmo orcupa 3aéucum B 3HAUUTEIIBHON CTENEHU OT TeMneparypsl. [Ipu teM-
-b
neparypax ¢ ot 40 1o 100°C muramuueckas Bsaskocts (Ila-c) i, = At

rae A u b — smnupudeckue Ko3PQOUIMEHTHI, AJ1 TOBSHKBETO kupa A = 33,4, b = 1.8;
quist ceuHOTO A = 21,5, b = 1,71; nnsa Oapanwero 4 = 23,6, b = 1,7; niast KOCTHOTO 4 =
14,8, b = 1,63. HeoqHO3HAYHO BJIMSHUAEC BJIAKHOCTH MIKBAPbl HA BEJTMYMHY PABHOBEC-
HOI >xupHOCTH. Bosia mmeeT 0oJiee MPOYHYIO SHEPTHIO CBSI3U C CYXUM CKEJIETOM Ma-
TEpHUANIa, MOATOMY MPH €€ A00ABJICHUH MPOUCXOIAT 3aMEIIEHUE KUPA U TEPEBOJT €T0
B 0oJiee CBOOOAHOE COCTOSIHUE, YTO MPUBOJUT K YMEHBIICHAIO PABHOBECHOM KUPHO-
cti. OIHAKO MOKA3aHO, YTO BJIAYXXHOCTH HE NOJDKHA npeBblmarh 9...10 % mns ross-
Kbel 1 6...7 % s CBUHOM IKBAPHI, T.K. MPU OOJBIIAX 3HAYCHUSAX U3-3a PA3KIKE-
HUS WIKBAPbl YMEHBIIAETCS BbIXOJ JKAPA MPU MPOUYMX PaBHBIX ycioBusx [174]. Pas-

HOBCCHAA KUPHOCTL CHMIKACTCA IIPH HMOBBIIICHWUMW OABJICHUS IIPCCCOBAHMA. TaK, I1pu

temmeparype 80°C u BnaxkHocTH IKBaps! 2... 10 % ycTaHOBNEHO, 4T0 &, = Bp™
rae B v n — 35MOUpUYECKUe KO3(PPUIMEHTHI, 3aBUCSIINAEC OT JABICHHS U BIAKHOCTH.
[Tpu BraxxHocTr WKBApsI 5 % KO3QGUUMEHTH B ¥ 7 TPUHAMAKOT CJICIYIOIINAE 3HA-
yeHus npu aapiicann. 2 Mma B =0 ,45, 1n=0,025;

10 MITa B=1,07, n=0,32;

100 Mna B=9 .9, n=0,81.
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Tabmuna 1.9 — OCHOBHBIE 37EKTPO(PU3HUECKUE TAPAMETPBI NTOTPOXOB MTHLBI

Ceoipbe ITapameTpsnl Coipbe
710 BapKu MOCJIC BapKHU
Bnaxuocts, % 72 86
IImoTHOCTS, Kke/m’ 1042...1054 1023...1033
Macca, ¢ 6...6,5 9...95
Y nensHOE cOnpOoTUBIIEHHE ChIPbs, KOM M 7...10 0,1
Cepnue Y nenvsHoe conpoTtusienne paccona, Om-m 2...100
Jvsnexkrpudeckast pOHUIAEMOCTh 53...57 | 65...73
IT10mab MOBEPXHOCTH ChIPBS, M (1,20... 1,25)- 10~
Bnaxuocts, % 72 86
[1I0THOCTD, K2/’ 1096 1050
Mpbineunsnii  (Macca, @ 16...20,5 24...28
XKENyNOK | VnpempHOE conpoTuBienue, KOy m 7...10 0,1
Jnsnexkrpudeckast pOHULIAEMOCTD 53...57 65...73
T1101a1b TOBEPXHOCTHU ChIPbS, M (3,5...4,0)- 10”

1.4. BeiBoasl o pazaeay. lleas u 3apaun uccjieoBanust

B Hacrosiiee BpeMs MPUOPUTETHBIM HAIMTPABIICHUEM TEXHHUUYECKOHN TOJMTHKH B
arpoNpPOMBILJIEHHOM KOMIIIEKCE SBISETCS pa3paboTKa CHCTEMBI MEPCHEKTUBHBIX
MEP MO HACBIIICHUIO CEIbCKOXO3SIMCTBEHHBIX TOBAPONPOU3BOIUTENICH BHICOKOKAYE-
CTBEHHOI, PKOJIOTUYCCKN YMCTOM, OE30MacHOi M HAJIC)KHONH TEXHUKOW. ITO BBITCKA-
€T U3 TOT0, YTO B CTPAHE CHIPHE COCPEIOTOUYCHO ¥ COOCTBEHHUKA — MPOU3BOIUTENS,
a TexHM4YecKas 0a3a no ero nepepaboTke — y APYyroro coOCTBEHHMKA. HeBbIroaHbIe
YCIIOBHS 3aCTABJISIIOT MPOU3BOAUTENS TOPrOBaTh CHIPhEM, MO3TOMY CO3/IaHUE MAJIO-
rabapuTHOM, HaJE)KHOM TEXHUKHM JJIsl OPraHu3aluy NepepaboTKU ChIPbS y €ro mpo-
W3BOJUTENS — Omkaimmii 1 Hanbosee 3((PEKTUBHBIN pPe3epB PA3BUTHUS MPOU3BO/I-
CTBEHHBIX CEIBbCKOXO3SIMCTBEHHBIX MpeanpusaTHii. Kpome TOro, B TEXHOJOTMYECKUX
nporeccax nepepaboTKA B COYECTAHUHA C TEPMOOOPAOOTKON CEbCKOXO03iCTBEHHOM
OPOAYKIMH, & TAKXKE Ui 00€CIeUeHUs] HOPMAIBHOTO (PYHKIMOHUPOBAHUS MAIIWH,
MEXAHU3MOB M OOCITY>KMBAIOIIETO WX NEPCOHATIA HEOOXOIUMBI  HETPAJAULIAOHHBIE
UCTOYHUKHM Tema. [loaromy, ucnone3oBanue cBepxBeicokodactoTHON (CBY) sHep-
MM 7151 TOBBILIEHHUS 3PPEKTUBHOCTH (YHKIMOHUPOBAHHS TEXHOJOTUUYECKUX KOM-
TUIEKCOB, MO3BOJISIOMIMX CHU3UTh SHEPTETUYECKHUE 3aTPAThl HA MPOLIECC U YIIYUIIHATh
Ka4eCTBO MPOAYKLINH, AKHYATbHO.

H3yyenvr (PU3HKO-MEXAHUYECKHAE U AUDJIEKTPAUECKUE XAPAKTEPUCTHKH CHIPbS
Pa3HBIX CTPYKTYP, BIUSIOMIME HA KOMIUJIEKC KOHCTPYKTHBHO-TEXHOJIOTMYECKUAX Ma-

PaMETPOB YCTAHOBKHU (HAMPSLKEHHOCTDH DJIEKTPUYECKOrO MOJIsl, JOOPOTHOCTh U €M-
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KOCTb, YACTbHAS MOLIHOCTB ).

BeneactBue MHOro(akTopHOCTH M cioskHOCTH mpouecca CBY HarpeBa, Heco-
BEPIICHCTBO METOJOB pacyera NapaMeTPoOB OKa3ajloch CACPKUBAIOLIMM (PAKTOpPOM
UX LIUPOKOTO MPUMEHEHHUs. [[pOBEACHBI TEOPETUYECKUE U IKCIEPUMEHTAIIBHBIE HC-
CJICIOBAHMS, BKJIFOUAIOINUE SJIEKTPOJMHAMUYECKHE W TEIUIOBbIE pacdeThl. OIHAKO
B3aMMOCBS3HM 3THX PACYETOB BBINIOJHEHO ¢1a00. braarogaps padotaMm Hay4yHOM IIKO-
ael FO.C. ApxaHrenbckoro Obuia cpopMysiMpOBaHa 3ajavya dJACKTPOAUHAMUKA W
TEMIOMACCOMEPEHOCA, MOJIOKEHHAs B OCHOBY pazpadotku CBY TexHosoruii u pac-
4eTa 3JIEMEHTOB 000pYyI0BaHUs. BT CO3/1aHbl MPUHIIMIHATIEHO HOBBIE KOHCTPYK-
UM pabounx Kamep, 00ECHEeUMBAIOUIMX HArpeB Chipbs. OIHAKO MOJECIMPOBAHHE
CBY TepMHUYECKHAX MPOLECCOB COMPSIKEHO C TPYAHOCTAMHU OMMCAHHSI COBMECTHBIX
ANIEKTPOMArHUTHBIX W TEIJIOBBIX MPOLECCOB, KOTOPBIE 00YCIIOBICHBI 3aBUCUMOCTBIO
JIUBTIEKTPHYECKAX CBOMCTB CBHIPBS OT TEMIIEPATYPhl M M3MEHEHMSI HANPSHKEHHOCTH
ANEKTPOMArHUTHOrO NoJist. OCHOBHOM 3aa4eii sBIsETCS 00€CIeYeHHE PABHOMEPHO-
ro Harpeea o0beMa Chipbsi. B pesynbrare mpeoOpa3oBaHMsl SHEPIHH 3JEKTpPOMAr-
HUTHBIX M3JIyYCHHUN B TETUIO HEMOCPEICTBEHHO BHYTPH ChIPbS 00CCIECUMBAECTCS WH-
TEHCUBHBIN (Da30BBII MEPEX0/] KanWUISPHON BJIard B Map M PE3KHil poCT JaBJICHUS
NapoBO3AYLIHONW CMeCH. 3a cUeT ACHCTBUS cuil TepMoan(pPy3nn u 3a cueT u30bITOY-
HOTO JABJICHUS BHYTPU KaMWJLISAPOB, oOecneynBacTcsl 3PPEKT KAYECTBEHHOTO W3-
MEHEHHUS CTPYKTYphI u3aenuil. K 000CHOBaHWIO METOA0B NOBBIMICHUS 3()(PEKTUBHO-
CTH arpOMH>KEHEPHBIX TEXHOJIOTWH, PEAIM3YEMBIX KOMIUIEKCOM CBEPXBBICOKOYA-
CTOTHBIX YCTAHOBOK M COOTBETCTBEHHO K OMPEICIICHHUIO HANPSXKEHHOCTU SJIEKTPH-
YECKOrO MOJIsl B 3aBUCUMOCTH OT (D)YHKLMOHAIBHOW LENH MPOLECCA U CTPYKTYPHI
CBIPbs, © K OOOCHOBaHUIO KOH(UTrypauuu 1 0OBEMOB PE30HATOPHBIX KaMEP, MO3-
BOJISIFOIIAX OOECNEYUTh PABHOMEPHBIM BHYTPEHHHI TEMIOOOMEH B CHIPE B MPO-
1ecce MOTOYHOM 00padoTKH, mocBslicHa AaHHas padota. OCHOBBIBASCH HA CyIIE-
CTBYIOIIME TEXHOJOTUU TEPMOOOPAOOTKHA MPOAYKTOB, HAMU MPEAIATAcTCsS BO3ICH-
CTBOBAaTh JHEPIHEH SIEKTPOMATHUTHBIX M3IYYEHM HaA C.-X. CBIPbE B MpPOILECCE
TPAHCIIOPTUPOBAHUS €I0 YEPE3 OOBEMHBIE PE30HATOPHI PA3HBIX KOH(UTYPALHA, 1JTs
peanu3anmu KOTOPBIX pa3paboTaHbl OTACIBHBIE W MHOTOMOJYJIBHBIE YCTAHOBKH,

NO3BOJIIIOIIMAE B 3aBHCHMOCTH OT CHELM(PHUKU TMepepadaThIBAOIMIMX MPEINPUITHNA
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YKOMIUIEKTOBATh €r0 COOTBETCTBYIOMUMU MoayasMu. Kputepusmu oneHku 3¢ dek-

TUBHOCTH pa3pabaTbIBAEMOr0 TEXHOJOTMYECKOT0 0OOPYIOBAHUS C BJICKTPOMArHUT-
HbIM u3nydcHueM (OMMU) ABISIOTCS CHUKEHHE SHEPrETUYECKUX 3aTpaT Ha TEPMO-
00palbOTKy ChIPbS M YIYUIICHHUE KAY€CTBA MPOAYKLHH, OUEHUBAEMOE YEPE3 OPraHo-
JENTHYECKUE, (PU3UKO-XUMHYECKAE W MUKPOOMOJIOTUYECKUE ToKazarenu. s pe-
HICHHS PsAJa 331a4 HEOOXO0IMMO 3HAHUE ANDIEKTPUYECCKUX, (PU3UKO-MEXAHUYECKHUX,
TEMIO(PU3UUECKAX XAPAKTEPUCTHK, BIMSIOMIMX HA (POPMUPOBAHUE BICKTPUUYECKUX
Y TEMIEPATYPHBIX MOJEH, U TPOLECCOB SHEPrO-MaccOOOMEHa B C.-X. ChIpbe. Peme-
HUE Pa3HBIX M0 COACPIKAHUIO TEOPETHUECKUX, TEXHOJIOTHUYECKAX U TEXHHYECKHX 3a-
Jiay, SIBJISIETCS BaXKHOH HAYYHO-TEXHUYECKOU MPOOTIEMOi, KOMIUIEKCHOE PEIICHUE
KOTOPO#l TPENyCMATPUBACT METOMOJOTHYECKUI ITOJXO0J, PacCMaTPUBAOIINNA KaK
TEOPETUUYECKOE 000OUIEHNE U MPAKTUYECKOE PEIICHUE KPYMHOW 3a7a4u B 001acTH
nepepaboTKH C.-X. ChIPbI.

Ipu npoexmuposanuu CBY ycmanogok ciedyem cmpemumscs YNpocmums KOH-
CMPYKYUIo, yoeulesums HNpoeKkm, MUHUMUSUPOBAMb NompebisieMyo MOUHOCHb
VCMAHOBKU, COeNdmb YCIMAHOBKY KOMNAKMHOU, BblCOKONPOU3BOOUMENbHOU U CMd-
OunbHoI 6 pabome.

Ilenvio uccnedosanusn SBISCTCA MOBBILIEHUE 3HEProd(P(PEKTHBHOCTU YCTAHOBOK
U TEPMOOOPAOOTKHU C.-X. CHIPbsl BO3JACHCTBUEM SJICKTPOMATHUTHBIX M3IYYCHHA W
COBEPLICHCTBOBAHUE WX OCHOBHBIX pa0OUYMX OPraHoB, 00ECIEUMBAOIIUX YIIYUILICHHE
KauecTBa MPOAYKTA C  HAWMEHBIOUMHM  3KCIUTyaTalMOHHBIMHA  3aTpaTamM.
3aoauu uccneoosanuii.

1. Pa3zpaboTare METOAMKY MPOEKTUPOBAHUS M TEXHOJOTUYECKOTO PACYETA OCHOBHBIX
Y3J10B YCTAHOBOK, MPEAHA3HAYECHHBIX U TEPMOOOPAOOTKH PA3TMYHOTO C.-X. CHIPBSI.
2. Teopernuecku 00OCHOBATh JJIEKTPOJMHAMUYECKHE XAPAKTEPHUCTUKH CUCTEMBI C
YYETOM KOHCTPYKTHBHBIX OCOOCHHOCTEH OOBEMHBIX PE30HATOPOB, 0OECIICUMBAOIINX
NOTOYHOCTh TEXHOJOTHYECKOTO MPoLecca TEpMOOOPAOOTKH C.-X. ChIPbS.

3. O00CHOBaTh KOHCTPYKTMBHO-TEXHOJIOTMYECKUE TMAPAMETPbl U PEKUMBI PabOTHI
CBUY ycTaHOBOK Ha OCHOBE MCCIEAOBAHUN MHUKPOOMOIOTMYECKUX U3MEHEHHH CHIPbS
B Tporecce TepMooOpabOTKH Il CUCTEMHO-KOMIUIEKCHOTO PEILEHMS 3a1a4M TOBBI-
HICHHS KQUeCTBA TPOAYKLIHH.

4. PazpabotaTh 1 anpoOHpOBaTh B MPOM3BOACTBEHHBIX yciaoBUsaXx CBU ycraHOBKH
Ui TEPMOOOPAOOTKH C.-X. CBHIPbs, OLEHUTh TEXHUKO-3KOHOMUYECKYIO 3(D(eKTHB-
HOCTh UX MPUMEHEHHS B (PEPMEPCKUX XO3SHUCTBAX.
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2 TEOPETUYECKHUE UCCJAEJOBAHUA 11O COBEPIIEHCTBOBAHHUIO
IAEKTPOAUHAMUYECKOU CUCTEMBI CBEPXBBICOKOYACTOTHBIX
YCTAHOBOK JUIA TEPMOOBPABOTKH CEJBCKOXO3AUCTBEHHOI' O

CbIPbA

2.1 DaeMeHTHI TEOPUH B3aUMO/ACHCTBHS ChIPbS ¢ pA00YUMHU OPraHaMU
YCTAHOBOK € HCTOYHHKAMH 3JICKTPOMATHUTHBIX H3.JIy4eHHii
2.1.1 Cxema moaepuuzannu CBY ycTaHOBOK AJ1s1 TEpMOOOPAOOTKH ChIPbS H
B3aHMOCBSI3b HX OCHOBHBIX y3JI0B

[TosiBneHMIO HOBBIX OOnacTeil mpuMeHeHust MOIHON CBY 3eKTpoHMKM cnoco0-
CTBYET psil cnenu(puIeCcKrX CBOHCTB AIEKTPOMArHUTHBIX KOJIEOaHUH CBEPXBBICOKOTO
JMarna3oHa 4YacToT, KOTOPBIE MO3BOJIIOT 3HAUMTENBHO YJIYYIOUThH CYIIECTBYIOLIME
TEXHOJIOTHYECKHE MPOoLecchl. B OONBIIMHCTBE CilydyacB TEPMOOOPAOOTKA C.-X. CBIPbS
NPOBOAMTCS 32 CUET TEMIOMPOBOAHOCTU. OTCIOIa HEM3OEKEH TEMIIEPATYPHBIN rpa-
JUEHT (Tepenaja) OT NOBEPXHOCTH B MIyOMHY Marepuaia, MpuieM TeM OOJIbIIuii, YeM
MEHBLIE TEMIONPOBOIHOCTh. Y MEHBIIUTE FPAJUEHT TEMIEPATYP MOKHO 34 CUYET YBE-
JUYCHUS TPOAOKATENBHOCTH 00padoTKH. BO MHOTMX ciyyasx TOJIBKO 34 CYET ME-
JIEHHOTO HarpeBa yJaeTcs u30exaTh MEPErpeBa MOBEPXHOCTHBIX CJIOEB 00padaThiBa-
€MOr0 ChIpbsl. U3BECTHO, YTO MPU PALlMOHATBHOM MOAOOPE AJMHBI BOJIHBI U MTApaMeT-
POB PE30HATOPHBIX KaMep, MOKHO MOJIYYHTh PABHOMEPHOE BBIACICHUE TEIJA IO
00beMy ChIPbs. DPPHEKTUBHOCTH TEPMOOOPAOOTKHU MPSAMO MPOMOPIMOHAJIBHO YaCTOTE
KoneOaHWi M KBaApaTy HAMPSHKEHHOCTH AJEKTPUYECKOrO MOJS M IPH 3TOM MOKHO
NOJIy4aTh 3aJaHHOE PACHPEICIICHUE TeEMIEPATYp Mo 00beMY chipbs. [losToMy mipm
Bozzericteun OMIICBY Ha CBIpbE OTKPBIBAKOTCS BO3MOKHOCTH MHOTOKPATHOIO
YCKOPEHUS Psiia TEXHOJIOTMYECKHUX MPOLIECCOB.

Ilpunyun nocmpoenus 3Hepzocoepezaiuux mexHoa02UYecKuUx npoueccos
mepmooopabomku cenbCKOX03alUCmEeHHO20 ChlpbA

Pemenune pa3HbIx N0 COAEPIKAHUEO TEOPETHUCCKUX, TEXHOJIOTHUECKAX U TEXHAYE-
CKHX 3a7a4, SBJISICTCS BaKHOH HAy4YHO-TEXHUYECKOU MPOOIEMOid, KOMIJIEKCHOE pe-
HICHHE KOTOPO# MPeIyCMAaTPUBAET METOJOJOTUYECKUI MOAX0/, PACCMATPUBAOLINAN
KaK TEOPETUUYECKOE 00O0OIICHUE U MPAKTUYECKOE PEIICHUE 3a7a4d B 00J1acTH nepe-
PabOTKH C.-X. CHIPbSL.

[To cBOel CTPYKType MPOM3BOACTBEHHBIA LMK NEPEPAOOTKHA C.-X. MPOLYKLHH

MPAKTUYECKU OAMHAKOB. OCHOBHBIC CTA/IMU IUKJIA CieaAyromue [4]:
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1. Mexanuueckasi 00padOTKa ChIpbsl C LENBK TEXHOJOTMYECKOW MOATrOTOBKU (U3-
MENBUYCHUE, MEPEMEIINBAHNE KOMIIOHEHTOB, T03UPOBAHUE, (POPMOBAHUE),

2. Tennoast 00paboTKa C.-X. CBIPbs AJI JOBEACHHS OJTOTOBICHHOTO CHIPbS 10 €r0
rOTOBHOCTH. Ha cTagny mpoM3BOACTBEHHOIO LMKJIA BEAYTCS MPOLIECCHl BAPKH, Ka-
PEHHUS, 3aNCKAHWUs, BBINICKAHWS, KUTISTYCHHUS, a TAKXKE TEIIOBas 00padoTKa ¢ UCIOJIb-
30BaHMEM HMH(PAKPACHOTO U MHUKPOBOJHOBOIO M3NMyudeHUs. Ui 3TOH Lenu nmpume-
HSFOTCS AJIEKTPUYECKUE, MHAYKIIMOHHBIE, MUKPOBOJHOBBIE TIEUX U T.I1.

JI KOHCTPYKTUBHOTO TOCTPOCHUS KOHKPETHBIX BHJIOB TEXHOJIOIMUYECKUX YCTa-
HOBOK B pabOTE MCCIICA0BAHbI MPUHIMITBI COYECTAHUS OCHOBHBIX MEXAHWU3MOB C CH-
CTeMOl o0ecreueHus: TepMOOOPadOTKH C.-X. ChIPbsl B HEMPEPBIBHOM pexxume. s
OCYILIECTBIIEHUS 3aJAHHOIO TEXHOJIOTMYECKOTO MpoUecca CAEAyeT MPOEKTUPOBATH
€IMHOE TEXHUYECKOE YCTPOWCTBO C CUCTEMOH PEryJIMPOBaHUS MOJAYH CHIPbS, €ro
TPAHCIIOPTUPOBAHKUE BHYTPH YCTAHOBKH W BBITPY3KH MOCIE TEPMOOOPAOOTKH, TAKXKE
CUCTEMBI PETYJIUPOBAHUS KHHEMATUYECKUX MMAPAMETPOB MEPEAATOYHOTO MEXaHU3Ma
Y KITFOUYEBBIX MAPAMETPOB PabOUYMX OpPraHoB. Takoe COYETaHHWE Yy3JI0B, B TOM YMCIIE
VUCTOYHUKOB 3JIEKTPOMArHUTHBIX M3Iy4YeHH Oyaer olecneyrBaTh HOPMAIbHOE
()YHKLIMOHMPOBAHUE YCTAHOBKH ISl TEPMOOOPAOOTKH C.-X. CBIPbSl B TIOTOYHOM Pe-
KUME. Hcnonnumenvuviii Mexanusym SBISETCS YaCTbI0 TEXHOJIOTMYECKOH MAIIHMHBI,
KOTOPBIE HEMOCPEACTBEHHO 00pa0aThIBACT CHIPHE, U KOHCTPYKUMS UX OMPEACIIICTCS
XapaKkTepOM BO3JCHCTBUA Ha ChIpbe. OH COCTOMT M3 pabovyero MHCTPyMEHTA, pado-
Yyeil KaMepbl ¥ MPUBOAHOTO Baja. Pabouuti uncmpymenm SBISETCS ONPEICIISFOLIAM
(dakTopoM (PYHKIMOHAILHOTO HA3HAYEHMSI YCTAHOBKHU: HOXKHA M PEIIETKUA — JJISl W3-
MEJBYEHUS ChIPbS, JOMACTh — I NEPEMEINBAHUS U T.A4. Pabouas kamepa ans >¢-
(PEKTUBHOTO BO3ACHCTBHS HA ChIPbEC SHEPIUEH HIICKTPOMArHWUTHBIX M3IYYECHHH CO-
JEPKUT PE30HATOPHYIO KaMepy, 3arpy304HOC M BBITPY3HOE YCTPOMCTBA, A TAKKE
3anpeacibHbIe BOJIHOBOMBL. [Ipugoonoii 6an Ajid Mepeaadyn BPAATEIbHOTO JBUKE-
HUS MEPEAATOYHOIO MEXAHM3Ma B COOTBETCTBYIOLICE ABUKCHHE PAbOYEro MHCTPY-
MEHTA UM 00padaThIBAEMOTO CHIPBS.

KOHCTPYKTHBHBIE BApUAHTHI MCIOJHEHUSI BCEX YACTEH TEXHOJOTMYECKOW MAllu-
Hbl, B K&KJIOM CIIy4ae pasHble. JTO AOCTUIACTCA MyTeM KOMOWHALMW 3JIEMEHTOB

PAaCCMOTPCHHLIX Y3JIOB € HCJIbI0 AOCTHIKCHUA 3adaHHBIX TCXHOJIOIMYCCKUX I11apamMCT-
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POB YCTAaHOBKM NPU BBIMOJHEHUH OMPEACICHHOTO TEXHOJIOTMYECKOro mpoiecca. B
3aBUCUMOCTH OT CBOETO HAa3HAYCHMS M COOTBETCTBYIOLIETO KOHCTPYKTUBHOIO HC-
NOJTHEHU S, YCTAHOBKA BBIMOJIHAET OJJHY WM HECKOJIBKO TEXHOJOTHUECKUX ONepalluii.
[ToaToMy pazpabarbiBacTCs OAHOONEPALMOHHBIE, MHOTOONEPALMOHHBIE U MHOTOIIE-
JIEBbIE TEXHOJIOTMYECKHE MallMHbl. Pa3zpadarbiBacMasi MHOToIlEeBas yCTaHOBKA
npeacTaBsieT coO0l YHUBEPCATbHBINA MPUBOJ, KOHCTPYKIMS KOTOPOro oOecrneunBa-
€T KMHEMATUYECKOE MPUCOCTUHEHUE PA3IUYHBIX CMEHHBIX MCTOJIHUTENIbHBIX MEXa-
HU3MOB, BBIMOJHSIIONIUX OMNPEACICHHbIE TEXHOJOTMYecKue omepanuu. [lpu sTom
BECh TMPOLIECC TEXHOJIOTMYECKOH 00pabOTKH B HUX MPOMCXOAMUT JUOO B 3aMKHYTOM
00bemMe — B paboucii kamepe (YCTaHOBKA MEPUOJNYECKOrO AeiHCTBUS), 100 0Opaba-
THIBAEMOE ChIPbE MOCTOSHHO MOCTYMAET B MPUEMHYIO YacTh YCTAHOBKHU, TPAHCIOP-
TUPYIOTCSI BHYTPH HEE W MOJBEpPraroTcs Bo3aehcTerio MU B moTOKE MO MyTH Cie-
JOBaHUSI K Pa3rpy304HON YacTW MallluHbl (YCTAHOBKA HEMPEPHIBHOTO JCHCTBHUSA).
KOHCTPYKTHUBHBIE M KWHEMATUUYECKUE MApaMETPhl TEXHOJIOTUYECKON MAIMHBI J0JIK-
Hbl COOTBETCTBOBATH IPPEKTUBHBIM PEKUMAM TEXHOJOTMUYECKUX MPOLleccoB o0pa-
OOTKH C.-X. CbIPbS, BBIPAOOTKM MPOAYKIIMU BHICOKOTO Ka4eCTBa ¢ MUHUMAJIbHBIM KO-
JMYECTBOM OTXOJOB M HAUMEHBIIUM MOTPEOJICHUEM SHEpruu. TexHolornyeckas
MallliHa JO0J>KHA OTBEYaTh TPEOOBAHUSIM mMeXHUKU OE30NdCHOCMU, B COOTBETCTBUH C
KOTOPBIMM TPEAYCMOTPEHBI 3JCKTPUUYECKAE U MEXAHUYECKHUE MPEN0XPAHUTEILHBIC
YCTPONCTBA, MCKIFOYAIOLINE TPABMbI ONEPATOPOB, a TAKXKE dKpaHU3allus BCEl ycra-
HOBKM OT JJICKTPOMArHUTHBIX M3yueHHHd. KOHCTPYKUUM TEXHOJIOTMYECKON ycTa-
HOBKHM JOJDKHA O0ECMeunBaTh IOCTYN IS canumapoi oopabomxu padoyei kame-
pbl, cheM pabourX OpPraHoB JJis 3aMEHbI, PErYJIMPOBKH U T.M. Paboyas kamepa — 00b-
€MHBII PE30HATOpP U JAPYIHE AJIEMEHThl UCHOIHUTEIbHBIX MEXaHU3MOB, KOHTAKTH-
PYIOLIMUX C CBIPbEM, JOJKHBI OBITH BBIMOJHEHBI M3 (TOPOIUIACTA U MULICBOIO ANlo-
MuHMS. Pa3pabarbiBaeMoe TEXHOJIOTMUYECKOE OOOPYIOBAHME C MCIOIb30BAHUEM [H-
ANEKTPUYECKOTO HArpeBa OyJET OCYIIECTRIIATh JINOO TEMTOOOMEHHBIE TPOLECCHI, JIU-
00 TEMI0-MacCOOOMEHHBIE MTPOLECCHI. DTU MPOUECCH OyyT HAMPABICHBI € EIBIO:

- 3aTOPMKUBAHUS PA3BUTHS OaKTEPUATBHOW MUKPO(IOPHI MW MX AKTUBALMH;
- IHTEHCU(PUKALMKU TIPOLECCA TEPMOOOPAOOTKHU CHIPHS,
- LEBI0 PA3MOPAKUBAHUS CHIPbSI.
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[Ipn 3TOM 3amada CBOAMTCA K OMNPEACICHUIO HEOOXOAMMON HampPsKEHHOCTH
AIIEKTPUYECKOTO MOJIs MPU AAUHE BOMHBI 12, 24 cm (2450 MI'w.) B 3aBUCUMOCTH OT
LEJIA TEXHOJOTUYECKOTrO Mpolecca U BUAOB 00pabaTeiBacéMOro Cheipbsi. B cBs3M ¢
3TUM HEOOXOAMMO 0OOCHOBaTh KOH(PUIypauuio U 00bEM PE30HATOPHON KaMepbl ISt
00ecneueHus: paBHOMEPHOTO BHYTPEHHETO TEMJIOOOMEHA B CHIPhE B MPOLECCE €TI0
HENPEPBIBHOTO ABWXKCHHS. PazpaboTaHbl MHOXKECTBO BapHaHTOB MCIOMHEHUST pado-
YuX Kamep (TO €CTh PE30HATOPHBIX Kamep), 00€CmeUnBaIOIUX SHAOTCHHBIA HArpeB
CBIPbSl B COOTBETCTBYIOLIEM TEXHOJIOTMYECKOM 000PYIOBAHUH.

AHa/IN3 BO3MOKHOCTEI MOBBIIICHUSI PABHOMEPHOCTH pacnpeae/ieHust
JHEPIruu B pe30oHaTOpHOii kamepe CBY ycTaHOBOK

brok cxema CBEPXBBICOKOYACTOTHON YCTAHOBKH ISl TEPMOOOPAOOTKHM CBHIPbS CO-
JEPKUT TEHEPATOP, COTTACYIOIIEE YCTPOMCTBO, BXOIHOM M BBIXOIHOM LILTHO3bI, pabo-
Yyl Kamepy, OJIOKM MHUTaHWs W YOPABJICHUS, & TAKXKE COTJIACOBAHHYIO HArPY3KYy.
CBUY sHeprus oT reHeparopa 4epe3 COriacyrolee yCTPOHCTBO MOCTYNAET B padouyto
KaMepy, B KOTOPOH MPOMCXOANUT HArpeB Mpoaykra. Coriacyromee yeTpoicTBo odec-
MEYMBACT HAWIYYILIHME YCIOBHS sl npoxoxkacHus CBY sHeprum OT reneparopa K
paboueil kamepe. BXOMHON M BBIXOJHOUW HUTIO3bI (3ampeieibHbIe BOJIHOBOIBI) Mpe-
nATCTBYIOT m3nyudeHuto CBY sHeprum m3 pabodeil kaMepel B OKPY’KAKOILIEE MPO-
CTPAHCTBO B MOMEHTHI 3arpy3Kd M BBITPY3KM NMPOAYKTOB. COrnacoBaHHAs Harpyska
VIIABIMBACT HENMOMMOIEHHYI0 CBY 3Hepruro. B mpOMBILIIEHHBIX YCTaHOBKAX MC-
MOJIB3YKOT MAarHeTpOHbl MOITHOCTBIO 0,5...50 KBT. MarHeTpoH COCTOMT M3 YETBIPEX
YacTel: Karoaa, aHOAHOTO OJI0Ka, coAepKamero 00bEMHBIE PE30HATOPBI, YCTPOKHCTBA
g BeiBoga CBY sHEpruu B Harpy3Ky M MarHMTHOM cuctembl. s paboThl Marse-
TPOHA HEOOXOAMMO OOECHEYNTh. COOTBETCTBYIOLIEE HANMPSOIKCHUE HAKajla KaToAa,
AHOJAHOE BBICOKOBOJIbTHOE HANPSDKEHUE, MAarHUTHOE noJie [32, 82, 86, 327].

Pabouas kamepa CBY yCTaHOBKM MPEACTABISAET SMEKTPOJUHAMUYECKYIO CUCTEMY
(3C). OHa nomwkHa o0ecneynBaTh HEOOXOJUMYK MOIIHOCTh M CTPYKTYPY 3JEKTPO-
MarHuTHOro nojs (OMII), BeINOSHEHWE HEOOXOAMMBIX TEMIEPATYPHBIX W BIAX-
HOCTHBIX PEXMMOB M MMETH ILLIHO3bI, MCKIIOUaromme uanydenue OMII uz OC B
OKPYKaroLee MPOCTPAHCTBO MPHU 3arpy3Ke U BBITPY3KE NMPoAyKTa. CyIIECTBYIOT 80.1-

HOBOOMHbIE, PE3OHAMOpPHbIE U JIy4Yeabie HEKTPOANHAMUYECKHE CUCTEMBIL. B CBOIO 0Ye-
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peab BOHOBOAHBIE DC MOTYT COAEPKATH 3aMEUISIFOLIME CUCTEMBI, B KOTOPBIX JJIMHA
BOJIHBI DMI I 3HaUMTENBHO MEHBLIE, YEM JJIMHA BOJHBI B CBOOOHOM MPOCTPAHCTRE.
CornacHo Teopeme YmoBa-lIoiiHTHHIrA, B pe30oHaTOpHON Kamepe DMII moxker cyue-
CTBOBATh CKOJIb YTOAHO A0NTO. M301MpoBaHHBIA 00BEM BBICTYIIAET B POJIM «HAKOTIH-
TENS» U «XPAHUTENS BIEKTPOMATHUTHON JHEPIUM, HO TOJIE B TAKMX CTPYKTypax
MOJKET CYIIECTBOBAThH TOJBKO HA (PMKCHPOBAHHBIX YacToTax. Jlyuegvie DC mpeacras-
Js10T co0oii m3nmyyaromme CBY BOJNHBI CUCTEMBI B BUJE PYNOPOB, SHEPTUs K KOTO-
PBIM TMOABOJUTCS € MOMOIIBIO BOJHOBOJOB. Pa3Mepsl pynopoB BBIOMPAIOT TaKHE,
YTOOBl 00ECHEUYNTh HEOOXOAUMYIKO auarpamMmy u3MeHeHus sHeprun CBY moms B
NPOCTPAHCTBE M XOPOIIEE COMNIACOBAHUE M3ITydaTes ¢ padouei kamepoi. st aTux
LEJICH UCMOMB3YIOT CHENMATIbHBIE JTUH3BL U3 (PTOPOIUIAcTa WM KEPAMUKHU NEPE Py-
NOpOM. JIyyegvie BNEKTPOAMHAMUYECKAE CUCTEMBI MCIOJB3YIOT B YCTAHOBKAX JUIS
00pabOTKM KPYHHBIX TPOAYKTOB CIIOKHOH QOpMBL. BosinogooHbie I UCTIONB3YIOT B
CBY ycraHoBKax s HarpeBa, CTEPUIM3aLNN, TACTEPU3ALMHN KUJAKHAX, CHITYYUX U
TBEPABIX MPOAYKTOB. Pezonamopneie IC cozgaror OMII ¢ Gonbmmm HaOOPOM TUIIOB
KOJeOaHuil, YTO MO3BOJSET MOJIYYATh CPABHUTEIBHO PABHOMEPHOE pPaCHpPEICICHHE
no 00beMy pabouei KaMepbl DJICKTPUYECKON COCTABIAIOMIEH MoJiss. Pe30HATOpHBIE
BIEKTPOJMHAMHUYCCKUE CUCTEMBI HCIOJIB3YIOT B MUKPOBOJIHOBBIX Ievax [96, 98, 99].

H3BeCcTHO, 4TO OCHOBHOW MPOOSEMOM, BO3HUKAIOWIEH B PE30HATOPHONH Kamepe
CBY neueid, sBISETCS HEPABHOMEPHOCTh HATPEBAHMs MPOAYKTA M HECOIIACOBAH-
HOCTBb Harpy3ku mar"etpona. Ecnu B CBY nevax, MMEHOIIMX CTPYKTypa Mojs npa-
BUJIbHOW ceprueckoil popmbl AeGopMUpOBaTh CTPYKTYPY MO (PopMe M Hampsxe-
HUIO0, MOYKHO TOBBICHTH PABHOMEPHOCTH PACHpeAciicHUs dHEprum B Kamepe. s
00€CrieYeHNsT PAaBHOMEPHOIO TMPOHUKHOBEHHS SHEPIMH JJIEKTPOMATHUTHOIO OIS
HEOOXOMMO BOJIHBI, MAYLIME MO PA3HBIM HAIMPABJICHUSIM, PA3Ac/IUTh BO BPEMECHH U
HanpaeieHuto. OTy (pyHkuuo B CBY neyn BBINOTHSAIOT AMCCEKTOPBI, BOJTHOBOBL,
BpAIlAOIIMECS AMRJICKTPHUECKAE NIATGOPMBI M CHELUATIBHBIC JUCIEPCUOHHBIC
KOJIbLIA MEXAY AHTEHHOM M SPMOM MarHeTpoHa. MUKpPOBOJIHOBAs ME€Yb COMCPIKHUT
PE30HATOPHYIO KaMepy B (popMe mapaiesnenumnea, B OIHOM 13 OOKOBBIX CTEHOK KO-
TOPOi1 BBIMOJIHEHO NMPSIMOYTOJIbHOE OTBEPCTHE JUTSl MOAKIIOYCHHS BO3OYAUTENS DIICK-

TPOMArHUTHOTO MOJISl B TIOJIOCTH PE30HATOPHOM KaMephbl, MPEICTABISIONIETO U3 ceOsl
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YKOPOYCHHYIO MHPAMUAAIBHYIO PYHOPHYIO danmeHiy, MAKPOBOJIHOBBIA T€HEpaTop,
BBIXOJ KOTOPOTO COCIMHEH C BXOJOM BO3OYAMTENS, a TAKKE BPALIAOLIYIOCS TUIICK-
TPUYECKYI0 TargopMmy s pasMenicHus oOpadarteiBaeMoro npoaykra. Hemocrart-
KOM YCTPOWMCTBa SBISETCS HU3KAsA 3(P(PEKTUBHOCTD, TAK KAK TAKOH CHOCO0 MOAKITHO-
YeHHsl BO30YIUTENST HE OOECIEUMBACT MOJHOTO BBOAA SHEPTUM B MOJIOCTh PE3OHA-
TOPHOW KaMEPBI, a TAKXKE TO, YTO YCTPOMCTBO MEPUOAUYECKOrO AcicTBus [327].
Ecte CBY neun, B KOTOPO#l BBOA SHEPIrUK B padoUvyt0 KaMePy OCYLIECTBIISETCS Ye-
pe3 80110600 (MeTaITMYecKas Tpyda NpsMOYTroJIbHOTO ce4eHus ). HegocrtaTkoM KOH-
CTPYKLIMH SIBIIAETCA TO, YTO NMPU M3ITYYEHUHM MATHETPOHA MPOUCXOIUT OTPAKEHUE
AJIEKTPOMArHUTHOTO MO OT TPEAOXPAHUTEIBLHOTO SKpaHa (paauonpo3pavyHoi nepe-
ropoakn). [loseimenus KIIJ[ u 6e3onachocti CBY meun MOXKHO AOCTHYb 32 CHET
00eCrneUYeHNsI MUHUMAJIBHOTO UCKKEHUS B MOJIE NAAAOIICH BOJTHBI 1 MUHAMAIBHO-
ro OTPaKeHUs OT PAAUONPO3PAYHOi neperopoaxu [4, 45,178].

JIs yCTaHOBOK, Y KOTOPBIX pynopHuili 6030youmens 3JIEKTPOMATHUTHOTO MOs
NOJKITFOUEH K PE30HATOPHON KaMmepe 4Yepe3 OTBEPCTHE B OOKOBOM CTEHKe, KO3(pdu-
LIMEHT PABHOMEPHOCTH PACHPENETICHUSI SJHEPIUM, B 3aBUCUMOCTH OT Moaenei CBY
neven cocraBiset 57%...72,5% (npu BpameHnn 00pabarbiBaEMOro NpoayKTa Ha JAu-
ANeKTpUYecKoi muardopme), a 6€3 BpaleHus NpoaykTa — Bcero 36...39%.

st mogenn CBY neun MCB780W, ko3(ppuiueHT paBHOMEPHOCTH pacipeeie-
HUS SHEPTUH TIPU BPALLICHUM NPOAYKTA COCTABISAET 57%, miig M245 — 62 %, JES1651
—72,5% 1[4, 178, 327].

OCHOBHOI NMPUYMHON HEPABHOMEPHOT'O PACHPEACIICHUS SHEPTUU B TIOJIOCTH PE30-
HATOPHOW KaMephl SBISETCS OPTOrOHAIBHOE MOJAKIIOYEHNE BO30OYIUTENEH K Kamepe
Y TO, YTO BXOJHBIE M BBIXOJHBIE XAPAKTEPUCTUKH PYNOPHBIX dHMEHH CYIIECTBEHHO
3aBUCSAT OT YACTOTHI M XapakTepa Harpy3ku kamepsl. [Ipu Takom crocobe moakimoye-
Hust Bo30yaurenss OMIIT B pe30HATOPHOI Kamepe BO30YKAACTCA HAMMEHBILEE YUCIIO
NPOCTPAHCTBEHHBIX TAPMOHUK, MHTEPPEPEHIUsT KOTOPBIX (aKTUYECKH (POpMHpYET
pacnpeaencHue sHeprun OMIL. M3MeHeHue yenosuix coommuoutenuii Mexncoy ocsimu
cUMMempuu Kamepuvl u 8030youmeJis, MPUMEHEHUE TOJIOCKOBBIX aHTECHH, BO30YX/1a-
IOIIMX B IMOJIOCTU Pe30HATOPHOM Kamepsl OMII ¢ kpyroBo# nossipusanueii, npuBo-

AT K CYHICCTBCHHOMY YBCIIMYCHHUIO 4YHC/Ia IPOCTPAHCTBCHHLIX TI'aPpMOHHUK H, KakK
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JIEBBIX OTBEPCTHN MPHUBEACHBI HA puc. 2.5. [ BOSHUKHOBEHHS PE30HAHCA B TIOJIOM
pe30HATOPE HEOOXOAMMO, YTOOBI €ro AJIMHA Obljla KPATHOW MOJIOBUHE JJIMHBI BOJTHBI
X0Ts Obl B OJTHOM U3 U3MEPECHUM pe3oHaTopa.

[Tpu BEIUMCIEHUH 00OpomHOCU NeppHOpUposanHo2o Ouppaxyuonoeo chepuye-
CKO20 pe30oHamopd HEOOX0IMMO 3HATh TEOMETPUUYECKUE MHOXKUTEIH, YUUTHIBAIOIINAE
HE TOJBKO mepdopaunu, HO U 3a30p MEXKAY moiaychepamu, a TaAKKE MEPEABUKCHUS
nonycdep. ['eoMeETpUUECKUE MHOKUTENN, YUYUTHIBAOIIAE OCOOEHHOCTH KOHPUTypa-
UM MHOTOPE30HATOPHON Kamepsbl, nephopannto B norychepax, NoJydeHbl M0 METO-
nuke 3aprano, I'.d.[160].

Bnusinue sazopa meoicoy nonycghepamu pe3oHaTopa Ha BETUUYUHY JOOPOTHOCTH
aHANM3UPOBaAId Ha 0a3e OTKPHITOrO pe3oHaropa, mo meroauke B.H. PoanoHoBOi,
T.€. IPU CO3/IaHUH (PUBNYECKUX MEXAHU3MOB MOBBIIICHUST JOOPOTHOCTH C(HEPUUECKO-
r0 PE30HATOPA BOCHOIB30BAIMCH METOJAMKON pacyeTa CBSI3W OTKPBITOrO PE30HATOPA
CO cepuyeCKMMM 3€pKajaMH M TPSIMOYTOJLHOTO BOJIHOBOJAA 4epe3 auadparmy ¢
MaJIbIM KPYTOBBIM OTBEPCTHEM.

OTHW BBIPOKEHUS MPEAHAZHAYEHBI JJI1 COTJTACOBAHMS TEXHOJIIOTMUYECKUX NapaMeT-
poB ycTaHOBKHM. C(epuyuecKrii pe30HATOP MMEET BBICOKYHO) COOCTBEHHYIO TOOpOT-
HOCTh NIPHA OTCYTCTBHH TMOTEPh HA M3JIYYCHHE, MAJIOW BEIMYMHE MOTEPHh B CTEHKAX
KaMepbl. DOPMYIIBI [Tl ONPEACTIEHUST TOOPOTHOCTH PE30HATOPOB Pa3HBIX KOHCTPYK-
L1 U SHEPTUHU, 3aMACEHHBIX KOJEOAHUSIMHU PA3IMUHBIX TUIOB C YYETOM nepdopanuu
¥ LIEJIEBbIX OTBEPCTUI NMPUBEJCHBI HA PUC. 6. AHAJIN3 MPUBEACHHBIX BBIPAKEHUN [Is
pacueTa J0OPOTHOCTEN MOKA3bIBAET, UTO MPU PABHBIX 00bEMax BEMMYMHA JOOPOTHO-
CTH CPEepUUECKOT0 PE30HATOPA MPEBBIIIACT 3HAYEHUE TOOPOTHOCTH LIMJTUHAPUYECKO-

ro pc3oHaropa.









56

Pe3oHaTopel MOTYT ObITh 3aMKHYTHIE C 000MX KOHIIOB METAIJTAYECKUMU CTEHKaMU
OPSIMOYTOJIBHOTO WJIM KPYTJIOTO MOIMEPEYHOrO CEUYECHWH JIMHOM, PAaBHOM LiETOMY
YHUCITy MOAYBOJH. MI3BECTHBI CIEAYIOMME PA3HOBUAHOCTH OOBEMHBIX PE30HATOPOB: €
MPSAMOYTOJIbHBIM U KPYTJIbIM CEUYEHUEM, a TAK)KE KOAKCHAIBHBIE U TOPOUJAIBHBIE,

Topouoanwvnutii pesonamop. ETo 3JEKTPUUYECKOE MOJIE MOYKHO paccMaTpUBaTh Kak
CKOHILICHTPUPOBAHHOE B 3a30p€ MEXIY IJIACTHHAMH. BEIMYMHY €MKOCTH ONMpEAcs-
IOT 1O (hOPMYJIE IIOCKOro KoHaeHcatopa: C = &, w1 /d, TIe ry— paguyc IIACTHH, d
— PACCTOSIHUE MEXKAY HUMH.

Jluanexkmpuueckuit pezonamop. 11epCieKTUBHBIM BUJIOM KOJIEOATEIbHBIX CUCTEM
CUMTAKOTCA PE30HATOPHI, BBHITOJHEHHBIE HA OCHOBE IMAJICKTPUKOB C OONBILON MPO-
HUL[AEMOCTBI0, MAJIBIMU MOTEPSMUA M BBICOKOH TEPMOCTAOMIIBHOCTBIO. Takue CBOi-
CTBA JMAJICKTPUUYECKMX PE30HATOPOB IMO3BOJISIFOT co3aaBarh ycrpoiictea CBY ¢
YIIYUIIEHHBIMA 3JIEKTPUYECKUMH W SKCIITYyaTAMOHHBIMU KauecTBamMu. OHHM 00nana-
0T BBICOKOH COOCTBEHHOM TOOPOTHOCTBIO, CHOCOOHOCTBEO KOHLIEHTpUpoBaTh OMII B
MaJioM O0OBEME W MPOCTHI B M3rOTOBJICHHH. PaboTa MUAIEKTPUYECKOTO PE30HATOpa
OasupyeTcsl Ha MCMOIb30BAHUM SIBJICHHS MOJHOIO BHYTPEHHETO OTPA)KEHUS HA rpa-
HULAX AAAJIEKTpUKA. Ecmu ausnekTpudeckas NpOHMIAEMOCTh MaTepuaa BEIUKa, TO
ANEKTPAYECKOE U MATHUTHOE TOJIsI CKOHIIEHTPHPOBAHBI B 00BEME TUAJICKTPHUKA.

C y4eToM yKa3aHHBIX OCOOCHHOCTEH pa3pabdoTaHa CyUIWIKa UIEPCTH, TAe nepdo-
PHPOBAHHBIE IUAJICKTPUUYECCKUE PE30OHATOPHI BBIOJHEHBI B BUAC OapabaHa, MOBEPX
NOJIOBUHBI €10 00Pa3yOLIEH YCTAaHOBIIEH OTpaXKarellb U3 HE(PEPPOMArHUTHOTO MaTe-
puana. OH OJHOBPEMEHHO BBIMOJIHAET (PYHKIHMIO HEMMPOHULIAEMOTO IIMTA, EPEKPHI-
Bas NepPOpalrio JUAIEKTPUUECKOrO pe3oHaTopa. JMAJIEKTPUYECKUE PE30HATOPHI,
BBITIOJIHCHHBIE B BHJI¢ O0apaOaHOB, 00€CMEUMBAIOT TPAHCIOPTUPOBAHUE MIEPCTH TO-
Bepx OapaOaHOB. 3a cyer oTpakaresieil mpoucxoaut Oosee 3P(HEeKTUBHAS KOHIICH-
Tpanusi SHEPIUKM BHE JMAJIEKTPUUYECKOIO PEe30HATOpa, T.€. HA MOBEPXHOCTH Oapada-
HOB.

Ckopocme 3amyxanusi koiebanuii ONPEENsieTcs BEIMYMHOW AOOPOTHOCTH.

2r
Omna paBHA YHCITYy ICPHO0B, 3a KOTOPOC SHCPIrusd B CUCTEME y6BIBaeT é e pas.
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HUK, BO30Y>KIAIOIMI BOJIHY, PACHPOCTPAHSIFOUIYIOCS MO KOJbIY TOJBKO B OAHOM
HarpaBJieHUH. Ecii cpenss [uiMHa KOJIbla paBHa LEI0MY YUCIY BOJIH B JIMHUU, TO
(aza BOJHBI, MPOLICANICH O KOJbIy, COBNAAACT B CEYCHUM C (PA30i BOJIHBI, BO3-
Oy>knaeMoit ncrouHukoM. [IporcxoauT cuH(A3HOE CIOKEHHUE BOJIH U, CIEI0BATEIb-
HO, YBEJIMYECHUE aMIITUTYABI ITOJIS.

Crporuii 31eKTpOAMHAMAYECKUH aHAIN3 BO3MOKEH JUIsl OOBEMHBIX PE30HATOPOB,
OTPAHUYEHHBIX TPOBOASAMIEH 000JOYKOM mpoCcTOl reomerpuueckoit (opmbel. Ha
[IPAKTUKE NPUMEHSAIOTCS PE30HATOPBI CIOKHOM reoMeTpud. MX pacyeT nmpou3BOIAT
NPUONMKEHHBIMHA MeToaaMu. OIHUM U3 TaAKUX METOAOB SIBISETCS K8U3UCMAYUOHAD-
Hoblli, KOTJA OOBEMHBIM PE30HATOP 3AMEHSETCS HEKOTOPBIM 3KBHUBAJIEHTHBIM KOHTY-
POM, UMEIOLINM TY € COOCTBEHHYIO IJIMHY BOJIHBI. XapaKTEPHBIA MPU3HAK JJIs KBa-
3UCTALMOHAPHBIX PE30HATOPOB — OTO YETKO BBIPAKEHHOE MPOCTPAHCTBEHHOE pa3/e-
JIEHUE BJIEKTPUYECKUX M MATHUTHBIX MOJIEH y KOJICOaHWsl ¢ HAMMEHbLICH COOCTBEH-
HOM 4aCTOTOH. DTO MO3BOJIAET PACCMATPUBATH KBA3UCTALMOHAPHBIE PE30HATOPHI KaK
OOBIUHBIE KOJIEOATENBbHBIE KOHTYPBI ¢ COCPEAOTOUYCHHBIMM MapaMeTPaMH, MPUYEM,
OPUYEM T€ 4YacTH 00BEMA, TAC KOHUEHTPUPYETCS SHEPIHsl SJNEKTPUUYECKOTO W Mar-
HUTHOIO NOJIEH, SKBUBAJIEHTHBI COOTBETCTBEHHO EMKOCTHOMY M WHAYKTUBHOMY JJIE-
MEHTaM KOHTypa. OCHOBHBIM YCIIOBUEM KBA3WCTALMOHAPHOCTU SIBIIAECTCS MAbId
pa3MeEpP CUCTEMBI MO CPABHEHHUIO ¢ COOCTBEHHOM UIMHON BOJHBI €€ OCHOBHOI'O KOJIE-
Oanns. Hapsany ¢ KBa3uCTallMOHAPHBIM METOJO0M aHAIU3a PE30HATOPOB MCIIOJIB3YET-
Csl METOJT YACTHYHBIX 00JIaCTEH, KOT/Ia PE30HATOP CJIOKHON (DOPMBI YCIIOBHO pa3Ou-
BacTCs HAa P MPOCThIX oOnacTeil. B Kaxaoi Takoil 00JIacTH HAXOOUTCS TOJE WA
COOTBETCTBYIOIINE HKBUBAJICHTHBIE MapaMmeTpel. [lociie 3Toro Ha rpaHunax pasziena
MIPOBOAMTCS «CLUIMBAHWE)» PE3YJIBTATOB, COOTBETCTBYIOIIUX I'PAHUYHBIM YCIIOBHUSAM.
OTO MOXET OBITh. HEMPEPHIBHOCTh TAHTCHUMAIBHBIX COCTABJISIFOIIMX MOJIS, PABEH-
CTBO ITOTOKOB MOIIHOCTH YE€PE3 MOBEPXHOCTH pa3lieiia, PaBEHCTBO XapaKTEPUCTHYE-
CKMX COMPOTUBIICHUI HA FPaHULE Pa3fciia, PABEHCTBO A0COMIOTHBIX 3HAYECHUH BXO-
HBIX COMTPOTUBIIEHUI HA IPaHULE pa3zeia COCEAHUX 00IacTel u T. 1.

Jobpommnocme wecmu cghepuueckozo mopouoanvhozo peonamopa. Ero dnek-
TPUUYECKOE MOJIE MOYKHO paccMaTpyUBaTh KaK CKOHLIEHTPUPOBAHHOE B 3a30PE€ MEXIY

IUIaCTHHAMH. MarHuTHOE I0JIE OMUCHIBACTCS CUJIOBBIMHM JIMHUSIMA B BUAC KOHIICH-
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BOJIH C IOMEIIEHHBIM B €r0 LICHTP HarpeBacMbeiM 00pa3noM. Mcrnosib30BaHuEe OTKPHbI-
TBHIX PE3OHATOPOB C OOJIBLINM PACCTOSTHUEM MEKIY 3€pKanaMu cheprudeckoi Gopmbl
OKa3bIBACTCsSl HEMPUEMJIEMBIM, TaK KaK B TAKMX PE30HATOPAX PEATUIYIOTCS 3JEKTPO-
MAarHMTHbIE MO B (popMe crabo-pacxoasmuxcs MyYKOB. DJEKTPOMArHUTHOE TOJIE
MEXIY 3€pKalaMd MMEET B IMPOJOJIBHOM HAINpPAaBICHUW BUJ CTOSIYEH BOJIHBL, T.C.
NPEACTABISIET COOOH HAIOKEHHE ABYX OJMHAKOBBIX MYYKOB, PACIPOCTPAHSIOLIMXCS
HaBCTpe4y OAMH apyromy [77, 98, 109].

Hanvume nByx monycdep ¢ MUHMMAIBHBIM 3a30POM CO3JAET YCJIOBHS AJIs MO-
BTOPHOTO M1 MHOTOKPATHOTO UCMOJB30BAHUS JIEKTPOMArHUTHOW MOIITHOCTH, M3JTyYa-
€MOW NEPBUYHBIM MCTOYHUKOM. [Iporiecc MHOTOKPATHOTO MPOXOKAEHUS BOJTHBI BbI-
SIBJISICT PE30HAHCHBIN PEXUM C MAKCUMAIbHOU J0OPOTHOCTHIO [45]. [ToaTOMY OCHOB-
HBIM KPUTEPUEM BbIOOpA PA3MEPOB M KOH(UTYpaALMK PE3OHATOPOB SIBISETCS MAKCH-
MajibHas JOOPOTHOCTh PE3OHAHCHOTO PeKuUMa ¢ (POKYCHPOBKOM 3IIEKTPOMArHUTHOM
BOJIHBL. B MPOTHBHOM Cily4ae B pe30HATOPE MOXKET C(POPMHUPOBATHCS MHASL CTPYKTYpa
NoJisl, HE CcoAepKamas HEOOXOIMMYK) 30HY KOHLEHTpauuu. ONpeaciicHue ONTH-
MaJIBHOM T€OMETPHAN PE30HATOPA, ABJIAECTCS OCHOBHOM 3a1a4ei.

Hamu npeanoskeH pe3oHarop, BEINOJHEHHBIA U3 ABYX NOJdychep ¢ MUHUMAIBHBIM
3a30poM Mexy HUMHU. Ha 6aze mectu cdep pazpadoTaHa pe30HATOpHAs Kamepa Kak
PA3HOBHIHOCTh TOPOMAAIBHOTO PE30HATOPA. JJOCTHIKEHNE BBICOKOM MHTEHCUBHOCTH
ANIEKTPOMArHATHOTO MOJISl TPH MAJIOH MOIIHOCTH MUTAIOLIETO T'EHEPATOPA BO3MOYKHO
B KOJIBIICBOM PE30HATOPE 3a CYET A(PPeKkTa pe30HAHCHOTO HAKOIUICHUS [AJIbTMaH
Jix. I1].

....Hmwxe npuenena kiaccupukanus pazpadboTaHHBIX YCTAHOBOK MO KOH(pUTypanuu

PE30HATOPOB, 00ECIEUYMBAOLINX PA3HBIE PEKUMBI PabOThl. B KaXk10ii ycTaHOBKE pe-
AJIN30BAHBI pa3Hble KOH(pUTypauuu 0OBEMHBIX PE30OHATOPOB, MO3BOJSIOIIME 00eCIIe-
YUTh TEXHOJOTMYECKHA MPOLECC TEPMOOOPAOOTKH CENBCKOXO3AHCTBEHHOTO CHIPHSI.
Metoanka pacuera JOOPOTHOCTH PE30HATOPA, BO3MOKHBIE BapUAHTHI pacmpercsie-

HUA SJICKTPAYCCKOI'O 110JI4 B HCM, OIIMCAHbI HUIKC.
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MOJIb30BaTh OOBEMHBINA PE30HATOP C JOCTATOYHO BBICOKOW JOOPOTHOCTHIO. Ycema-
HOBEHO, YMO O0OPOMHOCHb pe3oHAmopd Oyoem mem 8vluie, Yem MeHblUle e2o No-
8epXHOCHIL NPU 3d0AHHOM 00Beme . ITO MOKET OBITh B TOM Cy4ae, KOraa pe3oHa-
TOpPHAsl KAMEPA BBIMOJHEHA B BUAC c(epbl. [J0OPOTHOCTH BBIPAXKAKOT YEPE3 OTHOLIE-
HUE 3aMlaCEHHON B HEH SHEPIUM K CcpeaHei MoutHocTy noteps [32, 61, 99]. Tlon no6-
POTHOCTBIO PE30HATOPA MOHUMALOT BENMUUUHY: O = w, Wo/ P, (2.1)
e @, — COOCTBEHHAs YacToTa 00BEMHOI0 pe3oHaropa, 1/c, Wo — 3Heprus 3IeKTpo-
MAarHUTHOTO TOJIs, 3anaceHHas B pe3oHarope, [k, P — akTUBHAsi MOLIHOCTD, 3aTpa-
yrBacMas Ha MOTEPU OT BUXPEBBIX TOKOB B CTEHKAX PE30HATOPA, HA MOTEPH Yepe3
nepdopanyu BUIE U3TYUYCHUS H HA TIOTEPH B MPOAYKTE, BT.

3anaya NOBBIMICHUS HAMPSHKEHHOCTH 3nekTprudeckoro nosst CBY no 10 kB/cm He
OPEACTABISIET OOJBIIMX TPYAHOCTEHR. [1j1s 3TOr0 HCmosib3yeM 0OBEMHBINA PE3OHATOP €
JOCTAaTOYHO BBICOKOH AOOPOTHOCTHIO. OOBIYHO B MCMOIB3YEMBIX LUJIUHAPUYCCKUX
pe3oHaTopax, Bo30yKa1aeMbIX Ha Mojie KojicOaHuii TM (19, HAMPSPKEHHOCTD BJICKTPH-
YECKOTO NOJIS B LIEHTPE PE30HATOPA COCTABIISET [65, 282]:

oes coipvsi  E=P-Q/027¢, Vw, B/Mm, (2.2)

rae P — MourHocTh ucrounnka CBY manydenus, BT, O — 1oOpOTHOCTH pe30HATOPA,
¥ — 06beM pe3oHaTopa, M.
Hanpumep, ecim npoektupyemas chepryueckas pe30HATOpHAs KaMepa UMEKT 00be-

Mbl 7 71 WK 3 JI, TOTJA HANPSLDKEHHOCTh 3JIEKTPHYECKOTO MOJISL B PE30HATOPE Oe3 Cbi-

Ppoi COCTABILACT .

E =800-10000/0,27-10%-8,85-10712- 76,28 - 2450 - 10° =310 B/cm,
E =800-10000/0,27-10%-8,85- 107123 - 6,28 - 2450 - 10° =725 B/cm,

Ecimm noOpOTHOCTh PE30HATOPHOM KaMepbl MPUHATH MAKCUMAIBHOH, pPaBHOM
10000, To npu oObeMe chepruueckoii pe3oHaTOpHONH Kamepbl 7 1 (3 (PEKTUBHOM ¢
TOYKH 3PEHUS TEXHOJIOTMUYECKOTO MPOLECCA), HAMPSHKEHHOCTD SIEKTPHUECKOTO OIS
cocraBut 310 B/cm, a mpu 3 11— 725 B/cem.

Hmak, ucnions3ys 0biToByt0o CBY neus, nmeronryro MmoutHocth 700...900 Bt 1 ya-
croty 2450 MI't MOKHO OOECIIEUNTh HAMPSHKEHHOCTD 3JIEKTPUYECKOTO TOJsS B Mpe-
nenax 300...1000 B/cm. it 3TOro B yCTaHOBKY HEOOXOAMMO YCTAHOBUTH Cepruye-

CKYI0 PE30HATOPHYIO KaMepy, 00beMoM 7 nutpa u 100poTHOCTHIO S000... 10000,
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K HambGonee n3BecTHBIM M3 HUX OTHOCATCS paboTel A.B. JlbikoBa, H.W. [IeBsaTku-
Ha, 1.®. bopoauna, B.A. Kanomeiinera, . A. Porosa u nip.

BrInoHeHHBIE B 3TUX pab0Tax UCCIEAOBAHUS ONTMPAOTCS HA CUCTEMBI YPABHEHUM
TEIIO - U MAacCOOOMEHA B MOABEPracMbIX BO3ACHCTBHIO OOBEKTAX U HA YPABHCHUS
PacpoOCTPAHECHUS SJICKTPOMArHATHBIX BOJIH B AUAJNEKTpUKax [85, 86, 87, 133, 233,
234,235, 334].

OCHOBHOH 0COOEHHOCTBIO JAHHOU PaboTHI ABJISIETCS MPEACTABICHHAE Niepepadarhl-
BAaEMOr0 MPOAYKTA KaK COBOKYMHOCTh YACTHI] C 33JaBacMbIMU (POPMOI U pa3MEPAMH.
DTO0 MO3BOJIET MOACIMPOBATE MPOLECCHI B3aUMOACHCTBUSA C.-X. TPoayKuuu ¢ OMU
ONPEACNCHHON HaNpPsHKEHHOCTH. OJHOBPEMEHHO VYMTHIBACTCS B3aWMOJCHCTBUE
MPOYKTA C OKPY>KAKOIICH CPEeNoid, XapakTEPUCTUKNA KOTOPOU (Temmeparypa, JaBje-
HUE, BJIArOCOACPKAHNE) OTIMYAOTCS OT XapAKTEPUCTHK MPOAYKTA.

H3BECTHO, 4YTO KOMIUIEKCHAS JMAIEKTPUYECKas MPOHHULIAEMOCTh 3alOJIHEHHUS
ANEKTPOAMHAMUAYECKON CUCTEMBI M OOYCIIOBJICHHBIE €H0 TOTEPH B MPOAYKTE ONMpEe-
JISIFOT HArpy3Ky, & COOTBETCTBEHHO M BBIXOJHBIE IMAPAMETPBI MArHETPOHA, UCTIOIB3Y-
€eMOro B kauectse ucrtounuka OMHU. [TosTomy pemaercs 3a1a4a yCTaHOBJICHHS B3a-
MMOCBSI3A MEXIy MapameTpaMu nepepadbarbiBaEMOro MPOAYKTa, FEOMETPHYECKAMU
pasMepamMu JIEKTPOAMHAMUYECKON CHCTEMBI U BEJIMYMHAMHA YaCTOTHI U MOIIHOCTH
relepanu Marietpona. C pa3paboTKOi HOBBIX KOH(HUrypanuii 00bEMHBIX PE30HA-
TOPHBIX Kamep (puc. 2.8) MOSBISIOTCS HOBBIC THIBI MJICKTPOJINHAMUYECKUX CUCTEM.
OTO NMPUBOAMUT K HEOOXOAMMOCTH YUYECTh OCOOCHHOCTH PACIPOCTPAHECHUS SJIEKTPO-
MArHUTHBIX BOJIH B JJIEKTPOAMHAMUYECKUX CTPYKTYPaxX ¢ YACTUYHBIM 3aNOJJHEHHEM
MPOJYKTOM, CBOMCTBA KOTOPOIO M3MEHSIOTCS BO BPEMEHW NOJ ACHCTBUEM HMHTECH-
CUBHBIX JIEKTPOMArHUTHBIX NOJIEH. MI3BECTHBIE METOBI AHAIIM3A CIIOXKHBIX AJIEKTPO-
JUHAMUYECKUX CUCTEM MO3BOJISIIOT pemath 3aaaun: 1) onpeaencuus 3PpPeKTUBHOCTH
NEPEAAUM MEKTPOMArHUTHON S3HEPTUM U3 BOJIHOBOJA B PE3OHATOPHYIO KaMeEpYy;

2) aHaJIM3a pacHpeaesiCHUs JIEKTPOMArHUTHOTO MOJIS B MJIMHAPHYECKAX U MIPSAMO-
VIOJBHBIX PE30HATOPHBIX Kamepax. OAHAKO Uil UCCIEN0BAHUS PACCMAaTPUBACMBIX B
HACTOSIICH paboTe HIECKTPOAMHAMUYECCKUX CUCTEM (KaMepbl CIIOKHBIX KOH(Urypa-
i, BO30y>K1aeMble CUCTEMON BKJIFOUEHHBIX BO BCTPECUYHBIX HAMPABICHUIX PE30HA-

TOPOB) HEOOXOAUMO MOJCPHU3UPOBATH pazpaboTaHHBIE PaHEE MOJENU Ui odecre-
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YECHHsI aHAJIM3a PACHPEICIICHUS 3JIEKTPOMArHUTHOTO TOJIsE OT HECKOJBKHX BO30YyXK-
JAOMIAX SJIEKTPOJAUNHAMUYECKYIO CUCTEMY PE30HATOPOB. Y CTAHOBIICHO, YTO OOBEM-
HBII PE30HATOP SIBISETCS CAMBIH COBEPIICHHOM KonedarenbHOW cuctemMoi. JloOpoT-
HOCTb pe3oHaTtopa OyAeT TEM BBILIE, YEM MEHBLIE €r0 MOBEPXHOCTh MPH 33JaHHOM
o0beme. K TakuMm yclioBHSIM COOTBETCTBYET CPEPUUECKOE MCIIOIIHEHUE PE3OHATOPA.
[Toatomy pa3paboTaHbl cBEpXBbICOKOYACTOTHBIE (CBY) yCTaHOBKHM, COCTOSIIME W3
TEHEPATOPHBIX OJIOKOB C OOBEMHBIMHA PE30HATOPAMHU PA3HONW KOHCTPYKLMH, PACIIO-
JIO’)KEHHBIMU B SKPAHHMPYIOLIEM KOpIyce, 00eCNEYMBAKOIIMMA MOTOYHOCTh TEXHOJIO-
TMYECKOro mporecca TepMooOpadboTku ceipbs [151].

C uCnosb30BaHUEM c@hepuieckux pe3oHamopos pa3padoTaHa CBEPXBBICOKOYA-
CTOTHASI YCMAHOBKA OJisi 00E3ACUPUBAHUS U 0DE33APUICUBAHUSL HCUPOCOOCPIHCAUL O
coipbsi. CPepudecKue Pe30HATOPbI BHIMOJIHEHBI U3 JIBYX MOayc(ep U pa3MEelIcHbl B
TOPOUJANBHBIA DKPAHUPYIOIIMA KOPITYC, COBMEMIAKONIMI (PYHKIUIO KOJIBIIEBOTO
BOJIHOBOJA JJIsl 00eCieUeHUs MOJs OErymyX BOJIH, PaCIPOCTPAHSIOIIUXCS Yepe3 3a-
30p Mexay nonychepamu (puc. 2.9 a). TpaHCIOPTUPOBAHUE TO3UPOBAHHOTO CHIPHS
OCYILIECTBIISETCS B MEPEABH)KHBIX NEPPOPHPOBAHHBIX MOJIycPepax, a U3aydarenan
PACIIOJIOKEHBI B CTALIMOHAPHBIX Mostycdepax [61, 63].

