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B pa6oTe:!
11

npvt vtccneAoBaHvtvt caMoracBu.terocB CTPvtMepHoro pe

>KvtMa 6bl11 nony4eH TSK>Ke A0BOJ1bHO o6wvtpHb1~1 MSTepvta.n 0 BeJ1vt4HHe 

raaoeoro ycH.neHvtR a nponop~vtOHSJlbHOM pe>KvtMe pa6oT~ nposono4-

HO~ KaMep~. 8 HaCTORu.telll pa6oTe aHSJ1vt3HpyeTCR COOTBeTCTBvte 

3TVIX ASHHbiX pa3J1vt4H~M SHSJ1vtTH4eCKt'JM BblPSlKeHHRM A11R K03¢¢H·-

4HeHTa raaosoro yc~t~neHHB /KrY j./2-
8

,. raaoeoe ycvtneHHe a nponop

ll.HOHSJlbHbiX C4eT4vtKSX YICCJleAOBanocb MHOrvtMVI SBTOPSMVI; AOCTa

T04HO nOJ1Hbllll SHSJ1H3 npo6J1eM~ H cnHCOK pa60T, nOCBf!IJ.teHHbiX 3TOH 

TeMe, npvteeAeH e o6aope:l9/. 

KaMepci' 1 11 npeACTaBnR.na co6oH ABa nnoCKI'lX KaTOAa, pacnono

>KeHHbiX Ha paCCTO.RHvtvt 16 MM APYr OT Apyra, nocepeAHHe Me>KAY 

KOTOPbiMH HaTRrHBSJlSCb SHOAHSR npOBOJlOKa. H0Hvt3all,HR B KSMepe 

cosAasanacb (3 -vtcTO'-lHHKOM 
90Sr. HsMepeHI'lR nposOAHill'lCb c raao

eo~ CMeCb~ 1'13 aproHa, MeTaHa, MeTHJlSJlR H 3TYIJlOBOfO cnvtpTa 

/B COOTHOWeHHH 55:36:6:3/. 8 Onb!Te 1'13MepRI1HCb 3SBHCHMOCTH 

cpeAHell! BeJ1H4HHbl 3SPRAa B vtMnyJlbCe (Q) OT HanpR>KeHHR nvtTSHP!fl 

KaMepbt. TaKvte xapaKTepHCH1Kvt CHI-1Manvtcb np~-1 paaJ1vt4HbiX AvtaMeT

pax aHOAHOH nposonOKI-1 (d) vt ASB!leHvtRX raaosoH cMec\11 (P). Pe

ayJlbTSTbl H3MepeHvtH /6ea AaHHbiX no ere pe>KI-1MY/ npvtBeAeHbl Ha 

pvtc.l. B HaCTORu.teH pa6oTe AI1R vtccneAOBaHvt.R KfY 6blna B3RTa 

~ 3THX ASHHbtX, COOTBeTCTBYIOll.\aR o6J1SCTH nponOPLI.lttOHaJlbHOro 

yet.-UleHH.R. 06J1SCTb nponOPLI.t.10HSilbHOro yCHJleHHR Mbl Bb1Ae11R!lt.1, or

paHl-1'-lvtBa.R csepxy 3SP.RA0Bble xapaKTepvtCTHKH BenvtllHHOII! Q = 1 nK 

VI BbtAeJl.RR TeM CaMbiM IlHHea:iHble YllSCTKH Y BCeX 3SPflAOBbiX xapaK

Tepl-1CTt.1K Ha pvtc. l. np~-1 BbtllHCJleHvt~tt KrY no nOnylleHHbiM TaKvtM o6-

paaoM AaHHbiM Heo6XOAHMO 3HaTb BeJlvtllHHY aapRAa,. BblAe!lRIOll.\erOCR 

s KaMepe nocne npoxomAeHHR (3-yacTvtU.bl (Q 0). 3Ha4eHvte aToH se

JlH'-lHHbt, Q 0 =1 ,97·10-6 nK,6blno pacc41-1TaHo AilR Hawero cny4afl 

l.lepea H3BeCTHble 3HSlleHHR 3Heprvtl<o1 06pa30BaHHR OAHO~ napbl HOHOB 

H BeJll.-1\..l).IIHbl l-10HH3all.HOHHbiX nOTepb {3 -4aCTH4 B rase KSMepbl. 

