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AHHOTAUHH 

H3yqeHa B03MOXHOOTb onpeneneHHa.nopzoTooTH Hnep~x ~Hn&

TpoB C llOMOm&D H3MepeHHH OOllpOTHBH€HHH aneKTpOHHTHqeCKoa BaHHH 

c neperopo.tn<oA H3 H.nepHoro cpzn&Tpa. MeTon no3B01If!eT H3MepSITL no

pzcToCTb 0 T011H00Tbt> no 0,!5%. Bpe.NH O.IUioro H3MepeHM 5-!0 MHH. 
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I. B B E JL E H H E 

OonomwMVI napaMG'l'!HlMVI 11 xa,PaK'l'ep~ayiOUUSMK o~~i~ su~epmax ~~n~»-

TpOB1 HBnHDTCH ~aMeTp rrop n H IIOp~OTOOTb p = ~ . 1 rge /V -

tJZCJIO rrop HB I cM
2 

IIOBepXHOOTH cJ?HJibTpa. 

nWI orrpegeJI8HWI IIOIJHO~~OOTH HgepHHX cpHJibTpOB Ceitqao IIpHMeHf!eTQH 

.IU38 OCHOBHhiX M8TO[(B (I): 

I. MHKpOCI\OITHtJeCKH:Li M8'['0S1 OOHOBBHHhiR Ha HerrocpegOTB8HHOM HSMe

peHHH C ITOMOutbiO OITTHti8CKOrl) MHKIJOCI\OITB rtHBMeTpa riOphl H ITOr(Ct.ieT HX . . 
qzcna Ha onpenenemiOi nnout3nH cpHJibTpa. 

HenocTaT:KOM aT oro Me To na HBnaeTCH TO I ttTo oH rrpHMeHHM JIHUib nmi 

nop .I( ~ 0 18 - I MKM 11 IIO.DHCTOOTbto P "'= IO%. ITpz MeHbUIHX nopax 

ot~eHb BeJIH:Ka omHOKa B HSMeDeHHH .l(1 a rrpH OOJibUIHX nopHCTOCTHX B03HH

KaeT sHatJHTeJibHM oum6:Ka B rron;ctteTe qzcna rrop AI zs-sa HaJioJKeHWI 

oocenHHX rrop. 

2. ra30IJ;HH8MHtJ80I\HH M8!Q.!!a. OOHOBBHHblH H8 H3MepeHHH paoxona rasa, 

rrpoTe:Karomero CKB03b ~MJibTp B peJKHMe ITyasei1nH-RHyToeHa rrpH pasJIHttHHX 

rreperranax naBJieHM [~ • UeTon rrpHMeHHM nJJ.FI ciJHJibTpoB c rropaM~ ]) 

01I - 0,8 MitM. Ero TOt.IHOOTb OKOJIO 20%. (QueHI:Y IIOIJHOTOOTH P MOiKHO 

ITOJiytHtTb H :I4JJ.FI M8HbUIHX ITOf 1 BITJIOTb r(O .I(:! 0,07 MKM1 OIU-IaKO TOtJHOOTb 

TBKHX HSMepeHHH Ot.ICHb H8BEJIHKa). 

,llWI H3MepeHWI IT0pl10TOCTH cpl17IbT.[JOB 0 JIYtiUiei1: TOtJHOOTbto 1 00068HHO 

B 007I8CT11 nHBMeTpOB rrop n < O,I - 0,2 MI\M B80bMa rreporreitTMBHblM 

I1IJC[(OT8B7IH8TOH 87I8I\TQOXHMHtJ8CIUIH MCTO[t, OOHOBBHHhlii Ha L13M8p8HkUI ! 

OOITpOTHBJI8HWI B IJ;8IT11 TOKB 1, B KOTOpyto BitJIIOti8H8 37I8KT.P07Il1THtJ80I\8JI : 

BBHHB 0 rreperopOIU\OH 113 HC:OJienyeMoro .rrn;epHoro clJHJibTpa [ 3] . 8TOT 

Me Tort yJKe rrpHMeHf!JIOJI rtWI ~?OJIOThiX !PHJibTpOB (~I MM) B JienHHrponoKoM 

rocynapOTBCHHOM yHHBCIJOHTHTe (4). 