C HUCHONMB30BAHUEM  MOPOUOATILHEIX  OKPAHUPYIOWUX KOPNYCOE TIPEAJIOKEHBI
YCManoexu Ot 00paboOmMKU HCUPOCOOEPIUCAULE20 CbiPbsi B STICKTPOMATHUTHOM T10JIE
CBEPXBBICOKOH 4acTOTHl. TOpPOMJAJIbHbIE BOJIHOBOJBI BBIMOIHEHBI ¢ KPYIJIBIM WA
OPSIMOYTOJIBHBIM ceueHHEM. Pa3paboTaHHBIE HOBBIE KOHCTPYKIIMM PE30HATOPHBIX
kamep CBY yCcTaHOBOK, MO3BOJIIFOT JOCTHYL MAaKCUMAIbHON TOOPOTHOCTH M 00eC-
NEYABAKOT MOTOYHOCTh TEXHOJIOTMYECKOTO MpoLecca nepepadoTku Chipbs. Harpes
CBIPbsI, HAXOASIIErOCS BO B3BEIICHHOM COCTOSIHUM M KPATKOBPEMEHHOCTh 00pabOTKH
CO3/IAK0T YCJIOBHS /ISl PALMOHATIBHOTO MCIIOJIB30BAHMS SHEPTHH 3JIEKTPOMArHUTHOTO
NOJIs CBEPXBBICOKOM YaCTOTHI, TP OOECMEUYECHNU BBICOKOTO KauecTBa MpoAykra. Ye-
THIPE YCTAHOBKH JJIl NEPEPAOOTKH KAPOCOACPIKAILETO ChIPbsl COAEPKAT chepruc-
CKME pe30HATOpHL. [IpuyeM B ABYX YCTAHOBKAX OHHW BBIMOJIHEHBI U3 JABYX MOJIyCQED,
0P 3TOM NEPPOPUPOBAHHBIE MOIYCPEPBI 8 0OHOTU YCMAHOEKE KECTKO 3aKPEIUICHBI

no nepudepun Bpamaromerocs aucka (puc. 2.9 a, r).
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cTi 00pa3ua U TEIUIOBOTO M3NyUYeHUs. BBIYMCIIIEM HAMPSIKEHHOCTD 3JEKTPHYECKOTO
TIOJISA, TIPU KOTOPOM MIPOMCXOAUT BBIPABHUBAHUE TOTJIOMIEHHON U TEPAEMON MOIIHO-
CTH MHKPOOPraHu3MoM. [IpoeKkTUpyeM yCTaHOBKY C HECKOJIBKMMHW TE€HEPATOPaMHU U
PE30HATOPHBIMKM KaMEpaMU OMPEACICHHON €MKOCTH, B KOKIOW M3 KOTOPBIX ChIPbE
HArpeBacTCsl MPU HANPSDKEHHOCTH 3JIEKTPUYECKOTO MOJSl HUKE MOJOBUHBI MPOOUB-
HOW HaMpsbKEHHOCTH 3JIEKTPUUYECKOTO ToJst Bo3ayxa (15 kB/cm). Beruucnsem sHep-
THIO, 3aIMACCHHYIO KOJICOAHUSMM PA3JIMYHbIX TUMOB BOJIH B IWJIMHAPAYECKOM, KOAK-
CHAJIbHOM, MPU3MaTHYEeCKOM pe3oHaropax. Jlajmee ompenensseM COOCTBEHHYIO 100-
POTHOCTh PE30HATOpa Yepe3 00ObEM U IUIOIAAb MOBEPXHOCTHA PE30HATOPA € YUETOM
FEOMETPUYECKOTO MHOKHTEIS [282].

Memoouka co2nacoeanus napamempos yCmaHo8oK ¢ ucmoynukamu IMH
CornacoBaHW€ OCHOBHBIX KOHCTPYKTHMBHO-TEXHOJOTMYECKHX MAPAMETPOB C PEXKH-
Mamu padotel CBY ycTaHOBOK, 0OecneunBaronmx TepMooOpaboTKy U 00e33apaku-
BaHUE C.-X. ChIPbs, OCYIIECTBIISUIA ¢ TOMOUIBI HIXKETPUBEACHHON METOIUKH.

A. Coznacoeanue napamempog 3J1eKmpoOUHAMUYECKOU CUCHEMDb]

1. Onpeodensaem usuko-mexanuueckue u OUINEeKmpuuecKue napamempaol Colpos
Ha yacmome 2450 MI'y

€ — IUDIIEKTPUYECKAs] MPOHULAEMOCTD CBHIPBS; /g0 — TAHTEHC YIJIa AUAJICKTPUUYECKUX
TIOTEPh CHIPBS; C — yACTbHAS TEMIOEMKOCTh ChIphs, KJK/Kr-°C; &, — abcomoTHAs 1~
3NEKTpHUecKas MPOHAIAEMOCTh BakyyMa (8,85- 107 d/M); p — MIOTHOCTE CHIPHA,
Kr/M; f— gactora, MI'IL.

2. Botuucnaem 2ny0uHy npOHUKHOGEHUA IHEPUU ITIEKMIPOMASHUMHBIX U3IYUeHUIl

CBY ouana3ona ¢ cvipve 014 onpeoenenHus JUHEH020 pamepa covlpba (HE TOJKEH

MPEBBILIATH YABOCHHOTO 3HAYCHUS TTTyOUHBI TPOHUKHOBEHUS SHEPrun DMU)
9,55-10°

y=————", CM.

3. Boruucnsaem yoenvhyro mownocmo CBU cenepamopa uepes pusuko-

AT 1 P
Mexanuueckue napamempul coipos P, =c-p-—-— Bm/m’ P, == Bm/wm’,
AT 7 " (2.4)
rae P.., — nojie3Has MOIIHOCTE reHeparopa, Bt; A T/A t— ckopocts Harpea, °C/c; 7
— KIIJ reneparopa, P, — yA€abHas MOIIHOCTL I'EHEpATopa, Br/M’, V; — 06BeM ChI-
3
pbsl, M”.
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4. Boiuucnsaem HANPAHCEHHOCHb IJIEKMPUUECKO20 NOJISL 6 CbIPbE

P
= 0. i
0,55-¢,-€-tgo- f B/, (2.5)

5. Boiuucnsem codcmeeHHy0 000pOMHOCHb Pe30HAMOPHOI KAMepbl uepe3 KOH-
CIMPYKMUGHbIE RAPAMEMPDL, CO2IACOBAHHbIE C KDAMHOCHbIO ROJIOBUHDI OJIUHbL
eoanst [J1.B. T'onono6os].

JInst MUIMHAPUYECKOTO, CPepUUIECKOro U KOAKCUaIbHOTO PE30HATOPOB C YUETOM

rEOMETPAYECKOTO MHOXKUTENS (7, YYUTBIBAIOIIETO OCOOCHHOCTH KOH(PUTypauu, 1u-

(paKLKK, NEPEIBHIKEHUE:

1 I-d

— w, - Wo/ P, e _ 1 1d
Q Quuﬂ 2'A l+d ( )9
ZI-IHQ
Q =i°(1—G) 0 g _ 1 d -(I—G) (26)
P 3A ’ A 41n.D+1.(1+1j '
d d D

rJie @,— COOCTBEHHAs 4acToTa 00bEMHOI0 pe3oHaTopa, 1/c;

Wo — sHeprus SIEKTPOMArHUTHOTO MOJIs, 3aaceHHast B pe3oHaTope, JIk;

P — akTHUBHas MOIIHOCTh, 3aTPauMBacMasi Ha MOTEPU OT BUXPEBBIX TOKOB B CTEHKAX
pe3oHaTOpa, Ha MOTEepU Yepe3 nepopanurio B BUJAE U3TYUCHUS U HA MOTEPU B MPO-
nykre, Br;

d, | — nnameTp u AyinHa 00bEMHOI0 PE30HATOPA, CM;

A — TOJIIMHA TOBEPXHOCTHOTO CJIOS, 3aBUCSINAS OT YAECIBHOW MPOBOAUMOCTH MaTe-
puana pe3oHaropa, M;

d, D — nTMaMeTpbl KOAKCUAJILHOTO PE30HATOPA, M,

S — mIomAanb BHYTPEHHEH OBEPXHOCTH CTEHOK PE30HATOPA, M.

G — TeOMETPUYECCKUI MHOXKHUTEITb, YUNTHIBAIOIINNA Tepdopalio pe3oHaTopa.

6. Botuucnaem o0vem pe3oHamopHoi Kamepsl uepes 000poOmHOCHIb U HANPAICEH-
Qo ) })een

1.7-g,-¢-E-f’

rae (Jy — coOCTBEHHAs! JOOPOTHOCTh PE3OHATOPHOM KaMEPHI, P 2er — MOUTHOCTh UC-

toynnka CBY usnyuenus, BT.

7. Boluucnaem Kpumuueckyio HanpAa3CceHHOCHb 3J1eKmMpUYecKo20 noas (pu KoTo-

3
HOCHIb I1IeKmMpu1ecKkozo noaa V. = M~ [FO.H. ITuensaukoB] (2.7)

POH IPOMCXOANUT 3aTOPMAKUBAHUS PA3BUTUSI MUKPOOPraHU3MOB)

_ 24 -S-grad T) B/
v Ne,-1g8-¢-fV,’ '

(2.8)
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7.1. Onpeoenaem mMowHOCHb OUIIEKMPUUECKO20 HAZPE6A MUKPOOP2AHUIMOE HPU
PA3HBIX HANPANHCEHHOCMAX FNeKTpIaecKoro mons P =V, (E*-¢, ¢ w 1gd)/4'm, B,
[A.C. I'un30ypr] (2.9)
rne w = 2 «f, 1/c; V,, — 00beM MHKPOOPraHu3Ma, M’; &, g0 — IMANEKTPHUECKHE T1a-
pameTpel 600vl nipu yactore 2450 MI'l w npM M3MEHEHWM TeMIeparypel, F —
HANPSHKEHHOCTD JIEKTPUYECKOTO MoJtst, B/M.

7.2. Mownocmb mennoesix nomeps ¢ nogepxuocmu mukpoopanusma [1O.B. Kop-

yarvH]  Gpens = A S grad T, BT, (2.10)
rae /; — Kod(hUIHEHT TemmonporoaHocTH, BT/M°K; § — miomans MOBEpXHOCTH
MUKPOOPraHu3Ma, M, grad T — rpafeHT TeMIepaTyphl (PasHHLA TEMIEPATYP MEK-
Jy MUKPOOPraHu3MOM M OKPY>KarOLIUM BO3/TyXOM, OTHECCHHBIN K paiuyCy MUKPOOP-
ranusma), °K.

8. Buviuucnsaem jnepeuro, 3anaceHHyr) KOaeOaHuAMU Pa3iuyHbIX HUN0E 601H 6
UUAUHOPUUECKOM, KOAKCUAIbHOM, RPUSMAMUYECKOM Pe30HAMOopax:
(a, b, | — pa3mepbl pe3oHaTopa, M) (2.11)

2
W=0423-¢,-E, -d*-I, W:%-ga-Ezmax-d-z-lng W:ga-%a-b-l.

>

[Tpn pa3paboTke PE30HATOPHBIX KaMep IJIsl TEPMOOOPAOOTKH ChIPbsi B MOTOYHOM
PEKUME C MONYYCHHEM OaKTEPULMIHOTO 3PQPeKTa CTPEMUINCH 0OECIIEUUTh BBICO-
KYI0 HaNpsbKEHHOCTD AJIEKTPUYECKOTO MOJISE U BBICOKOH JOOPOTHOCTH 3JEKTPOAMHA-
MHUYECKON CUCTEMEL.

9. /lobpomuocmb Kak omuouieHue 00vema, 3aHAMOZ0 INeKmMpUUecKuUM nojiem, K
00veMy HPOBOOHUKA 8 KOMOPOM ROJe NPOHUKAEeMm 6Ce0CHeUe KOHEUHOU Npoeo-
oumocmu.

0= Tz 1-G)
A, ) T (2.12)

e Vos, — OOBEM PE30HATOPA, M, A — TOJIIIMHA MOBEPXHOCTHOTO CIIOS, 3aBHCAIIAS
OT YAEIBbHOM MPOBOJMMOCTH MaTEpUalla PE30HATOPA, M; Sy, — IMIIOIIAAb BHYTPEHHEH
TOBEPXHOCTH CTEHOK Pe30HaTopa, M”, G — reOMETPHUECKUN MHOXKUTENb, YIHTHIBA-
IOIUHA 0COOEHHOCTH KOH(pUTYypauu, neppopanuo U 1upakin pe3oHaTopa.
Hanpumep, reomeTprdeckunii MHOKUATENb 10 popmyiie 3aprano ['.:

1+C-—-4

— 1 R
2.7 1+C-

G

>

4 (2.13)

rae C — AJvHA KOHTypa MONEPEYHOTO CEYEHMs PE30HATOpa, M; A — IIONaap ceve-
2 N
HUS Pe30HATOpa, M*, d— cymMMa IMaMeTPOB OTBEPCTUH niepdopannu, M.

Aol
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Hwxe anammzupyem Gpopmyly r€OMETPAUYECKOTO MHOKUTES 110 OTHOIICHUH MHO-
FOPE30HATOPHON KaMEPHI.

9.1. Obwaa naowads u 00veM MHO20PE30HAMOPHOU Kamepsl u3 6 chep u yuiuH-
opa:

d d?
szﬂ-du(j’+hj+N-7r-dfqb, Voerendey g Mg (2.14)

g 4 6

rae N — konm4ecTBo cep; dqy — mmaMeTp cepsl, d, — IMaMeTp WWINHAPA, /1 — BbI-
coTa HWIMHAPA.
9.2. /lobpomHnocmes MHO20PE30HAMOPHOU Kamepbl

h-d?+4.N-d2,

d 2
2-A-\d,-| - +h|+N-d,
2

9.3. I'eomempuueckuii MHONCUMETb, YUUMbIGAIOUIUIL 0COOCHHOCHU MHO20PE30-
HAmMOpPHOU Kamepol.

0= (1-G) , (2.15)

d
1+N-7z-dcqb-d/2-{7z-du-(”+hj+N-7z-dfqb}
1 2

G = .
2.

d >
1+N'7Z-'dcqb'd/4'|:ﬂ-'du'(M+hj+N'7z'dcqu:|‘ (216)
2

rae d = dq4°N. Tlocne ynpoueHus BeIpOKEHUE 2. 16 BBINIAANUT CIETYOMMUM 00pa3oM:

o __1 1+B/2 L d i
2.7 1+B/4> B=N '”'dcqb'{”'du'(7”"‘]7}"‘]\7'”'“’@}

Ecmm nuametpsl ceprl M HWIMHIPA, & TAKKE BBICOTY LIJIMHAPA COTJIACOBATH C JUTH-
HOW BOJIHBI, T.€. CUMTATh KPATHOM (K) IOJJOBUHBI JJTMHBI BOJIHBI d = K A /2, TO KO3(-

? : k-4
pummert B=N? -z k| g KA g e N gkt 24|
4 2 |4
4
B=N2-7r2-k4-f—6°[2,5+N]

9.4. I'eomempuueckuii MHOMCUMETb, YUUMBIGAIOUIUI REPPOpauUI0 MHO20PE30-
HAMOPHOU Kamepvl MOHCHO GbIUUCUMD U RO (hopmyae:

— N ,1+2.(7Z-.dcqb_n.dl).dcqb/,(ﬂ-.dcqbz_E.n.dlz\)
2r 1+(7Z-dcqb—I”l-dcqb)'dcqb/(”'dcqbz_”'”'dlz), (2.17)

TZI€ 1 — KOJIMYECTBO OTBEPCTHI B cepe, d; — AuaMeTp OTBEPCTHs nepdopatuu, M.

9.5. /lobpomuocmo ¢ yuemom oudpaxyuu ¢ pesonamope no gpopmyne B.H. Poauno-

HOBOM
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1 a-b-1>-17

A ST VLN (o o B o (B s Vo (2.18)
T-at-c Y '
M ZT-Zdl -Sm7z'p(x+2d1)/dl,
y

p=1

rae M — k03 PUIMEHT MArHUTHOMN MOJISIPU3YEMOCTH, /. — PACCTOSHUE MEXKIY MOJTY-
chepamu, » — paauyc cQepsl, a, b,/ — pa3Mepsl BBIXOIHOTO BOJHOBOJA, ¢ — CKOPOCTh
CBETA, d; — nuameTp oTBepcTuil nepdopaunu, p = 1,2,... x =a/ b.

b. Coznacoeanue mexnonozuueckux napamempos ¢ pexxcumamiu paﬁombl ycma-
HOGKU 0151 8bIMONKIU Hcupa.

1. 3akonomeprocmu HakonjaeHua xeupa (X) U USMEHEHUA MAccbl uiKeapul (V) 6
. x_3-c(1_ 1) _c l—i)
npouecce eo3oeticmeus (t) IMIICBY. 4 > Y A 5" (2.19)

2. 3aKOHOMEPHOCHIb USMEHEHUA COOCPHCAHUS HCUPOMACCHI 8 PE3OHAMOPHOIL Ka-
Mepe, 8 3a8UCUMOCHIL OM 6PeMeHI RPOMEKAHUA uepe3 nepdhopauuio é npouecce

b
—

mepmoobpabomku ¢ IMIICBY: X = C € , (2.20)

7l ¢ — HAYAJIbHOE KOJIMUYECTBO KUPOCOAEPKAIIETO ChIPb, KI; b — KOJIMYECTBO 3a-
IPYy’KaeMOTO0 >KHPOCOAEPIKALLETO ChIPbS, KT, ' — 00bEM PE30HATOPHON KaMepbI, M.

Obocnoeanue HANPAICEHHOCMU ITIEKMPUYECKO20 NOJA 014 00€33aPadrCUeanu
HCUPocooepIcanie2o colpva eozoeticmeuem IMIICBY [46, 282 ]
TeopeTnueckne UCCieA0BaHus MPOBOIIH o MeToauke Kopuarnna FO.B. nareHT
Ne 2161505 «Cnoco® crepunmzanuu MarepuanoB npu nomomu CBY m3nydeHus c
BBICOKOH HAIPS>KEHHOCTBIO MOJISL M YCTPOMCTBO s peaym3anuu cnocoda. Crocod
3aKJIH0YAETCSA B MCMOJIB30BAHUM MAJIOMOLIHOr0 uctounuka CBY m3nydenus. 110BbI-
HICHUE HAMPSKEHHOCTH 3neKTprueckoro nois CBY amana3oHa mpu nmomomu o0b-
€MHOro pe3oHaTopa 0e3 UCHOJB30BaHUSI MOIIHBIX TEHEPATOPOB 00CCIECUMBAET YHH-
YTOKECHHE MUKPOOPTaHU3MOB.
....I3BECTHO, YTO >KMPOCOIECPKALLEE CBHIPbE MPAKTHYECKHU Npo3padno s CBY us-
JYUYEHHUS] CAHTUMETPOBOTO auana3ona. CBY H3iyueHre CAaHTMMETPOBOrO AMana3oHa
OYEHb CUJIBHO MOTJIOIIAETCS BOJOH, SIBJASIOLICIHCS OJHUM M3 OCHOBHBIX KOMIIOHEHTOB
ato0oro mukpoopranuzMa (Oakrepun Ha 70...80% COCTOSAT M3 BOJABI, COJACPKAHUE

BOJIBI B criopax Oaktepuii cocrapisieT 5...15%). Takum obpazom, aciicteue CBY u3-
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JYYEHUS «TOUEYHOE», B OTIMYME OT YD, PEHTICHOBCKOTO WJIA raMMa M3ITyYEHHs.
BaxxnabiM noctonHcTBOM CBY M3iydeHHs MpU HArpeBe BOJOCOAEPKALLETO ChIPBS SB-
JSIETCS TO, YTO B OTJIMUME OT BCEX CNOCOOOB 00€33apa’kuBaHusl BO3ACHCTBHE HA ChI-
PbE OCYIIECTBIISIETCS M3HYTPH, 34 CUET TEIUTOBOM SHEPTUH, BBIICISIOMICHCS B 00bEME
CamMoOro MUKpoOpranusmMa. MuKpoOprasius3Mbl, OCOOCHHO CIIOPbI OAKTEpUil, IMEIOIINE
J0 5 3alMTHBIX O00OJIOYEK, ¢ BBICOKMM TETUIOBBIM COMPOTUBIEHUEM, MPENSATCTBYHO-
M >PPEKTUBHOMY HArPEBY NMPU BHEINHEM BO3JECHCTBUM, OKA3BIBAKOTCS COBEPLICH-
HO O€33alMTHBIMU NEPE Nake HEOOJBIIUM BHYTPEHHHUM TEIIOBBIACIICHUEM, TaK
KaK B 3TOM CIy4ae 3allUTHBIC OOOJIOYKH CIOP TOJBKO OOJIErYaroT 3afady MX yHU-
YTOXKCHHS, MPENSATCTBYS OTBOAY TEMJIa W3 BHYTPEHHETO 00beMa OaKTEpHATbHBIX
CIIoP.

Omnako mnsa nomyueHuss CBU u3nydeHus ¢ HANPsDKEHHOCTBIO AJIEKTPUYECKOTO
noJisl, JOCTATOYHOW JUIsl YHUUTOKCHHS MHKPOOPraHM3MOB, TpeOyeTCcsi OOBIYHO HC-
1oJib30BaHue MOIIHBIX CBY renepaTtopoB U MO3TOMY 3TOT COCO0 00€33apaKuBaHuUs
HE NOJIYYHJT ITUPOKOrO PACITPOCTPAHEHUSI.

Hawa 3a0a4a pazpabomame npocmoti, 00ue0ocmynisiii cnocod U yCTAHOBKH IS
00e33apaKUBaHUS KUPOCOAECPIKALIECTO ChIPbs MPU MOMOIIM 3JEKTPOMArHUTHOTO W3-
nayuenus CBY nuamna3oHa ¢ UCMoiab30BaHuEeM MajioMoinHbiX (1...5 kBT) u He nopo-
I'MX T€HEPATOPOB, HE TPEOYIOMIMX CIOKHBIX CUCTEM KOHTPOJS W ymnpaeieHus. [lpu
JTOM MPEIAracTcs ROGbICUMb HANPSHKEHHOCTD JJIEKTPUYECKOIO MOJIS BHYTPH PE30-
HaTOpa 0COOOH KOHCTPYKLMH 0 BEJIMYMHBI, 0OECIICUMBAIOLIEH YHUUTOKEHUE MUK-
POOPraHU3MOB, TAKAX KaK OAKTEpPUH, CIIOPHI, 32 CUET HEMOCPEACTBEHHOTO MOTJIOLIE-
Hust M CBY sHeprun. [Ipu 00e33apakuBaHny KUPOCOAEPIKALIETO ChIPbs C BBICO-
KHM COJIEP’)KaHMEM BJIard, B HaYaje Mpoiecca HEOOXOAMMO MOAACPKUBATh Cl1adyto
HANPSHKEHHOCTD 3JIEKTPUYECKOTO NOJIS (PETYJIMPYSI MOMIHOCTBIO TEHEPATOPA), MOCIIE
YACTHYHOTO TJIABJIEHUS KHPa HEOOX0IMMO MOBBICUTh HanpsbkeHHOCTh OMITCBY o
YPOBHSs1, 00ECIEUNBAOIIETO YHHUTOKEHUE MUKPOOPraHU3MOB.

PazpaboranHblii cioco0 MiaBJIeHUs )KAPA € OJHOBPEMEHHBIM €0 00€33apakuBa-
HUEM pEaIu30BaH YCTAHOBKOM, cojaepxaiieid ucrounnk CBY wmznydyeHus (MarHe-
TPOH, padoyas 4acToTa KOTOPOro orinuyaetcs He Oonee ueM Ha 20% OT cOOCTBEHHOM

PE30HAHCHOM YacTOTBl OOBEMHOTO PE30OHATOPA) W PE3OHATOPBI. TEXHOIOTMYECKUAN
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OPOLECC PEAIM30BAH C MOMOIIBID MHOTOPE30HATOPHBIX MEP(HOPUPOBAHHBIX COED,
COCTHIKOBAHHBIX K OOKOBOI MOBEPXHOCTH LMJIMHIPHYECKON YacTh paboyeil KaMephl.
[Ipuyem Best pe30HATOPHAS KAMEPBI PACIIONIOKEHA B LWIMHIPUYECKOM JKPAHUPYHO-
LIEM KOpITyCE.

[TpoBenemM OLEHKY HANPSXKEHHOCTH 3eKTprueckoro nojst CBY uznydenus, HE0O-
XOMMOM Tl YHUYTOXKEHUS MUKPOOPTaHU3MOB MyTEM HEMOCPEACTBEHHOTO HArpeBa
COJICPKAILICHCS B ChIPbE BOARI [46, 47, 282].

VYeranoBka conepxut Tpu CBY reneparopa, mojie3HOH MOITHOCTBIO Kaxa0ro 0,8
KBT. IlycTh XapakTepHbIii pa3Mep U3MEIBUYEHHOTO KUPOCOAEPKALIETO ChIpbsi R (pa-
mmyc) paseH 0,5 cM, 06beM V = 477 /3 = 0,523 e, coepskaHne BOJIBI B KHPOCO-
nepxkamem coipbe 11,47 % wm 0,523-11,47/100 = 0,06 e

CunTaeMm, 4T0 B YCTAHOBKY MOCTYNAET CHIPbE, BIAKHOCTHIO 11,47 % (BIaXHOCTH
sxkupoBoid Tkanu KPC 14,2%, ogent 11,6%, kyp 8,6%).

Jlasiee s CpaBHEHMSI ONPEIENSEM MOLTHOCTh HATPEBA MUKPOOPTaHU3Ma MPH BO3-
neiicteun OMIICBY u aHanu3upyeM HEOOXOIUMYI0 HANPSDKEHHOCTh 3JIEKTpUYE-
CKOIO MOJis I 3aTOPMAKABAHUS PAa3BUTHS MUKPOOPIaHU3MOB IYTEM HArpeBa Co-
aepxaitierics B HUX BoAbl (6akTepun Ha 70...80 % cocTOST U3 BOJBI, 4 CHOPHI OaKTe-
puit — 5...15 %).

1. OueHUM NOMIOIAIIY CHOCOOHOCTh HCUPOGOU MKAHU
P =(E e, e wtgdy4 m, Bmear’ (2.21)

riae £ — HanpsHKEHHOCTD SJIEKTPUYECKOrO NOJIS B CHIPBE, B/cMm;

&, — aBCONIOTHAs AMAIEKTPHYECKas IIPOHMIIAEMOCTh Bakyyma (8,85:107* d/em);

& — OTHOCHTEJIbHAS TMAIEKTPUYECKAs MPOHULIAEMOCTD KUPOBOM TKAHU NIPU TEMIIEPa-
type 20°C, wacrore 2450 MI'm cocrasimser 4,53 (KPC — 5, oenr 4,4, xyp — 4,2,
cpennee 3HaueHue 4,53);

[g0 — TAHIEHC yria AUAJIEKTPUYECKUX MOTEepb >kupoBoi Tkanu 0,065 (KPC — 0,02,
ogeny 0,093, kyp — 0,081, cpennee 3Hauenue 0,065);

(daktop notepsb xkupoBoit Tkanu — 0,283 (KPC — 0,1, oser; 0,41, kyp — 0,34);

Hanpumep, npu nanpsisicenHnocmu saekmpudeckoeo noas 1,0 kB/cu
P = (1000%8,85:10"*4,536,28:2450-10°0,065)4 ' = 31,92 Br/cm’.
2. OrneHUM NOorIOMAIITYH CTOCOOHOCTD 8000l.

JIMBNEKTpUUECKUE TapameTpel 600sl ipu yactore 2450 MI'nm m npu M3MEHEHUU
Temneparype ot 15 1o 45°C cocrasnsior [333]:
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BoCEMb cep, nmamerpom 20 cMm u yctaHoBka cojepxkut 3 CBU reneparopa. Ecim
4acToTa BpalleHusl Jucka-potopa 60 00/MHH., TO CBIpbE B KaK10il nepdopupoBan-

HOI nonycdepe moasepractes Bo3AciicTBriO B TeueHue 0,125 ¢, U HarpeBaeTcsi Ha

0,0625°C, a ¢ momomipio Tpex redeparopos Ha 0,188°C. (0,5 °C/c - 0,125 ¢ -3 =

0,188°C). 3a ommu oGopot portopa ceipbe HarpeBaercs Ha 0,188°C, a 3a 1 MuHyTY

11,25°C. inst pocTrvkeHus mpeBbiiieHus Temmeparypsl 70...78°C, HeoOxoaumo 00-

pabateiBaTh B Te4eHUE 6,5...7 MuH. [1pr 3TOM Macca eAMHOBPEMEHHOM 3arpy3ku 1,6

KT, TOr1a TPOM3BOAUTEILHOCTh YCTAHOBKH COCTABIISIET 14 Kr/y.

3. Onpeoeiisiem MOWHOCMb MENI08bIX NOMEPL C NOBEPXHOCIIU MUKPOOPLAHUIMA
Qmenn = A S grad T, Bt (2.22)

rae A — kodddummeHT TermonporoaHocty, Br/m-°K:

nst Bozayxa A = 0,023 Br/m°K;

st Bojel 0,6...0,63 Br/m°K;

ast ceuHOTO skupa 0,186...0,58 Br/m* °K (B cpemnem 0,383, crp.349 Msamos),

11t ToBsbkbero skupa 0,217...0,35 Br/m- °K. (B cpeanem 0,283),

S — oAk NTOBEPXHOCTH MUKPOOPraHU3Ma, M~

grad T — rpalueHT TeMIepaTypsl (pa3HuLa TEMIIEPATYP MEXKITY MUKPOOPraHU3MOM M
OKPY KAaIOIIEH CpeIoi, OTHECEHHBIN K paanycy MUKpoopranusma), 0,0625°K.

Jna 600vl (mennonposoornocme 600wt 0,63 Br/m- °K).
Gonn. = 0,63°3,14°10™*+ 0,0625/ 0,05°10° = 2,47-10°° Br;
Ao, = 0,63°7,85-10"%+ 0,0625/ 0,25:10° = 1,24-107 Br;
Gmens, = 0,63°3,14°107'%+ 0,0625/ 0,5:10° = 0,247 *10° Br;
Gmens. = 0,63°3,14:107%-0,0625/ 5-10° = 2,47 -10°° B
Goens, = 0,63°3,14:10™ 0,0625/ 50:10°  =2,47-10" Br;
Gmens, = 0,63°3,14:10° 0,0625/ 500°10° =2,47-10™ Br.

Jna scupa (cpeonsist menionposoOHOCb JHCupa ceunozo u 206sxcoezo 0,333 Br/m- °K).
Gmens. = 0,333°3,14:107*+ 0,0625/ 0,05:10° = 1,31-10° Br;
Gmens. = 0,3337,85:107%+ 0,0625/ 0,25-10° = 0,654:10” Br;
Gmens. = 0,33373,14:107%+ 0,0625/ 0,5:10° = 1,3110° Br;
Gmens. = 0,333°3,14:107%- 0,0625/ 5:10° = 1,31:10" Br;
Gmens. = 0,333°3,14:10°% 0,0625/50:10° =1,31-10°Br;
Gmens. = 0,33373,14:10°° 0,0625/ 500°10° =1,31 Bt

Tabnuna 2.5 — OU3HKO-MEXAHUYECKUE TAPAMETPhI

YaenvHas Koappumment Koaddumment remme-
HaI/IMCHOBaHI/Ie TCIIIIOCMKOCTD TCTJIOMPOBOAHOCTH ParyponpoBOIHOCTH
kJDx/xr-°C Br/m °K M/°C
CBHHOI xHp 1,758 0,186...0,58 (4.4...5)-10°
TOBsDKHMI KH 2,093 0,217...0,35 (5.3...7.8)-10°
Bosxyx 1,005 0,084 7-10°
Bona 4,187 2,135 5-10™
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4. llomepu na meniogoe uziyderue MTPA TEMIEPATYPE MOBEPXHOCTH MUKPOOPIraHU3-
MoB 1'=329°K: Gun =0 S T7, Br,

IJIe G — M3NydaTenbHas CliocoOHOCTh aGCOMIOTHO YepHoro Tena (5,7 10° Br/m*°K™);
T — abconroTHAs TeMIIepaTypa MOBepPXHOCTH 3epHa, 70+273 = 343°K (npu mpuparrie-
Hud Temneparypsl 70°C 1 HavambHOM Temmeparypbl Mukpoopranusma 20°C).

Jlna eoowt

Pannyc MomHoCTh [otepu Ha | O6mue
MHKpOOpra- TEILUIOBBIX TEIUIOBOE U3- | IIOTEPH,
HU3MOB, M noreps, Bt aydeHue, B Br
0,05°10° 2,47-107 247107
0,25:10° 1,24:107 1,24:107
0,5:10°° 0,247 -10° 2,47-107 0,247:10°°
5-10° 2,47-10° 2,47-107 2,71-10°
50-10° 2,47 107 2,47-107 4,94-107
500-10° 2,47-10" 2,47-107 2,71-107

343*=247-107 Br,
343*=247-107 Br,
343*=247-10" Br,
343=1247-10" Br.

Gu==5,710" - 3,14-10™"%
Gus=5,710" - 3,14:10""-
Gu==5,710"-3,14-10™
Gus=5,710" - 3,14-10°

na sorcupa
Paanyc Momnocte  ten- | [Torepu Ha Temnosoe | OOmue
MHKPOOPTaHU3MOB, M | JIOBBIX ITOTEPh, BT | m3nyuenue, Bt oTepu, Bt
0,05-10° 1,31-10° 1,31-10°
0,25-10° 0,654-107 0,654-107
0,5:10° 1,31-10° 2,47-107 1,31-10°
510 1,31-107 2,47-107 1,31-107
50-10° 1,31-10™ 2,47-107 1,31-10™
500-10° 1,31 2,47-107 1,31

Gus=5,710"3,14'10"> 343" =2, 47-10” BT, q,s = 5,7 10° - 3,14:107"- 343" = 2,47-10” Br,
Gus=5,710"-3,14-10% 343*=247-10"Br, ¢,,=5,7 10® - 3,14:10° 343*=247-107Br.

Tabmuna 2.6 — MOIIHOCTh TUAIEKTPUUYECKUX TOTEPh MPH PA3HBIX HAMPSKEHHOCTSIX
DJICKTPUUYCCKOTO NOJIsL U pa3Mepax KOJIOHUM MUKPOOPTraHU3MOB (600a)

E, B/cm | P, Br/cm’ | P, Br/em’ MOITHOCTE AUIICKTPHICCKUX TIOTEPh P, Br
C YYETOM JMBICKTPHUESCKUX PAAHYE MHRPOPPIaTToos, ¥ 500-10° 3000-10°
106 106 .10-6 106 : :
MapaMeTpPOB 0,05-10 0,5-10 5-10 50-10 (10" KOE/ed) | (10° OF/erd)
06bEM MHUKPOOPTAHU3MA, CM~
momaiab HOBerHOCTI/I MI/IKpOOpFaHI/ISMa, M2
HKHP BOIBI 523-10"° [ 523-107"° 52310 5.23°10° 5.23-10™ 0.5
3,14:-10™ | 3,14-1012 3,14-107° 3,14:10® 3,14-10° 3,14-10™
1000 31,92 1240 6,48:10"° | 6481070 | 64810 6,48:10™ 6,48:10! 6,48:10°
2000 127,68 4960 2,610 2,6'107 2,6°10°° 2,610 2,6 2,6°10°
3000 287,28 11159 58410 | 5.84:107 5,84:10° 5,84:107 5,84 5,84:10°
5000 798 30997 1,62:10™"" 1,62:10° 1,62:10° 1,62:107 16,2 16,2:10°
7000 1564,1 60754,5 3,18:10° | 3,18°10° 3,18:10* 3,18:10! 318 318:10°
9000 25855 100430,8 52510 | 52510°F 5,2510° 5,25:107 52,5 52,510
11000 38623 1500263 7.85-10" | 7,85'10% 7,85:10° 7,85:107 78,5 78,5°10°
13000 5394.5 209540,8 11-10™" 11-10° 11-10° 11107 110 110-10°
15000 7182 2789745 1,46°10"° | 1,46°107 1,46-10™ 1,46°10" 146 146-10°
MONIHOCTB TEILIOBEIX MOTEPH, BT 2,47°10% 2,47:107 2,71-10°° 4,94-10° 2,71-10° 2,71-10°
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cdyeT Temronepenaun (4,94-10° BT) 3HAUYMTENBHO HIDKE JUDJICKTPUYECKUX IMOTEPh
(6,48:10™" BT) y>Ke npH HanpsikeHHOCTH 1 KB/cM.

Ho yHuuTOMX)EHHE MEUKPOOPIaHU3MOB, TAKUX KaK OaKTEPHUHU, CIOPHI MW BUPYCHI, 32
CYET HEMOCPEACTBEHHOrO MoryoumeHuss umu 3Heprun OMIICBY npoucxoaut HE B
nojHoi Mepe. [1oaToMy HEOOXOIMMO MPEAyCMOTPETH JIOMOJMHHUTEIbHBIA (HAKTOP
BO3/JICHCTBUS HA KOJIOHMM MUKPOOPraHu3MoB. Eciau pasMep KOJIOHWH COCTaBIISET
50°10° M n Gosee, TO, HAIPUMED, 3a CUET YJIHTPA3BYKOBOH KABHTALM MOXKHO pa3-
PYLIUTH CTPYKTYPY KOJOHWH 1O OTAEIBHBIX MUKPOOPraHU3MOB, C TEM, YTOOBI NpH
Bozaciicterun OMIICBY HanpsbkeHHOCTBIO Ootiee 2 kB/cM 3aTOpMa)kuBaTh UX pa3BH-
THE.

Paspabomana cxema npoyecca mepmoobpabomku scupa. VIcCienoBaHbl 31EMEH-
Thl TEOPUM B3AMMOACHCTBHS OTIAENBHBIX PA00OUMX Y3II0B C CHIPbEM; pazpaboTaHa Me-
TOJMKA COTJIACOBAHMS KOHCTPYKTHBHO-TEXHOJIOTMUECKUX IMAPAMETPOB U PEKUMOB
paboThl yCTAaHOBKHW, 000CHOBaHa 3P (EKTUBHAS TeMmmeparypa IaBjacHus skupa [50,
270].

Texnonocuveckas cxema mepmoobpabomku ocupa (puc. 2.15) pazpabotana c
YUETOM HUKENPUBEACHHBIX TPEOOBAHMIA K MPOLIECCY TMIABICHHS KUPa.
1. TepMooOpaboTKa 3a CUET CECHUPUUECCKOTO JCHCTBHS SHEPTUH AJICKTPOMArHUTHO-
ro Mojs CAHTUMETPOBOIO AMANa30Ha, ONPEACICHHON HANPSHKEHHOCTH SJICKTPHYE-
CKOTO MOJISI.
2. YcTaHOBKa pab0OTacT B HEMPEPBIBHOM PEXKUME.
3. Pazmep yacTull, moaBEPracMeIX TEXHOJIOITHYECKOMY BO3ACHCTBHIO, TOJKEH OBITH
MEHBLIE NTyOUHBI MPOHUKHOBEHHMSI SJICKTPOMArHUTHBIX U3TYYEHUH.
4. lomxHa ObITh MPEAYCMOTPEHA a3PAMOHHAS CUCTEMA, CHCTEMA MEPEMEIIMBAHUS U
BBITPY3KHM YaCTHILL 5KAPA.

C y4eToM BBILICYKA3aHHBIX TPeOOBAHWH, MPEIBABISIEMBIX K pa3paboTKe, COCTaB-
JIEHA TEXHOJIOTUYECKAs cxeMa TEPMOOOPaOOTKH KUpa B HEMPEPHIBHOM pexkume. OHA
PelyCMaTPUBAET CICAYIOIIUE OTICPALIVH:

- U3MEJBYCHHUE JKUPa PA3MEPOM MEHbLIE NNTyOWHBI TPOHUKHOBEHUsE DOMMU canTMeT-
POBOr0O JUAIa30Ha;
- 3arpy3Ky UX B PE30HATOPHYIO KaMepy;
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- o0ecnieueHre 3HAOTEHHOTO HArpeBa U3MENIBUYEHHOIO JKApa B NMPOLECCE LEHTPU(Y-
TMPOBAHUS,
- @3palMIo W BBITPY3KY YaCTHIL XKpa yepe3 neppopauuro nonycdepst [50, 148, 231,
270, 297].

1. Jlng yIOBIETBOPEHUSI 11ep8o20 yC106Us HEOOXOAUMO ONMPEACIIUTE KPUTHUECKYHO

HANPSHKEHHOCTD AJIEKTPUYECKOTOo mouid. [1oce 4ero HanpsbKeHHOCTh SIEKTPAYECKO-
'O MOJIS COTJIaCOBATh ¢ 0OBEMOM PE30HATOPHOM KaMepsl U TOOPOTHOCTBIO, a Jaliee ¢
yaenpHON MoHOCTEHO CBY reneparopa. 11py 3TOM yuuTBIBAIIM, YTO camasi BbICOKAs
JOOPOTHOCTh PE3OHATOPHON KaMEpbl JOCTUTACTCA MPH €€ CPEPUUYECKOM HCIIOJHE-
HUM. M3BECTHO, YTO AOOPOTHOCTh PE30HATOPHOM KaMepwl OyAEeT TEM BBILIE, YEM
MEHBIIE €€ TOBEPXHOCTh MPH 3aJaHHOM 00beMe. Takoil KOHCTpyKkuued obOnamaet
cepudeckas pe3oHaTOpHAs KaMmepa, MO3TOMY OOBEMHBIM PE30HATOP BHIMOJHEH W3
aByx nonycdep. Jnamerp chepbl JOKEH OBITH PABHBIM LIETOMY YHCITY MOJIYBOJIH.

2. Bmopoe yciogue. JIns oOecrieueHNs HENPEPHIBHOTO PEXUMa MPEyCMaTpUBAECT-
Csl BpalllCHUE HWXHEH nmepPopupoBaHHOM monychepsl ¢ 10CTaTOUHO OOJIBIIONH CKO-
pPOCTBIO, olecrmeunBaronleii UEHTPU(PYTHPOBAHUE H3MENIBUYEHHBIX W SHIAOTEHHO
HArPETHIX YACTHIL )KUPA, a TAKXKE adpauuio. Yepe3 HeHTp BEpXHEH HEMOABUKHOM NO-
ayc(hepsl HATPABJIEH U3TyYaTellb B CHOEPUUECKYIO0 PE3OHATOPHYIO KaMepy.

3. Tpemve ycnosue. JIns M3MENbUEHUS KMPA YCTAHOBKA CONEPKUT «BOm4ok» ¢
OINpEACTIEHHBIM HAa0OPOM HOXEN M PEIIECTOK, 0OECIEUNBAKOIIMX PA3MEP YaCTHUL CO-
M3MEPUMBIA ¢ rTyOMHON MpoHUKHOBEHUs DMMU, BeaencTBre 4ero yacTHibl Mo 00b-
€MY PAaBHOMEPHO HArPEBAKOTCH.

4. Yemsepmoe yciogue. Jliis cOYETaHUs MPOLIECCOB MEPEMEIINBAHUS, adPALUNA U
BBITPY3KM TOTOBOW MPOAYKIMH MPEAYCMOTPEHA IBYXJIOMACTHAS MEIIANIKA, BPALIAKO-
nieecst ¢ TaKOM k€ CKOPOCTBIO, UTO U nepPopupoBaHHas noiaychepa.

Texnonocuyeckas Ho8U3HA YCTAHOBKU JJIsE TEPMOOOPAOOTKH kupa (puc. 2.15) 3a-
KJTFOYAETCs B TOM, YTO OHA 00ECNEYNBACT COYETAHUE MPOLECCOB U3MEBYCHUS JKUPA,
SHAOTCHHOI'0 HArpeBa, a’palMd M BBITPY3KH BBITOIJIEHHOTO KUPa 6 HOMOYHOM Pe-
xume. s obecnedyenus Bosaeiicterss OMIICBY Ha skup ¢ MPOCPOUYEHHBIM CPOKOM
XPaHEHUS! YCTAHOBKA COJEPYKUT BHYTPHU SKPAHHUPYIOLIErO NUWJIHHIPHYECKOTO KOPITY-

ca 7 cepuueckyro pezoHaTopHyto kamepy CBU reHeparopa, BHIIMOJTHEHHYIO U3 JIBYX
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5. YcraHOBKa Ans BapKku KpoBU YOOUMHBIX >KMBOTHBIX Bozaciicteuem OMIICBY u
WH(PAKPACHBIX U3ITyUYEHUH;

6. YcranoBka uis BBITONKM skupa B OMIICBY,

7. MHOrOpe30HaTOpHAst yCTaHOBKA JJIs TUIaBjicHUs xkupa B OMITCBUY;,

8. LlenTpoOekHasi yCTaHOBKA Uil TEPMOOOPAOOTKH >KUPOCOACPIKALIETO ChIPhS B
OMIICBUY;

9. CBepxBBICOKOYACTOTHAS YCTAHOBKA JUISl BBIACJICHUS PACIUIABJICHHOIO KHUpa M3
YKUPOCOIEPKALIETO CHIPbSI.

I') Yemanoeku ona mepmooopadbomxu opy2ux 6uooe colpvs

1. CBY ycraHoBKa AJist BBINEUKH XJIEO0OYIOUHBIX W3/IEIHIA,

2. CBU ycraHoBKa Jij1s1 TEpMOOOPaOOTKH 3aMOPOKEHHBIX TECTOBBIX 3arOTOBOK.

3. YeranoBka s cymku mwepetd B OMIICBUY;

4. Cyomumarop ¢ CBY reHeparopoM Jyisi CylIKdA 3aMOPOKEHHOTO ChIPhSI;

B Tabn. 2.8 npuBeneHbl 3(EKTUBHBIE 3HAYEHUST HATPSHKEHHOCTH HJIEKTPUUYECKOTO
noJis U 00beMa PE3OHATOPHOM KaMepbl pa3padOTaHHOIO TEXHOJIOTHYECKOTO 000py-
JOBaHUs ¢ ucnoiab3oBanuem MU nmst nepepaboTKH C.-X. ChIPbSL.

Tabmuna 2.8 — DpdexruBHbie napameTpsl SMIICBY mig TepmMooOpaboTKH ChIPbs
B pa3paObOTaHHBIX TEXHOJIOMMYECKUX Mmporieccax [52]

IIpoueccer

Pa3zpaborannble CBEPXBBICOKOYA-
CTOTHBIC YCTAHOBKHU IJIA:

HampssxeHHOCTB
3JEKTPHUYECKOTO
moJs, KB/cMm

O0veM  pe-
30HATOPHOM
KAMEPBL, 1

3aTopMakuBaHue
pa3BUTHUSA OaxkTeprambHON
MHUKPOQIOPHI

00e33apakuBaHus CoIPbA

2...14

Yckopenue npouecca
TepMooOpaboTKH

TEPMOOOPabOTKU Kpoeu yoOoiinbix
HCUBOHIHBIX

TEPMOOOPabOTKU  Jcupocooepiica-
uiezo colpbs

TEPMOOOPabOTKN MSICHOTO hapuia

niasieHust cupa

TepMOOOPaAOOTKH CHIPbSI
6 000/104Kax (IUUPTaH)

11 TepMOOOpPabOTKH COCUCOK U
capoejiexk

MacCHPOBaHUs B TepMOOOpaboTKH
KYCK08020 MACHOZO ChIPb3

TepMOo0oOpabOTKH XJ1e60by/104HbIX
uzoenuii

Pa3MOpaKUBAHUS CbIPbA

CYUIKH Hiepcmu

CYUIKU 3AMOPONHCEHHO2O CbIPbA

0,2...0,5

17...27
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a

W=0423-¢ B> -a*-1, [,

2
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-yl P=—— PP
sonnoi H 4287, 341-a

B munmmHapryeckoM 00BbEMHOM PE30HATOPE PEKUM CTOSYMX BOJIH TMOJIYYATCS HE
TOJIBKO B MOMEPEYHOM CEUEHUH, HO M B POAOJIBHOM HampaBicHUH. Pe3oHaHc Oyaer
HAOMOIAThCS HA YaCTOTAX, IS KOTOPBIX BAOJIb PE30HATOPA YKIAIABIBACTCS LENOE
YHUCIIO MOJIYBOJH. J[ns mpocrtedimero tuna kojieOaHwii, XapakTepHO TO, 4YTO COO-
CTBEHHAsl 4acTOTa HE 3aBUCUT OT BBICOTHI PE30HATOPA, 4 OMPEACTSETCS TOJIBKO €ro
auaMeTpoM. J[st mponycKaHus SIEKTPOHHOIO OTOKA B CTEHKE PE30HATOPA HMEETCS
orBepcTHe. HacTpoiiky 0OBEMHBIX PE30HATOPOB HA HEOOXOAMMBIN JUana3oH 4acTOT
MO>KHO OCYIIECTBUTh U3MEHEHUEM MX 00BEMA.

INeKmpoouHamuyeckana cucmema co chepuueckumu pesonamopamu. OaHUM 13
HIMPOKO HCIOJIB3YEMBIX W MEPCHEKTHBHBIX AJCKTPOAMHAMUYECKUX 3JIEMEHTOB B
CBY nuana3oHe SBISIFOTCS MHOTOPE30HATOPHBIE CUCTEMBL. B c8s3u ¢ smum  paspa-
bomana ycmanoexka co chepudeckuMu pe3oHamopamu, 8blNOJIHEHHbIMU U3 O8YX NO-
Jycep. DNEKTPOJMHAMHYECKAsS CHCTEMA, COCTOMT W3 TOCJEA0BATENBHO PaCMoio-
JKEHHBIX U TU(PPAKIIMOHHO CBI3aHHBIX mosycdep, oOpasyromux chepruiyecKue pe3o-
HATOpBL. M3BECTHA MHOTOPE30HATOPHAS CHCTEMA CO CPEPUUECCKUMU 3EPKAIAMH, THE
4yepe3 LECHTPAIBHBIE OTBEPCTUSl B 3€pKaje OJHOTO PE30HATOPA MPOUCXOIUIIO BO3-
Oy>kneHue ot reneparopa [Adonun T, Mansiukuna A K. |. OnuH U3 OJ0KOB 3€pKal He-
NOJBHKHBIM, APYroi OJIOK 3epKan MEPEMEIIAETCS MEPHEHAMKYISPHO ONTHYECKON
cucteMbl. [Ipyn yBenMUEeHUM pacCTOSIHUS MEXKIY Monychepamu 3HAYUTEIBHO PACTyT
IM(PPAKIMOHHBIE MOTEPH. YacTh SHEPrUY, BHIICAIICH U3 PE30HAaTOpa yepe3 Andpak-
LU0 MEXKIy nonychepamMmu, MOKET MOMAAATh B COCEAHMIA pe30HATOP. I momydeHust
J0CTAaTOYHO TOOPOTHBIX KOJNEOAHU ¢ XOPOIIEH aMIIMTYAOH PacCTOSHUE MEXKIY TO-

aycdepamu T0JKHO ObITh HEBEIIUKO.
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Hay4nyro HosusHy pe3yabTaTOB UCCIIEN0BAHUS NPEACTABISIOT [54, 56, 60, 374]

- MaTeMaTHYECKUE 3aBUCUMOCTH, TIO3BOJISIOIIUE 0OOCHOBATH MapamMeTphl pabovero
OpraHa U peXuMbl PabOTHl YCTAHOBKH, 00€CIECUMBAIOUICH TEpMOOOPAOOTKY KPOBH
yOOIHBIX KMBOTHBIX B MEPEABHXKHBIX CPEPUUECCKUX PE30HATOPHBIX Kamepax CBU
reHeparopa;

- 3aKOHOMEPHOCTH BIIMSIHUS PEKUMOB padOThl YCTAHOBKH HA JUHAMUKY 3HIO-, SK30-
TEHHOT'O HAarpeBa KPOBU YOOHHBIX KMBOTHBIX C YYETOM M3MECHEHHUS UX TUAJICKTPUYE-
CKMX M (PU3MKO-MEXAHMYECKUX MAapaMETPOB B MPOLIECCE TEXHOIOTMYECKOTO BO3CH-
CTBMUS,

- YCTaHOBKA, UMEIOLIasi HOBOE€ KOHCTPYKTUBHOE MCIOJHEHUE PadOUYEro opraHa B BU-
1€ TIEPEABMKHBIX C(DEPUUECKUX PE3OHATOPHBIX KAMEDP B SKPAHUPYIOIIEM KOPITYCE,

- MOTOYHBIA TEXHOJIOTHYECKUI Mporecc TeEpMOOOPaObOTKA KPOBU YOOWHBIX KUBOT-
HBIX, pa00UYMe PEKUMBI U KOMIUIEKC KOHCTPYKTHBHO-TEXHOJIOTMYECKHX MapaMeTPOB
YCTAaHOBKH, 00€CIECUMBAIOLINE YIIYUIIEHUE KAYECTBA BAPEHOW KPOBW NPU CHUKCH-
HBIX SKCIUTyaTallMOHHBIX 3aTPaTax.

TexHoIOrnuecKkas cxemMa MPOM3BOJCTBA BAPEHOM KPOBU MPEAYCMATPUBACT CIICIY-
roue onepauuu (puc. 2.17): 3aJIMB KPOBHA B MPUEMHYIO €EMKOCTh J03aTOpa; J03UPO-
BaHUE CHIPbA-KPOBH B NOJycepbl PE30HATOPOB B MPOLIECCE UX MEPEABUKEHHUS, MHO-
TOKPaTHBIA SHMIO-, DK30I€HHBINH HArPEB CHIPHS, YEPEAYIOMIUNACS C TTay30M; BBIIPY3Ka
CBAPECHHOI KPOBHM MOCPEACTBOM ONMPOKHIBIBAHUS MOycepP; U3MeIbYeHue u (aco-
BaHUE BAPEHOW KPOBH B CHELHUAIBHBIC MEIIKH, TPAHCIOPTUPOBAHUE B XOJIOIUIBHYIO
KaMepy, TPaHCIOPTUPOBAHUE B KUBOTHOBOAUECKHE XO03dicTBa. Cxema TepMooOpa-
OOTKM KpOBHM YOOMHBIX )KUBOTHBIX pa3paboTaHa ¢ y4eTOM CIIECAYIOINX TPeOOBaHUH K
IIPOLECCY:

- TepMOOOPadOTKA KPOBH MPOUCXOAUT 32 CYET MHOTOKPATHOTO MOCIEA0BATEIHLHOIO
BO3JICHCTBHS Uepe3 May3y AJIEKTPOMArHUTHOTO TOJIsi CBEPXBBICOKOM 9aCTOTH U MH-
(hpakpacHbIX U3TyUYCHUIA,

- yCTaHOBKa pabOTaeT B MOTOYHOM PEKUME;

- KpOBB MOJACTCS B MEPEABUXKHBIC C(HEPUUECKUE PE3OHATOPHI JO3UPOBAHHO, B aBTO-
MaTHYECKOM PEIKUME;

- BBITPy3Ka BapeHOH KPOBHU MPOMCXONT 3a CUET ONMPOKHUABIBAHUS COOTBETCTBYIOIIMX
nonycdep;

- TepMOOOpabOTKa KPOBM OOECMEUYMBAECT 3aTOPMAKMBAHUE PA3BUTHS MATOTNEHHBIX
MUKPOOPTaHU3MOB B CBAPEHHON KPOBH,
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PEIBIXKHOM MOSTycdepbl O CTAUMOHAPHOM MONyc(epoil MOTOK 3JIEKTPOMATHUTHBIX
W3yYeHUil OyJIET HAmpaBJICH BHYTPbh PE30HATOPHON Kamepbl. KpoBb moaBepraercs
BozaeicTBriO OMITCBY m 5HIOM€HHO HArpeBaeTces 3a CYET TOKOB nossipu3anuu. Jla-
nee, 3a npenenamu CBY reneparopa, CbIpbe IPU TPAHCIIOPTUPOBAHUM B HUXKHMX T10-
aychepax noasepraercs 3k30reHHomMy HarpeBy 3a cuet UK namn. Ilpu uepenoBanuu
OHJI0—K30M€HHOr0 HarpeBa IPOUCXOIUT IMPHUPALLEHAE TEMIEPATypPbl CBIPbA IO
95..100°C. 3arem 3a CUeT CHEHUATLHOTO YIOPHOTO JJIEMEHTA Kakmas momycdepa
OMPOKUABIBAETCS, MPOIYKT CIOJI3AET B BBITPY3HON JOTOK. DTOMY CIIOCOOCTBYET J0-
MOJIHATENIBHBIA HAKIOH TEPMOCTOMKHMX IUAICKTPUYECKMX KOHTEHHEPOB. 3a CYET
HIAPHUPHBIX METEb W HAMPABISIOMIMX, NEPEIABHXKHBIC MOITYC(EPB BO3BPALIAIOTCS B
BEPTHUKAJIBHOE NOJIOKEHHE. [lanee KaMepel TOTOBBI K TPUEMY HOBBIX MAPTHUIl CHIPHS.

Memoouka coznacoeanus NAPaAmMempos U pedcumos padomot yCHaHoGKu 014
mepmooopabomku Kpoeu yoouHbIX HCUBOMIHBIX

[Tpn MpOEKTUPOBAHUM YCTAHOBKM HEOOXOAUMO MPOBECTH:

- BBIOOP HCTOYHMKOB SHEPrOMOJBOIOB M UX KOJIMYECTBA,

- 000CHOBAHHE KOHCTPYKTUBHOTO HCIIOJIHEHUSI OOBEMHBIX PE30HATOPOB, BBIOOP HMX
KOMITOHOBKH B paboy4ei SKpaHupyrouleil kamepe;

- COracoBaHKUEe JOOPOTHOCTH U EMKOCTH OOBEMHOIO PE30HATOPA C HANPSHKEHHOCTHIO
AIEKTPUYECKOTO ITOJIS B CHIPBE;

- 000CHOBaHKE LMKJIIOB BO3AcHCTBAS DOMU 10 MHTEpBAIaM BPEMEHU;

- 000CHOBaHUE TEMIIEPATYPhl HATPEBA CHIPbSl B 3aBUCUMOCTH OT YACIBHOM MOIIHO-
CTU UCTOYHUKOB SHEProONOABOAA;

- pacueTr NpOU3BOAUTEIILHOCTH U CPABHEHHE € 3aJaHHON TPOU3BOAUTEIIBHOCTEIO.
JnaMeTp cheprudeckoro pe3oHaropa cormacoBad ¢ JUIMHOM BosHEL [loTepu Ha pe-

30HAHCHOW YacTOTE 3aBUCAT OT COOCTBEHHON M HArpy>KCHHOH HOOPOTHOCTH O00BEM-
HOTO pe3oHaropa. B mpoexkTupyeMoM 00bEMHOM PE30HATOPE SHEPIHs, HAKOIIJICHHAS
B PE30HATOPE, PACXOAYETCS HA MOTEPH BHYTPU PE30HATOPA, MOIIIOIIAETCS HA BHYT-
PEHHEM COINPOTHUBIICHUM TEHEPATOPA U B HATPY3KE, a TAKKE PACXOAYETCS HA U3ITyYe-
HHUE 4Yepe3 BO3AYLIHBIA 3a30p Mexay nonycpepamu. HarpyxeHHas 10OGpOTHOCTB, €

YUETOM M3JIyUEHHUs 4epe3 3a30p MexAy nojaycdepamu, onpeaensercs no Gopmyse

w
— 2.24
Q, Op APt Pt P (229

rae W — sHeprus, 3anaceHHas B 00bEMHOM PE30HATOPE, JIK, Lyomep, — MOLIHOCTB IIO-
TEPh B pe3oHarope, BT; P4, — MOIMHOCTH OTEPEL B HArpyske, B, P, — MOIIHOCTH

[32]:
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IOTEPb HA BHYTPEHHEM COIPOTHUBJICHUU IeHEPATOpa, BT, Pusyuenue — MOIIHOCTD TI0-
TEPH YePEe3 BO3AYIIHBINA 3a30p MEXK Iy nmojycdepamu, BT.

Cobcmeentyro TOOPOTHOCTh CHEPUUECKOr0 Pe3oHaTOpa ONMPEACsieM OPUEHTHPO-
2-V

A-S’
rie // — 06beM pe3oHaTopa, M, A — TONIIMHA TOBEPXHOCTHOTO CJIOS, 3aBHCAIAS OT

VACIbHON MPOBOAVMMOCTH MAaTepualia Pe30HATOpa, NMPU BBINOJHEHUU U3 AITFOMUHUS
Ha "gactore 2450 MI'1 pasHa 1,73°10° m; S — muiomaas BHYTPEHHEH MOBEPXHOCTH

c(epbl

BouHO 10 Metoauke KO H. ITuensuukora [409]: O, = (2.25)

Brluucinnum dyepe3 eMKOCTh M IJIOIIA b MOBEPXHOCTU CTEHOK C(hephl COOCTBEHHYIO
JOOPOTHOCTG.

Sep=7-d2.
[Tnomane chepsl
O6BeM chepsl V.= %djqb :
T1¢ dog— IRAMETP CREPBIL. (2.26)
T.d
0= M (1-G)=2- _6 " (1-G) = g (1-G)

Pesynvmampl uccieoosanusn OUPpaKyuoHHbIX ROMeEPs uepes 3a3op
Meducoy noaycghepamu pe3onamopa
[Tpu BBIMOTHEHUH CPEPUUECKOTO PE3OHATOPA U3 ABYX Noaycdep it obecneucHus

NOTOYHOCTH TEXHOJIOTMYECKOTO MPOLECca 3a CYET MEPEABUKECHUS OJTHOM momycde-
pbl, MEXITy HUMH 0Opazyercd mienb. lllens BeImoHAEeT (PyHKIMIO KOHACHCATOPA.
HccnenoBanusi TpoBOMIIM 1O TEOPUU AUPPAKIMN SJICKTPOMATHUTHBIX BOJIH, MPH-
MEHSEMON Il OTKPBITOTO PE30HATOPA, 0OPa30BAHHOIO ABYMS CHEPHUECKUMHU 3EP-
Kaylamu [45].

bnaronaps MeHbIIMM JU(PAKIMOHHBIM MOTEPSIM HAUOOJIBIIEE PACTIPOCTPAHECHUE

nonyunii cpeprueckue pe3oHaTopel. B chepudecknx pe3oHaTOopax CyIIECTBYIOT

COOCTBEHHBIE DJIEKTPOMArHUTHBIE KoJleOanust (Moabl) 7, TI€ HHAEKCEL /1, 11, O3Ha-

nps
AT YUCIIO BapI/IaHI/Iﬁ IoJId B HOHepeLIHBIX HaHpaBHeHI/IHX, d NHACKC pP— YUCIIO Ba-

pHaIuii HOJIs BIOJIb OCU pe3oHaTopa. OCHOBHO siBisieTcs Moja 1,,,.

JIoOPOTHOCTE C(EPUUECKUX PE30HATOPOB, BHIMOJIHEHHBIX W3 JIBYX NoOdycdep

4yepes 3a30p, ONpeaesIeTcs NoTepsMu B chepax u Tu(PpakimOHHBIMU TOTEPSIMHU:
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2.2.2 TexHOJOTHYeCKHUil MPOoLecc TepMO0OPaAOOTKH KU POCOACPKAMIET0 ChIPbs

H3BECTEH OTKPBITBIN 3€PKAIBHBIA PE30HATOD [BenoGaba U.H]. ABTOP CUHMTAET, YTO

OPSIMOE UCMOJIB30BAHUE BBITSHYTHIX OTKPBITBIX PE30OHATOPOB € OOJIBIIMM PACCTOSIHU-
€M MEXKIY 3epKajamMu chepruuecKoi POpPMBbI OKA3bIBAETCS HETPUEMIIEMBIM.
B npennoxxeHHbIX HaMU cPepruuecKkuX TU(PPaKkIMOHHBIX PE30HATOPAX PEaTu3yoTCs
ANIEKTPOMArHUTHBIE MO B (PopMe ciabo-pacXoAsIuxcs My4YKoB, U auamerp (o-
KaJIbHOW 00JIACTH MOTYy4YacTCsl COM3MEPUMBIM € TMAMETPOM mosycdep. DaeKkTpomar-
HUTHOE TOJIE MEXKTY MostychepaMu UMEET, B TPOAOIBHOM HATPABJICHUW BUJ CTOSTYEH
3JIEKTPOMArHUTHOM BOJHBI, T.€. MPEACTABISACT COOOM HANOKEHUE BYX OJMHAKOBBIX
NYYKOB, PaCHpOCTPAHSIOIIUXCS HABCTPEUY OAMH Apyromy. OTcyTcTBHE OONacTEl €
BBICOKOH KOHLEHTPALMEH 3JEKTPOMATHUTHOTO MOJISI CUUTACTCS CYLIECTBEHHBIM JI0-
CTOMHCTBOM PE30HATOPA, TAK KaK MO3BOJSAET U30€KaTh TPOOOs CPEIBL.

H3BecTHO 000pyAOBaHUE sl TEIUTOBOKH 00pabOTKH KMPOCOACPXAILETO ChIPbs. B
ATUX YCTAHOBKAaX ChIpbe OOpadaTeiBacTCs B OONBIIMX O0BEMAX, COOTBETCTBEHHO
JUIATENBHOCTh TEIJIOBOW 00pabOTKM yBeNIWuuBacTCs A0 4...5 4acoB, a 3HAYMT,
YXYAIIAETCS KAUYECTBO >KUpa U WKBapbl. K TomMy ke, He00X0AMMO NOBBILIATH TEMIIE-
parypy CTEPUIIM3ALMAA ChIPbS, TAK KAaK B MPOLIECCE €T0 XPAHECHUS MPOUCXOAUT OBICT-
po€ pa3MHOKEHHE OAKTEPUAIBHONH MUKPOQUIIOPHL, YTO HEOIArONpUATHO CKA3bIBACTCS
HA KaQ4e€CTBE rOTOBOTrO mMpoaykTa [174]. UToOBl M3BIEYD KUP U3 KUPOCOACPKALICH
TKaHW, HEOOXOIMMO Pa3PyLIUTh OCJIKOBYIO CTPYKTYPY, COJAECPKAIILYIO >KUDP, NEPEBE-
CTH €r0 M3 BHYTPHUKJICTOYHOU (Pa3bl BO BHEKJIETOUHYHO, CBOOOIHYIO (ha3y W 3areM
YAQIUTh BO BHEIIHIOK Cpeay. s 3TOro MCHoJb3yIT TEIIOBYO 00pabOTKY (KOH-
JOYKTABHBIN WA KOHBEKTHBHBIA METO MOABOA TEMIO0ThI). KauecTBo sxupa u KopmMo-
BO MYKH 3aBHMCUT OT COBMECTHOTO ACHCTBHS NBYX (PAKTOPOB. MAKCUMAJIBHOH TEM-
neparypbl U MPOJAOKUTEIBHOCTH €€ BO3JACHCTBUSA. HavMeHbInas mpoaoIKUTENb-
HOCTh OOpa0OTKM OMPEACNSETCS MPOAOKHTEIbHOCTBIO TUIABJIEHUS YKUPA U MPO-
JOJKATEIBHOCTBIO BBIICP)KKH ChIPbs JJI YHUUTOKCHHSI TATOTEHHOH MHKPO(IOPHI
OPU JAHHOH Temneparype npouecca. [lpu o0paboTke IKUPOCoaEpKalIero Chlpbs MO-
BBIIICHHE TeMepatypel cpeabl Boiime 120...130°C HexenaTebHO, TaK Kak 3TO MpH-

BOAMT K YXYIHICHHUIO Ka4CCTBa KOHCYHOM IIPOAYKIHNH.
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Texnonocuueckoti 3a0adeii SIBISETCI WHTEHCH(PHUKALMS TMpoLecca M3BICYCHUS W
00e33apaKUBaHUS KUPA U3 JKUPOCOACPIKALIETO CHIPh W YIIYUIICHUE KAYeCTBA KUpa
¥ WIKBaphl. Pa3paboTaHbl HECKOJIBKO YCTAHOBOK JJISl BBITONKH KUPA, OTJIMYAIOLIUECS
KOH(purypauuei padounx kamep. bONBIIMHCTBO U3 HUX COACPXkaT cpepuyeckue pe-
30HATOPBI, COOpaHHBIC U3 ABYX NOJychep.

B nepsoii ycmanoske 00pabOTKa >KMPOCOACPHKAIIETO CHIPbsI TPOUCXOAMT 34 CUET
Bozaciicteust OMIICBY u yapTpa3ByKOBBIX KoJicOaHuid. [Ipy 3TOM HCMOIB30BaHBI
nep@oprupoBaHHbIE CPEPUUYECKUE PE3OHATOPHI, PACHOJOKEHHBIE B TOPOHMIATBHOM
BOJIHOBOJIE KPYTJI0ro ceueHus (puc. 2.19).

Bo emopoii ycmanogke €CTb HECKONBKO KECTKO 3akperuieHHble nog CBY renepa-
TOPbI IosTycdeppl, 1 nepHOPUPOBAHHBIE TTOTYCPEPHI, )KECTKO 3AKPEIICHHBIE IO Te-
pudepun Bpamarouierocss aucka (puc. 2.23). IlpudeMm cPEepuUUecKUe Pe30HATOPHI
PACIOJIOKEHBI B TOPOUJATBHOM BOJTHOBOJIE MPSIMOYTOJILHOTO CEUEHUSI.

B mpemveii ycmanoske (puc. 2.25) o0e nosrycdepbl pacnoia0KEHbI CTALMOHAPHO,
HO BHYTPH KOKIOW Cepbl MPEeIyCMOTPEHBI MEPEMEIINBAOIIAE MEXAHU3MbI, BBIMOJI-
HSFOIIME OJHOBPEMEHHO (YHKIMIO nuccekropa. Cheprudeckue pe3oHaTophl pacmo-
JIO’KEHBI B KOJIBLIEBOM 3KPAHUPYIOIIEM KOPIYCE MPIMOYTOJIbHOTO CEUEHUSI.

Yemsepmas ycmanosxka (puc. 2.26) CONEP>KAT MHOTO CHEPHUECKUX PE30HATOPOB,
CBSI3aHHBIX APYr C IPYrOM 4Yepe3 OTBEPCTUS B 00wk OOKOBOM CTEHKE LMJIMHIpA.
Ecmm Bo3Oynute oguH cepuyeckuii pezonarop, To CBY sHEprus 4epe3 OTBEPCTHE B
OOKOBOIl CTEHKE MOMAJAcT BO BHYTPEHHIOK YacTh LWIAHIPA, & 3aTEM B COCEAHIOK)
chepy.

Yemanoska (puc. 2.34) COOEPKUT KOAKCHATIBHBIA PE30HATOP, KyJa HaAMpPaBICHBI
Tpu manydarens. OHU pacnoJlO’KEHbl TaK, YTO OTPAKEHHBIC MOTOKA HE HAPYIIAKOT
paboTy COCEAHNX FE€HEPATOPOB.

Pa3pabGoTaHHbie HOBBIE KOHCTPYKIIMM pe30HATOPHBIX Kamep CBY ycTaHOBOK, M0O3-
BOJISIFOT JJOCTUYb MAKCHMAJIbHOM JOOPOTHOCTH M 00€CIEUMBAIOT MMOTOYHOCTh TEXHO-
JIOTHYECKOr0 IpoLecca nepepaboTK ChIpbs 0€3 CIIOKHBIX CUCTEM OTPAHUYCHHS W3-
JYUYEHHS 4EPE3 SKPAHUPYIOIIUANA KOPIYC, ¢ MPUMEHEHHEM MAJIOMOIIHBIX MAarHETPO-
HOB. HarpeB ChIpbsi, HAXOASAIIETOCS BO B3BEIICHHOM COCTOSIHUM W KPaTKOBPEMEH-

HOCTh 00Pa0OTKM CO3AAI0T YCIOBUS JUIsl PAlMOHAIILHOTO MCHOJIb30BAHUS SHEPrUU
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[Tostomy Harpes coipps B OMIICBY obecneunBaer >3pPekTUBHOE pa3pylICHUE 3a-
HIMTHBIX 000J0YEK MUKPOOPraHW3MOB. B CBs3M ¢ 4eM, TeXHOJO0rusi 00pabOTKH Chl-
pPbsl IPEAYCMATPUBACT MOCIEA0BATENBHOE MHOTOKPATHOE BO3acicTBUE Y3 Komnebda-
Huii u OMIICBY.

HoBu3Hy pe3ysibTaToB UCCIECA0OBAHUS MTPEACTABIISIOT:
- METOIMKA, MO3BOJIsIFoNIas 000CHOBATH MAPAMETPbl pab0UYEr0 OpraHa U peKUMbI pa-
00ThI yCTAaHOBKH, oOecrneunBaromieii o0paboTKy >KMPOCOACPKAIIETO ChIpbs KOMOM-
HUPOBAHHBIM BO3JICHCTBUEM 3JICKTPOMArHUTHOTO TOJS CBEPXBHICOKOM YaCTOTHI U
YJIBTPA3BYKOBBIX KOJI€OaHUH B MEPUOAUUYECKOM PEKUME;
- 3aKOHOMEPHOCTH BJIMSIHUSL PEKUMOB PaOOThl YCTAHOBKU HA CHUKEHHUE OaKTepualib-
HOMW 3arpsi3BHEHHOCTH, TUHAMUKY HArpeBa ChIPbsl C YYETOM HU3MEHEHMs €ro JAUIJICK-
TPUUYECKUX M (PU3MKO-MEXAHUUYECKUX MapaMeTpoB B mpoiiecce BozaeicTus DMII-
CBY u Y3 konebanmii;
- YCTAaHOBKA, UMEIOLIasi HOBOE KOHCTPYKTUBHOE UCMOJHEHUE paboyero opraHa B BU-
1€ MEPEABMKHBIX CPEeprUUecKuX NepPOpUPOBAHHBIX PE30HATOPOB B TOPOUAATHLHOM
BOJIHOBOJIE, CITy>KalllEM SKPAHUPYIOLIMM KOPITYCOM H PE3€PBYapOM YJIbTPa3ByKOBOTO
re’eparopa,
- DJIEKTPOTEXHOJIOTHsI 0OpPabOTKU >KUPOCOJAECPKAIIETO CHIPhS, PA0OUME PEKUMBI U
KOMILJIEKC KOHCTPYKTUBHO-TEXHOJOTHUECKUX MAapPaMETPOB YCTAHOBKU C MPUMEHEHU-
eMm CBY u V3 reneparopoB, 00eCneunBarOIUX yIyUYlIEeHUE KaueCTBA MPOAYKTA PH
CHIDKEHHBIX DKCIUTyaTAlMOHHBIX 3aTpaTax.

