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HCCJIIELOBAHHUE IIYMOB PEHTTEHOBCKOH HJIEHKH

B. H. EIH®AHIIEB, J. B. CTAPIIEBA, B. B. TAPACOB

(IlpeacraBaera HAy4YHBIM CEeMHHAPOM HAy4YHO-HCCACLOBATEIbCKONO WHCTHTYTA
DIEKTPOHHOH HHTDOCKOIIHH)

Heo6xonuMuIM 3JeMEeHTOM KOMILJIEKCA IS aBTOMATHUYECKOH pacllug-
pPOBKH panuorpadHuecKuXx CHHMKOB SIBASI€TCH YCTPOHCTBO (PHJLTPAlHH HH-
¢opMaluH, 3ajaua KOTOPOr0O — BblAeseHNe II0JIe3HOrO CHTHaJjla H3 CMecH
CHTHaJa fedeKTa, CONYTCTBYIOIHUX CHFHAJOB H IIyMa KaK CaMOIrO HOCHTeJs
uHGOpPMALUH, TAK H PErHCTpUpylomell annapartyps [1].

JLJasi mOCTPOEHHS ONTHMAJbHLIX (UALTPOB BBIAENEHHS CHTHAJOB HeoO-
XOIUMO 3HATb XaPAKTEPHUCTHKH TIPAHYJSPHOCTH PEHTTEHOBCKOH IIEHKH, CO-
CTABJAAOILEH IIYyM HOCHUTEJAS HWHPODPMAIIHH.

CpenHne MOLIIHOCTH  TPaHyJ/ISIPHOCTH OTEYECTBEHHBIX pPEHTTEHOBCKHUX
IUIEHOK, npHBegenHesle B [2], cocrapasior 25--45% ot cpeanell mjioTHOCTH
noyepHenusi Heratupa npu amneprype 0,1X0,1 mM2. Irtor pesyabTat Ha Mo-
pANOK Gosblle aHAJTOTMYHBIX OLIEHOK AJf PEHTTeHOBCKHX IJIEHOK HHOCTpaH-
HBIX ¢upMm [3, 4] 4 HyXKaaeTcs B IpOBEpKe.

Ilp1 M3yueHHH YACTOTHBIX XapaKTEPHCTHK PEHTFeHOBCKOH IJIEHKH He-
KOTOPLIMH HccaefcoBateasmMu [3, 4] OblJIO 3aMeyeHO CyLIeCTBEHHOE OTKJIO-
HeHHe OT PABHOMEDHOCTH €e CIEKTpa IPaHyJsfspHOCTH B OTJHYHE OT YepHO-
6e/ibiX KHHOMJ/IEHOK, CHEKTP TI'PaHyJSPHOCTH KOTOPBIX NPAKTHYECKH PaBHO-
meped. OHAKO OTHOCHTEJNBHO YACTOTHI, ¢ KOTOPOH HAauWHAETCA Chmal CIeKT-
pa, MeXJly aBTOpAaMH HMCIOTCH 3HAUMTeJbHbe pasHoraachsa. Tak, Xoamuwoy
[4] noayunn pe3kuil cuaj CrneKTpa TPaHYJ/ISPHOCTH B JHana3oHe NPOCTPaH-
cTBeHHBIX yactoT or 20 1o 40 mMM~Y, a pesyabrarte llseiira [3] nossosaior
CUHTaTh crekTp paBHOMepubniM A0 100—200 mMmM~! (B 3aBHCHMOCTH OT MJOT-
HOCTH TiouepHeHUst HeraTuBa). COBeTCKHE HCCIeOBaTeNIH, H3ydaBILHE rpa-
HYJSPHOCTb TIJIEHOK, OGJyUEHHBIX 3JeKTDOHAMH CPEJHHX SHEPrui, TOJYYH-
LM PABHOMEDHBIH CINEKTp rpaHyasipHocTH g0 60 mm~! [5].

Takum 06pa3oM, JHTepaTypHbIE JaHHBIE [0 WIYyMaM PEHTIeHOBCKHX ILJIe-
HOK HPOTHBOPEYHBBHI H HEIOCTATOYHBI, YTO K BEHI3BAJO HEeOOXOAMMOCTb AaH-
HOrO HCCJeJOBaHHS.

3ajauell TaHHOTO UCCJEAOBAaHUSA SBJAETCS TOJyueHHe Ha 0ase H3Mepe-
HUSL 1IYMOB TJeHKU PT-1-XapakTepHCTHK TPaHyJISAPHOCTH pagHOrpauueckon
IJIeHKH NI pa3paGoTku GUABTPOB BHIAEJNECHHS KOHTYPOB Ae(EKTOB.

