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IIJIAHUPYEMBIE PE3YJIbTATBI OBYYEHMUS 110 OOII

Kox
pe3yJbTara

PesynbTaT 00yuenus
(BBIIYCKHHUK J0J17€H ObITH I'OTOB)

IIpodeccuonanbHble KOMIETEHIIUT

P1

[IpuMeHATH COOTBETCTBYIOLIME T'YMAHUTAPHBIE, COLIMAIIBHO -O3KOHOMUYECKHE,
MaTEMAaTUYCCKUC, GCTCCTBGHHO-HayLIHBIG n I/IH)KeHepHI)IG 3HaHUA, KOMHI)IOTGPHI)IG
TEXHOJIOTUH JUTsl PEIICHUS 3a/1a4 pacueTa U aHalln3a JIEKTPUICCKUX YCTPOUCTB,
00OBEKTOB U CHUCTEM.

P2

YMeTb popMynupoBaTh 3a/1a4u B 00JIACTH AIEKTPOIHEPTETUKU U IIIEKTPOTEXHUKH,
aQHAJIM3UPOBATH U PEIIaTh UX C UCTIOJIB30BAHUEM BCEX TPEOYEMBIX U JOCTYITHBIX

pecypcoB.

P3

YmeTs MMPOCKTUPOBATD IJICKTPOSHEPTCTUUCCKHUEC U DJICKTPOTECXHUICCKHUE CUCTCMbI
N UX KOMIIOHCHTHI.

P4

YMeThb mIaHupOBaTh U IPOBOJUTH HEOOXOIMMBIE IKCIIEPUMEHTATIBLHBIE
WCCTIe0OBaHUs, CBI3aHHBIC C OTIPE/ICTICHUEM TTapaMeTPOB, XapaKTEPUCTHK U
COCTOSIHUS DJIEKTPOOOOPYI0BaHUsI, 0OBEKTOB U CHCTEM AIIEKTPOIHEPTETUKH U
AIEKTPOTEXHUKH, HHTEPIPETUPOBATH TaHHBIE U JI€TIaTh BHIBOIBI.

PS5

[IpuMeHATH COBpEMEHHBIE METOABI U MHCTPYMEHTHI IPAKTUYECKON MHKEHEPHOU
JEeSITeIbHOCTH MPH PELIeHUH 3a/1a4 B 00JIaCTH 3JIEKTPOIHEPTETUKU U
IEKTPOTEXHUKH.

Pé6

HNmeThs npakTuyeckue 3HaHUS MPUHITUIIOB U TEXHOJIOTUM 3JIEKTPOIHEPTreTUUECKON
U DJIEKTPOTEXHUUECKON OoTpaciiei, CBSI3aHHBIX C 0COOEHHOCTHIO MPOOIIEM,
00BEKTOB M BUAOB MPO(HeCCHOHATBHOU EATeTLHOCTH MPOdUIIS MOATOTOBKH Ha
MPEANPHUATHIX U B OPraHU3alMsIX — MOTEHIIMAIBHBIX paboToAaTENSIX.

YHI(IBepcaJIbeIe KOMIIETCHIUN

P7

Hcnonp30BaTh 3HaHUA B 00J1aCTH MCHCPKMCHTA I YIIpaBJICHUA KOMILJIEKCHOM
HH)I(GHGpHOﬁ JACATCIBbHOCTBIO B oOnactu SJICKTPOSHEPI'€TUKHU U DJICKTPOTCXHUKHU

P8

Hcnonp30BaTh HaBBIKH YCTHOﬁ, MMMChbMEHHOM p€un, B TOM YHUCJIC HA NHOCTPAHHOM
SA3BIKE, KOMIIBIOTCPHBIC TCXHOJIOTHH IJI1 KOMMYHHKAIMK, IIPEC3CHTAlNH,
COCTaBJIEHUS OTUYETOB U 0OMeHA TEXHUYECKOM I/IH(1)OpMaI_[I/ICI71 B 00J1aCTAX

QJICKTPOOHEPI'CTUKH U DJICKTPOTCXHUKMU.

P9

9(1)(1)6KTI/IBHO pa6OTaTb HHAUBUAYAJIIBHO U B KaUC€CTBC YWICHA UJIN JIMACPA
KOMaH/bI, B TOM YHCJIC MCDKHHCHHHHHHapHOﬁ, B 00J1acTH QJICKTPOSHCPI'CTUKH U
QJICKTPOTCXHUKMU.

P10

HpOfIBJ’IHTL JIMYHYIKO OTBETCTBCHHOCTH U IIPUBCPKEHHOCTH HOpMaM
HpO(I)eCCHOHaHLHOﬁ 9TUKU U HOpMaM BECIACHU KOMILIEKCHOM HH)KGHGpHOfI
ACATCIIBHOCTH.

P11

OCYH.[GCTBJ'IHTL KOMIUJICKCHYIO NHKCHCPHYIO ACATCIIBHOCTD B o0actu
QJICKTPOOHEPI'CTUKHU U IJICKTPOTCXHUKU C YICTOM IPABOBBIX U KYJIBTYPHBIX
ACIICKTOB, BOIIPOCOB OXPAaHbI 3I0POBbA U 0e30IMacHOCTH KHU3HCACATCIbHOCTH.

P12

brITH 3aNUHTCPCCOBAHHBIM B HCIIPCPHIBHOM O6y‘-ICHI/II/I 1 COBCPIICHCTBOBAHHUHU
CBOMX 3HAHUM M Ka4eCTB B 00JIACTH QJICKTPOIHCPTCTUKHU U SJICKTPOTCXHUKMU.
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PE®EPAT

Boinycknas kBanudukanuonHas pabota coaepxuT 99 crpanun, 24
pucyHka, 15 tabnuil, 22 UCTOYHUKOB, 5 MPUIOKECHUH.

KaroueBsle cnoBa: BCMA, IIPEOBPA3OBATEJIb YACTOTHI,
AKTUBATOP, PEBAHAHC, BA3KOCTb, TUKCOTPOITHASA XXUJAKOCTh.

Ilenb paboThl — pa3paboTKa JIEKTPONPHUBOJIa YCTAHOBKU JJISI TTOATOTOBKH
He(dTH K nepepaboTke U BIOOP HEOOXOAUMOTO 000PYI0BAHMS.

B pabore mnpousBencHb OIEHKAa MPOU3BOAUTEILHOCTA YCTaHOBKH,
MaTeMaTH4YeCKOE  MOJICIUPOBAHWE  PEXKUMOB  pabOThl  YCTAHOBKH  TpHU
UCIIOJIb30BAaHUHM  PA3JUYHBIX BHUJOB CTaju, pa3pab0TKa KOHCTPYKIIMU C
YIIYUYIIEHHBIMU SKCIUTYyaTallHOHHBIMHU XapaKTEPUCTUKAMMU.

Ha ocnoBe matemaTuueckoit Mmojenu ¢ nmomoipto mporpammel MATHCAD
15 mnpousBeneHbl pacdeTbl PEXUMOB pPaOOTHI AIIEKTPONPHUBOAA YCTAaHOBKHU
MOJITOTOBKM He(PTH K mepepaboTke, Ha 6a3ze KOTOPBIX pa3pabOTaHbl MPAKTHUYECKHUE
PEKOMEHAAIUU JIsl YCIIOBUM €€ KCILTyaTallUH.

Broimycknas kBanuduKanuoHHas paboTa BBIIOJIHEHA B TEKCTOBOM

penakrope Microsoft Word 2016.



BBEJAEHHUE

KunkocTs B OKpY’KaroIleM HAaC MUPE BCTpeyaeTcs moBcemMecTHo. CBOMCTBA
KUJKOCTEH 3HAKOMBI KKJIOMY U JIFOOOM 4elIOBEK, B3aMMO/ICHCTBYIOIINM ¢ HUMU, B
TOM WM WHOM CTENEHM MOXET Npeayraaarb, Kak IOBeneT cels Kakas-mudo
KUJIKOCTh B KOHKPETHOM cuTyaluu. JKuakoCcTu, CBOMCTBA KOTOPBIX MbI IPUBBIKIIN
HAOMI0JIaTh B €XKEJIHEBHOM HCIOJIb30BAaHUH, MOTUUHSIOTCS 3akoHY HblOTOHA,
HA3bIBAIOTCA HBIOTOHOBCKMMH. OJHAKO €CTh W APYTHE XKUIKOCTH, KOTOPBIE HE
NOAJAIOTCS 3aKOHAM YKAa3aHHBIX JKUAKOCTEW, STU KUJKOCTH MEHSIOT CBOIO
IJIOTHOCTh W BSI3KOCTh NPW BO3JACHCTBUM HAa HUX Pa3IMYHBIX (PU3HUECKUX
(bakTOpOB, MpUUEM HE TOIBKO MEXaHUYECKUX BO3JICUCTBUMN, HO M IPYTUX, TAKUX KaK
AJIEKTPUYECKUX, MArHUTHBIX, BOJIHOBBIX W T.[I. Takue >XUAKOCTU MpaBUJIbHEN
OTHECTM K CHCTeMaM M Ha3blBaTh HEHBIOTOHOBCKUMU. [Ipu dusznueckux
BO3JICUCTBUAX BA3KOCTh TaKUX KUAKUX cucTeM (JKC) MOXET MEHAThCS B JECATKH
pa3 ¢ onpeaeaEHHbIMU CBOMCTBAMHM BOCCTAHOBJICHUS IEPBOHAYATIbHBIX 3HAUEHMUIA.

Takue XKC urparoT BaXHYIO pOJib BO MHOTUX TEXHOJIOTUYECKHUX IpoIeccax.
Oco0eHHOCTH WX TIPUMEHEHHUS BO MHOTOM OIPEACISIIOTCS HX CBONCTBaMH.
CgoiictBa JKC MOTYyT OBITh €CTECTBEHHBIMHU HJIM CIEIIUATIBHO CO31aBaeMbIMH. JIJIst
MOCJICTHUX TPUMEHSIIOTCS MHOTOOOpa3HbIe YCTPOMCTBA, B OCHOBE PaOOTHI KOTOPHIX
JICKUT UCIIOTb30BaHUE (DU3UKO-XUMHYECKUX BO3JICHCTBUM Pa3IMIHON MPUPOIBI.

OcHOBHBIC YCPeTHEHHBIC JKCIUTyaTallHOHHBIC IapaMeTpbl 000OIIEHHOTO
munau HII3:

- TIOCTYyIaroas Ha IepepadoTKy He(PTh MMEET CPeaHIOK INIOTHOCTH 950
KI/M® U CPe/IHIOI0 BA3KOCTB;

- TOJI0Basi IPOU3BOAUTEILHOCTD MEPepabOTKH HE(PTH COCTaBIsCT HE MEHEE
200 ToHH.

Ieablo HacToNALIEH PAa0dOTHI: sBISETCS pa3paboTka pecypcodrhPeKTHBHOTO

obopynoBanusi BCMA mnpensaputensHoid oOpaboTKU HEDTHU [Jis YBEIWUYCHUS

BbIXOJ1a cBeTIIbIX (ppakiuit Ha munu HIT3.



JIns AOCTHKEHHS] TIOCTaBJICHHOW 1€MW HEOOXOIMMO PEIIUTh CIEAYIOIINE
3a/1a4u:

- ONpENENUTh TPEOYyEeMYI0 MPOU3BOAUTENBHOCTh AKTHBALMU HEPTH MUHU
HII3;

- pazpabotath oOopynoBanue BCMA (KOHCTpYKIMIO) sl OOecCIeueHus
TpeOyeMoil MPON3BOAUTEIBHOCTH aKTUBALIUU HEPTH;

- pa3paboTarh MaTeMaTH4ecKylo Mojenb yctpoiictBa BCMA u mpoectu
ontuMM3zanuilo  pabotel  yctpodictBa BCMA ¢ 1enpl0  MOBBIIICHHS
pecypcodhdekTUBHOCTH;

- Ha OCHOBe aHanmu3a pabotel oOopymnoBanuss BCMA nns munu HII3
pa3paboTaTh peKOMEHIAINHU JJI TPAKTUYECKOT0 TPUMEHEHUS CIIPOEKTUPOBAHHOTO
obopynoBanusi BCMA;

- pa3paboTaTh CXeMy 3JEKTPUYECKOTO MOIKIIOYEHUSI CIPOEKTUPOBAHHOTO
o6opynoBanuss BCMA B TexHonorndeckoM nporecce muau HIT3.

OpnHuM 13 HOBOBBEACHUH JaHHOU pabOTHI ABJISIETCSI — PACCMOTPEHUE BOIIPOCA
O BIUSHUMA MapoOK CTaJli MarHUTONpPOBOJa Ha paboTy yctpoiictBa BCMA wu

IMPOU3BOAUTCIbHOCTL aKTHBAIIUU.



I'TABA 1. TEXHOJIOT'USA TPEPABOTKHN HE®THU

OcHOBHasl LIEHHOCTb HE(QTH 3aKIHOYAETCA B INPOAYKTAX €€ NepepabOTKHU:
TOIUIMBAaX, CMA304YHBIX MaTepuajnax, IulacTMaccax M MHOrux Jpyrux. Jms ux
nojiyueHusi HeTh MOJBEpraeTcsi CIOKHOMY KOMILUIEKCY oOmepaiuid ¢ o0umm
Ha3BaHueM HedrenepepadoTka. O Hel U MOWUIET peub B JAHHOM pasJielie.

IlepepaboTka HEPTH - KOMIUIEKC IIPOLECCOB, KOTOPHIM IOABEPracTCs
HE(TSHOE ChIPBE, C 1IEJIbIO MOJYyUYEHHUS PA3TIUMYHBIX BUAOB HEPTEIPOIYKTOB.

He(‘pTenepepa60TKa BKJIFOUACT B ceOs CICAYyomne OCHOBHBIC CTaIUN:

. NOJIrOTOBKAa HEPTH K nepepadoTke

. nepBUYHAs nepepadoTka HePTH

. BTOPUYHBIE MPOIIECCHI NepepaboTKu HedTH
. KOMIIayHAUPOBAHUE

[ToaroroBka HedTH K IepepadboTKe

[TepBbIM nemom 100bITast HEPTH MPOXOAUT MPOIECC TIEPBUIHON Cenapaliy -
OYHUCTKH OT He(TSHOTO Ta3za, BOABI U MEXaHMYECKHX NpUMeced. DTOT mporiecc, B
TOM qHCIIe, MOJITOTABIHBACT HEPTH K TPaHCIIOPTHUPOBKE Ha
He(dTenepepadaThIBAIOITUI 3aBOI.

Ha nedrenepepabaTriBaroniemM 3aBojae HEPTh MPOXOAUT JOTOJIHUTEIBHYO
OYUCTKY OT MEXaHWYECKUX TMPUMECEH, a TakkKe IMOABepracTcs IMpoIeccy

o0eccoIMBaHus.

1.1 Munu — HedTenepepadaTbiBaloIue 3aB0/bI
Munu-HII3 (ManmoToHHaXHBIN  HedTenepepabaThIBAONINI  3aBOM) - 9TO
MPOU3BOJICTBEHHBI KOMIUIEKC, BKIIOYAIOMIMA B ce0d HEPTEEPErOHHYIO
YCTaHOBKY ¢ 00beMOM TepepaboTKu chIpbs 10 150 000 TOHH B T'0JI, EMKOCTHBIA 1
HACOCHBIN TIAPK, CIMBO-HAIMBHBIE ICTAKaJbl, KOTEIbHYIO, CHCTEMY CITyTHUKOBOTO
oborpeBa TpyOONPOBOJOB, 3AaHUSI U COOPYKEHUS Il pa3MEIIEHUs NEepcCoHala U
000pyIOBaHMS, CUCTEMBI YIPABICHUS TEXHOJIOTHYCCKUMU MPOIECCAMH, CUCTEMBI

MPOTHUBOABAPUMHON 3alIUThI, (DAKEIBbHYIO YCTAaHOBKY, CHUCTEMbI HaJEKHOTO
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HEProoOecrneyeHusi, CUCTEMbl cOOpa M YTWIM3AaLUMU MPOMBIIUICHHBIX OTXOOB,
PEMOHTHYIO CIYyK0y, YCTaHOBKY MOXXAapOTYyLIEHHUsA, Ja00paTopuio KOHTPOJISA
kadectBa npoaykuuu. Munu-HII3 oTHocUTCS K 0000 OMACHBIM MPOMBIIIJIEHHBIM
00BEKTaM.

Hedreneperonnas (HedrenepepadarhiBaroias) yCTaHOBKA - YCTAaHOBKA, Ha
KOTOpOM TpOM3BOAUTCA aTtMoc(epHass NeperoHka Chlpod HePTH, Ta30BOrO
KOHJIEHCATa WM JPYroro YrJI€BOAOPOIHOIO ChIPhs ¢ MOJYyYEHUEM 2-3 TOIJIMBHBIX
pakuuii (OeH3MH, AU3ETLHOE TOIUIUBO, Ma3yT).

[IpomblliieHHast 0€30MACHOCTh OMACHBIX IMPOU3BOACTBEHHBIX OOBEKTOB -
COCTOSIHME 3allMIIEHHOCTH KU3HEHHO Ba)KHBIX MHTEPECOB JIMYHOCTU U 0OILEeCTBA
OT aBapuil Ha OMACHBIX MPOU3BOJICTBEHHBIX OOBEKTAX U MOCIEICTBUN YKa3aHHBIX
aBapuil.

ABapusi - paspylIeHHE COOPYXKEHUW W/WIM TEXHUYECKUX YCTPOMNCTB,
NPUMEHSIEMBIX Ha OIMACHOM IPOU3BOJCTBEHHOM OOBEKTE, HEKOHTPOJIUPYEMBIi
B3pBIB W/WJIM BRIOPOC OMACHBIX BEIIECTB.

B3pbiB - OBICTpONpPOTEKAIOMIMI TMPOILIECC BBHICBOOOXKIEHUS BHYTPEHHEH
HHEPTUHU, CO3JAIOIMIMA H30BITOYHOE JaBJICHHUE; B3PBIB MOXKET IPOUCXOJUTH C
TrOpeHueM mWin 6e3 Hero.

Ceptudukanus MPOIYKIHH - MPOIEAypa TMOATBEPKICHUS COOTBETCTBUA,
IIOCPEACTBOM KOTOPOW HE3aBUCUMAsl OT U3TOTOBUTENS U MOKYyNATEs OpraHu3amus
YIIOCTOBEPSIET, YTO MPOAYKLHS COOTBETCTBYET YCTAHOBJIEHHBIM TPEOOBAHUSIM.

Ceprudukanus oCymecTBISICTCS B MEJIIX:

. COJICUCTBUS MOKYIATESIM B KOMIIETEHTHOM BBIOOPE TIPOIYKITUH;
. 3allUTHI MOKYIATEINs OT HETOOPOCOBECTHOTO U3TOTOBUTEIS;
. KOHTPOJIs1 0€30MaCHOCTH MPOTYKIIUH TSI OKPYKAIOIIEH CpeIbl, )KU3HH,

3A0pPOBbiA U UMYIICCTBA.

1.2 Knaccuduxanus ycranosoxk HII3
YcTaHOBKM, mpeaiaraéMbple Ha POCCUKWCKOM PBIHKE, MOXHO YCJIOBHO

pa3esiuTh Ha TPU KJacca.
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IepBoiii k1ace — croumocts 10 1 500 000-2 400 000 py6nei.

VY cTaHOBKM TaKoro TUMa MPEJICTABISIIOT COOOM MPOCTON MEpEeroHHbIN KYO.
[Ipouecc neperoHky HEPTH BEAETCS B MEPUOAMUYECKOM pexume. B kyO 3anuBaroT
MOPIMI0 HE(PTH, HATPEBAIOT €ro OTKPHITHIM orHeM. Ilapbl cBeTnbIX (pakiuii -
CHayvajia IpsIMOTOHHBIA O€H3MH, 3aT€M JAU3TOILIMBO - OTBOJST IO JJIUHHOU TpyoOe,
KOTOpasi OJJHOBPEMEHHO SIBJISIETCS] BO3YIIHBIM XOJOAUIBHUKOM. 3aT€M YCTaHOBKY
OXJIAXKJIAI0T, OCTATOK MEpPEeroHKu (MaszyTHas (pakuus) ciauBaeTcs M3 KyOa, Kak
MPABUIIO, UCTIOIB3YEMBbIi B Ka4€CTBE KOTEIBHOTO TOIuMBa. [1]

Brixoa npoaykiuu B IpOIIEHTHOM COOTHOIIICHUHU:

bensun npsamoronusii — 10 20%

JuzenpHoe Tornuso — 10 40%

Masyt — 10 40%

KauecTBo monmyyaeMbIx dpakinuii KpaiiHe HH3KOE. DTO caMbIil JCIICBBIN U
HEJOJITOBEYHBIII BAapUaHT YCTAHOBKHM, HECYIIMM BBICOKYID HKOJIOTUYECKYIO
HarpysKy.

Craryc yCTaHOBKM - HEJETAJIbHBIMN.

Bropoii knacc - nmpocreiiine HedTeneperoHHble YCTAaHOBKU HEMTPEPHIBHOTO
nercTBHs, paboTarolre Mo MPUHIKUIY (GPaKIIMOHUPOBAHUS HEPTH.

[TpousBoaurenbHOCTH 10 10-20 THICSIY TOHH HEDTH B TOJ.

Croumocts ot 4 800 000 mo 9 000 000 py6neit. Ilo cyTH, 3TO MeperoHHbIE
KyObl, B KOTOPBIX MPOU3BOJUTCS HECKOJIBKO ITUKIOB MCHAPECHUS U KOHICHCAIIUU
napoB HedTu. HOTIA MIPEANPUHUMAIOTCS TOMBITKA OCHACTUTH TaKUE YCTAaHOBKH
HEKHUM MOoA00reM PeKTU(UKAIIMOHHBIX KOJOHH. HO 9TO TOIBKO BHEIIIHEE CXOCTBO,
HE MMEIOIIEee OTHOIIEHUSI K BHYTPEHHEHN CyTH pabOThl KOJIOHHBI. Takue yCTaHOBKHU
MOTYT HUMETh I[E€pEeKaYMBaIONIME HACOChI U XOJOAWIbHUKH, HArpeB ChIPbs
IIPOU3BOJIUTCS C MIOMOILBIO Ma3yTHOM MJIM JU3EIBbHON FOPEIIKH.

CyliecTBYIOT pa3IM4yHbIe BAPUAHTHI yJICIIEBICHUS TOCTABKU:

. amnmapaTthl BBINOJHSIOTCS M3 JICIIEBOM KOHCTPYKIIMOHHOM CTamu C
pabouum pecypcom 1-2 rona;

U KOMIIIICKTalI1A BOAOOXJIAXKIACMBIMH XOJIOJHUJIBHUKAMM,;

12



. OTCYTCTBUE aBTOMATHYECKOTO PEryJIUPOBAHUSL.

[Tokymnarenb MOXET MOAy4aTh KOMIUIEKT ammapaToB 0e3 TpyOOmpoBOJOB U
0e3 apMarypbl, WU apMaTypa MOCTaBISIETCS JelieBas BOJOIMPOBOAHAS, a TPYOBI
CBapHbIe IIOBHBIE. Bce 3TO KaTeropuyecku 3ampeinieHo B HedTenepepaboTke u3
COOOpaXeHU MPOMBIILICHHOW 0€30MaCHOCTH.

