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Hanupiii cooprmk onucanuii NabopaToOpHLIX padoT seseTCs npoaO/IKEHHEM

BbIMyLLEHHOrO panee (Y. 1) n oxsareiBaeT cneayiotme pasuensi 13 sne

KTpHUECTBa
H MarHeTuama:

l. Dnexrpuueckoe none B BaKyyme.

2. DneKkTpHuecKoe nosie B JNIIEKTPHKAX.

3. TlocToAHHbII 3neKTpHYCCKHIT TOK.

4. MaruntHoe none B MarHeTHkax.

5. DNeKTpOMarHHTHaA HHILYKLHA.

6. Dnexrprueckue koneGaHms,

B cOOpHUK BKIIIOYEHBI Takke METOAMUECKIe yKaszauua no padorte ¢
PAIHOHIMEPHTENbHBIMM NPHOOPAMH, KOTOPLIE HCMONb3YIOTCS B nadopatopuu

ANekTpudecTsa. Onucakus NabopaTopHLIX padoT pasmelueHb! B NOpALKE WX
BbINONHEHHS.

Hactoswmit cGopuuk neodxomum cryaentam Beéx creumaibHocTell U Ans

YCNEUWHOro ocBoeHHs MATEPHANA OO/MKEH CTATh HACTOALHON KHHIoil Kk 0oro
NEPBOKYPCHHKA,

Hayunmit penaxrop C. b. Paesckui

Penakrop | WM. U. Mopomsﬂ

© Huweropoacksii roCYapCTBEHHBI
TexXHHUYeCKHit ynusepcurer, 2005
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JiaGopartophas paGora Ne 2-23

M3YUEHUE OCHOBHBIX TPABHJI PABOTDI
C PAIIMOU3MEPHTEJILHLIMH ITPUBEOPAMM

JL A Kysnenon, AL A. Pasmonos. C. . Pacsesii

[lpusonsrcs ocHosHLIe npasyna paboTil ¢ pa/iHOM3MEPHTCILHLIMH
npubopamMy, HCMoab3yeMbiMl B nabopaTopioM NpakTHKyMe. B npouecce
BBINONIHEHUs PaGoThl CTYNEHTBl MPOBOASAT Pij KOHTPOJILHLIX M3MCpeHHH M
SHAKOMATCSA C OMpe/IeNICHHEM HX NOIPEMHOCTE].




BregnpeHHre

Yanerenns - sddexTirHNS METOZ MOSHAHMA IPUPOAH, HEOGXOMK—
M CNoCCO KOHTPOAR M YNPABAEHUA TEXHKUECKMMA YCTpONCTBamu u
TEXHCACTHUSCKKME npoueccami. O M3 caneiX TOUHEX UBMepUTEelb-
Hx GpKCOpOB C GONBUNM CHCTPOREHCTBHEM ABNANTCH 3NEKTPO- M pa-
LILOMBMEeDYTEeAbHIE [PUOOP:, MCIONb3YEMHE B COUETAHUE C METOmaMM
NPecra3nnanns MeXaHdUeCKHX, TEINORNX K ApP. BEJMUMH B IPOTop-
T'OHATbHNE MM 3NIEKTDUUECKKE HANpAxeruA. HecMoTps Ha pasiuukHe

asHaveHns 3TUx npudopos (reHepaTop, BONBTMeTp, ocuxatorpad M

T.2.7, B paGoTe C HUMK MMEETCH MHOTO ofmero. YcBoerne aToro MoG-
zerc" no3roAMT CHCTpee NMPUOGPECTH HABHKK DAGOTH C PANKOMSMEPH-
TELHEME npﬁcopamu.‘

dersyn nanno# paCoTH SBJAETCH BHAKOMCTBO C OCHOBHMMM Xapay-
TeDHCTUKEMY DAIMOK3MEDUTENBHEX NPUGOPOB, NPABUNAME HX NONEINUE~
A K M3MEepAeMoMy OC»eKTY, MEeTOAMKOR NpoBENeHHs HaMeperufl u
ONEHKO¥ WX TOTPemHOCTH.

I, Knaceudvkaims pamsonsMepuTenbHyX NpUGOpos

CymecTBypmmMe pafyoMsMepUTeNbHHe MPHEOP KIacCHIMIMPYRTCSR
0O CHefynayM NpH3HEKEM: M0 HAaBHAaUEeHWD, Mo criocoly oTcuera, no
TOYHOCTH, 0O KOHCTDYKIMK ¥ T.H.

1) llo_nasHaueHun mpeAcTABREHHHE HA CTEHAe MpUEOpY Mompas-
JENSNTCA H& CHENyDhie CpYIIH:
8) {i3MepUTEeNbHHNE IMEeHEPATOPH - KCTOUHMKH 3NEKTDUUECKHX CHIHANOB.

C muxomos rexeparopa cursanos (mogrpymma I'3) u rexeparope
CTEHIAPTHEX CUrHanos (noxrpynna I'4) cHuMewTcs anexTpuueckue
Hanpsxerus cuHycoupansHofl doprar (puc. I), koTopue xapaxrepusy-
prcs ofdexTHEHEM SHauermeM (L :um/@ s TRe /L - avnmsry-
I8 HAMDAXEHUS, ¥ yacToTof f;-{//va » the 7 - mepuog

-KOIefaHKA.
amli.uj.s - — - -
U = - e = LD
t,c
0 \//T‘ <
- Puc, I

C suxona reHeparopa wmmynscos (nogrpynna I'S) crMapres
SNEKTPHUECKNE HANPAXeHUA MMIyAbcHCR dopma (puc. 2), roTome xa-
PaKTepusypTcs aMmmrygofl mMnynbcos [lm , ¥x mmTempkocThn
¥ uactoroft mosTOpenkf f, = /47' , e T, - mepuox moeTope-
wufl. Ha puc. 2 usoOpexeHy MMIYJAbCH NONOKHTENBHOR MONAPHOCTH .

s

Um

Cor T ’

Pyc. 2

6) BonbTrerpy - nprGops MR MBMeperMs HANpAKEHMs,

B ycranoeke mueercs BonbTMeTp nepemenHoro Toka (roprpynna -
B3) u ponprMerp ymmpepcazrsmtt (moprpyvmma B7), IpefHasHaveHHH P
ons Favepeﬂuﬁ KBK NePEMEHHOTO, T2K K NOCTOAHHOI'C HAMPAeids.
BonbTreTpy KamvSporaHs Ha o@heKTHEHOE 3HAVEHKE Hanpaeerus. -
B) QaCTowouep (nogrpymma Y3 wm noprpynna @) - OpESoD NS H3Me-
DEHMA UACTOTH CHHYCOMEaNbHOI'O CUIHana, ﬂnFTeHbHOCTF u nepgnza
NOBTOPEHKA MMITYJNBLCOE.
r) dnexTponsoNyueBofi ocumanorpad (noprpyrna CI) - mpuCop mas
BUBYyaneHOro Hatmopennus Gopuu BNIEKTPUYECKHY CHUTHANOB M M3Mepe—
HHA UX NapaMeTpoB.

2) Ilo_cmoce6y orcuera. Henonbayemte B naﬁopawopun npuGopu
JENATCA HA CTPeNouHHe ¥ Im{poBHe.

3) Mo TounocTyt pésyoMaMepUTENbHEe NpHGopsl, COrIacHo POC"g.
DENATCA HA KIACCH. :

4) Ho _woHeTpyrximy u YCTOBUAM IKCIUYATEIMH NpHOOpH, mpenc-
T8B/JEHHRE H& CTEHAe, FEAANTCH NEPEHOCH:MH, J1aC60PATOPHHNH .

2. OCHOBHNE XBPAKTEPHCTHKM M3MSPHTE ILHHYX NprGOpoB

&) lpenem: usmepemws - oGnacts 3HaueHnfl waMepsevoli penu-
w0 Xemip 10 Xmox » B Noenenax KOTODP.# MORET FuTh
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NIpOBENEH OTCUET NO WHAMKATOPY. B MHorojvanasoHHux npudopax npe-
Lem:! U3MeDEeHMA pasGUTH Ha HeCKOJNbKO OUaNasOHOB, MPH STOM B Kax-
IOM rnoclnenywneM nuanasCcHe MaXcyMalkHOEe 3JIHaueHve HSMBPHBMOB BEJH-
UKHH KpaTHO YBEeJIWUWBAETCK B LENI0OE UKCNO pas.

€) UYvBCTBUTENLHOCThL - HauWMEHbIEE JHEUEHHE KaMepserofl Bemu-
UYMHH, KOTCPOE MOXET CHTh CWMT&HO ¢ MHOukaTopa. MHorza uyscreu-

@NEHOCTh OTORIECTRIAWT C LEHOR JeNeHns - MUHMMANbHOH BeawumHoR,
Ha KOTOPY® HYWHO M3MeHKTL BXOmHO#l cMrHan, uToCH nokasaHMe Ha HH-
IMKATOPE U3MEHWNIOCh HA ONHO jenewne. Jis 1MPpOBHX HHIKKATOPOE
leHa NeneHMs coengzaet ¢ emuHKuel Mranmero paspsua. lis crperou-
HHX CHE CTpEHeieTcs NelieHHeM MpEeNeNbHOr0 3HAUEHHS B ncnorbsye—
MOMN IMEN&30He Ha uKceno nelexnd mraum.

' JiranazoH patouMx YacTOT ~ OGNACTh UACTOT KHCCHERYen:x cH-
HYCCHMIZABHEX CHUIHAN0S 0T -fmg,, no fmm , TIDH KOTOPHX
M3MEPHTE LI TIPHGOP COXPAHRET BCE CBOM X8PaKTEPUCTHRM B 3anak-
X fpspenax.

r) Bxomno#t (euxonkof!) wvmensHC - BEEMUHEA, onpe,nemreuaﬁ
COTPOTKENEHMEN, eMEOCTSD K MHIYKTHBHOCTBD Ha BXofe (muxome) M3-
MEPHTEABHOTO NpuGopa. Bermwumey pxopHoro (EWxopmHOro) vamerakrca
BCerna HeoSXONKMO COM3MEDATH C NapaMeTpany Kcecremyemofl cxesy,
Tar uTCOH W3MEeHeHAe TCKOpACUpelesieHMA B HeRl Npy INoAK:DueHyM
mpuGepa Seac MiE¥MaabHo. Henpuuep, HeNb3A KINMEPHTH HapAkeHHe
Ha CGMNDOTKEICHUE R BOJBTMETPOM C BXORHHEM CONPOTHBIEHEN

Rgx s €CEM Rﬂx-é . He ynecrcs s&DEKTHBHO CHATbL CUP-
Hal © DEHEepeTspa, eciM CONpOTHBIEHHKE HcclefyeMmoft cxems: £ '
MEeHLLIe PEXCILHOTO COUDCTHBAEH:S MeHepaTopa Rgu.x .

" ) HorpemHocTh mouCope - CymecTBYET HECKONBKO CroCOCOB EbN-
pexenug norpezHocT. QopMyna pas pacueTa nor-pe.mﬁcc'rn Np#BefeHsa
B nacnopre npulcpa. .

Moymen. OTHocKTe bHAR NOCPEmHOCTH Bom'rue'rpa B7-27 npx us-

MepeHnl! MepeMeHHOTO HanpRXEeHMA BaeTCH FHpPaxeHHeM

'o .
- (0,5 * 002 L« ) o/
Su (J ) d ux ) e J (I’
rae Lk - HauGoNbUIee HANpFXEeHMe, KOTOPOe MOKHO KaMEpHTh Ha
FI-!ﬁpaH}iOl»'.- Luana3cke, ux - H3MEpAEMOe HanpAweHHe.

Scm wameperve Ha puenasoHe I0 B pano pesysbrar s
lix = 5B, To corzacko dopryrae (I)
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S = (05+ 02-—)‘/ 054‘/
AM U -SU= 58 00054 0,0276.

Torpa BHAUCHNE nauepaenoﬂ BEJHUWHH
Uy 5,000,038,

Bnempousmepurexbm nprGopan, NacropTa Ha KOTOPHE OTCyT-
CTBYDT, NPACBAMBEDT KIACCH TOUHOCTH, OTMEUEHHHE HA MKAane preo-
pa (Hanpumep, . Knacc TouHOCTH cOBNauaeT c r:pe,u,ennm JoIyc—
Kaemoft npunep,ermon norpemxoct# mpudopa { s npuf. ), BHpaReH-
Hoft B %: _

A

Srput = %,

A6comoTHas MOTPEmNHOCTD

fOO%, (2)

rie A - aGCONDTHAR NOTPEMHOCTH WIMEPEHWS BEMMIMH: X
X mex - ROHEUHOe SHAUeHHE XA WCMONB3YENOro JUANA30Ra.

pgueg. Knacc -rouﬂocm BO}IbTMETpa 4, 0 ( § n,oué’ ). Tor'—
. B8y COPMIACHO :popr‘:yne (2), pH namepeuuu HanpaReHus
60 B no mrane 100 B ( Xmax - ). a6comoTHas MOrpemHoCTs .
A= ' 1003 ‘9 /5 4 8 . Jna usmepremolt BENKUMIE! MMeeM
“foo% o
U -e0iaB.

e) Bpem xc'ranoenem paﬁouer'o peruMa — HEeOOXOMMMOE BpeMs
cauorrporpena, nocrne xo-roporo npuﬁop ofecrieuBaeT TpeCyemHe Xa-
PAKTEPUCTUKK UMK BPEMH, orrpenenaemoe VHEPLMOHH:MY CBOFCTBaMK
npu€opa, KOTOPOE XapaKTepusyeT, Kak OHCTPO MOXHO MPOBOAMTDL. U3-
MepeHMs mocie TOAKNOUeHus Npucopa X McCreiyemofl uemv.

- 3. Ocmsme opraHi ,,mpasnerma usmepwrenbmmm npuc'opamn

- Tlpy BceM morocﬁpaarm Hauepurenbmx npuéopoa HX opram
ynpam:emm BO uuorow yuuﬁmmponam. K o6mum o-ruoca-rc.q crenyn-
me: - . .

a] 'g - nna Har.sepwrenhmx PEeHepaTopoB ¥ mfo,g - BI8
BOJ‘IbTMETpDB. ttac"‘m'omepa 4] ocmnnor‘pa-‘m - Knemas!, K KOTC-
M no;zxnnuae'rca HCCIIEJWEHHH yuacTCK 3NeKTpuueckoh e,

9




: .
¢) Ilepexipuarens poja paboT - TNepeKIpuaTens, C MoMombn KOTOPOro
BHOMPAETCA M3MepaeMan xapamepnc'ruxa ( { - nanpmmerse,
T - rox u T.0.)

B) llepermuarens _JyanasoHa Hsuepe:-mﬁ (nsmenenuft) cooTBeTCTBYR-
melt XapaKTEPUCTHKH — CKauKoOCpa3HO EHOKpAaeT AMANASOH MSMepe-
st (M3MeHeHUs) uccnenyeMol XapaKTEePUCTHKYM 3IEKTPHUECKOTO
curHana. '

r) ITloTeHipoMeTp NNABHOTO M3MEHEHUA COOTBETCTBywmelt Xapamépnc—
IMKR - NJIABHO MEHAeT MCCHENyeMyD XapAKTEpUCTHKY BHYTDM EHG-
PaHHOI'0 OMAaNasoHA. |

A) KamiGpopouHble NOTEHLMOMETEH — MNO3BOJIANT o'rscmﬁponamh npusoap
0 Hauajia MaMepeHu#l, UTO SHAaUUTENBHO TOBHMAET erc TOYHCCTh.

4, 3KanpHM8HTEJ!bHaﬂ yc'ranoaxa

B axcnepnmemanbm yc-ramaxy onm (puc. 3), cnenywrme
PUCOPH S rexepatop curkanos I'3 - 1, reHepaTop CTaHEAPTHHX CUT-
HaJNOB r4 - 2, reneparop uMnynbcoB I'S - -3 , BombTMETp nepemeH-
Hore Toxa B3 - 4 , ponprverp ymumepcamemait B? -~ 5, octmazor-
pa® onexrpouHonyuesot CI -~ 6 , uacToTomep U3 wme 8 - 7 :

b oy
[easad Bl
s ey i
j— J- [ [ 3 b ._r" 'Ls 5 - v
= A A I 3
foNies s B 00,
R ierery r-.}.&_'
ST —
S
s :Y &
JL —t—— =
3 9 s ' P
E g B 7T Iy
: I
3 ) N
= S
Puc. 3
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‘a Taxxe coe,numenbﬂaa xono,mf.a 8 (vxpenneﬁa Ha crenpe) M
RC -uenouxka - (9), cofpannas Ha OTAENbHON maHemi.

B KCMIUTIEKT TIPUOOPOB BXONAT COERVIMUTENbHHE xa6em. K raxpno-
vy K3 NPKOOPOB NPUNAraeTCs MHCTPYKIMA MO SKCIIyaTaiun {nacmopt) .
B nacrnopre ykasaHO: HasHAUEHME npudopa, Kak TNoiroTOBUTH mpuéop
Kk pagore, Kak HS\S"-‘pH"‘b HEOGXOMMMYD 3JEKTPUUECKYD X8paKTEPUCTHKY

" ¥ paccu4TaTh ee NOrPemHOCTb, Kax BHKIDUATD npuGop. Bce ccenune-

HYA GPCUIBORATCA HA COENMHATENbHOM KOXOZKe @) KaK foKa3aHo Ha
pyUc. 3, NpU ITOM 3a3EMTEHHHRA. npoBOR OAHOMO Mpuéopa COEeNHHACTCH
c aaaem'emm ITPOBOJIOM APYTOrO.

% Temmca Ges3onacHoCTH

1. Bummamme! Hpuﬁopu c-re}m.a M8 OTCA OT CeTH Harrpsme}mem 220 B.

2. Bee rzpndopﬁ DOMKHE GHTH 3a3eMIeHH .

3. Bxmouenus ¥ wamuem NpUGOPOB npono,u,wrh TaK, Kax yKasaHo
‘B nacnoprax.

4. Bo Bpeus. npose.uemm excnepmaem-a 3anperqaewcs ITpHKacaTb(:ﬁ KO
'BCEM OTONEHHHM TOKOHECYIMM YACTAM YCTHOBKM.

S. llpu BrmOUeHuy yc'rauomm Heoéxonm.»o BHWMATENBHO CIEUTH 38
TIORASAHKAMK NPHOOPOB. B cryuae, eCIK MOKa3aHAA KaKoro-ymeo
npudopa MPEeBHCAT nomrc'rmn npenen, Hano ueme;meuno BEKITD-
urTh MpHOOP ¥ oépawmaca 3a moMombY X npeno,uasa'rem Uy na-

6opanTy .«

- 6. Crnietpranbixie yxaaam rio TexXHMKe Gesonacnoc'm npﬂaeneim B

nacneprax npnﬁopoa.
6. Excu'epmem*

3ananue I. Hauepem«e HANPAKEGHHA CHI'HSJI& reHeparopa )
Hcnonpayense npm‘opa:. reﬂepa-rop cﬂt‘uana '3, BOIBTMETD BS
u B7.
g MonroTORUTE K PadeTe U .BKINUKATD renepa-*op cursanon '3
v nonpreerps B3, B7 - cu.nacnopra nprsopos, nm. I & 3. Tipous-
RBONMTH OMepaiMit TOAbKO MO yKA3aHHBM nyHTam!
6\ NonkmounTs uepes coe,s.mm-renbwn KOMOMKY BXORE BONLTMET-
[OR K BNXOLY r'eHepaTopa.
2) YCTAHORMTL HA TeHEpaTope ‘yacToTy Buxo,u,xom curHana
{ <5xun Hanpmxezme U/ =2B - cu.nacnopt {'euepa‘ropa.

n. 4.4.
M
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r) Hameputs BosbTMeTpom B3 muxomHoe ﬂmlpm'seﬁne K paccuM-
TaThb MOrPEMHOCTS MIMEPEHUS — CM. TacrnopT Bonb-mempa. n. 4. Barm-
caTh NOAYyUYEHHH peaynb'ra'r ‘B BUIE

u_- ux:ﬂu.

1) AH&JIOI"H‘-IHO NPOM3BECTH K3MEpeHne HaNpAXCHHA BONBTMETDOM
B7. : ' '

-

Cnamm'rb peaynb'ram uaMeperuit uer,,uy coﬁon & Tamke ¢ MOoKa-
3aHHEM BOJLTMETPA reuepa'ropa.

.Bananve 2. Anamua cbopm H ysmepezme napaMeTpoB CHHY COMIANEHOTO
' CMPHana Ha OCLYIIIOTpaje - ;
Acnonbayemie npvdopn' reHepaTop CHIHANOB I‘3 aonbfmefrpa
B3 u B?, ocimanorpad CI.
; a) Mogrorosure x paéoTe u BIJTOUUTE ‘ocuporpad - cM.nac-
.lop'r ocimanorpada, mm. I-3,
. 6) He oTkmouas BOJIbTMB'T‘pOB, IIOJJ.KJmlme Bxof "Y " ocimn-
nor-pacl;a K BHXONy rexepatopa I'3.
B) Honqurb Ha 3SKpaHe ocuunnovpar};a yc'romwace uaoﬁpame:-me
CMTHANA M 3apUCOBaThH €ro dopMy - cM.nacropt ocimanorpaga, n.4.
 foa noyuenus yeroftunsoro Haoﬁpamenna cmq, COH,I!,aJIb‘iOI‘O cHr-
—Hana HeoCxc,qmo, uTOCH MDMEH"‘!:I Bpemem{ Hauaza’' pa3BepTKA Tyva
o r'opvaomam, Koraa oH HAXCIUTCA B xpanneu nesoM (HauatbHOM)
TMONOREHUM, COBNAKAN 3a BCe Bpe\dﬁ Haﬁmw.enmr C MOMEHTaMM Loc-
TYTIIEHUA UCCIENYEMOTro cumana, ‘xorga nocne,m-mﬂ npnmwae'r OfIHO
M TO ®e 3Hauenue. Taxum ofpason, r-enepamp paaaep'rxu 'OCLIJIIOr—

'parI;a JONREH GHTb cnnxpom{aﬂposaﬂ c noc'rynamm cnmanou. Jyume

BCET0 TaKyn CUHXDOHUSAIMO NPOBOIUTE CAMUM. curyanom. lexaparop
[PaSBEPTKH MDA HTOM NEPEBOLNTCH B xuymalt pemum. Kak ronbko Han-
PAmeHve cUrHanTa fOCTHTAET onpegeneHHoft TOpOroBof BemMuIEN

Hep , KOTOpas sajaercsd PYUKaM ynpaners Ha ocmnnor'paﬁje i
SaIYCKAETCA TEHEDATOD PASHEDTKN, # HA | DKpBHE B Teuelie BpeMe-
HIA PASPEDTHH RHCEEUMBACTCH OTPEsOX CHHYCOMAH. 3aTem Y4 et~
PO ROSEDATEETCA B HauanbHoe nozoxerne. HopropHufl saryck pas-
BEPTHif HAUYHASTCR, KOTAA CHIHAX CHOBA [OCTHPAET TOFO xe ¥poB-
HA - Lﬂnop » ¥ Ha OKpaHe BOCHPOWSBOIMTCA BHANOTMUIL OTpe-
30K CHHYCOWT, TIOZCEEH#e KOTOPOTC CoBNamaer ¢ TpemHRY M. Y
TAX 38 BCE FPRMA WaGTOReH, UTO NO3E0AAET HAGIRAATH YCTORUM~
Boe modps:reﬁue CHRYZOHOANBHOTO CUPHATNE.
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r) Hamepurs octpanorpadoM aMIUMTYHY CHrHaiza — CM.NacropT
ocimanorpada, n. 5. 3amicaTh NOMYUEHHHH De3yAbTAT.
CpaBHUTL DEeSYNBTAT USMEDEHUs C TOKA3AHUAMY BOJBTMETPOB.

1) Mauepurs ocummnorpadou nepuon curkana (T) - cu.mac-
nopr ocupmnorpada, n. 6. Paccuurars uacToTy ( _1‘3 ) ¥ sanucaThb
NONyueHHHR peaynbrar. CpaBHUTH PesysNbT4T MSMEPEeHHA CO SHAUCHW-
eM yacTOTH Ha MKAle IeHepaTopa. :

Sanamue 3. Hauepenwe YACTOTH T'EHEPaTOpa C NOMOmLD UaCTOTOMEDE

Vcronpayessie MpUOOPH: reHepaTop curxanos I'3, soabTMeTpH
B3 u B?7, ocummnorpad CI, wacroromep I3 um 2.

a) Ho,ut'o'rom-rb K padoTe ¥ BKIDUATL UBCTOTOMEp - CM.nac-
NopT YacTOTOMEpa, M. I+ 3.

6) He oTxiouas BONLTMETPOB X ocu;ﬂnnorpa(})a. TIONKINUKETD
BXOJ{ UBCTOTOMEDA B DEKMME MSMEDEHMs UACTOTH K EHXOfly reHepa-
Topa I"3. : :
B} MaMepuTb UBCTOTOMEDOK yacToTY CHTHAJA K PacCunuTaThb
nor'pemﬂoc'rb H3MepeHHa - CM.IACHOpT uac-ro'rouepa, n. 4.

3amicarh Pe3yibTAT M3MEPEHUR B BUTE

=0 +Af.

CpapHMTDb BTOT Pe3y/bTaT C MNOKABAHUAMA Ha mKaje reHepaTo-
Pa ¥ C pesyNbTATOM, NOMYUEHHEM C _TIOMOIBR oclmnnor-pa@a

Sananne 4. HMameperme pasHOCTH dbaa meyx cnnycounanh}gx CHI'HA-
70B C moMompo ocupanorpada. PRy

a) He pexmmuas npudopoa. TNOKIOUUTD ‘RC -uenp ¥ BEXOLY
rexeparopa I'3 # Bxomy "X" ocumnnorpaga, xek TI0Ka3aHO HA puc.3.
lipy aTom Ha Bxofm " Yon ocwmnorpae}a NofigeTCA CUHYCOUNATbHHH
CUrHaL, CHATHI! co Beefl RC —LenH, a Ha sxon "X" mopnaercs CH-
Hycoa.:lanmmn CUrHa%, CHATHH ¢ pesrc'ropa K U omm:amut’qa J
1o Gase oT Nepeoro. .

6% Mamepurs oczmnror'parbou paaHocTh a3 ARYX CH!—N""OH,II,&J‘Ib-— :
HNX CUTHAJIOE - CM.TACTOPT octpuorpada, m. 7
3JanucaTe NOMyYUeHHER pesynLTaT.

B) BuxnouuTh Bce MpUGOPE KDOME ch{.r[nf)r'pa'_“a ¥ UBCTOTC-
wepa) - cM.TaCIOpTa MPUGOPOB, M. O M pa306paTh CXery .
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3ananne 5. Asams dopMul ¥ M3NMepeHMe napaueTpos mwnhcno"o
: CKr'HaNa Ha ocuuiniorpade

Henonbsyemue npudom' TEeHepaTop UMIYNLCOB I'S u ocimnnor-
pad CI. S :

z) llonroToeuTe k paGoTe ¥ BKINUMTH I'€HEpaTop mwnbcos s
CM.rnacnopT reHeparopa, nn.l s 3.

6) Hopxmounte Bxom "Y " ocimanorpada K BHXONY reHEpPaTOPA.

B) YcraHOBMTL HA reHepaTope ClEAyDUME MAPAMETPH BHXONHOIO
CHPHANA: MIMTETBHOCTD WMMyNbcoB T = 200 mxc, yacToTa NoBTOpe-
w4y = 500 I'n, ammrryna Um = I50 uB - cm.nacnopr re-
Heparopa, n. 4.

r) MonyuwTs Ha 3KpaHe o.,n,nnnorpar!a ycmoﬁtmsoe Haodpaxewe
CHT'HANa ¥ 3apucoBaTh ero fopMy - cM.macnopr ocipunorpada, n.4.

" Yrobe nomyurTh ycToftunpoe “so0paxeHve VM LCOB, “HEoGXonu-
MO CMHXDCHU3UDOSATH T'EHEPaTOp PASBEPTKY MCCNIELYEMNM CHIHAMNOM

. (cm.3anamme 2,8). [lna sToro pyukamu ynpasnemm Ha CNIOKE CHHXpPO-

HU3aIMKM octmierpada an.ﬁnpam‘ca. 1) pemuM CHHXPOHMSELMH MMIYIb-
camy NOJXFDHOCTH MOCTYNERWEro curxana; 2) MOpor. 3anycka reHepa-
TOpa pasBEpTKH Um.\p » Mpesimaprft Hyneso#t yposens. B

ZTOM CTyuae 2allyCK pasBepTkM OCYMECTEAAETCH OUEPENHEM WCCHenye- -

MM MMOYZbCOM B MOMEHT ero nocTymiewus. Mumynsen, samyckanme
Pa3RepTKY, BHCECUKBABRTCHA HA axpaﬁe ¥ TIO0 TIONCXCHMN COBMANADT
Ipyr ¢ Apyrom (xpaﬂﬂee JleBce, HAUANBHOE MONOXEHHE - puc. 2),
ccanaBaz ycroﬁuasyn xaprnﬂy.l_
_ 1) Yamepurh ocrmnnorpapom aunnuwyny umnynbcoa - cM.nac-
nopr ocupanorpada, n. S. SamicaTs pe3ynbTaT.

CparuuTsb nonyuenuuﬁ peaynsrat c noKasaHueN sonaruewpa re-
HepaTopa.

_ €) HauepuTh oCtMIIOTPagOM JIUTENBHOCTS “MMITyTECOB ¥ _mepuox,
nosTopeuit ~ cM. nacnopr ocuuniorpade, n. 6. 3amicars pesynbra-
Ti. [lo pesyapraraM arcnepumenTa paccuuraTh YACTOTY MNOBTOpeHMM:
CpaBHuTb TONYUEHHHE DPeayJNbTaTH C MOKAZAHUANK Ha mKanax reHepa-
TOpa.

3anaume 6. r'anepemte .u.nu'renbnoc-m ¥ nepiona NOET opermﬂ
mmynbcoa c n'moqbn uacTCTOoN pa

.'Icm:rbaje:-'-ze mnfopb.' reHepatop wMmynkcor I'S, occumnasr-
pad CI, uacroromep Y3 mm &,
a' He orxmouas ocipanorpada, TOmEMOUKTH BXOI GACTOTONSHA
LT pLA : > - = . ALl
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E DEEKME M3MSpeHWd NUMTEeNbHOCTH MMIYNbCOB K ENXCZY rekneparopa I'S
(cm.nacnopr vacrorTevepa, . 3). :
6) HMaMepuTh UaCTOTOMEDOM JTUTENBHOCTH MMMYNLSOB M pacCuy-
TaTh MOTPEmHOCTh MBMEPEHME - CHM.NacnopT uacToTCMepa, M. O.
SankcaTh pesynbTaT USMEPEHUS B BLAE

(i s TN

~ Cpaemurs nomyuersii peayabTeT C NOKAsaHKeN Ha HEasne retieps-
TOp& M pe3yabTaToM, MNONMYUEHHHM C IOMCHBE Ociminorpade.
B) YaMepuTs uacTOTOMEpPOM [EDMOH TNCBTCPSHUN WMIYZBCOE ¥ Dec-
CUXTATh MOI'PENHOCTL USMEPEeHHMF — CM.Naciopr wacToToMepa, H. S.
Bamicars pea}':szaT B BUIE

'r + AT.

rlx T
Cpasmrb 3TOT 'DESYZBLTAT C MOKVUEHHHM ¢ MOMOTEHY OCLII0rpa—

%a.

r) Do oxoHuaisk M3MepeHWH BHKIOUKTH NMPUGODH - CM.TACHOPTS

TprOOPOB.

Pasobpars cxewmy.

. JurepaTypa

I. Baimros P.A., Cperencku#t B.M. Pamuorexinueckue uaMecpenns.
M., 1970, 712 c.

2, MucTpyxipu no SKeyaTalyy TeHepaTopoB, BONBTMETPOB, OCLMMI-
‘rorpada M uacToTOMEDa.
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SKCIEPUMEHTAJILHBIE HCCIIENOBAHMAA
OQJIEKTPOCTATUYECKHX ITOJIEM C TIOMOILBIO
QJIEKTPOJIMTUYECKOHU BAHHBI

B. U. T'ony6eg, JI.A. Ky3nenos, I'. B. ITaBnoBckas,
T. O. IIponuaroBa-PybLosa

Jlasbl KpaTKHe TEOpeTHYEeCKHe CBENEHMsA 00 OCHOBHBIX XapaKTepH-
CTHKax 3JIEKTPOCTAaTHYECKOro MoJjii, cnocobax ero H3o0paxeHus U Qusuye-
CKHMX OCHOBaX MOJIEJIMPOBaHHUs 3JIEKTPOCTATHYECKUX IOJIEH B 3JIEKTPOJIUTH-
yeckol BaHHe. OnHcaHa sKCIepUMEHTIbHAsA YCTAHOBKA H MOPANOK paboThl
Ha HeH. :




BBEJEHHE

[Ipy KOHCTPYHWPOBAHWUM 3MEKTPOBAKYYMHBIX NPHOOPOB, 3JIEKTPOHHLIX J1aMIl, YC-
KOpHTCJIBﬁ 3JIEMEHTAPHBIX YacTHLI, IIpH pacdeTe XapakKTEPHCTHK BOJNIHOBOJOB M T. /.
“TpebyeTcs 3HaTh pacnpe/iefieHHe NEKTPHYECKOro Mo B MPOCTPAHCTBE, 3aK/I0UYEHHOM
MEXJY 2J1eKTpoJAaMHu pa3nuyHOH (OpMBl. AHANHTHUECKHH pacueT nosis YAaeTcs Bbl-
MOJIHKTH JUIA BEChbMA OIPaHHYEHHOr0 Kabopa KoH(HUIypaliiii i B3aUMHOrO pacnoyoe-
HHUA 3NeKTPO/10B. Cl10XKHBIE INEKTPOCTATHYECKHE OISl HCCIEAYIOTCS KCIEPUMEHTAN -
HO, B YaCTHOCTH, C NOMOLUbIO INEKTPOJIMTHYECKOH BaHHDL.