PaBrHomepHo 3acBeueHHBle 00paslbl KPYNHO3CDHHCTOH PEHTI€HOBCKOH
nneukd PT-1 ckannposBaauck Ha Mukpodoromerpe MP-4 ameprypamu, Hau-
6oJiee IHPOKO MNPHMEHSEMBIMH MPH aBTOMATHYECKOH pacllngpoBKe CHHM-
kon: 0,050,056 mm2; 0,1X0,1 Mm% 0,2X0,2 mm2. JlaHHBle MHKPODOTOMET-
pPUpPOBaHHS B eJMHHIAX ONMTHYECKOH IJIOTHOCTH BBLIBOJMJIMCH Ha JIEHTOUHBIH
nepdopartop [1JI-80 u o6pabareiBanuck Ha IDLUBM «M-220».
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B KauecTBe XapaKTEPHCTHK TIPaHY/JISPHOCTH ObIM BbIOpaHb (QYHKLIHUA
aprokoppeasiuu R (k), cmektp momuoctu S(wr), cpeiHee KBaJpaTHYECKOE
OTKJOHEHWe Op M pacipelesieHHe 3epeH mo pasMepaM. IIpuw pacuerax Hc-
II0JIL30BAJUCH CAeAYOLHe aJTOPHTMHL:

R (k,n) = ——— > F({A0)-F [l + K) Ax] ; (1)
i=t

— m

m—1 krw
S(wr,n)=Ax[R(0)+2 Zchos——ﬁl——i—Rmcosrw}, (2)
k=1

o0t = 3 S (o, n).
=0

rae F(x) — mukpodoToMeTpHUeCKU pas3pe3 CHHMKA;

X
D= A% o6mee 4yHCJIO OTCUeToB Ha wWHTepBate [0, X];
* rqc
®; = ——————— — NPOCTPAHCTBEHHAs YaCTOTA.

'™ (m —1)aXx

MamepeHue npocreiillleli XapaKTepHCTHKM IJIEHKH CpeJHEero KsaJapaTH-
YeCKOr'o OTKJIOHEHHMS Op BBIBHJIO 3aBHCHMOCTb Op OT CPeIHEro ypoBHd On-
THYeCKOM MJOTHOCTH HeraTtuBa D, nmoayuennbie sHaueHusi op=i(D) ¢ 99,7%
NOBEPHTEJbHBIMA TpAHUlIAMH HaHeceHnl Ha puc. 1. [lpm yseauuennn D
cpenHss MOIMHOCTb (GAYKTyalm# MOYepHEHHs 3aMETHO PacTeT, 3aBHCHMOCTD
HMEeT, B OCHOBHOM, JIHHEAHHI# XapaKTep, UTO COIJIacyeTcs C pesyJbTaTaMH,
nostyuenHbivu IlBeiirom [3]. 3HaueHHsl cpefHEro XBaJPaTHUECKOTO OTKJIO-
Henust iieHKd PT-1 coBmajaioT co 3HayeHHAMH CpejHed MOMIHOCTH (JIyK-
Tyalln#, ONHCAHHKIX B JuTepatype [3, 4], KPYMHO3ePHUCTHIX IJIEHOK, BbI-
IyCKaeMblX 3apy0exxXHBIMH (QHpMaMH.

D
-0
—
Qs —
-
, -
0,0‘9"’ o =
__....40
203+ T
] R Puc. 1. — craamesnas 3aBHCHMOCTD
Gur W ,,-_-_0 op=1{(D); — — — [pOBepHTEIbHBIE
Al = T o rpaHHibl /I JOBEPHTENBLHOH Bepo-
o E—:-:-_'.—.:':"E:"-::fr-"'::::-'g argoctH 0,997; —O— a=0,05 mmM;
- o . —A— a=0,1  MmMm; —o—
g 24 ass s 185 3, a=0,2 MM.

AHa/ln3 3KCNEpHMEHTAJbHOH 3aBHCHMOCTH Op OT anepTypsl CKaHHPO-
BAaHHA IOKasaJ, uTo AJjsi GHKCHPOBAHHOM NMJAOTHOCTH royepHeHust D puimoJ-
Haetcs 3akoH CesabBuHA: op-a=G=const.

