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Cexuus 1:
OneKTpoIHepreTuKa

OINPEAEJIEHUE 3AKOHOB PACIIPEJAEJIEHUSA BEPOATHOCTEHN
IHHAPAMETPOB PEKUMOB DHEPI'OCUCTEM
baii 10./1..
Hayunstiit pyxoBoautens: llImoiinos A.B., k.T.H. 1oLeHT
Towmckwit monmTexHrdeckuit yausepeuteT, 634050, Poccus, 1. Tomck, tip. JlerwHa, 30
E-mail: Shm_av@rambler.ru

3HaHUE TOJHBIX BEPOSTHOCTHBIX XapaKTEPHUCTHK
WA 3aKOHOB pacmperneneHust BepostHocTeir (3PB)
SKCIUTYaTallHOHHBIX M PECYPCHBIX IIapaMeTpoB U
MPOIIECCOB MO3BOJISACT MPOCTO U HAZIEIKHO OMPEAEIIATh
pucku  (BEpOSATHOCTH) IEperpy3kd, aBapUiHOI
MOTEepU M paspylIeHuil 3a cueT IPEeBOCXOJCTBA
(akTHIecKUMH BEJIMYHMHAMU periJaMeHTHBIX
SKCIUIyaTallHOHHBIX MPEIeNoB, JHUOO BCIEACTBUE
CHIDKEHHMS PECypCHBIX IIapaMEeTpOB OTHOCUTEIBHO
perimaMenTa. JlaHHBIE pHUCKH  HAXOAATCS — Kak
BEPOSTHOCTH TIPUHATHUSL mapamMeTpamu KaK
CIIyJ4altHRIMHU BEJIMYMHAMH 3HAUYCHHWH W3 MHTCPBAJOB
MPEBOCXOJICTBA WM CHWXKEHHUA. Jlemaercs 310 .C
MOMOUIBI0 TAaKUX MaTeMaTHYecKux BelpaxkeHuili 3PB
Kak QyHKIUH pacrnpeaeicHus BepositHocteld (OPB) u
IUIOTHOCTH pactpeneneHust BepositHocTedt  (IIPB)
HMHTEPECYIOIHUX MapaMeTPOB MPOIIECCOB U PEKIMOB.

WuTepecyromue mnapaMeTpsl 3JIEKTPOIHEPTETHKH:
apaMeTphl CTAI[HOHAPHBIX PEXHMMOB, IIEKTPUICCKHE

BCIIMYNHBI npu TMMOBPEKACHUAX, IHoKa3aTeiu
(OYHKIIMOHATLHOW ~ HAAEKHOCTH, HeOaJaHCOB |
JIeUIUTOB aKTUBHOU MOIITHOCTH
pacnpeleNuTeNnbHbIX YCTPOUCTB, — AJIEKTPOCTAHLUH,

MOJCTaHIMI, palloOHOB U B LEJIOM 3HEPIOCUCTEM,
MOKa3aTeIH U XapaKTePUCTHKH TPaHC(HOPMATOPHBIX U
JUHENHBIX CBA3€H, YCTaBKU pENEHHON 3alluThl U
ABTOMATHKH M JIp. SIBJISIIOTCS (YHKIMOHAIBHBIMH
3apucuMocTsMH  (D3) HECKONBKUX WIM MHOTHX
apryMeHTOB WJIM HCXOJAHBIX JaHHbIX. B wacTHOCTH,
mapaMeTpel  peXHMOB:  IMOTOKHM  aKTUBHOH U
PEaKTUBHOI MOIIHOCTH B BETBSX, BEJIMUHUHBI U YIJIBI
HalpsDKeHUH B y37ax 3IEKTPUUECKOH  ceTu
saBiAOTCsT O3 aKTUBHOW M PEAKTHUBHONW MOIIHOCTH
MHOTOYHCIICHHBIX HAarpy304HbBIX Y3JIOB, aKTHBHOM
MOIITHOCTH 1 HANPSHKEHUH TeHEPaTOPHbIX Y3JI0B.
Ilonyuenne @®PB wu [IPB wunrepecyromero
napamerpa MIPUHINIHAIBHO BO3MOXKHO
cratuctTudeckuM myteMm. Onxnako @®3 mocnenHero B
clydyae  IapaMeTpoB  PEXHMOB  ONpeAessercs
MAacCOBBIM  KOJMYECTBOM apryMEHTOB, KOTOPBIC
TaKXkKe CIy4ailHBIM 00pa3oM NPUHUMAIOT  CBOH
3HaUCHUS U 00ycioBnuBalOT  HE0003pUMOE
KOJIMYECTBO 3HAYCHU M @3 HWHTEPECYIOUIETO
napamerpa.  [IpakTHuecku  SKCHEpUMEHTAJIbHAas
peanu3anysi CTaTHCTHYECKOH NpeiCTaBUTEIBHOCTH
STHX 3HAUYE€HUII  HEBO3MOXkHa. B cBI3M ¢ 3THUM
ClefyeT PacCMOTPETh PACUETHBIM MyTh MOIYYEHHS
®PB wu [IPB ¢QyHKUNOHANBHON 3aBUCHMOCTH
HHTEpecylolero napamerpa. st 3Toro HeoOXoaum
3HaTh ®PB u IIPB kaxpaoro aprymenra. B oTnnuune
OT  TapaMeTPOB pPEXHMOB KaK HHTEPECYIOLIETO
mapaMeTpa 3TO BIIOJIHE pealbHO, T.K. MapaMeTpsl
y3II0B obmanatot CYILIECTBEHHO MEHBIINM

KONMYECTBOM  3HAUEHUH 1O  CPaBHEHHIO C
napaMmeTpamMu pexuMoB. K ToMy ke U3BECTHBI BUBI
3PB y3noBoii uHpOpMamuM — 3TO, KaK MNPaBHIO
HOpMaNbHBIH W paBHOMepHBEIH 3PB, mapamerpsl
KOTOPBIX TIPOCTO OMNPENENAIOTCA MO HAOII0AaeMbIM
MHHMMAIbHBIM W  MaKCHMAalbHBIM  3HAUCHHAM.
CrnenoBatenbHO, MPAaKTHYECKH HE HY)KHA CTATHCTHKA
s onpenenenns 3PB aprymenTos. [Ipn m3BecTHBIX
3PB aprymentoB u wusBecTHoM @3 mnapaMerpos
PeXXMMOB €CTECTBEHHBIM SIBISICTCA TpPeJI0KEeHUE
pa3zpaborarb METOoJ (dopmupoBaHus 3PB
(yHKIIMOHATIBHBIX 3aBHCHUMOCTEH apaMeTpoB
pexumoB 1o 3PB aprymenToB. d3. Takoii meTo ObLT
pa3paboTaH U Ha3BaH CeJICKIMel TPaHKIl HHTEPBAJIOB
BXOJIHBIX M BBIXOMHBIX JHaHHBIX (CT'UJI). OmHa w3
ero Mmoaudukanuii npeacrasieHa B [1].

Cyts Meronma CI'MJI ocHOBBIBaeTcs Ha
WHTYUTHUBHOM, HO JIOTHYHOM TIPEITIOJIOKEHUH, UTO
ecmu  Bce  aprymentsl  ®P3  3amate  Kak
PaBHOBEPOSITHBIE, TO PE3yNbTaT npeodpasoBanus O3
OyIeT UMeTh Ty JKe BEPOSATHOCTD. Peanm3arus naHHoM
IpOIeTypsl MOXET OBITH ocyliecTBieHa uepe3s PPB

n IIPB kaxzporo aprymeHrta U  pe3yibTaTa
npeobpazoBannss  ®3. DPB  mpum asTtomM  Kak
HeyObIBaromast  (QyHKIOHS ~ CIy4ailHOTO  OOBEeKTa

TapaHTHpyeT OJHO3HAYHOCTh BCEX 33/aBaeéMBIX U
M0JTy9aeMoro JaHHbBIX (3HauyeHwit), a [IPB mpu stux
JAaHHBIX (3HAYCHMAX) 0OCCIEYMBACT COMOCTABICHUE
Ka)XXJIOTO M3 YKa3aHHBIX JaHHBIX (aprymenToB U ®3) B
BHJIE PABEHCTBA BEPOATHOCTEM NPUHATHA 3HAUYCHUI
U3 MHTEPBANOB, MNPUCTHIKOBAHHBIX COOTBETCTBEHHO

OIHOM W3  CBOMX TpaHUI] K  aprymMeHTam
HeyOBpBatommx  omHoMepHBIXx @PB.  BroprimMu
TpaHUIIAMH  COOTBETCTBEHHO  SIBIIAIOTCA  TaKXKe

aprymeHTsl ykazanHelx O®PB, onpenensemsix, Hcxoas
U3 PaBEHCTBA BEPOSTHOCTEN MPUHATHS 3HAYEHUH
KaXJbIM JaHHBIM (MCXOAHBIM JaHHBIM-apIyMEHTOM H
BBIXOAHBIM JaHHBIM-D3), BerumciasseMbiM 1o [IPB
KaXxXaoro wu3 3THUX JaHHBIX. Fpaﬂnum HUHTCPBAJIOB

apryMeHTOB u M0JIy4aeMOro pe3ynbTara
npeodpasoBanuss D3 kecTko  3aMKCHPOBAHEI
KBaHTUJIIMU TIOPSIJIKOB, OTIpEIENIEMBIX
OJIMHAKOBBIMM  3HaueHusiMu  cBoux DOPB u

OIMHAKOBBEIMH BEPOATHOCTSAMH TPUHATHS 3HAYCHHN
73 DTUX WHTEpBaJIOB. IIpy 3TOM MOPSAIOK KBaHTIUICH
wm OPB  aprymentoB m Ha npyroil (mpaBoii)
TpaHUIIe MHTEPBAJIOB HAXOATCS MyTEM MPUOABICHHS
K oauHakoBeiM 3HaueHusM @OPB Ha mnpensiaymeit
(mepBoif)  TpaHWIIE  WHTCPBAIOB  OJWHAKOBBHIX
BEPOSTHOCTEH  TPUHSITHS  3HAYCHUS M3  OTHUX
WHTEPBAJIOB, a pe3yibrata npeoOpazoBanust O3 —
NyTeM TMPUOABICHUS WJIM BBIYUTAHUS TAKOH JKe
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BEPOSITHOCTH B 3aBUCHMOCTH OT BO3pPacTaHHs WM
yObiBanust @3 npu Bo3pacTaHUU €€ apryMEHTOB.
Janee nist mpeACTaBICHHOTO INPHHIUINAIBHOTO
000CHOBaHUS METOIa CT'uj IaHa
MOCJICIOBATENIBHOCTD  BBIUMCICHUN I MOIy4eHHA
sHagyennit [IPB  uw ®PB  ¢yHKUHOHANBHOM
3aBUCHMOCTH MTApaMETPOB PEKHUMOB.
[IpenBapurensHo Gopmupyrotcs mapamerpsl 3PB
HUCXOJAHBIX JaHHBIX WA aprymeHToB, HaIpUMEp,
AKTHBHOM 3arpy3KH Harpy304YHBIX y3JI0B CETU B BUJE
HopMaibHOro 3PB:MaremaTtuueckoe oxxuaanue (MO)

r]ia + nin _ nipl + nipz

m(Ni): 5 = 2 ’
1 cpenHekBagparndeckoe oTkionenue (CKO)
n,—n, M =N
_ _ia in _ _ Pt P>
G(Ni)— 2 = 2 )
rie WHACKCAMH «a» H® «1U» 0003HAYCHBI
COOTBETCTBCHHO MAKCHUMaJlbHOE W MHHUMAIIbHOE
HaOromaeMple  3HAYEHWS  WCXOAHBIX  JIaHHBIX-
apryMeHTOB, KOTOpBIE Takke OOO3HA4YeHBl Kak
KBaHTHIIN nopsankos [J; = 0,99865 u
p, =0,00135.
Jamee 1myTeM CTaTHCTUYECKOTO MOJEIHPOBAHUS

dhopMHpYIOTCSI BapuUaHTBl HMCXOMHBIX JAHHBIX Kak
KBaHTUIIU NOPSIAKOB P = 0; 0,05; 0,10; 0,15; 0,95

¢ marom, uampumep Nh=0,05. B pesymsrare
MOJIy4al0T KBAaHTWIM [PU HOPMaJIbHOM 3PB,
HalpuMep, Al aKTHBHOH MOIIHOCTH HArpy304HOTO
i-ro y3ma:

n, =M(N;)+o(N)®"(p-0,5)
N =0, Ny s =M(N;) +0(Ni)®71(0: 05-0,95),
Nio1o = m(Ni)+G(Ni)(D_1(0910_O= 5), ...

AHaJOTMYHO 1 PEAKTHUBHOM
Harpy3ouHoro i-ro ysma ¢, =m(Q,) +6(Q)d™(p-0,5),
JUTSL AKTUBHON MOIHOCTH IeHepaTopHOro K-ro y3ma
—m(N,))+ (N, )b (p-0,5),
UL BEJMYMHBI HATIPSKEHUS TEHEPATOPHOTO

ysma U, = mU, )+ G(UFK)(I)_l( p-0,5).

HNCXOJHBIX JaHHBIX, OIPCACIACMBIC

MOILIHOCTH

nrl(p
k-ro

Bapuantsr
KOHKPETHBIMU 3HAYEHUAMH HOPAAKA ) HOACTABIIAIOT
B BBIpaK€HHE WIU nporpammy Berumcienus ©3. B
cirydae mporpammbl D3 i pacuera mapameTpoB
PEKMMOB B COCTABE HCXOIHBIX JAHHBIX JIOJKHBI OBITH
Takke 3aJaHbl BEJWYMHA W Yol HAIMPSKECHUS
Oamancupytomero y3iaa. OOBIYHO B pacderax Yroi

STOTO  HANpsDKEHUS  NPUHUMAIOT  HYJIEBBIM, a
BEIMYUHY — B BHAE ITIOCTOSHHOW, Hampumep,
HOMHMHAJIbHOMH

B  pesynprate moayuyator  kBaHTWiM @ D3
MapaMeTpoB PEKMMOB KaK KBAaHTWICH TaKuX Ke
MOpAAKOB KaK W HUCXOAHBIX JaHHBIX, HAIPUMED,

MOTOKA AKTHUBHOH MOIIHOCTH B k- BerBm MEXY

Cexuus 1:
OneKTpoIHepreTuKa

y3I1aMH S u t, T.C.

nstkp :(pstkp(nipﬂ qip’ anp’ Uer, u6’ lr//6)

Mo =0, D005 Mstozor Neogsr -+

Ilo TMOJYUYCHHBIM JaHHBbIM OCYHIICCTBIIACTCA

noctpoenne ®PB o (Ng) u TIPB ¢y, (ngy,)

HUHTCPECYIOUICTO IapaMeTpa pexKUMOB,
IMOTOKA aKTUBHOM MOIIHOCTH B BCTBU stk:

fstkp (nstkp) = p !
foo(No) =0, fstk0,0S (nstko,os) =0,05;
fstkO,lO (nstkO,lo) =0,10; fstk0,15 (nstk0,15) =0,15; ...

fstk( p+h) (nstkp+h)) - fstkp (nstkp)

Harpumep,

cstkp (nstkp) = ,
nstkp+h) - nstkp
c (l’l ) — fstkh (nstkh) B fstkO (nstko)
stk0 \"*stk 0 '
Nsier — Ntko
_ fstk(0,05+h)(nstk(0.05+h)) - fstk0,0S(nstko,S)
Cstk0,05 (nstk0,0S) =
nstk(0,05+h) - nstk0,0S
_ fstk(0,10+h) (nstk(0.10+h)) - fstkO,lO (nstkO,lo)
Cstk0,10 (nstko,lo) = )
nstk(0,10+h) - nstkO,lO
( ) _ fstk(0,15+h) (nstk(0‘15+h)) - fstk0,15 (nstk0,15)
Csko5 \Msiko,15) = -

nstk(0,15+h) - nstkO,lS

B [1] npencraBnensl MoaupuUKanuyd MeTOAA
CI'[] npu u3BecTHbIX Buaax 3PB ¢yHKIMOHANEHBIX
3aBUCHMOCTEH, NPH KOTOPHIX HET HEOOXOJMMOCTH
onpenensate Bce 3HaueHus: 3PB u [1PB. [loctaTtouno
HaiTu mapamerTpsl 3Tux 3PB, xoaM4YecTBO KOTOPBIX

HE3HAYMTEeNbHO — OJuH, aABa. IlosTomy  oOBeM
BBIUHCIICHUH He3HaunWTeleH. B oOmem ciydae,
M3JIOKEHHOM B MPEACTABICHHOM  Marepuale,
KOJIMYECTBO  pAacyeTOB  3HAYUTENBHO  OOIbIIE.
ITosTomy 1esecooopasHo OCHAIl[CHUE
CYIIECTBYIOIIMX  HPOMBIIUICHHBIX IIPOTPaMM I
BBIYUCIICHUSA Ppa3JInIHbIX (l)yHKIII/IOHaJ'lI)HI)IX

3aBUcUMOCTel MomymsiMu 1o pacdery 3PB  atmx
3aBUCUMOCTEH. B H3/I0%KEeHHOM BapuaHTe MeToja
CI'1[] monyuaemsie otcuetsl 3PB dhopmupyrotes kak
JIUCKPETHBIE 3HAYCHUsI, JUIsl KOTOPBIX HEOOXOIUMO
CTJIQ)KMBAHHUE KPUBBIX.

Buenpenue meroga CI'MJ] no3BOJIUT peluTh psij
MPaKTUYECKUX 3a/1a4, U3BECTHBIX B JIUTEpaType Kak
3amaya Ilapero, B TOM Yucie PEXUMHBIX  3a1ad
3JIEKTPOIHEPTETUKH.

Jluteparypa:

1. UlImoitnos A.B., Kpusosa JI.B., CrosmoB E.U.,
Hrnatees K.B. BeposTHOCTHBII METOJ CeNeKIUU
TPaHUIL WHTEPBAJIOB JIAHHBIX JUISt 3a7a4
anekTpodHepreTuku. — HM3B. BY3o0B «lIpoGieMbl
sHepreTukn», 2008, Ne 7 — 8/1. — c. 146 — 157.
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Cexuus 1:
OneKTpoIHepreTuKa

AHAJIN3 BJIUAHUA METEO®AKTOPOB HA U3MEHEHUE

SJEKTPOIIOTPEBJIEHUSA
boiiko K.H., Manycos B.3.

Hayunsrit pykoBoautens: Manycos B.3., n.1.1., npodeccop
HoBocubupckuii TocyaapCTBeHHBI TEXHHYECKINH YHUBEPCHUTET,
630073, Poccus, r. HoBocubupck, mp. K. Mapkca, 20
E-mail:_bkn08@rambler.ru

HNudopmanwmst o morojie siBisieTcss BXXHBIM (pakTo-
pOM B MOJENSIX INPOTHO3MPOBaHMS Harpys3ku. Kax
NpaBWJIO, MOJENH HPOTHO3MPOBAaHHS HArpy3KH II0-
CTPOEHBI M HUCIIBITAaHBI C UCIIOJb30BaHHEM (pakThue-
CKUX IOKa3aHWi moronsl. TeM He MeHee, OHIAIH
MPOTHO3UPOBaHKNE HAarpy3KH TPeOyeT HCIIOJIb30BaHHE
MPOTHO3UPOBAaHMS TOTOJBI, C COIYTCTBYIOIIUMH
omuOKaMu B €€ NPOTHO3UPOBAHUM. JTH OIIMOKH
HEM30€XHO TPUBEAYT K CHIKCHHIO d(PPEKTHBHOCTH
Mojeneil. DTo SABISIETCS BaXKHBIM (AKTOpPOM B TIPO-
THO3WPOBAaHUN HATrPY3KH, HO HE OINHCAHO IIHPOKO B
mutepatype. OCHOBHAS LIENIb TOTO CTAaThH 3aKJII0Ya-
eTcsl B IPEJCTABICHUH aHaJIN3a BIMSHHUA MeTeodak-
TOpPOB Ha HU3MCHCHUA 3J'IeKTpOHOTpe6J'IeHI/IH; JaHHaA
uHdopmanus B mocienyroieM OyJaeT MCIoIb30BaHa
NPY IPOTHO3UPOBAHUH DIIEKTPONIOTPEOICHUSL.

CyliecTBEeHHOE BIIMSHHE Ha DJIEKTPONOTpeOieHre
OKa3bIBalOT MeTeopojornueckue ¢axropsl (M®D) - B
MEepBYIO O4Yepellb TEMIIepaTypa U OCBEIEHHOCTh, KO-
TOpas B CBOIO O4epellb CHIIHO 3aBHCHT OT KOJIHYe-
CTBa OCA/IKOB, TaK KaK B EPHO OCAAKOB HAET PE3KOE
CHIKEHHE OCBEMEHHOCTH. OHM B 3HAUNTEIHHON CTe-
TICHN OTPEACIAIOT TIyOOKHE CE30HHBIE KOIEeOaHUs U
CYTOYHYI0O HEPaBHOMEPHOCTb TI'padUKOB moTpeodie-
HUS. YCTOHYMBBIC CE30HHBIC M CYTOYHBIE LUKJIBI KO-
nebanniit M® u UxX BIUSHHE MOTYT OBITH MPEACTaB-
JICHBI B aHAJIMTUYCCKOM BUAEC N HCIIOJB30BATHCA NPHU
pa3paboTKe IPOrHO30B OXKMAAEMBIX 3HAYCHUH MO-
TpeOJIeHUs Ha BCeX LUKJIAX IUIAHUPOBAHMS U YIpaB-
JeHus pexumami [1].

B kadecTBe MCXOIHBIX NAaHHBIX BO3BMEM CIENY-
IOIINE CTATUCTUUECKHE BHIOOPKH 3a 12 Mecsies:

e  DOnekrponorpednenune Puc.1.
e KomugectBo ocankos Puc.2.
e Temnepatypa Bo3nyxa Puc.3.
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Puc.2. Cpennss temneparypa B 2009 u 2010 1.
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Puc.3. Konmmuecrso ocagxos B 2009 u 2010 .

Koaddunment BausHus TeMneparypsl, UCIOIb3Y-
eMBIif SHEProoObEIMHEHUSMHU Ha NPAKTUKE JIS aHa-
JM3a ¥ MPOTHO3a MOTPEOJICHNsT JOCTaTOYHO cTabuieH
— nuana3oH konebanuii 0,5 - 1 % nHa 1 rpagyc (° C)
[2]. Ha mpakTrke naHHble 3HAYCHHS HE BCET/Ia COBIIA-
JAIOT C PEaIbHOCTBIO W3 32 BIMSAHUS HAa M3MCHEHUE
3JEKTPONOTPEOICHUS MHOKECTBa (haKTOPOB, a TaK JKe
HEe OJHOpOAHOCTH BiusHUS M® mis pa3HBIX KiInMa-
THYeCKUX 30H. TamMm oOpazom mnsg Ooiee TOYHOTO
MIPOTHO3MPOBAHMUS DIIEKTPONOTPEONICHIST HEOOXOIH-
MO HCIIOJIb30BaTh JIUHAMHUYECKHE KOI()(UIMEHTHI
BiuAHUs M@ Ha M3MEHEHHE 3HaY€HUW 3JIEKTPOIO-
TpebaeHusI.

s ananusza BiusiHuss M® Ha snmextponotpediie-
HHE CTPOMTCSI TPEH]| 3aBUCHMOCTH M3MEHEHHUE JJIeK-
TpornoTpebiieHuss ot u3MeHenue M®. B psizie crareit
MPUMEHSETCS] TUHEHHBIA TpeH] ISl OUEHKU JaHHOU
3aBHCUMOCTH, KOTOPBII He TaéT TOYHOTO pe3ysibTaTa
npu OOJBIION CTOXaCTHIHOCTH. B Xome paHee mpose-
JNEHHOTO aHaNM3a, ObUT CIIENIaH BBIBOJ, YTO Hambolee
MPUEMIIEMBIM BUJIOM TPEHAA IS OLCHKHU BEIIICYKa-
3aHHOW 3aBUCHMOCTH Oy/IeT MOJTMHOMHAIBHBIN TPEeH
TPEThe CTEICHHU.
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CTH OT KoJindecTBa ocaakos 2010 r.

Hanee pemias MOJIMHOMHANIbHBIE YpaBHEHUS ISt
IBYX 3aBHCHMOCTEH MOJy4aeM KOJHMYSCTBEHHYIO Be-
JMYUHY W3MEHEHUS AIIEKTPONOTPEOIICHIS OT MecsIa
K MECSLy B 3aBUCUMOCTH OT M3MeHeHuss M®. 13me-
HEHHE 3JeKTpornoTpedbnaenus B sHBape 2010 r. pac-
CUHTBHIBACTCSI OTHOCHTEIBHO DIIEKTPOIIOTPEOICHHUS
nexabpst 2009 r.

x 10°

8

Puc.6. TIpupocTt snexTponoTpediieHus OT Mecsa K
MeCSIy OTHOCHTEIBHO W3MEHEHHUs CpeTHEl TemIepa-
Typsr 2010 r.

Cexuus 1:
OneKTpoIHepreTuKa

0sr B

05k =

Puc.7. Tlpupoct 37eKTpONOTpedICHHS OT Mecsla K
MECSIy OTHOCHUTEIILHO M3MEHEHHs KOJMYECTBA OCa/l-
koB 2010 .

CrenaeM MpoMeKyTOUHbIE BBIBOJBI IO Puc. 6 u Puc.7

e VBenmueHHe HATrPy3KH B aBTyCTe, CEHTIOpE,

HOsIOpe ¥ JeKkadpe HOCHT TeMIepaTypHBIH
XapakTep

e [locTpoenue TpeHOa XIS KOJMYECTBA HE
oTpaBabIBaeT ceOs; BEPOSTHO, STO CBA3aHHO
¢ OOJIBIION CTOXaCTHYHOCTHIO 3THUX Mapa-
METpOB.

Ha ocHoBe mpoBeAEHHOTO aHajan3a MOXHO CAeNaTh
CJIETyIOIINE BHIBOJIBI:

e lI3MeHeHHUE 3JICKTPOMOTPEOICHHST B MEPBOi
momoBuHe 2010 roga HOCHT TOJHOCTBIO
TEMIIEPATYPHBIN XapakTep.

e lI3MeHeHHUE ANEKTPONOTPEOICHUS BO BTOPOit
noxoBuHe 2010 roga He Tak IBHO 3aBUCHUT OT
M3MEHCHHS TeMIIepPaTyphl, 9YTO MOXXHO O0B-
SICHATh YCTAHOBJICHHEM CTaOWIBHON MUHY-
COBOM TEMIIEPATYPHI.

e Jlyisa aHanM3a BIUSHUS Ha DJIEKTPOTOTpeOIIe-
HHE TaKHX HENOCTOSHHBIX M@ kak KoJmde-
CTBO OCaJKOB HEOOXOAWMO MPUMEHATH II0-
JTIUHOM OOJTBIIIETO MOPSIIKA.

e Heobxomum coop u o6padotka M®D. Ux yuér
CHOCOOCH CYIIECTBEHHO MOBBICUTH TOYHOCTH
MPOTHO30B U COOTBETCTBEHHO IIOBBICUTH
3¢ (eKTUBHOCTh TUTAHUPOBAHHSA U yIIpaBIIe-
HUS PEKUMaMU.

Cnucok 1uTeparypsl

1. Saaty T. L. Axiomatic foundation of the analytic
hierarchy process//Management Science. 1986, July.
—Vol. 32, Ne7. — P. 841-855.

2 MakoxmoeB b.U., ®emopor JI.A. OmnepatnBHOE
MIPOrHo3upoBaHue Harpy3ku 99C c yuyeToM MeTeo-
(axTopoB. COBETYMKH JUCHETYEPOB MO ONEPATUBHOM
KoppeKuuu pexnmMoB padboter IIC. Upkytck, 1984.
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Cexuus 1:
OneKTpoIHepreTuKa

U3MEHEHHME 3JIEKTPOITPOBOJHOCTH I'OPIOYUX CJIAHIIEB

noa BAUAHUEM IIJIA3MbI QJIEKTPOTEIIJIOBOI'O IMTPOBOSI
Byxapxun A.A., Kopsmos 1. A., Maptembsanos C.M.
Hayunerit pykoBonutens: Jlonatun B.B., 1.¢.-M.H., mpodeccop
Tomckuit mommTexHMUeckuii yausepcuret, 634050, Poccus, r. Tomck, nip. Jlennna, 30
E-mail: amplexor@ya.ru

Hcrmonb30Banre TBEPABIX TOIUIMB B KadyeCTBE
SHEPreTUYeCKOT0  CHIphS  BIeYeT 32  c00oit
HEONAarompuATHEIE HKOJIOTHYECKHE IOCIECICTBUS B
CBSI3U C yTHIIM3AINell OOJBIIOTO KOJMYECTBO IIJIAKa,
CTPOMTEIILCTBOM INAXT M KaphepOB, UTOTOM YEro
CTaHOBSITCS BBICOKHE 3aTpaThl Ha ocBocHHE. OIHAKO

BCIEJCTBHE  CBOMX  OlPOMHBIX  3allacOB U
pacpoCTPaHEHHOCTH TBEpJble TOIUIMBA BEChMa
NEepCreKTUBHBl Ui nepepaboTtku.  [lomydeHue
KHIKUX W ra3000pa3HbIX HSHEProOHOCUTENEH W3

TBEPAOTO HEPreTHYECKOTO ChIPhS MO3BOJIUT CHU3UTH
HETaTHBHOE JKOJIOTHYECKOE BIUSHUE M PACXOJbl HA
pa3pabotky. OcOOEHHO BBITOJHO B O3TOM CBETE
BBINJISAST FOPIOYME CIIAHIIBI, PACIIPOCTPAHEHHOCTh U
3amackl  KOTOPbIX  Bedukd. JoOblda  CraHIeB
TPaAMUMOHHBIMH  CIOCO0aMHM  TPAaKTUYECKH  He
BEJIETCS 10 NMPHUYMHE MX BBICOKOH 30JILHOCTH M Kak
ciencTBue  HepeHtabenmpHOocTH. K TomMy ke
COOTHOILLIEHUE  OpPraHUYEeCKOW U  MUHEPAILHOU
KOMIIOHEHT ¥  (DU3UKO-XUMHYECKHE  CBOWCTBA
TOPIOYHMX CJIaHIIEB CYIIECTBEHHO OTJIMYAIOTCS OT
MECTOPOXK/ICHUSI K MECTOpOXAeHH0. [loaTomy st
3¢ peKTHBHOI NepepabOTKH ClIaHIIEB HEOOXOANMO HX
BCECTOPOHHEE HCCIEeJOBaHHUE. B OCHOBE
CYIIECTBYIOIIMX CIIOCOOOB  KOHBEPCHH  TBEPIBIX
HCKOMACMBIX TOIUIMB B JKUAKHE U ra3000pasHbie
9HEPrOHOCHUTEIH JIeXKAT JBa sIBICHuA: upoin3 [1,2,3]
U TOMIOXMUMHUYECKOE TIpeobpa3zoBanue [4,5].

Ilocnegnee ocymiecTBisieTcs MoAadyed IyThs U
YACTHYHBIM OKHCIICHHEM OPraHU4eCKOW KOMIIOHEHTBI
TBEPABIX TOIUIUB. B pe3ynbraTe MpOUCXOAUT HOTEpPs
YaCTH SHEPTHUH, a TAK )K€ YBEIMIUBACTCS COJICPIKAHUE
0ayacTHOr0 rasa B KOHEYHOM TNpOAyKTe. Takum
o0pa3oM, MHUPOJIM30M MOXHO TOJNydYaTb OoJee
sHeproeMkue npoaykTsl. OCHOBHas 3aaada, KOTOPYIO
HE00X0ANMO pemmTh UL peanuzanuu
MTUPOJIUTHYECKON KOHBEPCHHM — HarpeB TBEPAOTO
CBIPBS /IO TEeMIIepaTyphl TepMoaecTpykuuu. OnuH n3
Hambosee >(PQPEKTUBHBIX M BBICOKOTEXHOJOTHIHBIX
Croco0oB Harpesa - JOKOYJIEBO TETLI0
HEMOCPEICTBEHHO B 00BbEME TBEPIBIX TOILUIUB, HO B
CBSI3H c ux BBICOKHM ANEKTPUUECKUM
conporuBierneM (10°+10'° Om-cm) [6] mporexanue
TOKa uepe3 Mopo.ly HEBO3MOXKHO.

CornacHo wuccinenoBanusM Arpockuna A.A. [6]
[PY HArpEeBaHWM HEKOTOPHIX BUIIOB TBEPIBIX TOTLIHB
1o 900°C mpowmcxomuT oOOOTameHHE HCXOMIHOTO
MaTepHalna yriepoaoM, B CBS3H C YeM COIPOTHBICHUE
TOPOJIBI TTalaeT Ha 7+8 mopsaKoB 10 10%+10% Om-cm

M OCTaeTci MpPAaKTHUECKH HEM3MEHHBIM II0CTe
OXJIaX ICHUSL.

B pesympTare OSKCHEpUMEHTOB IO HAarpeBy
TOPIOYUX CJIaHIIEB u OypBIX yriei
3EeKTPOMarHUTHBIM BO37CHCTBHEM ObLTH

OoOHApy>XEHBI JIIEKTPOpPA3psAHBIC SBICHHUS B OSTHX
BHJAX TOIUINB, TIO3BOJIAIONINE CYIIECTBEHHO CHU3UTH
QJIEKTPUYECKOE COMPOTHBIICHHE MaTepuana 0e3
HCIONB30BaHUSl  BHEIIHUX  Harpesarenei. Iloxm
neiicTBieM HeBbICOKoi (~10? B/cM) HANPSKEHHOCTH
B MOpOJIe MHUIMUPYIOTCS YacTH4yHble paspsast (UP),
Npe/CTaBISIONMe CO0OI JIOKaJbHBIE pPa3psiibl 110
MOBEPXHOCTH, JJIEKTPUYECKHH IMpoOOH HWHOPOIHBIX
BKJIFOYEHHH W MHKPO- M  MakKpOCKOIHMYECKHX
nop [7, 8]. Ilpu mmutenpHOM cymiecTBoBaHuu YP B
CIaHIaX ® YIJSAX TPOUCXOAWT TPHHHT, T.€. POCT
JIPEBOBUIHBIX Ppa3psIIHBIX CTPYKTYpP, Ha3BIBAEMBIX
neupputamu [7, 8, 9]. PesymnsTaTom TPUHHTA
SBIISICTCS 3aBEPIICHHBIN Pa3psAd B MEXKIIEKTPOIHOM
MPOMEXyTKe W O00pa3oBaHHE IDIA3MEHHOTO KaHala.
ITox neiictBuem miasmel UP mpu Tpumnre u mpo0ost
HaOmofaeTcss KapOOHHU3aluWsi, TO €CTh HACBIIICHHE
MOPOJBI YTIIepoIoM. B pesyibpTraTe MUpOIUTHYECKOTO
Ppa3noXKeHNs KeporeHa (opranuueckoit
COCTaBIISAONIECH TOPO/IbI), COCTOSIIIETO
npeumymiecteenno w3 [10] yrimepoma, Bomopoma u
KHCJIOPO/Ia, TIPOUCXOASAT MHOTOKPATHBIE XHMHUICCKHE
MPEBpAaIleHAs, YacTh YTIIEpoAa HE pearupyeT M ero
KOHIICHTPAIMS YBEJIMYUBACTCA. OTO MPHUBOAUT K
TTOSIBIICHUIO O0JIACTH HU3KOTO COIIPOTHBIICHUS BOKPYT
JICHIAPUTOB U pa3psaHoro kanama (puc.16). Takum
o0pa3oM, B MOMEHT TMpo0OS COMPOTHBICHHE
MEXXIJIEKTPOJHOTO NPOMEXKYTKa Pe3KO CHHKACTCS Ha
7+10 mopsinkoB. Ilocne kapOOHU3AIMKU HEKOTOPOTO
o0beMa TOpPONBI JaNbHEHIIAs TEPMOAECTPYKIHS
MPOMCXOINT 3a CYET JDKOYJeBa TEIla CO3/1aBaeMOro
MPOTEKAIOIIUM B 3TOM 00bEME TOKOM.

Jns  vHULMAUMU  3JIEKTPOpaspsAHBIX  SBICHUH
HCTIONTBb30BaJICA BBICOKOBOJIBTHBIN HCTOYHHK
HanpsokeHust 10 10 kB. DiekTpomMarHuTHOE TOJIe
BBOJWJIOCH B 00pa3zer IOCPEICTBOM  CTalbHBIX
CTCp)KHEBBIX  JJIEKTPOHOB  auamerpoM 10 MM
(puc. la). Tlocme oOpa3zoBaHHA [OeHAPUTAMH B
MEXINEKTPOIHOM MIPOMEXKYTKE yCTOHUUBOrO
NPOBOJAIIEr0 KaHana B oOpasel BBOAWICA TOK
~40 A u moamepKUBaIach IOCTOSHHAs MOIIHOCTh
~1 kBr.

C LEJIBIO OTpeieNeHus yIIeINBHOTO
CONPOTHUBJICHHUS] KapOOHU3UPOBAHHOTO OOBEMa U3
Tpex oOpa3loB TOPIOYUX CIAHIEB XYaJdaHBCKOTO
mecropoxnenust (KHP, mnposunmust — L3unums),
MMOBEPTIIAXCS ~ BO3ACUCTBUIO  IDIa3MBl,  OBLIH
OTHCNCHBl  OOyTIHMBINHECS  (parMeHTHl  MMOPOJBI
Omm3koil Kk KyOmdeckoii (opMBI ¢ XapaKTepHBIM
pasmepom ~20mMMm. [Ing  uU3MEpeHHs  KaKIblId
(dparMeHT 3aXuUMalCcs MEXKAYy JOBYX  MEIHbBIX
IUTACTUHYATBIX 3JEKTPOJOB, C IENBI0 CHIKCHHUS
BIIASTHUS KOHTaKTHOTO COIIPOTHBIICHUS
UCIIOJIB30BANach  TOKOMPOBOASMIas  rpaduToBas
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cmaska. [lo pesynbpratam H3MEpPCHHM, MPOBEICHHBIX
Ha Tpex oOpa3nax, yAeJIbHOE COIPOTHUBIICHUEC
KapOOHU3UPOBAHHOTO obnema COCTaBHJIO
10+100 Om-cMm.

Pucynox 1. a — ¢parMeHT MOpPOABI TOPIOYUX
CTaHIIEB TIepex OKCHepUMEHTOM, O — (parMeHT
MOpPOABl TOPIOYMX CIAHIEB MOCJIE BO3ACHCTBUS
IUTa3MBl, JIHHUCH BBIACTCH KapOOHW3UPOBAHHEII
o0beM.

Takum oOpazom, YP BO3HHMKalOT B TOPIOYMX
ClaHUAX IpU HEBBICOKON HampsbkeHHocTu. [lon
jgeucteueM UYP mpu TpuMHre M 3aBEPIICHHOIO
paspsaa DPOUCXOAUT TEPMOAECTPYKLHS KEeporeHa u
HaOmonaeTcs kapOonuzanus. KapOoHW3MpOBaHHBIH
00BeM HMEeT BecbMa HH3KOE 3JIEKTPHUYECKOE
CONPOTHBJICHNE W MOXET OBITh HCIIONB30BaH B

KauecTBe PE3UCTUBHOTO HarpeBaTes
HHTETPUPOBAHHOTO B 00BEM TOPOABI. DTOT IPPEKT
MOYHO HCIIOJIB30BATh Ut MOA3EMHOM

MUPOJINTUYECKON KOHBEPCHH CIIAHILIEBBIX IIACTOB B
TOPIOYMI Ta3 U CHUHTETHYECKYI0 He()Th, B TOM 4HUCIE
HETIOCPEICTBEHHO Ha MECTE 3aJleTaHus

Jlurepatypa

1. Tlar. 2259384 Poccuiickas Deneparysl,
MIIK 7 C10B1/04, C10J3/20, C10J3/48.
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Cexkmus 1:
OneKTpoIHepreTuKa

YcraHoBKa JUISL IIPOU3BOJICTBA
BBICOKOKQJIOPUHHOTO TMUPOJIU3HOTO Ta3za |
YIJISL U3 YTIIEPOICOACPIKAIINX MAaTepPHAIOB /
Crpeoxo JI. C. w gp.; 3asBHTENb H
nmaterroobnmanatens [HY BUDCX. - Ne
2003133966/15; 3asBn. 25.11.03; omy0m.
27.08.05.

ITar. 2349745 Poccuiickas Deneparus,
MIIK E21B43/24 (2006.01). Cmocob
00paboTKM  MOJ3EMHOTO  IUlacTa ISt
KOHBEPCHH OPTaHWYECKOTO BEIIeCTBA B
M3BIIeKaeMble yrireBogopoabl / CaiiMHUHTTOH
B. A. u gp.; 3asiBUTENb U TATEHTOOOIAATEIb
Oxcoamobun Ancrpum Pucepu Kommanu. —
Ne 2006101868/03; 3asBn. 14.04.04; omy0Oa.
20.03.09.

Field testing of electrofrac process elements
at ExxonMobil’s colony mine / W.A.
Symington, J.S. Burns, A.M. El-Rabaa et al.
/1 29th Oil Shale Symposium. — 20009.

Iat. 2495912 Poccwmiickass Denepamus,
MIIK  C10J3/48 (2006.01). Peakrop
rasupuKaMid W CrIocod rasupuKanuu B
notoke / Kosomns M. m ap.; 3asBuTens u
narenToobmanarens YJIE TMBX. — Ne
2010115329/05; 3asBa. 18.09.08; omy0a.
20.10.13.

ITat. 2066748 Poccuiickas Deneparysl,
MIIK 6 E21B43/295. Cnocob
HarHeTaTeJIbHO-OTCOCHOM MOA3EMHOM
rasudukanuu yroapHoro miacta / Kpelinun
E. B., bmungepman M. C. ; 3adBurens u
marenToobnmanarens MWun. YIT - HTI]
"Tlomuras". — Ne 93014894/03 ; 3asBi.
11.03.93 ; omy6:1. 20.09.96.

ArpockuH AA,, ITerpenko nr.
OnpenencHue MEKTPOCOMPOTHBICHHUS YTIICH
W CJaHIIEB TpH HarpeBaHuu //3aBojackas
nabopatopust. -1948. Ne 7. C.807-812.
Kyunnuckuit, I'.C. Yactumunble pa3psgsl B
BBICOKOBOJBTHRIX ~KOHCTpykmmax / I.C.
Kyuunckuit. — JI.: Dueprus. Jle-HuHrp. 0o1A-
uue, 1979. — 224 c., un.

Dissado, L.A. Electrical degradation and
breakdown in polymers / L.A. Dissado, J.C.
Fothergill. - London: Peter Peregrinus Ltd., —
1992. — p. 601.

Hockos, M.. dopmupoBaHue
JAMJIACOBCKUX CTPYKTYP B HEPaBHOBECHBIX
yenmoBusax / MLJI. Hockos. — 1. CeBepck: U3,
CI'TH, - 2005. — 218 c.

CrpuxakoBa, H0.A. Toproune craHUBbL.
lene3uc, cocraBel, pecypel. [ HO.A.
Crpmxakosa. — M.: Henpa, 2008. — 190 c.
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Cexuus 1:
OneKTpoIHepreTuKa

INOCTPOEHHUE NIUATHOCTHUKH SJIEKTPOSHEPI'ETHYECKOI'O
OBOPYAOBAHUSA HA OCHOBE AHAJIU3A COBCTBEHHOI'O
JNEKTPOMATIHUTHOI'O U3JITYUEHUSA
Bacuisesa 10.3.

Hayuns1it pykoBoautens: [Honumyx B.U., k.T.H.

Tomckuil nonurexuuueckuit yausepcuret, 634050, Poccus, . Tomck, mp. Jlenuna, 30
E-mail: vasilevayz@gmail.com

C pa3BUTHEM
OpraHU3aLx pabot o TEXHHYECKOMY
00CITy>)KUBAaHHIO U PEMOHTY OCHOBHOT'O
IEKTPOTEXHUYECKOTO 00O0PYIOBaHUS MOACTAHIMN H
JIMHUH JNeKTpornepeaay BCE Ooutbiee
pacrpocTpaHeHUuH MPUOOpeTaeT KOHLETILUS PEMOHTOB
«0 TEXHHUYECKOMY cocTosiHuio» [1]. B aTo#t cBsizu
Bce Ooupllice TPHMEHEHHWE HAaXOAWUT TEXHHYECKas
JUAarHOCTHKA. OKOHOMUYECKUH ¢ dexr oT
UCIIONIb30BAHUSl  JIMAarHOCTUKH  BBICOKOBOJBTHOTO
obopynoBaHMs CBsi3aH ¢ e€  CIIOCOOHOCTBIO
ONpeNeNsITh  TEeKyllee TEXHUYECKOE COCTOSHHE U
OCTAaTOYHBIA  pecypc  0o0OpyHOBaHWS,  BBUIBILATH
ne(eKTh Ha paHHel CTaJuu UX Pa3BUTHSA U BIUATH Ha
00BEM pPEMOHTHBIX padoT. M3 MHOXecTBa METOIOB

COBpPEMEHHBIX cTpaTerui

TEXHUUYECKOMH JUAarHOCTHUKH NpeaANnOYTUTCIILHEES
ABTOMATU3UPOBAHHBIC MCTO/Ibl, KOHTPOJHPYIOIINE
COCTOSAHHEC pa60Ta}omero nojg HalpsHKECHUEM

obopymnoBanus [2-4].

OI[HI/IM 13 NEPCIEKTUBHBIX METOAOB TUArHOCTHUKH,
CIIOCOOHBIM ~ ONPEICNUTh TEXHHYECKOE COCTOSHHUE
00BbEKTa U OTCICAUTH IUHAMUKY Pa3BUTHS IE(PEKTOB,
SBISIETCS. aHAJHM3 W3MEHCHHUS AIICKTPOMArHUTHOTO
M3IYYCHUSI, MCXOISLIEr0 OT HIICKTPOTEXHUYECKOTO

00opynoBaHUs.
Henxp wuccrenoBaHus —  BBIABICHHE JC(PEKTOB
BBICOKOBOJIETHOTO OOOpYZOBaHUS IyTEeM aHajIu3a
CIICKTpPaJIbHBIX XapaKTCPUCTHUK CHUTI'HAJIOB,
U3MEPEHHBIX JTATINKOM 3JIEKTPOMArHUTHOTO
W3ITy4ICHUS.
IocTaHoBKa 3agaum:

1. Tomyuuts MaccuB JIMarHOCTHYECKOM

nH(pOpMAITAN o COCTOSTHUH

9JIEKTPOMAarHUTHOT'O MOJIst 00BEKTa;

2. CocTaBUTh QITOPUTM 00pabOTKH JIaHHBIX;

3. BbisBuTH JIMarHOCTHYECKUI TIPU3HAK
KOHKPETHOT'O BHJA Ae(eKTa.

B ocHoBe uaen MOHMUTOpHHra BBICOKOYACTOTHOTO
9JIEKTPOMAaTHUTHOTO W3JIy4eHHsS BBICOKOBOJBTHOTO
000OpYyHOBaHMS JISKUT BBUIBJICHHAS 3aBUCHMOCTH
HWHTEHCHBHOCTHU HPOSIBIICHUS NEKTPUISCKUX
Pa3psiioB, OT BO3pAacTaHHs AErpajallii H30JLHUU H
MOSIBJICHUSI 1¢(EKTOB B DJIEMEHTaX KOHCTPYKUHH.

OleHKa TEeXHHYECKOTO COCTOSHHS 000pyNOBaHUS

Ha OCHOBE CIICKTPAJIbHOTO aHAJIN3a BHICOKOYACTOTHBIX
COCTaBIIIOIIEHl ~ CHUTHAJIOB  BJIEKTPOMAarHUTHOTO
U3JTyYCHUs, UIMEET DSl HECOMHEHHBIX IPEHMYIIECTB
nepeJ M3BECTHBIMHU CIIOCO0aMHU.

e uHpOpPMaNMI O HATMYMU JeeKTa IOSBISETCS
Ha CaMoOil paHHEW cTaJuu ero BO3HMKHOBEHHS,
KOrjla  3aperHCTPHpOBaTh  €ro  JPYrHMH
METOJJaMH HEBO3MOIKHO.
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e B BBICOKOYACTOTHOM 0OJACTH MPAKTUYECKH
BCerja yIaeTcs OTCTPOMUTHCS OT  IIOMeX,
HCTOYHUKOM KOTOPBIX SIBISIFOTCA KOPOHHBIE
paspsaasl  (KP), moBepXHOCTHBIE YacTUYHBIE
paspsiasl (UP), BEICOKOYACTOTHAS CBSI3b U T.1.
BO3MOXXHa pa3paboTKa METOIMK 00Jamaomux
IIAPOKMMH BO3MOKHOCTSAMH C TOYKH 3PEHHSA
perucTpanyn Kak BHYTPEHHUX, TaK U HAPYKHBIX
nedexToB 000pyI0BaHMS.

Bpewms neiictBus KP, a Takxe nosepxnoctHoro YP
COCTaBIIACT HOPSIIKA JECATKOB HAHOCEKYHA U OoJee, B
TO BpeMsl KaK JJIMTEIbHOCTh MpoTekaHus Toka YP Bo
BHYTPEHHEHl H30IIINU €AMHNULBI HAHOCEKYHI.
WznyuaTensMu COOCTBEHHOTO 3JIEKTPOMArHUTHOTO
W3Iy4CHHS]  SBIAIOTCSL  OJEMEHTHl  KOHCTPYKIHH
000py/IOBaHUsI, KOTOpPbIE O CYHIECTBY BBINOJHSIOT
pOJb BUOPAaTOPHBIX aHTEHH. YUeT XapaKTepUCTHUK
9TUX AaHTEHH, UX PE30HAHCHBIX YacTOT I03BOJAET
YTOYHHTb MECTO pacrnojoxeHus nedexra. Takum
obpazom, BEPXHSIA 4acThb COOCTBEHHOTO
JJIEKTPOMarHUTHOTO ~ M3JIy4eHUS  MOXET  OBITh
paszesieHa Ha yJacTKH, XapaKTEpHBIC Ui OTICIBHBIX
HWCTOYHUKOB U3Ay4YeHU. VMIynbcel OT paspsaoB
UMCEIOT Pa3NMYHbIC AaMIUINTYABI ¥ IOCTOSHHBIE
BPEMEHH, IIO3TOMY CIIEKTPBI 3JIEKTPOMAarHUTHOTO
M3ITydeHHsi, OOYyCJIOBIICHHBIE CEpPHEH HMILYJIbCOB,
MOJIMMOJAJIBHBI.

YCTpOWCTBO ~ AMATHOCTUKKA  TpaHchopmaTopa
COCTOMT M3 IPUEMHON aHTEHHBI 3NEKTPOMArHUTHOTO
M3JIyueHHsl, KOHHEKTOpa BBOJA, IUIaThl BBOJIA/BBIBO/IA,
KOMITbIoTEepa ¢ MOHUTOPOM. OOBEKTOM HCCIeTOBaAHUS
SIBJISLIICSL aBTOTpaHCchopMaTop AT TH-
500000/500/220 ycranoenennsiit Ha OPY 500/220 kB
Oxubacrysckoit [POC-1.

WNudopmanus o nosBieHnn 1e(eKTOB H30ISIUN B
00MOTKax aBTOTpaHC(HOPMATOpa AOJDKHA HEMEIJIEHHO

MOSIBUTBCS B CIIEKTpE PErucTpUpyEMOro
3JIEKTPOMAarHUTHOIO I1OJIA.
Nznygaromumu 3JIEeMEHTaMHU KOHCTPYKLIMH

BBICTYIIAIOT HM30JIMPOBAHHBIE OT 3a3eMJICHHOTO Oaka
BBICOKOBOJIBTHBIE BBOJIBI, CITYCKH, 3aKJIIOYCHHBIE B
M30JSITOpax MPOBOJAHUKHM, W T.J. B Hamem ciydae
M3ITyYaloNMMU aHTeHHaMU SBISIOTCS BBoga 500 kB,
220 xB u BBOJ 3eMIIH.

Pazmepsl  BBOJOB BBICTYNAIOIIMX B KadecTBE
W3TyYaromMX NPOBOAHUKOB paBHBL: 4,24 M, 2,72 M,
0,59 mu 0,44 M.

BBona B HamieM cirydae SIBISIIOTCS M3JTy4alOIMMHU
QHTEHHAMH C DPE30HAHCHBIMH YacCTOTaMH H3JIyYEHHUS

Ha ypOBHE
(fpi )n =nc/ (4h;),
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rme i =1, 2, ..., inax — BBOL; N=1, 2, 3,... — HOMED
rapMoHuKku psijia Dypbe; ¢ — CKOPOCTH CBETa B M/C;
h; — BeICOTA i-TO BBOIA, M.

ITone3nott wHOpMaIert 007amalOT  TOJOCKH
gacToT (Af,)n KOTOpBIE MOMKHO OIpENCNHTH Kak
(Af)n = (Foi)n/Qin, THE Qi SKBUBAJICHTHAS

JNOOPOTHOCTh aHTEHHBI HaXOmsIIascs B JAWana3oHe
or 2 o 5.

B Tabn. 1 nmpuBeneHsl  JaHHBIE 00
MH(OPMATUBHBIX YaCTOTHBIX JHANa30HOB JJIsI IEPBBIX
PE30HAHCHBIX YacTOT BBOJOB aBTOTpaHc(hOpMaTopa
500 xB.

Ta6mumna 1
Juamna3oH 9acToT ¥ HHPOPMAIIMOHHBIX YaCTOTHBIX

noJioc Juisi aprorpacopmaropa 500 kB
Howmep BBOzIA IHupuna I'panunst Yacrora
uHpOpM. 4aCTOTHOM OCHOBHOT'O
4ACTOTHOM TIOJIOCHI, pesoHaHca,
nonocel, Mg MI'nt MI'g
Beox 1, 500xB (Afp1)1=5 |or 152 1020,2| (fp)1=5
Bsog 2, 220 xB (Afp2)1=8 0r23,6 1031,6| (f2):1=8
BBox 3, 3emust (Afp3)1=36 | or 110 5o 146 | (fp3)1=36

IIpouenypa npoBeneHHs] MOHUTOPUHIA BBITJISAIUT
CIIeTYIOIUM 00pa3oM:

1. Onpenenenne pasMepoB BBOJIOB, SIBIISIFOIMXCS
H3IyYarolUMI aHTEHHAM.

2. Pacyer wnm SKCHEepUMEHTAIBHOE OIpeeeHue
PE30HAHCHBIX YaCTOT M3JIy4alOIUX aHTCHH.

3. OnpenencHre  BeMWYMHBI  HMH(POPMATUBHBIX
YaCTOTHBIX TMOJIOC OJTHUX AHTEHH U1 [epBOH
PE30HaHCHOM YaCTOTBHI.

4.Pacuer pPE30HAHCHBIX YACTOT W BEJINYHHBI
MH()OPMATHUBHEIX YAaCTOTHBIX IOJIOC JUIS BBICIINX
TapMOHHUK.

5. Onpenenenne rabapuToB NPUEMHON aHTEHHBI.

B KayecTBe MpUEMHHUKa KelaTeJIbHO
UCIIOJIb30BaTh THUIIOBOM IPOMBIIIICHHBINA [IPUEMHUK
co BcrpoeHHeIM Al u  MHKpompoueccopowm,
JIAIOLIUM BO3MOXHOCTb o0OpabaThIBaTh
SHEPreTUYECKUE CIIEKTPHI IEKTPOMArHUTHBIX BOJIH B
HEOOXOAMMOM YacCTOTHOM JIHaIla3oHe.

Ouenka COCTOSHUSI o6opymoBaHus o
K03 HHUIEEHTY HHTErPAIBHON MOII[HOCTH
SNIEKTPOMATHUTHBIX ~ KOJeOaHWii B 3aJaHHOM
UH()OPMATHUBHOM noJsoce. Koaddpunmenr
UHTETPAJIbHOMN MOULIHOCTH Ky cpenu
KBATU(DUKALMOHHBIX ~ XapaKTEePUCTHK  CIIEKTPOB

SIBIISICTCS. HauOoJee MOKa3aTeIbHBIM U OTPEACIsIeTCS
JUIL  KaxIoi N-0ff WHPOPMATHBHOW YaCTOTHOU
MOJIOCHI KaK OTHOIICHWE HHTETPAIbHONW MOIIHOCTU
obcemyemoro o0opynoBaHus Py, K HHTETPAIbHOM
MOIITHOCTH 3TAJIOHHOTO P, ,, -

KnZPn oﬂcﬂ/Pn om»
P =

n.max
roe P, I Sﬁ(f)df — WHTErpajgbHas MOLIHOCTb

n.min
u3nydeHus: OOOPYHOBaHUST B MOJIOCE  YacCTOT
fomin < fn < fo max; Sn(f) — motHOCTH MHTETpATBHOM
MOII[HOCTH U3JTyYCHHS.
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Cexuus 1:
OneKTpoIHepreTuKa

Ha puc.l npuBeneno n3MeHenne ko3h(UINEHTOB
MHTETrpajJbHOW MOIIHOCTH B TeueHue 6 mecsues. U3
rpaduka BWAHO, YTO W3MeHeHHWe Kod(pduimeHTa B
mpegenax ot 1,06 mo 1,23, 49to XapaxTepmusyer
CcTaOMIBHOCTE PabOTHI 000pYHOBaHHUA. OJTH JTaHHBIE

MOJTBEPKIAIOTCA  Pe3ylibTaTaMH  PErJIaMEHTHBIX
HACTIBITAaHUH.
K, o.eA
1,54
1,254 ./___‘
1’0 1 1 1 »
Asryct Hos6pb ®despane MZC
2013 2013 2014

Puc.1 M3menenne kod(hGHUIMEHTOB HHATETPATHLHOM
MOIITHOCTH

BbiBoa. OneKTpOMarHUTHOE M3IyYEHHE MOXKET
CIy’)KUTb ~ OCHOBOIl  IIOCTPOEHHUS  TEXHMYECKOH
JUarHOCTUKU. B kadecTBe KpUTEpUEB OLEHKU
COCTOSIHHSI BBICOKOBOJIETHOTO O0OpPYIOBAaHHS MOXKET
BBICTYIIaTh HMHTETPallbHAasi MOIMHOCTh W3JIYYCHUS,
KO3 PHUIHNEHT WHTETPATHHON MOIITHOCTH.

Cnucok ureparypsl

1. Konnemnusi AMarHOCTHKH SJIEKTPOTEXHUIECKOTO
obopymoBaHUs HOACTAHIIUH u JIUHUH
anekTponepenaun snekrtpuyeckux cered OAO «OCK
E3C». —M.:2004, 172 c.

2. Cuua H.B. DiekTpoMarHUTHBIN CIIOCO0 OLEHKH
TEXHUYIECKOTO COCTOSIHUS BBICOKOBOJIBTHOTO
obopymoBanus // TlpomeinuienHast suepretuka. 2006.
Ne 1. C. 8-11.

3. Abpamos 0.B,, Konnpateen Tr.A.
ABTOMAaTH3UPOBAHHBIC UH(POPMALMOHHO-
VOPaBIAIONME  CUCTEMBI  NPEAYNPEXICHHS |

JIMKBUJIALMU Ype3BbIUalHBIX cUTyaluil. — JlanbHayka,
2005. - 190 c.

4. Kyunnckuii  I'.C. Yactuunble pa3psabl B
BBICOKOBOJIFTHBIX KOHCTPYKIMAX. M.: Dneprus, 1979.
220 c.
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Cexuus 1:
OneKTpoIHepreTuKa

K BOITPOCY INOBBILWEHUSA D9@PEKTUBHOCTHU CUCTEMbI BO3BYKAEHUSA
CHUHXPOHHOTI'O ABUT'ATEJIA MEJBbHUIbI MIIIIL5.5x6.5

I'anbaT DuxOasp, acupaHT
Hayunsrit pykoBoautens: bar-Ounp DpA3HAIAIOT, K.T.H., Ipodeccop
Mounronbckuii ['ocynapctBenHbiii Y HuBepcurer Hayku u TexHonoruu,
61000, Monromus, T.2padHAT, yi1.OTroHOMI™ra
E-mail: e_epia@yahoo.com

Ha ceropnsmauii neHs dHEProcoOepekeHne 1
9Hepro3(GEeKTUBHOCTH BXOIAT B OAHO M3 aKTyallbHbBIX
CTPaTErnuecKNX HalpaBiICHUI Pa3BUTHS TEXHOJIOTUHU
B Momnrono-Poccuiickoifi ~ COBMECTHOH  TOpHO-
oborarurensHOi KOO “Tlpeanpusitue DpmasHaT”. Ha
KOMOHMHATE OSKCIUTyaTHPYIOTCSI TPUHAALATH BBICOKO
MOIIHBIX pyaopa3MonbHbIX MenbHULl MIIILL 5.5x6.5
(MILILT 5.5x%6.5 - MenpHUIA [APOBas, LEHTPOOEKHAS,
rabapuThl 6apabaHoB: AUaMeTp 5.5M, mmHa 6.5M) A7Ist
U3MENBUCHNS pyObl. THPUCTOpPHBIE BO30YAHMTENH
[IITC-38 (UMT TUPHUCTOPHBINA CHIOBOH) SIBISIOTCS
HCTOYHUKAMHU CHCTEMBI BO30YKACHUS TSt
CHHXPOHHBIX [BHTaTenci (HOMHHAIbHAs MOIIHOCTDH
nsuraresiss 4MBT) nanHbix MenpHumIl. 1lento naHHON
paboThl SBISETCS MaTeMaTH4ecKoe MOJEIUPOBaHHE
MOJHOYIIPABIIESIMOTO 9HEprocOeperaroiero
BO30yHUTEIIs, KOTOPBIA 00ECIIEYHUT YIpPaBICHHE TOKOM
0OMOTKH BO30OYXJEHUS W HaAE&KHOCTh CHUCTEMBI
BO30YKJICHHUS CHHXPOHHBIX JABUraTeseil MeIbHUIL.

Ha Puc 1. mpencraBneHsl QyHKIIMOHATBHBIE
CXEMBl  YNpaBJIECHUs  CHHXPOHHOTO  JIBUTATEIs
MenpHuIBl MIIIIS.5%6.5.

Cucrema ynpasJieHHsl
meabaunsl SIMATIC S7

Cocr. Cocr.

@),

O6MoTKa
B030.

MILILL
-

Hé% B -

Cetp

0.4 xB TB LITC-38

l T CocrosiHue BO30yauTest

Toxk portopa

Puc 1. ®yHKIIMOHaTBHAS CXeMa YIIPaBICHHS
CHHXPOHHOTO JIBUTATEIIST MEITbHHUIIBI

3amyck  JIBUrareis — IPOBOJUTCS  4epes
BBICOKOBOJIBTHBI ~ TUPUCTOPHBIA  NpeoOpazoBarelb
gactorel [[TYBC HVC-6/6. [lBa BakyyMHBIX

koHtaktopa (BB1, BB2) BxmrouaroTcs Ha BXonae H
BBIXOJIe TpeolOpasoBarenss 4acToThl, a Tpetuii (BB3)
SBIISIETCS. UIYHTUPYIOIIUM U BKIIOYAeTCs TOCIe
IJIAaBHOTO ITyCKa ABUIaTelsl Ha MUTaHUE OT ceTu 6KkB.
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Ha Puc 2. mpencraBneHs! QyHKIMOHATBHAS 1
CHIJIOBasi cxema TUpUcTopHOro Bo3Oymurens LI[TC-38
B HACTOSIIIEE BPEMSI.

VTl VT3
K [ K
Cetp "
~350B & \/) KPpoTopy
50In oy A
VT4 VT6
N N F
YacTb ynpaBieHus ens Hens

CKOJIb)KCHUA

THPUCTOPOB JaTYUKOB

MukponpoueccopHblii 610K ynpaBjieHust
Bo3oyauTesass MBB.006

Puc 2. ®ynkunonanbHas 1 CHIIOBas cXxeMa
TUPUCTOPHOTO BO30YyIUTEINS

TupHcTOpHBIA BO30yIUTEND, TOKa3aHHBIH Ha
Puc 2. Bximouaer B ce0st TpexdasHblil yrnpaBiseMblit
BEIIPSIMUTENh Ha CHJIOBBIX THpHcTOpax VT1-VT6 u
JIOTIONTHUTENbHBIE paspsanbie kmoun VS1, VS2 mis
cOpoca osHepruM OOMOTKH BO3OYXIOCHHS MpHU
BKITIOUCHUH CHHXPOHHOTO JABUTATENsI W JUIA 3aIlUTHI
ACHHXPOHHOTO XOJ1a.

Ha Puc 3. nmnokasaHa 3aBHCUMOCTb
HAIpsDKEHUS] CETH M BBIXOJHOI'O TOKa THPHCTOPHOIO
B030yautTens. JlaHHble BO30yQUTENM MUTAIOTCS OT
cetu 400B, nocne criuaxuBaroniero Tpanchopmaropa
HanpsbkeHue ymenbinaercs Ha 350B u s nomydeHus
HOMMHAJIBHOTO HANpsKEHUS OOMOTKH BO30YXKAECHUS
JIBUTATEIIS CTPOTO MOAAEP)KUBACTCS YION YIPaBICHUS
TUpUCTOPOB Ha 120 rpamycos.

Uc & A B

A L paza 1 !
Up i I ghaza A
P)I
a=120" 90 0.02 "

Puc 3. lnarpammbl HanpsbkeHuUs 1 Toka daza A
B030yurens 1I[TC-38
W3 Puc 3. a BUIHO, 9TO B acTe TpEX(pa3sHOTO
BBINIPSMUTEINS THPUCTOPHOTO BO30YIUTENST BO3HUKAET
CABUT MEXAY BXOJHBIM HANpsDKEHHEM W TEpPBOH
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TAPMOHUKOM BBIXOJTHOTO MEPBUYHOTO TOKAa. ITOT
CJBHT OMNPEICISACTCS TOJIBKO YIJIOM YIPABJICHUS W HE
3aBUCHT or HWHIYKTUBHOCTH Harpy3Ku.
CrnenoBaTenbHO, COS(Q THPUCTOPHOTO BO30YIUTEIS
orpeenseTcs riyOuHON peryJupoBaHusl.
YMeHbIIIEHHE COSP TPH PEryIUPOBAHUH HAMPSHKSHUS
SBJSIETCS.  CEPhE3HBIM  HEJAOCTATKOM  CHCTEMBI
BO30YK/ICHHSI CHHXPOHHOTO JABHUTATEIS] MEJIbHHIIBL.
Meron uccnenoBaHUNM 3JIEKTPOMATHUTHBIX

IPOLIECCOB B IpeaIaraeMoM Bo30yquTense — 3TO
CXEMOTEXHHYECKOS MaTeMaTHYECKOEe MOJACIMPOBAHUE
B nporpamme Matlab, BBITIOJITHEHHOE c

UCIIOJIb30BAaHUEM CUMYJISITOPHBIX KOMIIOHEHTOB U
Simulink Mopmerneit mONYMPOBOJHUKOBBIX BEHTHIICH.
Mozenp noxydeHHas! JaHHBIM METOZIOM IIPEACTaBICHA
Ha Puc 40. A Ha Puc 4a. mokasaHa npUHIUIAANEHAS
cxema MIOJTHOYIPABIIIEMOTO BO30yaMTENS.
OCHOBHBIMH OCOOCHHOCTSIMHU BO30YyIUTEIs SBISIFOTCS
TOHIDKAIONIMHA WCTOYHWK THMTAHUS W TpexdaszHbiit
MOCTOBOH  TOJIyNIPOBOJHUKOBBIH ~KOMMYTaTop Ha
tupuctopax GTO, CHIOBbIE KIHOYH KOTOPOTO
001aal0T OJHOCTOPOHHEH MPOBOIUMOCTBIO TOKa W

MTOJTHOM YIIPABISIEMOCTHIO B TIPOBOIAIIIAM
HaHpaBﬂeHI/IH.
¢ ———e¢ —O+
Ci1-3 VT1 tvT3  |vTs
LYl s ™ %
Ao I
(~140B Bo UsbIt
50 - ) (180-200B)
VT4 _ IVT6 . VT2
| potop SR ¥
o-
cy

fVa
E [paiieepst GTO ‘

| B

GTO Exciter

==

:

pawergui

(©)

Puc 4. TlpuanunuansHas cxeMa 9acTu

AKTUBHOTO BHINPSIMUTENS MOJHOYIPABIISIEMOTO
BO30YyAUTENA (2) M MATEMATHUECKOE MOIETUPOBAHKE
B cpene Matlab/Simulink (6)

Cexuus 1:
OneKTpoIHepreTuKa

Hwxe Ha Puc 5. npeacraBieHsl HEKOTOpbIE
pe3yNbTaThl, NOJyYEeHHBIE IO KOMITBIOTEPHON MOAETH
MOJTHOYTIPABIIIEMOTO  BO3OYAMTENSI C  CHCTEMOH
peryiaupoBaHusl BBIXOJHOTO TOKA, IMOCTPOCHHOM Ha

OCHOBE BBIIIIC HA3BaHHBIX 0COOCHHOCTEH.
[

200_ e soheefee L s E (R . P -

Puc 5. XapakTtepHble BpeMEHHbIE JUarpaMMbl MOJIETH
TIOJTHOYIPABIISIEMOTO BO30YIUTENS
[lpumenenne  MaTeMaTH4eCKHX  Mopenei
MO3BOJISIET OOOCHOBAHHO IIOAXO/AUTH K TOCTPOCHHUIO
SHEprocoeperaroImx CHUCTEM 3JeKTPONpPHBOJIA
CHUHXPOHHOTO JIBUraTels MEJIBHHIBI C BKIIIOYEHHEM
AKTUBHBIX BBINIPSIMUTENIEH B COCTAB CHIIOBOH CXEMBI
Bo30Oyaurensi. IlomyueHHass MOJEIb MOXET OBITh
HCTIONB30BaHa KaK CPEACTBO JHEProcOepexeHus: M
YIpaBICHUS] 3JIEKTPUYECKUMH DPEXKHUMaMH CHCTEM
BO30Y’K/I€HUS CHHXPOHHOTO IBHIATEJNISi MEIBHUIBI C
LEeNbI0 YIy4IIeHHs X HoKa3aTenel kayecTsa. CymMma
TOJHBIX MOIIHOCTEH THPUCTOPHBIX BO30yIUTENEH
Bcex MenpHmI] MIIIS.5x6.5 mocturaer mo 1.3MBa
Ha KoMOMHaTe, n3 KOTOPBIX BO3MOXKHO
KOMIIEHCUPOBATh peakTHBHYI0 MolHocTh 780xBap ¢
MTOMOIIBIO TIOJTHOYIIPABISAEMOT0 BO3OYIUTENS.
JIUTEPATYPA
1. Kocrensueny B.C. PexuMbl 11 HaZie:)KHOCTh PabOTHI
TUPUCTOPHOTO BO3OYAMTENS CHHXPOHHOM MaliuHbl //
[poussoncteennoe u3nanue / Jlenmnrpaz., 1990.
C.53-62.
2. Pymenko B.C. IlpeoOpa3zoBaTtenbHas TeXHUKa //
Hayunoe n3nanue / Cunbko B.U., Ymwkenko .M. u
np. —Kues., 1983. -C.98-101.
3. EdumoB A.A. AxTHBHBIE IpeoOpa3zoBaTeny B
PETYIHPYEMBIX 3JIEKTPONPUBOAAX IEPEMEHHOTO TOKA
// Hayunoe wusmanme / Ilpeitmep P.T. m gp. —
Hosoypaisck., 2001. —C.195-197.
4. 3unospeB I'.C. CuoBas snexTponnka // YdaeOHOe
nocobue / -M., 2012. —-C.559-569.
5. llpeitrep P.T. MaTemaTnueckoe MOAEITHPOBAHUE
3NEKTPONPUBOIOB MEePEMEHHOTO TOKa c
MOJIYIPOBOHUKOBBIMH TIPE0Opa30BaTes MU 4acTOThI
/I Hayunoe usnanue / -Exatepun0Oypr., 2000. —-C.586-
593.
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Cexuus 1:
OneKTpoIHepreTuKa

UCCJIEJJOBAHUE BEICOKO3®®EKTUBHOI'O YCTPOMCTBA IUTAHUSA
HA OCHOBE CBETOANOJIHbIX 3JIEMEHTOB U1 CUTHAJIU3ALIUA
BBICOTHBIX COOPY ) KEHUI

I'natuar PyTTal, HBanos A.B.z, Cemenos C.M.!
Hayunsrit pykoBoautens: JementseB FO.H., x.1T.H., fo1IeHT
YTomckuit monurexanueckuii yHuBepcutert,634050, Poccus, r. Tomck, np. Jlenuna, 30
’HUU aBTOMATUKH U 9JIEKTPOMEXaHUKU TOMCKOTO YHUBEPCUTETA CUCTEM YIIPABIICHUS U PATUOITIEKTPOHUKH
E-mail: rutta_ginting@ymail.com

CBeTOCHTHAJIBHBIE YCTPOWCTBA HEOOXOAUMBI IS

YCTAaHOBKM  HAa  BBICOTHBIX  COOPYXEHHAX U
NpefHa3HAa4YeHBl U1 CBETOBOM MAapKHUPOBKH WIH
CBETOOTPAXICHMS  BBICOTHBIX M NPOTSKCHHBIX

KOHCTPYKIMH, KOTOPbIE MOTYT YXYIIINTHb YCIOBHSA
0€301acHOCTH JIBIDXKYLIMXCS OOBEKTOB (CaMOJICTHI,
BCPTOJICTBI, JACJbTAaIlJIaHbl U T.H.) HOYBKO U B
CyMepKax, a TakKXKe JIHEM B YCJIOBUAX IUIOXOU
BUIUMOCTH. Hcnonw3oBanue CBCTOAMUOJHBIX JIaMII B
CBETHJIbHMKAX CBETOBOTO OTPaXKAEHHUS NaeT Maccy
MNpeuMyHlI€CTB IO CPAaBHECHUIO CO CTaHAAPTHBIM
WCIIONIb30BAHUEM B 3arpafHMTEeNbHBIX OTHIX JaMII
HakanuBaHus.  CBETOAMOIHBIE  JIAMIIBI  MOTYT
paboTaTh Kak B peKUME MOCTOSHHOTO TOPEHHS, TaK 1
B JpYrux pexumax (MMIYJIBCHOE U KpPYyroBoe
32)KUraHus). DTH CBETONUOMABI TapaHTHPYIOT Malioe
notpebyieHHe YHEPTUU UM JUINTENBHBINA CPOK CITY>KOBI
(oxomo 100TbIC. 4acoB), YTO COKpamiaeT 3aTpaThl Ha

9KCILTyaTalHIO. OcHOBHBIE TpeboBaHuUs K
MCTOYHHMKAM IHUTAHUSI CBETOAMOJIOB - 3TO BBICOKHE
HaJeKHOCTh U 3(PPEKTUBHOCTb,  KOPPEKIHMs

K03 pHIIMEeHTa MOIIHOCTH M B HEKOTOPBIX CIydYasx,
raJpBaHHYCCKAs pa3Bs3Ka.

C y4eToM OCOOCHHOCTEH OCBETHTEIFHBIX CETCH U
HOPMAaTHBOB 1o OCBEIIEHHOCTH MOXHO
chopMynHpOBaTh  CIEAyIOIMEe  TpeOoBaHUS K
HUCTOYHUKY MHUTAHUSl [JIs1 CUTHAJIM3AlMM BBICOTHBIX
COOPYXEHHH : HaMpsDKeHUe nuTaHus — ot 185 nmo 245

B; BexXommas mombocth — ot 100 mo 220 BT,
BbIxoHOM TOK — 0,35-5 A; BBIXOHOE HANPsIKEHUE OT
100 mo 200 B; ko3¢ duIrieHT myabcayii BEIXOHOTO
HanpspkeHus — He 0onee 2%; KIIJI — ve menee 80%;
KO3 puIHreHT MouHOCcTH — He MeHee 0,95; ToYHOCTh
crabunmu3anuu Toka — =+2%; paboumii aUana3zoH
temmepatyp ot —55 °C mo +55 °C [1].

B nanHO# paboTe mpemiararoTcs pe3yibTaThI
WCCIICIOBAHUS  JBYXKIIOUYEBOTO OOPaTHOXOZOBOTO
mpeoOpa3oBarenss B KadecTBe BTOPOH  CTYIIEHH
HACTOYHHKA MTUTAaHUSA CBETONNOO0B (puc.1).

B oToii cxeme IS MUTAHUS CBETOBBIX IHOOB
MPUMEHSIETCS BBIIIPSIMUTENIb MOCTOBOM KOHCTPYKIIUH
(VD1-VD4) ¢ emkoctHeiM  Oamractom  Cl,
OTPAaHUYMBAIONIMM TOK Ha BbIxoAe. [lomoOHbIe
UCTOYHUKHM THTaHWA O00JaNal0T MPOCTOTON |
SKOHOMHYHOCTBIO, M TIPH OSTOM COBEPIICHHO HE
noasepxkeHsl K3, a MX BBIXOAHOH TOK OrpaHUYEH
CONIPOTHBIICHNEM  KoHAeHcaTtopa. CTaOWIBHOCTH
BBIXOJTHOTO HAIPSDKCHUS TOANEPKUBACTCSA 3a CUET
kouneHcatopa Cy. B 00bI4HOM 00paTHOXOJ0BOM
npeoOpa3oBaTelic HANPSIKCHUE HA KIIF0YE MPEBBIIIACT
HanpsokeHue nutaHus U,,, a B JaHHOM BapuaHTe,
eCIM HampsDKeHHEe Ha TepBUYHON 0O0MOTKe Lp
TpancopmaTopa T1 craHoBUTCS OOJblle, dYeM
HanpspkeHne nwuranus Ug,, mwomel VD5 u VD6
OTKPBIBAIOTCS H OTHAIOT H30BITOYHYIO JHEPTHIO
00paTHO B IEPBUYHBIN UCTOYHHUK.

Vo VO3
“Q .
Vo2 N\ VD4 =VYTT fvos i
=01 [ 2
Lng ELS =Cy | BY 2R Vs
VD6 |
s 0
T
: L

Puc.l. Cxema JABYXKJIHOUYEBOT'O 06paTHOXOZ[0B01"0 npeo6pasoBaTen${
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Kak BuAHO W3 nuarpaMMbl TOKOB U HANPSHKCHHIMA
Ha puc.2, B mepuon ¢ O-t; wmoum VTl m VT2
3aMKHYTBI M TOK TIIPOTEKaeT dYepe3 IEePBUUHYIO
obmoTky Lp, muom VD7 B 3TOT mepuon 3akphIT.
3arem B TeueHue mnepuoma ti-t, xmrounm VTI u VT2
3aKpbITHL, 1uoa VD7 BKITIOUEH U TOK MPOTEKAET Yepes
BTOpHYHyl0 0o0MoTKy LS. Tpanchopmarop Tl
HaKaIUTUBAaeT SHEPTHIO B TeUeHUH NpoMexyTka 0-{; u
oTzaet e B Harpy3Ky TeueHuu nepuona ti-t, [1].

Iyn :

"{f.}? |

U ) ! '
BbIX 1 ! .

Puc.2. lnarpaMMbl TOKOB M HANIPSDKEHUH
JIBYXKITIOUYEBOTO 00paTHOXOIOBOTO MPpeodpa3oBaTes

Hannast cxema (puc.l.) wumeer chenyromme
NPEUMYILIECTBA:

e  MOXET TPHUMEHATHCA C  KOMOWHAIHMEH
m000r0  KOIMYECTBA  CBETOAMONOB, 3a  CUET

M3MEHEHHs KOd(pPUIIMeHTa TpaHCHOPMALIIH;

e  oOecreynBaeT M3OJLUUIO U (QYHKIMOHUPYET
npu  OOJBLION pa3sHOCTH BXOAHOTO M BBIXOIHOTO
HaNpsKEHUH;

®  TI03BOJISIET MCHOJIB30BATh S IPOMBILIICHHO
M3TOTOBIISIEMBIX TPaHC(HOPMATOPOB;

e  HanpsDKCHHWE Ha KII0YaxX HE MPEeBbINIaeT
HalpsDKCHUE THTAHUS,

®  OTCYICTBYIOT CKBO3HBIE TOKH, KaKk U B
JIBYXTaKTHBIX ITPe0o0pa3oBaTesix;

®  [IPOCTOTA CUCTEMBI YIPABIICHNUS;

e HET HEOOXOAMMOCTH B AEMI(PHUPYIOIIUX
LETIsIX;

®  OTCYTCTBHE WHIYKTUBHOCTH B BBIXOJHOM
¢bunpTpe o CpaBHECHUIO c HPSIMBIM
npeoOpa3oBaTeseM;

®  BBICOKHH MMOKA3aTeJb HAJISKHOCTH.

B paccmarpuBaemyro cxemy (puc.l) Taroke
nokirouaeTcst 610k ynpasnenus (BY). CtpykrypHas
cxema BY nokaszana nHa puc.3. BY npennazHaueH s
aBTOMAaTHUYECKOrO YIpPaBIeHUSA PabOTOH CBETOBOTO

obopynoBanus. OH COCTOUT M3 (OTOIIEKTPOHHOTO
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Cexuus 1:
OneKTpoIHepreTuKa

JaT4YvKa, JAaTYUKOB ABUIKCHHUA W KOHTPOJA 4YaCTOTBI
BCIIBIIIKH.

DCOUT +
]

| oroasesent

™ Haranx
THACHHA

| Kourpons

LI CHETO/IMOTHRIX L

DEOUT +l
LN BEIOMBIX VCTPOIICTR = g—————%

;
7|
|

|7-W H

Puc.3. CtpykrypHas cxema OJIOKa yIpaBICHUS

MuspokosTpoLIER

¥

HCTOTE
BCIBNIKH

Herounig
THTRHIA

Faprma o

DC N "
nepeHANpRECHAT

BY ocHameH (OTOINEKTPOHHBIM  JaTYUKOM,
KOTOpBIi KOHTPOJHMPYET YPOBEHb ECTECTBEHHOTO
OCBEIEHHS, 4YTO TI03BOJSIET B ABTOMAaTHIECKOM
peXMMe BKIIOYaTh W BBIKIIOYaTh OOOpYZOBAaHME.
Ilopor BKIIOYEHHS ¥ BBIKIIOUEHHS CBETOBOTO
00OpyIOBaHUsI MOXHO  PETYJIHpOBaTh, H3MEHSS
YPOBEHb CpabaThiBaHUs ()OTOIICKTPOHHOTO JaTIMKA
perynsatopoM. BxitoueHue (BBIKIIOUEHHE) CBETOBOTO
00opyaoBaHus, nociue cpabaThIBaHUs
(OTOINEKTPOHHOTO  JaT4YWKa,  IPOUCXOJUT  C
3a/IEPKKOI B MUHYTY. DTO CII€JIaHO JJIs TOTO, YTOOBI
HCKIIIOYUTh ciay4aiiHble (hakTOpHL IIpaBerit
CBETOJHON Hal PETyIATOpOM MIOKa3bIBACT
cpabaTpiBaHME JHaTyMKa. EcioM JaT4MK MpoaoDKaeT
(uKcHpOBaTh HACTYIUIGHHE TEMHOTHI B TEYEHHE
MHHYTBI, TO TIOAAeTCs TIHUTaHHE Ha CBETOBOE
000pyI0BaHHeE, T.€. CBETOIHO/IBL.

@DOTORIEKTPOHHBII JaTYUK HMEET CIEAYIOLUE
napaMeTpbl: BpeMsl 3allepKKH Ha BKIIOYEHHi - 60 c;
BpeMs 3aJep)KKu Ha BeIKIO4eHHH - 200 c;
YYBCTBUTENBHOCTh (oTodnementa - 200-800 mrokc.
llaT‘II/IK KOHTPOJIA 4aCTOTBI BCIIBIIIKKA MPUMCHSAIOTCA
JUIsL 9KOHOMHUH SHEPruu u CHIDKEHUS
9KCIUTyaTallOHHBIX pacxonoB. OH HMEET CIeoyIoIue
pEeKUMBI  pabOTBL.  YCTOMYMBOE  CBEUCHHE U
mpoMexxyrounoe  cBeueHne ot 20 mo 40
BCIIBILICK/MHUH. IIpn 3TOM BpeMs
MPOJIOJKATEFHOCTH BCIBIIKH - 250 Mc [2] .

PaccmoTpeHHas cucteMa MOMKET HCHOJIB30BATHCS
B KayeCTBE BTOPOW CTYNEHH B WCTOYHHMKE MUTAHHS
JJIA MOIIHBIX CBCTOJHOJ0B, 06ecneanaﬂ Ipu 3TOM
BCE 3aJjaHHble TpeOOBaHMs /sl BEICOKOA((EKTHBHOM
OKCILTyaTalluu u HaxoauT MPpUMCHEHUE JJIs1
CUTHaJIM3alluH BbICOTHBIX COOpy)KeHHﬁ.

Cnmcok urepatypsl

1. Ginting Rutta, Ivanov A.V., Semenov S.M.
Research of two-switch flyback converter as a second
stage of a LED driver /[ Marepuaner VI
MexnyHapoaHon Hay4YHO-TEXHUYECKOH
koH(pepeHmu. — OxTs10ps 2013. — 145 c.

2. OBELUX LED Lighting. PS-48-05-PCFL
Data Sheet. OBELUX LED Lighting, March 2012;2
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Cexuus 1:
OneKTpoIHepreTuKa

BCEPE’KUMHOE MATEMATHYECKOE MOJIEJINPOBAHUE
JANCTAHIHMUOHHBIX 3AIIUT B HEJAX X YTOUYHEHHOU HACTPOUKH

Topmmenko U.C.
Hayunbii pykopomurens: ['yceB A.C., 1.T.H., ipodeccop
Tomckwit nonmmrexandeckrii yauBepcuret, 634050, Poccws, T. Tomek, tip. Jlenra, 30

E-mail: ivangs87@mail.ru

B Bugy cinoxkHOCTM M OBICTPOTEYHOCTH
MIPOTEKAIOIIUX B 3JIEKTPOIHEPIETHUECKUX CHCTEMAX
(32C) mporeccoB, HaASKHOCTh W IPPEKTUBHOCTH
¢ynkuonupoBanuss OOC, B 3HAYMTENBHON Mepe
olpezieIsieTcss NPaBHIBHOCTBIO pabOTBl  CPENCTB
peneitHoit 3amutel U aBToMaTuku (P3A). CormacHo
CTaTUCTHKE MPUYUH aBapUIHHOCTH 99C
CyIIECTBEHHAsl YaCTh CUCTEMHBIX aBapUi MPOUCXOIUT
u3-3a HecpabaThIBaHUS WIH JIOXKHOTO CpabaThIBaHUS
P3A. OcHoBHOI IpUYMHON HeBepHBIX AeicTBuil P3A
SABJISIETCS nX HETIpaBUIIbHAS HaCTpOWKa,
o0ycioBneHHast AByMsI (hakTopamu: 1) HEZOCTATOUHO
JOCTOBEPHOE OIPEACICHHE PEKUMHBIX BEIUYUH; 2)
00O0OMICHHBIN YYeT TOTPEIIHOCTEH, OIPEAEIIEMBIX
npoueccaMi B HM3MEPUTEIbHBIX TpaHchOpMaTopax

HT) u  P3A, B Pa3sIMuYHBIX  PEKUMAX
¢ynkuuonupoBanust  O0C.  [lns  MHHUMM3ALMH
MePEYHCICHHBIX (bakTopoB, B CBA3H c
HEIOMMyCTUMOCTBI0O B OOJBIIMHCTBE  CIIy4aeB

NPOBECHUSI HATYpHBIX OKclepuMeHToB B I0C,
akTyanbHO MojenupoBanue OOC, B ToM uncie P3A,
MpOIecChl B KOTOPBIX TECHO  B3aMMOCBS3aHBI,
0COOCHHO B aBapUIHBIX M MOCICABAPHHHBIX PEKIMaX
pabotel. OmHako B pe3yibTare aHaiu3a HauOosee
pacnpoCTpaHEHHbIX MporpaMm MojenupoBanus 99C
ONpEZIe]IeH0,  YTO  HEM30eKHO  IPUMEHSIOTCA
YIPOIICHUS MaTeMaTHIEeCKUX Moenei
3NEKTPOTEXHUIECKOTO, 9HEPreTUYECKOTr0
obopymoBaHus W JMHUK 3yekTporepenad (JIDII), a
P3A, Kak  TpaBHIIoO, YYUTBHIBAIOTCS  JIMIIb
anropuTMudecky. IIprunHa Takoro moaxona cBs3aHa
c BO3MOXKHOCTSIMHU METO/IOB YHCIIEHHOTO
HWHTErpupoBaHus JU(QepeHHaNbHBIX  ypaBHEHUH,
OTPaHMYMBAIOIINX JKECTKOCTh U AU (PepeHInaTbHbIH
MopsA0K COBOKYIMHOH mozenu D9C, KOTOpble, Aaxe
6e3 yuera P3A, oka3pIBaloTCs BECbMa BHICOKHMHU.

C mnosiBneHueM cpencts MopaenupoBanus 29C,

takux kak BMK PB 53C [1], mn03BOIAIOMIMX
JIOCTOBEPHO  ONPENENATh PEKUMHBIC BEIUYUHbI,
CTAHOBUTCS  aKTyaJbHOM  3ajada  pa3paboTKH

MaTeMaTHYecKux Mmozened cpeacts P3A ¢ yuerom
KOHKpeTHbIX peanuzauud u WT B memax wux
YTOYHEHHOU HAaCTPOMKH.

B pamkax pgaHHOI paboOTBl  IpEACTABICHBI
pe3yIbTaThl BCEPEKUMHOTO MOJICTUPOBAHUS
JUCTAaHIMOHHBIX  3amuT ([3), B  dYacTHOCTH
pacnpocTpaHeHHOM 13 THMNA 11 13-2801.

AkTyanpHOCTh MozenupoBanus JI3 obycioBineHa
MIMPOKHUM NPUMEHEHHEM AMCTaHIMOHHOTO MPHUHIUIIA
npu peamuzauuu P33 JIDII, pe3epBHBIX 3amuT
TeHEpaTopoB M TpaHc(OPMATOPOB,  YCTPOWCTB
ABTOMATHYECKOTO NMPEKPALICHUs] ACHHXPOHHOTO X0/1a,
3aIIUT T'€HEPAaTOPOB OT MOTEPH CHHXPOHHM3MA U JIp.
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Kpome toro, /I3, B oTiuuue OT MPOYUX 3aIUT,
UMEIOT  JIOCTAaTOYHO  CJIOXHBIE  XapaKTEPUCTUKH
cpabareBannsa (XC), a mNpUMEHsAEMBIE METOIUKH
pacdera yctaBok [JI3, He Bcerma o00eCHEYHBAIOT
MPAaBHJIBHOCTh WX BHIOOpA M HACTPOWKH B CIIOKHBIX
peXuUMHBIX ycioBuax. I[losTomMy pansi ajaekBaTHOU
HaCTpOMKH 3 HEpEIKO HE00X0aUM
JIOTIOJTHUTEIBHBIA aHaN3 WX (DYHKIMOHHPOBAHUS B
KOHKpeTHBIX pexkuMax IDC U cOoOTBETCTBYIOLIAs
KOPPEKTHPOBKA YCTABOK.

IIpennaraemplii MHOJXO0JT BCEPEKUMHOTO
MozmenupoBaHus JI3 ¢ yd4eToM  KOHKPETHBIX
peannzauuii 1 T mo3BOJIUT CYLIECTBEHHO MOBBICUTH
MTOJTHOTY M IOCTOBEPHOCTH MX HACTPOUKH.

Bceepexumnas matematuueckas wmojnenb (3
IA2-2801 (manee — momens [I3) paspabortana B
COOTBETCTBUU C TpPUBEACHHOH B [2] METOIUKOMH,
BKITIOYAOIICH CIICAYIOMKE JTambl: (OPMHUPOBAHUEC
aJIcKBaTHBIX CXeM 3aMelleHus Mmozaemupyemelx UT u
(G YHKIIMOHATBHBIX 3JIeMeHTOB JI3 /11 MOJIy4eHus: ux
nmepenarounslx  ¢yHknuit (I1D), koHBepTHpOBaHUE
mory4deHHbIX 11D B muddepeHnnanbHble ypaBHEHHS
(AY), mporpamMHas peann3anus CHHTE3UPOBAHHBIX
MaTeMaTHIECKUX MOJIEICH.

Paspaborannas momens [JI3  mpexncraBiser
COBOKYITHOCTb MaTeMaTHIeCKUX Mojenen
U3MepHUTeNbHBIX TpaHchopmatopoB Toka (UTT),
HaPSKEHUs (UTH), IIPOMEXKYTOUHBIX
tpancdopmaropa Toka (IITH) u nanpsoxenus (ITTH),
cxembl (OPMHMPOBAHUS CPABHUBAEMBIX BEIMYHH
(®CB), oOmoka mamsru (BII), dopmupoarens

uMIynbcoB HecoBmaaeHus (PUH), pearupyromux
opranoB nepsoro u Broporo Buaa (PO1 u PO2), pene
Bpemenu (PB). Mopaens /I3 omuceiBaeTces ciaeayroniei
CHCTEMOH ypaBHEHUI:

d%i,,,. (1) di, (t)
A Tge B g B

Luaw _f( i Ham ) !

AZ :f(k ! Lil. ' LZ ’LWLW)’ Bl =f(LrtuJ1 )’
B, =f(k,Ri.Ry Libo L Yo ) G =k By R, Y, ),

Ham !

di, (1)
dt

CZ ’ ithX (t) = O’

iHa,w (t)zlex (t) ’ % - ieblx (t)

i
? ebix !

rae — NEpBUYHBIA, BTOPUYHBII M TOK

1
6x

BeTBM HamaranunBanusa UTT;

Ham

R, R, — aKTHBHBIE CONIPOTUBICHHUS NEPBUIHON U

BropuyHOU 0OMoTKH UTT;

L1,L2,LW— WHAYKTUBHOCTU IIEPBUYHOM U
BTOPUYHOU OOMOTKH, BETBH HAMarHWYHBAHUS
UTT,
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Y

"
k — ko3¢ ¢uument rpanchopmanuu UTT;

A,, By, B5,Cy ¥ T.II. — BEAUYHUHBI, SABJISIONMECS
(YHKIMSAMH TapaMeTpOB CXEMBl 3aMEIleHus,
3/lecb M B JIPYTMX YPaBHEHUSX BBEJICHBI IS
KOMITAaKTHOCTH X 3aIHCH.

. — KOMILICKCHAas IIPOBOIMMOCTb Harpy3Ku;

2
du_ (t du (t du_ (t
_ . Gblx()_l_Bl. BA()_BZ gbLX()_CZ'usblx(t)
dt dt dt
LmLu :f(imw )’
ina,w (t):ugx (t) ’ k ’ YWl - usmx (t) ’ (YWZ + YH2 )
rae u U — NEPBUYHOE M BTOPUYHOE HAINPSDKEHHE
UTH;
Y1 Yo KOMITICKCHBIE ~ TTPOBOIMMOCTH

TIepBUYHON 1 BTOpuuHOH odmoTok U TH.
Mopenu IITT u IITH peanus3oBaHbl aHaJIOTMYHO
moxaensm UTT u UTH.

=0

d’e, (t de, (t d'u(t
(A, +A4)~7”() +(B,+8,)- n® -B,- w2® _
dt dt dt
d*u d’e, (t d’u_(t
—BS-A()+(C2 04). ”()_Cl. ‘“2()_
dt dt dt
d’u (t d’e, (t d’u(t
_C3'$O+(D2+D4)' H()_Dl' ‘”‘2()_
dt dt dt
d’u(t de,, (t
-D, -$1()+(E2 +E,)- n () +(F, +F,)-e,®=0.
dt dt
rae u,,.U , — HamlpsKeHHs Ha TEepBOM M BTOPOM
Bxoxe BII;
€, — HanpsukeHHMe Ha BhIxoAe BII (Hampsoxenne
TOJIITUTKUY).
de, (t) du, (t)
A —S—A-—+ B, e ) - K, u,(t)=0,
dt
de, (t) du, (t)
A 20— A4 B, e, () - K, U, () =0,
dt dt

e, () - e, - K -u ()=0.
rae e e, e, — (opmupyemeie npu momomu OCB

CpaBHHUBACMbIC BCIIMYHUHEI,

OCB,

u3MepsieMoil  pazHocTH
HaNpsHKeHUN

Ui y Uu BXOOHBIC HaIpSAXKCHUA

MPOTIOPIIMOHATEHBIC
TOKOB u pasHocTH
COOTBETCTBEHHO.

Monemn ®CB Bropoif u Tperbeii crymeneit /13

BBITIOJTHEHBI aHAJIOTUYHBEIM 00pa3oM, Toiasko B OCB

BTOpOH CTymeHH (OpMHUpYyeTCs He TpH, a YeThIpe

CPaBHUBAEMBIE BEIIMYMHBI M HE HCIOJIB3yeTCA
HanpspxkeHue «noanutkny. @YH u PB He oka3biBaroT
3HAQUUTEJIBHOTO  BIWSHUS  Ha  (OPMHUpPOBaHHUE
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Cexuus 1:
OneKTpoIHepreTuKa

HOTpEIIHOCTeH coracHo [2], mostomy B momenu /I3
YUHUTBIBAIOTCS AJITOPUTMUYECKH.

Monemn PO1, PO2 OIMCHIBAIOTCS
middepeHInaNbHBIME YPaBHEHUSIMHY, aHAJIOTHIHBIMHU
BBIIICIPUBEICHHBIM.

B cpene MATLAB BblllOJIHEHA HpOrpaMMHas
peanmsanus  Mmonenu /I3, mpemycmarpuBaromas
BO3MOXKHOCTb HCTIONIb30BAHUS B Ka4yecTBe
U3MEpSIEMBIX ~ TMEPBUYHBIX ~ PEXKHUMHBIX  BEIHMYHH
MacCMBa  MIHOBEHHBIX  3HAY€HUl  TOKOB  H
HarpsHKeHu i, MOJY4EHHBIX npu TIOMOIIH
peructpaTopoB aBapuiiHbix coObitnit  (PAC) B
dhopmare Comtrade.

B  memix - OKCIEpUMEHTAIBHOM  IIPOBEPKH,
MOATBEPXKIAIOMEH  a/JeKBaTHOCTh  pa3pabOTaHHOM
MOJIEH A3, BBITTOJTHEHO CpaBHEHHE ee
(YHKIIMOHMPOBAaHUS c (YHKIIMOHNPOBaHUEM
peanmsroi I3 ID-2801, 3apermctpupoBaHHOTO
PAC npu K3 ¢a3 B u C na JIDII 110 xB.

OcumiorpaMmsl - pe3yibTaTOB  MOJICTMPOBAHUS
nepBoit crymenu 3 HIJI2-2801, a takke (asHbIX
tokoB B JIOII, ¢asupix Hampspkenuin JIDIT B mecte
YCTaHOBKH 3alllUTBl U CUTHAN cpabaThIBaHUS MEPBOI
crynean I3 II9-2801, 3amucaHHbIe MPH ITOMOIIH

PAC, npuBeneHs! Ha pucyHKe 1.
RO BC, * W e _ =13
83 PP ABE 8%

et PHIL 1 {moncash

usRE.PO2, B (manenn)

20,

I I i L I
cpan. bor JI3 TIJT3-2801 {moneanh

cpus. Ler. 13 LUJI3-2801 (PAC) ] ] .
e : .

035 1 cex 04

Puc.1. OcummnorpaMMBl pe3ybTaToB
moaenupoBanus /I3 u nanuasie PAC

Cnucok auTepaTypsl

1. Tyces A.C., Cseukaper C.B., Ilmomuctsrit
n.JL MHuoronponeccopHast NPOrpaMMHO-
TeXHUYEecKas CUCTEMa  pealbHOTo BpPEMEHU
THOPUIHOTO TUIA JUIs BCEPEXKUMHOTO
MoJieiupoBanus  dHeprocucteM //  TexHomoruu
yrpasieHus pexxumamu sHeprocucreM XXI Beka: CO6.
JTOKJIaJIOB Bcepocc. Hay4.-TIPaKTUY. KOH(.-
Hosocubupck: U3n-so HI'TY, 2006. - C.125-131.

2. boposuko 10.C., Topmmenko U.C,
CymnaiimanoB A.O. MeToauka U cpeicTBa aJeKBaTHOM
HaCTPOMKM JUCTAaHIMOHHBIX 3amuT. // BecTHHK
Camapckoro  TOCyZapCTBEHHOTO  TEXHHYECKOTO
ynuBepcurera. Cep. Texuuueckue Hayku, 2013. — Ne
2(38). — C. 145-151.
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Cexuus 1:
OneKTpoIHepreTuKa

T'MBPUJIHBIN SJIEKTPOSHEPT ETUYECKHA MOJY.JIb
Meamosa E.B.
Hayunsrnii pyxoBogurens IInotarkos MLA.., K.T.H., IOLEHT.
Tomckuit nommrexHuyeckuil yausepeurer, 634050, Poccus, . Tomck, yii. Ycosa, 7
E-mail: igorplt@tpu.ru

OpHuM U3 HauOoliee MEPCICKTHBHBIX HaIpaBlie-
HUI TOBBIIICHUS YHEPIETUYCCKON IPPEKTHBHOCTH
JIOKAJbHBIX CHUCTEM JJICKTPOCHAOKCHUS  SIBIIACTCS
HCIIOJIB30BaHHUE B SHEPTETHIECKOM OaJaHCe PErHOHOB
BO300HOBJISIEMBIX HCTOYHUKOB dHepruu (BUD). OmxHo
W3 XapaKkTepHBIX npenmylinects BHD B ToMm, 4T0o HET
HEO0OXOUMOCTH BHIOMpaTh KaKOW-TO OJMH BWJ HC-
TOYHHMKA, @ MOYKHO TPOW3BOANTH AIEKTPHUECTBO He-
CKOJIBKMMH croco0amu opHoBpeMeHHo. Kimmaruue-
CKHe U reorpapuyeckue 0COOCHHOCTH JCLEHTPAIH30-
BaHHBIX 30H Poccum omNpenensioT NPaKTHYECKYIO
BO3MOXKHOCTb HCIIOJIb30BaHUsI M3 BCEX BHJOB BO300-
HOBJIIEMBIX ~ DHEProOpecypcoB  IPEHMYLIECTBEHHO
9HEPTHIO BETPa U SHEPIUIO COTHEYHOTO U3ITYyUCHHUSI.

IIpobnemoii, caepKuBaroiell BHEIPEHUE YCTaHO-
Bok BUD B Poccuu, sBIsETCS OTCYTCTBHE TOTOBBIX
CTaHIAPTHHIX TEXHOJIOTHYECKUX PEIICHHH M TPOEK-
TOB, KOTOPBIE OBI TIO3BOJMIIM B KPOTYANIIIHE CPOKH C
MHUHHMYMOM  BBITIOJTHEHUSI CTPOHTENBHBIX paboT
obecreunBaTh MOTPEOUTENS] KAYECTBEHHON JJIEKTPO-
JHeprueH ¢ TpedyeMol CTENCHBI0 HAICHKHOCTH.

B nanHoOil pabore paccMaTpuBaeTCs BO3MOXK-
HOCTb MOCTPOEHHS BETPO-(POTOIIEKTPUUIECKONH ycTa-
HOBKHM KOMIUIEKTHOTO THIa — THOPHUIHOTO SJIEKTPO-
9HEPreTHYecKoro Moayssi. Monynb HOJDKEeH Npen-
CTaBJIATh 3aKOHYEHHOE TEXHOJIOTHYECKOe (KOHCTPYK-
TOPCKOE) pEelIeHHE W JIOJDKEH oOecredMBaTh MoTpe-
OWTeNs 3JEKTPOIHEPTHEH B COOTBETCTBUHU C MPHUHS-
TBIMHU cTaHAapTamMu. IIpn co3gaHnuy HHEPTeTHIECKOTO
MOJYJIsl BBIIBUTAJIOCH TpeOOBaHWE JIETKOCTH TpPaHC-
MOPTHPOBKH M MOHTaxka. Ilpenmomaraercsi mepeso-
3UTh MOJAYJIb BHYTPH CTaHOAPTHOTO TPAHCHOPTHOTO
rpy3oBoro koHTehHepa [1]. PaszmenuB wumerontuiics
KOHTEHHEp IomoyiaM Uil YAOOHOTrO pasMelleHHs B
HEM JIBYX OJIMHAKOBBIX MOJYJICH, ObLIH MPOCYMTAHBI
BO3MOJKHBIC BApUAHTHI KOMIIOHOBKY CHJIOBBIX arpera-
TOB, BKJIfO4as ycraHoBKH BUD.

OcHoBHas 70151 BBIpabaThIBACMON MOIYJICM DJICK-
TPOPHEPTUH TPUXOJUTCS Ha HECKOIBKO OTHOTHITHBIX
BETPOIHEPTeTHIECKUX ycTaHOBOK. Ilpu BbIOOpEe KOH-
CTPYKIIMH BETPOTYPOHHBI pacCMaTpUBAINCH TyPOWHBI
TOPM30HTAFHO-OCEBOTO W BEPTHKAIHHOTO THIIOB.
BetpoTypOWHBI C TOPH30HTAIHHOH OCHIO BpaIlCHHS
001aaf0T MOBBIIICHABIM K03 () (DHUITMEHTOM HCITONB30-
BaHMsI DHEPTHH BETPOBOTO MTOTOKA, HO UX CYIIECTBEH-
HbIM HE€AOCTATKOM SBJIACTCA JOBOJIBHO BBICOKAasA MH-
HUMaJlbHas CKOpOCTh BeTpa (Kak IpaBujo, Oolee
3m/c), mpu KOTOPOH YCTAaHOBKA HAYMHACT BBIPAOATHI-
BaTh dJeKTpodHepruto. [lo cpaBHEHHIO C TOPH30H-
TaJIbHbIMU Typ6I/IHaMI/I BCPTUKAJIBHBIC BCTPOOHEPIe-
TUYECKHE YCTAaHOBKH CTOST [EIIEBJIE, YTO JTOCTUTACT-
cs 3a cueT Ooiee MPOCTOH KOHCTPYKIMH TYpPOWHEL.
BepTukanbHO-OCeBBIe TYpOUHBI HIMEIOT HU3KYIO CTap-
TOBYIO cKopocTh (0,5 M/C) M HE3aBUCHUMEI OT HaIpaB-
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JICHHUs BeTpa. YUHTHIBas, YTO OOJBIIMHCTBO 30H Jie-
[IEHTPAJN30BAaHHOTO 3JeKTpocHabxkeHus B Poccun
UMEIOT OTHOCUTENIbHO HeOONbIION BETPOBOW MOTEH-
muain (3 — 5 m/c), 3ToT (akTOp ABIBLICS OMpEHEIISIIO-
IIMM TpU BBIOOpE KOHCTPYKLIMH BETPOTYPOWMH ISt
SHEPreTU4eCKOro MOAYJIs.

YToObI OKOHYATEIEHO OTJAaTh CBOE MPEAIIOYTCHUE
BEPTUKAIBHO-OCEBOMY WM TOPH30HTAIBHO-OCEBOMY
TUIy TypOHH OBUT IPOM3BENIEH pacyeT BeIpabaThIBae-
MOH BETPO3HEPreTUUECKON YCTAHOBKOW 3JIEKTpHUUe-
CKOM PHEPTUHU B TEUCHNUHU CYTOK, IPH OJUHAKOBOM IISI
BCEX BETPOBOM TpEHJIE.

I'enepupyemast MOIIHOCTb U DHEPTHUS BETPOBHEP-
TeTUYECKOW YCTAHOBKU ONPENEISETCS U3 BhIPAKEHUM

[2]
pA .
Rvr =Cp 7\/\3775977@ Wor =R T,

rae: Cp — kod((ULUEHT HCHONB30BAaHUS HHEPIUU

BETpa, ONpeneNsIeTcsl W3 adpOJMHAMHYECKHX Xapak-
TEPUCTUK BETPOTYpPOWHBI, O — IUIOTHOCTH BO3IyXa,

A — mnomans, oOMeTaeMas KonecoM TypOuHsl; V,, —

MPOJOJBHAS COCTABISIOMIAas CKOPOCTH BeTpa, Habe-
TafoIero Ha BETPOTYypOHMHY (pacueT MpOW3BOIMIICS
U IBYX 3HaYEHHWH CpeqHeld CKOpOCTH BETpa SM/C M
10m/c Ha cyrouHOM MHTEpBale); 7,7, — KIIJL cun-

XPOHHOTO TEHEpPaTopa W CHJIOBOIO JIIEKTPOHHOTO
mpeoOpa3oBaress, COOTBETCTBEHHO; | — HHTEpBal
BpEMEHH PaOOTHI.

Beutn mpocunTaHBl Cleaylomye BO3MOXKHBIC Ba-
pHaHTBl KOMITOHOBKH MOZYJIS:
pacrojio)keHHe TpeX OpPU30HTAIbHO-OCEBBIX BET-
POPHEPreTHYECKUX YCTAHOBOK B OJIMH PSiJ;
pacriojio)keHHe TpeX OpPU30HTAIbHO-OCEBBIX BET-
POPHEPreTUUECKMX YCTAaHOBOK B JIBa Psijia;
pacroioKeHne TPEeX BETPOIHEPreTHUECKUX yCTa-
HOBOK POTOPHOTO THIA C HAMPABISIONIMM aflma-
paToM B OJIMH P,
PAacMoNoKEHHEe TPEX BETPOIHEPIreTHUECKUX YCTa-
HOBOK POTOPHOTO THIIA C HAMPABJSOLIMM arla-
paroM B 11Ba psa.
[Ipu pacuerax s ompexnesnenust kodddunreHTa
C, uCHONIB30BAIKMCh a3POAUHAMUYECKHE XapaKTepHU-

CTUKH COOTBETCTBYIOLIMX PEaJbHBIX BETPOTYPOHH,
OJIM3KMX 1O KOHCTPYKTUBHBIM IPH3HAKAM K paccMar-
pHUBaeMbIM TypOUHaM.

[ocne npoBen€HHBIX PacyeTOB MPEUMYILECTBO K
UCIIOJIb30BAaHMIO OBLIO OTAAHO MHOTOJIONACTHOM BET-
poTypOMHE BEpTHKaJIbHO-OCEBOTO THUIA C HAIpaBJIsi-
IOIIMM aInapaTroM, HOCKOJIbKY IPH MaJIbIX CKOPOCTSIX
BeTpa AaHHas TypOMHAa OyJOeT MpoIoJDKaTh BBIpada-
TBHIBATh JJICKTPOIHEPru0. B kadectBe mpeoOpasosa-
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Tellell MeXaHHYCCKOM OHEPrun BpalllCHUsA BETPOTYP-
OMHBEI HCIIOJIL30BAIINCH CHUHXPOHHBIC TEHEPATOPLI C
BOS6y)K,Z[eHI/IeM OT IOCTOAHHBIX MAarHuTOB.

B cocraB pazpabaTbIBaeMOro JIEKTpOIHEpreTHye-
CKOTO MOJyJNsi OBUIO NPHUHATO PEIICHUE BKIIOYHThH
(hOTORNIEKTPUIECKYI0 yCTaHOBKY. BripabGaTriBacMast
el AIIEKTpHUYECKasi MOIIHOCTh ONPENENeTCs] COOTHO-
HMICHUEM

PC =(WS /T)nspne'

rac WS — DHEPIrud NOTOKaA U3JIYUYCHUS, MMaJaro1ie-

ro Ha IUIOLIAJKY 3aJaHHOW IUIOMIAJM 3a HHTEpPBal
Bpemenn T ; 74, 7, — KIIJ| conneunoit Garapen u

CHJIOBOT'O 3JIEKTPOHHOTO IIpeoOpa3oBaTess, COOTBET-
cTBeHHO. [Ipu mNpoBeneHHMM pPacyueToB, MpeiroJara-
JIOCh, YTO CHJIOBOW NpeoOpa3oBarenb HajeleH (yHK-
el MakCMMyMa 0TOOpa MOILIHOCTH OT OaTapeu.

PazpaboTaHHas KOHCTPYKLUSI THOPHUIHOTO O3JIEK-
TPOSHEPreTHYECKOr0 MOAYJISL ~ MpEJACTaBIeHA Ha
puc.l.

ll
v

A\

4

0)

Puc. 1 — TpexmepHast MOJIeTb THOPUIAHOTO DIISKTPO-
9HEPreTUUCCKOro MOIYJIS: a — B KOHTCIHHEpE i
TPAHCIOPTHPOBKH; O — B pab0YeM MOJIOKCHUN

Konctpykuuss mpexacraBmser coboii Momyns ¢
PacHoN0OKECHUEM MIECTH BETPO3HEPTETHUECKUX YCTa-
HOBOK OAMHAKOBOI'O THMA B ABa psna. CHU3Y pacmo-
Jaraercs KopoO, € YCTQHOBJICHHBIMH CBHHIIOBO-
KHCJIOTHBIMHM aKKyMYJISITODHBIMHU OatapesMu U CHJIO-
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Cexkmus 1:
OneKTpoIHepreTuKa

BBIMH DJIEKTPOHHBIMHU ITpeoOpasoBarensiMu. Ha kpbl-
1€ ¥ TOPLEBBIX MMOBEPXHOCTSIX MOAYJIS YCTAHOBIICHEI
KpeMHHEBBIE COTHEUHbIe 6aTtapen. OHU yCTaHOBJICHBI
Ha IDapHUpax Ui ynoOCTBa IMOATOTOBKH MOXAYJIS Ha
MecCTe SKCIUTyaTalnH.

Bria pa3paboTaHa CTPYKTYpHas cxema dIIEKTPO-
9HEPreTHYECKOTr0 MOIYJIA, IOKa3aHHAas Ha pHc.2.

|

4* a6
I

=

Puc.2 — CtpykrypHas cxema THOPHIHOTO 3JICK-
TPO3HEPTETHIECKOTO MOIYJIS

Moynib COCTOMT U3 COJTHEUHBIX OaTrapei, SHeprHst
C KOTOPBIX IOCTYIAET Yepe3 Mpeodpa3oBaTelIb OCTO-
SIHHOTO HAalNpsDKeHWS Ha IOHHY IOCTOSIHHOTO TOKA.
OtoT mpeobpasoBaTenh 00ECHEYMBACT MOBBIIMICHHE
YPOBHS BBIXOJJHOTO HAINpPsDKEHUS M (QYHKIMIO MaKCH-
MyMa 0TOOpa MOIIHOCTH OT Te€HEPUPYIOLIETO HUCTOY-
HUKa. BBIX0Abl CUHXPOHHBIX T'€HEPATOPOB BETPO-
9HEPreTUYeCKUX YCTAaHOBOK COEAMHEHBI IOCIeI0Ba-
TEJIBHO M pabOTaIOT HA OOIIH yIIpaBIseMbIil BBINIPS-
MHUTCIIb, HO)IKHIO‘IGHHLIﬁ TAaKXE€ K IIMHE ITOCTOAHHOTI'O
Toka. [lma cormacoBanms rpadukoB BBIPAOOTKH |
MOTPEOJICHNUS AIEKTPOIHEPTUHN B COCTAB MOJIYJIsl BBE-
JICH HaKOIHTENIb YHEPrUM Ha OCHOBE aKKyMYJISITOp-
HBIX OaTapeil. DiekTposHeprueil norpedurens obdec-
MICYNBAECT WHBEPTOP HAINPSDKEHUS, KOTOPBIH MOXKET
paboTaTh Kak B aBTOHOMHOM PEXHME, TaK U B PEXKH-
M€ MapauIedbHO C CETHIO.

Takum oOpazom, IPOBEJCHHBIE UCCIIEA0BAHUS TI0-
Ka3aJ¥ IePCIeKTHBHOCTD MPEAIaraéMoro ImMoIxo/a 1o
CO3JJAHUIO TEHEPUPYIOIINX UCTOYHUKOB C yCTAaHOBKA-
MH BO300HOBIISIEMOH 3HEPTETUKH IS JICIIEHTPAIIH30-
BaHHBIX CHCTEM JJIEKTPOCHAOXKEHHS MalblX OOBeK-
TOB. B HacTosimee BpeMs pa3pabaThIBACTCSI KOMIIBIO-
TepHas UMHUTAIMOHHAs MOJENb TAHHOTO THOPHIHOTO
ANIEKTPOIHEPTETUIECKOTO MOJTYJISL.

CHUCOK JINTEPATYPBI
1. Mopckoe ArentctBo «Universaly — URL:
http://www.ship.ru/konteyners/20_stand.php.
2. Poza A. Bo300HOBIIEMBbIC HCTOYHUKH SHEPTHH.
DU3NKO-TEXHUUECKHE OCHOBBL. — M.: M3naTenbckuii
mom MDU, 2010. -704 c.
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Cexuus 1:
OneKTpoIHepreTuKa

NCCIUEAOBAHUE CMEIIEHUS TOYKHA 3AMBIKAHHUA TPOBOJHUKOB
KOHIHEHTPHUYUECKHUX CTPYKTYP
Hsoiinos E.B.
Hayunsrit pykoBoautens: Cinoboxsn C.M., 1.1.H., mpodeccop
Tomckuit mommTexHMUecKkuii yausepcureT, 634050, Poccus, r. Tomck, mip. Jlennna, 30

E-mail: zhekaiv@mail.ru

Mogens AMHAMHYECKOW TOYKH KOPOTKOTO 3aMBbI-
KaHUs NIPOBOAHMUKOB MHOTOBHTKOBBIX KOHIICHTpHYE-
CKUX CTPYKTYp (THIA KaTyIIeK WHIYKTUBHOCTH) MO-
JKeT OBITh PACCMOTPEHA Ha IpuMmepe coieHouaa. st
€ro MccieqoBaHMs ObLI MPOBENEH P[] OIBITOB, OJUH
U3 KOTOPBIX 3aKIII0OYAJICSl B UCCIIEIOBAHUU COJICHOUAA
COCTOSIIIIETO M3 YEThIPEX HACHTHUHBIX HHIYKTHBHO-
CTel, kaxaas u3 KoTopbix paBHa 10 mMI'H. Cxema npu-
BeJIcHa Ha pucyHke 1.

Ly

Puc.1. Cxema ombrta Nel

B xome paGoTBI MCKYCCTBEHHO NMPOBOAMIOCH ITO-
3JIEMEHTHO T'PYIIIOBOE KOPOTKOE 3aMbIKAHHE MHIYK-
TUBHOCTCH B Pa3IUYHBIX KOMOHMHAIUSIX, BIUIOTH [0
MTOJTHOT'O 3aMBbIKaHMS camMoro coyieHoua. K coneHou-
Iy TIPUKJIAAbIBAIOCh HHCTPYMEHTAJIbHO KOHTPOJIUPY-
eMoe nepeMeHHoe (CHHYCOUAAIbHONU (POPMBI) HATIPs-
>KeHUe 1o BennduHe paBHoe 5 B wacrotoii 1 k. B
X0Jic paOOTHI B IENb K HHIYKTHBHOCTSAM yCTaHaBIIH-
BaJId NIOOYEPEIHO TPU Pa3IMYHbIE 110 BEIMYMHE aK-
tuBHBIE Harpy3ku (R; = 47 Om, R, = 100 Om, R3 =
150 Owm).

Ha ocHoBe cpaBHEHHUS IOJyYEHHBIX PE3YyJIbTATOB
MPOBEIEHHOTO AKCHEPUMEHTa OBUIM CHENaTh CIexy-
FOIIIUE BHIBOBI:

1. AMmuTyna HampsDKEHUS. B IPOCTPAHCTBCHHOM
HE HapylIIEHHOW MHOTOBUTKOBOW CTPYKType OJHO-
POIHOTO COJICHOWJIA pacIpedeisieTcsl M0 HUCIaIaro-
IIeil B NEpBOM MPHUOJIMIKEHUHU MPSIMOJIMHEIHON 3aBU-
cumoctd. Crniaa 3aBUCUMOCTH CHIKEHUSI aMILTUTYIbI
HaNpsDKEHUS] TIPaKTHYECKH pPaBHOMEPEH (COOTBeT-
CTBYET BHINOJHEHWIO 3akoHa Owma), 9TO BHAHO W3
rpaduka Ha pUCYHKE 2.

2

]
o 1 2 3 4 5 [

Puc. 2. I'paduk pacrpeneaeHns aMILIMTYIbI HAIIPs-
JKEHHS TP HOPMAJIHHOM pEXXUME

2. BuixomHble mapaMeTpsl OAHOPOTHOW TOIIONO-
TUU CTPYKTYPBl MHOTORJIEMEHTHOTO COJICHOMJA TPHU
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KOPOTKOM 3aMBIKaHWH HJIEMEHTA HE 3aBHUCST OT MECTa
KOPOTKOTO 3aMBIKaHUS (K.3.), @ TOJNBKO OT BETUYIHUHBI
KOPOTKO3aMKHYTHIX BUTKOB. UeMm Oojblne K.3. BHT-
KOB, TE€M BHIIIIE TOK W HANpsDKEHHE Ha BBIXOJE, KOTO-
PBIE BO3PACTAIOT MO KCIIOHEHTE (pucyHKH 3, 4 u ).

