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Pabota Bemonnena Ha kadenpe dusznku GI'BOY BIIO «BsTckuii rocyapcTBEHHBIHN
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Hayunsblii pykoBOIUTENB: PemerHukoB Ctannciaas MuxaitioBuu
JIOKTOpP TEXHUYECKUX HAYK, Tpodeccop,
OI'bOY BIIO «Barckuii rocy1apCTBEHHBIN
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Odurmansubie onmoHeHTel:  CaTrapoB AabOept ['abayadapoBuy
JOKTOP TEXHUYECKUX HAYK, TOLEHT,
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yHusepcuteT uM. A .H. Tynonesa — KAW»,
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Y DHEPreTUYECKHE YCTAHOBKHU»
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coeta JI 212.079.02 npu @I'BOYBIIO «Ka3aHCkuil  HalMOHAJIbHBIN
ucclienoBaTeNnbCkuii TexHuueckuit ynupepcuretr um. A.H. Tynonesa - KAW» mno
anpecy: 420111, r. Kazans, yin. K.Mapkca, 1. 10 (3an 3acegannii Yuenoro Coerta).

C nuccepranueid MOXHO o3HakomMuThess B Oubnmoreke DOI'BOYBIIO
«Ka3zaHckuii HallMOHAJIBHBIA HCCIEI0BATEIbCKUM TEXHUYECKUNW YHUBEPCHUTET WM.
A.H. Tynonesa - KAW».

ABTtopedepat pazocnan 11 Hos6ps 2013r.

VYueHbIll cekpeTapb ITUCCEPTAIMOHHOTO COBETA
KaHAUIaT TEXHUYECKUX HaYK, W . -
JIOLICHT - g 3 A.T'. Kapumona



OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTYyaJIbHOCTh Mpo0JiemMbl. [lonuMepsl HUCHOJB3YIOTCA Kak CBS3YIOIIUE B
CMECEBBIX TBEPABIX PAKETHBIX TOIUJIMBAX, BBICTYMAIOT B KAayeCTBE TOIUIMBA JIJIA
ruOpuaHbIX  pakeTHbix aBurarene (I'PJI) w  Temmo3amMTHBIX  MOKPBITHI
KOCMUYECKHUX JIeTaTelIbHbIX amnmapatoB. B mocnenHee Bpems pa3paboTKu
CIICLIMAJIMCTOB Poccun (I'HIT OI'VII Hccnenosarenbckuit LIEHTP
uMmenn M.B.Kennpima), CIIA, ®pannuu u 1p. cTpad noATBepAuIn 3P HEeKTUBHOCTD
U BBICOKME OKCIUlyaTaluoHHble KaudectBa [PJ[. JlanHple nBurarend HMMEIOT
OPEUMYLIECTBA N0 CPABHEHMIO C JAPYTMMHU THIAMHU JIBUTATENEH: SKOJOTHYHOCTh U
0e3omacHOCTh pabOThl, HHU3Kasg CTOMMOCTh TOomMBa. Hecmorps Ha Bce
MPEUMYINECTBA, 3TH THUIBI JBUTATEIECH WMEIOT P MPOoOJIeM, KOTOPBIE CBS3aHBI C
TOPEHUEM TBEPAOr0 KOMIIOHEHTa TOruiMBa. OHU 3aKIIOYAIOTCS B HEPABHOMEPHOM
BBITOPAaHUU U KOKCOBAHUH TOIUIMBA, & TAKXKE B YIIPABICHUU ITPOLECCOM TOPECHMUSI.

[IpumeHsI0TCS  pa3jiMuHblE  TEXHOJOTMYECKHE  NPUEMBI W METOJbI
perynupoBanusi mpouecca ropenuss B [ PJl. M3meHeHue CKOpOCTH TrOpEHHUs
TUOPUTHOTO TOTUTMBA MOXHO JOCTUYhL IMyTEM W3MEHEHHUS TETUIOBOTO MOTOKAa B K-
¢dazy, no0aBlieHHE B TOIJIMBO aKTUBHBIX PEAr€HTOB, a MOJIHOTHI CTOPAHUS - 32 CUET
YCTAHOBKM CHCTEM TypOyJiu3aluu U 3akpyTku TmoToka. CylIecTBYIOT MEHee
pPacClpOCTPaHEHHBIE METOMBl YIPABICHUS MPOLECCAMU TOPEHUS C IOMOIIBIO
¢duznueckux  mojed  (PNMEKTPUYECKUX, MArHUTHBIX, OJEKTPOMArHUTHBIX U
AKyCTHUYECKHUX U T.JI.).

B nacrosmeit paGore uccneayercs  BO3MOXHOCTh — MCIIOJIb30BaHUS
ANEKTPOCTATUYECKOTO TOJISI I PEryJIMPOBAHUS IPOILECCA TOPEHHS TOILUIMBHOTO
omoka I'P/I.

bospmioN Bknaxg B WM3ydeHUE BIMAHMUS JIIEKTPUUYECKUX IIOJEH HA TOPEHUE
yriieBoaopoaHbiXx ToruB BHecan: M.M. Apm, E.M. Crenanos, A.H. Makcumos,
B.B A¢danacses, H.U Kuaun, C.A. A6pykoB u ap. Micnonb3oBaHuE 3JIEKTPUUECKUX
nosielt A 3¢ HeKTUBHON pabOThl PaKETHBIX JBHUraTelield U APYTUX SHEPreTUYECKUX
YCTaHOBOK MpuBoauTcs B pabotax: P.A. 'adyposa, B.B. Adanacrena, H.U. Kununa,
U Ap. bonbIMHCTBO paboOT MOCBALIEHO BOMPOCaM TOPEHHS Ta3000pa3HBIX TOTIMB.
PaboThl, mocsiieHHble wucciaenoBanuto ropenus CTT, noaumepoB U JIpyrux
KOHJICHCUPOBAHHBIX BEUIECTB B 3JIEKTPHUUECKHUX IMOJSAX MPAKTUYECKA OTCYTCTBYIOT. B
JUTEpAaType HE OCBEUIEHBl BOIPOCHI BIMSHUSA SJIEKTPOCTATHYECKOIO TMOJS Ha
TeMIEpaTypy IUIaMEHH, T[IOJHOTY CrOpaHus, MAcCOBYK) CKOPOCTb TOPEHUS
nosimMepoB. OTCyTCTBHE 3TOM MH(DOPMAIUU TPENSATCTBYET pa3pabOTKE U BHEIPEHUIO
CHCTEM YIIPABJICHUS MPOLIECCOM F'OPEHUS JIEKTPOCTATUYECKUM I10JIEM.

HNcxonss w3 BBIMIECKA3aHHOTO, AKTYaJbHBIM  SIBISIETCS  MCCIEIOBAHUE
OCOOEHHOCTEW TOpPEHUS TMOJUMEPOB B DJIEKTPOCTATHYECKOM TIOJIE C IEJBIO
WCTOJIb30BaHUsI 3TOTO IOJSI B KAY€CTBE MHCTPYMEHTA ISl YIIPABIICHUS NTapaMeTpaMu
ropenus B ['P/I.

Heab padoTsl. M3yueHne BIMSHUS AIEKTPOCTATUYECKOTO MOJsI HA CKOPOCTh
TOPEHUS U MAKCUMAIIbHYIO TEMIIEPATYPY IJIAMEHHU MTOJIMMEPOB C LENBIO YIIPABICHUSA
npoueccoM ropenus B ['PJ] u npyrux sHeproyctaHoBKax.

JI1st JOCTHXKEHUS TTOCTABJICHHOM IS PEIIA0TCs CIASAYIONINE 3a1a4M:
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1.  CoznaHue »SKCHEPUMEHTAJIbHOIO CTEHAA U pa3paboTKa METOAUKU
AKCIIEPUMEHTA, MTO3BOJISIOIIETO OMPEAEIIATh CKOPOCTh PACIPOCTPAHEHUS [IJITAMEHU 10
MIOBEPXHOCTU MOJUMEPA, MACCOBYK) CKOPOCTh M MAaKCHMAJIbHYIO TEMIIEpaTypy
IJJAaMEHU TIPU TOPLUEBOM T'OPEHUH, MACCOBYK) CKOPOCTb TOpPEHHMS B KaHale B

3aBUCHUMOCTHU oT HaIpsoKCHHOCTHU 141 HaIripaBJICHUA BOBHCﬁCTBHH
QJICKTPOCTATUYCCKOI'O II0JIA.

2. I/ICCJ'IC,Z[OBaHI/IC BIIMAHUA OJCKTPOCTATHYCCKOI'O IIOJd Ha CKOPOCTb
pacupoCTpaHCHUA IJIaMCHH 110 ITIOBCPXHOCTH ITOJIMMCPOB.

3. 9KCHCpI/IMCHTaJ'IBHOC HCCIICAOBAHNEC TOPLECBOI0 IropC€HUA IIOJIHUMCPOB B
QJICKTPOCTATHUYCCKOM I10JIC.

4, 9KCHCpI/IMCHTaJ'IBHOC HCCIICA0BAHNEC TOPCHUA IIOJIMMCPOB B KaHAJIC B

AIEKTPOCTATUYECKOM TOJIE.

OO0beKThI HccIeJ0BAHUS.

[Monmumerunmerakpunatr (IIMMA), 6yraauen-uutpunbsabiii kayuyk (CKH-26),
Oyraauen-ctuponbHbiii  kayuyyk (CKMC-30), STUJICHNpONMMUICHOBBIA  KaydyK
(CKOIIT), nonubyranuenossiii kayuayk (CK/I-2).

MeToabl HCCJI€I0BAHUS.

W3MepeHne MacCoBOM CKOPOCTH FOPEHMS IIOJTUMEPOB METOI0M HEIIPEPHIBHOTO
B3BEILIMBAHUS, MUKPOTEPMOIIAPHOE M3MEPEHUE TEMIIEpPATyphl IUIAMEHU, U3MEPEHHE
CKOPOCTH PaclpOCTPAHEHHU IJIAMEHHU IO MOBEPXHOCTH MOJMMEPA € MOCIETYIOIINUM
cOOpPOM JTaHHBIX U 00PAOOTKOM X IMPHU MOMOIIY U3MEPUTEIBHOIO BBIYUCIUTEIBHOIO
KOMIUIEKCA, CKOPOCTHas (JOTO U BUJIEO ChEMKA MJIAMEHH.