Bce npoGiemsbl 1o 00BsA3Ke, JOYKOMIUIEKTOBAHUIO U 3aITyCKY YCTAHOBKH, KaK
paBUJIO0, TMPUXOJIUTCS pellaTh CaMOMY MOKyHaTelro. YCTaHOBKM TaKOro THIIA
MOTYT paboTaTh TOJBKO B TEIJIOM KJIUMaTe.

Craryc yCTaHOBKHM - MojyJeraibHbiii. TO €cTh Takue yCTaHOBKH HE MOTYT
OBITH JTOMYIICHBI K TTOCTOSIHHOM KCIUTyaTallud U3 COOOPaKEHUM MPOMBIIICHHOM
0€30MacHOCTH PErHOHAIBHBIMU OpraHaMu [ ocroprexHajzopa W/Wiaud OpraHaMu
HaJ30pa 3a KauyecTBOM HedTenpoaykToB. [lokymnaTens MOKeT opraHu30BaTh paboTy
YCTaHOBKH TOJIbKO Ha CBOM CTpax U PUCK, HE UMes HUKAKUX MTEPCIIEKTUB MOJIHOCTHIO
JIErajiu30BaTh CBOIO padoTy.

['maBHBIN HETOCTATOK JAHHOTO KJIACCA YCTAHOBOK — MaJIbId BBIXOJ O€H3MHA
(ue mpessirnaet (20-25) %).

Tperunii kaacc - TPOMBIIUICHHBIE MaJlOTOHHAXKHBIE He(TeneperoHHble
YCTaHOBKH.

[TpousoputenbHOCTh OT 10 10 150 THICSAY TOHH HE(TH B TOSI.

Croumocts ot 24 000 000 py6neit u 6omee.

Y cTaHOBKM 3TOT0 KJacca BBINOJIHSAIOTCS B COOTBETCTBUM CO BCEMH HOPMaMU
MPOMBIIIJIEHHONW 0€30MacHOCTH M HMMEIOT COOTBETCTBYIOLIME pa3pelieHus Ha
BBIITYCK U IPUMEHEHUE, BbljaBaemMble DenepanbubiM ['ocroprexnanzopom Poccun.
C opranamu ['occTtangapta mpoBoAsSTCS pabOTHI IO cepTUdUKauu. To ecTh UMEIOT
OHU JIETAIBHBINA CTATYC.

Takue  yCTAaHOBKM  OCHAIleHBl  HACTOSIIUMH  PEKTH(PUKAIMOHHBIMHU
KOJIOHHAMH, TIO3BOJISIONIMMH TIOTy4YaTh KadeCTBEHHBIC TOIUIMBHBIC (QPaKIUU
(OpsIMOTOHHBIA O€H3WH, OU3TOIUIMBO, Ma3yT). Bce ammapatbl U TpyOONpPOBOIBI
BBITIOJHSIOTCS W3 CHENUAaJbHBIX  JICTUPOBAHHBIX  CTaJICd,  TPOXOIAT

peHTreHorpaduuecKkuii KOHTPOJIb U APYTUe BUJIbI CIEHKOHTPOJISI. ITO rapaHTUPYET
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BBICOKYI0 HAJEXKHOCTh U 0€30ImacHOCTb paboThl B JIOOBIX KIMMATHYECKUX
YCIIOBHUSAX.

Cpoxk ciyx0bl OCHOBHOTO 00opynoBanusi He MeHee 10 ner. YcTaHOBKH
KOMIUICKTYIOTCSI CepTU(UIIMPOBAHHBIM MMOKYITHBIM 00OpPYIOBAaHUEM M apMaTypoi,

CHUCTEMaMM aBTOMATUKHU U IIPOTUBOABAPUMHOMN 3aIUTHI.

1.3 MeToabl NOBBINIEHNSI BHIX0/1A CBETJILIX He(DTENMPOIYKTOB
MHUHHU-HepTenepepadaTbIBaOIIMX 32BOI0B

1.3.1 KaBuTanMmoHHbIE TEXHOJIOT MU
HedTtr — BbICOKOMOIICKYIISIDHAS, TE€TEPOrE€HHAS >KUJIKOCTh, MOJICKYJIbI

KOTOpPO#l Tpu aTMOC(HEpPHOM JABJICHHUH W HOPMAIbHOW TEMIEpaType CIIOXKHO
opueHTupoBanbl. [Ipu npunoxxeHnn Kk He)TU BHEITHETO AaBICHUS B HECKOJIBKO COT
aTMocep MOJIEKYJbl MOJISIPU3YIOTCS, MPOTHUBOACUCTBYS BHEIIHUM CHJIaM H
COXpaHsisi paBHOBecHE cHUCTeMbl. Eclii BHEIIHEe MJaBJICHHE PE3KO CHATh, TO
BHYTPEHHHUE CWJIBI HAYHYT pa3pbhiBaTh MaKpPOMOJEKYJIbl Ha OoJee MeIKHe
COCTaBIIAIONINE, MPUYEM, TUIOTHOCTh MPOJIYKTAa YMEHBINACTCS. DTOT MPUHIIMI
IIOJIOKEH B OCHOBY 00pabOTKH HEDTH C 1IEJIbI0 U3MEHEHHUS €€ CTPYKTYPBI.

Ha cerogusiniauit neH» Hanbosee Ka4eCTBEHHOU ABIAETCS 00paboTka HePTH
KaBUTAIIMOHHBIM 000pymoBaHueM [2].

KaButammuss — 9510 o0Opa3oBaHue pa3pbIBOB CIUIOIMIHOCTH KUJAKOCTH B
pe3ysbTaTe MECTHOTO CIaja NaBlieHus. Ecnu CHIbKeHWEe NaBIICHUS TPOUCXOIUT
BCJIEJICTBHE OOJBIINX JIOKAJIBHBIX CKOPOCTEH B MOTOKE JBMXKYLIEHCSA KareabHON
KUJAKOCTH, TO KaBUTAIMS CUYUTACTCS THUIPOJIMHAMHYECKOW, a €CIM BCIEICTBHE
MIPOXOKICHUS B KUIKOCTH aKyCTHYECKUX BOJIH, — aKyCTHUECKOM.

Oddext kaBUTAIMU COMPOBOKIACTCS MUKPOB3PHIBAMH, YIHTPAa3BYKOM, a
TaK)K€ MEXaHWYECKHMMH Cpe3aMHd H COYAAPCHHUSIMH TIPH BO3JEHCTBUU COTEH

PeXKYLIMX Map, [BUTAKOIIMXCS HABCTpedy APYr APYrYy C BBICOKOM JIMHEMHOU
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CKOpPOCTHIO. BenmnunHa 3TON CKOPOCTH COCTaBISIET HECKOJBKO JIECATKOB METPOB B
CeKyHIy, YTO JaeT BO3MOXKHOCTH pa3pe3aTh IUCIEPTUpYyEeMbIe BeEHIECTBA Ha
MeTbYaUIIe MUKPOUYACTHITBI. DAKTUYIECKH 3TO MUKPOUMITYJILCHI. 3a OAHY MHUHYTY
BO3HUKAIOT COTHH THICSY MUKPOUMITYJIBCOB.

B ocHoBe MHOrux mpoueccoB nepepadoTku He(TH U HEPTAHBIX OCTATKOB
aexar ¢a3zoBble MEPEXOJIbl, XapaKTEepHBIE AN HEPTSIHBIX TUCTIEPCHBIX CHCTEM.
BosznelictBoBaTh Ha KHHETHKY (Da30BBIX IIEPEXOJOB MOXKHO XUMHUYCCKUMHU
BEIIeCTBAMU W (U3WYCCKUMHU TIOJISIMH. B pesymprare Takoro BMeENIATEIbCTBA
MU3MEHSETCS pPaguyc sapa H TOJIIWHA aJCOPOIMOHHO-CONBBATHONH 000JIOYKH
CIIO)KHOM CTPYKTYpPHOW €IMHHUIIBI, KOTOpas SBISIETCS JJIEMEHTOM He(TSHOM
JTUCTIEPCHOW  CHUCTEMBL. OJTO  TIO3BOJIAET  YBEJIWYUTh  BBIXOJI  IEJEBBIX
HEPTEPOTYKTOB, YIYUIIUTh UX KAYECTBO, CHU3UTh YHEPrO3aTPaTHl.

OKCIIepUMEHTAIbHBIC — HWCCIEAOBAaHUS  BO3JICUCTBUS  KoJeOaHWUU  mpH
NPOXOXKICHUU Yepe3 YIbTPAa3BYKOBOM KaBUTATOP HE(PTH IMOKa3add CIETyIOIINe
PE3YNIbTATHI:

KaButarmonnast o6paboTka MO3BOJIAET YBEIMYUTh BbIXOA (pakiuii npu
OJIMHAKOBOMW TeMIlepaType OTrOHa.

OTtcroma MOXKHO CJeaTh BBIBOJ, YTO THIPOJWHAMHKA U CO3JaBaeMbIe €0
yIIBTPa3BYKOBBIC KOJIeOaHUS YCKOPSIOT nuddy3nto HedTH B MOJIOCTH MapaduHa,
UHTECHCUPUITUPYIOT MPOIECC €ro pa3pylieHus. Y CKOpeHHe pacTBOpeHus napaduHa
uaeT 3a cuéT WHTEHCH(UKAIMK TepeMENIuBaHusi HEPTH Ha TpaHuIile HEPTh-
napaduH M JEUCTBHS HMMITYJIbCOB JABJICHHS, KOTOPbIE Kak OBl pa30pbI3TUBAIOT

qacTuIlel mapaduna [3].

1.3.2 TexnoJiorus Jlunac, ucnoan3yemasi Ha munu-HII3
CoBpemennsie Masibie 1 MuHu HII3 Jlunac - 3To HOBasi 5)KOHOMHUKA M HOBBIE
TEXHUYICCKUE BO3MOXKHOCTH [4].
YcTaHOBKH KOMIIaHUHA JIMHAC OTHOCSITCSA K TPETBEMY
KJIacCy MPOMBIILJICHHBIX ~MAaJIOTOHHAXHBIX HE(PTENEePErOHHbIX YCTAHOBOK U

XapaKTEPU3YIOTCS. BBICOKOM UYETKOCThIO pEKTHU(UKAIUMU, HAACKHOCTbIO U
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aJanNTUPOBAHHOCTBIO K SKCIUIyaTalldd B PA3JIMYHBIX YCIOBHUSX, 3HAUYUTEIbHBIM
MEPEYHEM CEPBUCHBIX YCIYT.

Hanmpumep, pektuduxanmoHHass KOJIOHHAa 00JaJaeT NPaKTUYECKUMU
MOKAa3aTeNsIMU YETKOCTU PEKTU(UKAIIMYU IO BEITUYMHE TEMIIEPATypPHOTO HHTEpBajIa
MEXAy TeMmmeparypoid BbeIkunaHug 95% Qpakuuu npsMOroHHoro OeH3MHA U
TeMIepaTypoil BeIkunanus 5% ¢Gpakuuu Iu3eIbHOTO TOIIMBA.

Ocnamatorcss ACYTII u TTA3 BbICOKOHa/I€KHBIMU CePTUDUIIMPOBAHHBIMU
KOHTpoJuiepaMu U komiekTyromumu komnannu CUMEHC. Ha skpane MoHuTopa
KOMITBbIOTEpa 0TOOPakKAETCSI MHEMOCXEMbI YCTAHOBKHU CO BCEMH TEXHOJIOTUYECKUMHU
napameTpamMu, cpadaThIBaHHE CUCTEM aBTOMATU3AIMHN U CUTHAIU3ALUHU, IPOTOKOJIBI
COCTOSIHUS MMapaMeTPOB TEXHOJIOTMUECKOro Mpolecca B rpaduueckoit 1 TabamaHon
dbopMax, 1 MHOTHE Apyrue QyHKIIHUH.

NmmnopTHBIE TOpENKW, OCHAIICHHbIE CHUCTEMaMH CaMOTECTUPOBAHUS
UCIIPAaBHOCTH ¥ aBTOMATUYECKUM ITYCKOM, 3HAYUTEIbHO MMOBBIIAIOT HAJEKHOCTh BO
BpeMs MMyCKa U IKCILTyaTalluH.

[IpumeHenne eHTPOOESKHBIX TePMETHUYHBIX OeCCalbHUKOBBIX HACOCOB, IO
CPaBHEHHIO CO BCEMH APYTMMHU BUAAMU HACOCOB, TPUAAET YCTAHOBKE MMOBBIIIEHHYIO
CTEIEHb MMOXKAPOB3PHIBO3AIIUIIICHHOCTH.

YCTaHOBKM  KOMIUIEKTYKOTCS ~ HMMIOPTHOM  CTaJbHOW  TI'E€PMETHUYHOU
TpyOOIIPOBOHOM apMaTypoH, He TpeOyroIIei 00CTyKUBaHHS BO BPEMS BCETO CPOKa
€€ IKCIUTyaTaluu.

YCTaHOBKM  OCHAIEHBl  CTAllMOHAPHBIMU  CHUCTEMaMH  aBTOHOMHOI'O
CITyTHUKOBOT'O MOJIOrpeBa TPyOOIIPOBOJIOB U EMKOCTEH.

KoncTpykiuss Tomku u  TpyO4yaToro HCHapureis MpeaycMaTpUBaeT
MPUMEHEHUE CTaHJAPTHBIX TPYO BMECTO 3MEEBHKA, TPEOYIOMIETO EXKETOIHOM
JIOPOTOCTOSIIECH 3aMEHBI.

Ha ycranoBkax komnanun JIMHAC  wucnons3yroTcss — CleaylOIINe
MIPUPOAOOXPAHHBIE NH)KEHEPHBIE PELLICHUS

. JIPEHAXKHBIN CaMOTEUYHBIN COOP KUAKUX OTXOJOB;

. BBICOKOTEMIIEpATypHOE 00€3BPEKUBAHNE CTOUHOU BO/IbI;
16



. BBICOKOTEMIIEPATYPHOE C)KUTaHHE HEKOHJECHCUPYIOIIErOCs
MPSMOTOHHOIO Ta3a;

. UCIIOJIb30BAHUE TOPEJIOK C MOHMKEHHBIM COJIEpKAHUEM B BBIOpOCax
OKHCJIOB a30Ta;

. HCIIOJB30BAaHUE JWU3EIILHOTO TOIUIMBA, HMMEIONIEro 0Oojice HH3KOE
coJiep KaHue Cepbl, YeM Ma3yT WU HE(PTh;

. HCKIIOUCHHE BOJIBI JJIS OXJIAKICHHUS U3 TEXHOJOTMYSCKOTO ITUKJIA.

[Ipu neperonke HeTSIHOTO CHIPhS HA KOJIOHHE C MOBBIIMICHHON YETKOCTHIO
neneHus Gpakiuil CTaHOBUTCS BO3MOXHBIM YBEJIMUUTH BBIXO/ JU3EIIBHON hpaKIuu
Ha 5...10% oT 00111e# MPON3BOIUTEILHOCTA YCTAHOBKU B 3aBUCUMOCTH OT COCTaBa
CBIPBSL.

KadecTBO mnpoaykToB, mMOJy4aeMbIX Ha PEKTU(PUKAIMOHHOW KOJOHHE,
OTIPENICNIACTCS YETKOCTBIO JACICHHUS MEXAYy (pakiusMH HCXOJHOTO ChIphs. Uem
BbIIIEe ¥ 3¢ (PeKTHBHEE KOJTOHHA, TEM OOJIBIIIYIO YETKOCTh JICJICHHS OHA UMeEeT.

HedTp sBmsieTCS MHOTOKOMIIOHEHTHOM CMEChIO, KOTOpas COCTOUT W3
OOJIBIIIOTO KOJIMYECTBA BEIIECTB C PA3IUYHBIMH TeMIIepaTypaMu KulieHus. B
mpoliecce pasjiesieHus] B PEKTH(PUKAIMOHHON KOJIOHHE OHHU TPYNIUPYIOTCS IO
neiaeBbiM Gpakuusm. [Ipu 3ToM BemecTBa ¢ OJU3KUMH TEMIIEpAaTypaMu KUIICHHUSI
omajaloT B 30HY IMEPEKPBITUS MEXIy coceaHUMHU GpakiusMu. Uem BhIIIe
YETKOCTb JICJICHUS B PEKTU(DHUKAIIMOHHON KOJIOHHE, TeM MEHBIIE OJIM3KOKHUIISIINX
BEIIIECTB OKA3bIBAIOTCS B 30HE MEPEKPHITUS COCETHUX Gpakimii. To ecTh rpaHUYHBIC
dbpaknuu comepykaT MEHbBIIEC OIU3KOKHUITAIIMX BEIIECTB M3 COCEAHUX (pakiuid, a
TEMITepaTypHasi 30Ha MEPEKPBITHS (PaKIUil IIPH STOM Cy)KaeTcs.

OmHrM W3 METOJOB OILICGHKH YETKOCTH JeieHUs (pakiui sBIsieTCS
OMpe/IeJICHHE PAa3HOCTH MEXKIy TeMmIepaTypamu KumneHuss 95% HIKEeKUIsIen
bpakiun u 5% BemekunsAmed Gpakuun. PazHOCTh MEXTy dTUMH 3HAYCHUSMU
COCTaBJISICT 30HY MEPEKPHITUS MEXKTY DpaKIusIMu

YHuKanbHbIE CBOMCTBA TEXHOJIOT MU JIMHAC OTKPBHIBAIOT HOBBIE BO3MOXHOCTH

B HeTenepepadboTke st manbsix HIT3:
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1. VYBenuuenue riayOuHbl nepepadOTKH HEPTIHOTO ChIPhS YK€ Ha CTaIUuU
NEePBUYHON MepepadoTKu 0€3 TPaAUIIMOHHOIO IPUMEHEHUsI OCTPOTO napa.

2. VYBenuueHue creneHu ordopa AM3ENbHOW (pakuMd Ha CTaguu
NEePBUYHON MEPETOHKU HEPTH B CPABHEHUH C TPATULIMOHHON TEXHOJIOTHEMH.

3. [lonyyenue y3kux ¢ppakuuil yrieBoJOpOJIOB, HAIPUMEP, MOJIyYCHHE
pacTBopUTeNed M3 NPSIMOTOHHOrO OE€H3MHA, MOJIy4YeHUE Y3KHUX OEH3MHOBBIX
dpakuuii 1511 BTOpUUHOM nepepaboTKH, MOTyYEHUE Y3KUX TU3ENbHbIX (Ppakiuii ¢
3aJIaHHBIMU TEXHOJIOTUYECKUMHU CBOMCTBAMM U T.II.

4, [lonyyenue nByX OOKOBBIX OTOOPOB C KOJOHHBI - KEPOCHMHOBOM U
JTU3EJIbHOU (PpaKIium.

S. OpHocTaguitHOE TMONYyYEHUE KAaYeCTBEHHOTO ChIPbSl ISl BTOPUYHBIX
IPOLIECCOB, HAIPUMED, ISl MTOJTYYEHHUSI BHICOKOOKTAHOBBIX OCH3WHOB.

6. CokpailieHre pacxoA0B Ha BTOPUYHBIE MPOLECCHI 3a CUET MOJTYYEHHUS
BBICOKOKA4E€CTBEHHBIX NIEPBUYHBIX IIPOAYKTOB.

XapaKkTepUCTUKU KauecTBa IU3EIbHOIO TOIUIMBA (JIETHETO M 3UMHETr0),
nosrygaemoro Ha MmuHu-HII3 Jlunac B cpapHenuu ¢ tpedoBanusamu ['OCTa.

AHanu3 JaHHbBIX, PEACTABIECHHBIX B TaOJIMIIE, IOKA3bIBAET, YTO MAPAMETPHI
MOJy4yaeMOro JH3EJIbHOTO TOIJIMBA CYIIECTBEHHO IIEPEKPBIBAIOT TPeOOBaHMS
['OCTa. Tlo ¢pakimoHHOMY COCTaBY M TEMIEPAType BCIIBIIIKE JAaHHOE TU3EIHHOE
TOIJIMBO YJIOBJIETBOpsET TpeOOBaHUSM €Bpo cTaHaapTta. lleraHoBoe umcio
MOJTy4aeMOTr0 JIU3EJIbHOr0 TOIUIMBO JIEKHUT B auamnazoHe 45-50 mpu TpeGoBaHuU
I'OCTa 45.

Hapsny ¢ 00beKTUBHBIMY IIU(PPOBBIMU OKA3aTEJISMHU B MOJIB3Y MOJIYy4aeMOT0
JN3EJIbHOTO TOIIMBA FOBOPST U CyObEKTUBHBIE OLICHKH BOAUTENIEH, HCTIONB3YIOIINUX
JaHHOE TOIIMBO. OHU HAOJIF01aIM OLUyTUMOE YBEIMYEHUE MOIIHOCTH JIBUTaTENs U
ero npuemMuctoctd. OJHOBPEMEHHO 3HAYUTEIBHO YMEHBIIWIACH JABIMHOCTh
BBIXJIOMHBIX ra3oB. Jla)ke MmO BHEIIHEMY BHJY J@HHOE TOIUIMBO OTJIMWYAETCS OT
oObryHOrO0. OHO CcBEeTIIEEe U UMEET OoJiee Caa0bIi )KENThI OTTEHOK.

MO>XHO COBEPILIEHHO ONPEEICHHO YTBEPKIaTh, YTO Ka4E€CTBO JU3EJIBbHOTO

TOIUIMBA, mnosydaeMoro Ha MuHH-HII3 Jlunac, sBasercs naydmuMm cpeau
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oTeyecTBeHHbIX MUHU-HII3 u He ycTymaer kayecTBy JWU3EIbHOTO TOIUIMBA,
nonyyaeMoro Ha MuHM-HII3 m3BecTHBIX 3amanHbix KoMmmanuil. [Ipmyem Bce 3TO
JIOCTUTAETCsl Ha OJHOU PEKTU(HUKAIMOHHON KOJIOHHE HEOOBIYalHO KOMMAKTHBIX
pa3MepoB. BricoTa KOJIOHHBI HE 3aBUCUT OT MOIHOCTH MuHU-HII3. [l munu-HIT3
Jlunac ¢ romoBor MmomHOCTEIO OT 10 pmo 200 TeICAY TOHH BBICOTA
peKTU()UKATMOHHON KOJIOHHBI OJ/HA U Ta K€ U paBHA 5,5 METPOB.

Hu omun wmunu-HII3 B Mupe He MOXET MOKa3aTh BBIINIEYKa3aHHBIE
pe3yabTaThl MPU TaKOW BBICOTE PEKTHU(PUKAIMOHHOW KOJOHHBIL [Ipu Bcem 3TOM
yCTaHOBKA HMEET aOCOIIOTHBIE PEKOPJIHbIE TOKa3aTeIM M0 MPOMBIIUICHHOMN
0€30MacCHOCTH, 0 IKCIUTYaTAllMOHHBIM Ka4eCTBAM U SKOHOMUYHOCTH.

Ha ocHOBe KOHKpPETHOTO MPOMBIIIJIEHHOTO OMbITa PabOThl MOXKHO
COBEPILICHHO OMPEACICHHO PEKOMEHJ0BATh BCEM OpraHU3alMsIM U KOMIIAHUSIM,
3aMHTEPECOBAHHBIM B  TPOM3BOJCTBE M MPOJAXKE BBICOKOKAYECTBEHHOTO
JIN3ETFHOTO TOIUIMBA, OOPaTUTh BHUMAaHKUE Ha BO3MOXHOCTh IPUOOPETEHUSI MUHU -
HII3 Jlunac. Munu-HII3 Jlunac naet onpenesneHHbIe TapaHTUM Ha MPOU3BOACTBO
BBICOKAQYECTBEHHOI'0 JU3EJbHOIO TOIUIMBA IIPU YMEPEHHBIX 3arparax U B

0003pUMBIE CPOKH.

