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OrmmcaH TaTYMK aHaJIM3a COCTaBa OMHAPHOIT Ta30BOI CMECH € TIOMOIIIBI0 aKYCTUYECKOTO pe30HaTopa Ha
OCHOBAaHUHM 3aBUCHMOCTHU CKOPOCTH 3BYKa B ra3e OT €ro MOJICKYJIIPHOI Macchl. [IJIsT aHalm3a cocTaBa
CMecH HeoOXOMMMO NMETh B PacITOPSLKEHUN OOUH 13 Ta30B B YUCTOM BUIE. B 3TOM ciydyae morpenrHocThb
u3Mepenus He xyxe 10~*. B kauecTBe pedepeHCHOI TAKXKE MOXKHO MUCIIOIb30BAaTh CMECh C U3BECTHBIM

COCTaBOM.
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1. BBEAEHUME

AKyCTHYECKMEe aHaJIM3aTOpbl MpeaHa3HAYCHBI,
KaK MpaBWIO, JUISI OMpenesieHus] KOHIIEHTPpaIuu
MpUMECH B OCHOBHOM rasze. JlelicTBue akycTuue-
CKHX aHAJIM3aTOPOB OCHOBAHO HAa MCMOJb30BAHUU
3aBMCUMOCTU CKOPOCTH 3BYyKa OT MOJIEKYJISIPHOM
Macchl raza. CKOpoCTb 3ByKa v paCCUMTHIBAETCS MO
cienymwolieii hopmyse:

v=\yRT /M,
rae Yy — nokasatenb aguabarsl (Y = Cp/C)), C, —
TEMI0EMKOCTb Ta3a MpU MOCTOSIHHOM JaBJICHUU,
C,= Cp— R — TerioeMKoCTb raza npu IoCcTOSIHHOM
o0beMme, M — MoJekynsipHas Macca rasa, R — yHu-
BepcajbHas razoBasi noctosiHHas, T [K] — temrie-
parypa rasa.

[Tpu netekTpoBaHWM HEOOJBIINX KOJTUUYECTB
MPUMECHOTO Tra3a K OCHOBHOMY MOXHO MOJIb30-
BaTbCsl YIPOILEHHBIM cllocO00M pacueTa. Eciu Mbl
3HAaeM MOJIEKYJISIPHYIO Maccy OCHOBHOTO U ITpUMecC-
HOTO ra3oB, TO CKOPOCTb 3ByKa B OCHOBHOM Ta3e B
MPUCYTCTBUY TPUMECHOTO B ITEPBOM MPUOTUKEHUU
MOXeT ObITh TIpeNiCTaB/eHa ceayoleit hopmMymoii:

RT

= Tm MY
x(j +(1—x)(j
Y p Y OCH

TOC X — OTHOCUTEC/IbHAA KOHLICHTpalusA MMPpUMECHU.

B ananuszatope, OCHOBAaHHOM Ha aKyCTUYECKOM
pEe30HaTOpE, YaCTOTa pe30HAHCa ITPOMOPLIMOHAILHA
CKOPOCTH 3BYKa, IMOSIBJIEHUE MPUMECU BHI3bIBAET
U3MepsieMOe OTKJIOHEHWE YaCTOTHI.

2. KOHCTPYKLHNA AHAJIU3ATOPA

KoHcTpykiust aHaau3aTopa B OCHOBHOM ITOBTO-
psieT YCTPOMCTBO paHee pa3padOTaHHOro JaTYMKa
HaJIM4YUs BOOOpoaa B aTMochepe MUIIIEHHOI CTaH-
uuu, pazpadoranHoit MPBD HULI “KypuaTtoBckuii
WHCTUTYT” IJIsT HUKIOTpoHa yckoputens C-70,
o0ecreYnBaIIero HapadoOTKy MEIUIIMHCKIAX M30-
ToroB [1]. B ee ocHOBe JIeXKUT 3anaTeHTOBAHHbIA
MOJIYBOJIHOBOI pe30HATOP C IMAaMETPOM, HEMHOTO
MEHBIIUM €0 JJIMHbI, T0OPOTHOCTHIO 0KoJ10 300 Ha
Bo3nyxe u nudy3MoHHBIM 3arojiHeHneM [2]. Cxe-
MaTUYECKM aHAJIM3aTop IpUBEAeH Ha puc. 1.

