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[HOT'PEINHOCTH 1P UBMEPEHUUN XAPAKTEPUCTHUK
PEHTTEHOBCKHMX YCTAHOBOK

Paccuumaner noepewnocmu npu uzmepe-
HUU cpeoHell dHepeuu, Kodapouyuenma 2o-
MOCEHHOCIU, NEPBO2O U 8MOPO20 CJL0sL NO-
JIOBUHHO20 OCAAONEHUSI PEHMCEHOBCKUX Y C-
manogok. IIposedeno cpasHenue nozpeu-
Hocmell ¢ mpebo8aHUAMU CMAHOAPMO8.

PentrenoBckue ycrtanoBku (PY) B MeaumumHckux
YUPEKICHUSIX TOAPA3ICIIIOTCS Ha TEPATICBTHUCCKIE —
UTS ICYCHUS 3a00JIeBaHMI; TMAaTHOCTHUCCKUE — JIJIST BBI-
SIBIICHUSI 3200JICBaHUH, 00CIICZIOBAaHUS TIPU PA3THYHBIX
TpaBMax M T. JI.; METPOJIOTHIECKNE — JIJIsI HACTPOUKH,
aTTECTAINN U TIOBEPKH JI03UMETPOB PEHTTEHOBCKOTO U3~
Jy9eHNSL.

OcHoBHBIME XapakTepucTukamu PY sBrstoTcs cpen-
HSIS SHEPTUS PCHTTCHOBCKOTO M3ITYIeHHS, Kod(huImeHT
TOMOTEHHOCTH, TIEPBBIH CIION MTOJOBUHHOTO OCITA0JICHHS
(CIIO1) u BTOpO# cIO# MOJTOBUHHOTO OCJIA0JICHUS
(CITO2) [1]. B xaxnmoii obiactu mpumerenus: PY nme-
IOT CBOM OCOOEHHOCTH.

TepaneBTrdeckue u quarHoctuueckue PY padoraror
MIPY U3BECTHOU CPEHEH SHEPTUH, KOO PHIIMEHTE FOMO-
TEHHOCTH ¥ MOIIHOCTH 710351 (M) peHTreHOBCKOTO 13-
Jy9eHHs (3ECh IO 10301 TOHMMAIOT WHHBU Ty TbHBIH
SKBUBAJICHT 4035l Hp(0,07) Y TIOTVIOIIEHHYO JI03Y B BOZIC
D, ), npudeM Juisl ICYEHHs U TMArHOCTHKM Pa3HBIX Yac-
TEH TeJla YeI0BEKa BHIONPAIOT COOTBETCTBYIOIIYIO CpeI-
HIOIO SHEPTHIO, KOA(PPHUIIMEHT ToMOTeHHOCTH 1 M/,

Mertponorndeckue PY paboTaroT B 3a1aHHBIX JUaIia-
30HAaX CPETHUX SHEPTHUH, KOB(I)(I)I/ILII/IGHTOB TOMOTE€HHOC-
™ 1 MJ] (31ech mon n030i nmoHuMaroT H (O 07), D,,
9KCIO3UINOHHYO 103y X, AMOMEHTHbIH SKBUBAIEHT 11031)1
H'(0,07) u xepmy B Bo3ayxe K).

Jliis obGecrieueHus paiualiMOHHOM O€30TTaCHOCTH JIFO-
JIeH TTpY X JICICHUH U TAaTHOCTHUKE PEHTICHOBCKHUE yC-
TAHOBKH JOJDKHBI HIMETH CTPOTO 3aJaHHBIC XapaKTepHC-
THKH B 3aBUCHIMOCTH OT 00IaCTH TPUMEHEHUSI, TTOCKOJIb-
Ky KaKue-TM00 OTKIOHEHHUSI MOTYT TIPHUBECTH WIIH K TIe-
PCOOTYICHHUIO YEITOBEKA, BHI3BIBAIOIIEMY JTyUCBEIC TIO-
PaXXCHWUSI, WITH K HeT0OOTyYeHHUTO, ITO MTPUBOINT K PEII-
JIBaM OHKOJIOTHUYECKHX 3a007IeBaHIH.