6

5

a

o
o 1 2 3 4

Puc.3. I'pahuk 3aBUCMMOCTH HaNpPSHKEHUS
Ha Harpys3Ke OT YMCJIa K.3. BUTKOB

)
1 2 3 3 5

Puc. 4. I'padyik 3aBUCUMOCTH CHJIBI TOKa
OT 4HCHA K.3. BUTKOB

a 1 2 3 a 3
Puc. 5. I'padk 3aBUCHMOCTH aMILUIUTY/IbI
HAaIpsDKEHUS OT BEJINYMHBI K.3. BUTKOB

3. C yBenmueHHEM HArpy3KH IpPU KOPOTKOM 3a-
MBIKaHHH OJHOIM M3 MHIYKTHBHOCTCH BENMYHMHA TOKA
yOBIBaeT, a HANPSDKCHUE BO3PACTALT, KaK II0Ka3aHO Ha
pHUCcyHKax 6 1 7 COOTBETCTBEHHO.

\

L1}

0 a5 1 1.5 2 2,3 3 3.5

Puc. 6. I'paduk 3aBUCIMOCTH CHJIBI TOKA OT
Harpy3KH IIpH K. 3. OOHON U3 UHAYKTUBHOCTEMN
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1]
1] 0.5 1 15 2 25 3 35

Puc. 7. I'padyik 3aBUCHMOCTH HAIPSHKEHUSI OT
Harpy3KH NpH K. 3. OJJHOHN U3 HHAYKTUBHOCTEH

Tax e ObII NMPOBENCH 3KCIIEPUMEHT C MHAYKTHBHO
CBsA3aHHBIMH KaTymkamu (mo 900 BHTKOB Kaxkmas
00MOTKa), TIOJKITIOYCHHBIX COTVIACOBAaHHO, CXeMa KO-
TOpoii m300pakeHa Ha pucyHke 8. Ha comeHomn mo-
JaBaJloch CHaYajga IEPEMEHHOE CHHYCOMAAIBHOE
HanpsbkeHue paBHoe 5 B mpu ywacrote 1 kI'm, a 3aTem
UMITYJIbCHI TIPSIMOYTOJIHOM (DOPMBI TOH K€ YacTOTHI
U aMIUTUTY 16l B X0z1e paboThl 3akopaunBaiu cHavYaja
oJ1Hy 00MOTKY W5, a 3aTeM BTOPYIO.

a’ a b’ b c c

* % * x * %
M, M, M; e
R

Puc. 8. Cxema mcciieloBaHusI MHIYKTUBHO CBS3aHHBIX
KaTyIIeK

CpaBHeHHUE IOJTYYEHHBIX PE3yJbTaTOB MO3BOJISET
C/IeNaTh CJIC/TYIOLINE BHIBOIBI:

AMIIMTYa CHHYCOWAAJIBHOTO HANPSDKEHHS 10
KaTyIIKaM pacrpesessieTcs Mo yObIBaloIIel NpsMoii,
W MOYTH PaBHOMEPHO, YTO BUAHO M3 TpaduKa Ha pH-
cyHKax 9. A aMIIMTyZa IPSIMOYTOJIEHOTO HUMITYJIbCa
B TOYKEe b MMeeT MakCHMajbHOE 3HAa4YeHHe, U Jajee
yObIBaeT, Kak mokazaHo Ha pucyHke 10.

0 1 1 3 4 5 f 7

Puc. 9. I'paduk pacnpeneneHus aMIUIUTYAbl CHHYCO-
HUJANTBHOTO HANPSHKEHUS IPU HOPMATBHOM PEKUME

Cexkmus 1:
OneKTpoIHepreTuKa

Puc. 10. I'pacux pacripeneneHust aMIIUTY bl TPSIMO-
YTOJIBHBIX UMITYJILCOB IIPH HOPMAJILHOM PEKHME

AHanu3 MOJYYEHHBIX JaHHBIX 3KCICPUMEHTA
MIPUBOJINT K CICIYIOIINM BBIBOAAM:

1. AMIUIATYIOB HAPsOKEHUHA COJICHOWIA W B3aW-
MOCBSI3aHHBIX KaTYIIEK MPAKTHYSCKA OJUHAKOBBI, a
BEJIMYMHA TOKA U HANPSDKCHUS MPU BO3ACHCTBUHU Ha
HHUX CHHYCOHJIAJIbHOTO HAINpPSDKEHHUs OOJIbIIIe.

2. C yBenuyeHHeM HMHIYKTHBHOCTH 00JaCTH KO-
pOTKOFO 3aMBIKAHUSI BUTKOB KaTyIlIeK TOK U HaHpH-
JKCHHME Ha BBIXOJIC KOHTPOJIUPYEMOH IIeMH PacTyT.

3. CpaBHI/IB BBIXOJHBIC 3HAUCHUA TOKA U HaHpﬂ-
JKEHHsl, TOJIyYEHHBIX NPU CUHYCOUIAJIBLHOM HaIps-
JKCHUH, CO 3HAYCHUSIMHU, MOJYYCHHBIMU TPH MPSIMO-
YTOJIBHBIX UMITYJIbCAX, BHHO, YTO B MOCIIEJHEM CIIy-
yae BEJIMYUHBI TOKA M HANPSHKEHHS Topasio 00Jib-
[IAe, Y€M B MEPBOM. DTO OOBSCHIETCS BEIUYUHOM
UHIYKTUBHOCTH (B ombiTe Nel oHa Obuia MeEHBIIE).
COOTBETCTBEHHO C YBEIHYCHHEM WHAYKTUBHOCTH
BCJIMYHUHBI TOKA U HaHpSI)KeHI/ISI yMeHI)I_HaIOTCﬂ.

Puc. 11. Ocummnorpamma, IOITy9eHHAs HA BBIXOZE
HCTOYHHMKA PSIMOYTOJIbHBIX UMITYJIbCaX

Puc. 12. OcuuiuiorpaMma B TOYKe BHYTPHU B3aUMO-
CBSI3aHHBIX KaTYIIEK MPH HATUYUH B UX CTPYKTYype
00J1aCTH K.3. TIPH BO3/ICHCTBUH NPSMOYTOJBHBIX UM-
MyJIbCOB
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Cexuus 1:
OneKTpoIHepreTuKa

IHOCTPOEHHUE PEJIEMHOMU 3AIIUTHI QJIEKTPUYECKHUX CETEN
CUCTEM DJIEKTPOCHAB/XKEHUSA
Kopues B.A.
Hayunstiit pyxoBoautens: IlImoiinos A.B., k.T.H. 1oLEeHT
Towmckwit monmTexHrdgeckuit yausepeureT, 634050, Poccws, 1. Tomck, tip. JlenwHa, 30
E-mail: Kornev_vasja@mail.ru; Shm_av@rambler.ru

Penetinas 3amurta (P3), npumeHsiemas B cUCTeMax
aeKkTpocHaOxeHnss obecrieunBaeT  OOHapy)KEHHUE
kopoTkux 3ambikaauid (K3) B obopymoBanmm wu
JNEKTPUYECKUX CETAX W  TOJABICHHE JIaHHBIX
MOBPEXKJICHUN MOCPEICTBOM OTKIFOUeHUs Mecta K3 ¢
MOMOIIBIO CHJIOBBIX BBICOKOBOJIETHBIX KOMMYTaTOPOB
(BBIKITFOUATEIICH), CEKIMOHUPYIOMUX CeTh. Jpyrumu
cinoBamu, P3 — 310 00beMHEHHE, C OHON CTOPOHHI,
CPEICTB KOHTPOJI MapaMeTPOB PEarHpOBaHUs, Kak
[IPABUIIO, SJCKTPUIECKUX TOKOB MIJIM COTPOTHBICHUI
JJIEMEHTOB U YYaCTKOB CETH, a C JPYroil CTOPOHBI,

KOMMYTAIIHOHHBIX  aIlapaToB, 00ECHEeUYNBAIOIINX
mukBupammio K3 myremM  momaBieHHS  TOKa
KOPOTKO3aMKHYTHIX AIEKTPHUYECKUX LENEH.

Oobnapyxenne K3 B cetu ocymiecTBisieTcst uepes
Ype3MepHbIe BO3pACTaHUA TOKOB B CHJIOBBIX IIETIAX
(oGopynoBaHue, y4acTKH, JIMHUH CETH), CHIDKCHHS
U3MEPAEMBIX COINPOTHBICHUNA YYacCTKOB OT MecTa
pa3MeImieHnsl M3MEpHUTEIbHBIX MPHOOPOB 10 MecTa
K3. @ukcanuss  TOKOB U COIPOTHBICHUM
OCYIIECTBIISIETCS] IpUOOpaMu-pene, MoJKII0YeHHBIMA
K CHJIOBBIM LETsIM uepe3 TpaHc(opMmaTropsl TOKa M
HanpspKeHHs Ha KOHIAX Y4YacTKOB, JIMHWUH CeETH,
BBIBO/IaX 000PYIOBAHMS.

ITapameTpsl pearupoBaHHs TOK U CONPOTHBICHHE
C TOYKH 3peHHs OOHAPYKUTEIBbHBIX CBOMCTB
MIPUHIIUIHAIBHO pa3Hble. IlepBriii n3 HUX QukcHpyeT
TOK B UHTEpECyIOIlell Lenu ceTu, Oe3pa3IudHO
KaKMMH IIPUYMHAMHU OH BBI3BAaH M B KaKOM MECTE OH
Bo3HHK. Mecto K3 mo TOKy MOXHO ONpenenirTs Io
€ro BEIWYMHE, NMPUBA3aHHOW K TOIOJIOTHU CETH, €€
KOMMYyTalusM 1 pexxruMaM. CONpOTHBICHUE ABISIETCS
KOHCTPYKTOPCKHM IapamerpoMm, (Gopmupyercst depes
OTHOIIEHHE OCTATOYHOIO HAmNpsKeHUs K TOKY,
Mo3TOMY  (PUKCHpYeT  KECTKO  COIPOTHBIICHHUE
HE3aBUCHUMO OT KOMMYTallMii M PEeXUMOB OT MecCTa
YCTAHOBKHM H3MEPUTEIBHOTO OpraHa CONpPOTHUBICHUS
1o mecra K3.

OnHaKko MaHHOE MPEHMYIIECTBO CONMPOTHBICHHS
KaKk IapaMeTpa pearMpoBaHMs COXPAHSAETCS TOJIBKO
JI0 TIEPBOTO Pa3BETBJICHUS KOHTPOIMPYEMOH IIEIH.
IIpu K3 3a mnpepenamu HEpa3BETBICHHON YacTH
3aIMINAEMOT0 yJacTKa (PUKcamusi BEJIMUUH KaskKAOTO
rmapaMeTpa pearupoBaHHs Bce B OONBLION CTENEHU
HA4YMHAeT OIpPEJeNIAThCS TOKAaMH OT ITIOCTOPOHHHX
HCTOYHUKOB, oanuTheiBaromux Mecto K3. IToatomy ¢
TOYKH 3peHHsT OOHAPYKUTEJbHBIX CBOMCTB, aHAIIM3a
pacueToB YCTaBOK W YYBCTBUTEIBHOCTH, B LIEJIOM
MIOCTPOCHHUS TOKOBBIX M AMCTAaHIIMOHHBIX (TIapamerp
pearupoBaHusi — conpoTuBieHue) P3  Bo3HMKaeT
CTEPEOTHH  CTyNeH4YaTelXx 3ammr. CryneHduaTsle
3alIMTHl  XapaKTepU3yIOTCs YyCTaBKaMHu (IIOpOTaMH
JEHUCTBHS) KaK I10 ITapaMeTpy pearnpoBaHHH, TaK H
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nmo BpemeHu. IlocnemoBaTenbHOCTH — OTPAOOTKH
YCTaBOK 1O BpPEMEHH COBMECTHO C YyCTaBKaMH IO
napamerpy pearupoBaHus KaHaJIOB 3amuUT
3alUIAEMOT0 U BHEIIHUX YYacTKOB  MO3BOJISIOT
HMHUTHPOBATh OJOKMPOBAHUE CTYNEHYATHIX 3aIUT
npu BHemHUX K3.

BaxxHO OTMETHTB, UTO KaK CUCTEMA KOHTPOJIs, TaK
nu B unenom P3 momydaer cBoe 3aMedaTenbHOE

CBOWCTBO  CCIICKTUBHOCTH  Onaromaps  CETEBOM
CTPYKTYpE CHCTEM AIIEKTPOCHAOKEHNS,
CEKITMOHNPOBAHHIO aTOM CTPYKTYPBI

KOMMYTAIlMOHHBIMH aNIapaTaMy, pa3MELICHHBIMH B
pacipeeNuTENbHBIX YCTPOUCTBAX IEKTPOCTAHLIMNA U
MOJICTAHITUH. CIOCOOHBIMHU JIMKBUAMPOBaTh K3, u
KaHana, Onoxupytomero aeiictsue P3 mpu BHemHeMm
K3. J[ononHurtensHOe CEKIMOHMPOBaHHE (UIEPOB
OTHOCHTENIFHO  TOYEK  JJICKTPOIOTPEOJCHUsT  Ha
YIPOILEHHBIX MOACTaHIUAIX B cucTemMax
aneKTpocHaOKeHust [1] mpu HamWuuM OBYX APYTHX
Ha3BaHHBIX NPU3HAKOB CEJIEKTHUBHOCTU CYIIECTBEHHO
pa3BHBAaeT CBOMCTBO CEJIEKTUBHOCTH. [IpnmeHeHne
JUISL CEKI[MOHMPOBAHUS COBPEMEHHBIX  BaKyyMHBIX
BBIKITIOUATENe  WJIM  PEKIOY3epoB B CETAX
NIEKTPOCHAOKEHHS TI03BOJSIET YIYUIINTh TaKXKE H
npyrue 6a3oBble cBoiicTBa P3: BEICOKYIO HAaJEKHOCTB,
OBICTPONICHCTBHE,  YYBCTBHTEIBHOCTH,  KOTODBIE
JOCTHTHYTHI Oarofaps 0COOEHHOCTSIM KOHCTPYKIIUH,
KHHEMaTHKe, MUHHATIOPU3aUN PEKII0Y3€epOB,
BHEJIPEHHIO HOBBIX METPOJIOTHYECKHX u
ABTOMATH3HUPYIOIIUX TEXHOJIOTHH B X TIOCTPOSHHUH.

B [1] npexacraBneHsl BO3SMOXXHOCTH PEKIIOY3EPOB B
pa3UyYHBIX TPUMEHSIEMBIX BapUaHTaX IIOCTPOCHUS
CHCTEM 3JIEKTPOCHA0KEHHS. AHAIN3 OKA3bIBACT, YTO
ylydlleHue cBOHCTB P3 yuacTkoB M IHMHHMI ceTw,
00opynoBaHHOM peKIioy3epamu BO3pacTaeT
MPAaKTHYECKH 33 CYET OBICTPOAEHCTBUS M TOYHOCTH
oTpaboTKM omepauuii mociaenuux. Ilo  ycinoBusM
JNIEKTPUYECKOM  TPOYHOCTH W TalleHHs JIyrH
PAacXOXKICHUE CHIIOBBIX KOHTaKTOB PEKIIOy3epa HpHU
pa3pbiBe OTKIIIOYaeMOW 1LIeTHM B BaKyyMHOH Kamepe
TpebyeTrcss  He3HaumTedabHoe. IloaTomMy  Bpems
OTKJIFOUCHHUS U BKIFOUCHHUS PEKIIOY3€pa CYIIECTBEHHO
COKparmaercs. Otomy CIOCOOCTBYET  TaKKe
NPEAYCMOTPEHHBI B CXeMe pekioyszepa Ooiee
TOYHBIH JAaTYMK  HM3MEPEHHs TOKa, B KOTOPOM
ycTpaHeHa  Heu30eKHas  NpPH  HCIOJIB30BAHUH
OOBIYHBIX  BBIKJIIOUYATENEH HOTPENIHOCTh
TpaHcdopmaropoB Toka. brmaromapst sTomy 3amachel
IpU OTCTPOMKE,  COINacOBaHMU U MPOBEpPKE
YyBCTBUTEIBHOCTH II0 IApaMETpy pPearupoOBaHU
cryneHuaThix P3 MoryT ObITh cHIKeHBI Ha 20 — 25 %.
[ToBelieHEe  TOYHOCTHM  W3MEPEHHUS  IapaMmeTpa
pearupoBaHusi P3 103BOJSIET CHU3UTH CTYNEHb
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cenekTuBHOCTU 1o Bpemenu 1o 0,1 — 0,2 c. BMecTo

o0brunbix 0,4 — 0,7 ¢, 4TO TaKKe YBEIMYUBACT
OBIcTpOaCiCTBHE P3 CeTH, 000pyIOBaHHOM
peKIoy3epamu.

Hecmotpst Ha psin 00CYXJaeMBIX TEXHHYECKUX
NPEeUMYIIECTB  CHCTEM  OJIEKTPOCHAOXKEHHS ¢

pPexIIoy3€pamMu CTOMMOCTH MOCIEAHUX 3aMETHO HUIKE

BapraHTa C BBIKIIIOYaTCIISIMHU. HpI/I‘ICM JaHHOC
COOTHOLICHUC 1o CTOMMOCTH B abCOIIOTHOM
BbIpAXKCHUHU COXpaHACTCA u Inpu JOCTAaTO4YHO

OOJNBIIIOM KOJIMYECTBE PEKIOY3€POB, HCIOIb3YyEMBIX
JUI TIPOJOJILHOTO CEKIIMOHUPOBaHUS (uUaepoB, Mo
CpaBHCHUIO C BBLINIOJIHCHUEM 3ﬂeKTpOCHa6)KeHI/IH AJIsA
CEeTU C MIPUMECHCHUEM BBIKJIFOUATENEH u
pa3beIuHATEICH.

TakuMm o00pa3oM, TEXHHYECKHE IPEUMYIIECTBA,
HeOOJIbIIass CTOMMOCTD, HATUYHE aBTOHOMHOT'O OJI0Ka
MUTAHUS B COCTaBE KAXKIIOTO PEKIIOy3epa MO3BOJISIOT
B CHCTEMax DJIIEKTPOCHAOKEHUS C  JaHHBIMH
KOMMYTAIlHOHHO-3alITUTHEIMH ammaparaMu
OCYIIECTBIIATh TIOCTPOEHUE CTymeHyaTeix P3¢
yIy4IIeHHBIMH ~ CcBOcTBamMHu. OJHAKO  OCTAarOTCS
HEAOCTAaTKHU CTYIICHYATBIX penefx’mmx 3alluT,
0OyCIIOBJICHHBIE ~ METPOJIOTHUECKOH WX OCHOBOM.,
KOTOpasi TpeOyeT KOJMYECTBEHHBIX PACUE€TOB YCTaBOK
Y 4YBCTBUTEJILHOCTH, 4, CIEAOBATEILHO, JOCTATOYHO
TOYHOTO  3HAaHUS  CXEMHO-KOHCTPYKTOPCKMX U
PEXUMHBIX MAPAMETPOB ANEKTPUUECKUX CXEM CHCTEM
aneKkTpocHaOxeHus. Ho ecnu pexMMHBIA Tapamerp
(cBepxmepexomgubie DJIC), HEOOXOAMMBIA  JUIs
pacuyetoB TOokOB K3, ycTaBOK W YyBCTBUTEIBHOCTHU
P3, wuMmeer HeOONBIION Ciy9ailHBIH pa3dpoc, TO
ClydyalHOE  paccessHHe  CONPOTHUBICHHA  CXEM
3NIEKTPUUECKUX COEIMHEHU I ceTen
JJICKTPOCHAOKEHUSI TIO0 Pa3HBIM MPUYUHAM MOXKET
OKa3aThCs CYIIECTBEHHBIM B CBS3M C IHWHAMHYHOW
pexoH(pUTYypaneid MaHHBIX CeTeH [0 YCIOBUSAM
JKCIUTyaTalui U pa3BuTHs otpacin. OCcoOEHHO 3TO
OTHOCUTCS K  CHCTEMaM  3JIEKTPOCHAOXKCHUS
SHEPrOpecypcoB W B TEPBYH odepenb HedTe U
ra3o00br9n. [103TOMYy cHUCTEMa 3JIEKTPOCHAOKEHUS,
MOCTPOCHHAs HAa  peKIoy3epax, MOXeT JaTh
MpaKTHIeCKU A(PPEKT, ecId UMEET MECTO TOYHOE
3HaHHWE CXEMHBIX W PEKUMHBIX MapaMeTPOB CHCTEM
AEeKTPOCHA0KEHNUs, UYTO HepealbHO. PelnTh Ke 3TOT
BOIIPOC IPUHIMITAAIEHO BO3MOXKHO, HAIpUMep, 00
IMyTeM TMPOBEICHUS MOHUTOPHHTa TOKOB dUepe3
3aIUTHl Y9acTKOB ceTd ipu K3 B TpeOyeMbIX Toukax
CeTH MO YCIOBHSM BBIOOpA YCTaBOK U IPOBEPKH
YYBCTBUTECJIBHOCTH P?), qTO TOXE SIBJIACTCA
MaJIOBEpOSITHBIM. . [[eficTBUTENBHO, HEBO3MOXKHO
MPEICTaBUTh TMOCTPOEHHYIO PEATbHYI0 CHCTEMY
SJIEKTPOCHAOKEHUS.  OKUAAIOIIYI0  MOHHMTOPHHIA
tokoB K3 nyst nactpoiiku P3.

MoXHO TaKke NPEAIOKUTh pelIeHHe JHO0
MOCPENICTBOM MPUMEHCHHS Ha KaXKIIOM YYaCTKE CETH
3alIUTHI C KCCTKUM BBIACICHHEM 00JacTh NEHCTBHSA
(muddepeHnpanbHas 3allnTa, 3allUTa C KaHAJIOM
oOMeHa uWHpOpPMALUEH MEXIy KOMIUICKTAMH  Ha
KOHIaX 3aIHULIIAeMOT0 y4acTka), JUTSt
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Cexuus 1:
OneKTpoIHepreTuKa
(YHKIIMOHMPOBaHMWS M HACTPOMKH  KOTOPBIX

NPaKTHYECKN HUKAKUX PacyeToB HE TPeOyeTcsl.
OpHako [aHHBIE 3amIUTHI SBISIOTCS BechMa
JOPOTOCTOSAIIMMH MO pa3HBIM TpHYMHAM. Tak,
g hepeHIanbHbIC 3aTBI  W3-3a  KaHaJa
B3aUMOOOMEHa, KOTOPBIM  BCIECACTBHE  OOJBIION
MPOTSKEHHOCTH CETEBBIX YYACTKOB MMEET OOJBIIYIO
JUIMHY W TO03TOMY TpeOyeT OOecIednTs KOHTPOJIb
HCIPABHOCTU JTOro KaHaja. To ecTb, ¢ OAHOHU
CTOPOHBI, CTOUMOCTh 3aTpaT Ha 3TOT KaHaJl MOXET
OBITh HEMAJIOW, a C JPYroi CTOPOHBI TpedyeTcs
3alMTa JIAHHOTO KaHala OT IIOBPEXACHWH, 4YTO.
SABJIACTCA HCJIOIT'NYHBIM )44 Jaxe a6cyp,uH1>1M
PEUICHUCM. 3amym>1 C BBICOKOYACTOTHBIM KaHaJIOM
oOMeHa wH(popMaredr MeXAIy KOMIUIEKTaMH IO
MPOBOJAM CETH TPEOYIOT IS MOCTPOCHHS 3aIlHUTHI
BBICOKOBOJIBTHOTO ~ 00OpYIOBaHHS KOHIECHCATOPOB
CBSI3H, TparchopMaTOpoB TOKa, ¢uIBETPOB
MIPUCOCTNHCHNUS, 3arpaguTelicil BRICOKOH YacTOTH Ha
KOHI[aX KaXIOro ydacTka. B JaHHBIX BapuaHTax

3aTrpaThl  Ha  IIOCTPOEHHME  KaHajta  oOMeHa
OIIPEIEIISAIOTCSI B OCHOBHOM CTOMMOCTBIO Ha3BaHHOTO
060pynoBaHUS. Ho OTIBIT JKCILTyaTaluu

BBICOKOYACTOTHBIX 3alIUT IIOKA3bIBACT AOOCTATOYHO
BBICOKYIO () (eKTUBHOCTh UX NMpuMeHeHHs. 1losTomy
OTpacilb BHEIPSET STH 3aIIUTHI.

Onnako B [2] mpemnoxkeH cHoco® MOCTPOCHUS
BBICOKOYACTOTHBIX P3, B KOTOPOM BBICOKOBOJIGTHOE
000py/I0BaHNE HMCKJIIOYEHO, YTO JOCTUTHYTO 3a CUET
BBINOJIHEHUsT ~ 3alIUTBl  HAa  BBICOKOBOJIGTHOM
MOTeHIMalle MpoBOAOB JuHUM. KanHam oOMeHa
nHpopManueil MEXIy 3IEKTPOHHBIMU KOMILIEKTAMH
OCYIIECTBIICH 10 IpoBoAaM. HemocraTkoMm raHHOTO
MPeANIoKEHU Ui CeTeil  3IeKTPOCHAO0KEHUS
SIBIISIETCS MIPUMEHEHHE g hepeHIaITLHOTO
npuHIuna BeIiBIeHN K3 Ha ywacTkax, 9To TpebyeT
HaM4Ius 00s3aTeNbHOr0 (DU3WYECKOTO KaHaja UL
LUPKYJISIIIMY CUTHAJIOB O TOKaX Ha KOHIAX KaKIOTo
yuactka. Peanuzanmst Haubosee IOJHOLIEHHOTO
BBICOKOYACTOTHOTO nud depeHImanbHo-(Gpa3Horo
MPUHIMNA 3alUTHl CETEBBIX YYacTKOB HE TpeOyeT
(du3nyecKoro KaHajia Uil B3aMMOJCHUCTBHS MEXKIY
KOMIUIEKTAaMH ~ amlnapaTypbl Ha BBICOKOBOJBTHBIX
MpoBoJaxXx. OTOT BapuaHT OBICTPONEHCTBYIOMINX
3T  Y4YacTKOB  CeTed  3JIEKTPOCHAOKEHUs
MIPEAJIaraeTcst BMECTO CTYIIEHYATHIX 3allIWT.
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Cexuus 1:
OneKTpoIHepreTuKa

O METOJAX OINEHKH HAAEKHOCTH ITOJYITPOBOAHUKOBbIX

YCTPOUCTB CHJIOBOM DJIEKTPOTEXHUKH

Kpasuenko E.B.
Tomckuii nommrexuuyeckuid yausepeurert, 634050, Poccus, r. Tomck, nip. Jlennna, 30

e-mail: kevatp@tpu.ru

MupoBBIM TPEHIOM B 00IACTH JNIEKTPO3HEPIETHKU
Pa3BUTBIX CTpaH SIBISIETCS HCIOJIBb30BAaHUE CHIIOBBIX
MOTYTIPOBOTHUKOBEIX TiprbopoB (CIIII) B pa3midaHBIX
obmactsx mpumeneHust (puc.l). Oxono 70% Bcei
BEIpabaTBIBAEMO AJIEKTPOIHEPTUH Tpeodpasyercs ¢
TPHMEHEHHEM TIONYIIPOBOAHMUKOBBIX ycTpoicTs [1].
Js Poccun 014, NPUXOAALIASICS Ha
MOJYIIPOBOJHUKOBBIE TPE0Opa30BaTesId, COCTaBISET
npumepHo 30% BbIpaOaThIBAEMOIl IJIEKTPOIHEPTUH.

YBenuueHue KOJINYeCTBa CHJIOBBIX
MOJYIPOBOJHUKOBBIX ~ YCTPOMCTB B pa3iIMYHBIX
cdepax KU3HEAEATEIHLHOCTH, 0E3YCIOBHO, YBEIUUUT
9HEeproaGGeKTUBHOCTE, a BMECTE C TEM, MpH
JOCTIDKEHUM  MHPOBOTO  IOKas3aTels, IO3BOJIUT
cokoHoMHTh 12-15% Bcelt  BBIpabaThIBacMOi B
Poccun anexTposHeprum.
AsTomatusauma
TEeXHONOrUYeCKUxX
npoLeccos
Metannyprua n”"::;e";:'po'
Cunosble
no/synpoBOAHWUKOBbIE S
DB EEREEE yCTpoicTBa LiBETHbIX MeTan/I08
(cnn)
Cuctembl
3NeKTpoTpaHcnopT BO36YKAEHMA
reHepaTopos
KomneHcatopb!
PeaKkTUBHOMN
MOLLHOCTH
Puc.1 Chepa npumenenns CIIIT.
Cospemennsle  CIIII  ¢dopmanbHO ~ MOXHO
pa3genuTh Ha JB€ TIPYyNNbl B 3aBUCHUMOCTH OT
MomHocTd. K mepBoif  rpymme  yCTpOINCTB,
HMPUMEHSIEMBIX IIPEUMYIIECTBEHHO i
npeoOpa3oBaHMsi OYEHb  OOJIBIIMX  MOIIHOCTEH,

OTHOCST JAMOIBI M THPHUCTOPHL. Bropyto rpymmy
prOOPOB, UCTIONB3YIOMINXCS B ANAIMA30HE CPEAHUX U
MaJbIX ~ MOIIHOCTEH,  MNPEACTAaBISIOT  IOJEBBIC
(MOSFET - metal-oxide-semiconductor field effect
transistor) W OWIOJAPHO-TIONEBBIE TPAH3UCTOPEI
(IGBT - Insulated-gate bipolar transistor).
PazpaboTka  CHJIOBBIX  IHOIYHPOBOJHHKOBBIX
u3eni CompsKEeHa co 3HAYUTEIbHBIMH
BPEMEHHBIMH W PECYPCHBIMU 3aTpaTaMu, C OIHOM
croponsl. C Jpyroil CTOpPOHBI, TakKHe MPUOOPHI
IKCIUTYyaTHPYIOTCS. B JIOCTaTOYHO Y3KOM [JHana3oHe
BHELIHUX PabOYMX TeMIlepaTyp, HalpuMmep, CUIIOBbIE
TUPUCTOPBL  OT 0° mo +40°C u ¢ sxecTKEMH
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TpeOOBaHMSAMH B IUIAHE HAJEKHOCTH. TaKxke,
YYUTHIBAs 60pmon CpOK OKYTIaeMOCTH
SHEPreTHIEeCKUX 00BEKTOB, CYIIECTBYET HOTPEOHOCTD
nporHozupoBanus HaaexxHoctu CIIIT 3a mpememamu
cpoka ciyx0sr wm3menuii [2]. TlosToMy BO3HHKaeT

HE0OX0IMMOCTh OLICHKH Ha/Ie)KHOCTH
MOJYIIPOBOTHUKOBBIX YCTPOMCTB CHJIOBOM
JJNIEKTPOTEXHUKH, Kak Ha CTaaud pa3pabOTKH

U3/IEJINH, TaK ¥ B TEUECHHE BCETO CPOKA IKCILTyaTallUH
U 3a €ro IpejeaMH.

Metoasl nporHosupoanus. Crangapt [3]
onpenienseT TPU Kjlacca METOAOB MPOrHO3UPOBAHUS
HAJIeKHOCTH OOBEKTOB!

¢  METOJBl IBPUCTHYCCKOTO IPOTHOZUPOBAHUS
(3KCTIepTHOM OLICHKN);
METOJIBI MIPOTHO3MPOBAHUS
CTaTUCTHYCCKIM MOJICIISM;
KOMOMHHUPOBAaHHBIE METOIBI.

O6wenuHsIomen OCHOBOH MePEeYHCICHHBIX
METOJOB OLICHKH MOKa3aTeliel HaJeKHOCTH SABISAETCS
CTaTHCTHKA. Jna MeToJa IBPUCTHYECKOTO
MPOTHO3MPOBAHUSA 3TO CTaTHCTHYecKas oOpaboTka
HE3aBUCHMBIX OLIEHOK (MHIMBHIYaJIbHBIX ITPOTHO30B)
MmoKaszaTelei  Hame)kHOCTH.  KoMOWHHpOBaHHEII
METOJ] BKJIFOYaeT B ce0s METOABI SBPHCTHYCCKOTO
MIPOTHO3UPOBAHUS u MIPOTHO3UPOBAHUS o
CTaTUCTHYCCKIM MOJeNsM. B mociemneM Merone,
MOJICNIU Il TIPOTHO3UPOBAHUS CTPOST IO NTAHHBIM O
MOKa3aTesIX HAAEKHOCTH M IapaMeTpax OOBEeKTOB-
aHAJIOTOB c HCTIOJb30BaHUEM W3BECTHBIX
CTaTUCTUYECKUX METOJIOB (MHOTOdAKTOPHOTO
PETPECCHOHHOT0 WM (PAKTOPHOTO aHAJM3a, METOJOB
CTATUCTHYECKON KIACCU(PHUKAIINKA M PACIIO3HABAHUS

1o

00pa3oB).

MeTtonst MIPOTHO3UPOBAHHUS HAJICKHOCTH,
OCHOBAHHBIC Ha CTAaTHCTUYECKOM aHalU3e, UMECIOT
PAA CYIIECTBEHHBIX  HemoctaTkoB. K Takum

OTPaHUYEHUSIM OTHOCSAT HOPMBI M YCJIOBUSI BBIOOPKH
npuOOpoB, OTIpaBisieMble Ha UCIIBITaHUs. BepositHoe
OTCYTCTBUE OOBEKTOB-aHAJIOTOB TIPH Pa3padoTKe,
Hanpumep, HOBBIX CIIII mns ompeneneHHO# oTpacin
npuMeHeHHus.  JlomymmeHne O  CTallMOHApHOCTH
pPEXUMOB pabOTBl CaMHUX YCTPOWCTB M YCIIOBHI
9KCIUTyaTalliM, HalpuMep, TPaJUEHTHl TEMIIEepaTyp
BHYTpH  osJekTpopamgmomsaennii  (OPM)  moryr
pocrurate  30° u  Gomee IpagycoB Jaxe mJii
OTHOCHUTEJIPHO MaJI0 MOIIHBIX YCTPOWCTB (€AWHHIBI
Barr) [4]. Tlostomy, MeTOmBl MAaTEMaTHYECKOTO
MOJICTIMPOBAaHMS, OCHOBAHHBbIE Ha (PU3MKE OTKa30B
(PoF — physics of failure), yuwmteiBaromme Takue
Ba)XHBbIC (aKTOPHl KakK, HANpPUMEP, BHYTPEHHIOIO
HEOJJHOPOAHOCTh TEIUIOBBIX nonuei,
HEeCTaIlMOHAPHOCTh ycnoBuil skcruryarauuu CIIT u


mailto:kevatp@tpu.ru
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pSXKUMOB  paboThl caMHX TNPUOOPOB, a TaKXe
JIeTpa/IalliOHHbIE U3MEHEHHSI CTPYKTYpPBI MaT€pPHaIOB
MOJ NIefiCTBHEM COBOKYITHOTO BJIMSHUS BHEITHHX H
BHYTPEHHUX (aKTOPOB, IMEIOT 0] cO00 cepre3Hoe
OCHOBAHHUE.

IIporHo3upoBaHue moKazaTeiaeil HaJAEKHOCTH, a

MMEHHO  WHTEHCUBHOCTEM  OTKa30B,  CEpHUIHO
BBITyCKAEMBIX M HOBBIX  DJEKTPOHHBIX  H
SNEKTPOTEXHUUECKUX  JJIEMEHTOB, K  KOTOPBIM

OTHOCATCS] U CHJIOBBIE MOJYIIPOBOJHUKOBEIC U3EIIUS,
cormacHo [3], MOXeT NPOBOAUTHCS MOPU ITOMOIIH
COOTBETCTBYIOIINX METOJHUK, COJEpXKalIUXcs B
aMepUKaHCKOM BOeHHOM crpaBoyHuke MIL-HDBK-
217 m 0TE€4eCTBEHHOM CIPABOYHHKE IO HAAEKHOCTH
anekTpopaguonsaenuii. OnHaKo, B PEKOMEHAYEMBIX
CTaH/IapPTOM METOJMKAX — MaTeMaTHYECKUX MOJEISX
TIPOTHO3UPOBAHUS MoKazaTenen HaJIe)KHOCTH,
CYIIECTBYIOT  OTJIMYMS, Kak B  KOJHMYECTBE
k03¢ ureHToB Moenn 1 0a30BBIX HHTEHCUBHOCTAX
oTKa30B otaenbHbIX TUnoB CIIII, Tak u B 3HaYEHUSAX
KO3 HUITUEHTOB, a TaKxe MOAX01ax u
XapaKkTepucTukax camux kod¢¢uuuentos. [Tostomy,
MPECTABISIETCS, HHTEPEC OIEHKU COOTBETCTBHUS JIBYX
METOAMK C IEJbI0 OINpEIeNeHUs] BO3MOXKHOCTHU
WCTIOJIB30BAaHUSI HMX B KA4eCTBE COCTABIIIOLICH
konuenimu PDfR (PDfR — probabilistic design for
reliability) [5]. Cwmbicn koTopoil 3akirovaeTcss B
3¢ PEeKTUBHOM YIPaBJICHUH 3aTpaTaMH Ha pa3paboTKy
YCTPOUCTB 3JIEKTPOHHON TEXHUKU U CPOKOM BBIXOJA
Ha PBIHOK TOTO WJIM HHOTO W3/IEIIHSL.

IocranoBka 3amaun. B kauectBe ©0a30BOTO
9JIEMEHTa TIPM  TIPOTHO3MPOBAaHMM  IOKa3aTels
HAJC)KHOCTH, KaK KIACC YCTPOWCTB, ObLT BBIOpaH
CWJIOBOMl HHU3KOYACTOTHBIM JHOJA C TeMIEepaTypoil
nepexona Tpep =140 °C.

MateMaTiueckast MOJIeNIb OLIEHKH HAJeKHOCTHU IO
0Te4eCTBEHHOMY crpaBouHUKY «HanexHocts OPW»:

Aazlﬁ'Kp'qu'KK'Ka, (1)
rue: Ag —0OazoBas MHTEHCUBHOCTh OTKa30B
COOTBETCTBYIOIINX THIIOB CHJIOBBIX ITPUOOPOB;

K,—xoodpduument pexuma, 3aBucHT  OT
JIEKTPUYCCKON HATPY3KH U TEMIICPATYPHI;

Ky-xoapdument (YHKIIMOHATEHOM
cnierdrKy pesxxuma paboTel mpudopa;

K —xoaddunuent YPOBHS KauecTBa
npubopa;

K,—xoapummenT  KeCTKOCTH  YCIOBHH
SKCIUTyaTaIuH.

Marematuyeckasi MOJIeJIb OLICHKH HaJeXKHOCTH 1O
BoeHHOMY cripaBoyHnky MIL-HDBK-217:

As=/1b'7TT'7Ts'7Tc'7TQ'7TEv )
re: A,—6a3oBas WHTCHCUBHOCTh OTKa30B
COOTBETCTBYIOIINX THIIOB CHIIOBBIX IPHOOPOB,;

mp—KkodppuImeHT peknMa, 3aBUCHT  OT
TEMIIEePaTypHI;
Tg—KOd(PPUIMEHT peXuMa, 3aBUCHT OT

JNEeKTPUUYECKON HATPy3KU,;
Tc—KOdQUIMEHT, 3aBUCUT OT KOHCTPYKLHHU
KOHTAKTa,
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Cexnus 1:
OneKTpoIHepreTuKa
To—K03ppuurenT YPOBHS KadyecTBa

mpubopa;
Tp—KO3(h(PHUIIMEHT YCIOBHIA SKCITITyaTaIH.
Heo6xoauMo OTMETUTB, YTO OLIEHKA HA/Ie)KHOCTH
CIII mo mozmensm (1) m (2) mpoBoamiace s
TUIIMYHOTO peXUMa paboTel mpubopa U ycIOBUl
SKCIUTyaTalu (OKpy»Karouias Temneparypa T=25—

60°C). Ha puc. 2 TUpEACTABIEHBI pE3y/IbTATL
YHCIICHHOTO MO/ICTTUPOBAHHUS MoKa3aresns
HAJCKHOCTH (MHTCHCHUBHOCTH OTKAa30B) II0 JIBYM
METO/IMKAM.

au!

1510 °

510
T.0%
25 30 35 10 15 50 53 60
Puc. 2 . HuatencusHocTH OTKa30B MOIIHBIX
HOHprOBOZ[HI/IKOBBIX JAUOI0B HpI/I paSHI/I'{HBIX

TeMIiepaTypax OKpy’Karomerh cpenpl. ( ese -MOJETD
(2) mo MIL-HDBK-217 ;- wmomenms (1) mo
cnpaBouHHKy «HanexxHocts DPU»)

3akniouenue. VMcnoap3oBanue metonos POF npu
nporHosupoBanun  HamexHocth  CIIIT  cosmaer
NPEANOCBUIKM  JUIS ~ MHMHUMM3AIMM  KOJIMYECTBA
NPUEMO-C/IATOYHBIX HCIIBITAHUH, a B MOCIEAYIOIIEM,
METOJbl, OCHOBaHHBIC Ha (DU3UKE OTKAa30B, MOTYT
CTaTh BAXKHOM cocTamistonieit koumeniuu PDR..

OnHako, BaXHO OTMETUThb, 4YTO  0a30BbIC
uHTeHcuBHOCTH oTKa3oB CIIII mpuBemeHs! uis
TeMIIepaTypbl +25°C u HE YYUTHIBAIOT
MPOCTPAaHCTBEHHYI0  HEOJHOPOJHOCTh  TETJIOBBIX
noied, Kak BHYTpH HPHOOPOB Tak M 3a €Tro
HpesesIaMH.
Cnucok 1uTepaTypsbl
N.B. I'pexoB. Cunoas NOIyNPOBOAHUKOBAS
JJIEKTPOHUKA M HMIYJIbCHAs TeXHHWKA. //
BectHuk poccuiickoil akagemuu Hayk, 2008,
ToM 78, Ne 2, ¢. 106-131.
CeménoB [''M., CyxoB A.B. O nHané&xHoCTH
SKCILTyaTalliy CHIOBBIX MOJYIPOBOJHUKOBBIX
mpuOOpOB 3a TpenelIaMHu CpoKa CIYyXOBI B
mpeoOpa3oBaTEIbHBIX arperaTtax //
Onexrporexnuka. 2006. Ne 10. C. 9-13.
T'OCT 27.301-95 HanexHOCTP B TEXHHKE.
Pacuer HagexxHOCTH. OCHOBHBIE TIOJIOKECHUSL.
Kysueuos I'.B., benozepues A.B. Yucnennoe
MOJICIMPOBAaHNUE  MPOCTPAHCTBEHHOTO  MOJIS
TEeMIIepaTyp B CHJIOBOM TpaH3ucTope //
Pannorexnuka. 2006. Ne 3. C. 62-66.
E. Suhir When adequate and predictable
reliability is imperative // Microelectronics
Reliability. 2012. Ne 52. P. 2342-2346.
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Cexuus 1:
OneKTpoIHepreTuKa

NPOT'PAMMA JJIS1 OBPABOTKHU OCHUJIJIOTPAMM
JlaBpunoBu4a A.B., OpdopT A.A.

HNHCTATYT CHITEHOTOYHOM 31eKTpoHUKH CHOMpCKoro oTaeneHus Poccuiickoit akageMun HayK
(UCD CO PAH)
E-mail:lavrinovich86 @yandex.ru

Havyunslii pykoBoaureis, A.¢.-m.H. FO.H. Mcaes

B Hacrosmee  BpeMs  NpH  TOJYyYCHHH
9KCIEPUMEHTAIILHBIX JTAaHHBIX HMIMPOKO MCHOJIb3YIOTCS
mudpossie ocumwmiorpadsl. [lomydeHHBIe pe3yIbTATHI
MOXHO COXPaHATh B IM(PPOBOM BHIE, 3alMCaB HX
gepe3 USB-mopT Ha mudposom HOocutene tuma USB
Flash Device. JlanpHelmas BH3yanu3amis TaHHBIX
w/mmun  uX  o0paboTka TpeOyeT  cCIeIuaIbHBIX
nporpamM.  CyIIeCTBYIOT  CHEUHUAIM3UPOBAHHBIC
NporpamMMbl  JUIS  BH3YyaJU3alUU  OCLHJUIOIPAMM,
HanpuMep, nporpamma dupmsr OriginLab Corporation
[1], Agilent [2], PowerGraph [3], xotopsie
MnpeaHasHavYCHbl JId YUCJIICHHOTO aHaliu3a JaHHBbIX U
Hay4uHOH rpaduku, paboTaroiiye Ha KOMIBIOTEPE MO
yIpaBJICHUEM OIEpallMOHHON cucTeMbl  Microsoft
Windows. OpnHako 3TH TpOrpaMMBI W Jpyrue He
amanTHpPOBaHbl  MOA  KOHKPETHBIE  LH(pPOBBIC
ocmiorpadsl. Hampumep, OCLIHJIIIOrPAMMBI
noy4eHHble ¢ ocimuiorpada tuma Tektronix uMerot
paciiupeHue B BHAE *.CSV u 0€3 IOMOJHUTENBHOM
00paboTKM MaccuBa JaHHBIX MPOTPaMMoOi  (UPMbI
OriginLab Corporation He BoCmpuHHMaOTCA. ITO
CO3/aeT TPYIHOCTH IpU 00pabOTKEe 3HAYUTEIHHOIO

BOCIIPOM3BEAICHHEM WX B 1mporpamMme  (UpPMbI
OriginLab Corporation.
Hdns  pemenuss  gaHHOW — mpoOneMbl  HaMu

MIPEANPUHSATA TIONBITKA pa3pabdOTKH  CrelHUaIbHON
"[Iporpammsl udposoii 06pabotku nanHbIX" PDDP
(Program of digital data processing — PDDP) B cpexe
Lab View. PaspabGoranHas mnporpamMMa MO3BOJISCT
mocine  3arpy3ku  ¢ainma B 3Ty  IporpamMmy
BU3YaJIM3UPOBAaTh €r0 M INPOM3BOJUTH HAJ HUM
pa3iMyYHbIe MPOLENYpHl: CMEIIeHHe 10 OocH X,
YMHOXKEHHE 3HAYeHHH Ha J000H Ko3(h(UIMEeHT 1o
ocn X, Y, BBEIUNTaHHE IBYX JIOOBIX OCHHIUIOTPaMM
HE3aBUCHMO OT IIara JEeCKPUTHU3aUUH HCXOIHBIX
JaHHBIX, OIpEJeNIeHHEe MapaMeTpOB CHIHAJIOB C
MIOMOIIBIO CKOJIB3SIIUX MapKepOB, MacIITA0MPOBaHKE
HY)KHOW 00JacTH OCHWJUIOTPaMMBI JUI TPOCMOTpa

HHTEPECYIOIETrO COOBITHSL. Ipencrapnenue
OCHWJIJIOTPAaMM JI0 W TOocjie uX 00pabOTKHM B BHIE
rpaukoB c BO3MOKHOCTBIO HaHECEHUS

HanMCHOBaHUS HW3MCPSACMBIX BCJIWYUH TII0 OCHIM,
Pa3MEpHOCTH, LBETa HW TOJIIHUHBI JTHHUN KPHUBBIX
IIO3BOJIACT Bq)q)eKTI/IBHO h TpPOCTO HCIIOJb30BATH

KOJIMYECTBA OKCIIEPUMEHTAIBHBIX PE3YJIbTaTOB U MOJYYCHHBIEC JAHHBIE B OTUETAX.
TpeOyeT 3aTpaT 3HAYMTENLHOTO BpPEMEHH  Ha Buemmnuit  Bunm  wmHTepdelica pa3paboTaHHOM
IOATOTOBKY OCLWJIIIOTPAMM nepen  nporpammel PDDP npusenen Ha puc. 1.
Tpadukn carnaios
-
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O0paboTka OCHMIUIOTPaMM B JTAaHHOHM Mporpamme
HAYMHACTCS C KHONKH «[IpoYuTaTh OCIUILIIOrPAMMEL.
B nmosBuBmEeMcs oOkHe BbIOMparoTCS  (Galiapl
pacupenueM JuIs ocnenytomei oopadotku. B
okHe «['padku CUTHAJIOB» TOSBIIAIOTCS BHIOpaHHBIC
OCIHJUIOTPAMMBI.

Jlnst 00paboTKKM OCHIUILIOTPaMM HUCTIOIBh3YyeM OKHa
«Koappumment X», «Koapoumuentr Y». B oxHO
«Koapdurmment X» BBomuTcs KOIDQGUIUEHT IS
u3MeHeHust 3HayeHud X 1o BpemeHu. Hampumep,
OJlHA OCHWJUIOrpMMA ObLIa TOJYYCHA MPH Pa3BEPTKE
100 uc/nmen, a qpyras — 250 He/nen. UToObI MMETh UX B
OJTHOM Macmitadbe, He0OXOMMO HCXOIHBIC 3HAYCHUS
BpPEMEHH OCLJUIOTpaMMbI ¢ pasBepTkoi 100 He/nen
YMHOXHTb Ha KOO(QQHULIHUEHT 2,5, KOTOPBIH BBOIUTCS B
OKHO «Koaddunment X» ISt JTaHHOH
OCIIMJUTOTPAMMBL.  AHAJIOTHYHAST ONEPaLisi MOXKET
ObITh  BBINIOJIHEHA sl 3HA4YeHWd Y, BBOIS
COOTBETCTBYIOIININ k03 dunueHT B OKHO
«Koapoumment Y».

Oxna «Casur o X» n «Casur 1o Y» MO3BOJISIOT
nepeMeriaTh OCHHUIOTPAaMMBI MO OCSIM Ha 3HaueHHE
3aJJaHHOE B 3TUX OKHaX. EciM ncrnonb3oBaTh Kypcopbl
Y YCTAHOBUTH MX HAa HAYaJ0 Ka)KIOW OCIMIUIOIPAMMBI,
TO B okHe «CiBur X;-X,» OyAeT Moka3zaHo 3Ha4YCHHE,
Ha  KOTOpoe  HEOOXOAMMO  CABHHYTh  OJHY
Tpadurn carnaton

OneKTpoIHepreTuKa

OCHWJUIOTPaMMy  OTHOCUTEJNIBHO  JIpyrod.  ITo
3HAYCHHE BBOJUTCS B OKHO «CIIBUT 1O X».

Tlocne kaxkmoro HEWCTBUS HaKUMAETCs KHOIKA
«OO6HOBUTHY, TPOTpaMMa IIPOU3BOAWT BBITIOTHEHHE
3alaHHBIX KOMaHA. Pe3ynbrar BBIBOOMTCS B MOJE
okHa «I'pauku CHTHAIOBY.

B mporpamMMe mpegycMoTpeHa — mpoueaypa
BBIYMTAHHA OHOW OCLWIJIOTpaMMBbl W3 JAPYrol c
MoCJeNyled  BU3yalu3alMedl B  T0JIE  OKHa
«Pasnoctp  curHanoB». Hampumep, Ha  pwuc. 2
TMMPpUBCICHBL JABEC OCIUJIJIOTpaAMMBbI UMITYJIbCOB-

OTKJIMKOB,  MOJy4eHHblE TP  00CIEIOBaHUU
COCTOsIHUSI O00OMOTOK Tpanchopmaropa [4]. OpuH
HUMITYJIbC-OTKIINK SABIACTCA HOpMOFpaMMOﬁ

(ocmyuTorpaMMa KpacHOTO IIBETA), APYTOW UMITYIIbC-
OTKITUK SBISIETCS JeeKTorpaMMoil (MONy4YeH NpH
3aMBIKAHHH HECKOJIBKUX BHTKOB BBICOKOBOJILTHOM
o0MoTKHM). [ BH3yanm3anuu pa3HUIB MEKIY dTHMHA
UMITyJIbCAaMH  [PUMEHSIEM MPOLENYpPY BBIYUTAHMS
uMrynbca. [locme HEOoOXOAWMBIX —JCWCTBUH HaX
OCIHIJUTOTrpaMMaMu (B3auMHOTO COBMEIIEHHS,
W3MEHEHHUS HaIpsHKSHUS Ha BBIOpAHHBIN
KodpduumeHT W Ap.)  HAKUMAeTcs  KHOIKa
«Bpruucnuth  pasHocTb» W B mose  «Pa3HOCTh
CUTHAJIOBY TIOJTydaeM pe3yabTat (puc. 3).
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Puc. 3. Pe3ynbrat pasHOCTH ABYX OCHHIUIOTPAMM

[omydeHHbIE pe3yabTaThl MOXKHO OyIET BBIBECTH
B OTYET, B  KOTOPOM  IIOJIyaBTOMaTH4ECKH
(dopmupyercs: aTa NPOBEICHUS HCIBITAHUI; cxema
NPOBEICHUSI JKCIEPUMEHTa; HCIBITATeNH, 0co0bIe
YCIOBUSL ~ TPOBEACHHSI  OKCIEpUMEHTa W T..
[Iporpamma MoskeT OBITH yCTaHOBJEHAa Ha JIOOOM
KoMmrbroTepe mox cucremy Microsoft Windows (He
TpeOyeTcs MOoIHAsI YCTaHOBKA mMporpaMMmel Lab View),
00BpeM 3aHMMaeMoro npoctpanctsa 600 kb.

PesyabTaTsl

[pennoxena "Ilporpamma mudpoBoii 00padoTKH
nauHbx" PDDP (Program of digital data processing —
PDDP), paGoratomass B cpene Lab View wu
M03BOJBIIOIIAS OIIepPaTUBHO 06pabaTsBaTh
9KCIEPUMEHTAIbHBIC IaHHBIC, HOJTy9aeMble
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COBPEMEHHBIMH  IIU(PPOBBIMH ~ ocmutorpadhamMu ¢
pacuimpE€HUEM *.CSV, CpaBHMBATbL CHUT'HAJIbI B BUJIC UX
pasHoCTH U popMHpOBaThH OTYEeT B (hopmate Word.

Jlutepartypa

1. http://www:.originlab.com/.

2. http://www.home.agilent.com/ru/pd-2113078-
pn-N8900A/infiniiview-oscilloscope-analysis-
software?nid=-35491.1010837&cc=RU&Ic=rus.

3. http://www.powergraph.ru/.

4. Lavrinovich V.A., Isaev Y.N., Mytnikov A.V.
Advanced control state technology of transformer
windings. — International Journal on "Technical and
Physical Problems of Engineering". — 2013, V. 5, N.
4, pp. 94-98.
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Cexuus 1:
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PACYET OKCIHEPUMEHTAJIBHOI'O AEMOHCTPAIIMOHHOI'O

TPAHCO®OPMATOPA TECJIA
J.B. Jlapuonos
Hayunsrii pykoBonutens: A.C. FOauHs, H.C., K.T.H.
Towmckuit monmuTexHuIeckuil yausepcuret, 634050, Poccus, r.Tomck, np. Jleanna 30
E-mail: mishika@tpu.ru

Beenennue.

Tpaucopmarop Tecrma mpoOU3BOIUT pa3psibl, IO
BHJYy HAalOMHHAIONINE MOIHHHM W NPEACTaBIAIOLIUE
co0O He3aBEpIICHHBIN MCKPOBOW JIMIEPHBIA pa3psia
B Bo3ayxe. Ha kadenpe Texuuku u Dnekrpodusuku
Bricoxux Hanpspoxenuii uncruryra @usuku Beicokux
Texnonoruit HU TIIY, co3naH nosynpoBOJIHUKOBBIIL
tpancopmarop Tecna, KOTOpwIA mpearnoaraercs
UCIIOJIb30BaTh B KAYECTBE JIAOOPATOPHOT'o CTEH/A JUIs
W3y4eHUs] MPOIECCOB B MArHUTHO  CBSI3aHHBIX
PE30HAHCHBIX KOJIeOaTeNbHBIX KOHTYpax. Ha crammm
pacdera BO3HHMKIAa IpobiemMa ¢ BBIOOPOM MeETOAa,
HO3BOJISIOILETO CHU3UTH MaTepHUalbHbIE u
BpPEMEHHBIE 3aTpaThl Ha u3rorosieHne. OOBIYHO TpH
pacdere TpaHcopmaropa Tecia HCXOmAT U3
apaMeTpoB BTOPUYHON KaTyHIIKH WIH Tpedyemoi
MOIITHOCTH TpaHcpopmaropa.

OnucaHHBIE ~ METOJ  TO3BOJIIET  PAcCUUTATh
napameTpsl TpaHchopmaTopa, UCXOJIS u3
TEOMETPUIECKUX pa3mepoB BBICOKOBOJIBTHOTO
TepMHHaJIA (TOPOUTA).

Teopusi padoThbl.

ITonynpoBoAHUKOBBIH u KJIACCUYECKHI

TpaHchopMmaTtopbl Tecina OTIMYAIOTCS 1O CXEME

BKITIOYCHUS MICTOYHUKA MIUTAHUS U BUAY TIEPEXOTHOTO
mpouecca M HE WMEIOT pa3JIMuuii B KOHCTPYKLHH
KonebaTeNnbHBIX KOHTYpOB. [l pacuera KOHTYpOB
BOCIOJIb3yeMCsl cxemoi KJIACCHUYECKOTO
TpancopmaTopa Tecna.

Tpanchopmarop Tecna mpencraBisier coboi
CHCTEMY JIBYX MArHUTHO CBSI3aHHBIX PE30HAHCHBIX
konebarenpHBIx RLC — konTypoB (Puc.1.).
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Puc. 1. - I[lpunyunuanvras cxema Kiaccuyeckoeo
mparcgopmamopa Tecna. Cy, Ly, Ry — emxocmo,
UHOYKMUBHOCHb, AKMUBHOE CONPOMUBIEHUE
nepsuunoco koumypa; Ly, R, — unoyxmuenocmo u
AKMUBHOE CONPOMUBTLEHUE BMOPUYHO20 KOHMYPA,
Cruop» Ceopr = EMKOCIU MOpOUOA U cOOCMEEHHA.
obmomku, coomeemcmeenno. T — 8b1COKOBONbMHbLLL
mepmunan (mopoud). K — kommymamop, M —
83AUMHASL UHOYKIMUBHOCHb KOHIMYPOB.

EmkocTs BToprunOro kontypa Cs, (2) cocTout us
EMKOCTH TOpOMJA OTHOCHTENBHO 3eMiH  C,p,
COOCTBEHHOW €MKOCTH BTOPUYHOW 0OMOTKH C..5r.
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Korma Ha Topomme BO3HHKAET pa3psill, BO BTOPUIHOM
KOHTYpE TOsABJsieTcst 100aBouHast éMKOCTh C 5. OHa
OITyTHMa TOJNBKO B OONBINIMX TpaHCHOpMATOpaX, y
KOTOPBIX JJIMHA CTpUMepa OoJbIlle METpa, B HaIIeM
ciydae eit MoxxHO mperebpeys [2].

B HauanbHbelf MOMEHT BpeMmMeHH EMKOCTb (g

3apspkeHa no HanpspkeHuss Ug. Ilocnme 3aMbikanust
komMyTtatropa K B mepBuyHOoM KoHType L;C;
BO3HUKAIOT CBOOOZHBIE KOJIeOaHMs, KOTOpbIEe 3a CUET
MarHUTHOM CBSI3M  IlepelaloTcss BO  BTOPHYHBIH
KOHTYP. DHeprusl, cojepxamascs B Cy,
nepekaunBaercs B C, U 00paTHO JI0 TEX MOp, MOKa He
M3pacXoqyeTcsl Ha CO3AaHHE CTPUMEPOB M PacCceeTcs
B BHJE OMHUYECKHX MOTEpb, B CONPOTHUBICHUAX R; m
R,.
Jdns  mepepaum  SHEPrHUM MEXAYy KOHTYypamu C
HaWMEHBIIUMH  TOTEPSIMH  HEOOXOJIUMO,  YTOOBI
COOCTBEHHBIE YACTOTHI KOHTYpPOB Obutu paBHbI [1]
T.C.:

_¢=1 =f =1
fpe3 = fl_ /(27[ '_Ll-Cl) _fz_ /(271_ ,LZ'CZ-) (1)

N Ll'Clsz'Cz

Hampsokenne  Ha  emxoctu  C,  Jocturaer
MaKCHUMaJIbHOIO 3Ha4eHHs Ujmax IIPH  HEKOTOPBIX
(bUKCHpPOBaHHBIX 3HAYCHHUSIX Kod(dduimeHTa CBs3u
k.= 1; 0,6; 0,385; 0,28; 0,219 u T.1. Yem BbIImE
K03((PULKEHT CBSI3HM MEXAy 0OMOTKaMH, TEM MEHBIIIE
NepHo/IoB KosieObaHuii TpeOyeTcs, 4YTOObl JOCTHYb
MaKcHUMyMa HampsokeHust [1].

CymiecTByeT Teopus, 4YTO BTOpWUYHAas OOMOTKa
apisiercs BuOparopom I'epua. Ilpm stom pimHa
NPOBOJIHMKA BTOPMYHON OOMOTKM JOJDKHA OBITH
l,=n‘A4, rme n=1,35..., A —UIMHA BOJHBI
KoJIeOaHWH BTOPUYHOTO KOHTypa. Eciam oOMmoTka
COOTBETCTBYET NaHHOMY ycioBuio (BhIp. 3 - 5), ToO
MaKCUMyM  HampshkeHHs BO  BpeMs  PaboOThI
NPUXOANTCS HEMOCPEICTBEHHO Ha HEe3a3eMIICHHBIN
KOHeI 0OMOTKH U TOPOUS

Meton pacuera.
B kauecTBe MCXOIHBIX TAaHHBIX JUIs pacyera ObLIH
IPUHATHL T€OMETPHUECKUE pa3Mephbl HUMEIONUXCS B

CBOOOJMHON TMpoJake MaTepuajoB U  4acToTa
pesonanca  f,,=160 «xly. OOocHOBaHO  3TO
CTpEMJICHHEM K  YMEHBIICHHIO  3aTpaT  Ha

MPOU3BOJICTBO TpaHCc(opmarTopa.

Topowun: BHenmHUH nuametp D = 220 MM, quamerp
ceuenuss d = 80 mMM. JIMDJIEKTPUYECKHIA CEPIAEUHUK
BTOPHYHON KaTymiku: auameTp d, = 50 MM, anwHa
HamoTku |, = 350 mMm.

Emkocts Toponna C,,,, [n®], (pasmepsl B cm):

D
Cmo,,=(1,2781-E),/zn-o,lss-(D-d)-d
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CoOCTBeHHAsT MEXBUTKOBass EMKOCTh BTOPUYHOM
oomotku Cp5; [nD]:
R
C,05>=0,29:1,+0,41-R,+1,94. |—
2
rae R, - paguyc BropuuHOi 0OMOTKHM U |, B mroiimax.
Torma cymMMapHyl0 €MKOCTb BTOPHYHOTO KOHTYpa
MOJKHO 3aIIFCaTh KaK:
C2 = Cmop+C0062 (2)

Pacyer  MHIYKTHBHOCTH  BTOPHUYHOH  OOMOTKH
npousBomiics o Gopmyne (1). danee ompenernseMm
KOJIMYECTBO BUTKOB (pa3Mepsl B cM., L, [MkI'H]):

/5L, (9d,+20l,)
n=——
2 d,
U CeYeHHe IIPOBOJA:

I,
d,==

n2 n,

Pacuer M wu K. ObUI TIpoU3BENEH C IOMOILBIO
nporpammel MandK 3.1. (Copyright (c) 2000 by Mark
S. Rzeszotarski, Ph.D., Chesterland, Ohio, U.S.A))
IIporpamma wucnons3yeT anst pacu€ra JBOMHOIM
unrerpan Heiimana [3]. 3nauenue koadduimenta
ces3u k. = 0,219 ompenensiercss myTeM H3MEHEHUS
BBICOTBI PACIOJIOKEHUSI Hayajla BTOPUYHOH OOMOTKH
OTHOCHUTEJIHO Hayuana NepBUYHOIL.
WHIyKTUBHOCTH IEPBUYHOTO KOHTYpa L4:

2
/ ‘/kg‘l—z

EmxkocTs nepBudHoro koutypa Cy:
1

(271-1‘!763)2 Ly

rae f,.; — 3HaueHHe 4acTOTHI PE30HAHCA.
Haiinem xoa¢ddunueHT tpancopmanmu:

k=%,

L]_: M

C]_:

1
Toraa BEIXOAHOE HANPSIKEHNE COCTABMT:

U2=Ul'km
[poBepka 1Mo yCIOBHAM paboOThl YETBEPTHBOIHOBOTO
Bubparopa I'epua. Haiinem aivay Bosas [2]:

J=— 3
=7 3)
pes
JnvHa IpOBOAHUKA BTOPHYHON OOMOTKH.
l,,=ny-dyr (4)

Yucno yeTBepTed JUIMH BOJIH YKJIAJBIBAIOIIMXCS BO
BTOpPUYHON OOMOTKE

In2

n=4. 7 (5)

B namem cinywae n=1, a 3HauuT, paspabarbiBaeMblil
TpaHC(HOPMATOP COOTBETCTBYET YCIOBHAM pPaOOTHI
YEeTBEPTHBOIHOBOT'O BHOpaTopa.

B  pesymerare pacuera  OBIIM  IIOJNyYEHBI
CIICIyIOIINe NaHHBIC: MEepBHYHAI OOMOTKAa HMEeT
(¢opMy yceuy€HHOTO KOHyCa, IHAMETP IEePBUYHON

30

Cexuus 1:

OneKTpoIHepreTuKa

0OMOTKH O gymp.—0 e, =130-175  MM;  BbICOTA
nepBuuHOit  oO6motku ;=110 wmm;  auamerp

npoBojanuka d,;=6,7 MM; KOJMYECTBO BUTKOB N;=8;
KO3 GHUIMEHT CBA3U k.=0,219; B3aWMHas
unaykruBHocts M = 216,3 mxI'n; Ly = 7,68 mxI'w; Cy
195 u®; BropuunHas o0MoTKa umeeT (opmy
conenonna, N, = 3160 Burkos; d,,=0,1 mm; L, =
68,76 mI'n; C, = 15,34 n®. BrixoaHOE HANPSHKCHHE
Uom=29,5 kB.

Pe3ysbTaThl H3MepeHHii.

0,15+

0,10
0,05

0,00
-0,05
-0,10
-0,15V

/

<

I

|

|
IRy
|
|

50 55 60 65 70 75 80 85 90
t MKC

Puc.2. - Ocyunnoepamma moxa 8o emopuurom
KOHMmYype, Onvim X010CmMo20 X00d.

W3mepenHoe 3HaueHWe WHIYKTUBHOCTH L,=75
mI'H. [lo kpuBoit Toka (Puc.2.) ObUIM OMpEeieHbI
4acToTa f=212 k[, sorapu(pMuUYecKui
koapdunmeHT 3aryxanus 0=0,27, ompenencHbI

OKCIICPUMECHTAJIbHBIC 3HAUCHUSA CMKOCTH [4],
2

L,-(4n?+82)
1 aKTUBHOT'O COIPOTHUBJICHUSA

R, = 9L /== 8,48810° Om

C, =7,510"2®

BuIBOABI.

IIpumensiembie HH)XCHEPHBIE hopmymsl
JIONYCKAaIOT TIOTPEIIHOCTh pacueToB. B mpouecce
HU3IrOTOBJICHHUS HEN30€KHEI HC3HAYUTCIIbHBIC
OTKJIOHCHUA TCOMCTPHUH DJJICMCHTOB OT PACYCTHBIX
3HayeHui. HakomjeHue  MOTPEenIHOCTH  MOJKET
IPUBECTU K 3HAYUTCIIbHBIM OTKJIOHCHUAM
peSOHaHCHOﬁ HYaCTOThl OT pacquHofI. HauGonee
YYBCTBUTCJIBHBIM K TI'COMCTPUM MNapaMETpOM II0
HalllUM JaHHBIM  ABJIACTCA CMKOCTb BTOPUYHOTO
KOHTYpa.

Cnucok IuTepaTypsl.

1. Koposun C. JI. MourHass ©MIyIbCHasl SHEPreTHKA!
Kypc nexunii.—Tomck: U3a. Tom. yu-Ta., 2007.-256 c.
2. Mitch Tilbury The Ultimate Tesla Coil Design and
consruction Guide. McGraw — Hill Companies inc.:
2008. 413 p.

3. Inductance Calculations: Working Formulas and
Tables by Frederick Grover, D. Van, Nostrand Co.,
1946, later reprinted by Dover Books.

4. Heitman JI. P., Kanantapos II. JI. Teopetuueckue
OCHOBBI DJIEKTPOTEXHUKH, 4. 1 U 2, ['ocoHeprousar,
1959r.
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Cexuus 1:
OneKTpoIHepreTuKa

IJIEKTPOBAJIAHC CUBUPCKOI'O ®EJEPAJIBHOI'O OKPYT A —

JUHAMMUKA, IEPCIIEKTUBbI
Jleonora B.K.
Hayunsiit pykoBoautens: Knumosa I'.H., k.T.H., 1o1eHT
Towmcknit monmuTexHUIecKnit yauBepcuret, 634041, Poccus, . Tomck, mp. Jlenuna, 30

E-mail: zvdlera@mail.ru

Bornpocsl paiioHaIbHOIO IHEPronoTpedIeHus u
TTOBBIIIIEHUS JSHEPTeTUIECKOU 3 dexTuBHOCTH
[OCTABJICHBI BO TJIABY IOBECTKH CETOJHSIIIHEro JIHS
BO BceM Mupe.

Cubupckuit  ¢enepanbubiii  okpyr  (CDO)
pacroJiaraet cBoei ooraroii TOTUIUBHO-
SHEPreTUYCCKOM U CHIPbEBOl 0a30ii, oOecreunBas He
TOJBKO  CBOM  NOTPeOHOCTM B TOIUIMBHO-
sHepretudeckux pecypcax (TOP), Ho u sBnAsch uMx
Ba’XHBIM MMOCTABIHIMKOM B IPYIU€ PCruOHLI.

Bananc smektpuueckoit sHepruu (23) sABIsAeTCA

YaCTHOM  NPOM3BOJHOH  CBOJHOTO  TOIUIMBHO-
sHeprerudeckoro Oamanca CDO, paccMOTpEHHOTO B
[1, 2] wu cayxur CcBOeOOpa3HBIM  3EpPKAJIOM,

OTPaXKaIOIIUM COIMATbHO-3KOHOMHYECKUH ypOBEHB
Pa3BUTHS TEPPUTOPUH, B TOM UUCIIE U TO, HACKOJIBKO
3¢ (deKTHBHO peau3yeTcsl MonuTHKa ['ocyaapcTBa B
00J1acTH 9HEProcOepeKEeHUsL.

[punsitue B 2008 rony Ykasa npesunenta Ne889,
a B 2009 romy DenepanbHOro 3akoHa Ne26l
HOCITYKHJIIO CTHMYJIOM Ui pa3paboTKu
JIOJITOCPOYHBIX  LEJEBBIX MporpaMm (ALIIT)
TIOBBIIICHUS 9HEPreTHYECKOH 3¢ PeKTUBHOCTH
tepputopuit  [1]. OCHOBHBIMH  WHIHMKAaTOpaMH
9HEpreTndeckoi 3(PQGEKTUBHOCTH B COOTBETCTBUH C
MIPUHATBIM  3aKOHOZATENILCTBOM  CITyXaT: CBOJHBII
TOIUIMBHO-3HEPTeTHIECKU I GaaHc, YacTHbIE
SHepreTudeckrne OaJaHChHl, IOKA3aTeIH COIMAaIbHO-
9KOHOMHYECKOTO  Pa3sBUTHUS, JHEPrOEMKOCTb U
3JIEKTPOEMKOCTh IPOU3BOJCTBA COUHHUIIBI BaJOBOTO
PETHOHAILHOTO TPOAYyKTa, moTpebnenne TOP u D5
Ha JyIIy HAaCEICHHUSL.

HecMmotps Ha To, uTo Bce JILIIT paspabarbiBatoTcs
otHocutesnsHO 2009 rona, aBTOpamMu B JaHHOH padboTe
HCHOJNb3yeTcsl cTaTucThueckuit Mmatepuan ¢ 2000
rojga, TaKk Kak Ooublas BBIOOpKA IO3BOJIIET
OCYLIECTBIISITH 00Jieeé KOPPEKTHBIE IPOTHO3HI Ha
MEPCHEeKTUBY, MOBBIIIAsl JOCTOBEPHOCTh MoJENeH U
BBEIBOJIOB.

C®O ommH u3 HeEMHOrHMX OKpyroB Poccun,
KOTOPBIH ~ TPaKTHYECKH  O0ECIedYMBacT  CBOM
norpedbHocTH B DD COOCTBEHHOM BBIPAOOTKOH, 96%
KOTOpOW IPUXOJUTCA Ha TEIUIOIEKTPOCTAaHIUH |
THIPOIEKTPOCTAHIINH. 3a pPaccMaTpUBaEMOE BPEMs
npou3BoacTBO 9D B CPO yBenmuuuiocs Ha 6%, a
norpedaenue Ha 13%.

HauGonee 3HayuMbIM (DaKTOpPOM, BIMSIOIINM Ha
3JIEKTPONOTPEOICHHUE, SIBIISICTCS BaJIOBBIN
pervoHanbHbI mpoxaykt (BPII), ero crpykrypa u
BO3MOXKHOCTH €€ MU3MEHEHHUS Ha MepCIeKTuBy. Tak, B
TEKYIUX YCIOBHUIX Mpou3BonacTBo BPII cyOpexkTamu
C®O otHocutensHo gaHHbIX 2000r. yBEIUUMIIOCH B
7,3 paza. 66% cosmaBaemoro BPII mpuxomurtcs Ha
Kpacnosipckuit  kpaid, Hpkyrtckyro, Kemeposckyto,

31

Hosocubupckyro obmactu. B oTpacieBoit cTpykType
BPII nomunmpytoT 00pabaThIBaOIINe MPOM3BOJICTBA
(21%), Tpancnmoptr u cBa3b (13%), mpemampusTHs
ontoBoii ®  posHmyHod  ToproBmm  (13%),
OpraHM3aluy,  OCylIecTBistomue  pabory ¢
HEJIBI)KUMOCTBIO W TOCYAApCTBEHHOE YIIPaBJICHHUE
(15%), noObIBarone OTPACIM HPOMBIIIICHHOCTH
(10%).

B conocTaBuMBIX YCIOBHSX CKIIAIbIBAETCS COBCEM
WHasg KapTuHa npupoct BPII x 2012 romy
cocrasisieT Bcero 30% ornocurensHo 2000 rona.

M. py6.

Ipoune

1200000 31paBooxpaneHne

Oo6pasosanne
1000000

Tocyupeknenns

W Henpwkumocts

800000 <

B OymancoBast e TENBHOCTD
600000 TpaHCIOPT U CBA3b

BT OCTHHHIBI M PECTOPAHBI
400000 W Toprosas

B CTpoHTe/IbCTBO
200000 WTIpoussosicTeo DD, rasa, BOIbI
WOGpabarkiBaronme

0
2004 2005 2006 2007 2008 2009 2010 2011

B Jlo6bIBatorie
BC\x, oxota 1 1\x

Puc.1 _Cmpyxmypnas ounamuxa BPII &
conocmasumuix yciosuax omuocumenvro 20002

W3 puc. 1 BUIHO, 9YTO OIS BUOB 3KOHOMUYECKOU

JIeATeIbHOCTH JICHCTBUTEIILHO CO3IAFOIIHX
MPOYKIIUIO cocTaBisieT 66-69%.

3aBUCUMOCTH, TIPEJACTaBICHHBIE Ha pHUC. 2
JICMOHCTPHUPYIOT €CTECTBEHHOE CHIDKCHHUE
JJIEKTPOEMKOCTH B TEKYIIMX YCJIOBHUSX, Jaliee

paccMaTpuBaTh KOTOPLIC HE uenecoo6pa3Ho.

kBru/ThIC. PYO.

=== 5JIeKTPOEMKOCTb B
COBOCTAaBHUMBIX [ICHAX

= @@= 3]1eKTPOEMKOCTE B
TEKYILHX LeHAX

. 4

2JIEKTPOEMKOCTh C YUECTOM
TIOTEHI[HA 1A
COIIOCTaBUMBIE YCIOBHUS

4
y

i

o T

@=le==3]1eKTPOEMKOCTE C Y4ETOM
TIOTEHIHAJIATEKY IIHE
ycnoBus

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Puc. 2. Dnexmpoemxocmu BPII ¢ mexywux u
CONOCMABUMBIX YCIOBUAX C Yuemom u be3 yuema
HOMEHYUANa HepeocoepedtceHus.

B conocraBuMbIX ycrnoBusix anekrpoemkocts BPIT
B 2011 roxy cocraBmna 216 kBru/teic. py0., 4yTO Ha
40 xBtu/teIc. py0. MeHbme 2000 roma. CHuKeHue
MIPOUCXOJUT, MPEUMYILIECTBEHHO, 3a CUET U3MEHEHUs
ctpykTypbl BPII B cTOpOoHY HEIHEpProeMKuX BHIOB
JeATEIIBHOCTH. B ciry4ae COXpaHEHHA
HAOMOAIONMNXCS TeHISHIHHA moTpebieHne 33 B
C®O nHa OmMKAUIIYI0 TIEPCIEKTHBY MOXHO OILECHHUTH
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IpY MOMOIIM YPaBHEHUS], IOIYYEHHOTO B IIpOrpaMme
STATISTICA

ngn =2230,1409- x —4,2868-10° , MuH. kBTu.

C ydeToM peanu3aliiii HA3HAYEHHOTO TTOTEHITHAa
sHeprocoepexkeHns anekTpoemkocts k 2020 romy
nomwkHa coctaButh 114 xBru/teic. py6. B
cooTBeTcTBUM ¢ l'ocymapcTBeHHOH mporpaMmoit
JHEProcOepEeKEHHs JOCTHKCHUE ITOrO MOTCHIMAIa

npeamnoJiaracTesa 3a CUCT MPUBJICUCHUA
BHE6IO)I)KETHLIX HNCTOYHHUKOB n NanabHEHUIIEero
COKpalicHnuAd J0JIU HCOHEPTOECMKUX BUI0B

JesTenbHocTH B crpykrype BPII. VpaBuenue npumer
BUJ

W, = —2604,9007 - x +5,3973-10°, motn. kBt

Kakmm oOpa3zoMm Oyzer MeEHATBCS CTPYKTypa
3JIEKTPOEMKOCTH B pa3pe3e BUAOB HKOHOMHUYECKOM
nestenpHOCTH (BOJ) B Oymymem ceifuac ckas3aTh
HENb3s, TaK KaK OTCYTCTBYET IPOTHO3 COLMAIbHO-
sKoHOMHUYecKkoro pa3putist COO Ha MepCHeKTUBy 10
2020 roma. Ha 2011 rox anexrpoemkoctu mo B3JI
U3MEHSJIUCH Tak (Tabum. 1).

Tabuuua 1

Dnexmpoemkocmu npou3e00cmsea npooyKYuu
no 8UOAM IKOHOMUYECKOU OesmenbHOCU

BOI kBru/ThHIC. PYO.

JloObIBaromyie oTpaciu 59,1

OGpabarbiBaroniye 0Tpaciu 79,7

ITpou3BOACTBO, pacHpeseIeHIe

17,2

20, rasa, BOIbI

CTpouTensCTBO 2,2

C/x, oxoTa u JI/X 3,3

Tpancnopt u cBs3b 18,4

IIpouune 17

JoObiBatomne u  oOpalarbiBaroliue  OTpaciu
MOPOMBIIIICHHOCTH ~ XapaKTepU3ylTCs  HamboJjee
DJIEKTPOEMKHM  NPOM3BOJCTBOM,  CIIEJOBATEIBHO,

MIOWCK OCHOBHEIX PE3epBOB SKOHOMHUH DD CIleayeT
HAYMHATD C HAX.

YcnoBHO BCE BUJIBI 3KOHOMHUYECKOH
IEeSITETPHOCTH MOXKHO pAa3JIeiIUTh Ha CO3IAOIIUC
CpeICcTBa TPOM3BOJICTBA W CO3MAIONINE TOBAPHI
HapomHoro motpebmenns  [3]. T.e. KOHEYHBIM
NoTpeduTesIeM IpPSIMO M KOCBEHHO BCEro, 4TO
npousBoaT BOJI, sBasiercst Hacenenue. [Ipuodperas
TOBapbl ~ HApPOJHOTO  TNOTpeOJieHHs,  HaceJeHUe
OIJIaYMBAaeT  3JEKTPHUECKYI0 COCTABISIOIIYI0 B
ce0eCTOMMOCTH NPOAYKIMH TI0 HEPeryIupyeMbIM
eHaM Ui = TOPOMBIIUICHHBIX — IOTpeOHTeNe.
[otpedsist 33 B OBITY, HaCEICHUE OIUIAYMBACT €€ IO
peryIupyeMbIM [eHaM, yTBepKIaeMbIM
HemapramenTaMu TapuHOTO pPETYIHPOBAaHUS JTHOO
PernoHansHBIMU SHEPTETUIECKUMH KOMUACCHSIMH.

B C®O wnabmomaercs craOWIbHAs TEHIEHIIUSA
CHIM)KEHUsI YMCICHHOCTH HaceJieHus Ha (oHe pocTa
notpebienus I3 (tabi. 2) [4].
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Cexnus 1:
OneKTpoIHepreTuKa
Tabiuma 2
Hacenenue
2000 2010 2011
Cpennenymessie 1933 15007 | 16568
JIOXOJIBI, THIC. PYO.
CpennenyuieBoe
notpebnenue 33, 958 1174 | 1282
kBT1u
E:HC“@HHOCT"’ THIC 1 20333 19252 | 19261

OOBSICHATh POCT CPETHEAYIIEBOTO MOTPEOICHUS
9D Ha ¢poHE MOCTOSTHHO yYBEIMUMBAIOMINXCS TapH(OB
MOXHO TOJIBKO POCTOM OJIar0COCTOSTHHS TPAXK/IaH.

C ToukM 3peHHs  peanM3aldd  HOJHUTHKH
9HEProcOEpexKEHUs] HAcEeIeHHE — camas TsDKenast
KaTeropus NoTpeduTeNeil 1 rocy1apcTBO HaXOJUTCS B
MOUCKE  CTHUMYJHUPYIOUIUX  Me€p, JOMYCTHM
colMaibHasi HopMa notpedaeHuss 33 [yl HaceJIeHus.
C npyroit cTOpoHBI 3TO — 3aBYaJIMPOBaHHBIH POCT
TapuQOB JUIs1 HACSIICHHUSI.

I[Ipu  ycnoBHM  COXpaHEHUsSI  CJIOXKMBIIMXCS
TCHACHIMH  TOJydHMM  CIEAyIollee  ypaBHEHHE
MIPOTHO3a MOTPeOICHUS I3 AJIS 3TOH TPYIIITBI

W, = 68,3287 -x* —2,7362-10° - x+2,7394-10°.

B cpemnem mo C®O mnpupocty 1500 pyoO.
CpeIHEIyIIeBEIX J0XOJOB OyAeT COOTBETCTBOBAThH
npupoct norpednenns 99 Ha 100 kBt4 B ro,.

[orpebutenbckas yacTh 3JekTpobanaHca Oyner
COCTOSITH M3 CyMMBI JIByX OJIOKOB

W =W, +W, .

B HBIHENIHWX YCIIOBHSX, KOTAA CTAIH HEPEAKH
aBapuM Ha OOBEKTax OHIECKTPOIHEPIeTHUKH, pacTeT
IPOLEHT CHIJIOBOTO OOOPYNOBAHUS, MOIJICKAIIETO
3aMeHe, ce0eCTOMMOCTh J00bIUM HCKomaeMbix TOP,

JONsl  KOTOPHIX  JOMUHHPYET B  TOIUIMBHO-

SHEPreTH4YecKoM OanaHce BaKHOCTH  BOIIPOCOB

TUTAHUPOBAHUS U TIPOTHO3UPOBAHUS JICKTPOOAIaHCOB

TEpPUTOPUIl  HAXOOUTCS Ha OJHOM YPOBHE C

rocyAapCTBEHHOM MOJINTUKOM TOBBIILIEHUS

SHEPreTHIecKOi (P PEKTUBHOCTH CTPAHBI.
Jlutepatypa
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Cexkmus 1:
DIIeKTPOIHEPTETHKA

NCCIEJOBAHUE METOJA UBMEPEHUSA EMKOCTU KABEJIA

B TIPOLIECCE ITPOU3BOJACTBA
Munses /[.B., Hryen Jlanr Kyanr
Hayunsiit pyxkoBoautens: Munses J.B., K.T.H., AOLEHT
Tomckuit mommTexHMUeckuii yausepcureT, 634050, Poccus, r. Tomck, mip. Jlenunna, 30
E-mail: kgh1215@gmail.com

BBenenne

Ilepenaua wHPOpMamUU — 3TO HEOThEeMIIEMAas
JacThb MHOTHX UH(POPMAIIMOHHBIX "
BBIYUCIIUTENBHBIX  cuUcTeM. [l 3rtoro  wacto

UCTONB3YIOTCS TPOBOJHBIC CBs3U. I[lpu mepemade
HHPOPMALIUK  TIPOUCXOAAT HEW3OeKHBIE MOTEpH
HCKaKEeHUs IMOJIe3HOro curHana. K mpudmHam 3Toro
OTHOCSITCSL BJIMSHHSL BHEIIHHUX IOJIeH, M MapamMeTpsbl
caMOl JMHMM CBsI3U. B uyMciIo Takux napaMerpos
BXOJWT €MKOCTh Kabeiasa. 3HadyeHHE €MKOCTH
HEOOXOIUMO JJIsl ONTHUMAJIFHOTO BBIOOpa Kabens, a
TAKXKXE I OHpeIleJIeHI/IH O6ﬂaCTI/I HpI/IMeHeHI/IH
IIAHHOTO BUIA KaOes.

HaubGonee uenecoobpa3HbIM U IKOHOMUYECKH
BBII'OJHBIM  SABJIICTCA HM3MEPCHUE CEMKOCTU CII€ B
mporiecce  MPOM3BOJACTBA  Kabens, Ha  CTaauu
HAHECCHHUE M30IIMUA. OTO JaeT BO3MOXHOCTb
M3HAYAIIbHO 3a/1aBaTh HEOOXOAUMYI0 EMKOCTh H
KOHTPOJIUPOBATH ITOCTOSIHCTBO €€ 3HAYCHUS 110 BCEi
JUTHHE Ka0es.

HOCKOJ’IBKy, HN3MEPCHUC €MKOCTHU Kabest
MPpOU3BOAUTCA TPHU OTCYTCTBUM OISKPAHUPYIOLICTO
CJIOA, B Ka4YE€CTBEC BTOPOI'O JJICKTPOAda HCIIOJB3YyETCA

BOIa. KOHTpOJ'IB €MKOCTH IIPOU3BOAUTCA B
oXJIaKaaromen BaHHE, KyJa IOMCIIACTCA Ka0Oelb
ociIe HaHCCCHUA HU30JIIIIHUOHHOT'O CJ1041.

CrpyKkTypHas cXxeMa IpeicTaBIeHa HIKE.
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Puc 2. CtpykrypHas cxema npeoOpa3zoBarens: [ -
I'enepatop; @- dazomerp.

[Ipu oTcyrcTBUM Kabemnst B BoAe, B MpeoOpa3oBartee
n3zmepsiercsi R,,y, - CONPOTHBICHUS BOABI MEXIY
KOpPITyCOM | 3JeKTpogoM muTanus, Cy-coOCTBEHHAS
€MKOCTh TIpeoOpa3oBatels, T.¢ €eMKOCTh NaT4uK Oe3
kabens, R-compoTHBIEHHME KOTOpOE  BKJIIOYaeM
mexxay OI1 m PO. Ilpu mpucyrctBuu BblOMpaemoe
comporuBieHue R, To B npeoOpaszoBarene co3naercs
RC-nenouka mepBoro nopsaka. Ta 1enovka OyneT
MEHSTh aMIUTUTY]l, HarpshkeHue u das.

IIpu orcyrctBum kabemns, OpiBaeT R Cj-memouka
MEpBOTO  MOpsAka, (a3oBBIA  CABHUT Py =
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cxema
BHJ,

IIpennonaraemas MPUHLIMIIAATIbHAS
€MKOCTHOTO npeobpa3oBaTens uMeeT
IIpeICTaBICHHBIN Ha puc. 1.

[Ipeobpa3oBaTens BBIIOJHEH B BHIC IIOJOTO
IWIMHApPa W BKIIOYaeT B ce0sf JBa dIeKTpoja:
anektpo nuranus (OI1), cocrosiumii n3 AByX yacTtei
1, wu pabouwmii snexrpox (PD) 2, pacnosoxeHHBIH
Mexnay OIl, BBog 3 i mojaud HaMpPSHKEHUS
nmuTaHusg, BeBoA 4, kopmyc 5. B mpomecce
HU3MEPEHUs, KOPIIyC BaHHBI, KOPILyC 5, a TaKXKe JKUja

BOOa

Kabes 3a3eMIISTIOTCS.
4
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T
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Kabem

Puc. 1. [IpuanmnuampHas cxeMa eMKOCTHOTO
npeoOpazoBaTens

arctg(w*R-Cy) Dror a3z wu3mMepsiercs ¢
ucronb3oBaHueM ¢asomerp. Ilpu npucyrcTBuM
kabemsi, B TmpeoOpa3oBaTelie BO3HHUKACT EMKOCTH
Kabest, 3HadYeHusT eMKOCTh RC-11ermoyka MeHseTcsl Ha
(C,+ Cy), Torna $ha3oBBIil COBUT TOXE MEHSETCS W
paBHO @, = arctg(w “R-(Cy + Cx)) . W3meputp
pasHocTh (a3 A@, = @, — @, Ul IBYX CIy4H,
MOXHO ONPENeNIUTh eMKOCTH Kabeins. Mcrnonbzyem
(azomeTp mms u3MepeHus 3To 3HaueHus. U oH Oyzner
MPSIMO  TIPONOPLUOHANIBHBIA € 3HAYEHHEM EMKOCTH
Kabes.
tgpo=w-R-Cy=a
tgo, =w"R-(Cu+C,)=a+b-C,
I'me a=w-R-Cy, b=w-'R
tgpx —tgpo b-Cy
1+tge,tge, 1+a(a+b-C,)
e tgh, - (1 + a?) (1+a?
¥ b-(1-a-tghey) p(——-a)
tghpx

tgAg, =

Chauana, HaM Hazo ONpeAeIUThb
YYBCTBUTEIBHOCTh HW3MEPEHHUS CIOBUT (a3 Mex1y
BXOJHBIM U BBIXOAHBIM RC-Lenu nepBoro mopsaxa.
bnarogapst 9TOMy, MOXHO  BBHIOpaTh  camble
ONTUMANIbHBIC  YacTOTa, KOTOpblE  MPOBOJUTCS
SKCHEepUMEHT. Pe3ynbTaT U3MepeHHs IpeACTaBIEHBI



XX MexmyHapoaHas HaydHO-TIpaKTHIecKass KOH(epeHIns Cexrus 1:
«COBPEMEHHBIE TEXHUKA U TEXHOJIOT N» DIIeKTPOIHEPTETHKA
Hike:  OkcnepumeHt — mpoBomurcs: R=3300M,  Cp,=100u®, AC = 1%C = 1D
f(kI[') 1 2 3 4 5 6 7 8 10 15 30
9, 11.69 | 22.40 | 31.63 | 39.33 | 45.61 | 50.76 | 54.96 | 58.47 | 63.83 | 70.14 | 82.32
0, 11.78 | 22.57 | 31.84 | 39.56 | 45.87 | 51.01 | 55.19 | 58.70 | 64.01 | 70.27 | 82.39
Ao 0.09 | 017 | 0.21 023 | 026 | 0.25 | 0.23 022 | 0.18 | 0.13 0.07
S:A(p/AC 0.09 | 017 | 0.21 023 | 0.26 | 0.25 | 0.23 022 | 0.18 | 0.13 0.07
03 Tabmuna 2.
s Pe3ynbTaT WCCIIEOBAHUSI  BBIIIE MOKA3bIBAET 4YTO,
023 5| e camas GONbIIas IyBCTBUTEILHOCTh JOCTUTAETCS TIPH
al * '-.,_ gactore mpuMepHo Skl'm. Orta wactoTa OMHM3KO K
. .5 .. gacrtotre cpesa (1/RC), moxHO nematbs BeIBOA. UTO
"ol _ TIPH M3MEPEHNH CIBUT (a3 B YaCTOTE Cpe3a MoJTydaeT
T ONTHMAaNBHBIC  3HAaYeHWe.  EMKOCTH  Kabens
s M3MEpSIETCS IyTEeM OMPEICTUTh PA3HOCTh (a3 MEXITy
sos B BXOJIHBIM 4 BBIXOHBIM RC-1ienu mepBoro nopsiaka.
o 5 10 15 20 25 30
f.xl'm

Puc 3. 3aBucumocTth YYBCTBUTCIBHOCTH OT 4aCTOThBL

OkcnepumeHT npoBoautcs : R=300x0Om, C;=100nd,
f=5xI'm.Pesynbrar  M3MepeHHsT NpelCTaBIEHBl Ha

RC-uenu nepBoro nopsaxa. Tabnuue 2.
Cop(m®) | 10 20 30 40 50 60 70 80 90 100
Ap,1(°) 2.79 5.16 7.34 | 9.43 11.66 13.49 | 15.12 16.69 18.23 | 19.31
Cyop 1 (m®) | 10.25 19.77 | 294 | 39.45 | 51.3 61.7 71.6 81.7 92.2 102.8
AC/C (%) 2.5 1.15 2 1.38 2.56 2.83 2.3 2.13 2.4 2.8
12210719 12510719
B K] ) H
96107 . 961071t H
I '
Cosp 12U - corp 720 A
(1T A L .
E:{&:{l 481071 o E:{&:L 281071 ]
B ""o”., -t .:
a L
% 4 g 12 16 20 % 4 8 12 16 20
Adul Adn

Puc 4. I'paduk 3aBUCUMOCTH 3HAYEHHS PA3HOCTH
(aza ot emroctu mpu R=300x0Om, C;=100n®.
OkcniepuMeHT npoBoauTcs : R=30kOm, Cy=1u®, f=5xI'1.Pe3ynpTaT H3MepeHus NpeCTaBICHBI Ha Ta0uIe 3.

Puc 5. I'paduk 3aBUCUMOCTH 3HAYEHUS PA3HOCTH
(aza ot emxoctit R=30kOMm, Cy=1HD.

Tabmuma 3.
C06p(nCD) 10 20 30 40 50 60 70 80 90 100
Ap,2(°) 0.3 0.59 0.86 1.16 1.47 1.74 2.02 2.3 2.57 2.84
Co 2 (n®) | 10.42 20.77 | 30.6 41.45 | 52.7 62.8 73.1 83.5 93.9 104.3
AC/C (%) 4.2 3.85 2 3.63 5.4 4.67 4.43 4.38 4.33 4.3
PesynbTar U3MEPEHUS MMOKa3bIBaIOT, 4To MOKHO HCITOJb30BaTh RC-mlenmu 2-oro wid 3-0T0

u3MepsieMasi eMKOCTh TPOIMOPIHOHANICH 3HAYCHHS
pasHocTh (paza. DKCHEPUMEHT MPOBOAUTCS B YACTOTE
cpesa Uil MOJIyYUT CaMblid ONTHMANBHBIA PE3yJbTaT.
U3 pucynka 4 u 5 3aMeTHM, YTO 3HAYCHHUS Pa3HOCTh
¢daza A, 3aBucutr 0T cobOcTBeHHOH emkoctH Cj .

IToaTOoMy

coOCTBeHHYI0 eMKocThio ()

HaM HAI0 BBIOpATH

BBII'OTHYIO
1A YMCHBIIACTCA

MTOTPENIHOCTh U3MEPEHUs pa3HoCcTh (aza Ag, a Tak
ke eMKOCTh Kabens pasHocth ¢asa C, . Kpome toro,
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HOpSIJIKa [TPY U3MEPEHHs CIBUT (a3a.

CnHcoK 1uTepaTypsl

1. Aramansu 3. I'. [IpuGopsl 1 MeTO/BI U3MEPEHUS
JNEKTPUYECKUX BEJIMYHMH: YydeOHOoe mnocobue s
ctya. Bysos. —-M.:Msicm. mik., 1989. -384 c.

2. bBemopyco WN.M. Dnextpuueckme Kkabemn u
mpoBona, M.: Cesaspuaar 1971-456 c.

3. Hryen K. MHccnegoBaHue nepBUYHOTO
npeoOpa3oBaTeNss HM3MEPHUTEIsl eMKOCTH Kabemns. —
Tomck: CTT, 2013.



YCJI0OBUA CAMOBO3BYXKJIEHUA ABTOHOMHbBIX CUCTEM
I'EHEPUPOBAHMUSA SJIEKTPOOHEPI'MU C ITIO3ULIUU TEOPUN

ABTOMATHYECKOI'O YIIPABJIEHUS
JI.A. Tlaganko
Hayunsrii pykoBogurens: ['apranees A.I., a.T.H., mpodeccop
Hauunonanbsneliil uccnenoBarenbckuil TOMCKHM MONUTEXHUYECKUM YHUBEPCUTET
padalko.da@gmail.com

B nopasnsitomemM OONBIIMHCTBE CIIydaeB reHepa-
IUsL AJIEKTPOIHEPTUHM OCYIIECTBISIETCSI C ITOMOLIBIO
SNEKTPUUYECKUX MAIINH HOCTOSIHHOTO U MEPEMEHHOTO
Toka. Haubosiee pacnpocTpaHEeHHBIMH IPOMBIIIIEH-
HBIMH CHCTEMaMH T'€HEPUPOBAHMS DJICKTPOIHEPTHU
(CI'DD) sABAAIOTCSA CHCTEMBI HA OCHOBE CHHXPOHHBIX
redepatopoB (CI'), nmama3zoH MOIITHOCTEH KOTOPBIX
JIOCTAaTOYHO ITUPOK.

Creninuka aBToHOMHBIX CI'DD, B YacTHOCTH,
JUTSL JIeTaTenbHBIX amnmapatoB (JIA), 3akmodaeTcs B
YCIIOBUSIX MPUMEHEHHS, XapaKTePU3YIOLIHXCS:

- IINPOKUM AHAIa30HOM TEMIIEPATyp;

- Pa3peKEHHOCTHIO aTMOC(epsI;

- OOJIBIIMMH MEXaHMYECKHMU TIEPErpy3KaMH;

- COM3MEPHUMOCTBIO MOIIHOCTH T'eHepaTropa M I10-
TpeOuTeNs;

- TIEpPEeMEHHON YacCTOTOH BpallleHUs! aBHaJBHUIaTe-
TSt

- paboTOH NpH AMEKTPUUECKHX MEPETrpy3Kax;

- 0E30IIaCHOCTBIO AIEKTPHIECCKOW MAIIMHBI NPH
BO3HHKHOBEHHH KOPOTKOTO 3aMbIKaHHs HArpy3ku [1].

B nacrosmee Bpemst CI'D Ha ocHOBe reHeparo-
poB moctostaHOTO ToKa (I'TIT) ycTymaror cBoe mecto
cHUCTeMaM Ha OCHOBE MalllMH IE€PEMEHHOIo TOKa,
NpPEeXIe BCEro, BBUAY HAIMYMSA HEHA/IEXKHOTO HCKpS-
IIEro KOHCTPYKTHBHOTO 3JIEMEHTa LIETOYHO-
KOJUIEKTOPHOTO y3J1a, 0COOEHHO IIJIOXO paboTarolero
B YCIOBHAX pa3pekeHHOCTH atMocdeprr. CI'DD Ha
ocHoBe CI' ¢ MHOCTOSHHBEIMM MArHMTaMHM Ha CEro-
JHSIITHUNA JIeHb SBIISIIOTCS HanOosee BOCTpeOOBaHHbI-
MH U 3HEPreTHYECKH BBITOJHBIMH CHCTEMaMH OOpTO-
BOTO AnekTpoobopynoBanus. MccnegoBanmam CI'DD
Ha ocHoBe CI' ¢ moctossHHbIME MarHuTamu (CI'TIM)
IPY UCTIOJIb30BAaHUM B KaueCTBE IPeoOpa3oBaTeIbHO-
PETYIUPYIOINX  YCTPOHCTB  IOJIYHPOBOJHUKOBBIX
npeoOpa3oBaresicii (aBTOHOMHBIX WHBEPTOPOB U BbI-

OpsIMUTENIei) MOCBAIICH HeMblid psax pador [2 — 4].
OpHako mpu Bceit cBoell mpuBnekatensHocTH CI'DD
Ha ocHoBe CI'TIM uMmeroT u psia HEJOCTaTKOB, OCHOB-
HBIMH U3 KOTOPBIX SIBIISIOTCS:

- HU3Kas MeXaHW4ecKash MPOYHOCTh ITOCTOSHHBIX
MAarHHTOB;

- CTapeHHe OCTOSHHBIX MarHUTOB;

- BO3MOXXHOCTh pa3MarHWYMBAHHUS MPU BBICOKHX
TeMIeparypax;

- BBICOKAsI CTOMMOCTb OCTOSTHHBIX MarHUTOB;

- CJOXXHOCTb OPraHH3allM{ 3aIUT OT KOPOTKOTO
3aMBIKaHHsA, IPEXKJE BCEro, BBUAY OOJBIIOTO 3amaca
9NEKTPOMArHUTHOM DHEPTUH BO BPAILAIOIIEMCS POTO-
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pe. B aBapuitnbix curyanusax JIA «Hencue3aeMblii»
3amac 3JIEKTPOMAarHUTHOW 3HEPTHH POTOpa MOTEHIU-
aJIbHO OMaceH.

AnsrepraruBoii CI'9D ¢ CI'TIM sBnsercs mpu-
MEHEHHE CHCTEM TI'CHEpallid Ha OCHOBE JJICKTpUYe-
CKHX MAIlIMH C CaMOBO30Y)KICHUEM — aCHHXPOHHBIX 1
CHHXPOHHO-TUCTEPE3UCHBIX TeHepatopoB (Al u
CIT). Eciu cucremsl reepanmu ¢ Al m3BecTHBI [5],
To cuctemsl ¢ CI'T paHee HHKeM He paccMaTpuBa-
JIMCh, IO3TOMY aBTOpPAMHU JAHHOM CTaTbM (paKTHUECKH
IpeAIaraeTcst HOBO€ TEXHUYECKOE pelIeHHe.

DJIeKTPHYeCKasi MAIIMHA C CAMOBO30Y:KIeHUEM
¢ MO3MIHIl TEOPUHM ABTOMATHYECKOI'0 YIPaBJIEeHH

C TOuKHM 3peHHUs TEOPUU aBTOMATHYECKOTO YIIPaB-
JICHUSI PEKUM CaMOTCHEPAIlH B 3JIEKTPUYECKUX Ma-
[IMHAX PA3TUIHON KOHCTPYKIIMH aHAJIOTHYCH.

Ha puc. 1 npuBenensr crpykrypusie cxems! [TIT
u A" ¢ caMOBO30YXICHUEM.

Cormacno cxeme ITIT Hamuuyume ocCTATOYHOTO
MarHUTHOTO TOTOKa P, MPUBOIUT NPH BPALICHUH
akopst K Bo3HuKHOBeHHIo OJJIC E. Ha BBIXOJE
reaepatopa. B 00MOTke BO3OYXIEHHS C YHCIOM
BUTKOB N,, TPEICTABICHHOM  anepHOJUIECKHM
3BeHoM K,/(1+T,P), BO3HHMKaeT TOK BO30YKIECHUS,
koTopeld  co3maer MJIC F wu coorBercTBYyrOLIMIA
MAarHUTHBIH TOTOK. Takum oOpa3zom, oOpa3syercs
KOHTYp  TOJIOKUTEIBHOW  0OpaTHOW  CBA3M IO
MarHUTHOMY IIOTOKY, CIOCOOCTBYIOIIMI mpoueccy
caMoBO30yXeHHsl. Ammuutyna notoka u  OJIC
OTPaHUYUBACTCS 3a cuer HeJIMHeHHOCTH
xapakTtepuctikn HamarHmguBanusa D(F). Kax u B
CcXeMax C caMOBO30Y)XIEHHEM IPEICTABICHHBINA
mporecc — xapakTepusyercss — OamaHcom  ¢a3 u
ammnTyn. Urto kacaercst GajaHca aMIUIMTYH, TO OH
BBINIOJNIHACTCS ~ TPU  TETIeBOM  KoaddurmeHte
YCUJICHHS, PABHOM €IMHHUIIC M MOXKET OBITh MOJy4YeH
U3 BBIpaXEHHH oOweil mnepexaroynoit QyHKIMK
cucreMbl. bamanc ¢az B TTIT dakruyecku
OTCYTCTBYET, TaK KaK KOJIJIEKTOP, BBIIOIHSAIOMINH
(GYHKIMIO «MOIYJSTOpA-AEMOAYIATOPaY, PEBPaIIAeT
MEepeMEeHHbII B  SKOpE MAarHWTHBI IOTOK B
TIOCTOSIHHBIM.

B cxeme AI' mpomcxomuT (aKTHIECKH TOT IKe
mporiecc, yto W B cxeme [IIT. Opmako st
BBITIOJNIHEHMST OallaHCa aMIIMTY[ B CTaTOPHOW LEMH
MEPEMEHHOTO TOKa HEo0XouMo MOTyYUTh
€MKOCTHYIO COCTaBJISTIOIILYIO TOKa |c, KOTOpas B Lenu
poTOpa «IOANEPKUT» Pa3sBUTHE MATHUTHOTO MOTOKA.
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Puc. 1. Crpykrypusbie cxemsl ['TIT u AT, CIT.

[IpencraBneHHble CXEMBI MO3BOJIAT IOJIYYHUTh
U3BECTHBIC B TEOPHUH JICKTPUUSCKHX MAIIMH yCIOBHSA
CaMOBO30OYXKICHHUs, OIHAKO, C MO3ULIUI TEeopHu
AaBTOMAaTHYECKOTO  yIpaBieHus. BwiBox  ycnoBuit
CaMOBO30YXK/ICHHST BO3MOXXEH IIyTeM HaXOXICHUS
obmeil mepenaTtouyHoil (YHKIMH TpeacTaBISHHBIX
cxeM. Hmxke NpPEeACTaBJICHBI YCJIOBHA TMOJYYCHHBIC
ycaoBust camoBo30yskaenus st [TIT n AT

Xror — R R
T 5121+_ﬂ
X BX )5H
M—621+_6

Xc Zy

Jns moATBep KICHUS NOJNYYSHHBIX PE3yNIbTaToB,
0BT IPOM3BE/IEH BBIBOJ YCJIOBHUS CaMOBO30YXICHUS
ITIT w3 ypaBHEHUIl paBHOBECUs HANPSIKECHUS
OOMOTKM BO30YXIEHUS W YpaBHEHHS pPaBHOBECHUS
HarpsDKEHUs [EeNn poTopa.

MexaTpoHHBbIE CUCTEMBI € CAMOBO30YKIeHUEM
3/1eKTPUYeCKUX MALIHH

HeobxomnMocTh ~ pEryNMpOBKH  BBIXOJHOTO
HanpspxeHust A’ u CI'T ipu n3MeHeHnH Harpy3Kd Kak
10 BEJIWYMHE, TaK W MO XapakTepy MPUBOAWUT K Hpaee
npumeHenuss B CI'DD B kauecTBe MOCTaBLIMKA H
peryiaupoBIIHKa €MKOCTHOTO TOKa
MOJIYIPOBOAHUKOBOTO npeobpa3oBaTenst (I1I7),
crocoOHOro paboTaTh B pEXHME HHBEpTOpa WIU
AKTUBHOI'O BBINIPAMUTEJIA.
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Cxemy MexaTpoHHOM CI'DD mepeMeHHOro TOKa,
HOJIy4HM, 3aMEHHMB OaTapero KOHJEHCaTopoB (Omok
K¢P), B cTpykrypHOii cxeme Al, Ha MOTYIPOBOIHHKO-
BBII peoOpazoBarens. CormacHo 3tomy, I1IT o6paszy-
€T HeoOXOIUMBIH YPOBEHb EMKOCTHOTO TOKa, MOJJEP-
KHUBAIOIIUI MPOIIECC CaMOBO30YXKICHUS B IHANA30HE
perymupoBanust. Hna CIT B [l momomHUTENHHO
MIPEAYCMOTPEHO HAJIMYUE YCTPOMCTBA HMMILYJIBCHOTO
MOAMAarHMYMBAaHUS POTOPA, KaK ATO HCIHONB3yeTCs Y
CHHXPOHHO-TUCTEPE3UCHBIX JBurareneil. Ilpum Bo3-
HUKHOBEHUH AaBAPUMHBIX CUTyallMi, MPUBOIAIUX K
neperpyzke CI'D0 mpouecc camoreHepau aBTOMa-
TUYECKH IpeKpamaercss («CpbpIB TEHEpalumn»), He
HPUBOJIS K KATACTPOPHUIECKUM ITOCIIE/ICTBUSIM.

M3MeHeHHe CKOPOCTH MEPBHYHOTO ABHUrarens M
Harpy3Kd NO BEJIHYHHE NPHBOJUT K HEOOXOJMMOCTH
NpUMEHEHHsI B aBTOHOMHBIX CI'DD nonynpoBogHu-
KOBBIX TIpeoOpasoBareneid, mpespamas CI'DD B me-
XaTPOHHYIO CHCTEMY. MeXaTpOHHBIE CHCTEMBI MOTYT
COCTaBHTh aJbTEPHATHBY JOPOTOCTOSIIIMM CHCTEMaM
C TIOCTOSHHBIMH MarHuTamu. IlpencraBisercst nHTe-
PECHBIM HCCJIEIOBAaHME CO3[AaHUS CHUCTEM TEHEepUpO-
BaHMs 3JekTpo3Heprun ¢ CI'T, mockoibKy IaHHBIE
MaIIMHBl 3aHUMAIOT TPOMEXYTOUYHOE MECTO MEXTY
CUHXpPOHHbIMU MamuHamu ¢ [IM U acuHXpOHHBIMU
MalIuHaMH, 00J1a/1asi CBOMCTBOM CaMOBO3OYKICHNUS



XX MesxayHapoHas HayqHO-TIpaKTH4ecKast KoH(epeHIus

«COBPEMEHHBIE TEXHUKA 1 TEXHOJIOT U

Cexuus 1:
OneKTpoIHepreTuKa

INOBBILNIEHUE 2OOEKTHUBHOCTU COJIHEUYUHBIX BATAPEHU
C IOMOUBIO OJHOOCHOTI'O TPEKEPA U AKPUJIOBOTI'O
KOHIEHTPATOPA
ITerpycén A.C.

Hayunsrit pykoBomutens: Capcukees E. K., k.T.H.

Tomckuil nonurexuuueckuit yausepcuret, 634050, Poccus, . Tomck, mp. Jlenuna, 30
E-mail: science-alex@mail.ru

Ceifuac cojHeYHas dHEpreTHKa pacTe€T OypHBIMHU
temmnamu — Ha 30% B roza. B 2013 roxy Gp110 BBEeACHO
30I'BT coyiHEUHBIX MOIIHOCTEH, TOrga Kak oOIlmee
kosmaecTBo B 2012 coctapmsuo 102 I'Bt. K Tomy ke
[0 YHCTOTE, pPacHpOCTPaHEHHOCTH W MaclTady
pecypcoB 13 BO30OHOBIISIEMBIX MCTOYHUKOB SHEPTUH
OHa Hambojee mepcrekTUBHA. Ho Ha HBIHEITHHIA
MOMEHT COJIHEUHble OaTapen HMEIOT JBa BECOMBIX
HEJI0CTaTKa BBICOKYI0 IIGHy U  HU3KYIO
3(hHEeKTHBHOCTD.

JlaHHBII IPOEKT HAIIPABJICH Ha TO, YTOOBI PEIINTH,
B 3aBHCHMOCTH OT HYXJ, JOOYI0 M3 3THX MPOOIEeM.
Bricokas meHa cONHEYHBIX Oarapeil ompenensercs, B
MEPBYIO OYEpeb, BEICOKOW IIEHOU (POTOIIEMEHTOB 3a
CANHUITY BEIpabaTBIBACMOM AIEKTPOIHEPTHH.
Yeenuuenne codcrBenHoro KIIJ[ ¢oroanementos B
pa3bl  YBEJIMYMUBACT HUX CTOHUMOCTD. HOE)TOMy
eI[I/IHCTBeHHLIﬁ croco0 CHHU3HUTH ICHY Ha COJIHCYHBIC
Oaraped — 3TO YBEJIMYHUTh MOIIHOCTb COJIHEYHOTO
MOTOKA, MAJalolero Ha  eIMHHIY  IUIOMIaAH
¢dorosanementa. Ecte 2 cmocoba cupemath 3T0 —
OpUCHTHPOBATh COJIHCYHYIO Oarapelo Ha COJHIIC
(ucrmomp30BaTh COITHEYHBIN TpeKep) WA
KOHIICHTPHUPOBATh COITHCYHYIO SHEPTHIO
(McoB30BaTh KOHIICHTPATOD).

KonueHTpaTop — ycTpoicTBO, KOTOPOE MO3BOJISIET
coOMpaTh  COJNHEYHYIO DJHEPrui0 ¢ OoJbIIeH
TUIOLIA/IbI0 U HAIPABNIATH €€ Ha MEHBIIYIO TUIOLIA[b.
Ceifqac KOHLIEHTPATOPHI MPEICTABICHHI B OCHOBHOM
napaboNuIecKUMU 3epKajlaMu U JnH3aMu Dperes.
EcTp Taroke npyrue pa3iudHbIC CI0KHBIE M HE OYCHb
CHUCTEMBI ~ 3€pKall C  Pa3NIUYHOM  CTENEHBIO
KOHIICHTPAIlMA, HO OHHM HE WOIYYHIH IIHPOKO
pacrpocTpaHeHus]  M3-32  Pa3iIM4YHBIX  BECOMBIX
HeJI0CTaTKOB. EcTh Takyke 3HaYMTENIbHbIE MUHYCHI H Y
yKa3aHHBIX  KOHIEHTparopoB.  IlapabGonnueckue
3epKajla OuYeHb OOJNIbIIME W TOKENbIE W3-3a CBOEH
KOHCTPYKLIMH, HE TTO3BOJISIIOLICH C/IeNaTh UX MEHbIIIE,
a 3HAYUT, MTOJIBEPTAIOT CUCTEMY ITOBBIIIICHHOMY PHUCKY
MONIOMKH. Takke OHH TpeOYyIOT OYCHb TOYHOTO
OpUEHTHPOBAHMS Ha CONHIIC W CHCTEM OXJIaXICHUS,
nHa4ye X dPPEKTUBHOCTH KpaliHe CHIKaeTcs. JIMH3BI
OpeHenss  WMEIOT ~ MEHBINYIO, HO  BCE  Ke
3HAYNTENbHYIO TONIIMHY, a Takke TpeOyroT emié
Ooyiee TOYHOrO HaBeJIeHUsT U OoJee MOLIHOTO
OXJIQXKICHUSI, CTOSIT IOPOXKE.

B cB3u ¢ 3TMM MBI NpeAjiaraéM yHHMKaJIbHBIN
AKpWIOBBII KOHLEHTPATOpP, KOTOPBIM pEIIaeT 3TH
npob6ieMbl. OH mpeAcTaBIseT cOO0H JUCT OprcTeKiIa
TOJILIMHOW BCETO OKOJIO 1 caHTUMETpa, COCTOSIINHI 13
CHCIHANEHOW CBETOOTpaXKAIOMIeW MOBEPXHOCTH, a
TaKkke 2 KINHBEB, HAMPABICHHBIX HAKIOHHBIMHU
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IJIOCKOCTSIMM  IpYT K JIPYyry M HUMEIOMIUMH MEXITY
co0oit 3a30p, 3amMOJHEHHBIH CHENHaIbLHBIM KJIEEeM.
bnarogapss paccdMTaHHBIM ¥ TOYHO IOJOOpPaHHBIM
XapaKTepUCTHKAM  KO3((UIIMEHTOB  IPEIOMICHHUS
Cpell B KOHIIGHTPATOpE, a TaKXe YIJIOB KIWHBCB H
pédep CBETOOTpaKaromen TTOBEPXHOCTH,
BBITIOJTHCHHBIH KOHIICHTPATOP IIO3BOJIIET COOHMpPATh
COJIHEUHYIO  JHEpPrui0  CcO  Bced  mpuémHOU
MTOBEPXHOCTH M HAIPABIISATH €€ B TOPIBI, HA KOTOPBIX
PaCIOJIOXKEHBI (hOTO3IEMEHTHI. bnaropaps
OTHOILIICHUIO IUIOWAAM NPUEMHON  TMOBEPXHOCTH
KOHIIEHTpaTopa K OXHOMY Topmy kak 1 k 14,
nocturaercss 7Mu KpatHas koHueHtpauus ¢ KIIJ]
75%. KIIJI mocyuTan TEOPETHUECKUA U TIOATBEPKAECH
SKCIIEPUMEHTAIBHO. Konnenrtpartop nMeer
MaJICHBKMH Bec W 00BEM, UMeeT OOJBIIYIO
JarpaMMy HarpaBJIeHHOCTH Ha COJIHIIE M He TpeOyeT
MOIIHBIX CHUCTEM OXJaXJEHHMs, MO3BOJISIT O0OHTHCH
MaCCUBHBIMHU PaIMaTOPaAMH.

[IpoBeneHsl  pacy€rbl  3aBHCHMOCTH  PabOTEHI
KOHIIEHTpaToOpa OT HakjoHa B mporpamme ZEMAX.
[omyueHo, uto oH 3P PeKTHBHO paboTaeT B Mpenenax
-3 o -0,1 rpanycoB no ogHoi ocu u ot -30 no +30
rpagycoB IO JPYroil OCH, TIO3TOMY BO3MOKHA
OpHEHTAIs Jake TOJBKO B OAHOM IuIocKocTH. Ho
Jake TIPH TaKUX YCIOBHUSAX HEOOXOIMM COJHEYHBIH
TpPEKEP, OCYILECTBISIOUINN ABMXKEHHE, 1O KpanHeH
Mepe, 110 OJHOU OCH.

CosHeuHBI  Tpekep — 3TO  YCTPOMCTBO,
HalpasJsolIee COJHEYHYIO OaTapero WIn
KOHIICHTPATOP Ha COJIHCYHBIC JIY4YH, MO3BOJIASA

BBIpa0OTaTh UM B TEUEHUE JIHS OOJIbIlIee KOJTHMYECTBO
sHepruu. Tpekepsl ObIBAIOT aKTHBHBIE, TACCUBHBIC H
¢ pyuHOH HaBoakod. Hambomee yHHBepcalbHBI
AKTUBHBIC CHCTEMBl OPHCHTHUPOBAHWSA, T.K. OHH
crocoOHBI paboTaTh B aBTOMAaTHYECKOM pexuMe 0e3
oreparopa, a TaKkKe HAaXOIUTh Hambojee AKTUBHO
M3ITYYaroIUil MCTOYHUK CBETa, a HE ONMHPAThCS Ha
3apaHee 3aroTOBJICHHBI MEXaHU3M JIBHKeHUs. Takxke
CHUCTEMBI MOTYT OPHEHTUPOBATHCS, IBUTASICH JTHOO TIO
OJHOHM, OO Mo 2M ocsM. XOTS JByXoceBas HacT
HEOOJIBIION BBIUTPHIII [0 CPABHEHHUIO C OJHOOCEBOM
CHCTEMOW, OHa CIIO)KHEe U JOpOXKe, I03TOMY He
Bceryma omnpasnbiBaeT cebs[1]. TToaToMy B ycrloBUsSX
Hauiero reorpauueckoro IOJIOKEHUS MBI
npeajaraeéM yHUKaJIbHBIA OAHOOCEBOW aKTHUBHBIN
coJIHEUHbIN Tpekep. [IpuHuumn ero 1eHCTBUS OCHOBaH
Ha aHAJIOTOBO-IIM(YPOBOM CUTHaJe TUTATHI
yOpaBlieHUs, KOTOpash TMO3BOJIIET OTKa3aTbCsi OT
HCIIOJIb30BaHUS MHKPOKOHTPOJUIEPOB K  LIArOBBIX
IBUTATENICH, MO3BOJSISI CHU3UTH IEHY CHCTEMBI H
YIIPOCTHUTH €€, COXpaHssA Ka4e€CTBO U HAEKHOCTD.
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bouta  BbIBemeHa QopMmyna O  3aBUCHMOCTH
MOIIHOCTH, JIOXOAAImEeH 10 (OTOPIEMEHTOB, B
3aBUCHMOCTH OT YIJa NaJCHHS HA COJHEUYHYIO
Oarapeto nydeil. Beuim mpomsBeneHBI MpakTHYIECKHE

MOTBEPIKICHHUSI.
Xonx  ombiTa:  comHeyHas ~— Oarapes — Obuia
yCTaHOBIICHA B HavabHOE TIOJIOKEHIE
MEPHCHINKYIISIPHO — JIMHUM  MajJeHUs  Jy4ed ¢

MOMOIIBIO TPYOKH, B KOTOPOI MMENIOCH MPOIOJIbHOE
CKBO3HOE OTBEpCTHE (OpUEHTAalMsl MPOMCXOAWNIA JI0
MOSIBJICHUS SIPKOM CBETSAIICHCS TOYKU MOJ TPYOKOM).
3aTeM C TIOMOIIBI0 AHAJIOTUYHO YCTAHOBJIEHHOTO
nUIpaHoMeTpa ObLIO HU3MEPEHO KOJINYECTBO
CYMMapHOM COJTHEYHOW paauanuu, najaromei Ha |
KBaJpaTHBIH  METp, NEpPHEHAUKYJISPHBIA  JIMHUU
TaJeHUs JTydeH.