To 000TOHT87IbOTB0 1 tJTO B OTJIHtJHe OT zwyrl1X THITOB cpHJibTpOB 

t-.t I'C! r ,_,. T ' '' "'.1 I' "" ft. ' ' II t" • ~ • ·"'I'" • .,-~ • 1 t • .., "' • 1 , 
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JI.n:epiwe (j>M:DTpbl oOJia.naroT ottDosH~rvm ~JI:viH.UPH'tlecKw..m <l>HJI:DTPY~>I!UiMH Kaaa

JIBMM, II03BOJIJieT HBI(eJIT:DCJl• 'ITO 8JieKTpOJIKTH'tleOK"dt MeTO,I( 6y.neT 3,IJ;CCia 

oooOeHHO eqxpewrMDeH, 

K .nocTOHHCTBaM aToro MeTo.na oTHOCRTCJI: 

I. liiHpoKMA ,IJ;:tJI.anasoa .nocTynHbiX ,IJ;JI.fl H3MepeaWI saaqend P HesaBHCH

Mo oT .n;M.aMeTpa nop. 

.. I 

' . 
2. BHCOK8Jl TO'tiHOCT:D, xapaRTepHa.fl ,IJJUI BCeX 8JieKTpPI'ICCitMX J4 8JieKTpO- · 

' 
JIMTH't18CKHX H3MepeHRH. 

3. 3KcnpeCCHOCTia H3MepeH:viJ1 COCTBBJ.E~T 5-!0 M:HHyT. 

4. ITpocToTa oopa6oTKft! pesyJI:oTaTo:e K3MepeHH~. 

B OCHOBe 8J1eKTpOJI:vi.TH'tleCKOrO MeTO,II;Et JleJKHT CIIOC06HOCTia paCTBOpOB 

npOBO.URTia 8JieKTpll't1CCKPI:£i TOK. 

Dopa R = 'Z · L 
g, OM 

) 

r,n;e: (! - y,n;eJiiHOe conpOTHBJIHHe CTOJI6a a.n:eKTpOJIHTB, OM • CM 

e - ,D;JIJJH8 OTOJIOa 8JieitTpOJIHTB, CM 

S - nJioma.n» rrorrepe'tiHoro ceqeHH.fl CTOJI6a aJieKTpoJinTa, cM
2 

ITepcHOCliM.KaMH aJieKTPJI'tlecKoro ToKa n pacTnope aJie~TpOJIH.Ta JtBJI.fHOT

CJI HOHbl, o6paao:saBIIUiecn rrp:a ero .n:accon:1aUHR. EcJil'l Ha rryTH .nn:viJKeHM.a 

HOHOB YCTBHOBHT:& TOI\OHerrpOBO,D;Jlill.YI> ,D;M8W)8rMY, TO B rrpe,I(IIOJIOJKeHHJ/l, liTO 

ycJIOB:vi.fl, onpe,n;eJI.fi.IOII\fle npoxo~nenme aJieK~rpH'tlecKoro TOKa 'tlepes aTy .n:v.~a<I>

parMy 8H8JIOr11llli.bl YC.JlO:BYUIM TOK&l JKH,D;KOCTa, COOTHOWeH.Ue (I) MOJKeT ObiTia 

npe,D;CTaBJieHO B BM,D;e _!__c_L 
R~J'( F·P 

r.ne: R -corrpoTitBJieHHe ,nHacpparMhi, rrporntTaHHol aJICKTpomrToM, OM 

~ - Y.neJI:flHaJt aJieKTporrpo:so.naocT:&, on-cicM-I ·t 

p - IIOpHCTOCTia, ,II;OJI:H. e,I(RHIU~ (3) 

d - TOJimRHa .IJ:M8<f1parMH , OM 

f - TIJIOIUO.D::L ,nz.acpparMI:ai, CM
2 

C noMOIUDIO aToro cooTHomeHHJI no J13MepeEHblM BeJintn1HaM d, F, R., .~ H orr-

pe,n;oMeTcJI rropHCTOCT:& P I 
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Oill1CAHI1E YCTAHOBH!:! 