Lens pabomur. VizyyeHye MeTona MOJENHPOBaHHs NIEKTPOCTATHYECKUX NoJieli B
3NEKTPOIUTHYECKOH BAHHE U HCCNIENOBAHHME X XAPAKTEPHCTHK B MPOCTPAHCTBE MEKILY
JNEKTPOJaMH Pa3NH4HOM QOpMEL.

1. TEOPETHYECKAST YACTD.

ONEKTPOCTaTHYECKOE MOJie — 3TO MOJIe, CO3/aBaeMOe MOKOALUMMUCH IJIEKTpHYe-
CKHMH 3apsiamMu. CHIOBOH XapakTepHCTHKOM MOJis ABIAETCA HANPMKEHRHOCTh E , KO-
TOpas paBHa OTHOLICHUIO CHIBI F', NEHCTBYIOIIEH CO CTOPOHBI 2NEKTPHYECKOrO MO
Ha TO4EYHBIH NPOOHBIH 3apsll, NOMELUECHHbIH B paCCMaTPUBAEMYIO TOUKY MOJIf, K BENH-
YHHE ¢, 9TOr0 3apsja:

=
E=—" . :
7 (1.1)

[TpoOxEIii 3apsn nomkeH OBITE CTOJNB MAIBIM, YTOGEI €0 BHECEHHE HE MCKAaKaJlo HC-
clielyeMoe ¢ ero NOMOLIBIO NoNne.

OHepreTHyeckol XapaKTepHCTHKOH 3MEKTPOCTATHYECKOrO TOJIst CIYXKHUT ero no-
TEHLUHMall @, YUCIIEHHO paBHBIK paboTe, KOTOPYIO COBEpILAIOT CHJIbI NOJIST HAJl EMHHY-
HBIM TIOJIOXHTENbHBIM 3apAlOM NPH yAQIEHHH ero U3 JaHHOH TOYKH Ha GeckoHeu-
HOCTb:

Aan
p=—-. (1.2)
q
HanpsxeHHOCTh ¥ NOTEHLHAl CBA3aHB! PYT C IPYTOM COOTHOILEHHEM:
E= —gradp=—Veg, (1.3)
2
o.-¢,=[Edl , : (1.4)

1
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roe ¢, ¢» - notenuans B Toukax | n 2, dl - BeKTOp 3/1eMEHTapHOro nepeMelienns

B 2/IEKTPOCTATHYECKOM mofne, £; — NpoeKLHs HanpsHKeHHOCTH Ha dl . B nekapToBbix
KOOpAMHATax Juls E umeem:

poa 00 00 a“’k) (1.5)
' "oyt
roe 0‘7,},’-\‘- - €/IHHUYHLIE OPTL! B HANpaBNEHUAX X, },Z COOTBETCTBEHHO.

Vno6Ho# MOzenbio 3NeKTpHYecKoro Mois sBiseTcst ero uzobpakeHue B Buie
CHIIOBBIX H IKBUIOTEHUHMANLHEIX IMHUHA. CHIIOBBIE NHHUM ~ 3TO KPUBBIC, KACATE/BLHBIC K
KOTOPBIM B KaX[0H TOYKE COBMAjAalOT C HalipaBJIEHHEM BEKTOpa E . CusioBble NTHHUH
HAYWHAIOTCH Ha MONOXKHTENBHBIX 3apsaax (HCTOYHHMKH), a 3aKaHYMBaIOTCA Ha OTpHLA-
TenpHpIX (CTOKM). B Takoil MOjeny BeNHYHHA HANPSKEHHOCTH E NponopuuoHatbHa
ryCTOTE CHIIOBBIX NHHHH (MUCNO NHHME HA €NHHHLY NOBEPXHOCTH, NEPINEHIUKYIISPHOH

K HuM). TMosToMy TaM, rzie CHAOBBIE JIMHHH HAYT ryLIE, HaNpsXeHHOCTH IOJIs |E| -
Goneie. KapTiHy CUNOBBIX NUHUK YA0OHO JONONHUTS KAPTHHOH 3KBHITOTEHIHANBHBIX

HOBCPXHOC'I‘CH HOBBPXHOCTE:H PaBHOIO NOTEHIIHANA. HCPCCCKBHCB C IUIOCKOCTBIO Yep-
TEXA, 3KBHIMOTECHIL{HAE-

ﬂ\ﬁl\ A Hble [MOBEPXHOCTH JAIOT
3KBUNOTEHUHANBHBIE  JIH-
HuH (puc. 1).

JIMEMH ~ HanpsHKEHHOCTH
NEpPHeHAHKYNAPHBl  IKBH-
NOTEHIHANBHBEIM  OBEPX-
HOCTAM (JIMHUAM), B TOM
YHCEe H  MOBEPXHOCTAM
NPOBOAHKKOB B 3MNEKTpPO-
| CTaTHYECKOM II0jie, Tak
\V\"/ v KaK TocJIefHHe ABJAIOTCH
9KBHNOTEHLHATBHBIMHA
e obsemamu. Torpa BekTop
"""" G OB Y, cpeziHell HanpsKeHHOCTH
- IKBHNIOTEHIHANbHBIE JIHHHH =
<E> Mexny HOByMa 9K-
BUNIOTEHLMANEHBIMH [TOBEPXHOCTAMY (NIHHUAMH) C Pa3HOCTHEO MOTEHIHANoB AQ=(,—@,
HanpagsJIeH BJIOJIb JIHHHH, COOTBETCTBYIOLIEH KpaTyaHlleMy pacCTOSHHIO MEXIy HHMH

Al ot Gonbliero noTeHUHaNa K MEHBLIEMY — BJIOJIb HalpaBlieHUA HaubonbLIero HiMe-

HeHHs noTeHuMana (HaBcrpeuy gradg ). CormacHo BelpaxkeHuto (1.5) ans mopyns
cpellHell HanpshHKeHHOCTH nonsa <E> uMeeM:

Ag|
af 1.6
2l (1.6)

< E>=
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i e ' : Bsesiem rionsiTHe notoka Ha-
NPsKEHHOCTH YEPEe3 MOBEPXHOCTD S

N=[E ds ,
S

(1.7)
rae E, — npoexuus BeKTOpa Hanps-
KEHHOCTH Ha HOpPMallb K 3JIEMEHTY
NOBEPXHOCTH ds  (puc. 2). I'pachu-
YECKHH CMBICH MOTOKA — YMCIO CH-
JIOBBIX JIHHHH, NIPOHH3EIBAIOLUMX NO-
BEPXHOCTE S.

Hns pacyera aneKTpocTaTHUeCKHX mnonell B BaKyyme NpHUMEHJETCS Teopema
Octporpanckoro-I"aycca. Ona IJIACHT, YTO MOTOK BEKTOPA HANPSKEHHOCTH 3/EKTPHe-
CKOTO IOJA 4epe3 IPOM3BONIBHYIO 3aMKHYTYIO MOBEPXHOCTh paBeH anrebpanueckoi
CYMME 3aK/TIOYEHHBIX BHYTPH 3TOH [IOBEPXHOCTH 3apsf0B, AEJCHHbIX HA & :

Puc. 2

JEds=L3q,, | (1.8)
s &y i=l

rne qu - CyMMa 32pANI0B, HAXOJAIMXCA BHYTPU 3aMKHYTOMH NOBEPXHOCTH S

iul

&= 8,85%10™" O/ — anekrpuyeckas moctosHas, ]

Hcnonssosanue TeopeMb! 0cobenHo ynobHo B ciy4ae nonell, obnamaromux 3a-
panee U3BECTHOH CHMMETpHeH, 06yCIIOBIeHHOM CHMMeTpHeit B KOH(MHIypalHy 3apsios
— MCTOUHHKOB paccMatpusaemoro nons. Ilpu stom ynaercs Tak BeIGpaTh NOBEpXHOCTH
MHTCTPUPOBAHHS, YTO MOTOK HANPHKEHHOCTH CKBO3b HEE MOXKHO BEIDA3UTh uepes Hc-
KOMYIO HanpsXEHHOCTE MOJIA, YTO CYIIECTBEHHO YNPOUIAeT BHIYHCICHHS. Hcnoneays
Teopemy Octporpazckoro-Taycca (1.8 ) u dopmyny (1.4), MOXHO NONYHHTE 3HAYCHUS
HalpPDKCHHOCTH H NOTEHUMANA MOJIEH, CO3NAaHHEIX CIEAYIOUMMY 3aPOKeHHBIMHU TeJa-
MH:

1. [lone paBHOMEpHO 3apsienHOM GeCKOHEYHO MIOCKOCTH:

E=5°'—, (1.9)
£ ;
rae o =q/S - NOBEPXHOCTHAA IUIOTHOCTE 3apsia Ha MIOCKOCTH, g — 3apsi/l Ha y4acTke
MJIOCKOCTH IUIOLUAJEI0 S.

2. Ilone koHzencaTopa, 06pa3soBaHHOIO BYMs GeCKOHEUHBIMU MIACTHHAMM

(puc. 3):

2.C

f 0, x<0;
i (o) SO e 110)
E .
0, x>d.
0 d \‘\‘
0, x<0;
9o0)=0 ¢d)=U o(x)=4{Ex, 0<x<d; (l.11)
LU’ ’X)d,
Puc. 3

IZie X — KOOPAMHATA, OTCYMTHIBAEMAs OT IJIAaCTHHEI C HyJNIEBEIM IOTEHLHANOM; d - pac-
CTOsIHHE MeXy macTuHamy;, U=Ed - HanpshkeHue Ha KOHLEHCATOpe.
3. Ilone konzeHcaTopa, 06pa3oBaHHOIO ABYMS GECKOHEYHO JUIMHHBIMM KOAKCH-

ansHBIMH LHAHHApaMK (pHc. 4):

0, 0Zr<a;
E(r) ={——, a<r<b; (1.12)
2nE,r
0, r>b.
%- 5
0, 0<r<a;
@(r)={——In(r/a), a<r<b;(1.13)
27¢,
Puc. 4 U, r>b,
rje 7=qg/l - JHMHe#iHas IUIOTHOCTh

3aps/0B, g — 3apAll HA yHacTke HWIMHAPA JUTHHOM [ ; r - pacCTOAHME OT OCH LMIHHAPOB
JI0 TOYKH pacyeTa HanpsKEHHOCTH H NOTeHWHana; a, b — paauychl BHYTPEHHEro u
BHEILHEro LMNHHAPOB; U — HanpshkeHHe Ha KOHIEHCaTope.

EMKOCTH IUIOCKOrO M LMIMHAPHYECKONO KOHZIEHCATOPOB AAIOTCA ‘(opMynaMH

COOTBETCTBEHHO:

&S :
C=—"", (1.14)
eed
rae S — niuowank NnacTHHeI,
_ 2ne Ll (1.15)
In(b/a) )
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rae L — pnvHa UHJIMHIpA.
BHCPFHH W, 3anaceHHas B INIEKTPHYECKOM [0Ne KOHAEHCaTOopa, H MJIOTHOCTH

?

3HEPrHH W ONpEACNsAIOTCA BhIPAKEHHAMHU

cu?
W= ) 1.16
> (1.16)

&E’
= ¢ 1.17
S (1.17)

Cwiia MpUTKEHHA MIACTHH F B MIOCKOM KOHAEHCAtope paccqu’rbmae'rcsl no
dbopmyne:

rofa_ 4 (1.18)

Bxecem nponommx C [OJIOCTBIO B 3NekTpuyeckoe none (puc. 5). [Tone phizpiBaeT
nepepacnpeficNeHyde 3apsAnoB, B
pe3yJisTaTe KOTOpOro B IPOBOJI-
HHKE H B €ro MOJOCTH Hamps-
JeHHOCTh OymeT paBHa HYIIO.
IlpoBOXHHK NpPH 3TOM SABJISETCA
9KBHUMOTEHIHANBHEIM  06BEMOM.
IloBepxHocTHaA NNOTHOCTH 3a-
PA/I0B Ha NPOBOJIHHUKE CBA3aHa C
HanpmXeHHOCThIO BONM3KM ero
NIOBEPXHOCTH COOTHOLIEHHEM O
=gE w okaseiBaeTcs Haubone-
el BONM3H YYacTKOB C MailbiM

Puc. 5 PaiiyCcOM KPHBH3HEI (3aoc1-pe
: HHI).

B SKCI'IepHMeHTaJIBHOH
yactd paboThl OynyT HccnemoBaHbl 3NEKTPUYUECKHE MO B IUIOCKOM M LMJIMHIpUYe-
CKOM KOHJIEHCATOpaX, a TAKoKe M}y IEKTPOAaMH crienHanbHOH (GOopMEIL.

2. METOJJUKA 3KCHHEPHMEHTA H OIIMCAHHE YCTAHOBKH

2.1. Boibop MeTOANKH IKCIepHMeHTa

B nanHoit pabore mna HCCef0BaHHA JIEKTPOCTATHYECKHUX MOJeN BbIOpaH METOA
UX MOJIEJIMPOBAHHUA B NEKTPONUTUYECKOH BanHe. OH OCHOBaH HA TOM, 4TO ciabkle To-

KH B JIEKTPOJHTAaX MOAYHHAKTCA 3aKOHY OMa H CBsI3aHBI C HanpsAKEeHHOCTBIO MONA E
COOTHOLLEHHEM

2.2

J=vE @1
f/ie j — NNOTHOCTL TOKA, Y - YAeNbHAas MPOBOAUMOCTB 3IEKTPONIHTA.

Tlone nAOTHOCTH TOKa B 2JIEKTPOJIWTE rpadHuecKH NpeiCTaBIsieTcs NHHUAMU
[/I0THOCTH TOKA TaKiKe, KaK 3/IEKTPOCTATHYECKOE M10J1e CHIOBLIMH JIMHHAMM, H, COrac-
HO ypasHenuio (2.1), onn copnajaioT. Ecnu HeobXonumo MCCHEAOBATH Kakoe-n1bo
97IeKTPHYECKOE N0JIe, TO METATHYECKHE MOJIENH 3NIEKTPO/IOB, CO3AAIOLIKX €ro, IoMe-
LIAIOT B BaHHY C 2JIEKTPOJIH~
ToM (pHuc. 6). Mozenu anek-
TPOLOB JOMXHBI OBITH MO-
Z JOGHEI OpUrHHAJIAM IO KOH-
] ¢burypauud, pasmepaM H

‘| pacnonoXeHHIO, a noJaBae-
Mble Ha HHX OT HMCTOYHHMKa

NOTEHLHAJIE] NponopLH1o-
HaJIbHB! NOTEHI[HANIaM Ha pe-
> anbHEIX 3NeKTpojax. B BaHHe
X BO3HHKAaeT  3JIeKTPHYECKUH
Puc. 6 TOK, JJMHHH KOTOPOIO COBIMa- -

JAlOT C CHIOBBIMH JIHHHAMH
3eKTPHYECKOro 0.

Jis  n3MepeHHs I0-
TEHHUAIA B Pa3JIMYHBIX TOY-
Kax BaHHBI HCTONB3YIOT MPOBOAHUK-30H/I. Tak Kak TOK TEYET TOJBKO B JJIEKTPOJIMTE, TO
Ha [PAHALEAX BAHHA-3NIEKTPONIUT M SNCKTPONKT-BO3AYX NHHHMH IUIOTHOCTH TOKa Mapall-
JIeNbHB] 3THM NMoBepXHoCTAM (puc. 6), T.e. j,= 0. B cnyuae Hermyboko# BaHHBI 3TO yC-
NOBHe pacnpocTpaHsercs Ha Bech 06beM anexTponuta (puc. 6), T.e. THHUH J TOpH30H-
TanbHbL Taxkum 06pa3oM, MOXXHO JOCTaTOYHO TOYHO MOJEIHPOBATH JIKIIb NOJIA C I'OpH-
30HTaNbHBIMU CHJIOBBIMH JIMHUAMH, 3aBHCALUHE TOJNBKO OT ABYX KOOpAHMHAT X H Y
(nnockonapannenshble mons). Takue MONA CO3JAIOTCA 3apHKEHHBIMH OECKOHEYHO
JUIMHHBIMH BIOJb Z MJIMHAPHYECKUMH (TUIOCKHMH) NOBEPXHOCTAMM. JUIst HX MOZEIIH-
POBaHHS JIEKTPOLLI KOHEYHOH JIUTHHBI MOTPY’XaloT HA IHO Herny6OoKoH BaHHB! H CO3-

1- BaHHa; 2- 3NEKTPOJIUT; S — 30HJ;
A, B — 351eKTpOAEL.

‘Nal0T HA HUX COOTBETCTBYIOLIHE MOTEHLHAJEI, ITPH 3TOM I10JIE j B BaAHHE 3KBHBAJICHT-

HO 3/1eKTpHYecKoMy Moo E 0T 6CKOHEYHO JUTHHHBIX BOJL Z 3JIEKTPOJIOB.
B 3KcnepUMeHTIBHOM YacTH paboThl OyayT HCCNEA0BAThCA IIIOCKONapaieNb-
HEle Mofst B Hernybokoit BaHHe.

2.2. OxcnepuMeHTANLHAS YCTAHOBKA i TPeO0OBaHH K e€ J1eMeHTaM
Cxema yCTaHOBKM NPEJICTARNEHA Ha pUC. 7. B 3KCepuMeHTe HCMOJB3YIOTCA Cile-
Aytotie npubophi: reHepaTop CHrHaina Hu3koH yactorsl I'3 (1), BONLTMETp yHUBEp-

cansHblii B7 (2) ¢ 30un0M (3), anektponuTHieckas BaHHa (4) ¢ HAOOpOM 3/IEKTPO/IOB
paznuyHoi dopmel (5).
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C renepatopa nepe-
MCHHOE HanpsxeHWe noaa-
€TCA Ha 2JIEKTpoJibl, GOpPMH-
PYA 3JIEKTPUYECKOE Mose U
TOKH B BaHHe. B 3aBucumo-
CTH OT MOJNIOKEHHA MEPEKIIO-
yatens Il BonbT™MeTp  U3Me-
psert:

a) HanpsXeHHE Ha
anexTponax, ecau Il B nono-

KeHuu “U”;
6) moTeHuuan nons B
Puc.7 TOYKE HaxXOXKAEHUs 30HIA

OTHOCHTENEHO 323eMJIEHHOIO

351eKTpoa, eciu IT B nonoxenuu “S”;

B) BXOJl BONETMETPA 3akopoyeH, ecnu I1 B nonoxenuu .17,

Jnst yMEHBIIEHUA METOJHHECKUX TMOIPEIIHOCTEH MONENMPOBaHHS 3JIEKTPO-
CTaTHYECKHX ITOJIeH K YCTaHOBKE NMPEALABIAIOTCS CNEAYIOLHE TpeOoBaHHs:

1) TpeGoBanue K 3NEKTPONHUTY.

Mertop MozienpoBaHus OCHOBaH Ha COOTHOLIEHUM (2.1). DNEKTPONUT He NOMKeH
HCK&)XaTh 3TO COOTHOILIEHHME, T. €. JOJDKEH OBITH OIHOPOAHEIM (¥ = const). Ecnu B anek-
TPOAUTE OYAYT Te'b 3aMETHBIE TOKH, TO BCIE/ICTBHE NIOKANBHONO Pa3orpesa H3MeHHTCS
€ro NpOBOJMMOCTbL M COOTHOLUCHHE (2.1) MOXET HapyUIHTBCs, [O3TOMY 3NEKTPOJIHT
noixeH 6viTh cnabo nposossumM. B kauectse anekTponuTa 06BIYHO HCnoNb3yeTes
JMCTHITHPOBAaHHAA BOAA.

2) TpeboBaHus Kk BaHHe.

Jinst coxpaHerus nonobus NUHKI NONA U TOKAa HEOOXOAUMO, UTOGL! HPOBOJH-
MOCTh MaTepHana BaHHBI Oblta MHOrO MeHbllE POBOJAMMOCTH 3JIEKTPONHTA. B 3TOM
ClTyHae TOK He OTBETBJISETCS Ha BaHHY, a POTeKAeT JIMILE 110 JIEKTPONIUTY. B KayecTBe
MaTepHalia BaHHBI OOBIMHO MPHMEHSIOT OPraHUYecKoe CTEKIIO.

3) TpeGoBaHKa K HCTOUHUKY HAIPKEHHUA.

Ilpx ucnonb30BaHuK HCTOYHHKA MOCTOSHHOIO TOKA M3-32 JJIEKTPONN3A H3MEHS-
€TCsl COCTaB 3JIEKTPONHTA M HapyIUaeTCA ero OJHOpoAHOCTh. I103TOMY B ycTaHOBKE
NPUMCHACTCS HCTOYHHK NEPEMEHHOrO TOKa (reHepaTop curianos I'3).

4) TpeboBaHUA K 30HALY H BOJILTMETPY.

Jna MMHHMANBHOTO HCKAXEHUA 30HJOM UCCIIe/lyeMOro TONA €ro JIMaMeTp Aoi-
KeH ObiTe NOCTATO4YHO MasbIM, Tak YTOGB H3MEHEHHUE MOTEHIMANa B Npeaenax 30HAa
Ob110 MHOrO MeHbIe ero aGCOMOTHONO 3HauyeHHA. BXOIHOE CONMPOTHBIEHUE BONBT-
METpa JI0JDKHO OBITh MAOIO GOJIBLIIE CONPOTHRIICHHS YIACTKA SJIEKTPONIATA, K KOTOPOMY
OH mopktoyaetcs. Ipu 3TOM OTBETBIIEHHE TOKa Ha BOIBTMETP MAslo, HTO JENaeT UCKa-
YKEHHUS MOJIA NMPeHeOPex HMO MaJIBIMH.
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3. 9KCINEPUMEHTAJNBHAS YACTD

3.1. IpaBuna rexuuki Gezonacnoctn npi pabore ia ycraHoBke

a) Bxnouatb YCTAHOBKY B CETDL TOJIEKO MOCHE [TPOBEPKH €€ HaGOPaHTOM HIIK npenona-

BaTeNeM.
6) Ilp1 BKJIFOYEHHOM YCTAaHOBKE He KacaTbCs pyKaMH 3JIEKTPOJIOB.

B) CMeHY 3JIeKTPOJIOB MPOBOAHTE TONBKO MPH BBIKIIOYEHHOM I'eHepaTope.

r) Ilo okoH4aHHH H3MEPEHHI1 YCTaHOBKY OTK/IIOHHTB OT CETH.

1) JlononHuTeNbHbIE YKazaHHsA Mo TeXHUKe 6e30MacHOCTH NPeACTABNEHb! B MHCTPYK-
L{MH 110 3KCILTyaTaluu npubopos.

3.2. IloaroToBka ycTaHOBKH K pa6oTe

a) Y CTaHOBHTS B BaHHY C IHCTHJUIHPOBaHHOM BOJOH aneKTpoas! (hopma :memponos
YKa3biBaeTCA NpeNnoAaBaTeNeM).

6) Cobpath cxemy, H300pakeHHYIO Ha pHC. 7, H NOKa3aTh U IPOBEPKHU NperojiaBare-
N0 uny nabopauty.

B) Iloctaputh nepexmoyarens I1 B nonoxenne “U”.

r) ITonroToBUTE K paboTe U BKIIOYHUTH NPHOOPEL.

n) Iopats ¢ rexeparopa I'3 curxan yactotb! /=5 k' u HanpsmeHHeM U=5B.

e) I'lo BonsT™MeTpy B7 ¢ noMoIIbIO reHepaTopa YCTaHOBHTS HaNpshKEHHe Ha 3MIeKTPosax
=18,

%) [ocrasuTs nepexmoyarens IT B nonoxenue “S”. Ilpu stoM BonsT™MeTp B7 noawmo-
YeH K 30H/y U U3MEPSET Pa3HOCTh MOTEHIMANIOB MEX/TY 30H0M U 333eMNIEHHBIM JJIeK-
TpoZioM. Y CTaHOBKa roToBa K pabore.

3.3. 3ananue 1. HecenoBaHHe 3I€KTPOCTATHYECKOIO OIS MJIOCKOTO
KOHeHcaTopa.

3.3.1. Usmepenus.
a) B ciy4ae ycTaHOBNEHHBIX B BaHHY IUIOCKHX 3JIEKTPOJIOB, MlepeMelas 30HA OT OfHO-
IO 3JIeKTpoJa K APYroMy BAOJNE CpefiHei NHHUM C maroM A x = | cM, CHATH 3aBHCH-
MOCTb MoTeHIHana oT paccTosHud @ = @(x) npux<0,0< x< d, x>d, tnex=0,x=d
— KOOpAMHATHI JNEKTpooB. PaccTtosHue d yCTaHABIMBAETCA 110 YKA3aHUIO npeno,u,aaa;
Tena B npenenax or 10 no 20 cm.
6) SKcnepHMEeHTANBHO ONpE/IeIMTh YeThIPe SKBHNOTEHUHANBHEIE JHHHH C MOTEHIHa-
JjaMH ¢=1B,2B,3B,4B.

Jins onmpeneneHus 3KBUMOTEHIMANIBHOM JIMHUY TIepeMellaTh 30H/ 110 BaHHE, Ha-
XOJIfl TOUYKH C OJIHHAKOBBIM TIGTEHIHANIOM ¥ 3aNHCBIBAs MX KoopAMHATBL st KaXioi
JIMHHH HeoOXONMMO onpefenuTs He MeHee 7 Touek. IIpoBepuTh, YTO 3NEKTPOMBI SBIS-
I0TCS 3KBHIOTEHIMANBLHBIMH MTOBEPXHOCTAMH.
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3.3.2. O6paboTka pe3yibTATOB H3MEPEHHTT

a) Io pesyneraTaM H3MepeHHH MOCTPOHTH rpadHk 3aBucHMOCTH @ = ¢fx). KauecTneH-
HO CPaBHHUTh KCMNEPHUMEHTANBHYIO KPHBYIO C TEOPETHYCCKOH.

6) Ipaduueckum nuddepeHUUpoBaHHeM (CM. NPHIOKEHHE) PaCCUUTATL 3aBUCHMOCTD
E=E(x) npu x <0, 0 < x £d, x > d, noctpouts ee rpaduk, NpoBECTH KaueCTBEHHOE
CpaBHEHHE ¢ TeOpHEH.

B) Mcxons 13 norpeliHocTel H3MepeH s HanpAKeHHs H pacCTOSHUA MeXAY IUIacTHHA-
MH, paccyMTaTh NOIPEIIHOCTh H3MEpeHHA E.

r) Ilo pe3synbrataM H3MepeHHH MOCTPOHTH KapTHHY 3KBHMOTEHLHANBHEIX H CHIIOBBIX
JIMHUH ANEKTPOCTAaTHYECKOro InoJjis IUIOCKOro KOHJEHCaTopa, OGpaEOBBHHOI‘O ABYMA
BQCKOHCqHBIMH MIOCKOCTAMH. :

1) Ucnons3ys 3Hauenus miomaau miactul S =1 M 4 npenebperas HCKaXeHUEM MO
Ha MX Kpasfx, pacCHYHUTATh CIEAYIOLIHE XapaKTepUCTHKH: ¢ H O - 3apsll U MOBEPXHOCT-
HYIO MNOTHOCTH 3apsja Ha miacTHle, C - eMKOCTh KOHJeHcaTopa, W/ B w — 3Hepruio u
0OBEMHYIO TJIOTHOCTL 3HEPrHM NonA, F — cuiy nputskerHs ruactu. Cuuras, ¥To B
MOJIEJIHPYEMOM KOHJIEHCATOPE AH3JIEKTPHK OTCYTCTBYET, NUIJIEKTPHYECKHE CBOMCTBA
3JIEKTPOJIUTA HE YHUTHIBATh.

e) Paccuutarh NOTOK E gepe3 IUIOCKYIO MOBepXHOCTh (S =1 M2 ), PacronoXeHHYIO
BHYTpH KOHJIEHCATOPa H HaKJIOHEHHYIO K CHJIOBEIM JIMHHAM NOA yriioM o = 30°,

3.4. 3apauue 2. UccieaoBanue 3JIeKTPOCTATHYECKOrO NOJISl IIHIHHAPHYECKOr0o
KOHAeHcaTopa.

3.4.1. Mamepenusn.
a) B cnyyae yCTAaHOBJIEHHBIX B BaHHY KOAKCHAIBHBIX LMIMHAPHUYECKHX 3JIEKTPOLOB,
niepeMeLas 30H BAOJE pajuyca r (r — paccTosHHe OT OCH LIMIHHAPOB JI0 30HAa) C Iua-
roM A r = | cM, CHATh 3aBHCHMOCTb NOTEHIMana ¢ = @r)npur<a,a< r< b,r>b,
rae a u b — panuychl Mauoro H 60NEIIOro 31eKTPoIo..
6) DKClepUMEHTANIBHO ONpEeie/IMTh YeThIpe SKBUNOTEHUHANLHEIE JIMHHH C NMOTeHLHa-
namu ¢ =1 B, 2 B, 3 B, 4 B, kak 3710 yKazaHo B nyHkre 3.3.1.6. Jing noctpoeHus Kax-

NO# NHHUK HCeToNb30BaTh He MeHee 8-10 Touex. IIpoBepHTH, YTO 3/EKTPOAB! ABJISAIOTCH

SKBHUIOTEHLIMANBHBIMH NOBEPXHOCTAMH.
3.4.2. O6pa6oTK2a pe3y/ibTATOB H3MepeHHii

a) o pesyneTaram H3MepeHHi MOCTPOUTE rPpadHKH 3aBHCUMOCTEH @ = ((r) U

¢ = @Kln(/a)) npur<a,a< r< b, r>b. KayecTBeHHO CPaBHHUTH IKCMEPHMEHTAIE-
Hble KPHUBBIE C TEOPETHYECKHMH.

6) Npaduueckum arnddepeHUHPOBAHHEM B HECKONIBKHX ToUKaX (CM. pHIOXKEHHE) pac-
cYuTaTh 3aBUCHMOCTL E=E(r)npu r <a,a < r < b, r> b . Iloctpouts rpaduxu E=E(r)
u E=E(1/r), npoBecTy KayeCTBEHHOE CPaBHEeHHe HX C TeopHeil.
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g) Mo pesyavrartaM H3sepeHuii NOCTPOMTH KAapTHRY IKBHMOTEHUHANGHLIX U CHAOBLIX
JIMHUI 3NEKTPOCTaTMHECKOrO NMOJIA UMJIMHAPHYECKOro KOH/eHCaTopa, obpazoBaHHOrO
nByMs 6eCKOHEYHO JUTMHHBIMU LIHTHHPAMH.

r) Us rpaduka ¢ = @(In(r/a)), nenone3ys Gopmyny (1.13), no TaHreHcy yria HakioHa
KpHBOIi PaCCUHTATH JIMHEHHYIO MIOTHOCTH 3ap/ia T Ha JJICKTPOAE. Cuuras, 4TO E Mo-
JEUPYEMOM KOHIEHCATOpEe IHINEKTPHK OTCYTCTBYET, AHMINIEKTPHUECKME CBOHCTBA
3JIEKTPOJIMTA HE YUHTHIBATE.

1) Ucnonb3ys 3HaueHus JIMHEL LUAKMHAPOB L =1 M 1 npeHebperas HCKaXXEHUEM OIS
Ha TopLax LMIMHAPOB, paccuntath no dopmynam (1.15), (1.16), (1.17) emkocTb KOH-
nesicatopa C , sHepruio W u 06beMHYIO TUIOTHOCTE SHEPrHH MO W B KaKo#-nubo
TOUKE MOJfL. o '
e) Paccunrarh noToku £ uepes KOaKCHallbHbIE C NIEKTPOJAMH UMIMHAPHICCKHE MO~
BEPXHOCTH PajitycoB ry = 5 ¢M, r»= 8 cM ¥ uiunel L = 1 M. [IpoaHanusupoBats noiy-
YEeHHbIe pe3ynbTaThl.

3.5. 3ananue 3. HecsieoBaue 3JJEeKTPOCTATHYECKOI0 M0Jis BOKPYr NPOBOAHHKOB
NpOH3BOJBLHOMH (POpMBL

3.5.1. Hamepenus.
a) B cinyyac NMpOM3BOJNIBEHO YCTAHOBJICHHBIX B BaHHY IUIOCKOrO M LMAHHIPH4ECKOro

3JIEKTPOJIOB MOMECTHTH HECHMMETPHYHO MEXly HUMH METJLTHYCCKYIO IUIACTHHY C Io-
NOCTHIO. 3adUKCHPOBATH KOOPAHHATHI 3IEKTPOXOB M IUIACTHHEL

6) DKCNEpUMEHTAILHO ONPENEIHTE YETHIPE SKBHIOTCHIMANBHEIE JIMHUK C MOTCHIHA-
namu @ =1 B, 2 B, 3 B, 4 B. Jlns nocTpoeHnus kaxo¥i NUHHHE HEOOX0MMO HCIONE30-
paTh He McHee 10 Touek. IIpoBepHTh, UTO 3JIEKTPO/BI H ITACTHHEL SBJAKOTCS 3KBUNO-
TeHUMANBHBIMU NOBEPXHOCTAMM. M3MEpUTE NOTEHLHMANE! B HECKOJIBKHX TOUYKAX MOJI0C-

- TH.

B) Jina pacuera HAnpsHKEHHOCTH Mot E ¥ MOBEpXHOCTHOH IUIOTHOCTH 3apAZioB O° Ha
TNOBEPXHOCTH IUIACTUHBI C MOJIOCTBIO CHATH paclpe/el/ieHie NoTeHLKaa BAOJb JHHKH,
OXBaTBIBAIOLIEH TUIaCTHHY W PaclolioXKeHHOH Ha paccTosHuu [ =3 MM OT ee Kpasd (ze .
MeHee 8 ToueK).

3.5.2. Oﬁpéﬁoma Pe3yabTATOB H3MepeHH

a) IMo pesynsTaTanr M3MepeHHH NMOCTPOMTH KapTHHY 3KBHIOTCHUHAIBHBIX H CHIIOBBIX
JIMHUE 3IEKTPOCTATHHECKOrO 1014, y .

6) Ucronb3ys cBA3h HANpsDKEHHOCTH H moTeHuMana (1.6), onpenenuTs CpeHIO Ha-
TpsOKEHHOCTH 3JIEKTPOCTATHYECKOr'O MOJIA BAOJIb OJIHOM CHJIOBOH JIMHHH.