Mertponorudeckue PY nomKHBI IMETh XapaKTEpHC-
THKH, 00CCTICUNBAIONIIE 3aJaHHBIC TUANIa30HbI CPEIHEH
SHEPrHH, K03(hPHUIMEHTAa TOMOTCHHOCTH M MOIITHOCTH J103
JUTSL HACTPOMKH, aTTECTAIlH U TIOBEPKH JO3MMETPOB PCH-
TI€HOBCKOTO M3ITyYCHUS, C TOMOIIBIO KOTOPBIX U3Mepsi-
0T 1036 PEHTTEHOBCKOTO U3ITyYCHUS, HEOOXOIMMBIE IS

JIEUEHUS ¥ IUarHOCTHUKH, U TPOBOJIUTCS 103UMETPHYEC-
KHUI KOHTPOJIb TALIUEHTOB U MEJULIMHCKOTO IIEpCOHAIA.

ITosToMy Npu KOHCTPYUPOBAHUU U POU3BOACTBE PY
HeoOxomumo n3Mepsats MJ1, CITO1, koTopsbrit onpeaens-
eT cpenHioro sHepruto, 1 CI102, koTopblit COBMECTHO €
CIIO1 onpenenseT K03 GHUITUEHT TOMOTCHHOCTH.

Jns usmepenusa M/1 B HacTos1ee BpeMs IPUMEHSIIOT
BBICOKOTOYHBIE IO3UMETPbI PEHTTEHOBCKOTO U3Ty4EHUs,
Hanpumep PTW-UNIDOS.

W3MepeHunto XapakTepuCTUK PEHTTEHOBCKOTO U3y
YeHUs IOCBSIICH psij padot. Hampumep, B [2, ¢. 8] BbI-
nostHeHbl u3mepenust CIIO1 ast ogHOIM 2HEpPTHUH C TT0-
rpemHocTbio MeHee 10%, B [3, c. 263 —265] — pacuet
n mamepenus xapakrepuctuk PY PANTAK HF160: cpen-
Hel sHeprud, kodpduuuenta romoreanoctu, CI101 u
CIIO2; B [4, c. 13] mpuBeneHbI pe3yabTaTbl H3MEPEHHUHA
CIIO1 PY PANTAK HF160. B [3, 4] noxy4eHo coot-
BetcTBHE Xapakrepuctuk PY PANTAK HF160 tpe6osa-
HUSM, IPUBEJICHHBIM B [5, Tabun. 4]. OxgHako B TuTepary-
pe OTCYTCTBYET aHAJIN3 COCTABIISIOIIMX ITOTPELIHOCTEMN
W3MEPEHUH 1 HE IPUBE/ICHBI BEIPAXKEHUS JJIsI UX pacyera.

B nacrosieit pabote onpeneneHbl BhIpaKeHHs! 1715
pacueTa NOrpelIHoCTe! IPU U3MEPEHUH CpellHeH IHep-
THH PEHTTCHOBCKOTO M3JTYYEHU, KO PHUINECHTA TOMO-
reanoctu, CI1O1 u CI1O2.

IorpemnocTu npu usmepenuu ClI0O1 u d, ,

Cpennroro sHepruto, Ko3(GpPUIMEHT TOMOTEHHOCTH,
CIIO1 u CITIO2 MOXHO U3MEPUTH MPHU TTOMOIIH J03H-
MeTpa PEeHTI€HOBCKOTO U3ilyueHus [5, c. 18].

