OT3bIB

oQUUMANBHOIO ONIMOHEHTA JIOKTOpa TeXHUYEeCKUX Hayk, npodeccopa DenepalibHOrO
rocy/1apCTBEHHOI0 OIO/PKETHOr0 00pa30oBaTEIBLHOIO YYpekKIeHUs BbICLIEro oOpa3oBaHus
«MkeBckass rocyjlapcTBeHHas CelnbCKOXo3sicTBeHHas akajaemMus» Jlekomuesa Ilerpa
JleonnpoBuya Ha pguccepraunoHHyro paboty benoBoit Mapesinel BalleHTHHOBHBI
«Pa3paboTka CBEPXBbICOKOYACTOTHBIX YCTaHOBOK IS TepMO0OpaboTKH
CEeJIbCKOXO03SIUCTBEHHOTO CBIPhS», MPEACTaBIeHHON K nMyONMMYHON 3allMTe HAa COMCKaHHe
y4eHOH CTeneHW JIOKTOpa TeXHHMYECKMX Hayk no crneumansHoctn 05.20.02 -
IEKTPOTEXHOJIOTUH U 2JIEKTPOOOOpPYA0OBAaHUE B CEIILCKOM XO35MCTRE.

1. AKTYaJlbHOCTb T€Mbl JIHCCEPTALIHH

[lepepaboTka cenbCKOX035HCTBEHHOIO ChIPhs Y MPOU3BOAUTENS SBJISIETCS OJIHUM M3
HanpaBJIeHUA CHMKEHUs ceDecTOMMOCTH MNPOAYKLHUHM M TNOBBILEHUS 3(h(PEeKTHBHOCTH
MPOM3BOJACTBA B LiejoM. B CBsi3M ¢ 3TUM HauOONBIIYIO aKTyaJlbHOCTH HpHOOperaer
co3/lanne majgorabapuTHON TEXHUKHU ISl nepepaboTKU ChIPbS Y MTPOU3BOJNTEIS.

CywectBytomue cBepxBbicokoyacToTHele (CBY) ycraHoBku st nepepaboTku
NPOAYKLUMH TO3BOJISIOT TPAHCIOPTUPOBATh ChIphe 4Yepe3 OObEMHBINM pe30HATOp IIpH
HAJIMYMK 3arpejielIbHBIX BOJIHOBOJIOB, OrPaHUYMBAIONIMX MOIIHOCTH MOTOKA M3JTyYCHMUS.
OHM  CHOXKHBI 1O  KOHCTPYKIIMH, BO3HHUKAIOT TPYAHOCTH IPH  HACTpPOiiKe
anekTpoguHamuyeckoi cucremsl «CBY reneparop - o0beMHBIN pe3oHATOp - ChIphe» Ha
HeoOXoauMy10 4actoTry. llIMpokoMy BHEApPEHHIO TaKMX  TEXHOJIOTHH NPENnsSTCTBYET
CIIOKHOCTB M JJOPOTOBHU3HA UCTOYHHUKOB AJIEKTPOMArHUTHBIX u3nydyeHuid. Mcnons3zoBanue
JHEPruy 2JEKTPOMArHUTHBIX H3JIYUEHUH U1 3THUX LeNled orpaHu4YeHO W3-3a CII0KHOCTH
obecrieyeHus MMOTOYHOCTH TEXHOJIOTHYECKOT0 Ipoliecca.

AnsrepHaTUBHBIM, AewieBsiM BapuanToM CBY ucrounuka siBnsieTcs MarHeTpoH
ObITOBOM MMKPOBOJIHOBOM 1ieun. [losTomy oOOCHOBaHME METOMOB TOBBIIICHHUS
3 pexTuBHOCTH (GyHKLUMOHMPOBAHUS CBEPXBBICOKOYACTOTHBIX YCTAHOBOK,
peaHa3HavYeHHbIX 1 TepMooOpaboTkn M o0e33apaKMBaHHA CEIbCKOXO35HCTBEHHOIO
CHIPBS B ITIOTOYHOM pPeXXUME, UMEET BaXXHOE HAPOAHO-XO035MCTBEHHOE 3HAYECHHME.,

2. Crenenb 000CHOBAHHOCTH HAYYHBIX M0JIO’KEHHH, BLIBOA0OB peKOMeH/1alHii

Ilepeorit  eévieo0 OazupyeTcs HA TEOPETHYECKOM MCCJIEIOBAHUM METOIMKH
npoektupoBanuss CBY  ycranoBok g Tepmoobpaborkum u  obe33zapakuBaHMS
CENIbCKOXO34MCTBEHHOI'O  ChIpbsl, HalpaslieHHOM Ha ofecnevyeHue IOTOYHOCTH
TEXHOJIOTHYECKOro npouecca, BHICOKOM HaMpsKEeHHOCTH 2JIEKTPUYECKOrO 110JIsl B ChIphe H
NO0OPOTHOCTH 3JEKTPOAMHAMUYECKON CHCTEMBl 3a CYeT W3MEHEHUsS KOH(UIypaluu H
obbeMa peszoHaTopHOM Kamepbl. BbIBOJ JocTOBEepeH, obnamaeT HAy4yHOM HOBH3HOM M
COOTBETCTBYET MEPBOMY H YETBEPTOMY 3alLMIIAEMBIM IMOJIOKEHHSIM.

Bmopou 61600 0azupyeTcs Ha TEOPETHYECKOM MCCIIE/IOBAHUU IJEMEHTOB TEOPHH
anexkTpoauHaMudeckoi cucremsl CBY ycraHoBKM M 3akoHOMepHOCTel pabodero
npolecca, npoucxojswero B nepdOpHpOBaHHBIX  CepHHYECKHMX  pe30HaTopax,
pACIOJIOKEHHBIX B JKPaHUPYIOIIEM KOpIyce, IO3BOJSIONMX COracoBaTh KIIOYEBbIE
napamMeTrpbl M peXHUMbl pabOTbl yYCTAHOBKH Ui obOecrnedyeHus: 3PPEKTHUBHOM
TepMO0OPabOTKH CENBLCKOX03sMCTBEHHOIO chipbsi. CoryacoBanbl 40OPOTHOCT U 00BEMBI
Pe30HaTOPHBIX KaMep, obecrneyuBaiomMX 3(POEKTUBHYIO BEJIUYMUHY HaIpsIKEHHOCTH
IEKTPUYECKOTO 1o s obe33apaKuBaHUs ChIpbs B Mpoliecce TepMoodpadoTku. BeiBon
JIOCTOBEpEH, O0JaZlaeT HAayYHOH HOBHM3HOW M COOTBETCTBYET TPETHEMY M YETBEPTOMY
3alMIIAEMBIM [TOJIOKEHUSIM.



