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Teopernyeckoe BBeAeHHE.

I'maBHOI MpoOIEMOI COBPEMEHHOTO MHUpa SIBIIICTCS MPoOJIeMa SHEPTeTHKU. PecypcoB cTaHOBHUTCS BCe
MEHbIII€ U MEHbIIIE, U AaTOMHbIEC CTAHIIUU U s[IepHasi IHEPreTUKa CTAHOBSITCS OCHOBHBIMU UCTOYHUKAMU
MOJIyYEHUs PHEPTHH, I03TOMY obecredeHre 0€30aCHOCTH SIAEPHBIX YHEPTeTUUECKUX YCTaHOBOK TpeOyeT
pa3BUTHS METOJIOB CTPOTOr0 KOHTPOJIS 32 COCTOSTHUEM TeIJIoHOcuTeNsA. Cpeli MHOTOUHCIIEHHBIX METOI0B
00J1bI1I0€ BHUMAHKE YAESIOT aKyCTHUECKUM METO0/1aM,(MX UCIOJIB3YIOT B OKCTPEMAIbHBIX YCIOBUAX
SIIEPHOTO PEAKTOPA) .

JIByxa3HbIi TOTOK TEIIOHOCUTEIS — 3TO MOTOK, COCTOSAIIUMN U3 IIepeMElIatolIecs CMECH KUIKOCTH U
raza. bonee rirybokoe nzyuenue qyx¢pa3zHoro moToka(3To NoJydeHrne 3KCIePUMEHTAIBHO HH(OPMAIHH O
COOTHOILIEHUH (a3, CTeNEeHU X AUCIIEPCHOCTH, U T.J), KOTOPOE MO3BOJIUT ONPEACTUTH I0MYCTUMbBIE
PEKHUMBI YCTAHOBKH, SIBJISICTCS TJIABHOU 11eNb0. Tak, HanmpuMep, 0OHapyKeHHe MapoBoi (pa3bl B KUIICHUH
TEIJIOHOCHUTENS AaeT MOHATh 00 aBapHilHON CUTYaIuu.

MeTo10B H3yueHUs ABYX(Pa3HbIX TOTOKOB OY€Hb MHOTO, HO HEKOTOPHIE METO/IbI MMOAXOMIST TOJBKO IS
1abopaTopHbIX ycTaHOBOK. CyIleCTBEHHBIN MPOrpecc B PeUICHUH 33/1a4 ONpeIeJICHI U NapOoCcOaepKaHUs
Pa3BUTHIX ABYX(a3HBIX MOTOKOB M0 UX aKYCTHYECKOW MPOBOJUMOCTH 00ECTIeUMIIN aKyCTO30HI0OBbIE
METO/Ibl, OCHOBAHHBIE Ha MPOIYCKAaHUH YJIbTPa3ByKa yepes3 JOKaAIbHbII 00beM KOHTPOIUPYEMOIl Cpebl.
Tax:xe He MEHBIINI HHTEPEC COCTABISAIOT aKyCTOUMIIEJAHCHBIE METObI U3MEPEHMSI TAPOCOACPKAHUS
,KOTOpBIE OCHOBAHbBI Ha OMPEICTICHUH MTapOCOIEPKaHUs B BOJHOBO/IE, IOTPY)KEHHOM B KOHTPOJIMPYEMBbIi
IBYX(a3HBIN MOTOK.

OU3NYECKUil CMBICI ’TOTO METO/1a UCCIIEIOBaHM IBYX(Da3HBIX CPeJ] COCTOUT B BO3OYKICHUH
PE30HaHCHBIX KOJIeOaHUN C(hepruuecKuX My3bIPbKOB KUAKOCTH MO ACHCTBUEM FrapMOHUYECKH
W3MEHSIONIETOCS JaBJICHUS, B Pe3yIbTaTe BOSHUKAIOT BBIHYK/IEHHbIE KOJIEOAHUS MY3bIPbKOB, KOTOPHIE
BEIYT K 3aTyXaHHuIo 3ByKa. [Io u3mepenuro ocinalbneHus 3ByKOBBIX KOJIEOAHUM MOXKHO OIPENEIUTh
pa3Mepbl My3bIPHKOB U UX KOHIICHTPAIUIO, T.K 3aTyXaHHEe 3BYKOBBIX BOJH Te€M OO0JIbIle, 4eM OoJIbliie
KOHIIEHTPAIUS My3bIPHKOB B )KHJIKOCTH M YACTOTHI KOJICOAHUH.

Taxxe akycTuyeckre METO/IbI ICTISATCS Ha aKTUBHBIS(TIOCHLIKA CUTHAJIA B 00JIACTh U3MEPEHUS) U
raccuBHbIe(aHATN3 COOCTBEHHOTO aKyCTHYECKOTO U3IYUCHUS TEIIIOHOCUTES).

Paccmotpum noapoOHee u3ydeHUU ABYX(Ha3HBIX MOTOKOB «IOCTHUTIIN» METOIOM aKyCTUYECKOTO
30HAUPOBAHUSA, KOTOPBIA OCHOBAH Ha MPOXOXKICHUH yJIbTPa 3ByKa uepe3 00beKT uccienoBanus.(Puc.1)
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CreBa HCTOYHHK
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Puc.1 IlpuHumn akyCcTUYECKOTO 30HANPOBAHUSA

HeoOxomumMoe ycmoBue Uisi MCIOJIB30BAHWE 30HJA - Majble KOHTPOJIHpPYEeMble OOBEMBI IO
cpaBHEHHUIO ¢ o0beMoM (a3 B motoke. Eciiu B KO Haxoaurtes Boaa, To, T.k pCx >> pCr, To Y3 konebanus
JOXOJIAT O MPUHUMAOIIETO MHhE303JEMEHTa ¢ BBI3BIBAIOT CUTHAN JIOCTATOYHO OOJBIION aMIUIUTYIBL.
Ecnm ra3 — curnan Ha ypoBHE IIyMa, T.K CKa4KOOOpPA3HO YMEHBIIAECTCS aKyCTHYECKas MPOBOJAUMOCTD
KOHTpoupyeMoro oobema. COOTBETCTBEHHO IO aMILTUTY/E BBIIEJICHHOTO CUTHAJIa MOXHO Y3HATh Kakas
cpeaa HaxoauTcs B KO. JlokanbHOE€ MCTHHHOE Ta30COAECPKAHUE MOKHO OINPENENUTh KaK COOTHOUIEHUE
MOJIHOTO BPEMEHU HaXOKJIEHUS Ta30BbIX My3bIpeil B KOHTPOJIUPYEMOM 00beMe KO BpeMeHH u3Mepenuit T:

a = (Try)/T



e Tj — BpPEeMsI HaXOKACHUS | -TO y3bIpbKa B KOHTPOJIUPYEMOM 00BbEME.

B npouecce npoBeaeHys 3KCIIEpUMEHTa CUTHAJIBI C BBIXOZA 30H]1a BBOAATCS B IEPCOHAIBHBINA KOM-
IIBIOTEP NPU IIOMOIIM [IPOIPAMMBI M CUTHAJIBI ¢ BBIXO/A IPUEMHOIO IIbE30JIEMEHTA, YCUJICHHBIE B CXEME
IIpEIBAPUTENILHOM MOATOTOBKY CUTHANIOB. Ileprnon 30H11MpoBaHus M KOJMYECTBO LIUKJIOB CHATHUS JAHHBIX
YCTAaHABJIMBAETCS IPEJBAPUTEIILHO B HACTPOMKAX Mporpammsl. CHHXpOHU3aLMs Hayajla 3alucu
MPOU3BOINIIACHE B MOMEHT MOJIa4d UMITYJIbCa BO3OYKACHHUS Ha 30H.

AxycTudeckas IpOBOJUMOCTb CpPeibl B KOHTPOJIUPYEMOM 00BbEME ONpeAEsIach MPOrPaMMHO O
BEJIMYMHE MAaKCUMaJIbHOW aMIUIMTY/1bl IPUHUMAEMOr0 CUTHAJIA, IIPOLIEIIET0 Yepe3 KOHTPOJIUPYEMBIi
oobeM. IIpu 3TOM, KOrJja B KOHTPOJIMPYEMOM 00BEME 30HAa HAXOANUTCS KUAKOCTh, aMIUINTY/a IPUHATBIX
CUTHAJIOB MaKCHMaJIbHA, €CIIM I'a3 - MUHUMalIbHA. Buj curHaia Ha BeIXO/1€ 30HAa U aMIUIUTYIHOE pac-
IIpeIeICHMs I0Ka3aHbl Ha puC. 2.

(YK — ypoBeHb aMILTUTYIbI )KHUIKOCTH, Y] - ypOBEHb aMIUIUTY/bI ra3a).

IIpy BO3HMKHOBEHMH ITy3bIPHKOB aMIUIMTYZAA CUTHAJIa HAYMHAET MEHATHCS B IMANIa30HE OT MaKCUMaIbHOU
(kuakast (asa) 1o MuHUMaNbHOU (razoBast (aza). DTo 0O0YCIIOBIECHO MMOMAJaHUEM JABHKYIIHXCS Ta30BBIX
00pa3oBaHMl B KOHTPOJIUPYEMBI 00BEM 30H/1a, IPEPHIBAIOIIUM IIPOXOXKIECHUE YIIBTPAa3BYKOBBIX

HUMITYJIBCOB OT M3JIy4aroniero BOJIHOBOJA K MPUEMHOMY.
A
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Puc.2 Bun curnana u aMIsiuTyIHOE pacipeiesieHue

KonuenTpanus xunkoi ¢asbl Ipu 3TOM ONpeAeseTcs Kak A0 BPEMEHHU, KOTJa aMILTUTY/1a PUHSATOTO
CUT'HAJIa HaXOJUTC BBIIIE 3aJaHHOIO YPOBHS NUCKpUMUHALUU. [Ipy 5TOM 4KCIIeHHOE 3HaUYE€HUE YPOBHS
JUCKPUMHHALMKM paBHO CPEAHEMY 3HAYEHHIO MEXAY YPOBHEM KUJIKOCTHU U rasa.

IIpuHIUN JeiicTBUS YCTAHOBKU:

K xoHTpONMMpyeMoMy 00beMy, HAIOTHEHHOMY BOJIOH, ITOKITIOYAETCSI KOMIIPECCOP , TEM CaMbIM 00pa3ys B
KOHTPOJMPYyeMOM o0beMe ra3oByto ¢asy. Ha myTu qBM>KEHUS MMy3bIpKOB YCTAHOBIIEHBI YJIBTPa3BYKOBbIE
TAaTYHKH, 33]1a9a KOTOPHIX 3aKITF0YAETCs B OJTYYCHUH aMIUTUTY/IbI KoJeOaH!s yIbTpa3ByKa MPOXOISIIETO
yepe3 cpeny. Hanee atu nanuslie npu nomomu AL (Ananoro-mudposoro npeodpa3oBaTes)
NepeBOIATCS B IU(POBOI KOJI COOTBETCTBYIOIINH BEIMYMHE aHAJIOTOBOTO CUTHAIA U IOCBHUTAIOTCS B
KoMmIetoTep npu nomonm uatepgeiica Centronics (LPT mopr). [Tocne atoro nanHbie 00padaThIBalOTCS
IIPOrpaMMoi.

(cm.IIpunoxenue - PykoBonctBo k mporpamme bubble v 1.0)

IIpumenenne meroaa:

MeTO)I AKYCTHYECCKOI'O 30HAUPOBAHUA MOXKET OBITH UCIIOJIB30BAaH JJISL pazpa60TI<1/1 CHUCTEM KOHTPOJIA
YPOBHSI KHUIIAIIETO TEIJIOHOCUTENSI B 000pynoBanuu DY B TOM uuciie B maporeHepaTopax,
KOMITEHCATOpax 00beMa, KUTIAIINX PeaKTopax, MOHOOJIOKAX.
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Cxema ycTaHOBKM TIpuBeieHa Ha Puc.3
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®/IN2 - popMupoBaTens ATUTETLHOCTH UMITYNIbca 21ocbulkH (OKuaaHue MPUHATOTO CUTHATIA)

®JIN3 - hopmupoBatens ATUTEIBHOCTH UMITYJIbCA 3 MOCBHUIKU

®JIN1 — popmMupoBaTens AMTUTEIBHOCTH UMITYJIbca | MOCBHIIKU
(cTpob nmMmymbca)

@OUII — hopmupoBaTenb UMITYIHCOB MOCHUTKU
MK — MyJIbTHILUIEKCOpP KaHAJIOB
@MU - popmupoBatens umiyibca 3amycka AL

CVY — cx. ynpasneHus
BY — 6ydepubie ycunurenu




EHI.

Tarmm — Bpemst mpeoOpazoBanus ALITL.
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Puc.5 Pacrnonoxenue kaHajIoB B yCTaHOBKE
Puc.6 3ama3zabpiBaHue CUTHAIOB

tsam=n* T 3oua. [C] [1]

1
V= ~ CKOpOCTH IY3bIpbKa. [2]

t3(l}’l

Hens : Onpexnenenre onTUMaIbHOMN JJIMHBI peau3aliu
MPY U3MEPEHUH T'a30COACPKAHUS METOJIOM aKyCTHYECKOTO 30HIUPOBAHMUS.
3ananmue:
1.BeIBeCTH peann3anunio JaHHbIX U3 (aiina.
2.ITocTpouTh aMILTUTYJHOE pactpeaencuue curaaino N(A)
(Yucio BeIMAACHUS aMILTHTYIbI A)

[To ammuIMTYyTHOMY pacIpeeIeHUI0 OTpeeNsieM peodIagaroiee 3HaUeHHE aMIUTUTYABI ISl ra3a u
XHUIKOoCcTH. Ha OCHOBE 3THX 3HaYeHHUI HAXOIUM YPOBEHb JUCKpUMHUHALKH 110 (hopmyie [3]:

VoK -yI
Vi=———+
AMHJII/ITyI[a JKUAKOCTU BBIIIC YEM I'a3a CJICA0BATCIIbHO MAKCUMYM IIPpU OoJIbIIeH AMIUIMTYAC U €CTh
npeo6naz[alomaﬂ AMIUIMTYyda KUIKOCTH. (,Z[J'I}I ra3da COOTBCTCTBCHHO IIPpH MEHBIIIEHN aMHJ‘II/ITy,Z[e).
AMIUIMTYZA paclpeneseHus: CTPOUTCS OTAEIBHO I KaXKA0ro KaHaa. Vcnonp3ys Moiy4eHHbI YPOBEHb
JTMCKPUMHUHAIIMK CUUTaeM ra3ocojepkanue mo gopmysie [4].

v [3]

Q= M .100% [4]

B uncnurene uncio usmMepeHuit 111 KOTOPBIX aMIUINTy1a MeHble Y J[. AHalIOruuHble 3HaU€HUsI MOYKHO
MOJTYYUTh TaK K€ M JUIs OCTAIbHBIX KaHaloB. N B 3HaMeHaTele — MOJIHOE YUCIIO U3MEPEHUH.

JlaHHBIE CHUMAIOTCSI HECKOJIBKO Pa3 ¢ KOJIMYECTBOM U3MEPEHUN
N=1000,1500,2000,........

C marom AN =500

Jl1s KaXkoM peanusalnuy cyuTaeM razoconaepxkanue. 1 mocie storo

\ crouM rpaduk 3aBucumocti o (N) (Puc.7). Ilo rpaduky
OIpeAEIIsAeM ONITUMAIBHOE YUCIIO HUKIOB . ONITUMAIBHBIM YHCIIOM

| LUKJIOB SIBJISIETCA Ta TOYKA rpaduka mocie KOTOPoi ycTaHaBIMBACTCS

Norr N JIMHEUHBIN PEKUM.

Puc.7 3aBMCUMOGTL CpefHeKBaapaTUYHOro
OTKMOHEHUA OT YMCNa U3MepeHUi

ens : Onpenenenre CKOPOCTH CBOOOTHOTO BCILIBITHS

! IMy3bIpbKa METOA0OM B3aNMOKOPPCIISIINN.
|
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Jlnia onpesienieHus: BEMUMHBI 3aMa3AblBaHus IEPBOTo Ipadka OT BTOPOro CTPOUTCS (HYHKIIUS
KOPPEJISLIIH.

a)
K Al IN=1000
phay |
AN |
Sl |
/ 12345678 |
/ A\
A\ L L L L L L |
J Y RN |
\ REREEERERLEEE |
I T I A O O |
N L |
: RN |
\ ~ AR RRR NN Pt
i a |
173 7 l'z's'"'lsc//lé'n """ \s\zsn/_zm/ i3 3 Iﬁ\mﬁ\l@éﬁ/ﬁﬂﬂNet :}:}:::\}I}}} }
A Pt |
' Prrrrrrbrpn |
123456?3‘9‘10IH}
|
[ |
|
[ |
N |
T T |
K L1 ot
1] |
1] |
1] |
1] |
L1 |
0) [l |
[l |
| |
|
L1
T

Puc.8 a)3amazgpiBaHue epBOro CUrHajia OT BTOPOTO
6)I'padpux B3auMOKOppENALINH.
B) [IpyHIMI B3aMMOKOPPEIALMH

3HaveHHe M0 MAKCUMyMOM (YHKITUH KOPPEJSIIMH [TOKa3bIBAET HAa CKOJIBKO MEPBbIi CHTHAI OTCTAET OT
BTOPOTO.
| =7mm

An—> At = An* T30n0
5
vol [5]
At
3ananue:
1)Beisectu 1000 3nauennii Al(n),A2(n).

2)[TocTpouTh HYHKIMIO B3aHMOKOPPEISIIHH.
3)Onpenenuts At u moacuurats V.

Pacuersb! pyHKIIMN B3aUMOKOPPENALIUY IPOBECTH JIsl BceX 3MepeHuil. [laHHble 3aHecTH B TaOIHILY.

Ta0mnwuma 1.

[EY

50




n(v) [TocTpouts pactpenenenue (Ilocuntars Benmuuuny
HOPMAaJIbHOTO paclpeesIeHus)

Pacuer pyHKIMN B3aUMOKOPPEISIIUN 3TO YMHOKEHHE CO
CIABUIOM.

|
\
|
\
\ IMopsanok pacuera:
\
|

1) Beruucisiem cpeaHee 3HAYCHUH 3HAYCHUE JJIs1 000HX

v \ IIOPTOB (MaCCI/IBOB). Al - aMIININTyda OTCTArIIETO
Puc.9 PacnpegeneHue no ckopoctam
CHUIrHaja.
A2 — AMIIIIMTYZa OIICPCKaAr0ICro CUriasia.
— 13 13
Al=—>" Al A2=—Y"A2, [6]
N i=1 N i=1

2) CunrtaeM GYHKIHIO KOPPEJSLIUH 110 hopmyIie
N/2

Ki = Z(A]-J - Al)(A2j+i —-A2) [7]
j=1
3)U3mensiem mar Ha 1 eAMHUILY U CUUTAEM HOBYIO (DYHKIIMIO KOPPEIIALIHH.

JU71st TOCTOSIHHOW TOYHOCTH YHCJIO IIAroB HY)KHO OpaTh paBHOE MOJIOBHHE YMCIIa M3MepeHui. Tak ke
MO>KHO BapbHPOBAaTh YMCIIO MIAroB. Tak Kak B OOJIBIIMHCTBE CIy4aeM J0CTaTOYHO U

500-1000 maroB 1t HaXOXKICHHUSI MAKCUMYM (DYHKIIHU KOPPEIISALHH.

Brruncnenue peanusyercs Ipy MOMOIIM IBYX LIUKIIOB.

for(i=0; i<N/2; i++)

{
for(j=0; j<N/2; j++)
{
K, =K; +(A1j _K]-)(Azjn —A_Z)
}
}

Hens : Onpenenenne pacupeneneHus MMy3bIpbKOB 10 JHAMETPaAM

3amanme:

1)/151s1 KaXI0TO0 pacnpeaeIeHus OIPEIeIUTh KOJINIECTBO My3bIpbkoB 1 AN . (Puc.10)
An=n, —n, (n=n(A<Y))

2)ITo popmyne [8] mocuntaTh qUaMETp KaxI0T0 My3bIpbKa.
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Puc.10 Onpenenenne An

D =An-T3omg -V [8]

OTOT pacueT NOBTOPUTH Ul Beex peanusanuil. Ha ocHOBE 3THX JaHHBIX IOCTPOUTH PACIPEIEIICHNE
ITy3bIPHKOB I10 THAMETPAM.

Cunraem 5, D,G,;(z

JI1st IOCTPOEHHs aMILIMTYIHOTO pacipeneienus, A, HCIoONb3yloT B KauecTBe aapeca B Maccuse N(A).

IIpunoxenne.

Ha Puc.II1 npencrasnena naHenb ynpasieHUs IPOrPaMMBI
Bubble v1.0

#+ Bubble v 1.0

Marin MaHenM ¥NpasneHWe HacTpokkK
@ = / L Mumxy d 2 3)a 7
1 2 3

|
4 5
Puc .I11

“U3mepenne” — BBIXOJI B PEKUM CHSITHS TaHHBIX
“OTKpBIT” — OTKpBITHE (paiiiaa n3MepeHui
“CoxpaHeHue” — BBIXOJ B PEXKUM COXPaHEHUS
“ITIpocMoTp” — 0TOOpaKEHHE TAHHBIX
“JlabopaTopHble ~ — peKUM 00pabOTKH TaHHBIX

arODE

[IpoBenenue 1abopaTopHO pabOTHI.



Hawme pe HHEe PX|

Janyck, Tifl® li Ha

. JAHOEWTE
Yoo WarepeHmi
JcHOBa WreHM dalina

Puc. I12 Pexxum cHSITUA JAHHBIX

=

[IpoBepbTe HaYAIbHBIE TAHHBIE U3MEPEHUN.

2. YTOYHHTE 4acTOTY Mpolleccopa Balllero KOMIbIoTepa y 1abopaHTa, OHa JOJKHA COBIAAATh C
TOH, KOTOPYIO BBIIAET MPOrpaMma.

Ecnu BKIIIOUEH peKuUM aBTOCOXpPAHEHHS ,TO BBEAUTE OCHOBY HMEHHU (DaiiyioB peanusaliu.
Haxwmure “3anyck”

Bpewms1, koTopoe BbIIACT IporpamMma ,He I0JKHO HAMHOI'O OTJIMYAThCS OT TOT0, KOTOPOE
3agano. Ecmu pasnuna 6osee 30 MKC, TO CiieyeT 3aHOBO IMPOBECTH U3MEPEHUSI.

ok w

[Tocne CHATHSI JaHHBIX BbI MOXKETE BBIMTH B PEKUM 00paOOTKH JaHHBIX U IIOCMOTPETh PE3yJIbTAT 110 BCEM
TpeM JTadopaTOpHBIM paboTaM.

Cnmcok ucnoJib3yeMoi JUTepaTyphbl:

1. Banos B.B. Kypc nekmmii

2. MenbaukoB U.B. Ykazanus k 1abopaTopHbIM paboTam

3.B.".Menbuaukos, B.H.Xoxnos, B.B.VMBanos, A.B./lyH1ies.;
“UccrnenoBanne akyCTUYECKOW MPOBOIMMOCTH BOJSHOTO
TETJIOHOCUTEJIS BBICOKUX NapaMeTPOB MPHU €ro BCKUIIAHUU
S nepuas sHepretuka” Nel 2006 roa. ctp.70
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MHHOBPHAYKH POCCHH

®EJEPAJBHOE I'OCYJAPCTBEHHOE BIOJKETHOE OBPA3OBATEJILHOE
YYPEXKJIEHHE BBICHIEI'O OGPA3OBAHUA

«HWKETOPOJICKHUN TOCYIAPCTBEHHBIN TEXHUUECKUI
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Bospacranue TpeOoBaHMil K O€30MaCHOCTH U HAJEKHOCTH SIAECPHBIX
SHEPTEeTUYECKUX YCTAaHOBOK (S1DY), mOBkIIIEHHE SHEPTOHANIPS)KEHHOCTH OJIOKOB
U TPUONMKEHHE HUX K T'YCTOHACEJIICHHBIM pallOHaM CTpaHbl BBIJBUTAIOT Ha
NepBbIN IaH MpodiieMy obecriedeHrs uX 0€30MacHOCTH U HaAEKHOCTH. B aTHx
YCJIOBUSAX CYIIECTBEHHO MOBBIIIAETCS POJb CUCTEM KOHTPOJS U JIUATHOCTUKU
OCHOBHBIX 3JIEMEHTOB 3HEProOJIOKOB M pabO4YMX TEJ Ha BCEX PEKUMAX PadOTHI,
B TOM 4YHCII€ B aBapuiHbIX curyanusx. CoBeplleHHass HW3MEpUTEIbHAs
anmaparypa SIBIS€TCS HEOOXOJWMBIM KOMIIOHEHTOM TIpH  TMPOBEICHUU
rujipoauHamMudeckux uccieaopanuid Ha stanax HUP u OKP co3panus A9V, a
TaKXe B OKCIIEPUMEHTaX MO0 MCCIICAOBAHUIO aBApUM C TOTEPEH TEIJIOHOCUTENS U
MEPEXO0IHBIX MPOIECCOB B aKTUBHOW 30HE PEaKTOpa.

TpaauimoHHbIE CPEACTBa KOHTPOJS M JMATHOCTUKU TEIJIOHOCUTENS BO
MHOTHUX CJIydasiX HE 00€CIeYMBAIOT U3MEPEHHUE BAXKHEHUIINX €ro MmapameTpoB C
TpeOyeMOll TOYHOCTBIO U OblcTpozaciicTBHeM. OTCYTCTBHE COBEPIIICHHON

U3MEPUTEITbHON TEXHUKH _ OJHO W3 OCHOBHBIX IMPETSATCTBHMA B MCCIICIOBAHMIX
TeI1I000MeHa, 0COOCHHO TPH M3MEPEHMSIX MapaMeTpoB JBYX(a3HOro MmOTOKa.
HemocToBepHOCTD ONpeeeHus] XapaKTePUCTHK BIIUSAET HE TOJIBKO Ha TOYHOCTH
TEIJIOPU3NUECKUX pPAcCUYeTOB, HO U BBIHYXKJAET COMHEBAThCA B BBIOOpE
pacyYeTHBIX MOJCIICH, NCIIONB3YEMBIX JIJIsl OTIPEICTICHHUS ITapaMeTPOB TTOTOKA.

B cBs31 ¢ 3TUM BechbMa aKTyaJbHOW KakK C HAYYHOM, TaK U C MPUKIIATHOU
TOYEK 3PEHUS SIBIISIETCS 3a/1aua pa3padO0TKU HOBBIX HETPAAUIIMOHHBIX METOAOB H
CPEACTB KOHTPOJIS MAPAMETPOB U AUATHOCTUKH TEMIIOHOCUTENS.

AKYCTUYECKHE METOJIbl KOHTPOJS B SJICPHOM SHEPTreTUKE MPUBJIEKAIOT
00JIBIIIOC BHUMAHNE HAYYHO-MCCIIEIOBATEIbCKUX OPTraHU3AIMI U CIICIIUATUCTOB
PA3JIMYHBIX OTPACIIEN MPOMBIIIJIEHHOCTH. DTO CBSI3aHO C UX YHUBEPCAIBHOCTBIO,
SKOHOMHUYHOCTBI0, BO3MOKHOCTBIO ABTOMATH3ALlMM H3MEPEHHI W, HAKOHEI,
0€30MacHOCTBIO JUIsl OOCTY>KUBAIOLIETO MepCcoHaa.

AKYCTUYECKHE METOJIbl KOHTPOJIA IIMUPOKO MPUMEHSIOTCS B aTOMHOM
MaIlIMHOCTPOEHUM TIPU TPOBEPKE OTBETCTBEHHBIX W3JIEIUA U 3aroTOBOK,
CBapHBIX IIBOB U T. II. [1,2].

OrpoMHbIE BO3MOXXHOCTH aKyCTHYECKHUX METOJIOB 0COOEHHO 3(PhEKTHUBHO
MOTYT HCIOJB30BaThCS MPU KOHTPOJE TEIJIOHOCHUTENeH M pabouux Tel B



IKCTPEMAJIbHBIX yCIOBHIX DY, rae BelIMKU UX IPEeUMYIIECTBa 10 CPABHEHUIO
C JpyruMu MeToJaMu. MOXKHO BBIICIWTh HECKOJBKO  HaIpaBJICHUN
1es1eco00pa3HOCTH MPUMEHEHHUs aKyCTUYECKHUX CpelIcTB. Bo-mepBbIx, 3TO
U3MEPEHUE OCHOBHBIX TEXHOJIOIMUECKHUX MapaMeTPOB TEIJIOHOCUTEIS: pacxo/a,
TEMIEPATYpPBI, AABICHUS, IAPOCOAECPKAHUSA, YPOBHA. BO-BTOpBIX, KOHTPOJb
OTKJIOHEHHUI OT HOPMAJIBHOTO peKrMMa padOThI, MOBBIIIAIONIMN 0€30MacHOCTh U
HAJEKHOCTh padoThl 00OpyaoBaHusA. K HUM OTHOCATCS YyCTpoicTBa s
KOHTPOJIA IIIyMa, CTPYKTYPbI IBYX()a3HOTO MOTOKA, AKYCTUUECKOM BU3yaIn3alun
U ap. B-Tperbux, AMarHOCTHKa CTPYKTYphl TEIJIOHOCHUTENS IPU HAYUYHBIX
UCCIIEIOBAaHUSAX: U3MEPEHUE paclpesiesieHns (a3, CKOpocTel UX NepeMeleHus,
JUCTIIEPCHOCTH MOTOKA TEIUIOHOCUTEIS IO CEUEHUIO U JUIMHE KaHAJIOB, CKOPOCTH
reHepaluy napa Ha HOBEPXHOCTH TEIUIONEPEAAYH U T. II.

Takum o0O0Opa3oM, COBEpIICHCTBOBAHUE M BHEAPEHUE B MPAKTHKY
aKyCTUYECKUX CPEJICTB H3MEPEHHUIl CIIOCOOCTBYET 0oJiee TIHIATEIbHOMY
000CHOBaHHUIO XapakTepuCTHK DY, MOBBIICHUIO HAJECKHOCTH M KadyecTBa
KOHTpOJsl 3a paboroil o0OpydoBaHMs, JaeT BO3MOXHOCTb  BBISIBUTH
JOTIOJTHUTEIbHBIE PECYPCHI MOBBIIIEHNS MOLUTHOCTH U 0€30MaCHOCTH PEAKTOPHBIX
YCTaHOBOK.



1. OB30P AKYCTHUYECKUX METO/1OB ITMAT'THOCTHUKH
N KOHTPOJISA TEIINIOHOCUTEJIA ADY

1.1. AKYCTI/I‘ICCKI/IE METOAbI TMATHOCTUKHU U KOHTPOJIA TCILIOHOCUTEIA
B ﬂllepHOﬁ IHEPIE€THKE

VYapTpa3sByKOBbIE METOABI BOLUIM B apCEHAN CPEICTB HCCIENOBaHUA,
U3MEPEHUS U KOHTPOJISI B SIICPHOM SHEPrETUKE C MOMEHTA €€ BO3HUKHOBEHHS.
Ha mexnynapognoit koHdpepeniuu B JKeHeBe MO MUPHOMY HCCIEIOBAHUIO
aToMHOUW HHeprun B 1955 1. ObUTM OMyONMKOBaHBI JIaHHBIE O CBOMCTBAX
METAJUIMYECKOTO ypaHa, W3MEPEHHBIX YJIbTPAa3BYKOBBIMU METOJAMHU IMPHU

temmeparype 10 350 C. K atoMy ke BpeMeHH MOYKHO OTHECTH MTEPBBIC MOTBITKH
NPUMEHEHUSI YJIbTPAa3BYKOBBIX METOJOB JUISI M3YYEHHS PagUuallMOHHBIX
NOBPEXKJICHUN B KOHCTPYKIIMOHHBIX MaTepuaiax. Y CHEIIHbIE HCCIEIOBaHUS
PEaKTOPHBIX MAaTepUaliOB B JaJIbHEWIIEM NpOBOAMIN B Jaboparopusix Poccun,
CIIA, Benukoopurtanuu, @panuun, ®PI" u qpyrux crpan [1].

OOHOBPEMEHHO C MPOMBIIUICHHBIM OCBOGHHEM AaTOMHOW 3SHEPIrHH
MHTEHCHUBHO pPa3BUBAJIUCH YIbTPA3BYKOBBIE METOAbl KOHTPOJISI 3JIEMEHTOB
KOHCTPYKIUU AJI€PHBIX peakTopoB. [IpeumMy1iecTBo 3THX METOJOB COCTOUT B UX
BBICOKOM UYYyBCTBUTEJIBHOCTH, BO3MOXKHOCTH KOHTPOJISI IIUPOKOTO KpyTa
U3JIEJINM, BBICOKON MTPOU3BOUTENBHOCTH U YHUBEPCAIBHOCTH aIlapaTyphl.

AKycTHUECKHE METOAbl M3MEpPEHUU OKa3aauch BechbMa 3(PPEKTUBHBIMU
IIPU SKCIUTYyaTalMOHHOM KOHTPOJIE SIIEPHBIX peakTopoB. Co3/1aHbl IPUOOPHI IS

KOHTpOJIA TeruioHocutenss S0V _ ypoBHEMephl, pacxogoMepbl, TEPMOMETPHI.
VYIIbTpa3ByKOBBIE METObI YCICIIHO UCIOJIB3YOTCS JJIs UCCIEIOBAHUN CBOMCTB
KUIKAX W Ta3000pa3Hbix paboumx Ten SDY. HMccrnemoBaH HIMPOKUN KpPyT
BEILIECTB OT BOJbI U BOASHOIO Mapa J0 MMapoB IIEJIOYHbIX METAJUIOB B UHTEPBAJIE
TeMIepaTyp oT komHatHo# 10 11004 C [2].

JIJist KOHTpOJIST MapaMeTpOB TEIJIOHOCUTENSI MPUMEHSIOTCS pPa3IMuHbIe
METO/Ibl: MEXaHMYECKHE, aKyCTUYECKHE, ONTHYECKHE, DJIEKTPOMATHUTHBIE U
pagualoHHble. XOTs ISl KaXJ0ro M3 METOJIOB MOXHO YyKa3zaTh HauboJjiee
1enecooOpa3Hyo  00JacTb MPUMEHEHMS, TJI€ OH HMEET ONpecCHHbIE
npeuMyllecTBa  Nepesl APYTMMH, aKyCTUYECKHME  METOJbl  00JIaJlatoT
HAUOOJIBIIMMHA TTOTCHIIMATHHBIMH BO3MOXKHOCTSIMA B TEXHUKE DYHEPTreTUUECKUX
PEaKTOpOB.



MexaHnyeckue _ OTJIMYarTCs HpOCTOTOI\/'I 060py,Z[OBaHI/I$I, JOCTAaTOYHO

HafekHbl. OJHAKO WMEIOT CPAaBHUTENBHO OONBIIYI0 HHEPIIMOHHOCTD,
MOHWKEHHBIM pecypc. s pasmernieHuss NEPBUYHBIX JaTIYMKOB TpeOyeTcs
JIOBOJILHO 3HAYUTEIbHBIM BHYTPUKOPIYCHOW 0OBEM HIIM BBIBOJI TEIIJIOHOCUTEIS
3a MPOYHBIN KOPIYC, YTO OTPUIIATEILHO CKa3bIBACTCSl HA OE30MMACHOCTH SIIEPHOM
ycTaHOBKU. Kpome Toro, aBromaruszanus U3MEpeHUuM TpeOyeT HCIOJIb30BaHUS
AJIEKTPOMArHUTHBIX WJIM ONTHYECKUX TATYMKOB. [[puMeHEHHEe MEeXaHHM4EeCKUX
METOJIOB ISl TMAarHOCTHUKHU TEIJIOHOCUTENSI B MEPBOM KOHTYPE COBPEMEHHBIX
SADY BcTpeuaet OoJbie TPYTHOCTH.

OnHO W3 TJaBHBIX 3aTPyJHECHUMN, MNPENSATCTBYIOIIUX HCIOJb30BaHUIO
3JIEKTPOMArHUTHBIX M ONTUYECKUX METOJ0B B SIDY, coOCTOUT B HEOOXOIUMOCTH
IIPUMEHEHUSI MAaTEPUAJIOB JJI1 M3TOTOBJICHUSI JAaTYMKOB, IJIMTEIBHOE BpEMs
COXPaHAIOIINX CBOU DJIEKTPUUYECKHE W ONTHUYECKUE CBONCTBA B YCJIOBHUSX
BBICOKOM TEMIIEpAaTypbl WU HMHTEHCUBHOCTM HMOHU3UPYIOLIETO H3IydeHus. B
MOIITHOM HEWTPOHHOM IOTOKE BOJIM3M aKTUBHOM 30HBI pabOTAIOIIEIO peakTopa
B TOW WM WHOM CTENEHW MPETEPHEeBAOT M3MEHEHHS (HU3UYECKHUE CBOMCTBA
TI00BIX MaTepHAIOB. DTO CBA3aHO C HAPYIICHHUEM CaMOM CTPYKTYphl MaTepHana
M3-32 CMCIICHHUS aTOMOB BEIIECTBA IIOJ JIEMCTBUEM OBICTPBIX HEHUTPOHOB.
JleficTBHE MOIITHOTO TaMMa-U3Iy4Y€HHUSI CBOJUTCS K MOHU3AITMOHHOMY 3P (DEKTy,
HapylIamEeMy B IEPBYIO OUEPE/Ib U30JISIIUOHHBIE SJIEKTPUUECKUAE U OITUYECKHUE
cBoOMCTBA MarepualioB. [Ipu nomenennn JaTunkoB 3a pagualliOHHON 3alUTHOU
000JI04KOM OcTaeTcsi (paKTOp BBICOKUX TEMIIepaTyp, JekKallux 3a MpeaeaaMu
CTaOMIBHOCTH DJICKTPUUCCKUX M ONTHYSCKHUX CBOMCTB MHOTHMX MaTEPHAJIOB,
COXpaHsETCA HEOJIaronpusiTHOE (U3UKO-XUMHYECKOE BO3JCHUCTBUE
TETJIOHOCHUTETIA.

[IpuMeHeHre paaualMOHHBIX METOJOB B YCIOBHUSX SIEPHOTO peakTopa
3aTPYyAHEHO TEMU K€ MPUYMHAMU, YTO U AJIEKTPOMATHUTHBIX.

AKYCTHYECKME METOJIbl, KOTOpPhIE MOXXHO CUMTaThb OJHOM U3
Pa3HOBUIHOCTEH MEXaHUYECKUX, 00Iaal0T HAMOOIBITUMHI BO3MOXHOCTSMHU IS
U3MEpPEHUSI MAPAMETPOB BBICOKOTEMIIEPATYPHOTO TEIIOHOCHUTENS B YCIOBUSIX
A2Y. OHu He WUMEIT NEepPEeUUCICHHBIX HemocTatkoB. Jlis mnepenauu
aKyCTUYECKUX KOJeOAHWIl MOTYT OBITh HMCIOJB30BaHBI KaK AJJIEMEHTHI CaMOU
YCTAHOBKH (B TOM YHUCJI€ U TETUIOHOCUTENb), TaK M CIIelIMaIbHbIe BOJIHOBOBI. Ha
pacrpocTpaHeHHE U Tiepefady aKyCTHUYECKHMX KoJieOaHMM He OKa3bIBaeT
CYILLIECTBEHHOTO BJIUSIHUS HU TEMIIEpaTypa CPebl, HU MOIIHbIE PAJAUALIMOHHBIE
MOTOKU. AKYCTHYECKHE IaTUYUKH, MOMEIIAEMbI€ B 30HY C AKCTPEMalbHBIMHU
YCIOBUSMH, MOTYT OBITh BBIIIOJHEHBI TOJBKO C NPUMEHEHUEM THUIIOBBIX



KOHCTPYKIITMOHHBIX MAaTEPHUAJIOB - JISTUPOBAHHBIX CTaJCH, HAIE)KHO PadOTAIOIIUX
IIpH JIIOOBIX MapaMeTpax BOASHOTO WU KUJAKOMETATINYECKOT0 TEIJIOHOCUTEIS.
MoXHO OXHAaTh, YTO B OyaylIeM aKyCTHYECKHE METOJAbI CTaHYT OJHHUMH W3
MEPBBIX MO HAJEKHOCTH METOJIAMHU TUATHOCTUKU TeIUIoOHOcUTENA B DY [3].

Kpome TexHonornueckoro KOHTpoJs TerioHocuTens DY, akycTuueckue
MeTOIbI MOTYT 3(()EKTUBHO HCIOJIB30BATHCA B SKCIEPUMEHTaX MO OTpabOTKe
AJIEMEHTOB OOOpYJOBaHUS SIJICPHOM DSHEPreTUKH U TIPU TUJIPABIMYECKUX
MCCIICIOBAHMAX 0 0€30MaCHOCTH peakTOpoB. B ToM umcIie, B 9KCIEpUMEHTaXx 110
WCCJICIOBAHUIO SIBJICHUM, CBSI3aHHBIX C TIOTEPEHd TEIUIOHOCUTENA. Maibie
rabapuThl aKyCTHYECKUX JIATYUKOB U MX BBICOKOE OBICTPOACHCTBHUE TO3BOJISIOT
IPOBOAUTh  W3y4YeHHE  JABYX(ha3HbIX MpPEeBpaIllleHWd B  MEXKTBIJIHHOM
MPOCTPAHCTBE, a TaKXke BU3YaJM3UPOBATh CTPYKTYpPY JABYyX(a3zHOTO
TEIUIOHOCUTEJI.

AKYCTHYECKHE METO/Ibl TAKKE MPUTOHBI JISl TUCTAHITMOHHBIX U3MEPEHU,
B YAaCTHOCTH, BO3MOXKHO OIpelesieHue Mnpoduisi CKOpPOCTH U pacxoja
TEIUIOHOCUTENIE B TpyOoIpoBoje 0O€3 HapyIIeHHs €ro IMOBEPXHOCTH, YTO
CYIIECTBEHHO C TOUKH 3peHHs Oe3omacHocTH DY,

1.2. O030p MeTO0B M3MEpPEHUSI OCHOBHBIX IAPAMETPOB TEIJIOHOCHTEJIS

1.2.1. AKycTH4ecKue MeTO/Abl ONpeaeJIeHUs] TeMIIePaTyPbI

[Tpubops! ynbTpa3ByKOBOW TEPMOMETPUN OCHOBAHBI Ha ()yHKLIMOHAIBHON
3aBUCHUMOCTH CKOPOCTH 3BYKa B Cpellax OT TemmepaTrypbl. B kadecTBe Takou
Cpedbl B TEPMOMETPAX IS SAEPHONU SJHEPTETUKHU UCIIOIb3YIOT TBEPIBIE TEIA WU
razpl [4]. OTmewaeTcsi, 4TO CBOMCTBAa raza Nnpu OOJYyYEHHH HE MEHSIOTCS.
CKOpOCTB 3ByKa B ra3e OIpeaeisaeTcs COOT\Tg.u;eHHeM YRT

cH> (1.1)
M

rae Yo _ mokasarenb aguabarel; R _ rasoBas IIOCTOAHHAs, I _ aOCOIXOTHAs

Temrieparypa; M _ MOJeKyJspHas Macca.

Jlna upeansHOro rasa Yo = 5/3, mostomy ¢ = KT'?, T. e. uaeanbHbli ras
MOKET CITy’KHTh STAJJOHOM TEMIIEPATYPHI.

CKOpOCTB IIPpOAO0JIbHBIX BOJIH B ITPOTAKCHHOM TBEPIOM TECJIC

F
cadVp, (1.2)
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rae £ _ moayias FOnra; (J _ MIOTHOCTD.

Jnss MeTajioB CKOpPOCTh 3BYKa MPAKTHYECKU JIMHEWHO 3aBUCUT  OT
TeMmIepaTypbl. M3MepeHuss Temmeparypbl TPOBOIATCS IByMs criocobamu. B
NEPBOM B KOHTPOJIMPYEMYK) CpPEAY BHOCSIT UYYBCTBHUTEJIBHBINA 3IIEMEHT,
AKyCTHUYECKHE XapaKTEpPUCTUKH KOTOPOTO  OINPEAEIAITCS; BO  BTOPOM
U3MEPSIOTCS  XapaKTEpUCTHUKH caMOW cpenbl. B mepBoMm ciiydae Ha
XapaKTEPUCTUKU YYBCTBUTEIBHOTO 3JIEMEHTA W TMOTPEIIHOCTh TEPMOMETpPaA
BIIUSAIOT T€ € (PaKTOPbI, UTO U JJISl APYTUX KOHTAKTHBIX METOJOB U3MEPEHHUS
TEMIEpaTypbl; BO BTOPOM HEOOXOJMM Y4Ye€T HEOJHOPOAHOCTH CPEMIbI,
CYLIECTBEHHOU IIPY HECTAIMOHAPHBIX H3MEPEHUSX.

bonpmm BHUMaHuEM pa3paOOTUYMKOB IMOJIB3YETCSA MEPBOE HAIpaBJICHUE,
B KOTOPOM TaK K€ MOHO BBIJIEJIUTH JBA IpUHLHNA. B 0JHOM U3 HUX U3MepsAeTCs
CKOPOCTb 3ByKa B 00pa3I0BOM 1JIEMEHTE, BHITIOJTHEHHOM B BHJIC IWJIMHPA WU
CTEPKHS, B IPYTOM - PE30HAHCHAS YACTOTA MEXaHUYECKOTO PE30HATOPA
[2, 5-7]. IlepBble PE30HAHCHBIE TEPMOMETPHI H3TOTABIMBAINCH IS SIEPHBIX
peakTopoB ¢ rpaduToBbIM 3ameniureneM [2]. OgHa u3 pa3pabOTOK HUCHOIb3YET
pe30oHaTop B BHUJAEC LWIMHApa auameTpom 12,5 MM um BbicoTOM 250 MM,
3alOJIHEHHBIM renueM npu  jasineHun 2,1 Mlla. Pe3onatop coeauHeH cC
MIPUEMHOM3TYYAIOIIUM MpeoOpa3oBaTeeM aKyCTHUSCKOUN JIMHUEH, BHITTOJTHEHHOM
u3 TpyOku guamerpom 3,2 MM mHOM 3,6 MM, U BO30yXIaeTcs
pauoONMITyJIbCaMH ¢ 4acTOTOM 3anoyiHeHus 6-10 kI 1y u neprogom 20 mc. MomMeHT
pE30HaHCa OMNpenesseTcss N0 MHHUMYyMY OTpPaXX€HHOro curHama. Yacrora
pE30HaHCa OJJTHO3HAYHO CBS3aHA C TEMIEPATYypOU TEJIUsl B PE30HATOPE U MOXKET
OBITH TOUHO OmpeaeneHa. [lorpenHocTh TakOro TepMOMeETpa He mpeBbimaeT 1%.
Henocratkom paccCMOTPEHHOW CUCTEMBI SIBJISIETCS NPUMEHEHUE OTHOCHUTEIBHO
HU3KUX 4YacTOT, IJIE BBICOK YpPOBEHb IIYMOB pabOTAIONIETO peakTopa. ITO
OCJIOKHSIET PETUCTPALUIO MOJIE3HBIX CUTHAJIOB.

Crneayromum IaromMm B Pa3BUTHUU PE30HAHCHBIX aKyCTUYECKUX CHUCTEM
U3MEpPEHUSI TEMIEPATYPhI SIBUJIOCh MPUMEHEHUE METAJUIMYECKHUX PE30HATOPOB.
[IepBbIM aKyCTHYECKHM pPE30HATOPOM TAaKOIr0 THIMA SIBWICS, MNO-BUJIHUMOMY,
pe3onarop bemna (puc. 1.1, @) [5]. OH cocTOUT U3 CTep)KEHbKA AJIMHON YETBEPTh
BOJIHBI, KOTOPBIA CBOMM TOPIIEM COCTHIKOBAaH C BOJHOBOJHOMW (ITPOBOJIOYHOW)
JUHUCH Yepe3 COrIacyroNui Y4eTBEPTHBOTHOBBIN MIIMHAP OOJIBIIETO AUAMETPA.
[Ipu BO30Y:X/IeHUH pE30HATOPA PAAUOUMITYJIbCAMHU € YacTOTOM 3anonHeHus 100-
150 kI'm BO3HHMKaeT OTPAKEHHBIM PE30HAHCHBIM 53XO-curHaj. Yacrora
9XOCUTHaNa onpenensierca GU3NYeCKUMU CBOMCTBAMH MaTepHualla pe3oHaTopa u
CBsI3aHA C €T0 TEMIIEPATYPOH.
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[Tocne coOTBETCTBYIOIIEH TpadyHMpPOBKH, U3MEPsd YaCTOTY 3XO-CHTHAa,
HETPYJIHO ONpPENENUTh TEMIEPATypy pe3oHaTopa W, CIEJ0BaTEIbHO,
OKpPY’KaroIlel ero cpenpl. B kauecTBe u3nydarens-npueMHUKA HA BTOPOM KOHIIE
BOJIHOBOJIa TMPUMEHSIOT MarHUTOCTPUKTOp. [lpemnoxensl pa3zHooOpas3Hbie
KOH(UTyparu pe3oHaTopoB, UCIOJIb3YIOIIUE KaK MPOJ0JIbHbBIN, TaK U U3TMOHBIN
pe3oHaHc [2]. OmnpeneneHHbII HHTEPEC NPEACTABISIOT PE30HATOPHI B BHUJIE
kameptoHa (puc. 1.1, 6) [14]. Takoil pe3oHaTOp MOKHO BbI(pPE3EPOBATH
HEIMOCPEICTBEHHO Ha TOPIIE TPOBOJIOYHOTO BOJIHOBOA U M30€KaTh CBAPOUYHOIO
CThIKA Y CBSI3aHHBIX C HUM TIOHWXKEHHS HAJAEKHOCTH M Mapa3uTHBIX
nepeoTpakeHud. ONUCAaHHBIN TEPMOMETP KAMEPTOHHOIO THUIA HMMEET
HOrPeIIHOCTh <2 mpu Temmeparype 1800C.

AKyCTHYECKHME TEPMOMETPBI, MCIHOJIB3YIOIIME [PUHLIHI HU3MEPEHUS
CKOPOCTH  pacClpOCTPaHEHHs BOJIH, OBbUIM MPEIIOKEHbl  MPAKTUYECKU
OJTHOBPEMEHHO C PE30HAHCHBIMU . B mpubopax Takoro Tumna usMepsiercs Bpems
OPOXOXKJICHHUSI HMMIyJIbca OT OJHOIO0 KOHIIA YYBCTBUTEJIBHOTO 3JIEMEHTA
(mpoBONOYKHM) A0 Apyroro. Jlis HUCKIIOYEHUS BIHMSHUSA JAeMI(pUPOBaAHUS
KOoJIe0aHUM Cpesioil MPOBOJOYKY MOMEMIAIOT B 3AIMTHBIN KOXYX, UTO BEJET K

IMOBBIIICHNUIO HHCPIHHUOHHOCTH HSMGPGHHﬁ.
©/4

1 2 >3
Aﬁ !
-

o

um

Puc. 1.1. Cxembl BOJIHOBOJAHBIX Pe30HATOPOB: a —
pe3onatop bemna; 6 — kaMepTOHHBINM pe30HATOP;
1 — MarHUTOCTPUKTOP; 2 — BOJTHOBO; 3 — COTJIaCYIOUIUN HWJIHHAD;
4 — pe3onarop bemnna; 5 — kaMepTOH
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[TorpemrHocTs M3MepeHuit He pebitnaet 304 B quamazone 800-2800 C.
B ycoBepIiICHCTBOBaHHBIX TEMIICPATYPHBIX JATYMKAaX HA IOBEPXHOCTH
YyBCTBUTEIBHOTO 3JICMEHTA HAHOCSATCS HACEYKH (MCKYCCTBEHHBIC NE(EKTHI),
KOTOpbI€ 00pa3yroT psl 30H KOHTpouis (puc. 1.2).

200mxKc

Puc. 1.2. Cxema BOJIHOBOJAHOTO TEPMOMETPA C HACEUKAMM:
[ — M3iIy4arens-npueMHuK; 2 — ocuuiuiorpad; 3 — MarHuTOCTPUKTOD;
4 — BOJTHOBOJI C HaC€UKaMU; 5 — OCUMJJIOTpaMMa CUTHAJIOB

Peructpupys uHTEpBam BpEMEHH MEXAY OTPAKECHHBIMU OT COCEIHHUX
nepeKToB VMITYJIbCAMU, OIPEACIISAIOT pacIpeeneHue CKOpOCTH
PacIpOCTPaHEHHUsl yJIBTPA3BYyKa M0 JJIMHE YyBCTBUTEIBHOIO MIEMEHTA U 110 HEH
- pacnpeaeneHue Temneparypsl. MI3BeCTHBIE TaTUUKK TAKOTO THUIIA COIEPHKAT J10
14 30H koHTpons nanuHOM 15 MM kaxnpas. IlpeoOpaszoBaTtens JgaTyMka
BO30Y>KJIaeTCsl paIMOUMITYJIbCAMHU C YacTOTOM 3anoiHeHus 1 MI'n [8].

O6nacTp MPUMEHEHUSI aKyCTUYECKUX METOIOB M3MEPEHHs TeMIepaTyphl,
B KOTOPOM OHM MMEIOT CYLIECTBEHHBIE IIPEMMYILECTBA IIEepe] APYTMMH, OTO
omnpeleseHue TeMIeparypsl cepaeunnka TBOJI m TeMmeparypsl ra3oBOro
TEIUIOHOCUTENSA, e 0CO00 JKECTKHUE YCIOBHUS PE3KO OrpaHUYMBAIOT BBIOOP
MaTepuansa TEPMOJATYMKA, a IEKTPOBBIBOJ CUTHAJIOB AATYHUKA MPAKTUYECKU
UCKIIFOYAETCs. YJIbTPAa3BYKOBast TEPMOMETPUS B SKCTPEMAJIbHBIX YCIOBUAX A0V
OCHOBAHA Ha HUCMOJIb30BAHUHU BOJHOBOJHBIX JATYUKOB C 3JIEKTPOMEXAHUYECKUM
npeoOpa3oBarenieM, BBIHECEHHBIM B 30HY C YMEPEHHOM TeMIepaTypoil.

6 5

R
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Puc. 1.3. KoncTpykuust 1aTunka 1Jisi U3MepeHust
Temineparypsl cepaeunuka TBIJI:
1 — 4yBCTBUTENBHBIN 3JIEMEHT; 2 — BOJIHOBOJI; 3 — SKpaH;
4 —4gexom; 5 — TabneTKu TOTuMBa; 6 — obonouka TBIJI; 7 — 3armymika

[IpakTryeckass KOHCTPYKIMS TaTUUKa I U3MEpeHUs Temiieparyposl TBOJI
(puc. 1.3) conepKuT 4yBCTBUTEIbHBINA JIEMEHT TUaMETpoM 15 MkM, qiuHoMN S50
MM U BOJIHOBOJI, HM3TOTOBJEHHBIA W3 MPOBOJOKH auameTpomM 20 MKM,
MOMEIIECHHBIM B TPyOUaThiii SKpaH auamerpoMm 63 MM [9]. DkpaH 3akitoueH B
YexoJl W3 OrHEYNOpHOro Marepuana. JlaTdyWk, W3rOTOBJICHHBIA W3
BOJIL()PAMOPEHHUEBOTO CIUIaBa, PACIIOJNIOKEH HAa OCH TOIUIMBHOTO CTEPIKHS.
Temneparypa cepaeunuka TBIJI onpenensieTcst o CKOPOCTU PacpOCTPAHEHUS
yJIbTPa3BYKOBBIX HMIYJbCOB IO JUIMHE YYBCTBUTEIBHOIO  JJIEMEHTA.
[TorpemHoCTh TEpMOMETpa 25 npu Temmnepatype a0 27004 C.

JlaTuuk TemmepaTyphl I Ta300XJIAKJIaeMbIX TI'padUTOBBIX PEAKTOPOB
(BI'P) nomken umeth pecypc padotsl 1o 10 ner npu temneparype g0 1500 C
B KOHTAaKT€ C IpaUTOBHIMM U KapOMIAHBIMHU JJIEMEHTAMH AKTUBHON 30HBI B
atMoc(epe TenueBoro TerjaoHocuTeNsl. PaccTositHue OT 4YyBCTBUTEIIBHOTO
JieMEHTa J0 TmpeobOpazoBarens jgocturaet 15 M. B 3Tux ycnoBusx
yJIbTPa3BYKOBbIC JIATUMKKA HAMOOJIE€ TEPCIEeKTUBHB. B MX KOHCTPYKIUAX
UCIIOJIB3YIOTCS YYBCTBUTEIbHBIE 3JIEMEHTHI M BOJTHOBO/IbI U3 CILJIABOB PYTEHHUS U
pEeHUs1, TOPUPOBAHHOTO BOJb(paMa, MO0 IeHA.

B pesynpTaTe wuccienoBaHWs MCTOYHUKOB MAaTEHTHOW WHOOpMauu
YCTAHOBJIEHO, 4TO 3a nepuoj ¢ 1978 r. B cpeaHeM B roj maTeHTyeTcst 3-4 HOBbBIE
KOHCTPYKITUY WJIA YCOBEPIIICHCTBOBAHUS YIbTPA3BYKOBBIX TEPMOMETPOB. 3 HUX
okoino 40% HampaBlieHbl Ha pa3padOTKy BOJHOBOJHBIX TEPMOJATYMKOB B
OCHOBHOM JIJIS1 SIIEPHBIX PEaKTOPOB. Bemymumu cTpanaMu B 001aCTH pa3paboTKu
BOJHOBOJHBIX  CHUCTEM  M3MEPEHUs  TeMIlepaTtypel  sIBIsitoTcss  Poccus,
Benuxobpurtanus u CIIA, na nonto kotopbix mpuxoautcs 80-85% Bcex maTeHTOB
B 3TO 00acTH.

1.2.2. MeToabl MI3MEPEeHUA PACX0/a U CKOPOCTH TENJIOHOCUTEJIA
IPH MOMOIIH yJIbTPa3ByKa

AKYCTHYECKME METObI U3MEPEHUS PACX0da TEIIIOHOCUTEIISI OCHOBAHbI HA
3aBUCAIIMX OT Pacxoja aKyCTHYecKux d((PeKxTax, BOZHUKAIOMNUX MPU MPOXOEC
yJIbTPa3BYKOBBIX KOJICOAHUN Yepe3 MOTOK. B HacTosiee BpeMs MPUMEHSIOT
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YJIBTPa3BYKOBBIE PACXOJAOMEPHI, OCHOBAHHBIEC HA IEPEMEIIEHUH YIbTPa3BYKOBBIX
KoJjebaHuil ABMXKyIIecs cpenod u Ha 3ddekte Jlomnepa. [lepBrie u3 HUX B
3aBUCMMOCTH OT yIJla HaMpaBJCHUS YJIbTPA3BYKOBBIX KOJI€OAHUU MOXKHO
pa3aeauTh Ha YIJIOBBIE, OCEBBIE M CO CHOCOM Jiyua [10].

[IpakTyeckoe NPUMEHEHUE AKYCTUYECKUX METOJI0OB pPaCXOAOMETPUU
OCJIOKHSIETCS PSAOM (haKTOPOB. DTO, BO-TMEPBBIX, 3aBUCUMOCTh COOCTBEHHOM
CKOpPOCTHU YJIbTPa3ByKa OT (PU3UKO-XUMHUYECKUX CBOMCTB TEIJIOHOCUTENS, BO-
BTOPBIX, 3aBUCUMOCTb PE3YJIbTATOB U3MEPEHUM OT uucna PeuHonbaca u, B-
TPEThUX, CKOPOCTh YIBTPA3BYKa B CPEIC MHOTO OOJIBIIIE TPAHCTIOPTHON CKOPOCTH
cCaMoO# CpeJibl, UTO YCTIOXKHSIET BbIJeTIeHNE HHPOPMAIIMOHHOTO CUTHaNIa. Tem He
MEHEE, YJIbTPa3ByKOBBIE PACXOIOMEPHI BCE LIMPE UCTIONB3YOTCS B METAITYPTUH,
XUMHYECKOHN U IPYTUX OTPACIAX MPOMBINUIEHHOCTH, YTO CBSI3aHO C HATUYUEM Y
HUX PsAla TOCTOUHCTB.

B nepByro ouepenp 3TO BO3MOXKHOCTh HM3MEPSATH pPACXOH Cpeabl B
HKCTPEMAIbHBIX YCIOBUSIX 0€3 BHECEHHUSI BO3MYIIECHUNA B TOTOK, BBICOKOE
OBICTPOJIEUCTBUE, OTCYTCTBUE TUJIPABIMUECKOTO CONMPOTUBIICHUS B JIATUUKE.

XapakTepHass 0COOCHHOCTh PacXOJOMEPOB CO CHOCOM Jiyda yJbTpa3ByKa
COCTOMT B TOM, YTO BBIXOJHOM CHUTHAJI ABISETCS (PYHKIMEH CMEICHUS
YIBTPa3BYKOBOTO JIydya IOTOKOM TEILUIOHOCUTENA. Pacxomomep cocroutr wu3
U3JIy4yaTens, PACHOJIO)KEHHOTO CUMMETPUYHO HAIMPOTUB JBYX IMPUEMHUKOB,
pa3MEIIeHHBIX BAOJAL Ocu TpyOompoBoga (puc. 1.4, a). [IBwxenue
TEIUTIOHOCUTENSL BEAET K IMEpEepaclpe/iesiCHUI0 3HEPruM, MOCTYNarole Ha
KabIi U3 TPUEMHUKOB, U U3MEHECHUIO PA3HOCTHOI'O CUTHAJIa HA UX BBIXOJE:

v BK —

(1.3)
BBIX 311 4Q
nDc

rae K,; — koagduimeHT nepegayr BTOPUYHOro mpeoopaszoBarenisi; ) — MaCCOBBIM
pacxoJ TerioHocuTenst; D — nuameTp TpyOoInpoBoIa; ¢ — CKOPOCTh 3ByKa B
TEIUIOHOCHUTEIIE.

Pacxomomepbl 3TO#l Tpymmbl HMMEIOT HamOoJee MPOCTOM W JIEIIEeBBIN
U3MEPUTENbHBIN OJIOK.

[IpennoxxeHsl ¥ Apyrue pacxo10Mepbl, OCHOBAHHBIC HA TOM K€ MPUHITUIIE,
CoZIiepIKalllie JIMHEHKY MPUEMHUKOB U MEpPelaTYUKOB ISl U3BMEPEHHUs B TpyOax
OOJIBIIIOTO TUAMETPA.

CyllecTBEHHBIMH HEJIOCTaTKaMHU HW3MEPEHHUS pPacxojia MO CHOCY Jiyya
SBIISIETCSl Upe3BbIUaliHasl CIOKHOCTh B OOECNEYEHUH UACHTUYHOCTU KaHAaJIOB
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mpreMa, HapyIIaroIIeiics n3-3a MOSBICHUS 3arp3HEHNN Ha TOBEPXHOCTH TPYOHI,
HEOOXOAMMOCTH TPUMEHEHHMS] MHUHHUMYM TpeX JaT4uKOB B  KaXKJIOM
U3MEPUTEIILHOM KaHalle, a TakKe 3aTPyJHEHUS TpH OIPEACICHUH MaJlbIX
PacxoI0B TEIJIOHOCUTENS B TPyOax HEOOJBIIIOTO TUaMeTpa.

Pacxomomepbl ¢ M3MEpEeHHEM BPEMEHH NPOXOXKIACHHS YIbTPa3BYKOBOH
BOJTHBI Y4acTKa M3TydaTelb-IPUEMHUK B 3aBHCHUMOCTH OT CIIOCO0a HM3ITy4YeHUS
Pa3HOCTHOTO CUTHaJa, IPOMOPLIUOHATBHOTO CKOPOCTSIM MOTOKa,
MOIPA3ICIIAIOTCS Ha BPEMS-UMITYJIbCHBIC, ()a30BbI€ M YACTOTHO-UMITYJIbCHBIE. K
ATOW rpyMIe MOKHO OTHECTH M KOPPEISAIUOHHBIE PACXOI0OMEPHI.

CrpyktypHas  cxema, HOsCHAWIIas  paboOTy  OJHOKAHAJIBHOTO
BPEMSIUMYJILCHOTO pacxojomepa, mpejactaBieHa Ha puc. 1.4, 6. I'eneparop
UMITyJIbCOB 2 4epe3 K4 4 BO30yXIaeT mbe3ompeoOpazoBarenu |.
AKyCTHYECKHE CHUTHajlbl PACIPOCTPAHSIOTCS OT OJHOrO IpeoOpas3oBarens K
IPYroMy OJHOBPEMEHHO IO MOTOKY W MPOTUB MOTOKA U MOJAKOTCS HA BXOJMbI
ycunurenegopmupoBareneit 3. B usMmepurene 5 oCyIECTBIAETCS
npeoOpa3oBaHKe Pa3HOCTH BPEMEH MPHUX0Jia UMIYJIbCOB B IMPOMOPIMOHAIBHOE
er HanpskeHue [12].