[Iponecc m3MepeHus BKIIOYAET B ceOs Ba ATara —
CHavJaja IMPOBOIAT NpsiMbIe n3MepeHust M /1 nimm KepMeI
B Bo31yxe (K) peHTTE€HOBCKOTO U3TYUYCHHUS TIPH pa3iny-
HBIX JIOTIOJTHUTEIBHBIX (PUITBTpax U3 aTIOMUHIS WITH MEAIH,
3aTeM BBIMOJIHAIOT 00pabOTKy pe3yJIbTaToB U3MEPEHUI:
CTPOSIT 3aBUCUMOCTh K= f(d ) nim K/K, f(d ) (K, —
KepMa B BO3JyXE JI0 q)HJH,Tpa d Tonana }Z[OHOJIHI/I—
TEJIHOTO (PHIIBTPa), O KOTOPOI ONPEETISIOT TOIIIHHY
d,,=CIIO1 npu K=0,5K, u d, , npu K=0,25K ;; BbIumC-
nsior CI102=d, ,~d, , 1 KO>PYHUUMEHT TOMOTEHHOCTH
h=CIIO1/CI1O2. Cpenntoro sHepruro E ompenemstoT mo
saucumoctu E = f(d 12a1cu)> 1€ Ay o TaOyIH-
poBannsle 3HadeHust CI1O qus Al u Cu.

AOCOIOTHAsE TOrpemHOCTh Tpu onpezaeneHuny CI1O1
(d,,)ud,, OIpENENIETCS CIIEMYIOIMMHU MOTPEITHOCTSMH:

— MOTPENTHOCTHIO MPU U3MEPEHUH KEPMBI B BO3TY-

Xe PEHTIEHOBCKOTO m3nyuenus — A, d,, n Apd, ,;
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— HOTPEIIHOCTHIO YCTAHOBKH HAIIPSHKECHISI HA aHOE
PEHTIEHOBCKON TpyOKu — A, d, , u A d, 43

— MOTPEIIHOCTHIO, CBI3aHHOM ¢ HECTAOMIBHOCTHIO
HanpsHKeHUs Ha aHOJIE M TOKa aHO/Ia PEHTTEHOBCKOH TPyO-
Kk, — AydypuAd,

— TIOTPEITHOCTHIO ANTPOKCHUMAINN 3aBHCHMOCTH
KKy~ (dy) — Adyfp v Ay

— IOTPEIHOCTAMHU NPU U3MEPEHUH TOJILUHBI d, 10-
MOJHUTETBHBIX (QIIBTPOB, HEOOXOIUMBIX JIIST H3MEPCHUSI
cnoltwnd,,, —Ad,, Ad,,, Ad,, nw Ad,,k (xak
npaBuno, A d,, = Ad,, = Ad, =Ad =Ny

s usmepenus CIO1 u d| ,, I(PUMEHSIOT YeThIpE 10-
nonauTebHbX puitstpa (CII01 —d ud,; d, ,—d;ud,).
B cutyarmsix koraa oTCyTCTBYIOT (PUITBTPHI 38 JAHHOM TOJI-
IIMHBI, K&XKBIA U3 YeThIPeX (PUIBTPOB MOXKET OBITH CO-
CTaBJIEH M3 HECKOJIBKNX (puibTpoB. Torna npu mocrpoe-
Huu 3apucumoctn K/K =fld q)) UCTIONB3YIOT 3HAYEHUs d,
d,, d, n d,, a ipu pacueTe NOrpeNIHOCTEN HEOOXOMMMO
YUYHUTHIBATH IOTPEITHOCTH IPH H3MEPESHHUHU TOJIIIMHBI KaXK-
Jioro (pubTpa.

[Mpu cyMMHpOBaHHUH MO PEITHOCTEH CUUTACM, YTO OHU
H3MCHSIIOTCSI HEPETYIIIPHBIM 00pa3oM, 0CTaBasICh B rpa-
HHIIaX JOITYyCKAaeMO OCHOBHOU MOTPEITHOCTH, II03TOMY
UX MOXKHO CUHTATh YCIOBHO TOCTOSIHHBIMH. {715 CyMm-
MHPOBaHHS MOTPEIIHOCTEeH IPHUMEHsIeM KBa3HCTaTHCTH-
yeckui meroy [6, c. 71—72].

CyMMapHy10 a0CONIOTHYIO IOTPEIIHOCTb P U3Me-
penuu CIIO1 npencraBum B Buje

Ad,,, = ACTIOI = k ((AKdm ) +(Aydy) +

5 ) 2 1/2
+(Ady, ) +(Ady,) +my), (Ad:) ) ’ (D

rae k — Ko PUIUEHT, KOTOPBIN 3aBUCHUT OT JJOBEPUTEIBLHON

BepoatHocTu P, k =1,1 npu P = 0,95 [7, paznen 4];

m, , — KOJMYECTBO (DUIBTPOB, HEOOXOAMMBIX JIISl H3ME-
penus CIIO1.

