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IIpakTuueckoe 3ansitue Nel «Pa3padoTKka KOHCTPYKUHMH, pacyer
JIEKTPUYECKON U MEXaAaHUYECKOH YACTH JIEKTPOEMKOCTHOI' 0
U3MEPHUTEIBLHOI0 MPeodpa3oBaTeis»

1. KpaTkue TeopeTuyecKne CBeeHMsI
1.1 Koncrpykuus apyxajaekrpoanoro HUK

Koncrpykuun HUK Ha3pIBatoT 351€eMEHTApHBIMU B CIy4dae, KOTaa
ANEKTPOABl  PACIIOJOXKEHBI B  OJHOW IUIOCKOCTH, a CEYECHHUE
peACTaBIseT COO0M IBYXCBSI3HYIO 001aCTh UJIU JOMYCKAET CBEICHUE K
JBYXCBSI3HOMY BHJY NpPU IOMOIIA TaK HA3bIBAEMOIr0 NPUHIUINA
cuMMmeTpud. K TakuM KOHCTPYKIUSAM OTHOCSITCS JBA HECUMMETPHUYHBIX
JICHTOYHBIX 3JIeKTpoJia (IMIPOU3BOJBHBIX pa3MepoB) (pucyHok 1.1), Tpu
CUMMETPUYHBIX JIEHTOYHBIX JJIEKTPOJAa W OJHA HECHUMMETPUYHAS
CeKUMS MHOI'OCEKIIMOHHOTO KOHJeHcaropa. EMKOCTh OIHOM U3
CUMMETPUYHBIX I[IOJIOBUH HAa €IWHUIY [JINHBI JBYXAJECKTPOIHOIO
KOHJICHCATOPA OIPEIENSAETCS BBIPAKECHUEM

K(k
Cl = 8180 Q y (11)
K(ky)
rac 81 — I[I/IBHCKTPI/IIIGCKEU:[ HpOHI/IHaeMOCTB BerHerO

TIOJTyTIPOCTPAHCTRBA.
K (ky), K (k1) — mosHBIE 2JITUNITHYECKHE WHTETPAJBI TIEPBOTO
poJia, COOTBETCTBEHHOTO OT MOJYJISl Ky M JIOTIOTHUTETHPHOTO MOTYJIS K 1
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Pucynok 1.1 — KoHCTpyKIHs ABYX3JIEKTPOAHOTO KOHAEHCATOPA
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(r, —r)(r—n) | (1.2)
(ry +1)(r3 +1p)

k1 =+1-k2, (1.3)

rae I,r,, I3 - pa3MEPbI KPAE€B DJIEKTPOJIOB.

1:

1.2 Konctpykuus 3xpanuposanHoro HUK

Ilon »KpaHMpPOBAaHHOW KOHCTPYKLUHEHM NOHUMAKT CUCTEMY
ANEKTPOJOB, B KOTOPOW KpallHUE HU3KO MOTEHIMAJIbHBIE JJIEKTPOIbI
3a3eMJICHBI M JKPAHUPYIOT LEHTPAIbHBIN BBICOKOTOTCHIIUAIbHBIM
anekTpo. Ilo cpaBHenuto ¢ apyxanektpoaubiM HUK (pucynok 1.2) nis
TaKO! CUCTEMbl YMEHBIIAIOTCS KpaeBbie dP(HEKTHI, a TaAKKE Mapa3uTHasl
€MKOCTh, KOTOpasi o0Opa3yeTcs MEXAY BBICOKO IOTCHI[MAIbHBIM
ANEKTPOJOM U OKPYKAIOIIMMHU MPOBOJHUKAMHU, B TOM YHUCIIE U 3E€MIICH.
JInst TakoM KOHCTPYKIIMK padbodasi eMKOCTh 00pa3yercsl MoJieM MEXITy
BBICOKO  TOTEHIHAJIBHBIM  JJICKTPOAOM U  OKPYXKAIOIIMMU  €ro
3a3€MJICHHBIMU 3JIEKTPOJIaAMHU.
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Pucynok 1.2 — Konctpykuus sxkpanupoBannoro HUK

EmMKoCTh Ha equHUIly UIMHBI OJHOW U3 CUMMETPHUYHBIX IMOJIOBUH
TpeXa3JeKTpoaHOoro 3KkpanupoBanHoro HUK onpenensercs:

K(k1)

, 1.4
K(kz) 4

C2 = 28180

rac MoAyJb 3JUIMIITHYICCKOI'O UHTCI'pajia



(1.5)

1.3. Muorocekuuonnpie koucTpykuuu HUK

B 1mensix mMOBBINIEHUS YYBCTBUTEIBHOCTH MpeoOpazoBatelie
4acTO MPUXOAUTCA YBEIWYUBATH YUCIO 3JIEKTpoAoB. [Ipu gocraTouyHo
OOJIBIIIOM KOJINYECTBE 3HAKOIMEPEMEHHO 3apsKEHHBIX DJIEKTPOJIOB U
MEPUOUYECKOM XapaKTepe UX CJICAOBAHUS PacIpeieICHUE 3apsiIoB Ha
OJIHOMMEHHBIX JJIEKTPOJAX MOXKHO CUMTaTh OJMHAKOBBIM. Torma
pacuer AJIEKTPUYECKOro MOJisl MpeoOpa3oBaTeisi MOXKHO YIPOCTUTD,
paccMaTpuBasi XapaKTEPUCTUKHU TIOJS TOJIBKO JUIsi OJHON CEKIIHH.
[upuna ogHo#M cekuuu paBHa (f; +r,)/2. OOwmWAas €MKOCTb TaKOro
MHOT'OCEKITMOHHOT'0 TMpeoOpa3oBatTesis Ha €AUHUILY JJIMHBI paBHSICTCS
CyMM€ TIPOM3BEAECHUS EMKOCTHM OJIHOW CEKI[MM Ha YHUCIO CPEIHUX
CEeKIMM (YUCIIO CPEHUX HU3KO TMOTEHIMAIbHBIX SJEKTPOJOB N) U
E€MKOCTH JIByX KpalHUX CEKIIUU:

" K(k 3) N K(k 2)

C,=2¢¢ . — |, 1.6
4 180 K(K3) | K(K2) (1.6)
IJie MOAYJIb JTUITHYCCKOrO HHTErpaa;
tg| ©—2
r+r
k3 = z L ) (17)
tg it
r,+1n

Pucynok 1.3 — Konctpykuus muorocexkimonnoro HUK
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1.4. HakaaaHble M3MepHUTeIbHbIe KOHAEHCATOPHI CJ0KHBIX
KOHCTPYKIUHA

[Ipu pacuere mpeoOpaszoBaTeseit 0oJiee CIOXKHBIX KOHCTPYKIIUN
UCIIOJIB3YIOT METOUKY HEMOCPEACTBEHHOTO onpeeaeHus
HANPSDKEHHOCTU  dJIEKTpUdeckoro mosst. Ooiee 3JIeKTpUYecKoe MoJie
npeoOpaszoBaTeisi B COOTBETCTBUM C CHUJIOBBIMM JIMHUSIMU PA3JCISIOT Ha
OTJIIETIbHBIE 00JIACTH, PACUET KOTOPHIX MOXKET ObITh CBEICH K OJTHOMY U3
paHee pPacCMOTPEHHBIX Oojiee MPOCTHIX ciaydaeB. Takum oOpa3om, u3
BCEX CHWJIOBBIX JMHUN DJIEKTPUUECKOTO MOJs JOHKHA OBITH BBIFCICHA
JUHUA, TPEACTABISAIONIAs COOOM NPsAMYI0 WM KPHUBYIO, OJNMU3KYIO K
NpsSMOM, TEePIEHIUKYJAPHYIO TIOBEPXHOCTH dJeKTpoja (IMocieaHee
yCJIOBHE COOIOIA€TCS BO BCEX ClIyyasx, TaK KaK CHJIOBBIC JIMHUU
OpPTOTOHAJIbHBI K MOBEPXHOCTHU AJIEKTpoAa). Jomyienue 3Toro pacuera
OCHOBAaHO Ha TOM OOCTOSITENBCTBE, YTO pEAJIbHO CHUJIOBAas JIUHUS,
pasznmensmomnias oOMUKA TOTOK CMEIIEHUs Ha JIBE€ COCTaBJISIOIIUE,
KOTOPBI€ 3aMBIKAIOTCA COOTBETCTBEHHO HAa CMEXHBIX JJIEKTPOJaX,
MOKET OBITh HE MPSMOM.

Kpurepruem HaxoXIeHUs KOOPAMHAT OCOOBIX TOYEK CIIY>KUT
MECTOHAXOXJICHNe MHHUMyMa (YHKIIMUA paclpeicsieHusl 3apsaa Ha
NeKTpodax. B kauecTBe  mpuMepa  pacCMOTPUM  CHCTEMY
TPEXDIEKTPOTHOTO TMPeoOpa3oBaTesi € MPOU3BOJBHBIMU pa3MepamMu
JIEKTPOJIOB. B maHHOM ciydae Ha CpeIHEM DJIEKTPOJE JOKHA OBIThH
HaliJieHa CHUJIOBas JIMHHS, IO3BOJIIONIAS Pa3/IeuTh HECUMMETPUIHBIH
TPEXdJIEKTPOIHBIN  TpeoOpa3oBaTelb HAa JBa  TPEXDIEKTPOIHBIX
npeoOpaszoBatens. [lonoxenne MuHUMyMa (QYyHKIIUU pacrpeicieHus
3apsizia Ha AJIEKTPOoJax ONpeleNseTcss KOOPAUHATHON 0cO00M TOUKHU X, .
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Pucynok 1.4 — K meTtoaunke npuOIMKeHHOTO pacyeTa: @ — CXema
tpexanekrpogHoro HUK; 6 — pacripenenenune 3apsjia Ha CpelHEM
ANEKTPOJIE; 8 — CXEMA JABYX 3KBUBAJIEHTHBIX TpexannekTpoanbix HUK;
X,— 0co0ast Touka

Jlns ycTaHOBJIGHHMS pa3MEpPOB ATHUX MpeoOpazoBaTeiel CleayeT
oOpaTtuThCsa K QYHKIIMM pacIpeaciCHUs 3apsia Ha dJIeKTpoaax. Pacuer
MMOBEPXHOCTHOW IUJIOTHOCTH 3apsifia Ha aiekrpoaax miockux HUK, a
TaKXK€) TMOJATBEPKIACT, YTO KAYECTBEHHBIA XapaKTep paclpelielieHUus
HAIPSIKEHHOCTHU TI0JII HAa KOMIUIEKCHOM TIJIOCKOCTH OIPEHECIISIETCA C
MTOMOIIBIO BBIPAXKECHUS

w = L (1.8)

2n-1
IT (z-q;)
i=0

r7i€ 8j — KOOPJIMHATHI KPAeB JIEKTPOAOB; N — YKCIIO 3JIEKTPOJIOB.
1.5. IlpeoOpa3oBaTesiu ¢ Iyroo0pa3HbLIMH 3JIEKTPOAAMHA
PaccmotpuM  mpeoOpa3zoBaTeb, AJIEKTPOJbl KOTOPOTO HMEIOT

nuauHapuueckyo  dopmy. IlpeoOpazoBaTenn Takoro Bujaa B
KJIacCU(UKAIIMU  3aHUMAIOT MPOMEKYTOYHOE TIOJIOKEHUE MEXKIY
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npeoOpa3oBaTeSIMM HAKJIAIHOTO W TMPOXOJHOTO THMOB. B ciydae,
KOrJla TOJISIpPHAsi KOOPAMHATA MEXKAJIEKTPOIHOrO 3a30pa MeHsbie 90°,
npeoOpa3oBaTeb SIBISICTCS HAKIAAHBIM, €CJIH O0JIbIIE, TO OH SBIISIETCS
npeoOpa3oBaTeneM IMpoxomHoro Tuma. Kak wum3BecTHO, ApOOHO-
JUHEWHas 0ToOpakaromasi hyHKITHS

R+z
R-z

t=i (1.9)

OcymiecTBisieT oToOpaxkeHue o0JIaCTH, 3aKIIOUYEHHONW BHYTPHU
Kpyra paguyca R Ha miockoctu Z, Ha 6ECKOHEUHYIO MOTYIIOCKOCTH t.

Takum oOpa3oM, pe3yibTaThl, IOJYYEHHBIE B pas3fene s
IJIOCKUX TPAHMI] JABYX JHUAJECKTPUKOB, MOXHO OOOOIIMTH Ha JPYrow
BOKHBIM 11 TMPAKTUKH CJIydail — pacroJIOKEHHWE DSJIEKTPOJI0B B
MpPOJOJbHOM  HAaNpaBJICHUM Ha TOBEPXHOCTH  IUJIHMHIPUUECKOTO
TURJIEKTpUKAa Kpyrioro ceudeHus. COOTBETCTBHE MEXIAy TOYKAMU Ha
CAMHUYHON OKPYKHOCTH (KOOPIUHATHI yTJia ¢ ) U HA BEIIECTBEHHON OCH
Y Ha IUIOCKOCTH t ycTaHaBIMBAaeT oToOpaXkaromas QyHKIIHS:

t= —ctgg, (1.10)

1.6. Tpex3akuMHbIe HAKJIAHbIE Pe00pPa3oBaTeIu

OnHOM W3 TPYOHOCTEM NOCTPOCHUS W3MEPUTEIBHBIX LENEH C
JIIEKTPOEMKOCTHBIMU ~ ITpeoOpa3oBaTeNsIMUA  SIBIISIETCS.  YCTPAHEHUE
IIapa3UTHBIX €MKOCTEM, BBI3BAHHBIX HDKPAHUPOBAHHBIMHU MOABOASIIUMHU
IPOBOJIAMM U MOJISIMH B TIOJJIOKKAX cCaMUX ITpeoOpazoBaTeieil.

| | |
a | y : 7 i = ¥
K | | *’
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Pucynok 1.5 — KoHCTpyKIIHsi MHOTOCEKIIMOHHOTO Tpex3axumuoro HUK

PanukanbHbIM  CpPEJICTBOM PELICHUS YKA3aHHOW MpPOOJIEMBI
ABJISIETCSl TOJKIIIOUEHHE HJIEKTPOEMKOCTHBIX IpeoOpazoBarTenei Mo
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TPEX3AKUMHOM, WM  TPEXDIECKTPOJHOH, CXEME  HU3MEPEHHS.
Tpex3zaxkumHble TpeoOpa3oBaTeIN IMO3BOJSIOT HCKIIOYATh BIIUSHUE
HEIUIOTHOCTEW  IPUWJIETAHUS  DJIEKTPOJOB K  KOHTPOJIUPYEMOH
MOBEPXHOCTH, a  Takke  OOpOThCI C  JIOMOJHUTEIbHBIMHU
MOTPEIIHOCTSIMA  MPU  KOHTPOJIE KUJKHX CpE€ll, BbI3BAHHBIMH
00pa30BaHMEM TOHKHUX IIJIECHOK HAa MOBEPXHOCTHU AJEKTPOJIOB 32 CUET
CMa4MBaHUSI.

JI71 TIOBBIIIEHUST YYBCTBUTEJIBLHOCTH Yallle BCErO MCIIOJb3YIOT
MHOTOCEKIIMOHHBIE npeoOpa3zoBaATEIIH. OnHa CEKIUS
MHOTOCEKIIMOHHOTO HAaKJIQJHOr0 TMpeo0pa3oBaTesis COJACPKHUT JBa
MOTCHUMAJIBHBIX  JJIEKTPOJa, MEXIY KOTOPBIMH  PaCHOJIOKEH
SKpaHHBIN 3eKkTposl. OOBIYHO SKPaHHBIA SJIEKTPOJ 3a3eMIISIETCS
(V=0), a moTeHIHAIbHBIC JJIEKTPOAbl CUMMETPHYHO PaCIOIararoTCs
OTHOCHUTEJIBHO OCH 3JKPAHHOI'O JJIEKTPOJa M HMEIOT PaBHBIE, HO
IPOTUBOIIOJIOXKHBIC IO 3HaKy mnotreHuuanbl (+V). Ilpu OGosbimom
KOJIMYECTBE AJIEKTPOAOB paCyeT YIPOLIAETCS, T. K. pacupeicicHUE
3apsa Ha OJHOMMEHHBIX AJIEKTPOJIaX BCEX CEKIIMHA MOXKHO CUHMTATh
OJIMHAKOBBIM. B 3TOM cilyyae JOCTaTOYHO PaCCUUTATh OJHY CEKIIUIO
s moxaenu. Ilpm momomm  (QyHKOMM HEOOXOAUMO OTOOPa3HTh
BBIJICJICHHYIO TIOJYMOJIOCY CEKIMM Ha IJIOCKOCTH Z Ha BEPXHIOKO
MOJIYIUIOCKOCTh I, a 3areM mpeoOpa3oBaTh MOJNYILUIOCKOCTh B
IpSMOYTOJIBHUK ¢ momompbio wuHTerpama IlIBapma—Kpucroddens.
Koneunass ¢yHKIMSA, KOTOpas IMO3BOJISET MOCTPOUTh KapTHUHY IO
CUJIOBBIX JIUHUM, UMEET BU/I:

t=1+cos _enz : (1.11)
(n+1,)

z= r12+_r2 arccos(a.2sn’W —1), (1.12)
7T

2.CX0AMMOCTb YMCJEHHBIX pellleHUii HAX0KIeHUsS eMKOCTH
npeodpasoBareJied ¢ TOYHbIM 3HAYCHUEM

IIpyu pemeHnu WHTETPAIBHBIX YPABHEHUM COIVIACHO METOLY
KpbuioBa—boronto0oBa MOBEPXHOCTh 3JEKTPOAOB pas3AeisieTcss Ha
YYAaCTKH, TPAHULBI KOTOPBIX CIyKaT TMpeaeJaMyd WHTErPUPOBAHMUS.
Kosdduuuentsr anredpandyeckoil CUCTEMBI YypaBHEHHH MOIYy4YarOT
NyTEM WMHTETPUPOBAHUSA SJIEP CO CMEIICHUEM TIPaHUL, T. €. MPEACIIOB
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uHTerpupoBanusi. CKOPOCTh CXOJUMOCTU PEIICHUS ONpPEeaeIIsIeTCs
IIIaroM M IEHTPOM BecoBoW ¢yHKIMU. BennunHa mrara mofkHa OBITH
TEM MEHBIIE, YE€M BBIIIE CKOPOCTh H3MEHEHUS IMOBEPXHOCTHOM
IUIOTHOCTH 3apsAaa. B KadecTBe 3aBUCHUMOCTH, ONPEICISIIONICH Iar
pa3oMeHnsI TTOBEPXHOCTH 3JIEKTPOJIOB, MOXKET CIIY)KUTh T€OMETPHIECKAs
nporpeccus. Ilpm 3agaHHOM  4YMClie  yYaCTKOB N KPUTEPUEM
ONTHUMAJIBHOTO PACIPEACICHUS KOOPAWHAT JCICHUs DJJEKTPOJa Ha