Bpewms pacripocTpaHEHHsI UMITYJIbCA 110 ITIOTOKY

o LN €1 AD
v, c =
c

a ITPOTHUB ITOTOKA

ten LN €[]
vaAR. c =
c

[TosTOMY BBIXOJHOE HAIpsKEHHE OJIOKa
v 0
L L
Vs B Kou(ter 00t )H2™ _c, 8" wppca, (1.4)

rjae L — paccTostHue MexIay MpeoOpa3oBaTesIMU.
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e
Puc. 1.4. OcHOBHBIE CXeMBbI PACX0/IOMEPOB:
@ — CX€Ma pacxoJ0Mepa CO CHOCOM Jy4a: / — u3iayyaTellb; 2 — reHeparop; 3 — IPUEMHUKY;
4 — yCunuTelb; ) — PETUCTPATOD;
6 — cxeMa BpeMA-UMIYJbCHOIO pacxojoMepa: [/ — mpeoOpasoBaTeib; 2 — TeHepaTop;
3 — ycunutenb-(popMupoBarenb; 4 — KIO4Y; 5 — U3MEPUTEIIb; 8 —
CX€Ma KOpPpPESILIMOHHOTO pacxoaoMmepa: / — u3inydarenb; 2 — TeHEPaTop;
3 — IPUEMHUK; 4 — KOPPEJSITOP;
2 — cxema (pazoBoro pacxogomepa: / — usznydarenb; 2 — MPUEMHUK; 3 — T€HEPATOD;
4 — (hazomep; 5 — BBIXOJIHOE YCTPONCTBO;
0 — cXeMa JONIUIEPOBCKOro pacxogomepa: / — u3iydareib; 2 — FeHepaTop; 3 — IPUEMHUK;
4 — IEMOYJATOP;
€ — CXeMa 4acCTOTHO-UMITYJIbCHOIO pacxofomepa: /, 3 — usnydarenu; 2, 4 — IpUEMHUKH; 5
— ycunuTenb popMUpoBaTesb; 6 — reHepaTop; 7 — U3MEpPUTENbHbIN 0J0K; 8§ — MHAUKATOP

B pacxomomepax 3TOro Thma CyIIECTBEHHYIO CJIOKHOCTH IMPEICTABISACT
OMpEe/ICICHUE BEChMa MaJIbIX BPEMEH 3aJIEPKKH (7-f), B 0OCOOEHHOCTHU MPU MaJIbIX
ckopocTsax moToka (1-10 cm/c). HemoctatkoM Takke SIBISIETCS CUILHOE BIUSHUE
Ha Pe3yJbTaT U3MEPEHUN BKIIFOYEHUN B MOTOKE, HATPUMEP, My3bIPHKOB ra3a, u
CKOpPOCTH 3BYKa B CpEJIE.

@da3zoBple U3MEpUTENbHbIE cHCTEMBI (puc. 1.4, 6) OCHOBaHBI Ha
onpeieJIEHUU pa3HOCTH (a3 CHHYCOUAAIBHBIX CUTHAIOB, TOCTYIAIOIINX C ABYX
npueMHukoB 2. IlpueMHuku  QUKCUPYIOT  YJIBTPa3BYKOBBIE€  CHUTHAJIBI
u3iyyarenen /, Bo30yk/1aeMble TEHEPATOPOM 3 U TIPOXOSIINE 110 UACHTUYHBIM
KaHajaM MO MOTOKY W NpoTUB Hero. CUTHaIBI C BBIXOJIOB MPUEMHHUKOB 2
NOCTynaroT Ha (a3oMeTp 4 U Jlajiee Ha BBIXOJTHOE YCTPOMCTBO J.
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@da3oBble CXEMbl U3MEPEHU 00JIaatoT OoJbIIUMHU KO3 PUIIMeHTaMU
nepeaadn, OJHAKO TPEOYIOT YEThIpe U3TydaTesss-IpUeMHUKAa U UM CBOMCTBEHHA
CYIIECTBEHHAasi 3aBUCUMOCTh BBIXOJHOTO CHTHAJIa OT CKOPOCTH 3BYyKa B
TEIJIOHOCUTETIE.

B ominune OT pacCMOTPEHHBIX, YaCTOTHO-HUMITYJIBCHBIE PACXOJOMEPHI
SBJISIIOTCS CUCTeMaMu ¢ 00paTHO# cBs3bio [13]. B kaxmaom kaHane Takou
CHUCTEMBI yJIbTPa3ByKOBOM HUMITYJIBC, JIOCTUT QIO MIPUEMHOTO
npeodpazoBarens 2 (4), mocie YCWIEHUss U MpeoOpa3oBaHus B OJioke 5
BO30Y>KJIaeT TeHEpallUI0 CJIEAYIONIEro UMIyJibca B reHepatopax 6 (puc. 1.4, 2).
B 3amknyTOM KOmnble uznyyatenb [ (3), KOHTpoiaupyemas cpena, IPUEMHbIN
npeoOpazoBarens 2 (4), U3MEPUTENbHBIN 010K 5 (6) BOSHUKAET aBTOIUPKYISAIUS
UMITYJIbCOB C YaCTOTOM IO MOTOKY

foHH Het=]
vt L
Y IIPOTUB NIOTOKA
fo B 1= c

EDV . l‘m
L

PazHocte wyacToT, ompezaensieMas HU3MEPUTEIbHBIM OJOKOM 7, [aeT
CTaTUYECKYI0 XaPAKTEPUCTUKY YaCTOTHO-UMITYJIbCHOTO PacX0oa0Mepa

v 80
Sd @ 2 - (1.5)
L =wnDL

3HayeHue pacxoaa oToOpaxkaeTcsi HHAUKATOpOM §.

YacToTHO-BpEMEHHBIE  PacXoJIOMephbl,  Ojaromaps  HE3aBHCUMOCTHU
CTaTUYECKON XapaKTEPUCTHUKH OT CKOPOCTH 3BYKa B CpEJE, MOTYT YCIEIIHO
MPUMEHSTHCS B 3arPSI3HEHHBIX TOMOTEHHBIX KUIKOCTSIX B ITUPOKOM JUAIa30HE
TeMIepaTyp MU CKOPOCTEH TEIJIOHOCUTENISI U JUAMETPOB TPYyOONPOBOIOB.
Pa3paboTanbl MHOTOYHCICHHBIE CXEMBI TAKUX PACX0I0MEPOB, MOBBIIIAKOIINX UX
ITOMEXO03aIHIIEHHOCTD, OBICTPOACHCTBUE  TOYHOCTL M3MepeHuit [13]. OmxHako
TpeOyeTcss TPUMEHEHHWE [BYX H3JIydaTelled M Takoro K€ KOJIMYeCTBa
MIPUEMHHUKOB.

Koppensiinonnsie pacxoJIoMephI coaepkar JIBE napbl
U3JTy4aTEeIbIIPUEMHHUK, PACIIOI0KEHHBIX IO X0y IBUKEHUS TEIJIOHOCUTENS [ 14]
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(puc.1.4, e). Onpenenstorcs: MyabCAUU AMIUTUTYIbl TPUHUMAEMBIX CUTHAJIOB,
BbI3BaHHbIE  TYpOYJEHTHBIMH  BUXPSIMH,  MYy3bIpbKaMHU,  pPa3IUYHBIMU
BKJIFOUCHUSIMU, 3aT€M BBIYUCISICTCS (PYHKIIMS WX B3aWUMHOW KOPPESALHUUA U TIO

BEJIMYMHE CIIBUTAa MakcuMyMa Koppemsiuuun $7 u3Mepsercss CKOPOCTh

NEPCMCIICHUSA TCIINIOHOCHUTCIIA:
L

Vd : (1.6)

ST
rjae L — paccTositHue MexAy rapaMu rpeoodpasoBaTeiei.

CylecTBEHHBIM  NPEUMYLIECTBOM  KOPPEISLHMOHHBIX  PacXOqOMEPOB
SABJSIETCS HE3aBUCHUMOCTh M3MEPEHHU OT CKOPOCTH 3BYKAa B TEIUIOHOCUTEIE H
HaJW4us BKJIIOYECHUHN B IIOTOK, B TOM YHMCJE ITy3bIPHKOB ra3a, a TAK)KE BBICOKAs
OMEXO03alIUIIEeHHOCTh. MIMeronuecs: TpyITHOCTH CBSI3aHHBI C Y4€TOM IpOoduis
CKOpOCTEH, BIMSHHS TMOrPAHUYHOTO CJIOS, (OPMbI M HMHTEHCUBHOCTHU
yIbTPa3BYKOBBIX Tosie. Takue pacxogoMmepbl TpeOYIOT MPUMEHEHHUs
BBIYMCIIUTEIBHBIX CPEJICTB, HAPUMEP, MUKPOIPOLIECCOPOB [JIsI ONPENEIICHUS
byHKIMM  B3auMHOM koppensiuumu. [lpm  u3MepeHuM pacxoja UHUCTOIO
0HO(A3HOTO TEIUIOHOCUTENSI BO3HHMKAIOT NPOOJIEMbl BBIACICHHS CUTHANA,
KOTOpbIE, OJHAKO, MOT'YT OBITh pa3pelIeHbl BBEICHUEM TYypOYyJIH3aTOPOB WIIH
ra3oBbIX ITy3BIPBKOB B MOTOK.

B pacxomomepax, ocHoBaHHbIX Ha 3(dekte [lomnepa, uznydarenp I,
OUTaeMblid TeHepaTopoM 2, BO30yKJIaeT B MOTOKE TEIJIOHOCUTENS KoJieOaHUs
gactotoit [ (puc. 1.4, 0). Ilpu Hamuuuu B TIOTOKE paccewBaTeleH,
NEPEMEIIAIOIINXCS CO CKOPOCTHIO IMOTOKA, BO3HUKAET JIOIJIEPOBCKOE CMEIICHUE
YacTOThbl UCXOAHBIX KosieOanuil. [IpueMHUK 3 mpuUHHMMAeT CUrHajl C Y4acTOTOM,
OTJIMYAIOLIEHCS OT HCXOJHOW Ha BEJMYMHY JIOIJIEPOBCKOTO CMELICHUS fy,
KOTOPBIM BBLACHSAECTCA JIeMOIyIaTOpoM 4. CKOpOCTh IOTOKA ONPEACIISIETCS
3aBACHUMO-

CTBIO

L 1 [/ (1.7)
2f cosa.

rnie 96 _  yroj, oOpa3yemblii IICHTPAIbHBIM JICTIECTKOM JIHArPaMMbI

HaIpaBJIECHHOCTH U3y4dartens (IpUeMHUKA) C OChIO MOTOKA.

VY pacxonoMepoB 3TOH Irpymnibl OTCYTCTBYET Jpei( HyJiA, HOCKOJIbKY MpU
OCTAaHOBKE IIOTOKAa JOIUICPOBCKOEC CMEILNECHUE pPAaBHO HYJIO, H3MEHEHUE
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aAMIUTATY/Abl yJIBTPa3BYKOBOM BOJIHBI, OOYCJIOBJICHHOE M3MEHEHUEM 3aTyXaHHs
IIPY €€ PaclpoCTPAHCHHUH B Cpefie, He BIMET Ha moka3zanus. KpoMe Toro, B 3TuX
pacxoiomMepax MOXXHO HCIOJIb30BaTh €IMHCTBEHHBIN MpeoOpa3oBaTenb s
U3ITy4YCHHS U pUeMa cUrHaioB. M3 He1oCTaTKOB MOYKHO OTMETUTh 3aBUCUMOCTD
UX [IOKa3aHUUA OT CKOPOCTHM 3BYKa B TEIUIOHOCHUTENE M HEOOXOJIUMOCTb
IPUCYTCTBUS paccenBaTenel B nmoroke [11].

VY bTpa3ByKOBBIE PAcXOJAOMEphl MEPCHEKTUBHBI MJisi UCIOJb30BAHUS B
SIEPHOM SHEPTETHKE B HAN00JIEE TSKEIBIX YCIOBUSIX, HATPUMED, I U3MEPCHHUS
pacxoda  KMJIKOMETaJUIMYECKOTO U  BBICOKOTEMIEPATYPHOTO  Ta30BOr0
TEITIOHOCUTETIS, npu obOecrieueHnH U3MEPEHU oe3 BHECEHUS
TUAPOAMHAMUYECKOTO COMPOTUBIICHUS MMOTOKY, B YACTHOCTH, NPU €CTECTBEHHOM
HUPKYJISIUN TEIIOHOCUTENS, B TPYTHOAOCTYITHBIX MECTaXx.

CBenenuss 0 pa3pabOTKax aKyCTHYECKHMX pacxogomMepoB mis DY B
JIUTEpaType HEeMHOTOYHCIICHHBI. B HUX IMpUMEHEHBI BOJHOBOJHBIC NaTYWKH. B
YaCTHOCTH, KOHCTPYKIIMS JaTYUKOB IS HATpUEBOro KoHTypa (puc. 1.5),
UCTIONB3YIOMIET0  (pa30BbIii  METOJ H3MEPEHHs, COJEPKUT BOJHOBOJIHBIC
U3TydaTenu u npueMHukd [15]. BomHOBOABI OJTHUM CBOMM KOHIIOM MOTPY>KEHBI
B HAaTpUM, Ha BTOPOM KOHII€ YCTAHOBJIEHBI YJIbTPA3BYKOBbIE TTpeoOpa3oBaTely,
paboTaromux B YCIOBUIX, OJU3KUX K HOpMaJIbHBIM. M3mepsieTcs pasHocTh (a3
yIIBTPa3BYKOBBIX BOJIH, PACIpPOCTPAHSIONIUXCS 10 TEYCHUIO TETUIOHOCUTENS U
NpOTUB TeueHus. Pacxomomep paccunTaH Ha MCIOJIb30BaHUE TIPU TEMIIEpAType
TernonocuTens g0 650°C.

Puc. 1.5. KoncTpykuus y3Jja u3jy4yaress pacxogomepa
AJISl AKHAKOT0 HATPHS:
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1 — M3my4daronui CTEPKEHb; 2 — OIOPHBIN JIEMEHT; 3 — TEIJION30JISIUSA KOHTYPa;
4 — xepaMH4€eCKas TEIIOU30IUPYIOIIAsl BTYJIKA; 5 — BEHTWISALMOHHOE OTBEPCTHUE;

6 — MarHUTOCTPUKTOP; 7 — BEHTUJISATOP

Bonpimoit uHTEpEeC mpeacTaBiaseT HUaes MPUMEHEHUS Ui U3IyYCHHUS U
npuemMa yJabTpa3Byka BOJHOBOJHBIX aHTEHH, MOTPY>KEHHBIX B TEIJIOHOCHUTEIIb.
Hcnons3yercsa ¢uznveckoe siBJI€HUE BO3HUKHOBEHUSI KOHYCOOOPa3HOM BOJIHBI,
PACIIPOCTPAHAIOLIENCS B CPELY IIPU IPOXOKIACHUHU ITPOIOJIBbHOM YIbTPAa3ByKOBOM
BOJIHBI TIO BOJTHOBO/TY, TIOMEIIEHHOMY B TIOTOK. Takasi aHT€HHaA, PAaCIOI0KEHHAs
BJIOJIb OCH TPYyOOIpoOBOJa, OOECIEUNBAET BBOJI aKyCTHMUECKHUX KOJICOaHUU B
TEMJIOHOCUTENb TIOJT OMPENEJICHHBIM YIJIOM K TIOTOKY, YTO YIPOIIAeT
peanuzanuio jgatuuka. lIpenmoskeHsl pa3zHOOOpa3HbIE KOHCTPYKIIMH TaKUX
JATYMKOB, JaJIbHEHIIee YCOBEPIICHCTBOBAHUE KOTOPBIX MOKET MPHUBECTU K
CO3JJaHUI0  TMPUOOPOB  JJii  M3MEPEHHs] CKOPOCTH  TEIUIOHOCUTENSI B
IKCTPEMAILHBIX YCIOBUSAX SACPHON SHEPTETHKH.

Hpyroe HampaBieHUE CO3[IaHUsl pacxoaoMepoB Wit ADY, 3To pa3zButue

JATYMKOB  pacxoja, padoTalonMX C  HUCIOJIb30BaHUEM BOJH  Parned,
PaCIpOCTPAHAIONINXCSI TI0O CTEHKE TPyOONpoBOJa B OCEBOM HAMPABJICHUH, U
BOJIHOBOJIOB [16,]. [IpuMeHeHne Takux BOJIH 00ecreunBaeT BBOI YIbTPa3ByKa B
cpenay Mo YIioM K OCH TpyOOIpoBO/ia Yepe3 CTEHKY TOJIIMHOM 10 1 cBbiie 10
mM. s u3mepenus: pacxona ucnoibzyerca 3dgdekr Homnepa. Koncrpykius
JATYMKOB MTO3BOJIIECT UCKITFOYUTH KaKOE-TM0O0 MX BIMSHUE Ha TTOTOK. BO3MOXHBI
pasIuYHbIC BapUAHThl KOHCTPYKTHBHOTO MUCIIOJIHCHHS TAKUX JATYUKOB.
Ha puc. 1.6 nokazaHa KOHCTpYKUHUA C BbI()pE3epOBAaHHBIMUA UyBCTBUTEIbHBIMU
anemeHTaMu. [loBeIcUTH 0€30MaCHOCTh YCTAaHOBKM 32 CYET COXpaHEHUS
IIEJIOCTHOCTH TPYyOONPOBOAA M PACHIMPHUTH SKCIUTyaTallUOHHBIE BO3MOXKHOCTHU
nomoOHOro  mpeoOpaszoBaTesiss  pacXxoAOMepa  TMO3BOJISIET  KOHCTPYKIUS
HaKJIaJHOTO AaT4uka (puc. 1.7).

Puc. 1.6. KoHcTpykuus 1aT4uKa Puc. 1.7. KoHcTpyKumsi HAKJIATHOT O
aKyCTHY€eCKOro pacxoaomepa: /, 2 pacxoaomepa:
— YyBCTBUTEJIbHBIE DJIIEMEHTHI; 3, 4 — 1 — Tpy6onpoBoA; 2 — KOHTaKTHBIN
BOJIHOBOJIEL, 5, 6 — aKyCTUUYECKUH CIOM; 3 — BOJIHOBO; 4 —
TIE302JIEKTPUUECKUE YyBCTBUTEJIbHBIN 3JIEMEHT; J — HAXKUMHAA
npeo6pasosareny; 7 — IJIaHKa; 6 — peTyJIMPOBOYHBIN O0IT; 7 — y3emn

KpeIUieHus Kabens cBs3u; 8 —

U3MEPUTEIBHBIN YIaCTOK
I'BE30IPe0OpazoBaTellb; 9 — KOPIycC;

TpyOompoBoa



N

(AN

A
2 3 5%

10 — XOMyT KperieHus

[lo nmaHHBIM MNATEHTHBIX HcCCIeNOBaHUM 3a mnociueanue 10 ser B ron
nateHryercss B cpegHeM okosio 30  KOHCTPYKIMH  yJIbTPa3BKOBBIX
pacxoaoMeTpoB. Pa3paboTku yCTPONCTB IJIs sIACPHON IHEPTETUKU MPAKTUUECKU
OTCYTCTBYIOT. M3 o00miero kojuuecTBa 3asBOK ToJibko 13% Kkacarorcs
YCOBEPIICHCTBOBAHMS TEPBUYHOTO JIaTUMKA pacxXxogoMeTpoB. Bemxymmmu
CTpaHamMu B 00J1acTH pa3pabOTKH aKyCTHYECKUX CPEACTB M3MEPEHHUs pacxoja U
ckopoctu notoka saBisitoTest CILIA, Poccust, SAnonust u ®PI, koTopbie BiIaacioT
80% maTeHTaMH B 3TOM 00J1aCTH.

1.2.3. AKycTH4YecKHe MeTOAbl H3MEPEHUs YPOBHSA TEIJIOHOCHTEJIS

[IpuHUMOBL [EUCTBUSA YJIBTPA3BYKOBBIX YPOBHEMEPOB OCHOBAHBI Ha
ONPENCICHUN  BPEMEHUM  pPACHPOCTPAHEHUS  AKYCTMYECKUX  BOJIH  OT
npeoOpa3oBarens 10 MeK(pa3zHOH rpaHUIlbl, HA UHANKALUHA TPOXO0KIECHUS 3BYKa
yepe3 3aJaHHbIl 00beM cpelbl U Ha U3MEPEHHHM BEJIIMYMHBI JeMI(PUPOBAHUS
yJIbTPa3BYyKa, PaCIPOCTPAHSAIOLIETOCS IO BOJIHOBOY M YACTUYHO NOTPYKEHHOTO
B TEIUIOHOCHUTEIIb.

B ypoBHEMEpax, OCHOBaHHBIX Ha ONIPEIEIICHUU BPEMEHN PACTIPOCTPAHECHUS
yJIbTpa3Byka OT MpeoOpazoBaTess A0 Mex(a3sHOM TpaHUIIbI, JJIST U3MEPEHUS
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YpOBHSI TEIJIOHOCUTENSI MPUMEHSIOT NPUHIMI JIOKAIMKM TPaHULBI Cpell C
pPa3IUYHBIMU  BOJIHOBBIMH  CONPOTUBICHUSMU. CyIIECTBYIOLIUE  METObI
UCIIOJIB3YIOT OTPaXCHHUE YJIBTPA3BYKOBBIX HMITYJILCOB OT TpaHull (a3 Wiu
30HIMPOBAHWE YPOBHS IO BOJHOBOAAM, YaCTHYHO IIOTPYKCHHBIM B
TEIUIOHOCHUTEIh

(puc. 1.8, a, 6) [17].

[Ipy  KOHTpOJE ypOBHS  TEIUIOHOCHTENS  METOJOM  OTPaKEHUS
yJIbTPa3BYKOBBIX HMITYJIbCOB JAaTYUK MOXET pPAcHojiaraThCsl KakK BBINIE, TaK U
HIDKE MexX(a3HOH rpaHullbl. B mepBoM citydae UCKITI0YaeTCs BIUSHUE 3aTyXaHUS
3ByKa B TEIJIOHOCHUTEJE, CYIIECTBEHHO BO3pPACTAIOLIEM IpPHU IMOSBICHUU B HEM
My3bIpbKOB Ta3a. OJIHAKO OJHOBPEMEHHO B 3HAUUTEIBHON Mepe YCIOXKHSIETCS
KOHCTPYKITMS JIaT4YWKa, KOTOPBIM JOJDKeH oOecrneunBath 3G (HEKTUBHOE
U3ydeHue 3ByKa B ra3oBylo cpeay. s ydeTa 1 KOMIIEHCAIIUU CKOPOCTH 3BYyKa
B Cpele WHCIONB3YIOT PpENepHbIE  OTpaKaTelH, pACHOJIOKCHHBIE Ha
(UKCUPOBAaHHOM PACCTOSIHUU OT JTATUHKA .

VYpoBHEMEPHI C 30HAMPOBAHUEM YPOBHSI TEIUIOHOCHUTENS 1O BOJIHOBOJAM
IPAKTUYECKH CBOOOJIHBI OT MOTPELIHOCTEH, OOYCIIOBICHHBIX W3MEHEHUEM
CBOICTB cpenbl. B HUX HCMOAB3yIOTCS M3rMOHBIE BOJIHBI HYJIEBOIO MOPSIKA.
CKopoCTh M3rMOHOM BOJHBI B BOJHOBOJIE OMPENESETCS BBHIOOPOM IHAMETPA
BOJIHOBOJ/Ia U paboueit yactoroit. [Ipu sTOM, ecii CKOPOCTh BOJIHBI MTPEBBIIIAET
CKOPOCTh 3ByKa B TEIUIOHOCUTEJE, TO MPOUCXOIUT 3P(HEKTUBHOE H3ITyUEHUE
yIbTpa3Byka B cpeay. B mpoTuBHOM ciydae HaOMIOIAeTCsl CYIIECTBEHHOE
YMEHBIIIEHHE CKOPOCTH 3ByKa B BOJHOBOJE, BBI3BAHHOE pPEAKTUBHBIM
XapaKTepoM Harpy3KH Cpelbl Ha €ro MOBEPXHOCTH. B COOTBETCTBUM C 3TUM
u3MeHseTrcd (QyHKIMOHAlIbHAasg cXeMa wu3MepeHuil. B  mepBom  ciyuae
OTIpEICIIICTCS BpEeMs MTPOXOXKICHUSI UMITYJIbCHOTO CUTHAJIA OT M3JIyYaroIIero K
IPUEMHOMY BOJIHOBOJY, KOTOPBIH MPOXOAUT Yepe3 IIyHTHPYIOMIHH 00BheM
TEIUIOHOCHUTENISI B 3a30pe MEXAy HHMH. YBEJIMYCHHE YPOBHS BEIET K
NEPEMEIIEHUI0 30HbI  IIIYHTUPOBAHUSA BBEPX, YTO COKpAIIAET Bpems
IPOXOXKACHHS CUTHAJIA TI0 aKyCTHUECKOMY TPakTy ypoBHeMepa. B ypoBHemepax,
UCHOJNIB3YIONIMX BTOPOW MPHUHIIMM, BOIHOBOJ u3rudaercs U-oOpa3Ho, U K €ro
CBOOOJIHBIM  KOHIIAM  NPUKPEIUIIOTCS  M3JIy4YaloIUuid U TPUEMHBINA
npeoOpa3zoBarenu. B BolHOBOJE BO30YKAAIOTCS HENPEPHIBHBIE H3THOHBIC
KosieOaHus, ¢aza KOTOPHIX Ha BBIXOJAEC CHCTEMBI OIPEAEISAETCS CTETICHBIO €ro
MOTPY>KEHHOCTH B KUIKOCTb.

Cpenau yCTpOWCTB, HUCHOJB3YIOIIUX METOJ HWHAMKAIUU TPOXOXKICHHUS
yIIbTpa3ByKa B cpejie (CUTHAIU3alllN ), pa3InYatoT CUTHAIN3aTOPbl, OCHOBAHHbIE
Ha JeMI(UPOBAHUU aKyCTHUECKOro MpeoOpa3oBaTesiss Cpenoi, BCIEICTBUE
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U3MEHEHHSI €Tr0 CONPOTHUBIICHUS U3Ty4YeHUS NPU CMEHE (a3 Ha MOBEPXHOCTHU
YyBCTBUTEIBHOIO 3JIEMEHTA, U OCHOBAHHBIE HA OMNPEACIICHUU MPOXOXKICHUS
3ByKa OT M3JIy4arelis K npueMHuKy [18].

[Ipu wucnonb30BaHUM TIEPBOTO METOAa B KOHTPOIUPYEMOM OOBEME
pa3MeIaoT M0 BBICOTE OJIMH WIIM HECKOJIBKO MpeoOpa3zoBaTesei, BHIIOIHEHHbBIX
0OBIYHO B BHJIE MOJTYBOJIHOBOTO pe3oHaTopa. Korja npeodpaszoBarenb HaXOUTCS
B Ta30BOM cpelie, TO HU3JIYYEHUs] 3ByKa IMOYTH HE IPOUCXOJUT, BCIEICTBUE
HU3KOIO BOJHOBOIO COMNpOTUBJIECHUs ra3a. IlorpyxeHue wu3myuarens B
TEMJIOHOCUTEIh MPUBOJIUT K CYIIECTBEHHOMY JAeMII(UPOBAHUIO KOJICOAHUH, YTO
u ¢GUKCUpyeTcs BTOPUYHBIM MPUOOpOM. I3BecTHBIE BBICOKOTEMIIEpATYpPHBIC
KOHCTPYKIIMM TaKHX CHUTHAJIU3aTOPOB YPOBHS MCIOJB3YIOT, Kak IPaBHIIO,
MarHUTOCTPUKIIMOHHBIN MpeoOpa3oBaTeib ¢ OOMOTKOM M3 TMPOBOJHUKA C
KEPAMUYECKOU U30JISIIUEN, 3aJIMTON KEpAaMUUYECKOW Maccou. [IpuMeHnenune Takux
CUTHAJIM3aTOPOB B SJACPHOM DHEPreTHUKE OrPAHUYEHO HU3KUM PECcypcom
JATYUKOB U HEOJHO3HAUYHOCTHIO MMOKA3aHUH MPU BCKUIIAHUU TEIJIOHOCUTEIIS.

bonee mepcriektuBHBI B ycioBusx DY ypoBHemepwl, paboTaroiiue Ha
IPUHITUIIE TTPOXOKICHUSI YIbTPa3ByKa OT U3Iydarels K MPUEeMHHKY, 0COOCHHO
IIPU MCTOJIb30BAHUU BOJHOBOJOB (puC. 1.8, 8). N3-3a 3HAaUMTENHLHON pa3HULIBI B
BOJHOBBIX aKYyCTHYECKHX CONPOTHBJIEHUAX JKHAKOCTA M Ta3za Iepeaya
aKyCTUUECKOMW DHEPrUM 4Yepe3 IKUJIKUH TEIUIOHOCHUTENIh  CYIIECTBEHHO
sa¢pdexruBneit. [loaTomy rpanuna pazaena ¢as Jerko onpenesseTcss mo CKauky
YPOBHSI CUTHAJIOB Ha BBIXOJIaX CUCTEM M3IydaTelb-IIPUEMHUK, TOTPYKEHHBIX B
KUJKOCTh. [Ipu BbIOOpE M3NIyyaTesnss MajblX pa3MEepOB U JIOCTATOYHO OJM3KOU
YCTaHOBKH UX JIPYT K IPYTy METOJ OyAeT paboTOCIOCOOCH Jake B Iy3bIPHKOBBIX
nByxda3Hbix cpegax. C mOMOIIBIO TAKOTO YCTPOMCTBA MOKHO OMPEICTUTH TAKXKE
pacrpejiesieHne ra3ocojiepkanus Ha BbicoTe cocynaa (puc. 1.9). K Hemocrarkam
METOJIa OTHOCATCS JTUCKPETHOCTh IOKa3aHUW, HEOOXOAUMOCTh MNPUMEHCHHS
OOJBIIOrO YMCIIA M3TydaTeNel-MPUEMHUKOB, KOTOpPbIE HE BCErjaa yJaercs
Pa3MECTUTh B IPUEMIIEMOM OOBEME.

B ypoBHeMepax, OCHOBAaHHBIX Ha ONpeACTeHUU JeMI(UpPOBAHUS
yJIbTpPa3ByKa B BOJHOBOJAX TEIJIOHOCUTEIEM, HCIOIb3YIOTCA MPOAOJbHbIE,
U3TMOHBIE U KPYyTUIbHBIE BOJHEI [19]. [IpuHiunm AeCTBUS TaKMX YPOBHEMEPOB
OCHOBaH Ha M3MEPEHHH 3aTyXaHHS YJIbTPa3BYKOBBIX UMIYJIHCOB B BOJHOBOJIE,
YaCTUYHO MOTPYKEHHOM B TerioHocutenb (puc. 1.8, 2). Ilpu yBenuuenuu
IUIOIIAM KOHTaKTa BOJHOBOJIAa C JKHUJIKOCTbIO BO3pPACTAET JOJS HSHEPIUH,
U3JIy4aeMOU €0 TOBEPXHOCTHIO B CPEAY, UTO BEJIET K YMEHBIICHUIO aMIUIUTY bl
UMITYJIbCA, TPOIIEANIET0 4Yepe3 BOJHOBOJHBIA JaTYMK. AMIUIMTYJIa CUTHaja
MEHSIETCSL T10 3aKOHY
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Puc. 1.8. OcHOBHBIE cCXeMBbI yPOBHEMEPOB:

@ — ypOBHEMEDP, OCHOBAHHBII Ha ONPENEICHUN BPEMEHU PACIIPOCTPAHEHMSI yIIbTpa3ByKa [0
MeX(a3HON rpaHUIIbI IO OTPAKEHUIO YIBTPA3BYKOBBIX UMITYJIHCOB OT TOBEPXHOCTH pas3felia
da3z: I — KUAKOCTb; 2 — U3JIydaTelb; 3 — IPUEMHHUK; 4 — TeHepaTop; 5 — yCUIIUTEb;

6 — U3MEPUTENBHBIN OJI0K; 7 — UHAUKATOD;
6 — ypoBHEMEDP, OCHOBAHHBIN Ha OIpPEAEIEHUN BPEMEHH paclpoCTpaHEHUs YIAbTPa3ByKa 10
Mex(a3HON TpaHHIbI IO YPPeKTam IIyHTUPOBAHUS BOTHOBOOB: / — M3MepseMas
XKUAKOCTb; 2 — H3JIydarelp; 3, 4 — BOJIHOBOBL; 5 — IPUEMHHUK; 6 — TeHepaTop; 7 —
YCWINTENb; 8§ — U3MEPUTENIbHBIN 0JI0K; 9 — MHAUKATOP.
6 — ypoBHeMep, paboTaroImuil Ha MPUHLUIE IPOXOXKIEHUS yJIbTpa3ByKa OT M3IyyaTens K
NPUEMHUKY: [ — U3MepsieMas KUAKOCTh; 2 — CUCTEMA IIPUEMHBIX BOJIHOBOJOB; 3 — cUCTEMaA
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M3JIYy4YaroMX BOJHOBOAOB; 4 — U3Iy4aTelb; 5 — NPUEMHHK; 6 — TEHEPATOP; 7 - YCUIUTEND;
8 — u3MepUTENbHbIN OJIOK.

2 — ypOBHEMEp, OCHOBAHHBIN Ha ONpECICHUH TeMII(PUPOBaHUs YIbTPa3ByKa B
BOJIHOBOJIE: | — M3MepsAeMasi )KHJIKOCTb; 2 — BOJIHOBOJ; 3 — MpeoOpa3oBartelp;

4 — re"epaTop; 5 — U3MEPUTEIbHBIN 0J0K; 6 — UHAUKATOP

900

Puc. 1.9. /laT4uk aKyCTHYECKOr0 ypoBHeMepa, padoTalouii 10 NPUHLIMILY
NMPOXO0K/AEHNS YIbTPA3BYKA OT U3J1yUYaTejss K IPUEeMHHUKY:
1 — OnoK MpeaBapUTEIbHBIX YCUIIUTENCH; 2 — y3€ TepMeTU3alluU JJaTIYNKa;
3 — 3alUTHBIE YEXJIbl; 4 — TEPMETU3UPYIOILINE THIIb3bI; 5 — BOJTHOBO/BIL;
6 — IUCTAHIMOHUPYIOIIHE JIEMEHTHI
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Puc. 1.10. AkycTuyeckuii ypoBHemep,

padoTamuii M0 NPUHIUAITY
nemMndgupoBaHus yIbTPa3BYKOBBIX
BOJIH B CTEp:KHeE:
[ — y3en kperuieHus kabemns CBs3H; 2 —

BOJIHOBO/I; 3 — YyBCTBUTEJIbHbBIN JIEMEHT;

4 — UBMEPUTEIBHBIN COCYT

[IpumensiroT YPOBHEMEDPHI,
CoJiepKalIne COBMEIICHHEIN
H3JIy4YaTeNb-NPUEMHUK, paboTaroIue B
pexumMe uznydenue-npueM (puc. 1.10),
a TaKXe pas3feiabHbIC U3JIyYaTellb U

MIPUEMHHUK.

B nureparype MMeroTCs IaHHBIE
0 pa3paboTke ypoBHemepa IS
BOJIOBOJISIHOTO  SIIEPHOTO  PEAKTOPA,
pabo-
TAOIIETO  HA  3TOM MIPUHIUIIC
(puc. 1.11). B HeM wuCHOJB3YIOTCS
BOJIHOBO/IbI U3THOHBIX BOJIH,
COCTaBJISIFOIIME TPU HU3MEPUTEIbHBIC
cekuu JumHou 0,6 M Kaxxas.

Jnss BO30YXKJEHUS  YJIBTPa3BYKOBBIX  HUMITYJIbCOB  MPUMEHEHBI
MarHUTOCTPUKIIMOHHBIE TMPE0oOpa3oBaTeM MPOAOJIBHBIX BOJH C paboueit
gactoror 200 kI['11, ycTaHOBIIEHHBIE HA OOKOBBIX TOBEPXHOCTSAX BOJTHOBOIOB.

YpoBHeMep paccunTaH Ha paboTy npu temneparype 95-345°C, naBneHun
no 17 MIlla, morox o6ayuenus 10 wmeirpon/cm’. B 3TMX ycnoBuUsX

HOrPEIIHOCTh cocTaBisieT < 1,5%, npu mocrosuHoi Bpemenu 0,1 ¢, pecypc

paboTtsl _ 2000 u.
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Puc. 1.11. Cxema ypoBHeMepa, padoTaouero no NpUHIUNY 3aTyXaHUs
YJIbTPa3BYKOBBIX BOJIH B CTEPKHE:
1, 3 — yCUIMTENN MOIIHOCTH; 2 — F€HEPATOP UMITYJIbCOB; 4 — U3JIy4aTellb CEKIINM
[ u II; 5 — uznyuarens 11 cexuun; 6 — npuemauk cexuuit 11 u IIl; 7 — cTepxenbpaaTumK;
8 — mpuemnuk I cexuuu; 9, 10 — ycunurenu;
11, 12, 13 — aMIIUTyIHO-aHAJIOTOBBIE TIpeoOpa3oBaTeIn

K  HemocratkaM  ypoBHEMEpOB,  paboTaroUMX  Ha  MPUHIIMIE
neMI(pUpoBaHUs YIbTpa3ByKa, OTHOCATCSA BIIMSIHUE HAa MOKA3aHUS U3MEHEHUS
BOJIHOBOTO COIIPOTUBIICHUS TETNIOHOCUTES, 0COOEHHO MPH €ro BCKUMaHuu. JlJis
yIIy4ILIEHUSI XapaKTEePUCTUK YPOBHEMEPOB TAKOT'O TUIIA MIPEAJiaraeTcs CHa0XaTh
BOJIHOBOJ] HMCKYCCTBEHHBIMH  OTPaXaTEISIMHU, BBIIIOJTHEHHBIMH B  BHJIE
HEOJTHOPOJHOCTEM: OTBEpCTUH, MpoTouek, Hacagok [17]. Orpaxarenu
UCIIOJIB3YIOTCS B KQUECTBE aMIUIUTYIHBIX PENEPOB, MO3BOISIONUINX ONPELISATh
3aTyxaHueE yJIbTpa3ByKa Ha Ka)KJIOM y4acTKE BOJIHOBOJA, HE3aBUCHUMO OT OOLIETr0O
3aryxaHusa. llo3ToMy mOCTOSIHHasg 3aTyxaHuss B TAaKOM BOJHOBOAE C
OTpakaTeNsIMU MOXKET OBbITh BHIOpaHa 3HAYUTENBHO OOJIBIIICH.

B snepHON 3HepreTMke IMEpPCIEKTUBHBI YPOBHEMEPHI C BOJHOBOIAHBIMU
YYBCTBUTEIbHBIMU AJIeMEHTaMH, CHaOKEHHBIE npeoOpa3oBaTesiMu,
BBIHECEHHBIMU W3 30HBI C SKCTPEMaJIbHBIMH BO3AeicTBUAMHU. Hebombiue
NOTIEPEYHbIE pa3Mephl JaTYMKA YPOBHEMEPA TAKOTO TUIIA TIO3BOJISIIOT pa3MelaTh
€ro NPaKTUYECKHA B JIIOOOM MECTE€ yCTAaHOBKH, B TOM YHUCJIE B AKTUBHOM 30HE
peaktopa. Bo MHOruX ciiydasiX B Kaue€CTBE UyBCTBHUTEJIBHOI'O 3JIEMEHTa MOKHO
UCIIOJIb30BaTh CTEHKH KOpIyca WIM TpyOudaTble KOHCTPYKIIMA BHYTPH
KOPILyCHOTO 000pYy/I0BaHUsI PeaKTopa.

HccnenoBanue HCTOYHMKOB MATEHTHOM MH(POPMALIMM MTOKA3BIBAET, YTO 32
MOCJIETHEE IECATUIIETUE B TOJ peaiaraetes B cpeanem 10-12 koHcTpyKuumii uinu
YCOBEPILICHCTBOBAHUHN YJIbTPA3BYKOBBIX YPOBHEMEPOB, M3 HUX Okoyo 10%
OTHOCSITCSL K pa3paboTKaM BOJHOBOAHBIX JATYMKOB, MPUMEHEHUE KOTOPHIX B
SAJIEPHON SHEPreTHKE MpeACTaBIseTCcs Hauloyiee MEepCreKTUBHBIM. Bemymmmu
CTpaHaMu B 00JIaCTU CO3J]aHUsI aKyCTUUYECKUX CPEJICTB YPOBHEMEPOB SIBIISIOTCS
Poccus, CIIA, ®PI' n Anonus, Ha nomto KoTopsix npuxoautcs 90-95% Bcex
pa3paboToOK B 3TOI 00JIACTH.

1.2.4. AkycTH4ecKHe MeTOAbI ONpeaeJeHusl T1aBJIeHUS TEeNJIOHOCUTEJISA
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N3BecTHBIE METOABI U3MEPEHMS JABJICHUS JKUIKOTO WM Ta3000pa3HOro
TEIJIOHOCUTENS OCHOBBIBAIOTCSA HA OMPEAECICHUN aKyCTUUYECKUX XapaKTEPUCTHUK
cpeabl B KOHTPOJUPYEMOM OOBbEME, HaxOASIUXCsi B (DYHKIMOHAIBHOM
3aBUCUMOCTH OT JIaBJ€HUdA, JIMOO HaA HU3MEpeHHH JedopMaiuu yHIpyroro
YyBCTBUTEJIBHOIO 3JIEMEHTA YJIbTPA3BYKOBBIM HAaT4YUKOM. [Ipmuem BO BTOpOM
ClIyya€ YYyBCTBUTEIBHBIM JJIEMEHT M JaT4YUK MOTYT OBITh COBMEIICHBI U
BBITIOJIHEHBI B BUJIE, HAIIPUMED, MMbE303JIEMEHTA UM KPUCTAJLJIa KBApLIa.

Haubonee paszpaboran MeToj oOmpeaesieHHs] HaBleHUS Ta3a IyTeM
U3MEPEHUSI €ro BOJIHOBOTO AaKYCTHYECKOrOo comnpoTuBieHus [2]. Mcnonb3ys
3aBUCUMOCTh CKOPOCTH 3BYKa B MJI€AJIbHOM Ta3€ OT JaBJICHUS P

c Py/p, (1.9)

r1€ p — IUIOTHOCTh rasza; Yy — IMOKa3aTeldb aauabarhl, HETPYAHO MOIYIUTh
dbopmyy, CBSI3BIBAIOIIYIO BOJIHOBOE COITPOTUBIICHHE C JIABIICHUEM

PE Kk <pcT"?, (1.10)

riae k; — KOHCTaHTa.

B pazpaborannom npubdope Jy1s onpeesIeHUs TapoB IIEJIOUYHBIX METAJIIOB
BBOJI YJIbTPa3BYKOBBIX HMITYJILCOB B KOHTPOJUPYEMBIH O0OBEM M HUX IpPUEM
OCYIIECTBJISICTCS  BOJIHOBOJAMH, JHUCTAHUMOHUPOBAHHBIMH TIPU MOMOIIU
akyctuyeckoro Jjabupunra [2]. IlpuMeHeHne naOupHHTA 3aJEPKUBACT
MPOXOXJICHUE YyJIbTPAa3ByKa IO CTEHKaAM M3MEPUTEIbHOM Kamepbl, 4YTO
o0OecreunBaeT TpPHEM TIOJIE3HOTO CHUTHAJIA C aMIUIUTYJ0M Ha 2-3 mopsiaka
MEHBIIIEM IIOMEXHU. BpIAeneHue CHUrHaga IIPOU3BOIAUTCS CEIECKIIMEW €ro BO
BPEMEHH.

[IpuHuunuanbHas cxema JaTyuka IpuBeAeHa Ha puc. 1.12. Ammiutyna
MOJIE3HOTO CHUTHajJa Ha BBIXOJAE NPUEMHHUKA IPU IOCTOSSHHOW TeMIeparype
MPONMOPUMOHANIbHA  BEJIIMYMHE  BOJHOBOTO  CONPOTHUBIICHUS  Tra3a W,
CIIEIOBATEJILHO, TaBJICHUIO CPEIBbI.
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Puc. 1.12. /laTunk 1aBjieHUs rasa:
1 — ibe30371eMeHT; 2 — BOJIHOBOJT;

3 —aKyCTHYECKHii TaOUPHHT; 4 — U3MepUTeNIbHAs Kamepa

B wMerammmueckux oOpasmax MoJ JEUCTBUEM MPUIIOKEHHOTO YCHIIHS
BO3HHMKAET aHU30TPOIUS CKOPOCTHU BOJIH, UTO MOXET OBITh MCIIOJIB30BAHO IS
u3MepeHus aasieHus. llpensoxxen MeTon U3MepeHusl HalpsKEHU B METallIe,
OCHOBaHHBIN Ha 3aBUCUMOCTH CKOPOCTH CIIBUTOBBIX BOJIH OT YPOBHSI Harpys3KHu.
B HampaBneHuM NpUIIOKEHHS YCWIMS CKOPOCTh YJIBTPa3ByKa YBEJIMYHUBACTCS
opu cxkarud oOpa3lia M yMEHBIIAeTCS IMpPU  €ro  pPacTsKEHUHU. B
NEPHEHANKYISIPHOW 3TOMY HAIPABICHUIO IUJIOCKOCTH CKOPOCTh BOJH HE
MEHSETCS. YJIbTPa3ByKOBOM MAHOMETP, OCHOBAHHBIM HAa 3TOM IIPUHIIUIIE,
COIEPXKUT IWIMHAPUYECKH o0pa3el, NPUCTHIKOBAHHBII K BOJHOBOIY
MeHbIero auamerpa. K cBOOOJHOMY KOHIy BOJHOBOJA MPHUKPEIUICH
IbE303JIEMEHT. B pexuMe  HU3IydEHHE-IPUEM  OINpPENENSeTCS  BpEMs
POXOXKACHUS YIbTPAa3BYKOBBIX MMITYJIbCOB MO 00pa3ily, KOTOPOE 3aBHCHUT OT
OKpYXaloUIero €ro /jAaBjieHua. MaHOMeTp npelHa3HaueH Mg paboThl B
Juana3oHe BbICOkuX naBiieHuid — 70 2000 MIIa u tpeGyeTt ydera TemiepaTypbl
obOpasiia.

BonpmmMHCTBO pa3pabOTOK aKyCTHUYECKMX MaHOMETPOB OCHOBAaHO Ha
UCIIOJIb30BaHWE B JAaTYMKAX B KAue€CTBE TEH30YYBCTBUTEIBHBIX 3JIEMEHTOB
NbE30KEPAMUKH. B 0JTHOI M3 HUX TEH30YyBCTBUTENIbHBIN TaTYUK CONECPKUT APy
IIbE30PE30HATOPOB, PA3MEIICHHBIX Ha YIPYrOM 3JIEMEHTE, COEAUHEHHOM
memOpanoii [20]. [Tox neiicTBUEeM naBieHUS MeMOpaHa MporubaeTcs U rnepeaaet
yCWJIME Ha YIPYTU 3JIeMeHT, Aedopmaliusi KOTOPOTO BEAET B CBOIO ouepeab K
nedopManuu Nbe303JEMEHTOB U U3MEHEHHUIO UX PE30HAHCHOM YacTOTHI.
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B npyroil — wucCHonb3yrOTCS YNpPyTHe 3JEMEHThl ¢ BO30YXIEHHEM B HHX
00BEMHBIX WJIM CIABUTOBBIX BOJIH. [ledopmanus ynpyroro sjnemeHTa BeIET K
U3MEHEHHUIO CKOPOCTH 3BYyKa B HEM, 4YTO OIPENEIAECTCS MPU MOMOIIHA JBYX
bE30Ipe0Opa3oBaTeeil.

1234 56 JlaTuvKy TIepEeMEHHOTO JaBJCHUS
MOTPYXKHOTO THUIA COJIEP)KAaT OJIUH WM
HECKOJIBKO ~ ThE303JIEMEHTOB, OOBIYHO
JUCKOOOpa3HON (OpMbI, pa3MEIIEHHbIX
B TWJIb3€, IJIOTHO MPUXKATOW K MeMOpaHe
nuuieM (puc. 1.13).
Jlist Hames)xHOM paboOThI Takue
JTaTINKA

N
\//

N\

MOTYT OCHAILATHCS KUIKOCTHOU CH-

Puc.1.13. Jlatuuk mepeMeHHOro CTEMOM oOXxJaxiacHus. IlIpumeneHnne
AaBJeHHsA: HECKOJIBKUX ITHE302JIEMEHTOB I103BO-
I — kopnyc; 2 — onopa; 3 — Ibe303JIEMEHT; JISIET KOMIICHCUPOBATh CKa4YKHU TEMIIC-

4 — TOKOCBEMHUK; 5 — HOKUMHas raiika;  paTypbl 1 YMCHBIIUTD aMIJIMTY Ay a6 —
YIUTOTHEHUE Kabems
pa3suTHBIX CHUTHAJIOB Ha  BBIXOJC
JlaT4YrKa.

Ucnonb3oBaHre Takux JaTYUMKOB TMpEAIoiaracT pa3MelleHue HX BO
BHYTPUPEAKTOPHOM OOBEME, UTO BbI3BIBAET MPOOJEMBbI  O0OECIICUECHUS
YCTOMYMUBOCTH MHE303J1eMEHTOB. [IpuMeHeHHEe >KUJIKOCTHOIO OXJIAKICHUS
MPUBOJUT K MCIIOJIB30BAHUIO UMITYJbCHBIX JTUHHUM, CHUKAIOMINX 0€301aCHOCTH
SHEPreTUYECKON yCTaHOBKH.

ITepcnieKTUBHO HCIMOJIB30BaHUE BOJHOBOJIOB B JaTUMKAX aKyCTHUYECKOMU
MaHOMETPHUHM TPUMEHUTEILHO K 3a7adyaM siiepHoOM »HepreTuku. OHaKo B
CO3/IaHMM TAKOW MPUTOJHOU JJIsi TMPOMBIILICHHOTO HMCIOJIb30BaHUS CHUCTEMBI
U3MEPEHUS CTAaTUYECKOTO JaBJEHUS B JIMUTEpaType IMOKa HE COOOIIaIoCh.
BoyiHOBO/IHBIE JATYMKU TEPEMEHHOTO JABJCHUS MOTYT OBITh HCIOJIb30BAaHBI
JIMIIb B YJIBTPA3BYKOBOM JIMANIa30HE YACTOT, YTO OIPaHUYUBAET UX MPUMEHEHUE
B MAaHOMETPHUH MEPEMEHHOTO JIaBJICHUS.

N3ydeHne WCTOYHMKOB NATEHTHOM WHGOpPMAIMM TOKAa3bIBAET, YTO B
cpenHemM B rox npemiaraerca  10-12  HOBBIX  KOHCTPYKUMA — WIHU
YCOBEPIIEHCTBOBAHUM aKyCTHYECKMX MAHOMETPOB ITOCTOSIHHOTO JaBJICHHUS.
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Beaymmmu crpanamu siBisitorest Poceus, CLIA, fAnonus u OPI', natenTyromue
oko0110 90% Bcex pa3pabOTOK B 3TON 00JIaCTH.

1.2.5. U3mepeHue napocoaepxaHus yibTPa3ByKOBbLIMU METOAAMHU

AKYCTHYECKME METOJbl HU3MEPEHUsS MapOCOJICPKAHHS  U3Y4YallUCh
JOCTATOYHO  IMIMPOKO, TMpuUeM  OoJblias 4YacTh  pabdOT  MOCBAIICHA
AKCIIEPUMEHTAIBHBIM HCCIIEAOBaHUSIM. TeopeTudecku 0oJiee TMOTHO HU3yUCHBI
METOJIbI ONpEJEICHUS TapaMeTPOB KUJKUX CpEell, COJIepIKAIIUX IMYy3bIPhKU
MaJjoro [uaMeTpa, korjaa ux ¢opma 0iau3ka k cepudeckoil. s storo ciyyas
U TpU MaJIOW KOHIEHTpAIMM Ta3a B KUAKOCTH (OOBEMHasi KOHIIEHTpallus
MeHbIe 1%) TPeaIoKEeHO OOMIBINOE YHCIO METOJIOB M3MEPCHHUI IapaMeTpOB
Cpe/ibl, OCHOBAaHHBIX Ha €€ 3BYKONPOBOAHOCTH [21].

NHTEeHCUBHOCTH BOJIHBI, MPOMLIEAIICH uepe3 ciaoil nByx(da3HOU cpembl
TOJILIMHOW /1 ¢ KOHLIEHTPALUEN My3bIPbKOB 71, COCTaBISET [22]

J, Bl Jea<msh (1.11)

rae g — 3¢ }exTUBHOE MonepeuHoe ceueHne MOTIOUIEHHUS 3BYKa My3bIpbKaMHu.

OCHOBHOM BKJIaJl B CEYEHHUE MOTJIOLIEHUS BHOCSIT MY3bIPbKH, PaIgNyC
KOTOpBIX OJIM30K K PE30HAHCHOMY Ha JIaHHOW yacToTe oOiydeHus. Iloaromy
U3MEPEHHEM OCHa0JIeHHs] 3ByKOBOIO IydyKa HAa Pa3jMYHBIX YAaCTOTaX MOYKHO
ONpENENATh KaK paclpeiesieHHe My3bIpbKOB IO pa3MepaM, TaKk U MX OOLIYIO
KOHLIEHTPALHUIO.

Ha npakrtuke onpenensitor Kodp(UIHUEHT NPOCTPAaHCTBEHHOIO 3aTyXaHUs
3BYKa KaK MO OJTHOKPATHOMY MPOXOKJICHHUIO €T0 Yepe3 U3MepAeMblil 00beM, TaK
U 10 U3MEPEHHMIO TAaJeHUs MHTCHCUBHOCTU 3BYKa, BCIEJICTBUE €TI0
MHOTOKPaTHBIX IIEPEOTPAKEHUM OT CTEHOK cocylaa. DBropoil BapuaHT
IPEeANOYTUTENBHEE IPU HU3KUX KOHLIEHTPALUSIX My3bIpbKOB. [Ipu 3TOM 00BIYHO
OTIPEIeNIAIOT BpeMs peBepOepalyu, T. €. HHTepPBaJ BPEMEHHU CIaja aMIUIUTY b
CUTHAJIAa B 33JJaHHOE YHCJIO Pa3.

KonuyecTBeHHbIE H3MEpPEHUs JaHHBIM METOJIOM IPOBOAAT  IOCIHE
IpeABApUTEIIBHOM  KaluOpPOBKM  IpuOOpa B  YCIOBHUAX, ONM3KUX K
AKCIUTyaTallMOHHBIM. [Ipy 3TOM ONBITHBIM MyTEM HAaXOJAT B3aUMOCBSA3b MEXKIY
KOHLIEHTpalMel Iy3bIPpbKOB ONPENENECHHBIX pa3MepoB U Ko3hPuuueHToM
IPOCTPAHCTBEHHOTO 3aTyXaHHS.
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Paznuunbie BapruaHThl YCOBEPIIEHCTBOBAHHBIX YCTPOMCTB, PEATU3YIOIINX
ONMCAHHBIA METOJ U3MEPEHUN, MOKHO HAWUTH B [23-25].

CkopocTh 3ByKa B KHUJKOCTH ONPEACISAETCS CKUMAEMOCTBIO U

mwiotHocThio (J [21]:
1

cd = (1.12) p©

[Ipu HEOONBIIMX KOHIICHTPAMSIX IMy3bIPHKOB B KHIAKOCTH €€ IIIOTHOCTH
NpaKkTUYECKH HE MeHseTca. OJHaKko BIHMSHUE My3bIPbKOB Ha CKHMAaE€MOCTb
BEJIMKO, 4YTO U sBIAETCS (PU3MUECKUM OOOCHOBAHHMEM  OIpPEICICHUS
apoCOEPKAHMS IO U3MEHEHUIO CKOPOCTH 3BYKaA.

B 3aBucMMOCTH OT 4YacTOThl BO30YXXJIEHHUSI CKOPOCTh 3BYKa MOXET
BO3pacTaTh WU YMEHbIIAThCS. OOBIYHO MPUMEHSIOT YacTOTy BO30YXKICHUS
MEHbIIIE PE30HAHCHOM YacTOTHI MMY3bIPbKOB. B 3TOM cilydyae C)XKMMaeMOCTh CPEIbI
YBEIIMUMBAETCSA, 3aTyXaHUE 3BYKa YMEHBIIIAETCS, & CKOPOCTh PaCIpOCTPAHEHUS
HE 3aBUCUT OT pPACHpPEAENICHUsI My3bIPhKOB MO pa3dMepaMm. CKOpOCTh 3ByKa B
My3bIPbKOBOM CpPEJIe B 3TOM CIy4ae MOKHO OLICHUTh 10 COOTHOIIECHUIO [25]

cH o B 11,6<107 @7 (1.13)

IJIE Cy — CKOPOCTh 3BYyKa B OOBIYHOM KUAKOCTH; 4 _ 00bEMHAs KOHIIEHTPALIHS.
Hexoropeie ycTpolCTBa, HCHOJB3YIOIIUE MPUHLMI  ONPEICICHUS
CKOpOCTH 3BYKa JIJI1 U3MEPEHUS NTapOCOAEpKaHus, puBeacHsI B [30].
3aTyxaHue 3ByKOBBIX BOJIH B ABYX()a3HOH cpejie 3HAYNTEIbHO BO3pacTaeT
C YBEJIMUYCHUEM KOHIEHTPAIUM IMY3bIPHKOB B KUJKOCTH, OHO MOXKET JIOCTUTaTh
BenmuunH mopsaka 800 nb/M nHa dactorax 50-500 xI'm [26]. ITloatomy
MPAaKTUYECKH BCE TMPHUBEJICHHBIC METOJIbI, WCIOJIB3YIOIINE HHTErPAIbHBIC
XapaKTePUCTUKU 3BYKOMPOBOJAHOCTH KOHTPOJIMPYEMOTO 00bEMa MKUIKOCTH C
OOJIBIIUM YKCJIOM IY3BIPbKOB, CTAHOBATCS HEAIDPEKTUBHBIMU YK€ TMpHU
napocoJiepkanuu cBoie 1-2% 1 MOTYT IPUMEHSTHCS JIUIIb KAK HWHAUKATOPBI.
B oanemenTtax oO0OpyJ0BaHUS SHEPIETUUECKUX YCTAaHOBOK JIBMIKCHHUE
IBYX(Ha3HOTO TEIJIOHOCUTENS OTIMYaeTCs OOIbIINM pazHooOpaszueM. C pocToM
MapOCOJICP)KaHUsl Ty3bIPH CIMBAIOTCS, TPOUCXOAUT paccianBanue ¢a3 u
HaOII0/IaeTCsl MOCIIENOBATEBHO IEJBIA P PA3TUYHBIX PEKUMOB TEUCHUS.
Pacnpoctpanenue 3Byka B TaKMX YCIOBHSIX HE U3y4eHO. MOYXHO JIMIITh OTMETUTb,
YTO Tepe/aya aKyCTUYECKON SHEPruh B CpElie C PE3KO H3MEHSIOIMIMMUCS
aKyCTUYE€CKUMU CBOMCTBAMHU COMPOBOKIACTCS 3HAUYUTEIIbHBIM 3aTyXaHUEM.
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B peanbHbIX yCIOBHUSIX, JaXKe€ €CIM YAA€TCS 3apEerucTPUPOBATH
OCJIa0JIEHHBIN TOCIe MPOXOKIACHUS Yepe3 IBYX(a3HyIO Cpeay CUrHall, BECbMa
CJIOHO 0€3 anpuopHOil HH(pOPMALMK ONPEIEIUTH BCIEACTBUE YETO MPOU3OILIIO
nornouieHue  3Byka. ClleOBaTE€NIbHO, TaKK€ 3aTPyJHEHO IIOJIy4EHHE
KOJIMYECTBEHHOM MH(POpPMAIIUU O COOTHOIIEHUHU (a3.

CymecTBeHHBII  @Iporpecc B PELIICEHHH  3aJadyd  HU3MEpEeHus
Napoco/epKaHusl Pa3BUTHIX JABYX(a3HbIX I[OTOKOB IO HX aKyCTHYECKOU
IPOBOAMMOCTH OOECHEUYWIN aKyCTO30H/IOBbIE METOJbl, OCHOBAaHHbBIE Ha
IPOIYCKaHUU YJIbTPa3ByKa 4yepe3 JIOKAJIbHbI 00BbEM KOHTPOJIUPYEMOU Cpelbl
[3, 27-28]. BennunHy 3TOro o0beMa BbIOMPaIOT MEHbIIIE WK, IO KpailHell Mepe,
CPaBHUMYIO C OObEMaMU JUCHEPTHUPOBAaHHBIX (a3 B MOTOKe. Torma mpu
ONPEJIETIECHHBIX AOMYLIEHUSAX MOXHO MPUHATH, YTO B KOHTPOJIUPYEMOM 00BEME
HaXOAUTCS JIMOO TOJIBKO Map, JUOO TOJNBKO KHUAKOCTh. IIpu 3TOM noKkanibHOE
UCTUHHOE 00bEMHOE MAPOCOAEPIKaHNUE ONPEIEISIETCSI COOTHOLIEHHEM

—~ K
a0
o ‘) (1.14)
T

rac €; _ BpeMs HaXOXJIEHHS i-TO IMy3bIphbKa B KOHTpOJHpyeMoMm oObeme; T
—BpEMsI U3MEPEHUN.

Jlnst peanu3alny akyCTO30HIOBBIX METOJIOB ObLIM pa3padOTaHbl JaTUHMKH, B
KOTOpBIX JUIi TPAHCIOPTUPOBKU AaKyCTHUYECKUX CHUTHAJIOB K HU3MEPICMOMY
00BbEMY HUCHOJIB3YIOTCSI BOJHOBOJAHBIE CHUCTEMbI. MeTalanyeckue BOIHOBOBI
MaJoro JuaMeTpa IMO3BOJSIOT 0€3 CyIIECTBEHHBIX IOTEPh IOJBOJUTH
yJIbTPa3BYKOBbIE UMITYJILCHI YEPE3 CTEHKH TPyOONpoBoa U ABYX(Pa3HYIO Cpeay
K MECTY U3MEPEHUI U 3aTeM IepeaBarh X K NpUueMHUKY. MIHauKanus ra3oBou
(da3bl B KOHTPOJUPYEMOM OOBEME MPOU3BOJIUTCA MO PE3KOMY YMEHBIIECHHUIO
aAMIUTATY bl IPUHUMAEMBIX UMITYJIHCOB, 00Pa3yIOLIUX KOHTPOJIUPYEMBIil 00beM
(puc. 1.14, a).

CpenHee mapocoiepKaHWE W3MEPSAETCS NPU TMOMOIIA HECKOJIBKHUX
JNATYUKOB, PACIIOJIOKEHHBIX B 3aIaHHOM CEYEHUU IIOTOKA,

erdall a0, (1.15)

T7I€ @; _ BECOBBIE KOA(P(UITUCHTHI.

AKYyCTOMMIIEIAaHCHBIE METO bl U3MEPEHUS MTApOCOACPKaHUsI OCHOBAHBI Ha
OMPEICIICHUU MTapOCOICPKAHUS B MPOBOJIOKE, MOTPY>KEHHOM B MOTOK.
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a)
Puc. 1.14. AKTUBHBIE AKYCTHYECKHE METOAbI
AUATHOCTUKH JBYX(a3HOIr0 TENJIOHOCUTEJIA: d —

6)

30H/IOBBII; 6 — UIMIIETAHCHBIN; 6 — aJIbOCTHBIN;
I — reneparop; 2 — BTOpUYHas annaparypa; 3 — MNbe303JEMEHTHI;
4 — KanmwusAp; 5 — pe30HaTop

[lepBbie  cooOlieHMs, TIOCBSIIIEHHBIE  HWCIONB30BaHMIO  d(PdekTa
neMrprupoBaHKs BOJIHOBOJIA M3MEPSEMOM Cpesioi, OTHOCATCS K Hadairy 70-x
roaoB [29]. JlonmoJHUTENBRHOE 3aTyXaHUE YJIbTPa3ByKa, PaCIpOCTPAHSIIOIIECTOCS
10 BOJTHOBO/Y, TOTPYKEHHOMY B KUJIKOCTbh, BBI3BAHO U3JIyYCHUEM BOJIH B CPELY
MOBEPXHOCTHIO BOJTHOBOJA. [Ipy oMbIBaHMU BOJHOBOJA JBYX(Aa3HBIM MOTOKOM
W3JIyYCHUE DHEPTrUM TMPOUCXOJUT TOJBKO B TE€X MECTaX MOBEPXHOCTH, TJE B
MOMEHT TIPOXO’KJICHUSI BOJHBI ObUT KOHTAKT C JKHJAKOCTHIO. M3mydeHnem 3Byka
B Ta30BYIO CpPeay B MIEPBOM MPUOIMKEHUU MOKHO MpeHeOpeyb n3-3a 0O0JbIION
Pa3HHULBl AKYCTUYECKUX BOJIHOBBIX COIPOTUBIICHUMM MAarepuaja BOJHOBOJAA U
raza. [loaTtomy nomajgaHnve B MOTOK TEIUIOHOCUTENS Ta30BOM Cpeabl BEAET K
YMEHBIIICHUIO 3aTyXaHus, uTo U pukcupyercs. UHTEHCUBHOCTH YIbTPa3BYKOBOM
BOJIHBI BCJICACTBHE W3JyYEHHS 3BYKa B Cpely Ha 3aJaHHOM YacTOTe
MPONMOPUHUOHANIBHA €€ BOJHOBOMY aKyCTHUYECKOMY CONPOTUBICHUIO U
SKCIIOHCHIUAIBHO 3aBUCUT OT JUIMHBI BOJIHOBOJA.