8) ITo pesynbTaraM 9KCIEDHMEHTA PACCUUTATh B HECKOJIBKHX TOYKAX HANPKEHHOCTH
nonst E BOMU3M MOBEPXHOCTH IUIACTHHBI C I10IOCTBIO H MOBEPXHOCTHYIO MIIOTHOCTH
3apANOB 0 Ha Heil, HanpsKeHHOCTh nonst E BHYTpH nojioctd. CyuTas, 4TO B MOAEINH-
pYeMOM Mofie AM3NEKTPHK OTCYTCTBYET, AUIEKTPHIECKHE CBOHCTBA SMEKTPONUTA HE
YHMTEIBaTh.
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4. YUPC. METOJ 3BEPKAJLHBIX U30BPAXKEHHUH

a) Ha 6ase umerowtelica annapatypsl pa3paboTaTs cXeMy M3MepeHHs pacripe/eneHHs
MOTCHLIHANA 3/IEKTPOCTATHYECKOrO MO, CO3AAHHOIO TOHKHM LMIMHAPOM (HUTHIO) M

[

o

lo

Puc. 8
1- 3asemieHHas MeTaIMYeCKas [UTACTHHA,
2- TOHKHH LMIHHAPHYECKUH SNEKTPON

3a3eMJIEHHOH MJIaCTHHOMH.

6) PacnonoxuB uuaMHAp Ha
NepreHAUKysipe, NpoXoasileM
Yyepe3 cepeiuHy IUIACTHHbBI, Ha
pacctosHuM [ = 7 cM OT Hee
(pHc. 8), axcriepHMeHTaNBHO [10-
CTPOHTH KapTHHY 3KBHUIIOTEHIIU-
IBHBIX H CHJIOBBIX JIMHHH.

B) OKCNEPUMEHTAIEHO HCCNENO-
BaTh 3aBHCHMOCTh IOTEHLHasa
OT pAacCTOAHHS MEXAY 3a3eM-
NIEHHOH TMUIACTHHON W  LWIHH-
ZpoM.

r) Jlns pacyera HanpsXKEHHOCTH

E ¥ NOBEPXHOCTHOM IUIOTHOCTH 3apA/iOB HA IUIACTHHE O 3KCNEPHMEHTANIBHO
HCCIICNOBATE 3aBHCHMOCTE NOTEHUHANA OT X Ha PACCTOAHKHM ¥ = 3 MM OT MJIACTHHE! @ =
@x, y =3 MM).
x) Io pesynsraTam usMepeHuit MOCTpoHTs rpaduku @ = ¢(0, y); o= Ax, ¥y =3 Mm);
E = E(x, 0); o= ofx).
e) Henons3ys MeTon 3epKalbHBIX 0TOGpAXEHHH, NOMYYHTh TEOPETUYECKHE 3aBHCHMO-
ctd ¢ = X0, y), E= E(x, 0) u 0= o(x). ITo HanpsxeHHIO MEXy HHIHHAPOM H IUIACTH-
HOM pacCUMTATh JIMHEHHYIO IUIOTHOCTE 3apAJIOB 7 Ha LMIMHApe. CPaBHHUTH TeopeTHYe-

CKHE pEe3yNbTaThl C pe3ynbTaTaMu IKCIIEPpHMEHTA.

%) Ilo pesynbTaram SKCNEPUMEHTa PaCCUHTATh CHIy F Ha €JIMHUIY JUIMHBI, ¢ KOTOPO#
NPUTAMBAKOTCA LMIHHAD U IUIACTHHA.
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3.
4.

(|

BOIIPOCHI I1O TEME

3akon Kysona. HanpsxkeHHOCTb M NOTEHLUHAN 3MeKTpHyecKoro nons. Cpssb MEXAY
HUMH. Pacuer HanpsXXeHHOCTH M MNOTEHIHaNa ¢ NOMOILLIO0 3aKkoHa KysioHa 1 NpHH-
LMIa CyNeprno3HiuH.

[lotox Hanpsxentoctd. Teopema Octporpanckoro-I'aycca.

Pacuer 1o paBHOMEPHO 3apAXKEHHBIX:

a) MI0CKOCTH, ABYX IIOCKOCTeH (TIOCKHH KOHAEHCATOP),

6) cheps,

B) Liapa, _

r) OecCKOHEUHO JUIHHHBIX HHTH H LIWIHHApPA.

EMKOCTB MJ0CKOr0 H LHJIHHAPUYECKOTO KOH/IEHCATOPOB.

DHeprus U [IOTHOCTL S3HEPTHH JIEKTPHYECKOTO MO,

Tlons BoXpyr NpoBOAHHKOB. DJNIEKTPOCTATHYECKAS 3aIl{MTA. i

Mertoa MOIEIMPOBaHHS JIEKTPOCTATHUECKHX TT0JIEH B 3JIEKTPONHTHYECKOH BaHHE.
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ITPUIOXKEHUE
I'paduueckoe nnd:@cbenunpoaauuc

H3pectHo, 4T0 Npou3BoaHas dy/dx paBHa TAHNeHCY yIJia HAKJIOHA KacaTesbHOM K
KPHMBOii y=y(X) B COOTBETCTBYIOIEH TOYKE K MOJNOKHTENLHOMY HanpapJeHHIo ocu X.
3TO mNO3BONAET 10 H3BeCTHOMY rpaduky »=y(x) nposecTu rpaduyeckoe
nuddepenurposanue. Tak, HanpuMep, NpPH HCCNEJ0BAHUM 3NEKTPHYECKHX TMONCIH
HOJ1YHat0T 9KCIIEPHMEHTAIbHYIO 3aBHCHMOCTE ¢=@(X) U CTpoAT ee rpaduk (puc. 9).

2B A CornacHo
> _ BelpaxkeHdio (1.5) s
qa(x) OZIHOMEPHOro nons,
SIATSoRE T B R e e e xorga E U ¢ 3aBHcAT
A JIHIIE OT OJHOH KOOp-
- JHHATEL, HMeeM:
3 SCdo,ni
T Ap=5B o

Hanpumep,  Haii-
JleM 3HayeHue Hamps-

o - —

< \ > XeHHOCTH £ B TOUKe
% -t | > x = 4 cm. Jina storo B
-1 0 1 2 3 &) X, CM JaHHOH TOYKe MpOoBO-
JHM  KacaTellbHyl0 K
Puc. 9 KpHBOH @=¢(x) u on-
pezaensieM Ag u Ax (cm.
puc. 9). Torza
= dop _Ap 5B
=————=100 B/m,
dx T Ax 5*107m
otkyzna E, = - 100 B/M. 3Hak “ — “ roka3blBaeT, YTO HANPSHKEHHOCTh £ HampagieHa

NIPOTHB OCH X.
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VK 537.85

Jla6opatopHas pabora Ne 2-30

SKCIIEPUMEHTAJILHBIE UCCHIEJJOBAHUS JUINIEKTPUUECKHX
CBOMCTB MATEPUAJIOB

T. B. Koxepuukosa, JI. A. Kysueuos, T. C. Iapesckas, I'. H. 11lnmkos

JlaHO KpaTKOE ONHMCAaHHE SNEKTPHUYECKHX SBJICHHH B JMBJIEKTPHKE,
IOMEIEHHOM B OJIHOPOJHOE 3JIEKTpHUeCKoe rone. OnucaHbl 3KCNEPUMEH-
TaNbHAs YCTAHOBKA IO HCCIIEJOBaHHMIO CBOKCTB }IIBJICKrpHKOB U NOPsAJOK

paboThl Ha HEM.



BBeneHne

_ B CBA3K C WUPOKUM WUCNONB30BaHHEM B 3NEKTPOTEXHUKE, panﬂoaneﬁr—
POHKKE, aBTOMATHKE FMINEKTPUMUECKVX MATEpUanoB MpPOABAAETCH 3HAUMTE—
JNBHH{ UHTEPEC K ¢UX 3NEKTPUYECKMN XapaKkTepucTiraM. JMaNEKTPAKM UCHO—
NH3YNTCA B KAUECTBE MICTKPYHMUX INEMEHTOB, BXOJAAT B COCTAB 3NEKTPU-—
YECKVX HOHIEHCATODOB, TNPHMEHANTCHA KaK MOJNOXKN A BGOPMUDOBAHMA pa-
ZUOCXEl B MUKDO3NEKTPOHMKe. Ha OCHOBE CErHETO3NEKTPUKOB M3rOTABIUBA-
KTCA KOHZEHCATODPH CONBWOY EMKOCTH # MAaNHX DasMepoB. [MpOaNEeKTpUec—
KUe CBOMiCTBA ZUINEKTPUKOB MCHONB3YNTCA INA PErMCTpaLuy U3NYYEHHUM.
ITbe303NEKTPUEY NPUMEHANTCH KaK JATUMK¥ JABIEHUA, WCTOUHMKYM YABTpa-
8BYK3. [[B€30KBApL — OCHOBHO{ 3NEMEHT B BHCCKOCTAGMIBHHX KBAPLEBHX
rereparopax. CinezoBaTenbHO, H3YdYEHUE 3NeKTPUYECKUX CBOHCTB MaTepua-
NOB ¥ 3NEKTPHYECKUX rnonell B HUX — BaxHasg KHEEHEDHAA 3azaya.

llens raHHO{l paloTH — ONpejieNeEke nHSREHTquEQKDﬁ nnoﬂauaeuocrn
¥ TNONAPUSANUOHBEHX XaPaKTEPUCTHK DASNAUHHX ZUINEKTPHKOB, MBYUEHHE
SNEKTPUYECKNUX TMONEel B HMUX, UCCIEZOBAHHE nﬂxeﬁaocra 4 DECTIEPCHN JH3—
NEKTPUUECKUX CBOYICTR M3aTEpUANOB.

B pafore MB8YuaeTCA SKCIEDPUMEHTANEHHA uemon H3Hepeﬂﬂﬂ euxoewn
KOHZEHCATOPOB ¥ ZUSNEKTPUIECKOH NPOHKUIEEMOCTH MATEpUANIOB.

I. TEOPETWYECKAA YACTH

PacCMOTDUM XaDAKTEDP SMEKTPATECKUAX ABNEHUH B NMINEKTDUKE - NOME~
WEHHOM B OZHODOZHOE SIEKTPAUECKOe none. IyCTh uMeeTCs BapAREHEH!
TIOCKMH KOHZEHCATOD G NMOBEPXHOCTHOY INIOTHOCTHW CBOGOZHKX 3aPAZOB KA
ooxnazxax £G (puc. I,a). HanpameHHOCTS MONA MEEAY INACTHHAME B_Ba-
KyyuMe E' BHUYCNACTCA no (fopuyne '

EasiO el | D)

rie :5 =.8; 85-10"12 O/¥ - ZUBNEKTPUYECKAR NPOHUUBEMOCTH BaKyyMa.

Bneceu B 970 NONE NJIBCTAHY OAHOPOAHOIO USOTPONHOTO J¥BIIEKTPUKA
(puc. I,0). llox zelicTBuerM NMONA AUBNEKTPHUK TNONAPUSYETCA ¥ HA Ero Mo-
BEPXHOCTH NOABJIANTCA CBA3AHHHE B3aDPAAH C_JI0BEPXHOCTHOH mroTHOCTED +G
dT# -3apgAH’ cosnawT B Auanextpuke nome £ ° (puc. I,B), KoTopoe Hampa-
BJIGHO MPOTHB BHEWNHErO NOJIA g; M MMEET BEIUVMHY

{ I
Ei=rGl/e : (1.2)
PeanyTprmmee.ﬁone B ﬁnaxexrpmge, COT/IACHO NPUHLMIY CYNEpHo3unuy,

BHUMCIAETCA MO Qopmyine
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oy E=E,-~ E'—GG’ (1.3)

CreneHs nonﬂpzaonaaﬂocrn JH#3NEKTPU-
Ka xapaarepnsyercx BEKTOPOM MONAPM3aLuu

: 4 P =tim ! (1.4)
H NEF: AV-20 AV
rzie AP = NEKTPAYECKMl MOMEHT 00bexa

4V . B 3MeKTPUUECKOM MONE BEKTOD NOJA-
'puaaunﬁ 72 MPONOPIMOKANIEH HANIPRECHHOCTA:

b=y (1.5)
rne X - AuBNEKTPUYECKAR BOCNPUMMUKBOCTD
BemecTBa. Mopynb BexTopa NOJIApK3aUUK I? ;
CBA3aH C MIOTHOCTHM CBA3aHHNX 33pazoB O
COOTHOMEHUEN

D =G (1.6)

- ¥
3zecs B, - npoexuss BekTopa Ha ﬂnpuans
K TIOBEPXHOCTH ZAUBNEKTPUKE.

ficnonep3ys Gopuynn (I.3), (1.5) u
(1.6), IErKo Nokasath, YT0 B paccMarTpuBa-

euoﬁ sanaqe
AN (1.7)

.rre & =1 1-,7[ ~ OTHOCATENBHAA JIMSNEKTPH—
yecKas NPOHWLAEMOCTE AUBNEKTDHKA, KOTOPad
XapaKTepusyer, BO CKONBKO DPas 3NEKTPAYEC-
Koe ToNe CBOGOZHHX SapAZOB, NOMEUMEHHHX E
ZMANEKTPUYECKYD CpEZy, Mesbue, yew' none,
CO3jaBaEMOe TeMM Xe 3APAZAMM B BAKYYME.

B zusmeKTpwie BBOZUICA BEKTOP MEKT-
anexrpnuecxo? munynnun )

D "6‘£+P,, BENTEE)
Remopuﬁ onpenenﬁercn TONHKO caodondﬂnu 3apAzaMy #,COr7acHo @opuyxau
QI 3) u (1.6), Buqﬂcxﬁercﬂ KaK ” _
el _0’, / (1.9)
fiz-3a orcyfcmnﬂﬂ H3 NOBEPXHOCTH AUSNEKTPAKA CBOGOJIHLY. 3apAZOB B pac-
cxarpusaemolt aazaue 1) B B3KyyMe U B JH3NSKTPUKE cosnazant. B M30-

TPONEOM AMaNeKTpuke sekrop 1) , xak cnexyetr us (I.8), CsasaH C B
CCOTHOUEHHEM :

£ ot
. lt!



g”:.coksﬂl.

IAe ZUNA AUHEHHOTO AM3NEKTDHKE
r T 1}“'{,'4 ""CHEPV“:ELITA #1 YCTAHOBKA

B zsrHOIt padcTe YCCHEZOBAHUE ,I[&iEJISKTpI«Il{eCRHJ( CBOfiCTB NpOBOAU-
TCHA METOJIOM M3MEPEH#A eMXOCTH KOHZEeHcaTopa. EMxocTh '€  TIADCKOLO
KOHJIeHCaTopa HaxXozurcsa Mo gopuyre '

€ =¢&,e5/d; (2.1)
S - mrowazp muacTuuy XOHJZIEKCATOPA § d - paccToAHKe uem niacTu-

HaM¥y,
H3MepAA EeMKOCTH KOHZEHcaTopa ¢ nnanexrpnmu ( /é; ) K 0e3 Hero

(&), no gopuyne
& =0/C, _ (2.2)
CIHDGI[GJ!HGM ZUBNICKTPHIECKYD nponnuaeuocn. uaTepuana.
Hauepeune EMKOCTH KOHZIEHCATOPa OCYHECTBARETCH MO cXeMe, npem-—
. TABIEHHO} Ha puc.2.

el

Pﬂc 2
c I‘EHEpaTopa 'HR RC-uens noxaercn NepereHHoe HaNpAXEHUE Uy =
_Um,wsmt, rze U, - aunmuryza sanpazess, @ = ;25rf ~ Kpyro-
Baf gacroTa, f— yacrora.

: BomsTMETD pV u3Mepfer :atp@emnsﬁoe sHagveHue 3T0T0 Hanpﬁme}mﬂ
0; » KOTOPOE CBAZ2HO C aﬁrmwryzmuu U ; COOTHOUEHHEN,

V_‘U - (2.3)

Ecnu euxocTHOe COHDOTHBHBHHB X = f/wC> R , 10 ¢ TOYHOCTEM MO~
paznxa (R / Xa ) BCE HamnpAKeHUe U, naZiaeT Ha EMKOCTH. ‘Iacm:ra
onpez{enﬂe'rca mo mKaie reueparopa. B RC -uenu tever Tox { =] 005(6)2‘-_(0)

rae I, - aunmuryna Toka: =
m ; PaBHOCTE (Ja3 MEXAY TOKOM i Hau =
uneu Ha RC -nenu. : Y % A, iy

L :

(1.10)

AMMIYTY/IA HANDAKEHKA U Ha conpo'maneﬂm& R cornacHo 3axoHy

QMa JaeTCR BHPAXEHIEM
- = 1 p : . (2.4)

BOJNBTHETD sz HEMB}JRB‘I‘ s@ape}crﬂsﬂoe 3Haqehue HanprEeHun Ué Ha
CONMPOTUBNEHNY, KOTODOE CBA3AHO C AMIIUTYZHHN 3HIUCHHCM Umzcomaome—

HyueM, auanoruunsy (2.3). Torza zif aMIUMTYZW TOKA YEPE3 EMKOCTD 43

(2.4) ¢ yuerou (2.3) Hhee&l

I/_U /Rt (2.5)

Ho saxoHy Owa ziA emmcm MOXHO Bamycarh:

O =il =k, fe2n£C). (2.6)

NozcraBaan Bavszenus (2.3), (2.4) a (2.5) B (2 6), VIS EMKOCTH
KOHZIEHCATOPa MONYyYiM R

Uy fc2nfUR ). (2.7)

YisMeDAA HANPAZEHHE U Ha RC—uenu ( X, >R ), Hanpaxense U,

' Ha conpoTuBneEdx R u qacrow e PEMEHHOT'O CITI‘H&JI& f » 1m0 @oprqr.vra

(2.7) onpezensex €UKOCTH MCCIEZYEMOr0 KOHzeHCaTopa.
HanmpazeRHOCTH SNEKTPAYECKOTO NONA E B TIIOCKOM tcon.ueuca:eope
CBAsaKa ¢ HANpAEGHKeM U Ha Heu COOTHOWGHMEM

Ess ol ' (2.8)
llo m3xepeHHOKY HANPAXEHUN U, ¢ moMoupsl Gopuynn (2.8) uomHO On

pesenmuTs 3MPEKTNBHOS 3EQUERYe HANPAXEHHOCTH NEPEMEHHOI'0 JNEKTPAYEC—
KOT'O NOJNA B Z¥3NEKTDHKE. 408

B sKCnepmMEeHTEe UCTONB3YNICH Cre-
Zyomue TNpuCOpH: TeHepaTop CUTHAJNOB HU-

3K0YaCTOTHHIH ( ), BOIBTHETD CTpE-
nousnit ( PV{ ), BonprMeTp nudpoBol
(PV2). Ha uakére yCTAHOBIEHH DE3MCTOP
‘R , KoHzeHcaTop mepeMeHHOY eMxocT# C
u nepexmouarens SA . KOHCTPYRIMA KOH-
JleHcaTopa TaKoBa. HemnmozBUEHAA miIacTA-
Ha #MeeT QOpMy Kpyra 4 pasjenexa Ea 6
cexTopoB (puc.3), 4 ¥3 KOTODHX NOKPHTH
ZVMBNIEKTDYKAMK: OPI'CTEKNOM, PETUHAKCOM,
g Fuc,3 - @Toponnacmon K CTEKNIOTEKCTONATON ~ O7IH-
Hakosoli Tonmumy ( 4 = 2 Mx). Ha naTui CEeKTOD HAKJIEEH gonee 'romm..
CTernoTeKcTonutT. Hecrof cemop 0CTAaBINEH caodonﬂma BepxHAA MOABUXEAR
 IIBCTMHE umeer Hopxy CeKTopa,' PaBHOIO OIHOMY M3 CEKTOPOB HuEHel. QHa

‘4
7 L



3gKkpemneHa #a ocu 0 4 Momer CBOﬁOﬂHp BpauaTeCA, NEpEKPHBAA INOCIEN0— C TIPOMBBONBHHM ZIH3NCKTPUKOM M des Herg.

BAaTENBHO Kax CEeKTOp HMEHe# MNacTiHH ¥ 90pasya ¢ Hell KOHZEHCATOPH :
: i 8 .e“ sl A i . OGpaGoTHa pesyABTATOB U3MEDEHM
C DPa3nUuHHMY ZUINEKTDUKAMU. PacCTORHUE MEZJy NNACTHHAMM KOHAEHCATO-— A ._
pa d = 2 uu. InA y3eNMUEHUA EMKOCTH KOHZIEHCATOp #3TOTOBNEH M3 He- ‘ Mo peaynbTaTaM M3uepeHuii MoCTPouTsh rpadwk saBucuMoct € =F(F).
CHONBKMX ONUCAHHHX BHLE CeKuuli, COEAMHEHHHX NapajeNbHo. [lpoaHANN3HPOBATE NCHYYEHEYD 33BUCHMOCTE.

O6c3Hauenun H3_ pucynke: I — HENOXBURHAA MIAaCTHHA, 2 - TOZBYK~ _ -
HAA NMIACTUHA, 3 — npocnoﬁua 3 nusrempma. 3.4. YccnezoBanne 8aBUCHMOCTH &£ OT YACTOTH (Imcnepcna cpezn)
a) YcTaEOBUTH renepampou cAexynlive napauerpu curnaza: f =

3. SKCIEPYMEHT
= 20 xTu, ¥, =5 B.

3.1. NozroroBka ycranoBk# Kk pabore ; 6) YsMeBsa yacrory rexeparopa or 20 kIt zo 200 Ty ¢ HHTepBa.'lOL
: : ' ' kI, “CCrenoBaTh saBUCHMOCTE [p = fl KOHZIEHCATODA

a) MocrasuTe nepexiawvuarens SA- Ha MakeTe B NMOJNOXeEMe I U MOz- Af = 20 xIu, i o= F (f) m =
C NPOW3BONBHHM AMBNEKTDUKOM ¥ Ges Hero. Mlpu srou mampaxesue U nozze-

 KIDYATH K MaxkeTy npuOOpH COIJACHO CXeMe H3 pHC.2.
0) NMoAr0TOBUTH K padoTe M BKINUYTH TIPUCOPH .
B) MozaTs ¢ reseparopa CHHYCOUZANBREA CHTRaN qacroroﬁf 60 xI':

DXUBATH NOCTOAHHHM. °
- 00paGoTKa peayNbTATOB MIMEDEHHil

u Hanpsxenvex U =~ S5 B. . S 5ol '
T) lo BombTMETDY PV{ycTaHoBuT s oilZa= siR _ : a) llo pesympraTaM M3MEpEHMH DACCUATATH EMKOCTHHE COTNPOTHBICHHA
P T & - 2
) Bonmuerpou PV2 pzuepurs HanpfAxenRye 6" Ha pesucrope K . 1/0C = UR/ U e ONTR TR FRREGOC 2eR % .F(f/f ).
; Cpasﬂﬂma 3xcnepnneﬂmanbﬁue 3ABMCUMOCTH C TEODETMUECKMMHA.

d¢) o axcnepﬂueﬂranmﬂu IaHEHM NOCTDOUTE T paduk 33 BUCKMOCTH

3.2. Uauepenue nﬂsnexrpmecxoﬁ nponaua_euoc'ru )
: € = F (f). TipoanannsuposaTh MONYYEHHYD SaBUCYMMOCTS.

M XapaKTEepHuCTHK INOJAPU3aLUN M3 TEpHanoB

3.5. liccnezppanne 3aBMCHMOCTH EMKOCTY KOHAEHCATODA

Bpamasa TOABMAHYN NNACTHHY, U3MEDUTH HanmpfxeHue U IIA KOHZEH- _
o7 ygna nepenpuwﬁ IM3NEKTPURA BepxHeit nnach{oH'

caropa 0e3 XMINEKTPUKA # 4-X KOHJEHCATOPOB C ananempmtam OZUHE KO~
BO# TONMUHK. [Ip¥ BTOM HANPHEEHAE U, noxzep#sats MOCTOAHHHM.
: P P ¢/ TOLAC DR Ha pac. 4,a nnmseneuo MONOEEHNe Hmﬁeﬁ ¥ BepxHell nyacTUHH mm-

OGpaGoTKa 9335(.351!31!03 A3Meperui ﬂeﬂcaTOPa. Bepxﬂﬁﬁ nHaCTﬂﬂa QacTAYHO TIEPEKDPHBAET OZUH .M3 CEKTOPOB

a) Wcnonssys dopuyna (2.7) u (2.2), no:pesynbTaTaM 3KCHEDHMEH- I
78 P3CCYUTATH EMKOCTY BCEX UCCIEIYEMHX KOHZIGHCATOPOB, 8 Takxe Aud- o b g
NEKTPUYECKME NPOHUNAEMOCTH MATEPHAIOB. C., i C,,
6) Mcronssys gopMyns (2.8) u (I.I - I.I0), paccuurats AR OZEO- TR S
ro ua naanempmtos cneayvomue xapakTepucruku: A , F E E’ Y 2 8-_-_{- = &
D , G , G/. Bce pesynpraru PACYETOB CBECTU B Tadnﬂuy 5y {
B) Pacctm'rarr. norpemsocTs uauepenusr C u & Ins QUHOTO u3 mu- 8 :
- BTEKTPUKOE. ]
3.3. Mccnenosanye saBUCHMOCTH &€ OT HANPAEEHHOCTH 5)_
SMEKTPUYECKOrO NONA (NMHENHHOCTH Cpem) \ Puc. 4 '
. ; :
flauennn rexcparopow ranpaxerse Uy or 0 70 5 B ¢ uurepsanox HUXHE) MIACTUHH C ZUDNEKTPUKOM. YTON OL — YTON MEpPeKpHTUA AASNEKT~

AU

= T B, HCCIEJOBATH 33aBHUCHKOCTE Uz =F( U,) ANA KOHZeHCATOpA

-

S
T



pUKA BEPXHEH NNAaCTHUHOI. :
a) YcTaHOBATH IEHEPAITOPOM CIEAyDuMe napauerpu CHTHAna:
f = 60 «Tu, U,-SB. ;
G) Bpamas NMOABUXHYK® NNSCTHEY B lipeuenax ofT of = Q° nool= 60°
c unTepsaroM Ac{= 10°, uccnezoBars sasucurocts U, =F (). Tpu azon
Uf' NOZZEPRUBATE N0CTORHHHM.

0GpaCoTKE pea3ynbTaTOB #3MEpeEnii

a) Mo peaynsTaTaM MaMEepeHuis pAacCUMTATH EXKOCTH KOHZIEHCATODA
INA pasnuyHHX YIJIOB O .

6) Ycnonp3ys SKBMBANEHTHYD CXEMY, npescTaBIeHHYD Ha puc. 4,0,
NONYYUTH TEOPETHYECKYD SaBucHMOCTE F (o). C yueTom pesynsraToB
DKCNEPAMEHTa, NMONYUYEHHHX B N. 3.2, necmpoun rpa@mc Teopewmecxof
33BUCHMOCTH.

B) FanecTy Ha rpaqimc TEOPETHUECKOY BABHCHMOCTH C =F(d!) axc-
NepUMEHTANEEHE TOYKA. Cpanrm'rs pesynmam TEOpUK X arccnepmaenra.

3.6. U3uepexye TONMUEH AU3NEKTDPUYECKOH nppn_na;:mn .

Ha pvc.5.8 mnpuBezied KCHZEHCATOD C Qaémm:_mu_ 3anon£§égmen iR
NEeKTPUKOM NMPOCTPAHCTBA MEXAy NIacTHHAMM. OIKBMBANEHTHAA CXEMa T&KOT'O
ROHJIEHCATOpa 7ZiaHa Ha pHUC. 5,0.

' 'y
a = :
t c& St
Puc. 5
-8) JCTAaHOBMTH I'€HEPaTCPOM CIEAYDLME _HaPﬁHeTFH carHana: f =
=60 &I, U =5 B.

6) Bpaumas NOABMEHYH NnacTHHy, M3MEDUTH HANpPRAEHKE U AR cleny-
DX KEOHZEECaTOPOB:
‘T) Gea nuaneKTpUKa; _
2) CO CTEKNOTEKCTONUTOM TONmMHOY 2 MM (B8aNONHEHO BCE NMPOCTpaHC-
TBO MEXAY IIACTYHAMK);

36

3) cO CTEKNOTEKCTONMTOM TOJWLKHON, MEHBUE: DACCTOAHUA MEXZy
nnacrTuHaMy (YacTMYHO 3anOAHEHHOE mpocTpancTBo): £< d .
[lpy 3TOM HANPAEEHME U} TOJiJ[EPEUBATE NOCTOARHHHM.

OGpadoTka pesynbTaTOB “3MepeHul

a) Tlo pesynsreraM nsuepenuﬁ paccuuTaTs EMKOCTH COOTBETCTBYOUAX
KOHJIeHCaTODOB. :

6) Vicnomesys 3RBHnaneHTr{yn CXeMy « neay:rmamu a8KCNepUMeHTe , pac-
CYUMTATH TONMMEY AMaNeKTpHyecko# miactvns £ .

4, YUPC

3) Ha Gase ymenmeficR annapaTyps paspacorarh CXEMy ZNA MCCHEN0-
BaHUS 33BUCAMOCTY EMKOCTH KOHZGHCATODa OT YIZa NEPEKPHTUR Bepxuei
NASCTEHOR CexTopa ¢ J!KSJ’IGKTPHROM rommuuott £ < d ( d - paccrosmue
MEEZy nnacTHHaMK).

6) TMomyunTs Teopermecrcyn aasucwmocts £ =F ().

B) SKCNEepUMEHTANBHO #ccnenosaTs sasucumocts & =F (o). Cpas-
HUTE PESYNBTATH TEOPUM ¥ SKCMEDUMEHTA.

T) BHUKCIUTE TO pesyNbTaTaM SKCHEepHMEHTa EauGONBIY® 3HEDPIHN,
3aN8CEHEYD B MONAPY30BHHHOM ZIUBJNEKTPHKE. -

BOIIPOCH N0 TEXE

v

I. HasHaueHue ¥ PYHKUMOHANBHHE BO3MOXHOCTY UCNONB3YEXOH B ycra-
HOBKE annapaTypH. ; ¢

2. TONADHHE ¥ HENONADHHE MONEKYIH.

3. MNonAp¥sanus NONAPHEX ¥ Henonﬂpﬂﬁx ZUBNEKTPHKOB .. Bemop nonf=-.
paaamm.

4, NHpyROus axempmeclcoro noJif. - Teopeua I‘ayeca AN 37EKTPOCTa=
TUYECKOTO MONA B JUINEKTPUKE.

5. Ycnosua nnA E v D) Ha rpaHuie IBYX ZMSNEKTPHKOB.

A

JurTepaTypa

I. Capenves U.B. Kypc oCmeli dusuxu. T. 2. ~ M.: Hayka, 1978. C. 56-—
78, 85, 263 — 264.

2. Jlernap A.A., fisopckuit B.M. Kypc (Qusuku. - M.: Bucw. mx., I989.
“C. I70 - 1I8I. :

3. Kanamuuxos C.T. SnexTpueecTso. - M.: Bwem. zx., I985. C. 72-106.
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HN3YYEHHE KOMITEHCALIMOHHOI'O METOJTA
HW3MEPEHHUSA 3]1C

B. B. Jlo6poxotoaa, T. C. Llapesckas, O. H. IllyTos, B. B. lllepbakoB

JlaHO KpaTkoe ONHCaHHe XapaKTEePHCTHK M 3aKOHOB JIEKTPHYECKOrO
ToKa. IlpesicTaBieHa 9KCriepHMEHTabHas YCTaHOBKa MUl onpenenerus IC
3JIEMEHTA KOMIICHCAIIHOHHBIM METOIOM.



AKTyanbHOCTH paGoTer

Usmepenus Hanpsxenud u DJC B 3NEKTPHUECKUX UENAX ABJIA-
1oTca ocHoBHeIMH. CyutecTByer 6onbimoe MHOroobpasne MeTONOB 3THX
u3mepeﬁni&, NPUMEHSAIOTCA pasfiMYHBE H3MEPUTENbHLIE NPHUBOpHI:
ﬂpﬁMOl’IOK.a3i')!BaIOH1He BONBTMETDP CO CTPEMNOYHBIMH HHIIH.KHTOPHMH,
uM(ppPOBLIE BOALTMETPH K HHTErPUPYIOLIHE LHGPOBHE BONLTMETPHI.
CampiMH npocThiMU (1O NPHHUHMNY AEHCTBHA) ABRAIOTCA NpPAMONOKa-
3BIBalowHe BONBTMETPH CO CTPENOYHBIMM HHAHKaTOpamu, Gornee
CNOXHBIE - UH(POBLIE BOALTMETPH. B ocHOBe paboTH 3THX BONBTMET-
pOB nexaT pasHslé MeToasl usMepenuit. B nanuo# pabore m3yyaercs
KOMOEHCAUMOHHbIA METON, KOTOPHIH ABJIAETCA YHHBEPCANLHEIM.

KOM]‘IQHC&HHOHHHC METONBl H3MEPEHMS HaNpsKEeHHd meOKo
NPHMEHAIOTCA B 3NEKTPO- H pamuoTexHuke. OHM HCNONB3YIOTCA NPH
npoBepke '3IEKTPUYECKUX ¥ PAAKO3NEKTPOHHBIX H3MEPHTENLHEIX npH-
6OpoB H HCTOYHHKOB HAaNpAKEHUH JUIA H3MEpPEHHA C NOBbIIIEHHOH
TOYHOCTBIO HaNpsKeHHH u DJIC, neﬁé'rnytomnx B LlengX, COAEpPKaMHX
CONMPOTHBJICHKA OOJIbITHX BEIHUHH.

Ha koMmeHcalMoHHOM MeToie OCHOBaHa paloTa KOMIEHCAIHOHHEIX Ipe-
obpasoaTeneil HampsXeHHS B COBPEMEHHEIX 3JIEKTPOHHEIX UM(POBLIX BOMLT-
Merpax. IloaToMy coBpeMeHHBIH HHXEHEep MOOJDKEH MMETh NpEACTABiEeHHE O
CYHIHOCTH M JIOCTOMHCTBaX 3TOrO METCAA M BJIAJACTh HABBHIKAMH M3MEPEHMA Ha-
NPAXEHHA C €ro MOMOIILIO.