Texnonocuueckuti npoyecc 00pabOTKU >KMPOCOACPIKALIETO ChIPbs C MCMOIb30Ba-
HueM Y3 u CBY reHepaTtopoB OCYHIECTBISETCS clieaytonmm oopasom (puc. 2.19).
Kupocoaepkaiuee Colppe NP HAXOXKACHUU B CPEPUUECKON PE3OHATOPHON Kamepe,
NOrPY>KEHHON B JKUAKOCTh, TIOJBEPracTcsi BO3ACHCTBUIO YIIBTPA3BYKOBBIX KojeOa-
HUH. OTO 00eceYnBacT pa3ApoOJCHAE HE TOJBKO KUPOBBIX TKAHEH, HO U pa30poo-
JleHue KOAOHUti Mukpoopeanuzmog. 'Torna, mpu BO3AEHCTBUU DJEKTPUUYECKOTO TMOJIs
onpeneneHHoi HampsbkeHHocT CBY  nuamna3oHa, MPOMCXOJUT 3aTOPMAKMBAHUE
pa3BUTHs OaKTEpUAILHOW MUKPOQIIOPHI, a CJIOU KUPA PacTAIIMBAIOTCS U BBIBOASTCS

C MOIOIIEH KHUKOCTHIO 32 IPEACIB TOPOUIATLHOTO SKPAHUPYIOIIETO KOPITYCa.
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MarHUTHBIC BOJHBI H,,, W DIEKTPUYECKUE [, OCHOBHBIM THIIOM BOJIHBI B KPYTJIOM
BOJIHOBOJIE SIBJIIETCS BOJTHA H;; ¢ HAMOOJbIIEH KPUTHYECKOU ITTMHOM BOJTHBI
A = 3,41°a [45].

CyIECTBYIOT U PE3OHATOPHI fe2yuiux 601H (KOAbUeBOU 60JIH0600), sl KOTOPBIX
BekTOp [loliHTHHTA HE paBeH HyJHO [82, 96, 98, 99, 334,327]. C y4eTOM TaKoro mo-
JIOKEHUST HAMH TPEUIAracTcsi CO3AaTh Mmoje OCrymeil BOJIHbI B TOPOUJAIBHOM BOJI-
HoBOoJe. [loaTOMy B pa3paboTaHHOH yCTaHOBKE AJisi 0OPAOOTKHU ChIPbs SKPAHHUPYIO-
LM KOPIYC BBIMOJHSET (PYHKIMIO KOJBLEBOr0 BONIHOBOAA. [Ipm 3ToM mose Oery-
HICH BOJTHBI CYIIECTBYET 3a CYET PACTPOCTPAHECHHUS BOJIHBI YEPE3 3a30P MEXKIY MOTY-
cepamu 00BEMHOTO pe3oHaropa. PaccMoTpum oTpe3ok juHuM nepeaaun CBY,
CBEPHYTOM B opmy Topa (puc. 2.20). [Ipeanonoxxum, 4To B HEKOTOPOM CEUYEHUU TO-
pa HAXOAWUTCA UCTOYHHK, BO30OYKAAOUIANA BOJIHY, PACTPOCTPAHSIOLIYIOCS 10 KOJIbILY
TOJIbKO B OJJHOM HanpapiicHUH. Eciu BIOpaTh CPEAHIOK UIMHY KOJBLEBOTO BOJHO-
BoJa (6,28 35,1 cm = 220,32 ¢M ) paBHYIO UEAOMY UUCTY 60AH B TAHUM (I, — P iy,
p = 18), To (haza BOJHBI, MPOIICANIEE MO KOJIBILY, COBNAAACT B BBIOPAHHOM CEYCHHH C
(da3oil BOIMHBL, BO30Y>KAACMOH WCTOYHUKOM. I[Iponcxoaut CUH(pA3HOE CII0KECHUE
BOJIH U, CJIEAOBATENbHO, YBEIIMUEHUE aMILTUTY bl 1ois. Toraa, coOCTBEHHAs JUIMHA

BOJIHBI OYJIET ONMpeaensaThes cooTHomenuem [31, 32, 43, 77, 162, 220, 276, 316]:

A=A, = ! = ! = ! =8,65 cm, (2.30)

2 2 2 2 2
Ay A, Ay L, 12,24 220,32
rae p = 18; /,, — KpUTUYECKAd JUIMHA BOJIHBI, PACIIPOCTPAHAIONIEHCA B JAHHOM BOJI-
HOBOJIE (12,24 cm).

Ly, _ 22032

p
CornacHo Teopun MakcBenia CKOPOCTh PACIPOCTPAHEHHUS AIEKTPOMArHUTHBIX BOJIH

B cnyyae BonHOBOAA ¢ 7' BOJIHOWM, IJIMHA BOJHBI PaBHA A, = =12,24 cm.

B BCHICCTBC 3aBUCHUT OT CI'0 3JICKTPOMAIrHUTHBIX CBOICTB U onpeaciACTCAa COOTHOLIC-

c 3-10°

HHUCM.. \/E m

Pacnpedeﬂenue INEKMPUUECKO20 U MACHUNMHO20 noaneii ¢ Kojiblieeom 60JIHOB800¢€

~0,58-10% m/c.

[99, 276]. Pe30HAHCHYIO 4aCcTOTY ONPEAEISIEM MO AHAIOTUU YaCTOTE KOAKCUATIBHOTO

pe3oHaropa.
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Dopmynvl 01 060cHO6aHUS OcHOBHBIX napamempos (2.40)

-4 I-G
Cobcmeennasa 000pomnocme Ocpepn = 3.A (1-G),
pe3onamopa rae G — reoMeTpHYECKUN MHOKUTEIb, YUUTHIBAKO LM

nepdopanuro noiycdep, 3a30p MexIy noaychepamu u
nepeIBIKeHMsI otycdep

DHepeus, 3anaceHHas Koieoanu- _ 2 3
peus, W =0423-¢, -E>_-a°, /I
AMU PA3TUYHBIX MUNOE 60JIH

Iamenm Ne2541694 u 3asaexa Ne2014150840/20 (pemieHrie O BbIJaYe MATCHTA).
AHaNM3MPOBAHBI TEXHOJIOTMH M TEXHUYECKHE CPEICTBA AJsl MEPEPAOOTKH KUPOCO-
aepkamero ceipps [252, 305, 356]. Ilpu BeruncieHun 0oopomuocmu nepghopupo-
8AHHO20 OUPPAKUUOHHO20 ChepuuecKkozo pe3oHamopa HeoOXO0IUMO 3HATh TEOMET-
PHUYECKAE MHOXHUTEIM, YUYUTHIBAIOUIME HE TOJIBKO mepdopalnuu, HO U 3a30p MEKIY
nonycdepamu, a TaKxke nepearwkeHus nonycdep. [lepBblii MHOXKUTEND, YUYUTHIBA-
0Ui nepghopayutro B nosycdepax, NpeACTaBIcH GopMysiaMH NP OMUCAHUN MHO-
FOPE30HATOPHON KaMEPHI.

Brusinue 3azopa mesxcdy nonycghepamu pe3oHaropa Ha BEIMYMHY AOOPOTHOCTH
aHANIM3UPOBA/IA Ha 0a3e OTKPBITOTO pe3oHaTopa, nmo metoaukam B.H. PoaroHoBoit n
backakopa C.1.[45].

[Tpn paccMOTpeHMH (PU3NYECKUX MEXAHW3MOB MOBBIIICHUs JOOPOTHOCTH C(hepu-
YECKOr0 PEe30HATOPA BOCHOIB30BATINCH METOIUKOM pacueTa CBA3H OMKPbIMO20 pe3o-
Hamopa co cepuyeckumu 3epraidmyu | TMPIMOYTOJBHOTO BOJIHOBOJA YEPE3 Aua-

(parmy ¢ MaJIbIM KPYTOBBIM OTBEPCTHEM.

(2.41)

o-_ 1 a-b-1>-1?
32-7-M> J1-(A/2-a)-[L-(I=L/2-r)/2-r"
. 2. N
M:%-Z2-d-Sm7z’-(xp+2p-d)/d,

p=1

rae M — k03(pQUIUMEHT MAarHUTHOM MOJSPU3YEMOCTH, /. — PACCTOSTHUE MEXKIY MOJTY-
chepamu , r — paauyc chepsl, a, b,/ — pa3Meprl BBIXOIHOTO BOJHOBOJIA, ¢ — CKOPOCTh
CBETA, d — AMaMeTp oTBepcTrid nepdopauun, p = 1,2,... x=a/ b.

VYcranoBka (puc. 2.23) npeaHa3HauYeHA AJis BHITONKH M 00€33apa’kKuBaHUsl KUPA

(M3 U3MENILYEHHOTO JKUPOCOJEPIKALLETO ChIPbsl: CBUHOTO SKUpPa, ME3JPbI, KOCTH). MH-
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Oerymeil BOJHBI B BOJIHOBOJE 16 MOMIOMIACTCS € CHIPhEM, HAXOIAIMIMMCS B HUKHHUX
neppoprpoBaHHbIX chepax 9, HE CTHIKOBAHHBIX C BEpXHUMH nonychepamu 8 [67].
Takum 00pa3oM, yBETMUMBAETCS MOOPOTHOCTH 3IECKTPOAMHAMUYECKON CHUCTEMBI
«CBUY renepatop - 00bEMHBIN PE30HATOP B BOJHOBOJIE - KUPOCOAEPKALICE CHIPHEY.
BrITONNEHHBIHA KUP W M3MENBYCHHA LIKBAapa BBIXOIAT 4epe3 nmepgopanuro momay-
cdepol 9 u nepdopanuro qUcka-poropa 2, HakamauBaeTes B nojaone 10. [TpuemHbii
4 n BeIycKkHO# 11 maTtpyOKu BBHIMOIHSIOT (PYHKIMU 3a0PEICIbHBIX BOJTHOBOAOB, X
JUIMHA U TAAMETP COTIACOBAHBI C JUIMHOM BOJIHBI TaK, YTO OTPAHMYMBACT U3JIyUYCHHE
JI0 JOITYCTUMOW HOPMBEL.

Onpeodenenue 3aKkoHOMepHOCIEN 00PA30BAHUA HCUPA U WIKEAPLl 6 PE3OHAMOP-
nou kamepe. 1lon BozaericteueM SMIICBY u3MenbueHHOE JKUPOCOAEPIKALLEE CHIPBE
A pacniagaercs Ha »xup P w mksapy QO [131, 322].

CKkopocTh 00pa3oBaHMsl KQKIOT0 U3 HUX TPOMOPLUMOHATIbHA KOJIMYECTBY HE pac-
naaaBIIerocs Celpbs. [IycTh x 1 y — KomuvecTBa BewecTB P u O, 00pa30BaBIINXCS K
MOMEHTY {. ONpeAcInuTh 3aKOHOMEPHOCTH UX U3MEHEHUS B TPOLECCE 3HIOTEHHOTO
Harpesa. [lycTe B HauanbHbI MOMEHT BpeMeHH X = 0, y = 0, a yepe3 1 4 npu cnadoi
VAEIIBHON MOIIHOCTH
(0,5...2 B1/) x=(3/8)c, y=(1/8)c,

i€ ¢ — MEPBOHAYATIBHOE KOJIMYECTBO KUPOCOACPIKALLIETO ChIPbS A.

B MoMeHT ¢ ckopocTn oOpa3oBanus BemecTsa P u O OyayT:

dx
—=K,(c—x-Y),
da !
dy (2.42)
- = KZ(C_x_y):
dr
T.K. K TOMY MOMEHTY KOJMYECTBO HEPA3TIOKUBIIIETOCS €II¢ BEIeCcTBA A PaBHO

c—x—Y.
YpaBHEHHS MPEACTABISAIOT CUCTEMY JBYX JIMHEHHBIX TN PepeHIaIbHBIX ypaBHE-
HAW TIEPBOTO MOPSAAKA.
JudpdepeHunpys nepBOE ypaBHEHUE, MOTYYUM

d’x dx dy
=—K| —+—- (2.43)

dt? dt dt



113

dy
[Toncrasnsist B ypaBHEHUE (2.73) 3HAYEHUE — - U3 BTOPOTO YPABHEHUS CUCTEMBI UME-

dt
d’x dx
eM: o =—K, E+K2(c—x—y)

dx
Jlanee, HaX0 UM + (x| + K‘Z)—t =0 (2.44)

YpaBHEHUE SBISETCS OAHOPOIHBIM JTMHEHHBIM YPABHEHUEM BTOPOIO nopsiaka. Ero
XapaKTEPUCTHUECKOE YPABHEHHE:
r+(k +K,)r=0
3TO HEMOJHOE KBaAPATHOE YPABHEHUE UMEET JBA KOPHS:
n=0ur,=—k +k,)
Taxum oOpazom, oOuiee pelicHue YpaBHEHUS

_ —(ky+ky )t
x=C+Ce ™™ (2.45)
JUTst HAXOKACHHUS BTOPOTO perieHus 1udepeHImpyeM BoIpayKeHHE IS X, TTOICTaB-
dx
ASM X M~ B [IEPBOE YPABHEHHE CHCTEMBI H PELIACM €r0 OTHOCHTEITBHO V.
dx _
[Tonyunm I —C, (ky + ky e 1"

_Cz(kl +k2)e—(k1+kz)t — k1(C_C1 _Cze—(k1+k2)t _y)
k

_ 2 —(ky+ky )t
¥ BTOpOE peleHne Y =€ — k—Cze &
1
Taxum 00pa3oM, PEIEHUSI CUCTEMBI
x=C, +C,e R
k _
y:C+_2CZe (ky+ky )t _Cl . (246)

1
Onpenenum C; u C,, ucnones3ys HavanbHele yennoBus: mpu =0, x=0u y= 0.
Taxum oOpazom,

k
C +C,=0 op—
k OTKyJ1a fith, (2.47)
C -0, =C ke
, C,=-
k +k,
Jlajiee ToIyYruM 3aKOHBI H3MEHEHUS BEJIAYMH X U J B BHJIE
x = ke [1 - e_(k1+k2)’]
k, +k,
2.48
y= kyc [l_e—(k1+k2)t] (248)
k, +k,
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U3BnecUeHHBIN KUP BBHITEKAET 4epe3 nepdopanun B keao0 13. 3a cyer O0abIImx
00OpOTOB MEPEMENIMBAKOIINX MEXAHM3MOB 6 IIKBapa pa3pylIacTcs OO0 MEJIKUX Ya-
CTHII, KOTOPbIC MPOXOAAIT yepe3 nepdopanuu pe3oHaTopoB 2,3. OTKpbIBas BEHTWIb
CJIMBHOTO Marpyoka B xkesnoOe 13 MOKHO BBITPY3UTh CMECH LIKBAPHI U >kupa. [1oTok
U3Ny4YeHUs: depe3 nepdopanuu cPepuyecKuxX PE30HATOPOB W OTBEPCTHS PELICTOK
M3METBbYAROIIMX MEXAHU3MOB OYAET 3aMBIKAThCS B BBITOIJIEHHOM >KUPE, HAKOIJICH-
HOM B eJT00€ TOPOMJAIBHOTO 3KpaHupyrowmero kopmyca 1. CimBHO#M narpyOok u
npUEMHBIE TATPYyOKH 9 OT «Bomyek» BBIMONMHIIOT (PYHKIUHN 3aMPEACTBHBIX BOJIHOBO-
JIOB, UX JIJTAHA U IAAMETP COTIIACOBAHBI C JUIMHOHN BOJHBI (12,4 ¢M) Tak, 4TO OrpaHu-
YMBAET U3TYUYEHUE A0 HOMYCTUMOrO YPOBHS JUIsl 00CTY>KMBAKOLIETO nepconana. [lpu
00€eCeYeHNN BBICOKOW HanpsbKeHHOCTH 3ekTpuueckoro noas CBY (1...10 kB/cm)
OPOAYKT (CMECH JKMPA CO MIKBAPOIA) MOJIHOCTBEO 00€33apAKUBACTCS, & KAYECTBO MPO-
JIYKTa OCTacTCs BBICOKOM. [logaya ncXoMHOTO JKUPOCOAEPIKALLETO CHIPbS YEPE3 MPU-
eMHbIC MarpyOku 9 B cepruueckue pe3oHaTopsl 2, 3 ¢ moMoupo « Bomukosy, Mom-
Hoct CBY reHeparopoB 5, 4acToTa BPALICHUS MEPEMELIMBAIINAX MEXAHU3MOB 6,
PETYIHMPYIOTCS.
Onpeoenenue npoooasHCUmMeIbHOCHIUL NEPEPAdOMKU HCUPOCOOEPHCAULE20 ChHIPbA

Jlns onpeaeneHus MpoJ0JDKUTEIbHOCTH NEpepaboTKU SKAPOCOACPHKAILETO ChIPhs
HEO0OX0AMMO pelmTh A depeHuuansHoe ypaBHenue [131, 322].

Cuumaem, ymo xupocoaepxauiee ceipee JKC' npespaiaercs B sxup /K.
[IpenBapuTeNbHBIE SKCIIEPUMEHTHI MTOKA3AIM, YTO CIYCTA 1 MUH. IOCIE HAYaaa BO3-
neiicteust OMIICBY, ynensHONH MOIHOCTEIO 1,6 BT/T (MpOM3BOAMTENBHOCTD 5 KI/4,
Macca 3arpy3ku Chipbsi B pe3oHaTOpHYIO kamepy 0.5 kr) ocranock 330 r BeliecTBa
JKC, anocne 3 muH. — 220 1 BemectBa. OnpenenseM nepBOHavYaIbHOE KOJIMYECTBO d
BeniecTBa JKC M MPOJOIKUTENBHOCTD, KOTJa OcTaHeTcst 1/5 4acTe 3TOro BemiecTsa

(kBapel). CoctaBum nuddepeHurabHOE YPABHEHUE PEAKIIMU TIEPBOTO MOPSIKA:

dx
— =k(a—x). 2.55
dt (@=x) ( )
dx
ITocne pasaeneHus MePEMEHHBIX YPaBHEHHE TPUMET BUT P k-dt (2.56)

Jlaliee MHTErPUPYs yPABHEHHE — JM =k-1+C,, HONyunM
a—Xx
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In(a - x)=—(kt + C)).

[Torenuupys ypaBHEHHE

eln(a—x) :e—(kt+C1) :e—kt . eCI

AN a-x=Ce™ rme C=e"
Ecimu ydecTs HauanbHoe yetosue: npu (=0, x=0, 10 a-0=Ce™ -
HUmi C =a. lloacraensas HaiineHHOE 3HaueHUe (' B O0IIEE PEUICHUE YPaBHEHMS,
k- —k I
nonyuum a—x=ae' wm x=a-a-e"' =a-(1-e").
C y4eToM JONMONMHUTENBHBIX YCHOBUM: npu /= 1, x =a — 330, npu 1 = 3,
a-330=a-(1-e¢")

x =a —220, cOCTaBUM CUCTEMY YPABHCHHIA: a—220=a-(1-¢™%)

2 =330
e
WM MOCJIE MPeoOPa30BaHUH MOy UUM: a (2.57)

ey
U3 crctemsl (2.52) HaXoauM 3HaUeHns a u ¢ =1,5; a =495,
HaiineHnsle 3Ha4eHHs MOACTABISAEM B YpaBHEHUE (2.53) ¥ OAyYnM
x=495-(1-15"), orkyma 1,5 = 495

495 —x

1 1
ITo yciioButo 3a1a44 B UICKOMBI MOMEHT BPEMEHH [, X = g.a = 3 495=99 c.

Toraa, mOACTABIISAS 5TO 3HAYECHUE B PABEHCTBO MONMy4uM 1,5 =5 | 0TKyaa mpomomku-
TENBHOCTh MEPEPAOOTKH KUPOCOAECPKALIETO ChIPbs COCTABSAET f = 3,97 MUH.
Taxum 006pazom, MOXKHO TEOPETUUYECKH OMNPEICIUTh I JIOOOr0 3HAYCHUS

YIAENBbHOH MOIIHOCTH MPOAOKATENBHOCTE 00PabOTKH KUPOCOAEPKALIETO ChIPbS.

Uemeepmoe cxemMHoe peuieHue

2.2.2.4 Muozope3oHamopHas CeepxeviCOKOUACHOMHAA YCHAHOEKA 01 NIA6NeHUA
Jcupa

Texnonocuueckuii npoyecc pearu3osan ¢ NOMOUbIO MHO2OPE3OHAMOPHEIX Neppo-
PUPOBAHNBIX ChepudecKux Kamep, COCMbIKOBAHHBIX K OOKOBOT NOBEPXHOCMU YUIUH-
Opuyeckoil yacmu kamepul. [lpuyem 6cs pe30HamopHas Kamepvl pacnonodcend 8 Y-
JUHOpU4eckom sxpanupyrouem xopnyce. 3aaeka Ne 2015117451. 1Ipoananu3uposa-
HbI JINTEPATYPHBIE JAHHBIE N0 MPOECKTUPOBAHUIO PE3OHATOPHBIX Kamep [42, 43, 77,
96, 175, 383,389]. Ocoboe mecto cpenu CBY 351eMEHTOB BCeria 3aHUMAJIA BBICOKO-
no0OpotHbie pe3oHaTopbl. B CBY auanazoHe MUpOKO MPUMEHSIOTCS B OCHOBHOM KO-

AKCHAJIBHBIC, TUIIMHAPHUYICCKHUC, KOJIBLCBLIC 1 TOPOUAAJIBHBIC PC30OHATOPEI.
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K€ JOCTUTacTCA MyTEM COBMEIIEHUS MPOLIECCOB M3MENIBUEHUS ChIPbs MTPH o0ecneye-
HUM LEHTPOOEKHOTO MOJS ¢ TOMOIIBK AMAIEKTPHYECKOTO JOMACTHOTO MUATATENS 6
(IMCCEKTOpa) U PABHOMEPHOIO HArpeBa B AJICKTPOMArHUTHOM TOJIE CBEPXBBICOKOH
YACTOTHL. Y CTAHOBKA MPOCTast MO KOHCTPYKUMHU, UMEET HEOOJBUIYIO YACITBbHYIO Me-
TANTIOEMKOCTh, 00€CNEUMBAOT UHTCHCH(PHUKALINIO U HEMPEPBIBHOCTH MPOLIECCa Mepe-
pabOTKM MyTEM MEPEMELMIMBAHKS U3METBYECHHOTO KUPOCOAEPKALIECTO ChIPhs U SH]I0-
T€HHOr0 HarpeBa. HarpeB ChIpbs, HAXOMALIETOCS BO B3BELIEHHOM COCTOSHUU W
KPaTKOBPEMEHHOCTh 00PaOOTKH CO3MAKOT YCIOBHS JUIsl PAlIMOHAIIBHOTO MCIIOJIB30Ba-
Hus >Heprun OMIICBY, npu o0ecrieueHNH BBICOKOTO KaueCTBa KMpA. YCTAHOBKA
COJEPYKUT MHOTO C(EPUUECKUX PE3OHATOPOB, CBA3AHHBIX APYT C APYTOM YEpPE3 OT-
BepcTHs B 001Iei OOKOBOM cTeHke nuauHapa. Ecnu Bo30yauTe oauH cheprudecknii
pe3onarop 3, To CBY sHeprus uepe3 OTBEpPCTUE B OOKOBOM CTEHKE MOMAAacT BO
BHYTPEHHIOK 4acTh LMJIMHAPA, & 3aTEM B COCEHAHIOK cepy. DIEKTPOHHBIN MOTOK,
POXOJsS YeEPE3 OTBEPCTHs B OJTU3KO PACHOJIOKEHHBIX CTEHKAX PE30HATOPA, BO30Y K-
JAcT B HEM BJICKTPOMArHUTHBIE KOJieOaHusl. Manoe pacCTOSTHUE MEKy OCHOBAHUSIMHA
LMIMHAPA 2 MO3BOJISIET COKPATUTh BPEMs IPOJIETA 3IEKTPOHOB B PE30HATOPE, & 3TO
OYEHb BAXHO NMPU TEHEPUPOBAHWM M ycwiieHun konebanuit CBY. ®opma npodus
pe30HaTOpa OMNPEAENIeT CTPYKTYPY BO30YXKIAEMBIX SJEKTPOMArHUTHBIX TOJEH.
DNEKTPUYECKOE TOJIE B OCHOBHOM KOHLICHTPUPYETCS BO BHYTPEHHEH 4YacTH PE30HA-
Topa (B LMJIMHAPUYECKONW YaCTH), TAC PACCTOSHUE MEXKIY OCHOBAHWUSMHU HEBEIUKO.
DTO 4acTh PE30HATOPA UMEET MPEUMYIIECTBEHHO €MKOCTHOM Xapakrep. 3HAUYCHHE
YAETbHOW 3HEPIUH, BBIACIIIEMOM B 37IEMEHTAPHBIX 00BbEMAaX HMWJIMHAPUYECCKON YaCTH
PE30HATOPHON KaMEphl 2 MOKET M3MEHATHCA B 10...15 pa3. B cBsA3M ¢ 3TUM qudnek-
TPUYECKUE JIONACTH MUTATENS OJHOBPEMEHHO BBINOJHSIOT (PYHKIUIO TUCCEKTOPHOM
CUCTEMBI, CIIOCOOCTBYSI BBIPABHMBAHHMIO HICKTPOMArHUTHOTO TOJS B LIAJIUHAPUYC-
CKOM 00BeMe 2 pe30HaTOpHOM Kamepsl. CnuBHON narpyOok 11 v mpuemMHbINA narpy-
OOK BBIMONHSIOT (PYHKIMU 3aMPEACITbHBIX BOJTHOBOAOB, X JUIMHA U TUAMETP COIJIa-
COBaHbI C JJIMHOM BOJHEI (12,24 cM) Tak, 4TO OrPAaHUYMBAET U3JTYUYCHHUE 10 AOMYCTH-
MOTO YPOBHS AJjig oOcCiyxuBaromiero mnepconanga. [lpm obecnedeHWr BBICOKOMA
HANPSHKEHHOCTH HJiekTprdeckoro monist CBY mpoaykT (CMech upa CO IIKBApoOid)

IMOJIHOCTBIO 06633apa)KI/IBaeTCH, a KauCCTBO NpOoAyKTa OCTACTCsia BBLICOKHM. [lomaua
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UCXOAHOTO KMPOCOACPIKALIETO ChIPbsl B PE30OHATOPHYIO Kamepy 2, 3, MOINHOCTh
CBU renepatopoB 4, 4aCcTOTa BPALICHUAS TUAIEKTPAYCCKOTO JIONACTHOTO MUTATENS 6
(IUCCEKTOpa) — PErYJIUPYOTCS.

Jloopomnocme muozopesonamoproiu kamepsl. OPUEHTUPOBOYHO OIPEAEISIEM
cobcmeerinylo TOOPOTHOCTh 00BEMHOTO pe3oHaropa no metoauke KO H. [TuensHuKO-

Ba [409]. Jlobpomnocme moorcho onpedenums yepes KOHCMPYKMuUGHbu1e Napamempbi
2 ) I/oﬁu;
no opmyne Q= —a— '(I_G):
popmy [ A SWJ

rae V — o0beM Pe30HATOpa, M, A — TONIIMHA TIOBEPXHOCTHOTO CJIOS, 3aBUCAIAS OT
YIENBHOM MPOBOJMMOCTH MaTepualla pe30Haropa; S — IUIOIAAb BHYTPEHHEH II0-
BEPXHOCTH CTEHOK PE30HATOPa, M>, G — reOMETPHUECKHI MHOKHTENb, YIHTHIBAIO-
1A, 0COOCHHOCTH KOH(PUTYpallui pe30HATOPHOM KaMepsl, nepoparyy 1 T.11.

Jlobpomnocme mHo20pe30HamopHOTi Kamepbl, GINOJIHEHHOU U3 NePHOPUPOBANHHBLX
chep u yurunopd, BEIMUCIIAM YEPE3 EMKOCTD U MJIOIIAb MOBEPXHOCTH CTEHOK

d
[nowans wanusapa S, =7 -d, - (7” + hj 0.59)

Sp=N-7-d2,.
[Tnomane chepsl
OO0wmas mIoaap MHOTOPE30HATOPHON KaMEphI

d 2
S,=x-d | F+h|+N-7-d,.
2 (2.60)

2
O0OBeM HIWJIAHIPA V,=m-h- T”

N
O0BeM chepbl Vy=n ngqb :

C

OOwmmii 00beM MHOTOPE30HATOPHOM KaMephbl

d2
Vv, :ﬂ.h._"Jrﬂ.ﬁ.djdﬁ
4 6 (2.61)

rae N — komm4ecTBo cdep; d.4— nuaMerp cepsl; d, — AMAMETP LWINHAPA,
h — BbICOTA IWJIMH/IPA.

JIoOpOTHOCTh MHOTOPE30HATOPHOM KaMephI

2

N
2V ﬂ'h'—u+7f'—'dc¢
O=| 2 |.(1-G)=2- 4 6 1-G),
oo A\ zed,| S|+ N d (2.62)
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h-d}+4-N-d,
v -(1-G)

0=
2-A-{du .[61'4+hj+]v.d624 (2.63)
2

Ecmm npunare auamerp cdepsl, paBHoii 1,5 mnuebl BonHbl (18,36 cM), nuametp
LWIAHIPA ABE AJUHBI BOJHBI (24.48 cM), BBICOTY LMJIMHJPA MOJIOBUHBI JUIMHBI BOJI-
HEI (6,12 cM), KOTMYecTBO cdep 6 WIT., TO JOOPOTHOCTH MHOTOPE30HATOPHON KaMephl
OPUEHTHPOBOYHO COCTABHT:

6,12-24,48" +4-6-18,36
-(1-G),

Q =
2.1,73-107° - {24,48 : [24548 + 6,12) +6- 18,36} (2.64)

O =6072-(1 - G).

[Tpm Takux pazMepax, COTJTACOBAHHBIX C JUIMHOM BOJIHBI MOKHO JOCTUYb MAKCH-
MaJIbHOM cOOCTBEeHHOM 100poTHOCTH 6000, TakuMu pazMepaMu U3rOTOBJICHA MHOTO-
pPEe30HATOPHAs YCTAHOBKA IS IUIABJICHUS KU Pa.

JUtst ompeiesieHus TEOMETPHUYECKOTO MHOKHTEIIS, YUHTHIBAIOIIETO TIEPHOPALHIO
d
1424
1 ‘ o)
. d .’
27 4. o

3aprano I'.®. npemioxun cieayromyio Gopmyny: G =

rae C — JUIMHA KOHTYpa MOTEPEUHOTO CEYCHUsSI pe30HaTopa, M; A — MJIomajb ceve-
HYSI PE30HATOpa, M°; d — JIMAMETP OTBEPCTHIA epOpPALIN PE3OHATOPA.

[Tonb3ysice naHHOM (HOPMYJIO, BEIBEACHO BHIPAXKEHUE FTEOMETPUUYECKOTO MHOKUTEIIS
U pa3pabOTaHHOM MHOrOPE30HATOPHOM KaMmephl. {7 MHOTOpPE30HATOPHON Kame-

d 2
A=nm-d, | —+h|+N-7m-d
2

pei: C = N wdg., (2.65)

Torga reoMeTpuyecKuii MHOXKUTESIb, YUUTHIBAIOMIMNA OCOOCHHOCTH KOH(UTYpaluu
(nepdoparmu chepbl) MHOTOPE3OHATOPHON KaMephbl OMPEACISIETCS BHIPAKCHUEM

d
1+N-7r-dcqb-d/2-{7r-du(”+hj+N-7r-dfqb}
1 2

G= .
2.

d
1+N-7r-dcqb-d/4-{7r-du -(”+hj+N-7r-dfqb]HHH
2
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1 44N-med,-d|wd,-(d +2-h)+2-N-7-d2)|
"7 8+N-z-dy-d-|r-d, d,+2-n)+2-N-x-d |’ (2.66)

Ecnm quist ynpolieHns NpuHITh CyMMY JUAMETPOB OTBEPCTHIA MEPPOpalii BCEX
cdep kak d = d.4°N., TO BeIp@KeHUE 2.66 MO>KHO TpeoOpaszoBars. [Tocne ynpouieHus

1 1+B/2
BbIPOKEHUE 2.066 BBIMJISIANAT CICAYIOIIAM 00pa3oM: 2.7 1+B/4° (2.67)

A2 2 du 2
B=N"-7w-dy-\m-d -| —+h|+N-w-d,|
2 (2.68)

Ecnm nuametpel ceprl M HUIMHAPA, @ TAKKE BBICOTY LIUJIMHAPA COTIIACOBATH C
JJIMHOM BOJIHBL, T.€. CUATATh KPATHOH (k) MMOJIOBUHBL AJIMHBL BOJIHBI d.g = d, — h*=K

A/2, T0 KO3 PULIMEHT B MpUMET BHI:

2 A (k-2
B:Nz.yz.kz.% ﬂ-kTﬂ’-(T+k%j+N-7r-k2-f/4 ,

(2.69)

4
B:Nz-yzz-k“-i-[z,erN]
16 (2.70)

3HaueHMs B, MOACUYNTAHHBIE JJI PA3HOTO KOJIMYECTBA ChEP U KPATHOCTHU MOJIOBUHBI
JUTMHBI BOJIH MPUBEJICHBI HIKE B Ta0unax 2.9, 2.10.

Tabmuia 2.9 — Koapdhunuent B

Konuuectso KpaTHOCTP MONOBUHBI IJIMHBI BOJIHBI &
cdep, mT. (A=10,1224 m)
N 1 2 3 4 5
(6,12 cm) (12,24cm) | (18,36 cm) (24,48 cm) | (30,6 cm)

3 0,00684 0,11 0,554 1,751 4275

6 0,04229 0,677 3,425 10,826 26,431

10 0,1727 2,764 13,99 4421 107,94

12 0,2886 4,618 23,377 73,882 180,375

Tabmuma 2.10 — Koadpduiment G

KomuuecTso chep, KpaTHoCTh NMOJI0BHHBL JJTHHBI BOTHBL K
IIT. (0.=0,1224 m)
N 1 2 3 4 5
(6,12 cm) (12,24cm) | (18,36 ¢cm) | (24,48 cm) (30,6 cm)
3 0,159 0,163 0,178 0,2074 0,2412
0,161 0,182 0,232 0,275 0,297
0,166 0,224 0,283 0,305 0,312
0,170 0,244 0,295 0,310 0,314

HccaenoBanus MMOKa3bIBAKOT, 4YTO FeOMeTpI/ILIeCKI/Iﬁ MHOXXKMTENb (G MO3BOJISET












128

DKBMBAJICHTHBIA TOK OT TPEX HCTOYHMKOB 3HEpruH J. =J +J, +J,.

C y4eTOM 3aJaHHBIX Pa3MEPOB MHOTOPE30HATOPHOW KaMephl MOKHO MPHOIHU-
YKEHHO OMPEAEIIUTh COOCTBEHHYIO TOOPOTHOCTh. EMKOCTE , MHAYKTHBHOCTH L., CO-

MPOTUBJICHUE Ry U JOOPOTHOCTH () B3aMMOCBS3aHbI MKy COOOH CIAEAYIOIIMMHU BbI-

POKECHUASIMHU: L
C w, W
—_— 'G: 0
O0=C-0-R,, © R P’ Q:L‘
2. fL (2.72)

YcenoBust BO3HUKHOBEHUSI CTOSIMMX BOJIH ONPENEIISIOTCS HE TOJBKO T€OMETpUYE-
CKAMH pa3MepaMy PEe30HATOPA, HO U CTPYKTYPOM 3JIEKTPOMArHUTHOTO nons. B mps-
MOYTOJIBHOM PE30HATOPE NMEPBBIA MHACKC 71 ONPEAEISIET YMCIO MOMYBOIH, YKIAAbI-
BAOIMXCS BIOJIb HAMOOJIBIIETO pa3Mepa, HAMPABIEHHOTO MO OCH X, BTOPOil MHAEKC
1 — BIOJIb HAMMEHBILETO Pa3Mepa, HAPABJICHHOTO IO OCH ), & TPETHA MUHAEKC p —
BJIOJIb OCH PE€30HATOPA, COBNAAAIOIICH C HAMPABICHUEM OCH Z [32].

B mMIMHAPUYECKOM PE30HATOPE TNEPBBIA MHIEKC ONPEACISAECT YHUCIO TOJYBOJIH,
VKJIAABIBAIOLIUXCS TIO TTOJIYOKPY>KHOCTH, BTOPO MHAECKC — MO JAAMETPY, 4 TPETUH —
10 OCU. Pacyer moJielX pe30HATOPOB 3AKIKOYACTCS B ONPEAEICHUN UX PE30HAH CHBIX
4acTOT, JOOPOTHOCTH ¥ BXOJHOTO COMPOTHBIICHUS. DTH MAPAMETPbI ONPEACIISIOTCS
MyTEM PELICHUS OCHOBHOM CUCTEMBI YPABHEHUI SIIEKTPOJAMHAMUKHU MPUA HATOXKEHUU
ONPEAECICHHBIX TPAHUYHBIX YCIOBHIA. TakoW METOM JACT TOUYCYHBIC 3HAYECHUS Mapa-
METPOB, HO TPAUMEHHM JIMIIb JI PE30HATOPOB NpocTemmx Gopm [45].

JIns pe30HaTopoB CIIOKHOH (OPMBI MOJIB3YIOTCA MPUOIMKEHHBIMU METOAAMHA
pacuera [Memooura M.JI. Jlesuna, B.U. Cughoposa.].

Ocnognvie paciemuvie hopmyier 000pomuocmu OJisk NOJbIX Pe30HAMOPO8

H3BECTHO, PE30HAHCHBIE YACTOThI MPAMOY2ONbHO20 PEe3OHAMOpd HE 3aBUCHT OT
BUJIA 3JIEKTPOMArHUTHOTO MOJIs, & ONPEIEISIOTCS €ro pa3MepaMu U BUIOM KoJeOa-
HUWW, T.€. ynucnamu m, n, p [32, 77, 109].

JIoOpOTHOCTH TOJIOTO PE30HATOPA C KBAJAPATHBIM OCHOBAHHWEM, CTOPOHA KOTOPOTO

141-a 1
paBHa ¢, a BBICOTA ¢, OYJIET paBHA Q= . ’
‘x9 1 + a (273)
2-c
TZIE d, C — pa3MEPBI PE30HATOPA, CM, X, — NIyOMHA MPOHUKHOBEHUS TOKA, CM.
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e

Jr (2.74)
rjae f — dacrota, Ml ', e — K03pUIMEHT, 3aBUCAIINNA OT YIEILHOTO COMPOTUBIICHHUS
Marepuaiia CTCHOK pe30HaTopa.
Tlns memm e = 0,067, x, = 0,067/2450% = 0,00135 cwm.
Hampumep, mns kyba, cropoHa koroporo 12,24 cm, HOOPOTHOCTH COCTaBISET
0= 1,41-12,24 1
~0,00135 |y 12,24
2-1224
Pe3onaHcHOE COMPOTUBIICHHUE MPAMOYTOJIBHOTO PE30HATOpa ¢ KBaJApaTHBIM OCHO-

Xy =

=8523-

BaHUEM, OTHECEHHOE K MyYHOCTH HANPSKEHUS, BeIpaxkaeTes popmynoi [32]:

R, = ol¢ ,Om.
X, [1 n Lj Jlns pe3onaropa B BUzE Kyba
2-c
Ry = 91'12’2412 AN 550 kOm.
0,00135 -| 1+ —= (2.75.)
2.12.24

Hununopuueckuii pe3onamop. JIniHa BOJHBI OCHOBHOTO KOJIEOAHHSI HE 3aBUCUT
OT BBICOTHI PE30HATOPA, 4 ONPEACISETCS JIAMIb €ro auameTpom [32,77,109] Takoit
pPE30HATOP HE AT BO3MOXKHOCTHM HACTPOMKM B IIMPOKOM JIMANA30HE, TAK KaK €€
OCYUIECTBJICHUE MOTPEOYET M3MEHEHUS JUAMETPA PE30HATOPA, YTO KOHCTPYKTUBHO

TPYAHO BBINOJHUTH. JJOOPOTHOCTh LMJIMHAPUYECKOTO PE30HATOpPA MPH AJIEKTpUYE-

D 1
CKMX KoneOanusx u npu p = 0 2-%5 14 D (2.76)
2-h
rae D — nuameTp pe3oHaropa, ¢M; /1 — BBICOTA PE30HATOPA, CM.
24,48 1
= 2 . = 4533,3
O™ 2000135 |, 2448
2-12,24
JIOGpOTHOCTE YMEHBINAETCS C YMEHBIICHUEM BBICOTBI PE30HATOPA.
24,48 1
= . : =2992.
O™ 2000135 |, 2448
2-6,12
Pe30HaHCHOE COMPOTHUBICHHE LMIMHIPHYECKOIO PE30HATOPA, OTHECEHHOE K My4HO-
_102-h 1 O
CTU HANPHKCHUS. Xt D (2.77)
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R 102-6,12 1
0,00135 24,48
2-6,12
Topouoansnsiii pezonamop [veronuka Muxauna Jlbsouua Jlesuna]. Pe30HATOP mpen-

=154 xkOm.

CTaBJisieT cOOO0M MONBIA TOP KPYIJIOTO WIKA NPSAMOYTOJIBHOTO CEYCHHUS, Pa3pe3aHHbIN
N0 OKPY>KHOCTH C BHYTPEHHEH CTOpOoHBI. Kpas 3TOoro paspe3a COCIUHSIOTCS IBYMs
NapauIETbHBIMA JUCKAMU, 00Pa3yOMMHU BMECTE C TOPOM 3aMKHYTYIO TPOBOISLIY O
MOBEPXHOCTh. B mpocTpaHCTBE, 0XBATHIBAEMOM 3TOM MOBEPXHOCTHIO, U BO3HUKAIOT
AJIEKTPOMArHUTHBIE BOJTHBI.

TopouganbHbI PE30HATOP MOXKHO PAaccMaTpUBaTh KaKk KOHTYP C COCPENOTOYEH-
HBIMU TIOCTOSIHHBIMU, €EMKOCTh KOTOPOT'0 3aKIH04YeHA MEXKIY AUCKAMM, 4 UHIYKTHB-

HOCTh — B TOPE.

Crarnyeckas eMKOCTb MEXKAY AUCKAMH: (2.78)
2 2
Coe 1228 610,
4-d  4-6,12
i€ ¥ — PaNycC IUCKOB, CM; d — PACCTOSIHUE MEXAY AUCKAMH, CM.
2-7-R*

HNHAyKTUBHOCTh, OTHECEHHAS K My4YHOCTH TOKa, L = ,-

r+R (2.79)
R — paanyc cedeHus Topa, CM.

2
p=27122% s
12,24 +12,24
2--r-(1+a)

JITMHA BOJTHBI IPH MATIBIX 3HAYEHUAX Ana =7 R =Y (2.80)

d- (1 + —j

r
i A =27-+LC =628-1/3843-6,12 =9631cwm,
e a = 1,46-i1g2'—R, a=1,46- 0,12 g 212,24 0,44.
r d 12,24 6,12

A —gop4. |22 Ay 115 en

6,12-| 1+ 12,24
12,24r
JIOOPOTHOCTH TOPOMIANIBHOTO PE30HATOpPA MOXKHO OMPEACTUTh KaK OTHOIICHWE

PCAKTHUBHOTO COIIPOTHUBJICHHUA K dKTHBHOMY COIIPOTHBJICHHUIO IIOTCPL. YuuteiBas 10-
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_z(D+d) 1 _{MT) S, = _[MT (2.83)

¢ 6 6 6

Jlns mectr cep BIUCAHHBIX B TOP
7r(D +d ) ’ T
Vg =7 B chb—g'[”'(Der)]Z- (2.84)
OtHowieHre 00beMa ECTH CPEP K MIOIMAAN UX MIOBEPXHOCTH:
|:7Z'(D +d )T
72' of — 7

Ve 6 - (D +d )
S 7 =T 36 (2.85)
Vip _ 7-(24,48+24.48) _ 47

Ses 36
Bpraucimm BO CKOIBKO pa3 OTHOLICHUC o0bema TOpa K €10 11omaiun OOJIbIIIE aHAJIO-

IT'MYHOI'O0 OTHOIOCHM ITPHU BIIMCBIBAHWHA B TOP IICCTHU cq)ep:

Vs Smop _-(D+d)-4 _7-(D+d)

= (2.86)
Sy Vo 36-d 9-d
VoS
mop *egh — 6:12 :1)43
SoopVes 627

Ecimi 1oOpoTHOCTE TOpPOMAABLHOTO pe3oHatopa no meroauke ML JleBuHa co-
crapisier 12412, To npu 1mectu cPepuyecKOM HUCHOJHEHWM pe30oHaTopa, A0OpPOT-
HOCTBh cocTapiseT 12412/1,43 = 8684.

Onpedenenue mouwjHoCm, 3aMPAYUEAEMOll HA PAUeHUe TORACMHO20 NUMA-
mens. B ycTaHOBKE MCNOJIb30BAHA JIONACTHAS MEIIAIKA, BPALIAOWAsAc B TOPU30H-
TaNBbHOH TIOCKOCTH. MotHocTh (BT), 3aTpaunBacmast Ha BpalieHue jonactei [174]:

N =Py,
rae P — CONpOTUBIEHUE )KUIKOCTH JBHXKEHHUIO JIONACTH, H; v, — OKpy»KHas CKOPOCTH
JIBU>KCHUS JIOTIACTH, M/C.

Conporusnenue (H) 6e3 yuera Tpenus

C:
P:TpF-(kaiu)2 :kO.F.(vokiu)29 (287)

rjiae ¢ — KoO3(QPUIMEHT, YUUTHIBAOIUNA 00TEKaEMOCTh JIONACTH, p — MJIOTHOCTh ChI-
3 g

pbs, KI/M”;, F'— momaab NOBEPXHOCTH JIOMACTH B MJIOCKOCTH, NEPIECHINKYJIIPHOH K

CKOPOCTH JIBIKEHNS, M 11 — CKOPOCTb JIBIDKEHHUS CHIPBS, M/C; ky — KO3 HIIAEHT.

3HaueHus Kod(ppuureHTa ky Ipu NepEMEIMBAHUK MPSMBIMHA JIONACTSIMU PaBHBI AJIsI

[UBamos B.H]:
PACILIABJICHHOTO YKUPA 300...400
JKHApPA B Ma3¢00Pa3HOM COCTOSHHH 700...800
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JKAPA B CMECH CO IIKBAPOH:

- CBUHOH 950
- OapaHbeH 600
- TOBSDKBEH 850...900
TEXHHUYECKOIO ChIPbA 1300...1350
CKOpoCTh (M/C) OCEBOTO CMEILIEHUS ChIPbS, €CJIH JIONACTh YCTAHOBJIEHA MO/ YIJIOM
v, =w-r-(sina—u-cosa)-sina (2.88)

IJI€ (y — YIVIOBAsl CKOPOCTh JIOMACTH, Paj/C; ¥ — CPEIAHUNA paanyC Ha JIOMACTH, M, o —
yroJl HaKJIOHA JIONACTH K OCH, Tpai;, 4 — KO3(PQOUIMEHT TPEHUs NPOAYKIMHU O JIO-

MacTh.
[Ipn mepepaboTke MATKOTO >kupocoaepxkaiero cbipbs 4= 0,03...0,1, kocTH

0,17...0,3. TTpon3BONMTENBHOCTh (M/C) TAKOW MEIIANKH JIOMACTAMHU MOCTOSHHOM
mmapursr O=0,5-b-z-@-¢-(ry —r;)-(sine — - cosa)-sin @ - cose (2.89)

rae b — MMpUHA JIONACTH MEIIAIKH, M; Z — YUCJO JIOMACTEH; ¥y, 7y — HAPYKHBIA U
BHYTPEHHUH paanycChl TOMACTEH, M; ¢ — KO3()PULMEHT 3aM0JIHEHUST PE30HATOPA.

Ypaenenue, onucviearoniee uzmenenue cooeprcanus Heupa 6 npouecce
00padomxku
Jlnsg  ynpaBlieHHs MPOLECCOM TEPMOOOPAaOOTKH JKUPOCOACPKALLETO ChIPbs B

CBEPXBBICOKOYACTOTHOW YCTAHOBKE MPEIYCMOTPEHBI CIAEAYIOLUINE BO3MOXHOCTH: Pe-
T'YJIMPOBAHUE MOLIHOCTH TEHEPATOPA, MOAAYM JKUPOCOACPKAIIETO ChIPbsl B mepdo-
PHPOBAHHYK) PE30HATOPHYK) Kamepy, NPOM3BOJUTEIIBHOCTH TNEPEKAUYMBAOLLIETO
HACOCA, a TAKKE BO3MOYKHOCTh U3MEHEHUS KUBOTO ceueHMs nepdopaumn. B cBs3u ¢
3TUM HEOOXOAMMO 3HATh YPABHEHUE, OMUCHIBAIOIICE U3MEHEHUE COIEP)KAHUS KUPA B
cheprudecKkoil pe3oHaTOPHON Kamepe B MPONECCE TEPMOOOPAOOTKH B 3JEKTpOMAr-
HUTHOM TI0JIE CBEPXBBICOKOH 4acToThl [322]. Uepe3 mepdopupoBaHHyro chepuue-
CKYIO0 PE30HATOPHYIO Kamepy, 00beMOM }/ (JINTPOB), HATIOJTHEHHBIM HU3METbYCHHBIM
YKUPOCOJEPKALIUM CBIPhEM, HEMPEPBIBHO MPOTEKACT Up. [Ipuuem B eauHUIY Bpe-
MEHU 3arpyaetcst b JTUTPOB KUPOCOAEPKALIECTO CHIPhs C MOMOLIBK M3MENTbYAIOLIE-
r0 MEXAHW3MA W BBITCKAET TAKOE K€ KOJIMYECTBO KMUPOMACCHl (GKMP M IIKBApa).
HaiiTi 3aK0H MU3MEHEHHSI COAEPKAHUS KUPA B PE30HATOPHOM KaMepe B 3aBUCUMOCTH
OT BPEMEHM MPOTEKAHMSI JKUPOMACCHI Yepe3 NepPOopupOBaHHbIA pe3oHarop [322].
Cuurtacm, 4TO B TAHHBII MOMEHT BPEMEHH / B PE30HATOPHOU KAMEPE COACPKUTCS

X
X KT JKHpa, CIEA0BATENBHO, B KQKIOM JIMTPE ChIPbS COACPIKUATCA KT JKUpa, a B b

- X
JUTpax A Kkr. Ecnu Obl B TCUCHUE €IMHUIIBI BPEMEHH, HAYMHAS ¢ MOMEHTA /, KOH-
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NOTEPh HA W3NYYEHUE W MAIBIE MOTEPU, OOYCIOBICHHBIE TOKAMHU IMPOBOJUMOCTH
OTNPEACTISIOT 3HAYUTENBHO MEHBIUIYIO SHEPTUIO NOTEPh, YeM B KOHTYpe LC. OTcrona
OOJIBIION BBIMTPHIIT B COOCTBEHHOU TOOPOTHOCTH OOBEMHBIX PE30HATOPOB, KOTOPAs
JUTS BOJTH THIA ) B IPIMOYTOJBHOM PE30HATOPE JOCTUTACT JECATKOB ThHICAY, & AJIst
H (11 B IATMHAPUYECKOM PE3OHATOPE — COTEH Thicsid. Hemoctarok 00beMHBIX pe30-
HAaTOPOB — HAUTMYME KPATHBIX PE30HAHCHBIX 4acToT [178, 327].

C HCHOJIb30BAaHUEM KOAKCHAIBHOTO PE30HATOPA € HECKOJBKUMH WCTOYHWKAMHU
sHepruM paspadotana cienyromas CBY ycranoBka. i BeIIEICHAS PACIIIABICHHO-
r'0 5KUpa U3 KOCTU WM IIKBAPBl U 71l OYUCTKH JKUPa OT TBEPABIX NPUMECEH HMEIOT-
csl HEHTPU(PYTH, B KOTOPBIX CYCHEH3WU PA3ACTSAIOTCS B MOJE LEHTPOOCIKHBIX CHIL.
Hanpumep, n3sectna uentpudyra [1PL][ — HenmpepbIBHO ACHCTBYIONIAs BEPTUKAIBHAS
¢unbTpyromas. Ho npu 3ToM AJis pacmiaBieHusl KUPa UCHOJb3YIOT TOPSYYIO BOAY,
Temneparypoii He MeHee 90°C, a MOMyYCHHYIO JKMPOBOASHYIO AMYJBCHIO CIICAYET
enie pas nepepadarbiBath [377, 378, 382].

Texnonocuueckuti npoyecc 8vl0eieHUsl pAchIAGIeHHO20 JICUPA U3 JHCUPOCOOEPIC-
Ueeo UMENbYEeHHO20 CblPbsi NpoUCXooum cieoyiowum oopaszom (puc. 2.34). Bkiro-
YaroT AJICKTPOJBUTATENb JJIs MpUBOAA poTopa 2, Oapadana 3 u mHeka 4. Ceipbe,
(HampuMep M3MENbUYCHHAS YKUPOCOJEPrKallas KOCTh) HEMPEPBIBHO 3arpy>Kar0T B LIH-
JuHApUYecKkuid nepdopupoBaHHbii OapadaH 3 (B pe30HATOPHYIO KaMepy) 4Yepes
KOJIBIIEBOHM 3a30p, 00pa30BaHHBIA MEXAY OCHOBAHWUEM 3arpy304HON €MKOCTH 7 U
oOpa3zytomei KOHyCOOOpa3HOro OTPaHUYMUTEN U3JIyYeHUil 8. BKITIOYarOT CBEPXBHI-
COKOYACTOTHBIE TeHEPATOPHI 6. ChIpbe, TOManas B PE30HATOPHYIO KaMepy 3, TAE CO-
31aHO BJIEKTPOMArHUTHOE MMOJIE CBEPXBBICOKOH YaCTOTHI, 3HAOTCHHO HarpeBacTcH,
JKUP PACIIABISIETCS. 32 CUET LEHTPOOEKHONW CUIIBI PACTUIABIIEHHBINA KM W YaCTHILIbI
IIKBapPbI OMPEECIEHHOr0 pa3Mepa BbIIABIUBAIOTCA Yyepe3 nepdoparuio OapadaHa 3 u
0TOpachIBArOTCS HA NEPPOPUPOBAHHBIE CTEHKH POTOpa 2. BBITOIIICHHBIN KUp Yepe3
nepdopanmo potopa 2 NonagacT B KOpnyc 1 v 3a CUET €ro HAKJIOHHOTO OCHOBAHUS
JKUP cTeKaeT K narpyOky 14, orBoamrcs yepes Hero. [lIkBapa, npukatas k nepdo-
PHPOBAHHOM MOBEPXHOCTH POTOPA 2, MEPEMEIIAETCS BBEPX BUTKAMHM IIHEKa 4, cOpa-
ChIBACTCS B LWJIMHAPUYECKHIA KapMaH SKPaHHUPYIOWIEro kopnyca 1 u oTTyaa ckped-

KaMH 9 noaaercs K natpyoky [uist BeIrpy3ku 10.
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HYCOO0Opa3HOro orpanuuurtens uznydenuid 8. Momnocte CBU reneparopos 6, ua-
cToTa BpaulicHus Oapabana 3, mHeka 4 U poTopa 2 TakKe peryaupyroTcs. McXoaHbi-
MU JaHHBIMHU CIIy>KaT 00beM MepepadaThiBACMON MACChI, €€ HAYaJIbHAs U KOHEYHAs
YKUPHOCTh W BIQXKHOCTh, TEMIIEPATYPA, BBIXOJ U JOMYCTUMOE OCTATOUHOE COACPHKa-
HUE B IIKBApE. YCTAHOBKY LENECOOOPA3HO MPUMEHSATH NP MACCOBOM J0JI€ KUPA B
mkBape 6...25 %. [lIkBapa, mocTymnaromas B yCTaHOBKY, COCTOUT U3 MEJNKUX KOMKOB
HACBIITHOM MTOTHOCTBIO 400... 500 Kr/M° npH MaccoBoii noite skipa 0.25...0,39 Kr/kr.
(MO OTHOWIEHWIO K OOIIEH Macce WKBAPkl). Baskocms scupa 3aBUCUT OT TEMIEPATY-
pei [174]. TIpu temneparypax ot 40 g0 100°C muHaMHYecKas BS3KOCTb  |ly = At
Ila-c,

rae A u b smnupudeckre Kod3(GOUIMEHTHI; JUIs TOBsDKBETo xupa A= 33,4, b = 1.8;
Juist ceuHoTO A = 21,5, b = 1,71, nnst 6apanbero A= 23,6, b = 1,7, 1jist KOCTHOTO KH-
pa A=14.8, b = 1,63.

HMHTEHCUBHOCTH MpoLecca HeHTPU(YTUPOBAHUS XapaKTEPU3yeTcs KputepueM Dpy-
na (paxTop pazaeinecHus ) Fr=w"Rlg, (2.93)
rie R — pajmyc poTopa, M; g — YCKOPEHHe CBOOOIHOTO Ma/eHNs, M/c>, @ — yriioBas
CKOPOCTB BpaLCHUs POTOPA, Pag/c.

PaBHOBeCHAss KMPHOCTH YMEHBIIACTCS MPH TMOBBIIMICHUM TEMIEPATYpPhl 10
85...90°C, a npu mambHEHIIEM POCTE TEMIEPATyPhl MPOUCXOMUT YIIPOUYHEHHE TKa-
HEH, U BBIJCIICHUE KUPA YMEHbIIAETCs. HEOMHO3HAYHO BIUSHUE BIIAYKHOCTH LIKBAPHI
Ha BEJIMYMHY PABHOBECHOM kMpHOCTU. Boga nmeet 06osee NpOvYHYyI0 SHEPTUIO CBSI3H.
[Tokazano, 4TO BAQKHOCTh HE JOJDKHA MpeBbIarh 9...10 % mist ToBsbkbei U 6...7 %
JUTSL CBUHOM MIKBAphl, TAK KaK MPH OOJBIIMX 3HAYCHUAX M3-3a PA3KUIKEHHS IIKBAPHI
YMEHBILIAETCS BBIXOJ JKAPa PH MPOYMX PaBHBIX YCJIOBUAX. [Ipy Temneparype mksa-
pei 80°C w BrnaxkHocTH 10% KOIDPUIMEHT MACCONPOGOOHOCMYU  COCTABIISET
(3,3...11,1)-10° m*/c.

Coznacosanue MOULHOCHIL cCeHepamopa C HaANPANCEHHOCHbI0 IJIEKMPUUECKO20
noJist 6 KOAKCUAJIbHOM pe3onamope

Iloronnsie napamCTpbl KOAKCHAJIIBHOI'O PC30HATOPAa BBIYMUCIIAIINA 110 MCTOJIUKC bac-

kanoBa C.M. [backakos, CMH. C6opuuk 3amad 1o Kypcy «DIEKTPOIMHAMHU-
Ka U pacrpocTpaneHue paauoBosny. Yued. mocobue / C.U. backakos C .M., BI'. Kapramos, I'.JI.
JloGoe u ap. — M.: Beicn. mkoma, 1981. — 208 ¢ ]:
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L =ul2-7)-In(D/d), THlm, C, =%,cpm (2.94)

D, d — nqnaMeTphl KOaKCHaJIbHOTO PE30HATOPA, CM.

BonHoBOE conpoTuBiieHHE Z, = 60-1/5 -In(D/d), Om. (2.95)
Ei.-d> e D
P=—"2——. |—-In(—), Bm.
ITepeHOCHMas MOLIHOCTh 450 B ( d), (2.96)

[Tpn HanpsskeHHOCTH AnekTpudeckoro noss 100 B/cm, nepeHocuMas MOIIHOCTE CO-
CTaBUT:

2 2
po 0002247 25 4, 308, o5,
480 1612

npu 110 B/cwm, ona paBna 2,4 kBm, a nipu 120 B/cm — 2,86 kBm.

B peanproii CBU TeXHHMKE 4acTO MPUMEHSIOTCS KOAKCUAIBHBIE OOBEMHBIE PE30-
HATOpBL. B HEM 3neKTpHUYECKOe NOJe MPEACTABIAET CO00H CTOSUYIO BOIHY. MOKHO
BbIOpaTh JAJMHY PE30HATOPA TAKOW, YTO MO JJIMHE €r0 YKIAIBIBACTCS OJHA CTOSYas
noytyBoJiHa. [Ipyr 3TOM MakKCUMyMBI SJIEKTPHYECKOr0 U MAarHUTHOT'O MOJIEW cOBNana-
10T. [10nB3ysCh IPUBENEHHBIMU METOAMKAMHU MOKHO COIJIACOBATH MapaMETPhl dIIEK-
TPOAVMHAMUYECKON CUCTEMBI Ul JAHHOM JUIMHBEI BOJIHBI ¢ T€OMETPHUYECKUMU Tapa-
METpaMH Pe30HATOpA.

IIpou3seooumenbHocmb UCHMPOOEHCHOU YCIMAHOBKU 0151 GbIMONKU HCUPA
(ompenensiem o metoaunke Meamosa B.1.)

IlenTpoOexHas ycTaHOBKA MpeAHa3HayeHa Jyisi 00padOTKU BCEX BUAOB MSTKO-
r'0 JKUPOBOT'O ChIPbsl. BhICOKAss MHTEHCUBHOCTh TEIJIOOOMEHA B HEM JTIOCTUraeTCs My-
TEM COBMEIICHUS MPOIECCOB U3MENBYCHHS ChIPhS B IICHTPOOCIKHOM MOJIE M HAarpeBa
B 3JIEKTPOMArHATHOM T10JIE CBEPXBBICOKOM 4acToThI [174, 237].

[Tpon3BOAUTENBHOCTD (KI/C) HEHTPOOESKHOM YCTAHOBKH

M=q°z=k2-2°p°&, (2.97)
naqb
IZI€ ¢ — pacxo] MPOAYKTa 4epe3 EAMHUYHOE OTBEPCTHE B POTOPE, KI/C, Z — YUCIIO
OTBEPCTHIA; k. — FeOMETPHUECKHIT MAPAMETP; p — INOTHOCTE KHPOMACCHI, KI/M;
Pp — PAAMAIBHOE NABICHUE XKUPOMACCHL, 11a; 7,4 — 3P PeKkTuBHas TMHAMUYECKAs BA3-
KOCTB, I1a-C.

r-d*
128-1°

[eomeTpuueckuii mapameTp st oTBepeTus K, = (2.98)

rjie d v [ — quameTp U JUIMHA OTBEPCTUS, M.
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JluHamMuueCKas @A3KOCHb JJisl U3MEJBYEHHOW >KUPOMACCHl TEMIEPATYPOR OKOJIO

30°C mosket ObiTh mpuHsTa 0T 70 g0 100 ITa-c. Paguansnoe masnenue (I1a) skupo-

D@ -(Rz—rz)-R-l_r

MAaccel Ha CTEHKy Oapabana p, = (2.99)

>

/i€ @ — yrjaoBas CKopocTh OapabaHa, paj/c; R — BHyTpeHHM paauyc Oapabana, m; r
— paaryc BHYTPEHHEH OKPY>KHOCTH MPOIYKTA, M.

[Tpu nosHo# 3arpy3ke Oapadana (» = 0) monyyaercs MakcuManbHoe nasiaeHue (I11a)
2
Py = %RZ. (2.100)

Pacxon temnotsl (BT) B yeranoBke [114,136] O=0,+0, +0;,

rae (J;— TemioTa, pacxojayemas Ha 00pabOTKY >KHPOCOAEPIKAIIETO ChIpbs, BT;
(O, — TemioTa, HeoOxoauMas AJis Ha4aJlbHOTO MPOTPeBa yCTaHOBKH, BT;
(s — TeII0Ta, TepsieMas Yepe3 BHEIIHNE TOBEPXHOCTH YCTaHOBKH, BT.

Tennora (BT), pacxonyemas Ha 00paboTKy Cbipbs, O, =M -q,
r7ie ¢ — YACTBHBIM Pacxo TEMIOThHl Ha 00PadOTKY KUPOCOAEPIKAIIETO ChIPhs, JIK/KT.

B pazpaboTaHHOl yCTaHOBKE HE MPOUCXOAUT UCTIAPEHUS BOJIBI, TOITOMY
g=c,(t,,—1,)+b, 1, +c, (1, -1,). (2.101)
TJI€ Cyy,,Cx — YACIBHAS TEITIOEMKOCTD ChIPbs /10 M MOCJIE TUIaBJieHus skupa, JIx/(kr-K);
Lot st — TeMmepaTypsl IUIABICHHS KUPA, HaYaIbHas, KoHeuHas. °C;

b,. — MaccoBas 0I5l 5KUPa B CHIPhE, KI/KT;
F»e — CKPBITAs TEIUIOTA IUIABIICHUS 5KUpPa, JIK/KT.

Konuuecmeo omeooumoii menaompi (JJ>x/Kr) npu OXJIQKICHUH KUPA JO MOJTHO-
ro 3acThiBaHus (Kpuctayum3anun ) [136, 149, 153, 174, 209, 212, 225]

q=cy -ty —13)+ryp+cp (15 —1g), (2102)
TIE Cp,Cy — YACTBHAS TEIVIOEMKOCTb PACIUIABICHHOTO M 3aCTHIBIIETO YKUPA,
Jok/(krK); 1,;,15,1,— TeMmepaTypa »Kupa HauaabHasi, 3aCThIBAHUS U KOHeuHas, “C;,
F— CKPBITas TEIJIOTA KPUCTAIM3ALMHA KHUPa, JK/KT.

VY AENbHYIO TEMI0EMKOCTh TpuHUMaEM ¢, = 2300 J[x/(kr-K), ¢, = 1460 Ix/(kr-K),
re= (1,21...1,46)10° JIx/kr.

Temmeparypbl Hauasa 3aCTHIBAHUS )KUPOB: TOBsbKbero 34..38°C, Gapanbero 34..35°C,
cButoro 22...33°C.

Onpeoenenue npooonscumeIbHOCHIU UUKIA nepepadomxu
HCUPOCOOCPIHCAUESO CHIPbA
Mmuoroo6pazue Gopm 1 PU3NIECKUX CBOHCTB BELIECTB, TPEOYIOMIMX MPUMEHE-

Husg CBY TEXHOJIOTHII B TEXHOJOTHYECKUX MPOLECCAX MPUBOJIUT K M3YUCHHUIO BAXK-

HOTO KJIacCa HEJIMHEWHBIX 33/a4 TeTUI000OMEHa, KOTOPHI CBA3aH ¢ mporeccaMu (a-
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30BBIX MPEBPALLCHUI (MPOLIECCHI TUIABJICHHS KHPA, BBITONKA BOCKA, Pa3MOPAKUBa-
HUS MPOAYKTOB U T.IL.).

B cea3u ¢ smum credyem peuiums 3a0a4u menionepeHocd ¢ NOOGUNCHLIMU 2Pd-
HUYAMU, GBLI3GAHHLIMU USMEHEHUEM acpe2amHo20 COCMOsSHUA Geujecmed. 3aoadd
CBOOUMCSL K YPAGHEHUIO MENJIONPOBOOHOCMU 8 00JAcmu ¢ 3apanee Heu38ecmuol
epanuyet, pazoeisioweli meepoyio U JHCUOKYIO (azvl u umelowel memnepamypy,
pasmylo memnepamype gazoeoeo npespawenus. [loosudcnas spanuya pasoena ¢asz
obecneyusaem HeauHeliHocmo 3aoayu |25, 375].

Heo6xoauMo OTMETHTD, 9TO MCCIIeAOBaHHEM Mojeneii Bo3aeiicteus OMITCBY
Ha CBIPbE 3aHMMAKOTCS MHOrue crenmamuctol: MakapoB B.H., Camapckuit AA.,
MeiipmanoB A.M., I'pymunckas ['.I1., AdanaceeB A.M. , TaxayB A.A. AHAJIU3 dTUX
padoT MOKA3BIBACT, YTO OTCYTCTBYET PEIIEHUS TEOPETHUECKUX M MPAKTUYECKUX BO-
IPOCOB I MPOLIECCOB TUIABJIEHUS KUPA MPU TEPMOOOPAOOTKE KUPOCOAECPIKALIECTO
ChIpbs B c(epuuecknx pe3oHaTopHbIXx Kamepax CBY reneparopa. [lpm uccnenora-
HUM JAHHOM 337a4M aKTYaJbHBIM SIBIIICTCS MOJIYYCHHE MOJETEH, 00eCceunBarommX
3((PEKTHBHOCTH, PABHOMEPHOCTh U SKOHOMHYHOCTh HArpeBa >KUPOCOACPKAIIETO ChI-
pbs BozaeiicTBeM OMIICBY. OTMeueHHBIE BBIIIE 00CTOSATENBCTBA OMPEACTSIOT AK-
TYaJIbHOCTh MOCTPOCHHS MOJETEH Mmporecca TEpMOOOPAOOTKH C.-X. ChIPbs SHEPIHEH
CBUY u uccnenosanue ynpasnenus npoueccamu CBY Harpesa.

[TocTpoeHHEe MaTeMaTHYECKUX MOJCIEH TepMOOOPAOOTKH >KUPOCOAEPIKALIETO
ceipbst B OMIICBY ¢ yueTtom (a3oBeIX NEPEXOJOB U MX MCIOJIB30BAHUE AJIsI BBIPA-
OOTKM pEKOMEHIAUMI MO COBEPIICHCTBOBAHUIO pe30HATOPHBIX kamep CBY renepa-
TOPOB, aKTyalnbHO. [Ipr 3TOM HEOOXO0IUMO:

- TIOCTPOWUTh M MCCIIEAOBATh MATEMATHUYECKYK) MOJACIb TEPMOOOPAOOTKH KUPOCO-
Jepskamero cbipbs Bozaciicteuem SMIICBY ¢ yuérom azoBoro nepexona (miasie-
HUs);

- TIOCTPOWUTh M MCCIIEAOBATH MATEMATHUYECKYK) MOJACIb TEPMOOOPAOOTKH KUPOCO-
JepKallero Celpbs B cheprueckoil pezonatopHoii kamepe CBU reneparopa;

- MPOBECTH ONTUMHU3ALMIO PACIIPEACIICHHAS HANPSHKEHHOCTH AJIEKTPOMArHUTHOTO TO-

751 B CpepUUYECKOM PE3OHATOPHON Kamepe.
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u=Forli*/a;; ©,=Foyly/ a, (2.103)
rae Fo;, Fo, — xpurepun ®ypbe i nepBoi 1 BTOPoi (pa3 HarpeBa >KMPOCOIEpKa-
LICTO ChIPbS,

[1, [, — oNIpeACTSIOIINE PA3MEPhI YACTHIL, M,
ay, d> — K0P QUIMEHTHI TEMIIEPATY POTIPOBOIHOCTH, M>/C.

UncneHHbIE 3HAYEHHUS] KPUTEPHUS [0 HAXOOAT MO KPUBBIM B 3aBUCUMOCTH OT KpH-
tepust buo (B;) 1 OTHOCHUTENBHON TEMIIEPATYPBHI.
Kpurepwuii buo Bi = ol/4, (2.104)

rae o — kodddumment Temooraaun, Bt/ (M*K); A — k03)PHUIHUEHT TEILIONPOBOIHO-
CTH >KUPOCOAEPKAIETO ChIpbs, BT/(M-K).

OtHocutenbHas Temneparypa 6= (L - L)/t - ), (2.105)
rAe Iy, L. - I, — COOTBETCTBEHHO TEMIIEPATYPhl CPE/bl, HAYAIbHAS U KOHEYHAs TEMIIE-
paTyphl ChIpbs B AaHHOM (hase Harpera, °C.