OTACJIBHBIC YYaCTKHU ABJICTCA MAKCHMHU3alUg CYMMAPHOI'o 3apsjia
n

ZG(Xi) Ha JJICKTPOJIE MPU CXOJAUMOCTH TMPUOIIKEHHOTO pelIeHUs
i=1

€MKOCTH KOHJICHCATOpPA C TOYHBIM 3HAYEHUEM, TTOJTYYEHHBIM, HAIpUMED,
JUIsl OTHOPOJIHOM Cpefibl METOJI0OM KOH(POPMHBIX IpeoOpazoBaHuil. [1pu
CXOJIMMOCTH MPUOJIMXKEHHOTO pPEIICHUs] €MKOCTH KOHJEeHcaTtopa ¢
TOYHBIM 3HAUYEHUEM KPUTEPUEM ONTUMAIBHOIO  PacCIHpeIeIICHUS
KOOpPJIMHAT [IE€JICHUSA DJIEKTPOJIa HA OTICIbHBIE YYACTKHA SIBIISIETCS
MUHUMU3AIUs 3apsaa. Takum oOpa3om, 3aja4ya ONTUMU3ALKUKN CBOAUTCS
K OTBICKAHUIO JIMIIb OJHOIO ONTHMAJIbHOTO 3HAYCHUA 3HAMEHATEIs
reOMETpUYECKOn  mporpeccu (.  OnrumanpHOE  3HA4YEHHE (
ONpPENEACTCd KOHCTPYKIMENW KOHJEHCATOpa M YHUCIOM JEJICHUU N
MMOBEPXHOCTHA JJIEKTPOJOB HA YYacTKU. Pe3ysibTaTbl ONTUMHU3AIUAU
BbIOOpa 1Iara WHTErpupoBaHusl st MHorocekurnonHoro OHUK
npe/cTaBlieHbl Ha pucyHke 1.6. Ilpu 3TOoM 4yuCIIO JeJeHUNd I
MOTEHLIHAIBHOTO, OXPAaHHOT'O 3JEKTPOJIOB M 3KpaHa COOTBETCTBEHHO
paBHsUIHCH 8, 4 1 8. [lorpemHocTs pacuera OnpeaesuIach Kak:

rae Ct — cymmapHast eMKocTh, C — pacueTHasi EMKOCTb.
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6C, %

0.95 096 097 098 0.99

-0.051

0.1

0,15

0.2

Pucynok 1.6 — 3aBUCHMOCTD NOTPEMTHOCTH PACYETA MHOT'OCEKIIMOHHOTO
OHUK npu HETMHENHOM IIare UHTErPUPOBAHUSA OT ( JJIS
npeoOpasoBatens ¢ pasmepamu: ¢=0,15; a=2; d=2,315; b=1

N3 rpaduka BHAHO, UYTO HaUMEHbINAs pacyeTHas oOInOKa
COOTBETCTBYET IIary uHTerpuponanus ;=0,45.

Meton pa3OMBKM MOBEPXHOCTH JJIEKTPOJOB HA JUCKPETHBIE
YYaCTKH ISl YUCIICHHBIX PEIICHUN WHTErPAJIbHBIX YPABHEHUN OCHOBAaH
HAa CBOMCTBaX TE€OMETPUYECKOW mporpeccuu. s OnTUMaIbHOU
JACKPETU3ALMUA TMOBEPXHOCTU DJJIEKTPOJOB MOXKHO HCIIOJIb30BaTh
CIICNYIONIYI0  TMOCIEI0BAaTEIbHOCT,  JedcTBuil. Ecimm  QyHKUMS
pacnpeiesieHus! TUIOTHOCTH 3apsiia G (X) Ha 3JIeKTpoJax M3BECTHA IS

OJIHOTO W3 YAaCTHBIX CJIy4aeB 3arloJIHEHUs padoyero MNpoCTPAHCTBA
npeoOpaszoBaTensi, TO NpH 3aJaHHOM YHCJIE Y4YacTKOB pa30ueHui N
MOBEPXHOCTEM  AJEKTPOJOB  HAXOASAT  ONTUMAJbHBIE  3HAYEHUS
3HAMEHATEeJIEH TEeOMETPUUYECKON mporpeccuu (; A KaxXAoro Hu3
AIEKTPOJIOB, TIPU KOTOPBIX CPEIHEKBaJpaTUYHAs MOTPEITHOCTh pacyuera
MUHUMAaJIbHA!

2

i [G'(Xi)_c(xi)] (1 13)

il n-1 |

rne o'(Xj) - TOYHOe 3HaYeHHWe (PYHKIMM paclpeacsieHUs ILIOTHOCTH
i y pacup

3apsia Ha dJeKTponaax, o(X;) - mpuONmkeHHoe 3HaueHue (GyHKUIUU

pacIpeesieHus IIIOTHOCTH 3apsija Ha dJIEKTPOIaX.
B Tom ciyuae, korna ¢GyHKIMS pacnpeneseHus MIOTHOCTH 3apsia
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Ha DJJICKTPOJAaX HEHW3BECTHA, IPOBOJAT MPEIBAPHUTEIHHOC H3yYCHHE
XapakTepa pacrpeaeneHus 3apsia 1Mo MOBEPXHOCTH 3eKTpo10B. C 3Toi
IIEbI0 €€ pa3OMBaIOT C MOCTOSIHHBIM IIIAarOM, 3aT€M PEIIA0T CUCTEMY
WHTETPAJIbHBIX YpaBHEHHH JIsI pacCMaTpUBAaEeMOro IIara, HaXOJsT
NpUOIMKEHHOE 3HAYEHHWE EMKOCTH TMpeoOpaszoBaTeiss W (PYHKIIHIO
pacripeieieHus] TUIOTHOCTH 3apsja Ha JiekTpoaax. CrenaB aHanmm3
GYHKIIMA ~ paclpenesiecHusT INIOTHOCTH — 3apsga Ha  3JIEeKTpojaax,
BBITIOJTHAIOT T0A0Op Hambojee MOAXOMAIICH ampOKCHMHUPYIOMIEH
dbyukiun, w3MeHss (; . HaligeHHple onTuMmaabHBIC 3HAYCHHUS IIIara
Pa3OMBKH TOBEPXHOCTH JJIEKTPOJIOB IMEPEHOCAT Ha pEIICHHE 3a7a4 B
CIIONCTBIX CpeJiax.

3. 3aganue I MPAKTHYECKOIl padoThI:

3.1. U3yunTh KOHCTPYKIIMHM EMKOCTHBIX ITpeoOpa3oBaTecii;

3.2. HaiftTu  cXOIMMOCTh  YHCJICHHBIX  PEHIEHUH  E€MKOCTU
npeoOpazoBaTesieii C TOUHBIM 3HAYCHHUEM;

3.3. [TocTpouTs 3aBUCHMOCTD MOTPEITHOCTH pacuera
MHorocekimonnoro JHUK ot ( g5 npeodbpazoBaTens.

4. KOHTPOJIbHBIE BONIPOCHI

4.1. N3 yero cocToAT 3j1eMeHTapHble KoHCTpyKinu HUK?

4.2. Kax BBITJISITUT KOHCTPYKITHUSI TIBYXAJIEKTPOTHOTO
KOHJIeHcaTopa?

4.3. KakuMm BbIpaXE€HHUEM OMPENENACTCS EMKOCTh OIHOM U3
CUMMETPUYHBIX TMOJJOBUH Ha €AWHUIY JUIMHBI JIBYXAJIEKTPOIHOTO
KOHJIeHcaTopa?

4.4, Ot yero 3aBUCST MOJHBIE ITUNITUYECKUE UHTETPAJIbI IEPBOTO
pona?

4.5. YTo NOHMMAIOT MOJT SKPAaHUPOBAHHOW KOHCTPYKITUEH?

4.6. Kak o0OpasyeTrcsi €MKOCTh KOHCTPYKIIMM SKPaHUPOBAHHOTO
HUK?

4.7. Kak omnpenensieTcs €MKOCTh W3 CHUMMETPUYHBIX IOJOBUH
TPEXANEKTPOAHOTO dKkpannpoBanHoro HMUK?

4.8. 'me mpuXOAWTCS YacTO MPUXOAUTCS YBEIUYUBATH YMCIIO
AJIEKTPOJIOB?

49. Kak MOXHO YNOPOCTUTh pacyeT DJJICKTPUUECKOTO IO
npeoOpazoBaTens?
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4.10. Yemy paBHsieTCs 00111asi EMKOCTh TAKOTO MHOTOCEKIIHOHHOTO
npeoOpazoBaTes?

4.11. Kakas  ¢opmyna pacdyeta MOJYJIS  DJUIMOTHYECKOTO
uHTerpana’?

4.12.YTO CHy>KUT KPUTEPUEM HAXOXKICHUS KOOPJIWHAT OCOOBIX
TOYEK?

4.13. Kakass TpyIHOCTb TOCTPOEHUS HM3MEPUTEIbHBIX IIENel C
JIEKTPOEMKOCTHBIMU MTPeoOpazoBaTeaIMu?

4.14.]Ins1  TOBBIINIEHUS  YYBCTBUTEJIBHOCTHM  4Yalle  BCErO
VCTIOJIB3YFOT?

4.15. Kakas (QyHKIMS TO3BOJIAET TOCTPOUTH KAPTUHY TOJIS
CUJIOBBIX JIMHUU?
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IIpakTuueckoe 3ansitue Ne2 «MoaeanpoBaHue H3MEPUTEIbHOM
LelH ¢ JIeKTPOEeMKOCTHBIM Npeodpa3oBaresieM»

1. KpaTkue TeopeTuyecKne CBeJIeHHsI

s xabenedt CBsS3M, yIOpaBlICHUs, PagdOYacTOTHBIX KaOeseu
ONHOM U3  BAXKHEWUIIMX  XApPAKTEPUCTUK  SBISIETCS  MOTOHHAs
NIEKTPUYECKasi €MKOCTh KabOelisd, 3HaueHUE KOTOPOW HOPMHUPYETCS
CTaHJapTaMHl Ha COOTBETCTBYIOIIME BUJIbI KaOeeil.

[Topsimok TPOBEAEHUS] BBIXOJHOTO KOHTPOJIA PETrJIAMEHTUPYET
I'OCT 27893-88. [Janublii B KOHTPOJIS MMEET PsJI HEAOCTATKOB. Tak
KaK KOHTPOJIb OCYIIECTBIIACTCS HA OTPE3KE ykKe€ rOTOBOIro Kaless, TO
HET BO3MOKHOCTH KOHTPOJIUPOBATh EMKOCTh KaOeJsi IO BCEHl ero JJIUHE.
Nudopmanms o xadecTBe Kabens MOCTYMaeT yXKe IMOCe 3aBEepIICHUS
MpoIecca ero U3rOTOBJICHUS.

Jnst  ycTpaHEHHMsI A3THUX HEIOCTAaTKOB TpeOyeTcs MPOBEICHUS
KOHTPOJISI HEMOCPEACTBEHHO B TMPOIIECCe MPOU3BOACTBA KaOems. s
ATOTO UCIOJB3YETCS TpPyOUyaThId JJIEKTPOJ, MOrPYKEHHBIH B BOAY
OXJIQXKIAIOLIEH BaHHBI JOKCTPY3MOHHOM JMHUU. B 3TOM ciydae
U3MEPSETCS €MKOCTh IUIMHJPUYECKOTO KOHJEHCATOpPa, COCTaBHBIMU
4acTSAMH KOTOPOTO SIBJISIIOTCS  DJICKTPONPOBOJAIIAS Kujda Kadens
(nepBas oOKIaaKa KOHJEHCATOPA) U BOJA, OKPYKAtoIasi U30JIALMOHHYIO
00onouKy Kabens (BTopas oOKIajika KoHJeHcaTopa). KoHTponupyeMblii
KabeJlb HEMPEPBHIBHO JBUXKETCS BHYTpU TpyOuatoro siektpoaa. Boxa
o0ecrieynBaeT  DJICKTPUUYECKUNW  KOHTAKT MEXAY IOBEPXHOCTHIO
W30JIAIMU KaOessi U BHYTPEHHEN MMOBEPXHOCTHIO TPyOUATOTO JIEKTPO/IA.

Benyumue ¢upmbl  kabenbHOoro mnpubopoctpoenus  Sikora,
Zumbach, Proton Products mmpoko UCHoab3yl0T ONMMCAHHBIN METOM JJIs
KOHTPOJISI EMKOCTH KaOeJsl.

[lens naHHOM paOOTHI 3aKJIOYaeTCsl B MOAOOpE ONTHUMAaIbHBIX
3HAYCHUN napaMmeTpoB AIEKTPOEMKOCTHOTO U3MEPUTETBLHOTO
npeoOpaszoBarens (DEWII), kotopeie obOecneyaT MaKCUMAJIbHYIO
JIOCTOBEPHOCTh KOHTPOJISI TOTOHHOW €MKOCTH JICKTPUUECKOTO Kabersl.

Koncrpykuus  OEUII, wucnomp3yemoro g peanu3alyu
OTMMCAHHOTO BBIIIE METOJa KOHTPOJS, MNpHUBEICHa Ha pucyHke 2.1,
[IpeoOpa3zoBaTeab COCTOMT W3 MIIMHAPUYECKOTO METALTUYECKOTO
kopnyca 1, TpyOuyatoro u3MEpHUTEILHOTO JJeKTpoaa 2, JBYX
JTOTIOJTHUTEILHBIX TPyOuaThix 251eKkTpoaoB 3. IlpocTpancTBO Mexay
U3MEPUTEIIbHBIM U JOTOJHUTEIBHBIMU JJIEKTPOJIaMH M KOPITYCOM
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3aM0JIHEHO M3OJISIIMOHHBIM MaTepuaioM 4. KonTponupyemsiii kabeiasb 5
MOCTOSIHHO JIBUKETCS BHYTPH AJIEKTPOJIOB.

Ha3HaueHne [ONMOJHUTENBHBIX JJIEKTPOJAOB  3aKJIIOYACTCA B
00€CTeUYeHN OJHOPOJHOCTU DJIEKTPUUECKOTO TMOJs IO BCEH JIMHE
U3MEPUTEIBHOTO 3JIEKTPOAA.

Bx~ > Hoo——> Bmx
Bx~ ] AN Beix
| ——
I s m s o o = # s s s L s s _5
—"—E-— * H ‘Efé o
—I—W - 1 Iz A
- |
o 7 - T 3
1 3 2 - 4 3
Pucynok 2.1 — KoHCTpyKIIHS 3IEKTPOEMKOCTHOTO U3MEPUTEIBHOTO
mpeoOpa3zoBaTens

DNEeKTpOnpoBOAsIIAs Kuja Kabelss U KOopIyc mpeodOpa3zoBarens
3a3eMJIeHbl. TpyOuarbie BJEKTPOJbl COEAUHEHBl C T[E€HEPATOPOM
nepeMeHHoro Hampspkenuss &, uMeromero yrioBylo 4actoty .
Tpanchopmatop Toka 6 HEOOXOOMM [JIsi M3MEPEHUS CHUJIbI TOKAa B
IEKTPUYECKON TN H3MEPUTENBHOTO 23ekTpona. IIpeoOpazoBaTensb
BMECTE C HaxXOASIIMMCS B HEM YYacTKOM KOHTPOJIUPYEMOTo Kaless
HaXOJIUTCSI B BOJHOM 3JICKTPOMPOBOISIIEM PACTBOPE.

OcHOBHBIMU KOHCTPYKTMBHBIMH napamerpamu JEUNII sBnsrorcs
BHYTPEHHUN JIHUaMETp HWIMHAPUYECKOrO KopIlyca IpeoOpa3zoBates,
BHYTPEHHUHN THUAMETP TPyOUaThIX JIEKTPOAOB, JJIWHA U3MEPUTEIBHOTO
U JIONOJHUTEIbHBIX BJEKTPOJIOB, pPACCTOSIHUE (3a30p) MEXAY
U3MEPUTEIBHBIM U JOMOJIHUTEILHBIMU 3JIEKTPOJAMH.

MunHuMasnbHasi 3aBUCUMOCTh (DYHKIIMH MPpeoOpa3oBaHusl TOTOHHOMN
E€MKOCTH DJJICKTpUUECKOro kKabens B BbixogHoM curHan OEUII ot
TCOMETPUUYECKUX Pa3MEpOB Kabessl, IJEKTPUUECKUX CBOWMCTB H3OJISAIIUU
U U3MEHEHHUS  DJICKTPONPOBOAHOCTA  BOJBI  JOCTUTACTCA  IPH
ontuMaiibHoM kKoHcTpykiuu OEUWII. OntumanbHoil OyJieM CUMTATh
koHcTpykuuio OEMII, kotopas oOecrneunBaeT HamboJiee BBICOKYIO
OJTHOPOJHOCTh B MPOJIOJBHOM (OCEBOM) HAIPABJICHUU JIEKTPUUYECKOTO
MoJIsl MEXAY BHYTPEHHEH MOBEPXHOCTHIO TPYyOUATOrO MU3MEPUTEITHHOTO
ANEKTPOJA W TMPOBOJALIECH XKUIOW KOHTPOIUPYEMOIO 3IEKTPHYECKOTO
kabens (pucyHoK 2.2).
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IIpu3HakamMyud OAHOPOAHOCTH DJIEKTPUUYECKOTO TIOJA  SBIISIOTCS
OJMHAKOBOCTb 3HAYEHUW paJvaJIbHOM COCTaBisAOlIel E, BekTopa
HANpSOKEHHOCTH  DIEKTPUYECKOro 1Modd E W paBeHCTBO HYIIIO
NPOJOIBHOMN cocTapistoniell E (HampaBiieHa BOJb OCH Kabels X) IpH
11000M (PUKCHPOBAHHOM 3HAYEHUM PaJNyca I' BHYTPH U3MEPUTEIBHOTO
3JIeKTpoza (PUCYHOK 2.2).