1.4 Texnosmorus BCMA

Texuonorus BUOpocTpyitHOi MaruuTHOU aktuBaiuu (BCMA) - 310 crmoco6
MHOTOKOMITOHEHTHOTO (hU3HKO-XHUMHUYECKOTO BO3JCHCTBUS HA CJIOXKHBIC JKHUIIKHUE
CHUCTEMBI, TPUMEHSAEMBIN JJIs1 U3MEHEHUS UX PEOJIOTUYECKUX CBOMCTB U MOJYy4YEHUS
TpeOyeMbIX TlapaMeTpoB. BuOpatop SJIEKTPOMArHUTHBIM  aKTUBAIMOHHBIN
MpeaHa3HaueH JJisl aKTHUBAalUUU (IIEpEeMENIMBaHUs, Pa3KUKEHUsS, AUCIIEpPraiuu)
He(TEMPONYKTOB, coaep)amux mnapadunbl, achambTeHbl W T.M., W JPYTUX
BBICOKOBSI3KUX JKUIAKOCTEH, 001a1al0NUX THKCOTPOITHBIMU CBOMCTBaMH [6].

B OAO HII® «I'eohut» u TOMCKOM MOJUTEXHUYECKOM YHUBEPCUTETE
pa3paboTaHa OpUTHHATIbHAS TEXHOJIOT U — TEXHOJIOTHSI BUOPOCTPYITHON MarHUTHOM
aKTUBALIUU XKUJKUX cpell U yctpoiictBa BCMA 115t 00pab0TKU HEHBIOTOHOBCKUX

KUJKOCTEH. AKTUBHBIMM (PaKTOpaMHU BO3JICHCTBUS Ha KUJKOCTH SIBISIFOTCS
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MOJAYJIUpPOBaHHAs BUOpalusi, Kak (pakTop pas3pylleHUs, U TypOyIu3HpOBaHHBIE
3aTOIUICHHBIE CTPYH, KaK (PaKTOp KOMILJIEKCHBIN (DaKTOp pa3pylIeHUs U YBEIMUCHUS
o0beMa aKTHBAIMH C MPE0OIaJaHUEM MTOCIIETHETO.

OcHOBOM 111 KOHCTPYKIMH paszinuHblXx ycTpoiictB BCMA  sBisercs
€UHUYHBIN MOJTYJIb, IPEJACTABISIONINI CO00M 2IEKTPOMEXaHUUECKOE YCTPOUCTBO
C IMIMPOKUM JIMAMA30HOM PETYJIUPOBAHUS YacCTOThl W BEJIWYUHBI MHUTAIOIIETO
HaIpsDKEHUS. Y HUKAJIbHOE COueTaHne (DAaKTOPOB aKTUBAIIUU B OJTHOM YCTPOUCTBE U
BBICOKHE  YJACIbHBIE  XapaKTEPUCTUKU  JOCTHTAOTCS  OPUTHMHAIBHBIMU
KOHCTPYKIIUSIMHU OTACIBHBIX y3JI0B MOyJis [5].

OpuruHanbHass KOHCTPYKIMS pabounx opraHoB obGopynoBanus BCMA
obOecrieurBaeT HAIMUKUE B CPEJIC 3aMKHYTBIX MIOTOKOB KHUJIKOCTH, KOTOPHIE, B CBOIO
ouepe/b, CO3JalT YCIOBUS IS MHOTOKPATHOTO TIOTMAIaHMs OTIEIbHBIX MOPIUM
He(TH B 30HY aKTUBAIIUU.

Texuonoruss BCMA nepcrnekTuBHA IS

® CO3[aHUsI BUOPOAKTUBAIIMOHHBIX CKBRXMHHBIX CHApSIOB sl 00pabOTKH
pu3a00iHOM 30HBI IJIACTa, B TOM YHUCIIE JJIsl yBeJIMUEHUs HeTeoTnauu;

® [IPOECKTHUPOBKHU YCTPOMCTB /JIs yTHIIU3AIUU HEPTEOTXOA0B U HEPTEILIaMOB;

® CO3[aHUSI BBICKOKAYECTBEHHBIX YCTPOWCTB [IJisi TOJTOTOBKA HEPTH K
nepepaboTKe, 9TOOBI YBEIIMYUTH BBIXO] CBETIIBIX (PaKIIHA;

® CO3[IaHUsI YCTAaHOBOK JUIsl OYMINEHHUS] HACOCHO-KOMITPECCOPHBIX TPYO 0e3 ux
CHATHUS U pa3dopa;

® TMPOCKTHUPOBAHMS CO3/JaHMS KOMIAKTHBIX W MOOWIBHBIX YCTaHOBOK

MOJITOTOBKHU TOBapHOU HE(TH.

Haubonee  mpoaBuHyThIM  HampaBieHweM  Oonee 3P GHEKTHBHOTO
rcnosib3oBaHusa Texnonoruu BCMA siBisiercs ucnonb3zoBanue BCII qyis o00paboTku
BBICOKOBSI3KMX BHJIOB HE(PTH [JI1 TOJATOTOBKH WX K TPAHCIOPTHPOBKE ITyTEM
cHIWKeHHs Bsi3KOCTH. [Ipu oOpabotke HedTu yctpoiictBamu BCMA cHmkeHHE

BA3SKOCTH IMMPOHUCXOJAHUT B IIMPOKOM JHAIIA30HE TCMIICPATYP.

20



BCMA ¢ omnpenemeHHOW »HHEpPrued B pe3yJbTaTe  pa3pylIeHUs
KPUCTAJNIM3aMOHHBIX CTPYKTYpP HPHUBOJUT K 3HAYUTEIIBHOMY H3MEHEHUIO
CTPYKTYPHO-BSI3KOCTHBIX CBOWCTB HE(PTH.

B ocHoBe paGoThl yCTpOKCTBA JEKUT MPUHIUI pe3oHaHca. OT TUIOTHOCTH U
BA3KOCTH Cpe/ibl OyAyT 3aBUCETh aMIUIUTY/bl U PE30HAHCHBIE YACTOTHI, B CIEACTBUU

4C€ro, 4aCTOTHBIC XapaKTCPHUCTUKHU 6YI[YT CYHICCTBCHHO OTINYAThCA
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Pucynok 1.4.1. YacToTHBIE XapaKTEPUCTUKH KOJICOAHUS aKTHBATOPA.
1 - qacTOoTHAs XapaKTePUCTHKA KOJeOaHU aKTHBaTOpa Ha BO3TyXE.
2 - YacTOTHAs XapaKTEePUCTHUKA KOJIeOaHUI aKTHBATOPA B KHJIKOCTH.

OnuyuM W3 TaBHBIX OoTiaMuui ycTporictTB BCMA sBnsercs — paborta B
pexuMe, OMU3KOM K pe3oHaHCy. B TakoMm pexume paboThl 0OecTeurBarOTCs
MaKCHMAaJIbHbIE TIOKa3aTeid TO TMPOU3BOAUTEILHOCTH OOpaOOTKH, TPH ITOM
3aTpaThl Ha JIEKTPOIHEPIUI0 — MUHUMaNbHBI. Ha nmpakTuke napaMeTpsl U CBOMCTBa
00pabaThIBaeMbIX KUIKOCTEH HE SBIAIOTCS MOCTOSHHBIMH, TaK KaK MPOUCXOJUT
W3MEHEHHE KOMIIOHEHTHOTO cocTtaBa. (CrnegoBaTenbHO, HEOOXOAMMO HMMETh
BO3MOXHOCTh [UJII PETYJIUPOBAHUSA YaCTOTHI BO3JCHUCTBHS M BCE 3TO B PEXKUME,
OJIM3KOM K pe3oHaHCy. B manHOM citydae OyAeT UCTIOIb30BaThCs IPeoOPa3oBaTENh
4acTOThI, TaK Ka ycTpoiicTBO BCMA sBsIeTCS 371€KTPOMarHuTHBIM.

B wu3BectHbix ycrponictBax BCMA s HM3roTOBIEHUS CEpPACYHUKA
MarHUTOIIPOBOIa UCTIONB3yeTcs cTanb Mapku Ct.3. C Ipyroil CTOpOHBI, U3BECTHO,
YTO JUISL  DJNEKTPOTEXHUYECKUX YCTPOWCTB PEKOMEHAYETCS HCHOJIb30BATh
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CIICOUAJIBHBIC JJICKTPOTCXHUYCCKHUEC CTaJIH. CJ'IGI[OB&TCJIBHO, Ba*XHO OICHUTH
BO3MOKHOCTb HCIIOJIB30BAHHUA CTAJIMW JAPYIUX MApPOK JId OINTHMH3AlUU pa6OTBI

yctporictBa BCMA ¢ no3unuu pecypco3dheKTUBHOCTH.

1.5 IlepcnexkTuBbI NpUMeHeHus TexHoaoruiit BCMA B npoueccax
nepepadorku HedTu Ha munu-HII3
YcTpoiicTBa M TEXHOJIOTHSI BUOPOCTPYHHOM MAarHUTHOM aKTUBALMU KUIKUX
cpern BCMA 0061a1a10T yHUKaJIbHOM COBOKYITHOCTBIO BO3/I€MUCTBYIOMIMX (DaKTOPOB,
CIIOCOOHBIX HM3MEHATH (U3MKO-XMMHYECKHE CBOWCTBA 00padaThIBa€MBIX CpE/l.
BoznelictByromue — (akTophel,  JAOCTUTHYThIE B ycTpoictBax  BCMA,

XAPAKTCPUIYIOTCA CIACAYIOIHUMHA YUCIICHHBIMU 3HAYCHUAMMU |

yCKOpeHHe pabouero opraHa - 100 g;
CIBUTOBAs CKOPOCTh - 2,5-10%
CKOpPOCTb 3aTOIUICHHBIX CTPYH - 20 m/C
JIOKaJIbHOE 3HAKOTIEPEMEHHOE JIaBJICHHUE -+ 4 atMm;
HaIPSHYKEHHOCTh MArHUTHOTO TIOJIS - 10% A/m
MarHuTHas UHIYKIHS -1,4Tn
JTMAMa30H YaCcTOThI OCHOBHOI'O BO3IEHUCTBUS -0,1...100 I'g

MHoro4nclieHHbIe J1a0OpaTOpPHBIE W HATYypPHBIE HCCIEIOBAHUS BIUSHUS
texHojorun BCMA, npoBefieHHbIE B pa3NUYHBIX OpraHU3aIusax HedTeq00bun U
HedTenepepabOTKU, CBUIETEIBCTBYIOT O CYIIECTBEHHOM HW3MEHEHHH CBOWCTB
oOpaboTaHHO# HETH KaK Ha MaKpo, TaK U Ha MUKpOypoBHsX. MccienmoBanusmu
YCTaHOBIIEHO, YTO y 00paboTaHHOW HEPTH, OCOOCHHO y BBICOKOMApadUHUCTOH, B
HECKOJBKO pa3 TMajaeT BA3KOCTh, 3aMETHO YMEHBINAETCS  KOJIHMYECTBO
achambTOCMONIOOTIOKEHNA. Kpome 3TOro, OTMEUEHBI WM3MEHEHHS TaKUX
napamMeTpoB 00paboTaHHOW HedTH Kak: TeMIepaTypa Hayaja KUIICHUS,
TEMIIepaTypa BCIBIIIKH, TEMIIEpaTypa 3aCThIBAHMS (3aMEP3aHus).

Huxe npuBeaensl rpaduky U3MEeHEHUS apaMeTpoB 00padoTaHHOU He(TH B
3aBUCUMOCTHU PE3YyJhTATOB OTTOHKU OT JJIUTEIHBHOCTH 00pabOTKH 000pyI0BaHHUEM

BCMA (pucynok 1.5.1). Temnepatypa Hadasia KurneHusi oOpaboTaHHON HEPTU B
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TCUCHUC TICPBBLIX 10 MHUHYT BO3pacTacT, a 3aTcM HAYMHACT YMCHLIIATHCH.

OcobeHHOCTH UMeEIoLIEeHcs 1a00paTOPHON YCTAaHOBKM HE TMO3BOJISIIOT YJIABIUBATh

nerkue (Gpakuuy, BbIACIAIONINECS B BUOPOKUIISIIEM CIIO€ TIPU paboTe YCTAaHOBKH B

BUJC IIApOB, 4YTO, OUCBHUJIHO, M CKa3bIBACTCA Ha IICPBOHAYAJILHOM BO3paCTaHHUUN

TEMIIEpaTypbl Hayana KuneHusd. JlaJbHeilniee yMEeHbIICHUE TEMIIEPATyphbl Havana

KHUIIEHUSI 00BSICHAETCS TPeodIalaHne yKe JeCTPYKTUBHBIX MPOLECCOB C AaKTUBHBIM

o0pa3oBaHUEM JIETKUX (paKIui.

DpakuM OHHEIA COCTaE (Oufidep eHUMAN bHEIA) HedTW XBOAHOT 0 MeCT-HUA Npu
pa3nMuHoMm epemedn BCMA
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Pucynok 1.5.1 I'paduk 3aBucuMocT 00hEMa OTTOHA OT TEMITEPATYPHI
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DpAKUMOHH BIA COCTAE (WHTErpanbHBIA) HedTH LB0fiH0rD MeCcT-HiR
OT TeMNEPaTY Pl 1 Bpemend BCMA
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Pucynok 1.5.2 I'paduk 3aBUCUMOCTH BBIXO/a CBETJIBIX (DPAKIIUil OT
TEMIIEPATYPBI

['paduk 3aBUCMMOCTH BBIXOJ[a CBETIIBIX ()PAKIMI OT TeMIIEPaTyphl (PUCYHOK
1.5.2). Ha nHemM MbI Buaum, uto mpu oOpabotke Hedth TexHosnorueir BCMA u
noBeIlIeHUU TemmepaTypbl A0 350 °C MBI MOKEM YBEJIWYUTH MPOLIEHT BBIXOAA
cBeTIbIX ppakiuii 10 90%.

HectpyktuBHoe BiusiHue TexHonorun BCMA Obulo oTMEYeHO U B
HKCIIEPUMEHTaX 10 00paboTKe TOBAPHOTO Ma3yTa, pe3yabTaThl KOTOPBIX
npuBeieHb! B Tabauie 1.6.1.

Tabnuna 1.6.1. Pe3ynbratel 00paboTku TOBapHOTO Ma3yTa

BemecrtBo Temnepatypa Temneparypa Brixon
BenblIKY, °C | Havalla KUMIEHUS, CBETJIBIX J10
°C 300 °C
MasyT ucxomaHbIH 183 197 4
Ma3zyTt oOpaboTaHHBIHI 168 118 10
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Kak BuaHO W3 mpeacTaBieHHBIX NaHHBIX B Tabnuie 1.6.1 mpu oOpaboTke
ToBapHOro Mmasyra TtexHosoruedi BCMA B HEM NpOHUCXOASAT NECTPYKTHUBHBIE

MPOIIECCHI, CIOCOOCTBYIONINE YBEIMUYCHUIO BBIXOa CBETIBIX ¢ 4% 10 10%.

1.7 Munu-HII3 B Tomckoii odacTn

B kauectBe oObekTa i pa3pabotku  ycTpoiictBa BCMA  mns
npenBapuTenbHoi 00paboTku HedTH BhIOMpaeM MuHHU-HII3, pacnonoxeHHbINH B
Tomckoii obnactu (20 kxm or Tomcka y n. Cemunyxku). [IpoekTHass MOIIHOCTh
npennpustusi cocrapisier 200 ThICSY TOHH MO CBIPHIO, @ B CYTKH 3TO MPUMEPHO
okxono 500 m/cyTkH.

CrpoutenbHble paboThl, KOTOphle Hadanmuch B (espane 2007 ropa,
BBITTOJTHUJIA Jo4YepHss cTpykTypa ['pynmer E4 - OAO «HXUHUPUHTOBBINA IIEHTP.
B 3amaun koMIaHuu BXOJIUJIO CTPOUTENBCTBO aAMUHUCTPATUBHOTO 3/IaHUS 3aBOJIa
U CEMHU TEXHOJIOTMYECKHX KOPIIYyCOB, PACIIOJIOKEHHBIX Ha 4 rekrapax 3emiid, a
TaKe MOHTa)K BCETO TEXHOJIOIMYECKOro 000py10BaHusl.

Takum 00pa3oM, HpuUBEIEHHBIE BBIINIE PE3YJIbTaThl HKCIEPUMEHTATBHBIX
UCCIICZIOBAHUN 110 MPUMEHEHHUIO TEeXHOJIorMu u obopynoBanus BCMA nns
MOATOTOBKM HedTH JaloT OOBEKTUBHBIC TMPEANOCHUIKA I pa3paboTKu
IPOMBIIIEHHOTO — pecypcodddextuBHOro  obopynmoBanus s MuHu-HII3,

TIO3BOJISFOIIETO YBEIMYUTh BBIXOJ CBETIBIX Gpakmuii [9].
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I'TABA 2. PACYHET KOHCTPYKIIMA OBOPYIOBAHUA BCMA

2.1 Exunnunblii padounit MBO
N3 omnbita pazpabotoxk ycrpoiictB BCMA cnenyer, utro Haubolee

1eaecooOpa3HeIM IIPU pa3pad0TKe KOHCTPYKIIMU YCTPOMCTBA Il YCTAHOBKH IIO
nepepaboTku HeTH, SIBISETCS MOJIYJIBHBIN MTOAXO.

Mopayns  BuOpoobGopabotku (MBO) sBisercss OCHOBHOM  4acThiO
BUOpOAKTHBATOpa JIJII YCTAHOBKM TIO TepepadoTku HedTH, U KOTOPBIH
OCYIIIECTBIISIET HETOCPEICTBEHHOE BHOPOCTPYWHOE MarHUTHOE BO3/CHCTBHE Ha

HG(I)TB. Hwuxe na Puc. 2 MpCaAcCTaBJICH ACKM3HbBIN YCPTCIK OCHOBHBIX 3JICMCHTOB

KOHCTPYKIIUHU MOOYIJIA.
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Pucynok 2.1. Kouctpykuuss MBO,

rue:

1. AKTHBaATOP

2. OOMOTKH JIEKTPOMArHUTA
3. NuaykTop MarHuTOMpOBOA
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[Ipy>xuHBI IOBECA aKTUBATOPA
JInmrHHOE TU1edo peiyara
Kopotkoe mneqo peryara

Crenka KopIiryca MOJyJst

© N o a &

N3oisuuoHHbIN KOMIAYH/T

B Kopnyce MBO pa3memaercst anekrpomMariuT. Cam KOpIyc HOJIHOCTBEO
U30JUPOBAH OT BO3JICUCTBUSL Cpe/ibl OOPAOOTKH, SBIISIETCS TepMeTHYHBIM. [lycToe
MPOCTPAHCTBO KOpITyCa HAMOJHICTCS KOMIIAYHJIOM, KOTOPBI oOOecreunBaeT
TEIUIOOTBOJI C MAarHUTONPOBOA U OOMOTOK.

DNEKTPOMArHuT CO3/aeT BO3MYUIAIOUIYIO CHIIy B KOJeOaTenbHON cucteMe.
DJIEKTPOMAarHUT W KOPIYC JKECTKO CBS3aHbl, CJEJ0OBAaTEIbHO, B JaHHOU
KOHCTPYKIIMM KOJeOaHUs COBEpIIAeT AaKTUBATOP, KOTOPBIA SBISETCA SIKOPEM
anexkTpomarauta. CepleyHUK SJEKTPOMAarHWTa BBIMIOJHAETCS W3 JIMCTOB CTaIU
(oObIuHOM WM dyekTpoTexHudeckoi) II-obOpasHoit ¢opmel. Ha crepikHsx
CEepACUYHMKA pAaCIoNararoTCs KaTyIIKU. AKTUBATOpP BBIMOJHAETCS W3 LEJIbHOU
3aroTOBKHM, KOTOpask MOXKET ObITh KPYTJIOW WM KBaJpaTHOW. B Tene akrtuBaTopa
BBITIOJHSIOTCST  CTICIMANIbHBIE OTBEPCTHS TpareneuaaibHoi  (HOpMBbI, KOTOpHIE
(bOpMUPYIOT 3aTOIJICHHBIE CTPYU. AKTUBATOP KPEMUTCS HA IJTUHHOM TUIeUe phlyara.
[ToaBukHbIe 351eMeHTHI MBO KpensiTcs K KOPIyCy OCYIIECTBISIOTCS C MOMOIIBIO
KpOHILTENHA.

Hunuaapruyeckue NpyxRUHBI (YyOpyroctu) (GOPMHUPYIOT BO3BpAIIAIONTYIO
CUJIy KOJIEOATEIbHOU CUCTEMBI.

C nmnoMouipl0 peryJiupoBOYHOTO BHHTA YCTAHABIMBAECTCS HaYyalbHBII

BO3IYIIHBIN 3a30p MeXay cTeHKoi koprnyca MBO u aktuBaTopoMm.

2.2 KoHCTpyMpOBaHHUE U PACYET MAPaAMETPOB YIEKTPOMATHUTA
UtoObl 3a7aTh HApPYXHBI OuaMeTp akThuBaTopa DHa HYXHO YYUTHIBAThH
ONpeAeIEHHBIC YCIOBHUS: U3 MPAKTUKH JKCILTyaTanuu yctporctB BCMA nmerorcs

pEeKOMEHJalMu 10 BBIOOPY pa3MEPOB aKTUBATOpPA, KOTOPbIE CBOJATCS K
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CIEIYIOLIEMY: JIS )KUJKUX CUCTEM CO 3HAYEHUSIMU HU3KOM BA3KOCTH M IUIOTHOCTH
e 6osee 1000 kr/m® BIOUpaeTcs auameTp akTuBaTopa 250 MM; IS KUJKHX CHCTEM
CO CPEIHUMHU 3HAYEHUAMHU BS3KOCTH U IUVIOTHOCTHIO 110 2000 Kr/m° BBIOMpaeTCs
aKTUBaTOp auaMerpoMm He Oosee 150 MM; 1711 BBICOKOBA3KHMX >KHJIKHUX CHUCTEM C
mnoTHOCThIO 60see 2000 kr/m3 BRIGUpaeTcs auametp 90-100 M.

B HameM cinyyaeM mpuHUMaeM cCpejiHee 3HaueHHe MIOTHOCTU Hedtu 950
kr/mM3 1 co cpenneil Ba3kocThio. ClleI0BATENBHO, BEIOUPAEM JHUAMETDP aKTHBATOPA,

paBHbIM 150 mMm.

P
-
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H1 Al
Nk Al

Bl

Pucynok 2.2. Pazmepbl 0OMOTOK U cepieUHHKA dIeKTpoMarauTa moayiss BCMA

OCHOBHBIE COOTHOIIIEHHMSI pPa3MEpPOB aKTUBaTOpa M MarHUTOINPOBOJA,
pekoMeHayemMble 111 yetporictTB BCMA, nipencrasieHs! B Tabimie 1.

Tabnuna 1. Pazmeps! aiaekTpoMaraura.