Tabmuna 2.9 — ®uznueckue napaMmeTpsl >KUPOCOACPHKAILIETO ChIPhs N0 (Ppa3am

Harpesa [174]

®a3bl HarpeBa Kup KoadpdunmenTs Koadpdunment
JKUPOCOLAEPIKALIETO TEMIIEPATYPOIIPOBOAHOCTH, | TEIJIONPOBOAHOCTH,
CBIpbsl M/c B1/(M'K).
Tepsas CBUHOI (4,4...5010" 0,186,

TOBSIKHIA (5,3...7,8):10; 0,217
Bropas CBHHO (1,7...1,9)10°, 0,58

TOBSIKHIA (2,2..33)10” 0,35

[Tpy HaxOXJIEHWUU MPOJOKUTEIIBHOCTH MPOIEcca MO CKOPOCTU HarpeBa m Mmpo-
1ece A0KEH ObITh pa3zeiicH Ha (pa3bl. Toraa as i — dassl 7, = [nb; Im; ,
/1€ M; — CKOPOCTh HArPEBa JKUPOCOEPKAIIETO ChIPhsl B JAaHHOM (paze, ¢
m; =wyal/cpV, (2.1006)

rae ¥ — KO3(PPUIMEHT HEPABHOMEPHOCTH TEMIIEPATYPHOTO TOJIS,
o — ko3 dumHeHT TemooTaaun, Bt/ (M>K);

F — Iiomass MOBEPXHOCTH TEIIOOOMEHa, M*;

¢ — YJeNbHAs TENJIOEMKOCTB KAPOCOAEPKAIETO ChIpbs, JIK/(kr- K)
 — IUTOTHOCTb CHIPBS, KI/M .

) — 00beM KUPOCOJEPKALIETO CHIPHSI.

Koa(ppuumeHT v 3aBUCUT OT BENHUMHBI KpUTEPUS B,
npu B; =0, w=1, npu B;=2, w=0,7, npu B;= 12, y=0,2.

BennuuHa ckOpOoCTH HarpeBa 3aBUCUT OT YCJIOBUI TermiooOMeHa U GopM KUpoco-
JEPIKALIETO ChIPhSI.

JIs JUIMHHOTO LMAWHAPA C PAAyCOM R W AJTMHOM /
m =2-yra ((1+ (R1)) /cpR; (2.107)
TSl ChEPBI PATAyCOM R m=3y-a/cp R
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[Tporiecchl BBITONKH KHPa ¥ BAPKH KHPOCOICPIKAIIETO CHIPhS CBOJNUTCS HE TOIBKO
K HarpeBy, HO M IPEAyCMATPUBACT Pa3pyIICHHE KUPOBBIX KIIETOK W BBHIICICHUE JKH-
pa M cTeprIIU3aIvs.

Obocnosanue npouszeooumenbHocmu nepopuposanno2o odapabana ona cauea
GbIMONIICHHO20 JHcupa uepes neppopauuio epauiaronuiezoca pesonamopa [174]

PazpaboTtanHas yctaHOBKa JUisi TEpMOOOPAOOTKH KMPOCOACPHKALICTO ChIPhsi OTHO-
CUTCSl K YCTAHOBKE HEMPEPBIBHOTO NEHCTBUS, MPOU3BOAUTEIBHOCTD (KI/4) KOTOPOTrO
3aBUCUT HE TOJBKO OT 103bl Bo3acicTBuss OMIICBY, HO M OT KOHCTPYKTUBHBIX I1a-

pameTpoB paboueii kamepsl (OapabaHna). [IponsBoauTenbHOCTE OapabaHa onpenesns-
etcst o gopmyne: O =F, v, -@-p, (2.108)

rie Fy — cyMMapHasi IoManb OTBEPCTHil mepdopawuu 6apadana, M, vy — CKOPOCTb
NPOXOXKACHUS YACTHIL KMpa 4epe3 OTBEpCTHs nepdopaumu, M/c; ¢ — KOIPPUIUEHT
WCTIONTB30BAHMS TIOBEPXHOCTH TIEP(OPALIH; P — TIIOTHOCTB SKHPA, KI/M .

CyMmMapHyr miom@aias OTBepcTuii nepdopupoBaHHOTO OapabaHa (pe3oHaTopa)
IPUOIMKEHHO MOKHO ONpeaesuTs no popmyne: Fo =k-7-D-H,

e K. — KOOPPUIUEHT KMBOrO ceucHus OapadaHa (k.), 3aBUCHT OT Pa3MEPOB OT-
BepcTuil; D — quametp nepopupoBaHHON WIMHIPUYECKON PE30HATOPHON KaMephbl
(Oapabana), M; H — BbicOoTa NEPHOPUPOBAHHON YACTH HUIIUHAPA, M.

CKOpOCTh IBHXKEHMS KMPA 4epe3 OTBEPCTHs nepdopanun Bpamaromerocs dapa-
OaHa ompenaenseTcs Kak HOpMajibHAsh COCTAaBJISIIONIAs CKOPOCTH JABHMXKEHUS YACTHIL
KUPA, TBUKYIIUXCS B BUXPEBOM MOTOKE MO ACHCTBUEM LEHTPOOESKHON CUJIbI, TPU
MAaKCHMaJIbHOM YAQJIICHUM YaCTHLl Yepe3 OoTBepcTHs mnepdopaumm GapabaHa OKa3bl-
BACT BJIMSHUE KOIPPUIMEHT MOJAu, XapaKTEPU3YIOMIUH CHIUKEHUEM CKOPOCTH UX
JBI>KEHUS B BUXPEBBIX MOTOKAX BO3Aayxa padouei kamepsl. C yueTtoM ko3dduimen-
Ta TOTMOJIHEHUS KUpa B OapadaHe, CKOPOCTh IBHXKEHUS KMPA MOKET OBITH ONpEe-
neHa o opmye: Vo = ?'(I—Knp)za

4 (2.109)

rae R — paguyc 6apabana, M; @w— 4acToTa BpauieHus 6apabana, ¢ (1 — K,p) — KO-
s dunuent nogaun;, K, — KO3QPUUUEHT MPOCKANIB3bIBAHKS IPOLYKTA 10 IOBEPXHO-
ctu Oapadbana (K, = 0,7...0,8).
I

np

>

Koadduiment ucnoswzopanus miomanau nepdopaimu 6apadana ¢ =

o

rae Iv,, — IIona b KOHTAKTa KUPa ¢ MOBEPXHOCTHIO nepdopanum, M’
(p=0,3...04).
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[TponsBogutensHOCT CBY yCTAHOBKHM [UTsl BBIAEICHUS PACIIABIIEHHOTO KUPA U3

k-D-H-w
KEpocoaepkaiero coippss 0 =————- (1=K, )’ -¢- p,ke/u.
4 (2.110)

2.2.3 TexHOoJI0THYeCKUIl POoLeCcC TEPMO0OPAOOTKH MACHO20 CHIPbA
BO3/€iiCTBHEM YICKTPOMATHUTHOIO OJISI CBEPXBBICOKOI YaCTOTHI
2.2.3.1 MeTtoasbl pacuyera nmpoueccoB TepMoo0OpadboTKH MSICHOTO (papmia
(mateHt Ne 2409915) [274, 288] (coasrop I'puropsesa T.M.)

TeXHOIOrHYECKU MpoLece TEPMOOOPAOOTKH ChIPbs BKJIIOYACT CICAYIOIIUE OIe-
patu (Tadn. 2.9). u3MenbueHue U nojavya Chipbsi B padouyto KaMepy; €ro 3HA0rCH-
HBI HArpeB;, CENapUpPOBAHKUE NOTOBOM MPOAYKLMH Yepe3 BHOPUPYIOLIYIO nepopu-
POBAaHHYIO IIJIOCKOCTb, BBITPY3Ka CBAapEHHOW mpoaykuuu. KOHCTpYKTHMBHBIE M pe-
JKUMHBIC ITAPAMETPBI Y3JIOB, 00ECIIEUMBAOIINX YKA3aHHBIC ONEPALMHN, TOJDKHBI ObITh
COrJIacoBaHbl MEKy COO0M. YcTaHoBKa coOpaHa U3 3 OCHOBHBIX OJIOKOB (puc. 2.34).

Ilepewiii bi10k — TEHEPATOPHBINA OJIOK CTOMT M3 4 CMEKHBIX PABHBIX MO 00BEMY Ka-
MEP, Kakast U3 KOTOPBIX BBINIOJHEHA B BUJC YCEUCHHOHN TpaneueuJaIbHON MPU3MBIL.
YcedeHHas yacTe 00pazyeT NpUEMHBIN JTO0TOK. K ABYM MPOTHBOIOJIOKHBIM KaMepam
NPUCTHIKOBAHBI TEHEPATOPHBIE OJIOKM TaK, YTO M3JIy4aTEIb HAXOAUTCS B HUX, MOATO-
MY OHM BBINOJHSIOT (PYHKIMIO PE30OHATOPHBIX Kamep. [[Be apyrue kamepsl odecre-
YUBAKOT CKBAXHOCTH MPOLECCA, TO ECTh «HArpeB-May3a». Haja HWKHUM OCHOBaHHEM
3TOro OJ0Ka B FOPU3OHTAIBHON IJTOCKOCTH HAXOAMTCS IUAJICKTPUYECKHUMA Mepeme-
IMBAIOLIMIA MEXaHHU3M, MPUBOJ KOTOPOTO KECTKO 3aKPEIUIEH C ThUIBHON CTOPOHBI
nepPoprupoBaHHON TIOCKOCTH.

Bmopoii 610k — BAOPAUMOHHBIA OJOK, BBINOJHEHHBIA B BHJE MPU3MATHYECKOTO
KOpIlyca, BKJIFOYAET NEPPOPUPOBAHHYIO MIOCKOCTD, SIBJISIFOLIYIOCS HUKHUM OCHOBA-
HUEM PE30HATOPHBIX Kamep (1 0JI0Kka) 1 BEpXHUM OCHOBaHMEM camoro Onoka. BHyT-
PH KOpIyca UMEETCSl HAKJIOHHAS MJIOCKOCTh, COCIMHEHHAS C BBITPY3HBIM MATPYOKOM.
OTOT KOPIYC COCIMHEH C TPETHUM OJIOKOM 4Y€pe3 aMOPTHU3ATOPHI, (PUKCHPOBAHHBIC
1O €ro NEPUMETPY.

1pemuii 610k — 3NEKTPONPUBOAHON OJIOK, BBIMOJIIHEH TAKXE B BHJE MpU3MAaTHYC-
CKOTO KOPITyCa, BHYTPH KOTOPOTO PaCHONIOKEHBI SJIEMEHTHI MJIEKTPONPUBOAA. ITOT
050k o0ecreunBacT BUOpALMIO BTOPOro OJI0KA, TaK KaK K HWKHEMY OCHOBAHUIO

NPU3MATUYECKOTO KOPIyca BTOPOro OJIOKA JKECTKO MPUKPEIJIEH MOIIIMITHUKOBBIN
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23
Q _2°80°luo°f d A= 2
6. > - :
” 3-A O, Hy O
rae & — abCONMIOTHAS AUAJIEKTPHUYECKAs IPOHULIAEMOCTh cperbl, O/Mm;
f — gacrora OMU, I';

Duepeus, 3anacen- E?

Has Konebanuamu W=g -—2%qg- b-1l
Pa3UYHbLX MUNOE

807H

H3BecTHO, YTO JIj1 MATEPUAJIOB KPYTJIOTO MOMEPEYHOr0 CEYCHHUS, TI€ TUAMETP UX
com3mepuM ¢ padboueit AymHou BostHBI (6osee 0,1-A = 0,1 12,24 = 1,224 cm), ocoOeH-
HO €CJIM JAMRJIEKTPUYECKAsl TPOHUIIAEMOCTh MaTepuasia BeJMKa, BO3HUKACT mpodiema
HEPABHOMEPHOCTU HArpeBa Marepuaja. Harpes mo ce4eHuro mpoayKTa MOKET ObITh
KpaiiHEe HepaBHOMEPHBIM. Eciin He NOOMTHCS paBHOMEPHOCTH BBIACIICHUS Temja Mo
CEUYCHMIO, TO BHIDABHUBAHUE TEMIIEPATypbl OyAET MPOUCXOJUTh 33 CYET TEMJIONPO-
BOJAHOCTH W TOT/A, YTOOBI HE MEPETPETh 00JACTH C CUIIBHBIM AJICKTPUYECKUM TOJIEM,
NPUXOAUTCST CHUKaTh MOHOCTHE CBY renepaTopa v npoUTUTh TPOAOJKUTETBHOCTh
BO3JICHCTBHA.

B pesynbrare mperMyliecTBa 3HAOTCHHOTO HArpeBa CBOJUTCS K MUHUMyMY. C
YU4ETOM 3TUX 0COOECHHOCTEH, HAMU AJi1 TepMOOOPabOTKH CaplEieK, COCUCOK pa3pa-
00TaHa yCTaHOBKA C WCIOJIb30BAHUEM SHEPIHH JIEKTPOMArHUTHOIO TOJISI CBEPXBHI-
COKOM 4acTOTHI. [IpH 3TOM yUUTHIBAIM, YTO U3ACIUs KPYIJIOTO CCUCHUSI U UMEET BbI-
COKYIO JIMAJICKTPUYECKYI0 MPOHUIAEMOCTh. [loaTOMy pa3padoTaiii HOBYH) KOH-
CTPYKIIMIO 3JIEKTPOJAMHAMUYECCKON CHCTEMBI, BKJIIOYas PE30HATOPHYIO Kamepy. s
MOJIyYCHUS] PABHOMEPHOTO HArpeBa no paguycy CIeAyeT NPUMECHUTh 3aMeIJISIOILYIO
CUCTEMY OCECUMMETPUYHOro Thna. CyIleCTBYIOT Pa3HbIC 3aMEJUISIONIUE CUCTEMBI,
UMEIOIIHNE CBOM OCOOEHHOCTH M HEJOCTATKH, HAMPUMED THUMA «AuadpparMupoBaHHBINA
BOJIHOBOJI» — CJIOXKHO 1O KOHCTPYKIMU. B KaueCTBE 3aMeUISIOIEH CUCTEMBI MpeIia-
racTcsi HPUMEHUTH 1IEMOYKY CBSI3aHHBIX MEKTy cOO0iM KoJiel u3 He()ePpOMAarHUTHOTO
Marepuana.

Ecnu n3BeCTHBHI:

- IMaMETP MPOAYKTA (COCUCOK) 27, W €r0 TUAIEKTPUUYECCKAs MPOHULIAEMOCTD €1,
- pabouas JuIMHA BOJIHBI W 3aMEJUICHUE /1, IPU KOTOPOM MMEET MECTO PABHOMEPHOE
pacrpeaeneHue TEMIOBBIX KCTOYHUKOB MO MEPEYHOMY CEUYCHHUIO,
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- THI 3aMEJISAIONIEH CUCTEMBI, TO HEOOXOAMMO TakK MoA00paTh FTEOMETPHICCKHUE Pa3-
MEpPBI PE30HATOPA, 4TOOBI, KpoMe TpeOyeMoro 3HaueHus m (T.€. f3), nucnepcus BOIu-
31 paboyeii JUTMHBI BOJIHBI ObIJIa KaK MOKHO MEHBIIIE.

Pacnpenenenuie Temnsia no CeUEHUIO MPOAYKTA MOAYYaeTCs OUYEHb HEPABHOME PHBIM:

BOJIM3M OCH — MAKCHMYM HarpeBa, a 3aTeM C YBEJIMUEHHUEM pajuyca Bce Oosee ObICT-
phIii cliaj, MoYTH 0 HYJIS, MPUYEeM craja TeM 0ojiee OBICTPBINA, ueM OOJbIIE TUAJIEK-
TpUYECKasi MPOHUIIACMOCTD (3aBUCSAIIAs OT BAAKHOCTH (papiiia).

TeopeTnueckuii aHaTM3 TOKA3bIBACT, YTO MOLTHOCTD, TEHEpUpPYEMas B TPOIYKTE B

3aBMCHUMOCTH OT BOJIHOBOTO YMCJIa M TOCTOSSHHON pacmpoCTpPaHEHHUs BOJIHBI BIOJb
IPOJOIBHON OcH B 00heMe mpoaykra (A7), usmensiercs BojarooOpasHo [140]. Ile-

peMCiarte MaKCMMYyMbl 1 MUHHUMYMY I10 HaIIPaBJICHUIO paanyca IMpPOAYKTa MOKHO,

U3MEHSS paaualibHYI0 MOCTOSHHYO, sl 00j1acTh 3aHuMaemMoit gapiiem. O003HaUUM

— k2 _ N2 o
yepes /)1 =N¢€ B - paMAIbHY0 TOCTOSIHHYIO JUIsi 00JacTH, 3aHMMaeMOi
dapmem, rae K =27/ A — BonHOBOE wnci0, B =27/7 — TOCTOSHHAsA PacIpocTpa-

HEHUS BOJIHBI BJIOJIb MPOJIOJILHOM OCH B 00beMe (apiia. JIJisi MpoeKTUpyeMoi pe3o-
HATOPHOH KaMepbl ¢ mapaMeTpaMu: paauyc (peppoMarHuTHOrO Kobla r, = 1,55 cM u
paauyc capaenek » = 0,6 cM; TUAJNIEKTpUYecKas MPOHUIAEMOCTh ¢apiia & = 26...35;

JUIMHA BOJIHBL A = 12,24 cM; £=0,51 cv'. C y4eTOM MOCTOSIHHOM pacnpoCTPaHCHUs

BOJIHBL f = 1,56 cM™ 1 4 =4cv | T.e. mnuHA BOJNHBL B PE30HATOPHOM KaMepe MONyqH-

J1aCh MEHBIIIE JUIUHBI BOJIHBI B CBOOOHOM npocTpaHcTBe 12,24 ¢cM. Harpes no ceue-
HHIO IPOAYKTA OYJET PABHOMEPHBIM, €CJIM MAKCUMYM MOIIHOCTH IIPU 3HAYEHUH 7ypo-
mykr < Yo < Fxommo, @ MUHUMYM MOIIHOCTH IIPH ¥ > Fromma. HaumeHbiee OTKIOHEHHE
MOIIHOCTH OT PAaBHOMEPHON MUMEET MECTO #, / Feomua = 0,5...0,8. Torma, papm Ha ne-
pudeprn KOJIblla MOYTH B JIBA pa3a MEAJICHHEE HAIPEBACTCS, YEM B CEPEAVHE, T.€.

P,/ P,=0,25...06 npu € = 26. 3T0 3HAYUTh, YTO AJI MMOJTYUYEHUS PABHOMEPHOTO
HarpeBa Mo paauycy KoJiblia (4acTh PE30HATOPHOM KaMephl) CAEAYET MPUMECHHUTh 3a-
MEUISIOIY0 CUCTEMY. IMEHHO Takyto (DYHKIMIO 3aMEJISIOMICH CHCTEMBI BBIMOJI-
HSFOT LETOYKa CBA3aHHBIX MEXAy co0oif konen. YcranoBka st CBY HarpeBa aBu-
JKYIIUXCSA U3JETUM KPYTJI0ro MONEPEYHOrO CEUCHUS COICPKUT 0OBEMHBIE PE30HATO-

pel CBY renepatopa, depe3 KaKablii U3 HUX TPOJIOXKEH Paauonpo3padHbiii TPyOo-
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KpallleHUE MPOAOHKATEIBHOCTH TIOCOJIA, TTPA 3TOM 3a CUET CHEHU(PUYECKOro Acii-
crBusi OMIICBUY HexenarenbHble MUKPOOHBIE MPOLECCHl TOAABISAIOTCA. Yemanosxa
paboTaeT craeayrommm oopazom [263, 278]. MsCHOE ChIpbE W MOCOJIOUYHBIA pacco
3arpy’kaeTcs 4epe3 3arpy304Hblid JIFOK. Jlajiee 3aKphIBAKOT JIFOK, BKIIFOYAKOT MOTOP-
PEAYKTOP, KOTOPBIN BpaIaeT Bajl ¢ PE30HATOPHON KaMEPOil €O CKOPOCTHIO, MEHBIIIE
KpUTHYECKOM. HaunHaercst mpouecc MacCUpOBaHUs KYCKOBOTO MSICHOTO CBIPbS, TIPH
3TOM 3a CYET JIOMACTEH KYCKM MsCa NMOJHUMAKOTCA A0 ONPEAEICHHONW BBICOTHI U Ta-
JAKoT, T.€. ujaeT GuapTpaimoHHO-1u(Py3uoHHbIH Tponecc. [10CoI0UHbIE BEECTRA B
OCHOBHOM TI€pepacpeiensatoTcs 3a cuet Bo3acicTus OMIICBY. Tlocne okoHuaHus
MAaCCUPOBAHUS MSICHOTO CBIPbsI, OCTATKH PACCOJIA CAMBAOT YEPE3 CIAMBHON MaTpyooK,
Jajiee MPOM3BOAAT BAPKy W KomueHue u3aenus. CoBMeeHue TyMOIMPOBAaHUS U JH-
JOTEHHOTO HarpeBa NMpU MACCHUPOBAHMU MSCHOTO CHIPbSl B PACCOJIE ONPEACICHHON
KOHLIEHTPALMKU COJIM MO3BOJIAT COKPATUTH MPOAOTKUTENIBHOCTh UX MACCUPOBAHHUS U
nocona. [Ipouecc nmocona CeIpbs SBISETCS MPOLECCOM MACCONEPEHOCA B YCIOBUSX
B3aMMOJCHCTBHSI BHEIIHUX M BHYTPEHHUX MOJEH. OTO B3aMMOCBA3b OOYCIIOBJICHA
CBOMCTBAMHM MEJIKOKYCKOBOTO CHIPbsi M PEXMMOM, CO3JaBacMbIM B pabodeM Oapa-
Oane. PesxuM TEXHOJOTMYECKOr0 MPOLECcca BIMIET HA U3MEHEHUE CBOMCTB M Kaue-
CTBO MPOJAYKTA. B CBsI3M €O CIOKHOCTBIO Pa3HOOOPA3HBIX HECTALIMOHAPHBIX SIBICHUAN
((pU3UKO-XUMUYECKUX, MACCOOOMEHHBIX M. JP.), MPOTEKAIOIIUX B MPOIECCE MACCH-
POBaHUS CBHIPHS, YUCTO AHATATHYECKHANA PACUYET MPOLECCA U PEKUMHBIX NTAPaAMETPOB
MPEACTABIIACT 3HAUYMTENBHBIE TPYAHOCTH. Pacuer macoMaccakepa yBa3aH ¢ IMHAMU-
Koil mpouecca. [Ipu 3TOM BaXKHO NPEIyCMATPUBATh PALIMOHAIBHBIE COYETaHUS (Pak-
TOPOB M MAPAMETPOB, OOECIIEUNBAOIINX HHTCHCU(DUKALIMIO MACCONIEPEHOCA B ChIPHE.

Hanpsaosicennocms 31eKmpuuecko2o noaa 6 WUIUHOPUYECKOM PEe30HAmOope Bbl-
yuciuM 1o meroauke backakosa C.M.[37].
B munmnapudeckom pe3onarope amameTpom 24,48 ¢cM pacnpoCTPaHSIETCS BOJHA TH-
na Ey;. Uactora konedanunii 2450 MI 1, nepenaBaecmas MoiHocTh 2.4 kBT. Onpene-
JIMM MAaKCUMAJIBHOE 3HAYEHUE HANPSLKEHHOCTU AIEKTPUYECKOTO TMOJIS U aMIUIUTYLY
MOBEPXHOCTHOM IUIOTHOCTH TOKA HA CTEHKAX PE30HATOPA.

T-0-& h

H3BecTHO, UTO P=O,778°? E*. (2.121)
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CpaBHUM aMIUTUTYy COCTaBJISIFOIIMX BEKTOPOB OIS [, U F, JUIA 4eTO HAWIEM 3HA-

v, 2405 i
Yo _ 23196 1
a 1224 7 om’ (2.122)

v, — n-it kopeHb QyHkumii bececens J,, (X);

h=@ 7l i) -5 =\/( 0,28 1

)* —(0,196) =0,225 —.
12,24 cMm

HawubosbIias HanmpsbKeHHOCTD 3JIGKTPUYECKOTO TOJIs, paBHAs F,, MOJyYaeTcsi Ha

OCH pPe30HaTOpa.

YeHUS AU g

(2.123)

2
EmaX:Eo = Pg =
0,00778-7-w-¢, - h
0,00778-314-2-7-2450-10°-8,86-10"%-225 ~ cm

Ecmu mowmHocTe rereparopa 800 BT, TO HANPsHKEHHOCTH JIEKTPUYECKOTO MOJIS CO-
CTaBJIAET:

2
B -k = \/ 800-19,6 kB

=2,03—.
0,00778-3,14-2-7-2450-10°-886-1072-225 ~~  cm

[Tpn momHocTn reneparopa 1600 Br, HanpsbkeHHOCTHh paBHa 2,86 kB/cM. Pery-

max

JMPYst MOIIHOCTBIO reHepartopa ot 800 mo 2400 BT, MokHO nogo0paTk HEOOXOAUMYIO
HANPSHKEHHOCTD AJIEKTPUYECKOTO MO sl AOCTHKECHUSI OAKTEPULIMIHOTO JCHCTBHS
Ha CeIpbe. Hanmpumep, MHOTOpPE30HATOPHAS YCTAHOBKA M YCTAHOBKA ¢ KOAKCHUATIbHBIM
pe3oHaTOpoM PadoTarOT ¢ TpeMs reHeparopamu, oouie MouHocTho 2400 BT u npu

3TOM HANPSLKEHHOCTD AIEKTPAYECKOTO MOJsl TOCTATAET 3,5 KB/cMm.
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- 00e33apakMBaHUE 3a CYET OAKTEPUIUMAHOrO MoToka Y® nyuyeil B TOHKOM CJIO€
KBapIICBOM TPYOHI.
JlanHbli COCO0 MO3BOJIIET CHU3UThH SHEPreTUUECKUE 3aTPaThl U 00€33apaKu-

BaTh KMJKOCTb 32 CYET KOMIUIEKCHOTO BO3JACHCTBHS TPEX (PU3NUYECKUX (PAKTOPOB.
[Tpu 5TOM crielM(pUIecKOe BO3ACHCTBUE KAKIOTO (PU3NYECKOTO (haKTOpa YHUUTOXKA-
€T BEreTaTUBHYIO (OPMY MUKPOOPraHM3MOB MPU MEHBIICH TEMIEparype, 4eM Mpu
OTJEJIbHOM BO3ACHCTBHM KaKa0ro (pu3mdeckoro (pakropa. B 3aBucumMoctr 0T ypoBHs
OakTepuaNbHONH OOCEMEHEHHOCTH MOJIOKA KOHCTPYKIMSI MPEAYCMATPUBACT BAPHAHT
MHOTOKPAaTHOTO LMKJIAYECKOTO BO3AcHCcTBHs (pru3nueckux (pakropoB. HuwkHee ocHO-
BaHUE KopIyca neppoprupoBaHO M COCTBIKOBAHO C PE3EPBYAPOM YIBTPa3BYKOBOI'O
reHeparopa. [lepdopaius 00bEMHOTO pe3oHaropa 00€CNeUMBACT MPOHUKHOBECHUE
notoka momHocty IMIICBY B pezepByap Y3 reneparopa, B 00bEME KOTOPOTO MPO-
UCXOAUT KOMILJIEKCHOE MX Bo3aciicTBre. U3BECTHO, YTO KOMOMHUPOBAHHOE BO3/CH-
cTBUE (PU3MUECKUX (PAKTOPOB HA CHIPHE MOJABIISIET MPOLECCH >KU3HEACATEIBHOCTH
MUKPOOPTraHU3MOB.

Bo emopon ycmanoexke (namenm Ne 2568061) wctouHnkoM Y@ U3TydYeHUs
CIIy’)KHT CBhEMHBIE O€33JIEKTPOIHBIE Ta30pa3psAaHbIC JIAMIIBI BBICOKOTO JABJICHUS.
CBY reneparop co3pact B pabodeil KaMmepe SJIEKTPOMArHUTHOE TOJE, SHEPrus
KOTOporo Bo30yxknaet u nogacpxuBact CBY paspsa B nmamnax. O30H oOpazyercs
Onaronaps Haauunto Y®d-uznydeHus: 1inMHo BosiHbl 185 HM. Crocod ode33apaiku-
BaHUs JKHJIKOTO CBIPbS, XapaKTEPU3YETCS TEM, YTO HA ChIPbE BO3JACHCTBYIOT 3JICK-
TPUYECKHAM MOJEM ¢ 4acToToit 2450 MI'n, yaensHOi MOIHOCTHIO 4,2 KBT/KT B mpo-
TOYHOM PEXHAME C HATOKEHUEM OAKTEPULIMIHOTO MOTOKA YD M3IydYeHU U yabTpa-
3BYKOBBIX KojieOanuii ¢ yactoroit 40 k. [Ipuuem momnocts CBY reneparopa Ba-
peupytot ot 100...700 Br, mamnsl YO usnydenus — ot 240... 1000 Br, a MOIIHOCTH
Y3 reneparopa 50...250 BA. Tlpu 3TOM NPOJOJDKATENBHOCTh BO3ACHCTBUS O JIO-
CTH>KEHMS TeMIiepaTypsol B cbipbe 67...68°C cocrapnser 180...300 ¢. YeranoBka s
00e33apaKUBaHUS KUAKOTO ChIPbS KOMILJIEKCHBIM BO3JCHCTBHEM (DU3MUYECKUX (DaK-
TOPOB COACPKUAT LAJIUHAPUUYECCKUI SKPAHUPYIOIINNA KOPNYyC ¢ marpyOKaMH MOJA4d U
CJIABA, BHYTPH KOTOPOTO KOHLECHTPHYECKHA PACHOJIOKECHA LWJIMHAPUYECKUI 00BEM-

HBI pe3oHarop (puc. 2.45). HuwxHee ocHOBaHME pe3oHATOpa nepPopupoBaHO U CO-
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Henocratkamu nanHoro cnocoa sSBISIFOTCS TO, YTO Mpu HaxoxkaeHun CBY reHepa-
TOpPa BO BJIQXKHOH Cpeae Pe3KO YXYAMIACTCS €ro HAIEKHOCTh SKCIUTyaTaliu, a TECTO-
BbIE€ 3arOTOBKM MOJBEPraroTCs TEMIOBOH 00pabOTKE TOJNBKO 3a CYET KPaeBoOro 3¢-
(peKTa FNEKTPOMArHUTHBIX M3NMydeHud (OMMU), Tak KaK TPaHCHOPTUPYIOTCS OHU HE
4yepe3 pe30HATOPHYIO KaMepy, IIe CKOHIICHTPUPOBAH MAKCHUMAJIbHBINA MOTOK MOIIHO-
ctu OMMU. CnenosarensHo, Tepmudeckuii KITJ[ oueHb HU3KMH, 4 SHEPreTUYECKUE
3arpaThl HA TEPMOOOPAOOTKY AOCTATOYHO BBICOKHE.

Texnonocuueckoii Ho8U3HOT ABIAETCS 00ECIEYCHHE HHTEHCU(DMKALIMN TTPoLiecca
TepMOOOPaOOTKM TECTOBBIX 3arOTOBOK UIsl CO3AHUSI IOPUCTON CTPYKTYPhI U yIIyY-
LICHHS Ka4€CTBA MYUYHBIX WU3/EJIMNA MPU CHI)KEHHBIX SHEPreTHueckux 3arparax. CBY
YCTAHOBKA AJIs1 TEPMOOOPAOOTKH MYUHBIX U3ENUA (puc. 2.48) BHYTPU BEPTUKAIBLHO
PACTIOJIOKEHHOTO UJIMHAPAYECKOTO 3KPAHUPYIOLIETO KOPITyca COACPKUT POTOP.

Ha Bceil G0KOBOH MOBEPXHOCTH POTOPA YCTAHOBJIEHBI MOJYLMJIUHAPUYCCKUE
PE30HATOPHBIE KAMEPBI C TUAICKTPUYCCKUMHU JItoJbKaMu. [Ipuuem Han BepxHEH no-
JIOBUHOH pOTOPA YCTAHOBJICHBI FEHEPATOPHBIE OJIOKK C M3NMY4YaTeNsIMH, COAECPKALIHNE
YKECTKO 3aKPEIJIEHHBIE TOMYLMIMHAPUYCCKHE PE30OHATOPHBIE Kamepsl. U3nmyuarenu
HANPAaBJIEHBl CO CTOPOHBI OOKOBOHM MOBEPXHOCTH Kamep. [Ipy BpameHnun poropa 3a
CUYET MOTOpa-peAyKTOpa MONYLWIAHIPAYECKAE PE3OHATOPHBIE KaMepbl 00pasyroT
HWIAHIPAYECKUAE PE30HATOPHBIE KaMepbl. MeX 1y MEPBBIM U BTOPbIM FE€HEPATOPHBI-
MU OJIOKAMH UMEIOTCSI SKPAHUPYIOIIHAE MEPErOPOIKA, BHYTPH KOTOPBIX YCTAHOBIJICHA
CUCTEMA MMOJAYM Napa, a MEXAY MOCIEAYIOUIMMHU T€HEPAaTOPHBIMU OJIOKAMHU yCTa-
HOBJICHBI JTaMMa-TPAJTb.

IIpoyecc mepmoobpabomku mecmosvix 3a20MoB0K OCYUeCMBIISAemcst Cleoyio-
wum oopazom. C MOMOLIBI0 MOTOpa-peaykTopa 12 BriarovaroT potop 6. Jlanee BKITHO-
yaroT nojaroimid Tpancrnoptep 15. Ilocne popmoBaHus TECTOBBIE 3arOTOBKU € TO-
MONIBIO MTOJAOIICTO TPAHCIIOPTEPA MOCTYNAKT B AUAIEKTpuuecKue Jironbku 10. O -
HOBpPeMEHHO BKIrOYaroT CBY reneparopel 2 ¢ MarHeTpoHOM 3 M CUCTEMY NOAAYU
octporo napa 4. TecToBBIE 3arOTOBKH, HAXOIAMIMECS B JUAICKTPUUYECCKHUX JIFOJIbKAX
10, npm BpameHuu poTopa 6 nonajarT B HUIAHAPUIECKYHO PE3OHATOPHYIO Kamepy 7
U 8, rae MOABEPraroTCsl BO3ACHCTBUIO JIEKTPOMArHUTHOTO TOJISI CBEPXBBICOKOM Ya-

ctotel (OMIICBY), 3HAOreHHO HArpeBarOTCs, MPOMCXOJUT BOCCTAHOBJICHHUE U (POp-
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MHUPOBAHUE TOPHUCTON CTPYKTYPHI, T.. paccmotixa. B pedynbrare BO3ACHCTBHA
OMIICBY npoucxoauT HHTEHCUBHOE MCIAPEHUE BOJbI, YTO MPUBOAUT K 00pa3oBa-
HUIO PABHOMEPHOH MOPUCTOCTH IO BCEMY 00BEMY TECTOBBIX 3arOTOBOK.

Jlanee B mpouecce BpalieHust poTopa 6 TECTOBBIC 3arOTOBKH, HAXOAALIMECS 1O
CUCTEMON MojauM napa 4 MOABEPrarTCs outhdpke HACHIILEHHBIM BOJISHBIM NApOM
HU3KOTO JaBJIcHHs. BHYTpH TECTOBBIX 3arOTOBOK M HAaMOO0JIEE MOJIHO HA MOBEPXHOCTH
B MPOLIECCE OLIMAPKH MPOUCXOANT JCHATYpalus OCIKOBBIX BELIECTB U KIICHCTEpU3a-
nust kpaxmana. JleHarypauust O€IKOB 3aKpEIUIieT B KOHIIE OIUMAPKUA JAOCTUTHYTHIA
00BEM 3arOTOBKH, KJIEHCTEpU3alUsl Kpaxmalla Ha TIOBEPXHOCTH oOecnedynBact (Mpu
BBITICUKE) OJIECTALIYI0, POBHYIO M WHTEHCUBHO OKPALICHHYK) MOBEPXHOCTh. bpo-
IWIbHAS MUKPOQIIOpA TECTA MPU SHAOTCHHOM HAarpeBe HANPSDKEHHOCTHIO BhIIIE 1
kB/cMm nmorubaer. Jlanee, mociie ommapKy TECTOBbIE 3arOTOBKH OISAThH MOMAJA0T B Pe-
30HATOPHYIO KaMepy, IAe OCYLIECTBIAECTCS SHAOICHHBIA HAarpeB 0osee BBICOKOH CKO-
POCTBIO (YIENIbHAs MOLIHOCTh MEHEPATOPA BBILIE, YEM Y TIEPBOrO reHEparopa) u va-
CTHYHAsl BBINIEYKA MYYHBIX M3/CNuil O€3 mapa, TaKk KaK B MPOLECCE OLIMAapKH 3aro-
TOBKM YK€ JTOCTATOYHO YBIKHWIKMCH. [[pUCYyTCTBHE Mapa B MPOLIECCE BBITICUKH JIU-
IaeT U3AEIus MISHLA. 3a PEAEIbl PE30HATOPHON KaMephl AABJICHUE U TEMIIEPATypa
no o0beMy NPOAYKTA BBIPABHUBAIOTCA. Jlajmee MpOMCXOAWT HArpeB MPOAYKTa OT
JaMObI-TPWIb 9, 4TO CHOCOOCTBYET NalbHEHIIEMY BBINEKAHWIO. [l yBETMYCHHS
ITPOU3BOAMTEIILHOCTH YCTAHOBKH MPELYCMOTPEHO YEPENOBAHUE HECKOJIBKUX TeHEPa-
TOPHBIX OJIOKOB C TPWIBIO 9. ['0TOBBIE MyUHBIE H3ACTUs 13 BBITPY>KAIOTCSA HA TPHEM-
HBII TpaHcnoptep 14, U BBIBOAWUTCSA 34 MPEACIIbl YCTAHOBKH. XPYNKOCTh B Ha0yxae-
MOCTb M3JCJIANA 3aBUCUT OT PEKMMA BBINICYKU. BhINEuKa npy BEICOKOM TeMmeparype
Y 3HAUMTENBHOE 00E3BOKMBAHKUE U3JENNANA 00ECIECUNBAOT PBIXIYIO CTPYKTYPY U BbI-
COKYIO MX Ha0yxaeMocTh. Takasi ycTaHOBKA MO3BOJSET CHU3UTh YICIBHBIE SHEPrETH-
YECKME 3aTparbl Ha MPOLIECC PACCTOMKH M BBIIEYKU MYYHBIX M3aenui. CKOPOCTh 3H-
JOTEHHOI'0 Harpesa, yAe/IbHYI MouHocTe CBY reneparopa ciiefyeTr ONTUMU3UPO-
BaTh B 3aBUCUMOCTH OT BHJIA MYYHOTO M3Aeiusl. [10TydeHbl OMOKUTENBHBIE PE3YJITb-
TaThl NPEABAPUTENBHBIX UCCIECIOBAHMNA MTPOLIECCA PACCTOMKM TECTOBBIX 3ar0OTOBOK B
BIEKTPOMArHUTHOM TMI0JIE CBEPXBBICOKOM 4acTOTHl nmpu HanpsbkeHHoctu 100...150

B/cM. BbIsSBIEHBI OCHOBHBIE KOHCTPYKTUBHBIE Pa3MEPBI YCTAHOBKH, B TOM YHUCIIE TO-
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PU30HTAIBHO PACTIONIOKEHHOTO HMIIMHAPAYECKOTO SKPAHUPYIOLIETO KOPIyCa MUPH-
HOi 0,4 M; qameTpoM 2.2 M, HAIIMHAPUYECKOW PE30HATOPHON KaMmepsl AMaMETPOM
12,24...18 cm, nuHo# 24,5 ¢cM. OOOCHOBaHHBIE PEKUMBI PpadOThl YCTAaHOBKH: MPO-
U3BOUTENBHOCTE 30...35 Kr/4, moTpebiseMas MOIMHOCTh 5 KBT, mpoaoInKuTeb-
HOCTb TIOJIHOTO NWKJIA — 17 MUH., BBINEYKH — 12 MUH., IJIMHA IyTH — 5 M, MOJIE3HAS
JUInHA paboueii kamepsl — 3,5 M, yacToTa BpaweHust Motopa-peaykropa 0,06 00/MuH.
Texnonozuueckuii npoyecc pasmopaxcueéanus mecmoesvix 3a20MoeoK
Texnonocuueckuii npoyecc pearu3zosan ¢ NOMOWbIO YUWIUHOPUYECKOL pe30Hamop-
HOU Kamepvl 6 YWIUHOpU4eckom sxkpanupyiowem xopnyce. Ilamenm Ne2530162
[303]. Omuepcusa, 3anacennasn konedanuamu 60nH
W=0423-¢,-E> a1 Jbic, \=2615a (2.128)
A€ Fma— MAKCUMAJIBHAS aMIUIATY A HANPSHKEHHOCTHU JIEKTPUYECKOTO MO B pe-
30HATOPE, A- JUIMHA BOJIHBL. / — JJIMHA LAJIWMHAPA PaBHAS LEIOMY YUCITY MOJIYBOJIH.
s _1 Ia
A l+a (2.129)

Jo6pomuocme yununopuueckozo pesonamopa

B mpou3BoacTBE CYyHIECTBYIOT YETBIPE CNOCO0A 3aMOPO3KH TECTOBBIX 3arOTOBOK
1 XJIeO00YJIOUHBIX U3/ICTTUH.
1. 3aMopaskuBaHME TECTA MOCIIE 3aMeca B KyCKax M OJIOKax;
2. 3aMOpa)KMBAaHUE TECTOBBIX 3arOTOBOK Cpa3y nocie (OpMOBaHHS,
3. 3aMOpaXMBAaHKE TECTOBBIX 3arOTOBOK MOCIIE PACCTONKH,
4. 3aMOpaKUBAHUE U3JICIIANA MOCIIEC YACTUYHON WU TIOJIHOW BBITICUKH.

OTW NPOAYKTHI CIAEAYET Pa3MOPAXKUBATh MO OCOOBIM TEXHOJIOTHUAM. Pazmopasicu-
ganue (nedpocranms) JOJKHO OBITh «JICTUKATHBIMY», TaK KaK MOXKET MPOUCXOJUTH
(PEHOMEH «POCTa» KPUCTAUIOB, KOTOPBIE BBI3BIBAIOT MOBPEKIACHHUS MEMOPAH APOK-
JKeBbIX KJIETOK. [locie pasmopakuBaHust HE OYJIET MOTEPU JKUAKOCTH, HE U3MEHSATCS
KOHCHCTEHIIMS U BKYC ITpoaykra [39].

. YcranoBka (puc. 2.47, 2.48) COAEPKUT TOPU3OHTAIBLHO PACIOJIOKEHHBIA IIHTMH-
JPAYECKUI SKPAHUPYIOLLIUAN KOPITYC, BHYTPU KOTOPOI'0 COOCHO PacIOI0KEHA [IUIINH-
JIpUAYECKasl pe30HATOPHAs KaMepa Tak, 4To X 00pasyrolKe CTBIKYIOTCS B OJHOM JH-
HUM, KyJ1a BMOHTHPOBAH MU3MENBYAOINNI MeXaHu3M. Bosib GOKOBBIX MOBEPXHOCTEH

PE30HATOPHOM KaMEphl U AKPAHUPYIOIIETO KOPITyca UMEIOTCS 3a30PhI, pa3MEPOM Me-

HCC YCTBCPTL AJIMHBI BOJIHBI. Onu PacioJIOKCHBL Ha OJIHOM BepTHKaHBHOﬁ IJIOCKO-
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CBU c¢ vactoTol BpanieHus BAIBIOB MPoBOAMM 1o Metoauke B.M. MBamosa [174,
354, 368].

Coznocosanue napamempog aibl0e ¢ RPOOOIHCUMENbHOCHbIO 00padomku [174].
PacuetHas cxema BanbllOB TOKazaHa Ha puc. 2.50. [Ipuaumaem, uro D; = D, = Dy
w; = @, = w. Marepuanbl TOKPHITHAS BATMKOB U BHUJI UX MOBEPXHOCTU OJIMHAKOBBI,
NO3TOMY OJIMHAKOBBI W KO()(PULIMEHTHI TPEHUS, T.€. U; = U, = U.

B 3TOM cnyyae Ha ChIpbe CO CTOPOHBI KXKAOTO BaJIMKa ACHCTBYET cuna R = p-f,

/i€ f — IJIOIIA/ib KOHTAKTA MOBEPXHOCTU Ae(HOPMUPOBAHHOIO ChIPhsl U Bajluka, 0Opa-
30BaHHasi ¢ OOKOB ABYMs mapaloJiaMH, U C MIUPUHON OCHOBAHUS, PABHOM MOJIOBUHE

z-d?
TIEPAMETPA CHIPbs. ITY IOk (M) MOKHO ONPEAENNTh 1o hopmyne Jf = o
6-sin —
2
w-d*-

IJI€ p — JABIICHUE B BBITECHEHHOM Macce, [1a
Cuna R nmpuioKeHa B LEHTPE TSHKECTH TUIOINAAM KOHTAKTA, IMOJIOKEHUE KOTO-

POro onpenenseTcss UEHTPAIBHBIM yIiioM ¥ = 0.4a. B 30HE KOHTAaKTa BO3HUKACT CH-
na tpenus (H) ceippst 0 Banmuk F=u-R. Banvk // yCTaHOBIIEH B HEMOABUKHON OTIOPE,
a B [ — B NMOJBW)XHOW, Yepe3 KOTOPYIO € MOMOILUBIO MPY>KUH WIA BUHTOBOI'O MeEXa-
HU3Ma CO3[a€eTCs IOIOJHUTENbHAA CHla Npwokatusd R’. PaccMOTpUM BapuaHT, IpH
koTopoM R’=0. Torga mpoekuus CHil (OT ABYX BAJIMKOB) HA OChb X-X
25=2Fcos¢//—2Rsint//=O.
Orcioma 2R p-cosy =2R-siny wm U=IgYHAY = p,

rae p= arctg i — yroya Tpenus. [1onyu4eHHOe COOTHOIICHUE MTO3BOISIET OMpPEIe-
JUTh HAMMEHBIINH AUAMETP BaJIMKA, IPA KOTOPOM OyAEeT MPOMCXOAWUThH 3aXBaT Chl-

(2.131)

pbst. [Tonyuyaem d = D-(l—cosa)z 2-Dsin? %.
d
Orcroaa D=—a.
2sin’ 5 (2.132)

Y4uThIBasE MAJIBIX YIJI0B, IpUHUMAacM € HE3HAYMUTEIBbHOM NOrpCItHOCTLIO, YTO
sin < =sin 7
2

Torpa, eciayv MOACTABUTHL 3HAUYECHUE W = p, TIOJYYATCSI MUHUMAJIBHBIA JUAMETP

d d A2
(M) BayikoB D, = ——— WJIA OTHOLICHHUE UAMETPOB D 2Zsm” p.
sm- p min
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Ecnu Banvku uMET pazandHbie AUAMETPbl 1D; U 1D, U pa3MYHbIE BUIbI TOBEPXHO-
cTell ¢ KO3 PUIUEHTAMU TPEHUS [ U [ 5, TO ONPEACIISAIONICE YCIOBUE pacyeTa — 3TO

PABEHCTBO TAHYINUX CUIT: F| cosy, = F, cosyy, wmu R, 1, cosy, = R, 1, cosy,.

B atom ciyuae nomkHO codmoaarees yeinopue W, = puy, = p,
TAC p; U p; — COOTBETCTBYIOLIUE YTJIbI TPCHUS.
3TO MO3BOJISIET ONPEACIUTE AUAMETPHI BATUKOB D; u D, Yactora BpalicHust Ba-
JIMKOB JIOJDKHA COOTBETCTBOBATH OKPY>KHON CKOPOCTH (M/C) Ha MX TTOBEPXHOCTH, T.€.
D, D, w, D,
O —=0,——, W1 —=—.
2 2 w, D, (2.133)
KpyTsime MOMEHTBI, IPUKIAABIBAEMBIE K BATMKAM OJIMHAKOBOTO JAMAMETPA U KOH-
CTPYKIMH (puC. 2.66), TPEOIOJICBAIOT MOMEHTBHI COMPOTUBIICHUS OT CHJI TPEHUS U

nedopMallii BaJIUKOB:

M=2-[?+ Flsz+2-(Rcosl//+R’)§=[(R+R’)-,u -D+(Rcosl//+R’)-b]
rJi¢ b — IUPHUHA IJTONIAKN KOHTAKTa BaJIMKOB, M;
b=304- P Loy ,
k., (2.134)

7-d n-r

rae p=(R-cosy +R')T — noronHas Harpyska, H/m; Pnp = .~ lpHBejieH-
17

28, By MNPUBEACHHBIM MOAYJIb VIIPYTO
£+ L, PHUBCI AyJib ynpy

CTH MATEPUAJIOB BAIIMKOB, 11a. 31eCh r; U ) — paauyChl BAIMKOB, M; [£; 1 F, — MOJTyJIH
VOPYroCcTy Marepuaios, I1a.
I[lpu r;=r,=rwn E;=E,= [, mMpHHa MJIOIAIA KOHTAKTa (M)

HBIH paguyCc KpUBHM3HBI BAIUKOB, M; £, =

b=304. |2
2. F
[Tpu pa3HOM Marepuaje u AUAMETPE BAIMKOB KPyTsliuii MOMeHT (H-m)

D

(R, -cosy, +R')- 71+(R2 cosiy, +R')-

M=M,+M, = >
D2 bl , . b2 , . 2135

y2-7+3-(R +R1-s1nl//1)+7-(R +R2-Sll’ll//2) (2.135)

rae M; v M, — KpyTsIre MOMEHTBI HA K&KIOM BAJIUKE;
U1, 12 - KOOOOUUUEHTHI TPEHUS.
Hrak, 3Has AuamMeTpsl BAJIMKOB, TOTOHHYIO HATPY3KY MOKHO OINPEACIIATH CKO-

POCTH MPOXOXKACHUS CBIPBbS YePE3 PE3OHATOPHYIO KaMEPY W COMIACOBATh C MPOIOII-

JKATEITLHOCTERIO Bo3AciicTBis ODMIICBUY.
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I[J'IH aHaJii3a 11poucCCOB B KOJBLICBOM PC30HATOPC MOXKHO HCIIOJIBL30BATHL TCOPHUIO

ANIEKTPUYECKUX LIETIEH ¢ PaCNpPEAEICHHBIMA TapaMeTpaMy. B KONbLIEBO# pe3oHaTop
NOJIaCTCsl UMNYJIbC HANPSDKEHUS JUTMHOM T,, ¢ aMIuuTy10il U, [1pu 3T0M B HEM BO3-

Oy’>KIaroTcsl mpsiMasi U BCTPEYHAsl BOJIHBI, PACHPOCTPAHSIIOIIMECS B MPOTUBOMOIOXK-
HBIX HAMpaBJICHUSX OT TOUKKM BO30YKIeHUS. B KakI0i TOUKE MPOCTPAHCTBA Pe30Ha-
Topa 3¢(}eKT OT CyMMapHOro NEHCTBUS MOJICH, CO3MaBaCMbIX KaKIbIM U3 N reHepa-
TOpPOB, OyJET XapaKTepU30BaThCs ACUCTBYIOIIMM 3HAYEHUEM HampsbkeHus. [lpume-
HEHUS KOJIbLIEBOTO PE30HATOPA MPU BO3OYKACHHUU €r0 OT TPEX IEHEPATOPOB, Pacmo-
JIO’KCHHBIX HA PACCTOSIHUM, KPaTHOM YETHOMY YHUCIY YETBEPTEH JUIMHBI BOJIHBL, 3(-
(EeKTUBHO, TaK KaK ACHCTBYIOLIEE 3HAUEHUE JICKTPUUYECKOTO MOJIsl CTAHOBUTCS MIPAK-
TUYECKU TIOCTOSIHHBIM U OJIM3KUM K MaKCUMaJIbHOMY BJIOJIb MIEPUMETPA PE30HATOPA.
H36ecmuvie Ousiexmpuyeckue pe30Hamopsl UMEIOT TPaBWIbHYIO (HopMy: ma-
pajuienenuneia, Kpyroporo HUIMHAPA (JMCKOBBIE M CTEPKHEBBIE LUJIMHIAPUUYECCKUAEC
pe3oHaTopsl), chepsl, Konbia. OnHoi U3 npodsieM, BOZHUKAOMIUX MPU MCIOJIb30Ba-
HUM JUAJICKTPUUECKUX PE30HATOPOB, SBISETCS OOECIEYCHUE TeMIepaTypHOi cTa-
OMJIBHOCTH WX MapameTpoB. J{0J1s1 HAKOTUIEHHOM SHEPTUM BHE PE30HATOPA BO3PACTACT
¢ poctoM mHaekca m (kosedmercs ot 10...20, B 3aBUCMMOCTH OT TEMIEPATYPHI).
Hanpumep, s AMCKOBOTO IUAJIEKTPUUYECKOTO PE30HATOpPA NEOMETPUUECKIE pa3Me-
PBI MOYKHO OLIGHHTH 110 opmynam: d = m-A-3 /ae , h = A, (2.136)
rjie d, h —amameTp W BbICOTa AUCKA, COOTBETCTBEHHO. [Ipu 3TOM cieayer npa-
BUJIBHO BBIOpaTh ONTUMAIBHYIO TE€OMETPUI0 LUJIMHAPUYECKOTO 3KPAHUPYIOLIETO
KOpIyca, MpU KOTOPOM BBICOKOAOOPOTHBIE AMAICKTPUUYECKUE PE30HATOPHI XOPOIIO
B3aUMOJIEHCTBYIOT CO CTCHKAMU KOpITyca U3 HeeppoOMarHuTHOrO Marepuaa:
D=d+2\ H=2}, (2.137)
rae D, H — auaMeTp U BBICOTA SKPAHUPYIOLIEr0 KOPIYyCca, COOTBETCTBEHHO.
Jst ente 6onee >3pHEKTUBHON KOHICHTPAMU SHEPTUHA BHE JUAJICKTPUYECKOTO pe-
30HATOpa 1EJIECO00Pa3HO B KOHCTPYKLMSX CIEAYET MPUMEHSTH CHCUUATbHbBIE Omi-
pasicameny. ITO MO3BOJIUT YBEJIUUUTh HATPYKEHHYIO TOOPOTHOCTH MPUMEPHO B 1,5
paza. OnHAKO pacyeT reOMETPHUH, BBIOOP (POPMBI, KOHCTPYKTHBHBIE OCOOEHHOCTH OT-
pakareneil TpeOyeT NETATbHOTO PaCCMOTPEHMS, U MOTYT OBITh CIIENAHBI MMOCIE pac-

4era AIEKTPOAMHAMUYECKON MOJENU AUAICKTPUUYECKOrO PE30HATOPA B SKPaHUPYIO-
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HIEM KOPIyCcE. OTO CIEAYIOWIEE MEPCHEKTUBHOE HAIMPABICHUE B KOHCTPYMPOBAHUU
00BEMHBIX pe30HATOPOB. C y4ETOM yKa3aHHBIX OCOOCHHOCTEH pazpaboTaHa CyIIUIIKa
HIEPCTH, T1€ MepPOPUPOBAHHBIC TUAICKTPUUECCKUE PE30HATOPHI BBHIMOJHEHBI B BUIE
OapabaHa, MOBEPX MOJOBUHBI €r0 00paA3yIOIIEH YCTAHOBJICH OTpaXKaTesb U3 Hedep-
pomMarHuTHOro marepuaia. OH OJHOBPEMEHHO BBHIMOJHAET (YHKLMIO HEMPOHUIAC-
MOT0 [IUTA, MEPEKPBIBAS NEPPOPALMIO AUINEKTPAUYECKOTO PE3OHATOPA.

OnHUM 13 OCHOBHBIX Mep 3(P(HEKTUBHOTO UCMOJIb30BAHUS IIEPCTH SBJSETCS CO-
XPaHEHUE €€ LIEHHBIX CBOMCTB HA BCEX CTAAMSIX MPOM3BOJICTBA, B TOM YUCJIE B MPO-
1ecce nepBuYHON 00padoTku. MU3BECTHO, UTO WEPCTh 001a1aeT BHICOKON TMIPOCKO-
NUYHOCTBIO U MOTOMY CAMOCOTPEBAETCS M MOPTUTCS. M3BECTHBIE METO/IbI MEPBUY-
HOW 00pabOTKU MIEPCTH MPUBOASIT K MOBPEKICHUIO U MOTEPSIM LIEPCTIHOIO BOJIOK-
Ha, HeaocTtaTouHo ae3umHpexkumn [112, 237]. Tloaromy pazpabotka 3pPekTrHBHON
TEXHOJIOTUM CYHIKM M AC3UH(EKIUU HIEPCTU SBISETCS axmyanvhoi 3aoayei. Hc-
CJIEZIOBAHUS MOKA3bIBAIOT, YTO B JIEKTPOMArHUTHOM I0JIE€ CBEPXBBICOKON 4YaCTOTHI
(OMITCBY) npu panmoHaIbHOM NOAOOPE MApaMETPOB PE3OHATOPHBIX KaMEP, MOKHO
00ecreunTh MPOLECC CYIIKH IEPCTH B TOTOUHOM PEXKUME TIPU PABHOMEPHOM BbIfIE-
JIEHWH SHJOTEHHOrO Temia no ooseMy mepceti. Ocodbennocteto CBY Harpesa wmep-
CTU SIBJISETCS 3aBMCUMOCTB IMPOLECCA OT MUDIEKTPUUECKON MOCTOSHHON KasKAOro
KOMIIOHEHTa MHOTOKOMIIOHEHTHOM CUCTEMBI (II€PCTh, CBSI3aHHAS BOJAA, MOBEPXHOCT-
Has Byara u T.4.). B nporiecce CBY cyniku mepcTh SBASETCS 3JIEMEHTOM AJICKTPOIU-
HAMUYECKOW CUCTEMBI U TP U3MEHEHUU MAapaMeTPOB, BIMSIOIIMX HA TUAJIEKTpUYE-
CKME XaPaKTEPUCTUKH LIEPCTH M3MEHSETCS W MOMIoIaeMas MOIHOCTh. OTcroaa —
CaMOPETYJIMPYEMOCTh MpoLecca Cymku. MakTop NOTeph MIEPCTH B AUAMA30HE TEM-
neparyp ot 20 g0 120°C kosebnercs B mpegenax 0,1...1,1. Pabora oTim4aeTcs TeM,
YTO B HEW 3a CYET DJIEKTPOAMHAMHUYECKONW CHUCTEMBI, BKIIFOYAIOLIEH JHAJIEKTPUYE-
ckue neppopupoBaHHbie OapabaHbl, PACIONOKEHHBIE B KOJIBLEBOM BOJHOBOJE 00€C-
NEYABACTCA MOTOYHOCTh TEXHOJOTMYECKOrO MPOLEcca CYIIKH U 00€33apaskKuBaHus
HIEPCTH 3a cueT MHOrokparHoro BosxachcTeus OMIICBY. Jlns storo paspaborana
YCTAHOBKA C JMAJICKTPAYECKUMU OapabaHaMu, pacnoIOKEHHBIMA B KOJIBLIEBOM BOJI-
HOBOJIE, oOecneunBaronieM (PyHKIMIO SKpaHUupyroliero kopmyca (puc. 2.53). Pacnpo-

CTPaHEHUE BOJIH MO IUAJIEKTpUUYecKoMy OapabaHy OOyCIOBIEHO MOJHBIM BHYTPEH-
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K€, TO 3aTyXaHWE BOJIH MUHUMAJIBHO. [Ipn yBenmuueHnn d mo CPaBHEHHIO C A DBJIEK-
TPOMArHUTHBIE MO BCE 00JIee KOHUEHTPUPYIOTCA B JTUJICKTPUYECKOM PE3OHATOPE
Y YCIIOBUS PACMPOCTPAHEHMSI BOJIH MPUOIMKAOTCA K YCIOBUSAM PACIPOCTPAHEHUS B
Cpele ¢ AMAIEKTPUYECKON MPOHMIIAEMOCTBIO &, OTO 3HAYWT, YTO 3aTyXaHHE BOJIH
BO3pacTact, a (pa3oBas CKOPOCTh YMEHBIIAECTCS. JJIMHA BOJIHBI B JUAJIEKTPUUYECCKOM
PE30HATOPE YMEHBIIAETCS OT A /10 ;\./(8)0’5 [8, 76].

[Ipu Takoi CTPYKTypeE MOJICH BOJIHBI PACIPOCTPAHSIOTCS KaK BHYTPU AUDIIECKTPU-
yeckoro OapabaHa, Tak W BOKPYT Hero. Jlmametp cpepruuecKoro cermMeHTa, BbINOJ-
Hsowmero pynkuuto pynopa or CBUY reneparopa, T0KEH OBITh JOCTATOYHO OO0JIb-
MM, 4TOOBI UM OblJIa OXBaY€HA JOCTATOYHO OOJIbIIAs YacTh BCETO MOTOKA SHEPIHUU.
[Tpruem Best 3Ta 30HA AOHKHA OBITH CBOOOHOM ISl pAaCPOCTPAHECHUS BOJTHBI.

VY CTaHOBKA COAEPIKUT KOIbYeBot pesonamop 2 n3 He(PepPOMAarHUTHOTO MaTEPH-
ajla, BHYTPH KOTOPOTO PAIUAIBHO MO MEPEYHOMY CEYEHUKD PABHOMEPHO MO NEPH-
METPY PaCHOJIOKEHBI yuluHOpuyeckue nepgopuposartvie bapabanvl 3 u3z oudiex-
mpudeckoeo mamepuaid. BEeHTHIATOPEL 6 KECTKO 3aKPEIIEHBl K BHYTPEHHEH MO-
BEPXHOCTH KOJIBLIEBOIO PE30HATOPA B TEX MECTAX, FAe UMEIOTCS OKHA. OKHA paBHO-
MEPHO PACIOJIOKEHBI MO NEPUMETPY MAJOro JUAMETPa KOJIBLIEBOIO PE30HATOPA U
COCIMHEHBI ¢ 00mEi BO3MyX00TBOAMIIEH TPyOoit 8. Ha MOBEPXHOCTH KOJBIEBOIO
pe3oHaTopa 2 cBepxy 3akpermieHsl CBY reneparopusie 010ku 5. [Topepx OapabaHoB
3 COOCHO PacrnojOKEHbl HEMPOHULAEMbIE IUTH 4 B BUAE MOMYLMJIMHAPA, OHU NEPE-
KpBIBAtOT niepdopannro 0apadaHa ¢ HWKHER cTOpoHbl. CpeaHssl JJIMHA KOJIbLa Pe30-
HATOpa paBHA LEJIOMY YMCIY JJIMHBI BOJHBI 3JEKTPOMAarHUTHOrO mons. [lepdopupo-
BaHHbIe OapalaHbl 00ECNEYNBAKOT TPAHCTIOPTUPOBAHUS EPCTH BHYTPU KOJIBLIEBOTO
PE30HATOPA W MO3BOJISIOT OTCACHIBATH MAPOKUIKOCTHYIO CPEAY M3 LIEPCTH C MOMO-
HIbK0 BEHTWISATOPOB, W PETYIUPOBATH MPOAOHKATEIBHOCTD HAXOXKICHUS IIEPCTH B
paboueil kamepe.

Texnonoeuueckuit npoyecc cyuxu wepcmu 8 SMIICBY npoucxonur cieny-
omuM odpazoM. Briouaror Bce aHMaEeKTpuueckue neppopupoBaHHbie Oapa-
OaHbl 3 0 BpauleHHWs B OAHY cTOpOoHY. IlepcTh HAaCTHIIAETCS PABHOMEPHBIM
C10€M Ha nuTarmui Tpancnoprep 10, OTKyAa NOCTYMAET K MEPBOMY AMSICKTPH-

yeckoMy nepdopupoBaHHoMy OapadaHy W yAEPIKUBACTCS HA €T0 MOBEPXHOCTH TATOM
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BO3/yXa, CO3/1aBacMOi BEHTUIATOPOM 6. B TedueHune nos o0opoTa WEPCTh YACPKHA-
BACTCS HA MOBEPXHOCTU mepBoro OapabaHa. Tak, kak Bce OapabaHbl BpAIAIOTCS B
OJIHYy CTOPOHY, HIEPCTh MEPEXOAUT HA BTOPoi Oapadan. Brkntouator CBY reneparopsl
5, KaKk TOJIbKO JOCTATOYHBIH 00OBEM HIEPCTH OKAXKETCS BHYTPU BOJHOBOJHOTO PE30-
HaTtopa. B Mecte mepexoma mepctu ¢ ogHoro OapabaHa Ha APYTrod JBHKEHUE
BO3/yXa W €ro 0TCOC OTCYTCTBYIOT, M IIEPCTh CBOOOJHO MEPEXOAUT C OJHOM MO-
BEpXHOCTH OapabaHa Ha APYryr. OTO JOCTUraeTCs YCTAHOBKOW BHYTpH Oapalba-
HOB HEMPOHMIIAEMBIX IMUTOB 4, 3aKpbIBAKOIIUX Nepdopanuo 0apadaHOB, ¢ OJHOMI
CTOPOHBI. Pa3HOCTh NaBNEHUI CO31AETCS MPU MOMOIIM BEHTUIISITOPOB, YCTAHOBJICH-
HBIX C TOpLA Kaka0ro 0apadaHa, KOTOPbIA OTCACHIBAET BO3AyX M3 BHYTpH OapadaH-
HOT'O MPOCTPAHCTBA, co3/aBas paspsbkeHue. CBY reHepatopHbie OGJIOKK 5, yCTaHOB-
JIEHHBIC HA BOJHOBOJHBIA PpEe30HATOpP, BO30YXkKAaroT Oeryuryto BoiHy. OMIICBY
oOecreunBacT HarpeB MIEPCTH, a BEHTWIATOPHI 6 yepe3 nepdopanuto B OapabaHax 3
NPOU3BOJAT YAAJIEHUE BhIMAPEHHOH Biiark. MeNKOsSYeUcThle CETKU U3 Hedeppomar-
HUTHOTO MaTepuajia U 3arpeieibHble BOJTHOBOJbI, CKOHCTPYMPOBAHHbBIE B COOTBET-
cTBUM ¢ WIMHOW BOJHBI DMIICBY, orpaHnyumBarOT U3Iy4eHUE YE€PE3 KOJIBIIEBOM pe-
30HATOP B MPOLECCE CYIIKU WEPCTH B HEMPEPBIBHOM pexxume. OHeprus OMIICBY B
OCHOBHOM PACXOJy€TCs Ha CO3JaHKE YCIOBHM, MHTCHCH(PULMPYIOIIUX MEPEHOC BJIA-
I'M U3 TJYOMHHBIX CJTO€B K MOBEPXHOCTHU. [Ipy MHTEHCMBHOM MOJBOJIE TEMJla MPOMC-
XOJIUT CHJIbHOE MCMAPEHUE BJIarH, BHI3BIBAIOLIEE POCT JABJICHUS BHYTPU CJIOS LIEp-
CcTH. BO3HUKAWOIWMA NMpU 3TOM TPAaTUEHT AABICHUS CIOCOOCTBYET 0O0pPA30BAHUIO
MOIIHOTO MOTOKA BJIArH, HAMPABIEHHOTO K MOBEPXHOCTHBIM cOsiM. [lornomenne
AJIEKTPOMArHUTHON SHEPrUU BIAKHON IEPCTHIO MPUBOAUT K MOBBILICHUIO €€ TEMIIE-
parypbl ¥ BO3HMKHOBEHHUIO M30BITOYHOTO AABJICHMS Mapa, MPUBOASIIETO K KOHBEK-
TUBHOMY MaccornepeHocy. M3-3a 0cOOEHHOCTEN MIEPCTH MPOLECC €€ CYIIKUA TOJKECH
BECTUCH TNpU Temneparype He Boiwie 80°C. YipaneHue Bnarv u3 Caos WEPCTH NPU
BozaciicTeun OMIICBY mporcxXOoauT BCIECACTBUE KOHBEKTMBHOIO TMEPEHOCA MAPO-
JKAIKOCTHOU CPelbl K BEPXHEH MOBEPXHOCTHU CJIOA LIEPCTH U C JAIBHEHUIINM yaalie-
HUEM €€ U3 CYIIUJIBHOM KaMephl C MOMOUIbIO BEHTUIISILIMOHHOM cucTemsl 6,7,8.
[TpenBaputeNbHbIe HUCCACIOBAHUS MOKA3bIBAIOT, YTO MPHU OOECNEUYCHUH HAamps-

SKEHHOCTH DJICKTPAYECKOTr0 moJist Boiie 1 kB/cM mpoucxoaut nojaHoe o0e33apakuBa-
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HUE IIECPCTH, YTO OJIArOMPHUSTHO OKA3bIBACT HA €€ XPAHCHUE W Ha KadecTBo. [lpm
stoM cymka BozackicteueM OMIICBU He nNpuBOAMT K YXYAWICHUKO (PHU3UKO-
MEXAHUYECKMX M KAYECTBEHHBIX XaPAKTEPUCTHK mepcTtu. HanpoTtus, o6padoTranHas
HIEPCTh HE TOJBKO HE YCTYyNaeT KOHTPOJbHOMY 00pasily, HO U MPEBOCXOAMT UX. [1pn
CBUY cyuke mWepeTy CHUKAKOTCA YACIbHBIE 3aTpaTsl 3Heprun 10 30%.

OCHOBHBIE 337]a4¥ MPU PACYETE U KOHCTPYMPOBAHUHU PabOUYMX KaMep IJIsi MUKPO-
BOJIHOBBIX CYIIMJIOK COCTOSIT B COTJIACOBAHMM paboyveid MONIOChl KAMEPBI U MarHETPO-
HOB, U 00€ECIICYCHNH PAaBHOMEPHOCTH HarpeBa oOpabarbiBacMoil mepetu. Crnemyer
OTMETHUTh, YTO MPH OONBIION 3arpy3ke 10OPOTHOCTH pabouei KaMephl MaAacT U CO-
[JIACOBAHKME BBOJA DHEPIMM C PE3OHATOPHOM Kamepoil mpouie. CyIEeCTBEHHOE yBe-
JIMYECHUE PABHOMEPHOCTH HArpeBa MIEPCTU BO3MOXKHO MPU MCIIONB30BAHUU JUISl BO3-
Oy>kneHus paboueil kaMepbl HECKOJIbKAX MAarHeTPOHOB. Tak Kak TUHEHHBIE pa3MeEPbl
pe3oHaropa BO MHOI'O pa3 MPEBBIIAET JUIMHY BOJIHBI MATHETPOHOB, TO B PE30HATOPE
MOKHO BO30YIHTh HECKOJBKO COOCTBEHHBIX BHIOB KOJICOAHMWI, MMEIOUIMX pa3Jivdy-
HOE PACHOJIOKEHHE Y3JIOB M MYYHOCTEN DIEKTPUYECKOTO IMOJIA, YTO MPUBOJMUT K CY-
LIECTBEHHOMY YBEJIMYECHU PABHOMEPHOCTH HArpeBa IEPCTH.

Texnonozuueckuii npouecc CywKu 3amopoHceHHO20 CbIPbA 6 Cydumamope
¢ CBY 2enepamopom

Texnonocuueckuti npoyecc pediuzo6an 3d cyem 08yx Kkamep, OmoeieHHblx Opye om
opyaa 4epes neppopuposantyio nepecopooxy u3 HegpeppomMasHummno20 Mamepuaid.
IIpuyem oona kamepa 8vinonnsem QyHKyulo pesonamopd, a opyads - cyorumamopd.
Iamenm Ne 2565227 [303]. MI3BecTHO, 4TO CYyOJIMMALMOHHAS CYLIKA MPOTEKACT MPH
HU3KHX TeMIeparypax u rirybokom Bakyyme [174, 119, 156, 160, 397] (Coasrop acnu-
paut Buxtoposa U.A). Ilpn 3TOM OOJblIas 4acTh BIard HMCIAPSETCS M3 MPOIYKTA,
HAXOALIETOCs B 3aMOPOKEHHOM COCTOSIHUM, O€3 MJIABJICHUS] KPACTAIIJIOB JIbJA.