A T X

AN A A A
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Pucynoxk 2.2 - Ilosie BHyTpu nipeodpazoBaresns: 1 — kabenp; 2 —
MU3MEPUTEIIBHBIN JIEKTPOJ

B 1neHTpasibHOM 4YacTH HM3MEPUTEIBHOTO JJICKTPOJA, JJIWHA
KOTOpPOM paBHA MOJIOBUHE €ro OOIIeH MIMHBI, AJISKTPUUYECKOEe II0JIe
ABIISIETCA 3aBEIOMO OJHOPOJHBIM B TMPOJOJBHOM HampaBjicHUU. B
KayeCTBE KPUTEPUA IMPOJOJbHOW OJHOPOJHOCTH TIOJNSI BHYTPH
M3MEPUTEILHOTO JJIEKTPOJia BBEIEM MapaMeTp [3, 3HaUu€HHE KOTOPOIO
paBHO OTHOUIEHWIO 3HA4YeHHUd MOroHHoW eMmkocth C, Mexay

AJIEKTPOJIOM U MPOBOJSIICH KUJI0M Kabesst Ha y4acTKe B IIEHTPATbHOU
4acTH OJJIEKTpOAA M IIOrOHHOM emkocth C, 10 BCEH JUIMHE

U3MEPUTENIBHOTO  3JeKkTpoaa. Ilpm  OoNTUManbHBIX  3HAYEHUSX
KOHCTPYKTHMBHBIX IapaMEeTPOB 3HAYCHHE BEIUYUHBI [3 CTpEMHUTCS K
CAVHUIIE.

[IpononbHas OJHOPOJHOCTH TOJISI BHYTPU HM3MEPUTEIHLHOIO
ANEKTPOJa 00ECIIEUNBAETCS MPU MUHUMU3AIMKA BHYTPEHHETO AUAMETPA
TpyOuaThIX 351eKTpo10B. Ho st ocymiecTBiaeHUs KOHTPOJIA TpeOyeTcs,
4TOObl KOHTPOJIUPYEMBI KalOenb CBOOOJHO MepeMeIIalics BHYTPH
OEMUII, no3ToMy BHYTPEHHUI TUAMETP TPYyOUATHIX JIEKTPOJOB JOIKEH
HE MEHee 4eM B 2 pa3a Oojblle HApPY>KHOrO AUaMeTpa H3OJIALHUU
Ka0eJILHOT O U3AEITHS.

HauanbHoe 3Hauenue emkoctu ODEUMII 0e3 oObekTa KOHTPOIS
ONpeNeNsieTCs BHYTPEHHUM JUAMETPOM IMIMHAPUUECKOTO KOopImyca.
JIns MUHMMU3AIMM HAadaJlbHOM €MKOCTH MpeoOpas3oBaTeliss 3HAYCHHE
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BHYTPEHHEr0 JAvaMeTpa IUIUHIPUYECKOIO KOpIyca IIeIeco00pa3Ho
BBIOMpAaTh Kak MHUHUMYM B JBa pa3a MPEBBILAIOININM HAPYKHBIH

TAAMETP TpyOUaThIX 3JIEKTPOIOB. [IpocTtpancTBO MEKY
METAJUTMYECKUM KOPIYCOM U TPYyOUaThIMU DJIEKTPOJAMH 3arOTHAETCS
BO31YXOM.

UeMm mJIMHHEE U3MEPHUTENbHBIN 3JIEKTPOJ, TEM MEHBIIEE BIUSHUE
OKa3bIBa€T HEOJHOPOAHOCTh TMOJISI B MPOJOJBHOM HAMpPABIECHUH HA
KpasiX U3MEPUTEIBLHOIO AJEKTPOJa HA PE3YJbTAT U3MEPEHUS OTOHHOM
eMKocTHu kabeinsi. Ho 3HauuTenbHas JjiMHaA 3JEKTpoJia HE 00ecrneunBaeT
JOKaJbHOCTh  KOHTPOJS, JUIi JOCTHKEHHUS KOTOPOW, Hao0O0poT,
PEKOMEHTyeTCS UCIIOJIb30BaTh U3MEPUTEbHBIN ANEKTPO/T
MUHUMAJIbHOW JJIMHBI. KOMIPOMUCCHBIM pa3MepoM SIBJISIETCS JIJIMHA
U3MEPUTENBHOTO 3eKkTpoaa nmopsaka 200...300 mm.

Ocranbabie  KOHCTpyKTUBHBIE TapameTpsl DENII MoryTt ObITH
OMPEACIICHbl MyTEM KOMIIBIOTEPHOIO MOJCIUPOBAHUS, JUISI 3TOTO
UCToJb3yeTcs maketr Mmoaeauposanuss COMSOL Multiphysics 3.5a.

Hcxonuple mapameTpbl MOJEIW: AWAMETpP MPOBOMSIIECH KUJIbI
Kabenass — 2 MM; JuaMeTp HM3OJISIMOHHOM 000JOYKH Kabens — 6 MM,
JJIMHA U3MEpUTENnbHOro anekrpoaa — 200 mMM; BHYTPEHHUW AUAMETP
3EKTPOAOB — 20 MM; BHYTPEHHUM AuameTp kopiyca — 40 MM; ToImuHa
CTEHOK JJICKTPOJOB M Kophyca — | MM; aMIUIUTyJla MOTEHIIhAaJa
anekTpoaoB — 5 B; wacrora moms — 10 kl'm. Ilpm mopenupoBanun
3a/1aBajiuCh JIBA BapuaHTa »JJIEKTPUUYECKUX CBOWCTB BOJBI: BOJA
JUCTHIUINPOBaHHAs (YIeIbHAS 3IeKTPONPOBOIHOCTh o =10"% CM/M) 1
Bojia conenas (o = 0,8Cm/m).

Coznanne 3D-Monenu npeodpazoBatTensi OCYLIECTBISIIOCH B Cpelie
monenupoBaruss COMSOL  Multiphysics  3.5a. Hcnonbs3oBaiics
¢usmueckuit momynp AC/DC pasgena Quasi-Statics Electric (3D)
CTaHJIapTHON OMOJINOTEKH.

[TocTpoeHne reoMeTpuu CO3/1aBa€MON MOJENH OCYIIECTBISIIOCH B
pazaene Draw c momorbio BCTpoeHHOTO Tpaduueckoro nurepdeiica. B
COMSOL Multiphysics B cinydae HeOOXOAMMOCTH €CTh BO3MOXKHOCTb
UMIIOPTUPOBATh YEPTEXKU W3 JPyTUX CHUCTEM MPOEKTUPOBAHUS,
UMEIOIIUX COBMECTUMOCTh C JIaHHOM cpemoil. Paznuunbie duznydeckue
CBOICTBa MaTepuajoB 3aaaroTcs B pasneie Physics (menro «Subdomain
Settings»). MoOXHO HCHONB30BaTh MaTepHaibl, NPEICTABICHHLIC B
OubIMOTEKEe, UK 3aJ]aBaTh HEOOXOAUMbIE TTapaMeTphl BpyUuHYy10. MeHIo
«Boundary Settings» oTeuaeT 3a (HOpMHUPOBAHUS IPAHAUYHBIX YCIIOBHH.

BakHbIM MOJATOTOBUTENIBHBIM 3TAllOM MOJICIIMPOBAHUA OOBEKTA
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SBJISIETCSl HAJIOXKEHUE CETKH, OT KayeCTBa KOTOPOW HAMpPsIMYyIO 3aBHCUT
TOYHOCTh pacueroB. MCHOJIb30BaHME OYEHb MEJIKOW CETKH BO BCEM
o0beMe Helenecoo0pa3Ho, Tak Kak 3TO MPUBOAUT K MHOTOKPATHOMY
YBEJIMYCHUIO PACUETHBIX OIEpalldii, YTO YBEJIMYMBAET BPEMs pacuera,
WIM K HEBO3MOKHOCTH MOJYYUTh PE3yJbTaT BOOOIE M3-3a HEXBATKHU
pecypcoB  KommbloTepa. [loaTomMy  npu  HaJIOXKEHUU  CETKHU
UCIOJIb30BAJIACh IOCTAaTOYHO KPYMHAs CETKa M0 BCeMy OOBEKTY, a Jajnee
B HHTEPECYIOIIUX Hac O0OJIacTSIX pa3Mep CETKM yMmeHbancs. s
U3BJICYCHUSI TPEOYyEMBbIX PE3YyJbTaTOB TIOCJIE€ OKOHYAHMUS PaCUCTOB
UCTIOJB30BaNIC pa3zaen «POStprocessing» ¢ MHOXECTBOM Pa3IMIHBIX
GyHKIMI 171 TOCTPOCSHUS TpaduKOB.

Pacnpenenenue AIEKTPUUECKUX MOTEHITUAJIOR npu
B3aMMOJICCTBUM  DJIEKTPUUYECKOTO MO mpeoOpaszoBarens ¢
3JIEKTPUUECKUM Kabernem mosyueHo B cpeae Comsol Multiphysics. Ha
PUCYHOK 2.3 SKBUIIOTEHIMAIbHBIMH JUHUSMH W IIBETOBBIM CIIEKTPOM
MOKa3aH CcIydail OTCYTCTBUS JIOTIOJHHUTEIBHBIX  DJIEKTPOJIOB H
WCIIOJIb30BAHMS TUCTHUIUIUPOBAHHON BO/IBI.

Pucynok 2.3 — Kaptuna nons aias SEUIT 6e3 1omoIHUTETbHBIX
ANEKTPOJOB (BOJIa TUCTUILIUPOBAHHAS )

I'paduku  pacnpeneneHve 3Ha4eHUW MTPOAOJBbHOM E 151

X
paauanibHOM  E,  TPOCTPAaHCTBEHHBIX  COCTABJISIONIMX  BEKTOpA
HaIPSKEHHOCTU 3JIEKTPUUYECKOTO T0JIA Mpeodpa3zoBarTens sl ITOTO ke
ciliy4asi ~ TpejicTaBieHbl Ha  pucyHke 2.4,  HanpspkeHHOCTh
AIIEKTPUUECKOTO MO ONPENEISIACh B CPEIHEN YacTh 000JI0UKH KaOes
IpU 3HAYEHHH paJinyca, BJBOE IPEBBIMIAIOIIEM PAAUYC MPOBOASLIEH
Kuiabl (pucyHok 2.4, a), W BOJM3M BHYTPEHHEW TOBEPXHOCTHU
U3MEPUTENBbHOrO 3iekTpoAa (pucyHok 2.4, 0). Hawano koopaunat O
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3]IeCh U Jajiee COBITQAET C IIEHTPOM MpeoOpa3oBaTels.
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PucyHnok 2.4 — Pacnipenenenue paguainbHou E, u mpononasHOu E,
COCTABIIIONINX HAMPSHKEHHOCTH DJICKTPUICCKOTO IO B CPETHEH 9acTH
000104YKM Kabes (a) u BOJIU3U BHYTPEHHEN MTOBEPXHOCTH
u3MepuTenabHoro ekTpoaa (0) aius DENIT 6e3 1onoHUTEILHBIX
AIEKTPOJIOB

OTcyTcTBHE  JOMOJHUTENBHBIX  BJEKTPOJOB  MPUBOAUT K
«BBIITYYUBAHUIO»  DIIEKTPUYECKOTO TIOJNSL Y  KpaeB  3JJIEKTpoOJa.
BcenencTBue 3Toro Ha0m0Aa€TCA BHICOKAsT HEOJHOPOAHOCTH IO B 3THX
00J1acTSX.

Hns paccmarpuBaeMoro ciydas OEMIT 0e3 momoJHUTENbHBIX
AJIEKTPOJIOB B pe3yJIbTaTe PACUETOB ObLIU MOTYyUYCHBI 3HAUCHMUS:

Cp=12591d; C, =149 nd; 62%21,19.

0

Takum  oOpa3oM, TpH  3aJaHHBIX  YCIOBUSIX  CTEICHB
HEOJTHOPOJTHOCTH BJICKTPUUYECKOrO TMOJg B MPOJOJBHOM (OCEBOM)
HamnpaBJIeHUU COCTaBsIeT npubiu3uteabHo 20 %, 4to oOycliaBiauBaeT
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HaJIMYNE METOJAMYECKON IMOTPEIIHOCTH U3MEPEHUS] TTOTOHHOW €MKOCTH
TOTO K€ MOPSJIKA.

Hcnons3oBaHue BMECTO JIUCTUIJIUPOBAHHOM BOJBI  COJICHOM
Ka4eCTBCHHO JaeT Ty K€ KapTUHY IO W OJM3KHE KOJWYECTBECHHBIC
apaMeTpHI:

Cy=1266nd; C,=14991n9P; B:%zl,l&

0

Jns  TOBBIMIEHUS OJHOPOJHOCTH  JJIEKTPUYECKOTO IO B
IPOJIOJIbHOM HAIPABJIIEHUM HA KpasxX MU3MEPUTEIIBHOIO JJIEKTPOaa
IIPUMEHSIOTCS JOMOJHUTEIbHBIE JJIEKTPOIBL.

Ha pucynke 2.5 mnokazaHo pachnpeneineHue dSICKTPUUECKUX
MMOTECHUUAJIOB  IPU  B3aWUMOJECUCTBUM  DJECKTPUYECKOrO  TIOJIA
npeoOpaszoBaTessi € JJICKTPUYSCKUM KaleneM i ciydas HaJIUdus
JOTIOJIHUTENBHBIX JJIEKTPOJOB M HCHOJIB30BaHUSA JIUCTWLINPOBAHHOMN
BOJIbl. JJTMHA JOMOJHUTENBHBIX JIEKTPOJOB 3aaBasiach R =10 MM, uTo
PAaBHO 3HAYECHUIO BHYTPEHHETO PaJIMyca U3MEPUTEIIBHOrO AJIEKTPOJA.
Paccrosinne Mexy U3MEpUTEIbHBIM U JIOTOJIHUTEIbHBIM JJIEKTPOIAMHU
—1 Mm.

Pucynok 2.5 — KapTuHa nosust Ha Kparo U3MEPUTEITBHOTO
npeoOpazosatens 11 DENII ¢ 1onoJHUTETbHBIMU JIEKTPOIaMHU
mmHoM 1R 1 3a30pom 1 MM (Boaa AUCTUIIMPOBAHHAS )

Ha pucynke 2.6 moka3aHoO pacnpeaelIicHHe 3HAUCHUH MPOI0IbLHON
E, ¥ paguanbHOM E, NPOCTPAHCTBEHHBIX COCTABIAIOLIAX BEKTOpPA

X
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HaMpsOKEHHOCTH  DJIEKTPUYECKOTO  TOJs  MpeoOpas3oBaTeis  BAOJb
IIPOJIOJIBHOW OCH.
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PucyHnok 2.6 — Pacnipenenenue paguansHon E, u nmpononsHoi E

COCTABJIAIOLIMX HAMPSHKEHHOCTU JICKTPUUYECKOTO TIOJISl B CPEIHEN YacTu
000n0uKkH Kabens (a) u BOJMW3U BHYTPEHHEN TOBEPXHOCTH
u3MepuTenbHoro aekTposa (6) nis SEUII ¢ qonosHUTEILHBIMU
snekTpoaamMu HOU 1R u 3a30pom 1 mm

Beenenue JOTIOTHUTEIIbHBIX AJIEKTPOJIOB HEePEHOCHUT
«BBIITYYMBAHUE)»  DJCKTPUUYECKOTO TOJsS K  BHEIIHUM  Kpasm
JOTIOJTHUTENBTHBIX ~ 3JIETPOAOB, 4TO obOecrieduBaeT TpeOyeMylo
OJTHOPOJHOCTh TIOJII B TPOJOJIbBHOM HANpaBJICHUH IO BCEH JTMHE
U3MEpUTEIHHOTO 3JeKTpoaa. Kpurepuit 0oTHOPOIHOCTH B B 3TOM CIydyan
npUOIU3UTENTHHO PaBeH 1, YTO COOTBETCTBYET ONTUMAIBLHOMY BapHAHTY
KOHCTPYKITHH.

C nomompto coznannoi B Comsol Multiphysics monenu DEUII
ObUIO TPOBEIEHO WCCIEJOBAaHUE BIMSHUS MJIUHBI JOMOJHUTEIBHBIX
AJIEKTPOJOB HA CTENECHb OJHOPOJHOCTH JJIEKTPUUYECKOTO OISl BHYTPHU
u3MepuTenabHoro - mpeoOpasoBarens.  [lonmydeHHas — 3aBHCHMOCTD
npejcTaBiieHa Ha pUcyHKe 2.7. JIIMHBI TOMOJHUTEIBHBIX 3JEKTPOI0B |
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WU3MEHSIACH OT HYJIA (OTCYTCTBHE 3JIEKTPOAOB) A0 3HAYEHHUS, PABHOTO
BHYTPEHHEMY paauycy ajekrpona R.

1+ B
1,25t

N

0,757

1,0

05 | : : : s
0 0,2 0,4 0,6 0,8 1 IR
Pucynok 2.7 — 3aBUCUMOCTb 3HAUCHUS 3 OT AJIMHBI TOMOJTHUTEIIHHBIX
3JIEKTPOAOB IpH 3a30pe 1 MM

Anammupys moiydeHHyro 3aBucumocth [(l), MoxHO cremarth
BBIBOJI, YTO BBICOKAs OJHOPOAHOCTb DJIEKTPUYECKOTO TMOJA B
IPOJOJBHOM  HAIlpPaBJICHUW  JIOCTHIAeTC  yXK€  IpH  JUIAHE
JNOTOJHUTENbHBIX 37eKTpooB  0,5R. Iloxoxkue pe3ynbrarbl ObLIN
IIOJIyYE€HBI U IIPHU UCITOJIb30BAHUH COJICHOU BOJBL.