Pasnenus (1) Ha d, ,, nepeiiem ot abcoMOTHOH 1M0-
I'PEIIHOCTH K OTHOCUTENbHOM nipu P = 0,95:

8d, =8CTIO1=11((8, )" +(3ydy)" +

,\1/2
+(6Hd1/2 )2 +(8ad1/2 )2 +my, (AQ)/dl/Z) ) > 2)

AHAJIOTUYHO OpeaACcTaBuUM CYMMApHYIO OTHOCUTCIIb-

HYIO OTPEIIHOCTE IPH U3MEPERMH d | ,:

8d1/4 = 1’1((81(‘11/4 )2 + (SUd1/4 )2 + (Sadlm )2 +

P 2 172
+(8,dyys) +my4 (Aq)/dm) ) ; 3)

rie m,,, — KOIMYEeCTBO (UIBTPOB, HEOOXOAMMBIX JIJIS
M3MEPEHHSA d ;.

OrpeienuM COCTaBISIONTUE MTOTPEITHOCTEH MPU U3-
mepennu CI101 u d, ;.

IorpemHocTh, CBSI3aHHASI ¢ MOTPEIIHOCTHIO IPH
H3MepeHHH KepMbl B BO31yXe PEHTIeHOBCKOIr0
U3JIy4YeHust

Kepma B BO3Ilyxe PEeHTTEHOBCKOTO M3ITyYeHHs, PO-
LIEIIEro yepes GUIbTp, ¢ 3alaHHOM cpe/iHel SHeprueH,
paBHa K=K0-exp(fudd)), rae W — KodhHUIUEeHT ociad-

JIEHUS] PEHTTEHOBCKOTO M3JIYUCHHUSI C 3aJIAaHHOM CpeTHe
SHEeprueil B Marepuale, U3 KOTOPOro caeiaH (Guibtp
[8, c. 218]. Torna d, = ln(KO/K)/u, OTKy/la OTHOCH-
TENbHBIE NOTPEIIHOCTHU TIPH UBMEPEHWH d, , U d ;, MOK-
HO OIIPEIEINUTh KaK

81y =\[4(5,K) +(50)’;

8y =+(8,K) +(81), @

rae 8, K — ciyJaliHas OTHOCHTENbHAS HOTPEMIHOCTh J03H-
MeTpa HpH M3MEPEHHH KePMbI B BO3AYXE;
S — u3MeHeHne KodpdULIUEHTa 0CIabICHUs 3a CUET
U3MEHEHHs CpeJHEH sHepruu.

Ipu 3aganHO# cpenneii sneprun ( E =const) u=const,
T. €. Ou=0. 3HAYHUT, OTHOCHUTEIbHBIC MOTPEITHOCTH PH

U3MepeHuu d, , u d, , u3 (4) MOXKHO NPEACTaBUTh KaK

1/2 1/4

dpd,, =26,,K, )
dpd,, =90, K.

IorpenHoCcTh, CBSI3aHHASI € OTPEITHOCTHIO yCTAHOB-
KH HaNpPSIKEeHUsI HA aHOJIe PEHTIeHOBCKOW TPYOKH

[pu n3MeHeHNN HAMPSDKEHKS HA AHOIE PEHTTCHOBCKOM
TpyOKH M3MEHsIEeTCS cpeaHsis sHeprus [ 1].

U3 (4) mpu §, K=0 (K=const) naiinem 8, d, , =8, d, ,=
=0 z. ITorpemHocTs, CBSA3aHHAs C TIOrPENIHOCTBIO YC-
TaHOBKHY HANPSDKCHHS Ha aHOJIE PCHTTCHOBCKOH TPyOKH
(0U,), onpenensieTcs n3MeHeHneM KoddduiuenTa ocaad-
JICHUS MaTepHaia, u3 KOTOPOTo CACTaHbl (DMIBTPHI, He-
obxoaumele anst usmepenus CIIO, B 3aBUCUMOCTH OT
CpesiHel SHEPTUH.