HayyHast HOBM3HA:

1. BriepBble  3KCHEPHMEHTANbHO IOJyYE€Hbl 3aBUCHMOCTH CKOpPOCTHU
pacnpocTpaHEHUsl IJIJAMEHHU [0 IMOBEPXHOCTU IOJIMMEPOB OT HANPSHKEHHOCTH U
HaIIPaBJIECHUS IEKTPOCTATUYECKOTO MOJIS.

2. BnepBble  3KCHEPUMEHTANBHO IIOJYyYE€HBl 3aBUCUMOCTH  MAacCOBOM
CKOPOCTH TOPEHMS, TEMIIEPATyphl IJIAMEHU MPHU TOPLUEBOM TOPEHUH IOJIUMEPOB OT
BEJIMYMHBI U HAIIPABJIEHUS HAIPSHKEHHOCTH 3JIEKTPOCTATHYECKOTO MOJIS.

3. OKCIEpUMEHTAIbHO OOHApPY)KEHO pas[elieHue IUIAMEHH KaydyKoB
(CK-2, CKH-26, CKMC-30) Ha xaBe 3apspKeHHBIE 30HBI TIPH  BO3ACHCTBHUH
IOTIEPEYHOT0 3JIEKTPOCTATUUYECKOIO MOJIS.

4. Bnepseie s kayuykoB (CKJ-2, CKH-26, CKMC-30) oGHapyxeHa
CMEHa peXXUMa TOpeHMsl (pe3yJIbTaT Mepexoia ra3uuKalnuy pacijasa MojIuMepa BO
B3pPBIBHOE KUIIEHUE) NTPU BO3AECUCTBUU AIEKTPOCTATUYECKOTO MOJISL.

5. BriepBble 3KCIEpUMEHTAIBHO MOJIYYEHO BIUSHHUE HJIEKTPOCTATUYECKOTO
II0JIsI HA TOPEHUE MTOJIMMEPOB B KaHAJIE.

Ha 3amuTy BhIHOCATCSH

3aBUCUMOCTh CKOPOCTH PacHpOCTpaHEHUs IUIAMEHU MO MOBEPXHOCTH
nomumepoB (IIMMA wu CKJI-2) oT HampaBieHUss W BEIUYUHBI HAIPSKEHHOCTH
ANEKTPOCTATUYECKOTO MOJIS.

3aBUCUMOCTh MAacCCOBBIX CKOPOCTEH TOPEHHUS M TEMIIEpaTypbl MIAMEHH
OT HANpAaBJIEHUWS M BEJIWYMHBI HANPSHDKEHHOCTU 3JIEKTPOCTATUYECKOrO IMOJS IpH
toprieoM ropeauu [IMMA, CKJI-2, CKH-26, CKOIIT, CKMC-30.

Hamnuue B mnamenun (CK/-2, CKH-26, CKMC-30) aByx pa3HOMMEHHO
3apsKEHHBIX 30H.



Cmena pexuma ropenus kayuykoB (CKJ-2, CKH-26, CKMC-30),
KOoTOpasi OOBSCHSETCS TEePEeXOoJ0M Mpoliecca ra3uuKaluy pacijiaBa MoJuMepa BO
B3PBIBHOE KHUIICHHE.

BiusgHre paavalbHOrO  AJIEKTPOCTATUYECKOIO TOJI HA T[OPEHHE
noJMMepa B KaHaJe.

JlocTOBEpHOCTHb pE3yJIbTAaTOB pPabOThl MOATBEPXKIAETCS COOTBETCTBYIOILIEH
TOYHOCTBIO W TApUPOBKOM H3MEPUTENIbHBIX CUCTEM (CcepTU(UKATBI TOBEPKHU
npruOOpPOB), BOCIHPOU3BOJAUMOCTBIO PE3YJIbTATOB KCHEPUMEHTOB, HCIOIb30BAHUEM
COBPEMEHHBIX KOMIIBIOTEPHBIX amnmapaTHbIX M MPOrpaMMHBIX CpEICTB cOopa H
00pabOTKHU JaHHBIX, YAOBJIETBOPUTEIBHBIM COTJIACOBAHUEM TECTOBBIX PE3YJbTATOB C
paboTaMu Jpyrux UCCleq0oBaTENeH.

IIpakTH4Yeckas HEHHOCTh.

[TonyueHHble pe3ynbTaThl NAOT HHCTPYMEHT JIA YHPaBICHUS CKOPOCTHIO
ropeanss B I'PJl m Opyrux 53HEPreTMYECKHX YCTAHOBKAX, B KA4eCTBE TOIUIMBA
KOTOPBIX UCITIOJIb3YIOTCS MOJIUMEPBHI, C LEJbIO MOBBIIIEHUS ux
sHeprodddexTuBHOCTH U SKONOrHYHOCTU. OOHapyx)eHHbIE 3()PEeKThl BO3ACUCTBUS
MOJIsI Ha TOpPEHHE PaCIIMpPAIOT CHUCTEMY 3HAaHUM O MPOLECCEe TOPEHHS.
DIIEKTPOCTATUYECKOE TOJIE TAET HOBBIM METOJI U3yUYEHUS ITPOLIECCA TOPEHHUS.

PabGora BeimonHeHa B pamkax HUP Ne59 Bsarckoro rocynapcTBEHHOTO
YHUBEpPCUTETA MO TeMe «MaKpOKHHETHKA FOPEeHUs] KOHJICHCUPOBAHHBIX BEILECTB B
AJIEKTPUYECKOM TMOJIe», a TaKXKe MPHU YaCTUYHOM mojajaepkke rpanta PODU 10-07-
00528-a. Pabora otmeuena rpantom «Y.M.H.M.K. 2012» No p/17247 mo Teme
«Pa3paboTka TEXHOJOTMU TMOBBIIMICHUS IHEProdPGEKTUBHOCTH U HIKOJIOTHYHOCTU
npolecca TOpPEHHsS TBEPABIX YIVIEBOJAOPOJHBIX TOIUIMB C HCIOJb30BAHHUEM
ANEKTPOCTATUYECKOTO MOJISI».

Anpobdanus padorsl. OCHOBHBIE PE3YJIbTaThl AUCCEPTALNHU JOKIIAIBIBATNCH U
00CYXXKJalnuch Ha CIEAYIOUIUX MEXKIYHApOJIHBIX U BCEPOCCUHUCKHX KOH(DEpPEHIHIX:
Bcepoccuiickas HayuyHO-TexHHUYeckas KoHgepeHuus «Hayka —mpous3BonCTBO-
TexHoyorust —akosnorusi» Kupos, 2009; Bcepoccuiickas Hay4YHO-TEXHHYECKAs
koH(pepennus «Hayka —o6mectBo - mHHOBaruu» Kupos, 2010, 2011, 2012, 2013;
Bcepoccuiickas HayyHas KOH(epeHLHsl CTYAEHTOB (M3HKOB U MOJIOABIX YUYEHBIX
BHKC®-16 r. Boarorpaa, 2010; BHKC®-17 r.Exatepuntoypr, 2011; BHKC®-18
r.Kpacnosipck, 2012, BHKC®-19 r. Apxanrensck, 2013; Bcepoccuiickass HaydHas
KOH(MEpeHIus ¢ »dJIeMEHTaMH HayyHOW IIKOJbl s MoJoaexu «lIpoBenenue
HAy4YHBIX UCCJIEIOBaHUN B 00JIaCTU CUHTE3a, CBOMCTB U nepepadotku BMC, B Takxke
BO3JIEHCTBUS (PU3MYECKUX TOJIEH Ha NpPOTEKaHHEe XMMUYECKHX peakuuii» Kaszanb,
2010; VII-VIII Bcepoccuiickas HaydHO-TeXHHYecKass KoHbepeHims «lIporeccsr
rOpeHus, TEIJI0OOMEHAa W DJKOJOTHs TeIIOBBIX nBuratenei» Camapa, 2010,2012;
Mexnynaponnas Hay4yHas KoHpepeHius «TymoneBckue uteHus» Kazamn, 2010,
2011, 2012; MexnynaponHas koHpepeHuus  «[lonmuMepHsle  MaTepuabl
MOHWKEHHOW roprouectu» Bosorma, 2011, Taranpor, 2013; MexnyHapoaHas
MostoaexxHas HayuHas kKoH(pepenmus «VII Tuauypunckue urenns» Kazanp,2012.

[Io pesymbraram paboT aBTOp yaoctoeH Harpaa: aumiom Il crenenu
MEXIyHApOIHOW HaydyHoW KoH(pepeHmHn «TymoneBckue ureHus» Kazanb, 2010;
IUIuioM | cTeneHn MexayHapoaHOW HayuyHOU KoHpepeHunu «TymnojieBCKUue YTeHUs»
Kazansp, 2011; qurioM 3a Tyqiiui J0KIaa CPEAU aClIMPaHTOB U MOJIOJBIX YYEHBIX HA
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Bcepoccuiickoit koHpepeniiuu BHKC®-17 r. Exarepun6ypr, 2011, BHKC®-19 r.
ApxaHrensck; mumiIoM I cremeHM MEXAYHApPOOHOM MOJIOAEKHOM HAy4YHOU
koH(pepenun «TuHuypuHckue uteHusi» Kazanb, 2012, mgumiaom [ creneHm
MEeXIyHapoaHOU HaydHOUW KoH(pepeHtmn «XX TymoneBckue urenusi» Kazann, 2012;
IUAIJIOMOM 332 BBICOKMW YpOBEHb Jokiazga VII MexayHapogHOW Hay4YHOU
koH(pepenuuu «[lonumepHbie Marepuanabl MOHMKEHHOM TroprodecTu» TaraHpor,
2013.

JInYHbIN BKJIAJ aBTOPA.

OCHOBHBIE PE3yJIBTATHI MOJYYEHBI JUYHO aBTOPOM IOJ PYKOBOJACTBOM [I.T.H.,
npodeccopa Pemernukora C.M.

yoaukanmuu. [lo Teme nuccepranuu onyO0iaMkoBaHo 19 HaydHbIX padoT: U3
HUX 16 Te3UChI TOKIa10B HAYYHO-TEXHUUYECKUX KOH(EepeHIuil, 3 CTaTbu B KypHaIax,
pexomenayembix BAK mist myOnukanny OCHOBHBIX Pe3yJIbTaTOB JUCCEPTAIUH.