Hns muddy3MOHHOTO 3aIlOJIHEHUST B CepearHe
BBICOTBI B IIYYHOCTU CKOPOCTU MMEIOTCS OTBEp-
cTusl 2 nMamMeTpoM okoJjio 3 MM. Ha Topuax peso-
HaTOpa yCTaHOBJIEHbI U3TyJyaTelb 3 U MUKPO(hOH 4,
KOTOpbIE COOOIIAIOTCSA C IOJOCThIO pe3oHaTopa
yepe3 OTBEPCTUS 5 TUAMETPOM OKOJIO 2 MM.

HznygaTenp 1 MUKpO(OH BKIIOYCHE B LIEITb
00paTHOI1 CBSI3M aBTOreHepaTopa 6, pealu30BaH-
Horo Ha mukpocxeme I'VH 1561IT1. Temmneparypa
KOHTPOJUpPYETCS ABYMS IJaTUHOBBIMM JIaTyu-
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RS-232/RS-485

Puc. 1. biok-cxema akycTuyeckoro aHaiausaropa: 1 —

KOopryc pe3oHaTopa, 2 — OTBEPCTUs IS KOHBEKIIUHU,

3 — 3JeKTpOIMHAMUUYECKHMI M3ydaTedb, 4 — 3JIeK-

TPETHBI MUKPODOH, 5 — OTBEPCTUS IS U3JTydaTess U

MUKpodOHa, 6 — aBTOreHepaTop, 7 — OCHOBHOM 1 KOH-

TPOJIbHBIN TaTYUKU TeMIIEpaTyphl, & — TaTYUK BJIAXKHO-
CTU, 9 — KOHTPOJIIED.

KaMu 7. ABTOreHepaTop BO30YyXKIaeTcs Ha 4yacToTe
okoo 5 kI11 B aTMOc(epe YnucToro cyxoro Bo3ayxa,
JacToTa U3MepsIeTCsl ONMH pa3 B CEKyHIy TeUeHHUE
0.1 ¢ B 0;oke m3MepeHus u ynpasieHus 9. Yactora
M3MEPUTEIbHOIO KBaplieBOTO reHepaTtopa pery-
JIIPHO TIpOBEpsieTcsl MoJavyeil Ha U3MepUTebHbIN
KaHaJ1 OITIOpHO# YaCTOThI U3BECTHOM BEJIMUMHBI, pea-
JIN30BAaHHOI Ha MUKPOCXeMe TBOMYHOIO CUETYMKA C
KBaplIeBBIM PE30HATOPOM; KOPPEKTHBII pe3yabraT
SIBJISICTCS IIPU3HAKOM UCITPABHOCTHU BJICKTPOHUKMN.

B cTabunbHBIX yCIOBUSX MO TeMIlepaType U
COCTaBy ra3a HecTaOMJIbHOCTb MOKa3aHWI YaCTOThI
pe3oHaHca He npesbiiiaer 107>,

W3 npuBeneHHOI (hOpMYIIBI 17151 CKOPOCTH 3ByKa
B Tra3e CJIeayeT: €CJIM Mbl 3HaeM U3MEPEHHYIO Pe30-
HAHCHYIO YaCTOTY OJHOTO M3 ABYX YMCTHIX Ta30B C
M3BECTHOI MOJIEKYJISIPHOM MaCcCOl U MOCTOSIHHOM
aguadaThl TpU U3BECTHOI TeMIiepaType, TO MOXeM
BBIYMCJIUTh PE30HAHCHYIO YacTOTY JIIOOOH cMecu
3TUX Tra30B IIpU J1000I TeMIieparype.