B cnoe mpoaykra, BHICYIIEHHOM METOAOM CYONMMAILMK, COXPAHSIIOTCS 00BbEM U
CTPYKTypa TKAaHHU, & TAKKE NIEPBOHAYAIIbHBIE CBOMCTBA. B TEXHOIOTMYECKOM MPOLIEC-
ce CyONMMALIMOHHOW CYIIKH 3aMOPOKEHHBIC MPOAYKTHI MOMEMIAKOT B BAKYYMHYIO
Kamepy. Bakyym obOecrieunBaeT ucnapeHue BIard M3 MPOAYKTA MPU TEMIEPAType -

10...-15°C. Tlpu cyuike cyOnuManuei HabM0aeTCs TPU MEPHOIA.
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TaK 4TO CHAPY>kKH 0OPa3yeTCsl BHICYLUIEHHBINA CIIOW ¢ MaJIOi TEMIONPOBOAHOCTBIO, KO-
TOPBIM MPENATCTBYET MEPENAYE TEIUIA K BHYTPEHHUM 3aMOPOXKEHHBIM YacTsAM IPO-
OyKTa. B pesynbrare misd cymku TemmonsinydeHueM tpedyercs 15...26 4. Ecnom no-
NBITATBCS COKPATUTH 3TO BPEMS, TO MOXKHO MEPErPETh HAPYKHBIE BBICYLICHHBIC
CJIOM. AHAIM3 MOKA3bIBACT, YTO B CyOIMMATOPE TEIJIOHOCUTEIIEM MOXKET SBIIATHCS
ropsvas BOJA WJIM Map (KOHTAKTHAs CYIIKA), 3JEKTPOHArPEBATEIBHBIC SJIEMEHTHI U
TOKHM BBICOKOH 4acTOThl. B cyOnmumarope, ¢ LEIb0 YMEHBIICHUS MPOJOJDKUTEBHO-
CTHU CYILIKH CBIPbS, MOJOTPEB ChIPbS OCYIIECTBISAETCA HE 3a CUET rOPAYEil BOBI, MPO-
TEKAOLIEH BHYTPH 3TAXKEPA, 4 3a CYET BO3IACHCTBUS DHEPIMM SJIEKTPOMATHUTHOIO
NOJIsE CBEPXBBICOKOM 4acToThl (puc. 2.54). CBEpXBbICOKOYACTOTHBINA HAIPEB MO3BOJIS-
€T TOJABOAMTH TEIUIO PABHOMEPHO MO BCEMY OOBEMY, 3TO TMO3BOJSET YMEHBIINTH
MPOJOJDKMTENBHOCTD CYIIKH M YIIYYIIUTh KA4E€CTBO CYLUIEHOW MpoayKuuu. B nepBoi
NOJIOBUHE TEXHOJIOTHYECKOTO MPOLECcca HEOOXOAUMO HECKOIBKO YBEIMYMBATH MOLI-
HOCTh, HO HE HACTOJIBKO, YTOOBI MPOM30ILI0 Pa3MOPAKUBAHUE MPOIYKTA, WA BO3-
HUK nektpuuecknii CBY myroeoit paspsa. Ecim npu atMoc(hepHOM AABICHUN MPO-
OMBHAs HAMPSDKEHHOCTD AIEKTpruyeckoro nojis 30 kB/cMm, TO mpu AaBIEHUU OCTATOY-
HbiX razoB 130...330 Ila uMeer MECTO MHHMMAaJbHAs MPOOWBHAS HANPSHKEHHOCTH
ANEKTPUYECKOro mosist, paBHas okojo 100 B/cm B umnynbce. [lpu padounx ke gaB-
JIEHUSIX B CYyIIMJIbHBIX Kamepax meHee 100 [1a mpoOuBHAs HANPSHKEHHOCTH SJIEKTPH-
yeckoro noJjist nmpepnimaet 400 B/cm Ha wactore 2450 MI'1. B nmporiecce cyniku no-
BEPXHOCTHBIE c1ou npu CBY HarpeBe CTAHOBITCS MPAKTHYECKHA CYXUMH U 00IaaaeT
MaJIOH TETUIOMPOBOIHOCTBIO, MOITOMY MX TEMIIEPATYPA CTAHOBUTCS MOJIOKUTENBHON
U MOXKET JOCTUIarb HECKOJIBKHX AECATKOB IpaaycoB. JlIs KamycThl MaKCUMAIbHO
pomycrumMast temneparypa + 40...50°C, 9To0bI He MPOM3OIILIO TEPErPeBa HAPYIKHBIX
CJIOEB, B KOHLIE IPOLIECcCa CYIIKH HAAO YMEHBIIUTH MOABOAMMYIO CBEPXBBICOKOYA-
CTOTHYIO MOIIHOCTb. C APYroil CTOPOHBI, IPU TEMIIEPATYPAX HUXKE HYJIs (PAKTOP MO-
TEPh MPUMEPHO HA MOPSAOK MEHBIIE, YeM MPH O0JIee BBICOKMX TEMIEpaTypax. ITO
TOBOPUT O TOM, 4TO TOJILKO B OMIICBY, MOXXHO MOJIyYUTh PABHOMEPHOE pacnpenc-
JIEHUE MOIIMHOCTH TO 00beMy [57]. UToObl yMEHBIIMTHL OMACHOCTh MPOOO0s, KOH-
CTPYKLMSI PE30HATOPHBIX KaMep IOJKHA OBITh TAKOBA, YTOOBI HAPSPKEHHOCTD JJIEK-

TPUYECKOrO TOJIsl B MPOAYKTE ObUla MAKCUMAJILHOH, a OKPY)KAIOIIEM BaKyyME HE
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MPEBBILIATIO0 JOMYCTUMOro 3HaueHus. CyOmumarop (puc. 2.54) ¢ CBEpPXBBICOKOYA-
CTOTHBIM F€HEPATOPOM IS CYLIKH 3aMOPOKEHHOIO MPOAYKTa MPEACTABISAECT COOOM
BEPTUKAIBHYIO IHJIMHAPUYECKYIO KAMEPY C HHYKHUM W BEPXHHM JIFOKAMU, U aTpyo-
KaMH U1 BAKYYM HAcoCa M CJIMBA OTXOAOB, PA3JCJICHHYIO HA JIB€ YACTH C MOMOLIBIO
MHOTOCJIOMHBIX MEeP(HOPUPOBAHHBIX MEPETOPOAOK M3 HEPEPPOMATHUTHOIO MaTEpHa-
na. [IpudeM ee HUKHSS 4acTh CIIYKUT 00BbeMHBIM pe3oHaropom CBY reneparopa u B
HEH pacronoXeHa AUAJICKTPUYECKAs MEIIANKa, & B BEPXHEH YaCTH KaMepbl YCTaHOB-
JIEH KOHJACHCATOP-BbIMOPAKABATENb, COCTMHEHHBIN C XOJIOAUIIBHBIM KOHTYPOM, pac-
NOJIO’)KEHHBIM C BHELIHEW CTOPOHBI KaMephl. ['€HeparopHbIil OJOK rEpMETHYHO 3a-
KPEMIEH K 00bEMHOMY PE30HATOPY C BHEHIHEH CTOpoHBI. CyOimMarop paboTacT B
NEPUOAMYECKOM PEKUME, 00ECTICUnBas CYIIKY 3aMOPOKEHHOTO MPOAYKTa B MPOLEC-
ce Bozaeiicteus OMIICBY.

Bo emopom cxemuom peuwtenuu 3anpoeKTHpOBaHa cepruyeckas nepPopupoBaH-
Has pe3oHaTOpHasi kamepa (puc.2. 55). YcTaHOBKa JUIsl CYIIKH 3aMOPOKEHHOIO Chl-
pbsi B IOTOYHOM pekuMe (pucC. 1) ¢ CBEPXBBICOKOYACTOTHBIM T'€HEPATOPOM MPEa-
CTaBJIIET cOOOH XOnoamIbHUK 1, rae obecnedyeH BakyyM. BHyTpHu kamepsl 2 KOTOpO-
ro B HWKHEW 4YaCTH YCTAHOBJIEH Mep(OpPUPOBAHHBIN cPepuyecKuii pe3oHaTop 3.
[Tpryem pe30HATOP BHIMIOJIHEH U3 IBYX MOIYCPEP U YCTAHOBIIEH TaK, YTO IIETb MEXK-
ny mnepdopupoBaHHBIME mMoOJycpepaMu OOpa3oBaH B BEPTUKAJIBHOW TUIOCKOCTH.
[TepdopupoBanHbie MONMyCHEPBl KECTKO 3AKPEIUICHBI K OOKOBBIM CTOPOHAM XOJIO-
JTWIIBHOW KaMepBl 2 C BHYTPEHHEH CTOPOHBI. CBEPXBBICOKOYACTOTHBIA IEHEPATOPHBIN
Omok 4 3akperieH K OOKOBOH MOBEPXHOCTH YCTAHOBKH C HAPY>KHOW CTOPOHBI, TaK
YTO U3y4aTellb HAMTPABJIEH B BHYTPb c(hpepruieckoro nephopupoBaHHOIO PE30HATOPA
3. K apyroii G0kOBOH MOBEPXHOCTH YCTAHOBKH 3aKperieH «Bomuek» 9 Tak, 4yTo u3-
METbYAIONINI MEXaHU3M (PEUIETKH, HOXKHM) COCThIKOBaH ¢ nonycdepoit. [lox chepu-
YeCKMM MEPPOPUPOBAHHBIM PE3OHATOPOM 3 YCTAHOBJIEH JONACTHOW MEXaHU3M 7,
00€eCeUnBAOIINNA BBITPY3KY BBICYIIEHHOTO MPOAYKTA Yepe3 MyrooOpa3Hblil marpy-
00K 5, OIHOBPEMEHHO BBINOJIHSOIMHA (PYHKIHMIO 3a0PEAEIbHOTO BOTHOBOAA. BHYTpH
ceprueckoro nepOpUPOBAHHOTO PE3OHATOPA 3 YCTAHOBIICHA IUAJICKTPUYECKAs

Memayka 6.
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BbIMOpakuBarenb 10, IEPUOANYECKN CIEAYET OYMILATH OT HAPOCIIETO JIbAA, OTKPHI-
Bas Aepua 11. YcraHoBka paboTacT B HEMPEPHIBHOM PEXHUME, 00ECIEUNBAs CYIIKY
3aMOPOKECHHOTO MpoAyKTa B mpouecce Bozaciicteus OMIICBY. B npeasaracmoi
YCTAaHOBKE MOJOTPEB CHIPbSl OCYILECTBISETCS 33 CUET AMAJICKTPUYECKOTO HArpeBa,
YTO TO3BOJISIET YMEHBIINTh MPOAOJKUTENBHOCTh CYIIKM U YIYUYIIHTh KA4E€CTBO BbI-
CYIIEHHON MPOIYKIUH.

B Hauasie TEXHOJIOTMYECKOrO Mpouecca HEOOXOAMMO HECKOIbKO YBEIMYMBATH
MOIIHOCTh FE€HEPATOPA, a B KOHIE MPOIEcca CYIIKH HAJ0 YMEHBIIUTE MOJBOAUMYIO
CBEPXBBICOKOYACTOTHYKO) MOIIHOCTb. UTOOBI MOJHOCTBIO 00€33apa’kuBaTh MPOAYKT
0T OakTepualIbHON MUKPOQUIOPHl HAMPSOHKEHHOCTh 3JEKTPUYECKOTO MO AOHKHA
ObITh B nipeaenax 2...5 kB/cMm [2, 3].

Mmuozomooyavuvie ycmanogeku. Pazpaboranbl MHOroMoaysibHbie CBU ycTaHoB-
KH, COCTOSIIIME U3 TEHEPATOPHBIX OJIOKOB, Ky/a OyayT MPUCTBIKOBAHBI COOTBETCTBY-
roume padoune Kamepsl, coaepkamme 00bEMHBIE PE30HATOPHI OMPEACIICHHOM KOH-
(¢urypanmm B 3aBUCHUMOCTH OT CTPYKTYPBI ChIpbs (puc.2.55, 2.56). YcraHOBKa co-
OpaHa M3 YETHIPEX ChEMHBIX MOAYJCH: 1 — Ans pa3MOpakWuBaHHs TECTOBBIX 3aroTO-
BOK M MYYHBIX M3JCTHIi; 2 — IJsl BBITONKKM MAaCEYHOr0 BOCKA; 3 — Ui MacTepu3aluu
MOJIOKA, MEJIaHKa W BBITONKH TOTUICHOTO Macha; 4 — il aKTUBUPOBaHUsL OpOAUIIb-
HBIX MPOLIECCOB APOAOKEeH. MOy comepkar: pe30HATOPHYI0 KaMepy OMpencicH-
HOW KOH(urypauuu uisi 00ecreueHnsl COOTBETCTBYIOIIEH HAMPSYKEHHOCTH JIEKTPH-
YECKOr0 TOJs;, TPAHCIOPTHPYIOIIME MEXAHU3Mbl, OOECHEUMBAKOIINE IMOTOYHOCTh
npouecca; JaTYAKH KOHTPOJIS TEXHOJIOTMUYECKOTO Mpouecca. Kaxnplii Mmoaynb co-
CTBIKOBAH K COOTBETCTBYIOLIEMY T€HEPATOPHOMY OnoOKy. Takoe MHOrOMOAYJIBHOE
WCIOJTHEHUE YCTAHOBKH TO3BOJISIET CHU3UTh OAJIAHCOBYK) CTOMMOCTH  OTJIEJIBHBIX
YCTAHOBOK, a TAKKe 00ECIEUMBACT CAHUTAPHYIO O€30MAaCHOCTh, TAK KaK  Kaxaas
YCTAaHOBKA COAEPKUT MO JIBA SKPAHMPYIOIIMX Kopnyca. B 3aBHCHMOCTH OT crienu-
(Gukn nepepadaThIBAIONIMX MPEANPUITHA MHOTOIEICBAs YCTAHOBKA MOXKET OBITh
YKOMILUTEKTOBAHA COOTBETCTBYIOLIMMH MOAYJIsIMHA. Hampumep, mns maneix gpepmep-
CKUX x03a1icms, yCTaHOBKa (puc. 2.54) coOpaHa W3 4EThIPEX ChEMHBIX MOAYJICH IS
AKTUBUPOBAHUS OPOAWIBHBIX MPOLECCOB XJIEOOMEKAPHBIX APOAGKEH, pa3MopakuBa-

HUA TCCTOBBIX 3arOTOBOK H XJ'IG606YJ'IO"IHBIX HU3AC/INA, BBITOIIKK MAaCCYHOI'O BOCKA.
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W3 ypaBHeHUI I MOCTOSHHONW PacHpOCTPAHEHUs JIEKTPOMArHUTHON BOJIHBI TITY-

OWHA IPOHUKHOBEHUS ) = 2 - c/(a)\/g -1g0) ., M,

[Tpu MOCTOSHHOM YacTOTE 3IIEKTPOMArHUTHOTO MO MIyOWHA €ro MPOHUKHOBE-
HUSl 3aBHCHAT B OCHOBHOM OT JMAJICKTPUYECKUX MAPAMETPOB W AJICKTPUUYECKOH MPo-
BOJMMOCTH >KHpa. PacdyeTbl MOKa3bIBAOT, YTO YIS AOCTHXKECHUS d(PPEKTUBHONW TEM-
NEepaTypbl HarpeBa KUpa yAelbHAas MOIIHOCTh JOJKHA COCTaBIATh HE Oonee 3...4
Br/cv’. TIpn 5TOM HpeBbIeHne Temmepatypsl coctaput 20...25°C 3a 30...50 ¢. D10
€lIe OJHO MPEMMYLIECTBO, CBA3AHHOE C TEM, YTO MPOLECC TEIUIONEPEIAYA MMEET
WHEPLUMOHHBINA XapakTep, U IPH TAKOM KOPOTKOM BPEMEHH HArpeBa peabHbBIE MOTE-
PH SHEPIUM 3a CUYET TEIUIONEPEAAun OYAYT CYIIECTBEHHO MEHBIIE, YeM JUIS CITydast
CTALIMOHAPHOTO PAaBHOBECHS HArpeBa. DNEKTPOPUINUECKUE MAPAMETPBI HCCIIEAYEMO-
ro celpest ipu yactote 2450 Ml npuBeaens B Tad. 2.11.

Tabnuna 2.11 — CpoaHast Tabnuna IEKTPOQU3AYECKUX MAPAMETPOB ChIPbs

HanmeHnoBanue g 1g 0 Y, CM
MoJioko 60...64 | 0,15...0,16 | 34...3,0
MscHoi dapi 49...32 10,35...0,38 | 2,0...1,5
KyckoBoe MsICHOE ChIpBE 48...30 | 0,33...035 | 2,1...1,6
ZKupocoaepskatiee CbIpbe 4,53 0,065 11...8
My4HOE TECTO 22..26] 02...025 | 41...3,1
ITaceunsblii BOCK 4...6 0,1...0,2 8...19
KpoBb yOOHHBIX >KWBOTHBIX

AHanu3 OUHaAMUKU Hazpesa ceuno2o xcupa ¢ IMIICBY

B mnpomecce HarpeBa ChIpbs NPOMCXOAMT HW3MEHEHHE €r0  IUIOTHOCTH,
TEIUIOEMKOCTH, (akTopa notepp (puc. 2.57). OTH HW3MEHEHHS ONMCHIBAKOTCS
COOTBETCTBYIOIMMHU BbIpOXCHUSAMH. [lOACTaBIsAsS 3TH BBIPAXKCHUS B YPABHEHHE,
XapaKTEPU3YIOLICE YICIBHBIE TUAICKTPUUYECCKUE MOTEPH, T.€. KOJIAYECTBO TEIUIOTHI,
BBIICTIIEMOE B €IMHULE 00bEMA CHIPbs, 3aBUCAIIEE OT HANPSDKEHHOCTH M YaCTOTHI
ANEKTPUYECKOTO TOJII M JUAJICKTPUYECKUX MapaMETPOB CHIPbS, MOKHO TOJIYYHTH
BBIPAKEHUE CKOPOCTH HarpeBa. MakTop AMAIEKTPUYECKHX IMOTEPh XapaKTEPH3YET
CTEIECHb PACCEMBAHUSl SHEPTUU B CHIPHE, & TAHTCHC YIJIA AMAJICKTPHYECKUAX MOTEPh
ONPEACTSAET OTHOLICHUE JHEPrUM, 3aTPAYCHHONW HA HArpeB ChIPbs M JHECPIAU
3aIMaCeHHOM 3a MEPUOJ SJIEKTPOMATHUTHBIX KOJIeOaHuil, T.€. SBISETCS MEPOH MOTEPh

OHCPIUHU B CBHIPLC.
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(2.152)

Toraa nosy4um ypaBHeHHe JTHHAMUKH HarpeBa

T=%-1n(B-A-r+C1).

(2.153)

biiok-cxema co3gaHust MaTeEMaTHYECKON MOJIENTN AMHAMUKA HArPeBa ChIPbs B

OMIICBY npuBeneHa Ha puc. 2.64.

1. 3aBHCHUMOCTD 3JIeKTPOPUIHIECKUX 2. YaeabHasi MOIIHOCTH
NAPAMETPOB ChIPbS OT TEMIEPATYPbI AVDJIEKTPUYECKOr0 HArpeBa
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6. MaTemaTuueckast MoaeJIb
S. HaTerpupoBanye ypaBHeHHH AHMHAMHKH HarpeBa CbIpbs
Kpoéb Kpoeb
7 7 1 P
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[ e?™ar=[ a-Ar,| T=—h(B-4-7+C)
0 0 rze C = B-C,
aecup C — MOCTOSIHHOE UHTETPUPOBAHUE
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) dT T kaoeu_2588.10 -€O-f-E 1]
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Pucynok 2.64 — Ilocnea0BarebHOCTD Oy YEHHUST MATEMATUYECKOM MOIETN
JMHAMUKH Harpesa celpbsd B OMIICBY

JPdeKTUBHBIC PE:KUMBI PA0G0THI YCTAHOBOK, 00€CIICYHBAIOIIAX
TEPMOOOPABOTKY C.-X. CHIPbS

Tabnmuna 2.12 — CpogHas Tadmuna 3p(HEKTUBHBIX TEXHOIOTMYECKUX apaMETPOB
TepMOOOPaOOTKH ChIPbs

PaspaGorannsie cepxebicokouactotHeie | [IponssomuTens- Harmpsoxennocts O6bem  pesona-

VCTaHOBKH JJIA: HOCTB, KI/4 3JCKTPUYECKOTO IO- | TOPHOM KaMephl,
1, KB/em b

o0e33apakvBaHUs CbIPbA 10...20 2...14 0,5...2

TepMO0OpabOTKH Kposu yooii- 45...50 1...2 2.3

HbIX HCUGOMHDBIX

TEPMOOOPAOOTKH JHcupocooep- 40

Heaue2o coipvsa

TEPMOOOPAOOTKH MIICHOTO 7..8

dapua

TEPMOOOPAOOTKH CHIPhsI 8 000- 20 0,2...0,5 2.5

Joukax (MUpPTaH)

JUTsl TEpMOOOPaOOTKU COCUCOK U 14...15 17...27

capoenex

ITocona, MmaccupoBaHus U TEP- 12...15

MOOOPAOOTKH KYCKO8020 MAC-

HO20 cblpbA

CYIIKH lepcmu 18...20

CYIIKH 3AMOPOHCEHHO20 CHIPbA 20...25
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2.5 BbIBOABI IO pa3aeiry
Bnepevie paspabomarvl MemoouKy npoeKmupOo8aHus.:

- MHo202eHepamopHoil nioTouHoit CBY yctaHoBKkHM ¢ mnepOpUpOBaHHBIMU MEpeE-
JBW>KHBIMU ChepuuecKkumu pe3oHamopamu,
- MmHo202eHepamoproil oTOYHOH CBY yCTaHOBKM C OJHUM KOAKCUANbHBIM pe30-
Hamopom,
- notounoii CBY yCTaHOBKH C MHO20PE30HAMOPHOU KaMEPOH, BBIIOJHEHHONW W3
LWIAHAPA U chepruecKux nepGopupoOBaHHBIX YacTei (Pa3sHOBHIHOCTH TOPOMIANb-
HOT'O pe30HATOpa),
- notouHoii CBY yCcTaHOBKH ¢ K0/abUegbiM (BOJHOBOJHBIM) PE30HAMOPOM W -
ANEKTPAYECKUMU TIEpPopHpOBaHHBIMU OapabaHaMu,
CBUY yCTaHOBKH C UUIUHOPUUECKOU OUPPAKUUOHHOU PE30OHATOPHON KaMEPOW, BbI-
NOJTHEHHOM U3 HE(PEPPOMArHUTHBIX TPYO;
- cyonumauuonnvix ycmanoeok ¢ CBUY reneparopowm;
- 3aMeO0NAWUX CUCHIeM B BUJIC TIOCIEA0BATEIBHO COCIMHEHHBIX HEPEPPOMArHUT-
HBIX KOJIEL,
- OUAPPazMUpPOBAHHO20 3aNPeOeIbHO0 80JIHOB0OA.

IIpuseoenvr 2nemenmor meopuu 83aumMo0eiicmaust Cbipba ¢ pabounmm opraHamm
YCTAaHOBOK C MICTOYHUKAMHM 3JIEKTPOMATHUTHBIX U3TYUYEHUIA.

H31001ceHbl S5IEMEHTBI TEOPUU AIEKTPOAMHAMHYECKONH cucteMbl CBY ycTaHOBKM

Y PACKpBIThl 3aKOHOMEPHOCTH pabovyero mpouecca, MpoMCXOosamero B nepopupo-
BaHHBIX C(HEPUUECKUX NEPEABMKHBIX PE30HATOPAX, MO3BOJISIOIIKAE COTJIacoBATh
KJTFOUEBBIEC MAPAMETPbl U PEKUMBI PabOThl YCTAHOBKU Uil oOecnieueHust 3(pheKTrB-
HOI TEpMOOOPaOOTKH CHIPBS.

Bwipaboman npunyun TMOCTPOCHHs SHEPrOCOCPEraAOIIAX TEXHOJIOTHYECKUX TPO-
LIECCOB TEPMOOOPAOOTKHU CENBCKOXO3SUCTBEHHOTO ChIPHSI.

Ananuzuposars: BO3MOKHOCTH TOBBILIEHUS] PABHOMEPHOCTH PACIPEACIICHUS SHEP-
I'MM B PE30HATOPHBIX KamMepax CBY ycTaHOBOK.

Paspabomana ~ CTpykTypa  MaTeMaTHYeCKOTO  MOJEIHMPOBAHMs  MpoLecca
TEpMOOOPaOOTKH CENMBbCKOXO3IMCTBEHHOTO Chipbst B OMIICBY n 610k cxema nosya-

HaJIMTHYCCKOI'O MCTOAA aHaJIn3a BOJTHOBOJHLIX CTPYKTYP.
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Paspabomana memoouxa npoexmuposarnus CBY yCcTaHOBOK 17151 TEpMO0OPabOTKH
C.-X. ChIpbs M On0oK-cxema MoaepHu3aunu CBY yCcTaHOBOK, M B3aWMOCBSI3b OCHOB-
HbIX y3710B CBY yCcTaHOBKH.

Paszpabomana 6Onox-cxema COrjaacoBaHUsl JOOPOTHOCTH, DHEPTHUU, 3aMACCHHOMN
KOJICOAHUSIMU PA3JIMYHBIX THIIOB B PE30HATOPAX ¢ KPUTUUYECKON HANPSYKEHHOCTHIO U
CTEMCHBIO CHIKEHUS OaKTEPUAIBHONH O0CEMEHEHHOCTH ChIPBSI.

IIpuseoena xnaccudukanus pazpaboTaHHbIX OOBEMHBIX PE30HATOPOB U BOJIHOBO-
JIOB, HA OCHOBE KOTOPBIX 00O0CHOBAHBI KOH(PUTypalliy PE30HATOPHBIX KAMEP.

Paspabomana metronuka o0ecneueHuss MOTOYHOCTH TEXHOJOTMYECKOIO IMporecca
TepMooOpaboTku cbipbst B OMIICBY u MeToanka odecrneueHnsl BBICOKOM HaNpsKEH-
HOCTH 3JIEKTPUYECKOTO MO B PE30HATOPHOM Kamepe.

IIpeonoocervr KOHCTPYKIMKU MHOTOreHepatopHbix CBY yCcTaHOBOK ¢ KOMOWHUPO-
BaHHBIMH JIYYEBBIMA M BOJIHOBOJHBIMH 3JIEKTPOJIMHAMUYECCKUMH CUCTEMAaMH, 00ec-
NEYABAOIIAMA HEOOXOAUMYI0 MOIIHOCTh M HAMPSHKEHHOCTh AJIEKTPUYECKOTO TOJIS
JUTS. BBIMIOJIHEHUS TEMIEPATYPHBIX W BIQKHOCTHBIX PEKUMOB B TOTOYHOM PEXKHUME C
OTPAaHUYEHUEM M3IIyYCHHH B OKPY’KArOIIEEe MPOCTPAHCTBO C MOMOIIBIO 3aMpeaciib-
HBIX BOJTHOBO/IOB.

[Ipeonoscena memoouxa coenacosanusi KOHCTPYKTUBHBIX MAPaAMETPOB € PEKUMa-
MU pabOThl YCTAaHOBKH ISl TEPMOOOPAOOTKH U 00€33aPAKUBAHUS CHIPBSL.

ObocHosana HanpsasiceHHoCme HIEKTPUYECKOTO MO JUTs 00€33apaKhBaHHs
YKAPOCOIEPKALIETO ChIPbs Bo3ackcTBeM OMITCBUY.

IIpugeoenvr mamemamuyeckue mMooeiu NTAHAMUKHA HarpeBa KpOBU M >KHpa yOOH-
HBIX >KMBOTHBIX, TO3BOJISIOIIME YUUTHIBATh M3MECHECHUS TEMIO(PHU3MUECCKUX U DIICK-
TPO(PU3NUECKAX MAPAMETPOB CHIPbs B MPOLIECCE HATPEBA.

IIpuseoenvr s¢hpexmusnvie napamempor SMITCBY as TepMooOpabOTKH CHIPbs
B pa3pabOTaHHBIX TEXHOJOTHYECKUX Mpoleccax. Pazpabomaribi METOABI UHKEHEP-
HBIX Pacy€TOB KOHCTPYKTUBHO-TEXHOJOTUYECKMX MApaMETPOB CBEPXBBICOKOYACTOT-
HBIX YCTAHOBOK U1 TEPMOOOPAOOTKM MOJIOKA M MOJIOYHBIX IMPOIYKTOB, MSICHOTO ChI-

Pbsi, MyYHOT'O CBIPbSl U IPYTHX BUJIOB CHIPbSI.
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OnucaHbl TEXHOJIOTHYECKUE TMPOLECCH TEPMOOOPAOOTKH PA3IMYHOTO BUAA ChIPbS U
OPUBEICHBI PE3YNbTATBl TEOPETUUECKUX HKCCICAOBAHWI IUHAMHKH HArpeBa WX B
AJIIEKTPOMArHUTHOM I0JIE CBEPXBBICOKOH YaCTOTHI.

Pazpabotanbl MeTOABI pacueTa KOHCTPYKUMHA MHOTOT€HEPATOPHBIX paboumMx Ka-
MEP, MPEACTABIISIOINX COUYETAHUE PE3OHATOPHOM M TYyUYEBOM 3JIEKTPOIMHAMUYECKUX
cucreM CBY yCTaHOBOK, MPEIHA3HAYEHHBIX ISl TEPMOOOPAOOTKH MUILEBOTO ChIPbS
PA3JIMYHOTO arperaTHOr0 COCTOSIHUSL B MMOTOYHOM PEXKHUME C JOCTUKEHHEM 3HEpre-
TUYECKOT0, OAKTEPULIMIHOTO U SKOHOMHUYECKOTO 3(PPEKTOB 32 CYET MHOTOKPATHOTO
BO3JICHCTBHS 3JIEKTPOMArHUTHOTO TIOJISl CBEPXBBICOKOH yacToThl (OMIICBY).

HccenenoBanbl TEXHUYECKAE BO3MOKHOCTH KOMOMHHUPOBAHHBIX Pa00UYMX KaMep.
[Ipu co3naHnm pe30HATOPHBIX PAOOUYHUX KAMEP Uil TEPMOOOPAOOTKH ChIPhs C MOJY-
yeHueM OakTepuiuaHoro >pdekra, HEOOXOAUMO CTPEMUTCI K OOCCIECUCHUIO BBICO-
KO HampspKEHHOCTH BJIEKTPUYECKOTO TMOJISI U BBICOKOM TOOPOTHOCTH 3JEKTPOAMHA-
MUYECKOW CHCTEMBI. BBIMOMHEHBI pacyeThl 3JIEKTPOJIMHAMUYECCKHX XAPAKTEPUCTHK
(PE30HAHCHON YaCTOTHI, HAMPSHKEHHOCTH JIEKTPUYECKOTO MOJIsl U JOOPOTHOCTH) OT
(OpMBI B TEOMETPUUECKHUX PA3MEPOB PE30HATOPA ISl ChIPbs. BeIOOpOM reomeTpuun
paboucii kamepel CBY yCTaHOBKM MOXHO 00€CTIEUMTh HATPEB CHIPbsl PABHOMEPHO MO
BCcEMY 00beMy. MI3BECTHO, UTO B Kamepax JiyueBoro tumna sHeprust CBY snekrpomar-
HUTHBIX KOJIEOAHUI MOAAETCSA K ChIPBIO C TOMOLIBIO CIIEHMATBHBIX M3TyYarOIUX CH-
CTEM, HO npH HU3KMX 3HaYeHuAxX K11 JI. nornomenHoi sHepruu. [Ipuaumas Bo BHU-
MaHHUE, YTO MPUXOAUTCs o0padarhiBaTh Pa3HOOOPA3HOE ChIPhE, pazpadaThiBacM pa-
Ooure Kamepbl, KOMOMHHUPYIOIIME OOBEMHBIE PE30HATOPHI C JIYYEBBIMM KamMepamu
T 00eCneYeHHs MOTOYHOCTH TEXHOJIIOTHYECKOTO MpoLiecca.

[Tony4eHbI HOBBIE HAYYHBIC PE3YJIBTATHI, CBA3AHHBIE C 0OOCHOBAHUEM METOAUKHA
pazpabotkn CBY ycTaHOBOK, (DOPMUPYIOIMIMX PABHOMEPHOE PpaCHpEACIICHUE
TeMneparypel B cbipbe. [IpoBeneHa paboTa MO0 MHKEHEPHOMY COBEPLICHCTBOBAHUIO
TEXHONOTM H O0OpyNOBaHWsS, 3TO KacaeTCcs KOHCTPYKTHBHBIX OCOOCHHOCTEH

padounx kamep u CBY ycTaHOBOK 1 cTOCOOOB TEPMOOOPAOOTKHU CHIPBS B LIEJIOM.
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3 METOAUKA UCCJIETOBAHUSI NPOUECCA TEPMOOBPABOTKH
CEJbCKOXO3AUCTBEHHOT' O CbIPbil BO3AEUCTBUEM
IJIEKTPOMATHUTHOTI O ITOJIA CBEPXBBICOKOHN YACTOTDBI

3.1 Ilporpamma uccieaoBaHuii

B paznene paccmoTpeHa nmporpaMMa, npeaycMarpuBaroiias mocaeI0BareIbHOCTb
Pa3pabOTKKM TEXHUYECKHUX CPEACTB ¢ ucTouHnkamu CBY sHeprum as TepmMooOpaboTKu
CBIPbS C YUETOM M3BECTHON KITACCU(PMKALIMK TEXHOJIOTMUYECKOr0o 000PYAOBAHUS ISl UX
nepepaboTkn. Ha OCHOBaHWM aHanM3a HAYYHO-TEXHMYECKON JTUTEPATYpPbl, TPOBEACH-
HBIX TEOPETUUECKUX 0OOCHOBAHMIA mporecca TEPMOOOPAOOTKH C.-X. ChIPbs W, UCXOMs
W3 NOCTaBJICHHBIX 3a/1a4 MCCIECNOBAHMs, HAMEYEHA CIEAYIoIas MporpaMmma 3KCnepu-
MEHTAJIbHBIX uccieaoBanuii (tadm. 3.1):

1. Pazpabotars CXeMBI MPOLIECCOB TEPMOOOPAOOTKH C.-X. CHIPbS PA3HBIX CTPYKTYP H
LEJIEBBIX (PYHKIWN, BIUCHIBAOIIMX B TEXHOJOTUYECKYIO TUHUIO.
2. Pazpabortare paboune 4epTEKM HA U3TOTOBJICHAE OOBEMHBIX PE30OHATOPOB, YCTAHOB-
JIEHHBIX B COOTBETCTBYIOIIMX MOIYJSAX C TPAHCHOPTUPYIOIMUMH MEXAaHU3MaMU Jist
00eCreUeHUsl MOTOYHOCTH TEXHOJIOMHUYECKOTO MpoLecca TEpMOOOPAOOTKH C.-X. ChIPbs
Pa3HO# CTPYKTYPHI.
3. YI3roToBUTH OMBITHBIE 00pa3bl YCTAHOBOK, BKITFOUYAOLIMX MOJIYJIM MO crienuduye-
CKOMY HaIPaBJICHUIO NEPEPadAThIBAOIINX TPOU3BOICTB.
4. HccrmenoBark TEXHOJIOTHUECKUH MpoLEecC TEPMOOOPAOOTKH C.-X. CBIPbS Pa3HBIX
CTpYKTYp npu Bozaehcteun OMIICBY ¢ onpeaeneHHoi Hebko.

4.1. CornacoBarb 00OBbEMBI PE3OHATOPHBIX KaMEP, WX AOOPOTHOCTH € HAMPSKEHHO-
CTBIO JIEKTPUYECKOTO MOJIA, YACAbHOW MonHOCTEI0 CBY reneparopa.

4.2. CornacoBarb MPOJOJDKATENBHOCTE SHAOTEHHOTO HArPeBa CO CKOPOCTBIO TEpe-
MEUICHHS ChIPbs Yepe3 0OBEMHBIA PE30HATOP U C YAECIBHONH MOLITHOCTBIO FEHEPATOPA.

4.3. HccrnenoBaTh AMHAMMKY 3HIOTCHHOTO HArpeBa C.-X. CHIPbsSl PA3HOM CTPYKTYPBI
IIPU Pa3HBIX YAEIbHbIX MOIIHOCTAX CBY reneparopa.
5. IlpoBecTH OLEHKY KayecTBa MPOAYKTA ONBITHOTO U KOHTPOJIBHOTO BAPUAHTOB.

5.1. IIpoBecTn HccneaoBaHUs MUKPOOHOIOTMYECKHX, (PU3UKO-XUMHYECKHX U Opra-

HOJICTITUYECKUX MOKA3aTEIICH IMPOAYKTOB OIILITHOT'O U KOHTPOJIbHOI'O BAPpUAHTOB.
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5.2. OUeHHTh Pe3yJIbTAThl UCCICAOBAHMNA YJIENBHBIX SHEPreTUUYECKUX 3aTpar Ha
TepMOOOPabOTKY, BOCIOJIB30BAIMCh MATPULICH TJIAHUPOBAHUS TPEX(PAKTOPHOIO ak-
THBHOTO SKCIIEPUMEHTA THIIA 2°.

6. IIpoBecT CPaBHHUTEIBHYIO OLIEHKY PE3YJIBTATOB TEOPETHUECKHX M SKCICPUMEH-
TaJIBHBIX UCCIEN0BAHNI JUHAMUKHA HAIPEBA C.-X. CHIPbSI.
7. UccnenoBare MOIIHOCTE MOTOKA CBY 3HEPrum 0KOJI0 yCTAaHOBOK (KOHTPOJIb OHUOJIO-
TMYECKH OMACHBIX AIEKTPOMArHUTHBIX U3TYUYCHUH ).
8. CocTaBUTh NPUHLMNHAATIBLHBIEC SJIEKTPUYECKAE CXEMBI YITPABICHHS YCTAHOBKAMU TSI
TEPMOOOPAOOTKH C.-X. ChIPbs Pa3HBIX CTPYKTYP.
9. UcnbiTaTh ONBITHBIE 00pa3ilbl YCTAHOBOK JUISI TEPMOOOPAOOTKH C.-X. CHIPbsl B MPO-
W3BOJCTBEHHBIX YCIIOBHUSX.
7. OUEHUTh TEXHUKO-3KOHOMHYECKUE MOKA3ATEIN TPUMEHEHUS! YCTAHOBOK JJIsl TEPMO-
00palOTKH C.-X. CHIPbs B (PEPMEPCKUX XO3SMCTBAX.
8. U3bickaTh ONTHMAJIbHBIE 3HAYECHUS OCHOBHBIX KOHCTPYKTHBHO-TEXHOJOTHYECKUX
NapaMeTPoOB YCTAHOBOK.

3amaua Teopun B3aumoaeicTuss OMIICBUY ¢ cbippeM 3TO BCKPBITH OMO(U3AYE-
CKMH MEXAHM3M Mpolecca U 0OOBICHUTh OCHOBHBIE 3aKOHOMEPHOCTH €0 MPOTCKAHMS.
TexHonornss 000CHOBBIBAET ONTUMAIBHBIE PEXKAMBI Mporecca Bo3ackcTeus OSMITCBY
HA CBIPbE C LENBIO MOTYUYeHUs YPPEKTa C 3apaHee 3aJaHHBIMU CBOMCTBAMH. Y CTAHOBKA
PEATU3YET 3TU PEKUMBI B KOHKPETHBIX KOHCTPYKLMSIX. 3HAYUT, PACUeT U MPOEKTUPO-
BAHUE YCTAHOBOK SIBJISIFOTCS 3AKITFOUUTENLHBIM 3TANOM BCETO MPOLECCA UCCIECIOBAHHMS
YU MaTEMaTHYECKOr0 aHajan3a 3aKOHOMEPHOCTEH, pacyeToB B OOJACTH ONTHUMM3ALMH
npouecca BozacicTBus. [Ipn HayuHo oGocHOBaHHOM mpoektupoBanun CBY ycraHo-
BOK HEOOXOJIMMO CO3/1aTh YCIOBUS, oOecneunBarone YPPeKTuBHOE MPOTEKAHUE MPO-
necca. [Ipu 3ToM yunTsiBaeTcs psaa TPeOOBaHMIA: TEXHOJIOTHUYECKUX, KOHCTPYKTUBHBIX,
AKCIITyaTAllMOHHBIX, TEXHUKO-3KOHOMUYECKUX, KOTOPbIC PEATM3YIOTCS B MPOLIECCE
NPOEKTUPOBAHUS U PACUETA YCTAHOBOK.

HccenenoBanust NpoOBOAMIKNCH B COOTBETCTBAM CO CXEMOM, MPUBEACHHOM B Ta0n. 3.1,
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Tabnuia 3.1 — MeTomoJiornyeckas cxemMa UCCiae10BaHui

Ananuz Hayunoil u nameumHoil aumepamypul

Dopmynuposaniie yeau u 3a0a4u UCCIeO06aAHUS

Bu160op 06vexmos u memooos ucciedo6ans

VCcTaHoBKH  1JIsI
MMOATOTOBKU ChI-
pPBsi K OCHOBHBIM
MPOU3BOICTBEH-
HBbIM OTIePAIUsIM
B COYETAaHUH C
mepmooobpa-
oomxoil

YcraHOBKAa 1711 Me-
XaHUYECKON  mepe-
paboOTKU ChIpBS pas-
JeJIeHNEeM B COdYeTa-
HUU ¢ MepMoodpa-
bomkoil

YCTaHOBKU 1J11 MeXa-
HUYeCKoi mepepaboT-
KU ChIPbSl COCIMHEHU-
€M B COYETAaHUH ©C
mepmoobpabomxoi

YcTaHOBKU OJ11 MEXaHU4e-
CKkOl mepepaboTKU  ChIpbs
(dbopMOBaHHEM B COYETAHHUU
¢ mepmoobpabomkoi

Hceceaeoosanue menjiomacconepenocd ¢ npovecce IHOO02EHHO20 Hazpeesa

JKHUOKOrO ChIpbsia | BSA3KOI'O ChIPbsA

ChIMMYYECTO ChIPbA

| TRepmoro CHIpHS

Pazpabomra Komniiekca mexHU4ecKUX U MexXHO10ZUYECKUX Mep, HANPABIeHHbIX HA
anepzocoepescenue npu nepepadomxe coipvsa ¢ CBY snepzonodgodom

CoBCpIICHCTBOBA-
HHE METOIMKH IPO-
THO3HOTO  pacuerta
TEMIIEPATYPHL B ChI-
pbe IPH THDIEKTPH-
YECKOM HATPEBE H
€¢  MmpOrpaMMHOTO
00eCTICUCHHSA

Tepmoaunamuue-
CKMH aHamu3 IMpo-
L[ECCOB mepepadoTKu
ceippst ¢ CBY sHep-
rOMOJBOAOM

Hccnenosanue U
OLIEHKA OCHOBHBIX
¢dakTOopoB, OKa3bIBa-
IOLMX BJIMSHHE HA
npouecc Tepmoodpa-
OOTKH CBIPbS

CoBepIIEHCTBOBAHUE  TEX-
HOJIOTUM U KOHCTPYKTHUBHO-
ro HWCIOJHEHUs padoynx
OPTaHOB yCTaHOBOK

AHanumuueckas 4acmoy padomol

AHnanu3 coctosiHus Bompoca. [loctaHoBka 1ienu
W 337a4H UCCIIETOBAHUA. AHAITUTHYECKHANU 00-

YCTAHOBOK

AHanu3 BO3MOXKHOCTH MOJECPHHU3ALUU

nyrem CBY sHepromnoaso-

30p METOJOB MOBHIMEHHUE YHEPTOdPPEKTHBHO- | 1a, W Pa3padOTKa MaTEMATHUYECKHX
CTH TMPOIIECCOB TEPMOOOPAOOTKH CHIPHSI. mojened  ¢ynkruonnposanus CBU
YCTAaHOBOK

31<cnepuMeHmaJl bHAA HdACMb pa60m bl

PazpaboTka METOIWKH TPOBEIEHHUS SKCITE-

PHUMCHTAJIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ

[TpoexTHpOBaHHE W H3TOTOBJICHHE OITBIT-
HBIX 00Pa3I0B YCTAHOBOK

Ilposedenue I3xkcnepumenmaibHbIX UCCAEO08AHUIL

[IpoBenenme TepMOOOPAOOTKHU CHIPHS HA

[IpoBeacHue

TEPMOOOPAOOTKH CHIPHS B

OTBITHBIX 00pa3max yctaHook ¢ CBY pa3pabOTaHHBIX YCTAHOBKAX B TIPOU3BO/I-
SHEPTroNnOJBOAOM CTBEHHBIX YCJIOBHAX

Matematuieckas 00padOTKa SKCIIEPUMCHTAIIBHBIX TAHHBIX, TTOJYYCHHUE PACUCTHBIX 3a-
BHUCHUMOCTEH, MOATBEPKICHHE MATCMATHUYCCKUX MOJICIICH TEXHOIOTHUYCCKUX MPOIIECCOB
TEPMOOOPAOOTKH CHIPHSI

Pa3zpaboTka MeTOAMKHM pacdyeTa W TEXHHYECKHX YCIOBHHW HA YCTAHOBKH MOBBIIIEHHOM
s¢dexTuBHOCTH A1 TepMO0OPadboTKH Chiphs ipu CBY sHepromoasoe
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Tabnuua 3.2 — [[1an uccienosadumii

AHanu3 cocmoanus eonpoca

1. O030p CYMIECTBYIOMINUX TEXHUYECCKUX CPEICTB, 00€CIEUUBAIOIINX TEPMOOOPAOOTKY
CBIPbS ISl OCYIIECTBIIEHUSI COOTBETCTBYIONINX TEXHOJOTHYECKUX MPOIECCOB C OIICH-
KOI SHEPreTHYecKMX 3aTpaT Ha MPOIECC M KauecTBO MpOoAyKTa. BeiOop mporoTHma,
00€eCTICUMBAIOIIETO MOTOYHOCTH TEXHOJIOTUUYECKOM JTMHUM.

2. AHaIM3 JUBNIEKTPUYECKUX U (PU3AKO-MEXAHMYECKAX XAPAKTEPUCTHK ChIPbS B 3aBH-
CUMOCTH OT 4acTOTel OMI I, BTOKHOCTH U TEMIIEPATYPBIL.

3. OueHka 00beMOB nepepaboTku ceipbs Mo PO u mo Yysamickoi Pecrybnmuke amns
OTpeACTIEHUS] HEOOXOAUMOTO KOJIMYECTBA MPOCKTHBIX YCTAHOBOK.

4. TlonyuyeHus OOBEKTHBHON WH(poOpMauuu s (pOpMyIHpPOBaHUS HAYYHOW LENH U
KOHKPETHU3ALMK 337a4 COOCTBEHHBIX HMccaen0BaHuii. [locTaHOBKa Leny U 3a1a4u UC-
CJICJOBaHUS.

Teopemuuecxue UCCNe006ann

1. ObocHoBaHKEe BO3MOXKHOCTH npumeHeHuss CBU sHepromoasona ans tepmooOpa-
OOTKHM ChIpbs, U Pa3padOTKa TEXHOJOTUYECKOW CXEMBI YCTAHOBKH C PE30HATOPHBIMHU
KamepaMu 0co0o0il koH(purypaimu (nephopupoBaHHBIE, BpAIAOLIUECS, TBHKYIIUE-
Csl, IMJTUHAPUYECKUE. C(HEPUUECCKUE U T.11.) Il 0OECIEYCHUSI MHOTOKPATHOTO UKW~
yeckoro Bozaercreust OMIT CBY.

2. CoracoBaHUe HANPSYKEHHOCTH AJIEKTPUUYECKOTO MO, JJIMHBI BOJIHBI, MOIIHOCTH
NOTOKA U3ITYUYEHUH, J03bl BO3JACHCTBHS C EMKOCTBIO U JTOOPOTHOCTBIO PE30OHATOPHBIX
KaMep 3PPEKTUBHON KOHPUTYpauK sl COOTBETCTBYIOIIUX CTPYKTYP ChIPbsI

3. Pa3paboTrka MmaremaTnueckux mojenei pynkumonrpoBanus CBY ycTaHOBOK [Uist
TEPMOOOPAOOTKH C.-X. ChIPbsl B TOTOYHOM JTMHUU. COTJTaCOBaHUE MTPOU3BOIUTEILHO-
cti CBY yCTaHOBOK C MPOMYCKHOH CIOCOOHOCTBIO TPAHCTIOPTUPYIOIIUX ChHIPhS ME-
XAHU3MOB.

4. OBOCHOBAaHME KOHCTPYKTHBHO-TEXHOJIOTMUECKHUX MAPAMETPOB U PEKUMOB pabOThI
CBY yCcTaHOBOK M1 MHOTOMOJYJIBHBIX arperaros.

Memoouueckaa uacmop pabomol

1. IIpoekTupoBaHue u pazpadoTKa TEXHUYECKON JOKYMEHTAIIMA HA MHOTOMO/YJIbHY IO
YCTAHOBKY JJ1s TEPMOOOPAOOTKH C.-X. CHIPbS

2. Pazpabotka CBY ycTaHOBOK UTsl TEPMOOOPAOOTKH C.-X. MPOAYKIIUUA, U3TOTOBJICHUE
nadopatopHbix oOpa3ioB CBY ycTaHOBOK, MpPEIHA3HAYEHHBIX AJII TEPMOOOPaOOTKH
CBIPbS Pa3HBIX CTPYKTYDP.

3. BbIOOp COBPEMEHHOM KOHTPOJIBHO-U3MEPUTEILHOM annaparypbl M0 MOIIHOCTH W
JMana3oHy U3MEPEHUs] COOTBETCTBYOIIMX NAPAMETPOB.

PazpaboTka 0o0wIel U YaCTHBIX METOAMK MCCIICIOBAHMS Mpolecca TEpMOoOpadboTKH
ChIPbsl Pa3HBIX CTPYKTYP, B 3aBUCUMOCTH OT 11€J€BOH (DYHKIIUU.

H3roroBieHre ONBITHBIX 00PA3IOB YCTAHOBOK JUIsl TEPMOOOPAOOTKH C.-X. ChIPbs pa3-
HBIX CTPYKTYP C LIENBI0 00€33apakuBaHUs, MacTepU3allii, aKTUBUPOBAHUS MPOIIEC-
COB, CYIIIKH H T.J.

IKcnepumMeHmaibHble UCCi1e006aHuUA
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1. Pa3paboTka METOMKHA MPOBEACHUS SKCIEPUMEHTAIBHBIX UCCIEI0BAHUI TEXHOI0-
TMYECKOro mporecca

2. IlpoektrpoBanue 3xcnepuMeHTanbHbIX CBY yCcTaHOBOK, MHOTO()YHKIIMOHAIBHBIX
1 MHOTOMOJYJIBHBIX TEXHOJIOTMYECKUX KOMILIEKCOB.

3. TlpoBecHHE SKCNEPUMEHTAIBHBIX WCCICAOBAHUNA JUHAMHUKKA HArpeBa ChIPbsi B
OMIICBUY B 1abopaTopHBIX U MTPOU3BOACTBEHHBIX YCIOBUIX C MOMOIIBK) YCTAHOBOK
¢ CBY 5HepronoiBoiom.

4. OnpeneneHne CTaTUKO-IMHAMUYCCKUX MapaMEeTPOB 3KCMEPUMEHTAIBHBIX YCTaHO-
BOK IS TEPMOOOPAOOTKH C.-X. ChIPbS.

5. CuHTe3 pallMOHATBHBIX 3HAYEHUI KOHCTPYKTUBHO-TEXHOJIOIMUYECKUX MapaMeTpoB
1 pexxumoB paboTel CBY ycTaHOBOK A1t TEpMOOOPAOOTKH C.-X. CHIPbSL.

6. Maremarnueckas 00pab0TKa SKCIEPUMEHTAIBHBIX JAHHBIX, MOJYYEHHE PACYETHBIX
3aBHCHUMOCTEH, MOATBEP)KACHNE MATEMATHYECKUX MOJIENIEH POLIECCOB.

7. XpoHOMETpaXK Mpoiiecca TEpMOoOpadOTKH Chipbsl B pazpadboTanubix CBY ycTaHOoB-
Kax ¢ 0ObEMHBIMH PE30HATOPAMHM PA3HBIX KOHQUTYPALIHIA.

8. Pa3zpaboTka METOAMKM pacyeTa U TEXHUYECKUX YCIOBHW HA YCTAHOBKH IMOBBIIICH-
HOW 3 ekTrBHOCTH A5t TepM0o0OpadoTKH Cchipbs pu CBY sHepronoasoae.

9. PazpaboTka KOHCTPYKTOPCKOM TOKYMEHTAIIUM HA WU3TOTOBJICHUE OMBITHBIX 00pa3-
1o CBY ycTaHoBOK i TEpMOOOPAOOTKH C.-X. CHIPBbSI.

10. ITpou3BOACTBEHHAS MPOBEPKA TEXHOJIOTMM W YCTAHOBOK JUIsl TEPMOOOPabOTKH
celpbst ¢ CBY 3HEPronoasBoom.

11. Ouenka skoHOMUYeCKOi 3 dekTrBHOCTH MpuMeHeHnss CBY yCcTaHOBOK [uIsl TEP-
MOOOPAOOTKH ChIPbsI B PEPMEPCKUX X035 CTBAX

12. PazpaboTka peKoOMEHIaIuy TPOr3BOACTBY 10 3kciutyaraimu CBY ycTaHOBOK 115t
TEPMOOOPAOOTKH C.-X. ChIPbs

13. Onenka kayecTBa MPOAYKIMU MO OPraHOJENTHYECKHM, (PU3HKO-XUMUYECKUM W
MUKPOOMOJIOTHYECKIUM MOKA3ATEIISIM.

[To obmieMy uIaHy TPOBOJUMBIE TEOPETUUECKUE U SKCIEPUMEHTAIBHBIC UCCIIEI0-

BaHUSI TO3BOJISFOT CHHTE3MPOBATh PAlMOHAJIBHBIC 3HAUYCHHsS mapameTpo CBY

YCTAHOBOK, W3rOTOBUTH OMBITHBIE OOpa3llbl U MCHBITATh B MPOU3BOJACTBEHHBIX
yCnoBUsAX. PelieHne pasHbIX MO COACPIKAHUIO TCOPETUUYECKUX, TEXHOJIOTHUYECKUX U
TEXHUYECCKUX 3a7ay, SBISETCS BAXKHONH HAYYHO-TEXHUYECKOH MPOOIEMON, KOM-
IUIEKCHOE PEIICHHE KOTOPOM IPEeayCMaTpUBACT METOMOJOTMYECKUN IMOAXOM, pac-
CMaTPUBAKOIIMI KaK TEOPETUUYECKOE 0OO0IICHHE U TPAKTHYECKOE PEIICHUE 3a/1a4H B
001acTH NepepabOTKU C.- X. ChIPbSL.

[Tocne aHanu3a Hay4YHOW W MATEHTHOM JIUTEPATyPhl, CHOPMYIUPOBAIA  1IETIb U 3a-
naym uccrieaoBanus. Jlanee BoIOMpaM OOBEKTHI U METO/ABI MCCIICIOBAHUS, B COOT-

BETCTBMU C ATUM pa3padaThiBAEM TEXHOJIOTMUYECKOE 000pynoBaHME MO 4 HarmpaeJe-
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MPOU3BOAUTEILHOCTHIO 7... 10 KI/4;
CBUY ycraHoBka Jis pa3MOpaXUBaHUs TECTA, MPOU3BOUTEILHOCTHIO 12 KI/4;
CBUY-HK ycTaHOBKa 17151 BBIIEUKH MYYHBIX M3, POM3BOAUTENBHOCTHIO 30 KI/4;
CBUY BockoTonKa, MPOU3BOAUTEILHOCTEIO 20 KI/4;
YcraHoBka uisi 00€33apaKMBAHUS MOJIOKA KOMIUIEKCHBIM BO3JCHCTBUEM (U3NYE-
ckux (pakropoB (OMIICBY, YO wuznydeHui, yIbTpa3ByKOBbIE KojieOaHus), MPOU3-
BOJUTENLHOCTHIO 30 J1/4;
CBY macnomnaBuTesns 1uisi NEPEPadOTKH CIMBOYHOTO Macja, MPOU3BOAUTEILHOCTHIO
30 Kr/4 ¥ T.IL
JUTs ypomeHus: KOHCTPYKTOPCKOM M TEXHOJIIOTMYECKON MOATOTOBKH, COKpa-

HICHAS. MOTPEOHOCTH B TEXHOJIOTMYECKOW OCHACTKE M MOBBIIIEHHWS TEXHUYECKOIO
YPOBHSI M3ACIUN ClAeAyeT YHU(PUIUPOBATh y3Jbl 000pYAOBaHUS IJisi TEPMOOOPaOOT-
KH C.-X. CBIPbs. I 3TOro mpemycMarpuBacTcs: BeinojHeHUE y3ia ¢ CBY reneparo-
paMH ISl HECKOJIbKAX MOJYJIEH; MPUMEHEHUE OJMHAKOBBIX SKPAHUPYIOIIHAX KOPITY-
COB;, TEXHMYECKHEC PELICHUS KOHCTPYKLMIA KApKAcOB, COCAMHCHUN T'€HEPATOPHOIO
0JIOKa ¢ PE30HATOPHOM KaMEpOid, BHITOJIHEHUE 3aMPEACbHBIX BOJTHOBOIOB U T.JI.

CBUY ycTaHoBKHM At TEpMOOOPAOOTKH CHIPbsl OTJIMYAKOTCS KOMITAKTHOCTBIO, BO3-
MO>KHOCTBEO KOHLIEHTPUPOBATh OOJIBIINE MOIMHOCTH, JOCTUYb BBICOKMX TEMIEPATYP
U MPOU3BOAUTEILHOCTH. B m3BecTHhIX CBY yCcTaHOBKAX TPYJIHO MOJIYYUTH HY>KHYIO
TEMIICPATYPHYIO KPUBYKO U JOCTUYL PABHOMEPHOCTH M TOYHOCTH HArpeBa ChIPbs B
NOTOYHOM pekuMeE. PacnpeneneHue TeMneparypsl 3aBUCHT OT MHOTHX MapaMeTpOB,
B TOM YHCJIE OT CBOMCTB HAIPEBAEMOTO C.-X. CHIPbSl. YUUTHIBATh MPU PETYIUPOBAHAN
U3MECHEHHUE BCEX MApaMETPOB TPYAHO, a UHOTIA U HEBO3MOXHO. Hanbonee a¢dexTu-
BEH HArpeB B BJICKTPOMArHUTHOM IOJIE€ CBEPXBBICOKOW YACTOTHI MPU MACCOBOM Ie-
pPepaboTKe C.-X. CBIPbs, OAHOPOAHBIX MO CTPYKTYype. OCOOEHHO 3TO BaXKHO B MOTOY-
HbIX M aBTOMATMYECKUX JIMHUSX, TJI€ MPOU3BOAMTEIBHOCTh, KOMMAKTHOCTh U J0-
CTYITHOCTb JUIsl PEMOHTA TPUOOPETAET PEIIAOIIEE 3HAUCHHUE.

[Tocne onpeneneHus BUAA HarpeBa M pa3pabOTKH KOHCTPYKTUBHOTO MCIOJHECHHS
OCHOBHBIX Y3JIOB YCTAHOBKH COTJIACOBBIBAEM MPOU3BOAUTEIBHOCTD, MOLUIHOCTh, pa3-
Mep padouei Kamepbl W YMCIIO TEHEPATOPHBIX OMOKOB. OOHY M Ty K€ MPOU3BOAM-

TCJIILbHOCTb MOKHO ITOJIYYHUTH € IIOMOIIBIO MHOI'OMOAYJIBHOI'O arperara ujiu OOJIBLIITAM

konuyecTBOM CBUY yCTaHOBOK. YKPYNHEHME YCTAHOBOK, KaK MPABWIIO, YIYYIIACT
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3.4 BoiBoabI O pa3aerry

[TpennoskeHa METONOJIOTHYECKAs CXEMA UCCIIEI0BAHNI TEXHOIOTMYECKUX MPOLEC-
COB TepMOOOPAOOTKH C.-X. ChIpbs Bo3aciicteueM DMU. BeipaGotaH miuaH uccieno-
BaHuii. [logoOpana KOHTPOIBHO U3MEPUTENBHAS annaparypa.

DKCnepumMeHmanbHds 4acme UCCIASIOBAHUN IpeycMaTpuBaa;

- OMpeACTCHUE UCXOIHBIX JaHHBIX Ui BbIOOpa palnuoHaibHbIX pexxumoB CBU tep-
MOOOPAOOTKH C.-X. CHIPBS,

- aHAJIU3 BJIMSIHUSL TEPMOOOPAOOTKN HA OOBEKTHI UCCIICI0BAHUIA;

- aHAJIN3 IIEKTPOPU3NIECCKUX U TEITOPUINUECKUX CBOHCTB ChIPbS;

- BAUsHUE yaebHOM MotHOCTH CBY u3nydyeHus Ha TMHAMUKY HarpeBa Chipbs;

- piasiHie CBY u3nydeHns Ha OpPraHoJIENTUYECKHAE TTOKA3ATENN MPOAYKTA.

Teopemuuecrkas yacme UCCIAEAOBAHUN TPeyCcMaTpUBaa;

- COCTaBJIEHUE KPUTEPUATIBHOIO YPABHEHMS TEXHOJIOIMMYECKOTO MPoLecca TePMO0O-
pPabOTKH C.-X. CHIPbS,

- onucanne (pusnueckoit moaenmn CBY TepMo0oOpabOTKH C.-X. ChIPbS,

- OMPEACIICHUE 3aBUCHUMOCTEN MapaMeTpoB TEXHONOrndeckoro npouecca CBY Tep-
MOOOPaOOTKH OT AJICKTPOPU3UUYECKUX CBOMCTB OOBEKTA UCCAEAOBAHMS,

- pazpabotka TexHonoruu CBY tepmooOpaboTku 00bEKTOB UCCIICIOBAHUIA;

- ONPEAEIICHNE PALUOHATbHBIX PeskuMoB CBY TepM00OpabOTKH C.-X. CHIPBS,

- pa3paboTka TpeOOBaHUI K TEXHOJIOTMYECKOH YCTAHOBKE C MCIOJIB30BAHUEM SHEP-
TMH 3JIEKTPOMArHATHBIX U3TYy4YeHH, 000CHOBaHHE €€ MapaMeTPOB;

- ONBITHO-MTPOU3BOACTBEHHAs anpoOanus TexHojorun CBY TepmooOpaboTKK ChIPhSL.
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4 YCTAHOBKH C UCITIOJIb30BAHUEM SHEPTUHN JJIEKTPOMAT'HUTHBIX
N3AYYEHUU J1JAA TEPMOOBPABOTKU CEJBCKOXO3ANCTBEHHOT' O
ChbIPbA

[Tonck ¥ cO31aHME HOBBIX TEXHHMUYECKHUX CPEIACTB AJIsi 0OPabOTKH C.-X. ChIPbS, aK-
TyaJieH. Pacimpsercs npuMEeHEHUE TEXHUKM CBEPXBBICOKUX 4acTOT. COBEPIIEH CTBO-
BaHMeM OnekTpoHukn CBY  xapakrtepusyercs HENPEPBIBHBIM  YCIOKHEHUEM
YCTPOMCTB, TIOBBILLIEHUEM CTENEHU MHTETPALMU, PACIIMPEHUEM BUOB MEPENAy U UX
(PYHKIMOHAIBHBIX Y3JI0B, MPEIHA3HAYEHHBIX JUIS BO3ACHCTBUA. Tak B JManazoHe
CAHTUMETPOBBIX BOJH KOAKCHAIbHAS JIMHUS 3aMEHEHA MOJBIM BOJIHOBOIOM. IIpo-
Onmema co3aaHusi MHOTO(QYHKIMOHAIBHBIX YCTAHOBOK PEIIACTCS MYyTEM YBEIMYEHUS
KOJIMYECTBA SJIEMEHTOB 1 KOMOMHUPOBAHUEM MCTOYHUKOB DMMU.

4.1 YcranoBKH 1Jis1 TEPMOOOPAOOTKH MSICHOTO ChIPbSI
4.1.1 YcranoBka Jist TEPMOOOPAOOTKHU KPOgU YOOUHbBIX HCUBOMHbBIX

[Tpoekt «Pa3zpaboTka CBEPXBBICOKOYACTOTHOW YCTAHOBKHM JUISl TEPMOOOPaOOTKH
KpOBH yOOMHBIX KMBOTHBIX ObUT YAOCTOCH JAMIJIOMA M TpaHTa KoHKypca «I pant Ka-
3aHCKOTO ['AY MOnoabmM yueHbiM, 2013 1.».

KpoBb yOOHHBIX JKUBOTHBIX — LIECHHOE CBIPbE JUISl MPOM3BOJCTBA MPOAYKIIMUA KOpP-
MOBOT0 Ha3HaueHUs. ['010BOM 00bEM KPOBH YOOHHBIX KMBOTHBIX B MICOKOMOWHATAX
Poccun cocrasnsiet 400 Teic. TOHH. M3 HUX 150 TBIC. TOHH MCIIONB3YIOT MJIsL TPOU3-
BOJICTBA KOPMOBBIX OEJKOBBIX 100aBOK, T.€. 37,5%. B UP nonyvaror kpoBb yOoii-
HBIX KUBOTHBIX B 00beMe 780 TOHH/TOJ, U3 HUX JUIsl MPOU3BOACTBA OEJIKOBBIX A00a-
BOK MOXET OBITh HUCMOIB30BAHO 2925 T/roA, T.€. B KKJAOM MICOKOMOWHATE CPEAHCH
MOIIHOCTHA MOKHO nepepadorars 58,5 T/roa KpoBH. B CBsI3u ¢ 3THM MOMCK SHEPro-
cOeperarImx TEXHOJIOTHH, 00eCIEeUNBAIOIIMX KAYECTBEHHYIO MEPEPadOTKY KPOBH
yOOIHBIX KMBOTHBIX, U UCMOJIB30BAHUE €€ B BUAC OCTKOBOrO KOPMA JJIsl >KHBOTHBIX,
aKmyaieH.

B HacTosmee BpeMst BapKy KPOBH O COCTOSIHHSI TOTOBHOCTH OCYILECTBIISIOT IMa-
POM B KOAryJIITOpPax pa3IMYHbIX KOHCTPYKIMNA. X aHaIn3 CBUAECTENBCTBYET O Clie-
AYIOLUX HeOOCMamKax: a) Py KOAryJisIMA KPOBU NAPOM MPOLECC HATPEBAHUS MPO-
TEKACT HEPABHOMEPHO M JUIMTENBHO, 4 HA TIOBEPXHOCTH HarpeBa oOpasyercs Cloi

KOaryJupOBaHHBIX OCJIKOB, KOTOPBIA yXYIUIAET TEIUIONEpPEaady, MO3TOMY 3HAUM-
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HEHMIIIEr0 COBEPIICHCTBOBAHUS. TEPMOOOPAOOTKA CHIPbSI B MOTOYHOM PEXKUME, W3-
MEBYCHUE BAPEHON KPOBU, YIIAKOBKA M 3aMOPAKMBAHKUE MPOAYKTA.

Texnuueckuii pe3yivmam 3aKi104aemca B UHTEHCU(PUKAUU TPOLECCa TEPMOOO-
PabOTKM TEXHUYECKOH KPOBH YOOMHBIX )KUBOTHBIX B MOTOYHOM PEKHMME C UCTIOIB30-
BAHWUEM C{hepuuecKkux pe3oHamopoé, U B NOBBILICHUU KadyecTBa npoaykra. Ha pu-
cyHke 4.3 u 4.4 IpUBEICHO MPOCTPAHCTBEHHOE M300pAKEHUE W OO BUJT yCTAHOB-
KH JUTsl TEpMOOOPAOOTKH KPOBH YOOHWHBIX KMBOTHBIX B IOTOYHOM PEXHUME. Y CTaHOB-
Ka COCTOMT W3 LMJUHAPAYECKOTO SKPAHUPYIOLIETO Kopmyca 1, BHYTpH KOTOPOro
MUMEETCS pOTOP 2 B BUAE KoJjieca. Ha HEM 1O IEPUMETPY € TOMOLIBIO INAPHUPHBIX TE-
TENb 3 3aKPEIIEHO MHOXKECTBO monycdep. X KonuuecTBo 3aBUCAT OT AMAMETPa po-
Topa 2. Bepxuue nonycdepsl 5 skecTko 3akpemieHsl nog CBY renepatopom 6 ¢
TBUIBHOW CTOPOHOM TaK, YTO W3JIy4arellb HAXOAWTHCA BHYTPU MX. MX KOJIMYECTBO
paBHO konmuvectBy CBUY reneparopoB. CBUY reHepatopsl 6 W MCTOYHHKM WH(ppa-
KkpacHoro HarpeBa 7 (MK namiibl) yCTaHOBIEHBI C YEPEIOBAHUEM HA BEPXHEM OCHO-
BAHWH LWJIMHAPUYECKOTO SKPAHUPYIOLIETO Kopryca 1. [{ns yBenu4yeHus: npou3BO M-
TEIBHOCTH YCTAHOBKH MPEAYCMOTPEHO yepenoBanue Heckosbkux CBY reneparop-
HbIX On1okoB ¢ UK nammamu. [{ns pukcanmm HuKHUX NOaycep B BEPTUKATILHOM T10-
JIOKEHUM MMEETCS HATSHKHOM 000110K 9. OH yACPKUBAET PE30HATOPHBIE KAMEPBI 10
CeKTOpa BhITpy3KkH. Ha OOKOBYIO CTOPOHY SKpaHUPYIOWIErO Kopnyca 1 BMOHTUPOBAH
osok ynpasyienust 10. Ha O0koBOH MOBEPXHOCTH 3KpaHUpYroEro kopnyca 1, B 00-
JIACTH PACHOJIOKEHHS YIIOPHOTO 3leMEHTA 15, MOHTUPOBAH BBITPY3HOM JOTOK. B ero
CEKTOPE MMEETCS CHELMAIIbHBIN YIOPHBIA 37eMEHT 15, cnocoOCTBYONIMIT ONPOKH-
JBIBAHUIO HIYKHUX MOTYCEP M BO3BPALLEHUIO UX B BEPTUKAIBHOE MOJIOKEHUE. HMe-
eTcst aBepue 12 st KOHTPOAs OMPOKUIBIBAHUS HIKHUX Moiychep 4, BHYTPEHHSS
4aCTb KOTOPBIX MOKPHITA CUITUKOHOM 13.

IIpoyecc mepmoobpabomru Kpo6u YOOUHbIX HCUBOMHBIX NPOUCXOOUM CILEOVIOUWUM
0bpazom. BKIIOYAOT MPUBO POTOpa 2 ¢ MOMOIIBIK MOTOpa — peaykropa 14 u npu-
BoA fo3aropa 11. KpoBs nomaroT B 103aT0p, OTKYJA C MOMOLIBIO BPALIAOLIETOCS 3a-
TBOpPa 00ECMEUYMBAECTCS PABHOMEPHAs MOJaya KPOBM B PE30OHATOPHBIC Kamepbl (B

HWKHHE MOJTycepsl 4) MO MEPE UX MEPEABMIKEHUS 32 CYET BPALLICHHAS POTOPA.
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rpaMMme «Y4aCcTHUK MOJIOJEKHOr0 HAYy4YHO-WHHOBAIMOHHOIO KOHKypcay», « Y MHUK
2015», 10.04.2015.

1pebosanus npoexmuposaruio ycmarnoexku ¢ CBY u V3 eenepamopamu
0715t 0OPAOOMKU IHCUPOCOOECPICAULECO ChIPbSL

1. PaznpoGiieHne sKMpOBOM TKaHW BO3ACHCTBHEM Y3 KOJICOAHHIA.

2. PazapobiieHre KOJIOHUI MUKPOOPTaHU3MOB BO3ICHCTBUEM Y3 KOJIEOAHHUIA.

3. Harpes, BeITONKA pa3ApoOIeHHBIX JKUPOBBIX TKaHEH Bo3aciicTBueM DMIICBY.

4. Muorokparnoe nuknnueckoe Bozaciicreue DMIICBY n V3 konebannii B Henpe-
PBIBHOM PEKHUME.

6. O0ecneyeHne MaKCUMAITbHON COOCTBEHHOM JOOPOTHOCTH OOBEMHOIO PE30HATOPA
3a CYET ero c(PpepruuecKOro UCHOJHEHMS, BBITOJHEHHOTO U3 IBYX MOy c(hep.