Pa3mep aktuBaropa, uHAYKTOpa PexoMennoBaHHbIE
COOTHOIIICHUS
Dra BBIOUpAETCSI, HCXOIS

HapyxHsblii nnamerp aktuBaTopa, Dua U3 PEOJIOTUYECKUX
cBoictB KC

BricoTa aktuBaTopa, Ha Ha=(0,19+0,21)Dna

JlnuHa sspMa MHAyKTOpa, Bl B1=(0,95+1,0)Dna

[llupyHa  MOJIOCHOTO  HAKOHEYHUKA b1=(0,15+0,2)B1

MHAYKTOpA, bl

Jlinna MOJIFOCHOTO HAKOHEYHHKA A1=(0,3+0,4)B1

HHOYKTOpa, Al

[IIupuHa KOIBIIEBON YaCTH aKTHBATOPA, bk bxk=(1,0+1,1)bl

BricoTa CTep>KHs MHAYKTOpa, H1 H1=(1,0+1,1)B1
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| BoicoTa sipMa HHAyKTOpa, hl h1=(1,3+1,5)b1 |

2.3 PacuéT npou3BOANTEIbHOCTH aKTUBANMH 1151 Muau HIT3

Tak kak, B HalIEM cllydae paccMaTpuBaeM KOHKpeTHbIM MUHU-HII3, TO ecTh
MMEET MECTO KOHKPETHOE 3HauyeHUE KOJIMYEeCTBa mepepadbarbiBaeMod HEPTH B
cyTku. Ha JaHHOM mpom3BOACTBe mepepadarsiBaetcs 10 500 M3 B CyTKH, OJHAKO C
ydyeToM 3anaca Ha muHU-HII3 mMmeercs 5 pe3epByapoB CTaIBHBIX BEPTUKAIbHBIX
(PBC) mo 1000 m3. AxtuBamuio He)Tu OyleM NPOM3BOAUTH B OJHOM W3
BEPTUKAJIBHOIO CTaJbHOTO pe3epByapa, CleNoBaTeiIbHO, M1 pacueta Oynaem

UCITIONIB30BaTh &MKocTh B 1000 M°

. HyxHO paccuntarth MpOW3BOIUTEIBHOCTH
aktuBaTOpoB (Q;), KOTOpasi TMOKa3bpIBaeT O0BEM KHUIAKOCTH, OOpabOTaHHBIN

AKTHBATOPOM.

Pucynok 2.3. PesepByap BepTHKanbHbIH cTanbHON 1000 M3

UYeprex koHcTpykuu PBC-1000 npencrasien B npunoxeHuu /1.
Bpems mnsa pazxmwkenus (aktuBaiui) HeTH HE TOJDKHO MPEBHIMIATH 24
yacoB. Mcxonst U3 3TOro, paccuutaeM 3Ha4Y€HUE 3aJaHHON MPOU3BOAUTEIBLHOCTHU

aKTHBAIIUA HEPTH

23.1Q;, === 41,7 m* Juac

2.3.2 PacuétHoe 3HaUYCHHE pacxo/ia KUJAKOCTH MPHU KOIeOaHUSIX aKTUBaTOpa
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BriOupaem HauyanbHBIA 3a30p MEXKAY aKTHBAaTOPOM M CTEHKOW Kopmyca
Moayist BCMA 60=0,006 m.
BeiOupaem pacuéTHoe 3HaUEHHUE YacTOTHI KoeOaHuii akTuBatopa f, paBHOe

50 I'u. Torga pacxon XKC npu pabote 0AHOro akTuBaTOopa OyJeT paBeH
Qp = 2 Saax Xy - f - 3600 =36,72 M /uac

- 0,152 )
Suas = e+ Soeu = 0,95 - ———= 0,017 m

Xy = 6o = 0,006 m
2.3.3 KonuuectBo nonaganuii oguoi nopiuu JKC B 30HY aKTUBAIMH
Bri6upaem 3nauenue Z qis vedru, papaoe 10.
MuHuMmanpHO€ pacu€THOE 3HAYEHHE pPAcxola IPOU3BOAUTEIBHOCTU
aKTUBALlMM OJHUM aKTUBATOPOM C Y4ETOM 3HAUYEHUS Z
Q, 36,72

_ <P _ _ 3
Qpa = 7 10 3,67 M” /4ac

2.3.4 PacuétHoe KOIMYeCTBO akTUBaTOpoB (Momyneir BCMA) mis

obecrieueHus MPOU3BOIUTEILHOCTH aKTUBAIUH, 33 IaHHOM JIJIsl pa3paboTKu

Q, 41,7

N = =
Qpa 3,67

=11,4

[Tpuanmaem konmdecTBo akTrBaTOpoB N = 12 mit. (kpaTHOE ymcty 3)

2.4. OcHOBHbBIE pa3Mepbl AKTHUBATOPA U CePIeYHMKA MATHUTONPOBOA
Pacuer ocyiecTBisieTcss HA OCHOBE paHee BRIOPAaHHOIO 3HAYEHUS JUaMeTpa
aKTUBaTOpa
D,,=015m

2.4.1 BeicoTa akTHBaTOpa
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H,=02-D,,=02-0,15=0,03m

2.4.2 JlnvHa sipMa cepAevHUKa

B1=095-D,,=095-0,15=0,1425m
Brei6upaem B1 = 0,15 m
2.4.3 lllupuHa noJIOCHOT0 HAKOHEYHUKA CepJeUHUKA

b1 =0,18-B1=0,18-0,14 = 0,0252 m
Brioupaem bl = 0,025 m.
2.4.4 lllupriHa KOJIBIIEBOM YaCTU OCHOBAHUS aKTUBATOpa
b, =1,05-b1 =1,05 0,025 = 0,02625 m
Brioupaem b, = 0,025 m.
2.4.5 JInvHa MOJIIOCHOTO HAKOHEYHHUKA CEPJIeYHUKA

A1=0,35-B1=0,35-0,14 = 0,049 m
Brei6upaem Al = 0,05 m.
2.4.6 BricoTa CTepKHSI CEp/ICUHHUKA

H1=11-B1=11-0,14 =0,154 m
Bri6upaem H1 = 0,15 wm.
2.4.7 BricoTa sipMa cepAcYHUKA
h1=14-b1=1,4-0,025=0,035m
Brioupaem hl = 0,035 m.
2.4.8. [lapameTpbl 0OMOTOK 351eKTpoMarauTa Moy BCMA
2.4.9 Ilmomans OKHA CepACYHMKA MATHHTOINPOBOAA JUIS pa3MENICHUS
00MOTOK

Sowu = (B1 —2b1 — 241 — P) - (H1 — h1 — 2A1 — D)

[Tpuaumaem: Al = 0,002 m; P = 0,002 m; D = 0,004 m.

Sexn = (0,15 — 20,025 — 2+ 0,002 — 0,002) - (0,15 — 0,035 — 2 - 0,002
—0,004) = 0,01 m?

2.4.10 PacuéTHOE KOJIMYECTBO BUTKOB B 0OMOTKE MarHUTOIIPOBOIA
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_ ZSOKHkS’an
- T[dl%p.u

[TpuHuMaeM k03P GULKMEHT 3aM0JHEHHs] OKHA CepJIeYHUKAa MarHUTOIPOBOIa

0OMOTOYHBIM MTPOBOIOM Ksq, = 0,55. Beioupaem oOMoTounbii mpoBoa Mapku [19TB

JAMAMETPOM KWIbI Oyp = 1,5 MM U THaMeTpoM MPoBOAa B U3OIAIUH Uppy = 1,59 M.

W= 2-10000-0,55 1638
P 1592

[Mpuaumaem W = 1600.

2.4.11 Jlomyctmasi TOJIIMHA CIIOEB OOMOTKH

Af B1—2b1—-241—-P 0,15—2-0,025— 20,002 — 0,002
B 2 B 2

= 0,047 m

2.4.12 PacuéTtHOE KOJIUUYECTBO CIIOEB OOMOTKHA

At 0,047

N. = = =
“ " d,,, 000159

29,6
[Tpunumaem N, = 30.

2.4.13 PacuéTHOC 3HAUEHHUE JJIMHBI CPEIHETO BUTKA OOMOTKHU

P, = 2(b1 + A1 + 241) + 27 - Rypos = 2+ (0,025 + 0,05 + 2 - 0,002) +
+27 - 0,0207 = 0,29

Cpennuii paguyc 3aKpyrieHus yrioB OOMOTKH

N., + 1)d 27 +1)-0,00159
Rupag = Bt Dl _ @71) 00207

2.4.14 PacuéTHOC 3HAUCHUE JUIMHBI IIPOBOJIa OOMOTKHU
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Py; =W P, =1600"0,29 = 464 u

2.5 DJIeKTpU4YecKue nmapamMeTpbl 00MOTOK dj1ekTpoMarauta MBO
2.5.1 CeueHue K.3. BUTKa

Sk.3.= Be2[1H4[10° = 391.3
rae
Dx.3. = /(A41% + b1*) = 0.056
2.5.2 AKTUBHOE CONPOTUBIIEHUE OOMOTKH

L1P00. _ 4.0,017510° ——02

- ~=4.6 Om
7 -Onp 3.14-(0,0015)

Rob6 =4-pm-

rae pm= 0.017510°° Om*m — YIAEIBHOE DJIEKTPUYECKOE COIIPOTUBIICHUE MEIU
2.5.3 AKTHBHOE CONTPOTHUBIICHHE OOMOTKH B TOPSYEM COCTOSTHUU
Ro6.2op.= Rob6.-(L+1m-AT) =4.6-(1+3.8-10°-70) =5.8 Om
rie AT =70 C’ — nmeperpeB 0OMOTKH B paboueM COCTOSTHUH, a 7m =3.8107°
Om*C
2.5.4 JlonmyCTUMBIN TOK B OOMOTKE

2
(0015 _ 5162 A

2
Idon.:jdon.-ﬂ-d’Z) ~2.6-10°-3.14-

I'ne joon.=2.6*10° A/mM? — nomycTiMas MI0THOCTh TOKAa B OOMOTKE

2.5.5 AKTHBHOE CONPOTUBIICHHE OCHOBHOTO KOHTYpa

Rxl= Ro6.20p.=5.8 Om.

2.5.6 Yder HaMarHM4YMBaHWS MarHUTOBIIPOBOIA
1(2) = uem =1350
2.5.7 3a30p MEXTy aKTUBATOPOM U MarHUTOIIPOBOIOM
X0=060+7cm=0.006+0.001=7-10"° M

rae  60=0.006 y; - HAYaJIbHBIMA BO3AYIIHBIN 3a30p, @ 7Cm =0.001 M - TOJIIIMHA

CTEHKHU Kopryca

2.5.8 Pacuer MHAYKTHBHOCTH OCHOBHOW OOMOTKH
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_ u(l)-u0-W?-Snon 1350-1.257-10°-(1600)* -1.25-10°°
k1-(2-(60+Lm))+10-A1  4.5-(2-(0.006+0.285)) +10-0.047

=0.494 I'n

rne k1=4,5 — KOHCTPYKTUBHBIA KOA(P(OUIIUCHT, YUUTHIBAIOUINI B3aMMHOE

pacIoaoKeHrne 0OMOTOK.

2.6 Pacuet macchbl akTHBaTOpa
YToObl paccunTaTh Maccy akTUBATOPa HY>KHO pa30UTh €ro Ha COCTaBJISAIOIINE

00BbEMHBIE purypsl. Ha pucyHke Huke npuBeieH MPUMEp, KaK 3TO MOKHO C/IEJaTh.

7

Prasas

Pucynok 2.6.1 CocraBnsitonipe 4acTu akTuBaTopa, Ie:

1 — moneii nUIMHAP (KOJIBII0) OCHOBAHUS aKTUBATOPA;

2 — yCeuE€HHBIM KOHYC, 00pa30BaHHBIN BHEIIHEW oOpasyromiei (Gopmbl
aKTHUBATOPA;

3 — yceu€HHBIN KOHYC, 00pa30BaHHBIN BHEIIHEH 00pa3yroIieit moocTu
BHYTpPHY aKTHBATOPA;

4 — yceu€HHBIN KOHYC, 00pa30BaHHBIA BHYTPEHHEH 00pa3yomieil oJ0CTH
BHYTPHY aKTHBATOPA;

O — oAbl HMIHHAP (KOJBIO) 3aX0/1a MOJIOCTH BHYTPU aKTHBATOPA;

6 — momBIiA MUIUHAP (KOTBI0) BRIXOJHOTO OTBEPCTHSI TIOJIOCTH BHYTPHU
aKTHUBATOPA.

[TonpoOHeIit yepTex akTuBaTopa OyAeT MpeCTaBiICH B MpUIoKeHnH B.

2.6.1 Macca akTuBaTOpa BBICUUTHIBAETCS IO (POpMYIIE:
M. = e Vs
rje:
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p.. - 00bEMHAs IIOTHOCTh MaTepuaja akTHBATOPA
V, - 00bEM aKTUBATOPA, 3aHUMAEMBII MaTEPHAIOM
p.. = 71800 xr/M® oObeMHas IUIOTHOCTH

KOHCTPYKLIMOHHOM CTaJu.
2.6.2 O0beM akTUBaTOpa
V,=V1+V2-V3+V4-V5-V6
rae: V1 - o06bém nosioro nuiunapa 1;
V2 — 06b€M yceu€HHOro KoHyca 2;
V3 — 00béM yceu€HHOro KoHyca 3;
V4 — 00béM yceu€HHOTo KOoHYyca 4;
V5 — 00BEM mosoro nuauHapa (KoJbla) 5;

V6 — 00BEM mosoro nuauHapa (KoJibia) 6.

MarHUTOIPOBOIALLEN

Pucynok 2.6.2 KoHCTpyKIIUsS aKTHBATOpA U JUCTA CEPACTYHUKA MOTYIISI

BCMA

B IPUITOKCHUHA r INPpUBCACH 4YCPTCIK JIMCTAa IINIACTHHBI MAIrHUTOIIPOBOJA

aKTUBATOPA.
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2.6.3 O6bemM ocHOBaHUS (LIMIJIUH/IP)

2
g (152) .8=1.414-10° urs®

V,=7-—-h =314
4

2.6.4 O0BbeM yceueHHOro KoOHyca

Ll —hyBye o, (Gi0dy)
V2_37Z'(h2 ha)[() 4

:% 3.14-(35-8)- [(150) (150;1100) (100) ]=3.358-10° ur/°

()]—

2.6.5 O0BbeM yceueHHOro KOHYca, HaXOsAIerocst BHyTpU

V4=%.7r.h7.[(d_24)2 (d, -dy) d) (& )]_ 3.14. 31[(—)2 % +(2)?]=5451.10" s’

2.6.6 O6bem 1 ygacTka myCTOTHI (III/IJII/IHJIp)

V.

3

105 3.142-10% mad®

2
4 4

2.6.7 O0beM BHYTPEHHETO YCEUYEHHOT'0 KOHYyca
:%'”'hz '[(d—z)z +‘(d24.1d6—) + ($)Z] =
1

-~ 3.14.35. [(100) 100-105

4

(105) 1=2889-10° nas®

2.6.7 HaxoauMm oOmuii 00eM crajiu
V1=2.114-10° man®
2.6.8 IlepeBeieM B MeTpbl KyOUUecKue
V=V, 107° =2.114-10" »°
2.6.9 OnpenensieM Maccy akTHBAaTOpa
M =p-V =7800-2.114-10" =1.649xe
2.6.10 O6mas macca moaABMKHBIX yacTeld Moyist BCMA

8 D. ., 8 0.15.5
= P (2 = 2950+ (52)° =1.089%

rae M, - Macca IpUCOEAMHACMOM KHIKOCTH
M, =M +M, =1.649+1.069 =2.718kz
Ucnonb3ys mnolydeHHBIE pa3Mepbl aAKTUBATOpPA MW  MAarHUTONPOBOAA,
MPOU3BEEM KOHCTPYMPOBAHHUE BCETO YCTPOMCTBA. B OCHOBE KOHCTpyKIMHU

yctaHoBkH BCMA 11 mOJATOTOBKM HE(PTH HMCHOB3yeM CTaHAApPTU3UPOBAHHbBIC
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MaTepHualibl U U3JeNus: TpyOHYIO U JUCTOBYIO NpoAyKIuto. OOuIuil BU yCTaHOBKU
npuBeA€H Ha pucyHke 2.6.3. BuOpoaktuBaTop coaepkut aBeHaauate MBO,

PacHoJIOKEHHBIX B JABYX CJOAX MO 6 IITYK (4acTh aKTUBAaTOPOB HAa PUCYHKE HE

MTOKa3aHo).
5 7
3
1
o
4
|8 5
i [ m | I .
Pucynok 2.6.3 OOuuii Bug BUOpOAKTHBATOPA.

1. AKTHBaATOD

2. Karymka

3. MarauTonpoBos

4, Komnaynp

d. [Ipyxwnna

6. [IpyxuHHBIN y3en
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7. BuHT perynupoBoUYHbIN

8. BeIBO anekTprueckuit

9. Huamme PBC — 1000

B mpocTpaHcTBO Koprmyca yCTaHOBKHM, KOTOPOE HE 3aHATO JJIEMEHTAMHU
ANEKTPOMArHuTa, 3ajMBaeTCs KOMIIAyHJA, KOTOpbIM oOecrneyuBaeT OOJBbIINI
TEIJIOOTBOJI ¢ 0OOMOTOK M MarHUTONPOBOJIA.

OnexkTpoMarHuT oO0O€cleyrMBaeT BO3MYIIAIONIYI0 CHJIY B KoJjebaTelbHOU
CUCTEME, TaKXK€ OH JKECTKO CBSI3aH C KOPIIyCOM, CJI€IOBAaTelIbHO, B JAaHHOU
KOHCTPYKIIMHM KOJIeOaHMsI COBEPIIAET aKTUBATOpP. AKTHUBATOpP SIBISETCS SIKOPEM
anekTpoMarauTa. Ha o0oux cTepKHSX CepAeHYHHMKA PACIOJIOKEHbI OJUHAKOBHIE
KaTyIIKU. AKTUBATOP BBIMOJIHSAETCS 1IEJIbHOM 3arOTOBKOM KPYTJION MIIM KBaIpaTHOM
¢dbopMel. B Tenie akTuBaTopa BBHITIOJHEHO CIEIUATbHOE Tpalelen1ajibHOe OTBEPCTHE
st popMUpOBaHMS 3aTOIJIEHHBIX CTpyH. Kpersienue akTuBaTtopa BBITIONHSIETCS Ha
JUIMHHOM TUlede pbrdara. Kpermsienune mnonBmwkHbIX 3neMeHToB MBO k kopmycy
IIPOU3BOJIUTCA MPU TOMOIIY KPOHILITEHHA.

Hunuaapuyeckue npykuHbl GOPMHUPYIOT BO3BPAIIAIOLIYIO CHTTY.

BuHT peryiaupoBOYHBIA HYXEH [JIs PEryJupOBaHUS HAYaIbHOTO 3a30pa
MEXTy aKTUBAaTOPOM M CTEHKOU KOopITyca.

Yeprex BUOpOaKTUBATOPA MPEICTABIICH B MPUIOKEHUHU A.
2.7 PacuyeT NpPy:KMHHOT0 MOJBECAa AKTUBATOPA

Jist  paccuuTaHHOTO MOIYJS BBIOMpAETCS TPYXKUHA C TapamMeTpaMu

xectroct He Menee C=4.109*10° H/m. [8]
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Pucynok 2.7.1 OcHOBHBIE pa3Mephl NMPYKUHbBI

B tabnuie 2.7.1 npeacTaBiieHbl OCHOBHBIE TApAMETPhI MPY>KHUHBI

Ta6muma 2.7.1 TlapameTpsl Py KUHBI

[TapameTp npyxuHbI ITpoBonoka kiacca |

Juametp npyTtka d 5 MM

Hapyxnsiit nuametp D1 25 MM

Jlnuna npy>xunbl 6e3 Harpy3ku LO 26 MM
Yucno BUTKOB pabouee N 2

[IpenBapurenbhas anmuna L1 20 mm

Jnuna pabouas L2 19 MM

Huametp BHyTpeHHU D2 9 Mm

JlmnHa BUTKOB TP COMPUKOCHOBEHUU L3 28 MM
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Harpyska npenapurtenbHas Fq 8188.41 H
Harpyska pa6ouyas F; 10854.82 H
Kectrocts C 4.10 10°H/m
[ar t 4.5 Mmm
Macca m 0.8682 kr

‘—IepTexc MPYXUHbI IPCACTABJICH B ITPHUJIOKCHHUHN b.
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I'TABA 3. MATEMATHUYECKOE MOJAEJIMPOBAHUE
YCTAHOBKHA

3.1 DuekTpHYeCcKas cxemMa 3aMelleHUsI KOHTYPOB YCTAHOBKH

DnekTpuueckas cxema Moyt Buopooopabotku (MBO) BCMA coctout u3
TJIaBHOTO M ABYX KOPOTKO3aMKHYTBIX KOHTYpPOB. ['JIaBHBIN 3JIEKTpUUYECKUI KOHTYP
COCTOMT U3 3JEKTPOMArHUTa, KOTOPbIH B CBOIO OYE€PEIb COCTOUT U3 UHIYKTUBHOCTH
L1 u L2, aktuBHbIX comnpotuBieHuit katymek R1 u R2 u nuoma VD. Dueprus
pacnpocTpaHeHHusl KoyieOaHWW B MPOCTpAaHCTBE OyAeT 3aBUCUT OT YacTOTHI
BO3MYIIeHHI. UeM BbIlle 4YacToTa, TEM MEHbILIE PAJNYC PACTIPOCTPAHEHUS SHEPTUH
kosnebanuii B cpeae. Ilpu pabore Ha vactore 50 'y Bo3mymaromias cuna Oyaet
yBenudeHa B 2 paza, T.e. 100 I'nt. Iluox VD obGecrnieunBaet 4acToTy BO3MYIIAOIIEH
cwibl 50 ' mpu nuTaronieM HanpskeHuH ¢ yactoror S50 I'm.

KopoTko3aMKHYTBIN KOHTYp, CO3/1aBa€MbIii KOHCTPYKTUBHBIMH 3JIEMEHTAMU
nuctoB cteHku kopnyca MBO BCMA, Ha cxeMe 3aMmenieHusi NpeiCcTaBieH
UHIYKTUBHOCTBIO L,; 1 aKTUBHBIM COITPOTUBIEHUEM Ry;.

N3-3a uaentnuHocty K3 KOHTYpOB paccuuTaeM BIHUSHUE TOJBKO OAHOTO Ha

karymku. Cxema 3aMelieHus npejcTanieHa Ha pucynke 3.1.1.

. L1 M2 9
VD i) =

i M wil, p ]
f/ M1 M,z \1“11 Kl
L h‘;s-"’df‘.-f—..; I. K
— Y

Mhcslps2
U -sin(e ) ‘ Res ity | |R
ol l
L ] I_|R1 R2
o 1 I

Pucynok 3.1.1 — Cxema 3amenienus anekrpuueckot yvactu MBO BCMA
Pucynok 3.1.1- Bkitouaet B ce0sl CAEAYIONINE DIEMEHTHI:

- L1, Ly — "HAYKTUBHOCTH KATYIIEK;
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- R1, R2 — akTHBHBIE COPOTUBIIEHUS KATYIIIEK;
- M> — B3auMHas UHAYKTUBHOCTb MEXAY KaTyIIKaMU;
- Lis, Rys — MHIYKTUBHOCTH M aKTUBHOE COMPOTUBIICHHE KOPOTKO3AMKHYTOTO
KOHTYpa COOTBETCTBEHHO;
M,.; — B3aMHasi HHIYKTUBHOCTb KOPOTKO3aMKHYTOI'O KOHTYpa;
OnpenensieM napaMmeTpsl ANEKTpuIecKor cuctembl DMIIL.
AKTHUBHBIE COTPOTUBIICHUS KaTYyIIEK:
R, =R, =R_=4.595Om.