IIpu usMepeHusix B razax ¢ HeOOJIbILIOK AOJei
npuMeceil (eIMHUIILI MPOLEHTOB) HE UMEET 00JIb-
1IOr0 3HAYEeHUSI TOYHOCTb HACTPOMKM YacCTOThI
aBTOreHepaTropa Ha 4acTOTY pe30HaHCa; OTHOCHU-
TeJbHOE COAepXKaHWE MPUMECH PaBHO YIBOEHHOMY
OTHOCHUTEJIbHOMY M3MEHEHMWIO YacTOThl aBTOre-
HepaTopa o OTHOILICHMIO K YacTOTe B aTMoc(depe
YMCTOTO OCHOBHOTO ra3a. B ocTaJbHBIX Ciydasix
IUIST ompeAesieHUsl OOJAU MpUMecu HeoOXOIMMOo
3HATh MOJIEKYJISIPHYIO Maccy U MOCTOSIHHYIO aaua-
0aThl CMECHU ra30B, XapaKTepu3yeMylo pe30HaHCHO
JacTOTOI pe30HaTopa, KOTopasi TAKKe 3aBUCUT U OT
TEeMIIEPaTypBhI.
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IIpoGaema usmepeHUs: pe30HAHCHOI YacCTOTHI
COCTOHUT B TOM, UTO U3MepsieMasl YacTOTa aBTOreHe-
paTopa Ha IIPUMEHEHHOI B aHAJIM3aTOPe MUKPO-
cxeme 1561TT1 coBnagaer ¢ pe30HAHCHOM YaCTOTOM
pe3oHaTopa, TOJIBKO €CJIM 3TO COOCTBEHHAS 9acToTa
aBToreHeparopa. st 6osee TsKkenoro rasa (¢ yue-
TOM MOCTOSIHHOI anuabathl) OHa BhILIE, a )i 0oJiee
JIETKOTO — HUKE PE30HAHCHOM 4acCTOThI. DTO MpoO-
WUIIOCTPUPOBAHO Ha puC. 2 IJII CMECU BO3IyXa C
dpeorom 22.

F

pe3

o0

M
Bozmyx @®peon !

Puc. 2. Pe3onancHag yacToTa pesoHaropa £, 4 yacTora
aBTOTeHepaTtopa Fj.

Takum obGpa3zoM, mIsT pacyeTa MOJIEKYISIPHOM
Macchl CMeCH ra30B HeoOxXoauMa TpexMepHasl Kap-
TUHA 3aBUCUMOCTEN PEe30HAHCHOI YaCTOThI Pe30-
HaTopa OT YacTOThl aBTOTeHepaTopa MpU Pa3HbIX
TeMIieparypax. TemiiepaTypHble 3aBUCUMOCTU CHU -
MaloTCsI B KJIMMaTUIECKOI KaMepe C momadeii ra3za
cHapyxu. Pe3oHaHCHas yacToTa ompenensieTcs 1o
MakKCHUMYMY CMUTHajla ¢ pe3oHaTopa MpU BO30YXK-
J€HUU ero OT CTOPOHHETO reHepaTopa U KOHTPOJIe
3JIEKTPOHUKOM mpubopa. Bropoii cmocob omnpene-
JICHUS PE30HAHCHOI YaCTOThI COCTOUT B HACTPOMKE
COOCTBEHHOII YacCTOTHl aBTOTeHepaTopa TaKuUM
o0Opa3oM, 4YTOOBI YacTOTa HE MEHSUIACh IIPU TOMI-
KJIIoueHuu pe3doHaropa. IlorpelHocTh HaCTPOKHU
000oMMHU MeTOAaMU MOXKHO OoLleHUTh B =1 ITI.