Hens pa6oTet — BLIpaboTaTh y CTYACHTOB YETKHE MPEACTABICHUA O (PH3H-
SECKHX BE/IMIHHAX, OIHCEIBAIONIMX MEKTPHAECKHUIT TOK, H3yTUTh 3aKOHK OMa b

Kupxroga /uis 1I0CTOSHHOrO TOKA, OCBOMTH OJTHH H3 OCHOBHBIX METOJIOB H3Mepe-
HHS HalPXEHNA - METO/L KOMIIEHCALHH H €0 PEIM3ALII0 Ha MOCTOSHHOM TOKE.

1. TeopeTHyeckas 4acTh
1.1. XapakTepHUCTHKH 3JeKTDHYECKOro TOKa

OnexkTpHYECKHii TOK FMpENCTaBiAeT coOOH yNOpANOYEHHOE HBH-
JKEHHE HOCHTeNeH 3JIEKTPUYECKHX 3apsAA0B. 32 HaNpaBJIEHHE 3JIEKTPH-
YECKOro TOKAa YCJOBHAMCH PUHUMATh HANpaBiIEHHE JBHXEHHSI MO0JIO-
JKHTEJNIBHBIX HocuTeleit 3apapa. OCHOBHBEIMHM KQJIH9E€CTBEHHBIMH Xa-
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PaKTEPHCTHKAMH 3NEKTPHUECKOTO TOKa cn:\'maf OBE€ BENHYHHBL. BEKTOPD

MJIOTHOCTH TOKAa M CHAa TOKA.

BeKkTOp NAOTHOCTH TOKA J YHCIEHHO paBeH 3apaay, OpPOXOid-
HIEMY B €IHHHLY BPEMEHH uYepe3 €AHHHYHYIO MIOWAAKY, MepneHH-
KYJNAPHYIO K HANPABIEHMIO NEpeMEuleHns 3apA0B, a HANPaBIEeHHe |

COBINAafacT C HalpaBlIEHHEM CKOPOCTH V DBUKEHHS NONOKHTENBHBIX
HOCHTEJIeH éapgna i
j = enV, (1.1)
rle n - KOHUEHTPAlUHs HOCHTENeil 3apsiaa OJHOro 3HAKAa, € - 3apsal
OTHAENLHON YacTHUs V - BEKTOP CKOPOCTH YNOPAAOYEHHOTO ABHINKE-
HHSA HOCHTENs. tDOpMy.na OTHOCHTCH K cnyqazo KOr/Jia TOK oﬁpasoaau JBHKE-
HHEEM OZ(HHAKOBEIX 3aDMKCHHBIX YACTHIL. :

- Cuna Toka / YHCIeHHO paBHa 3apsamy, NPOXOAAUIEMY B €IWHHILY BPEMEHH
HE€pE3 NOJHOE CeYeHHe MPOBOAHMKA!

1 =dq:dt (1.2)
Cuna Toxa depes moByI0 MOBEPXHOCTE S BHUHCHAETCA N0 GOp-

MyJe
- [ jas. " (1.3)
s

Tok, He u3MeHsOWHUACA BO BPEMEHH, HAa3HBAETCA CTAlMOHAp-

‘HHM KJIM TIOCTOAHHBIM. JIIA1 NOCTOSHHOrO TOKa Bennqnna-f OIHHaKOBa

ans moﬁoro DONepeyHOro cedeHHs NpoBoARKka. B aToi pabote ToNB-

' KO TakoH Tok M Gyner paccuarpusancs.

1.2. SnexTponpuxymas cuna. 3akos Oma

Ecnu B NMPpOBOOHHKE COSI{&TB HOTeHL{HaRBHOC JNICKTPH1ICCKOE MO~

—_

Jie Haﬂpﬂ}KeHHOCTbK} E > TO IMOJIOXKHTENIBHEIC HOCHTECJIH TOKAd B 3TOM

none GyayT mepemeinaThCA M3 TOYkM C GONBIIMM NOTEHUHANOM @, B
'TOYKY C MEHBIUHM NoTeHuuanoM @, (puc. 1). Pafora, cosepmenuas

K)’HOHOBCKHMH CHJI2aMH IIO MNEPEMECIIEHHIO E€NHHHYHOIO HOOJIOXKHTEIb-

HOro 3apAjAa H3 TOYKH 2 B TOYKY 1, Ha3sBaeTcH Pa3HOCTRKD IMOTECHIHA~

JIOB MEXJY 3THMH TOYKAMH.
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AL SR
tpz—w,=(-"q’") =J1='.,,rﬁ- (1.4)

Takoe nepeMenieHue HOCHTEJNEH TOKa oueHb GsICTPO npHBEneT K

BHIPABHHBAHHIO NOTEHUHANOB To4Yek | ¥ 2 U NPEeKpaleHHio ToKa.

Jlas TOro 4TO6H CHIA TOKA HE MEHANACH B TEUEHHE ANHTENHLHOTO
NPOMEKYTKA chnieﬂu, HeobxonuMO, YTOOH pa3sHOCTL NOTEHUHAJIOB
MEXNy TOHKaMH TOAAEPXKHBANACh NMOCTOAHHOH, T.€. KPOME KYNOHOB-
CKHMX CHJI JOJXKHBI JeHCTBOBATH CHIIBI APYrol OpHPO/LI, HAa3bIBAEMbIE
CTOPOHHUMH. YCTpPOHCTBO, rue AEHCTBYIOT CTOPOHHHE CHIbL, Ha3bBa-
eTCA MCTOYHHKOM (renepatopom) Toka. Ha prc. 2 myHKTHPOM Bhije-
JieHa 3KBHBalleHTHaA cxema HEONHOPOAHOTO y49acTKa LelnH.

BHYTpH HCTOYHHKA TOKa AEHCTBYIOT H CTOPOHHME, H KYJIOHOB-
ckHe cunbl. X Hanpaenenus npoTHBONONOXKHEL. [lon neicTBHEM cTO-
POHHHX CHJI MONOXHTENEHbIE 3apAAbl NEPEeMenalnTca OT 3/NeKTPOoAa ¢

MEHBIUHM NOTEHUHANOM ¢, K 3JIEKTpoay ¢ OONBOIHM MMOTEHIHANIOM

4

¢,. INpupona cropoHHuXx cun paanﬁqna. B ranbBaHHYeCKBX 3J1€MEH-
Tax, HanpUMEp, HENpEepLIBHOE BOCCTaHOBJIEHHE Pa3HOCTH NOTEHLHa-
JIOB Ha MOJOCaX ABJIAETCA PE3YNLTATOM XMMUYECKHX peaxuun Tax
KaK BHYTDH HCTOYHHKA €CTh NOTEPH IHEPrHH, BBOAAT NOHATHE BHYT-
, EHHEero conpoTusienHsa (34€ech r).

Pa60‘ra coseplieHHas CTOPOHHHMHM CHMJaMK Ha yuacTke 1r2
(pac 2) no nepeMelleHHI0 €HHHHYHOTO IOJNIOXHTENBHOrO 3apsAaa, Ha-

3usaerca 3nex‘rponsmxymeu cunoii (3C) ucTouHHKa:’

(4 F_d
8:81’2 =_________er; 2 ..‘—..-—bz ; =J'Eu'n‘ﬂ—! (15)
. 2 0 -

rae E.

- Hanpameunocrb TONs CTOPOHHHX CHIL. CroponHee mone B

NpHENMOE He norenmranmo, nostamy Benuuuna IJIC 3aBucuT OT

dopmer nyTH uHTErpHpoBaHus B (1.5).
Bcnuquna U, 9HCIIEHHO paBHas paﬁore COBEPIEHHOMK CTOPOH-

HHMH H KYJIOHOBC!{HMK GBH&MH o HCpCMBHICH}ﬂO eﬂ.HHH"-IBOI'O I10JI0=-

XHTENBHOrO 3apana OT TOUkH 1 k Touke 2 (puc.2), Ha3EIBAaeTCA Maje-
Ha 3TOM Y4acTKe:

Ulrz i (Ai: yn)lz ;(Acm )lrz —]-E‘ v‘.’ﬂ J‘E di f16)

1r2

HHEM HaNpsAXKEHUA

C yuetom (1.4) u (1.5) d)opmyny (1.6) MOXHO 3aITHCaTh B BHAE
U, =@ -@,)+&.
TLIOTHOCTE TOKA J H HaHpZKeHX{OCTH KYJIOHOBCKOIo H CTOpOH-

" (1.62)

Hero noneit (E, E,.) cBA3aHBl MEXMY COGO0if COOTHOMEHHEM

=ﬂE_:jn+E:m)! : ; (1.7)
re Y - ynenbHas MPOBOAMMOCT (I SJICKTPONPOBOHOCTS) JAHHONO MaTe-
pHana. Bemnuuna ofpatHas 3nemponposo;mocm YOENBHOE CONpPOTHBIIEHHE
MaTepuana. .
p=1/y. (1.8)

CootHomenue (1 7) HASEIBAETCH 3aKOHOM Oma B .umblbepemmanbﬂou
dJopme Ecu Beuamna J OIIMHAKOBA BO BCEX mxucax nonepermoro cetiemm
IpoBoAHHKA, TO H3 (1.3) nonymm
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J=l/S, . - (1.9)

rae S - mIouans NOMNEPEYHOro CeYEHUS, NEPNEHAHKYNAPHOTO .
MoiusocTs, pa3BuBaeMas TOKOM Ha PaccMarpHBaEMOM y4acTke
uenu, onpenenserca paboTOli CTOPOHHHUX CHJI 3NEKTPOCTATHYECKOrO
MOJA B €AXHULY BPEMEHH ¥ PaBHA . ’
P=Uial=(9, -Q,)I+E I : (1.10)
Ilpu aToM KoONHyecTBO TennoThl dQ=/[’rdl, BupensemMoe B uenu
32 BpeMs dl, B COOTBETCTBHH C 3akoHOM. Jlxoyna-Jlenua Gyner pasHo

pabote d4=Pdl, cosepmaeMoi TOKOM 32 Bpema dl.

Prdi=Pdi=(¢, -@,+& )/d1. 1.1y

H3 (1.11) umeem ;
Ir=(9; -@,+€). ; (1.12)
(I)Opuyna (1.12) Bmpaxcae'r sakon OmMa s HEOIHOPOJIHOTO Y4aCTKa LENH.

EC/TH y4aCTOK Heny ORHOPOIHBIH ( E, =0), Hanpumep, 1 R 2 (ua prc. 2 -
3TO BHENIHWI Y4acTOK LEmu ¢ CONpPOTHEBNCHHEM R), MaZieHHe HaNpsKeHHA Ha
HEM COBIANAET C Pa3sHOCTHIO ll_o:remmanon Ha KOHLaX y4acTka H 3aKoH Oma
JJIA 3TOr0 y49acTKa nenH . . ;

Uir2=9, - f.oz—-fR _(1.13)

-

3nax " nonyvnn’cn ¥3-3a TOro, 4To nepeMemense @/ Hanpas-
JIEHO HaBCTpedy TOKY J . Honcrasus (1.13) B (1.12), MOy HM 33KOH
Oma mna 3aMKHYTOH Henu
. IR+Ir=¢€ . (1. 14)
Hs (1.12) Bunso, uro I/IC HCcTOYRHKA paBHa pasﬂoc'm MOTEH-
LHAJIOB Ha ero _lmeumgax_s ClyqasX, €ClH OH pa3soMkHYT (/=0) mnu
PaBHO HYJIO €TI0 nﬂy'rpéaﬂee conportupyenue (r=0). Tak kak o6HuHO
r+0, ACHO, trro HeNb3A TOYHO u3Meputk SJC ¢ DOMOLIBIO BOJIBTMETPA,
HOL{KIIIO'-!CHHOI‘D K Moyocam Hcroqnuxa Ero nokasanus GyayT oTiu-

qarsed ot 3MC Ha Bcnntmﬂy naneHus Hanpﬂn\euux BHYTDH HCTOYHMKA ~

-

Ir).

1.3.-Tpasuna Kngxrdg_)a

PacueT CNOXHBIX pa3BETBIEHHBIX uemeli 3HAYHTENHHO ynpouia-
€TCs, €ClH MOJIB30BATECA NMpaBunaMu, chopmynuposanHbiMu Kupxro-
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nnrc).

dom. VY3710M Ha3biBae€TCA TOYKA, B KOTOPOH cxoasarcsa bonee uyem nsa
nposonnuka. Toky, TekyuieMy K Y3y, NPHCBAHBACTCA OAMH 3HAK
(nAOC HAM MHMHYC), TEKyWeMy OT y3sia - ApYroi 3Hak (MMHYC Hau

Ileppoe npaeuno Kupxroda. Anrebpauueckas cymma TOKOB,

CXOAAMIMXCH B y3/i€, PaBHA HYJIO:

ZI‘ =1()}
P

Hanpumep, nis puc. 3: L~ I- I3 =0.

1

Puc. 3

Bropoe npasuio Kupxroda oTHOCHTCA K NI06OMY BEIAEICHHOMY
B paéncrsneanoii Leny 3aMKHYTOMY KOHTYpy. OHO dopmynupyercs

_cnenyomuM obpazom: anrebpanaeckas cymma IJ[C, nedcTByromux B

3aMKHYTOM KOHType, paBHa airebpandecKod cymme gponzaenenuﬁ
CHJIEl TOKA Ha CONPOTHBJICHHE OTHEJILHEIX Y9aCTKOB 3TOr0 KOHTYpa:
;Ik'R* = Ze,f-

Tok ¥ Benuguna [ R, CIUTAIOTCA nohommenbnuu_n, €ClIH Ha-
NpaBJIeHAE TOKA COBNAAACT € BHGPaHHEIM HampaBiesHeM 06X0Ma KOH-
Typa. Ecnu HanpasjieRHEe TOKka NPOTHBONOJIOKHO Bmﬁpauﬂomy Ha-
npasjieHHI0 06x0Ja, TO OH M BellHUMHA [ R; CUATAIOTCA OTPHLATENb-
HEME. DJ[C cYHTAaeTCA MOJOKHTENBHOMN, €CITH HAlPaBJIEHAE MONA CTO-
bon;mx CHII COBNazaer ¢ BhIOpAaHHBIM HampaBleHHEM o6xona. B npo-

THBHOM cnydae DJIC cunTaeTCs OTPUNATENHHOH.
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2. Biccnepnmeu'ra.nbuan HacTh
2.1. Cymnocts MeTona KOM!‘ICHC&!!HH
Ans TouHoro msmepetus IJC anemenTa NYTEM CPAaBHEHHS €€ C
3AC apyroro 3TanoHHOro 3JIEMEHTA HCNONB3YETCH METON KOMneHca-

uxH. CxeMa 3TOro Meroxna. nokasaHa Ha pHc. 4. )E[Ba HcTouHuka ¢ DJIC
EH E (E:>B ) Bxniouenn HaBcTpeuy Apyr apyry, T.e. K TOUKe A noa-
KIMIOYEHR! MOJIOXUTENBHEIE MOoJM0ca 060uX HCTO‘IHHKOB

SneMenT ¢ Gonbuei 31C 3aMKHYT uenocpencraeuuo Ha coMpo-

THBNEHHE Rap. Jpyroi JIEMEHT, senuunny IJIC KoToporo €, Hano -

KSMCPHTB, 33MKH}’T HCP§3 ranbsaﬂoue'rp Ha 4acTth 3TOro COHPOTHB.}IC-

HHA, 2 HMEHHO Ha Ruc.

Puc. 4

Toaka C cootBetcrayer MOJIOXKEHUIO CKOJIb3ALIEr0 KOHTAaKTa Ha
conpomnneuan AB. Tak xak €>£, ma compotusnenun AB Bcer.na

HalfIeTCA Takasd TOYKa C,, pasaocna. NOTEHLHANOB MEXAY KOTOPOH M

_ Touxo# A byner PaBHA PasSHOCTH MOTEHUHANOB Ha KJIEMMax 3JeMeHTa
€,. Ilpu 3ToM TOK wepe3 ra.nsaauoucrp H 3jieMeHT €, 6yneT OTCYTCTBO-
BaThb (/2=0) u 3akorm Oma (1.11) mns yyactka uenu A€,C, MOXKHO 3a-
MMHCAaTh TaK: ' -

On = )~E=-b(ritry=0,. 2.1)
TAC - I'y - CONDOTHBIECHHE ranbBaHOMETPA; Fy - CONPOTHBJEHHE 3Jie-
MEeHTa €,. :
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B 3TOM cryyae 3neMeHT €, BeleT ceba Kkak Pa3OMKHYTbI A
(“cxom’:eucuposaﬁum"") Ycnosne

| ! € =0, ~9Pa (2.2)
Ha3biBAETCA YCJIOBHEM KOMIIEHCAIIMH, KOTOPOE TEOPETHYECKH He Ha-
KIIagblBaeT orpanuqeﬂﬂﬁ- H3 BENUYHHBI CONPOTHBAEHHH 7, U ry. [lpu
CMEILEHHU CKOJIb3smero KouTakra C u3 TOYKH xorfin_eﬂcauun C, ycno-
Bﬁt; KOMNEHCAUHH HApYWAeTCs, ¥ [albBaHOMETP NOKA3BIBACT BEJIHYH-
uy Toka (I, #0) TOro Wix HHOrO HANPABIEHHA.

Ecnu BbIGpaTh HANPAaBIEHHA TOKOB, KAK HOKa3aHO Ha puc 4, u
NPHAMEHUTE K paccma'rpusaemoa CXeMe npaBmia Kupxro:ba TO nepsoe
OpaBHIO IS TOYEK A (wm C) nacr:

I +1-1=0. . (2.3)

Bropoe npaBmno. ana 3aMkHYTHIX KOHTypoB ACBeA u ACEA
IPHUBONHUT K YPaBHEHHAM: : :

I;(r+Rcp) +IRac=¢, (2.4)
L(ry+rg) +IRAC=E, - (2.5)
TAC r - BHYTPEHHEE COODOTUBIICHHE IEMEHTA €.

Cucrema Tpex ypaBHeHUMH (2 3-2.5) IO3BONAET ONPEACNHTH BCE
HeH3BeCTHEE TOKH. OIHAKO MB OrPAaHHYMMCS PACCMOTPEHHEM TONBKO
Clyqas, KOrfa BHIONHAETCA ycyoBHe KoMnescanuy (2.2). IIpu stom
L=0: I=1,. _ :

O6o03nauum conporuBneHHe Rac IpH KOMIOEHCAOHU NPOCTO R;, a
Rap gepe3 R. Torna u=z (2.3-2.5) uMeem:

Li(r¥R)=g, IiR.=¢, (2.0)
roe ‘R=R&B=RAC+RCB; R;.:z-RACx- !
Orcrona cnenyer:
R,
€, '=8'r+'R ; -(2.7)

B 3T0 ypaBHeHHE BXOAAT CONPOTHBIEHHS r; R, R,. YrobH HE u3-
MEpATE UX, NMPHMEHNETCA CHEAYIOMMH METOM. O'm.r; OOBTOPAIOT, 3a-
MEHUB syeMEHT &, Ha snemeHT ¢ DJIC &<e, ocTaBNAsL BCe MapaMeTpHl

CXeMbl HEM3MEHHBMH. TOk Yepe3 ralbBaHOMETDP HE NOWAET NPH HOBOM
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[IOJIOXKEHHH CKONB3ALIEro KOHTAKTa Cj M HOBOM 3HA4YCHHH CONpOTHB-

nenus Raci= R;. Torpa ananoruyno (2.7) MOXHO 3anHCaTh!

R,
e,=-€r+R (2.8)
‘Hcknrouus u3 (2.7) w(2.8) (r+R), nonyuum
Ny R
E‘=8'R,' (2‘9.)

PaseHncTBO (2.9) nexur B OCHOBE usmepenus 3JC MeTonOM
KoMTeHcauun. B xauectse aneMenta ¢ uzpectHoi IJC oObIuHO BHI-
6HpaOT UCTOUHHK TOKA, HAa3bIBAEMEIH ﬁopmanbﬂmu 31EMEHTOM, BEJH-
yuHa 3D JIC 'Koro'poro H3BECTHA C, BHICOKOH CTEOEHBIO -TOYHOCTH. B
INEKTPHUYECKOH H3MEpHTENbHOH _rcfmn'rce HOpMAJIBHBEIE 3JIEMEHTHl Hr-

pPawT pOJIE 3TAJIOHOB.-

2.2. Bribop MeTONUKH 3KCHepHMEHTa. MeTosi BHIKH -
Jina npaktuueckoro usMeperus IJC xkoMNEHCAUAOHHEIM METO-

JIOM HaN0 KaK MOXHO TO9HEee 3a)HKCHpPOBATh MOJOXEHHUE CKOJb3ALLEe-
ro koutakra C B MOMEHTH BHIIONHCHHA YCJIOBHA KOMOEHCAIMH, KOrAa
‘Tox /, obpamaercs B myns ([, =0) IIpa 3TOM cTpenka perucTpHpyiome:
ro npubopa rajbBaHOMETpPA HAXOHAHMTCA B LEHTPAJBHOM HEOTKJIOHEH-
HOM TIOJIOXKEHHUH (Ha HyNeBO# pPHCKe). :

OAHako NpH CHATHH TOYHOH 3aBHCUMOCTH NOKA3aHMH FanbBaHO-
MeTpa [; or monoxesus /sc kontakta C (Hyn» orcyera nnuen [ no-
MEmeH B TOuYKy A), mnmomyduaercs uenas obnacts, Ha3BIBaEMas

2l

“MepTBOH 30HOH™, B KOTOPOH I =0'(pHc_. 5).

“Ig (aen)
3] Ea R
|
1 : [
. Ay
1.1{ I_] g % [01 fa.]' f-ﬂ_ IAC
i : 7
|
e o  — —— ——— _2

Puc. 5
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Pa3mepbl 30HBI MOrYT 33aBHCETH OT BPEMEHH H3-3a BHOpauui u
1.4, B 3TO# 06MaCTH 4yBCTBHTENBHOCTH METOAA pasHa Hynio. [lpu He-
ONHOKPATHHIX H3Mep6HHﬁx HYJIb raJlbBaHOMETPA nonyanTcﬁ C paBHO#
BEPOATHOCTHIO NPH JIOOOM IONOXKECHHUH /ac U3 “MEPTBOMH 30HEIT. -

Urobr HalTH HCTUHHOE NOJIOKEHWE TOYKH KOMmneHcauuu o,

MOXHO BOCHOJIb30BATBCA METOAOM ‘‘BMJIKH”, CYWHOCTh KOTOPOTO 3a-

knouaercs B cneaykomemM. JIuHeiBEIe -yacTu kpuBoH [, (Iac) uayr

CUMMETPHYHO OTHOCHTENbHO TOYKH /o (B obsacTH Manmx TOKOB -1-2
JeNeHUsA Ha IIKale rajbBaHOMETpPAa); MO3TOMY, 3adHKCUPOBAB MOIO-
xenne koutakra C, nNpu KOTOPOM CTpENKa ranbBaHOMETpa cHayaia

. OTKIOHEHA Ha HECKONHKO “9yBCTBHTENBHHIX” HEJieHHH BIEBO, & 3aTEM -

Ha Takoe€ e YMCNO0 AeneHm# BupaBo (Hanpumep, + gen.), lp HaxoaumM
Kak

lo=(lay+ L)2. (2.10)

HcTunHOE HOTOXeHHE KOMIEHCauuu Haitneno. Heobxonumo 0T-

METHTb, HTO METOX BHIKH MOXKHO NDUMEHATH npH ycmoeun <<

310 ycsI0BME BHIIONHACTCS TIPH Fytrg>>Rac.

2.3. OnycaHue 3KCNEPAMEHTANbHOH YCTAHOBKH

OKCIIepHMEeHTallbHasl YCTaHOBKA (pHC. 6) COEPIKHT BEPTHKAIBHO

Puc. 6
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pacnofioxeHnHnii peoxopa (ACB) ¢ MB'.I"pH'-ICCKOﬁ IKaJ0H W NOABHX-
ubiM xoHTakToM C Ha kpoHIuTeHHE.
B Hee BXOAAT: € - HCTOYHHK MOCTOSAHHOIO TOKA € AOCTATOYHO
_Gonswo# DAC; &, - uccnenyembli HCTOUHUK; € - 3TaJIOHHBIH MCTOY-
Huk (€ =0,5 B): A - MunaHaMnepMerp, _m::_ndna:syer-:ﬂ Ans W3IMEpPEHHuA
CHJIBI TOKA B UENU MMTaHUA, g - HYJNb-TaJbBAHOMETD, CAYXHT ANA Of-
pelEesieHHA NOJOKEHHA TOUKH KOMIEHCALHH. :
Tlepeknrouarens Il cnyxuT Ans 3aMbIKaHWs MEUUTHAMIEPMETPa
(B cnyuae nportekanua 6onsimux TOkoB). Ilepexmouatens Il cnyxut
ANA [00YEPEAHOro BKIOUEHUS HCTOMHHKOB € (nosuuns 1) u €, (mo-
3uuusa 2). R, - nepeMenHoe CONpOTHBJIEHHE (NO3BONAET H3IMEHHTH CH-
JIy TOKa B LENH mn‘amm) H3Mepenns €, NPOH3BOJATCA TIDH CHIIE TOKA
B leNM NHUTaHWA, 3ajasHON npenonasateneM. CompoTrBienue AB
(peoxopxn) Hzroraanaﬁaercﬁ ¥3 JUIMHHOH OJHOPONHO¥ T,DOBOJOKH C
GONBIIHM ynenmambonpo*r_ubnennéu, Tax 4TO OTHOWEeHHe R,/R; B
(2.9) MOXHO 3aMEHHUTh OTHOLIEHHEM COOTBETCTBYIOMUX MR H lac: L/
Torma okxoHyaTenpHas pacyeTHas (GopMmyna ANA ONIENCICHHUA

OJC HEe’3BEeCTHOrO 3JIEMEHTa NIPHMET BHA.

1 x
X

@.11)

2.4, TlpaBuyia TEXAEKH ﬁcsonacm)cm DK BBUTOTHEHHH oaﬁcm
1. VcraHoBky Ge3 ni_mnepm_{ nabopaHTOM HJIH HIpeliofaBare-
JIEM He BKJIIOYATh. s §
2.He OCTABNATH paboTaiomyio YCTaHOBKY 6e3 Hapzopa.
3.Ioce IPOU3BONCTBA HIMEPCHHH H nposepxa ux .1aGopan-
. TOM YCTAHOBKY OTKIIIOUHTH OT CETH.

2‘.5. ITOpANOK BEINONHEHUS H3MEDEHHS

1. BKIIOYHTE YCTAHOBKY B CETh.

2.ITepexmrouarens II; mocTaBuTh B 1onoXeHue 1, NpH 3TOM
BKIIOYEH JJEMEHT €,

3 Hafitu Touky OchcTa nepensnraa xoHTakT C 0o Tex mnop,
moka ranbBaHOMETD HE MOKaXeT QTCYTCTBHE TOKa; 3aNHCATH IO-
xasawuue o, Ipokitu 31y TOYKY H BEpHYThCH K HEH ¢ Apyroi cro-
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| pOMBl — 3aNHCATE MOKa3aHHA [“o;. Ofe 3TH TOUKH NENKAT B

Mep'raon 3OHC H HBHHI{)TCH HpOCTO opnen'mpami LUIH nposene-
HHA H3MepeHHii METOMOM “BHNIKH

4.Tlepeasurath ABHMIKOK peoxophia 10 Tex nop,
rafbBaHOMETA HE OTKJIOHKTCA Ha OMIHO AeNeHue UIKankl; NpoH3-

noxa cTpejka

BECTH OTCUET I'; no wxane peoxopaa.

. 5.3areu nepeMecTHTb IBHIKOK PEOXOopAd B LPOTHBONOMOXK-
HOM Hanpasncﬂﬂn IO IMOJIOKEHHR, MPH KOTOPOM CTPENKa ranepa-
g{ouc'rpa, maHOBae “0”, OTKIOHHTCA HA TAKOE XK€ HYMCIO AeneHuH

-s'npo‘msononomﬂyio cropony. OTcyeT NPOU3BOAMTCA MO MIKANE

peoxop,ual I

6.Vismepenus [ u ¥ [ noaropHTb 5 pas.

7.ilepexmouarens Il 1OCTABHTH B MONOXKCHUE 2, NPH KOTO-
POM OK33HBAETCA BIIIOYEHHBIM 3MEMEHT €,

&Hos*_rbpms BCe H3MEpEHHA NYHKTOB 3-6 B NpexHeM Io-

pAAKE.
9. PCS}’JIbTa'IBI H3MEpPEHMH 3aHecTH B Tabnuny.
S [ P T [ P T o
eM fem | 2 oM (S TR ks VR LR cM
cM e
1
4P
3
4
5

10 Micrnons3ys Halinenubie 3HaYeHus <[> <[> no Gopmy-

5e (2.11) nadiTh €,.

11.JTofCYATATE OTHOCHTENBHYIO H aBCONic. ;i muipsmibu-

. CTH uM3MepeHus £,

Bagaﬂﬁc no YUPC
1. BKIOYHB NOC/IEIOBATENBHO C PEOCTATOM R, npubop nns

N3MEpEHHA CHIN TOKA /, HCCIEeA0BaTh IUPHHY “MEPTBOH 30HbI”
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8log=t Lo - [ "o/l nna pasnudmbix 3HAYEHUI TOKOB (1IPU PA3NUUHBIX
MONOXEHHUAX ABMUKKA peocTaTa R,).

2. llposecTu u3MepeHHs E, NPH 3THX Xe 3HAUEHHAX TOKA
o6biunbiM meTonoM otcyera lo, lox (npu Toke ranbBaHOMETpa
Ig=0) u MeTonOM BHIKH (Kaxao€ H3MEPEHHE 5 pa3). CpaBHUTB H
O6BACHHTD NMONYYEHHEIE PE3YNBTATH.

3.C MOMOIIBI 3TANOHHOTO HCTOYHHKA M npubopa ans usMe-

PEeHHS cunb TOKa [ ONpeneNHTL NOrOHHOE CONpPOTHBAEHHE peo- -

XOpIA Fpor (CONPOTHBNCHAE HA CAHHHLY ZJTHHEI).
4.TlponenaTe M3MEPEHHS MOTOHHOTO CONPOTHBIEHNS Nnpu pas-
JNHYHBIX 3HAYEHHAX CHIM TOKA | U OLUCHHTH CTENneHb OAHOPOAHOCTH
CONPOTHBJICHHA PEOXOpAA, T.€. IPOBEPHTH JIHHEHHYIO 3aBHCHMOCTH
= Ri=rnoex+Ro (x - KOOpAHHATA MBHXKA peoxopna, Ry - HayanpHOE
COTNPOTHBIIEHUE PEOXOPAR, Fyor - IOFOHHOE CONPOTHBICHHE peoxop-

na).

4. BonipocwH ans CaMONPOBEDKH

1. XapakTepUCTHKH 3JNEKTPHYECKOr0 TOKAa: IUIOTHOCTH TOKa,
CHJIa TOKAa. ENHEHUBI HX A3MEpERMA. izl

2.YCnoBHA CyIIECTBOBaHHS CTAlHOHAPHOLO 3NEKTPHYECKOI0
TOKa. . !

3.Ilonarue B]IC, pasno'cm OOTEHUHANOB, HAOPAKEHHS, Mafe-
HHA HaNpAXEHUS. EAUHHUN BX M3MepeHHA.

4.3akon Oma B nEGdepeRnEanbHON 1 HHTEerpansHod ¢opmax.

5.IIoHATHSA CONpPOTHBIEHHS y9acTKa LENH, YAENBHOrO CONpO-
THBJICHMA, 3JICKTPONPOBOAHOCTH. ENHHHUIE H3MeEpeHMs.

6. CymHOCTh METOJIa KOMIEHCALHHY.

7.IlpaBuna Kupxroda u mX npHMeHEHHEe K nemsM B HaHHOMH

pabore.
8.IIpuMenss  3akoHM Kupxroda, mnonyuuts ypaeHeHne
e =gl /.
9.1loka3aTh HanpaBieRHEe TOKOB B Lemfx TIpH TepeMeINeHAU
ABMIKKA peOXOpAa BIICBO H BNPaBO OT “MEPTBOH 30HK”.

G

10.MMoxa3aTs HanpaBlNeHHE TOKOB B LUENsX NPH MEpPEeMELEHHH

NIBH)KKA pPEOCTaTa B Ty HJIH APYryk CTOPOHY OT MOJOXEHHSA, COOT-

BETCTBYHOIIEro KOMIECHCALHH.

11.Meton “Bunku”.
12. Y10 nokaxer BOAbTMETP C OOAbLUIHM BHYTDEHHHM COMpPO-

‘THBJICHHEM, NOAKNIOYEHHBIH HENOCPEACTBECHHO K K/IEMMaM 3JIEMEH-

1a?
13.B weM npeuMymIecTBO0 KOMNEHCAUHOHHOTO METOMAA ONpene-

nenus JIC mepex METONOM HENOCPEACTBEHHOrO M3MEPEHHA BONBT-

mMeTpoM?

5. Crincox JIHTEPATYDHL
1.Cagenses U.B. Kypc obmeit ¢usuxu. T.2. - M.: Hay:;a,

1978.§31-38. 5
2_Kanamuuko C.I'. Dnexkrpuuecteo. - M.: Hayka, 1985.§ 22,

53-55, 57, 59-61, 64-70.
3. letnad A.A., Asopcxuii B.M., Munkosckas JI.B. Kypc ¢u-
3uke. T. 2. M.: Bricor. mx., 1964.88.1, 8.2, 9.1,9.2, 9.4.
4.Cusyxun J.B. O6mui kypc ¢pusukn. 3nekTpuyecTBo. - M.:
Hayka, 1983.§45.
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VJIK 537.85

Jlaboparopras pabora Ne 2-29
OIIPEJIEJIEHUE COITPOTHBJIEHHS TIPOBOJJHUKA

A. U. Ky3un, JI. I'. PynosicoBa

: JlaHO KpaTkoe ONMCAHHE METOZOB OIpENENICHHs YNEeIbHOro CONpo-
*”'_"rjmmeuns: NPOBOJHHMKA, CBA3aHHBIX JHOO € TOYHEIM M3MEPEHHEM TOKa, JIUOO
'C TOYHBIM H3MEPEHHEM HAIpPsIKeHHA, a TAKXKE CPaBHEHHE 3THX METONOB C
METONIOM NPHOMMKEHHOTO ONpesie/IeHHs CONPOTHBJIEHHS; yKa3aHa JOITycC-
Kaemas MpH 3TOM NOrpemHocTs. OnucaHa SKCIEPUMEHTAIBHAA YCTaHOBKa U
TOpsIOK paboThl Ha Heit. [Tpe/araioTcs 3aiaHus i KOHTPOJIBHEIE BOTPOCHL.