ITocne sToro ObLIA BEIYHCICHA MOITHOCTH OaTtapen
NyTEM U3MEpEHHsI €€ CUJIBI TOKa W HAIpPsDKEHUs MpU
Pa3HBIX yriaax MEXAY HOPMAJIbIO K
(hOTORNIEKTPUIECKOMY MOIYII0 W JIMHHUEH IaJcHUS
nydei. Yron HakJOHa PEryJjupoBalCs C MOMOUIBIO
CIIELIUATIBHO COOPYXEHHOM CTOMKHM, Ha KOTOpOU
paHee MPOU3BEASHHBINA (HOTOIICKTPUUCCKUN MOIYJIb
MOT MPUHUMATh YCTONUYUBBIC MOJIOKEHHS C LIaroM B
15 rpanyco (Pucynok 1). KomndecTBo m3MepeHMit
JUId  KaxJaoro yria pasHsulock TpéM. CpenHee
apudMeTHIecKoe M3MEpEeHHH 3aHOCWIIOCH B TAOJIHILY
M OTMEYAJOCh Ha rpaduke 3aBUCUMOCTH MOIIHOCTH
Oarapeu OT yriia majieHus iaydei. B pesymprare ObLI1O
MMONy4eHO, YTO TOYKH U TpaduK MPAKTHICCKH
coBnajgany. HeOoxbnine OTKIOHEHHS OOBSICHSIOTCA
TEM, YTO U3MEPEHUS MPOBOJIINCH HE MTHOBEHHO, a B
TE4YeHNE AECATUMHHYTHOTO IPOMEXYTKa BPEMEHH, 3a
KOTOPBIH MOIIHOCTD M3ITyYCHHST N3MEHMIIACh, a TAKXKE

MOTPEIIHOCTBI0  OPHEHTAMM  HAa  COJNHLE U
HM3MEPUTENNBHBIX TIPHOOPOB.
Puc. 1. I3mepenne MOIIHOCTH MOIYJIS

C  noMompbI  JadbHEWIIMX  BBIYMCICHUN

Mojly4eHo, 4to Oe3 Tpekepa cojHe4Has Oarapes
Tepsier okoso 40% BBIPAaOOTKH DIEKTPOIHEPIHH B
TeyeHue aus1[2].

YcTaHOBKA COCTOUT U3 CaMOM COJTHEUHOH MaHemH,
IUIATBl  YIPAaBJICHWSA, PEryJNUpYOHmEH  IOBOPOT
CHCTEMBI, AaKKyMyJIATOpa, KOTOPBIH IHTaeTCAd OT
COJIHEYHOH ITaHENM W OT KOTOPOro paboTaeT MOTOp,
BpallalOIIUi  CHUCTEMY, W Harpyska, a Takke
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Cexkmus 1:
OneKTpoIHepreTuKa
ONTHYECKHX  KOHIEBUKOB, HE  IO3BOJIIOIINE

Bpamarbcsi Oatapee Oomee wem Ha 200 rpamycos,
NpejoTBpallias HaMaThbIBaHHE U U3JI0M IIPOBOOB.

I'maBHOW 4YacThIO YCTQHOBKM SIBJISETCS IUIATa
ynpaBineHus. E€ npuHIMN neHCTBUS OCHOBaH Ha 2X
CBETOJIMO/IaX, Pa3BeAEHHBIX NoA yriioM 40 rpaaycos.
Jatunkamu JUist TUIATHl YHOPABJICHHUS CIY)XaT UMEHHO
CBETOJHMO/IBL, a He (OTOAMOIBI. BenencTBue Toro, 4ro
MIPUHINI ACHCTBUS y HAX BO MHOTOM CXOXK, MOXHO
HCIIONIb30BaTh 0OJIe JIOCTYIHBIE CBETOAMOIBI BMECTO
Oonee moporux GOTOIUOIOB.

[Ipn momaganuu (OTOHOB CBETAa HA CBETOJHOJIBI
JJIEKTPOHBI N- CJIOSI BBHIOMBAIOTCS W3 IBIPOK, HO B
OOJIBIIMHCTBE CBOEM PEKOMOWHHPYIOT, BCIICACTBHE
TOTO, YTO HE CIIOCOOHBI MPEOJIOJIETh Topa3ao Oolee
HIMPOKKUU P-n mepexoj, Hexenn y Goroaunomaos. Tem
HE MEHee, HEOOJIbIIOE YHUCIO 3JIEKTPOHOB BCE XKe
HPEOJI0NIEBAIOT ero. Co3naéres pa3sHOCTh
MNOTEHIMAJ0B W HAYMHAET TE4Yb TOK, KOTOPBIH
YCUIINBAETCs] YCTAHOBJICHHBIM B IIJTATE TPAH3UCTOPOM.

Korna comHeynoe uanydenue nanaer Oosplie Ha
OJIMH U3 JMOJIOB, TO ()OPMHUPYETCSI CUTHAJI, KOTOPBIH
00pabaThIBAOT MUKPOCXEMEI, 3aMBIKAIOIIUEC
TIPOTHBOIIOJIOKHBIE TI0 3HAKY IOJI0CA, HAYMHAET TeUb
TOK © paboratb Morop. I[lmara mo3BosseT
perynupoBath mar CHCTEMBI. Wzmensia
CONPOTHBJICHHE HAa PEOCTaTe, MOXKHO JOOWThCA
W3MEHEHHS  BPEMEHH  MEXIy  BKIIOUYCHHAMH
COJIHEYHOTO TpEKepa — OT HECKOJIIBKUX CEKYHH [0
HECKOJIBKUX 9acoB. JTO HEOOXOAUMO B CBS3H C TEM,
YTO COJIHIIE JABMKETCSI OTHOCHTEIBHO OTIEIHHO
B35ITOM COJIHEYHOM IAHEIU MENJIECHHO, & MOCTOSHHO
BKJIFOUEHHBIN TpeKep noTpeosier JIAIIHEE
KOJIMYECTBO SHEPIUU. Bbuin mpou3BeneHbl pacyEThl U
BbIBeieHa (opMyna JUIs 3aBUCHMOCTH MOIIHOCTH
CHCTEMBI OT Iara opueHTHpoBaHusi. OHM TOKa3alH,
4yT0 HanboJbLIel 3P YEKTHBHOCTH cUCTEMA JJOCTUTAeT
mpu mare B | Wac Ui CONHEYHBIX Oarapeid W B §
MUHYT AJIs1 KOHIEHTPATOPOB.

Hcnons3oBanne Tpekepa IO3BONSAET YBEINYUTH
s dexTuBHOCTE padoTsl HA 30-35% 11 COMHEYHBIX
Oatapeil M B HECKOJNBKO pa3 Ul KOHIIEHTPATopa.

[lpuMeHeHne JKe  KOHIEHTpaTopa ©  Tpekepa
OTHOBPEMEHHO  IO3BOJIICT CHU3UTh  CTOUMOCTB
COJIHEYHOU Hepruu Gonee 4eM B 2 pasa.

Co3nanel  jabopatopHble  paboune  00pasIlbl

koHueHrparopa (1Bt) m tpekep (10Bt). Benércs
paboTa Hax MacmTabUpOBaHHEM OOPA3LOB, a TAKKE
HaJl BO3MOXXHOCTBIO 3aMEHbI B KOHIIGHTpATope
aKpuia Ha CTPYKTYPY U3 MOJIUICTEPA.
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Cexuus 1:
OneKTpoIHepreTuKa

CTPYKTYPHAS CXEMA PET'YJIMPOBAHUS MOIIIHOCTH TEILJIOBOM

SJIEKTPOCTAHIIMU C YCTPOMCTBOM I'PAM
IIpucexun A.H.
Hayunsiit pykoBoautens: I'nassipun B.E., k.T.H., f101IeHT
HoBocubupckuii TocyaapCTBeHHBI TEXHHYECKIH YHUBEPCHUTET,
630073, Poccus, r. HoBocubupck, Kapia Mapkcea, 20; E-mail: prisekinai@gmail.com

TermoBbie anektpudeckue cranuu (TOC) co-
cTaBIAOT 68,1 % B CTPYKType yCTaHOBIEHHBIX MOIII-
HOCTEH eanHoOM sHeprocuctemsl Poccun. Mx mpusie-
YeHUEe K Y4YacTUI0 B NEPBUYHOM M ABTOMATHUECKOM
BTOPUYHOM PETYJIMPOBAHUH YaCTOTHI UMEET OOJIBIIOE
SKOHOMMYecKoe 3HadyeHue. Ha cerogusamuuii neHb
OCHOBHYIO 3a/lauy peryJupoBaHMSA YacTOTHI BBINOJ-
HAIOT rugposniekrpoctaniuu (I'9C), umeromue pery-
JIMPOBOYHBIM [Mana3oH, pPaBHbIM YCTaHOBJICHHOM
MOIIHOCTH M MaJIo€ BpeMsi MOOWIM3AINMH PE3EPBHOU
MOIIHOCTH.

Ha TOC peanuzanus ¢GyHKIHA TEPBUIHOTO U aB-
TOMAaTHYECKOTO BTOPHYHOTO PETYIMPOBAHUS JaCTOTHI
BO3MOJXKHA B TOM CJIydae, €CII CHCTEMBI PETyIHPOBa-
HUSI TYpOMH YIOBIETBOPSIIOT TpeOOBaHHSM IO pPEry-
JIMPOBAHUIO YaCTOTHI B cooTBeTcTBHH C [1] 1 [2]. D10
CTaHOBUTCSA BO3MOXXHBIM TIPH HCIIOJIB30BAaHUU 3JIEK-
TPOTHIPABIMYECKUX PEryIATOpoB TypOuH. [loaTomy
Ha JIEHCTBYIOMIMX CTaHLMIX HEoOXoauMa 3aMeHa
CTapBIX THAPOMEXAHHYECKUX CHCTEM PETYIUPOBAHMS
Ha HOBBIE 3JIeKTporuapasimdeckue. OqHAKO peanu-
3aIys TaKOW 3aMeHBbl BO3MOXKHA TOJBKO IIPHU PEKOH-
CTPYKLMH OCHOBHOTO OOOpPYIOBaHHS C LENBIO IPO-
JUICHHSI CPOKa ero 3Kciuryaranuu Ha 15 — 20 ner [3].

ITpumepom npusneuenuss TOC k akTUBHOMY pe-
T'YJIMPOBAaHUIO YaCTOTHI U NEPETOKOB aKTUBHOW MOUI-
HOCTH sIBJIIeTCSl OmNBbIT BocTouHo-I'epMaHcKoil 3HEp-
retudeckoit komnanuu. [Ipu paccmorpenuun Bompoca
o npusnedeHnd TOC K peryJMpoBaHHUIO HA TIEPBOM
3Tame ONpeAeseTcs, KakKue 3IEeKTPOCTAHINHN U KaKu-
MH 3HEpProOIOKaMu JOJKHBI y49acTBOBAaTh B IEPBHY-
HOM M BTOPHUYHOM pETylupoBaHuH. PemeHus coruna-
CYIOTCS C LEHTPaJIbHOM JTUCIETYEPCKON CUCTEMOM
(IAC), ucxons u3 3aauyd AOCTHOXKEHUS MaKCHUMallb-
Horo KIIJ[ mo sHeprocucremMe B LEJIOM.

Ha ocHoBaHMM NPHUHATOTO PEIICHHS MIPU HATUYUH
B DHEProcucTeMe JOCTATOUHOrO pe3epBa MOIIHOCTEH,
erecooOpa3Ho yCTaHOBUTH 0a30BBIN PEXUM PaOOTHI
6e3 HETPEepHIBHOTO YYacTHS B PETYIMPOBAHHUHU JUIS
Hanboiee IKOHOMHYHBIX COBPEMEHHBIX JHEpro0Io-
KOB, JJa’KE€ €CIIM OHU TOTOBBI K yYaCTHIO B IIEPBUIHOM
Y BTOPUYHOM PEryIUpOBaHUU 9acTOTHI. [l 3TOrO Ha
3THX 3HEProOI0Kax BBOJWUTCS JOCTAaTOYHO OOJIbINIAs
30Ha HEYYBCTBUTEIBHOCTH CHCTEMBI PEryIHPOBaHUI
IO YacToTe.

Menee skoHomuyHble TOC M MX IHEProOJIOKH
MPUBJIEKAIOTCA K aKTUBHOMY YYJacTHIO B CHCTEMHOM
perynupoBaHuu. [ HUX 3TO SABISETCS OJHUM H3
YCIOBHI aKTUBHOT'O YYacTHs B PhIHKE NPOIAXKH JICK-
TPOIHEPTUH.

[Tpu pemenny 3aauu pactpeaeneH s MepBUYHBIX
1 BTOPUYHBIX PE3EPBOB, a TAKXKE IIPH PErYINPOBAHUH
JIOJDKHBI YYUTBIBATHCS OTPAHHUYECHHUS TI0 IIEPETOKAM

AKTHBHOW MOIITHOCTH B CHCTEMOOOPA3yIOIINX CBA3AX,
3TO BiHMsAeT Kak Ha BeIOop TOC mig mx y4yacTtus B
MEPBUYHOM M BTOPHUYHOM DETyJIHPOBAaHUH YaACTOTHI,
TaK M Ha TEXHUYECKHE PEIICHUS 10 OCYILECTBICHHIO
BTOPUYHOI'O PETyJIHMPOBAHHSI.

B ycioBusix pa3BHBaIOIIErocsi pelHKa BO3pPAcTaeT
poib cTaOMIIBHOCTH YacTOTHI, TaK Kak e€ 3HaueHHe
SBJISIETCS IOKa3zaTeseM 3(QEKTUBHOCTH MEPBHYHOTO
peryJMpoBaHUsl BO BCEX YaCTAX OOBEAMHEHHUS U CIIO-
COOHOCTH €IMHOWH 3HEPrOCHCTEMBI MPOTHUBOCTOSTH
pacnpocTpaHEHUIO HeOaJaHCOB W3 OJHMX dacTei
o0beanHEeHNs B Apyrue. Bo3pacranne cTabMIBHOCTH
YacTOTHl MOBBIMAEeT Han&kHOCTH padorel EDC, u
MO3BOJISICT YMEHBIINTh CYMMAapHYIO MOIIHOCTH Bpa-
maromierocs pesepsa B 3Heprocucreme. llpu stom
CYIIECTBEHHO BO3pPAacTaceT pojib NEPBHYHOTO PEryIu-
poBaHuUsI.

JKéctkue TpeGoBaHUSA TO MOAAECP)KAHUIO YAaCTOTHI
y)KecTo4yaoT TpeOOBaHHMS K CHCTEMaM aBTOMaTh4e-
cKoro perynupoBaHusi. OHU JOJDKHBI 00ECTeYMBATh
BBINIOJIHEHNE CIIOXKHBIX aITOPUTMOB  YIPaBIICHUS,
paccUMTaHHBIX Ha paboTy SHEpProOJIOKOB B pa3iny-
HBIX OKCIUIyaTallHOHHBIX PEXHMax C Y4ETOM BO3-
MOJKHBIX OTPaHMYCHHWH W pa3MYHBIX KOMOWHanmit
HCIIOJIb30BaHMsI BCIIOMOTaTEIIbHOTO 000PYI0BAHHS.

Jns obecneyennst HeoOXoMMOi 3¢ eKTUBHOCTH
CHCTeMa aBTOMAaTHYECKOTO PEryJMpOBaHUsI MOIIHO-
CTH Hepro0soKa NODKHA BBIMOIHATHCS KaK KOOPJIH-
HUPOBAHHAs: CUCTEMBI PErYJIUPOBAHUS U TYpOUHBI U
KOTJIa B COOTBETCTBHHM C BBIOPAHHBIMH MapaMeTpamMu
HACTPOMKH JOJKHBI COBMECTHO y94acTBOBAaTh B OTpa-
00TKEe BO3MYIICHHH IO MONTHOCTH. B ToM ciydae,
€cli B cocTaB OJIOKAa BXOJIUT INMPSIMOTOYHBIH KOTEN,
o0Jyiaatomuii Majoil aKKyMyJMpyIoLeld CIocoOHO-
CTBIO, BBIIIOJHEHHE Pa3/ieNIbHOTO PEryJlUpOBaHUs 3a-
TPYIHHUTEIBHO. DJTO MOATBEPXKIAIOT pPacueThl, pe-
3yJIBTaThl KOTOPBIX PUBEAEHBI HA pucC. 1.
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Pucynok 1 — 3aBucuMOCTH U3MEHEHUSI MOIIHOCTH
9HEProOJI0Ka BO BPEMEHH B CITydae CHH)KECHUS 4acTo-
ToI (pacuer Ha DBM).

VcxoqHbIMU TaHHBIMU SIBJISIOTCSI Harpyska OJioka
80 % u peseps momHOCTH 20 %. MneanbHOi sBIIsCT-
Csl 3aBUCUMOCTD 1, IpH MOCTPOEHUH KOTOPOH IoJiara-
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JIOCh, YTO J@BJICHHE Tapa nepeJ TypOuHOI MOCTOSHHO
U peryjaupoBaHKe IPOUCXOIMUT TOJIBKO IMOJ| JeHCTBU-
€M CHCTEMBI aBTOMAaTHYECKOTO DPEryJMPOBaHHSA dYa-
ctoTsl Bpamerus (APUB). B ciyuae wmcmons3oBanus
MIPSAMOTOYHOTO KOTJIAa W TOLAEP’KAaHWU TOCTOSHHOTO
pacxofa TOILTMBA 3aBHCHMOCTH IpHOOpeTaeT BHI 2.
3aBUCHMOCTD MOIIHOCTH OT BPEMEHH IIPH aHAIOTH-
HBIX YCIIOBHAX Ui OapaOaHHOTO KOTJIAa M300paskeHa
kpuBo#i 3. [Ipy UCTIONIBL30BaHUH PETYIISTOPA AABICHHS
B PEXHME «J10 ce0s»» ISl IPSIMOTOYHOTO KOTJIa (3aBU-
cuMoCTh 4) HaOMOJaeTCs HaWOOJNbBIICe CHIDKCHHE
BBIPa0aTHIBAEMOM MOIIHOCTH dHEProOioka B MpoLec-
ce peryaupoBanus. I[lpu pabote 3HeproOioka Ha
CKOJIB3SIIMX TapaMeTpax Imapa, TO €CTh HMpPHU IOJHO-
CTBIO OTKPBITBIX PETYIHPYIOIINX KJIalaHax TypOHHBI,
BbIpa0aTbiBaeMas MOILTHOCTh HHEProOJOKa He HM3Me-
HseTcs (3aBHCHUMOCTB 5). B ciydae MmoJHOTrO OTKpHI-
i 60 % perynmupyromux KIanaHOB 3aBUCHUMOCTb
nmeet BUX 6. PexnM KOOpIMHUPOBAHHOTO PETYIHPO-
BaHHS MOIIHOCTH KOTJIOM M TypOWHOH (3aBUCHMOCTD
7). Tlocnenuuii ciy4ail sBiIsseTCsS Hanbosee OIM3KHM
K ONTHMAalbHOMY (3aBHCHUMOCTb 1), W sBISIeTCA
HaunOoJIee NEPCHCKTUBHBIM, HO U Han0oJIee CIOKHBIM
JUIsL peaii3alii B CHCTEMaX aBTOMAaTHYECKOTO pery-
JIMPOBAHUSI.

[lepBuuHOoe perynupoBanue Tpedyer Hamboiee
OBICTPOil MoOMIHM3alMU pe3epBHOH MommuocTH [1].
Jnst BTOPUYHOTO PEUIyJIMPOBAaHUS 3TH TpeOOBaHUS
Msr4e. OS¢ dexTuBHOE yuacTue T2C B
ABTOMAaTHYECKOM BTOPHYHOM peryinupoBaHUM
TpeOyeT oOOCCIeYeHnsl JOCTATOYHOW IUIABHOCTH U
TOYHOCTH  perynupoBanus. Ha I'DC  Takume
TpeboBaHUA JOCTHUTAIOTCSI HCTIONIb30BaHIEM
TPYIIOBBIX PETYJISATOPOB YacTOTBl W AKTUBHOM
momaoctd (I'PAM). Tlpencrasmisiercs uenecoobpas-
HOW pa3paboTka M BHEJpPEHHE MOAOOHOW CHCTEMBI
s TOC.

Cucrema 'PAM noipkHa SBIATHCS COCTAaBHOM Ya-
CTBIO CHCTEMbI PETYIHPOBAaHMS aKTHBHOW MOIIHOCTH
craHimu. IIpu 3TOM CTpPyKTypHas cxema IIPUHUMAcT
crenyromtuii Bux [4, 5] (puc. 2).

Ha ctpykTypHO#i cxeme H300paXeHbI CIIeAYIOIHe
aneMeHTBl. Nyy ryy Npyan, Nsgyenn, — TIaHOBOE, pyd-
HOE M HEIUIAaHOBOE 33JaHHE MOLIHOCTH COOTBET-
crBenHo, f — wacrora ceru. [PAM — rpymnmoBoii pe-
TYJISTOP aKTUBHOM MomHocTH, JIM — naTuuk MolHo-
ctu, PHT — perynarop narpysku TypOunsl. PHK —
peryisaTop Harpys3ku kotia, I — renepatop, T — Typ-
ouHa, K — xoréi.
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Pucynox 2 — CtpykTypHas cxeMa peryJupoBaHUs
mouHoctd TOC, Brarouaromas B cedss TPAM

Cnncok HcnoJib30BAHHBIX HCTOYHHKOB

1. CTO 59012820.27.100.003-2012 «Perymupo-
BaHHME YaCTOTHI M TIEPETOKOB aKTHBHON MOIIHOCTH B
EDC Poccun. Hopmsr u TpeboBaHU .

2. CTO 59012820.27.100.002-2013 «Hopmsr
y4acTusi SHEProOJIOKOB TEIUIOBBIX JIEKTPOCTAHIIMH B
HOPMHPOBAHHOM TEPBHYHOM DPETyIMPOBAHUHU HacCTO-
Tl M aBTOMAaTHYECKOM BTOPUYHOM pEryIHPOBAaHUU
9aCTOTHI U MIEPETOKOB aKTUBHOW MOITHOCTHY.

3. HayuHo-TexHuueckue mpoOJeMbl U  MpO-
TrpaMMHBIE 3aJa4d TOBBIMEHUS 3(dexTuBHOCTH pe-
ryaupoBaHus yacTtoTsl 1 MouHoctd B EDC Poccun B
YCIOBHAX KOHKypeHTHOro pbiHKa / Koram @.JI. —
Onextpuueckue craHuuu, 2002, Ne 4.

4. BbepxoBud M.A. u ap. ABTOMaTruKa SHEProCH-
ctem: Yueb. JIns texauxkymo/ M.A. bepkosud, B.A.
I'nanpies, B.A. CemeHoB. — 3-¢ u3n., nepepad. U1
Jom. — M.: DHeproatomusaar, 1991. — 240 c.: um.

5. TIpoGnema perymupoBaHHsi YacTOTHl CETH U
MOIITHOCTH JHEProOJIOKOB M €€ pelIeHHe Ha Cpe-
crBax ACY TII / JIeicko B.B., bunenko B.A., CBu-
nepckuit A.I'., Menamen A.J[. — Dnextpuyeckue
crannuu, 2004, Ne 1.
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MNOJYYEHUE ®A3 OKCHUAOB KEJIE3A METOJO0OM
HNJIASMOJIUHAMHUYECKOI'O CUHTE3A

CaeukaneBa A.A.
Hayunsrit pykoBomrens: CuBkoB A.A., 1.T.H., ipodeccop
Towmckwit monmTexHrgeckuit yausepeureT, 634050, Poccws, 1. Tomck, tip. JlerwHa, 30
E-mail: svechkanevaaa@mail.ru

B pabote mpuBeAeHBI pe3yNbTaThl UCCIIEIOBAHHUNA
0 TPSAMOMY ITUHAMHUYECKOMY CHHTE3y YJIbTpaauC-
TIEPCHBIX TOPOIIKOB OKcHaa kene3a. Hanommcmepc-
HBIE MaTepHajbl Ha OCHOBE OKCHIIOB JKelie3a MCIIOIb-
3YIOTCSl B CHCTEMax 3allliCl U XpaHeHHs HH(popMa-
[IMY, B CUCTEMaX MarHUTHOTO OXJXKJEHUs, B HOBBIX
MOCTOSIHHBIX Maruutax [1]. B Tom uyucie HaxomsT
CBOE NPUMEHEHHE B MEAULIMHCKOW O0JIacTH, HampH-
Mep, TPAHCIOPTHas AOCTaBKa JIEKapCTB B OPraHU3M
9eJI0BeKa, KOHTPACTHBIC CPEJICTBAa I MAarHUTHO-
PE30HAHCHO# ToMorpadun, BO3ACHCTBHE Ha PAKOBEIC
KJIETKH ¢ moMotnbio runeprepmui [2,3]. Tak xe yib-
TpaaUCIIepCHBIC TMOPOIITKA OKCHIIA JKeJie3a MCIIONb3Y-
FOT IS TIONYYSHHs BOJOPOJA C IIOMOIIBIO AJIEKTPO-
JH3a BOZBI IO JEHCTBHEM COJIHEYHOTO CBETa C yda-
CTHEM CIIa0bIX TOKOB OKCHA KeJe3a.

Panee B pabotax [4] ObU1a MOKa3aHa BO3MOXKHOCTh
MOJY4YEHUS yIBTPAAUCHIEPCHBIX IOPOIIKOB OKCHIOB
JKenesa, IIasMOJUHaMU4eckuM wmetonoM. CTpys B
3aMKHYTOM oObeMe kamepbl-peakropa (KP) renepu-
pyeTcs UMITYJIbCHBIM (TIOpsIIKa 10* C) CWIIBHOTOYHBIM
(mopsizka 10° A) KOaKCHANBbHBIM MArHHTOILIA3MEH-
HeIM yckopureneM (KMITY) co cTanpHBIME 3JIeKTpo-
mamu (ctane3). Onekrponuranne KMITY ocymecTs-
JISIETCS C TIOMOIIBI0 eMKOCTHOTO HAKOITUTENS SHEPTUHI
(EHD) ¢ emKkocThIO KOHIEHCATOpHOU OaTapen C=14,4
M@ u 3apsgHBIM HanpspkeHueM U,,,= 4,0 kB [4].
Haenenune B KP cocraBmser Py = 1,0 atm. Tak xe
kaHan QopmupoBanus minasmenHoit crpyn (K®IIC)
3anojiHseTcss Bojod Maccoil 1 rpamm. Mcnonb3oBaH-
Hast koHCcTpykuusi cuctemsl ¢ KIIMY mo3Bonser 3a-
knaneiBath B KOIIC mo 1.0 r He0OX0uMOro MaTepu-
aja Juisi MHALUMUPOBAaHUS U JYTOBOTO pa3psia C To-
koM ~ 100 kKA. HMcnonp3oBaHHas 3KCIEPUMEHTAIbHAS
TEXHOJIOTHYECKasl YCTaHOBKA JUIS TTOyUeHUs yIbTpa-
IUCTIEPCHBIX OKCHIOB JKelle3a TNpEeACTaBIeHAa Ha
puc.1.

o

Puc. 1 DkcnepuMeHTanbHasi TEXHOJOTHUECKas: ycTa-
HOBKA. (1-COOPHBII KOJUIEKTOP Pa3psIHOTO KOHTYpa,
2-KOaKCHaJbHBII MarHATOIIIIA3MEHHBIH YCKOPHUTEID)

B Hagane pabodero mukia moj IeHcTBHEM Hapac-
TAIOMIETO TOKAa MPOUCXOJUT JIICKTPOIPO3HOHHAS
HapaboTka MaTepuana ¢ moBepxXHOCTH YK, KOTOpbIit
YCKOpSIETCS B KOAKCHAJIBHOM CHCTEME B BUE paspsiia
TUna Z-nmuH4ya. DPOAUPOBAaHHBIA METaJlT IIOCTYIAET B
Ia3My paspsiia 1 BBIHOCHTCSI CBEPX3BYKOBOH CTpY-
eil, pacnbutsice B KP ¢ obpasoBanueM ynbTpamuc-
nepcHbIx nopourkos (Y /IT) okcunos xenesa.

Ha puc.2 npuBeneHsl XapakTepHbIE PEHTIECHOB-
ckue audppakrorpammbl YIIT (mudpaxromerp Shi-
madzu XRD-6000) mosyueHHbIe B BO3ILYLIHOW aTMO-
coepe(l) u ¢ ucronszoBanueM | rpamma BoApI(2) mpu
nasiennn B Po=1,0 aTtm.

Y
o — remMatuT a-Fe,O3

Y — marremut y-Fe;O3
g — g-Fe,0O3
W — Mmaruetut Fe3Oy

o

NHTEeHCHBHOCTH

20 50 2@),'rpan
Puc. 2 Xapaxrepubie audppaxrorpammbr Y 1.

KommgectBeHHBIN CTPYKTYpHO-(A30BBIH aHATN3
nmudpakTorpaMM (OIICHOYHOTO XapakTepa s TeTe-
podazHBIX cHUCTEM) NMPOBENICH C IMOMOIIBIO IPOrpaM-
MBI TtosiHOnpoduineHoro aHanuza Powder Cell 2.4 u
0a3bl CTPYKTYpHBIX TaHHBIX PDF4+.

Ha puc. 2 BugHO, 4TO MOJydYeHHBIE AUPPAKTO-
rpaMMBI ONBITOB COAEP)KAT OJMHAKOBBIE PEQIICKCHI,
YTO TI03BOJISIET TOBOPUTH O HAJMYUE OJHUX U TEX XKe
¢a3 (marmerut Fe3O,4 (TmpocTpaHCTBEHHAs Tpyma
SG: Fd3m); marremut y-Fe,O3 (SG:P 4 3 2 1 2);
opropoMbuyeckas moaupukamus e-Fe,03 (SG: P na
2_1); remarur a-Fe,03 (SG: R3c)).

ITo mporieHTHOMY conepxaHuio Macc (Tabmuma 1)
BUAHO, YTO HAJIMYHWE HanOollee MarHWTHBIX (a3 BO
BTOpPOM ciydae (puc.2 KpuBast 2) ropa3fo BEIIIE, YeM
B nepBoM ciydae (puc.2 kpuBas 1). To ects, sBussICh
JIOTIOJTHUTENBHBIM OKHUCIHTENEM (B NEPBYIO O4epe.pb
9TO BO3AYILIHAsl aTMocdepa) BoJa ObIcTpee MPOBOANUT
OKHCJINTEJIBHBIH Tpoliece, CIeloBaTeIbHO, B HAlleM
cjlydya€ Mbl UMEEM 3HAYUTCIIbBHOC YBCJIWYCHHUC Mar-
HUTHBIX (a3.

Tabmmna 1. JlaHHbIe PEeHTT€HOBCKOTO aHAIN3a

= o

s| ool Q

& ®daza EE’ ':..': 'i.) flﬁ

% > W 3

1 Conepxanue, % macc 11,9 455 29,4 13,5
Obuiee conepix., % Macc 57,4

2 Conepix., % macc 41,8 | 43,6 12,3 2,7
Obuiee conepix., % Macc 85,2
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Tak ke ObUIM MPOBEICHBI JOMOJIHHUTCIHLHBIC HC-
cienoBanus nonydenHoro Y /IIT okcuna xenesa. Ilo-
JYYeHHBIA TIOPOIIOK OBLI pa3fesieH Ha HECKOJBKO
qacTed UIST HWCCIIENOBAHUS MAarHUTHBIX CBOWCTB U
BIHMSHHE Ha HUX Temmeparypbl. OqHa W3 HUX ObLIa
moBeprayTa OpicTpoMy OoTXHTY (6/0) — mOCTereH-
HBIA HarpeB 0 550°C. Bropas JacTh ke HarpeBajiach
B TeYeHHe yaca npu Temreparype 600°C — moxruii
oTxkur (1/0).

WccnenoBanamss MarHuTHBIX cBoiicTB Y Il okcu-
JIOB XeJie3a (0 U TOCIe JOJITOr0 M OBICTPOTO OTXKH-
ra) MpoBeAEHBI Ha UMITyJTCHOM MarHutomerpe H-04
B mojie 13,0 kD [5]. HukHsist yacTh Kaxa0d KpPHUBOM
COOTBETCTBYCT HAMAarHM4MBaHUIO UCXOJHOT'O pa3zMar-
HUYCHHOI'O MaTcpuaja 10 HACBIMICHUA C YBCINYCHU-
eM BHelHero noJig H. BepxHss yacTs — KpuBas pas-
MaronivBaHusA NpU YMCHBIICHUU BHCHIHETO IMOJISA D0
HYJISL.

Ha puc. 3 mokaszaHbl yaenbHbIe HAMarHHYCHHOCTH
Mpu KOMHATHOW TeMIIeparype, KOTOpPHIE pPAaBHEIL:
56,2 [c-em™/r; 49,1 Te-em/r; 42,6 Teeem/r, 27,8
I'c-em®/2 cOOTBETCTBEHHO.

O, I'e*eM’lr

60 +

50 o 26/0

40 4

30 4 2n/o

20 4

1-npu larm.
2 —npu 1 atm. ¢ HO
26/0 — ipu 1 at™. ¢ HyO GbicTpblii OTXKUT

101 2 /o — npu 1 at™. ¢ H,O nonruit omxur

6 8 10 12 Hw

Puc.3. Kpussle ynensHol HamaruuueHnocta Y 11

Bwunno, uto Bce Tpu obpasma Y /II, cobpaHHBIX cO
creHok KP, mmeror nocrarouHo Oin3kue 3HaUYEHHS
HaMarHW4YE€HHOCTH HACBIIIEHHS, KOTOPHIE OIEHOYHO
paBHbI CyMMapHOW HaMarHWYEHHOCTH HPUCYTCTBY-
IOUIMX MarHUTHBIX Kpuctammmdeckux a3 (FezOy,
y-Fe,03) ¢ ydeToM HX IMPOLIEHTHOTO COAEPKAHUSL.

Haubonee BbIcokast ynenbHas HaMarHMYEHHOCTb
KpHUBOH 1 TOBOPHT O HaJHMYUU JTOCTATOYHO OOJBIIHX
pa3MepoB YacTHIl U COOpaHHBIMU M3 HHX arjioMepa-
TaMH. Y aenbHas HaMarHHIeHHOCTh KpHBO# 26/0 00B-
ACHSETCSI YKPYINHEHHEM 4YacTHIl MOJ| BO3IECHCTBHEM
Temneparypbl. KpuBas 21/0 ¢ HaMarHM9eHHOCTHIO B
27,8 Tc-em¥/r TOBOPHUT O HanOoJiee MEIKUX YacTHIIax
npucyrcTByromux B Y /I1.

B cooTBeTCTBHM € M3BECTHBIM IPEACTAaBICHUSMH
ylesibHass HAMarHMYeHHOCTh HACBHIMIEHUS! CHDKAETCS
C YMEHBILICHHEM Pa3MEPOB MarHUTHBIX HAHOYACTHII.

Jns monTBep KACHUS INperoiaraeMblx OOBsICHe-
HUH KacaTeIbHO YAEIbHON HaMarHMYEHHOCTH ObIIa
MIPOBEJCHA CKAHUPYIOMIAsl 3JICKTPOHHAS MUKPOCKO-
must (SEM) ma wmmkpockorme HITACH TM-3000.
CHUMKH CKOIUIEHHS OOBEKTOB B COCTaBE MPOIYKTa
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NpUBECH Ha puc.4.

Puc.4. SEM cHuMOK ckorsieHust 00bEKTOB B CO-
craBe npoaykra. (1-npu 1 atm., 2-mipu 1 atm. ¢ H,0,
3-npu 1 at™. ¢ H,O nonruit omxur)

IIpoBeneHHbIE HCCIENOBAaHUS MOKA3aIHU, UTO IreTe-
podasnbie Y/IIT okcumoB xkeie3a, MOTyYCHHBIC TIa3-
MOJIMHAMUYECKUM METOJIOM 00JIaJaloT BBICOKUMH
MATHUTHBIMH ~XapaKTePUCTUKAMH, MPUOINKAFOIIH-
MHCS C XapaKTePUCTUKAMH OObEMHBIX MaTEPUAJIOB.

MarHuTHblE CBOMCTBA HAaHO Pa3MEpPHBIX YaCTHIL
OTIPEeNIeNAIOTCS MHOTHMHU (PaKTOPAMH — XHUMHYICCKHA
COCTaB, TN KPHUCTAIUIMYECKOW PEUICTKH, pa3Mep H
(opmMa, Tak ke W B3aUMOZICHWCTBUE X C JPYTUMH Ya-
ctanamu. V3MeHss pa3Mepsl, popMy B COCTaB YaCTHII
MOJKHO B OIpENCNCHHBIX MpeaeNaX YIpaBiIsATh Mar-
HUTHBIMM XapaKTEePUCTUKAMHU MaTepUaJIOB Ha MX OC-
HoBe. OJHaKo, KOHTPOJMPOBATh BCE 3TH (HaKTOPHI
IpY TIA3MOJUHAMUYECKOM CHHTE3€ yIaeTcs AajeKo
He Bcerja, MOo3TOMY M CBOMCTBa OJHOTHMIIHBIX MaTe-
PHAJIOB MOTYT pazIHYaThCs.
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CPABHEHHUE YYBCTBUTEJIBHOCTU METOJA
HAHOCEKYHJIHBIX UMITYJIbCOB U FRAX-150
CemenoB A.C.

Hayunslii pykoBoauTens: JlaBpuHoBuu. B.A.,1.T.H., mpodeccop
Tomckuit mommTexHIUecKuit yauBepcuteT,634050, Poccus, r.Tomck, np.Jlernna,30
E-mail:sayal@sibmail.com

Jnis iMarHoOCTHKN MEXaHWUYECKOr0 COCTOSIHUS 00-
MOTOK TpaHc(opMaTopoB M3BECTHBI JBa METO/A: Me-
TOA CHEKTpaJbHOTO aHanu3a [1] m MeTonm HaHOCe-
KYHIHBIX HMITyJIsCOB [2]. Hambonee momymspHBEIM B
JAHHOE BPEMS SIBISCTCA METOJ aHAJIN3a aMIUIUTYAHO-
gacTOTHRIX Xapaktepuctuk (FRA). [ns auarHOCTHKH
3THM METOAOM Pa3HBIMH (pUpMaMM BBIITYCKAIOTCS CO-
oTBeTCTBYyIoIMe mpubopel. Hambomee pacmpoctpa-
HEHHBIM B Hallel CTpaHe sBisieTcss NpuOop (GUpMbI
«Megger» FRAX-150 [3]. B kauecTBe anbTepHATHBBI
METOy aMILIMTYAHO-4acTOTHOro aHanu3a B TIIY Ha
kadeape DOC paspabaTbIiBacTCs METOJ HAHOCEKYH]I-
HBIX MMITyJbCOB. B KauecTBe TreHeparopa HaHOCE-
KYHJIHBIX UMITYJIbCOB HCIOJb3yeTCsl KaOenbHBIN IreHe-
parop o cxeme Brenenckoro tuma «<HAHOTECT-1».
Heo6xoaumo 3HaTh YyBCTBHTEIBHOCTH 3THX HPHOO-
POB K pa3iuyHBIM aedekrtaM OOMOTOK TpaHchopMma-
Topa. B nmanHo#l pabore mocraBieHa Lenb, CPaBHUTH
gyBcTBUTENBHOCTh «FRAX-150» u «Hanotect-1» k
MEKBHUTKOBBIM 3aMBIKaHHSIM.

CyTh MeToJ]a TUarHOCTUKU M3MEPHUTEIbHBIM IPHU-
6opom FRAX-150 3akmrouaeTcs B Mojadye CHHYCOH-
JaTbHOTO curHana amruutyaor 10 B B quamazone va-
ctot oT | I'm mo 2 MI'm Ha oxHy W3 OOMOTOK TpaHc-
(dopMaTopa W pPETHUCTPUPYETCS CHUTHAN-OTKIMK Ha
JIpyroii oOMoTKe TpaHcdopmaropa. M3mepurenbHbINH
KOMIUIEKC OCYIIECTBIISIET PETHCTPaLUIO aMIUIUTYAHO-
4yacTOTHOM xapakTepuctuku (AYX) cuctemsl ABYX
00MOTOK TpaHc(hOpMaTOpa, KOTOpas aHAIM3HPYETCs
JNIEKTPOHHON cxeMoll mpubopa W TIpeicTaBiseTCs
rpauyecku Ha SKpaHe BCTPOEHHOTO HCIUIES B JIUa-
naszone yactor FRAX-150.

[IprHIMT JMAarHOCTHKH METOJOM HaHOCEKYHIHBIX
UMITyJIbCOB 3aKJIFOYAETCs B 110/1a4€ Ha OJHY U3 0OMO-
TOK TpaHcopmaTopa MpSIMOYTOIbHOTO HAHOCEKYHI-
HOTO MMITYJIbCa, B HAIIEM ClTydae OT TeHepaTopa THIla
«Hanotect-1», u perucrtpauuu Ha ocuwuiorpage
CHTHaJIa-OTKJIMKA C APYroil oOMoTku TpaHcdopmaro-
pa. Mcnonesyemsiii renepatop «Hanorect-1» mo3Bo-
asier  (opMHpOBaTH Ha COTVIACOBAaHHOW Harpyske
750M wuMnynec 0e3 OTpaXeHHH aMIUIUTYAO0H 10
200 B, mnmurensHOCThIO (ponHTa M cmaga ~10 HC u
JUTATENFHOCTRIO MITyITbca ~400 He.

OKCHEepUMEHTHI POBOJMINCH HA (PU3UUECKOI MO-
JEeTH CHJIOBOTO Tpex(a3HOTO IBYXOOMOTOYHOTO
TpaHcopmaropa. C 4yHCIOM BHTKOB Ha OOMOTKE BBI-
cokoro HampspkeHuss 120 m ¢ gymcioM Ha OOMOTKE
HU3KOrOo HampspkeHus 20 BuTkoB. Kaxmas oOMoTka
COJICPXKHUT OTHAMKH I HCKYCCTBEHHOTO CO3HaHUS
JneekToB ¥ NOAKIIIOUEHHsT K HUM, IPUOOPOB JHarHo-
CTHKH.

CxeMa sKCIIepUMEeHTa TP HcIoib30BaHun FRAX-
150 mpuBepena Ha puc. 1. K npuarHocrupyemomy
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TpaHchopMmaTopy kK oxHOU m3 0OMoTok oT FRAX-150
Mo JABYM KOaKcHaNbHBIM KaOensam tumna PK-50-3 mmm-
HOM 7 M MOABOJATCS IHAarHOCTUPYIOLIUE CHUTHAJIBI, C
OJIHOM M3 Jpyrux oOMOTOK TpaHc(hOopMaropa CHUMA-
€TCs CHUTHAI-OTKIIMK ITOCPEJCTBOM KOAKCHAIBLHOTO
kabens tuna PK-50-3 miunoit 7 M. AUX peructpupy-
ercss FRAX-150 1 moxer ObITh cOXpaHeHa B mu(po-
BOM BHJE JUIA TOCIIEAYIOMIEH BH3yaln3aluu U o0Opa-
0oTkM B coeuuaneHoit mporpamme — "PDDP" ("
Program of digital data processing™) [3]. ®opma am-
TUTNTYIHO-9AaCTOTHONW XapaKTEepUCTUKU TIPH II0Jaue
CHI'Haja Ha OOMOTKY «A» W perucrpanuu ¢ 0OMOTKH
«a» IpUBeJIeHa Ha puc. 2.

TpaHcthopmaTop

C
EI—IIL
)

£

CeppaeyHuk /

1

Puc. 1. Cxema skcnepumenta ¢ FRAX-150

ok

Puc.2. XapakTepuCTHKH, MMOTYISHHBIE C TIOMOIIIBIO
FRAX-150: aMmumTyIHO-4aCTOTHAs XapaKTePUCTHKA
YEpHOTO I[BETa — 0OMOTKH 0e3 ne(eKToB, KpuBas CH-
HETO IBeTa — BBICOKOBOJIbTHAS 0OMOTKa € IePEeKTOM
(3aMKHYTHI 24 BHUTKA)

Cxema SKCIepUMEHTA TIPU UCTIOJIb30BAaHUH METOA
HAHOCCKYHHBIX HMITYJbCOB IMpPHUBEJCHA Ha puc. 3.
3oHaUpYIOIIMI UMIyIbC OT renepartopa "HanorecT-
1" momaercss Ha OJHY W3 OOMOTOK TpaHC(opmaropa
kabenem tuna PK-50-3 amunoit 7 M. C 3TO# e TOuKu
ot oOMoTkH npyrum kabemem PK-50-3 curnan nepe-
JaeTcsl Ha BTOpoii kaHan ocumwmiorpaga Nel. Curnas-
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OTKJIMK C HHU3KOBOJIBTHOH OOMOTKH TpaHC(opmaTopa
rnojaercs Ha Apyroiu ocuusuiorpad kadeixem PK-50-3.
Jlnst KOHTPOJIS KadecTBa II0JaBaeMOT0 MMITy/bca Ha
ka"anm Nel ocmumnorpada Nel 3aBoauTcs KOHTPOJIb-
HBI IMITYIIEC OT TeHeparopa. @opma curxama Ha 00-
MoTKe "A" mpuBeneHa Ha pHC. 4, CHTHAN-OTKIHK C
obmMoTkm "a" mpuBenmeH Ha puc. 5. [ cpaBHeHHS
CTENCHN OTIWYMSA CHTHAJIOB-OTKIMKOB MPH PA3HBIX
COCTOSIHUH OOMOTOK NPHMEHsIach CrelHaibHasi Ipo-
rpamma "PDDP" [3].
TpaHcthopmaTop
A, B, C

+ 0 b "ec
LJTuIl.JTl_I-I.J.
|

CepaeuHuk =

leHepaTop UMNYNbLCOB

- r ¢
O->—tce{H
Ocumnnnorpacp Ne1

||_| F?| Ocumnnorpadp Ne2

H_—>

Puc. 3. Cxema skcniepumenTta ¢ «HanorecT-1»

—— T =

iy
P —

Puc.4 ®opma 30HIUPYIOMIETO CUTHATIA

st cpaBHUTENBHON OLIEHKM YYBCTBUTEJIBHOCTH
JIBYX METOJOB ITHarHOCTUKHA Ha OOMOTKaX CMOMEIH-
pOBaHBI 3aMBIKaHUS Mexay 24, 12 u 6 Butkamu. s
puMepa, Ha pUCYHKaxX 4 U 5 MpHUBEICHBI PE3yIbTaTHI
aHalM3a OTKJIIMKOB, 0Oe3 medekTa M C 3aMBIKaHHEM Ha
24 BUTKA.

Tpadune carmasen

i

Puc. 5 XapaxTepucTuKH, TOIXy4eHHBIE METOAOM
HAaHOCEKYHHBIX UMITYJIbCOB

I'me, xpuBast XapakTepHCTHKA YEPHOTO IIBETA, SB-
JsieTcss KpUBOU TpaHcdopmaropa 6e3 neekToB, KpH-
Basi KPaCHOTO LIBETa — CUT'HAJ OTKJIMKA C 3aMBbIKAaHHEM
MeXay 24 BUTKaMH OOMOTKH BBICOKOTO HAIPSIKEHHS.

Cexuus 1:
OneKTpoIHepreTuKa

B tabnuiie 1 B OTHOCHUTEIBHBIX CIUHUIAX MTPHUBE-
JIEHBbl pe3yJIbTaThl CPABHEHUS YYyBCTBUTEIHLHOCTH Me-
TOJIOM HAaHOCEKYHIHBIX MMITYJIECOB TIPH HOJade 30H-
JTUPYIOIIETO UMITYJIbca Ha 0OMOTKY (a3sl "A" u peru-
CTpaIi¥ CHUTHAJIA-OTKJINKA Ha 0OMOTKe "a".

Tabnanma 1. UyBCTBHUTENHHOCTh METOJA HaHOCE-

KYHJAHBIX UMITYJIECOB

OmbIT «Hanorecr-1»
Ennaunst OTH. | OTH. | OTH.
OTH. €]I.
HU3MEpEHust e/l ell. e/l
3aMKHYTBI BUTKH
Cocrosinre Bes ne- Y
00MOTOK (ekra 24 12 6
«A-a» 0,08 0,34 | 0,31 | 0,24

AHAJIOTUYHBIC PE3YNbTaThl IS YKCIICPUMECHTOB C
FRAX-150 npuBenens! B Taduuie 2.
Tabmuua 2. YyBcTBUTENLHOCTH MeTOa AUX

OnpIT «FRAX-150»
Enuanne OTH. | OTH. | OTH.
OTH. €]I.
HU3MEPEHUS el ell. el
CocTosHue Bes ze- 3aMKHYTHI BUTKH
00MOTOK (exTa 24 12 6
«A-a» 0 0,21 | 0,11 | 0,06
BriBog

IIpoBeneHHble HCCIENOBaHUSA IOKa3bIBAIOT, 4YTO
METOZIOM HAHOCEKYHJHBIX HMIIYJIECOB C MPUMEHEHU-
eM reHeparopa "Hanorect-1" mocturaercs 6osee BbI-
COKasi YyBCTBUTEIBHOCTh K MEKBUTKOBBIM 3aMbIKaHH-
sM, TI0 cpaBHeHHIO C mpudopoM «FRAX-150».

Jlurepartypa

1. XpennukoB. A.B. Meroasl IMarHoCTUKU MeXa-
HHUYECKOI'0 COCTOSAHHUA 06MOTOK, JKypHal «HoBoctu
anekrpotexHuku» Ne3(57), 2009 rog.

2. Lavrinovich V.A., lIsaev Y.N., Mytnikov A.V.
Advanced Control State Technology of Transformer
Windings. — International Journal on “Technical and
Physical Problems of Electrical Engineering”, Pub-
lished by International Organization of 10 TPE.
December 2013, Issue 17, Volume 5, Number 4,
Pages 94-98.

3. http://www.electropergam.ru/search.html.

3. JlaBpuHoBuu A.B., BacuibeBa O.B. Lludposas
00paboTKa OCHMIJIOrPaMM MO pe3yjbTaraM JHarHo-
CTHKH CHIIOBOTO TpaHchopmaropa B cpexe LabView,
)KypHan «CoBpeMeHHbIE MPOOJIeMbl HAYKH U 00pa3o-
Barus» N6, 2013 r.
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Cexuus 1:
OneKTpoIHepreTuKa

MOAEJHUPOBAHMUE DJIEKTPOMATI'HUTHBIX ITPOIECCOB B CETAX

TATI'OBOI'O JIEKTPOCHABXEHUSA IEPEMEHHOI'O TOKA
Cramkos U. A.
Hayunesrit pykoBoautens: B. I1. JloBryH, a.T.H., mpodeccop
KpacHosipckuii HHCTUTYT 5KeJIe3HOAOPOKHOTO TPaHCIIOPTa

(dmmman Mpkyrckoro I"'ocynapcTBEHHOTO YHUBEPCUTETA ITyTEH COOOIICHNS)
E-mail: ivanstashkov33@gmail.com

Ha sniexTpuduIMpoBaHHBIX KENE3HBIX JOpOrax
UCIIOJIB3YETCS CHCTEMa TATOBOTO 3JICKTPOCHAOKCHHS
(CT9) onHO(]a3HOTO [IEPEMEHHOTO TOKa
HanpsokeHneM 25 kB. Tsarosele moncrtanmum (TII)
MPUCOCIUHSAIOTCS K TMHTAIOMEeH CeTH Ha PaCCTOSHHUH
40-60 &M gpyr ot gpyra. Ha moxomoTmBax
YCTaHOBJICHBI ~ [IBUTATENHd  IIOCTOSHHOTO  TOKa,
MONTyYaroIne IHTaHHue omHO(DA3HEIX  CXeM
BeimpsiMiieHUs.  CpenHsAsS ~ MOIIHOCTh  TATOBOM
Harpy3ku coctaBiser 4 — 8 MBT1, MakcumanbHas —
15-20 MBrt [1]. U3-3a HenuueiiHbix Harpy3ok CTD
cepbe3HOM MpoOJeMOil  SABISIETCS.  HECHHYCOH-
JATLHOCTh TOKOB, MOTPEOJSIEMbIX OAHO(A3ZHBIMHU
BBITNIPAMUTEIISIMUA. OHI/I BbI3BIBAKOT HCKaXXCHUA
HATIPSDKCHUS Ha TOKOIIPHEMHHUKAX
anektponoaBikHoro coctaBa (OIIC). B cBoro
ouepelb, CIEACTBHEM WCKAKECHUH  HATPSDKCHHS
SBIISTIOTCSI TAPMOHUYECKUE TIEPCHATIPSDKCHUS, HUA3KAS
BEJMYUHA CPETHETO HATIPSKCHUS.

oT

B  pmoxmame mpoBedeH — aHaNMM3 — KadecTBa
3JIEKTPOIHEPTUU B CeTsX TATOBOTO
3JIeKTpOCHAOKEHN, pPaccMOTpeHbI OCHOBHBIE

¢akropsl, BimsAone Ha xapakrepuctuku CTO nu
(hyHKIIMOHUPOBAHHUE NEKTPOMOABIKHOTO COCTaBA.

Mopeas CT3. IIpu nocTpoeHNH MOAETH CUCTEMA
TATOBOT'O  JJIEKTPOCHAOKEHHWS ~ pa3dWBacTcs  Ha
ygacTku jyumHOM 10 kM, mpencraBieHHsle [1-
oOpa3Hoii cxemoii 3amemeHus (puc. 1).

R2

C12

I

Puc. 1. [T-o6pa3nas cxema 3amemmenust CTO.
[Tapamerpsr yuactka CTO npuBeneHs! B Tadum. 1.

Ta6muna 1- [TapameTpsl cxembl 3amerienns CTD.

Ro, Om/km | Lo, T'a/xMm Co, MKD/km L2, Tu

0,124 0,955 0,029 27

MonenupoBanue mNOKa3ano, 4yTo pa3OHeHHe Ha
Y4aCTKH JUTMHOM 10 KM obecrieunBaer
YJIOBJIETBOPHUTEIILHOE COBIIaIeHNE c
9KCIEPUMEHTAILHBIMU pe3ynbTaTtami,
npuBeAcHHBIME B pabotax [2, 3]. PasOuenune Ha
YYaCTKM  MEHBINECH JUIMHBI  YCIIOXKHSET CXEeMY
3aMEIICHUS ¥ YBEIMUMBACT PACUETHOE BPEMsI, OJJHAKO
HE MPHUBOIUT K 3aMETHOMY YBEIWYEHHIO TOYHOCTH
MOJICTTHPOBAHUSI.
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JUis MonenupoBaHMS YAaCTOTHBIX U BPEMEHHBIX
xapakrepuctuk CTO wucmonp3oBaach mporpamma
cxemoTexHuueckoro monenuposanust PSPICE.

AHAJIN3 YACTOTHBIX XaPAKTEPHCTHK CHCTEMbI
TATC0BOI0 3JIEKTPOCHAOKEeHH 1. PesynbTatsl
W3MEpPEHNH, IOKa3bIBAIOT, YTO B CIEKTPAaX TOKOB
mpeobnmamator 3, 5 m 7 rapmoHmkH. CIEKTpEI
HECHHYCOMIAIBHBIX TOKOB n HaNpsDKEHAN
MOJBEPKEHBI HEMPEPHIBHBIM H3MEHEHHUSIM B CBSI3H C
YHCIOM M B3aUMHBIM DPACIIOJIOKEHHE JIOKOMOTHBOB,
pPeXUMOB UX paboTHl U T.1. C yBeTHUYEHHEM TATOBBIX

Harpy30K  TapMOHHMYECKHE  MCKaXCHHS  TOKa
YBEJIMYHUBAIOTCSI.
Ha puc. 2 mnpuBeneHs! rpadukd YacTOTHBIX

XapaKTEePUCTHK MOMAYJS BXOJTHOTO COMPOTHBIICHUS
CeTH, Koraa AiHa JuHuH cocTaBisgeT 30 u 40 k.

25
7 —1=30 km
2.0
““““ L=40 km
8 LS
3
3
= 1.0
g
0.5
0.0
10 609 1208 1806 2405 3004 3603
Yactota. I'n
Puc. 2. T'paduku 4aCTOTHBIX XapaKTEPUCTUK
Kak cmemyer w3  puc. 2,  YacTOTHas

XapaKTEPUCTHKA HMEET PE30HAHCHBIE MAaKCHMYMBI,
pacHoNoXXeHHe W aMIUINTyJa KOTOPBIX 3aBUCST OT
HECKOJIbKUX (haKTOPOB:

- IPOTSDKEHHOCTh M CXEMa IMUTaHMs y9acTKa CETH;

- MOIIHOCTb TATOBBIX TPAHC(OPMATOPOB;

- PacHoJIoKeHHE JIOKOMOTHBA B 30HE MUTAHUS;

- HATMYUe QUIBTPOKOMIICHCUPYIOLIUX YCTPOUCTB.

YacToTa pe30HAaHCHOTO MaKCHMMyMa yMEHbIIAeTCsl
C pPOCTOM TPOTSHDKEHHOCTH YydacTKa. 3HadeHue Zsx
3aBUCHT  OT  JUIMHBI  JIMHUM,  PaCIIOJIOXKEHUs
JoKoMOTHBa M cocrtaBisier 2-2.5 kOm. HanbGonbmee
3HA4YEHHE CONPOTHBIICHHE HMMEET B Cllydae, KOrja
JIOKOMOTHUB HAaXOJUTCS B KOHIIE YJacTKa.

Pe3onancublie mepenanpsikenusi. B pabore [2]
OTMEYAETCsl, YTO OAHOM U3 MPUYUH aBapuil B
CHCTEMaxX TATOBOTO 3JEKTPOCHAOXKEHHS SBISIOTCA
pe30HAaHCHBIE (PEKUMHBIE) IEpeHANpPsDKEHUsT Ha
TOKOIIPUEMHUKE SIIC. OHn 00yCIIOBIICHBI
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PE30HAHCHBIMHU SIBJICHUSIMH Ha 4acTOTax,
onpenensembix napamerpamu CTO. Ilpu auxeHun
OTIC dacTOTHBIE XapaKTEPUCTUKH CETH U3MEHSIOTCSI.
Ecnu wactora rapMOHHMKH COBNaJaeT € YacTOTOU
pe3onanca CTD, MpouCXOOUT YCHICHHE aMILIHTYIbI
9TOH TapMOHMKH. OTO BBI3BIBACT 3HAYMTEIBHBIC
HCKa)KCHMS KPUBON HATIPSHKCHHUS.

Ha puc. 3 mokasana KpuBas HampsDKCHHS Ha
TOKOIIPUEMHHMKE  JJIEKTPOBO3a, HAaXOMSIErocs B
KOHIIEe yJacTKa ATUHOHM 30 KM.

80

Hanpsmenne, kB

Bpens, ¢

Puc. 3. KpuBas HanpspKeHUS Ha TOKOIIPHEMHHKE

HUckaxennas KpHUBast HaIpsDKeHUS Ha
toxonpuemHuke OIIC mpencTaBaseT HalOXKEHUE
CUHYCOUAANbHOM KpuBOoi ¢ uactoroir 50 I'm wu
OCIIJUTMPYIOLIETO BBICOKOYACTOTHOTO HANPSKEHUSL.
Pe3zonaHCHBIE NEpEeHANPSHKEHUS MOTYT B HECKOJIBKO
pa3 MIPEBBIIIATH aAMIUTUTY Ty pabouero
CHHYCOMIAJIBHOTO HampspkeHHs. OCOOCHHO CHIIBHBIC
HNCKKCHUS  HAIPSIKCHUS HaOII0AAI0TCS Ha
TOKOIIPUEMHUKAX 3JIEKTPOBO30B, yaaneHHbIX oT TII
Ha Ooublioe paccTosiHue. Pe3onancHsle
MEepeHanpsHDKEHUST  COMPOBOXKIAIOTCS  UMITYIbCHBIMU
NpOBaJlaMH HAIIPSHKEHUSI, YTO MOXKET BbI3BaTh COOU B
pabotre  cuCTeM  yNpaBleHUS  THPUCTOPHBIMHU
npeoOpa3oBaTeIIMHU.

Cnekrp HampspkeHus Ha TokonpuemHuke OIIC
MOKa3aH Ha puc. 4.

35
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Yactota, ['n
Puc. 4. Cnextp HanpspKeHUs: Ha TOKOIPUEMHUKE

B cmektpe HanpspkeHHs — peoOafaroIiuMK
SIBJISIFOTCSL  HU3KOYACTOTHBIE TapMOHHUKH, a TaKKe
FapMOHMKH, YacTOThl KOTOPBIX OJM3KA K YacTOTe
pe3oHaHCHOTO MakcuMyma. MckaxkeHue (HOpMBI
HAMpSOKCHUSI Ha TOKONPHEMHHKE COMPOBOXKIACTCS
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Cexuus 1:
OneKTpoIHepreTuKa

YMEHBUICHHUEM CPCAHCIO 3HAYCHUSA HAIIPAKCHUS. DT0

TPUBOIMT K YMEHbBIIECHUIO BEJINYHHBI
BBINPSMIIEHHOTO HANPSKCHNS.
MeponpusiTusi 10  yJIy4lleHHI0 KadecTBa

3J1eKTPUYECKOl JHEpruM B CHCTeMaxX THATOBOIO
3JIeKTpocHa0:keHus. [IpoBeleHHBIN aHaIU3 1OKa3all,
YTO HCKAXEHUsS CHHYCOMAATbHOW ()OPMBI KPHUBBIX
TOKOB W HaNpsDKCHWH OTPUIATENBHO BIUSIOT Ha
xapakrepuctukn CTD u ¢ynximuonnposanue JIIC.
Jl1s orpaHHYEHHS TOCTIEACTBUM yXyIIIIEHNS KauecTBa
3IEKTPUUYECKONH 3HEPruu HEoO0XOAUMO MpPOBEICHUE
koMmruiekca Meponpusatuit. B CTD  HaubOonbimii
3¢ (deKT gaeT UCTONb30BaHHE aKTUBHBIX U MTACCUBHBIX
¢unbTpoB rapmonuk. [TaccuBHbIA QUIBTP rapMOHUK
(II®I')  mpenacraBisier  coboil  mapajuiebHOE
COEIMHEHUE KOJIe0aTeIbHBIX KOHTYpOB,
HaCTPOCHHBIX Ha 4YacTOThl OTHENbHBIX TapMOHUK.
YcraHOBKa TakuxX (QUIBTPOB BOJIM3M HEIMHEHHOM
Harpy3ku oOecrieunBacT 3aMbIKaHHE Ha 3eMIII0 TOKOB
BBICIIMX  TAapMOHHK  4epe3  COOTBETCTBYIOLIMH
KosilebaTeNnbHBIA KOHTYp. biaromaps cBoeil mpocrote
IIOI' saBnstoTcs B HACTOSIIEE BpPEMsI OCHOBHBIM
BHUJIOM (HbUITBTPOKOMIIEHCUPYIOIITHX YCTPOUCTB.
Henocratok maccuBHBIX (QHUIBTPOB 3aKIIOYACTCS B
BO3HUKHOBEHHU pE30HAHCA TOKOB B MapajjieIbHOM
KoJIeOaTeTbHOM KOHTYpe, 00pa3syeMoM (QHIBTPOM M
WHAYKTUBHOCTBIO MUTAOLEH ceTH. OTO MOMKET
IIPUBECTH K YCHUJICHHUIO TaPMOHHUKH, 4aCTOTa KOTOPOI
OnmM3Kka K 4YacToTe IapajulesIbHOTO  pe30HaHca
CHCTEMBI (DMIIBTP-TTUTAIOIIAS CETh.

B nmocnenHee BpeMsi 3HAUMTENbHBIM HHTEpEC
MPOSIBIISIETCS. K aKTUBHBIM (PUIBTpAaM TapMOHHK
(A®I'). OHHE TPEenCcTaBIAIOT COO0H KOMMYTHpPYEMBIC
YCTPOWMCTBA, KOTOPBHIE BBIMOJIHIIOT OJHOBPEMEHHO
HECKOJIBKO  (DYHKIOWH:  TOAABIEHHE  BBICIINX
TapMOHHUK, KOPPEKIHI0 Ko3(QHIIMeHTa MOIIHOCTH,
cHmkenne ¢uukkepa. Hemocratkom A®I sBnsercs

BBICOKasI CTOUMOCTS, HEOOX0AUMOCTh
KBaJIM(ULIUPOBAHHOTO 00CITy)KMBaHUSL.
3HAYUTEIBHBINA POTPECC, TOCTUIHYTHIA B HOCIHIEIHIE
rofbl B COBEPIICHCTBOBAHUHM  XapaKTEPHCTHK

CHJIOBBIX ITOJIYIIPOBOJHUKOBBIX TPHOOPOB, JellaeT B
psne cayqaeB ADIT koHKypeHTOCcnocoOHBIME ¢ [1OT .
AO®T sBAAIOTCS HOBBIMH W 3HAYHTEIHHO Oolee
CIIOKHBIMH  ycTpoiictBamu.  [losTomy  MHorHe
BOIIPOCHl TEOPHH M TIPAKTUKH TNPHUMEHEHHS 3THX
YCTPOWCTB €Ille HE PEIICHBI.

Jlutepatypa
1. MaxkameBa C. W. MOHHTOpUHT KadecTBa
SJEKTPUYECKOW SHEPruH B CHCTEMaxX TATOBOTO

3JIEKTPOCHAOKEHUS TIEPEMEHHOTO TOKa. — XabapoBcK:
Wzn-so JABI'VIIC, 2008. — 104 c.

2. Kyaymos B. A., Epmonenko [I. B., Ilokazarenn
KayecTBa OJJICKTPOIHEPTUH HA TOKOIPUCMHUKE W
Baumogeiicteue OIIC ¢ cucremoit  TATOBOTrO
JJIEKTPOCHAOKCHUsST TIEPEMCHHOTO TOKa — BecTHHK
BHUWXKT. 1997, Ne 2. C. 11-16.

3. Morrison R. E. Power qualite/ issues on AC traction
systems. Conf. rec. 9" international conf.
Harmonics and quality of power, 2000, pp. 709-714.
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Cexuus 1:
OneKTpoIHepreTuKa

PA3PABOTKA TEXHOJIOI'MHU IVTASMOAUHAMMNYECKOI'O CUHTE3A
BBICOKOTEMIIEPATYPHBIX CBEPXITPOBO/IHUKOB
HA OCHOBE UTTPUI-BAPUEBBIX KYIIPATOB
Crenanos K.1.
Hayunsrii pykoBogutens: MBamyrenko A.C., K.T.H., TIOIEHT
ToMcKMIl NOAUTEXHUYECKUI YHUBEPCUTET, DHEPTETUUECKUIM HHCTUTYT
E-mail: Stepanov.k.i@mail.ru

B coBpeMeHHOM MUpe, KaK HUKOT/Ia, YyBCTBYETCS
ocTtpasi HeoOXOIUMOCTh B HCIIOJIB30BAHUH OOJIBIIOTO
KoJIMdecTBa  3IeKTposHeprun. CymecTByeT 1Ba
Croco0a peIIeHus 3TOT0 BOIPOCa: HEMOCPEACTBEHHO
YBEIMYECHNE KOJIMYECTBA TEHEPHPYIOIINX MOITHOCTEH
3a CYET CTPOMUTEIHCTBA HOBBIX MIEKTPOCTAHIIHH, JIHOO
mepexox Ha cBepxmpoBomsaimue Monynu [1]. O6a
crnocoba MMEIT MeCcTO OBITh, HO, BCE K€, Hamboee
MEPCIIEKTHBHBIM SIBIISIETCS. BTOPOI IMyTh, OJHAKO OH
ynupaercs B npobiemy CO3JIaHUS
KOMHATHOTEMIIEPATYPHBIX CBEPXIPOBO/IHUKOB.
PerieHnemM 3TOrO0 BOMpOCa 3aHMMAKOTCS BO MHOTHX
Hay4YHO-TIPOU3BOJICTBEHHBIX ~KOJUIEKTHBaX, B TOM
yucine W B JabopaTopuy  BBICOKOTEMIEpaTypHOI
ceepxmpopogmmocti  (BTCII) DHUH TIIY. B
nabopatopun BTCII pa3BuBaeTcss HOBBIH ITOAXO],
CBSI3aHHBIH C TIPUMEHEHHEM BBHICOKOMHTEHCHBHBIX

BO3ICUCTBUI  (paspsaHas  IU1a3Ma,  MAarHUTHO-
HMITYJIbCHO® NPEeCcCOBaHMUE, JHCTICPTUPOBAHUE
nopomkoB).  ['maBHas ~ 3amada  ;mabopaTopHu:

pa3paboTKa TEXHOJOTMU CHHTE3UPOBaHUS MaTepuaa,
CIOCOOHOTO  MPOSIBIATE CBOM  CBEPXIIPOBOJAIINE
CBOICTBA B HOPMAJIBHBIX YCIOBUAX. B cBiI3u co
CKa3aHHBIM, TIJIaBHas 3agada pabOTBI COCTOMT B
pa3paboTke TakOW TEXHOJIOTHH CHHTE3UPOBAHHUS
MaTepuana, KOTOpas IO3BOJIUT MOJy4yaTb HPOAYKT,
o0J1alatomuil CBEpXNPOBOISAIIMMH CBOMCTBAMH TIPH
MOHIKEHHBIX ~ Temmeparypax  [2].  HaubGonee
MEPCHEKTUBHBIMU B STOM HAIMpPaBIEHUU MOXKHO
CUNTATh UTTPHUH-OapueBbIe KyNpaTHl.

B pmanHoif pabore paspabareiBacTCsi CHOCOO

[UIa3MOJJMHAMUYECKOTO  CHHTE3a  MIMXTBl  JJIS
BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOHUKOB c
HCIIOJIb30BaHUEM KOaKCHAIIbHOTO
MarHUTOIUIa3MEHHOTO  ycKopHTens  mpodeccopa

CuskoBa [3]. CyTh MeTO/a COCTOHWT B CJIEAYIOIIEM:
HCXOJHbIE KOMIIOHEHTHI IHXThI (THIPOKCUI Oapust
(Ba(OH);,), aszotno-kmcmbiit  urtpuit  (Y(NO3)3))
3arpy»aroTcsi B YCKOPHUTEIb, [l 3a)KUIaeTCs paspsif,
¢dopmupyromuit  Ta3MeHHbIH mydok. Oxcun mean
(CuO) momyuaercst B pesyabTare BIICKTPUYECKOTO
B3pBIBA MEJHBIX MPOBOJIHUYKOB, a TaK JKE B MPOIECCe
9PO3MH YHCTOH MEOH CO CTEHOK MEIHOTO CTBOJA,
KOTOpasl ¥ OKHCIISETCSA 0 OKCHia. lIpu JBUKEHHH
[Ia3Mbl, YKa3aHHbIE YaCTHUIBI  JUCIEPTHPYIOT,
coyaapsisick CO CTCHKamMH Kamepbl. HeoOxomumbrii
COCTaB IIMXTHI U Pa3Mepbl YaCTHL[ MOJOUPAIOTCS TIPH
cemapariy MoJy4eHHOTO MOPOIIKa.

VYcraHoBka Mpe/CcTaBlIeHa B BHUJIC
OWIAHAPUIECKOH TpYyOB! (pUCYHOK 1), pa3mencHHOM
Ha J[BE KaMepbl: PEruCTpHUpYIOIlyl0 U pabouyio. B

perucTpupyIoIeil KaMepe UMeeTcs TEXHOIOTHIECKOe
OTBEPCTHE — OKOIIKO, Yepe3 KOTOPOE, MPH MOMOLIU
CBepXBBICOKOYacTOTHOH Kamephl Photron FASTCAM
SAl.1  npoBoauTCs  perucTpauuss  HPOLECCOB,

MIPOTEKAIOIINX BHYTPH YCTAHOBKH.

Puc. 1. Cucrema ra3MoIMHaMAYECKOTO CHHTE3A

I'maBHBIM 27I€EMEHTOM KOHCTPYKLUH  SBIISETCS
KOAaKCHAJIbHBIM YCKOPHUTEJb, KOTOPBIM KpEemuTcs Ha
(maHIle perucTpupyromei Kamephl. Y CKOPHTENb
COCTOWT W3: MEIHOW TpyOKM — CTBOJIa, BHYTPH
KOTOPOTO HaxXOIATCS LEHTPaJbHBIA 3JIEKTPOL C
U30JIATOPOM, a TakXkKe HCXOAHBIE  MOPOIIKH,
ABJIAIOINMECS TpeKypcopaMu IMUXThl. CaM CTBOJI
BBOPAYMBACTCS B COJNICHOU (MHIYKTOP).

PaboTa ycTaHOBKM 3aKIIIOYaeTCs B CIICAYIOILEM:
IMpyu 3aMbIKaHUU LCTIN HMHyHLCHbIﬁ TOK MPOTEKACT
yepe3 UeHTpaidbHbId 3iekTpod. Ilpu noctukeHum
HapacrtatomuM TOokoM i(f) HEKOTOporo ypoBHS,
mjaBKasg MeOHas  IepeMbluKa  B3pBIBAeTCs, C
00pa3oBaHMEM CHJIBHOTOYHOTO JYTrOBOTO pa3psaa
(HauampHas 1Ia3Ma). 3aTeM IUla3Ma CHIIBHOTOYHOTO
paspsaga CKUMAeTcs MarHUTHBIM IOJIEM HHAYKTODA,
NpUHKAMAsT BBITSAHYTYIO (opMmy. YacTHuku UTTpHUS U
Oapust, 3arpy’keHHbBIE B CTBOJ, a TaK K€ MPOAYKTHI
5pO3MH, TMEepexXoasIT B HOHHOE COCTOSHHE W
BOBJICKAKOTCA B JBHXKCHUHC IIJIa3MBbI. Kouneunsrit
MPOAYKT pC€aKHH I10J AaBJICHUEM BI)I6paCI)IBaeTC$[ B
PETHCTPUPYIOLIYIO, & 3aTeM U B pabOovyl0 Kamepsl

(pucyHok 2).

Puc. 2. ®ororpaMma BbLI€Ta MIa3MbI
Ha pucynke npencraBneHa AUHAMUKA ABHXKEHUS

IUIa3MBl HETIOCPEACTBEHHO B KaMmepe YCTaHOBKH,
HaIlOJIHEHHOM Bo3ayxoM. [lia3mMa conepKUT 4acTHLIbI
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NPUKYpPCOPOB, MEOW W OKcupa mMeau.  YacTuisl
YCKOPSIIOTCS B OTOKE Iu1a3Mbl. [Ipu B3anmMonencTBum
HNOPOLIMHOK OKCHJIOB CO CTGHKaMH KaMmep HJeT
MHTCHCHBHOE AWCIICPTUPOBAHUE YaCTHL, KOTOPOMY
CIIOCOOCTBYET BBICOKAsl TEMIIepaTypa, MPUBOASILAs K
Oosiee HHTEHCUBHOMY Pa3pyLICHHUIO KPYITHBIX YaCTHII.
IIpu mocTm>keHMHM IUIa3MOW 3aJHEN CTEHKH KaMeEphbl,
BO3HHKAET OTPAXKCHHAs BOJIHA, OO0ECICUYMBAIOIIAs
OoJsibliee  BBICOKYIO  OJHOPOJHOCTH  IOpOIIKA.
JnrensHoCTh paboyero mporecca COCTaBIsieT OKOJIO
500 wmxkc. JlMCHEpCHOCTb OKCHJHBIX MHMOPOLIMHOK
olpeensIach c MOMOIIBIO AJIEKTPOHHOM
MHKpOCKONUH Ha npocseT. [lonydeH cpenHuii pazmep
gactull okojio 200 HM.

AHanmu3 TNONy4YeHHBIX (a3 W CTPYKTYpHI
CHHTE3UPOBAaHHOTO  TIOpPOIIKA  NPOBOJWICA  Ha
peHTreHoBcKkoM nudpakromerpe XRD  Shimadzu
7000S (CuKo-wm3nyuenue). Pesynprar aHanmsa
HpeCTaBIIeH Ha PUCYHKE 3.
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Puc. 3. JludpaxrorpaMmbl CHHTE3UPYEMOT'0O ITOPOIIKa
U KepaMUKH

ITepBrIit cHUMOK — audpakTorpaMma, Ha KOTOPOH
BUJIHBI PeIIEKCHI OT UCXOJHBIX KOMIIOHECHTOB MIMXTHI
U OT dyacThil Mead. Brtopoil  cHHUMOK
JudpakTorpaMma TOpOIIKa IIOCIE OTXKHIa IpH
temneparype 850°C, ¢ mocnenyronieid BEIICPKKON B
TedeHHe dYaca. Takasg oOpaboTka HeoOXommMma s
Pas3NIoKEeHUs CJIOXKHBIX COCAMHEHHH Oapusi U UTTPHS.
B pesynbrare HaOmoparoTcs crieayrompe 3PQeKTh:
BMecTO peduiekca OT THApOoKcuaa Oapus, HOSBISETCS
pediekc okcuma Oapus. Tperuit cHUMOK
mudpakrorpamma rOTOBOM KEepaMUKH,
TIPEABAPHUTENHHO C(HOPMOBAHHON Ha JBYXCTOPOHHEM
MarHUTHO—UMITYJIbCHOM Ipecce [4] U crieYeHHOU Mpu
temreparype 960°C B TedyeHHME IIECTH YacoOB C
KOHTPOJIUPYEMBIM  OXJIXKJIECHUEM 100  °C/u.
[lomydeHHBI CHUMOK aHAJIOTHYEH  STAJOHHBIM
JaHHBIM 111 TeTpodas3sl NTTpUH-0apheBbIX KyIpaToB
(caumox  4), HO  CONOCTaBIATh  TOJIYYEHHYIO
qudpakrorpaMMy € KaKMM-TO  OIpPEZeJeHHBIM
STaJIOHOM OBLIO OBI HE BEPHO, T.K. MPECTaBICHHAs B
nporpamme Search-Match Ga3a Bechma mmpoka u
pazHooOpa3Ha. Tak ke MOXXHO T00aBHTh, YTO HaIl
CHUMOK HMECT pacxXxoXIACHUA 110 HWHTCHCHUBHOCTHU
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Cexuus 1:
OneKTpoIHepreTuKa

pedraekcoB. DTO pe3yabTaT TOTO, YTO TEXHOJIOTHS

HaxoguTCsS HAa  CTaAuM  pa3padOTKH,  TOJBKO
MTOIOMPAIOTCS OTITUMAITBHBIC PEKUMBI.
ITomumo  3TOro, B  KOHEYHOM  THPOAYKTE

MIPUCYTCTBYET HEKOTOPOE KOJIWYECTBO HMHOPOIHBIX
MPUMECEH, YTO B HTOI'C NPUBOIUT K YBEIHUYCHHIO
TEeMIIepaTypHOTO MHTEepBajla Iepexoja oOpasna B
cBepxmpoBosiee cocrosHue [5]. CTOUT OTMETHTS,
Y9TO ¢ MPUOIMKEHUEM TEMIIEPATYPhl K a0COTIOTHOMY
HYJITIO, CONPOTHBIICHNE 00pa3na OyaeT «CTPEMHUTHCI»
K OCTaTOYHOMY COMNPOTHUBICHUIO, KOTOPOE, B CBOIO
o4epelib, 3aBUCHUT OT COCTAaBa UCXOIHBIX PEKYPCOPOB
Y COBEPILIEHCTBA KOHEYHOTO TPOIYKTA.

[IpuHKMas BO BHUMaHHE BCE BBIIIECKA3aHHOE, BO
BTOPOI CEpHM SKCHEPHUMEHTOB, OB IPOBEAEH OTXKHT
HUTpaTa WUTTPUS C KOHTPOJIHPYEMBIM MOBBIIICHUCM
temrniepatypsl (He Oonee 4°C/mmH) nmo 420°C, c
nocyeayomen Boiiepkkoi B Tedenun 40 munyt. B
pe3ynbrate TepMHuecKod o0paboTKM ObLT MOJyuYeH
yucTeli  okcup Y503, Takum  obpasom  ObLIH

MOJIY4YEeHbl HCXOJIHBIE TIPEKypCOpbl IIUXTHI, HE
coJiepiKallie IpUMeceH.

B pesymprare mnpopenaHHON pabOTBI MOXHO
CAENaTh CIEAYIOIINE BBIBOJBL.
1. [Tonmyuennas KepaMHKa nMeer
HaHOKPUCTAIIIMIECKYIO CTPYKTYPY, YTO B KOHEYHOM
ATOT€  MOXET  CYIIECTBEHHO  IIOBIUATH  HA

TeMIIepaTypy Hepexoaa odpasna B CBEPXIPOBOJISILEE
COCTOSIHHE.
2. BricTpoTeUHBI OHOCTAAUWHBIN MpOIlecC CHHTE3a

MOPOIIKOBOM  IMUXTHI, JJIMTENBHOCTh  KOTOPOTO
cocrasiseT He 0oiee 500 MKc.
3. HsrortoBicHHas KepaMHUKa  XapaKTEPU3YeTCs

KPHUCTAJUTMYECKUMHU  (a3aMu, XapakTepHBIMH  JUIs
STaJOHHBIX (Da3 UTTPHUIT-OapHEBBIX KyNPATOB.

4. Jlns yMEHBbIIEHHS TEMIIEpaTypHOTO HHTepBaia
nepexoia U CHWXKEHHs OCTATOYHOIO COIPOTHUBIICHHS
CBEPXIPOBO/IHHUKA, HEo0X0anMO IIPOMU3BOIUTH
MIPEABAPUTENBHBIH OTXKHUI HCXOAHBIX KOMIIOHEHTOB,
JUISL YCTPAHEHHUS «IIapa3suTHBIX» MPUMECEH.

B pabore moka3aHa BO3MOXXHOCTh CHHTE3a
MaTepHara M W3TOTOBJICHHE  KEPAMHUYCCKHUX
BBICOKOTEMIIEPATYPHBIX  CBEPXIPOBOJAHMUKOB  Ha
OCHOBE UTTpUI OapueBbIX KyIIpaToB c
UCIIOJIb30BAHUEM BBICOKOMHTEHCHUBHBIX TEXHOJIOTHH.

JIMTEPATYPA:
1. JlIe Xen II. CepXmpoBOAMMOCTh METaUIOB |
cmaBos. M: EE Menua, 280 ctp., 2012,
2. T'unzbypr B.JI. HoGeneBckue nekunu 1o Gpusuxe —
2003, CrokroneMm, 8 nexkadps 2003.
3. Ilar. 2243474 P®. 7F41B 6/00. KoaxcuambHbIH
yckopurens / JI.}O. Tepacumon, A.A. CHBKOB.
[puop. 31.07.2003. Ony6aukosano 27.12.2004, Brox.
Ne3e6.

4. WMamyrenko A.C. Kopynzmo-umpkoHueBas
HaHOKEpaMHUKa, [MOJy4YeHHas C HCIOJIb30BaHUEM
BBICOKOMHTEHCHBHBIX IIOTOKOB SHEPTUH.

Huccepramnus kanaunaTa Texanaeckux Hayk. 2010,
5. Tumbypr B.JI. CeepxmpoBoanmocTts. Aibda-M,
2006.
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Cexuus 1:
OneKTpoIHepreTuKa

UMITYJBCHBIU METO/J OBHAPYXEHUS YACTUYHBIX PA3PAIOB
Crpyros B.B., Aatumnos C.A.
Hayunerit pykoBoautens: JlaBpurosnd B.A., k.T.H., podeccop
Tomckuil nonurexuuueckuit yausepcuret, 634050, Poccus, . Tomck, mp. Jlenuna, 30
E-mail: sv_altai@sibmail.com

IIpakTryeckn B JIOOOM  BBICOKOBOJIETHOM
000pyJIOBaHUU B pabOYUX PEXKUMAX CYIICCTBYIOT
YACTUYHBIX Pa3psloB, OJHAKO KX pa3pylIaromas
CIIOCOOHOCThL  MOKET OBITh pa3nuuHa. Hamnaue
neekToB B M3OJSALMM HA OCHOBE IOJUMEPHBIX
MaTepuaioB MOXET MPHUBOIUTh K BO3HUKHOBEHHIO
YaCTUYHBIX pa3psanoB. CyIIeCTBEHHBIMU (aKTOpaMH,

ONPEACTAIONIMMH  3PO3UI0  IUAJICKTPUKA  TI0A
JEHCTBMEM  YAaCTHYHBIX  pas3psAfioB,  SABISIOTCS
O0omOapauMpoBKa WX HOBEPXHOCTH 3apsKEHHBIMH
yacTUIAMM M3 IUIa3Mbl Ta30BOTO paspsjga, Xu-
MUYECKOE  B3aUMOACHUCTBHE C  MNPOAYKTamy,
o0pazyoummMucs B paspsze, a TaKKe

yiabTpaduoneroBoe oOmydenue. Ponb  OTHENBHBIX
(baxTOpOB AEHCTBUS paspsna Ui Pa3HBIX MOJIMMEPOB
MoxkeT GbITh pazmuunoii[1].

YacTuuHble pa3psibpl B M30JISALMM BO3HUKAIOT B
MecTax C IMOHWKEHHOH 3JIEKTPUYECKON IPOYHOCTbIO,
B JaJbHeHIeM OyleT Ha3bIBaThCA «BKIIIOYEHHEM)
(HampuMep, B MpOCIOHKax  MPONUTHIBAIOLIECH
JKMJKOCTH WM B Ta30BBIX BKJIIOUCHHSAX B TOJIIIE
JIMDIIEKTPHUKA).

IIpn  paccMOTpeHMHM  YAaCTHYHBIX  Pa3psiOB
SKBUBAJICHTHAs CXeMa [UIIEKTpuka eMkocteio C,
MOXET OBITh TPEACTAaBICHA TPEMS EMKOCTAMH Ha
pucynke 1: C, —€eMKOCTBIO 3JIEMEHTa TUAJIEKTPHKA,
YYacTBYIOMIETO B 4. p. (EMKOCTh BKIoueHus); C, —

€MKOCTBIO D3JIEMEHTa IUAJIEKTPHKA, BKIHOUYEHHOIO
nociaenoBatenbHo ¢ nepBblM; C, — €MKOCTBIO
OCTalbHOM  YacTH  JAWUAJIEKTPUKA,  JIMIIEHHOU
BKItoueHuil. I[Tpu aTom
CX:Ca+—CBC” -
C,+C,
Bo3HukHOBeHUE YaCTUYHBIX paspsnoB
OPOMCXOJUT, KOIJa HaNpsDKEHUE Ha BKIIOUEHHH
JOCTUTHET IPOOMBHOTO  3HAYEHMs  HAINPSHKEHUS
3a)KUTaHUs pa3psaja BO BKIIOUEHHH.
CooTHOIIEHHE MEXAYy HaMpsDKEHHOCTBIO  BO

BKIIIOUCHUHN H cpez[Hei/i HaIMps’)KEHHOCTBIO 6y;[eT
3aBUCCTH OT COOTHOWICHHUA MCXKAY TOJIHWHAMHA
JUDJICKTPUKA W BKIIFOYCHUSA. Ecnu BBecTH 0003Haue-
HUA: d[[ — TOJIIIUHA TUDJICKTPHUKA, PACIIOJIOKCHHOIO
MOCJICAOBATCIIBPHO C BKIIOYCHHUEM, dB — TOJIIIHHa

BkimoueHns; U — HampspkeHHE Ha 3JIEKTponax
obOpasma, TO UIA SKBHBAJICHTHOW CXEMBI Ha
pucyske 1 umeem
£ uc, _ Ugyld, Ue,
= = =
d,;(C, +Cy) g, &, | Exdytegdy
d,| —=+-%
d, d,
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Puc. 1. DxBUBaNeHTHAs cXeMa MPH PACCMOTPEHUH
YaCTUYHBIX Pa3psiOB B JUIJICKTPUKE
u ortHouieHue Eg K cpeaHeil HampsyKeHHOCTH
Ecp paBHO:
E, 1+d,/d,

E, (g51e)+(dyld))
Ha pucynke 2 npuezieHa 0o4Has cxema MOJEIH
JUIst OOHAapYKEHHsI YaCTUYHBIX Pa3psiJioB, COCTOSILAs
u3: | BHICOKOBOJIbTHBI MCTOYHHK ITOCTOSIHHOTO TOKa,
2 BBICOKOBOJITHBIH KOHJIEHCAToD, 3
KOMMYTAIIMOHHBIA KIIF0Y, 4 UCHIBITYeMBIH OOBEKT, 5
JmaTauk u 6 ocmmniorpad. B xadecTBe HCIBITYeMOTO
00BEKTa TPUMEHSIIOCH OPK CTEKJIO C MCKYCCTBEHHBIM
nedexToM. B kadecTBe maTdymKa HMCIIONB30BAHO MAJo
WHIYKTHBHOE COMpPOTUBJICHHE HOMHHaIoM 1 Owm.
Hcnonb3yercst cuitoBoit koHneHcatop Mapku MK100-
01. Ocuummorpagp Tektronix tuma TDC-2012 ¢
nojocoit 100MI'u. Ocummiorpad mojkmovaeTcs K
JIaTYMKy 4epe3 BBICOKOBOJBTHBIN kaden» PK-50-9-11
u genutens Hanpspkenws: High Voltage Probes

PPE6BKYV - 1000:1 400 MHz 5 MOhms/50 MOhms

[2].

3
V N
-4
1
2 4
5 ]
- I
Y
6
O
Puc.2. biiounas cxema Mozenu
Ilpuniun paboThl MOMAEIU: BBICOKOBOJIBTHBIM
UCTOYHUKOM TIOCTOSIHHOTO TOKa, 4epe3 TIepBOe
MOJIOKEHNE KOMMYTAIIMOHHOTO KIIo4a, 3apshKaeM
BBICOKOBOJIbTHBIH KOHJIEHCATOP. Hamee

MEPEKII0YacM KOMMYTAIIMOHHBIH K04 BO BTOPOE
MOJIOKCHNE, TEM CaMbIM IOJOBasi HA HMCIBITYEMbIH
00BEKT UMITYJIbCHOE HANPSKEHNE TOCTOSHHOTO TOKA.

Ha pucynkax 3 u 4 npuBeseHb! OCHUUIOTPaMMBI
Opyd  Pa3IMYHOM MMIYJIBCHOM HampspkeHud. Kak


http://lecroy.ru/Options/ProductDetails.aspx?modelid=41&categoryid=3&groupid=10
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BUJIHO M3 OCLMJUIOTPAMM MpPHU YBEJIUUYEHUU YPOBHS
HaNpsDKEHHs TIPU 3apsjie KOHJIEHcaTopa, MponajgaroT
NHMKOBBIE BCIUIECKH M BEJIWYMHA MaKCHMaJIbHOTO
HaIpsDKCHUST YMEHBIIACTCS C JCCSITKOB BOJBT JIO
eIIMHMII. DTO CBI3aHHO C TEM, YTO YaCTUIHBINA pa3psi
pacxoayeT 4acTb SHEPTHH, W TEM CaMBIM IOTJIONIast
BCILJIECKH.
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Puc.3. Ilepexonnas xapakrepucTuka mnpu 6 kB
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Puc.4. [lepexonnas xapaktepucTrka npu 9 kB

Tlocne psAma NOBTOPEHHMM HKCIEpUMEHTA Ha
HampsDkeHHH B 9 KB W pampHEdIIeM yBeTWdeHUH
HAIPSOKCHHUS ~ XapaKTepHUCTHKA,  CHAMaemas  C
ocipyutorpada, BHAAa HM3MEHWIACh, MPHHSUIA BUJ
pucyHok 5. B pmanmpHeiimeM mpu  NpOBENEHUU
9KCIIEPUMEHTa Ha HanpspkeHUH 9 kB xapakrepucruka
HE TOBTOPSIACh KaK Ha pUCYHKe 4. DTO CBS3aHHO C
TEM, YTO IIOCJ]E TOSBJICHHUS YaCTHYHBIX Pa3psioB B
HCKYCCTBEHHOM nedekre TIOSIBUIIOCH
HayIJepoXKMBaHME HAa  IIOBEPXHOCTH  Jedekra.
VYcnoBHO nedeKT NMpeacTaBiseTcss eMKOCTBIO, 10Cie
HAyTJIepOXKMBaHWE  SBIACTCS  IIyHTOM.  llpm
CPaBHEHUH XapaKTEePUCTUK Ha PUCYHKax ¢ 3 mo 5
MOXXHO CIeNaTh BBIBOJ, YTO IIOCJIE MOSIBICHUS
YaCTUYHBIX Pa3psA0B MOSBWIOCH HAYTIEPOKHBAHHUE,
KOTOPO€ YaCTUYHO 3allyHTUPOBaJO Je(eKT, u
MO3TOMY Ha PUCYHKE 5 KoyiebaHHe HEMHOTro Ooblle
YyeM Ha pUCYHKe 4.

Cexkmus 1:
OneKTpoIHepreTuKa
UBA
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Puc.5. Ilepexonnas xapakrepucruka mnpu 11 kB

Ha pucynka 6 u 7 mnpuBeneHsl ¢dotorpaduu
nedexToB 10 u nocie 9KCIIEPHIMEHTOB
COOTBETCTBEHHO. JI0  OKCIICPHMEHTOB  HArJITHO
BUIHO, YTO JAedeKT NpO3payHBil, a  Iocie
IKCIICPHMEHTa IIOSIBWIOCH ~ HAyIJIEpOKUBAaHHE, U
nedext momyTtHed.

Puc.6. MckyccTBeHHBIN edeKT 10 IKCIepUMeHTa

Puc.7. UckyccTBeHHBIN AeheKT TOcie
OkcrepuMeHTa

CIMCOK JIuTepaTypsl
1. Tammauna H. A.Bopucosa M. D. U3BecTus
PI'TIY um. AW T'epuena. @usuka. -2009. -Ne79
2. Kyumuckuii I'.C. YacTuusble paspsasl B
BBICOKOBOJIBTHBIX ~ KOHCTpykumsix.—JI.:  DHeprus.
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Cexuus 1:
OneKTpoIHepreTuKa

TEXHUYECKHUE PEHIEHUS 110 YBEJIMYEHHUIO HAJEZKHOCTH PABOTbBI

ABTOHOMHBIX DHEPTTOCUCTEM HA NPUMEPE I'KC «CAXAJIMH»
Toxapes 1.C.
Hayunsrii pykoomurenb: Xpymies FO.B., 1.1.H., mpodeccop
Towmckwit monmTexHrdgeckuit yausepeureT, 634050, Poccws, 1. Tomck, tip. JlerwHa, 30

E-mail: tokarevisgtt@sibmail.com

Ha ceromusmmmii 1geHb B HedTerazoBou
NPOMBIIICHHOCTH ~ OOJIBIIOE  PAacHpOCTpaHEHHE
MONYyYWIA aBTOHOMHBIE 3JIEKTPUYECKHE CTaHIWU.
Llenecoobpa3sHOCTE MX HCIONB30BAHUSA 3aKIIOYAECTCS
B TOM, YTO pa3BUTHE He(TErazoTpaHCIOPTHOM
CUCTEMBI CTpaHbI oInepekaer pa3BUTHE
MarucTpalbHBIX 3JEKTPHUECKUX CETeH, U 3a4acTylo
CYLIECTBYIOT TaKuWe MeCTa, IJe TOAKIIOUCHHE K
BBICOKOBOJIBTHBIM ~ CETIM  HE  MpeACTaBIseTcs
BO3MOYKHBIM, BBUJTy UX OTCYTCTBHUSL.

B kauecTtBe mnpHMepa MOXHO TNPHBECTH TaKHE
00BeKThl Kak HedrenmpoBon Bocrounas Cubupp —
Tuxuit okean u razonpoBo CaxamuH — XabapoBcK —
BnamuBocrok. B HacTosimiee Bpems BeeTCA
CTPOUTENBCTBO MAaruCTPaibHOTO rasompososaa Cuia
Cubupn (Sxytus — J[lanpHuit BocTok), KOTOpBIi
OyzeT NpoOXOAWTh IO paifoHaM, TIJE OTCYTCTBYIOT
MarucTpanbHble DJJEKTPUYECKHE CETH, a 3HauuT,
KOJIMYECTBO aBTOHOMHBIX 3JIEKTPOCTAHLUI B ra30BOM
MPOMBIIIJICHHOCTH OyIeT TOJIBKO YBEIUIHBATHCS.

K HemocTaTkaM aBTOHOMHOTO 3JEKTPOCHAOXKEHHUS
MOXKHO  OTHECTH  HEBO3MOXKHOCTH  0OecrednTh
3JIeKTpOocHaO)KEeHHE MOTpeduTenel, NpH BHIXOJE H3
CTPOs BCET0 TeHEPHUPYIOIIETO 000PYIOBaHUs, a TAKKE

Y4acThIe KOMMYTAaIH{ TCHEPHUPYIOIIETO
00opynOBaHUs.

CornacHo HOPMaTHUBHOM JOKyMEHTaIH
HedTerasoBeIX opranm3anuii, 1 B yactHoctnm OAO
lasmpoM,  Takwe  0OBEKTHI  Kak [ omoBHas

kommpeccopras cranius (I'KC) «Caxanua» TOIDKHBI
WMETh JIBA HE3aBUCHMBIX B3aHMOPE3EPBUPYEMBIX
HCTOYHHWKA JIEKTpodHepruu [1, 2], a Takke oTBeYaTh
BceM TpeboBanmsiM ['OCToB mo KkadecTBY WU
OecriepeOOHHOCTH AMEKTpOcHAOKeHUs [4].

Hensto paboTsl SIBIISIETCS pa3paboTka
TEXHUYECKUX pemeHnit o obecrieueHHIo
Oecrepe0OHHOTr0 ITEKTPOCHAOKCHHS OT aBTOHOMHBIX
anekTpuueckux  craHumit  Ha  npumepe ['KC
«Caxamuay. s 3TOr0 HEOOXOOMMO MPOHM3BECTH
TEOPETHYECKUE W  TMPAKTHYECKHE HCCIICTOBAHUS
aBToHoMHOM sHeprocucteMsl ['KC  «Caxanmny,
pa3paboTaTb  CXEMbI  JJIEKTPOCHAOKEHHS st
MOBBIIICHUSI HAJICKHOCTH PaOOThI 3JIEKTPOCTAHIIUI
cooctBernsix  Hyxng (OCH) w  mpuMmeHHTH
MOJIYYEHHBIE DE3YNBTAaThl IPU IMPOCKTUPOBAHUU U
CTPOUTCIILCTBE HOBBIX aBTOHOMHBIX 3HCPrOCUCTEM U

BHECEHHH M3MEHEHUI B HOPMAaTUBHYIO
JIOKYMEHTalUI0 OAO «["azmpom» o
SJIEKTPOCTAHIMSIM ~ COOCTBEHHBIX  HYXJ  HOBOTO
IMOKOJICHHS.

B kayectBe o0Obekra HcClemOBaHHS ~ ObLIa
ompezeneHa aBTOHOMHas »Heprocuctema ['KC
«CaxanuHy, KOTOpas B CBOIO OYEpEOb SBISCTCS

YHUKAJIbHBIM 00BEKTOM MMPOCKTa «Caxamua — 3».
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IIpoext «Caxanun 3» sBIAETCS OCHOBHOMU
pecypcHoOi 0a30#l A ra30TPaHCIOPTHON CHUCTEMBI
«Caxanun — XabapoBCKk — BmaguBocTok» M MO3BOJIUT
obecreunTh ra3ocHabkeHWe pernoHoB JlampHEro
Boctoka w peanmmsanuio mpoekta «BiaguBocTOk-
CII» [5]. 3amaueit CTaHIIUU SIBIISICTCSI
TPaHCIIOPTHPOBKa ra3a ¢ ocTpoBa CaxamuH dYepes
Xabaposck 10 Bnamusocroka. Ha ceroqusimauii 1eHb
9TO E€IUHCTBEHHAsI CTAHIUSA, KOTOpas 00eCIeUrnBacT
TPAHCIOPT Ta3a Mo JAHHOMY Ta30IpPOBOIY, & 3HAYHT,

npobiema obecrieueHust OecriepeOoHOTO
JJICKTPOCHAOKEHUST ~ JAHHOTO  00BEKTa  OYCeHb
aKTyallbHa.

Ha ceromusmawmii neHb anextpocHabxkenne ['KC
«Caxamun» ocymecTBisiioT detbipe JCH  Tuma
3ee3na-I'TI-1100BK-02M3-0211 wmomuocteio 1100
kBT, kaxnas [6]. DCH ocHaleHsl ra30MOpLUIHEBEIMA
neuratersiMu Cummins U reneparopamu Stamford.
DJEeKTPOCTAaHIIMK  OCYIIECTBISIIOT  [TUTaHHE CEMH
TpaHcopMaTOPHBIX MOACTAHIMA MOITHOCTBIO OT 100
g0 1600 xBA u3 3akpbITOro pacnpeneIuTeIbHOro
ycrpotictBa (3PY) 10 xB. Camas w™omHas

TpaHchopMmaTtopHas moactaHmms — 2x1600 xBA,
OCYLIECTBIISIET ~ NUTAaHWE JABYX  Ta30TypOMHHBIX
ra3orepekaunBaromux  arperatoB [ TIA-16M-10,

MomHOCThI0 16 MBT kaxnmeni [7]. VYmpasreHue
AJIEKTPOCHA0KEHHEM W TeHepanueil OCYIIECTBIIACTCS
JUCTAHIIMOHHO, C aBTOMAaTHU3WPOBAHHOTO pPabouero
Mecra. Bce 9TH 00BEKTBHI 00pa3ylOT CI0XKHYIO
ABTOHOMHYIO SHEPrOCHCTEMY.

IIpoBenst neranbHbINA aHaIH3 PabOTH ABTOHOMHOM
SHEPrOCUCTEMBI, BBIACHUIOCH, 4YTO IO IPOCKTY
cucreMa paboTaeT TakuM O0pa3oM, YTO BhIpabOTKa
3JIEKTPOIHEPTUN OCYIIECTBIICTCS Ha OXHY OOIIyIO
IAHY 3PV, obpasys oIuH HCTOYHHUK
3JIeKTpocHaOXeHusA. B To ke BpeMs Ipu aBapHiHOM
OTKITIOYEHWH OJHOTO W3 TEHEPaTOPOB AaBTOMATHKa
OTKITIOYAeT BCEX MOTPEOMTENeH, YTO NPUBOIUT K
MOTEPE IEKTPOCHA0KEHHUS OT OCHOBHOTO HCTOYHHKA.
Bo300HOBIICHHE  3JCKTPOCHAOKCHHS  BO3MOXKHO
TOJILKO TPU PYYHOM IOCIICIOBATEIHHOM BKIFOUCHUH
nOTpPeOUTENCH, YTO 3aHMMAET OY€Hh MHOTO BPEMECHHU.
A TiepephIBBl B 3JICKTPOCHA0KCHUU, MYCTh JaKe HE
OYCHb 3HAYUTEIbHBIC MO0 BPEMCHH, MOTYT HAPYIIHUTh
CIIOKHBIN TEXHOJIOTHYECKUI mporiecc
TPaHCHIOPTHPOBKH YHEPTOHOCUTEIIS.

B xonme skcmnmyaraunmn OCH T'KC «Caxamun»
YYACTIIINCH CITydall OCTAaHOBOB T'€HEPATOPOB IPH HUX
mapajuielbHOW  paboTe, YTO B CBOKO oYependb
MPUBOAUT K TIOTepe JJEKTPOCHAOXKECHHS BCEH
ABTOHOMHOW »HEpProcucteMbl uU cbosM B pabote
TEXHOJIOTHYECKOTO MPOIecCa TPAHCIIOPTHPOBKH ra3a
Ha MaTepUK.


http://www.gazprom.ru/about/production/projects/pipelines/shvg/
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IIpyuuHBl  OCTAaHOBOB  PA3NIMYHBL, 3TO  HE
MOJIHOCTBIO TPOPabOTaHHBIE IPOEKTHBIE pPELICHUs,
OIIMOKHM MOHTaXa U ITyCKO-HalaIKH.

B Hacrosimee BpeMs yCTpaHEHBI IPHYUHEI
OCTaHOBOB, HO INIPOEKTHAs CXeéMa pabOTHI BCE PABHO
He  TO3BOsIeT  OecrepeOOWHO  oOecmednBaTh
moTpeOuTENeH AIMEKTPOIHEPTUEH.

[nst mpoBeneHus aHanmM3a yCTOMYMBOCTM Ha
nepBoM 9rare paboThl Oblla JETallbHO H3y4YeHa
ABTOHOMHAs SHEProCUCTEMa U MPOU3BEJECH pacyeT ee
CTaTUYECKOU U TMHAMUYECKOHW yCTOMYUBOCTH.

it mpoBeleHUS TPAKTHYSCKOW YacTH PabOThI
Obula cocTaBlieHa IIporpaMma OIIGHKH  3amaca
YCTOMYMBOCTH ABTOHOMHOM OHEPrOCUCTEMBI.
HccnenoBaHus NpoBOIMIINCE CIIEIYIONIMM 00pa3oM: B
paboTe HaxXOOWINCh IO OJHOMY TEHEpaTopy Ha
KaXJIOH CEeKUMH C BKIIOYEHHBIM CEKIMOHHBIM
BBIKJIIOUATENIEeM, KaK ITOKa3aHo Ha cxeme. 3aTeM ObLIo
TIPOU3BEIECHO OTKJIFOUCHHE CEKIIMOHHOTO
BBIKJIIOUATeNs, ¥  AaBTOHOMHas  JHEProcucreMa
HOTy4HsIa JBa HE3aBUCHMBIX B3aMMHO
pe3epBUPYEMBIX MCTOYHHKA 3eKTposHepruu. Ilocie
sToro OBIT TMpOW3BeAEH aBapHiHBIA ocTanoB DCH
Nel, w wHarpy3ka CTymeHYaTO Iepenuia Ha
ocTaBIIMiCS B paboTe arperar mo HampspkeHuio 0.4
kB ¢ kpaTkoBpeMeHHOI noTepeil MuTaHusl.

Takas CIOXKHas cxema oJpa3yMeBaeT
HETPaJUIHNOHHBIA CIIOCOO BKIIOYEHHUS pe3epBa U
C/IeNaHO 3TO JUIi TOrO 4YTOOBI Ha OCTaBIIMWiiCS B
pabore reHepaTtop He JAEHCTBOBAIM Takhe (AaKTOPHI
Kak Opocok Toka npu BkmoueHnn ABP Ha cropone
10 kB, 9TO0 MOXET TIPUBECTH K OCTAHOBY T€HEpaTopa
1 TIOTEpPE IEKTPOCHAOKEHUSI BCEH CTaHIINN.

Hanee Opmma 3amymeHa pesepHas DCH Ne3, u
TI0CIIe €€ BKIIOYCHUS B CETh, HArPy3Ka TOYHO TaK K€,
CTYNEHYATO, TIEPEla Ha BHOBb BBEJICHHYIO B paboTy
TeHEpaTOpHYl0 ycTaHOBKY. M cxema mpuHsma
NEepBOHAYANbHBIH BHJI C JBYMs HE3aBHCHUMBIMU
UCTOYHUKAMU.

Jannbie
TeHepaTopoB
HIpPOBEPUTH
9HEPTrOCUCTEMBI.

Takas HecraHmapTHas cxemMa O00ecIeYHBaeT
TUTABHBII TMepexo] MoTpeOuTeNe Ha OCTaBIIYIOCS B
paboTe 3JEKTPOCTaHIWIO, 3TO CHAENAHO JUIA TOTO
yTOOBI TEHEepaTop HE TOoJydal BCIO HArpysKy
LEITUKOM, a TI03TalHO, COTJIACHO pPacCYNTAHHBIM
BpeMEHaM aBTOMATHYECKOTO BKJIIOYEHHS pe3epBa.
Pa3paboTtannas cxema paboThI obecreunt
OecriepeboiiHoe dIeKTpoCcHAOKEHNE MOTpeOuTene u
ee MOXHO TIPHUMEHSITh BO  BpeMs  paboOTHI
ra3onepeKaunBaroIUX arperaToB (T'TIA),
obecrieunBast CTaHIIUIO JIOTIOJTHUTEIIHHBIM,
HE3aBHCUMBIM, B3aMMOpPE3EPBHPYEMBIM HCTOYHHKOM
JJIEKTPOIHEPTHH.

[Ipennaraemsie HN3MEHEHUS CXEMBI
anekTpocHaOxenus mnorpedbuteneit 'KC Caxanun
TIO3BOJIMJIA TIOBBICHTH 3allac yCTOWYMBOCTH PaOOTEHI
ABTOHOMHOM 9HEPrOCUCTEMBI U YBEJIUYUTh

ONBITBI ~ TPOBOJWIMCH  JUIS  BCEX
MOATAITHO, YTOOBI MTOJTHOCTBIO
yCTOHUUBOCTB paboTsl Bcel
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Cexuus 1:

OneKTpoIHepreTuKa

MOKa3aTeN  HAJEKHOCTH  DJICKTPOCHAOXKEHHUS C
MPUMEHEHHEM  JIByX  HE3aBUCHMBIX  B3aUMHO

Pe3epBUPYEMBIX HCTOYHUKOB SHEPTHH.

ITo mosydeHHBIM pe3yiabTaTaM paboOThl ObUIH
c(hOpMHUPOBAHEI TIPEUTOKEHUS OCHOBHBIX
TEXHUUYECKUX PEIICHUH W TpeOOBaHWI, BHECEHHBIC B
pa3paboTKy cTaHjapra OAO «T"azmpom»
«[IprMeHeHe >IEKTPOCTAHINA COOCTBEHHBIX HYXII
HOBOT'O TIOKOJICHUSI C MOPIIHEBBIM M I'a30TYpOHHHBIM
npuBogom» [3].

B naHHBIE MOMEHT IPOBOISTCS TEOPETHYECKHUE
nucciiefoBaHd aBTOHOMHBIX OHEProCUCTeM O6”beKTOB
ra3oTpaHcnopTHOM cuctembl «Cuiaa Cubupu», s
TOro LIT06I>I CIIC Ha HpOGKTHOﬁ crTaauu BbIIBUTH U
pemuTh TMPOOIEMBl HANEKHOCTH W yCTOWIMBOCTH
ABTOHOMHBIX  JHEPrOCHUCTEM, [UII  OOCCIeYCHHUs
OecriepeOOoHHOTO IEKTPOCHAOKEHHSI TOTPEOUTETICH.

PesynbraThl paboTH MOKA3bIBAIOT HEOOXOAUMOCTH
MPOBEACHHUS HAYIHO — WCCIICIOBATEIbCKUX padoOT Ha
dTame TPOCKTHPOBAaHUSA IyTEM  HUCIIOJBE30BAHUS
KOMIIBIOTCPHBIX Moueneﬁ IMOCTPOCHUA aBTOHOMHBIX
9HEProCUCTEM JUIsl pacdeTa pa3jIMuHbIX PEKHMOB
pa6OTI)I C y4€TOM nux WHAWBUIYaJIbHBIX
ocobeHHOCTEeH. D10 obecreunt OecrepeOoiHy0 U
Oe3aBapuiiHyl0 pabOThl aBTOHOMHBIX JHEPrOCHUCTEM
HA MIPOU3BOJICTBEHHBIX 00BEKTaX, KOTOPHIE SBISIOTCS
OTBETCTBCHHBIMU TOTPEOUTEIISIMU.
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Cexuus 1:
OneKTpoIHepreTuKa

IOPEKTUBHOE YIIPABJIEHUE BETPOOHEPI'ETUYECKNMH

YCTAHOBKAMM C HEPEMEHHOM CKOPOCTBIO
Xangapos H1.K.

Hayunesrit pykoBonuTens: Manycos B.3., 1.1.1H., mpodeccop
HoBocubunpckwuii rocyJapCTBEHHBIA TEXHIYECKUH YHUBEPCHUTET,
630087, Poccus, r. HoBocubupck, yin. Hemuposmaa-/laruenxo, 138
E-mail: haldaroff@mail.ru

B pabote mpeanaraeTcs ogHO M3 pEUICHHH 3agad
CHCTEMBI YIIPABIIEHHS BETPOIHEPIreTHYECKON YCTa-
HOBKH (BDYVY), koTOpOoe MO3BONUT BHISIBUTH OCHOBHBIE
otnuunst BOY 0T TpaauIIMOHHBIX T€HEPaToOpoB C MO-
3ULUU CHCTEM T'€HEpUPOBAHUS MOIIHOCTU M HCIIOJb-
3yeMOro 3Hepropecypca, obecrnedeHus: HaIexkalero
KayecTBa 3JIEKTPHUUECKOM 3HEPTuH, OLEHKH pas3sind-
HBIX METOJIUK BBIPAOOTKH MOIIHOCTH C TPeOyeMBIMH
rnapaMeTpamu.

B cucremy ynpasneHus coBpeMeHHbIX BOVY Bxo-
JIUT BECh KOMIUIEKC 3a/1a4 JUIsl oOecrieyeHust aJjeKBar-
HOW paboTBl OT MyCKa J0 MOJHOTO OCTAaHOBa. DJIEK-
TPUYECKHMHU CXEMAMHU MpenycMaTtpuBaeTca. Uro mom-
HOE YMpaBJICHHE CTAHIMSAMH TI03BOJIIET OCYIIECTB-
JITH TaKHWe OIepaluy, Kak IyCK arperaToB, CHHXPO-
HHU3AIMI0 TEHepaTOpOB M BKJIIOUEHHE MX B CETh Ha
nmapamiensHylo  paboTy, TpHHATHE  arperaTaMu
HAarpy3KH, peryJMpoBaHHE YacTOTHl BpAIICHUS MO-
MEHTa Ha BETPOKOJIECE, MPEIOTBPAIICHUE IMEpexoaa
reHeparopa B JBUraTeIbHBINA PEXXUM MPH OTCYTCTBUHU
BETpa WM NPU YPE3MEPHOM CHHIKEHHU €0 CKOPOCTH
U PAJ IPYTUX OIeparyi.

Cucrtemsl ynpasienus BOY Gonbinoll MomHocTH
HMMEIOT BBICOKYIO TOUHOCTb PEryJlUpOBaHUS IO CPaB-
HEHHUIO C a’pOJUMHAMHUYECKMM perynuposanueM. Oc-
HOBHBIM MHHYCOM SIBISIETCS BBICOKas CTOMMOCTb H
HEOOXOAMMOCTD MPUMEHEHHS JOIOJHUTENbHBIX MIPHU-
BOJIHBIX MEXaHU3MOB PETYIUPOBAHHUA.

B HacTosiiee BpeMs B KIIACCHYECKHUX PETYIATOpax
UCTIONIB3YIOTCSl  TIPONIOPLHUOHAIBHOE  WHTErPalbHO-
mupdepenmmanpaoe (I[MMJ]), onrtumanbHOE, HEMH-
HelHOe U aJanTHBHOE YIpaBlieHHEe. OTH CHCTEMBI
yIpaBJeHusl TpeOyIOT 3apaHee OINpeAeIeHHbIX JHHA-
MHYECKHUX XapaKTePUCTHK O0OBbEKTa M HMX HE3aMEHHU-
MOCTh OT BHEUTHHUX (PAKTOPOB.

B peanpHOM x€ MOAEIU INPUCYTCTBYIOT TEXHOJIO-
THYECKHX pa3dpoc mapaMeTpoB 00BEKTa, HEMOCTOSH-
CTBO XapaKTEPUCTUK MEXAHMYECKHX JJIEMEHTOB, YTO
ABISIETCA NPUYMHOM MOIPEHIHOCTH MPUHHUMAEMBbIX
pELICHUH.

[JanHas mpobiema MOXeT ObITh pelieHa HpH Io-
MOIIY BBICOKOTOYHOTO aBTOMAaTHYECKOTO PETYIUPO-
BaHUsS BETPOTEHEPATOPOB, a TaK K€ 3aMEHON Tpasu-
IHOHHBIX PETYIATOPOB HEUETKHUMH JIOTMYECKHMHU
kouTposuiepamu (HJIK). Kpome storo, nmpumenenue
PETyISTOPOB HEUETKOTO THIIA MO3BOJISIET UCKITIOYUTH
n3 cTpykrypbl CAY 3HaYuTeNbHOE KOJHMYECTBO JaT-
YHKOB, YTO BJICYET 332 COOOIO MOBBIINICHHE HAJEKHO-
CTH U CHHXKEHHE CTOMMOCTH YCTaHOBOK B LIEJIOM.

B obmactn aBTrOMaTH3alMM TEXHOJOTHMYECKUX
MPOLECCOB HEYETKUE JIOTUYECKUE PErylaTophl JaroT
BO3MOXKHOCTb PEaIM30BaTh CHUCTEMBl YNpPaBICHUS C

HOBBIMHU CBOMCTBaMHM, KOTOPbIE TEXHUYECKH TPYAHO
JOCTUTHYTh TIPU MCHOJIb30BAHUM METOJ/IOB KJlacchye-
CKOH TEOpWH aBTOMATHYECKOTO PETYIMpOBaHUs. AJ-
TOPUTM CHCTEMBI HEYETKOTO PEryJHUpPOBaHMS MOIIHO-
ctru BOY cocrour u3 npeobpa3oBaHus NEPEMEHHBIX
HEYETKOTO JIOTHYECKOTO PEryysiTopa (M3MEHEHHE BbI-
xogHoi MomHocTH AP0 u mocienHee H3MeHEHUE
cKopocTH poTopa LAwr) B ero BXOIHbBIC MEPEMEHHBIC
(cKOpoCTh poTOpa TeHEpaTOpa) C TMOMOIIBIO CIIEIYIO-
MMX B3aMMOCBSA3aHHBIX NPOLEAYP:

- TpeoOpa3oBaHrE BEUYMH YETKUX (HU3MUECKHUX
MIEPEMEHHBIX, TONYyYaeMbIX OT W3MEPHUTENBHBIX IaT-
YHKOB [ApaMeTPOB BETpa, B OE3MEpHBIC JTHHTBUCTHU-
yeckue nepemMeHHsle (pazsudukanys);

- 00paboTKa JIMHIBUCTHYECKHX IIEPEMEHHBIX CO-
riacHo Oa3e mpaBui (aHaIM3 TPaBWI pEryJHpoBa-
HUs);

- TpeoOpa3oBaHKe BBIXOJHBIX 0e3pa3MEpHBIX Iie-
PEMEHHBIX HEUYETKOrO peryisitopa B (U3MYECKHe
YIpaBIISIONINE BO3ACHCTBUS (nedazupuranms).

Ba3za
Npaeun

i

!
o - ;
PETyIMPOBAHHA Regasnpurauun
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Puc.1. IlpunnunuansHas cxema HIIK

TounHas 3amaga HEYETKOTO KOHTPOIUIEPA XOPOIIO
ommcana KpuBeIMU MomrHocted (Puc.2). MoxHo 3a-
METHTh, YTO €CTh pabodas TOYKa MaKCHMAalIbHOW
MOIIIHOCTH U KaXXI0H ckopoctu BeTpa. OCHOBHOI
[eNbI0 KOHTpOJUIepa SBJSIETCS 3allyCK TeHeparopa
B3V B a10i1 paboueii Touke.

i ] "'/-

NoE WEHHE
I

CHOPOCTH BETRE ¢
£

By (W)

CHOPOCTE TEHERATORE
Puc.2. HaGop KpUBBIX 3aBHCHMOCTH MOIIIHOCTH TYp-
OHMHBI OT CKOPOCTHU TeHepaToOpa MPH PAa3HBIX CKOPO-
CTSIX BETpa
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Ha pucynke 2 moka3aHa 3aBHCHMOCTh MOIIHOCTH
Ha BaJly BETPOKOJIECa OT CKOPOCTH BPAICHUS BETPO-
KoJieca TPH Pa3HBIX CKOPOCTSX BeTpa. Jis momyue-
HHUSI MaKCHMAaJIbHO BO3MOJKHOM JHEPTHM B TCUCHHH
roga BOY nomkHa paboTath B TOUKE MaKCHMyMa
MOIIHOCTH TpH JIOOBIX CKOpocTsx BeTpa.Kpusbie
MOIITHOCTEN ITOKA3bIBAIOT 3aBHUCHMOCTH MOILHOCTH

Pl} OT CKOPOCTH IreHepaTopa w

v

G,

OHEProCUCTEMbI t Opu

OIpeIeNIEHHON CKOPOCTH BETpa

3000

Pe, (B1)

20

Puc.3. 3aBucumocTs k03¢ pUIHEeHTa MOLITHOCTH OT
OBbICTPOXOIHOCTH

Jns  onTUManmbHOTO  HEYETKOTO  JIOTHYECKOTO
YIPaBICHNE ACHHXPOHHBIM T'€HEPATOPOM TpeOyeTcs
KOHTpPOJUIEP, KOTOPBIH OyIEeT OTCIEXHBAaTh CKOPOCTH

A

BETpa B LEIAX NOCTHKCHHUA ““UFT M TaKUM 06pa30M
W3BJIEKATh MaKCUMaJIbHYI0 MoITHOCTE (Puc.3.).