7. TpancnopTUpOBaHUE )KMPOCOAECPIKAILIETO ChIPbsS B NEPEIBUKHBIX MepHOpUpPOBaH-
HBIX NOTyc(epax pe30HATOPHBIX KaMep.

8. OCylIEeCTBICHHE 3KpAHU3ALMAN padoUeii KaMepBl ¢ MOMOLIBI0 TOPOUAATBHOTO BOJI-
HOBO/IA.

9. D dexTUBHOE HCMOIB30BAHKE B KOJIBLEBOM BOJHOBOJE MOTOKA M3JIyUYCHHIA, pac-
IPOCTPAHSIOLIErOCs yepe3 nephopanuu U 3a30p MEXIy noychepamu pe3oHaTopa.
10. CoBMeleHrE SKpaHUPYIOLIETo Kopiyca ¢ GyHKIueH pe3epryapa Y3 reueparopa.
11. CHWKEHHE SHEPTETHUECKUX 3aTpaT Ha 003 KUPUBaHUS U 00€33apakKUBaHUsl Chl-
pbsl.

OnepanmoHHO-TEXHOJIOTAYECKAsE cxeMa OOpabOTKM >KMPOCOACPIKALIETO ChIPbS,
peanuzyeMasi pa3padOTaHHON YCTAaHOBKOM, nMpuBecHa Ha puc. 4.12.YcTaHoBka (puc.
4.9...4.10) conep>kUT TOPOUAAIbHBIN SKpaHUPYIOUMil Kopryc 2 ¢ aBepuei 13, 3a-
rpy304HbIMH 15, 5 u ciimBHBIMEM 12 maTtpyOkamu. YTOJI HAKJIOHA KOpIyca 2 peryiu-
pyerca. BHyTpu koprnyca 2 yCTaHOBJICHBI CPEepUUECKHE PE30HATOPHI 3,4, BBIMOJIHEH-
Hbele W3 1BYX nonycgep. Bepxnue nonycdeprl 3 pe3oHaTopa KECTKO 3aKPEIIEHBI
noa usnydarensmu CBY reneparopoB 1, pacnono)KEHHBIX HA BEPXHEH CTOPOHE
3KpaHupyrouero kopnyca 2. Huwxxaue nepgopupoBansbie nonycdepsl 4, HaXOAIIK-
€Csl MEXKIY AMAICKTPAUYECKAMHU 00OIKaMU 6, TIO LEHTPY LIAPHUPHO 3aKPEIUICHBI K
BenyleMy 3youaromy BeHily 10. 3yOuarklii BEHEI OnMUpacTcs Ha ONOPHBIC POJIUKA 7
Y BXOJIAT B CUCIUICHUE C BEAYIICH 3BE€3A0UKON 9, KOTOpas HAXOAUTCS HA BATY DJICK-
Tpoasurarens. C HIKHEH CTOPOHBI SKPAHUPYIOLLETO KOPITyca 2 YCTaHOBIIEHBI MbE30-
BIEKTPUYECKHUE IIEMEHTHI YIIBTPa3BYKOBOr0 reneparopa 11.

IIpoyecc 0bpabomku cvipbs NPoOUCXooum ciedyiouum oopazom. BKITIOUAKOT 3MEK-

TPONMPUBO/I 3BE310UKHN 9 1 3yOuaroro BeHna 10. B mpoiiecce nepeaBm>keHus] HUKHUX
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KPEIUIEHBI K BHYTPEHHENH OOKOBOM cTOpoHE Topa 1 (K BHyTpeHHEMY UJIUHAPY). [1o
HEHTPY nosycepbl 2 MPOXOAUT JUAICKTPUUECKHUI Bajl MEPEMENIMBAIONICTO MEXa-
HU3Ma 6 COCTMHECHHBIN C BaJIOM 3JIEKTPOABUTATEIIS.

Tabnuna 4.2 — TexHuueckne XapakTepUCTUKN IIEHTPOOSKHON YCTAHOBKHU AJIs
TEPMOOOPAOOTKH KUPOCOAEPIKALIETO ChIPhS

Haumenosanue ITapametpsnl
IIpon3BOANTENHHOCTD, KI/4 18...22
O01masi MOITHOCTD MEePEMEITUBAIOIIETO MeXaHu3Ma, KBT 0,18
Koneunas temneparypa npoaykra, °C 90...91
VY nenbuas momuocts CBY reneparopa, Bt/r 1,6...2.7
ITorpebmsiemas MmoutHocTe CBY renepaTopos, kBt 3,6
MoIHoCTh NpuBOaa CKpedkoB, KBT 0,2
VY nenpHbIE SHEPTETHYECKHE 3aTPAThl HA TEPMOOOPaOOTKY ChIpbsi, KBT-u/Kr 0,2

T pentve yCMAaHO6KAa

Yemanoexa ona esimonku HCUPAa 6 INEKMpPOMACHUMHOM noJié
CGePXGblCOKOﬁ uacmoniol

Texnonocuueckoti 3a0ayeti N300pETEHUs ABISAETCS MHTEHCU(UKALMS MPoLiecca 13-
BJICUCHUS M 00€33apaKBAHUS KUPA U3 KUPOCOAEPKALIECTO ChIPhS U YIIYUIICHUE Ka-
YeCcTBa JKUPa U WKBapbl. PazpaboTaHHas OnepanmoOHHO-TEXHOJOTHYECKAs CXeMa Te-
pPEpadOTKU >KUPOCOJEPIKAILETO ChIpbs MpeacTaBiicHa Ha puc. 4.13. Ha MoHTa)kHOM
kapkace (puc.4.14) cOCTBIKOBAaHbI OJMH HAJ APYTUM JIBa TOPOMAATBHBIX SKPaAHHUPY-
FOLIMX KOpIyca OAMHAKOBOIO IMAMETPA € MPSIMOYTOJIbHBIM CEYEHUEM. B KOJIBLIEBOM
MIPOCTPAHCTBE HWKHETO TOPOUAAIBHOIO 3KPAHUPYIOLLErO KOopmyca 1 pacnoyioKEHb
cpepuueckue nepPpopUpOBaAHHBIE PE3OHATOPHI, TPEACTABICHHBIE B BUAE ABYX MOJY-
cep 2.3.

OHM >KECTKO MPUKPEIUICHBI K OOKOBBIM CTOPOHAM Topa 1 MpsMOYTroJIbHOTO ceve-
HUs. BOKOBbIE CTOPOHBI TOPOMAAIBHOTO BOJIHOBOAA 1 (PKpaHMPYIOLIETO KOPITyca)
MPEACTABIISIFOT KOAKCUATIBHO PACTIONIOKEHHBIE MIIMHAPEL. KOIbIEBOE MPOCTPAHCTBO
SBJIIETCS TOPOMAAIBHBIM BOJIHOBOAOM MPSIMOYTOJBHOTO ceueHus. K BHyTpeHHEMY
LMIVHAPY MPUKPEIJIEHBI AIEKTPOABUATATENN MTEPEMELIMBAOIINX MEXAHU3MOB 0, BbI-
NOJTHEHHBIX W3 JUAJIEKTPHUYECKOTO Marepuana. [Ipruem mo neHTpy oaHux nepude-
pHiiHBIX onychep 3 KaKI0ro Pe30HATOPA B BHYTPh HAIMTPABJICHBI COOTBETCTBYIOIIHE

manyyarenu 5 ot CBY reneparopos 4 4yepe3 IUBIEKTPUUECKUE BTYJIKU. [[pyrue nep-
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Tabnuna 4.4 — TeXHUYECKHAE XaPAKTEPUCTAKN YCTAHOBKM JIJIs TUIABTIEHUS JKAPa

Haumenosanue ITapameTtpsbl
[Tpon3BOANTENHHOCTD, KI/4 40
MOIIHOCTE U3MEBYAKOIIEr0 MeXaHn3ma, KBt 0,25
Koneunas temneparypa npoaykra, °C 90...91
Y nenvnas momuocts CBY reneparopa, Br/r 1,6...2.7
ITorpebmsiemast MmoutHocTe CBY renepaTopos, kBt 3,91
MoOIMmHOCTE NPUBOAA JIOMACTHOTO NUTaTes, KB 0,03
VY nenpHbIE SHEPTETHYECKHUE 3aTPAThl HA TEPMOOOPAOOTKY ChIpbsi, KBT-u/Kr 0,18

Ilamaa ycmanoeka

CeepxebiCOKOUACMOMHAA YCHIAHOBKA 0/15 8b10e1CHUA PACNIABTICHHOZ20
HCUPA U3 HCUPOCOOEPHCAULE20 CHIPbA

HMHTeHcnpukanms npoueccoB BBITONKH KAPA U3 KOCTA UMEET CBOM OCOOEHHOCTH.
Kocte mpencraBnsieT co0oil aHM30TPOMHO-CTPYKTYPHUPOBAHHYIO TBEPAYIO TKaHb, B
nopax M Kanmujuisipax KOTOPOH HAXOIATCS KIETKA KOCTHOTO upa. st BelICHCHHS
JKUPa BHAavYaJle HEOOXOIMMO Pa3pylINTh KIECTOUYHYIO CTPYKTYPY, MEPEBECTH KUP B
CBOOOJHOE COCTOSIHUE, 3aTEM KUP JOHKEH MU(PQYHIMPOBATH K MOBEPXHOCTHA KOCTH.
Pazmep KyCKOB U3MENbUEHHON KOCTH TOJBKEH cocTaBisaTh 20...40 mm. MHTeHCH M-
KalMs BHEHIHETO MEPEHOCA KUPAa MPOMCXOAWUT MPU JTUHAMUYECKMX BO3IACHCTBHIX
(BUOpALMOHHBIX, TUAPOMEXAHNYECKUX, SJIEKTPOUMITYJIbCHBIX ). Pa3nmnyaroT ruapome-
XaQHUYECKUE W DIIEKTPOUMITYJIbCHBIM CIOCOOBI M3BJICUEHHS M3 KOCTH. [locnennmii
cnoco0 peanmzyercs B ammapare, padoTaromeM Mpu BBICOKOM HanpsbkeHuu (30...
60 kB) 1 pacxo/1 2JIeKTPOIHEPTUH HA IEPEPAOOTKY TOCTATOUHO BHICOKMIA [174].

PazpaboTanHas OnepanMoOHHO-TEXHOIOTHYECKAs CXeMa BBIACTICHUS PACIUIABIICH-
HOTO KMPa U3 >KUPOCOACPKAIIETO ChIPbs TPEACTaBICHA HA puc. 4.18.

['mapoMexaHMYecKnii cnocod M3BJICUEHUS KMpPa U3 KOCTH OCHOBAH HA JWMHAMUYE-
CKOM, YJAApPHO-HUMIYJIbCHOM Pa3pyLICHUH >KAPOBBIX KJIETOK M yJaJcHUH xkupa. Um-
NYJBChl BO3HUKAKOT MPH JBMKEHUH MOJIOTKOB, BPALIAFOIIMAXCS B LUJIMHAPUYCCKOM
kopmyce. Iporiecc mpoBoasT B Boae mpu temmneparype 25°C. M3MenbueHHBIN JKHP
NOCTYNAET B INHEKOBBINA MIABUTENIBHBIN armapar ¢ BBICOKMM SHEPronoTPeOIEHUEM.
CBepXBBICOKOYACTOTHAS YCTAHOBKA JJISl BBIACIICHUST PACIUIABICHHOTO YKUPA U3 KH-
POCOEPKALIETO CHIPbs MPEAHAZHAYEHA i1 OOC3KUPUBAHMS M3MEIIbYEHHONW KOCTH

(puc.4.19).
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3arpy304HON €MKOCTHIO 7 M o0Opa3yronieil OapadaHa) yCTaHOBJICHBI CBEPXBBICOKOYA-
CTOTHBIE TeHEPATOPbl 6. OHM 3aKPEIUICHBI MO SKPAHUPYIOLICH KPBIMIKOH 5 HA MOH-
TaXHOW pame. bapabaH BeIMonHseT (PYHKIUIO pe30HATOPHOW kamepbl. Ha BepxHeit
YACTH LUJIMHIPHYECKOTO 3KPAHUPYIOIIETO KOPIyca UMEETCS MarpyOoK AJsl BBITPY3-
KW IIKBApbl, KOCTHOW MyKH. B HaKONMUTENBHOM KaHale NMEPEMEIIAIOTCS CKPeOKH 9 B
npouecce BpameHus poropa. OCHOBaHHME KOPIyCa BBIMOJIHEHO IMOJ HAKIOHOM ISt
CTEKaHMs BBITOTUIEHHOTO >KMpa K marpyoky 14 mis oTBoAA KUpa.

Tabmuna 4.5 — TeXHHYECKHUE XapPAKTEPUCTUKKN YCTAHOBKH JIJISl BBIICTICHHUS
PacCIUIaBJIICHHOI0 JKAPA U3 YKUPOCOACPIKALLIETO ChIPhS

HaumenosaHue ITapameTpsnl
[Tpon3BOAUTENBHOCTD, KI/4 18...22
Uacrora BpameHus 6apadana, 00/MuH 1000
UYacrora BpameHus: poropa, ob/MuH 1040
UacroTa BpaleHus mHeka, 00/MUH 1000
Koneunas tremneparypa npoaykra, °C 90...91
VY nenpHast MomHOcTs CBY renepartopa, BT/t 1,6...2,7
ITorpebasiemast momaOcTE CBY reneparopos, kBt 3,6,
MomHocTe npuBoAa, kBT 1,0
VY nenbHbIe SHEPreTHYeCKHe 3aTpaThl, KBT-u/Kr 0,21

4.1.3 YcTranoBKa 1j1s1 TepMO0OPAOOTKY MACHO20 hapuia
(coaBTop I'puropresa T.M.)

3a mocaenHue rojael 00bEM MPOM3BOACTBA MTHLBI BO3PACTAET, COOTBETCTBEHHO,
BCTAET BOMPOC PALMOHAIIBHOTO MCIOJIBb30BAHUS ITUYBUX MOTPOXOB (ME€YEHB, CEPALIE,
MBILIEYHBIA KeTya0K). OObeM MPOU3BOACTBA NTHUYBMX NOTPOXOB B 2011 roay B PO
coctaBwit 111,1 Teic. TOHH, a B UP — 1,1 ThIC. TOHH. [ITHYBM NOTPOXA MO TPATUIIUOH-
HOW TEXHOJIOTUM OXJIAXKAAIOT B JIEASHON BOJAE, pPa30MParOT Ha KOMILJIEKTHI, YIAKOBbI-
BaIOT B CICIHUAJIBHBIE TAKETH U peau3yroT 0e3 nepepadoTtku. [1oaToMy pazpaboTka
TEXHOJIOTAM NEPEPAdOTKH NTUYBHX MOTPOXOB, MO3BOJSIOMICH CHU3UTh SHEPreTHYC-
CKHE 3aTpaTsl HA TPOM3BOJICTBO, SIBJISECTCS AKTYaJIbHOW HAYYHOMN 3a1a4ei.

MamuHHO-anmapaTHas cxema npoM3BOACTBA BApEHOro (apiia U3 MOTPOXOB
PEyCMATPUBAET CIEAYOIIUE ONEPALHH:
- IPUEMKA CBIPbS;
- MENIKOE (NIEYEHb, CEP/LE) MU TOHKOE (MBILICYHBIN KEITy0K) M3MEIBUYEHUE B 3a-
BUCUMOCTH OT BHJIA CBHIPbS,
- cocTaBiicHuE (papiua no pazpaboTaHHON peUenType ¢ yU€TOM MPOLCHTHOTO COOT-
HOLIEHUS KKA0T0 BUAA MOTPOXOB (MPUMEPHOE COOTHOLICHHUE MBILIEYHOTO KEITY KA,
cepana u neueHu no 33 %),
- 3arpy3Ka NpuroTOBJICHHOTO (hapiua B npueMHblid narpyook CBY ycTaHOBKY;
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- BapKa Mo/l BO3JACHCTBUEM 3JICKTPOMArHUTHBIX U3yUEHU CBEPXBBICOKOYACTOTHOTO
JMana3oHa,
- CemapupoBaHUE CBAPEHHOTO MEIKO3EPHUCTOIO MSCHOTO MPOAYKTa Y€Pe3 CUTOBBIM

BUOPAUMOHHBIA KOHBEWEP C OJHOBPEMEHHBIM KOHBEKTHBHBIM OOJYBOM TETLTOBBIM
BO3yXOM M MEPEMELICHHE TOTOBOM MPOAYKIIMK MO HAKIIOHHOW MJIOCKOCTH BUOpaliu-
OHHOT'0 MOJYJISl K BBIXOAHOMY MATPyOKy W BBITPY3KA,
- (pacoBKa B crienUAIbHYIO TPOJOBOJIBCTBEHHYO Tapy;
- 3aMOPAKMBAHKE MTPOAYKTA U XPAHCHHE.

TeXHOIOrHYECKUIA MPOLECC IHAOTEHHON 00pabOTKM M3MEIBUYCHHBIX NTUYBHX MO-

TPOXOB C MCIOJIB30BAHUEM JIEKTPOMArHUTHOTO TMOJISI CBEPXBBICOKON 4aCTOTHI BKITHO-
YaeT CIEeAYIOMME ONEPallu: N01a49a ChIPbsS B PE30HATOPHYIO KAMEPY, €ro 3HAOTECH-
HBII HArpeB;, CENapUpOBaHWE FOTOBOM MPOAYKIMH 4epe3 BHOPUPYIOLIEE CUTO, yIia-
KOBKa CBApeHHOro (hapia. Pe3oHaTOpHBIE KaMEPbI 0OPa30BAHbI 34 CUET PA3JACIICHUS
NPABHIIbHOM MPU3MBI HA YETBIPE YCEYCHHBIE TPU3MBbL. Kaxknas pe3oHaropHas kamepa
uMmeeT GopMy YCEUCHHON Mpu3Mbl 0e3 HMKHEro ocHoBaHus (puc. 4.20). JIBe Goko-
BbI€ CTOPOHBI MPHU3MbI BBITOJHEHBI B BUAEC MPSIMOYTOJIbHON Tpaneuuu, U SBISTFOTCS
OOLIMMH COCETHUMH PE30HATOPHBIMA Kamepamu. Ha BHemiHeil OOKOBOH CTOpOHE
KOKIOH YCEYCHHON MPU3Mbl BBIPE3aHO OTBEPCTUE JJIsl HAPABIICHUS M3JIYYCHHS OT
MarHeTpoHa, Haxojsiierocs B 3jekTpoHHoM Omoke 1 CBY reneparopa. BepxHue
I'PaHu PE3OHATOPHBIX Kamep 00pa3yroT narpyOoK [uis 3arpy3ku ¢apma 8. HuxkHuMu
I'PaHsIMU PE30HATOPHBIX KaMep sIBIsieTcs NepPOpUpoOBaHHAs TUIOCKOCTh S5, PacIolio-
JKEHHAsS 4€PE3 BO3AYIIHBIN 3a30p OT MPU3MBI B COCAMHEHHAs ¢ HUMHA THOKUM Heep-
POMArHMTHBIM 3JIEMEHTOM. PazMepsl BO3AYIIHOTO 3a30pa JOJKHBI OBITh MEHEE YET-
BEPTH JUTMHBI BOJIHBI M COTJIACOBAHBI C Pa3MepaMu CKpeOKoBoi Memaiku 6. CkpeOku
PAcIONIOKEHBI HA BEPHEH YacTH nep(popHpOBAaHHON MIOCKOCTH 5, @ MOTOP-PEAYKTOP
— C HIWKHEH CTOpOHBI. [lepdopupoBaHHas TIIOCKOCTh 5 PacmnoiioKeHa B BUOPALHOH-
HOM Moayne. Juamerp nepdopanmu COrIacoBaH C pa3MepaMu CBAPEHHBIX YaCTHIL
(apma. M3menss yacToTy BpanieHusl CKPeOKOB M MOIIHOCTH TE€HEPATOPOB, MOXKHO
VIPABJIATE IpoueccoM ao3upoBanus Bo3aciicTBus OMIICBY u CKBaXXHOCTBIO MPO-
LIECCA, YTO MO3BOJIMUT BHIPOBHATH IABJICHUE U TEMIIEPATYPHI IO BCEMY 00BEMY HaCTH-
bl TPOAYKIMH. YCTAaHOBKA ¢ BHOPAUMOHHBIM KOHBEHEPOM Uil TEPMOOOPabOTKH

MSICHOTO (papmia COACPKUT TE€HEPATOPHBIA, BUOPALMOHHBIA M 3JICKTPONPHUBOIHON
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PaccrosHre mexay nep@oprupoBaHHON MIOCKOCTBHIO U MEPHUMETPOM paboueii Ka-
MEPBI MEHEE YETBEPTH JJIMHBI SJIEKTPOMArHUTHON BOJIHBL. CKpeOOK 6 M Bajl BBINOJI-
HEH W3 PaauoNpo3pavyHOro Marepualia, a UMEHHO M3 (proporuiacta. 3a30p MEXIy
JABYMsI MOAYJISIMU 3KPaHUPOBAH 000JKOM M3 HedeppoMarHuTHOTO Martepuana. [lep-
(opupoBaHHas TWIOCKOCTh 5 OAHOBPEMEHHO SIBISIETCS BEPXHUM OCHOBAHHEM BHOpa-
LIMOHHOTO OJIOKA, BBIMOJTHEHA U3 HeeppoMarHuTHOro Marepuana. Kopnyc BubOpanu-
OHHOI Kamepbl 7 BBIMOJIHEH W3 HEP)KABCIOLIEH CTAM M OAHOBPEMEHHO SIBIISIETCS
3KpaHoM. B BUOpanmoHHO# Kamepe, BBIMOJHEHHOM B BUAE Mapajuiesnenuneaa, oopa-
30BaHA HAKOMWTEIbHAS €MKOCTh, OTPAHWYCHHAS HAKIOHHOM MJIOCKOCTBIO, SIBJISIHO-
nieiicss ocHoOBaHMEM MaTpyOka Juisl BBITPY3KkW BapeHoro (apma. [lepeoiii 6510k npen-
HA3HAYCH NI 00ECNEYECHUs SHAO0TEHHOTO HAarpeBa ChIPbs, BTOPOWH — JUIsl CEMapUpo-
BaHWsl CBAPCHHBIX YacTull (apiia, TpeThii — uisl oOecrneueHus: BUOpau CUTOBOM
IIOCKOCTH. Pa3paboTaHHas yCTaHOBKA C MPUMEHEHUEM YETBIPEX PE3OHATOPHBIX Ka-
Mep 00€CIEeUnBAET B MOTOYHOM PEXUME TEPMOOOPAOOTKY MSACHOrO (apia npu mo-
cienoBarebHoM BozaecicTBu OMMU pa3Hoil n03bl. YCTaHOBKA MO3BOJSET PETYIIH-
POBaTh CKBAYKHOCTh MPOLIECCA BO3JICHCTBUS 3a CUET M3MECHEHHSI CKOPOCTH IEpeMe-
LICHHS CBIPbsS HA NEPPOPUPOBAHHON MIOCKOCTH W M3MEeHEHUs MoHocTH CBY rene-
paropoB. YCTaHOBKAa 00ECIEUMBACT NOTOYHBINA PEKUM 3a cueT BUOpauuu nepdopu-
POBAaHHOM MIOCKOCTH M 3PPEKTUBHOIO pazMepa €€ >KMBOTO CEUEHUS OTBEPCTHIA.
CKOpOCTh TPOXOAOBOM YaCTH MPOAYKTA Yepe3 nepHOoprpOBaHHYIO TUIOCKOCTh 3aBH-
CUT OT Pa3MEPOB MCXOIHOTO ChIPbs, YCAJAKH B MPOLECCE TEIUIO- U MAacCOOOMEHA U
KAHEMATUYECKMX MapaMeTPOB BUOPAallMOHHOrO MoayJsl. Kaknas kamepa BbINOJHEHA
B BUJIC Tpaneuuu. BepxHss CTOpOHA KaMePbl OAHOBPEMEHHO CIY>KUT CTOPOHOH MpH-
E€MHOro JIoTKa. HWKHEH CTOpOHON pe30HATOPHOM KaMEphl CIY>KUT CUTOBAs ILIOC-
KOCTb. BOKOBBIE CTOPOHBI PE30HATOPHBIX KaMep OO0pa3yrT KOPMyC T'€HEPaTOPHOTO
MOAYJIL. DOTH OOKOBBIE CTOPOHBI COJAEP’KAT OTBEPCTHS sl MArHETPOHOB. CHTOBas
IUIOCKOCTh COACPXKAT OTBEPCTHSI ONMPEACTEHHOTO AUAMETPA, 3aBUCAIIETO OT AUAMET-
pa vactui, cBapeHHoro (apma. Ha NmOBEpXHOCTH CHTOBOW IMJIOCKOCTH MO LEHTPY
pacroyioKeHa AMAJEKTUYECKash MEIIaJiKa, TPUBOJ KOTOPO BMOHTHPOBAH C €€ ThUIb-

HOM CTOPOHBI. Melanka Mmo3BoJiIeT TPAaHCTIOPTUPOBATh CHIPhE UYEPE3 BCE UETHIPE pe-
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30HATOPHBIE KAMEPBI U MO MEPE TOTOBHOCTH NMPOAYKLHMHA OHA MPOAABIMBACT YEPE3
OTBEPCTHs cUTA. Mexay CUTOBOH MIOCKOCTBIO U OJIOKOM PE30HATOPHBIX KaMEP MMeE-
€TCsl BO3AYIIHBIN 3a30p, HE MPEBOCXOASIINNA YETBEPTh AJTMHBI BOJIHBI.

Tabmuna 4.6 — TeXHHYECKHAE XapaKTEPUCTUKN YCTAHOBKHM C BUOPAMOHHBIM
KOHBEHEPOM 1 TepMO0OPabOTKH MSICHOTO (hapiiia

Haumenosanue ITapametpsnl
[Tpon3BOANTENHHOCTD, KI/4 6...7
CKOpOCTh NepeaBIKEHNUs] MCHOTO (hapia, M/C 0,002
[TponomKUTENBHOCTH MpoLecca TePMOOOPaOOTKH MSICHOTO (hapiia, MUH. 10
Koneunas temneparypa npoaykra, °C 90...91
VY nenbuas momuocts CBY reneparopa, Bt/r 1,6...2,7
ITorpebnsiemas moutHocTe CBY renepaTopos, kBt 2,4
MomHocTh npuBOaa BHOpaTopa, KBt 0,18
MomHOCTE MPUBOJA NEPEMEIINBAIOIIETO MEXaHu3ma, KBt 0,06
YI[GJ'II/JHBIG SHEPreTUYEeCKHe 3aTpaThl Ha TepMooOpadOTKy MsICHOTO (dapia, 0.44
KBTu/kr ’

4.1.4 YcTranoBKa 1Jis1 TePMO0OOPAOOTKY KOJIOACHBIX U30eaul
(cocucok u capoenek) (coasrop acnupant ®enoposa A H).

OOBbEMBI MPOM3BOACTBA MIICHOTO CHIPbS U ACCOPTUMEHT M3JETNM C KQKIBIM I'OJ0M
yBenmunBaroTca. B wactHocTr 3a 2013 roa mpou3BOACTBO KOJOACHBIX W3JEIHA 1O
P® cocraBuno 1,6 miH. ToHH. O0BEM MPOM3BOACTBA COCUCOK U capaenek 480 TeIc.
ToHH/TOA. [Ipy Bapke cocucok u capaenek ¢ mepmoxamepax KTOMH -300 ouyeHb
HU3KHI KO3((UIMEHT MX MCHOJB30BaHUs. B TepMOKaMepax COCHCKH U CapACIbKA
oOxkapuBarot nipu temneparype 90...100°C B teyenun 30...50 MUH 10 MOKPACHEHUS
NOBEPXHOCTH OATOHOB W NOCTH)KEHHWSI TEMIIEPATYpPbl BHYTPU OATOHUYMKOB HE HHKE
55°C. OOxapeHHbIe U3ACTUs BapAT mapoM npu temneparype 75...85°C Ha npoTsbke-
HuM 10...15 MuH 10 AOCTHXKEHMS TemmepaTrypsl B neHTpe Oaronurka 70°C. Takas
TEXHOJIOTHS AJI1 MPOU3BOJCTBA COCHCOK M CAPACIEK M3 MSKOTHBIX CYONPOIYKTOB
HEPALMOHAJIBHA M3-3a TOrO0, YTO npu Temneparype 70°C BHyTpH OaTOHUYMKA MOTHOE
YHUUTOXKEHUE OAKMepuaibHoil 00cemeHeHHOCmY He NPoucxooum, a TaKkKe Maei-
€€ OTKJIOHEHUE OT TEXHOJIOTMM NMPUBOIUT K PE3KOMY YXYALICHUIO KA4ECTBA U3/E-
Jus (HapylmeHue 000J0YKH, HAKOIIJIEHHE MexAy (papiieM u 000I0UKOM BA3KOM KU -
KOCTH ¥ T.1.). 3BecTHa ycTaHoBKa uisi 00pabOTKM M3MENIBYEHHOTO CHIPbS, COAEP-
xaias CBY reneparop, mMo3BOJISIONIAs BApUTh Gapil B paCCHITHOM COCTOSIHUM, 0€3

¢dopmoBanus B 000s104Ky. M3BeCTHA yCTaHOBKA, MO3BOJISIONIAS PABHOMEPHO BApPUTh
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HE TeperpeTb 00JACTH C CHJIBHBIM IOJEM, MPUXOAMTCS CHWXKaTh MomHOCTh CBY
HarpeBa W MpoajuTh Bpems oOpaboTku. B pesynerare uwero mpeumymectsa CBY
HarpeBa MOryT OBITh CBEJEHBI K HYJIHO [2]. Tlo3TOMY M3bICKaHMs TEXHOJIOTMH U Pa3-
paboTKa TEXHUYECKHUX CPEICTB, OOCCICUMBAIOIIMX CHH)KEHUE SHEPreTHUYECKUX 3a-
TpaT Ha TepMOOOPaOOTKY COCHCOK W CApJAENICK, dKmydIbHd.

TeXHUYECKYH0 HOBU3HY YCTAHOBKH (puC. 4.22) NPEeACTaBIsSET PE30HATOPHAS Kame-
pa, obecrieunBaroas paBHOMEPHBINA HarpeB ¢apiia B 000JI0UYKE KPYTJIOr0 CEUECHUs B
HUKIMYECKOM pexxkuMe. Takoil peskuM 00ecreumBacT BbIPABHUBAHWUEC HABJICHUS W
TEMOEPATYPbl BHYTPH OOOJIOYKH, B MPOTUBHOM ciyyae 00O0JIOYKA Pa3pylIacTCs.
YcTaHoBKa i IOTOYHOM BapPKU COCUCOK M CapAEIIEK SHAOTEHHBIM HATPEBOM COCTO-
uT 13 CBY reHepaTtopoB, pacCTOSHUE MEKIY HUMH YyTh OOJbIIEE, YEM [UIMHA O0b-
€MHOW PE30HATOPHOM Kamepsl. [1oBEpX paauonpo3pavyHoro TpyOoompoBoaa, HAXOds-
LIETOCsA B PE30HATOPHON KaMmepe, HANEThl SKpaHUPYROIME Kosbla. Ha paauomnpo-
3payHblii TPyOONPOBOA, PACTIONOKEHHBIA MEXKITY T€HEPATOPHBIMU OJIOKAMH, HAMOTaH
rMOKHIA BOJOMPOBOHBINA IIIJIAHT, a MOBEPX HETO PACIOJIOKEH 3KPAHUPYIOLIMMA Tpy-
OonpoBoa. Pagronpo3paunblii TpyOOIMPOBO MPOJIOKEH CKBO3b PE30OHATOPHBIC KaMme-
PBI M BHAUAJIE COACPKUT MATPYOOK ISl HAMMPABJICHHUSI ChIPbS U3 TapBhl.

IIpoyecc sapxu cuipvs npoucxooum cieoyiowum obpazom. TIPpOAYKT momagaet
Yyepe3 HanpapJsOLMi naTpyOoK B paauonpo3paunslii Tpydonposoa. 1o mepe nepe-
JBW>KCHHS YEPE3 PaavoNpo3payHblii TPyOONPOBOA, HAXOIAIIMKCA B PE30HATOPHOM
KaMepe, MPOAYKT HAarpeBacTCs B LUKIMYECKOM pexkume. Takoi pekuM OCYIIECTBIIS-
€TCS M3-3a UMEIOLINXCS HA MOBEPXHOCTU PATUONPO3PAYHONA TPYOBl SKPAHUPYIOLIMX
KOJIELI, @ TAK)KE 34 CYET MMEIOLIENCS OXJTKIAIIENR CUCTEMBI MEXY PE30HATOPAMM.
[[lupuHa KoJel paBHA YETBEPTH JJIMHBI BOJIHBI, & PACCTOSIHUE MEXIY HAMH — Yy Th
MEHBIIEC X MUPHHBL. Takoe PaCMoIOKEHHE 3KPAHUPYIOIIUX KOJICLl OOECre4YnBacT
CKBA)KHOCTH (OTHOILIECHUE MPOAOJKUTENBHOCTH 3HIOTEHHOTO HArpeBa K CyMMeE Mpo-
JOJDKUTENBHOCTENH HarpeBa u nay3sl) npouecca oonsie 0,5. [1pu Takol CKBaXKHOCTH
MCKJTIOYACTCs Pa3pbIB 000JI0UYKH CApACIIEK, TO €CTh BO BPEMS May3bl (MPOAYKT HAXO-
JUTCS TTOJT SKPAaHHBIMHU KOJIbLIAMM ) MIPOUCXOIUT BHIPABHUBAHUE NABIICHUS, TEMIIEPa-

TYpPbl MO BCEMY CEYEHHIO MPOAYKTA, HArPETOrO 34 CYET AIEKTPOMATHUTHOIO ITOJS
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Ka CBhIpbsl B 000JI0YKaX B MUKPOBOJHOBBIX MEYaX BO3MOKHA TOJBKO B IUKIMYECKOM
PEKMME — TPU MHOTOKPATHOM Y€PEAOBAHMM HArpeBa M May3, HEOOXOAUMBIX IS BbI-
PaBHMBAHMS JABJICHUS U TEMIEPATyPbl BHYTPH siflla 3a cueT Termonepenaun. Tpedo-
BaHWsl, MPEABIBIISIEMbIE BAPKE TPOAYKTOB B 00O0JIOUKE JUIICKTPUUYECKHUM HAIPEBOM:
BApHTh MPOAYKT CO CKOPOCTHIO HArpeBa MeHbIe KpuTudeckoit 1°C/c, peryamposarsb
MPOCTPAHCTBEHHOE PACMOJIOKEHHE MPOAYKTA B PE30HATOPHON KaMmepe, BO3ACHCTBO-
BaTh OMPEACICHHON IMITOTHOCTBIO MOTOKA SHEPTUU 3JIEKTPOMArHUTHON BOJHBI, 00€C-
NEYNBATh CKBAKHOCTh TEXHOJOTMYECKOTO MPOoLEcca MeHbIIE KpuTruueckoi (0,5 %).
Texnonocuueckoti 3a0aqeii N300PETEHNS SBIIICTCS BO3MOXKHOCTh BapKH CHIPbS B
000JI0UKaxX BO3JCHCTBUEM BJICKTPOMATHUTHOTO TMOJISI CBEPXBBICOKON 4acTOTHI B MO-
TOYHOM pexkume. Paspabomana mno2obnounas CBY yemanoska co cghepudeckumu
pe3oHamopamu, 00ecnedusaiou UMY YUKIUYECKUL PedCUM B030eliCmEUsi 21eKmpo-
MACHUMHO20 NOJISL O]l MEePMOOOPAOOMKU CblPpbsi 6 0D0JI0YKE C NPUMEHEHUEM MAL0-
MOWHBIX MAcHempOoHO8. Y CTAaHOBKA NIl TepMOOOPabOTKK ChIpbsi B 000JI0UKE (pHUC.
4.24) COOEPKUT BEPTUKAIBHO PACIOJIOKCHHBIM HWIMHAPUYECCKHNA SKPAHUPYFOIINNA
koprnyc 1. BHyTpH HEro pacnosnoskeHbl cpepryECKue Pe30HATOPHI 2, COOpaHHBIE U3
nByx noiycdep. Chepol COCTBIKOBAHBI MEXTY CO00i, 00pa3ys Ipyc B BEPTUKAIbHON
IUIOCKOCTH. B MeCTax MX CThIKa MMEETCs OTBEPCTUE 4 JUIsl EPEMEILEHUS CBIPbS U3
OJTHOTO C(EPUUYECKOr0 Pe30HaTropa B APYroil. BHyTpu kaxxaoi cdeprsl Mo LEHTPY
PACTIONIOKEHBI STYEHCTHIE 03aTOPbl 3 W3 HE(PEppPOMArHUTHOTO Martepuana. Sdeiku
00pa3oBaHbl MEKAY JAUCKOBBIMU CErMEHTAMHU. WX KOIMYECTBO 3aBUCUT OT yAEIBHOM
motmHocT CBY reneparopa v rabapuTHBIX pa3MeEPOB ChIpbs B 00osouke. [loBepx-
HOCTb JUCKOBBIX CETMEHTOB IOKPBITA TEPMOCTORKUM MATKAM JAUAJIEKTPUUYECKAM Ma-
TEPUATIOM (HapUMeEp, rOQPUPOBAHHOE CHIIMKOHOBOE MOKPBITHE), UTO CMSTYAET yaap
IIPU MEPEMEIIEHANA XPYIIKOTO ChIpbs. Jl03aToOpel 3 MPUBOAATCS B ABMIKEHME 34 CUET
MOTOpa-peaykropa. Jnamerp chepudeckrx pe30HaATOPOB COMIACOBAH C JUTMHOHN BOJI-
Hel. [Tonycgeprl MO HEHTPY KECTKO 3aKPEIICHBI K OOKOBOM MOBEPXHOCTH SKpaHU-
PYIOLLIETO KOPIyca C BHYTPEHHEH CTOPOHBI. C HAPYXKHOM CTOPOHBI KOPIYyCa MPUCTHI-
koBaHbl CBY reHeparopHbie Onoku 6. Ha BEpxHEM OCHOBAaHWM LMJIWHAPUYECKOTO

KOphyca Mo HEHTPY UMEETCS 3arpy304Hblii NaTpyOOK 7, a HA HIPKHEM OCHOBAHUW —
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TEMIEPATYPBI IO 0OBEMY CBIPBS CUET TEIIonepeaaun. [1poaomKUTEIPHOCTD BO3ACH-
ctBuss OMIICBY perynupyeTcss 4acTOTOW BPALLIEHHUS 103aTOpa U KOJIMYECTBOM €r0
sueek. [Ipu 3ToM mpoomkutenbHocTh Bo3ackcTBrs DOMIICBY Ha ceippe B 0007104-
Kax JIOJKHA OBITh MEHBIIE, YEM MPOJOKUTENBHOCTh NMay3el. CBY ycraHOBKa MHO-
ro0io4yHas, 00eCIeYnBaET HEMPEPHIBHOCTh MPoIlecca TEPMOOOPaOOTKHU ChIPbsl B 000-
JIOUKE TYTEM TMEPEMEIIEHUS C IMOMOIUBIK SYEHCTOr0 JA03aropa, MO3BOJSOLIErO
ynpasisaTe moTok OMU. KonnuecTBo GJI0KOB BIHSET HA MPOU3BOIUTENBHOCTD [HK-
audeckuii Metoa BozacicTBus (HarpeB-may3za) OMIICBY cozpmaer ycimoBue s
o0ecrnedeHust BBICOKOTO KayecTBa MpoaAyKTa. [1pu o0ecneueHnn BEICOKOH HapsiKEeH-
HOCTH 3jieKTprudeckoro nojis CBY npoayKT MoaHOCTBIO 00€33apakuBacTCs.

4.1.6 CyO0iumarTop ¢ ¢CBepXBbICOKOYACTOTHBIM I'€HEPATOPOM VISl CYLIKH
3AMOPOIHCEHHO20 NPOOYKMA (coasrop actupanT Buktoposa LA )

Bo mHorux permonax Poccun u3-3a HEOMAronpusITHBIX YCIOBUI B OCEHHUH MEpu-
O]l OBOLIM (HAIPUMEP, KAMyCTy) HE YCIEBAIOT CBOEBPEMEHHO YOPAaTh W 3aJI0KUTh B
OBOLIEXPaHWIMIIC. 3aMOPOKEHHYIO KamyCTy HEb3d MepepadareiBaTh, MO3TOMY
(hEPMEPCKUE XO3SMCTBA €KETOHO CTATKABAOTCS ¢ OOJBIIMMH YOBITKAMH.

AHaNM3 MOKa3bIBAECT, YTO B CyOIMMATOPE TEMJIOHOCUTENIEM MOKET SBJISITHCS TOPS-
Yas BOJA WK nap (KOHTAKTHAs CYIIKA), JJIEKTPOHArPEBATENbHbIE NIEMEHTHI (MH(ppa-
KPacCHBIMH JIYYaMH ) U TOKH BBICOKOH YaCTOTHI.

IIpomomunom SIBASIETCS yCOBEPIIEHCTBOBAHHOE YCTPOMCTBO M CIOCOO BaKYyMHO#M
MUKPOBOJTHOBOH CYIIKM MUILEBBIX TPOAYKTOB (mateHT PO Ne 2442084). Cnocob u
YCTPOMCTBO ACTUAPATALMM MUILEBOrO MPOAYKTA, CONVIACHO KOTOPOMY HMCHOJB3YOT
BakyymMHO€ CBY yCcTpOMCTBO C pE30HATOPOM, MMEIOLIUM MEepUuPepruyecKkyro 00nacTh,
Y BPALIAKOIIYIOCS BHYTPHA PE30HATOPA KapycCelb, UMEIOLY) MHOXKECTBO OTIACICHUAM
¢ IpoAYKTOM. HeocTarkom sIBISETCSA TO, YTO CJIOKHBI ITPOLIECCHI PABHOMEPHOM 3a-
I'PY3KH MPOAYKTa B OTIEIICHUS, U TPYAHO OCYIIECTBUTH BBITPY3Ky M3 HuXx. [Ipensa-
PHUTENBHBIE UCCIIEI0BAHUS TOKA3bIBAIOT, YTO IMyOnHa npoHukHOoBeHUs OMIICBY B
3aMOPOKEHHBIN MPOAYKT yBemuunBaercs ¢ 2,85 cm npu — 1°C g0 40 cm tpu -50°C Ha

yactoTe 2450 MI'1
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pEHMs TEMIIepaTypa NPOAYKTa HE Maaaja CIUMIIKOM CHIIBbHO, noasoaum OMIICBY.
[Tpouecc cymiku HaumHaercsa nocie BozacicTeus OMIICBY Ha M3MENbUYCHHBIN 3a-
MOPOKEHHBIM MPOAYKT. DNEKTPOMArHATHAS BOJIHA, MMPOHUKASA B MPOAYKT C MOTEPSI-
MU, 0cabsSETCs B HAMTPABJICHUN PACPOCTPAHEHKS B PE3YJIbTATE MOMIOMICHUAS SHEP-
MM, COMPOBOKIAEMOTO BBIACIICHUEM TEIUIOTHL. Koa(h(puumeHT Noriomenus SHepruu
JOCTATAET MAKCUMAIBHOIO 3HAYEHUs B TEX 30HAX PE30HATOPA, IIE MAJArOIIUi, OT-
POKEHHBIA U OOKOBOW MOTOKW 3HEPTUM COM3MEPUMBL. J[J1s1 KaKI0ro MpoayKTa ycra-
HABJIMBACTCS ONTUMAIBHOE 3HAUEHUE MTOABOAMMON MOITHOCTH. [1pr 3TOM 00ecneun-
BacTCs BO3MOXKHOCTh MPEoOpa3oBaHKsl MaKCHUMabHOU 3Heprun OMII B TemnoByro.
[ToTok AHEPrUM OT WU3TyYaTesis, monajaas Ha MHOTOCJIOHOE nepPOpUpPOBAHHOE MEPE-
KPBITHE U3 HE(PEPPOMArHUTHOTO Marepuaa, orpaxkaercs. OueHb Cnalblii MOTOK W3-
JYYEHUH TPOXOIUT Yepe3 nepdopanuio, KOTOPbIA HE BIUSET HA TEXHOJOTHYECKHMA
npouecc. McnapeHHslil map npoxoauT uepe3 nepdopanuu NepeKpeITAS U KOHIEHCH-
pyeTcs Ha KOHJEHCATOPE-BBIMOPaKUBATEINE. /(1 HOPMAIBHOTO POTEKAHUS IPOLIEC-
ca TeMIeparypa CTEHOK KOHJEHCATOPA-BBIMOPAKUBATENS TOJDKHA OBITh HWXKE TEM-
nepatypsl mpoaykta Ha 20...30°C, mpu A0CTATOYHO PA3BHUTOM MOBEPXHOCTH OXJIa-
KaeHus. [Ipr moMomm X0JI0AUIBHOTO KOMITPECCOPA MOTYHYAtOT HU3KUE TEMIIEPATYPBI
B KOHACHCATOPE-BBIMOpAXUBATENE. MHTEHCUBHOCTh MCHAPEHUs YBEIMYMBACTCS B
JBYX CIIy4asX: MPH YBEIMYEHUU KOJMYECTBO TEIUIOTHI, MOABOAUMON K MPOAYKTY,
IPU MOBBIIIEHUN CKOPOCTH YIAICHHAS 00pa30BaBIIMXCS MAPOB, KOTOPAsk 3aBUCUT OT
Pa3HOCTH MEXAY JABIICHUSIMH Mapa y MOBEPXHOCTH MPOAYKTA U Y MMOBEPXHOCTU KOH-
JNEHCATOPA-BBIMOpXKMUBATENSA. [l OYMCTKM KOHJEHCATOPA-BBIMOPAKUBATEINS OT
HAPOCILETO JIbA OTKPBIBAKOT JIIOK. [locie 3Toro 3arpy’kar0T HOBYH MOPLMIO 3aMO-
POXKEHHON MPOAYKIMHA B OOBEMHBII pe30HATOP. B cCaHMTApHOM OTHOILICHWH CHOCO0
Oe3omaceH; CBs3HAs Bjara yJasieTcs JIETKO, BBICOKOE Ka4€CTBO BBICYIIMBACMOIOQ
MPOJYKTA.

Yemanoeka ona evineuku xneoobynounsvix usoeaun. CBY ycranoBka st Tep-
MOOOPAOOTKM MYUYHBIX M3Aehuil (puc.4.26) cOACPKUT BHYTPH SKPAHUPYIOLIETO -
JMHAPUAYECKOTO KOPITyCa POTOP, PACONOKEHHBIA B TOPU3OHTAIBHOM TuIockocTr. Ha

BCell OOKOBOI MOBEPXHOCTM POTOpPA YCTAHOBJIECHBI MONYLMJIMHAPHYECKHE PE3OHA-
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TexHuyecKue XapaKTePUCTUKH OCHOBHBIX YCTAHOBOK CBEACHBI B Ta0. 4.13
Tabnuia 4.13— TexHuuecKre XapakKTePUCTUKH pa3pabOTaHHBIX YCTAHOBOK

Juist TepM0o0OpaboTKH KPOBH st TepMo0OPA0OTKH KHUPOCOAEPIKALLETO ChIPbS
ITpou3BoAUTEIBHOCTD, KI/4 40 ITpou3BoAUTEIBHOCTE, KI/4 25...30
MommHocCTh H03aropa chipbs, KBT 0,06 Momnocte CBY reneparopos, kBt 3,6
MormHoCcTh IPHBOAA KOHBCHEPA, KBT 0,18 MOoOIMHOCTh U3METBYUTEA, KBT 0,13
Mourocte CBY reneparopa, kBt 3,6 MoiHOCTS ImecTepeHIaToro Hacoca, KB 0,15
Momnocts ucrounnko WK wmzmyuenwit, 24 MoHOCTS IPHUBOAA MEIIATKH, KBT 0.03
kBt ’ ’
MomnocTe yeTaHOBKH, KBT 6,24 MomHoCTE YyCTaHOBKH, KBT 3,91
VaCHbHBIC — SHCPrETHUCCKHUE  3aTParThi, 0.156 Konuuectso chep, mr. 6
kBT u/kr ’
YacroTa BpalncHHUsl MPUBOAA KOHBEHEpa, VacenbHBIC — SHCPrETHUCCKHUE  3aTPaThi,
0,21 0,29..0,16
00/MuH ’ kBT u/kr
OxpyKHast CKOPOCTh MIEPEIABIKCHUS PE30- 0.019 l'aGapurHbic pasmepsl (AMAMETP U BBICO- 15x1
HATOPOB, M/C ’ Ta), M ’
["abapuTHbIc pazMeps 2.5%0.9
(AnamMeTp U BRICOTA), M
Juist TepMO0OPasOTKH KUPOCOAEPIKALIHX st TepmooGpadoTku MsicHoro gapuia
H3MEJbY€HHBIX KOCTel
ITpou3BoAUTEILHOCTD, KI/4 25 ITpou3BoAUTEILHOCTD, KI/4 6...7
UYacrora Bpawmenus 6apadana, 06/MuH 1000 CKopocTh NMEpeABIKCHUS MACHOTO (apina, 0.002
Mm/c ’
UYacroTa Bpamenus potopa, 06/MuH 1040 [TpoRomKUTETBHOCT NPOLIECCA, MHH. 10
UYacroTa Bpammenus 1HeKa, 00/MUH 1000 VYaeneHas wmomHocte CBY reneparopa, 16 27
Bt/r T

Vaenenas momurocts CBY reneparopa, 16 27 Moirocts CBY renepatopos, kBt 24
Br/r T ’
Momrocte CBY reneparopos, kBt 3,6, MoiHoCTh TPpHBOAA BUOparopa, KBt 0,18
MormHocTs IpuBOAa, KBT 1.0 MomHOCTE OpHBOJA TICPCMEIIHBAIOLICTO 0.06

’ MEXaHu3Ma, KBt ’
VaCnbHBIC  JHCPrETHUCCKHUE — 3aTPATH, 021 VaenpHBIC — DHCPICTHYCCKHE — 3aTPATHI, 0.44
kBr-u/kr ’ kBTu/kr ’
["abapuTHbIC pasMepsl, M 2x1,2 ["aGapuTHBIC pa3Mepel, M 0,8x0,6%0,6

4.3 BbiBoaBI O pa3aesty

1. PazpaboraHa onepanroHHO-TEXHOJIOTHYECKAs CXeMa MepepaboTKU KpPOoBU  yOOii-

HBIX >KMBOTHBIX. ONUCAH TEXHOJOTHYCCKUI MPOIECC, MPOUCXOIAIIUNA B YCTAHOBKE

Ui TEpMOOOPAOOTKM KPOBM YOOHHBIX >KMBOTHBIX NMPU KOMOWHUPOBAHHOM BO3IEH-

cteurn OMIICBY u UK wusnydyenuii. [IpuMEHEHBI TATMHAPUYECCKAE PE30OHATOPHBIC

KaMCPBI ¢ BO3MOKHOCTBIO OIIPOKHUABIBAHWA IJIA o0ecIeYeHUsT IOTOYHOCTH TEXHOJIO-

THYeCKOTo mporiecca. [IpuBeIcHO MPOCTPAHCTBEHHOE M300PAKEHUE W PEaTbHOE HC-

INOJIHCHUC YCTAHOBKH, €€ OCHOBHLIX Y3JIOB, U €C TCXHUYCCKHUC XaPAKTCPUCTHUKH.

2. PazpabotaHbl namb yCTAHOBOK JJIS BHITONKH JKHPA, OTIWYAOIUECS KOHPUTYpa-

nueil pabounx kamep. Pa3paOoTaHHBIC HOBBIE KOHCTPYKLIMW PE3OHATOPHBIX KaMmep

CBUY yCcTaHOBOK, MO3BOJISIFOT JTOCTUYb MAKCUMAJIBHON JOOPOTHOCTH M 00ECTeunBa-
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0T MOTOYHOCTh TEXHOJIOTHUYECKOTO MpoLecca nepepaboTKU ChIpbst 0€3 CIIOKHBIX CH-
CTEM OTPAHMYEHMS W3TYUYEHHUS YEpPEe3 3KPAHWUPYIOLIMI KOPIYyC, ¢ MPUMEHEHHEM Ma-
JIOMOIIHBIX MarHETPOHOB. Harpes chIpbs, HAXOAAMIETOCS BO B3BELICHHOM COCTOSITHUM
¥ KPaTKOBPEMEHHOCTb OOPA0OTKHM CO3JA0T YCIOBHS [UIsl PALIMOHAIBHOTO MCIIONB30-
BaHUsl DHEPrUM SICKTPOMArHUTHOTO TMOJISI CBEPXBBICOKOM 4YacTOTHI, IpHu odecreye-
HUM BBICOKOTO Ka4eCTBA HUpa. UEThIpE YCTAaHOBKHU COAECpXkAT cPepudecKre pe3oHa-
TOpbl. [IpruemM B Tpex yCTaHOBKAaxX OHW BBINOJHEHBI M3 JIBYX moaycdep, mpu 3TOM
nepgoprpoBaHHbIC MOTYCHEPHI B IBYX YCTAHOBKAX JKECTKO 3aKPEIJIEHBI MO nepude-
PHMH BPALIAOIIECTOCS TUCKA.

Ilepsas ycTaHOBKA pabOTAET B MEPUOJNYECKOM PEKUME, TPAHCIIOPTUPOBAHKUE J0-
3UPOBAHHOTO CHIPbsI OCYIIECTBISAETCS B NEPPOPUPOBAHHBIX MOMYCHEPUIECCKHX MEepe-
JBW)KHBIX 4acTIX OOBEMHBIX PE30HATOPOB, MOMEIMICHHBIX B TOPOUAABHBIA SKpaHU-
PYIOLINI KOPITYC.

B mpemveii ycmanoske Ajis BBITONKU KMPa PE30HATOPBI PACIIONOMXKEHBI CTALHO-
HAPHO, HO BHYTPH K&KI0# ceprl MperyCMOTPEHBI MEPEMEIINBAIOLINE MEXAHU3MBIL,
BBITIOJTHSIOIIME OJHOBPEMEHHO (PyHKIMIO auccektopa. Chepudeckue pe3oHaTopsl
PACIIOJIOKEHBI B KOJIBLIEBOM 3KPAHUPYIOIIEM KOPITYCE MPSIMOYTOJIbHOTO CEUCHUSI.

Yemeepmas: yCTAaHOBKA JIS BBIACICHUS PACIUIABJIEHHOTO KUPA U3 KUPOCOIAEP-
JKAILIETO CHIPbs COJEPKUT MHOXKECTBO TEHEPATOPOB C OJTHUM KOAKCHAJIBHBIM PE30HA-
TopoM. [ToTouHOCTh Tponiecca odecreunBaeTes 3a cueT nepdoprupoBaHHoro Gapada-
HA C POTOPOM M IIHEKA.

IIamas ycmanoska 0715 6blMONKY Jcupd COAEPKAT MHOTO CPEPUUECKUX PE30HATO-
POB, CBSI3aHHBIX IPYT C APYTOM Yepe3 OTBEPCTHS B 0OWIEH OOKOBOI CTEHKE LIAJIMH-
npa. Eciu Bo30yuTh oauH cepuueckuii pezonatop, To CBY sHeprus yepe3 oTBeEp-
cTie B OOKOBOI CTEHKE MOMAAacT BO BHYTPEHHIOK YacTh LMJIMHIPA, 4 3aTEM B CO-
CeaHIO0 cepy.

3. IlpuBeicHa MAaIMHHO-ANNApaTHAs CXeMa MPOU3BOJCTBA BApeHOro (apma u3 no-
TPOXOB, MPEAYCMATPUBAKOIIAS CENAPUPOBAHAE CBAPEHHOIO MENKO3EPHHUCTOTO MsiC-
HOTO MpoaykTa 3a cyet Bo3achcTeus DMIICBY uepe3 cuToBbIi BUOPAMOHHBIN KOH-

Beﬁep ¢ OJHOBPCMCHHBIM KOHBCKTHBHBLIM O6I[YBOM TCIUIBIM BO3JYXOM H IICPCMCHIC-
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HUE FOTOBOW MPOAYKLMU MO HAKJIOHHOW MIOCKOCTH BHUOPALIMOHHOTO MOJIYJs K BbI-
XOAHOMY NarpyOky. PezoHaropHble kamepbl 00pa30BaHbl 3a CUET pa3jcicHUs npa-
BUJIBHOM MPU3MBI HA YETHIPE YCEUCHHBIC MPHU3MbL. [IpUBEICHO MPOCTPAHCTBEHHOE
U300pakKeHUE U PEalIbHOE UCIOJIHEHUE YCTAHOBKHU, €€ OCHOBHBIX Y3JIOB, U €€ TEXHU-
YEeCKHUE XapaKTEPUCTUKH.

4. Pa3zpaboTaHa OnepaiOHHO-TEXHOJOTHYECKAs CXeMa TEPMOOOPAOOTKHA COCUCOK U
capaenek ¢ ucnonbzopanueM CBY ycraHOBKH. BHYTpH pe30HAaTOpPHOM Kamepsl pac-
MOJIOXKEHBI CMECUUATBbHBIE SKPAHUPYIOLIUE KOJIbIA, BHIMOIHSIOMUE (QYHKIIUK 3aMe/l-
JSIFOLIEH CUCTEMBI isl 00ecneueHnsl CKBKHOCTH Tporecca Oonpiue 0,5, mpu KOTO-
poil MCcKIto4aeTcs paspblB 000N0YKHM capienek. l[IpuBeaeHO NPOCTPaHCTBEHHOE
U300pakEHNE U OMBITHBIA 00pa3el] YCTAaHOBKH, €€ OCHOBHBIX Y3JIOB, U €€ TeXHHUYe-
CKHE XapaKTEPUCTUKH.

5. Pa3paboraHa omnepanmMoOHHO-TEXHOJIOIMYECKas CXeMa I0CoJia, MACCUPOBAHUS W
TepMOo0OpabOTKM KyCKOBOro MsicHOro cbipbst B CBY ycranoBke. bapaGan mscomac-
cakepa, coOpaHHBIA U3 TPyO BBINOJHAET (DYHKIUIO PE30HATOPHOM Kamepsl. [IpuBe-
JICHO MPOCTPAHCTBEHHOE M300paKEHHUE U PEAIbHOE UCIOJIHEHHUE YCTAHOBKH, €€ OC-
HOBHBIX Y3JIOB, U €€ TEXHUUYECKHE XapAKTEPUCTHUKH.

6. YcranoBka mig CBY o0e33apaxxnBaHus MOJIOKa coOpaHa U3 ABYX MOIYJEH, Kax-
Il U3 KOTOPBIX B OOLIEM SKPAHUPYIOLIEM KOPIYCe COACPKUT JBa uctounuka CBY
SHepruu. Bricokas HaNpsHKEHHOCTh 3JIEKTPUYECKOro MoJis oOecrneynBaeTess B 1U-
JUHAPUYECKUX Pe30HaTopax Mayioro oowema. [IpuBeaeHO MpOCTpaHCTBEHHOE M300-
POKEHUE U PEAIbHOE UCIOJIHEHUE YCTAHOBKH, €€ OCHOBHBIX Y3JIOB, U TEXHUYECKUE
XapaKTEPUCTHUKH.

7. YcraHoBKa Ansi 00€33apasKMBaHUsl MOJIOKA COACPXKUT Pabovyro Kamepy, BBINOJ-
HEHHYIO B BUJE LWJIMHAPUYECKOrO nepdopupoBaHHOr0 00BEMHOTO pe3onaropa CBY
r€HEPATOPa, COCTHIKOBAHHOIO C PE3EPBYAPOM YIIbTPa3ByKOBOIO NeHEpaTopa, MpHYeM
UCTOUYHUK Y@ nyyell yCTaHOBIEH MapayieIbHO MOJIOKONPOBOAY M3 YBHOJIEBOIO
crekna. CocTaBieHa ONMEpalMOHHO-TEXHOJIOTMYECKasi cxemMa 00e33apaKMBaHUSI MO-

JIOKa KOMIUIEKCHBIM BO3AcHCTBAEM (pr3nueckux (akropoB. [IpuBeneHoO mpocTpas-
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CTBEHHOE M300P@KECHUE U PEAIBHOE HUCIIOJHEHUE YCTAHOBKH, €€ OCHOBHBIX Y3JI0B, U
TEXHUYECKUE XAPAKTEPUCTHUKH.

8. CocraBiicHa ONMEPALIMOHHO-TEXHOJIOTHYECKAs cXeMa TepMOOOPadOTKH CIMBOYHO-
ro macina B CBY ycranoeke. CBY ycraHoBka Ui TepMOOOPAOOTKH CTMBOYHOTO Mac-
Ja COIEPKUT pabovyr0 EMKOCTh, BHYTPH KOTOPOM PACMOJIOKEHbBI NEPPOPUPOBAHHBIC
HWIAHIPAYECKAE PE30HATOPHBIE Kamepbl. [IpUBEACHO MPOCTPAHCTBEHHOE HM300pa-
JKEHUE U PEATBHOE UCIIOJTHEHUE YCTAHOBKH, €€ OCHOBHBIX Y3JI0B, U TEXHUYECKHUE Xa-
PaKTEPUCTHUKH.

9. Pazpaborana CBY ycraHoBKka s TEIOBOM 00paboTKM xJieOOMEeKapHbIX
JOPOMOKER B MOTOYHOM PEKUME, KOTOPast UMeeT pabourii oprad B BUAE cepruyecKoi
nepPoprupoBaHHON PE30HATOPHON KaMephl, B SKpaHupyrouieM kopryce. Pazpadorana
OTEPALMOHHO-TEXHOJIOTMYECKash CXEMa AKTUBUPOBAHUS XJIEOOMEKAPHBIX IPOAOKEH
BozaeiicTeuemM DMIICBY. TlpuBeaeHO NpOCTPAHCTBEHHOE U300PAKEHHUE U PEATTBHOE
WCITOJIHEHHE YCTAHOBKH, €€ OCHOBHBIX Y3JIOB, U TEXHUYECKUE XAPAKTCPUCTUKH.

10. IlpuBeneHa ONEPAlMOHHO-TEXHOJIOTMYECKAsS CXEMa BbBICOKOTEMIIEPATYPHOTO
(hopMOBaHMs MaKapOHHBIX W3aeanil BozaekicterueM OMIICBUY. YcTaHoBKa COAEPKUT
PE30HATOPHYIO KaMEPY € MOMEPEUHBIM CEYCHUEM, B BHJIE MAapabOIMUECKOr0 CErMeH-
Ta, €€ HWKHUM OCHOBAHHMEM CIIYKMT KaMepa CO IHEKOM-HArHETATENEM, 4 BEPXHUM -
reHEepaTOpHBIA ONOK ¢ u3iayvareneM. [[puBeieHO TPOCTPAHCTBEHHOE N300PAKEHUE U
pEAIbHOE MCITOJIHEHUE YCTAHOBKH, €€ OCHOBHBIX Y3JIOB, U TEXHUYECKUE XaPAKTEPU-
CTUKH.

11. Pazpaborana CBY ycTaHOBKa /Il YCKOPEHMS MTPOLIECCa Pa3MOPaKUBAHUS TECTO-
BBIX 3arOTOBOK C HWJIMHIPAYECKON PE3OHATOPHON KAMEPOM C MIEIEBOM MPOPE3BIO B
LWIMHAPAYECKOM  3KpaHupyromem  kopmyce.  IlpuBemeHa — omepanmMoOHHO-
TEXHOJIOTHYECKAsT CXeMa pa3MopaxkuBanust tecta Bozacicreuem OMIICBY. [Ipuse-
JIEHO MPOCTPAHCTBEHHOE M300PAKEHUE M PEATbHOE MCIIOJIHEHHUE YCTAHOBKH, €€ OC-
HOBHBIX Y3JI0B, U TEXHUUYECKUE XaPAKTEPUCTUKH.

12. PazpaGortana mHoro6nounas CBY ycTaHOBKA €O CHEPUUECKUMHU PE3OHATOPAMM,
00ECNEUNBAIIAMA UKINYECKHIA PEKAM BO3JACHCTBUS 3JEKTPOMArHUTHOTO OIS

U1 TEpMOOOPAOOTKHU ChIPbsi B 000J0YKE C MPUMEHEHUEM MaJIOMOIIHBIX MAarHeTpo-
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HOB. Peaiin3oBaHbl CHEPUUECKAE PE30HATOPHI B HMJIMHIPHYECKOM SKPAHUPYHOIIEM
kopnyce. Bapka cbipbst B 00010ukax B OMIICBY Bo3MOkHA MpyU MHOTOKPAaTHOM 4Ye-
PEIOBAHUM HArpeBa v nay3, HeOOXOAMMBIX JUIs BBIDABHUBAHUS JABJICHUS U TEMIIEPa-
TYpbl BHYTpH NpoaykTa. [I[puBEACHO MPOCTPAHCTBEHHOE H300PAKEHUE YCTAHOBKH.
13. Pa3pabotaHa ycTaHOBKA JUIsl CYIIKH 3aMOPOKEHHOH KamycCThl, padodas Kamepa
KOTOpO# coBMemaeT (pyHKIuU cydnmmaropa u pezonatopa CBUY reneparopa.

14. TlpuBeacHsl ACHCTBYIOMME 0Opa3lpl YCTAHOBOK ¢ UCTOUHUKaMu OMMU, s Tep-
MOOOPAOOTKH C.-X. CBIPbS M HX TEXHUYECKUE XAPAKTEPUCTUKH.

Hmak, paspabomarnsi  HOBBIE BJIEKTPOTEXHOJOTHYECKUE MPOLECCH 00pabOoTKH
CBIPbS, COJEPKALME PE30OHATOPHBIE KaMEpPbl, OOECHEUMBAKOIINE JTOCTATOUYHYHO
HANPSHKEHHOCTD AJIEKTPUYECKOTO TOJISL ISl TOCTHXKEHUST TEXHOJIOTHYECKONH 3 dek-
TUBHOCTH B IOTOYHOM PEKUME.

IIpeonooicen HETPAAMIIMOHHBIA MOIXOJ TEpMOOOPabOTKH W 00€33apakuBaHUs
CBIPbS, 3AKITHOYAOIMIMNACA B MHOTOKPATHOM BO3JCHCTBUU 3JEKTPOMArHUTHOTO TOJS
CBEPXBBICOKOH 4YacCTOThl B YCTAHOBKE, pa0OTAOLIECH B MOTOYHOM PEKHME U UMEHO-
1IcH HOBOE€ KOHCTPYKTUBHOE MCIOJMHEHUE paboyero oprasa. B 0CHOBHOM pe30HATO-
DBl BBIMOJIHEHBI B BHJIEC NEPEIBMKHBIX CPEpUUECKUX MEPPOPUPOBAHHBIX PE3OHATO-
POB C BO3MOYKHOCTBIO UX ONPOKHJIBIBAHHS, PACTIONIOKEHHBIX B KOJIBIIEBOM BOJIHOBO-
€, BBIOJHAOMEM (PYHKIIMU SKPAaHUPYIOLIETO KOPITyca, COAEPKAILETO 3arpy30UHbIN
Y BBITPY3HOH NarpyOKH-3apeaesIbHbIE BOTHOBOIBI.

Jlokazanvr MOJIOXKEHUS, BHOCAIIUE BKJIAJ B PACIIMPEHUE NPEACTABICHUAN O CIIO-
co0e BO3AECHCTBUS BJICKTPOMArHUTHOTO MOJISi CBEPXBBICOKOW YACTOTHI HAa CHIPHE B
NEPEIBMKHBIX OOBEMHBIX PE30HATOPAX C PAlMOHATBHBIMA KOHCTPYKTUBHBIMH W
TEXHOJIOTMYECKAMHU NTapaMeTpamMu JUIsl 00ECTIEUEHU S TOTOYHOTO PEKUMA.

Co30anbl HAYy4YHO-OOOCHOBAHHBIE MPAKTUYECKUE PEKOMEHJAIMU TIO0 pa3pabOTKe
YCTAaHOBOK C MaJIOMOIIHbIMH Henoporumu CBY reneparopamu, 0€3 MCNOJIb30BAHMUS
KaKHX-TH0O0 CXEM CIIEKCHHUSI U YIIPABIICHUS SJIEKTPOAMHAMHYECKONH CUCTEMOA.

IIpedcmagnenv: METOAMYECKAE PEKOMEHAAIINH TI0 arapaTyPHO-TEXHOJIOTHUECKOMY
oopMIICHHIO TIpoIiecca TEPMOOOPAOOTKH C.-X. ChIPhs C HCIOJBb30BAHUEM YHEPTHH DJICK-
TPOMAarHUTHBIX U3JIyUYCHHH, 00CCICUMBAIOIIECH BBICOKYIO TEXHOJIOTHUECKYIO 3((hEeKTHB-

HOCTb U MCHbIIIMEC SKCILTY aTAHHOHHLBIC PACXOAbI.