PAE ¥+ - cpexHee BpeNs CBOJoAHOro npodera pRexYpoHa ( BpewsA
MEERY ABYMA CTOAKHOBOHMAMH ).
Hockcabky, corfacHio TEOpR# L .yne-TOpeHTUa, npd CTOAKHOBEHMM -

C Kpuctasnuyeckod peneTKoR BEEKTPOH OTA3eT BCOD aHEprimD, ero
CKOPOCThE CTAHOBRTCA D&BHOR HYED, & CpenHEE 3HAYSHKE CKOpPOCTH YLO-

PAROHEHHOrD JABWNCHESD .

I.TEOFETAYECKAR YACTD

I.I. NoHATHEe 00 BNCKTPHYECKOK T KE.
Kos#yeC TREHHHE XBDAKTEDHCTE KA BICKTDPHYESKOrO 7T0Ka

JNEKTPUYCCKHR TOK -« YNOPAZKOUY2HHO® NBKECHHB 21EKTPHUECKHX 1A
3apiA0B. JUii NPOTCKAHKRA TOh. HEOOXOAKKO HaAKYKE B ABHUHOM TE..e . ALt PR et 4 C4)
SapAEEHHHX YacTHU, KOTOpHE KOTYT NMepeMesaThcH B NpeAenax BEro i 2 R-m :

Tena, TakHe 4YacTHuUH HA3HBADTCA HOCHTEAAKM ToK8, MuK MOI'yT OuUTh 5 Jpeauee BpeMA CBOGOZHOIO npodera mp¥ 8ToM
84EKTPOHH M HOHH. Tox, CBA3AUHHA C repeMemeHMeN Sapilof,RajuBa- : t = 2w
€TCA KOHBEKUKOHEHEM, HAK TOKOK NPOBONAUNOCTI. ; =% ¢55)
COrxacHe Teopux Apyare-AOpEHTUA HOCHTEAH 3apRia NPHHRMADT y4ac- | - Fae J - Ramsa ¢ 2dosHoro npodera.
THE B TENAOBO” NBHEGHHH K, CAEAODATEABHO, RBUEYTCR B OTCYTCTBKH : KOXMYOCTBEHKENE XADAKTEPXCTHKAKE BIEKTDUYECKOTO TOKA CAYEAT
BHERmHEIo NOLR C HEKOTOPOH CKO® CThD T,Z » CPEAHUC SHAYEHKE HOAYAH | ONZA TORA
KOTOpOR ONpEReAseTCA ©4DAXCHHEK Had) __d.?: %
A SRR ‘ 4 T s
o= 1 e TR T (&5 60 ,
X = B AUIKHA 3apIAa, NEPEHOCKMOr0 Yepe3 pPAcCMATPABAENYD MOBEPXHOGTH
rae 1 - wacca HOCHTEHEER 3apaaa. i B GAZHMUY BPCMGHH, & TAKKE BE!(TO]J ni .HOCTA TCKa, MOAYEBR KOTOPO-

B 3TOK CAyyae 4epes NpO#3BOXBHTN nIomanK, , BHOPAHHYD B Teune, ' ro
NPOXOAKT B 00 CTOPOHH OAMHAKOBOE KOXHYECTBO HOCKTedeR, TaKk HT0 . / {

TOK DSBEH HYJD. | B a’& : Ty

Ecau { BHYTD NPOBOAHHKA COSASTE noXe, MHaNpAXEHHNCTDL KOTOpOTO e c:. d7 - cuza Toka 4opE3 MUORARKY, PACHOXOASHIYD B PACCMAT-

paaue E , TO Ha XBOTANECKOE APULEHUE HOCHTEAER CO CKOPOCTHL
U4 Oyzer HakialHBATHCA YMOPAAONEHHOE NBKXEHHE BAEKTPOHCE CO

PHBENOR TUYKE TEPO..AMKYEIDHO K HAT 1BACHMD ADAXCMUR HOCHTEZeR,
Jd8 - neomazs 9708 nAOmARKY .

CKOpoCTERD g fix
QTHOCTh TOR& © _ eToM ( 4 ) ¥
C poavl¥f KAACCHUECKOR MEXaHHKKK YCKODAHHE BACKTDOHA RO DHER- ' ( (;n;;neﬂemn i
A, X - = n 4
HEeW TNoHEe OYREeT pasilo . J.—.en &= -—E——. E' ¢8)
i o~ m
g = 7 (g . TA8 #l - KOHUCHTDAWMR HOCATER?q.

Hos¢fullued T nponoplUOHAALIOCTE KEALY MROTHOCTLD TOKA M HAnpil-

rie £ - 3apAL 2AEKTpOHA, . & - cro Nacca, £ = HanpAEEHHOCTE _
P TpoOta, ’ o RAGRHOCTBOD MNu.:A HA3IHBAL .CH }'J.CJINlOR [IPOBOAUROCTED METRISA

BHEEH T'0O BEEKTPKUECKOr'O rMnosd. :
6\_ - ? f:

M8KCHKGELHAR CKODOCTH ABHECHAA BAEKTPOHA Np¥ 2TOM ONPEAGAfi~ ~ Qm ()
€TCA BHpaxeHHEK . boxee erp_oraﬂ dopuyRa Lig yre1bHO® NDOBORMMACTH veTATIA {1ed A
: it RABTCA NpU KAARTOBO-MEXQAHIUCCKAZ TLAKTOBKE . IeKTDINCOBOAMOGTH:

f;' = _f_.._.é;....__ t W s 1K) Il'e;-i— ;
max. m ’ , 6: '_'—;;z"r . (T

| | 59
5% ' £



rze m* - ajdexTHBHEA Mmacca axekTpoka, T
OnHaxo 006 TOpHYAH NO3BOLADT NPABUABHO ONpPEAENHTH MOPAAOK BEAK-
YAHH YAGABHOM'O CONPOTHBIACHRA.

BexmyuHg, OOpaTHAA YAEALHOR MpOBONKMOCTH, HASHBAETCA YACABHHNM

CONPOTEBACHNREN |
{
s Gty

COrXacHO 38KOHY OMA CHAA TOKA, TEKYEEro N0 METaTAKHeCKOMY
NpoBOAHEKY, MPOMOPUHOHANBHA NANEHKD HANDAXEHWUS HE OPOBORHAKE :

{
Gl Pl ( 12)
J= %
3neck K - ® KTpUYECKOE CONPOTHBICHHE NMPOBOARRXSE BEARYMHA KO-

TOPOTO 3ABMCHT OT GOpMH M PAaSH DOB NPOBOAHKKA, A TAKEe OT CBORCTE
MATEpHARA, K3 KOTODOTX OH WITOTOBXEH :

p 2l

~ Bpewsi peXAKCAUMK.

(13)

I.2. W3kepeHke BKTHBHOMO CONPOTHBAEHHUA NPOBOAHKKA
: [0 METOAY TOYHOTO KSHEDEHRA TOKA .

Ias onpenelseHHsS YAERBHOTO CONPOTHBAEH:A, KakK CNEAYET KS
( I3 ). HeoOXONMKO SHATH CONDOTHLIEHHS NPIBOAHKKA R , & Takze
ero nponosbkue £ K nonepedsse S padueps.

Ena wotepeHuf CONPOTKBAGHRA CYRECTBYET HECKOALKO METQNOB.
Qn¥H N3 HHX OCHOBEBH HA TOYHOM H3MEDCHHE TC 1.

CornacHo 3akoHy Owa ( I2 ) conpoTKBAEHME NpPOBOLHUKA

— L'f ( I4 )
[ps 21O ( pAC. I ) NH moty4a=
ex mprdiKxenHoe sHaYeHne R, ,
pABHOE CyMMe TOYHOIO 3IHAYEHHS

Rx ¥ BHYTPEHREr0 CONpOTADxE-
HES aunepHeTpa :

EL:Qx;"Ra.

C(13)

Ritc e

€0

AR Q R Ra (Iﬁ)

% Ra
"-:"Ec.li!" Ry>» Ra , 10 conpor#BiCHKE MOXHO OOpEXEXHTH N0 OPHOIHEXEHHOR

~ gopuyze ( I4 ).
-:_'r'_ “s cxexs ( puc. I) crezyer, 4TO NOKASBHWE BOXBIMETDA

, U=Uzg + Uz, (16 )
" rae U - uanpaxenue Ha 3aMumax axnepierpa, i - mempuxerEe Ha
. conpoTKBIcHHM Ax ., :

. floxbsyach 3akoBoK (ka AIH y4yacTKa uem I2 3, pasedcTso '( IE )

:'xom (PeACTABHTD 3 BAAE

U= JRa + TR, . )
..-_‘?"-'3nec . (7 - [0K83aHAE ANMEeDMeTpa, Ra= 0,I5 Ox - conpoTuBIeHKE
| EMMepxeTpa. _
X ida ( IS ) caeayeT, 4TO
U-TRa (74
s e e 20

" MorcraBus Kx #3 ( 2C 3 b ( ), HafAeN YEel1bid2 COMpOTHBAEHHKS

I OBOXHUKSG -

510 ikl _
R i
::'Paaeac*rno ( 20 ) #0RHO LLIACTASUTE B BUAC i
A ' - tl +Ra ( 22 )
. | o .
o -ép._ e 3

Vpaiieds  npdkoz ( 22 ) rpatd-
YCCKM [IPEACTABIEHO Ha DKC. 2.
TaHMEHC yr43a Hixidida 3TOR Ad~
Ht¥ of Haxo HTCA 43 COOTHOTE-

. PReS S ey
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d_g_&
A

e (24 )

I.3. AaKepeHue aKTMBHOT'O CONDPOTUSAEHKR MDOBOAHKKA
10 MET .y TOMHOTO U3MEpeHWR Hanpixexds

PaccKOTpEM BAEKTPHYECKYD CXEMy, H300DAXEHHYD H& puc. 3.
[lpHOAMXEHHOE 3HAYECHHE CORpOTHBEEHWA Kx HOKHO TAKNE OfNDERENUTH
no ¢ puyze (14 ). OUEHKM NCTPEEHOCTH MPK KCNOEb3OBAHHH CXeMH
( puc. 3 )e €CHA HS YHHUTHBETH TOK, NPOTEKADAXA Yepes BOXLTMETD.

AGCO/NDTHAA NOrPENHOCTD B ONPEACKEHHY C IPOTHBAEHHA

¢4 U
A RL=:§; "7 (25)

; rre
TTJ+Te. (%)

ToK, TekymuR wepes BoKbT=
KeTp,

Rx
Fo=d o1 @)

a TOK, [IKe ‘IRaeK R ainep-
HEIPON,

Pic., 3

s
rie Jx - Tk, TeKyZuR no conporipAensn Rx ( puc. 3 ).
OTHOCHTEALY@A NOTPRRHOCT> 8 ONPCACHEHUK CORPOTHBACHMA Rx
c yieTom ( 25 ) Kk ( 28 ), _
pal u(IB) Jo I
X 2orRs e M e %;

7 s G
W3 ( 2¢ ) suaro, 4to ecan Rx<< Bg , 10 npi CnpenelcHky conpo-
t‘ i

TRBASHUA MOXHU NOABIOBATHECA mpubensc2uHOR Fopxynoh ( T4 ).

{9N53yHCh TOMHHN DABEHCTBOM ( 26 ) 4 upiMerAs 3aKOH OMa

By

( 2 ), merydstr ypasHequa

€2

=1

U U 30
—_— = — AN
Rx j 1?6 )

Saecy € - poka3zanue BOALTMETpE, & ﬂ% = 2500 Ox - conpoTHB-

Xeuse BOXbTHETpA.
Paszesxs paBencTso ( 30 ) #Ha U
suave,..ie K3 ( I3 ), noayuum

¥ NOLCTABKB BMECTO Kx e€ro

:Z_ i A + AN i (53l
u P éx Re
00603 HEUUB s
I Vi (2)
paBenoTBo ( 3I ) sammex  Bkze
VD o
e [ + = (33
7 J;S G R )
g : paduk npAmoR auuue ( 33 ) usoC-
’f” paxeH ¥a pec. 4. '
TaHre'c yrasa HakioHa BTOR Zx-
A eSS R R T HE A }@ HAXOAXTCA K3 COOTHOBEHHS
R e o
: L= = a RG
0 5 /5 T ()
Puc, 4 €x

0. PAKTYELS SioTh
2.1, 3xcnepuMEeHTEXZLHAA YCTAHOBKA

JIXCHepHNEHTAXEHAA YCTAHOBKA ( puC. 5 ) COCTOUT K3 QCHOBAHUA
. C peryfspyeMpX¥ 00 BHCOTE HOXK4KE 2, K OCHOBBHUD KPEmATCA WH-
ZMHIPKYECKAH CTORKA 3 cO mEAS0R 4. Ha CTORKS CMOHTKpOBAHH ABa
HEMOLBHEHHX KDOHETEHHB 5 W OLMH NOMBKEHHR 6. Meany HENOABHEHUKH
KPOHETEAHSX¥ HOTAHYTA NpOBOZOKA 7, YAGALHOE CONPOTHBAGHME KOTO-
POR onpexexAeTCA. [[poNOXOKA HNEET XUDOEAR IaTbBAHHNECKHKR KoH-
T&UT C DOABKXHEM KDOHETERHOK, Y€pP23 KOTODHA Ca8 HOAKSDMEETCH B

U€db OOCTOAHHOIO TOKA N0 ORBOR ¥3 cxeW prc. I wAK pHC. 2.

Cixa Toka B He# u3KepAeTcH axnepueTpor, a HANPREEHKE - BOKbLT-

c3

A



EETPOK.
SxanyeHre npuCopa 8 CEThr OCYMECTBAACTCH HBKABTHEM KREASKMM
CETb, k3keseHke TOKA B Le OPOE3BOLKTCA NOTEHURONETpok HI.

TOKA, pexxr psGotu kzesvwauk NOCT u» BHA CXEKU. Hxasiuua 43CT vos

EQXAET HOAb3CE&THCR NPrOODGN B DEEHKE K3HEPEHKY CONPOTHBIEHKS

Eu00 C NOMOREF 1O0CTA DOCTOAHHOIO TOKa, KOINA 877 XAHBHEE QTAC-

T&, &xHO0 METOAOK KSUEDPEHKR TOKA W -G8NDPAEEHHS, KOFA8 OHA HAZATH.
O7zaTtas kxaerpa dvili CXEME no3sBossieT MCNOXb30BATE NPROOD RAH

K S4EpeH#R CONDUTKELEHKR no cxere ( puc. I ) c TOMHEE  eepeife-v

TOKA & HAEATAR - O0ECNEYHBBET COSAMEEUME YaCcTeR npudopa no Cxe-

B ( DHEC. J ) C TOVHE< KIMEDEHuEHM HANpAREHEAR.

o R0 //ru
i e Wi o IO bt
} /! —L_,,--‘é—
| B | = e
e )

Egh_:_nl.;;-r. PR -

2.2. TOpPANOK BHNOAHCHEA DPu-OTH
3ananne kI

I. Peryx#poBKOR BuCOTH HOXEK QCHOBaH¥A AOCKTHCA YCTORYMBOrO mo-
ROKPHEA NMpadopa H& NOBEPXHOCTH CTOAA.

2. BEADY:TE NpuGGp B ceTh nepeMeHHoro toka 220 B.

3. Hamartp kzan#dmy CETb. Ha autesoRt naye.m npudopa SAropaeTcs He-
JOHOBHE HEAWKATOD.

4, YcTaHOBHTD NOABUXHHR KOHTAKT HA p&c”TﬂﬁHRH
TOE pacCToAHHEe Cx zavecTd B 180a. I.

5. Jaxath kiaBukmy MOCT, a kxaBumy BiJl CXEMH oTxaTh, mocie 8Toro
BpHOOp rOTOB K K3MEPEHWD COAPOTHBACHHA B pPEKKME TOWHOI'O K3Ne-

. = 30 cx. Bas-

. DEHHR TOKA.

6. PyukoR l.oreuunoue'rpa PET' .TOK. yCTaHOBHTB suavenus Toka JF

hanpA”eHEA ¢/ TAKKKK, YTOGH 0Ka38HWA BOXBTKETPA COCTABAAJIM
2/3 nxana3oHa ero mKaXd. JaHHHE MOJAYHUEHHHX H3MEpEeHUR 3auecTH B
radx. I.

Tadnuna I
: u
QJZNEG é& LI u d o 17 ﬂﬁz
{
2
S
£
5
&
&
&
2
[ ] ;
T. OopenesxTes nonepevHoe cei{enag npoBoAHkka o fopuyxe
S= fd , (%)

‘rre @ = 0,3 un - nuauerp npososox. 3uavenws & K S samec-

TR » 180%, I,
8. KaxenaTs RXRHY .NpOBOKCKK Ha Ae = 2 CK B CTODOHY yBEAKYEHHA
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¥ npone.ua'rs BCE axcnepnuemaxmue onepall# B COOTBETCTBRY C

NyHKTaus 6 ~ 7 HACTOAWEI0 SAZAHEA. H3MEHEeHEe ANMHH DPOM3IBOAKTE

B-I0 pa3. Yuects, uto Ry = 0,15 O.

9. Hoc?ﬁoarb Tpaguk ( Puc. 2 ) K ONpEACAMTh TBHTEHC yRia ero

HKakrona ol no gopuyze (. 24 ).

I0. Mo @oyy.ue ( 23 ) ompenexnu7s IJ?.B.EI:HOG CONPOTHBACHKE OPOBOA~
. HUEA SR s

II. Paccunrath NOTPENHOCTD B ONDPERCACHRK ﬁ

‘aanam:é_l'z"

I. BunosuuTh DYERTH I - 4 3azaues P I,
2. Hasats xaasumu KOCT ¥ BUA CXEMH. Mocxe aToro mpudop rotoB K

¥ SMEDEHKD t:or_ipo'mue_am B DERiKE TOYHOIO KSXEDEHHSA Henpixe-
HER . :
3. PyuxoR no're}maoxe'rpa PET'. TOKA ycTauoBuTb. . 3HAYEHHT TOXE
J’ ¥ HANPIXEHHR U “TAKKNH, 4TOOH TOKASaHEEe BOABTMETPA COCTABAA~
£0 2/3 ZKeDASOH& €ro EXARH., JlauFue nONYYERKUX MSMEDeHHR U COOT-
percToynmue ¥x fx samecTd B Tadz. 2.

: : ; TaGauua 2

T. ex

RiQ
a

Tlald L

Bmmws_cs.q-hcﬁm.*%*-_

4. Tio Gopuyze ( 35.) onpene.lm*b cevenve mpopominka $ . 3uave-
ut @ ® §. sadecTs B TAsa. 2.

: 5. H3MEHHTH AMKKY npoaomnza ta a€ =2 cu B c'rc:poqy yBEI¥ye -
MK ¥ NpOKeJaTs BCE 2KCHEDUUCHTANbHHE ONEpaluXK 3 COO0TBETCT-

BHM C NYyRKTaxy¥ 3 - 4 HACTOAMEro 3aRaH¥A. V3MEHEHKE AAMHH TpOks-

66

S B vy

.

14

BonkTs 8 - IO pas. Yuects, 4ro compormsrenxe Ke = 2500 Ox.
6. NocTpouTh rpaduk ( puc. 4 ) OMpEAEXKTH TAHT'EHC Yria ero
HaruosEa no Gopxyre ( 34 j.

o dopuyxe ( 32 ) onpeiexarTh yACEbHOE CONDOTHBACHHE npozson-

numf’ ~

8. PacCuETaTh HOIPCEEOCTH B ONDEREEEEKH jo

7.

KOHTPOXBHHE BOIPOCH

I. NomgTite 00 BXEKTPHYECKOK TOKS. KONEYECTBEHHHE XaPAKTEDHCTEKA
3AEKTPEYECKOr'0 TOKA.

- 2. Y7o HasuBaeTCH YACXEHEM CONMPOTHBIEHNEM MPOBOIRMKATY

3. Kak ompereinTs YREZbHOE CONPOTKBIEHKE HPOBOAHEKR KETONOK TOU-
BOIO KsSMepegsrA TORa? CpaBHEHEE RAHHOTO KeToza ¢ KE TORON upad—

AKEEEHOT'0 ONPENCXeHES CONPOTHBACEAS.

4, Eag ONpEAENKTb JACZBHOE CONDOTHBACHEE. Bponommm %eTonoK TOY~
HOT'O HSKEDEHKA BanpsxerER? CpaBHeEne msoro MeTona € ge'rozgox

NpUCXRECHHON0 ONPEAEISEXR CONPOTHEACHER. : Gt o

5. YCTpORCTBO SKCIEPHMEKTAXBEOR YCTAHOBKE. TlopiAOK NPOBEREHER .
SKCHEPEKEHTARBHNX psKepeskd Ea Bel.

6. llpaBEra pacueTe norpemoc'reﬁ. 7%

7. OCHOBEHE NOEOXEHES TCODEE Imma-&opesma.

-mrmmm cmn :
I. Canezsex RB.B. Kypc nﬁuen @asm T.II. !..Ham, 196u
2. 3mcmsH I'.A., Tozec 0.K. Kypc obEett @zsnm. ‘1‘ 1654 E..Bayma.

1965. ‘
3, KanamerxoB C.I'. BneKTPETECTRO. E.: Hays:a. 196&._
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Jlabopatophas pabota Ne 2-26

WCCJIEJIOBAHUE MATHUTHBIX ITOJIEM B BELLEECTBE.
®EPPOMATHETUKH

JI. T'. PynosicoBa, T. ®. ®enoposa. A. b. ®enotos, 0. H. I1lyTos

3 JlaHo KpaTKoe ONHCaHHE XapaKTepPHCTHK MarHUTHOTO MoJis B BELLECT-
. Be U OCHOBHBIX CBOWCTB (eppoMarHeTukoB. IIpencTaBneHa SKCHepHMEH-
| TanbHad yCTAaHOBKA JUIA H3YUEHHs XapaKTEepPUCTHK MAarHUTHOTO M10J15 B Belue-
- cTBe. B 4aCTHOCTH, NMpeyCMOTPEHO: MOMyHYCHHE OCHOBHOMH KpHUBOH Hamar-
. HMYMBaHMsA, HaOJIOZEHHE NeTeb THCTEpEe3Nca, pelleHue 3ajlad C pa3BeTB-
" JIEHHBLIMU MarHUTHBIMH LETAMH. :




' Amyé:tbﬁoc'rb paboTid. YiuKaibHe CBOJCTBA §EpPOMATHUTHEX
NaTEepHaNOB IMPOKO KCNOAB3YNTCH B NportmuerxocT#. llparTiveckn
Hi OfHa PAnYOTCXIGIUeCKaH, 3ICKTPOTEXHHUGCKER YCTaHOBKA He CF—
xopuTCA 6e3 marHnTHMX uenef. B xauccTse HprMEPOB MORHO MpABEC—
TH: IpeofpasopaTeid SHEPrUY — TPaHCHOPMATODH, MAPHUTHNE YCHIH-
Tenn, mar
PHUCCKHE MaTHHH, MACHUTQ - 3J1CKTPUUECKAe M3MepyTenbHue NprCops,
IMHaVMKY 3 MHOTWE IpyTHe.ycrpolficTsa.

CoBeriieHHO HOBHMe MNEepPCNEKTBH B PCHEHMK 3aRaU pai40TexXHARY
EHCOKMY UacTOT NOADHIMCL € moaydueHueM Geppuros. 9To Geppomar-
HATHME Xipsiueckue coemusenus (Tuma .M.eO Fe Oz , rre HMe -
ORMH WIM CMECh K3 IBYXB&IEHTHHWX KaTHOHOB Mﬂ. Ca, N 4 Cu Mg
-Zn,Cd, Fe), xoropue B oramue or mexesa u JJ.pvmx c}:eppo'.,ar—
HUTHHX METATNOB ARIAOTCA MATHUTHELG! TIONYIPOBOZISKEMY ¥ VMEnT
Goiblioe ygmesbHoe conpoTnpieHue nopanka I0% - T0° Om.cu.

0] TPULEHSHUE Da3IMUHIX MAaCHETHKOD B Temxe ct.i./I/, § TI2.

g,,n, p26oTH: moiyuere aammnuocren MHIYKIPIM MATHITHOTO
Tois, HAMATHIUEHHOCTH i MAHUTHON mpomuacyocTy deppouarHeTixa
- 07 HANPAKCHEOCT) TMONA; HAGIOREHKE MeTIy THCTEPesiica L1f paaiiu-
HiX QSpPOMATHCTMKOB; MBYUCHUC MAPHUTHHX uenefi. : ;

lpaxTyuecKas HCHHOCTD paﬁom. Bucnepmiemanbuo HayusnTeR
sartefone cpoficTea (eppoMarteTixos paaniux Napox: R{ €CC,
_neprzsnofi, - (npsMoyTonbhas neTns r'ﬂc'repeaﬂca) ;
B rponecce necaegopatyfl CTYACHTH nonyuanT NpaKTHuGCKIe Ha-
BKIL paGoTH ¢ COBPCLCHHMMY B1CKTDOHHENM nprbopanit: BeabTLHETPA~
5, OCLMIIOrpadol, a TaKxe yuarcs npaelt:mﬂo MPOBOLKTH SKCTEpH-
MEET K aua:maifpona-rb pesyabTaTH. :

1. TEOPETIHECKAA tIkCI‘B

Aroizi Beg ec'raa cCagrant x..ar':m'rhan.t MOLEHTON - Pm s MarmiT-
rufl MOMEHT aTCMa OCYCIOERER LBYMA npiwtnanz: I) opeusasibians
LTIiSEHKEL 2AEKTPOHOR B aroxe (op 5lt'r¢.'lb}-!1{'i TArHMTHD uoicE);
2) HaanuksM y BSACKTPOHOR i HYKIOHOE aTcia cofersei or‘o (com-
HopOPo) uarHugioro roxenra /I-4/. Noseacziie pemectEa B L2liniT
HOM NCAS CYRECTEEHHO SABMCAT OF FEIiuwihlil CyLMapHOTo !-.53\"."!{:{?1{3'-.
I‘u LoMCEY'a a7oMa. ;-:0 ATCRY DPH3EEEY BC2 EE“’E‘C"“'G ns:@aaﬂe.f:ﬁ}?cn
H3 fta RiacCsl gjaananrHe "']5:.?' el I'IS:.‘&'.'&; HeoliRit. .a" S l'—"f"!"’:"
arora guararscikka pasen nyan (sanpunep, arorz 2.H9 » OPfuozIn~
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iTHSIC 3JIeMEHTH NakATH,  3JCKTPOMArHiTH B Dere, 2JeKT-
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B cuerene Cif coorromerte, cpasusarviee 2’ n By

‘EHE L.O‘-'El*Ti.{ oCo¥x .’:)JIEI'( TPOHOE KOTOPDI‘O B OCHCBHOM COCTOMMW PaB-

U HYID, & CID{HOBNE KOMIIOHEHTH K2K SJIeKTDOHOB, TaK ¥ HyKIOHOB
FIPA MON2pHO koMmeHeupywTes). MarkuTHul MOMeHT aToMa Hapamarde-
T#Ka He paBeH Hymp. llepavarHuTHEC BETECTBA BCTPEUANTCHA B MPKPO-
Je SHauMTEeIBHO uage, UeM IMaUATHUTHLE . Ha_mar‘m't:om«'oc'rb BemecTsa

E OKPSCTHOCTH HEEOTOPOH TOUKH onpeﬂ.eame-rca EBHDOZEHHMC

R
?—¥%b
ANE
rge Fm* - MarhaTHhe MOMEHTH aTo0MOB, COIEepsEa 31 {CH B @siSquCKﬂ
OTHOPOAHOM M2J10XM ofpexe AY , sexaguanzes BHYTDH ‘ce6a NaHHyD

ocuxy. Tamns o6pasoM, HaMarHKUeHHOCTh — IUIOTHOCThH MATHHUTHOIO
porerTa. B OTCYTCTEKE MATHXTHOIO MNOJA HAMATHKUEHHOCTH CONBIMHCT-

(I.1)

'Pa KATHETHKOP DaBHA HYAD: Yy IMAMaIHETKKOB — NOCKOILKY DaBeH Hy-

ao xazyuft wien cywa (I.1), y napaMarHeTxkoe - BCIEACTBHC Xa0-
TIYHOCTHM TEIUIOEOPO HBUHENHA ATOMOB, T.€. HOIHOM paso;memaqun
HX MATHKTHHX MOMEHTOB. 2
— [pif EHeceruu BemecTBa B MaPCHUTHOE MOje, MHAYKUHA KOTOPOro
0. » BOSHYKZDT IBa atfx;aex'ra. Bo-nepenx, pnavariirHu? oddekrr:
B aTomax mi,nylmpymc:ﬁ MAPHATHHE MOMEHTH, HaNpPaRJIeHEHe B COOT-
EETCTEAX C npasmom JleHua TPOTHEONOAOKHO YBEIMUKBAOMEMYCK
pHozHe:y noap Dg - . Bo-BTopex, napauarzuTHuf sEICKT: MATHAT-
Hue vovenTH aTouoB (ommunie OT HyXs y napaMarHeTHKOB) opueH-
SADYOTCA NPEVLyMEeCTBEHHS B Hampamaemun Dy  (cu. nopegerne
pauzy ¢ -TCKoM B MarmuToM hoxe /I/). Tapamarimriaf odjexr (ec-

I CH €cTb) OCHUHO CHIBHEC RMAMATHWTHOTO, MOSTOMY B BefecTsax
fapauaCHeTHKAX HAMATHMUEHHOCTD i NapaiieibHa WB: B mma-
MAPHETHKAX HaMAPHUYEHHOCTD aHTHNApALIeNbHE Bo BCAENCT—
pie fuavarHuTHOro sdbexra 9, £AR

B cnabHX MONAX HaMALHKUEHHOCTH '3’ TIPONOPLKOHATbHA bo
; 3ar¥“CHBADT

B BEEE
—— —~
Lt
ﬂd b} (5150
=) e ; o ’ i
wAECh W RS HMEDTCH T OBHIV SCI0HT A30TDOMIEE BIIN20TRA, HAD-~
TiMeD.  TESPIKS MATHCTIHN B NoiNNELHCTALANCCH: M COOToMrAL.
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roe .X, - Cespaauepnll napaverp, Hasupaessl nariiTHoll BOCHpIn:-
wirOCTHD EemecTEa (RS mUaMarHeTHKOB x < 0 ¥ He 3apmCHT OT T2
repa'r}"‘bi T ,I',.;ﬁ' NapaXerisTEKOR x 2 0 g ySusazr ¢ poprou T);-
ﬂa O'i, -107% r ﬂ/H - MAPHUTEAA NOCTOMTRA.
Berererrie .ﬂr'am-::t CHEOCTH B BeT[eCTLE_EJ3INTHACT ZONOIHY-
TEIpHOS LATHITHCS 0TS, HHRYKIGR XOTOPOTO B mpomopmmonatnza

— 1 S —tp—
Bl=~t‘io'}=xgu £ (I-B)
_'I'ﬂm:e 'n.,::e ) vaqec'rzle, ,am otﬁ.asou. R
BB, B =Bt B=pB, ..  aw

Snecs _M = ‘, ek x ~ oTHOCHTEqBHAS ramr.t"ﬁax npﬂm'uac:.:ﬁo b BE--
{eCTD p2. Oka NOKA3HEZET, EO CROIBLKO

Pa3 ¥ J;u".{i’f’ MAarHATHOTO TOIf B Be-
GECTBE OTIHULETCH T MERVKIMH -
BHETHEeT' ‘MACHKTHITO 1oas, (pHc. 'I) ok
JAf OmMICRENA METHITHCIC no:w B
RCTICCTRE 'FROJAT €me \om-r' BEASUKHY -
- Har""!ﬂ'ﬁ“Fh"‘r‘Tb HATEIMTHOTO

. meas. '

Pie.I
I - parkyyy, 2 - S€TRCLTY
Ilo ormpenescHip —_— -—
A B . 'J, it BO
— — — . — T—— Y- }
.l.
Mo -

BeIUUKEE

B=pp i
i e
OccCemmneTh QuaimScroi! Eemmann H CCCTOVT B 'rcr-. urs ee u"‘)-—
EYASUHE TIO MPCH3BOABEONY SSMKHYTOLY KOHTIDY de) He
3apncyT 0T EatKUESA Hmta?}ml:cmar'o remecTea # ac TAg T DaBES /I.—f'a/
mIrc(perueckoll cyioie MIXTOTOKOR, NpoMsLPAYHIY famud RouTsp:

h -\mp‘-n\_-a \-(c "J""Cﬂ' , UTo
| CTHODCINIALSY

T

S _ YIRS
7 “ b cmaai.m.c H oo-

(1.6}
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— a2 dB 7
SHAL=$ H,db=2010 (1.7)
r Gkl v MAEKPO . :
Bsyny roorapoapHoess Konrypa I' ua (I.7) caefver; U0 HampameHHOCTH
HSTHATHOTO MIZ nponopwxoxgg.ﬁbna coanarom-:»_,_aro ToZe MAXPOCKOMTHeC~
AJ:r'pn'yJim.(“ﬂ no :monarsoub oMy
SRMKHYTONY xowyp:r onpe.nenze-ﬂca, HADARY © MAKDOTOKALA, MIKPOTCKA~
16§, T.e: Hamarmemwc'rm penecrsa (cu.1.3, I.4) y
 Hamarmruenns g-rb BEGECTB 000%X KIACCOB -OOCHUHO BechMa Mana
o crasﬁnmn C - 3 -HT0 MORHO BOPMANDEO BHD23UTH COOTHOmEHHMEN

If'uzemca, o,u.x-aho, TaKye napa;aame'r:mx, ,,:m FO“"OPH"

E’*"""C"’IL paccioTy v é;c o..iar'dee!::mz. Y amx semecTs HabammacTCH
mEismie cuov*'a—moro Ha\iaruywnamis' CIIHOELE (se cr{o,ﬂ"eﬂcnpoaaa—‘
:—‘—'3} MADHATHMS 55..-.6..m1 a'r,:zc:n:vrm. ‘aToMOB CpHEETHPYNTCA Napal1eas-—

HO ApYT ApyTy. ria@e B 0"0,/"0"5}'& EHOMHErO MarkiTHOTO MNONfA. Ou'b.q:c--'
z_z-;-}:xe ‘27010 frr.zerzm BI:I}».O,;J%T 3a IIPE"‘EJH:A kypca oSoe# (‘.uiSdei. 0s5-
JA&C §c..:.ps"ame'1'ﬂha, B Izpc;:e.lzac KOT0Dod MarEATHHE MOMEHTH Ta—

'\a,'meub-r"';gp_,r" ITYTY, HASHBAGTCH LOMEHO: ‘Iammmqeqacc-"b cpeppo—
*.:‘.:‘he*:ma ornvnenze'zcz BeaKuxol K Esasmaoﬂ OPKCHT ALY efl sem:opoa
='a'.seru;u SHHCCTY OTL wuux .:xozaenas, ua KOTOPHX OH COCTOUT. F’oae—
Zomte t;epparac.l‘ﬁe'ri"ta B MABrHLTHOM none ONPELEASCTCH, B QCHOBHOM, -
EBYUR @axmopm ‘pocToM goueﬂon, opne}{'m'oosal-"ﬁx ‘SHEPTeTAUECKU
EMTOLHO 110 OTHOmEHuD K . BHEMHexy no.un, 33 CYeT CBOMX coce,n,eﬂ.
“'-epﬂ'“lrez{'rau;ﬂe? H2THATHX LOMSHTOB FOMEHOB B HampaEIeHUH BHem-
Hero NoAf. OTH rzpcueccﬂ HeoGpa'rrw, TNO3TOMY HAUATHUUEHHOCTD .
¢PPOMAIHETHEA 32BHCHT HE TONBKO OT BEAKUMHE BHCMHEI'O NOIAA, HO
1 OT LPeAXCTOLKHM RAHHOTO cdpaaua depporareTHra. Ho,nodnhe Aspe— .
£ RA3HBANTCHA TUCTEPE3UCON. BepPOMArHETHK MOXHO npenna'rhfrb B
sCE:'ﬁcJ‘ MapaxarHeTHR, eCIX HarpeTh €ro Jo Taxolt Termepa'rypu,
IDA KG 'ropo’! at;q;ek" TCrICBOR _pasopueHTaIy marrm-rmr HOMEHTOB
OTLEIBHEX 8TUHMOB Go.ubme, qen at;’z})ew YX CLOKTaHHOR op;:ed'ramm '
Hpurrueckas Temmeparypa nepexofa us GeppouarinitHoro E napamr-—
{ATHOE coemofHie HadHBaercs rouxoft Hopu. Tocne o*cxamﬂrmn Io
re:gIErATyD HNES oKy Kopi Cea BHemmera MaPHUTHOLO Y1018 ONATH
PORMPYDTCR KOMEHH, OPMeHTKPOBARILC ,.ao'r 1YHO GPYyT OTHOCHTEIBHO
,::;wra. CepronarHeT#i NOIHOCTLD. pasuanimuert. 3azucmoCTh ’3’ (H)
E(H) LJAS Taxors - @eppcuamem a KAUeCTBEHO HaoGpazeHa H&
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;.u:ic.?_. QCpami BMaHue, “UTO 3ABECHMOCTH. 9TA HEeawHeR:. T HRTHD—
2f TIpAMas ?5 Ha STOM DHCYHKE NOKASHBAET LAKCHMATBHO LOCTMRM-
1'}10 (nis RaHHOTrO MaTepyana) H%&I‘I—UNBH}!OCT& (racymenne), coor-
BETCTBYDUYD M2KCKMeibHON YTIOPANOUEHHOCTH JIOMCHOB 110 OTHOLEH:D
¥ H 2 Conocwawemzeﬁzp&dc.z ¥ Goprva (I.6) nokasweaer, uTd
RETUTIHN x u U B {pcppol-{al"heTHhe ABNADTCA QYHKIKAMIHK
nauec*rucmn.ﬁ BUZL KPUENX x(H ¥3obpa=eH Ha pic. 3, Almexy -
yaueHKe Hanpmeqvoc TH MACHITHOIC IOASA, IPY KOTODOM x HMak—
CHMENbHA.