V3MeHeHne L MOXKHO OTIPECNNTD, 3Has U3MEHe-
HUe cpenHeii sueprun (O UE ) B 3aBUCHMOCTH OT OU,.
3asucumoctu 3, E =8V ) nns PY PANTAK HF160
[3,c. 263—265] B quanazone E =23—120 x»B noctpo-
MM Ha OCHOBE PacyeToB, IPUBEACHHBIX B [1].

Kax BuzHO 13 puc. 1,13, E| < 0,8% npu [3U | < 1%.
3neck Q1—Q7— pexumbl padotsl PY PANTAK HF 160,
KOTOPBIE 3aBUCAT OT IPUMEHAEMBIX GUIbTPOB U U, .

S,E.% T T 1

64— AU
= Q

4-—+ Q3

P N s,
T]=o= Q5

0 = =*= Q6
+H—— Q7

-2 T

4

—6 4

8 |

108 6 4 2 0 2 4 6 8U,%
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3Has 8 FE u 3aBuCUMOCTH d), 5 </ E) [1],
OTHOCHTEJbHBIE TIOJOKUTEBHYIO M OTPULIATENBHYIO T10-
TPENIHoCTH §,d, , ONpeaenuM KaxK

8 d1/2+ - 1OO(dI/Z( ) d1/2 (E T AUE))/dIIZ (E

e AyE=E 3, E.
3aBI/ICI/IMOCTI/I Oy a1 cu E ) upu 8, E =0,8%, pac-
CUMTAHHBIE 110 BHIpaKeHUAM (6) 1 Al u Cu YUCIJICHHBIM
METOJIOM, IPUBECHBI HA PUC. 2 U 3, COOTBETCTBEHHO.
3a OTHOCHTEIBHYIO TOTPENIHOCTH d,,d, ,, npuEIMaeM
MaKCHMaNbHOE M3 BCEX 3HaYeHui §d
T. e.8yd,), = maX{S d1/2+"8 dyr- ‘}

IMorpemHnocTH, CBsI3aHHbIE C HECTAOUILHOCTSIMH Ha-
NpsiZKeHNs HA aHO/Je U TOKA aHOJA PEeHTreHOBCKOM
TPYOKH

HecraOuiibHOCTH HalIpsKEHUSI HA aHOJIE U TOKA aHO1a
PEHTTEHOBCKOH TPYOKH MPUBOAAT K M3MCHEHHIO KEPMBI
B Bo3ayxe. ClenoBaTeIbHO, TOTPEIIHOCTH, CBSI3aHHBIC
C HeCTaOMIIBHOCTSIMH, MOKHO OTIPEACTUTh U3 (5) Kak

3,d,), 22'851/21{5}

(6)

l/2+ U 1/2—|’

7
Snd1/4 = 6H1/4K: )

e 3, ,K :‘(Kouz -

01)/Kor|> Koo = (Ko + Ko )/2’

8,14K = ‘(Kom -K Koy = (K()l + Ky )/2
3mecw Ky, Ky K5

o1> Koa» — KepMma B BO3IyXe Mepes H3Mepe-
nuem CIIO1, nocne I/l3MepeHI/I$I CIIO1 u d,,, 6e3 nonosnnu-
TENbHBIX (bnnmpos, COOTBETCTBEHHO.

or)»

IorpemHocTh ANNPOKCMMALIMH 32aBUCHMOCTH
KIK=f(d,)
Paccmotpum untepsan [d,,d, | 3aBucumoctn K/K =d, (b)
nipu u3mepennu CI1O1 (puc. 4).