D
0,4 | 0,85 0,15 1,85

Op I G oD G Op G

0,05 0,032 0,016 0,036 0,0018 0,039 0,002 0,046 0,0023
0,1 0,016 0,016 (0,018 0,0018 0,020 0,002 0,023 0,0023
0.2 0,007 0.014 0,008 0.0016 0,009 0,0018 0,011 0,0023
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Jlns wecne 0BaHHS YaCTOTHEIX CBORCTB TPaHYJADHOCTH 1O ¢dopmy.aam

(1, 2) 6BLIH BBLIUMC/IEHB! BHIOOPOUHBIE aBTOKOPPEIALHOHHbIE QYHKLUHH H BhI-
HOpOUHBIE CTEKTPAJIbHBIE ONEHKH MOLIHOCTH (JIYKTyalHH mnouepHeHHs O0O6-
pasuos naenku PT-1 (puc. 2). ABTOKOppeasuMs HCCAEAYEMOro mpoiecca
59

0.2

615

0,1

005

f(::!ﬁ.f}

pes3xo cnafaet yxe npH mepsoM mare (pasHom 0,05 MM) H B JajbHeHIIeM
ocTaeTcsl HH3KOH, UTO XapaKTEePHO AJS YHCTO CJAy4YaHHOro psjga HaH 0esoro
nyMma,

Korna uue/o u/leHOB 4HCTO chaydainoro psga N JIOCTaTOYHO BEJHKO,
AONYCTUMO CYMTATH, 4TO BbIGOpOUHas XoppenasnHoHHass (yHxuus rxx (k)
pacrnpejeseHa 1no HOpMaJbHOMY 3aKOHY C HYJeBbIM CPEIHHM 3HAaYyeHHEM H
rucnepcuesi 1/N. CorsacHo XpHTepHIO, IpeasoxeHHoMy B [6], ecau 3a

959% -nple DoBepuTeabHble rpauunel rxx (k) + -V—N;-I,QG BBIXOJSAT He OGoJee
5% OAMHOUHBIX KOpPpeJsinuil BeIOOPOYHOH KODPPeJSIHOHHOH (YHKIHH TIPO-
BEpSIEMOTO Psia, NMpOBepsieMblfi PsiA MOMKHO cydTaTh OeapiM mymoMm. Pe-
3yJbTAT NPOBEPKU IO 3TOMY KPHTEPHIO HAXOJAHUTCS B COTJIACHM C THIOTE3OH
O TOM, YTO TpPaHY/JSPHOCTb B paccMaTpHBaeMOd 06JIaCTH HacTOT ABASETCSH
OenplM HWIYMOM,

Kaxk wusBectHo, cnexktp 6esqoro myma paBHoMepeH. OJHAaKO 3KCIepH-
MEHTAJbHO TNOJyueHHBlE CHEKTPbl MMEIOT SICHO BHIPAXKEHHBIH cllafi Ha BbI-
COKHX 4acTOTaX, MpuyeM, o6JacTb cnaja 3aBHCUT OT amepTypbl CKaHHPOBa-
nus (puc. 2). O6HapVKEeHHYI0O HEPAaBHOMEPHOCTb CIEKTPa MOXKHO OOBSACHUTD
CrJakKHBaHHEM BBICIIHX TapMOHMUK INPH CKaHHPOBAHHH amepTypaMH KOHEu-
pofi Masnoctd. Taxas o6paboTka 1IyMa B OJHOMEDHOM cJIyyae INogo0Ha pa-
-60Te JHHEHHON CACTEMBI, CUHTAKIIEH cpefHee 3HadeHHe BXOAHOTO mpouecca
O KOHEUHOMY HHTEpBaly d.

Ecax Ha BXOJ CHCTEMBI MOJAETCH YHCTO CJAyYaHHBIH IMPOULECC C IHC-
nepcuedi o?x, TO Ha BHIXOJE TIOJyYaeTcst JHHEHHBIH [IPOLECC CO CIeKTPAIbHON
maoTHocTho [9], rae H(w) — wacToTHast XapakTepHCTHKA CHCTEMEL

Ecin BOCMOAbL30BAaTbCA YaCTOTHON XapaKTepPHCTHKOH mnpeo6pa3oBaHys
1IpH KBaApaTHOH ameprtype, npuseaennoi B [7]

ao \ 2
sin 95—
lH(w) 12 = —— | .

aw

. 2
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TO CMHEKTPAJbHYIO NJAOTHOCTb BLIXOAHOTO [Ipouecca CHCTEMBI MOXKHO 3amH-
caTb B BH]e
awm 2
sin 5
G (0) = ox®

aw
2

2
9x
AHCIIEPCHSA BBIXOAHOTO mpoluecca 022 = T .