Kpupas 3aBUCHMOCTV B(H) Ha pMC. 2 Ha3HBAaeTCH Har!anbnon
xpupofl Havarwuuvearus. Berepcrsie heodpa-m:aocm npouecccn Hauar-
miuxpaia deppoMarkeTika (cM.Bume) NPy HBMEHEHUK H or-Ap
no—H m  obparo, sasucumocTs B(H) U306paRaeTCA 3AMKHYTOM
aplmoﬁ (puc. 43, Hasasae\ioﬁ nernefi TucTepesyuca. Ecax cHuMATH neT-
M PACTEPS3UCA, YBCHNUMBASN Bemtmmy Hm, MATHUTHOT'O NONf, nony-
ugres ceuelicTpo ok merpuqmnc nerenb (puc 3) max ,taam{or-o .MaTepdaia,

s

|
|
l
:

H

Hemag Hs.

PiCE 2 s Pic.3

Puc.4

Ipy yReAMUCHIEA MAKSHMATBHOTO SHAUSHUA HANPALCHHOCTH Mar-
HITHOTO moas [l Tmomamb Hewim YBCIMUMBACTCA. 3ro Gyner mpo-
KCXOLATH 10 ONpPCACICEHOTO 3HAUEHIS H & » IPu XoTopom mifiHa
neTaN nocTHIHeT Heyvloxnzero sHaueHus. Lpi ramshelfised yveaisierntt
HAGDEZEIIOCTH N0AS JOpMA I pasvepu NETAH He veHsnuTes. Taxax new-

2% HasupaeTcs rpeaeipHoll nerzefl. Ilpeneadriyn nezan fecTepesica

7%

et

s

i
¥

A ey

I

i

Afly I Kcrog_on mnymma CHY=.

o

o
Eoces 7=

Xap4KTEPUSYDT napauerpa:.m
S 55;5097 ,He T
(pzc.3): s~ mmm'rﬂaﬁ
HHAYKIHA ¥ H&f!pﬂx&fﬂwc*!b MADP-
HATHOTO M0 HACKHIEHUA; Hc -
xcospuvusaaa CUI8 — BEIUUKHA
a'rpmfermoc'm rzamm-raom no- -

e e m—

wae’rca’ B0 Hyas; geT.- ocra-= -
TOUHAR UHIYKUMSA, omopafr CcOX-
DRHASTCA B oGpaaue npx Hsze-_-
0¥ HATDAXCHHOCTH MATHMTHOrO
noid. :

' ‘L.s Goree moaHo ceoficrsa

UaTHeTHKA OTPERAeT MMEHHO, ce-
1CHCTBO IHCTEPESUCHAX MeTelb
'(:**. .5). Bepmur r":cme;esuqu neTeib NEmAT Ha OCHODHOM KpHBofl

i /

Pi’C 5

paverumuieatng_ (01, KOTOPas HESHAUMTENBHO OTINGASTCA OT Ha-
uaibHo% xpieoft Hauanmwaa}ms ( pl.c 2).
Ecaz peauunen D ‘u Ft Ha ocAxX r‘parimna pic.4,5 oTriagH-

“=€.”‘b B efuyiak CH - TIOTazb. neTau mc-—'epea;ica OKaNETCH UACASHHO

zasHol pHEpreTMueck:™ NoTepms, SATPAUABACILDS HA ONHH UKKA mepe-
mw.mmna,m STy moTepi: IMYKBOZAT K HATPEBaHHD oﬁpaaua ¥3 @eppo- '
rarxeruxa (cie./1/).

2, JHCTEPYMTITATHAL YACTD

N BHGop UETORUKY DKCHEPHMEHTa -

Jr usysemin sasucumocTelt B= B(H) W ﬂ' (H) REOCKCRINMO
coaga'rb B MAPHEPUKe uaﬁ:wrnoe none u’ o,qﬂospevcuﬂo MOMCDPHTD HMAD-
HUTHY0 MHIYKLMO ‘R Hanpme;moc'rb

PeaceuoTpin tﬁ:eppouar-m{'rmﬁ CEPREUHMK C 3a3CPCH ¥ AbyMa oCMOT-

au: (pzc.6). u:,c’x'b no- nepnoﬂ ofrorKe TEUeT cunycouzaibiull TcK
L-LmCOSLL’ . Torza. Ho 3aKoHy ez w003 2ara (1.7) unﬂmrﬂmﬂ
BSHTCDA 'FI' B5oab cpenueft mimy, ofozraueinali Ha puc.6 TYHRTH—
oM, paBea

$Hydl = H(E=to) + Hol

o LN{ (2.1

»



rae £ —-JAUHA BALKHYTON -
cpenne®l muom, Up - mupHHa
“sasopa, H* u Hq - uampmxen-
HOCTH MAPHUTHONO NOIA B MaTHe-
syke 1 b aasope, N - wieio
SHTKOB TepEON odse:o'rms.'f)

AN arsMrHel mi,:;"rw:g 3:'.3"»:}"'

© 713, 2-2aacp ¥, 20t S g .
_:J— o :
C.-reﬂam'ﬂenbno,\ ) }L
; lloacrasup nocne;r,."ee pasenﬂ-mo
Pic.6 B (2. 1), . nonywe::

“Eenu- 3aadp B CeprevHiKe OTCYTCTBYET, leTpﬁ!’BHHOC’"b MBTHHTHOTD
110181 B HEeM MoxHo Hafry 'na (2.2), nozoxup zo =0, B STOM cayuas

H= -Ni'l‘-, -Hm"‘" Nt g L (2.3)

Taxns. 06pasom, HeipAREHHOCTD UATHUTHCTO- IOAR B CepAevHiKe
MOXHO HalTif, U3MepUB TOX, Texcyumn B oﬁvo'rxe I. Hegyruus HarHio-
HOP'O TOAA DAEHa b= _M,ﬂaH “Jas Toro, q-roGH ‘MBMEPHTR STY. BOT:-
WHHY, YuTeM, 7o 94C lmm'mmu_, HABOLHMAR no n-ropoi‘i ofMoTKE,

gi=-NAP =58, o,

rne N 2 — WKCIO BUTKOD BO BTOpPOR ‘o6uoTRe,

7 > ;
?;'rpgro POROp#H, Npapas: uacwh zaxona (I '?) CORepRisT enﬂ wres .

2 'fg—'_ CyraapHull 2aKDOTOK STORUYHC AtolnioTia, HO ccmpo'r tRACHE
Harpyax4 eTop:uHoll geni (vae, cté -klc.r)uac*cm}: Be‘.z:.‘u, uyTo -

noanseres coorhcrenue Y, Ya ge Nil'i 5 NIETOMy uzeHsy Nz by

HIRHO npf:vc{’ Teub..
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Tar xax

T
-

maRs TCHG}‘E‘-&-!O“O ceuemm cep,n,emmﬁa.

CP B S ‘9 - Mami'rmﬁ NOTOK B cep,neum'xe, eS - TI10-

Tax xex [ momenseTcs B COOTRETCTBIN ‘¢ TOKOM, MOXHO 3armi-
carb: B = BmCGS u)t 3 p“BV.«‘IB"‘a"'e muddepemmmonais (eM.2.4)
'1::.:1 JuvN:

Ei(t)= N SBmwsinwt = 8msin@t, 5

LyvruivrynHoe suatzeme Bm CEASAKO C ammnwynmm 3F.aqezmera 3ILC :
PHIVIH 8 m coo"Homem:eu

L
= NS0

Teians cOpascw, Jyis onpefienems Bm LOCTATOUHO mah.epnrb 8m ¥

ROSHIKSHTYD B OCMOTKE 2,

2.2. Omicamite SKCTEPHMEHTATEHON YCTAHODKY

B yerauopry BXOAST CHEAYDIME TDKOOPH: OCLULIOTDad CI-68,
t:..fimfe'“pu V{ ¥ vz - Cxox-mavew, coﬂepavs"‘mm ‘BJIEMEHTH ﬂerreﬂ
COCHPRETt IR ELTONHEIUA aa,.&av:x!’ 3:101»59!—1"‘1:!, Brofmime B CroK-

- MOEET ¥ CXCM2 MX KOMMYTAIp M30CpameHH Ha BEpxHell xpiwie Makera

(cx.pze.7).

- 2.3. llpapuia TeXHMKE UE30MECHOCTY TP
'EHMONHCHYK paCoTH

1. CoBpariyp cxesy 662 NMPORepKi: NPEACRABATEREM vt 1200PaHTONM

'He BKIDY2Tb.

'2. Ye xacatbes O"I\pb!""m’ Kaerad u 'roxosemm’u.x yacrell.

3. _Jlnﬁue KBMEeHEH!R B Henu npousno,n,urb TONBKO TOCIE OTKINUEHNA
- pe OT CeTil.

) Yuyripas, UT) mHEMETD CEUEHIS K0ibla BEAUNTE/LHO MeHbile, uel
RraMeTyh KOabuA, LD PACUCTC MAarHIITHCIO NOTOKA P 1 (2.4) none B
TOLATEETCH NPAKTEYCCKY. ONHOPCAMIRS IO CCUEHMW M PABHEN ero 3Have-

HED HA ("“‘“"“L. EVENT, .

(44



4 Hocne rxpose,:;erma Msuepemn cxeuy o-'wmun'rb OT CeTH.

H&!HIII'E cam’rpo:;snonbrmn paapunu 1 'KODOTKKE B8MNKAHAR B ARTHK
34EMEIITAX T MPUBORAT K MOXBISHND HA OOMOTKAX TPAHCHOPMATODA
fIOBHIEFHOTO 3HAUCHUA Hanpsmemm.

2.4. SEmawxe } I. Cusrue ocHoBHON Kpunoﬁ HEMATHAVMBALA |
' s . (0fH) GeppovarHeTHKA
I. CofpaTh memb mo cxexs puc.7. Dz aTore EO:.bT“e'i‘I:H V1 3
Vz OORKADUKTD K KIenéen A-B 1 C-Jl - wa pepxued xmmxe uarera
COO‘I'BBTCTBeHHO.

Puc.

2. lepexapvareas K noc-ranwrb B nosmmn I,-1lpit aTou uccxe=
Lyercs n’pauccbopua'rop, roxbiiesoft CEPREUHHE KOTQPOro mno.ut{eu ]
gepprra mepki 1B 600, Comporunictnte R g =I O Tawus cSpasox,

. noxazaLs am:m:ernoa ‘UMCNEHHO PAaBHH: / Vf - aﬁx!:erﬂnnpow 3Ha-
USHUD TOKa, JTEKymero B NepBuyHOR oCMOTKE HCCIENYeN0.0 rpanc-
dopuaropa (L33 59 1 Vz - atﬁemunﬂomy suauerym JSC ®o rrmpmx-
foft acuorke (€ 99).

- 3. C nowombb pmixKa MOTEHIOMETDA R YCTAHOBHTE B TED-
piruHoft ofucere Tpaucdopuatopa Tox, pasmlt 0,8 A, u muaseso
(38 I-2 ¢) yueHeImTHL ero fo HYIR, Pa3KarihTkB TRK% 065239
CEPRevHNK .

4. TlocTencHYO YPeIMuMRaA TOK B MEpBIrUHOR OCMOTKe, CHATE
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m = F&' j 'lf

noxasarvs poastierpos V¢ Vz (e wenee I0-I2 Tovex). Or-
, CUeT cuenveT TPOBOJKTD HE uepes paBHEe NPOMERyTHH 10 TOKY, &
'. uane Tav, I'ne & .3¢._ wensercs Gucrpee..
5. Iic \éopmmaz.‘ (2.3, 2.6) ompenemuTh BHaLIE!-Wﬂ Hm, Bm
=yt }3‘1&‘!&'{}{}' m % jﬂ/ DACCUMTATH IO @opz.g"xan

<

J.-t.' I 6)-
Pesynpratat 0JopMUTE B BHIE =rvg6m_1m'._-

TN Lbe L8 BmiBm A
o:ib:ma'. A ‘:- BEC R/H T r A/M :
MF "\aCQETOB npg}m'r}, N e =IO N 2 _2000 s -0 23 1:: bg —ﬂ.._

=16 cx, W =20 =27 50 I'y, : =314 pan/c.
6. nomom'b Ha. mmmeﬂposoﬁ ﬁmare rpa(imcu ot 3‘ ( H)

“ B =B(H), p=pu(H).

-t-d

W

i . . .

2.5. Sggam,e i Haﬁnmemie uemu ruc"epe:mca

I Yrolbr HaGII!JJI.aTb nemn mcrepeauca Ha axpaue ocmm.norpat}m,
heoc’tomm coﬁparb genb 1o cxeue, uaoﬁpaxemfoﬁ Ha puc.B.
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Ocipuuiorpad - yHuBepcanbiult HaMepuTenbHu® Mpuoop, 11030 morpft

HE TOIBKO U3NCPATH TOK, HENDAXEHKE, WacTOTy, MONHOCTDL, Gasy K
T.R., HO X licc:xep.ona?b dopuy Da3AMIHHX CUDPHANOB K Haﬁxnga.

KPUEHS, omxcusamme 32BUCKMOCTE ONHWX BENWUMH OT IDYTHX.

OCHOBHHN SIeMEHTOM 3iEeKTPOHHOrO ocuuarorpada ABIAETCH
anempomo-nyuesas TpYOKa, COCTOAMAR U3 afsem'pom{oﬁ nyrxy, ¢op-
ixipyomeit yaunﬁ IyYOK SAEKTPOHOB, MBYX Nap ILI2CTHH ( X . oTkio-
HADEPX STOT MYUYOX B I'OPUIOHTANBHOM HEUpaBIeHWH, ) ., OTKIOHAD-
MAX er0 B BEDTHKATHHOM HANDABACHMM) # S¥paHa.

- Tpuepan paﬁom BIEKTPOHHOTO ocmm..orpaq)a OCHOB&H Ha BB'&H:.‘C-»
neficTuy . s;zewrpom{oro NoTOKa (nyt:a) e a::ex"pmecmw noImel,
CO3MABAEMEMH MEALY TUIACTHHAMK X.u Y . lonagan Ha sxpeH, ayy
cosnaet CBETSEI(GECE IIAITHO, KOTOPO& non ;J.eﬁc'rmeu 3ze'c1'pmecwv
nonefl Memyy IacTHHesM MoxeT CHThH IepeMerieHo B AnCyD TOWEY JKDA-
H&.

B namem omyre Ha mpuaomanmo OTKAOHADIME IUIACTUHH COLpLI-
morpada X mnopaercs HampmmeHKe, MPONOPIHOHATBHOE TOKY. b B
nepeuuHOll o6MoTKe Tpancéopmawopa. ‘Cornacto (2.3) HanpaxeHHOCTH

: MEUHATHOrO TonA 1 _MpoNopIIIOHATHHA ITOMY TOKY. CrenoBaTensHe,
HanpszeHye, MOaBAENOE HA IUIACTHHH X ocpenorpada; Gyher rpo-
TOPIMOHATBHO HATPAXKEHHOCTH MATHUTHOTO HOIR.

Yro0u HaOADAATH METID IUCTEPesHca, HYEHO HA BEPTKKAIBHO
OTHIOHAVEME TIACTHHN TIORATh HANpmReHMe, NMPOMopipfoHanbHOE 1ar-
HUTHON MHLYKIpi . Bo B'ropmmoi! ofMoTRE Tpaﬂ@opma-ropa- BOS-

- tmxaer SC PIANMOMHIYKIPAM, NPONOPIPIOHAIBHAR, KaX BIIHO %3 (2.4),
CKOPOCTH H3MEHCHHA B , r.e. dB /d.t . Urofu Hanpswewie, TO-
[aBaclce HA TUIACTHHH y o '_Ghmo IPOIOPUKOHIBHO ° B s & He
dB/dt , crasar umerp.tpynmm‘uenoquy"-R"U RS

badt _ Jtre At
iy T J.i» R

Ecnu napameTpu R (" ¢ 1M0Z06paTh TSRMK OGPA30M, UTOCH BUIONHA-
XOCh YCIOBME

@.7

-—-—--c:<. Rf. 3

TO HanpAmelxe, BO3HiKanTiee BO BTopwuHofl ofmorxe (efi. 2.4)

20

e ey B

'HO MATHUTHOR HERYKIMH

; He_ .

By
um N.zéjo%?— » (2.9)

6y.ne'r nponommonwib—

Uy =Y+ U

ToJaBaeMoe Ha IUIRCTHHH y
‘”y“ﬁ :
Taxi4 0Gpasols, CXeua, npencrannemxaz Ha pnc 8, neeT BO3-
MCEZHOOTE HaCIRIaTh HA 3Kpate ocmmnorpaqaa BHJ:L 3am‘crmocmu
or H , r.e. neTan rucrepesica /3/.
. CBeTopOe NATHO HAa 3KpaHe ccx.w.naor-pa:i}a GYZET MHOTOKDATHO
PEDKCOEHEATD aanucmaoc-rb_B(H) B COM Ciyuae, KOTrJla Kampase-
¥xf Ha POPHBOHTATBHO M BEPTHKAIBHO OTKIOHSDIMX ICIacTHHAX W3-
ueHADTCA C omuHarorofi wacroroli. Lnopoma'mo _YIOBTOpEHHoe BucT- -
poe ,mmrem'e CBETOBOIC MATHA Ha 9KpaHe nocnpmmae"cx raazoy
¥aK ORHO HETNOZEMAHOE usoCpazenic, ecnu yatToTa npem:laew
25-30 T'y. lipu menzmeli uacrore Hsoﬁfaaterme HawyHaeT “uraTs”
i, HAKOHel, Wp¥ WacTOTaxX Hise 5-10 I"q BHECTO. uaoﬁpazem'n

a Farrpme}m

. Gymer BHEHO r:epenemam'qeeca 110 BKpaHY CBETOBOE. MATHO.

.. 2: BraouwuTs ocipuliorpad I MOATOTORKTE €r0 X paﬁome B pe-
zme pHewmel pazpepTiy (cuoTpy ‘omcanve ocwwzorpe@a).

3. C.nouompn ABMERA: no'ﬂenr_g'o:..n"pa ,uofn"bcs nosaIe-
HKR Ha 3KpaHe npenenbuoﬁ neTi mc;epearcar Tonorerua nepex-
zouarens K COOTESTCYBYOT CASAYVGHM MADKAM MATEPRATA CEPRed-
mka: I - B 600, 2-128 600 (c aasopm.f) -3 -~ 13000, 4 - [
(npmioyrontHar netax’ rucrepea.{ca}. :

4. 3aprcoraTs Ha MCLIVSTPOBKE NpencabiHe nea:m mc,e-

pea::ca i 3 v 4 ofpedua. : CH 3 _
. Bapreaue oTHouCHIS 5’0'(3:'(3_)/5_051‘1:(4); H e (3)/

6. OrpeTuts Ha BGTIPOC. 'KaKYD MapKy {popﬂomamemxa u
nogely KYEHo rmpanb IAR WGrOTORJCHUE cep,t:etnmsa CIIOBOTO
TPAHCICPHATOrA M RAKYD JVIA M3NOTORIEHIA no-*-romor-o uariea?

6. .,_a_,;,amc. X 3. Hccae,:oemn'e cametum{a c 3030P0M

I. .acnsnbsona-rb c'c:f:y aa;;am'ﬁ %2 (puc 8).

2. C raumenby gr'"«vh noTcHIpoueTRa - ycTaHCEUTD B
nc‘.nmu'ﬂﬂ ‘ofnoTRE TOK, pamuft T AL .

3. Cpasimy. B“["“d‘ﬂ}:b&-‘.ﬂﬁ pa:u.ep FeTni PucTepesica B
Pt nosuupse gavua n: - I (cepmeunng (1 600) u - 2 (f-r-
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acuink HI 600 ¢ sasopow). Hpu usueperuu Be;x"nxa.abﬁom “aauepa
PYKOBOLCTBODATHCA Ofidcatiied OCipuLIorpada € I-£8

4. Onpepenup uvxeiq 0 = B;_ 5 , Tne B; % Bz - SE:aI:Erﬂfﬂ
HHOAYKUME MATHUTHOTO MOAS B cep,uewxax Ce3 3a30pa K C 3a30D0i,-
paccuMTaTh EXpuHy 3a3ope, Mcronbays gopuyas (2.2 1 2.3). L=
pacueTa IPUHATH ;J.EHH:; cpepHed aviM cepreuHiKa ﬁ =€ cu. Ipn
BHOODE 3HAUCHNA MAPHATHON OpOHHIAEMOCTH MCHONB3OEATh Pe3yabTary
_B!:!'IIOJ'IHEHKH sagam I (nam‘b aHaueHye }L » DOIYYCHHOZ HpH TOZe
b3p=1 £).

4. Toree HaMATHIHBAKI 7 @nppoy.amermcon (nauansran, OKI).
- Haxue KpHBHE ¥ Kax BH TIONYuyaeTe B naboparopHoll paGore?
O. OOnacHuTh sBIEHME IMCTepeanca, HATHUNE OCTATOUHONO Hamar-
EVUURAHIA, KOBPIMTKBHOR CHIH.
6. PaGoTa npy nepemarmuunarnA QeppomarseTuka, TEmo rucTe-
peskca.
7. TeumepaTypHan 3aBHCIMOCTb CBOHCTS MareeTHkoB. Touxe Hopw
nig d:eppoxzamemuon. i
8. Cnocotu DPa3MarHuMpaHIS éeppouamewxes.
9. HauepriTh ¥ 06BACHATL CXEMH YCTAHOBKH, BHTIOAHEHNe paloTH,
EHBOL DAacUeTHHX (OpMyil.
10. HsSaomerre mermm r-:sc-repeanca Ha arcparze ocipurrorpada, cxe-
ME YCTaHORKH, HagHaUEHIEe MHTETPATOPa | .
II. Tymrne MarHyTHIe MaTepEaTH paamx TPYIIl, NPHMEHEHVE HX
B TCXIHKE.

3. SAJAILE [0 ViPC
UCCIFIOBAHAE PASBETRISHHEX MATHTHHX L(ETER

Grme:r"a..{, BHTIOZHDTMNS 3TO 3a7aHie, NpERIaraeTes:
~ I. PagpaGorars METORIIKY SKCNepuMeHTa, MO3BOASYIIY Oonmpeze-
AUTH MATHITHYD IPOHWL2ELOCTD ma"epna:a CEePReWMKA TpancGorMATIRE,
u3oCpazerHore ka puc.9. ! _
2. Ha Gase MMEHTJCH npudopoa coﬁpa-"b uenb % IPOH3BeCTH KE-
ofxomuate U3MEPEHUA K DaCueTH.
- 3. B KauecTBe umCHEHMX : (;
anavermll nepaueTpos NPZHATH? 2
N,=90, N, =120, N5 =150,

5. JMTEPATYPA -

1. Heaempikop 9.T'. Onexrpruvecrso.-Y.: Hayka, 1983, §§ 76,
. 79-82, 84 2 93 9’7 98 IOB-IIZ IIJ II?-IZZ 132, 217, 218
223,

2. Caseates IB, Hypn oﬁzqeﬁ Gtevxn. T. 2 . Ha\ma, .;9‘?8

gz‘-«fzo e, éz =20 cx, iy | §6 35, 51-53, 55, 5729, 61, €3, 64, 66, €8, OI, S2.
€3 =20-c5. T ;{ l 3 Lo : 3. Cumyom l‘.. B. Oﬁrz}‘ﬁ kype (Quamsn. T.I. dnexTpuuecTro. M. :
f'ul("‘.‘{ b fun"‘UB"-H"DT'O u iT - ; 4
2 < ERERGED N, [ e, e
: :t o] 3D o 4. Qem-u..a_ﬂ P., Jdchron P.. Capne i, Oelimianoscxue necripar no
. . = - Guremke. T.7.-%.: Mup, 1966. Ta. 34, 36, 37.

Puc.9-
4. BOIPOCI TR CANCITPOBZPKA

I. Omgeammte marvutsoro noax s marsecxkax (Grauveckufl cricn
semeas B, viFa H x JH, » ENUFAUN MX J3Mepeinx).

2. Kracoudurauus MarHeTHXOB, OCOCEHHOCTH UX MoReA2HUA B
MATHATHOM NI01€.

3. OCpscenTs fBIEHNA AZa-, napa-, GeppoMarHer®sua (xauecT-
BCHHO) .

G i B

R e

£2 83




VK 537.85

JlaboparopHad pabora Ne 2-28

SKCIIEPUMEHTAJILHBIE HCCIIE[JIOBAHUA
SJIEKTPOMATHUTHON UHTYKLIUA

J1. A. Kyssetos, B. K. Maiictpenxo, T. O. lporatosa-Pybuosa

JlaHO KpaTKOe ONHCAHUE SBJICHHH SNEKTPOMArHUTHOH MHIYKIMH, ca-

MO- M B3aMMOHMHIYKLWH, PacCMOTPEHBI NPOLECCH YCTAaHOBJNCHHA TOKa B
LR-ueny. ITpeicTaBnesa SKCTIGPHMEHTANIBHAA YCTAHOBKA M10 M3YHCHMIO ITHX

ABJICHUH ¥ NOPAOK paboTE! Ha HeA.



BBETEHHE

3 flBnenve sreKTpOMETHHTHOR MHIyXIpH Guio oTrEpeTc Japameen
(I831 r,) % Hawio mMpOKOE TeXHMUEcKoe mpuMeHerme. OHO HExET B
OCHOBe BCell COBpeNEeH:HO¥ 3XexXTPO— K PalAoTeXHiKW. Draropmaps anexT-
ponerHuTHOM ¥Hpyrumu (3UH) npoxcxomur nepexor mexauuweckol suep-
TUKY B DAEKTPUTECKYD kK, HAoO0OpCT, SESKTPHUSCKOR B MeXaHuvecEyo,
TPaHCHOPHATOPH NMDEOOPasVDT HE3KOE HANpSKeHHE B EHCOKOE, W HaoGo-
DOT; BO3HHKART M uacnpacrpmmécs PA[FOBORHE, CBET, HACKTPONST- .
HYTHHE EONHY B PASEMUNNX NMHAsX Nepefauk. ilepexerrme wmrmurime
nong Bo3CV=IanT B MACCHEHMX HPOEOJIBIKAX MHAVIIMOHEHE TOxM &ywo,
KOTOp:HE HCHONDL3VOTCHE B METEEAVDPIHE FAS TNA2SKK MST25R0B. Bixon
CBY-roxa Ha norepxHOCTS mpoBompmks (cEMi-3@besT), TaxEe CRE3skH-
s ¢ 3HU, FCI!OJIBB‘V&TCH mpK- NIOBEPXHOCTHOM 32Kaxwe netexef, erc
VUMTHBAOT NPy xoncrp;mpoaamm CBY amneparypss. B cesea ¢ sTine EL
TNIEPUMEHT 211 bHOE usyuenie SHH NDefCTABENST SnAUMTEnb:xdl MiTepec.

Uensn parsioft pabori ABEFCTCA SECIECPMMeHTATBHOR, HaVUeH e 3a-
BHCKMOCTH JJIC mHnyxmH oT ODASHTAIMI KOHTYPA B MALHMTHON aoae ¥
OT CKOPOCTH KSMEHEHHS HONf, naunpme BS&P.!-‘-POi' KERVEING! SRV Ea-
TYHEK, VHIVKTAE:OCTH OHOE M3 HHX; xccre;go«anre SEFECHAICTH ToHA
oFf BpeMerst B LR -yemx npu nepe\canm'c DCHECC2X.

1. TEOPETAISCHAR 9ACHS
36k 3JIGKT]JOHEI‘!~JET':E.B-E.WB(E

- PBCCMOTPHM KOHTYP, nc-s.._.‘ =% | MATHETHSS [o2€ C RugyvEpiel
" (puc.T). Tlpn meiko wasenesmm warmioro notora @ ueres
nnon{e,na 25 - WOBEDXHOCTH, Onpetiversiofi XoHTYTON, B TCSZOKHEM

BoFREer T mpyaxm ' :

e‘, T - gl—'f) it
: oE (1)
roe ﬁss J;E!' bs —AETE T
b S ncP"o-.. 'z‘_ﬁ-ca:,.[ —I!;“.:G—
exmis B 1A HOpBATR B ¥
nsonagke IS 3 £ - vroa
serry 8 n &

Pye.T : R}

g€

Ecax xowryp ob6pasverca & purxavu NPOBORHKKA, BBOOUTCH TO-
HATUE MNOTOXOCUeIIeHne; ¥ = AP , rorma (I) MomHo zamicarsb
CIENYRIMM O0Das0oM: f

|
E_*Q"'*Ji:‘*- [:f')

Ecau MBUHUTHAS MMIVKIMA MEHAeTCA O SAKOHY b= 8,cost
The B, - aMMTYN2 MHIVKIWM, ) - Kpyrosas uactora, & yron 4
Mexy & u A opuMHaKOB Ha Beel nosepxHocTH S, TO M3 ypas-
uerua (1) caepyer, uTO

'eu')_ = Ehﬁq:. 5'.” caf}

/R ym;-_fg,“JS = 2F Y fces L s (2)
s

Y=W ' [B,.dS - MakcuuatsHOe mOTOKOCHEUTEHME; 1{' = .5_7 3
5

I.2. Bsanvmas uHnyximsa

PaccMoTpuM 1Ba kowrypa (puc.2),
no opHOMy 3 Koropux (I) Tever
TOK &, , CO3ManMi MArHUTHOE
none ¢ wHpvkme# B8, . Cornac~
HO 3aKOHY Buo-Casapa-llamiaca
8 ~¢; , MO3TOMY M TOTOKOCHEN-
nenve %, KOHTYpa 2 B MATHHT-
HOM mozne - 5, nponopxmeuanbm
TOXY . &g 1 .

=2 =£u ‘:l » (3) \
Pue.2 roe £,, . - msameiaq wHIyRTHB-
; g HOCTh.,
flpK maueHervy Toxa ¢, B KOHTYpe 2 BO3HMKAET 8110 Baanuomwxm
ea - “Ecnu xonrype maxoparca B napa— Wi ,qxauammon cpe.u.e.

l Couf Torga, moncTarass pupaxerie (3) B (1), umeem:
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.