SJieKTpOJII1TI-fqeoKI1H MeTOD; HOllCJib30BBJIOH D;nff HOOJieD;OBBHHH pa3-

1IWUW:X xap'aRTepHOTHK B npHMeHeHHH R TOTIOTl:lM <J?HJibTpaM ,..., I MM Ha 

KacpeiUJe KOJIJIOHnHOH XillvU:IH B .J.1TY ( 4) • 

llpH I-fOOJien;oBaHHH iKeOTKI1X <PI1HbTpOB (THna Itepar.mqeoKHX) oonpo

TIIBJieHHe R HSMepHJIOCb nyTeM Henoc:pen;CTBeHHoro non;coezumemm anei:t

T.Po.noB K <lJM7IbTpy (npH aTOM HOKJIIOqHJIBOb He00XO.D;I1MOOT.D H3MepeHI1.F.t COll-

pOTHBJI8HM Jiqeiti\H. 0 cpHJibTpOM H 6ea HerQ) • i-"' 

lip£f £fCC Jie D;OBBHHH MR:rKHX WH1IhT.POB HJIH n;HacpparM T xma KO JIJIOD;£18-

.BhiX 1 H3MepeHWI npOBOII;HJII1Cb B OlleUltaJibHOH .fiqei1:Ke C aJieKTpOD;BMJ.f, H0 

npHnera£Ommiii1 K <l?HJibTpy. TaK KaK <'f>JtJibT.Phi 6hlm nocTaToqHo TOJICThiMH, 

TO COll.POTHBJieHHe R. OhlJIO COH3M8pi1MO 0 COll.POTHBJieiW:eM OTOJI6a aJieK- 1; 

'' 
TPOJII1Ta, saKJI~qeHHoro 

COCTB.BJIR:eT 0,5%. 

MeiKey aJieKT)OD;BMH H llpH aTOM OUlHOKa l/I3MepeHI.f.fi ·,· 

!I 

B HameM cnyqae Heooxo.n:HMO I13MepHTb conpoTH.BJieHFie cfJHJibTpa 

' TOJitni1HOH 4 - I5 MKM. ConpOTH.BJieHI19 TaKoro <lmJibTpa Ha nna-Tpvt nop.F.t.IJ;- :, . 
Ka MeHoUI8 1 qeM D;nff TOJICToro ~HJibTpa. oTO TpeOyeT 3HaqlofT87IbHO OoJiee 

ToqHOH MeTO~KI1 H3MepeHI1H. 06uqHa~ KOHOTPYKUMR JiqefiRI1 H arrrrapaTyp-
' 

Hoe OcpOpMJieHiofe, KOTOphie I1CITOJib30EBJIHOb B p8Hee npOBen;eHHhlX paOoTaX,. i 

He rros.BOJIHJIH I13MepHTI» oonpoTHBJieHiofe Jin;epHbiX cl?HJI.DTpOB o nooTaToqHo:flr ;. ' 

TOqHOOTbiO. 
I 
I 

Ha p11o. I noKasai-m oxeMa HCnOJib30BaHHo:flr HBMlii ycTaHOBit£1. BmKHoE 

8HaqeHHe npH H3MepeHHH R HMeeT KOHOTPYK~ L1 cpopMa Jiqeih\H. B : 
' 

HBUIHX M3MepeHMX .flqeillia npeD;CTBBH.HeM .. COOOit .n.Ba llOJIHpO.BBHHLI.X ITJI8I\O'vr- ( 

rJiaCO.BhlX n;I10Ka I 0 rrpoeMaMH D;Jifi (tJieKTpOD;OB 2 (pHO. 2). n KaqeoTB~ !II 

aJieKTpOD;OB OhlJia HCllOJib30BaHa nJim'HHB TOJilUHHOH 0,8 MM, Kai\ XVJ:MH:qeo-

KM HH8pTHhlit MeTBJIJI. 87IeKTpOnH npH llOMOLUH anOKOktnflOH CM07ILI Ohll!H 

BK7I88Hht B npoeMhl D;FIOKOB 2. C.Bep;cy B IU'ICKaX p,n;eJiaHbl CKB03HLI8 OT-

'1 , . - .. \ I I ., I • 
' I - r·,.' '/' ' 

I 

I i 
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BepcTWI 3 BHYTPI> HlleilliH n1Ifl sano7IHe:n.wr ee 0 ,IH pacTBopoM K Cl • 
.I{HCitkr COe~~U1Jt1IHCb MeiKny C06oii 60JITaMH 1 KOTOpHe KpeiTHJIVICb B 

O'l'UOpO'rMX 4. 