Bee vtMeiOll.lvteCR s JlvtTepaType ¢OPMY11b1 KrY HanvtcaHbl A11R nponop

u,HoHanbHoro ll.I-111HHAPH4ecKoro c4eT4vtKa. AaHHble, np~t~BeAeHHble s 

HaCTORu.teH pa60Te, nony4eHbl B 6onee CllO>KHOH reoMeTpvtvt. 0AHSKO 

pa3MHO>KeHvte 3JleKTPOHOB npovtCXOAHT 8 o6JlaCTH, pa3Mepbl ~OTOpoH 

HeHaMHoro npesbtWaiOT paAHYC aHOAHOH nposonoKvt, "' a 3ToH o6na

CTI-1 reoMeTpvtiO 3JleKTPio14eCKOrO nonR MO>KHO C4HTaTb ~HJ11-1HApvt4e

CKO~. no3TOMY B HaWeM Cl1Y4ae MO>KHO ~CnOJ1b30BaTb ¢opMyJ1~, HSnl-1-

CSHHble AJlR ll,Hll~HAPH4eCKOII! reoMeTpHH nOllR. AnR 3TOro He06XOA~

MO TOJlbKO onpeAellvtTb 3¢¢eKTio18Hbl~ A~SMeTp KaTOAa rx C4eT4~Ka 

~3 ycnoeHR paeeHcTea YAellbH~x eMKOCTe~ /eMKOCTb Ha eAH-
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PHc.J. 3aBHCHMOCTh cpep;HeH BenH~HHhl sapHp;a B HMrrynbce 
o;-aarrpR~eHHR rrHTaHHH: a/ H3MepeHHR c op;HOH rrpononoKoH 

d = 50 MKM npH pa3HbJX p;annemurx; 6/ H3MepeHHR rrpH rro
CTORHHOM p;aBneHHH p = J aTM C ITpOBOJlOKaMH pa3HhlX AHa
MeTpOB. 

HHLtY AJ1J.1Hbl aHOAHOCi npoBOJlOKI-1/ 3TOro C4eT4J.IIKa J.1 KSMepbl. 
,lln.R Hawero cny4a.R rK= 1,02 CM. 

CpeAHee 3Ha4eHHe K03$¢Ht..tHeHTa raaoeoro yc~t~neHHR G A11.R ~""-
11"1HAP-H4ecKoro c4eT4YIKa aam1CbiBaeTc.R 4epea nepBbl~ K03¢$HttHeHT 
TayHceHAa a BHAe 

lnG Ja(r)dr, /1/ 
rAe· ra - PSAI-IYC SHOAHO~ npOBOJlOKVI, f O * COOTBeTCTByeT T04Ke 
Ha4ana raaoeoro yc~t~neHH.R. 

KaK noKaablsatOT MHOr04VIC11eHHble H3MepeHI-1R I eM. 
1101 I, eem14H

Ha ;(S) eCTb OAH03HS4Ha.R ¢YHKLV1.R S, rAe S=E/P, a E - Hanp.R
meHHOCTb 3neKTPH4ecKoro nonfl, P - AaBneH~t~e.raaa. 

3aMeHoi1 nepeMeHHbtx dr ~ dS Bbtpa)f{eH~t~e I 1 I MO)f{HO np~t~BeCTH K 
BHAY 

Sa 

P r.s. J ; (S) ~ , 
So s 

InC 

r,Qe So H Sa COOTBeTCTBYIOT T04KaM ro 
Ha /2/ nony4HM, 4TO aen~t~4HHa 

s. 
r ~<s>~ 

s P s 2 
0 

/2/ 

H r a . 