Tpemuii 6b1600 OCHOBaH Ha TEOPETHYECKUX HccienoBaHusX aBropa. Coaepkur
MeTO/IBI pacueTa pabouyux kamep MHororeHepatopHsix CBY ycTtaHoBOK co chepruecKkuMu
nepOpUpOBaHHBIMUA PE30HATOPAMH, TO3BOJISIIOLIME BBIABUTH P(HEKTUBHYIO MIOTHOCTH
)KMBOIO CEYeHHs OTBEpCTHt M 3a3opa Mexay mnonychepamu. Ilepdopauus chepsl
CHIKaeT cOOCTBeHHYIO 10OPOTHOCTE MHOIOPE30HATOPHOM KaMephl He Ooliee yeM Ha 16%,
eClIi CyMMa JIMaMeTPOB OTBEPCTHi nepdopaliiy He NMpeBbIlIaeT JuaMeTpa caMoil cgepel.
JudpakunonHsle noTepu, cleAoBaTellbHO, COOCTBeHHas J0OpPOTHOCTH, C YBEIMYEHHEM
panuyca chepnl ¢ 3,06 cM no 24,48 cM, npu 3asope Mexay nonychepamu 1 cm,
ymensmarores ¢ 14 % mo 0,2%, a npu 3azope 0,5 em — ¢ 7 % mo 0,1%. BeiBoa
JlocToBepeH, obnajaer Hay4YHOH HOBHU3HONH U COOTBETCTBYET YETBEPTOMY 3allMIIAEMOMY
IOJIO)KEHMIO.,

Yemeepmotil 661600 OCHOBAaH HA TEOPETUYECKUX U OKCIEPUMEHTAIBHBIX
ucenenoBaHusax apropa. Cojlep)KUT 3aKOHOMEPHOCTH KWHETHKH HarpeBa celpbs B CBY
yCTaHOBKe CO cdepuyeckuMu neppopHpoBaHHBIMU pe3oHaTtopaMu. PerpeccHoHHbIe
MOJie/Id Tpouecca (QYHKLMOHMPOBAHUSA YCTAHOBOK, MaTeéMaTH4YeCKHE MOJIE/IH JUHAMHKH
9HJIONeHHOI'0 HAarpesa ChIpbsi, U pa3zpaboTaHa METOJHMKA COITACOBAHWS KOHCTPYKTHBHO-
TEXHOJIOTHYECKUX MapaMeTpoB ¢ peKuMaMid padoThl YCTAHOBOK € Y4ETOM KOH(UIypaLHH
pPE30HATOPOB U U3MEHEHHS NEKTPO(U3UIECKHX NTapaMeTpOB ChIPhs B MpoLecce MOTOYHOH
TepmoobpaboTku. O6OCHOBAH KOMIUIEKC KOHCTPYKTHUBHO-TEXHOJIOTMUECKHUX I1apaMeTpoB
u pabouux pexxumoB CBY ycranosok, obecrieyuBaroMx yjIydlleHUe KayecTsa MpoayKTa
[pH CHHIKEHHBIX dKCIUTyaTallMOHHBIX 3aTparax, 4To IMOATBEPIKJIAaeTCs akTaMu anpoOaliu
B IIPOM3BOJICTBEHHBIX ycsioBusix. Ha ocHoBe ucclieloBaHU JUHAMUKH Harpesa CbIpbs W
MHKpPOOHOJIOrHYECKUX MoKa3aTelieil BeISIBIIEHO, 4TO 00e33apaxkuBaHue U tepmoodbpaborka
CBIPBS [POMCXOAAT TIPU HANPSDKEHHOCTH 2JleKTpudeckoro noias or 1 go 14 xB/cm B
ctepuueckoit pezonaTtopHoit kamepe obvemom 0,5...51. BeiBojx nocrosepen, obiianaer
MPaKTHYeCKOW 3HAYMMOCTBIO U HAYyYHOW HOBHU3HOM COOTBETCTBYET BTOPOMY H TpPEThEeMY
3alUIIAeMBIM [TOJIOKEHUSIM. .

Ilamotii 661600  cONEpKUT criocobsl  Tepmoobpaborku U obe3zapakuBaHUS
Pa3IMYHOr0 CEJIbCKOXO3MHCTBEHHOI'O CHIPhS B IMOTOYHOM pPEKUME IMPH KOMOMHUPOBAHUU
HCTOYHUKOB JHEPrHHM CBEPXBBICOKOM HacTOThl, MH(pPAKpacHbIX H YJIbTPa(HOIETOBBIX
U3JTyYEeHHH, YIBTpa3ByKOBbIX Kosiebanuit, Texnonorun  TepmoobpaboTku KpoBH yOOHHBIX
KUBOTHBIX M JKMpOCOJIep)Kalllero  ChIpbsl  peaJiM30BaHbl B KOHCTPYKLIMSAX
MHOIOI'€HEPAaTOPHBIX CBEPXBBHICOKOYACTOTHBIX YCTAHOBOK IIPOM3BOJAMUTENIBHOCTBIO JIO
40 xr/4. BeiBo nocroBepeH, obnagaeT NpakTHYECKOW 3HAYMMOCTBIO M COOTBETCTBYET
BTOPOMY 3al[UIIAaEMOMY T10JIOKEHHUIO.

[llecmoii 6b1600 OCHOBAH Ha - IKCNEPUMEHTAIBHLIX HCCIE/JOBAHUAX aBTOpa.
Koncrpykuun pabouux Kamep, Ppacrojio)KeHHBIE B TOPOUJIAJILHOM 3KPaHUPYIOLIEM
Koprnyce ofecrnedyuBarOT IOTOYHOCTh TEXHOJIOTHYECKOro mnporecca IpH CoOJI0AeHHH
CAHMTAPHBIX HOPM  I10  MOIIHOCTH  [IOTOKA  MU3JMY4YEHUH  OKOJI0O  YCTAaHOBOK
100...250 MkBT/cM® M 3HEpreTHYecKol SKCIO3MIMH 3a CeMHYAacoBOi paboumii JeHs,
MOBBIIIAS JHEPreTUYECKUi, OaKTEepUUMAHBIA M IKOHOMHUYECKMH I(PQEKTHl IpH
MHOI'OKPATHOM BO3JEHCTBMM  3JIEKTPOMArHUTHOIO  I10JISE CBEpPXBBICOKOW YacTOThI
Hacelpbe. BbIBoJI mocToBepeH, oblialaeT NMpakTHYECKOW 3HAYMMOCTBIO U COOTBETCTBYET
[ISITOMY 3alUIaeMOMY MOJIOKEHHIO.