BripaxxeHnne, CBs3BIBAIOIIECE TMOTEPH) AMIUIMTYAbl HWMIIYJBCOB IIPU
IIPOXO0KJAECHUH I10 BOJTHOBOJIY CO CPETHUM Ia30COACPKAHUEM ITIOTOKA, UMEET BUJT

N4 A

erdl T mee Ly,

(1.16) k'@ pcD,

>
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rae [ _ pouHa BoiHOBoAA; ([(Jc)) _ BOJIHOBOE aKyCTHYECKOE COINPOTHBIICHUE

KUIKOCTH; k _ KO PHUIIMEHT TPONOPIIMOHATIBHOCTH.

JI1s TOBBINIEHUSI YYBCTBUTEJIBHOCTH METOAA HCIOIB3YIOT BOJHOBOJIBI
OonpiioN ayuHbl. CBEpHYThIE B COUpPab OHM HE TOJIbKO JAOT BBIUTPHINI B
YyBCTBUTEIBHOCTA, HO H TO3BOJISIIOT T€OMETPUYECKH TPOUHTETPUPOBATH
JaHHBIE U3MEPEeHUM MO cedeHuto TpyOompoBona [29]. UckntoueHue BIUSHUS
NOJBOJAIICH YacTU BOJIHOBOJA U TOBBIIICHHE KOMIAKTHOCTH JaTyMKa
JNOCTUTaeTcsl 3a CYET M3rOTOBJIGHHMS UYYBCTBUTEJIBHOTO DJJIEMEHTa U3
TOHKOCTEHHOW  TpPyOKMKANuJUIsipa,  COCTBIKOBAaHHONW €  MPOBOJOYHBIM
BonHOBoAOM [30,31]. Ilpu 3TOM yIBTPAa3BYKOBBIE HMIYJIBCHI H3ITy4aArOTCS
€IMHCTBEHHBIM Npeo0pa3oBaTeiIeM, YCTaHOBJIECHHBIM Ha CBOOOJHOM KOHIIE
BotHOBOJIa (puc. 1.14, 6). BeiaenennemM aMIuiutyj] pa3ielieHHbIX BO BPEMEHU
OTPa)KEHHBIX CUTHAJIOB OT MECTa CThIKA BOJIHOBO/A C KAMUJIISIPOM U CBOOOHOTO
KOHYMKA Kanmwuigpa W OMNpEeJeJICHUEM HUX OTHOIICHHUS YJAaeTCs HCKIIOYUTh
BIIMSIHUE MOJBOASIIETO BOJHOBO/Ia HA PE3YIbTaThl U3MEPEHUMN.

Ecnu x cBOOOAHOMY KOHYMKY BOJHOBOJA MOJKIIOUYATH MUHHUATIOPHBIM
pEe30HaToOp, TO MO CKOPOCTH 3aTyXaHUsi B HEM pE30HAHCHBIX KOJIEOAHUI,
BBI3BaHHBIX JEMI(UPOBAHUEM OKPY’KAIOIIEH €ro cpeaoid, MOKHO OIpPENEISATh
¢da3oBbIi cocTaB TeruioHocHuTeNs (puc. 1.14, 6).

30H/10BbIE U UMIIEJIJAHCHBIE METOIbl A(DPEKTUBHO PabOTAIOT B JAHAINa30HE
napocojepxkanui 0-100% u BroaHe TPUTOAHBI 111 UCHOJIB30BAHUS B SIACPHOU
PHEPreTUKEe, TaK KaK OCHOBBIBAIOTCS Ha NPUMEHEHUU BOJIHOBOJIOB,
MO3BOJISIFOIIMX BBIBECTH JJIEKTPOMEXAHMUYECKUN MpeoOpa3oBaTeilb U3 30HBI
AKCTPEMAJIbHBIX BO3/ICMCTBHUI.

[To »TUM npUYMHAM 3HAUYUTENIHHO 00JIee OTPAHUYEHO MPUMEHEHHE METO1a
U3MEPEHUS MHTETPaJIbHOTO MapOCOJCPHKAHUS MO ONPECICHUIO PE30OHAHCHBIX
CBOWMCTB  MbE30KEPAMHUUECKOTO  KOJbIAa, MO KOTOPOMY MPOIYCKaeTCs
KOHTpOIupyemblil oToK. [losiBJieHHe mapoBBIX MY3bIPHKOB B MOTOKE CMEIIAET
4aCTOTY PE30HAHCAa KOJIbIIa, YTO (PUKCUPYETCS CIeMaIbHON cxeMou. J{nana3zon
u3MepeHnid napocojepxkanus 3tuM metonoM ot 0 mo 10-12%. B Hacrosee
BpEMs 3TOT METOJT MOKET ObITh TPUMEHEH JIHUIIb B JIAOOPATOPUU U TIPU OJTUZKUX
K HOPMaJIbHBIM YCJIOBHSIX.

1.3. O030p aKkyCTHYECKHUX METOA0B JMATHOCTUKH TEIIOHOCUTEJISI
B djieMeHTax AJY u remnodusnyeckux IKCnepuMeHTax
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1.3.1. AKTHBHBIE 1 TACCHBHLBIE METOAbLI TUATHOCTUKH
TENJIOHOCUTEJISI B JHEPreTHYEeCKUX PEaKTOpPax

[TpoGneMbl nmoBbITIIEHUST 0€30MACHOCTH SEPHBIX YCTAHOBOK CTUMYJTHPYIOT
pa3BUTHE HOBBIX METOJIOB M CPEIACTB KOHTpoids TemioHocurenss Ha ADC,
COCTOSIHE KOTOPOTO HEMOCPEACTBEHHO CBSI3aHO C aHOMalus MU B paboTe
OCHOBHOTO 00OOpyaoBaHus. IIpuMeHeHUE aKyCTUYECKHUX METOJ0B KOHTPOJIS
MO3BOJISIET CO3/1aBaTh JIOMOJIHUTEIbHBIE M HE3aBUCHUMBIE OT JAPYTUX KaHaJIbI
noJydeHus: uHQoOpMalMu O mpoleccax B aKTUBHOM 30HE PEAKTOpa,
TEIIO0OMEHHOM O0OpPYJIOBAHUM U JIPYTHX AJIEMEHTAX YCTAHOBKHU, B TOM YHCIIE
Y B aBapUNHBIX CUTyalUsX.

B cucremMax KOHTpONS TEMJIOHOCUTENS MCIONB3YIOT NAaCCHUBHBIE H
aKTUBHBbIE MeTOAbl. [lepBble OCHOBaHBI Ha M3MEPEHUU COOCTBEHHBIX HIYMOB
YCTAHOBKH, BTOPHIE - MIPEAMNOJIAraloT BBOJ BO3MYILEHHS U3BHE U OIpEJICTICHNUE
XapaKTePUCTUK JIaTUMKa.

AxmusHnvle akycmuueckue MmemoObl ITUATHOCTHKW TEIUIOHOCHUTENS B
TEXHUKE  DHEPreTHYECKUX  pPEaKTOpOB  Pa3BUBAIOTCA B  CIECAYIOIIUX
HaIPaBIICHUSX:

* KOHTpOJIb TEXHOJOTMYECKUX MapaMeTpoOB TEIUIOHOCUTENS: pacxoja,
TeMIepaTypbl, TapOCOACPKAHUS, YPOBHSI;

* KOHTPOJIb 32 CTENCHBIO HArPEBA TEIJIOHOCUTEISI B AKTUBHOM 30HE;

* OoOHapyXeHHE BCKUMAHUS TEIUIOHOCUTENS B TEIUIOBBIJCISIONIUX COOpKax
(TBC) peaxropa;

* oOHapyXeHHe MOCTOPOHHHMX MPEJAMETOB B TEIUIOHOCUTEJIE, B YACTHOCTH,
noascmibiBIIMX TBC B PBH;

* KOHTpPOJIb 3a MOBEJACHUEM TEIJIOHOCUTENSI B PEAKTOPE MPHU aABAPHUITHBIX

IpoLeccax.

MeTtoabl  KOHTPOJISI TEXHOJOTMYECKHX MMAapaMETPOB  TEIIOHOCHUTEIIS
MpECTaBIICHBI B APYrUX maparpadax, mod3ToMy 37eCb Mbl HE OCTaHABIMBAEMCS
Ha ux aHamuze. OTMeTUM JMIIL OJHY MHTEPECHYIO  pa3paboTKy,
MPECTABIISIIONIYI0O UHTEPEC JJIsI MHOTMX NMPUMEHEHUN B SIIEPHBIX PEAKTOpax.
JInst u3MepeHuii JaBiIeHus, TEMIIEPATyPhl U JPYTUX MapaMETPOB TEIIOHOCUTEIIS
u TBDJIoB HaTpueBBIX pPEAKTOPOB MpeiararoTcsl JATYUKU C aKyCTUYECKOU
CBsI3pI0 0€3 HWCIIOJIb30BAaHMS IJICKTPUUCCKUX KaOenei [45]. Jmsa sToi menu B
KOHTPOJIUPYEMOM 30HE pa3Memniaercs KosiebarenbHas CUCTeMa, COOCTBEHHAas
4acTOoTa KOTOPOM HM3MEHSIETCS 3a CYET HU3MEpSIEMOro mnapaMmeTrpa, TaM Ke
YCTAHABJIMBAETCS YCTPOWCTBO i1 BO3OYXKJIECHUST W TIpueMa KoJicOaHUM.
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OcHoBHas ujes N300pETEHUS 3aKIII0YAETCS] B MOYJIALIMKM YaCTOThI KOJIeOaHU,
BBOJIMMBIX HW3BHE, CHUTHAJOM KoJieOaTenbHOU cuctembl. [ u3nyueHus u
opyUemMa CUTHaJa MOTYT OBbITh MCIOJIb30BAaHbl KakK TMOrPYXKHbIE, TaK U
BOJIHOBOJHBIE JATYUKH.

Kaxk y»e yka3pIBaJIOCh, IEPETPEB TEMIIOHOCUTEINS B HATPUEBBIX PEAKTOPax
MOJKET NMPUBECTU K B3PHIBOOOPA3HOMY OCYILIEHHIO aKTUBHOM 30HBI C BEChbMa
CEpPBE3HBIMU IOCIEACTBUAMU. 1109TOMY KOHTpOJIB 3a HEIOIPEBOM HATPUsS HA
Bbixoge TBC MoxeT cayXuTb 3(QQEKTUBHBIM CpPEICTBOM IOBBIIICHUS
oe3onacHoctu PBH.

[IpennoxkeHHblE METOABl KOHTPOJSA 3a HEAOTPEBOM TEIUIOHOCHTEIIS
OCHOBAaHbl Ha BBOJIE JONOJIHUTEJIBHON JHEPIUU BHYTPb AKTUBHOW 30HBI. Jlnd
IIOJIBOJA PHEPTUU MOKHO HCHOJIL30BaTh WHAYKIIMOHHBIA 3JICKTpOHArpeB [46],
MOJIOTPEB 3a CUET raMmMa-jyueit [47] wim akyCTUUECKYIO Iepeaady sHepruu [2].
IIpn snexrTpoHarpeBe MHAYKTOP YCTAHABIMBAIOT B  BEPXHEU YacCTH
TEIUIOBBLACISAIONIENH COOpPKM M MOJa4yeil I3HEPruu AOBOISAT TEIUIOHOCHUTEIb [0
kuneHusi. CylIeCTBEHHBIMH — HENOCTAaTKaMU  ATOr0  croco0a  ABJISIETCS
HEOOXOAMMOCTb JJIEKTPOINOJBOAA BHYTPh AKTUBHOM 30HBI U pa3MelIeHUe
UHIYKTOpa B 3aTE€CHEHHOM oObeme. boiiee mpocThiM crocoOOM moaorpena
TEILUIOHOCUTENI B AKTHMBHOM 30HE SBIIETCS MCIOJIB30BAHUE IMOTOKA raMma-
U3y4YeHus A1 paavaludoHHoro Harpema. s peanusanuu crnoco0a BHYTPb
AKTUBHON 30HBI BBOJUTCS TEIUIOBBIAENAONIAsS COOpPKA, BBINOJHEHHAs U3
BOJIb(PAMOBBIX CTEpKHEH. 3aTeCHEHHWE Ha BXOAE CO3AA€T HEOOXOIUMBIN
NOHM>KEHHBIN pacxon TerioHocutens yepe3 TBC u obGecrieunBaercst BhIXO B
KUIIIIUN PEXUM IIPU IPEBBIICHUN YCTAHOBJIEHHOW MOIIHOCTH, KOTOPBIN
PErUCTpUPYETCS MO LIYyMYy aKyCTHUYecKuMM naTuumkoM. HemocraTok cmocoba ¢

ramMmma-rmoaorpeBoOM _ CJI0KHOCTDH PETYIIMPOBKHU ITOPOra KMIICHUA.

Metoa onpeiesieHus: HeJIOrpeBa TEIIOHOCUTENS 1O KUTIEHUS 110 BBOJIUMOM
aKyCTUYECKON MOIIHOCTH, NPUBOJAIIECH K BOBHUKHOBEHUIO KaBUTALIMU, MOXKHO
OTHECTU K HauboJiee mepcrneKTUBHbIM. OH OCHOBaH Ha PETUCTPAIUU YPOBHS
MOABOAUMON aKyCTHYSCKOM MOIIHOCTH, HEOOXOIUMOM IS BO30YKIACHHUS
KaBUTAIlUM. ITOT YPOBEHb YMEHBIIACTCA MPU MPUOIMKEHUN TETJIOHOCUTEIIS K
COCTOSTHUIO HACHIIIICHHUS, HE3aBUCUMO OT (PaKTOPOB, BBHI3BIBAIOIIMX ATO: TaJICHHUE
naBlieHHs (MK pacxoja) MOBBIIIIEHUE TEMIIEpaTyphl U T. 1. Peanuzarus metona
3aKJIF0YAETCS B BBOJIE B TEIJIOHOCUTEINIb METANIMYECKOTO CTEPKHABOJIHOBO/IA,

OJMH KOHEIL[ KOTOPOIr'o MOMENIAETCA B TEIJIOHOCUTENb, @ BTOPOU _ BBIBOJAUTCS U3
KOpIlyca peakTopa U CHaOXaeTcsi aKyCTHYECKUMHU H3IydaTesisiMd U
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npueMHUKOM. Bo30yxaenue kosiebanuii mpousBoautcs Ha vactore 50 k.
Bo3Hukaroiast KaBuTaius Ha Orpy>KEHHOM B TEIUIOHOCUTEIE KOHIIE BOJTHOBO/1A
XapakTtepu3yercs 00Jie€ BBICOKOYACTOTHBIM IIMPOKOMOJOCHBIM ~CIIEKTPOM,
MIOATOMY JIETKO CEIIEKTUpYeTCs U peructpupyercs. [Ipeanoxeno pazmemars psj
TaKUX CHCTEM, PACIIPEACIIECHHBIX IO AKTUBHOM 30HE PEAKTOPA U MO3BOJIAIOIINX
ONPEAEIATh KOOPANHATHI OTEHIIMAJIBHO OIMACHOW 30HBI.

OnpeneneHue KUMEHUS KUIKOMETAUNIMYECKOTO TEIUIOHOCUTEINS BHYTPH
TBC MokeT ObITh BBIMOJIHEHO IMyTEM PETHCTPALIUA WU3MEHEHHUS aKyCTHYECKOTro
CUTHAaJIa IIPU MIPOXOKIECHUM €T0 Yepe3 cOOpKy. JJist 3TOro K BEpXHUM M HUKHUM
koHaM TBC moaBoAsiTCsl BOJTHOBOBI [ MOCBUIKA M IIpUeMa CUTHAIOB. [lpu
BO3HUKHOBEHUM KHUIICHHUS CKOPOCTh PAaCHpPOCTPAaHECHUS 3BYKa IO KUIISIIIEH
cOOpKE YMEHBIIIAETCSI, UTO PETUCTPUPYETCS (Pa30BBIM AETEKTOPOM.

Jlist oOHapy >KeHUsS W KOHTPOJIA OTACIbHBIX 4YacTed W JeTalieidl BHYTPH
HaTpueBOoU BaHHbI B PBH npuMeHsIOT cUCTEMBI yIbTPa3BYKOBOM BU3YAJIM3ALUU.
BHyTpupeakTopHas 4acTh TaKOW CUCTEMbI COCTOUT M3 HECKOJIBKUX MPUEMHO-
W3JIYYAIOINX YCTPOMCTB, PACIHOJOKEHHBIX Ha OMNPEIACICHHBIX IMOBOPOTHBIX
IITaHTax, U psaga orpaxareneid. Ux pabora ocHOBaHA Ha MPUHIIMIE JOKAIIUU
00OBEKTOB B 3aJaHHOM oObeme. Mcnonb3yroTcss pexuMbl  padOTHI:
U3JIy4YeHUe—TIpueM, MO0 «Ha MPOoCBeT». BTOpoil BapuaHT MpeanoYTUTEIbHEN
W3-32 JIUIIEero pa3peliCHHsl 3a CYET MOBBIIICHUS OTHOLICHUS CUTHAJIIYM,
OJIHaKO, TpeOyeT OpraHu3alid BpallaTeNIbHOTO JIBMXKEHUSA JATYUKOB JIJIS
HEMPEPHIBHOIO KOHTPOJIS 3aJlaHHON 00sacTu. Takue CUCTEMbl MPUMEHSIIOTCS B
OCHOBHOM J1J1s1 0OHapyxkeHus noascruibBInx TBC.

AKTUBHBIE aKyCTHUYECKHE METOJbl MOTYT OBITh HCIIOJb30BaHbI IS
ONpe/eNICHUsT  COoJiepKaHUsl Ta30BOM  (a3pl B  MApO-BOJASIHOM  cMecH,
00pa3ylolleiicss B KOPITyCe SIIEPHOTO peakTopa C BOJOM MOJI JAaBICHUEM B
pe3ysbTaTe aBapyuu, CBSI3aHHOM C pa3repMeTH3aluen nepBoro Kourypa. Meroa
OCHOBaH Ha MPOMYCKaHUU Yepe3 00BbeM KOopITyca yIbTPa3BYKOBBIX BOJIH Pa3HOMN
4acTOThl. OnpenenstoTcss BpeMs WX NPOXOXKIAEHHUS, a TAKKE HAIUYHUE WIH
OTCYTCTBHUE OTPAXKEHHBIX BOJH. 3aTEM aHAJIU3UPYIOTCA PE3YJIbTAThl CPABHEHUS
BPEMEHH MPOXOXKJCHUS BOJIH PA3JIUYHOW YACTOThHI, U C YYETOM JABJICHUS B
KOpITyCe JIeJIal0TCA BBIBOJIBI O BHjE MapoBoW ¢a3bl U paBHOBecUM cMecu. B
clydae, €CJIM BpeMs MPOXO0XKACHUS YIbTPAa3BYKa Pa3HBIX 4acCTOT PA3JIUYHO, TO
JIeaeTCs BHIBOJ O HAJTMYHMH B TETUIOHOCUTENIE Ta30BOM (pa3bl.

[IpeuMymiecTBOM aKTUBHBIX METOJOB JHATHOCTUKU MO CPAaBHEHUIO C
ITACCUBHBIMU SIBIIAIOTCS: BO3MOKHOCTh CAMOKOHTPOJISL BCETO AUAarHOCTUYECKOTO
o0opylnoBaHusi B JH000M MOMEHT BpeMEHH; OoJiblliasg OMNPEIeTIEHHOCTh
noytyyaemMort uHGopMaluu; IPoCTOTa MOJYyYeHUsI 1 00pabOoTKu JaHHBIX. BMecTe
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C TE€M, 9TH JIBa HAMPABJICHUS B PsIJI€ CIIy4aeB JOTMOIHSIOT IPYT APYTa, O3BOJISIOT
HOJy4yaTh Pa3HOCTOPOHHIO HH(OPMALMIO O TMpoleccax B TEIIOHOCUTENE U
000pyZOBaHUH AJIEPHON YCTAHOBKH.

PaboThl MO pa3BUTHIO nACCUBHBIX MemO008 Hau00JIee MHTEHCHUBHO BEAYTCS
IO TPEM HaIlpaBJICHUSM [3]:

* oOHapy’XeHHE BCKHUIIAHUS HATPUSA B pEaKTOpax Ha OBICTPHIX HEUTpOHAX
(PBH) u onpenenenne Mecta BCKUIIAHUS;

* JMAarHOCTHUKA PEKUMA KUIICHUS BOASHOIO TEIUIOHOCUTENS B PEAKTOpPax Ha
TEIUIOBBIX HEUTPOHAX;

* KOHTpOJIb TEYEH B MMAPOreHEPATOPE HATPUN—BOJA.

B peakTopax Ha OBICTPBIX HEUTPOHAX BCKUIIAHUE HATPUSI PACCMATPUBACTCS
KaK BO3MOJKHas TMPUYMHA CEPhE3HOM aBapuu BBUJY IOJOXUTEIHLHOIO
HAaTPUEBOTO MYCTOTHOTO 3(P(deKTa PEeakKTUBHOCTH, a TAKXKE H3-32 OMACHOCTH
MaccoBoro pacruiaBieHuss TBOJIOB M 3HAUUTENBHOTO pa3pylICHUsS] aKTUBHOU
30Hbl. JTH PEAKTOPhl MMEIOT BEChbMAa BBICOKYIO TEIUIOHAMNPSHKEHHOCTh, H
MPEKPAIICHUE PACX0/la TETUIOHOCHUTEISI YEPE3 aBapUNHYIO TETUIOBBIICIISIONIY O
coopky (TBC) mpuBoauT MeHee 4YeM uepe3 OAHY CEKyHIy K IOJIHOMY €€

OCYIIIEHHIO, a yepe3 3-5 ¢ _ K 1maBieHuro tormBa [37]. Bo3moxkeH neperpes
HaTpHUs, B PE3yJbTAaT€ KOTOPOrO OCYIICHUE MPOU3OUJIET B3PHIBOOOPA3HO C
poctoM Temneparypbl TormmuBa g0 600 C/c. Bbicokas TeIIoNpOBOIHOCTb
HAaTpUsi W TEPEMENIMBAHHUE IOTOKOB W3 OTAeAbHbIX TBC He MNO3BOIAIOT
(GbUKCUPOBATH HAYAIBHYIO aBapHIO IO CPETHEH TeMITepaType Ha BBIXOJE.

OOGHapy:xeHHe U olleHKa KuneHus B Kaxaon TBC ¢ moMonipio n3mMepeHus
TEMIIepaTypbl U pacxofa MOTPEOYIOT OTPOMHOrO YHCia JATYMKOB, KOTOPHIE
MPUICTCA pa3MellaTh B HEMOCPEJACTBEHHOM OJIM30CTU OT aKTUBHOM 30HBI. Eciu
TepMonapsl pasMmemiarte He Hajg kaxaod TBC, a pacnonaratb Ha HEKOTOPOM
PaCCTOSIHUU OT BBIXOJIHBIX OKOH, TO aBAPUMHBIM CUTHaN OyJET CYIIECTBEHHO
3amas3fplBaTh. TaKKe€ HETaTUBHYK) pOJb WIPACT HHEPUUOHHOCTh CaMHX
TepMmoniap. B pesynbraTe kuneHue OyJeT OOHApYyX EHO TOrja, KOorja Yixke
MIPOM3OIILIO 3HAYUTENIbHOE ToBpexacHue TBOJIoB. Cnenyer no0aBUTh, YTO B
HATPUEBOM PEAKTOPE BBIBOJ CHUTHAJa OT TEPMOIIApPhl HA BBIXOJAE U3 PEAKTOpa
TpeOyeT Ha/leKHOU paboThl KadeJs mpu TeMiieparypax Boiiie 5504C.

Jliist pernieHust mpoOaeMbl OOHAPYKEHUSI TOKATBHBIX U3MEHEHUN YCIOBHIA
TeIJIOCheMa M BOSHUKHOBEHHUS KUTICHUS MOKHO BOCIIOJIB30BaThCs (PUKCAIUEH U
aHAJTM30M aKyCTUYECKUX UMITYJIbCOB, BOZHUKAIOIIUX ITPH 00pa30BaHNUU APOBBIX
y3bIPBKOB. J[J1s1 3TOr0 HE 0053aTEILHO UMETh MHOTO JIATYUKOB U pa3MeIIaTh UX
B 00JIaCTSIX BCKHUIIAHMS TEIUIOHOCUTEIS. BO3MOXHas mpocToTa U OYEBUIHBIC
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IpeuMyIlecTBa TaKOro METOoJla OMNpeAeuin OOJIbIION HHTEpeC K HEMY
pazpaborunkoB PbH. O630p myOnukamuii mo 3ToMy BOMNPOCY MOXKHO HAWTH,
Hanpumep, B paborax [38, 39]. Mcnonb30BaHHIO aKyCTHUYECKUX METOJIOB
obHapy>kenus kurnenust Hatpusi B PBH crocoOcTByet nBa o6cTositenscTBa. Bo-
MEPBBIX, PACTIPOCTPAHEHUE CUTHAJIA 3/IECh TPOUCXOINT B YCIOBHIX OHO(a3HOM
Cpelbl, BO-BTOPBIX, BBIXOJ ITAPOBOrO Iy3bIpsl B CIMBHYK KaMepy C HATPUEM,
UMEIOIIHUM OOJIBIION HEJOTPEB 10 TEMIEPATYPhl KUTIEHUS, JOJKEH MPUBOIUTH
K HEMEJUICHHOMY CXJIOTIBIBAHUIO M aKyCTHUYECKUM HUMITYJIbCaM, YTO 00Jier4aeT
HaXO0X/JICHUE MECTa KUIICHUS.

B Bomo-BomsiHBIX peakTOpax ©0€3 KHUIEHUS TOCIEICTBHUS BCKUIIAHUS
TETMJIOHOCUTEIS B OTJIETBHBIX COOpKaxX HE HOCSAT KaTacTpo(prueckoro xapakrepa,
0oJiee TOro, B OTJAEIBHBIX CIIy4asix MOJKUIIAHUE TEINIOHOCUTENIS, YJIy4Illatoliee
TEIIOCHEM B AKTUBHOMW 30HE, MOKET CUUTATHCA JOMYCTUMBIM SIBJICHHEM. TeM He
MEHEE, CBOEBPEMEHHOE ONPEACICHUE MOMEHTA 3aKWIaHWS U BBISICHCHUE
XapakTepa IMporecca KUIEHUS MOTYT CUYHATAThCS HEOOXOAUMBIMHU TS
MpeI0TBpAIEHUS TIJICHOYHOTO KUIIEHUSI, BhIChIXaHUH 00oouek TBOJIoB u nx
paspyiuieHus. B anmapare, ¢ MUHTEHCUBHOE KHUIIEHHE SIBJISIETCS HOPMAaJbHBIM
SBJICHUEM, [PUMEHEHHUE IIACCUBHBIX METOJOB BCTPEYAET 3HAYUTEIIbHBIC
TPYAHOCTH. Y>K€ TPU CPABHUTEIBHO HHU3KOM OOBEMHOM MapoCOJIepKaHUU
nByx(da3Has cpega CTaHOBUTCA AaKyCTHMUECKH HEMpO3payHOl, BeJIMYMHA
3aTyXaHUsl 3BYKOBBIX KOJIEOaHUW JOCTUraeT COTeH Jenuden Ha MeTp. [laTuuk,
pacmoJIoKeHHbIN Ha nepudepun ooactu ¢ AByX(pa3HOU Cpeaon, BOCTPUHUMALET
B OCHOBHOM CHUTHaJ OT TepU(EpUHHBIX yYacTKOB JTOH 00JacTH. YPOBEHBb
CUTHAJIa U3 BHYTPEHHUX YYaCTKOB 3aBUCHUT OT MOTJIOICHUS 3ByKa B ABYX(a3zHoM
CpeJie ¥ OT pe30HAHCOB B CUCTEME U He Bceria OyAeT (PUKCUPOBATHCS TATUUKOM.

[TaccuBHBIN aKyCTUYECKUH KOHTPOJb oOKazajicsi dS(PGEeKTUBHBIM IS
JMArHOCTUKHU COCTOSIHUS TEIJIOHOCUTENSI BTOpOro (HaTpueBoro) kourypa B PBH,
B PEIICHUM aKTyaJlbHOW 3aJaud OOHApy>KEHHsl Teuel BOJbl B HATpHUil B
naporedepatope [40]. McTouHrkaMu 1ryma Opu T€YH MOTYT OBITh JBUXKEHHE
BOJISHOTO T1apa B HATPUHU, OCUWUISLMA ITY3bIPbKOB BOJAOPOAA, KATICHUE HATPUS
B 30He peakuuu u apyrue 3¢dextsl. OgHUM M3 TJIaBHBIX MPEUMYIIECTB
aKyCTHYECKOr0  METoJla TMepell JpYyrMMH  SIBIsieTCS  OBICTPOJICUCTBHE,
MO3BOJISIIOIIEE CBOEBPEMEHHO BBIBECTH MAPOTEHEPATOP U3 PabOTHI 1O Pa3BUTHS
TE€UYU Y 3HAYUTEIBLHOIO pa3pyIlIeHUs: TPyOHOro MmydKa.

Haubonee TtpyaHoii mpoOieMod TpH BHEAPEHUH METOJIOB IMAaCCUBHOM
aKyCTUYECKON TUArHOCTUKH B 1DV sBsE€TCS BBIJEICHUE MOJIE3HOTO CUTHAJIA U3
obmero (gonHoBoro myma. YacTOTHBIM HUana30H aKyCTUYECKUX KOJICOaHHWH B
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paboTaroiiemM peaktope npoctupaercst ot pojed ' qo equaun MI'n 1 MoxxeT
OBITh HWCIIOJB30BAaH IS PEIICHUs Pa3IuyHbIX 3aaad. Jiig pemieHus 3anaudu
BBIJICJICHUSL TIOJIE3HOIO CHUTHAJa MPUMEHSIOT BCE OCHOBHBIE BHUJbl AaHAJW3a!
aMIUTUTYIHBIN, CIIEKTPAJIbHBIN, BPEMEHHOU, KOPPEISALMOHHBIN [3].

Hanbonee mmpokumMy BO3MOKHOCTSIMH JJIsl PEIIEHUs 3aJ1ad MMacCHUBHOM
JTUArHOCTUKHU TerloHocuTenss B SIDY o00mamgaroT METOJbl pacro3HaBaHUS
00pazoB [41]. Hanpumep, TpedyeTcsi NMpou3BeCTH KJIaCCU(UKAIIMIO HEKOTOPO
rpyIIbl 00pa30B Ha OCHOBE COBOKYITHOCTH NMPU3HAKOB. TaKUMHU TPYIIIIAMU MOTYT
OBITh 00pa3bl «KUIUT—HE KUIHUT», «KUMUT B JJAHHOM OOBEME M3 4YeThIpex
BO3MOXHBIX» | T. 1. Kitaccudukanmss 0CHOBBIBACTCS HA HEKOTOPOM MHOYKECTBE
pU3HAKOB, (OPMUPYEMOM M3 MMOKA3aHUN MaTYUKOB. B 3TO MHOXKECTBO MOTYT
BXOJUTH PA3JIMYHBIC XapaKTEPUCTUKHU IITYMOB: OOIIUA YPOBEHb, MHTCHCUBHOCTD
B OTJEIBHBIX YaCTOTHBIX I0OJI0CAX, KOPPEIAIUOHHBIE (DYHKIIUU U JIP.

Bbi0op mpu3HAKOB B M3BECTHOM CTENEHU MPOU3BOJEH U MOAOHpAETCS
ONBITHBIM ITyTE€M. YTIPOILIEHHAs CXeMa IPUHATHUA PELICHUs [IOKa3aHa Ha PUC.

1.15. 3amava knaccudukaluy penaeTcsi IoCTPOSHUEM pa3IeIaroen
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Hble BeCOBbIe KOI(p(UIIMEHTHI, a pellaronias rpaHula MPeCTaBiIseT coOoM
TUIEPIUIOCKOCTh B IPOCTpaHCTBE npu3HakoB. [Iponecc mogbopa BecoB W, Ha
OCHOBE MPOBEJACHHBIX IKCIIEPUMEHTOB (MJIM PACYETOB) HA3bIBACTCS OOyUYEHUEM
CUCTEMBI pacrio3HaBaHusd. Pa3zpaboTaHbl 00IMe peKOMEHAAIMU 10 O0TOOpY U
YHOPAIOUEHHUIO MPU3HAKOB, MO BBIOOPY Mpoueayp KiacCu(UKauuu U O0y4eHUs
[41, 42].

Hacmpoiika (o0yuenue)

r \
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H3zmenenue PP ; Ilposepka
CO8OKyRHOCHU | Kuaccuura- & - - pewenusn
NPUIHAKOE mopa \\
1
I I ]
v v !
O— e -7
Popmuposa- — Knaccugu __>-
L] -
meny npusna- | ¢ Ao
O > kos —X. 5 P Pewenue
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Puc. 1.15. Cxema npuHATHSA pelieHUs NPHU MACCHBHON INATHOCTHKE

B nmocnenHue roapl  MPEUIONKEHBI  PAa3HOOOPA3HBIE  ANTOPUTMBI
OmpeJieIiCHUsT PEKUMOB TeueHus TerioHocutenss B TBC, ocHoBaHHBIE Ha
METOJaX pacro3HaBaHus 00pa3oB [43,44]. B xadectBe OmpeAcisSIONINX
MPU3HAKOB OOBIYHO MCITOIB3YIOTCS YPOBHH aKyCTUUYECKOTO IITyMa B BEIOPAHHBIX
CIIEKTpaIbHBIX 00yiacTsaX dwacToT B guama3zoHe 1-200 xl'u. Ilpumenstor
QITOPUTMBI, OCHOBaHHbIE Ha METOJI€ TJIABHBIX KOMIIOHEHT, KPUTEpPUU
MaKCHMAJIbHOTO TIPaBIONOA00Ms, a TaKkKe MPOBEJACHUSI IMHEIHO pa3IesonX
noBepxHocTel. OnucaHa cheluaiu3upoBaHHasl amnmnaparypa s pean3aluu
HEKOTOPBIX M3 MEPEUUCICHHBIX METOAO0B [44]. OHa COCTOUT U3 aKyCTHYECKOTO
JaT4uKa, MOIKIIFOYCHHOTO Yepe3 YCWIHMTEIh K PSJIy TMOJOCOBBIX (PUILTPOB.
Boixoael ¢GunbTpoB uepe3 ACTEKTOPHI W HWHTETPATOPHI MOJAKIIOUEHBI K
KOMIIapaTopaMm C 3aJaTYMKaMHu ASTaJOHHBIX HamnpsbkeHui. B cooTBeTCTBUU C
poreaypol MPUMEHEHHUSI aJIrOPUTMOB paclio3HaBaHUs 00pa3oB HE0OXOauMa
npeaBapuTesibHasi HACTPOMKaA ammaparypbl, KOTOpas 3aKJI0YaeTcss B MOJ00pe
ATAJOHHBIX HANPSHKEHUNW TO pe3ysibTaTaM «OOy4YEHHUs», MOJETUPYIOIIUM
npoiecc paboOThl CUCTEMBI B COCTABE KOHKPETHOro obOopyjaoBaHus. Criemyer
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OTMETHUTh, YTO MPH pa3pabOTKe IMaCCHBHON aKyCTUYECKOW JMarHOCTHUKHA B
CHUCTEME JUCIEPCHOI0 cocTaBa (0OCOOCHHO ¢ JBYX(}a3HBIM TEIIOHOCUTEIIEM)
BBEIOOpP MECT YCTaHOBKHM JaTYMKOB M MH(POPMATHBHBIX MApaMETPOB SIBIISIOTCS
pemaronuMu (GpakTopamMu, OT KOTOPBIX 3aBUCSAT PabOTOCIIOCOOHOCTH CHCTEMBI.
B psane cnydaeB mpoOiembl, BO3HHKAIOIIME TMPHU OSTOM, MOTYT OKa3aThCs
HEpa3pelMMbIMU JIHOO TOTPEOYIOT CEPHE3HBIX HM3MEHEHHH B KOHCTPYKIIUU
OCHOBHOTO 000pYAOBaHHUS, YTO YACTO HEMPHUEMIIEMO.

1.3.2. YabTpa3ByKoOBbI€ METOAbI, IPUMEHsIeMbIe B TEINI0(U3HIECKUX
JIKCIEPUMEHTAX AIEPHOH IHEPIreTUKH

B sapnepHOM »HEpreThke B KA4ECTBE CPEIbI, IMOCPEACTBOM KOTOPOU

OCYIIECTBIIIETCS ChEM M Iepejada Teria, HCIOJb3YIOT MOTOK OJHO_  WIH
nByxdaszHoro TerioHocutens. Hanbonee yacTto mpuUMEHSIOT BOIY, HaTpUil U
TEeJIni.

[enpto  TemaoPU3NYECKOTO HKCIIEPUMEHTA  SIBISIETCS, BO-TIEPBBIX,
oTpezieNieHre MapaMeTpoB, HEOOXOUMBIX MPH MPOSKTUPOBAHUU U pa3pabOTKe
HSHEPreTUYECKON YCTAaHOBKU: KOI()PHUIIMEHTOB TemaooOMeHa, OOBEMHOIO
napocoepkanus, mpoduiieit CkopocTu. Bo-BTOPHIX, TapaMeTpoB, yCPEIHEHHBIX
BO BPEMEHH, HE HCIOJIb3YEMbIX HEMOCPEICTBEHHO NPHU MPOCKTUPOBAHUU, HO
HEOOXOAUMBIX NJIi COCTABJICHUS] aHATIMTUYECKUX MOJENEH: TOJNIIUHBI KUIKON
IUIGHKH, pacrpeaenieHus (a3 mo Ce4eHWro TPyOONpOBOIOB, UX pasmepa. MU,
HAKOHEII, HEOOXOMMBIX JIJIsI KAY€CTBEHHOTO (DM3NIECKOT0 TOHUMAHUS CHCTEMBI
U €€ CTPOroro MaTeMaTH4eCKOT0 OMMUCAHUSA: TYJIbCAIIUI CKOPOCTHU, TEMITEPATyPhI
CTEHKH, CTPYKTYpHI pazfena (a3. B Hacrosiiee BpemMsi aKyCTHYECKHUE METOJIbI
HauOoJiee pa3paboTaHbl MPUMEHUTENBHO K 3aJa4aM TUarHOCTUKU ABYX(a3HBIX
MOTOKOB, IMOJ] KOTOPHIMU MOHUMAIOT TOJIy4eHHEe UHPOPMAIIMU O COOTHOIICHUH
¢a3, cTeneHu AUCIEPCHOCTH, PaclpeieNieHUy M0 CEYEHUI0 U JITMHE KaHaia. B
oHO(a3HOM TEIUIOHOCUTENIE aKyCTUYECKMMHU CPEACTBAMH MOKHO TMOJy4YaTh
JaHHBIE O MPOQHUIIE CKOPOCTH U TEMIIepaType CTEHKU, TYpOYJIEHTHOCTH MOTOKA
U APYTYI0 HHPOPMAIIHIO.

Haubonee neranbHyr0 M JOCTOBEpHYIO HMHGPOpPMALMIO O CTPYKType
IBYyX(a3HOTO MOTOKA MAOT 30HJOBBIE METONBI, 4 TAKXKE€ METOJbl CETOYHOMN
TomMorpaduu Ha UX OCHOBE. B Hacrosiee BpeMsi CO3JaHbl JIEKTPUUYECKUE,
ONTUYECKUE, TEPMUUYECKHE W aKyCTHYecKue 30HAbL. Kaxaplii U3 3THX THUIIOB
30HJ0B 00JagaeT CBOMMH JOCTOMHCTBAMHW H HEJAOCTAaTKaMH, OJHAKO,
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aKyCTHYECKHE 30H]Ibl HE UMEIOT PAaBHBIX MPUMEHUTEIIBHO K YCIOBUSM SIEPHOU
DHEPTETUKH.

BaxxHenmuM KayecTBOM CpPEACTB WU3MEPEHUM, INPEAHA3HAYCHHBIX I
ADY, sBusercss WX  HAAEKHAs  JUIMTENbHas  pabOTOCHOCOOHOCTh B
DKCTPEMAJIBHBIX YCIOBUAX arpeCCUBHOTO TEIIIOHOCUTENS. [Ipr 3TOM KIIFOYEBYIO
POJIb UTPAET MAaTEPUAIIBHOE BOIUIOLIEHNE ITIEPBUYHBIX JATYMKOB. B 3TOM CMBICITE
aKyCTMUECKHE 30HJbl HE HUMEIOT aHajloroB, B HUX pabdouyux >JIEMEHTax,
NOTPY>KEHHBIX B TMOTOK, MOTYT OBbITh HCKJIIOYEHBI JIOObIE HEMETaUIMYECKUe
MaTe€pUaJIbl U UCIIOJIb30BaHbl JUIIb OCHOBHBIE KOHCTPYKLIMOHHBIE MaTEPUAIbI.
JpyruM nmpakTU4YeCKH Ba)KHBIM Ka4€CTBOM, KOTOPBIM 00JIaJJal0T aKyCTHUYECKUE
30HIBI, SIBIETCS BO3MOYKHOCTH OIPEAEICHUS IIPU NOMOIIM E€IWHCTBEHHOTO
JaTYMKa HE TOJIBKO IAPOCONEP/KAHUSA M IUIOTHOCTH BEPOSATHOCTH BPEMEHHM
HAaXOXKJEHUA Ta30BOM (a3bl B KOHTPOJIHPYEMOM OO0BEME, HO M CKOPOCTH
nepeMeneHuss MexxdazHoil rpaHuibl. CKOPOCTh MOKHO ONpPENETUTh, U3MEpss
UHTEPPEPEHIIMIO CUTHAIOB, MPUXOAIIUX HEMOCPEACTBEHHO OT HM3JIy4alollero
K IPUEMHOMY BOJHOBOAY M OTPAXKEHHBIX OT MOBEPXHOCTH ITy3bIpbKOB [3]. IlIpu
NOMOIIM AaKyCTHYECKOIO 30HJAa Ha OCHOBE MMHHUATIOPHOIO pE30HATOpA
BO3MOKHO TaK»K€ OIPEJAEIEHNE TEMIIEPATYPbl TEIUIOHOCUTEIIS.

B Hacrosimee Bpemsi pazpabOTaHbl aKyCTHYECKHE 30H[bI, COCTOSIINE U3
JIBYX WJIM OJTHOTO BOJHOBOJA, & TAK)KE CETOUHBIN natyuk (Tomorpad). [Tpuaiun
paboThl 30HAA NEPBOrO THUMA OMHMCAH BbIIE. BOJBIIMMU BO3MOMKHOCTSIMU
obmamaer pe3oHaHCHBIM 30HA [32]. Ilockombky B HEM HCHOJB3YETCS
€/IMHCTBEHHBIN BOJHOBOJ JJIsi M3JYyY€HUS M MpPUEMa CHUTHAJIOB, TO TabapUTHI
30H]1a MOTYT OBITh 3HAUUTEJILHO YMEHBIIIEHBI, YTO MOBBIIIAET €0 Pa3periaronme
BO3MOXHOCTH. B 3TOM 30HJ€ Ha KOHYMK BOJIHOBOJA, TOMELIEHHOTO B IOTOK,
YCTAHABJIMBAIOT MHUHHUATIOPHBIA PE30HATOP. YJIBTPAa3BYKOBBIE HMITYJIBCHI OT
npeoOpa3oBarens, pa3MEIIEHHOIO Ha BTOPOM KOHIIE BOJHOBOJA, JIOCTHTAIOT
pe3oHaTopa, BO30yXJas B HEM XapaKTepHbIE 3aTyXarollUe CUTHAaJIbI,
NpUHUMaeMble TEeMH K€ mpeoOpazoBarensiMu. CKOpPOCTh HUX 3aTyXaHUs
onpeeNsieTcs U3IyYeHUEM B CPelly U CHUJIbHO 3aBUCHUT OT (Pa30BOro COCTaBa.
[Ipn nomagaHum Ha pPe30HATOP KUAKOCTU AEMI(UPOBAHUE CUTHAJIOB PE3KO
BO3pacTaer, 4yTto M (UKCUpPYyeTCs BTOPUYHOM ammapatypoi. Mcnons3yroTcs
yacTtoThl 0T 100 no 800 kl'11. ITo cTaTMCTHYECKHUM MMapaMeTpaM CUTHAJIOB 30H/1a
BO3MOXHO  ONPEACIICHUE  JIOKAIBHOTO  ITApOCOACPKAHUA,  CKOPOCTH
IIEPEMEILEHUS ITy3bIPBKOB B IIOTOKE, X Pa3MEPOB.

30H/I0BBIE METOJIbI MO3BOJISIIOT OMPEAEIUTh MapaMeTpbl MOTOKA JUIIb B
JOKaIbHOM 00BbEME TEIUIOHOCUTENS. [l UHTeTpUpOBaHUS JaHHBIX PUMEHSIOT
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MOJIBMYKHBIE 30H/IbI TUOO YCTAHOBKY HECKOJIBKMX 30H/IOB B U3MEPSIEMOE CEYCHUE
MOTOKA U COOTBETCTBYIOIIYIO 00padaThIBAIOIIYIO JIEKTPOHUKY.

[IpumeHeHrne ylbTpa3Byka BO MHOTHX CIIy4yasix T[O3BOJSIET BECTH
TEIJI0OpU3NUECKUE HUCCIeAoBaHusl 0e3 BBOJa B IMOTOK KaKUX-JIHMOO 30HJIOB,
onpeJensis caMmble pa3Ho00pa3Hble MapaMeTpbl U3ydaemMoro oobekra. Hanmpumep,
B pabore [33] ommcaH METOJ M YCTAHOBKA JJIsl MCCIEIOBAHUS T€OMETPHH,
CKOPOCTH MOABEMA U POCTAa MYy3bIPHKOB B JKHUJIKOM METaUl€ MPU MNOMOLIU
yibTpa3Byka. Mcrnosib3oBajiach MUIMHIPUYECKAash KaMepa, B CTEHKaxX KOTOPOii
3aKpEIUsUICST  BOJIHOBOJHBIM — M3IMydarenb, (DOPMUPYIOMIHN  KOJBIIEBOE
akycthuueckoe mnoJie. HampoTuB wu3ziywyaTenss ycCTaHABIMBAJICS aHAJIOTHYHBIN
NpUEMHHUK. BcCIblBaronmii OJUHOYHBIA Iy3bIph, IE€pECEKas KOJbLEBOE
aKyCTHUYECKOE I0JIe, JaBajl Ha BIXOJIE MPUEMHHKA XapaKTePHbII CUTHAM C IBYMsI
IpOBaJIAMH, BO3HUKAIOIIUMH BCIEJACTBUE 3KPAHUPOBKHU Iy4YKa B JIBYX MECTax.
[Tonarasi cKOpOCTh BCIUIBITHSI U TPACKTOPHUIO JIBUKEHUS IY3bIPSI MOCTOSHHOM,
OIICHUBAJIM €TI0 pa3Mepsl U Gopmy.

JIist mccnenoBaHWil AUHAMUKH TPOIIECCOB B JBYX(a3HBIX CHUCTEMaX C
YeTKOM TrpaHulleld paszgena (a3 MNpUMEHsUIaCh METOIUKA YIbTPa3BYKOBOM
JIOKAIMU UMIyJibcaMu ¢ yactotod 5 MI'n [34]. DTy METOIMKY HUCIIOJIb30BAIH
JUISL M3y4YeHHUs IMPOLIECCOB NapooOpa3oBaHWs HA MEPErpeThiX JOKaIbHBIX
y4acTKax IJIOCKUX CTEHOK. [IpemioxkeHHbIil MeTo] 0co0eHHO 3 (PEKTUBEH MTPU
BBICOKMX MapaMeTpax TEIUIOHOCUTEIEH, T[J€ BU3YyaJbHbIE HAOJIOACHUS
3aTPY/IHUTEIIbHBI.

Meton, OCHOBaHHBIM Ha HEJIMHEHMHBIX CBOMCTBAX ra3oBbIX ITy3BIPHKOB B
KUJKOCTH, 3aKJIIOYaeTCd B HCKYCCTBEHHOW CTUMYJISIIUUA W3JIyYEHHUS 3ByKa
Ny3bIpbKaMM Ha PE30HAHCHOM 4YacTtoTe TMnpu OOJy4eHHUM HX JABYMS
BBICOKOYACTOTHBIMU IMyYKaMH YJIbTpa3BykKa pa3audyHoOM 4dacToThl (puc. 1.16)
[35]. Bo30y:x1eHHEe pe30HaHCHBIX KOJIEOaHU TPOUCXOAUT B CIIydae COBINAJCHUS
PE30HAaHCHBIX YacCTOT C YaCTOTOM COOCTBEHHOI'O pe30HaHca My3bIpbKOB. Ilpu
3TOM YIAETCS HUCKIIOYHUTH BIIMSIHUE HAa M3MEPEHUs TBEPIbIX pacceuBaTelie,
KOTOphIE HE JAal0T HEIWHEWMHOro otkiauka. C pocToM MapocoaepKaHUs
aKyCTHY€CKass MNPOBOJMMOCTb CPEIbl YMEHBIIAECTCS W METOJ CTaHOBUTCS
HEeP(Q(PEKTUBHBIM. ODTHUM METOJOM MOXHO OIpPEACNITh pacrpeeicHue
My3bIPHKOB IO pa3MepaM U UX IUIOTHOCTh MPU HU3KOM MapOCOIepKaHUU.
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Puc. 1.16. Cxema o0OHapyskeHHsI My3bIPbKOB B TEIVIOHOCHTEJIE
10 HeJIMHEIHOMY OTKJIUKY:

1 — KOHTpoOJIUpyeMbIit 00beM; 2 — u3nydaTenu; 3 — IPUEeMHUK

PaccesiHne ynbTpa3Byka Ha TMy3bIpbKaXx B TOTOKE TEIMJIOHOCUTEIIS
MO3BOJISIET OMPEACIISITh HE TOJIBKO UX pa3Mepbl, HO U CKOPOCTh MEPEMENICHUS.
Y CTpOUCTBO 711 TAKUX U3MEPEHUN COIEPIKUT NbE303JIEKTPUUECKAN U3ITyYaTEeIlb
U IPUEMHUK yJIbTPa3ByKa, pa3HECEHHBIX 10 TpyOonpoBoay [36]. [1o ammutyne
OTKJIMKa OIICHMBAIOT KOJIMYECTBO ra3oBOM (ha3pl B MOTOKE, a JOIJIEPOBCKOE
CMEIIIEHUE YaCTOThI MO3BOJISET OMPEALIATh CKOPOCTh UX JIBUKECHUS.

Marepuasibl 0 MNPUMEHEHHH AaKYCTUYECKUX METOAOB JIUArHOCTUKH
0IHO(A3HOTO TEIIOHOCUTEINSI B JIUTEPATYpPE MPAKTHUUECKU OTCYTCTBYIOT, UTO
CBU/JIETEIIHLCTBYET O 3HAUUTEIHHOM CII0KHOCTH 3TOM 3a]1auH.

1.3.3. Buzyanu3auusi CTPyKTYPbI ABYX(p)A3HOr0 MOTOKA
C HCNOJIb30BAHNEM YJIbTPa3ByKa

B NOCJIEAHUE r'OJIbI Ha dbone OypHOTO pa3BUTHS
3JIEKTPOHHOBBIUMCIIUTEIBHON TEXHUKH, C POCTOM IPOU3BOJIUTEIHHOCTH
KOMITBIOTEPOB BO3HHUKJIO HOBO€ HANPAaBIICHUE B HW3MEPUTEIBHOW TEXHUKE —
TOMOTrpaueCKUe CUCTEMbI, UM CUCTEMbl BU3yanu3anuu. [IpumMeHuTenbHo K
mpoleccaM HCCIIEeNOBaHMs JBYX(a3HBIX IMOTOKOB CHCTEMBl BH3YyalH3alluu
MO3BOJISIIOT  MOJYYUTh: HHPOPMAIUI0O 00 «HUCTOPUU» TOTOKA, KapTHHE
razopacnpeiefieHrs; B3auMHOM JIBIDKCHUH (a3, UX JIOKaJu3alui U pa3mMepax.
[Ipu pemenun 3agady BuU3yalu3aluu HauOojee BaXKHOW IIENbIO SBIISIETCS
pa3paboTka JUArHOCTUYECKOM CHCTEMbl C pa3pelieHueM, IO3BOJISIONINM
UJICHTU(PUIIUPOBATH OTJICJIbHBIE Ta30BbI€ (IMY3BIPbKU, CHAPSJbI) U KUIKHUE
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(mpobOku, kamiu) (pakuuu U ONpeAeauTh HX mnapamerpsl (dhopmy, oObem,
TUaMeTp U T.1.).

B nacrosimiee BpemMs pa3paboTaHbl 0ECKOHTAKTHBIC M KOHTAKTHBIE CUCTEMBI
BU3yanu3anuu. B cucteMax 6€CKOHTAKTHOTO TUTIA TATYUKH HE CO/IEPIKAT YacTeH,
BHEJIPEHHBIX B MOTOK, a UCIOJIb3YETCAd KaK0e-TM0O MPOHUKAIOIIEEe M3JIyYeHUE
JUTS TIOJTYYEeHHMSI IPOCKITUI pacrpeiesICHHs ONpeIeICHHBIX (PU3NYECKUX CBOWMCTB
BellleCTBA (HaIIpuMep, MoKazaTesb MPEeJIOMIICHUS, OCIa0IeHNEe U3JTYYEHUS U T.]1.)
B HM3MEpsIeMOM TOMEepeYHOM ceueHuu. [0 3TUM MpoeKIusM KOMIBIOTEPOM
OCYIIECTBIIIETCS BOCCTAHOBJIEHHUE M300PAKEHUS CEUYECHHUS IO aIrOpUTMam
PEKOHCTPYKTUBHOU BBIYHCIUTEIBHOU TomMorpaduu. ITepBruHbIE
npeoOpa3oBareyid B CUCTEMax KOHTAKTHOTO THMA COAEPIKAT UyBCTBUTEIbHBIC
AMeMeHThl  (ITPOBOJIOUKH, CTEpPXKHHU), TIOMEIIECHHbIE HEMOCPEICTBEHHO B
KOHTPOJIUPYEMBIH TIOTOK, IIPX 3TOM ISl YMEHBIIICHUST (MUHUMH3AIIUN) BIIUSTHUS
THUX KOHTAKTHUPYIOUIUX C TEIJIOHOCUTENIEM »DSJIEMEHTOB Ha H3MeEpseMbIe
napaMeTpbl UCIHOJB3YIOTCS Pa3UYHble TEXHUYECKUE pelieHHs (yMEHBIICHHE
TMAMETPOB  UYyBCTBHUTEIIBHBIX OJEMEHTOB, TNpPHIAHWE WM CIHEIHUATbHON
oOTekaeMoit popMbl U T.1.). B Takux cucremax BOCCTaHOBIIEHHE U300paKeHUS
OCYUIECTBJIIETCA 10 AHAIU3Y XapaKTEPUCTHK CHUTHAJIOB, MPOLICIUIMX Yepe3
KOHTPOJIUPYEMbIE O00BEMBI, PAaBHOMEPHO pAaCIpPEACIICHHbIE B H3MEPSIEMOM
MOTNIEPEYHOM CEYCHUHU.

J71st 6ECKOHTAKTHOTO MCCIIEIOBAHUS IBYX(Aa3HBIX MOTOKOB MPU MOMOIIH
yIbTPa3BYKOBOM TEXHUKH NPHUMEHSETCS YJIBTPA3BYKOBas OTpaKaTeIbHAs
ToMorpadguueckas cucrema Buzyanusanuu. lIpeacraBnennass B pabote [7]
yJIbTPa3ByKOBasl OTpakaTellbHAasi CHCTEMA C KpPYrOBbIM MAacCUBOM H3 36
npeoOpa3zoBarenei MO3BOJISIET TeHepUpPOBAThH PEKOHCTPYHPOBAHHBIC
N300pakeHUs B CPEAHEM CO CKOPOCTHIO 30 KaapoB B CEKYHAY.

Mertoarka u3MepeHusi, peau30BaHHas B 3TOM cUcTeMe, clieayromas (puc.
1.17): mocnenoBarenbHO APYT 3a APYroM OJMH W3 NMpeoOpa3oBaTeseil n3IydaeT
yJIbTPa3ByKOBbIE HMMITYJIbCBI U BMECTE€ CO BCEMH YJIABIMBAET 3XOCHUTHAJIBI.
Nudopmanivs o HoMepe u3iydaTelsisi, HOMepe NMPUEMHHUKA U BPEMEHH MPHUXoia
OTPAXKEHHOTO CHUTHAjJa COXpaHsAETCs B MamsATH KommbroTepa. [lo BpeMeHH
OPUXOa  DXO-CUTHAJIOB  HAXOOUTCA  TIEOMETPUYECKOE  MECTO  TOYEK
(AJTMITUYECKAsT WM KpyroBas Jyra), Ha KOTOPOM MOJXKET JieXaTh TIpaHHUIIA
00bEKTa, OTPA3UBIIETO UMITYJILCHI. Hanarascer npyr Ha Jipyra, Ha rpaguyeckom
JUCILIEE KOMIIbIOTEpA KPUBBIE, MOJYYEHHbIC OT Pa3HbIX IMpeoOpa3zoBaTelnei,
dbopmupyroT n300pakeHuss 0OBEKTOB OTpaxaTeneil. B cuTyamumm, korjga HET
HUKAKUX O0BEKTOB, JIEKAIIUX HA IMyTH MEXy U3Iy4aTesieM U MPUEMHUKOM Ha
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IPOTHUBOIOJIOKHBIX CTOPOHAX TPyObl, MpoeKuen Oyner npsiMas JIMHUS, T. €.
OyIeT 3aJeTEeKTUPOBAHO MPSIMOE MPOXOXKIEHUE CUTHAIA. DTa HHOpManus
UCIIOJIB3YETCS JJIsl YIYUILIEHUs KaueCTBa U300paKEeHUS.

Haubonee cymecTBeHHbIMM HEAOCTATKAMM 3TOM CUCTEMbl BU3yaJlU3allH,
AK€ IIPU MCCICAOBAHWM TOTOKOB C HHU3KHUM IAPOCOACPHKAHUEM, SIBISCTCA
paccestHue 3XO-CUTHAJIOB M, KaK CJEJCTBHE, «CMa3bIBaHHUE» HW300paKeHMUS,
HHU3Kasi CKOPOCTh BHU3yaju3allid, KOTOpas 3aBUCUT OT  CJIOXHOCTH

BOCCTaHaBJIMBAa€MOI'O I/1306pa>KeHI/I$I.
SIITUNTUYECKAS IPOEKLINS

JIMHEeHas IMPpOCKIMA

3XO0-CUTHAJIbI TPUHSATBIC

Kpyrosasl IpOeKIUs npeobpazoBaTeNsIMu

Puc. 1.17. CxemaTu4yHoOe npeACTaBIeHHE PEKOHCTPYKIIMU CeYeHU s
MOTOKA, MPUMEHIEMOHU B YJIbTPA3BYKOBOH 0TPAKaTEJIbHOU
Tomorpagumn: 7,-T, — yIbTpa3ByKOBbIE ITpeoOpa3oBaTen; O — mupuHa
Ty4a

Crnenyer TakXke OTMETHTh, YTO yJIBTPa3ByKOBas OTpakaTeIbHAs TEXHHUKA
paboTocniocoOHa TOJIBKO B OFPAaHUUYEHHBIX PEKUMAX C JIOCTATOYHO PEAKUMH U
KPYIHBIMU MY3BIPSAMHU, TaK KaK B MOTOKE C Pa3BUTHIM ITy3bIPHKOBBIM TCUCHUEM

SIPO OTOKA OyAET MOJHOCTBIO OJIOKUPOBATHCS OKPYHKAIOIMIUMU My3bIPbKAMH.

Kpome »3TOro, ee OBICTpOJIEUCTBUE CYIIIECTBEHHO 3aBUCUT OT CJIOKHOCTH
UCCIIeTyEMBIX OOBEKTOB.

KonrtakTHas CHUCTEMA BBICOKOCKOPOCTHOM BU3yalIN3alluuU
HECTAIIMOHAPHBIX  JABYX(a3HbIX IIOTOKOB, OCHOBaHHas Ha HW3MEPEHUH
AJIEKTPOIIPOBOHOCTH, BIiEpBhIe onucana B [9]. HecmoTps Ha TO, 4TO B Iipubope
HE HCHOJB3YIOTCS CJIOXHBIE W HETOYHBIE MATEMATHUYECKUE AITOPUTMbI, OH
00J1a1aeT BRICOKUMH Pa3pelialoiMU XapaKTEPUCTUKAMHU.

[To3xe  aHANOrMYHBIM  PENIETOYHBIA  JAaT4WMK, HO HAa  OCHOBE
yJIBTPAa3BYKOBBIX BOJIHOBOJOB, OBLI pa3paboTaH uisi BBICOKOCKOPOCTHOM
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YJIABTPAa3BYKOBOW BOJHOBOJHOW MHOIOTOYEYHOM CHUCTEMbl BU3yaJIu3alllH,
OCHOBaHHOW Ha M3MEPEHUU AKyCTHYECKON MPOBOAMMOCTH ABYX(pa3HOW CMECU
(puc. 1.18).

BoOJIHOBOAHBIN JaTUUK

O
[ KOITPO/IE TAPAMETPOB T
[T~ o ) 9@ ®|

Puc. 1.18. KoMnoHoOBKa BOJIHOBOJHOM CHCTEMbI BU3YAJTU3AIUU

VYrpouieHHas 4YeTBIPEXBOJHOBOAHAS CXEMa PpEIIETOYHOro JaTYMKa
nmokazaHa Ha puc. 1.19. Dnexrpudeckue HUMIYIbChl, TE€HEPUPYEMBIC
ANEKTPOHHBIM OJIOKOM, NPeoOpazyroTcs MbE303JIEMEHTAMU B aKyCTHUECKHE
BOJIHBI W  HW3JIy4aloTCsd LWIMHIPUYECKUMHM  BoOJIHOBojgamu. Eciu B
KOHTPOJIUPYEMOM 00bEME HaXOAMUTCS JKUJIKOCTH (BOAA), TO 3aTyxaHuUe
yJIbTPa3ByKa, MPOXOJSALIETO Yepe3 KOHTPOJIUPYEMbId O00BEM, HE3HAUMTEIBHO,
aKyCTUYECKHE KOJIeOaHHMsI JOCTHIalT MPUEMHOTIO BOJHOBOAA U, IIOCIE
npeoOpa3oBaHusl B JJIEKTPUYECKUE  CUTHAJBI, MOCTYMAIOT B SJIEKTPOHHYIO
cucteMy 00padoTku. Eciiu B KoHTpoupyeMoM o0beMe HaXOauTCs ra3oBas (pasa,
TO YJBTPa3BYK 3aTyXaeT U HE JOCTUTAET IPUEMHOIO BOJHOBOAA.
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OT reHeparopa

KOHTpOHl/lpyeMbIFI MMbE303JICMCHTHI
00BEM

B IMMKOBBIE
JIETEKTOPBI

ITPUEMHEIE
BOJIHOBO/IbI t

N3J1ydaromue
BOJTHOBO/bI

Puc. 1.19. YnpomeHHasi 4eTbIPeXBOJHOBOIHAS CXeMa aKYCTHYECKOH
BOJIHOBO/JIHOM U3MEPHUTEJIbHON CHCTEMBI

N3nydyeHne akyCTMYECKOM SHEPTUHM B JAHHOW CUCTEME OCYILIECTBISECTCS
BCJIEJICTBUE paAUaNbHBIX KOJeOaHUN wu3Nydareneid. 3aTyXaHue MPOAOTbHON
aKyCTUYECKON BOJIHBI B IUIMHAPUYECKOM BOJHOBOJE JIMHOW /, MOTPY>KEHHOM
B U3MEPSAEMYIO CPENY, BBI3BAHHOE U3IIYUYEHHEM, OMTMCHIBAETCS BBIPAKEHUEM

A4 e™, (1.17)
rae 26 K03 GUIMEHT 3aTyXaHus:
aw’v’pc
og—, (1.18)
Ecer
r1€ a _ paauyc BOJHOBOJA; ¢ _ IIMKIWYECKas 4YacToTa MPOAOJIbHOMN

yJIBTPa3BYKOBOK BOJIHBI;, (Jc _ aKyCTHYECKOe BOJIHOBOE compoTruBicHuc; W _

kod(pdunment Ilyaccona; £ _ moaynp KOHra marepuana BOJIHOBONA; Cor —

CTEp>KHEBasi CKOPOCTb.
N3ny4yeHHble akyCcTUYECKHE KOJIEOAHUs pacIpOCTPAHSIOTCS Yepes3 Cpeny -

IByX(a3Hbli MOTOK _ OT M3Iy4arollero BOJHOBOJA K NPUEMHOMY dYepes
COOTBETCTBYIOUIUE KOHTPOJIUPYEMbIE OOBEMBI.
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AMIUIMTY1a CUTHAQJIOB, MNPOLIEAIINX YEPE3 KaXIblil KOHTPOJIUPYEMBIi
o0beM, u3MepsieTcs. OJTa aMIUIMTyJa MPONOPIUOHAIbHA aKyCTUYECKOMY
BOJIHOBOMY COIIPOTUBJIEHUIO CPEBI

Z ® pe, (1.20)

rac J _ II0THOCTH Cpeanbl; ¢ _ CKOPOCTL 3BYKa B HEH.