131 

* raaoaoe YCHJ1eHHe, 04eBHAHO, HMeeT MeCTO J.1 Ha paCCTOflHHflX, 
6onbWHX ro 0 BenH4HHa ro BBO..QHTCfl aeTopaMH, npe,QnaraiOLI.IHMH paa
H~e aHa~HTH4eCKHe ~YHK~HH A11fl ;<~. no-BHAHMOMY, AJ1fl Taro, 
4T06bl y4eCTb OTJ1H4He 3THX ¢YHK41•U1 OT peaJlbHbiX xapaKTePHCTHK 
B 06J1aCTH MaJl~X 3Ha4eHHH S. 
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0.04 

0,03 
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"- 0,02 

fn 50 

PHc. 2. Pe3yJibTaTbi H3MepeHHH B BHp;e ¢ry'HKI..J;HH F(Sa. ?• 
sa IB ·CM-l·Topp-1 /. TOT.IKH JlliHHH I nony'tleHhJ c npo-

BOJIOKOH d =50 MKM TipH pa3HblX p;aBJieHHJIX! A- 2 aTM, 

0 - 1,6 aTM, • - 1,2 aTM, 0- l,Q aTM, :lo - 0,8 aTM, 

• - 0,6 aTM, + - 0,4 aTM. ToqKH JIHHHH 2 nony'tleHbl 

riPH p;aanemno~ P = I ,0 aTM c npoaonoKaMH paaHblx AHaMeT-, 

POB: ¢ - 400 MKM, + - 200 MKM, Q - JQQ MKM, I!J. -

20 MKM, V- IQ MKM, 

AaHHbiX e e~-tAe $YHKU.IrH-1 F(S a) npl.1MeHAeTCA e f?onbWHHCTBe nocneA

HHX pa6oT/ll·t5/,H3YLtai01.41-1X raaoeoe yc1-1.neH1.1e a nponopu,l-!oHanbHbiX 

C4eT4HKax. PeayJ1bTaTbl ·HaWHX H3MepeHHC1 B BI-1Ae $YHKU,Io-H1 /J/ npeA

CTaB!leHbl Ha p1o1c. 2. BJ.~~AHO, 4TO ace 3Kcnep~r~MeHTan·bHble T04Kio1 

crpynnVIpOBan;z;;-B ABe JlYIHI-11-1, KOTOpble 6bl111o1 nonyl..leHbl B pa3HbiX 

cep1-1AX H3MepeH~t~C1. nepeaR cep!-1R /11J.1HHA 1 I eblnOI1HeHa c' OAHO~ 

npoeonoKol1 I d = 50 MKM/, Ho np1o1 pa3HbiX AaeneHI-1.FIX. HTo~'ra.A ce

Plo1R I111-1Hiti.FI 21 npoeeAeHa npH nocTO.FIHHOM ASBI1€HI-11-1 IP = 1 STMI, 

HO C npoBOI10KSMI-1 pS3HbiX Alo1SMeTpOB, n0c.KOI1bKY B neJ)soi1 cepltll-1 

I-13MepeHI-1i1 eCTb T04KI-1, ·n0J1y4eHHble npl-1 TSKOM }1{€ ASBI1€HI-11-1 1 p = 

= 1 aTM 1 KSK 1-1 BCe I-13MepeHI-1.A BTOPOi1 cep1o11o1, TO 0HI4 AOI1}1{1-ibl Haxo

A1-1TbC.FI Ha I11-1HI-11-1 1 COOTB€TCTBy~~ei1 BTopoH Cepl-11-1 I-13MepeHlo1i1, 
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F (B'') 

Q050 -2 

0,045 

Q040 

0,035 

Q030 

0,025 

Q020 

en sa 4,6 4.8 5,0 5,2 5,4 5,6 5,8 tiD 6.2 6.4 6.6 

Pac.3. ArrrrpoKCHMa~R pe3yJibTaToa aHanHTHqecKHMH ~op
MYJiaMH F T': I - 3acTaaaoro, 2 - AaHTopaa, 3 - Bopp;a, 
4 - BHnbHMca-Capa, 5 - Poysa-Kop$a, 6 - XpHCTOBa, 
7 - 3aaaca. 3p;ecb AnH rrpep;cTaaneHHH TO'tleK rrepBoH cepHH 
H3Mepemn1: B BH,D;e F(SI.) HCIIOJlb30BaHO 3Ha'tleHHe d'"" 66 MKM. 