Cedbmoit 661600 OCHOBAH HA YKCIIEPUMEHTAJIBHBIX UCCIIEIOBAHUAX aBTOpA.

B pesynprate anpobanmm wusrorosneHHelx CBY ycraHoBOK st TepMo0o0OpabOTKH M
obe33apaxxuBaHusi C.-X. CbIPbS B TPOU3BOJACTBEHHBIX YCIOBHUSIX BBISIBICHO, YTO
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JHCPreTHYUCCKME 3aTpaThl Ha TEpMOOOpPabOTKY KpPOBH M IKHPOCOAEPIKALLErO ChIpPbs
cocrapisitor 0,15...0,2 xBru/kr, MsicHoOro ceippst — 04...0,5 xkBru/kr. Kauectso
MpoayKkTa yiy4qmaercs Ha 0...9 OGamnos, a ofmee MukpobHoe umciIO B [IPOAYKTE
CHHIKaeTCs Ha JBaropsaka. BeiBox jocrosepen, o6nagaer npakTHYecKoi 3HAYUMOCTEIO |
COOTBETCTBYET IATOMY 3alIUIIAEMOMY 10JI0KEHHIO.

Bocomoii 661600 CcOIEp UT pacyeThl TOMOBOrO 3KOHOMHYECKOIO apdexra ot
npumenennss  CBY  ycramoBok s obeszapakuBaHusi  u TepmooOpaboTku
KHPOCOAIEPIKAIICTO CBHIPbS 3@ CHET CHIKEHHUS OIKCIUTyaTALlMOHHBIX 3aTpaT B CpejHEM
cocrapistomero  25...40 Tteic. py6. npu  oObeme BBIITYCKAEMOM  IPOJYKIIUH
80...120 ToHH. 3a cyer peanM3alMK KAYEeCTBEHHOTO MPOJAYKTa IO 1ieHe Bble Ha 5%,
YUCTBIM J0x01 cocTaBuT S00 TEIC.pY®.

Msnoxensl mepcrniexTuBbl panbHeimeil pa3paGoTKH TeMsl, HalpaBJIeHHblEe Ha
MOSBJIICHHE HOBBIX (P (PEeKTHBHBIX TEXHOJIOIHH.

3. 3HAYMMOCTD VISl HAYKH H NPAKTHKH Pe3yJbTATOB JHCCePTALIHH

HoBusna pesynbraToB wucCleoBaHHH COCTOMT: B CHCTEMHOM MOAX0JE K
TEOPETUYECKOH  OLEHKE  3aKOHOMEPHOCTe#l  mporeccos, MPOUCXOAIMX B
JJIEKTPOIMHAMHYECKHUX CHUCTeMax; B pa3paboTke criocobor Bozneiicteus IMU Ha ChIPhE;
B pa3spaboTke MaTeMaTHYECKUX M PerpecCHOHHBIX MOJENEi, ONMUCBHIBAIOIIMX [POLIECCHI
TepMOOOPAabOTKH CBIPBSi; B COCTABJACHHH METONMKM COIACOBAHIS KOHCTPYKTHBHO-
TEXHOJIOTMYECKUX [TApaMETPOB C peXHMaMu pabOThl YCTAHOBOK C YYETOM KPHTEPHEB
OLCHKH ~ TIDOLECCOB; B  BBIABJICHHH pPE3ePBOB, IOBBILAIOMKX  IPHEKTHBHOCTD
(ynkiuonupoBanus CBY  ycraHoBok  co cepuueckuMmu  pesoHaTOpaMM  JuIs
TepMOOOPabOTKH C.-X. CHIPbS B IIOTOYHOM PEXHME; B H3y4YEeHWH JIMHAMHUKH Harpesa rnpu
Bospeicteu OMMW Ha ceippe B nepdopuposanHbIX cdepuueckux pe3oHaTopax; B
pa3spaboTke  METOAMKM  HMH)KEHEPHOrO  pacyera [apaMeTpPOB  YCTAHOBOK IS
TepMO0OPabOTKHM C.-X. CHIPLs ¢ UCTIONb30BaHKeM DMU.

[IpakTnyeckyro 3HaYMMOCTH IpejCTAaBISET METONMKA npoexktupoBanus CBY
YCTAHOBOK € OSHEPromojiBOJOM B c()epHvecKue pe3oHATOPhI, MO3BONSIONIHE JOCTHYb
MaKCHMajibHOH  JOOPOTHOCTH M MOTOYHOCTH  TEXHOJOIMYECKOro npouecca
TepMOOOPabOTKH Pa3/IMYHOTO C.-X. CHIPBS 6e3 CIOKHBIX CHCTEM OTpaHUYEHUS U3ITYYECHHS
HEPE3 SKPaHUPYIOLIMK KOPITYC C MPUMEHEHUEM MATOMOIIHEIX MarHeTPOHOB.

HoBH3Ha TeXHONOrHYECKUX M TEXHUYECKHX pelleHrH noATBepikieHa 16 nareHTamMu
Ha wu3o0perenus. [lokxazana wuenecooGpasHocTs MpUMEeHeHHust sHeprud ODMU B
TEXHONOrHAX TepMOOOPabOTKH U 06e33apakMBAHUS CHIPLS JUIS TTONYYEHHS Ge30MacHoi
NPOAYKLHH “ OTIpe/ieJ/IeHb pe3epBsl, MOBBIILIAIOLHE 3 dexTuBHOCTE
JICKTPOAUHAMUYECKHUX cUCTeM. M3roToBieHbl M MCHBITAHLI B [IPOM3BOJICTBEHHBIX
YCIOBUAX  yCTAHOBKH JUisl TEPMOOOpabOTKM C.-X. CBIpbS € HCTOYHMKaMH DMMU,
HOSBOJIAIONIME CHU3UTE IKCIUTyaTAlMOHHBIE 3aTPaThl W yJTy4IINTh KA4eCTBO INPOIYKLIHH.
Bripaboransl pekoMeHAaMuU 1Mo alIapaTHO-TEXHOJIOTHYECKOMY O(hOPMIIEHHIO YCTAHOBOK
1 paspaboTaHa KOHCTPYKTOPCKAs JOKYMEHTALIMS JUISl KX M3TOTOBIIEHMS.