Uepes KuAKOCTh (BOJY), BCJIEJACTBHE CPABHUTEIBLHO BBICOKOIO 10
CpPaBHEHHUIO C ra30M (TIapoOM) aKyCTUUECKOTO BOJIHOBOT'O COMPOTHUBIIC-

Hus, (3C,0,=1,5®10° kr/M%c, mepenada ynpTpasByKa IPOMCXOIMT JOCTATOYHO
s dextuBHO. Uepe3 ra3z (mpu MNPOXOKIACHUU BO3AYIIHOTO ITy3bIpS dYepe3
KOHTPOJIUPYEMBI 00bEM) M3-3a TOPa30 MEHBIIETO aKyCTUYECKOTO BOJTHOBOTO

conpoTHBICHUS ((JCh03yxa=300 KI/M?C) CHrHAT NPAKTHYECKU HE MPOXOIHMT.
dakTryecKku HAOIIOAAETCS MOJTHOE HCUE3HOBEHHE aKyCTUUYECKOTO CUTHAa (eCiu
npeHeOpeyb MapasuTHBIMU MPOCAYNBAHUSIMH Y€PE3 KOHCTPYKTUBHBIC DJIEMEHTHI
JaTYuKa).

1.4. Bonipochbl cOBepPIIEHCTBOBAHUS CPEACTB JUATHOCTUKH TENJIOHOCUTEJISI.
IlepcneKTUBHbIE HATIPABJIEHUS PA3BUTHSA

[IpuBeneHHbI aHATUTUYECKUN 0030p aKyCTHYECKMX METOJOB KOHTPOJIS
U JUAarHOCTHKM TOKa3bIBae€T, 4YTO 00JIACTb MX NPUMEHEHUW B HHEPreTHUKE
MPAKTUYECKU HEOTPAHUYEHHA. DTO KOHTPOJIb OCHOBHBIX MAPAMETPOB: pacxo/a,
TeMIEepaTypbl, YPOBHS, TMAPOCOJCPKAHUS TEIJIOHOCUTENS; OOHApYKEHUE
OTACHBIX aHOMAaJui B paboTe 000pyI0OBaHUS; KUTICHUS TEIIJIOHOCUTENS, TeUEH B
TEIIOOOMEHHUKAX; CIICKEHUS 3a MpolleccaMu MPU Pa3BUTUU aBapUid, MyCKE U
otnagke obopynoBanus. OJHAKO TPAKTUYECKOE MPUMEHEHUE aKyCTHYECKUX
METOJOB Ha NPOMBIIUICHHBIX DY mnoka OrpaHu4eHO E€JUHUYHBIMU
pazpaboTkamu, a B Poccun npakTudecku OTCyTCTBYeT. Jpyroil nmepcrneKTuBHON
00J1aCThIO UCII0JIb30BaHUS aKyCTUYECKHX CpEICTB SABJISIFOTCS
TUJIPOJIMHAMUYECKUE UCCIIEAOBAHUS: U3YUEHUM aBapuil, CBA3aHHBIX C IOTEPEU
TEIUIOHOCUTENSA, TPOLECCOB  TeIoMacconepeHoca B sueikax TBC,
YCTOMYMBOCTU €CTECTBEHHOW UPKYJISIIUU ABYyX(ha3HOTo TermoHocutenss. Ho u
TaKue€ TNPUMEHEHUSI AaKyCTHYECKHX MPUOOPOB  3HAYUTEIBHO  MEHBIIIE
CYIIECTBYIOIINX MOTPEOHOCTEH.

Bwmecte ¢ tem, B oTedecTBEHHBIX DY ¢ HHTErpaibHOM KOMIOHOBKOM
aktuBHo 30Hbl (BBOP, BHP, ACT) wMHorume BaxkHbIE IapaMeTpbl
TEIUIOHOCUTENA ONPEACISIOTCS KOCBEHHBIM ITyTEM WM HE KOHTPOJIUPYIOTCS
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BOOOIIIE. DTO OTHOCUTCS, HApUMEpP, K U3MEPEHUIO Pacxojia TEIJIOHOCUTENS B
ka"Hanax TBC wu mapoconepxkanus. [lpu mpoBeneHWH THAPOAMHAMUYECKHUX
UCCJIEIOBAaHUI Ha MOJHOMACHITAOHBIX COOpPKAX MPAKTUYECKU HE HCCIETyeTCs
JOKaJbHBIE MapaMeTpbl ABYX(a3HOIro MOTOKAa B MEXTBAIBHOM MPOCTPAHCTBE,
pacnpezeneHue ckopocted (a3 m mapocoaeprkanus. OmrymiaeTcs HexBaTKa
OBICTPOJICUCTBYIONINX MPUOOPOB IJIi KOHTPOJIS MApaMETPOB B IKCIEPUMEHTAX
1o 0e30MacHOCTH

ADY, B 4acTHOCTH, B ONbITax [0 HCCIEAOBAHUIO IPOLECCOB OCYIICHUS
AKTUBHOW 30HBI.

OTtcyTcTBHE HEOOXOIUMOTr0 HAOOpa U3MEPUTENBHBIX CPEJICTB AJIA IACPHOU
PHEPreTUKU  OOYCIOBIEHO TPYAHOCTSIMHU  MAaTE€pUAJIBLHOTO  BOIUIOICHUS
HMCTOYHUKOB MEPBUYHON MH(POPMAITUU O MPOIECCAX B IKCTPEMATBHBIX YCIOBUSIX
ADY 1npum CymecTBEHHBIX OrpaHMYEHUAX IO pasMepaM M BO3MOXKHOIO
pa3MeleHus, a Takke mo O0e3onacHocTu. Jpyrumu cioBaMu, HET TpeOyeMBbIX
JATYUKOB, CITY>KaluX HHGHOPMAITMOHHOM OCHOBOM AMArHOCTUKHU M KOHTPOJIS.

[IpumeHsieMble B HACTOSAIIEE BpeMs TPAAULIHUOHHBIE CPEJICTBA KOHTPOJIS
nmapamMeTpOB TEIJIOHOCUTENSI OCHOBAHBI HA CaMbIX PA3HOOOPA3HBIX (HHU3UUIECKUX
NPUHLNNAX: MEXAHUYECKUX, AJIEKTPOMArHUTHBIX, akyctTuueckux. Kaxmoe us
ATUX CPENCTB pa3pabOTaHO Ha CBOEH TEXHOJOTWYECKOW U Hay4dHOU Oaze u B
OOJIBIIIMHCTBE CJIy4YaeB IMOJIOKUTEIbHBIE CTOPOHBI KaKOW-IMO0 U3 pa3paboTok
HE MOTYT OBITh NEPEHECEHbl Ha JIPYrM€ U MCMIOJb30BaHbl B APYrol oOJacTu
U3MEPUTENBHON TEXHHUKH. Kpome TOro, TpaauIMOHHBIE CPEICTBA M3MEPECHUU
JOCTUTIIA BBICOKOM CTENEHU COBEPIICHCTBA, U UX KAYECTBEHHOTO YIYYIIICHUS
0XKUAAaTh HE MPUXOIAUTCHL.

Bce 310 BeIHYK12€T pa3pabOTYNKOB AaTOMHOM TEXHUKH UCKATh HOBBIC Ty TH
nonydeHuss uHbopManuu O Tmporeccax. Kak BuUaHO U3 0030pa, HUMEHHO
aKyCTUYECKHE METO/Ibl TMO3BOJISIIOT CO3/1aBaTh IMPOKUN HAOOP U3MEPUTEIIbHBIX
CPEICTB JJisl KOHTPOJIA MPAKTHUECKH JIFDOOr0 MmapaMeTpa TeIoHocuTeNs. B Hux
3aJI0KeHa 00111asi MH(POpPMalMOHHAs OCHOBA, YTO MO3BOJISIET IIPU CPABHUTEIIBHO
HEOOJIPIINX 3aTpaTax OBICTPO BHEAPSITh ATH CPEACTBA B IMPOMBIIIIEHHOCTb.
Pa3BuTuio 1 UCMOIB30BAHUIO AKyCTUYECKUX METOJ0B JTUATHOCTUKU U KOHTPOJIS
BECbMa CIIOCOOCTBYET IMOSIBIICHHE JEHIEBBIX W MOIIHBIX HWHPOPMAIIMOHHO-
U3MEPUTEIBHBIX CUCTEM, B TOM YHUCJIE HA OCHOBE MHUKpomporeccopoB. Bece 31o
JIOTIONHSETCS YHUKAJIBHOM CHOCOOHOCTBIO aKyCTHUYECKHX JaTYMKOB padOTaTh
opy  JIOOBIX TapamMerpax BOISHOTO, JKUJIKOMETALIMYECKOIO U Ta30BOro
TEITOHOCUTEIIS.
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2. DUBUYECKUE OCHOBBI U JIEMEHTHI KOHCTPYKIU
BOJIHOBOIHBIX AKYCTHYECKUX JATYUKOB

2.1. Oco0eHHOCTH AKYCTUYECKHUX JATYMKOB VISl JUATHOCTUKH
TerioHocurenast A9y

[IpumeHeHHE © pa3BUTHE AaKyCTHYECKMX METOJOB JIMATHOCTUKH
TEIUIOHOCHUTEIISI HAXOAUTCA B TPSIMOM CBSI3M C TPOTPECCOM B pa3padOTKe
KOHCTPYKIIMA W TEXHOJIOTHU W3TOTOBJICHHUS CPEACTB TNpHEMa U HU3ITyYCHHS
aKyCTUYECKHUX BOJIH, CIIOCOOHBIX pabOTaTh B AKCTPEMAJBbHBIX yCIOBHIX SADVY.
XOTsl K HACTOSIIIIEMY BPEMEHU MMEETCsI OOJBIIOE YHUCIO Pa3paboTOK TepMO- U
PaaNaMOHHOCTOMKUX JTaTYUKOB, BOMPOCHI CO3/IaHMS HAACKHBIX U MPHUTOTHBIX
JUIS  MacCOBOTO TPOM3BOJICTBA CPEJICTB TIpUeMa H M3JIy4YeHUs 3ByKa B
obopynoBannu IOV TOKa HENMB3sl CYHMTATh peEIIEHHBIMH. Pa3zpaboTka
aKyCTUYCCKUX JaTYMKOB JUISI JAWMArHOCTUKH  TEIUIOHOCHUTEJCH  SBIISACTCS
KOMIUIEKCHOW  MpoOJieMoil, BKIIOHaromed B  cebs  pelieHwe  psja
KOHCTPYKTHUBHBIX, TEXHOJOTUUECKUX, aKyCTHUYECKUX U DJICKTPOMEXAHUICCKUX
3amad. BpiObop MarepuasoB W KOHCTPYKIMIO JIATYUKOB  CYIIIECTBEHHO

OI'paHU4YHUBarOT BO3I[€ﬁCTBI’I€ HMHTCHCHUBHBIX IIOTOKOB HGfITpOHHOFO 351 \00-
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U3JIy4EHUs, BBICOKOW TEMIIEpAaTypbl M JaBJICHHUSA, a TaKXe arpecCUBHOCTH
TETUIOHOCUTEJI.

Cnoxwinch JBa HalpaBi€HUs peuieHuss MNpoOJeMbl YCTOWYMBOCTU
JAaTYUKOB B  JAKCTpeMmanbHbIX ycnmoBusix ADY. IlepBoe cBsizaHO €
HCII0JIb30BaHUEM 3BYKOIPOBOJIOB (BOJTHOBOJIOB), KOT/Aa AJIEKTPOMEXaHUYECKUI
npeoOpa3oBaTellb  BBIHOCHUTCS W3 30HBI C  BBICOKOW  TeMIIEpaTypoi,
ITOJABEPKEHHOW BO3JICMCTBUIO PEAKTOPHBIX HU3IYyUYEHUM, 4 aKyCTUYECKasl CBS3b
€ro C YyBCTBUTEJIbHBIMHU 3JIEMEHTAMHU OCYILECTBIISIETCS BOJHOBOAaMU. BTtopoe
OCHOBAaHO Ha MPUMEHEHUHM TEIUIOCTOMKUX IbE30aKTUBHBIX MAaTEpPUATIOB H
BBICOKOTEMIIEPATYPHBIX DJEKTPUYECKUX KaOejaed Jubo NPUHYAUTEIHLHOIO
OXJAXKICHUS JaTYNKA.

Jlna menel  aKyCTHYECKOM  JUArHOCTHKM — TeIUIoOHOocutenen ADY
VCTIOJIB3YIOTCSl CUTHAJIBI C YaCTOTHBIM Auana3zoHoM oT gosier ['n go 10 MI .

Bepxusass rpaHunia JauanasoHa OrpaHH4Ye€Ha pPEe3KUM  YBEIWYECHHEM
MOTJIOIIEHUSI YIbTPa3ByKa B KOHCTPYKIIMOHHBIX MaTepHaniax U paboumx cpeaax
yCTaHOBKU. TUnHM4YHAasi 00JaCTh MPUMEHEHUS TOTPYKHBIX AaT4nKOB 710 200 k111
00yCIIOBJIECHA MUHUMAJIbHO BO3MOXHBIMU rabapuTamMu KOpITyca U BHYTPEHHHUX
JleTajie, YaCTOTHI Mapa3uTHBIX  PE30HAHCOB KOTOPBIX oOpaTHO
MpONOPIMOHANIBHEI pazMepaM. [IpeoOpa3zoBaTen NOTPyKHBIX JTaTYUKOB MOTYT
W3TOTAaBIUBATHCS KaK M3 MbE30KPUCTAUNIMISCKUX, TaK 1 MAarHUTOCTPUKITMOHHBIX
MaTEpUANIOB.

BosHOBO/IHBIE ~ JAaTYMKM ~ NPUMEHSAIOTCS B JUala3oHe  4acToT
50-10 000 k', rme woryT OBITH ITOABJICHBI HU3KHE
pe30oHaHChl  3ByKompoBoja. C pOCTOM YacTOTHl BCJEJACTBUE YBEIWYCHUS
3aTyXaHUsl YJbTpa3ByKa OTHOCUTEJbHAas IIMPHUHA M IUIOTHOCTh PE30HAHCHBIX
MUKOB HAa €IWHUYHBIA OTHOCUTEIbHBIM MHTEpBaJl YacTOT BO3PACTAET,
MPOUCXOJIUT HX HAJOKEHUE JpPyr Ha Jpyra, 4TOo BEACT K CIJIaKUBAHUIO
4acTOTHOM M (ha30BOM XapaKTEPUCTUK JaTyUKa. ODTUM MPOIECCOM MOMKHO
yIpaBIATh, BBOJS JIONOTHUTEIBHOE AEMII(PUPOBAHUE TOBEPXHOCTU BOJTHOBO/IA.
DJIEKTPOMEXaHUYECKOE MPeoOpa3oBaHNe CUTHAJIOB BOJHOBOJHBIX JIATYMKOB JI0
200-300 kl['m  mpow3BOAWUTCA  KaK  IbE30KEPAMHYECKMMH, TaK U
MarHUTOCTPUKIIMOHHBIMHA dJieMeHTaMu. Ha 0osiee BBICOKHMX YacTOTaX, Kak
MpaBUjIO, TMPUMEHSETCS Mbe3okepaMuka. OrpaHudeHue 10 YacToTe s
MIPUMEHEHUSI MAarHUTOCTPUKTOPOB CBSI3aHO C TEXHOJIOTHUUECKUMH CII0KHOCTSIMHU
U3TOTOBJICHUS MaJOTabapUTHBIX KaTYyIIEK M JIETAJIeH KpEIJICHHs, a TaKXKe CO
CHIKEHUEM YyBCTBUTEIBLHOCTU JTATUYMKOB.
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[Ipu pemieHMM MHOTHX 3a7a4 JHATHOCTUKH TpeOyeTcs pa3MEIICHHE
JATYMKOB BOJW3M aKTUBHOW 30HBI, B TaporeHepaTopax W TEIIO0OMEHHOM
000pyI0BaHUH, TO €CTh TaM, TJI€ SKCTPEeMaIbHbIC BO3JCHCTBUS MaKCUMAJIbHBI,
a BBIOOp MecTa M o0beMa JIsl YCTAaHOBKM JTaTYMKA CYIIECTBEHHO 3aTPY/IHCHBI.
B »Tux ycnoBusx mNpUMEHEHHE BOJIHOBOJHBIX [AaTYUKOB YACTO SBISIETCS
€IMHCTBEHHO BO3MOKHBIM perieHneM. KOHTpOJIb TEXHOIOTMYECKUX MTapaMeTpOB
TEIUIOHOCHTEISL B O0JIee TOCTYIMHBIX MECTaX, HallpuUMep, B TPyOOIIpOBOAaxX U Ha
cTeHnax o0jamaer OOJBIIMMH BO3MOXXHOCTSIMH IO BBIOOPY KOHCTPYKIIMU
JTATYAKOB.

OmgHako W B OTOM ciydae NPUMEHEHHE BOJHOBOJHBIX CHCTEM
1EeJIeCO00pa3HO BBUJY UX CYIIECTBEHHO 00jiee BBICOKOM CTOHMKOCTH K
TEeMITepaTypPHBIM BO3JICHCTBUSM, YBEITUICHHOMY pecypey "
PEMOHTONPUTOTHOCTH, HU3KOM CTOMMOCTH HM3roToBieHHs. Ecinu yuecTs, 4TO
YPOBEHb TEXHOJIOTUYECKHUX IIYMOB B OOOpYJOBaHUUM C POCTOM YacTOTHI
CYIIECTBEHHO yMeEHbIaeTcsi U Ha vactorax cBeimie 100 k[ muHMManeH, a
OOJNBIIMHCTBO 3aJlad JMAarHOCTUKH, KaK CIeAyeT W3 0030pa, Jierde pemuTh C
UCIOJIb30BAHUEM CHUTHAJIOB YJIbTPa3BYKOBOM YaCTOTHI, TO OYEBUIHO Hambosee
IPUEMJIEMBIMH 1T JUATHOCTUKH TEIUJIOHOCUTENST SIBIITFOTCS BOJTHOBOJIHBIE
JTATYNKHU C ThE30KEPAMUIECKUM MPEe0Opa3oBaTEIIEM.

B HHMX mNpuUMEHEHHEM BOJIHOBOJAa W3 OCHOBHOT'O KOHCTPYKIIHOHHOTO
MaTepuaia pemaroT MpoldjaeMy TepMO— M PagUallMOHHOW CTOWKOCTH JaTYHKa,
MIOCKOJIBKY TIpeoOpa3oBaTelb MOXKET OBITh BBIHECEH B 30HY C IapamMeTpamu
OKpY’)KalIIeH cpenapl, ONMM3KUMH K HOPMAJIBHBIM. OTO TIO3BOJSET C
MUHHMaJIbHBIMA TIOTEPSIMHU, IIEJICHANPABISHHO IIOJBOJUTHh 30HIUPYIOIIHE
UMITYJIbCHI TaKe uepe3 IBYX(}a3HyIo cpeay K KOHTPOJIUPYEMOMY 00beMy ITOTOKA
terioHocutenss.  CowleHeHWe  YyBCTBUTEIBHOTO  d3JIeMEHTa U OJioKa
AIICKTPOMEXaHNYECKOTO IMPeoOpa3oBaHUs aKyCTHYSCKHUMH pa3beMaMH  C
BOJTHOBOJIOM YTIPOIIAaeT MOHTX JaTYMKa B 00OPYJAOBaHUHU M YBEIIMUHUBACT €TO
PEMOHTONIPUTOHOCTh, a BBIMIOJTHEHUE IIpeoOpa3oBaTelii W3 MhE30KEPAMHUKU
CYIIECTBEHHO YMPOIIAeT KOHCTPYKIIMIO AATYMKA W PACIIUPSIET AUANA30H €ro
paboyuXx 4acToT.

B BOJHOBOJHOM JaTyWKe BBIACIUM CICAYIONIME COCTABHBIC YaCTH:
aKyCTHYECKUM MpeoOpa3oBaTeilb, BOJTHOBOJ CBSI3U U UyBCTBUTEIBHBINA DJIEMEHT

(puc. 2.1)
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JAnHamMuyeckue CBOMCTBaA JaTYnKa
ONPENETSAIOTCS KOHCTPYKIMEW U pasMepamu
npeodpazoBartels u MPEJICTABIISIFOTCS
aMILTUTY AHO-4aCTOTHOU XapaKTEPUCTUKOU
(AYX), umeromeld 0OOBIYHO PE30HAHCHBIN BU.
[TomoxkeHne pe30HAHCHOTO MaKCHUMyMa Ha
4\ YaCTOTHOM OCH JIaeT pabouyIo 4acTOTy JaTurKa,

%L C Y4YEeTOM KOTOpPOM M TOCTaBJICHHOW 3aJa4yu
g , BBIOHPAIOT YyBCTBUTEIHHBIN 3JIEMEHT.
offell BomxroBOn cBA3M  ODKEH — OOECIIEUMBAThH
N nepeavy uH-

GbOpMalIMOHHBIX W 30HAUPYIOITUX
AKyCTHYECKHX  CHUTHAJIOB  MEXIY
IpeoOpa3oBaTeIeM U YyBCTBUTEILHBIM

Puc. 2.1. Cxema BOJIHOBOAHOIO
aAKYCTHY€CKOI0 JaTYHKA
1 — akycTrueckuit mpeoOpa3oBarTeb;

3IEMEHTOM C HE00X0IUMOI
2 — BOJTHOBOJI CBSI3H; 3 —
tI}’BCTBI/ITeJ'IBHBII\/'I DJICMCHT CKOp OCTBIO u HpHeMHeMBIMH
UCKAKECHUSIMH.

Poib yyBCTBUTENBHOIO AJIEMEHTA 3aKJII0YAETCA B aKyCTUYECKOM COIIaCOBaHUU
KOHTPOJIUPYEMOr0 00BbEMa TEIUIOHOCUTENSI C BOJHOBOAOM CBSI3U C YYETOM
TpeOOBaHU €ro pa3MenIeHUs U TadapUuToB.

Koaddummenr mnepemauyn  BOJHOBOJHOTO  JaTdydKa  OIPEACIIICTCS
IIPOU3BEACHUEM

Ky = Ky <Ky < Koy < Ko <exp(- $3,,.<0), 2.1)

rae Ky, — k03 duuuent nepenaun 3JI€KTPOMEXAaHUYECKOIO IIPeoOpa3oBaTets,

PaBHBIN OTHOIICHHUIO aMIUTATY I aKyCTHYECKOTO CHTHAJIA Ha BBIXOIE BOJTHOBO/IA

CBA3UM K aMIUIUTYIAC OSJCKTPHUYCCKOI'O CHI'HAJIa Ha BBIXOAC NATYHUKA, an —

K03 PUIMeHT mnepegaur YIyBCTBUTEIBHOTO JJIEMEHTA, PaBHBINA OTHOIICHUIO
U3MECHEHUSI BEIUYMHBI W3MEPSIEMOTO MapaMeTpa B KOHTPOJIHUPYEMOM O0BEME
TEIUIOHOCUTENA K U3MEHCHUIO aMIUIMTYAbl aKyCTUYECKOI'0 CUTHAJIA Ha BXOJE

YyBCTBUTEIBLHOTO dJieMeHTa; K, Ko _  KodDOUIHMEHTH mepemaadn
COCJMHUTENIBHBIX D3JIEMEHTOB BOJIHOBOJA CBSI3M C MpeoOpazoBaTeieM M

YYBCTBUTEJIBHBIM 3JIEMEHTOM; 90, . — KOA(DQUIMEHT 3aTyXaHUS Ha CIUHUILY

JUIMHBI BOJTHOBOJIA CBSA3M B IOJIBEeCKe, 1/M; [ _ yIMHA BOJIHOBOJA CBS3H, M.
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Pa3paboTka peaqbHOro BOJHOBOJHOIO TMbE30JaTYMKA IS JUArHOCTUKH
TEIUIOHOCUTEN TMPEANOJIaraéT MCCIAEIOBAHUE BOMPOCOB PACHPOCTPAHECHUS
YIBTPa3BYKOBBIX BOJIH B CTEPXKHSX, MMPOBOJOKAX, KANWJUISAPAX W BIUSHUS HA
ATOT MPOIECC TEXHOJOTMYECKHMX M KOHCTPYKTHUBHBIX (PAKTOpPOB, a TaKXKe
U3ydeHrue paboThl MbE30KEpaMHYECKUX IIpeoOpa3oBaresicii Harpy>KEHHBIX Ha
BOJIHOBO/I.

OTH BONIPOCHI paCCMaTPUBAIOTCSA J1ajiee B HACTOSLIEH TJ1aBe.

2.2. ®u3uyecKre OCHOBBI BOJTHOBOAHBIX AKYCTHYECKUX JUHUU CBA3H

2.2.1. HazHauyeHue JUHUMN CBS3H U UX COCTAB

AKycThueckasi BOJHOBOJHAS JIMHUSL CBSI3U SIBIsieTCS MHGOPMAIMOHHBIM
KaHAJIOM, 00€CIEYMBAIOIINM Mepeiady TUarHOCTUYECKUX U MHPOPMAILIMOHHBIX
CUTHAJIOB MEXJIy IpeoOpa3oBaTelieM M UYyBCTBUTEIBHBIM 3JIEMEHTOM B
DKCTPEMAJIBHBIX YCIOBHUAX: II0JE€ HWOHU3UPYIOIIMX W3JIyYECHHM, BBICOKAs
TeMIneparypa M JaBjleHue. B 3aBUCMMOCTH OT YyCJIOBUH IPHUMEHEHUS
BOJIHOBO/IHASI JIMHUSL CBA3M MOJKET OBbITh BBINOJHEHA JKECTKOW WM THUOKOI.
JKecTkast MHMS BBIOJNHACTCS, Kak IPaBUIO, B BHUAEC EIMHOIO LEIOr0 C
IIOJBECKOU KPYTOBOT'O UM IPSMOYT'OJIBHOT'O CEYEHNUsI, BECbMA YCTOMYMBA B I10JI€
BUOpAIIMOHHBIX M YJIApHBIX BO3JEHCTBHI, €€ NMPUMEHEHUE LEeIeco00pa3HO B
TPAaHCHIOPTHBIX yCTaHOBKaX. ['mOKasg JNHHUS CBSI3M COJNEPKUT BOJHOBOA, B
Ka4yeCTBE KOTOPOr0 MCIOJB3YETCs IPOBOJIOKA pPaA3JIMYHOIO CEYEHUs, U
TpyOuaryio mnozaBecky. Ilpu ee HCHOIB30BaHMU CYIIECTBEHHO OCJa0IsIeTCs
OTpaHMYCHUE HA MeECTa YCTAHOBKM JAT4YMKA, YyBCTBUTEIBHBIA JJIEMEHT
KOTOpPOro MO HAampaBJIAIOIIEH TpyOe MOKET ObITh MOMELIEH MPAaKTHUYECKH B
mo0oi Touke obopynoBanus SADY. OcHoBHAs 00jacTh MPUMEHEHUS JaTYUKOB
¢ TUOKOM JIMHUEN CBSI3U - CTAlMOHAPHBIE YCTAaHOBKH.

B akycTryeckyro BOJTHOBOJHYIO JIMHHIO CBSI3M BXOJIAT: BOJTHOBOJI CBSI3H,
MoJIBECKa BOJIHOBOJA; Y3JIbI T€PMETH3AllMM BBIBOJOB BOJHOBOAA. BoiHOBOX
CBSI3H, Yallle BCETO, BBIMIOJIHSACTCS B BUJIEC CTEP)KHS WM JICHTBI, PEKE B BUIE
IPOJIOJIBHOTO pedpa Ha TOBEPXHOCTH TPYOBI, TMIIACTUHBI WIH UIHHIAPUIECKOTO
cTepkHs. MoryT OBITh HCTIONB30BaHbI U Apyrue KoHburypamuu (puc. 2.2). Poiab
BOJIHOBO/IA 3aKJIIOYAETCS B OpraHU3alliY HAIIPaBJICHHOTO IMMOTOKA aKyCTHYECKOM
sHepruu. [logBecka BOJIHOBOAA U Y3JIbI TEPMETH3AIMU O00CCIICUUBAIOT 3aIUTY
BOJTHOBOJIa CBSI3M OT BHEIIHMX  BO3JACHCTBUIN, TIPeXKAE BCEro, OT
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IeMII(pUPYIONIETO JACHCTBUS TEIJIOHOCUTEISI W KOHCTPYKTHUBHBIX 3JIEMEHTOB
YCTaHOBKH.

b
2 &

4 5 6

Puc. 2.2. KoHCTPpYKTHBHBIE 3JIEMEHTbI, HCII0JIb3yeMble B Ka4ecTBe
BOJIHOBO/IOB CBSI3HU:
I — cTepxeHb (IPOBOJIOKA); 2 — JIEHTA; 3 — peOpo Ha MOBEPXHOCTHU TPYOHI;
4 — pebpo HA TOBEPXHOCTH IUIACTUHBI; 5 — peOPO HA MOBEPXHOCTH LIIIMH/PA;
6 — moJioca, BCTpOCHHAas B TPyOy

JIuaus cBsI3W JOJDKHA oOOecrnedrBaTh 3a/laHHYI0 CKOPOCTh Iepefadyu
uH(popMaIuu ¢ MUHUMAJIbHBIMU UCKAKEHUSIMU Ha TPEOYEMYIO JUCTAHIIMIO TPU
BO3/ICHCTBUM TeXHOJornueckux ¢akropo ADY. Jlns peiieHus 3Toil 3aaauut
HEOOXOJIUMO HCCIIE/IOBATh 3aKOHOMEPHOCTH PACIPOCTPAHEHUSI AKYCTHYECKHUX
BOJIH B BOJIHOBOJIaX, YCJIOBHUE MPOBOJAKU aKyCTHYECKUX CUTHAJIOB Yepe3 Y3JIbl
repMeTU3allil, BJIWSHUE MOJBECKA M BHEIIHHUX BO3JCHUCTBUM Ha Iepenady
CUTHAJIOB U BO3HUKHOBEHHUE Mapa3UTHBIX KOJIEOAHUM.

2.2.2. 3aKOHOMEPHOCTH BOJTHOBOAHOI0 PACIIPOCTPAHECHUSA
YJAbTPa3BYKa B CTEPKHAX M IVIACTHHAX

B akycTruecKkux JIMHUAX CBA3U HaXOAAT NIPUMEHEHUE HOPMAJIbHBIE BOJIHBI
HYJIEBOTO TMOpPsSAKa: MPOJOJbHBIE, KPYTWIbHbIE W U3ruOHbIE. Teopus ux
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pacrpocTpaHeHusl puBeAeHa aBTOpoM B pabote [3], moaTOMy 3/ecCh AaroTCs
TOJIbKO OCHOBHBIE PE3YJIbTaThl UCCIETOBAHU.

B NUWIMHAPHUYCCKHUX BOJIHOBOJAX IIPOJOJBHBIC BOJIHBI OIIMCBIBAKOTCS

ypaBHenueM [loxrammepa [3]:

2B (=2 (0@ ) (Ba )ED(BR Y ofoa ) (Ba )
a (2.2)
AD4y2afJ, (aa )Jo(Pa ) HO,

= — )
23 <t ®c TOCTOSHHAs PACHPOCTPAHEHMUS,
rae o He /1o >

® _ y1HA BOJIHBL; ¢ _ (ha30Basi CKOPOCTh 3ByKa B BOJIHOBO/IE; ¢ _ KpyroBas 4a-

(2qu=\) & u
CTOTAa, ¢; H p - CKOpOCTB HpO,Z[OJ'IBHBIX BOJIH, . p _ CKOpOCTB CABU-

TOBBIX BOJIH; a _ paauyc BojHOBOona; QO - moctosaHHas Jlame; (J _ mIOTHOCTH

Marepuala BojiHoBoa; Jy, J _ dyHkius beccens.

DTO ypaBHECHHE UMEET TPU NMEPEMEHHBIC, TOIMMYCTUMBIC 3HAUYCHUS KaXI0N
U3 HUX OMNpenenstorcss IByMsi JpyruMu. OOBIMHO JITUMHU TIEPEMEHHBIMU

MOJIB3YIOTCA B Oe3pa3MepHOM Bujle U MPUMEHIOT kKoddduruent [lyaccona M,

4acTOTy pacupocTpaHeHust F=2fa/c., W TOCTOSHHYIO pacmpocTpaHeHus Yo.

31€Ch C¢r — CKOPOCTH IMPOJOJBHBIX BOJIH HYJIEBOTO MOPSAJIKA B CTEPKHAX MPH
%0,
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Puc. 2.3. /lucniepcuoHHbIe KPUBbIE I POAOJLHBIX BOJIH

B IMJIHHAPHY€CKHUX BOJIHOBOAAX

Ucnonb3yss OUCTIEPCUOHHOE YpPAaBHEHMS, OMNPEACISIIOT 3aBUCUMOCTD
IIOCTOSIHHOM paclpocTpaHeHuss Yo OT YacTOThl MIPH 3aJaHHBIX CBOHCTBax
MaTrepualia BOJHOBOJA U €r0 paanyca. TeM caMbIM HaXOJST B3aUMOCBSI3b MEXKIY
(ha30BOI CKOPOCTHIO aKyCTUYECKOW BOJIHBI M YaCTOTOW. YpaBHEHHE (2.2) UMeeT
OECKOHEYHOE YMCIIO KOPHEH, KPaTHOCTh KOTOPBIX C POCTOM [ BO3pacTaeT, ero
perieHue B OOJBIIMHCTBE CIy4aeB BO3MOXHO JIMIb YUCICHHBIMH METOJIAMHU.
XapakTepHbIN BUJI AUCTIEPCUOHHBIX KPUBBIX JJIs1 TPOIOIBHBIX BOJH MIPU

W=0,33 nmokasaH Ha puc. 2.3.

Boimensss B o0nacTh HU3KMX YacTOT MPOAOJIBHYIO BOJIHY HYJIEBOTO
MopsijKa, JIETKO BHJIETh, YTO OHA O00JaJacT MHHUMAJIBHOW JUCIIEpCUEH
(3aBUCUMOCTBIO CKOPOCTH 3BYKa OT YaCTOThI), SIBJIACTCS €AUHCTBEHHBIM THUIIOM
NPOJOJBHBIX BOJAH B ATOM 00JacTM M HMMEET MAaKCUMaJIbHYIO CKOPOCTh
pacnopocTpaHeHHus. OTH KadecTBa MO3BOJISIIOT A(P(EKTUBHO IOJABIATH
napasuTHble curHaIIbL. [IpocToTa BO30Y)eHNS B HUX aKyCTHYSCKUX KOJICOaHHMH,
MaJio€ 3aTyXaHHe, KOMIIAKTHOCTh W  TEXHOJOTMYHOCTh M3TrOTOBJICHUS
3BYKOIIPOBOJIOB MaJIOTO CEUEHHS CIIOCOOCTBYET IITMPOKOMY IPHUMEHEHUIO
MPOJIOJBHBIX BOJIH HYJIEBOTO TMOpsAJIKA B BOJHOBOJHBIX JaTYUKaX IS
JTMAarHOCTUKHU 00opyaoBaHus DY,

[IpenenpHOE 3HAYEHHE CKOPOCTHM BOJIH HYJIEBOIO TMOPSAKA MOXKHO
HOJIyYUTh M3 JAUCIIEPCHOHHOIrO cooTHOoLIeHus (2.2), monoxuB B HeM I <a<<l;

§} <a<<1, uro coorBercTByeT F'#0. [Iponenas HEOOXOAUMBIE IPEOOPA3OBAHMS,
oJIy4yaem
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Ll L
02 &k p2 Elyz@ Gl ik EDVZCDZ AD4a2y> H 0. (2.3)
IMozxcrasus B (2.3) COOTHOLIEHUS IS IIOCTOSHHBIX JlaMe, moay4um

2v E
T , (2.4)

160y 2B 1=0Q

AEp

rae £ _ monyns FOura; B _ monyns [lyaccona.

2aflaf/c.. ==~

0 0,1 0,2 0,3 0,4 [ |

Puc. 2.4. 3aBUCHMOCTB 4aCTOT 3alIUPAHUSA NPOAOJIbHBIX BOJH B
HWIHHAPUYECKUX BOJHOBOAAX OT Ko3(ppunuenta Ilyaccona

HerpyaHo nony4uts
207
v =

, (2.5)
E
OTKYy/la HEMOCPEACTBEHHO cieayeT ¢a3oBasi CKOPOCTb MHPOJOJIbHBIX BOJH B

CTEp)KHE
F
cH\V p Hc.. (2.6)

ITomydeHHoe npenenbHOe 3Ha4eHUE CKOPOCTH B BOJIHOBOJIE COBIIAJIAET CO
3HAUYEHHEM T'PYIIIOBON CKOPOCTU B CTEPKHSAX (CTEPKHEBOU CKOPOCTHIO).

VY nOpoaonbHBIX BOJH MEPBOrO MOPSJKA W BBIINIE CYIIECTBYIOT YaCTOTHI
Cpe3a, HWXKE KOTOPBIX HX paclpocTpaHeHHe mnpekpamiaerca. Ilpu sToMm
HOPMAJIbHBIE BOJIHBI BHIPOKIAIOTCS U KOJIeOATEIbHBIHN Mpoliecc OBICTPO 3aTyXaeT
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BOIM3M MecTa BO30YXKIeHUSA. BbhIOOp cCIleKTpa 30HIUPYIOIIMX HMITYJIBCOB C
y4eTOM 3TOTro (PakTopa TO3BOISET HCKIIOYWTh BO3HUKHOBEHHE ITapa3HUTHBIX
CUTHAJIOB, CBSI3aHHBIX C BO30YKJICHHEM MPOOJbHBIX BOJH BBICIINX MOPSIIKOB.
Ha puc. 2.4 mpencrtaBieHbl pacueTHBIE 3aBUCHMOCTH YacTOT 3allUpPaHUS OT
koadurmenta [lyaccona.

Oco0EHHOCThIO KPYTUJIBHBIX BOJH SIBISETCS HAJU4HE TOJIBKO OJHOU

KOMITOHEHTHI cmelieHuss Us. [lucnepCHOHHOE ypaBHEHUE KPYTWIBHBIX BOJIH
UMEET BU]I

2J, @ BaDaNBal, @ pa D 0. (2.7)
OHo omnpenenseT OECKOHEUHBIN psiJi KOPHEH, 3a71aBaeMblil COOTHOIIIEHUEM
cQPcFRp. I1epBele yeThipe 3HaueHus R, pasuel 0; 5,136; 8,417; 11,620. ITpu
§0,6=0 KOMIIOHCHTBI CMEIICHHS 3aITUCHIBAIOTCS B BUIE
U, H Brexp®,; @ vz MorQ 8. (2.8)

OTO pELIEHUE OINKCHIBAET KPYTUIBHYIO BOJIHY HYJIEBOIO IOpSAJKa, HE
00J1aJar01yI0 JUCIIEPCUEN, CKOPOCTh €€ PACIIPOCTPAHEHUS PABHA C.
KpyTuibHble HOpMalbHbIE BOJIHBI 00Jie€ BBICOKUX MOPSAKOB HMEIOT

JUCIICPCHIO, a IOCTOSTHHAS paclpocTpaHeHus Yo, CBI3aHa ¢ KPYroBOi 4acTOTOI
COOTHOILIIEHUEM

@ -, d
RPZEN(-(.-)_(DCTa 2 v @Eypa®2. (2.9)
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CelSpe \ \
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2’ 0 \\\
Gy
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1,0
0 1,0 2,0 2af/con

2af/c,,

Puc. 2.5. lucnepcuoHHble KPUBbIe KPYTHJIBHbBIX BOJIH
B HWJIMHAPHYECKUX BOJHOBOAAX

N3 (2.9) HETpyAHO MOJYyYUTh B3aUMOCBSI3b MEXIY (ha30BOM CKOPOCTHIO

KPYTHJIBHBIX BOJIH BBICHIUX ITIOPAAKOB U YaCTOTOM:
|

cd 2. (2.10)
INR, P
AN €€ 2naf
747\’

2:0>

U3 ycnoBus 3anupanus BoMHOBOAA Yo,~0 HAXOANTCS B3aMMOCBSI3b MEXKTY

JIMaMETPOM BOJIHOBOJIA U TPAHUYHOM YaCTOTOM:

Re—S 4 H 2« H <
(2.11)
T Jrp
XapakTepHbIi BHJ JUCHEPCHOHHBIX KPUBBIX [JI KPYTHJIBHBIX BOJIH
MMOKa3aH Ha puc. 2.95.

IIpu pacnpocTpaHeHUM KPYTWIBHBIX BOJIH IO BOJHOBOIY paAuaibHas
KOMIIOHEHTa JieopMaliid paBHA HYJIO, I[O3TOMY H3JIy4Y€HUE 3ByKa B
OKPYXKAIOIIYIO CpeAy HE TMPOUCXOIHT, CIIEAOBATEIIBHO, MOTEPU SHEPrUU
3ByKOBOM BOJIHBI BCJIEJICTBUE U3IIYYEHUS] OTCYTCTBYKOT. OTO CBOWCTBO
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KPYTWIBHBIX BOJIH MOXHO MCIIOJb30BATh B Ciydae MEPEJayd CUTHAJIOB I10
JUIMHHBIM HE3aILlUIIEHHBIM BOJIHOBOIAM, IIOTPYKEHHBIM B TEINIOHOCUTEND IPU
YCJIOBUM €r0 HU3KOW CIBUIOBOU BA3KOCTHU.

c. /et
F 1 F. 2 F 3
2,5
2,0 S N
15
1,0

0 0,5 1,0 25’;1}/}%5'"

Puc. 2.6. lucniepcoHHbIe KPUBbIE N3THOHBIX BOJIH
B HWJIMHAPUYECKUX BOJIHOBOAAX

JlucriepcMOHHOE ypaBHEHUE, ONMKCHIBAIOIIECE PACTPOCTPAHEHUE U3THOHBIX
BOJH IO HWIMHJAPUYECKUM BOJIHOBOJAM, Be€CbMa T'POMO3JAKO M €ro MOXKHO
MOJIYYUTh, UCIIOJIB3YSI MAaTEPUAJIbl. XapaKTEPHBIN BUJI JUCTIEPCUOHHBIX KPUBBIX
npu M=0,33 nokasaH Ha puc. 2.6.

Jlerko BUAETH, YTO U3rMOHAs BOJHA HYJIEBOrO MOPSAKAa UMEET HYJIEBYIO
4acTOTy cpe3a, IMIPHU KOTOPOU CKOPOCTh PacCIPOCTPAHEHUS BOJHBI 00paIaeTcs B
HyJib. [[JTaBHOE TTafiecHHEe CKOPOCTH 3BYKA MIPHU YMEHBIIECHUH YaCTOThI ITO3BOJISIET
BBIOMpaTh TpeOyemMoe BpeMsi 3aJIep)KKH  PACHPOCTPAHCHHUS HUMITYJILCOB
YJIbTpa3BykKa B YYBCTBUTCJIBHOM DJJIEMEHTE JaT4yWKa, HAOpUMeEp, A
obecrnieyeHusl pa3iesiCHUus CUTHAJIOB BO BpeMeHU. OHaKko OosibIasi AUCTIEPCHUs]
yJibTpa3Byka B 3TOM 00JIACTM 4YacTOT OTPAHUYMBAET MPUMEHEHUE TaKuX
BOJIHOBOJIOB.

I'pynmoBass CKOpPOCTh pacHpoOCTpaHEHUS M3THOHBIX BOJH HYJIEBOTO

NOpsIKA B MWJIMHAPAX B HU3KOYACTOTHOM 00sacTy (f#0) paBHa

cq/Ea%oZB \/ (i (2.12)
4p 2

da30Basi CKOPOCTh pPaBHA MOJOBUHE TPYIIIOBOM.
JIisl UAIMHAPUYECKUX BOJIHOBOJIOB WM3THOHBIX BOJH OOIIEro pEeIIeHUs
JBIDKEHUS B BHUJAEC KOHEYHOM cucTeMbl (pyHKIud He cymectByer [74]. B
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HU3KOYACTOTHOM  00JacTH, OTBEYAIOMIEW MPaKTUYECKOMY IPUMEHEHHIO
AKyCTUYECKUX CHUCTEM JIHArHOCTUKHU TEIUIOHOCUTENS, B TEX ClydYasX, KOrja
dbopma cedeHMsT BOJIHOBOJIa OJiM3ka K KBaJApaTHOM, 3aKOHOMEPHOCTHU
pACIPOCTPAHECHUSI HOPMAJIBHBIX BOJIH IIPAKTUYECKA HE OTJIUYAKOTCA OT
COOTBETCTBYIOIIMX  3aBUCUMOCTEH, TMIOJYYCHHBIX JUISI LHJIMHIPUYECKUAX
BOJTHOBOJIOB. BenmnuunHy MONPaBOYHBIX KOADPHUIIMEHTOB, KOPPEKTUPYIOIINX
3HAUYMMBIC IS pacueTa IMapaMETPOB CHUCTEMBI JIAHHBIC, MOMXHO MOJYYHUTh
AKCIIEPUMEHTAJIBHO.

B cnyyae npuMmeHeHHss B KadeCTBE BOJIHOBOJOB IIOJIOC MOJIb3YIOTCA
TEOpHUEH, OIUCHIBAIONIECH BOJHOBBIE MPOIECCHl B OECKOHEYHOUM IJIACTHUHE,
KOTOpasi yI0BJIETBOPUTEIHHO MOKA3bIBAET MPOIIECC Mepeaaun KojieOaHui, eciu
IIMPUHA BOJIHOBOJIa MHOTO OOJIBIIIC JUIMHBI BOJIHBI MJIM €0 Kpas IOKPHITHI
noryoruteaeM. HopMmanbHble BOJIHBI B IJIACTHHAX, IUIOCKOCTh KOJI€OaHUM
KOTOPBIX NIEPIECHAUKYJISIPHA IJIOCKOCTH IIJIACTUHBI U MapaJUIEIbHA HAIIPABJICHUIO
pacrpocTpaHeHus, €CTh BOJIHBI JIamOa.

“He

\ F, F; F;

2,5

1,5

/

1,0
0 0,5 1,0 Zélf/ om
af/c,

2af/c,,
Puc. 2.7. lucniepcuoHHbIe KPUBbIE MPOA0JbHBIX M U3THOHBIX BOJIH
B IUIacTUHE ToJIuHoi 0,3 mm nmpu moay.ie Ilyaccona 0,35:
Ly, Ly — ipo10JIbHBIE BOJIHBI; F), F'| — U3rHOHBIE BOJTHBI

[ToBeneHne AWCHIEPCHOHHBIX KPHUBBIX BOJH JI3mM0a  aHAJIOTHYHO
MOBEJICHUIO MPOOJIbHBIX U U3TMOHBIX BOJIH B CTEPXKHSX (pHcC. 2.7).

[Ipy manbpIx TONIIMHAX B IUIACTHMHE CYIIECTBYIOT JIBE€ BOJHBI HYJICBOIO
nopsaka. B mpomonbHOM BOJNIHE TpeoOiialaeT KOMIIOHEHTa CMEHISHHM
HampaBjCHHAas BJOJb IYTH pacOpoOCTpaHCHUsS, a BEJIWYMHA CMEIICHUH,
MEePIEeHIUKYJISIPHBIX TTOBEPXHOCTH BOJIHOBOJIA, B ¢/*h pa3 meHbie. CKOPOCTh
MPOJ0JIbHOM BOJIHBI B TIJTACTUHE
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Ca 014 1!:“?-1 a @2U<<:JDZHEP< -Elm DZ@ a ﬁlC@CTDZCD.

(2.12)

dazoBas CKOpPOCTH M3THOHBIX BOJIH HYJCBOI'O IIOpsAAKa CYIICCTBCHHO
3aBUCHUT OT HaCTOThI:

3@ 10 1)2654 ﬁ_@,ﬁl@ Dz@ :

cH*p
(2.13)

['pynmoBass ckoOpoCTh B IUIACTHHE, KaK M B CIydae CTEpP)KHSA, paBHA
yABOCHHOMY 3HAUY€HHIO (pa30BOM ckopocTH. HopmasbHbIe BOIHBI B HUIMHAPAX
U TUJIACTUHAX TOPSJIKA BBIIIE HYJIEBOIO MOSBISIOTCSA JUIIb MPU KPUTHYECKHUX
3HAYEHUSAX *h/c;, KOTJa TIONEPEUYHBIN pa3Mep BOJHOBOJA CTAHOBUTCS OJIM3KUM
K JJIMHE BOJIHBL. [IpW MOKpUTHUYECKHX TOJIIMHAX IUIACTUHBI BOJHBI BBICIIMX
HOPSAJKOB OBICTPO 3aTyXarOT. DTO CBOMCTBO BOJHOBBIX HPOLECCOB MOXHO
UCIIOJIb30BaTh B BOJIHOBOJAAX CBSI3U ISl IOJABJICHUS Napa3UTHBIX CUTHAJIOB.

2.2.3. Biiusinne TeXHOJIOTH4ecKUX (JaKTOPOB HA PACIIPOCTPAHEHUE BOJIH
HYJIEBOT0 MOPA/IKA B BOJIHOBOAAX CBA3M

PacnipocTpaHeHue aKyCTHHECKHMX BOJIH IO BOJHOBOJY COIPOBOXIAETCS
KojebarenbHOU Jedopmanueid ero OTIeNbHbIX Y4YacTKOB. Bo3Hukaromue npu
TOM TMOTEpU HHEPruu OOYCIOBJICHBI B OCHOBHOM BHYTPEHHHM TPEHHUEM,
TEIUIOMPOBOJHOCTHIO, & TAKXKE PEIaKCAIMOHHBIMU MpoleccaMu. 3aBUCUMOCTb
3aTyXaHMs MPOJOJbHBIX M KPYTHJIbHBIX BOJH OT YacTOThl B OOJIACTH HU3KHUX
yJIBTPa3BYKOBBIX 4acTOT (710 2-3 MI'11) HOCUT JTUHEWHBIN XapakTep:

So=bf, (2.14)

rae b _ ko3¢ UIMEHT NPONOPIIMOHATBLHOCTH.

3aryxaHue U3rHOHBIX BOJH MPAKTUYECKH HE 3aBUCHUT OT YaCTOTHI.
CylecTBEHHOE BIIUSIHUE HA MPOIIECC 3aTyXaHUs YJIbTPa3BYKOBBIX BOJIH B
METAJIJIE OKAa3bIBAET €ro KpUCTALUIMYECKas CTpyKTypa. OTKUT BOJHOBOJA W3

ctasm 0X18H10T B meun nipu temriepatype 600_7004C cHUMaeT BHYTPCHHHE
HaIPSDKEHUS, BCJICICTBUE YET0 3aTyXaHUE YMEHbIIIAETCS B HECKOJIBKO pa3 (pHc.
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2.8). Ilpuuem nuameTp BoJHOBOAA B auama3zoHe 0,5-1,5 MM Ha koddduimeHt
3aTyXaHUs IPOJIOJbHBIX BOJH MPAKTUYECKHU HE CKAa3bIBACTCS.

o, I/m

0,3 )y})'

o—-1

A—2

o-3
0,2 7

O O
0,1 °{°/V
P sy
0 200 400 600 800 f, kly

Puc. 2.8. 3apucuMocTh 3aTyXaHHMA NMPOI0JIbHOI BOJIHBI
HYJ1€BOI'0 MOPSIAKA B UJIHHAPHYECKOM BOJIHOBO/IE

auamerpom 0,8 mm u3 cranu 0X18H10T ot yacroTsl

Omnupuueckass ¢Gopmysia, ONKUCHIBAIONIAS 3aBUCHMOCTh  3aTyXaHUs
IPOJIOJIbHOM W KPYTWJIBHOW BOJIHBI HYJIEBOTO TOPSAKA B LHUJIWHIPUYECKOM
BoJiHOBOJI€ U3 cTanu 0X18H10T npu HopManbHOM TeMnepaType, UMEET BUT

ol B1,00N1,5Q10™47, (2.15)
rae [f]= k[, [So]=1/m. Koaddurmenr 3aryxaHuss W3rHOHBIX BOJH HYJICBOTO
nopsiika He 3aBUCHUT OT 4acToThl U paseH (0,06-0,15) 1/m.

[Ipn HarpeBaHMM 3aTyXaHHE BCEX BHJIOB BOJH BO3PACTaeT MPAKTHUUYECKU

nuHeHO 10 Temneparypbl 300_350 C, nanpHelIIee MOBBIIICHHE TEMIIEPATY]P
BeJIET K 00Jiee CYHIECTBEHHOMY YBEJIMUYEHHIO 3atyxaHus (puc. 2.9, puc. 2.10).

B yacTHOCTH, SMIMPUYECKHE COOTHOLIEHUS, ONMCHIBAIOLIUE 3aTyXaHHE
IPOJIOJBHBIX BOJIH B uamna3zoHe temrmepatyp 10 600 C, umeroT BuI

o 1,28<107% < B 1170,820<107 @ mpm =20-320%C;

o F10™4(1[=70,572 <10™7) £ mpu =320-600€:C;  (2.16)
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[f1= I'; [£]= =C.
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Puc. 2.9. 3apucumMocTb 3aTyXaHusl MPOAOJbHBIX BOJIH
HYJIEBOI0 MOPAIKA B HMJIMHAPUYECKOM BOJHOBO/AE OT
TeMIepaTypbl
(Iuametp npoBonoku:/, 3,5 — 0,5 mm; 2, 4, 6 — 0,8 mm)
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Puc. 2.10. 3aBucuMoCTb 3aTyXaHUsl M3THOHBIX U KPYTHIBHBIX BOJIH
HYJIEBOT0 MOPAIKA B HMJIMHAPUYECKOM BOJHOBO/IE OT YaCTOTHI:
1 — n3rulHbIe BOJHBL, 2 — KPYTHIIBHBIE BOJIHBI

CR})) Cmr’ '}n/c

c_, M/

mp?

2900 (— 5000

2700 — 4800

2500 — 4600

2300 4400

| | | 1 |
0 100 200 300 400 500 T,'C
Puc. 2.11. 3aBHCHMOCTh CKOPOCTH 3BYKa B HMJIMHAPHYECKHX
BOJIHOBOJAX OT TeMIIepPaTypbl
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Hpyrum 3ddexToM, CBsI3aHHBIM C HarpeBOM BOJIHOBOJA, SIBIISAETCS
NPaKTUYECKH JUHEHHOE YMEHBILIEHHE CKOPOCTH HYJIEBBIX BOJIH ITPU MOBBIILIEHUU
temrepatypsl (puc. 2.11). IIpu 3ToM cKOpOCTh MOKET MEHATHCS OYTH Ha 10%

B TemriepaTypHoM uHTepBaie 10 500 C.

2.2.4. IlogBecka BOJIHOBOJAOB U X 3aIIIUTA OT BHEIIHUX (AKTOPOB

Heo0xoquMoCTh BBEIEHHSI TMOABECKHM B BOJHOBOAHYIO JIMHUIO CBSI3U
BO3HMKAET, €CJIM JUIMHA BOJIHOBOJA MPEBBIIACT 1-2 M, WIH B Cilydae OCOOBIX
TpeboBaHUIl 1O BUOPOCTOMKOCTH HAartuuka. lIpeanokeHHbIE TEXHUYECKUE
pelIeHusl MOJBECKM BOJIHOBOAA CBSI3W B JIATYUMKE CUCTEMBI KOHTpoyst DY
OCHOBaHbI Ha UCIOJIb30BAHUU TMOAACPKUBAIOIINX BOJTHOBOJ 3JEMEHTOB B BUJE
OPYKUH, IITU(PTOB WK BTYJIOK C HEMETAUNIMYECKUM HamojHuteneM [49] umu
U3TOTOBJICHUS BOJIHOBO/IA 3a0/JHO C IOJBECKOI.

B IEpBOM ClIy4dae oOecrieunBaeTcs nepcaada I1mo BOJHOBOIAY JH000M

HOPMAJIbHOM  YJIbTPAa3BYKOBOM BOJIHBI, BO BTOPOM _  CYLIECTBYIOLIUE
TEXHUUYECKUE PEIICHUSI MO3BOJSIOT MPUMEHSTh TOJIBKO BOJHOBOJBI U3TMOHBIX
BoiH. Crenyer TakXke Y4YHWThIBaTh, 4YTO B YJIbTPA3BYKOBBIX CHCTEMax
JUArHOCTUKHU TEIUIOHOCUTENS Yallle BCEro, UCIOJIb3YIOTCS MPOJOJIbHBIE BOITHBI
¢ gactoit 300-1000 xI'n, orpannuuBaromyie 3¢ HEKTUBHBINA TUaMETP BOJIHOBOIA
BesmunHoM 0,8-2,0 MM.

Puc. 2.12. KoHcTpyKIIMSI BOJTHOBOAHO JIMHUHU CBSI3HU C MOABECKOM
U3 MOJIbIX BTYJIOK:
1 — BOTHOBOJ; 2 — HECyIue NPOBOJIOKH; 3 — TpyOKa; 4 — BTYJIKH;
5 — TennoCTONKas pe3uHa

B BOJMHOBOAHBIX AaTUMKAX C JUHUEH CBSI3W JMHONM 1o 15-20 M m
BOJIHOBOJIOM  MPOJOJBHBIX  BOJH  YJOBJIETBOPUTEIBHBIE  PE3yJIbTAThI
obecnieunBaeT ciaeayromas koHCTpykuus [49]. Huwnunapudeckuil BOJTHOBOA
nrameTpoM 0,8 MM MOABEPracTCs MPeIBAPUTEIBHOMY OTKHUTY, PA3MEIIAETCS 10
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CIIMpaJIA B TIOJBECKE, U3TOTOBJICHHOM M3 IOJIBIX BTYJIOK AuameTpoM 4<0,4 Mmm
C 3alpecOBaHHBIMU B HHUX TEIUIOCTOMKUMM PE3UHOBBIMH MPOOKaAMU, U

IIOMEIIIAETCS B TEPMETUUYHYIO TPYOKy auameTpoMm 81 MM (puc. 2.12). Brynku
JTUCTAHITMOHUPYIOTCS ¢ marom 200 MM TIpU TOMOIIM JIBYX HECYIIHUX ITPOBOJIOK
muametpoMm 0,8 MM. CrndpanbHas yKJIajgka BOJHOBOAA OCYILECTBISETCS
CMEIIIEHUEM OTHOCUTEIHLHO OCH CUMMETPUM OTBEPCTHUH JJIsl MPOX0/1a BOJIHOBO1A
BO BTYJKax M NOBOPOTOM KaXKIOW IOCIEIYIOIIEH BTYJIKH OTHOCHUTEIBHO
npenpiaymern Ha 90, Takoe pemieHHe oO0ecredYMBacT KOMITCHCAIIHIO
PACTATUBAIOIINX HAMPSHKEHUH B BOJTHOBO/IE TTPU THOAX M TEPMOKAYKAX, a TAKKE
BUOPOCTOMKOCTh JaTuWka B paboTe. 3aTyxaHue, BHOCHMOE TIOABECKOW B
BotHOBO Ha yactote 500 kI'1, cocraBnser 0,5-1,0 nb/M, monHOE 3aTyxaHue B
auHuM cBsa3u 1,0-1,5 nb/Mm.

Jpyras  KOHCTPYKUUS  BOJIHOBOJAHOM JIMHUM HMEET  IOJIBECKY,
M3TOTOBIIEHHYIO U3 TpyOKu nuamerpom 5<0,5 MM C 3ampecOoBaHHBIMH B Hee
npoOKaMu M3 TEIIoCcTOMKONW pe3uHbl (puc. 2.13). IIpoOku ycTaHOBIICHBI B
TpyOKy depe3 crenuralibHble na3bl B Hel ¢ maroMm 200 MM U 3auKCHUpPOBaHbI
nehopMUpOBaHUEM CTEHKH TPYyOKH. BOIMHOBOX pa3MellleH BHYTPU TPYOKH IO
CIIUpaJIH, aHAJIOTUYHO NPEAbIAYIIEeH KOHCTPYKIIHH.

s

i 2/ 3/ 4

Puc. 2.13. KoHcTpyKuus BOJTHOBOAHOM JTUHHUHU CBSI3H C TPYOUATOM MOABECKOM:

1 — BoHOBOJ; 2 — TpyOUaTas mojJBecKa; 3 — TpyOKa; 4 — TeIUIOCTONKasl pe3ruHa

PaccMmoTpeHHbIE BOJTHOBOJIHBIC JTUHUU CBSI3H MOTYT OBITH MCIIOJIb30BAHBI
TakXKe IS Tiepeaadn KpyTUiIbHBIX BOJH. OHU 00Ja4ar0T BBICOKON THOKOCTHIO,
YTO TMO3BOJIAT MOMENIATh JATYUK B KOHTPOJIUPYEMYIO TOUKY 000PYIOBaHHUSI 110
HampapJisitomei Tpyoe ¢ paguycom ruda mo 0,8 M. OTO Ka4ecTBO OCOOEHHO
BXHO /I OOECIECYCHHUS] UCKIIOUEHHS MPOCTPEJIOB PEAKTOPHOTO HU3ITYyUYCHUS
gyepe3 KaHal JUIsl YyCTAaHOBKH JaTYHKa.

JIJIsl TTOJBECKW BOJIHOBOJA M3THMOHBIX BOJIH TPSAMOYTOJIBHOTO CEUYCHHS
MPUMEHSIOT TIPYKUHY, OOBUTYIO BOKpYT BoJiHOBOjJa (puc. 2.14). KonebGanus
BOJTHOBOJIa M3THMOHBIX BOJH WMEIOT SPKO BBIPAKEHHYIO aHM3OTPOIHIO U TPHU
YCTPOWCTBE JWHUW CBS3W HA WM3THOHBIX BOJHAX HEOOXOAMMO HWCKIIOYUTH
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MOJDKUM DJIEMEHTOB IIOJBECKHM K BOJHOBOAY B HANPABJICHUH ILJIOCKOCTH
KOJICOaHU.

Puc. 2.14. KoHcTpyKuusi BOJTHOBOJAHO JIUHUHU CBSI3U €
BOJIHOBOJOM M3THOHBIX BOJIH NPAMOYT0JILHOIO CeYCHHS:
1 — BOHOBOJ; 2 — Py KUHHAs MOJBECKA; 3 — 3alllUuTHas TpyOKa

DTO HETPYyAHO OOECIEUUTh I IJIOCKOTO (JICHTOYHOTO) BOJHOBOJA.
CoxpaHeHre TMOKOCTH JIMHUU CBS3U C JICHTOYHBIM BOJIHOBOJOM JOCTHUTAETCs
CKpPYYHMBAHUEM €r0 BOKPYT OCU CUMMETPHUH C IIarOM, MHOTO OOJIBIIIUM JJIUHBI
BOJIH.

BonHoBoaHBIE JMHUM CBS3M HAa W3THOHBIX BOJHAX MOTYT OBIThH
U3TOTOBJICHBl METOJaMH OOpa0OTKHM Ha METAJUIOPEKYIIMX CTaHKaX WA C
UCIIOJIB30BAaHUEM CIIeIMaIbHOTrO Tpokara (puc. 2.15). B Takux KOHCTPYKIIUSIX
JIOCTUTAETCA BEChbMa BBICOKAS MEXAHMYECKAash MPOYHOCTb CUCTEMBI. JlaTumkw,
COAEpXkaIllMEe BOJHOBOJHBIC JIMHUM C BOJHOBOAAMH, HW3TOTOBJICHHBIMU Kak
€MHOE 1EJI0Ee C MOJBECKOM U 3alUTHOW TPYOKOM, Mpe/IHa3HAYCHbI, B TIEPBYIO
ouepenin, JUisl IpUMEHEHNs B 000pynoBaHuu TpaHcnopTHeIX ADY. Ha puc 2.15,
a, 6 TIOKa3aHbl KOHCTPYKIIMH BOJHOBOJHBIX JIMHUN W3TOTOBJICHHBIE METOJIOM

dburypHoro npokarta. Ha puc. 2.15, 6, 2, 0 _ npuBeieHbI KOHCTPYKIIUH, B KOTOPBIX
BOJTHOBOJIbI CBSI3M HM3TOTOBJIEHBI (hpe3epOBaHUEM TOHKOCTECHHON TPYOKH WIIH
crepxkHs. OHU (DAKTUUECKU SIBJISIFOTCS MTOJIBECKOM BOJTHOBOJA U MOMEIIAIOTCS B
3alUTHYIO0 TPyOKy. Ilpm HEoOXoaMMOCTH ToABECKa U TPyOKa COETUHSIOTCS
mtudtamu. B koHCTpykiuu Ha puc. 2.15, 0 u3rubHble KojieOaHUsI COBEpIIAET
TOJIKO BEpXHSS 4YacTh pedpa, B IEJIOM K€ pedpo  OCYIIECTBISET
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I/ISFI/I6HOKPYTI/IJ'IBHBI€ KOJIEOaHHUSI. I[I/ICHepCI/IOHHBIC XAPAKTCPUCTUKNU BOJIH B
9TOM CJIy4a€ Ka4CCTBCHHO HC OTJIMYAIOTCA OT U3I' NOHBIX.