Ha61110ASeMblt1 3$$eKT paaAeneHI-1~ ASHHbiX Ha ABe 11HHHH Mor 
npOH30t1TH no ABYM npHYHHaM: 1/ H3-aa CJ1Y4St1HOro H3MeHeHHR co
CTaBa ra30BO~ CMeCH npH nepeXOAe K H3MepeHHRM BTopot1 cep~t~H; 
2/ H3-aa HCnOJ1b30BSHYIR HeT04HOrO 3Ha4eHHR AHSMeTpa npOBOJ10KH. nnR KOJ1YI4eCTBeHHOrO cpaBHeHHR 3TYIX npHYHH M~ BOCnOJ1b30BaJ1HCb 
3MnHPH4eCKHMYI ASHH~MH 0 3SBYICYIMOCTRX HanpRmeHHR nepeXOAS OT 
nponop~HOHSJ1bHQrO pe>KHMS yca-111eHio1R ·K CrC pe)I(HMY (Un) OT COCTaea 
raaa../16/ J.1 AHaMeTpa aHOAHOc:i nposonoKH 1 1~. Ha 3THX A8HHbiX MO)I{HO 
CAei18Tb B~BOA, 4TO AI1R COBMe~eHHR peaynbT8TOB J.13MepeHHH nep
soH J.1 BTOpOH cepHH He06XO~J.1MO I1J.160 J.13MeHHTb Ha AeCRTb npo~eH
TOB AOil~ MeTaHa B ra30BO~ CMeCH B OAHOH J.13 cepH~, nH60 ysenH-
4J.1Tb AHaMeTp npOBOI10KJ.1 B nepsoH·cepJ.1J.1 C 50 AO 66 MKM, ~eCRTJ.1-
npo~eHT-H8R OWJ.16Ka B AOile MeT aHa K8>KeTCR HaM ManosepOJ=ITHOH. 
BTopaR npH4HHa 5onee sepoRTHa, TaK KaK nepsaR cepHR H3MepeHHH 



nposO,Q\.1JlaCb nocne -AI1t.1TeJ1bHO~ pa6oTbl nposonoK\.1 a APYrt.1X \.1CCne

AOBaH\.1RX, 8 pe3yJ1bTSTe 4ero MOrna B03H\.1KHYTb ee YTOJl~eH\.1e. 

Ha pt.1c. 3 npt.1ee,QeHbl see 3Kcnept.1MeHTailbHble ,QaHHble a Bt.1Ae 

¢YHK~\.1\.1 F(Sa)rAe AI1.R npe,QcTasneH\.1.R peaynbTaTos nepso~ cept.1t.1 

\.1CnOJ1b30BaHO HS~,QeHHOe 3HS4eH\.1e A\.1SMeTpa npOBOJlOK\.1: d = 66 MKM. 