4. Hayunasi 000CHOBaAHHOCTL METONOB M I0OCTOBEPHOCTL  Pe3yJIbTATOB
HCCJIeIOBAHHMN

McenenoBanne 3aKOHOMEPHOCTEH TEXHONOIMYECKHX [IPOIIECCOB BBHINOJIHEHO HA
OCHOBE HAyYHOH THIIOTE3bl O [IOBEICHHM SJEKTPOJMHAMHYECKHX CHCTEM pH
o0ecrieYeHuH MOTOYHOTO peXHMa TepMOOGPabOTKH ChIpbs, peasn3zoBanHoro B CBY

YCTAHOBKAaX CO CQEpHYECKMMH pe3oHaTopamMH. I[IpHMEHHTENHHO K rnpobnemaruke
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MCIIOJIb30BAH KOMITIEKC CYIIEeCTBYIOLUX 6a30BLIX METO/I0OB MCCIIe0BaHUs, TTO3BOJIMBIIINX
BbIABUTH HOBOE KOHCTPYKTHMBHOE McroiHeHUe pabouux opranoB CBY ycraHoBok B BHJie
[epeIBMKHLIX CepruecKux pe30HATOPHLIX KaMep, PACIOJIOKEHHBIX B 3KPaHHPYIOIIEM
Kopiyce ¢ 3anpe/ie/lbHbIMH  BOJIHOBOAamMHM. Teopusi mnocrpoeHa Ha HCIHOJIB30BAHUM
U3BECTHBIX TMOJIOXKEHUMN JudniekTpuueckoro Harpesa CBY jnuanazona, 351eMEeHTOB TEOpHH

mekTpoauHamMudeckux cucreM CBY ycTaHOBOK M pacnpocTpaHeHus 3JIeKTPOMarHUTHBIX
BOJIH B 00bEMHBIX pe30HATOpaXx.

Jns  skcnepUMeHTANbHBIX HMCCIEJ0BAaHUNH IPUMEHSIIUCh CepTH(ULIMPOBAHHbIE
ICKTPOU3MEpHTENbHEIe UHM(ppoBele npubopel M anmnaparypa, oOecre4yrBalolIHe
JIOCTATOYHYIO TOYHOCTD pe3yJibTaToB, cTaHjapTHas METOJIMKa OLIEHKH
BOCIPOM3BOAUMOCTH 3D (PEKTHBHBIX PEKUMOB pabOThI YCTAHOBOK, YMCIIEHHbIE METOJIbI
pelleHns 3a1a4 Mpu TEOPETHYECKO pa3paboTKe MaTeMaTHYECKHX MOJIEJIel MpoLeccoB
TepMo0oOpaboTKu chipbd. B HccnenoBaHMAX MMOJIB30BAJIMCH METOJAMKONH aKTHUBHOIO
MIAHMPOBAHUS TPeX(PAKTOPHOrO IKCIEPUMEHTa THIA 2° M CTATHCTHYECKOH 06paboTKO
pe3yJbTaTOB MCCIEAOBAHUS C NPUMEHEHMEM KOMIIBIOTEpHBIX NporpamMm Microsoft Excel
10.0, Statistic 5.0, TpexMepHOro MOAEIHPOBAHMS KOHCTPYKTHMBHOro ucnonHenus CBY
ycraHoBok B nporpamMme Kommnac-3D V15. B pabore o6ocHOBBIBaIOTCS METO/Ibl pacuera
KOHCTPYMPOBaHUsA O0OBEMHBIX PE30HATOPOB, B TOM 4HCJIE OCOOEHHOCTH MPOEKTUPOBAHUS
YCTaHOBOK C IepeABHKHBIMH c(hpepuueckumu peszonaropamu CBY renepaTtopos.

JloCTOBEPHOCTE OCHOBHBIX BBIBOJIOB M MPEUIOKEHHUN MOJATBEPXKAAETCSA: aKTaMu
anpofauMM ¥ pe3yJibTaTaMy TEOPEeTHYECKUX U IKCIepUMEHTAIbHBIX HccnenoBanuii CBY
YCTaHOBOK B J1a00paTOPHBIX M NMPOU3BOJICTBEHHBIX YCIOBUAX; MPOTOKOIaMH jabopaTopuu
(eepansHOro OHODKETHOrO yupexaeHusi «l ocyaapCTBEHHBIH perdoHaIBHBIA LIEHTP
CTaHJApPTU3alMK, METpoJIorMM M HcnobiTaHuii B Yysamickoit  PecnyOnuke»,
CBUJICTEJILCTBYIOIIMMH O  0e30MacHOCTH - MPOJIyKTa; IMpoTokojdamu Jiabopatopuu
(penepanpHOrO OHOJUKETHOINO yUpekJeHus 3JpaBooxpaHeHus «lleHTp rurueHsl H
snuaemuonorun B Yysaumickoil Pecnybnmke — UYyBammsy, noATBEp:KIalOUIMMH
cobimonenue OezonacHord Hopmbl CBY wu3nydyeHuss npu sKcruyaralliyd paspadOoTaHHBIX
YCTAHOBOK.

5. Ouenka copepKaHus AUCCEePTALHH

Cmpykmypa u obvem oOuccepmayuu. Jluccepranmonnasi pabora COCTOUT W3
BBEJICHHS, IUECTH pas3leNioB, 3aKIIOYEHUs, CIHCKA MCMOJIb30BAHHOM JIMTEPATYpBl,
BKoyatoniero 409 Haumenosanuit U npuioxeHuit. Pabora usnoxena Ha 341 crpanunax,
cojepxut 230 pucynkoB 1 60 Tabimuil.

Beedenue copnepxur o0OOCHOBaAHME AaAKTYyalIbHOCTHU TEeMBI HCClIeJIOBaHHH,
pelaeMble 3a7auM, CYUIHOCTb BbIOJHEHHON paboThl U OCHOBHBIE TOJIOXKEHUS,
BbIHOCMMblEe Ha 3auwuty. OcHOBbIBasicb  Ha CYILLECTBYIOIME AJIEKTPOPU3HUECKHUE
Crioco0bl ¥ TEXHUYECKHE CpejcTBa JUisl epepaboTKu C.-X. ChIpbsl Pa3IMYHON CTPYKTYPBI,
Mpe/ularaercsi  OCYILUECTBUTb  TEXHOJOTMYECKHE  IIpolecchl  TepMooOpaboTku,
o0e33apakuBaHus B IOTOYHOM pexume BozaeicteueM JDMU, obecnieunBas 3G GekTuBHYIO
HanpspKeHHOCTh dnekrTpuuyeckoro nosis CBY jgumanmazona. Jlns kaxaol TexHONOruu
TepMo00paboTKH  C.-X. CBIPbSl M3rOTOBJIEHBI ONBITHBIE 00pa3slbl YCTAHOBOK C
00OCHOBaHHBIMM mapamMeTpaMu M KoH(purypauueir obOwvemHbix pesonaropos CBY
reHepaTopoB U 3arpe/ieIbHbIX BOJHOBOOB, 3alUIIEHHbIE TATEHTaMH Ha U300peTeHus.