Heuerkoe ympaBieHne, KOTOpOE SBISETCS OJHUM
13 HanOoJee aKTHBHBIX M NIEPCIEKTHBHBIX HaIpaBiie-
HUH NPUKIAIHBIX UCCIEIOBAaHUH B 3a/Jayax ylpa.Je-
HUS ¥ NPUHATHS PEIIeHUH, co3maHa Ha 0a3e TeopHuH
HEYETKHX MHOXKECTB, OCHOBHBIC HICH KOTOPOH OBLIN
npeJcTaBiICHbl aMepukaHckuMm yuenbiM JI. 3ame (L.
Zadeh) B 1965 romy. DTa Teopusi MO3BOJSIET OMUCHI-
BaTh KAYCCTBCHHLBIC, HCTOYHLBIC IMOHATHUA W HAIlIU 3HA-
HUSL 00 OKPYXKAMOIIEM MHUPE, & TAKXKE MO3BOJISIET OIe-
PpUPOBATH OTUMU 3HAHUAMU C LCIIBIO MOJYYCHUS HO-
BOW HHPOpPMALINH.

W3BectHO Oonee cra pa3HOBHIHOCTEH HEUETKUX
MPOAYKIMOHHBIX MOZENCH Ha OCHOBE pa3IMIHBIX
KOMOWHAITMA KOMIOHEHTOB. [Ipudem BBIOOp pazmmd-
HBIX pealn3aldii OJHOTO WJIH HECKOJNBKHX KOMIIO-
HEHTOB MOJICNH 3a4acTyl0 OOOCHOBBIBAET HM BEIOOD
BCE€X OCTAaJIbHBIX. COBOKyHHOCTL OTACJIBHBIX pEaJIM-
3a111/11?1 KOMIIOHCHTOB MOJACIN OHNPEACIHACT aJllrOPUTM
HEYETKOTo BBIBOJIa. B HacTosiee BpeMs HauOoJbIiee
pacrnpoCcTpaHeHHE TMOJy4YH aJIroputMbl MamaaHu,
Jlapcena, Ilykamoro, Takaru-Cyreno. B o6mem ciy-
Yac OaTb CPaBHUTCIIbHYIO OIICHKY Pas3IMYHBIX aJro-
PUTMOB HE TPEJCTABIICTCS BO3MOXKHBIM, TaK KakK HE
CYILECTBYET YHUBEPCAJIBLHOTO BO BCEX OTHOILIEHUSX
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Cexuus 1:
OneKTpoIHepreTuKa

perymsaropa. Ho mnst pemieHuss KOHKPETHBIX 3aaad
YOpaBlIEHUS! MOXXHO TOBOPUTH O PETYIATOPAX, MOJ-
XOJSIIIUX JUTS 3TUX [ejield OoJblne Apyrux. B naHHOM
cilydae BBIOOp AJTOPUTMOB Ui HEYETKOI'O BBIBOJA
KaXTOW BBIXOJHOW TIEpPEeMEHHONH OOOCHOBBIBACTCS
UCXOJS U3 HECKOJBKHUX YCIIOBHIA:

-po0OacTHOCTB;

-OBICTPOICHCTBUC;

-IIJIJABHOCTH-)KECTKOCTh.

Mexaam3ma Mamuaanu (Mamdani). Oto Hanbosee
PacTIpoCTpaHEHHBI CHOCO0 JIOTHYECKOTO BEIBOJA B
HEYETKHX CHCTEeMaxX. B HeM HCIoNb3yeTcs MHHU-
MaKCHasi KOMITO3UINS HEYSTKUX MHOKECTB. JlaHHBII
MEXaHU3M BKITIOYACT B ce0sl CICAYIONIYIO MMOCIeI0Ba-
TEJILHOCTh JEHCTBUMN:

1. Ipoueaypa ¢asuduramu: ONpeaesaOTcsS CTe-
NCHH WUCTHHHOCTH, T.C. 3HAYCHUS (YHKIUI MpHHAI-
JIOKHOCTH JUIA JICBBIX 4YacTed KaKIOro IpaBuia
(mpenmoceutok). s 6a3bl MpaBWiI C M IPaBHIAMH
0003HaYNM CTENeHN UCTHHHOCTH Kak Aik(xk), i=1..m,
k=1..n.

2. Heuerkmit BeiBoA. CHaudama OIPEIENSTIOTCS
ypoBHU "oTceueHHus" A JIEBOM 4acTU Ka)XaAoro u3
TPaBUJI

alfa; = min(Ag (%))

Hanee wHaxoxmsarcs "yceuennsle" (QyHKIUHM HpH-
HaJJIeKHOCTH

B/ (y) = min(alfa,, B; (xi))
3. Kommosuuusi, unx 00beIUHEHNUE MONTYyYSHHBIX

yCeUYEHHBIX (YHKIMH, JJIsI Yero HCIOJIb3yeTCs Mak-
CHMaJIbHast KOMITO3HIUSI HEYETKUX MHOXKECTB
MF(y) = min(B;"(y))

rae MF(y) — GyHKOHS MpUHAIIC)KHOCTH HTOTOBO-
TO HEYETKOT'O MHOKECTBA.

4. JTledazuduxanns, wim NpuUBEJCHUE K YETKOCTH.
CymiecTByeT HECKOJNBKO METOAOB JedazupuKanuy.
Hanpumep, Meton cpenHero LeHTpa, WM LEHTPOUI-
HBIA METOJ

MF (y) = min(B,"(¥))
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Cexuus 1:
OneKTpoIHepreTuKa

OCHOBHBIE IPUHIATIBI CHHXPOHHOM KOMMYTAIIUA

SJIEKTPUUECKHUX CETEW CPEJHEI'O HAIIPSI)KEHUS
Ilenos J.E.

Hayunsrit pykoBonutens: [Tapmtouenko [.A., K.T.H., JOLIEHT
HoBocubupckuii TocyaapCTBeHHBI TEXHHYECKIH YHUBEPCHUTET,
630073, Poccus, . HoBocubupck, np-t K.Mapkca, 20
E-mail: dmitriy_shevtsov@mail.ru

Beenenue

V3BecTHO, YTO KOMMYTalMH B DJIEKTPHYECKUX
CeTsIX IPHBOIAT K BO3HHKHOBCHHUIO IIEPEXOIHOTO
nporiecca, KOTOPBIi OpenCcTaBIsieT coboii
nepepachpesic/icHHe HAKOIUICHHONH JHEPIHH MEXITy
WHAYKTUBHBIMH W E€MKOCTHBIMHU 3JICMCHTAMMU. le/l
3TOM  OTKIFOYCHHE  MOXET  COMPOBOXKAATHCS
IIOBBIIIICHUAMHU HalpsKCHUs, OIIaCHbIMHU JJIs1
U30JSIIMK  000pYJOBaHMS, BKIIIOUCHHE  —
3HAYUTENBHBIMH ~ OpockamMu  ToKa.  IlomoOHBII
MEepEeXoHOM  mpomecc HE 3aBUCHT OT  THIA
HCIIOJIB3YEMOT0 CHJIOBOIO anapaTa, W ONpeneiseTcs
TOJIEKO MOMEHTOM KOMMYTAIlH KOHTaKToB [1].

a

ITocranoBka 3agaun

Hcnons3oBanue MPUHIUAIIOB CUHXPOHHOH
KOMMYTaluu B CHJIOBBIX armaparax cpe€aHero
HalpsHOKECHUS  ABJIACTCA HOBOH CTYNIEHBIO MHPOBOI'O
pa3BUTHs KOMMYTallMOHHOM TexHUKHU. [lo cpaBHEHMIO
C OOBIYHOM KOMMyTalued oOHa o0lagaeT paaoM
TCXHUYCCKHUX U OKOHOMHUYCCKUX NPEUMYIIIECTB, TAKHUX
KaK yMCHbBIICHHE OpOCKOB TOKa NpPH BKIIIOYCHHH,
CHIDKCHHE OTIACHBIX KOMMYTaI[HOHHBIX
TepeHANPSKCHIH, CHIKCHHE 0TKa30B 000pyI0BaHUS,
COKpAIllCHHE KOJHMYECTBA TEKYIIUX PEMOHTOB H
MOBBIIIIGHUE  CPOKa  CIIY’)KOBI ~ KOMMYTaIHOHHBIX
anmapatos [2,3].

B pabote paccMOTpeHBI OCHOBHBIC TPUHITUITHI
CHUHXPOHHOW KOMMYTAIIUM JJIEKTPUUECKUX CceTei
6 (10) kB B 3aBHCHMOCTH OT BHIa KOMMYTaI[MH
(BKITIOUEHHME W OTKITIOYEHHE) W KoiudecTBa (a3 ceTn
(omHoda3znas u TpexdaszHas).

CP[HXpOHHOC OTKJIIOYCHHEC

CI/IHXpOHHOC OTKJIFOYCHUEC OCYILIECTBIIACTCA
IMYTEM pa3MbIKaHUS KOHTAKTOB BBIKJIIOYATCISA B
CTporo OHpe,HeHeHHLIﬁ MOMCHT BpEMCHHU C

ONEpEeKCHUEM MOMEHTa Iepexojia OTKIHYaeMOro
TOKa uepe3 Holb. Bpems ropenus nyru B 9TOM ciiyyae
3HAYUTEIBHO COKPANAETCs, TaK KaK KOJIMYECTBO
SHEPTUW, BBIACIAIOUNICHCS B Oyre, HaMHOTO
YMEHBIIAETCS. YTPaBICHHE MOMEHTOM pPa3MbIKaHUS
KOHTaKTOB  MPENOTBpAIIaeT  OTKa3bl  PabOTHI
3NEKTPOOOOPYNOBAaHMS W CHIWKAET  HETATUBHOE
BO3JICHCTBIE Ha CHCTEMY OJJICKTPOCHAOXKCHHS B
LETIOM.

B ynpasnsiemoM armapare HEOOXOAMMO TOYHO
MoJaTh CHUTHAJI Ha pa3MbIKaHME KOHTAaKTOB 0
MOMEHTa BPEMEHH Ilepexoja TOoKa dYepe3 HOJNb U
co3/1aTh OOJBIIYI0 CKOPOCTh JIBUKECHUS KOHTAKTOB,
YTOOBI K MOMEHTY HYJNEBOIO 3HAUeHHs TOKa W
MOTacaHusi OYT'M pacCTOSHHE MEXIY KOHTaKTaMH
OBUIO JOCTATOYHBIM JJIsI 00ECTIeYeHUs] HE0OXOJMMOM
JJIEKTPUYECKON MIPOYHOCTH NPOMEXyTKa W
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WCKITIOYEHMsI BO3MOXKHOCTH TIOBTOPHOTO 3a)KHUTAHHS
nyrd. TOYHOCTH TOJa4Ml WUMITYyJIbCa Ha OTKIIOYEHUE
OTIPEJICNIACTCS CHHXPOHU3UPYIOIUM yCTPOUCTBOM, a
Oonpmasi CKOPOCTh JBHKCHUS KOHTAKTOB CO3IIACTCS
CHCTIAANTEHBIM TIPUBOJIOM.

NxTzero

Tox

1 1 \]\())HRL)JH]!:\!I KOMAHTA HA OTKITKOMCHHE
T

: Kowmanaa Ha CHHXPOHHOC OTK.TKUCHHE
-— - T

| Hawano DJIC\E)}{{'IL‘HS!H KOHTAKTOR

| Tarcing

A

Topening [
f

Leommand Useparate

Puc. 1. [IpuHuMI CHHXPOHHOTO OTKJIIOUEHUS

Ttotar = Tw + Teone, 1)
Teone = N Tpero — Tarcing - Topening- )
Ha puc. 1 mpexacrarieH NPUHIUN CHHXPOHHOTO
oTKMoueHus1. Ha yCTpOHCTBO CHHXpOHM3alUM B
00011 MOMEHT BpeMeHH {command TOJAETCS KOMaHIA
Ha OTKJIIOYEHHWE BBIKIIOYATENs. OJTa KOMaHAa
3a/Iep)KIBAETCS HA HEKOTOPOE BPeMs T . MIHTEpBaAT
BPEMEHH T o5, B COOTBETCTBHU C (1), TIpencTaBisieT
co0ol CyMMy BpEeMEHH peakIuy KOHTpoiuiepa T, H
MpeTHAMEPECHHOM 3aJICPIKKI BPEMEHHU
CUHXPOHM3AIMU [ con. VHTEpBANT BpeMEHH T gont
paccuutbiBaeTcsi 1Mo (2) OTHOCHUTEIBHO MOMEHTa
mepexoja TOKa 4Yepe3 HOJMb W 3aBUCUT  OT
COOCTBEHHOTO BPEMCHH OTKJIFOUCHHS BBIKIFOYATEIIS
Topening ¥ BPEMEHHM PACXOKIEHUS KOHTAKTOB Ha
paccTrostHWEe, ~ JOCTaTOYHOe Ui oOecredeHus
SJIEKTPHIECKON MPOYHOCTH IMPOMEKYTKA tseparate-
TouHoe ynpaBiieHHe BpeMeHeM tseparae, KOTOpOE
COOTBETCTBYET  MOMEHTY  BPEMEHH  IIOJIHOTO
PacXOoXK/IEeHUSI KOHTAKTOB, (AKTHUYECKH OIpeneIsieT
BpEMsl TOPEHHs JOYTH Tarcing. COOCTBEHHOE BpeMs
OTKIIOUEHHUS T gpening ABJISIETCA HHTEPBAJIOM BPEMEHU
OT MOMEHTA IMOJIa4Y¥ MHUTAHUS HAa KATYIIKy MPHBOJAA
BBIKJIIOYATENsI 70 MOMCHTA Hadajga pPacXOXKICHHUS
KOHTAaKTOB  BhIKMIOYATeIs.  NXT 4o YHUCIIO
MOJYIEPUOJIOB, HEOOXOJIUMBIX JUISl  JOCTHIXKCHHS
TIOJIOXKHUTEIBHOTO 3HAYEHUS | con, MOKA3aHHOTO Ha
puc. 1.

CHHXPOHHOE BKJIIOYEHHUE
CUHXpOHHOE BKJIIOYCHHE TMPEICTaBIsCeT COOOM
NpOLECC 3aMBbIKaHHMS KOHTAaKTOB BBIKJIIOUATENS B
CTPOTO  OMNpEIENICHHBII  MOMEHT BpPEMEHH C
OMEpPEe)KCHHEM MOMEHTa Tepexolia  HANpPsHKCHHS
WUCTOYHMKA 4Yepe3 HoJNb. B paboumx pexumax
BKIIIOUCHUE PCAKTHBHON HATPY3KH COTPOBOXKIACTCS
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Opockamu Toka. Ilpum 3TOM, 4eM Janbile MOMEHT
BKJIIOYEHUS OT HYJIEBOTO 3HAUCHMs HAMpPSKCHHS Ha
pa3peiBe, TEM BBIIIE OpPOCKHM TOKA. YIPaBIIEMOE
BKJTFOUCHNE BBIKIIIOUATEId HA PEAKTUBHYIO HArpys3Ky
MIO3BOJISIET CYILIECTBEHHO YMQHBH.II/ITB OpOCKH TOKa.

N¥Tzere

A ANAN AT,
VERVARVALLV,

Konmasaa Ha CHHXPOHHOU BEIOMCHIC

Kacaine sonrakron

Tmuking Tprestriking

|
|
i
| Ilpulmsull HilA KOMAHIA Hl BEIOUCHHE
|
|
I
|
|
]

'y

leommand Tmake

Puc. 2. [IpuHIMI CHHXPOHHOT'O BKIIFOUEHUS

Tiotar = Tw + Teones 3)

Teont = N Thero — Tin — (Tclosing - Tprestriking) =
=Tsero = Tn — Tmaking- (4)
Jns OCYLIECTBIEHUS OMNEPAlMH  yIpPaBIIeMOro
BKJTIOYEHHS YCTPOMCTBO CHHXPOHHU3ALHU
OTCJIC)KHUBACT HAIPSAKCHUC HWCTOYHUKA ITATAHUA. Ha
puc. 2 TOpeACTAaBIEH NPHHIUI  CHHXPOHHOTO

BKIIFOUCHUSA I/IH,I[yKTI/IBHOI\/'I Harpys3Ku. OnTuManbHBIM

BPEMEHEM BKJIIOUEHHUS SBJSIETCA MUK HANPSKEHUS
IpU  YCIOBUH, 4YTO BpeMs HpeanpoOoeB IpH
BKIIIOYEHUH MEHbIE Mojymnepuona. B  MomeHt

BPEMEHH {command MOIAETCS KOMaHAa Ha BKIFOYCHUC.
Ora KOMaH/Aa 3aJePKUBACTCS HA HEKOTOPOE BpeMs
Tiotal, KOTOPOE SIBISICTCS CYMMOH BPEMEHHU DPEaKIUH
KOHTpOJuIepa T, H MNPSIHAMEPEHHON 3aIepPiKKH
BPEMEHHN CHHXPOHU3AIUH T ¢ont.

KonTtpomnep BBOJWT 3alIEPIKKY T cont
OTHOCHTEIFHO COOTBETCTBYIOIIETO repexonaa
HaNpSDKEHUS HMCTOYHMKA 4dYepe3 HOlb, KOTOpas
paccuutbiBaeTcsi 1o (4) C  y4yeTOM BpPEMEHHU
BKJTIOYECHHS  BBIKIIOYATENS  Tclosing M BPEMEHU

npeanpo6oeB T presiriking: 1TOK HAUHHAET T€Yb B MOMEHT
BpPEMEHH {pqe. IHTEpBAM T\, OIpenenseTcss BpeMeHEeM
fmake M CICHYIOIIMM 332 HUM BpPEMEHEM Iepexoja
HAIPSDKCHUS] HICTOYHHKA Yepe3 HOJIb.

Bpewmst BKmoueHHS T ciosing €CTH HHTEPBAN BPEMEHH
OT MOMEHTa TOJa4d [UTAHHS HA  KaTYLIKYy
BKITFOUEHUS BEBIKJTIOYATES 10 MOMEHTA
MEXaHHYEeCKOTO  KacaHHs  KOHTAaKTOB.  Bpewms
npeanpo0oes NpH  BKIIOYEHHH T prestriking 9TO
MHTEpBAIl BPEMEHH MEXIy MOMEHTOM HadJaja
npeanpod0eB U MOMEHTOM MEXaHHYECKOTO KaCaHHs
KOHTaKTOB. Bpems Tpaing ABISAETCS NPOMEKYTKOM
BPEMEHU OT MOMCHTA IMOJa4M MUTAHUS HA KATYIIKY
BKITIOYCHUS IO MOMEHTA Havajia mpeanpo0oeB tnake-

KommyTanust Tpexga3Hoii 31eKTpHYeCKoil ceTH

PaccmoTpeHHBIE BBINIE CITydad CHPABEIUBHI IS
0MHO(GA3HON DJICKTPHUYECKON CEeTH TepEeMEHHOTO
HampsokeHus. B cimydae  TpexdasHol  ceT
HaNpsDKeHHEe Kaxmol ¢as3sl TepecekaeT HOIb B
pasHBle  MOMEHTHI ~ BPEMEHH,  IO3TOMY I
OCYIIIECTBIICHHS MePeKITIOUCHUS ceTn c
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Cexuus 1:
OneKTpoIHepreTuKa
MHHUMAaJIbHBIMU MepEeXOJHBIMU npoueccaMmu

HUMCIOTCS CIICIIUAIBHBIC AJITOPUTMBI KOMMYTAIIHH.
Oc0OEHHOCTBIO DJIEKTPHUYECKUX CETEH CpEeTHEero
HAaNpSDKEHUS  ABISETCS  M30JIMPOBAHHBIA WM
KOMIIEHCUPOBAaHHBIH peXUM paboTel HelTpanmu. B
3TOM ciydae HE00X0INMO OJTHOBPEMEHHO
MPOM3BECTH KOMMYyTaluio AByX ¢a3 u yepe3 90
SIEKTPUYECKUX TPATLyCOB INPOU3BECTH KOMMYTAIIHIO
tpered  ¢aspl.  Takke  BO3MOXKEH  BapHaHT
KOMMYyTalluu oJHOH (a3bl mpu e€ NPOXOKAECHUH
yepe3 HOJb C TOCIEAYHOIIeH KOMMYyTalued aByX
OCTaBIIMXCA Yepe3 3alepkKy B 90 3IIeKTpHYECKUX
rpajlycoB, BpeMsi KOTOPOH MOJXKET OBITh ONPE/ICIICHO!
360 F 90_360-50 90 = 0,005c¢. (5)
Ha puc. 3 mpencraBneHsl BpeMeHHBIE HHTEPBAJIBI
YepeAoBaHUSI KOMMYTAIHH (a3, IMEIoIre MECTO TIPH
M30JTUPOBAHHOM pEeXHME HEHTpaau CHCTEMBI. ITO
MO3BOJISIETT ~ CO3/aTh  YCJIOBHS, IIPM  KOTOPBIX
BO3MOIKHBI MHHUMAJIbHBIC YPOBHH MEPCHATIPSKCHUS.

t2:

L

Puc. 3. BpeMeHHbIe HHTEPBAIIBI YepEOBaHUS
KoMMyTanuu ¢a3

3akJloueHue
CuHXpOHHas KOMMYTamus O0OJamaeT  psaoM
NPEUMYILIECTB 110 CPAaBHEHHIO C TPAaAULMOHHOM
KOMMYTAIHEH: CHIDKCHHUE KOMMYTAIIMOHHBIX

NepeHanpsKeHul, yMeHbIIeHne OPOCKOB TOKa.

OCHOBHBIE IPUHIUINBI CUHXPOHHOH KOMMYTalUU
3aK/II0YAIOTCS  BO  BKIIOYEHMM M OTKIIIOYEHUU
JJIEKTPUYECKOM CETH B  CTPOr0  OIpPENEICHHBIN
MOMEHT BPEMEHHU.
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Cexuus 1:
OneKTpoIHepreTuKa

YIIPABJIEHUE KAYECTBOM 2JIEKTPOSHEPI'MU B CUCTEMAX
PACHPEI[EJIEHHOﬁ I'EHEPAIIUU C IOMOIIBIO T'TMBPUIHBIX CUJIOBBIX
OUJIBTPOB

[Ieuenko E. C., Yepnsimos M. O.

Hayunsrit pykoBoautens Josryn B. I1., a.1.H., mpodeccop
MHCTHTYT KOCMHYECKHUX W HH(POPMAIIMOHHBIX TeXHOIOTHH CHOMPCKOTo (hefepaibHOTO YHUBEPCUTETA

E-mail: sh-linsi@mail.ru

B HacTosiliee BpeMs BaKHBIM HAINpaBIICHHEM
CTaJIO CO3JJaHUE CHCTEM paclipe/ieJIeHHOI reHepanuy.
PazBuTe cucreM  pacnpeseneHHOW — TeHepauuu
OCHOBBIBACTCA Ha HMCIOJIB30BaHUM BO300HOBISEMBIX
ucrounnkoB (BUD) m cucreM akKyMyIHUpOBaHUS
3JIEKTPOIHEPTUH.

B cucremax  pacnpeneneHHOW — reHepauuu
HCTIOJB3YIOTCS WMITYJIBCHBIE TpeoOpa3oBaTeNd, HTO
BBI3BIBACT 3HAUMTEIFHOC YXYALICHHE KadecTBa
IJIEKTPUYECKON SHEPTUH B PACHIPENEIUTEIBHBIX CETIX
HHU3KOTO HaNpSHKEHHUS.

Jlyiss yMeHbIIIeHHsST YPOBHS BBICIIMX TapMOHUK B
CETSIX ANEKTPOCHAOKEHUS 11e71eco00pa3HO HCTIOIb30BaTh
rHOpHIHBIE (PHIBTPOKOMIICHCUPYIOIINE YCTPOMCTBA,
NpPE/ICTABISIONIME  COYETaHHE  IaCCHMBHOIO  H
AKTUBHOTO (IIIBTPOB.

B gmokmame mpoBemeH CpaBHUTENBHBINA aHAIN3
OCHOBHBIX KOH(pHTYpanuii THOPUIHBIX (QIIBTPOB MO
UX CIIOCOOHOCTH KOMIIGHCHPOBATh BBICIIHE TapMOHHUKH
HaNpsDKeHHST B TOYKEe OOMIEr0 IMPUCOCAUHCHHS
HEIMHEWHON Harpy3kd M IUTAIOIIeH CeTH, a TaKxke
0CJIa0JIATh BBHICIIUE TAPMOHUKHU TOKA CETH.

[MpencraBum cucrteMy (UIBTP-BHEIIHSS — CETh
YETBIPEXIMONIOCHUKOM, Ha  BHEIIHHX  3aKUMax
KOTOPOI'O JCHCTBYIOT MCTOYHHUKU rapMOHHMK Ey u Jy
(Ha pucynkax 1, 2, 4, 6 BBIICTICH TyHKTUPOM).

1. TlapammensHas CTIPYKTypa C AaKTHBHBIM
¢unbTpOM,  yIOpaBISeMBIM  TOKOM  HEJNWHEHHOI
Harpy3kH.

3$ I — !
> L i
|
! |
! |
EK i an) Kad)\]k } UTonl Jk
|
! |
! |
w ;
|

Pucynok 1 — ITapannenbHas CTpyKTypa ¢ aKTUBHBIM
bumpTpOM

KosdhdummeHnt pacnpenenennss TapMOHHK TOKa
HEJMHEWHOMN Harpy3Ku:

(1-x,)z,
K=——"-—7
Z +7
c g
KoMIutekCcHOE  CONPOTHBIICHHE CETH B TOYKE
00111eT0 MPUCOCTUHEHUS.

(k,-1)z,2
Z _ ad np ¢
Z+Z,
Hannass  cTpykrypa dS¢Q¢eKTHBHO ociadinser
TapMOHMKHA TOKa M HAaIpPSHKCHUs, CO3]aBacMble

HEJMHEWHOM Harpy3Kou.
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2. TlapamnenbHass CTPYKTypa C aKTHBHBIM
(GUIBTPOM, YIPaBISIEMbIM HAMPSOHKEHHEM B TOUKE
00IIIer0 TPUCOCTUHEHHUS.

Pucynox 2 — IlapasnenbHast CTpYKTypa ¢ akTHBHBIM
(GUIBTPOM, YIIPABIIEMBIM HaNPSDKEHUEM

Kosdhdumment pacnpenenennss TapMOHHK TOKa
HEJIMHEWHOHN Harpy3Ku:

Y.
K, = _—
Yc +YH¢ + Gad)

KoMIutekCHOE  COMPOTHBIICHHE CETH B TOYKE
00111eT0 MPUCOCTNHEHUS:

1
z

YC + Ymb + Ga¢
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Pucynok 3 — YactoTHble XapakTepucTUKH: — Gy
= 0, ""Gad) = 1' —— Gad) = 5, ""Ga(b =10
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Hannass xondwurypamust s¢dexkruBHo ociadiser
TapMOHMKM  HamlpsDKeHHss B TOYKe  0OIIero
NPUCOCAMHEHHA, a TaKkKe TapMOHHMKH  TOKa,
co3/1aBacMble HEIMHEHHOW Harpyskoi. OmHako oHa
HE  MOXET  KOMIIGHCHPOBaTb  TapMOHHYCCKHUE
COCTaBILFOLIME TOKA CETH, T'eHepUpyeMble BHEIITHUM
HCTOYHUKOM.

3. IlocnemoBatenbHast CTPYKTypa, YyIpaBiseMas
TOKOM CETH.

|
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i UTOI'I 6) Jk
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|

Pucynox 4 — IlocienoBatenbHas CTPYKTypa,
ynpasiseMasi TOKOM CeTH

Koadduumenr pacrpenenenus: rapMOHHUK TOKa
HEJIMHEHHOH Harpy3Ku:
z

= —mp :
c 1
Z +Z .t Ranb
KoMmriiekcHOe  COMPOTHBIEHHE CETH B TOYKE
00IIIer0 IPUCOCMHEHHUS:

K

zZ.Z
Z —

Zc + Zmp + Rmp

.
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- et
ot

e

100 200 300 400 500 600 700 800 900 1><103

gacToTa, '

0{ .

Ry |

100 200 300 400 500 600 700 800 900 1x10°
yacToTa, [’
Pucynok 5 — YacToTHbIE XapaKTepHCTUKH: — Ry,
= O; ....Ralb =1; ---- Rad) =5; _._.Ralb =10
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Cexnus 1:
OneKTpoIHepreTuKa
B nanHOM CTpykType HAeWCTBHE aKTUBHOIO

(uIbTpa SKBHBAJIICHTHO BKIIFOUEHHIO COMPOTHBIICHHS
Rap TOCIENOBATENBHO C CONPOTHBICHHEM CETH. 3a
cuer 3TOTO YMEHBIIAETCS I0OPOTHOCTD
HapaJuIebHOTO KO0JIe0aTeIBHOTO KOHTYpa,
00pazyemMoro GmIBTPOM U HHIYKTHBHOCTHIO CETH.

4. KomOuWHMpOBaHHAs CTPYKTypa C AaKTUBHBIM
(GUIBTPOM, YIIPABISIEMBIM TOKOM CETH.

Ex

Pucynok 6 — KomOuHHpOBaHHas CTPYKTYypa ¢
AKTHBHBIM (PHIBTPOM, YIPABIAEMBIM TOKOM CETH

Kosdhdumment pacnpenenenuss TapMOHHK TOKa
HEJMHEWHOMN Harpy3Ku:

_ n .
- ’

Z .t Z + Raq)

KoMmriiekcHOe  COMPOTHBIEHHE CETH B  TOYKE
00IIIEer0 NPUCOCMHEHIS:

Z (Z +R )
nd c ap

Z +7Z +R
ng c ady

JanHas CTPyKTypa KOMIICHCHPYET HCKaKCHUS
TOKa CETH, BbI3BaHHbIE KaK HEJIMHEHHOW Harpys3KkoH,
TaK U BHEITHEH CETHIO.

W3 mnpoBeaeHHOro aHalnW3a Mbl BHAMM 4YTO,
KOMIICHCAIIMOHHBIC CBOWCTBA THOPHUIHBIX (HUIBTPOB
TapMOHUK 3aBHUCST OT CXEMbI COSJIMHEHUS aKTUBHON U
MACCUBHOW 4YacTedl (QuibTpa © OT Xapakrepa
YOpaBISIONIEH TMEpPeMEHHONH. JTO ompeaenseT u
001acTh IPUMEHEHUST PACCMOTPEHHBIX CTPYKTYp. Bee

K

C

Z=—

pPaccCMOTpPEHHBIE KOH(UT'ypauuu THOPHUIHBIX
¢unbTpoB  A(GQGEKTUBHO  OCIAONSAIOT  BBICIIHE
TapMOHMKHM  TOKa,  CO3JaBacMble  HEIMHEHHOMN

Harpy3koi B To4ke o0rero npucoequHeHus. OnxHaKo
10 OTHOLICHHIO K TAPMOHUKAM HAIpPSDKCHHS B TOUKE
00I11eT0 IPUCOSANHEHHS OHU BEAyT ce0sl Mo-pa3sHOMY.
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INTRODUCTION

Surrounding us vibration energy conversion can
significantly increase autonomous wireless sensor
systems lifetime. This energy source is more stable in
time as opposed to other alternative energy sources [1,
2]. Mechanical vibrations are wide available in envi-
ronment, various areas of industry, aerospace field,
mechanical engineering, household appliances, and
human activity [1-3].

The device converting mechanical vibration ener-
gy to electric energy is called microelectromechanical
energy converter (MEMC). Nowadays there are three
main types of MEMC: electromagnetic, piezoelectric
and electrostatic [4-6], where the most type promis-
ing is electrostatic MEMC due to the compatibility
their fabrication with the integral circuit technology.

However there is a problem of circuit solution
choice to reach maximum output power of electrostat-
ic MEMC [6-8].

MODEL

One of the most important parts of the electrostatic
converter is variable capacitor. This work is devoted
to modeling single-capacitor mechanical-to-electrical
energy converter with different circuit solution of the
components and variable capacitor electrode overlap
area changing.

Capacitor model used for simulation is described
in [9]. Capacitance modulation law (fig.1) is set up
approximately to capacity values of the real variable
capacitor construction and is described by following
expression;

C, (t) = A+ Bsec[sin(nft) ], (1)

where A=-137.23, B=155.36, f — capacity mod-
ulation frequency.

ANALYSIS

There are three main circuit solutions of the elec-
trostatic MEMC in the literature (fig.2) [6-8]. How-
ever there is not unambiguous answer about the most
effective circuit to reach the maximum output power
of the energy generator.

The initial conditions used in modeling are follow-
ing: primary voltage source is V,, = 15V, load re-
sistance R,,,4 is from 5 MOhm to 150 MOhm, capac-
itance modulation frequency f = 80 Hz with capaci-
tance modulation law C, described by expression (1),

the modeling results were validated by Spice-model
of diodes D; and D, model 1N4007.

f X\ e
2 : : : :
Vs B ANE4 N X
UU 5 10 Il5 20 25
time {ms)

Fig. 1. Time dependence normalized capacitance
C, (t)/Cpyn - Line — expression (1), points — exper-
imental values
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Fig. 2. Circuit of electrostatic energy converter
with series connection of the components —
circuit 1 (a) [6], with series connection of the
components and guiding diodes — circuit 2 (b)
[7], with the parallel connection of the compo-
nents and guiding diodes — circuit 3 (c) [8]
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CONCLUSION AND RESULTS

Fig.3 and fig.4 show output voltage and instant
power time dependences, which occur in load re-
sistance R, =40MOhm for different circuits, re-
spectively.

There is positive and negative output voltage in
circuit 1 (fig.3, cir.1). Therefore, it is necessary to
additionally rectify output voltage to supply autono-
mous wireless sensors, but this lead to additional en-
ergy consumption.

There is small reverse voltage in the circuit 2
(fig.3, cir.2), caused by small reverse current through
D; and D, diodes. Positive properties of the circuit 2
with series connection and guiding diodes are the ab-
sence of constant primary energy source consumption,
and it is no need for extra output voltage rectification.
However, instant power occurred in load resistance
R0aq IS less than for other circuits considered.

20

. . e | e .
= A »

15 e S Ed L =

10

o

Voltage (V)
v 1 =

A \ \

T ; | ,’ \
| R I L I e """I
10—+ g+ = —-cirl 3
\ ,' ! ; cir2 .y :
15— N - - - mcir3 A
20l IR B [ |

time (ms)

Fig. 3. Time dependence output voltage V at the
load resistance R, =40 MOhm for the different

circuits
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Fig. 4. Time dependence instant power P at the
load resistance R, = 40 MOhm for the different
circuit
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There is constant component in the circuit 3 (fig.3,
cir.3) due to the primary voltage source Vj,, therefore
constant primary voltage source consumption occurs
in the present circuit. Thus, using circuit 3 with paral-
lel connection and guiding diodes not significantly
increase lifetime of the autonomous wireless sensor
system in comparison with other circuits considered.
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Hns IIOBCEMECTHOIO HCTIOJIb30BaHUS
0ecnpoBOHBIX TEXHOJIOTHI Ha 1mosieBoM ypoBHe ACY
TII, GecipoBoHasl KOMMYHHMKAIIMOHHAs IMOACUCTEMA
JOIDKHA  OoOecreurBaTh  HAAEKHOCTh  JOCTaBKH
JaHHBIX, U 9YTO HE MEHEE Ba)XXHO, MHHHMAIBHYIO
BEJIMYMHY 3aJCpXKKH Mepefadd COOOIICHHS, OT
WCTOYHMKA IO TMOTydYaTens W ee JeTepMHHU3M. Jlist
NPUMEHEHNST OECHpPOBOJHBIX PELICHHH B KadyecTBE
KOMMYHHKAIIMOHHBIX TOICHCTEM Ha IIOJIEBOM YPOBHE
ACY TII BpeMeHHBIE XapaKTEPUCTUKH SIBISIOTCS HE
MEeHee 3HA4MMbIM [apaMeTpoM, 4YeM HaJeKHOCTh
nepeaavn CooOIIeHUIA.

Hcxons U3 Ba)KHOCTH CBOEBPEMEHHOM OCTaBKHU
coobmiennit B crmenmdukanunu  ISA100.11a [1]
BBIJICNISIETCS, IIECTh KJIACCOB KOMMYHHKAITHOHHBIX
noacuctem  (Emergency  action, Closed loop
regulatory control, Closed loop supervisory control,
Open loop control, Alerting, Logging and
downloading/uploading) B cucremax ACY TII B
menoM. JlaHHas kimaccudukanus Oblia pa3zpaboTaHa
UCXONs W3 CHEMM(UKH MPaKTHYECKOTO MPUMEHEHHUS
KOMMYHHUKAIIMOHHBIX TozcucTeM B coctaBe ACY TII.
CormacHO  JaHHOM  KiIaccH(UKAIlMM  Ba)KHOCTh
CBOEBPEMEHHOM JOCTABKU BO3pAacTaeT OT 5-ro Kiacca
Kk 0-my. CormacHO maHHOW KJIaCCH(HKAIIUKM CTaHIAPT
ZigBee MOXeT TPHUMEHSTHCS JIUIIb TMPH PEIICHUH
3aja4 Tepedadyn JaHHBIX B KOMMYHHMKAI[HOHHBIX
noacuctemax ACY TII orHocamuxced k 4-5 xnaccey. 1
9TO CBS3aHHO UMEHHO C T€M, YTO JaHHBIH CTaHOApT
OecrpoBOJHOM Tepenady JAaHHBIX HE O0ecHedYHBacT
JIOJDKHBIX BPEMEHHBIX XapaKTEPHUCTHK, a B YaCTHOCTH
MIpUEMIIEMOM 3aJiepKKU JOCTaBKM COOOLIEHHUs, OT
HCTOYHMKA 70 momydaress («end-to-end»).

Ha moneBoM ypoBHE OYeHb BaXHO, YTOOBI
KOMMYHUKAIIHOHHASI HojicucTeMa umerna
MUHUMAIIBHYIO BEJMUMHY 3a7epxku «end-to-end» c
BBICOKOU CTETEHBIO JeTepMUHU3MA. 1o

ofbecrieunBaeT JeTepMUHH3M Tpaduka B CETH U
[O3BOJISIET KCIIOJB30BaTh TAKYI0 CETh B CHCTEMAaX
peanbpHOro BpeMeHH (IPeolOnaJarolix Ha IOJEBOM
YpPOBHE) TMpU pELICHUH 3a]a4 aBTOMAaTHYECKOTO
ympasnenus (1, 2 u 3 xknacc cortacuo 1ISA100.11a).

3amepxka «end-to-endy» B GecnpoBOAHOI ceTH
omnpezenseTcs cornacHo dpopmyse 1.

dend-end: N[ dtrans"’ dprop"' dqueue"' dnode"' dproc].

)

rae:
N - KOJMYEeCTBO POYTEPOB B MapIIpyTe Tepeaadn

coobmenus +1;

3aIepXKKa  BBI3BaHHAS

Jtrans CKOPOCTBIO
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nepeiadyd JaHHBIX B JTHHUW CBSI3W, 3aBUCHT JIUIIE OT
KOJIMUECTBa JaHHbIX (transmission delay);

dorop 3allep)KKa PaCIpPOCTPAHCHUS CHUTHAJA
(propagation delay):

Oproc - 3aJ€PIKKa BO3HUKAONIAs IIpH 0OpaboTKe
MaKkeTa CEeTEeBBIM y3II0M (TpoBepKa MpeaMOyibl,
CHHXPOCJIOBA, aJipeca, [UIMHHBI U CTPYKTYpHI MaKeTa,
mdpoBanue/ JenmudpoBaHue, KOZIMpOoBaHue/
JICKOJIMPOBAHUE MAKeTa B LEJIOM HJIH €ro0 OTIACIBbHBIX
nosneit)) (processing delay);

dqueve - 3aI€pIKKA BOZHUKArOIIas IpU 00paboTKe
ouepemu  maketoB  (queuing  delay). Ilpwm
paccMoTpeHnH OecpoBONHONH CeTH Ugueye YACTO HE
YYUTHIBAIOT, CYUTAs], YTO B JFOOOH MOMEHT BpEeMEHH
CeTEeBOIl y3el MpPOW3BOAUT OOpabOTKY JHIIH OXHOTO

IaKkeTa, 4YTO 3a4acTyl0 He Tak. [lakeTel MoryT
HOCTynaTh ObICTpEe, UYeM pOyTep MOXKeT HX
obOpaborare. Poyrep momemaer ux B odepenp

(BpeMenHEI Oydep), MOKa HEe HaWAET BpeMs I UX
00paboTkH U mepenadd. Ugueye MOKET MEHSATHCS OT
MaKeTa K TMakeTy. BenuuumHa HTaHHOW 3aJEPIKKH
3aBHCUT HE CTOJILKO OT HCIOJB3YEeMOT0 MPOTOKOJIA, a
CKOpee OT €ero TNPOTrpaMMHON pealu3ali Ha
KOHKPETHOM uiaTdopme;

dhode 3allep)KKa BO3HHKAWOMIAs TPU  Tak
Ha3bIBaCMOH y370BOit 00paboTke curnama (nodal
processing). 3auacTyro e€e BKIIOYAIOT B Processing
delay. dpode BO3HHMKAET B CETH C MapLIPyTH3aLUEH
MaKeTOB W OMNpEIessIeTCs] BPEMEHEM HEeO0OXOIUMbIM
poyTepy Ui ONpEIeNieHHsl ajpeca CIeIyIOLIero
CETEBOr0 y3j1a B MaplIpyTe Mepenadd MPUHITOTO UM
MaKera.

Jannas (opmyna naer JHIIb MPUOTU3UTCIHHYIO
oleHKy 3ajaepxku «end-to-end». Ha npakruke s
Kax10ro cereBoro y31a Uians, Aprop: Aprocs queves Onode
pasznuyarorcs. OHM B 3HAYUTEIIBHOW Mepe 3aBHUCAT OT
TaKMX TapamMeTpoB  OCCHPOBOJHOM CETH  Kak
TOTIOJNIOTHSI, MCTIONB3yeMbIi 6a3o0BbIil ctanmapt (PHY,
MAC), npoTokon mepenadyd AAaHHBIX, a TaKXKe €ro
peanu3aium. B ceTax C JTUHAMHYECKOM
Mapmipytuzanueid, N m3MeHseTcs CcKauyKkooOpasHo.
OTO OPUBOAMT K  TOSBICHUIO  3HAYUTEILHOTO
JUKUTTEpA, B CHEINCTBUM 3ajepxka «end-to-end»
HAUYUHAET CKAYKOOOPa3HO WU3MEHSATHCS, YTO OYCHb
HETraTHUBHO CKa3bIBAaCTCs Ha BPEMCHHBIX
XapaKTePUCTUKAX CETH.

Jlyist OLIEHKHU BEJMYUHBI 33JepKKu «end-to-end» u
ee COCTAaBIISIOIIUX ObLI MPOBENICH pan
sKcriepuMeHToB. Ha 0aze pa3paboTaHHBIX Momyneit
OecrpoBOJHON TMepefadn [aHHBIX, paboTaloMmMX B
cocTtaBe JokalbHON CAY KOMIPECCOPHOM CTaHLUU.
CornacHo [2], [ yMEHBIICHHS BEIMYHUHBI H
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JokutTepa «end-to-end» npu mpoBeneHUU 3aMepoOB
HCIIOIL30BaJIaCh TOMOJIOTHS «TOYKA-TOUKAY.
Hawnbonee wHTEpecHO BpeMms, 3aTpadynBacMoc Ha
BBITIOJIHEHHE OJIHOM CEeTeBOM TpaH3akuuu. B naHnHoMm
ciIydae, Ha JOCTaBKY OJHOTO TAaKeTa Ioirydareio. 1

€¢ 3aBHCHMOCTb OT HPOTPaMMHOH peajn3aluu
MIPOTOKOJIA TIepeiadr JaHHbIX.
B KayecTBe 9TaJOHA HCIIONB30BAJICS

omtafouHblii koMIulekT T1 TrxXEB rev.1.5. ¢ makeTHbIM
OPOTOKOJIOM Tiepemaud nanHbix «SimpliciTl». B xone
BBITIOJTHEHHS IKCIIEPUMEHTA OCYIIIECTBIIIIAch
HeNpephIBHAA Nepefada mocienosarensHocTeil u3 N
naketoB (ot 10 mo 5000), ¢hUKCUPOBAaHHOW IJTUHHBI
(or 5 mo 200 6aiim). 3amepsioch oOIIee BpeMs
nepenadn  Takoi  IOCJIENOBATEIBHOCTH  IIAKETOB,
TocjIe Yero M3 pe3yabTaToB M3MEPEHUH YCTPaHSUINCH
SIBHBIC TIPOMaxH, W TPOM3BOAWIOCH YCPEAHEHHE
pe3ynbTara mpubnmm3uTensHo 1o 50 3HaueHmsM. [lo
MOJYYEHHBIM  pe3yabTaraM  OBIIM  ITOCTPOCHEI
rpadukn. Ha pucynke | mnpuBeaeHbl 3aBUCHMOCTH
BPEMEHH Iepefadyn IOCIeJ0BaTeIbHOCTEH MaKeTOB,
(ukcupoBaHHO# JuIMHEL 1u1s TatGopmsel «T1 Trx EB»
¢ mporokomom «SimpliciTl». Ha pucynke 2 Te xe
3aBUCHMOCTH, TOJBKO IMOJYYEHHbIC Ui MIAT()OPMbI
«STM32» ¢ [OpoTOKONOM — mepenadd  JaHHBIX
cOOCTBEHHOH pa3paboTKy.

Puc.

0

Puc. 2 Pesynsrars! axcniepumMenta it «STM32»

BpeMeHHbIE  XapaKTEPUCTUKH CHUMAJNCH TIPH
NOMOLIK OcHuyIorpadga M MPOrpaMMHOTO MPOIYKTa
Tl  SmartRF  Studio 7. Tlepemaya  JaHHBIX
MPOM3BOAMIACE C (DUKCHPOBAHHOW CKOPOCTBIO 4,8
xkBumlc, nns yrupomieHWs WCKITIOUCHUS Oirans W3
pesynbraToB. 3anepKKu UOgueue H Unoge OTCYTCTBOBANIH
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KaK TaKOBBIC, BCJICACTBHE BBIOOpA TOIOJOTHH CETH
«TOYKA-TOYKA», HKCIIOJh30BAHHOW B DKCIICPUMEHTE.
Banepkka Oyans ObLIa paccyMTaHa IS  KakIoro
pesynprata W3MEPEHHs, WCXOAd U3 KOJMYECTBa
MAKETOB, WX JUTMHHBI K CKOPOCTH Tepeaun JaHHBIX.

Takum oOpazoM, [Ig [ABYX IniatdopMm Oblia
HPOU3BE/ICHA OLICHKA 3a1epKKH «end-to-end» 1 dproc
B YaCTHOCTH.

Tak mi1a mocnemoBarenbHOCTH M3 10 makerTos,
JUIMHHOW 5 6atim, Bpemsl mepenadu coctapiser 391
mc gt «T1 Trx EB» u 250 mc moa «STM32».
CrienoBatenbHo, 3anepkka «end-to-end» Ha KOpOTKUX
naketax s miathopmel «T1 Trx EB» 39,1 mc, a nns
«STM32» 25 mc. dpge mma «Tl Trx EB» 15,1 me
(62,917 %), nust «STM32» 1 mc (4,167 %).

Bburpeimn B CHIKGHUHM Oproc  JUIL  KOPOTKHX
makeToB cocTaBiisteT 58,75 %.

3akroueHue

Kak BuAHO U3 TMONYYCHHBIX pE3yJIbTAaTOB B
3anepxke «end-to-end» MOKHO BBIAEIUTH YHCTOE
BpeMsA (Ayanst Oprp) 3aTpaurMBacMoe Ha Hepenady
maKeTa JAHHBIX MEXIy JByMs y3JlaMH U Tak
Ha3bIBAEMBIE W3/IEPKKH WM HAKJIAJHBIE PACcXObl Ha
nepeady NaHHOTO TMakKeTa. DTH HaKIAJHBIC PACcXOJIbI
MOT'YT BHOCUTh 3HAUUTEJIbHBIN BKJIAJ B 001Iee BpeMs
nepemadn cooOIIeHns B ceT. B gacTHOCTH, Kak OBLIO
MTONyYCHO W3 PE3YAbTAaTOB SKCIEpUMEHTa, 10 62,917
% ot 00mero BpeMeHH Iepenadn maKkeTa.

Takke MOXKXHO  OTMETHUTb, YTO  BEJIMYMHA
HAKJIAJHBIX  PACXOJ0B B  3HAYMTEIBHON  Mepe
omnpenenseTcs NporpaMMHoOW peanusanueil. Mcxons
us3 TMOJTYYCHHBIX PE3YyIbTAaTOB BUJIHO, 4qTO
UCroyib30BaHKue paspaboranHoro I1O perraroriero
TyXe 3a7ady, a WMCHHO TONJCpKKa JpaiiBepa
0CCIIPOBOJIHOTO MPUEMOIIEPEaTINKa W pPeaTh3alus
IMaKE€THOT'O IMPOTOKOJIa Mepeaadyn MJaHHBIX, MTO3BOJIACT
mony4yuTh BHWTpeII B 58,75 % mpm mepemaue
KOPOTKHX MaKeTOB.

Wcnonp30BaHHBIC HCTOUHUKH

1. ISA100.11a:2008 Draft standard Wireless
systems for industrial automation: Process control and
related applications.

2. Deji Chen, Mark Nixon WirelessHART™ —
Real-Time Mesh Network for Industrial Automation,
Springer New York Dordrecht Heidelberg London
2010. 276c.
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PACYET HAPAMETPOB BECKOHTAKTHOI'O DJIEKTPOJABUTATEJIS
MOCTOSIHHOT'O TOKA C IEYATHOM OBMOTKOM HA IKOPE
NJIS1 QJJIEKTPOMEXAHUYECKOI'O HCITIOJTHUTEJIBHOI'O OPTAHA

MAJIOI'O KOCMMYECKOI'O AIIIIAPATA
bananguna T.H., banangun E.A.
Hayunslit pykoBoautens: Imutpues B.C. a.1.H., npodeccop
Tomckuit mommTexHIUeckuii yausepcureT, 634050, Poccus, r. Tomck, nip. Jlennna, 30
E- mail: error.balandina@yandex.ru

B mnHacrosmee BpemMsS B 3IIEKTPOMEXaHHMUECKUX
HCHOTHUTENBHBIX opraHax (DMMUWO) nanbonpmee
MPUMEHEHHE HaXOIIT OCCKOHTAKTHBIC IBHUTATEIHN
nocrosgHHoro Toka (B/IIIT). OrcyrcTBHE ILIEeTOYHO-
KOJJIGKTOPHOTO y371a y IaHHOTO BMJAa JBUTaTeJs
YBEJIMUMBAET  HANEKHOCTH U JOJITOBEYHOCTH,
noBeimaer KIIJ. Taxoii BuJ 3IEKTPOABHUTaTENS
MOXET paboTaTh B YCJOBHUSX HIMPOKOTrO JHMaIa3oHa
TeMIepaTyp, B Bakyyme.[2]

B nmaHHOW craThe paccMaTpWBaeTCs pacyer
mapaMeTpoB  OCCKOHTAaKTHOTO  DIIEKTPOJBHUTATEIS
MOCTOSIHHOTO TOKa C MEYaTHOH OOMOTKOW Ha sIKope,
MOIIHOCTBbIO 5 BT M HamnpsbkeHuem nurtanus 12 B,
ckopocte 6000 o06/muH. IIprMeHeHHWE IUIOCKOTO
AKOps ¢ meyaTHoit oOMoTkoil g OMUO sBrseTcs
OpPUTHHAJIEHBIM HOBIIIECTBOM.

Koncrpykmust BJIIT ¢ meuaTtHOW 0OOMOTKOM
MpuBe/IeHa HA pUCYHKe 1.

$85

Puc.l. KoHcrpykims C  Ie4aTHOH
0OMOTKO ¥ €ro TrabapuTHL.

Jlutele TOCTOSIHHBIE MarHuThl 1 KBaapaTHOU
(hopMBI  yCTAaHOBJEHBI B  Ma3aX  KOJBIEBOIO
MarHuTONpPOBOIA 3 U3 MAarHUTHO-MSTKOT'O MaTepuara.
Komb1io 2 sBsIeTCSI BTOPOI YaCThIO MarHUTOIIPOBO/IA.
Kpemnnenue nocTosHHBIX MarHuTOB 1 B a3zax KoJibLie-
o0pa3Hoit CTaHUHBI 3 OCYIIECTBIIAETCS
npukienuBanueM. lloBepxHocTH KoibLa 2 W caMux

MOJTIOCOB, 00pa3yIoIIie TOPLEBOH BO3MYIIHbIH 3a30D,

BT

THIATEIBHO 00paboTaHbI JUTSt obecricucHuUs
OJIMHAKOBBIX BEJIMYHUH 3a30pa MArHUTHON WHIYKIMH
MOJ KAXIBIM  TOJIIOCOM. MarHutHas CHCTEMa

BCTpaeBaercsi B kopnyc 9 u nuadparmy maxoBuka 8
U3 HEMarHUTHOro Matepuana. Yepe3 oTBepcTHE B
Kopryce 9 (Ha pUCYHKe HE IIOKa3aHO) IOJBOXUTCS
NUTaHUEe K Tpex(pa3sHOMy SKOp 4 W JaTYHKam
TIOJIOXKEHHS YCTAHOBJICHHBIM IIPY NOMOIIH ITACTHHEI
7.

Hwxe npuBeneHsl pacyeTbl SKOpS C IEYaTHOU
oOMoTKOH. IIpHOMMIKEHHO TOK  SKOPS ~ MOXKHO
OTIPEIEINTh 110 Clieayromiel Gpopmyite [3]:
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[ __ P __5

" pU, 0812
MpeABapuTeNbHas BEJIMYMHA K.II.J. JBUTaTenst 0e3
ydeta motepb Ha Bo3Oyxaenne. DJIC mpu cxopocTi
n =1000(06 / mun) [3]:
PN o =23 100000012 = 2(8)
60-a 60-1

rzie, ) — 9uCio HOMIOCOB; N — 4mci0 NPOBOIHMKOB

=0.52(A) e -

E

neyaTHod OOMOTKH; @ —4YHCIO  IapaulelIbHBIX
BeTBEH OOMOTKH, paBHO | T.K. OOMOTKa BOJHOBAS,
(D — MarHUTHEII TOTOK.

I10THOCTE TOKA B OOMOTKE SIKOPS VIS JaHHOTO
Bujia aeurarens [1]:

j, =30+40(al mm?) npunnmaem

i, =30(al mm?).

Iomrocuoe nenenwe [3] :

7-D, .
T= o 314-3 1,57(cm),
2-p 2-3
Dcp- ONTHMAJIBbHBIN CpEIHHH IHaMETp SIKOps
(puc.2).

Puc. 2. Pa3mepsl me4aTHON OOMOTKH JICKOBOT'O SIKOPS
[3].

Buyrtpennunii qguamerp oomotku [3]:

N -t 4.0.074
D, = 2= 34-0.0 =1.6(cm) rze,
2-r-y 2-3.14.0.77
t P MUHHMAaJIbHBIN mar MeyaTHoOMH
OOMOTKH;  — OTHOLIEHHE  MMHHMMAaJbHOIO  Ilara

meyaTHON O0OMOTKH tﬂ K MUHUMAJIbHOMY 1IIary Ha

BHyTpeHHeM uamerpe {; (puc. 3).
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Puc. 3. KoHIs! BHYTpeHHHX JTOOOBBIX YacTeH Ie4aTHON
obmotku [3].
Bueutnuii tuamerp oomotkH [3]:

D, =D, +Z /D 5, 3MOTTLO _ya 0y, one
2:p 2:3
D;, - BHYTPCHHHUHI AWaMeTp BHEIIHUX JOOOBBIX YacTeH
(puc.2).

Ho wucxoms u3 panuoHanbHOM KOMIUIEKTallUU
Bcero OMMO npuHATH  ClEAyIOUINEe 3HAuYeHUS
JMaMeTpoB OOMOTKM (C COXpaHEHHWEM MPOIOPIHN):
BHYTPEHHHH HaMeTp 0OMOTKH -2,26 cM, BHELIHUI —
5,2 cm.

B nanHoil cratbe paccmarpuBaercs BIIIT ¢
mme9aTHOH OOMOTKOM HECHMMETPHYHOH (OPMBI, C
OJTHOCTOPOHHHUM pacIoaoKeHHeM TIOJIFOCOB
OTHOCHUTENIBHO  sikopsi. Ilpm  HecMMMeTpU4HOM
pacHoNOKCHUN  IIOJIOCOB MAarHUTHOE — PacCestHUe
3HAQYUTEJBHO OOJblIe, 4YeM IPH CHUMMETPUYHOM.
OpHako, B MaJOMOIIHBIX JABMIATEISIX C AUCKOBBIM
AKOpPEM MPUMEHSIOT BCe K€ HECUMMETPUYHOE
pacrosoxeHue HOJIIOCOB, uMerouiee pan
KOHCTPYKTHUBHBIX JOCTOMHCTB, & HMEHHO:
® TIOYTH B 2 pa3a MEeHbIIIee KOJIMUECTBO JeTaleH;
HECHMMETpUYHAasl MarHuTHas cHcTeMa Oouee
TEXHOJIOTUYHA.

Pazmepbl MarHUTHOW CHCTEMBI NPEACTaBICHBI Ha
pucynkax 4 u 5.

Puc.4. Maruutnas cuctema BJIIIT ¢ mneyaTHoM
obmoTkoii [3].
/&ﬁw
| I-,__ I -
Puc.5. MaFHI/ITHaﬂ cucTemMa BI[HT C IeYaTHOM

obmoTkoii [3].
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JUis  maHHOW MATHUTHOW CHCTEMBI BBIOPAHBI
HeoauMoBble MarHuTbl Mapku N35. Jlomyctumas
MarHuTHass WHAYKIOHSA KOTOPOTO:

B, =19-107 (66 / cm?)
Kospuurnsnas cuna: H , =87600(A4/cm),

BosnymHsrit 3a30p [3]:
5=0,03-D,, =0,03-3=0,09(cx).
Pa3mepsI mosroca OnpeessoTes MO CIeIYOUM

bopmynam [3]:
IMupuna nontoca:

, By _137.0001
"B 0.00019

c
rne, O - KO3((QUIMEHT paccesHus; Bcp- cpeaHsist

-1.57 =1.14(cm)

UHIYKIMS B BO3AYIIHOM 3a30pe€.
Jnuna nosoca:

|, =0.268-D,, =0.268-3=0.81(cu),
Bricora nonroca:
. B, By 8 _

" Hc ' Bc “Ho Qs

0.000145-0.0001-0.09
87600-0.00019-1.26-10°-0.9

B ornnune ot aBurarenei 0OBIYHOTO UCIIOTHEHUS
JUaMeTp SKOps C Ie4aTHOW OOMOTKOH CHIIBHO
3aBUCUT OT HANPSDKEHUS MUTAHUS TPU OJHOM W TOH
’K€ MOIITHOCTH MAIlTMHEI.

B nBurarene ¢ meyaTHOW OOMOTKOW —SIKOpS
JMaMETp SIKOPSI 3aBUCUT HE OT CEYEHMs NMPOBOJHUKA,
a OT €ero IIMPUHBI, TOYHEE OT MMHHUMAJIBHOTO IIara
0OMOTKH.

IIpoBenennsie pacuersl koHcTpykuuu  BIIIT ¢
meyaTHOil OOMOTKOM IOKa3LIBAIOT, YTO JAHHBINA BHJ

~ 0.2(cm)

JIBUraTeiisi UMEeT MEHbLUMH pa3Mep cTaTopa YeM
BAIIT [ LWIAHAPUYECKUM CTaTOpPOM 17
COOTBETCTBEHHO MEHBIIINE pa3mepsl Bcel

koHcTpykuuu OMUO (mmouTH B ABa pa3a) U MEHBIINH
Bec. A TpeOOBaHME MHUHMMAJIBHON MAaccChl SBISIETCS
TIIaBHBIM TpeboBanmeM kK DMUO.

Cnmcok nurepaTypsl

1. BeprmHOoB A. W., DnexTpudeckne MaIIHHBI
aBUAIMOHHON aToMaTuku, O6oponrus, 1961.
Ovmutpues B. C., Koctrouenko T.I',
I'magpime I'. H., 3nexTpomexanudeckne
HCTIOJTHUTENbHBIC OpraHsbl CHCTEM
OpHEHTAIlNH KOCMHYECKUX ammapaTtoB. YacTe
1:Yuebnoe mocodbue, TIIY.-Tomck: M3a-BO
ToMCKOro MOJMTEXHUUECKOTO YHHBEPCHUTETA,
2013-208 c.
Kazanckuii B. M., OcnHobuu JI. [,
MasnouHepLUuOHHBIE ANEKTPOJBUraTeIn
MIOCTOSTHHOTO TOKa C MeyaTHOHW OOMOTKOI Ha
skope, M.-J1., m3a-Bo «DHeprus», 1965,96 c.

2.
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BOJIOKOHHO-OIITUYECKHUHU ' TPOCKOII
bamangun E.A., banangmaa T.H.
Hayunslit pyxoBogutens: I'ypun JI. b. nouenr
Tomckuil nonurexHuueckuit yausepcuret, 634050, Poccus, . Tomck, mp. Jlenuna, 30
E-mail:balaniva@sibmail.com

Bomnokonno-ontudeckue  rupockonsl  (BOI)
UCMONB3YIOTCS B~ MHOTOYHCIIEHHBIX  CHCTEMax
ABTOMATHYECKOTO  KOHTPOJIS,  YIpaBICHUS  H

JIarHoCTHKH. O6JIacTh X NPUMEHEHNS TIOCTOSHHO
paciupsiercs, a TpPeIbABISCMbIC TEXHUYCCKHE U
KOHCTPYKTUBHBIC TpPcOOBaHHS CTAHOBSTCS OoJjee
pasHooOpa3HbIMU. B HacTosimiee Bpems pas3iHyHbIC
Monmenn BOIT mpousBoAsTCs B MPOMBIIUICHHBIX
KOJIMYECTBAX BO MHOTHUX HWHAYCTPUAJIBHO Pa3BUTBIX
crpanax[1]. BOI' Beigensercs cpead  Opyrux
BOJIOKOHHO-ONITHYECKUX  JAaTYUKOB  HAWOONBIICH
CIIO)KHOCTBIO M MHOTOO0Opa3WeM MPOUCXOIIIMIHX B
HeM ¢m3udueckux sBieHwd. [lo cpaBHeHHIO ¢
THPOCKONIAMH ~ JIPYTHX  THIIOB, TIPEKIE  BCETO
TpagUIMOHHBIME MexaHmdeckumu, BOI oOmamaet
pAAOM BaXXHBIX HOCTOMHCTB, CPCIAMW KOTOPLIX HYKHO
BBIJACJIUTDH CICAYIOIIUC:

* BEICOKYIO TOYHOCTb IPH JOCTATOYHO HUIKOM
CTOUMOCTH;

* OOJBIION TMHAMHYECKHHA JHAMa30H U3MEPSIEMBIX
CKOpOCTEH;

* HCUYBCTBUTEIIFHOCTh K YCKOPEHHSIM U
eperpys3Kam;

* MaJI0€ BpeMsi TOTOBHOCTH;

* MayIo MOTPEOISIEMYIO MOIIHOCTD;

* OTCYTCTBHUE NMEPEKPECTHBIX CBA3CH MpH
MTOCTPOCHHUH TPEXOCHOTO OJIOKa YYBCTBUTEIBHBIX
JJIEMEHTOB;

* OTCYTCTBHUE BPAINAIOIINXCS MEXaHUIECKUX
AJIEMEHTOB U IOJIIIHITHUKOB.

®uznueckoir ocHoBoW pabotel BOI sBisiercs
a¢pdexr Canbsika. B 1913 r. dpanmysckuit pusux M.
CaHbsIK, TTPOBOJS IKCIIEPUMEHTHI 10 OOHAPYKECHUIO
yBJICUEHUS «d(QHpa» BpallaloMEencs YCTaHOBKOH,
OTKPBUI «BUXPEBOI ONTHYECKUN abhdexTy,
MTO3BOJIIOMINN ONTHYECKHMMH METOJaMH H3MEPSTh
ckopocTh BpamieHus. Cxema ombiTa CaHbsika HMena
BWJI, IPUBEJICHHBIN Ha puc. 1.

A

Puc. 1. Cxema onbita CaHbsika

PaccMoTpuMm pacrpocTpaHeHHE JBYX CBETOBBIX
IIYYKOB 110 OKPY>KHOCTH paanyca R. B HenoasmwkHOM
uHTephepoMeTpe BpeMst 00Xona KOHTypa Juis 000uX
Iy4KOB OJIMHAaKOBO M paBHO t, = 2zR/c, rme c¢ -
ckopocTh cBera. Ilpw Bpamenum 3a Bpems o0xona
KOHTYpa To4Ka A TIepeMeCcTUTCS B TOUKY A H3-3a 4ero
YCIOBUSI PAacHpOCTPAaHEHUs! Ul BCTPEUYHBIX ITyYKOB
CTaHOBATCA pPa3HBIMH. [lyTh, KOTOPBIH HEOOXOIUMO
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MPONTH YUKy, PacIpOCTPaHIIOMEMYCSl B HalpasJie-
HuH BpameHus: L,= 2zR + QR ty, toe Q - ckopocTh
BpamieHns, a IMyTh [UIA Jpyroro Imy4dka B
MPOTHUBOTIONIOKHOM Hampasiennn: L_= 2zR + QR t,.
IMoncranoBko#t 3HaYeHHWs ty W C y4eTOM, HYTO
CKOpPOCTh PACIPOCTPAHEHHS MyYKOB B COOTBETCTBHUH
C TOCTyJaToM OWHINTeWHa paBHA ¢ s JIFOOOM
WHEPIHATBHON CUCTEMBI HE3aBUCHMO OT CKOPOCTH €€
JIBIDKCHUS, HAX0JuM BpemeHa t. = to £ At/ 2 o6xoma
KOHTYpa!

L 27R?
t,=—t=t,t-—-0Q
- C C
T. €. Pa3HOCTh BpeMeH 00X0/1a JIJIsl BCTPEUHBIX ITYIKOB
47R?
At=—-0
C

IpOMOPIMOHAIBHA CKOpOCTH Bpamienus Q [2]. U3
pasHOCTH  BpeMeH 00X0Ja II0Jy4aeM pasHOCThb
ONTHYECKMX JJIMH IyTEH paclpoCTpaHEHUs CBETA B
[POTUBOIIOJIOKHBIX HANIPABIEHHAX:

2
AL=cat= o
c

BOI' wusroraBnuBaloTCs B Tak Ha3bIBAEMOM
MUHHMMAaIbHOM koHpurypaumn  (Puc. 2) ¢
OIMHAKOBBIMH ~ ONTHYECKUMH MYTAMH [UIT JIBYX
Jy4dei, paclpOCTPaHSIOMHXCSI B  BOJOKOHHOM
KOHTYpe.

cnn BP N oM
L] Pl 1
o)
ny BK
BbixodHoU cuzHan

Puc. 2. CrpykrypHast cxeMa BOJIOKOHHO-ONTHYECKOTO

TUpOoCKoIa

I[Ipubop  cocToMT W3  HUCTOYHUKA  CBETa-
cynepiomuHecieHTHOro auoaa (CJI/I), BolmoKoHHOTO
passerButensi(BP), momsapmzatopa(Il), daszoBoro
moxaynstopa(®M),  BomokoHHoro  koHTypa(BK),
tdoronpuemanka(®@II), mrater ynpasnenus(I11Y).

IIpu KOHCTPYMPOBAHUHU BOJOKOHHBIX ONMTHYECKUX
TUPOCKOTIOB, KaK MPaBHJIO, B KaUeCTBE H3Iydareneit
UCIIOJIB3YIOT MOJTYIPOBOTHUKOBEIC JIa3ePhI (JIa3epHBIC
JIUOJTBI JI), CBETOAUO/BI (C) u
cynepitromMuHectieHTHbIe nuoasl (CJL). [das manHOTO
npubopa ObLT BHIOPAH CYNCPIFOMHUHECIICHTHBIN JTHOJ
ML920J6S. BrIcOoKOKaueCTBEHHBIE OJIHOMOJIOBBIC
CYIEPIIOMUHECIICHTHbIE JIOIBI SIBIISTFOTCSI
ONTHUMAIGHBIMA ~ UCTOYHUKAMH  W3JIYYCHHS IS
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BOJIOKOHHO-ONTUYECKUX CUCTEM
UHPOPMALUY, ONTHYCCKHX TECTECPOB
ONITHYECKUX MYJIBTHIIEKCOPOB.
BosiokoHHBIN pa3BeTBUTENL IpEAHA3HAYEH IS
JIENICHHsI ONTHYECKOW MOIIHOCTH MEXIy KaHalaMH
mepefadyd.  IJTO  YCTPOWCTBO  JOIDKHO  OBITH
COTJIACOBAHO C BXOAHBIM M BBIXOJHBIM yYaCTKaMH

nepenayu

U TuOKUX

CUCTEMBI, T.€C. 3aKaH4YHUBATHCA 1160 OTPE3KaMHU
BOJIOKOHHBIX CBCTOBOJIOB, R19%(800) Pa3bEMHBIMU
COCIUMHUTCIISIMU. K w#uM Taxke MpCABABIIACTCA

TpeOOBaHUs CTAOMIBLHOCTH NApaMETPOB, HaJAEKHOCTH
Y TEXHOJIOTUYHOCTH.

[Monsipuzarop mpeaHa3HayeH il MOJyYeHHS
MOJISIPU30BAHHOTO  ONTHYECKOTO CBETa C IEJbI0

YMEHBIICHNS HECTaOWJIBHOCTH CMEUICHHS  HYJI
BCJIC/ICTBHE TIOJIIPU3AIMOHHON HEB3aUMHOCTH.
dazoBbIi MOJYJISITOP npeHa3HA4YeH I

BHECEHHE (DAa30BOTO CABHTa MEXAY BCTPEYHBIMH
BOJIHAMH ONITHYECKOTO CBETA.

BonokoHHBI ~ KOHTYp MpPEACTaBIsEeT COOO0I0
MHOTOBUTKOBYIO  KaTYIIKy ONTHYECKOTO BOJOKHA.
OnTryeckoe BOJOKHO, KaK IIOKa3aHO HAa puUC. 3,
COCTOUT u3 CepJIeuHNKa, o KOTOpOMY
pacmpocTtpanseTcs cBeT, U obonouku. [locnenuss, B
CBOIO oOuepelb, 3aKIOUeHa B OIUIETKY, KOTOpas
3aIIUIAeT ITOBEPXHOCTh BOJIOKHA, ITOBBIMIAET €ro
MPOYHOCTb W TE€M CaMBbIM YIIPOIIAET AKCILTyaTaIHio

3.

Ddenoyra
A}

)
Cepdeyrun
g
e
m—— ?
\Uax’ub:mue

Puc. 3. Onruyeckoe BOJIOKHO

[locnenHsisi, B CBOIO oOuepenb, 3aKIIOYCHA B
OIUIETKY, KOTOpasl 3alHIaeT NOBEPXHOCTh BOJOKHA,
MOBBIIIAET €r0 IMPOYHOCTh M TEM CaMbIM YIIPOIIAET
IKCIUTYaTaLHIO. Koaddpunment TIPEIOMIICHUS
CepACUYHUKA JINIIb HE3HAYWTENIBHO  MPEBBIIIACT
KO3 PHUINESHT MPETOMICHUSL 000JI0YKH, TTOITOMY
CBET, BBEJCHHBII B CEPJICYHHK C TOpIA BOJOKHA,
MOJTHOCTBIO OTPAXKAETCs] OT TPAHUIIBI CEPICUHHKA H
000109KH, Kak OBl 3ammpaeTcsi B CEpPACYHUKE |
pacnpocTpaHseTcs TONbKO B HEM.

Jns BOJIOKOHHO-ONTHYECKOTO THUPOCKONa ObUIO
BBIOpAaHO OJHOMOJIOBOE OINTHYECKOE BOJIOKHO
Corning SMF-28 ULL. 310 BOMOKHO HMEET CaMble
HU3KHUC TMOTCPU CPCAU MU3BCCTHBLIX BOJIOKOH U CaMyIO
HH3KYIO TOJISIPU3AIIMOHHO-MOIOBYIO TUCTIEPCHIO.

CDOTOHpI/IeMHI/IK BOJIOKOHHOI'O OIITHYCCKOTO
THPOCKOIIa npeodpazyer ONITHYECKYIO
nHTEP(EPEHINOHHYIO KapTHHY HA BXOJIE B BHIXOJHOM
aNeKTpudecKuii curHasl. [1oCKOIbKY HWHTEHCHBHOCTB
MHTEP(EPEHIINOHHOTO ONTHYECKOTO CHUTHajla 3aBHU-
CHT OT COOTHOLICHUs (ha3 ABYX MHTEpHEPHPYIOMINX
JTyded, aMIUIMTyAa  3JEKTPUYECKOro  CHUTHAala,
JIMHEHHO CBsI3aHHAsl ¢ MHTEHCUBHOCTBIO ONTUYECKOTO
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curnana. POTONPUEMHHK JIOJDKEH 00JIaaTh OYEHb
BBICOKO ~ YYBCTBHTEJIBHOCTBIO  WJIM  BBICOKHM
paspeleHreM C TeM, YTOOBl «JyBCTBOBATH» TAKHE
rpajaliii  W3MEHEHWs HWHTCHCHUBHOCTH, KOTOpPBIC
COOTBETCTBYIOT  pa3sHOCTH da3  onTHUecKHX
KoneOaHui mopsaaka 107 pad, YTO SKBHBAJICHTHO
YIJI0BOM  CKOPOCTH BpallCHUsA BOT"
npuMepHo102... 107 rpan/u (Tpedyemas TOYHOCTb
JUIs CUCTEM WHEpLUAIbHONM HaBUranuu). Takxe
(oToNpUEeMHUK JOJDKEH obecneyuBaTh TpeOyeMBblid
JUHAMMYECKUI  1Mama3oH W ObICTpoJelcTBHe.
3aBUCHMOCTh  XapakKTEPUCTHK (OTONPHEMHHUKA OT
M3MEHEHHH OKpY)KAIOIIMX YCIOBHU (TeMIepaTypsl,
BUOpalMii M T. A.) AODKHA OBITH MUHHMAJIBHOM.

CriexTpaibHas  XapaKTepHCTHKAa JOJDKHA  OBITh
corjacoBaHa C JJIMHOW BOJIHBI U3IydaTess.boun
BBIOpaH WHppaKpaCcHBIH BBICOKOYACTOTHBII
tdorommonmueit  mMomyne UOIIM  1-10 pumc. 4.
doTonpreMHBIH MOJZIYIIb ¢ 0JIHOMO/IOBBIM
BOJIOKOHHO-ONITHYECKUM  BXxomoM HMOPIIM  1-10
HpeﬂHa?;Ha‘-IeH JJIs HpI/IMeHeHI/IH B CUCTCMax

BOJIOKOHHO-ONTUYECKOM Nepeauu, U3MEPUTEILHOM U
JPYroM O0OpYIOBaHWU INMHPOKOTO TNPHUMCHCHHS B
Ka4yecTBe NpeoOpa3oBaTeis ONTHYECKOTO H3IyUeHHS
B BJIEKTPUYECKUM CUTHAIL.

Puc. 4. Buemnuit sug UOIIM 1-10

DOoTOAMOAHBIA MOAYJIb HMMEET Upe3BbIYaiiHO
HU3KOE 00paTHOE OTpPaKCHHE IIYMOB B BOJOKOHHO-
ONTUYECKYIO JIMHUIO CBSI3H.

Ilnara yIpaBJICHUS IpeJHa3HayeHa TSt
(dbopMupoBaHHS TOCTOSHHOTO  (ha30BOTO  CHBUTA
MEXIy BCTPEYHBIMH CBETOBBIMH BOJIHAMH, PaBHOTO
ml2pan, obpaborky anamoroBoro curHama ¢ @I B
IU(PPOBOH M JATBHEHIINI €ro BBIBOJ HA WHIUKAIIHUIO.

Cnucox aureparypbl

1. dunmatoB 1. B. BoJOKOHHO-ONTHYECKUIT
rupockorn: Yueb. mocobme. CII6.: Usa-Bo
CIIOIDTY «JIDTH», 2003. 52c¢.

[lTepemeTtseB JI. I'. BoioKOHHBIN OoNTHYECKUAN
rupockon. — M.: Pagno u cBsss, 1987.—
152 c: um.

BonoKkoOHHO-ONITHYECKHE matauku/T.
Oxocu, K. Oxamoro, M. Omy, X.
Hucuxapa, K; Ilox pen. T. Oxocu: Ilep. ¢
anoH.— JI.: DHeproatomusnar. JleHuHrp.
oTna-uue, 1990.—256 c: ni.
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ONTHUKO-3JIEKTPOHHBIN JE®EKTOCKOII IU®PAKIIMOHHBIX

OIITUYECKHUX 3JIEMEHTOB
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Hayumnsrii pyxoBogutens: [lonemyk A.I'., 1.1.H.
HoBocubupckuii rocymapcTBeHHbIN TexHuaeckuit yausepcuret (HI'TY),
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Hucturyt aBTomatuke 1 3aekrpomerpun CO PAH 630090, HoBocubupck, npocnext Komnrrora, 1
E-mail: Mersee_kz@mail.ru

Beenenue

Judpakiuonnsie ontuueckue eMeHTh (JJOD) —
HEOTbEMJIEeMasi YacTb COBPEMEHHBIX ONTHYECKHX
CHCTEM, OHM HalIM I[IUPOKOE NPUMEHEHHE B
HU3MEPUTENBHBIX W OBITOBBIX NMPHUOOpax, a TaKkKe B
MEIUIMHCKON W BOeHHO#l TexHuke. (OCHOBHas
OpUYMHA OTKJIOHEHUs XxapakTtepuctuk JOD ot
3aIaHHBIX OTO OMHWOKM HaHeceHHWe mpoduias Ha
MOUTOKKY [1], moaTOMYy BO3HHKaeT HEOOXOAMMOCTH
KoHTpoist mapamerpoB JOD. Muorue MeTonsI
KOHTpOJsI JJOD OCHOBBIBAIOTCS HEMIOCPEICTBCHHO HA

CKaHUpPOBaHUE MHKpopenbeda H  OLECHKH  €ro
KaueCTBEHHbIX MapaMeTpOB: IIMPHHA IITPUXOB,
ryouHa  mukpopenbeda. K Takum  Meronam

OTHOCSTCSI: METO/bI aTOMHO-CHUJIOBOH MHKPOCKOIINH,
MeTOoJIbl KOH(OKaIBLHOU U JIa3epHOi npodunoMeTpun,
MHKPOCKOTIHSI DIICKTPOHHBIM Tyukom|[2].

CyIIecTBYIOT TaK *€ M OCCKOHTAKTHBIC METOMBI
KOHTPOJISI TapaMeTpoOB MHKpopenseda, oamH u3
KOTOPBIX OCHOBAaH Ha HM3MEHCHHMH paclpeleiIeHus
IUQPaKIHOHHON 3¢ hexTUBHOCTH a2) B
3aBUCHMOCTH OT MHKpopeibeda (3TOT MeTos TpedyeT
BBICOKOM TOYHOCTH H3MEPEHHS WHTEHCHBHOCTH
J(parupoBaHHBIX CBETOBBIX ITyYKOB B IIHPOKOM
JMHAMHYECKOM JIUana3oHe U MO3TOMY 0 CUX IOp He
MOJIY4UJT IMUPOKOro pacmpoctpanenus [3]). 1D
orpeesieTCst OTHOLICHUEM 3HAYCHHUH
MHTEHCUBHOCTH  JU(ParkpoBaHHOTO  BOJIHOBOTO
(poHTa K WHTEHCHBHOCTH IIaJIAIOIIETO0 BOJHOBOTO
¢ponta:  n(Xy)  =low(Xy)lin W3menenne
CKB&)XHOCTH M TJIyOWHBI MUKpOpesibeda MpUBOIAT K
u3MeHeHnio /D Kak B HyJIeBOM, TaKk M B IPYTUX
MUQPaKIIUOHHBIX Topsakax. CremoBaTenbHO, IS
KOHTPOJIA KauecTBa W3TOTOBJIEHHBIX J109,
HEo0X0IMMO U3MEpUTH pactpeneneHue D mo Bcem
mopsakaM IAQPaKIUA W PEeIInuTh OOpaTHYIO 3amady
[4]. Kpome TOTO €CTh BO3MOXHOCTH BOCCTAHOBJICHHS
MHKpopeibeda J02 1o XapaKTEPUCTUKE
pacripenenenust /I3 B ciydae ecid IOTPELIHOCTh
u3MepeHus He npeBsicuT 5% CKO.

Ha nmpakTtuke HCHONB3YIOT — NPUOIHKEHHBIE
METOIbI BOCCTAHORBJICHUS TIIyOHMHBI MUKpOpenbeda mo
pacnpenenenuto /19 B paboueM mopsake nud)pakiivy,
B KOTOPBIX CUHTAETCS, YTO CKBAXKHOCTH MOCTOSIHHA,
mudpakuuoHHas 3(pGEKTUBHOCTD 3aBHCHT TOJIBKO OT
riryouasl Mukpopenbseda (h). CooTBeTCTBEHHO LIS
KoHTpoJNsi KadectBa J[OD, riyOmHa MuKpopenseda
BOCCTaHABJINBACTCSl U3 M3MEPEHHOTO paclpelielieHue
D no nosepxuoctu JJO3 ¢ noMouipio GopMyJbl:

@)

——— x arcsin( L).
mx(n—1) 0,405
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rae n — Ko3hGUIUEHT MPEIOMICHUS TOIONKKH
JOD npu 1aHHOW JJTHHE BOJIHBI A.

CyliecTBylOIne aBTOMaTH3UPOBAaHHBIE METOJIbI
n3Mepenust  JID  oOnamaror  3HAYUTEIBHBIMHU
HelocTaTkaMu, a uaMepenue /1D BpydHyro TpeOyer
3HAYUTEIbHBIX BPEMEHHBIX W (HU3MYECKUX 3aTpar,
IPU 5TOM He U30aBIsisl OT YesnoBedeckor ommoOku. B
CHITy MIEPEINCICHHBIX (axTOoB BO3HHKJIIA
HEOOXOIMMOCTh CO3/IaHUSl TPUOOpa  CIIOCOOHOTO
OTIePaTHBHO MPOM3BOIUTE M3MepeHus /1D ¢ BBICOKOMA
TOYHOCTBIO BO BCEX BHJIMMBIX MOPSAKAX AU(DPAKIIIH.

CucreMa KOHTpoJIs KavyecTBa 10D

[IpoananusupoBas MMEIOLIHECS METOJIBI
nuzmepenust 19, Obln pa3paboran M coOpaH ONTHKO-
IJEKTPOHHBIH npuoop, TIO3BOJISIOIUH
ABTOMATHYECKH MIPOHU3BOJIUTH OIepaTHBHOE
U3MEpEHUE pacripeneneHus WHTEHCHBHOCTEH
nubpakumonssix nopsakos (AI1) 103 ¢ Beicokoi
TOYHOCTBIO M CKOPOCTBIO, M HCCIIEIOBATh BIMSHUS
¢dopmer dazoBoro pemseda Ha D, mpocTtoro B
NPUMEHEHNE, W MMEIOIET0 WHTYHTHBHO ITOHSTHBIN
uHTEepdeiic mporpaMMmHOro obecredenus. Hike
NpHBe/IcHa YIPoIIEHHas cxeMa npudopa (Puc. 1.).

DORYCUPYIOLLH
AUHIG

BomonpuEKKUK

<, o U5H

Puc. 1. Cxema onTHKO-3JIEKTPOHHOTO Ie(heKTOCKOTA.

B ocHOBe yCTaHOBKH JIC)KUT CKaHUPYIOIINI METOA
uzMepeHnus [5].

B camom o0mem ciydae BenmumHa J[D
MOJTyYeHHAs:  CKAaHUPYIOIIMM  METOJOM  MOXKET
OTIMYaThCA OT peanbHol /13, ecnu B CHHTE3UPYEMOM
oOpa3ie  MMEIOTCA  3HAYUTENbHBIE  HMCKaXCHUS
reomeTpun  audpakmuoHHBIX 30H. OpHAako B
TEXHOJIOTHYECKUX  KOMIUIeKcaX,  (popMupyrommx
JaHHBIE CTPYKTYPBI, HCIOIB3YIOTCS BBICOKOTOYHBIC
CHCTEMBI yIpaBJIeHUS nepeMerieHeM
3aMUCBIBAIOLIEH TOJIOBKH, B PE3yJIbTaTe Yero yAaércs
MUHMMH3HPOBATh MOJOOHYIO IPUYMHY YXYALISHUS

ile)
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Henocrarkom »TOro Merona, HpH BBINOJIHEHUH
U3MEpPEeHUIl J1a0OpaTOpPHBIM METOAOM (BPYYHYIO)
ABJISIETCS HU3Kast CKOPOCTh M TOYHOCTh M3MEPEHHS.

JKcnepuMeHTalbHbIE TaHHbIE

B mHacrosmieir pabote mnpuBenEM CpaBHEHHE
JaHHBIX ~ W3MepeHust  pacmpeneneHus D u
BOCCTAHOBIGHHOH 10 3THM JaHHBIM TJIyOWHBI
MuKpopenbeda  Ga3oBoi  30HHOW  IUIACTHHKH
NOJYYSHHBIX ~TaK Ha3bIBaeMbIM  JIaDOpaTOPHBIM
METOJIOM U C IOMOIIBIO HAIIETO Ae(eKTOCKOTA.

JlabopaTOpHBIM METOAOM OOBIYHO HW3MEPSIOT
JMIIb -1 TepBBId NOPAAOK AUGDPAKIMH, HHOTAA eIlé 1
HYJICBOH (COOCTBEHHO, BEIOOpP U3MEPSEMOr0 MOPSIKa
3aBUCHUT OT TOTO KaKOil MOPSJIOK pabouuii y JaHHOTO
J0D). Bribupaercs HEOONBIIOE KOIHISCTBO TOYEK
no Bceil mnoepxHocth JOD u  u3Mepsercs
mudpakauoHHas ) (HEKTUBHOCTD B ATHX TOYKAX.

B xozme nmpoBenéHHBIX M3MepeHHH J1ab0paTOpHBIM
METO/IOM 9340 TIOJTy9EHO pacrmipezneneHue
mudpakaunonnor 3¢ dexruBroctn JJOD B -1 mopsiake
qudpakuud ¢ maroMm 5 MM,  M3mepeHuss Ha
nedekrockone MpoOBOAMIMCH C LIaroM 1 MM, YTO
MO3BOJIMJIO, IOJTYYUTh HaM OoJiee TOUHBIE JaHHBIE, TIO
pacmpeeneHuio qudpaknuonnoi 3¢dexkruBHOCTH, a
COOTBETCTBEHHO M TIyOMHE MHUKpopenbeda mo ocu
HCCIIeAyEMOro 3yeMeHTa. Bpems msmepenus D mo
Bceir ocu JIOD mmamerpom 50 MM coctaBmiio 25
MHUHYT. B pesyrnbrare mpoBeIEHHOTO SKCIIEPUMEHTa
Obutn  TostydeHbl rpaduku  pacrpenenenus 9
Pa3IMYHBIX MOPSIKOB AU(pakiuy (BIUIOTH A0 -5 U
+5), HO I cpaBHEHHUS ¢ Ja0OPATOPHBIM METO/OM
HaM TOHAJIOOWTHCS JHINb JaHHble -1 TOpsAKa
TG paKIUy.

Ha puc. 2 u 3 nmpuBeneHsl rpadukd CpaBHEHUS

pe3ynbTaToB  pacnpeneneHus J[D  MONydeHHBIX
Ja0OpaTOPHBIM ~ METOJOM M  Ha  ONTHKO  —
JJICKTPOHHOM  nedekTtockonie B -1 mopsake

Judpakuuy M BOCCTaHOBIEHHOH ¢ momompio (1)
TITyOMHBI MEKpOpeibeda COOTBETCTBEHHO.

50 —
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o
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Puc. 2. JID B -1 nopsiake andpakiiyy noryyeHHas:
—— HAa ONTHUKO — 3JIEKTPOHHOM Je(EKTOCKOIE
1a00PATOPHBIM METOJIOM
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Puc. 3. BoccraHoBienHas riryOuHa
MuKpopernbeda (Ha3oBoil 30HHOI MITACTHHKH 110
pesynbTaTam pactpenenerus /13 B -1 mopsake

IU(PAKIMHU HOTyYCHHBIX:
O — haommuko - 3NIEKTPOHHOM He(EKTOCKOIIE
€ __ 1260paTOpHBIM METOIOM

IIpoBasibl 1o  kpasm
OTKJIIOHEHUEM OT HOPMbI, HO OHH CBSA3aHHBI C
METOZIOM  co3aaHus  Mmukpopenbeda JIOD wu
O0XUAAE€MBI, a BOT IPOBaJl B ICHTPC YKA3bIBACT HAM Ha
Opak IpeAOoCTaBICHHOTO I MIPOBEPKHU 3JIEMEHTA.

3akJjioueHue

OKCHepUMEHTANBHBIE PE3yJbTaThl I10Ka3bIBAIOT,
YTO TIPEUIO’KEHHAs KOHIETIIHS aBTOMaTH3NPOBAaHHOM
cuctemMbl m3Mmepenus /D paborocmocobHa. JlanHast
YCTaHOBKA MOXKET WCIIOIB30BAThCA U KOHTPOJIS
KadectBa wm3rotoBieHHBIX J[OD. PaspabortanHsrii
ONTHUKO-3JIEKTPOHHBIN IIe(hEKTOCKOTI naét
BO3MOXKHOCTb OIIEpPaTHBHO pacmpenencnue /I3 or -5
go +5 JIII, uro maéT BO3MOXKHOCTH HCIIOJB30BaTh
JaHHOe  ycTpoiicTBo, i Oojee  TOYHOTO
BOCCTaHOBJIEHUsI (GopMBbI MHUKpopenbeda (yuuTbiBas
HC TOJIbKO BJIMSIHHC FHy6I/IHLI, HO U CKBa>XHOCTHU Ha
D), pemast o6paTHYIO 3a1auy corynacuo [4].

CnucoK JUTepaTyphl
1. B.II. KopoaskoB, A.1. Maneimes, B.I'. HukuTus,
A.T. Tlonemyk, A.A. Xapucos, B.B. Uepkammun, Y.
By. [HomyronoBsle ¢oTomabdiaonsl Ha ocHOBe LDW-
crékos. ABromerpus. 1998, T. 27, 6, ctp. 27-36.

2. M.T. Gale, M. Rossi, H. Schitz, P. Ehberts, H.P.
Herzig, and D. Pronque. Continuous-relief diffractive
optical elements for two-dimensional array
generation. Appl. Opt. 1993, 32, p. 2526-2533.

3. A. B. l'onuapckuii, B.B. Tlonos, B.B. Crenanos.
BBenenue B KOMIBIOTEPHYIO ONTHKY. Mocksa:
WzparensctBo MI'Y, 1991.

4. M. Ekberg, F. Nikolajeff et al. Proximity-
compensated blazed transmission grating manufacture
with direct-writing, electron-beam lithography. Appl.
Opt. 1994, 33, ctp. 103-107.

5. XomyroB B.H., Ilonemyk A.I'., Uepkammu B.B.
Hsmepenne nudpakuuonHoi s¢pdexruHoctu 10
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ontuka. 2011, Tom 35 Ne2, ctp. 196-201.
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MUKPOITPOLIECCOPHBIN U3MEPUTEJIb BAX IOJYITPOBOJIHUKOBBIX
KOMIIOHEHTOB
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Hayunsiii pykoBoaurens: CenesneB A.1., accucteHt

Tomckuit nonurexuuueckuit yausepeuret, 634050, r. Tomck, np. Jlenuna, 30
Email: asb6é@tpu.ru

W3BecTHO, 9TO HapameTpsl IOIYIPOBOIHUKOBBIX
KOMIIOHCHTOB BapbUPYIOTCA AK€ CPEI 3JICMEHTOB
OJHOI'0 THIIOHOMHHAIA. JTO O3HadyaeT, 4ro BAX
K100 OTEJIBHOTO KOMIIOHCHTA HMeeT
WHAWBUAYAIbHBIH BHI. JTO CO3a€T HEKOTOPHIC
CJIO)KHOCTH TIPH M3TOTOBIICHIH IPUOOPOB.

B CIIELIMAIN3UPOBAHHBIX YCTPOMICTBAX,
MO3BOJIAIOIINX U3MEPATh napaMmeTpsl
[OJIyIIPOBOJHUKOBBIX KOMIIOHEHTOB U CTPOUTb HX
BOJIBT-aMIICPHBIE  XapaKTEPUCTUKH, HYXKNAOTCA, B
NEPBYIO O4Yepelb, MNPEANPUATUs, 3aHUMAIOLIMeECs
IIPOU3BOJCTBOM JTUX KOMIIOHEHTOB, JUISL

obecrieueHnsT KOHTPOJIA UX KauyecTBa M COOTBETCTBHS
HopMmaM. Takke MaHHBIM NPHOOP HYXEH HAayYHBIM
TabopaTopusim, Hay4HO-TIPON3BOJICTBEHHBIM
LEHTPaM, KOTOpPbIE 3aHMMAIOTCSl NPOCKTHPOBAHHUEM
HOBBIX YCTPOWMCTB, KOrJa HEOOXOJUMO YK€ Ha
Ha4YaJIbHOM oTarec IMpOU3BOAUTH KOHTPOJIb
[IapaMeTPOB YCTPOWCTB M HX YCTOMYMBOCTb IIPH
BIMSAHUU BHEMHUX (axTopoB. Tarke wH3MepHTENh
BAX wMoxer OBITP HCHONB30BaH B  y4eOHBIX
3aBEICHUAX IS MPOBEACHUS JTabOpaTOpHBIX padboT
IIPY U3Y4YEHUM OCHOB IIOJYIIPOBOJHUKOBOW TEXHUKH
JUIS HaIJSIHOTO M3YYEHHs BHJIA XapaKTEPHCTHK M
cpaBHeHUs peanbHbIX BAX ¢ TeopeTHueckum.

B Hacrosmmee BpeMsi Ha pBIHKE CYIIECTBYIOT
nogo6Hsle mpubopsl. TeM He MeHee, 4acThb M3 HHUX
MIPEACTAaBISIOT COOOM  aHAJOrOBBIE  M3MEPHUTENH
(mampumep, J12-54) OCHOBHBIX  IIapaMETpOB
MTONTyTIPOBOHUKOBBIX ~ HPHUOOpOB,  mpudeMm  6e3
BH3yalbHOTO ~ OoToOpaxeHnss wux BAX. Jlpyrue
MO3BOMAIOT HaOmomate BAX KOMIIOHEHTOB Ha
JKpaHe Iprudopa WK KOMITBIOTEPa B BHIE TPaQUKOB 1
tabmun.  OmHAaKO, OHM  TPEACTABISIOT — co00it
CJIO)KHEIE, JIOPOTOCTOSIINE yCTpoICTBa.
[Ipoexktupyemblii  npubop  obecredyuT  XOpoIIue
M0Ka3aTe TOYHOCTH IPHU W3MEPEHUH IapamMeTpoB
TOJIYIPOBOJAHUKOBBIX KOMIIOHCHTOB ([lI/IOﬂOB,
OUIOJISAPHBIX TPaH3UCTOPOB, TUPUCTOPOB,
CBETOJMO/IOB M T.[.) MAJIOW M CpeJHEH MOIIHOCTH,
CrenaeT BO3MOXKHBIM BHU3YaJIbHOC IIPEIICTABICHHE
pe3yIbTaTOB W3MEPEHUII HA MOHHTOPE KOMITBIOTEPA,
TIO3BOJIUT YNPABILTE ApaMETPaMH BO3ACHCTBYIOMINX
Ha KOMIIOHEHT cHrHajoB. Ilpm 3tom mpubop Oymer
HUMETh CPaBHUTEIBHO HU3KYIO CTOUMOCTb.

PaccMoTpuM CTPYKTYpHYIO cXeMy npHOopa.
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Hecneayembiii
oAy NpoBOAHHKOBLII
KOMIOHEHT

MK ik

mzir

Puc. 1. CrpykrypHas cxema: AY1, AY2, AY3, AY4 -
muddepeHraIbHbIC YCUIUTENH;

U1, N2 — ynpasnsemMble HCTOYHUKN HAPSKCHUS;
MK — mukpokontpomiep; 11K — nepcoHansHbIN
koMIbrotep; YIT — uCTOYHUK nUTaHUS.

PaGoroii mpubopa ympaBiasieT MHKPOKOHTPOIIIEP
ATmega 16. IIpomsBommrensHoctn ATmega 16
JIOCTaTO4HO Juis BBITIOTHEHUS TpeOyeMbIxX
JOTHYECKUX M apu(METHUYEeCKMX  OIeparui.
MUKpPOKOHTPONIEP HMMEET  HECKONBKO  BXOJOB
8-xaHanpHoro  10-paspsgroro  AIIIl,  moxyns
YHHUBEPCAJIbHOTO ACHHXPOHHOI'O MpUEMONepeaaTuuKa

(UART), cmocobGeH TreHepupoBaTh CHTHAI €
IUPOTHO-UMIYJIBCHOM  MOAYJIALMEH, NpPOCT B
POTrpPaMMHPOBAHUH, SABIISIETCS IIHPOKO

pacIpoCTpaHEHHBIM U HEAOPOTHM.

B cxeme wumeercs 2 ynpaBiaseMbIX HCTOYHMKA
HampsbkeHus. WX ympaBieHue — IMPOU3BOIUTCS
MUKPOKOHTPOJJIEPOM, C  IOMOUIbIO  IIHUPOTHO-
HMITYJIbCHOM MOZYJIALINH. BripabaTeiBaeMble
MUKPOKOHTPOJJIEPOM HMMITYJIBCHl MOJAIOTCA HA BXOJ
GuIbTpa HIDKHMX 4YacTOT, KOTOPBI  BBIJEISET
MIOCTOSIHHYIO COCTaBJIIOIIYI0 CHUTHaja. l3meHss
CKBR)XHOCTh HMITYJIbCOB, KOHTPOJUIED PpETyJIHpyeT
BEJIMUMHY yIpaBisitoiiero Hanpsbkenus ot 0 no 5 B.
OTO HampsHKEHHE C TOMOINBI0  OMNEPALHOHHOTO
YCHJINTENS. M CXEMbl Ha OHIIOJISIPHBIX TPaH3HCTOPAX
YCHJIMBACTCS M  BBINOJNHAET pPOJb  HANpPsKEHUS
nutanus (Em) s cxembl m3MepeHnst MCciieayeMbIX
KOMIOHEHTOB B jnuamna3oHe oT 0 no 30 B. /Iuanason
n3MeHeHus HanpspkeHus El (s 3amaHus Toka 0assl
Tpan3uctopa) ot 0 10 5 B.

B KauyecTBe HU3MepUTeNen HaIpsDKEHUN
UCHONB3YIOTCS 4  muddepeHIMaIbHbIX YCHIATEIS.
Bxongr muddepeHunanbHbIX yCHIIHTENeH
MOJKIIOUEHBl TapajuleIbHO CONPOTUBJIECHUSAM, TOK
yepe3 KOTOpble HEOOXOJIMMO H3MEpPHUTh, a TaKKe K
TEM MECTaM CXEMBI, IJle He0OX0AMMO HalTH naJieHne

HampsbkeHus. B gaHHOM  ciywae  u3MepsroTCs
HanpskeHus Ugg, Ug,, Urk, Uses.

Boixomueie  curHanel ¢ auddepeHnruanbHbIX
yCUIIUTENen MOAA0TCSA Ha BXO/bI ALII
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MHKpPOKOHTPOJUIEPA, KOTOpPHIH IpeoOpasyer HX B
3HA4YEHHs TOKOB U HaNPSDKCHHH.

—{V)
Rk
|
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R6 ‘ s i
| (- En{
E1( T fv, B
-

Puc. 2 TunudHas cxema JUIst CHATHS XapaKTEPUCTHK
TpaH3HUCTOpA.

[MonmydeHHBIC NaHHBIE OTIPABIIIOTCS MO KaHAIY
UART B TIK. B c¢Bs3m ¢ TeM, 4Yro HE BCE
COBPEMCHHBIC  IIEPCOHANBHBIE  KOMIOBIOTEPHl |
HOyTOykH umeroT pazbeM COM-mopra, mpumeHeH
USB-COM nepexonnuk. Cenenus nocrynaror B [TK
B BHje Tabmui. J[aHHBEIE MOKHO JIETKO BCTaBUTL B
HporpamMMmy Juisi HOCTPOEHHsI TpaduKOB M MOJIYYUTh

rpaguyeckoe  MPEICTABIEHHE  BOJIbT-aMIIEPHBIX
XapaKTEPUCTHK.
1..'. o " f;_-
U x>0 In=1n
In>Iy
Isn=0
.III f={)
E-ﬁr t 'l:-

al )
Puc. 3 BonpT-amnepHble XapaKTepUCTUKH
OMITOJISIPHOTO TPAH3HUCTOPA: a — BXOJHbIE,
0 — BBIXOJIHBIC.

Jlo Havaa MpoBeAECHUS U3MEPEHUH MOJIB30BATEIIO
OyzeT MpeasokKeHo 3a1aTh MapaMeTphl BO3ACHCTBHHA
HAa KOMIIOHEHT, TaKWe KaK MAaKCHMAaJbHBIM TOK
KoJUleKTOopa (TOK dYepe3 AHMOI) M MaKCHMalIbHOE
HANPsKEHNUE KOJUIEKTOP-3MUTTED.

C momomiplo JaHHOTO NpubOpa B TpaduieckoMm
BUAE€ BO3MOXHO IOJYYUTh CIEAYIOIIME  BHJIBI
XapaKTEePUCTHK:

- 3aBUCHMOCTh TOKa, IPOTEKAIOUIETO Yepe3 AWOMI OT
HalpsHKCHUS HA HEM,

- CEMEHCTBO 3aBHCHMOCTEH TOKa 0a3bl TpaH3UCTOpa
OT HampsKeHUsT 0a3a-3MUTTEp MPU  Pa3IUUHBIX

HaNpsOKEHUSIX  KOJUIEKTOP-3MUTTEp  (ceMeiicTBO
BXOJIHBIX XapaKTEPHCTHK);
- CEeMEHCTBO 3aBUCHMOCTEH TOKa KOJJIEKTOpa

TpaH3UuCTOpa OT HAOPSKCHUS KOJUJICKTOP-OMUTTEP
Opu pas3iMYHbIX TOKAX 0a3bl (CeMeﬁCTBO BBIXOJJHBIX

XapaKTEePUCTHK);
- BAX cTaOuIuTpOHOB U CBETOMOJIOB.
PazpabaTriBaeMbIit pudop TIPOCT B

sKkcruryararuu. Jns paGotel ¢ mpubopom, mpexie
Bcero, crexyer nopkmodnts ero K 1K gepes USB
uHTepdeEiic u 3amycTuTh mporpamMmy Terminal. Tlocie
4ero HYXHO YCTaHOBUTH HCCIIeyeMBbIi
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HOJIYIPOBOJHUKOBBIN KOMITIOHEHT B Pa3beM mprOopa.
[Monp30BaTeNf0  MPEIOCTABISIETCS.  CHCIATh  BHIOOD
TUIIA TOJTYIPOBOJHUKOBOI'O KOMIIOHCHTA, YCTAHOBUTDH
MAaKCUMAJIbHBIC 3HAUCHHUA TOKa W  HAIPSXKCHUA,
KOTOpbIe OyIyT MPUMEHEHBI JJIsl €r0 HCCIICIOBaHUS.
Bce 310 ocymectBisiercs B mporpamme Terminal

OTHpPaBKOH COOTBETCTBYIOLIUX CUMBOJIOB. J[lanee
Ha4YHUHAIOTCS HU3MEepeHus. [Ipu U3y4CHUH
TPaH3MCTOpa, CHAayala MCCIELYeTCsl €ro BXOJIHAas

xapaktepucTtuka. KoHTpoiulep HauMHAEeT AUCKPETHO,
C  ONpeleleHHBIM  IIArOM,  PacCYUTHIBAEMBIM
POTrpaMMOi, U3MEHATh 3HAUYEHHS BO3JICHCTBYIOMINX
Ha KOMIIOHEHT HanpspkeHHuH. Ilocie Kaxoro Takoro
W3MEHEHHS  NPOHUCXOIUT  H3MEpPEHHE  3HAYCHUH
HampsOKEHUH W TOKOB, MPOTEKAIONUX  Yepes
KOMIIOHEHT. DTH JTaHHbIE HOCTYIAIOT B KOHTPOJUIEP.
[Iporpamma, MCTIONB3ySl OINpPEACICHHBIN aJTOPUTM H
npuMeHsis GopMyisl MpeodpazoBaHus, 00padaTHIBacT
naHHble U otnpasisgeT ux B [1K.

I[lo Takomy K€ NpPUHOUIY  HPOUCXOTUT
HCCIIeI0BaHNE BBIXOJHOM XapaKTePUCTUKH
Tpansucrtopa. B wurore, na IIK mnepenarorca nBe

Tabmuipl. [lepBas KOJOHKA, COJCPKHUT 3HAYCHUS
TokOB  (MA), BTOpas KOJOHKA — 3HAYCHUS
HanpspkeHud: ana  BAX  gumoma  u BXOAHOM

XapaKTepUCTHKH TpaH3ucTOopa — (MB), I BEIXOTHOM
xapakTtepuctuku — (B). IIpu HE0OX0OMMOCTH yBHIECTH
rpadudgeckoe TIpecTaBICHUE BOJIBT-aMITEPHBIX
XapaKTepUCTHK, HEOOXOIMMO CKOMMPOBAThH JTAaHHBIC B
porpamMMmy, TMpEeTHA3HAYCHHYIO Ul ITOCTPOCHHS
MaTeMaTHYECKUX T'paUKOB, W MOIYYUTH HATISIAHOC
n300pakeHHe XapaKTePUCTHK, YTO MO3BOJIUT Ooiiee
JIETAILHO W TOYHO MCCIIEIOBATh WX BHJ, & TaKKe
BBIOpaTh pabo4yyld TOYKY M PEXHUM paboTHI
KOMITOHEHTA B JIEKTPUUECKON CXeMe YCTpOICTBa, Te
OH OyzleT IPUMEHEH.

OcHoBHBIE TEXHUYECKHE
npubopa:

— Iluranme  ycrpoiictBa

ot cetn 220 B, 50 I'g;
MakcumanbHbIi  HaNpSHKEHHE  KOJIJIEKTOP-
smutrep 30 B;
MakcuMasnbHbIN
(mmom) 500 MA;
lar w3MeHeHHs HaNPSDKEHHS KOJUIEKTOP-
smurrep 120 MB;
MakcuMaibHBIH TOK 6a3bl 10 MA;
[lar u3MeHeHust TOKa 6a3b1 9,7 MKA.

XapaKTCPpUCTUKHN

OCYHIECTBIISIETCS

TOK 4Y€pe3  KOJUICKTOP

CIIMCOK JINTEPATYPBI:

ATmegal6(L) Complete. URL.:
http://www.atmel.com/pt/br/Images/doc2466.pdf
IT. Xoposuil, V. Xu. HckyccTBo
cxemorexuuku// 3nanue 5-¢, nepepaboraHHOE.
Mocksa «Mup», 1998.
Myrosurn lO.B. TBepaoTenpHas 3JI€KTPOHHKA:
MPaKTHKYM/ 10.B. MyTOBUH. Tomck:
WznarensctBo  TOMCKOro  MOJUTEXHHUYECKOTO
yHuBepcuteTa, 2007. — 113c.
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Ceknus 2:
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IMPUHIOUII ITIOCTPOEHUA BOPTOBBIX TUP®POBbIX
KAPTOI'PAOUYECKHUX CUCTEM ABUOHUKHU C TPEXMEPHbBIM PEKUMOM

NHIANKALIUU TEOMH®OPMAIIMOHHBIX TAHHBIX
Bbormanos A.B., bornanosa O.B., Bunorpamos I1.C.
Hayunsrit pykoBonutens: XKapuraos 1.0., A.T.H., TOIEHT
OI'VII «Cankr-IlerepOyprckoe OnbITHO-KOHCTPYKTOpCKOe 010po «iekTpoaBroMarukay M. [1.A. Edumosay,
198095, Poccust, Cankr-IleTepOypr, yi. Mapana ['oBoposa, 1.40
E-mail: igor_rabota@pisem.net

Beegenne

PazBuTre TeOoMH(pOPMAIIMOHHBIX CHCTEM U HX
BBE/ICHHE B COCTAB HABUTAI[MOHHBIX KOMIUIEKCOB Jie-
TaTeNbHBIX ammapaToB (JIA) mpuBeno K MOSBICHHIO
Ha OopTy mmppoBoit kapTel MecTHOCTH (LIKM). IKM
OTOOpakaeTcsl Ha CPEJCTBAX HMHAMKAIMH B PEXUME
2D (D - dimension, cm. puc.1,a) — MI0CKU#t pUCYHOK
C BHJIOM «C 3€MJIM Ha CaMOJICT» WM «C CamoJieTa Ha
3emutton. Pexxum 3D muamkanuu [IKM (cm. puc.1,0)
MMEeT MEePCIEeKTUBBI TPUMEHEHHS B aBUAIIHU:

- Ha Tamax B3iera mwiu nocaaku JIA, xorma tpe-
OyeTcst meTaJibHOE BOCIHPOM3BEIEHHE Ha CPEACTBaX
WHINKAIIUN MECTOIIOJIOKEHHSI 00BEKTOB B MOIJIETHON
30HE a3pOJIPOMOB,;

- npu nonerax JIA B ycloOBUSIX TOPUCTONH MECTHO-
CTH, TJIe PE3KHE Mepenabl BHICOT OTPaHUYNBAIOT BU-
JUMYIO JIETYUKOM 00NacTh 3aKaOMHHOTO IIPOCTpaH-
CTBa, U B psiJic IPYTUX CIy4acB.

Puc.1. [Ipumepsl HTHANKAIIMOHHBIX KaJApOB
0TOOpaKeHUS TeOMH(MOPMAITMOHHBIX JaHHBIX
Ha Oopty JIA B pexume: a) 2D, 6) 3D.

1. Dpuauun ¢popmuposanus LHIKM B 3D.

[TpyHIMTIBI, TOJNOXEHHBIE B OCHOBY IPOEKTHPO-
BaHMsl OOpPTOBBIX HU(POBBIX KapTOrpadMueckux CH-
crem (BUKC) mHTerpupoBaHHON MOIYJIBHOW aBHO-
Huku [1-5], mognepxuBatomnx 3D uHAMKAIKIO TEO-
MH()OPMALMOHHBIX JTaHHBIX, CJICYIOIINE:

- pemsed LIKM m300paxaercss crmocoboM TEHEBOH
IUTACTHKH, CIIOCOOOM IIBETOBOM IIIACTHKHU (TUIICOMET-
PHUYECKUM CITOcOO0M), KOMOMHHUPOBAaHHEIM CITOCOOOM
(coBMemieHHE «OTMBIBKM» M THUIICOMETPUM) WIH
MCEBI00OBEMHBIM CTIOCO00M. TpaauIIMOHHBIH CIIOCO0
npescTaBieHus penabeda (MoCpeCTBOM U30JIMHUIT) He
NpeyCMaTPUBAETCsl U3-32 €r0 HECOOTBETCTBHS IPro-
HOMHYECKUM TpeOOoBaHHSIM aBHOHHMKH. Crocod «oT-
MBIBKW» YIPOILAET BOCIPUSATHE Xapakrepa penbeda
MECTHOCTH, 0OecriednBasi BbIJICJICHUE BEPIINH, Xpeo-
TOB, ymenuii. ['urmcoMeTpudaeckuil crocod Mmo3BoIsACT
1o 1BeTy 3aauBKH (pparmMenta LIKM onenuBaTh adbco-
JIOTHBIC YPOBHM BBICOT YYaCTKOB MECTHOCTH Hal
YPOBHEM MOPsI WJIM OTHOCHUTENbHYIO BbIcOTy JIA Han
y4acTKaMH MECTHOCTH B 30HE TI0JICTOB,;
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- HEKOTOpbIE  IUIOMIA/IHBIE  MPOCTPAHCTBEHHBIC
OOBEKThI, B TOM YHCIIE Pa3IMYHbIC 30HBI MUIOTUPO-
BaHMs, pacCUMTHIBaEMble B Iporecce moiera JIA,
BO3JIyLIIHBIE TPACCHI, AIIEJIOHBI U T.II. H300paxkaroTcs
CIOCOO0M MOJIYIIPO3PAaYHbIX IBETHBIX OPEOJIOB;

- B OCHOBe (OPMHPOBAHUS N300paKEHUH JIeXKaT
NPUHIMUIIBI CO3/IaHMs CIEH IPH HMCIOJIB30BAHUH PO-
rpamMMHOro uHTepdeiica a1t rpaduyeckux ammapar-
HBIX CPEACTB, NPUHATBHIX B CUCTEMaX KOMIIBIOTEPHOM
rpaduxu (OpenGL — Open Graphic Library). Die-
MCEHTapHBIMH OOBEKTAMH OTOOPAKCHHS  SIBJISIOTCS
TPEYTOJIBHUK U TETPadp.

TpeboBaHUsI K YCTPOWCTBY CHHTE3a BHICOM300-
pakeHus, oAJiep)KuBaroeMy pexum 3D:

- peanu3anus 0ToOpaXKeHUs rpapUIecKuX MPUMHU-
TUBOB THUIA «TPEYTOJBHUKY, «IPSAMAas», «TOYKa»
JIOJDKHa OCYIIECTBIISITCS C HCIIOJIb30BAHUEM CTaH-
napra OpenGL SC (Safety Critical);

- JJOJDKHA 00ECIIeUMBATHCS BOBMOXKHOCTD 3a/IaHHs
[BeTa I KaKIOW BEPILIMHBI NPUMHUTUBA C MOCIEIY-
IOIIUM TpaJalldOHHBIM NEPEX0J0M M0 OTTEHKY L(BETa
NPU pacTepu3alliil — JUI1 pealiM3allid Iporecca
«OTMBIBOK» pelibe(ha MECTHOCTH, THIICOMETPHH;

- Hammane Oydepa mamsaru BuneoO3Y — mms
orobpaxkenns 3D wm3oOpakeHHH (CHATHS IOOIHH-
TEJIEHOW HAarpy3KH ¢ BRIYUCIUTENbHOTO y31a BI[KC);

- HAJIMYUE BHYTPEHHEro KaHaja oOMeHa aist Gop-
MHPOBaHHUSI TIOJTYIIPO3PAYHBIX [[BETHBIX OPEOJIOB;

- HAJIMYUE BBICOKOCKOPOCTHOTO — COIMpOIeccopa
(comporieccopoB) MaTeMaTHYECKUX OMEpauid  JIst
nporpamMMmHO# noaaepxkku ¢pyunkuuit OpenGL.

2. @ynkunonansHas cxema BIIKC
Cxema BIIKC nmpusenena Ha puc.2.

Space Ware MKHO, PK, ITK ARINC-818 +27B, ~115B 400"
B 5 S o
1 Kommyrarop KonTtpomnep KonTtpomnep DOPIT 3
MB MBB Mr MH
§ Kommyrarop Kommyrarop KommyraTop DopmupoBaTesn 3
A S Y T S Y S YU YO S [T ———
§ SpaceWire 3

Puc.2. dyaxunonansuas cxema BIIKC.

B cocras BIIKC BxomsT cremyrommue KOHCTPYK-
TUBHO-(QYHKIHOHATbHBIE MOyl (KOM):

1) MB — MOIynb BBIYHCIHTEIb, HMEIOIINIT B CO-
CTaBe /IBa HE3aBUCHMBIX KaHajla 00pabOTKH JaHHBIX,
Kbl M3 KOTOPBIX MPEJCTaBISET COOOH BBHIYNCITH-
TEJILHOE YCTPOMCTBO Ha 0a3e MUKPOIpPOLEccopa.

2) MBB — Mo/ynh BBO/Ia-BBIBO/IA, 00ECIICUHBACT
HOJIEP)KKY OOpPTOBBIX HMHTEep(EHcoB: MocienoBa-
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tenpHbld kanan (I1K) mabopmanmonHoro obmena u
pazossle koMauasl (PK) mo 'OCT 18977-79, myns-
TUTUICKCHBIA ~ KaHal WHGOPMAIMOHHOTO OOMeHa
(MKHO) o 'OCT P 52070-2003.

3) MI' — wmonynb rpadmdeckuii. MI', mpeacTas-
JseT coOOl yCTPOWCTBO, peanm3yromiee 00pabdoTKy
komang OpenGL, npuem u 00pabOTKy BHEITHEH BU-
neonHpopMannu, popMHupoBaHIE BBEIXOTHOTO BHICO-
CHTHaJa Ha OOPTOBBIE CPEJCTBA MHANKALIMH.

4) MH — Mo/ynb HalpsDKeHH, TpeoOpasy o
HanpsokeHue 6optoBoit cetn +27B, ~115B 400I'; Bo
BTOpUYHbIEC HanpspkeHus nuranus. MH Bkiarouaer B
CBOIi coctaB GuiabTp paauornomex (OPII).

3. ®yuknuonaabHas cxema MI ¢ pexxumom 3D
®ynkroHaidbHas cxema MI™ npuBenieHa Ha puc.3.

K TEXHOJIOTHUECKOMY
pasbemy

O3V rekcryp

:

0O3Y 1 6aHk

Ipachnyeckuit

KoHTponnep
1 kaHan

QO3Y 2 Gark CPUO

QO3Y 3 Bark

08Y TekcTyp

083V 1 6aHk

i

Ipachnyecknin
KoHTpOnnep
2 kaHan

08Y 2 6aHk CPU1

\\ZARINC

2 ARINC-81

L

08Y 3 baHk

KOHBEPTOPY

ARINC-
ARINC-81

K ontuyeckomy

<

dM
Puc.3. ®ynknuonanbsHas cxema MI.

Moayne MI' cocTouT U3 clieayomuX y3JI10B:

1) VOM — yzen QyHKUMA MOAYJs, peanu3yer
OCHOBHBIE (pyHKIIH MoIysst MI;

2) YIIM — y3el IoJIepsKKH MOIYJISI, TIOIIAEPKHU-
BaeT TEXHOJOTMUYEeCKHe HHTepdercr, hopMupoBare-
JI1 UCTIPAaBHOCTH, CTOPOKEBOM TaimMep H T.1.;

3) PO...P2 — BHemiHWe BBICOKOYACTOTHBIC HH-
tepdeticHbie pazbembl KOM,;
4) OnTuyeckuil KOHBEPTOp — BHEIIHEE YCTPOii-

CTBO, 0OcCIEeYHBAaOIICe MPEOOPA3OBAHUE DIICKTPHYC-
ckux curHanoB uHTepdeiica ARINC-818 B onruue-
CKHE CUTHAJBI U HA000POT;

5) CPUO, CPU1 (Central Processor Unit) — nen-
TpalbHBIC TIPOLECCOPHI, BKIIIOYAIONINE HECKOJIBKO
TIPOLIECCOPHBIX SIIEP, BCTPOCHHBIE KOHTPOJUICPHI WH-
tepeiicos (2 SpaceWire, 2 Serial RapidlO, 4 Lane, 2
GigaSpaceWire);

6) I'paduueckuii KOHTPOIIEP — YCTPOWCTBO, pe-
IM3YIOIIee aNnapaTHy0 IOMAEPKKY CHUCTEMBI KO-
mann OpenGL.
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MI ocymecTBisier mpueMm, Oydepusamnuio BXOJ-
HOTO MOTOKA BEpILIHUH, pacyeT M pacTepu3aluio rpa-
(uvecKkux IPUMHUTHUBOB C y4eTOM TpeOyembIx st 2D
n 3D pexxumoB ¢ynxuunit OpenGL: pacueT nBEeTOBBIX
U TEKCTYPHBIX KOOPAWHAT, OTOOpaKCHUE BHJICOWH-
¢dopmaru u3 cogepxumoro oydepa BuneoO3V.

OCHOBHOW OTIMYUTEIHLHONH OCOOCHHOCTBIO TpEI-
cTaBlieHHON Ha puc.3 cxembl MI' sBisercss Hamuuue
HECKONBbKUX (4 ¢u3mdeckux, A0 8 JIOTHYECKUX Ha
kanHal, 8 u 16 cootBeTcTBeHHO HAa KDM) pazpenbHBIX
BuaeoOydepoB. g peanmsamum  rpadUUIecKUX
¢yHKIMH B cucTeMe mpensiaymiero mokoierus (2D
pexxum) ObiIo HeoOxommmo 4 Oydepa BUmeomaMsATH
— B miepBoM Oydepe GopMHUpOBaIIOCH TEKyIIee n300-
paxeHue, couepxkumoe 2-ro Oydepa BHIBOAWIOCH Ha
WHJUKanuio, 3-i U 4-ii Oydepsl HCIOJIB30BAINCH B
pexxumMe 1oBopota nzobpaxenus. C UCIIOIb30BaHHEM
HoBoro MI" nocrarouno 2 6ydepoB — B oHOM OY-
(bepe hopmupyercs Tekyiiee n3o0paxxeHue (¢ yaeToMm
BCEX MpeoOpa3oBaHuil), COACPIKUMOE BTOPOro Oyde-
pa BEIBOIUTCS Ha OOPTOBYIO WHAMKAIIHUIO.