CTpykTypa U 00beM JUCCePTALMHA

Huccepranus u3noxkeHa Ha 97 cTpaHUIIAX W COCTOUT W3 BBEACHUA, S5 TJaB,
3aKJIIOYEHUS, CIIUCKA JUTEPATYPhl U NMpuiIokeHud. CIHUCOK JUTEPATYPhl BKIKOYAET
112 ucrounuka. PaboTa mmmoctpupoBaHa 56 pucyHKaMu U COACPKUT 3 TaOIHIIBI.

COJEPXAHUE PABOTHBI

Beeoenue

Bo BBegeHMH OOOCHOBAaHHA AaKTyaJlbHOCTb pabOThl, omnpeaencHa €€ Lenb,
OOBEKT W TpPEeaMET HCCIeAOBaHUsA, C(HOPMYJIUPOBaHbl HAy4yHbIE PE3YJIbTATHI,
BBIHOCHMBIC Ha 3alllUTy, OIPEACICHbl WX Hay4dHas HOBM3HA M IIPaKTUYECKas
3HAYUMOCTb.

0030p rumepamypot

B mepBoii riaBe mpencTaBiIeH JUTEPATypHBIM 0030p, paccMaTpUBAIOMINNA
IIPOLIECCH TOPEHHUSI NOJIMMEPOB, U CONMYTCTBYIOIIME UM HMOHHM3ALMOHHBIC SIBJICHUS B
mwiameHd. Paccmorpensl moaenu nud@y3uoHHOTO TOPEHHS MOJUMEPOB U MOJEIH
ropenus B 'PJl. OTMeuaeTcs, 4To pu rOPEHUH yriaeBOAOPOIHBIX TOIJIMB B MNIAMEHH
o0pa3yroTcsl MOJIOKUTEIbHBIE M  OTPULATENBHBIE HOHBl CBEPXPABHOBECHBIX
KOHUEHTpauuii mnopsxka 10'° M”, KkoTopsle 06pasyioTcss 3a cueT peakiuii
XEMOMOHH3ALMH, XOTS PABHOBECHAs KOHIIEHTpalus paBHserca 10" M~

PaccMOTpeHBI 3aKOHOMEPDHOCTM BO3JECHUCTBUS DJIEKTPUYECKUX IIOJEH Ha
rOpEHUE KOHJEHCHUPOBAHHBIX BemecTs. [lokazaHo, YTO 3JIEKTPUYECKOE IOJE
CIIOCOOHO KaK MHTEHCU(UIUPOBATh, TAK U MOAABIATH FOpeHHE BelecTB. OTMEUEHO
OTCYTCTBUE  DKCIIEPUMEHTAJbHBIX  HMCCIEIOBAaHUA TOPEHUS  MOJUMEPOB B
ANEKTPOCTATUYECKUX TOJIAX.

[IpencraBieH 0030p 3KCHEPUMEHTANBHBIX METOAOB HCCIEAOBAaHUS MpoIlecca
ropeHus (M3MEPEHHE CKOPOCTU TOPEHUS U TEMIIEPATYPhI IIAMEHHU) B AJIEKTPUUYECKOM
oJe.

Ha ocHoBaHuu aHanu3a JUTEPATYPHBIX NAaHHBIX CHOPMYIUPOBAHBI LEAH U
3a1auu paboTHI.

IKcnepumenmanbHan 4acmo

HccnenoBanue CKOPOCTM PacHIpOCTpaHEHUs IUIAMEHHM 10 IIOBEPXHOCTH

[OJINMEpa TIPOBOAUTCS HAa YCTAHOBKE, CXeMa KOTOpPOM IpuBelaeHa Ha puc.l.
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DKcrepuMeHTallbHAsl YCTAaHOBKA IMPEICTaBsieT co00il KBaplEBYIO TpyOy ATUHHOU
500 MM 1 guameTpoMm 74 MM, pacHoJIOKEHHYIO TOPHU3OHTalbHO. B 1eHTpe TpyOsbl
yCTaHaBIIMBAETCs uccienyemMblii oopasen. C 0gHOrO KOHIA TPyOBl Yepe3 peryssiTop
pacxona u poramerp PM—4I" nonBoautcst BO3ayX.

PoTtameTtp |

Boaagyx

\d

Puc.1 Cxema sxcnepumenmanvHou yCmanoku 05l U3y4eHusi pacnpocmpaneHus
niameHu

Cxopocts (U) pacrmpoCTpaHEHHsl IUIAMEHH OINPENEISETCS MO BHACO3AINCH.
Pacxon Bo3myxa (VOK) paBeH 3,3*10'4 M/c (0,76 m/c) u moaOupaeTcs HUCXOAS W3
YCIIOBUW CTalMOHApHOCTU ropenus, uyucio Re=450. IlorpemHocTts onpeaeneHus
CpellHel CKOPOCTH pacrpocTpaHeHus MiaMeHu He npesbimaet 10%.

Bheminee ogHOpPOAHOE 3JIEKTPOCTATUYECKOE TMOJE CO3/AA€TCS HCTOYHUKOM
Bbicokoro HampspkeHuss HCP 35-35000 mexay ceTrdaTbiMU AJIEKTPOJaMHU, CXema
PacoJioKeHUs! KOTOPBIX MpeCTaBiIeHa Ha puc.2.

KGR KR IR IKIKIX KX X XXX XXX XX XXX CRAX X XXX (XXX Q
:,:,:,:,:,:,o CRRRARRRRRAKKRLERRKKK ,:,:‘:,o REREREREKKLELRRKKRIRR
o & 03030 :g; s &

SO0, N
PRCXIKRS % 000000009 00000, 2R 2 KXXKS
126%%6%6%%%%%0%6%6% %% %6266 % % % %0 %6 % % % 9a%0%e%a %% R 9090 %%

Puc.2 Cxema pacnonosicenust cemuamsix 21eKmpo00o8 npu pacnpocmpanenuu

niamenu
[me V IOKa3bIBAET CKOPOCTh IIOTOKA BO3AyXa, U - CKOPOCTH PAacCIpPOCTPAHEHUS
mnamenu. HanpspkeHHocTh monisi uaMmensiercs B nuanaszoHe [0-150 ]kB/m puc.2.a,
[0-200]kB/m, puc.2,6. Jlns puc.2,a BEKTOp HANPSHKCHHOCTH MO HWMEET JBa
HaIpaBJCHUsI TI0 W MPOTUB MOTOKa Bo3ayxa. s puc.2,0 mose, HampaBiIeHHOE OT
MOBEPXHOCTU K-(ha3bl mosmMepa (BEpXHHM 3JEKTPOJ OTPHUILATENCH), MO MOTOKY
ropenus obosnauaercs kak E TT. Ilone, HampaBiIeHHOE K MOBEPXHOCTU K-(asbl
(BEepXHHI 3JEKTPOA TMOJOKHUTEIbHBIN), MPOTHB MOTOKA TOPEeHUs 0003HAYaeTCs Kak
ETI.

DKCliepuMEHTallbHAsl YCTAHOBKA [ MCCIIEIOBAHUSI TOPIIEBOIO TOPEHUS B
ANEKTPOCTATUYECKOM I0JIe PEACTaBIE€Ha Ha puUC.3. DKCIepUMEHTaIbHAs YCTaHOBKA
BKJIFOYaeT B ceOs: uMcTOYHUK Bhicokoro HampspkeHuss HCP 35-35000, ceruatbie
anekTpoabl pasmepamu  (12*12  cm), Becet BCJI-200/0,1, wmMukporepmonapy
muametpoM 60mkM, muaty cOopa aanubix PCI 1802H, xommbroTep, doToKamepy
Canon SX200IS u Buaeokamepy Panasonic HDC-TM10, ckopocTHyio ¢doToKamepy
CASIO Exilim Pro EX-F1 co ckopoctsto cbemku 1200 xanp/c. IIpu usmepenuu
MacCOBOM CKOPOCTH FOpEeHHMs MOJUMEPOB 00pazel ycraHasiubaeTcs Ha Becax BCJI-
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200/0,1, nonkmtoueHHbix K IIK © momxuraercs npu MOMOIIUA SIEKTPUUECKOMN
cnupasid. B mporiecce TOpeHHS BEChl PETHCTPHUPYIOT TEKYIIYIO Maccy o0Opasiia,
nepenasas nansele Ha [1K.

CeTyaTtbIi aneKkTpoa

MNnams

l M M
Monumep
yca
| | Y
P
-
QMBH @ = Becsbl [_—> ——— KomnbtoTep (O)

Puc.3 brok-cxema sxcnepumenmanbHoOU YCmano8Ku

o Am
HpI/I pacque MaCCOBOH CKOPOCTHU FOpCHI/I}I I/ICHOHL?)yeTC}I BCIIMUUHA m ZE,
t

r1€ Am-—Macca CropeBIIEro BEIIeCTBa 3a MPOMEXYTOK BPEMEHM Ar C IUIOUIAAH
MOBEPXHOCTU TopeHust S. UToObl S OblIa MOCTOSHHOM, oOpasel] MOMeUlaeTcs B
KBapIEBBIM CTAaKaH, KOTOPBIM MPEMATCTBYET pACTEKaHWIO KaydykoB. B pabote
HCTIONB3YIOTCS CTaKaHbl AuaMeTpoB 14 mm, 16 Mm, 20 mm.

3aBUCHMOCTH CKOPOCTH TOPEHHS OT BPEMEHH B T0JIe U 0€3 Hero mpe/cTaBieHa
Ha puc.4,a. Kak BugHO n3 puc.4,a Bpems TOpeHHs: oOpasma A0 3aTyXaHUs B TOJIC H
0e3 Hero pa3aIuvHo.