AkTHBHOE cornpoTtuBieHrne K3 KoHTypa npuHuMaeM:

Ry = Py ;— = 0.0002 Owm,

i€ Py; = 0.047 OM™! — mpoBOAUMOCTH KOPOTKO3aMKHYTOTO BUTKA,

s = 0.086 M — nTMHA KOPOTKO3aMKHYTOT'O BUTKA,

Sys = 20 MM?- cedeHHe KOPOTKO3aMKHYTOTO BUTKA.

I/IH,IIyKTI/IBHOCTI/I KaTYyHICK:

L1:L :L :k,MCT.°MO'S'N2 :L1: M(l)mOHNZEBnOJZ _
C |45 . Her KIL(2((80 + Lw)) +100A1
z
(0]

1350-1.257-10°° - (1600)? -1.25-10°°
4.5-(2-(0.006 +0.285)) +10-0.002

=1.0637% (3.1.1)

rae N=1600- guciio BUTKOB KaTYIIKH;

| =0,285M - nnmuHa cpemHeli TMHUM MAarHUTOIIPOBO/A;

S=45.10°.20-10°=900-10° M* — muomanb MOIEPEYHOIO CEUECHHS
CepJCUHHUKA;

8, =X, +1-10°n=6-10°u+1-10°»u=7-10°M- BeNMYMHA BO3YIIHOTO
3a30pa;

W, =126-10" I'n/M — MarHuTHast IPOHUIIAEMOCTh BAKYYMa;

K., =~1350 — OTHOCUTEIbHA MarHUTHAsI IPOHUIIAEMOCTD CTallH;

c=15 - ko3¢ dunueHT pacceuBaHus;
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k=1 — ko3(duIMEeHT, yYNUTHIBAIOIIMNA OTHOUICHHE JJIMHBI HAMOTKH K

muamertpy karymku (1/d >>10).

NunyxtuBHocth K3 koHTYpA:

L= ”T“"S = 0.0018 I'n (3.1.2)

HpI/IHI/IMaGM CJICAYIOIIHUC 3HAYCHHA B3aMMHBIX HHHyKTHBHOCTeﬁ:

2
N" He'Mo'S 50354 1w (3.1.3)
(82 - XO) 'l"lcr +I

2=

V- '“CT-'“O'SI =3.5910™ I'n. (3.1.4)

) Oy —%y) U, + —
(Z 0) “CT 05

3.2 Cuctema ypaBHeHMl YCTAHOBKHU

Cucrema ypaBHEHUW TIpeACTaBIseT COOOM YypaBHEHUS DIEKTPUUYECKUX
KOHTYpPOB YCTaHOBKH, a TAaK)K€ YpaBHEHUSI MEXaHUYECKOTO KOHTYpa. [Ipeobpazyem

ypaBHEHHUs B Oosiee yI0OHBINA BU ISl pemieHus. [IpuMensieTcst YiciieHHbIH METO

peleHusl.
3.2.1 YpaBHeHus AJI5 3JIeKTPUYECKHX KOHTYPOB

YpaBHEHHE 1JIs1 OCHOBHOI'O KOHTYpa

Um:sinmt:io-Z-RK+% (3.2.1)

rae: Yy - cyMMapHoe MmoTokocteruienne katymek L1,L2

I, - tox MPOTEKAIOIINI B OCHOBHOM KOHTYE;

R. - akKTMBHOE CONPOTHBIEHNE OCHOBHOIO KOHTYpA.

K

Vs - cymmapHoe

MOTOKOCIICTJICHHUE, OY/IeT, UMEeT BUJL;

Y. =¥ +Y¥,,
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¥, - cymmapnoe morokocuennenue katymku L1, mpencrasnsiomee co6oii

CyMMY TOTOKOCLEIUIEHUH JaHHOW KATYIIKH, OIpEAeNIeMyl0 COOCTBEHHOM

WHIYKTUBHOCTBIO M BCEMH BO3MOXXHBIMU B3aMMOWHAYKTUBHBIMU CBSI3SMH.
¥, - cymmapnoe notoxocrennenue xarymku L2, npencrapnsiomee co6oii

CYMMY MOTOKOCLETUIEHUI JJaHHOM KaTYyIIKH, ONPEAeIIeMYyI0 COOCTBEHHON

HHAYKTUBHOCTBIO U BCCMH BO3MOXHBIMU B3aUMOWHAYKTUBHBIMU CBA3SIMH.

¥, cymmaproe nortokocuennenue katymku L1 onpenensercs Kak:

\Pl - \Pco@undl + \Pe.undl + LPe.um).Kl’ (322)

rje:
LPcog_uHM =1, |-1, - COOCTBEHHOE MOTOKOCIICTUICHHE KaTymku L1;
WV, 1=l My, - noroxocuemnenne xarymxu L1 ¢ karymxoii L, ;

Y, k=1, M, | -norokociemnienne ¢ KOPpOTKO3AMKHYTHIM KOHTYPOM;

qu - CYMMApPHOC IMOTOKOCHCIINICHUC KAaTYIIKHU L2 OIpCaACIICTCA Kak:

\PZ - \Pcoé.uH()Z + lPe.uH()Z u lPe.um).[(Z’ (323)

rjie:
ch()@.uHaz =1, |_2, - COOCTBEHHOE MOTOKOCIICTUICHHE KaTyImku L2;
V¥, 1=l M, - B3aumuoe noroxocuemnenue karymex L;, L, ;

Y, ox=1.-M, ., -B3aumHOE MoTOKOCHEIIICHHE KATYIIIEK C
KOPOTKO3aMKHYTBIM KOHTYPOM;

[lepenumem ypaBuenue 3.3.1

: : dy, dy
Um=sinot=i -2-R +—4+ -2 3.2.4
? Todt dt ( )
re: norokocuemienre Y, Y, Oyayr paBHbL:
dLPl — cho(i.uH()l + \Pe.qul + LP@.uHO.Kl — io ’ Ll + io ) M12 + io ’ M1K31 (325)
dt dt dt dt dt dt dt
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dLPZ \Pcoéi.uH()Z + LIIB.MHOZ + lIJ@.uH().I(Z — io ) LZ + io ) M12 + io ) M1K32 (326)

dt dt dt dt dt dt dt

Hcnonw3ys BeIpakeHHE TOJYYUM OOIIYIO pacueTHYIO0 popMyy:

Um-sin(ot) =i, -2-R, +
_'_io[dLl_'_dLZ _|_dM12 +dM21+ M1K31 4+ MIKSZJ_*_

dt dt dt dt dt dt

di
dto (L1+ L2 + M12 + I\/|21_'_ M1K31 + M1K32);

—+

(3.2.7)
YnpoctuM ypaBHEHUE, 3aMEHUB U] PepeHIran mpou3BeeHUE Ha CyMMBbI
nByXx nuddepeHnnanos:
Um-sin(ot) =Um-sin(ot) -i,-2-R, -
-, (Ll +L M+ My + M+ M + M, + MK31-2):

_%(dLl_l_dLZ _|_dM12 _|_dM21_I_ M1K31 + M1K32j-

(3.2.8)

Cdtldt dt dt dt  dt dt )

CrpyHHI/IpyeM OIHOPOAHBIC YICHBI BBIPAKCHUA OJIAA COCTABICHUA CUCTCMBbI

YpaBHEHHI OCHOBHOTO KOHTYpA.

. Um-sin(ot)-2i -R -1 (dl_l-l- dL, + aM,, + M, + Mg, + MW)
di, dt dt dt  dt dt ot (3.2.9)
dt I‘1-|_|‘2-|_|\/|12 ’ o

VYpaBHeHUE A1 KOPOTKO3aMKHYTOTO KOHTYpa:

0= iK3 . RK3 +%’
dt (3.2.10)

19 (SHE VS - NOTOKOCLEIUIEHME  KOPOTKO3aMKHYTOIO  KOHTYpa,

MPEACTABISAIONINN COO0N CyMMAapHbBI MAarHUTHBIN MOTOK, CLETUISIIOLIUNCS CO BCEMU
BUTKAMU KaTYIIKU UHAYKTUBHOCTH U B3AUMHOWHIYKTUBHOCTH KOPOTKO3aMKHYTOI'O

KOHTYpA.
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3.2.2 Anroputm pacuéra cucrembl A depeHIHAIBHBIX YPABHEHUIH

Cucrema ypaBHEHHH, COCTOSIIAs U3 OCHOBHOTO KOHTYDA,
KOPOTKO3AMKHYTOI'O KOHTYpa, YPABHEHHSI MEXaHUYECKOTO KOHTYpa M CKOPOCTH
aMIUTUTY/bl, HE MOXKET OBbITh pellieHa aHAIUTUYECKUMHU METOJaMU, IO3TOMY ISt
pacuéra pexKMMOB pabOThl BUOPOAKTUBATOPA BBILIE IPUBEICHHBIE CUCTEMBI
YpaBHEHHH pacCUMTAaeM YHUCICHHBIMA MeTOoamMu PyHre-KyTThl yeTBEpTOrO
NopsiJIKa, COCTaBUM aJITrOpUTM pacyeTa cuctembl. Meton Pynre-KyTTel o6anaer
00JIBIIION TOUHOCTHIO. MeToa Disepa, Wik METOJT KacaTeIbHbIX, HE CTOJIb TOUCH.
OTOT METOJ| OY€Hb YA00EH JJI MPAKTUUECKUX BBIYMCICHUH [7].

Cucrema pacdacTa COCTOUT U3 UTCPALIUOHHOTO OIPCACIICHUA YCThIPCX

koapdunmentos K, M, S, C:

k1(t,|,|k,x,y) + z-kz(t,l,lk,x,y) + 2-k3(t,|,lk,x,y) + k4(t,|,|k,x,y)

Mt,l,lk,x,y) = 5

ml(t,l,lk,x,y) + 2-m2(t,|,|k,x,y) + 2-m3(t,|,|k,x,y) + m4(t,|,lk,x,y)

M(t. 1. 0. X.y) = -

sl(t,l,lk,x,y) —+ z-sz(t,l,lk,x,y) + 2-s3(t,|,|k,x,y) + s4(t,|,|k,x,y)

S(t.Lh.x.y) = .

cl(t,l,h ,x,y)+2-c2(t, I, ,x,y)+2-c3(t,I,l X,y ca(t,l,l, . X,y
Glt.Lhe.x,y) = (.1 k- x-) (t-1 )6 (.1 x0y) + ca(t, 1 x.y)

Anroputm pacueToB OyjaeMm, MPOU3BOIUT, YIUTHIBAsI COOTBETCTBYIOIIHE

Kod punrenTamMmu, Bo BpeMeHu. Matpuiia 1jisi ajJropuTMa pacyeTa BhITJISIIUT

tig ti+ h

Iij:l if(li + K(ti,li,lki,xi,yi) > 0,li+ K(ti,li,lki,xi,yi) ,O)
b, | I + M(ti,li,lki,xi,yi)

Yi+1 S( |i»|kiaXi,Yi)

Xi+1 f(x,+ C(t|,l,,lk x,,y|) > X0,X0,X; + C(ti,li,lki,xi,yi))

[lepBbiii psig MaTpuIlbl 3a1a€T BpeMs pacu€Ta ¢ OonpeAesiEHHbIM marom ti+h.

Bropoii psa Matpuibl, pacCUATHIBAET TOK [; B OCHOBHOM KOHTYpE, YYHTBHIBAET
46



HaJW4Yue JHO0JAa, TPETUM DS YUYUTHIBAET TOK [K; B KOPOTKO3aMKHYTOM BHTKE,
YETBEPTHIN PAJ YUUTHIBAET CKOPOCTh JABHKECHUS aKTUBATOPA, IIATHIN PAJ YUUTHIBACT

CMCIICHUC AKTBATOPA OTHOCUTCIILHO CpGI[HCfI TOYKH.
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I'/TABA 4. AHAJIN3 PEXKUMOB PABOTBI MO YJISI BCMA

OcCHOBHBIMHU 3ajJjladyaMU aHaliu3a pekuMoB paboTel moayinss BCMA u Bcei
YCTAHOBKH SIBJISTFOTCS

- OINpENENICHHE TOKOB B OCHOBHOM KOHType Moxayias BCMA npu
MAaKCUMAJIbHOW MTPOU3BOIUTEIIBHOCTH AKTUBALUY;

- ONpENENICHHE BEJIWYMHBI M YacCTOThl NUTAIOIIETO HANPSLKEHUS MOAYJIS
BCMA npu makcumanbHOM IPOU3BOAUTEIBHOCTH aKTUBALINH;

- YTOYHEHME HAYaJIbHOI'O 3a30pa MEXKJIy aKTMBATOPOM M CTEHKOW KOpIyca
monynss BCMA, ob6ecnieunBaroniero MaKCHUMAaJbHYIO MPOU3BOJUTEIBHOCTD

AKTHBAIlUU IIPpU OIrPAHNYCHUAX TOKA B 00MOTKax QJICKTpOMAranuTa MOIyJisd BCMA.

4.1 Onpenenenue pe30HAHCHOM YacTOTHI MPU KOJIEOAHUSX,
He MPeBbIIAIIINX HAYAJbLHbIH 3230p

[IpousBenem pacyeTsl IO MATEMATHYECKOW MOJIENIA TIPYU JUalla30He 3HAUEHUN
gacToThl muTaromiero Hampsbkenus f=30...70 I'm, ¢ marom 5 I'i, U 3HaAYEHUAX
mexanudeckoro compotuBieHus Rm0=100 u 500 xr/c, u 3aHeceM MOJy4YCHHBIC
JIaHHBIE B TaOIAILIBI.

Pacuer HayHeM MPOU3BOJIUTH MPU MOCTOSIHHOM BO3IYIIHOM 3a3ope AXp =
0.006 M, a Takke ¢ OTHOCHUTEILHONW MarHUTHOM MPOHHUIIAeMOCThIO cTaimu | = 1350
(Ct. 3).

B tabnune 4.1.1 npeacraBieHHbIN pacdyeTHBIE JAHHBIE TIPU MEXaHUYECKOM
conporuBieand RmMO0 = 100 kr/c m ¢ dYacTOTON MNHTAIOMIEr0 HAIMPSHKCHUS

n3MmeHnsttomerics B guamnaszone =30...70 'y, ¢ marom 5 I'1.

Tabmauua 4.1.1.

f,rL, 30 35 40 47 50 55 60 65 70
RmO,kr/c 100 100 100 100 100 100 100 100 100
X,MM 0,2135 | 0,2905 | 0,532 | 0,9555 | 0,3218 | 0,1991 | 0,177 | 0,156 | 0,145
Qakr,m?/uac 0,001 | 0,018 | 0,028 | 0,059 | 0,0077 | 0,0024 | 0,002 | 0,002 | 0,0004
U,B 132 154 176 198 22 242 250 275 308
Id, A 0,351 | 0,349 | 0,341 | 0,381 | 0,378 | 0,375 | 0,375 | 0,375 | 0,373
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Ha ocHOBe paccuMTaHHBIX [JaHHBIX NOCTPOMM TIpaduK 3aBUCUMOCTHU
aMIUIUTY/bI KOJIEOaHUI aKTUBATOPa OT YaCTOTHI.

1.2

I © ©
» (o)) (o] =

AMNANTYa KonnebaHum X, Mm

©
N

0 10 20 30 40 50 60 70 80
YacToTa nuTatolero Hanpaxexua f, 'y,

I'padux 4.1.1 3aBUCUMOCTH aMIUIUTY/IbI KOJIEOAHUN aKTUBATOPA OT YaCTOTHI

npu RmM0=100 kr/c, AXo = 0.006 m

Kak BumHO u3 rpaduka Ha pucynke 4.1.1 npu 3HadeHHn Ruex = 100 H-c/m
PE30HAHC HACTYIAeT Ha YacTOTE MUTaroIero Hanpsokenus 47 ', Taxoke, oTMETHM,
4TOo pu JTAHHOU 4acToTe HaOJr01aeTCs HANOOJIbIIIEE 3HAYEHUE

IMPONU3BOAUTCIIbHOCTH aKTUBAIIUH.
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Pucynok 4.1.1 I'papuku u3mMeHEHUs! TOKOB M CMEIICHHS aKTUBATOpA B

yctanoBusiemcs pexume nmpu Rm0=100 kr/c, AXo = 0.006 m

@10
()10 2
0
(x),-10°
{ -2
50100  _y4

10

[==]

— &
-3

A U —— e me———

-10
b.l-—*rﬁ- 0.156 0166 0176 0183 0195 0205 0215 0224 0234 0244

B Ta6JII/IIIC 41.2 HpeﬂCTaBHGHHBIﬁ PaCUYCTHBIC JAHHBIC IMPU MCXAHUYCCKOM

COIMPOTHUBJICHHUHA

Rm0 =

500 kr/c W Cc YacTOTOM NHUTAIOLIEro HANPSKEHUS

m3MeHstonieiics B quamnasone f=30...70 I'u, ¢ marom 5 I'm.

Tabmuna 4.1.2

f,rL, 30 35 40 45 50 60 70
RmO,kr/c 500 500 500 500 500 500 500
X,MM 1,826 1,962 2,109 2,2 2,147 2,09 1,85
Qakrt,m*/uac*10° 0,2 0,265 0,3868 0,508 0,501 0,305 0,252
U,B 165 192,5 220 250,25 275 308 385

Id, A 2,25 2,272 2,361 2,58 2,809 2,8 2,8

Ha ocHOBe paccuMTaHHBIX JaHHBIX TOCTPOMM TpaduK 3aBUCUMOCTHU

aMILTUTYAbl KOJIEOAHUM aKTUBATOpPA OT YaCTOTHI.
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2.5

=
n N

=

AmMnNanTyaa KonebaHui x, Mm
o
[9,]

0 10 20 30 40 50 60 70 80

YacTtoTa nuTatowero HanpaxeHma F, 'y,

I'padux 4.1.2. 3aBUCUMOCTB aMIUIUTY/IbI KOJIEOAHUI aKTUBATOPA OT

gacTtoTel mpu RMO=500 kr/c, AXo = 0.006 m

Kak BugHO u3 rpaduka 2 npu 3HadeHHH Ryex = 500 H-c/M pe3onaHc HacTymaer

Ha 4acTOTE MUTAIOIIero HanpsikeHus 45 1.

20

16

i

"‘*'--..k.--'

\

\\\
Ya
/

—16

_%‘?’132 0141 0149 0153 0147 0176 0133 0193 0202 0211 022

b

Pucynok 4.1.2 I'padwiky n3MEHEHHS TOKOB U CMEIIICHUS aKTHBATOPA B

yctanoBuBiemcs pexxnme mpu RmO=500 kr/c, AXo = 0.006 m.

4 IpoaCIaHHbIX paCdYCTOB BUJAHO, YTO 3HAYCHUA aMILJINTYIbI KoJIcOaHui 1
Ha4YaJIbHOI'O0 BO3AYHIHOI'O 3a30pa OTJINMYaroTCHd. CJ'IGI[OB&TCJ'H:HO, HCO6XOI[I/IMO
IIOAKOPPCKTUPOBATh 3HAYCHUC HAYAJIbHOI'O BO3AYIITHOI'O 3a30pa.
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4.2 KoppekTHpOBKAa BeJIMYUHbI HAYAJIbHOI'0 3230pa

JU1s  HaMJEeHHOI O

3Ha4YCHUA pGSOHaHCHOfI HaCTOThI

KOPPEKTUpPYETCS

BCJIMYMHA HAYaJIbHOT'O 3a30pa C Tp€6OBaHI/IeM obecrieueHus paBCHCTBA aMILIUTYAbI

KOJ1e0aHWI U BEIMYMHBI HAYaIbHOTO 3a30pa.

Pacuer HauyHeM NPOM3BOAUTH MPHU MOCTOSHHOM BO3JYIIHOM 3a30pe AXg =

0.01 M, a Takke C OTHOCUTEIHLHONW MAarHUTHOW MPOHHUIIAEMOCThIO cTanu | = 1350

(Ct. 3).

B tabnune 4.2.1 mpeacTaBieHbl pacUETHBIC JIaHHBIC NMPU MEXAaHHUUYECKOM

conpotuBieHnn RmMO =

m3MeHstonieiica B quanasone =30...70 I'u, ¢ marom 5 I'm.

100 xr/c W ¢ 4YacTOTOW MNHUTAIOIIETO HaIpPSKEHUS

Tabmuna 4.2.1

f,rL, 30 35 40 45 50,5 55 70
RmO,Kr/c 100 100 100 100 100 100 100
X,MM 1,936 2,19 2,894 4,555 6,689 4,836 1,535
Qakr,m*/uac 0,195 0,284 0,79 2,86 5,93 3,7 0,3
U,B 165 188 220 247,5 277,75 302,5 385
Id, A 3,711 3,579 3,355 2,977 4,73 4,7 4,94

Ha ocHOBe

XapaKTePUCTHUKY.

IMOJTYUYCHHBIX OAdHHBIX

CTPOUM  aMIUIMTYIHO-4ACTOTHYO
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AMNANTyaa KonnebaHum X, Mm

0 10 20 30 40 50 60 70 80

YacTtoTa nuTatowero HanpsaskeHusaf, My,

I'padux 4.2.1 3aBUCUMOCTb aMILTUTY/IbI KOJIEOAHUN aKTUBATOPA OT YaCTOTHI

npu RmMO0=100 kr/c, AXo =0.01 m
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Pucynok 4.2.1 I'paduku u3MeHEHUSI TOKOB ¥ CMEIICHHS aKTUBATOPA B

yctaHoBuBIemcs pexxume mpu Rm0=100 kr/c, AXo = 0.01 m

B manHOM ciydae pesonanc Habmogaercs npu yactore f=50,5 ', mpu sTom
MaKCUMaJIbHAsl aMIUIUTy/Aa KoJieOaHWW akThBaTtopa X = 6.689 Mm, mpu 3TOM XKe
Ha0TI01aeTC MAKCUMAaJIbHAs TPOU3BOIUTENBHOCTD akThBaluu QakT = 5.93 m%/uac.
B cnyuae, xorma HavanbHbld 3a30p Obul paBeH 0,006 M MpOU3BOAUTEIBHOCTH

akTHBanuM Ob1a HIke Qaxt = 0.059 m3/uac.
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Pacyer pe:knMoOB 1151 MeXaHN4YeCKOro conporusjenusa Rm0 = 500 kr/c

NP NOCTOSIHHOM BO31yIIHOM 3a3ope AXo = 0.01 m.

B tabnune 4.2.2 npenctaBieHbl pacyeTHbIE JaHHbIE MPU MEXAHHMYECKOM

conpotuBieHnn RmMO =

500 kr/c ¥ Cc 4YacTOTOM NHUTAIOLIEro HaNPKEHUS

n3MeHsromerics B quamna3zone =30...70 I'n, ¢ marom 5 I'.

Tabnuua 4.2.2

f,ry, 30 40 41 42 42,5 55 70
RmO,kr/c 500 500 500 500 500 100 100
X,MM 5,275 5,504 5,517 5,53 5,536 5,3 3,9
Qakt,m*/uac 2,5 3,53 3,63 3,72 3,762 3,2 1,97
u,B 285 380 389 399 403,7 427,5 665
Id, A 4,163 4,682 4,821 4,981 5,07 5,01 7,7
Ha ocHoBe IMOJTYYCHHBIX JaHHbBIX CTPOHMM aAMIUIMTYJHO-YaCTOTHYIO

XapaKTePUCTHUKY.