B nepeéom pazoene «CocTosiHue HAydyHOWM mNpoOneMsl, 1elb U  3a1ayu
MCCIIEIOBAHUN) HA OCHOBE aHalIM3a NEKTPO(PHU3UYECKUX MPOLIECCOB, 00ecrneynBaloIMX
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3(ppeKTUBHOCTL TepMOOOPabOTKH C.-X. ChIpbs; 00BeMOB UX Mpou3BojicTBa B PO u YP, u ¢
YYETOM MX JHINEKTPUHECKUX U (PUIUKO-MEXAHUYECKHX XapaKTePUCTUK paccMaTpHBaEeTCs
COCTOSIHME H3ydeHHOCTH Tipobiiembl. HWcecenepoBanue HanpasieHO Ha pa3paboTky
METOOJIOTUYECKUX OCHOB COBEPILICHCTBOBAHUS CHCTEM TEXHOJIOIMH M TEXHHYECKHUX
CpeJICTB, B paMKaxX pelleHUs 3a7la4y ucciejoBaHuii. B OCHOBY HaAcTOsIIEro Mccliie10BaHus
MOJIOXKEHBl Haubosiee 3HAYMMBIE B TEOPUM M IpaKkTUKe MepepaboTKu ChIpbst pabdoThI
U3BECTHBIX YYEHBIX.

Bo emopom pazdene «lTeopernyeckue HCCIEIOBAHUS [0 COBEPIIEHCTBOBAHUIO
IEKTPOIMHAMHUYECKOH CHCTEMBI CBEPXBBICOKOYACTOTHBIX YCTAaHOBOK Jikie|
TepMO0OpabOTKH  CENBCKOXO3AMCTBEHHOIO CBHIPBS» IIPOBEJIEH CUCTEMHBIM aHaIu3
(YHKIMOHMPOBAHUSA YCTAHOBOK C oObeMHBIMH pe3onatopamu CBY renepartopos,
pa3zpaboTaHbl METO/Ibl pacyeTa napaMeTpoB MHOIOreHepaTOpHbIX pabo4yux Kamep.

PaszpaboTansl pasnuyHble KOHCTPYKIMH MHororeHeparopuHsix CBY ycraHoBok ¢
KOMOHMHUPOBAHHBIMH pE30HATOPHLIMH, JIy4EeBBIMU 5} BOJIHOBOJIHBIMH
NMEKTPOJAMHAMHUYECKUMH CHCTEMaMH, oDecrneyMBalolmMMKi HEOOXOIMMYI0 MOUIHOCTH M
HAINPSDKEHHOCTh 3JIEKTPHYECKOTO I10JIS JUIsl JIOCTHXKEHHUS TEMIIEpaTyPHbBIX U BIaXXHOCTHBIX
PEKHUMOB B I[IOTOYHOM pEKHUME, C OIpaHMYCHHEM M3JIydeHMs B OKpy:Kalollee
MPOCTPAHCTBO C MOMOILBIO CIEUHAIBHBIX 3alpeesbHbIX BOJHOBOJ0B. BbINoOJHEHHBIE
pacyeThl ANEKTPOAMHAMHYECKUX XapaKTepUCTHK (Pe30HaHCHOM 4acTOThl, HANPSAKEHHOCTH
ANEKTPUYECKOro Mo U JOOPOTHOCTH) MO3BONMIN 000CHOBATH (DOPMBI U NT€OMETPHYECKHE
pa3Mepsl pe30HATOPHBIX Kamep JUIS ChIPhS Pa3iInuYHON CTPYKTYPBHI.

[lonyyeHnbl aHanUTHYECKHE 3aBMCHUMOCTH, MO3BOJSIONME OOOCHOBATH PEIKUMBI
paboThl YCTAHOBOK M KOHCTPYKTHBHO-TEXHOJIOTHYECKHE IapaMeTpbl OCHOBHBIX paboumux
OpraHoB /Ui TepmMooOpaboTku c.-X. ceIpbs BozjelcTBHeM DMMU. ObocHoBaHb 00BeM W
KOH(HUTypauusi  pe30oHAToOpoB, O0ecneydBalOIMX  MAKCUMalbHYI0  JI0OOpPOTHOCTH
EKTPOAUHAMHUYECKON CUCTEMBI B 3aBUCUMOCTH OT LieJIeBONH (DYHKLMHU, BUJA ChIPbA M HUX
JUIJIEKTPUYECKUX XapakTepucTUK. (OO0OCHOBaHBI BO3MOJXKHBIE BapHAHTBl COYETAHMUS
pasHbIX HMCTOYHUKOB BHEpFGHG,E[BU,IlElF B OJHOW YCTAaHOBKE Ui TepMoobpabOTKH cC.-X.
ChIPBS, O3BOJISIIOLME CHU3UTH SHEPronoTpedieHrne U MOBLICUTh KaYeCTBO MPOLYKIIMH.

PaspaboTana MeToauka NPOEKTHPOBAHMS noroynbix CBY ycranoBok s
TepMOo0OpPaboOTKH C.-X. ChIpbsi, BKJIIOYAIONIAs MATh OCHOBHBIX OJIOKOB, peleHrue KOTOPBIX
HalpasJIeHO  Ha: obecrieyeHue  MOTOYHOCTH  TEXHOJOIMYECKOro  Mpolecca
TepMo0oOpaboTku; obecrieueHne BHICOKON HANpPsHKEHHOCTH 2JIEKTPUYECKOTO T0JISl B CHIPBE;
0o00CHOBaHHME PE30HATOPHO-JIYYEBOH 3JIEKTPOJMHAMMYECKO CHCTeMbl; 00OCHOBaHHE
KOH()UI'ypaluuH pe30HATOPHOH KaMepbl; KOMOMHHUpOBAHHUE pa3HbIX 3NEKTPO(GHU3IUYECKHUX
criocoboB BO3JIeHCTBUSL. .