AnnpoxcuMalysl JaHHbIX 00JerdyaeTcs Ciaeayto-
MM oocTosaTenbeTBaMu. M3 popmymsl mist ckopo-
CTHU 3ByKa B ra3e 1, COOTBETCTBEHHO, PE30HAHCHOM
YacTOTHI pe30HaTopa CJIeAyeT, UTO IS JII000i MoJie-
KYJISIDHOU Macchl rasa nipoussenenue F .M /vy,
He 3aBUCUT OT MOJIEKYJISIDHOIO Beca, OHO 3aBU-
CUT TOJILKO OT TemmepaTyphl (puc. 3). TouHo Tak
JK€ YaCTHOE OT JeJIeHUsI pe30HaHCHOM Y4acTOThl Ha
KBapaTHbIA KOpeHb U3 aOCOMIOTHOI TeMIIEpaTyphl

F,e,/NT He 3aBucut ot Temmneparypsl. C ydeTom
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Fpe3(T2>T1)

Fpe3 (Tl)

Fpea(T2< Tl)

FAF

> M
Jlerkuii ra3 TsoKembIit ra3 /v

Puc. 3. 3aBUCMMOCTH PE30HAHCHOM YaCTOTHI OT /M /7y
[P Pa3HbIX TeMIepaTypax.

3TOTO MOTPEIIHOCTh OIpeAeaeHUsT Pe30HAHCHOM
YacTOTHI MOXHO CHU3UTH 10 AoJeit [T, 1, cooTBeT-
CTBEHHO, IOTPEIITHOCTh OIpeaeICHUSI MOJICKYJIISIpP-
HOIT MacChl yMEHbBIINUTCS A0 COTBIX IOJIeii ITPOLIEHTA.

MazoBpii nuama3oH 3axBata M®AITY muxkpo-
cxeMbl 1561TT1 cocrasnsier £90° MexX1y BBIXOTHBIM
U BXOIHBIM curHajamu. [loaTomy coOGCTBEHHYIO
YacTOTy aBTOreHepaTopa 1ejiecoodpa3Ho BEIOMPATh
nmocepearHe MeXOy pe30HAHCHBIMM YacCTOTaMH
YHCTHIX Ta30B, KaK 3TO 1 ITOKAa3aHO Ha puc. 2.

BaxHo ucnofb3oBaTh M3JydyaTelb ¢ HM3KOM
MHIYKTUBHOCTBIO KaTYIIKX BO30YXKIEeHUS, HAIIPU-
Mep M3JIydaTeslb HayIIHUKOB-BKJIAAbIIIEH, TaK KaK
MMEHHO MHIYKTUBHOCTb OrpaHNYMBACT YaCTOTHBIMA
JMana3oH aBToreHepartopa. Takass KoHpuUrypauus
npubopa MO3BOJMIA U3MEPSITh MOJIEKYISIPHYIO
Maccy cMecu ot ¢ppeona 22 (M = 86.4) no 50-npo-
LIEHTHO# cMecH Bo3ayxa c rejivemM. Pesynbrupyro-
1Iast MorpelHocTh u3MepeHus coctasmia 0.025%.

[IpubGop cBsI3BIBAETCSI C KOMIIBIOTEPOM IIO
JuHusM RS-232 nnu RS-485. BHeunuii Bup (Takoit
Ke, KaK M y JaTyrKa Bogoponaa u3 padotsl [1]) npu-
BeleH Ha puc. 4.

CpaBHMM OIMCHIBaeMbIil MpHUOOpP ¢ AaTYMKaAMU,
AHAIM3UPYIOIIUMU pa3JMYHbIe Ta30BbIE CMECH,
OCHOBaHHBIMHU Ha IPYrux (pU3NIeCKUX IIPUHIIUIIAX.

Cpenn caMBIX TOUHBIX METOIOB OIIpedelICHUS
CcOCTaBa ra3oBoOi cMecu HanboJiee pacIpoCTPaHEHbI
xpoMartorpadus u criekTpockonusi. Tak, ra30Bblid
xpomarorpad P 34.46.303-98 [3] obecnieuuBaer
npenaea oOHapyKeHMSI OIIpeAeIsieMbIX B MacJie Ta30B
He Boiure 0.00005% nst auermnena u 0.0001% ms
MeTaHa, STUJICHA U 3TaHa.

dypbe-cniekTtpoMeTpbl B MK-nuamazone [3]
TakXe MOTyT 3((PEeKTUBHO MCIOJb30BaThCS s
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Puc. 4. BHemHuit Bu razoaHaimn3aTopa.