N w E=Y (€]

AMNAnTyaa KonnebaHuini X, Mm

=

10

20

30

40

50

60

YacToTa nuTatowero Hanpsaskenusaf, My,

70

80

I'padux 4.2.1 3aBUCHUMOCTH aMITTUTY/IbI KOJIEOAHUI aKTHBATOPA OT YACTOTHI

npu RmO0=500 kr/c, AX, = 0.01 m.
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B nmanHoM cnywae pesoHaHc HaOmomaetcs mnpu dactore f = 425 I'm u

MakKcUMallbHasl amIuiMTyAa kosebanus x = 5,536 M. Takxke oTMmeuaercs
_ 3

MaKCUMallbHasl MPOU3BOJMUTENBLHOCTh akTHBauuum Qakr = 3,762 w™°/yac.

JleiicTBytollee 3HaUYE€HHWE TOKA BO BpPEMsI PE30HAHCHOM YacTOThl HE MPEBBIIIAET

JOITYCTUMBIN TOK.

-20
0.119 0.127 0.135 0.143 0.15 0.158 0.166 0.174 0.182 0.19 0.198
&

Pucynok 4.2.2 I'paduku u3MeHEHUsI TOKOB ¥ CMEIICHHS aKTUBATOPA B
yctanoBusiiemcs pexume mpu Rm0=500 kr/c, AXo = 0.01 m.

Ha rpaduke 4.2.2 mpuBeneHbl pacuéTHBIC KPHBBIC W3MEHEHUS OCHOBHBIX
nepeMeHHbIX paboThl Moayis BCMA: TOKk B OCHOBHOM OOMOTKE, aMILIUTYyaa
KojeOaHuil U TOK B K.3. KoHType. Kak BumHo u3 rpaduxoB npu U=403 B u Ha
gacrore f= 42,5 I'm ammoutyga koiieOaHWiA aKTHBATOpa CTAHOBUTCS PaBHOU
HAa4aJIbHOMY 3a30py, YTO OOECIEYMBACT MAaKCHUMAJIbHYIO MPOU3BOIUTEIHHOCTD

00paboTky HedTH.

4.3 AHaIu3 pe:kuMa padoT Il APYTUX MApOK CTAJIHN

OnHoii u3 3a1a4 KBATU(PUKAITMOHHOW paOOTHI SBISCTCS BBISBICHUE BIHSHUS
BEIOMpaeMON MapKW CTald HAa TPOU3BOAMTEIHLHOCTh YCTAaHOBKHM. Tak Kak,
BbIOUMpanack CT.3 ¢ OTHOCUTENBHON MarHUTHOW MPOHHUITaeMOCThiO cTaym 1 = 1350,

TO TCIICPb HCIIOJIB3YEM CTaJlb C OTHOCHTEJIbHOM MAarHUTHOM MNPpOHHULIACMOCTBIO
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BBIIIE U HWXKE, JJi 00Jiee HATJIAIHOTO BIMSHUS OTJIMYUM, €Clid OHU OyAyT UMETh
MECTO.
B kauectBe npumepa BeiOupaem ctanb Mmapku Ct.10 ¢ p = 800. IIponssenem
pacueT napamMeTpoB
AKTHBHBIE COIPOTUBIIEHUS KaTYyIIEK:
R, =R,=R_=4.595 Owm.
AxkTtuBHOE conpoTuBieHrne K3 koHTypa npuHrMaeMm:

Rey = Prs ;— = 0.0002 Owm,

e pys = 0.047 OM~! — npoBOAMMOCTH KOPOTKO3aMKHYTOTO BUTKA,
s = 0.086 M — iIMHA KOPOTKO3aMKHYTOT'O BUTKA,
Sys = 20 MM?- ceyeHHe KOPOTKO3aMKHYTOTO BUTKA.
NHayKTUBHOCTH KaTyIIEK:

-|,t0~S-N2_L1_ u@)-p0-W?-Snon
k1-(2-(80+ Lm))+10-Al

LK:k‘MCT.

| +5, - He
(e)

~ 800-1.257-10°° - (1600)* -1.25-10°°

= =0.62(I') (4.3.1)
4.5-(2-(0.006 +0.547)) +10-0.002

rae. N=1600 — yucao BUTKOB KaTYIIIKH;
| =0,547™ - nnuua cpemHeli IMHUM MarHUTOIIPOBO/A;

S=45.10°-20-10°=900-10"° M* — mIomaab NONEPEYHOIO CEUECHHUS
CEPJICYHUKA;

8y =X, +1-10°m=6-10°n+1-10°n =7-10"° M - BeIMUNHA BO3LYIIHOTO

3a30pa;

1, =1,26-10° I'n/M — MarHuTHast IPOHHUIAEMOCTD BAKYYyMa;

n., ~800 — OTHOCUTEIbHAS MarHUTHAs IPOHUIAEMOCTE CTaJIH,

c=15 - ko3ddunueHT pacceuBaHuS;

k=1 — koo punmeHT, yYUTHIBAIOMINN OTHOIICHHUE JITMHBI HAMOTKH K

auametpy conerounza (1/d >>10).
Jlanee mpuBeAEH pacuyeT M MOCTPOCHHE  aMIUTUTYIHO-YaCTOTHBIX

XapakTepucTuk. Pacder mpousBeleH Ipyu MOCTOSIHHOM BO3AYIIHOM 3a3ope AXg =

0,006 MM 1 ipu MexaHndeckoM comnpoTtuBieHuu RmMO = 100 kr/c.

Tabanma 4.3.1
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f,ry, 30 35 40 45 50 60 70
RmO,kr/c 100 100 100 100 100 100 100
X,MM 0,2123 | 0,2891 | 0,5302 | 0,9524 | 0,3207 | 0,1455 | 0,1253
Qakr,m?/uac 0,001 0,003 0,016 0,058 0,007 0,008 0,004
U,B 132 154 176 198 220 264 308
Id, A 0,37 0,369 0,361 0,401 0,399 0,394 0,39

[lo nanubM Tabnuuel 4.3.1 cTpouM XapakTEpUCTHKY

1.2

o o o
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I'paduk 4.3.1 AMmuTynHo-4yacToTHas xapakrepuctuka nmpu Rm0=100 kr/c,

AXo =0.006 m

B nmanHOM ciydae pesoHaHc HactynaeT npu 4yactore f = 45 I'm. IIpu sTom
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Pucynok 4.3.1 I'papuku u3mMeHEeHUsI TOKOB M CMEIICHHS aKTUBAaTOpa B

yctanoBuBiiemcs pexume npu Rm0=100 kr/c, AXo = 0.006 m.

JI71s1 JaHHOTO MCCIEA0BaHUS KOPPEKTUPYEM BEIIMUMHY HarpspKkeHus mpu AXo
= 0,01 MM u mpoBeJieM aHAJIOTUYHBIC HCCieNOBaHUS. J[aHHBIE MPECTABICHBI B

tabnuue 4.3.2

Tab6auma 4.3.2
fru 30 35 40 45 50 60 70
RmO,Kr/c 100 100 100 100 100 100 100
X,MM 0,2259 | 0,3045 | 0,5568 | 0,6772 | 0,3333 | 0,275 | 0,125
QakT,m*/uac 0041 | 01136 | 0,664 | 0,763 | 0,374 0,25 0,04
u,B 132 154 176 198 220 264 308
Id, A 0,134 0,13 0,12 0,157 | 0,157 0,15 0,151

CTpOI/IM rpa<1)1/11< AMINIUTYAHO-YACTOTHBIX XaPAKTCPHUCTHUK Ha OCHOBC JdHHBIX

ta0ymnel 4.3.2.

AMNAnTyaa KonebaHuit X, Mm
© ©o © © ©o o o o
= N w H [9,] [e)] ~ 0]

o

0 10 20 30 40 50 60 70 80

YacToTa nuTatoLero Hanpsaxexua f, Iy,

I'padux 4.3.2 AMmuTyiHO-9acTOTHBIE Xapakrepuctuku mpu Rm0=100

kr/c, AXo = 0.01 m.

B nmannom ciydae pe3onanc Hacrymaer npu yactore f = 45 I'm. Ilpu stoi

4acTOTe IPOU3BOIUTENLHOCTS akTuBauyu Qakt = 0,763 m%/4ac.
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Pucynok 4.3.2 I'paduku u3MeHEHUs! TOKOB M CMEIICHHS aKTUBATOPA B

yctanoBusiemcs pexume nmpu Rm0=100 kr/c, AXo = 0.01 m.

BriBon:

[Ipy wucnonb3oBaHUM CcTanuM 3 W TIOCJIE€ KOPPEKTUPOBAHUS 3a30pa
IPOU3BOJIUTEILHOCTh aKTHBAIMU Obla OOJbIlle, YeM TMPU UCIOJIB30BAHUH CTaU
mapku 10, y KOTOpOMl OTHOCHTENbHAas MAarHWTHAs TPOHUIIAEMOCTh HIUXKE.
HccnenoBanusi ObUTM MPOU3BENEHBI MPU MEXaHUYECKOM conpoTHBiIeHHH RMO =
100 kr/c, s 6oJiee HATJISAHOTO PEIICHHSI TAHHOTO BOIIPOCa, TaK KaK IMPH OOJIbIIIEM
MEXaHUYECKOM COMPOTHUBIICHUH YMEHBIIAETCS MTPOU3BOIUTEIHEHOCTb.

CrnenyromuM maroM OyZeT BBIOOp CTalld C MOKA3aTEISIMU OTHOCUTEIHHOU
MarHUTHOW TTPOHHUIIAEMOCTHIO BBINIE, YeM Yy cTanu 3. B xadecTBe Takoro mpumMepa
BBIOMpaEM dJIEKTPOTEXHUYECKYIO cTainb Mapku Ct. 2312, y kotopoii L = 3300.

[Tocre mpon3BeAeHUST aHATIOTUYHOTO pacyeTa AICKTPUUIECKUX MMapaMeTpoB,
kak s ctanu Ct. 2312, npeiigem cpasy K MOCTPOSHUIO XapaKTEPUCTHK.

Jlanee TpuBENeH pacdyeT W TMOCTPOSHHUE  AMIUIATYIHO-YaCTOTHBIX

XapakTepucTuk. Pacuer mpousBeeH npu MOCTOSTHHOM BO3AYIIHOM 3a3ope AXg =
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0,006 MM u mpu mexaHnyeckoM comnpotuBieHun RmMO = 100 kr/c. JlanHbie

3amcadsl B Tabaune 4.3.3.

Taonuma 4.3.3
f,ry, 30 35 40 50 60 70
RmO,kr/c 100 100 100 100 100 100
X,MM 2,122 2,396 3,106 4,174 2,791 1,66
QakT,m3/uac 0,75 1,05 2,69 3,52 3,4 1,2
U,B 165 192,5 220 275 330 385
Id, A 1,994 1,824 1,604 2,789 3,647 3,139
Ha ocHoBe nosry4yeHHBIX JaHHBIX CTPOUM XaPAKTEPUCTHKY.
45
4
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YacToTa nuTatoLero Hanpaxexua f, Iy,

I'padux 4.3.3 AMmnutynHo-4actoTHas xapakrepuctuka mpu Rm0=100 xr/c,

AXo = 0.006 m.
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Pucynok 4.3.3 I'paduku u3MeHEHUs! TOKOB U CMEIICHHs aKTUBATOPA B

yctanoBusiiemcs pexume nmpu Rm0=100 kr/c, AXo = 0.006 m

B JaHHOM CJIydac IIOoJy4dacTCs, 4YTO PE30HAaHC HACTYIIacT IIPHU 4aCTOTEC f=50

I'n, mpu 3ToM Qakt = 3,52 Kr/c, 4TO BHIIIE, YEM y CTajdu 3 MPH JTAHHOWU 4acTOTE U

BCIIMYHHC 3a30pa.

JIist KOPPEKTHUPOBKH, YTOOBI YCTPOMCTBO paboTano MpH BEIWYUHE TOKa

OJIM3KOH K JOIMMYCTUMOMY, U3MEHUM BEJIMYMHY BO3IyIIHOrO 3a30pa Ha AXg = 0,01

MM. Paccumraem naHHble 1 3aHeceM B Tabmuity 4.3.4.

Tabmuua 4.3.4
f,ry, 30 40 45 50 60 70
RmO,kr/c 100 100 100 100 100 100
X,MM 1,95 2,911 4,576 6,684 2,6 1,546
QakT,m3/uac 0,36 0,8 2,9 5,88 1,2 0,312
U,B 165 220 247,5 275 330 385
Id, A 3,581 3,217 2,845 4,227 5,01 4,798

Ha ocHOBE MOny4eHHBIX JaHHBIX CTPOUM XAPAKTEPUCTHUKY.
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I'padux 4.3.4 AmmnutynHo-yactoTHas xapakrepuctuka npu Rm0=100 xr/c,

AXo=0.01 m.

Pucynok 4.3.4 I'padviky n3MEHEHHS TOKOB M CMEIIICHHUS aKTUBAaTOpa B

yctaHoBuBiemcs pexkume mpu Rm0=100 kr/c, AXo = 0.01 m.
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B namHOM ciydae pe3onaHc HactymaeT npu dactore f = 50 I'm, takke

Ha6JHOI[aCTC$[ MaKCHMaJIbHas IMIPOU3BOAUTCIIBHOCTD.

[TpousBenem anamornynbiii ananu3 11 ctanu Ct 2312 mpu RmO = 500 kr/c

¢ yuetom 3a3opa AXp = 0,006 mm. J[annbie OyayT nmpuBeaeHs! B Tabauie 4.3.5.

Taomuna 4.3.5
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RmO,kr/c 500 500 500 500 100 100 100
X,MM 1,841 1,977 2,123 2,214 2,159 1,756 1,446
Qakt,m3/yac 0,214 0,2706 0,395 0,5233 0,51 0,2834 0,184
u,B 165 192,5 220 253 275 330 385
Id, A 2,112 2,133 2,223 2,468 2,672 2,943 2,937
Ilo nagHBIM CTPOHUM AMIITIMTYAHO-YaCTOTHYIO XapaKTCPUCTHUKY.
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I'paduk 4.3.5. AMIUIMTYTHO-4acTOTHAsI Xapakrepuctuka mpu Rm0=500

kr/c, AXo = 0.006 m
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Pucynok 4.3.5 I'paduku u3mMeHEeHUsI TOKOB ¥ CMEIICHHS aKTUBAaTOpa B

yctanoBuBiiemcs pexume nmpu Rm0=500 kr/c, AXo = 0.006 m

B nanHOM ciydae pe3oHaHc HactymaeT mpu dactore T = 46 I', takke
HaOJI01aeTcsl MakCUMalibHasi MPOU3BOAUTENBHOCTh akTuBanuu Qakt = 00,5233
M3/4ac, 4TO He CHIIBHO OTAMYAETCS IPH UCHIONIB30BAHUH CTaaK Mapku 3. 71 paboThI
YCTPOUCTBA TPHU TOKAX, OJNU3KUX K JOMYCTUMOMY, CKOPPEKTUPYEM BEIUUYUHY
BO3JIYIITHOTO 3a30pa, YTO U TPHUBEAET K YBEJIWYEHUIO MPOU3BOJIUTEIBHOCTH

akTuBalMu. B kauecTBe HawanbHOro 3azopa npuHumMaeM AXg = 0,01 m. Jlanubie

pacueTa mpecTaBieHbl B Ta0nuity 4.3.6.

Tabmuna 4.3.6.

f,rL, 30 40 46 50 55 60 70

RmO,Kr/c 500 500 500 500 500 500 500
X,MM 3,983 4,379 4,504 4,585 4,323 4,126 2,935

Qakr,m?/uac 2,097 2,844 3,03 4,1 3,2 2,78 1,8

U,B 270 360 414 450 475 498 525

Id, A 2,922 3,221 4,01 4,85 4,8 4,7 4,4

[To naHHBIM CTPOUM AMIUIUTYAHO-YACTOTHYIO XapaKTEPUCTHUKY.
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YactoTa nuTatowero Hanpsaxenua f, Iy,

I'padux 4.3.5. AMIIUTYy1HO-9acTOTHAs XapakTepuctuka mpu Rm0=500

kr/c, AXo = 0.01 m.
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[lo pe3ynpTaTaM HCCIEIOBaHUS MOXHO CII€JaTh BBIBOJ, YTO PE30HAHCHAs
yacroTa HacTymnaeT pu f =50 '1ip 1 B 3TOT ke MOMEHT Ha0JIF01aeTCsA MaKCUMaJTbHAS
IPOM3BOAUTENLHOCTh akTuBaluu Qakt = 4,1 m3/uac, 4TO BBILIE, YEM IIPU 3a30PE
0,006 M. Takxke, y BEIOpaHHOU CTalyd MPOU3BOJAUTEIBHOCTh AKTUBAIIMK HEMHOTO

BBIIIIE, YEM Y CTAIH 3.

BruiBon:

W3 nponenanHbIX pacueToB MOXKHO CJENaTh BBIBOJ, YTO MIPU UCIIOIB30BaHUU
ANEKTPOTEXHUUECKOW CTalu MPOU3BOAMTENILHOCTh AKTUBAIIMU - BO3pAacTaeT, HO
pa3HHUIla TIPU ATOM HE O4YeHb Oouiblasi, yem Tpu ucnonbzoBanuu Ct. 3. Ilpu
ucnonb3oBanuu Ct. 3 ¢ u = 1350 u Rm0 = 100 xr/c npu NOCTOSHHOM BO3AYLITHOM
3a3ope AXo = 0.01 M npou3sBoAUTENHLHOCTh akTHBaLUK Qakt = 6,689 m3/uac. ITpu
UCITOJIB30BAHUM ke deKTpoTexHuyeckon ctanmu Ct. 2312 ¢ p = 3300 ¢ Takumu xe
napamerpamu Qakt = 5,88 m3/uac. IIpu MexanudeckoM conpotusiernr RmO = 500
Kr/c ipu ucnois3oBanuu CT. 3 ¢ mapaMmeTrpaMu BO3aylrHoro 3azopa AXgp = 0.01 m
Qakr = 3,762 m%/uac, npu RmO = 500 kr/c — Qaxr = 4,1 m%/uac.

CnenoBarenbHo, CT. 3 MOAXOAUT JJIsl U3TOTOBIEHUST ycTpoiictBa BCMA He
XyXKe, 4eM dJIeKTpoTexHuueckue ctanu. [IpenmyiectBoM xe ucnonb3zoBanus  Cr.
3 sBusercs TOT (aKT, YTO CTOMMOCTh €€ 3HAYUTEIbHO MEHBIIE YeM

QJICKTPOTCXHHUYCCKAA CTaJIb.
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I'VTABA 5. BbBIBOP JJIEMEHTOB  JJIEKTPOIIPUBOJA
YCTAHOBKHA

5.1 CxeMa mOaAKJIIOYECHUA

DneMeHTaMH CXEMBbI IIOAKIIIOYCHHUS B I[aHHOI>'I pa60Te SABJIAROTCA

o Bubpoaktusarop

o [IpeobpazoBaTenb 4aCTOTHI

o brmox mwuTanus (BkIOYaer B cedsA MO W aBTOMATHYCCKUI
BBIKJTFOYATEIIb )

O6m1as cxema MOJKIIIOUCHUS TIpeIcTaBiIeHa Ha pucyHke 5.1.1.

380 B
50 My

P s O

B|_| akmubamop

7]

Pucynok 5.1.1. Cxema nogxitoueHusi BUOPOAKTUBATOPA

5.2 Bb100op npeoOpa3oBaTesisi 4aCTOTHI

Brei6op uactoTHOro mpeoOpazoBaTeds W aBTOMATHYECKOTO BBIKIIFOYATENS
OCYIIECTBIISIETCS IO JJAHHBIM, TIOJTYY€HHBIM B PE3YJIbTaTe pacuéTa peKUMOB PaOOTHI
BUOPOAKTHUBATOpA HA MaTeMaTHYECKOW Mojeau. VICXOIHBIMU TaHHBIMU JJIS 3TOTO
ABJISIIOTCSL  BEJIMYMHA  TOKAa,  HaNpsKeHWE, [OJaBaeMoe Ha  OOMOTKHU
BUOPOAKTUBATOPA Y YACTOTA HATIPSDKCHHUS.

N3 pacueToB, MpeACTaBIECHHBIX BBIIIE, YCTAHOBIEHO, YTO MOJHBIA BapUaHT
ycTpoiicTtBa coctouT u3 12 momyneit BCMA. B xaxmoit ¢dasze moakimtodeHo no 4

MOTYJIA.
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B kaxnoit ¢paze no 4 MBO ¢ Tokom notpedisienus ve menee 4,5 A. Wroro Ha
a3y monyyaeTcs B HOMUHAIBHOM pexume okoiio 20 A. C yuérom 3amaca
MaKCUMaJIbHbIN TOK IpeoOpa3oBaTesist 1OJKEH ObITh nopsiaka (45-50) A.

Jlnana3oH  HampsoKeHWH, KOTOPBIM  HEOOXOIUMO  00eCneyuTh A
PEryIMpOBaHUs PEXUMOB pabOThl BUOpOAKTUBATOPA, cocTaBiseT ot 315 no 735 B.

Just  obecneyeHHs  PE30HAHCHOTO  pexuMa  paboTel  00pabOTKM
BUOPOAKTHUBATOPOM HEOOXOJIMMO MEHATHh YaCTOTY MUTAIOLIErO HANpsKEHUS B
nuarma3one ot 30 go 70I'm.

[lo pacuuTaHbiM AaHHBIM BbIOMpaeM MpPeoOpPa3OBTENb YACTOTHl MapKu

OMET'A-2-22 cepuu ITY-TTIIT-50-380-50-2-YXJI4.
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Pucynok 5.2.1. Baemnnii Bua npeobpazosarens 4actotel Mapku OMEI'A-

2-22 cepuu IIY-TTHT-50-380-50-2-YXJI4.

B tabnume 5.2.1 npencraBnensl xapakrepuctuku [14.

Tabmauua 5.2.1.

HaunmeHnoBanue napamerpa Bennuuna
MaxkcuMaibHast BBIXOHAsI MOIITHOCTh 22 kBt
MakcuManbHbI TOK HATPY3KU 50 A
HoMuHanbHOE HanpsKeHUE Ha BXOJIE 380 B
YacToTa nuTaroiei cetu 50/60 + 5% I'u
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JInamnas3oH peryJMpoBaHus YaCTOTHI 1-400

Bec 36 xr

5.3 Bb10op 1uoa0B
st obecnieuenus paboThl BuOpoakTuBaropa Ha yactote 70 'l BeiOMpaem

nuona mapku 1N1197. [Tapamerpsl auona:
e Unax=750B
o Inax=50A
o Fmax=30kl

@

Pucynok 5.3.1 Buemnuii Bua auoga 1IN1197

5.4 Bb100p aBTOMATH4Y€CKOI0 BBIKJII0YATEIS

B cxeme  moakmroueHuss ~— BUOpoakTHBaTOpa, Kak M JIFOOOTO
AIEKTPOTEXHUYECKOTO YCTPOMCTBA, JOHKEH OBITh MPETYCMOTPEH aBTOMATUYECKHMA
BBIKJTIOUaTeNnb. Mcxons WX mapaMeTpoB padOThl BHOpPOAKTUBATOpA ISl €T0

IIOAKIIIOYCHHA K HpOMBIHIJ'IGHHOfI CCTHU BI)I6I/IpaeM aBTOMATHUUYCCKUN BBIKJIIOYATEIIb

tuna BAS7-31-340010-50A-800-690AC-YXJI3-KDA3.