Pa3zpaborana maremarnyeckas MoJieNb JUIs 0OOCHOBAHUS MOIHOCTH I'€HEPaTOPHBIX
0JIOKOB, coaepKalluX HEeCKOJbKO HMCTOYHUKOB OMM, B  3aBUCHMOCTHM  OT
MPOM3BOAUTENIBHOCTA TeXHoJIoru4yeckoro obopyaoBanusi. OOOCHOBAHBEI BBISIBJIEHHEIE
KOHTPOJIMPYEMbIE W pEeryjupyemsble napaMeTpbl ()YHKIIHOHHPOBAHUS TEXHOJIOTHYECKOro
rpouecca TepMo00pabOTKH C.-X. ChIPbA 1S ONBITHBIX 00pa3l0B YCTAaHOBOK, COJAEpKaLUX
uctouHuku OMUW u coorBeTcTByIOlHEe paboune Kamephbl, BKIHOYAIOLIME COBMEIIEHHBIE
pEe30HATOPHLIE U JIy4eBbie DJJIEKTPOAUHAMHYECKHE CHCTEMbI C 3alpejielibHbIMU
BOJIHOBOJIAMM M MeXaHu3Mami, oOecrneyMBarolMMMA IMOTOYHOCTE TEXHOJOrHYecKoro
npouecca.

JLst MOJIYYECHUS BBICOKOKA4Y€CTBEHHOM IPOJAYKLIMH [pH MOTOYHOM
TEXHOJIOIHYECKOM npolecce obpaboTku H MakCUManbHOW  JO0OpPOTHOCTH
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NIEKTPOJAUHAMUYECKONM CHCTEMbl 00OCHOBaHBI OOBEMHBIE PE30HATOPBl Pa3IMYHBIX
koHdurypauuit. OHM CcUCTEeMAaTH3UPOBAHBI CHEAYIOIIMM o0Opa3zoM: CTalMOHApHbIE,
Bpallalolecs U Mnepe/iBUXKHbIE KaMepsl; ¢ nepdopauuei, 6e3 nepdopauuu, ¢ 3a30poM
JJ1sl CKBO3HOM TPaHCIOPTHUPOBKHU MPOJAYKTA; C COJIEpKAaHMUEM 3allpe/ieNbHBIX BOJIHOBOJIOB H
3aMEUIIOIIMX CUCTEM; C MHAMBHUAYAIbHBIM M OOILMM KpaHHUPYIOIUM KOPITYyCOM.

B mpemobem pazodene «Metonuka uccneoBaHus rpolecca TepmMoodpaboTku c.-X.
celppsi  Bosgeicteuem OMIICBY» paccmorpena mnporpamma ucciieoBaHit. Ona
pejJlyCMaTpUBaeT  IOCJIEAOBAaTEILHOCTE  pa3pabOTKM  TEXHUYECKMX  CPEeACTB ¢
uctounnkamu CBY onepruu s TepMooOpabOTKM ChIpbs B IIOTOYHOM pPEKHME.
IlpuBeseHsbl 4YacTHBIE METOJAMKHM MCCIENOBAHUHM M XapakKTePUCTHUKH HCIIOJL30BAHHOM
M3MEPUTENILHONH TEXHHUKH; ONepalMOHHO-TEXHOJIOTHYECKHEe CXeMbl TepM0ooOpaboTKu C.-X.
ceipbsd. B ucnertarensnoi naboparopun ®bY3 «lleHTp rUrueHsr ¥ 3MUAEMHOIOTHU B
Uysamickoii Pecnybnuke - UYyBammu» [IpOBOAMIM KOHTPOJIL MOIHOCTH I1OTOKA
u3nydyenuid ¢ nomoumko npubopos I113-33 M, I13-41 wu I1I3-50A. B ObY
«l ocynapcTBEeHHBIH peruOHaNBHBIN LIEHTP CTaHAapTU3allMM, METPOJIOTHH U UCIBITAHUHN B
Yysamickoit  Pecniybnnke» mnpoBejeHa oOlleHKa TIHIIEBONW  LIEHHOCTH  00Opa3ios
UCCIIEYEMBIX MIPOJIYKTOB.

B uemeepmom  pazdene  «YCTAaHOBKM C  MCIHOJBL30BAaHUEM  JHEPIrHH
IEKTPOMATHUTHBIX HU3IMYyYEHUH Uil TepMOoOoOpabOTKH CEeNbCKOXO3MCTBEHHOTO ChIPBS»
MPUBEJAEHO OlMHUcaHue pa3paboTaHHBIX YCTAHOBOK € wucTouHukamMu OMMU s
TepM0o0OpabOTKH C.-X. CBIPHS C YKa3aHHUEM UX TEXHOJIOrHYeCKOH M TeXHHYECKOH HOBH3HBI
KOHCTPYKTHBHOI'O MCITOJIHEHHS.

Pazpaboranbl cemMb YCTAaHOBOK JUIS TEPMOOOPabOTKM KUPOCOJEPKAIIErO ChIPhS,
oTiMyalonecs KoHdurypauued pabounx kamep. HoBble KOHCTPYKLIMH pe30HATOPHBIX
kamep CBY ycTaHOBOK IO3BOJAIOT JOCTHYhL MaAKCUMaJIbHOW JOOPOTHOCTH U
HAIPSKEHHOCTH 2JIEKTPUUYECKOro I10J1s, 00ecneyuBalT MOTOYHOCTh TEXHOJOTHYECKOIo
nporiecca TepMoo6paboTKH ChIPBs NPH PUMEHEHHH MAIOMOIIHBIX MarHeTpoHos, Harpes
CBIPbSl, HAXOJMAIIErocs BO B3BEIIEHHOM COCTOSSHMH, M KPaTKOBpPEMEHHOCTh 00paboTku
CO3MAIOT YCIOBHS JUIS pallMoHAJIbHOrO Hcnonbs3oBanus sHeprun OMIICBY npu
obecrieueHnH BBICOKOrO KayecTBa JKupa.

[IpuBeieHBl ONTUCAHUS YCTaHOBOK:

YCTaHOBKH Juisi TepmooOpaborku wmscHoro ¢dapwa B OMIICBY; ycranoBku pus
TepM0o0OpaboTku KpoBH yOOHHBIX JKMBOTHBIX; CyOIMMaTOpa CO CBEPXBLICOKOYACTOTHBIM
reHeparopoM JUIsi CYIIKH 3aMOPOXKEHHOr0 MSICHOro Chipbid; MHorobmounor CBY
YCTAaHOBKH i1 TepMooOpaboTKu Chipbsd B 000JIOYKE; YCTAHOBKH C 3aMeIAIOLIEH
CHUCTEMOM B BHJIE LIENOYKH CBA3AHHBIX KOJIELl U TPAHCIIOPTUPYIOLIEro LIHEKa, B TOM YHUCIIe
YCTAHOBKH U1 TepMO0OpaboTKu KONOACHBIX U3/IEIHA.