3ak04yeHue

OcHoBHOW ocobeHHOCTRIO MI', mommep>kuBaro-
mmx ¢yaknuo  GopmupoBaHus 3D m300paskeHUsS
KM, sBnseTcsi HUCHOJIB30BaHWE TMOJUTOHAIBHBIX
TeOMETPHUYECKIX MOJeNeil, paciuImpeHrne HOMEHKIa-
Typbl TpadUUecKHX NPUMUTHBOB OOBEKTAMHU THIIA
«TPEYTOJIBHUK» U «TE€TPadAp» U BBEICHUE CIICIHAIIH-
3UPOBAHHBIX CIIOCOOOB MX LIBETOBOH 3aJUBKU.
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Beenenne

CoBpeMeHHbIE TOAXOABI K MPOSKTUPOBAHUIO HH-
(hopMaIMOHHO-YIIPABIISFOIIETO 0N KaOMHBI MHIIOTa
MEPCIIEKTUBHOTO JIeTaTedpHOTo ammapata (JIA) 6a3u-
PYIOTCSL Ha BHEAPEHUH TEXHOJOTUH MYJIbTHCEKIINOH-
HBIX JHCIUIeEB Ha mpubopHyo maHens JIA. Mynbtu-
CEKIIMOHHBII ANCIIIEH MPeACTaBIseT cOO0H COBOKYI-
HOCTh TPOCKIMOHHBIX 3KPAaHOB, BBIIIOJIHEHHBIX IO
TexHooruu kuakux kpucramwios (OKK) [1-4], ¢ nesa-
BUCHMBIM CIIOCOOOM YIIPaBJICHUS KaXJIOH CEKIIUH.

IIpuHUUNBI NOCTPOEHUS] HWHTErPHUPOBAHHOTO
HHPOPMALMOHHO-YIPABJISIIOIIET0 MOJIsl ABHOHUKH

Jnst opraHmzauuy ynpaBieHUs. OJHOW CeKLMEH
KK meobxommMo chopMHpOBATH JBa KaHAllA YIIpaB-
JIEHUS: ONTHYECKUH M DBJEKTPOHHBIH. Onrudyeckuit
KaHaT BKJIFOUYaeT (cM. puc.l,a): mpoexmuonnsrit JXKK-
9KpaH oOpatHOW mpoeknuu (1), MIMPOKOYTOIHHBII
00BEKTHB-TIPOCKTOP (2), HICTOYHHUK n300paskeHus (3).

DNEeKTPOHHBIN KaHall MPEACTaBIsAET COOOU IIaTy
yrnpasieHus (4), obecreyuBaroIyr0 (GOpMHUPOBAHUE
SIEKTPUYECKUX CHUTHANOB JJIS TIONSPU3AINHA  KpH-
crayioB KK u 3anaHus nsera nuKkceneu skpaHa.
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Puc.1. CxeMma a) 0JHOH CEKITUU TPOCSKITMOHHOHN TTaHe-
71 0) MYJBTHCEKIIMOHHOTO MPOCKIIMOHHOTO YKpaHa.

0|0
0|0
0|0
0|0
0|0

0|0
0|0

OCHOBHOE OTJIMYHE MYJIbTHCEKIIMOHHOTO JKpaHa
OT COBOKYIHOCTH OOPTOBBIX CpPEACTB HHIMKAIMH
(MHOTO(QYHKIIMOHAJbHBIE  I[BETHBIE  MHAMKATOPBI,
IMYyJbThI YIIpAaBJICHUSA W HWHAWKAIUH, AHAJIOT'OBLIC U
MUQPOBBIE 3JIEKTPOMEXaHWIECKAE TPHOOPHI W TIp.),
UCIIONIb3YEMbIX Ha COBpeMeHHbIX JIA, 3aKkiodaeTcs B:

- IOBBIIIICHHOM YpPOBHE HWHTErpanuu OOpTOBOWA
anmapaTypbl 3a CYeT KOHIEHTPAIMU SJICKTPOHHO-
BBIYHCIIUTEIBHBIX CPEACTB YIPABICHUS U PACUCTOB B
eMHYI0 OOPTOBYIO rpa)UUECKYIO CTAHIIHIO,

- CHIDKEHUH PE3YJIbTUPYIOIUX MaccoradapuTHBIX
MoKa3aTesiei amnmapaTypbl BCIIEICTBUE OOBEIMHEHHS
KOHCTPYKTHBOB;

- CHWKCHHUU JHCEPTECTUYCCKUX XaAPAKTECPUCTUK TO-
KOTIOTpeOJICHH allapaTypsl;

- MOBBIIICHUH MOKa3aTeIel HAAeKHOCTH (HYHKIH-
OHUPOBaHUs WH(POPMAIMOHHO-YIIPABISIONIETO OIS
kabuHeI JIA.
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IIpu opranuzanuu equHON NPUOOPHON MaHenu Ha
OCHOBE TIPOEKIIMOHHOW TEXHOJOTUH PAaCIOJIOKEHHE
IPOEKTOPOB MOXET ObITH IIPEJCTAaBIEHO
KOH(UTypaIuei, MIPUBEACHHOMN Ha  puc.l,0.
[IpoexunonHas npudopHas naHeab oOecIeunBaeT:

- peaqmMzanMio §-MH  HE3aBHCHUMBIX o0OiacTe

VHJTUKALIH MHJIOTaKHO-HaBUTaIIMOHHOM
nHpopManuy;
- ABYKpaTHOE pe3epBUpOBaHUE cpencraa

0TOOpaXeHUS B KaX0H o0nacTy,

- MacuTabupPyeMOCTh MYJIBTHCEKIIHOHHOTO 3Kpa-
Ha (110 HApalIWBaHUIO pasMepa MPOEKIMOHHOMW TpH-
OOpHON MaHENH).

Peanuzanus UH(POPMAIUOHHO-YIIPABIISIOIIECTO
OJIsl HA OCHOBE MPOCKIIMOHHOTO MYJIBTUCEKIIHOHHOTO
9KpaHa HAKJIAJbIBACT CYIICCTBCHHBIC OTPAHUYCHUS HA
crocoObl  (OPMHUPOBAHHS H300paKCHHUH, TaK Kak
npeAcTaBieHue  uHbopMmanmu  dkumaxy  JIA
OCYILIECTBIIICTCS. HE Ha 000COOICHHBIX WHANKATOPAX,
T.. B NPHUBBIYHON JKHMaxy ¢GopMe, a Ha EIUHOM
WH/IUKAIIHOHHOM [OJIe:

- BujiconHpopManus (CHMBOIIbI, IIKAJBI, CYSTINKH
BBICOTBI U JIP., MHEMOCHMBOJIBI) OT OJTHOTO UCTOYHHKA
060opTOBOM HMH(OPMAIIMK MOXET pacrojaraTbCs Ha
HECKOJbKHX MOJISIX MHANKAIINY;

- BI/I[[COI/IH(bOpMaI_[I/ISI OT HECKOJBKHX HCTOYHUKOB
MOXKET pacnoJiararbCsa B OAHOM I10JI€ UHAUKAIIUHU.

IIpu ucnons3oBanuu Ha Oopty JIA enuHOrO WH-
(hOpMAIMOHHOTO MPOCTPAHCTBA BO3MOYKHBI CUTYAIHU
KOJITH3HH:

- KOrga Ha CMCXKHBIX IIOJIIX MHIWKAITUHU 6yI[yT
otoOpakarbcst ()parMeHThl H300paKEHUI W3 Pa3HBIX
KaJpoB, TONYYEHHBIX OT OJHOTO  HCTOYHHKA
uHpOpMALIUK BCJICACTBHEC HECHHXPOHHOCTH PabOTHI
HECKOJIbKHX OOPTOBBIX UCTOYHUKOB JIAHHBIX;

-3a cuer r1yOoKOH Oydepuzaunu
BHICOM300paKEHNH U TpaUIeCKUX CHHTE3MPYEMBIX
n300pakeHUH  3alepXKKa 1[0  NPEAOCTABICHHIO

skumnaxy JIA napopmaiuu OyneT CylmecTBeHHON s
peanbHOro MacmTada BpeMeHH .

ITapupoBanue cuTyanuii KOJUIM3HHM OOeCTIeunBa-
eTcs TPHU YCIOBUU OPTaHU3AINH CIICIUATU3UPOBAH-
HOW CTPYKTYPBI TPaQUUECKUX CPEICTB CUHTE3a M300-
PaKEHU# ISl MPOCKIIMOHHOTO MYJIbTUCEKIIHOHHOTO
skpana. [Ipumep CTPYKTYpHI TpaUuecKuX CpeICTB
CUHTE3a M300pakKeHUH I MPOCKIMOHHOTO MYJIBTH-
CEKI[MOHHOTO JKpaHa MpuBeneH Ha puc.2. [IpuHImn
paboThl ycTpoiicTa ciaeayroumii [5-9].

BuneokommyTtaTop obecnieunBaeT
repeMaciiTabupoBaHue, CENEKIUI0 U KOMMYTAIIHIO
BOCXOISIINX BHACOMOTOKOB OT BHACOIATYNKOB JIA B
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BUICOIPOLIECCOPHI
PacIoIoKeHUIO BUI€OM300paKEeHUH Ha
MPOEKIMOHHOM 3kpaHe. Kaxnpiii u3 Bugeo wu
rpa¢UdecKUX ~ MPOLECCOPOB  OPHEHTHUPOBAH  HA
00pabOTKy  ONpENeNeHHOTO MO  HHIWKAINH
MPOEKIMOHHOTO 3KpaHa.

b
Bupeonpoueccop
Bugeonpoueccop ’—>

COTJIACHO TEKyILEMY

Bupeoparunk

Buaeopatumk

.

Bupaeo-
KOMMyTaTop

K NpoeKw1oHHO#
NpUBOPHOi AoCke

Buaeonpouieccop

pad. npoueccop

KommytaTop
pach
KOMaHg

Boluncnurens b—b

Puc.2. ®yHkuoHanbHas cxeMa yInpaBJisitolIero
YCTpOMCTBA /Il (POPMHUPOBAHUS HE3ABHCUMBIX
MOTOKOB yTPaBIICHHUSI OOPTOBBIM
MYJIbTUCEKIIHOHHBIM YKPAHOM.

Bupeonporneccopsl  paboTalOT CHHXPOHHO MO
BBIXOIHBIM BHICOM300POKEHHAM M aCHHXPOHHO II0
BXOIHBIM, TpPH OTOM o0ecrmednBaeTcsi 00padoTKa
BOCXOJSILLIETO TIOTOKA OT BHUICOKOMMYTATOPa C LIEIIBIO
CUHXPOHM3AIHNU (PParMeHTOB KaJpOB OT MCTOYHUKOB

BUJIeONH(OpMALIUH.

Beruuciurenu paboTalOT CHHXPOHHO B PEXHUME
MOKaIPOBOM  CHHXPOHHM3AIlMM M 00ECHEeYHBAIOT
obliecucTeMHOe — yrnpaeieHue U (OpPMHUpPOBaHHE

KOMaHJ pOCIHUCH H300pakeHHsT HE3aBUCUMO OT
pAacIIONIOKEHHUS KaIpoB Ha MPOESKITHOHHOM KpaHe.

KommyTaTop rpadudeckux KoMaHa 00ecreuyuBacT
CeJIEKIIMI0O W KOMMYTAIHIO BOCXOMAIINX IIOTOKOB
rpadu4ecknx  KOMaHJ OT  BBIYHCIUTENCH B
rpaduvecKre TMPOLECCOPHl  COTIACHO  TEKYIIeMY
PACTIOJIOKCHHIO CHHTE3HPYEMBIX HW300paXCHUH Ha
MPOCKLMOHHOM DKpaHe.

I'padudaeckue mporeccopbl paboTarOT CHHXPOHHO
110 BBIXOJIHBIM BI/I}IGOI/I306pa)KeHI/I${M U II0 BXOIAHBIM
rpa¢u4ecKkuM KOMaHJaM, IPU 3TOM OO0ECIIeUHNBACTCS
CHHXPOHH3ALUA ¢parMeHToB KaJIpoB oT
BEIUMCIIUTENCH. Peamusamms Takoro momxoia K
CHHTE3Y M300paX€HHH /JJIsi MPOEKIHOHHOTO SKpaHa
TI03BOJISIET 00ECHIEUHTh:

- MUHUMaJlbHBIE 3aJepXKKH B  (OPMHUPOBAHUU
n3obpaxenus Ha 6opy JIA;

- CHHXPOHHOCTh MpenCTaBICHUS
BHICON300paKeHNUIT Ha HUHTETPUPOBAHHOM

HHPOPMALIMOHHO-YTIpaBIIsiomeM noie JIA;

- IIMPOKHE BO3MOXHOCTH 1O (HOPMUPOBAHHIO UH-
TYWTHUBHO-TIOHSTHOTO aJalTHPOBAHHOTO K TEKyIIeH
CUTYaIlHOHHOM 00cTaHOBKE MHTEpdetica KaOWHBI s
SKHTIAXA.

3akil0uenue

[IpencraBneHHBIE CXEMOTEXHHYECKUE PEIICHUS
MO3BOJISIIOT CO3/1aTh BBICOKOHAAEKHYIO WHTETPHPO-
BaHHYIO MH()OPMALIMOHHYIO CPEAy yNpaBieHHs KaOu-
HBl DKHIIaXa, NPH 3TOM aJantanus K KOHKPETHOM
KaOMHE OCYIIECTBISACTCS MPOTPAMMHBIM CIIOCOOOM,
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Ceknus 2:
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YTO TO3BOJISIET yYECTh HE TOJBKO rabapuThl KaOMHEI
JIA, HO 1 ee KOH(QUTYPALIHIO.

Takum 06pa3om, SKUNAXK MOITyYaeT BO3MOKHOCTh
OBICTPO ¥ TOYHO OLICHMBaTh HABUTAI[MOHHYIO CHUTYya-
LU0 32 CUET MOBBIIMICHHS CHTYAIlMOHHOW OCBEIOM-
JICHHOCTH W HAJIe)KHOCTH allapaTHOro M IpOorpaMm-
HOro obecredeHHs C HCIOJIB30BAHHMEM MPOEKIIMOH-
HBIX TEXHOJIOTHH.
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YCTAHOBKA VI TPOU3BOJCTBA BBICOKOKAYECTBEHHbBIX
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Co3aHue HOBBIX BBICOKOI((EKTUBHBIX CHCTEM
MPOU3BOJCTBA TOIUIUB M3 OPraHUYECKOTO CHIPbA
ABISIETCA ~ OJHOW W3  NPUOPUTETHBIX  3a/ad
COBPEMEHHOM HaYKM U TEXHUKHU. B HacTosiee BpeMst
OOJIBIIMHCTBO HE(PTEXMMUYECKUX MPEINPUATHH I
MOTYYCHHS U yIyqIICHUS] TOBAPHBIX HEPTENPOIYKTOB
HCHOJB3YIOT MPOIEcC KaTaIUTHYECKOTO KPEKHHTa,
Ui dero  TpedyeTcss TNPHMEHEHHE  BBICOKHX
TEMIIEpPATyp U JABJIECHUH, YTO ACJIACT AAHHBII METOJ
SHEepPro3aTpaTHBIM. CyImecTByIoT pa3paboTky,
CBsi3aHHBIE C MoaubuKanued HeTenpoayKTOB
METOIaMU 3JIEKTPUYECKOM, MarHuTHOM,
3JIEKTPOMAarHUTHOM, ONTUYECKOW, U DPaJUalUOHHON
06pabotku HedrenpoaykToB [1]. OnHako HU OUH U3
HUX HE TPHBOAUT K TpeOyeMBIM pe3yibTaTaM IIo
YIy4dlIEHUI0 OCHOBHBIX IIOKa3aTeled KadecTBa, B

YaCTHOCTH, I[eTOHaHHOHHOﬁ CTOﬁKOCTH, TCILJIOThI
Cropanus, TeMIICPpaTyphbl BOCINNIaMCHCHMU. 2710
CBA3aHO C TEM, 4YTO BO SZ[efICTBI/Ie H3JIYUYCHUA

MPOM3BOJIUTCA Ha HMHTETPANbHBIA COCTAaB IMPOAYKTa,
YTO M3MEHSAET BCE €ro IO0Ka3aTelnu KayecTBa, B TOM
YHpclie HE TOJNBKO B Jy4IIyio cTOopoHy. [Ipm 3Tom
PEKUMBI TEXHOJIOTHUECKUX YCTAaHOBOK ITOJOMPAIOTCS
SMIIMPHYECKUM IIyTeM, HE WMEIOT JOCTaTOYHOIO
TEOPETHYECKOTO OOOCHOBaHUS, W, Kak IPaBUIIO,
COYETAIOTCS C APYTMMH BHJIAMH (PU3NKO-XUMHYECKOH
00paboTKM TOIUIMBA, YTO B HUTOre HE HNPUBOJHUT K

peHTabensHOCTH o KPUTEPHIO
Ka4yeCTBO/3HEpPro3aTparsl.
B IpeiaraeMoin pa3paboTke BIIEPBbIE

UCTIONB3YeTCS  MJIEesl CEeNeKTHBHOW MOIU(HKALNH
He()TeNpOayKTa, CYIIHOCTh KOTOPOH 3aKII04aeTcs B
TOM, 4YTOOBl HMITYJIECOM 9JIEKTPOMArHUTHOTO
W3IIY4eHUs1 pa3opBaTh OO0y CBSA3b B JIOOOH
MOJIEKYyJIe W, TeM CaMbIM, IOJYYHTh HPAKTHYECKH

HEOTpaHWICHHBIN aCCOPTUMEHT CBOOOTHBIX
paauKaos, CHOCOOHBIX CO37aBaTh HOBBIE
MOJIEKYJBIL. Ecnu nono0path 9acToTy

9JIEKTPOMarHUTHOTO CHUTHaJIa B pEaKTOpe TaKUM
oOpa3oMm, uToObl OHa Obula pPE30HAHCHOW JuIs
KOHKPETHOU MOJIEKYJIBI MHOTI'OKOMIIOHEHTHOM
CMECH, TO MOXHO IEJICHANPABIEHHO H3MEHSTh U
MOJy4aTh  HY)XHBIE CBOMCTBa  He(TEHpOIyKTa
MIPAaKTUYECKN 0€3 OTXO00B IIPOU3BOJICTBA.
Henocrarkom cucTeM, MOIy4YaroIUX TOILIMBO
TepMUUECKUM TiyTeM, sBisercss Huskui  KILJ,
CBSI3aHHBIH C HarpeBOM INPOJYKTa, HpPU ITOM
M3MEHEHHIO TI0/IBEpraeTcs Becb KOMIOHEHTHBIH
COCTaB, BO3HHMKAIOT  JOTOJHHUTENIBHBIE  OTXOJBI
NPOM3BOJICTBA, YMEHBUIAIONINE BBIXOA TOTOBOTO
nponykra. Hepocratku mnpsMoil ontuyeckol u
MarHATHOH OOpabOTKH TOIUTMB, KOTOPBIE IPOXOISIT
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0e3  HarpeBaHus, OOYCIOBICHBI WX  HH3KOU
3¢ (GEeKTUBHOCTRIO, TaK KaKk HE MPUBOIAT K
CYIIECTBEHHBIM W3MECHEHHSIM OCHOBHBIX MMOKa3aTeliei
KavecTBa HeTenpoayKTOB, TaKUX Kak
JICTOHAIIMOHHASI CTOMKOCTb, MJIOTHOCTH, BSI3KOCTb.
OcHoBHas pemaemas 3a7ada pa3pabOTKH -
MTOBBINIICHHE b dexTuBHOCTH MIPOIIE Iy PHI
INIEKTPOMArHUTHOW MOIU(HUKAIMK YTIEBOIOPOAHBIX
TOILTHB C IIEJbIO JOCTHXKCHUS 33JaHHBIX MapaMETPOB
KayecTBa MPH  MHUHHMANBHBIX  JHEPIETUYCCKUX
3aTparax ¥ OTXOJax Mpou3BojacTBa. [y pemieHus
MOCTABJICHHON 3aJjauydl  TIpejjiaracTcs YCTAaHOBKA,
CTPYKTYpHas cCXeMa KOTOPOH MpHBeicHa Ha puc. 1.

Ionsox
HeTenposyKTa
A 3 2
1
<
? v S N
L
%/
4 |
OTBOXT
HedTenpoaykra
Puc. 1. CtpykTypHas cxema yCTaHOBKH IS
TIPOM3BO/ICTBA BBICOKOKAYECTBEHHBIX
He(TETIPOTYKTOB
YcrpoiictBo COCTOUT u3 reHepaTopa
SNEKTPUUYECKUX CUTHAJIOB 1, BBIXOJ KOTOPOTO
MOJKIIOUEH K MHIYKTOPY 2, OXBaTHIBAIOIIErO
€MKOCTh 3, pAaclOJIOKCHHYI0 MEXIy MOJII0CaMHU
WUCTOYHMKA IIOCTOSHHOI'O MAarHUTHOro mons 4.

OZHOBpPEMEHHO C MHIYKTOPOM K BBIXOJly TeHeparopa
MTOJIKITIOYEH OJIOK M3MEPEeHHs TOKa U KO3 PUIIHEHTA
MOIIHOCTH 5, ¢ BBIXO/Ia KOTOPOTO CHUTHAN HOCTYyHaeT

B ONOK ympaBieHHS YacTOTOH 6, KOTOPBIH
HETIOCPEICTBEHHO YIPABIIsIET YaCTOTON TeHepaTopa.
[Noxkazarenu Ka4yecTBa HedrenpoaykTa

(IIOTHOCTB, BSI3KOCTh, JIETOHALMOHHAS CTOHKOCTD,
HCHapseMOCTh, TEMIIepaTypa BCOBIIKH H Jp.)
ONPEAEISIOTCA XUMUYECKUM COCTABOM U CTPYKTYpOM
MOJIEKYyZT KOMIIOHEHTOB. [IpHHIMD MoOIHU(pUKAIIH
3aKJII0YaeTCsl B U3MEHEHUM KOHKPETHOI'O IOKAa3aTess
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KauyecTBa He(TENpOoJyKTa IIyTEM PECTPYKTYpH3aLUH
MOJIEKYJ IPYIIIBI KOMIIOHEHTOB B 33JaHHOM O0BbeMe

OpH  TOMONIM  JJICKTPOMAarHUTHOTO  CHUTHAJA.
[lockombKy ~ HMIYIBCOM 3JEKTPOMArHUTHOT'O
U3Iy4eHUs MOXHO pa3opBaTh IIOOYIO CBSI3b B
MOJIEKYyJ€, MOYHO  IOIYyYUTh  INPaKTUIECKU
HEOTpaHHICHHBIA aCCOPTUMEHT CBOOOTHBIX
panuKanos.

I[Ipu mnoxbope YaCTOTHI AJIEKTPOMArHUTHOTO

CUTHajla B CMKOCTH TaKuM O00pa3oM, 4TOOBI OHA
Obl1a PE30HAHCHOW [IJISi KOHKPETHOW MOJIEKYJIbI
MHOT'OKOMIIOHEHTHOM cMmecH, MIPOUCXOTUT
LeJeHanpaBiIeHHOe U3MEHEHHWE W IOJy4YeHHe
HY)KHBIX CBOHCTB He()TCHPOIYKTa MPAKTUYCCKU Oe3
0Tx0710B mpou3BoicTBa[2]. biok m3mepenus Toka u

KOX(pPUIHEHTa MOITHOCTH TO3BOJIACT H3MEPSThH
MOITHOCTh ~ TIOTJIOMICHUS  DHEPTUH  BEIICCTBOM.
W3BecTHO, 9TO

P=Ulcosg (1)

rre U — u3BecTHOe HampspkeHHe reHeparopa, | —
U3MepsieMblii OJIOKOM 5 TOK TeHepatopa, COS ¢ —
u3MepsAeMbIi OIOKOM 5 yronm caBura ¢a3 MEXIy
HaIPSHKCHUEM U TOKOM (KO3 QHUIIUEHT MOITHOCTH).

brmox wm3mepeHuss Toka u  Kod3(¢uImeHra
MOIIIHOCTH TIO3BOJISIET IO PAcCYWTAaHHOMY IO
¢dopmyne (1) TOIIOLIEHUIO 3HEPTHHM OIEPATUBHO
HaXOJIUTh 4acTOTHl  SJEPHOTO  MarHUTHOTO
pe3oHaHca JuIs TpeOyeMbIX KOMIIOHEHTOB TOIUIMBA.
Koadpduumenr  MomHOcTH  ompenensercs  C
nmoMoInelo  (asomMerpa, KOTOPBIH BBINIOJHEH IO
mudpoBoil cxemMe Ha OBICTPOICHCTBYIOIIEH JIOTHKE,
YTO YIPOIIAET €ro HACTPOUKY.

ITpuHnmMn paboTBl YCTAHOBKM 3aKJIIOYAETCS B
cregytomeM. Emkocte ¢ Hedrempomyktom 3
pacrnonaraercs BHYTpHU coJIeHOUa 2,
PACHONIOKEHHOTO MEXIy IIOJIFOCAMH  HCTOYHHUKA
MIOCTOSTHHOTO MAarHUTHOTO TOJIS 4, MarHUTHBIN MTOTOK
KOTOPOTO  OPTOTOHAJEH  MarHWTHOMY  HOTOKY
coJieHou/ia 2, B KOTOPOM C ITOMOIIBIO reHepaTopa 1 u
JJIEKTPUUECKUX JJIEMEHTOB COJEHOWAa 2 co3aaéres
NIepEMEHHOE 3JIEKTPOMAarHUTHOE ToJe,
BO3/IeiicTBYyIONIEE HA 00pabaThIBaeMblil IPOYKT.

VYcraHoBka MOXeT (YHKIMOHMPOBaTb B JABYX
pexxuMax. B pydyHOM pexume orepaTop YCTaHOBKH
3aJaeT 4YacTOTy M aMIUIUTYIy 3JEKTPOMAarHWTHOTO
BO3/IeiicTBUS HAa HE(PTENPOAYKT. B aBTOMaTHYECKOM
peKMME dYacToTa M HMHTCHCHBHOCTh TI€Heparopa
NIEKTPUUECKUX ~ CHTHAJIOB |  TepBOHAYAIBHO
YCTaHAaBJIMBACTCSl O CIPABOYHBIM JaHHBIM TaKUM
o0pa3oM, 4TOOBI 00eCHeUuTh SACPHBIM MarHUTHBINA
pe3oHaHC sl MOAMGUKAIMK HYXKHOW TpYIIIBI
KOMITOHEHTOB, OTIPEICIIAIONIIX TpeGyembie
[OKa3aTel KayecTBa YIJIEBOJOPOIHOTO TOIUIHBA.
Torumeo MoaupUIHpyeTCs o 3aJaHHOMY
ToKazaTenio (HampuMep, OKTaHOBOMY YHCIy) B
pe3ynbTate TPOXOXKICHUS 4Yepe3 COJCHOMA 2,
KOTOPBIH HaXOIUTCS MEXAY IOJI0CAaMH HCTOYHHUKA
ITOCTOSTHHOTO MAarHUTHOTO T10JIs1 4, MAarHUTHBIN MTOTOK

KOTOPOTO  OPTOTOHAJCH  MAarHUTHOMY  IOTOKY
COJICHOHJIA.

I[Ipu pabore MPOMCXOAUT  aBTOMATHYECKas
MOJICTPOMKAa YacTOThl TeHepaTopa Ha YacToTy
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SIEPHOTO ~ MAarHUTHOTO ~ PE30HaHCA C  IIEJbI0

moJiIep KaHUsT HAWOOJBINETO MOTJIONICHHUST SHEPTHH
9JIEKTPOMArHUTHBIX BOJH B BENIECTBE, IPH 3TOM
SHEprus TeHepaTopa MaKCHMAallbHO pPacXomyeTcs Ha
pa3pbIB XUMHYECKIX CBSI3EH.

[pemmaraemas YCTAaHOBKA  MOJXKET OBITH
MPUMEHEHO Iyl MOAW(UKAIIMN TOBAPHBIX TOILIHB,
TaKuX Kak OCH3WH, KePOCHH, AM3EIHHOE TOIUINBO H

npouux 3HepFOHOCI/ITeJ'IeI7I JJIA HU3MCHCHUA
IINIOTHOCTH, BA3KOCTH, OKTaHOBOI'O qucia,
TEMIICPATYypbl BCIBIMIKKW W OPYrux mapameTpoB.

Hampumep, rekcan (CgHi4), 0OOMH M3 KOMIOHEHTOB
OCH3MHA C OKTaHOBBIM umcioM 24,8 myrem
3JEKTPOMATHUTHOM MO IU(PUKAIIH MOXHO
NPEBPATUTh B HM30T'CKCaH, KOTOPBIA TAaKKe SIBISCTCS
KOMITOHEHTOM OCH3MHA U UMEET Ty K& XUMUYECKYIO
dopmyny m okrtaHoBoe umcio 91,1, 4ro mOBBICHT
OKTaHOBOE duHMCIO OeH3uHa B 1mienmom.  Jis
BO3HMKHOBEHHS SIIEPHOTO MArHUTHOTO pPe30HaHCca

MOJICKYJT reKcana aBTOpaMHu HCTIONB3yeTCs
MOCTOSIHHOE MAarHuTHoe mnoje ¢ uaayknueit 1,4+0.05
Tn ¥  4acTOTOM  3JIEKTPOMATHUTHOIO  IIOJIA

89560180+5 ', ojjHaKO pE30HAHC BO3MOXKEH W IIPH
JPYTUX XapaKTePUCTHKAX MOJIEH.

[pemioxeHHas] KOHCTPYKIUS YCTAHOBKH JelaeT
BO3MOKHOH aBTOMATHYECKYIO MOICTPOMKY YaCTOTBI
reHeparopa Ha 4YacTOTy SIEPHOTO MAarHUTHOTO
pe3oHaHca C LEJbI0 IOIICPXKAHUSI HAHOOJBIIETO
HOTJIOIICHHST YHEPTHU 3JIEKTPOMArHUTHBIX BOIH B

BEIIECTBE, TP  3TOM  DJHEPrus  TeHeparopa
MaKCHMaJIbHO PacXoJyeTcss Ha Pa3pblB XUMHUYECKUX
CBsA3eH, YTO  MNPHUBOAMT K  3HAYUTEIBHOMY
YMEHBIICHUIO  JHEPreTHYecKWx  3arpar.  ITo
OIpeaeIIsieT BBICOKYIO 3¢ PEeKTUBHOCTH
MPOU3BOJICTBEHHOTO  IIpoliecca,  OOYCIIOBICHHYIO
OTCYTCTBHEM Harpesa HeTeTpoayKTa "

WCIIOJIB30BAaHUEM PE30HAHCHBIX 3(PQEKTOB (UINKO-
XHUMHYECKHX IIPOLIECCOB B BEILIECTBE.

PazpaboraHHas cxema TIO3BOJSIET  IOJIYYUThH
YCTAaHOBKY C MAaKCHUMaJbHBIMU (DYHKIIHOHAJIbHBIMHU
BO3MOXKHOCTAMHM [UIsi TIoMcKa 3(ddekTa saepHOro
MarHUTHOTO PE30HAHCa B BELECTBE U HCIOJIb30BaHUU
JTAHHOTO apdexra TUTST HM30MepU3aIII
HeTenpoayKTOB. B Hacrosimee Bpems Ha
MOy4YCHHOW YCTaHOBKE IPOBOJSTCS KCHEPHMEHTHI,
HalpaBJICHHbIE HA YIyYIICHHE KadecTBa OCH3MHOB H
JM3ETIbHBIX TOIUINB.

Hccneoosanus  evinonnenvl  npu  nodoepaicke
Munucmepcmea obpazosanus u Hayku P®.

CIrcoK TUTepaTypsl

1 Teopetnueckue MIPEANIOCHUIKH
JJICKTPOMArHUTHON  CEJICKTMBHOW  MOIM(UKAIIAN
He(pTepOayKTOB Ha YacTOTaxX SAEPHOTO MArHUTHOTO
pesonanca / CkeopuoB b.B, Bbopmuuckuii C.A.,
ConnueBa A.B. / U3Bectuss Camapckoro Hay4HOTO
nentpa PAH. — 2012. — T.14. — No6. — C.198-205.

2. Bopmunckuit C.A. Cksopuos b.B. Connnera
AB. Meronel wu3MepeHHS KOJIMYECTBEHHBIX U
Ka4yCCTBCHHBIX XapaKTCPUCTUK KHUIOKUX
sHepronocuteneid. — Camapa: AHO CHIIL PAH, 2012.
-222c.
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OIIEHKA BUBPOYCTOMYUBOCTHU IMTEYATHBIX Y3JIOB

HA OCHOBE YIPOIIEHHBIX KOHEYHO-3JIEMEHTHBIX MOJEJEN
Bypmutckux A.B.
Hayunsrii pykoBoauTens: JleBunkuii A.A., K. ¢.-M. H.
Cubnpckuit GpenepanbHbIi yHUBEpcUTeT, MHCTUTYT HHXKEHEPHOH (PH3UKH U paIHOdICKTPOHUKH
E-mail: ABurmitskikh-RF12@mail.ru

Lenbto nanHol paboThl siBisieTcs: pa3paboTka Me-
TOJUKH OLEHKH BHUOPOYCTOMYMBOCTH II€YaTHBIX Y3-
JIOB Ha OCHOBE YIPOIIEHHBIX KOHEYHO-3JIEMEHTHBIX
Mojeneid. [ aToro pemanuck clienyronpe OCHOB-
HBIC 3a/a4n: co3/1aBaiach pacueTHas
TeoMeTpUYIecKasi TpeXMEepHas MOJIENb; OTPEACIUTIUCH
WCXO/HBIC IaHHBIE — XapaKTEPHUCTHKH MaTepHalIOB,
TapaMeTphl 3aKpEeIUICHIsS; BHITIOTHATIACH OIIEHKa CO0-
CTBCHHBIX PE30HAHCHBIX YacTOT OOBEKTa C HCIIOIB30-
BaHHWEM YACTOTHOTO aHaJH3a B MPOTrpaMMe KOHEYHO-
9JIEMEHTHOTO MO/ICIIMPOBAHMSI.

Ha cnenyromem 3tane npoBOAMIOCH YHPOIICHHE
HCXOJHOW reOMEeTPUYECKO MOJIENIM Ha OCHOBE OLICH-
KU BJIMSIHUSI OT/ICNBHBIX 3JIEMEHTOB KOHCTPYKIIMHM Ha
ee IMHaMUYECKHe CBOWCTBA, MOCIIE YETO BBIMOIHSICS
MTOBTOPHBINA pacyeT. J{7s OLEHKH TOCTOBEPHOCTH IIO-
JYYCHHBIX PE3yJIbTaTOB MPOBOIMIOCH JKCIIEPHMEH-
TaJEHOE MCCIIEIOBAaHHUE PEATEHOTO 00BEKTA.

B xadecTBe 00BeKTa McclenoBaHUs ObLTa BEIOpa-
Ha KOMIIaKTHas revatHas miata PCB SEPP 242 (Sin-
gle Edge Processor Package) ¢ pasmepamu 125 MM X
57 MM, Ha KOTOpPOHl yCTaHOBJIEHbl KOMIIOHEHTHI IO-
BEPXHOCTHOTO MOHTaxa, Tumopazmepom 0402, 0603,
0805, 1206 u BGA xommnonent GC80960. Matepuan
MeYaTHOHN IJIaThl — (OJIBTHPOBAHHBIN CTEKIOTEKCTO-
nut mMapku FR4.

Hdnst ompezesneHus COOCTBEHHBIX PE30HAHCHBIX
YacTOT NEeYaTHON IUIaThl OBbUT MCIOJIB30BAH aJITOPHTM
npoBeaeHust pacueroB B makere Ansys Workbench,
BKJIIOYAIOIIUI TOJATOTOBKY MAaTepHajoB, IPEIIpo-
LIECCOPHYIO U TOCTIIPOLIECCOPHYI0 00paboTKy, a Tak-
JKE CO3JaHUE PACUETHOH TpeXMEpHOU MOJEIH.

OKCHEepUMEHTAIBHOE  HCCIIEOBAaHHE IEYaTHOM
IUTaThl OBUIO BBINIOJHEHO Ha CIIEIHATN3NPOBAHHOMN
AIEKTPOAMHAMHUYECKON BHOPOYCTAaHOBKE, COCTOSIIEH
M3 3JIEKTPOJMHAMHYECKOTO TIpeoOpaszoBarens ET-139
u nuHeliHoro ycmmurens PA-138. Ha umccnemyemom
o0pa3ie ycTaHABIMBAIKNCH IHE303IEKTPHUCCKUE AT-
yuku Bubparmu AP203 (puc. 1).

gl
L)

Puc. 1. Vccrnenyemblil medaTHBIN y3ei
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Ha mnepBom srtame ¢opmupoBaiach reomerpuye-
CKasi MOfeib, BKIIOYAIOIas BCE pa3MEIeHHBbIE Ha
TuIaTe 3JeMeHTHI (puc. 2).

Puc. 2. IToanasa Moneis miaTel

Jlanee mcmonb30Bajcs alTOPUTM YHPOIICHHUS HC-
XOJIHOM MOJEIIH, COCTOSIIHNI M3 HECKOJBKHUX JTAIlOB:
TIePBBIHA CpaBHUTENbHAS OLEHKa JOMYCTHMBIX
YIPOIICHNH, BKIIOYAtoIas B ce0s aHaU3 BCeX 00B-
€KTOB MOJENH Ha BO3MOXXHOCTBH YIIPOIICHHS HX T€0-
MeTpuH. [Ipu UCKITFOUEHUN KOMIIOHCHTOB UX Macca |
BHOCHMAs UMH JKECTKOCTh YUUTHIBAIUCH MTyTEM COOT-
BETCTBYIOIICH KOPPCKIMH ITapaMeTPOB OCHOBAHHS
wiathl. I 3TOro Macca onpesessuiach Kak yBeande-
HHUE TUIOTHOCTH, a JJISl y4eTa KECTKOCTH KOPPEKTUPO-
BJICSI MOJYJIb ynpyroct u koadduuuent [lyaccona
o0BeKTa. 3aTeM co3/aBanach YIpPOIIEHHAS MOIEINb

(puc. 3).

Puc. 3 YrporieHHast Moaeb

Crenyer OTMETHTH CIIEIyIOIINE AOCTOMHCTBA HC-
MOJIb3yEMOT0 METOAA YIPOIICHUS:

- B CPaBHEHHU C OOBIYHBIM METOJIOM pacyeTa Moj-
rOTaBJMBaeMas MOJIENb MMeeT OoJiee MPOCTYI0 TIeo-
METpHIO;

- IpoIecC CO3JaHUS KOHEYHO-2JIEMEHTHON CeTKU
CTaHOBUTCsl Oojiee TMOKHM, MOCKOJIBKY OTCYTCTBYIOT
0OBEKTHI «CIIOKHOW» reOMeTpUIECcKoil HOpMBI;

- YMEHBILIAETCS BpeMsI U 3arpy3ka KOMITBIOTEpa B
MpoIIecce MOACTHPOBAHNS.

[Ipn ananmu3e YHpPOUICHHBIX MOAENEH y4YHTHIBA-
JI0Ch, YTO, TOYHOCTH KOHEYHO-3JIEMEHTHOTO aHaJIN3a
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CYIIECTBEHHO 3aBHCUT OT IPaBUJILHOTO BbIOOpa TH-
0B M pa3MepoB KOHEYHBIX JIEMEHTOB. bojee yacras
ceTka TpeOyeTcss B MecTaX HamOONBIIHX Iedopma-
nuid. B Toxe Bpems Ooree penkas ceTka MOXKET TpH-
MEHSTHCSA B 30HAX, TIC MaJI0 U3MEHSIOTCS MeXaHH4e-
CKMe HampspkeHus (mocTostHHble nedopmarmu). Tak-
K€ CTOUT OTMETHTH, YTO TOYHOCTH Pe3yJbTaTOB aHa-
J3a YMEHBIIACTCS, €CIIH Pa3Mephl COCEIHUX dJIeMEH-
TOB CETKU BOJIM3U KOHIEHTPALMU HATIPSDKEHUH Cyliie-
CTBEHHO pa3JInyaroTcs.

s ynoOGCcTBa OIEHKHM U CPaBHEHHS MOJTyYSHHBIX
pe3yJbTaTOB BCE JAHHBIC CBEICHBI B TaOJMIlY

Tabmuna 1. CBogHast Tabauna pe3ynbTaToB
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(cM. Tabm. 1). 3HaueHMs NPUBOISTCS Uil HEPBBIX
JIByX PE30HAHCHBIX 4acTOT. B Tabnume 11 ucxoaHoit
W YIOPOLICHHOW MOJEIH TIIPHUBEAEHBI HE TOJBKO
HaWJeHHbIE 3HAYCHUs YacTOT W ¢GopMa u3ruda, HO H
OTKJIOHEHHE pE3yJbTaTOB pacueTa OT SKCIECPHMEH-
TaJIbHBIX JAaHHBIX B TMpOIeHTaX. B cTpoke «Dkcmepu-
MEHT» TaONIHUIbl MPEACTABICHBl YAaCTOTHBIC 3aBHCH-
MOCTH BHOpPOYCKOpeHHs (BTOpasi NpOM3BOAHAs OT
aMIUIMTY/IBl COBEPIIAEMBIX IEepeMElIeHHH), TOCTPo-
€HHbIC Ha OCHOBE OTKJIMKOB, MOJYYEHHBIX C MbE30-
JIATYUKOB.

[lepBas pe3oHaHCHAS 9acTOTa Bropas pe3oHaHCcHas yacTtoTa
Hcxonnas

TIOJTHAS

MOJIeNb
Yupomennas

MOJIeNb

387,9 I't (3%)
OkcnepuMeHT § ‘
121 T 378 T'y

AHanu3upys TOIy4eHHBIE PEe3yNbTaThl, a TAKXKe
TaKHe KPUTEPHM KaK BPEMs pacueTa W MOTPELIHOCTb,
MOJKHO CJIIENaTh CJICAYIOLINE BBIBOJBL: MpeAIaracMas
METOAMKA YIPOIUEHHUS OIPEACICHHUS PE30HAHCHBIX
YacTOT TPH HCCIIEAOBAHUN BHOPOYCTOWYMBOCTH IIe-
YaTHBIX Y3JI0B C  HCIIOJIb30BAaHHEM KOHEYHO—
3JIEMEHTHOTO aHaJIM3a MO3BOJISIET aJleKBaTHO OIpeje-
JISITh PE30HAHCHBIE YAaCTOTHI IIPU COKPAILCHUU 3aTpaT
BPEMEHHU KaK Ha CO3/laHHe CaMOil MoJeNu, Tak U Ha
npoBesieHHe pacueTa. IlomydeHHble pe3yiabTaThl MO-
TyT OBITh HCIOJIB30BaHBI B IPOLECCE MPOEKTHUPOBA-
HHUS W WCIBITAaHUS OJOKOB W MOAYJEH paarodsiex-
TPOHHOH anmaparypsl.
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CHUCTEMA 3KCTPEMAJIBHOI'O KOHTPOJISL
JJIA YITPABJIEHUA MATHETPOHOM
Boskos A.B.
Hayunsiit pyxoBonutens: bypkun E.1O., k.T.H., 1oueHT
Tomckuit mommTexHMUeckuii yausepcureT, 634050, Poccus, r. Tomck, nip. Jlennna, 30
E-mail: a.volkov.tomsk@gmail.com

Mar"eTpoHbl NPEACTABISIOT CO00H BakHEHIIHEe
3JICKTPOHHBIC TPUOOPHI IS TeHepaluu KoseOaHui
CBUY 6ompmroi momaoctd. OHU TIPUMEHSIOTCS B Tie-
peAaTYrKax paguoJOKANMOHHBIX CTAHIMU, B YCKOPH-
TENAX 3apsDKCHHBIX YacTHUI[, JJISI BBICOKOYACTOTHOTO
HArpeBa W B JAPYTUX CIydasx. B pe3ynbpraTte COBMECT-
HOTO JICHCTBUS JICKTPUYCCKOTO U MATHUTHOTO TOJICH
HA TIOTOKH JJICKTPOHOB B MArHETPOHAaX BO3HHKACT
reHepanus KoJicOaHu BRICOKOH 4aCTOTHI.

Cy1iecTByI0T MarHeTpOHBI, paboTaromnue Ha QUK-
CHUpPOBAHHOW YacTOTE, M HACTpaNBaeMble MarHETPOHEI,
B KOTOPBIX H3MEHSETCS COOCTBEHHAS YacTOTa PEe30HA-
TopoB. C 3TOU IENbI0 AJIs TOMydeHHus Oojiee KOpOT-
KAX BOJH B PE30HATOPHI BBOIST MEAHbIC IMIHHIPEI,
KOTOPBIC YMEHBIIAIOT HHIYKTHBHOCTD, & JJIs MOJyde-
HUs OoJiee [UIMHHBIX BOJH — METAJUIMYCCKHE ILIa-
CTHHKH, YBCIUYMBAIOIINE JJICKTPOEMKOCTh. Takwue
METOBI JAl0T U3MCHCHHE YacTOThI HEe 0ojee YyeM Ha
10—15%.

B nmanHo# pabote pemanach 3ajada aBTOMaTHYe-
CKOM TIOJCTPOMKM MarHeTpoHa MYTEM HW3MEHEHUS
paccTosiHUSL MEXIy IDIaCTHHAMH pe3oHaTopa. V3Ha-
YakHO ISl MOJCTPOWKH J9acTOTHI IPUMEHSIICS MeXa-
HU3M, TPUBOJMMBIA B [IBH)KCHHE PYKOW, KOTOPBIU
nmoaAruéan wid OTrudall OJHY W3 IUIACTHH. JTO HE
MO3BOJSJIO B aBTOMATHYECKOM PEXHME HACTPOHTH
MarHeTPOH Ha PE30HAHCHYIO YaCTOTy M yJCPKHUBATh
e€, Tak Kak B IpoIrecce padOThl PE30HAHCHAS YaCTOTA
MOJKET HECKOJIBKO U3MCHSTHCS.

Jlis perieHust MOJAOOHBIX 3334 HCHOJB3YIOT CH-
CTeMBl JKCTpeManbHoro perynuposanus (COP), ko-
TOpBIC CIIOCOOHBI HAaXOAWTh M YICPKUBATH IKCTpE-
MaJbHOE 3HA4YeHHE HEKOTOPOTo MapameTpa, XapakTe-
PHU3YIOMIETO Ka4decTBO (YHKIMOHWUPOBAHHSA ITaHHOTO
obwekra. OnpenensomuM 00CTOSITeILCTBOM B pac-
CMaTPUBAEMOH CHCTEME SBISICTCS METOJI TIOMCKA DKC-
TpEeMaJbHOTO 3HAYCHHUA (QYHKIMH. [ HaXOXKICHHS
IKCTpEMyMa CIICAYCeT HANTH Takoe 3HAYCHUC YIIpaB-
Jstroniero napamerpa (X = Xg) mpH KOTOpoM (yHK-
st U = O&(X) MakcuManabHa, YEeMY COOTBETCTBYET

YCIIOBHE
au d(;co) _ (1)
B HameMm ciydac HEMOCPECICTBCHHO H3MEPHTH
npou3BoHYIO (1) He MPeaCTaBNIAETCS BO3MOXKHBIM H
IMO2TOMY OHa 3aMCHACTCA IMPOU3BOAHBIMU BBIXO,HHOﬁ

u BXOL[HOI7[ KOOpAUHAT 110 BPEMCHHU
dx

M oz=— 2

C uenbio onpeneeHus dTUX MPOU3BOAHBIX Mapa-
METp X TpU MOMOLIM PETyIUPYIOUIET0 OpraHa Mpu-
HYJIWUTENbHO HM3MEHSIETCS C MOCTOSIHHOM CKOPOCTHIO,
T.e. OCYIICCTBIISICTCS HENPEPBIBHBIN HE3aBUCHUMBIN
MOUCK. B 3aBUCHMOCTH OT PacmoJiOKEHUsI BHIXOIHOU
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koopauHatel U Ha xapakrepuctrke U(X) u Hampasiie-
HUS W3MEHEHHWs mapameTrpa X (puc. 1) BO3MOXKHBI
YeThIpe BapUaHTa 3HaKOB IIPOU3BOIHBIX, OTPAXKEHHbIE
B Tabn. 1. Bapuantel 1 u 3 yka3slBalOT Ha TO, YTO
koopauHata U npuOnmxaercs K 9KCTpEMyMy, Bapu-
aHThl 2 U 4 — K yJJICHHIO OT HETO, T.€. HENPaBHIIb-
HOMY HaIIPaBJICHUIO JABHKCHUSL.

U A

X

Puc. 1. Xapakrepucruka U(X) 1 HanpaBiieHUs H3MCHCHHS
napamerpa x

Ta6III/IHa 1. Bo3amoxHbIE BapUaHThI 3HAKOB IIPOU3BOJHBIX
1 HaIpaBJICHUS ABUKCHUA

Howmep o

BapuaH- | z=dx/dt | y=dU/dt Heria
a JIBIDKEHHS
1 + + [IpaBuiipHO
2 + - Henpasunsao
3 - + [IpaBwibHO
4 - - Henpasunsao

ITosToMy mpu BapuaHTax 2 u 4 cieayet npou3Be-
CTH pEeBEpC PEryIupyIOUmEero OpraHa, T.e. IOMEHSTh
HaIpaBJIeHUE N3MEHEHH KOOPAWHATHI X.

B paccmarpuBaeMoil 3KCTpeManbHOM CHCTEME
pa3nMYaoT aBa dTama paboTHL: MOMCK dKCTpeMyMa u
yaep)KaHHe YIpaBIIEMOTO IapaMeTpa OTHOCHTEIBHO
HaWJIGHHOTO 3KCTpeMaibHOro 3HaueHus. llocme
HAaXO0XJCHUSI OKCTPEMyMa CHCTEMa MPOJOJIKAET
(hYHKIIMOHUPOBATh, HEMPEPHIBHO OTCJICIKUBAS BO3-
MOJKHBIC (IYKTYaI[UH YIPABISIEMOTO IMapaMerpa. ITo
MPUBOJUT K aBTOKOJCOAHHSIM OTHOCHTEIBHO 3KCTPE-
MyMa, 4TO OOYCIIOBIMBACT AMIUIMTYIHYI MOJIYJIs-
IO YIIpaBIsIEMOro mapameTpa. YacToTa W amInIu-
Tylda 3THX aBTOKOJIEOaHWH MAaKCHMAaJbHO yMEHbIIa-
FOTCs OJaronaps CrenuaIbHOMY alTOPUTMY, KOTOPBIi
MIOCTETICHHO yMEHBINAET IIar YIPaBJSIOIIEro Iapa-
MeTpa M YBEJIWYMBACT BPEMEHHON WHTEPBA MEXIY
IaraMu, OCJIe HECKOJBKUX MTOCIIEIOBATEIBHBIX CMECH
HAINpaBJICHUS PEryJupyomero oprana. Takum oOpa-
30M, CHCTE€Ma MEPEBOJUTCS B PEKUM YACPHKAHUS IKC-
TpemyMa. Ecnu BenmnuuHa ynpapisieMoro napamerpa
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3HAYUTEIBHO MCHICTCSA B TAKOM PEXHME, TO CHCTEMa
CHOBA TIEPEXOIUT B PEIKUM ITOKCKA.

Jlnst obecniedeHrs: 0OpaTHOM CBSI3U HUCIIOJIB3YETCS
JATYUK W3IY4YCHHSA. DJICKTPUYCSCKHAH CUTHAJI HA BEI-
X0l JaT4hKa IMPSIMO TIPOMOPIHOHAIEH H3ITydCHHIO
MarfieTpona u mMmeet amrumtyny 100 MB nipu wacro-
Te curHana 10 k[’ 1 ATUTENbHOCTH UMITYJThca |1 MKC.
HemoctarouyHo ToyHOe W3MEpEeHHE aAMIUIUTYIBI M-
MyJabca MOXET NPUBECTH K JIOXKHBIM peBepcaM
YIPaBJISIONIETO OPraHa, BCICACTBUE 3TOTO YBEIUYHUT-
Csl BpeMsl TIOUCKa dKcTpeMyma. J{Jsi MOBBIICHHST TOY-
HOCTH U3MEPEHHIA OBLIO PEIICHO UCIONB30BaTh ABYX-
KaCKaJHbIi MHUKOBBIA ICTEKTOP HAa OMNCPAI[MOHHBIX
yeunmutensix (OY) (puc. 2). Curan ¢ Jatyuka mnocry-
MaeT Ha BXOJ MUKOBOTO JeTeKTopa, kouaeHcatop C
3apspKaeTcsl 10 aMIUTUTYAHOTO 3HAYEHUS HMITYJIbCA.
OXHOBPEMEHHO C ATHM Ha BBIBOJ BHEIIHETO IPEphI-
BaHUSI MHUKPOKOHTPOJUIEpA IOCTYHAaeT CHUTHAJ CHH-
xpouuszanuu (Sync), s 3amycka U3MEPEHUs Hampsi-
JKeHHS Ha BBIXOZE ITHKOBOTO JETEKTOpa. TpaH3uCTOp
Q1 mpennasHaveH a1 cOpoca MAKOBOTO AETEKTOpA.

Al

Puc. 2. ITuxoBslit nerekrop Ha ocHOBe OY

B kauecTBe MexaHW3Ma MOJCTPOMKH UCIIONB3YET-
csa NUHEHHBIN maroselii asurarens ELA35-115, 3a-
MEHSIIOUIMN CTaHIApTHBIA PEryJupoOBOYHBIN MeXa-
HH3M MardetTpoHa. IIoBopoT poTopa maroBoro IBura-
TEJIS HA OJIMH IAar MPUBOAUT K MPOMOPIHOHAIEHOMY
JMHEHHOMY MCPEMCIICHHUIO IITOKA aKTyaropa. JTo
MO3BOJISIET C BHICOKOM TOYHOCTBHIO U CKOPOCTBIO PEry-
JIMPOBATH PACCTOSTHUE MEKIY IUIAaCTHHAMH PE30HATO-

pa.
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I'maBHBIM 3JIEMEHTOM CHCTEMBI SBJISETCS MHKPO-
koHTposiep AVR co BCTPOGHHBIM aHAJIOTOBO-
g poBeM TIpeodpazoBarenem (ALIIl) m mHTEpdEH-
com USART mis obmena uHdoOpmamueit. Mukpo-
KOHTPOJUIEP BHITTOHSAET CIECAYIONTHIE 3aJauu:

e (COpoc MMKOBOTO JETEKTOpa

W3Mmepenne HampspKEHUS Ha BBIXOAE ITHKOBOTO

JIeTeKTopa

OmnpeneneHyue TNPOU3BOJAHBIX M PELICHUE O

HEOOXOTUMOCTH PeBepca OpraHa yrpaBiICHHS

ManumynupoBaHHE OPTaHOM YIIPABICHUS

OOMeH wHpOpMaNMEH C KOMIBIOTCPOM HWIIA

JPYTUM YCTPOMCTBOM
JUtst conpspKeHMsT CUCTEMBI YIIPABICHUS C KOMIIb-
oTepoM ucrnonb3yercss uHTEepderic RS485. Tlpemy-
CMOTPEH KaK IIOJIHOCTBIO ABTOMATHUYCCKHI PpEeXUM
paboTHI ¢ TOUCKOM H yIepKaHUEM dKCTpeMyMa, TaK 1
PYYHOU PEXHUM, TO3BOJISIOMIMA HACTPOUTH HYKHOE
MOJIOXKCHNE IUTACTHHBI PE30HATOpa C KOMIBIOTEpA.
Cucrema Tak jxe nepeaéT B KOMIBIOTED 3HAYCHHE
AMIUTUTYABl CWTHAllA C ATYMKA, YTO IO3BOJSCT CY-
JIITH O TCKYIICH BETMYUHE N3YYCHUS MarHeTPOHA.

Takum 00pa3oM, MPEICTABICHHAS CHCTEMa MaET
BO3MOXKHOCTh YIPABISITh MArHETPOHOM C BBICOKOWM
TOYHOCTHIO, KAK B aBTOMAaTHYECKOM, TaK ¥ B PYYHOM
peXuMe, YTO TO3BOJISIET MOJTHOCTHIO aBTOMATH3HPO-
BaTh pabOTy MarHeTpoHa.

CHHCOK JUTepaTypsbl:
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2. Xoposun I1., Xun i Y. UckyccTBO cXeMOTeX-
muku: B 3-x Tomax: T.1. Iep. ¢ anrn. - 4-¢ u3n., me-
pepab. u pon.-M.: Mup, 1993.

3. A. JIx. Ileiiton, B. Bommur. AHanoroBast 3Jiek-
TPOHMKA Ha ONEPalMOHHBIX ycuiauTensx — M.: bU-
HOM, 1994 - 352 c.

4. JIu6epzon JL.M., PonoB A.b. Cuctemsl 3KCTpe-
MaJbpHOTO peryiupoBaHus. — M.: Dueprus, 1965 —
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PA3ZPABOTKA YCTAHOBKMU JJISA CHATUA XAPAKTEPUCTUKH OBPATHOI'O

BOCCTAHOBJIEHUA CUJIOBBIX TUPUCTOPOB
Bonkos A.B., Cunxun [[.C.
Hayunstit pykoBoautens: I'ynses U.B., n.1.H. npodeccop
MopnoBckuii rocynapcTBeHHbIH yHuBepentet, 430000, Poccusi, r. Capanck, yi. b.Xmenshuikoro , 39
E-mail: elsoldador@rambler.ru

C pa3sBuTHEM TEXHUKU U MPOMBIIIIEHHOCTH BO3pacTaeT
MOTPEOHOCTh B MOIIHBIX IPeoOpa30BaTebHBIX YCTPOH-
CTBaX. MOIIHOCT HEKOTOPOTO COBPEMEHHOIO IMPOMBIIII-
JICHHOTO O0OOpYIOBAaHUSI JOCTUTACT JIECSTKOB MEraBartT.
Jlna ynpaBieHus! TAKMMU MOIITHOCTSIMU TPEOYIOTCS MOILII-
HbIE CHJIOBBIE KITIOUHL.

HanGonee MOIIHBIMU TOMYIPOBOIHIKOBBIMH TIPHOO-
paMH Ha CETOIHAIIHHI NIeHb SBILIEOTCS OHOOIICPALHIOH-
Hble TUpUCTOPBI [1]. D11 mprubopbl 0OIATAI0T OOIBIION
MPOITYCKHOM CHOCOOHOCTBIO O TOKY CIIOCOOHBI 3aIipath
HanpspkeHue 10 10 kB, uTo onpenenser ux mMpoKoe Npu-
MEHEHHE B HM3KOYACTOTHBIX IpeoOpasoBarermsix. Harpu-
Mep, B TaKMX YCTIPOMCTBAX KaK BBIIPSAMUTEIHHO-
MHBEPTOpHBII peoOpazoBareis (BUIT) ceprn BIUIT-2200,
BUI1-4000 1 BUIT-4000M [2].

Yacto B COBPEMEHHOM CXEMOTEXHUKE ULl YBEIMYCHUSA
OroKupyroImer CrHocoOHOCTH TMPUMEHSETCST  TIOCTIeIOBa-
TeNbHOE coelMHeHNe BeHTier. [pu sToM u3-3a pazmmumit
B IapamMeTpax CTIPYKTypbl BO3HHMKACT pasHUIA HaIpsDKe-
HUM, YNCIIEHHO paBHast (V11 JBYX IOCIENIOBAaTENbHO CO-
2AQyy

C
MEX/Ty 3apsiiaMi 00paTHOTO BOCCTAHOBJICHUSI THPHUCTOPOB,

a C- emxocts KOHJIeHcaTopa JieMI(pHpyoLIei  1er,
BKJTIOYaeMOH napauiesisHo ¢ taprctopoM [3]. Kpome Toro,
TIPY 3aIMPAHUH BEHTWIS B CXEMaX C MHIYKTUBHOM Harpys-
KOI HaOIFOIAFOTCS BBIOPOCHI HATPSDKEHHUS OOJBIION aM-
TUTATY/IBL. DTH BRIOPOCHI CBS3aHBI ¢ (POPMOIA TOKA 0OpaTHO-
TO BOCCTaHOBJICHHS! THPUCTOPOB. Jl1s1 pacuéra 3Tux nepe-
HaNpsDKEHUH KpaiHe BaKHO MMETh BO3MOYKHOCTb CHSITb U
MPOAHAIM3UPOBATh XapaKTePHCTHKYy OOpaTHOro BOCCTA-
HOBJICHUS] THPUCTOPA.

TpeboBaHusi, NpeabsBIIEMbIC K M3MEPHUTEIbHBIM YCTa-
HOBKaM, CTIOCOOHBIM CHUMATh XapaKTEPHCTHKY OOPaTHOTO
BoccTaHoBeHust, cpopmyrmposanbl B 'OCT 24461-80 [4].
CxeMHasi peanzalysl 9TUX TpeOOBaHWH TpeZCTaBIeHa Ha
puc. 1.

Ha puc.] ucrounuk Inp — 310 MCTOYHMK, 3aj1aronmii
NpsIMOM TOK 4Yepe3 TUpUCTOp. THPUCTOp 3aKpbIBAeTCs 10
3amMblkaHMio Kmoda S. CKOpoCTh craja TpsIMOro TOKa
MOXHO 3a71aBaTh, W3MEHsSI BEJIMYMHY HMHIyKTHBHOM

©IMHEHHBIX BEHTHIICH) , TIe AQyr _ pasHHIA

Harpy3ku LX ¢ yaérom dopmyisI:
dl V.
dt  Lx @)
\Y

06 - HATIPSDKCHHE FICTOYHMKA OOPATHOTO HATIPSDKECHIUS

Vo6p. Cornacao ['OCT 24461-80 Vo6 = 100B. C nemmio
TPOBEPKH pabOTOCTIOCOOHOCTH cXeMa prc. 1 ObL1a cMoe-
JMpoBaHa B miporpamme Saber. Pe3ynsrar MomempoBaHyis
TIpe7ICTaBJIeH Ha pHC. 2.
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(ﬁ Inp
Q/ Vobp

Vs

Puc. 1 — Cxema mist HomydeHUs XapaKTepUCTHKU 00pat-
HOTO BOCCTAHOBJICHHS

(A) - t(s]

a00.0 .
iaa
Y 0.0+ [i
-500.0 . | |
S00u 1.0m 1.1m

t(s)
Pruc. 2 — CmonenpoBaHHbIH TOK 0OpaTHOTO
BOCCTAHOBJICHUS

@OyHKIMOHANIbHAS CXeMa YCTAHOBKH, TO3BOJISIOLIEH
CHMMaTh W aHAJIM3UPOBATH XaPAKTEPUCTHKY OOPaTHOTO
BOCCTAHOBJICHHSI [IPY Pa3/IMYHbIX 3HAYCHHUSIX PSIMOTO TOKA
Y CKOPOCTH CIIa/1a psIMOTO TOKA, TIPHBEZICHA Ha puC. 3.

Ha ¢yHKImoHaIBHON cxeMe MOMHMO YK€ YKa3aHHBIX
9JIEMEHTOB MOXKHO BUJIETh M3MEPHTEIBHYIO M YIPABIISIO-
LIyI0 YacTH. V3MepuTenbHas 4acThb COCTOMT M3 JIaTUMKA
toka JIT, nepenaroriero M3MepeHHOE 3HaUYCHNE TOKA Yepes3
AHAJIOTO-TIM(POBON TPeoOpa3oBarTellb B TIEPCOHATBHBIN
xommbtotep TTK s mocnemyromeli 06paboTku. Ympagie-
HHE PabOTON CXeMbI OCYIIECTRIISCTCS] POrPaAMMHUPYEMbIM
sorrueckum korTposuiepoM TUIK «Oen» [5] uepes Brimo-
YyeHHe ApaiBEpoB TUPHUCTOpa W KiIoda. lcronp3oBaHue
KOHTpOJIIepa TO3BOJBSIET JTOOUTHCS OOJNbIeH TMOKOCTH B
YHPABJIEHNH CUCTEMOH B IPOLIECCE H3MEPEHUSI.

VYUT - yHuBepcanbHBIM HCTOUHUK TOKA, YCTPOICTBO
Ju1s1 JOpPMHUPOBAHIE 33/IAHHOTO 3HAYCHHMS TOKA B 33/1aH
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Adpaneep
— I_IJ-IK Knw4ya
s )
NHAOyKTUBHasA
YT ! Harpyaka MH
arT d-—
| vs \|/
Opaneep /
TUupucrTopa
ALIM MK
]

Puc. 3 — OyHKIMOHAIBHAS CXEMA YCTAHOBKH JUTS CHATHS XapaKTEPUCTHUKK OOPAaTHOTO BOCCTAHOBIICHUS

HbIII MOMeHT Bpemenu 1o curHany ¢ [IJIK. B kauectse
HWHJTYKTUBHOM Harpy3ku Jjisi THPUCTOpPA CITYXKHT JIPOCCENb
CIEMANIHON KOHCTPYKIMH C OTIAKaMH M KOMMYTHDY-
OLMMH PeJie, YIPaBJIieMbIMH TI0 JIOTHYECKOMY CHUTHAITY C
TUIK. IH ncTodHuK JUTst 38 aHHs 0OpaTHOTO HAIPSHKEHHS
Ha TUPHUCTOpE, C TIOCIEIyONMM (hOPMHUPOBAHHEM 3Haye-
uust VoOp. st odpadotku Ha T1K. [lpaiiBep wiroua mpen-
CTaBIIeT W3 ce0sl YCTPOMCTBO, CIIOCOOHOE TI0 CHTHANY C
IJIK 3amkayTh K1RO9 SA. [lpaiiBep THpHCTOpa — YCTPOt-
crBo, 1o cursany [1JIK mopmaromee Ha 3aTBOp THpHCTOPa
CHTHAJI, JOCTATOYHBIN TS €T0 BKITFOUCHIIS.

B kavectBe matumka Toka mcnoissyercs ITL 4000-S
[6] dpupmbr LEM. Criemyer oTMETUTb, YTO CHTHAJ, TIONY-
YEHHBIH C JaT4nKa TOKa HYXKJAeTcsi B MacITaOUPOBaHHH,
JUIst TOro utoObI coryiacoBath ero ¢ AL 3HaueHus Toka,

dl

thopmupyemoro B YUT, u ‘gt » OMPEeIIAEMOEe MH/TYKTHB-
HOW Harpy3koH, 3anaérca uepes IIIK u taroke nepenaercs
Ha AIIIT. Ce3b 1K ¢ ALIIT ocyiecTBisieTcst 1o MPOTOKO-
ay USART wuepe3 mpeobpasoBarens uutepdeiica USB-
USART, BbINIONHEHHBI HA TOCIEIOBATELHOM YHUBED-
CabHOM TIpeoOpaszoBaresie MHTepdeiica Ha MHKpOCXeMe
FT232RL.

PaccmoTpenHoe Bbile yCTpOHCTBO ISl I3MEPEHUS Xa-
PaKTEpHUCTUKN 0OPAaTHOTO BOCCTAHOBIICHHSI THPUCTOPA MO-
JKET HalTH IIMPOKOE MPUMEHEHHE B 00JIacTH IpeoOpa3oBa-
TEJIPHOM TEXHWKH JUIS pacyueTa MepeHAIPSHKCHUS, BO3HHU-
Kalolux B THpHcTopax. O0nacTb NprMeHeHUs: THPHCTOPOB
B TPYIIOBBIX COSMHEHHSIX JIOCTATOYHO IIMPOKa, TI03TOMY
NpeoOpa3oBaTeNy YacTOThI U BBINPSMUTENN PACCUNTAHHBIC
Ha morHoctd oT 0,5 MBT-120MBT, BBINIOJHEHHBIE C Ta-
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KUM COEIIMHEHHEM OyIyT HYXKIaTbCs B JOCTATOYHO TOY-
HOM Toz100pe THPUCTOPOB IO 3apsxy OOpaTHOro BOCCTa-
HOBJICHVS M pacueTe CHAOOEPHBIX IeTieil.
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BJUSIHUE HEITPABUJILHOM YCTAHOBKHU AKYCTHUYECKHX

IMPEOBPA3OBATEJIEN PACXOJA HA PE3YJIBTAT NU3MEPEHUM
I'epacumos C.H.
Hayunsie pykoBoaurenu: Xenbakos U.H., 1.1.H., npodeccop; HoBukos B.A., k.T.H., 10o1eHT
HammonansHbIi BecnenoBaTenbekuii yHuBepcuteT «MONy,
111250, Poccus, r. Mocksa, yin. KpacHokasapmennas, 14
E-mail: ger_si@inbox.ru

Beenenue

3amada u3MepeHnst 00BEMHOTO Pacxoaa KUIKOCTH
B HACTOSAIIEE BPEMsI TTOJTydaeT Bce OOIbIIee 3HAUCHUE
[1]. C aroii b0 UCTIONB3YIOTCSI KHUIAKOCTHBIC Pac-
XOJIOMEPHI M CUSTUYUKH KOJMYECTBA )HIAKOCTH [1]. B
COBPEMEHHON PACXOIOMETPUH 3HAYUTEIHHOE MECTO
3aHUMAIOT YJBTPA3BYKOBBIE TNPHOOPHI W3MEPEHUs
pacxona [1]. B wacTHOCTH, Ha NPEANPUATHIX U 00b-
extax JKKX mmpokoe nmpuMeHeHHE MOIYUIHIN Bpe-
MSIHMITYJIbCHBIE YJIBTPa3BYKOBBIC pacxomomepsl [2].
B nanHo#t cTaTthe paccMaTpuBaroTCs MPHOOPEI, Tpe-
Ha3HAa4YeHHbIE Il pabOTHl C HANOPHBIMU TPYOOIpO-
BOJIaMH M HMMEIOIIME HAKJIaaHbIe (NEpBUYHbIE) JIICK-
Tpoakyctuueckue npeodpaszosarenu (DATI).

Onucanmne npuHIMNA padoThl pacxoaoMepa

B obmem ciaydae m3aMepeHHe pacxoja BPEeMSIHUM-
nyJIsCHBIM MeTomoM [1, 2] cBoauTes K OmMpeieieHHIo
T — Pa3HOCTH BPEMEH IPOXOXKICHHUS aKyCTHYECKHX
(YTBTpa3ByKOBBIX) CHUTHAJIOB TPOTHB IMOTOKA M TIO
MOTOKY XXHIKOCTH B TpyOompoBome (cM. puc. 1).
WHavye mapamerp T MOKHO TOSICHUTH KaK CHBHI IO
BPEMEHH MEX/1y aKyCTHUYECKHMMH CHTrHanamu. llpu
W3BECTHBIX BHYTPEHHEM JuameTpe Tpybomposoma D
1 CKOPOCTH PacHpOCTPaHEHUs aKyCTHYEeCKUX Koueba-
HUN B HEMOJBUXXHOW KOHTPOJIMPYEMOH cpelie C, CKO-
poctb notoka V| (OCpeIHEHHYIO TI0 JINHUN aKyCTHIe-
ckoro ny4a u jmuse |, rae | = Lcosa) moxHO omnpene-
JIMTBH UCXOJISl U3 IPUBEJICHHOT'O BHIPAXKEHHS:

2
= 1)
2-L-cosa

rne L — paccrostaue mexxay DAIT o npsmoit -
aun (cMm. puc. 1), pasHoe D/sina; a — yrom Mexmy
HalpaBJIeHUEM DPACHPOCTPaHEHHs (WM BBOJA B IIO-
TOK) aKyCTHYECKHX BOJH U OCBIO TPyOOIIpOBOIa.

Puc. 1. Mnmoctpanust puHIKIA U3MEPEHUs pac-
X0/ KHUJKOCTH BPEMAUMILYIbCHBIM METOAOM

O6beMHBIH pacxos Q MOKHO BBIYUCIIHTH U3 TIPO-
M3BEJICHHUs] OCPEJHEHHOMN 10 CEYSHHUIO MOTOKA CKOPO-
ctu Vs (B npocreiimem ciydae Vs = Vi [1]) u mwio-
IaJd 3TOTO CEYCHUsl. 3aruIlieM HTOrOBOE BhIpaKe-
HHe, oNpe/elisitolee 00bEMHBIH Pacxo;
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.D? 3 n-t-c%-D?
4-L-cosa

Q- -V,
4
CyThb npodemMbl
Kpome panee mepedncieHHBIX THIIOB PacXxojoMe-
POB CYLIECTBYIOT Takue, /i€ OTBETCTBEHHOCTHb 3a
MpaBWIILHOCTE ycTaHOBKH ODAII Ha TpyOompoBoj B
CHJIy MX KOHCTPYKTHUBHBIX OCOOCHHOCTEH MOJHOCTHIO
BO3JIaracTcsi Ha MOHT&)KHHKAa — CHELUaJINCTa, yCTa-
HaBJIMBAIOIIEro pacxogomep Ha oOwekre. [Ipu sTom
OTIepaTop IOJDKEH CIEeNI0BAaTh MHCTPYKIMH IO yCTa-
HOBKE, a OTKJIOHEHHWE OT 3THX TpPeOOBaHMH WM WX
HEBBINTOJIHEHUE MOJKET MPUBECTH K BO3HUKHOBEHHIO
HEJIOMYCTUMO OOJIBIINX MOTPEIIHOCTEH W3MEpPEHHUH.
OnHOM M3 BO3MOXKHBIX CUTYyallMd MOXKET CTaTh HECO-
OTBETCTBHE YIJIa HAaKJIOHA JIMHUH, COCAMHSIOMECH
OAII oTHOCHTENBHO OCH TPyOONpOBOAa, HOMHHAIb-
HOMY 0. DTO TOBJIEYET 32 CO00I0 U3MEHEHHE 3Haue-
HUS BBIUHCIsieMOl ckopoctH V|, 4To Oyner mpsmo
BJIMSITH M Ha IOKa3aHWs pacxoja. B pesynbrate mo-
JKET BOZHUKHYTBH JIOTIOJHHUTENbHASI MOTPEIIHOCTD U3-
MepeHHs pacxoa xuakocTa [3].
OueHka norpemHoCcTH
[TomeITaeMCsl OLIEHUTh YKa3aHHYIO IOTPEIIHOCTB.
Kak cmemyer u3 (1), BEIUMCIIEHHAsT CKOPOCTH MOTOKA
3aBUCHT OT paccrosiHuA L. IIpm cMemennu omHOTO
OAIl OTHOCHTETBHO IPYTOTO IO OCH TPyOOIpoBOAa
Ha JuimHy Al or HOMMHanbHOTO paccrosHus | neid-
CTBHTE/IbHOE paccTosHue ctanet pasusM | . T.e. BMe-
CTO 3HaveHHs |, KOTOpPOEe HCMONB3YeTCsl MPH BBIYKC-
JeHHH, pealbHo cieayer yunthiBath | . Toraa paccro-
sue L, B cBOIO ouepenn, 3amenuTcs Ha L (cM. puc.
2).

)

Puc. 2. nmocTpanust k mosicHeHuto pacueta L B
3aBUCUMOCTH OT paccTosiHus cmemeHust AT

IIpu omeHke paccMaTpuBaeMOil IMOTPEIIHOCTH
CJIEZIyeT Y4eCTh, UTO aKyCTHUCCKUH JTy4 TeoMeTpHude-
CKH TIPEJICTABIISET COOOM HE OTPE30K MPSMOIL JIMHUMY,
a KOoHyC (BCleACTBHE paccesHHs). B cBs3m ¢ 3THM,
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Juid y3koHanpasieHHbIX DAII, kak npaBuio, IOMUMO
HOPMHPOBAHHS yIJIa 0 TaKxe Hopmupyercs [4] u yr-
J0Basi pacXOJUMOCTh aKyCTHYECKOTO JIyda MM yTOJ
paccestaust ¢. Cormacto [4], yron ¢ 4acto He TIpeBHI-
maetr 10-15°. Takum oOpas3om, yriioBas pacxo.u-
MOCTb aKyCTHYIECKOTO JIy4a OTHOCHUTEIHHO HaIlpaBJIe-
HUSI BBOJIAa B ITOTOK aKyCTHYECKHUX KoyieOaHHMH cocTa-
BHT ¢/2 110 006€ CTOPOHHI (CM. PHC. 2) OT ITOW JIMHUHI
BBOJa. OTMEUEHHOE 0OCTOSATENHCTBO CIIEAYET YUUThI-
BaTh IIPH BBIITOJHEHUH JAITBHEHIINX PacueToB.
UroGel HaiiTh L TpeGyercs BBIUMCIHTH IUTHHY
croponsl AC Tpeyronsuuka ABC (cMm. puc. 2) npu
n3BectHoM yrie BAC, pasaom 90°. ITomyumnm:

L =D +(I')". 3)

B peanbHOCTH JCWCTBUTENBHBIN OOBEMHBIA pac-
xox Q B JAHHOM cilydae GYAET OTIMYCH OT TEOPETH-
YEeCKOT0; IS €r0 OnpeAeTeHus He0OXOMMO B BIpa-
xenne (2) BMecto L moxcrasuts L, a BMecTo yria a
— yron 6. B cuny pasencrsa | = | + Al, ykazannsrit
YTOJI MOXKHO HAalTH CIETYIONTIM 00pa3oM:

0 =arctg % +al) 4

B npenmnonoxxeHnn o MOCTOSHCTBE 3HAUYCHHUM Bpe-
MEHHOTO C/IBHTa T, CKOPOCTH aKyCTHYECKHX Koieba-
HUH C, auameTpa D m yrma a (mpuMeM ero paBHBIM
45°), a TakKe C yU4eTOM TIO/ICTAHOBKH BIpaxeHuH (3)
u (4) B BoIpaxkeHHe (2), NOIy4YUM KOHEYHOE BbIpaXKe-
Hue (5) OIEHKHM OTHOCUTEIBHOW TOTOJHUTEIbHOM
MOTPEIIHOCTH M3MEPEHMs pPacXofa IpU HENpPaBUIIb-
HOM pacnofioskeHnu DAII Ha TpyGonpoBoe.

1)

=2 10006 = 9% 110006 = 2 1009 ()
Q' tg o I

IIpomomxkast pacCyXOEHHUsS, MOXHO MpPEAIOIO-
KHTh, 9TO OYZET CyIIECTBOBaTh HEKOTOpasi KpUTHYE-
ckas BeJM4MHA cMemeHus Aly,, Ipu KoTopol naib-
Hermee cmenierne DALl npuBeneT K morepe aKycTH-
4yeckoro curaana apyrum DAl nockoibKy, Kak ObLIO
cka3zaHO paHee, KaxJelii DAIl umeer HOpMHUPOBaH-
HBIIl KOHE4HBIH yron 6. Jlpyrumu ciioBamu, eciu
cMeienne Al B aOCOMIOTHOM BBIPOKECHHH OKa)KeTCS
Oounbmre HekoTOporo Aly,, To akycTHYECKHe BOJIHBI OT
onHoro DAII mpocTo He HomaayT Ha MOBEPXHOCTh
npyroro DAIlL, u, dakTHdeckd, IPOU30HAET MOTEPs
paboTtocmocobHOCTH TTPHOOPA.

Al, =D-[£ctg(aFp/2)Fctga ]. (6)
Bripaxkenue (6) xapakTepu3yeT BEIHUHHY MaKCH-
MaJbHO BO3MOXKHOTO cMmemenns ogaoro DAII orHo-
CUTETIFHO APYTOTO IO OCH TpyOOmpoBOjAa MpPH IOJIO-
JKUTEIBHBIX W OTPHIATENBHBIX cMmeneHnsax DALl or-
HOCHTEIIFHO €T0 TEOPETHIECKOTO TIOI0KEHUSI.
Ortobpa3um rpaduk (cM. puc. 3) OTHOCHUTEIBHON
JIOTIOJTHUTEIBHOM MOTPEITHOCTH M3MEPCHHS pacxoja
COIJIACHO TIpE/ICTaBICHHOMY BhIpaxkeHuio (5) ¢ yde-
ToM orpanuueHuil (6). Yroa paccesHus ¢ TpuUMeM
paBubiM 15°. Cmemenne Al Oymem OTKIaipIBaTh B
OTHOCUTEJIbHBIX €IMHUIAX — J0JIAX JUuaMeTpa n, T.C.
Al =n-D, rae N — Ge3pa3MepHasi BEJIHMUYHHA.
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i
0
OTHOCHTENBHOR cMelleHue DAT no ocn TpyGonposoaa, [All D]

OTHOCHTEeNkLHaA norpewHocTb 5Q, %

1 i 1 i 1
02 01 0.1 02 03 04
Puc. 3. I'paduik OTHOCUTEIBHOMN MOTPELIIHOCTH

N3MEPCHUA pacxoda KUJIKOCTHU

[lomyueHHass 3aBUCHMMOCTh Ha pHC. 3 sBIsSeTCA
Onmu3koil Kk nMHEHHOW. B 3aBepiieHue clieayer mosc-
HUTb, YTO BBIYUCIICHUE CKOPOCTH IMOTOKA OYAET Ipo-
UCXOIIUTh C OIIMOKOW, MOCKOJIbKY PAaCCTOSHHE L' or-
JUYHO OT L, B AEHCTBUTEIBHOCTH OOBEMHBIA PACXOJ]
Oyzer ocTaBaThCs HEM3MEHHBIM.

3akJ/oueHue

B pamkax maHHOI pabOTHI MOTYyYeHO aHATUTHUC-
CKOE€ BBIPa)KCHHE OLEHKH JOTOJHHUTEIHLHON HOTpen-
HOCTH W3MEpPEHHs pacxoia >XHIKOCTH BCJIEICTBHUE
HenpaBWIbHOTO pacnoioxenus DAIl ma tpyOGompo-
BOJIE TI0 OTHOIIEHHIO APYT K APYTY BAOJE OCH TPYyOO-
MpoBOJa. YCTaHOBIEHO, YTO B 3TOM Cllydae 3HaUCHHE
JIOTIOJTHUTEIBHOM MOTPENIHOCTH MOXET MHOTOKPAaTHO
MPEBBICUTE HOPMHUPYEMYIO OCHOBHYIO MHOIPEIIHOCTh
npubopa. MoXKHO 3aKITIOUUTH, YTO MPU HKCILTyaTaI[uU
MOJOOHBIX MHPUOOPOB BBICOKOH CIIOXKHOCTH CYIIe-
CTBYET MHOXXECTBO (DaKTOpPOB, BIHUSIOIIUX HA IIO-
TPEIIHOCTh M3MEpeHus. B kadecTBe Mep 1O yMEHb-
LICHHUIO 3TOTO BIMSHUS Ha MOKA3aHHUS PAacXoa MOXKHO
puBecTH coboneHne TpeboBannii MoHTaxka DAIL
CrouT 3aMeTHTh, YTO BO MHOTHX INOJOOHBIX MpPHOO-
pax koppektHocTh ycraHoBku DAIl [2] momosnnu-
TEJBHO KOHTPOJHPYETCS YPOBHEM HPHUHHUMAEMOTO
aKyCTHYeCKOTo curHama. Takum oOpas3oM, ecnu Tpe-
6oBanms MoHTaxa DAII OyxyT rpydo HapyIIeHEI, TO
9TO OyNeT He3aMeNIUTENBHO OOHAPYKEHO.
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Beenenue

CeronHst KM3Hb COBPEMEHHOT'O YEJIOBEKa TECHO
CBsI3aHA C KOMIIBIOTEPOM, IIOITOMY O4YEHb Ba)KHO,
9TOOBI paboTaTh ¢ HUM OBLIO KOM(OPTHO M yOOOHO.
OnHaKko MpH 3TOM MBI CTAIKHBAEMCS C PAIOM IIPO-
6nem. Kak mpaBmio, monepeMeHHOE HCIIONIB30BAHHE
KIIaBHATYpPBl ¥ MBIIIN OTHUMaeT BpeMsl. Takxe dacTo
BO3HMKAIOT CHTYyallH, KOTJ@ HCIIOJIb30BAaTh MBIIIb
3aTpyIHUTENIBHO, HAIPUMED, B JOPOTe WIH MpH pado-
TE ¢ KOMIBIOTEPOM Ha IPUPOJIE.

B cBsi3u ¢ 3THM, ObUIa NPOM3BEJCHA MOJEPHU3A-
IIUsl KOMIIBIOTEpHOI MbIH. Pa3pabGoraHHoe ycTpoii-
CTBO INPEJCTaBISIET COO0 KOMIAKTHYIO ONTHYECKYIO
MBIIIIb, KOTOPAasl OJIEBAETCS Ha yKa3aTeJbHbIH MaJel] 1
YIpaBJsIeTCsl 3a CUET ero JBIDKeHus. B pesynbrare
JIAHHOE YCTPOMCTBO, Ha3BaHHOe TouchSide, mo3Bos-
eT paboTaTh Ha JIFO0OW MOBEPXHOCTH W HE TpeOyer
BPEMEHHU Ha MEPEeHOC PYKH OT KJIABHATYPhI K MBI U
o0patHo.

VYcTpoiicTBO OyIeT MoJe3HO MHUPOKOH ayIUTOPHH.
C oz1HO# CTOPOHBI, IIKOJIbHUKAM, CTYJCHTaM U oduc-
HBIM COTPYIHHKaM, C JPYrod CTOPOHBI, JIIOASM, KO-
TOpble PabOTAIOT C KOMIIBIOTEPOM Ha NPHUPOJE, B
TPaHCIIOPTE M MHBIX MeCTaxX, I/l CI0KHO HAalTH pPOB-
HYIO TIOBEPXHOCTb JJIsl YIIPABICHHUS MBILIBIO.

Puc. 1. TouchSide Ha pyxe noss3oBaresns

Cxema ycrpoiicTBa Mbim Touchside

Tenmepp ocTtaHoBUMCA mOApOOHEE Ha CXEMe
yctpoiictBa. TouchSide cocrouT U3 HECKONBKHX Ya-
creil. [1acTUKOBBIA KOPIYC COIEP)KUT IUIaTy C MHK-
POKOHTPOJUIEPOM, IEPENAIOIUM MOIYJIEM, a TaKKe
akkyMyisitop. OH KpemuTcsl Ha MpeAIuIedbe C IOMO-
mpio Opacnera. CUTHAJIbHBIC JTUHUH COSAUHSIOT MUK-
POKOHTpOJUIEP C MaTpPHILEH, 3aKPETUIEHHOH HAa KOHYH-
Ke Maiblia, KOTopas IoMeIeHa sl yio0cTBa B Ipy-
ro IIACTUKOBBIA KOPILYC, CKOHCTPYMPOBAHHBIA U
HanedatanHelii Ha 3D-mpunrtepe. Takke kopmyc co-
JIEP)KUT KHOIIKY, PAacIlojIOKEHHYIO IOJ| MOIYIICUYKOM
nansia. [Ipy HakaTun Ha HEE MPOMCXOIUT COOBITHE,
AQHAJIOTUYHOE INENUKY JIeBOW KHOMKM MbImu. Cresa
Ha KOpITyce HaXOJUTCSI KHOIKA BBIKITIOYCHHUS YCTPOU-
crBa. Baemnuii Bug TouchSide u ero cocraBHbBIX 4a-
CTel TIpeIcTaBJICH Ha pUCYHKax 1, 2, 3.
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Mnata ¢ MMKPOKOHTPOANEPOM
1 Nepe/atolLuM MOAYNEM

Puc. 2. Yerpoiicteo TouchSide

Puc. 3. Yerpoticto knomku TouchSide

IlepBbIM ~ HEOOXOAMMBIM  OTAallOM  CO3/IaHHSA
YCTPOMCTBA OBLJIO MPOEKTUPOBAHWE M W3TOTOBJIEHUE
miatel. [IpOEKTUPOBAHKE OCYIIECTBIISIOCH MPU ITO-
moru CATIP DipTrace (pucynok 4).

=\
?E;' -\

Puc. 4. ITpoexT miatel B CAIIP DipTrace

WzroToBneHue miatel MPOU3BOJIMIOCH METOIOM
tpaBnenus (pucynok 5) [1]. Ha ¢oroOGymare Obin
HaredaTaH NPOEKT IUIaThl. 3aTeM OH Kpenuics Ha
(OJBrUPOBAaHHBIN CTEKIOTEKCTOIIUT.

CTEeKJIOTEeKCTOIUT OBUT MOMEIIEH B PAcTBOP XJIOP-
HOTO JKeJie3a, 10 NCTEYSHUI0 HEKOTOPOTO BPEMEHH He
3allMIIeHHas TOHepoM  (oibra  pacTBOPHIIACE,
OCTAaBILIHECS, 3alIMIICHHBIE TOHEPOM JIMHHU 00pa3o-
BaJIM JTOPOXKKH ILIATHL.
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Puc. 5. TIpormecc TpaBiIeHUS TUIATHI

Puc. 6. 3anasgnnas nevarnas mara

ITocnennuit aTan co3ganus IUIaThl — pacnaka jae-
Tayeil, HeoOXOAMMBIX s (YHKIMOHUPOBAHUS
TouchSide.

[Tata comepKUT MUKPOKOHTPOJUIED, UHIT TAMSITH,
CONIEP XA TPOTpaMMy Ui MHKPOKOHTPOJLIEpPA,
TepeIaroInii MOayIh, a Takxke MiniUSB pasbem mist
3apsaKd akkyMmysstopa TouchSide.

[IpoextupoBanue Kopiryca Mpou3BOaMIOCh B 3D
CHCTEME aBTOMATU3UPOBAHHOTO IPOEKTUPOBAHUS
(CATIIP) Autodesk Inventor (pucyHok 7).

Puc. 7. Coopxa xopmyca B CAIIP Autodesk Inventor

Takum o6pa3oM, TpUHOHAI pabOTHl YCTPOHMCTBA
TouchSide ananmornuen npuHIHAIY pabOTHl KOMIIBIO-
TepHOU MBIMH. M300pakeHNe OTIOPHOI OBEPXHOCTH
(boKkycHpyeTcss Ha CBETOYYBCTBHUTEIBHON MaTpHILE
mpu momomm JUH3BL. KoHTpommep oOpabaTeiBacT
MONYyYEHHYIO IIOCIIEIOBAaTEIbHOCTh HM300paXKeHUH,
orpeziessis BEKTOp MepeMelleHHs yCTPOUCTBa 10 I10-
BEPXHOCTH. DTa HH(OpMaLUs MepeaacTcss Ha KOMIIb-
I0Tep IOCPEACTBOM OECHpOBOJHOIO KaHaua, 3aTeM
OHa 00pabaThIBaeTCs, U B pe3yJibTaTe Mbl HAOII0JaeM
JBIKCHHE Kypcopa IO 9KpaHy.

CpaBHUTeJbHBIH aHAIN3 AHAJIOTOB

Ha pbiHke ecTh HECKOJBKO aHAJIOrOB YCTPOWCTBA
TouchSide. PaccMoTpuM HECKOJIBKO U3 HHX.

1. YerpoiictBo xommanun «Macrep Knt», xorto-
poe MMeeT JOCTaTOYHO OONbIINe TabapuThl U TMOI-
KJIFOYaeTCsl K KOMIBIOTEPY C MOMOIIBI0 HIHYpa, YTO
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CHJIbHO OTpaHH4YHMBaeT pabovylo MOBEPXHOCTH (pHUCY-
HOK 8).

Puc. 8. Mpib «Ha nanen» komnanuu «Mactep Kut»

2. Paspabotka ctyaenroB Bycrepckoro IMonurex-
nuueckoro Mucruryra (WPI) u3 CIIA (pucyHok 9):
JaHHOE yCTPOICTBO MCTONB3YyeT HAOOp CEHCOPOB LIS
OTCJIEKUBAHMSA TIOJNIOKEHUSI PYKH B IPOCTPAHCTBE,
OIHAKO €ro CTOMMOCTH cocTaBiseT okoio $150
5400 py6.

Puc. 9. Yerpoiicteo WPI MagicMouse

Kaxaplii W3 pacCMOTPEHHBIX BBIIIC AHAIOTOB
HMEeT CBOU JIOCTOMHCTBA W HenocTaTtku. Kak m3Bect-
HO CTOMMOCTb 1 MOOMJIBHOCTb YCTPOMCTBA, MOXKATYH,
OJIHM W3 BaXKHBIX MapameTpoB s motpedurens. Co-
3manHoe ycrpoiictBo TouchSide coueraer B cebe Mo-
OMIIBHOCTH M HEBBICOKYIO IIEHY, YTO OyIeT HHTEPECHO
TOTPEOUTETSAM.

3aki0ueHue

B xome peammzanmu mpoekta TouchSide cosman
OIMH pPa0OTalOmMMi ONBITHBI 0OOpaszery HOBOTO
ycTpoiictBa BBoja. CTOUT OTMETUTh, YTO CO3JaHHBIN
obpaszer] ©MeeT CBOM NPEHMYIIECTBa U HEIOCTaTKH,
KOTOpBIE IUIAHUPYETCS UCIPABUTh NP JallbHEHIEM
pa3BUTHH NpoeKTa. Takke KOHCTPYKIUS MOJIETU MO-
JKET OBITh yJydllleHa 3a CUeT Au3aiiHa, yMEHbUICHUs
Beca, No0aBieHUs (YHKUUM TPOKPYTKH W IPaBOM
KHOTIKH MBIIITH.

OpmHaKo, HECMOTpPST Ha BCE HEIOCTAaTKH, MPOCKT
obpur otmedeH murutomoM Il cremenm Ha «Slpmapke
MpoeKkToB JnuTHOro TexHudeckoro OOpazoBaHuUs
TIIY», dYro mNOAYEpKHBAET HHTEPEC K JAHHOMY
ycTpoiicTBy. Takxke oTaenom DauTHOTO TexHUUecKo-
ro O6pazoBanus Tomckoro ITonmuTexHHUeCKOro Y HU-
BepcUTETa OBbUI BBIJENICH CEPTUPHUKAT HOMHHAIOM
5000 py6uieit Ha manbHeiIee pa3BUTHE MPOEKTa, YTO
ABJISICTCS ITOKa3aTeNeM aKTyaJbHOCTH pa3pabaThiBae-
MOT'0 YCTPOWCTBA.

CHHCOK HCIO0JIb30BAHHOM JINTEPATYPbI:

1. MsroroBneHue meyaTHBIX IUIAT [DIEKTPOHHBINA
pecypc]. — URL: http://cxem.net/master/11.php (nara
obpamenus: 20.02.2014).
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Hcnonp30BaHue B COBPEMEHHOW aBMALlMOHHOW U
KOCMHYECKOW TEXHHKE, a TakkKe APYTHX OTPacisix
MIPOMBIIIICHHOCTH JKUAKOCTHBIX CHCTEM Pa3IMIHOTO
Ha3Ha4YeHHs BJIEYET 3a CO00H MpoOieMy KOHTPOJIS UX
TEXHHUYECKOTO COCTOSIHUS, B OCOOCHHOCTH arperaTos,
coJieprKalux y3ibl TpeHus. OQHuM U3 Haubosee Tep-
CHEKTHBHBIX METOJIOB JIMATHOCTUKU IKUJKOCTHBIX
CHCTEM, HE TPEOYIOLINX OCTAHOBKH CHCTEMBI, SIBIISCT-
Csl MOHUTOPHUHT MapaMeTpoB IHCIEPCHOH (as3bl, co-
JepxKamieiics B pabode )KUIKOCTH.

JI OICHKHM KOHIIEHTPAIlMH W TPaHyJIOMETpHIC-
CKOTO COCTaBa METAJUIMYECKHX YaCTHI W3HOCa B
JKUJIKOCTH THAPABIMYCCKUX CHCTEM IIePCIIEKTUBHO
MIPUMEHEHHE CPEICTB ICKTPOMAarHUTHOTO (BUXPETO-
KOBOT0) KOHTpoJs [1].

ABTOpaM¥ MPEJI0OKECHA KOHCTPYKIIHSI BUXPETOKO-
BOTO JaT4YHKa, MO3BOJLIIOMIAS MPUMEHATh METOX KO-
TePEHTHOTO HAKOTUICHUS ISl IOBBIMICHHS OTHOIICHHSI
curHai/mym [2]. MeToq KOrepeHTHOrO HAKOILIEHMS
MOJpa3yMeBaeT PaBEHCTBO HAYANBHBIX (a3 ycpemHs-
eMbIx curHanoB. [l oOecriedeHus CUH(A3HOCTH
YCPEIHSEMBIX CHTHAJIOB C PAa3JIMYHBIX OOMOTOK TpH-
MEHSIETCS KOPPENSAIHMOHHBIN aHAaIH3, ITO3BOJITIONIHIA
OTpENICIINTh, KAaKyI0 TOYKY B oOmied gopme curhHama
B3ATh 32 TOUKy orcueTa. B padote [3] nokasano, uro
HCIIOJIE30BAaHUE KOPPEIAIMOHHOTO aHAIN3a MO3BOJISI-
€T JIOCTUYh OTHOCHUTEIHHON IMOTPEIIHOCTH OIpeaee-
HUS TIOJIOKEHHS TOUKH oTcueTa 7%. B CBA3M ¢ 3THM,
HEOOXOJIMMO TIPOW3BECTH OIICHKY BIMSHHSA OIINOKH
OTIpEJICNICHUsT TOYKH OTcueTa Ha 3(PPEKTUBHOCTH KO-
TepEeHTHOTO0 HAKOIUICHWs CUTHAJla ¥, KaK CIIEACTBHE,
Ha OIICHKY ITapaMeTpOB YaCTHIl H3HOCA.

Ha pucynke 1 mpuBefeH curHan nudQepeHIm-
ANTBHOTO BHUXPETOKOBOTO JAaT4YWMKa, MOJYYCHHBIH B
pe3yipTaTe MOJNCIHUPOBAHUS  CHCTEMBI  «IATUUK-
YacTUI[A M3HOCA» METOJOM KOHEUHBIX JJIEMEHTOB B
nporpammuoM Komiuiekce Ansoft Maxwell 16.0 wa
cynepkomnsiorepe Cepreit Koposes.
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BpEeMi, OTHOCHTENBHBIE SIHHHLIEL

Pucynok 1 — Curnan ¢ BTII

ITapameTpbl MOJETHPOBaHMS NPUBEICHBI B Taod-
e 1.
Tabnmna 1 ITapamerps! mogenmposanus BTII

ITapameTtp 3HaueHue
Marepuai yacTuipl MeIb
dopma gacTHIbl map
JlnaMeTp 4acTHIlbl, MKM 90
YacroTa B30y IaOIIEro CUTHA- 10
ma, MI'

Jns aHanm3a BIWSIHUSL BEJIMYMHBI 331€P>KKH, BO3-
HUKAIOIEeH NpY ABMKEHUH YacTHIIBI M3HOCA MO KaHa-
ay BTII Ha adexTHBHOCTH KOT€pEeHTHOro HaKOILIe-
HUS Oy/leM BapbUpOBAaTh CPEJHEKBAAPATUIHOE OT-
KJIOHEHHUE BEJIMYHMHBI 33JIePKKU. BennunHy Bapuanuu
BEIOEpEM, HCXOIs U3 XapakTepHbIX pasmepoB BTII u
npoduIsL pacrpeneneHust ckopocted B kaHaie BTII
(puc.2)

AHanm3 mpomiIs CKopocTel MOKa3BIBaeT, YTO B
kaHane BTII mmnmuaapudeckod (GOpMBI IHaMETPOM
IMM CKOPOCTB IBHXKEHUSI YaCTHUI] H3HOCA MaKCHMallb-
Ha Ha FeOMEeTPUYECKON OCH KaHana U cocTaBiseT 2.8
m/c. Ilpu m3menenusx ckopoctu B kaHane BTII B
npenenax 10% [1] u cpemHeM paccTOSHUM MEXITY
cocenHUMU u3MeputensHbiMu oOMoTkamu BTII 10Mm
JUana3oH BapHalldd TIOJIOKEHUS (POHTA HMITYJIbCA
Ha BPEMEHHOM oOCH HaxoAWTCsI B mperenax
3,25..3,97mc.

[Ipn MopmenmpoBaHWHM IOPA3yMEBaJOCh, YTO
cMmenieHne  (poHTAa  WMITyJdbca  MOAYUHSAETCA
HOPMAaJIEHOMY 3aKOHY pacripeneneHus,
MaTEMaTH4ecKoe OKUIAaHWE BEIWYHMHBI CMELICHUS
npuasto paBHbiM  Oc. Ilpm o3ToM  BenuumHa
cpenaexsanparuaHoro otkioneHus (CKO) cmemnenns
BapbHpoBanack B npexenax 0...0,4 mc.

Ha pucynke 2 mpuBeneHbl CUTHAIBI C Pa3IAIHBIM
CKO cmemnieHust BO BpeMEHH.
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PrcyHOK 2 — CurHansl € pasiMiyHbIM BpemeHem
334EPHKKN
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Kak mokasano B pabore [2], memecooOpa3HoO ucC-
nonb3oate BTII ¢ 10...20 u3MepuTelbHBIMU 00-
MOTKaMHU.

KorepentHoe ycpenHeHHE CHUTHAJIOB, CMEIICHHBIX
JIPYT OTHOCHTENIFHO Jpyra BO BPEMEHH IPUBOIUT K
HCKa)KCHUIO aMIUTUTYABI M (a3l pe3yJIbTHPYIOMIEro
CUrHasa (CM. pUCYHOK 3).

nanpskenne,B
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BDENA, OTHOCHTEMHHETE CAMHIIE
Pucynox 3 — Mcxonuslit UMITyJbC 1 HAOOD
KOTEPEHTHO HAKOIJICHHBIX UMITYJIbCOB

Jl1s OLICHKH pacXoXKAeHUs! OPMBI HCKOMOTO CHT-

HaJla ¥ KOTEPEHTHO HAKOIIEHHBIX CUTHAJIOB BOCIIOJb-

3yeMcsi mapHeIM ko3¢ unmentom koppermsm [3]:

n
Z:(Usensi —Usens) - (Im p _coh; —Im p _coh)
[ i-1

n n
D (Usens; ~Usens)* - | (Im p_coh; —Im p_coh)?
i=1 i=1
rae Usens — uckomelii curaan ¢ BTII,
Imp_coh — pe3ynbrar HakoMmICHHSI.
Ha pucyHke 4 npusegeHa ¢yHKuma Feorr(t),
paBHasn
Fcorry =1-r¢
rge r - BennymHa BK® gns pasHbix 3HauyeHnint CKO
CMeLLeHnn nmnynbea.

0.0
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PucyHoK 4 — ®dyHuma Feorr,

BumHo, 9T0 mapHBIH KOd(DQHUIMEHT KOppeNsuuu
o630k k exuaAne. T.k. |r| > 0,95 ans Bcex 3HaUSHMHA
CKO, 1o B coorBeTcTBUM C [4] BCE KOT€pPEHTHO
HAKOIUICHHBIC HMIYJBCHI M HWCKOMBIH HMITYJIbC
SIBIISTIOTCSI OTJIMYHO KOPPEIUPYIOIUME () YHKIUSIMU.
Takum  00pa3oMm, paccMaTpUBacMbBIN  JHANa30H
BPEMEHHBIX CMEIICHUN CUTHAIOB C M3MEPUTEIbHBIX
oomotokx BTII He oka3bIBaeT 3HAUUMOTO BIIMSHUS HA
(hopMy HCKOMOTO HWMITyIhCa TIPH KOTEPEHTHOM

HaKOIIJICHUU CUTHAJIOB.

TToctpoum 3aBUCHUMOCTD OTHOCHUTEJIHbHOU
TIOTPEITHOCTH HM3MEPEHUs pa3Mepa 4YacTHIBI OT
BEITNYNHBI CKO 3a/ICPIKKH HMIyJbCa [¢

mmMeputenbHoli  o0MoTkn BTII m ot pasmepa
gacTuipl.  JlaHHAs 3aBHCHMOCTH TIpHBENCHa Ha

pHUCYHKE 5.
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OTHOCHTENBHARA NOTREWHOCTE
HIMEPEHMA PAIMEPS HACTAUD
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CpeOHerBafpaTHHHOE OTRNOHEHWE —

Faimep “acTHUpl, MEM
MOACHEHIA HROHT MMNYABLE, MAC

PucyHok 5 — O pasmepa yacTmybl

Ha pucynke 5 Bugno, uto OIIN yBenuuuBaercs ¢
yMEHbIIeHneM pasmepa yactul u ¢ poctom CKO
3allepKKU curHayna. Ilpy STOM  MaKcHMallbHast
OTHOCHUTEIIbHAsl TOrpelHocTh coctaBisieT 13% wu
HaOmomaeTcs I yacTull auamerpom 20-25 MKM mpu
CKO mxutTepa pponTa nmmyisca 250 MKc.

Takum o6pazom, s mHOrooOMOoTOYHOTO BTII €
IMaMeTpOM KaHaja |MM mpu M3MEHEHHSIX CKOPOCTH
TedeHus xunkoctn B kaHane BTII B mpenemax 10%
oT MaKCHMaJIbHOM (2,8m/c) OTHOCHTEITbHAS
MOTPEIIHOCTh OMpeeeHHsI pa3Mepa YaCTHIIbI U3HOCA
C XapakTepHBIM AMaMeTpoM OT 90MKM U BHILIE NPH
WCIONb30BaHUU METOJa KOT'E€PEHTHOTO HAKOIIJICHHS
cocraBiusier He Oonee 3.2%, g yactalm  C
XapaKkTepHbIM AuameTpoM 25MkM Benuwumna OIIA
Bo3zpactaer a0 13%. Ilpu 3TOM mpakTUYeCKH He
HCKaxcaeTcs (GopMa HMITyIbCa C H3MEPHUTEIBHOM
obmoTku BTII.
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BBenenne

[pu co3maHuM NEPCHEKTUBHBIX JIETATEIBHBIX all-
naparoB (JIA) Oonblioe BHUMaHHUE yJIeJsIeTCsl OCHa-
meHnio JIA coBpeMEHHBIM BBICOKOTOYHBIM M MHO-
ro()yHKIIHOHAJIBHBIM ONTHKO-3JIEKTPOHHBIM U paJivio-
JJIEKTPOHHBIM 000pynoBanueM. K TakuM cucremam, B
YaCTHOCTH, OTHOCUTCS HAllUIEMHAsl CUCTEMa LieJieyKa-
3aus 1 uHgukanuun (HCLW). HCHOU (cm. puc.l1)
NpeIHa3HaYeHa Ui ONpENeNCHHs YIIIOBBIX KOODPIH-
HAT JIMHAM BH3UPOBAHMS IIHJIOTA II0 ITOJIOKCHHUIO
nuiemMa (ToJoBEI) M (POPMHUPOBAHUS B €0 MOJIE 3PSHUS
KOJUTUMHUPOBaHHOTO HW300paKeHHs1 rpauyeckoil u
TEJIEBU3NOHHON MH(pOpMAanuu Ha (GoHE 3aKaOMHHOTO
IPOCTPAHCTBA.

Puc.1. HanuleMHas cuctema Leieyka3aHust
1 MHARKAIY (IpaMep).

B momere HCIU o6ecnieunBaer mmoty [1, 2]
0TOOpakeHHEe B €ro mnoje 3peHHs (HEemoCpeaCTBEHHO
nepes IJa3oM) MWIOTAXKHO-HABUTAIIMOHHOW HH(OP-
marmu. [Ipu mocagke HCIU obGecneunBaetr uH(pOp-
MalMOHHYIO TOJVIEPXKKY HHIOTY O Iepexoje (a3sl
nonera JIA oT «ciemoro» mojera K BU3yaJbHOMY
nojery ¢ ynpexxaeHueM. OCHOBHBIE TEXHOJIOTHH, Ha
OCHOBE KOTOPBIX CO3JAI0TCSl MOACHUCTEMBI MO3UIHO-
HupoBanuss HCLIU, ciaenyroniye: 3J€KTpOMarHUTHAS;
MHEpUIHaIbHas; ONTHYECKAsL.

1. Mpuanun nocrpoeduss HCHU c¢ ontuko-
MHePUHMAJIBbHON NOJACHCTEeMOM MO3MIMOHUPOBAHUS

HCIU npexncraBmseT cob0i COBOKYITHOCTH JIBYX
Pa3IMYHBIX YCTPOWCTB: YCTPOMCTBA OINpPEACICHUS
MOJIOXKEHHUS 3aIUTHOTO IIJIEeMa, Ha3bIBAEMOT'O IOJICH-
CTEMOM IMO3ULMOHUPOBAHMSI, BKJIHOYAIOIIEH: ONTHYE-
ckyro mojacucreMy mnosurponuposanus (OIICII);
MHEPIHAIBHYI0  IOJCUCTEMY  IO3HUIIMOHUPOBAHMSA
(UIICIT); ©opTOBOH BBIYMCIHTENB;, YCTPOHCTBO
yIOpaBlIEHUs, U MOACUCTEMBl MHAWKALMHU, BKIIOYAIO-
el ONTHYECKYI0 CHUCTEMY; HOATUMK BHEIIHEH OCBe-
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meHHocTH ([IBO); 60pTOBOIl BRIYHMCINTEND; YCTPOH-
CTBO YNPABJICHHS; MYJIbT YNpPaBICHHUS, KOHCTPYKTHB-
HO pacrlpeielieHHbIX B COCTaBe TPEX KOMIIOHEHTOB:
OOpTOBOM, HOCUMOW W HAIIIeMHON YacTu. DYyHKIHO-
HanpHast cxema HCIIU npencrasiena Ha puc.2.

iBoprosas [ e | e

| 9acTh
Boprosoit
BBIYHCITHTEITH

> MIBC Hocumas
4acTh

Pa3bemHuoe
COeIMHEHNE
Kpecia-
KaTamyJibThl

IlyneT
yHpaBJieHHs

Inara
YIIPaBICHUS

YerpoiicTBo
YIpaBJICHUS

Puc.2. dynkunonansnasa cxema HCIIU.

Pasnenenne HCLIU Ha Tpu KOMIIOHEHTa MO3BOJSI-
€T CHM3WUTh HAarpy3Ky Ha II€l0 MUJIO0Ta 3a CUeT Iepe-
MEIIEHUs] YaCTH 00O0PYNOBaHUS C 3alIMTHOTO IUIEMa
B cOCTaB OOMYHAMpOBaHUS mmioTa. MH(popMamoH-
HOE B3aWMOJEHCTBHE HOCHMOH W OOpPTOBOW dYacTH
OCYIIECTBIISIETCS YEepe3 Pa3bEMHBIC COCAMHEHUS Ka-
TaITyJIbTHPYEMOTO KpEecia JICTUHKA.

Boprosas gacte HCLI BiirouaeT B ceOs deMeH-
TBI ONTHYECKOH M WHEPIHAIBHOW IOJCHCTEM MO3H-
MOHUPOBAHUS, YCTAHOBIICHHBIE JTM0O Ha NPHOOPHOM
MaHeNIu MHPOPMAIIMOHHO-YIPABIISIOIIETr0 Mo, 00
Ha KOHCTPYKTHBHBIX 3J€MEHTaxX KaOWHBI, a TaKxke
MYJIBT YIPaBJICHUS © OOPTOBOW BHIYUCIIUTEINb.

OCHOBY HOCHMOH YacTH COCTaBJIAIOT: IIPHEMOIIe-
pelaTduK  BOJOKOHHO-ONTHYECKOW JIMHWUM  CBSI3U
(ITPTIBOJIC), o KOTOpO#i OCYIIECTBIIICTCS Teperada
rpaduyecKoi U TEJIEeBU3MOHHON MH(pOpMAIMH, IUiaTa
npeobpazoBanus BuneocurranoB (IITIBC) u mnara
yIIpaBIECHUSL.

Hamuemuas uvacte HCLU coctouT u3 onrtuue-
CKOM KOJUIMMAaTOPHOM CHUCTEMBbl C IPOEKIHOHHOMI
MaTpuiel (IucIieeM), BBICOKO-SPKOCTHBIM OCBETH-
TeJgeM U O00BEKTHBOM, OOECIeUHMBarOIIeH OTOOpaXke-
HHUE Ha BU3UpeE (Tepe] Ii1a3oM MHUioTa) rpadruecKon
1 TEeNeBU3WMOHHONW MH(popManmu Ha GoHE 3aKaOMHHO-
To TpoCcTpaHCTBa, Aatdnka JIBO, a Takxke BKIIIOYaET
SJE€MEHTHl MHEPLUAIBHON U ONTHYECKON MOACHCTEM
MO3ULIUOHUPOBAHMUSL.

Boproras vacte HCLIU obecrieunBaet:

- IpUeM OT OOPTOBBIX CHCTEM BHEOIIOTOKA U €T0
nepeAadyy B HOCUMYIO 4acTb AJSL KOJUIMMHUPOBAHHUSA
N300paKEHHs HAa BU3KPE;

-mpueM ot Hocumoi dacth HCIU curnamos
UIICII, HeoOXomuMBIX ais pabOThl MHEPIHAIbHOM
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MOJICUCTEMBI TIO3UIIUOHUPOBAHHS,

- COBMECTHYIO0 00paboTky wuH(popManuu o0 OT-
kinoHeHmsx dnemeHToB WIICIIL, ycTaHOBIEHHBIX Ha
6opToBoii 1 HanuteMHo# yacTsax HCLIU;

- mepegady B HOCHUMYIO YacTh YIPaBISIOIINAX CHUT-
HAJOB 1 cBeToanoaHbIX penepos (C/IP) OIICII;

- mepeady B HOCUMYIO 4acTh YIPaBILIOMIAX CHUT-
HAJIOB U TOAJCPKAHUSA HEOOXOAWMOTO KOHTpPAcTa
MHIMLIMPYEMOH Ha BU3HpEe MH(OPMALMK B 3aBUCUMO-
cTH OT curHanoB gaTuuka JIBO;

- BblJa4y YTJIOB HalpaBJICHUSA JIMHUW BU3UPOBA-
HUs MAJI0TA.

Hasnauenue nHocumon wactu HCIU 3aknrovaercs
B MpeoOpa30BaHUM BHIICOJAHHBIX IS OTOOPaXKCHUS
Ha JWCIUIeE HANUIEMHON YacTH, B OpTraHU3aIlH WH-
(hopMaIMOHHOTO B3aMMOJCHCTBHS HAIUIEMHON YacTH
C BBIYHCIHTENEM OOpTOBOM dYacTh, (QUIBTpandu H
(hopMUpPOBAaHUN BTOPUYHBIX HANPSDKEHUH MHTaHUS
JUTSI HAIIJIEMHOM YacTH.

Hammemnast gacte obecrieunBaet GopMupoBaHue
MHJIOTaXXHO-HABUTALIMOHHOW HH(POPMAIIUK HA BU3UPE
HETOCPEACTBEHHO MEpe/] I1a30M IHJI0Ta, U3MEPEHHE
YPOBH:A BHEIIHEH OCBCHICHHOCTH B IIOJIC 3pCHUA TIHU-
J0Ta, GOPMUPOBAHKUE PEIICPHBIX CUTHAJIOB IS pado-
1b1 OIICII, a Takxe curnanos UIICII.

2. OnTHyeckass ¥ WHEPUHAJBHAS MOACUCTEMBI
nosunnonnposanus HCIH.

OyHKIIMOHANEHAS CXeMa ONTHYSCKOH W HHEPIIH-
anbHOM mojacucteM nozunuoHupoBanuss HCLU npu-
BeneHa Ha puc.3. OcHoBHoe HazHauenue OIICII —
OIpeNeNICHUE W Tepenavya B OOPTOBOI BBIYHCIIUTEINH
6opToBoit wactu HCIM curHamoB yriioBoro mo3uIlH-
OHHPOBAHUS CBETOJUOJHBIX PEIISPOB.

K ycrpoiictBy
yIIpaBIeHUs
HOCHMOI 4acTn

O6BekTHB
13C

H

Inara
ynpaBneHus
y-13C

O6bexTHB

@ 113
Tnara
YnpaBieHus
Ty-13c

Boprosoii nntepdeiic Hanpsokenue nuranus

0)
Puc.3. ®yakunoHambHas cXeMa IMOACUCTEM
OIICII u UTICTI mist a) HanmieMHoM 9acTu 1 0) 6op-
ToBoii yactu HCIIU.

Haznauenune ocHoBHBIX y3:10B OIICII:

-miara yupasneHus (IIY-II3C), oGecmeunBaer
npueM ot I13C-maTpunbl BHICOM300paXKEHUs, OCY-
HIECTBIIIET 00PabOTKY, MOUCK B BUACOIOTOKE 00pa3a
CBETAILMXCA PENEPOB U OLEHKY UX YIIOBBIX KOOPIH-
Hart, 00ecreYnBaeT KOMIUIEKCHYIO0 00pabOTKy JaHHBIX
ot OIICII u UIICIT,
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- ycrpoiictBo BBoJa-BeiBosa (YBB), obecneunBa-
eT MH()OPMALMOHHOE B3aUMOJIEHCTBHE C OOPTOBBIM
BBIYHCIIUTENIEM OOPTOBOM YacTH (TOJIydeHNE KOMaHI
YIIPaBJICHUS W Mepesiada OLEHEHHBIX 3HAYeHUH KOOop-
JMHAT CBETAIINXCS PEIEpOB);

- ncToyHHUK BropmyHoro murtanus (UBII), obecme-
ynBaeT ¢pyHKIroHanbHBIe y31u6l HCLU BTOpHYHBIMEI
HaIpsDKCHASMH TUTaHHS.

WIICII npeacraBnser coboit 1Ba Habopa Mo TpH
0JIHOOCEBBIX MuKporupockomna (OOMkI'), ocu koto-
PBIX PACIHOJIOKEHBI BAOJb OCEH CHCTEMBI KOOPAMHAT
HCIHU. Opna rpymma OOMEKI' pacmnomaraercs Ha
3JIEMEHTaX KOHCTPYKIMHM IPHOOPHOH TWaHEIW WH-
(hopMaMOHHO-YIPABISIONIETO OIS, APyras TpyIia
— Ha HanuiemHoi yactu HCLU.

Haznauenue ocHoBHbIX y310B UTICII:

- onrHooceBoi Mukporupockon (OOMkI), Beimoa-
HeH Ha 0a3e MUKPOCOOPKH OJHOKOOPIMHATHOTO MHUK-
pOTUPOCKONA, COJAEpXKalled UYyBCTBUTENBHBINA 3lie-
MEHT U CHTHAJBHBIH MpoLeccop MepBUYHOI 00paboT-
KU IaHHBIX;

- YCTPOUCTBO 00pabOTKH, peanm3yromee (QyHK-
LU0 BBIYUCIUTENBFHOTO YCTPOHCTBA, OOECIedHBalo-
miero uQpoBy0 00pabOTKy AaHHBIX O CUHUCICHHBIX
MHKpPOTHPOCKOIIOM YTJIax pa3BOpoTa.

O6paboTtka manubix ot OIICII m HIICIT ocy-
IIECTBISIETCST B OOpTOBOM BhIuMciuTene. Onpenene-
HHE HaIlpaBJICHUs JUHUHM BU3UPOBAHUS MO JaHHBIM OT
OIICII ocymiecTBisieTcss MyTeM peEIIeHHs POCTpaH-
CTBEHHOM I€OMETPUYECKOU 3aJaud 110 HU3MEPEHHBIM
KOOpJAMHATaM CBETAMHUXCS penepoB. OmnpeneneHue
HalpaBJeHUs] JIMHUM BU3UPOBAaHHUA IO JAHHBIM OT
HUIICII pemaeTcst myTeM aHajiu3a yriioBOIO paccoria-
coBanus Mexay komnonenramu UIICII, ycranoBnen-
HBIMH Ha 3JIEMEHTaX KOHCTPYKIMH NpHOOpHOI maxe-
m JIA, ¥ KOMIIOHEHTaMH, YCTaHOBJIECHHBIMH HEIO-
CPE/ICTBEHHO Ha 3al[UTHOM IILUIEME.

3ak/roueHHe

K  mHacrosmiemy  BpeMEHH  OTEYECTBEHHBIM
pa3zpaboTyukaM YHaJOCh CO3AaTh OMpEEICHHBIN
TEXHUUYECKUH 3a/ell, MO3BOJSIOUIUN IPUCTYNHUTb K
pEIICHUIO aKTyaJdbHOH 3amaun — OOECIEYeHHIO Ha
O6opty QyHKOIMM UeneykazaHWs M MHIWKALUH
MOJIEPHU3ZHPYEMBIX u MPUHUMAEMBIX B
SKCIUIyaTallil0 BEPTOJIETOB M  CaMOJIETOB, UTO
Mpeanoaaraer B OmKaiiniei NEPCIEKTUBE
YCTOMUUBBIN CIPOC HA TY MPOLYKIIHIO.

CHuCOK TUTepaTypsl

1. Xapuaos MU.O., XKapunor O.0. boprosrsie
cpeacTBa OoTOOpaxkeHUs: MH(GOPMALMKM Ha IUIOCKUX
KHUIKOKPUCTALIMYECKUX TMaHeIIX: Y4el. mocobue //
WNudpopmanmonno-ynpassromue  cucremsl,  CII6:
I'YAIL 2005, 144 c.