Jlnst cpaBHEHHUSI CKOPOCTEW TOpEeHUsl mojumepa B moJjie U 0e3, HeoOXO0IUMO
OpaTh 3HAYE€HUE CKOPOCTU MPU OJMHAKOBBIX YCIOBHSAX (oauMHaKoBas (opma u
BEJIMYMHA TMOBEpXHOCTU oOpasua). Ilpu o00paboTke pe3yiabTaTOB BBOJMUTCS

.« m, —m .«
Ge3pa3sMEpHBI MapaMeTp €= —"——, KOTOPBIH XapaKTepPU3yeT CTENEHb CTOPAHHs
m,
BEIIECTBA, I'AC m, —Ha4daJIbHasg MaccCa O6pa3Ha, m-— TeKyHIa}I Macca O6pa311a.

n,— ¢ OxB

(1
2

25,0 - Y I X OkB/M(3) [ - m 150 kB/M
’ 4

® 0 kB/m(5)

* 150B/m(1)
+150kBm(2) | 150
= 150kB/M(3)

10,0

5,0

0 50 100 150 200 250 t,c 0,00 0,20 0,40 0,60 £

a) 6)

Puc.4 3asucumocms maccosou ckopocmu eopenusi IIMMA om epemenu u cmenenu
c2opamusl



[TorydyeHHble 3aBUCUMOCTH B KOOpAMHATaX m(€) MpUMYT BU puc.4,06. PesynbraTel

SKCIIEPUMEHTOB alPOKCUMMHUPYIOTCS IIOJMHOMOM BTOPOW CTENEHH II0 METOAY
HaWMEHBIIMX KBaApaTtoB. B wuHTepBane £e[0-04], mpoumecc ropenus B
5JIEKTPOCTATUYECKOM TI0JI€ BBIXOJWT Ha CTAlMOHApHBIA pexuM. Kpusbie puc.4,0

m(e)nocie &€ =0,4 3KBUAMCTAHThI. VX0 U3 ypaBHEHUN anlIPOKCUMALIUU KPUBBIX,
npeACTaBlIeHHbIX Ha rpaduke puc.4,0, HalJICHbl TaKue €€ [0,45-0,55], IIPpU KOTOPBIX

pa3HOCTh f (l;z)E - f (1;1)0 = f(€)=const. Bce KpUBBIE U3 TNPOMEXKYTKA &€ [0,45-0,55]

HMCHOT OAMHAKOBOC OTHOCHTCIBHOC 3HAYCHHC m/mo IIp1u pPas3HbIX a0COJIFOTHBIX

BEJIMYMHAX CKOPOCTU ropeHus. ['paguku 3aBUCUMOCTH MacCOBOl CKOPOCTH TOPEHUs
OT HAMPSKEHHOCTH TOJI CTPOATCS B OTHOCUTEIBHBIX KOOpAMHaTaxX. OTHOCUTENIbHAS
MOrPEIIHOCTh METOJIa M3MEPEHHs] MacCOBOM CKOpocTu ropenusi coctaisier 10%.
BocnpouszBoauMocTs METO/1a WILTIOCTPUPYETCS HA puc.4,a.

TeMneparypa maMEeHM H3MEpSETCS MpPU MOMOIIM XPOMEIb-aTOMENEeBOI
MUKpOTepMomapbl  guameTpoM 60 MKM, YyCTAaHOBJIEHHOM Ha  YCTPOHCTBO
Mo3UIMOHUpPOoBaHUs. CKaHUPOBAHUE MPOU3BOJUTCA C IIaroM 1 MM MO OCHU MJIAMEHHU.
B pesynaprate momydaercs mpoduiab TEMIEpaTyp, MO KOTOPOMY OIPEACNIeTCS
MaKCHUMaJIbHasi TEMIIEpaTypa MIaMEHH.

Bheminee oaHOpOIHOE 3JEKTPOCTATHUECKOE IOJIE JJISI TOPLEBOTO TOpPEHUs
CO37aeTCsl MEXIY JIByMs CETUaThbIMU 3JIEKTPOJAMU PACIOJIONKEHHBIMH COTJIACHO
puc.5. HanpsixkeHHOCTD 1oJiga u3MeHnsetcs B auamna3one 0-200 kB/M.

OnekTpoabl

Puc.5 Cxema pacnonoosicenuss cemuamsix 21eKmpo0o8 npu mopyesom copeHuu.

HCCJICI[OB&HI/IC BJIMSAHHUA Ha KaHaJIbHOC TOPCHHC OJICKTPOCTATHYCCKOI'O ITIOJIA

ITPOU3BOAMNIIOCH HA YCTAHOBKC, HpCI[CTaBHCHHOﬁ Ha pHC.6.
PoTtameTtp

Bosayx

Puc.6 Cxema sxcnepumenmanvHou yCmaHo8KU
Teepnas ¢daza TorumBa: [IMMA wim BakyymHas pe3WHa, OKHUCIHUTENb -
Bo3ayx. Jluamerp kanana 12mM, BHemHuM auametp nosumepa SOmm. CKOpOCTbH



nmoToka Bo3ayxa 2,3 m/c. Hanpspkenue Ha snektponax SkB. M3mepenue ckopoctu
TOPEHUS TPOU3BOAMIOCH METOIOM HEITPEPHIBHOTO B3BEIITUBAHUS.

Jlis uccrnegoBaHMA MEXaHW3Ma BIMSIHHUSI DJIEKTPOCTAaTUYECKOTO TOJs Ha
MPOLIECC TOPEHUS TPOU3BOIUTCS BU3yalu3alys Mpolecca.

Pe3y.lILTaTLI IKCIICPUMCECHTOB

Pacnpeodenenue 3apsaooe 6 nnamenu
Pe3ynbTaThl 3KCIEPUMEHTATIBLHOIO MCCIIEIOBAHUS UOHU3ALMOHHBIX SIBICHUI B
IJJAMEHU  TOJHMMEPOB  NyTEM  BO3ACHCTBUSL HAa  IUIaMsl  [IONEPEYHOTO
AIEKTPOCTATUYECKOTO MOJISI PEACTABIEHBI HA PUC.T.

O0xB/M TIMRIA 200 EB/M OCEB/M CEX2 200 EB/m

Puc.7 ®omoecpagpuu nramenu IIMMA u CKJ/[-2 6 nonepeurom noae (puc.5,a)

I[Inams IIMMA wu CKOIIT B mnomepedHOM 3JIEKTPOCTATUYECKOM MOJIE
OTKJIOHSIETCSI K OTpHIaTeIbHOMY 3JekTpony. Ha puc.7 mpeacrasnena ¢otorpadus
mwiamenn [IMMA. J{ns CK/I-2, CKMC-30, CKH-26 obGnapyxuBaeTcsi pa3aeincHue
IIaMeHU Ha JBe 30HBI puc.7. Takum oOpa3om, ucciexyemble MOJUMEPHI IO
MOHU3ALMOHHBIM SIBJIEHUAM B IUIAMEHM pA3ACIIAIOTCA Ha JBa THIIA: C OJHOU
3apsLDKEHHOM 30HOM M ABYMS 3apsKEHHBIMU 30HAMMU.

Pacnpocmpanenue naamenu no nogepxHocmu nOauMepa 6 nPOOOIbHOM
IIEKMPOCMAMUYECKOM noje

[IpencraBnensl pe3yabTaThl SKCHEPUMEHTAIBHOTO HCCIIEIOBAHUS
paclpoOCTpaHEHUs IUIAMEHU N0 MOBEPXHOCTH IOJMMEPOB BO BCTPEUYHOM IIOTOKE
BO3JyXa B IIPUCYTCTBHM DdJeKTpocTtarnueckoro mnoss. Ilpu pacnpocTpaHeHun
miamMeHd no noBepxHoctd [IMMA Bo BCTpEeUYHOM MOTOKE BO3AyXa B IUIAMEHH €CTh
TPU YETKHUE 30HBL: 30HA CHHETO CBEUYEHUS, IPO3PAYHAS 30HA, 30HA KEJITOTO CBEUECHUS
puc.8 (0xB/m).

0 xDi'm 100 kD/m 140 kD/m

Puc.8 ®omoepagpuu nramenu IIMMA 6 npodorvHom s31eKmpocmamuieckom
noJie, HANPAasiIeHHOM NO NOMOKY 8030yxa (puc.2,a)

B npo0JIbHOM 3JIEKTPOCTaTUYECKOM I10JIE, HAIIPABJIEHHOM I10 TIOTOKY BO3/1yXa
(puc.2,a), U3MEHsAETCS T'E€OMETpUs 30H, Npo3pauyHas 30Ha IuameHu [IMMA npu
HanpspkeHHocTH 140 kB/M mpakTudecku ncuesaer puc.8, skentas o01acTh MiIaMeHH
BBITSITUBAETCA K OTPHULATEILHOMY DJEKTpoly. B mosie, HampaBlI€eHHOM IpPOTHUB
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MOTOKAa BO3AyXa (puc.2,a), MPOUCXOAUT YBEJIMYECHUE IUIOIMIAJAN JKEITOM 30HbI
miamenu [IMMA. [Ins CKJI-2 u3menenue dhopmbl uiameHn He HaOmrogaetcs. [lome
0o0OpaTHOTO HANPABJICHHS BBITATHBACT TUIAMsI B CTOPOHY OTPHUIATEIBHOTO 3JIEKTPOIa
puc.9.

120 xkB/m

0 kB/M
Puc.9 ®omoepaguu nnamenu CK/-2 6 npooonvnom snexkmpocmamuyeckom noJe,
HanpasieHHoM Npomue nomoxa 603oyxa (puc.2,a)

Hanoxxenne 1o, HampaBlIEHHOTO MO TMOTOKY BO3/AyXa, HPUBOAUT K
YBEJIMYEHUIO CKOPOCTH paclpoCTpaHeHHs IiameHu no mnoBepxHoctu [IMMA Ha
30%, CKI-2 - 25% (pucl0,a).

i, CKO2 | U/1U40
— ,4 4 A
133 || ——rvva KO2 | e | —a—MMA ——CKI2 [
1,2
1,23 11 :
1’13 7‘ \ - 1ax ‘—‘c-q
l \ 0,9
1,03 0,8
A« A 0,7 -
0,93 T T T T | 056 T T T T T
0 25 50 )75 100 125 E,kB/m 0 25 50 765) 100 125 EkB/m
a

Puc.10 Uzmenenue omnocumenvHol CKOpOCmMuU pPAcnpoCmMpaHerus NiaMeHU
IIMMA u CKJ]-2 6 npodonvrom noae (puc.2,a)

OOGpaTHOe HampaBJieHHE TMOJIs yBeIuYruBaeT ckopocTh Ha 20% y [IMMA u Ha
50% y CK/-2 (puc.10,0). I'paduku 3aBUCUMOCTH UMEIOT 3KCTpemymbl puc.10. B
0JIe, HAIIPaBJICHHOM IO MOTOKY Bo3ayxa, st [IMMA Touka Makcumyma CKOpOCTH
npu E=100 kB/m, ns CKJI-2 npu E=80 xB/M, nipu oOpaTHOM HaIpaBJICHHH IOJIs
s CKJI-2 touka munumyMa npu E=70 xB/m. B skcnepumentax mias CKII-2
Ha0II0aJI0Ch OCTAaHOBKA IIJIAMEHU U ero raimenue, puc.10,0.