262

S  HAVYYHO-3KCIIEPUMEHTAJBHOE OBOCHOBAHHUE CHUCTEMHO-
KOMIUVIEKCHOT'O NOAXOJAA K OBECHHEYEHNIO KAYECTBA U BE3OITAC-
HOCTH NPOJYKIMHA, IOJYYEHHOIN TEPMOOBPABOTKOI B DJIEKTPO-
MATHHUTHOM IIOJIE CBEPXBBICOKOI YACTOTBI

5.1 UccaenoBanue pekuMoOB TEPMOOOPAOOTKH MACHO20 ChipbsA U1 000CHOBAHHE
3P PeKTHBHBIX KOHCTPYKTHBHO-TEXHOJOTHYECKHX NAPAMETPOB YCTAHOBOK

5.1.1 Pe3yabTarsl 3KCHEPUMEHTAJBHBIX HCCIeA0BAHNI 3(PEeKTHBHBIX
napamerpoB CBY ycTaHOBKH AJ151 TEPMO0OPAOOTKH MACHO20 hapuia u
KYCK08020 MACHO20 CbIPbA

Hsmenvuennoe macuoe coipve [274, 288]. Ilorounas CBY ycraHoBKa [uisl BapKu
U3METIbYCHHBIX MSKOTHBIX CYONPOAYKTOB COACPKHUT MO SPYCHO PaCHOJIOKEHHBIE
MOJIYJIA: T€HEPATOPHBIH, BUOPUPYIOIIKANA C HAKOMMUTEIbHOW EMKOCTBIO M JJIEKTPO-
OPUBOJHON. ['eHepaTOpHBIA MOAYJB COAEPKUT OOBEMHBIA pPE30HATOP, 0OPa30BaH-
HBIA 3a cueT CTHIKOBKM ABYX CBU reneparopoB. CHTOBas TIOCKOCTh CITY>KUT HUXK-
HUM OCHOBAaHHMEM OOBEMHOIO pe3oHaTopa. Takke OHA SBISETCS BEPXHUM OCHOBAHU-
eM BUOpupyromero Mmoaysis. HakonurenbHas eMKOCTh 00pa30BaHa 3a CUET HAKJIOH-
HOW TUIOCKOCTH, TPOAOKEHUE KOTOPOH COCTABIISIET OCHOBAHUE BBIXOIHOIO MaTpyo-
ka. Bubpupyronmii Moaysib yCTAaHOBIIEH HA MPYXKUHHBIE aMOPTU3aTOPkl. [IpuBeneHbI
PE3YABTaThl 3KCIEPUMEHTAIIBHBIX MCCIEAOBAHUN yITIa CKara BA3KOTO ChHIPbS, JUHA-
MUKW 3HAOTCHHOTO HarpeBa MsCHOro (papiia, CKOPOCTH CEMapUpOBaHMs CBAPEHHBIX
YACTHLl MPOAYKTA, AMIUTUTYJHO-YaCTOTHBIX XapPAaKTEPUCTHK BUOPALMOHHOTO OJOKa.
O PeKTUBHBIE KOHCTPYKTUBHBIC TAPAMETPHI YCTAHOBKM ¢ BUOPALMOHHBIM KOHBEHE-
POM, PEXKUMBI TEPMOOOPAOOTKH MSICHOTO (papina oTpadaThIBAIKCh HA OMBITHOM 00-
pasue. HamGonee cymiecTBeHHbIMM (DaKTOPAMH, BIMSIOIMMU Ha 3(PPEKTUBHOCTH
TEpMOOOPAOOTKH MSCHOTO (hapiiia, SBJSHOTCS: MPOACKUTEILHOCTD CIIOJ3aHUS Chl-
pbst 10 EpHOPUPOBAHHON TIIOCKOCTH; YroJ cKaTa, JUlsi o0ecrneueHus HeoOX0uMO
MPOU3BOJUTEIILHOCTH Ppaboueil KaMepel, AMAMETP OTBEPCTH NEpPOPUPOBAHHOM
IUIOCKOCTH;, YaCTOTa BPALIEHUS! MEIIAIKK M €€ KOHPUTYPALUs;, TPOAOKUTETbHOCTD
SHAOTEHHOIO HArpeBa;, MPOAOJKUTENBHOCTE CENAPUPOBAHMsI CBAPCHHBIX YaCTHIL, Ya-
CTOTa W aMIUIATYAa KojeOaHuii BUOpanMoHHOro Onmoka. Hamu skcnepuMeHTanbHO
UCCIIEIOBAHBI TEMIO0OMEHHBIE Tpouecchl (puc. 5.1). [lonyyensl rpadpuku n3MEHEHHS
TeMOeparypsl (apiia U3 NTHYBAX MOTPOXOB B 3aBUCUMOCTH OT MPOIOJDKUTETIBHOCTH

BO3JICHCTBHS TIPU PA3HBIX VACIBHBIX MOIIHOCTAX NoToka CBY wusnyuenus. [lpum
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B kadectBe ocrosHuix (hakmopos, BIMSIOMMX HA TPOLECC TEPMOOOPAOOTKH KyC-

KOBOT'O MSICHOTO CBIPbsI, BEIOpaHBbI:

— Macca 3arpy3Ku ChIpbsl B pE30HATOPHYIO Kamepy G, ke (X);

— MPOAOIKUTEIIBHOCTE 00paboTKH chipbs B OMIICBUY 7, v (X,);
— 4acToTa BpaleHus Oapadbana n, 00/mun (Xs3).
Tabnuna 5.7 — Marpuia akTHBHOTO NIJIAHUPOBAHUS 3KCIIEPUMEHTA 110 ONTUMH-

3alMA PEKUMOB 00pabOTKM KYCKOBOTO MSICHOTO ChIPbS

No BapsupyeMsle napaMeTpsl
Macca Py, Bz, X Ipooonxcumens Yacmoma spaugeHus,
3arpysKH, KI' | MOINHOCTb T€HEPATOPa, HOCMb 06/Mmun
Br, o0bpabomxi, u
X1 G 800 1600 X2 T X3 n
1 + 10 0,080 0,16 + 1,5 + 33
2 + 10 0,080 0,16 - 0,5 - 13
3 - 2 0,400 0,8 + 1,5 - 13
4 - 2 0,400 0,8 - 0,5 + 33
5 0 6 0,133 0,266 0 1 0 23
6 - 2 0,400 0,8 0 1 0 23
7 + 10 0,080 0,16 0 1 0 23
3 0 6 0,133 0,266 - 0,5 0 23
9 0 6 0,133 0,266 + 1,5 0 23
10 0 6 0,133 0,266 0 0.5 - 13
11 0 6 0,133 0,266 0 0.5 + 33
Kpurepnu ontummsanuu
IMpomseoan- | Jo3a BosacHcTus, KBTw/kT, ¥, bakrepuanbHas DHCPTCTHICCKHC
TCIILHOCTD 00CEMCHCHHOCTD, 3aTparsl,
YCTAHOBKH, 800 Bt 1600 Bt KOE/r-10° s KBT9/KT
KT/4 Y5 (OMY) (800 BT1)
Y1(0) xBm u/xe Bmc/e xBm u/ke Bm cre 800 Bm 1600 Bm Y2 (W)
6,667 0,120 432 0,240 864 500000 270000 0,213
20,000 0,040 144 0,080 288 880000 740000 0,071
1,333 0,600 2160 1,200 4320 250000 50000 0,355
4,000 0,200 720 0,400 1440 300000 190000 1,065
6,000 0,133 480 0,267 960 450000 245000 0,237
2,000 0,400 1440 0,800 2880 190000 120000 0,71
10,000 0,080 288 0,160 576 740000 370000 0,142
12,000 0,067 240 0,133 480 810000 450000 0,237
4,000 0,200 720 0,400 1440 300000 190000 0,237
12,000 0,067 240 0,133 480 810000 450000 0,118
12,000 0,067 240 0,133 480 810000 450000 0,355

Brei6op unTepBanioB u3MeHeHus (PakTopoB 0OYCIIOBJIEH TEXHOJOTUUYECKUMU YCIIO-

BUSIMU TpoLEcca TEPMOOOPaOOTKM ChIPbs M KOHCTPYKTHBHBIMU XapPaKTEPUCTHKAMU

ANIEKTPOMEXAHUYECKOr0 Msicomaccaxkepa. Bee u3ydaemble (akTopel ObLTH COBME-

CTUMbI U HEKOPPETUPOBAHBI MEKAY COOOM, a Mpenesbl UX U3MEHEHHS ObUIH CIeIy-

oumMi: (x;) 2< G<10kr;

(x2) 0,5<7<1,54;(x3) 13< n<33 006/MuH.




























2717

TUYECKasl JJMHA BOJHBI OOYCIIABIMBACTCS MOMEPEUYHBIMU pa3MepaMu BOJHOBOJA W
JIVBJIEKTPHYECKMMH CBOMCTBAMM NPOAYKTA. Takoe MCHonHEHHe paboyero opraHa
obecnieunBacT OoJee «MSTKHUil» HarpeB KoMOacHbIX u3aenuid. Jlmuna padoueii 3ame -
JSOUICH CUCTEMBI BBIOpAaHA TaKOW, YTOOBI BCTPEYAEMBIC BOJHBI MPH 3aNOTHCHHAU
LHEHTPAIBHON YacTH 3aMEIAIOIICH CUCTEMBI (paplieM, T.€. JUIJICKTPUKOM C OOJb-
MMM TOTEPSAMM, 3aTyXaJIH HEMHOIO AAJbIIE CEPECAUHBI 3aMEJISIOIEH CHCTEMBI.
JlnaMeTp KoJien BBIOMPAKOT TAKUM, 4TOOBI B MPEACIAX 3TOT0 OTPE3Ka HE ObLIO BbIC-
IIMX THIOB BOJIH, @ MOTJa PACPOCTPAHITHCS TOJBKO BOJHA OMPEACIIEHHOTO THIA.
CornacoBaHue pe30HATOPHON Kamepbl MPSIMOYTOJIBHOTO CEUYEHUs (MUKPOBOITHOBOM
MEYM) C 3aMEISIONIEH CUCTEMOM OCYIIECTBIISIETCS DKCIIEPUMEHTAIBLHO, MMyTEM TO/I-
Oopa auaMmeTpa KoJiell, pacCTOSTHUSL MEKIYy HUMHU M X KonruecTBa. Korga n3BecteH
JMaMETP MPOAYKTa (COCUCOK) 27, © €r0 AUAIEKTPUUECKas MPOHULIAEMOCTh €1, pabo-
yas JUIMHA BOJHBI A M 3aMENJICHHE M, MPH KOTOPOM HMMEET MECTO PABHOMEPHOTO
pacrpeacneHusl TEIIOBBIX UCTOYHUKOB MO MEPEYHOMY CEYEHHIO, TO MOXHO MOJ0-
OpaTh TeOMETPUYECKHE PA3MEPBbl 3aMmeansitouleii cuctemel [327]. Pacnpenenenue
TEIIA MO CEYCHUIO MPOAYKTA MOJIYy4acTCs OYEHb HEPABHOMEPHBIM: BOJIM3M OCH —
MAaKCHMyM HarpeBa, a 3aTeM C YBEJIMYCHUEM pajuyca Bce Oosee OBICTPBIN craj, no-
YTH 0 HYJIs, MPUYEM crmajx TeM Oosiee ObICTPBIA, YyeM OOJblIe AMAICKTPHUYECKAS
MPOHUIIAEMOCTh (3aBUCSINAs OT BAaXHOCTH (¢apiia). MccnenoBanus mokasbiBaroT,
YTO MOIIHOCTh B MPOAYKTE BAOJb MPOJAOIBHONW OCH B 00BEME MPOAYKTA, N3MEHSIETCS
BOJIHOOOPA3HO. /[MaMeTp KOJIeI PaBEH YETBEPTHU IJIMHBI BOJIHBI (3,06 ¢M), a paccTo-
STHAE MEXIY HAUMU - YyTh MEHbLIE UX IIMPHUHBL. Takoe pacnoyioKeHUE SKPAHHBIX KO-
aer; 7 o0ecneYnBacT CKBAKHOCTh (OTHOLIEHWE MPOAOKMTEIBHOCTH 3HIOTEHHOTO
HarpeBa K CyMM€ MPOJOJDKUTEILHOCTEH HarpeBa W naysbl) mpouecca Oosbme 0,5.
Cocuckd U capeibKh 3TO HEOOJIBIINE BAPECHBIE KOJOACKU ¢ TMaMeTPOM OaTOHYMKOB
oT 14 1o 32 mm u anuHoM 12...13 cM (cocuckn), a Takxke 32...44 MM 1 1IHHOH 7...9
cM (capaenvku). ConepkaHue Bjard B cocuckax 65...70%, a B capaenbkax

55...65%, BeIx0oA roTOBOM mpoayKiuu 95...114% k Macce OCHOBHOTO CHIPbSI.
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1 1,7 M OT OnOpHO# NOBEPXHOCTH. [[0TydEHHBIE IPH 3TOM 3HAYEHHUS HE OTJIMYAINCH
JpyT OT Apyra donee yeM Ha 15%. 13 Tpex 3Hauenunii DMIL, noJly4eHHBIX HA KaXKI0H
BBICOTE, BBIYHUCIISUTA CPEIHIOK apu(PMETHUYECKYIO BEJMYMHY, KOTOPYIO BHOCWIIM B
MPOTOKOJI M3MEPEHU. B TOM ciyyae, KOrja yCTaHOBKA COIEPXKMT HE OJIMH, a He-
ckoJibk0 CBY MCTOYHMKOB, TO, PE3YJbTUPYIOUIYI) BEJIWYMHY IUIOTHOCTH MOTOKA

SHEPrUu ONPEAECTsU Mo GopMyIIe:

112 = 1113 + [, + ..+ I3, 2,

rae [1113 — mnotHocTh moToka MomuocTu CBY sHeprum, MKBT/CMZ, 115 ,, II15 ,,
IIT1D ,, — miotHOCTE MOTOKA MomHOcTH CBY sHEprum, MKBT/CMZ, C03/1aBacMOT0
KaKJIbIM HCTOUYHUKOM.

Crenensb Bo3aelcTBus OMII Ha OpraHu3M 4ellOBEeKa 3aBUCHT OT JHMANAa30Ha 4a-
CTOT M3JIYYCHMS, HHTCHCUBHOCTH BO3ACUCTBUS, MPOAOJDKUTENBHOCTH, XapaKkTepa U
pekuMa 00JydeHus, pa3mMepa 00y4aeMoil MOBEPXHOCTH U OCOOCHHOCTEH OpraHms-
Ma. [ITENbHOCTh NPEOBIBAHAS YETOBEKA B 30HAX BIIMSHUAS UCTOYHHKOB M3ITyYCHUS
OLICHUBACTCS SHEPTETHUYECKOM SKCMO3UIMEH (SHEPTETUYECKOM HArpy3KOi):

D3 = > 7, (5.14)

rac OOy — DHEPreTHYECKAas OKCMO3WIMS IUIOTHOCTH IOTOKA JHEPTUH,

(MkBt/cm®)*-u; TII1D — IIOTHOCTH NMOTOKA SHEPIUM, MKBT/cM; T — TIPOIOIKHATENb-
HOCTB BO3JICVCTBUS 32 CMEHY, Y.

Hwxe npuBeneHsl moapoOHOE ONMCAaHUE PE3YJIBTATOB MCCICIOBAHMM IMOTOKA

MOIHOCTH CBY 3HEprum OKOJIO OCHOBHBIX YCTAHOBOK. [IprueM nomyCTHMYyRO Mpo-

JNOJLKATENBHOCTE paboThl 0KoyIo CBY yCTAaHOBKM ONPEAENSIA UCXOAS MPEACIbHO

JIOTYCTHMOTO YPOBHS SHEPreTHdeckoii sxcrosummu 200 (MkB1/cM®)-4. Jl1s 3T0r0

YUUTBHIBAIA UMITYJIbCHBIA PeXUM PabOTHl MarHeTpoHa u uuki padotst 30 ¢ (15 ¢ us-
ayueHus 1 15 ¢ may3el). 3a 1 4 Bcero 120 UKIOB MMIYJIBCHOTO PekuMa pabOThI

MarseTpoHa. Toraa AOMyCTUMYH TPOAOJKUTEIBLHOCTh padoTa OKOJIO YCTAaHOBKU

MOKHO OMPEIETUTH IO (PopmyJie: T= 009y /1 23, 4, (5.15)

rjae 1| — KonmuyecTBO IUKIIOB padOThl MAarHETPoHa 3a 1 4; D3 — 3HEpreTudecKas 3Kc-
MO IIOTHOCTH TIOTOKA SHepruy, (MKBT/cM”)* -4 (3aMepsieTcs ¢ HOMOIIBIO H3Me-

purens MorHocTH notoka CBY sueprum 113-33M); 09,5, — HPEIENBHO IOy CTH-
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MBbIif YPOBEHb JHEPreTHUYECKON SKCrmo3uumu Ha paboyem mecte 3a cmeny (200
(MKBT/cM*)*4.). Pe3ynbTaThl TOJACYETOB JUIsl BCEX YCTAHOBOK NMPHBEACHBI B Tal.
5.12...5.15.
Hccneooeanue mowpocmu nomoka CBY snepzuu 0ko10 ycmanogok
Pazpaborannbie CBY ycTtaHOBKM Ui TEpMOOOPAOOTKH C.-X. ChIPbsi pabOTaroT
B HEMPEPBIBHOM pekuMe. [Ipr MX 3KCIuTyaranum HEOOXOAMMO YUMTBIBATH Pl CIie-
IU(UIECKIX OCOOCHHOCTEM, 00YCIIOBICHHBIX OWOJIOTHYECKUM JCHCTBHEM JIIEKTPO-
MAarHUTHOTO TOJIsI CBEPXBBICOKOM 4acToThl. B ocHOBHOM 310 oTHOCUTCA K CBY re-
HEparopaM M ycTpoiicTBam 3aumrthl 0T yreuek CBUY sHeprum m3 paboumx Kamep.
CBUY reneparopbl (MarHeTPOHBI, KIIMCTPOHBI) SIBJSIFOTCS U3ACTUSAMA HEPEMOHTOMNPH-
TOJHBIMH, TO3TOMY MPU OTKA3€ UX 3aMEHSIOT. J{0OJITOBEYHOCTh MAarHETPOHOB COCTAB-
aser 1o 5000 u, knuctpoHoB 12000 4. OmHAaKO NMpPU HENPABUIILHOM JKCILTYyaTALMK
CpoK ciy>kObl cokpamaerca. OCHOBHbBIMA TpuuMHamMu 0Tka3oB CBY reHeparopos
SBJISIFOTCS. HAPYIICHUE PEKUMA MUTAHKAS T€HEPATOPOB, OTKA3 CHCTEMBI OXJIKIACHMS,
3arpsi3HEHUE BBIBOJA SHEPIUM BEUIECTBAMM, WHTEHCHBHO mnornomarommmu CBY
SHEPrUI0, KUAKOCTHIO, MACIIOM, KOHAEHCATAMHM, BBIACIISFOIIAMUCS U3 TUILIEBBIX MPO-
OYKTOB TIPU HArpeBaHUM M KakK CJIEICTBUE 3TOTO, SIECKTPUUYECKUH MPoOOH BBHIBOJA,
pabota CBY reneparopoB (MarHeTPOHOB) MPU HEHATPYKEHHOM padoueit kamepe.
Wznyuenne CBY sHepruum (ypoBeHb NOTOKA MOIIHOCTH) 0T CBY yCcTaHOBOK, SKC-
IJTyaTUPYEMBIX B IMTPOMBIILUICHHOCTH, orpannyeHo 1000 mkBt/em? [327]. [Tpu nycke
B paboTy u B mpouecce skcryartanun CBY ycTaHOBOK [1st TEpMOOOPAOOTKHM CHIPbS
HEOOXOMMO PETYISPHO M3MEPATh MOIIHOCTH M3nyueHuss CBY sHeprum B OKpyka-
roiee npoctpancTtBo. [lpaBuna Oe3omacHoil skcmyaranuun CBY ycTaHOBKM Jyis
TEpMOOOPAOOTKHM CBIPbSl CBOIATCS K COOMOAEHUIO TpeOoBaHui: 1) HE0OX0IMMO CO-
OMr0aTh MOCIEN0BATENIBHOCTh ONEPALMIA;, 2) HENMb3s OTKPBIBATH KPBIIKY padouci
emkoctH npu nonaye CBY sHeprum; 3) caHUTapHYO 00pabOTKy paboyeil eMKOCTH,
PE30HATOPHBIX KaMEp M anmnapara MpOU3BOAWTH MPU OTKIIFOYEHHOM NMUTAHWH, 4) Ka-
TErOPUYECKA 3apeniacTcs MYyHTUPOBATh OJMOKUPOBKU. [1epHOAMYECKHAE UCTIBITAHUS
00OpyIOBaHUsl BKITFOYACT MPOBEPKY: AJEKTPOAMHaMUUeCKoi cuctembl CBY renepa-
Topa, orcyTcTBUe yreuek CBY sHeprum; paboTocnocoOHOCTh OJOKOB MHUTAHUS, Pe-

IyIMpoBKa pene u aardukoB. [Ipu skcrmnmyaranuu CBY yCcTaHOBOK BO3HUKAET OMac-
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TpyOKku Oyner / = 48/L = 48/6,95 = 6,9 cm. OKOHYATENBHO UIMHY SKPAHUPYIOLICH
TPYOKHM C BHYTPEHHUM JUAMETPOM 23 MM MOXXHO IPHHSTH PaBHOU 7 cM. be3omacHsli
YPOBEHBb M3ITyUYEHUsI MOXET OBITh MOJIYYEH MPU HE OYEHb AJIMHHBIX TPyOKax W3 HE
(PeppOMArHUTHOIO MaTepUalia U MpH AOCTATOYHO OONbIIMX AuaMeTpax. s cobimro-
JIEHUS TpaBUJ1 Oe30macHOCTH Npu o0cyskrBaHun CBY yCcTaHOBKM HEOOXOJIUMO CH-
CTEMATHYECKOE HAOIOEHUE 3a COCTOSSHUEM 3AlMTHBIX YCTPONCTB, MPOBEACHUS TIE-
PHOAMYECKHAX 3aMEpPOB YPOBHs M3iydeHHs. OTCIOa M KECTKHE TPeOOBAHHS K
HAJC)KHOCTH 3AIIUTHBIX YCTPOHCTB.

1. Hecneoosanue mouwipocmu nomoka CBY 3nepzuu 0ko10 ycmaHogKku
011 MepmMoodpadomku Kpoeu

JIs CHWOKEHHS MOTOKA MOIIHOCTH M3JIyYEHUH CAHTUMETPOBOTO JMAana3oHa OT
YCTAHOBKH HMCHOJIB30BAIM OOIIMH SKPAHUPYIOIIMNA KOPIyC. 3allMTHBIC CBOMHCTBA
SKPAHUPYIOLIETO KOPITyca OCHOBaHBI Ha 3(hdekTe ocnabiaeHus HAMPSHKEHHOCTH HJICK-
TPUYECKOTO NOJISL B MPOCTPAHCTBE, BOJIM3H 3a3€MJIEHHOTO METANTIMYECKOro 000py 10-
BaHus. C LENBI0 SKPAHUPOBAHUS BICKTPOMArHWTHBIX u3nydeHuit CBY nmanasona
MCTIOJIb30BAIM PAIUOTPAKAOIINI U PAAUOIIOTIIOMIAOIINN MaTepral — aJFOMUAHUN.
OKpaHUPOBAHME CMOTPOBOTO OKHA MPOBOAMIN METANTU3UPOBAHHBIM CTEKIOM, 00-
JIAIAFOIIM SKPAHU3UPYIOLIUM CBOKWCTBOM.

JUIsi CHU>KEHMSI HAPSDKEHHOCTHU AJIEKTpoMarauTHoro nojist CBY nuanasona wmc-
NOJIB3YIOTCS Pa3IMuHble CIMOCOObI 3KpaHWpoBaHus. Pa3paboTka METOAOB pacuera
o0osouek, obecnieunBarOIIMX 3(PPEKTHBHOE CHHKEHUE HANPSHDKEHHOCTH JIIEKTPO-
MAarHMTHOTO TMOJs, MPEACTABIAET TPYAHOCTH. [IpH pacuere >KpaHUpYrOMUX (PyHK-
it 000J04YEK, UCTONB3YeTC 00Iast TEOPHsl AICKTPOMArHUTHOTO MOJs, 0a3upyro-
miascs Ha ypaBHeHHsX Makcpeia. [Ipn Mcnonb30BaHUU KPAHOB CHOXKHOU (POPMBI
WX MPEACTABISAIOT B BUAE HA00OPA SKPAHOB MPOCTBIX T€OMETPUUECKUX POPM, SKPAHU-
pyromii 3(p(HeKT KOTOPBIX moamacTcs pacyery. [IpoBOAMIM KOHTPOJIE MOIIHOCTH
NOTOKA M3JIyYCHUH YCTAHOBKOH I TEPMOOOPAOOTKHA KPOBM YOOHHBIX KMBOTHBIX

(mpotokosbl Ne @-106-/1-2015 ot 25.09.2015 1., Ne ©-087-/1-2013 ot 16.09.2013 1.).
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TUKOM MPEANPUATUS U COTJIACOBAHHOM C OTAETIOM TEXHUKH O€30MacHOCTH MPEANpH-
ATUA. YCTAHOBKHM JIOJDKHA OOCTY>KMBATHCS SIEKTPOTEXHUYECKUM MEPCOHATIOM, OCBO-
UBIIAM KOHCTPYKIIMM 3JIEKTPOTEPMUUYECKHUX arperaroB, MpaBWia TEXHUYECKOW dKC-
TTyaTaluy U TEXHUKU O€30MaCHOCTH MPU 00CTyKUBaHUU uX [192].

Mepei 3auyumer. ]I 3a1IMTH Y€JIOBEKA OT HEOIAronpusITHOrO Bo3AccTBUs OMIN
UCIOJIB3YIOTCSl TEXHUYECKUE W OPraHU3alMOHHBIE MEPHI 3allUTHI, CPEACTBA UHIUBH-
AyalbHOM 3alIUTHI, a TAKKE TPOBOAATCS JEUCOHO-MPOPUTAKTHIECCKIE MEPOTIPUSITHSL.

Texnuuecxue mepwvi 3augumer 0T AehicTBAS OMII CBOASATCS, B OCHOBHOM, K MPUME-
HEHUIO 3aI0UTHOTO SKPAHWUPOBAHWS W JUCTAHIMOHHOTO YIPABIICHUS YCTPOMCTBAMH,
usnyvaroummu OMB. DkpaHupyronye Kopnyca yCTaHOBOK BBIMOJIHEHBI M3 HeQep-
POMarHUTHOTO Marepuajia U B HEKOTOPBHIX YCTAHOBKAX OHMW BBINOJHSIOT (DYHKIAU
KOJIBLICBOTO BOJTHOBOJA WJIM TOPOMJAIBHOTO BOJTHOBOAA. OKPAaHUPYIOLIUE YCTPOii-
CTBa JOJDKHBI OBITh 3a3¢MJICHBI. BEIOOD KOHCTPYKIMM 3KpaHa 3aBUCUT OT XapakTepa
TEXHOJIOTMYECKOT0 POLECCA, MOIIHOCTH UCTOYHUKA W AMAMA30HA BOJIH.

Sawpumuvie 3Kpamel, OMpadicaoujue uziyderue BBIMOIHSIIN U3 MAaTEPUAJIOB C XO-
pOLIEH JJIEKTPUYECKONM MPOBOJAMMOCTBIO. CTajlb, MEIb, AIFOMUHUMN, JaTyHb. [lpu
3TOM CIUIOIIHBIE METAINTIMYECKUE SKPaHbl HMEIOT TOJMIMHY HE MeHee 0,5 MM, U3 Me-
TANTMYECKON CETKU C stuchikamu He OoJiee 4x4 mM. OTpakarolime 3KpaHbl ociadis-
10T OMII BeneacTBrE CO3[aHMS B €0 TOJIIEC TOJS MPOTHBOIMOJIOKHOTO HAIMpaBIie-
Hus. ECM MOTOK 3IEKTPOMArHUTHBIX BOJIH, OTPAKEHHBIX OT METAUIMYECKOTO 3Kpa-
HA, MOKET HAPYLIMTh PEXUM PAOOTHl YCTAHOBKH, SKPaH MOKPBIBAIOT MOTJIOLIAKOMIAM
MarepraioM OO0 UCHOJB3YIOT MOTJIOMAIINANA 3KPpaH. IKpaHbl, No2loudiouue us-
JiyyeHue BBINOJHEHBI U3 PAAUONOTIOIIANINX MATEPUAIOB, 3TO MPECCOBAHHBIC JIHU-
CThl PE3WHBI, HAMOJHUTEND U3 TpaduTa, (PeppOMarHUTHBIE NOPOWIKH. Opanuzayu-
onHbie Mepul 3awumel TpH dKctyarauun CBY ycTaHOBOK: 3awyuma paccmosinuem —
palMoOHAJIEHOE pa3MenieHue o0opyaoBanust, odbecneunBaronmx coomoaeHue 1Y,
3auuma epemeHem — OTPAHUYEHUE BPEMEHM HAXOKJICHHs nepcoHana B 3o0He CBY
YCTAaHOBKH, BBIOOP pallMOHAIBHBIX PEKUMOB pabOThl 00OpPYIOBAaHUS U OOCITY>KHABA-

HOIICro ncpcoHalia.
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5.3 BeiBoabI Mo paszaeny
1. Hccnenoansl peorcumsr TepMooOpadboTKu ceipbsi B CBY ycTaHoBKax IS

- TepMOOOPabOTKH KPOBU YOOWHBIX KHBOTHBIX

- TepMOOOPaOOTKH KUPOCOAEPKALLETO ChIPhS;

- TepMO0OpabOTKH MSICHOTO (hapuia,

- MAaCCUPOBAHHUS U TEPMOOOPAOOTKHA KYCKOBOTO MSICHOTO ChIPBS,
- TepMOOOPaOOTKM KOJIOACHBIX U3CIUIA;

- TepMOOOPabOTKH CIMBOYHOTO Maca,

- 00€33apaKMBaHUs MOJIOKA;

- BBICOKOTEMIIEPATYPHOTO (POPMOBAHUSI MAKAPOHHBIX U3JCIHHA,
- aKTUBUPOBAHUS XJICOOMEKAPHBIX APOKKEH.

2. ITpoBeneHbI UCCAENOBAHUS OUHAMUKY HA2PpeBd KPOBU YOOMHBIX KUBOTHBIX, KUPO-
COJIEPIKALIETO CBIPBS, KYCKOBOTO MSICHOTO CBIPBS, MSICHOTO (hapiua, MOJIOKA, CIIMBOY-
HOr0 Macjia, MakapoHHOro tecra Bo3acicreueM OMIICBY pa3Ho#l yaenbHONH MOLI-
HocTh. MccnenoBanbl pacnpeaeneHus TEMIOBOTO MOTOKA O NOBEPXHOCTH U 00BEMY
YKa3aHHOTO ChIPbs ¢ moMoibko TerioBuzopa FLIR 13.

3. UccnienoBaHa CTENEHb CHUYKEHUSI OAKMepUaibHOli 00CeMeHeHHOCIU,

- KpoBU yOOHHBIX KMBOTHBIX B npouecce Tepmoodpadorkn CBY m MK snepronon-
BOJIAMU,

- KYCKOBOI'O MSICHOTO ChIPbsl B ITPOLIECCE MACCHPOBAHMS M TEPMOOOPAOOTKH B PE30-
HATOPE, BBINOJHEHHOM U3 TPyO B BHJIe OapadaHa;

- JKUPOCOJIEPKALIETO ChIPhs B Mpoiiecce TepMmooOpadboTkn B CBY ycTaHOBKE ¢ MHO-
FOPE30HATOPHON KaMePOi;

- msicHoro (apmia B npouecce TepmooOpadoTkn B CBY yCcTaHOBKE KOHBEHEPHOTO
TUNA C PE30HATOPHBIMU KaAMEPAMH B BHJIE YCEUCHHOTO MAPAJUICTIENUNENA,

- CIMBOYHOIO Macja B Mpouecce TepMooOpadoTKK B nMEPPOPUPOBAHHBIX LIWIJIAHIPH-
yeckux pe3onaropax CBY yCcTaHOBKH,

4. OnpeneneHsl Ui KQKI0W YCTAHOBKH KPUTEPUM ONITUMHU3ALMA TEXHOJIOTMYECKOTO

npouecca Bosaciicteus OMU, BapbupyeMble (PAKTOPBI W YPOBHW BapbMPOBAHUSIL.
[Tonb3ysich METOAMKON aKTUBHOIO MJIAHUPOBAHUS TPEXPAKTOPHOTO SKCOEPUMEHTA U
nporpammoii «Statistic V5.0», mOCTpOEHBI MOBEPXHOCTH OTKIMKOB M UX JBYMEPHBIC
CEYCHUS B U3OJIMHUAX MOJENEN YAEIbHBIX SHEPIETUUECKUX 3aTpar, MPOU3BOAUTEb-
HOCTH YCTAHOBOK, CHUKCHHS OaKTEpHAIbHON 0OCEMEHEHHOCTH B MPOAYKTE B 3aBH-
CUMOCTH BO3JACHCTBYIOIIUX (PAKTOPOB. YIAEIBHOW MOIIHOCTH, MPOJOJDKUTEIBHOCTH
BozaeiicTers OMIICBY, cKkOpoCTH NEPEMEILIEHUS CHIPbs Y€PE3 PE30OHATOPHBIE KaMe-

PbI, CKB&KHOCTH TEXHOJOTMYECKOTO Tporiecca. Ha ocHOBe aHanm3a ypaBHEHWI pe-
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rpeccum obocHosanvl 3¢hghexmustivie KOHCTPYKTUBHO-TEXHOIOTHYECKUE MAPAMETPHI
COOTBETCTBYIOIINX YCTAHOBOK.

5. TlpoBeaeHa OLEHKA NMULIEBOM LEHHOCTH MPOAYKTA OINBITHOTO M KOHTPOJBHOTO
O0Opa3llOB HAa OCHOBE OPTraHOJENTHYECKUX, (PUBHKO-XUMHUUYECKHX W MHUKPOOHO-
JIOTHYECKUX MOKA3ATEIICH.

6. B ucneitarensroii madoparopun ®bY3 «LIeHTp TUTHEHBI ¥ SMHAEMUOOTHA B Uy-
BanIckoil PecnyOnmke — YyBamumny MpOBOAWIN KOHTPOJIb MOLIHOCTH MOTOKA M3ITY-
YEHUI COOTBETCTBYIOLICH YCTAHOBKOM ISl TEPMOOOPAOOTKH C.-X. CHIPbS C TOMOIIBIO
m3mepurenei 113-41M u [13-33 M. MccnenoBaiia  AOMYCTUMYHO TPOJOJDKUTEIBHOCTD
padoTel Ok0J0 pa3paboTanHbix CBY yCTaHOBOK, MCXOAS MPEACIBHO AOMYCTUMOTO
YPOBHS SHEPreTHyecKoil skcro3uimu 200 (MKBT/cM?)-4. TTpoioKHTENEHOCTE Pabo-
Thl OKOJIO YCTAHOBOK HA PACCTOSSHMM M BBICOTE MO 1 M COCTaBIAET 6 4acoB, KPOME
YCTAaHOBKH ISl TEPMOOOPAOOTKH KPOBU YOOWHBIX KUBOTHBIX (5 4acoB).

7. Pazpabomatiei © UCIIBITaHBI B MPOM3BOACTBEHHBIX YCoBHsIX CBY ycTaHOBKM 1Uist
TEPMOOOPAOOTKH C.-X. CHIPbs B PEPMEPCKUX XO3UCTBAX, 00JaJA0IUE TEXHUYECCKOM
HOBM3HOM. B pe3ynbTare mpou3BoACTBEHHBIX UcnbiTaHni CBY yCTaHOBOK BBISIBIIEHO
CHIKEHHUE YICIBbHBIX SHEPreTUUECKUX 3aTpaT Ha TepMOOOpadOTKY C.-X. CHIpbS Ha
25...30 % , yny4duieHue KayecTBa MPOAYKTA M YBEIMYECHUE CPOKA XPAHEHHs €r0 B
npu Temneparype He Boiie 3...5°C Ha 25...28%.

8. PazpabotaH crocod TepMOOOpPadOTKN kposu YOOliHbIX JHCUBOMHBLX, PEATA30BAH-
HBI B ycTaHOBKE ¢ ucnoyib3oBanueM CBY u UK 3Hepronoasoaos, rae TpaHCIOPTH-
POBaHUE JO3MPOBAHHOIO CBHIPbSl OCYILIECTBISIETCS 6 ChepuUyecKux nepeosuiICHbx pe-
sonamopax, quameTpom 153 cm, oOecrneunBarOMX OMPOKUABIBAHUS MPOIYKTA B
NOTOYHOM pexuMe. DPPEKTUBHBIMEA PEKAMAMU PaOOThI SBISFOTCS: yACIbHAS MOII-
HocTh CBY renepatopa — 5,33 B1/r, MmomHocts UK mamn — 2,4 kBt, o0wmias npo-
JOJDKUTENBHOCTD IpoLecca Bapku — 288 ¢, MpOM3BOAMTENBHOCT YCTAaHOBKHU 40...45
KI/4 TpPU CKOPOCTH TnepeaBrkeHus cbipbs 0,019 M/c., CHWKEHHE YIENBHBIX
BHEPreTUUECKHX 3aTpar Ha nporecc — ¢ 0,2 1o 0,16 kBT u/kr.

9. Pa3paborana meToauka TepMooOpadboTKu mscHoeo (hapuia, peanu3oBanHas B CBU
YCTAaHOBKE C PE30HATOPHBIMHA KaMEpaMH B BUJIE TPANCLCHAIBHBIX TPU3M, HUKHUM

OCHOBAHUEM KOTOPBIX CIY>KUT GuUOpUpyiowds nephopuposantds niockocms, 00ec-
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MEYUBAKOIIAS MMOTOYHOCTh TEXHOJIOIMMYECKOr0 IMPOLECCA. YCTAHOBIECHO, YTO MpPH
yAETBHOM MOIIHOCTH reneparopa 1,6...3,2 BT/r pa3mepsl cBapeHHBIX YacTul] dapa
3a NPOAOJDKUTENBHOCTD BO3ACHCTBUS 7... 13 MUH. CTAHOBATCS MEHBILE, YEM JTUAMETP
nepdopaumii, paubiii 8...10 mMm. [Ipu 3pdexTrBHOIN BBICOTE Cllost ChIpbst 1...1,5 cM
Ha nepdopupoBaHHO# Mmomam 120 oM, MPOIMYCKHAs CIOCOOHOCTh PE30HATOPHOM
KaMepPBbI COCTABIISIET 6 KI/4, B TOM YKCJIC CBAPCHHOTO Mpoaykra — 4,8 kr, eciau oOuias
MOILHOCTh F'€HEPATOPHBIX OJIOKOB paBHA — 2,4 KBT.

10. Pazpaboran crnoco® o0ezxupuBaHus M 00€33apaKUBAHUS SKHUPOCOACPIKALICTO
CBIPbs C MCMONB30BaHUEM Y3 u CBY reHeparopoB, peain30BaHHbIA B YCTAHOBKE ¢
nepgopuposannvivu chepuyeckumu pe3oHamopdmu, MOMEMICHHBIMU B TOPOUAAIIb-
HBI SKpaHupyromuid kopnyc. S(Q(HEKTHBHBIE PEXKXUMBL. yaenbHas MOmHOCTE CBY
reHeparopa 2,67 B1/r, MoutHocTh Y3 reneparopoB — 0,73 kBT, oOmas npomomku-
TENBHOCTH Mpouecca 00padoTkn — 240 ¢, MPOU3BOAUTENBHOCTE YCTAaHOBKH 40...60
KI/4.

11. PazpaGortana metoauka BozacicTBuss OMIICBY Ha >kHp ¢ MPOCPOYEHHBIM CPO-
KOM XPAaHEHUS, PEAIM30BAHHAsL B YCTAHOBKE CO cghepuueckoii nepgopuposantioii pe-
30HAMOPHOT Kamepot, epauyaiouyeticst ¢ 4acToToi 1460 00/MUH, PACIIONIOKECHHON B
SKPAHUPYIOMIEM KOPIYCE € 3aNpelebHBIM BOJHOBOAOM. O(P(EKTUBHBIC PEKUMBI
paboThL: yaenbHas MOUIHOCTH 2,67...4 BT/r., NpOaOJKUTENBHOCTh BO3ACHCTBUS

40...50 ¢, mpon3BOAUTENBHOCTH 25...30 Kr/4.
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6 DKOHOMHWYECKAS OIIEHKA PE3YJbTATOB UCCJIEIOBAHUI
6.1 DpdexkTUBHOCTH NPUMEHEHHS PE3YJIbTATOB HCCJIE0BAHUI H YCTAHOBOK C
HCTOYHUKAMHU 3JIEKTPOMATHUTHBIX U3/Iy4eHHii B (pepMepCKuX Xo3s1iicTBax

B ycioBHSX PEIHOYHONH SKOHOMHKH 3(PPEKTUBHOCTH MCIIOJIB30BAHMS pa3paboTaH-
HBIX YCTAHOBOK JIOJDKHA OBITH OLICHEHA HE TOJIBKO C SKOHOMUYECKOM, HO U C SHEpre-
TUYECKOW TOYKM 3PEHUS B CBS3M C HECTAOWMJIBHOCTBIO LIEH HA SHEPrOHOCUTENH W
NPOU3BOJUMYI0 MPOAYKLIMIO. B 3aBHCHMOCTH OT BBIMONHSAEMONH TEXHOJOTMYECKON
OTepanyu SKOHOMUYECKAss 3PPEKTUBHOCTh YCTAHOBOK JUIsl TEPMOOOPAOOTKH C.-X.
CBIPbSl MPOSBIIACTCS B M3MCHCHHWM KAyeCTBA MPOAYKLHH, JTMOO CHHKEHUHM MOTEPh
MPOAYKLMH, & TAKXKE ONPEACISIETCS MO MPUBEICHHBIM 3aTparam [248, 249].

OnpeneneHue mMyTed palMOHANIBHOTO PA3BUTHS JJICKTPOTEXHOJOTMU B OOJbIIEH
CTEIECHU 3aBUCUT OT MPaBWJIBHON OLEHKW SHEpPreTmdeckux 3arpar. COmocTaBICHUAE
TEXHUKO-IKOHOMHUYECKUX 3aTpaT MPH OCYIIECTBICHUH 3JIEKTPOTEXHOJOTHUYECKUX
IPOLECCOB MO3BOJISICT BBISBUTH HAWIYUIIME MYTH OpPraHu3auuu npomssojacTBa. Ka-
NUTAJIbHBIE BIIOKCHHUS, HAMPABIICHHBIC HA PA3BUTHE CENBLCKOTO XO3siicTBa, 3(ddek-
TUBHBI JIWIIb B TOM CIy4ae, €CIM UX UCHOJIb30BAHUE 00CCIICUMBAET BHEIPEHHUE TIPO-
W3BOJCTBO PECYPCOCOEPETAONINX TEXHOJOTMI. B CBA3M € 3TUM [UIsl ONpencicHHUs
3((PEKTHBHOCTH KANUTAIOBIOKEHUH PACCUMTHIBAIOT MO KAKAOMY BapHaHTy CIEIy-
IOLIUE MOKA3aTeNN. KaNUTAIbHbIE BIIOKCHHUS, 3aTPAThl )KUBOTO TPYAA, SKCIUTyaTall-
OHHBIE 3aTPaThl, pa3Mep roI0BOH IKOHOMHUH MO SKCIUTyaTALlMOHHBIM 3aTparaM, CPOK
OKYMAEMOCTH KaMUTAJIbHBIX BJIOXKCHHNA, KOA(PPUIHMECHT 3PPEKTUBHOCTH UX HCIOJb-
3oBanus [103, 126, 221, 393, 395].

Llenpro JAHHOTO pacyeTa SBISCTCS BBISBICHHE aKTyaJIbHOCTH M 1LEnecoo0pas-
HOCTH W3rOTOBJICHHSI HOBOTO BHJA MPOJYKIWH, PACUYET BHITOJABI OT BHEIAPEHHS €T0 B
IPOU3BOJCTBO, & TAKXKE ONMPEACTCHUS MPEUMYIIECTB U BOZMOXKHBIX HEJOCTATKOB MO
CPaBHEHUIO ¢ OA30BBIM 00Pa3LOM.

B 3amaudy pacuera BXOIUT:

- ONpEACNICHUE BCEro 00beMa 3aTparT Ha W3rOTOBJICHUE M MPOCKTUPOBAHUE HOBOM
YCTAHOBKH, BBIYMCIICHUE OPUEHTUPOBOYHOM IICHBI U3/ICNIMS U CPaBHEHUE €€ ¢ 0a3o-
BOI;

- pacyer 3aTpar, CBSI3aHHBIX C HKCITyaTalreil HOBOro 000py10BaHuUS,

- OIIPEEIIEHUE YCIIOBHO-TOIOBO SKOHOMUMY,
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- pacueT KanuTaJIbHbIX 3aTpar.

OKOHOMHYECKYIO 3PPEKTUBHOCTh TEXHUUYECKUX CPEACTB OMPEAEIISIOT MO HU-
JKETIPUBEICHHON METOIUKE.

1. Beibop 6azosoeo sapuanma OJisi CPAGHEHUS.

[Ipn HECKOJBKMX YCTAaHOBKAaX, OA30BBIM BAPUAHTOM BBIOMPAOT 3KOHOMHUYECKH
HauOonee 3(PPeKTUBHBIA BapuaHT. [l 3TOr0 YYMTBIBAKOTCS CIECAYIOLIME YCIOBHUS
COIOCTaBUMOCTH BapUAHTOB. TEXHUYECKAs B3aMMO3aMEHSIEMOCTh, OJIM30CTh 3HaYe-
HUIl TOJOBOH MPOM3BOAUTENBHOCTH YCTAHOBOK MPH OJMHAKOBOM PEKMME SKCILTya-
TaUMU W OJIMHAKOBOM Ka4ye€CTBE MPOAYKLHMH, MPOTPECCUBHOCTh CPABHUBAEMBIX KOH-
CTPYKLMI C TOYKH 3PEHUS UX TEXHUKO-3KOHOMUYECKHX MOKA3aTeNeH; PABHOLCHHBIC
CaHUTAPHO-TUTUEHUYECKUE YCITOBHS 00CTYKUBAIOIIETO IEPCOHANA.

Ocnoenvie mpebosarius K 6A3080MY 6aAPUAHITY:

a) TEXHOJIOTMYECKAss B3AMMO3aMEHSIEMOCTh €r0 C HOBBIM 0OOPYJIOBAHUEM MO BaXK-
HEHUIIMM napaMeTpaM NPOAYKIMU U PE3yJIbTaTaM MPOBOAMMOIO B HEM MPOILIECCa;

0) NpUHLIMIKAATIEHAS BO3MOKHOCTh MPUMEHEHUS YCTAHOBKM B JAHHBIX MPOU3BO/I-
CTBEHHBIX YCIOBHsAX. Ecian 0a30BBIM SBISETCS CYLIECTBYROIIEE OOOPYIOBAHME, TO
OHO JIOJKHO OBITh MAKCUMAJIBHO OJIM3KUM HOBOMY BAPUAHTY.

Texnuxo-3konomuueckan ouenka npumernenus CBY ycmanoeku ona
MmMepMoooOpadomKu HCUPoCoOepIHcauieco colpva

1. banancosaa cmoumocms KOHCMpyKuuUu
Cmoumocmov CBY ycmaHnoeKu 01 mepmoodpadomxu #cupocooepircame2o colpvs
Tabnuna 6.1 — CTOMMOCTh MaTepraioB

g/gn Herams PasmepHocTth Bcero, pyo.
1 MeTammrueckuii yroaok, 50x50x4 mm 10 o/m 1000
(MOHTAKHBIC CTOWKH)
2 Merannuueckuii npoduns, 1000x2000%3 Mm I muer 900
(xopmyc yCTaHOBKH)
3 Hedeppomarautaeiii  npoduas, 500x500x3  mm 2 mucTa 1000
(5KxpaHHpYIOIMH KOPNYC W LHIMHAPHYICCKAS YacTh
pe3oHaropa)
Hroro 2900
Tabmuia 6.2 — CTouMOCTh NOKYITHBIX U3/CITHMA
N Pazmep- Hena Bcero,
/11 Herans HOGTE 1 m., Y6
pyo. )
1 CBY reneparopusiii 610k, 0,8 kBt 3 mrT. 2600 7800
2 Cdepuueckue pe3oHATOPBI 6 T, 200 1200
3 MoTop-peaykrop 1 mT. 300 300
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4 Kpenexnpie aneMeHTH (caMOpe3sl, 3aKICIIKH) 50 m. 0.3 150
5 Kabenp ueThIpexoKiIbHbBIH 10 m 100 1000
6 Hsmenpunrens coipbs I mt 1500 1500
7 PozeTtku ¢ Bunkoi 4 mr. 150 600
8 kad ¢ 4 aBTOMATHUECCKUMH BBIKITIOYATEIIMU 1 mT. 750 750
9 Hacoc mecTepeHIarsif ¢ 3JCKTPOABHTATCICM 1 mT. 1000 1000
13 Kpacka 2 mrT. 120 240
Hroro - - 14540
Obmas cymMMa pacxoa0B HA MAaTCPHAIbl U TOKYII- 17440
HBIC U3ACTHSI PaBHA CYMME CTOMMOCTH MaTCpPHAIOB
W CTOMMOCTH NOKYITHBIX H3ICITHH

3ampamol Ha U320MOGNCHUE OPUSUHATIbHBIX Oemaineil

3ampamul na oniamy mpyod paboqux:
C y4eToM TPYJOEMKOCTH W3TOTOBIEHMS pa3psaHas CTaBKa PabOyvero COCTABISCT
100 py0./u.

— nononaHuTenbHas ortara 100-0,3 = 30 pyo6.;

— nomiata 3a ctax (100 + 8,4)-0,1 =12 py6.;

— otiyckHbie (100 + 10,5 + 4,78)-0,0834 = 9,614 pyob.;

omnata Tpyaa 100 + 30 + 12 + 9,614 = 151,614 pyo.

CrpaxoBbie B3HOCH 151,614:0,3 = 45,48 pyo.
OOwmwme 3aTparkl HA OIIATY TPyAa HA OJHOTO Y.~ Y.

151,614 + 45,48 = 197,1 py0./u.

3ampamosl mpyoa Ha U320MOGICHUE U MOHMAXMC OPUSUHATIbHBIX 0emaleil:
1) u3roroByieHME KapKaca At MOHTaxa yctaHoBku 10-197,1 = 1971 pyo6.;
2) U3rOTOBJIEHUE KPETIECKHBIX DJIEMEHTOB Jijisl MOHTaxka CBU reHepaTtopoB Ha Kapkac
8:197,1 = 1576,8 pyo.;
3) W3rOTOBNEHUE KPEMEKHBIX YCTPOHCTB [UIsi MOHT&Xa PE30HATOPHBIX Kamep
10-197,1 = 1971 pyo6.;
4) u3roToBICHHE SKpaHUpYromero kopnyca 15:197,1 =2956,5 pyo.
5) U3rOTOBJICHUE MWIMHAPAYECKOM yacTu pe3oHaropa 10-197,1 = 1971 pye.
6) U3rOTOBJICHUE U MOHTaX padoueit kamepsl 15:197,1 = 2956,5 pyo.
7) MOHTaK KOHTPOJIBHO-U3MEPUTENIbHOM anmapaTtypsl, nikada ynpapjaecHus: ¢ aBTOMa-
TUYECKUMU BBIKITFOUATEISIMH, 3JIEKTPONPOBOIOK U T.11. 8-197,1= 1576,8 pyo.
Cymma 3arpar TpyJa Ha HM3IOTOBJICHHE W MOHT®K OPHIMHAIBHBIX ACTAJcH paBHA
(1971+1576,8+1971+2956,5+1971+2956,5+1576,8) = 14979,68 pyo.

3ampamul Ha 271eKMpOIHEPSUIO NPU UCNONBI0BAHUU

1) anekrpoapenu 2:0,7-2,.8 = 3,92 pyo..

— KOJIMYECTBO YacoB padoThl — 2 u;

— MOILHOCTB 3JieKrpoapenu — 0,7 kBm,

— CTOMMOCTb JJIEKTPO3HEPrun — 2,8 pyo./ kBm-u.

2) yrmouumdoanbHoi MatmHbl 3:0,6-2,.8 = 5,04 pyo..

- KOJIMYECTBO 4acOB paboOThI — 3y.;

- MOIIIHOCTh — 0,6 kBm.

3) ceapounoro annapara 3-5:2,.8 =42 pyo.:

- KOJIMYECTBO 4acOB paboOThI — 3y.;

- MOIIIHOCTb — 5 xBm.



303

Cymwma 3aTpar Ha 31eKTposHepruto 3,92+5,04+42= 50,96 pyo.

3ampameol nHa pacxoonsie mamepuanol:

— KpYT OTpe3Ho# 5 uum.-250py6./uum. = 1250py6.;

—cepna — 500 pyo.;

—3nekTpoabl 50 wm. 20 py6. = 1000pyo6.
Cymma 3aTpar pacxoaHbeix MaTepuanos pasHa (1250 +500 + 1000) = 2750 pyo.
Cymma 3ampam Ha u320moegjeHue OpUSUHAIbHbIX Oemaseit paBHa (14979,68+
50,96+ 2750) = 17780,64 pyo.

3ampampul Ha COOPKY KOHCHPDYKUUUL:

Sampamul Ha oniiamy mpyod paboyux Ha cOOpKy:
— 3aTpaThl HA MOHTAX TeHEpaTopHoro omoka 197,1 pyb./u: 2u = 3942 py6.,
— MOHTaX 3JIEKTPONPOBOAOK M 3alIUTHON anmapartypel 197, 1py6./4:2 v = 3942 pyo6.;
— MOHTa&X Pe30HATOPHBIX Kamep 197,1 pyb./u-24 = 3942 pyo.;
— MOHTaX 3JIEKTPONpUBOAA Hacoca U Memwasiku 1971 py06./u-2y = 3942 pyo6.;
— 3aTpaThl Ha OOUIYIO MyCKO-HANAAKY ycTaHOBKH 197,1 py0./u:14 = 197,1 py6.

CymmMma 3ampam Ha cO0pPKy KOHCHPYKUUU PaBHA

394,2+394 2+394 2+394 2+197,1 = 1773,9 pyo.
CymMma 3arpar Tpy/Jla Ha M3rOTOBJIEHUE OPUTHMHAIIBHBIX JCTAlCH U 3aTpar Ha COOpPKY
KoHCTpykimu: 17780,64+ 1773,9 = 19554,54 pyo.

6. banancogaa cmoumocme yYCHIAHOGKU:

17740 + 19554,54 = 37294,54 pyo.

OxpyriisieM OaJlaHCOBYK) CTOMMOCTh MPOCKTHPYEMOW MHOTOPE30HATOPHOM
CBUY ycranosku 10 37500 pyO.

TexHUKO0-IKOHOMHYECKAs OLIEHKA MPOEKTa
II.  DkcnayamauuoHHble pacxoosbl HA MEPMOOOPADOMKY HCUPOCOOEPHCAULE20
coipva ¢ CBY ycmanoexe 3a 1 mecay no npoeKmHomy eapuanmy

OKCIUTyaTallMOHHBIE PAcXOAbl BKIIFOUAKOT B CeOs 3aTparbl HA OCHOBHBIE W
BCIIOMOTATENIbHBIE MaTEpPHANIbl, 3apa0O0THYIO TUIATy OOCITY>KHBAKOIIECTO MEPCOHANA,
3aTpaThl HA SHEPTHIO, TEXHUUECKOE OOCTY>KUBAHUE W PEMOHT YCTAHOBKH, aMOPTH3a-
LUOHHBIE OTYACTICHUS, POYUE PACXOIBI.

[TpomssoautenbHOCTE CBY ycTanoBku coctaBiseT 40 Kr/u:

- 3a cMeny 40-7 = 280 kr/cmerny;

- 3a Mecs1l (25 padounx aHeit) 280-25 = 7000 kr/MecHit,

-3arof (260 pabounx nHei)-280-260 = 72,8 T/ron.

1. 3ampamot na onaamy mpyoa: 19212 -1/ 25 pab. oneii = 768,5 pyd./cuerny.

3arparsl Ha OmJIaTy TPya Orneparopa, 00CIy>KUBAKOIIETO YCTAHOBKY:

5965-1,09:1,5-1,97 = 19212 pyb. /mecsiy npu 7 yacogoii pabome.

MuHuManbHas oniata Tpyaa oneparopa 1 paspsaa cocrapiser 5965 pyo. (MPOT);

1,09 — tapudnsbiii kK03pPuuueHT paboTHUKA 3 pa3psaa;

1,97 — oOmmii k03P PHUIMEHT BCEX OOIITAT M HAUMCIICHUIA K Tapu(hHOH CTaBKE;

1,5 — orpacneBoii K03(pPUIMEHT 3a YCIOBUE TPYAa.

2. 3ampamesl Ha INeKmMpPoIHepuIo npu mepmooodpadbomre ¢ CBY ycmanoeke
[Torpebnsiemas momHOCTh CBY ycranoBku coctasisiet 3,91 kBT (MOIMHOCTE Tpex

CBU reneparopoB — 3,6 kBT, MomHOCTh u3Menbuntens 0,13 kBT, MOIHOCTE miecTe-
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JKHPOCONIEPKAIIETO ChIpbsi, pyO./MecsIy
7 CebecToUMOCTh PacX0I0B Ha TEPMOOOPAOOTKY
3,93 3,88
XUpa, pyo./ke ’ ’
8 I{eHa sxupocoaep KaIero Celpbsi, pyo. /K2 100 100
9 CebecToMMOCTh BBITOIUIEHHOTO JKUPA, pyo./Ke 103,93 103,88
10 I{eHa BBITOIUIGHHOTO XXHPa, pyo./K2 200 200
11 ITpuObute, pyo./Kr(YUCTHINA TOXON) 96,07 96,12
12 O6beM BbIpaOOTAHHON NPOAYKIIMHU, MOHH/ MeCY 25,75 7,0
13 KanuranbHble 3aTpatel, pyo./(ke/mecsiy)
(6anmancoBast CTOMMOCTE/00BEM BbIPAOOTAHHOM 6,6 5,36
POAYKIINH)
14 DxoHoMmuueckuii 3PPexT, pyo./mecsy [(3,93+0,2-6,6)-
(pa3HOCTH PUBEICHHBIX 3aTPaT) (3,88+0,2:5,36)]- 7000= 2086
15 PeHTa6EHbHOCTb, % 92 4 95
(ducTeiii goxon/cebecTonMocTh npoaykiuun)- 100 ’ ’
16 PenrabenbHo npu 00beMe BBITYyCKAEMOI MPOAYKLIMU i 7000
CBBIIIIE, K&/MeCsY
17 Cpok okymaemocTH, mecsi (OanaHCOBas CTOW- i 13
MOCTB/3KOHOMHYECKHUH 3P DeKT)

[Tpn npUMEHEHUH TPEIAracMOi TEXHOJIIOTUN M TEXHUYECKOTO CPEACTBA ISl TEP-
MOOOPAOOTKH JKUPOCOACPIKALIETO CHIPhSl 3HAYUTEIBLHOTO MOBBILIEHUE PEHTAOEITBHO-
CTH HE TPOUCXOUT. DKOHOMUYECKHA 3(P(PEKT 3a CUET CHIYKEHUS HKCIUTY aTallMOHHBIX
3aTpar cocTaBiseT Bcero 2086 py0. B mecsn (25032 py0./roa), HO 3a CUYET peanun3sa-
[IMY BBITOIJICHHOIO KMpa MO IICHE >KMpa BHICOKOTO KadyecTra (210 py0./Kr), MOKHO
noJyunTh yicThiil 1oxoxd 103,12 py6./kr, uTo Ha 7 pyO./KT Bbllie 6a30BOr0 BapUAHTA.
[Tpn o0veme obOpabareiBacMOro >kupocoaepxaiero ceipbst 7000 Kr/mecsil, YACThIMA
JIOXOJ1 TOT1a cocTaBuT 49 Thic. pyOd./MecHll.

AHanoeudno 8blvUCIeHbl SKOHOMUYECKUe 3hhexnmul om npumMeHenus: YCmaHo8oK
0151 MepMoobpabomKu Opy2020 8UOd CbiPbsi C UCNONIL308AHUEM dHepauu IMU.

['opoBo#i skoHoMuueckuii 3gdext ot npuMmenenns CBU-MK ycraHoBku amis
mepmooodpabomku Kpoeu yOouHbBIX HCUBOMHBIX, TIPOU3BOIUTENBHOCTEIO 40 KIr/4
cocrapnsieT 471240 py6. npu 0ObeMe BBIMYCKACMON MPOAYKUMHU CBBIIIE 126 TOHH.
OKOHOMHMYECKUN PPEKT OMPENEISAETCS 32 CYET CHMXKEHMS SKCILTyaTallMOHHBIX 3a-

Tpar Ha 3379,7 py0./mecs (Tadi. 6.4).
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Tabmuna 6.4 — DKOHOMHYECKUE TTOKA3aTENA TPUMEHEHUS
CBUY-UK ycranoBku ajist TepM00OpabOTKH KPOBH YOOHHBIX )KUBOTHBIX

IlokasaTenu basosas IIpoexTHas

banancoBasi crouMocTs, pyo. 117000 71000
ITpon3BOANTENLHOCTD YCTAHOBKH, K2/ 40 60
ITorpebnsiemast MOIIHOCTH, KBT 8,0 7,0
ITorpebnsiemast >eKTpOIHEPTHsI, KBm u/k2 0,2 0,117
DJKCITyaTalFIOHHBIE PACXOJIbl HA TEPMOOOPabOTKY KpoBH, pyo./ Mecsar |  30030,5 26650,78
CebecTonMOCTh PacXOI0B Ha TEPMOOOPAOOTKY KPOBH, pYy0./K2 4,29 2,54
IleHa cbIpbs, pyo./ k2 20 20
CebecTonMOCTh BapeHOM KPOBH, py0./Ke 24,29 22,54
I{eHa peanu3aii  KPOBSIHOM MYKH, py0. /K2 40 40
[TpubsLib, pyd./KT (AUCTHIN TOXON) 15,71 17,46
O61beM BbIpabOTAaHHON NPOAYKLNH, MOHN/ MeCsily 7 10,5
KanuranbHeie 3aTpaThl, pyo./(ke/mecay)

o 16,71 6,76
(OaaHcoBasi CTOUMOCTE/00BEM BbIPAOOTAHHOM MPOAYKIIUH) ’ ’
DxoHoMuueckuii 3 dexT, pyd./ron 471240
PeHTa6?J'IbHOCTb, % 64.68 77.46
(4uCTBI NOX07/cedecTONMOCTh npoaykuuun)- 100
Cpok okynaemocTu, Mecsiil (0anaHcoBasi CTOU- 5
MOCTB/9KOHOMHYECKH d3PPeKT)

TexHUKO0-I9KOHOMHUYECKHE NOoKa3areau npuMeHeHuss CBY ycraHOBKH 1151
BapKH U3MENbUEHHBbIX nmuybux nompoxoe (1o nieHam 2010 r.) [55, 274]
[. CToumMOCTh KOHCTPYKIUN:

Tabnmuna 6.5 — CTOMMOCTh MAaTEPHAIIOB

Heranp PasmepHOCTB Bcero, pyo.

AFOMUHHAEBBINA JUCT TOIIUHON

3 MM (A1 CUTOBOM TUTOCKOCTH W IS DKpa- 1 5082 1800

HUPOBAHUS CTBIKOBKM MOJYJIEH, SKpaHHAasi ’

TpyOa, OrIeTKa)

[Ipodunb amromMuHUEBBIN 10 m 670

Mertannudeckuii yrosok, 50x50 4 M 400

Mertannudeckuii yrosuok, 100x65 4™ 800

®roporact auamerpom 0,055M, Tommu-

HOM I()),003 M, HHHHOI?'I%,SM 0.5 m 500

IloacraBka U3 IEKTPUIECKas, 21T

0,05%0,05x4 M P 2 . 200

Hrtoro 4370
Tabnuia 6.6 — CTouMOCTh NOKYITHBIX U3/ICITHMA
Jeranb Pasmepnocts | Ilena 1 wir., pyo. Bcero, pyo.

MoTtop-penykTop 1 mr. 500 500
MuKpOBOJHOBAs NE€Yb 2 T, 2700 5400
IIpoceusarens 1 . 8244 8244
Merannuueckuii mHek aauHoH  0,15M, 1 1. 200 200
auamMeTpoMm BuTka 0,03m
OU3JIEKTPUYECKHI TPyOOTIPOBOI BHYTPEH- 1 . 400 320
HumM nuamerpom 0,034m, ninunoit 0,8m
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CkpeOkoBasi MemmajiKa 1 . 150 150
3arpy30o4Hasi eMKOCTb I wrT. 100 100
KpenexxHpie sieMeHTH (caMoOpe3bl, 3a- 500 . 0,5 250
KJICTIKH)

DJEKTPOINPOBOIIKA 3M. 50 150
Poszetku ¢ BUIIKOI 4 1T, 50 200
bontel ¢ ralikamu 100 mT. 5 500
fpo(i;l:;l( MOBOPOTHOE  TH3JIEKTPUYECKOE, 3w 200 600
Bentnim Ha nByX TpyOOnpoBoaax 2 wr. 100 200
Hroro — — 16814

3. 3ampamoul Ha U320MOGICHUE OPULHHATbHBIX Oemanel

3.1.  3ampamwvr na onnamy mpyoa paboyux:
C y4eTOM TPyJOEMKOCTH U3rOTOBJICHUS pa3psiiHas cTaBka padouero 28 pyo./d.
— JoNoJIHATENbHA omtara 28 - 0,3 = 8,4 pyo.;
— nomyata 3a ctax (28 + 8,4)- 0,11 =4 pyo.;
— otnyckHbie (28 + 8,4 +4)-0,0834 =34 pyb.;
omyara tpyaa 28 + 8,4 +4 + 3.4 =438 pyo.
Enunbiii conuanbabiid Hajor 43,8 - 0,26 = 11,39 pyo.
OOwmwme 3aTparkl HA OIIATY TPyAa HA OJHOTO YE.-Y.
43,8 + 11,39 = 55,19 py6./u.
3.2. 3ampamor mpyoa Ha U320MOGIEHUE OPUSUHAIbHBIX OemdJlell:
1) kapkaca ans MmoHTaxa 3-55,19 = 165,57 pyo.;
2) peraneit kopnyca skpana 4:55,19 = 220,76 pyo.;
3) TpyObl muanekTpuyeckoi 5-55,19 = 275,95 pyo.
CyMmMma 3atpar TpyAa Ha M3rOTOBJICHUE OPUTUHATIBHBIX JcTallci paBHa 662,28 pyo.

3.3. 3ampambol Ha 31eKMPOIHEPLUIO NPU UCNOJILIOBAHUN.

2) anexrpoapenu 0.5 - 0,7 -1,32 = 0,46 pyo..
— KOJTMYECTBO 4acoB paboThl — 0,5 v;
— MOILHOCTB 3neKkrpoapenu — 0,7 kBm,
— CTOMMOCTb JJIEKTPO3HEPrun — 1,74 xBm u/ pyo.
2) yrmoutvdopanbHoi MammHbl 3-0,6-1,74 =2 38 pyo..:
- KOJIMYECTBO 4acoB pabOThl — 3 u.;
- MOIIHOCTE — 0,6 kBm.
Cymma 3atpar Ha 3nekTposHepruto 0,46 + 2,38 = 2,84 pyo.

3.4. 3ampamul Ha pacxooHvle MAMepudivl.
— KPYT OTPE3HOH 5 wm.- 25 pyb./uum. = 125 pyo.;
— cBepna —50 pyo.;
—3nekTpoasl 10 wm.-2 py6. =20 pyb.
CymMma 3aTpar pacxoaHbIx MaTepuanoB pasHa (125 + 50 + 20) = 195 pyo.
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CyMMa 3aTpar Ha M3rOTOBJICHUE OPUTHHAIBHBIX JACTanci paBHa (662,28 + 2.84 +

195,0) = 860,12 py6.

4. 3ampamol Ha cOOPKY KOHCMPYKUUU:
4.1. 3ampamul na onnamy mpyod paboyux Ha cOopxy:

— 3arparkl Ha BHIPE3 B ABEPHU OJHON MUKPOBOJHOBOM ITEYM:

55,19 py6./u - 0,5 u = 27,6 py6.; nna AByx — 55,19 pyo.

— cOOpKa 3aImTHOrO KoXKyxa 55,19 py6./u - 3y = 165,57 pyo.,
— cOOpKa MOHTaXHOTO cTona 55,19 py0./u - 24 = 110,38 pyO.;
— cOopka KoHCTpyKUmu 55,19 py6./u -4 u = 220,76 pyo.

Cymma 3arpat Ha cOOpKY KOHCTPYKIIMH paBHa 55,19 + 165,57 + 110,38 + 220,76 = 551,9 pyo.

5. ObwenpouseoocmeenHbvle yexogwvle pacxoowvl coctaBistoT 175%:
Cymma 3arpar TpyJa Ha M3rOTOBJICHUE OPUTHMHAJIBHBIX JICTAJICH U 3aTpaT Ha

CcOOPKY KOHCTPYKLMH:

860,12 + 551,9 = 1412,02 py6..

1412,02 -1,75 = 2471,04 py6.

6. banancoeas cmoumocme (00ULAA CHIOUMOCHIL KOHCIMPYKUULL):
4370+16814 + 860,12 + 551,9 + 2471,04= 25067,06 pyo.

IKCIVIyaTAMOHHBIE PACcX0bl HA BAPKY (papiua u3 NTHYLHX NOTPOXOB 32

1 Mecsill MO MPOCKTHOMY BAPHAHTY:

— 4acoBasl MPOU3BOUTENBHOCTD — 5 KI/Y;
— IPOU3BOIMTEIILHOCTD 34 CMCHY U B MECSIT

5 -7 =35 xkr/cueny (cMeHa 7 yacoB, 22 pabounx AHEH B Mecsan) uim 770 xke/mecsy.

1. 3ampamel na onaamy mpyoa:

55,19 -7 =386,33 pyo./cmeny

3arparsl Ha OmJIaTy Tpya orneparopa, 00CIy>KUBAKOIIETO YCTAHOBKY

4330 - 1,09 - 1,5 - 1,97 =13946,71 py6. /mecay,

4330 — MmuHMManbHBIA pazmep omnatel Tpyaa (MPOT) oneparopa 1 paspsiaa;
1,09 — tapudnsbiii kK03pPuuueHT paboTHUKA 3 pa3psaa;

1,97 — o0mmii k03P PUIMEHT BCEX NOMITAT U HAUYMCIICHUMA K Tapu(hHOM CTaBKeE.

2. 3ampamesl Ha I1EKMPOIHEP2UI0 NPU eapKe (hapuia:

[Torpebnsemas momHOCTE CBY yCTaHOBKH TSl BADKH COCTABIISIET (MOIIHOCTh

npoceuBarens — 0,18 kBt, nyx CBY reneparopos — 2,4 kBT, MoTOpa peaykropa
mHeka — 0,06 kBT) 2,64 kBT.

0,528 kBm-u/xz - 770 xe/mecay - 1,74 pyo./kBm-u =707 41 pyb./mecsy;
Amopmusayuonnsle omuucienusa Ha 1 mecay om 0a1aHCOGOU CHIOUMOCHIU

KOHCMpYyKUuu:

A 021/ 1200 = 25067,06- 0.2 -1/ 12 = 417,78 pyo6. / mecsiy

rjae 4 — 0anaHcoBasi CTOMMOCTh KOHCTPYKIUU, PyO.

4. Texywuii pemonm (nopma 24% 6 200):

T,=25067,06 - 0,24 - 1/ 12 = 501,34 py6./mecay.

5. Ilpouue pacxoowi:

IT,= (13946,71 + 707,41 + 417,78 + 501,34)-0,05 = 778,66 py6./mecay,.
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6. Obuiexo3aiicmeeHHbvle U 00UenPoOU3800CHIBEHHbBIE PACXO0bI:
Pox=(13946,71 + 707,41 + 417,78 + 501,34+778,66)-0,15 = 245279 pyb6./mecsy.

OO0wast cyMMa 3KCIUTyaTallHOHHBIX PACXO00B:

13946,71 + 707,41 + 417,78 + 501,34+778,66+2452.79 =

18804,69 pyo./mecau.

(mokynka (hapiua u3 nTUHYbHX NOTPoxoB 770 kr/mecsn 86 pyo. = 66220 pyb./mecsy).
OKCITyaTalMOHHBIE 3aTparhkl HAa Bapky ¢apma: 18804,69 / 770 = 24,42 pyo./ke

7. Cebecmoumocms eapenoco gapuia u3z nmuubux nompoxoe: 86+24.42 = 110,42 py0./kr.

1. DxcuTyaTanoHHbIE pacxoabl HAa BapKy ¢apiua u3 NnTHYLUX NOTPOX0B

1o 6a30BOMY BApPHAHTY

B 0a3oBoM BapuaHTE MUCHOB3YEM MAapoBapKy Typerkoid ¢pupmsl Tekno grand.
Ee norpebnsiemas mowmnHocTts 3,8 kBT (TOH), cpennuii 00bem 3arpy3ku 10 5 Kr, npo-
JOJLKATEIBHOCTD Bapku (apiia 1 yac, IpoAOIKATENBHOCTD 3arpy3KU U BBITPY3KH
npoaykra 10 MUH., MPOAOKUATEILHOCTE BCETO IIMKJIA 1,17 4, CTOMMOCTH MapOBApKH
700 y.e.- 32,52 = 22764 py6. (9.01.2011).

3ampamesl Ha onaamy mpyoa:

4330-1,09-1,5-1,97 =13946,71 pyo. /mecsy.

1. 3ampamol Ha 31eKMPOIHEPUIO;

VY nenbHble sHEPreTuyeckue 3arparel: 3,8 kB1/5 kr/d = 0,76 kBT-u/KT.
[TpouzBoauTeNnbHOCTE 0a30BOM ycTaHOBKU 5/1,17 = 4.3 kr/u = 2991 kr/cMeHy uau
29,91 22 oneii = 658,12 ke/mecsiy,

0,76 kBm-u/ke.- 658,12 xe./mecay-1,74 pyb./xBm - v = 870,3 pyb./mecsy.
2. 3ampamesl Ha 800y:
O6BeM BBl — 7 11/ = 0,007 M°/9. CTOMMOCTB XOJIOHOM BOJIEI PABHA
7,12 py6./m° mm 0,007-7-22-7,12 = 7,68 py6./mMecsL.
2. AmopmusauuonHsle omuuciaenusa Ha 1 mecay:
A 0,2/12 mecayes = 22764-0,2/12 = 379,4 pyo./mecsy,

rae A = 22764 py6. — GanancoBas CTOMMOCTh 0a30BOM YCTaHOBKH, PyoO.

4. Omuucnenua Ha MeKyuwUi peMoHm;

A - 0,24/12 mecayes = 22764-0,24/12 = 455,28 pyb./mecsy.

5. IlIpouue pacxoowi:

I1,=(13946,71 + 870,3 + 7,68 + 379,4+455,28)-:0,05 = 782,97 pyb./mecay.

6. Obuiexo3aiicmeeHHbvle U 00ULenpoU3800CMEEHHbIE PACXO0bL:

P =1(13946,71 + 870,3 + 7,68 + 379,4+455,28+782.97)-0,15 =2466,35 pyo./mecsay.

OOmas cyMMa 3KCIUTyaTallHOHHBIX PACXO0I0B:

13946,71 + 870,3 + 7,68 + 379,4+455,28+782,97+2466,35 = 18908,69 pyo./mecau.

7. 3ampampl Ha ¢apui: OKyNKa (apina U3 NTUYbUX MOTPOXOB 658,12
Kr/mecsn - 86 py6. (onToBas ueHa) = 56598,32 pyd./mecsy .

8 Cebecmoumocmo pacxooos Ha éapky 1 k2 ghapuwia (AxcniayamauuoHHbvle 3a-
mpampl Ha éapky ¢apua): C = 18908,69 / 658,12 = 28,73 pyO./KT.

OnrtoBas neHa 1 xr gapma U3 NTHYBMX MOTPOXOB 86 py0., cedecTonMOoCTh 1
KI' CBAPEHHOTO (papa paBHa 86+28,73 = 114,73 pyO./kr.