2. [enera A.IL., Xapuno M.O. IlepcrieKTHBBI

NIPUMEHEHHUsST B aBHAllMM  WHTETPHPOBAHHBIX
HallUIEMHBIX ~ CHUCTEM  HEHpO(HU3HOJIIOTHYECKOTO
KOHTPOJIS // WudopmannoHHo-ynpasisionye

cuctemsl, 2003, Ne6, ¢.58-62.
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IMPUHIOMUIIBI TIOCTPOEHUA ABTOMATHU3UPOBAHHBIX CPEJICTB
KOHTPOJIA BOPTOBBIX IU®POBbLIX BBIYNCJIUTEJBHbBIX CHUCTEM

HUHTEI'PUPOBAHHOU MOAYJIBHOU ABUOHUKH
3axaposa O.JI., Kupcanosa 10.A., XKapunos 1.0.
Hayunsrit pykoBonutens: [lapamonos ILIL., n.1.H., mpodeccop
OI'VII «Cankr-IlerepOyprckoe OnbITHO-KOHCTPYKTOPCKOe 010po «DiekTpoaBromarukay uM. [1.A. Edumosay,
198095, Poccust, Cankr-IleTepOypr, yi. Mapana ['oBoposa, 1.40
E-mail: igor_rabota@pisem.net

Beenenne

OmHUM M3 3TamloB NPOEKTUPOBAHUS HHTETPUPO-
BaHHBIX OOPTOBBIX IU(POBBIX BBIYUCIUTENBHBIX CH-
crem (BLIBC) siBnsieTcs aTam pa3pabOoTKH CPEICTB UX
koHTpOist. CpenctBo korTpOsst BIIBC cocrout u3:

- HHCTpyMeHTansHOH DBM (mlepcoHanpHOTO WITH
MPOMBIIICHHOTO KOMIBIOTEPA);

- CHEIUAIM3UPOBAHHOTO TIPOrpaMMHOrO obecrie-
yenus (I10), 3aHOCMMOTO B WHCTPYMEHTAIHHYIO
OBM u B poBepsieMoe U3Jeinue;

- CHIELMAJIM3UPOBAHHOTO 000pyNOBaHUs (MHTEp-
(eiicHbIe TUIATBI COMPSDKEHUS HWHCTPYMEHTAJIbHOM
OBM u u3penus, TEXHOJIOTHYECKHE MPUCIIOCOOICHUS
1 TIEpEXO/IHbIE YCTPONCTBA, COEMHUTEIbHBIC Kabey,
[IMHBI 3a3€MJICHUS).

CxemMa aBTOMAaTH3MPOBAaHHOTO pPabodero Mecra
(APM) no mposepke BIIBC npusenena na puc. 1.

Kanans obmexa Kananbl obmena

~220B
(paboune
mecTa)

Kananst
obMeHa

Kanans:
obmeHa

Kopobka

KOMMYTaLMA KOMMYTaUH1

| KopoSka

IBM PC

Moayne CONprKEHA-
SpaceWire

PaBouee mecto
nporpaMmmcTa

Mpurrep

Puc.1. dyakunonansHas cxema a) u npumep 6) APM
IS poBepKH wHTErpupoBaHHbIX BIIBC.

1. IIpoBepka BIIBC B 3xcniryaTanmun
Jns nposepku ¢yHKiponupoBanusi BLIBC mpo-
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BOJUTCSI TECTOBBIN KOHTPOJb. B 3KcIulyaTtanuu KoH-
TPOJb OCYLIECTBISAETCS BCTPOCHHBIMU CpEACTBAMU
(xaxgerit Mmonyne BIIBC mmeer coOCTBEHHBIE BCTPO-
€HHBIC CPEJICTBA KOHTPOJIsI). BCTPOSHHBINH KOHTPOIIb
BXOAHT B COCTaB 0a30BOT0 MPOrpaMMHOTO obecrede-
HuA Kaxzaoro moxyis. ns nposepku BLIBC ucnoss-
3yercsi cnenuanmsupoBanHoe [10, koropoe obpaba-
TBIBAE€T CUTHAJIBI COCTOSIHUS MCIIPAaBHOCTH OTAEIBHBIX
Mozayneil U (OpMHPYET HHTErpajbHBIH CHI'HAN HC-
npasHocTy BI[BC B nienom.

[IporpaMMHO-JIOTHYECKHE CPEACTBA KOHTPOJIS MH-
terpuposaHHbIx BIIBC BKiIrOUaroT:

—TecT HauyanpHOro BrmoueHus (THB) kaxmoro
Bxojsiuiero B BLIBC monyns;

—T1ect ¢onooro koHTpossi (TDOK) momyms Bo
Bpems 3arpysku I10;

—Tect BcTpoeHHoro koHTpons (TBK) kaxmoro
Bxosiuiero B BLIBC monyns.

IIposepka BIIBC B skcmtyatanuu oCcyIECTBISET-
Csl TIO aNrOpuTMy, ToKazaHHoMy Ha puc.2. THB mpo-
W3BOJUT TIPOBEPKY HCHPAaBHOCTH IM(PPOBOH HacTH
KaXIOTO MOJYJIS M BHYTPUMOIYJIbHBIX KaHAJIOB CBSI-
31 SpaceWire. Hcnone3yercst ogHO3aAauHbIA PEKUM
JUIS BBITIOJTHEHUSI IPOTPAMMBbI TECTUPOBAHHSL.

Brniwoverve nutaHua BLIBC

' !

| TecT Ha4anbHOM BKNKYEHUA Moayns 1 | . ‘ TecT HaYanLHOM BKMKYBHUA MOAYNA N ‘

# 3arpyaka u 3anyck ®MNo
TecT (hoHOBOrO KOHTPONA BO BPEMA
3arpyaku Mopyns 1

'

TecT hoHOBOrO KOHTPONA BO BPEMA
3arpy3skn mogyns N

MNepexop B pexum PaGota

TecT BCTPOEHHOO KOHTPONA Mogyna 1 TecT BETPOEHHOMD KOHTpONA Mogyns N

DOPMUPOBAHNE HCNIPABHOCTM MOAYNA 1 BOpMUpOBaHIE MCTPaBHOCTA Moayns N

KoHTpone MexMoaynkHLIX cBA3er BLIBC

OPMUPOBAHINE UHTErpankl
ucnpaeHocT BLIBC

v

WMcnpasHocTte BLIBC

Puc.2. Anropurm nposepku BIIBC B skcrutyaraumu.

TOK Bo Bpems 3arpy3ku 1O mpomssomut mpo-
BEPKY HCIIPABHOCTH JOCTYITHBIX U KOHTPOJS y3JIOB
1 BHYTPUMOIYJIbHBIX KaHAIOB cBsi3u SpaceWire. Ber-
MOJTHEHWE TECTa OCYLIECTBIISETCS B MHOT033TaTHOM
pexume pyaxnuonnposanns BLIBC.

TBK mnpou3Boautr mNpoBEpKYy HCIOPABHOCTH HAO-
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CTYIHBIX JUIsSl KOHTPOJISl Y3JI0B KaXKA0Tro Monyds. Pe-
3yJIbTaT HCIPABHOCTH IIEpelaercss 10 BHYTPUMO-
IOyneHBIM Kanamam SpaceWire. BrimonHenne Ttecta
OCYIIECTBIISIETCS Ha (OHE BBHIONHEHUS (YHKIIHO-
HaJIbHOH MPOTrpaMMBI 0] YIPABICHHEM OINEpannoH-
Ho# cuctembl (OC) B pexuMe pasaeieHus BpEMEHH.
[IporpammHOe oOecriedeHHE CHCTEMHOTO KOH-
Tpons u awarHocTuku BIIBC mpoBOmuT KOHTPOJIH
MEKMOAYJIBHBIX CBsi3eil U (OPMUPYET MHTErpasIbHbIH
CHTHaJ MCIPAaBHOCTH H3JIENIMS HAa OCHOBE CHUTHAJIOB
WCIIPAaBHOCTU BCEX MOAYJIEH, MOJYyYEHHBIX B PE3yJib-
TaTe BBIMOJHEHUS] TecToB. lIporpamMmmHoe obecreue-
HHUEC CUCTCMHOI'O KOHTPOJIA U JUArHOCTUKU BBINTOJIHA-
ercss Ha ()OHE BBINOJIHEHUS (YHKIHMOHAIBHOTO IIPO-
rpammHOro obecneuerns (OIIO) wu3genus mox
ynpasienueM OC B pexxnMe pas3aeseHns] BpEMEHH.

2. IIposepka BIIBC npu n3roroBjieHNN

Onpenenenne Texuuueckoro coctostuust bBIIBC Ha
ABTOMATH3MPOBAHHOM pabodeM MeCTe MpPOBEPKH
OCYIIECTBIIIETCS HA 3aBOJIe-M3TOTOBUTENE CPEICTBA-
MU BCTPOEHHOTO KOHTPOJISI U CPEICTBAMU Ha3eMHOTO
KoHTpoist. AnroputMm mpoBepku BIIBC Ha 3aBoge-
H3TOTOBUTEIIC TIPUBEICH HA PHUC.3 U COCTOMT H3:

— THB kaxxgoro Bxogsmiero B BIIBC momxymns;

— TOK kaxnoro monyiis Bo Bpems 3arpysku 110;

— THK kaxporo Bxonsuiero B BLIIBC monyns;

— nporpamMmbl  nipoBepku BLIBC, ¢dyHKumoHupy-
I0le Ha MHCTpyMeHTansHoi DBM.

BLES Bkniouenue nutanusa BLIBC

‘ TeCT HauanbHOro BKouEHNS Moaynst 1 ‘ . ‘ TecT HauanbHOrO BKIoYEHNS Moaynst N ‘

3arpyaka u sanycK Tecto
Ha3eMHOro KOHTpens

v

TecT hOHOBOrO KOHTPONS BO BpeMS
3arpysku mogyns 1

v
TecT hOHOBOrO KOHTPONS BO BpeMs
3arpyakn moayns N

| Mepexos B pexvum HazeMHOro KoHTpons |
¥ y
‘ TecT Ha3eMHOro KOHTPONs Moaynsi 1 cee ‘ TecT Ha3eMHOro KOHTPONs Moayns N

‘ TecT kaHaroB cBA3N C OCTaNbHLIMM ‘ TecT kaHaroB cBsi3N C OCTanbHLIMM
* * w ; - * *

o ‘ DdopmMupoBaHue ncnpasHOCTU Moaynst N

T

‘®opMuUpoBaH1e UCNpaBHOCTU MoAynsi 1
v Tabnuub! KaHanos

¥ TabnuLbl UCPaBHOCTM KaHaroB

Banyck nporpamMmmbl

3arpyaka TeCTOB Ha3eMHOTO KOHTPONs B |
moaynu

OCHOBHOW LMK

KoHTpornb MexmoaynbHbix cesizeit BLIBC

DopMUpoBaHWe UHTerpansHon },

vcnpaeHocTu BLIBC
Puc.3. Anropurm nposepku BIIBC
IIPU U3TOTOBJICHUN.

WHctpymenTanbHas 3BM

IIpouenypsl BeinosHenuss THB u TOK monynei
mpu nposepke BIIBC B cocraBe APM Te xe, 9To n
pu ipoBepke BI[BC B skcruryararum (cM. puc.2).

THK mnpou3BOOUT NpPOBEPKY HCIPABHOCTH JAO-
CTYIHBIX Y3JI0B KaXAOTO MOIYNsA. Pe3ymbraTel mc-
TIPaBHOCTH NIEPEAAIOTCS 110 BHYTPUMOAYJIHHBIM KaHa-
gam obmena SpaceWire. B nanHoM pexume Gopmu-
pyeTcsi CUTHAI UCTIPaBHOCTH KaXkJO0T0 MOAYNS U Tab-
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JIMIIa UCTIPAaBHOCTH KaHAJIOB CBA3M JJIs MOCIeyomei
nepefayn pe3ysibTaTa IPOBEPKH B OCHOBHYIO IIPO-
rpammy kKoHTposist BLIIBC.

IIporpamma kontpons BLBC 3anocuT TecTsl
HazemHoro koHtposis BIIBC B monynu, mpoBoauT
KOHTPOJIb MeXMOyNbHBIX cBsizeld BIIBC u KoHTpOIb
BHEIHHUX KaHajoB oOmena SpaceWire uznmenus. IIpo-
rpamma koHTponsi BIIBC oOpabaTbiBaeT CHUTHAIBI
UCIIPaBHOCTH MOJYJIeH U (OPMHUPYET UHTETrPaIbHYIO
ucnpasrocts BIIBC B niemom.

Pesynprar mpoBepku BIIBC ortobpaxkaercs Ha
sKpaHe HHcTpyMeHTanpHOi DBM. Ilpumep pabouero
OKHa IPOTPaMMBbI TPOBEPKH MIPUBEICH Ha pHC.4.

G Glest
Sarpyana W nannir I EHTICETAL L |
¥ (< |
cran
(]

ke o il
Orreris Busemmses e

aem roamer

" GA=D000000T, W_LA
il MVSDOZ 6 N 0510:20N 3
moaynm regyehers
Fil1rzrFaras4 srsrrres srwrnr
H AR EH ARKRAABRARAR
Kevmmsscrso rpsmsise Tocra

ol&jofo (oo e [ofo[ola

Puc.4. Pabouee OkHO porpamMMBI 171t
npoBepku BIIBC B coctae APM: pexxum «IIporecc
TECTHPOBAHUS — U3/EIHE UCTIPABHOY.

3akao4yeHnue

CrneunduyeckumMu TpeOOBaHHUSMH, HPUCYIIUMH
APM 1o nposepke BIIBC, BBITIOJHEHHBIX O CTaH-
JapTaM MHTEIPUPOBAHHONM MOJAYJIBHONM aBHOHUKHU
(ARINC 651—ARINC 655), siBrstroTes:

- MIOBBIILIEHHBIN YPOBEHb KOHTPOJIS alnapaTypHOi
COCTaBJIAIOIICH M3CIIHI;

- BOBMOKHOCTh FIMHUTAIIMHA COCTOSIHHS OTKasza OT-
JCJIbHBIX KOMIIOHCHTOB aBUOHUKHU JId MPOBECPKU PC-
»uMa pekoHdurypuposanust BIIBC;

- MoayneHOe noctpoenue 110 ¢ pasnenenuem te-
CTOB NPOBCPKM HAa KOMIIOHCHTBLI, HUCIIOJIHACMBIC Ha
YPOBHE KaXK[JOr0 KOHCTPYKTHBHO-()YHKIIMOHAIILHOTO
MOAyJid U BBIYUCIHUTECIIA B ILICJIOM B OAHO3ada4YHOM U
MHOT03a/IJa9HOM PESIKUMAX;

- OTKPBITOCTh  apXUTEKTYphl pabodero MecTa,
obecrieunBaromas BO3MOKHOCTh M3MEHEHHS YPOBHS
CJIO)KHOCTH KOHTPOJISL M3MICNUS W KOHTPOJb H3CIHA
OJTHOTO KJIacca CIOKHOCTH;

- BHYTPHUIIPOCKTHAS YHU(PHUKAIIMA KaK alllapaTHBIX
cpencts, Tak u 110 APM nposepku.

CnucoK JUTepaTyphl

1. Tatumn 10.A., XKapuno U.O. OcHOBBI Ipoek-
TUPOBaHHS BBIYUCIUTEIbHBIX CHCTEM HHTErpPUPOBAaH-
HOM MOJAynbHOH aBHOHMKM, M.: MamuHocTpoeHue,
2010, 224 c.

2. ITapamonos ILII., XKapunos 1.O. Unrerpupo-
BaHHBIE OOPTOBBIE BHIYMCIUTENBHBIE CUCTEMBL: 0030p
COBPEMECHHOI'O COCTOSIHUSI M aHAIIM3 MEPCIIEKTUB pa3-
BUTHS B aBHALMOHHOM TprOopocTpoennu // Hay4no-
TEXHHYECKUH BECTHUK HWH(GOPMAIOHHBIX TEXHOJO-
ruii, MexaHuku u ontuky, 2013, Ne 2 (84), C. 1-17.
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NCCIIEAOBAHME ITPON3BOAUTE/JIBHOCTU TOMOI' PAONYECKHUX
CKAHEPOB KAK CUCTEM BU3YAJIM3ALIUN

Usamikos JI.B., batpanun A.B.
Hayunbrii pykoBomurens: CryueOpor C.I'. , 3aB.1adopartopueii
Tomckuii nomrexaudeckuit yausepeurer, 634050, Poccus, r. Tomck, nip. Jlennna, 30
E-mail: ivashkovdv@gmail.com

B COBpeMEHHBIX YCIOBHAX TOMOTpa(HUIECKUE
CKaHEphl 3a4acTyl0 HYXIAIOTCS B KOMIUICKCHOW
OLICHKE TPOM3BOAMTEIBHOCTH, KOTOPas MO3BOJISET
CpaBHHBAThH YCTaHOBKH c Pa3IUIHBIMA
XapaKTepUCTUKAaMH W CTaHJapTH3UPOBATh  HX.
KauectBo ¥ MH(MOPMAaTHBHOCTh IIOJIy4aeMOIO C
MOMOIIBI0 YCTAHOBKM H300pa)KEHHUs ONpeaeNseTcs
napaMeTpamMy (pOKaJbHOTO TATHA PEHTI€HOBCKOW
TpyOKu: pasmepami, (HOpMOIl M BEITUUMHON Jpeiida;
napaMeTpamu JIeTeKTOopa: KOHTPACTHBIM u
MPOCTPAaHCTBEHHBIM Ppa3peIIeHHeM M OTHOLICHHUEM
CHTHAJI/IIyM; 0COOCHHOCTSIMA MIPUMEHSAEMOTO
QITOPUTMA  PEKOHCTPYKIMH ¥ TOTPEHIHOCTSIMHU
MEXaHN4ecKoi cucTeMbl. OIEHKa OCIOXKHACTCS TEM,
YTO TPOM3BOIAMTENN 3a4acTyl0 HE  YKa3bIBalOT
BBILICTIEPEYHCIICHHBIE XapaKTepUCTHKH, h137 (0]
3asBJICHHbIE  3HAa4Ye€HHs  HE  COBIIAJAIOT  C
JefcTBUTeNnbHBIMU. TakuM 00pa3oM, Ui MOJTyYeHHs
NOJHOW ~ MHpOpPMAMM O  NPOU3BOJIUTENHLHOCTH
CHCTEMBI, HEOOXOIUM psA OIKCIIEPUMEHTOB  JUIs
OIIpEeEIICHUS JIECTBUTENbHBIX 3HAYeHUI
BBIIICNIEPEUHNCICHHBIX TTAPAMETPOB.

OnHoit n3 KITFOUEBBIX XapaKTEePUCTUK
TOMOTPaQHUECKIX U pamuorpaguaeckux MUQPpPOBHIX
CHCTEM  SABISIETCS  HEPE3KOCTh  IOJIyYaeMoro
M300paKEHNUST WM PE3yNbTHPYIOIAsl HEPE3KOCTb,
KOTOpasi UCTIONB3yeTCs Hapsy C MPOCTPAHCTBEHHBIM
pa3pelieHneM U SBIseTcs 00paTHON eMy BEeTHYHHOM.
B pamkax  okcrepumeHTa  Obula  OICHEHa
pe3yNbTHPYIOIIAs HEpE3KOCTh JIBYX
TOMOrpaMYecKux  CUCTeM, pa3pabOTaHHBIX B
Tomckom MOJINTEXHUYECKOM YHUBEPCHTETE.
CucteMbl OCHallleHbl pa3HbIMU JIETEKTOPaMHU U
HCTOYHHUKAMHU U3ydeHus (tabmnuia 1).

Tabmuma 1. CocTaBHBIE YacTH TOMOTPaUISCKUX
cucreM TOLMI-150-10 u Open-MT

Tomorpa-
(ugeckas TOLMI-150-10 Open-MT
yCTaHOBKA
Penrtrenos- X-RAY Worx
ckantpyora | LOTIOME T 160-TC
. Remote
udposoii PaxScan 2520V
. RadEye200
MaTpPUYHBINA (mukcens 127
(mukcens 96
JIETEKTOP MKM)
MKM)

N3mepenne pa3mepoB GOKAILHOIO NATHA
Cranmaptasie  meromsl  [1]  mompasymeBaroT
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KOCBEHHOE OIpe/IeNICHUE pa3sMepoB (hOKaIBFHOTO HATHA
C ITOMOIIBIO H3MEPEHHS TeOMETPUUECKOH HEePEe3KOCTH

TpaHe TpoeKIui o0mygyaeMoro oOOBEKTa MpH
OTHOCHTEJIFHO BBICOKOM ONTHYECKOM YBEJIHYCHHH. B
KauecTBe  TECTOBOIO  OOBEKTa  HCIIOJb3YeTcs

Boib(pamMoBas IMpoBosioka aumamerpoM 1+0,01 Mm.
Onruueckoe yBeluueHHe BHIOMpaeTcst B Ipejenax OT
20 no 100 B 0OpaTHOM 3aBUCHMOCTH OT pPa3MEpoOB
(hOKaITBHOTO TISITHA.

W3mepenus IIPOBOJIATCS OT/AEJIBEHO JUIst
TOPU30HTAJIBHOTO W BEPTUKAIBGHOTO HaIpaBiICHUIL.
Hdns  Ttomorpapa TOLMI-150-10 ¢ ammaparom
peHTreHoBckuM MukpodokycabiM PAIT-150MH mpu

pasIMYHBIX ~ 3HAYCHHAX  HAlpsDKEHUs — TPYOKH,
pasMepsl  (HOKaTBHOTO TSATHA (TIPH  3asBIEHHBIX
50+10% wmkMm) npeacraBieHsl Ha puc. 2. s

tomorpada Open-MT pasmepsl (OKanbHOrO MATHA
NPY MaKCHUMAJIbHOM TOKE aHOJla, KOTOPBI CUnTaeTCs
pexxumoM 6e3 (okycupoBku, coctaBua 20+1 MkM B
o0Ooux HampasieHusx. Pasmep ¢okanpHOro msTHa B
pabounx pexuMax, T.C. Ha CPEMHUX U MOHMKECHHBIX
TOKaxX aHoJa, He MOXeT OBITh M3MEpEH II0 IaHHOM
Mmeronuke. Takum oOpasom, pasmep (OKaIbHOTO
IATHa He mnpeBblmaeT 20 MKM BO BCEX pPEXHUMax
paboTHI TPYOKH.
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Pazmep ¢ 0kankHOro NATHA, MKM

1
100
Hanpaxenuwe, kB

150

Puc. 1. Pazmeps! (okansHOTO MsATHA, N3MEPEHHBIE
st TOLMI-150-10 npu pa3HOM HanpspkeHUN
CpeiHue 3HaYeHNSI.

OmnpenesieHne HEPE3KOCTH AeTEKTOPa

Martpuiia JeTeKTopa XapaKTepHu3yeTcs TpeMms
OCHOBHBIMU rnapamMeTpaMu: KOHTPaCTHOM
YYBCTBUTECIIbHOCTBIO, OTHOIICHUEM CI/IFHaJ'I/H_IyM )5
6a30BBIM MPOCTPAHCTBEHHBIM paspelnieHrnem,
KOTOpoe, B CBOIO ouepensp, Tpedyercs s
BBIYHCIICHUS 00IIel HEPE3KOCTH.
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st onpenenenuss 6a30BOT0 IPOCTPAHCTBEHHOTO
paspelieHns] eTEeKTOpa MCIONb3YeTCsl NYIUICKCHBIN
[POBOJIOYHBI HHAWUKATOP KayecTBa H300paKEeHHUs!
10l Image Quality Indicator [2]. Meroauka
TIPOBENICHUSI U3MEPEHHHT M3IokeHa B [3].
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Puc. 2. Pesynbrat nunrepnossiuuu SRy, B
TOPHU30HTAIILHOM U BEPTUKAJIILHOM HaIlpaBICHUAX

(TOLMI-150-10, nanpsixerue Tpyoku - 90 kB)

(K
.08

022 024

0.1

Jus ucnonezyemoit B Tomorpadpe TOLMI 150-10
marpuipl Rad-icon Remote RadEye200 ¢ pasmepom
mukcens 96 MKM  MHTEpPIOJIMpOBaHHOE 0a30Boe
MPOCTpaHCTBEHHOE pa3perrenue iSR, cocraBmio 99
MKM U 103 MKM B FOPH30HTaJIBHOM U BEPTHKAJIBHOM
HaIpaBJICHUAX COOTBeTCTBeHHO. Tomorpad Open-MT
¢ Mmarpuneir Varian PaxScan 2520V ¢ pa3mepom
nukcenst 127 MKM TOKaszan CIEAyIollue pe3yibTaThl:
162 MxkM u 186 MKM B TOPHU3OHTalIbHOM U
BEPTUKAIBHOM HAIPaBJICHUH.

Onpenenenne oduIeld HEPE3KOCTH YCTAHOBKH

Hepeskocts  mosiygaemoro uzobpaxkenus Uin
MOXKET OBITh OLICHEHA M3 ONTHYECKOTO YBEIHMYCHHS V,
reoMeTpuueckoii  Hepeskoctn Ug u  6a3oBoro
MPOCTPAHCTBEHHOTO pa3perieHus aerekropa SRy [3].

Hepeskocts  m300paxkeHHst UIi  KOHKPETHOH
YCTAaHOBKHM  sIBISIETCSl  (pYHKIMEH TOJNBKO OJHOM
MEePEMEHHOM — T€OMETPHYECKOro (ONTHYECKOTO)
yBenmuenus. lIlpeacraBuB Ha omHOM Tpaduke
3aBUCUMOCTH ~ IEOMETPUYECKOM  HEPE3KOCTH U
HEpEe3KOCTH M300paKeHHs Kak (QYHKIMH yBEIUYCHUs,
0 UX  IEPECEYCHUI0  MOXKHO  OIpPENEIUTh
MUHHMMAaJbHYIO HEPE3KOCTh YCTaHOBKH u
HeoOxoxmumoe JUIs 3TOrO TEOMETPUIECKOE

yBenuuenue (puc. 3 u 4)

96

Cekuus 2:
IIpubopocrpoenue

HepeakocTe, mm

3 4 5
[e0METPMYECKOR YEENHYEHME

Puc. 3. Open-MT: Touka nepeceyeHus! COOTBETCTBYET
MUHUMaJIbHOM HepeskocTH - 0,075 MM npu
yBenudenun 4,75 pas. Pazmep nukcens n300pakeHus
- 27 mxM. (U3 pacuera, 4To (hOKaNnbHOE MATHO PAaBHO
20 MKM)

HepeakocTe, mm

3 4 5
[e0METPMYECKOR YEENHYEHME

Puc. 4. TOLMI: MmuauMainbHas Hepe3KocTh - 0,08 MM
pu yBenmueHu 2,8 pa3. Pasmep nukcens
M300paxeHus - 35 MKM.

BriBoabI
Takum oOpazom, cucrema Open-MT moxazama
Jy4OIyl0 TIPOM3BOJHUTENIBHOCTE 0  IOKa3aTelio

obeit HepeskocTu. KiroueBoe 3HaueHHE OKa3bIBAeT
pasmep (OKAIBHOTO MATHA PEHTTEHOBCKON TPYOKH
(20£1 mxm must Open-MT nporuB 43+1 MM Juist
TOLMI-150-10)

CnMcoK JUTepaTyphl

1. BS EN 462-5:1996 Non-destructive testing.
Image quality of radiographsimage quality indicators
(duplex wire type), determination of image
unsharpness value

2. Duplex 1Ql EN462-5 /ASTM E2002-98 for
industrial NDT radiography

3. BS EN ISO 17636-2:2013 Non-destructive
testing of welds. Radiographic testingX- and gamma-
ray techniques with digital detectors
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9KCNEPUMEHTAJIbHBIE UCCJEJOBAHUSI IO OBHAPYKEHUIO IOBEPX-
HOCTHBIX TPEIUH PA3JIMYHOI'O MPOUCXOKIEHUS B OBPA3IIAX U3
JEKTPOIMPOBOISIIIIUX MATEPHUAJIOB, UCIIOJIb3YEMBIX B ABUAKOC-
MHWYECKO NPOMBIILIEHHOCTH C MOMOIIBLIO UHYKIIMOHHOI UH-
®PAKPACHOI TEPMOTPA®UM.

Kanammmukos JI.A.
Hayunslii pykoBomurens: [upsies B.B., noneHt, K.T.H.
Tomckuii nomrexuuyeckuii yausepeurert, 634050, Poccus, r. Tomck, nip. Jlenuna, 30
E-mail: dima778@sibmail.com

B omimuue OT TpajMIMOHHBIX METOJOB HarpeBa
(KOHBEKTUBHBIN, ONTHUYECKHUIT), UCIOIB3YEMBIX B aK-
THUBHOM TEIJIOBOM KOHTPOJIEC, UHIYKIHOHHBIA HarpeB
UMEeT JIPYTyI0 MPUPOJLY, YTO U MO3BOJISET IIPUMEHSTh
ero Uil OOHApyKCHHS IOBEPXHOCTHBIX TPELIMH B
00BEKTaxX U3 AIEKTPONPOBOAAIINX MaTepuaios [1].

MexaHu3Mbl KOHBEKTHBHOTO (ONTHYECKOTO) W WH-
JOYKIIMOHHOTO HarpeBa MPHBEJCHBI HAa PUCYHKE 1, rie
Q — TemIoBOH MOTOK OT MCTOYHMKA HArpeBa, HampH-
Mep, JaMIIbl HaKaIUBaHMA, a P — oOpaTHBIN TEIIOBOM
HOTOK OT OOBEKTa KOHTPOJISI, PErHMCTPHPYEMBIIl Ter-
JoBU30pOoM. B mepBom ciyuae TemmepaTypHBIH cur-
Halnl HaJ AedeKToM OyleT IOJIOKHUTENIBHBIM, eClIn
TEIJIONPOBOIHOCTh Jepekra HHXKE TEeIUIONPOBOIHO-
ctu Oe3nedexkTHO obmacTu (I OJHOCTOPOHHETO
KOHTpoJis). Ho maHHbIM MeTo/, 10 MOHSATHBIM NPHYH-
HaM, HE YyBCTBHUTEJICH K TPELIMHAM, PACIIOJIOKEHHBIM
TIepIECHANKYIISIPHO MOBEPXHOCTH. B 3TOM ciydae 3¢-
(heKTHBEH MHIyKIMOHHBIH Harpes.

T

N MaQ DbdeETou

O

KOHTpONA

Cuanian v AedesTon

Crm-crci

Pucynok 2. MexaHu3M akTUBHOT'O TEIJIOBOTO KOH-
TPOJISl C UCTIOIH30BAHUEM WHIYKIIMOHHOTO HAarpeBa.
BuxpeBbie TOKH B 3JIEKTPOIPOBOIAIIEM OOBEKTE,
WHAYLUUpPYEMbIE EPEMEHHBIM MAarHUTHBIM TOJIEM HH-
JIyKTOpa, pa3orpeBaloT ero moJj JeHCTBUEM JIKOYJIEBa
TeIUla, MpUYEM, HAarpeBaeTcs JHIb MOBEPXHOCTHBIN
CIIOH, TaK Ha3bIBaeMbIl CKUH-CIOH (pucyHok 2). Ton-
IIIHA CKUH-CIIOS onpenenseTcs GopMyoi:

2
whopd

I'ne § —TojmMHA CKUH-CIIOSA, W — Kpyropas 4a-
CTOTa MEPEMEHHOT0 TOKAa; [l —MarHuTHas MpOHHIIae-
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MOCTb Marepuajia NpOBOJAHMKA, [y —MarHuUTHas MO-
CTOSIHHAs, A —yZenbHasl  JJIEKTpUYecKas  IMPOBOJIM-
MocTb [2].

B cmywae ecnm riryOMHA TpEIIMHBI MPEBBIIIAET
TOJIIMHY CKHWH-CJIOS, BUXPEBBIE TOKH, BCTpedas Ha
MyTH TIperpany, OyAayT orubaTh ee, Kak IMOKa3aHO Ha
PHCYHKE, BCIEACTBUE YETO IUIOTHOCTH TOKA B 00/1aCTH
TPEIIMHBI YBEIIMIUTCS, YTO IPUBEICT K CYIIECTBEHHO
OoublIeMy ee HarpeBy.

IKcHnepuMeHTAIbHbIE HCCIE0BAHMS.

Jiist mpoBeieH s SKCIIEpUMEHTa ObLT UCTIOJIb30BaH
CTaJBbHOW TIOBEPEHHBIH KOHTPOJIBHBIN 0oOpaser| ¢ uc-
KYCCTBEHHBIMH JIe()eKTaMH JJIsl KaluOpPOBKH BUXpe-
TOKOBBIX JAe(EeKTOCKONOB. Buemnuii Bux obOpasua
NIPUBEJICH Ha PUCYHKE 3.

Pucynok 3. BHeniHuii BUa KOHTPOJIBHOTO 00pasiia.

KonTtpomnbHbIil 06pa3zer] 1 BUXPETOKOBOTO KOH-
TPOJISi BOCIPOU3BOJAMUT JAe(EKThl THIA HAPYIICHHS
CIUIOIIHOCTH MaTepuasa (IIOBEpPXHOCTHBIE TPEIIHMHBI)
Y TIpeICTaBisIeT cOO0M MeTaluTMuecKuil OpycoK B BUIIE
mapajJiesieninea, Ha MOBEPXHOCTH KOTOPOTrO HaHe-
CeHBl TPU MWCKYCCTBEHHBIX TPEUIMHBI TIITyOWHOH
0,3;0,5;1 mm.

Ilpn mpoBeneHWH WCHBITAHUH HCHONB30BAIOCH
crenyroniee obopynosanue: terosuzop TH9100ML
¢upmer NEC Avio muist 3amucu TepMorpaduuecKux
TIOCJIC/IOBATENILHOCTEH, B  KayecTBE HCTOYHHKOB
HarpeBa MPUMEHSIACh CHCTEMa HHAYKIIMOHHOTO
HarpeBa. Harpes oOpa3ia ocymecTBisics AByMs CIO-
cobamu:

1. Butkn uWHIYKTOpa pacloJIOKEHBI MapauIeIbHO
IJIOCKOCTH JieekTa (BUXpPEBBIE TOKU MPOTEKAIOT
BJIOJIb IEPEKTOB).

BuTku MHAYKTOpa pPAacIOJIOKEHBI MEPHeHIUKY-
JSIPHO TIJIOCKOCTH JIE(EKTOB.

Pucynoxk 3. [IpoBeneHre HHIYKIMOHHOW HH(ppaKpac-
HOW TepMorpadum.
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Hwxe npencraBieHsl pe3ynbrarbl 00pabOTKH MO-
JyYEHHBIX TEpMOrpaMM C TOMOIIBIO IPOTrPaMMBbI
ThermoFit Pro, paspabotanHoii B TOMCKOM IMOJIUTEX-
HUYECKOM yHHBepcuTeTe. JlaHHas mporpamMma IMo3BO-
JSIET TIPUMEHSITh CIIEIYIOIINE METOIbI aHAIN3a TEPMO-
rpaU4ecKux IMOCIEeIOBATENLHOCTEH: JTHHEHHBIE Me-
TOIBI 00paboTKu (HOpManu3anwst, auddepeHIupoBa-
HUe, GUIbTpanus u T. 1.), Dypbe-aHanm3, pa3IudHbIe
CIIOCOOBI BEHBIIET-aHAJIN3a, @ TAK)KE METOJ TJIaBHBIX
KOMIOHEHT. B nporpamMmme MUMEETCA MOAYJIb CTaTH-
CTUYECKOI'0 aHajHu3a TepMOrpaMM U MOJIy4aeMbIX
U300paKeHNH.

1. MHIyKIUOHHBIN HarpeB NPOU3BOJIWICS B Te-
yenue 5 cekynn. OOpaser] NpOTaJKUBAJICS Yepe3 BUT-
KM HHIYKTOPA CO CKOPOCTBIO MPHOIM3UTENBHO | cm/c.
@ukcanus pe3ynbTaToB MPOM3BOIIIACE CPa3y MOCIE
MIPOXOXKJICHNSI UM MHIYKTOpa. Pe3ysbTaThl mpencTaB-
JIeHBI Ha pUCYHKeE 4.

Pucynok 4. Tepmorpamma 1

W3 TepmorpaMmsl BUIIHO, YTO TeMmeparypa B 00-
JACTH TPELIMH BbIlIE, YeM Ha 0e3nedeKTHhIX ydacT-
kax obOpasua. CurHan Haj TperuHOU riryouHou 0,5
MM COCTaBWJI Mopsaka 3,5 OC, a uist Tpeutunsl 0,3 MM
nopsiaxa 1 °C. Humxe npeAcTaBiIeHbl TpaduKky momy-
YyeHHble ¢ rnoMoulpio nporpammel ThermoFit Pro (Pu-
CYHOK 5), MOKa3bIBaOLIE Pa3HOCTh TeMIepaTyp 0es-
ne(eKTHOM 001acTH M TPEIIHH.

8 Spatial Profile
23.97

Lo

Anine22 67, Nel

=l

Spatial Profik

L
Savehs Teut | | o
Copy Graphics|

Tempersture E vohulion: Amaz=26.00. N=34; Amin=23 53, N=7

Pucynok 5. I'paduku, mokasbeiBaronye pa3sHOCTh TEM-
repatyp 0e3neeKTHRIX 00IacTel M TPEIiH TITyOu-
Hoit 0,3 MM (BepxHuit) u 0,5 MM (HIKHUIT)

2. Tlpu pacmonoxxeHHNH HHAYKTOpa MEpPICHIHU-
KYJISPHO IDIOCKOCTH Ae(DEKTOB HUCIIONB30BAINCH TE JKE
rnapameTpbl HarpeBa, 4To M B NPEeAbIAYLIEM Ciydae.
Pe3ynbpTaThl NpUBEIEHBI HUXKE.
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Pucynok 5. Tepmorpamma 2.

Jnsa tpemuasl TyouHo# 0,3 MM CHTHAX Hajg Tpe-
IMHOM cocTaBmI Tak e mopsiaka 1 °C, a s Tpermu-
HBI TIIyOnHO# 0,5 MM — OKoOIIO 5 OC. I'paduky npuBe-
JICHBI HIKE.
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Pucynoxk 5. I'padukn mokaspIBaromme pa3HoCTh TEM-
nepatyp 0e31eeKTHRIX 00acTel ¥ TPEIIUH TTyOu-

Ho#t 0,3 MM (BepxHuit) u 0,5 MM (HKHUT).

Kaxk 1 o’xunanocs curan HaJ TpeIMHAMU OKa3aJIcs
OOJIBIIMM TIPU PACIIOJIOKEHUH BHUTKOB HWHIYKTOpa
MEPIEHANKYJISIPHO HAPABICHHUIO TPEIHH.

BriBog.

B xome sKcnepUMEHTaNbHBIX HCCIIECNOBaHUI yoe-
JITACHh, YTO WHIYKIIMOHHAs HWH(]pakpacHas TepMo-
rpadus SBISETCS OTIUYHOW albTepPHATHBOH MarHH-
TOTIOPOIIKOBOMY W BHXPETOKOBOMY METOJaM KOH-
TPOJSL. A TaK e SKCICPUMECHTAIBHO YCTAHOBHIIIU, YTO
BUTKH WHIYKTOpa HEOOXOJMMO pacrojiararh MeprieH-
JMKYJISIPHO TPEAINONaraeMoMy HaIPaBICHHIO TPEIHH.
"3 MPpEUMyHICCTB METOAa MOKHO BBIJIC/IUTD!

1. CxopocTs KOHTpOIA (OJHOBPEMEHHO CKaHM-
pyeTcsi oOLIUpHast IIOIIa b 00bEKTA);

2.  BeCKOHTaKTHOCTS;

3. Bricokas BeposATHOCTH OOHApYyKeHHS Iedek-
TOB;

4. Huskuil ypoBEHb JIOKHBIX CHTHaJOB (IO

CPaBHEHUIO C MArHUTOIIOPOIIKOBEIM KOHTPOJIEM);
Jluteparypa
1. Baswios B.Il. UndpakpacHas tepmorpadus
1 TEIUIOBOM KOHTPOJb. — M.: Criektp, 2009. — 570 c.
2. BonaxkoB B.A. O0beMHBIN MHAYKIMOHHBIN
Harpes. — CIL: «[lomutexauka», 1992. — 68 c.
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CPABHEHUE UHAYKIHMOHHOU AN YJIbTPA3ZBYKOBOU CTUMYJIAIINNA J1E-
®EKTOB B AKTUBHOM TEIIJIOBOM KOHTPOJIE J1JIs1 OBHAPY X XEHUSA
TPEHIMH B OFBEKTAX U3 DJIEKTPOITPOBOASAIIINX MATEPUAJIOB
Kanammukos JI.A.

Hayunslii pykosopurens: [upsies B.B., noneHt, K.T.H.
Tomckuii nomrexunyeckuii yausepeurer, 634050, Poccus, r. Tomck, nip. Jlennna, 30
E-mail: dima778@sibmail.com

«Knaccuueckne» METObI TEMIOBOTO HArpyXKEeHUs
(KOHBEKTUBHBI U ONTHYECKHWIl), HCIOJNB3yeMble B
AKTHBHOM TEIUIOBOM HEpa3pylIAloIeM KOHTpOJe, He
BCET/a MPUMEHUMBI JUIsl OOHAPYKEHUs TeX WIIM UHBIX
nedexToB. B yacTHOCTH TPEIIMHBI, PACIONIOKCHHBIE
MIEPHEHANKYISIPHO TTOBEPXHOCTH KOHTPOIHUPYEMOTO
00BEKTa TPAKTHYECKH HEBO3MOXHO OOHAPYXHUTH C
MOMOIIBIO JaHHBIX MeTonoB. [loaTomMy cymecTByer
HEOOXOANMOCTD HCIIOJIB30BAHUS «HETPAJANIIMOHHBIX)»
WCTOYHHMKOB HarpeBa, TaKWX KaK, MHAYKIMOHHBIH U
YAbTPa3BYKOBOM.

OTu 1Ba MeTOJa OTJIUYHO PEILIAoT AAHHYIO Mpo-
6J'ICMy, TaK KaK IpHU CTUMYJIIIIUHU HaArpeBacTcCsa caMm
nedekrt, a He Besl IUIONIAb KOHTPOJIUPYEMOI TTOBEpX-
HOCTHU, KaK B cCJIyda€ C TpaAUIIMOHHBIMH MCTOJaMHU
Harpesa.

JKcnepuMeHTAIbHbIE HCCIe0BAHMS.

1. AKTHUBHBIIi TEeIJIOBOH KOHTPOJIb € HCIOJb-
30BaHHEM HHAYKIMOHHOT0 HarpeBa (MHIYKIHOH-
Hasi UH(ppakpacHasi Tepmorpadusi).

WHIyKIMOHHBIA HAarpeB MPOBOJUTCS CIIECTYIOMINM
06pa3zoM. DIeKTPOIIPOBOIAINAs 3aT0TOBKA MTOMEIAeT-
Cs1 B TaK Ha3bIBAEMBI HMHIYKTODP, IPEACTABJIAIOIIAN
co00if OZIMH WJIM HECKOJIbKO BHTKOB TpoBoJa. B wmH-
IyKTOpe C TIOMOIIBIO CIICIHAIBHOTO TeHepaTopa
HaBOJSITCS MOIIHBIE TOKH PAa3JIMYHOM YacTOTHl (OT
necstka ' 1o Heckoipkux MI'mm), B pesynbraTe dero
BOKPYI HMHJIYKTOpPa BO3HHKAET 3JICKTPOMArHUTHOE
roje. DJIEKTPOMarHUTHOE I10JIe HABOAMT B 3arOTOBKE
BHXPEBbIE TOKH. BUXpeBbIE TOKHM pa3orpeBaroT 3aro-
TOBKY ITI0J] JEWCTBHEM JpKOyJieBa Teria. HarpeBaercs
TOJIBKO TIOBEPXHOCTHBIH CJIOH, KOTOPBI HA3bIBACTCS
CKUH-CJOH. B cimyuae, ecau Ha IOBEPXHOCTH 3arOTOB-
KM MMEETCsI TPEIMHA, TO OHA HarpeBaeTcsi 1O O0OJb-
el Temreparypsl, 9eM Oe3nedexTHas o01acTs, Tak
KaKk WMeeT OoJbpIliee CONpPOTHBICHHE (PHCYHOK 1).
HwmenHo n3-3a 3TOTO0 3 deKTa MHIYKIIMOHHBIH HarpeB
1 Hallell IPIMEHEHNE B aKTHBHOM TEIUIOBOM KOHTPO-

ae [1].

I ryGHa TReLyWHES < TOMUMHE CKIS-CCs

| " |

P R —————

Pucynok 1. Cxema ycTaHOBKH MHAYKIIHOHHOTO
Harpesa
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B kadecTBe 00beKTa HMCCIIEIOBAHHS HCIIOIH30BAII-
Csl TIEPEXOIHON TMEPEBOIHUK JUIl OYpWIBHBIX KOJIOHH

C IPOJOIBHOI TpeniHoii (PucyHok 2).
=4 r e

[Ipu npoBeneHNHM SKCIEPUMEHTOB HCIIOJIB30Ba-
Jock  ciedymoomiee  o0OpylOBaHUE:  TEILUIOBU30D
TH9100ML ¢upmbr NEC Avio mis 3amucu TepMmo-
rpaguyecKkux MOCIe0BaTeIbHOCTEH, B Ka4eCTBE HC-
TOYHHMKOB HArpeBa NMPUMEHSIACh CUCTEMa HHAYKIIH-
OHHOTO Harpesa.

OOmuit BHI TEIJIOBU3MOHHOTO Ae(EeKTOCKONa
MPE/ICTABIICH HA PUCYHKE 3.

Pucynok 3. TermoBiu3HOHHBIH 1e()EKTOCKON C HHITYK-
LUOHHON CTUMYJISILIUEH.
Harpes npousBoaunu B TeueHue 5 cexyunu. Janee
Ha PHCYHKE 4 IMPEICTABICHBI Pe3yJbTaThl 00padOTKU
MOJIyYeHHBIX TEPMOTPAMM C IOMOIIbIO MPOrPaMMBbI
ThermoFit Pro, paspabotanHoili B TOMCKOM MOJINTEX-
HHUYECKOM YHHBEPCHTETE.

TpewmHa

g/ =

O

Pucynox 4. I[TomryueHHbIe TEpMOTpaMMBI: O Hauana
HarpeBa (BEepXHsis) U MOCIE HArpeBa (HIKHSSA).
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W3 nony4eHHBIX TEpMOTPaMM BHIHO, YTO TEMIIC-
parypa B 00JacTH TpelMHBI Ooiibllle, YeM B Oe3Je-
(exTHOM oOmacTu. TemmepaTypHBIit cUTHAJ (Pa3HOCTh
TEeMIepaTyp TPEeUIMHEl u Oe3xedekTHol obmacT) co-
CTaBWJI IPUOIM3UTEIHHO 6,5 oc.

Jlanee Ha pucyHKe 5 TpenacTaBlieH rpaduK 3aBH-
CUMOCTH TEMIepaTypsl OT BpeMEHH HH(pPaKpacHOMH

CbEMKH.
(TS5 T TN

LN

18,35]+

L | Save da Teot |
- oK

Tempesshue Evolution; Amans25 59, Hel: Amina1835, Ne§ | o Gl

Pucynok 5. I'padmk 3aBMCHMOCTH TeMIepaTypsl OT
BPEMEHU: KPaCHBIN- HaJ TPEIIMHOMN, 3€IeHbIN — Ha
0e3neeKTHOM 00IaCThIO.

2. AKTHBHBIi TeIIOBOH KOHTPOJIb € MCIOJIb-
30BaHHEM YJbTPa3BYKOBOro Harpesa (yJbTpa3By-

KoBas nHpakpacHas TepMorpadus).

OcHoBHOe oTiMYKe Y3 CTUMYJSIIIMHA OT ONTHYE-
CKOH COCTOMT B TOM, YTO YJBTPa3BYK CYIIECTBEHHO
TIOBBIIIAET TEMIIEPATYPy TOJBKO B 30HE NIE(PEKTOB C
TPYLIMMUCS KPasiMH, OCTaBJIsisA 0e3/1epeKTHbIE 30HbI
«XOJIOJHBIMHY, TTO3TOMY HcIoNb3yeMoe B Teopuu TK
HOHsATHE TeKymiero kourpacra AT/T craHoBuTCs, mMo-
BUJIMMOMY, HEIIPaBOMEPHBIM, MIOCKOJIbKY M30BITOYHAS
TemrepaTtypa T U3Jeus B Ipolecce KOHTPOJIst OJIn3Ka
K HyneBoi [2].

B kavecTBe MCTOYHMKA HarpeBa 00bEKTa KOHTPOJIS
HCIIOJIb30BAHO YCTPOWCTBO JUIS yIBTPAa3BYKOBOH CTH-
MyJSIIUH Ae(PEKTOB B KOHCTPYKIIMOHHBIX MaTepuaiax
WII-YCA. ®oTo TEeIUIOBU3UOHHOTO Je(EeKTOCKOIa
MI0Ka3aHO Ha PUCYHKE 6.

Pucynok 6. TeruioBU3HOHHBIN 1e()EKTOCKOI C yilb-
TPa3ByKOBOI CTUMYJIILIUEN.

IIpu BBODE yAbTpa3ByKa B OOBEKT KOHTPOJS BO3-
HUKJIA CJIO)KHOCTH — TaK KaK UCTOYHHK YJIbTpa3ByKa
“MeeT OOJBIIYI0 MOITHOCTB, 0Opa3el] u3-3a BUOpaiuu
«BBICKAJIb3bIBA) HW3-TIOJI MHAEHTOpAa MAarHUTOCTPHUK-
OUOHHOTO TmpeoOpa3oBarens. [losToMy BO3HHKIIA
HE00XOIUMOCTh BBOJIUTH YIBTPAa3BYK HE HANIPSMYIO, a
yepe3 MPOMEKYTOUHBIM 3BYKOIPOBOJA U3 TBEPIOTrO
Marepuaja B BUIE METAJUIMYECKOHM IacTHHbL. B ka-
YeCcTBE TaKOH IIACTHHBI OBLIN MCHOIH30BAaH TACUHBINA
KITI0Y. YJIBTPa3BYKOBYIO CTUMYJISIHIO OOBEKTa Ipo-
HU3BOJMWIM B TeueHUe 5 cekyH[. Pe3ynbTaTsl npusese-
HBI HIKE.

Ceknus 2:
[Ipubopocrpoenue

Toukm koHTakTa

Pucynok 7. TepmorpaMMmsl 110 (BEepXHsIs) B TIOCTE
(HEDKHSIS) YIBTPa3BYKOBOM CTHMYIISILIIH.

Ha pucynke 7 npeacraBieHbl TepMOrpamMMbl HH-
(dpakpacHoit cheMKku. 3 pucyHKa BHIHO, YTO Harpe-
JIaChb JIMIIb TPEIIWHA U TOYKH KOHTAKTa KJIto4Ya U 06’])—
eKkTa KoHTpous. [lanee mpencraBieH rpadUk 3aBHCH-
MOCTH TEMIIEPATYPHI OT BPEMEHH.
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Tempaistuse Evolution; AmaxsJ0.54, NaZ. Amine2] 3. Ne25 Copy Geaphacs |
Pucynoxk 8. I'paduk 3aBUCIMOCTH TeMITEpPaTypHl OT
BpEMEHU: KPACHBII- HAJl TPEIIMHOM, 3€JI€HbIN — Hal
Oe3neexTHON 00IACTRIO.

Kak BugnO u3 rpaduka Temmeparypa Oe3medekt-
HOHM 00JIacTH MPaKTHYECKH He 3MeHmnach. Temnepa-
TYpPHBIH CHUTHAJI HaJ TPEUIMHON COCTaBWJI NMPHOIU3H-
TemsHo 9 °C.

BriBog.

B Xoz4e skcriepuMeHTaNbHBIX HCCIEJOBaHUN yCTa-
HOBWJIM, YTO W WHAYKIMOHHAS U YJIBTPa3BYKOBas WH-
(dpakpacHas TepMmorpadus odeHb IPPEKTUBHBI IS
oOHapy>XeHHsI TPELIMH B 00pa3uax U3 3JIEeKTPOIPOBO-
JAIMAX MaTepHaioB.

IIpu TeniaoBOM KOHTpONE C YIBTPa3BYKOBOM CTU-
MyJsuued, nedekt mposiBisercs Ooliee SBHO, 4eM
IpU KOHTPOJIE C MHIYKIMOHHOM, TaK Kak Oe3nedext-
Hast 00J1aCTh OCTAETCS «XOJIOIHOI», BCIEACTBUE YEro
HaOmomaeTcss OONBIIMIA TeMIepaTypHBIH curHaia. B
CBOIO OYepeab MHAYKIMOHHASI CTUMYJALUS He TpeOy-
eT HaJIW4IMs KOHTAKTa U UMEET BO3MOXKHOCTh Harpena
00pasIoB CI0KHOH (POPMBI, B TO BPeMs KaK IPH YyiIb-
TPa3ByKOBOH CTUMYJSIIMM TPH HarpeBe OOBEKTOB
CIIOKHOHM (OPMBI BO3HHKAIOT CJIOXHOCTH M3-32 HX
CMEIEeHNA MO IeHiCTBHEM BHOpaLuy.

Jlureparypa.
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CTPYKTYPA IPOT'PAMMHOM PEAJIN3AIIMU CPEICTB
KOHTPOJIA BOPTOBBIX IU®POBbIX BBIYNCJIUTEJBHbBIX CUCTEM
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E-mail: igor_rabota@pisem.net

Beegenne

OCHOBHBIM pe3yJIbTaTOM psla HCCIEI0BATENb-
CKHX M ONBITHO-KOHCTPYKTOPCKHX PaboOT B 0oOnacTH
MPOEKTUPOBAHUS TEPCIICKTUBHBIX OOPTOBBIX IH(PO-
BBIX BeIUHCIUTENbHBIX cucTeM (BIIBC) sBisercs
npeioxennas [1-4] crpykrypa BIIBC 1 HoMeHKIa-
Typa KOHCTPYKTHBHO-()YHKIMOHAQJIBHBIX MOZIYJEH
(K®M), pazpaboTaHHbIe B Kllacce CTPYKTYP HHTETPH-
poBaHHOHN MoAynbHOM aBuOHUKH (IMA).

AxtyanpHOM 3amaueil mpoextupoBanus BIIBC
kiacca IMA Ha COBpeMEHHOM JTare sBIISETCS 3aja-
ga co3jaHus mporpaMMHbeIX kKommnoHeHToB (IIK) u
nporpaMMHbIX Moayineit (IIM) BIIBC, peanu3syromux
CpeAcTBa KOHTPOJS HCHPAaBHOCTH TaKHX MHOTOMO-
JIYTbHBIX ~ MHOTOIPOLECCOPHBIX  BBIYUCINTEIBHBIX
CHCTEM B peallbHOM MaclITade BpEeMEHH.

Crpykrypa NMPOrpaMMHOI1 peanuzanuu
cpenact koHTpos BIIBC kiaacca UMA

CrpykTypa MpOrpaMMHOM peaau3allii CpencTB
koHTposs ucnpaBaoctd BIIBC kmacca UMA mpuse-
nena Ha puc.l. Ha puc.1l,a mpusenena crpykrypa 11K
u [IM wmoxayns mnocrosauol mamsta (MIIII), Ha
puc.1,6 — mozayns Berauciuterns (MB), Mmomgyist BBO-
na-seiBosia (MBB), Mmomyist rpaduaeckoro (MT).

Biu1. nutanns | | ITepesamyck
T e
M M
«Ycram» «Pectapt»
M HE——
«TBK-H» . T
| BHE 00BEKTa
: M «Pesxum : K :
; pabotel BIIBM» : «THK»
B cocrase ! L
o0beKTa
IIM «Anann3
pexxuma TBK»
MOHIITOp ABT. KOHTD. HECCR 3ax51=1a
™ IIM «TBK-A» IIM «MnenTn-
M (ukarop
«MOHUTOP»
| TIM «acTp- @IIO0»
‘k““““‘r‘[!ﬂ;go ,43 MOJLYJISI» l
) - | - IIM «Ananu3
i oo
«TBK-I» IM «Osunanne
32 ca TK
¥ 3anpoca» o
,,,,,,,, l? E],(, ,]'!I,],(, ] Gt «Pabora»
TIM «O6cmysxu- TIM Barpys3-
BaHHE» uynk PIIO»
TK-3 TK-3
1 1

Puc.1. Ctpykrypa nporpaMMHO’ peanu3anuu
cpenactB koHTpous uctipaBHoctd BIIBC knacca UMA:
a) moxynst MIIII, 6) moxmyneit MB, MBB, MI'.

B cocTtaB mporpamMMHOro obecnedeHHs CpelncTB

B mATanus | | Iepesamyck
| i i
M M
«YcTan» «Pectapm»
‘ 1M {1 Awronommmi, |
«TBK-H» ! o
BHE 00beKTa
IIM «Pexnm ; MK i
pabdoter BIIBM» : «THK»
B cocrase - b
1
oOBeKTa
TIM «Ananu3
TIIK-YP pexuma TBK»
¥
: MoHIrrop ] ABT, KOHTp 3a,u:wa
: 11| IIM «TBK-A» IM «Mnen-
i M :
: «MoHHTOP» : TH(HKaTop
! TIM «CTIP- i I10»
' MOIYJIs» NK-AK i l
7 T M «Anams
™ 11| TIM «@opunpo- pe3yIhTaToB :
11| pamme sanpoca» HICHTHQHUKALIN
«TBK-UI» | 11 ’ b
BIIK-LIK 1 O it 1K
,,,,,,,,,,,,, ol ™M PHLATCILHAI «Pabora»
«HHTerpatop»
TIM «3arpy3-
' uuk GIIO»
i M
i| «rCTIP BUBM» !
: OK-4 | K-3
:

a) )

kxoHTpons ucnpaBHocTH BLIBC xmacca UMA BxoasT
caenytromue 1K u [IM:

1. IlporpaMMHBIii KOMIOHEHT YNpPaBJIEHUS PEKU-
Mamu (ITIK-YP). Komnonent I1K-YP obGecnieunBaer:

- IEPBUYHYI0 MHULMANH3ALUIO (YCTaHOBKY) peru-
CTPOB MHKpOIIpOLIECCOpa U YNPABIAIOIINX PETHCTPOB
MPOTPaAMMHUPYEMBIX JTOTMYECKUX MHTETPAIBHBIX CXEM
Ko®M;

-mpoBepky  paborocmocooHocTH KOM Mo
HavyaJlbHOMY BKJIIOYEHHIO (IIOCIIC TIEPBUYHON MOAAUH
HanpspKeHust nuTanust, nocie pecrapra BLIBC u3-3a
KpPaTKOBPEMEHHOTO MepephiBa MUTAHUS HAa OOBEKTE
WITH M3-32 BO3HHUKILEH B Ipolecce paboThl OIIHOKH);

- aHanu3 pexxuma padotel BLIBC (B cocraBe 00b-
eKTa, aBTOHOMHO, IIpM TIPOBEpKE Ha 3aBoje-
H3TOTOBHUTENE B COCTaBe pabOvero Mecra);

- aHAJIM3 peXHuMa paboTHl TECTOBOTO MPOTPaMM-
HOTO OO0ecTIeYeHus TECT HA3€MHOTO KOHTPOJIS
(THK), tect BcTpoenHnoro xoutpoius (TBK), Tect do-
HOBOTO KOHTPOJIS.

2. IlporpaMMHBIIl KOMIIOHEHT CEPBHCHOTO 00CITy-
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xuBanug (ITK-CO). Komnonent IIK-CO obecneun-
BaeT OOMEH JaHHBIMH IO TEXHOJIOTMYECKUM HHTEp-
¢eticam BLIBC ¢ BHEITHUMH yCTPOUCTBaMH (MHCTPY-
MeHTanbHass OBM, muaTel-MMHUTATOPHI YIPABIIAIOMINX
CHTHAJOB U T.1.) B pexume «MOHHTOP», HOCTYH K
BHYTPEHHUM BBIYUCIUTENbHBIM pecypcaM KOM, 3a-
TPY3Ky M OTJIAaJKy TECTOBOTO M (DyHKIMOHAIHHOTO
nporpammuoro obecreuenns (OI10) [5, 6].

3. [IporpaMMHBI KOMIIOHCHT aBTOHOMHOTO KOH-
tpons (ITIK-AK). Komnonent ITK-AK obecrnieunBaeT
IpoIlecC aBTOMATU3UPOBAHHOI'O ABTOHOMHOTO KOH-
Tpongs KOM npu Hanmuuuu ynpaBiSIOLIETO CHUTHAJa
M3BHE (HA BHELTHEM COCIMHUTEIIE U3/IeIHs).

Kontpons wucnpaBHoctu KOM ocymectBisercs
6e3 ydacTusi ONEpPanMOHHON CHCTEMBI M (YHKIHO-
HaJIBHOTO TNporpaMMHOro obecmnedenus. Ilo pesyis-
TaTaM HPOBEPKH B CIIy4ae MOJOXKUTEIBHOTO PE3Yilb-
TaTa B (PUKCHPOBAaHHBIX sueiikax O3Y (opmupyetcs
wHpOpMaNWs, TOATBEPKIAIONIas uenpaBHOCTE KOM,
B CIIy4ae OTPHLATEIBHOTO pe3yibTara — HH(pOpMa-
st 06 00Hapy>)KEHHBIX HEHCIIPABHOCTSX.

Komnonent ITK-AK MOXeT BBINONHATECS U3 CH-
cremuoro [13Y KOM nnu MoxkeT OBITh 3arpykaeMbIM
1 BRIMONTHSTHCA U3 O3Y KOM.

4. IIporpammHbIi KommoHeHT ucrpasHoctr (I1K-
N). Kommonent [1K-U obecrieunBaeT aHAU3 COCTOS-
HUS paborocrmocodoHoctn KOM, BXOmAmHMX B cOCTaB
BIIBC, nyreM ux ompoca no MeXMOJYIbHOMY BHYT-
penHemy untepdeiicy SpaceWire [7] u dbopmuposa-
HUe HHTerpanpHOi ucnpaBHoctd BIIBC B pexume
ABTOHOMHOT'O KOHTPOJISL.

5. bubnworeka  MPOTpaMMHBIX ~ KOMIIOHEHTOB
mrataoro koHtpodist (BITK-IIIK). Kommonentsr BITK-
K obecnieuynBaroT NPOBEepKy paboTOCIIOCOOHOCTH
K®M B mratHoM pexume padotsl BIIBC.

Kaxpapiii mporpaMMHBIA KOMIIOHEHT, BXOJSIININ B
cocraB BIIK-IIIK, npexacraBnser co6oii 3aKOHUEHHYIO
IPOTPaMMHO pEIN3yeMyl0 MpOIEeaypy NPOBEPKH,
00eceynBaONIyI0 KOHTPOJIb UCIPABHOCTH (YHKIH-
oHasbHOTO y371a KM u paboTaroriyro noa ynpasiie-
HUEM orepanroHHoi cuctemsl uiu OIIO.

DopMUPOBAHUE  MHTEIPAIbHOM  UCIPABHOCTHU
BLIBC ocyuiectBisieTcss OTHEIBHON POrpaMMHOM
npouenypoi, Tak xe Bxoasmei B cocraB BITK-11IK.

6. IIporpaMMHBIil KOMITOHEHT TECTOB HA3¢€MHOTO
kxoHTpons (ITIK-THK). Kommonent ITK-THK o6ecre-
yuBaeT nposepky BLIBC Ha stame mpousBoacTBa Ha
3aBOJIC-N3TOTOBHTEIIE.

KoMmnoHeHT BXOOWT B COCTaB TEXHOJOTHYECKOU
anmaparypsl (MHCTpyMeHTanpHOH OBM) aBTOMaTH-
3upoBaHHOTO pabouero mecra (APM) mo nposepke u
HacTpoiike BIIBC u 3arpyxaercs B O3Y KOM Ha
BpeMs IpoBepku B coctae APM [8].

7. IIporpaMMHBI KOMIIOHEHT OOCTY)XKMBaHHUS 3a-
npoca (ITK-O3). Kommonent oGecreunBaer o0ciy-
JKMBAaHUE 3alpoca O COCTOSHUM HucmnpaBHOCTH KOM
o MeXMoayJIpHOMY HHTepGeiicy SpaceWire.

8. Ilporpammublii  kommoneHt 3arpysku (ITK-3).
Kommonent obecnieunBaet 3arpy3ky ®I1O uz MIIII B
orepaTuBHYIO namiate KOM u ero maentudukanmio

Ceknus 2:
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M0 KOHTPOJBHBIM MpHU3HAKaM (KOHTPOJIbHBIE CYMMBI
JaHHBIX U OporpamM, npuHamiexHocTs IIK u IIM k
KOHKpeTHOMY BUIy KOM u np.).

3akaouyeHnue

Pemienne  3amauu pa3pabOTKM  ammaparHo-
MPOTPAMMHBIX KOMIIOHEHTOB CPEJICTB KOHTPOJIS HC-
npaBHoct BIIBC kmacca UMA mmeer BakHeiriee
3HAYCHHE I YCKOPCHUS HAYYHO-TEXHHYCCKOTO MPO-
rpecca W BHEAPCHHS WHTCTPUPOBAHHBIX CHCTEM B
6opToBOE PUOOPHOE 00OPYTOBAHUEC ABUOHUKH.

CpeactBa KOHTpOJISi 00€CMEUMBAIOT TOUCK HEUC-
npaBHbIx KOM, peanusyloT CBOHCTBO OTKa30yCTOM-
YMBOCTH aBHOHUKH M CO3JAIOT IPENNOCBUIKH K CO-
3[AHUI0 OOPTOBBIX PEKOHPHUTYPUPYEMBIX BBIYUCIIH-
TENBHBIX CTPYKTYP.
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BBenenne

[IpoextupoBanne m3aenuii aBUOHUKH [1-3] ocHo-
BAaHO Ha PEIICHUM KOMIIPOMHUCCHOI 3a/aud, CBS3aH-
HOHM C BBINOJIHEHHEM TPEOOBAHUI TEXHHYECKOIrO 3a-
nauus (T3). Onaum u3 Tpebopanuii T3 sBiseTcs Tpe-
OOBaHHE 1O OTPAaHMUYCHHUIO YPOBHS H3JIy4aeMBIX H3-
JIeNIieM 3JIeKTPOMarHuTHeIX moMex (OMII).

Honyctumbiii ypoBenb OMII 3amaercs B HOpMa-
THUBHO-TEXHUYECCKOW NOKYMEHTALMH (HOPMBI JETHOM
rogaocta camoineroB, [OCT u mp.) um ompenenseT
YPOBEHb MOMEX, CO3[aBaeMbIX H3JeJneM Mo «3du-
Py», B LETSIX JIEKTPONUTAHUS U CUTHAJIBHBIX IEIISX.

Jns obecniedeHnst pexknma 3JIEKTPOMArHUTHOM
COBMECTHMOCTH Tpu paboTe KOoMIuIeKca OOpPTOBOTO
000pyIOBaHUS B COCTaBE U3ACIHS MPUMEHSIIOTCS pa3-
JUYHBIE CXEMHBIE M KOHCTPYKTHBHO TEXHOJOTHYe-
CKHE PEIICHUS, a Ul OICHKH KauecTBa Pe3yJbTHPY-
IOIIETO MPOEKTa C M3JENHEeM MPOBOISTCS CIICIHATH-
3UPOBAaHHBIC BUABI HCIBITAHUH 1O Pa3IMYHBIM METO-
JMKaM B 0e33X0BOH KaMepe.

[puHmMn wWccjef0BaHUS W3NeINS ABHOHHKHI
na odecneuennst OMII-coBMecTuMoOCTH

ITocne u3rotoBiaeHus U3AENUsl Ha dTANe NpoBeae-
HUS TPEIBAPUTEIBHBIX MM MEKBEIOMCTBCHHBIX HC-
MBITAHUHA TPOBOJUTCS OLIEHKA COOTBETCTBHS M3HEIH
TpeboBanusaM T3 1O 3JIEKTPOMArHUTHON COBMECTH-
MOCTH B paboTe ¢ O0pTOBEIM 000pyIOBaHHEM.

IIpy mpoBeseHWM SKCIIEPUMEHTOB IO OICHKE
YPOBHEW CO34aBaeMBIX JIIEKTPOMATHUTHBIX ITOMEX
(TTOMEX09MHUCCUH) UCCIIEIOBAHUIO TIOJIJICHKAT:

- I3MEPCHUEC HAMPSHKCHUS  DJICKTPOMArHUTHBIX
MOMEX B POBOJIAX MUTAHUS W3S,

- u3MepeHue cwiibl Toka DMII B 1ensx nutaHus u
B CUTHQJIBHBIX 1IETsX (KaOessix cBs3N);

- I3MEpPEHUEe HAMPSKEHHOCTH DJIEKTPUYECKOTO
nosit OMII ¢ pa3nuyHBIX CTOPOH U3IENHUSL.

B wacTHOCTH, U CHU)KEHUS YPOBHS M3ITy4aeMbIX
OMII oT coenMHHUTENBHBIX KTYTOB U Kabeleil cBsA3M
MPEIIPUHIMAIOTCS  CIEAYIOUINEe KOHCTPYKTHBHO-
TEXHOJIOTHYECKUE MEPHI:

- SKPaHHUPOBKA IIIEKTPUICCKUX IHETeH ¢ UMITYIIbC-
HBIMH TOKaMH M HamOoJiee Ba)KHBIX aHAJIOTOBBIX Ile-
neil ¢ HU3KUM JIMHAMUYECKUM JHara3oHOM Tepesa-
BaeMbIX CUTHAJIOB,

- B3aMMHasi KOMIICHCAIMS MAarHUTHBIX ITOTOKOB,
CO3/1aBaeMBIX 3JEKTPHUECKUMH IIeTSIMH, 3a CYeT
IpUMEHEeHUs ON(UIAPHOrO MOHTaXKa MMPOBOIHUKOB,

- OCYIICCTBICHHE KAYECTBCHHOTO  3a3E¢MJICHUS
SKPAHUPYIOMIETO CIIOSI KTYTOB CBSI3M W CHIDKCHHE
WHAYKTUBHOCTH JIMHHWA Tiepefadydl MHOOPMAIMH MPH
OCYILECTBICHHH  METAJUIM3alMH  SKPAHUPYIOIIETO

CJI0s1 )KTYTOBBIX COeIMHEHUN 1 Kabemnei cBs3u;

- CHIDKEHHE TIOJTHOTO COTPOTHBJICHUS IIUH 3a3€M-
JIeHns1 000pY/IOBaHUs, MCHOJIb30BaHUE CIIELHAIbHBIX
(UIBTPOB paNONIOMEX;

- CHIDKEHHUE IJIOIAgu KOHTypa u3mydeHus OMII
ITyTeM YMEHBIICHUS JJIMHBI )KTYTOB M KaOeseH cBs3y;

- pa3MeIleHNe XXTYyTOB M Kabeneil Mo KpUTEpHIo
MUHUMYMa JJIMHBI CBSI3H K DJIEMEHTaM 3a3eMIICHUS
KOHCTPYKIIMH: IACCH, KOPITyC OJIOKa M T.I1.;

- IPUMEHEHHE  MaTepHaloB €  YacTOTHO-
3aBHCUMBIMH CBOWCTBAMHM Ha OCHOBE BBICOKOYACTOT-
HBIX (DEPPHUTOB IS SKPAHWPOBAHUS CHIIOBBIX LETIEH,
LIeTIel ¢ UMITYyJIbCHBIMU TOKaMH M HanOoJiee BaXKHBIX
AHAJIOTOBBIX IleTel ¢ HU3KUM JMHAMUUYECKUM Juara-
30HOM IepelaBaeMBbIX CUTHAJIOB.

B uactu nmpoekTHpoBaHMs MHOIOCJIIOMHOW Iedat-
Hoi nmatel (MIIII) nnis ymMeHblIeHHs YpOBHS U3JTy4a-
emMbix DMII HeoOX0aMMO COOIIOIATh CIACIYIOIIEE:

- JUIsl YBEJIMUEHHS MEKCIIOWHONW €MKOCTH M obec-
nedeHnst 3()(HEKTUBHONH BBHICOKOYACTOTHOM Pa3BS3KH
HEoOX0ANMO 00ecIeunBaTh Pa3MEIICHUE CIIOEB IH-
TaHUA U CJIO0EB «00Iero nmpososaay» cMmexHo. Iommro-
HBl DJIEKTPONHTAHMSA HEOOXOAMMO pacrojaraTb BO
BHyTpeHHUX cnosix MIIIL. Cnou snexTponuTaHus
ClefyeT pa3BOAUTH CIUIOIIHBIMHU, YMEHbINAs ILIO-
I1a]Jb HEMETAJUIN3UPOBAHHBIX YUaCTKOB;

- BCE BBICOKOYACTOTHBIC CHUTHAJBHBIEC IIETIH HEO0O-
XOJMMO pacrojaraTb BO BHYTPEHHHX CIIOSIX, CMEX-
HBIX CO CIOSMH «OOIIero TpoBojaa». l3MmeHeHHe
HaIpaBJICHUS TPACCHl TPOBOJHUKA BBICOKOCKOPOCT-
HBIX curHayioB B Tomosornu MIIIT HeoOXxoauMoO BEI-
MOJIHATH B BUAE AYTH;

- Bce npoctpancTso MIIII, Ha koTopoM He pacmno-
JIATal0TCsl KOMIIOHEHTBI JJIEKTPUUYECKON CXEMBI U JIH-
HHUH CBSI3U, JOJDKHO OBITH TIOKPBITO IOJMTOHOM «00-
LIETO MPOBOJAY;

- HEOOXOAMMO pa3AENATh MIMHBI AJICKTPOIUTAHUS
(POBBIX U aHAJIOTOBBIX LIETIEH U OCYIIECTBISATh UX
COEJIMHEHUE B MaKCHMallbHOM OJIM30CTH K BBIBOJAM
9JIEMEHTOB, OCYIIECTBIISIONIMX aHAJIOro-MdppoBoe U
1 po-ananorosoe npeodpazoBaHue;

- IPOBOJIHUKHY IieTiell BBOJA-BbIBOAA I COCUHU-
teneit Ha MIIIT HeoOX0AMMO BBHITIONHATH O KpHTeE-
PO MEHUMYMA IJTHHEI CBSI3U C 00eCTIedeHnEM (IITh-
TPaLUU BXOJIHBIX-BBIXOJHBIX CHTHAJIOB U MOCIIEN0BA-
TEeJIbHO-NTAPaJJIEIbHBIM COTTIACOBAHMEM JIMHUM Hepe-
Jaqu HH()OpPMAITHIH.

Pe3yabTaThl IKCHEPUMEHTAIBHBIX HMCCJIEI0Ba-
HUIi 110 OlleHKe TIOMeX0IMHUCCHH U3/1eTusl

Jdnst oueHkH 3(QQPEKTUBHOCTH CXEMHBIX M KOH-
CTPYKTHBHO-TEXHOJIOTHYECKUX PELICHUH, MOJI0XKEH-
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HBIX B OCHOBY IPOCKTUPOBAHUS H3JCIHUS aBHOHUKH
knacca BIIBM (6oproBoit un¢poBoil BEIYUCIUTEINb-
HOHM MalIwHbI), OblJIa MIPOBEJICHA CEPHS IKCIICPUMEH-
ToB. Buemnuit Bua BIIBM npuBenen Ha pwuc.l.
OrneHKe TOIJIeKaldl YPOBEHb HM3IIyYaeMBIX H3/CIIHEM
OMII B guamaszone yactot 0,01 MI'ty— 100 MTI'm.

Puc.1. BoproBast inpoBast BEIYUCIUTEIbHAS] MAITHHA

PesynbraThl 3KCIEPUMEHTOB MIPUBEICHEI HA PHC.2.
OtnenbHO Ha pHc.2,a NPUBEACH IpaduK YpOBHS
OIIM, 3aperucTpupoBaHHOW TpH paboTe H3AETUS B
muana3one gactot 0,01 MI'm — 30 MI'n, na puc.2,0
— B guamnasone yactoT 30 MI'n — 100 MI'u. PasHel-
MU JIUHUSAMH Ha TpaduKax IpeacTaBIeH ypOBEHH 3a-
peructpupoBaHHeIx OMII U mOIMycTUMBIH YpOBEHB,
COOTBETCTBYIOIIMA  TpeOOBaHUSIM  HOPMATHBHO-
texuuueckor noxkymentauuu (HTJI) ans manHoro
KJlacca annapaTypsl.

PeayNETaThl H3MePEHIs YPOBHS HANPAACHIS PAIIONOMeX, CO31aBaeMBIX
H3ETHEM B LEMAX 3MeKTPONHTaHNA B fManasone vactot 0,01 - 30,0 Mt mipi
HOMIHATLHOM HaNpSUKEHINN HTaHns +27B
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Puc.2. Pe3ynbraTel U3MEpPEHHUS] YPOBHS IOMEX0IMHUC-
cun m3aenust G(f) mpu HOMUHATBHOM HAMPSHKCHUH
nmutaHus +27B B muanazone gactot f: a) 0,01 MI'm —
30 MI', 6) 30 MI' — 100 MI'1r.
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He TtpynHo BuaeTh, YTO B JHamna3oHe YacTOT
0,01 MI't — 30 MI'1 ypoBeHb AOMYCTHMBIX 3JICKTPO-
MarHUTHBIX MOMEX PE3KO CHIKAeTCs, YTO 0OyCIOB-
JMBaeTCs U3MEHEHNE «IIPOHUIIAEMOCTH» MaTEpPHAJIOB
1 3JIEMEHTOB KOHCTPYKIMH M3JENHs C POCTOM 4acTo-
Thl. Hanmuuue spko BelpaxkeHHbIX myibcaruii OMII B
HU3KOYAaCTOTHON oOsactn 0OBSCHACTCA OCOOECHHO-
CTAMH paOOTHI U3/IENHS U CBA3AHO C BIMSHHEM TaKTO-
BOM 9acTOTHl MHPOPMALMOHHOTO OOMEHa M3IETHs C
JPYrUMHU aOOHEHTaMHU OOTOBOTO KOMILIEKCA IO KaHa-
JaM CBSI3U (MYJIBTHUIUIEKCHBIA KaHaJ, IIOCIIEI0BaTEIb-
HBIN KOJI, pa30BBIE KOMAH/BI U T.1.).

B BBICOKOYACTOTHOH 00JIACTH ypPOBEHB JOIYCTH-
MeIx OMII mocTosiHeH, a IyJabCcaluu HM3ITydaeMbIX
nzgenreM DOMII oOycnoBieHsl paboToN HM3aenus Ha
TaKTOBOHM 4acTOTE MPOLECCOpa, MPUMEHEHHOTO B H3-
JeNuy, ¢ JOMOJHUTENbHON reHepanueir OMII Ha ua-
CTOTaX TapMOHHMK OCHOBHOM 4aCTOTHI.

Baxno 3ameruts, uto rapmoHuxku OMII Bo3HU-
KalOT KaK 110 OCHOBHOI yacToTe paboThl M3EIHsI, TaK
1 10 KOMOMHHPOBAHHBIM YacTOTaM, T€HEPHUPYEMBIM
BCJICNICTBHE pabOTHI y3JI0B M3aenus (YCTpOoicTBa BBO-
Jla BBIBOJIA, MEKMOAYJIbHAs MarucTpaibHas IIUHA U
T.JI.) Ha 9aCTOTaX, OTJIMYHBIX OT OCHOBHOM.

3akaouyeHue

AHanu3 pe3ynbTaToOB NMPOBEJACHHBIX YKCHEPUMEH-
TOB TIOKa3bIBae€T, YTO CXEMOTEXHHYECKHE M KOH-
CTPYKTUBHO-TE€XHOJIOTHUECKUE PEIICHUs, IOJIOXKEeH-
Hble B OCHOBY IHpoektupoBanus BIIBM, no3sonunu
pa3paboTaTh M3/eNne, COOTBETCTBYIOIIEe TPeOOBAHH-
M HOPMaTUBHO-TEXHHMYECKOHN OKyMEHTAIHUH.

Yposenr OMII B paiione 95 MI'm nHa puc.2,0
MOKHO CUMTaTh YaCTHBIM «BBIOPOCOM», TIO CBOEMY
3HAYEHHIO COBNAJAIONINM C JOIYCTUMBIM 3HauYCHHEM
IMIOMEX03MUCCHH U3enus, 3agauueiM B HT /1.

KpuTHUHBIM UISl IPaKTUKH SBISIETCS MpEBBIIIE-
nue DOMII monmyctumoro yposus HT]] na 3-6 ab, B
CBSI3U C YeM, Pe3yJIbTaThl SKCIIEPIMEHTOB CUHUTAIOTCS
MOJIOXKHUTEIBHBIMH, a 3()()EeKTUBHOCTh CXEMOTEXHHUYE-
CKUX W KOHCTPYKTHBHO-TEXHOJIOTHYECKHUX PpEIICHHH
MOATBEPKIECHHOM.

CHnHCOK TUTepaTypshl
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ITPOI'PAMMHO-AIIITIAPATHAS PEAJIM3ALIIUA KOMIIOHEHTOB
TEJEKOMMYHHUKAIIMOHHBIX CUCTEM

Koxxepnukos /1. C.ll Ilarunos H. I1.2
Hayunsnii pykoBoaurens: Topraes C.H.
Tomcknii monmurexandeckmii yHuBepcuret, 634050, r. Tomck, nip. Jlennna, 30
*ToMCKHii ToCyIapcTBeHHbII yHIBepenTert, 634050, r. Tomck, rip. Jlenuna, 36

E-mail: demonicsmile2 @yandex.ru

B mHacrosmiee Bpemsi Oo0ibIIoe BHUMaHHE

PICCHe,HOBaTeHeﬁ nu pa3pa6OT‘H/IKOB YACTACTCA
armapaTHbIM pcaiusanuam, B HYaCTHOCTH,
KOMIIOHCHTOB TCJICKOMMYHUKAIUOHHBIX CHCTECM,

MOCKOJIbKY TaKHE Pealn3allii 4YacTO MOTYT paboTaTh
ObICTpEe MPOTPaMMHBIX. Tem He MEHEE,
NpOTPaMMHBIC pEajM3allid B HEKOTOPBIX Cilydas
OKas3bIBaIOTCs 00Jiee TMOKMMU H, BMECTE C TEM, JIETKO
oTIaXuBaeMbIMU.. OTMETHM, YTO B BHJE KECTKOM»

JIOTUKHN peanmmns3yeTcsa OoubIIoe KOJIMYECTBO
TCICKOMMYHHKAIUOHHBIX  KOMIIOHCHTOB; B TOM
HHUCJIC, AKTUBHO HCCICAYIOTCA BO3MOKHOCTHU

annapaTHOW peanu3aliy TeJeKOMMYHUKAIIMOHHBIX
NPOTOKOJIOB BBICOKUX ypoBHEH. COOTBETCTBEHHO, C
pa3BUTHEM  TEXHOJIOTHH  NPOIPAaMMHpPOBAHUS U
NPOEKTUPOBAHHS, HEOOXOIUMBI UYETKHE KPUTCPHH
CpaBHEHUsI JUlsl OLEHKH 3(PQEKTUBHOCTH ammapaTHOU
peanu3aluy IO CPaBHEHUIO C IporpaMMHOi. B
HacTosmeld paboTe TaKUMH KPUTEpUSIMH  OBUTH
BEIOpaHEI BpeMs M CKOPOCTh OOpPa0OTKH BXOIHBIX
naHHbIX. COOTBETCTBEHHO, B JaHHOM JIOKJaje
TIPEACTAaBICHBl TIPEBApUTEIbHBIC PE3YJIBTATHl IO
oneHKe 3(h()EeKTUBHOCTH MCIIOIB30BAHMS aIapaTHBIX
peanu3anui KaK KOMITOHEHTOB
TENIeKOMMYHHKALMOHHBIX ~CHCTeM. B  wacTHOCTH,
MOCKOJIbKY B COBPEMEHHOM MHUpE Ha IEPBOE MECTO
BBIXOHUT 3alIMIIEHHOCTh nHpopMaIny,
TepeiaBacMoM 10 KaHaJaM CBSI3H, B JAHHOM JOKJaJe
paccMaTpuBaeTCst BO3MO>KHOCTb annapaTHOTOo
muppoBaHus JaHHBIX. B KadecTBe anropurMma
mm¢posanus BeIOpan ctanmapt CIIA DES.

B 1972 roay HammonansHOE 0r0po cTaHIApTOB
(National Bureau of Standards, NBS) BreicTymmio
WHHULMATOPOM IPOTPaMMBbl 3aIlUTHl JHHHUH CBSI3H M
KOMIBIOTEPHBIX JAaHHbIX. OnHON U3 meneil 3Toit
TIPOTPaMMBI OpLTa pa3paboTka €INHOTO,
CTaHIapTHOTO Kpunrorpadudeckoro amropurma. K
pa3pabaTbiBaeMOMY TPOAYKTY OBIIO BBIIBUHYTO

ClIEMyIoliee  OCHOBHOE  TpeOOBaHME:  AJTOPUTM
JOJDKEH OBITh MpOBEpeH W CepTU(HUIMPOBAH, JIETKO
JOCTYNIEH, a WCHONB3YIOIIHE €ro  pas3iNdHbIe
KpunTorpaduueckue yCTpOICTBa JIOJKHBI
B3auMoseiictBoBaTh. TakuMm o0pa3oM  TOSBHICS
anmroputMm  mudpoBanus DES (Data Encryption

Standard) [1].

DES npexacrasisier coboil  Oxounblii  mmdp,
KOTOpBIE Ipeo0pa3yeT JaHHBIE OTKPBITOIO TEKCTa
64-0outoBbeiMu Osokamu. COOTBETCTBEHHO, Ha BXOJI
anroputMa nogaéress 64-OUTOBBIN OJOK OTKPBITOTO
TEKCTa, a C BBIXOJa CHUMaeTcs 64-OMTOBBINH OJIOK
mmdprekcra. OtmernM, uro DES  saBmsercs
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CUMMETPUYHBIM  aJTOPUTMOM, a UMEHHO, s
muppoBaHUs ¥ pacmM(POBaHUSA HCIIOIB3YIOTCS
OJIMHAKOBBIE AJTOPUTM M KII0Y (32 HCKIIIOYEHHEM
HEeOOJBIINX Pa3JIMUUi B HCIIOIb30BaHUH KITIOUA).
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Puc. 1. AﬁropHTM nrdposanuns DES.

Jlmuaa  ximoua paBHa 56 Ourtam. OTMeTHM,
OJTHAKO, YTO KJIFOY, KaK IPaBHIIO, MPEICTaBISACTCS
64-OMTOBBIM YHCIOM, HO KaXXIbIii BOCBMOM OHT
WCHOJB3yeTCsl Ui TPOBEPKM  YETHOCTH W
UTHOPUPYETCH,; Butsr YETHOCTA  SIBJISIFOTCS
HAVMCHBIIMMHU 3HAYAIIUMHU OUTaMu OalTOB KIIIOYA.
Cornacuo cranmapry DES, kimrou, KOTOpbIii MOXeT
OBITh  JIOOBIM  56-OMTOBBIM  YHCIIOM, MOXKHO
U3MEHUTH B 0001 MOMEHT BpeMeHH. TeM He MeHee,
W3BECTHO, PAJ] YUCEIT SBISIFOTCS CIA0BIMU KITIOYaMH B
CMBICIIE CTOHKOCTH mmdpa, MTOCKOJIBKY
MepBOHAYANIFHOE  3HAUYCHHWE  KI0Ya, B XOJe
ANTOpUTMa IMU(PPOBAHUA, PpACIICIUIICTCS Ha JIBE
MONIOBUHBI, KaXIas W3 KOTOPBIX  CIBUTACTCA
He3aBUCHMO. [IprMepoM MOXKET CIIy’)KUTh BEKTOD,
HATOJIOBUHY COCTOSIIMNA W3 €AWHUI[ U HAIOJIOBUHY
n3 Hyled. B asTOoM cioydae ns BceX OTaloB
IrOPUTMa HCIOJIB3YeTCS OJUH U TOT JKE KJIFOY.
OCHOBHBIMH OIEPALUSAMH B QITOPUTME SBJISIOTCS:
Ha pucynke 1 mpuBeacHa cxema anropuTMa
mmdposanus DES.
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Anroputm DES 0Obu1 peanusoBan anmnapaTtHo
Ha IIJIMC tuma FPGA Cyclone Il Starter
Development Board kommanwnu Altera (prucyHOK 2).

Puc. 2. Buemnuii Bux mwiater Cyclone Il
Starter Development Board

Texnonorus FPGA B aKTHBHO UCTIONIB3YETCS B
HAcTosIee BpeMs W Oasupyercs Ha OJoKax
YMHOXCHHUS-CyMMHUPOBaHHs (B 9YacTHOCTH, IS
o0Opaborkn curHamoB, DSP), a Takke IOTHYECKUX
ameMeHTax (Kak TpaBWwiIo, Ha 0Oa3e  TaOmuIl
HUCTUHHOCTH COOTBETCTBYIOIINX (DYHKLMS) M, BMECTE
¢ TeM, ux Omokax kommytarmu [2]. Otmernm, 4TO
texHosorusi FPGA 0OBIYHO HCHONB3YIOTCS LIS
00paboTKH CHUTHAJIOB M UMeeT Oosee T'HMOKYIO
apxuTeKTypy, 4eMm, Hampumep, CPLD. IIporpamma
s FPGA xpaHutcs B pacnpefel€HHOM NaMmsTH,
KOTOpasi MOKET OBITh BBIIIOJIHEHA KaKk HA OCHOBE
SHEPro3aBUCUMBIX  sfiueek  crarmyeckoro O3V
(mporpamMma He COXpaHSAeTCs HPH HCYE3HOBCHUH
JJIEKTPONUTAHUS MHUKPOCXEMBI), TaK M Ha OCHOBE
SHEProHe3aBUCUMbIX  sueek  Flash-mamsitm  wimm
nepembiuek antifuse (mporpamMma coxpaHsieTcs MpH
HCYC3HOBCHUM dJIeKTpornmTanust). Ecim mporpamma

XpaHUTCA B DHEPro3aBUCHUMON MaMATH, TO IIpH
KaKIOM  BKJIIOUYGHHH  TNHTAaHUA  MHKPOCXEMBI
HEOOXOAMMO 3aHOBO KOH(QUTYpHPOBaTh €& MpH

[OMOIIM HAYaIbHOTO 3arpy34yHka, KOTOPBIH MOXET
ObITh BCTpOEH M B camy Iuiatry Ha 0Oaze FPGA.
AnprepratuBoit IIJIMC FPGA sBistorcs OGoiee

Me/UIeHHbIEe  IUQpPOBBIE  Mpoleccopsl  00pabOTKH
CUTHAJIOB, TE€M HE MEHee, MHCCIEIOBaHus IO
HCIOJIb30BaHUI0 TaKHUX MIPOLIECCOPOB npu

anmapaTHOM IMHU(QPOBAHUU OCTAIOTCA 33 pPaMKaMH
IIAaHHOTO JOKJIaja.

TTomumo anmapaTHOMN peanuzanuu
JMOKJTaTInuKkaMu  Oblla pa3paboTaHa TporpaMMHast
peaNmzanus ~ anropuT™Ma  IIHUQPPOBaHUS DES.

CooTBeTcTByIOmas mHporpamMma Oblla HampcaHa Ha
s3pike C++ ¢ HCHOJB30BaHUEM HMHTETPUPOBAHHOMN
cpensl paspabotku Microsoft Visual Studio 2013
Express Edition.

IIporpamma npuHHMaeT Ha BXOa 64-OMTOBBIN
BEKTOp (OJIOK OTKPBITOTO TEKCTa) U CIIy4allHbIM
0o0pa3oM  CreHEPHUPOBaHHBIN  KJIHOY  TOW ke
pasmepHocTH. Ha BhIXO#e momydaercss 64-OWTHBIH
6nox mmdporekcta. OTMETHM, YTO B IPOrpaMMHast
peanuzanus  ucnoibdyer TexHojoruto OOIL, a
AMEHHO, Ui 00paboTku  OyJieBBIX BEKTOPOB

Ceknus 2:
[Ipubopocrpoenue

pasMepHOCTH Oosee 32 OWT OBUI pealn30BaH KIIACC
«AnuHHEBIH OyIIeB BEKTOPY.

PesynbraToM pabOThl BBICTYNAET CpaBHEHHE
NOJIyYEHHBIX peaii3aluii, U OJHUM M3 KPUTEPHEB
OLIGHKM ObUIO BBIOpaHO BpeMs, 3aTpaueHHOE Ha
mM(ppoBaHUe C UCIOJIb30BAaHUEM NPOTPAMMHOU H

annapaTHoil  peanuzaumii. B wacTtHocTH, B
3KCIIEPUMEHTE omnpeaensercs MHOXECTBO
MOCJIEIOBATEIbHOCTEH,  KOTOpbIE  MOJAIOTCA  Ha

KOKIYI0 W3 pealu3aliii, ¥ CpaBHHBaeTCS oOmiee
BpeMsi 00pabOTKH BXOIHBIX JaHHBIX.

Otmerum, 4TO JUIS JTIOCTYKEHUS
MaKCUMalIbHOH CKOpOCTH Iu(poBaHUs TpedyeTcs
obecrieunTh Hanbosee ObICTPBIH CIIOCO0 CUMTHIBAHUS
uHpopmamuu s mUppoBaHua. ONTUMAIBHBIM
pemeHneM B TaHHOM Cllydae SIBJISETCS CUHUTHIBAHUE
9THX JaHHbIX ¢ SD-kapTel WM  OpraHu3als
uHTepdeiica mepenadu NaHHBIX, KOTOPBIA «CMOXKET»
OBICTPO OCyIIeCTBIATh mepexady mAaHHbIX K [1TJIMC.
ITpumepom Takoro nurepdeiica moxer cinyxurs USB
win Ethernet. Ormerum, d9ro pemieHue gaHHON
3ama4d, a WMEHHO, BhIOOpa  MOJXOMASIICTO
uHTepdeiica I BBIYUCICHUS «UHUCTOT0» BPEMEHH
annapaTHOro MMQPOBaHUS MPEACTABISIET HHTEPEC
JUIA  AIBHCHINIUX HAaydHBIX HCCICIOBaHUN, W Ha
JAaHHBIA MOMEHT OpTaHHW30BaHa IWAMATH BHYTPH
camoro kpucramma IIJIMC. 3toT ¢akT MO3BOIWI
HCTIOJNB30BaTh 64-pa3psmHyl0 IaMsaTh, U3 KOTOPOM
MOXXHO €JIMHOBPEMEHHO CUHTHIBaTh 64 Oura
OTKPBITOTO TEKCTa. OKCHEPUMEHTHI TI0 OIICHKE
BpPEMCHH INHUQPOBAHUS IPOBOMATCS aBTOpAaMH B
HaCTOSIIUI MOMEHT.

OTMeTuM, 9TO TIOMHMO CKOPOCTH U BPEMCHH
00pabOTKU TaHHBIX CYIIECTBYIOT M IpYTU€ KPUTEPHH
OLICHKU. B nanpHeillleM IIaHUPYETCS OLEHUTb U
Jpyrue peajiuzaliy, BO3MOXXKHO, CPaBHHTh C YiKe
CYHIECTBYIOIUMH 10 3((HEKTUBHOCTH, HAICIKHOCTH,
KayecTBy ® JApyruM mapamerpaMm. OTAeIbHBIM
BOIIPOCOM TpU  MPOCKTHPOBAHWU  AIIIAPATHOTO
obecrueHHs SBIACTCS BOIPOC TECTUPOBAHWSA, U B
JAHHOM CiIydae B JalbHCHIIEM aBTOPHI MPEHIararoT

HCIOJNb30BaTh MPOrPaMMHYI0  PEaIM3aLUI0  JUIS
TECTUPOBAHUS allllapaTHOM.

Ilepeuncnennsie 3a1a4u OTKPBIBAIOT
NEPCIEKTUBBI JUISL JlanbHEUIITNX Hay4HBIX
HCCJIEJOBAHUH.

Pabota BBINIOJIHEHA  TIPU MOJICPIKKE

MunuctepcTBa 00pa3oBaHus u Hayku Poccutickoii
®@eoepayuu, I'oczadanue Ne5.1307.2014.

Jlutepatypa

1. [MpuknagHas Kpunrorpadus [IpoToxonsl,
JITOPUTMBI, HCXOJIHBIE TEKCTHI Ha si3bike CH : mep. ¢
aurn. / b. Hlunadiep. — M.: Tpuymd, 2002. — 816 c.:
WI.. — 3HaHUI U OIBIT dKCIepToB. — bubmmorp.: c.
741-796.

2. Cremenko B.b. IIJNIMC ¢upmer ALTERA:
MPOEKTUPOBAHHUE YCTPOUCTB 00pabOTKN CHTHAJIOB. —
M.: JOADKA, 2000. —128 c.
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ABTOMATHU3UPOBAHHASA CPEJA KOHO®PUT'YPUPOBAHUA
ITPOI'PAMMHOI'O OBECIIEYEHUSA OIIEPAIIMOHHBIX CUCTEM
PEAJIBHOI'O BPEMEHMU B U31EJIUAX ABUOHUKHU

Bbarosa C.B., bnaronpasos C.A., Konosanos I1.B.
Hayunsrit pykoBonutens: XKapuraos 1.0., 1.T.H., JOIEHT
@OI'VII «Cankr-IletepOyprckoe ONBITHO-KOHCTPYKTOPCKOE O10po «DnekTpoaBTomarika» uM. [1.A. Edpumosay,
198095, Poccust, Cankr-IleTepOypr, yi. Mapana ['oBoposa, 1.40
E-mail: olkesomewhere@gmail.com

Beenenne

OcHoBHOM 3amaue onepanuoHHeix cucrem (OC)
peansHOro BpeMeHH (OCPB) MympTHNPOLECCOPHBIX
MHOTOMOAYJIbHBIX OOPTOBBIX MHTETPUPOBAHHBIX BBI-
YHUCITUTENBHBIX CHCTEM aBHOHUKH [1, 2] sBmsercs
CBOEBPEMEHHOCTb BBITIOIHEHHS TPOIIECCOB 00padoT-
KU JIaHHBIX.

BonpmmucTBO coBpemenHbix OCPB mnoctpoeno
110 KOMIIOHEHTHOMY NPUHIHUILY, YTO TpeOyeT BHINOII-
HEHUS MIPOLEAYPHl KOHPHUTYPUPOBAHUS ITPOTPAMMHO-
ro obecnieucHust (I10) u3menust ¢ yueroMm 0coOEHHO-
CTEH 3TOT0 U3ACIIUsL.

B cBa3u ¢ stum mpu pazpaborke IO wuznmenms
ABHOHUKM BO3HMKAeT 3a/Jadya IPOEKTHPOBAHUSA, 3a-
KITFOYaromasicss B CO3AaHNH KOH(UTYpanuu CUCTEMBI,
KOTOpasi 00ecreYnBacT BhIJICJICHHE Ka)KAOMY KOMIO-
HEHTY CHCTEMBI HEOOXOJMMBIX €My PECypCOB, IO3BO-
JSIeT OpraHu30BaTh WH(OPMAIMOHHOE B3aUMOJCH-
CTBHE MEXJy KOMIOHEHTaMH CHUCTEMBI M TapaHTUPY-
€T BBIIIOJIHCHHE BCEX LEJICBBIX (YHKIMH CHUCTEMBI B
3a/laHHbIE HHTEPBAJIbI BPEMEHH.

1. ABTOMaTH3MpOBaHHAasl cpena KOHGUTYpPUPO-
BaHUs nporpamMmHoro odecneyenuss OCPB

ABTOMaTH3aIUs Tporecca KOH(MUTYPUPOBAHUS
BBINIOJIHACTCS Ha paboueM MecTe IpOoTrpaMMHCTa
(PMII), ocHamieHHOM WHCTpyMeHTaIbHOH OBM m
NPOTPaMMHBIMH CPEJICTBAMH CHCTEMBI aBTOMAaTH3a-
uuu npoekruposanusi (CAIIP) [3, 4]. IIporpammHoe
obecrieuenne PMII mpencraBisier co0oit eauHyro
cpeay MPOeKTHPOBaHUS, OXBATHIBAIOLIYIO BECh 00BEM
KOH(pUTypanunoHHo# nHpopMarmu. OCHOBHBIM IOJIb-
30BaTeNIeM CpEAbl SIBISCTCS CHCTEMHBIH MHTErparTop,
K KOTOPOMY THOCTymnaeT HH(popManus oT pa3padboTdu-
KOB Bcex KoMIoHeHTOB I10 1eneBoif cucTeMsl.

[HoaroToBKy KOH(UTYpPaHOHHOW HWH(OpPMAIHH,
HeoOxoaumon OC miIsi MHAIUAIW3AUK M BBITIOIHE-
HUS NIPUWIOKEHUH, a TaK K€ JJI1 OPraHU3aluy CBsA3eH
MCXKIAY NPUTIOKCHUIMMU, CHUCTEMHBIN HUHTETPATOP BbI-
MOJHSET Ha MHCTpyMeHTalnbHOH OBM ¢ momosio
CIEMaJIBHOTO NPOrpaMMHOI0 KOoMHoHeHTa — «KoH-
¢uryparop», MOCTaBIIEMOr0 pa3pabdoTYMKaM Lelie-
Boro I10 BmecTe ¢ onepalluOHHON CHCTEMOT.

Js ucnonp3oanuss OC KOH(UTYpallMOHHAS WH-
(dhopMmarms popMEpyeTCs O OTpeeIeHHOMY (opMa-
Ty U 3arpy’kKaeTcsi B HaMsATh LEIEBOT0 BBIYUCINTEIS B
JBOMYHOM TIPEJICTABICHUH. ABTOMAaTH3MPOBaHHAs
cpena «KoHduryparop» mo3BoiseT cO3JaBaTh U pe-
JAKTHPOBaTh KOH(QUIypallMOHHbIE NaHHBIC B HHTEp-
AKTUBHOM pPCXKUME, HCIOJB3Yyd I XpPaHCHHUA WH-
dopmarmn  daiin B ¢popmare XML (eXtensible
Markup Language) u reHepupoBath (aiiii ¢ HCXOA-

HBIM TeKCTOM Ha s3bIke C, coneprkamuii KoHpurypa-
[UOHHBIC JAHHBIC, CTPYKTYPHPOBAaHHBIC HY>XHBIM
obpazoM. PesynpraroM KoMIWiIsmuu SToro Qaiina
SBISIETCSL 3arpy’kKaeMblil B m3nenue (aim, comepxa-
mui  1BOWYHBIE JaHHBIE. Popmar 3arpyxaemMoro
(atina ¢ TBONIHON KOHPUTYpAIMOHHONH MH(POpMAIH-
el ompenenseTrcs BO3MOXKHOCTSAMH KOMITHJIATOpa H
CPENICTB 3arpy3Ku B IiesieByto miatdgopmy. Hambomee
4acTo TpuUMeHseTcs ¢opMaT XpaHEHUS JTaHHBIX
motorola-32 (mot). Ha puc. 1 mpuBenena cxema cBsi-
3€H ONMCAaHHBIX BBIIIE KOMIOHEHTOB.

KOHcbUrypauus TEKCTOBbIi

Korpurypatop [—» =" ) pepakTop

i

MCXO[HbIE TEKCThI
KOHpUrypaums o 6ubnuoteku
NPUNOXEHNA

e (C, Accembrep) (C, accembnep)
\ ‘ |
v
KOMMUAISTOP UENesoit
nnathopmbl

! I I

KOHCMrypaLOHHbIE vcnosnHsiemble annbl pasgiensieMble GUGNMOTEKM,
[OaHHble MPUMOXEHUIA ainbl JaHHbIX
(mot) (elf) (mot)

CpeACTBa 3arpy3ki B LIENEBYI0
nnatgopmy

Puc.1. NudopmannoHHsie cBsi3u
aBTOMaTU3UPOBaHHOM cpenbl «KoHdurypaTtop».

Boubiioii 00beM pa3sHOPOIHBIX KOH(QUTYpalnuoH-
HBIX JAHHBIX TPEOYET CO3JaHNUs CIEIHAIN3UPOBAHHO-
TO TOJH30BATENBECKOTO MHTEep(eiica 000I0YKH aBTO-
MaTH3HUPOBAHHOW Cpeibl, KOTOPHIA JOIDKEH obecre-
YUTh HHPOPMATHBHOCTD U YAOOCTBO NCTIOJIB30BAHHUSL.

2. Pe3yabTaThl pa3padoTKu cpeabl MPOEeKTHPO-
BaHHUs

Kondurypannonnas uadopmanus npeacTapiser-
Cs B BHUJIE HEPAPXHUCCKOrO JiepeBa C JONOJHHUTEIb-
HBIMU TOPH30HTAIBHBIMHU CBA3SIMH MEKAY OTACIbHBI-
MU BeTBAMU. Kaxaplil mocienyrommii ypoBeHb MOJI-
pa3ymMmeBaeT OOJBIIYIO JETATU3AINIO NPEICTaBICHHS
uH(OpMaLUK, a KaX1as OTAEIbHAasl BETBb IPEACTaB-
JSIeT CTPYKTYpPHO HE3aBHCUMBIH 00K JaHHBIX. [opu-
30HTAJILHBIE CBSI3U JiepeBa coaepKaT MH(OPMALHIO O
B3aUMOJICHCTBUM CTPYKTYPHO HIM (YHKIMOHAIBEHO
HE3aBUCUMBIX AJIEMEHTOB M MPEJICTABIAIOTCS B Jepe-
BE CIELUAIBHBIMH Y3JIlaMH — JIUCTBSIMH JepeBa.
IIpumepsl pabodnx OKOH Cpeasl MPOEKTHPOBAHU
MIPUBEJICHBI HA pUC.2 — pHc.4.
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Puc.2. Pabouee okno nporpammer CAIIP
Jutst KoHpurypuposanus [10 cucreM aBUOHUKH.

Project I x

o 7sov- TR

- modules N
- MV90_1

[=- memory regions
0:APP_RAM_CHIP_1

- 1:Device_RAM

. 2:5YS_RAM_CHIP_2

- 3:APP_RAM_CHIP_3

—-resource sets

m

queuing ports
- memeory mappings
i D:Device_RAM
- PSOVP
- Model
- SWM
- partitions
system tasks
-scheduling
-sampling channels
queuing channels —
. gampling ports
- queLing ports
/- MEemary Mappings i

Puc.2. ITanens Project, cogepskarias
HEPapXUYECKOE JePEBO KOHPUTYypPAIIMOHHBIX CBSI3EH.

Physical Memory Map | Partitions ¥

[eb-Gl- - B

Module (0 Mvs0_1 -]

C0000000

B2300000

B82F0000

AZ200000 W

AZ000000

A1200000

Puc.3. I'padyuaeckoe npencraBicHue KapThl GHusnde-
CKOM TaMsITH MOJIYJIsI aBUOHUKH (CBOOOIHBIE 001acTH
MIAMSATH BBIJIEIICHBI CEPBIM L[BETOM).

s ynoOcTBa MOMB30BaTENsl B CPE/ie pean30BaH
IBTEPHATHBHBINA CIIOCO0 MPE/ICTABICHUS U PEAAKTH-
poBaHMsl KOH(HrypalMoHHOW WH(OpManuu B BUIE
TabNuL, AMarpaMM W UX KOMOMHaUWM, copepiKaiiux
JIOTHYECKU CBSI3aHHYIO KOH(QUIypanuoHHY HHGDOp-
MalUI0 U3 pas3U4yHbIX BETBEU JAepeBa. Bo3MOKHBI
pasyiuuHble BBl JIOTUYECKOM T'PYIIUPOBKH, IS

Ceknus 2:
[Ipubopocrpoenue

Ka)XXJIOr0 M3 KOTOPBIX UCIIOJIB3YETCsl CBOS AMarpaMma,
TMO3BOJISIFOIAS BBIJIGIUTH [JIABHBIA acleKT IPyNIupy-
eMoii mHpopMaIm.

Cpena mpOEKTHPOBaHUS ITO3BOJISICT [CHEPHPOBATh
(hatinr, comepkamuii KOHPUTypaMOHHYI0 HH(pOpMa-
LU0 JUTS Ka)XIIOTO BBIYUCIHMTEIBHOTO y3Jia BBIYUCIIH-
TenbHOHU cucTeMbl. KpoMe Toro, s ynobcrBa paspa-
6oTankoB (yHKIMoHANIEHOTO [10 MOTyT OBITH CO3/a-
Hbl HMCXOJIHBIE 3arojoBOYHbIC (ailjbl ¢ ONUCAHUEM
PECYpCOB KaxJOTO IPHIOKEHUSL.

BaxHO 3aMeTuTh, YTO B NpOLECCe NPOCKTHPOBA-
HHSI BBITIOJIHSETCS MCHUEPIIBIBAIOIIAS MPOBEpPKa BCei
BBEJICHHOW  KOH(QUrypauuoHHOH  uHpopMmanuu.
Y10OHBIM JIOTIOTHEHUEM CIIY>KUT BO3MOXHOCThH BBI-
TIOJIHEHHS TEeHEepallMy BBIXOJIHBIX (haijioB TOTOBOTO
MPOEKTa B PEXKUME «KOMAHHOH CTPOKNY.

3akauyenue

ABTOMaTH3alUsl MPOEKTUPOBAHUS KOMIIOHEHTOB
ITO no3BossieT CHU3UTH BEPOSITHOCTh BHECEHUSI OILIU-
0OK MpHU MPOEKTUPOBAHWH WIIM BHECEHUU M3MEHEHUI
B BEPCHHU IPOTPAMMHOTO 00ECIEUCHHUs, CIEACTBHEM
4ero SBJsIeTCS MOBBIMICHUE KadecTBa pa3padaThiBae-
MOTO W COIPOBOXIAEMOT0 IIPOTPaMMHOT0 TIPOIYKTA.

OCHOBHBIM pe3yJIbTaTOM IIPOIIECCa aBTOMATH3a-
LMW TPOECKTHUPOBAHUS, AOCTUTHYTBIM aBTOpPaMHU MpPHU
HAMMCaHUM MPOTPAMMHOIO MPOEKTa CHCTEMBI aBTO-
MaTHU3alluu MPOEKTUPOBAHMUS, ABIISETCS 3HAUYUTEIHHOE
COKpAIlIEHUEC TPYJOSMKOCTH U CPOKOB pa3pabOTKu
CHCIHATM3UPOBAHHOTO TPOTPAMMHOTO O0CCIICUCHHUS
Y BHECEHHUS B HEr0 M3MEHEHMH MpHU BO3paCTaIOLEM
YpOBHE KayecTBa.

Cnmcok Jureparypsl
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HOW MOIYNBFHOU aBUOHUKH: MOHOTpadust, M.: Mamm-
Hocrpoenue, 2010, 224 c.

2. [TapamoHOB ILIL, Kapunos n.o.
WurerpupoBanHble OOPTOBbIE BBIYUCIHUTENILHBIE CH-
CcTeMbl: 0030p COBPEMEHHOT'O COCTOSHHSI W aHaJN3
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OHHBIX TEXHOJIOTUH, MEXaHUKHU U onTukH, 2013, Ne2
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OHHBIX TEXHOJOTMM, MeXaHUKH U onTuku, 2012, Ne6
(82), c.111-117.

4. Tatunn 10.A., XKapunos N.0., XKapunos O.0.
ApXUTEKTypa TpPOTPaMMHOTO OOecredeHHss aBTOMa-
TU3UPOBAHHOTO pabodero Mecra paspaboTumka Oop-
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TEXHUYECKUH BECTHHK HMH(OPMALMOHHBIX TEXHOJIO-
Ui, MexaHukH 1 ontuky, 2012, Ne2 (78), ¢.140-141.
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HNCCIIEJOBAHUME SPTOHOMHWYECKHUX CBOUCTB
BOPTOBBIX CPEJACTB OTOBPAXKXEHUSA MNJIOTAXKHO-HABUT'ALTUOHHBbIX
IHAPAMETPOB U TEONH®OPMALIMOHHbBIX TAHHBIX B ABUOHUKE
Koctumma M.O., Kapunos 1.0., Kuura E.B.
Hayunsrit pykoBonutens: XKapuraos 1.0., A.T.H., TOIEHT
OI'VII «Cankr-IlerepOyprckoe OnbITHO-KOHCTPYKTOpCKOe 010po «DuekTpoaBroMarukay M. [1.A. Edumosay,
198095, Poccust, Cankr-IleTepOypr, yi. Mapiuana ['oBoposa, 1.40
E-mail: job.max@me.com

Beenenue

OnHuMHU U3 TpeOOBaHUI TEXHHUYECKOTO 3alaHWus,
MIPEABSABISIEMBIX K OOPTOBBIM TeOMH(pOPMANNOHHBIM
CHCTEMaM M CHCTEMaM WHIUKALWH, SBISIOTCS 3Pro-
HOMHYECKHE TpeOOBaHMS Ul KaOMHBI JIETATEIHLHOTO
anmapara (JIA). TpeGoBaHHA periaMeHTHUPYIOT CH-
CTEMY HMCHOJIB3YeMOH Ha OOPTYy IIBETOBOW MAIHUTPHI U
XapaKTEPUCTUKN BHU3YAJIM3allMM HW300paKeHUS IS
BCEX 0TOOpaXkaeMbIX ITapaMeTpoB (cM. puc.l).

CornacHo pykoBoiacTBy 25-11A mo cepruduka-
U CHUCTEM SHCKTpOHHOﬁ HMHAWKAIMKU CaMOJICTOB
TPAHCIIOPTHOM KAaTErOpuu, UHAMKALMS 3HAYEHUS yKa-
3areisl yriia KpeHa JOJKHA OCYIIECTBISTHCS OEJbIM
[[BETOM; 3HAYCHMS YKa3aTels 3aJaHHOTO IyTEBOTO
yIJia OPpTOAPOMHH — TOJYOBIM IBETOM M T.A. Pyko-
BOJICTBO OIpEJEIsIeT OOIMIEPUHSTEIE B MEKAYHAPOI-
HOM IPaKTHKE HANMEHOBAHMSI IBETOB JUI MHIUKAINT
KaXJ0ro BHIa WHPOPMAIMN WM NapaMeTpa, HO He
ompenensier 3HaueHUs (X, Y)-KOOPIMHAT IBETHOCTH
JUIA KQXXKJ10T0 HAMMCHOBAHUWA IIBETA.

Puc.1. TIpumep oToOpaXkeHUS KapThl MECTHOCTH
Ha OopTy JIA B pexkxuMe: KapTa ¥ METeOJaHHBIE.

[Ipu m3meHeHWH yriia HaONIONEHUS IS COBpE-
MEHHOTO CpEICTBa OOPTOBOWM WHIMKAIMKM Kiacca
MO®IIHN (MHOTO(YHKIIHOHAIBFHOTO IIBETHOTO MHUKA-
TOpA), BBIMOJIHEHHOTO HA OCHOBE IUIOCKOW JKHJIKO-
kpuctammuueckoil (JKK) mamenu [1], umeer mecto
W3MCHCHUE KOHTpAcTa HM300paKeHUs i OOJBIINH-
CTBa OTOOpa)KaeMBIX IBETOB, a TAKXKE SBJICHUC WH-
Bepcur 1Beta. IIpsimast comHedHas 3acBETKa B IIIOC-
KocTH 3kpaHa MOIIU cyecTBEHHO CHM)KAeT 3Haye-
HHE KOHTpPAcTa IJIs OTOOpa)kaeMbIX I[BETOB 3a CYET
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U3MEHEHUsI OTHOIIEHUS SPKOCTU ILIBeTa M SIPKOCTU
(doHa naxe npu paboTe BCTPOCHHOH (QYHKIIMU aBTO-
MaTHYECKOU peryimupoBKH sipkocT (APS) m3nenms.

AKTyanbHOU 3ajadell sIBISETCS ONpPEAENCHUS Ta-
KO# IIBETOBOH MAaNTUTPHI i OTOOpaKeHU OOPTOBOM
MMAJIOTa)KHO-HABUTAIIMOHHONW HMH(GOpPMaMi M TE€OHH-
(hopManMOHHBIX NaHHBIX, KoTopas oOnamama OBl
HaWIydIIMMH XapaKTEPUCTUKAMHM BOCHPHUSTHS JUIA
MIIJIOTA BO BCEX YCIIOBUAX dKCILTyaTanuu JIA.

Pe3syabTaThl nccie0BaHU

Pe3ynbraThl HATYPHBIX 3KCIIEPHUMEHTOB OBLIM ITO-
JIy4eHbl Ha CHEIUATU3UPOBAHHON CBETOTEXHUYECKOU
YCTaHOBKE, TPEACTABISIONICH COO0H MCTIBITATEIBHEII
CTEH/ TMpPOBEPKU MapamMeTpoOB M3LEIUNH aBUOHHKHU.
CxeMa yCTaHOBKH IPUBEICHA HA PHC.2.

Lindgporoii poromerp
TKA 04/3

Jlamna 311-220-500

Doromerp @MY

w_A

Aprorpanchopm ’d%\

JIATP
Puc.2. CBetroTrexHuueckas yCTaHOBKa.

HcnbiTaTenbHBIA CTEHA NMpeJHa3HaueH Ul M3Me-
pEeHUSI CBETOTEXHHMYECKHX XapaKTEPHCTHK OOPTOBOTO
WHIUKAIMOHHOTO o0OopynoBanus (M®LU, mymsToB
yIpaBieHUs ¥ HMHAUKAIMUA U T.4.). CTeHn ocBeTu-
TENBHBIA TO3BOJISAET YCTAHABIUBATH (MMHTHPOBATH)
perynupyeMblii J1aTepoM YpPOBEHb BHEIIHEHl OCBe-
LIEHHOCTU B MIockocTu 3kpana MO no 75 kJIk u
HU3MEPATH YPOBEHB SIPKOCTH KaXXJOTO 3JIEMEHTa n300-
paxkeHus, uHaUUUpyemMoro Ha skpane M®IIN B mro-
OoM 1IBeTE M APKOCTH (pOHA H300paKEeHUS.

SKCHepI/IMeHTaIﬂ)HI)IC HCCJICAOBaHUA  MPOBOAU-
muce gt MOIU  pasnuuneix mogenedt ¢ JKK-
9KpaHaMU pas3lIMuHbIX  (UPM-TIPOU3BOJUTEICH B
YCIIOBHSX HATUYHS TMPSIMOU CONHEYHOW 3acBeTKH [2].
OreHKa SIPKOCTHOTO KOHTpacTa HPOU3BOJAMIACH IO
¢dopmyrne: K=(Bry —Brg )/Brg, rne Bry — spkocts
n300paxeHust B 1BeTe, Brqg, — siprkocth hoHa m300pa-
JKEHUsI TIPA OJHOM M TOM K€ YpPOBHE BHEIIHEH OcBe-
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menHoctu E. PesynbraTel u3MepeHMH SpKOCTH U
OLIEHKU KOHTpPACTa MPeJICTaBICHBI Ha PUC.3.
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Puc.3. [lnarpamma 3Ha4eHU SIPKOCTH a) U SIPKOCTHO-
ro koHTpacta 0) s XKK-naneneit pa3nuuHbIx Gupm-
MIPOU3BOANTEICH, YCTAHOBJICHHBIX pa3paboTINKaMu B
pasHbix Mozensix MOILIU.

Ha puc.3,a mo ocu aGciuce OTI0KEHO HAUMEHO-
BaHHE IIBETa, B KOTOpoM Ha 3kpane M®PIIN orobpa-
JKaeTcs JNMeMeHT u3o0paxkenus. [lo ocu opanHar ot-
JO)KEHbl MHHHMMAJbHasT W MaKCUMajbHas SIPKOCTb
nBera Br snemeHTa M300pa)keHUs! B IpeAenax IO
XKK-skpana. Ha puc.3,6 mo ocu abcuucc OTIOKEHO
HAaUMECHOBAaHME LIBETA, B KOTOPOM Ha 3kpaHe MOII
0TOOpakaeTcsi MIEMEHT M300pakeHHs, a 10 OCH Op-
JUHAT OTJIO0XEHO OIIEHEHHOE 3HA4YeHUE SPKOCTHOTO
KoHTpacTa K MNpu pPa3lIUYHBIX YPOBHSAX BHELIHEH
ocsenierHoctd E = {30 xJIk, 50 xJIx, 70 xJIk} u pa-
Oorarome#t Gpyukimn APS.

Crenyer 3aMeTHTh, 4YTO H3MEpPEHHE SIPKOCTH
n3o00paxkerns Ha ’3xpane MOLU npousBoamiIocs mpu
MaKCHMaJIFHOM 3HAa4E€HUH YIPABIAIOUIETO BO3ZCH-
CTBUA Ha OpraHbl YHPABJIICHUA APKOCTHU, JOIIYCTUMOM
paspabotrurikamu M®PIU u cxemoii BriroueHus KK-
3kpana B cocrae MOIU.

AHann3 puc.3,a TOKa3bIBaeT, YTO BCE HCCIENO-
BaHHble o00Opasiel JKK-maneneit oGmamaror cymie-
CTBEHHBIM pPa30pOCOM YpPOBHSA SIPKOCTH IO IIOJIO
9KpaHa, 0OyCIIOBICHHBIM HEPAaBHOMEPHOCTBIO CBEYe-
HUS JIAMIT TIO/ICBETa M KauecTBOM (HIBTPOB U pacce-
uBaTelnel, mpuMeHeHHBIX pazpadorunkamu KK. Tak,

Ceknus 2:
[Ipubopocrpoenue

BEPXHSS U HIDKHSISI TPAHMIIBI SPKOCTH OCJIOro I[BEeTa
s manesn SEXTANT cocrasnstor 520 ku/m> 1 490
KI/M®  COOTBETCTBEHHO, AHANOIMYHO, IS MAHEIH
NEC B ¢uoneroBom 1ete — 198 I<z[/M2 n 183 K,I[/Mz.

Camo 1o cebe 3Hauenue sproctu KK-manenu He
OMpeneNsIeT e Ka4eCTBO M BO3MOYKHOCTB €€ HCIIOJIb-
30BaHUSl B COCTaBe aBHAI[HOHHOTO OOOPYIOBAaHUSI.
Bosiee BaXkHBIM MOKa3aTeJIeM SIBIISCTCS 3HAUCHUE SIp-
KOCTHOTO KOHTpacTa OTOOpakKaeMbIX I[BETOB MPH
BHEIITHEH 3aCBETKE, T.e. IJPrOHOMHUYECKAs XapaKTepH-
CTHKA, OTpaXKarolllas CIIOCOOHOCTH OllepaTopa BOC-
MIPUHUMATh TpaduuecKyto HHGOpMAaLHUIO ¢ dKpaHa.