[TapameTpsl pencTaBieHs B Tabauie 5.4.1

Tabmuna 5.4.1

KonnuecTBO MOJIr0COB 3P

HoMuHanbHBIN TOK 50 A
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OTkiIro4aroIasi CnocoOHOCTh

40 kA

HomunaneHO€ HanpsixeHue

750 B
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3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBINA MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna DPUO
5AM6J1 Peiagun Nnes AnatonbeBud
Ikona JAlIIc] OTaesenne 2130
YpoBenn MaFI/ICTp Hanpasienne/cnenuajbHOCTh 3H€KTp03H€pFeTI/IKa "
o0pa3oBaHus

AIIEKTPOTEXHUKA/ DIEKTPOIIPHBOIBI
Y CUCTEMBbI YIIPaBIICHUS
AJIEKTPONPUBOJIOB

Hcxoaublie nanHblie K pasgeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTH U

pecypcocoepeskeHne»:

1. Cmoumocmo pecypcog nayunozo uccieoosarnus (HH): Dirnao unoicenepa 9p — 17000 pyo6.
MamepuaibHO-MexXHULeCKUX, IHepPeemuyecKuy, Drnao HP — 26300 pyo6.
unancosvix, UHHOPMAYUOHHBIX U HeL08EHECKUX

2. Hopmbvl u Hopmamuesl pacxo008anus pecypcos Hopmor anopmuszayuu — 20 %

3. Ucnonwsyemasn cucmema HAI02000104CeHUsl, CHABGKU Coyuanvhvie omyucenusi — 30 %

HANl02086, OI’I’l‘luCJleHuLZ ()uCKOHmMpOGaHM}Z u er()umosanwz

EpeYeHb BONPOCOB, MOJIEKAIINX HCCIETOBAHNIO, TPOEKTHPOBAHUIO H Pa3padoTKe:

1. Oyenka kxommepueckozo u UHHOBAYUOHHO20 NOMEHYUALA (Inanuposanue pabom u ux peMeHHOU OYEHOKU
HTH

2. Paspabomxa ycmasa HayuHo-mexHuuecko2o npoexkma Cmema 3ampam na npoekmupoganue

3. Ilnanuposanue npoyecca ynpasnenus HTH: cmpykmypa u  |Cmema 3ampam na obopyoosanue
epagux nposedeHus, 61004cem, PUCKU U OPAHU3AYUL
3aKYnoK

4. Onpedenenue pecypcholl, PuHaHCOBOU, IKOHOMUYECKOT dHanu3 nonyueHHvIX pe3yaIbmamos
aghpexmusnocmu

PCYCHb Fpaq)l/l'-leCKOFO MAaTEPHUAJIA (c mounvim yxasanuem obs3amenvHblx yepmedicel).

ilTa BbIIA4H 3a/1aHus JJIs pa3/ieia no JuHeliHOMY rpauky

3agaHue BbI/1aJ KOHCYJbTAHT!

JloJzKHOCTH DdUO Y4eHasi cTeneHb, Hoanucy Jara
3BaHUe
JOLICHT ®durypko A.A. K.3.H.
3agaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna (01700} Moanucek Hara
5AM6JI Pemonu Unes AHaTonbeBUY
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I'/TABA 6. ®UHAHCOBBIH MEHE/I’KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXXEHHME

CymectByer mnpoOjemMa TpPaHCIOPTUPOBKH TUKCOTPOMIHBIX JKHUJIKOCTEH,
KOTOopas sBJs€TCS MpoOJeMOil Il MHOTMX TPOM3BOACTBEHHBIX OTpaciei,
0COOEHHO TUISL TpaHCIopTa BBICOKOBSI3KUX  HEPTEHPOIYKTOB. Ho
HKCIIEPUMEHTAIbHBIM IMYyTEM, 3TH NpoOJeMBbl MOXHO pemuTh. Pa3zpaboTka
IPOMBIILIEHHBIX 00pa310B 00pa0OTKU TUKCOTPOIHBIX KUJKOCTEHN, UCTIONb3YIOIIUX
TEXHOJIOTHUIO BUOPOCTPYHHOM MarHUTHOM aKTUBAIMM, TpeOyeT MpoBeACHHUE
71a00paTOPHBIX UCCIEIOBAHUN ISl BIPAOOTKH MPAKTUYECKUX PEKOMEHAALMMI Mpu
NPOEKTUPOBAHWM TaKUX YCTAaHOBOK. B nuccepranmuu OyneT CHpoeKTHpOBaHA
nabopaTopHasi YCTaHOBKA aKTHBAIlMU BSI3KMX HEPTEMPOIYyKTOB, pazpaboraHa eé
MaTeMaTH4ecKass MOJIeJb. AHalu3 PEKUMOB pabOThl JIaOOPAaTOPHON YCTaHOBKH,
BBIMIOJTHEHHBIM Ha MaTeMaTH4eCKOM MOJEeiH, TMO3BOJUT CHOPMYIUPOBATH
NPAKTUYECKUE PEKOMEHIAIMH JIJISi ONTUMH3ALUN PEXXUMOB €€ pabOThI.

Lensto maHHOrO paznena sABIgeTcS OOOCHOBaHUE I1€71€CO00Pa3HOTO
UCITOJIb30BAHUSI TEXHUUYECKOTO MPOEKTA, BBIMNOJIHAEMOr0 B paMKax MarucTepCKoOi
JYCCepTallid, IPU TOM paccMaTPUBAIOTCS TUIAHOBO-BPEMEHHbBIE M MaTEpHAIIbHbBIC

ITOKa3aTCJIn Ipouccca IIpoOCKTUPOBAHUA.

6.1. Opranuszanus paéor no HUP

[InanupoBaHme KOMIUIEKCA MPEIOIaraeMbIX pabOT OCYIIECTBISETCS B
CJIEAYIOLIEM TOPSIKE:
onpeiesIeHHE CTPYKTYpPhI padOT B paMKax TEXHUUECKOTO 3a/1aHus;
onpeJieSIeHHe YYaCTHUKOB KaKJI0M padOThI;
YCTaHOBJIEHUE MPOAOIKUTEILHOCTH PadoT;
nocTpoeHue rpaduka mpoBeeHus: padorT.
J171s1 BBITIOJTHEHUSI MPOEKTUPOBAHUS (popMuUpyeTcsi paboyasi rpyIina, B COCTaB

KOTOPOM BXOJSAT HAy4YHbIM PYKOBOAMTENb, M WHXKEHep. Ha xaxnaelii BuA
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3aIlJIaHUPOBAHHBIX

HUCITIOJTHUTCIIA.

HOMCpaM 9TaloOB COOTBCTCTBYIOT CJIICAYIOIIMWC BUbI BbINMOJIHACMBIX pa60T,

paboTt

npejcTaBieHHbIe B Ta0aule 6.1.

Tabnuma 6.1 — Ilepedyers paboT U OlleHKa BPEMEHH UX BBITTOTHEHUS

YCTaHOBJICHA

COOTBETCTBYIOLIAs

IpogomamTenEEOCTE
Ne - JomxHocTE
OcHOBHEIE 3TAlED Cogepsranme padboT EBIIOIHEHHA padoT,
pab HCTIONHHTEA ..
JHeH
PaspatoTka .
P Coctapnenue H Hayaueri
TEXHHIECKOTD
1 | yIEepEICHHE TEXHHIECKOTO | PYKOBOJHTENE, 1
2aJaHHA H 270 -
3a0aHHA HECEEHED Ip
BEIZAYA
TTogtop 1 HayueHHE _
2 p - Hmzenep 9p 25
MaTEPHAIOE OO TEME
Hay=auzii
Bribop Britop manpasnenns -
3 . PYKOBOJHTEIE, 2
HaIIpaEIcHHA HCCIIEA0EAHH ;
“ HECEeHep Ip
HCCIe0BaHHH =
Kanennapuoe Hayausri
4 IIAHHPOEAHHE PaboT 0 | PYKOBOIHTEE, 3
TEME HEEeHep p
[Ipoeenenne TeopeTHIECKHR .
5 P - P - Hmzenep 9p 15
PACYETOE H 0DOCHOBAHHI
TeoperHueckne n
IlocTpoeHne MakeToR
FRCHEPHMERT © 6 (Mogenel) H IpoBeIeHHE Hmmxenep 9 13
HCCIeI0BEAHHA MOA P a p=p
IKCIIEPHMEHTOR
ConmocTaBnense
e3VIETATOR
7 P Hmzenep 9p 1
SECIEpHMEHTOE C
TeOpPETHIECKHMH JAHHEIME
ObobmenHe 1 Onenra sddeKTHEHOCTH
) A Hmzenep 9p 10
OLIEHKA PE3VILTATOE HOIVISHHEIX PE3VILTATOE
CocTaeneHne
9 _ Humwenep 9p 38
[OACHHTEIBHOM JaNHCKH
Odopynense oTaeTa —
Hayaueri
mo HHP Ilporepra momyIeHHEIX -
10 ETATOE DVEOEOIHTEE, 2
pesys msEeHep Ip

Bcero 110 gH., B Tom unciie HP 8 gH.

HP yuactByet B npoekte 7%.

6.2 PacueT 3aTpaT Ha HAYYHO-TeXHUYECKOE MPOEKTUPOBAHHE

Tabnwuma 6.2 — MecsdHbIN 0KJ1a]] paAOOTHHKOB

JOJDKHOCTbD




Ne [IpoextHas rpymma Oxutan

1 | Uuxenep 9p 17000

2 | HayuHblil pyKOBOAUTD 26300

Cwmera 3atpar Ha npoekT (Kyp) BKIOYaeT B ce0sd MaTepualibHbIE 3aTpaThl,
aMOPTHU3AIIMIO, 3aTPAThl HAa 3apabO0THYIO IUIATY, Ha COLIMANIbHBIE HYXK/IbI, IPOYUE U
HaKJIaJHbIE 3aTPATHI.

Kyp = Kyar + Ko + Ky + Koo + Kip + Kyar » THE (6.1)

Kyar — MaTepuanbHbIE 3aTpaThl;

Kyar — 3aTpaThl Ha AMOPTU3ALIUIO;

K — 3aTpaThl Ha 3apabOTHYIO IJIATY;

K., — 3aTpaThl Ha COUUAIIBHBIE HYXbI;

K.p — mpouue 3aTparsl;

Kiaxn — HaKJIaAHBIE 3aTPATHI.

MarepuajbHble 3aTPaThI

MatepuanbHble 3aTpaThl - 3TO 3aTpaThl OpraHU3allMd Ha NpPHOOpeTeHue
CBIPbsl U MATEPUAJIOB I CO3[aHUs TOTOBOM NPOAYKIMUHU, IPUHUMAEM B pa3mepe

1000py6. Ha KaHIEIAPCKHUE TOBAPHI.

6.2.1 3aTpaThl HAa AMOPTHU3ALHIO

AMopTH3anus, 3TO MPOLECC MEPEHOCAa CTOMMOCTH OCHOBHBIX CPEACTB Ha
CTOMMOCTb NPOU3BEACHHOW M NPOJAHHOM KOHEYHOM MPOAYKIMU IO MEpPE HX

HN3HOCA, KaK MaTCPHUaJIbHOT'O, TaK 1 MOPAJIbHOI'O.

THCH.KT 1
Ko ZK‘HKT e (6.2)

Tucnxr — BPEMS MCMOJIB30BAHUS KOMITBIOTEPHOUN TEXHUKMU;

Txan — KaneHmapHoe BpeMs (365 1Hei);

73



L[ — uena kommneroTepHoit Texuuku (14000 py0);

Ten — CPOK CITy>KObI KOMIIBIOTEPHOM TEXHUKH (5 JET).

T
K, = b, KT-L=£-14000'1=307py6
T, T, 365 5
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6.2.2 3aTpaThl Ha 3apadOTHYIO IJIATY

3apaboTHasi IaTa — BO3HArpaXkIe€HUE 3a TPyHd B 3aBUCHUMOCTH OT
KBaM(pUKaIUU pPaOOTHUKA, CIOXHOCTH, KOJMYECTBA, KayecTBA M YCJIOBHI
BBITNIOJIHSIEMOM PaOOThI, a TAK)KE€ KOMIIEHCAILIMOHHBIE M CTUMYJIUPYIOIIKE BBITIIATHI.
311 ucnonHUTENEH B MecsI ¢ yueToM KoddpuumentoB Kiu Ko:

31, =3l,-K,-K,, rne (6.2.3)

31y — MecsiuHbIN OKJIaJ paOOTHHKA;
K1 = 1,1 — koadppurment, yuursiBaromuii otmyck (10%);

K> = 1,3 — pattonnsiit koadduruent (30%).

30T,y =17000-1,1-1,3 = 24310py6/ mec ;
301, a1y, = 25-300 = 7500 py6/ mec.

B mecsiie 21 paboumii aens. Toraa 3apabortras mnarta 317, kaxmoro

p

yY4aCTKa B COOTBCTCTBHUU HJIaH-I“pa(l)I/IKOMi

311

3H0p = 2—1\]4_%'” ,Tae (6.2.4)

N — KOJIMYECTBO JIHEW B ITPOEKTE.

37— 24310-110

op

=127300 py0®;

311, = 25-300 = 7500 py6.

OcHOBHBIC 3aTpaThl Ha 3apa0OTHYIO TUIATY WCIIOJTHUTEICH 3a BECh IMEPUOJT
pabOTHI COCTABHT:

KS’/HJI =311,

UHOIC

+ 311,,,, =127300+ 7500 = 134800 pyG. (6.2.5)

6.2.3 3aTpaThl Ha COIHAIbHbIE HYKIbI

3anaTaMI/I Ha COIMAJIbHBIC HYXKIbI ABJIAIOTCA:

e JloOpoBoJbHBIE U 00A3aTEIbHBIE B3HOCHI B OpPTraHbl TOCYJaPCTBEHHOTO
CTpaxOBaHUS
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e B3HOCHI B IEHCHOHHBIN (POH
e B3HoCH B MEIUIIMHCKUI (POH CTPAXOBAHMS
e 3arpaThl Ha collMaIbHBIE HYK/bI (0TuuciaeHus) oepeM 30% oT K.

_ Ky 130% _134800-30

“o 100% 100

=40440py6.  (6.2.6)

6.2.4 Ilpouue 3aTpaThl

IIpoune 3aTpatsl, npuHUMAarOTCs B pazmepe 10% oT cyMMBI: MaTepuaibHbIX
3aTpar, 3aTpaT Ha aMOpTHU3alMio, 3aTpaT Ha 3apabOTHYIO IuUIaTy W 3aTpaT Ha
COIIMAIbHBIE HYK]IBI.

(K +K,+K Ini+K__)-10%
— MaTt 3 C.0. —

K

P 100% (6.2.7)
(1000 +307 +134800 + 40440) -10 o
= =17655py6.
100
6.2.5 HakiaaHble 3aTpaThl
HaknamHbIMU 3aTpaTamMul  sIBIISIFOTCS - 3aTpaThl, KOTOpPHIE HE CBSI3aHBI

HAIPSIMYIO C TPOU3BOICTBOM OTIETLHOTO U3JIEIHSI WU BUIa pabOThI, KOTOPHIE HE Ha
BEChb BBINYCK Mpoaykuuu. K JaHHONW KaTeropum OTHOCSTCA : pacxoAbl Ha
o0CITy’>KMBaHHE COOPY>KEHUH, 3MaHU U 000PYJOBaHUS; COIMATBLHOE CTPAaXOBaHMUE;
coJiep kaHue U 3apabOTHYIO TUIATy aIMUHUCTPATUBHO-YIIPABICHUYECKOTO MEPCOHANA;
pacxopbl, CBSI3aHHBIE C MOTEPSIMU OT Opaka U MPOCTOeB U Ap. HakimamaHble pacxosl,

npuHUMaroTcs B pazMepe 16% ot K.

K, ., -16% 134800-16

__3/mn

KHaKJI
100% 100

Cwmera 3aTpat Ha MPOEKT:

= 21570py6. (6.2.9)

Knp = Kyar + Kgyy + K +Kco+Knp+KHam =

3/1I1 . (6 2 9)
=1000+ 307 +134800+ 40440+17655+ 21570 = 215775py0 o

Cwmera 3aTpat Ha MPOEKT MpeCTaBlIeHa B TabauIe 3.
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Tabnuua 6.3 — Pe3ynbTaThl NOJTYYEHHBIX TAHHBIX

No DJIEMEHTHI 3aTpaT CroumMocTsb, pyo.

1 | MarepuanbHble 3aTpaThl 1000

2 | AMopTu3anusi KOMIObIOTEPHON TEXHUKH 307

3 | 3arpaThl Ha 3apabOTHYIO IJIATY 134800

4 | 3aTpaThl Ha COLMATbHBIE HYX/IbI 40440

5 | Ilpoune 3aTparsl 17655

6 | Haxnannbie pacxomabl 21570

Uroro: 215775
5.2. CMeta 3aTpaT Ha 000pyA0BaHUE U MOHTAKHbIEe PadOTHI
Pacuer 3arpar Ha o0opyaoBaHuE TUTST HAY4YHBIX

(9KCTIEpUMEHTANIbHBIX) PaboT.

Bce pacuersl mo mnpuoOpeTeHUIo cnenobopyaoBaHusS M 000pYIOBaHUA,
UMEIOIIErocs B OpraHu3allid, HO HCIOJIb3yeMOro i KaKIOrO0 HCIIOJIHEHUS

KOHKPETHOM TEMBI, CBOJIATCS B Tabnuile 6.4.

Tabmuma 6.4 - Pacuet O1o/KeTa 3aTpaT Ha MPUOOPETEHUE CIIEII000PYI0BAHUS
JUISL HAYYIHBIX paboT

KomuuectBo, | Llena 3a ex. 3aTparthsl Ha
HaumenoBanue
T pyo. MaTepHalbl, pyo

ITK 1 14000 14000
[IpeoGpazoBarenn 1 92000 92000
JaCTOTHI
DJIEKTPOMArHuT 1 5362,5 5362,5
Huon 1 1180 1180
ABTOMaTHYECKU I 1 889 889
BBIKITIOUATETh
Utoro 5 43431,5 43431,5

YToOBl MOCUUTATH MOHTa)KHbIE pa0OTHI (Mpas), Oepem 20% oT croumocTH
000py10BaHUS.
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C -20%
=—° ——° —43431,5-0,2 =8686,3py6. (6.3.
PO "1 00% 20 (6.8

rae C, — o0urasi CTOuMOCTh 000pYI0BaHUS.
[TonHy0 CTOMMOCTH OOOPYAOBaHHS BMECTE C MOHTAKOM pPAacCUUTaeM U

3aIIUIIICM HHXKCE:

C,,=C,+M,, =434315+8686.3=52117.8py6

IIprnaumaem
C,., =52200pyo

KomuecTBo HSHCHHﬁ, KOTOPBIC UCITOJIB3YIOTCA B IIPOCKTC

nusd = 12

CHG}IOB&TGHLHO, CTONMMOCTD IIPOCKTA 6y}ICT COCTAaBJIATH

C =n

np uz0

C

o =12-52200 = 626400 py6

B Imponecce uCCIICI0OBaHNAA, ObL1a CIIPOCKTUPOBAHA YCTAHOBKA PC30HAHCHOT'O
ThaIna i1 THKCOTPOITHBIX }KI/I,Z[KOCTeﬁ. YCTpOﬁCTBO YCTAHOBKHU IIO3BOJIACT
YMCHBIIUTL BPCMCHHBIC 3aTpaTbl Ha IIPOBCACHHUC OJOKCIICPHMMCHTA 3a CYCT

MOOMIILHOCTH YCTPOMCTBA M MPOCTOTHI AKCILTyaTallUH.

AKTHBaATOp SABIISETCS OCHOBHOW YAaCThIO JabopaTopHOil ycTaHOBKH. OH
3aKpeIieH Ha KOPITYCe C TIOMOIIBIO PETYIMPYEMBIX Y3JI0B KPETUICHUSI U TIPY>KUH Ha
3aJlaHHOM PAcCTOSSHUM OT CTEHKH KIOBETHI, TMPUJIETAIONICH K IOJI0cam
MarHuTonpoBona. Ha TmutacTMHE akTUBaTOpa YCTAaHOBICHBI — CIICIIMANIBHBIC
OTBEpCTHUSA, Yepe3 KOTOphie HEDTENPOMYKT WK Apyras obpabaThiBaemasi >KUIKas
cpelna, 3aKIIOYCHHBIC B MPOCTPAHCTBE MEXKIY aKTUBATOPOM U CTEHKON 00OJIOYKH,
MPOXOJIUT Yepe3 HUX o0pa3ys 3aTOIUICHHbIE CTpyd. VI3MEHEHHS KOHCTPYKIIUU
aKTUBATOPA, MPUBOJUT K YBEITUUCHHUIO MPOU3BOAUTEIBHOCTH YCTAHOBKHU Ha 22%, a

TaKKe K YBEJIMYCHHUIO aMIUTUTY/bI Kosiebanuit Ha 15%.

JlaHHasi yCTaHOBKa MO3BOJISIET COKPATUTh MOTPEOJICHUE JIEKTPOIHEPIUU 3a
CYET pealh3alid B HEM PE30HAHCHO-KOJIEOATEeIIbHOTO peXuma padoThl,

XapaKTEePU3YIOMIErOCs MalabiM NOTPEOICHUEM SHEPTUH.
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3AK/IIOYEHHUE

B pesynbrare mnpoaenaHHoW pabOThl MO pa3pabOTKe 3JIEKTPONPHUBOIA
MOATOTOBKM HE(THU K nepepaboTKe claeayeT CAenaTh CIeAYIOINE BEIBOIBI:

e Ucnonw3oBanue oOopynoBaHusi Ha ocHoBe TexHojoruii BCMA
yBEJIMYUBAET MPOLICHT BHIXO/a CBETIIBIX Ppakiiuii mpu nepepadotke HehTtu 10 90%.

o Pa3paboTtana maTemaTudeckass MOJENb, IMO3BOJSIOMIAs MPOU3BECTH
OIIEHKY MPEUMYIIECTB KOHCTPYKIUU NMPU MPUMEHEHNUN PA3TUYHBIX BUJIOB CTaJIH.

o [Tpu U3rOTOBJIIEHUN yCTpOMCTBa MOYHO WCII0JIb30BATh
ANEKTPOTEXHUYECKYI0 cTaldb (paccMmarpuBanack Ctr. 2312), a Takke MOXKHO
ucronb3zoBarb CT. 3, KOTOpas HEMHOIO YCTYyHaeT B MPOU3BOAUTEIBHOCTH
yCTPOMCTBA, HO 3TO Oy/eT 3KOHOMUYECKH BBITOJHO TIPU U3TOTOBICHUH.

° Pexomennyemblii HadallbHbIA BO3AYIIHBIM 3a30p MOpPU HACTPOMKE
yctpoiictBa BCMA cnenyet BeiOupaTh paBHbIM AXg = 0.01 M, T.K. Ip1 HEM MOXKHO
JTOOUTHCS MaKCUMATBHOU MTPOU3BOAUTEIILHOCTH aKTUBAITUH.

o JIns AOCTHKEHUS MAaKCUMAaJIbHOM IMPOM3BOJMUTENBHOCTH aKTUBALUU,
Tak)Ke HEOOXOIMMO MCIOJIb30BaTh YaCTOTHBINA MpeoOpazoBatesib. C ero momMoubo
HEOOXOJMMO PETYIHPOBATh YaCTOTY M BEIMYMHY MUTAIONIEro HanpspkeHus f =
40...55Tuu U =220...450 B.

o BriOpanHble  ycTpoiicTBa  3alIUTBI  JAHHOTO  OOOPYIOBaHHS
(aBTOMATHYECKUH BBIKJIIOYATEND U TUOJbI ), TO3BOJISIOT MIPOU3BECTU MOAKIIOUCHUE

yctaHoBkd BCMA B cxemMy MOATOTOBKA HEPTH JIsi TEXHOJIOTHYECKOTO Ipoliecca

muaun-HI13.
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Hanekep, B. B. Jonenko // TITY. — Tomck: 1U3a-so TITY, 2000

7.