OxoHoMHueckas 3(pPeKTHBHOCTD 3a 1 Mecs:

2, =(28,73 —24,42)-770= 3318,7 pyo6./mecau.

Cpok okynaemoctu: C, = 25067,06/3318,7-12 = 0,63 rona.
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Tabmuna 6.7 — TeXHUKO-3KOHOMHUYECKHE TOKA3aTEIH MPUMECHEHHUS
CBUY ycTaHoBKM AJis BApKu (apiua U3 NTHYbUX MOTPOXOB

ITokazatenu 6aszoBas POEKTHAsI
banancoBasi crouMocTs, pyo. 22764 25067,06
ITpon3BOANTENLHOCTD YCTAHOBKH, K2/ 5 5
ITorpebnsiemast >7eKTpOIHEPTHsI, KBm u/k2 0,76 0,528
DKCIUTyaTalIOHHbIE PACXO/bl Ha BapKy (apiia U3 NTHYbHX IOTPOXOB, 18908.69 1880469
Dpyo6./mecsy
CebecTonMOCTh PacXOIOB HAa BAPKY OJHOTO Kr (phapiua pyo. ke 28,73 24,42
OmnroBas nieHa Qapiia U3 NTUYbHX OTPOXOB, Pyo./K2 86 86
CebecTonMOCTh CBapeHHOTO dapiia pyo./ k2 114,73 11042
Ilena peanusanuu cBapeHHOTO dapima, pyo./xe 125 130
[TpubsbLib, pyd./KT (UCTHIN TOXON) 10,27 19,58
O61beM BbIpaOOTAHHON NPOAYKLNH, K2/ Mecsiy 658,12 770
KanuraneHbie 3atpatel, pyo./(ke/mecsiy) 34,56 32,55
DxoHOMUYecKast 3PPEKTUBHOCTB, Pyob./200
(pa3HOCTh NPUBEIEHHBIX 3aTPAT) 4359432 py6./200
PenTtabenbHOCTD, % 8,95 17,73
PenTabesnbHo npu 00beMe BhITyCKaeMOH MPOAYKIMH CBBILIE, K&/ MeCs — 770
CpOoK OKynmaemMocCTH, TOJ — 0,63

Bw1600. Sxonomunyeckas 3pPeKTUBHOCTE OT BHeApeHUss CBY yCTaHOBKM 1S Bap-
K{ (papiia u3 nTHYBMX NOTPOXOB cocTaBisteT 43594,32 py0./roa, peHTabenbHOCTh —
17,73 %, cHmxenue sHepreTudeckux 3arpar ¢ 0,76 1o 0,528 kBt u/kr.

CBogHas TabnMia TEXHUKO-3KOHOMHYECKHX TNOKasarenei npumeHeHus CBY
YCTaHOBOK JJ11 TEPMOOOPAOOTKH Pa3IMuHOr0 BUA C.-X ChIphs (TalI. 6.8).

Tabmuna 6.8
[Tpou3Bogu- | DKOHOMHUYE-
Pa3paboTanHbie yCTAHOBKH IS TEIBHOCTD, CKuit
KI/4 3¢ dekr,
pyO./ron

TEPMOOOPAOOTKH KUPOCOAEPIKAIIUX N3METbUYECH- 25..30 80000
HBIX KOCTEMN
MEPETONKHU KUPA 10...15 15000
TEPMOOOPAOOTKH KUPOCOAEPKAIETO CHIPbS 40 25032
TEpMOOOPAOOTKH MSICHOTO (hapia 6...7 47678 4

6.2. Pexomenaanuy nNpou3BOACTBY M0 TEPMOOOPAOOTKE ChIPbSI
B arPOMHKEHEPHBIX TEXHOJIOTUSIX

CBY yCTaHOBKHM NPUMEHSIOTCS B PA3IMYHBIX OTPACISAX MPOMBILUICHHOCTH. Jloms

AIIEKTPOIHEPIUH, NOTPEOIISIEMON HIIEKTPOTEXHOJIOTUYECKUMU YCTAaHOBKAMU, COCTaB-
aser 25 ...30% oT o0miero npou3BOACTBA AJIEKTPOIHEPIUU. YBEIMYEHUE CTOUMOCTH

SHEPrOHOCUTENICH MPUBOAUT K HEOOXOAMMOCTH MOBBILIEHUS 3((EKTUBHOCTH MC-
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NOJIb30BAHUS CYIIECTBYIOIIMX MIEKTPOTEXHOJIOTUH, CO3/1aHUsl ONTHMAJIBHBIX C TOUKH
3PEHMS SHEPTO3aTPaAT HIEKTPOTEXHOIOTUIECKAX MTPOLECCOB U YCTAHOBOK. OHUM W3
HanpaeJeHUi anekTpoTexHonoruu seisercs CBY HarpeB. OH npumeHsieTcs 11 UH-
TeHCU(PUKAUMKU TEPMOOOPAOOTKM PANMYHBIX AMAICKTPHUECKUX MaTtepuanoB. [lo
CPaBHCHUIO C TPAIMLIMOHHBIMU MeTonamu HarpeBa CBY HarpeB oOmamaer psaom
NPEUMYIIECTB:

- o0ecrnieurBaeT BBHICOKYHO KOHIICHTPAIIMIO MOITHOCTH TPH HEOOJBIINX 3HAYCHHSIX
HANPSDKEHHOCTH AJIEKTPUIECKOTO TMOJIS M OBICTPBIM 0OBEMHBIM HarpeB BEIECTRA;
- umeeT Oosiee Bbicokuit KIT/l mpeoOpazoBanus 3IEKTPOMArHUTHOTO TOJISl B TEILIO,
BBIJICTISIFOIIEECS] B 0ObEME HAIPEBAEMOI0 TENA, U MEHBIINE YJIEJIbHBIC 3aTPaThl dJICK-
TPOSHEPTUH 1O CPABHEHUIO C APYTUMHU BUAMH JICKTPHUECKOTO HArpeBa;
- TIO3BOJISIET PeAI30BaTh PA3IMYHOE PACIPECIIEHHE UCTOYHUKOB TEIUIa B 00BEKTAX
TEPMOOOPAOOTKH, HEOCYIECTBUMOE MTPH OOBIYHOM HArpeBe;
- Ta€T BO3MOYKHOCTH TTOBBICUTH KaUECTBO MPOAYKIIHH.

Hwxe nmpoaHaan3npoBaHbl 0COOCHHOCTH MCTIONBb30BaHus dHeprun CBY B paznnu-

HBIX OTPACIIIX, KOTOPbIE HEOOXOIMMO YUUTHIBATh K pazpaboTke CBY yCcTaHOBOK U
PELICHNN 33134 YIIPABICHHS TPOLECCAMMU:

- CEIBCKOXO3HCTBEHHO ChIPbe OOBIYHO MMEET BBICOKYIO BIQKHOCTh M XOPOILIO MO-
rnomaroT CBY 3Hepruro, no3toMy npu pa3paboTKe YCTAHOBOK TPeOyeTcs peleHue
3a/1a4¥ ONTUMAJIBHOTO YIIPABJICHUS,

- B psA€ MPOLECCOB, TAKUX, KaK CyONMMalMOHHAs CYLIKA, CTEPHIM3ALMS C.-X. MPO-
JOYKTOB, WCHOJB3YETCSI KOMOWHUPOBAHHOE BO3ACHCTBHE (PU3NUYECKUX (PAKTOPOB H
OXJTQXKICHMS,

- IpA TEPMOOOPAOOTKE C.-X. MPOUCXOJAT CIOXKHBIE (PU3NUECKHE MPOLECCHI. TEIJIO-
MacCCOMEPEHOC, (PA30BBIE MEPEXOABI BEMIECTBA (ITPH PA3MOPAKUBAHUH U CyOIMMaliu-
OHHOM CYyIIIKE), IMEIOT MECTO TEPMOMEXAHUYECKUE SBIICHUS, CBI3aHHBIC C OBICTPBIM
HArpeBoOM M NMapooOpa30BaHUEM BHYTPH 00bEMA HArPEBAEMOTO OOBEKTA.

[Tpn mcnonb3oBanun CBY sHEPruu CKOpOCTh HarpeBa OOBEKTOB YBEITUYHABACTCS
10 0,12 ...1,0°C/c npu yaenapHbix MomHocTsx ot 1,0 g0 5 kB1/ kr. Cieayer otme-
TUTh, YTO OJHOW M3 BAXKHEHINUX 33/4a4 NPU CO3JaHUU HarpeBaTenbHbix CBY ycraHo-
BOK PA3JIMYHOIO HA3HAYCHHUS SIBJSETCS NOCTMIKEHHE PABHOMEPHOIO MOJS TEMIEpa-

Typ B 00bekTe. B mponeccax CBY cyliku npoucxoaut 00Jiee MHTEHCUBHOE yaase-
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HHE BJIArH 110 CPABHEHUIO C KOHBEKTUBHOM WJIN PAIAALIMOHHON CYIIKON, YIIy4IIaeTCs
W KAYeCTBO CYLIKM MAarepuana. IJTO JOCTHraeTcs 3a CYeT OBICTPOro OOBEMHOTO
Harpesa u 3¢ dekra camoperyasiuun npu CBY cyllke, KOTOPBIH 3aKI04acTCsS B TOM,
YTO HArPEB BBICYIICHHBIX YYACTKOB OOBEKTa aBTOMATUYECKH MPEKPALIAETCS, BCIE-
CTBHE TOTO, YTO TAHIEHC YITa JUAIEKTPAUYECKUX NMOTEPh MHOTHX MPOAYKTOB B OC-
HOBHOM ONPEIEIAETCA MX BIAKHOCTBIO. CKOPOCTH HArpeBa ONPENEISAETCS MAKCH-
MaJIbHO JOMYCTUMOM TEMNEPATYPOH M T'PAJMEHTAMHU BIArOCOACPXKAHUS, TIPH KOTO-
PBIX HE MPOMCXOAUT KOPOOJICHUE, U HE TOSIBIIFOTCS TPEUIMHBI B IPoAyKTe. [1pn BO3-
neiicteun SMITCBY HaOmonaeTcs CHIKEHHUE JKU3HEAEATENBHOCTH U THOEh MUKPO-
opranu3moB. CBY HarpeB yaenbHOM MOIHOCTBIO OT 4,5 1o 6,0 kBT/ kxr 1 ckopo-
cTeio Harpera 1,5... 2,0 °C/c HCIOmB3yIOT AjIs pa3pyIIeH s MPOLYKTOB 3a CUET TOTO,
YTO B KJIETKAX, MOPax WM KAMWUIAPAX Marephajia co34acTcst OONbIIOE M30BITOUHOE
nasiieHne. ONHOM M3 BOKHBIX 337144 SBJIICTCS ONTUMAIBHOE yNpaBicHHE padourMu
pexxumamu Takux CBY yCcTaHOBOK [T CO3JaHUS] MAKCUMAJIBHO PABHOMEPHOTO TOJIS
TEMIEPATYPBI, A, CIECAOBATENBHO, KAYECTBA TEPMOOOPAOOTKH M PELICHUS 3a1a4 SHEP-
rocOoepexenns. B KaxI0i KOHKpETHON cepe NPUMEHEHUS CBEPXBBICOKOYACTOTHBIE
TEXHOJIOTHH MUMEIOT CBOM crienmuueckne 0coOeHHOCTH. [IoBBICHIICS MHTEPEC K HC-
10Jib30BaHN0 CBY TEXHOJIOTWiA [UIsl BBICOKOTEMIIEPATY PHBIX MPOLECCOB IIJIABICHUS,
CIEKAHUs, pa3pylIeHAss MaTepruasioB u Ap. Muorue CBY TEXHOIOrMM XapakTepusy-
FOTCS CIIOKHBIMM  (PU3MYECKHMH TPOLECCAMH, MPOTEKAOUMMH NPH MOMIOMICHAN
AJICKTPOMArHATHON BOJIHBI. TEIJIOMACCOMEPEHOCOM (MpU CylKe), (pa30BBIMU TEPE-
X0JJaMH BEIIECTBA (MPH TMJIABICHAN, PA3MOPAKUBAHUH ), TEPMOMEXAHUYECKAMHU TPO-
LIECCAMM, CBA3AHHBIMHU C OBICTPBIM HArPEBOM WJIA NAapoOOpa30BaHKEM BHYTPH O0O0beE-
Ma HarpeBaecMoro o0bekTa. [lo3ToMy akTyanbHO mpoOaeMON MOBBILICHHS SHEP-
ro’(p(PEeKTUBHOCTH YCTAHOBOK SIBJISETCS Pa3paboTKa aJeKBATHBIX MATEMaTHYECKUX
MOJIETIEH, HanbOoJIEe TOJHO OTPAKAOUIMX (PU3NMUECKHAE MPOLECCHl B ChIPhE MPH BO3-
neiicteun CBY sHeprun. CBY ycTaHOBKH BO MHOTUX TEXHOJIOTUSX pabOTAKOT B KOM-
IUIEKCE C APYTUMH 3JIEKTPOYCTAaHOBKAMH, 0OECIEUMBAOIIMMU HEOOXOAMMBIE Mapa-
METPBI TEXHOJIOTHYECKHAX IMPOLECCOB, MOTOMY MPH pa3pabOoTKE TaKUX YCTAHOBOK

TpeOyeTCs PEIICHUE 3aJa4l ONTUMAJBHOTO YIPABJICHUS C MEJIbI JTOCTUXKEHUS
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HauOoJbIIeEro sHEprocoeperaromero 3ddexra. [Ipousroacreenusiec CBU ycTaHOBKH
CHECLMATIBHO CIPOECKTUPOBAHBI I WHTCHCHBHOW KPYTJIOCYTOYHOW 3KCILTyara-
mun. D¢ ¢pexkruHoe BozachcTeue SMIICBY He pa3pymaeT cTpyKTypy MPOAYKTa, HE
BEJET K MEPECYLIMBAHUIO, TOTEPE BUTAMUHOB, MUATATENBHBIX U OPraHOJICITUYECKUX
CBOMCTB.

PE3YJIBTATBI UCCJIIEJOBAHUA U OBLHIUE BbIBO/IbI

1. Paspabomana meroauka npoektupoBanuss CBU ycTaHOBOK i TepMooOpa-
O00TKM 1 00€33apa’)KUBAHUS C.-X. CHIPbS, HANPABJICHHAS HA 00ECNIEYCHNUE MMOTOUYHOCTH
TEXHOJIOTMYECKOTO MPOLECCA, BBICOKOH HAMPSXKEHHOCTH 3JIEKTPHYECKOTO MOJISL B Chl-
pbe ¥ TOOPOTHOCTH BJIEKTPOJAMHAMUYECKOW CHCTEMBI 3a CUET M3MEHEHHs KOHPUTY-
paumu u 00beMa pe30HATOPHON KaMEpBhI.

2. Usznoxcensr 3NEMEHTHI TEOPUM SIIEKTpoAMHAMUYECKO cucrembl CBY ycra-
HOBKH M PACKPBITHI 3aKOHOMEPHOCTH paboyero mporecca, Mpoucxoasauiero B nepgo-
PHPOBAHHBIX CPEPUUECKUX PE30HATOPAX, PACIIOIOKEHHBIX B SKPAHUPYIOLIEM KOPITY-
Cce, MO3BOJISIFOLIME COTJIACOBATH KITFOUEBBIE MAPAMETPhI H PEXKUMBI PA0OTHI YCTAHOBKH
it obecneueHust 3PPEKTUBHON TEPpMOOOPAOOTKH C.-X. ChIpbs. OOOCHOBAHBI AJICK-
TPOJMHAMHYECKHAE XaPAKTEPUCTUKH (HAMPSHKECHHOCTh 3JIEKTPAYECKOrO MOJI U A00-
POTHOCTH) OT T€OMETPUN U PA3MEPOB OOBEMHOIO PE30HATOPA, SNEKTPOPHUINIECCKUX
napaMeTpoB Chipbs. CornacoBaHbl JOOPOTHOCTh W OOBEMBI PE3OHATOPHBIX KaMmep,
obecneunBarOIIX 3(PPEKTUBHYIO BEJIMYMHY HAMPSHXKEHHOCTH AJCKTPHYECKOTO OIS
JUTsl 00€33apasKUBAHKS ChIPbS B MPOIIECCE TEPMOOOPAOOTKH.

3. Ilpeonioocentvie METOIBI pacueTa pabounx Kamep i pa3padOTaHHBIX MHOTO-
renepatopabelx CBUY ycTaHOBOK co ceprueckuMu NepPOprUpPOBAHHBIMHA PE30HATO-
paMH MO3BOJISIFOT BBISIBUTH 3()(PEKTHUBHYIO MJIOTHOCTH KUBOTO CEUEHUSI OTBEPCTHH U
3a30p Mexay noiychepamu. [lepdopanus cepbl CHUKAET COOCTBEHHYIO HOOPOT-
HOCTh MHOTOPE30HATOPHON Kamepsl He Oonee, ueM Ha 16%, ecii cyMMa AMaMeTPOB
OTBEpCTHl nepdopani HE MPEBBIIIACT AUAMETpa camoi cdepbl. JudpakuroHHbIe
NOTEPH, CIEIOBATENIBHO, COOCTBEHHAS! JOOPOTHOCTh € YBEIMUYCHUEM paaunyca cepsl
¢ 3,06 cm 1o 24,48 cm, ipu 3a30pe Mexay nonychepamu 1 cMm, yMeHbInaroTcs ¢ 14 %

10 0,2%, a ipu 3a30pe 0,5 cm — ¢ 7 % no 0,1%.
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4. Buviagnenvi 3aKOHOMEPHOCTH KMHETUKHM HarpeBa cbipbs B CBU ycTaHOBKE €O
chepuueckuMu nepHopupOBaHHBIMU pE30HATOPaMHU. [lojyyervl pErPECCUOHHBIE MO-
Jeny npouecca QyHKIMOHUPOBAHUSL YCTAHOBOK, MAaTEMATHYECKUE MOJIENH TMHAMUKA
SHAOTCHHOIO HAarpeBa ChIPbs, U pa3paboTaHa METOAMKA COTJIACOBAHMS KOHCTPYKTHB-
HO-TEXHOJIOTHYECKHAX NAapaMETPOB € PEKUMAMUA pabOThl YCTAHOBOK € YUYETOM KOH(U-
rypaluuy Pe30HATOPOB U M3MEHEHUS AICKTPOPU3NUECKUX NAPAMETPOB ChIPbs B MPO-
Hecce NOTOYHOM  TepMooOpaboTkn. (OOOCHOBAaH KOMIUIEKC KOHCTPYKTHBHO-
TEXHOJIOTMYECKHAX MapamMeTpoB U padbounx pexumoB CBY ycraHoBok, oOecneunBa-
FOLIMX YIIYUIIEHUE KAYeCTBA MPOAYKTA MPH CHIKEHHBIX SKCIUTyaTallHOHHBIX 3aTpa-
Tax, YTO MOATBEPKAACTCA aKTaMu anmpodaly B MPOM3BOJACTBEHHBIX YCIOBHsAX. Ha
OCHOBE MCCJICIOBAHUI JMHAMHAKKA HArpeBa ChIpbs U MUKPOOMOJOTUYECKUX MOKa3aTe-
Jeil BBISBJICHO, YTO 00€33apPAKMBAHUE M TEPMOOOPAOOTKA ChIPbS MPOUCXOIAT MPH
HAMPSHKEHHOCTH AIEKTpUYecKoro mosist ot 1 1o 14 kB/cMm B cheprudeckoil pe3oHaTop-
HOIi kamepe o0bemoMm 0,5...5 1.

5. Paspabomativr ciocoObl TEpMOOOPaOOTKN U 00€33aPAKUBAHUS PA3IMYHOIO C.-X.
CBIPbsI B IOTOYHOM PEXUME TPA KOMOMHUPOBAHUHA UCTOYHUKOB SHEPTUM CBEPXBBICO-
KOI 4acTOThl, MH(PAKPACHBIX U YABTPAPHUOTCTOBBIX U3YUYCHUMN, YIBTPA3BYKOBBIX KO-
nebanuii. TexHomorun TepMooOpabOTKH KPOBH YOONHBIX >KMBOTHBIX M >KMPOCOAEP-
JKAILIErO ChIPbsl PEATM30BaHbl B KOHCTPYKLMSIX MHOTOTEHEPATOPHBIX CBEPXBBICOKOYA-
CTOTHBIX YCTAHOBOK MTPOU3BOAUTEIBHOCTHIO A0 40 KI/4:

- ¢ nepeosudcviMu CPEPUUECKUMHI PE3OHATOPAMM,

- ¢ nepeosudcHviMu cpepruueckuMu nephopupOBAaHHBIMHU PE3OHATOPAMH,

- C0 cmayuonapvimu cheprudeckumMu nephopUpPOBAHHBIMU PE3OHATOPAMH,

- C 8pa Ao UMCcs KOaxkcudibHuviyM NepHOPUPOBAHHBIM PE3OHATOPOM;

- C MHO2OPE30HAMOPHOT Kamepoii, BBIIOTHEHHON M3 WIMHAPA U nep(OopupoBaH-

HBIX cep.

6. KoHCTpyKIMu paboumx Kamep, PACIOIOKECHHBIE B TOPOUJAIBHOM 3KPaHUPY FO-
HIEM KOPITyce 00ECMEeUMBaKOT MOTOYHOCTh TEXHOJIOTMYECKOTO MpoLecca npu coOmro-
JCHUHM CAHWUTAPHBIX HOPM MO MOIIHOCTH TNOTOKA W3JMYyYEHW OKOJO YCTaHOBOK

100...250 mxBt/cm’ u SHEPreTUYECKON SKCMO3UIIMN 32 CEMUYACOBOM pabouunii ICHb,
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NOBBILIAS SHEPreTUUYECKUH, OAKTEPULMAHBIA U SKOHOMUYECKUH 3(D(PEKTHI IPU MHO-
TOKPaTHOM BO3JCHCTBHM 3JIEKTPOMArHUTHOTO MOJISI CBEPXBBICOKOM 4acTOTHI HA ChI-
pbe.

7. B pe3ynbrare anpobaumu n3rotoBieHHbx CBY yCcTaHOBOK U1t TEpMOOOPAOOTKH
1 00€33apa)kMBaHus C.-X. CbIPbs B MPOW3BOACTBEHHBIX YCIIOBUSAX BBISBJICHO, 4YTO
SHEPreTUUECKUE 3aTpaThl HA TEPMOOOPAOOTKY KPOBH M SKMPOCOAECPIKAIIETO CHIPbS
cocrapysitoT 0,15...0,2 kBt-u/kr, msacHoro ceipbs — 0,4...0,5 kBr-u/kr. KauectBo
OpOAyKTa yaydinaercs Ha 6...9 GamnoB, a oOuiee MUKPOOHOE YMCIO B MPOAYKTE
CHIKAETCS Ha 1B OPSIKA.

8. 'onoBoii sxkoHOMHUecKui 3pdekt oT npumenenns CBY ycTtaHOBOK amst 00e33a-
POKMBAHUS U TEPMOOOPAOOTKH >KUPOCOAEPIKALIETO CHIPbS 3a CUET CHUXKEHMS 3KC-
IUTyaTallMOHHBIX 3aTpaTr B cpeaHeM coctaBiseT 25...40 Teic. py0. npu 00beMeE BbI-
nyckaeMoi npoaykuuu 80...120 TOHH. 3a cueT peanu3anny Ka4eCTBEHHOIO NMPOAYK-
Ta MO [IeHE BhIE HA 5%, uncThiil 10x0a coctaBuT 500 ThIC. pyo.

Paszpabomanvr HaydHO-000CHOBAHHBIC MPAKTUYECKUE PEKOMEHJAIMA MO MPOEK-
TUPOBAHUIO YCTAHOBOK AJIsI TEPMOOOPAOOTKH M 00€33apakuBaHus C.-X. ChIPbSl C Ma-
JIOMOIIHBIMU  CBEPXBBICOKOYACTOTHBIMHM TE€HEpaTOpamMu, O€3 HMCMHOJb30BAHUS CXEM
CJIC)KEHUS M YIPABJIEHUS 3JIEKTPOIMHAMUYECKONH CUCTEMOH.

Ilepcnexmugvr OanvHeliuieil paspabomrku memvl, HANPAGieHHvle HA NOosGIeHUe
HOBBIX d¢hpexmusnvix mexnono2uti. Ha OCHOBE JOKa3aHHOW 1e5IeCO00Pa3HOCTH U
NEPCIICKTUBHOCTH MPUMEHEHHS SHEPIHH JJIEKTPOMArHUTHOTO TMOJIS CBEPXBBICOKOMA
YACTOTHI JUIsl MOJAYUYEHUS] TPOAYKIMH MOBBIIICHHON O€30MaCHOCTH, onpeoeiums pe-
3€pBbI MOBBILICHHS KAYECTBEHHOIO (PYHKLIMOHUPOBAHUS 3JIEKTPOAMHAMHUYECKON CH-
CTEMBI C JIIOOBIM CHIPbEM B YHHBEPCATBHOM PE30HATOPE, 0OECIICUMBAKOIIEM NOTOY-

HOCTb TCXHOJIOTHYCCKOI'O IPOoLCCCa.
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AKTBI
00 MCMOJIb30BAHUM Pe3yJIbTATOB HAYYHBIX HCCICA0BAHUN B YHEOHOM mponecce

Ne HaumenoBanue

1 | ®I'BOY BIIO «Mopnosckuii rocynapcteHHblii yHuBepcurer umenu H.II. Orapesay,
Huctutyr Mexanuku u sHepretuku. [lo teme: «lloBeimenue sHeprosddexTuBHOCTH
TEXHOJIOTHIECKOro 000pyIOBaHUS JIsT TEPMOOOPAOOTKH C.-X. CBIPbsT». Y TBEPAUI AUPEKTOP
WHCTUTYTa MEXaHHUKH U SHEPreTHKH, A.T.H., npodeccop Anexcaunp Bragumuposnd Korus.

2 | ®I'bOY BIIO «Mopnosckuii rocynapctseHHblii yHuBepcurer umeHu H.II. Orapesay,
HUHcTuTyT MexaHuku U 3HepreTuku. Ilo Teme: «YcraHoBKa ansi oOpaOOTKH KHIIEYHOTO
ChIpbsi YOOMHBIX KUBOTHBIX ¢ puMeHeHHeM Y3 u CBY reHepatopoBy». Y TBepANI TUPEKTOP
WHCTUTYTa MEXaHUKH U SHEPreTHKH, A.T.H., npodeccop Anexcarnp Branumuposua Kotun

3 | ®I'BOY BIIO «MxeBckas rocynapcTBeHHasl CeJbCKOXO03siicTBEHHas akaaeMus». [lo teme:
«[ToBbimeane 3HEPro3H(PEeKTUBHOCTH YCTAHOBOK I TepMOOOPabOTKH C.-X. CBIPbSI C
HCIIOJIb30BAHHEM JSHEPIrUU BJIEKTPOMArHUTHBIX M3JIydeHuiD». YT1Bepaun pektop ®I'BOY
BIIO «Mxesckass TCXAy, 1. ¢.-x. Hayk, npodeccop AWM. JlroOumos,

4 | ABToHOMHas HekoMMepueckas opranuszauus BI1O «PernoHanbHbIil HHCTUTYT TEXHOJOTHUU U
ynpasieHus». I[lo Tteme: «lloBblimeHne 3>HEProdPpPeKTUBHOCTH  YCTAHOBOK IS
TEPMOOOPAOOTKH C.-X. CBIPBSI C UCIIOJIb30BAHUEM YHEPTHHU 3JIEKTPOMATHUTHBIX H3JTyUECHUID.
Yreepaun pekrop, a.0.H., mpodeccop UM, CenuBaHOB.

5 | @I'BOY BIIO «Hmxeropoackas I'CXA». Ilo teme: «llosbienune sneprosddexrusuoctu
YCTAaHOBOK  IUII  TePMOOOpPaOOTKM  C.-X. CBIPbSI €  HCHOJNB30BAHMEM  JHEPTUH
SJIEKTPOMATHUTHBIX M3JTydeHHi». YTBepamna pextop 1.0.H., npodeccop A.I'. CamomenkuH.

6 | ®I'BOY BIIO «Yysamckas I'CXA». Ilo teme: «YcraHoska ¢ npumeHenueM CBY u V3
reHepaTtopoB it oOpabOTKM KHINEYHOTO ChIpbst YOOWHBIX JKUBOTHBIX». YTBEPIWII
npopekTop no yuebHol padore k. X.H., foueHT M. A. Epros.

7 | ®I'BOYBIIO «Mapuiickuii I'Y». ITo Teme: «¥YcraHoBka anst 06pabOTKH KHUILIEYHOTO ChIPbS
yOoitHbIX kUBOTHBIX ¢ mpuMeHerneM CBY u Y3 reneparopos». YTBepaus NpopeKkTop 1o
yueOnoit pabore O.A. Cunopos.

8 | ®I'BOY BIIO «Kazauckuii TAY». ITo Teme: «YcranoBka st 00pabOTKH KHIIEYHOTO ChIPbS
yOOoitHBIX JKMBOTHBIX ¢ npuMeHeHneM Y3 u CBY reneparopoB». YTBepaua pekTop 1.3.H.,
npodeccop 1. DaiizpaxMaHOB.

Pazpaborannas TexHHUECKas [OKYMEHTallMs HA CBEPXBBICOKOYACTOTHBIC YCTAHOBKH U
pe3yJbTaThl UCCIENOBAHNN B BUAEe MOHOrpaduii HCIONB3YIOTCS B y4eOHOM IMPOLECcCe CIEAYIOIUX
By30B: ®I'BOY BIIO «Kaszanckuii 'AY», AHO BO «Akanemuss TEXHOJOTMHU U YNPaBIEHUS,
OI'bOY BIIO «Uysamckas I'CXA», ®I'OBY BIIO «Mapuiickuii I'Y», ®I'BOY BIIO
«Mopnosckuit I'Y um. HII. Orapesa», I'bOY BIIO «Huxeropoackuii I'MOHW», ®I'bOY BIIO
«Hmxeroponckast 'CXA», ®I'BOY BIIO «Mxesckas [ CXA».
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AKTBI
anpoOupoOBaHHS Pe3y/JAbTATOB HAYYHO-HCCIECA0BATEIbCKOI padoThI B

HNPOHU3BOACTBCHHLIX YCJIOBHUSAX 110 TCMC! «PCISpCl6OWlKCl CBEPXBbICOKOUYUCHIONTHbLX

YCMAH0BOK OJisl MepMOOOPAOOMKU CENbCKOXOZANUCIMBEHHO20 CIPbSL»

HaumenoBaunue

AnpoOupoBaHHEe  CBEPXBBICOKOYACTOTHONW  YCTAHOBKH  UISI  BBICOKOTEMIIEPATYpPHOTO
¢dopmosannst makaponHbIx m3nennii B CXIIK «Coro3» SAnpunckoro pationa Uysamickoi
PecryOnukn.

AnpobupoBaHue pe3ybTaTOB HAYYHO-HCCIIENOBATENbCKON padoThl o TeMe «OO0CHOBaHHE
NapaMeTpPoOB U PEKUMOB padOThI CBEPXBBICOKOUYACTOTHOW YCTAHOBKH IUJIsI TEPMOOOPaOOTKU
JKUPOCOEPIKAIIETO CHIPbS» B KOJIXO3 OINBITHO-TIPOU3BOACTBEHHOE XO35HCTBO «JIeHMHCKas
uckpa» Anpunckoro pationa Yysamickoit PecriyOmnku.

AnpobupoBaHue pe3yJbTaTOB HAYYHO-UCCIIEA0BATENbCKON paboTel o Teme: «OO0CHOBaHHE
MapaMeTpoB U PEKUMOB PabOThl YCTAHOBKH JJISI MACCUPOBAHUS U TEPMOOOPAOOTKH MSICHOTO
ceIpbsi» B koax03 OIIX «JleanHckas uckpa» SAnpunckoro paiiona Yysamckoi PecriyOmukm.

AnpobupoBaHue YCTaHOBKM il OOpabOTKM KHINEYHOTO ChIPpbs YOOMHBIX JKMBOTHBIX
sHeprued osnekTpoMarHuTHbIXx u3nydeHudl B CXIIK «Coro3» SAppuHckoro paiioHa
Uysarckoii PecrryOmukm.

AnpoOupoBaHue YCTAaHOBKHM JJII MACCHPOBAHUS M TEPMOOOPAOOTKH MSICHOTO CBIPbS
Bo3feiicTBueM siexkTpoMarHUTHbIX u3idydeHuil B CXIIK «Coro3» Snpunckoro paiioHa
Uysarmckoii PecrryOnukm.

AnpoOupoBaHHE TEXHOJOTMU M YCTAHOBKH Uil OOE€3KMPUBAHHA U 00e33apa’KMBaHMS
KHIIEYHOTO ChIpbsi YOOWHBIX *KUBOTHBIX ¢ mpuMeneHneM Y3 u CBY reneparopos B OAO
«IIpuBomkckoe» Yebokcapckoro paiioHa. YTeepamn k.5.H. Makymes AHapeii EBreapeny.

AnpoOupoBaHHE TEXHOJOTMU M YCTAHOBKH Uil OOE€3KMPUBAHHA U 00e33apa’KMBaHMS
KHIIEYHOTO ChIpbsi YOOMHBIX XUBOTHBIX ¢ nmpuMeHeHueM Y3 u CBY reneparopos B OAQO
«Bypnapckuit MmacokomOuHaty. Y TBepam ri. nHxeHep Hukonait Minbnda Bonkos.

Anpobuposanue Texnonorun 1 CBY ycTaHoBku amst obe33apakxuBaHus 1 TepMooOpadboTKu
xupocoaepskamero ceipbst B OAO «BypHapckuii MACOKOMOMHATY. YTBEPAHI TJ. HHXEHEP
Huxkonait Unbuda Bonkos.

Anpobuposanue TexHojormn U CBY ycTaHOBKHM ANl MacCHpOBaHUS M TepMOOOPaOOTKH
KyCKOBOTO MsiIcHOTO ChIpbst B OAQO «BypHapckuil MicokoMOMHATY. YTBEPAWI TJ1. HHKEHEP
Huxonait Unenya Bonkos
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77— NPOJOJDKUTENBHOCTB Bo3AcicTBus OMIICBY
6. Mamemamuyeckas MoOeb OUHAMUKY HACPEBU CbIPbs
rae C — MOCTOSIHHAs MHTETPUPOBAHMS,

T="%4,-(1-B,) 7+C , 4,=1510"5,- f - E*-17, ()
rae B, —nmokazareb crenenn, C=10°C, mpu 7= 0.
7=""211,5-10"-885-1072.2450-10°-10" - (1-0,221)- 7+ 10 ,

T="""3/1442-7+10 .

Tabmuna 1 — CpaBHUTENBHBIE 3HAYECHUS SKCIIEPUMEHTATIBHBIX
U TCOPETHYECKUX TEMIIEPATYP

IIpomomxurensH| TeopeTuueckoe OKCIICPUMCHTAITFHOC
CTb, C 3HAYCHHE SHAUCHHC
3uauecnne temmeparypsr, “C
30 18,74 20
60 35 34
120 57 , 58 58
180 77.81 77
240 96,63 90

ODKCIEPUMEHTAJIBHBIE UCCIIEA0OBAHNS JUHAMUKA HArpPeBa ChIPbsS MPOBOAWIIN
B MHoropesonatopHoii CBY ycranoBke (puc. 2). CpaBHUTENbHBIA aHAIN3
3HAQYEHUHA TEMIEPATypP TMOKA3bIBAECT, YTO OKCICPUMEHTAJIbHBIE 3HAYEHUS C
JOCTAaTOYHOM JOBEPUTEIBHON BEPOATHOCTHIO COBNAAAOT C SKCIIEPUMEHTAIILHBIMHU
JAQHHBIMU.

YcraHoBKa Ui BBITONKHM >kupa (3asexa Ne 2015116255) conepXUT 1IECTh
nepPOPUPOBAHHBIX chepuyeckux pe3oHamopos, CBI3aHHbIX APYT C IPYrOM 4epes
OTBEpCTHs B 00uIcl O0KOBO# cTeHke nmnmHAapa (puc. 1). Ecim Bo30yauTh 01uH
cepuyeckuii pezoHatop, To CBY sHeprust dyepe3 OTBEPCTUE B OOKOBOWM CTEHKE
NOMAJAET BO BHYTPEHHIOK 4YacTh LMJIMHPA, & 3aTEM B COCEAHHUE C(EPBI, TAE HET
uanyyarens. HasHayeHue Takoid KOHCTPYKLMHM PE30HATOPHOM KaMmepbl —
obOecrieunBarh >(P(PEKTUBHOE B3aUMOJECHCTBUE MOJIEH CBEPXBBICOKON YaCTOTHI C
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@oHy COACTICTBHA PASBUTHIO MAJIBIX (JOPM HIpeNPUATHII B HAYIHO-TEXHIICCKOIl cdepe

MHuHHCTEePCTBO IKOHOMIYECKOT0 PAa3BHTHS, IIPOMBIILIEHHOCTH H TOPTOBJIH

Yysanickoii Pecry6miku

MuHHCTEPCTBO 00pa3oBaHUA H MoJIOTEKHOMH momTHKH UyBauickoii Pecmy6mikn

Toproso-mpombniLTennas majaata UyBanrckoii Pecmyomiku

IpencraButeabeTBo PoHa coieiicTBHA PA3BHTHIO MAJIHIX (OpM NpeANPUATHII B HAyYHO-TeXHHYecKoili cdepe B UyBamickoii Pecmyo-
JIHMKe

OPT'AHH3AIIMOHHBII KOMHTET

ABpenbkiH Bragumup AnekcaHApOBHY, /.T.H., MUHACTP SKOHOMHYECKOTO PA3BHUTHS, IPOMBIIIICHHOCTH U Toprosan Uyamickoi Peciy6-
JIWKH, TIPEACENIaTeNhb

MesuH fkoB I'eHHaIbeBUY, INIABHBIN CHIEIMATKCT TPYHIbI opranuzaimu nporpammsl Y MHUK ®onna coneiicteud pazpuruto MOII 8 HTC,
3aMECTHTENb Tpe7iceaTest

AraoHoB Anekcanip BuktopoBuy, K.6.H., AupekTop Yebokcapckoro MOMUTEXHHUSCKOTO HHCTHTYTA (punrana) YauBepcuteta MarmmiHo-
crpoeHust (MAMN)

Bomxkos Oner ["appunoBry, K.X.H., pykoBoauTens [IpencrasutensctBa Monma B UyBarnckoii Pecybimke, 3aMecTHTENb TpericenaTenst

TorysoB Cepreii Anekcanaposuy, qupekrop OO0 «IlomuTexHuK»
YUYACTHHUKH KOHKYPCA

UI'y um. L.H. YnesHoBa

YIIU (¢) YauBepcuTeTa MAIIAHOCTPOSHHAS
UI'cxA

BO MAJI

UI'TTY um. U.51. SkoBneBa

AHO BO «AxkajieMust TEXHOJIOTHU U YIIPABJICHUS
000 «bropo HHGOPMATTHOHHBIX TEXHOIOTHI»
000 «TexHomornu ABTOMATH3AITHH

000 «MexaHOTpOHHUKAY

000 «TemnnocepBucy

000 «/I-JIOI'OC»

000 «UI1] EPECJIEP»

000 «IlonmutexHuK»

000 «JIagmomun»

Ouwman OAO «lasmpom T'azopactpenenenusi UeGokcapbn»
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YueHas cTelICHb, 3BAHHE K.T.H.

MobunbHeIi Tenedhon 89530155394

E-mail maryana belova 803@mail.ru

Hazpanme paGoTbl PazpaGoTKa YCTAHOBKH 1151 06paGoTKH KHINEUHOTO

ChIpbi yﬁoﬁ}nﬂx KHBOTHBIX ¢ NIPUMEHEHHEM YJ/IbTPAa3BYKOBBIX H CBE€PXBBICOKOYA-
CTOTHBIX T€HEpATOpPOB

HHGpopMATIHOHHBIE TEXHOJIOTHH
MeTHIHHA OYIyIIero
COBPEMEHHBIE MATEPHAJILI H TEXHOJIOTHH HX COTAHNA

Hanpasnenune
Vv | HOBBIe MPUOOPHI M ANMAPATHHIE KOMILTEKCHI
OHOTEXHOIOTHH
v | mpoexTop
CTOIKA 1J1f IVIAKATOB
IoTpebHoCcTh B 060pyIOBaHHT v | KoMmbioTep

KOJOCKOII
CTOJI IJI1 MAKETOB

v COI'JTACHLI HA nyﬁﬂmcaumo B aBTOpCKOﬁ PeTaKIuu
HE JaeM corjiacis Ha nyﬁﬂmcaumo

[IyGaukanms Te3uCOB

HpOCKT «Pasnaﬁom YCTAHOBKM JIJISI 00paGOTKH KHIIEYHOT O ChIphi !601711-[])]}( JKHMBOTHBIX
€ NIpUMEHEHHEM VJIbTPA3SBYKOBLIX H CBEPXBLICOKOYACTOTHLIX T€HEPATOPOB)

1.1. TemaTu4yecKoe HANpPaBJIeHHE MPOEKTA:
H 4. HoBble mpuGopHI H aNMAPATHHIE KOMILTEKCHI
H4.1. Hano ycTpolicTBa U MEUKpOCUCTEMHAS TEXHUKA.

1.2. KimoueBbIe ¢JI0Ba: TOPOWajbHBIA SKPaHAPYIOIIHHA KOPITYC, YIbTPa3ByKOBOH U CBEPXBBICOKOUACTOTHBIN TEHEPATOPBI, 00e33apasKuBaHNE
1 00e3KMpHBaHIE KUITIEUHOTO CHIPS, MONycepUUeCKHe TICPE/IBIKHbIC PE30HATOPHBIE KAMEPBI.
2. Y4acTHHKH NPOeKTa

2.1. Ha3BaHue By3a:

ABTOHOMHASI HEKOMMEpUECcKasi OpraHH3allsl BBICIIIETO 00pa30BaHUS « AKA/IEMHs TEXHOJIOTHH 1 YIIPaBICHUS

2.2. ®HO aBropa: 3ycBa Hatanus AnekceeBHa

2.3. KontakTHbIe faHHbIe aBTOpa: Tei.: 89603043872, 89176610261,
e-mail: nataliya.zueva.86@list.ru; agpec: r. Yebokcapsl, yi. P. Jlrokcembypr, 1-95.

2.4. Hayunslii pyxoBoauTe/ib: benoBa MaphsHa BaneHTHHOBHA

2.5. Crenenb, 3BaHHe, KOHTAKTHbIE JaHHble HAYYHOTO PYKOBOIMTENfi: K.T.H., JomeHT, Tem.. 89530155394; e-mail: marya-
na_belova 803@mail.ru, agpec: r. Yebokcapsl, yi. b. Xmensaunkoro, 1.78, k8. 89.

2.6. XapakrepucTuka 3agBuTensi: 3yeBa Hartamis AnekceeBHa — cTapimnii mpenogaBatelh Kadenpbl «MaTeMaTHUSCKHX, €CTeCTBEHHO-
HayyHbIX AucmuuinEy AHO BO «AxajeMust TEXHOTOTUN H YIIpaBieHUs. OHa HEOTHOKPATHO BBICTYTAIA HAa HAyUHBIX KOHPEPCHIHUIX B Pa3HBIX By3ax H
YUacTBOBaJIA Ha BBICTABKAX, JIEMOHCTPHPOBAJIA CBOM HAYUHBIC pa3paboTKH MpecTABUTENSIM afMuHuCTparmn UyBarickoi Pecmybmukn (04.10.2012 1.,
08.11.2013 r.), B TOM umclie MEHHCTPY celbekoro xossiictBa PO H.B. ®enmopony (20.10.2012 r.). Efo omy6nukoBaHO 25 HAYUHBIX CTaTel, B T.4. 4 —
omnpeneneHnsix BAK PO u 1 moHorpadust; mofana 3asBKa Ha W300peTeHne «Y cTaHOBKA JUisi 00pabOTKH KHITOK YOOHHBIX sKUBOTHRIX» (Ne 2014100559
oT 09.01.2014 r. — permenyie o Beiaun natenta ot 16.02.2015 1.) u 3asBka Ha n300peTeHne «Crmocod o0eKupHBaHUs H 00€33apaKUBAHMS KAIISUHOTO
CBIPhsT YOOUHBIX JKUBOTHBIX» (Ne 2015102660 ot 27.01.2015 1)

3. ConepkaHue NPoEKTa

3.1. AHHOTaUMA MPOEKTa

I]envio HacTOSIIIEH paboTHI SBISIETCS pa3paboTka 1 000CHOBaHHE NTAPAMETPOB YCTAHOBKHY JUTsl 00€3KUpPHBaHHS H 00€33apaXkKHBaHUsI KUIICUYHOTO
CBIPhsT YOOMHBIX )KHUBOTHBIX BO3JIEHCTBHEM YIIbTPAa3BYKOBBIX KoJiebanuit (Y3) U »IeKTpOMATHATHOTO TIOJS CBEpXBbIcoKo# dacToThl (OMIICBY), obecme-
YHBAIOIIAX YIIyUIICHAE KaUeCcTBa ChIPhSI TIPH CHIDKSHHBIX SHEPreTHUESCKUX 3aTpaTax.

Cpennnit 06beM MPOU3BOICTBA KUINEUHOTO ChIphst 0 PO coctanser 278 588 T/ron, a mo UP - 549 T/ron. B HacTosiiiee Bpemsi iporiece 06e3-
SKHPUBAHHUS CHIPhS B MSICOKOMOMHATAX OCYIIECTBISICTCS € HOMOIIBIO MULIMOIPOOIIBHBIX MAIlIHH, T7Ie OCHOBHBEIM pabOUNM OPTaHOM SIBJISIFOTCS BaJIbIO-
BBIC MEXaHH3MBI, HapYIIAOIIHE CTPYKTYPY HaTypajbHOH 000M0UKH. B CBA3M ¢ 5TUM pazpabaThiBaeTCsl yCTAHOBKA JUIsT 00€33apaXkuBaHMUsI M 00€3KHUPHBa-
HHS KHIISYHOTO ChIPhS BO3JCHCTBHEM 3MeKTpodmsnueckuX (akropoB. HoBH3Ha KOHCTPYKTHBHOTO HCIOJTHEHHUS YCTAaHOBKH 3aKIIOYaeTCS B
TOM, YTO OHA COAEPXKHUT TOPOUAAIbHBIH SKpaHUPYIOIMHIH KOPITyc, COBMEIAIOIHII (QYHKIMH pe3epByapa yIbTpa3ByKOBOTO F'eHEpaTopa U KOJIbIEBO-
'O BOJTHOBO/IA, 00€CTICUMBAFOIIETO TToNIe OETYIIX BOJH, PACPOCTPAaHSHHBIX Uepes 3a30p MEXTY NonycepaMil pe30HATOPHBIX KaMep.

3.2. Omicanmne TpoleJAHHOH W TIUIAHHpYyeMoii aBTopoM B pamkax mnporpammbl Y.M.H.ULK. HayuHo-TexHu4eckoii paGoThI,
TOJIy4eHHOT 0 HAYYHO-TeXHHYECKOT 0 Pe3yIbTaTa i ero HOBH3HEI

PazpaGatpiBaeMast ycTaHOBKa JJI1 0OpabOTKY KUIIEUHOTO CHIPBS COCTOHT W3 ABYX 3HepromoaBosoB — ¥ 3 u CBY reHepatopoB. BrrsiBieHo, UTo
yCTaHOBKa B 3(pDEKTHBHOM PEXUME IPH CoAep:KaHUH 3y0UaToro BEHI[a ¢ IEHTpaIbHBIM AHaMeTpoM 0,69 cM, TpaHCIIOPTHPYIOMKH chiphe B 10 momycde-
pax, BHyTpeHHHAM fuameTpoM 18,36 cM, co ckopocThio 3,6 cm/c, 00ecTIeUnBaET IIPOU3BOAUTEILHOCTD 45 KI/d. Y eTaHOBIEHO, UTO YHEKTHBHBIMA PEXKH-
MaMH 00pabOTKH KHINISUHOTO CHIPhSI SBISTOTCS yembHas MomHocTh CBY renepatopa — 3...4 BT/, mommHocTs Y3 Tenepatopa — 0,73 kBT, obmas mnpo-
TIOJDKATEITBHOCTh 00paboTKA — 4 MHH TIpH TEPHOTAUSCKOM pexkAMe paboThI YCTAHOBKH, YSAbHBIC SHEPIeTHUSCKHE 3aTpaThl cocTaBmsiioT 0,075...0,083
KBTwkr.

Paspaboran TeXHOTOTHUSCKHH Mporiece 0OpabOTKH KHITIEUHOTO ChIPhsI YOOUHBIX JKUBOTHBIX ¢ ipuMeHeHne Y3 1 CBY reHepaTopoB Jiis TMHAN
IIPOM3BOJICTBA IIOATOTOBKA HATYPaIbHOH 00OIOUKH KOIOACHBIX W3/EIHH, U NIPSIJIOKEHO KOHCTPYKTHBHOE HCIIOJTHEHHE OCHOBHBIX Y37I0B YCTAaHOBKH I
€T0 peaji3aluH.

Texuomornueckas cxema 11 00pabOTKHA KUIIECUHOTO CHIPbsT YOOHHBIX JKUBOTHBIX pazpaboTaHa ¢ yUeTOM CIIEAYIOIIX TpeOoBaHUH K Mpoliec-
cy:

— 00paboTKa KAIIEYHOTO ChIPhS MPOUCXOMNT 38 CUST MHOTOKPATHOTO MUKITHUeCKoro BosaehcTBusa Y3 1 DOMIICBY konebanmii; MeXaHH3UPOBAHHAS
YCTaHOBKa paboTaeT B EPHONMUSCKOM IIOTOYHOM PEKIME; KUIIEUHOE ChIPhE TIOAAETCS B MEePEABIKHBIC OObEMHbIC PE30HATOPHI IO3HPOBAHO; BHITPY3KA
KHIIEYHOTO CHIPBSI IPOUCXOMT 3a CUST ONPOKU/IBIBAHMUS HIDKHUX YacTell 00bEMHBIX PE30HATOPOB B MPOIecce MX MEepeABIKEHUS; 00paboTka obecniedn-
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BaeT o0e33apasKUBaHNE U O0C3KUPHUBAHAE KUIICUHOTO CHIPBS 3a cUeT KOMOWHUpOBaHHOTO BoszieHcTBrs Y3 u CBY koneGaHui IpH CHIKSHHBIX SHEpre-
THYECKHX 3aTPaTax, COXpaHCHHE (PU3NKO-XHMUUESCKUX CBOMCTB CHIPhS M YJIYUIICHHS UX KaUecTBa; 0OeCTICUCHUE HYKOJOTHUECKOH 6e301macHoCTH ULt 06-
CITY>KHMBAIOIIETO MEPCOHAIA.
Texnuueckuii pesynomam saxnoiaemes B AHTCHCH(PUKAIINN TEXHOJIOTHIECKOTO IIporiecca 00pabOTKH KHUIIEYHOIO CBIPhS ¢ COXPaHCHHEM KauecTBa

1 YHHUTOKSHUE OaKTepHabHOM MUKPOMIOpPHI. Y cTaHOBKA /IS 00pabOTKY KHIIIEUHOTO CHIPhsI YOOHHBIX *KUBOTHBIX COICPXKUT TOPOHATLHBIN SKpaHUPY-
IOIMH KOPIIYC ¢ BEpPICH, CIMBHBIM IIATPYOKOM, PACHOJNIOKEHHBIN O] YIJIOM K TOPH3OHTAIBHON INIOCKOCTH. BHYTpH KopITyca Haxomsares ceprueckue
HIepeIBIKHBIC PE3OHATOPSI, BHIOTHEHHEIE W3 JBYX noiychep. Bepxuue nmomychepsl KecTKo 3aKpeIuieHs! o n3nydatensimMu CBY reHepaTopos, a HIK-
Hue noychepsl nephopHpoBaHbl U MAapHAPHO 3aKpeIUICHBI K BEAYIIEMY 3y0UaToMy BEHILY, ONHPAIOIIEMyCsl Ha OHOpHbIC poMKA. C HIKHEH CTOPOHBI
SKpPaHUPYIOIIET0 KOpITyca, B 001aCTH MEHAMAILHOTO €10 HAKJIOHA, YCTAHOBJICHBI ITbE303ICKTPUUESCKUE 3IEMEHTHI YIIbTPa3ByKOBOTO T€HEPATOPA.

3.3. UnTeiekTyaTbHas COOCTBEHHOCTD

PazpaGoranHast ycTaHOBKa UL OOpabOTKH KHINESYHOTO CHIPhS YOOMHBIX JKHBOTHBIX ¢ OOOCHOBAaHHBIMH S(D(EKTHBHBIMH KOHCTPYKTHBHO-
TEXHOJIOTHYECKIE [TapaMeTPhl H PSKUMBI paboThl, a Taloke KOHCTPYKTOPCKAs TOKYMEHTAIIHSL.

WmeroTest akThl 00 MCTONb30BAHAHN B YUSOHOM Tpoliecce ciemytonux By3oB: OI'BEOY BIIO UI'CXA, OI'EOY BIIO KI'AY, ®I'EOY BIIO
Mapwuiickuii I'Y.

Bun  uwnTennexktyambHod | Haspanme oObhekTa wHTEN- | Ne mokymeHTa Jlata IIpaBoobnasa- CocTostHHE
COOCTBEHHOCTH TIEKTyaTbHOM TeNb
COOCTBEHHOCTH
Iomana 3asiBka Ha W300pe- | YcTanoBKa i1 o6paboTiku | 3asBka 09.01.2014 r. OI'BOY BIIO | Bprmaua maTeHTa OT
TCHUE KHIMOK YOOWHBIX JKUBOT- [ Ne2014100559 UI'CXA 16.02.2015 r.
HBIX
Iomana 3asiBka Ha m300pe- | Crocob obedkupuBanust H | 3asBka 27.01.2015 r. AHO BO «Aka- | CornacoBaHue
TCHUE obeszapakuBanus kumed- | Ne2015102660 MeMusT  TeXHONO- | dopmynsl  m306pe-
HOTO  CBHIpbSl  YOOWHBIX THH W YIOpaBie- | TEHHUS
SKUBOTHBIX HUS»

3.4. KoMMepIHaIu3yeMocTh HAYYHO-TEXHHYECKOT0 Pe3YJIbTaTa IIPOeKTa B CPeHECPOUHOM nepcnekTHie (S-7 jer)

OxoHoMuuecKui S3P(EKT OT BHEIPEHNS YCTAHOBKY JUTs1 00pabOTKU KUIIEUHOTO CHIPhsl YOOHHBIX JKHBOTHBIX, IIPOM3BOANTENLHOCTEIO 45... 50 Kr/4
T cocTaBiIsieT 353 Thic. pyd. /Tofl. YcTaHOBKA PEKOMEHYETCsI K BHEJIPEHHIO Ha IepepabaThIBAIOIUX IPEATIPUSITHSIX TUINEBOM OTPAcy CpefHEH U Maol
MOIIHOCTH IS IO/ITOTOBKH HATYPaIbHOH 000JNOUKH KONOACHBIX U3CIHH.

MexaHH3M peamM3allidl NPOEKTa BKIIOYACT apeHAy HPOW3BOJCTBCHHBIX NOMEIICHUH, MPHOOpETeHNE KOMIUISKTYIOIUX /Ul cOopa AaHHOH
YCTaHOBKH, €¢ COOpPKH, IPHOOPETEHHE BCIIOMOTATEIbHOTO O00OPY/IOBaHHS, NONYUCHHE Pa3peIIUTENBHBIX IOKYMEHTOB COOTBETCTBYIONIINX HHCTAHIWMH,
IIPOM3BOICTBEHHAsS KOoTiepanys H T.4. I1aH opranusaIyuy npofak IPoAYKIHH 110 ToJjaM peaiM3allii IPOSKTa BKITIOUACT IPOBETICHHE MapKETHHTOBBIX
HCCIIETIOBaHNH, OPTaHHU3AIMI0 PEKIIaMBl, 3aKIFOUCHHE JIOTOBOPOB Ha MOCTABKY NPOAYKIMH, HAUalo IOCTABKH NPOAYKIMH, IIPOBEICHAE PEKIIAMHBIX aK-
ITUH, BBEZICHAE CHCTEMBI CKH/IOK, JIEMOHCTPAIINH.

PEI'MCTPAITMOHHAS KAPTA

Y4JacTHHKA KOHKypca IpaHToB 1o ITporpamme

«YYaCTHUK MOJIO/ISKHOTO HAYUHO-UHHOBAIIMOHHOTO KOHKYpca» («Y . M.H.ML.K.»)
(27 — 28 mapta 2014 1.)

OHO aBTOpa NOJHOCTHIO Cepreesa Esiena FOpheBHa

MecTto yueonl (paboThi) OI'EOY BITIO UI'CXA

Kypce, bhakyabTeT (TIOIDKHOCTB) S, OHOTEXHONOTHUCSCKUH (CTYICHTKA)

YueHas cTeNIcHb, 3BaHNE

Jlata poxaeHust 12 Ji12 Ji190 |
MobunbHeI# Tenedon 89373865283

E-mail elena.sergeeva.1990@list.ru

OHO pyKOBOIUTEIS IOTHOCTHIO benoBa MapbsiHa BaJleHTHHOBHA

MecTo paboThI OI'EOY BIIO «Ka3anckuii rocy/1lapcTBEHHBIN arpapHblii YHUBEPCUTET»
JIOIDKHOCTE JIOKTOpaHT

YueHas cTelicHb, 3BaHNE K.T.H.

MobunbHbIi Tenedhon 89530155394

E-mail maryana belova 803@mail.ru

HasBanne paGoThI YceTaHoBKa I TEPMOOGPadOTKH KPOBH

YOOIHBIX KHBOTHBIX

HHGpopMATIHOHHBIE TEXHOJIOTHH

MeTHIHHA OYIyIIero

Hampasnenne COBpEMeHHbIE MATEPHAJILI H TEXHOJIOTHH HX COTAHNA
HOBbIE TPHOOPHI H ANMAPATHHIE KOMILTEKCHI

v | OHOTEXHOIOTHH

v | mpoexTop
CTOHKA I ILIAKATOB
IoTtpebHocTh B 060pyIOBaHHT v | KoMmbIoTep
KOJXOCKOI

CTOJI VISl MAKETOB

v COI'JIACHLI HAa nyﬁﬂmcaumo B aBTOpCKOﬁ PpeAaKIHnu
HE JaeM corjiacii Ha nyﬁﬂmcaumo

[IyOaukaims Te3UCOB
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HpOCKT «Y CTAHOBKA JIIS TeDMOOﬁ[!aﬁOTKI/I KPOBH Y0OHHBIX 5KHBOTHBIX»

TemaTnyeckoe Hanpapiaenne npoexkrta: HS. brorexnonorun. H5.6. BHOTEXHOIOIUM NTPOU3BOZICTBA HOBLIX BHIOB IHINEBBIX NIPOAYKTOB H IMPOJOBOJNb-
CTBEHHOTO CBIPBS.
KmoueBnie cioBa: anekTpoMarauTHoe noje CBY muama3ona, BapeHast KpoBb, 00beMHBIH pesoHaTop, MK TaMImbl, THdIeKTprIeckuii KOHTEHHED.

1. YYacTHHKH NPOeKTa
1.1. HazBanme By3a: {DenepaibHOS rocyJapcTBEHHOE OIO/DKETHOS 00INE0Opa3oBaTENBHOES YUPESKACHAS BBICIIETO IPO(EcCHOHATBHOTO 00pa3oBaHUS
«HyBarmckas rocyfiapcTBeHHASI CEIILCKOXO3HCTBEHHAS aKaJIeMHSD
1.2. ®HUO aBtopa: Cepreea Enena IOpreBHa
1.3. KontakTHbIe TaHHBIEe aBTOpa: Tel.: 89373865283, e-mail: elena.sergeeva.1990@list.ru; agpec: Yebokcapekuii paiion, a. SIHarmkacsl, yi. [Ipsivas,
oM 18;
1.4. Hayunslii pykoBoguTesb: benosa Mapssina BaeHTHHOBHA
1.5. Cremnens, 3BaHNe, KOHTAKTHBIE TAHHBIC HAYYHOTO PYKOBOTHTE/IA: K.T.H., JOKTOPaHT, Tel.: 89530155394, e-mail: maryana belova 803@mail.ru,
anpec: T. Uebokcapsl, yii. b. Xmenpaumnkoro, 1.78, k8. 89.
1.6. Xapakrepuctika 3assutess: CepreeBa Enena IOpbeBHa, 5 Kype, OHOTEXHOMOTHUSCKHH (DaKYIBTET, IO CIENHATLHOCTH « TE€XHONOTHS POM3BOI-
CTBa U HepepalbOoTKH CENbCKOXO3SHCTBEHHON MponyKnun», MenepalbHOro rocyaapcTBEHHOTO OFOKETHOrO 00IeoOpa3oBaTEIBHOTO YUPSKCHHS BBIC-
1mero npodeccronaabHOr0 obpasoBanus «UyBallckas rocyIapcTBEHHAS CeIbCKOXO3SHCTBEHHAS aKaJ[eMASD.

2. ConepxaHue PoeKTa
2.1. AHHOTaUMA MPOEKTa

Ilo craTHCTHYECKAM JAaHHBIM 0OBEM COOPaHHOH KPOBH C.-X. JKHBOTHBIX B PO cocTaBisiet B npeenax 400 Toic.T, 13 HUX 40 ThIC.T HCHIOIB3YIOT IS
TOTYUeHHUS GENKOBBIX T0GABOK, UTo cocTaBisieT 10 % ot obimero oohema cobpannoit kpoeu. B UP cienyet mepepabaTsBaTh KpOBb YOOHHBIX JKABOTHBIX
B o6beme 780 T/TON, W3 HUX IS TPOU3BONCTBA GEIKOBBIX M06aBoK — 292,5 T/Tox. O1o 3HaunT, B UP KadkimoM MICOKOMOHMHATE CPETHEH MOITHOCTH Clie-
nyeT nepepabaThiBaTh KPOBb YOOHHBIX )KHBOTHBIX B KOPMOBYIO /100aBKY 58,5 T/T07.

Ipy npoeKTHPOBAaHUH YCTAHOBKH AT TEPMOOOPaOOTKH KPOBH YOOHHBIX )KHBOTHBIX Ha HOBOM IPHHITAINE HEOOXOIUMO CO3/1aBaTh YCJIOBHS, IIO3BO-
JISTFOIIHE TIPH CHIDKEHHBIX SHEPIeTHUECKUX 3aTpaTax BapHTh U 00e33apasKUBaTh CHIPEE B IOTOYHOM PESKHME, HCKITIOUAst IEPETPEB CHIPBSL.

B cBs3u ¢ 5THM, pa3paboTKa IIPOrPECCHBHON TEXHUKW M TEXHOJIOIHH Ha OCHOBE BO3JICHCTBHS AICKTPOMATHUTHBIX M3IIyUeHHH, IO3BOJIIOMEH HH-
TEHCU(HUITIPOBATH TIPOM3BOACTBO OEIKOBOr0 KOpMa M3 KPOBH YOOHHBIX KUBOTHBIX, IIPEACTABIIICTCS aKTyaIbHOH 3a/1aueci.

2.2. Onncanne Mpoe/IAHHOI 1 TVIAHUPYeMOii aBTopoM B paMKkax mporpammbl Y.M.H.I.K. HayuHo-TexHn4ecKkoii padoThl, MOJyYeHHOT0 HAYYHO-
TEXHHYEeCKOT0 Pe3y.JIbTaTa H €0 HOBH3HBI

Pa3paboTaH TeXHONOTHUECKHUH TIPOIEcC TEPMOOOPaOOTKH KPOBH YOOHHBIX JKHBOTHBIX € MCIIOJIb30BAHHEM SHEPTHH YISKTPOMATHHTHBIX H3TyUCHUH
CBY n UK nnama3oHOB IS JIMHAHM IIPOM3BOZICTBA OEIKOBOTO KOpMa, H MPEATIOKEHO KOHCTPYKTHBHOS HCIIOHEHNE OCHOBHBIX Y3JIOB YCTAHOBKH JULI €TO
peam3aIm.

Texronornueckas cxema TepMooOpabOTKH KPOBH YOOHHBIX )KHBOTHBIX pa3paboTaHa ¢ YUETOM CIEYIOIIX TPeOOBaHHUH K IIPOLECCY:

— TepMooOpaboTKa KPOBH MPOHCXOANT 32 CUET MHOTOKPATHOTO MOCIIETI0BATEILHOTO BO3ICHCTBHS SJICKTPOMATHUTHOTO ITOJIs1 CBEPXBBICOKOH YacTo-
Thl ¥ HH(PAKPACHBIX M3IyUCHHH Uepes May3y, MEXaHU3MpPOBaHHAs YCTAHOBKA pabOTaeT B IOTOYHOM PEKHME; CHIPhE - KPOBb IIONAETCS B IEPEIBIKHBIC
00BEMHBIC PE30HATOPHI IO3HPOBAHHO, B aBTOMATHUSCKOM PEXXHUME; BBITPY3Ka BApPEHOH KPOBH IIPOHUCXOANT 3a CUET ONPOKHUIBIBAHHS COOTBETCTBYIOIIIX
00BEMHBIX PE30HATOPOB; TEPMOOOPabOTKa 0OSCIIEUNBACT MOTHYIO CTEPIIIM3AIMIO BCEX BHAOB [IATOTGHHBIX MUKPOOPTaHH3MOB B CBAPSHHOM KPOBH IIPH
CHIDKCHHBIX SHEPIeTHUSCKUX 3aTpaTaxX M HCKIIOYAET MOTEPH KPOBH, COXpaHSIeT GU3UKO-XHMHUESCKHE CBOHCTB M TOBAapHBINH BH/ BAPEHOH KpoBH, obectie-
YHBAET HKOJIOTHUECKYIO 6€30MacHOCTh U1 00CTYKHBAIOIIETO IEPCOHAIA.

Texnuueckuii pesynomam saxnouaemes B AHTCHCU(HUKAIIN TIporiecca TepMooOpabOTKA KpOBY YOOHHBIX KUBOTHBIX B IIOTOYHOM PEKHME H B TI0-
BBIINICHWH KauecTBa TOTOBOTO HMPOAYKTa. YCTaHOBKA UL TepMOOOPabOTKM KPOBH YOOMHBIX >KMBOTHBIX COTCPXKUT IMIHHAPHUSCKAN SKpaHUpPYIOIHH
KOpILyC, BHYTPH KOTOPOTO PacHOIOKEH POTOp, IO BCEMY IIEPUMETPY KOTOPOrO BEPTUKAIBHO BMOHTHPOBaHbI HIDKHAE YACTH I[MIHHAPUUESCKUX PE30HA-
TOPHBIX KaMep, BHYTPH KOTOPBIX YCTaHOBJICHBI TUJICKTPHUSCKHUE KOHTEHHEPHL. BepxXHie UacTh pe30HATOPHBIX KaMep JKeCTKO 3aKpemieHsl nox CBY
reHepaTopaMu. M3mydaTtens HalpaBlieH B CTOPOHY NEPEBIDKHBIX pe3oHaTOpHBIX Kamep. CBY renepatopsl u MK naMmbl paclolokeHs! ¢ UepejoBaHH-
€M IO TIEPUMETPY Ha BEPXHEM OCHOBaHHH SKPaHUPYIOIIETO KOpIIyca, Ky/la YCTaHOBICH MOTOP-PEAYKTOp IS IIPHBOiA POTOpA.

3a cuer yepenoOBaHHMS SHIO—3K30TCHHOTO HATPEBA MPOUCXOMUT TPHPAICHHUE TEMIESPATYPHI Chipbst 1o 78...80°C. Jis 1o3upoBaHHOM HOMauHd Kpo-
BH B IICPEABIKHBIC OOBEMHBIC PE30HATOPBI pa3paboTaH H H3TOTOBJICH JI03aTOP.

2.3. UnTe/mieKTyaabHasi COOCTBEHHOCTH

IIpoBenieHO HCHBITAHAE YCTAHOBKH UL TEpMOOOPabOTKY KPOBH YOOHHBIX KUBOTHBIX B YCJIOBHSIX MICOKOMOHHATOB, pa3spaboTaHa KOHCTPYKTOD-
CKasl JOKyMEHTAIIHsI Ha YCTAHOBKY ¢ pabOUMMH YepTe:KaMy, 0O0CHOBaHbI 3 (PeKTHBHBIE KOHCTPYKTHBHO-TEXHOIOTHUECKUE TTAPAMETPhI H PSKUMBI pabo-
Thl YCTAaHOBKH. B pesynbTaTte NpefBApHTEIBLHOIO AanpoOHpPOBaHUS YCTAHOBKH, BBISBICHO! CHIDKGHHE VYACNBHBIX DSHEPIeTHUECKHX 3aTpaT Ha
TEPMOOOPAbOTKY KPOBH YOOHHBIX KMBOTHBIX — ¢ 0,2 710 0,16 KBT-wkT, yiyullleHHe KauecTBa BapeHO# KpOBH Ha 9 6aJUioB; CHIDKEHHE OaKTepHATLHON
06CEeMeHEHHOCTBIO MIPoIyKTa ¢ 4.4 -10° KOE/cM® o 10 000 KOE/cM®; yBemmuenHe cpoka XpaHeHHS IPOAYKTa B IIOTPeGHTEIbCKOM Tape ¢ 2 10 5 CYTOK,
Py Temmepartype He Bbime 3...5°C.

AKTHI aipoOHpOBaHNS YCTAHOBKH M HOJIOKUTETBHBIC 3asIBKH HPEJICTABICHBI paboTe.

Bun HasBanue o6bekTa Ne 1oKkymeHTa Jlata IIpaBo- CocTostHHE
AHTEIUISKTYa b HOM AHTEIUISKTYa b HOM obaaTeib
COOCTBEHHOCTH COOCTBEHHOCTH
Iomansl 2 3asBkA Ha | 1. YcranoBka s TepMoob- | 1. 3asBka 13.08.2013 1. O@I'BOY  BIIO | 1.CornacoBaHue
H300peTESHAS paboTKH KPOBH C.-X. HBOT- | Ne2013137720 Urcxa (opMynsl  H300peTe-
HBIX HHUS
2. Cmocob Tepmoobpabotku | 2. 3asBka Ne | 22.10.2013 2. @®I'bOY BIIO | 2. DOkcmepTuza 1O
KPOBH €.-X. >KUBOTHBIX 2013146767 UI'CXA CYIIECTBY

2.4. KoMMepuHa/IM3yeMOCTh HAYYHO-TeXHHYECKOTO pe3y/IbTaTa NMPoeKTa B CPeIHECPOYHOIi epenexkTuie (S -7 jeT)

Pa3paboTaHHYI0 U CO3/1aHHYIO YCTAHOBKY PEKOMEHAYETCS HCIIOMB30BaTh B YUEOHOM IIPOIECCE BBICHIMX M CPEAHECICIMATLHBIX YUeOHBIX 3aBe-
JICHHH CEJbCKOXO3SIHCTBEHHOTO HAIIPABICHMS, KaK JJaOOpaTOPHBIN CTeHA IIPH YTeHHN AUCIHILNH: «IIponeccel u anmapaten, «O00py0BaHHE H aBTOMA-
TH3aIHs TIepepabaThIBAIOINX TIPOM3BOZICTBY, «DNEKTPOTEXHOIOTHN», « TexHorornueckoe o0opynoBaHue UL NepepaboTKH MPONYKIUH SKHBOTHOBOI-
cTBa». B ponu motpebutesnst obpasiia YCTaHOBKH /Ul TEPMOOOPaOOTKH KPOBH YOOHHBIX KHBOTHBIX MOTYT BBICTYIIHTh: CEJIbCKOXO3SHCTBEHHBIC TIPEIIPH-
SITHSL, KPECTBIHCKO-(hepMepCKHe X035HCTBA, HHUBAAYAILHbIC IPSAIPHHAMATENH, CICIHATH3UPYIOIHEcs Ha HepepaboTKe IPOAYKIUH *KUBOTHOBO/ICTBA.

I"omoBoii s5koHOMHIUECKHH 3QHEKT OT IPUMEHEHHS YCTAHOBKH I TepMOOOPaOOTKH KPOBH YOOHHBIXK )KHBOTHBIX, IPOM3BOIUTENBHOCTRIO 60 KT/
coctaBisieT 471240 py6.
































































