Ananu3 puc.3,0 MOKa3bpIBAaCT, YTO 3HAUCHHE Sp-
KOCTHOTO KOHTPAaCTa CYIIECTBEHHO 3aBHCUT OT YpPOB-
HSl BHEUIHEH OCBEIICHHOCTH W Majgaer ¢ pocroMm E.
CHIDKEHHE KOHTpACTa Ui BCEX LBETOB OOBACHSICTCS
YBEIMYCHUEM SIPKOCTH (POHA M300paKEHHsI C POCTOM
YPOBHSI BHEIIIHEW COJIHEUHOM 3aCBETKH.

3akJr0ueHue

B pe3synbraTe npoBeIleHHOTO HCCIIEIOBAHUS OBIIH
MONyYeHbI (X, Y)-KOOPOHHATHI LBETHOCTH 3JEMEHTOB
n300paxkeHus (CUMBOJIBI, JITHUM, MHOMO3HAKH, I1JIO-
1aJHble 00BEKTHI U IIP.), MHAUIUPYEMBIX Ha KpaHe
M®IIHN B pa3nuuHBIX I[BETaX, YCTOMYMUBBIX IO 3Haue-
HUIO SIPKOCTHOTO KOHTpacTa K BHEIIHEH CONHEYHOil
3aCBETKE M yrjiaM HaOmoxeHus skpaHa. Pacmpenerne-
HHE KOOPOWHAT LBETHOCTH IUIS Pa3lNYHBIX OTOOpa-
JKAEMBIX I[BETOB MPE/ICTABICHO Ha pHC.4.

v, el
G '__-
0,8F-# e

0,7
0,6
0,5 L e 7, ,,,,, s
04
0,3

0,2

00 0.1

0,8
X, el
Puc.4. Pacnipenenenue (X, Y)-KOOPAUHAT [IBETHOCTH
JUISL [IBETOB MAJIMTPBI, HCIIOIB3YEMOH ISl 0TOOpaxe-
HUS TeOMH(POPMAIUOHHBIX TAHHBIX.

CnHcoK TuTepaTypsl

1. XKapunos M.O., XKapuno O.0. Boprossie
cpeacTBa OTOOpaXkeHWs] MH(GOPMALMM HAa IUIOCKUX
JKUJKOKPHCTAJUIMUECKUX MaHeax: Yuel. mocodue //
WndopmaumonHo-ynpasistomue cucrembl. — CII6:
I'VAIL 2005. - 144 c.

2. Komopckuit H.C., Buaun B.B., XKapunos 1.O.
BopTtoBble cpencrBa oToOpaxkeHUs: HWHGOOPMAIMU CO-
BPEMEHHBIX MUJIOTHPYEMBIX JICTATEIbHBIX allapaToB
/I B xu. CoBpemennsie Texnonorun / [lox pex. C.A.
Koznmosa u B.JI. Txamuu. — CII6: CIIoI'Y UTMO,
2004. - C. 154-165.
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OLHEHKA CBETOTEXHUYECKUX XAPAKTEPUCTUK BOPTOBBIX
CPEACTB UHAUKALIUU TEOUH®OPMAILIMOHHBIX TAHHBIX
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Beenenue

Jns oToOpaxkeHUst TeOMH(POPMAIIIOHHBIX JaHHBIX
Ha OOpPTY COBPEMEHHOTO JIETATENHHOTO armapaTa
(JIA) ucnone3ytorcst (cM. puc.l) GOpTOBBIE MHIWMKA-
Topsl kiaacca MOILIU (MHOTO(YHKIIHMOHATIFHEIE IIBET-
HbI€ WHAWKATOPHI), BBHIMIOJHEHHBIE Ha 0a3e INIOCKUX
xuakokpucraumueckux (XKK) maneneit [1-3]. Cun-
Te3 n3o0paxkenns B MOLIU ocymecTBisieTcs B MOAY-
ne rpaduyeckoro koHTpoiwiepa (I'K), BHyTpeHHss
CTPYKTYypa KOTOPOTo paccMoTpeHa B [4, 5].

Puc.1. Ilpumeps! MHIUKALUN
reonH()OPMAIIMOHHBIX TaHHBIX Ha MOIU.

OCHOBHOW 3PTrOHOMHYECKOH OCOOCHHOCTBIO BBI-
BoauMmoro Ha 3kpaH MO m3o0paxkeHus gpusercs
cnoco0 (opMupoBaHuS TU(POBEIX KOJOB HCIIOIB3Y-
MO IIBETOBOW MANMTPHL. 3aMeUeHO, YTO IIEMEHTHI
n300pakeHns, BbIBOJUMBIE Ha 3kpan M®IIU B oc-
HOBHBIX IIBeTaxX (KpacHBIN, 3eJeHbIH, CHHUIT) C MaK-
CHUMaJIbHBIM 3Hau€HHEM ympasisoniero kojaa Ha JKK-
MaTpHlle, UMEIOT BU3YyaJlbHBIE XapaKTEePUCTUKHU BOC-
IpUATHS U300paskeHust (SPKOCTHOM KOHTpacT), OT-
JUYHBIE OT TEX K€ XapaKTEPUCTUK M300paXKEHUs IS
OTTCHKOB OCHOBHBIX I[BETOB.

Otrerkn uBetoB B MOILIU dopmupyroTcs myremMm
ucnonb3oBanusd B 'K koMOMHAIMI KOIOB OCHOBHBIX
useroB RGB (R-Red, G—-Green, B-Blue). Kox RGB
npeAcTaBisieT co00i TBOMYHBIA MO3UIIMOHHBIA KO,
Pa3psITHOCTh KOTOPOTO ONPENeNsieTcs] pa3psaHOCTHIO
KK-matpunpl. Tak, 1j1s1 MaTpUIlBl C pa3psIHOCTBIO 6
YHCIIO YHPAaBILIOIUX KOJOB AT 0TOOpaXKeHHs OJHO-
o0 OCHOBHOI'O IBeTa cocTaBUT 64. MakcumaibHOe

3Ha4YeHne Koja S, =64, = {111111}2 SKBMBAJICHTHO
Bocrpou3BeneHuio Ha »dkpaHe MOIU »snementa
U300paKEHHUsI ¢ MAaKCHMaJlbHO HACBIIEHHBIM Kpac-
HbIM 11BeToM. Ko S =32, Takum obpaszom, Oyzer

COOTBETCTBOBATh OJHON W3 TMPOMEXKYTOYHBIX (OT
YEpHOM 10 MAaKCHMAaJbHO HACHIIIEHHON) rpaganuit
KpacHOTO I[BeTa. AHAJOTMYHO JJIs 3€JICHOTO, CHHETO

neera 1 ux 2°2°2° = 2 xomGuHANHIT KOTOB.

1. MeToanka uccjeI0BaHuA

Jlis OIeHKHM BH3YaNbHBIX XapaKTEPUCTHK H300-
paXeHus: reonH(pOPMAIMOHHBIX JaHHBIX, BOCIPOU3-
BoauMoro Ha 3kpaHe M®PIIUM B oTTeHKax OCHOBHBIX
I[BETOB U HMX KOMOHWHAIUAX HEOOXOIUMO MPOBECTH
M3MEpEHUs APKOCTH CBEUYCHUS DJIIEMEHTOB M300paske-
HUS [T BCEX 0TOOPaKaeMbIX I[BETOB M OTTCHKOB.

B skcnepumente Ha skpane ML 0w cdop-
MHUPOBaH TPaJalliOHHBIA KIMH C 7-F0 0TOOpa)kaeMbl-
MH OTTEHKaMH sl 0eoro, KpacHOTo, 3eJeHOTO, CH-
HETo, (PHOJIETOBOTO, TOIYOOTO, KEITOT0 U KOPHIHE-
BOro I1BeTOB. ['pajalMOHHBIN KIMH MperCTaBIsET
co0oif m300pakeHUE B OJHOM IIBETE, BBRIBOAMMOE Ha
skpad M®IIU ¢ pa3nuyHbIM 3HAYEHUEM YIIPaBIISAIO-
LIMX KOJOB Ka)xJ0W ApKocTHOU rpanauuu. Hanpumep,

mnpoBoit kox S, ={000000}, cootBercTBYET MEp-
BOH (4epHOW, (OHOBOW) rpagaliM KpacHOTO I[BETa,
xox S, ={000001}, coorBercTBYET BTOPOIi rpajaimm

KpacHoro usera, kox S, ={000010}, coorsercTBYeT

TPEThEeH Tpagalliyl KPacHOTO I[BeTa W T.JI., BCero 64
rpajanuy. AHAJIOTHYHO VIS OCTajbHBIX OTOOpakae-
MBIX IIBETOB.

B npenenax xaxxmoi rpaganuy spKOCTH JUIs Kax-
JIOr0 0TOOpa)kaeMoro LBeTa NPOBOAMIOCH U3MEPEHHUE
SPKOCTH HM300pakeHUs1 M sipkocTh (oHa. 3HayeHuUe
SPKOCTHOT'O KOHTpacTa KaKIOH TIpajaluy SPKOCTH
Ka)KJIOTO L[BETa OLIEHUBAJIOCH 110 (hopMmyure:

K =(LH—L@)/L¢ ,
rae L, —u3MepeHHas ApKOCTh n300paskeHus IS Ipa-
Jaiuu 1sera, L,— u3MepeHHas sapkocTb (oHa (dep-
BBl 1BeT). OIEHMBANOCH TaKXKe YHUCIO BH3YaIbHO
HAOJI0AaeMBIX TpagalMii KaXkIoro I[BETa MPH Halld-
quu BHelrHer ocBeneHHocTH E = {30 wJIk; 50 xJIk;

70 xJIk}, co3maBaeMoi B TIOCKOCTH dKpaHa M®IIN
CIEUAIN3UPOBAHHON OCBETUTEIBHON YCTAaHOBKOM.

2. Pe3yabTaThl 3KCIIEPUMEHTOB

Ha puc.2 npuBeneHsl pe3ynbTaThl OLEHKH SIp-
KOCTHOTO KOHTpAacTa 3JIEMCHTOB HM300paKCHUS, BbI-
BOAMMBIX Ha 5kpaH MOIIU B pa3nuuHbIX LBETAX I
7-MU Tpamamuid SPKOCTH TPH €CTECTBEHHOM YpPOBHE
BHELIHEN OCBELIEHHOCTHU. JJMCKPETHOCTh KO OAHOM
rpaJaniy SIPKOCTH Ka)XIOTO IBeTa paBHa 1/8 makcu-
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MaJIbHOTO 3HAYEHMs KOJa 3TOTO [BETA, T.¢. 8 OuT.
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Puc.2. Pe3ynbTarhl OLIEHKH SPKOCTHOIO KOHTpAcTa
n3obpaxenust Ha MOLU ¢ XKK-matpuriamu:

a) SIEMENS, 6) NEC, B) SHARP, r) SEXTANT.

HEEH LM
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AHanu3 puc.2 NOKa3bIBaeT, 4TO YHCIO BU3YalIbHO
HAOIOAaeMBIX Tpajalfidi IPKOCTH H300pakeHUs Cy-
LIECTBEHHO 3aBUCUT OT YPOBHS BHEIIHEW OCBELEHHO-
cTd 1iockocTH 3kpaHa M®OIIU u oT npuMeHEHHBIX
paspabotunkamun MO cxeMOTEXHHYECKHX pelie-
HUH MO 3JIEKTPUIECKOMY MOAKIIOYEHUIO U KOHCTPYK-
TUBHOMY 3akperieHuto JKK-maTpuusl.

CeppIM IIBETOM Ha pHC.2 TOKa3aHBl BHU3yaJIbHO
HeHaOmoaemMbie Ha 3kpane MOIIU rpaganuu sipko-
CTM B KaXJOM I[BeTe MpHU COOTBeTCTByromeM E.
IIynkTUpHON JMHUEN YCTAHOBJIEH 3aJaHHBIA B TEX-
HUYECKOM 3aJaHuu Ha pa3paboTky M®PIIU yporeHb
2:1 SIPKOCTHOTO KOHTPACTa M300pa)KeHUs IPU MaKCH-
manbHOM E=70xJIk.

3akJil0ueHue

PesynbraThl SKCIEPUMEHTOB ITOKAa3bIBAIOT, YTO
JOCTAaTOYHBIM IO 00ECTICUCHHIO 3aJaHHOTO 3HAYCHUS
2:1 SApKOCTHOTO KOHTpacTa M300paKCHUs CpeIy aHa-
T3UpyeMbIx oopasnoB M®IU mMoxHO cunWTaTh WH-
JIUKATOpP, XapaKTEPUCTHKH KOTOPOTO IPHUBEICHBI Ha
puc.2,a. Haubonpiuii pa3dopoc 1mo 4uciay BH3YalIbHO
HeHaOMo1aeMbIX Tpafanuii otHocutcs k MO,
XapaKTepUCTHKH KOTOPOTO TPHBEICHBI Ha PHC.2,B.
OO0pa3ipl ¢ XapaKTepUCTHKaMu puc.2,0 U puc.2,r Mo-
TYT UCIIOJIE30BaThCS B ABUOHUKE MOCTE TOPAOOTKH UX
MPOTPAMMHOTO 00ECICUCHHS B YaCTH CICIHAATBHOTO
mo100pa UQPPOBBIX KOJOB IIBETOBOU MATUTPHI.

CHHCOK TUTEepaTypsbl
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I'VAIL 2005, 144 c.

2. Konopekuit H.C., Bunuu B.B., XKapunos 1.0O.
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5. Ilapamonos ILII., Unbuenko 10.A., XKapunos
N.0., Tapacos ILIO. CTpykTypHBIi aHaIU3 U CUHTE3
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CoBpeMeHHbBIE TEHJICHIMH B 00JacTH CO3/1aHMs
OOpTOBBIX IHU(MPOBBIX  BBIYHUCIUTEIBHBIX  CHCTEM
(BLIBC) HampaBieHH Ha pa3paboOTKy M3ACIHHA B pam-
KaX pa3BUTUS KOHLEMIUH HHTETPUPOBAHHON MoO-
nynbHoW aBuoHuku (MMA) [1-4]. Tlpumep BLIBC
NMA npuBeneH Ha puc.l.

Puc.1. BIIBC ctpykrypst UMA (doto).

OnauM w3 TonXxoJoB K mpoekrtupoBannio BIIBC
NMA sBaseTcss mOAXOJ, OCHOBAHHBINM Ha CO3JIaHUU
BBIYUCIIATENIFHOW CHCTEMBI C «BHPTYaJbHBIM» MIPO-
LIECCOPOM, T.€. CO3/IaHHE TaKO MHOTOIIPOLIECCOPHOM
MHOTOMOJTYJIbHOM BBIYUCIUTEIHLHOW CHUCTEMBI, BHYT-
PEHHSISI CTPYKTypa KOTOPOW CKpbITa OT (DYHKIIHO-
HaJIbHOT0 nporpammHoro odecrneuenus (PI10).

IIpumenenre BUPTyalbHOrO IIpoleccopa, T.€.
BHEJIPEHUE TEXHOJIOTMH BHUPTYalu3allid B MPAKTUKY
cozmanms BIIBC, npeamomnaraer morugeckoe o0beu-
HEHHE BRIYHCIUTEIBRHBIX pecypcoB BIIBC, obecneun-
BafoIllce MPOTPaMMHUpPOBaHHE W KOH(UTYPHPOBaHUE
BIIBC kak emuHOTO IIeJoro, a He Kak HabQopa amma-
PATHBIX MOIYJIEH B €IHHOM KOHCTPYKTHUBE.

1. Opranu3anusi BHyTPHCETEBOI0 JOTMYeCKOro
o0MeHa MexKIy NMPHI0KeHUSIMHU

Cxema  MH()OPMAIMOHHOIO  B3aUMOICHCTBUS
(YHKIMOHAJBHBIX — NPUIOKEHUH  «BUPTYyalbHOW»
BIIBC mpencraBneHa Ha puc.2. AmnmaparHas d9acTb
Ul peanu3anuu  «BUpTyanbHOi» BIBC Tpebyer
HaJIMYUsl KOMMYTAaTOpPOB CETEBOro HMHTepdeiica.
KomMyTaTOph! I03BOJISIOT IPOrpaMMHOMY TPHIIOXKE-
HUIO, BBITOJHAEMOMY Ha JIIOOOM M3 IPOLECCOPHBIX
3JIEMEHTOB, a0CTParupoBaThesl OT (PU3NUECKOTO ajpe-
ca JIpyrux abOHEHTOB U OOIIATHCS C HUIMHU Ha YPOBHE
JOTUYECKUX (BUPTYAJIBHBIX aJIPECOB), T.€. BBHIIOJHSC-
MO€ TNPUIOKCHHE MepelacT WM 3alpalluBacT IaH-
Hble Yy abOHEHTa «A4», a KOMMYTaTOpPhl aBTOMaTH4e-

CKH TOJKJIIOYAIOTCS K anmapaType, BBIMOIHSIIOMECH B
HacTosIIee BpeMs QYHKINI0 aDOHEHTa «4».

TNoruueckue (APEX)
nopTbl

PDyHKUMOHANbHbIE
NpUNoXXeHua

Puc.2. Cxema B3aumoeiicTBUS (QyHKIMOHAIBHBIX
MpUIoKEeHUN «BUpTyanbHOI» BIIBC
(APEX — APplication EXecutive).

IIpu pemiennn pecypcoemMKoil 3a1a4u OnepaluoH-
Has cuctema (OC) m cpenctBa pa3paboTKH OCy-
LIECTBIISAIOT IEKOMIIO3UIIMIO 3aJa4M Ha moj3anauu [5,
6], peam3yemMble Ha Pa3HBIX MPOIECCOPHBIX DIIEMCH-
tax BIUBC, npu sToM nHdopmManmoHHOe B3auMO/Iei-
CTBHE «BHYTpPH» OOIIEH 3alaul OCYIISCTBISICTCS IO
TOMY K€ CETeBOMY HHTepdeiicy.

B s1oM ciaydae BIIBC npencrasisier co0oii coBo-
KYIHOCTh a0OHEHTOB JIOTHYCCKOW CETH THUIA «MHOTO-
KpaTHas 3Be3/1a», T.. CETH, B KOTOPOil 0OeceunBacT-
Cs KOMMYTAIlFis JJIEMEHTOB IO CXEME «KaXKIBIH C
KaXapiM». Takum oOpa3oM, oOMeH MexIy aboHEeHTa-
vmua W, X, Y, ecmm W#X£Y, ocymecTBisieTcst 0€3K0H-
¢muktHO. Ilpu 3TOM (PU3MUECKUIl 0TKA3 MOPTa KOM-
MyTaTopa He MPHUBOAWT K OTKa3y CETH. DKBHUBAJICHT-
Has cxema ¢msmdeckoit cpensl BLIBC, momnepxuBa-
fomieit 0ecKOH(IMKTHBI OOMEH MEXAy MpOorpaMMm-
HBIMH NMPUIOKCHHUSIMH, TIPUBEICHA Ha PHUC.3.

AnnapaTypa BUPTyanbHoN 60PTOBOW BbIUCITUTENBHOWM CUCTEMbI

" ysen i ysen "
‘ ‘ .CF'U ‘ ‘ ..CPU ‘
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Puc.3. Jlornueckas cTpykTypa anmapaTHOM 4yacTu
«supTyansHoit» BIIBC Ha ocHOBe pacnpeneneHHoH
0TKa30yCTOMYMBON KOMMYTAallUOHHOU CeTU

(CPU - Central Processing Unit).

Takum o00pa3oM, aBTOMAaTH3UPOBAaHHAS Cpera
KoHpUTrypupoBaHus «BuptyansHoi» BIIBC obecre-
YMBAET Ha IOJH30BATEIECKOM YPOBHE KOH(PUTYPHPO-
Banue BI[BC kak emmHOTO yCTpPOWCTBa, a HE Kak
Ha0bOpa OTHENBHBIX aIMapaTHBIX MOXYyJEH B €TUHOM
KOHCTpyKTuBE. IIpH 3TOM oOCyIIeCTBIAETCS palyo-
HallbHOE pa3MelleHne (YHKUHMOHAJIBHBIX MPUIOXKE-
HUH 110 alapaTHbIM MOAYJIAM UCXOJs U3 allpUOPHOM
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nHopManuy 0 HEOOXOJMUMBIX 3aa4€ BBIYMCINTEIb-
HBIX pecypcax | 3arpy>kKeHHOCTH HHTep]elCcoB.

2. Mopaep:kka GyHKIMH AWCHETYEPH3ANUU 3a-
na4 B BIIBC ¢ TexHoJiorueil BUPTyaJau3anuu

Juarpamma paOoOTHl cpeasl KOH(PUTYPHUPOBAHHS
«gupTyanpHOi» BIIBC mpm pemeHnn 3amadud o
Ha3HAYCHUH 3aaHUi Ha IOCTYNHBIC BBIYUCIHTEINb-
HBIE PeCypChl IPUBEJICHA Ha puUC.4.

> . >
Onvcanve paanena ||
oc II PekomeHgauum

Onucanme CTpykTypbl Onucakve KoHGVrypaLmi
BLIBC no BLBC

Pacuet
UMKNorpammel n
OueHKa NPonyCKHbIX
cnoco6HocTen

Pacnpegenenve
pasaenos no
moaynam

Puc.4. ilnarpamma paboThl cpeabl
KoH(purypuposaHus «sBupryainsHoi» BIIBC.

Komnonents «Omucanne pazgena OCy» comepxar
TpeboBaHNS K (YHKIHOHAIBHBIM HPWIOKCHUSIM
BIIBC, kaxmoe u3 KOTOPBIX IPEACTaBICHO B BHUE
OTAETHHOTO Pa3zeia ONEPanOHHON CHCTEMBI.

Komnonent «Omucanne pasgena OCy» mpencras-
JsieT co00il COBOKYIHOCTh OINHMCAHHH OTIEIBHBIX
TpeboBaHuil K QYHKLIMSAM NPHIIOKEHHS C JIEKOMIIO3H-
pel GpyHKIMOHABHBIX 3a/1a4u Ha T10/1331a4H.

Komnonent «Omnucanue cTpykTypsl BIIBC»
IpecTaBisieT co0oi OMMcaHUe anmnapaTHOIO YpPOBHS
¢usnueckux Bo3MOXHOCTeH KommoHeHToB BI[BC
(mocTymHBIE K HCIOIb30BaHUIO PECYPCHI).

Kommonent «Pacnpenenenne pasnenoB 1Mo MoJy-
JsIM» 00ecTieuynBaeT BISIBJICHHUE COOTBETCTBHS pas3zie-
n0B OC ¥ anmapaTHBIX KOMIIOHEHTOB, CIIOCOOHBIX K
PELICHUI0 Ha3HAYaeMOH 110/[3a/1a4H.

Komnonent «Ommcanne koH¢urypamuu [10
BLIBC» peanusyer ¢yHKIHMIO GopMaU3aluy ONKca-
HUS pa3zfesoB (Ha ypoBHE Mojenu noseneHus). Kom-
MOHEHT «PacueT IMKJIOTpaMMBI M OIICHKA IIPOITYCK-
HBIX CIIOCOOHOCTEN» peanun3yeT OIEHKH paboTocIo-
cobHoctr BIIBC Ha ocHOBe pacdera U MOJETHPOBA-
Hue noenenus: BIIBC ¢ nunamudecku ckoH(uUrypu-
POBaHHBIMH MEXMOJYJIBHBIME CBSI3IMH. KOMIOHEHT
«PexoMennmannny obecreunBaeT aHaIU3 COOTBET-
CTBHS pe3yJbTUPYIOUIEH IMKIOIPaMMBl  pabOTHI
BIIBC u npou3BOAUTEIBHOCTU TOCTYMHBIX BBIYUCIIN-
TENIBHBIX PECYPCOB B KaXK[0M HazHayaeMoW IMHAMU-
4eCKOi KOH(HTypaIuu.

B pesynerate paboThl aBTOMaTH3MPOBAHHOW Cpe-
11 KoH(MuUTrypupoBanus supTyansHoi BIIBC dopmu-
pyeTCs MHOXECTBO KOH(QHUTYPALUil BEIYHCINTEIBHBIX
y3noB BIBC, obecneunBatomee pacrpeeineHue
(DYHKIIMOHATBHBIX TPHIOXKEHUH CpEeId JOCTYITHBIX
BBIUUCITUTEIBHBIX PECYPCOB.

Ha puc.5 npencrasneH npuMep pacupelesICHHUs
(YHKIMOHAJBHBIX — NPWIOKEHUH Ha  CTPYKTYpY
BIIBC, nomny4yeHHsblil 110 pe3ysbraraM paboThl CPEbl
koH(purypuposanus BLIBC ¢ npumeHeHneM TexHOIIO-
rud BUpTyanmanuu: 1, 2, 3, 4 — (yHKUNOHATIHHEIC
npunoxeHuss BIIBC ¢ pa3HbIM ypOBHEM BBIYMCIIH-
TENBHOH CIIO’KHOCTH M HOTPEOIEHHUS PECYPCOB.

Ceknus 2:
[Ipubopocrpoenue

BbluncnuTensHbii BbiuvcnnTensHbIn
ysenl ysen 2 ysen 3 ysen N

P A 3 [a]
BHyTpeHHme m m f f f
norwseckve (APEX) m
nopre!
(-]
/

o ) O L L0 [ I

e M AR RN

Puc.5. Pacnipenenenue nporpaMMHBIX IPUIOKEHUN
1o BeuucnuTensHbM y3aam BIIBC IMA.

Dduanyeckue
ceTeabie KaHans!
SpaceWire

Kak BuiHO M3 aHanum3a puc.5 cxema nHdpopmanu-
OHHOTO B3aUMOJEHCTBUS (YHKIMOHAIBHBIX IPUIIO-
JKEHUH JII000TO BEIYHCIUTEIBHOTO y371a CTPOTO COOT-
BETCTBYET IPWBEACHHOW Ha puc.2 cxeme HH(OpMa-
IIMOHHOTO B3aUMOJEHCTBUS (PYHKIMOHAIBHBIX HPH-
JoxxeHul «suptyainbHoi» BIBC.

3akJouenue

Coznanue otkazoycroiuuBeix BIIBC B kiacce
ctpykTyp UMA mpenctaBiseT coO0i MepCreKTUBHOE
HaTpaBJICHUE PA3BUTUSA COBPEMEHHOTO aBHAPHOOPO-
crpoeHus. Peanm3anus cBolicTBa OTKa30yCTOMYUBO-
CTH OCYIICCTBIISCTCS 332 CUCT NUHAMHYCCKOTO KOH(H-
TypUpOBaHUsl JIOCTYIHBIX B CUCTEME PECYpPCOB U Jie-
KOMIIO3HIUH PerIaeMoii CHCTeMOt OOPTOBOI 3a1auH.
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Jlazepsl Ha mapax MeTamioB, B yactHoctu, CuBr-
masepel, Onaromaps psAOy YHUKAIbHBIX CBOMCTB
NPUMEHSIOTCS JIOCTATOYHO LIMPOKO JJIsl PEelIeHHs
00JIBIIOrO Kpyra Hay4YHBIX M HPaKTHYeCKuX 3aj1a4 [1].
OnHuM 13 Haubosiee NEepCIEKTHBHBIX MPUMEHEHUH
Ja3epoB TAaKOrO THIIA SIBJISETCS NPUMEHEHHE HX B
KauecTBE  YCWJIHTENeH SpPKOCTH B  aKTHBHBIX
ONTHYECKUX CHCTeMaX (Jla3epHBIH MPOEKLIMOHHBINA
MHKPOCKOTI W Ja3epHblii MoHHTOp) [2]. OmHaxo
MaHHas 3amada TpeOyeT YiIydlmleHHe HEKOTOPBIX
BBIXOJHBIX IapaMETPOB JAaHHOTO THIIA Ja3epoB,
HalpUMEp, YBEIMYCHHE YacTOTHI CICHOBAaHHUA W
JUTATENIFHOCTH HMITyTCOB TeHepanuu. OTHUM W3
3G (GEKTUBHBIX METOMOB PCIICHHS TaKUX 3a/aad
SIBIISIETCS MaTeMaTH4ecKoe MO/JICTTUPOBaHNE
NPOLIECCOB B IUIa3Me Jia3epa, B YaCTHOCTH, B paboTe
[3] paccmartpuBaeTcs mnOAPOOHOE MOETMPOBAHKE
CuBr-nazepa. OnHako Mojenb, NpeICTaBICHHAs B
JAaHHOW paboTe, MMeeT psiji HENOCTaTKOB, B TOM
YHClie, YYHTBIBACTCS OJKCIEpUMEHTaNbHas (opma
TOKa, T.6. B MOJEIH OTCYICTBYeT  pacueT
ANEKTPUYECKON CcXeMbl Hakauykd. COOTBETCTBCHHO,
menplo  Hamedl  pa®oThl  sBIsAETCS  pa3paboTka
YIOpOLICHHOW MareMaTmdeckoi monenu CuBr-maszepa
C BO3MOYKHOCTBIO pacyera CXeM HaKa4KH.

B ocHOBy pnaHHOW paOOThI TIOJNOKEHA HYJIb-
MEpHasd MOJECIIb aKTHUBHOM Cpeabl, TO €CTh
WCIIONB3YIOMas yCpEeOHEHHE II0 O00BEMY OCHOBHBIX
XapaKTepUCTHK IUIa3Mbl. KuHeTHYeckas MoOJeib
BKIItoUaeT B cebs auddepeHnanbaple ypaBHEHS,
OTIHCHIBAIOIICE M3MEHEHHSI KOHIICHTPAUN PEarcHTOB,
BXO/UIIIMX B COCTaB IUIa3Mbl, M 3acEJCHHOCTEH
Pa3NIMYHBIX JHEPreTHYECKUX YpPOBHEW aToMOB. DTH
ypaBHEHHS UMEIOT BUJL

dN
€= g0 "N,oN, =Y g "N N, (1)
dt m...n m..n
rue qQ‘ Rl CKOpPOCTH peaKkIui, NPUBOIAIINX K
YBEIMYCHUIO  KOHIIEHTPAMK  pearecHToB K B

pe3ynbpTaTe B3aNMOACHCTBHS peareHToB M,...,N, a Nk

— KOHIeHTpalmsi peareHTa K. Pacuer Cckopocreit
peakuuii ¢  WCIOJIb30BAHMEM  MAaKCBEJUIOBCKOM
(GyHKIMK  pacrpeneneHuss W O0OCHOBaHHE €ro
CIPaBeUIMBOCTU [yl JIa3epOB Ha Iapax MeETaJlioB
npuBeicHbl B paborax [1,2]. Vpasuenuwe Buma (1)
3alUChIBaCTCS ¥ JUIS  IUIOTHOCTH — CBOOOIHBIX
JJEKTPOHOB M HMEET B CBOEH IpaBOM YacTH
cllaraeMble, OTBEYAIOIIME 32 IPOLECCHl MOHHM3ALUH
ATOMOB M PEKOMOHMHAIINY JIEKTPOHOB.

Taxxe ypaBHeHMs (1) A HIDKHUX U BEPXHHUX
pabourx ypoBHEH BKIIIOYAIOT B Ce0sl cliaraeMble BHIA

Cekuus 2:

IpubopocTpoenue

+B-AN-F, tme F - mmorHocTs (oOTOHOB
(uznyuyenust), B —  CKOpOCTH  BBIHYKICHHOIO
H3JTyYEHNS, a HWHBEPCHS HACENIEHHOCTH

_ 9, rie N, u N, — coorBercrBenHo
AN=N,-J2n rie N, m N,

1

3aCENICHHOCTH  BEPXHEro |

HUOKHETO  pabounx

ypoBHeH, {J, u {; — ux cratucruyeckue Beca. Cama

IUIOTHOCTH (DOTOHOB OTIMCHIBAETCS YpaBHECHHEM

‘Z-T:(B-AN -%—y)F+a~A21-N2. 2)

B dopmyne (2) |d u |C — JUTMHBI aKTUBHOM 30HBI M

pe3oHaTopa COOTBETCTBEHHO, Kod(duIUeHT J

YUHTBIBACT NIOTEPH B pe3oHaTope, A, - BEPOSTHOCTH

CIIOHTAHHOTO W3Ny4eHUs, a O - BEPOATHOCTH
CIIOHTAHHOTO W3JIyUYCHHUS BBI3BaTh BBIHYKICHHOE
U3JIY4YCHUE U COPMHUPOBATH JIA3CPHBIH JIyY.
W3MmeHeHre  TeMmmeparypbl — 3JCKTPOHOB  CO
BPEMEHEM OIUCHIBACTCSl ypaBHEHHEM TEIUIOBOTO
Oananca
an Rl Q 3)
dt V-N, N,
IJic TepBOE CllaraéMoe OTBEYaeT 3a TEIJIOBOE
JICHCTBUE TOKA, TEKYIIEro uepe3 Iia3My, a BTopoe 3a
MOII[HOCTh, 3aTPayMBacMyi0 Ha HOHHU3ALHUI U
BO30Y)K/ICHHE aTOMOB, BXOJIIUX B COCTAB ILIA3MBbI.

31eck 0603HaueHo R — conporusienue mwiasmsy, | -

TOK uepes miasmy, V — o6bem akrusHOi cpeast, N, -

MJIOTHOCTD 3JICKTPOHOB, Qp - INIOTHOCTb MOIIHOCTH,

3aTpadyMBacMoil Ha HMOHHM3AIMI0O W BO30YXIEHUE
atoMoB. CTOMT OTMETHTH, YTO OCHOBHOW BKIJaj B
W3MEHEHHE  TEMIIEpaTypsl  AJIEKTPOHOB  BHOCST
MMEHHO peaKIy BO30YKIICHHUS aTOMOB M3 OCHOBHOTO
COCTOSIHMSI W PEaKINy HOHHW3AIMHd aTOMOB, TaK Kak
SHEPTUU MEPEeXOH0B U STHX PEaKIHi 3HAYUTEIHEHO
Oonmplie, YeM y JpYTUX, a TaKXKe peakIiu
ONyCTOIIGHHWS W 3acelieHHusi BepXHero paboyero
YPOBHS BBUAY UX OOJNBIION WHTEHCHBHOCTH. B

o0uIeM BHjIE 1J1s i-0M peakiun Qp(l.) “MeeT BUJL
_ 4Mm.n
Quw =Gy Nu--N., By
rae E(i) - JHEPreTUYECKMH BKIaj i-0M peakuuu B
TEMIEPATypy 3JIEKTPOHOB. [ peakuMu HOHM3AIMU
noJjlaracTcss paBHBIM

aToma E(i) TeMIleparype

JJIEKTPOHOB, a JJIsl PEaKIHil COMPOBOMKIAFOIIUXCS
MEepexoZoM C OJHOTO JHEPreTHYECKOro YpPOBHS Ha
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JIpyToH, E(i) MPOTIOPLIMOHAJIEH PAa3HOCTH JHEPTUid

STHX YPOBHEIL.

OtnenbHBIA OJOK ypaBHEHHMH ITOCBAIIEH pacdeTy
JJIEKTPUUECKOHN CXeMBbl HaKauku jazepa. Pacuer cxem
MPOBOJIUTCS CTAHAAPTHBIM 00pa3oM. DTH ypaBHEHHS
CBsI3aHBI C (PU3UKO-XMMHYECKHIMH MapaMeTpamMu
aKTMBHOW CpeAbl TOJBKO HEpe3 CONPOTHBICHHE
IUIA3MBI, YTO TO3BOJIAET JETKO BHJOU3MEHATH 3TOT
OI0K ypaBHEHHMH, MPOBOMS, COOTBETCTBEHHO, PacyeT
JUISL pa3HbIX CXEM HAaKadKH.

OtnenbHOE  BHUMA@HHE — YAEICHO  PacyeTy
CONPOTHBJIEHHs IUa3Mbl. B OCHOBY 3TOro pacuera
ObUTH TOJIOKEHBI Pe3yNibTaThl pabotel [4]. Dopmyiia
JUISL COTIPOTHUBIICHUSI UMEET BU]T

TZ
R=1,244-10" - ——,
N, -J

rae R — conporuBnenne B Omax, Te — TeMIieparypa

OJICKTPOHOB B 3B, Ne — IINIOTHOCTH CBO60,Z[HBIX
OJICKTPOHOB B CM-3, alJ-— HUHTETpall, I/IMCIOHII/Iﬁ BUJ
10T, 25
E )
I= [ ——exp —% dE.
0 K1 + KZ e
3Z[CCI) HUHTETPUPOBAHUC niaer o OHEPrumn
OJICKTPOHOB. Kl OTBEYACT 3a KYJIOHOBCKOC

Ha MOHAaX M SBJIIETCS
KOHIIEHTpAallMii HOHOB U

paccesiHUEe  AJIEKTPOHOB
CIOXHOW  (QyHKIHEH

TCMIIEPATYPbl DJIEKTPOHOB, a K2 OTBCYACT 3a

paccesiHUE Ha HEHTpalbHBIX YAaCTHUIAX W TaKKe
3aBHUCHT OT OCHOBHBIX ITapaMeTpoB Iuiasmel (cm. [3]).

VYpaBHeHus,  BXO[sIKE€ B HOCTPOCHHYIO
MaTEMaTHUUECKYyl0 MOJENb, MMEIOT HEIMHEHWHBIN
XapakTep, MOITOMY HX BO3MOXHO PENIUTH TOJBKO
yucieHHo. Jlis  JaHHOW 3a7auM  MCIOJIBb30BAJICS
maremaruueckuii maket Wolfram Mathematica. Oun
BKJTIOYAaeT B CeOS MOIIHBIC aJTOPUTMBI YHCIEHHOTO
pewenus cucreM audepeHnnanbHbIX ypaBHeHuil. B
HalleM Cilydae CKOPOCTh pEIIeHHs ypaBHEHH
SBJSIACH OJIHUM M3 OCHOBHBIX TpeOOBaHMU K
UCIIONIb3yEMOMY MaTEeMaTHYECKOMY MaKeTy, TaK Kak
npu paboTe ¢ MOJEIbI0 HYKHO OBUIO CMOTPETh, Kak
U3MCHEHHE pAa3NIMYHBbIX [apaMeTpOB BIMACT Ha
BBIXOJ/IHBIE PE3YJbTATHI, T.€. MHOTOKPATHO HPOBOIUTH
nepepacyer 00JIBIIIOTO KOJIMYECTBA
muddepeHunanpHpIX  ypaBHeHHH. Taike B 3TOM
MaKeTe eCTh CPEACTBA BU3yalM3alMU II0JyYEHHBIX
3aBUCUMOCTEH.

IlocTpoeHHass MOJENb TO3BOJISIET HCCIICI0BAThH
BIIMSHUE DPAa3IMYHBIX [ApaMeTPOB Ha IPOLECCH B
miasMe © BBIXOJHOE W3IyueHue. B ToM uucie
BO3MOJXKHO MPOTHO3UPOBATH (POPMY, IITUTEILHOCTD H
MOII[HOCTh ~UMITYJIbCa H3Iy4eHus. Pacyersl 1o
[MOCTPOCHHOW MOJENN TPOU3BOIUINCE Ui PA3HBIX
KOH(UTrypauii cXeMbl HAKAYKH U ra30BOr0 COCTaBa
mia3mel. Takke MOJIENb MMO3BOJMIA OLCHUTh, KAKUE
(DUBUKO-XMMUYECKUE TMPOLECCH B IIa3M€ SBIIAIOTCS
ONpEICTAIONIMMHU  AJIsl Jla3epa, a BIWSHHAE KakuX
HECYLIECTBEHHO.  JTO  MO3BOJSET  YNPOCTHUTH

Ceknus 2:
[Ipubopocrpoenue

MaTEMaTH4eCKyl0 MOJEIb IUIa3Mbl M 00paTuTh
BHUMAaHHE Ha KJIIOYEBBIE XapaKTEPUCTUKH JIazepa Ipu
ero KOHcTpyMpoBaHMW. Hampumep, Mozenb XOpoio
MOJXOJUT JAJsl OLEHKH 3(P(PEKTUBHOCTH PA3IUYHBIX
CXeM Hakayku Jiazepa. Takum oOpa3om, MoOAeib
rmoMoraeT npu pa3paboTke Jazepa 10a00paTh
ONTHMAJIbHBIE NTApaMeTPhbl aKTUBHOM CPEAbl U PEKUM
pabotsl. IlosmydeHHBIE pe3yJbTaThl COTNACYIOTCS C
9KCIIEPUMEHTAIbHBIMA ~ JAaHHBIMH  (HampuMep, C
JaHHBIMH U3 cTaTbu [5]).

Ha puc. 1 mnpeacraBneHsl, IOJy4E€HHbIE IpHU
MOJICTIPOBAaHUY, BPEMEHHBIE 3aBHCHMOCTH TOKa
yepes razopaspsaayto Tpyoky (I'PT), HanpsokeHus Ha
I'PT u conpoTuBieHHs aKTUBHOM Cpelbl Ja3epa B

nepuong [[eﬁCTBH)I HUMITYJIbCa HaKa4Ku.
R(t).In(t). Un()
LD : o

/ N Uel®

Ux(t) \

= L
L5107

1x 1077
Puc. 1. — BpemeHHbIe 3aBUCUMOCTH HANPSKEHUS HA
I'PT, Toxa ['PT u conpoTuBiIeHUSI aKTUBHOTO

JJIEMCHTA.

5.%10~8

B panpHeiiliem T1utaHHpyeTCs ONTUMHU3ALUSA
pa3pabOTaHHON MOAETM C [EeNbI0  IIONyYeHHs
BO3MOKHOCTH OIEHKH YCHIJIMTEIBHBIX XapaKTePHCTHK
U PaguasbHOTO NPOoQHis Myvka u3ydeHus. JlaHHbIC
napaMeTpbl M3IyYCHHS SIBJITIOTCS BEChbMa BaKHBIMH
npU pa3pabOTKEe aKTUBHBIX ONTUYCCKUX CUCTEM.

Pabora BbINOIHEHA npu noooepoicke
Munucmepcmsa obpazosanus u Hayku Poccutickot
Deoepayuu, I'oczadanue Ne5.1307.2014.
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HNCCIEJOBAHMUE BJIMAHUA NOHU3UPYIOHIUX U3JTYYEHUN
KOCMHMYECKOT'O TPOCTPAHCTBA HA PABOTY BOPTOBOM AIIITAPATYPBI
KOCMUMNYECKHUX AIIITAPATOB
Jlenynos A.B.

Hayunsrit pykoBoautens: [latioko B.I'., n.1.H., mpodeccop
Cubupckuii henepanbublii yausepeuret, 660074, Poccus, r. Kpachosipek, yin. Kupenckoro, 26
E-mail: tyomich_rtf@mail.ru

Cpox  aktuBHoro  cymectBoBanusi (CAC)
kocmuyecknx ammapatoB (KA), BXoJsmux B cocTaB
COBPEMEHHBIX KOCMHUECKUX CHCTEM U KOMIIJIEKCOB —
10-15 mer, 9TO MO3BOJSAET CYIIECTBEHHO COKPATHTH
KonuuecTBO 3amyckoB KA nns pasBepThiBaHUS U
monaepkaHust  paboTOCTIOCOOHOCTH — OpOUTABHBIX
TPYIIHPOBOK.

Ha ¢ynxnmonupoBanne OOpPTOBOH ammapaTypsl
(FPA) KA mpu ee OKCIUIyaTalldd  BIHSIOT
MHOTOUMCIIeHHbIe (akTopsl. Ocoboe 3HaYeHUE UMeeT
BO3JCHCTBUE IIOJEH HOHM3UPYIOLIUX U3JIYy4CHUI
(1) xocMHU4ecKoro NpoCTPaHCTBA.

IIpu JKCIUTyaTallux BA MOABEPTacTCs
BO3JECUCTBHIO nmn 3apsKEHHBIX YaCTHI]
€CTEeCTBEHHOTO paauarmonHoro nons 3emin (EPII3),
rajJakKTU9eCKUX M COJIHEYHBIX KOCMHYECKHX Jydeit
('KJI u CKJI). EPII3 o0pa3oBaHO 3JEKTPOHAMH H
MIPOTOHAMH, 3aXBaY€HHBIMH MarHurocgepoi 3emun,
a 'KJI u CKJI — 3T0 MOTOKH TSKENBIX 3apsSKEHHBIX
gactuy (T3Y) — mnpoTOHOB, sOEep XUMHYCCKUAX
3JIEMEHTOB, HOHOB, O0JaJAIOUINX OTHOCHTEIBHO
BBICOKOM HEpTUeH.

IMotoku wactuny ¢ sHeprumer mno 1 M»dB mpu
JUTATEIbHOM BO3JEHCTBMM Ha bBA TpHBOIAT K
mapaMeTpuueckuM H  (YHKIMOHAJBHBIM OTKa3am,
qacTUIBl OoJiee BBICOKMX HSHEPTUH MOTYT BBHI3BATh
omuHouHble cbom [1]. Tak, Hampumep, n3-3a
3G PEeKTOB OIMHOYHBIX COOBITHI 3a(h)MKCHPOBAHEI
otka3el KA: Feng Yun | (1998), Feng Yun S Il
(1998), Iron 9906 (1997); wu3-3a MO30BBIX YIPPEKTOB
— Hipparcos (1993).

IIpumenenue MOJTYyTIPOBOHUKOBBIX
uHTerpanbHeIXx MukpocxeM (MMC) B kadecTBe
KOMIOHEHTHOM 0a3sl KA cremano akTyanbHOH 3amaqy
OLCHKM U  TPOTHO3MPOBAaHHUSA  yCTOHYMBOCTH
KOMIIOHEHTOB M Yy3J0B K  paJWaldOHHBIM
BO3JICHCTBHAM KOCMHYECKOTO IPOCTPAHCTBA.

Bospeiicteue MM 1npuBOAMT K  HAKOILICHUIO
3apsga B KMOII-ctpyktype HWMC. CxopocTs
BO3paCTaHUs 3apsja YMEHbBIIAeTCS MNPH HaIUIUU
BHeumiHed  3amurel  (oOomouka KA, cmexHas
anmaparypa, CTEHKH Mpu0opa, JOMOJHUTENbHBIN
AIIOMUHHUEBBIN 3KpaH U T.IL.).

[Mapamerpuuecknii win (QYHKIIMOHANBHBIA OTKa3
UMC mnactynaeT npu JOCTHKEHUM NPEIEIbHON
HakorieHHOM no3bl  ([THJI), ompenemstomein e
panuanoOHHYIO CTOUKOCTD. 3HaueHue TIH/T
HauMeHee paanannoHHo-croiikux UMC ompeapensier
npenenshbiii CAC Beero KA [2].

Pagmanmonnsiii otka3z ans UMC moxer OBITh
oOpaTHMBIM, €clM OH He BbI3BaN Je(eKToB
CTPYKTYPHI MHKPOCXEMBI 1701178 BTOPHUYHBIX

HeucnpaBHocTed. HakomnieHHbI 1moa BO3AEHCTBHEM
NN 3apsan c TeuyeHMEM BPEMEHM paccachblBaeTCs
(pemakcupyer).

B MMC mnox Bo3aeiicTBHEM pajviallid B KaXKIbIH
MOMEHT BPEMEHHU MPOUCXOIUT HAKOIUICHUE 3apsaa H
ero penakcauus. Ha Bemmuuny ITHJ[ cymectBeHHO
BIUSIET JIOKATBHOE DJIEKTPUIECKOE TOJIE B CTPYKTYpE

NUMC, 3anepxuBaroliee Tpolecc  pelakcaluu.
HOBTOMy B BBIKIIFOYCHHOM COCTOSSHHUU HAKOIIJICHUEC
3apana  MPOUCXOOUT  MEIJIeHHee, TaKk  Kak

SJIEKTPUYECKOE T0JIE OTCYTCTBYET U HE MPEMSITCTBYET
penakcanuu 3apsga. B cBasu ¢ atum I[THJ B
BBIKJIIOYEHHOM COCTOSIHUM OKa3bIBaeTCs B HECKOJBKO

pa3  Bblle, YeM  BO  BKJIIOYEHHOM. [Ipu
MEPUOUIECKOM  YepeOBaHUM  BKIIOYEHHOTO U
BBIKITIOYEHHOTO  COCTOSSHMH ~ M30BITOK  3apsna,
HaKOTIJICHHBIN BO BKITIOUEHHOM COCTOSIHHH,

paccacbIBaeTCsl B BBIKIIFOUEHHOM COCTOSIHUU.

B mHacrosimee Bpems CyIIECTBYET HECKOJIBKO
METOJIOB 3aIIUTHl MOIyNnpoBogHUKOBEIX IMC ot M
KA. TIlepBeiif MeToa - ycTaHOBKa Ha KOHKPETHBHIE
VMC 3amuTHBIX 3KpaHOB C pacyeToM A HyKHOU
opbutel. Ho  nmaHHBIE  MeTON — 3HAYUTEIHHO
YBEJIMYMBAET BEC M IJIOTHOCTh MOHTaxka bA, uro
CHHM3HUT KOJHMYECTBO (PYHKIIMOHATBHBIX YCTPONCTB Ha
6opty KA, a cienosarenbHo U ero 3¢ QeKTHBHOCTD.
Bropoit Merom - pe3epBHpOBaHHE — CIIOCOD
TOBBIIICHUS HaJC)KHOCTH anmnaparypsl,
3aKIII0YaroIuiics B 1y0mupoBanun POA B mienoM nim
OTHENbHBIX €€ MoAyJled wuium saemMeHToB. I[lpu
pe3epBUPOBAHUU KatacTpodraeckuit OTKa3
HACTYTAaEeT TOJILKO MOCIE 0TKa3a OCHOBHOT'O 3JIEMEHTA
U BCEX pe3epBHBIX dJeMeHToB. OIHAKO B ciydyae
HaKOIUICHUS 03, ONMM3KUX K TpPENeTbHBIM, HMeEEeT

MECTO IepHUOJ  PaJAUAIlOHHO-CTUMYJIHPOBAHHOTO
CTapeHH4, u TaKOH METOJ CTaHOBHTCS
ManodpQeKTUBHEIM.  TpeTuit  MeTon,  XOpOIIo

3apexoMeHnoBaBiuil cedss B BA KA — cucremHbIe
METO/IbI TIOBBIIIEHHS HaE)HOCTH [3].

CambpiMu  ysI3BUMBIMH 31€MeHTaMH bBA  mpu
BosgerictBun MW KA  sABIsAIOTCA MUKPOCXEMEI
MaMSATH, TO3TOMY HEOOXOJAUMO YACIUTH UM OCHOBHOE
BHUMaHue. CylecTByeT TpU MEeToAa €€ MOBBIIICHHUS:

1. 3amena cymectBytomux HMMC Ha Oonee
CTOMKHE K BO3JICUCTBHUIO PaJHAIlNH;

2. npumenenne k  HMC
pe3epBUPOBAHIS;

3. pa3paboTka MPOTPaMMHBIX AJITOPUTMOB JIJIs
3aMEHBI OTKa3aBIINX SYEEK MaMSITH.

PaccMoTpuM KaxKAbIH U3 METOJOB B OTAEIBHOCTH.

1. 3amenute MMC Ha Oonee paaualiioHHO-
CTOWKHUI THI MPEICTABIISACTCS 3aTPYIHUTEIBHBIM, TaK

anmnapaTHoro
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kak Takue HKMMC Bo MHOro pas Jgopoxe
KOMMEpYECKUX W3eIMA U MHOTUE MPOU3BOIAUTEIU
OTKa3bIBAIOTCA OT WX IPOU3BOJCTBA M3-33 HU3KOU
peHTa0ETHLHOCTH.

2. Omnexrponnsle mpubopel KA, kak mpaBuio,
pe3epBUPYIOTCSA ¢ KpaTHOCThbIO 2 unu 3. PesepBHble
KOMIIIEKTBI MOTYT HaXOAWUTHCS BO BKIIOYEHHOM HIIH
BEIKJIIOYEHHOM ~ COCTOSHUM  («XOJIONHBIN»  HIIH
«ropsuuity peseps). B cBoro ouepensp, ammaparypa
MOJKET HUCIOJIb30BATHCS B CEAHCOBOM WJIH JIEXKYPHOM
pexume.

B ceancoBoMm pexxuMe mpuOOpHI BKIIOYAIOTCS Ha
OTpesieNEHHBI IPOMEXYTOK BPEMEHH, a OOJNBIIYIO
4aCcTb BPEMCHU MOT'YT HaXOAWUTHLCA B BBIKJIFOUCHHOM
cocTostHMU. [l ammapaTypsl CEaHCOBOTO PEXHMa
ompenensomuM  sBisercss  BenuuumHa IIHJ[ B
BBIKJIIOUCHHOM COCTOSIHMM. {1 Takoi ammapaTypsl
mporie obecrieunTsh amutenbHbi CAC, Tpebyercs
MEHbBIIAs TOJIIMHA 3allUTHOTO JKpaHa, MOXET
WCIIONIB30BAaThC ~ MEHEe  paJuallMOHHO-CTOMKas
sjeMeHTHas ©Oasza. [lns paBHOMepHOTO U Oojee
rIyOOKOr0  paccachlBaHMS ~ HAKOIJICHHOM  JO3BI
paapanyu  MEXIAY CcC€aHCaMH HYXHO 4YE€pCI0oBaTh
BKJIIOYEHHE OCHOBHOTO U PE3EPBHOT0 KOMILJICKTOB Ha
IIPEICTOSIILUN CeaHc.

B nmexypHOoM pexume amnmaparypa  J0JDKHA
(yHKIIMOHMPOBATh MIPAKTHYECKH MOCTOSIHHO,
TIEPEPBIBBI OMYCKAIOTCA HA OTPAHUYEHHOE BPEMS U B
ornpezenéHHble MOMEHTHL. J{J1s1 3Toro pexxnma paboTsl

XapaKTepHO, Kak [IpaBuUIIo, «ropsiyee
pe3epBUpOBaHUE arnmnaparypsl, TO3TOMY
pamuanuMoHHass cToMkocTh  ompexaensercs  [TH/]
BKIIFOUEHHOTO  cocTOosHUsg. Ecimm  HCIoiab30BaTh
«XOJIOIHBIH peseps, MOKHO IMOBBICUTD

paavalMOHHYI0 CTOMKOCTh ammaparypsl. s 3toro
HEOOXoIMMO TepuoJudeckn dYepe3 1-2 Mecsna
MIEPEeBOIUTH PE3EPBUPOBAHHBIE KOMIUIEKTHI U3 OJHOTO
cocTosiHust B jpyroe. Ilpm  npuHyAnTEeIHHOM
HEePEKITI0YCHUN pexxuma HaKOIUICHHAs BO
BKJTFOYEHHOM COCTOSIHMM /1032 TIOCJIC BBIKITIOUEHHS
paccacbiBaeTCs B TEUEHHE BPEMEHH, Ha TPH MOpPsIKa
OoJsibllero, 4YeM TPU  UCHBITAHHAX, U  Tepes
CIIEIYIOIINM BKIIFOUYCHHEM NPAaKTUIECKA CTAHOBUTCS
paBHOM  BEeMMYWHE  [O3BI, HAKOIUICHHOH B
BBIKITFOYCHHOM COCTOSIHUH.

Ucnonp3oBanue I[P 3HaYNTENbHO MOBBIIAET
BEPOATHOCTh 0€30TKa3HOH pabOTBl B  YCIOBUAX
Bo3feiicTBUs  pamumanmuu.  OmHAKO — ammapaTHOe
pe3epBUpOBaHME Uil OTJAGNBHBIX ~ MHKPOCXEM
IPUMEHSTh  HeleJIecoo0pa3Ho, IOCKOIBKY  3TO
YBEJIMYMBAET KOJMYECTBO D3JEMEHTOB Ha IUIaTe.
Kpome Toro, Ha 3Tame crapeHHs MHUKPOCXEM TaKoii
METO]l CTAHOBHUTCS MaJIOA((EKTUBHBIM.

3. Db heKTUBHBIM METOAOM SIBISIETCS] pa3padboTka
MIPOTPAMMHEIX aJTOPUTMOB ISl 3aMEHBI OTKa3aBIIHX
ssueek  mamatd  [4]. AHamM3  MCHONB30BaHUS
cBepxOoupioii  mHTerpanpHoi  cxembl  (CBUC)
MaMSTH II0Ka3bIBACT, YTO B OOJBIIMHCTBE CIyJacB
ocraercs HE HCTIOJIb30BaHHBIM (ocHOBHOM
MIPOrpaMMoii) CBOOOHOE MPOCTPAHCTBO A/IPECOB, UTO

Ceknus 2:
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JTacT BO3MOXKHOCTh ITOBBICUTH CTOMKOCTh MHKPOCXEM
mamsaTH mMyTéM 00Xxona Ae()EeKTHBIX sYCCK MaMATH U
MepeHeceHnss WHQOpMAlMi W3 HHX B CBOOOJHOE
MIPOCTPAHCTBO aJPECOB MUKPOCXEM ITAMSTH.

Ecmm coBMecTHTh BCE BEIMIECKa3aHHBIE METOJBI B
OIIMH, TO TONYy4YnM Hambonee >PPEKTUBHBIA METOX
3alIUTHl MUKPOCXEM MaMsiTH mnpu Bozzaeiicteun NU
KA. Ha mnpaktuke 53TO BBINVIAIUT CIEAYIOLIUM
obopazom. Ilpu BO3HHMKHOBeHHH c0OsI B pabodyem
KOMIUTEKTe BA TNpOMCXOAUT MEpeKtoYcHHEe Ha

3anacHOi. B 3TO Bpems KOMIUIEKT, BBbIJABIIAN
ommOKy, Ha4YMHAeT  camorecTupoBanue. Ilpu
BO3HHMKHOBEHHHM OTKa3a B  MAacCHBE  IaMATH

TECTHpYIOIasi TMporpamMma I[oOMeJyaeT OTKa3aBIlUe
SYEHKH ITaMsATH ¥ BOCCTAHABJIHMBACT €€ COIEPKUMOE B

CBOOOMHBIX He JOe(eKTHBIX  sA4YeiKax. 3areM
MPOU3BONATCS  JCUCTBHUSI,  HEOOXOAMMBIC LIS
MPOAOIDKEHUS pabOTBl TPOTpaMMBI  HAa  JaHHOM
KOMILIEKTE.

C mnoMompbI0 NPUBEAEHHOIO METoJa YAAcTCs
MOBBICHTh PAJMAIIHOHHYI0 CTOHKOCTh MHKpOocxeM 3Y
M OCTaIbHBIX YCTPOMCTB, YTO MPHBOJAUT K
yBenumuenuo CAC KA.
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O BO3MOXHOCTHU UBMEPEHUSA BJIA’KHOCTHU IPEBECHHDbI

HNMH®O®PAKPACHBIM N3JTYYEHUEM.
JlutBumiko E.C., T'opemnes M.A.
Hayunslii pykoBoautens: Jlonatun B.B, n.¢.-M.H., mpodeccop.
Tomckuit mommTexHmueckuii yausepcuret, 634050, Poccus, r. Tomck, mip. Jlennna, 30
E-mail: litvishkol@rambler.ru

B mabopatopun TOMCKOTO TOJHTEXHHUYECKOTO
YHHBEPCHUTETa AaKTHBHO pPa3BHBACTCS HAaIlpaBIICHUE
CYIIKH JPEBECHHBl KOMOWHHUPOBAaHHBIM METOIOM.

Co3snano HECKOJIBKO YCTaHOBOK oT
SKCHEPUMEHTANbHBIX JI0 MPOMBILICHHBIX.
KomOnHUpOBaHHBIIT MeTOA  BKIIOYaeT B ceOs

KOHIYKTHBHYIO CYIIKY IpPU MOHM)KCHHOM JIaBJICHUH
coBMecTHO ¢ BY oamekrpoMarHuTHeIM moseM. [1]
[Ipumenenne  0OBEMHOro  HarpeBa  IO3BOJISET
WHTEHCU(PHUIIHPOBATh NPOIECC CYIIKH, TOBBICHTH, IO
CpPaBHEHHIO C TPAaIUIMOHHBIMH  TEXHOJOTHSIMH,
Ka4eCcTBO JPEBECHUHEI, COKpaTHTh
sHepromotpeOienne. [lpu  cymke  ApeBECHHEI
KOMOWHUpPOBaHHBIM  METOJIOM  OOECIIEYMBACTCs
paBHOMEpHas Iepeqada SHepruy B 00BEM 3arOTOBKH,
9TO: CHIW)KAaeT 3arparbl JHeprud B 2-3 pa3 1o
CPaBHEHHIO C TPAJUIMOHHBIMH  TEXHOJOTHSIMHU
CyUIKH, CHIDKaeT BEPOSITHOCTh PACTPECKUBAHHUS
JPEeBECUHBI M COKpallaeT BpeMs cymku B 1,5-2 pa3za
[2].

Jis OHMMaHHA TPOIECCOB, MPOUCXOJAMIHX BO
BpeMsl CYIIKH, HEOOXOIMMO 3HATh PN BaKHCHIINX
mapaMeTpoOB: TeMIIEpaTypa, BIAKHOCTh H BHYTPECHHEE
W30BITOYHOE JaBICHHE. JTa MH(OpMAIWs momMoraert
BBIOpaTh ONTHMAaJIbHBIE PEXHMBI CYIIKH, YTO B CBOIO
odepe/ib BEIBOJUT KauecTBO MPOIYKIMH HA JJOJDKHBIH
YPOBEHb.

Cy1iecTByeT MHOXKECTBO CIIOCOOOB H3MEpPEHHS
BIKHOCTH. 711 KOHTPONA Ipolecca CYIIKH Ba)KHO
3HaTh HE TONBKO CPENHIOK BIAXHOCTh, HO U
pacripenieieHie BIaKHOCTH MO0 O00BEMY IPEBECHHEI.
Taroke orpaHndeHNe Ha BBIOOpP METO/a HAKJIAJBIBACT

U TpUMEHEHHs JJIEKTpOMarHuTHoro monas. B
JeHCTBYIOIUX yCTaHOBKax IpUMEHseTCs
KOHJTyKTHOMETPHUYECKHH METOJ OIIpEJCIICHUs
BnaxHoctd  (Bmaromep CBJ - 04). Tlog
BO3JCUCTBUEM  JJIEKTpoMarHutHoro moina  BY

reHepaTopa KOHTAKThl HAarpeBaroTCs, YTO MPUBOINUT K
CHIDKEGHHUIO JIOKAJIBHOTO BIIArocojepkanus. Takxe

mpobnema KOHTYKTHOMETPHUIECKUX JIATYUKOB
HeOompImol nuamazoH wu3MepeHuin — 1o 30%, a
MaKCHMAaJbHBIM JHAa3oH IokasaHuid 10 95%.
[prunnOit SIBJISICTCS cBoOogHAs JKUJIKOCTb,

HepeMbIKaIoNIas KOHTAaKThl IMpubopa. DTO BHOCHUT
KOPPEKTHBBI B mporiecc u3mepenust [2]. B cBs3u ¢
BBIIIICTIEPEUUCIICHHBIMI ~ HEIOCTaTKaMH  BO3HHKAeT
HE00X0IMMOCTh HIOUCKa JpyToro MeToza
ompezeneHust BiaxHoctu. IIpoBens nuTepaTypHBIil
aHaTM3  W3BECTHBIX METOIOB, BBIOpaH METOX
ONpeZielIeHusT  BIaXHOCTH ¢  nomompio UMK
n3nydeHus. JIaHHBIH MeTOJ HCIOJNB3YyeTcs s
OTIpeZIeTIeHUs] BIa)KHOCTH KOHAEHCATOPHOW Oymaru

[3]. Hdust m3mepeHust BIaXXHOCTH APEBECHUHBI PELICHHE
OBLJIO PeaTu30BaHO CIIEYIONINM 00pa3oM:

UK npuemnnk (Qportorpansuctop) u m3nydatens (MK
IUON)  YCTAHAaBIMBAIOTCS B JPEBECHHE  Ha
¢ukcupoBanHoM paccrosiauu 7mm. (Puc.1).

] L‘J :

Puc.1 Pacnonoxenne UK nuona (criesa) u
(dhoToTpan3ucTopa (Crpasa) BHYTPU APEBECHHBI

Ha wcroynnk monaercst HanpspKEHHE C Y4ETOM
MakCHUMaJIbHOM — m3nmywaromed  crmocoOHoctn UMK
muona, kotopoe paBno 1,4 B. Tak kak
TIOTJIOIATENIbHASL CIIOCOOHOCTDh JKHJIKOCTH OOJIbIIe
YeMy JAPEBECHHBI, H3Jy4eHHE, INPOXOIsIlee dYepes
BIQXHYIO JPEBECHUHY OciiabeBaeT B 3aBUCUMOCTH OT

BIQXHOCTH. [IpMeMHHUK yllaBIMBaeT H3MEHCHHUE
H3Ty4eHUss W MEHSeT CBOE  CONPOTHBIICHHE.
IMocnenoBatenbHO  (HOTOTPAH3UCTOPY — YCTaHOBJICH
pesucTop, Ha KOTOPOM H3MEHSETCS IaJICHUE
HAaIpsDKEHHU, MPONOPIHOHAIBHO W3MEHEHHIO
COIIPOTUBJICHUS doToTpaH3UCTOpA. Dukcupys
HU3MCHCHMUA HalpsKCHU MOXHO OIpCACIINTb

nHTeHcuBHOCTh VK m3nyuenus. Tax kak BIaxHOCTb
BIMSET Ha MpoHHMKalouylo crnocobHocth UK
W3Iy4YeHUs, [0 TMOJIYYCHHBIM JaHHBIM  MOXXHO
OTIPENIeNIUTh MPOLEHT COJICPKAHUS BIIary.

Mapa UK mmonm - ¢doToTpansucTop BEIOpaHa u3
CIIEIYIONINX TEXHUYECKUX COOOpakeHWI: dYacToTa
NCTOYHHKA COBITAJIACT c MaKCHMaJIbHOH
YyBCTBUTEIHHOCTBIO NIPUEMHUKA, a TaKxe
MaKCHMaJIbHO BO3MOXXHBIE MOIIHOCTb W3JIyYCHHS U
YTOJI pacCenBaHMsI.

s ompenerneHnss BO3MOXHOCTH HCIOJIB30BAHUSA
UK wuznydyeHus OBIT NMPOBEACH PSR SKCICPUMEHTOB.
OneITEl  TPOBOAWINCH Ha  JpeBecHUHE  Oepésbl
pasmepom 30x150%x400 MM B BakyyMHOH Kamepe
00BeMOM 0,1n>. Cymka OCYLIECTBIISIACh
KOHJTyKTHBHBIM croco6om. Pe3ynbrars!
CpaBHHMBAJIACh ¢ JaHHBIMU Biiaromepa CBJI — 04.

JlaTunky yCcTaHaBIMBAINCH, KaK TIOKa3aHO HA PHC.
2.
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HanpsieHue, B

u
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Puc. 2 Pacrionoxenne TeCTUPYEMBIX TaTYAKOB
(UK1,UK2) u natuukos CBJI — 04(W1,W2)

Hus matauxoB WK1, W1 momydens! cremyromme
YIILTATHI
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0,00
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Puc. 3 Ilokazanus tectupyemoro aatumka (MK1)
nokasanus aar4yrka Biaaxunocta CBIl — 04 (W1)

Jns matankoB UK2, W2:

0.25]
0,20
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0,10
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0,00

0,05

-0,10

-0,15

00:00 05:00

/

HanpsxeHue, B
BnaxHocTb, %

1500 2000 2500 30:00
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Puc. 4 Tlokazanus tectupyemoro aaruuka (M1K2)

nokaszanus garyuka Biaaxunoctu CBIl — 04 (W2)

10:00
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Huanazon wusmepenuit CBJ| — 04 HaunHaercs
nocjie TyHKTUpHOW JuHMH. U3 TpadukoB BUAHO
clefyroliee: TEHICHUUH W3MEHEHHs BIIAXKHOCTH
TECTHUPYEMBIX JaTYUKOB KAYECTBEHHO CXOXH C
TOKa3aHUAMH KOHIYKTOMETpHUYecKUX natuukoB CB/]
04. Tectupyemble JaTIUKH  PETUCTPUPYIOT
OoypIIMIT  Mama3oH  W3MEHEHHMS  BJIAXXHOCTH.
CymecTByeT OOJBIION CTOXAacTHYECKU pa3dpoc
MOKA3aHUH TECTHPYEMBIX JAaTYMKOB, UTO BJEYET 3a
c000¥ TOTPEIIHOCTh H3MEPEHHH.

BeiBoabI:
e UK wu3nydyeHue NPUMEHMMO IS HU3MEPEHHUS
BIa)KHOCTHU

e Jlatrumku Ha ocHoBe WK  wusnyuenus
PETrUCTpUPYIOT Goutee LIHPOKHH Juana3oH
BIAYKHOCTH, 4YeM KOHYKTOMETPHUUECKUE JaTUNKU

e limeercs Gosiplasi MOTPENIHOCTh M3MEPEHUH,
JUTSL yCTpaHEHUsT KOTOpOi TpebyeTcst OoJiee aeTampHas
TeopeTHUecKas ¥ IMpakTHIecKas padora.

CHnucok JuTepaTypsbl:

1. Topemnes M.A., Kazapun A.H., Jlonatun
B.B., Cexucos ®@.I'., Cmepmnos O.B.

KomMOuHMpOBaHHBIN METO] CYIIKH APEBECHHBI

DX 2013 Ne2 B mevatn

2. Topemrnee M.A. OO6paboTka ApeBECHHBI B
SJEKTPOMArHUTHBIX W TEIUIOBBIX  IOMSAX  IIPH
MOHIKCHHOM JaBIICHUH: IUCCEPTALNs Ha COMCKaHHE
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b.u., 2013 — 101c. : un. — 3amura coct. 18.12.2013r.
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AHAJIN3 ®PAKTOPOB BJIMAIOIINUX HA YI'VIOBOE PASPEHIEHUE METOJA

MULTIPLE SIGNAL CLASSIFICATION B MHOI'OKAHAJIBHBIX PAJIAPAX
Manoxus I'.O., Opasinees XK. T., I'ensuep A.A.
Tomckuit 'ocynapcrBennsiii YHuBepcuter CucteM YnpasneHus 1 PagnosnexTpoHuky,
634050, Poccus, r. Tomck, ip. JIeanna, 40
E-mail: life.airever@gmail.com

|. BBenenne
Kak w3BecTHO, pasperraromas CIOCOOHOCTD
paauookaropa 1o YIJIOBBIM KOOpAMHATAM

OJIHO3HAYHO OIpPEAENSeTCS pa3MepaMu amnepTyphl
AHTCHHOU CUCTEMBI (10 OTHOIICHHIO K JIJTMHE BOJIHBI).
B psne npumeHeHUWi, Takux KaK aBTOMOOWJIBHEIC
pazapsl, JIMHEWHbIE pa3Mepbl €ro aHTEHHOW CUCTEMBI
*K€EcTKO orpaHuueHsl. OMHUM U3 MyTeil obecreueHus
JIOCTAaTOYHOW pa3pemaromeii CriocOOHOCTH aHTEHHOM
CUCTEMBI €  MaJOW  ameprypoH,  SIBISETCS
HCIOJIb30BaHUE METO/IOB CBEpXpa3pelIeHus,
OCHOBaHHBIX Ha aHaJIU3€ KOPPESIIMOHHOW MaTpHULBI
curnanos, takux kak MUSIC, EV u ESPRIT [1].
[IpumeHeHne 5TUX METONOB TpeOyeT BBHIMOTHEHHS
psaga TpeOOBaHMM K MCHOJIb3yeMbIM CHTHAIaM |

napaMmerpaM HOpUEMHBIX  KaHAlIOB, KOTOpbIE B
peambHBIX ~ YCIOBHSIX ~ MOTYT  OBITB  TPYAHO
BBITIOJTHUMBL.

JanHas paboTa TOCBAIICHA  HCCIEIOBAHUIO

BIIWSIHUSL TaKMX (PAKTOPOB, KaK CTENCHb KOPPEISLUH
CHTHAJIOB, pa3bpoc (a3 B kaHanmax AP, kommdecTBo
OTCYETOB ycpenHeHus: K M OTHOIICHMS CUTHANI-LIYM
(OCI) na pa3pemarmonyo crnocoOHOCTh METOoJa
MUSIC.

1. O630p cucTemMbl

Ha puc. 1 wm3o0paxkeHa tumoBas OJOK cxeMma
aBTOMOOWJIBHOTO pamapa. IlpuHOHUIT ero paboTh
OCHOBaH Ha Hcnonb3oBaHuu JIUM-curnanos, yacrora
KOTOPBIX JIMHEHHO W3MEHSETCS BO BPEMEHH IIO
MWIOO0pa3HOMY  3aKOHY — Moayysiiuu.  JacTtoTa
curHasia OueHMU, KOTOpBIH oOpasyercs mpu
MEPEMHOXXCHUU OIOPHOTO W MPHHSATOTO CHUTHAJIOB,
3aBHCHUT OT JAJbHOCTH M PATUAIbHON CKOPOCTHU LEITH
WK eTIeH, ecM UX HECKOMBKO [2].

Ilepenatomas
aHTeHHA

CMECUTEITN

[lenm‘em, MOU.[HOCTI/I ua N kaHamoB

N npuéMHBIX KaHaIo0B

—

JlenuTens MOITHOCTH
I'enepatop

JIYUM-curnana

Puc. 1. biok cxema JIUM-pamapa ¢ AP cocrosieit u3
N aHTEHHBIX JIEMEHTOB

WNudopmammss 00 YIIOBBIX KOOpAWHATAX IIEJeH
COJZIEPKUTCS B (PAa30BBIX COOTHOLICHUSX CUTHAJIOB
MEXy KaHanaMH, KOTOpbIE 3aBUCAT OT yIJia IPUXoJa
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OTPaXEHHOTO LETIIO CHUTHaJA. I'maBHBIM
nocrouHcTBoM JIYM-pagapa B OTHOLIEHUU YIJIOBOTO
paspemieHnst  BBICTymaeT TOT  (akT, dYTO B
CIEKTpaJIbHOW o0sacTh  (pa3oBble  COOTHOIICHHS
MEXIy KaHaJaMH COXPaHSIOTCA. OTO MO3BOJSET
IMMpOU3BOAUTH OLICHKY  HOaJIbHOCTH, CKOpOCTH nu
YIJIOBBIX KOOPAMHAT IieJieil OJHOBPEMEHHO, 3a CUET
nepexojia U3 BpEMEHHOH 00JIaCTH B YaCTOTHYIO.

I11. MUSIC - oneHka yriioBbIX KOOPAHMHAT
Ilyctb Ha JMHEHHYIO OJKBUIAUCTAHTHYIO AP,

COCTOSAILYIO H3 N aHTEHHBIX 3JIEMEHTOB MOCTynaroT
curHaiasl or M Y3KOIOJOCHBIX HCTOYHUKOB. Torz[a

MOJI€]Ib CUTHaja X(t), npuHuMaeMoro AP MoxHO

3alrcaTh CJICAYIOIUM 06pa30M:
x(t)=As(t)+n(t),

rae A= [a(@l) -2 (6 )] — MaTpHULA HAIIPABJIAIOMIUX

BEKTOPOB pa3MepHOCTH NxM,
1 NaT N

a(@m):[l, z', ] — HAMPABJAIOIMI BEKTOP M-

ro  WCTOYHMKa  CcWrHama  pasmepHoctd N,

d — paccrosiHue

7= exp[-j (271%)5"' (‘9)} |

Mexay onementamn AP, s(t)=[s,,.s, ] — Bexrop
curnanos pasmeproctd M, n(t) — Bekrop wiymos

npuéMHoi ammaparypel AP (Oenbrit  [aycoBckwmii
rym) pasmepaocti N.

s oneHKHM yriaoBeIX KoopawmHAaT mener MUSIC
UCIIOJB3YET pa3noxeHue MIPOCTPaHCTBEHHOU
KOPPEIANOHHON MaTpHIBI CHTHAJIOB

R:[X(t)x(t)HJ Ha COOCTBEHHBIE BEKTOpa M

COOCTBEHHBIX 3HAYEHHUS:

R=ARA" +5’1=UAU! +U A, U

U, u U, — coOCTBEeHHBIE BEKTOPA KOPPEALIMOHHOMN
MaTPHILBI R curHampHOro WM IIYMOBOTO
MOJIPOCTPAHCTBA  COOTBETCTBEHHO.  BbIXojaHas

¢yakaus anropurMa MUSIC BBRITISANAT CIIEAYIOIIAM
obpazom:

PMUSIC (0)

[a" (9)U,Ua(6)] ",

rne U ,— 570 Marpuna COOCTBEHHBIX BEKTOPOB

IIryMOBOI'O IMOAIIPOCTPAHCTBA, COOTBETCTBYIOIINX
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N—-M HauMmeHbIIMM COOCTBEHHBIM  3HAYECHUSIM
Matpuilbl R. TlonoxeHHss MaKCHMyMOB BBIXOJHOM
¢yakmnr MUSIC OynmyT COOTBETCTBOBATH OIICHKE
YIJIOBBIX KOOPAMHAT IIeJIeH.

V. Pe3yabTaThl MOI€IMPOBAHUS

MopenupoBanue MNPOBOIWIOCH s JIMHEHHOU
sxBuauctanTHOM AP ¢ N =16 u d = A/2. B xauectBe
TECTOBOTO CHUTHaja wucnoias3oBaics JIUM-curnan c
nosnocor 7 MI'n. CkopocTd W JAIBHOCTH LieJeit
OJIMHAKOBEI. YTJIOBOE pa3pelieHne, KOTOPOTO MOKHO
JIOCTUTHYTh KJIACCHYECKUMHU METOJIaMU OMPEeIIIeTCS
HOHOBHHOﬁ IHI/IpI/IHI:-I TJIABHOTI'O JICIIECTKA ]II/IanaMMI)I
HanpaBiIeHHOCTH AP u B maHHOM cilydae cOCTaBiseT
OKOJIO 3.5°. TIlostoMy, s  JEeMOHCTpaIuu
YBEJIMYCHUS pa3pelIaroiieil CrocoOHOCTH 3a CUéT
ucnoisib3oBanua Merona MUSIC ase unenn Obuin
pasHeceHsl Ha ofuH rpagyc. 6, =0.7° u 6, =-0.3°.

A. Cmenenv xoppenayuu CucHaLo8

Paznoxenne wmatpuiei R Ha  COOCTBEHHBIC
BEKTOpa M COOCTBEHHBIC 3HAYCHHS HMMEET CMBICI
TOJIBKO B TOM CIly4ae, KOTJa CHTHaJbl OT OTAEIbHBIX
WCTOYHHMKOB ¥ IIYyM B NPUEMHBIX KaHamax AP He
KOppEIMpOBaHBl MEXIy co0oi. Brwicokas creneHb
KOppeIsIMA UCTOYHMKOB curHasia (xkoaddunmeHt
Koppemsiiu > 0.8 ) NpUBOIUT K AErpajaliid paHra
Marpuibl R M HEBO3MOXXHOCTH pasfeieHus LeJei,
TaKk KaK YHCJIO HIYMOBBIX COOCTBEHHBIX 3HA4YECHUI
npessiaer N — M.

b. Pasopoc a3z 6 kananax AP

MUSIC 4yBcTBHTENEH K aMIUIMTYIHBIM U
(azoBeIM ommOKkaM B NPHUEMHBIX KaHajmax AP,
BO3HHMKAIOIIUX H3-32 TEIUIOBOTO IIymMa M  HE
UICHTHYHOCTH AaHTCHHOW CHCTEMBI M 3JIEMEHTOB
MPUEMHOTO TpakTa, MpUIEéM, OH OoJiee YyBCTBUTEICH
K omuOKaM To ¢ha3e, HEXKETH YeM II0 aMIUIUTY[E.
Hcxons W3 pe3ysbTaToB MOICIHMPOBaHHS, Pa3Oopoc
¢da3pl B KkaHanax (OTHOCHTEIBHOI'O OIIOPHOTO) HE
JIOJDKEH COCTaBIIsATh Oonbine +0.1°.

B. OCII u xoauuecmeo omcuémos ycpeonenus K
O6muM  TpeboBaHMEM JUII BCEX  METOJOB

cBepxpaspemienns, ananorndubix MUSIC, sBnsercs

OCHI ne wmenpme 18 nb. Ilpm Ooxnee Hu3KUX

3HA4YCHUAX, BCIIMYMHA COOCTBEHHBIX 3HAYCHMU I
orymMmoBOIo NOANPOCTpPaHCTBA CTPCMUTCA K
COOCTBEHHEIM 3HAUYCHUAM CHUT'HAJIBHOI'O

NPOCTPAHCTBA, YTO NPHUBOAMUT K HENPEICKa3yeMbIM
HCKa)KEHUSIM Pe3yJIbTaTOB OI[CHKH.

Ha mpaktmke, drob6sr yBemmuuts OCII
KOppEISIHOHHYI0 MaTpuny R ycpenHsroT mo Habopy
OTCYETOB (BO BPEMEHHOW WIIM YacTOTHOW 00iacTm).
[IpoGmemMa coCTOUT B TOM, YTO WX KOJMYECTBO BCETIA
orpanndeHo. B pabore [3] aBTOpBI pPEeKOMEHAYIOT
HCIIONIB30BaTh 1Mo MeHblIei mepe K > 2N orcuéros,
gTo0BI 3¢ dekTuBHOEe yBenmuenne OCII cocramisuio
He MeHbIne 3-x 1b.

Puc.

(1]
(2]

(3]
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Cexuyst 2:
HpI/I6OPOCTp06HI/I€
1 r=
=09
: r=10.23
E 0.8 r=10.5
=
I
=]
as] 4
0.6 : ]
-0.5 V] 0.5 1 1.5
¥ron NpHxo/1a CHrHana (Tpaxychl)
I R ey e e L B ph =1
——ph=0.5
E ph=03
208 ——ph=0.1
=
I
=]
o ;
0.6 : ]
-0.5 V] 0.5 1 1.5
Vror OpHKoa CHrHAIA (TPagychl)
| PR R R T R v ——QCIII = 13 AB
——OCIII = 18 AB
E OCII = 25 nb
= 0.8 — OCIII = 30 oAb
=
I
=1
o
0.6 1
0.5 0 0.5 1 15
¥ron NpHxo/1a CHrHana (Tpaxychl)
1 T T T —K=1
—K=32
E‘ K =100
ER e & [0 USTITSOOOOIIY; GUSTTITOON WL OO oo K = 200
=
g
=1
Jux}
[0 7/ 27 5V AU ST RUSSNOON NOTTRNS. WU, V1. NSRS S J

0.5 15
Vrom NpHxoAa CHIHaTa (TPagycel)
Puc. 2. Cepxy-BHuU3: BiustHAE K03 DUIIIeHTa
KOPPETSINK CUTHAJIOB I, a30BbIX OMTHOOK B
npuémusix kananax ph (°), OCIL u konuyecTra

OTCU€TOB YCpCaAHCHUA K na PE3YyJIbTAaThl OLICHOK

-0.5

YTJIOBBIX KoopauHart neneit merogom MUSIC

-1.5

-1 -0.5 V] 0.5 1
VroM NpHKoAa CHIHATA (TPaTyCchl)

3. Pe3ynbTaThl MHOTOKPATHOW OLIEHKHU YTJIOBBIX
KoopauHart neneit merogqom MUSIC
(OCII 30 ab, r = 0.5, ph =0.1°, K =200)

1.5 2
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Ion BJIaYKHOCTBIO BO3/yXa MOHUMAIOT
KOJIMYECTBO COJIeprKalleiicss B HeM Bilaru. BrnakHocTb
HE TOJBHKO OIpenenseT KOM(OPTHOCTh aTMOCQEpHI
MTOMEIICHNH, HO U SIBJIAETCSA BAXXHBIM 3KOJOTHIECKAM
MoKaszaTeaeM. BIaXHOCTP OKa3bIBAaET CEPHE3HOE
BIMSHUE Ha 370pOBbE M OOIEe SMOLHOHATIBHOE
coctosiare. CIMIIKOM BBICOKAs BIIaXXHOCTb MOJKET
TIPUBECTH K YBEJIHUCHHIO OHMONIOTHIECKUX
3arpsi3HUTENCH, TakuX Kak IUIeceHb, OaKTepHH,
BUPYCHI, TPUOKH U TBUIEBBIE KJIEIH, KOTOPbIE MOTYT
BBI3BAaTh QJJICPTHUIO W pPa3lIMuHble PECHHPAaTOPHBIC
3a0oneBanus. Take OHA MOXET CTaTh HPUYUHOIM
apTpUTa, TOBBIIICHUS YCTAIOCTH W  MUTPEHHU.
OCOOEHHO  CWJIBHO  pEarupyroT Ha  BBICOKYIO
BIIQXKHOCTh OOJIbHBIE THIIEPTOHUYECKOH OO0JIE3HBIO,
aTEepOCKIICPO30M, JIIOJIM C Pa3IMuHBIMH CEpACYHO-
COCYAMCTHIMHU 3a00neBanusiMu. [Ipn critbHO BiaXkKHOM
Bo3ayxe (80...95%) BO3MOXHBI OOOCTpeHHS U
npuctynsl. [Ipu TemmepaType OKpy)Karomed cpembl
+25°C u BBIIIE U OJHOBPEMEHHO BIIAXXHOM BO3IyXe
HapymaeTcs OT[aya Tella C MOBEPXHOCTH KOXH, H
OpraHu3M MOXeT meperperses [1].

PernTpb Bce 3TH POOIIEMbI TOMOTAIOT OCYIINTEIH
Bo3nyxa. [IpuOopsl, OCHOBaHHBbIE Ha Pa3JIUYHBIX
(¢u3nyeckUx ~ NPUHIMIAX,  [OMOTYT  CHHU3UTh
BJI&KHOCTh BO3/yXa B IIOMELICHHH, aBTOMAaTHYECKH
MOJIePKUBATh KOM(OPTHBIE YCIOBUS OKpY)Karomei
cpenpl. Ocymmrenu Bo3ayxa OBIBAIOT — YeTHIpEX
OCHOBHBIX THIIOB: aJICOPOLIMOHHbIE, KOMIPECCOPHEIE,
pOTOpHBIE U ocylIuTeNu Ha dnemente IlensToe [1].
AZCOpOLIMOHHBIE  OCYIINTENH CcojaepXar B cebe
CTIEIHUATbHOE BEIIECTBO — aACOPOEHT, KOTOpoe
CIIOCOOHO TOTJIONIATh BJIAry M3 BosAyxa. Ilpmuem,
YeM BBIIIE BIAXKHOCTb, TEM AaKTHBHEE OYyIeT HATH
3T0T mpomecc. IIpubopsl HE HMEIOT MOABHMKHBIX
gacTel, He TOTPEOIIIOT SIEKTPOIHEPTHH, a0COIIOTHO
OeciryMHBI B paboTe W O€30TaCHBI B IKCILTyaTalluu.
OpnHako 3TH IpUOOPHI UMEIOT psiji HeAOCTAaTKOB. Tak,
KOJINYECTBO TOTJIOIAeMON BIard O4eHb HEBEJIMKO, a
caM aicopOEHT UMeET CBOIICTBO HACHIIAThCS BJIATOM,
B pe3ylabTaTe YEro ero CHocoOHOCTh IMOTJIONIATh
BJary TOHWXKaeTcs. B  mogoOHbIX  mpubopax,
agcopOeHT MO0 3aMEHSAIOT Ha HOBEIM, JHOO
«3apspKaroT», TeM WM HWHBIM CIIOCOOOM  «BBIIEIISIS)
13 HETO BJary oOpaTHO B OKPYXaIOIIyIo cpeny. Tem
HE  MeHee, TMOJOOHBIE  MPHOOPHI  IIMPOKO
MIPUMEHSIOTCS UT HeOOMBIINX moMerIeHui [ 1].

B xomrmpeccopHble (McmapuTenbHbIe). BrakHbIiH
BO3JlyX W3 IIOMEIICHHs HAIPaBIsSETCS Ha CHIIBHO

OXJIaXKICHHYIO MOBEPXHOCTh  —  HCTApUTENb
(oxmaXJIeHHBI paauaTop), Ha KOTOPOM BIara,
colepxamasics B BO3IyXe, KOHICHCHpYeTCs, W,

BIOCJIEACTBHUU, CTCKACT B CICHHAJIBHYIO C€MKOCTD.

Janee BO3myX NPOXOAWT 4Uepe3 KOHICHCATOp —
HarpeTblii paguaTop — M IIOCTyNaeT oOpaTHO B
MoMeIeHre. ITO HYKHO ISl TOT0, 4TOOBI TprOOp HE
oxnaxnan momenieHne. OXIaXmaeTcss HCIApHUTENh
TaK k€, KaK 3TO IPOUCXOJUT B OOBIYHOM OBITOBOM
XOJIOIUIIbHUKE (raz-xmamareHT CKHMAETCSI
KOMIIPECCOPOM U HaIpaBIIsieTCs B HCIAPUTENb, TIE,
IPU PE3KOM pACIIUPEHHH, oXmaxiaercs)). Takue
IpudopsI 00OBIYHO obJaatoT BBICOKOI1
3¢ PEKTUBHOCTHIO OCYLIEHUsI — JI0 JIECATKOB (M Jaxke
COTEH B NPOMBIIUICHHBIX MOJIEINSX) JINTPOB B CYTKH,
YacTO KOMIUIEKTYIOTCSI BCTPOCHHBIMH THUTPOCTATAMH
(mpubopamu, yrpasislFOLIMMU pabOTOI OCyIINTENS, B
3aBUCHMOCTH OT BIaXHOCTH). OJHAaKO OHU HMMEIOT
JIOCTATOYHO OOJIbIIINE rabapuTHI "
sHepromorpebienue [1].

PoTopaBIe ancopOIMOHHBIE MPHOOPHI SBIAIOTCS
JOCTaTOYHO  HOBBIM  KJIACCOM  OCYIIHUTENEH,
KOMOMHHUPYIOIMH, B HEKOTOPOM CMBbICIIE, TIPUHIIUIIE]
pabotel  aByx mpeapinymmx. [Ipubop  mmeer
MEIUICHHO ~ BPALAIONIMACS  POTOp, 3aIrlOJHEHHBIN
azicopObeHTOM (BEIIeCTBOM, MOTJOMIAIONINM BJary u3
Bo3ayxa). Uepe3 poTop IMpoayBaeTcs JBa IOTOKa
BO3/1yxa. BnakHblil BO3ayX U3 MOMENIEHUS MPOXOIUT
4yepe3 OOJIBIIYI0 YacTh MOBEPXHOCTU poTopa (85%) u
OTZAAeT BIAry ajacopOeHTy, B 00paTHOM HalpaBIeHUH
yepe3 MEHBIIYI0 4YacTb IIOBEPXHOCTH  pOTOpa
MpOyBaeTcss MOAOTPETHI  BO3AYX pereHepanuy,
KOTOpHIH OTOmpaer Biary y azacopOeHra. JlaHHbIE
puOOpHl PabOTAIOT HECKOJBKO THIIE W MOTPEOIIIOT
MEHBIIE 3HEPTUH, YeM KOMIIpeccopHble [1].

Ocymureny, OCHOBaHHbIE HA  TEXHOJIOTHH
Ilemptee. D10 —  mpuOOpHEI,  AHAIOTUYHEIC
NpeAbIAYIIAM, 32 TeM HCKIIOUYEHHEM, YTO BMECTO
UCTIApUTENsl B HUX MPUCYTCTBYET diieMeHT [lenbThe

— 3TO TEpPMOANIEKTPUUYECKHH TMpeodpa3oBares,
MIPUHINN JeHCTBHS KoToporo Oasupyetcs Ha addekre
[lenbTbe — BO3ZHMKHOBEHWH Pa3HOCTH TEMIIEPATYp

MPU TPOTEKAHUH SJICKTPUUCCKOro TOKa. IIpnOOpEI
CYIICCTBEHHO THIIIE KOMIIPECCOPHBIX, HO OOJIAaroT
HeO0BII0H 3 ()EKTUBHOCTHIO OCYIICHHUS.

B pabora oamemenra IlenbThe OCHOBaHa Ha
KOHTAKTE JIByX MPOBO/SIIMX MaTePHAIOB C pPa3HBIMH
YPOBHSIMH ~ SHEPTrUM  DJIEKTPOHOB B 30HE
npoBoauMocTH. [Ipy MPOTEeKaHUH TOKA Yepe3 KOHTAKT
TaKUX MaTEPHANIOB, 3JIEKTPOH MPHOOPETaeT IHEPTHIO,
HE00XOIUMYIO IS epexoaa B Ooiee
BBICOKOOHEPT€THYECKYIO 30HY JPYroro
MOJynpoBoaHUKA. OXJIaXICHUE MOJIYIPOBOIHUKA
MPOUCXOJUT 33 CYET MOIJIOIICHHS 3TOW DHEPruu. A
HarpeBaHHWE MeCTa KOHTaKTa IOJIYIPOBOIHUKOB
MPOUCXOJUT 3a CUET MPOTCKAHHS TOKa B OOpaTHOM
HATpaBJICHUH.
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B cocraB snementa IlenbThe BXOAUT HCCKOJIBKO
nap mNOJYOpOBOJAHUKOBBIX MapaulejJenuneaoB —
OJHOTO N-THUIIAa U p-THUIIA B IMap€, COCAWMHCHHBIX IIPU
TTOMOIIMN METATINTMYCCKUX MEPEMBIUCK. B toxe BpEMsA

METaJITMYECKHE HEPEMBIUKH SIBIISIFOTCS
TEPMHYECKUMH  KOHTaKTaMH ¥ H30JMPOBAHEI
HENPOBOISAIIEH  IUIEHKOM  WMIM  KEpaMH4YECKOH

mIacTUHKOU. [lapel MOTyNPOBOIHUKOB COEAMHSIIOTCS
TakuM 00pa3oM, 4To 00pa3yeTcs MOCIeaI0BaTeIbHOS
COCJUHCHUC MHOT'HUX nap C PasHbIM TUIIOM
NPOBOJIMMOCTH,  YTOOBI ~ BBEpXy OBbUIM  OJHH
MOCJIe0BATEIbHOCTH COEMUHEHUH (Nn->p), a CHHU3Y
TPOTHBOIIONOKHBIE (p->n). Yepes BCE
napauieNenuneaspl  MOCIeA0BaTeIbHO — MPOTEKaeT
ANEKTPUUYECKUI TOK. B 3aBUCHMOCTH OT HarpaBIICHUS
TOKa OJHA W3 CTOPOH »dyeMeHTa llembThe
OXJNIaXXJIaeTcs, a Jpyras HarpeBaercsa. Takum
00pa3oM, 3JEKTPUUYSCKUN TOK MEPEHOCHT TEIUIO C
OITHOH CTOPOHBI JJIEMEHTa [enbTHE Ha
MIPOTHBOIIONIOKHYIO U CO3MAaET Pa3HOCTH TEMIIEPaTyp

[2].

Ecimn  oxmakgaTh  HarpeBarollylocs  CTOPOHY
anementa [ledpThe, HampuMep, TNPH  TOMOIIH
pammaTopa M BEHTWIATOpPa, TO  TeMIeparypa

XOJIOJHOM CTOPOHBI CTaHOBUTCSA emé Huwke. B
OJHOCTYIEHYAThIX JJEMEHTAaX, B 3aBUCHUMOCTU OT
TUIA JJIE€MEHTa W BEJIMYMHBI TOKa, pPa3HOCTb
TeMIlepaTyp MOXKET JOCTHraTh npuonmsutenasHo 60-
70 K.

Ha puc.l mnpuBeneHa, mpemIoKeHHast
CTPYKTYpHasl CXeMa OCYIIUTEIS BO3AyXa.
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Puc.1 cTpykTypHas cxema oCyluTeNs BO31yXa,
rae BUII — BcmoMoraTeabHbIM UCTOYHUK ITUTAHMS,
MK — MUKPOKOHTpOJLIIED.

VerpoiictBo moctpoeHo Ha moxayie IlempThe
TEC1-12706 ¢ MakCHUMaJbHBIM TPaJUCHTOM
Temreparypel — 66 K. Perymupyemsbrii ucTOYHHK
TOKa, YIIpaBIseTCS c TIOMOIIBIO
MUKpOKOHTpouiepa  cemeiictBa ~ STM32F100.
BenuunHa BBIXOZHOTO TOKa 3a/aeT TPAJUCHT
temnepatyp Ha moxayne llembthe. Jlns addexra

OCYIICHUS  BO3llyXa, HEOOXOAMMO  JTOOUTHCS
JOCTIDKCHHSI HAa XOJOJHOM CTOPOHE MOAYIS
TEMIIEPaTypbl, KOTOPOH COOTBETCTBYET TOYKa

POCHL, T.€. TEeMIIepaTyphl, IpU KOTOPOH Biiara Oyner
KOH/ICHCUPOBATbCS U CTEKATh BO BIArONPUEMHHK U

Ceknus 2:
[Ipubopocrpoenue

3aBUCHT OT TEMIIEPATYpPhl OKPYXKAloIIeH cpeasl u
BJIOXHOCTH  BO3Iyxa B  momemieHun. s
OTCIIC)KMBAHUS 3THUX MapaMETPOB HCIIOIB3YIOTCS
matuuk  Temmeparypel DS18B20 u  mardwmk
BJIQXHOCTH, TOKAa3aHHs JAaTYUKOB BBIBOJATCS HA
mucruiet. [To obenm cropoHam Mmomyns IlenmbThe
TaK JK€ pACIOJIOKCHBI JaTYMKH TEMIICPATYPHL.
Takum 00pazoM, MOXHO OyIeT MPEIOTBPATHTH
TeperpeBanus ropsueii cTopoHsl Moyis [lenbTbe
U OXJIQKICHUS XOJIOJHOH CTOPOHBI MOIYIS, HIDKE
TOYKH POCBHl, YTO B CBOIO O4Yepeob IMOMOXKET
yBeNIMIUTh  3HeproddpdexkTuBHOCTH  TpUOOpA.
PerynupoBaTts Temmeparypy XOJIOZHOW CTOPOHBI
MOYKHO C TIOMOIIBIO TPAIMCHTA TEMIIEPATYP MEKIY
JIBYMS CTOPOHAMH MOMYJIS, WU3MEHSSI BEIUYHUHY
TOKa IMIpoTeKaromero uepe3 sneMeHT [lembThe,
nub0 perymupys HWHTEHCHBHOCTh —OXJIAXKIICHHS
TOpSTYCH CTOPOHBIL.

Tak ke B HEMIX OSKOHOMHH, OCYIIHTEIIO
MOXHO  3aJaTh  BEJIMYMHY  OTHOCHTEIBHOMN
BJIQXHOCTH, TIO JOCTHXKCHUIO KOTOPOW, OCHOBHAsS
9HEepronoTpeOIIsromas 4acte OyneT OTKIoYeHa, U
yCTpoiicTBO  OymeT HaXOOUTBCSI B  PEKUME
MOHUTOPUHTA OKpYyXKaromed cpensl. B cimydae
MIPEBBIIICHUST 33JJaHHON BJIAXXHOCTH yCTPOMCTBO
BO300OHOBUT  paboOTy, ¢ [EIbI0  CHIDKEHHS
BJIQXXHOCTH B IOMEIICHUH.

TakuM 00pa3oM, TPEIIOKESHHBINA OCYIIUTEIb
BO3[yXa TIO3BOJIUT S(PQPEKTHBHO IPOU3BOAMTH
OCyIIeHHE B OBITOBBIX YCIOBHUSX (B HEOONBIIUX
nomemenusax). llpu 3ToM 3a cueT BBeAEHUA
JOMOTHATENBHBIX JaTYMKOB TEMIEpaTypsl mpudop
MIO3BOJISICT TIO[UICPKMBATh ONTHMAIIBHBIN PEXXUM
paboTHI B 3aBUCHMOCTH OT TEMIIEPATYPhI BO3IyXa U
BIAXHOCTH B  TOMEIICHUH. TeM  caMbIM
obecrnieunBaeTcs SHEProdPeKTUBHOCTH MPUOOpA.

Paboma BbINOIHEHA npu noooepaicke
Munucmepcmea obpaszosanus u Hayku Poccuiickoii
Deodepayuu, I'oczadanue Ne5.1307.2014.
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2. Nodpde, A.D. [TomynpoBOAHUKOBEIE
tepmoaniemenTsl. —-M: M3n-B0 AH CCCP, 1960. —
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Ceknus 2:
[Ipubopocrpoenue

PABPABOTKA CUCTEMbI ASUMYTAJIBHOU KOPPEKIIUA TPEXOCHOI'O
I'NMPOCTABUJIN3ATOPA ®OTOKAMEPHI JIJIsA IPOBEJIEHUSA
OPTO®POTOCBEMKHA
Hryen Your Uen
Hayunsiit pyxoBoautens: bensnun JI. H., K.T.H., To1eHT
Tomckuit monmTexHUueckuit yausepcuret, 634050, Poccus, r. Tomck, nip. Jlenuna, 30
E-mail: trongyen_bn_87@yahoo.com

Ha xadenpe tounoro npubopocrpoennst HK TITY
paspabatbiBaeTcsi  TPEXOCHBIH  TMPOCTaOMIIN3aTOP
(I'C) dporoxameps! [uts IpoBesieHNsT OPTOPOTOCHEMKH
C JErKWX WU CBEPXJIETKHX JIETATCNBHBIX allapaToB
(JIA). B nmpubope peann3oBaH IPUHIHI IBYXCTYIICH-
yaTtoil crabmmm3ammu, korga oxHoocHed ['C ycra-
HaBJIMBACTCSI Ha CTAOMIM3MPOBAHHONH B IUIOCKOCTH
ropm3oHTa pame. OcoOEHHOCTPIO KOHCTPYKIIMH pas-
pabateiBaemoro I'C sBisleTcss yCTaHOBKa €ro ILIaT-
(¢bopMBI Ha paMe C MOMOUIBIO OJHOTO INAPUKOIOI-
mmnanka A700084 obnerdyeHHoi cepun ¢ OOJBLIMM
MOCaJ0YHBIM THaMETPOM BHYTpeHHero koibia (120
MM). Takoe pelieHne NPOJUKTOBAHO HEOOXOIUMO-
CTBIO coXpaHuTh B 1ieHTpe I'C cBoOOgHOE MpOCTpaH-
CTBO JUIS pa3MEIICHHUs TaM 00BEKTHBA (POTOKAMEDHI.

[Tpubop nomxen obGecrieynBaTh B MPOLECCE ad3po-
(hOTOCHEMKHN CTAOMITU3AIMIO ONTHYECKOH OCH O0BEK-
THBA B BEPTHKAIBHOM ITOJO0KEHHH, a TaKKe CTaOWIu-
3anuio (oToKkaMephsl B a3MMyTe OTHOCHTENHHO IUIOC-
KoCTH reorpaguueckoro mepunuana. Ilpuuém, momxk-
Ha OBITHh oOecrmeueHa BO3MOXHOCTh H3MEHEHHS C
MyJbTa YHpaBlICHUs OPHEHTAMH OcH (OTOCHHMKA B
azuMyTe M BU3yanu3alus (akTUUECKOro 3HauCHHs
yIiIa, XapakTepH3YIOUIeTOo JTy OpHeHTanuio. [l
obecriedeHnss NepednciIeHHbIX Bbime ¢yHknnid 1'C
JIOJDKEH WMETh CHCTeMY a3MMYTallbHOW KOPPEKLNH
(CAK), mpemHa3HauYCHHYIO IJIT aBTOMATHYCCKOU BBI-
JICP)KKH  OTIPEJECJICHHOTO 3aJaHHOTO HaIlpaBJICHUS
aThopMel crabuinmsaropa B asumyte. IlomoGHbIE
cHCTeMBl (haKTHYECKH HCIIONB3YIOTCS BO BCEX CaMo-
JETHBIX KYpCOBBIX cucTeMax [1], a Takke BO MHOTHX
peaM30BaHHBIX TPEXOCHBIX THpoOcTabMIIM3aTopax.
Anamm3 cymectByfomux CAK  rupockommaecknx
npuOOPOB M CHCTEM, a TaKXKe CTpeMJieHHe obecrie-
YUTh BBINOJHEHNE YKA3aHHBIX BBIIIE JOMOIHHUTENb-
HBIX (YHKIOUH ITO3BOJIMIA COCTaBUTH OOOOMIEHHYIO
CTPYKTYPHYIO CXEMYy CHCTEMBI a3UMYTalbHOH KOp-
pexumu I'C, npesncraBieHHyo Ha puc. 1.

Puc. 1 - Ctpykrypnas cxema CAK tpexocnoro I'C

PexxnM a3uMyTaibHONM KOPPEKIMU 3aKII0YaeTCs B
cienyronieM. MaruutHeiid gatauk (M) wm3mepsier
Yroia MEXAYy TOPH30HTAIBHBIMH HPOEKLHSIMU IIPO-
IonpHOM ocu JIA M BeKTOpa HANpsSHKCHHOCTH Mar-
HUTHOTO MOJSI 3€MJIH, TAaKXKE SIBIAIOMIMICA yIJIOM
noBopota pamsl I'C OTHOCHTENBPHO HampaBlICHHUS Ha
marauTHEI CeBep. Jatunk yrma (V) u3mepser yron
MOBOPOTHI TIAT(GOPMBI OTHOCUTEIHHO pambl. CHUTHAI

MarHUTHOTO JaT4MKa CyMMHpPYETCd C CUTHAJOM, Xa-
PaKTEpU3YyIOUUM BEIMYHHY MAarHUTHOTO CKJIOHEHUS
D. Takum obpa3om GopMupyeTcst CHUrHal, XapakTepu-
3YIOIUH NOJIO)KEHUE paMbl M NPoaoJbHOM ocu JIA B
a3UMyT€ OTHOCHTENIBHO IUIOCKOCTH TeorpauIecKkoro
MEpHUINaHa, T.C., XapaKTePU3YIOUIMHA Yol PhICKaHHA
{7 . Ilocie BBIMMTaHMS M3 3TOTO CUTHANA CHTHAJA C

JlaT4MKa yria IoJlydaeM CHUrHajl, XapaKTepH3YIOIunil
Yroj paccorjiacoBaHUsl MEXAY IOJIOXKEHHEM ILIaT-
(OpMBI M TIJIOCKOCTH TI'eorpa)uuecKoro MepHJfaHa.
OOHysneHue 3TOro CHrHajga 3aMKHYTOH CHCTEMOM
KOPPEKIMH MPHUBEAET K TOMY, 4TO Iatdopma, GpoTo-
KaMepa M, B 9aCTHOCTH, Och ()OTOCHHMKA OyAyT CTa-
OMITM3MPOBAHEl B HAIPABICHWH Ha TeorpadudecKuii
Ceep. /[ma obecreueHuss TpeOyeMoro asmMyTa
miaTopMbl U (poTokaMephl B cxeme Ha puc.l BBeIEH
JIOTIONTHUTENBHBI CyMMAaTOp, Ha KOTOPBIM IOJAeTCst
CHTHAJ, XapaKTepU3YIOIUi TpeOyeMy0 OpHEHTAIHIO
IaTGOpPMbI B a3UMyTe g, . CHrHAN ¢ BbIXO/Ia CyMMa-

Topa ycunuBaercs ycunureneM YC U mocTymaer Ha
matauk MoMeHTa JIM, co3paronuii MOMeHT M, BO-
KPYT OCH IIPELECCUU THPOCKOTIA.

3amadeil gaHHOW PaOOTHI SBJISETCS MOUCK OITH-
MaJbHON C MO3ULMHU NPOCTOTHI PeaM3allud U Macco-
rabapUTHBIX XapaKTePUCTHK (YHKIHOHAJIHHOHN cxe-
Mer CAK gannoro I'C.

IIpoGmema cOCTOUT B TOM, UTO OCOOCHHOCTH KOH-
crpykmuu ['C, oTMeUYeHHBIE BO BBOJHOHM YacTH JaH-
HOW CTaThbW HE TMO3BOJIIIOT HCIIONB30BaTh B CHCTEME
KOPPEKIMH JOCTYIHBbIE OJJHOOOOPOTHBIE aHAJIOTOBbIE
i M poBbie IpeodpazoBareny yria. JIornyHeM U,
MO-CYIECTBY, €IMHCTBEHHBIM pEIICHHEM IPOOIEeMBbI
SIBIISICTCS. MCIIOJIb30BAaHHE MHOI000OPOTHOTO MpeoO-
pasoBatens yron — Im@poBoil Kox (IHKOmepa), Ha
BaJly KOTOPOTO 3aKpeIuieHO 3y0uaToe KOoJIeco, BXO-
JsIIee B 3allelUICHUE C MIeCTepHEH OOJBIIOro aua-
MeTpa Ha TaTgopme.

B kadecTBe MarHUTHOTO AaTYHWKA B KYPCOBBIX CH-
CTeMax IIMPOKO IMPUMCHSIOTCS WHIYKIIMOHHEIC TPEX-
30HJ0BbIE JTHO0 JBYXx30H10BbIe matuuku (M[I) [1]. B
JTAHHOM ciy4ae ObLT BBIOpaH ABY30HIOBEIN W]l Tma
WNN-6 cepusl, cepuiiHo mpomsBoauMbiii B Poccum.
UyBCTBUTEIBHBIM 3JIEMEHTOM IIOCICAHETO SBIISIOTCS
JBa B3aUMHO NEPHECHIUKYISAPHBIX An(epeHnais-
HBIX (heppo30HAa.

B xagecTBe rupockona ObIT BEIOpaH TUPOY3€ET TH-
na ['YA-2]I, mo ocu mojBeca KOTOPOTO YCTaHOBJICH
WHIYKIHOHHBIA paMOYHBIN naTunk MoMeHTa [2]. [Ipu
9TOM TOCIICAHUH MEepPeBEAEH B pEXKUM pabOTHI Ha TO-
CTOSIHHOM TOKE.
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Takum 0oOpazom, B cucTeMe HMCHOJIB3YIOTCS LU-
poBoit JIY, aHanoroBslii MAarHUTHBIA JAaTYUK Kypca U
AHAJIOTOBBIM JaTYMK MOMEHTa. B pesynbTare 3TOTrO
co3janach HETHNUYHAs CUTyarws.. Hmxke mpemtosxke-
Hbl HECKOJIbKO BApHUAaHTOB PEIIECHUN BO3HMKAIOLIECH
poOIEeMEI.

Iepsuwuii 6apuanm. TlpeoOpasyem 1udpoBoit Kox
Ha BBIXOJIC SHKOJEpa B aHAJIOTOBBI CHTHAJI C TIOMO-
el 1udpo-anagorosoro mpeobdbpaszosatens (ITAILD).
Torpma cucrema Oyaer paboTaTh TOJIBKO C aHAJIOIO-
BbIMHU cHTHasamH. IIpu 3TOM, Kak mpaBHJIO, INpHMe-
HSETCSl JOTIOJIHUTENLHBIN KOPPEKIIMOHHBIA MEXaHU3M
[1], exmrouatomuii CKBT u gpyrue 3aeKTpoMexaHH-
YecKHe JIEMEHTHL. B pesynbrare ycloHseTcs KOH-
CTPYKLIMSI, a TaKXe YXyIIIAITcs MaccorabapuTHBIE
XapaKTEepUCTHKU cTabmiIn3aTopa.

Bmopoii sapuanm. TIpeoOpazyeM 1Ba aHAIOTOBBIX
curHana WUJ{ B oguH mU(PpPOBOH, XapaKTEPH3YIOMIHA
yroJI, ONpPENEISIIONINA OPUEHTAINI0 B a3UMyTe KOp-
myca gaTyuka. [y 3Toro curHanbHbele 0OMOTKH (ep-
PO30HAOB BKIIOYMM TII0 cXeMe (a3oBpamaTess.
CaBur aspl MoJy4eHHOTO TakMM 00pa3oM CHrHaja
[0 OTHOWICHHIO K HEKOTOPOMY OIOPHOMY CHTHAIy
MPOTIOPLIMOHANIEH H3MepsieMoMy yriay. Takoe pere-
HHE PEaJM30BaHO B  HENPEPHIBHOM LU(PPOBOM HH-
winHomeTpe MH1-721 [3], a Takke B MarHUTOMET-
pUYECKOM MHOTOTOYEeYHOM HHKJIMHOMeTpe MMMM
73-120/60 [4]. CnmBur ¢assl, a, Mo-CyIIecTBY, Bpe-
MEHHOW HWHTEpBaJ, Npeodpa3yercsi CHadaja B IIPO-
MOPLHOHAIBHOE €My YMCIO HMMIYJbCOB, a 3aTeM, C
TIOMOIIBIO JBOMYHOTO CUETYHKA — B ABOMYHBINA KoJI. B
3TOM ClTydae BCe ONepanuy CyMMHpPOBaHHS Ha puc. |
JIOJDKHBI BBITIOJHATECS B IU(POBOM BapHaHTE, a BbI-
XOIHON IM(POBON CHUTHAN IIOCIETHEr0 CyMMaTopa
JIOJDKEH OBITH MTPe0O0pa30BaH B aHAIOTOBHIH.

Tpemuti sapuanm. IIpeobpa3yemM aHAIOTOBBIE BEI-
XOJHBIE CHTHAJIBI CHTHAJIBHBIX 00MoTOK M/, mporop-
LMOHAJIbHBIE JBYM TOPU30HTAJIBHBIM MPOEKLHUSIM
MarHUTHOTO MoJii 3eMIIM, a MMEHHO, MpPOMOPLHO-
HaJbHbIE CHHYCY M KOCHHYCY YIiia y,, B IU(pPOBBIE

KOJIBI ¢ TIOMOIIIBIO aHAJIOT0 — MU(POBOTO Mpeodpas3o-
Bartens (ALIT). [TomygeHHble KOIBI TOAATUM Ha MUK-
ponpoueccop MII. [Mocneauuii n0JKEH BBIMOJHATH

ciaemyromue (YHKIMM: BBIYMCIECHHE Yria Yf,, IO

YHUCIICHHBIM 3HAYEHHUAM JBYX MPOEKIUH 1O COOTBET-
CTBYIOLIEMY AJITOPUTMY; BBIIIOJIHEHHE CYMMHUPOBAHHUS
MOCJIEJHETO C BBIXOJHBIM KOJOM 3HKOZEpa, a TaKkKe
C KOJ[AMHU, COOTBETCTBYIOIIUMU MarHUTHOMY CKJIOHE-
HUIO U 33/IaHHOMY YIJIy a3UMYyTa IUIaT(OpPMBI; BbIBE-
JICHUE 3Ha4YeHHs (PaKTHYECKOro a3uMyTa IIaT(hopMbl
Ha UHAMKATOp. BBIXOAHOW IU(POBOI KO MUKPOIIPO-
neccopa mnpeoOpa3yeTcss B aHAJIOTOBBIH CUTHAJ, MHO-
CTYMalLUNA Ha BXOX ycuiuTens. JlaHHBIM BapuaHT
3HAYUTENBHO MPOLIE B PEANU3alMU [0 CPABHEHHIO C
BTOPBIM, TIOCKOJIBKY HE TpeOyeT (popMupoBaHus crie-
LMAJIBHOTO OMOPHOTO CHUTHAJa U MOXET 00ecrednTh
KBa3WHETIPEPBIBHBIA PEKUM pabOThl CHUCTEMBI KOp-
pexuuu [3, 4].

Ceknus 2:
[Ipubopocrpoenue

OynkiuoHaneHas cxema CAK, moctpoeHHOH 1o
TpeTbeMy BapUaHTy IpeACTaBlcHa Ha puc. 2. ['enepa-
Top I Coty’kuT 11 MUTAaHKUS WHAYKIMOHHOTO JAaTYHKa
W]l a Takxke AT CO3MAHUS OIOPHOTO HAIPSIKEHHS
it nemonynsatopoB M1, IM2. CurHansl iepeMeH-
HOTO TOKa Ha HECYIIEH YacTOTe C BBIXOJA CHUTHAIIb-
HBIX 00MoTOK WMJI, mponopunoHanbHbIE CHHYCY H

KOCHHYCY yTIJja y/_“, MPOXOAAT YCPE3 ACMOAYJIATOPLI

JAM1, IM2 (pa3ouyBcTBUTEIBHBIC BBHIIPSIMHUTEINHN), B
pe3yspTaTe 4ero mpeoOpasyroTcs B CHIHAJIBI MOCTO-
SHHOTO TOKa. IloydeHHBIE CHTHANBI MOCTYMArOT Ha
ATl ynpasnsemsrii MII. Ha Beixone ALII nomyua-
I0TCSL JIBOMYHBIE KOJbl, ocTynaromue Ha MII, B ko-
TOPOM BBINOJIHSAIOTCSI MAaTEMaTHUECKUE BBIUUCIICHHUS,
oToOpakaeMble YCIOBHO OJIOKAMH M CYMMaTOpamMH
(puc. 2). brok Beuucnenus bB Bbruncnsger apkran-
TeHC OTHOIICHUS KOJAOB, COOTBETCTBYIOIIUX CUHYCY

u Kocunycy yria ¥, . IToay4eHHBI KO CyMMUPYET-

s C KOJIOM, COOTBETCTBYIOIIMM 3HAYEHUIO MATHUTHO-
ro ckinoHeHus D, moiydyeHHOMY OT 3ajgaTyMka Mar-
HutHoro ckjoneHusi 3MC. Jlanee, mocie BbIYUTAHUS
BBIXOJIHOT'O KOJia dHKoJepa OyleT MOoiydeH KOJ Te-
KYIIETo a3uMyTa IUIATGOPMBI, KOTOPHIH BBEIBOJIUTCS
Ha uHaukatop asumyra MA. Kon tekymiero 3HaueHust
azuMyTa IIaTGOPMBI CyMMHPYETCS C KOIOM, COOT-
BETCTBYIOIIMM €r0 3aJaHHOMY 3HAUEHHIO, IONTydeH-
HOMY OT 3ajaTdnka a3umyTa 3A. B pesymerate Ha
Bbixoge MII Oynmer mudpoBOH KO, COOTBETCTBYIO-
MK OTKIIOHEHHIO TIAT(GOPMBI OT 33aHHOTO HaIpaB-
nenus B azumyte. C MOMOIIbI0 Tpeodpa3oBaTes KO-
Hanpsokenue IIKH wuTtoroBoii kojg mpeoOpasyercs B
AQHAJIOTOBBIHM CHUTHAJ, MOCTYNAIOUIUN Yepe3 yCUIUTENb
Ha OOMOTKY yHpaBleHHs AaT4rKa MoMeHTa JIM.

1]

D2

M

Puc.2 — ®ynknunonanmsHas cxema CAK I'C

Tpernii BapuaHT OyaeT peanm30BaH B JKCIIEPH-
MeHTabHOM obpa3siie I'C.

Jlurepartypa
1. Bormanuenko H. M. xypcoBbIe CHCTEMBI I HABHTA-
OMOHHBIC BBIYHCIUTEIH CaMOJIETOB TPaKTAHCKOM
aBuanuu. — M: Tpancnopr, 1978. -271 c.
2. Hryen Yonr Hen. Pa3paboTka ycTpoiicTBa mepesa-
9i TUTAaHUS U UHQOpMAIMK Ha MIaThopMy TPEXOc-
HOro rupocradbminzaropa// CoBpeMEHHbIC TEXHHUKA U
TEXHOJIOTHH : COOpHUK TpyaoB XIX MexyHapo1HOM
HAayYHO-TIPAKTUYECKOH KOH(EPEHIIMH CTYJICHTOB,
aCIUPAHTOB U MOJIOABIX YYEHBIX, ToMck, 15-19 anpe-
a1 2013 . : B 3 1. / (TIIY) . — Tomck: U3n-Bo TITY,
2013.-T.1.-C.337-338.
3. Ucauenko B. X. HKIHHOMETpHUS CKBaXHH. — M.:
Henpa, 1987. - 216 c.
4. VIHKNMHOMETpP MarHUTOMETPHYECKHI MHOTOTOYeY-
Hblii UMMM 73-120/60: TexHu4eckoe ONUCAHUE W
uHCTpyKLus 110 3xcmryaTannn ASK 1.000.018 TO.

126



XX MextyHapo/Hasi HayqdHO-TIpaKTHuecKast KOHQEepeHIHs

«COBPEMEHHBIE TEXHUKA 1 TEXHOJIOT M »

Ceknus 2:
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PA3PABOTKA YCTPOUCTBA JIsA ITOJIYYEHUSA BBICOKOBOJIBTHBIX
PA3PANOB IYTEM HU®POBOT'O YIIPABJIEHUA ITIEPEXO/IHBIMU
IHPOLECCAMMU BTOPOTI'O TIOPAIKA
Uypcwnn F0.A., Omonsckuit B.B.
Hayunsrit pykoBonutens: Uypcun FO.A., K.T.H, TOLIeHT
ToMCKUI OIUTEXHUYECKUA YHUBEPCUTET
E-mail: gorificator@gmail.com

Brenenne

B Hacrosmiee Bpems BBICOKOBOJBTHBIE Pa3psibl
HaxoJiT NpPUMEHEHHE B  Pa3IMYHBIX  OTpacisix
TEXHUKH: HMOHM3AIMsA  BO3AyXa, AePEKTOCKOIHS,
camoo0opoHa U T. 1. J{ist mpeoOpa3oBaHUsI HU3KOTO
HalpsDKCHUS B BBICOKOE IIPUMEHSIOTCA pa3IWYHbIC
CHOCOOBI: OT OJIOKMHT-TEHEPATOPOB A0 PE30HAHCHBIX
meneil. B maHHOMU cTaTthe OyaeT pacCMOTpEHa CHIIOBas
4acTh JJaOOPATOPHOTO CTEHIA CHUCTEMBI 3JIEKTPOHHOTO
3AKHUTAHUS.