K
Cuwnraem, 9To A =exp (—pdq, )

0 dy=[dy, d>]
JlaHHY10 3aBUCHUMOCTb alllIPOKCUMUPYEM TPSIMOI:
K
? =kd+b (pI/IC. 4)
0ldy=[d, d5]

Omnpenenum k03 (GUIHUEHTHI k U b:
k= [exp (—ud, ) —exp(—ud, )]/(dz —d, )
b= [dz exp (_Hdl )_ d, exp (_lvldz )]/(dz —-d, )

[Toxncrasus (8) B ypaBHEeHUE MPsIMOH, HaiineM d npu
K/K=0,5:

(®)

L _05-b_
k
_ d,—d, —2d, -exp (_“dl ) +2d, - exp (_“dz ) 9)
2. [exp (—pd, ) — exp(—pd, )]

-dud,=d,, +d,tned =nd,,.
[Moncrasus d| u d, B (9), nocie MaTeMaTUYECKUX Mpe-
00pa3oBaHuil C y4eTOM TOro, 4to exp(-ud,,)=0,5,

3agagumd, =d,,

exp(pu?) =2", exp(—uc?) =27, p= 1?72: HOJTYYHM
1/2
d=d,m(2"" -2 =1)/(1-2"")+d,,. (10)

IlorpenHoCTs IpK U3MEPEHHH d | , 32 CUCT AIIIPOK-
CHMaIH ompexienuM kak d,d,, =d/d,, —1. Iloxcra-

BUB B 3TO BbIpaxkeHue dpopmyiny (10), morydanm

8,d,, = (2" -2 —1)/(1—22“). (11)
AHaNorn4Ho paccMoTpuM uHTEpBaN [ds, d,| Ipy U3-
mepennu d, , (puc. 4).

Samammd, =d,,, —d nd, =d,, +d, tned = nd,,.

C yuerom Toro, uto exp(—ud, ,)=0,25, exp (M d ) =2""y

exp(—uci) =271, u=1In4/d,, , nonyaum

KIKy T
0,75 h
9 ‘\!\
N

0.50 \

oy

~ g

1]
025 w1l
""-{1“.___

0 d 03 dyd, 06 d, dywm

Puc. 4
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8,dy, =1 (2™ =21 1) [(1-2"7). (12)

[Moncrasus nepswie BeipakeHus (5) u (7), (11) B (2)
u BTOphie BoIpaxkeHus (5) u (7), (12) B (3), nmomyyum
BeIpakeHus 115t Bhraucienus dSCIIO1 u dd, ,

5CTIO! = 1,1(4[(smk)2 +(3,K) |+

2
n(2m™ -2 -1
+(8ydy, ) + (1—22") +

) 1/2
Ad)
T ;
2| crot

8y =11((3,K ) +(3,4K) +(8d,2) +

) 12
A, Y
Ty,
d,,

ITorpemiHoCTH NPH M3MEPEHUU CPEIHEe JHEPIruu
PEHTreHOBCKOI0 U3JIy4YeHHs

OTHOCHTENbHAs TIOTPEITHOCTD IPH U3MEPEHUH CPE/I-
Hell SHEPTUH ONpeAeseTcs CIeAYIOUMMH MOTPELIHOC-
TSMH:

— [OTPELIHOCTHIO, CBA3aHHOM C MOTrPELIHOCTBIO IIPU

(13)

ﬁ(22ﬁ+1 _ 24ﬁ _ 1)
-2

n3mepenuu CIIO1, —3E

a2’
— MOTPENIHOCTEI0 TabyupoBaHHbIX 3HadeHHH CI1O

st Alu Cu—SE,

0d1/2*

CyMMapHYI0 OTHOCHUTEIBHYIO TOTPEITHOCT TIPH U3-
MepeHnu cpenHel sneprun npu P=0,95 3anmmiem B Buze
[6, c. 72]

S = 1,1\/(51@1,2 ) + (5B ) - (14)

IHorpemHocTs, cBA3aHHAA ¢ NOTPEUIHOCTHIO NPH
mmepenun CIIO1

OTHOCI/ITGHBHBIC HOJ'[O)KI/ITGHBHXIO nu OTpI/IHaTeHLHy}O
HOTPEIIHOCTH [P M3MEPEHUM E B 3aBUCUMOCTH OT
d, ALcu 1 8d, ALCu OTIPEETNM KaK

‘SEJ; = 1OO(E(dl/z tAd,), )_ E(dI/Z ))/E (d1/2 )a (15)

e Ad,, =d,, -dd,,.
3asucnmoctn E = f (d,, ) (puc. 5) npeacTasum B Buse

B0, -d +Pl,, ecru d, <d < d,;

_JBO,-d+Bl,,ecniud, <d <d,;

E(dl/ZAl,Cu ) = (16)

BO,-d+Pl,,ecmnd, ,<d<d,

n’

o0 1
e B0, = —a—lz; Bl = a; 00, u ol Gsum onpererne-

HbI B Anana3one sHepruu ot 1 10 300 k»B npu n=80 B [1].