CosoKYnHOCTb T04eK annp<?KC\.1MMposanacb pa3J1144Hb1M\.1 aHSJ1\.1T\.1YeCKH

Ml-1 Bbtpa>KeHHRMYI KfY (F T), KOTOpbte ,QSHbl B Ta6Jlt.1l,le. napaMeTpbl ¢yHK

~I-1Yi FT 6b1Il\.1 no,Qo6paHbl MeTOAOM HaJ.1MeHbWHX KBa,QpaTOB. 0HJ.1 npH8e

,QeHbl B Ta6nH~e. fpa¢J.1K\.1 ¢YHKl,l\.1~ FT noKa3aHbl Ha P\.1C.3. nocKOilb

KY HaM He 6b1Il\.1 \.138eCTHbl a6COiliOTHble 3Ha4eH\.1A OW\.160K 143MepeH!-1i:1, 

TO ,QilA Cpa8H!-1TeJlbHO~ XapaKTept.1CT\.1K\.1 COOTBeTCTBH.R HSWJ.1X ,QSH-

HblX pa3HbiM $OpMyJlaM FT MCnOllb30BSJ1SCb aeJll.o14\4Ha 

K ~X 2/x ~in • 

3,QeCb )(
2 

- CyMMS KBa,QpaTOB OTKI10HeH\.1i:1 3KcnepHMeHTaJlbHbiX T04eK 

oT ,QSHHOH aHailt.1H14ecKoi:1 ¢YHK~I-1\.1 FT. 8 Ka4ecTse x
2

mm npi-1HATO 

3Ha4eH!-1e x 
2

, nony4eHHoe AI1.R ¢opMynbl 3acTaeHoro. 

8 COOTBeTCT8\.1\.1 C P\.1C.3 \.1 Ta6Jl\.1l,lei:1 MO>KHO 3SKI1~Yt.1Tb, 4TO pe-

3YI1bTaTbl H3MepeH\.1!.1 K~raaosoH cMec1o1 aproH, MeTaH, MeTHnanb 

\.1 cnV!pT I B cooTHoweHV!V! 55: 36:6: 3/ B o6nacTH_ 3Ha4eH""i1 'Sa 

= 707600 8·cM-t· Topp- 1 O,QvtHaKoso xopowo on[I1CbiBaiOTCA ¢opMyna

M"" ,llaHTopHa 1o1 3acTasHoro, KOTOPbte npe,QnonaraiOT JmHei1HyiO 3a8~r~

CHMOCTb alP oT Sa. $opMyna Bop,Qa xopowo cornacyeTcA c Hawlr!M\.1 

H3MepeH""AM"" AO 3HaYeHHi1 lnSa .$6,2. ·¢opMynbl B~r~nbAMca-Capa, Poy

aa-Kop¢a, XpHCToea t.1 3eaHca He no,QxO,QRT AI1R onMCSHI-1A KrY e 

,QSHHOH raaosoH cMec\.1 t.1 8 MccneAoBaHHOM ,QHanaaoHe 3HaYeH""i1 Sa. 

~1cnonb3YA napaMeTPbl ¢yHK~\.1H FT, xopowo ont.1CbtBai0~\.1X ,QaHHbte H3-

MepeHI-1R, Mbl Bbi'-I\.1CI1Hll\.1 3SBHCHMOCTH ~(Sa). PeayJlbTSTbl, npJ.1-

Be,QeHHble Ha pHC. 4, nOKS3biBSIOT, '-ITO ,QBe 3aB\.1C\.1MOCT\.1 p (Sa) • nO 

3aCTaBHOMy \.1 ~a~TOpHy, npaKT\.14eCKIII MO>KHO C4\.1TSTb COBna,QaiO~YIM\.1. 

TpeTbR 38B[I1C\.1MOCTb, no Bop,Qy, ,QaeT 3Ha'-leHHR, MeHbW\.1e OTHOC\.1-

TeilbHO nepsbiX ABYX HS4\.1HaR c sa- 340 B·cM-1·Topp-1 ' .• 

EcTeCTaeHHbli1 \.1HTepec 8bl3blsaeT onpe,QeneH~r~e Ko3¢¢14l.lvteHTa YAap

HOH \.10HH3Sl.l\.1\.1anR.RM~M MeTO,QOM, T.e. 6e3 3apaHee 3aASHHOro B\.1,Qa 

aaB\.1C\.1MOCT\.1 p(Sa), KaK 3TO CAenaHo a pa6oTe111(. Ha ¢opMynbl 

/3/ Cile,QyeT, 4TO eCJl\.1 cy~eCT8yeT OAH03HS4HOe COOT8eTCTBvte Me>K

AY se11144\.1HSMYI a/P 14 sa /aaKOH nO,Q0614.R/' TO 3SBHC\.1MOCTb ~(Sa.) 