,UJIII BOCITpOH3BOnHMOCTH pe3y7lbT8TOB H3M8p8HHH cpopM8 1 paCIT01IOJK8HHe I 

87I8KTpOnOB H 06'I:l8M 81IeitTp07IHTa BO BpeMfi Nr3MepeHHi1 nomiCHhl 6hiTb 

H8H3M8HHblM~. 3TO 6H1IO nocTHrHyTO C ITOMOU{bto IT07llipOBKH ITOB8pXHOCT8K 

COITpHKOCHOE8HWI. ·, ,, 
! . 

,UJI.fi YB81I~li8HM COITpOTHB7I8HHH qw:JibTpa OTHOC~T87IbHO COITpOTHB7I8HKII .; · 
~ I 

. npOCB8p7I8HHblX OTB8pCT~i1 (2! WT) C IUJBMeTpOM ....... 0 1 8 MM (p~c. 3). 

IInoma~b <pH7IbTpa 6es I<acceThl pa1ma 5, 7 crl-. a np~ ycTaHoBneH~H 
KacceThl pa6ollaJI nnoma~b cpHJibTpa yt~teHbUI~nacb no 0. I05 cM

2• liTo 

. I 

. i, 

i . 

nano yEeJI~lleHHe conpoTHBJieH.wr Hlleit:KH npHMepHo B 5 pas, a conpoT~B- 1/ 
\ I ; 

JieinUI qJHJibTpa npHMepHO B 25 pas. aTo IT03B07H11IO H3M8.PJITb ITOpHCTOCTb ~ i. 

C TOliHOCTbto 0,!5%. 

.Umi pa6oTH HcnonbsonancJI O,IH pacTnop KCl • Trut KaK no naHHhiM 

l 
1,: 
·I 
~f . 
I' 
~·.) 
;I 

MHorHx aBTopoB (5) aneKTpOJIHT TaKoii KOHtieHTpar:mH ~CRJitollaeT nosMOilt- ,,, 

I;~ 
HOCT.b ITOHB1I8HWI ITOBepXHOCTHOi1: Ilp030IU1MOCTH HJIH yEeJIWI8HWI yneJibHOH 1; 

37I8KTpOIIpOBOlUIOCTH B KaiTHJIJiflpaX liOp. ilpH pa368B7I8HWH 87181\TpOJIUTa 
fr 
\ i 

::\ 
I 

' 

IIOBepXHOCTH K8ITH7Iroipa, KOTOprui rrp1: H87IOJK8HHH BHeUIHero CJIOH YB7I8H:aeT; 

sa C060H 06'I:l8M JKHn;KOCTiti B It8IIHJIJIR)8 • C Iij)yroii CTOpOilli, yEeJHili8HHe 

KOHUeHTpawm pacTnopa Kct yMeHbiiaeT corrpoTHBJieHHe aneKTpOJIHTa . 

(6); liTO yneJIHliHBaeT oum:6Ky H3MepeHHit. l1epe~ pa6oToi cp~JibTphl 

rrporrHThiBaJIHCb O,I H pacTnopoM KCf, B Bai<yyMe. 

1f3MepeHHe COITpOTHB7I8H.wi cpH7IbTpOB npOBOIUiJIOCb C ITOM01I{bto OOUliHOrO 

MOCTa COIIpOTHBJI8HHii (pHc.4). B KalleCTBe 0 - HHCTpyM8HT8 CJiyJKHJI OC

Il;H7I1IOrpa~ C I-!6 C liYBCTBHT87IbHOCTbto 0,2 OMa, liTO COCT8BJI.fiJIO OillH6-

• t- ' ' • ..,. ' •• ' ' • -. ' • ,. , •••••• y 

I. 

(, 

i ' 

.1 ! 
:I 
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Ky npH .VI3MepeH.VIH nopacTocTH = 01 1%. EMKocT.b C Heodxon;HMa n;JJJI 

KOMIIeHCBUHH peaKTHBHOH COCTaBIDIIOU.eH COIIpOTHBJieHIDI~ B HBUieH pa6oTe 

HOUOJib30BB7IBOb nepeMeHHM eMKOCTl':l OT 20 IJ;O 2000 lll,l) B 38BHCHMOCTH 

oT BeJIHti.VIHU R peaKTHBHoe (7). 