Pazoen  namwviii  «HayuHo-akcnepumeHTanbHOe  00OCHOBaHHE  CHCTEMHO-
KOMIUIEKCHOrOo nojaxona obecrieyeHuss KkavecTtBa M 0€30MacHOCTH  MPOAYKIHH,
o0paboTaHHOM B 2JIEKTPOMArHUTHOM T[10JI€ CBEPXBBICOKOW YacTOTBI», COJACPIKHT
pe3yJIbTaThl MCCIIEIOBAHMSA: JMHAMHUKH Harpesa pasHoro C.-X. ChIphbs B 3aBHCHMOCTH OT
KOH(PUIypallud pe30oHaTOpHBIX Kamep; creneHd cHwkenus OMY  npoaykuumu;
OpraHoJIENTHYECKUX TloKas3areseid IMpoAyKTa; MOIIHOCTH TIOTOKA W JHEpPreTHYecKomn
skcnozuumn  CBY  umsnyyeHuit okono paspaboTaHHBIX YCTAHOBOK; 3MITMPHUYECKHE
BBIPAKEHUSI MOJIENIe OCHOBHBIX KPUTEPHEB, MO3BOJSIOIIMX OOOCHOBATh KIIIOYEBEIE
rapameTpbl TEXHOJIOTHYECKHUX ITPOLECCOB TepMO0OpabOTKH pa3HOTro C.-X. ChIPbi



Pazoen wecmoii «hdHEKTUBHOCTL NMPUMEHEHUSI YCTAHOBOK LISl TepMo0oOpaboTKH
CEJILCKOXO03SMCTBEHHOI'O ChIPbsl B (DEPMEPCKHX XO3sIMCTBax» IOCBSALIEH PacCMOTPEHHIO
pe3y/JIbTATUBHOCTH HCCIENOBaHMN W 3(Q(PeKTUBHOCTH IPUMEHEHHUs pa3padoTaHHBIX
YCTAHOBOK B TEXHOJIOTMYECKHUX Ipoleccax nepepaboTKu ChIpbs.

6. lloarBepikaenne nyOJHKAIHH OCHOBHBIX pPe3yJbTATOB [HCCEPTALHM B
HAYYHOM MeYaTH H COOTBETCTBHE aBTOpedepara JHCCepPTALHH

Iybauxkayuu. Pe3ynbTaTbl TEOPETHYECKUX M IKCIIEPUMEHTAJIBHBIX HCCIIEJOBaHUH
orpaxkeHbl B 86 nevaTHeIX paborax, B TOM uyucie 28 — B BEAyLIMX pPELEH3HPYEMBIX
Hay4HBIX XypHanax, onpeneneHnsx BAK PO Munucrepctsa oOpazoBanus u Hayku PO,
B 16 nmareHTax, B 2 MOHOTrpa(usx.

Asropedepar AucCepTalMM  OTPAXaeT OCHOBHbIE  HAy4YHBIE  I10JIOKEHHS
nuccepranuu. CopepikaHue JUCCEPTAIMU IMOJHOCTBIO PACKPBITO B ONYOIMKOBAHHBIX
paborax.

7. 3ameuanusi mo padore
1. B Tekcre juccepTalMM  MPUBOJATCS  SKCIEPHUMEHTAJIbHBIE  3aBUCHUMOCTH
JIM3JIEKTPUYECKOM TMPOHMIIAEMOCTH & M TaHreHca yriaa JAMANEeKTPUYECKUX TOoTepsh [g0
obGpabaTeiBaeMOro Chlpbsi OT TEMIeparypbl U 4HacTOThI, OJHAKO OTCYTCTBYET OINHUCAHHE
METOJIHKH ONpeeIeHNUs YKa3aHHbIX BEJIHYHH.,
2. He ofocHoBaHO, moO4YeMy D2JIEKTPUYECKOE II0JIE TOPOMUIAJILHOIO pe3oHaTopa
paccMaTpMBaeTCss Kak I10Jle IUIOCKOro KOHJIeHcaTopa, JIOTMYHee B3iATh I10Jie
[UTHHAPUYECKOTIO KOHJIEHCATOopA.
3. VYjenbHas MOIIHOCTH reHepatopa P,, omnpejensercs IABymsi crocobamu: 4epes
(GU3UKO-MexaHMYeCKUe IapameTpbl ChbIpbs W YCTAHOBJIEHHYIO MOIIHOCTh IEHEpaTopa
(2.4). Kakoit u3 3TiX crioco00B TOUHEE 1 UCIIONB3YETCs B JalIbHEHIINX pacyeTax”?
4. Crenens o0e33apakuMBaHusl ChIPbS IPEUIOKEHO OLIEHUBATH 4Yepe3 KPUTHYECKYIO
HANPsHKEHHOCTh dJiekTpuyeckoro nons. [lpy 3TOM KpuTHYeckas HanpsKeHHOCTh
BBICTYIIAET KaK paBHOBECHBIA [TOKa3aTejlb IIOMJIOLIEHHS M OTHa4d  DHEPruu
muKpoopranusmMaMu. Kakum o00pazom 3TOT MokasaTesb CBs3aH C JKH3HECTOMKOCTBIO
MHUKPOOpPraHU3MOB? |
5. Tlpum pacyere MOIIHOCTH TMOTEPh C IOBEPXHOCTH MHUKPOOpPraHu3Ma TIpaJiMeHT
Temrneparypsl Oepercsi Kak pa3sHOCTb TeMIleparyp MexXAYy MHUKPOOPraHM3MOM M
OKpyxarwumm Bo3ayxoM (2.9). Passe MHKpoopraHusmbl, HaXOJsIHECs B ChIpbe
OKPYKEHBI BO3lyXOM?
6. Kak onpejeneH KpUTHHECKUM pasMep KOJIOHMHA MHUKPOOPraHHM3MOB B 50-10° M, npu
KOTOpOM TpebyeTcs NOTONHUTENbHBIH (haKTOp BO3ACHCTBUA HA MUKPOOPTraHU3MBI?
7. Kaxkum obpazom B ¢dopmyne 3apraso .. (2.35) yuuThIBaeTcs 3a30p MEXKJY
noaycpepamu?
8. M3 kakux coobpakeHuid komuuecTBO Belecrsa P ¥ () B35TO B COOTHOLIEHHH
x=(3/8)c u y=(1/8) ¢ (2.42).
9. Kaxkum o0pazoM AMCCEKTOpP MO3BOJISET IMOBBICHTHE PAaBHOMEPHOCTH pacnpejieNeHus
CYyMMapHOI'0 3JIECKTPOMAarHUTHOTO Mosist 1o o0beMy KaMepel IIpH HaJIU4YMH TpeX
MarHeTPOHHBIX NreHepaTopoB?
10. He packpelT MeXaHU3M KaBUTAallMOHHOIO Harpesa B YCTAHOBKE U
obe33apaxcuBaHus uaAKocTed (puc.2.44).