Pucynok 2.8 — KapTuHa noss Ha Kparo U3BMEPUTEITBHOTO
npeoOpazosatens 11 DENII ¢ 1onoJHUTETbHBIMU JIEKTPOIaMHU
mmuHoM 0,5R 1 3a30poM 15 MM (Bosia TUCTUILIMPOBaHHAs )

Taxxe ObLIH MNpOBCACHBI HCCICIOBAHHA BJIMAHHA PACCTOAHHUA
MCIKAY U3MCPUTCIIbHBIM U JOIIOJIHHUTCIbHBIMHU 3JICKTPOJaMU (3a30pa) Ha
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OJTHOPOJHOCTD dJIEKTPUYECKOTO oIS TTpeodpazoBarens. Ha pucynke 2.8
MOKA3aHO  pacOpelielieHuE  BJIEKTPUYECKHX  MOTECHUUAIOB  MpPH
B3aUMOJCHCTBUM  BJEKTPUYECKOrO  MOJsA  MpeoOpasoBarenss  C
NEKTPUUYECKUM KalOeneM [JIsi ciaydas HaJdudus JOTOJHUTEIbHBIX
aneKkTpoaoB JiuHOoM 0,5R, yaaneHHbIX OT U3MEPUTENBHOIO AJIEKTPOA
Ha paccrosHue 15 mm (1,5R), m ucnonp3oBaHusl AUCTUIITUPOBAHHOM
BO/IBL.

Ha pucynke 2.9 mnokazaHo pacmpeaelieHHe B MNPOJ0JIbHOM
HAaIllpaBJICHUM 3HA4YCHUM TnpojonbHOoM E,. w® pamnansHOM E,

X

IPOCTPAHCTBECHHBIX  COCTABIIIOIIMX  BEKTOpPa  HANPSHKCHHOCTH
JICKTPUYECKOTO TOJISI Mpeodpa3oBaTers.

a 0
=
= vy - wavars
_0;1 Er, B/M 0;1 Er, B/M
y / ]
— - ~ 200
» M 01 01 S
0 X, M
-1000 -200
-400
-2000 -600
Ey, B/M 4
Ey, B/M 600
200 400
200
-0,1 /\.-0’1 R
0 01 X, M ' 0 ool XM
-200
-200 -400
-600

Pucynok 2.9 — Pacnipenenenne paguansHon E, u nmpononsHol E
COCTAaBJISIFOIIMX HANPSYKEHHOCTH 3JIEKTPUYECKOTO MOJISI B CPEIHEN YaCTH
000n0uKkH Kabens (a) u BOJMW3U BHYTPEHHEN TOBEPXHOCTH
u3MepuTenbHOro aekTposa (0) nius SEUII ¢ qonosmHUTEILHBIMU
anekTpoaamu mrHOM 0,5R u 3a30pom 15 Mm

DNeKTpuYeckoe Tojie  mpeoOpas3oBaresisi MOpH  yYKa3aHHBIX
3HAYEHHUSX  UIMHBI  JOIMOJHUTEIBHBIX  JJIEKTPOJOB H  3a30pa
XapaKTEpU3yeTCsl  BBICOKOM  OJHOPOJHOCTBIO B MPOJOJIBHOM
HarnpaBieHun ( =1). Pe3ynbraThl MOAEIUPOBAHUS MOKA3bIBAIOT, UYTO
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noyie mpeoOpa3zoBaresis MMEET BBICOKYIO OIHOPOJIHOCTH Jaxe IMpHu
yBenuueHuu 3a3opa 10 SR. [Toxoxue pe3yapTaTsl HAOIIOAAIOTCS U MTPU
VICIIOJIb30BAHUU COJICHOW BOJBI.

JIOCTaTOYHO OJHOPOJHOE B MPOJOJIBHOM HAIIPABJIEHUM MOJIE IMPH
HEOOXOJUMOCTH MOXKET OBITh MOJYYEHO MPU BEChbMa MaJON JJIMHE
JOTIOJTHUTEIBHBIX 3JIEKTPOJIOB, HO MPU UX 3HAYUTEIBHOM YJIAICHUHU OT
u3MepuTesnbHoro  anekrpoga. Ha  pucynke  2.10  mokaszaHo
pacupeneseHue dIEKTPUYECKUX ITOTECHUUAIOB MPHU B3aUMOICHUCTBUH
AJIIEKTPUUECKOTO TOJIs MpeoOpa3oBaTesi C AIEKTPUUECKUM KabeaeM npu
JJIMHE JOMOJIHUTENBbHBIX 35eKTponoB Bcero 0,1R, 3azope 8 Mm u
UCIOJIb30BAHUM JUCTUIIMPOBAHHOM BOJIbI. 3HAUEHUE BEIMYMHBI [ 1715
ATOTO ciiydasi OJIM3KO K €IUHUIIE.

Pucynok 2.10 — KapTuHa nosust Ha Kparo U3MEPUTEIBHOTO
npeoopazoBates st DEUII ¢ monoaTHUTEIbHBIME 3JIEKTPOIAMHU
nHo# 0,1R u 3a30poM 8 MM (BoJ1a TUCTUILIMPOBAHHAS )

[longBomss wWTOrM, MOXHO CHAEJIaTh  BBIBOJ, 4YTO JJIMHA
TONONMHUTENBHBIX 31eKTpoAoB (0,5—1)R u 3azop (1-3) mm sBiAroTCS
ONTUMAJIbHBIMU KOHCTPYKTUBHBIMH TMapaMeTpaMu mpeoOpa3oBaTels.
[IpyueM JaHHBIE 3HAYEHUS] MAPAMETPOB JAIOT TMPUMEPHO PABHYIO
CTEICHb OJTHOPOJHOCTHU OoJIst BHYTpU MU3MEPUTEIBHOTO
npeoOpazoBaTeNs MPU HCMOJb30BAHUU KaK JUCTUUIMPOBAHHOW, TaK U
COJICHOM BOJIBI.

Ha ocHoBe pe3ynbTaToB KOMIIBIOTEPHOTO MOJICIIMPOBAHUS B CpPEIE
COMSOL Multiphysics B3aUMOJEUCTBHUS  DJIEKTPUUECKOTO IO
ANEKTPOEMKOCTHOTO HM3MEPUTEIBHOTO MpeoOpa3oBaTeisi U3MEPUTEIS
MOTOHHOM €MKOCTH C BJEKTPUYECKUM KabeleM OCYIIECTBIECH BBIOOD
ONTUMAJIbHBIX KOHCTPYKTHBHBIX ITapaMETPOB OCHOBHBIX 3JIEMEHTOB



25

npeoOpaszoBaTeisi: BHYTPEHHEro JauaMeTrpa TpyOyaThIX »3JIEKTPOIOB,
BHYTPEHHEr0 JMaMeTpa IMWIMHAPUUECKOTO KopIiyca mpeoOpasoBaTens,
JUIMHBI U3MEPUTEIIBHOTO U JIOMOJHUTEIBHBIX 3JIEKTPOJIOB, PACCTOSHUS
MEXAY  W3MEPUTEIBHBIM W JOIOJHUTEIBHBIMU  DJIEKTPOJAMHU.
OnTUMaNbHOCTh KOHCTPYKIIMM OIIEHUBAJIACh CTEIECHBIO MPUOIMKEHUS K
€MHUIC OTHOIICHUSI 3HAYEHUI MOTOHHOM €MKOCTH MEXKIY SJICKTPOIOM
U TPOBOJAIICH KUJIOM Kabeslsi Ha y4acTKE B LIEHTPAJbHOW YacTH
ANEKTPOJAA W IONOHHOM €MKOCTM Ha Y4YacTKax II0  KpasMm
U3MEPUTEIBHOTO 3JeKTpoAa. OIIEHEHO BIHUSHUE Ha XaPAKTEPUCTHUKU
U3MEPUTEIBHOTO npeoOpaszoBaTes AIEKTPONPOBOIHOCTH
VICIIOJIb3YEMOM BO/IBL.

2. 3ananue ISl MPAKTHYECKO padoThI

2.1. ITonoGpath ONTHUMAaJIbHbIC 3HAYCHUS apamMeTpoB
ANEKTPOEMKOCTHOTO  HM3MEpUTENbHOrO TmpeoodpazoBarens (DEUID),
KOTOpble o0ecrnedyar MaKCHUMaJIbHYIO JOCTOBEPHOCTb  KOHTPOJIS
MMOTOHHOM €MKOCTH AJICKTPUUECKOT0 Ka0eJs;

2.2. CMonenupoBaTh U3MEPUTEIBHYIO TIETb C AJIEKTPOEMKOCTHBIM
npeoOpazoBaTeseM;

2.3. CnenaTh BBIBOEIL.

3. KoHTpoabHbIE BONPOCHI

3.1. KakoBa KOHCTPYKLHS 3JIEKTPOEMKOCTHOIO H3MEPHUTEIHLHOTO
npeoOpazoBares?

3.2. [lepeuncnaure 0OCHOBHBbIE KOHCTPYKTHUBHBIE apaMmeTpbl JEUII.

3.3. Uro sABnsieTCS MNPU3HAKOM OJHOPOTHOCTH AJICKTPUUECKOTO
nos?

3.4. Kakum mapamMeTpoM ompenensercss HayalbHOE 3HAYCHHE
emkocTu DEUII 6e3 00beKTa KOHTPOJISI?

3.5. Uro HE0OXO0aUMO BBIMOJHUTH I MUHUMHU3ALMKU HAa4YaJIbHOU
€MKOCTHU NpeoOpazoBarens?

3.6. Kakoil moAaroToBUTENbHBIA 3Tall MOJEIHPOBAHUA OOBEKTA
SBJISIETCS] HAN0O0JIee BaXKHBIM?

3.7.K 4yemMy MOXET TMPUBECTH OTCYTCTBUE JOMOJTHUTEIHHBIX
AJIEKTPOJIOB?

3.8. Kakue Mepbl HEOOXOJAMMO BBITIOJIHUTH JJIs  TTOBBIIICHUS
OJHOPOJHOCTH AJIEKTPUUYECKOTO OIS ?
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3.9. SIBnsieTca M ONTUMAIbHBIM KOHCTPYKTHUBHBIM IapamMeTpoM
npeoOpazoBaTens JIMHA JIOMOJHUTENBbHBIX 3JekTpoaoB (0,5—1)R u
3a30p (1-3) mm?

3.10. KakuMm mapamMeTpoM OIIEHMBAETCS ONTUMAJIbHOCTH JTaHHOMN
KOHCTPYKIUU?

3.11. 113 4ero cocTOUT 3JEKTPOEMKOCTHOM IIpeoOpa3oBaTeib?

3.12. Kakyto koHcTpykius DEUIT MokHO cuuTaTh ONTUMAIBHOMU?

3.13.Yemy paBHa JIMHA U3MEPUTEIBHOrO  DJIEKTpPOJa B
LIEHTPAJIbHOW YacTu?

3.14. Kakum napaMmeTpoMm oOecrieunBaeTcs MPOAOJIbHAS
OJIHOPOJTHOCTD MOJISl BHYTPU U3MEPUTEIIBHOTO JIEKTPo1a?

3.15. KakuM mnyTeM MOXXHO ONPEACIUTh KOHCTPYKTHBHBIC
napametpsl DEUIT?

4. CIUCOK JIUTEpPaTyphbl

41.TOCT 11326.0-78. PammouactotHeie KaOeau. QOOrmue
TexHu4eckue yciosusa. — M.: U3a-Bo crangapros, 2003.— 35 c.

4.2. TOCT 27893-88 (CT COB 1101-87). Kabdenu cBsizu. MeTo b1
ucnbeiTanuii.— M.: M3a-Bo ctangapTos, 1989.— 26 c.

4.3. T'onpamreiin A.E., BaBunoa I'.B. OtcTpoiika OT BIUSHUS
W3MEHEHHUS AJIEKTPOIPOBOIHOCTH BO/IbI Ha pe3yIbTaThI
TEXHOJIOTUYECKOTO KOHTPOJISI TIONOHHOM €MKOCTH 3JEKTPUUYECKOIO
ka6ess // [lonsynoBckuit BecTHUK. — 2013. — No 2. — C. 146-150.

4.4, Tlat. Ne 2358928 GB, MIIK GO01B 7/06. A system for
monitoring fluctuations in the thickness of a cable insulating sheath /
Patrick Fleming, Lee Robert Coleman.; 3asen. 04.02.2000; omy0.
08.08.2001.



27

IHpakTuueckoe 3ansaTue Ne3 « KoOHCTPpYKIUS U pacyeT
MEXAaHUYeCKOM YaCTH UMHAYKIMOHHOI'0 Mpeodpa3oBareis)

1. KpaTkue TeopeTuyecKne CBeJIeHHsI

NunykinuoHHbId  mpeoOpa3oBaTenb — 3TO  MpeoOpazoBaTelb
OCHOBaHHBIM HA  MCIOJIb30BAHWM  CBOMCTBA  BJIEKTPOMArHUTHOU
VHAYKIIMA W pEaJu3yeMbld B BHJEC KATYIIKd WHAYKTUBHOCTH,
MEPEMEIIAIONICHCS B MAarHATHOM TI0JIE, CO3/1aBA€MbIM BHEIIHUM
HUCTOYHUKOM. BBIXOMHOW BEMMYMHON MHAYKIIMOHHOTO MpeoOpa3oBaTelis
ABJISIETCA UHAYKTUpYyEMas B u3MepurenbHoi karymke J.J[.C.

_dy
dt '

A€ Y — IOTOKOCLEIUIEHUE U3MEPUTEIIbHOM KATYIIKM C BHELIIHUM
IIOJIEM.

Nupyxtupyemas OJIC HOCHT UWMIYJNbCHBIM XapakTep IpH
MOCTOSIHHOM BHEIIHEM Toje. Takod mnpeoOpa3oBaresib HCIOJIb3YETCS
JUJISL U3BMEPEHUSI CKOPOCTH TTEPEMEIIEHUSA .

dl
e(l) = f(aj.

Eciu karymika JOBMKETCS BO BHEIIHEM INIEPEMEHHOM IIOJIE C
KpYroBOM 4YacTOTOM @, TO HMHAyKTHpyemas B katymke JJ[C Oyner
IIEPEMEHHON C YaCTOTOU », MPOMOAYIMPOBAHHAS 10 aMIUIUTYAE U 1O
daze (tpanchopmatopnas IJ1C).

NHnykuuoHHble MpeoOpa3oBaTeNy SBISIIOTCS T€HEPATOPHBIMU
npeoOpazoBarensiMu. Mx 1ienecoo0pa3Ho B CBOIO O4YeEpEAb Pa3AeiauTh MO
BUJly BHEIIHETO MOJIS U MO XapaKTEPY B3aUMOJICUCTBHUS IJIEMEHTOB. B
npejjaraeMoi  KjiacCU(pUKAlUU BBIJEICHBI CIEIYIOIMINE OCHOBHBIC
Pa3sHOBUIHOCTH.

1.1. MeTomosorn4eckasi XapaKTepUCTHKA UHAYKTHBHOT O
npeodpasoBareis

YJ'IyLIHICHI/IC MCTPOJJIOTHYCCKUX XAPAKTCPHUCTUK HHAYKTHBHBIX
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U3MEPUTENIbHBIX TpeoOpa3oBaTeieil CBS3aHO C  HEOOXOIWMOCTBIO
pa3pabOTKM  YTOYHEHHBIX  MAaTeMaTHYECKUX  MOJENed  TaKux
npeoOpazoBareieii. YTOUHEHHBIE  MOJEIM  IO3BOJISIIOT — IOJIHEE
YUUTHIBATH B3aMMOCBSI3U MEXKTY KOHCTPYKTHBHBIMU u
OKCIUTyaTallMOHHBIMU ~ XapaKTepUCTUKAMU MpeoOpa3zoBarenied W uX
METPOJOTUUECKUMU XapAKTEPUCTUKAMHU, YTO CO3/1a€T BOSMOXKHOCTHU JIJIS
METPOJOTHYECKOT0 pacyeTa U LEJICHAPABICHHOTO COBEPIIIEHCTBOBAHUS
npeoOpaszoBaTeei.

OCHOBHOW METPOJIOTUYECKOW XapaKTEPUCTUKON H3MEPUTEIBHOTO
npeoOpa3zoBaTeNsl SABISIETCS €r0 XapaKTepUCTUKa MpeoOpa3oBaHUs —
rpayupoOBOYHAS  XapakTepucTuka. Ha oOCHOBE TrpagyupOBOYHOU
XapaKTEePUCTUKU MOTYT OBITh OMPEIEICHBI APYTU€ METPOJOTUUECKUE
XapaKTEepPUCTUKU MpeoOpa3oBaTessi: UYBCTBUTEIBHOCTh, JIHANA30H
U3MEPEHUS, IPEAEIbI U3MEPEHUS U JIP.

3anava aJICKBaTHOTO MaTeMaTU4eCKOTO OTIMCaHUS
IPayUPOBOYHON XApPAKTEPUCTUKU HWHIYKTUBHOTO HM3MEPUTEIBHOIO
npeoOpa3oBaTeNsl Ha CETOJHSIIHUN JI€Hb PEUICHA TOJbKO YACTUYHO H
octaéTca akTyanbHOW. Hawmbonee mnepcrneKTUBHBIM MPU  OMUCAHUU
IpayupOBOYHOM XapaKTEPUCTUKHU PEACTABIISIETCS MOAXO/I,
OCHOBaHHbI HA HCHOJIb30BAHMM ypaBHeHWW MakcBemna s
AJIEKTPOMArHUTHOTO MOJIS.

HUccnenqyeM BO3MOKHOCTh PEHIEHHS TOCTABJICHHOW 3aJayu C
UCIIOJIb30BaHHEM OO0OOIIIEHHOrO MOJX0/Ia HA OCHOBE TEOPEMBI Y MOBa-
[lofiHTHHTa, OMUCHIBAIOIIEH DHEPTETUYECKUE COOTHOIICHUS IS
AJIEKTPOMArHUTHOTO TMoJiA. B kadecTBe 0a30BOro BapuaHTa MNPUMEM
WHJYKTUBHBIA Mpeo0pa3oBaTelb COJCHOMAHOTO THUIIA, K KOTOPOMY
HEMIPUMEHUMBI METOJIbI TCOPUM MATHUTHBIX IIeTeld, Haumbosiee 4acTo
UCIIOJIb3yEeMBbIE ISl OITMCAHUS MHIIYKTUBHOTO TTpeoOpa3oBaTesl.

PacuétHas cxema mpeoOpaszoBarelsi MmokazaHa Ha pucyHke 3.1.
[Munuaapuyeckasl KaTylika WHAYKTHBHOCTH | B3aMMOJIEUCTBYET C
COOCHBIM (heppPOMArHUTHBIM CEPACUYHUKOM 2.