B KBtieCTBe HCTOtiHHKB TOKB 6H7l.IIpHMeHeH 3BYKOI!OH reHepaTO.P 
' 

3r-I2. Vl3MepeHWI II.POBOIJ;HJIHOb HB tiBCTOTe 6-8 Krn;. ITpHMeHeHHe TOKB 

/ 

'i 

HH3KOH tiBCTOT.bl II03BOJIHJIO H30e1It8Tb 380¥IBBHHe 3JieK'I'PO.ll;OB II,POIJ;yl,TBMH ~. 

3JieKT,POJIH3a .VI COOTBeTOTBeHHO yBeJIHtieHijfl COII,POTHBJieHWI HttefiKH. 

V!CIIOJIJj30BaHHe IIOCTOHHHOro TOKB BeJio K 06p830B8HH£0 1 OCeiJ;aBUUIX Ha 

aneKTpon;ax. nysupbKOB f12. H H 2, .. r5narona.PH cnen;yromeMy npon;eccy: 

K.,. U
ct.• 

K-t---
ct - + CR. - - 2. e. - ce~., t 
Of./- + K.,. ... KOH 

H~ .. 
-1-H +~e ~H f 

;:!., 

VIs npHBen;eHHhiX peaKn.vr:H BHIJ;HO. tiTO K.POMe sa6HBaH.wr aJiei,Tpon;oB rry-

,, 
1\ 
I, 
I 

I 
, I 
:' 

I 

\ i 

P' 

1~.,·' t • . ) 
r/! 

I :I 
'I' 
v I I 
I , 
.I 
:/ v:, 
>I ... 

3HpbK8MH rasa. II.PH 3TOM H3MeHJieTCH I1 KOHUeHT.PBUW! 3JieltTp07IHT8. t',; I,· 
• ~ I :, ,' 

IIocJie c6opKH H 38IIOJIHeHWI aqe;m.VI paCTBOpOM aneKT.POJI.VITa. HtiCHita r,· 

onycrtanac.b B BBHHOtiKY c O,IH pacT3opoM KCl. n;WI TepMOCTa6HnH3ar.:unr 

B TetieHHe pa60TH. 

CHrHBJI Ha aitpaHe OCI.UIJIJIOrpacpa IIOJiytia7.m B BHIJ;e BepTIDtaJibHOM ; 
I 

I 

7.mHH.V!a tiTO II03BOJUIJIO 6onee TOtiHO onpen;eJI.VITb MHHHMBJibHYIO B87Ilil!.VIHY 

C.VIrHa JIB. 

ConpoT HBJieHne cpHJibT pa. npomrTaHHoro a ner'T pol.lliTOM. orrpe n;e WI noo.b 

KaK pa3HOCTb corrpoTHBJieHHH atteHR.H c WXITibTpoM H 6es cpHJibTpa: 

(3) 

( i : 
' i 
\ \ 
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0W~6Ka npH H3MepeHHH IIOpHCTOCTH, OBff38HHaH CO COOpKoA H pa360pKOH 

.fiqeai\z, COCTBBJL<Ina 0,05%. CyMMapWUI oum6Ita ~ P/P = 0,15%. 

Pesynl'TBTU HSMepetudl npMnen;ellll » TB611Xtue I . 

.U7.UI yBenzqeH~ ToqHocT~ 6bln o:Ipe.neneH KoaqxpHIUieHT o6TeKaHJ:tf.I 

· SiqeiKH aneKTpHqecKHM TOKOM - k . 
.nna aToro 6@no H3MepeHo conpormBneHHe SiqeftKz c Heo6~qeHHOH·H 

XRM~qecK~ Heo6pa60TBHHOH naBCBHOBOH rrrreHROH BMeCTO ~~noTpa -

06mee COIIpOTHBneHHe .fiqeHK~ 6e3 W~noTpa 
I f<u ·llM-

1{ O~uj =- /( tJ +- J' ~. i fl.U 

rne ~o - corrpoT~BneH~e, o6ycncBneHHoe ToKoM o6TeKaH~ (oM), 

~~- corrpoT~BneHHe KacceTh ~ cTon6a aneKTponHTa, saKniDqeH-

Horo Me:atzy aneKTpOI~BMH (oM) • r 

06mee conpoTHBnmme .ffqefu:u1 c cpxtm.·rpoM 

,l .,. ,lp (t'.u +,gj 
~ Jlo + 1/M-- + .e 

rne ~- corrpoTHBneHHe ~HnoTpa, nporrxtTaHHoro aneKTponHTOM (oM). 