MHOTOKOMITOHEHTHOTO Ta30BOro aHaau3a. YyBcTBH -
TeNbHOCTD 1151 atieTwieHa nocturaet 0.00005%. Ho
MK-MeTon He MO3BOJISIET AETEKTUPOBATh UHEPTHHIE
U IBYXaTOMHBIE ra3bl, Takue Kak O, u N,, MoneKyIbl
KOTOPBIX COCTOSIT U3 ONMHAKOBBIX aTOMOB.

KpoMme Toro, mpumbGopsl, MCIIOJBL3YIOIINE 3THU
MPUHILIMUIIEI, OTHOCATCS K TUITY JaOOpaTOPHBIX, UX
paboTa cBsi3aHa ¢ MPOOOOTOOPOM U MOATOTOBKOM
usMepeHuit. OHM He MOTYT OBITh UCITOJIb30BaHbI 15T
HEIPePbIBHBIX U3MEPEHUIA.

HauboJiee TouHble pUOOPHI HENPEPHIBHOTO aHA-
JIM3a UCIIOJIB3YIOT CACOYIOIIe METOIbI M3MEPEHMIA:
— 92JICKTPOXUMMUYECKUM [4], MOTpeIIHOCTb U3MEpe-

Huda £1.5%;

— TEpMOKOHAYKTOMETpUYECKUI1 [5], ocHOBHas
norpeirHocts £2%;
— $OTOMOHM3ALMOHHBIN [6], MOTPELIHOCTh U BOC-

MPOU3BOAUMOCTh U3MepeHuii £10%;

— ONTUYECKUI (II0OpEeCUeHTHBIN [7], morpeu-

HocTh U3Mepenuii SO, +20%;

— ONTUYECKUI abcopOUMOHHBIN [8], Mpenesbl

JONycKaeMoil OCHOBHOM TorpemHocT +10%

(B mnanazone ot 50 no 100% HKIIP).

Haunboee To9HBIM OKa3bIBaSTCSI Ta30BbIiA aHAIM -
3atrop BGA244 [9]; oH, KaK M ONMCAHHBII B HACTO-
SIEN CTaThe, MCIOIb3YeT aKyCTUISCKUIA TTPUHIINATI
u3MepeHusi. B HeM He ynmoTpeOsseTcsl OMOpHBIi
ras, a U3MepeHus TepMOAMHAMMUYECKUX CBOMCTB
ra3oBBIX CMeceil (CKOPOCTHU 3ByKa, TeMIIepaTyphl 1
IaBJICHMS Ta3a) IPOBOIAT ITOpo3Hb. [lorpenrHocTh
u3MepeHus coctaBa MeHblie 0.1%. CKopocTb U3Me-
peHuit — 4 mpoowI/C.

3. BAKJIIOYEHHE

Pa3pa60TaH 1 U3TOTOBJICH IIMPOKOAMAIIa30H-
HBIA aKYCTI/I‘ICCKI/Iﬁ aHaJIM3aTOp ABYXKOMITIOHCHT-
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HoIf Ta3oBolt cMecu. OH oOecreyruBaeT HEMPephIB-
HBI pEXUM U3MEPEHUI C YYBCTBUTEIbHOCTHIO
0.025% u He HyXIaeTcs B IIEPUOTUUECKOI ITOBEPKE.

OmnbITHasE Bepcus IpuOOpa MCHOIb3YeTCs st
M3MEpEeHUsI cocTaBa cMecu BO3nyX — (peoH 22
B (husnueckoMm skcmepuMeHTe. B Hem pe3oHaTop
C TaTYUKOM TeMIepaTypbl BBIHECEH U3 TTpubopa B
00bEM C TECTUPYEMbBIM Fa30M.

BJIATOAAPHOCTH

ABTOpHI O61arogapsaT FO.A. XoxJioBa 3a MoJie3HbIe
00CYXIIEHUS.
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