OceBoe mepemMenieHre cepaeuHrka 2 (MI3MEHEHHE KOOPAUHATHI X)
MPUBOJUT K W3MEHEHHUIO MArHUTHOTO TOJIsi KaTYyIIKHU, YTO BBI3bIBACT
U3MEHEHUE €€ WHAYKTUBHOCTA L M TOJMHOTO CONpOTUBICHUA Z.
3aBUCUMOCTh MHIYKTUBHOCTH L (WJIM MOJHOTO CONPOTHUBICHUS Z) OT
KOOPAWHATHI X  OMNPEASTUT TPAJAYUPOBOUYHYIO  XapPaAKTECPUCTUKY
paccMaTpuBaeMoOro npeoopa3oBaTels.
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Pucynok 3.1 — Pacuérnas cxema npeoOpazoBaTes

Ecnu IpeHeopeUb COOCTBEHHBIM COINPOTHUBIICHUEM u
WHIYKTUBHOCTBHIO  KaTyIIKU TMpeoOpa3oBaTeiss IMPU  OTCYTCTBUHU
CepACYHUKA, TO I KATyIIKH HWHIYKTUBHOCTH C (QeppOMarHUTHBIM
MPOBOJISIINM CEPJACYHUKOM MOKHO 3aIUCaTh BBIPAKECHUE JJIS TTOJTHOTO
COINPOTHUBJICHUS C UCTIOJIB30BAHUEM TeOpeMbl Y MoBa-IloMHTHHTA:

§ ﬁds

]
|2

Z=R+joL=—

I (S M=ExH - BeKTOp [IOWHTHHTA Yepe3 MOBEPXHOCTh CEPJICUHUKA;
E - BEKTOP HAINPS)KEHHOCTU DJIEKTPUYECKOTO TOJIsI HA MOBEPXHOCTH
CEpJICUHUKA; H - BEKTOP HaNpsKEHHOCTM MAarHUTHOTO MoJist; [ — TOk B
KaTyIlIKe, TMOPOXKIAWIIMKA MAarHuTHBIM MOTOK; R — akTuBHOE
COIIPOTUBIICHUE KATYIIKH; ® — KPYroBas 4acTOTa TOKa B KaTYyILKE.

IIpu peurenuyr NMOCTABICHHOW 3a1a4d KCIIOJIB3YEM KOMIUIEKCHYIO
dbopmy 3anucu Teopembl YMoBa — [loliHTHHTA!

2 2
. H® ¢.E
—§ﬁds:IyE2dv+1-2wI Ha™l _%a= gy,
2 2
\Y \Y
rac Sa — aOcoJrroTHAA AUBJICKTPHUYICCKAaA IIPOHHULIACMOCTb BCHICCTBA
CeplleqHI/IKa; Ha — a6COJ_HOTHaﬂ MarduTHasa NpPpOHHUIACMOCTb BCHICCTBA
CepICYHMKA, 7Y — YyAelIbHAas DIEKTPONPOBOAHOCTL  BELIECTBA
cepAeUHHKA.
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Jliist onipeneneHus BEIMUKUHbBI HANpsHKEHHOCTU H MarHuTHOTO 1oJist
B HEKOTOpOW Touka A cepacyHuka (pucyHok 3.1) BocmoJsibzyemcs
NpUOIMAKEHHOU POPMYIION:

W P +X-Y X—P—Y

Pk | (P +x-yP +R?  |(x—p, —y)’ +R?

Hy

raie R — cpenHuii paguyc BUTKa KaTyIIKH; X — PACCTOSIHUE MEXKITY
IEHTPOM KaTyIIKA W IIEHTpoM cepaeyHuka; W — 4Yucio BHUTKOB
KATYILIKK; P, — [OJIOBUHA JJIMHBI KaTYILIKH.

Jlnst onpeniesieHusl BEIMYMHBI HANPSXKEHHOCTU E ayiekTpruueckoro
OJIst UCIIOJIb3yEM BTOPOE ypaBHEHUE MakcBemta s
AJIEKTPOMArHUTHOTO TMOJs B KOMIUIEKCHOW (opme 3anucu. Potanus
BEKTOPA HAMPSHKEHHOCTH AJIEKTPUUYECKOTO OIS CEp/ICUHUKA!

[ J k
(C N @ . (OE E . (OE E

rotE = —jop,H = 0 0 O] | %z _Ev, (6 x_0 Zj+
oX oy 0z oy 0z 0z OX
Ex Ev Ez

LK. oE _aEX |

OX oy
rone I, J, K — OpTBI KOOPIMHATHBIX OCEH CHCTEMBI KOOPIHHAT
dJICKTpoMaruuTHoro moisi; Ey, E., E, — @IpoeKuuu BEKTOpa

HANPSHKEHHOCTH 3JIEKTPUUECKOTO MOJISL HA KOOPJAUHATHBIE OCH.

Ecnmn ock koopmuHat OZ COBMECTHTH C OCBIO CEpACYHUKA, a
KOOPJIMHATHYK) IUIOCKOCTh XOY — € NONepedyHoOr IIOCKOCTBIO
CUMMETPUU KATyUWIKM WM Y4YECTh, YTO BEKTOP % MEPICHAUKYISPEH

BEKTOPY i , TIOJTy4YHM:

OE
E :o,—y:o,aEX

=0.
z 0z oz

B stom cnyuae:
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ot = k| Ev _%Ex |
OX oy

Hns  ompeneneHus  NPOCKIMM  BEKTOPAa  HANPSIKEHHOCTH
AIEKTPUYECKOTO MOJISI Ha KOOPAWHATHBIE OCH YYTEM TO, YTO BEKTOP
HaNpPsHKEHHOCTU JJIEKTPUYECKOTO TMOJISI HANPABIIEH MEPHEHIUKYISPHO
OCH CEPACYHHKA [0 KACATEJIbHOM K OKPYKHOCTH BHEIIHErO KOHTYpA,
TOrAQ:

Ex =E-singp, Ey =—E-coso,
rie E — Moayap BekTOpa HaANpsHKEHHOCTH AJICKTPUYECKOTO OIS,

YacTHbplE TMPOU3BOJHBIE TMPOCKIMM BEKTOpPAa HANPSIKEHHOCTH
AIEKTPUYECKOTO MOJISI HA KOOPAUHATHBIE OCH

By By %o _ 20 (—E-COS(p)~£(aI'CCOS§j=
OX op OX 0@ OX r

ry1-cos® o r

%Ex =i(E'sin (p)-g(arcsin Xj:
oy 00 oy r
=E-coso-| - 1 =E-coso 1 =—.

ryl-sine ) T

]

Pesynprupytomee  BbIpaKXEHHE Ui POTAllMM  BEKTOpA
HaNpsKEHHOCTHU JICKTPUYECKOTO MOJI B CEPJICUHUKE MPUMET BU/L;

rotlg = k(—%—%) = k(— ZTEJ
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C Y4ETOM BTOPOTO YPaBHEHHUS Makcseia N
AIEKTPOMATrHUTHOTO TOJIS, ITOJTYYUM:

(-8 | =-jonfi

OTKYJ1a CJIEAYET:

ru
E :0)‘7a‘H,
rac H — MOI[yHB BCKTOpa HaprDKéHHOCTI/I MArggvuTHOI'O IIOJIA B

CEpJICUHHUKE.

Hcnonb3yeM BhIpaKEHUE JJIsi MOJHOTO COMPOTHUBJICHUSI KATYIIKH
npeoOpaszoBaTesisi U KOMIUIEKCHYI0 (OpMy 3alucu TEOpEMbl Y MOBa-
[loliHTHMHTa ¢ TMOJCTAHOBKOM  MOJYYEHHOTO  BBIPAXKEHUA  JJIS
HaIMpPSKEHHOCTH JIEKTPUYECKOTO TOJIS:

2 2
DyE dV+2](DI[HaH Saf jdv:l =
1

2 I'YEZdV'f‘ jmj(uaHz —saEz)jv:l =
Vv

1 I or 2 ) or 2
== Jy(—j ugHZdvﬂwj uaHZ—aa(—) niH? [dv|.
12] 5\ 2 o 2

[IpenmomoxkuM, YTO MaTepuand CEepACYHUKA H30TPONEH U
y =const, pn, =const, £, =const, Toraa:

Z= Ilz{wa(zj [H? dv+joo£paIH2dv Saua( joZde

[Tocne npeoOpazoBaHuii MOCIEHETO BHIPAKECHUS TTOTYUHM:
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2 2
1 or : or
Z== wi(—j + jou, 1—8au§(—j - [HZdv.
| 2 2) ||}

NuterpupoBaHue  BBIMOJHSAECTCS MO  00bEMY  CepJICUHHUKA.
[ToactaBuM B mocienHio (HopMyay BbIpaKEHUE NI HANPSIKEHHOCTH
MAardUTHOTIO I10JIs1, IPUBEIEHHOE BHIIIIE,

2o W Z(O’—r)zﬂw 1—¢ (“’—rjz A(X)
10| ™ 2 Ha| 1-eatta| -, ,

Pc _ — —
}\’(X):nrz J. pk+x y X pk y

- dy.
P, \/(pk +X-y)? +R? \/(X—pk—y)2+R2

PeakTuBHOE conmpoTHUBIEHUE TPeoOpa3oBaTes:

ow, W? or\?
X:ng 1_8aua(7) (1),
k

AKTUBHOC COIIPOTHUBJICHHUC HpCO6p330BaT€J'IHI

2 2
YU, W< [ or
R = lgpi (2) ().

[TomyyeHHOE BBIpAXKEHUE SBJISETCS MAaTEMaTUYECKUM OIMMCAHUEM
rpagyupoOBOYHON XAPAKTEPUCTUKA HHIAYKTUBHOTO HM3MEPUTEIHHOTO
npeoOpazoBaTeisi MNEPEMEIICHUN, MNOCTPOCHHOTO TO COJICHOUIHOU
cxeMe. Bxonmsmmuii B BBIpOXEHHE HWHTErpajl aHAJIUTUYECKH HE
BBIUUCIISICTCS, YTO TMPEACTABIISIETCS  HEIOCTAaTKOM  MOJIYYEHHOTO
OMMUCaHUs U 00YCIIABIMBAET HEOOXOIUMOCTh YUCIEHHOIO aHaIu3a.

IIpy BBIBOAE AHAIMTUYECKOTO OMNUCAHUS TPAAYUPOBOYHOU
XapaKTepUCTUKU ObUT CAETaH psil JOMYIIEHUM, KOTOPhIE OrPaHUYMBAIOT
BO3MOXKHOCTM 3TOTO ONUCaHus. B  4YacTHOCTM, MAarHWTHOE W
ANIEKTPUUECKOE TI0JIE B 00bEME CEpJICUHHKA MPUHSITO MOCTOSHHBIM IO
BelnunHe. PeanbHO K€ B MOPOBOASIIMX Cpelax HaOIrogaeTcs
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MTOBEPXHOCTHBIN ahdexr, TIPUBO TSN K CYIIECTBEHHOM
HEOJTHOPOJHOCTH HANPSDKEHHOCTEH DJIEKTPUYECKOTO M MarHUTHBIX
TIOJIEH.

Kpome 3TOro, Hampsi>K€HHOCTh MAarHUTHOTO TOJs, CO37aBaEMOI0
KaTylmIKoi B 0oObeMe CepleYHMKA 3aBUCUT HE TOJBKO OT PACCTOSHUS
MEXy KaTyIIKON U CepJCYHUKOM, HO M OT YJaJICHHUS pacCMaTpuBaeMOi
TOYKH OT OCU cepaeuHuka. [lociemHee 0OCTOATENBCTBO TaKkKEe HE
YUYHUTHIBAJIOCH MPHU BBIBOJIE 3aBUCUMOCTH.

[Tepeuncnennbie 0OCTOATENHLCTBA OTPAHUYMBAIOT BO3MOXKHOCTH
UCIIOJIb30BAHMS TPEJJIaraéMoro OIKMCAaHMUS TPU pacueTe BETUYUHBI
MOJIHOTO COMNPOTHUBIICHUS TpeoOpazoBatTenss. OmHAKO, TPH OIEHKE
METPOJIOTMUECKUX  XapaKTEpUCTUK  MpeoOpaszoBaTensi,  HauboJiee
BOXHBIM SIBJISICTCSI TOYHOCTb OIMCAaHMUsS XapakKTepa 3aBUCHUMOCTH
BBIXOJIHOM BETUYUHBI MpeoOpa3oBarTelis OT €ro BXOJHOW (M3MepsIeMoil
BEJIMYUHBI), YTO U HEOOXOJUMO NMPUHHMATh BO BHHMAHHE B IEPBYIO
ouepeb.

[IpuHIMIHATBHBIM OTIMYHEM TIPEAJIaraéMoro OMUCaHUsl SIBISETCA
y4eT pexkuma paboThl mpeoOpazoBaresist (4acTOThl MUTAIOIIETO TOKA),
YTO TIO3BOJISICT YYUTHIBATH HU3BECTHYIO M3 TNPAKTUKU 3aBUCHUMOCTD
XapaKkTEePUCTUK MPeoOpa3oBaTeisa OT CXEMbI BKIIOUCHHS.

JUIss  TpOBEpKH  TOJIYYEHHOTO  ONHMCAHHUS  TPagyHpPOBOYHOM
XapaKTePUCTUKH COJICHOUJITHOTO MpeoOpa3oBaTesis OCYIIECTBISAIOCH
CpaBHEHHE PACUETHBIX XapaKTEPUCTUK C IKCIIEPUMEHTAITHHBIMH.

1.0 ,/,@:t—:‘:

08 //,///
3 ///
/ i

06
L o

OTHOCKMTENbHAaA WMHOYKTWBHOCTb

// Py \\-I
02 == e
= 2 /

a 0 5 10 15 20 25 30 35 40 45 50 55

MepemellieHe, MM
PI/ICYHOK 32 - Fpaz[prOBquasI XapaKTCPpUCTHUKA HHAYKTHUBHOI'O
npeoOpazoBaTes
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Ha pucynke 3.2 mnpuBeneHbl OTHOCHUTEIBHBIE TPagyUpPOBOYHBIC
XapaKTepUCTUKU UHAYKTUBHOTO TpeoOpaszoBaTesisi MepeMElIeHuH,
MOJYYEHHBIE PACUETHBIM U SKCIIEPUMEHTAIbHBIM IyTEM. MccnmenoBancs
npeoOpa3oBarenb co  cueayromumu  napamerpamu: | =80MmM,
l, =50mMm, r=4mm, R =6,75mm, W =1500. I'pajpux 1 nomyuen
nyTém pacuéra mo mnpenjaraeMoit dopmyne, a rpadpux 2 SBISETCS
SKCIEPUMEHTaNbHBIM. [l  cpaBHeHus: mnpuBoauTCcs Tpaduk 3,
PacCCUMTaHHBIN MO0 MPUBEACHHOMY B BBIPAKCHUIO JJI TPALYHUPOBOYHOU
XapaKTEPUCTUKHU.

N3 rpadukoB cieayeT, 4To NoIyYeHHas 3aBUCUMOCTh 00Jiee TOYHO
ONKUCBHIBAET PEATBHYI) TI'PAIyUPOBOUYHYHO XAPAKTEPUCTHUKY. 3aMETHBIC
pacxoXKaeHUs MEXKITY pacu€THOU XapaKTEPUCTUKON U
HKCIIEPUMEHTAIBHON HAOMIOJAIOTCA TPH  MAKCUMAJIBHOM  yJaJICHUU
cepAcYHUKAa OT KaTyIIKW, Korja oOIas WHIAYKTUBHOCTh KATYIIKH C
CEpACYHUKOM Maja M CTAaHOBUTCS COU3MEPHUMON C COOCTBEHHOM
WHIYKTUBHOCTBHIO  KaTymIKW 0€3  cepAeYyHUuKa. OITOT  y4acTOK
XapaKTEPUCTUKU B pEANBHBIX JAaTUYMKAX MEPEMEIICHUNA OOBIYHO HE
VCTIOJIB3YETCHI.

B nmpepemax pabodero ywacTka HaONIOJAeTCs  XOpoIlee
COBIIAJICHUE PACUETHON MO XAPAKTEPUCTUKHU C IKCIIEPUMEHTAIBHOM, UTO
oOycaBIuBaeT BO3MOKHOCTh YTOYHEHHOTO pacyeTa YyBCTBUTEIbHOCTH
U Juana3oHa U3MEpeHHs mpeoOpas3oBaTens MpU €ro NpOeKTUPOBAHUU.
HenoctaTkoM BBIpaK€HUS SBJISETCSA €r0 CIOKHOCTh U HEBO3MOKHOCTH
AHAJIMTUYECKOTO BBIUMCIIEHUS UHTErpaia, BXOASIIEro B GopMyIy.

1.2. OnTuMHU3anMs KOHCTPYKTUBHOM cXeMbI Npeodpa3oBareJisi

Bripaxkenne s rpaaydpOBOYHON XapaKTEPUCTUKHU I1O3BOJISAECT
OLICHUTH BIIMSIHUE KOHCTPYKTHUBHBIX MapamMeTpoB IpeoOpa3oBaTess Ha
€ro METPOJOTHUYECKHE XapakTepucTUKU. C UEIb0 ONTUMH3ALUU
KOHCTPYKIIMU ~ MHAYKTUBHOTO  HM3MEPUTEIBLHOIO  MpeoOpa3oBaTess
COJIEHOMTHOTO THUIIA UCCIEAYEM E€r0 IPaIyuPOBOUYHYIO XapPAKTEPUCTHUKY.
[IpeoOpazyem BbIpaXeHUE TPagyUPOBOYHOM  XAPAKTEPUCTHKUA C
UCIMOJIb30BAHUEM OTHOCHUTENBbHBIX BeMWYMH. [loCcKonbKy ompexnenser
XapaKkTepUCTUKHU MpeoOpa3oBartelisi B NIEPBYIO OUEpE/lb JJIMHA KaTYyIIKH,
TO BO3bMEM 3Ty BEJIWYMHY 3a 0a30ByI0 U BBEIEM OTHOCUTEIIbHBIC
BEJIMYUHBL:

X:X/pk; 6:y/pka p:R/pk, OtzpC/pk;dy:pk-dS.
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C y4eToM  OTHOCUTEIBHBIX  BEJIWYUH  BBIpAXKEHUE  JJIA
IpaJlydpOBOYHON XapaKTEPUCTUKU TpeolOpasyercss K CIeAYyIoIEMY

BUY:

Z=K-A(x),
« o, TIWE (w_rjzﬂ-wl_g (w_rjz
Ha 16p, Y- HUa 5 alla 5 ,
2
1+y -9 1-y+0

do,

Ay) = _
W —Ia J@+x=8)2 +p?  JL—x+8)% +p?