Cucrema YIpaBJICHUA BI/I6p00prI>’IHBIM JJICKTPOMCXAHNYCCKUM

npeoOpazopatenem / A. C. ['na3eipun, B. A. Jlanekep / ToOMCKU TOTUTEXHUYECKUMA

yauBepcuter. — 2002,

8. https:/mwww.mirpruzhin.ru/raschet_prugin_sgatia/

9. https://neftegaz.ru/
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Introduction

Fluid is a substance in the liquid aggregate state, enlarged the intermediate
position between the solid and the gaseous states. The main property of the fluid,
which distinguishes it from substances in other aggregate states, is the ability to
change the shape unrestrictedly under the pressure of mechanical stresses, even ar-
bitrarily small, while practically preserving the volume.

The liquid state is generally considered to be intermediate between the solid
and the gas: the gas does not retain the volume or shape, and the solid body retains
both. The shape of the liquid bodies may be wholly or partly determined by the fact
that their surface behaves like an elastic membrane. Well, the water can be packed
in a drop. But the fluid is capable of leaking even under its stationary surface, and
that also means not saving the shape (the interior parts of the liquid body). Fluid
molecules do not have a definite position, but at the same time they do not have
complete freedom of movement. There is an attraction, strong enough, to keep them
close.

The substance in the liquid state exists at a certain temperature interval below
which it enters into a solid state, higher in gaseous (evaporative). The boundaries of
this interval depend on the pressure. As a rule, the substance in the liquid state has
only one modification.

Liquids play an important role in many processes. The features of fluids are
largely determined by their properties. The properties of liquids can be natural or
specially created. A variety of devices are used for the latter, based on the use of
various physico-chemical effects.

Condition of fluids

In general, liquids are harder to describe than gases (in which interactions be-
tween particles are simple collisions) and solids, in which particles stay mostly still
in an organized arrangement. So we will only describe some properties here. Certain
properties of liquids also depend on the intermolecular forces, like the viscosity and
surface tension. These roughly describe the shapes liquids take when poured, or as

droplets, etc.
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Viscosity

Viscosity means how thick or sticky a liquid is. For instance, water pours eas-
ily and quickly, so it is pretty low viscosity. Honey is a thick, sticky liquid that pours
slowly, so it has higher viscosity. Viscosity depends on how easily the molecules
can flow past each other. The smaller they are, and the weaker the forces between
them, the easier they flow. If the molecules are big and flexible, they might be able
to get a bit tangled together, and that could make them flow more slowly.

Surface Tension

Surface tension means how much the liquid wants to minimize its surface
area. If the intermolecular forces are strong, then molecules would rather be inside
the liquid where they have favorable intermolecular interactions instead of being on
the surface. This could make the liquid pull itself into rounded shapes to make the
surface area smaller. You've probably seen water do this, like on a non-stick pan,
because water has strong hydrogen-bonds. In this case, they are called cohesive
forces, which means forces that pull the material together. (A cohesive team is very
close and works well together.) On the other hand, water can have good interactions
with glass surfaces, so it doesn't mind so much spreading out on glass. In fact, the
forces that make water stick to glass, called adhesive forces are bigger than the co-
hesive forces in water, which is why the water in a glass tube is higher around the

edges.

In contrast, mercury doesn't spread out over glass, and in a glass tube, it is
higher in the middle. This means that mercury has bigger cohesive forces than ad-
hesive forces toward glass.

Miscibility

Miscibility is the ability of liquids to dissolve each other. Example of mixed
liquids: water and ethyl alcohol, an example of non-miscible: water and liquid oil.

Thixotropic fluid

Thixotropy is the ability of a substance to reduce its viscosity with mechanical

influence and to increase the viscosity at rest.
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Some helium or fluids, which under normal conditions are thick (viscous),
become fluid over time (less viscous) when shaking or other mechanical effects. In
order to return to a more viscous state, they need a certain amount of time. Thixo-
tropic fluid is a fluid that requires a finite amount of time to achieve equilibrium
viscosity when the shear rate changes incrementally. Some thixotropic fluids return
to helium state almost instantly, such as ketchup, and are called Psevdoplastichnymi
liquids. Other liquids, such as yogurt, require much more time and can become an
almost solid body. Many helium and colloid are thixotropic materials demonstrating
a stable shape at peace but taking a liquid shape with mechanical effects. Some lig-
uids have the reverse Thixotropy property: constant shear tension has for some time
caused an increase in viscosity or even solidification. Constant shear stress can be
applied by shaking or mixing. Liquids with this property are commonly referred to
as rheological properties. They are not so widespread.

Examples in nature

Some clays are thixotropic-this property is very important in geotechnical and
architectural design. Landslides, often committed, for example, on the cliffs around
Lime-Regis and Dorset, as well as on the collapse of waste in Aberfale (Wales), are
examples of this phenomenon. Similarly, lahar is the earth mass liquefied in the
eruption of a volcano that quickly hardenss in a state of peace.

Drilling solutions used in geotechnical works can be thixotropic. Bee Honey
can also exhibit this property under certain conditions (Heather Med).

Some of the clay deposits found in the course of the study of the Caves show
thixotropy: The coastal slime, initially seemingly solid. These clays have been de-
ferred in the past by slow streams that leave little residue.

Thixotropic fluid is easiest to observe by presenting a paddle in a mass of
clays. Exerting pressure on the paddle often leads to increased viscosity thixotropic
mass on the side of the blade, and reduction of the viscosity of the mass on the side
of the blade on which little pressure is exerted. The flow from the high pressure side

to the low pressure of the paddle is called the non-Newtonian (i.e. the speed of the
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fluid is not proportional to the square root of the pressure differential on the oars
paddle).

Methods and technologies for changing the properties of liquids

In its main areas of economic and social development, it is envisaged
to further strengthen country's mineral and raw material base, improve efficiency
and prepare for the development of found mineral resources. [2].

However, in the last two decades Russia has seen deterioration in the
quality and quantity of the oil commodity base. This is due to the restructuring and
decreasing oil reserves, which is largely due to the considerable production of many
highly productive fields. Therefore, there is a need to low small deposits and deposits
with difficult stocks.

Oil-binding resources are of particular interest. In addition, the high vis-
cous oil has a unique chemical composition and is a valuable commodity for the
petrochemical industry.

There are many ways to influence the properties of liquids, which can
be categorized as thermal, mechanical, and chemical.

The thermal method is to change the temperature of the fluid, which enables
it to change its flow properties, but this is generally not always acceptable, as the
volume of fluid can be large and much time and energy can be spent on it.

Different additives are added to the fluid, the substances in the interaction with
which the fluid changes its properties in the chemical method. Chemical reactions
are not instantaneous and may take a long time. Moreover, the production of chem-
ical reagents is costly. This technology is sometimes used in the oil industry to re-
duce viscosity.

There are installations that use mechanical energy to change the flow charac-
teristics of liquids. Such installations do not consume large amounts of energy, are
not expensive and have sufficient performance.

As noted earlier, all liquids have been divided into two classes: Newtonian
and non-Newtonian. Newtonian fluid is a viscous fluid that is bound in its current

viscous friction law, i.e. the tangent voltage and the velocity gradient are linearly
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dependent. The coefficient of proportionality between these values is known as vis-
cosity. For Newtonian fluid, the viscosity, by definition, depends only on the tem-
perature and pressure (as well as the chemical composition if the fluid is not fluid)
and is independent of the forces acting on it. In simple terms, this means that the
fluid continues to operate regardless of the forces acting on it. For example, water is
Newtonian fluid because it continues to show the properties of the fluid, regardless
of the mixing speed. Also, all liquids include light oil products, oil with low paraffin
content, waxy oil at high temperatures.

When a fluid is heterogeneous, for example, it consists of large molecules that
make up complex spatial structures, the viscosity depends on the gradient of velocity
when it is over. These liquids are called thinning non-Newtonian. Non-Newtonian
liquids are not amenable to the laws of conventional liquids, these liquids change
their density and viscosity with physical force, not only mechanical effects, but even
sonic waves. If you act mechanically on a conventional fluid, the more you affect it,
the more the shift is between the planes of the fluid, in other words, the more pressure
on the fluid, the faster it will flow and change its shape. If you influence the-fluid
with the mechanical effort, we'll have a completely different effect, the fluid will
start to accept the properties of the solids and behave like a solid body, the relation-
ship between the molecules of the fluid will intensify with the increase in force on
it, and in the following, we'll be physically handicapped to move the layers of these
liquids.

The flow properties of the highly viscous and high pour point oil (viscosity,
shear stress, temperature of the freeze) which have a direct influence on their
transport through pipelines are largely dependent on the component composition.

In addition to the three main classes of hydrocarbons (paraffin, naphtene and
aromatic), almost always oil is contained in large quantities of resin and asphaltene.

The presence of petroleum paraffin results in lowering the temperature to the
slow and the appearance of variety properties. Paraffin wax crystals form a spatial

structural grid of the coagulative type. The structural grid Immobilizuet the liquid
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phase, and oil acquires the properties of the type systems. Further decreasing tem-
peratures result in a total loss of mobility-"freeze" of oil. With the increase in oil
paraffin content, its flow properties are deteriorating, and the structure process is
shifting towards higher temperatures.

It should be noted that the high viscous waxy oil of oil persist all fluids in a
wide range of temperatures. Waxy oil has abnormal viscosity at relatively high tem-
peratures.

It is evident that the task is to find and develop methods, technologies and
equipment to effectively influence such oil in order to reduce the characteristics of
viscosity and shear stresses in view of the above described characteristics of the vis-
cous and viscous oil. This circumstance is a current the liquids having tiksotropny
properties.

Technology VSMA

Vsma technology is a patented method of multi-component physico-chemical
effects on complex liquid systems used to change their rheological properties and
obtain the required parameters. Your vibrator The electromagnetic activation is de-
signed to activate (mixing, thinning down, dispergation) petroleum products con-
taining paraffins, asphaltene, etc., and other highly viscous liquids with thixotropic
properties.

The Tomsk Polytechnic University have developed an original technology vi-
bro flow magnetic activation of liquid environments (VSMA) and a VSMA device
for processing variety liquids. Modulated vibration, as a factor of destruction, and
turbulizing of the flooded sprays, are active factors influencing fluids, as a factor in
the complex factor of destruction and the increase in the volume of the last-domi-
nated activation.

The basis for constructs of various VSMA devices is the unit module, which
IS a electromechanical device with a wide range of frequency and supply voltage
values. The unique combination of activation factors in one device and the high unit

performance are achieved by the original constructs of individual module nodes.
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The original design of the working bodies of the VSMA equipment ensures
that the fluid streams in the environment are closed, which in turn create the condi-
tions for multiple parts of the fluid to be hit in the activation zone. The use of VSMA
equipment to activate natural Sapropel is accompanied, first, by the Dispergirovani
of the original material and, secondly, by some changes in its chemical composition.

The lipid Sapropel complex is diverse in the chemical composition of bio pub-
lications logically active compounds. The most interesting are the fat Publicationsic
acid, which is in the natural organic raw material in a free and connected state. The
high efficiency of the use of physical effects allows you to control lipids and obtain
products with the specified properties.

The creation of a multifunctional electromagnetic reactor type allowed for the
highly concentrated (pasta) and diluted (extracts) of the slurry in the aquatic envi-
ronment.

The most developed direction for the efficient use of VSMA technology is the
application of the GSP for the treatment of the highly viscous oil to prepare them for
transport by significantly reducing the viscosity. The resulting reduction in oil vis-
cosity in the processing of VSMA devices is observed in a wide temperature range.

Intensive work has begun on the creation of industrial devices to handle vari-
ous multi-component liquid systems in order to obtain the required performance
since the first half of the 1990s.

The need to establish laboratory facilities is due, first, to the large volume of
research and search activities and, secondly, and most importantly, to the analytical
work that is one of the initial stages in determining the technological parameters for
the use of industrial devices.

VSMA with a certain energy as a result of the destruction of crystallization
structures may lead to a strong change in the structural and viscosity properties of
the oil.

From the point of view of the vibration theory, this system consists of structure

elements (anchor, elastic Element) and the load elements of the liquid environment.
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The load elements are: attached mass of the environment, which varies in the an-
chored phase and depends on the density of the fluid; The elasticity of the variety
liquids in the light of the small shift speeds is added to the elasticity vibrator by
changing the resonance frequency of the system. In the case of large shift speeds,
the fluid structure that determines its elasticity is broken and the effective viscosity
of the fluid decreases.

The device is based on the principle of resonance. Amplitudes and resonance
frequencies depend on the density and viscosity of the environment, so the frequency
characteristics are significantly different. Therefore, the task of creating effective
vsma devices is to properly match the active features of the vibrator: the Mass and
dimensions of the activator, the activation area geometry; The severity of the acti-

vator, together providing the maximum amplitudes of the Activator.
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Figure - A.1 - Frequency characteristics of the Activator's vibration
1-frequency characteristic of the activator's fluctuations in the air.
2-frequency characteristic of the activator's vibrations in the water.

The Vsma equipment samples are available. It has certain advantages. How-
ever, the task is to increase processing performance. Performance depends on the
flow of the fluid being processed, which in turn depends on the amplitude of the
activator's vibrations. The amplitude of the activator's oscillations in the fluid is
largely determined by the amount of hydraulic resistance that depends on the shape

and size of the activator for the case in question. Therefore, it is suggested that you
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investigate the performance dependency of device activation VVsma depending on
the slush nozzle. In existing equipment samples, the vsma slush nozzle defining
fanning is trapezoidal. It is clear that the trapezoidal of the nozzle is eddy formation
fluid in the passages, which affects the increase of the hydraulic resistance. The in-
crease in the hydraulic resistance reduces the amplitude of the activator, and thus
reduces processing performance. From the sources it is known that the Laval or ven-
turi nozzle is recommended to reduce the hydraulic resistance of narrow fluid
through the slush nozzle. These nozzles are characterized by smooth transitions of
individual plots, significantly reducing the hydraulic resistance of the fluid.

Design the installation

The composition of the installation, the purpose of the main elements

There is a laboratory installation that has been in use for more than 12 years
at present moment. Numerous experiments have revealed a number of shortcomings
in this facility that affect the results of research. It was decided to improve mobility
and convenience. We need to prevent fluids from flowing as the flow is directed up.
The ditch used was one liter, and it was executed together with the electromagnetic
drive, which, after every experiment, required careful clean-up of the ditch, which
increased the time of the investigation. An option with a removable ditch more prac-
tical. The increase in the volume of the liquid filling the ditch will contribute to the
improvement of the results obtained from the laboratory installation, the perfor-
mance data, the industrial installations.

Thus, the planned laboratory installation shall have a multiple of a ditch of at
least ten liter.

Among the ways in which vibrations are implemented, the most promising
(compared to kinematic or dynamic) in terms of reliability and control are, respec-
tively, the power to arouse vibrations through electromagnetic vibration motor.

The way of the lab installation works. One of the ditches filled with the liquid
being investigated is connected to the lab installation. On the electromagnetic vibra-
tion motor, an AC voltage is provided for the power input device through the diode.

When a diode is emitted, one half of AC voltage on the coils of the electromagnetic
JO



power is leaked through the current, the activator-triggered by the electromagnetic
force is drawn through the bulkheads to the magnetic core, the springs are deformed.
In this case, the fluid under the activator is compressed and pushed through a circular
hole in the direction of the shell, forming a stream. Center location removes the low
pressure zone at the center of the base slab, which is limited to the inner diameter of
the trapezoidal hole, reducing the whirlpool.

When the diode does not allow the current, the electromagnetic force is not
leaking, the EMC is zero, the triggering plate is under the elasticity of the spring
from the partitions, and the next volume of the process fluid flows under the activa-
tor. If the AC voltage is constantly provided on the coils of the electromagnetic vi-
bration motor, the activator is oscillating, forming a constant flow of fluid, thereby
activating it. The voltage frequency of the alternating current shall be the same as
that of the activator plate in the fluid.

Lab Installation Device

The general view of the laboratory installation is shown in Figure A.2. In order
to ensure the speed of experimentation with various liquids, as noted earlier, the
liquid ditch shall be removable and the number equal to the number of liquids stud-
led simultaneously. For the lab installation you are developing, accept the ditch
quantity equal to three. Experience with the existing installation has shown that the
amount of fluid being processed is one liter not sufficient for the objectiveness of
the dissemination of results to industrial devices, and for high productivity. How-
ever, the results show that the volume of ditches equal to or greater than 10 litres
would be sufficient to make practical recommendations. So we accept a ditch vol-
ume of ten liters. The general view of the ditch is shown in Figure A.3.

Given that the principle of laboratory operation is based on the vibration ef-
fect, the ditch must be massive. Securely attached to the lab installation. The ditch
must provide simple and easy turnover. In the proposed installation, a rotating de-
vice, electromagnet, with lever and activator, is shifted to allow them to be placed

inside the liquid.
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Figure — A.2 - General type of laboratory installation

The installation frame is made of a metal corner. The frame is pinned to a
massive base. A turntable is located at the top of the frame.

The device also assumes a 10-litre removable ditch. The ditch is shown in
Figure A.3. The shift is a special turntable that allows quick replacement. This re-
duces the time spent on the various substances. After the liquid is processed, the
ditch is sent to the laboratory for further investigation. After we have replaced, we

can experiment with other liquids.
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Figure - A.3 - ditch: (a) side view, (b) front view

One of the main parts of the lab installation is the oscillation knot. It is an-
chored to a turntable that is located at the top of the lab installation frame. The struc-
ture of the oscillation node consists of springs, lever, bracket, and the activator plate,
which is performed as a cone disk with a circular hole. In the event of a failure of
the springs, the indiscriminate vibrations of the small amplitude activators, accom-
panied by a sharp deterioration in the fanning, occur. The reasons for the failure of
springs are the disruption of their integrity (formation of cracks) and, as a result,
their loss of necessary elasticities. The deterioration of fanning is recorded visually.
In the case of a sharp deterioration, the fanning replace the defective springs with
the correct coils from the Kit.

The backbone of the electromagnetic vibration motor is solenoid magnet,
which is attached to the mounting frame and consists of magnetic and two coils that
are connected sequentially. The slab is mounted in front of the electromagnetic
poles, doing work with its own frequency equal to the frequency of the electromag-
netic vibration motor.

Work Module

The vibroacoustic treatment module (VMO) is the main part of the vibro ac-
tivator for the laboratory installation of rheology fluids and conducts direct vibro

flow magnetic Impact on liquid environment.
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Figure — A.4 - Structure VMO

1-chassis; 2-electromagnet; 3-activator; 4-bracket; 5-lever; 6-Elasticity
(Spring); 7-input device; 8-regulator screw; 9-VMO Wall.

The VMO Corps (1) is designed to accommodate the electromagnetic (2) in a
volume isolated from the effects of the processing environment. Therefore, the hull
shall be leakproof. The interior of the hull, which is not engaged in electromagnetic
(2), is compounded, to provide a better heatsink with a electrical winding electro-
magnetic (2).

Electromagnet (2) is designed to create a disturbing force in the oscillatory
system. Electromagnet (2) is tightly connected to the hull (1), so in this design the
oscillation is committed by the Activator (3), which is the electromagnetic anchor
(2). The electromagnetic core (2) has been completed from the electrical sheets as a
U-shaped form in the package. Both bars in the hub have the same coils. The Acti-
vator (3) was executed from a solid workpiece. The Activator (3) can be a round or

square shape. The body of the Activator (3) performed a special trapezoid hole to
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form the flooded jet. The Activator (3) fixed on the long arm of the lever (5). The
attachment of movable elements of the VMO to the enclosure (1) is carried out using
a bracket (4).

The return force of the oscillatory system VMO forms elasticity (6) represent-
ing the cylindrical springs.

The adjusting screw (8) is designed to adjust the initial gap between the acti-
vator and the VMO.

VMO, a oscillatory system, operates in resonance mode, which allows, with
minimal energy costs, as much as possible to render effect on the laboratory instal-
lation . This is due to the fact that in resonance, the amplitude of the activator's fluc-
tuations is the maximum. The resonance mode is provided by a certain ratio of the
mass of the oscillating elements and the stiffness of the spring. The source data to
determine the spring stiffness value is the mass of the activator.

Develop individual installation sites

The activator is the main part of the lab installation. It is pinned to the chassis
using adjustable anchorage nodes and springs at a specified distance from the wall
of the ditch adjacent to the poles of magnetic. The activator is fitted with special
openings through which the oil product or other liquid environment in the space

between the activator and the shell is through them, forming flooded jets.
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Figure - A.5 - is the general appearance of the Activator.

Oscillation knot

The structure of the oscillation knot is shown in Figure A.6. A electromagnet
consisting of a U-shaped core that was drawn from electrical plates was 0.35 mm
thick and wound winding with a number of coils equal to 1000. The core magnetic
is located in the superstructure of a laboratory. The anchor of this electromagnetic is
the activator.

AC power is given to the electromagnetic system by the variable voltage and
frequency. By force of electromagnetic attraction caused by the electromagnetic
block of surface grinding, the Activator (anchor) is attracted at certain points in time.
Oil or other liquid environment in the space between the activator and the shell,
which is pushed through the special form's holes in the activators in the direction of
the wall, form flooded jets. During the time when the power of the electromagnetic
attraction is absent, the activator, under the force of elastic deflection of springs,

departs from the shell walls. At the same time, the flooded jets do not form.
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Figure - A.6 - Oscillation knot design

Features of exploitation

Noise is one of the most common adverse factors in the production environ-
ment. The sound and noise sources are vibrating solids. The main production pro-
cesses with noise are riveting, stamping, aircraft engines testing, working on loom-
ing machines, etc. With regard to the effects of noise on the body, it should be born
in mind that it has both private and general effects. More pulse, breathing, increasing
arterial pressure, changing the motor and secretory functions of the stomach and
other organs. Noise on the nervous system is adversely affected, causing headaches,
Insomnia, decreasing attention, retardation of mental reactions, which ultimately
leads to lower health.

When Vsma, consider the vibration and noise settings that are generated by
the installation. In the case where the amount of vibration and noise in the workplace
exceeds the standard, silencers, flexible inserts, dampers, etc. should be applied to
the noise level created by the installation in the workplace should be in accordance
with GOST 12.1.003-83.

Vibration of the installation may affect the degree of comfort and efficiency
and, in some cases, its health and safety. The GOST 12.1.012-2004 established that
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the products should be designed and constructed so that the risk resulting from the
vibrations they create is minimized, and in cases where, despite the measures taken,
it is not possible to completely avoid the harmful effects of vibration, the manufac-
turer must inform the potential consumer. It is also established that the technical
documents on the potentially vibration motor must define the characteristic of the
vibration machine being produced. This standard focuses on how to measure these
characteristics for self-propelled vehicles.

The basic requirement is to provide the maximum amplitude of the vibrations
in a lab installation, as it will have maximum performance and maximum operational
effect.

The basic parameters of the laboratory installation are formulated and defined
on the basis of experience with the laboratory installation of the previous version:
the dimensions of the activator and the removable ditch, the nozzle shape, the elec-

trical and mechanical characteristics of the electric power.
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