CornacHo·wopMyne (3) 

b 1~1 11 1 .-.~~@.rtF rA?j_ ~0 ·/? ,_iL 
A " :: If, ¢v/ ·- tl~.-~ - · d 1':7 1 -, "'""~ ~) 1-ft ,Qt -1- /2. K ~ -1- /(. ..if!. 

rne ~ /(, - ~3MepeHHoe conpoTMBcreHlle (oM). nocKonoi<Y ll Mane> 

no. cpaBHeHHID c Ro -1- /{ ciZL · , TO Mhl npeHe6peraeM .£. H norryqaeM, 

/ 

IIocne orrpe.neneHM -l nonyqaeM 

·' 1 1 ·· r··. r 

• 

I 

' i' 
I 
,· 
f 
I• 
I 

·') 
't 
• . , 

l 
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ltJ. ~ % 
OKOHtJaTeJibHO rropHOTOCTb ,IJ = .4 ,e . Jl· F ) IJ 

KoaqxpHl.U'I6HT 06TeKaHM IT,PH ITpODenElHHH OITUTOB J.P.M 6, 7 a8 (oM.TUClJIHI.J.Y) 

6HJI paBeH 0,85 H3-38 H3MeHeHWI KOHCTpyKIJ;HH SitJei!UI. 

3. B bl B 0 .U hi : 
. 

IIpoBeneHHhte H3MepeHWI rroKaaaJit-t B03MOiKIIOCTb rrpvtMeHeHWI naHHorc 

MeTona n7Ifi orrpenenemm IIOpMOTOCTa .R:nepHUX (fJHJibTpOB 0 OtJeHo BhtCOKOH 

TOtJHOCTb~ d P/P = O,I5%. 

Paapa6oTaHHrut KOHOTPY.KU£.r.fi a3MepHTeJioHoro ycTpoftcTBa II03B07Ifi- ! 
I 

I eT ITO~tJaTb XOpowy~ BOCITpOH3BOWffinOCTb pe3yJioT8TOB H3MepeHHH. 
'-· 

1 '1' ,. · 't I " V r ·-·-·-· : t ··r l .. , I I 
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.IIOJ.UMCVI K PUJYHKAM 

PHc.I. CXeMa yCT8HOBKH nTIR H8M13pemm IIOpHCTOCTH .a:nepirnX cpHJioTpOB. 

I. reHepaTop 3BYKOBO:A: qacTOTU sr-I2. 

2. MOOT COIIpOTHBJiemdi. 

3. IIepeMeHHa.a: eMI<OCTa. 

4. Ocunrrrr~rpaw CI-I6 • 
• 5 • .ffqefu\a. 

PHC .2. .ffqe:A:Ka nTIR HSMepeHWI IIO)H_OTOCT.H .F.tnepHUX cpHJioTpOB. 

I. llrreKCHrrracOBHM nHCK 

2. ITpoeM nl.If! a rrei<T po na. 

3. CKBOSHUe OTBepCTWI nm 38IIOJIHeHH.FI .f.tqeiii:KH aJieKTpOJIHTOM. 

4. 0TBepcTHJI non 6orrTu. 

PHc.3. KacoeTa H3 rrnacTHKa. 
I. 0TBepoTv.ut ¢ 0,8 MM. 

P110. 4. 3JieKTpHti90I{8.fi OXeMa YCTI3HOBIUI nmr OIIpenerreHHJI IIOpHOTOCT" 

.a:nepHHx WHJibTpoB. 

2", j ~ j R1 H3B~OTHHe oorrpoTHBJieHM MOOT a 

jt - corrpoTMBJieHHe WHJiaTpa 

3r - reHepaTOp 3BJKOBOii: qacTOTH 
.. 

CI-I6 - ocnnnrrorpacp. 
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