I7Ic ® — 9acTOTa TOKa MUTAHUS MpeoOpa3oBaTers.

[TonmyuyeHHOE€  BBIp@KEHHE  HE  YYUTHIBAET  COOCTBEHHBIX
XapaKTEPUCTUK KAaTYIIKH IIPU OTCYTCTBUU cepaedHuka. [Ipu ydere aTux
XapaKTEePUCTUK  BBIPAXEHHE  JUII  IIOJHOTO  CONPOTHBJICHHUS
npeoOpas3oBaTeIs MpUMET BU/I:

rne R, — comporuBnenne oOMoTkH npeoOpasosarens; L, —

COOCTBEHHasi MHJIYKTUBHOCTH OOMOTKM  mpeoOpaszoBareiisi  Ipu
OTCYTCTBUHM CEPJICUHHUKA.

HenmocratkoM  MOJYYEHHOTO  BBIPDAXEHHS  TPayupPOBOYHOMN
XapaKTEepPUCTUKHU SIBISIETCS €ro uHTerpanbHas ¢opma. MHTerpan He
MOXET OBITh BBIUHCICH B JJEMEHTapHBIX (QyHKIMAX. I[loaTomMy
BOCIIOJIB3YEMCSI METOJAOM YHCJIEHHOIO0 aHaldu3a [Jis HCCIEeI0OBaHUs
OCOOCHHOCTEH TIpaJydMpOBOYHON XapaKTEPUCTUKH U BO3MOXKHOCTEH
VIYUYIICHUS ~ METPOJIOTMYECKUX  XapaKTePUCTUK  UHIYKTHUBHOTO
npeoopa3zoBaTesl.

Ha ocHOBe aHanu3a KOHCTPYKIMWA 3HAYUTEIBHOTO 4YHUCIA
WHIYKTUBHBIX HM3MEPUTEIBHBIX IpeoOpa3zoBaTeieii W JATIYUKOB OBLIO
YCTAHOBJICHO, 4YTO, B OCHOBHOM, T'€OMETPUUYECKUE XapaKTCPUCTUKU
npeoOpa3oBaTeNsi COOTBETCTBYIOT CJEAYIOIIUM TpaHUIAM 3HAYEHUM
napametrpoB o =1..10, p=0,1..5. [Ipumem 3T 3HaUEHUS 32 OCHOBY NPHU

WCCJICIOBAHUY TPayUPOBOYHON XapaKTEPUCTHUKH.
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[TapameTpbl o0 ¥ p — 3TO OCHOBHBIE KOHCTPYKTUBHBIE MapaMETPhI

npeoOpa3zoBatTeist, ONPEACIAIONIUE XapaKTep €ro rpaayHpOBOYHOM
XapaKTepUCTUKHU. VccnemoBaHue BIMSHHS OTHX I[apaMETPOB Ha
I'PAayMpPOBOYHYI0  XapaKTEPUCTUKY MPEACTABISICT  3HAYUTCIIBHBIN
uaTepec. lMcciaemoBanuss ObLIM  BBIIOJHEHBI C  HCIOJb30BAHHEM
MaTeMaTU4eckoi cucremsl Maple.

chi
Pucynok 3.3 — Bnugaaue nmapamerpa o

Ha pucynke 3.3 nOpuBencHbl  pacyETHbIE  3aBUCHUMOCTH
IpaJlyupOBOYHON XapakTepucTuku A(y) Uil TpeoOpasoBarens C
napameTpoM p =1 npu u3meHeHun napamerpa o B npeaenax ot 0,5 mo
10. U3 rpadukoB MOKHO BUAETH, YTO MpH O = 3 (JyIMHA CEepJICUYHUKA B
TpH pasza OoJibllle JJIMHBI KaTYIIKU, a CPETHUN TUaMeTp KaTyIIKU paBeH
ee JJIMHE) BUJl XapaKTEPUCTUKHU OT JJIMHBI CEpJICUHMKA HE 3aBUCHUT, a
MIpU YBEJIUYEHUM JIJIMHBI CEPACYHUKA XapaKTepucTuka cmeraercs. [pu
ATOM MaKCUMyM YYBCTBUTEJIBHOCTH TIpeoOpazoBaress (HauOOIbIINMA
HAaKJIOH TpaJydpOBOYHOM  XapaKkTEpUCTUKH) HAOIIOIAaeTcs Mpu
OTHOCUTEJIBLHOM CMENIEHUH CEPICUHUKA Y = CL.

C HCnonp30BaHMEM OIMCAHHOTO TOAXOAAa OBLIM  BBIITOJIHEHBI
UCCJIEI0BaHUs NapaMEeTPOB oL U P, YTO MO3BOJMIO COCTaBUTH TAOJIHMIIE
3.1.

Takum o00pa3zoM, Jisi TOJHOW peanu3aldd BO3MOXKHOCTEU
UHIYKTUBHOTO  U3MEPUTENILHOTO  IpeolOpaszoBaTessi  HEOOXOIUMO
COOJIIOJICHHE CIEAYIOUIMX COOTHOLLIEHHM MEXIYy CpPEOHUM IHaMETPOM

D, KaTywku npeoOpa3zoBateis, JIMHON |, karymku u jmHON |

CepICUHMKA:
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enpu D, >2I, —1.>2D,;
enpu D, <05, —I, >15D,;
erpu 0,51, <D, <2I, -15l, <I. <4l, wm 3D, <l <2D,;

Tabnuna 3.1 — Pe3ynbpTarsl vcciie1oBaHus HapaMeTpoB o U p.

OTHOCHTEIBHBIN paguyc 025/05(10| 2 | 3| 4 5
KaTyIIKH, P

OTtHocuTenbHas moporoBast ajinHa

1,2511,5(2,2/4,0/6,0(8,0 | 10,0
CepACYHHKA, Ol

CocrosiHue JJIMHBI CCPACYHUKA U

payca 5 | 31222 2| 2 2

CoOimronenue TUX IIPOCTHIX peKOMEeH Al pu
KOHCTPYHPOBAHUN HWHIYKTHBHOTO H3MEPUTEIIFHOTO TMpeoOpa3oBaTells
COJICHOMJHOIO THUIIA MO3BOJIUT OOECHEeUYUTHL HAauOOJBIINNA JUaIla30H
W3MEHCHHS BBIXOJHON BEIWYMHBI IPeoOpa3oBaTeisl, BOZMOXKHBIN MPH
MPUHATHIX pa3Mepax KaTyIIKH.

[Ipencrasnsier UHTEpEC UCCIICIOBAHUE BIIMSTHUS Ha
XapaKkTEepUCTUKU  MpeoOpa3oBaTeiasi  HU3MEHEHUS  OTHOCUTEIBHOIO
pamnyca  katymku — p. Ilpumep  pacdyera  rpaayrupoOBOYHOM

XapaKTEPUCTUKHU CUCTEMbI KaTyIIKa-CepACYHUK C oL = 3 TIPU U3MEHEHUHU
OTHOCHUTEJNIBHOIO paauyca KaTtymku B npexaenax 0,1..5,0 mpuBeneH Ha
pucyske 3.4.

chi
PI/ICYHOK 3.4 — BnusiHue OTHOCUTEILHOTO paanyca KaTyluKHu
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MOXHO BUIETh, YTO MPU YMEHBIICHUU OTHOCHTEIBHOIO pajguyca
HAaKJIOH  XapaKTePUCTHUKH  (IyBCTBUTEIBHOCTH  MpeoOpa3oBaTeIs)
Bo3pactaer. (CrnemoBarenbHO, €  TOYKU  3PEHUS  TOBBIIICHUS
YyBCTBUTEILHOCTH TMpeoOpa3oBaTeis 1€JIeco00pa3HO  HCIOIb30BaTh
OTHOCUTEIBHO TOHKUE KaTYIIIKHU.

Y4acToK CyIIECTBEHHOTO W3MEHEHHUS BBIXOJHOW BEIUYMHBI
npeoOpaszoBaTesisi MpU MEPEMEIICHUH CEpACUYHHKA YKJIaJbIBacTCs B
npenenasl 1, T.e. COOTBETCTBYET MEPEMENICHUI0 PABHOMY JIJIMHE
KaTymkd. Touka HauOOJbIIEH YYyBCTBUTEIBHOCTH COOTBETCTBYET
NEPEMELIEHUIO CEPJIEYHUKA Y = OL.

[Ipy p>1 4YyBCTBUTEIBHOCTb MpPeoOpa3OBaHUsl CYIIECTBEHHO
YMEHBIIIAETCS, T'PaJyUPOBOUYHAS XapaKTEPUCTHKA MpUoOpeTaeT Ooliee
MJIABHBIM XapaKTep W HECKOJIbKO YBEIMYMBAIOTCS MpEeSbl aKTUBHOTO
y4acTKa XapaKTePUCTUKH (Y4aCTOK, COOTBETCTBYIOIIUN CYIIIECTBEHHOMY
WU3MEHEHUIO BBIXOITHOW BEJIMYUHBI).

Takum o0Opa3oMm, MOXKHO PEKOMEHAOBATh MPU KOHCTPYHPOBAHUHU
npeoOpa3oBaTessi OrpaHUYMBATh OTHOCUTEIBHBIA pPAaJANYyC KaTyIIKA
BennunHamMu p =0,1...0,5. IIpu 3TOM paboyasi Touka XapaKTEPHUCTUKU

npeoOpazoBarensi OyJeT COOTBETCTBOBATH CMEIICHUIO CEPACYHUKA
Y =0, & aKTUBHBIM YYaCTOK XapaKTEPUCTUKH HMETh MPOTSHKECHHOCTH

ONM3KYI0 K JJIMHE KaTymKh. VI3MEeHeHHe BBIXOJHON BEJIMYUHBI
npeoOpa3oBaTessi B MpelesiaX aKTUBHOTO Yy4yacTKa MPU 3TOM OyJer
obOecnieyeHo B 5..7 pas.

TakuMm o00pa3oM, BBINMOJHEHHBIM aHAJIM3 MO3BOJISIET CHAEIaTh
CHEAYIONIME PEKOMEHIAUNU [JII KOHCTPYUPOBAHUS HHIYKTUBHOTO
M3MEPUTEIHLHOTO npeoOpa3oBaTes C ONITHUMAaJILHBEIMHU
METPOJIOTUYECKUMU XaPAKTEPUCTUKAMMU:

e p=01..05 nwmm D, =(0,1..0,5I,,

e >15wmm |l >15l,.

OCKHU3 CHUCTEMBI "KAaTylIKa - CEpJACYHUK" ONTHUMHU3UPOBAHHOIO C
TOYKU 3pCHUS TPagyupPOBOYHOM XApPAKTEPUCTUKU HWHIYKTHUBHOIO
npeoOpazoBaTes COJCHOUIHOIO TUITA MPUBEACH Ha pUCYHKE 3.5.
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max

D

»

l)l\
(0,1.0,5) 1,

-

Pucynok 3.5 — OnTuMalibHOE COOTHOILIEHUE Pa3MEPOB MPEOOpa30BaTENS
2.3anaHue 1J1sl NPAKTUYECKO padoThI

2.1. 3yunTh KOHCTPYKIMIO UHAYKIIMOHHOTO ITpeo0pa3oBaTes;

2.2. CornacHO CBOEMY BapUaHTy pacCUUTaTh MEXaHHUYECKYIO
4acTh UHAYKIHOHHOIO IPEe00pa3oBaTEs;

2.3. Iloctpouts rpadux 3aBUCUMOCTH OTHOCUTEJIbHOM
IpaJydupOBOYHON XapaKTEPUCTUKH WHIYKTHUBHOTO TpeoOpasoBaTes
IEPEMEIIEHU N, [IOJIYYEHHBIX PACUETHBIM U DKCIEPUMEHTAJIbHBIM IIyTEM.

2.4. [Ipoananu3upoBaTh MOJTYyYECHHbINA rpaduK.

3. KoHTpoabHbIE BONPOCHI

3.1.Yro BBl TOHWMaeTe IMOJ TEPMUHOM «UHIYKIIMOHHBINA
peoOpa3zoBaTENb)?

3.2.Uro sBnseTCA BBIXOAHOW BEIWYMHOM  HWHIYKIIMOHHOTO
npeoOpazoBares?

3.3. Kakoit xapakrep HocuT uHAykTUpYyemas 3/[C?

3.4. SBnstorcs R0 WHYKIIHOHHBIE npeodpazoBaTesu
reHepaTOpHBIMU TIpeoOpa3oBaTeIIMu?

3.5. C yeM cBSI3aHO yJIyYIICHHE METPOJIOTHYECKUX XapaKTEPUCTUK
WHIYKTHBHBIX U3MEPUTEIBHBIX ITpeoOpa3oBaTeicii?

3.6. Uto sABISICTCS OCHOBHOM METPOJOTHYECKONW XapaKTEPUCTUKOMN
M3MEpPUTEIBLHOTO MpeodpazoBaTes?
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3.7. Kakue METpOJOTHYECKHE XapaKTePUCTUKH MOTYT OBITh
oTpeJieJICHbl Ha OCHOBE IPayMpOBOYHOMN XapaKTEPUCTUKU?

3.8. Kakoe  ypaBHeHME  HEOOXOAMMO  HCHOJB30BaTh  JIJIA
OTIpeJICTICHUS BEJIMUUHBI HAMIPSHKEHHOCTh E anexTpuyeckoro moss?

3.9.Or dyero 3aBUCUT HaINpPSHKEHHOCTb MAarHUTHOTO  TIOJI,
CO3/1aBa€MOI'0 KaTYyIIKOH B 00beMe cepieuHrKa?

3.10. Yto HE0OX0AMMO OCYIIECTBUTH JJISI TIPOBEPKH TOIYUYEHHOTO
OnuCcaHus IpayupoOBOYHON XapaKTEPUCTUKH COJICHOUTHOTO
npeodpazoBares?

3.11. BiusiHue Kakux mapaMeTpoB MpeoOpa3oBaTessi IMO3BOJISAET
OLICHUTH BBIPXKECHUE JJIS TPAAyUPOBOYHOMN XapaKTEePUCTUKU?

3.12. KakoBa KOHCTPYKIIMS UHIYKIIMOHHOTO MpeoOpazoBartes?

3.13.I'ne MOJKET OBITH HMCIOJIL30BaH WHIYKIIMOHHBIN
npeoOpa3oBaTENb?

3.14. Kakass Teopema OMNHMCBHIBAET SHEPIETUYCCKUE COOTHOIICHUS
JUTS JIEKTPOMArHUTHOTO TOJIsA?

3.15. Kako#i mapameTtp siBisieTCs HanOOJee BaXKHBIM TPHU OIICHKE
METPOJIOTHYECKUX XapaKTEPUCTHK MpeodpazoBaTeis?

4. CIUCOK JIUTEPaTyphbl
4.1. Teopust U pacdyeT UHAYKTUBHBIX TATYNKOB MEPEMEIICHUMN ISl

CHUCTEM aBTOMAaTHYECKOTO KOHTpoJisi: MoHorpadusi / A.B. ®enoros. —
Omck: U3a-Bo OMI'TY, 2011.-176 c.
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IpakTuueckoe 3ansitue Ne4 «MoaesimpoBaHue U3MePUTEIbHBIX
nenei ¢ GoroMeTpUUYECKUMU U3MEPUTEIbHBIMUA
npeodpa3oBaTeJIAMu»

1. KpaTkue TeopeTudecKue CBeJIeHUs
1.1. BBenenue B poTorieruzmorpaduio

[Tnetusmorpadusi — cmnocoO perucTpanuv U3MEHEHUH o0bema
TeJa WM YacTH €ro, CBSI3aHHBIX C JUHAMHUKON KpPOBEHAIOJIHECHUSI.
Oobmas mierm3morpadus wim body plethys-mography wucnosib3yercs
JUIsl McclieIoBaHusl (DYHKIIMM BHEIIHETO JbIXaHUS U MUHYTHOTO 00bema
KpoBooOpaieHus. C TOMOIIBIO TUIETU3MOTPaPUU MOKHO OILICHHUTH
COCYJIMCTBIN TOHYC U MPHU UCIOJIb30BAHUU PA3JIMYHBIX MPOO COCTaBUTH
npejacTaBieHue 00 OpPraHuYecKod Wik (QPYHKIHUOHAIBLHOM MPUPOJE
COCYIUCTBIX NU3MEHECHUM.

Peructpainus mieTu3MorpaMM  IPOU3BOJUTCS  CHICIIMAIbHBIMU
npubopamu 1ieTu3MorpadaMy pa3audHON KOHCTPYKUMH (BOJSHBIC,
EeKTpo-,  (Qoromnerusmorpads).  Kaxkapli W3  HHUX  HMEET
wieTu3Morpaduueckuii  perenTop HM = JaTYUK  U3MEPHUTEIHHOTO
yCTpoKCTBa. B 3aBUCUMOCTH OT XapakTepa CUTrHajia, MoJy4aeMoro mnpu
U3MEHEHUU KPOBEHATOJHEHHUS, paszIuyaroT MEXaHHYECKYIO
mieTu3Morpaduio, Ipu KOTOPO o0ciaeayeMas 4acTh Tella 3aKJIF0YaeTCs
B TEPMETHUYECKH 3aKPBIBAIOIIUICS COCYJ C TBEPAbIMHU CTCHKaMH, a
KoJieOaHHsT 00bEMa PErucTpUpyOTCS Onaroaapsi BO3AYIIHOW WM
BOJITHOW TIepesiaye, dJIEKTPOIUIETU3MOTPAPHUIO OTPAKAIOIIYIO TUHAMUKY
AJIEKTPONPOBOJUMOCTH B 3aBUCUMOCTU OT CTENEHU KPOBEHANOJHEHUS
(OHa Ha3bIBAETCS TAKKE UMIIEIAHCHOM TUIeTU3MOTpadueid, peorpaduei,
ee Pa3HOBUAHOCTH TpaHCTpaxealibHas, noJIMCEerMEHTapHas,
ANEKTPOILIETU3MOTpadus U 1p.), PoTorIEKTpUUecKas MmiaeTusMorpadus
Wiu  JeHcorpadgus, B OCHOBE  KOTOpPOWM  JIGKHUT  OILIEHKa
CBETOIPOHUIIAEMOCTH OPTraHOB WJIM YacTU Tejla B 3aBUCHUMOCTH OT
CTENIEHU KPOBEHAMOJHEHHUS.
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Pucynok 4.1 — Tunuunsiil poTorneTnsMorpadhuuecKkuii CUrHa

Ha pucynke 4.1 npencraBieHa TunudHas (OTOIIETU3MOIpaMMa.
3HaYeHHUE aMIUIUTYJIbl OOBEMHOTO MYJIbCa, MOJHOIO OKKIIO3WOHHOTO
NPUPOCTAa KPOBEHAIOJIHEHUS] M OOBEMHON CKOPOCTU KpPOBOTOKa B
HEKOTOPBIX YaCTAX TeJia 3J0POBBIX JIUII MPEJCTaBICHbI B Tabnuie 4.1.