Pacnpocmpaneuue ni1amenu no no6epxXHocmu noiumepa 6 nONEPEUHOM
JjleKmpocmamuiecKom nojie

B nonepeunom snextpoctaTuueckoM nose (puc2,0) y miamenun [IMMA mpu
ETTu ET! >xenrtas 30Ha BBITATMBAETCS B CTOPOHY OTPHLATENLHOTO 3JIEKTPOIA
puc.11. IIpu E T! mmomans enTol 30HBI YMEHBLIAETCS, a ILIOLIAAb CHHEN 30HBI
ysemuuuBaercs puc.11. ITpu ropenun CKJ[-2 B nonepeunom none, npu E TT mams
BBITATUBAETCA K OTPULATEILHOMY 25ieKTpoay puc.12. Ilpu E Tl nabmonaercs cMeHa
peXuMa TOpPEHUs, 3aKIIYAroUascs B IOSABICHUHM ITyJIbCalMid HEOJAHOPOIHOCTH
IIaMeHu puc.12.
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ETT 200 kB/m E7) 200 ¥kB/m

Puc.11 @omoepapuu nramenu IIMMA 6 nonepeurnom snekmpocmamuideckom noJe

[TonepedHoe 37EKTPOCTATUYECKOE TMOJI€ CHMUKAET CKOPOCTh PaCIpOCTpaHEHUs
mmamenu 1 [IMMA Ha 35% nipu oOoux HanpasiaeHusx noiis, At CKJ-2 na 40%,
KOIJIa BEKTOP HANPSHKEHHOCTH HAIpaBieH OT moBepxHocTtu mosumepa E TT. Ilpu
oOpatHoil monsipHoctu st CKJI-2 pe3ynbTrar mojaydyuTh HE YAAIOCh M3-32 CMEHBI
pexkuma ropeHus puc.12.

ETT 200 xB/ FTL 200 «B/im

Puc.12 @omoepaghuu nnamenu CK/{-2 ¢ nonepeunom snekmpocmamuyeckom no.e

T0pl{€60€ 2OPEHUE nojiumepoe 6 nOnNePpeuHom ljiekmpocmamuieCKom noJjie

Ha puc.13 npencraBieHbl 3aBUCHMOCTH OTHOCUTEIBHOM MAacCOBOM CKOPOCTH
TOpeHHsI U MaKCUMaJbHOM TeMIepaTyphl IUIAMEHH OT HampsHKEHHOCTH TOJs,
CO3/IaHHOT'O COIIACHO cxeme puc.5,a. /g Bcex ucciaenyeMsplxX MOIMMEPOB MaccoBas
CKOpPOCTb TIOpeHHus Bo3pactaer puc.13,a. HanpsokeHHOCTh mOJIA, € KOTOPOHU
HaO0JII01aeTCsl U3MEHEHUE CKOpOCTH, cocTaBisieT 75kB/m. C yBennueHneM CKOpOCTH
ropeHust HabIroAaeTcs yBEeIMUEHNE MaKCUMaIbHOW TeMIIEpaTyphl I1aMeHu puc.13,0.
M3MmeHeHne TemnepaTypsl IJIaMEHH pETUCTpUpYyeETCs ¢ HanpskeHHocTH S0 kB/M.

/ © _ [anvva T K
i o / ;nz’so |4 MMVA N /
1 ; ggomso A7 o /
184 = CKH-26 1200 4,|® CKMC-30 |__c
’ A TIMMA (MogsanbHbi A.A) { X CKIMT
O CKH-40T(Moas ansHslit A.A.) Ve 1150 4 m CKH-26 L)
1,6 4 7
~ ) A
4
1,4 - 1100
~
1,2 = / - 1050
)
1 . 1000 4 . .

0 50 100 150 E,kB/m 0 50 100 E,kB/m
a) 6)

Puc.13  3asucumocmv  omHOCUMENbHOU  MACCOB0U  CKOPOCMU — 20pEHUs U
MAKCUMATLHOU MeMnepamypbl NIAMeHU Om HANPANCEHHOCMU NONepedyHo20 NoJs
(puc.5,a)

12



Topuesoe zopenue noaumepos 6 NPOOOJIbHOM IIEKMPOCMAMUYECKOM nole,
JIOKAU308AHHOM 6 001acmu (akena

B npomonabHOM 3J€KTpOCTATHUECKOM II0Jie, CO3JaHHOM B oOjacTu Qakena
(puc.5,6), mpu ETT dopma muamenn [IMMA npakTtudecku He U3MeHseTcs puc.14.
IIpu E Tl mmams IIMMA npuoGperaer ¢popmy nonycdepsl puc.l14. Ananorndsoe
BinusiHue oOkaspiBaeT mosie Ha Tuiams CKOIIT. Bmmusame wa dopmy mmamenn
IIPOUCXOJIMT C HANPSOHKEHHOCTH 75 KB/M.

0 ¥B/m ETT 200 kB/M ETL 200 %B/m

Puc. 14 ©omoepaguu IIMMA 6 npodorvrom none, cozoannom no cxeme (puc.5,0)

I[Tpu ropeanu CKH-26, CKI-2, CKMC-30 npu E TT usmenenue Gpopmbl IJIaMEHH HE
obnapyxupaerca. IIpu E Tl nabmogaercs yMeHbIIEHUE BHICOTHI IJIAMEHH, OJHAKO
(daken miIaMeHW 10 MpeXHeMy coxpaHseT (opmy koHyca. M3meHenuwe (opmbl
mmamenu st CKI[-2 u CKH-26 npoucxonut ¢ HanpsbkenHoctr 125 kB/m, a CKMC-
30 ¢ 200 kB/m.

3aBUCUMOCTh ~ OTHOCHTEJIBHOM  MacCoBOM  CKOPOCTH  TOpPEHHS  OT
HaINpsOKEHHOCTH TOJI Ha puc.15,a.

*/* {anvva
Wl/mOfACKﬂ2 T;n,K A TIMVA
y - A oKa-2
™\ A 1,54 @ CKMC-30 NX 1300 o CKMC-30]|
\ Lo ] |xcKanTt o 0 X CKOMT |
~ | |mckH-26 A B CKH26 ||
11
= - .
0 \
0.7 ~
200 -150 -100 -50 0 50 100 150ExB/m -150  -100  -50 0 50 100 ExB/m
a) 6)

Puc.15 3asucumocmsv  omHOCUMENbHOU  MACCOB0U  CKOPOCMU  2OPEHUs U
MAKCUMATILHOU MeMnepamypsbl NIamMeHu Om HANPIHCEHHOCMU NPOOOIbHO20 HNOJA

(puc.5,6)

OrpunartenbHoil  BbIOpaHa — HANPsHKEHHOCTh — HanpaeienHas  -E 1T,
TIOJIOKUTENLHOM cooTBEeTCTBYET Hanpasinenue - E T1. IIpu ETT ckopocts ropenus
YBEIMYMBACTCA Ul BCEX MCCIeayeMbIx mnojumepoB kpome CKJI-2. Ilpu ETI
ckopocTh TopeHus cHuxaercss Ha 30% g [IMMA u Ha 40% nns CKOIIT Ha
unrepasie [0-200] xkB/m. Hna CKJ/I-2, CKMC-30, CKH-26 ckopocTh ropeHus
yBenuuuBacTcs. M3MmeHenwe ckopoctu ropenus mnpu  ETT  mabmomaercs ¢
nanpsokensoctu 100 kB/m. g cnywas E T ¢ 75 kB/m s [IMMA u CKOIIT, ¢
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100 xB/m mns CKJI-2, 125 xB/m CKH-26, 150 kB/Mm — CKMC-30. Ilpu ETT
MaKcHMaJbHas TeMIiepaTypa IiaMeHu yBeanuuBaercs (puc.15,0).

IIpu E Tl Habmomaercs yMeHbIIEHHE TeMIEpPATypsl miaMenu it [IMMA Ha
150K u CKOIIT na 120K (pucl5,6). ma uarepsaie [0-150] kB/m. Jlna CK/I-2, CKH-
26, CKMC-30 wu3-3a koneOaHWii TJIaMEHH, HW3MEPEHHE TEMIIepaTypbl HE OBLIO
IIPOU3BEJEHO.

Topueeoe 20perHue nojaumepoe 6 npodwzbuom djiekmpocmamuiecCKom noJie,
HA10HCEHHOM UHRMEZPAIbHO

B npo0sibHOM 371€KTPOCTATHUECKOM MOJI€, HAJ0’KEHHOM UHTETPAIbHO Ha BCIO
30Hy ropenus (puc.5,B), nmpu ETT mmams IIMMA npuoGperaer GopMy KoHyca
puc.16, popma miamMeHn He HU3MEHSETCA, KaK U B CIyyae IMOJs HAJIOKEHHOTo Ha

(bhaxern.

0xB/m  ETT200xB/M ATl 200 xkB/m

Puc.16 @omoepaguu [IMMA 6 npooonvrom none, co30anHom no cxeme (puc.5,8)

IIpu E Tl nmams npuobperaer Gpopmy nonychepsl puc.16. AHAIOrMYHO BEAET
ce6st tutamst CKOIIT. Briusaue Ha hopMy miiaMeHH HaOJIIOIAaeTCsl ¢ HANPSDKEHHOCTH
50 kB/m. ITpu ropenun CKH-26, CK/-2, CKMC-30 npu E TT usmenenue Gpopmbl
MJIAMEHH HE OOHAPYKUBACTCSI.

--mm
A

Puc.17 TI'openue CKJ/[-2 npu nanpsocennocmu 150 kB/m, epems medxcdy xkadpamu
0,02 c.

[Ipu E Tl nabmomaercs cMeHa peXuMa ropeHus. Pe3ysbTaThl CKOPOCTHOM
doTochemku nporiecca ropenus S0 kaapos/c mpeacTaBieHbl Ha puc.17.