DopmMyna HOPMHPOBAHHOIO CIEKTpa COOTBETCTBEHHO OyJeT HMeTb BHI:
Cooaw \2
SIf ——e
2
g (v)=a

AW
2
TeopeTHuecky noJyueHHasi KpuBaf g (o) CHEKTPaJdbHON MJOTHOCTH, Xa-

pakTepuaymoolas pes3yabTaT 06paboTkH 6eJioro myMma JHHEeHHOH CHCTeMOH,
JaeT XOpollee COBNAaJeHHE ¢ 3KCIEPHMEHTAJbHOH CIJaXXeHHOH CrNeKTpab-

S (©) (prc 2).
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Puc. 8. a— pacnpefelieHHe HHTePBaJlOB MeX]Jy 3e€pHaMH NpH
D=0,4; 6 — pacnpejesenHe pasMepos 3epex npu D=0,4;
B — pacHpejelieHHe HHTEPBAJOB MemIy  3€PHAMH IpH
D=1,15; r — pacnpejeiedue pasMepos 3epes npu D=1,15;
I — pacipejeleHHe HHTEpPBAJIOB MM,y 3€pHaMH IIpH
D=1,85; e — pacnpegeienHe pasMepoB 3epeH npu D=1,85.
O6o3nayennsa: — a=0,05 M, — — — a=0,1 MM,
a=0,15 MM.



JononauTebHO OBIIM NMOCTPOEHLl pacmpefeseHUs BEpPOATHOCTEH IJIHH
MOJOXKHUTEJBHHX T; H OTPHIATENbHBIX T2 YIACTKOB IIeHTPHPOBAHHOTO MHKDO-
(poTOMETpHUECKOr0 pa3pesa (puc. 3), oTpaKalollde pacnpejieJieHue no pas-
MepaM 3epeH DEeHTTeHOBCKOH INJEeHKH M NPOMEXKYTKOB MEXIy HHMH.

[HcrorpaMMel pacupepeneHuii, NOJyUYeHHble IIPH CKAHHDOBAHHH Hera-
THBOB pa3HOH ONTHYECKOH NJAOTHOCTH OAUHAKOBOH amnepTypoi, 3aMeTHBIX
pasiuunii He cojepxar. [Ipu aneprype 0,050,060 MM2 (ar KBaHTOBaHHA
0,06 MM) HanOOJBLIIWE YyAeJbHBIA BeC HMEIOT OJHOMOJAPHBIE YYaCTKH IJIH-
HOM 1--2 orcueTra, yBeJHUEHHE alepTypbl CKAHHPOBAHHMA NPH COXpaHEHHH
[peXKHEro Iara AHCKPeTH3al{H NPHBOAHT K YBEJHUEHHIO KOJHYECTBA OJ-
HOIOJMISIPHBIX Y4YACTKOB Oosbilefil AAMHBL. Bua rucrorpaMMbl NpH aneprype,
paBHOH 1I4ary, AOBOJBLHO TOYHO COQTBETCTBYET pacHpeflesieHHIO JJHH OJHO-
TOJSIPHBIX YUaCTKOB YHCTO CJY4YafHOTO psia (Ha puc. 3 NOKas3aHO NyHKTH-
pom). Ecau ameprypa OoJsibine Iara, NOSIBJSIETCH KOPPeJSIIMs MeXAY OfF-
cueTaMHM, BCJAEJCTBHE KOTOPOH pacmpejeneHHe aehopMHpyeTcs.

BoiBoabl

1. Ilpu ckaHHpPOBaHHH PABHOMEPHO 3acBe4eHHLIX 00pa3I0B PEHTIeHOB-
ckoit maenxu aneptypamu 0,05--0,2 MM CIEKTp MOIIHOCTH TPaHyJAgPHOCTH
MOJKHO CUHTAThb paBHOMepHBIM. CJ/leAOBaTe/bHO, AJA NPOEKTHPOBAHHS Of-
THMaJbHbIX (QHJIBTPOB AOCTATOYHO YCTAHOBJEHHS BHJA 3aBHCHMOCTH
op=i (D).

2. 3aBucumocts op={(D) npu niaotHocTAX 0,4—1,85 uHMeeT JAHHEHHBIH
Xapakrep ¢ TeHAeHIHell BO3pAaCTAHMSA NDPH TOBLIIEHHH ONTHYECKOH IJIOTHO-
CTH HeraTHBaA.

3. TlockoabKy yBeJqHueHHe anepTyphl CUHTHIBAIOIIEro yCTPOHCTBA IIPH-
BOAMT K NPONOPIHHOHAJLHOMY YMEHBbIIEHHIO MOLIHOCTH IIyMa, HanGosee 3¢-
GekTHBHOE pasleseHHe CHrHaJa H IyMa IO aMILIATYyMe IOCTHraeTcs MpH
anepType, paBHOH MHHUMAJbHOMY PasMepy BHIABJIAEMOro nedexra.
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