CxeMa 3KCIepHMEHTA
Cxema dKCIIeprMeHTa [0Ka3aHa Ha pucyHke 1.

Puc.1. Cxema skcnepumenTa
JBuratens mnoctossHHOTO TOKa (1) wmMMuTHpyeT
BpAllleHHe [BHUTaTelsl BHYTPEHHEro Bo3ropaHms. Ha
0Ch 3aKpEIUICH JUCK C IIPOPE3sIMH, MPOXOMAIINN yepe3
nmatunk Xoiuta (3). [Ipu BparmmeHnn gaT4uK GUKCHUPYET

[NPOXOXKACHHE MPOPe3d W IOJaeT CHTHAJI Ha
muppoByr0  Yacth  (2)  YCTaHOBKH,  KOTOpas
BBICUMTHIBACT YACTOTY BPAIICHUS U B 3aBUCHMOCTH OT
Hee peryiupyeT UIMHY HMITYJbCa, MOJaBacMOro Ha
cuoBoii Tpausuctop IRGAPC50F[1]. IIpu oTkpeiTHH
TpaH3UCTOpa B CHUJIOBOM uactu (4) BO3HHKAIOT
HEePEXO/IHbIC MPOIIECCHI, KOTOPBIE OYAYT PACCMOTPEHBI
amwke. Ludposas yacte mnpubopa yrmpaBiseTcs
mukpormnporieccopom Stm32f103[2], nporpammMubIii KO
Obu1 HamucaH B cpene paspabotku |AR Embedded
Workbench[3].

Pacuer nepexonHbIX IPOLECCOB B 3JIEKTPOTEXHUKE
MPOM3BOJIUTCS 110 IBYM OCHOBHBIM (hOpMYyJIam:

I=c¥ v=r%[4]
dt dt

I'maBHOe crnencTBue, Ha KOTOPOM  CTPOUTCS
CUJIOBAsi 4YacTh: 4YeM ObICTpee M3MEHEHHE TOKa B
KaTylIke WHAYKTUBHOCTH, TEM Bbllle Ha HeH
HanpsbkeHue. llopsimok  mepexogHOro — mporecca
ONpenenseTcss KOJINIeCTBOM PEaKTHUBHBIX 2JIEMEHTOB B
menw. UYTOOBI TONYYHTH ONTHMAJBHBIA  CKadoK
HaNpsDKEHUS,, HYXHO IIOCTPOMTh LEMb HE HIDKE
BTOPOTO MOPSIIKA.

B ocHOBe CuIOBOM YacTHM JISKHUT KaTyllKa

saxuranust ot aBtromobuns ['A3-3110 [5], xortopas
mpeacTaBisieT coboi TpaHchopMmaTrop ¢ OONBIIAM
k03 puLreHTOM TpaHCHOpMaHH.

[MpuHuunuaneHas ~ cXxema  CHJIOBOM  4acTH
NpUBEJICHa Ha PUCYHKE 2.
+E +E
T1
UL ULz
) = Ck

}—.

VT1| ¢ C
ey M

R

Puc.2. IlpuHiunuanbHas cxema CHIOBOM 4acTH

[pu moayve ynpapIAONIETO UMITYJIbCA TPAH3UCTOP
MIEPEXOANT B PEXKHUM HACHIIICHUS U Yepe3 MepBUIHYIO
00MOTKY TpaHC(hOpMaTOpa HAYMHAET HApacTaTb TOK,
OTIMCHIBAEMBIH ypaBHEHUEM

—_——e L

l =
(t) R06 Ro6
I'me L — MHAYKTUBHOCTH MEPBUYHON 00MOTKH, R0OO

— aKTHBHOE COINPOTHBJICHHE MEPBUYHON 0OMOTKH. B
9TO JK€ BpeMs KOHACHCATOp pa3pshKaeTcs dYepes
pe3uctop R 10 HyneBOro HampsOKCHHS BCIICICTBHE
MaJoro  COmpoTHBICHUsA pe3ucropa (6.8  Owm).
TPAH3UCTOP 3aKPHIBACTCS, UHIYKTHBHOCTH CTPEMUTCS
COXPaHUTh TO JK€ 3HAYCHHUE CHJIBI TOKA, YTO H 1O
MOMEHTa 3aKpBITHs, MO3TOMY (opMupyer Ha cebe
Oonbmioe HanpspkeHHe. Tak Kak B CXeMe MPUCYTCTBYET
KOHJIEHCATOp, TO TEpPEeXOAHBIA Tpormecc Oyzaer
MpeaCTaBIATh co00¥ 3aryxaromme KoneOaHus ¢
4aCcTOTOU

E Ros

—t—00
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|1 (Ro6 +R)?
“= Ic 417
nu CKOpOCTL}O 3aTyXaHI/Iﬂ
_(R+Ro6)
e 2L

Hampspkerne Ha mepBUYHOW OOMOTKE TIPSMO
MPOTIOPIMOHATFHO HAaYaJbHOMY 3HAYCHHIO TOKa, a
3HAYUT IpSIMO MIPOTIOPIIMOHATIHHO JUTHHE
VIPaBIAIONIETO HMITyJbCa. BBIXOJHOE HAMpPSKCHHE

CHAMAeTcsi C BTOPMYHOM  OOMOTKM  KaTyIIKH
3aKUTAHUS. Konnencarop Ck SBIISIETCSA
KOMIIEHCaTOpOM BHYTPEHHETO CONPOTHUBIIECHUS

MCTOYHMKA ITUTAHUSL.
Pe3yabTaTsl u 00cyKIeHUs

Jns mpoepku Teopun ObLia coOpaHa MOJENb B

nporpammuoM makere NI Multisim 10 u  cuaTe

NOKa3aHUs HANpsDKCHWs Ha IMEPBHYHOW OOMOTKE ¢

BUpTyaJbHOTO ociuuiorpada (PucyHok 3).

B xone skcnepuMeHTa Ha JABHUIaTellb IIOCTOSIHHOTO
TOKa II0IaBAIOCh  HANPSDKEHHE,  YIPaBISIONIUMU
KHOIIKaMH PEryJIMpoBajgach MAJIMHA YIPABIIAIONIETO
uMIyiabca, a (opMa  BBIXOJHOTO  HANpPSHKEHUS
pEeTHCTPHpOBANach Ha OCLILIOrpage ¢ MOMOIIBIO
BBICOKOBOJITHOT'O IyIa (XKEJITHIM L[BETOM BBIJCICHO
HanpsDKeHWE Ha BTOPUYHON OOMOTKE, CHHHM — Ha
TICPBUYTHOIN)

Puc.4. Hampspkerne Ha IEpBUYHON W BTOPHYHON

00MOTKE
M3mepeHue Toka yepe3 KaTylKy IMyTeM U3MEpPEHUs
HANPSDKCHHS  HAa  BBICOKOMOIIHOM  MaJIOOMHOM

pesucrope.

W3 ocmwutorpaMM BHIHO, YTO peajibHas ¢opma
HAaIpsHKEHUSI COOTBETCTBYET TEOPETHUECKUM pacueTam
" KOMITBIOTEPHOH MOJIEIIH. Hab6monaercs
CYIIECTBEHHAsl 3aBUCUMOCTh BBIXOJHOTO HAIpsHKEHUS
OT JUIMHBI YIPABISIIONIEr0 UMITyJbca. Takke CTOMT
OTMETHTh, 4YTO IIPH OOJIBIIMX 3HAYECHHAX JUIMHA
UMIynsca B (opMe  BBIXOZHOTO  HaNpPsDKCHUSA
HaOIIOOAlOTCS HENWHEHHBIC HCKaXXEHHS, KOTOPBIMHU
MOJKHO TIpeHeOpeyb.

B xome o9kcmepuMeHTa  OBUIM  IIPOBEPEHEI
TEOPETUYECKUE OCHOBBI IEPEXOJIHBIX IIPOLECCOB, B
YaCTHOCTU YMECTHOCTH JOTYIIEHU I (3ameHa

Ceknus 2:
[IpubopocrpoeHue

TPaH3UCTOpa WACAIBHBIM KIFOUOM, IpeHeOpexeHune
BIIMSTHEM BTOPUYHON OOMOTKH Ha NMEPBUYHYIO U T. I1.)
U TIOBEJICHNE CHJIOBOM YaCTH CXEMBbI IIPH HENPEPHIBHON
IoJja4e UMITYJIbCOB € OOJIBIION YaCTOTOH.

Hﬁ,ﬂ" !
- U
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Puc.5. Tok uepe3 UHAYKTUBHOCTb
3akJroueHue
Hcxonst W3 TOMy4EHHBIX pE3ynbTaToB Oblia
moz00paHa ONTHUMaNbHAas AIMHA UMITYJbCa: TTOJABATh

L .
AMITYJIBC JTOJIBIIE, YeM 3R—, B JaHHOM CXeMe — 5 McC

06

HE UMEET CMBICIIA, a TIPH YacToTe BpamieHus ooinee 200
06/C cxema TepecTaHeT BBIMOJHATH CBOK (YHKLHIO.
BrIxosHOE HampsKeHHEe Ha XOJIOCTOM XOIy MpH JUIHHE
nmmynsca 1 Mc cocraBiaser okoio 25 kB, uto
JIOCTaTOYHO  Juisi  1mpobos  Bo3gyxa.  Emkocts
KOMIICHCUPYIOILIET0 KOHJeHcaTtopa coctaBisgeM 2200
MK®, HomuHanbHOe HamnpsskeHue — 100 B. Ilpu
NUTAHUUM OT MAlIMHHOTO AaKKyMYyJIATOpa JaHHBIN
KOHJIEHCATOp MOXET OTCYTCTBOBAaTh. BBUAY TOrO, 4TO
BBIXOJHO€ HAMNpsDKEHHWE MEHsAeT 3HaK, racsilue
KOHJCHCATOPHl  JIOJDKHBI ~ OBITH  HETOJISIPHBIMH,
HamnpuMep — INIEHOYHBIMH.

B omnuceiBaeMOli cXeM€ IIOCTaBIECHBI YETHIPE
KOHJIEHCcaTopa M0 220 HO, COEJIMHEHHbIE
napauieNibHO. Pe3ncTophl cieayer BEIOHpaTh 00JIbIIoN
MOIIIHOCTH, HE MeHee 2 BT.

B panpHeimieM — IUIaHUPYETCS — IPOJOJIKUTH
HCCIICIOBAaHUE [aHHOTO Ipubopa B  PA3IUYHBIX
yCIOBUSIX (B YAcCTHOCTH MHCCIICJOBAHUE BIIMSHUSA
PEaKTUBHOM HAarpy3KH Ha IEPEXO/HbIE MPOLECCHI)

Crnmcok uTepatypsbl

1. IRG4PC50F Datasheet/
http://www.alldatasheet.com/view.jsp?Searchword=Irg
4pc50f, ceoboanbiil. —SI3. aHriI.

2. Optimizing C/C++ Compilers and Debuggers
from IAR Systems - IAR/
http://www.iar.com/Products/IAR-Embedded-
Workbench/, ceobonusiit. —513. aHr.

3. STMB32F103RB Mainstream Performance
line, ARM Cortex-M3 MCU with 128 Khbytes Flash,
72 MHz CPU, motor control, USB and CAN /
http://www.st.com/web/catalog/mmc/FM141/SC1169/
SS1031/LN1565/PF164487, cBoOoaubIi. —S3. aHr.

4. BecconoB JILA. Teopernueckne OCHOBBI
anekrpoTexHukH. M3n-so apoapuku, 2007

5.  Kapsrun A. B., ConoBséB I'. M., YcrpoiicTso,
o0cny)kMBaHWE W TpaBWia JABMXKEHUS aBTOMOOMIEH.
Boennoe wuznarensctBo  MuHucrepctBa  OOOpOHBI
Coro3a CCP, Mocksa, 1957 rox
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MOJIEJIMPOBAHUE CUCTEMATHUYECKOM IMMOTPEIITHOCTH CBEPXIIIHU-
POKOITIOJIOCHBIX HEJIMHEVMHBIX U3MEPUTEJIEN

ITPU PASJIMYHBIX MAPAMETPAX TECTOBBIX CUT'HAJIOB
Ory36aea /I.K.
Hayunsrit pykoBonutens: CemenoB 2.B., a.T.H., mpodeccop
TYCYP, 634050 Poccus, r.Tomck, np. Jlenuna, 40
E—mail: darina.30baeva@yandex.ru

B HacTosiiee BpeMsi MMIyJIbCHAsI TEXHHKA HOJTY-
Yyujia [UPOKOE Pa3BUTHE B PAJUOTEXHHKE, JIEKTPO-
HUKE M BBIYUCIUTENIbHON TexHHKe. COBEpLICHCTBO-
BaHHE HUMIIYJIBCHBIX (YHKIHMOHAIBHBIX YCTPOWCTB
IpUBENO K pocTy TpeOOBaHMH K KOHTPOJBHO-
M3MEPUTENIHON amnmnapaTtype, UCIOoJIb3yeMOM Ha 3Ta-
nax MPOEKTUPOBAHMA M OTIAAKH cucTeM. Mcmonb3y-
eMble paHee YHUBEPCAJIbHBIC MAaJlOCHTHAIBHBIE S—
napaMeTpsl HE TO3BOJISUIM TOYHO OMMCHIBATH Xapak-
TEPUCTUKH HEIMHEHHBIX 3JIEMEHTOB, PabOTAarONINX
Ha UMITYJIbCHBIX CUTHaJIax.

TakuM 00pa3oM MOsABUIACH HEOOXOAMMOCTH B
pa3paboTKke anmaparypsl, MO3BOJISIONIEH OXHOBpE-
MECHHO pa6OTaTL C UMIYJbCHBIMH CUT'HAJIaMH U T10-
BOJUTH HeJUHeHble m3MepeHus. Hanbosee moaxo-
JAIAME JJIs0 JaHHBIX LEJNeH SIBISIOTCS BEKTOPHBIC
HEJIMHEHHBIE aHAJIU3aTOPbI LENed C BO3MOXKHOCTBIO
W3MEpeHNUsl TaKk Ha3bIBaeMbIX X—TapamerpoB. OnHa-
KO X-TIapaMeTpbl NpUEMIIEMBl TOJBKO CiIydas BO3-
JeficTBUS Ha 00BEKT Y3KOTIOJIOCHBIMH CHUTHAJIAMH.

OnHUM W3 aNbTEPHATHBHBIX BapUaHTOB SIBISETCA
UCIIOJIb30BaHNE B KAueCTBE HEJIMHEHHOro H3Mepu-
Tens xapakrepuorpada, u3Mepsomero HeJIuHeHHbIe
BOJIbT-aMIIEpHbIE W BOJBT-(papagHble XapaKTepH-
CTUKM OJHOIOPTOBBIX YCTPOWCTB Ha MMIIYJbCHOM
CUTHAJIe C 33JaHHOM KOHEYHOH JINTeNbHOCTHRI0. On1-
HaKO BOIPOCHI TOYHOCTHU JAHHOT'O BHJIAa U3MECPUTECIIA
HE peIeHbl, T03TOMY B JaHHOW CTaThe IMpPEIIOKEH
METO/J] ITOBBILICHUS! METPOJIOTHYECKUX CBOMCTB H3-
MEpPHUTEJIIEHOW CHCTEMBI, ITyTEM HCIOJIb30BaHUS Te-
CTOBBIX UMITYJIbCOB Pa3HO# (opmer [1].

CrpykTypHas cxema xapakrepuorpada mnpusene-
Ha Ha puc. 1. Ha3HaueHHe M TeXHUYECKUE XapakTe-
PUCTUKH MPUBEICHBI B [2].

Ha pucynke 2 m3o0pakeHa cxema, UCIOIb3yeMas
JUI ONpEZCNCHNST TEPEeJaTOYHON XapaKTEpPHCTHUKU
pPErucTpUpyroUIero ycrpoicrsa, rae I' — re”eparop
TECTOBBIX UMIYIbCOB, PO — pedepeHCHBIH OCIiI-
norpad, PY — peructpupyromiee ycrporicto. Cur-
Hall, 3aperuCTPUPOBAHHBII peepeHCHBIM OCLMIIIO-
rpadgom LeCroy, koTopslit paboTaeT ¢ 4acTOTOU BbI-
6opxku 10 I'BeIO/c 1 umeet nosiocy npormyckanus 600
Ml OymeM CYMTATh CUTHAJIOM, MOJIYYCHHBIM C BbI-
Xo/a reneparopa, a umenHo Sy(t), rormna curaan S,(t)
— CHTHAQJN, TIOJYYEHHBIH C PErucTPHUPYIOIIEro
ycTpoiicTBa.

B pesysbrate MpoxXoXkAeHHs CHUTHajIa MO M3MEpH-
TEJILHOMY TPaKTy BO3HHKAIOT Pa3INYHBIC MCKaKEHUS,
YTOOBI HAliTH CTENEHb NX BO3JCHUCTBUS U 1aTh KOJIMYE-
CTBEHHYIO OLIEHKY IOTPEIIHOCTeH M3MEpEeHHH, BO3HH-
KalOIINX MPH UX BO3ACHCTBHM HEOOXOIMMO 3HATh OT-
KIMK CHCTEMBI Ha KaxIylo (opmy uMmynscoB. Jlis
3TOr0 HEOOXOJWMO 3HATh NEPEAATOUHYIO XapaKTepH-

CTUKY perucrpupyomero ycrpoiictea PXI-5114 ¢
yacToTod nuckperuzaimu 250 MBEIO/c B peasbHOM
BpeMeHH 1 5 ['Bb10/c B 9kBHBaIeHTHOM MaciiTabe.

4 )

Nurepdeiic
MXI-Express

National Instruments PXI1-1033

Ilaccu
Amnanoro-1poBoit mpeodpasoBareb

I'enepaTop TeCTOBBIX CUTHAJIOB
National Instruments PX1-5114

Tabor Electronics 5201

-
-

W3mepurenbHsblit
npeoGpasoBarenb

HUccnenyemsrii
00BEKT

Puc. 1. CtpykTypHast cxemMa CUCTEMBI JJIs
n3Mepenust BAX n BOX cBepXImupoKonoJI0CHbIM
UMITYJIbCOM

Si(t) Sy(t)

PYIH—»

Sq(t) Si(1)

POf——»

Puc. 2. CtpykTypHas cxema omnpeseneHus nepe-
JIATOYHOH (DYHKIIMH PErUCTPUPYIOIIETO YCTpoiicTBa

Ha pucynke 3 mokasan rpaguk, rae H(f) — mepe-
JaroyHasl QyHKLUS UCCIIEAYEMOT0 PErUCTPUPYIOLIEro
yctpoiictBa PXI — 5114. Cnioco6 HaxokIeHusl Xapak-
TEPUCTHKHU OMUCaH B [3].

Cursan NpUHATBHIM PETUCTPUPYIOIUM YCTPOHUCT-
BOM CJIIBHHYT BO BPEMEHH Ha BEIMYUHY TIPYIIIOBOTO
BpPEMEHH 3ara3piBaHus. YTOObI CPaBHUTH CUTHAIBI C
reHepaTopa M PErucTpHPYIOIIEro yCTPOHCTBA U JaTh
KOJINYECTBEHHYIO OIIEHKY CHCTEMaTHYECKOH ITOTper-
HOCTH HEOOXOIMMO KOMIIEHCHPOBAaTh IPYIIIOBOE
BpeMsl 3ama3apiBanus i dToro Haiiaem OUX (daso-
qacToTHas xapakrepuctuka) (1).

gozlm[H(m)]/Re[H(co)], Q)
rae Im(-)-mMuumas gacte BoipaxkeHus, Re(-)—neicTeu-
TeNbHAsI YaCTh BHIPAXKCHHS B CKOOKaX.

Curnan, NpUHATBIA PETUCTPUPYIOUUM YCTPOUCT-
BOM OTJIMYAETCS OT MEPEAaHHOTO Ha BEIUYUHY T —
IPYIIIOBOTO BPEMEHH 3aIla3 IbIBaHMs.
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Zn: ((Pi - (Pi+1)
i=1 (ti _ti+l)
rae N — KoJu4ecTBo orcueToB GyHkmmn OUX u Bek-
TOpa BPEMEHH COOTBETCTBEHHO.

t=de/dt = Ap/At = , (2)

H(f
1_('_)_ t, HC 5
7l
i
/44
1
{
{ 43
-~ {
0,5k~ {
)
i -2
!
{
| 41
0 1 L/ 0
200 400 60 f,ITu

Puc. 3. Moxyns meperaToYHON QYHKITNH HCCIIe-
nyemoro ociiuiorpada (kpusast 1), rpymmoBoe Bpemst
3ara3/pIBanus (KpuBast 2)

B kadecTBe TECTOBBIX HMITYJIBCOB PACCMOTPUM 3
(hopMBI UMIYIBCOB, JuUTeNnsHOCTRIO 100 HC: Tpare-
LUEBUIHBIN, TAYCCOBCKHUMA, UMITYJIbC IKCIOHCHIHAIb-
HeiMH  (portamu  [3]. BamamuM UMOyIBCHL €
COOTBETCTBYIOIICH i pedepercHoro ocummiorpada
YaCTOTOW JUCKPETU3alUMU U HalJieM OTKJIMK CHUCTEMBbI

Ha Ka)KI[bIﬁ u3 O9TUX HMIYJILCOB, It OTOro
BOCIOJIb3yeMcst popmyiamiu (3, 4).
S(w)= F[Sl(t)]H(w)exp(imr), (3)

S(t)=F*[S(w)]. 4
rie F|s,(t)]- npsmoe npeoGpasosarue dypbe cur-
Hana Sy(t), M3MEpPEeHHOro pedePEeHCHBIM OCIHILIOrPa-
om, F*[S(w)]- obparroe npeobpasosanne Pypse

CIICKTpa CHUTHAJA.
[TomyyeHHBIC OTKIMKH PETUCTPUPYIOMIETO YCT-

pO¥icTBa ¥ MOJNAHHBIC HA HETO MMITYJIBCHI IPUBEICHBI

Ha pucyHke 4. OueHka HWCKaXCHHWH NpHUBENeHa IS

Y4aCTKOB Pa3HOCTHOT'O CUTHAJIa UMITYJIbCa B Ipejeiax

20...80% BpeMeHM HapacTaHUs W crajaa mo (GpoHTam

HMITYIIbCa, pe3yJIbTaThl IPUBEICHBI B TabuIe 1.
Tabmuma 1. 3Hauenne oTKIOHEHHS B %

®dopma ummysbca 3HayeHne OTKIOHeHHs, Yo
nepen. ¢p. | 3amgauii ¢p.

TparnerueBuIHbII 0,0013 0,001

T"ayccoBckuii 0,026 0,036

MIMII. ¢ DKCIIOHEHLI. 0,02 0,02

(bpoHTaMHU

CorylacHO TPOBEICHHOMY BBIIIE MaTeMaTHye-
CKOMY MOJICJIMPOBAaHHIO OTKJIMKa CHUCTEMBI Ha 3a-
JAHHBIH OJMH M3 3 BO3MOKHBIX BapHaHTOB HUMITYJIb-
COB, C MUHHMAaJbHBIMH HCKKEHUSIMHU (OPMBI HM-
MyJbca SIBISIOTCS MMITYJIbCHl HMEIOLINE YYacTKH
JMHEHHOTO BO3pacTaHUsl WIN IITABHOTO HapacTaHUs
M0 HKCIOHEHTE, a B CIIyyae rayCCOBCKOTO MMITYJIbCa
MMEIOT HawmOoIbIIee OTKIOHEHHS Mo (POHTAM HM-
HyJbca.

Cexknus 2:

[Ipubopocrpoenue
u, B oTkioHenune, %
1 T 0,5
1 2
051 10,025
3
0 - ..... - 0
0,5 10,025
-1 I I -0,5
0 100 200 t, HC
u, B oTKJIOHEHHUE, %

1 T

-1 l“'-l : Il '015
0 100 200 T HC
u, B oTkiIoHeHNE, %
1 T 0,5
051 J
0,025
0 0
05 1-0,025
-1 | | -0,5
0 100 200 t, HC
Puc. 4. uMmynbChI ¢ BbIxoa reHeparopa (kpusas 1),
M3MEPEHHbIE C TIOMOIIBIO PETUCTPUPYIOIETO OCIHJI-
norpada (kpuBast 2), pasHOCTHbIN curHan(kpusas 3),
(TpamnenueBUAHBIN, TayCCOBCKUIA, UMII. C SKCIIOHEHII.
(hpoHTaMHM)
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y/luwb-cap_en.html, cBoGoausiii (mata oObpateHus
30.05.2013).

2. Ab6conrorHas KanuOpOBKAa CBEPXKOPOTKOWM-
IYJIbCHOTO W3MEPUTEINIsl HEJIMHEHHBIX XapaKTepHCTHK
neneit (Onekrponnslii pecypc) URL (pexum noc-
TyTa): http://www.tusur.ru/filearchive/reports-
magazine/ /2013-29-3/038.pdf, cBoGonubIit (gata 06-
pamenns 20.09.2013).

3. Orys6aera JI.K. KanuGpoBka B CBEPXIIHPOKO-
TTOJIOCHBIX HeNMMHEeHHbIX m3meperusx P31 1203 Tlpo-
MEXYTOYHBIH OTYET O BBINOJIHEHHH MHHOBAIIMOHHOTO
npoekta. TYCVYP, 2012 - 30 c.
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HNCCIEJOBAHUE NNOJAPUSAIIMOHHBIX XAPAKTEPUCTHUK
IJIEKTPOOIITHYECKUX MOAYJATOPOB U 3ATBOPOB B OCHOBHBbIX

PEKUMAX UCITIOJIb30BAHUA

Mapraués N.A., Kpakosckuii B.A., Cepebpernnxos JI. 5.
Hayunsrit pyxoBogutens: Kpakosekuii B.A., 1.1.1H., mupekrop OO0 «Kpuctamn T», npodeccop TYCYP
000 «Kpucramn Ty, 634055, r. Tomck, np. AkageMudecKkuii, 1.8/8
E-mail: underfin@mail.ru,

DNEKTPOONTHYECKUN B0) MOZIYJIATOP
JOOpPOTHOCTH  PE30HATOpa HCIHOJB3YeTCs Kak B
pexxume «oTkpbiTus mojem» (OIT), Tak u B pexume
«akpeitiss - moaem»  (3I1) [1,4]. Pexum OIl
MoJpa3yMeBacT TIOBBIIIICHUE Jo6poTHOCTH
pe3oHaTropa  mpuW  ToHade MOJIYJIATOP
YIPABILSIIOMIETO  HANPSDKEHUS, pexnm 311,
COOTBETCTBEHHO, YMEHBIICHNE J0OpoTHOCTH
pe30HaTOpa NpH MOJAHHOM HANPSHKECHHU.

B nmamnO#t paboTe Bce HKCIEPUMEHTANBHBIC
JIaHHBIE MOJTy4eHbI c UCIIOJIb30BaHHEM
BeicokoomHoro  kpuctamwia  KTiOPO, (RKTP)
npousBojacTBa komnanuu OO0 «Kpuctamn T».

Tak xak B kpucramiax cemeiictrea KTP
HauOospmmM D0 KO3 GUIMEHTOM SBISETCS [33, TO
D0 »JeMEeHTHl HM3TOTaBIUBAIOTCSA TakuM 00pa3om,
9TOOBI CBET PACIPOCTpaHsUICS BAOIL ocu X Wik Y
KpHCTaJIA.

Jns cBeTa, pacmpoCTPaHSIOMIEroCsS B KPUCTAIIIE
MOJKHO 3amucaTh ypasaeHne Makcsemna (CI'C):

(c/u?E+5-(3:D)-D=0 (1)
rje § — OPHEHTUPOBAHHBIN BIOJNbL BekTopa IloiTHHTa
€/IMHUYHBIA BEKTOp (JIydeBOH BEKTOp), U — JIydeBas
cKopocTh [2].

Pemenne ypaBHenust (1) moxa3bIBaeT, 4TO B
KpHCTaJUle  paclnpoCTpaHseTcss JABE  BOJHBI B
HATIPABJICHUM S C B3aUMHO TEPNECHIUKYISPHBIMH
IUTOCKOCTSIMH  TTOJISIPU3AIMH, AMIUTUTYABI KOTOPBIX
paBHBI TPOEKLMSIM HANpsDKEHHOCTH BXOXAIIEH B
KpHCTa/UI BOJIHBI HAa 0Opa3OBaHHBIC IUIOCKOCTH B HX
skcrpemyMax. Ilpuuem opHa U3 MIIOCKOCTEH,
o0pazoBaHa OChIO Z KPHCTAJLIA U JTy4EBBIM BEKTOPOM
S. Tak ke, mpu pemenun ypaBuenus (1)
oIpeziesIseTcs JiydeBass CKOPOCTh KaKIOW M3 BOJIH
(us — ObICTpas, Us — MEITIEHHAS).

3aBUCHMOCTh  pa3HOcTH (a3  OBICTpOH W
MEIIEHHOI BOJIH OT JUCTaHIUM IIPOXOXJCHUS CBETA
B KpHCTaUIle MOXHO BBIPAa3UTh YEpPE3 JyUEBYIO
CKOPOCTB:

Ha
a

Do) =1+ 0/ (uy — uy)

I[loMumo  jmUcTaHIMM — TPOXOXKICHUS — CBETa
pasHocTh (pa3 3aBHCHUT OT NPHUIIOKEHHOTO K AJIEMEHTY
HaIpsOKEHUs BAOJb OCH Z KpUCTaJlla U TeMIIepaTyphl
[3]. Temmeparyphas 3aBUCHMOCTh OOYCIIOBIICHA
koaddureHTom TEPMHUUYECKOTO pacumpeHus
MaTepHasa ¥ U3MEHECHHEM IT0Ka3aTeNeH MpeIOMIICHUS
Kpuctayuia. s WCKITIOYEHUS W3MEHEHUS Pa3HOCTH
(a3 Tpu TeMIepaTypHOM BO3ACHCTBUH NMPHUMECHSICTCS
T.H. TePMOKOMITCHCUPOBaHHas cxema [4].

Cam mo cebe DO osmemeHT  sBiIsAETCA
naTeppepomerpom Dabpu-Ilepo, HacTpoeHHBIH Ha
0eCKOHEeUHO IUPOKYIo noJiocy. [Ipuuem 1uis ObicTpoii
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i MEIJIEHHOM BOJIH OITHYECKAs JIIMHA
UHTEeppepoMeTpa pasiuyHa, a MPH BO3ACHCTBHM Ha
9JIEMEHT JJIEKTPUUYECKUM TOJIEM UM U3MEHEHUEM €T0
TEMIIepaTyphl OMNTHYECKas JIHHA HHTephepomeTpa
UL KaXIOW BOJNHBI OyHeT W3MCHSITBCA HE
paBHO3Ha4HO. B pe3ynmbraTre mHTEp(depeHInu cBeTa
OTPaXXEHHOTO OT TMepeAHed U 3aJHed rpaHei
AJIEMEHTa aMIUTATYIBI OBICTPOH M MEIJICHHOW BOJH
OyAyT M3MCHSTHCS HE3aBUCHMO IPYT OT Jpyra IOJ
BIMSHHEM BHEIIHHUX BO3AcHCcTBUI Ha DO 3JIEMEHT.

100
95
90 A A A A
< s A AV AV
= o L VHVEYVHC Y YV
75 v .‘
70 ;
27 32 37 42 T,C
Puc. 1. 3asucumocmov nponyckanus ceema
(A = 632HM) om memnepamypul.
Ha pucynke 1 mnpencraBieHa  TUIHYHAS

3aBUCHMOCTh KOX((QUIMEHTa MPOMYyCKaHHsS CBETa C
JIUIHHOM BOJHBI A = 632HM DO 3]IeMEHTOM, JUIMHON
10 MM Bmomb ocu X Kpuctaymia (JIyd4eBOH BEKTOP
nanpasien no X). [lonsipusanus cBeTa, BXOISIIETO B
90 »eMEeHT JIMHENHHAas, U YroJl MEeXIYy IJIOCKOCTBIO
MOJISIPUA3ALMU B OCBI0 Z KpUCTaJUIa paBeH 45°.

B ofbmem ciydae mossipusanus CBeTa Ja3epHOTO

my4Ka AIIIMITHYIECKAS, XapakTepusyemast
K03 pHUIIHEHTOM AIITUNTHIHOCTH (KO3PPHUITHECHTOM
ckarusg). B cBor  ouepenb KO3 GUIUEHT

IUIMOTUYHOCTH PAaBEH OTHOIICHMIO AJIMH OOJIBINCH
MOJYOCH DJIJIMIICA, OYEPUUBAEMOI'0 KOHIIOM BEKTOpa
HalpsDKEHHOCTH CBETOBOM BOJIHBI, K MeHbIleH. Jlis
KPYrOBOH  TOJIIpU3allid  CBETa  COOTBETCTBYET
KO3((UIMEHT STMNTHYHOCTH paBHEI K,© =1, a
JUTSL TUHEHHOM mosipu3anuu K™ = oo,

Ecmn BBectn Kk03((UUMEHT g, ONpenessIFonIui
OTHOIIICHUE aMIUTUTYZA OBICTPOH M MEAJICHHON BOJH
(Eof = gEos), TO HaNpsKEHHOCTb CBETOBOH BOJIHBI
MOXHO BBIPA3UTh CIEAYIOIUM 00pa3oM:

E = Egg+/cos?(wt) + g2 cos?(wt + Ap) (2)

[pomuddepennuposas ypasnenue (2) mo dwt
HalijeM Te 3HadeHus ot = @,,, 0OpH KOTOPBIX
HaNpsKEHHOCTh CBETOBOW BOJIHBI MakCHMallbHA H
MHUHUMaJbHA. 3HAUCHHS HANPSHKEHHOCTH B TOYKaX
@m ecTb noyocu M u N smmunca (M — Gonpmiast, N —
MeHblnas). Tak kak @, = f(g, Ap), To Kod3pHuLHEHT
JIUTMITUYHOCTH TOJISIPU3allMM CBETa TaK ke OyneT
3aBHCeTh OT g U A@ (puc. 2):

K,(g,A¢p) = M(g,Ap)/N(g,Ap)
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K,, y.e.
1000

3n/4
Puc. 2. 3asucumocms K, om A@.

Ha pucynke nokasano, 4ro K, MOXeT IIpUHUMATh
3HAYEHHs, COOTBETCTBYIOIIEE KPYTOBOH MOJISIPU3ANNHT
TOIBKO TP PABHBIX aMIUIUTydax OBICTpOH U
MeJJIEHHON BOJIH. Tak ke MOKHO HAWTH 3aBUCHMOCTD
yTJ1a HaKJIOHA (@) MEXIy MOIYOCHIO JUIUIICA M OTHOM
M3  IUIOCKOCTEH  MNOJsApu3alid  OBICTpOH WM
MeJJICHHO# BOJHBI OT A (puc. 3):

Er (@ (D) £ A
a(Ap) = arctg( L (];p (;) (/EZ (p))(p)

a, rpaj.

g:Z g=5

/2 n 3n/4 2n Ag, paa.
Puc. 3. 3asucumocmo a om Ag.

PucyHox 3 moxas3biBaeT, YTO OCH DJJUIMICA HE
MEHSIOT CBOETO HAKIOHA TOJBKO MpPU PaBHBIX
aMIUIMTYAax OBICTPOH M  MeleHHOW BoiaH. B
OCTalIbHBIX K€ CJIydYasX OCH JJUIMIICA KadyaroTcsl B
HEKOTOPOM Jxara3oHe YIJoB.

Beemennbie B [5] moHATHA KO3 UIHEHTOB
SIUTMITUYHOCTH  MOJSAPU3AaLUH  JIa3epPHOTO  ITy4Ka,
OPOIIEIIEro Yepe3 dieMeHT B Makcumyme (KJ'?%) u
muaaMyme  (K™M)  XapakTepHCTHKM — HECKOJIBKO
OTIIMYAIOTCA OT BBIIIE IPHBEACHHOTO IOHATHA
KO3 (HUIIHEHTa JJUUIITHIHOCTH TOJSIPU3AIMHA CBETA.
OramuMe COCTOMT B ToMm, uro KM y Kmin
U3MEPSIIOTCS oT HEKOTOPOTO TIOJIO>KEHU S
NOJISIPU3aTOpa M aHAIN3aTopa, KOTOPhIE COBNAIAOT C
HaKJIOHOM TIOJIyOCeH JJUIMIICA TOJBKO B Cllydae
OJIMTHAKOBBIX aMIUTUTY L OBICTPON M MEIUICHHOH BOJIH.

Ecnu BBOAUTH JTMHEHHO NOJIIPU30BAaHHBIA CBET B
3JIEMEHT, TO AaMIUIATYOBl OBICTPOM W MeEIJICHHOM
BOJIHBI OyIyT 3aBHUCETh OT IOTEPh HAa OTPaKCHHS Ha
ONTHYECKOM TIOBEPXHOCTH M OT YyIJa MEXIy
IUIOCKOCTBIO TIOJIIPU3AILMKA  BBOAWMOTO B JIJIEMEHT
CBETa M IUIOCKOCTBIO OOpa30BaHHON IepeceueHHeM
ocu Z KpHUCTaia U JIy4eBOTO BeKTopa S. B ciyuae,
€Clli Ha ONTHYECKHUE TpaHM DJIEMEHTa HaHECEHBI
NPOCBETIISIONINE MOKPBITHS, TO BKJIQJOM IOTEPh Ha
OTpa)XeHHs MOXKHO NIpeHeOpeyb.

B cuny nmorpemnoctd umsroroBieHus, 0
3JIEMEHTHI B TEPMOKOMIIEHCHPOBAaHHOH CXEME MOTYT
ObITh Pa3BEpPHYTHl OTHOCHUTENBHO IPYr Jpyra He
ctporo Ha 90°. Byner HeKOpPEeKTHO TOBOPUTH 00 yriie
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MEXIy IUIOCKOCTBIO TOJSIPH3AIMH BXOJSIIETO B
MOJIYJIATOP CBETA M KPHCTAILIOTPadHISCKUMH OCSIMH
90 osnemenTtoB. B gaHHOM  ciaydae = HYXKHO
paccMaTpuBaTh  Yroil  IIOBOPOTa  IUIOCKOCTH
NOJSIPU3aLMH  BOKPYT JIy4eBOIO BEKTOpa, MU
kotopoM KM y KMP  Gynyr  MaKCHManbHBI
(onTUManbHBIA  yroy), a, CIEAOBaTeNbHO, H
MaKCHMAaJIbHbIC KOI(P(HUIMEHTHI KOHTPACTHOCTH IS
pexumon OIT u 311 (puc. 4).

600
500 --}:M#ﬁh*%:{—
K 400
300 A
200 —
100 g
) e > oat
6-5432-1012345¢6 &
—— Kmin —— Kmax
—— K (OI) —— K (310)

Puc. 4. Dxcnepumenmanshas 3a8Ucumocno
ko3 duyuenmos konmpacmuocmu (K) u
YIURMUYHOCIIU 8 MAKCUMYME U MUHUMYME
xapaxmepucmuxu (Kmax, Kmin) om eenuuumnvl
OMCMPONKU Yena nA0CKOCMU NOJAPUIAYUU c6ema NO
OMHOWEHUIO K ONMUMATILHOMY YTy.
OTKJIOHEHHE OT ONTHMAILHOTO yrjiia OpakTHU4CeCKU
He Bauser Ha KM, ommaxko K3, mpu oTKIOHEHHH
Ha 1°, ymenpmaercs Ha 60% (puc. 4). Koapdumment
KoHTpacTHOCTH DO MOaymsTOopa B pekuMme padoTsl,
OI1, 110 3Ha4ennio 61130k K K™ 1 cabo 3aBUCHT OT
OTCTPOMKH IIJIOCKOCTH HOJISIPH3ALMM BBOJMMOTO B
MOJYJIITOP ONTHYECKOTO IydYka OT ONTUMAaJIbHOTO

yrma. B pexume paGorsl  3I1  koaddummeHt
KOHTPACTHOCTM 1O  3HA4YCHUIO  OJNIM30K K
KO3 (ULMEHTY  AIUIMOTHYHOCTH B~ MaKCUMyMe
XapaKTEepPUCTHUKH, BCJIEJICTBUE YEro OTKIOHEHHUE

TUIOCKOCTH  TIOJIIPM3AIMM  BXOAAIIETO ITydKa OT
ONTUMANIFHOTO yIJla KPHUTHYHO U TAKOTO PEXHMa
padoter D0 MoxynsATOpA.
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JAPEU® BOJIOKOHHO-OIITUYECKOI'O 'MPOCKOIIA
CaBun M. A.
Hayunsrit pykoBonutens: ['ansarun K.C., K.T.H., TOIeHT
[Tepmckuit HaLIMOHANBHBIN HCCIEA0BATENbCKUN OJUTEXHUUECKUI YHUBEPCUTET,
614990, Poccus, 1. [lepmb, Komcomomnbekuit npocrext, 29

E-mail: abins@pstu.ru

Ha ceromusmuuii 1€Hb BOJIOKOHHO-ONTHYECKUE
rupockonsl (BOI') HaxoisT mupokoe NpHUMEHEHHE,
MOATOMY WX HaJle’KHas U cTtabninbHas paboTa TOKHA
OBITh TapaHTUPOBaHA mpH JOOBIX ycioBusIX. K
COXAJEHUIO JaHHOe TpeboBaHME HE  Bceraa
BBIMOJTHACTCS BBHIY HECOBEPIICHCTBRA Kak
KOHCTPYKLIMH CaMOro NpuOOpa, TaK U TEXHOJIOTHH
€ro MpOM3BOJICTBA.

OnnuMm w3 Haumbosee ys3BUMbIX MecT BOT
ABIISIETCSA Apeiid MmokasaHWH TOKosImerocs mnpubopa
HoJ JEeHCTBHEM BHENIHMX BO3JEWCTBHI HAa JATYNUK
YyBCTBUTEIHHOCTH B BUIE PETHUCTPANAN (PUKTHBHOM
YTJIIOBOH CKOPOCTH.

[prunnaa nppeiida kpoercss B MpHUHIUIE PaOOTHI
BOI' — sddexre Canbsika, COriaacHO KOTOPOMY JBa
BCTPEYHO PACIPOCTPAHSIOMIUXCS Jiyda OOXOIST
BPAILAIOLIUICS ONTUYECKUN KOHTYP 3a pa3HOE BpEMsl,
YTO TMPUBOJUT K BO3HUKHOBEHHUIO pa3HOCTH (a3, Mo
BEJIMUMHE KOTOPOW OMNpeIeNsieTcsl YriioBasi CKOPOCTb.
B cocrostHUM 1OKOSA JIy4d JOJDKHBI OOXOAUTH KOHTYP
3a paBHBIH MPOMEKYTOK BPEMECHH, U CKOPOCTH,
perucTpupyemas mpubopom OyIeT paBHa HYIIIO.

BcenencTBue BHEMIHMX BO3MYIICHHH MEHSCTCS
TEILIOBOE u HATIPSDKCHHOE COCTOSTHUE
CBCTONPOBOJAIIEH JKWIB, B pe3ylbTaTe dero
M3MEHSCTCA TI0Ka3aTellb IPEIIOMIICHHS CBETOBOJA
ONTOBOJIOKOHHOTO  KOoHTypa BOI'.  W3menenwus
MOKa3aTessl MPEJIOMIICHUS! CYIIECTBEHHBIM 00pazoM
CKa3bIBAIOTCA HAa CKOPOCTH PaCIpPOCTPAaHEHHS CBETa
(razepHOrTO JNy4a) B ONTHYECKOM BOJIOKHE, TEM
caMbIM, COTJIaCHO mpuHIMIy paboter  BOT,
BO3HHMKaeT napeiid. B asnextponHom Omoke BOT
MPOUCXOUT 00paboTka UHTEPPEPEHIIMOHHOM
KapTHHBI pe3yjbTaTa OOBCAMHEHHS Jy4ed, a 3aTeM
pacueT yrioBoi ckopocTu.

MopenupoBanue paboThl OJ0OHOTO YCTpOICTBa,
a TaKkKe OTKJIMKA €ro Ha BHCIIHUEC BO3MYIICHUS —
JOBOJIFHO CIIOXKHAas W TpyJdoeMmKas 3ajmada. Ha
BEIMYUHY JApeiida MoOMUMO HECTallMOHAPHBIX IMOJEH
BIISICT W CHWJIa HATSHKCHHS BOJOKHA IPH HAMOTKE
ONOKa YyBCTBUTEINHHOCTH, W TIIOBOPOT BOJOKHA —
CHJIOBBIE CTEP)KHHM BOJIOKHa Panda moryt mmerh 1Ba
MPEeNbHBIX IMOJIOKEHUS OTHOCHTENFHO —KapKaca
xatymku BOT'.

Hecmotpst Ha »3TO, HaM yJIajoch IPOBECTH
YHCcIIeHHOEe MojenaupoBanue pabotst BOI' B manom
BPECMCHHOM JHAla30HC W TMOJYYUTHb TMPUEMIICMBIC
pe3ynbrathl. PacueTHas MOJeNb MpencTaBisieT coooin
peanbHyto  KoHCTpykuuto BOI' ¢ nHambomnee
YyBCTBUTEIHHBIM AJIEMEHTOM - MAaCCHBOM
ONTOBOJIOKHA. 3a/adya pelieHa B OCECHMMETPUYHOU
MMOCTAaHOBKE, TpaHWYHBIE W HAYaIbHBIC YCIIOBHS
COOTBETCTBYIOT HATYPHOMY AKCIICPUMEHTY

(ucipiTaHWe W3AENUS B TepMokamepe). MarepHualsl
koHCTpykuun BOI' ®  onTHyeckoro  BOJIOKHA
MIPEIOCTAaBIICHBI 3aBOJIOM M3TOTOBUTEIIEM.

OcHOBHOW TpoONEMO TpHM  MOJCIMPOBAHUH
0Ka3aJOCh MOCTPOEHHE KOHEYHO-OOBEMHOW CETKH.
HeoOxoxumo ~ ObIIO  OIMHAKOBO, a  IJIABHOE
PaBHOMEPHO pa30UTh KaXKIbIil U3 HECKOJIBKUX THICSTY
BUTKOB HAMOTKH. [l 3TOro OBUIM OpraHU30BaHEI
aBTOMATHYECKHE MPOLEAYPHl IMOCTPOEHHS CETOK C
MIOMOIIBI0O MAaKpOCOB M 3apaHee IOATOTOBIEHHBIX
3JIEMEHTOB TMEPHOIUYHOCTH (TCHEPHPOBAINCH TAKXKE
Makpocamu) (puc.1).

L]

Puc. 1. DnemeHT nepuoOAMYHOCTH:
d1, d3 — nrameTpsI 3aLUUTHO-YIPOYHSIOIIETO
HOKpbITHS, 02 — MramMeTp KBapLueBOro BOJIOKHA

PesynpraToM paboTBl CETOYHOTO TIeHeparopa
CTajla CeTKa pa3MEPHOCTBIO IMOPAAKa 5 MIH s4YeeK

(puc.2).

Puc. 2. ®parmeHT ceTku 00K
YyBCTBUTEIBHOCTH

OneMeHTBHl KOpIyca M BO3AYX, 3allOIHSIOIUN
MIPOCTPAHCTBO MEXIY HUMH pa3OMBaJCS HA SUCHKH
OTAETHHO OT MAaCCHBA ONTOBOJIOKHA.

Jns 3amycka, TPOBENCHHS — PEHICHUS W
ABTOMATHYECKOW OTIpy3KH (HaillloB pe3yibTaToB B
MpOIleCCe  pEUIeHUs, a Takke U1 KOHTPOJI
KOJIMYECTBA BPEMEHHBIX WIaroB OBUI CO3JaH elle
OJMH cHelualbHbII Makpoc.

Takum oOpa3zoM 3amauya mpeACTaBIIET COOOM
peUICHUEC ABYX HECBA3AHHBIX 3a/1a4:

1) Pemenne 3amaun 0

koHCcTpyKuuu BOT'.

TEPMOYIIPYTOCTH
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2) Perenue 3a/1a4 MbE30ONTUKH [0 PACUETHBIM
JIAHHBIM MIEPBOM 3a]auH.

Bropast 3amaua BeiHECEHA B OT/EJIbHBIN
noctporneccop. B HeM ¢aiel, MOMydYeHHBIE MpH
pacdeTre B Tmakere, OOpabaTHIBAOTCA C MEJIBIO
IIOJIyYEHHUS YTII0BON CKOPOCTH.

s 3TOr0 HE0OXOIWMO TPEICTAaBUTH BOJIOKHO B
BHIEC EIWHOTO OTpe3Ka IIMHOH HECKOJIBKO COTEH
METPOB, T.C. OTCOPTHUPOBATH MOJIYUCHHBIC MAaCCHUBLI B
ONpeNieIeHHON  MOCTEI0BAaTENbHOCTH, a  3aTeM
paccuMTath caM Jpeiip B  COOTBETCTBHHM  CO
cleayolel npoueaypoi.

Jdns  onpeneneHus Habera HaMm HEOOXOJHMO
paspemuts guddepenipanpuoe ypasaenue [1]:

dx c
dr  nlx,7)
roe © — CKOPOCTb CBETa B BaKyyMe, 7 —
HOKa3aTeNb IPETOMICHUS.
IMokazaTerns OpeNoMIeHHs  3aBUCHT  OT
TeMIIEpaTypbl M HANPSKEHUH, 3Ta 3aBUCHMOCTb

omuceiBaetcs Gpopmyioit [1,2]:

cyoy + c:{r.r: + r.r!:]

n =g | z
oL

roe €y, £; — (Qoroympyrue IOCTOSHHBIE
KBApLEBOrO CTEKJIa, My; — HAYaIbHBIH I[OKAa3aTeib
MPEJIOMIICHHUSI KBapLEBOIO CTEKJIA, €0 M3MEHEHHE OT
TEMIIepaTypsl JIHHEHHO ¢ IepernboM B TOHYKE
cTekyoBaHus. HanpspkeHUs: UCIONB3YIOTCS TIIABHBIC,
UX BaJMAAlMA B MAaKeTe MPOBEJCHA HAa TECTOBBIX
3aj1auaX, MIMCIONINX aHaIuTH4ecKoe pemenue [3].

3Has BCE 3aBHCHMOCTH W PEIICHHE ypaBHEHHS,

MOXHO TEpeWTH K BBIUUCICHUIO Habera w
HenocpeacTBeHHoO Apeiida mo popmynam CaHbska:
2me
g = S (71 — 72)
Y - A
T AENS, ¢

rne Ag — dasoseiii HaGer, 4 — AmUHA BOJHBI
W3JIy4eHMs, T; — BpeMs Ipobera KOHTypa IEpBBIM
Jy4OM, T; — BpeMsl poOera KOHTypa BTOPBIM JIydOM,
{1 — yrnoBas ckopoctp no Caubsky (paxm/c), k& —
BOJIHOBOE 4Huciio, N5, — cymMMapHas IUIONIagb BCEX
ButkoB BOT'.

IIpu ompenenenun apeiida B moctmporeccope K
TJIaBHBIM HarpsHKeHUSIM ObLIH J1I00aBIICHBI
OCTaTOYHbIC HarpsHDKeHUS nocie BBITSDKKH
OITOBOJIOKHA U HANPSDKEHHST OT HAMOTKH.

B HaTypHOM 3KCIIEpUMEHTE MPOU3BOAMIICS HATPEB
m3nenus ¢ TemroM 4 rpagyca B 9ac ot 22°C go 60°C.
UucneHHo OBLT paccuydTaH JHIIb HAYAJBHBIN dTam ¢
MUKOM Jpeiida, Tak Kak OH HambOolyiee TMOKa3aTeJeH

(puc.3).

Ceknus 2:
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Jpeiid rpax/a

0 400 800 1200 1600 2000
Bpewn, ¢

Puc. 3. DxciepuMeHTAIBHBIHN (KpacHBIH) U
pacyeTHbIi (YepHbIit) apelid.

Ha rpaduxe BHIHO, YTO BEIMYMHA aAMIUINTYHBI
npeiida, momydeHHas B UHCICHHOM OKCIIEPUMEHTE
CJIETKa OTCTaeT OT BEJIMYUHBI aMIUIMTYIbl Jpeida,
[OJIyYE€HHOT'O IIpU HATYpHOM 3KCIepuUMeHTe. JaHHOoe
OTKIIOHEHHE — Pe3yIbTAT NOIPEUIHOCTEN POBEACHHS
HATYpPHOTO OKCIEPUMEHTA, a TaKKe pa3N4HbIE
YIPOILIEHHUS, TOITYCKAaEMBIE IIPH YHCIEHHOM pacyeTe.

IlomyueHHyl0 MHOTrpEIIHOCTP MOXHO CUUTATh
MIPUEMIIEMOH W TOBOPHTH O TOM, YTO pa3paboTaHHas
MOJEIb IPUrOJHA IJIsi TECTUPOBAHUSA Pa3IUYHBIX
BapHaHTOB KOHCTpYKIHU BOI' Ha 4yBCTBUTEIBHOCTH
K YCIOBMSIM BO3JCHCTBUS CO CTOPOHBI OKPYXKarollei
Cpenbl.

IMonyueHnsie  pe3yibTaThl  Apeiida  MOKHO
YTOYHHTh, UCIOJB3Yysl Oojiee TOUHYIO HH(GOPMALHIO
10 TEIUIOPU3NIECKUM U MEXaHHYECKHM CBOICTBaM
MaTepuanoB, a TaKKe MOXHO OTOHTH  OT
OCECHMMETPUYHOTO PACCMOTPEHUSI TPOOJIEMBI H
HCIOJIb30BaTh MOJHOLEHHYIO TPEXMEPHYIO
IIOCTaHOBKY.
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BJIMAHUE ®OTOMETPUYECKUX XAPAKTEPUCTUK UCTOYHUKA U3J1Y-
YEHUSA HA DOPEKTUBHOCTDb BBIPALIUBAHUSA MUKPOBO/J1OPOCJIN
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Kpyrnukosa JI. JI., CaBunona JI. M.
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3enensie MukpoBogopociu poga Chlorella nenas-
HO TPUBJIICKJIM BHUMAaHHE MHUPOBOTO HAYYHOTO COO0-
IIECTBA KAK MHOTOOOCIIAIOIIUE OPraHU3MEI.

OdeHb PACIPOCTPAHCHHOW W3 XJIOPEIUT SBISICTCS
Chlorella vulgaris. OHa OCTOSIHHO BCTpeYaeTcs Mac-
caMH B BOJIE U B TPSI3H Iy, KAaHAB U IPY/IOB.

OrpoMHBIA UCCIIEIOBATEILCKUNA UHTEPEC YUEHBIX
BCETO MHpPa K 3TOW BOJIOPOCIH OTPEEIICTCS, PEkKIe
BCero, OOraTeMIIUM COCTaBOM BCETO CIIEKTpa Onoio-
THYECKH aKTHBHBIX BEIIECTB, BHICOKOW MX KOHIICH-
Tpanueil ¥ CpaBHUTEIBHO MPOCTON TEXHOJIOTUCH IMO-
Jy4eHHUs OOJIBIIINX KOJHMYECTB e¢ OMOMACCHI.

ITo cBoelt MUTATEILHOCTH BOJIOPOCIHh HE YCTYyIAeT
MSCY ¥ 3HAYHUTEIILHO MPEBOCXOIUT MieHuy. Ecinu B
mieHuIe coaepxkurcs 12 % Oenka, To B XJopeuie
ero 6osee 50 %. [Ipyu aMUHOKHCIIOTHOM aHAIH3€e Kile-
TOYHOTO COJEpKUMOTo oOHapyxeHo 40 aMHUHOKHC-
JIOT, B TOM 9YHCJIE BCe HE3aMEHHMBIE. B makpo- u
MHUKPORJIEMEHTHBI COCTAaB CYCIIEH3WH  XJIOPEJLIBI
BXOJAT Kaipuui, ¢pochop, Maranii, Kaauid, Meap, JKe-
7e30, cepa, OUHK, KOOalbT, MapraHell, IHPKOHUH,
pyOuanii, o u ap. MHKpO3JIeMeHTHI [1].

[IpuMeHeHHE XJIOPEIUTBl B Pa3IMYHBIX O0O0JIACTIX
JICSITETbHOCTH Y€JIOBEKA OYCHB LIMPOKOE:

- B CEIIbCKOM XO3SIMCTBE JJS MOAKOPMKH pacTte-
HU, NTUI] ¥ )KABOTHBIX, B ITYEJIOBOJICTBE U PHIOHOM
XO3SIUCTBE;

- B IIUIIEBOH MIPOMBIIIJICHHOCTH,

- B MEAHIIMHE, KOCMETOJIOTHH U TappIoMepu;

- UL OYMCTKHA CTOYHBIX BOJ M PEaOMIINTAIU BO-
TOEMOB,

- U IPOM3BOJICTBA KHCIIOPOa;

- JUTA IPOM3BOJICTBA OMOTOILIHBA.

KrneTku mensitcst Kaxable MBEHAIUATh YacoB. DTO
U TMO3BOJISICT cOOMpaTh (haHTACTUYECKUE YpOXKau. 3a
roJl ¢ KaXJOro TeKTapa BOJHON MOBEPXHOCTH Oac-
CEeHOB MOXXHO CHATH 110 600 IEHTHEPOB CyXoil OHo-
maccel [2].

Jlst mpom3BoACTBa OMOMACCHI XJIOPEIUTBI TpeOyeT-
csl coOMIOaTh HECKOJBKO YCIOBHH. JTO B TEPBYIO
ouepelb OlpeeeHHasl MUTAaTeNbHAs Cpesia, HAInIne
YTIIEKHUCIIOTO Ta3a, TeMIepaTypa 1 CBeT.

ITuraTenbHas cpema MPEACTaBIsSET COOOM cMech
MUHEpAJIOB M OPTaHWKH, HACHIIIEHHYIO YTIIEKHACIBIM
razoM. Poct GnoMaccel MHUKPOBOAOPOCIH IMPOUCXO-
AT TOJNBKO TIPU OIPEACICHHOW TeMIepaType, a
umenno 30-36°C.

CBeToBOE BO3JIEICTBHE 3aKiIOyaeTcsi B 00Iyue-
HUM JTUOO COJHEYHBIM CBETOM, JINOO UCKYCCTBCHHBI-
MU UCTOYHHUKAMH CBE€TAa B 3aBUCUMOCTH KJIMMaTa.

BripammBaror muxpoBogopociu Chlorella B oT-
KPHITHIX (0acceffHax) U B 3aKPHITHIX KyJIETHBATOPAX.

TexHomorus 0aCCEHHOBOrO MPOU3BOCTBA HE TPe-
OyeT BBICOKHX KallUTAJIOBIIOKEHUI U aIanTHPOBaHa K
paclIMpeHn0 TPOU3BOACTBEHHBIX MoIIHOCTEH. B
ONTHMAJIBHBIX CIy4asX MOJXET JaBaTh JOBOJIBHO
GosbIIre BRIXOIBI Oromaccsr [3].

3akpbITbie (POTOPEAKTOPHl - 3TO CUCTEMBI IIPO-
3pavHBIX eMKocTell (TpyO, akBapHyMOB), BHYTPH KO-
TOPBIX LIMPKYJIUPYET MHUTATeNbHas Cpefa ¢ MUKPOBO-
JOPOCIISIMU.

B kauecTBe 00mydaTens B 3aKpBITHIX (OTOPEAKTO-
pax MCIMOJIB3YIOTCSI B OCHOBHOM JIaMIIbl HaKaJIHMBaHUsI
B TOM YHCJIE€ KBapIEBbIC T'aJOI€HHBIC C OTpa)KaTelisi-
MH, 3€pKajJibHbIe JIaMIIbl, U JIOMHUHECIICHTHbIC JaM-
nbl. MCrosib3yloT Takke JyroBble PTYTHBIC JOMH-
HECLIEHTHbIE, KCEHOHOBbIE, HaTpUeBble Jiamrbl. [lo
CPAaBHEHHUIO C E€CTECTBEHHBIMH MCTOYHHKAMHU CBETa
HCKYCCTBEHHbIE MCTOYHUKH MOTYT CO3[aBaTh OO0JIb-
LIYIO0 OOJYYeHHOCTh, HEXKENH CONHEYHBIN cBeT [4].

KynsTHBHpOBaHHE MHKPOOPTraHW3MOB B 3aKpbI-
TBIX OMOpEaKTOpax CBS3aHO C OOJBIIMMH JHEPreTH-
YECKUMH 3aTpaTaMH Ha OCBEILECHHE.

OnmHNM W3 BO3MOJKHBIX PELICHHH CHM)KEHHS 3a-
TpaT Ha 3JIEKTPOIHEPTHIO M MOIYYCHHS CIEKTpa U3-
JTyd9eHHUs C HEOOXOAMMBIMH XapaKTEPUCTUKAMH IS
KyJIBTYPBl SIBIAETCS NPUMEHEHHE CBETOANOJHOM
OCBETHUTEIHHOH yCTAHOBKH.

Bri6paB Hanbomnee onTHMaNbHBIE TapaMeTphl s
pOCTa ¥ pa3BUTUSI MUKPOBOJOPOCIIEH, MOKHO CO31aTh
OJaronpusATHBIC YCIOBUS ISl OBICTPOTO HX pOCTa U
CHM3UTh BpeMs, 3aTpauMBaeMoO€ Ha MX BBIpallIWBa-
HHUE.

Lenp aKCIEpUMEHTAIBHBIX HCCIIEI0BAHUI — BbI-
SIBUTh BIUSHUE (POTOMETPUYECKHX XapaKTEPUCTHK
HCTOYHHKA N3ITy9eHUS Ha 3G PEeKTUBHOCTH
BBIpAIBAHUSL.

OO6mnydeHre Npon3BOMIOCH PA3HBIMHU THIIAMHU HC-
TOYHHKOB CBeTa: Jamnon HakanmuBanusa (JIH), ceero-
muogHor (C) m mromuHectnentHo# (KJIJT) mammamu.

B xone mpoBeneHus uccienoBaHUN OBUIM IMOITY-
YeHBI JJAHHBIE YBEJIMYCHUsI ONTHYECKOW rIoTHOCTH D
CYCIICH3HUH XJIOPEIIIIHI.

B nepBoM cityuae MCHOJIb30BAIUCH JIAMIThI OJJHHA-
KoBOH 1BeToBON TemmepaTypsl 4200 K. PesynpraTs
MPUPOCTa TOJNYYHIIUCh MPAKTHYECKH HACHTHYHBIMHU.
Taxum 06pa3om, OBUIO YCTAaHOBIIEHO, YTO MIPU TAHHOM
LBETOBOM TeMIepaType CTENEeHb BIMSHUS XapakTepa
CIIEKTpPa M3JIy4EHHs Ha POCT KyJIbTYPbl HE3HAUNTEIIb-
Ha.

HawnmeHnoBanue Dy D D- D,
JIH 0,009 0,203 0,194
KJII,
T=4200K 0,010 0,122 0,112
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C, T=6500K | 0,010 0,084 | 0,074

CJI, T=4200K | 0,003 | 0,115 | 0,112

Ta6. 1. Pesynbrarel M3MEpeHUd MpU OOTydSHUH
Pa3HBIMH JIAMITAMH.

Bo BTOpOM citydae it o0rydeHust 6MoMacchl Mc-
MOJIF30BAJIIICH CBETOAMONHBIC JIAMITBI  C I[BETOBOM
temmeparypoit 4200 u 6500 K. Xapakrtep crnekTpoB
W3JIYYCHHUS JIAMI CXOX M YCIOBHS, IMPH KOTOPBIX
MPOUCXOIMIIO KYJIbTUBUPOBAHUE CYCIICH3UU XJIOpPEJ-
Ja, UICHTUYHBI.

Pe3ynbraThl SKCIEPUMEHTA 3HAYUTEIBHO OTIMYA-
IOTCSL IPYT OT JIPYra, YTO MO3BOJISAET MPEINOJIOKHUTh,
YTO Ha TIPOIECC POCTa MCIIOIB3YeMOH B KCIIEPHMEH-
T€ MHUKPOBOZOPOCIH BIUSET I[BET CBEYCHHUS JIAMII.

Kak u Bce pacTeHus, XJiopeiia HoromaeT He Bce
JUTHHBI BOJTH CBETA.

Jis momydeHus KPUBOM CBETOIOTJIOMICHUS XJIO-
peITbl OBLT U3MEPEH CIIEKTP ONTHYECKOH IUIOTHOCTH.
OnTHYECKYI0  IUIOTHOCTh H3MEPSUIM B JHANa30He
e BoaH oT 300 mo 800 HM, mpu TodmuMHE cios 1
cM.

[Monp3ysch monydeHHBIMU 3HadeHusMH D, pac-
CUUTAIH KO(PPHULIUECHTHI MOTJIOIIEHHUS XJIOPEILIBL.

CrieKTp MOTJIOMICHUS IMEeT HeTPEPHIBHBIA Xapak-
Tep, HO OOHApy)XHMBaeTCs JBa MaKCHMyMa Ha TOH
JUTMHE BOJIHBI CBETA, TAC UMEETCS MaKCHMAIbHOE T10-
TJIOIEHIE KBAHTOB CBETA, B KpacHoil obmactu (ot 660
70 680 HM) ¥ BTOpPOIl MAKCUMYM PAacIIOJIOKEH B CH-
HEM CHEeKTpajbHOM auana3one oT 420 mo 450 Hwm.
Takum 00pa3oM, IMEHHO B 3THX 00macTsax, 3ddex-
TUBHOCTH (DOTOCHHTE3a HaHOOJbIasl. 3HAUNTEIbHBIN
MPOBaJl HAOJIIOIaeTCsl B MHTEpBaje JIMH BOJIH oT 500
1o 580 uM. Takum 0Opa3om, CBET B 3eJICHON 00JIacTH
HMeeT HaMMeHbIIee ToromieHne (cM. puc. 1).

35
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Puc. 1. CnexTp HOTJIOMIEHHUS CYCIIEH3HH XJIOPEI-
7161 B quana3one miuH BoaH ot 300 mo 800 HM.

Crnenyromue >KCIEPHIMEHTHl OBUIM HaIleJIeHBl Ha
BBISIBIICHNE KOHKPETHBIX [UITMH BOJH, IIPH KOTOPBIX
Oyzer HaOMIOOATHCS MAKCHMAIBHBIH HPHUPOCT OWO-
Maccel. B xoze mpoBeseHus SKCIepUMeHTa, KYIbTY-
py 00JyYamy CBETOIUOTHBIMU MCTOYHHMKAMH CBETA C
kpacHbIM (0T 620 mo 630 HM), cunum (ot 450 mo
465 um) u 3enenbiM (0T 520 10 535 HM) cBeTOM.

Pesynprar monyumnu crenyroIui: HauOoOJbIIee
3Hayenne D HaOmomaercs moj JedicTBueM oO0yue-
HUS CYCIICH3UU XJIOPCJUIbI KpAaCHbBIM U CHHUM CBC-

Ceknus 2:
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TOM, T.€ IpU JUIMHE BOJHBI OT 450 10 465 HM U OT
620-630 aM. [Ipu oOIydeHNU 3€JICHBIM CBETOM IIPH-
pocra 6Guomacchl He HabmaI0Ch (cM. Tab.2).

Ha ocHOBaHMM TOJIyUYEHHBIX PE3YJILTATOB OBLI
MPOBEJICH DKCICPUMEHT, B KOTOPOM, KYJIbTYpy 00-
JIy4ajd CBETOM, IOJYYCHHBIM MyTEeM KOMOWHHPOBa-
HUSI KPACHBIX M CHHUX CBETOIMO/OB. [[Hana3oH u3iry-
YEHHs KPacHOT'O CBETOJMOIHOTO obmydarens oT 620
1o 630 am, cuaero — oT 450 go 465 HM.

Kak BUIHO W3 CIEKTpa MOTIOIMICHUS XJIOPEILTBI
KO3(QQHUIUEHT TOTJIOMEH!sT KyJIbTyphl TIPH 3TUX
JUIMHAX BOJH cocTtaBigeT 35 % u 15 % cooTBeT-
cTBeHHO. Takum 00pa3oM, OBLIO B3ATO OTHOIICHHE
SHEPTHU MO CIIEKTPY KpPACHOTO M CHHETO CBETa, B
nponopuuu 1:2,3.

MHTeHCHBHOCTE (DOTOCHHTE3a TP  OCBCIICHHUH
KoMOuHHpOoBaHHBIM cBeToM KC (KpacHBIA U CHHUI)
OKa3aJach BBIIIE HWHTEHCHBHOCTEW (DOTOCHHTE3A,
HaO0JII0TaeMOM TIPU OOYICHUH Ka)KIOW JIITMHOW BOJI-
HBI B OTJEIBHOCTH (CM. Ta0.3).

Hanmenosa- T, E,
HHE Do D D- Do °C KIIK
Cl, cunuii

0,025 (0,656 | 0,621 | 34,8 | 5,3

(450 - 465 um)

CJI, xpacHBbIi

(620 - 630 1) | 0028

0,482 | 0.456 | 33,4 |59

CJI, 3eneHbIi

(520 - 535 uu) | 2028

0,054 | 0.028 | 34 6,5

Tab. 2. PeSyﬂLTaTLI OKCIICPUMCHTOB I10 BJIMAHUIO
CBCTOANOJHBIX I/I3nyaneneI71.

T, | E
HaumenoBanue | Do D D-Dg | » ¢ | o
ClI, KC 0,020 {0,710 (0,690 |34 ]5,1

Ta6. 3. Pe3ynbraThl S5KCIIEPUMEHTOB MO BIUSHHIO
KOMOMHHPOBAHHOTO CIEKTPA.

Boiniee Toro, pesynbrar npupocta OMomacchl MpH
o0JIydeHUH BOJOPOCIN KOMOWHAIMEHl KpacHBIX H
CHHHX CBETOJHOIOB Ha MOPSAKH BHIIIE, YeM IpH 00-
JYYeHUN CTAHAAPTHO HCIIONB3YIOMUMUCS HCTOYHU-
KaMH CBeTa.

CIHCOK JTUTepaTypHhI:

1. Xmopenna - >KH3Hb pajyl )KU3HU. [ DINEeKTPOHHBIN
pecypcl]. - Pexum JlocTyna:
http://www.proflink.ru/007-produkt/chlorella.html

2. Xnopemna. [DnexktpoHHbIH pecypc]. — Pexum
nocryma: http://armoniainterna.ru/?portfolio=project-
3.4

3. IlpomsBoncTBO OHOMAcChl MHKPOBOJOPOCIEH
[Onexktponnblii  pecypc]. — Pexum  poctyna:
http://abalgae.com/ru/products/xlorella/production

4. IlleroaskoBa H.M., Ilamkuna I1.C. ®orobuo-
peaKkTop IUIA JOOYUCTKH CTOYHOW BOABI OT OHOTEH-
HBIX 2JIEMEHTOB M 00e33apakuBaHUs [ DICKTPOHHBINA
pecypel]. - Pexum JlocTyna:
http://www.mosvodokanal.ru/index.php?newsid=5786
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MOJEPHU3AIUA BECITPOBO/IHOT'O PAJUOY JVIMHUTEJISA CETU DMX512
Ceprenues K.C., Manmeiro A. B.
OMCcKHi rocyIapcTBEHHBIM TeXHUUECKHi yHUBepcuTeT, 644050, Poccust, Omck, I1p. Mupa, 1.11
E-mail: sergeichevks@gmail.com

B coBpemMeHHOM MHpE OTPOMHOE BIUSHHE
0Ka3ajo pa3BHUTHE OECIPOBOTHBIX TexHOJOTHH. OHU
HACTOJIBKO CHJIPHO HPOHHKIN BO Bce cepsl Hamieit
JEeSTeTHbHOCTH, YTO TPEACTABUTh X OTCYTCTBHE YXKE
HEBO3MOXHO. CoOTBETCTBEHHO MIPOBOTHAS
TEXHOJIOTHS TEPSET CBOU TMO3UIUH, & CAMBIM MPOCTHIM
METOZIOM TIepexoJia K OECIpOBOMHONW TEXHOJOTHH
SBJISIETCS CO3J[aHue 0co0O0ro Kilacca OecrpOBOAHBIX
YCTPOWCTB — PaJHOY/NTHHUTEIICH.

PanuoyuHurens -YCTPOMICTBO,
obecrieunBaroiee BO3MOKHOCTh TTOAKIIOYCHUS JIBYX
Y3JI0B CETH METOJIOM paguocBs3d. JlaHHEBIN BHA
YCTPOHCTB TO3BOJIIET OTKA3aThCA OT IPOBOIHOM
TEXHOJNOTHM B  TeX  CIyYasx, Korma  3TO
MIPEIICTABISETCS HENeCO00OPa3HBIM.

OTpuuaTenbHOH 4YEpPTOW, SBISIETCS TO, YTO BCE
YCTPOWCTBA 3TOTO THMA O00JaTal0T BPEMEHHBIMH
3amepKKaMu  MHGOOPMAI[MOHHOTO  MOTOKa, IO
CPaBHEHHMIO C IIPOBOIHOM TEXHOJIOTHEH.

OOBsICHSIETCSl 3TO SIBICHHE AJITOPUTMOM pPabOTHI,
KOTOPBIA 3aKIJII0YaeTCs] B CIEAYIOLIEM. Y CTPONCTBO
BKJIIOYAeTCs B pa3pbIB IpoBoaHON nuHMH. Korma mo
MMPOBOJHON JIMHHUU TepenaroTcs Nu(poBHIC TaHHEIC,
OHM cHepBa mnonagaloT B Oydep mepenaromero
pammoysna. Ilocie 3amojHEHUS BXOTHOTO CIIOTa
HAYMHACTCS Tepe/iaya JaHHBIX M0 BO3AYXY B Oydep
MPUEMHOT0 yCcTpoiicTBa. I TONBKO TO OKOHYAHUH
repeadyd JTaHHBIC KOIHMPYIOTCS B COOTBETCTBHU C
BXOJHBIM IIPOTOKOJIOM, W OTTIPABIISIOTCS KOHEUYHOMY
YCTPOUCTBY.

—

MNMepepaouee MNpuemuoe

yerpoiicteo YCTPOHCTBO
Eydep Eydep

Puc.1 — I'paghuueckasn cxema cucmemoi
PaouoyoruHumenet.

Takum oOpa3om mepen pa3paboOTUMKAMHU JTaHHOTO
THUIIa YCTPOMCTB CTOUT TiI00aNbHast 3a/1a4a — JOBECTH
QITOpPUTM paboThl 10 COBEPIICHCTBA, OOECIEe4HB
MHUHHMMaJIbHbIE BPEMEHHBIE 3aICPIKKH.

B cBoeii pabore MBI  CTOJNKHYJIHCh C
PagMOYATMHUTEISIMA CETH LU(PPOBOTO IMPOTOKOJA
DMX512. lanHast ceTh B OCHOBHOM HCIOJB3YeTCS B
OBITOBOM NPHMEHEHWH AJSI CUCTEMBI THIA «YMHBIA
HJom». A Takke HaXOAWUT CBOE HAa3HAUEHUE U CPEIU
po¢heCCHOHANBPHON CIIEHUYECKOW ammapaTypsl st
YIIPABIICHUS CBETOBBIM 000PYOBaHHUEM.

IIpousBoacTBoM O T00HBIX YCTpOICTB
3aHUMAIOTCS HECKOJIBKO MHPOBBIX GupM. OnHHM 13
unepoB sBisieTca mBenckas kommanus WIRELESS
SOLUTION, koTopasi BBIITyCKacT CBEpX HAJC)KHBIC
pamuoyUTMHATENH. VX NMpenMyIIecTBO 3aKIF0YaeTCs
B MEPBYIO OuYepeib B CaMOM pajguoy3je YCTpoiicTBa,
KOTOpBIM TI03BOJIIET C BBICOKOH CKOPOCTBIO MEHATH
HECYLIYI0 4YacTOTy. JTO MO3BOJISIET YCTPOWCTBY He
3aMeUIATh Nepeiayy WHPOPMAIMOHHOTO MOTOKA MPH
oOHapy)XeHHM KOJIM3HM panuonepenadun. Kpome
9TOr0,  YCTpOMCTBA  JAaHHOTO  IIPOM3BOAUTEIS
obecrieuynBalOT  Majble  BpPEMEHHBIE  3a/ICPXKKH,
KOTOpBIE COCTABIIIIOT He OoJtee 5 Mc.

Puc. 2 — Yempoiicmeo WIRELESS SOLUTION

OCHOBHEIM KaMHEM TIPETKHOBEHUS IS
TIOBCEMECTHOI'O UCIIOJIb30BAHUS YCTPOICTB IIBEICKON
KOMIaHuu — wuX croumocTts. Ilopoit 1eHa Ha
YCTPOHCTBA MOXET TOCTHUTATh HECKOJIBKUX JIECSATKOB
TBHICSY pyOITeit.

Ilo oTOil mnNpUYMHE MHOTME MOTEHLHAIbHBIE
MOKyTaTeau BBIHYKJIEHbl UCIOJIb30BaTh YCTPOHCTBA
KHATaiickoro mpomsBoauTens. OpWH W3 TaKuxX
panuoUTMHUTEIICH TOTIaN B HAIIK PYKH U aHAIIN3a 1
TOCJIEAYIOIIEeNH MOIEPHHU3AIUH.

Puc. 3 Puc.4

Hamu

VYerpolicTBo,  momaBiiee B pyKH,
MpeacTaBsieT co0oi nmuppoBoil MprueMoIepeaaTIrK,
paguoy3en KOTOporo paboTaeT Ha He JTHUIEH3UPYeMOM
Juanasone yactotT 2,400...2,525 I'Tu (ISM-Industrial,
Scientific, Medical). VYctpoiictBo BbIMycKaeTcsi B
IByX (opM-hakropax: Kak MUHHATIOPHBIH TPUEMHHK
(puc. 4), ¥ Kak TOJHOIEHHBIH INpHEMoNepeIaTInuK
(puc.3).

Jns  anHanmu3a KOppPEeKTHOH paboTBl  JTaHHOTO
ycrpoiicTBa Obu1 cobpan Tectep. Tectep mo3BoiseT
W3MEpUTh  BEIUYMHY  BPEMEHHOM  3aepiKKH,
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OOHAapY)XUTh MpOIYCKM NaKeTOB WIH 00pe3Ky
MHQOPMAIMOHHOTO  MOTOKa. Pe3ymprar  paboThI
TecTepa BHIBOANUTCS HA CBETOIUOAHYIO HHIUKAIUIO.

Puc. 5 — Tecmep 01 npuemonepedamyuxos
AHanmn3 KOppeKTHOI paboTHl paanoyIIHHUTEICH

KHTalCKOTO TIPOUCXOKACHHS BBISIBHIL, 9TO
YCTpOMCTBa JOMYCKAIOT MPOMYCK KaXAoro 2-ro
nakera HMH(OPMALMOHHOTO MOTOKA, TMPH 3TOM

BpEMEHHas 3aj7epxka cocrasiseT mnopsaka 30...80
MC, YTO SABJIACTCA OTKIIOHCHUEM OT HOPMBEIL.

I[Mlo pesympTaTam aHamm3a OBLIO  PEHICHO
YCOBEPIICHCTBOBATH XapaKTCPUCTHUKHU JaHHbIX
YCTPOWCTB, 3a CYeT pa3paboTKu COOCTBCHHOM

MPOTPaMMHOM MPOIIMBKY LIEHTPAIBHOTO IMpolieccopa
YCTpOMCTBA.

IMpommBka Obula peanu3oBaHa Ha  SA3BIKE
acceMOiep, KOTOPBIN SABISIETCSI HU3KOYPOBHEBBIM.
OTO0 MO3BOJIMIO JOCTUTHYTh MAaKCUMaIbHON CKOPOCTH
W ONTHMHU3MPOBAHHOW PabOTHI MHKPOIPOLECCOPHOTO
610ka. COOTBETCTBEHHO, YMEHBIIIINCE U BPEMEHHBIE
3aJIepKKHU, KOTOPBIE TEIeph COCTABILIIOT MeHee 3 MC.
Taroke Ha 6a3e NPOUIMBKK ObUT pa3paboTaH aNrOpUTM
BBICOKOCKOPOCTHOM CMEHBl HECYIEd 4YacTOThl B
cirydae OOHapyKEHHs KOJUTH3HH B paJuoKaHae.

XapakTepUCTUKM, IIOJIy4EHHbIE B pe3yJbTare
MOJICpPHHU3AINH YKa3aHBI B TA0IHIE.

BpemenHas 3aepikka, Mc <3
Bcetpoena,
CucteMa KOHTPOJIS OIIHOOK
porpaMmmHas
CucreMa oucka u oTepu
Berpoena
YaCTOTHOTO KaHaja
Duepromorpedienne, MA 63
CKOpOCTb MEePECTPOUKH 44
4aCTOTBI, pa3/c
ITo Opetik
MeTo CHHXPOHH3AIIHI PCHKY,
o0pe3ka

Ceknus 2:
[Ipubopocrpoenue

Ha nanHbIE MOMEHT HM3TrOTOBIIEHO 4 MPOTOTHIIA
paIuOyASMHUTENS Al TECTUPOBAHUS B PEAIbHBIX
YCIOBHAX WX WCIIOJNB30BAaHMS, a MEpPBbIE 3aIyCKU B
TecTepe TOKa3alu HeIuloxue pe3yibraTel. Ho
BELIBIICHBl HEKOTOpPHIE OIIMOKM B  QJTOPHUTME,
KOTOpBIE Ha MJaHHBIHK MOMEHT YCTPAaHAIOTCA U
OTJIAKUBAIOTCS.

|

Puc. 6 — I'omogwiti npomomun ycmpotiicmea ¢
BHYMPEHHel aHMEHHOU

ITonoxurensHpIMU pe3yabTaTaMu 3TOM
MOJICpHHM3AIlMH  SIBISIETCS. TO, YTO  YCTPOHCTBO
MPHONM3UIIOCE 10 (PYHKIMOHATY W HAICKHOCTH K
YCTpOICTBaM  BBICOKOM  ILIEHOBOM  KaTeropuw,
OCTaBasiCb NpPU ITOM C TOH K€ IPHUBJIEKATEIbHON
neHoif. Takum o0pa3om, OHO cTano eme Oojee
KOHKypeHTHO'CHOCO6HI)IM u HUHTEPECHBIM JUIA
MOKyHaTess.

B OmmKaiemM Oyayuem IUTAaHUPYETCS
JanbHeimas 1opaboTka NpoeKTa M BBIBOJ MPOJYKTa
Ha pbIHOK. [lns aToro B mepByl ouepens Oyner
npoBeJeHa  pa3paboTka  HeyaTHOW  IUIATBl M
KOHCTPYKIINH Kopmyca  yCTpOWCTBa, TaKKe
MO/JICpHU3UPOBAHHBIC 110 CPABHEHHIO C aHAJIOTOM.

Cnucok JuTepatypsbl

1. Wireless Solution.BlackBox  Series—URL.:
http://www.wirelessdmx.com/products/itemlist/catego
ry/47-blackbox-series

2. Ilpaiic-nucr. WI-DMX -URL:
http://www.wi-dmx.ru/pdf/price/price-WI-DMX.pdf

3. Cum. DMX 6e3 mpoogoB! - URL:
http://www.sim.ru/rus/catalogue/light_equipment/doc
ument1364.shtml
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BJIMSAHUE ITYMA KBAHTOBAHUSA AL HA ITIOT'PEITHOCTDb UBMEPEHUSA
AKTUBHOM MOITHOCTH OCHOBHOM T'APMOHUKHA
Cepos A.H.
Hayunsnii pykoBoaurens: [1latoxun A.A., K.T.H., JOLEHT
HarmonanbHblii viccrenoBaTesbeKril yHUBepcHTET «MOCKOBCKHI SHEPTETHYECKUI HHCTUTYTY,
111250, Poccws, . Mocksa, yi. KpacHokazapmersas, 14
E-mail: serov.an.iit@yandex.com

JleficTByIOIE HOPMATHUBHBIE NOKYMEHTHI [1] Ha
cpenctea m3Mmepenuss (CH) mokaszarteneld kadecTBa
anekTpodHeprun (ITKD) mpennmuceiBaroT MOCIeTHUM
BBITIOJIHATD HU3MepeHne psana napaMeTpoB
SNEKTPUUECKOM  MOIHOCTH,  CpeId  KOTOPBIX:
AKTUBHAsI MOIHOCTh OCHOBHOM FApMOHUKU; aKTUBHAs
MOIITHOCTh TapMOHMK; M aKTUBHAas MOIIHOCTh B
3ajaHHON monoce yactoT. CoBpeMeHHbIE IH(PPOBBIE
CH IIKD nocTpoeHsl Ha OCHOBE CTPYKTYPHOM CXEMBI,
CoJiepiKalie B CBOEM COCTAaBE AaHAJIOrO-IU(POBHIE
npeobpazoBatenu (ALIT). Wx gwucmo 3aBUCHT OT
yycia U3MepUTenbHbIX KaHaioB CH. BeixoaHo#
cursai rodoro AL nmpencraBiseT coboit nuppoBoit
kol. IlockonbKy BXOOHOH cHrHam B oOmmeM cirydae
HerpepbiBeH, To Joboi ALl npuHIMOHMANEHO
oOmamaer MOTPEIIHOCTHIO JUCKPETHOCTH.
3aBUCHUMOCTh JJaHHON IOTPENIHOCTH BO BPEMEHH
UMeeT CIy4JalHBIH Xapaktep (HECMOTpsl Ha TO, YTO
HOCUT Ha3BaHHE IIyM KBAaHTOBAHMA) M ONpeIeNseTcs
YPOBHEM BXOJHOTO CHTHaja M BUAOM (DYHKIIUH
mpeodpa3oBaHusL paccMaTpuBaeMoro ALIL
MrHOBeHHBIE ~ 3HAa4YeHHs  IOymMa  KBAaHTOBAHUS
HEJIMHEIHO 3aBUCAT OT YPOBHS BXOJIHOTO CHTHala.
[lo oroif mpHYMHE TOTPEIIHOCTh  M3MEPEHUS
MTHOBEHHBIX 3HaYCHHMH CHTHajla, BBI3BaHHAs IIyMOM
KBAaHTOBAHUsI, HE MOXKET OBITh yCTpaHEHa YCTaHOBKOM
HYJISl WIH KaJIAOpOBKOW W3MEpPHUTEIbHBIX IIemeil.
Takum 00pa3om, MpeaCcTaBIIETCS aKTyaJbHON 3a/1a4a
pazpaboTkn  3(PGPEKTHUBHOTO  METOJa  OIEHKH
HOTPEIIHOCTH HM3MEPEHUs] IapaMeTpoB aKTHBHOU
MOIIIHOCTH, BBI3BAaHHOW MOTPENIHOCTHI0 KBAHTOBAHUS
npumensieMbrx AL

OOoOmenHass  3aBUCUMOCTh Ul pacueTa
MOTPEUIHOCTH H3MEPEHUsl MEePEUYMCICHHBIX paHee
rapamMeTpoB AaKTUBHOH MOIIHOCTH MOXET OBITh
MIPECTaBICHA B CIIEAYIOIIEM BUJIE:

k2
APy k2 = Z(U (Al + 1, AU Jeos(py ). (1)
k=k1
rie U, |, - nelictByromue 3HadeHus K —oii

TapMOHHUKHU HAIIPsDKEHUS U TOKa COOTBETCTBEHHO, @

— (azoBplii cOBUr MeXAy K-MH TrapMOHHKAMU
HanpspkeHust u Toka; k1, k2 — cooTBeTcTBEHHO
HayaJbHBIM M KOHEYHBI HOMEpa TapMOHHUK U3
paccMaTpuBaeMOro 4YacTOTHOTO muama3oHa; AU,
Al — otknonenue /I3 K -0if rapMOHHKHU BBIXOZHOTO
HalpsOKEHWSI W TOKA  COOTBETCTBEHHO. TakuM
o0Opa3zoM, JuUId pacyeTa MOTPEIIHOCTH H3MEpEeHHs
NapaMeTpoB MOIIHOCTH HEOOXOJMMO ONpENeNIUTh
OTKJIOHEHUs] TapMOHUK TOKa U  HaNpsKCHUA

(BBI3BaHHBIX ~HAJIMYHWEM IyMa KBaHTOBaHMA) B
TpeOyeMOM YacTOTHOM JHATa30He.

JeiicTBylomue 3Ha4e€HHA TapMOHMK TOKa U
HanpsOKeHUs, a Takoke (a3oBbIE CIBUTH  MEXKIY
JIAHHBIMA TapMOHUKaMu OJHOW uactoThl, miusa CU
IIKD, «kak mpaBWIO, ONPEAENSIOTCS  IyTeM
BBHITIOJTHEHUsI JIUCKpeTHOro mnpeobpazoBanus Dypbe
(AI1®) Toxa um HampsokeHus. CHEKTp BBIXOJIHOTO
curHasa AIlIl ¢ yueroM mIymMa KBaHTOBAaHMSA
OTpEeENsAeTCs KaK:

J LS AL

Y[n]= X[n]+ AX[n]= = Zx[k]e N4

N{i=
)

27k

N-1 .
+ZAQN ke "N |,
k=0

rie x[k] — BPEMEHHbBIC OTYEThl BXOJHOI'O CHUTHAIA
AT (nampspkeHuss Wik Toka); N — 9uCIIO OTYETOB

CUrHalla 3a BpeMs HabOJIOJEHUs; X[n], Y[n] -
JIUCKPETHBIE OTYETHI CTIEKTPa BXOIHOTO M BBIXOJHOTO
curHanoB  ALII  cooTBeTCTBEHHO;  Agy [k] -

MTHOBEHHOC 3HAUCHHE IyMa KBAHTOBAaHMA. 3Has
3aBHCUMOCTh IOyMa KBAaHTOBAaHUS BO BPEMEHH, H
MONB3YSCh 3aBUCHMOCTBIO (2), MOXHO OMNpENeIHTh
OTKJIOHCHUE TapMOHUK CIEKTPOB BBIXOJHOIO U
BxoaHoro curdanos AL
H3BecTHO, YTO [UI1 MTHOBEHHOI'O 3HAYECHUS LIyMa
kBaHToBaHus AIlIl cnpaBennuBo:
~0.50 < Agy [k]<0.5g. (3)

rae ( — 3HA4YCHUC CIWHMIBI MIAAIICro paspsiaa

(e.m.p., kBaHT) paccmatpuBaemoro Allll. U3
BolpaxeHU (2) w (3) BHIHO, YTO OTKJIOHEHHS
TapMOHMK CIEKTpa BbeIXOAHOrO curHama Al
NPUHUMAIOT  MaKCHMAaJIbHBIC 3HAYCHUS npu
cieyroniei opMme myMme KBaHTOBAHUS:

0.5q npu x[k]>0,

Aon [k]: —0.5q npu X[k]< 0. @)
Brinonsss noactaHoBky (4) B (2) nmonydaem:
12 1y 4|X[n] gsin?(0.5n7)
|Y[n] :‘X [n]+ Nsin(nz/N) )
x sin(Mj + )
N
2|X[n] qsin(0.5n7z) ‘
+ _ (2 + cos(zn))
N'sin(nz/N)
Ione3ysice  BeipaxkeHuem  (5), MoOryt ObITh

pacCcUnTaHbL OTKJIOHCHUA CHEKTPAJIbHBIX
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COCTABJISFOLIIX HATIPSKCHUS, TOKa u
COOTBETCTBYIOIIAS MOTPEIITHOCTb HU3MEPEHUS
aKTUBHOHM MOITHOCTH (cM. BhIpakeHue (1)).
TIponsBoautenu ALl B TeXHUYECKMX OMUCAHUAX
MHKPOCXEM  HOPMHPYIOT Pl JHHAMHYECKHX
mapamerpoB  (SNR, ENOB, SNDR, THDN),
CBSI3aHHBIX C SBICHHEM IMymMa KBaHTOBaHUS [2].
OnHaKo MOMHUMO IIyMa KBAaHTOBaHHS CYIIECTBYIOT H
Jpyrue IPUYUHBI, MPUBOAAIIME K OTKIOHEHUIO

CIeKTpa BBIXO/IHOT'O curHaia (Hanpumep,
HenuHeitHocTh GyHkunu npeobpaszosanus ALIT). ITo
9TOMl TpPHUYMHE HCIOJIb30BAHHE IEPEUHUCIICHHBIX
JUHAMMYECKUX  [apamMeTpoB Uil  ONpedeseHUs
NOTPENIHOCTH  BBI3BAHHOW IIYMOM  KBaHTOBaHHS
3aTPYIHEHO.

U3 nutepaTypHbIX UCTOYHUKOB [3] U3BECTHO, YTO
ko3punueHTsl psiga Dypre BBIXOAHOTO CHTHAA
ALII B cnyyae BXOJHOTO CUHYCOUAAJILHOTO CUTHAJIA,
MOTYT OBITb pPacCUMTaHBl IIyTEM TPUMCHEHUS
CJIEIYIOIIETO aHATUTHIECKOTO BBIPAKCHHS:

N
20 . ((I-0.5)q
VI = { e 2% ”"”Cs'”[%]' (6)

0, npu N —yemnoe.
roe N p — MAaKCHMAIbHOE 3HAYCHME BBIXOHOIO KOJA

AIIl mpu 3aJaHHOM BXOJHOM CHTHane; X, o —
aMIUTUTYAHOE 3HAYCHHE W HadaibHas (a3a BXOTHOTO
curtaia. C momolnsio 3aBucumoctu (6), mms AL
3a/IaHHOM Pa3psTHOCTH, MOXKHO BBITIOJIHUTH pPacueT
OTKJIOHEHUH aMIUIUTYJHBIX 3HAYCHUH CIIEKTPOB TOKa
W HaOpsHKCHHSA. 3aMeTHM, 4YTO BheIpakeHue (6)
MOJYYCHO I CJIydYas HEMPEpPBIBHOTO BO BPEMCHH
BXOAHOTO curHaia. OTcyTcTBHE YyuéTa pealbHOU
HaCTOThI ﬂI/ICerTl/l3aHI/Il/l OHpe[leﬂ}leT OCHOBHOﬁ
HEIOCTaTOK JaHHOro Mertoja. s  ycTpaHeHHs
JAHHOTO  HEJOCTaTKa MOJKHO  BOCIOJIB30BAThCS
COOTHOIIIEHHEM, CBSI3BIBAIOIIMM CIIEKTPBI
JIMCKPETHOT'0 U HENPEPHIBHOTO CUTHAIOB [4]:

V)= SVh-nMl= 3Vh-nM] ()

M=—M,
rae M; - wenoe; Ya[n],Y[n] — COOTBETCTBEHHO,
JUCKPETHBIH M HENpPEepLIBHBIA CHNEKTPBI BBIXOJHOTO

curnama AIIL.

B Tabmume 1 mpencraBieH CpaBHHUTEIHHBIN
aHaIu3 PaccMOTpPEHHBIX METOI0OB OLICHKH
MOTPEIIHOCTH  W3MEPEHUS] aKTUBHOM  MOIIHOCTH

OCHOBHOHM TapMOHMKM OT Iryma kBaHToBaHMs ALIII.
PaccMOTpeHBl  OLGHKM TOTPEIIHOCTH  U3MEpPEHHs
AKTUBHOM  MOILUHOCTM  OCHOBHOM  T'apMOHHKH,
BBI3BaHHbIE IIyMaMU KBaHTOBaHUS 14-Tu pa3psaHbIX
ANII usmepuTenbHbIX LENEH TOKa U HaNpPSKEHUS.
3rageHns  ctonbma «MM»  TOIMy4eHH  IyTeM
UMHUTAalMOHHOTO MOJEIUPOBAHUS, BBHINOJHEHHOTO B
OpPOTPaMMHOM  TaKETe Matlab.  Tapamerpsr
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MOJICTTUPOBAHUS: BXOJHBIC CHUTHAJIBI -
CHUHycOuIanbHbIe, Bpems wusMmepenus — 0.02c;
OTHOCHTEIIbHOE 3HAYCHHE HATIPSKCHHUA W TOKa — 1;
gactrota curHama — S50[m, HavanpHas — asa
HanpsDKeHUsT W (Ha30BBIH CIBUT MEXIY TOKOM H
HanpspkeHHeM — O rpaa. B Tabnmie oTHOCUTENbHAS
MOTPEIIHOCTh  M3MEpPEHUs] aKTUBHOW  MOIIHOCTH
OCHOBHOM TapMOHMKM 00o3HaueHa OPF; dacToTa

Juckpernsamun — f,.

Tabnuna 1. CpaBHUTEIBHBII aHAINA3 METOIOB OLICHKU
MOTPEIIHOCTH U3MEPEHUS aKTUBHON MOIIIHOCTH
OCHOBHOU rapMOHUKH

. »P,, %
[ | .6 | @6 | GO0
1 5810° | 0,031 |1010*| 2110°
10 |1510°| 0031 |1,010*| 9310*
100 | 9,110° | 0,031 | 1,010*| 5410°
1000 | 7,810° | 0,031 | 1,010* | 9,010°

Ha ocHoBanmm wu310KE€HHOTO mMarepuajia MOXKHO
CAeJIaTh CJIACAYIOIINE BHIBOADBL:

1. Tlpm wu3MepeHMHM TapaMeTPOB aKTHBHOU
MOIIHOCTH HayiuMuue Iyma kBaHToBaHus AlLlIl
U3MEPUTENIbHBIX ~ IIelel TOoKa U HaNpsHKeHUs

NPUBOANT K BOSHUKHOBEHHIO MOTPEITHOCTH.

2. Pacder mnorpemHocTd W3MEpEHUS] AKTHBHOM
MOIIIHOCTH, BBbI3BAHHOW KOHEYHOM pPa3psIHOCTHIO
AIIIl Toka W HAmNPSOUKEHUS MOXKET OBITH BHITIOJHEH
coracHo 3aBucumoctsam jubo (1), (5) m6o (1), (6)
6o (1), (6), (7).

3. CpaBHeHHE pe3ynbTaTOB OICGHOK pacdera
norpemHocTd st 3aBucumocteid (5), (6) u (7)
NOKa3bIBaeT, 4YTO TMPHUMEHeHHEe 3aBucHMOCTH (7)
NO3BOJISIET ~ CYIECTBEHHO  NPUOJIM3UTH  OLICHKY
HOTPELIHOCTH K €€ HCTUHHOMY 3HA4YEHHIO.

Jluteparypa

1. TOCT P 8.655-2009 CpenctBa wmH3MepeHHS
MOKa3aTelled KadecTBa DJIEKTPUYCCKOH DHEPTUU.
OO0mue TEXHUYECKHE TpeOoBaHUSI. - M.:

«Crannaptungopm», 2009.

2. Kester W. MT-003. Understand SINAD,
ENOB, SNR, THD, THD + N, and SFDR so You
Don't Get Lost in the Noise Floor. DnexrporHsIit

pecypc. Pexxum JocTymna:
http://www.analog.com/static/imported-
files/tutorials/MT-003.pdf

3. Bellan D., Brandolini A., Gadelli A.

Quantization theory — a deterministic approach// IEEE
transactions on instrumentation and measurement —
1999. Vol. 48, N.1. — P. 18-25.

4. Cepruenko A. b. Iludposas o6paboTka
curnaios. — CII6.: «ITurepy, 2007.
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CUCTEMA YIIPABJIEHUA U KOHTPOJISA IPUXOJHO-PACXOJAHBIMUA

XAPAKTEPUCTUKAMM PESEPBYAPHbLIX I[TAPKOB
Connnesa A.B., bopmunckuii C.A., Kypsuiésa I1.A.
Hayunsrit pykoBonutens: Ckopuos b.B., 1.1.H., mpodeccop
Camapcknii ToCyIapCTBEHHBIN a3pOKOCMHIYECKI yHUBepcuTeT nMeHn akagemuka C.I1.Koponéra
(HanIMOHANNBHBINA MCCIIeIOBAaTEIbCKUN YHUBEpcHTeT), 443086, Poccus, r.Camapa, MockoBckoe mocce, 34

E-mail: als063@mail.ru

B cootBercTBUM ¢ «DHEPreTHYECKON CTpaTernen
Poccun ma mepmoxm mo 2030 roma» (yTBepkIeHa
pacriopspKeHHEM [IpaBurenbcTBa Poccuiickoii
G®enepanun ot 13 HostOps 2009 1. Ne 1715-p)
CTPATCTUYCCKOM IICJIbI0 MHHOBAIMOHHOW M HAYYHO-

TEXHUYECKOU CcoCTaBsIONIeH roCyJ1apCTBEHHOU
JHEPreTUYECKOM TOJUTUKU  SBJISETCA  CO3/IaHUE
YCTOMUMBOM HallMOHAJILHOM WHHOBALIMOHHOM

CHUCTeMBI B c(epe SHEepreTHKH isi OOecTeUeHHs
POCCHICKOTO TOIUIMBHO-9HEPIeTHYECKOTO KOMILIEKCa
BBICOKO3 () (HEeKTUBHBIMH OTEYECTBEHHBIMH
TEXHOJOTHSIMH W O0OpyZOBaHHMEM,  HAy4HO-
TEXHUYECKUMH W WHHOBAIIMOHHBIMH PELICHHSMH B
o0BeMax, HEOOXOIUMBIX T MOAACPKAHUS
9HEPreTHYeCcKoil 6e30MacHOCTU CTPAHBIL.

OnmHOM W3  3ajay, pelmaeMblx B paMKax
peanu3zan  TPOTpaMMBbI, SBISIETCS pa3paboTka U
BHCAPCHUEC Ha TMNPCANPUATHAX COOTBETCTBYIOUICTO
HpO(i)I/IJ'ISI BBICOKOTCXHOJIOTHYHBIX CHUCTEM
YIpaBJICHUs NPOLIECCAMU CIIMBa U HAJIUBA TOBApPHBIX
OPOAYKTOB B EMKOCTH pPE3EPBYapHBIX MapKOB.
[logoOHBIE CHCTEMBl AaKTHBHO HCIOJB3YIOTCS Ha
TOIUTMBHBIX 0a3aX, a MMEHHO, TOIUIMBHBIX CKJIaax,
He(Tebaszax, He(pTEeXpaHWIMILAX, aBTO3AMPABOYHBIX
0azax, OCyIIECTBIISIOMINX XpaHEeHHe HePTENPOIyKTOB

B BEPTHKAIBbHBIX n/unm TOPU30HTATBHBIX
pesepByapax, a TaKKe XPAaHWIUIIAX  KAIKUX
IPOOYKTOB  Ha  MNPEANPUATHAX  [HIIEBOM U

MEIUIIMHCKON MPOMBIIIITICHHOCTH.

CTpyKkTypHass cxemMa CHCTEMBI YIpaBJICHHS |
KOHTPOJIS MIPUXOHO-PACXOTHBIMU
XapaKTePUCTHKAMU pe3epByapHBIX MapKoB
npeJicTaBJIcHa Ha pHUCYHKEe 1. ABTOpaMu mojaHa
3asiBKa Ha IOJIyY€HHE MaTEeHTa Ha MOJE3HYI0 MOJEIb
Ha pa3pabOTaHHYIO KOHCTPYKIIHIO YCTPOUCTBA.

Cuctema BKIIOYaeT B ce0sl pa3MCICHHBIC B
MOJIOCTH BOJIHOBOJA | W3MEpUTENBHBIE AATYUKH 2,
KOTOPBIE PACIIONIOKEHBI B Telle KOHTPOIUPYEMOTO
pe3epByapa, OaTYMK YpOBHA 3, pa3MEIICHHBIM Ha
KpHIIIE pe3epByapa, a TakkKe YIpaBIsIeMble BEHTHIH
4, 5, 6, pacxomomepsl 7, 8, 9, OIOKH yIpaBIICHU
HacocHbIMM arperatramu 10, 11, 12, HacocHble

arperatel 13, 14, 15, KoTOpble COEAMHEHBI
MociefoBaTeIbHO  CHUCTEMOM  TpyOompoBona H
00pasyroT KaHaJ HaJluBa MIPOAYKTa u3

TPaHCHOPTUPOBOUYHOW eMKOCTH 16, KaHam ciuBa
IpOoAyKTa B TPAaHCHOPTHPOBOUHYIO €MKOCTh 17 u
KaHaJI JPEHUPOBAaHHS  IOJTOBApHOM  BOABI B
KaHanu3auuio 18. BeIxonpl ycTpoMCTBa yrpaBieHHs
20 coeauHEHbI ¢ yNpaBiIseMbIMH BEHTWIIMU 4, 5, 6,
OIoKaMu yTrpaBiIieHUs HaCOCHBIMH arperatamu 10, 11,
12, yctpoiictBom cOopa u 00pabOTKM HaHHBIX 19,

BXOJbI KOTOPOTO IMOJAKIIOYECHBI K BbIXOAaM HAaTUYMKOB
2, 3, pacxogomepam 7, 8, 9 1 yCTpOHCTBY yNpaBIICHUS
20.

Puc. 1. CtpykTypHas cxeMa cHCTEMBI YIIPABICHUS
1 KOHTPOJIA IPHUXOAHO-PACXOTHBIMHI
XapaKTepUCTHKAMHU Pe3ePBYapHBIX MMAPKOB

Ilo curmamy ycrtpoiictBa ympaBieHuss 20 0ok
yIpaBlieHUs] HACOCHBIM arperatoM 10 3amyckaer
pabory HacocHoro arperata 13, HaYMHACTCS
nepeKkayka TOBapHOTO HpOJyKTa u3
TPaHCHOPTUPOBOUHOH eMKocTH 16 B pesepByap,
OTKPBIBACTCSI  YIPAaBIsieMbIil BeHTWIb 4, 00beM
NEepeKayeHHOro  MpOAyKTa IO  TPYOONpOBOIY
paccUMTHIBAETCS YCTPOHCTBOM 00paOOTKH JaHHBIX 19
1O JaHHBIM pacxopomepa 7. ToBapHBIH IPOAYKT
3aMoNTHACT pe3epByap B Iuama3oHe ypoBHeW Hpin -
H maxs KOTOPBIi perIaMeHTHPYIOTCS
KOHCTPYKIMOHHBIMH OCOOCHHOCTSIMH pe3epByapa H
criemupUKON omepanuii ciMBa-HanuBa. KOHTPOJ
YPOBHS HAJMBAEMOTO TIPOAYKTA OCYIIECTBIIIETCS
MOCPENICTBOM TNPHUMEHEHHS JaTdnKa YpoBHS 3.
JlanHbie 0 Ka4eCTBECHHBIX MOKAa3aTesxX
MOCTYNAIOIIEro TOBAapHOTO MPOJYKTa MONY4YarT C
JaTYNKOB 2, pa3MEIIEHHBIX B BOJHOBOJAE 1 B
nuanazode Hpin Hmax. Cioit  oOpa3oBaBmieiics
MOATOBAPHON BOJIBI HA JTHE pe3epByapa CIMBAETCS IO
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KaHaJlly JpEHUPOBAHUS [0 CHUTHAJIy YCTpOICTBa
ynpaBneHuss 20 myTeM OTKpbIBaHMS BEHTWIL 6 U
OTKAa4KM BOABI B KaHaam3amuio 18 HAcOCHBIM
arperatoM 12, NPOM3BOAMTENBHOCTH  KOTOPOTO
perymupyer ©Onok ympasneHus 12. Kommgecto
OTKa4E€HHOH IOATOBApHON BOJABI ONpEAENseTCs IO
JAHHBIM PacxofoMepa 9 M yUHTBIBAETCS MPH pacdeTe
KOJNMYECTBA OCTAaBLIETOCA TOBAapHOTO TMPOIYKTa B
KOHTponupyemoi emkoctd. llpu mnpubnumxeHUn
YpPOBHS 3aloJIHEHUsT  pe3epByapa, KOTOPBIi
(uKcHpyeTcsl 0 IaHHBIM pacxojioMepa 7 W JaT4hKa
ypoBHsT 3, K TpeOyeMOMy 3HAUCHHIO, YCTPOWCTBO
ynpaBneHuss 20 momaeT curHaja OJIOKY yTpaBICHUS
HacocHbIM arperatroM 10 cUrHaj TUJIaBHO MOHUXKATh
MPOU3BOJUTENBLHOCT HAaCOCHOro arperata 13, a
3aTeM MEPEeKphITh BEHTWIb 4. 3a CUYeT IUIaBHOIO
yOpaBIE€HUS  NPOU3BOJUTEIBHOCTBIO  HACOCHOTO
arperata 13 ¥ UCIONB30BaHMs HE3aBUCHUMBIX APYT OT
Ipyra pacxogomepoB 7, 8, 9 u patumkoB 2, 3
pemaercs 3ajada KOMIEHCAUM HHEPLHUOHHOCTH
paboTel BeHTWISI 4 M ydeTa OCTaTKOB TOBapHOTO
npoaykta B TpyOompoBoje. IlnaBHoe ympaBieHHs
MPOM3BOIUTEIHHOCTEIO HACOCHBIX arperaTtoB 3a CYeT
UCTIONB30BaHUs OjokoB ympasinerus 10, 11, 12

IMO3BOJIACT TOYHO  KOHTPOJHMPOBATH  KOJUYECTBA
OTITYILIEHHOI'O TOBApPHOTO MpoAaYyKTa, qTO
obecreynBaeT GOHBIHyIO TOYHOCTL  MPOBEACHUA

OpoLeyphl HaNMBa TOIUIMBA, a TaKXKe YCTPAHUTH
yenoBeuecknii  (pakTop, MPHUCYTCTBYIOIUA  TPHU
NEePEKITIOYCHUH  PEXUMOB  pabOThl  HACOCHBIX
arperaToB Bpy4YHYIO.

CucremMa Takxe pabOTaeT MpHU OINEpaIiyl CIUBa
TOBAPHOTO  TPOJYKTa W  TO3BOJISET IOBBICUTH
TOYHOCTh JIO3UPOBKH 32 CUET IJIABHOW PEryJINPOBKH
[IPOM3BOINTEIILHOCTH  HACOCHBIX —arperaTtoB  mpu
OTHYCKE TOTPEOMTENI0O B  TPAHCIIOPTHPOBOYHBIC
€MKOCTH.

W3mepenne wMacchl OCTATOYHOTO IPOJAYKTa B
pe3epByape OCYIIECTBISIETCSl 10 CHOCO0Y COTJIacHO
[1]. Cyts cmocoba 3akiro4aeTcsi B TOM, 4YTO C
MOMOLIBI0 JATYUKOBOHM ammapaTypbl HU3MEPSIOTCA
napameTpsbl, XapakTepusyromue (pU3NKO-XUMHUUECKHe
XapaKTEPUCTUKU XPAHUMOH IKUAKOCTH, BEIUYUHBI
KOTOPBIX MEpeNaloTcsi B YCTPOWCTBO 00pabOTKH
uHdopmanuu. B nporecce kaauOpOBKH B pe3epByap
[MOSTAMHO  HANMBAIOT  KOJIMYECTBO  JKHJKOCTH
M3BECTHOU MACChI, M3MEPSIOT COOTBETCTBYIOUIYIO €if
COBOKYIIHOCTh ~ KOHTPOJHPYEMBIX  [MapaMeTpOB,
3HAYCHHUA KOTOPLIX 3allOMHUHAIOTCA B yCTpOﬁCTBe
00paboTKH, a B Ipoliecce U3MEPEHHUS HCKOMYIO Maccy
OMPENIEIISAIOT 110 (hopMyIIe:

M, =bq, +..+b,q,, +..+b,q,, =ibqu,x ,
k=1

e My - HCKOMOE
KOHTPOIUPYEMOH HKHUKOCTH,
Qkx - COBOKYITHOCTb HM3MEPEHHBIX I1apaMeTpOB
KOHTPOJUPYEMOH KHUIKOCTH.
Ipu stom ko3durmeHtsr by ompeaesnstores mo

tbopmyie:

3HA4YCHUC MacCcChI
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q1.1 qi‘l qn‘l

rae A=0;, - Oy o Oogls

Abk:qm Mk TP

ql,n o Mn " qn,n

My — COBOKYIHOCTP 3TaJOHHBIX 3HAYCHUN MAacCHI
KOHTPOJIMPYEMON  KUAKOCTH, HCIOJIb3YEMOH IpHU

KaTnOpOBKeE,

Oik — COBOKYHNHOCTh  (DU3UKO-XUMHUYECKUX
napameTpoB KHJKOCTH, N3MEPEHHBIX npu
KannOpoBKe,

i - COOTBeTCTBYeT HOMEPY H3MEPSIeMOro

nmapamerpa (i=1...n),

k - Homepy kanubpoBouHoro 3amepa (k=1...n).

N3mepenue KaueCTBEHHBIX noKasarenei
TOBapHEIX IPOAYKTOB, HAXOMSIIMXCS B pe3epByape,
MOXET NPOBOIUTHLCS COTTIACHO METOAUKE, ONMCaHHOMN
B [2].

PaccMoTpeHHas cucTeMa yrpaBIeHHS U KOHTPOJIS
MIPUXOTHO-PACXOAHBIMHU XapaKTepUCTUKAMHU
pe3epByapHBIX MApKOB MO3BOJISAET TOYHO OINPEACIATH
YPOBHU IIPEAENBHOTO  3allOHEHUS  pe3epByapa,
obecrieunTh KOHTPOJTb yTeuek u
HECAaHKIIMOHUPOBAHHOTO  JIOCTya K TOBapHOMY
NPOAYKTY HpPU  €ro XpaHeHHMH U OTIIyCKe
NOTPEOUTENI0, YYUTHIBATh HHEPLHOHHOCTH PabOTHI
YIPABISIEMBIX 3JIEMEHTOB CHUCTEMBI B IpOLECCe MPH
WX TEpeKIIOYCHHH, a Takke (aKTOB oOcTaTka
NPOJYKTa B CHCTEME TPYOOIpOBOIa.

Hccneoosanus  gvinonmenst  npu  noooepoicke
Munucmepcmea obpazosanus u Hayku PO.

CIrcok JuTeparypsl

1. Tlarent 2497085 Poccuiickas Denepanms,
MKIT GO1F1/76. Cnoco06 wu3MepeHHs  MaccChl
KUAKOCTH B pesepByape / CksoproB b.B.,
bopmunckuit C.A., Connuea A.B., baunos J.U. -
No2011147442, 3as81.22.11.2011; ory01.
27.10.2013.; npuopurer 22.11.2011.

2. Ilatent 2506571 Poccuiickas ®Penepauus,
MIIK GO01N21/35. Cnoco6 u3aMepeHus mokaszaTeseit
kagectBa HedrenpoayktoB / CksopuoB b.B.,
CksoprioB 1.b., bopmunckwuii C.A., Ckotaukos [[.1.,
Comanea A.B. - Ne2012134386; 3aa81.10.08.2012,
omry61. 10.02.2014; nmpuopurer 10.08.2012.
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KAPMAHHBIN DJIEKTPOKAPJIUOT PA® JIJISI AJMCTAHIIMOHHOM

JTUATHOCTHUKHU CEPJIEYHBIX 3ABOJIEBAHUM
Crapuak A.C., ITopxyHos A.A., YBapos A.A.
Hayunsrit pykoBonutens: Jlexnnna M. A., K.T.H., TOLEHT
Tomckuit monmuTexHuIecknii yausepcuret, 634050, Pocens, r. Tomek, p.JIernna 30
E-mail: Ambebap@gmail.com

CepaeuHo-cocyaucTbie 3a0oeBanus, 0€3yCI0BHO,
SIBJISIFOTCSL  PAclpOCTPAHCHHBIMH UM COLUAJIBHO
3HAYMMbIMH 3a00JIeBaHUSIMM BO BCeM Mmwupe. B
CTPYKTYpE JICTAILHOCTH BHE3alHAas  CepjAcvyHas
CMEpTh 3aHMMAET IEPBOC MECTO M COCTaBISECT Oojee
50 % ot o61ero 4yncia JeTaibHbIX ucxonos [1]. [lpu
9TOM  pacHpOCTPaHCHHOCTh  KapIHOJIOTHYCCKUX
3a00JICBaHNY, BBI3BIBAIONIUX (haTaJIbHBIC HAPYIICHUS
pUTMa, HO 4YacTO TPOTEKAIOUIMX OECCUMIITOMHO,
koneonercst ot 1:500 mo 1:2500 genoBek; MHOTHE M3
HUX HMEIOT HacJeACTBEHHBIN Xapakrep[2]. Bee atu
(akThl  CBUJIETEIBCTBYIOT O  HEOOXOJUMOCTH
MPUMEHEHHs HaJeKHBIX U YHOOHBIX CHCTEM ISt
HaOMIOZGHNS 3a COCTOSHHEM MAlWeHTa. Ty
mpo0iieMy peliaeT eKTpokapauorpadus, Hanboee
3(h(EeKTUBHBIN U COBEPIICHHBIA METO]] HCCIICIOBAHUSI
CEePIICYHO-COCYTUCTHIX 3a00JICBAHHIA.

He cmotpst Ha 310, OKI' mmeer u cBou ciabbie

CTOPOHBI. OCHOBHEIM HCJOCTaTKOM
3neKTp0Kap,u1/10rpa(1)I/n/I SABIIACTCA eé HHU3Kas
JAOCTYIIHOCTh, TaK KaK TIPUXOOUTCA PETYISIPHO
nocemaThb TIOJIMKIINHUKY, 4qTo ABIIACTCA

NPOOJIEMaTHYHBIM YIUTHIBAS KOJMYECTBO OOJIBHBIX.

Hcxons w3 3TOr0, HEOOXOAMMO CO3MIaTh MPHUOOP
UL MHIVBHAYaIbHOM  JUATHOCTHUKH,  KOTOPBIH
JOJDKEH COOTBETCTBOBATH CIIEAYIOIINM TPEOOBAHUAM:!

e  ynobctBo (mporenypa peructpamuu OKI
JIOJDKHA OBITH TNIPOCTOH, NPOBOJIUTHCS 0€3 CHATHS
OJIeK/IBl U HEe TPeOOBaTh NPYTMX IMOATOTOBUTEIBHBIX
MEpOTIPHATHI);

®  HQJIEXKHOCTH (IIOJH30BATENIO JIOJDKHA OBITH
IPeIOCTaBICHA TOJIBKO UHTETrpabHasl, HO
JNOCTOBepHas  HMHpOpMamMs O €ro  TeKylleM
(hYHKIMOHATFHOM COCTOSTHHH, KOTOpask MOXKET OBITh
MOJTy4YeHa NP YINPOLIEHHOW periucTpaliy CHTHAla U
He TpeOyeT JONOIHUTEIBHOIO BU3YalbHOIO aHAIN3a
OKT);

e  MH)OPMATHBHOCTH
BBISABJICHUA  CKPBITBIX NPHU3HAKOB

(BO3MOXKHOCTh
HapylLUIeHUH B

pabote cepilna TOA BIUSHAEM (DHU3HUYSCKUX U
9MOIMOHAIBHBIX Harpysok, KOTOpBIE
HEelOOICHUBAIOTCA  Hpu  TpaauiuonHoit  OKI-
JINarHOCTHKE);

®  ONEpaTHBHOCTh (pE3yJbTaT MOJDKEH OBITh
nosxydeH He Oosee yem 3a 30 cekyH/.)

®  HaNIJHOCTh (popma MIPEACTaBICHUS
pe3yJIbTaTOB JIOJDKHA OBITh IOHSITHA YEJOBEKY, HE
MMeEIOIIEMY CreaIbHON MEIUIIMHCKOH
MOJATOTOBKH).

B mnacrosmee Bpems CyIIECTBYeT LENBbIA psif
MMOJOOHBIX YCTPOWCTB, TaK Ha3bIBACGMBIX KapMaHHBIX
JNEKTPOKapIOrpados. Jns obecrieueHus

BBILICIPUBEICHHBIX TPEOOBAaHMH B HUX peaM30BaHa
yhpolieHHas nporenypa perucrpanun KT mepsoro
CTaHAAPTHOTO OTBEACHMUS C MAIBIIEB U MOCIEAYIOIICH
00paboTkoii curnaia B npudope u Ha [1K.

Pucynoxk 1. PacnonosxeHue 31€KTpoJoB B
KopITyCe.

Jns perucrpauuu OKT' JIOCTaTO4YHO
[IPUKOCHYThCS MaJIbIIAMU TPAaBOM M JIEBOH pYyK K
3MEKTPOJaM, PACHOJIOKEHHBIM Ha MepeHel naHenu 1
BepxHeit yactu npubdopa (pucyHok 1). 1o no3Bossier
MIPOU3BOAUTH OIEPATUBHYIO OLIEHKY
(hyHKIIMOHATILHOTO COCTOSIHHS CEpPACYHO-COCYIUCTOM
CHCTEMBl 4YEIOBEKa U  BBIIBICHUS  HAYaIbHBIX
NPU3HAKOB HW3MEHEHMH B pabore cepama Mo
JeHcTBHEM (PU3NYECKHX M 3MOLMOHAIBHBIX HATPY30K.

Ha nansbIil MOMEHT KosutekTuBOM Kadenpsr MUT
peann3yercst MPOEKT MO CO3JaHHI0O KapMaHHOTO
aNeKTpoKapauorpadga ¢ aBTOHOMHBIM IHUTaHHEM,
OLED »skpaHOM u ynpaBisIOLIMM 3JEMEHTOM B BHIE
3-X KHONOYHOMH KJ