.« /. A TVIVA
m/m AMMA  —————————— T Ky CKA-2
2l ope ) || o ckvC-30
_ x CKAMT /
ssdleckmcaol /| || CkH-26 e
2 JIx ckarr A s
3 'Y
o JmokHos |
: H
15

-200 -150 -100 -50 0 50 100 150 E kB/m -150 -100 -50 0 50 100 EkB/m

Puc.18 3asucumocms  omuocumenvHoOu  MACCOB80U  CKOPOCMU  20pEeHUs U
MAKCUMATILHOU MeMnepamypsbl NAaMeHu Om HANPIANCEHHOCMU NPOOOTbHO20 NOJA
(puc.5,8)
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Kak Bugno wu3 dororpaduit (puc.17) ¢aken mpencrasiasier coOoil cTpyH,
MHTEHCUBHOCTh KOTOPBIX Koiyiebsercs BO BpemeHu ¢ uactoroit 10-15 I'm. Crpywm
HalpaBJeHbl K OTPUIATEIBHOMY OJJIGKTPOLY, a Jpyras 4dacTh IUIAMEHH K
MOJIOKUTEIIBHOMY puC.17.

CKOpOCTh TOpeHHs TOAMMepOB yBenuuuBaercs npu E TT puc.18a xak u B
nosie puc.5,0. YBenuueHue CKOPOCTU TOPEHHs AJIi BCEX HCCIEIYyEeMbIX BEIIECTB
nabmonaerca npu E Tl puc.18,a. IIpu E Tl cKkopocTh ropeHus B moJie, HaJI0KEHHOM
MHTETPAIbHO 3HAYUTENIbHO OOJbIlIe CKOPOCTH TOPEHHUS B IOJIe, HAJOXXEHHOM Ha
(axen, Takoro ke Hanpasjenus. smenenue cxkopoctu ropenus npu ETT u ETI
nabmonaercsa ¢ Hanpsokennoctd 100 kB/m. IIpu E TT MakcumanbHas Temmeparypa
mnamenn [IMMA. CKI-2, CKMC-30, CKOIIT, CKH-26 yBennuuBaercs na 110K,
60K, 70K, 80K, 150K cootBercrBenHo pwuc.18,6 B wuntepBaie [0-150] kB/m.
M3MeHeHne TeMIeparyphl HaOIrogaercs ¢ HampsbkeHHoctd 75 xB/m. Ilpu E T
temneparypa miaMenu yeenunuupaetrcs 11t [IMMA na 120K u CKOIIT na 80K, ans
OCTAJIbHBIX TMOJMMEPOB M3-3a KOJICOAHUU IJIAaMEHH H3MEPEHHE TEMIIepaTypbl He
IPOU3BOAUIIOCH.

Fopenue nojiumepa 6 Kanaae npu Hajiuuuu 3J1eKmpocmamuiecKkozo noJjin

Ha pwuc.19,a mnpexncraBiaeH rpaduk 3aBUCUMOCTH OTHOCHTEIBHOM MAaccChl
ropenus IIMMA + BO3ayX B paiHalbHOM 3JEKTPOCTATHYECKOM II0JIE OT BPEMEHH,
CKOPOCTb TOpPEHHMS OIpeleseTcss yIJIOM HakJIOHAa KpuBOW. PesymbraThl
DKCIEPUMEHTOB ANNPOKCUMMHUPOBAHBI MHOTOWIEHOM NIEPBOIO IMOpSAAKA CpPEaHss

OTHOCUTEJIbHASL CKOPOCTh TOPEHMs, IPU PA3HOCTU IOTEHUMAIOB MEXKIY OChI H
MOBEPXHOCTHIO SKB, yBennuuaercs Ha 12%.

m m
— — = 5kB
p | 00005758« [MMA-OKB " y = -0,0036x + 0,9835-5K

y =-0,0009x + 1 -0xB ] y =-0,0009x + 1,0083-0«B
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Puc.19 3asucumocmv omnocumenvHol maccol COPEHUA 8 KaHae onlt 6peEMERU

Pe3ynbTaThl SKCIEPUMEHTOB C BAKYyMHOM PE3MHOU IIPHU TEX XK€ MapameTpax,

npuBeACHHbIE HA puc 19,0, MOKa3bIBalOT, YTO CKOPOCTh TOPEHUS B 3TOM Cllydae
Bo3pactaeT Ha 400%.

Oocyxcoenue pezyibmamos

Pacnpocrpanenue miamMeHd — NpPoOAoJbHOe moJie. VMerTcs oTacibHbIE
JaHHBIE II0 pPacHpOCTPAaHECHHUIO IIJIAMEHM 10 IIOJIUMEpPY IpU IIEPEMEHHOM
HANPSOKEHUHM, KOTOPhIE KAYECTBEHHO COBMAJAIOT C HAIIUMU [A.O. Ilanrenees, [.A.
[Tonkos, C.I'. Iapumenko, fO.H. Ille6exo / ®usuka ropenus u B3pbiBa, 1992. -Ne3. C.39-41],
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3aBUCUMOCTBh CKOPOCTH PACHPOCTPAHEHUS IIJIAMEHU OT HAIPSIKEHHOCTH 3[€Ch TAKXKE
UMeEeT 3KCTpeMyM. OTBETCTBEHHBIMHM 32 BO3ACHCTBUE IOJISl, IO MHEHHUIO aBTOPOB,
ABJISIFOTCS MACCOBBIE CHJIBI 1 U3MEHEHNE KUHETUKHA XUMUYECKUX PEaKIU.

Hcexonss w3 pe3yslbTaTOB HAIMX MCCICNOBAHWM 3a HW3MEHEHHE CKOPOCTH
paclpoOCTpaHEHUs IUIAMEHU MPU HAJOKEHHH MPOJOJBHOIO TMOJI, OTBETCTBEHHBI
dbopma, sHEpreTUKa M pacroyiokeHUe TUIAMEH PeaTu3yIOUXCsl NPU TOPEHUU. DTU
mwiamMéHa 3aUKCUpOBaHbl HAMU TPU BU3YyaJIU3allMM Tpollecca ropeHus (puc.8,9).
CymMapHoe u3MeHeHue (QOpMbI IMJIAMEHU MPOUCXOJIUT MOJ JEWCTBHEM MAaCCOBBIX
CUJI CO CTOPOHBI BHEIIHETO 3JJIEKTPOCTATHYECKOrO IOJs Ha IulaMEéHa (KENToe -
ClIaJKoe, CHHHE - KHCIOE€ M IPO3PAYHOE - CTEXHMOMETPHS), KOTOPbIE HMEIOT
Pa3IMYHYI0 BEJIWYMHY W 3HAK 3apsaa, M IMOATOMY IO pPAa3HOMY pEarupyroT Ha
BHelHee mnouie. [lepecTpolika miiaMeHH NMpU pa3ivuYHbIX BEJIMYMHAX BHELIHETO MOJIA
MIPUBOJUT K W3MEHEHUIO TOJIO)KEHHSI MCTOYHHUKOB TEIUIOBBIACICHUS, B PE3YJbTATE
Yero M3MEHSETCS HAlpaBiCHHE U BEJIUYMHA TEIUIOBBIX IMOTOKOB, B K-(ha3y. yTO
IIPUBOJMUT K 3aBUCUMOCTH CKOPOCTH PACIPOCTPAHEHHs IJIAMEHU I10 MOBEPXHOCTH
(puc.10) oT HaNPSKEHHOCTH.

B mnomepe4yHoOM 3JIEKTPOCTATHYECKOM MmoJie 00a HampaBiIeHHs OIS
yCTaHaBJIMBaKOT miamsi Tak (puc.ll u puc.12), uto usMeHeHnue (HOpMbI TIAMEHU
OPUBOIUT K YMEHBUIEHWIO TOPU30HTAJIbHOM COCTABISIOIEH TEIJIOBOIO IOTOKA,
II03TOMY CKOPOCTh PacIpoCTpaHeHus ramenu curkaercsa. s CKI-2 npu E T
HAOJIOIaeTCsl CMEHA pEeXUMa TOpEeHHs, MNpU KOTOPOM HaOJIoaeTcs pe3Koe
YBEJIMYEHNUE CKOPOCTU PACIIPOCTPAHEHUS.

TopueBoe ropenne. B nureparype umMeroTcs eiMHUYHbIC JaHHbie 11 [IMMA
N0 OKCIEPUMEHTAIIBHOMY MCCIEHOBAHUID W3MEHEHUS CKOPOCTH TOPEHUS U

TEMIIEPATYPbl IUJIAMEHW TMPU  HAJOKEHUU T0JA  [[lomBambhblii, A.A.  BrusuHue
NEKTPUYECKOTO0 TIOJS Ha IHPOLECC TOpeHHs KoHAeHcupoBaHHbIX cucteM [Tekcr] / A.A.
[Topsanbneiii, M.M. Apm, [O.B. T'olixma, A.H. MakcumoB // ®usuka ropeHHs] U METOHbl €€

uccinenoBanust, 1975. — Bei.5. - C. 81-86], 3TH pe3yibTaTbl KAYECTBEHHO COTJIACYIOTCH C
IIOJyYCHHBIMM HAaMH  pe3yJbTaTaMU. YBEJIMYEHHE TEMIIEpAaTyphl IUIAMEHU
MOJATBEPKAAET BO3JACUCTBHUE MOJS HA XMMUYECKHE PEAKIMU B IJIaMeHU. [lelicTBue
MAacCOBBIX CHJI CO CTOPOHBI TOJS MPHUBOJUT K MNPUOIMKCHHIO TOPSYUX 30H K
MOBEPXHOCTH K-(pa3bl, yBeTUYMBas BEIWMYUHY TEIUIOBOTO TMOTOKA, YTO MPHUBOJIUT K
POCTY U MaCCOBOM CKOPOCTH I'OPEHHS.

W3menenne ¢GopMbl IJIaMEHH B MPOJOJIBHOM 3JIEKTPOCTATUYECKOM IOJIE,
co37aHHOM B oOJyiacTu (hakena, aHAJIOTMYHO TpolieccaM, MPOTEKAIOIIMM B Ta3ax U
KUAKOCTSAX. BiausiHue mosst Ha ¢akes UIeT 3a cueT BO3HUKHOBEHMSI MAcCCOBBIX CHJI,
KOTOpOE NPUBOJUT K Aedopmaiiuu GppoHTa IaaMeHu puc.14.