Jl’.;
ea:'_'éa R (4)

Zeau TOK L, I\'EHRE!TCH N0 38KOHY ¢, "Lu “’J‘Df /s rpe Lo, - anmIK-
TVYA2 TOKE, & - KDYTOBES uac'rOTa, TO K3 {Em)wm (4) CreaVeT,
uro :

e}. IEe E.“_.&‘”dff
rae

E-u. o zu “-)jh.r = 2I/,, ,{fm - (5)

1.3. CamoMHOVKUKSA
Paccmorp.m o,tmuoumﬂ KOHTYP (pre.3), no xo'ropouy TEUeT TOK
¢, co3jpamui MATHKTHOE mone C Hmwmmeh & ., CoracHO 3aKo-
vy Bro-Casapa-Janiaca B ~c . NMO3TOMY. K no'roxocnemel-me KOHTYp&
4 ~ o+ TaB. MORHO aam!ca'rb, yTO

¥=Le, (6)

rpe £ - VHOYKTMBHOCTH
nom'vpa. Tlps MaMeHeHUK <

B KOHTVpE BOBHMKAET 9IC ca-
uonmmmu em » Ecn xoH-
TYD HAXOUMTCH B fapa- WIX
IvavMarHvTHOR cpere, Z‘ma{

(I‘!: : ueem

o';
C—c.«.a Z- (7Y

Eenz ToK C Meuﬂe'rca rzo aakoz-t_v ¢-. -'I "-'939’-: rne L N - aM-
alTvaa Toxa, o —varoaas uac‘ro'ra, TO K3 (I)opxr\v"h! (7 EMeeM:

'ec,'“,__ Eé‘...: ‘.«)f i
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_HOACM’BJIM RHpaxeHie 6) &

rne

Eicir = QLD =250 1T = V. L, (8)

X =L =2y, (S)

X, - ungyxrusroe COMPOTHBAEHKE KOHTYDA nepeverHomy (curycow-
LanbHoMy) TOKY.

I.4. Hepesco,qme rrpoueccu B 12- -uénu

Ipu BCAKOM UIMEHEHUMTOKS B MpOBOfATEM kouType (puc.4) so3-
HifxaeT OLC cavouMHAVKIMM, B Pe3VIbLTATE UEr0 B KOHTVPE NOFRIANTCS
TOKA CaMOKHAYKIHM. COTNAacHO Mpapuny JeHna OH# BCerna HampaRieH:
78K, 9TO NpenATCcTBynT HeDACTAHAD TOKA B LMK, MPH DAIMIKAHAM -
v;:ueaﬂoaemm er'o. -

Paccgao-rprm cryuaft samxais
uenu. 3armmeM 3akeH Oua paa
nerv, WaobpamenHo#f Ha puc.4,
B cryuae, KOTJa Néperroua-

‘ _ vrenb JI HAXOEMTCR B rOMO-
3 _ . menmu I : '

'ﬂ‘\_\_'_ _.J|‘_‘"_ : . R =F= LJ‘ ; (10)

Oﬁoaaaums E.-. R=t | Tor-,u;a (10) SATMmETCH CRenVOmM oﬁ-
paaou.

‘Pazpienus nepemexmsie 8 NoNYyUEeHHOM ,n,uqx:bepemmanbﬁou ypamemm. i

B, “'MEGM.

du £ I
—;" :-_—E-Jf K
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Pemerue »rToro ypasHeHks ! cu =& -
Susuenve C€ onpenenseM u3 Heuaabkwx veaopui. Honaras, urto
MCTOUHIIK CHA OTKIRUEH B MomeHT Epemery = . £ =0 (B 3TOT MomenT
BpeMery nepewipuaTenb [} pesoMkHYT), TOrZa CuIE TOKE | IE@) =0,
¢

w=£ oTkvia r_*z'.;-:? LN w=Fe
" OKOHUATENBHO NOAVUAEM: : &
; -}{{
‘= ——-( i ) (I1)

Oopmyna (II) onvciBaeT HapaCTaHWE TOKa B NEN¥ INOCAE €€ 3aMt-
kanvg. YeM Gonbme VHIYKTHBHOCTS, TeM Gornbe B.ILC cauouﬂmm.mn, TeN
MefUIeHHee WieT npouece HapaCTaHUA TOKa. SRR

Haligen XapaKTep MBMEHEeHUs] TORa TpK Pa3MUKAHUK- uomi. B momerT
spemerst ¢ =0 meperinuaTenb ¥3 nonoserus 1 NEPEXONMT B TMOAOREHKE
2 (cu.puc.4). Cuna Toka B memu HAUHeT yOnBaTh, BO3HMkseT JJC ca-
MOKHIYKIKK, TPOTHBOREHCTBYOMas 3TONY vﬁuaam{n. Torgna sakon Oua
mia nerw (puc.4) (nmepewiouarent ] © noncxeHuy 2) SaIMWETCA Cre-
VIO 06pason ;

: 7%

AR
Pespensnn nepemernne, uxeem:

é.. RSP0

i

ﬁoc.‘e nmex‘p;fponawn % HATORKEHKS HAURJbHHX '»'c::oauﬁ { ¢ =0,
cfo )- £ ) nosyusewm:

£
Ve oy (12)

Ha {32 ) BHIHOy UTO TPH DASMHKAHKM 1€ (3-38 FRICHUK camur«-
JIVKIMKE TOK ® Hell Re cpasy o6paraeTes B Hyib, & cnaxae? 10 9Xeno-
HEHI M BHOMY, JEKCHY, | npamem Tew MelTeHHee, ueM COIbme HHEVETHR-
HOCTH ¥OHTVDA. .

Bupawenuy {1I) = (I?) uoruo SEMMCATDL B C}IGILVK)"'EM BYne:

——— L

7*-3'(! e ) 2 Tia (r3)

90

rne 1= % - ycmmnanmeﬁcx TOK, T= }.é ~ NOCTOAHHAS BPEMEHH

Hen¥ WIK BPEMS PENaxcalyH.

2. METOJKA SI{GTEPPE EHI'A H }'C“AHOB!{A

B akcnepuMeHTe -HCIOAb3YHTCH cnemm!e npudopu‘ Penepa'rop
HuskouacroTHud [P=]. , reneparop wmmymbchu#i [(E  , ocipmuror-
padfy] crpeaoumt soxsmerp (Y ), wsgposoRt somemerp ( Vo ).
lexer BrIOUBET B CEOs JBE KaTYWKH . uHaykTHBHOCTH . (Henonpuznan L,

u nopevxnas L, ), pesucropn: R u- R, , u nepexrousrenp (1 -

- Irg wecnenosarus seaeHuit anempomméaoﬁ_-nmmumt, - B3aMMHON
MHAVKUEA ¥ CaMOMHIVEIMK nénohbs'ye"r.ca cxema, MPEACTERIEHHAR Ha
piHc.3.

: 1T
ijie : 1&_}:
T3 | ‘rf-i
|

Pye.lS
C HY3KOUACTOTHOTO reﬁepa'ropa Ha uenb- 4, & nouseTcs CHHyCOM—

xanbnoe Hanpmerme ‘% KB nerm TEUET CHHYCOMZANBHMEA TOK & . .
Tox ¢, - cospaer. uepeuem{oe !-{amm'rr-:oe none ¢ MEIyKune#t BT PO~

wusbiBanmee kaTvmw 4, u . 42 . B kavymke L, -oatmkaer JLC -
- AYKIGIH (Bsaamom-t_nymmn). a B Ra'rymxe 4, - 3110 camorHnykmuy. Bo-

NBTMETD 'V M3MEDAET s@emnauoe 3HAUEHNE CHE] HYCOWHANLHOrO HATPS~
RCHAR - A -’-;‘3: - UerH; KOTODOG CBASAHO € AMILTHTYAHHM sHaue-

Hen U,‘! qlopwﬁcﬁ
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[lapamerpy uenu nomoOpaHH Tak, UTO Ha MCHONEIYEIWX USCTOTAX
X‘_l_d R, . l'ipn STOM YCIOBWM s Im , uMcxons }(5-’38}(933‘.-.-0“&’
MORHO 3&IMCATH!

ARV =,
Tl )
; [Pt .
CKO OCTE HSHéFEHHH TOKA& Jb’ H HHPHHTHOPO nons 0& ﬁ (ol
P P 9

nopioHansiy uacrore £ xo-ropax M3MEPRETCS MO DKafe IeHEepATO-
pa. Horpa nepexnpuarens ] HaXOEMTCH B TONOREHMK 2, BONBTMETD
'\G_ nofkinueH Kk karvaxe £, u raMepaeT dddexTuBHee SHauerue [C
winviapy (BsaumorsnyRiym) £, s KOTOpUE CBASAHO C AMLTMTYRHEM &,
d-o;uma% E= £Eme, Ha OCI.BUIJXOI"paCIJe HabamjaeTca (IJOpua 91C. Horzma
neperinuaTensb _;f' HEXOIWTCA B MONOKeHuM I, BONbTMETp Y, no;KrIn-
ueH K KaTymke /, ¥ n3mepser ofieKTUBHOE 3HAUEHME JIC camonHmyK~-
wm £, -, ecmn ax'msnoe CONMPOTHRIEHNE KATYWKM MHOTO MEHhme
wenykrupsoro (0 Ry << X, ).

- Hamensan ua'CTo"y CHPHATZ I'€HEPATOpa, MOKHO MCCAENOBETD 388U~
cumocTb JLC MHEYKIMM K CAMOMHAVKIMK OT uacToTH. Bpamas xarymxy

Lz__ ~» MOMHO WCCIeNoBaTh sapicumecTb S/IC uHavKIMK OT OpueHTarp
nomy‘pa B MAUHKTHOM moxe.

- Insg uecnenopaHug nepev(o,u,mx npoueccos B L £ _uenu uenoab-

3yeTcs CXema, NPENCTARIEHHam Ha puc.6.

.

C wmmynbeHoro reHeparopa Ha nenb 4%  nopapres npsmoyronb-
HeC WMMIOYAbCH HanpsxeHus amminrygolt U. x mmrensHocTsn 7
(puc.7). B momenr % =0 (nepemmmu# dponr wayabca, a - puc.7) He
L, 8, -uent "MrHoBeHHO" NONAETCH HAIPHKEHWE [/4 ¥ JIEPARUTCE IMOC-—
TORHHHM B TEUEHHE INMTENBHOCTH MMIyxibca T . 3a 370 BpeMsa NpoKc—
XGOMT HapacTanue Toka ¢ B L& -uyemt. B moment ppexenn £=1,
(3ampml GpokT wumynsca, 6 — puc.?) Hanpswehue "MPHOBEHHQ" CHUMAET-
CfH, B PE3y1bTaTe NPOUCXONYT Cral TOKA- :
Korya nepexmouarexns J1 l-mxo,un-r-
cA B Noxoxenws 3, ocmpuuiOrpad
NOAKIDYEH X0 Beel - g 2 ~1IenH M-
1{ NORA3HBAeT (OpMy HANPARESHUA, KO-
TOpOoe NofilaeTcs C TeHepaTopa. Ec-
I¥ nepernpuaress [ HAXORWTCSH
B NOJOEEHHK 4, ocmuunorpad non-
i KIOUeH k- pesucTopy % M TOKash-
2t [ £  paeT (QOpMy HANDANEHMA . Ha
R, , xoropoe COrIaCHO 3aKOHA
Puc.? Oua u-:.ﬁ T |, 38BM-
' . CKT OT BpeMeHs TIK x€, KaKk K-
7oK ¢ p nenk. Mauepas ¢ LOMONBD OCIUITOrDada SHAUESH:S HANpS=e—
HUS &, B Da3i}UHNe MOMEHTH BpeMery £ | MOEHO NONVUKTH 38RH—
cuMocTs  w, = 4 (¥) vng a=ce)

L

3 SKCIEPIMEHTANEHAT YACTD

L Hccne,r;oaaﬂﬂe anempomarm“uon wmrmmﬂ, R3aMMHON
MHIVKUMH B CAKOMHAYKITAK

SHTBT ﬂogmmsna yc-rauosxu K paﬁo*-e

g) Ho,n,coe,qun.{'rb X Maxe'ry rpudopp! COrAacHo cveun Ha puc. 5-

¢) llonrororuTs Kk paGoTe M BKANUKTD ‘TpuGopH. A '

8) llocTapuTh nepewipuatens [l . Ha maveTe R nu::oaom*e ?- I‘pﬂ ATOM
ROJ pTNETD v’ Oyner Ha'.epfr“h BAC kuncuyu (naavm:{m;vmwv] B
catvuxe L,

) llomath ¢ ru-:e;c?':q‘a cuHyCorfan b cvrv&r vacrorcli 7f =200
1 vanpmxerven U <B B, : :

fo sossimerpy ¥ ycrasoesTs qr,,wgeawmoe 3HaveHye h&l"ﬁ?"‘x‘&!*l"—'

.5:'

8 Coe
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ITOCKOCTAMM OHI DABEH HYJD.
x) Bonvrmerpon ¥, a:mepu'n_: afbexturHoe snauerme JAC MHmyrIMM
(ssammounmyrius) =~ £, - B KaTymRe
3) Hccrenosars BH3YaNbHO dopy €= € > (¢) ua octpnorpage .

PT A

3.1.2. Hccrenosande sapucumocTn IUC mHayximy (EB3auMovH-
LYKIp#) OT UACTOTH MATHMTHOI'O NOAS.

Walenss uaCTOTY. TEHepaTopa .‘E or 200 I'y mo 2000 Fu ¢ us-

=£0)

~ TEPBAIOM 4) =200 Ty, CHATH 3ABHCHMOCTD &,
l'ipu 3TOM IO nonb-me'rpv K . KOHTPOMKXPOBATH NCCTOSHOTEO HENpIxa—
wa U (Toxka J, uepea xarymky 4, ‘).

3.1.3. OcpaGoTka peaynb-rm-os aagepeunﬂ

a) Ilo pesyxwa-mu xauepe:mn TIOCTPOMTD * rpa.@m 3asncmocm aMIiA-
cym SJIC MHmywRIMH (asammmnymnn) OT uUACTOTH = £y =& [/)
HauecTBEHHO CPABHATb SKCIEDHMEHTANLHYD KPHEYD C Teope-mue\.iro?,
nonyueHHo#t Ha OCHOBe gopmyar (5. .

6) Mo sxcnepumuerransomy rpadusy - £u, = ﬁ.,ﬂ) pacctxwm'rb MaKCH-
MATEHOE no’roxocuenneme 2‘." _KaTYIKH Z 2 ¥ B3AAMHYD MHAVE-
eupHoctb Ly, L L -

g) PaccunTaTh MorpemHoCTH nauepex-mﬂ ft " ’-u HA uaCTOTE:

T( =2000 I'.
3.1.4. Hccnenonauue mmcm&oc'r? s;{c RHLYKUMH . OT opue:—rram'r

KOHTYpa B uam-m'nou no:ze

a) Yeraoputh uacToTy cm-rycougubuor-o toka -! -2000 Ta.

6) Momensx yron 4L ' meRLY MIOCKOCTAMYA Ka'rymex (ymn MexAy KH-
AyKiMeR. MAPHWTHOTO NOXR &, - M HOpMATLD = 4, K MIQCKOSTH K&-
Tymxu L2 ) or O po 180° ¢ mreppanom 4<£ =I5°, cuarh 3aBu-
cmgpers adpexTustoro suaverma AC mmympm or yraa -

=5 G )

3.1.5. CopaBoTka pesynbTaTon ﬂanepewn

llo peavabrarTam Hauepemm MOCTPOMTH r'pax{mx 3BBUCHMOCTH BMTi~
nerysy OfIC wnyrwen ot yrra .= £, (2 2] - 3rech xe MOCTpO-

G4

¥Tb TEOPETHUECKYD 3aBKCHMOCTD
KCNOAb3Ys 3Hauerne

. Mo S @] e (oY

g nonwenuoe B 3KCIEPHMEHTE Ha =

2000 'y (n%.3.1.2., 3 1.3 ), Tax, uTOOH l::,“"('} F““{) Cpaa-
HITh SKCTEPHMEHTEIbHYD ¥ TEOPeTKUeCKYD KDKEHE.

e)

6)

a)

G)

E)

r)

&)
G)
B)

)

Mz axcnepmemanhuovo rpa:})mca

-

3.1.6. Hecnenomaune asaeucimocty SJIC caMoMHAVKIMM OT UACTOTH
CMHVCOMABILHONO TOKa

Iloc'ranm'h nepemmam.s Il us makere B qonoxerve I. Ilpu aTOM
porbTiETP V.  Oymer mamepsTh adexTupHOE BHAUEHUEe 3,[{0 CEMOKH-

nvawmu £; B xatymke L, (ecnm R << X, ).
Haienng uacToTy. reHeparopa .{ or 500 I‘u o 2 xI'y c Hmepsa—'
KON 4 1{ =250 Ty, cuATH 3&BMCHMOCTD 2L [ )%

aTOM HEOGXOmMMO MO BOABTMETPY ¥,
Hanpsxewus U, (roxa I,

xowponuposa-rb nocmrmc'rac
uepea katymky £, ).

3.1.7. OcpaGorka peaynbm'i'ma-nsuépeuuﬁ

Ho PE3VABTATAN mswepemm TOCTPOKTL TPafiK 38BUCHMOCTH ammn-ry- .
nu JAC camouMHmYIINK OT UACTOTH é' A, [_'() KauecTreHHo

' CD2PHUTDH DKCMEPUMEeHTAILHYD KEHEYD c TeopeThiueckot, nonvue}moﬁ

He ociore Gopmyns (8). - :
Ilo pesvabrarTam maueperufi nocTporTs rpaduk 3amcmbcm MHAVE-
TARHOTO CONPOTHUBLEHUS KATVUKY OT t;ac'roTH ﬂ . rne
coraacto Gopmynay (8), (I3) n (Ik) (/U.)E‘(ﬂ 2
KauectrenHo cpaBeuTh nxcnepumemanbm xpna\m c TEOPE“HlIECl‘Oﬁ
noavueHHofl Ha ocHese QopuMyau (9) '
g_ﬂ) OTPENeNHTh nm@mﬁs— .
vocrs L kaTymwm L, : AT E e
Pacerumamh norpemkocTs mmepeﬂun -/ na uacrore -,( =2000 Tt.

3.2. Mcenenosanve nenexonmx nponeccon 8 LR —yenn

33T ﬂpoae,neuae uauepeﬂaﬁ

noncoem.mmb ¥ MaxeTv npuc opil CoINACHO exewe Ha puc.6.

NoarororuTs K paGo"‘e ¥ BKIDUATH MPUOOPK. :

flocramruTh nepexacuateas [] - Ha vakere B nosoxewve 3. [lpu arou
ocieraorpad nopravuen w0 weelt - /R, -yemm.

flofats ¢ MMENYASCHOTO TEHEPATODA NPMMOVIOILHNE MMIVJbCH HANpPH-

XSEAE TOROKATEARHON MOARDHOCTH RautessHocTen T, =1 Me, uac—
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n)

e)

x)

3)

u)

K)

a)

6)

)

TOTO# mosTOpeHt /1! =100 Tu, avmmrymoft U, =3 B.

Ocipunnorpagon HaMEPI-‘Tb AMIDIKTYRY WMOYZBCHOPO HENpsxeHns Usm

na /R, -uems u juurensHocTh maTynsca Ly .

Nocrasury nepekmouarend JL Ha MakeTe B noxoxetue 4. Hpi'

3TOM Ha ocipuuiorpad nopaercs nanpssenue Up ¢ peancropa R,e_-‘

copnafianmee no gopMe ¢ TOKOoM L B LR, -vwerm.

YcTeHOBATD K&PTMHKY HA ocipuiorpede Tax, UTOOH HapacTanue

SAHKMANO BECh 9KpPaH.

Ysnepsasn ocimurnzorpadom Hanpsxexne Ug

TEHHA B DAAHYHHE MOMEHTH BpEMEHM
T =1 ()

Ycr&uomb KapTHHEY Ha ocumurorpade Tak, q-rodu cnan, Ug 3a-

HMMAX BEChb 3KpaH.

VisMepsA OCLMIIOrpafoM HaTpsKerue U;a B npouecce ero_cnana

B PASNUUHHE MOMEHTH BPEMeHM » CHATH ABKCHMOCTH UR =a,e(¢)

B npouecce €ro Hapac-
» CHATH SABHCMMOCTD

3.2.2, 06paGotka peayabTaTOB Mamepersfi.

Mo pesynbrTares uaMepeHiit TOCTPOKTH rpadui aanucmaocm TOKA
B /A, -nemm OT BpEMOHN, B NMPOLECCe HAPACTaHHA TOKa L' = t—(f)
a Taxse rpafux €n({-Y1)=RE) ,rpe I - yc-rauosunmuﬁca
B per® Tox. Kavecrsenno cpapHuTh axcnepmaemanbm KDHBYD C
TeoperHUEcKoll, NoayueiHofl Ha ocCHOBe op (I1). :

s oxcnepuvenrastoro rpaguxa n({ - /7)=£() onpenenz"b
NOCTORHHYD BpEMeH HemM £ W mumykTHBHOCTH L . .

o pesynsraran usMepekih NOCTPOHTH rpadux sam{cmso ¥ TOXE {
3 /£,R, -nem or mpexenu B npouecce crnega Toka g8 SR

a rexxe rpadnx &2 (/7 ' )=F(@). Keuecrsento cpammb azcrepu-—
MEHTANBHYD KDHBYD C Teopermecxoﬁ noxyne:mon H& OCHOBE §op~
wyma (12),

r) ¥ sxcnepiamranstoro rpajska Zuf /f) ,C({j onpepenxTh moc-

TOTHHYD BPeMeHK £ M MHIYXTHBHOCTb | Vi Cpasmty 2 n /
CO SHEUCHHAMM, NONYUCHHHMK KS rpafsra, asoﬁpaxamero nponecc
HEDACTAHKA TOKA (u.3 2. 2 6).

9¢6

Tens [f

a)

¢)

3)

L% BT

(&~ S G I o B
P

F"

4. YWPC. HCCIETOBAHVE 3ABUCHMOCTU MHIYKTUBHOCTH :
ABYX TIOCIENOBATENEHO COENMHEHHHX KATYUEX OT
VX B3AMMHOM OPUEHMTALMH

Ycenenoranve NPOBONMTCA HB MaKeTe, IEC UMEETCA MNeperInus—
He NETbh nojoxwenxii.

Nocrasurb nepexipuarens £! wHe Makere B noaomeHwe D, Npu BTON
rce onemeHTH [. K. OVOYT K30NMPOBSHH HpPVI CT MADYTZ.

Ha ocHosaHum meumeﬁca annapaTypH paapaﬁo-ran ¥ colpaTh cXeny
IIH ¥3MEDEeHHA MHIVXTHBHOCTH u;e‘m, cocTosmell K3 OBYX TMocje—
NORATENBHO COEJKHEHHNX KATVIEK.

SKCMEPUMEHTAIBHO UCCIENOBATH 3aBHCHMOCTD WHIYKTHBHOCTH LI

#3 LBYX TIOCNENOBATENbHO COENMHEHHHX katymex Z4; u 4z ot
yrna J  Mexny MX ILIOCKOCTSMY B jMenesoxe or O no 360°.
Tonyu#Th. TeopeTuueckyn sasuckxoets £=4(4) s nem us
REYX NOC/IEROBATENBHO COEJIKHEHHHX KaTVIeK, ynoanemopv-renbho
OTMCERBEDMVE PesyNbTaTH OKCTICEHMEHTR.. .

BYBIOTPASHIECS CITUCOK

. Canezpes M.B. Kype o6mel Guanxu, 'I-2 1978, C . 174~ IQG‘ 260,263.

Jlerzad A.A., Sisopexuti B, , 1\.1{.‘1!‘0‘.‘3(‘}{&5[ JL.B. Hypc Susuru.T .2,
VL8727 (G ?-<89 :
H&.—'Ia:.’!.‘{i‘.%ﬁ}ﬂ C.I'. nexrpurecrso, 1985, C..178-199.

, KORTPONHLE BOIPOCH

liarmsTin oTOK, nowoxocuememe.

S.Teerpowammhaﬁ MEEVKIA. :

Baaumuas wHnykuma. Baaumsas KHYKTHBHOCTb -

Ca:aomuwuum. VunyrTHBHOCT .

Illepexoptsie NpoiecCH yCTRHORIEHSIN Toxa B LR —yem.

MeTopurs skenepuvchta. lasnauenne ¥ EVHKIKOHATBHNE ROBMOKHOC—
T KCroansyeuoli B YCTEHORKE annara"-yﬁs,.

gr



V]IK 537.85

JlabopaTopxas paﬁo'fa Ne 2-27
HCCJIENOBAHHUE DJIEKTPUYECKUX KOJIEBAHHE’I

JI. A. Kysneuos, A. A. Panyonos, B. K. Matictperiko, T. ®. ®enoposa

JlaHo KpaTKOe omuCaHHe COGCTBEHHBIX W BBIHYXACHHBIX 3JIEKTpHYeE-
CKHX Konedanui B kosebarenbHOM KoHType. IlpelcraBiieHa 3kcriepuMeH-
TaJlbHas YCTaHOBKA I10 MCCJIENIOBAHMIO 3JIEKTPHYECKHX Konebauuit U Mopsiok
paboTEl Ha Heil. ;



BBEUERE

‘{oreﬁa're.?rb:-roe nanxemle ~ O5HG K3 CaMHX pac':poc"‘paner-xm«.

B TIPUPORE ¥ Texuuke. Honebaurs cﬂaep:mm‘ CECGORHD nonaemem{ue
Tena ¥ Tela Ha TpYRKHEX — MasTHvi#. llpAd pacupoCTpaHeriK 3myxa
¥ celicMBoAH Koneérmcs uacTHi cperH. Cser R penrcsonsl -
pacnpoCTpaHaRIKecH KoieCaHis e*em"xarmaom nong. HozeSsiis
PA3NMUHHX KOKCTPYXIH#, ammapatos, wam, CYACS K T.E. (sutpe-
1) - BpEAHOe HBJIEHKE, C KOTOPEM npxxop.mcs €CpOTHCH HA IIpo—
¥SBOACTBE W TPAHCNIOPTE. HozeCzTeshiiie NBAKEHKA 38DAKCB (repn-.
MeHHHE  TOKH) B HNEKTPHUECKMX REnsx MZDOKO NPHMEHRNTCA B SNEKT-
porexizke. He xonelaHWAX B8TOMOB B MOXEKYAAX OCHOBAHA pacora. .
sasepes — CBY remepaTopoe. Hecxorps na -paanmwn'&nsmecm
npupony, BCE KoneGaTeNbHHe TIPOTIECCH OMKCHBADTCH OfFHAKOBMY
YpapHeHksma. Taxri 00pasos, axcnemmemaunoe accne,.,.onamie KO-
7e0&TEIbHOI0 IBHKEHAR Ha OpuUMepe meﬁmﬁ T0K8 B L CR —KOH-
TYpe HRIRETCH BRXHON aajavell B GORKPOBAHMHM 3HaAHWF COAPEMEHHOT'D
HHXEeHepa.

~_ lexsp panHOW pasOTH ABIADTCA SKCHEPKMEHTAILHOE nccnenona—-
HKe COGCTBEHHNX H aumem xoxeCaHRy TOKR X Hanp:memm Ha
3AEMEHTEX B KONEBATENLHOM. KOKTYR¢ rmeeperme napanerpoa KOHTY—
pa: mum TrEBHOCTH L conpo-*ne.:emm R nedpo"mcw D

I. Tm ‘I&.CII:

HOM EOHTYpe (pﬂc.l) C TOfKAD-

!
L

1
¢y
$
l

}afccmanbmn C (e=£ Shut),

o ) HeSeT Bl
o +af,‘;it suietlemdt, (1)
. ..!'
Prc.1 7
Ry RSl S Lk ]

TEE - P T2y osw'ureqﬂ* 33-1':.:_-5(5, _- = ’,ﬁ,— S coﬁc_raeug«:as
KPYTOBas n'-c-roj"a, R - compormmzerie peax.crors 5 | = EHIOVE-
THEHCCTD KeTymku; € - ELKOCTH HOHEEHCATOpa; f. i bm,

L - MIUITYHA ¥ F‘"j”ase&' YaCTOTS c-tf"@'c._‘*i'.,m.%.—u? C

100

- }'paaﬂem{e. xo%opcuy‘ YAOEACT—
4 BOpEET TOK & B xoqebaTenb-

GEHIEN K HOMY I'€HEpaTopCM CH-

O6mee pemenue NMHEREOTO HEORHOPOQHOTO YPaBHEHHS {1} coc-
TO¥T M3 OOMero DemeHMs COOTBeTCTBYRREro eMy ONHOPORHOTO YDAaE-
HEHWA ¥ UACTHOTO PeliEHKA HEORHOPOAHOTO YPABHEHHS (I):

€ “o

f =T ‘ iy 5
AR p A TR /} A B w{g‘_ % .59)) {2)
T £ y

,___._...
TLe r..'.f -; ,5 | — KpyrOoB&f USCTCT& COGCTBEHHHX 3ATYXaDIHX
woaebanxit ToRz; -*'--p, £ - HauagbHWe amIMTy#a W daza cofeT-
BeHrEx KozeSamui; 7, - 2MUMTyRa BHHYRIEHHEHX KoneGauuit ToK2
# ¥ - pasHocT: (23 Mexmy 3JC u TokOK, KoTOpHe namca pHpa-

FEHHAMAT

1

?/ l

‘Z— /
TLe ==ie *@l“ ) PE - (X -X) | - WMOIeJeEC IeThi,
 =al - RHILYKTHEBHOE conpo'mnnelme KATYEKY CKHYCCKIANE—
HOMY TOKY;. i /x - - eumocTHoe coupomnrel-me KCHEEHCRTOPS ,

I.1. CCGC‘I‘BBHHH& Ko.sedm‘mn

Hepsaﬁ uneH B BHpaszm (2) npenc':‘amme coGoft cOCCTReHHNS
aTYXamHe KoneGauus TOKS, KOTOPHE CYmMECTBYDT TONBKO B HeUeib-

- mﬂ neprop, (nepexopuue nponeccH), & TAKKe. MOTYT HMETh MecTo 0es

reHepaTopa, ‘€CIH NEPROHAYANLHO 3apAINTH EOHOEHCATOD WI¥ CO3TETH
TOK B KOHTYpe. AHarornumng GOpMyIzZuR ONKCHBANTCA TAKXE cobeT-

peHrMe RonelaHus aapﬁ,n,a Ha KOH[EHCATOpE ¥ HanpReEni Ha oneMeH-
TAX KOHTYDB: &, o & - 5 - . Ilp# 2TOM BO3MORHH [BE CRyHAZ:
wm:oa) )e.<.d:' ey ';Q<g/}%7 . B srom cryuae  «. -

ZeficTEHTENbHERy H CoGCTREHHNE KOAeCaHHA" npe,ncmanﬁn'" coﬁoF KB&-
aunepronyuecksil npouece ¢ KpYTOBOW userotof W . A= Y,
nepaoiow 77% 25 % _saTyxancef axauHTyof 7 6’(_) 7t Ft {(pre.2).

3s” s_peua PeNaKCEIMK = = _ = 2%, a;mzmyp,a TOKA YMetib-
maerce 3. ¢ pas ( & -2 )
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Hau_ec'rso KOHTYPA X8paKTSpH3YeTCs KOODPOTHOCTBD ¢, OmDe-
Lenrenol Kak OTHOWEHKE SHEPrHH, 3ANECEHHOR B KONTVEE, B SHEpruy,
pacxomyewol 32 nepros: -

Q=25 .w' > sy
Wor e
=i 4 .|f_a - B
e e - sanacemta.cr sHeprus; O = J&“ - I-.Ol..,nCC':b
noTeps; w!,,- =PTL x%; - SHeprus, DACXCRVEMes 3a nepuop T.

YuuTBaR, uTC pacuer ,noépo'mom B KoneSaTegbHOu KOHTYpEe Ipo-
BOLGUTCH HAa COGCT:B&H'HOF UaCTOTE KONEeCATEeIBHON0 KCHTYPS,MORHG RET~—
KO mepedTy k cnenywmery mpaxemm wm .B,oﬁpo'mcc'm (e p-l-‘:..) 3

Ve W 4 e
R Sm ety (e Lo (6)
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Mef ¥ COOCTEERHHE KOIEOaHHs NPELCTaBNEnNT Co00k anépndmecx'iﬁ f
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Puc3

1.2. Bumyspeme komeGanus

C reuermer Bpemeny mepeuft wien B fomyse (2) ofpsmzercs »
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Bupaxernz (3) x (7) ompepexswT AMITIUTY JHO-UECTOTHHE XepaK-
TepUCTHEK KOWTYPa, mupaxesve (4)= maaotzac*os:ayn xapg_g_'f'qpncm}q
Ha pHc.4,a np’.tsene}!a Pe3OHEHCHEA KpMBAs, NPEICTABICHHAR POpMy—
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Tipn copnagersy uscrors 3AC ¢ coberBenHOf yacToTO#l KOHTYDa
( f=L ) awumTYIE Xorearudi TORA T, pe ® HATDSEEHHR HA De—
snc'rope U.. e, MAKCHMANDLHE. Hopobmuit oTKIME KoneGaTenbHoR cre-
TeMH HS TEPHONHUECEDE posneficTere uaaﬂaae'mx PESOHAHCOM.