MO~eT 6b1Tb onpeAe11eHa no ¢opMyne 

.O:.cs l ~ dF(~ . sz . 
p a dSa 

/4/ 

1-ia Taro, 4TO T04K\.1, nony4eHHble np"" pa3Hblx 3Ha4eHHflx r a 1-1 P ,. 

JlO~aTC.R Ha OAHY JlYIH\.110 .F(Sa)' CJleAYeT, 4TO B03MO>KHOe HapyweH\.1e 

3aKOHS nO,Q06\.1R 8 HaWHX H3MepeH\.1.RX HeBei1\.1KO. npeAnonaraA Bbl

nOJ1HeH\.1e aaKoHa no,Q06HR TOJlbKO s npeAenax OTAenbHbiX rpynn vta-
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3HaqeHJ!ll napaMeTpOB <!'Yl!KIU!ll, rrrr . p K ITOJI;y"qeHHHX B _rr;aHHOif pa6o'I'e • 

I 3acTaEHlill 
/2/ 

B(S-~) B + B (bt Sa+ S, -1) i -g; Sa l,O 
B = -0,033 B-1 

Il,= 0,0189 B_, 
S,= 

_, -1 

3,58 B·cM • Topp . 
2 

/3/ D-S D (itt Sa- £n So) D: 0,0185 B"' 
)lahopH 

I,02 S.= 5I,II B·cM·'. Topp·' 
/4/ 1-e~ 1fr[~+t)·et"_ (1i+t)·el"] H = 25,6 B'· CM·i. TOPP ·f 3 Bop" 

1,27 'J = 23,5 OM' • TOpp·' 
$

0
= 46,2 B ·cM-

1 
• Topp-' 

/5/ A-et t(e-A _ ei) _, _, 4 :azm:...euc-Capa 
I,8 A = 8,3 OM • TOpp 

_/ -1 B = I5I,4 B-CM- TOpp .s: 0 - _, _, . 
~ J · c;;; TOpp 

/6/ J.e, l- cJ§~- ~) -~ -J -· 
5 Poya-Kop¢ 2 J 7,6 ~ = ~,422 B - -~:\1 · T~fP 0 ~ 

0 = 58,5 B ·OM· TOpp 
/7/ c c(t.-f-J _, -J 6 XpRCTOB 21,6 C = 0,0362 OM - TOPP 

S
0 
= 0,016 B ·mi'- TOpj;-' 

/8/ R (H.f R·S +.zR·Hwi- Ri_: R. = o,n·ro·' B.,_ CM-Topp 7 3E8HC 
36,5 "- 0 ._ s -11 -1. -1 

0
= O,I·IO B-cM -Topp 
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Pac. 4. 3aBHCHMOCTH F~), Bbl't~Hcnemnne rro lllopMyna.M: I -

3acTaBHoro, 2 - .Uaii:TopHa, 3 - Bopp;a. + - 3HaqeHHR -p.<sa), 

orrpe,o;eJieHHbie rro li>opMyne I 4/. 

MepeH~H c onpeAeneHH~M~ aHa4eH~~MH ra 111 P, M~ onpeAenHnH eenH-

4HH~ ~Sa) no·¢opMyne /4/. Ha pHc.4 BHAHo, 4TO nony4eHH~e Ta

KHM o6pa30M 3Ha4eHH~ 1}(8 ) CH~TH~eCKH CMe~eH~ OTHOCHTeflb-

=~r~H:n~:~~:~:a:H:~~:~:e ~~~~~=~:~~H==~o~~e~~~M;~:~H;a~::~= 
6HR AflR ecero HHTepeana H3MepeHHH. 8epoRTHO, 3TO CMe~eHHe eCTb 

peaynbTaT Bce-TSKH HMe~~erOCR OTKflOHeHHR OT 3aKOHa nOA06HR 

B HBWIIIX AaHHbiX. 

B 3aKn~4eHHe aBTOPbl Bblpama~T 6naroAaPHOCTb r.~.AneKceeay 

aa y4aCTHe e H3MepeHHRx,A.5.noHTeKopso ~ B.X.aoAoxosy 3a none3-

Hble o6cy)I(AeHIIIR. 
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