Tabnuna 4.1 — 3HaueHue aMIUTUTYAbl 0OBEMHOTO MyJIbCa, MOJHOTO
OKKJIFO3UOHHOTO TPHUPOCTAa KPOBEHAMOJHEHUS W OOBEMHOM CKOPOCTH
KPOBOTOKA B HEKOTOPBIX YaCTSIX TeJa 3J0POBBIX JIUI]

YacTtb Tea Ammuryia [Homusri OObeMHas
00BEMHOIO OKKJIFO3MOHHBIN CKOPOCTb
myJjabca cM3 IIPUPOCT 00bEMa KPOBOTOKA,

3
KpoBeHanonHeHus | cm /MUH
4acTH TeJia B CM3

[Tamen kuctw (Ha 100] 0,008 — 0,015 0,015 - 0,045 15-30
cM3 TKaHU)

["omens (Ha 100 cm3 | 0,09 — 0,15 0,25-0,6 25-6,5
TKaHM )

Op6wuTa (rnazauia) | 0,008 — 0,016 0,001 - 0,06 15-25
[lokpoBHI Uepemna B 0,004 -0,01 0,001 - 0,05 11-15

BHCOYHOW 001aCcTH
(InamMeTp BOPOHKHU
erenTopa 2 cM)

Crnenyer OTMETUTb, 4YTO OAJEKTpoIUieTu3Morpaduss  uUMeeT
MHOKECTBO HEIOCTAaTKOB. [Ipexae Bcero, Bo3mecTBUE Aaxe ci1aboro
MEPEMEHHOTO TOKa Ha PELENTOPbI KOKU MOXKET BbI3BATh PE(ICKTOPHBIC
W3MEHECHHUS KpOBEHamoJIHEHUsA. KpomMe Toro, 3JeKTpONpPOBOJIHOCTD
TKaHEeW MEHSAETCS B 3aBUCHUMOCTH OT XHMHYECKOTO COCTaRa,
TEeMIEPaTypbl, BI3KOCTH U CKOPOCTH KPOBOTOKA, KOTOPBIE HEMOCTOSHHBI
B rporecce UccJIeJOBaHMs. [TpyHIMTIHATIEHO OT
anekTpormieTu3MorpadgoB  ornuvatrorcs  (ororuietusmorpadel.  [lox
cioBoM "doTo" mojpazyMeBaeTCs NPUHIMIT padOThl AaTyMKa. ITOT
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MPUHIUIT U Ha3BaHUE ObUIM 3aMMCTBOBAaHbI MEIUKAMU U3 MPUMEHSIEMBbIX
B (pusuke mpubOpoB — HOTOMETPOB.

Merton dortomnerusmorpaduu OCHOBaH Ha TOM, UTO HUCCIEaAyeMas
TKaHb 4epe3 CHeIUaIbHbII CBETOBOJ U CBETOMUILTPHI MPOCBEUNBACTCS
MOHOXPOMATUYECKUM CBETOM, KOTOPBIM TIOCJIE€ pPAaCCEUBAaHUS WU
OTPpXKEHUS TomNajaeT Ha (POTOIIEKTPONPeoOpa3oBaTE/b, BbI3bIBAS
u3MeHeHus (OTOTOKA. YCTAHOBJIEHO, YTO HWHTEHCHUBHOCTH CBETA,
OTPaXXEHHOTO WJIM PACCEIHHOTO TKaHbIO, SIBIsSETCA  (PyHKIHEH
KOJIMUECTBA CoJiepKaieiicss B Hel KpoBU. Ilockosibky koddduiimeHt
MOTJIONICHUS UHPPAKPACHOTO CBETAa KPOBBIO 3HAYUTEIHHO BBIIIE, YEM
TKaHblo, (oTorieTu3MOorpadus pEerucTpupyeT JUllb HU3MEHEHUS
cojepxkaHusi KpoBu. lIpu »3TOM paccerBaHHE CBETa MPOUCXOJUT B
OCHOBHOM 3a CYET OTPAKEHUSI OT IIOBEPXHOCTH SPUTPOLIUTOB.

dortomnerusmorpadusi — AUHAMUYECKHUH METOJ HU3MEPEHUS,
KOTOPBIN MOKET OTBETUTh Ha BOMPOC, HA CKOJIBKO U3MEHWICS TOT WU
WHOM TmapaMeTp mnepudeprudeckoro KpoBOOOpAIIeHUs, HCXOAS U3
aOCOJIIOTHOTO HYJIEBOTO YPOBHSI MJii TOrO WM HHOTO 4YeJOBEKa.
doTtomieTusmMorpad MoXKET OBITh HPUMEHEH ISl KOJIUYECTBEHHOIO
U3YUYEHUS pPa3M4YHBIX TapaMeTpoOB KpPOBOOOpallleHHs B KOXKE U
CIM3UCTBIX O000JOYKaxX Tejla uYeloBeKa U Uil KOJWYECTBEHHOMU
pPETUCTpallMM  COCYIUCTHIX PEeQIECKCOB KaK TMOKa3aTeasl COCTOSHUS
COCYIOABUTATEIHHBIX IEHTPOB.

®doTomieTuamMorpadnl M0 CPABHEHUIO € IIEKTPOIUIETU3ZMOTpadaMu
o0JlalaloT  CJICAYIOIIMMHM  TpPEeUMyIIecTBaMu:  OoJjiee  BbICOKas
qyBCTBUTEIBHOCTh, JIMHEMHOCTh U3MEPEHUS aTYUKOM, TIOPTATUBHOCTH
U OBICTPOTA 3aIMCH, OTCYTCTBUE TIOMEX, CBSA3AHHBIX C HHEPIIMOHHOCTHIO
npeoOpa3zoBaTensi, BO3MOXHOCTb PETHCTpAallid COCYJIOB B JIIOOOM
00JIaCTH KOXXH U CJIM3UCTBIX 000J04YeK uyesoBeka. Kpome Toro,
dboTogaTYMK HE BBI3BIBACT CIABJICHUS HCCIEAYEMOIro ydacTka, T.€. HE
BHOCHUT HapyIlICHUS KPOBOOOpAIIICHUS.

OcHoBHas pU4IrHa MaJjoro pacrpoCTpaHeHUS
dbortomnetusmorpadoB — OSTO OTCYTCTBUE €AMHBIX TEXHUYECKHUX
TpeOOBaHUN K OTIEIbHBIM Yy3J1aM COBPEMEHHBIX aIllapaToB W
YHUDUIIMPOBAHHON METOJIWKH KOJMYECTBEHHOTO aHajn3a KPUBBIX, a
TaKXe HOPMaJbHBIX IS 3[I0POBOT0 YEJIOBEKA MOKa3aTeeH.

Ob6nactu MIPUMEHEHUS doTomieTusmorpapuu TPYAHO
NEPEUUCINUTh: (PU3HOJIOTHS, NATOPU3HOJOTHS, Tepalus, XUPYyprus,
JIEpPMAaTOJIOT U, TMHEKOJIOT U4, HEBPOMATOJIOTHUS, neauaTpus,

OTOPHUHOJIAPUHIOJIOTHUA U IP. KJ'II/IHI/II_II/ICTBI MOT'YT UCIIOJIB30BATH €€ KaK
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JTOTIOJTHUTEILHBIA METOJ [JIi JUAarHOCTHKUA 3a00JICBaHMS W Hay4dHO-
uccleIoBaTeNbCcko  pabote. HekoTopyro TOMOIIL OHa  OKaXeT
TUTHCHUCTaM, CIIOPTUBHBIM MEJMKaM, a TaK)Ke BpauaMm, paboTaromuM B
o0ylacT KOCMUYECKON MemumuHbl. [Ipn mpexaeBpeMeHHOM CTapeHUH
Ha TEPBBIM IUIAH BBICTYNAOT U3MEHEHHUSI COCYAUCTOM PEAKTUBHOCTH,
00YCIJIOBJICHHBIE HApYIICHUSMH BEreTaTUBHOM HEPBHOM CHCTEMBI U
nepruepuIecKrx CoCy1I0B, UTO BAXKHO JIJISI TE€POHTOIOTHH.
®dotomrernsmoradgusa, Kak H APYrue€ OOBEKTHUBHBIC METOIBI
JUArHOCTUKH, YTOYHSET IMPOTHO3 M IMOMOTAE€T BBISIBUTH MOKAa3aHUS K
BO3/ICMCTBUI0 HA BErCTATUBHYK) HEPBHYK) CHCTEMY; OHA MOXET
CIIyHUTh JIJISl OLIEHKH CUMIATUYECKOM MHHEPBAIIMU KOKHU, TPUMEHSTHCA
Ipyd JUAHOCTUKU Oosie3Hu PeliHo, paHHUX (OpM aTepocCKieposa,
TpoMOodieOrTa, 0OIUTEPUPYIOIIETO PHAAPTEPUUTA U JP. DTOT METO/I
MOKET OBITh KOHTPOJIEM TJIYOMHBI CHHHHOMO3IOBOM aHECTE3UH
(0THOBpEMEHHAsI PETUCTPAIUS COCYAUCTBIX PEAKIM ¢ Tajablla PyKU U
Horu). Kpome Ttoro, doromaernsMorpadusi UMEET BCIIOMOTaTEIIbHOE
JUArHOCTUYECKOE U MPOTHOCTUYECKOE 3HAUYEHUE TIPU U3YUYCHUHN MHOTHUX
CEepPACYHO-COCYJIUCTBIX M HEPBHBIX 3a00JICBaHUM, KOTOPHIC SBISIOTCS
cermyac caMOM 4acTOW MPUYMHOM CMEPTU U MHBAIUIHOCTHU B MOJIOJIOM

BO3pacTe.
CyliiecTByeT JBE Pa3HOBUIHOCTU (POTOIIETU3ZMOTPAPUUECKUX
MenoToB —  (ororuieTusMorpadus B OTPAKEHHOM  CBETE U

¢doTomieTnsMorpadus B MpoxoadiemM cBeTe. Halie BCero BBITOIHSIIOTCS
UCCIIETIOBAHUS B TPOXOISIIEM CBETE, B CUIIY TOTO, YTO B JAHHOM CJIy4dae
OCYLIECTBIIAETCS TMpsIMasl OLIEHKA KPOBEHAIIOJHEHHWS B H3y4aeMOM
ydyacTke Owuosiorudeckoro oobekra. Ho 3ayacTyro OBIBa€T JOBOJIBHO
CJIOKHO TMPOBECTH TAKUE HCCICIOBAHUS, HAIPUMED, I ONTHYECKU
MaJIoNpO3pAYHBIX OMOJIOTUYECKUX O00OBEKTOB WIn TUIst
TPYIHOJOCTYIHBIX YYacCTKOB OOBEKTOB. Torga HCHOIB3YIOT METOJ
doTomieTusMorpaguu B OTPAXKEHHOM CBETE, KOTOPBIM HE TOJBKO
MO3BOJISIET OLIEHUTh OOLINK KPOBOTOK B M3YyYa€MOM y4YaCTKE, HO U JA€T
WHTETPAJIbHYIO OLIEHKY CBOMCTB OBEPXHOCTHU MUCCIIEIOBAHUS.

[Ipu uccnegoBaHuAX 00pa3LOB KPOBU M IUIA3MbI OKa3aJIOCh, YTO
HAaUMEHBIIUM KOA(P(UIIMEHTOM MNPOIMYyCKaHUsI 00J1aaeT KpPOBb, 4YTO
onpenenserca HaJIudueM B Hell (popMeHHbIX 3jeMeHTOB. Hanbounbimii
KO3(DPUIMEHT OTpaKEHHUS] YCTAHOBJIEH Y KOXHW, HAUMEHBIIMH — y
XJIOPBUHUJIOBOM TpyOKH, 3amoJHEHHOW KpoBblo. Jlisg cocynos
pa3IMYHOrO JUaMeTpa MaKCHMalbHas BEJIMYMHA CHUTHAJIA IS
UCIIOJIb3YEMOT'0 JJaTYMKA JOCTUTAaeTCsl Ha pacCTOSHUM 4 MM TIpH
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UCCJIEOBAaHUM B OTPAXKEHHOM CBETE, IMpPUYEM HITOT TOKa3aTelb
U3MEeHseTCs B 4 pasza il TKaHeW YeNFOCTHO-JIUIeBOM oOmactu. Jlms
UMUTATOPOB OMOJOTHMYECKUX OOBEKTOB BEJIIMUMHA CUTHAJIA W3MEHSETCS
B 7 pa3, a MAKCUMAJIbHbIM CUTHAJIaM HE COOTBETCTBYET OJHO M TO K€
paccTOsSIHUE MEXIYy HMHUTATOpoM H  (oToreTusmorpaduueckum
JATYUKOM (T.€. MAKCUMyMbl KPUBBIX HE JI€XKaT Ha OJHOM M TOM Ke
BepTUKaIbHOU mpsmoii). Hanbonbimum kodppuiineHToM npomycKaHus
oOnazaeT >KUpoBas TKaHb, a4 HAUMEHBIIUM — COCY[, 3aIllOJIHCHHBIM
KpoBblO0. TakuM 00pa3oM, HSKCIEPUMEHTAIIBHO YCTAHOBJICHO, 4YTO
OMOJIOTUYECKNE TKAHM HEBO3MOXKHO HWMMHUTHPOBATH, TOCKOJIBKY
MOJIYYECHHBIE TPU ITOM pE3yJIbTaThl HMCCIEAOBAHHI HEAJAEKBAaTHBI U
3HAYUTEIHHO OTJIMYAIOTCS.

MakcumaabHOMY CUTHAJIY [OpPU  HCCICNOBAHUU TKAHEW B
MPOXOJIAIIEM CBETE COOTBETCTBYET TaKoe MOJIOKEHUE
dboromneTnzmMorpadhuuecKkoro JgaTdyMka, IPU KOTOPOM  CBETOIUOJ
OTCTOUT OT TKaHHW Ha 2 MM, a (JOTOAMO]I HAXOAUTCS B KOHTAKTE C HEM.
[IpoBeneHHBIE YKCHEPUMEHTHI MO3BOJISIOT KOHCTATUPOBATH, YTO 3aIUCh
(bOoTOIIETU3MOTPAMMBI TIPU UCCIEAOBAHUSAX OHMOJIOTMUYECKUX TKAHEH B
IPOXOAAIIEM CBeTe JaeT HWH(POpMANMI0 O HEMOCPEICTBEHHOM
U3MEHEHUU KpPOBOTOKAa B HHUX, TaK KaK BCE H3YUYEHHbIC TKaHHU
OTHOCUTEJILHO '"TIPO3pauHbl" 10 CPAaBHEHUIO C KPOBBIO, a 3allHCh
dboTomeTU3MOTpaMMbl B OTPAXKEHHOM CBETE€ HeceT B  cebe
uHPOpMaIMIO TOJBKO OO0 UW3MEHEHUHU TIOJIOKECHUSI OirKalmen K
dboTomneTnzmMorpahuuecKoMy JaTIYUKY MOBEPXHOCTH.

Takum 00pa3oM, U3 BBIIIECKA3aHHOT'O MOKHO C/I€JIaTh BBIBOIBI:

1. ®otomnerusmorpadus MMEET BCIIOMOTaTEJIbHOE
JMAarHOCTUYECKOE M MPOTHOCTUYECKOE 3HAUCHHUE MPU U3YYCHUN MHOTHUX
CEpPACYHO-COCYJIUCTBIX M HEPBHBIX 3a00JIEBaHUI, KOTOPHIE SBISIOTCS
ceifuac caMoW 4acTOW MPUYMHON CMEPTH M MHBAJIUIHOCTU B MOJIOJIOM
BO3pacCTE;

2. ®oTtormernsmMorpadsl 1o CpPaBHEHUIO C AIEKTPO-
wietTusMorpadamMu 00JIaIal0T CIAEAYIOIMMHA MPEUMYIIECTBaMU: Oosiee
BBICOKAasi UYYyBCTBUTEJIBHOCTh, JIMHEHHOCTh W3MEPEHUS JaTYUKOM,
MOPTATUBHOCTh M OBICTPOTA 3aMMCH, OTCYTCTBHE MOMEX, CBSI3aHHBIX C
WHEPLIIMOHHOCTBIO  MpeoOpa3oBatTesii, BO3MOXKHOCTh  PErHUCTpaIlUH
COCYJIOB B JIIO0OOM 00JIaCTH KOXXKH M CIM3UCTBIX 000JIOUEK YeJIOBEKa.
Kpome TOro, (oromatyuk HeE BBI3BIBAET CIIABJICHUSA HCCIEIYEMOIO
y4acTKa, T.€. HE BHOCUT HapyIICHUSI KPOBOOOpAIICHHUS.