Iupwsoft NMOMOCH HDOHYCKAHKS KONECATENBHOW CHCTEMH (p¥c.4,8)
TNpHHSETO HeskpaTh Wiwepsax uecvor Af=f -/ TS fy 4~
SHEGEHMS UACTOT, NPH KOTCPHMX DESOHAHCHAR KPHBAZ MPOXOIMT UEPE3
ypoverin  Uee = Uraps 470 = OF a“fz s rne i Uagsi =
AMIIKTYRA HATDAECHYA HR PESKCTODE MpH f=do - - Ha r'pammax
TIONOCH MPOTYCEAHAR MOTHOCT 5 pacceusaeuas Ha compoTHeRerME R,
paBHA TONCEXHE MOWHOCTH, PACCEKBAEMOH MpHA pesonavce.- ;
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2. METOIMKA SKQIEPIRMEHTA ¥ YCTAHOBHA

B sKcnepuneHTe ¥CNONbIYDTCA CTENyNTAE LPEOOPA: _TeHepaToD
CHT'HAJIO3 BHCOROYECTOTHHIE " - :DPEHEePATOp FMIYALC— -

i L], - crpenounnfi somerMerp (- Vi ), -
widpososi BorsTmerp (¥, ), ocipnrorpss - 4]
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s i e i
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D R —

mm:mé suaverma Ui w0 UL cossam ¢ BRTIUTYHEMY SHA-
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Me KaMepeHusd ‘pasHocT ¢a3 (xoTpR omEcanHe X 2aGOpaTOpHOR paGo-
re B 2-23 )ocmmarorpajor K3auSpRETCA PA3HOCTH §a3 Memy  «f (mo-
naercs Ha BXOR "X“) M TOEOM B EOHMTYpe WiR U, (nonaerca Ha
sxop "Y"), B arcnepierte HCC peApyoTeH SaBHleOCTK BMIUIKEYH EH-
wemmc xoneSamng U upaanwﬂnéaa f wexny Ug w TO-

EO!( OT ‘UACTOTH. 5 :
.Em Pccxenosm-mz co"c-reemﬂx BIEKTPHUECKHX meﬁ&mn C-
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xcxem 2).
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|
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fcescnosanme suHyxmeisX xoaeSamkf fpo Bo:,r-‘:'cs no cxewe,
Epencrasnenioff Ha prc.S (nepekavuarest § noaoses I).

BiicorouscToTHl CuxEyconnaibesl rekeraton RO3GYRASET B RC-
aefaTervHON KoNTYPE L CR, TURNSRITe KOTESAMNA TOKE.
Bogps M2TD K. MRMSPAST DODEHTURKOZ 3 ..’11-.6‘-.}‘6 Henpas .ewﬁ. nora-
REEMOTO HAR HOKTYE fi; ), BLAbTMETD 13 - adiexTisHos 3ua-

rope ( U. ), uactoromep - vacToty

Ia ;—:aﬁze},—}a:‘: rE GoDMa '{C,‘!’C(B-'?d e .
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C mayxbcHoro reﬂepampa nomwrca xoporme NepHOoJAUECRHe
Ty nbeH BANDAXSHUA HA roneSarexcsdl-gorryp - LCR, . IIpm
BIAINCHHY mrrpuem (nepe;uﬂﬂ Gpore ma.wxnca) 3a apewz BEE-
-cezmoc'rx Hayxbcs: mrmamop aapme'rca. Hocne euxanyeHAs.
mnpzte}ms (sampeek. fpore mw:hca) nem;eﬁca'rop HAUKHAET pas-
pa%aThCs, B peayxmre B KOHEYDE aoamw codmemﬁe ‘3BTYXAD~
IMe ROXEeCAHT 'rom. ‘3apsfia HA KOHJEHCATODE, - mtp:uemﬂ HA 3Ee-
MEHT2X . !co:rrypa Raxeﬁm BANDAXERHA HA normeﬂcmope t_c,, mpo-
CMATMBADTCH Ha octmxorsm‘ive Ccrpurzorpadou Tamxe umepamca
OCHOEHHE xapanepxcrm coﬁctaetmx noxeﬁamﬁ' mepiop, - T u

BPEMA PERRKCAIKE ‘l: :
3 smmmr

3.1. I-{ccae,qome mmemm xoaeda!mﬂ.
3.I.1. lofroToBxR YCTEHOBEM K pasore.
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lloctasxrs nepexxmawenb I ua uskere B rioxoxetme I ¥ nomxnn-
UYATH K MaKeTy npHeopu COrAACHD. cxeue HR puc. O,
llonrorosxTs x padoTe ¥ BRIDUKTE npuﬁom. .

flogars ¢ PEHEPATODA: - CHHYCOMITANLHNA CHIHAL YAC.JtuH -

=180 T'n u nampazervem U, =50 mB .
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- Hanpmserus . U =150 HB .
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ef}

6)

- 38BHCHMOCTH U, @f)
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B)

SRl Qs i{ccnep.osaz—me S2BUCHECCTY EHTDIBT}V,EH mmemmx KG= -
o ze6anuit oT uzcTotH (pesoHaHcHas mpaae.x) '

Hauensia WACTOTY reHeparopa - £ ot 180 'y ro 300 ul"u, 58—
EHKCHDOBATE- ﬁmeme pescHsHCa nig adberTuEHOTC SHaueHMs HAn-

pamerua Uy ' Ha pesuctope - R, . Ilpn srom o aosb"ue'"py A
NOAePEKEATh MOCTORHHBIN BXORHOe yarpﬁxeme " . BuGpars
YRoOHHe mperenu uamepeHxfl eonxpTMeTpor - W _'_u : 'F'; ¥ Bean-

UKHY yCHAEHUA TIO aep'mnm OCLLINOTPad&, COTAACHO DEKOMElH-
Tama, npnaenemw B omcarmn K xadoparo**noﬂ paﬁc're B 2-23,
Hamenas wacrory reﬂepa'ropa £ or IB0 ¥y xo 300 ¥lu, cmsre
Fpu STOM Mo aoxb'merpy V¢ monm-
LepTHBATH nocmgmm BXORHCE Hannsmeme O erepam
HONEHOHHZ UaCTOTH 4/  ENGHDATH pasimM B 38BHCHMOCTY O
waverewus Ue: B c(.:acrmc UACTOT, NRIEKUX OT Pe30HaHCHOR,
dpaTh A,f =20 ¥hi*s OGIACTAX W&CTOT, .Gaﬁai:irx K peaonaﬂcno?
A’Z =5 K[ty -M3MEPATH peacnaacnyn qac'rcfry 76'0 i

3.1.3. O6paGorxa pesynsTaTop wauepeHni? :
llo pesynsraran uameverst NOCTPOUTH rpadiK 58BKCHMOCTH
= = (,CJ Brryucnuts | axcnepmemubm KDMBYR C 'reope'mqec-
KOR, ompepensenoft (’bom'non (T)ah=
¥z skcnepmsenrarinoro rpajuka Ve = (] F) npa uaaec"rcu 3Ha-
UEHKH eMKOCTH xomeﬁca'ropa €, ualBity cremyomre napaue-rpu '
KOHTYpa: Jfo, u, 4t @, L, _,6 : :
Paccuurars nc"pamoc"n r..auepetmﬁ 7! L f? -€_

106

.a ) B

€)

).

m’l’ "!:- AR

: "::; 7€, K8X MGHACTCH t:r.,pv.a CG

-
AL

e Pr'ﬁfi

.2 % ?i"'t:ﬂ‘e;lmame “BABHCHMOCTH msnom s uew iU R
TOKOM B KOHTYype .

Hepasec-rn ocxmmorpa@ B pemu uauepemz’ﬁ ‘paimoc'm Pas msyx
xoneSammti ¥ L Sk
Vismensn uacrory reneph‘-‘rbp‘a f  or I80 ¥y no 300 uT‘u.
CHATDH 3ABKCKMOCTD % - = f?/’{) . MurepBan MaMeHeHHs uacTOTH
BHOKPaTH aua:mrwzﬂo YHaZBHHOMY n 1.3.1.2 6. Ycranopurh sHa-
ueHye nesotfaacuoﬁ uacro'm.

2Ta5 4 Odpaﬁo'rxa PEe3yNbT2TOB nauepeﬂ;m
Ilo pesyabraTaM naxenem-m TIOCTPOUTH I'Pafidk 38BUCHMOCTH
¢= tf‘{..) BbMuCIHT BKCIIEPHMEHTANBHYE KPKBYR C TECpeTH-
YecKol, onpﬂ,uenxeuoﬁ dopuynoti (4).
¥a 31{0::6‘0%&’1‘&115}{0?0 rpaduka ¢ #ﬁf L DY SaN8HHOM 3HE-
verm  C - mefirn’ fo ', . K L i Cpaemrs 3Heuemys
b a e T REETY peaynbraTas, nozyuerienss B m.3.1.3.
SERR2 Hcca:enoeme COGCTBGHI-&IK BNEKTPHUSCKIX KoneCaruft-
3.2.1. Nposenerne maueperi

hOC"‘&BPS'I‘h nepexnpuarens Il H2 MexeTe B nouoaem{e 2 no;mm-

WTh K KEKETY npnﬁo;u comacuo cxexe Ha puc.b. P\-::'v ~peocra-
T& R, TOCTABUTH B Kpaﬁaee KeBo2 MOoNOKeHKS

TIORroToBKTh K pador’e ¥ BHJIOUMTDH MPUGOPH.
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Ha srpane ‘ccipurzorpaga GyAeT HaCADNATBHCH GopMa ofmero peize—
IIH HEORHOPOAHOTO ypasHesus (I), omicwBapmerc mpomeccH B xaxeGa-
TENbHOM KOHTyDe ¢ umiynbcHo#t 3IC. B MOMEHT BIIDGEHAH ¥ BHKIDYE -
HuA HaapsaxeHna OyiayT BO3CYROATHCA COOCTBEHHHE 3aTYXawve Korzefa—
HMA - MDOMCXOZMTDL Mnepexcrruwe npouecck (pue.7).
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LC v LG TeK, ‘uTO6K ¥X COGCTBREHHNE UBCTOTH Gk ONMBEAKOE:.
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Pe3OHBHCHAS KDHpad, Tae U, - ‘a%deKTHEHOE HaNpsKeHue Ha pe-
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I
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HO.P[‘['PO.EHHE BOIMPOCGH

AMTIKTYRA, KDYPOBES UACTOTA, MEpPHOLR, ®asa n HauanbHAR q:asa
gconeﬁamﬁ. KosgGurment 3aTyxakns, anaw{ peraKcamy. Asﬁcc"—
HOCTD KOHTYLA. ; :

YpaereHue 'coCMEnr-m_crr wcresarah 'rm-:a- B ORI ‘.uI"T‘} DE 2275

PEIER e,
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-Shaaﬂez»mb EHHYRGEHHEY KcrefanuZ Texe B LGQ— -~ ECETyRS ¢

ero pemenwe.
AqumTynue- z &a cmééi*cmm XADARTEDUCTHIGE.

Cisprra pesouascrcst kpreofl, ee cpgsk o ,uoﬁpe'rﬂcc'ri:é.-
¥erozxxa axcnepimenra. Heanauemne u EYHKIZIOHARbISIe BOSHCE~
HCCTH JiCreib3yeroll B ycTauomke anmapaTysi.
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LEIX ITEPEMEHHOT'O TOKA.
PE3OHAHC HAIIPSDKEHUU. PE3OHAHC TOKOB

JI. A. Kyznenos, B. K. Maiictpenko, A. A. Pamuionos, T. @. ®enoposa

JlaHo KpaTKoe ONHCaHHE NPOXOXKACHHUA CHHYCOMMIAILHOrO CHMrHana
yepe3 LCR-uenu. IlpescTaBieHa 3KCepUMEHTAlIbHAsA yCTaHOBKA JUIA HCClle-
JIOBaHHs pe30HAHCa TOKOB U pe30HaHca HANPsKEHHH.
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I.I. KommiexcHas (}rc_rua sSanmcH mpuommecnor'o !coaeﬁazm

I.2. PeacHanc. rmﬂpnemm '

PaCCMOTDUM TEfb HEPEMEHHOTO TOEA C HOCIENOBATENSHO COEMMHEH-
HEMM KOHIIEHCATODOM S KATYUKOR HHIYKTHBHOCTH L ¥ PeancTopoM s
AB/LAOTYNCA HAMPYSKOH CHHYCOMTARBHOTO NEHELATODA C BHXOLHHM HANDH-

| memMeM W= UC‘OS wt (pnc.Z)‘

Iing pacuera nenefi nepeMeHHOro TOKR MHPOKO. HCIIOIB3YETCH Me—
TOJ, BEKTODHHX AWarpasMi. 3TOT METOJN OCHOBAH HAa ITDENCTABIEHWM Iar-
MOHKYECKOIo Ro.ueﬁamm B EOMILTEECHON. Gopwe. Comncuo ‘Gopuyne

Torna Tox B uem: ¥ HANDAXEHHA
Atrepe :
e G H& aneMeHrax CynyT TaKKe ME-
€iimilas 7"’3"‘"’. 7 HATBHCS MO CHHYCOXNATLHOMY 38—
A .T e'(““"“i) R AT rony. Hatinew wx asaumuryzs K
REJKUYHHY ezl & ' MOXHO npe,nci'm'rb- EaK HAUANDbHHE (HaSH METONOM BEKTOD-
AL (9 ) © HHX JHMArpaMM.

Toma'rapmm:'qecuoe Kozebawme < 'J C'o.s(b!‘ *jz)
ABIFETCA pea.nbnoﬂ QacTHD uomenmﬂ BENWURHH - fad . T.€.

Re (7, 779
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TepsuM MOCTPOKM BEKTOP S KOMIIEKCHYD aMIIHTYAY TOKA.

lycte ¥. =0 (puc.3). Dmey L, BO3bMEM nponasonbno
Hamprmenve &o coenagaeT no dasze, c Tokou <. loarowy

me L., w g - swurym, s Wm HaCTOTA W HAUaIbHAR BexTop ‘[, COHANpDABMEH C BEKTOPOM ° I (puc.3), aams BexTopa

$asa roxeCais coorae'rcraemo. -

Burns U;,_ onpefienserTcs mo sakony Oua =7 R . :
i ' X5 . - Hamprmesse &, onepexaer Pk Gaze He T o TOGTOMY
-? r é{‘-’" i‘j_ _}' ot ?‘. X Bektop U, TOBEDHYT GTHOMBJIE:HO BEKTODA .I Ha 75 (pme.3);
¢zl ( e —)e A (69 ‘a ero pkna U, J’J s TRe Y= (-JL = UHIYKTHEHOE °°“9°“m‘

REHHE.

Hanpmrerme «e orcraer or - ¢ 1M daze ua % . noawow BeR-
TOp U TOBEDHYT OTHOCHTENBHO BexTopa J, Ha (- %) (prc.3), a
ero giwea U, ,E’] . oI x..( -euuocfmoeconpomb-_
zeuxe. : ' £ ;
"~ Cywua xommexcwx mmn-ryx narrpms.emm wa L , @nx ﬁ. pas-
HA ROMILIEKCHOR aMILIKTYJe HANDAREHHS TEHepaTopal ' :

naauaae'rc'i mcm rapuom:ecxor‘o Konefauua B KOMUIERCHOMR Q)opue.
C 4%
= a -—L € - KOMIVIEKCHAS BMIUIMTYNA.
Koumzexcryw ammautyny J, MoxHo M3oGpasuts BEXTOpON Ha
KOMIUIEKCHOH} rmocxoc'm. MOLVIb (p.mma\ xowuporo pasua aMmiuTyne
kvonesamwa I, s 8 ym:z HAKZOHA K 'pezmmoﬁ ocH - HavagbHeft dase

I} ¥, (puc.I).

Hoc-rpoms CHAuana Ha BEKTOPHOR fuarpasse nexcrop 'If,,_c , Toe’
T D:u. + U » i
. Katt BUIHO , 4, W (k. KOXEGIDTCA B npo'ruaoqaaae. noo-rouy U..“
; Haﬁpauea B CTOPOHY Gonbmero nnnpm:em, & ero maMHa .
-u-[. -J qu/Im ree N =X, X, = l = 1 Sl “eam_‘nnﬂoe

conpomam_mae PaCCHMATE4BAEMON 1eIH. : \

An

KLe
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Crnapeasn reoﬁerpmec:q{ U.n - A5G (puc-3), m= U een

LY

-

e O el RO ;
_'U.;- o qu- i Q:m ¥ -T‘- R- ’):.e N Zl"‘ £ (1)
‘roe = PR’**X‘ ~ NOXHOE CONPOTHBAEHME HenH (Hu.nenanc).
choﬂbsyﬂ' noxyqem'me ‘BHIIE CGOTﬂomel'mﬂ. wpﬂm am“Tymi
TOKS ¥ HANDAKEHWI HA JMEMEHTaX Lery uepes aurmmym; HAITPAREHUA

reHeparopa U_ :

L = V"' : i (2)
; IIH *(Q-L-":;E)

U =7 = R U’_"’ — (3)
(#leiohod)

redills |

V R+ (L - 3 Z ) )

U 25 (5)

aqf R4 (m’. —'_"3-&
C,qpvr- das ¥ uew BHETHIM Harrpsue}men H TOXOM ‘B menx
onpenenmu . (pnc 3) no crepywmeit q)opw.-xe.-_ ;

Gia aaclg g:_:t. - az.cé (‘*‘L /x‘) : ®

= g3

Ha dopmyn (2)- (6) BMIHO, WYTO munmarynu roxa i s-mnpfm:ermﬁ He
3LENEHTEX, & TEKXE CHOBHI qﬁas uezuw TOKOM ¥ BHEUHUM HANDAXEHUEM
SABUCAT OT Kpyromoft uacrots & ‘. Tak npr - w.'_-‘_ %-,’{,{L_:o
=R , T.e.. CONPOTHRIEHKE eI !mc'ro AKTHBHO®,: " "= "

AMmanTyos Toxa M HSIIPH’KEH'KH H& pesucTope NpH aToM ,uoc-wram'
MAKCHMAIbHOTO 3HAUEHRs Jop = 5 _U-s-pq U, s mnnn'rvmi HAD- °
paxEHKN! Ha KaTyGKe :m,:{vwmnuoc*m ¥ ‘KOH\EHCATOpE oxaaﬂaamcs ory
HakopeMs (Enuakvnm K MAKCIHNAT bl—:m.ﬂ' MR
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. G S
Um.,fk-; i a{c;?iﬁf“' R p'g ) U». .

’I‘a;} Kax penmuMEE &, W 4. xoxeCmoTCA B MpOTHEO(ase, TO
e '

: ,C},,, Um I%Uu, ._(Zrc 2=
- — — 7 ) f§ 9

I
]. -~
fL : J'_'

{ Ve

Puc.3

Fal

. droT 3@;&::? B uem ¢ TIOCNEeNOBATENbE. COEJIXHEHHEMHA L on ¢
Ha3HBAETCH PEe30HAHCOM Hanpm:emm, we =L - pesoHaHCHO
kpyrosoff uacroroff. : W-_"—

Ha puc.4 npuBenena MBHCB‘OCTB Ue = U,,g ( £ ) - aMmIK-
Ty,u,ao-uacrorm XAPAKTEPHCTHKS tiers, Tae £ %ﬁ_- YACTOTA KO-
nebammi. Ty :

NS

of -

RS
2L

Puc.d

Ha puc.5 npuﬁe,qeﬁa aasuuuuoc'rh' $=4 ff) - faso-uacrorHan
XADAKTEPUCTHKA , npencrasnem{aﬁ tﬁopw,;noﬁ (6). Tipu pesonarce. nosi-
HOE COMpOTMENEHHE U UHCTO AKTHBHOE ¥ CIBMT a3 Mexny BHEMHKM
HANPAXEHKEM U . TOKOM B e _E’ =0, Ecau f'f_ﬁ, , 70 A, < X,_; i
¥ <0 , TIpK ITOM TOK ONEPExZeT HANDAKEH/E HA Bceft uems mo
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dase, T.e. pEAKTHBHOE COMpoTHBIeHMe temt X, =X, - X nocur .

eMKOCTHOf XapaKTep. 'Ilpn L= z:-xc E {0 - HaNpaxeHHe Ha

BCell uem OneperieT TOK MO (ase — pPeaxTHBHOE CONPOTHEBICHKE LeIK
j’m HOCHT mwmsnmﬁ Xap&XTED.

Jee3s Peaor—mnc TOKOB

Paccmorpuu LeNb nepeuermom TOK& C IAPARNEAEHO COCLHHEHHEG:
KoHneHcaTopox C ¥ KaTymkoRt mumyrrtkeHocr® 4 - . K merm NpUICEe-
Ho Hampsxenue 4 = U, ceswt (puc.6): Toxk B BETBAX N H Hamps-
KEHAR HA BJIEMEHTAX OYIyT MEHATHCA TAKEE MO CHHYCOKIANLHOMY 33KOHY.
« L e

R

ch.,

Hal’.,neu KX SMIIKTYSH K Hauarbiue dasu MeTONOoM BEKTOPHHX Ina—
rpamu. Ilepeux nocTposu BerTop U ~ KOMONEKXCHYD AMIENTYLY HAn-
pexeyus va L w C . fiyers &, ~%0 (pﬁc.’?).'fl‘ox é. - oTcTaer
no fase oT «, Ha JZ_:_ , HOBTOMY aemop 7,  nosepsyr oTHOCETEZE-
wo U, Ha (-%) , 2 ero pmaa I, = ,V.'X « Tox ¢, onepexaer
no pase &, wa F5 , §03TOMY BEKTOP _r . mopepyt OTHOCHTEXLHO
({M Ha 5, & ero fimmia J = U.‘q/,g-c (pnc 2).Jo I-xy sa-
KOHV Kmprro(p& JIR yanat o , T S 1..“’1-; . Tnms ayaINTy -

za
Iﬁm_ ‘./f-e-]mg/ = H..;.c:/é "Z{' /" ?‘%" 3! (7)

roe X~c= AL ke ~ PEeEKTHEBHOE conpomuex-me‘; e,
-‘K. ‘Xc :
148

Hanmpa=zeHue -'-11 copnanaer no dase c ToxoM ¢, (prc.7), a ero

AMILITY A _,Lg -,(_-Q_.)U .
i
e e

: Puc.’?
£ Eommexcm AMUTMTYZ2 BHXOJHOT'O HANDAXEHHs [eHEepATOpa
U, =U, -~ U (puc.?7). Torpa, KaK swmo u3 puc.7,

-, BLg B
(};'.'—'l“f.{'_."_-o E’.:‘_‘,’E‘-_—.,f /1! f:Q /{i /A’“/ *a')
rpe = {Q_.:_j: - MONHOE COMPOTHEAEHHE (MMIENaHC) UemH.
Mcnonesys momyuerne BHWE COOTHONEHMA, BHD&SHM AMIUIMTYIH
TOROB M Hanpaxeim# Ha JZEMEHTAX Uepes AMIIMTYIY HANDAXeHHT reHe-
paropa U. . Bupazemita nna TOKA K HAUDSKEHMA HA CONPOTHBIEHHK
EMEDT BH : :

I'U T 7,

fg*—nf’ KR +@)(wl-/)
EmRr e

Hs q:opuym (8) sa.snm uTo mmmy;m POKa B LEnX. aaaucm- oT
kpyrosoff wacrors. Tax npm Cv'-/‘f? S e el ] P P Vol
T.€. TOK Uepes CONpOTHBAEHHE npammecrca HEe TeueT, B TO BPENA
K&K Uepes eMKOCTh ¥ EHIYETHBHOCTH TEKYT TOKW PapHOf BMILTHTYTH,
KOeCAHUA KOTOPHX HAXONATCH B npownso@&ae, TAX UTO

; (8)

-U..

]Mﬁﬁ /—-N P‘; ~ nq, pej/ 0.
3?0‘1‘ addexr, lco'ropiﬁ HACNDOAETCH B LIeNX € MAPANJEeAbHO COenH-—

HEHHS MU L u € | HaguBseTCS DEBOHEHCOM TOKCB.
~ He puc.8 pan rpafstk 3aBUCHMOCTE Uer_ OT YACTOTH reHEPaTO-
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pa .f = %p (fomyna (9)). Ecan cuumaTs BHXORHOE ;ianpame:fue c
CONPOTHRIEHUE, TO, KAX BWIHO M3 IPafMKa, CHIHAR WACTOTH fo ue-
pe3 uenb He mpoxomeT. Takas ueny Ha3HBaeTCH derbTpoM — mpoGxoft

H& JacToTe 7(’, . Osa pamra mpuMeHeHWe B CXEMAX M0 YCTPAHEHHD Mo

MexH onpene_xen_l_xr.:oﬁ. u;c?qm, B UACTHOCTH, NpoMbeHHof ( £ =50 Tu).

.,

Un i

Pu}:.B
2. METOIVIGA SICIEPIMETA 1 YCTAHOBK

B axcnepiuerire WCMOMBYRTCA CAENYDIAe NPHGOPH: rerHepaToD
cxrHanos sHcoxouacrommf [F=| o ' :
BoabTMeTD ( Vi) "5 BOABTMETD
( V. ), uacrorouep _ .y ocipummorpad | w]
Ha waxere ycranomrers KATYmKA HHIYETHBHOCTR L, peamcrop R, ,
‘xorpescatop C ® nmepexmpuarexb [T .
Heeneposarve pesoranca HANDAXeNMA MDOBOJMTCA MU CXeMe, Hpes-
craererHolt na prc.9 (nepexxpgatens [l B momomermw I). :

y

| i BRI I | B R

min et i

| fiiel

Puc.9
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—

BiCOKOUACTOTHAT CKHYCOWIANBHEA NEHepaTOp HAIDYXEH Ha Ll c
nocienosarensio cosmmerzmnm L wm €' . Bombrmerp -V; mamepser
5POEKTUBHOE SHAUEHWE HANPAKEHY, NPHIOKEHHOTO X LemH (s
sonbTMeTy Vo - 5()eKTHEHOE SHAUEHHE HANDAXEHNA He PEesucTope
( U. ), uacTOTCMEp — UACTOTY MEPEMEHHOT'O TOKA, HR ocipuorpade
saGronaeTcs GopMa KoneGammrk Un . SdPerTHEHHE sHauens U #
Ue copsasy ¢ awnurypsno spavennmst - Ua uo U, dopuyaolt su-
ja U= %—- . B pemmMe M3MepeHMs PasHOCTH (a3 OCUMINOrpa-
$oM MaMepReTCs pasnocTh fas Mexmy W ‘(nopaerca Ha Bxop "X") u
TOKOM B KOHTYpE HIK BANDSKEHHEM Ue_ (nopnaercs Ha Bxog "¥Y7). B
SKCIEPHMEHTE KCCAENYDTCA SMILIMTYRHO- K $430-UACTOTHHE XADAKTEPHC-
TR IR S U AN e o i

YiccnefoBaHUE DESOHAHCA TOKOB. NPOBOJATCA MO CXEMe, NpeicTaB-
nentioft Ha prc.IO (nepewrouarexs [I° B moxowernu 3). :

me

Js!

BLCOKOUACTOTHHR CHHYCCORIANbLHH reHepaTop HATDYXeH Ha uemb C
[IApATAEALHO COELMHEHHHMH L ¥ C . 20bexTuBHOE 3HAUCHNE HalpA- |

| mewnn, MPUIOKEHHOTO K UEMK, M3MEPAETCH BOIBIMETPOM 'y, . Yacrora

fepeMeHHOTO TOKA K3MEpRETCR UACTOTOMEPOM, BONBTMETD V. Ka3uepser

aShexTHPHOE 3HAUEHHE HAMpAREeHNA Ha pesKcTope, & Ha ocimuiorpade
CrocKaTpARAETCR €ro dopma. B IKCTIEPHMEHTE KCCNERAYeTCs aMILIKTYRHO-

YACTOTHAS XAPBKTEPHCTHKZ UEIH.
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3. OKCITEPUMEHT

3.1. Miccnenosanue pe3onanca HanpskeHHU.
3.1.1. TToAroToBka yCTaHOBKH K pabore.

a) IlocraBute nepexmouaresns IT Ha MakeTe B nonoxexnue 1 u nmoakmo-
HHTE K MakeTy NpHOOPEI COIIaCHO cXeMe pHC. 9.

0) IToAroToBUTE K paboTe U BKIIOUUTE NpUOOPBI.

B) IToziaTh ¢ reHepaTopa CHHYCOUANBHBII CHTHA qacTtoTod f= 180 x['u
M HanpsbkenueM U = 150 MB.

r) Ilo BomsT™METPY V) ycTamHoBUTE 3(deKTUBHOE 3HAYECHHE HANPKECHUA
U=150 MB.

1) YacToToMepOM ONpesIenyTE YaCTOTY CHrHANA U KOHTPOJIMPOBATE €€ B
JalnbHEeAIUX H3MEpEHHAX. _ :
e) Bonst™erpom V, usmepurs s dexTHBHOE 3HaYeHHe HAaNpPKEHUA Ha
pesucrope Ug.
k) Habmoniats Ha ocimwuiorpade dopmy HanpmHKeHUS ug.
3.1.2. AMIIMTY IHO-4acTOTHAS XapaKTepHCTHKA LIEITH.

a) Hsmensa vacroty remepatopa f = w/2n or 180 I 1 10 300 Iy,
3auxcupoBarh pesoHanc. IIpu 31oM 1o BONbTMETpY V) momnepxusath mno-
CTOAHHEIM BXOZIHOE HanpsxeHue U = 150 MB. Bribpath yno6HbIe IIpeienIbl
M3MEDPEHUH BOJLTMETPA V, H BENMYMHY YCHICHHS MO BEPTHKAIH OCLUAILIO-
rpaga.

6) Mamenss gactory reneparopa f ot 180 k' o 300 K['ll, CHATE 3aBH-
cumoctb Uy = Ug (f), nonnepxupas U = 150 MB = const. Hurepsan usmeHe-
HHA YacTOTHl Af BEIOUpaTh pasHLIM B 3aBHCHMOCTH OT XapaKTepa H3MeHEHHUs
Ug: B 00NaCTH 4YacToT, Jajiekux oT PE€30HaHCHOH, Opate Af = 20 xI'y, B
00J1aCcTH YacToT, 6IM3KUX K PE3CHAHCHOH, — Af = 5 kI'l. B MHOrokpaTHbix
M3MEPEHHAX YCTAHOBUTL 3HAYEHHE PE30HAHCHOM YacToTH fy.

3.1.3. O6pabotka pe3ynsTaToB H3MEPEHHIL
a) Ilo pesynsratam wu3sMepenuii NIOCTPOUTE IpaHK 3aBHCHMOCTH
Ur = Uk (f). KauecTBeHHO cpaBHHTE 9KCTIEPUMEHTAILHYIO KPUBYIO C TEOpe-
THYECKOH, onpenensemoit hopmynoii (3). )

6) U3 sxcriepumMeHTaNLHOrO rpaduka Ug = Uy (f) npu H3BECTHOM 3Have-
HuK C ¥ R, Haifty fy, o, L.

B) Paccuutats X;, X¢, Xic, Z Ha Hactorax fi = 180 xI'y, £, = 220 kI,
S5 =300 k'

r) PaccuuraTh norpemsocty usMepenud fo, L, X;, Xc.

3.1.4. HMcenenosanye 3aBHCHMOCTH pasHOCTH a3 Mexmy BHENTHHM
HanpsDKEHUEM U TOKOM B IEIH.

a) IlepeBecTu oCLULLIOrpad) B peskum H3MepeHus pasHocTu a3 Ap nByx

[20

RoneCamnft,

6) Hamenss uecToTy reHepaTopa -,f o7 180 LIRH mo 300 xTu, CHATH

3sBRCHMOCTL  AY= F/f) Hmepmn HIUCHEHAS UBCTOTH af puon-"
paTh B COOTBETCTBUYK C VKazaHueM Medalec 0. -.Yc'ra_;iomp 3HEYEe-
1€ PesOnaHCHON uacToTH fe
3.1.5. O6paGorka. Qéaynbéarpn_-nwem : .
a) lio pesyvabTaTas ﬁsuéperm’ﬁ'.not:pz@xm_ rpadux ‘BABHCHMOCTH .
S EYe) cpamm-rbaxcnememum KPHBYD C TeOpeTH-
ueckoff, onpepensemoft gopuyxoit (6).

6) U3 srcnepaMenTantHoro rpafmxa. 4 V“Fm HaliTH .ﬁp i @ ou l,

Cpaprnss suavewns fo , e # L c pESymbTaTa, DOTyUerHN-
My B 1.3.1.3.

-5} Paccunrars - X, u. A. #a pesomancofi uscrore __ .ﬂ..

r) PaccuuTaTh NOTpemHOCTE uaMepermht fo ® L .

3.2. Hecneposanie pesoHaHCA TOKOB
3.2.1% Mposenenue ‘uameperit T :
2} NocrasuTs mepertouatexs ] - Ha. makere » noxomenye 3 ¥ TOAK-
©  JIOU¥Tb K MBKETY. NpAGOPH COPAACHO cxeue ‘na puc.10.
6) Hogrorosutiy & padoTe “H_BKADYUTH OPRGOPH. 2 g
B) TlogaTs c remeparopa cuHycoMnaxbHEE CHTHAX GacToTOR ,f. =150 xT'g
‘ # HanpsmeryeM U =0,9 B, -

) o aoni;mrpy 1% : YCT2HOBHTD SPDCKTHBHOE SHAUEHHE HETPAXCHAR

U =0.9 R

A) YacToToMEpOM M3MEDUTHL YACTOTY CKIPEZIZ ¥ KOHTDOJWPOBATL €€ B
. jaabHe fmx Hbcnenosafmnx. SRS

e) BonsTmetpoM ¥, M3MEDHTE Ve ya peaucrope X, .

=) Ha6nnzaTh #a ocusrzorpade dopmy 4. -

a) H:suem uacTOTY reHepaTopa . £ ot 130 &Iy ge 300 xI'mi, cHmi.
aapucumocts - U, = Z,g(j) + Murepsan MaMeHEHUR YACTOTH
PHEKPATE B COOTBETCTBUM ¢ ykasatmew m.3.1.2 6. YcTaHORUTH SHa-
YeKHE YACTOTH CHTHANA - f. ~» Hpx XoTOPOS BaOawnaeTCR Pe3oHac

 TOKOB. _
2954 OﬁﬁaCoTxa pesynbTATOB KamepeHull

a) Ilo peayapTaTan K3MepeHUH MOCTPOXTH IpafifK 3ABHCHMOCTY
?_;'&:L-'a (i ¥ CPABHHTBL €ro C TeopeThHueckofl kpueo#i, onpen .-
azemcft doprach (9). ’ :

6) ¥3 axcrepmuenTanbtoro rpaduka (LU Lf}) Hatitk fo o & o4 L.



8) Paccunrars l", 2 ,K_ X. ,» 2 wua uacrorax f; =180 gl,
£ =220 Wu, g _300 T, : '

BHBIMOTPASUYECKAT CTIMCOK

I. Casexves U.B. Hypc oOmest dwammi. T. 2, 1978. €.25I-266.

. dernad A.A., flsopckud B.YM., M.umoacxaﬁ JI.B. Kypc dmauxn. T.2, .
1977. €.337-349. -

. Ranameuxos C.I'. dxexrpuuectso, 1977. h.450—466 476-498. L

Cusyxsn [I.B. O6muit Kype $usmxun. T.H, 1977, ¢.544-556, 537-361,
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