0)

Puc. 2.15. KoHcTpyKuMu BOJTHOBOIHBIX JUHUI CBSI3H, M3TrOTOBJIEHHBIX
MeToA0M (UTypHOro MpoKaTa u ¢gpesepoBaHueM

2.2.5. I'epmeTn3anms ¥ aKyCTHYECKOE COTJIACOBAHUE BOJIHOBOI0B
CBSI3H

s oOecrieueHus paboTOCrOCOOHOCTH JaTyuKa BHYTpHU
SHEProo0OpPy/IOBaHUSI B HEM KOHIIBI BOJHOBOJA CBS3U JOJDKHBI OBIThH
COTJIaCOBAHBI C YYBCTBUTEIBHBIM 3JIEMEHTOM U MPpeoOpa3oBaTesieM, a BOJIHOBO/L
B IIOJIBECKE 3arepMeTU3UpOBaH BHYTpU Hecyuied TpyOku. Heobxomumo
YYUTHIBATh BIMSHUE TEMIEPATYpPHBIX (HaKTOPOB HA  XapaKTEPUCTUKHU
COIIACYIOIIUX JJIIEMEHTOB.

74



D¢ HEeKTUBHBIMU COTJIACYIOMIUMH U TE€PMETU3UPYIONIUMH YCTPOUCTBAMHU
SIBIIIFOTCS ~ KOHMYECKHE  COCAUHUTCIbHBIC  DBJIEMEHTBI,  I1O3BOJISIONINC
OCYHIECTBJISITh ~ MPHUCOEAUHEHUE  BOJHOBOJAOB MPOAOJIBHBIX  BOJH  [3].
CoeauHuTENbHOE YCTPOWCTBO B BHJE JBOMHOTO KOHyca MO 0Opasyroiei
MPUBApUBAETCs K KOHIY HeCyIledl TpyOKH, a BEpIIMHAMHU COCIUHSETCS C
BOJIHOBOJaMH (puc. 2.16, a).

Pe3ynbraThl 3KCHEPUMEHTANBHBIX HCCIEAOBAaHMN MO u3ydeHuro AUYX
KOA(PPUIIMEHTOB MPOXOXKJICHUS W OTPaXEHUS YJIbTPA3BYKOBBIX BOJIH Yepe3
TaKO€ COCAUHEHUE MPU BAPHUALIMM €r0 TEOMETPUUYECKUX PA3MEPOB NPUBEIACHBI
Ha puc. 2.17.

| |
{ ST \ ,y' Ng
L
]
1( T \—
\}_ - 1 - — LY
6 6)

Puc. 2.16. KoncTpykumu y3/10B repMeTH3alMU M COCANHEHUSA
BOJIHOBO/I0OB ITPOJ0JIbHBIX BOJIH:
a, 6 — HEpa3bEMHBIE COCAMHEHNS BOJIHOBOJIOB;
0 — pa3bEMHOE COEMHEHNE BOJHOBOJA C YyBCTBUTEIIBHBIM 3JIEMEHTOM
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Puc. 2.17. AYUX xapaKTepuCTHKH KOIPPUUHEHTOB MPOX0KACHUS U OTPAKECHUSA
YJAbTPa3BYKa Yepe3 COeJMHUTEbHOE YCTPOMCTBO BOJIHOBOAOB B BH/E
JABOMHOI0 KOHYCA:
a—60; 6 —30%; 6 — 10; MaKCUMaIIbHBINA JHAMETP 3 MM
YacToTbl pe30HaHCAa OMPENENAOTCS BBICOTOM KOHyca. BuiaHOo, 4TO C
yYMEHBIIIEHUEM YTJIOB pacTBOpa KoHyca criaxuBaercsi AUX koadduimenta
IIPOXOXKJICHUS YIbTPA3ByKa Yepe3 COCAUHEHUE, a €r0 3HaUEHUE BO3PACTaeT.

[Tpu yrie pactBopa 10 u MeHee KOI(DDUIMEHT MPOXOKIACHUS MPAKTUICCKH
paseH 1,0.

OnHoBpeMeHHO  Bo3pactaeT wu3pe3aHHocTh AUX  koadduimenrta
OTpaX€HHs, a €ero cpeaHee 3HayeHWe ymeHblaercs. HarpeB KoHyca,
BBIIIOJIHEHHOIO W3 CTajd, BEAET K IOHWKEHUIO YacTOT PE30HAHCOB C
OTHOCHUTENBHON CKOpOCThI0 2<10* 1/#C, uT0 HEOOXOAUMO YYUTBHIBATH IPH
UCIOJB30BAHUM  paboyeil  4yacToThl BONM3M  paJualbHOrO  pE30HaHca.
PanuanbHblil pe30HaHC KOHYCa ¢ MAKCUMAaJIbHBIM 1uaMeTpoM 3,0 MM HaXOAUTCS
Ha yactoTe 1250-1300 kI 11 u onpenensiercs no xapakrepHoMmy mpoBainy Ha AUX
koa(duimenTa MpoxXoXkKACHUS YIbTpa3Byka. YacTora pe3oHaHca cCBsi3aHa C
MaKCUMaJbHBIM IHAMETPOM KOHYCA 3aBUCUMOCTBIO

pz,os_Ez%/,os&Q.IA)\/jﬁﬂ_A H . nd
pﬁlﬁﬂ v nd 160 v
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CoenuHeHue TBOMHOTO KOHYCa ¢ TPYOKOU BBIMOJHSIETCS Yepe3 TUCKOBYIO
MeMOpaHy U KoJiblio (puc. 2.16). Peskue nepexoasl KOHYyC-MeMOpaHa-KoJIbIIO
CBOJIAT K MUHUMYMY YTE€UKY CUTHAJIa B 3alIUTHYIO TPYOKY. TONIMHY MEMOpPaHBbI
BBIOMPAIOT U3 YCJIIOBUSI IPOYHOCTH, U MPU PA3HOCTH JIaBJICHUN HA €€ CTOPOHAaX
no 20,0 MlIIa ona paBna 0,5-0,8 mMm. [l WCKIIOYECHUS BO3HUKHOBCHUSA
U3TMOHBIX PE30HAHCHBIX KoJieOaHWU MeMOpaHbl B pabouel MoJioce 4acToT €€

HIMpPUHA JOJDKHA ObITh orpannyeHa BennunHoi 0,1_0,3d.

Ecnu HeoOxomumMo HWMETh pa3beMHOE COCIWHEHHE JIMHUU CBSI3U C
npeoOpa3oBaTesieM WIM YYBCTBUTEIBHBIM JJIEMEHTOM, TO JABOWHOM KOHYC
BBITIOJTHSICTCS. Pa3pe3HbIM B BHJE JBYX IPOCTBHIX KOHHYECKHUX DJIEMEHTOB,
comnpsAraemMbeix ocHoBaHusMH [49]. ['epMerusanusa KOHycCa, COCTBIKOBAaHHOTO C
BOJTHOBOJIOM CBSI3M, C 3alllUTHONM TPYOKOW BBIMOJHSAETCS aHAJOTUYHO
BBIIEH3IIOKEHHOMY (puc. 2.16, 6). Jlnsg yiaydmieHHss W TeMIepaTypHOU
CTa0MWIM3allMd  aKyCTUYECKOr0 KOHTAaKTa MEXIy OCHOBAHUSIMU KOHYCOB
yCTaHABIMBAETCS TMPOKJIAJAKAa M3 MITKOro MeTramia (MeAau, HUKENs WIu
ATIOMUHUSA).

Bo MHOrmX ciiy4asx JIUMHTHPOBAaH JHAMETP, B KOTOPOM HEOOXOAMMO
TePMETU3UPOBATh BOJHOBOJ CBSI3M B 3alUTHOM TpyOKEe WM CTaBITCS
MOBBIICHHBIC ~ TPEOOBaHUS K  TMOJABICHHUIO  TAPa3WTHBIX  CHUTHAJIOB,
NPOHMKAIOIMIUX W3BHE K BOJHOBoAy. Torga MokeT ObITh NpUMEHEHa
KOHCTPYKIIMA, HcHoib3yromas dsddekr aemndupoBaHus  Mapa3sUTHBIX
KOoJIe0aHUM B 3aIIUTHON TPyOKe OOBUBKOM M3 Jierkoro Metaiia (meau) [50] wim
pe3uHONON00HBIM TrepMeTukoM (puc. 2.16, 6). B Heill koHyC OypTUKOM
IPUBApPUBACTCS K TOHKOCTEHHOM TpyOKe-Kanuuspy, BEPIITUHOM
NPUCOCIUHSICTCS K BOJHOBOAY. I[lOBEpXHOCTH Kamujuisipa TOKPBIBACTCS
nemmepom. YBenuuuBasi AJIUHY MOKPBITHS, MOXKHO JOCTUTATh MPAKTHYECCKU
CKOJb YrOJHO OOJIBIIOTO 3aTyXaHWs BOJH, PaCHpPOCTPAHSIONINXCS —TIO
KamuuIsipy, 4eM 00eCrieUrBaeTCs aKyCTHUeCKas U30JIALMS y3jia repMeTru3aluu
BOJIHOBOJIa OT mnomex. Hampumep, oOBMBKa MEIHBIM IMPOBOJOM MOJABISIET
nomexy Ha 1400 n1b/m Ha yactoTe 400 kI'11. IIpu HEOOXOUMOCTH HA OCHOBAHUM
KOHYyCa YCTAHABJIMBACTCS JUCKOBBIM IbE30AJIEMEHT, T. €. (opMupyercs
AJIEKTPONpeoOpa3zoBaTelib 1aTUMKa.

CoenuHUTENBHBIE 3JIEMEHTHI Ha OCHOBE KoHyca (puc. 2.16, a, 0)
MPAKTUYECKH HE MPOMYCKAIOT U3THOHBIE BOJHBI U MOTYT OBITh MCITOJIH30BaHbI
KaK (UIBTPHI, MMOIABIISIIONINE TTapa3UTHBIC N3rHOHbBIC KOJIeOaHUs B BOJTHOBOAAX
POJIOJIbHBIX BOJIH.
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['epmeTH3aniys BOJTHOBOJIOB U3TMOHBIX U KPYTHJIHBHBIX BOJIH BBIMOJHSAETCS
Opy TOMOILIM JIBYXCTYNEHYATOro IMJIMHApPUYECKOro syiemeHta (puc. 2.18).
TOHKOCTEHHass 4YacThb LWIMHIApPA JIAa3€pHOM CBAapKOM NPUCOCIMHACTCA K

BOJIHOBO/1Y, a YTOJIILIEHHAs! _ K 3alIUTHOHN TpyOKe.

R g

Puc. 2.18. Koncrpykuus y3Jia repMeTH3anuu
BOJIHOBO/JA N3rMOHBIX BOJIH

JIs UCKITIOYEeHUST BO3SHUKHOBEHHUSI MAapa3UTHBIX PE30HAHCOB B pabouem
JIAAIa30HE YaCTOT JJIMHY TOHKOCTEHHOM YaCTHU UWIMHIAPA CIEAYET OTPAaHUYUTh
BEJINYMHOU

U3T
C

’X- 2 (2.15)
4f

T'AC Cysr — CKOPOCTD M3rHOHBIX BOJH B TOHKOCTEHHOM MUJIKMHIPC.

CormacoBanue BOJIHOBOIOB CBA3HM € BOJHOBOAHBIMHU YYBCTBHTCJIbHBIMH
BJIEMEHTAMH 00ECIICUMBACTCS PaBCHCTBOM HUX CEUCHHUI B MECTE COCIHMHCHMA.

2.3. IIpyHUMIIBI IOCTPOEHUA BOJHOBOAHBIX YYBCTBUTEIbHBIX
3JIEMEHTOB JIaTYUKOB KOHTPOJIA TelioHocures S19Y

2.3.1. Ha3dHayeHHe 4YyBCTBUTEJIbHBIX 3JIEMECHTOB

B 3aBHUCMMOCTH OT IIOCTaBJIEHHOM 3aJayud YyBCTBUTEIbHBIA JJIEMEHT
SIBJISIETCS. AKYCTUYECKHUM COIJIACYIOLIUM JJIEMEHTOM MEXKIY BOJIHOBOIOM CBS3U
U KOHTPOJHUPYEMBIM OOBEMOM  TEINIOHOCHUTENs JIMOO  YCTPOHCTBOM,
IIOMEIIEHHBIM B U3MEPAEMYIO0 «TOUKY» MOTOKA, AKYCTUUYECKUE XAPAKTEPUCTUKU
KOTOPOTO (YHKITMOHATILHO 3aBUCSAT OT KOHTPOJIUPYEMOTO TTapaMeTpa. B kaxxaom
U3 3TUX CIy4acB HEOOXOJIUMO 3HAHHE 3aKOHOMEPHOCTEH BIUSHHS MapaMeTpPOB
TETUJIOHOCUTEIS HA AKYCTUUYECKUE XaPAKTEPUCTUKU YYBCTBUTEIBLHOIO AJIEMEHTA.

TpaIUIMOHHO HCIIOJIB3YEMBIE B KAYECTBE YYBCTBUTEIBHBIX JJIEMEHTOB
JATYUKOB MEMOpaHa, pyrnop, TOpell CTEPKHS UMEIOT OrPAaHUYEHHOE PUMEHEHUE

78



B TpuOOpax sl SJIEPHOM DHEPreTUKH BCICACTBUE 3aTPYJHEHUN MpH
pa3MelIeHu B 3aTECHEHHOM O0BEME U M3-3a TPYJAHOCTEH COTJIAaCOBAHUS C
npeoOpazoBaresieM U TeroHocuTeneM. llepedyucieHHbie y3ibl OTHOCSTCA K
KaTerOpUU COCPEJOTOUCHHBIX u3myuyarened (nmpueMHUKoB). CylieCTBEHHO
OOJBITUMU  BO3MOXKHOCTSIMA ~ 00JIaJJal0OT  BOJTHOBOJHBIC  YYBCTBUTEIHHBIC
3JIEMEHTBI, KOTOPBIE SBJSIOTCS PACIPEACICHHBIMU I0 JJIMHE HW3JIy4aTeIsIMU
(mpuemHuKamMu). BeIOOPOM IJIMHBI BOJTHOBOJHOTO YYBCTBUTEJIHHOTO AJIEMEHTA
MOYHO PETYJHUPOBATh AaKYCTHUYECKYIO CBS3b €r0 C KOHTPOJIUPYEMOM CpPENIOH, a
HEOOJIBIION MONEPEUHBIN pa3Mep MO3BOJISET pa3MellaTh B BEChMa 3aTECHEHHBIX
YCJIOBHSIX, HAIIPUMEP, B MEKTBAIBHOM IPOCTPAHCTBE. JIErko Takxke peuraercs
3a7ja4a aKyCTHUYECKOTO COTJIaCOBAHUA C BOJTHOBOJIOM CBSI3H.

BonHOBOIHBINM YyBCTBUTENBHBIA 3JIEMEHT, U3TOTOBJIEHHBIA U3 OCHOBHOTO
KOHCTPYKIIMOHHOTO MaTepuana, BECbMa YCTOMYMB KaK K BO3JCHCTBUIO
PEAKTOPHOI0 U3JIyYEHHUS, TaK U ITOJIF0 BBICOKUX TEMIIEpATyp U AaBlIeHUM. Tak xe
KaK ¥ BOJIHOBOJIbI CBSI3U, BOJTHOBOJIHBIE UYBCTBUTEIBHBIC SJIEMEHTHI MOTYT OBITh
W3TOTOBJIEHBI B BHUJI€ JKECTKOM KOHCTPYKIIMH, YTO BEChbMa BAXKHO B JIaTUMKAX
KOHTPOJIS JUIsl TPAHCIIOPTHBIX DY

BonHOBOHBIE YYBCTBUTEJBHBIE AJIEMEHTBI MOTYT BBICTYNAaTh B POJU
u3iyyarenss (MpUEMHUKA) yJIbTpa3Byka WJIM TPOOHHMKOM B  TOTOKE
TEIUIOHOCUTENIA, BO BTOPOM CIIy4yae ImapaMeTpbl TEIUIOHOCUTEIST ONPEACISIOTCS
110 U3MEHEHUIO 3aTyXaHUs YJIbTPa3ByKa, BDEMEHH PaClpPOCTPAHEHUS] UMITYJIbCA,
¢$ba30BOMy CIABUTY M JIPYTUM XapaKTepUCTHKAM YYBCTBUTEIBHOTO JJIEMEHTA,
MOTPY>KEHHOT'O B KOHTPOJIUPYEMBIIl 00bEM TEIIJIOHOCUTES.

2.3.2. Bansinue KOHTAKTA BOJHOBO/1A C :KUAKOCTBLIO
HA PacnpoCTpaHeHUE B HEM YJbTPa3ByKa

JlucnepcCMOHHOE COOTHOIIEHWE I8 LWIMHIAPUYECKOTO BOJIHOBOJA,
COBEPIIAIOIICTO MPOAOJIBbHBIC KOJICOAHUS B HEBSI3KOM KUAKOCTH, UMEET BUJI [3 ]

— 200 (B =T y)Si(wa)i(Bia) 60 (B2 @0 yi2)Jo(aa)/i(Bia) [=]

a
(=1 pm k2 < HH, o0 & B aka D D< apr <(Br2 =] yi2)Si(aia)/i(Bia) 60 (2.16)

@ 4’Y12(X1B1J1((1161)< J()(Bla) 7 ] 0,
2

2
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2 N 2 » N 2

rae ol €€>_ g A 71; BiHEY € o AN 71; Yo1=¢/c1 -

IIOCTOSIHHAsA pacHpOCTPaHCHHSA BOJH B HUJIMHApPE, HOIPYKEHHOM B KHIKOCTB;
ke k,2 @0y,> - TOCTOSIHHAS PACIPOCTPAHEHUS BOJIH IO MOBEPXHOCTU BOJHOBO/A;
k,,=*/c,, - TOCTOSIHHAsI PACIIPOCTPAHEHUS BOJIH B )KUJKOCTH; C;, - CKOPOCTDH 3BYKa
B xxunkoctu; Hy, H; - pyHkuuu XaHKels BTOPOro pojia HYJIEBOIO W MEPBOTO
HOpS/IKA; a - Paiuyc BOJIHOBOA; (1, - TIIOTHOCTH KUIKOCTH.

OTnanyue NOJIyYEHHOrO COOTHOLIEHWS OT JWCIIEPCUOHHOTO YpPaBHEHUS

[ToxramMmepa (2.2) 3akiir04aeTcs B MOSIBIICHUU JIOTIOJHUTEIBHOTO CIaraéMoro.

B ciydae TOHKMX BOJHOBOAOB 26,a<<l, d)1a<<l, wucnonssys
ACUMIITOTHYECKOE pa3yiokeHue sl pyHKuuid beccens mpu Manom aprymeHTe
(Jo(z)= 1, J(z)=z/2), nonydaem:

o2(Br2 = y12) @D (Br2 A0 y12)2 [Z] pm2a < H@ka®D < (B2 [=] y12)auz A0

2kp H, & ka @D (2.17)
A0 4yi2001 H 0.

Kopuu gucnepcuonnbsix ypaBHenuit (2.16), (2.17) Yo, sBasroTcs
KOMITJIEKCHBIMH. JlefiCTBUTEIbHAS YacTh JaeT (Pa3oBYyIO CKOPOCTh, MHUMAS -
aMIUTUTYTHBIN ko3 duninent 3atyxanus. [{ns onpenenenus $ha3oBoil CKOPOCTH
U K03 duleHTa 3aTyXaHus UCIOIb3yeM MPHUOIMKEHHBIH METO/, B KOTOPOM B
KauecTBE HYJEBOIO MPUONIKEHUS BO3bMEM pEIICHHE [IJIi BOJHOBOJIA CO

cBoOoaHbIMU Tpanutiamu ((3,,=0).

[Tonaraem Yo ;=Yo+% (|¥|<<Yo), rae Yo=¢/c _ KOpPHH JUCIIEPCHOHHOTO
ypaBHEHHUS HYJIEBOTO MPHUOIMIKCHHS.

s ®| o= ja, (2.18)

rae £ _ mompaBKa K IMOCTOSHHOW pacmpocTpaHeHus; S5 _ KO3 QUIMECHT
3aTyXaHUsl.

Hcnonb3ys pasinoxeHnde (C y4eToM cooTHomeHui Mexay 2951, &, Vo)

MOHO 3anucats v, Bly? [Z12y$; o2 B2 002y ; B2 H p2aD2ys 2.19
a
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rne 6 u § _ COOTBETCTBYIOIIME IOCTOSHHBLIE DACIPOCTPAHEHUS IS
CBOOOHOIO BOJIHOBO/IA.

Nx moncranoBka B ypaBHeHuE (2.17) W COKpallleHHE YJIEHOB BTOPOTO
NOPSIIKa MAJIOCTH JIaeT

ca B[] yz®_ p"o’a H'@ ka@. (2.20)

o —
S H A2y @y, 302 42D < 2kp < BB haD
B coortHomennn A V;mz 69712 BeIMUUHY Ylo; MOXHO TOJIOXHUTh paBHOH Y.

BripazuB Bxopsiue crojia BeIUYUHbI yepe3 MoayJib FOHra E u xosdduuueHt

[Tyaccona M, HECJIOKHO MOJIYYUTh

o | ah DY < pmm2<H0W.

(2.21)
E  k H@®kk®D
st paznenenust pyuxuuu Hy(ka)/H,(ka) Ha neiCTBUTEIBHYIO 1 MHUMYIO

HaCTH 3alIuiiacMm €€ B BUC
H@kaDJ, B ka@cn jN, @ ka®

H, (2.22) H,'& ka®
JlﬁkaCDSDleﬁka@

rae Jo, J1 u Ny, N; — byukuuu beccens u Heiimana neiicTBUTENIBHOTO apryMeHTa

MIEPBOI0 ¥ BTOPOTO MOPSIIKA.

3T0 AacT Hoﬁkd@ Joﬁ!ka@< JlﬁkaCDEl Noﬁka@<

Nfﬁ‘ka@
| =

H, =Y 210) JF@ka@EI leﬁ'ka
2 ) (2.23)

@
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Ej nka leﬁ!kalgl leﬁka@ %
Bun dbyukiuit b(ka) u d(ka) npusenen na puc. 2.19.

0sl- o4 P ,/ —<“’/
[\

0,6~ 03

b
04 0,2 / /
027 0,1 V

0 0 1 2 ka

Puc. 2.19. 3aBucumocts pynkuuii a u b or napamerpa ka

IloBeacHuEe BEIMYUHBI § IIpu OOJBIINX U MaJbIX 3HAYECHUIX mapamMcTpa

a<k MOXHO HCCJIEeI0BATh, PACCMOTPEB aCUMITOTHI oTHOInenust Hy(ka)/H, (ka).
[Tpu ak<<1 [81]:
2 1
H@&k@O1=jIn
n k<a
(2.24)
1 2
H @ ka@ O _kal=) J—.
2 nka

[TosTOMy ¢ y4eTOM BBIpaXCHHUs JJIsi MOCTOSHHON pacmnpoctpaHeHus Yo B
CTep)KHC MOXHO 3aI11ucaTtb
N = .
| POV, e T, (2.25)
Ec., = ka 2
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Otcroma criemyeT, 4TO BO3ACHCTBUE TEIJIOHOCUTENS Ha BOJIHOBOIHBIN
YyBCTBUTEIBHBIN 3JIEMEHT MPOIOIBHBIX BOJH MAJIOTO JTHAMETPa 3aKIH09aeTCs B
s dexTax MoriIomeHns yiIbTpa3ByKa U YMEHBIIICHHS CKOPOCTH 3ByKa B HEM.

YMeHbIIICeHHE aMIUTUTY/IbI YIIBTPa3ByKOBOW BOJHBI B BOJHOBOJE JJIMHOM [
ompenensiercs popmynon

N 1 a’ov? A
UEU, <exp@ o/ DHEU, <exp€ €N 9 < Frerpal2y . (2.26)
>
[TonmpaBka K CKOPOCTH MPOAOJIBHBIX BOJIH
a2M2V2Ccr wa
ScppH_ <p,ln__. (2.27)
E Cer

OTMeTHM, YTO YyKa3aHHbIE BEJIMYHMHBI JIMHEWHO 3aBHCAT OT IUIOTHOCTH
TEIUTIOHOCUTEIS, OKPYKAOIIETO YyBCTBUTEIbHBIN 3JIEMEHT.

Ouenka abcomoTHbIX 3Ha4eHHl U/Uy 1 $cyp B IPAKTUYECKH PEAIN3yEMOM
cily4ae Morpy>KeHHsi YyBCTBUTEIBHOTO AJIEMEHTA U3 CTaJIN TUaMeTPOM

Imm u utmHOM 1 M B Boay Ha yactote 50 kI'n maer Bemmumnsl U/Uy=0,36104,

$cnp=0,01 m/c.
W3mepeHne Takux HEOONBIINX BEJIMYUH MPEACTABIET CIIOKHYIO 3aJauy,

MO3TOMY NpPaKTHUYECKU 00Jee MHTEPECHO MoBeaeHue < npu ka>>1. [{ns sroro
ciayyas [S1]

i 2
Hoﬁka Y ka exp¢¢RﬁDjN(--)ka@ _md S ymex,

[ 2
T[<k a

H B ka@ DexpAWRAD j <ND €kadl _ 3471 A oo,

(2.28)

IO3TOMY
an*v’p,,y aw*v’p ¢

sdjod; £k Edc aod;
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22mCm (2.29) amvp
<
Ec,

3aTyxaHue yIbTpa3Byka B BOJIHOBOJIC€ [JIMHOW [ B TEIJIOHOCHUTEIE
OIMCBIBACTCS BBIPAKECHUEM

N g@2pmem A

UEU, <exp@ @No/D DU, <exp€ DM . Feer

17473 (2.30)

B oTiname oT mepBoro ciaydas 31€Ch OTCYTCTBYET MomnpaBKka K (ha30BOM CKOPOCTH
22 BuaHo, 4To K03 (UIMEHT 3aTyXaHHsl YIbTPa3BYKOBBIX MPOOJbHBIX BOJIH B
BOJTHOBOJIE, MOTPY>KEHHOM B KHUJKOCTh, MPOMOPIIMOHAJIEH €ro pajauycy,
aKyCTHUYE€CKOMY BOJIHOBOMY CONPOTHBJICHUIO OKPYXaroIIeh cpelbl (Tak Kak
Cer”>>Cp,°) M KBAZIPATY YACTOTHI.

Pacder ocnaGinenuss ynabTpa3sByka B BOJHOBOJHOM UYBCTBHUTEIBHOM
3JIEMEHTE U3 CTAIM B Boje AuaMmeTpoM | MM mnmuHoM 1 M Ha yactore 500 xI'n
naet BenmmunHy U/U,=3,8, 4TO Ha MATh MOPSIAKOB OOJBIIE paHEe MOJTYUYSHHOTO
3HAYCHMUS.

Takum o00pa3oMm, MpPaKTUUECKOE MPUMEHEHHE BOJHOBOJAA MPOJOJIHHBIX
BOJH B KAayeCTBE YYBCTBUTEIILHOTO AJIEMEHTA II€JeCO00pa3HO Ha BBICOKHX
gacToTax. [IpudemM momkeH HCIOab30BaThes 3P (HEKT 3aTyXaHHs YIbTpa3BYyKa,
BBI3BAHHBIN U3JTyYEHUEM YJIbTPa3BYKa B XKUIAKYIO CPEly TETUIOHOCUTEIIA.

Jns  uccrmenoBaHUs BIMSHMSL TEIUIOHOCHUTENST HA PAacCHpOCTpPaHEHUE
U3TUOHBIX BOJIH HYJIEBOTO TIOpSiAKA B TMOTPYKEHHOM  ITUIMHIPUICCKOM
BOJTHOBOJIE BOCIIOJIb3yEeMCsl YPAaBHEHUEM JIBUKEHUS, OJyYEHHBIM B padoTte [3],

2., O
.B,ka

& me? (=1 Elyt & py "2 < 1), ka @, (2.31)

rne m=00ad’ - nuneiinas macca Bonmuosona; /=Oa*/4 - momenT uHepHUM

OTHOCUTEIIbHO  HEUTpPaIbHOM  IUIOCKOCTH; :?6120701 - IIOCTOSIHHas
. k 2 2.
pacnpocTpaHeHUs: U3TMOHBIX BOJIH B IIOTPYKEHHOM BoJiHOBOC; kMl ", A0y ™ ;

k,,=*/c,, - TOCTOSTHHAsI PaCTPOCTPaHEHUS BOJH B TEIJIOHOCUTETIE.
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Jlis cBobogHoro BosHoBoaa [(1,=0. PaccMarpuBas 3TOT ciydail Kak
HYJIEBOE TIPUOIMKEHUE, 3aITUIIEeM

4 mo? 4o’

Y | L/ d Cern (232)

rae Yo=*/cy; - MOCTOSIHHAS PACPOCTPAHCHUS M3TMOHBIX BOJH B CBOOOTHOM
BOJIHOBO/IE.

[Toncrasiisisi mocieaHee paBeHCTBO B ypaBHeHuE (2.31), nonyyaem

L
k& vy, eh y“@ |k, (2.33)
O, a0 H, B ka@ pm\Oo“Hlﬁka@
rae p = s < = s<

Elk, H @k pak,H @ ka@

Pemenue ypaBuenus (2.33) MOKHO NPEJICTABUTh B BUJIE CTETIIEHHOTO Psiia
otHocurenbHo Q. Eciim O<<1, To MmoxkHO cunurarth Yo;=Yo+$, rae aHaJIOrHYHO
(2.18), 3=L2+/95, <<V,

[ToacranoBka 3Hauenuii Yo; 1 Q B cootHomenue (2.33) maer

p"y H! Y 2A®)
s ®| M 4pa < k< H,, '@ kaQ . (2.34)

Jnst  nanpHEWIero aHajau3a pacCMOTPUM TOBEACHHE (DYHKUUU TIpH
Pa3IMYHBIX 3HAYCHUAX apryMeHTa. Pa3iernss 1efiCTBUTEIbHYI0 U MHUMYIO YaCTH

dbyHKkIui XaHKems, MOKHO 3anucath [82] H, Bia® J, BiadD< Jllﬁka@El
Nlﬁka@< Nﬂﬁka@

d =]
H B ra® Q) B ® = @N B 8
J @kaD
=/ Q<N
BB 0T N Bk O< B 1 Bk D. (2.35)
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J] ﬁka@ E N1 ﬁka@
Bun dbyukiuit e(ka) v g(ka) npusenen Ha puc. 2.20.

g€
/(g

0,8 /

LN

YA

0,2 U —

0 1 2 ka

Puc. 2.20. 3aBucumocts pynkuuii ¢ u / or napamerpa ka

Hccnenyem moBefeHHE BEIMUYMHBI S MpU OOJIBIIUX M MaJbIX 3HAYCHUSX
aprymenTta k<a. CorilacHO aCHMITTOTHYECKMM pa3jokeHusM (yHKIui beccens

pu k<a#¥0, Haxoaum [82]

ka 2
H@kQd=,
2 ntka
| 1 2 (2.36)
H, 2O =
j o2, 2
@ ka@

YTO MPHU MOJICTAHOBKE B (2.34) naet

P ® P, 'roaza 2ma N pﬂwn ®
¢ | 4p <Yea 0 < 8p <KW o 61 co <€ €D 1 4p 2 9%9<

Cad , (2.37)
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VR

PaccmoTpuM moBeneHuWe U3rMOHOM BOJHBI  TIPU  JEHCTBUTEIBLHOU

BEIIMYHNHC

ka @Y cha @0 2coaa KN€E €D 1= pdp, w2 N2,

m

T. €. IIPU BBIITOJIHCHUHN YCJIOBUA

CQ2NGIE| p£&QQ2 WA Cusr

fa@ <€ 4p% 90(:1‘9

B stom ciyuae, kak BugHO U3 (2.37), monpaBka K MOCTOSSHHON paclpOCTpaHEHUS
Yo neHCTBUTENBHOE YKCIO, TO €CTh BIMSHUE TEIUIOHOCHTENS Ha HM3THOHBIC
KOJeOaHusl, PACHPOCTPAHSIOMIUECS] IO BOJHOBOJAHOMY YYBCTBUTEIBHOMY
AJIEMEHTY, HOCUT MHEPLIMOHHBIN XapakTep, 3aTyXaHue oTcyTcTByeT. [lompaBka
K CKOPOCTH paclpOCTPAHEHUsS TPYIIIOBBIX BOJH OTPHULIATEIbHA WU JIMHEWHO
3aBUCHT OT INIOTHOCTHU TETUIOHOCUTEIISA:

200 o Ve Y (2.38)

P~ Cer

D

‘?CWHED za 2p<7|:

v
Muumass yactb ¥ B cooTHomieHWH (2.37) Takke oTpulaTelabHas H

HE3HAYUTEIbHAS 110 a0CONIOTHOW BEIWYWHE IO CPABHEHUIO C JICHCTBUTEIIBHOM
4acThl0. DTO CBHUJETEJIBCTBYET O TOM, YTO aMIUIMTYJla BOJHBI HECKOJIBKO
BO3PAaCTACT 32 CUET YMEHBIICHUS €€ JIJTUHBI.

OrnieHka aOCOIFOTHOTO 3HAYEHUS $Cyy/Cpsr B TIPAKTUUECKU PEATU3YEMOM
clydae MPUMEHEHHS] YyBCTBUTEIBLHOIO 3JIEeMEHTa U3 cTainu auameTpom 0,4 Mm
Ha yactote 400 kI 11 B BOAE JaeT BEIUYUHY

$ Cusr Pm
__ HefD =0.032.
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Cusr 4p

Takoe CyILIECTBEHHOE HM3MEHEHUE CKOPOCTH JIETKO IMOANAETCS U3MEPECHUIO C
IIPUEMIIEMON TOYHOCTBIO.

€ €

Ipu  Cusr Hc, < N [=] 4p<ﬁp5‘m§% BIUSHUE JXUIKOCTH HAa

U3TrHOHBIC KOJICOAHUS P

BOJIHOBOJAa HOCHUT HCKIIIOYHUTCIIBHO I/IHCpI_II/IOHHBII\/’I XapaKTCp, aMININTYla BOJIHBI
HC MCHACTCA.

A
U, nakoHen, npu c,, Gc,<€EN=>1[=] 4p Up Ry W3TMOHBIE BOJIHEI

MPETEPIEBAIOT KaK

3aTyXaHHe, TaK U AUCIepcuro 3Byka. [locTosiHHas pacnpocTpaHeHus: k — MHUMAsI
BEJIMUMHA, U U3TyYCHUE 3ByKA B CPEAY OTCYTCTBYET.

Takum 00pa3oM, BOJTHOBOJHBIA YYBCTBUTEIBHBINH 3JIEMEHT HAa HHU3KHUX
4acTOTaX HE MOYKET MCIOJIb30BaThCA KaK M3JIy4yaTellb 3ByKa B TEIJIOHOCHUTEb,
HO BechbMa 3(G(PEKTHBEH B KayeCTBE MPOOHOTO 3JIEMEHTAa, YYBCTBUTEIIHBHOTO K
IJIOTHOCTH OMBIBAIOIIEN €r0 CPEJIbI.

B npyrom cnyuae, npu ka>>1, umeem

B, O
H, & ka5 3 (2.39)
N
Hfﬂ'ka@

Otkyna cienyer

s jod;

Ecimn, xpome ToOro, BBIMONHSETCS ycioBue faXc,, TO OKOHYATEIHHO

IoJIy4aeM

o (2.40)
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4pa<Nnfac,,

To ecTh B 3TOM Cily4yae MOrpyKEHNE BOJITHOBOJHOTO YYBCTBUTEIIBHOTO 3JIEMEHTA
B TEIUJIOHOCUTEIh MNPUBOAUT K 3aTyXaHUIO B HEM KoJICOAHUI BCIEACTBHE
u3TydeHuss 3Byka. OcnalneHue amIUTMTYJIbl WM3THOHOW  BOJHBI  TIPHU
pPacpOCTPAHEHHUH IO CTEPKHIO JUIMHOM / 3a CUET BIMSIHUS OKPY KAIOILIEH €ro
AKUJKOCTH

EH &oexpN(-ﬁz 4pap<’”cnmfacl CT&I&Q%.

(2.41) >

PaccmarpuBas ciydyail mpuMEHEHUsI YyBCTBUTEIBLHOTO DJIEMEHTA U3 CTAIH
nramerpoM 2 MM minHOM 100 mm Ha wactore 400 kI’ B Boae, moigy4yaem
[X1/[X1p=6,8. Kax BHauM, MOTEpH JOBOJLHO BEIHKH, YTO CBUACTEIBCTBYET 00
3¢ PEeKTUBHOM U3ITyYEHUU BOJIH B BOTy. Takoil 4yBCTBUTEIbHBIN 3JIEMEHT MOXKET
OBITh MIPUMEHEH KaK MPOOHBIN (4yBCTBUTEIBHBIN) 3JIEMEHT, TAK U B Ka4€CTBE
U3JIy4daTess.

BnusHue KOHTakTa ¢ >KHMJIKOCTBIO Ha PacHpOCTpaHEHUE MPOJOJbHBIX U
M3THOHBIX BOJIH B IJIaCTHHE M3ydeHO B [83, 84]. JlucriepcMOHHOE ypaBHEHHE,
ONKMCBHIBAIONIEE PACIPOCTPAHECHUE CHUMMETPUYHBIX BOJH B HEOTPAaHUYCHHOM
IJIaCTHHE, HAXOAIICHCS B )KUJIKOCTH, HIMEET BHU/I

th";jB h( - 4Y12(1181 =
theja,h( _1y12 1Bt (2 )

1pm®*oL1 <th"'ﬂ;jB 3€),
a0, (2.42)

rae 2h - TONIIMHA TUIACTHHBI, OCTAJIbHbIE O0O3HAUYECHMSI COXPAHEHBI paHee
IIPUHATBIMH.

OHo otmnuuaercss oT ypaBHeHusi Panes-JIam0a 11 mpOAOJbHBIX BOJIH
HaJIMYMEM MHHMOTO CJIaraeMoro, Kotopoe oOpamraercs B Hyiab mnpu (J,,=0.

Pemenue ypaBHenus (2.42) nmius ciuydas ¢/%(0 maer HYJIEBYIO TOIPaBKY K
dazoBoii ckopocTu. [locTosHHas 3aTyXxaHus paBHA
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T H /< E(l@hvm)zzpv&mcc’”mzl) e,z = E<h(o1D2p50"c)y"<vcm,
(2.43)

B Een O
THE ¢’ p< ik 1 V,\&/ - CKOPOCTh IPOJOJIBHBIX BOJH B IUIACTHUHE.
[TpubnamxeHHOe BBIpaKEHHE JJIsSI TOCTOSIHHOM 3aTyXaHHs U3THOHOU

BOJIHBI B IJTACTUHE MpH k/>>1 MOXKeT ObITh IIPEJCTABIICHO B BUjie T H J

PuCn | (2.44) ph cohaF12e,

OTH COOTHOIICHHWS KAadyeCTBEHHO HE OTIWYAIOTCS OT BBIPAKCHUM,
OMHCHIBAIONINX TIOBEJACHUE IUIUHIPUYCCKUX BOJHOBOJHBIX DJIEMEHTOB B
KUIKOCTH, MOITOMY BBIOOP (OPMBI UYBCTBUTEIHHOTO JJIEMEHTA B JaTUYHUKE
MO>KET OBITh TTOJIHOCTHIO OCHOBAH Ha KOHCTPYKTHUBHBIX (paKkTopax.

Teopernueckre  BBIBOABI  ObUIM  TIPOBEPEHBI  AKCHEPUMEHTAIBHO.
[Tockonpky HanboOJIEE pacIPOCTPAHCHHBIM TEIUIOHOCHUTEIEM B HACTOSIIEE BPEMS
SBJSICTCS BOJIAa, CKOPOCTHh 3ByKa B KOTOPOW YMEHBINACTCS TPH YBEIWYECHUU
JABJICHUS W TEMIEpaTyphbl, W3MEPEHHUS XapPaKTCPUCTHK HOPMAJIBHBIX BOJH
HYJICBOTO MOPSIKA B MOTPYKEHHOM B KHIKOCTH BOJTHOBO/IE OBLITN BBHITIOJHEHBI
C MCTIONB30BaHUEM CJICTYIONINX TAJTOHHBIX JKUIKOCTEH: reKcaH, aleToH, BOJa,
xynopodopM u np. Ux duzndeckne xapakTepUCTUKH MpUBEACHBI B Tabm. 2.1.
N3mepsinach 3aBUCHUMOCTBh 3aTyXaHWsl TMPOAOJIBHBIX M W3TMOHBIX BOJH B
[IUIMHAPAYECKOM BOJIHOBOJHOM 3JIEMEHTE, IIOTPYKEHHOM B ATaJOHHYIO
AKHUJIKOCTh, OT 4acTOThl. MaTepuan BoiHoBO A ctainb 12X18HI10T.

Tabnuua 2.1
Du3nyecKHe CBOICTBA ITAJTOHHBIX KUJAKOCTEH
DrajoHHAA KUIKOCTh 3,,, kr/m> Cm, M/C 3,.¢m, 10* kT/M?C
I'ekcan 654 1083 70,8
IlenTan 621 1008 62,6
AneroH 792 1192 94 4
bpomucTsiit aTun 1428 892 127,0
Xnopohopm 1490 1005 149,7
JluctuipoBaHHast Boja 1000 1497 149,7
benzon 878 1326 116,0

Ha puc. 2.21 npuBeeHbl pacYeTHBIE U SKCIIEPUMEHTAIbHBIE 3aBUCUMOCTH
kKod(pduireHTa 3aTyXaHusl MPOJAOJbHOM BOJIHBI HYJIEBOTO TOPSIAKA OT YaCTOTHI
B MOTPYKEHHOM B JXKUIKOCTh BOJIHOBOAE AuameTpom 0,5; 0,8 u 1,0 mm.
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Puc. 2.21. 3aBucumocTs K0O3(p(puumeHTa 3aTyXaHUsI IPOJOJIbHBIX BOJIH B
CTAJIBLHOW HUJIMHAPUYECKON MPOBOJIOKE, MOTPYKEHHOH B dKMJAKOCTh, OT YACTOThI:
nuameTp rpoBosoku: a — 0,5 mm; 6 — 0,8 Mmm; 6 — 1,0 MM; cpena: / — Boja; 2 — aleToH;

3 — reKkcaH

PacdeTsl ObUTH BBITIOJTHEHBI TIO (hOpMyJIe

am2PmCm2

o

b

(2.45) Ec.,

rae *=20f, a 3HaycHUS (HU3MUECKUX BEIMYUH OBUTH MPUHSTHI CJICTYFOIIHMH:
m=0,3; £=20,6 10" H/M?; ¢,=5000 m/c.

Ha puc. 2.22 npuBeneHsl 3aBUCUMOCTH Kod(huimeHTa 3aTyXaHUs OT
BOJTHOBOTO  aKyCTHYECKOTO  CONPOTUBJICHUS >KUIAKOCTU. PacxoxaeHue
AKCIIEPUMEHTAIBHBIX U TEOPETUUECKUX 3HAUCHUI HE MPEBBIIIAET MOTPEIIHOCTH

skcniepuMenTa (45 %).

[TonydeHHbIC TaHHBIE MTO3BOJIUIN TOJIYYUTh SMITUPUIECKYIO POPMYITY IS
pacuera 3aTyXaHHsi TPOJOJBLHOW BOJHBI HYJIEBOTO TOPSJKAa B CTAJIHHOM
BosHOBoAEe auameTrpom 0,5-1,0 mm B mmamazone yactor 300-900 xl,
BBI3BAHHOTO TOTPYKEHUEM €ro B KUJKOCTh C BOJHOBOJHBIM aKyCTHUUYECKUM

conporusienreM 10 150 <10* kr/m?c u Bsa3kocThIO He 6osee 1073 He/m?:

Sup B prCof? < @ 8.94(16.34dD 1013, (2.46)

rae d _ quamerp npososoku, mM; [3,,]= xr/m?; [¢,,]= M/c; [f]=xI 1.
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Puc. 2.22. 3aBucMMOCTB 3aTyXaHHsl POI0JIbHBIX BOJIH B IPOBOJIOKE
0T aKYCTHY€CKOT0 BOJTHOBOI'O CONPOTHUBJICHHUSI OKPYKaIOIIei ee
JKMIKOCTH:

1 —xammamsp: 1,09 0,15 mm; quametp npoBosoku: 2 — 1,0 MM;
3-0,8 Mmm; 4 —0,5 Mmm

I[J'I}I OOCHKMH BJIIMAHUA BA3KOCTHU Ha KOZ—)(l)(l)I/II_II/IeHT 34aTyXaHH:A ITPOIJOJIBHBIX
BOJIH TIIPOBOJUIIMCH HU3MCPCHUA ocJ1abieHus YJIbTPpa3ByKa B BOJIHOBOJC,
IMOI'PYKCHHOM B CYIICCTBCHHO BA3KYIO KHIAKOCTb _ I'TIMLCPHUH (I[I/IHaMI/I‘ICCKaﬂ

BS3KOCTh IPH HOPMaNbHBIX yciaoBusax 1,5 Hce/m?). PesynbTathl M3MepeHuii
IIPUBEJCHBI HA pUC. 2.23.

3aTyxaHue yJbTpa3ByKa CKJIAJIBIBACTCS M3 MOTEPh 3a CUET UBIYUYCHUS —

£ p U BA3KOCTHBIX NOTEPb <L,

LI (2.47)
[ToTepu Ha U3MyYEeHHE MOKHO OLICHUTH 10 popmysie (2.46) 1o N3BECTHBIM
du3nIeCcKuM XapaKTEpUCTUKAM  TJIMLEPHUHA. BsskocTHbIe MOTEPU

MPONMOPUUOHAIBHBI KBaJpPaTHOMY KOPHIO W3 BEJIWYUHBI BA3KOCTU. OTCrona
MyTEM TMEPECcYeTa MOKHO OLEHUTHh BIMSHUE BA3KOCTHBIX NIOTEPh HAa
K03 PUIMEHT 3aTyxaHus yIbTPa3ByKa B BOJIHOBO/IE, TOTPYKEHHOM, HAIIPUMED,
B BOJly. JTa OLICHKA JIa€T CIAEAYIOIINE 3HAUEHUS BI3KOCTHBIX IMOTEPh B CTAIIBHOM

BOJIHOBO/I€ UaMeTpPOM | MM B Boje: pr HOpMaibHBIX yciaoBUsaX 400 kI 'y 12%,
600 k' _ 6%. 800 kI'11 _ 3,5%, Ha MuHMKM HackIeHus pu gaBiaeHun 5 MIlTa 400
k11— 4%, 600 xI'tr _ 2%, 800 xI'1; — 1%
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Puc. 2.23. Biusinue BA3KOCTH Cpelbl HA 3aTyXaHHe yIbTPa3BYyKa

B IIPOBOJIOKe Auamerpom 0,8 mm:
1 — monHOe 3aTyxaHue; 2 — 3aTyXaHue, 00yCIOBICHHOE BS3KOCTBIO CPEJIBL;
3 —3aTyXaHue, BbI3BAHHOE U3JIyYEHUEM 3BYKa B CpELY
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Puc. 2.24. 3aBucuMocThb 3aTyXaHUs U3TMOHON BOJIHbI HYJICBOI'O
NOPAIKAa B HUWJIHHAPUYECKOM BOJHOBO/IE, IOTPYKEHHOM B
KMAKOCTD: [ — xjopodopm; 2 — Boja; 3 — alleToH; 4 - reKkcaH

Briuncnenne koadduiuenta 3aTyxaHuss W3rMOHOW BOJHBI HYJIEBOTO
nopsiika B TOTPY’KEHHOM B JKHUJIKOCTh IMJIMHIPUYECKOM BOJHOBOJZIE OBLIO
BBITIOJTHEHO 110 hopMyIIe

p"y 4p ak
ol <_g, (2.48)
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ri€ TPUHATHL 3HAYCHUS (UBHUUYECKUX BennuuH: = 7,8¢10°

kr/M>; a= 0,410 M; c;= 5000 m/c; g _ BeIOUpanock no rpaduxy puc. 2.20.
Pe3ynbTaTel BBIYMCIEHUM NpeacTaBieHbl Ha puc. 2.24. Tam ke maHbl
SKCIEpHMEHTAbHEIE 3HA4YeHUs KOd(h(PUIMEHTa 3aTyxXaHus. PacxoxueHue
PAaCUETHBIX U DKCHEPMMEHTAIbHBIX 3HAYE€HMH KOO(PQPUIMEHTa 3aTyXaHusd B
00JIaCTH HU3KHMX YaCTOT OOBACHAETCS BIMSIHUEM TIOTEPH 3a CUET BA3KOCTH.

2.3.3. Oco0eHHOCTH MOCTPOEHMSI BOJTHOBOJAHBIX YYBCTBUTEJIbHBIX
3J1eMEHTOB

Kak yka3piBanoch, 4YyBCTBHUTEIBHBIA DJIEMEHT JaTYMKa MOXKET OBIThH
UCIIOJIb30BaH B KauecTBE MPOOHMKA, MOMEIIEHHOTO B MOTOK TEIMJIOHOCUTEIIS,
aKyCTHYECKHE XapaKTEPUCTUKU KOTOPOrO 3aBUCAT OT U3MEPSEMOro MapaMeTpa
(WM TPYyIIIBI TApaMETPOB), TUOO0 B BHUJIC U3TydaTens (IpUEeMHHKA) YIbTpa3ByKa
B TEIUIOHOCUTENb. Bo BTOpOM ciaydae ONPEAECTSAIOTCS aKyCTUYECKHUE
XapaKTEPUCTUKH TEIUIOHOCUTENS, CBA3AHHBIE C KOHTPOJIHUPYEMBIM MMAPAMETPOM.

[IpuMmeHeHre BOJHOBOJHOTO YYBCTBHUTEJIBHOTO 3JIEMEHTA KaK MPOOHUKA
MO3BOJISIET MCIIOJB30BAaTh B KAYECTBE H3MEPSIEMBIX IMAPAMETPOB: 3aTyXaHUE
POJIOJIbHBIX WM W3TUOHBIX BOJIH, M3MEHEHHE BPEMEHU PACIPOCTPAHCHUS
UMITYJIbCA; U3BMEHEHUE CIEKTPA UMITYJIbCOB, MPOXOASIIMX MO BOJIHOBOAY. Takoe
€ro NpuMeHeHue 0co0eHHO A(DPEKTUBHO B aKyCTUUYECKHU HEMPO3PAYHBIX Cpeaax,
B TIEPBYIO OYe€pe/lb, I KOHTPOJIs ABYX(ha3HbIX MOTOKOB. Ha mpakTuke MOKHO
UCIIOJIB30BaTh HE TOJBKO a0COMIOTHOE U3MEHEHUE YKa3aHHBIX BEJIMYUH, HO U UX
MaJIO€ OTKJIOHEHHE OT CPEIHETO, aHAIU3UPys IIyMbl, WX pa3JIUYHbIC
CTaTUCTUYECKHE XAPAKTEPUCTUKU. B Hacrosmiee BpeMs BOJHOBOIHBIC
YyBCTBUTEJIBHBIC JJIEMEHTHl NPUMEHSIOTCS B JAaTYMKax IapOoCOJEpKaHusl,
TEMIEPATYPbl, CKOPOCTU U YPOBHS TEIIOHOCHUTEIIS.

Oco0eHHOCThIO YYBCTBUTEIBHBIX 3JIEMEHTOB JATYMKOB MMAPOCOAECPHKAHUS
SBJISIETCST WX, KaK MpaBUJI0, HEOOJbIION pa3mep. Juamerp TpybOomnpoBoja Ha
UCIIBITATENIbHBIX CTeHAaX 00bIYHO HaxoauTcs B npenaenax 20-100 mm. Juametp
KaHajla Uil pa3MEIICHUsT YyBCTBUTEIBHOrO 3JjieMeHTa Ha Bbixoae TBC B
peaktope o00ObyHO He mpeBbimaer 200-300 mm. IlosTtomy B nmaTyukax,
OCHOBaHHBIX Ha M3MEPEHUU 3aTyXaHusd YJIbTpa3Byka B  MPOOHHKE,
1eJeco00pa3Ho MPUMEHSTh W3TUOHBIE BOJIHBI, NPUYEM B HHUX JOJIKHO

BBITIOJIHATECS  ycroBue f<aXce, TO €CTh TAaKOW YyBCTBUTEIBHBIA DSJIEMEHT
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JIOJDKEH MMETh CPaBHUTEIBHO OOJBIION auaMeTp M paboTaTh Ha BBICOKUX
yactorax. Hanmpumep, MoxxHO BbIOpath d = 2a =2 mMm; f= 400 k1.

UyBCTBUTENBHBIE AJIEMEHTBI, B KOTOPHIX UCIOJIB3YIOTCSI M3TUOHBIC BOJIHBI,
MOT'YT UMETh BUJI OaJIOK, KOJjell, NpoduinpoBaHHbIX cTepkHel. B mocnennem
Cly4ae JOCTUTaeTCsl U3MEHECHUE YYBCTBUTEIBHOCTU IO JJIMHE, YTO MO3BOJISET
y4eCTh TEeOMETPUYECKHE OCOOEHHOCTHM KaHaja C TEIUIOHOCUTENEeM ISt
MOJIYYEHHS CPETHUX MO AUAMETPy 3HaueHUM napocoxaepxkanus. Ha puc. 2.25, a
npuBeJeHAa KOHQUTypalus YyBCTBUTEIBHOIO 3JIEMEHTA JaTyhKa CpPEIHEro
MapOCOICP>KaHMS JIJI1 KOHTPOJIS TeIUIOHOCUTEN B TpyOe nuamerpom 40 mm. B
HEM BOJIHOBO/I CBSI3U MPUBAPEH K CPeIHEN YacTu NPOOUIMPOBAHHBIX CTEPKHEM,
uMeronmMx cpennee cedenue 1,2¢€0,5 MM W COCIUMHEHHBIX KpPecTOOOpa3HO.
BapuaHT 4yBCTBUTENBHOrO 3JIEMEHTAa B BHJE KOJbLA U3 MPOBOJOKU 0,8 MM
mokasaH Ha puc. 2.25, 6. [luametp konbiia 16 Mm. OH MOKET IPUMEHSTCS Kak
WHUKATOP KUAKOW (pa3bl B 3aIaHHON «TOUYKE» peaKkTopa WM maporeHeparopa.

IIpy  ucnonmp30BaHMKM  NPOAOJIBHBIX  BOJH Ui YBEJIWYCHUS
YYBCTBUTEIBHOCTH JlaTYMKA I€J€CO00pPa3HO B KaueCTBE YYBCTBUTEIHLHOTO
AJIeMEHTa NPUMEHSATh TOHKOCTEHHbIE TPYOKH-KamWuisippl U paboTaTh Ha
MOBBIIIEHHON 4acTOTE [48]. BRIMIpHINI B UyBCTBUTEILHOCTH MPOMNOPLHHOHATIEH
YMEHBIICHUIO CEYEHHS KalTWJIJIAPA O CPABHEHUIO C CEUEHUEM CTEPIKHS TOTO K€
JuameTpa: asm2p”c"v2

L
Sa ﬂ az @FBHZ @ECCT , (249)

THE 7y - PAAAYC OTBEPCTHS B KAIMILISIPE.
Jnuny xamwuisgpa oObldHO BhIOMparoT He MeHee 80-100 MM u mpu
HeoOXoauMocTH BeirnbarotT U-o0pasHo (puc. 2.26, a).
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Puc. 2.25. KoHCTPYKIIMH YyBCTBUTEJIbHbBIX 3JIEMEHTOB
AATYUKOB, MCIOJIb3YIOIINX U3rHOHBbIE KOJTeOaHUs:
a — KpecTooOpasHasi; 6 - KOJIbIieBast

[Ipu puKCUPOBAHHBIX KOHCTPYKTHUBHBIX IMapaMeTpax JIaTYUK C TaKUMHU
YyBCTBUTEIBHBIMHA  JJIEMEHTAMU  W3MEPSAET  BOJIHOBOE  aKyCTHYECKOE

conpotuBiienne Teronocurens (3,,¢,,), T03ToMy JUIs ONIpeIeeHUS TUIOTHOCTH

TerioHocurens (J,, HeoOxomuma WHOOPMAIUMS O CKOPOCTH 3ByKa B HEM.
Meromuueckue BOPOCHI, KaCaIOIIMECs TOr0, PACCMOTPEHBI B CIIETYOIICH TIIaBe.
Becema »sddexktuBHEIM B maTuyMkax —TapoCOACpP)KAHUS  SBISCTCS
YYBCTBUTEIBHBIN 3JIEMEHT M3THOHBIX BOJH, paOOTAIONMK HAa HU3KUX YacTOTax
[86]. Ecnu BbIOpaTh KOHCTPYKTHBHBIE 3JIEMEHTHI UyBCTBUTEIBHOIO 3JIEMEHTA

TaK,
2

cm

af =

YTOOBI BBIIIOJIHAIOCH YCI0BHUC C 1t » TO BJIMSIHUC )KPII[KOfI (1)33]31 TCIIJIOHO-

CT

CUTEII Ha BOJTHOBOJ OYyJI€T HOCUTh UCKIIOUUTEIIBHO MHEPIIMOHHBIN XapaKTep, U
IJIOTHOCTh TEIUIOHOCHUTENS MOKHO ONPEAEHATh IO COOTHOIIEHHIO

o 5 @aP T (2.50)
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TJI€ Cysr — CKOPOCTBH U3TMOHBIX BOJIH B CBOOOTHOM BOJIHOBO/IE.

[Ipu HEOONBIIMX OTKJIOHEHHUSX CKOPOCTH 3ByKa B TEIUIOHOCUTENE B
OOJBIIYI0 CTOPOHY aMIUIUTyAa BOJIHBI OyAET ClieTka yMEHBIIaThCsA, a B

MEHBIIYIO _ BO3PACTATh.
ITpu 3TOM

pmcm
4p
TaKI/IM 06pa30M, JJIA OHPGI[GJIGHI/I}I IIJIOTHOCTU TCIINIOHOCUTCIIA

11e71eC000pa3HO U3MEPATh HEMOCPEICTBEHHO BEIMUUHY P Cysp/ Crisre

o)

Puc. 2.26. KOHCTPYKIIMH YyBCTBUTEJILHBIX 3JIEMEHTOB
AATYUKOB, HCIOJIb3YIOIINX U3THOHBbIE KOJIeOaHUS:
a — KalmnuJUIApHasd, 6 — KOJIbII€Bas

Jlna n3mepenust TeMneparypbl IPUMEHSIOTCS YyBCTBUTEIIbHBIE JIEMEHTHI
MNPOAOJILHBIX BOJH B FEPMETUYHBIX 3alIUTHBIX Y€XJIaxX, IPEOOXPAHAIOIINX UX OT
neMIupyromero BO3ACUCTBUS  TeruioHocuTenss (puc. 2.26, 6). XoT4,
MOBUJIMMOMY, HAa HU3KUX YaCTOTaxX TaKue 4eXJIbl HeoOs3aTeIbHbI BBUY BEChbMa
MaJIbIX IIOTEPh AaMIUIMTYIbl CUTHaua. [IpuMeHeHune mpoJOJIbHBIX BOJH
00YCIIOBJICHO WX HM3KOW JHCIEPCUEH, YTO TO3BOJIAET Iepe/laBaTh KOPOTKUE
LIUPOKOIIOJIOCHBIE HMMITYJICHBIE CUTHAJIBI M HAAEKHO OIPEAEIATH BpEMA
pacipoOCTpaHEHUsT MUMIIYJbCOB B UYBCTBUTEIBHOM JiieMeHTe. llpu 3ToMm
TEMIEpATypa ONPEAEIISIETCI 10 CKOPOCTU 3BYKa IIPOJOJIBLHBIX BOJIH.
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JInuHa  9yBCTBUTENBHBIX  JJIEMEHTOB B  JIaTUMKaX  TEMIIEPATYPhI
BBIOMPAETCS B 3aBUCUMOCTH OT TPEOyeMOro MpoCTPAHCTBEHHOTO YCPEIHEHUS U
00byHO cocTaBisieT 50-200 MM. B gatumkax ypOBHEMEPOB HCHOJIB3YIOT
YyBCTBUTEIBHBIC 3JIEMEHTBI MPOJOJIbHBIX W U3TMOHBIX BOJH, pabOTAIONIUX 1O
NPUHLNIY U3MEPEHUsl 3aTyXaHUs YJIbTPa3ByKa, B 3aBUCUMOCTH OT CTEIEHH
MOTPYKEHUS B KUAKYIO (pa3y TETIIOHOCUTENS.

Hcnonb3yss MNpoaoibHBIE BOJHBI, MOYXHO HM3FOTOBUTH JATYUKHA C
YyBCTBUTEIBHBIM JJIEMEHTOM U3 TMPOBOJOKH, OXBATHIBAIOUIUE JHAINA30H
U3MEHEHHS YPOBHS 2-3 M. J{Ji1 MOBBIIIIEHUS HAJIC)KHOCTH MOJTyYaeMbIX JTaHHBIX
B psjie pa3pabOTOK Ha TMOBEPXHOCTH UYBCTBUTEIBHOTO AJIEMEHTA HAHOCAT
UCKYCCTBEHHBIC JIeEKThl B BUJE, HANpuMep, kaHaBoK ¢ maroM 150-200 mw,
KOTOPBIE CIIY>KaT OTpa)xaTeIs MU YJIbTPa3BYKOBBIX UMIYJIbCOB (PEMEPOB), U MO
HUM  MOXXHO  KOHTPOJMpPOBaTh  pabOTy  ammaparypel W MOJy4aTh
JOTIOTHUTEIBHYI0 HH(POPMALIUIO
(puc. 2.27, a).
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Puc. 2.27. KoHcTpyKIIMH 4yBCTBUTEIbHBIX
3JEMEHTOB € HCKYCCTBCHHBIMMU
neeKTaMU—oTpaKaTeJsIMU: @ — B BUJIE KAaHABOK; 0, 8 —
dbpe3epoBaHHbIE

BBuny cyiiecTBEHHO OOJIBIIETO 3aTyXaHUsl BOJIH B YYBCTBUTEIBHBIX
AJIEMEHTAaX Ha U3THOHBIX KOJIEOAHUAX WX BBIMOJHSIOT CEKIMOHUPOBAHHBIMHU.
Cekiuu pa3gBUTAIOT 1O BBICOTE, OXBAThIBas HEOOXOAMMBIMA HAMa3oH
U3MEHEHHS YPOBHS. B 3TOM ciydae N yBEJIUUYEHHS] IPOYHOCTH KOHCTPYKIIHUH
U HaJACKHOCTH pPadboThl 3PDEKTUBHBI (Dpe3epOBAHHBIC UYYBCTBUTEIIHHBIC
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AJIEMEHTHI B BHjIe TpeOHel unu mojoc (puc. 2.27, 6). [Ipu 3ToM aBTOMaTHYECKH
pemalTcs BOMPOCHI UX KpemieHus. [lpu uCmosib30BaHUU  BOJHOBOJA
KPYTUJIbHBIX BOJIH 3()(PEKTUBHBI MOJTOCKOBBIC YYBCTBUTEIBHBIE 3JIEMEHTHI (PHUC.
2.27, 8). KpyTuibHbie TOJIOCHI BO30YXXIAlOT Ha €€ IpaHsAX MPOTUBO(A3HBIC
U3ruOHBIE KOJIeOaHMsI, UCTIONb3yeMble B Ka4eCTBE MCTOYHMKAa WH(OpMAINH B
CUCTEME.

B xauectBe uznyuarens (mpueMHUKa) HauOosee 3PPEeKTUBHBI BOJIHOBO/IbI
U3TMOHBIX BOJIH, 00ECTICUMBAIOIINE MPAKTUYECKU IMOJHYIO OTAady DHEPTrUu B
TEIJIOHOCUTENb (BOAY, HATpUi) npu JyiMHe norpyxenus Bcero 50-100 mm. Ha
OCHOBE BOJHOBOJIa M3TMOHBIX BOJH MOXHO CO3[1aBaThb U3JIy4arol[ue
(OpUHUMAIOIIME) YYBCTBUTEJIBHBIE 3JIEMEHTHI KaK MOMENIaeMble B TMOTOK
TEIJIOHOCUTENISI BHYTPU OOOpYJOBaHWsA, TaK W YCTAaHABIMBacMbIE Ha
MOBEPXHOCTU COCYJI0OB BHICOKOTO JIABJICHUSI HJIA TPYOOIPOBOIax.