3.1Ipu uccrnenoBaHusAX B OTPAKCHHOM CBETE JJIsI PETHUCTPAIU
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MaKCUMAaJbHOTO CUTHaja (OTOIIETU3MOTIPAPUUECKUM TaTYUK CIETYeT
yCTaHaBIIMBaTh TaK, 4YTOObl OH HE KOHTAKTUPOBAJI C HCCIEIyeMOU
TKaHbIO, HAXOJAWJICA Ha PACCTOSIHUM 3-4 MM OT HEE;

4. 1lpy wm3ydyeHUM TKaHEW B TMPOXOASIUIEM CBETE U3Iy4yaTelb
CIEQyeT MOMEWATh Ha PACCTOSSHUM |-2 MM OT TKaHW, a NPUEMHHK
JIYYMCTOM DHEPTUHU HA HEE;

5. KpoBb CHUIIBHO MOrIaniaeT CBETOBYIO SHEPTHIO;

6.PaccenBaHre CBETOBOM HSHEPrUUM B OCHOBHOM OIpEEisieTcs
HaJU4YueM B HE OPMEHHBIX JIEMEHTOB KPOBH;

/.Bo3pacTanye BEIWYMHBI CUTHAJa MEHAETCA IPU U3MEHECHUU
PaCCTOSTHUS MEXKY TKAHBIO U TATYUKOM;

8.3MeneHue oObeMa KpOBM B  TKaHSIX HE  BBI3BIBACT
3HAYUTEIBHOTIO TTOBBIIICHUS BETMYUHBI JJIEKTPUYECKOTO CUTHAIIA;

9.C nmocTaTOYHOW CTENEHBIO YBEPEHHOCTH MOXHO CKa3aTh, YTO
3anuch  (OTOIIETU3MOTpaMMbl B TIPOXOJIAIIEM  CBETE€  HECET
MHPOpMAIMI0 O HENOCPEACTBEHHOM W3MEHEHUW WHTEHCUBHOCTH
KpPOBOTOKA B TKaHSIX, a 1S OTPaKEHHOT O CBETa
dboTomneTnzmMorpadhuuecKuii  JaTYMK YJIABIMBACT TOJBKO HM3MEHEHUE
MOJIOKEHUS ONIKaiIiel K HeMy IMOBEPXHOCTH, IMyJIbCallUsl KOTOPOW
CBSI3aHA C U3MEHEHUEM UHTEHCUBHOCTH KPOBOTOKA B TKAHSX.

1.2. PacyeT mapaMeTpoB onTHYECKOI YacTH (poTomjieTusMorpada
1.2.2. PacyeT reoMeTpMUYeCKHUX Pa3MepPoOB ONTHYECKUX CXEM

B kanane u3MmepeHuss KpOBOTOKA B MUILEBOJAE I YBEIUYCHUS
s pexkTuBHOCTH cOOpa MHPOPMAIIUK HEOOXOIUMO MEXKY UCTOUHHUKOM
V3JyYECHUS M TPUEMHUKOM M3JIYYEHHUS IIOCTAaBUTH MPSIMOU KPYrOBOU
KOHYC (B JaibHeiiieM KoHyc). /luameTp ocHOBaHMSI KOHyca Oyner
PaBHATHCS JUAMETPY U3MEPUTEIHLHOTO 30H1a. HeobXoaumMo onpenenuTsb
ONTUMAJIBHBIN YTOJI IPU BEPLIUHE KOHYCA.

Pacuer onTuMasibHOTO yria npu BEPIIMHE KOHYCA.

HcxonHbie naHHBIE:

a=2 MM;

B=4 MM;

c=3 MM;

d=5 Mmm;
IZI€ a — PacCTOSAHUE OT BEPIIMHBI KOHyCa 10 NMPUEMHOM IUIOLIAAKH
dboToTpaH3UCTOpa, B — JUAMETP 30HJa KaHaja U3MEPEHUs KPOBOTOKA B
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IUINEBOJIC, C — PACCTOSHUE OT UCTOYHHKA ONTHUYSCKOTO M3ITyUCHUS 0
KOoHyca; 0 — pacCTOSIHAE OT HCTOYHHKA W3TYUCHHSI IO CTCHKH ITHUIIEBO/IA
(pucyHok 4.2).

X M a- X

Pucynok 4.2 — I'paduueckoe nosiCHEHHE CUMBOJIOB MAaTEMAaTHUYECKOTO
arrmapara, Korjaa Mex1y HCTOYHUKOM W MPUEMHUKOM HU3JTyYCHUS
HaXOJWTCS HENPO3pavyHas TUIACTUHKA.

Bnauane paccunraem yron O — yroa oxBara oOgydaemoit
MOBEPXHOCTH, KOT/la BMECTO KOHYCAa CTOMT HENpo3payHas IUIACTUHKA.
JI71st MpOCTOTHI MpUMEM JAUaMETp TIacTUHKU paBHbIN (. Takxke caenaem
JTOMYIIEHUE, YTO UCTOYHUK U3JTYyYEHHUS TOUCUHBIN (pUCYHOK 4.3).

N3 tpeyronsanka AOC:

jab)
+
(]

Q‘I\J

tgal -
TOT 4.
oy = arctg{ﬂ} = arctg[ﬁ} = 26,56°.
2d 2-5

N3 tpeyronsarka OBN:

tgy=b/2/c;
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4
= arctg| —— | = 33,6°;
r=artg| 4

O = 90°—33,6°=56,4°, T.e. yrol o TNPUHAMICKUAT AHANAZ0HY:

a € (0;56,4].
N3 tpeyronbanka PMD:

tgo, = — . (4.)
d-

N | T

Taxxe n3 Tpeyronbanka ACO:

tgal, = w. (4.2)

[IpupaBHsiem mnpaBbie yactu ypaBHeHuit (4.1) u (4.2) u Haiigem
3HAYEHHE X:

X 2-x+3

5-4 5
2
X _5-X
3 5°

5x =15-3%, 8x =15, x =1875.

[ToncraBum 3HaYeHHE X B ypaBHeHUE (4.1):

e, = 1,8745{ _1875 _ ) oo,
5_ "
2
o, = 32,005°;

0=a,—o, =32,005° — 26,56° = 5,445°.
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Takum 00pa3oM, eclim OTCYTCTBYeT KOHYC, TO YyTOJ OXBaTa
00JTydyaeMoi MMOBEPXHOCTH paBeH 5,445°,
Temepp pacumraeM yros O ciydas MOKa3aHHOT'O HA PUCYHKE

4.3.
F X
a L c
a | °
——
W ¢
AB
P L
Yy X x-\y
a
ar
H R K

Pucynok 4.3 — ['padndeckoe MosSCHEHNE CMMBOJIOB MAaTEMAaTHIECKOTO
armapara, Korjaa MeX1y UICTOYHUKOM U MPUEMHUKOM HU3TyYECHHUS
HaXOJUTCS KOHYC

0=0,—0ay. (4.3)

Buauane nposenieM pacyer o,

N3 tpeyronsauka PEM:
a+
tga, = )}; ; (4.4)
d——
2
N3 tpeyronpanka OMK:
X —
tgor, = Ty“; (4.5)

N3 tpeyronpanka ALB:



N3 ypaBuenus (4.6):
b

= (B
2@(2)

[TpupaBHsieM nipaBbie YacTH paBHeHMH (4.3) u (4.4):

a+y X-y+cC.
g2 d
2

HO,Z[CTaBI/IM YUCJICHHBIC 3HAYCHM:

2+y X-y+3,

5-4 5
2

2+y X-Yy+3,
3 5

10+5y =3x—-3y+9,

_3x-1
y g
IToncraBum (4.7) B (4.8):
3"; -1 6B -1
o) 6 s

y: = =
8 8 4tg(Bj

(4.6)

(4.7)

(4.8)

(4.9)
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[Toacrasum (4.9) B (4.3):

2+y 2y 2 3 1 15 1
R R T R A I e TR A
Wit
2 2
5 1
4tg| =
9(2)
Ortcrona:

o, = arctg| = +

(4.10)

Tenepp npoBeaeM pacuer O :
[Tpumem npyrue o0o3HaueHus (pUCYHOK 4.4).

!

ai

"
Pucynok 4.4 — I'paduyeckoe mosicHeH1Ee CUMBOJIOB

MATCMATUYCCKOT'O allllapara, Koraa MCxXKay HCTOYHHUKOM U ITIPUCMHHUKOM

U3JTYUICHUS HaAXOIUTCS KOHYC (JIJIs pacdyeTa yria o)



53
N3 tpeyronpanka ABC:

90° - w+90° + o, + /2 =180°
OTKYJa:
o=oa,;+p/2.
N3 tpeyronpanka ORK:

C_
0o =55

(4.11)

6tg@j : sinzigj + SCothg(gj +2cosp

tga, =
: 16tg(2j-sin2@j+8tg(gj-cosBJthg(g

6tg@j : sinz(zj + SCothg(zj +2cosP

B

p

j-sinB+23inB

0=a, —o, =arctg

p

5
8

=+

ou( 5 )-an(

B

1

ol

B

] + 5cos[3tg(

B

B
2

2) + 8tg(2j - COSf + 2tg(

B
2

j+2cos[3

)-sinB+25inB

_(4.12)

—acrtg

16tg(

st Toro,
oOJlyqaeMOl TMOBEPXHOCTH TMpU YIaJeHWH OT Hee,

B
2

B

Jan(3 oo

Y3HAaTb KadaK H3MCHHUTBCA VYIroJl OXBaTa

qTOOBI

B

Zj-cosBJr 2tg(

B
2

j-sin[3+23inB |

3aJaguMCs

pacctossuueM d=10 MM, W TpoBeleM TOT K€ pacueT, HE H3MEHSs
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OCTaJIbHbIE UCXOHBIC JaHHBIC.

HUcxoguelie nannele: a=2 MM; B=4 MM; ¢=3 MmM; d=10 mM;

Bnauane paccuutaem yroan 0 — yrom oxBaTa 00JdydaeMoOM
MIOBEPXHOCTH, KOrJa BMECTO KOHYCa CTOMT HEIpO3paydHas MIacTUHKA.
Jns mpocTOThl, Kak M B NPEABIAYIIEM Cilydae, MPUMEM JUAMETP
miaacTUHKU paBHbIM 0. Takke caenaeM JOMNYIIEHHE, YTO HCTOYHHK

H3JIYyYCHUA TOYCYHBIH.

N3 tpeyronpanka AOC:
ﬁ
tga, = %
Torna:
o, = acrtg[—} = acrtg{i} =14,03°
2-1
N3 tpeyronparka OBN:
tgy =b/2/c;

4
= arctg| —— | = 33,6%;
r=arctg ,* |
Oy = 90°—33,6°=56,4°; T.e. yrol o NIPUHAMICKUT JUANA3OHY:

o € (0;56,4].
N3 tpeyronasauka PND:

tgo, = (4.13)
d-

N O

Taxoke u3 Tpeyronpauka ACO:

a—X+C
tgo, = > 2T (4.14)
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[IpupaBHuBaeM mnpaBbie yacTu ypaBHeHuit (4.13) u (4.14) u
HalJIeM 3HAYEHHE X:

X  2-X+3,
10—ﬂ 10
X _9-X,
8 10

10— x =40-8x;18x =40; x = 2,23.

[ToxcraBum 3HaueHue X B ypaBHeHue (4.13):

tgo, = 2’234 = 2’823 =0,279;
10—~
2

o, =155% 0 =0, — oy =15,5°—14,03° =1,47°.

Takum 06p2130M, CCJIn OTCYTCTBYCT KOHYC, TO YIOJ OXBa4Ta

00JIy4aeMoii IOBEpXHOCTH paBeH 1,47°.
Tenepps paccuntaeM yroa 0 s ciydasi TOKa3aHHOTO HAa PUCYHKE

4.3.
0=o,—ay. (4.15)

Bnauane nposezieM pacyer o ,:

N3 tpeyronbuuka PEM:
a
tgaL, = ﬂé. (4.16)
d——
2

N3 tpeyronpanka OMK:



tgo, = ——. (4.17)
d
N3 tpeyronsanka ALB:
b
gP=2 (4.18)
2 X
B urore nonyyaercs:
o, = arctg E+ 1 : (4.19)
18 4 tg( g j
- 2 -
Tenepy mpoBemem pacuer o4. IIpumem npyrue oOo3HauYEHUS
(pucyHoK 4.4).
N3 tpeyronsanka ABC:
90° - ®w+90°+a, +pB/2=180°,
OTKYyJa:
w=0,+p/2. (4.20)
N3 tpeyronpanka ORK:
C —
9oy = = : (4.21)
d
N3 tpeyronsanka CDR:
tgo,, =9 9. (4.22)
a_p
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p

j+5-cos[3-tg(

B
2

j+ZCOSB

tgo,; =

36-tg(

B
2

)Sinz(z

B

jn
6'tg@j'smz(z

p
p

2

J

]+5-cos[3-tg(

-cos[3+2-tg(

B
2

p
2

j+2005[3

j-sinB+2-sinB

36tg(

B
2

j'smz(z

B

=

B
2

)-cosB+2tg(

B
2

j-sinB+23inB |

[Toncrapnss B popmyiy (4.14) nonydeHHbIE 3HAUEHUS MOJTYYaeM:

5 1
0=0a, -0, =arctg| — + —
18 (B)
9-19| =
2
- - _(4.23)
6 tg@j -sinz(g) +5-Cosp- tg@) +2cosP
—arctg
B sin2( P B). P i
36tg sin +18tg Cosf + 2tg sinf3+2sinf3
i 2 2 2 2 |
3aBMCUMOCTb yrina oxpaTta o6nyqaeM017| NMOBEPXHOCTU OT yrna
npu BepLINHe KOHYyCca
—m— d=5 mm ——_—n
30 —a— d=10mm il I =]
25 /,r l \\.
20 /,/ :
15 / —na
/ /".—- I \\ﬁ

10 17 —— I

5 | = !

|
g ’ Beta
10 50 90 130 170

PucyHnok 4.5 — 3aBUCUMOCTD yIJia OXBaTa 00JIy4yaeMOi MOBEPXHOCTH OT
yTJIa IPU BEPUIMHE KOHYCA.



58

[ToctpouMm rpaduKk 3aBUCHMOCTH yrIjla oOXBaTra 00IydaemMoit
MOBEPXHOCTHU OT yIUIa MpH BepiinHe KoHyca g d=5 mm u d=10 Mm
(pucyHok 4.5), o ¢popmynam (4.12) u (4.23).

N3 rpaduka BugHO, 4TO 00€ PYHKIIMKM UMEIOT MAKCUMYM B OJHOU
o0nacTu, CcleJoBaTeIbHO, ONTUMAJbHBIA yroil 6 HE 3aBUCUT OT
yIajueHusl 30H/1a OT uccieayeMoil moBepxnoctu. OTcrofa cieayer, uyTo

ONTUMAbHBIN yron npu Bepiune konyca 0 =133°. Taxxke us rpaduxa
MOXXHO CJeJIaTh BBIBOJ, 4YTO 4YEeM Jajbllle 30HJ HAXOIUTCSA OT
00JIyyaeMOil TTOBEPXHOCTH, TEM MEHBIIEC yroa oxpara. lIpuMeHeHHE

KOHyca s d=5 MM mpu yrie mpu BepiimHe KoHyca B =133° maer
YBEJIIMYCHUE yIJIa OXBaTa 00JydaeMoil MIOBEPXHOCTH ~ B 5.5 paza, a 1
d=10mMM mpu yrie mpu BepmmHe KoHyca [3=133° maer yBenudyenue
yTJia oxBara o0JiydaeMol MOBEpPXHOCTH ~ B 10 pa3. Takum oO6pa3zom, B
JAHHOM pa3jesie ObUIM BBIOPAHBl ONTHUYECKUE JATUUKUA IS 000UX

KaHaJIOB MW OIPCACICHbI OINTHMAJBbHBIC TI'COMCTPHUYCCKUEC PA3ZMCEPLI
KOHYCa I KaHaJIa U3MCPCHHUC KPOBOTOKA B ITUIICBO/JC.

2.3anaHue 115l NPAKTUYECKO padoThI

2.1 BBINOJHUTL pacyeT TeOMETPUUYECKUX Pa3MEpPOB ONTHYECKUX
CHUCTEM COTrJIACHO CBOEMY BAapUAHTY;

2.21loctpouTh rpaduk 3aBUCHMOCTH yTJia OXBaTta 00JydaeMou
MOBEPXHOCTHU OT yIJIa MPU BEPIITUHE KOCUHYCA;

2.31Ipoananu3upoBaTh MOJTyYEHHBIN TpaduK.

3. KoHTpoJIbHBIE BONIPOCHI

3.1. Uto Takoe «rmietuaMorpadusi»?

3.2. Kakoit  mapameTp  MOXHO  OIEHUTh C  IOMOIIbBIO
rieTusMorpapun?

3.3. Kak mpou3BOAUTCS perucTpaius mieTusMorpamm?

3.4. Kak BBINISIAUT  TUNAYHBIA  (poTormieTusmorpaduiyeckuit
CUrHamn?

3.5. Kakue HetocTaTku UMEeT 3JIeKTporuieTu3Morpadus?

3.6. B wem 3akmrouaercs OTIMYHE MEXKIY dJICKTPOILIETU3MOTpada
oT dororieTuzmorpada?

3.7. Ha yem ocHoBaH meTof doToreTusMorpadun?

3.8. llaiiTe onpenenenue «dororeTuzmorpadus — 3TO ...».
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3.9. Kakumu mpeumyiiiectBaMu 001a7at0T GhoToraeTu3Morpadbl
M0 CPABHEHUIO C BJIEKTpoIieTu3Morpadamm?

3.10.B 4yem 3akiroyaeTcs OCHOBHAas IIpUYMHA  MAajoro
pactipocTpanenus pororietTuzmorpado?

3.11. KakoBa o6iacts npuMeHeHust GpoTorieTusmorpaduun?

3.12. Kakue pa3HOBUAHOCTH (POTOIIETU3ZMOTPAPUUECKUX MEAOTOB
Bawm u3BecTHbI?

3.13.Ilpu momomm Metoga (QororeTusmorpadur  MOXKHO
PETUCTPUPOBATH U3MEHEHUS COACP)KaHMS KPOBU?

3.14. JIns uero MokeT ObITh IpUMEHEH (oTtoreTusmorpad?

3.15. Bo3amoxkHO s mpu momMouu Metona (orormieTusmorpadun
KOHTPOJUPOBATh INTyOMHY CIIMHHOMO3TOBOW aHECTE3UH ?

4. CIUCOK JIUTEPaTyphbl
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TexHudeckne METOABI MW ammapaTbl IS AKCIPECC-TUAarHOCTUKH:
YuebHnoe nocobue / Kazanw: M3n-Bo Kazan. roc. Texs. yu-ta, 2004. 176
C.