YBenuueHue TeMIIepaTypbl MPOUCXOAHUT 3a CYET BO3JACKUCTBUS OIS Ha
xuMuueckue peakuuu. [loBblllieHHE TEMIIEpaTypbl NPUBOJMT K IOBBILICHHUIO
TEIJIOBOTO MOTOKAa B K-(a3y, 3a CUET YEro yBEJIMYUBAETCA CKOPOCTh ropenus. [Ipu
E Tl mox nmeiicTBHEM MAacCOBBIX CHII IUIaMs IPUKUMAETCS K MOBEPXHOCTU TOILIMBA
puc.14, 4to yBeIMYMBAET TEIJIOBOM MOTOK B K-(a3y, B pe3yibTaTe CMENICHUS
VMCTOYHHMKOB BBIICJIEHUS TEIUIa. JTO MPHUBOJIUT K BO3PACTAHUIO CKOPOCTH TOPEHHUS
CKA-2, CKH-26, CKMC-30 1 k 0TX01y IJIaMEHH OT IOBEPXHOCTH FOPEHHUS.

Hiua IIMMA u CKOJIIT nabmromaercsi CHM)KEHHE CKOPOCTH TOPEHHS H
TEeMIIEPATyphl HapsAAy CO CMEIIEHHMEM MCTOYHUKOB TEIUIOBBIAEIEHUS, YTO TOBOPUT O
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MPEBATUPYIOLIEM JEHCTBUA TOPMOXEHUS KHHETHKM XHMHYECKUX IPOIECCOB
AIIEKTPOCTATUYECKUM TIOJIEM MO0 CPAaBHEHHUIO C Ta30JMHAMUYECKUM 3PPeKTom
npuOIMKEHNsT UICTOYHUKOB SHEPruM K K-(hase mon aerictBueM mois. Hago yuecTs,
YTO 3TH MPOLIECCHl KOHKYPHUPYIOT, U MBI Ha0II01aeM pe3yabTaT KOHKYPEHITUH.

B nosne, HanoKEeHHOM MHTErPajbHO Ha BCIO 30HY FOPEHUs pUC.5,B, U3MEHEHHE
reometpun 1ameHu i [IMMA u CKOIIT npoucxoauT aHAJIOTHYHO CIy4aro
puc.5,6. Onnako npu E Tl B omimume oT mojis puc.5,0 CKOPOCTh TOPEHHS U
TEMIepaTypa IUIAMEHU BO3pacTaroT. B naHHOM ciiyyae o0a ONMCaHHBIX paHee
SBJICHUS IPUBOJAT K MHTEHCU(PUKAIIMY TOPEHUS TIOJTUMEPOB.

IIpn kaHaJbHOM ropeHMHM J(PeKT yBEIUUYEHUS CKOPOCTH TOPEHMs NpHU
HaJIO)KEHUH PaJUaIbHOIO JEKTPOCTATUUECKOIO MO MakcumaiieH. [Ipuunsbl 3Toro
SBJICHUS NIPEJICTOUT U3Yy4aTh, OJTHAKO, 3TO BUJUMO PE3YJITAT COBMECTHOIO AEUCTBHUS
ra3oJlMHaMUYEeCKUX (HaKTOpPOB, TYpPOOJIM3UPYIOUIMX MOTOK W BIUSHUE TMOJNS Ha
KMHETUKY XMMHYECKHUX ITPOLIECCOB MPOTEKAIOIINX B KaHAJIE.

Cmena pesxxuma ropenus. Jus CKJI-2, CKH-26, CKMC-30 npu E T\ npu
onpeAenEéHHON HANPSYKEHHOCTH 3JIEKTPOCTATHUECKOTO MOJsl 0OHAPYKMUBAETCS CMEHA
pexxuma ropenus. Ilpormecc cTaHOBUTCS MyJIbCHUPYIOLIEM, HAOIIOAAETCS CHIIBHOE
AUCTeprupoBaHue K-(pa3pl, U KaK pe3ylbTaT 3TOTO PE3KOE YBEIUUYECHHE CKOPOCTH
ropenusi, (pakes mIaMeHu MOKET pacragaThCs Ha OTAETIbHbIE CTPYH puc.17.

W3BecTHO, YTO MpHU TOPEHHHM KAay4yKOB Ha MOBEPXHOCTH K-(pa3bl oOpasyercs
KUJIKUI pacIuiaB nojaumepa. B 1aHHOM UAKOM pacIuiaBe MPOUCXOAUT TEPMUUYECKOE
pa3ioxeHue (JECTPYKLUs), UCIIapEHHE, IPU KOTOPOM IMOJIUMEDP ra3upUIUpyerT.

Jlia pacueta TemnepaTypHOro npoduis k-¢gasbl U OOBSICHEHMs IEpPEXo/ia BO
B3pBIBHOE  KWIIEHHME (CMEHa  pEeXHUMa TOPEHHs), peulaeTcs  ypaBHEHUE
TEIUIONPOBOAHOCTU B CHUCTEME KOOPIMHAT JKECTKO CBSI3aHHOM C MOBEPXHOCTBIO.
VYpaBHEHHE TEIIONPOBOIHOCTH:

d°’T  dT  l,oe™
a +u—+ =
dx’ dx cp

0

[ pannuHbIEC YCIOBUA:

1. : x=0,T(x)=T,.

2. x=00,T(x)=T,,

rne T — Temmeparypa, c, p, @- TEIMJIOEMKOCTb, IUIOTHOCTh U KO3(PPUIMEHT

TEMIIEPATYPOIIPOBOJTHOCTH MOJMMEPA, u —JIMHEHMHAsE CKOPOCTb TOpPEHHUS. X -
KOOPJIMHATA CBSI3aHHAS C TIOBEPXHOCTHIO U HAIMPaBJIEHHAS BIITyOb TOJIMMEpA.
[Tornomenrne noJMMEPOM TEIIOBOM IHEPTUU MMPOUCXOIUT 10 3aKOHY byrepa:

[=1e"

rae l) — MHTEHCHBHOCTHh M3JIyYCHHUs MAJArOIIeT0 Ha MOBEPXHOCTH MOJMMEpa, O —
KO2(pPUIIMEHT MOTJIOMIECHUS TTOJIMMEpa.
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Puc.20 Temnepamypusiii npogpuns 6 k- gpaze CK/{-2 npu copenuu

Ha puc.20 Temnepatypusiii npoduib k-da3el CKJI-2 . PacueTsl mokasbIBaroT,
YTO TeMIieparypa B 1o nopepxHoctHoM cioe CKJI-2 Ha rinmyOune 2 MM, NpeBbIIaeT
temnepaTtypy nosepxHoctu Ts Ha 20K. B nanHOM ci0€ UAET 3apoxKACHUE MY3bIPbKOB
ra3oBoil (a3el. HamokeHue 3IIeKTPOCTATUYECKOTO IOl MPUBOAUT K TOSBICHUIO
MOHJAEPMOTOPHBIX CHJI, YMEHBIIAIOMNUX JABJICHUE B 3apOJBIIIaX, YTO CIIOCOOCTBYET
uX pocty. B pesynprare mMpoOMCXOAUT Tepexoj] razu(ukanuy MmoaImOBEPXHOCTHOTO
CIOsl  paciiaBa C MaKCHUMaJbHOM TeMmIepaTypoid BO B3pPBIBHOE KHUIEHUE. IJTO
COTIPOBOXK/IAETCSI BLIOPOCOM MTOBEPXHOCTHOTO CJIOS, T.€. MPUBOIUT K BOSHUKHOBEHUIO
AHOMAaJIbHO BBICOKOTO IUCIIEPTUPOBAHMUS.

OCHOBHBIE PE3YJIBTATBI U BBIBO/IbI

1. Co3aH  SKCHEpUMEHTANIbHBIA  CTEHJ U pa3paboTaHa METOJUKa
HKCIIEPUMEHTA, MTO3BOJISIIOIIETO OMPEACNIATh CKOPOCTh PACIPOCTPAHEHUS IIJITAMEHH 10
MOBEPXHOCTH MOJMMEpa B dJeKTpocTaTuueckoM mosie (3I1), MaccoByo CKOpOCTh U
MaKCHUMaJIbHYIO TeMIepaTypy IUIaMEHH MPU TOPLEBOM TOPEHHH, CKOPOCTh TOPEHUS
MOJINMEPOB B KaHAJIE.

2. [IpoaosibHOE 3NIEKTPOCTATUYECKOE II0JIE, HAIMPABICHHOE IO TMOTOKY
BO3/yXa, YBEJIMYMBAET CKOPOCTh PACHPOCTPAHECHUS! IUIAMEHU IO TOBEPXHOCTHU
moyimMepa, oOpaTHOE HAMpaBJICHNWE MTPUBOIUT K YMEHBIIEHUIO CKOPOCTH, UYTO TAKXKE
HaOIIOAACTCs IS TOTIEPEYHOTO AIEKTPOCTATUYECKOTO TTOJIS.

3. UccnepoBano BnustHue DIl Ha TopueBoe TOpeHUE MOJIUMEPOB B
uHTepBaie HampsokeHHoctn [0-200] kB/M, o0HapyXkeHO, 4YTO B TOMEPEYHOM
anektpocratnueckom noJjie miamsa CKJ[-2, CKH-26, CKMC-30 pa3nensroTcs Ha JBe
3apsKEHHBIE 30HbBI, YBEIMUMBACTCS TEMIIEPATYPa U CKOPOCTh TOPEHHUSI.

4. B npononsnom OII, co3nanHoM B obsactu ¢akesa, HaIpaBICHHOM OT
MOBEPXHOCTH TOJUMEPA YBEIMYMBACTCS CKOPOCTh TOPEHUS W MaKCUMallbHas
temriepatypa. OO0paTHOe HamnpaBlieHHE TPUBOJIUT K YMEHBIICHUIO 3TUX MapaMeTpoB,
JUTSI TJIAMEHU C OJTHOM 3apsKEHHOM 30HOM U YBEIMYEHHIO C IByMsI 30HAMU.