OCHOBHOE TNPHUMEHEHHE TAKWE YYBCTBUTEJIBHBIE 3JIEMEHTHI HAXOIAT B
JaTYMKax pacxoJIOMEpPOB, CUCTEM KOHTPOJIS 32 aBApUMHBIMU Ipolieccamu B A0V
U JMarHOCTUKHU ABYX(a3HbIX MOTOKOB B AKCIIEPUMEHTaX MO O€30MacHOCTH, a
TaKke B JPYrUX Ccly4asx, TJie TpeOyeTcs IAUCTAHIIMOHHOE HaOJIIoJieHHuE 3a
npoleccaMu. YCJIOBHEM pPaOOThl BOJHOBOJA M3TMOHBIX BOJH B KauyeCTBE
U3IIy4yaTens SIBISETCS MPEBBIIICHUE CKOPOCTU 3BYKA B TEIJIOHOCUTENE Cysr>Cp,
YTO IOCTUTAETCS BBIITOJTHEHUEM YCIIOBHS

Cm2
af & . (2.52) ¢
T

cr

[Tone u3nyyeHust 4yBCTBUTEIBHOTO HA U3THOHBIX BOJIHAX, B CPEJIC UMEET
JUCTOOOPA3HYIO THarpaMMy HAIpaBJICHHOCTH, YTOJI HAKJIOHA Ha KOTOPOM K OCH

BOJTHOBOJIA OTIPEACIISIETCS COOTHOIIEHHEM (puc. 2.28). ¢"cosoH .
(253) Cusr

Puc. 2.28. ilnarpamma HanpaB/JIeHHOCTH YyBCTBUTEIbHOI0 3JIeMEHTA
U3rMOHBIX BOJIH
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B mtockocTy BOJTHOBOJIA IIMPUHA JUArpaMMbl HarpaBieHHOCTH 10 20+,
[Ipy pa3menieHnn TAaKOro M3JIy4daTredss B IOTOKE TEIUIOHOCUTENS IS
obecrieyeHrsl OJHOHAMPABICHHOCTH M3JIYYEHUS UYYBCTBUTEJIBHBIM HJIEMEHT

BBITIOJIHSAKOT BCTPOCHHBIM B CTEHKY TPyO4aToro 30H/a, 3alOJIHEHHOTO BO3IYXOM
(puc. 2.29).

|

Puc. 2.29. YyBcTBUTEJIbHBIH 3J1eMEHT HA U3TUOHBIX BOJIHAX,
BCTPOEHHBIH B CTEHKY TPy04aToro 30Hja

B HEeM ThuIbHAS CTOPOHA BOJIHOBO/IA HAXOJIUTCS B KOHTAKTE C aKyCTUUYECKHU
JIETKOM Ta30BOW CpPENOW M MPAKTHUYECKU HE u3iydaeT. [loTok akycTthueckou
SHEPTUU YXOIAUT B OMBIBAIOIIMKA 30H] KUJKAN TEIUIOHOCUTENb. JIJIsl CyKEeHUA
JarpaMMbl  HaIllpaBJI€HHOCTM  MOXKHO  PEKOMEHJOBaTh  MapaAJUICIbHYIO
YCTAHOBKY JBYX M3JydaTeseil, paboTaronumx CHHXPOHHO.
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Puc. 2.30. KoncTpykuus 4yBCTBUTEJIbHOI0 3JIEMEHTA HA U3THOHBIX
BOJIHAX, Pa3MelIeHHOT0 HA BHEIIHell MOBEPXHOCTH TPYObI:
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a — nenpHO(Ppe3epOBaHHbBIN, ChEMHBI; 6 — BBI(PpE3epOBaHHBIH
Ha MMOBEPXHOCTH TPYyOOIPOBOAA

OcHOBHOHM MpOOJEMON HKCIOIB30BAHUS YYBCTBUTEIBHOIO 3JEMEHTa HA
U3rMOHBIX BOJHAX, Pa3MEIIaeMOro Ha BHEIIHEW IMOBEPXHOCTH 00OpyAOBaHUS,
ABIAETCA OOECIEUYEHHE AaKyCTHMYECKOro KOHTaKTa CO CTEHKOM, a TaKxke
YMEHBIIEHNE YTEYKH aKyCTHUECKOW PHEPruu MOBEPXHOCTHHIMU BOJHAMHU. [Ij1si
€€ peIlEHUs YyBCTBUTENIbHBIA AJIEMEHT BBIMOJHAETCS LEeIbHO(PpE3epOBaHHBIM
coBMecTHO ¢ gemndepamu (puc. 2.30, a). KoHTakT obecrneunBaercs
OPUTUPAHUEM YYBCTBUTEIBHOIO 3JIEMEHTA IO MECTY YCTAHOBKH U IPUMEHEHUEM
METaJUIMYECKON MPOKJIAJKH M3 MATKOro MeTaia (Meau, allOMUHHS U T. IL.).
Takoil 7aTyuk GopMHUpPYET B TEIJIOHOCUTENE aKyCTUUECKUN JIyU C TUarpaMMoit
HaIPaBJICHHOCTH, aHAJIOTHYHOW MPUBEJAEHHOW Ha puc. 2. 28.

Jlyummme  pe3yibTaThl  OOECIEUMBACT  YYBCTBUTEIBHBIM  DJIIEMEHT,
BBI(Dpe3epOBaHHBIN HA MOBEPXHOCTH TpyOorpoBoa (puc. 2.30, 6). OnHako Takas
KOHCTPYKIMA TpeOyeT TMPUHATHA CHEHHAIbHBIX MEp MO0 OOECIEeUCHUIO
IIPOYHOCTHBIX XapaKTEePUCTUK TPYOBI. Koaddumuent nepenayn
YyBCTBUTEJIBHOI'O JIEMEHTA k., , ONIPEAEIISIETCS UCXOS U3 TOT0, KAKOU mapaMmeTp
KOHTPOJIUPYETCS, U MPUHLIMINA €ro u3MepeHus. [103ToMy KOHKpeTHbIE CITOCOObI
€ro OINpENENICHUSI PacCMATPUBAIOTCA B TOCIEAYIOIIMX IJ1aBaX COBMECTHO C
NPAKTUYECKUMHU  KOHCTPYKIMAMH MpUOOPOB KOHTPOJS U JUATHOCTUKHU
TETJIOHOCUTEJIA.

2.4. AkycTn4yeckue npeodpa3oBaresid BOJHOBOJAHOIO JaTYHKA

2.4.1. OcobdennocTH nmpeodpazoBaresisi B COCTABE BOJHOBOJIHOIO
AaTYUKA

B BOJHOBOJHBIX JaT4WKax IpoOJieMa TeMIepaTypHOW YCTOWYHUBOCTH
ANEKTPOAKYCTUUYECKOTO MPeoOpa3oBaTeis peiaeTcs ero pa3MeeHueM B 30HE €
TeMIepaTypoi, o0baHO He npebimaronieii 100 C. 3To mo3BoJIAeT IPUMEHSITh
TUMOBBIE KOHCTPYKIIMOHHBIE MaTEPUAJIbI, 3HAUUTEIBLHO YIIPOCTUTh TEXHOIOTHIO
U3TOTOBJICHUS U YJICIIEBUTH MPeoOpa3oBaTeb.

Pa3zpaboTka ¥ OCBOEHHE MPOMBIIUICHHOCTBIO BBICOKOI(P(HEKTUBHBIX H
YCTOWYMBBIX K BHEIIHUM BO3JICMCTBUSAM INbE30aKTUBHBIX MATEPHUAJIOB MPUBEIIH
K TOMY, YTO B HACTOSIIEE BpeMs B OOJIBIIMHCTBE HAIMIEAIINX MPAKTUIECKOE
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NpUMEHEHNE aKyCTHYECKHX MpeoOpa3oBareneil HCHoJb3yeTcsl Mbe303PheKT
AM00 MarHUTOCTPUKIIHS.

[IpeacraBnsiercsa, 4TO B BOJHOBOJHBIX JaTYMKaX CHUCTEM KOHTPOJIS
TEIJIOHOCUTENSL ~ MbE303JIEKTPUUECKUE MpeoOdpa3oBarenu, Kak MpaBUIIO,
NEPCIIEKTUBHEN  MAarHUTOCTPUKIMOHHBIX. Ha  CpaBHUTENBHO  BBICOKHX
yiIbTpa3ByKoBbIX 4acToTax (cBbimie 200 kI') UW3roTOBIEHHE JETANIEH
MUHHATIOPHBIX MAarHUTOCTPUKTOPOB BCTPEYAET W3BECTHBIE 3aTPyIAHEHHS,
MarHUTOCTPUKIIMOHHBIE MPeoOpa3oBaTEId MEHee CTOMKM K BHOpallMOHHBIM
BO3JICHCTBUSAM, YTO CYIIIECTBEHHO B TPAHCIOPTHBIX YCTAHOBKAX, KPOME TOTO,
UMEIOT TOHW)KEHHYI0 YYBCTBUTEJIBHOCTh W TPEOYIOT MPUMEHEHUS psjlia
Ne(UIUTHBIX MaTEpUAJIOB.

[Ibe3oMareprasibl  BBIITYCKAIOTCST ~ NPOMBIIIJIEHHOCTBIO B BHJIC
NbE30KEPAMUKH, KOTOpas YyCTOMYMBA K BO3JCUCTBUIO BJard, W3MEHEHUIO
TEMIIepaTypbl B JOCTAaTOYHO IIMPOKOM HHTEpBaJie M 00JaJaeT BBICOKMMU
MEXaHUYECKUMH CBOMCTBaMHU.

N3 Oonpiioro ymciia U3BECTHBIX B HACTOSIIIEE BpPEMs MbE30MATEPHUAIIOB
HanOoJiee IIMPOKO MPUMEHSIIOTCS CUHTETUYECKHUE MbE30AJIEKTPUKH Ha OCHOBE
CUCTeM IupKoHara-tuTaHata cBuHUA Pb(ZrTi1)O;. OtaenbHble UX MapKu
OTJIMYAIOTCA  XUMHYECKHUM  cocTaBoM H  obo3Havatorcs LHTC wu
cooTBeTCcTBYytoMHU nudpamu. Kpucrammnueckas ctpykrypa kepamuku [[TC
OTHOCUTCA K TEKCArOHaJlbHOW CHCTEME, KJIacC CHMMETpuu 6 mm.
[Ibe30anekTpruueckue cBorcTBa kepamMuku LITC MeHs0TCS HE3HAYUTENBHO NPH

n3MeHeHnHn Temnepatypsl or 0 o 100 C. XapakTepUCTHKU MbE30KEPaAMUKU
OMUCHIBAIOTCA JMHEHHON 3aBUCHUMOCTBIO OT JiorapudmMa BpPEMEHHU, MOITOMY
IpEANOYTUTEIbHEH MPUMEHEHHUE TPEIBAPUTEIIBHO «COCTAPEHHOI» KEPaMHUKH.
OcHoBHbIE cBOMCTBA Nbe3okepamuku tumna L{TC npusenens B [3].

[Ipu pa3paboTke KOHCTpPYKUMM mpeoOpa3zoBareiied Hamu  Obuia
UCIIOJB30BaHa IIMPOKO pacmpocTpaHeHHass nbe3okepamuka [[TC-19 (I'OCT
13927-80 [88]). ¥V nsrToro marepuana KOIDPHUIIMEHT 3IEKTPOMEXAHHUECKOU
CBSI3U, XapaKTepU3yIOIIHii 3¢ (PEeKTUBHOCTD AIEKTPOMEXaHUYECKOTO

npeoOpazoBanmsi, gocturaet 0,60, Ttouka Kropu _ 290€C, mbezomomynn

d;=100<10" K/H, d33=200 K/H.

JI0 HacCTOAIIEr0 BPEMEHUW B JIUTEPATYPE MPAKTUYECKH OTCYTCTBYIOT
TEOpPETHUUECKUE pabOThl, MOCBSIICHHbIE PACCMOTPEHHUIO MPOLECCOB B
bE30Mpe0Opa3oBaTeie B COCTABE BOJHOBOJHOTO AaTyvka. PaKkTHUUECKH HET
MaTepUalioB MO KOHCTPYUPOBAHUIO TakuX IpeoOpaszoBaresnieir. [loaromy Hamwu
OBLTM TIOCTaBJICHBI M TPOBEIEHBI OSKCIEPUMEHTAIbHBIE HCCICIOBAHUS TIO0
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OTpabOTKE M H3YUYEHHUIO OCHOBHBIX 3aKOHOMEPHOCTEM B MpeoOpazoBaTeisx
IPOJIOJIbHBIX U U3TMOHBIX BOJIH, OTYACTHU MpeACTaBIeHHbIE B padoTte [3].

2.4.2. KOHCTPYKIUM U OCHOBHBIE XapPaKTEePUCTUKH
npeodpaszoBarteJsieid MPO10JbHbIX BOJH

[Ipocreiimas  KOHCTPYKIMA  IbE30KEPAMUYECKOTO  AKyCTHUYECKOIO
npeoOpa3oBaTesis MPOI0JIBHBIX BOJIH CXeMaTHIHO M300pakeHa Ha puc. 2.31, a.
Ha BonHOBOAe [/ 3akperuieH IMbE302JIEMEHT 2, BBINOJHEHHBIA B BHUJIE
HWIMHAPUYECKOTO CTOJIOMKAa, B O3TOM CJydae €ro BBICOTA SBIISIETCS
€IMHCTBEHHBIM Pa3MepOM, OMPEACIIAIONIMM COOCTBEHHYIO YaCTOTy KOJeOaHMit

npeobpazoBarens. B ob6mactu, tne df/c.,X0,2-0,3 oTHOIIEHHWE aUaMeETpa
npeoOpazoBarenisi K  BBICOT€ MNPUOMMKACTCS K  CAMHUIE, YaCTOTHBIN
KO3(PUIIMEHT CTAHOBUTCSA TaKKe PYHKIMENH 3TOr0 OTHOLIEHUS.

Jlns  yMeHblIEHHS HUMIIe/laHca MmpeoOpaszoBaTenist  I1eraecoo0pa3Ho
MPUMEHEHUE TOHKUX JIUCKOBBIX Mbe3037eMeHTOB (puc. 2.31, 6). B atom ciyuae
AKBUBAJICHTHAS BBICOTA MTbE303JIEMEHTA YBEIMYUBACTCS 32 CUET KPEIIJICHUS K €T0

BEpXHEHl OOKJIaJKe MEeTANIMYEeCKOoro aucka _ Haknaaku 3. Ilocnensss
KOHCTPYKIIMSA B O0JIACTH HU3KUX YacCTOT pabOTaeT Kak akCelIepoMeTp M K Heu
OPUMEHUMBI pacyeTHbIE COOTHOILIECHMS, B KOTOPBIX OJJIEMEHThI JaTyMKa
paccMmaTpuBaroTCa kak ToueuHbie [89]. s paboThl B 007aCTH 4acTOT BHIIIE
300-400 xI'u BO m30exkaHHWe CUIBHOM NUCIIEPCUN CUTHANA CIEAYET MPUMEHATh
BOJIHOBOJIBI auaMeTpoM Tmopsiaka 1 Mwm. WM3roroBineHue U KpersieHue

bE303JIEMEHTOB CTOJIb MaJoro JaMaMmeTpa _ CJokHas 3ajgada. lloatomy
COIJIACOBAHME  MbE303JEMEHTa  OOJbIIEr0 JAMaMeTpa C  BOJHOBOIOM
OCYIIIECTBIISICTCS KOHUUECKUM KOHIIeHTpaTtopoM (puc. 2.31, 8).

B BOTHOBOJIHBIX JaTYMKAX KOHTPOJISI TEMJIOHOCUTENSI BEIOUpPAETCS PEKUM
paboThI, IPU KOTOPOM JIJIMHA YIBTPA3BYKOBOW BOJIHBI B BOJIHOBOJE 3HAUUTEIIHHO
OoJyplIe €ro auaMerpa. DTO CBSI3aHO, C OJHOM CTOpPOHBI, C TpeOOBaHHEM
paclIMpUTh AWAaNa3oH padOYMX 4YacTOT, CHHU3UTh IMOTEPU U AUCIEPCUOHHBIC
3¢ (eKTh U TeM caMbIM 00ECIIeUnTh Mepeaady 060aee KOPOTKUX UMITYJIBCOB U, C

OPYrol _ TMOJY4YUTh KOMIIAKTHYIO, THOKYI0 KOHCTPYKLHUIO, KOTOpYyIO 0€3
CEPbE3HBIX 3aTPYAHEHUIM MOKHO OBLIIO Obl YCTAHOBUTH B 3aTE€CHEHHBIX YCIOBUX
ADY. Ilostomy dBASETCS  NPEANOYTUTEIBHBIM  NPUMEHEHHE  TOHKHUX
BOJIHOBOJIOB, B  KayeCTBE KOTOPBIX  HCIIOJB3YETCA  IPOBOJIOKA, C
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Hpeo6pa3OBaTeneM B BHJC CUCTCMbI IIbC303JICMCHT _ cornacy}omnﬁ OJICMCHT _

BOJTHOBO/I
(puc. 2.31, 8).
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Puc. 2.31. KoHcTpyKIIMS be301peodpa3oBaTesisi MPOJA0JbHBIX BOJH
AJIA BOJTHOBOJIHBIX JAaTYUKOB:
1 — BOJIHOBOJT; 2 — MbE303JIEMEHT; 3 — HAKJIaJIKa; 4 — COTJIACYIOLIUMA SJIEMEHT
OddexTuBHas padboTta npeodpazoBaTeisi, COCTOSIIETO U3 MEPEUNCICHHBIX
KOHCTPYKTUBHBIX 3JIEMEHTOB, JOCTUTAETCS JHUIIb NIPU BBICOKOM YPOBHE
aKyCTHUYECKON B3aMMOCBSI3U MEK]ly HUMU, TO €CTh HEOOXOIUMBIM KOMITOHEHTOM
paboThl  AaT4YMKA SIBJISIETCS XOPOIIMM  aKyCTUYECKHH KOHTAKT MEXITy
MbE303JIEMEHTOM, HAKIIAIKOM, KOHIIEHTPATOPOM U BOJIHOBOJOM. DTO UCKIIFOYAET
U30JMPOBAHHOE PACCMOTPEHHE KOJEOATEIhHBIX MPOIECCOB B COCTABIISIONINX
cucteMy 3neMmeHTax. HeoOxomum aHanu3 paboThl mpeoOpa3oBaTelis B IIEJIOM.
Onnako oO1iiee MaTeMaTUYECKOE PEIIeHUE 3a/Ja4M O KOJIeOaHUsAX YIPYyTroro Tejia
KOHEUHBIX pPa3MEPOB JaXe MPOCTOM TreoMeTpuueckod (OpMBI C Yy4EeTOM
TPaHUYHBIX YCJIOBHM, Tbe303(PpeKTa U CBOMCTB COCTABIAIOIIMX TEJIO
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MaTepuasioB IoOKa OTCYTCTByeT. Ha mpakTuke CTpeMATcs MaKCUMAaJIbHO
YOPOCTUTh TEOMETPUIO MPEeoOpa3z0BaTENsl, UTOOBI CTATU BO3MOKHBIMHU XOTS Obl
NPUOIMKEHHBIE pacyeThl KOJieOaTeNbHBIX MPOIIECCOB B HEM KaK OJIHOMEPHOM
TeJe, YUYUThIBas (IOBO3MOXKHOCTH) 3P (DEKTHI, CBSI3aHHBIE C HATMYUEM €IIE JBYX
U3MEPEHUM, NPU MOMOIIY MMOMPABOK.

N3 paccMoTpeHus ypaBHEHUM KOJIeOaHU Tejla METOJIOM Pa3JIOKCHHS 10
COOCTBEHHBIM (YHKIIMSIM TOJy4YaeTcs BBIPAKEHHE IS CMEIICHUH Mpu
BBIHY’KJICHHBIX KOJIEOaHMsIX 00111ero Buaa 06e3 yuera norepsb [56]:

¥ =
Ud mal—mq)zm’"ggEmmz exp'ﬂ'j(ot@, (2.54)

rae E, — QyHKUus KOOpJIMHAT, BhIpa)Karollasi COOCTBEHHYIO (hopMy KojaeOaHUM

B TIapIMAIBLHON BOJIHE;*,, _ COOCTBEHHAs 4acTOTa; € ,, _ BECOBOU KOA(DPUIHEHT,
BBIPAKAIOIINHI OO MTAPLUAIBHONW BOJIHBI.

CpaBHenne AYX MakeTOB JAaTYMKOB CO CIHEKTpaMU OTPAXKEHUA H
MIPOXOXJIEHHUS IPOJIOJIBHBIX BOJH Y€PE3 HWJINHIPUYECKNE BCTABKU B BOJIHOBOJIE
MOKa3aj0, YTO MPH OJIMHAKOBBIX pa3Mepax MWIMHIPOB-BCTABOK M IHMJIMHAPA
npeoOpazoBaresisi HAOMIOAACTCS COBIAJCHUE MX PE30HAHCHBIX YacTOT (pHC.
2.33). IlosToMy pe3yJbTaThl aHajdu3a MPOJAOJBHBIX KOJICOAHUN HWJIMHAPOB
MOKHO MCTIOJIb30BaTh Npu aHanuze AUX marduka.

[TockonibKy Harpy3kod mpeoOpaszoBaTeiisi C aKyCTUYECKOM CTOPOHBI
SBJISIETCSI BOJHOBOJ, a paccMaTpuBaemas CHUCTEMa OTBEUYaeT CIIydyaro
BO30Y>KJICHHS U MpUEMa TOJIbKO OJHOTO THUIA BOJH, TO MOXHO cuutath E,=1.
Taxum 00pa3om, 3aada CBOAUTCS K OTHICKAHUIO PACIIPECICHUS COOCTBEHHBIX
YaCTOT CUCTEMBI M KX aMIUTUTY bl B 33JJTAHHOM YaCTOTHOM JIMANa30OHeE.

JUis aHalIM3a MPOLECCOB B MBE303JIEKTPUUECKOM Ipeodpa3oBaree
(puc. 2.31, ) ObUTM TOCTABJIEHBI U MPOBECHBI SKCIIEPUMEHTAJIbHBIE
UCCJIEJIOBAHUS, B PE3YyJIbTaTe KOTOPHIX MOJTYUYEHBI U HHTEpIpeTupoBanbl AUX
JIATYMKOB B PEXKUME U3ITyUCHHUSI-TIPUEMa MPOJOJIbHBIX BOJH B BOJHOBO. OMBITHI
IPOBOAMIIMCH BHaYaJle Ha MaKeTax MpeoOpa3oBareseil, B KOTOPbIX B KAUECTBE

COIrIaCyromux 3JICMCHTOB ITPUMCHSJINCH TCJIA HpOCTCI\/'IIHeﬁ IrcOMCTpPHUH _

UAIUHIPHEI (puc. 2.31, 2). [l yMeHbIIeHUS BIMSHUS Mhe303JieMeHTa Ha AUX

KOJIeOaHUH IIMIMHAPOB €ro BhICOTa OblIa BEIOpaHa MUHUMATBHOUM _ 0,15 MM,

marepuan L{ITC-19. Beicota Haknagku — 0,1 MM, tuamMeTpbl HWJIMHIAPOB _ 3 MM,
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BoiHOBOAa _ 0,8 MM, maTepuan _ ctanb 0X18HI0T. AkycTrueckuii KOHTaKT

MEXy ACTaIsIMU MPeoOpa3oBaTessi BO BCEX IKCIEPUMEHTAX, PE3YIbTaThI
KOTOPBIX MPEJICTABICHBI B HACTOAIIEM Naparpade, odecrneqyuBaicsi Ipy MOMOIIH
AMOKCHIHOM CMOJIBI 0e3 mo0aBieHus otBepanTes. AUX MakeToB JaTYMKOB MPH
BapHuaIiy BICOTHI IWJIUHIAPOB MIPUBEICHBI HA pUC. 2.32.

OTMeTHM Cieayroe X 0COOCHHOCTH:

. SICHO BBIPQ)KCHHBIC PE30OHAHCHI JICKAT HUIKE YaCTOThI pauaibHbBIX
pe3onancoB nmwinHApoB (1300 kI'1);

. IJIOTHOCTh PE30HAHCOB BO3pAcTaeT MpH MPUOJIMKEHUM K YacTOTE
paauagbHOrO PE30HAHCA;

. aMIUIUTYJJa  PE30HAHCHBIX MaKCUMyMOB  YMEHBIIAETCS  MpHU
CTPEMJICHUH YaCTOTHI K HYJIIO U paIMaIbHOMY PE30HAHCY;

. Ha YacToTe 990 kl'm, He3aBUCUMO OT BBICOTHI LMJIMHIPA,

HaOmro1aercs mposai B AUX

A/A,
nn h=26,8 um
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Puc. 2.32. AYX 1aTYMKOB ¢ UMJIMHAPUYECKUM
COrJIACYIOIIHUM 3JIEMEHTOM
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Puc. 2.33. AUX k03 puIIHeHTOB OTPAKEHUS U MPOXOKIACHHUS MPOA0JbHBIX BOJH

yepe3 HWIHHAPUYECKYI0 BCTABKY BbICOTOH 9 MM Ha BOJIHOBOJeE (@)
u AUX gaTtuMka ¢ HMIMHAPHYECKUM COIJIACYIOIIUM 3J1eMeHTOM (0)

Pe3onancHsble 4aCTOThI MIPOJOJIBHO KOJIEOJTIOIIET OCS OUJINHAPA
ONPEACISIIOTCS pCHICHUEM YPaBHCHUA
n
L
il _cmD, (2.55)
2h

rac n _ HOMCP I'apMOHUKH; h _ BBICOTA OuinmHApa; ¢ — CKOPOCTh ITPOAOJIBHBIX
BOJIH B IUJIMHIPC.

CKOpOCTB IMPOAOJIBHBIX BOJIH B MUWJIIMHAPEC ABJIACTCA (1)YHKI.IPI€I>1 HJaCTOThI U
3daBUCUT OT €0 AuaMeTpa.

¢, 10m/c
O—0 O—-O\Q
— XXl N (2
4 \
}\\ N
3 \
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0 0,2 0,4 0,6 0,8 1,

Puc. 2.34. 3aBHUCHUMOCTH CKOPOCTH NMPOAOJIbHBIX BOJH B IMJIMHIPHYECKOH
BCTaBKe B BH/Ie IBOHHOI0 KOHYca 2 0T YacCTOThI f,
(4acToTa paguaJbHOr0 Pe30HAHCA)

[Ipu npubnmxeHuu f, K YacTOT€ paJAHAIBHOTO PE30HAHCA CKOPOCTH
MIPOJIOJIBHBIX BOJIH MEHSIETCSl (YMEHBIIIAETCS, €CIM BBICOTA IMJIMHApPA OOJbIIIEe
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€ro JuaMmeTpa), 4TO BEAET K CTyIICHHUIO PE30HAHCHBIX MakcUMymMoB Ha AUX
NaT4YUKa. OKCIEPUMEHTAJIbHO TMOJy4YeHHAs CKOPOCTh MPOJOJBbHBIX BOJH B
HUWIUHIApaX KOHEYHOM mmHbl (puc. 2.34) yIOBIETBOPUTEIBHO COBMAJAECT C
JTUCTIEPCUOHHOMN

KpPUBOM MPOJIOJIBHOM BOJTHBI HYJIEBOTO MOPSIKa B 0ECKOHEUHOM cTepxkHe (puc. 2.35,
HYDKHSISL KpuBasi) B 00sacT yacTot Hke (V950 kI .

SRS

?\(\)\m
SN \0.
0.4 \\\a o
0,2 \\(\\\b
O\o\o
0 1 2 3 4  HD

Puc. 2.35. lucnepcuoHHbIe KPUBBIE MPOA0JIbHBIX BOJH B
HUIHHApPE B GYHKIUHM OTHOIIEHHS ero BHICOTHI K AUAMETPY

AHaJIN3 CTPYKTYPHI CIIEKTpa COOCTBEHHBIX YAaCTOT HMJIMHAPOB B (DYHKIIUH
OTHOIIIEHUSI BBICOTHI K JHAaMETPy YKa3blBa€T Ha CrYIIEHUE CIEKTPOB
COOCTBEHHBIX YaCTOT B 00JIACTU YACTOT, OTBEUYAIOIINX COOTHOIIEHUIO 2af/c..=0,6
(puc. 2.35). Cucrema rumnep0o0Ji, TpeACTaBIsAIONIas MPOJIOIbHBIE KOJIeOaHUs
mmwHapa okoso 950-1000 kI BeIpokaaeTcs u3-3a IMOSIBJICHUSI HOBOI'O BHUJIA
KoJie0aHWM, OTCYTCTBYIOIIMX IIPpU KOJEOAHUSIX OCCKOHEYHOTO IHIMHIpA,
KpaeBbIX Kosiebanuii. KpaeBbie kosebanus, XxapakTepu3yOmuecss MHTCHCUBHBIM
NBIDKCHUEM  KPYTOBBIX  OOpa3ylomMUX  TOPLEB  MWIMHAPOB,  OBbUIH
UJIECHTUPUIIUPOBAHBI TIPOOHBIM JIeMI(UPOBAHUEM HIKHEH YacTH HWIMHAPA
npeoOpazoBaresisi, KOTOPOE MPUBOAWIO K CYIIECTBEHHOMY M3MEHeHHI0 AUX
natuuka okoJjio 1000 xI'u. Bo3HuKHOBEHHEM KpaeBbIX KOJICOAHUN OOBACHSIETCS

npoBasi B AUX paruumka Ha wactore 990 kI’ _ sHeprusi BO30OYXKACHUS
pacxoAyercs Ha pa3BUTHE KOJIeOATEIBHOIO Mpoliecca Ha TOpIe HHINHAPA.

[TpuOnmKeHHO OIIEHUTh MEPBYI0 PE30HAHCHYIO YaCTOTY KpaeBbIX
K0JIe0aHUI BBICOKOT'O CTaJIbHOTO LIMJIMHAPA MOKHO IO (hopmyie

1.88¢ nd

£ (2.56)
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Ha puc. 2.36 npuBeneH TUNUYHBIN XapakTep n3MeHeHus AUX natumka

IIpKU Bapualy BbICOTHI HAKJIAAKH.
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Puc. 2.36. AUX npeodpa3zoBaresiel ¢ HMJINHAPUYECKUMH
COIVIACYIOLIUMM 3JIEMEHTAMM AUAMETPOM 3 MM U BBICOTOH 9 MM
NPY BaAPUALMHU BbICOTHI HAKJIAAKHU

VYBenuueHue TOMMHbBI HAKJIAJIKU BEJET K POCTY aMILIUTY/Ibl PE30HAHCHBIX
MaKCUMYMOB IIpH OJIHOBPEMEHHOM YMEHBIIIEHUM HX 4YacToThl. Kpome ToTO,
cmeHa Hakjaaaku tommmHoM 0,1 Mm Ha 0,3 MM BBI3BIBACT MOSBJICHHUE HOBBIX
pe3onancoB Ha yactotax 800-1200 xI'm, amMmiMTyna KOTOpBIX pacTeT C
yBEJIMUCHHUEM TOJIIIUHBI HaKIaaku. [Ipu 3TOM 4acTh pe30HaHCHBIX MAaKCHUMYMOB
ucuezaer. HaOmiomaemoe sBieHUE OOBACHSETCS ciaeayromuM. [lumunmp,
Harpy>KeHHBIN Ha BOJIHOBOJI CYIIIECTBEHHO MEHBIIIETO CEUCHUSs, BEJIET ce0s Kak
MOJIYBOJIHOBBIM pe3oHaTtop. Ero pe3oHaHCHBbIE YAaCTOTHI JIAIOTCS BhIPaKEHUEM
(2.55). IlpononbHbIE PE30HAHCHI IWJIHWHAPA C 3aKPEIUICHHBIM Ha HEM TOHKUM

IIBC303JICMCHTOM HpI/I6J'H/I)K€HHO OIIKMCBIBAIOTCA YPABHCHUCM
ani

z ¢ hn.s h hk ov’

ﬁ15232¢scn3 fm@E fm@E ﬂ nl.‘:'x|Z[,
(2.57)
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rae h, h,, _ BBICOTA IWIMHApA M IHBE303JIEMEHTA;C, ,(f), Ci(f) _ CTepKHEBas
CKOPOCTH BOJIH B ITb€303JIEMEHTE U KOHTAKTHBIX CJIOSIX.

YcraHoBKa Ha THUIBHYIO CTOPOHY MbE303J€MEHTa HAKJIAJAKUA BBICOTOH /1,

AOITIOJIHUTCIIbHO ITOHMXKACT YaCTOTLI IIPOAO0JIbHOI'O PC30HaHCa 10 BCINYHUHBI
a1

Bt oy (2.58)

&=

z * hn.a

fro ol 2V G P Cﬁfrﬂ@g ck 'Efnz@El or
ﬁfnz@ﬂxm ,

A Re-

rae ¢,(f) _ cTep>KHEeBass CKOPOCTh BOJH B HAKJIAJIKE.

JlonoTHUTENBHBIE PE30HAHCHI B CUCTEME Ha BBICOKHX YAaCTOTaX MOTYT
OBITh BBI3BAHBI OTPAKEHUEM BOJIH OT T'PAHMI] MbE303JEMEHTA C [UJIUHJIPOM U
HaKJIagKOM.

Takum oOpa3oM, Ha HH3KHX 4YacTOTax KoOJIeOATCNbHBIN IpoIecce
OTIPEICISICTCS MPOJOJBHBIMU KOJIEOAHHSAMHU TMpeoOpa3oBaTeis, MPHU KOTOPBIX
JTWaMETP COIJIACYIOIIEro 3JIEMEHTa MOJKET HE NPUHUMAThCS BO BHHMAaHUE.
Pacnpenenenue pe3oHaHCHBIX YacTOT HAXOJMUTCS B COOTBETCTBUM C TEOPUEH
NPOJOJBHBIX KojeObaHuit crepkHed. C  yBeIWYEHHE YacTOThI CKOPOCTh
MPOJIOJILHBIX BOJIH B CTEP)KHE YMEHBIIIAECTCS, M YUCIIO PE30HAHCOB Ha EIMHUYHOM
YaCTOTHOM HWHTEpBaJie yBelUuuBaeTcs. B oOnacTtu KpaeBOro pe3oHaHca Ha

HIDKHEM TOpIE IWIMHIpa TMPOUCXOAUT 3alHupaHue MpeodpazoBaTeins
HOPMaJbHBIE BOJHBI BBIPOXKIAIOTCA B  HEPACHPOCTPAHSIOMIMECS  MOJBI
konebanuii. [lpu nanpHeWIIeM YBEIWYEHWHM YaCTOTHI BIIOTh JO YacCTOTHI
paauanbHOrO PE30HAHCAa YHUCIO PE30HAHCOB HA E€IWHUYHOM YacTOTHOM
WHTEpBAJIE  MEHsETCS  He3HauuTelbHO (puc. 2.36). MakcumanbHas
KoJiebaTeNbHasl aKTUBHOCTD MPeoOpa3zoBartesisi HabJIIoaeTcst B 001aCTH 4acToT,
MPUMBIKAIOIIEN CHU3Y K YaCTOTE MEPBOTO PaAUaIbHOTO PE30HAHCA, YTO MOKHO
OOBSICHUTh BBICOKMM 3HA4€HUEM TMbe3oMoaysst di; kepamuku LTC wu
MEXaHUYECKON TOAaTINBOCTHIO MPEe0Opa3oBaTeis paauaibHbIM AePOpMAIIHIM.
VYBenuueHue TONIMIMHBI HAKIAIKU CMENIAeT MAaKCUMyM KoyieOaTenbHON
aKTUBHOCTH BHU3 MO YaCTOTE.

Konunyeckue cormacyromme 3JeMEHThl B Mbe30IpeoOpa3oBaTessax (puc.
2.31, 6), B OTAM4YKE OT LIIMHAPUYECKUX, HE UMEIOT SIPKO BBIPAKEHHOM TPAHHULIBI
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B MECTE UX COCJMHEHUs C BOJHOBOJAOM. BHyTpeHHssi oOpaTHasi CBS3b,
BO3HUKAIOIAsl TMPU TMEPEOTPAKECHUSAX TMPOJOJBHBIX BOJIH OT KOHIIOB
COrJIaCyIOLIUX 3JIEMEHTOB, PE3KO YMEHBIIAETCS, YTO BEIET K Cra)XKHMBaHUIO
COOTBETCTBYIOIIMX PE30HAHCHBIX MakcuMyMoB Ha AUYX patumka. OCHOBHBIM
pa3MepoM, BBICTYMAIONIMM B Ka4eCTBE MCTOYHHUKA PE30HAHCHBIX KOJICOAHUI,
CTAHOBHUTCS PAAUyC TNbE303JIEMEHTA, HAKJIQJAKA W TOPLA COINIACYIOIIETO
anementa. Ha puc. 2.37 mpuBeaensi AUX mnpeoOpazoBateneil ¢ TOHKUM
nbe3o031eMenToM (0,15 Mm) npu Bapuanuu yriia pacTBopa KoHyca.

31ech UMEET MECTO OJIMH PE30HAHCHBIN MAaKCUMYM Ha 4acToTe, OJIU3KOH K
4acTOTE PaJuajJbHOr0 PE30HAHCA MbE30JUCKA, COCAMHEHHOIO0 C KOHYCOM Kak
naccuBHOU Maccoil. [lob6aBieHre TOHKON HaKJIa K1 Ha CBOOOHYIO TOBEPXHOCTh
MbE303JIEMEHTA IPUBOJIUT K BOBHUKHOBEHUIO JOOABOUYHBIX PE30HAHCOB BHIIIE U
HIDKE YacTOThl PAMAIBHOTO PE30HAHCA MbE303JIEMEHTAa M TMOHMIKEHUIO €ro
panuanbHOW YacToThl (puc. 2.38). BBICOKOYACTOTHBIM PE30HAHC CBS3aH C

paaralibHbIMHU KOJI€0aHUSIMU HaK/JIadKH, a HU3KOYACTOTHBIM _ C IIOSBJICHHUEM

PE30HaHCa KOJICOAHUH 110 JIINHC. C YBCINWYCHHUCM TOJIIWMHBI HAKJIAJIKH
YBCINYUBACTCA PC30HAHCHAA dKTUBHOCTDL B HU3KO4YaCTOTHOI 00JIacTH.
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Puc. 2.37. AYUX npeoOpa3oBareJieil ¢ KOHHYECKHM COIJIACYHOIIUM
3JIeMEHTOM NP BapHAIlUH YIJIa pacTBOpPa KOHYca

(1mameTp OCHOBaHUS KOHYca 3 MM)

Ha puc. 2.39 npuseaenst AUX mnpeoOpaszoBarenield ¢ MbE303JIEMEHTOM
tonmuuon 0,8 mm. Ha HHMX pe30HaHCHl KOHIIEHTPUPYIOTCS HUXKE YacTOThI
paJManbHOrO pe3oHaHca, a npu er=10#C npocMaTpUBaIOTCS CIrUIaKCHHBIC
POA0JIbHBIE pe30HaHChl. CpaBHMBas puc. 2.38 u puc. 2.39, MOKHO 3aKITIOYUTh,
yto ympaBiiath AUYX mnpeoOpa3zoBaTenss MOPOJOJBHBIX BOJH MOXHO Kak
U3MEHECHHEM TOJIIIUHBI MbE303JIEMEHTA, TaK U TOJIIIMHBI HakIagku. [Tpuuem nx
yBEJIMYCHUE CMENIAeT KOIeOaTeIbHYI0 aKTUBHOCTD T10 9aCTOTE BHU3.

JIJisl OLIEHKW YacTOT PE30HAHCa, CBSA3AHHBIX C KOJIEOAHUAMH KOHYyca IO
JUTMHE, HEOOXOJAMMO YUYWTHIBATh XapakKTep H3MEHEHHS CKOpPOCTH 3BYyKa
IIPOJIOJBLHBIX BOJH B KOHYCE (puc. 2.34).

ComocraBnsis ~ pe3yibTaTbl  U3MEPEHMM  KOJNeOaHUM  JMCKOBBIX
npeoOpazoBaresiel MPOJOJILHBIX BOJH Ha OCHOBe Ibe3okepamuku [[TC ¢
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UWIMHAPUYECKUMU M KOHUYECKMMM COTJIACYIOIMMHU BJIEMEHTAMHU, OTMETUM
cinenytomee. KosmebaTenbHass aKTUBHOCTh IpeoOpaszoBaTesiel ¢ TOHKUMU
bE303JIEMEHTAaMH MaKCHMMallbHa B OOJACTU YacTOT, MPUJICTAIONICH CHU3Y K
4acTOTE MEPBOTO PAIAAIBHOrO pe3oHaHca. C poCTOM TOJIIMHEI ITbE303JIEMEHTA
Y HAKJIQJIKU MAKCUMYM aKTUBHOCTH CMEIIAETCS IO YaCTOTE BHU3.

J1J1s1 OIIEHOK PEe30HAHCHBIX YaCTOT, CBSA3aHHBIX C KOJCOAHUSMHU TIO JTHHE,
MO>XHO HCIIOJIb30BaTh TEOPHUIO0 KOJEOAHUN JIMHHBIX CTEPKHEH C Y4eTOM
XapakTepa HM3MEHEHUS CKOPOCTHM 3ByKa IMpU H3MEHEHUMM dYacToTbl. AUYX
npeoOpa3oBareyiel ¢ KOHMYECKUM COTJIACYIOIIMM 3JEMEHTOM CYIIECTBEHHO
OoJiee CriaXkeHbl W TIPU  OINPEJCICHHBIX COYETAHUSIX KOHCTPYKTHUBHBIX
apaMeTpoOB MOTYT OBITh KaK MOHOYACTOTHBIMU, TaK U IIIUPOKOTIOJIOCHBIMH.

Konkpetnbiii Buag AUX naturika B HEKOTOPBIX NPEAEIax 3aBUCUT TAKKE OT
CBOWCTB MaT€PHUAJIOB, CBSI3bIBAIOIINX MTHE303JIEMEHT C COTJIACYOUIUM SJIEMEHTOM
M HaKJIaJKOW, KayecTBa COCAMHEHUsS €ro C BOJHOBOJIOM, KOHCTPYKIMU
TOKOCBEMHUKA M aKyCTUYECKOrO KOHTAaKTa C OKPYXAOUMMHU JIETAISIMH.
[TosTroMy TouHbIl pacuer AUX B HacTosmiee Bpems, IMO-BHANMOMY,
HEBO3MOXEH. OUEHKH XapaKTEPUCTUK AATYMKOB ISl LEJIEN JUArHOCTUKU C
JOCTAaTOYHOW JUIsi MPAKTUKU TOYHOCTBIO MOXHO MPOBOAUTH C YYETOM
U3JIOKEHHBIX JaHHBIX. AKYCTHYECKHE TMpeoOpa3oBaTelM C KOHUYECKUMHU
COIVIaCyIOIIMMH JJ€MEHTaMu Ha ocHoBe Tnbe3okepamMuku I[ITC-19 wumeror
kod(pdunmeHT nepegaun Ha yactote pezonanca 0,3-0,1.
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Puc. 2.38. AUX npeoOpa3zoBaresieil ¢ KOHUYECKHM COTJIACYIO UM
3J1eMEeHTOM NP BapHAIUM BbICOTHI HAKJIAAKYU (1MaMeTP

OCHOBaHHsI KOHYca 3 MM, yrou pacreopa 10)
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Puc. 2.39. AUX npeoOpa3oBaresieil ¢ KOHUYECKMM COTJIACYOIIUM
3JIEMEHTOM U Nbe303JIeMeHTOM BbicoToi 0,8 MM U 1UamMeTpoM
3 MM NIpH BapMalMH yIJIa pacTBOPA KOHYCA

2.4.3. KOHCTPYKIIUM M OCHOBHbBIE XapaKTEePHCTUKH
npeodpasoBaresied U3THOHBIX U KPYTHJIBHBIX BOJIH

['eHepanus W3rMOHBIX BOJH B BOJHOBOJE OCHOBAaHAa Ha IPUJIOKCHHH
K0J1e0aTeIbHOTO JaBJICHUS B HAIPaBJICHUH, MEPIECHIUKYIIPHOM ero ocu. J[is
3TOM MeId MOTYT OBITh TNPUMEHEHBI IpeoOpa3oBaTeii Ha OCHOBE
TbE30AKTUBHBIX MAaTEPUANIOB C PA3IUYHONW TEOMETPHEH WM HMCIOJIB30BAHO
npsMoe TpeoOpa3oBaHWE MPOJOJBHBIX KOJEeOaHWW OFJHOTO BOJIHOBOJA B
n3rnOHoe KoyebaHue apyroro. Bropoe HampapieHue OyaeT pacCMOTPEHO B
naparpade 2.4.4.
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Ha puc. 2.40, a npuBeneHa KOHCTPYKIUsI IpeoOpa3oBaresiss M3rHOHBIX
BOJIH JJI TIOJIOCKOBOT'O BOJIHOBOJIA, B KOTOPOM HMCIIOJIb3YETCS TONIIMHHAS MOJa
KojeOaHuil mnbe3omnacTuHel [57]. I'pebeHuUarass KOHCTPYKLMS KOHTAKTHOM
NOBEPXHOCTU MpeoOpa3oBaTenss OOECIEeUnBaeT MNEPHEHANKYISIPHOE  OCH
BOJIHOBOJIa JBWIKEHHE €ro ydacTkoB jjuHou @/2. Tlpu stom 3ddekTuBHO
BO30yKJaeTcsi uW3rMOHasi BOJHA 3aJaHHOM 4acTtoThl. JlemndupoBaHue
CBOOOJHOr0 KOHIIA BOJIHOBOJIA IMOAABIISIET OTPAXKEHHYIO BOJHY, oOecreuuBas
YMEHBIIIEHUE TMEpPEeXOJHbIX HCKakeHUU. [IpakThyecku Takasi KOHCTPYKLIMS
IpUMEHSIETCS Ha BBICOKMX yacToTax 2-3 MI'u. B 6onee Hu3ko4acToTHOM 006nactu
JTy4lIue pe3ysbTaThl MOIY4YaloTCs C AUCKOBBIMU Ibe3odjieMeHTamu (puc. 2.40,

0, 8).
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Puc. 2.40. KoncTpykuuu npeodpasoBareJieili ”BTHOHbIX BOJIH:

a — B BUjie TpeOHs; 6 — mucKoBas ¢ AemidepoM; 6 — nuckoBas 0e3 nemmndepa

Pe3oHaHCHBIE XapaKTEpUCTUKM TAaKOW CHUCTEMBI 3aJa0TCS BBICOTOU
MbE30JIEMEHTA U METAUIMYECKOW HAKJIAJKH, YCTAHABIMBAEMOM HA €0 ThUJIbHOU
CTOPOHE, a TaKXXe pacCTOSHHEM MhE303JIeMeHTa OT CBOOOJHOTO KOHIIA
BOJIHOBOJIAa B KOHCTpyKumMu puc. 2.40, 6. OnpenenstomuMu  SBJISIIOTCS

IMPOAOJILHBIC Ko1e0aHMsI CUCTEMBI IThE302JIEMEHT _ HaKJIaJdKa.
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Xapakrtepubiii Bug AUX npeobpazoBaresst U3ruOHbIX BoJH (puc. 2.40, 6)
¢ nbe3okepamukoit I{TC-19 npuBenen Ha puc. 2.41.

B HeM UCIONB30BaNICS BOIHOBOJ MPAMOYTOILHOIO ceueHus 2,5 1,5 Mmm?

U TIbE303JIEMEHT AUaMeTpoM 2,5 MM BbIcOTOM 0,9 MM M HaKJIaJIKd TaKOTO XK€
nuaMeTpa. MaKCUMallbHYH0 aKTHBHOCTh MMEET HH3KOYACTOTHBIM PE30HAHC,

MOJIOKEHUE KOTOPOr0 Ha YACTOTHOM OCH MOXHO OIPEAENIUTD 10 (hopmylie

P

A AN b je

AN
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CnaEl CHE cknxlz )

(2.59)

rae h,.,, h,, h, _ BBICOTa MbE303JIEMEHTA, HAKIAIKH U KOHTAKTHOTO CJIOS MEXITY

HHUMH, COOTBCTCTBCHHO,C), 5, Cy, Cx — CTCPIKHCBAA CKOPOCTL B IIBC303JICMCHTC,

HaKJIaJIKEC 1 KOHTaKTHOM CJIO€C.

A/A, N
; [
| \| n=0
o [N
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1 l \ h,= 0,97 Mm
0/ \’\/\/\__—\/N/N'\-—"\_.—\
5 /\ h,=0,18 Mm
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A \NANN A
300 500 700 900 1000 f, kl'y

Puc. 2.41. AYX npeoOpa3oBareJisi N3BruOHbBIX BOJIH:

h,, — BBICOTA HAKJIQJIKHA

Koaddunuent nepenaun npeodbpazosatens aexut B npeaenax 0,15-0,30
C TeHJCHIIMEH K YMEHBUICHUIO MPU YBEIMYEHUHN BBICOTHI HakjIaAaku cBbiiie 0,5
MM. OTHOCUTEIIbHAS IIIMPUHA MOJIOCHI poITycKkaHus nmpeoodpazosarens 0,10-0,15

Ha ypoBHe 0,5.
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3ameTtHO  Oonee  BBICOKMH  KOd(ppuUIMEHT  mepesayd  UMEIoT
npeoOpa3oBaTesid, y KOTOPBIX IbE303JEMEHT pACIOJIOKEH BOJM3M KOHIIA
BoitHOBOAa (puc. 2.40, 6). OnHaKo pe30HAHCHBIE CBOMCTBA TAaKOW CHUCTEMBI
CTAHOBATCA TakKe (PYHKUHMEHW TOJIIMHBI BOJIHOBOJA M PACCTOSIHUS OT KOHIIA
BOJIHOBOJIA JI0 IMbE303JIEMEHTA, YTO YCJOXKHSAET BBIOOP T'€OMETPUUECKUX
pa3MepoB M HaCTPOUKY MpeoOpa3zoBaTes.

Ha puc. 2.42 npusenensi AUX mnpeoOpazoBarenis HM3THOHBIX BOJIH C

BOJIHOBOJIOM TPSMOYroyibHOTO cedenus 2,5¢1,5 mm u3 cramu 0X18HI10T,
mbe303JieMeHTOM BhIcoTOM 0,9 MM u Haknaakou m3 craau 0X18HI10T BeicoToM
0,27 mm. JluameTp mbE303JE€MEHTA W Hakaagku 2,2 mMM. BapeupoBanock
PacCTOSIHUE OT Kpas MbE303JIEMEHTA JI0 CBOOOHOTO KOHIA BOJTHOBO/IA.

CxopocTh M3rMOHBIX BOJIH B 3TOM BOJIHOBOjie Ha yactoTe 400 xI'11 paBHa
3000 m/c. TlomyyaeMm, 4TO MaKCHUMAaJIbHOE PACIIMPEHUE TMOJIOCHI MPOIMYCKAHUS
TaKoro mpeoOpazoBaTess JOCTHTACTCS MPH €ro pa3MEeNeHUWH Ha PacCTOSHUM
npuMepHO ®/2 OT KOHIIa BOJIHOBOJIa J0 OCH mbe3odjieMeHTa. [Ipumuem AUX
npeoOpazoBaTelis pacIuPseTCss B CTOPOHY BHICOKMX YaCTOT.

A/A,
02 /T
0.1 ,\/ \ ol = 4,0 mm
0.2 /\\/,-\/'\
0.1 / \\ 3,0 Mm

0 S
0,2 N~
0,1 -\/\\

5 / N 2,5 Mm \
s [\
0:1 / \ 1,5 Mm

" /\/ /\\ \
g
' N TN 0,8 MM
0,1 e
0 / —
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Puc. 2.42- AUX npeoodopas3oBaTeis
¢ BOJJHOBOJOM H3rHOHBIX BOJIH
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Koadduument nepemaun pacCMOTPEHHOTO MpeoOpa3zoBaTeas MOXKET
nocturath 0,4-0,5. OTHOCHUTENbHASA IUPUHA TOJIOCHI TPOIYCKAHUS HAXOIUTCS,
kak mpasmio, B mpeaenax 0,3-0,4. Jnga ee pacmmpeHus 1menecooOpasHo
MOKPBIBAaTh CUCTEMY MbE303JIEMEHT-HAKIIAIKa PE3UHOMOJOOHBIM TE€PMETHUKOM,
YTO TaKX€ 3allMIINACT €€ OT BHEIIHUX Bo3aeucTBUi. [Ipu 3TOM pe3oHaHCHas
yacToTa mnpeodOpa3oBareisi ymeHblnaerca Ha 5-7%, ko3puuueHT nepenayu
nagaet Ha 15-25%, a nmonoca nponyckanusa yeBenunuuBaeTcs Ha 20-30%. Ota
omepauus  CYIIECTBEHHO  CIJI&KMBAET  IEPEXOAHBIE  IIPOLECCHl B
npeoOpa3oBarere.

JIist BO3OYXKIEHUsT KPYTWIBHBIX BOJIH B HWJIMHAPUYECKOM BOJHOBOJE
HeoOxoauMo  co3nath Jgedopmanuio  KpydeHus. B mbe3okepamuke
OJIHOHAIIPABIICHHOM ToJisipU3anueld Takol BuJ JAepOopMallMM  pPean30BaTh
HEBO3MOKHO, MO3TOMY MPUMEHSIOT 00JIee CIOKHBIE CHUCTEMBI 3JIEKTPOJOB.
Hanpumep, ucnosnb3ys coiictBo kepamuku LITC nedopmupoBarses co cIBUTOM
IpU  TNPWIOKECHUU  IJIEKTPUUYECKOTO TMOJISI MNEPHNECHAUKYIAPHO  BEKTOPY
MOJISIPU3ALIU

(Mmonyne d;5(50), pazpaboTanbl IpeoOpa3oBaTeid KPYTHIBHBIX BOJIH B (opMe

MOJIBIX TUIUHAPOB (puc. 2.43).

+ o

g o]

Puc. 2.43. IIbe30npeodpa3oBarTesib KPYTHIbHBIX BOJIH:
1 — MONAPHU3YIOIINE DIIEKTPOIBI; 2 — pabodyue IEKTPOIbI
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HunmuHApHl MHE30KEPAMUKHU TMOJSPUIYIOTCS ABYMS TapaMu 3JIEKTPOJIOB,
HAHECEHHBIX Ha IIWJIMHIPUYECKYIO TOBEPXHOCTh BOJIM3U TOPIIEB. B nanpHeliem
3TH 3JIEKTPObl HE HUCIIOIB3YIOTCS, & KPYTUJIbHBIE KOJeOaHHsI BO30YKIalOTCs C
MOMOIIBI0  JIByX  BJIEKTPOJIOB,  PACIOJIOKEHHBIX  HA  JUAMETPAIBHO
MPOTUBOIOJIOKHBIX CTOPOHAX HHIHHAPA [48].

2.4.4. Paciunpenue pyHKIMOHAJIbHBIX BO3MOXKHOCTEH
npeodpaszoBareJiei

OrpaHuyeHHbIE  BO3MOXKHOCTH  pPa3MEIICHUST  JIAaTYUKOB  BHYTPH
obopynoBanust DY B psije ciyuaeB 3aTpPYyAHSIOT IPUMEHEHUE BOJTHOBOIHBIX
JUHUN U3THOHBIX U KPYTWIBHBIX BOJIH. B TO € BpeMsi, UCXO/is1 U3 TOCTABICHHOM
3a/1auy, 1eIecoo0pa3Ho, HAMPUMEpP, MCIOJIb30BATh UyBCTBUTEIBbHBIA AJIEMEHT
Ha M3TMOHBIX BOJIHAX. [l pemieHus 5TOM 3aJayd MOXKHO MCIOJb30BaTh
KOHCTPYKIIMH, TMO3BOJISIONIME TPOBOJIUTH B3aUMHBIE MpeoOpa3oBaHUsl THIA
KoJie0aHUM B BOJIHOBOJIaX, B TOM YHCJIE B JKCTPEMaJIbHBIX W 3aTECHEHHBIX
YCIOBUSX

D¢ dexTUBHBIM y3JIOM MpeoOpa3oBaHUsl MPOAOJIbHBIX BOJH B WM3THMOHBIC
SIBJISICTCSI B3aUMHO MEPHEHIUKYJISIPHOE COCIMHEHUE JIByX BOJIHOBOJOB (puC.
2.44, a, 6). Ilpu cuMMeTpUYHON KOHCTPYKITUU BO30YKICHHUE MMapa3UTHBIX THUIIOB
BOJIH He HaOmomaercs B MUPOKOM nuamazoHe vactor (400-900 xI'm) mpu
JuaMeTpe BOJTHOBOIOB 0k0Ji0 1 MM. [To100poM cedenust BOJTHOBOIOB U TJIOIIA TN
CTBIKA yJIaeTcsa 00€CeUnTh CHUYKEHUS aMILTUTYAbl OTPAXKEHHOM OT MECTa CThIKa
poaosibHOM BOJIHBI 10 20-30% aMmiauTyabl majaroiie BOIHbL. B kauecTtBe
MOTJIOTUTEJISE MOXHO MCIOJIb30BaTh OOBHMBKY CBOOOJHOIO KOHIIAa BOJIHOBOJIA
TOHKOW MSTKOW IIPOBOJIOKOKW. B HECUMMETPUYHOM KOHCTPYKLHMHU BBICOKOE
KauecTBO MpeoOpa3oBaHUs yIaeTCs MOTYYUTh JIUIIH B Y3KOM JHana3oHe 9acToT,
KOTOPBI OMpEeNensieTcs PE30HAHCHBIMU SBJICHUSMU B CBOOOJHOM KOHUYMKE
BOJIHOBO/Ia U3TUOHBIX BOJIH.

D¢ dexTuBHBIN TIpeoOpa3oBaTeNib KPYTUIBHBIX BOJH MOXET OBITh
U3TOTOBJIEH Ha 0asze mapbl MpeoOpa3zoBaTesiell MPOJOJIBHBIX BOJH WU C
UCIIOJIL30BAaHUEM OJIHOTO TMPeoOpa3oBartelisi, CHA0)KEHHOTO Mapoil BOJHOBOJIOB
(puc. 2.45).B mepBoM ciyudae s HOPMallbHOM pabOThl mpeoOpazoBaTens
KPYTUJIbHBIX BOJH HEOOXOAMMO HMETh JBa WIACHTUYHBIX MpeoOpa3zoBaTelis

IPOJIOJIBHBIX BOJIH W OO€cmeunTh UX paboTy B mpotuBodaze. Bo Bropom _
HEOOXOMMO BBINTOJIHEHUE YCJIOBUS PAaBEHCTBA JUIMH Pa3BETBIIEHHBIX Y4aCTKOB
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BOJTHOBOJIOB. JIJ1si CHYDKEHUS peBepOepallMOHHBIX TTIOMEX HE CJIeAYeT BhIOUpAThH
IJIMHY Pa3BETBJICHHBIX YYaCTKOB CJMIIKOM Majod, a YyMEpPEHHOE HuX
neMi(pupoBaHUE CYILECTBEHHO YJIY4IIaeT KadyeCTBO Mepeiayd HMITYIbCHBIX
CUTHAJIOB.

Bo u3bexaHne BO3HMKHOBEHHS Mapa3sUTHBIX KOJEOAHWUN W PE30HAHCOB
MOTIEPEYHbIE pa3Mepbl BOJHOBOJIOB U HMX CBOOOJHBIX KOHIIOB JKEJATEIhHO
YMEHBIIUTh. DTO MO3BOJSET PACHIUPUTH padOUMii AMana30H YacTOT JATYMKOB
U3TUOHBIX BOJH B BBICOKOYACTOTHYIO 00JIACTb.

le,

2 3
1
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/ a)
e,
Coe 81
/ . —

of
Puc. 2.44. Y3abl npeodpa3oBaresieil NPOA0JIbHBIX BOJH B H3THOHBIE:

@ — CAMMETPUYHAsI KOHCTPYKIIHSI; 6 — HECUMMETPUYIHAS KOHCTPYKIIUS
1 — BOJTHOBOJT M3TUOHBIX BOJIH; 2 — BOJIHOBO/I MPOJIOJIBHBIX BOJH; 3 —aemrdep
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Puc. 2.45. Y3ab1 npeoOpa3oBareJieil NPoa0JbHbIX BOJIH
B KPYTWIbHbBIE ¢ IBYMH (@) U OTHUM (0) BOJTHOBOAAMU
NMPOI0JIbHBIX BOJIH

2.5. Oco0eHHOCTH BTOPUYHOM aNNapaTypbl aKTUBHBIX BOJTHOBOAHBIX
CHCTEM KOHTPOJIS TenJIoHocuTe st S9Y

BaxxHoil 4acTbio CHCTEMBI aKyCTHUECKOTO KOHTPOJISI SIBJISIETCSI BTOPUYHAS
ANIEKTpOHHAs anmnaparypa. be3 coBeplieHHOW ammapaTypbl JUIsl U3Iy4YeHUS,
npueMa u 00pabOTKHU yIbTPa3BYKOBBIX CUTHAJIOB HE MOTYT OBITh pealn30BaHbI
BBICOKHE MOTEHIIMATbHBIE BO3MOXHOCTH, KOTOPHIMH O0JIa[Ial0T BOJHOBOHBIC
naTuukd. B Hacrosiiee BpeMsi MPOMBIIUICHHOCTBIO MPAKTUYECKH HE
BBIIyCKalOTCS  Npubopbl  (kpoMe  ocuwiorpadoB), MNPUTOJIHBIE IS
UCIIOJIb30BaHUS XOTS Obl B BUAE (YHKUMOHAIBHBIX OJIOKOB B aKyCTHYECKHUX
CUCTeMaX KOHTPOJIA. DTO 3acTaBiseT pa3pabOTUYMKOB TAaKOM TEXHUKU CaMUM
ucKath 3 (HEKTUBHBIC CXEMHBIE PEIICHUS, OTPA0aThIBasI UX B OIMBITHBIX 00pa3Iax
annapatypsbl. IIpu 3TOM cieayeT yduThIBaTh psij OCOOEHHOCTEM, CBS3aHHBIX C
KOHCTPYKIIMEH BOJTHOBOJHBIX TaATYMKOB U METOJUKON M3MEPEHHUIA.

B natumkax Juisi BHYTPUPEAKTOPHBIX HM3MEpPEHHH, paboTarommx B
UMITYJIbCHOM PEXHUME, CYIIECTBEHHa Mpobiema oOecrieueHus: CTaOWUIbHOCTH
HACTPONKU CTPOO-UMIMyJbCa Ha NPUHHUMAEMbIE CHUTHAJbI, OTPAXCHHBIE OT
YyBCTBUTEJIBHOTO JJIEMEHTAa WM OKPYXKAIOIIETO €ro  TEIIOHOCUTES.
BceneactBue temmepaTypHbIX M3MEHEHHUI H3-3a Bapuallid CKOPOCTH 3BYyKa B
BOJIHOBOJIE MEHSIETCS BpPEMEHHas 3aJiep’KKa pPaclpOCTPAHEHUS CHUTHAJIOB,
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nocturatomas 50-100 mkc. [ToaTroMy HE0OXoaMMa aBTOMATHUKa CIEKEHUS 3a
BpEMEHEM  3aJICp)KKUM  MPUHUMAEMBIX  UMIIYJbCOB,  OOecreuYrBaromas
COOTBETCTBYIOLLYIO aBTOMOJCTPOUKY IMOJIOKEHUs CTPoO - umnyibcea. [Ipu satom
B psA€ CIy4aeB LEJIecoOO0pa3HO BBEIACHUE AaBTOMOJACTPOMKHA yCUIICHUS
NpuHUMaeMbIX  curHaioB (APY), mo3Bossitomed MNOAAEPKUBATH — HUX
ONTHUMAJIbHBIA YPOBEHb.

Becpma BaxHOil siBiIsieTcst mpobiiemMa o0ecreyeHus TOMEX0YCTOMYUBOCTH
CUTHAaJIa, TPAHCHOPTUPYEMOTO IO JIEKTPUUECKON JIMHUU CBA3U MHOTIA JJIMHOM
10 200 M. OCOOEHHO aKTyaJIbHO ATO MPH UCIIOIb30BAaHUU AKYCTUUYECKUX CUCTEM
JIMAarHOCTUKHU Ha CTEHJaX MO OTpaboTKe 3y1eMeHTOB DY ¢ 3JeKTpooOOoTrpeBoMm.
JInst pelieHus 3TOM 3a/1aud MCIHONB3YIOTCS corniacyromue auddepeHunanbHbie
TpaHchOpMaTOPHI, JIMHUY CBSA3U B BUJAEC BUTOM Maphl, CTPOOMPOBAHNE CHUTHAJA
BO BPEMEHHU.

Bropuynas ammapaTypa CHCTEM KOHTPOJS JOJDKHA 00JIaaTh Takxke
BBICOKMM OBICTPOJICHCTBHEM, MOCKOJIBKY YACTOTHBIM JUANA30H MPUMEHSIEMbIX
curHasoB pacrpoctpansercs 10 10 MI'n. Ilpu pabotre B UMIYJIbCHOM pEeXUME
U3Nly4eHUe—TpueM BO H30exaHue mnoTrepu UHOpMaUUU HEOOXOIUMO
MPOMEKYTOUHOE XPAHCHUE JJaHHBIX WU HMX HAKOIUICHUE MEXIY IHKIaMHU
U3MEpPCHUMN.

BBuny  «MHOromapaMeTpUyHOCTH»  YJIbTPa3ByKOBOTO  CHUTHalla H
KENaTeIbHOCTH TOJMy4YeHUs] MaKCMMajJbHOM HHQOpMalMu O Tpoleccax
11e7IecC000pa3HO BBEJACHUE B allaparypy OJIOKOB, MO3BOJISIONIMX HU3MEPATh HE
OJIUH, a HECKOJbKO IapaMeTpoB, MPOBOAMTH IMPEIBAPUTEIBHYIO 00pabOTKY
JTAHHBIX U B HOPMUPOBAHHOM BU/I€ ME€PE/IaBaTh JAJbIIE /ISl UCIIOIb30BaHUS.
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3. JABOPATOPHBIN ITIPAKTUKYM 11O CHACTEMAM
YIIPABJIEHUA ADY

3.1. JlabopaTtopHas pabora 1

NCCIEJOBAHUE ITUHAMHNYECKHUX XAPAKTEPUCTHUK U
W3YUEHUE NEPEJATOYHBIX ®YHKIUI JUHENHBIX
3BEHBEB CUCTEM YIIPABJIEHUA

PaboTta coaepXuT pacueTHO-3KCIIEPUMEHTAIbHBIN aHAIN3 JUHAMUYECKHX
CBOMWCTB M MMEPEIATOYHBIX (PYHKIIUH TUIIOBBIX 3B€HHEB CHCTEM aBTOMATHYECKOIO
YIIPABJICHUA.