11. Yem BbI3BAaH JAOIOJHUTENBHBIH I[IOABEM TEMIIEPATYPHI B IIPOAYKTE IIOCie
350 c. (puc.5.4).



12. Kak BeIOpaH cpefHeB3BELICHHBIH KpUTEpHHl ONTHMH3alUUMM M3 4 KpUTEPUEB:
MPOU3BOJIMTENILHOCTh YCTAHOBKH, J103a BO3jeicTBusA, OakrepHasibHas 0OCEMEHEHHOCTh
CBIPbSI, SHEPreTHYECKHE 3aTpaThl Ha TepMooOpaboTKy ChIpbs?

13. Yem oObscHseTcs JuHENHBIH Xapakrep mnoroka wMouHoctd CBY sneprum B
3aBHCHMOCTH OT PacCTOSHHS /IO YCTAHOBKHU TepMOOOpabOTKH CIMBOYHOIO Macja (pwuc.
5.38, 5.39) B oTIMUME OT HETMHEMHHBIX 3aBUCUMOCTEMN ISl APYTUX YCTAHOBOK?

14. TlonoykeHWsi, BBIHOCHMbIE Ha 3allIUTY, OTPa)K€Hbl YacTAMH B pa3HbIX BbiBoAax. CaMu
BBIBOJIbI [EPErpPYKeHbl U3NHIIHENR HHOpMaLIUEH.

SAKJTIOYEHHUE

Jucceprauus Benosoii Mapbsinel BalleHTHHOBHBI SBJII€TCS CaMOCTOSTENILHOM,
3aBEPIIEHHON Hay4YHO-KBaJIM(UKaUMOHHOH paboTol, B KOTOPOH HA OCHOBaHHH
WcClIeIOBaHMM aBTOpa pelleHa HayyHas npoOsiema, HMerolas BaXKHOE HapOIHO-
X03giCTBEHHOE 3HA4YEHHe, YTO cOOTBeTCTBYeT TpebosanusaMm 1.9 «llonoxenus o nmopsake
MPUCYKJIEHHs YYEHBIX CTEIeHei», yTBep)KJeHHOro nocraHoBieHueM IllpaBurenncTBa
Poccuiickoit ®enepaunu ot 24.09.2013 r. Ne 842, npeabsaBiasieMBIM K JHCCEPTAUAM HA
COMCKAHWE yYEHOM CTEeNeHH JOKTOpa Hayk, a ee aBTop, benosa Maphesna BajleHTHHOBHA,
3aCHY)KMBAET TPUCYKACHUS YYCHOH CTEMEeHH JOKTOpa TEXHHYECKHX HayK II0
cienuanbHocT  05.20.02 — 2JEeKTPOTEXHOJNOTMH U 3JIeKTPOoOOOpYI0BaHHE B CEIIHCKOM
X035MCTBE.

OdurranbHbIN ONIOHEHT:

JIOKTOP TEXHHYECKHUX HaykK, rpodeccop 24— JleKOMIICB [Tetp JleonnnoBuy
426069 r. Mxesck, yin. CtyneH4deckas,

Ten. 89127667686, e-mail: lekomcev(@yandex.ru

Mecro paborei: OI'BOY BO «MkeBckas rocyaapcTBeHHas CelbCKOXO3SHCTBEHHAs
aKazieMus; JIOJDKHOCTE: Tpodeccop Kadeapsl DHEPreTHKH U NEKTPOTEXHOIOTHH
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BBHICOKOYACTOTHBIX YCTAHOBOK Uil TepMOOOpabOTKH CeNbCKOXO03SHCTBEHHOIO CHIPhAY» 10 CIe-
nHansHocTH 05.20.02-D1eKTPOTEXHONIOTHH U 31eKTPo0oOOPYI0BAHHE B CEJTLCKOM XO3siiCTBE.
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Homep neHcHoHHOro CTpaxoBoro
CBHJIETEJILCTBA

CriMcok OCHOBHBIX paboT 110 npo-
(pmmo onmorMpyemoit aucceprarun

I. Jlexomuen [LJI. DnexTpoaspo3onsHbie TEXHOIOTHH B
cenbekoM xosgiicTse: monorpadus / [1.JI. Jlekomnes. —
Wicenck, @I'OY BITO Uxkesckas 'CXA, 2006. - 219 c.
2. Jlexomuer ILJI. DnexTpoaspo3oiisHElil reHepaTop c
MOBBIIEHHOW  3()PEKTHBHOCTBIO  3apsijIKu /
I1.JL.JIekomues, A.B. Casymixun, E.B. JlpecBsnnukona
/[ Mexauusaumss M 31eKTpHUKAIMS CEILCKOr0 XO-
3saiicTBa. — 2012, — Ne 5. — C. 36.

3. Jlexomuen ILJI. Maremaruueckoe Moe/lHpoBaHue
[porecca OCAMIACHHS JEKTPoa’po30iid HA pacTeHusx //
Bectauk MI'AY. — 2013. — No2.— C.22-23.

4, Jlexomues I1JI. PacueT KOHBEKIIMOHHOTO TOKA MeXa-
HHYECKOI'0 3JIEKTPOa’po30bHOro reHeparopa. [Inek-
Tpounsli pecype] / ILJI. Jlekomues, E.B. JlpecBsinuu-
koBa // Umxenepusiii BectHuk Jlona. — 2015. — N4, —
http://www.ivdon.ru/.

0. Jlekomues ILJI. Pacuer BHXpEBOro MHIYKIMOHHOIO
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narpesarens / ILJI. Jlekomnes, A.C.ConoBses,
A.C.Kopenanos // Bectnuk Moxesckoii rocypapcrsen-
HOH CeNbCKOXO3siicTBeHHOW akanemun. — 2015, —
Ne 4 (45). - C. 3-6.

A, Jlexomues Tlerp Jleonu108uy, a0 cornacue BLICTYIUTH B KaYecTBe o HIHATEHOTO

OMITOHEHTA.
HeoOxonmuMele niepconanbibie JaHubie 0 cebe MPeiCTaBisiio M COrJIaceH Ha pasmMele-

HHE THX JIaHHBIX U 0T3kIBa Ha caiite DI'BHY BUACX.

OduuuansHei ONIOHEHT,
npogeccop Kadeapbl JHEPreTHKH H 3nemnmxnunum%
®I'bOY BO Mxkenckas 'CXA Jlexomues I1.J1.
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