5. B mnpoponsHOM TONIE, HATOKEHHOM WHTETPaIbHO, OOHAPYKUBACTCS
cmena pexuma ropenuss s CKJ-2, CKH-26, CKMC-30 3axmrouaroniasics B
MOSIBJICHUU MYJbCAIMM HEOJHOPOJAHOCTH IUJIAMEHU 4YTO SIBISIETCS PE3YJIbTaTOM
nepexoa ra3uuKay pacijiaBa MmoJiMmMepa BO B3PBIBHOE KUTICHHE.
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6. Uccnenosano Biustaue D11 Ha ropenne noauMepoB B kaHaie. [lokazaHo,
41O cKOpocTh ropenust IIMMA yBenmnuuBaerca Ha 12%, a BaKyyMHOW PE3WHBI Ha
400% 1ipy pa3HOCTH MMOTEHIMATIOB SKB.

OcHOBHOe coJep:KaHHe JAUCCEPTANMH  M3JI0KEHO B  CJEAYIONIHX

nyOoJuKAIUAX:
Crarbu B M3J1aHUAX, peKoMeHT0BaHHbIX BAK P®:
1. Tlozomorun A.IL ['openue KOHICHCUPOBAHHBIX BELIECTB B

anekTpoctatuueckoM mose / 3pipsiHoB U.A., [Tozonotun A.IlL. // Bectauk CI'AY, Camapa,
2011. - Ne5(29). — C.104-107

2. Ilozonotun A.Il. AHOMaJIBHOE IOBEJEHUE AJIKAHOB U Kay4yyKOB IIPU TOPEHUH B
anektpocratuueckoM mnone / PemernukoB C.M., 3eipssHoB U.A., Tlozomotun A.IL//
Bectauk KI'TY, Kazann, 2013. - Ne15(16). C.44-48

3.  Tlozonotun A.Il. OcoOGEHHOCTH TOpPEHHS MOJUMEPOB B AJNEKTPOCTATUYECKOM
noine / PemernukoB C.M., 3wipsHoB H.A., Ilozonotun A.Il. // W3Bectus HODY.
Texunueckue Hayku, Taranpor, 2013. - Ne8. C.30-36

Te3unchbl B COOPHUKAX M MATEPHAJIAX HAYYHBIX KOH(epeHuii:

4. Tlozomotun A.Il. TennoBas CTpyKTypa IUIJaMEHHM J€KaHa M YHJeKaHa /
PemernukoB C.M., 3bipsHoB W.A., Jlextepes C.H., Ilozonotun A.Il.// «Hayxka-
IIPOU3BOJICTBO-TEXHOJIOIMH-3K0I0TUs»: COopHUK Marepuaios: B 3 1.- Kupos: U3n-so 'OY
BIIO «Bar I'V», 2009. Tom 1. — C.239

5.  Pozolotin A.P. Pilot plant for reserch into electrical phenomena in combustion
of solid fuels / Reshetnikov S.M., Pozolotin A.P., Zyrianov 1.A., Dekhterev S.N.// «Ex
Professo»: Transactions:in 1 vol. —Kirov: O-Kratkoe, 2009. — p 61

6. Ilozonotun A.Il. BiusHue ™TPONONABHOTO 3JIEKTPOCTATUYECKOIO TMOJs Ha
pactipoctpanenue miameHu no mnosepxHoctd [IMMA u CKJI-2 / PemernukoB C.M.,
[Mozonorun A.Il., Hextepe C.H. // «OOmectBo — Hayka - uHHOBauuu»: COOpPHUK
marepuanos: B 4 1.- Kupos: U3n-so 'OY BIIO «Bsat I'V», 2010. Tom 2. — C.285-287

7. Ilozonotun A.Il. BiusHue mnomnepeyHoro -sIEKTPOCTATUYECKOTO TMOJs Ha
ckopocTh ropenust noaumepos / Pemernukos C.M., ITozonotun A.Il., Iextrepe C.H. //
BHKC®-16, -T.1 —Exarepun6ypr; Boarorpan: U3a-so AC® Poccun, 2010. C. 479-480

8. Ilozonorun A.Il. BnusHue DPONONBHOTO 3IEKTPOCTATUYECKOIO TMOJs Ha
CKOPOCTh PACHpOCTPAaHEHHUs IUIAMEHHU IO MOoBepxHocTH mnojiuMmepoB / PemernukoB C.M.,
[Tozonotun A.I1// XVIII Tynonesckue urenus: Tom 2. Kazanb: u3-Bo Kasan. roc. Texs. yH-
ta. 2010. C. 77-79

9. Tlozonotun A.Il. BnusiHuE 3J1€KTPOCTATHYECKOTO IOJISA, JOKAJIU30BAHHOIO B
obnactu (hakena TUTAMEHH TOJIMMEPOB, HA MAacCOBYIO CKOPOCTh TopeHus / PemeTHHKOB
C.M., ITozonotun A.I1. ConoBbeB C.A. // «IIpoBeaeHne HayqHBIX UCCIICIOBAHUM B 00JIaCTH
cuHTe3a W cBoicTB BMC, a Takke BO3JeHCTBHE (PU3MYECKUX TOJIeH Ha MPOTEKaHHE
XUMHYECKUX peaknuid: c¢0. martepanoB Bcepoccuiickoli KOH(EpEeHIIMHM C 3JIEMEHTaMH
Hay4HOU 1Kokl At Mojoaexu — Kazaus:KI'TVY, 2010. C.13.

10. TIlozonorun A.Il. PacnpocTpaHeHue MiaMeHH IO MOBEPXHOCTU IOJIMMEPOB B
anekTpocratuueckoM nosie // IlonnmepHble MaTepraibl NOHUKEHHOW roproyecTu: Tpyabl VI
MexnynapoaHoii koHpepeniuu. — Bonorma: Bol'TY, 2011. C.15-17

11. TIlo3onotun A.Il. M3MeHeHHEe MAacCOBOM CKOPOCTU TOpPEHUS IOJIMMEpPOB B
anekTpocTaTuueckoM nosje // CoopHuk Te3ucos, Matepuaiibl CemHaauatoit Beepoccuiickoi
HAayYHOH KOH(EepeHIMH CTyAeHTOB-GU3UKOB U Monoabix ydeHeix (BHKC®-17):
MaTepualbl KoHpepeHnn, Te3uchl aokinanos: B 1 1. T.1. — ExarepunOypr: M3naTenbcTBO
ACO® Poccuny, 2011. - 690 c., C. 681-682
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12. Tlozonotun A.Il. BnusiHue 3J1€KTPOCTATHYECKOTO IOJISA, JOKAJIM30BAHHOTO B
pa3HBIX Yy4yacTKaX 30HBI TOPEHHUS TOJMUMEPOB, HAa MACCOBYID CKOPOCTb TOPEHUSs
[DnexTponnsbiii pecypce] /Tlozonotun A.Il., ConoBbeB C.A. // O61ecTBO, HAyKa, MHHOBAIIMU
(HTK-2011): exerom. OTKpBIT. BCepoC. Hayd.-TeXHUY. KoH(., 18-29 amp. 2011.: cO.
MatepuanoB / Bar. roc. yH-T; oTB. pea. C.I'. JlutBunen. - Kupos, 2011. - 1 anekTpoH. onr.
muck (CD-ROM) / (Onekrporexaudeckuit pakynpTeT. Ceknus "dusrka u TeIIOTEXHUKA'" .
Cratbsa Ne 2)

13. Tlozonotun A.Il. TopueBoe ropeHue Kay4ykoB B 3JIEKTPOCTATUUYECKOM IOJe /
PemernukoB C.M., Ilozonotun A.Il. // XIX Tynonesckue urenus: Tom 1. Kazanb: u3-Bo
Kazan. roc. texn. yu-ta. 2011. C. 340-341

14. Tlo3omorun A.Il. MakpoKMHETMKAa TOpEHHUs IOJMMEPOB B IONEPEUYHOM
anektpoctatudeckoM mnose / A.Il. [Tozonotun, J.B. Erommn, C.M. Pemernukos //CoopHUK
TE3UCOB, MaTepuanbl BocemHaamaTot Beepoccuiickolt HaydHOM KOH(EPEHIIUH CTYIEHTOB-
¢uzukoB u Mmonoaeix ydeHbix (BHKC®-18, r.Kpacnospck): mMarepuansl KOH(EpPEHIINH,
te3ucel qokiaaos: B 1 1. T.1. — Kpacnosipck: U3narensctBo ACPO Poccun, 2012. — 728 c.,
C.712-713

15. Tlo3zonmotun A.Il. OmnpeneneHwe CKOPOCTH TOPEHUSI  MOJMMEPOB B
AIEKTPOCTATUYECKOM T10JIE METOJOM HEMPEPHIBHOIO B3BELIMBAaHUS [DIEKTPOHHBIN pecypc]
/ C.M. Pemernukos, A.Il. Ilo3omotun, // O6mectBo, Hayka, mHHOBammu (HTK-2012):
€XKEeroJi. OTKPBIT. BCEPOC. Hayd.-TeXHUY. KOH(., 18-29 amp. 2012.: c6. marepuanos / Bsrt.
roc. yH-T; oTB. pea. C.I'. JlutBunen. - Kupos, 2012. - 1 anexrpon. ont. auck (CD-ROM) /
(Onexrporexanueckuii pakynpret. Cexnus "dusnka u terorexauka”. Ctarhbs Ne 4

16. Ilozonmorun A.Il. BiusHue »3IEKTPOCTATUYECKOTO IIOJS Ha TEMIEPATYpy
miaMeHu KoHjeHcupoBaHHbIX BemectB / ALl Ilozomorun, J.B. Erommn, C.M.
PemernuxkoB // Marepuansl goknaaoB VII MexnyHaponHoW MOJIOAEKHOW HaydHOU
koH(pepeHn «Tuauypunckue ureHus». B.4-x 1.; T.2.- Ka3anb: Kazan. roc. suepr. yH-T,
2012. - C.198

17. Tlozonotun A.Il. BausiHME 3J€KTpOCTATUYECKOrO IMOJs Ha CKOPOCTh T'OPEHUS
nonumetuimerakpunata (IIMMA) / A.IL Ilozonotun, A.C. Jlantes, C.M. Pemernukos //
Marepuansl  goknanoB  VII MexayHapoaHOW MOJOAEKHOW HAaydYHOM KOH(MEpEeHIIUH
«Tunuypunckue yreHusi». B.4-x 1.; T.2.- Kazanb: Kazan. roc. suepr. yu-t, 2012. — C.199

18. Ilozonmorun A.Il. BnausHue 3Haka 3apsiia IUIaMEHH IMOJIMMEPOB Ha TOPEHHE B
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