Ilenvio pabdomer SBISICTCST W3YYCHUE JUHAMUYECKUX CBOWMCTB H
nepelaTOYHbIX (PYHKIMI THUIIOBBIX 3BEHBEB CHCTEMBI aBTOMATHYECKOIO
perynupoBaHusi. 3ydeHue 31eKTPOHHBIX aHAJIOTOB PEeAIbHBIX 0OHEKTOB.

Ocnoewvl meopuu

Cucrema aBromatnudeckoro peryiaupoBanusi (CAP) — cOBOKymHOCTb
3JIEMEHTOB, MNPEAHA3HAYCHHAA ISl MOANCPKUBAHHS 3aJaHHOW BEJIIMYUHBI B
OIIPENICIICHHBIX IIpeeIiax.

CAP coctout u3 o0beKTa peryJiMpoBaHusi U aBTOMATHYECKOTO PEryJysiTopa.

OOmenpuHITHIM TOAXOJ MPU U3YYECHUHM JuHaMu4eckux cBorcTB CAP
3aKJII0YAETCS B OIPEICIEHUN U3MEHEHUS BBIXOJHOTI'O CUTHAJIA IPU CTaHAAPTHBIX
BXOJIHBIX BO3JECUCTBUAX. Pa3mnuaroT BpEMEHHOW U YaCTOTHBIW aHAJIU3.

B ClIydac¢ BPCMCHHOI'O daHAJIM3a B Ka4YCCTBC CTAHAAPTHBIX BXOIHBIX

BO3JEHCTBUM BHIOMPAIOT CUTHAJIBI B BUJIE:

. NPSIMOYTOJIBHOTO UMITYJIbCa (IPUYEM €T0 JJIUTEIbHOCTh BEIOMPAIOT
MHOTO MEHBIIEN XapaKTEePHBIX UIUTEIBHOCTEN IMPOLECCOB B HCCIEAYEMOU
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CHUCTEME), BBIXOJHOW CHUTHAJl Ha3bIBAIOT — HMMIYJbCHON XapaKTepUCTHKOM
CUCTEMBI;

. €MHUYHOIO CKauka (CTYHEHbKH, TOJIYKA); BBIXOAHOW CHUTHAI
HA3BIBAIOT — MEPEXO0HOM XapaKTePUCTUKOM crucTembr;, (¥ muHelHON QyHKIUH.

B cnaydae yacToTHOrO aHanm3a CTaHJAPTHOE  BO3JECUCTBHE  —
CHHYCOUJANbHbIM CHUTHAI. Pe3ynpraToM aHanus3a SBISIIOTCA IOJYyYEHUE
aMIUTUTYJTHOYAaCTOTHOM U (ha30-4acTOTHOM XapakTepuctuk cucrtembl (AUYX u
OUX). AMIUIMTYIHO-YACTOTHAS XAPAKTEPUCTHKA — 3TO 3aBHCUMOCTH
kod(pduireHTa ycusieHus: cucTteMbl OT 4actoThl, @UX — 3TO 3aBUCUMOCTH
¢a3oBoro caBUra CHUHYCOMJIATBHOTO CHUTHAJIA MEXIY BXOJOM U BBIXOJOM
CHUCTEMBI OT YaCTOTHI.

Perynupyemslii 00bEKT B 00111eM CiTydae CI0KEH, T0ITOMY €Tr0 pa3ouBaloT
Ha IPOCTHIE COCTABJISIFOLIME JIEMEHTHI — 3BEHbS. 3BEHOM CHCTEMBI Ha3bIBAIOT €€
AJIEMEHT WM YacTh, OO0JaJaloNlyl0 ONpEEJICHHBIMU CBOMCTBAMH B
JUHAMUYECKOM OTHomeHuu. Dusmyeckas OCHOBa 3BE€HA HE MIpaer
OIPEIEIIAIOLIEN POJIH.

[Ipocrerimnmu TUNOBBIMU 3BeHbsIMU CAP  SBISIIOTCS: yCHIMTENBHOE,
UHTETpUpYIOLee, anepuouueckoe, kosnedarenbHoe, AuddepeHnupyromee u
3amna3/abIBaroIIee.

B wuHXeHepHOW mMpakTUKe g YHOPOIICHWS aHajiu3a M PacyeToB
NOJIB3YIOTCA CHUMBOJIMYECKUM  SI3bIKOM, OIMCBHIBAIOIIMM pEajibHbIE 3BEHbS,
COCTABJISIIOLIME OOBEKT pEryJMpoBaHUA — MEPENaTOYHbIMH (YHKIHIMHU.
IlepenaTounasi GyHKIUA ONpeneseTcss Kak OTHOIIeHHE o0pa3a BBIXOIHOTO
BO3JICHCTBHS K 00pa3y BXOJHOTO BO3JCHCTBUA.

[TycTte Mexay BXOIHBIM BO3JIEMCTBUEM X M BBIXOJHBIM CUTHAIOM Y

UMEEeTCsl JIMHEHHas B3aUMOCBA3b, KOTOpas B O6H_I€M ClIy4dac OIIKMCbIBACTCA

ypaBHEHUEM
3BeHO X Y n
— —
m d+X
4 74
oar—qpE  oby At - (3.1)
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Puc. 3.1. Ilepenarounasi pyHkuus

BoinmonHuB Hajg o0eMMHM YacTSMHM JITOTO ypaBHEHHUS IpeoOpa3oBaHUE
Jlartaca nipu HyJIEBBIX HAYaJbHBIX YCIOBUSX, MTOJTYYUM:

n m

— ¢)
YBSOKKysdxBs Kps+,

k0 k0

YBSDOKDBSD BXBSD<KBsQD,

OTKyJ1a Y@&sQ d _KD’B’ SS@ Xx@asD,
(3.2)
Benuuuny Z BsQE__ kWY Ha3bIBAIOT IEpPEAATOYHOM

GyHKUIHEH, D@D

=
»a D@ SQOEK g5 - XapaKTEPUCTUUYECKUM

MHOT'OYJICHOM.
k0

Takum O6p330M, BbIXOJHAaA BCIWYHMHA Y OonpeaciIACTCs COOTHOICHUEM

Y(S)=X(S)Z(S). (3.3)

[TosTomy Y(S) MOXHO TpakTOBaTh KaK OTKJIHMK 3BEHA Ha BXOJHOE
Bo3nelicTBe Buaa X(S), mpuuem Y(S) moiiydaeTcsi MPOCTBIM YMHOXXEHUEM
o0pasa BXOJHOTO BO3/ICUCTBUS Ha NEPEeIaTOUHYIO (YHKIIMIO 3BEHA.

DIIEKTPOHHOE aHAJIOTOBOE MOJICIIMPOBAHKUE MPOU3BOIUTCS C IPUMEHEHUEM
OTEpPAIMOHHBIX  ycuiuTene. Ha (yHKIMOHANBHBIX CXeMaX YCHUIIUTEh
U300pakaroT B BUJIE TPEYTrOJbHUKA. Y CHUIUTEIh UMEET JiBa BXoja (MpSAMOU U
UHBEPTUPYIOIINI) U OJUH BBIXO/I.
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[Tpsimoit |

Brixon
Bxonsl V

HNuBepcHbIi

Puc. 3.2. Cxema ycunanreJis

Xapakrepuzyercs auddepeHnnanbabiM Kodhduimentom ycmnenus (Kj),
BXOJHBIM (R;y) ¥ BBIXOJIHBIM (Rgyx) CONMPOTUBICHUSIMH, a Takke AUX u OUYX.
WneanbHpli yCUIUTENIh HMeEET OecKoHeuHoe ycuieHue K, OecKOHEYHOe
BXOJIHOE COIIPOTUBJIIEHUE Ry, HYJIEBOE BBIXOAHOE CONPOTUBICHUE Ry,
nuHeliable AUX nu OUX.

B macrosmiee Bpems pa3paboTaHbl M HUCIOJIB3YIOTCS YCHIIMTCIH C
mapamerpamu — K,=10° — 108, R,,=10® Om, R, =1 Om. C AUX u OUX

JIMHEWHBIMU B quara3one yactoT ot 0 o 505100 1.

Tunoevie 3eenva CAP

Ycunumenvnoe 36eno
OnuceiBaercsa ypaBHenueM: Y=k X. Ilepenatounas
bynkuus Z(S)=k.
Monenupyetcst cxemoit (puc. 3.3)
R,
—1
U B

BX

Ussix _:
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Puc. 3.3. YceuaureabHoe 3B€HO

Jliist 5TOM cxeMbl cripaseuBo k HAD

Humeepupyrowee 36eno

OrnuceIBaeTCs ypaBHEHUEM

[lepenatounas pyukuus Z(S)d . TS

dY
T_dX.

dt
1

Mopenupyertcst cxemon (puc. 3.4)

U R

BX

—

i
I
C

BBIX

Puc. 3.4. UnTerpupymouiee 38eHO

st aTou cxemsl cripaBeiiuBo T=RC.

Anepuoouueckoe 36eH0

OmnuceiBaercs ypaHenuem 7 [=Y H kX .

[lepenatounas QyHKIUA
k

dY

dt

Z(S)d . MopemupyeTtcs cxemou (puc. 3.5)

7S [=N1

R

UB])IX

Puc. 3.5- Anepuoangeckoe 3BeH0
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UBX R; R
—t +——"1 %
C; =—

Puc- 3-6. Kose6areabHoe 38eH0

Konebamenvnoe 36eno

d*Y
OnuceiBaercsa ypauenueM 7, ,[=17, [E1Y H kX .

dt

[lepenaTounas yukuus Z(S)d

UBI)IX
i
R;
|
-
Ry
il
1 1 | |
R
dy
dt
k
2.
2750 17,8 =1

Mopenupyetcst cxemoi (puc. 3.6).

Hnst aToil cxembl cripaBeyiuBo T, B RiICIR:C: €€ Rpict 5] e A0 o2 R4

2@V 288

1 R?
el — kd__[=1

V RiCiR2C Rs

Jugppepenyupyrowee 36eno

OmnuceiBaercsa ypaBHeHuem Y b7 .

dX

dt

Iepenarounas ¢yuxuus Z(S)HETS

cxemoi (puc. 3.7).
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BX ()

L

Puc. 3.7- JInddepennupyroiiee 3BeHO

BbIX

Jns aToit cxemsl cipaBeyinBo T=R C.

3anazovisarouee 36eH0

Peanusyer (pyHKUHIO 3a1€pKKH BXOJHOIO CUTHAJIA HA 3aIaHHOE BpPEeMS 1 .
MopaenupyeTtcsi, HallpuMep, NP MOMOIIM MarHuTo(oHa Bapualue CKOPOCTH
NBI)KEHUSI JIEHTHI WJIM YHWCICHHBIMM MeToAaMu (B JaHHOW padoTe He
paccMaTpUBarOTCA).

[Tepenarounas ¢pyHkus 3BeHa Z(S)= exp (-1S).

Takum 06pa3om, nepenatodHbie PYHKIIUN ISl TUTIOBBIX 3BEHHEB TAKOBBI:

YCHUIIUTENBHOE 3BEHO Z(S)=k;
_ 1,
HHTETPUPYIOIIEE 3BEHO 2(89)= 7S ’
_ k.
anepHoINIECKOe 3BEHO 23 ’
7S =11
k
K0JIe0aTeIbHOE 3BEHO Z(S)= 2
arnsd

=TS D muddepennupyromiee 38eHO Z(S)=TS;
3aras3/IpIBaroIIee 3BEHO Z(S)= exp (-tS).
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Ananu3 ounamuyeckux ceoiucme anepuoduuecxozo 36€Ha

[lycth OOBEKT yIpaBlICHUs 3aJjaH MepeaaTouyHor (yHKIMEH, UMEIOIIeH
BU/JI anieproinueckoro 3BeHa Z( S ) = 1/ (TS+1).

Bnauanme  paccMOTpuUM  TIEpEXOJHYIO  XapaKTepUCTUKY  OOBEKTa
ynpasieHus. IlepexoaHasi XapakTepHMCTHKA — 3TO PEAKUUS CHCTEMBI Ha
CKauKo0Opa3HOE BXOJIHOE BO3/ICHCTBHE.

BxonHoe Bo3aeincTaue

1) Bo BpeMeHHOM 00s1acTu

X(t) =0 nput<0O0,

X@#) =X, nmput X 0.

2) B JlanmacoBckoit obnmactu X(t) = X,/ S.

[TockonbKy nepeaaToyHas byHKIUs 00beKTa yIpaBJIeHUs

Z(S) = 1/ (TS+1), To curHan Ha BbIX0Ji¢ 00BEKTA yIpaBiacHUs uMeeT Bua Y(S)
= Z(S)<X(S) = Xy / S(TS+1).

Jist  mosydeHuss SIBHOTO BUJAa (YHKIMU  BBIIOJHUM  OOpaTHOE

npeoOpa3zoBanue Jlamnaca, Bocnonb30BaBmUCh hopmyroii Koprana.
Xapakrepuctuueckoe ypaBuenue D(S)=S(TS+1)=0. Ero kopuu S;=0, S,=-1/T.

[ToxcraHOBKa HAMIEHHBIX KOPHEH B Mpon3BoAHyI0 dD/dS naer D!(S;)=0;
D!(S,)=-1/T.

O6patHoe mpeoOpa3zoBanue Jlammaca WMeeT BHJ

Yt )E XAV 1cDexpN€an_Ty

VAIZENGEDS

[ >

I'padrueckuii Buj nepexoqHON XapaKTEPUCTUKH allepUOIMUECKOTO 3BEHA
MpeICTaBIIeH Ha puc. 3.8.
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x(1)

X0

0
()
a)

X

6)

Puc. 3.8. Ilepexoanasi xapakTepucTHKA
anepHoINYecKoro 3peHa:
@ — BXOJTHOM CUTHA: 6 — BBIXOJIHOM CUTHA
Teneps naitnem AUX u @YX ucciaegyemoro 3BeHa (AUX — ko3 dunuent
yCHJIeHUs 3BeHa OT 4acToThl, @YX — (a30BbIl CABUT TAPMOHUYECKOTO CUTHAJIA
MEXIY BXOJOM M BBIXOJOM B (PyHKLIHUH 4acTOThI). i 3TOTO B Iepe-
1 natrouHou pyukuuu ZS)d
IIPOU3BEAEM 3aMEHY S Ha j¢ U pa3aeiauM
TS [=1
NOJIYYEHHYIO ApOOb Ha IEUCTBUTENbHYI0 1 MHUMYIO YaCTH ITyTEM YMHOKECHUS
YUCIUTENS W 3HAMEHATENs Ha KOMIUIEKCHO CONPSDKEHHBIM 3HAMEHarelb. B
pe3yabTaTe MOIy4YuM

1 ahjer=1 1 Te
Z(j*) a < d Gl .
FeTEN abjeT = T#=1  T#=11

N -
% JRE= Im? a1 2,

158 To®

Jlanee naxoaum AUX E( j®)

n ®UYX er(o)d arcth(- _Im&rf d arctg®@ NT0D.
= Re &
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Bun pynkinun AYX u ®UX npuseneH Ha puc. 3.9.

€Ue)o %“ T ‘

1 \k\ R .

- 02

/T i

Puc. 3.9. Hepexounaﬂ XapPaKTEPUCTUKA allCPUHOAUYIECCKOIO 3B€Ha

IHopaook eévinonnenusn padbomot

Jlnst MoJenupoBaHUs OOpaTHBIX CBSI3€M HUCIOJB3YETCS SJIEKTPOHHBIM
CTEHJ, B COCTaB KOTOPOTO BXOJAT: IUIAHINET, OJIOK TUTaHUA U
AJNIEKTPOHHOIYUYEBOM ociuiuiorpad (MHIUKATOD).

[lepen wawanmom paboOThl y mpemnojaBarelis WIM Yy4eOHOTO MmacTepa

INOJYYHUTD 3aIaHHUC C YKAa3aHUCM BH /A 3BCHLCB, IMOJJICKAIIUX U3YUYCHULO.

Bxnwuenue annapamypel u nocieooeamenbHoCHb 6bINOJIHEHUA
pabomul

1.  BxarouuTh OJIOK NMUTaHUSA NEPEBOJAOM TymOliepa Cern, B BEpPXHEE
II0JIOXKECHUE.

2. Bxmouuth ocuwuiorpad (s 3Toro TymOJep Cerp NEPEBECTH B
BEpPXHEE MOJI0KEHUE).
3. IlpenaBapurtenbHO pyYKH yNpaBiIeHHUS Ha ocIULIOrpade yCTaHOBUTH

B CJICAYIOHIHC ITOJIOKCHUS:

PasBeptka 50 wmKkc/pen;
Ycunexue 2 B/pen.

4. JloOuTbCsl CHUHXPOHM3ALMU Jiyya ocuuuiorpadga (yCTOMYHMBOro

M300pakeHUs] OCLIMILIOTPAMMBbl) pydKkaMu Ctabunusaums U YpoBeHb.
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5. HCpCKJ’IIO‘IaTGJ'II/I Ha IUIAHICTC YCTAHOBUTL B  CJICAYIOLINC
ITOJIOXKCHUA

* Pab6Gota 1;
* bBnok curHanos A\
* 3BeHo OJKIIIOYUTH UCCICAYEMOEC 3BCHO.

6. PyukamMu x , § ¥ Pasgeprtka BbIOparh yno0HOE I HAOJIHOJCHUS

U300paKeHUE MEPEeXOJAHOW XapaKTEPUCTUKH CHUCTEMBbI, IIOCIIE€ YEro
3apUCOBATh MOIYUYEHHYIO OCLHUIIOTpaMMYy.

7. IlepexiroyarenM Ha IUIAHIIETE YCTAaHOBUTH B CIEAYIOLIHE
ITOJIOKECHMUS:

Pa6ota L:

Brnok curHanos SIn *t;

* YacroTa
MOCEI0BATEIbHO 1, 2,
3,...
8.  PyukaMu %, § ¥ Paseeprtka BbIOpaTh ymoOHOE [ HaOIIOJEHHS

I/I306pa)K€HI/IC BXOJHOT'O U BBIXOJHOT'O CHHYCOUAAJIbHBIX CUI'HAJIOB.

9. V3mMepuTh Iepro T CUTHAJIOB Ha BCEX YaCTOTaX M 3aIicaTh Pe3yabTaT
B TaOJHILY.

10. 3anucaTh aMIUIMTYAbl BXOJHOTO U BBIXOJHOT'O CUTHAJIOB, @ TAKXKE UX

($a30BBIM CABUT Ha BCEX YaCTOTaxX.

11. TIlepexntoyareneM 3geno NOAKIIOUUTH CIEAYIOIIEE HCCIEAYEMOE

3B€HO U MOBTOPUTH MIl. 5-10 sToro pazaena.

Oopabomka pe3yibmamos usmepeHuil

1. Ilocrpouts mnepexomuble xapakrepuctuku, AUX wu OUX
VICCIICTOBAHHBIX 3BCHBEB.

2. Tlo mnepexoaHbIM XapaKTEPUCTUKAM pPACCUUTATh MOCTOSIHHBIE

BPEMEHHU U KO3(PPUIIMEHTHI YCUIICHHUS.
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Odopmnenue omuema

1. Otuer odopmMuTh Ha TUCTax TUcyel Oymaru popmata A4.

2. OTyeT I0MKEH COACPKaTh CJICAYIOIINE OCHOBHBIC YaCTH:
. bopMyIMPOBKY 11U PabOTHI;
. rpaguyeckuii Marepuand ¢ pesyibTaTaMd HU3MEpPEeHHM, a

MMEHHO Tnepexoanble xapakrepuctnku, AUX m OUX wnccnenoBaHHBIX

CUCTEM;
. pacyeT NOCTOSIHHBIX BPEMEHU CUCTEM;
. pacder u mnoctpoeHue AUX u DUX cucrem, HCHOIL3Ys
HaliJlecHHbIC

[0 TEPEXOAHBIM XapaKTEPUCTUKAM IIOCTOSIHHBIE BPEMEHH H
KOHCTaHThI; (¥ BBIBOJBI O MIPOJICIIAHHON padoTe.

3. I'paduueckue wmaTepuanbl BBIIOJHUTH BpydHyro. OHU JTOJKHBI
COAEPKATh SICHO YWUTAEMBIE OCH M JEJICHUS, PAa3MEPHOCTH HCIIOJIb3yEMBbIX
BEJIMYMH, U3MEPEHHBIE TOUKU U KPUBbIE, HEOOXOIUMBbIE MTOSICHEHHUS U T. 1.

Konmponwvnsie éonpocul

1. HazoBute TtunoBsie 3BeHbs CAP, ux HasHauenuwe. IlpuHiun
NEUCTBHUS DIIEKTPOHHBIX aHAJIOTOB.

2. Yto takoe nepenarounas ¢pyHkums 38eHa, AUX nu OUX?

3. YUto Ha3bIBa€TCsS BPEMEHHBIM M YaCTOTHBIM aHajn30M 3BeHa? 4. Uto

TaKO€ XapaKTepUCTUUECKOE ypaBHEHUE?

H3imepenue AYX u @UX cucmemovl npu nomowgu ocyuiiozpaga

Ha puc.3.10 npuBeneH xapakTepHbId BUJ CUHYCOUJAIBHBIX CUTHAJIOB Ha

BXOJ€ U BbIXOJAE€ CUCTCMHBI.

1.  OmnpexensieM 4acTOTy CUTHaja KaK BEJIMYMHY, OOpaTHYIO MEPHUOIY,
f=1/4, (+=200).

2. Kosdduuuent ycuneHus Ha STOM YaCTOT€ €CTh OTHOIICHUE —
ABI)IX/ABX

134



Tx
3.  @a30BbIi CABUT HAXOauTCs 10 popmysie er=36070.
4.  OtpuuarenbHbIM (pa30BbI CABUT CUUTAETCS, €CJIU BBIXOJHOW CUTHAI

OTCTAacT OT BXOJHOI'O.

5. Jlma wu3MepeHui UCHOJIB3YETCS IIpaBasl 4YacTb CHUTHAJIOB, TIJI€
3aBEpUIEHBI IEPEXOJHBIE MPOLIECCHI, BBI3BAHHBIE BKJIIOUYEHUEM TE€HEpPATOpa
CUHYCOMJAJIBbHOIO CUTHAJIA.

Bx. curnan <

BrIX. curnan \
/ A BBIX

& % 360

Puc. 3.10. CurnaJjnl Ha BX0/1€ U BBIX0/J€ CHCTEMBI

3.2. JlabopaTtopHasi padora 2

UCCJIEJOBAHUE OBPATHOM CBSI3U U YCTOMUYUBOCTHU
CUCTEM YHPABJIEHUA

Pabota comepX uUT pacyeTHO-IKCHEPUMEHTAIbHBIA AHAIW3 BIUSHUS
oOpaTHON CBsI3M HA TMOBEIEHHME U  YCTOMYMBOCTH pabOTBl  CUCTEM

ABTOMATHUYCCKOI'O YIIPABJICHUA.
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Henvro pabomowr sBnsieTcss W3ydYeHUE BIIUSHHUS OOpaTHOM CBS3M Ha
MOBEJICHUE U YCTOMYMBOCTH PAOOThl CHUCTEM ABTOMATUYECKOTO YMIpPAaBICHUS

(CAY).

Ocnoewvl meopuu

OOpaTHasi cBfI3b WUIPaeT IJIABHYIO POJb B OCYIIECTBICHUH CHUCTEM
aBTOMATUYECKOTrO peryiupoBanus. CMbICH oOpaTHOW CBSI3M 3aKJIIOYAETCA B
10J1a4ye YaCTH BBIXOJJHOTO CUTHAJIA HA BXOJ 00bEKTa YIPABICHUS MTOCIIE TOW WIN
WHOM ero o0OpaboTku. Ha mpakTthike B OOJNBIIMHCTBE CIIy4aeB HCHOJB3YIOT
CUCTEMBbI aBTOMAaTHYECKOTO YIPaBJICHHUS C OOpaTHOW CBsI3bI0, paboTaromieit mo
OPUHIUITY KOMIIEHCAUUU Bo3MyIleHus (puc. 3.11).

X(S) i HS) Yes)

s

Puc. 3.11. ®yHKuuoHAIbLHAS ¢XeMa BKJIIOYEHHsI 00PATHO CBA3M
B cHCTeMe yIpaBJIeHHS:
Z (S ) —nepenarounas pyHKIMs 00beKTa ynpasienus; H (S) — nepenarounas QyHKUUSA
oOpatHoOii cBA3M; S — nepeMeHHas Jlamiaca

Ilepenarounasa pynxuus cucremsl (puc.3.11) 3anucsiBaercs B Bujse Z(S)
wes) di . (3.4)
=1 Z(S)H(S )

Paznuuatot xecTKy0 u ruOKyr0 ooparHblie cBs3u. [Ipu xectkoit H(S)
= K, ipu rubkoii — H(S) sBnsercst pyHKIueu S.

Cucrembl, MOJICKAIKME YIPABICHUIO, MOTYT OBITh yCTOWYMBBIMH,
HEYCTOMYMBBIMM W HeomnpenelieHHbIMU. CHeTeMa yCTOMYMBA, €CIIH TIOCIE
IIPEKPAILIECHUS BXOJHOTO BO3JICMCTBUS €€ BBIXOJHAs BEJIMYMHA BO3BPAIIAETCS B
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COCTOSTHHUE,  ONpEJEICHHOE  CTAaTUYECKONW  XapaKTePUCTHUKOW  CHUCTEMBI.
HeycTrouuBO#M cucremMa sBISIETCs, €CJIM II0CIE IIPEKpalleHUs BXOIAHOIO
BO3J/ICICTBHSI €€ BBIXOJIHAS BEJIMYMHA COBEPIIACT HE3aTyXaroIlue KoJjeOaHus
(konebarenpbHasi  HEYCTOMYMBOCThH), WJIM  HEOTPAaHUYEHHO  BO3pacTaeT
(3KCIOHEHIMaIbHAsl HEYCTOMUUBOCTh). HeompeneeHHOM cucTeMa SIBIISIETCS B
clly4ae, €CJIM MOCJe MPEeKpalleHUs: BXOJHOTO BO3JAEHCTBUS BhIXOJHAS BEIUYMHA
dbuKcupyercs Ha TOCTUTHYTOM YpPOBHE.

Jlist oTBeTa Ha BONPOC OO0 YCTOWYMBOCTH CHCTEMBI PETYJIMPOBAHMUS
HEOOXOAMMO aHATMTUYECKH HCCIEI0BaTh KOPHU  XapaKTEPUCTHUUECKOTO
MHOTOwWIeHa D(S) (3HaMeHartelns nepeaaTouyHol QPyHKIMU, KOTopas UMeeT BU]T
panrMoHaNbHOM IpoOu), MyTeM pellIeHUs YpaBHEHUS

D(S) = ay+a; S+a,S?+..+a, S=0. (3.5)
Jl1st cuctem ¢ 0OpaTHOI CBA3BIO
D (S) =1+ Z(S)<H(S)=0. (3.6)

Cucrema ycTol4umMBa, €CIIM BCE JCHUCTBUTEIBHBIE YACTH KOPHEW 3TOrO
ypaBHEHHS OTPULATENBHEL, T. €. cripaBemnBo 25, < 0 B S, = 25, + § ). Ecim
MHHMas 4acTh XOTs Obl OJTHOTO KOPHS ypaBHEHHUs (3.5) HE HyJieBasi, TO BBIXOTHAS
BEJIMUYMHA MOXET COBEPIIATh KoJeOaTeabHble JBMKEHUA. YacTo MOUCK KOpHEH
ypaBHEeHUsT (3.5) 3aTpyJHEH, MO3TOMY ISl OIEHKH YCTOMYHMBOCTH CHUCTEMBI
YIPaBICHHS UCIOJIB3YIOT KPUTEPUH YCTOMYMBOCTH. Hanpumep, NpuMeHsIOT
anredpandeckuil kputepuii Payca-I'ypBuiia, KOTOpbIi CBHAETEIBCTBYET, UTO
CHCTEMA YCTOMYMBA, €CJIM B XapaKTEPUCTUUECKOM ypaBHeHMH (3.5) Bce
K03 PUITUEHTHI ay, aj,...a, TOI0KUTEIbHBI.

Kpowme Toro, npu crenenu noauHoma D(S) Oomblie NBYyX HaKJIaIbIBAIOTCS
JIOTIOJTHUTEIBHBIE YCIOBUS, B YaCTHOCTH, MPU 7 =3 HEOOXOJUMO, UYTOOBI a;

a)>apaz,anpun=4-a;a,as-aga; -apaz >0.

Ananuz cucmemovl A6MOMAMUYUECKOZ0 YNPABGIEHUA C
HCECMKOU 00PAMHOIL CEA3bIO

[IycTp 00BEKT ympaBieHUs 3aJaH NepeaaToyHol (yHKIMEH, MMEeoIIei
BUJI UHTErpupytomiero 38eHa Z (S ) = I/ TS, a nepenarounas (GyHKIUsI 3BEHA
obOpatHoii cBsizu - H (S) = K (puc. 3.12).
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@ Z(S)=1/TS R
X(S
© r H(S)=K

Puc. 3.12. ®yHk1IHOHAIbHAS CXEMA CHCTEMbI YIIPABJICHUSA

'y

€ KeCTKOH 00paTHOM CBA3bIO

Brauarne paccMoTpuM nepexoHy 0 XapaKTePUCTHKY 0OBEKTa YIIPABICHHUSI
C OTKIIOYCHHOW OOpaTHOW CBs3bI0 (MepexoaHasi XapaKTePpUCTHKAa — 3TO
peaKIus CUCTEMBI Ha CKAYKO0Opa3HOE BXOTHOE BO3/ICHCTBHE).

BxoaHnoe Bo3zaeiicTBHE BO BpEMEHHON 00J1aCTH 3alMChIBAETCS TaK:

XtH=0 noput<0, X(t) =X, nput X 0,

B JlammacoBckoi obnactu X(¢) = X,/ S.

[Tockonbpky epenatounas GyHkIus oObekTa ynpasienus Z(S) = 1/ TS, To
BeIXOqHAs BenuuuHa Y(S) = Z(S)<X(S) = X, / TS.? O6parHoe npeobpazoBaHue

naet Y(¢t) = Xp<t/ T, TO eCTh BBIXOJIHAS BEJIWYMHA €CTh JHHEHHAS (YHKIIHSL.
[lepenatounas QpyHKIMs CUCTEMBI C 0OPATHOM CBA3BIO

Z(S) 1 11
w(s) o d d_< .
=1 H(S)Z(S) TSEIK K TS
1=
K

Kakx Bumum, 510 mnepemaroyHas (yHKIUS arepuoJaMYEecKOro 3BEHa,
MOCTOSIHHAs BpEeMEHH KoTtoporo paBHa 77K, a ko3hUIMEHT yCUICHUS B
ycTaHoBuBIIeMcs pexume 1/K.

BrIxogHas Benmu4MHA 3aUCHIBACTCS CIACAYIONAM 00pa3oM:

X< 1

Y(S)dE WS ) X(S)d
S A TISo
K <VYRI1E= K ox

O6paTtHoe ipeoOpazoBanue Jlamnaca

¥o @ Xk TR 1 exp €3 7 k70 oo,
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I'paduueckuid  BUA MEPEXOJHBIX XapaKTEePUCTUK TMPpeCTaBIECH
Ha puc. 3.13.

X(t) A Y
a) 6)
X0
8) ! 0 T t
0
() 4
X0
% ~
0 t

Puc. 3.13. IlepexogHble XapaKTePUCTUKH CHCTEM:

a — BXOJHOMU cUTHAN; 6 — 6e3 00paTHO CBSI3H; 8 — C 0OPATHOU CBS3BIO
Haitnem AUX n ®UYX uccienyemoro oonekra. Buauane Beraucianm AYX
u @YX o0bekTa ynpasieHus 6e3 o0paTHOM cBA3U. i1 3TOro B nepeaaTouyHon

1 pynkuun Z(S)d __  mpousBeleM 3aMeHy S Ha j* U

pa3/iesiuM MOJTYYEHHYIO
N

IpoOb Ha JEHCTBUTEIbHYIO U MHUMYIO YacTH:

1 1
Z(jo)d ___®EoD; .
joT  To

Jlanee HaxOaUM:

2
A2 ;2 s 1
| VR LT @0
« AUX .jToag Toz(jo g
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« OUYX B oD arctgN€Ed> ___ImRe P | arctigMYR DN €D
VATOAZANEONE ST STVINTAZEELE - NEIAN #8
AUX u cuctembl ¢ 00paTHOM CBSI3bIO HAXOAATCS CIIOCOOOM, aHATIOTHYHBIM
PacCMOTPEHHOMY paHeEe.
11
B nepenarounoii GpyHKImu w(S )d MponU3BOIMM 3aMeHy S Ha j¢ U

K IS
1[=]
K
Tjo
1 1 160 K 1 ()

nosry4aemM w(s) g K <1=1Tio <180 Tjo B KN E1€NTor 200 KRWIED /D €N TKor Syfoox

K K WR=D K< xo

AYX HaxoauTcs Kak

1 1
2 n

|

2

(Jo) K<\/1[3TT?§ VK S _
=K

OUX - erBoDd arctg NV AD__TKooox,
[N

Bun pyskiuit AUX nu ®UX nmpusenen Ha puc. 3.14.
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€le)s €le)o
a) 1/k 6/

1

0 T . 0 T .

) 6) (2] 4 l/T 2)

G - 0 -
- 2 - arctg(- 1/k) ¢
-2

Puc. 3.14. AUX (a, 6) 1 ®UX (0, 2) XapaKTePUCTUKHU CUCTEM:
a, 6 - 6e3 0OpaTHOM CBS3H; 8, 2 - C OOPATHOU CBA3BIO

Hopsaook evinonnenusn padoomul

Jlis  MoIenupoBaHUs CHCTEM C OOpaTHBIMH CBSI3SIMH HCITOJIb3YETCS
AIICKTPOHHBIA CTEHJI, B COCTAaB KOTOPOTO BXOJAT: IUIAHIIET, OJIOK MHUTAHUSI U
ANIEKTPOHHO-TyueBOU octmuiorpad (MHIUKATOD).

[lepen nHawamom paboOTBI y TIpenojaBaTeNsi WA Yy4eOHOro mactepa
NOJTyYUTh 3aJ]JaHUE C YKa3aHWEM BHJIa 0OpaTHOW CBS3M CHCTEMBI, MMOJICKAIICH
U3YUYCHUIO.

Bknarouenue annapamypbsl u nOC/1€008aMENIbHOCHLb 6bINOIHEHUSA pt160mbl

1. BxiouyuTh OJIOK ONUTaHUS MEPEBOJAOM TyMOJiepa Cern B BEpXHEE
MOJIOKEHUE.
2. Bxmouuts ocumuiorpad (st 3Toro TyMOJEp Cerw NEPEBOJUM B

BEPXHEE MOJI0KEHUE).
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3. Pyuku ympaBienuss Ha ocuwuiorpade yCTaHOBUTH B CIEIYIOIINE
ITOJIOKEHUA:
Passeptka 0 Qs/zmen.
Yeunenne 2 B/nen.
4. JloOuThbCsl CHUHXPOHM3AIMU Jiy4a ocuuuiorpadga (yCTOMYHMBOTO
H300paKeHUS OCIIIIIIIOTPAMMBbl) pydKaMu Ctabunusaumsi U YpoBeHb.

5. Ilepexiroyarenn Ha IUIAHIIETE YCTAaHOBUTH B CIEAYIOLIHE
IIOJIOXKEHUS:

* PaGora 2;

* Bnokcurhanog PN, @

O6paTtHasa cBasb OTKIL

6. PyukamMu x, § U Pasgeprtka BHIOpaTh yI00HOE JUIA HAOJIKOJECHUS
M300paKeHHE TIEPEXOTHOM XapAKTEPUCTUKU CUCTEMBI, TTOCJIE YEro 3apucoBaTh
MOJIYYECHHYIO OCIIUJUIOTpaMMY.

7.  BKIIOUMTH MEPEKIOYATENIb O6paTHas cBs3b, YCTAHOBUTH 33/IaHHBIC

npernogaBaTcJiIcM BUI U BEJINYUHY O6paTHOﬁ CBSI3U U ICMCTBOBATh COIJIACHO 11.6.

8. [lIepexmrouyarenn Ha IUIAHIIETE YCTAHOBUTH B CIEAYIOLIUE
MOJIOKEHUS:
* PaGora 2;

®  Bnokcurhanos SIN *t;

O6paTtHasa cBasb OTKIL

YactoTta -
MoCJIe0BaTeIbHO 1, 2,

3,...

9. PyukamMu *, § U Paspeprtka BbIOpath ymoOHOE s HaOIIOIEHHS

I/I306pa)KCHI/IC BXOJIHOI'O U BBIXOJHOT'O CHHYCOUIAJIbHBIX CUI'HAJIOB.

10. HM3meputh mepuoa CUHYCOMIAIBHBIX CUTHAJIOB HAa BCEX YACTOTax U
3amucaTh pe3yJsibTaT B TaOIuUILy.

11. 3anucaTh aMILTUTYbI BXOJHOTO U BBIXOJTHOT'O CUTHAJIOB, a TAKXKE UX
(dha30BbIN CABUT HA BCEX YaCTOTaX.
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12.  BKIIOYUTH TIEpEKIIOYaTelh O6paTHas CBsA3b, YCTAHOBUTH 3aJaHHBIC
IperoiaBaTeNieM BUJ U BEIWYWHY OOpaTHOW CBS3U W JCHCTBOBATH COTJIACHO
m11.

Oopadbomka pe3yromamog uzmepenuil

1.  IlocTpouTh MepexoaHbIE XapaKTEPUCTUKU CUCTEMBbI 0e3 0OpaTHOM
CBSI3U U C BKJIFOUEHHOU 0OpaTHOM CBS3BIO.

2.  Tloctpourp AUX u DPUYX cucrembl 0e3 0OpaTHOM CBSI3M U C
BKJIFOUEHHOM 00paTHOM CBSI3bIO.

Odopmnenue omuema

1. Otuet opopmMuTh Ha TUCTaX nUcuert Oymaru popmara A4.

2. OTYET AOJIKEH COAEPKATh CIEIYIOIINE OCHOBHBIE YaCTH:

. (GOpMyYIUPOBKY L€ pabOThI;

. rpaduuecKkuid MaTtepuasl ¢ pe3yiabTaTaMu H3MEPEHUH, a HWMEHHO
nepexoHbie Xxapakrepuctuku, AUX n @YX ucciief0OBaHHBIX CUCTEM;

. pacyeT MOCTOSIHHOM BPEMEHU CHCTEMBbI 0€3 0OpaTHOW CBSI3M IO €€
IIEPEXOIHOU XapAKTEPUCTHUKE;

. pacuetr u noctpoeHre AUX nu ®UX cucrembr 6€3 00paTHOM CBS3H,
UCIIOJIb3YsI HAWJIEHHYO TOCTOSIHHYO BPEMEHH;

. pacyuer MOCTOSIHHOW BpeMeHU U KOA(PUIIMeHTa nepeaayr CUCTEMBI
C 00paTHOM CBS3BIO TI0 €€ MEPEXOAHON XapaKTEPUCTHUKE;

. pacuer u noctpoenne AUX u @YX cuctembl ¢ 00paTHOM CBSI3bIO,
UCIIOJIB3Ysl HAWJICHHBIE TOCTOSIHHYIO BPEMEHHM M KOA(PQUIIMEHT mepenayu;
BBIBOJIbI O IIPOJIETIaHHOM padoTe.

3. I'padnueckue MmaTepuaibl BRIMOJHUTH BpyUHYI0. OHH JIOTKHBI COJIEPKATh
SICHO YATAEMBIE OCH U JCJICHUS, PA3MEPHOCTH UCIOIb3yEMbIX BEJIUYMH,
U3MEPEHHBIC TOUYKU U KPUBbIE, HEOOXOAMMBIC MOSCHEHUS U T. 1.

KOH”’IPOJleble 80npocol

1.  Kaxkue Bunbl oOpaTHbIX cBsi3eld Bbl 3HaeTe?
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2.  Ha3oBute kpuTepuu YCTOMUMBOCTH CHCTEM C OOpaTHOM
CBS3bI0.

3. Yro Takoe XapaKTEPUCTUYECKOE YPAaBHEHUE?

4. B kakoM ciyuyae cuctema C MoJjoKUTEIbHON 00paTHO CBS3bIO
COXpaHSET yCTOMYMBOCTH?

5. Ilouemy mpu aHanu3e YCTOMYUMBOCTU CHUCTEMBI HCCIEAYIOT
KOPHH XapaKTEPUCTUYECKOTO YPABHECHUS ?

Hzmepenue AYX u @YX cucmemovlt npu nomowiu ocuyuiinozpagha
N3mepenne AUX u ®UX cucteMbl IIpu TOMOIIU ocIiuiuiorpada
(CM. COOTBETCTBYIOIIUM ITYHKT).

Ilepexoonvie xapakmepucmuxu cucmemot, AYX u @YX cucmemuwi
C 00pamHoIl CéA3bI0 U D€3 0OPAMHOIL CBA3U

—

BbIX, pe3 OC

N\
A

JBBIX, £ OC

I, MKcC

0
Puc. 3.15. IlepexoaHbie XapaKTePUCTUKH CUCTEMBbI €
BKJ/IIOYEHHOH 00paTHO# CBA3bIO U 0e3 Hee
ABbIX /ABX

\\

y

0 a) f, k[’

er, Tpax
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0 > fKFu

|
| &

—dZ RS *

0)

Puc.3.16. AYUX (a) u ®YX (/) xapaKTepUCTUKH
cucreMbl 0e3 00paTHOI CBA3HU

AGle /ASX

f, k'

0 *\ﬁ\ f)KrI_I

-0/2
0)

Puc. 3.17. AYX (a) 1 @YX () XapaKTEePHUCTUKH CHCTEMBbI
¢ BKJIIOYECHHOM 00paTHOM CBA3BIO

3.3. JlabopaTopHas padora 3
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VCCJIEJOBAHUE JJUHAMHWYECKNX CBOWCTB
TOYEYHOI'O PEAKTOPA

[IpuBeneHbl ypaBHEHHS KWHETHKH TOYCYHOT'O PEaKTOpa, BBHIBEICHA €ro
nepemaarouHas QyHKnus. PaccMoTpeHa MeTOAMKa TPOBEICHHs HCCICAOBaHUMN
JTMHAMUYECKUX CBOMCTB MOJICNIM peakTopa 0€3 0OpaTHOM CBSI3U U C HEM.

Ilenvto pabomur sSBIAETCS U3yYCHUE TUHAMUYECKUX CBOWCTB TOYEYHOTO
SJIEPHOTO PEAKTOPA HYJIEBON MOIIHOCTU W BIWSHUS BHEUTHEH 0OpaTHOM CBA3U
Ha €ro NOBEJEHUE U YCTOMYNUBOCTD.

Ocnoenvie ypasuenus. Boieoo nepeoamounoii pynkyuu

TouyeyHnbIM  Ha3bIBaeTCsl  pPEakTop, B  KOTOPOM  IpeHeOperaror
IIPOCTPAHCTBEHHBIM pPACHpPEACICHUEM HEUTPOHHOM ILIOTHOCTU. PeakTtopom
HYJIEBOM MOLIHOCTH SIBJISIETCS PEAKTOP, HAXOASAIIUNCA B TEIUNIOBOM PAaBHOBECHH
C OKpY)KAlOLleW Cpelod, B CBA3M C YEM B HEM OTCYTCTBYIOT BHYTPEHHHE
oOpaTHbIE CBSI3U, OOYCJIOBJIEHHbIE MOIIHOCTHBIMM U TEMIIEpaTypHbIMU
s dexkTaMu peaKTUBHOCTH.

B o0Omiem Bujae ypaBHEHUSI KHHETUKH TAKOTO PEAKTOpPA C YYETOM IIECTH

I'pylIl 3ara3ablBatomux HGfITpOHOB 3aIlIUCBIBAIOT CICAYHOIIUM 06pa30M:

dn pADB 6 v

dt ° lnEziﬁlﬂiCi E’qz'@@ R

dcdt c¢i (=1 Blin

= [aYF

rje n — INIOTHOCTH HelTpoHOB (1/M3); (0 — peakTUBHOCTB; [ — BpeMs KU3HH
MIHOBEHHBIX HEMTPOHOB (C); ¢ — MOLIHOCTh UCTOYHMKA HeWTpoHoB (1/M>c); &)

— o¢peKTUBHAs J0JIs 3aa3JbIBAIOLIMX HENTPOHOB; &); - I0JIA 3aIa3bIBAOLIMX
HEUTPOHOB i-U TPYMIIBL; ¢; — KOHUEHTPALM SIeP-U3ITydaTeIeH 3ana3 IbIBaroIInX
HEUTPOHOB i-i rpynnsl (1/M%); ®; — mocTOsSHHAs pacmaga sSaepU3IydaTencii
3ara3bpIBaloluX HEUTPOHOB i-i rpynisl (1/¢).
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YpaBHEHUST KUHETUKU 3HAYUTEIBHO YIIPOLIAKOTCS, €CIIM BMECTO ILIECTH
BbIOpaTh 07HY 3P PeKTUBHYIO TPYIITY 3aMa3AbIBAIOIIUX HEUTPOHOB, UCTIONIb3YS

62 1 @ BBIYKCIICHHBIE C UCIIOJIB30BaHUEM (HOPMYIT
=68 n < HOHOTS) <=0,

[Tpu sToM ypaBHenus (3.7) 06e3 ydueTa HCTOUHUKA HEUTPOHOB MPEOOPa3yOTCA J10

YpPaBHEHUU
am pf v

dt & [ n[= ?Lc<;:.<:. . (3.8)

de B«

—H A=) —n
dt [ <M

OnpenenuM B peakTope Kak OOBEKTE yIpaBJICHHS B KadeCTBE BXOJHOM
BEJINYMHBI PEAKTUBHOCTD, 4 B KAUECTBE BHIXOJHON — HEMTPOHHYIO IJIOTHOCTH
U BBIBEJIEM €r0 MEePeIaTOuHy0 (QYHKITUIO.

VYpaBaenus (3.7),(3.8) aBastoTcs HenMHEHHBIMH (C (OpMaNbHON TOYKH
3pEeHHsI COJepKaT IpoM3BeleHHE [(Jn), TO €CTh ONPEACISIIOT PEaKkTop Kak

HEJIMHEHHBIN O0BEKT ympamieHus. JJis moiaydeHus mepesaTodHor (DYHKITUU
HE0OXOAMMO JIMHEeapu30BaTh ypaBHeHHE (3.8), s 4ero mpous3BeleM 3aMEeHy

IEPEMEHHBIX: 1 =ny + n; c =cp+ Lc; O =0, + £20,
riae Ln, £c, 27 — manple OTKIIOHEHHUS 71, ¢, (J OT cTallMOHAPHBIX 3HAYCHHUM- 1,
Co, Do.

B paBHOBECHBIX YCIOBHSX IPOH3BOJHBIC II0 BPEMECHH pPaBHBI HYIIIO,
nostTomy ¢y = 8} ny//®, kpome Toro, oueBuano [3,=0.

[TonctaBuB 3THM cooTHomeHUs B ypaBHeHue (3.8) u mpeHeOperas

NEPEMCHHBIMHA BTOPOI'O MOpsAJAKa MAJIOCTH, ITOJTYYHUM

dtdd Sn DB 3n=) A5c[=) nl0 SpecEY (3.9)
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—8c E B neD Aoc = dt |
=11

BrimmonuuB npeoOpaszoBanue Jlamnaca Haj ypaBHeHusMu (3.9), Halinem
nepesaTouHyr0 (yHKIMIO peakTopa M0 PEaKTUBHOCTH KaK OTHOIIEHHE o0pa3a
MaJIOTO OTKJIOHEHUSI HOPMHUPOBAHHOW HEWUTPOHHOW IUIOTHOCTH K MajoMy
OTKJIOHEHUIO PEAKTUBHOCTH:

G(s)d n808p(n(s)s) b s [Z1Bs/(s1 [ZTA). (3.10)
ITocmpoenue mooenu peakmopa no ezo nepedamouHoil hyHKuuu

st popMupoBaHusS MOAEIHM TOUYEYHOTO PEAKTOpA HYJIEBOW MOITHOCTH
BBITIOJTHUM  pa3jiokeHue ero  nepemarouHod  pynkumm  (3.10) Ha
(YHKIIMOHAJBLHBIE 3JIEMEHTHI, MPEICTaBIISIONINE COO0M dJIeMEHTapHBIC 3BEHBS
(ycunuTenbHbIe, HHTETPUPYIOIIHE, allepUOANICCKIE U T. 1. ):

Gs)a sl =IBs/(s] =) 1) B 17 s(s=Ish— =1/ @ TT2s(TThss— =11 |

(3.11)
rne 7, =1/®;aT,=[/(®+8) = I/8]), (nockonpky ®/HIES)).
Paznoxus Gopmymy (3.11) Ha cmaraemele, MOTy9IUM
[ 1 | |
G(s) ©<Tos N[ Ths <Dos [F1, (3.12)

B

rae T3 = §)/@.

Takum o00pa3oM, JE€rko BHUAETh, UTO DJIEKTPOHHAS MOJETh peakTopa
COCTOUT M3 JBYX MapaJlJIeIbHBIX IIETICH, 3aMBIKAIOIINXCS Ha 00IIIeM CyMMaTope.
[lepBasi memb CONEPXKUT TOCIEAOBATEIHLHO COCIWHEHHBIE YCHIUTEIbHOE H
anepUONYECKOe 3BEHBS M OIMCHIBACT JUHAMUKY MTHOBEHHBIX HEWUTPOHOB,
BTOpasi — COCTOUT W3 TMOCIEJOBATEIHHO COCAMHEHHBIX WHTETPUPYIOMIETO U
aneproINYECKOr0 3BEHBEB U OTPAXKAET IMOBEJICHNUE 3aMMa3 bIBAIOIINX HEUTPOHOB.
DTa MOJIeJb UCTIONB3YETCS B yUeOHOM ILJIaHIIETE JaHHOM J1abopaTOpHOM pabOTHI.
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Ilepexoonan xapakmepucmuka peakmopa

[ToBeneHnue peakTOpHON CHUCTEMBI (M3MEHEHHE HEUTPOHHOU IIOTHOCTH),
onuckiBaeMoil nepegatounoi pynkuueni (3.10), mpu Bo3aeiCcTBUM HA HEE CKAUKa

PEaKTUBHOCTHU aMILTUTY oM <: (] B ()yHKITNY § 3aMCHIBACTCS B BHJIE:

on(s) op 1

noHl s G(s) = op s(Is [Z1Bs/(s[=T D)) , (3.13)

rne £=(J/s — npeoOpa3oBanue Jlamiaca CTynmeHYaTOro Ckadyka PEeaKTUBHOCTH

amruatyaon <07,
[lepenuiieM 3To ypaBHEHHE B BUJIC

on(t) op s[=ETA
no W 1< s:(s Z A =B/ (3.14)

Breimomaum obpatHoe mpeoOpaszoBanme Jlammaca cootHomenus (3.14) u
MOJY4YUM BPEMEHHYIO 3aBUCUMOCTh HOPMHUPOBAHHOM HEUTPOHHOW IUIOTHOCTH

OT BPEMEHU

on(f)  op §
ol B [T M @exp(ah _11)] . (3.15)

YuuTeiBas, 4To U1l MAJIBIX apryMeHTOB 1+x = exp x (pa3nokeHue B psij

Teiinopa), noaydum

n(f) H no[expe}c&@t)ED_épexp(ED_B D] .
G16)p B I

IlepBblli KOMIIOHEHT CyYMMbI OINHCBIBAET JAUHAMUYECKUWA TPOLECC
U3MEHCHHS HEWTPOHHOW IUIOTHOCTH, OOYCIIOBJIICHHBIM 3ama3/IbIBAIOIAMHU
HEUTPOHAMHU, BTOPOM — BBI3BAH BJIUSIHUEM MIHOBEHHBIX HEWTPOHOB U
HAa3bIBAETCA CKAUKOM Ha MTHOBEHHBIX HEUTPOHAX.
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AYX u DYUX xapakmepucmuKku peaxmopa

AUX u ®OYUYX mno3BosisieT MOpeACKa3blBaTh IOBEACHUE peakTopa IIpU
BO3JICMCTBUM HAa HETO TapMOHUYECKOTO BO3MYIICHUS. DTU XapaKTEPUCTUKU
peakTopa nmoyy4daroT u3 nepenarounor ¢pynkiuu (3.10) 3aMeHo JaniacoBCKoi

IIEPEMEHHOM § Ha j*:

1
G(jo)d I o =137 o/(j o=1X) .
(3.17)
AUYX peakTopa — 310 MOAyJib G(j*):
2 .2
| ,/R62E1m2 - 1 > o [ZA .
G( joo) o' o (e=p/l) & (3.18)
OYX 3anuchIBaeTCs TaK:
Im o’ [=IAB/ 1
Ol arctg W arctg@®___ ) (3.19)
Re op/ 1

IHopaook evinonnenus padoomul

JIist MOIenMpoOBaHUs CHCTEMBI HCIOJB3YETCSl JJIEKTPOHHBIA CTEHI, B
COCTaB KOTOPOTO BXOT: IUIAHIIET, OJOK MUTAHUS U DJIEKTPOHHO-TYYEBOUH
ocrsuiorpad (MHIUKATOP).

[lepen nHauanoMm paboOTHI y TMpernogaBaTelis WIM Y4eOHOTO MacTepa

MMOJYYHTD 3aJlaHHUC C YKA3dHNCM BCIINYUHBI 06paTHOﬁ CBs3U CUCTCMBEI.

Bknaruenue annapamypbsl u noC/1e008amMenIbHOCHb 6bINOTHEHUS paﬁombl

1. BxiarouuTs OJIOK MUTaHUS TMEPEBOJAOM TyMOJiepa Cern B BEpPXHEE
ITOJIOKECHHE.
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2. Bxmouuts ocumuiorpad (mis 3Toro TymoOiep Certb NEpPEBOJIUM B
BEPXHEE MOJI0KEHUE).
3. Pyukum ympaBieHus Ha ocuwiiorpade YCTaHOBHUTH B CICAYIOIIHE

ITOJIOKCHUA .

Pa3BepTka 50 Os/ner;
Yeunenne 2 B/nen.
4. JloOuTbcsl CHUHXPOHM3ALMU Jiyya ocuuuiorpadga (yCcTOMYMBOroO
M300paKeHUS OCIUIUIOTPAMMBbI) pyUYKaMy CTabunusaums U YpoBeHb.
5. Ilepeknrouarenu Ha IUIAHIIETE YCTAHOBUTh B  CIEIYIOIIHUE

IIOJIOKCHUA

* Pa6ora 3;

Brnok curhanoe "M

* OO6paTyas cBasb OTKIL
6. PyukaMu %, & U Paseeptka BBIOPaTh yI0OHOE It HAOIOACHUS

U300paKeHUE TEPEXOHONM XapaKTepUCTUKH PEaKkTopa, IMOCIe Yero

3apUCOBATh MOJYYEHHYI OCHUILIOTPAMMY.
7. BIOK CUTHAJIOB MEPEBECTH B TIOJIOKEHHUE SIn *t.

8. PYy4Ky YactoTa YCTAHABIMBATH MOCIEAOBATEIIHHO B MMOJIOXKEHUS 1, 2,
3,...
9. U3mepuTh nepuoja CUHYCOUIAIIBHBIX CUTHAJIOB HA BCEX YACTOTAaX H

3amycaTh pe3yybTaThl B TAOIHUITY.
10. 3anucaTh aMIUIMTYJbl BXOJHOT'O M BBIXOJHOTO CHUTHAJIOB, a
Takke uX (a30BbIi CABUT HAa BCEX YaCTOTaX.

11. BxitounTh mnepexitouaresib O6paTHasi cBSisb, YCTaHOBUTH
3a/IaHHYI0 TpEToiaBaTeieM WIM y4eOHbIM MacTepOM BEIMYMHY OOpaTHOM
CBSI3U U JIEMCTBOBATH corjiacHo 11. 6 - 10.

Oopabomka pe3yromamog uzmepeHuil
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1.  IlocTpouThb mnepexoHbIE XapaKTEPUCTUKH MOJENHM peakTtopa 0e3
oOpaTHOM CBSI3H.

2.  Ilo mepexoaHON XapaKTEPUCTUKE BBIUUCIUTH MOCTOSHHBIE BPEMEHU
Y KOHCTaHTBI, IOJYYUTh €€ aHAIMTUYECKOE ONUCAHUE.

3.  IlocTpouTh mnepexoHble XapaKTEPUCTUKH MOJEIH peakTopa C
BKJIFOYEHHOW OOpAaTHOMU CBSI3bIO.

4. Ilo mnepexolHOW XapaKTEPUCTUKE BBIYUCIUTH KO3(DPUIUEHT
YCHUJICHUS LIeNTu OOpaTHOM CBA3H.

5. Toctpouts AUX 1 ®UX monmenu peakropa 6€3 00paTHOM CBSI3U U C

BKJIFOYEHHOUM 0OpaTHOMN CBS3bIO.

Odropmnenue omuema

1. Otuet opopMuTh Ha TUCTaxX nUcuert Oymaru popmara A4.

2. OT4eT AOJKEH COAEPKATh CIEAYIOMNE OCHOBHBIE YACTH:

. bopMyIHPOBKY LIETU PaOOTHI;

. rpaduuecKkuid MaTepuana ¢ pe3yJbTaTaMd HM3MEpPEeHHH, a WMEHHO,
nepexoiHbie XxapakTepuctuku, AUX n @UX ucciieIOBaHHBIX CUCTEM;

. pacyeT MOCTOSHHBIX BPEMEHU CHCTEMBI 0e3 0OpaTHOI CBS3M IO €€
MEPEXOTHON XapaKTEPUCTHUKE;

. pacder u mnoctpoeHne AUX cucremMpl 0e3 00paTHOM CBS3H,
WCITOIb3YsI HalJIEHHBIC IOCTOSTHHBIC BPEMEHH M KOHCTAHTEHI;

. pacuer koddduimeHTa mnepegayM Ienmu OOpaTHOM CBS3M  TIO
MEPEXOTHOM XapaKTEPUCTUKE CHCTEMBI C OOpaTHOM CBS3BIO; BBIBOJIBI O
poJIeJIaHHOM padoTe.

3. I'paduueckune wmaTepuanbl BBIMOJHUTH BpydHYr0. OHU TODKHBI
COIEpkKAaTh SICHO YUTAEMBIE OCH U [IEIICHUS, Pa3MEpPHOCTb HCIIOJIb3YEMBIX
BEJIMYMH, U3MEPEHHbIEC TOUYKH U KPUBBIE, HEOOXOIUMbIE MTOSICHEHUS U T. 1.

Konmponvusie eonpocul

1.  Yrto Takoe TOYEUHBIN peaKTOp HYJECBON MOIIHOCTH?
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2.  TlokaxuTe TEPEXOAHBIE XAPAKTEPUCTHKHA TOYEYHOTO PEKTOpA
HYJIEBOM MOIIHOCTH, MOJIyYEHHBIE [IPU TOYHOM pacyeTe no ypaBHeHHIo (3.8) u
C MOMOUIBIO NepeaTouHor PpyHKIuU. [TosicHuTe NPUYMHBI pa3aIuyusl.

3.  Kak Beimsagar AUX ToyedHOro peakTopa HyJE€BOM MOIIHOCTH 0€3
0OpaTHOM CBSI3M U C BKIIFOUCHHOW OTPUIIATEIbHONW 0OpaTHOM CBSI3bIO?

OOBsICHUTE pA3TUYUSL.

H3zmepenue AYX u @YX cucmemovl npu nomowiu ocyuiiozpaga

N3mepenne AUX u @YX cucteMsl Ipy MOMOITU ociuiiorpada

(CM. COOTBETCTBYIOIIUM ITYHKT).
3.4. J1abopaTtopHas padora 4

OINPEJAEJIEHUE KPUTUYECKOI'O COCTOAHUSA PEAKTOPA
U KAJIMBPOBKA CTEP)KHEH YIIPABJIEHUS 519y

Ilenwvro padbomuwt sBISIETCA N3YUYEHUE METOJIOB ONPENEIICHUS KPUTUUECKOTO
COCTOSIHUSI pPEaKTopa, CHOCOOOB TPATyHPOBKH CTEP>KHEM aBTOMATHYECKOTO
perynupoBanus (AP) u komnercupyromnmx pemetok (KP), ucnonbzyeMbix mpu
pPEryJIupoBaHUU MOIIHOCTH SJIEPHOM dHepreTrudeckoil ycrtaHoBku (A2Y) tumna
BBOP; mnpuobpereHne HaBBIKOB yIpaBieHUs Mojenbio SDY; wusydeHue
CTaTUYECKUX M JUHAMUYECKHX XapaKTEPUCTUK PeaKkTopa HYJIEBOM MOIIHOCTH;

OBJIQJICHUE NMPAKTUYECKUMH HABBIKAMU I'PAAYUPOBKU CTEPIKHEN.

OcHoewvl meopuu

YPGGHeHM}Z KUHemuKku

Ypasnenusa xkunemuxu iIEPHOTO PEAKTOPA C YUETOM OJHOU YCPEAHEHHOU
CPYMIIBI 3ala3bIBAIOIINX HEUTPOHOB 3aMMCHIBAIOTCS B CICAYIOIIEM BHJIE:
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dn3daD &) dtdin=l @ c[=]q,(3.20)
dcd) EnAD @, dt [

r7€ 7 - IIOTHOCTh HEUTpOoHOB, 1/M%;p M peakTUBHOCTH; ! AD BpeMs >KU3HU
MIHOBEHHBIX HEMTPOHOB, C; ¢ - MOIIHOCTh UCTOYHHMKA HEWTpoHOB, 1/Mc; ¢ AN
CyMMapHasi KOHIICHTPAIHsl HCTOYHMKOB 3aIla3/IbIBAIOIINX HEHTPOHOB, 1/M?; 5 A

3¢ deKTUBHAS OIS 3aMa3IbIBAOIINX HEUTPOHOB;) ) CpeaHsIs IIOCTOSHHAS

pacmaja  SKBHUBAJICHTHOW TPYIIIbI 3ara3/IbIBarOIIAX HEUTPOHOB,
omnpeaesieMas Kak
AP
6 1/c.
Bi
zJu‘
il

Ilnomnocmsb nelimponos

IInomnocme HelimpoHoé B PEAKTOpE, BHIBEJIEHHOM W3 PaBHOBECHOTO
COCTOSTHUSI CKQUKOM PEAKTUBHOCTH p TIPU OTCYTCTBUM UCTOYHHUKA, OMMUCHIBACTCS
BBIPAXKEHUEM

n@TDBexpAp F87T p expN€EANRADpr A |
3.21)
|

n PBaDp  BEDp BADp > 1

C TedyeHHeM BpEMEHM BKJAJ BTOPOrO 3KCHOHEHIMAIBLHOTO YJIEHA 3TOrO
COOTHOIIIEHUSI CTAHOBUTCS MPEHEOPEKUMO MaJIbIM, TaK KaK JIJIsl PEryJIUPYIOIINX
CTEpKHEU B 3HEpreTudeckux peakropax p<<pf. [loaromy

B P n
B—p nﬂt@ﬂ 0
.<p

<exp <t (3.22) B Ap
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Memoo obpamnoz2o yMHOMCEHUs.

DTOT METOJ UCHOIB3YETCA JJIsi OMPEACTCHUSI KPUTUUYECKOTO TOJI0KEHUS
PETYJIMPYIONIETO CTEepXKHS 0€3 JOBEJEHUsI peakTopa O KPUTHYECKOTO
cocrosinus. McxomgHoe coctosaue AN peakTop MOAKPUTHYCH.

Ecin K,¢¢<1, TO peakTop oOJiajiaeT OTpUIATEILHON PEAaKTUBHOCTHIO U MPH
OTCYTCTBUM HWCTOYHUKA HEUTPOHOB B AKTUBHOW 30HE BEJIMYMHA HEUTPOHHOTO
IIOTOKAa B PEAKTOPE paBHA HYyJO. Eciin )Xe B pPEakTop IMOMECTUTh HCTOYHUK
HEUTPOHOB, TO HEUTPOHHBIN MOTOK OYJIET CTPEMUTHCA K HEKOTOPOMY 3HAUCHHUIO.

N3 ypaBuenutii (3.20) B ycTaHOBUBIIIEMCS peXKUME padOThI peakTopa, Koraa

dc
MIPOU3BO/IHBIEC IO BPEMEHHU - _dn B0 u _ H 0 (TO ecTh M1 CTATHYECKOTO

dt dt
COCTOSIHUSI PEaKTOpa) clieiyeT

[

pADp nl=1 Ac=lg | 0, (3.23)p nHlg.orxkyna _InfDic H 0.

(3.24)

VYpaBHenue (3.24) mnoOKa3bIBa€T HAJIMYME OJIHO3HAYHOM 3aBUCHUMOCTH
MEXJy PpEaKTHBHOCTBIO  NOJKPUTHYECKOTO  PEAKTOpa W  BEIMYHHOU
YCTAHOBHUBIIErOCS ~ 3HAYEHHUsS]  HEWTPOHHOIO  TOTOKA. ODTO  MO3BOJISET
NOCJIEIOBATEIbHBIM ~ MU3MEHEHUEM  pPEAaKTUBHOCTU (TO  €CTh  CTENEHU
HNOJKPUTUYHOCTU PEAKTOPA), OCYIIECTBISIEMOTO 3a CUET U3MEHEHHUSI MOJI0KEHUS
OpraHoOB PEryJIMPOBaHUs WU J00ABJICHUS TOIUIMBA, ONPEACIUTH KPUTHUUECKYIO
Maccy WM TIOJOKEHHE CTEP)KHS YOPABJICHUS, HE JIOBOAS pEaKTop [0
KPUTHUYECKOT'O COCTOSTHUS.

CormacHo 3TOMY METOJy CTpPOSAT TpauK 3aBUCUMOCTH OOpaTHOU
MOIIIHOCTA [/n OT TOJIOKEHUSI PETYNHPYIOLUIUX CTEpKHEW WM KOJIMYECTBa
TOIUIABA, KOTOPBIM MOJIy4arOT 3KCHEPUMEHTAIIBHO. B mpouecce 3xcnepuMeHTa
MOTJIONIAIOIINN  CTEPKEHb  IOCTENEHHO BBIBOAST M3 AKTUBHOM  30HBI
HEOOJBIIMMHU IIaraMH ¢ IPOMEKYTOUYHON BBIICPKKOW HA KAXIAOU CTYMEHH IS
JOCTUKEHHSI PABHOBECHOTO CTAIMOHAPHOTO COCTOSHUS HEUTPOHHOTO ITOJIS.
[Ipouecc ocTaHaBIMBAKOT, HE JTOBOJS PEAKTOP JO KPUTHYECKOTO COCTOSHHS.
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3aTeM CTpoAT rpaduK 3aBUCUMOCTH OOpaTHON MOIIHOCTH [/n OT KOOPJAMHATHI
crepxksst H (puc. 3.18). [{ns uneansHoro peakropa 3Tot rpaduk OyaeT npsaMoi
JUHUEH. DKCTpanojsiuus MPSAMOW 10 MEPEeceUeHUs C OChlo adcluHcC U JaeT
HCKOMOE KPUTHIECKOE TTOJI0KEHHE TTOTIONIAIONIEro cTepskHs (1 H,,,.

Ha mnpakTuke 3TOT METOJ UCHOJB3YETCS TaKXKe MJisl OIpeiesieHus
KPUTUYECKOM 3arpy3ku peaktopa. Kpurhueckoe TMOJIOKEHUE CTEPKHEU,
OTpEJIETICHHOE 10 YKAa3aHHOW METOIMKE, HOCUT Ha3BaHUE MOJOXKEHUS XOI0THON
KPUTHIHOCTH.

Memoo cmpenarowe2o ucmouHuka

[{enbro 3KCIEpUMEHTA SIBJISIETCA ONPEACICHUE CTEIEHU MOJAKPUTHYHOCTHU
peaktopa. McxomHoe coctosHue () peakTop MOAKPUTHYEH, HCIIOIb3YETCS
VMCTOYHUK HEUTPOHOB. METO/ OCHOBAH HA OMPECICHUN N3MEHECHUS IIIOTHOCTH
HEUTPOHOB, 00YCIIOBJICHHOT'O OBICTPHIM YJAJICHUEM 13 aKTUBHOM 30HBI peaKkTopa
VCTOYHHUKA HEUTPOHOB.

PaccmoTpuMm mporeccehl, npoucxoismue B peakrope. B cranmonapHOM
COCTOSIHUM HMCTOYHHUK HEHUTPOHOB O0O0ECHEYMBAET KOHILIEHTPALUIO IUIOTHOCTH
HEUTPOHOB B aKTUBHOU 30HE 719. B MOMEHT BpemeHH ¢ = ) HICTOYHHUK HEUTPOHOB
yaansieTcs u3 peakrtopa. [[I1oTHOCTh MTHOBEHHBIX HEUTPOHOB OBICTPO (CKAUKOM)

yMeHblInaetcs (puc. 3.19).

4
\ﬂ\
\
P
\@\\
\&R
g 20 4t &0 & = H o4

fke
Puc. 3.18. I'padux 3aBucuMocTi 00PaATHON MOIIHOCTH I/n
OT MOJIOKEHMSI peryJaupyrouiero crep:xus H
CKopocTh 3TOr0 Mpouecca ONpeesieTcs BPEMEHEM KWU3HU MTHOBEHHBIX
HEUTPOHOB, KOTOPOE Ul PEAKTOPa Ha TEIUIOBLIX Helrponax pasno 107 ¢. 3a
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CYEeT ATOro 0OIasl MIOTHOCTb HEHUTPOHOB TakKe OBICTPO YMEHBIIAETCS [0
3HAUYEHUS 1.
3aTeM CKOpOCTb cIaja HEUTPOHHOM IUIOTHOCTH OMNPEIENSIETCSI BPEMEHEM
KW3HU 3ara3JblBaroux HedTpoHoB (1/@D52 c¢!), mosToMy yMmeHbIaercs
3HAUUTEJIbHO MEIJICHHEE. YPOBEHb MOIIHOCTH /| MOKHO YCJIOBHO CYHUTAaTh
KBa3UCTATUYECKUM.
7l

ﬁa}j?&\

\\

-
S
-0 ) 20 X 40 50 foex

Puc. 3.19. KpuBasi usMmeHeHus1 IJIOTHOCTH HEHTPOHOB BO BPEeMEHH MOCJIe

U3BJICYEHHS] HCTOYHUKA HEHTPOHOB U3 AKTUBHOM 30HBI

PeakTUBHOCTH PEAKTOPHOW CHCTEMBI B JOJSAX [3 MOXHO ONPEIETUTH IO
BEJIMYMHE JTOr0 OBICTPOrO YMEHBIICHHS HEHUTPOHHOW IUJIOTHOCTA OT
CTalMOHAPHOT'O 3HAYEHUS 7 10 KBA3UCTATUYECKOTO 1; IO opMyie

p/B=n1/n0- 1. (3.25)
5. Memoo copoca cmepoichs

[lens skcriepuMenTa (D onpezenieHre Beca CTepXKHsA. MeToJ] OCHOBaH Ha
ONpe/IeICHUN U3MEHEHHS IJIOTHOCTH HEUTPOHOB, OOYCJIOBIEHHOTO OBICTPHIM
BBEJICHHUEM B KPUTHUYECKYIO0 AKTUBHYIO 30HY pPEaKTOpa CTEP>KHS YIPABICHUS
(BBOZIOM OTpHUIATEIHHON peakTHBHOCTH). McxomHoe coctosiHue A peakTop
KPUTHYEH.

[Ipoueccbl B peakTOpe AaHAJIOTUYHBI PACCMOTPEHHBIM B  METOJIE
CTPEJISIONIET0 UCTOYHUKA.

B crannoHapHOM COCTOSIHMM IIJIOTHOCTh HEUTPOHOB paBHA 7). B MOMEHT
BpeMeHU ¢ = ( CTEp)KEHb YIPABJICHUS BBOJMUTCS B PEAKTOP C MaKCUMAJIBHO
BO3MOKHOM CKOpPOCThIO. BcneacTBue OBICTPOro MCYE3HOBEHUS! MTHOBEHHBIX
HEUTPOHOB 00II1asi UX TUIOTHOCTh BHAYAJIE CKAYKOM YMEHBIIIAETCS IO 3HAYCHUS
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n;, 3aT€M CKOPOCTh CIajla HEUTPOHHOM TIJIOTHOCTH, OOYCIIOBJICHHAs! BJIMSTHUEM
3ama3/IbIBAIONIUX HEHUTPOHOB (BpEMsSl JKM3HU KOTOPBIX 3HAUYUTEIIHHO OOJIbIIE
BPEMEHU KW3HU MTHOBEHHBIX HEUTPOHOB), CYIIECTBEHHO YMEHbIIAETCA (pHUC.
3.19). [IlonyumBiiascsi B pe3yJibTaT€ pPEAKTUBHOCTh CHUCTEMBI, TaK¥kKe
paccuutbeiBaeTcs 1Mo popmyie (3.25).

[Ipyr W3BECTHON BENWMYMHE MEPEMELIECHUS CTEPKHS ynpasieHus AH ero
BEC MOYKHO OIPEIAEIUTD I10 COOTHOLICHUIO:

M= (p/B) / AH. (3.26)
Memoo ycmanosuswezocs nepuooa

[lens skcmepumenTta (1) KaquOpOBKAa H3MEPHTENS IEPUOJA peakTopa
(mepuomomMepa), onpeAesieHUE Beca CTEPIKHS YIPABIEHUS, OLIEHKA TOCTOSTHHOM
pacrnaza HMCTOYHMKOB — NPEAIIECTBEHHUKOB 3aIa3/bIBalOIIUX HEHUTPOHOB.
Merox oOcHOBaH Ha ONPEACTICHUM HM3MEHEHHUS IUJIOTHOCTU HEUTPOHOB,
00YCIIOBJICHHOTO IMOTbEMOM U3 KPUTHYECKOM aKTUBHOU 30HBI PEaKTOPa CTEPIKHS
yrnpaBiieHHs] (BBOJOM IOJIOKUTEILHON pEakTUBHOCTU). VcxomHoe cocTosiHue
A0 peakTOp KPUTHYCH.

PaccmoTpuMm mporiecchl, OpoucXoJsiue B peakTtope. B cranronapHom
COCTOSIHUH IUIOTHOCTh HEUTPOHOB paBHA 7). B MOMeHT BpeMeHH ¢ = () CTepKEHb
yOpaBJieHUs TMOJAHUMAETCs BBepX Ha BenuuuHy AH. BceneactBue BBoOJa
MOJIOKUTEJIPHOM PEaKTUBHOCTH, IUIOTHOCTh HEUTPOHOB BHauaje OBICTPO
YBEJIMUMBAETCA JIO 3HAYEHUs] 7;, HAOJNIOJAETCS] CKA4OK Ha MIHOBEHHBIX
HerTtpoHax (puc.3.20;/). JlampHeHmuid pocT HEUTPOHHOM TUIOTHOCTH
MPOUCXOJIUT 3HAYUTEIBHO MEJJICHHEE, IOCKOJIbKY OOYCIIOBJICH BIIMSIHUEM
3ama3IbIBAIOIINX HEUTPOHOB C OOJBIITUM BPEMEHEM JKH3HU. DTOT MOCTENIEHHBIN
Pa3roH peakTopa onuckiBaeTcsa Gpopmynon

n(t)=ny exp(t/Ty), (3.27)

rie 1, — ycTaHOBUBLIMICS IIEPHOJ, PEAKTOPA (MM IEPUOJT PEAKTOPa).
OTmeTuM, 9TO MEPUOJ PEaKTopa 3TO BpeMs, 32 KOTOPOE €ro MOIIHOCTH
MEHSIETCS B e pa3.

Bennmunny BBeIeHHOM peakTUBHOCTH p/P onpenensttoT o Gopmyie (3.25),
BeC cTepkHs M — 1o cooTHouIeHHto (3.26).
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Ilepuon peakTopa HaXOIAT SKCIEPUMEHTAIBLHO IO TpaduKy HU3MEHEHUS
montHocTu (puc. 3.20, 2). Jlnsg BbIUKCICHHUS TEPUOJa MOXKHO HCMOJIb30BaTh
COOTHOIIIEHUE, BBITEKAIOIEEe U3 COOTHOIIEHUs (3.27)

T,d In(¥n /‘n)’
(3.28) 2 1

A€ 7ny U np - 3HAYCHUA HCﬁTpOHHOﬁ IJIOTHOCTHU B MOMCHTBI BPCMCHMU # U 1,

COOTBCTCTBCHHO.

"’_"‘,f |t

v J il 20 0 40 50U fox

Puc. 3.20. U3MeHeHUEe IUIOTHOCTH HEMTPOHOB BO BpEMEHH
NPHU BBO/IE NMOJIOKUTETbHOI PEaKTUBHOCTH

ITockonpKy Takxke
B-p
Ap
(3.29)

T, i,

U yuuThIBas, 4YTOo pP<<P, TMOCTOSHHYIO pacmajga HUCTOYHUKOB —
IIPEILIECTBEHHUKOB 3ala3/bIBAIOIINX HEUTPOHOB MOXHO ONPEACIUTh 10

dbopmye

1 (3.30)
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Onucanue 1a60pamopHoil yCmaHoBKu

JI71s1 BBITIOJTHEHUS PA0OThI UCIIONB3YETCSl CTEH/I, TPEACTABIIAIONTUNA COOOM
AJEKTPOHHYIO MOJIeNIb JBYXKOHTypHOU ADY. CTeHa BKIOYAET: MOJIEIb
TOYEYHOI0 PEAaKTOpa HYJIEBOM MOIIHOCTH, BOCHPOU3BOASIIYIO AUHAMUYECKHEC
XapaKTEPUCTUKU pPEAKTOpa C Y4YETOM OJHOM YCPEOHECHHOM TPYIIIbI
3ama3/blBAlOIUX  HEUTPOHOB; MOJEIb BTOPOTO  KOHTYpa;  DJIEMEHTHI
MOIITHOCTHON M TEMIIEpaTypHOW OOpATHBIX CBS3CH; CpEICTBA HHAUKAIIUU H
yIIPaBJICHUS.

Texnuka 6e3onacnocmu

[lepen HawasioM paboOTHl CTYyAEHT 00s3aH YOEOUThCS B HAIUMYUH |
UCIIPAaBHOCTU 3a3€MJICHHS JIabopaTopHOU ycTaHOBKH. [Ipum oTcyTcTBUM WU
HEUCTIPABHOCTH 3a36MJICHUS HEOOXOIUMO COOOIIUTh 00 ITOM UHKEHEDY.

[1pu BbINOTHEHUH paOOTHI 3aMPEIIACTCS:
. CaMOCTOSITEJIbHO BKJIFOYATh U BBIKIIIOYATh MPUOOPHI, HE BXOIAIINE B
COCTaB YCTaHOBKHU:

° OCTaBJISITH O€3 IMPpUCMOTPA BKIIFOYCHHOC 060pyz[013aHHe;

. CaMOCTOSTENIbHO YCTPAHSTh To0bIe HEUCTIPABHOCTH,

O6H&py>I(eHHBI€ B ITPOLICCCC BBITTOJIHCHU A pa6OTBI.

IHopaook eévinonnenusn padbomot

1. Tlepen HayanoMm pa®OTHl y TpENojaBaTelisl WM WHXKEHEpA MOJYYUTh

HNCXOJHBIC JAaHHBIC 110 3aJaHUIO:
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. IIOJIOJKEHUE CTPCIIKU yKa3arellsl BenuunHa, obpaTHas MowHOCTU IS
BBITIOJIHEHUSI OMBITOB MO METOJIaM «CTPEJISIIOUIMNA HCTOYHHK» M «cOpoc
CTEPKHSDY;

. VCXOJHYIO MOIIIHOCTB PEAKTOPA JIS BBIMIOJIHEHHUSI OTBITOB IO METOY
«aCUMIITOTUYECKUN TTIEPUOJTY.

2. IloaroroBka cTeHia K pabdore.

2.1. BKI0OUNTH CTEHJ MEPEBOJOM TyMOJiepa Bxn B BEpXHEE

MTOJIO’KEHUE;
2.2. BeiBecTu cTepkeHb A3 B KpallHEE BEPXHEE MOJOKEHUE.

Jlnst aToro, yOeIMBIIUCH BO BKJIIOUEHUH JIAMIIOYKH [oroBHOCTL HA
MHEMOCXeMe, HakaThb KHOIIKY Bsesoa. HaOmromas mo wmHaukaTopy
MOJHSATUE CTEPXKHS, JOOUTHCA BKIIOYEHUSI JIAMIIOYKH BEPXHETO
KOHIICBOI'O BBIKJTIOYATES.

2.3. llepexioyarend MOWHOCTL MUCTOYHMKA HEUTPOHOB,
TemnepatypHbii  KO3ppULMEHT peakTUBHOCTM U MoOLWHOCTHOWM
Ko3th(pULUMEeHT peakTUBHOCTM IIOCTABUTh B IIOJIOKCHHE BbIkn.

OTKJIIOYUTH ABTOMATUYECKUN PETYIIATOP MOIIHOCTH.

Memoo obpamnoco ymHo;CeHUs

° YCTaHOBUTD HNCPCKIIOYATC/IE MowHOCTL UCTOYHUKA HENTPOHOB
B moyiokeHne Ne 1 (B akTHBHYHO 30HY BBEJICH HCTOYHUK HEUTPOHOB
MOIITHOCTBIO

Nel);
. HaXMMasi KHOTIKY Bgepx AP, mogusares crepxkens AP nHa 100

CM, ITOJIOKCHHUC CTCPIKHS BBICBCUHNBACTCA HA YKA3aTCJIC ITOJTOXKCHUA AP,
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. HaXMMast KHOTIKY. Bgepx KP, moaHATE crepxens KP Ha 75 cwm,

ITOJIOKCHUC CTCPIKHA BBICBCUUBACTCSA HA YKA3aTCJIC ITOJIOKCHUA KP,

. no npubopy OGpaTHbIN pepuop CIEAUTh  3a
U3MEHEHUEM
nepHoja peakTopa;

. JUISL 3aBEPIICHUS MEPEXOAHBIX MPOIECCOB MOA0XKAAThH OKOJIO
4-5 MUH, TIOKa HE YCTaHOBUTCSA IEPHUOJ peakTopa 7T HO;

* 3amnucaTh IoKa3aHue npudopa BenuunHa, o6paTHasi MOLLHOCTH>

. noaHATh crepxkeHb KP Ha 10 cMm, Beiaepxkats 4 MUH, 3a1IMCaTh

HIOKa3aHus MPUOOPa BennumHa, o6GpaTHasi MOLLHOCTM>
. MOBTOPUTH 3aMmephl emie 3-4 pasza, pe3ysibTaTbl U3MEPEHUI

3aHECTU B TAOJUILY;

. MOCTPOUTh TpadUK 3aBUCUMOCTH OOpaTHOMW MOIIHOCTH OT
KoopAuHAThI cTepkHA KP;

. AKCTPAIONHPYsl TOJYYEHHYI0 KPHUBYIO JO OCH aOcIucc,
onpenenuTs rnojoxenne crep:xkHsa KP — Hkp , npu koTopom peakTop craner
KPUTUYECKUM;

. W3MEHUTh  TOJOXKeHHe crepxkHia AP mo  3amanuro

MPETO/IaBaTEIIs U IOBTOPUTH OIBITHI JJIs1 HOBOTO MOJIOKEHUS CTepKHS AP.

Memoo cmpenaroue2o ucmouHuka

® BBCCTH B AKTHBHYIO 30HY HCTOYHHK HCﬁTpOHOB, HJIs1 9€Tro

IICPCKIOYATCIIb MowHOCTb UCTOYHUKA HeﬁTpOHOB JOCTABUTH B ITOJIOKCHHUC

Ne 1;

. o HsITh crepkeHb AP Ha BbicoTy 100-120cM;

. nepemetias crepxkeHb KP, mo0uUThCsS TOro, 4ToOBI CTpeiKa
npudopa

BenuuuHa, obpaTtHas MowHocTn PCAKTOpa OKa3alaCb Ha CCPCAMHC TIKaJIbI.

[TopaGoTath Ha 3TOM ypOBHE HE MEHEE 3 MUH,;
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. 3amucaTth nokaszanus npudopa — 1/ny;

® B MOMCHT BPCMCHHU t = 0 BBIKIIIOYUTH MCTOYHHUK HCfITpOHOB
30HBI IIC-

PEBOZIOM  MEpeKIIoYaTesiss MOWHOCTL MCTOYHMKA HEWTPOHOB B IMOJIOKEHUE
0;

. yepe3 paBHbIC MPOMEKYTKA BPEMEHU C MHTEPBAJIOM HE Oojee

TpEX CEKyH]l 3aluChiBaTh IIOKa3aHUs Ipubopa BenuuuHa, ob6paTHas

MOLLHOCTW, BBLITIOJIHUTDb HEC MCHEC IIAATH 3aMCPOB;

. MOJIyYEHHbIE pe3yJIbTaThl 3aHECTHU B TAOIUILY;

. IIOBTOPUTH OIIBIT €Ill€ HE MEHEE IBYX pa3s;

. HNOCTPOUTHh I'paHUK 3aBUCHUMOCTH IUIOTHOCTH HEHUTPOHOB OT
BPEMEHU,;

. DKCTpPAIIOJIMPOBAaTh HAaYaJIbHBIM y4aCTOK IOJIYYEHHOU KPUBOM

K MOMEHTY BpeMmeHu ¢ = 0 (cm. puc.3.19, 1) u HaliTu 3HaUeHUE HEUTPOHHOM
IJIOTHOCTH 1]

. OMPEICIIUTh PEAKTUBHOCTh CUCTEMBI IO opmyiie (3.25).
Memoo copoca cmepoicus
. BBIBECTH MCTOYHHUK HEUTPOHOB W3 aKTMBHOW 30HBI, JJIS YETO

nepe-

KJII0YaTeIb MOWHOCTL MCTOYHUKA HEWTPOHOB JOCTABHUTH B ITOJIOKEHME 0;

. o HsTh crep:keHb AP Ha BeicoTy 100-120 cwMm;
. nepemMernas crepkeHb KP, noOuthcs TOro, 4roObl cTpeika
npudopa

BenuunHa, obpaTHasi MOWHOCTM PEAaKTOpa OKas3alach Ha CEPEIUHE IIKAIbI, a

nepuon peakropa Iy,=co. [fIopadoTaTs Ha ’TOM YPOBHE HE MEHEE 3 MUH;

. 3amycaTh MokazaHus npudopa — 1/n;
. B MOMEHT BpeMmeHu ¢ = 0 onmyctuts crep:xkeHp KP na 10 cm;
. 4yepe3 paBHbIC MPOMEXYTKHA BPEMEHHU C MHTEPBAJIIOM HE OoJiee

TpeX CEKYH]l 3alHChiBaTh I[IOKa3aHUsA TMpudopa Benuuuna, obpartHas
MOLLHOCTM, BBITIOJTHUTH HE MEHEE IMSITH 3aMEPOB;

. MOJIyYEHHBIC pPe3yJIbTaThl 3aHECTH B TAOIHILY;
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® ITOBTOPUTH OIIBIT CIIC HC MCHEC IBYX PaA3;

. MOCTPOUTh TpapuK 3aBUCUMOCTU IJIOTHOCTU HEUTPOHOB OT
BPEMEHU;
. AKCTPAIOJIUPOBATh HAYAIbHBIM YYaCTOK MOJTYYEHHOW KPHUBOU

K MOMeHTY BpemenH ¢ = 0 (cm. puc.3.19, 1) u HailTh 3HaUeHNEe HEUTPOHHOM

IJIOTHOCTH 7

. OTIpeICTTUTh BETUYNHY BBEJCHHON pEaKTUBHOCTH 10 opMyie
(3.25);

. onpenenuts Bec crepxkHs KP o dpopmyne (3.26);

. BEPHYTHCS B UCXOJAHOE COCTOSTHUE CTAOMIHLHOM MOIITHOCTH;

. 3anucaTh okazaHus nmpudopa — 1/ny;

. B MOMEHT BpeMeHHU ¢ = () omycTuTh ctepxkeHb AP Ha 10cwM;

. MTOBTOPHTH OITBITHI JIJISl ATOTO CITydas HE MEHEee TpeX pas;

. onpeaeauts Bec crepxkas AP no popmyre (3.26);

Memoo ycmanosusuiezocs nepuooa (onpedenenue Geludtunsl A).

. BKJIIOYUTh  BCTPOCHHBIK B J1aOOpaTOpHBIA  CTEHJ
ABTOMAaTUYECKHA TIOTCHIIMOMETP B PEXKHM PErHUCTPAlH  TEIUIOBOU
MOIIIHOCTH PEAKTOPA;

. BBIBECTH PEAKTOP B YCTAHOBUBIIEECA COCTOSIHUE IIPHU
MOUIHOCTH, 33IaHHOM NIPENOAaBaTEIIEM;

® BBIACPKATH B TCUYCHHUC 3 MUH W 3amnucarb 3HauYCHHE
YCTaHOBHBmeﬁCH MOITHOCTH,

. B MOMEHT BpemeHun ¢ = (0 TmepeBeCTH PEakTop B
HAJIKPUTHYECKOE COCTOSIHME TIepemenieHneM ctepkHas AP Beepx Ha 30 cwm;

. 3aIMChIBATH noKaszaHus npudopa ¢ 1arom 10c,
HE  MeHee
20 3HaYeHUI;
* TMOCTPOUTH 3aBUCUMOCTH MOIIIHOCTH OT BPEMEHU;
* OMNpEIeNUTh BBEJACHHYIO PEaKTUBHOCTH, UCIIOJIb3Ysl M3BECTHBIN BEC
CTEpIKHS U3 OTbITa TI0 METO/Iy cOpoca CTepIKHS;
* OMNpeNeNUTh NepPuo peakropa no gopmyie (3.28);
*  OMNpEIeNUTh MOCTOSIHHY IO pacmnana UCTOYHUKOB -
MPEIIIECTBEHHUKOB 3aIa3/IbIBAIOIINX HEUTPOHOB.
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Tpeodoeanus k omuemy

1. Otyetr odopmisieTcss Ha nuctax Gopmara A4 KaxIbIM CTYIACHTOM
CaMOCTOSITEIIBHO.
2. Otuer IOoMKEH BKIKOYATh CIEIYIOIKNE OCHOBHBIE YaCTH:

. TUTYJIbHBIN JIUCT;

. (bopMyTUPOBKY IIEJTH paOOTHI;

. MOCTPOEHHBIE HKCIIEPUMEHTAIbHBIE 3aBUCUMOCTH;

. pacyeThl UCKOMBIX BEJIMYHH;

. rpaduueckuii  MaTepuail 10  pe3yjJbTaraM  M3MEpPEHUi

BBIIIOJIHUTH BPYYHYIO. On HOJDKHBI COACPIKATHL SACHO YHUTACMBIC OCHU H
ACIICHUA], PasMCPHOCTHU HCIIOJIBb3YCMbIX BCINYUH, UBMCPCHHBIC TOYKU

N KPHUBBIC, H€O6XOI[I/IMBI€ IIOACHCHUA U T.A., BBIBOJbI C UYCTKHMH
MMOACHCHUAMMU IMOJYUCHHBIX PE3YJILTATOB.

Koumponwvuwsie 6onpocoi

1.  OObsicHUTE B YpaBHEHUU KMHETHUKH, UTO 0003HAYAIOT BEJIMYUHBI P,
B, A, [, ¢, KakOB UX (PU3NYECKUI CMBICI M Pa3MEpPHOCTh, KaKWe MPUMEPHBIE
3HAYEHUS OHU MOTYT UMETh?

2. 3anumuTe YypaBHEHHE KHHETHKH ©O€3 ydera U C  Y4ETOM
3aIa3/IbIBAIOIINX HEUTPOHOB.

3. Uto Takoe 3h(PEKTUBHOCTb CTEP)KHS PETYyJIUPOBAHUS, B KaKUX
€MHUIIAX OHA U3MepseTCs?

4.  OObsicHUTE, Kak TModydaroT YypaBHeHue (3.25) nmna pacuera
PEaKTUBHOCTH PEAKTOPHON CUCTEMBI?

5. Uro Takoe KBa3WCTAlMOHAPHBIA YPOBEHb HEUTPOHHOM TNIOTHOCTH?
Uepes kakor MPOMEKYTOK BPEMEHU OH JIOCTUTAETCS?

6.  Uro Takoe nepuoj peakropa?

7. lloueMy He JOONyCKaeTrcsi BHOCHUTb B PEAKTOP PEAKTUBHOCTb,

IPEBBIIIAIONTYI0 BETUYUHY 37
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8. B uem pa3Huld MCKAY CTATUYCCKUMU U TUHAMHUYCCKUMHU METOdaMHU

KaJIMOPOBKHU CTEPKHEN?

Pexomendyeman numepamypa K 1adoopamoprvim paoomam 1-4

1. T'eiinep, JI.Lb. BBenenue B Teopuio aBTOMAaTUYECKOTO PEryJupoBaHust /
JL.B. I'eitnep. — MuHck, 1967.

2. KmoeB, A.C. ABromaruueckoe perynupoBanue / A.C. Kiroes. -
M., 1973.

3. Tutne, Y. ITonynpoBognukoBas cxemorexuuka / U. Tutne, K. Illenk. -
M., 1983.

4. Ilmckynos, H.C. [luddpepeHunanbHOe U HHTErpAIbHOE UCUUCIIEHUE /
H.C. IIuckynos. - M., 1985.

5.T'op6aneBuu, E.JI. AnaioroBoe MoJeaupoBaHUE CUCTEM yIpaBieHUS /
E.J1. 'opbanesuu, @.®D. Jleun3oH. - M., 1984.

3.5. JlaGopatopnas padora 5

N3YYEHUE CTATUYECKUX U IMHAMNYECKHUX
XAPAKTEPUCTHUK JIBYXKOHTYPHOM 513y

Ilenvto pabomur SBIAETCS U3yYEHUE OCHOBHBIX CTATUYECKHX MPOrpaMM,
UCIIOJB3YEMBIX TPU PErYJIUPOBAHUM MOIIHOCTH SIIEPHOM HSHEPreTUYECKOM
yctaHoBku (IDY) tuna BBOP; mosyyeHue mnpenctaBi€HUs O MOIIHOCTHOM
ko3 PuIMeHTe pPEeaKTUBHOCTH peakTopa M yMEHUE HSKCIEPUMEHTAIBHO
OMpEeACNSITh €ro 3HaK M BEIMYMHY, NPUOOPETCHUE HABBIKOB YIPaBJICHUS
Mozenbro ADY.

Ocnoevl meopuu

Cmamuueckas npocpamma pe2yauposanus AY
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Cmamuueckou npoepammou pezyruposarusi Y Ha3bIBaeTCs Kejaemas
3aBUCHUMOCTh OCHOBHBIX MapaMeTpOB YCTAaHOBKHU (pacxojia, TEMIIEpaTypHlI,
JABJICHUS) OT €€ MOIIHOCTU B YCTAaHOBUBIIMXCS pekumax. BeiOop mporpamMmel
TPOU3BOAUTCS HA OCHOBAaHUH aHAIN3a (PU3NUECKUX, KOHCTPYKTUBHBIX, TEXHUKO-
SKOHOMUYECKHX OCOOCHHOCTEH YCTAaHOBKH, pPEKHUMOB €€ paldoThl B
SHEPTOCUCTEME U JIPYTUX (HaKTOPOB.

Ha Bcex coBpemennnix Oiokax BBOP pacxon TemioHocutens mepBoro
koHTypa G He peryiaupyercsa. OOblYHO OJIOKM paboOTalOT € MOCTOSHHBIMU
pacxojamMy NMPU M3MEHEHWU MOIIHOCTH B HIMPOKUX IMpenenax. PaccmoTpum
POrpaMMbl PETYJIMPOBAHUS MPU MOCTOSTHHOM PAacXo/ie MO MePBOMY KOHTYPY.

Mporpamma c NOCTOAHHOW cpeaHen TeMmnepaTypown
B NepBOM KOHType

CormacHo 3TOM mOporpaMme, CpedHssl TemIeparypa TEIJIOHOCUTENS B
peakTope NoAaepKUBaeTCs NoCTOAHHOM (1, =const) (puc. 3.21).

[TockoyibKy € pOCTOM MOIIHOCTH peakTopa N MOAOTrpeB TEIIIOHOCUTENS B
HEM  yBEIMYMBAETCA, a CpeAHsAs TeMmieparypa TeIIOHocHTens T
MOJIJIEPKUBACTCS TOCTOSHHOM, TO TEMIIEpaTypa Ha BBIXOJE PEaKTopa JOJLKHA
pacTu, a Ha BXOJE COOTBETCTBEHHO YMEHBIIATHCS COTJIACHO COOTHOIIEHUIO

N=C,G(Tysx-Tsx), (3.31)

rne C, — cpenHsAs MaccoBas TEIJIOEMKOCTb TEIUIOHOCUTEN;  yyx, Tax
TEMIIEpaTypa TEIUIOHOCUTEIIS HAa BBIXOJIE U BXOJIE PEAKTOPa, COOTBETCTBEHHO.
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Puc. 3.21. Cratuveckasi nporpamma peryaupoBanus 519V c¢
MOCTOSHHOW CPeHell TeMIepaTypou TEIJIOHOCHUTE/IA MEPBOr0 KOHTYpa:

1,2,3 — TemnepaTypa TEIZIOHOCUTEIIS IEPBOTO KOHTYPA HA BBIXOJE, CPEAHAA U
BXO/IE€ B PEAKTOP, COOTBETCTBEHHO; 4 — J1aBJIEHUE IIapa BO BTOPOM KOHTYpe

TeroBast ’HEprus, rnepeaaBaemas OT IEPBOTO KOHTypa KO BTOPOMY,
ompezensercs Gpopmyoit
O=0F(Tey-To), (3.32)
rae o — 3hPexTuBHBIM KOIPPUIMEHT TerIonepesadyd OT TEIUIOHOCUTENS
NIEPBOr0 KOHTYpa KO BTOPOMY B MaporeHepaTope; £ — miomaasr Ternao00MeHHOH
MOBEPXHOCTHU Maporeneparopa; 1, —temreparypa mnapa BoO BTOpOM KOHTYpE.

[Ipu ¢dukcupoBaHHON TUIOMIAAM  TEIJIOOOMEHAa F, TPaKTUYECKU
HEU3MEHHOM 3(PEeKTUBHOM KO3(DPUIIMEHTE Terionepeadd o U MOCTOSHHOM
CpeAHell TeMmepaType TEILUIOHOCHUTEN IepBOoro KoHrypa T, oOecrneueHue
TpeOyeMoro TEmIoCheMa U3 peakTopa MOKET ObITh JOCTUTHYTO TOJBKO 3a CUET
yYMEHBIIIEHUS MapaMeTpoB Tapa BO BTOPOM KOHType 71, (TO ecTh 3a cuer
YBEJIMYECHUS] TEMIIEPAaTypHOrO Hamopa Ha TEIIO0OOMEHHOW MOBEPXHOCTHU
napore"eparopa - 1 p-T;). OTMeTHM, 4TO IOCKONBKY TeMIEpaTypa Iapa Ha
BbIXOJIe maporeHeparopa BBOP npakTudyecku paBHO TeMIIepaType HACHIIEHUS
IpU 33JaHHOM JABJICHHWW, YMEHBIICHHE TEMIIEpPAaTypbl Mapa IPaKTUYECKH
CBOJUTCS K YMEHBIIICHUIO €TO JaBJICHUS P.

Ota nporpaMmma HauOoJiee 0JlaronpusiTHA JJis IEPBOTO KOHTYpPA, TaK KaK B
ATOM Ciy4yae Il HW3MEHEHUsS MOIIHOCTH peakTopa TpeOyeTcs BHECTH
HAaUMEHBIIIYI0O PEAaKTUBHOCTh, 00ECIIEUUBAIOTCA CTAOWIbHBIE TEMIIEpaTypHbIE
YCIIOBUSL IS TIEPBOTO KOHTYpa, YTO TOBBIIMIACT HAAEKHOCTh PAOOTHI €ro
obopynoBanus. Kpome Toro, 006EM TEIIJIOHOCUTEINS TTEPBOTO KOHTYPa MEHSETCS
HE3HAYUTEJIbHO, a 3TO obJyierdyaer paboTy CHCTEM KOMIIEHCAIMM OO0BbEéMa U
PETYIHPOBAHUS PEAKTOPA.

Henocrarok mnporpaMMmbl B HEOOXOAMMOCTH TIOBBIIICHUS JTaBJICHUS
BTOPOTO KOHTYpa MPU MOHWKEHUH MOIIHOCTH, YTO YTSIKEIIeT 000py0BaHUE
BTOporo koHrypa. IIpu 3tom Ttepmudeckuid KIIJ[ nukia octaércss HU3KUM Ha
BCEX MONIHOCTSX, TaK KAaK HAa HOMHUHAJIBHOW MOIIHOCTHA JaBJCHHUE IIapa,
MOCTYTAIOIIETO HAa TYPOUHY, HUXKE JTOMTYCKAeMOT0 TI0 YCIIOBUSM PabOoThI BTOPOTO
KOHTypa. Ha MOHM)KEHHOM MOIIHOCTH, KOTrJa AaBlicHHE Iapa Beauko, KIIJ]
LIMKJIa TaKX€ HHU30K W3-3a 3HAUYUTEIBHOIO IIepemnajga JaBJCHHUS Ha
PETYJIMPYIOLIUX KJAllaHaX, YTO, KPOME TOT0, YBEIIMYMBAET UX U3HOC.
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Mporpamma ¢ NOCTOSIHHLIM AaBreHuneM
BO BTOPOM KOHType

CornacHo »TOMl mporpaMme, JAaBJICHHE Mapa B [AapOreHEpaTope
o/Iep>KUBaeTCs MOCTOSTHHBIM (P =const) (puc. 3.22).

PerynupoBanue mjisi oOecrieyeHusl TEIIoCheMa M3 aKTHUBHOM 30HBI
peakTopa (TO €cTh MOJJEPKaHUsS HEOOXOJAMMOTO TEeMIEpaTypHOro Hamopa Ha
TEMJI000MEHHON MOBEPXHOCTH MMAapOreHepaTropa) JOCTUTaeTCs YBEIMYCHUEM
TEMIEPATYPbl TEMJIOHOCUTENS HAa BBIXOJIE U3 peakTopa. Tak ke yBEIIMUYUBACTCS
CpedHsisd TeMIIepaTypa TEMJIOHOCUTENS B AKTUBHOM 30HE.

OTa mporpaMma NO3BOJIIET HPU TOM K€ PACUETHOM [IaBJICHUU IMapa
MOJ/ICP>KUBATh €r0 3HAYCHHE MOBBIIICHHBIM U B HOMUHAJIbHOM PEXUME U, TEM
caMmbiM, TOBbIcUTh Tepmuueckuit KIIJ[ Omoka. Ilockonbky naBiaeHue P u
Temneparypa 7, mapa BO BTOPOM KOHTYpE IOCTOSIHHBI, €ro 00OpyJ0BaHHE
MPAKTUYECKU HE HAKJIAJIBIBACT OTPAHUYECHUN HA CKOPOCTh U3MEHEHUSI MOIIIHOCTH
N peakropa.

HemoctatkoM mporpamMMbl ¢ TOCTOSHHBIM — JaBICHUEM  SIBIIACTCS
CYIIIECTBEHHOE M3MEHEHHUE TEMITEpaTyphl Ha BBIXO0JIC peaKTopa MpHU KOJeOaHUIX
Harpy3ku (TpuOIU3UTENBHO OBICTpEE, YeM IO MPOTpaMMeE C TOCTOSHHOMN
CpPeIHE TeMmmeparypoil), YTO OrpaHHYMBAET MaHEBPEHHBIE BO3MOXKHOCTHU
omoka. Kpome Toro, HeoOxomuma Oonbiias dS(PGEKTUBHOCTh OpPraHOB
PETYIUPOBAHUS PEaKTOpa JUIsl KOMIICHCAIIMA TeMITepaTypHOro Koddduimenra
PEaKTHBHOCTH.

OHOBPEMEHHO MOBBIIIAIOTCS TPEOOBAHUS K CHCTEME KOMIIEHCAIIUHM 00BhEMA.
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Puc. 3.22. CraTnyeckasi nporpamMma peryJupoBanus S9Y
C NMOCTOSIHHBIM J1aBJIEHHEM Mapa BO BTOPOM KOHTYpe:

1,2,3 — TeMniepaTypa TEIIOHOCUTENS IEPBOI'O KOHTYpa Ha BBIXOJE,
CPEIHSS U BXOJIE B PEaKTOP COOTBETCTBEHHO;

4 — naBieHHE napa BO BTOPOM KOHTYpe

CrtpemieHue MpeooiaeTh YKa3aHHbIE HEIOCTATKH MPUBENIO K pa3padoTKe
KOMIPOMHCCHBIX nporpamMm. OaHa w3 HUX OpuBeneHa Ha puc. 3.23. B sToii
IIporpaMmMme ¢ POCTOM MOIIHOCTH CPEHSSI TeMIIepaTypa TEIJIOHOCUTENISI IEPBOTO
KOHTYypa YBEJIMYMBAETCS, HO MEIJICHHEE, YeM IO MpOrpamMMe C IMOCTOSHHBIM
JaBJICHUEM T1apa BO BTOPOM KOHTYpE.

JlaBiieHMe Mapa TakKe YMEHBIIIAETCs, HO MEJJICHHEE, YEM 10 MPOorpamMMe C
MIOCTOSSHHOM CPEIHEN TEMIIEpATypOu TETUIOHOCUTEISI MEPBOro KOoHTypa. llpum
ATOM O0JIETYal0TCs YCIOBUS padOTHl IEPBOTO U BTOPOTO KOHTYPA.

JpyruM nOpuMepoM KOMIIPOMHUCCHOM TMpOTrpaMMbl SIBISIETCA Takas, B
KOTOpPOM Ha MaJIbIX MOIIHOCTSX OJIOK paboTaeT no mporpamme P =const, a npu
oonbmux — I, =const (puc. 3.24).

MoIHOCTb, P KOTOPOM COBEpIIAETCS MEPEXOM C OJHOW MPOrpaMMbl Ha
IPYTYI0, 3aBUCUT OT IIPEAEIIBHO JIOIIyCKAeMOI0 JABJICHUS B IapOre€HEPATOPax U
OT OXHMJAEMOT0 JUana3OHa YaCTOTHBIX CHWKEHUU Harpysku. [IpemmyniecTBo
nporpaMmmsl puc. 3.24 nepen nporpaMmon puc.3.23 3akiarodaercs B TOM, YTO
BOJIM3U HOMHUHAJIBHOM MOIIHOCTH MEPBBI KOHTYp pabOTaeT Mo ONTUMaJbHOMN
s cebs mporpamme 7, = const.
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Puc. 3.23. KomnpoMuccHasi nporpamMma
peryjaupoBanus AJ9Y
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Puc. 3.24. Ilporpamma peryaupoBanus 519V, npu KOTOPBIX HA MAJIBIX
MOIITHOCTSIX 0JIOK padoTaeT 1o NnporpaMme ¢ NOCTOSHHBIM /1aBJICHHEM
1apa BO BTOPOM KOHTYpe, a PH 00JIbIINX — ¢ MOCTOSIHHOM cpeaHel
TeMIIePaTypoil TEMVIOHOCHTEJIS EPBOro KOHTYpA.
(ITepexmroueHue nmporpaMmbl MPOUCXOIUT HA 60% MOIITHOCTH)
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Temnepamypuwiii U MOWHOCMHOU KO Duyuenmol peaxmueHoCmu

B peakrope, HaxoadieMcsl Ha 10CTaTOYHO BBICOKOM YPOBHE MOIIHOCTH,
B MPOLECCE LEMHOM PEaKUUu MAEJCHHUS IPOUCXOAUT PA30rPeB IJIEMEHTOB
AKTUBHOM 30HBI, M3-3a YETO U3MEHSETCA MIIOTHOCTh U HEUTPOHHO-(DU3UUECKUE
XapaKTEPUCTUKM €€  KOMIIOHEHT: TOIUIMBA, TEIUIOHOCUTENd U  BCEX
KOHCTPYKIIMOHHBIX MaTepuajgoB BHYTPU. B pe3ylbTaTre 3TOro MEHSETCS HX
NOTJIOIIAOIIAs M 3aMEJUISIONIasl CIIOCOOHOCTH M, KAaK CJEJCTBUE, U3MEHSIETCS
KOA(PDUIIMEHT pa3MHOXKEHUSI HEUTPOHOB B aKTUBHOM 30HE, TO €CTb MEHSETCS
PEAKTUBHOCTBb CUCTEMBI. I3MEHEHNE pEaKTUBHOCTH, B CBOKO OUEpPE/lb, IPUBOIUT
K U3MEHEHUIO MOIIIHOCTH PeaKkTopa, BOSHUKAET BHYTPEHHSISI 0OpaTHAas CBSI3b.

Takum oOpa3om, BHOCUMAs U3-3a TEIUIOBOTO BO3/ICUCTBUS PEAKTUBHOCT,
BBI3bIBACT U3MEHEHNE HEMTPOHHOM TIJIOTHOCTH, KOTOPAsi B 3aBUCUMOCTH OT 3HAKA
PEAKTUBHOCTU MOET BO3PACTATh WA YMEHBIIATHCA. JTO SBJICHHUE HA3BIBAIOT
TeMIiepaTypHbIM 3G(HEKTOM Wi 00paTHOM CBSA3bIO MO Temmeparype. Hamnuue
00paTHO CBSI3M CYIIECTBEHHO M3MEHSIET TUHAMUYECKHE CBOMCTBA PEaKTOPHOM
CHUCTEMBI, II0ATOMY €M YAENSAIOT JOCTATOYHO MHOTO BHUMAHHUS.

Jist KOIM4YeCcTBEHHOM OleHKH 3P deKkTa 0OpaTHOM CBS3U MO TEMIIEpAType
BBOJIUTCS MOHSATHE TEMIIEPATYPHOro KO3 (ULIMEHTA pEaKTUBHOCTH 1O 33JaHHOM
KOMIIOHEHTE aKTUBHOM 30HBI. B KauecTBe TaKMX KOMIIOHEHT UCHOJb3YIOT CPEIHUE
TEMIEPATYPbl TEIUIOHOCUTES, TOIUINBA, 3ameanuTens. Hanpumep, kosdduipent
PEaKTUBHOCTH 10 TEMIIEPATYPE TOILUIUBA OMPENEIAETCS KaK OTHOILIEHUE
pUpAIICHNs] pEaKTUBHOCTHU Op K MPUPAIICHHUIO TEMIIEPATypPhl TOIUIUBA O 77:

o, =0p/0T;. (3.33)

B peakrtope, paboTtaiieM Ha 3HEPreTHUECKOM YPOBHE MOLIHOCTH, HpHU
U3MEHEHUU MOIIHOCTHU (HEUTPOHHOM MIIOTHOCTH) MEHSIETCSA TeMIeparypa BCex
KOMITIOHEHT aKTUBHOM 30HBI. JTO U3MEHEHUE HEOJAMHAKOBO JUISl PA3TUYHBIX
KOMITIOHEHT M UMEET pa3Hoe 3arasjblBaHue BO BpeMeHu. Hanbomnee ciibHBIM U
OBICTPOJICUCTBYIOIIMM TEMIEPATypHbIM 3((PEKTOM  SBISETCA H3MEHEHHE
TeMIepaTypbl TomiuBa. [loaToMy npu aHaiW3e MMEHHO €ro YYHUTHIBAIOT B
NEepBYyI0 ouepenb. Takas siBHAs B3aUMOCBSA3b MEX]y Bapualyed MOIIHOCTH,
TEMIEPATypol TOIUIMBA W PEAKTUBHOCTHIO HA3bIBAETCS  MOWHOCHIHBIM
agppexmom peaxmuenocmu. JIeficTBre MOIMHOCTHOTO 3¢ (deKTa PeakKTUBHOCTH
OCYIIIECTBJISICTCS Yepe3 TeMIepatypHbiid 3 dekT!
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KonuuecTBeHHO MOIITHOCTHOM KOA(PHUIIMEHT pEaKTUBHOCTH OIPECIACTCS
KaK OTHOIIEHHWE TMPUPAIICHUS PEAKTUBHOCTH, BBI3BAHHOIO W3MEHEHUEM
MOIIIHOCTH PEAKTOpa Ha BEIUYHUHY ON:

o, =Ny Op/ON, (3.34)
rae Ny — CTalMOHapHbIM YPOBEHb MOIIIHOCTH PEAKTOPA.

Jlns obecrieueHus yCTOMYMBOCTH HEOOXOAMMO, YTOOBI MOIIIHOCTHOM
KO3(PUIIMEHT pPEaKTUBHOCTU ObUI OTPULIATENIBHBIM (TO €CThb YBEIUYEHUE
MOILIHOCTA pE€aKTopa JOJDKHO MNPHUBOJUTH K CHUXKEHUIO KO3 (dUIIEeHTa
Pa3MHOKEHHSI HEUTPOHOB). B IPOTHBOIIOI0KHOM Clly4ae poCT MOIIHOCTH OyIeT
IPUBOJNTHL K BBOJY IOJOKHUTEIBHONM PEAKTUBHOCTH M PA3rOHY PEaKTOpa, YTO
MOXET MTPUBECTHU K ABAPUU.

@u3nUeCKuil CMBICI MOIIMHOCTHOTO KOX(h(}HIIMEHTa PEaKTUBHOCTH Oy
MOHO TPOUHTEPIPETUPOBATH CIETYIOMINM 00pa3oMm.

Jlns mepeBojia peakTopa (MMEIOIIETO OTPUUATENbHBIM MOIIHOCTHOM
3¢ (PeKT peakTUBHOCTH) C OJHOM PaBHOBECHOW MOIIHOCTU Ny Ha Npyryio N,
BHOCSAT PEAKTUBHOCTh BEJIUYMHOU Op, HANpUMEp, MEPEeMEIICHUEM CTEp KHS
ynpasiienus. [Ipy 3TOM MOITHOCTH peakTopa OyJIeT HU3MEHATHCS CO 3HAKOM,
COBNAJAIOIIMM C BHECEHHOM pPEaKTUBHOCTHIO. I3MeHeHue MOIIHOCTH
CONPOBOXKIAETCS BBIPAOOTKOM BHYTPEHHEH pPEAKTUBHOCTHU, KOTOpas IMpHU
OTpUIATEILHOM 3HAYCHUU O, Oy/IE€T UMETh 3HAK, POTUBOIOI0KHbII BHECEHHOM
PEAKTHUBHOCTH, W IOCTENEHHO CKOMIIEHCHpYeET €e. [0 HOCTMXKEHMM HOBOrO
YPOBHSI MOIIIHOCTH PEAKTUBHOCTh pPEaKTOpa BHOBb OyJET paBHA HYJIIO.
OnpenenuB MOJTYYEHHOE W3MEHEHHE MOIIHOCTH, BEJIMYMHY MOUIHOCTHOIO
Kod(pduireHTa peakTUBHOCTH Haxo AT 1o popmyie (3.34), rae

ON= Nl- N(). (335)

Onucanue 1a60pamopHnoil ycmano6Ku

J171s1 BBITIOTHEHUST PAaOOTHI UCTIONB3YETCA CTEH/I, MPEACTABIAIONINI COO0M
ANIEKTPOHHYIO MOJIeNb NBYXKOHTYypHOU SIDY. Crena BkiItouaeT B ceOs MOJEb
TOYEYHOT'0 PEAKTOPA HYJIEBOM MOLIHOCTH, MOJIEJIb BTOPOTO KOHTYPA, 3JIEMEHTHI
MOIITHOCTHON M TeMIepaTypHOU OOpaTHBIX CBSI3EH, CpEJICTBA MHAUKAIIUU U
YIIPABJICHUS.
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Texnuka 6e3onacnocmu

[lepen nawasiom paboOTHl CTYyAEHT 00s3aH YOEOUThCS B HAIUYUH U
UCIIPAaBHOCTH 3a3eMJICHHS JIabopaTopHOU ycTaHOBKH. [Ipum oTcyTcTBUM WU
HEUCTIPABHOCTH 3a3€MJICHUS HEOOXOIUMO COOOIIUTh 00 ATOM HHKEHEDY.

[1pu BbIMOTHEHUH paOOTHI 3aMPEIIACTCS:

° CaMOCTOATCJIBHO BKJIIOYAaTb W BBIKJIIOYATb HpI/I60pI>I, HE BXOIAIIHNC B
COCTaB YCTAHOBKHU:

° OCTaBJISIThH O€3 IMPpUCMOTPA BKIIFOYCHHOC O60py,I[OBaHI/I€;

° CaMOCTOATCIIBHO YCTPAHATD JIFOOBIC HCHUCIIPABHOCTH,

OOHapy>KEHHBIE B MPOIECCE BHITTOJIHEHUS PAOOTHI.

Hopaook evinonnenus padoomoul

1. Tlepen HaganmoMm pa®OTHI y TperoAaBaTeNsl WM WHKCHEpa TOJYYUTh

HNCXOJHBIC JaHHBIC 110 3aJaHUIO:

. CPEAHIOK TEMIIEPATYpy TMEPBOTO KOHTYpa, KOTOPYIO CIENYET
NOJJICP>KUBATHh MPU BBIOJHEHUU MPOrpaMMbl C MOCTOSHHOW TeMIepatrypoi
MIEPBOTO KOHTYPA;

. NAaBJIE€HUE Iapa BO BTOPOM KOHTYpe, KOTOpPOE  CIIEIyeT
NOJJIEPKUBATh TP BBIIOJIHEHUH MPOTPaMMbl C MOCTOSHHBIM JABICHUEM BO
BTOPOM KOHTYPE;

. IIOJIOKEHHUE IIEPEKIIroYaTeed MOIIHOCTHOM M TeMIIepaTypHOU
oOpaTHBIX CBA3€M i1 BBIIOJHEHHS 4YacTh pabOThl M0 OMNPEACICHUIO
K03 puiineHTa peaKTUBHOCTH.

2. IloaroroBka cTeHa k pabdore.
2.1. BxmounTh CTEHHA MEpPEeBOJIOM TyMmOJiepa Bkn B BEpXHEE
MOJI0KEHUE;

2.2. BpIBeCTH CTEpKEHb aKTUBHOM 30HBI B KpAMHEE BEPXHEE
nonoxxkeHue. s atoro, yoeawBIIMCh BO BKIIOYCHUU JIAMIIOYKHU

FlNoToBHOCTL HA MHCMOCXCMC, HAXKATH KHOIIKY B3Boga. Ha6J_II'OI[aﬂ 110
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NHAUKATOPY MNOIHATHUC CTCPIKHAI, )106I/ITBC$I BKJIIFOUCHUA JTaMITOUYKH
BCPXHCTO KOHIECBOI'O BBIKJIIOYATCIIA.

2.3. Ilepekmtouarenn MOWHOCTL WCTOYHUKA HENTPOHOB,

TemnepatypHbln  KO3(ppULUMEHT peakTUBHOCTM U MowHoOCTHOM

Ko3achdpuuneHT peakrygHoctm [OCTAaBUTH B TMOJIOKECHUE Bykn-
OTKJIIOYUTh aBTOMATHUYECKHM PEryJISITOp MOIIHOCTH. BKIIOYUTH
CaMOITHCEI] B PEKUME U3MEPEHUSI MOIITHOCTH.

2.4. YCTaHOBUTH pacxo] MUTATEILHOU BOJbBI 0KOJIO 15% oT
HOMUHAJIBHOTO (HOMUHAJIBHBIN pacxo]; okojo 530 kr/c).

2.5. YcranoButh crepkeHb AP B monoxenne 240-250cMm.

2.6. Tlomuumas crepxxenb KP u HaGmromas 3a mpubdbopom
O6paTHbIM Nnepuod, YCTAHOBUTH MEPUOJ pa3roHa peakropa 3c. [locne
JIOCTUKEHUSI TEMIEPATYPhl TEIUIOHOCUTEIISI HAa BBIXOJIE U3 peakTopa
300°C omyctuth crepikenb AP 10 yCTaHOBIEHUS IIEPUOAA PA3rOHA

paBHBIM OECKOHEYHOCTH.

H3yuenue cmamuueckux xapakmepucmux A2Y

3.1. YcTaHOBUTHh TEIUIOBYIO MOIIHOCTH peaktopa SOMBT,
MaHUIYJIUpys cTepkHEM AP. YCTaHOBUTh CpEIHIOK TEeMIEpaTypy
TEIUIOHOCUTENIA B PEAKTOPE PABHOW 3aJJaHHOMW IPETOIABATEIIEM COTIJIACHO
n. 1., MAaHUIMYTUPYS PAcXOJOM MUTATEILHON BOJBI. 3alucaTh B TaOJIUILY
OCHOBHBIE TEIUIOTEXHUYECKUE IMAPAMETPBl PEaKTOpa: JaBJICHUE Iapa BO
BTOPOM  KOHTYpE, pacxoJl MUTATCJIbHOW  BOABI, TEMIEPATypPhI
TEIUIOHOCUTENIS Ha BXOJIE U BBIXOJIE pEaKTOopa.

3.2. TloBtopuTtsk 0. 3.1. npu TemnoBoil MouHOCTH peakTopa oT 100
10 400 MBt ¢ marom 50 MBT, nmoaaepxuBasi 3aJaHHYIO CPEIHIOIO
TEMIIEPATYPY TEIJIOHOCUTENS PEAKTOPA.

3.3. VYcCTaHOBUTH TEIUIOBYO MOIIHOCTH peakropa 50 MBr,
MaHMIyJIUpysl crepkHeM AP. YcTaHOBUTBH naBiieHME mapa BO BTOPOM
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KOHTYpE peakTopa 3aJaHHOE MpenojaBaTeaeM corjacHo m. 3.1,
MaHUIYJIUPYsd PacxoJOM MHUTATeJbHOW BOJbL. 3amucaTb B TaOJIHUILY
OCHOBHBIE TEIUIOTEXHUYECKHE NTAPAMETPhI PEAKTOPA: pacXo MUTATEIbHON
BOJIbI, TEMIIEPATYPBI TEIUIOHOCHUTEIISI HA BXOJE U BBIXOJIE PEAKTOPA.

3.4. TloToputh 1. 3.3. pu TEIJIOBOW MOIIHOCTH peakTopa ot 100
10 400 MBT ¢ miarom 50 MBT, noanepkuBas 3aJlaHHOE JaBJICHUE MTapa BO

BTOPOM KOHTYPE peaKTopa.

3.5. Tloctpouth  rpaduku  HU3MEHEHHS  TEIIOPU3UUYECKUX
napaMeTpoB DY B 3aBUCHMOCTH OT MOIITHOCTH IPH ITOCTOSIHHOW CpENHEN
TEMIIEpaType TEIJIOHOCUTENE B NEPBOM KOHTYpPE M MPU MHOCTOSHHOM
JABJICHUU T1apa BO BTOPOM KOHTYDE.

3.6. OOBACHUTH NOJYYEHHBIE PE3YIIbTATHI.

Onpeodenenue Kodpuyuenmos peakmusHocmu

OnpenenuTh 3HAK M BEJIUYUHY TEMIIEPATYPHOro (MOIIHOCTHOIO)
Kod(ppuilieHTa PEaKTUBHOCTU, COTJIACHO HWCXOJHBIM JIaHHBIM, 3aJlaHHBIM
npemnojaasarenem. s atoro:

. yctaHoBUTh TymOsieppl TKP u MKP B mnosnoxeHus, 3amaHHbIC
IIPEIO0IaBaTeIIeM;
. BbIBECTH fIDY Ha CTallMOHApHBIA YPOBEHb TEIJIOBOW MOIIHOCTH

200MBT, manunynupys crepxxasiMu KP u noOuBasich nosnoxxeHus crepxus AP
Ha ypoBHEe 120-140cm. Temneparype TEIJIOHOCUTENS HA BBIXOJE U3 AKTUBHOMU
30HBI IOJIEPKUBATE Ha ypoBHE - 300°C, peryaupys pacxo/ MUTaTENLHOM BOIBL.
3anucath noJsioxkenue crep:xkaHerd AP u KP miist aToro cocrosinus;

. YBEJIMYUTh MOIIHOCTh ADY 1o 250 MBT, MaHumyIupys CTep>XKHEM
AP. TemniepaTypy TEIIOHOCUTENA HA BBIXO/I€ U3 AKTUBHOW 30HBI IOIJIEPKUBATH
na yposHe - 300°C. IIpu stom nonoxenre KP He MeHATH. 3anucaTh MOIOKEHHE
AP 1151 5TOTO COCTOSIHUS

. BepHYTh DY Ha cTalMOHApHBI YPOBEHb TEIJIOBOM MOIIHOCTH

200MBrT. IloBbIcHTBH TEMIIEPATYPY TEIMJIOHOCUTENS HA BBIXOAE W3 AKTUBHOM
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30HbI — 350°C, He MeHss nonoxenue KP, 3amucare nonoxenue AP s 3toro
COCTOSIHHUS;

. MOCTPOUTh TpadUKd W3MCHEHHUS TMapaMeTpOB YCTAaHOBKH OT
BPEMEHHU, MOSICHAIOIINE MPOUCXOISIIINE MPOLIECCHI;

. OOBSICHUTh TOJIYYEHHBIH PE3ybTaT U PaACCUMTATh TEMIEPATypPHBIN
U MOIIHOCTHOW KO3(P(UIIMEHTHI peakTUBHOCTH (Bec crepxHs AP B3aTh U3
PE3yIBTATOB BHITIOJIHEHHS JTA00paTOpHOM paboTh Ne 3.4).

Tpeooeanusa k omuemy

1. Otuer odopmusiercst Ha nuctax popmara A4 KaxAblM CTYJIEHTOM
CaMOCTOSITEJIBHO.

2. Otuer HOJIZKCH BKIIIOYATh CJICAYIONIHMC OCHOBHLIC YaCTH!:

. TUTYJIBHBIN JIUCT;

. (opMyJIHpOBKY 1€ PaOOTHI;

. ITOCTPOEHHBIE CTATUCTUYECKHE XAPAKTEPUCTHKHA IPOrpamMm
peryinpoBanus A0V,

. METOAMKY pacdyeTa 3HAaKa U BEJIWYHMHBI KO3 QHUIHMEHTA
PEaKTUBHOCTH;

. rpaguueckuii MaTepual 1O  pe3yJbTaTaM HM3MEpEHUH,

BBITIIOJIHCHHBIM BPYYHYIO. On HOJIKHBI COACPIKATh SAICHO YUTACMBIC OCH U
ACICHUA, PASMCPHOCTHU HUCIIOJIb3YCMbIX BC/IMYMH, U3MCPCHHBLIC TOYKH H
KpPHUBBLIC, H€O6XOJII/IMBI€ ITOACHCHUA U T. 1.,

. BBIBO/IbI C YETKUMHU MOSICHEHUSIMU MOJTYYEHHBIX PE3YJIbTaTOB.
Konmponvnbsie éonpocol
1.  Yro Takoe «Bec» U 3PPHEKTUBHOCTH CTEPKHS?

2. Yro Takoe nepuoj peakropa?
3.  UYro moHMMaeTcs MOJ  TeMIEpaTypHbIM ¥  MOIIHOCTHBIM

kod(pbunmentamMmu peaktuBHOCTH? KakoBa pazMepHOCTh 3THX K03 QUIMeHTOB?
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4. B yem cocTOUT CymHOCTh (DUM3UYECKUX SBJICHUH, MPUBOISAMINX K
MOSIBJIEHUIO TEMIEPATYPHOU 00paTHOM CBSI3U?

5.  TlouemMy u3mMeHeHHE pacxoja MUTATEIBLHOU BOJbI BTOPOTO KOHTYpa
IIPUBOJUT K U3BMEHEHHUIO HEUTPOHHOIO MOTOKA B PEaKTOpe?

7.  Kakoil nomkHa OBITh 3aBUCUMOCTb KPUTUYECKOTO MOJOKEHHUS
YIPaBISIIOIIMX CTEPKHEN OT YPOBHSI MOIIHOCTH B PEAKTOPE C OTPHUIATEIbHBIM
Y TIOJIOKUTENBHBIM TEMIEPATYPHBIMHU KO3 DUIIIEHTAMU.

8.  Kak OyayT MeHATbCA MIIOTHOCTh HEUTPOHOB, TEMIIEpPATypa Ha BXOJIE
Y BBIXOJIE U3 PEAKTOPA, CPEIHSISA TEMIIEPATYPA AKTUBHOW 30HBI IPU OTKIIIOYEHUN
I'lITH nmepBoro KOHTypa, €Ciii peaKkTop UMEET OTPULIATENbHBIA TEMIIEPATyPHbIN
ko3 pumeHt?

9.  Uro takoe mporpamma peryiaupoBanusa ADY? Kakue nmporpammsl
Bri 3Haere? Uem 00ycioBieH BbIOOp mporpamm?

10. Kak OymyT 3aBHCETh TemIiepaTypa TEIJIOHOCUTENI Ha BXOAC H
BBIXOJIC PEAKTOPA, CPEAHSSI TEMIIEpATypa B PEAKTOPE, IABJICHUE U TEMIIEpATypa
napa OT MOIIHOCTH TPH CIAEAYIOIIMNX YCIOBUSIX paOOThl yCTAHOBKHU:

a) pacxo/ 1o NEPBOMY KOHTYPY U CpPEIHsIA TeMIIepaTypa B peakTope

MIOCTOSTHHBI;
0) pacxoj Mo NEPBOMY KOHTYPY MEHSETCS, JaBJICHUE Mapa BO BTOPOM

KOHTYpPE MOCTOSIHHO.

Taobnuua 3.1
Tabruya mennoguszuueckux napamempos AJY

No N, Tovx, | Tay AT, Tepr P o ITonoxenue IMTonoxenue
0 0 0 0 crepxkHs AP, | crepxus KP,

onelta | MBT MlIla | xr/c
C C C C cM cM

1

2

3
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