E,KBB I'_IIIIIIII
f= - :
250 . Al
200 )’ z
150
i
100 y -
.
50 e L s
s
0 5 10 15 20 d,,, Mm
Puc. 5
3E , % 7
7 :‘ 6dl/2A1:4%.
) - 5d1/2A1=2%. estte Lo
[ N oo
o of oed ogog o1 |o° R g R
s s ol o 0 ot
0
P i e | * +Te,l
™ b oove|® Ho'c!.- ﬁ. it
i
L B (o

0 1 2 3 4 5 6 7 12 Al MM
Puc. 6
3 % e -
* 8d, 0, =2% .
5 - il -
o - X el
* & ., kel
aded B .F" : e L3 L
0 T= '.1 A
b A SR SN e i L8 P
odoel % tuiated
_5 Ll 1
o s
-10
0 1 2 3 4 5 6 7 d,cpMM

Puc. 7

3aBucumoctu S = f (a’1 2 AL Cu) TIPY U3BECTHOM 3HA-
uenun dd, ,, pacCIMTaHHBIE N0 BRIpakeHHaM (15) s Al
u Cu 9HCICHHBIM METOJIOM, TIPUBEICHBI Ha PHC. 6 1 7,
COOTBETCTBEHHO.

3a OTHOCHTEIBHYIO MOTPEIIHOCT IIPU U3MEPCHUU
cpeaHeil sHeprun SE NPUHUMAeM MaKCHMAIBHOC 3Ha-
uenue u3 OF, u ‘6E7 , T. €. SEzmax{SEr; SE_‘},

IMorpemHocTb, CBA3aHHAS ¢ MOTPENIHOCTHIO TADYJIH-
poBanubixX 3Hadennii CITO mus Al u Cu

In2
C yuetoMm TOrO0, 94T0 d,;, = —— , OTHOCHTEJIBHYIO II0-

IpEIHOCTb Ta0ymupoBanHbIX 3Hadenni CI10 (dy, ,) mpen-
CTaBHUM B BHIIE

3, (douz )ZS(M)’ (17)
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e O(W) — MOrPeNHOCTh TIPH U3MEPEHUH JIMHEHHOTO KO3y~
[IUEHTa OCIAa0IEeHNsI PEHTICHOBCKOIO M3IyUCHUS;

W(E) — nuHelHbl K03(hGUIMEHT ocaabneHus s Hep-
ruii, mensmx 1500 k3B [8, c. 220], WE)=Tt(E)+

+ GKO]‘(E)+GHBKOI‘(E) :

[orpenmHocTs dy, , ¢ yaetom (17) npencraBum B Buie

(o )=[ 5% J“J [50. (B)] *

X{:(g} +[86,00 (E)] [CT““()E)TZ- (18)

w(E

3apucumoctu (18) mst Al m Cu B qrana3oHe SHEprui
ot 1 10 300 k3B, paccunTaHHbIE YUCIEHHBIM METOIOM,
MIpUBEACHBI HAa PUC. 8.

46*

s -

" * Cu

1

e Al

w
1 : <
0 50 100 150 200 E B
Puc. 8

Iorpemnocts OE,,,;, ONpeneseTcs no 3aBUCHMOC-

1M OE = f (dl,z AL Cu ) mpud, (dy,;, )= const (puc. 61 7).

IHorpemnoctu npu usmepennu CIIO2 u ko3¢ pu-
HHEHTa TOMOTeHHOCTH
C yuerom Belpaxkenut st onpeznenenust CI102 u A
OTHOCHTEIIbHbIE MOTPELTHOCTH ITPU UX U3MEPEHHH IpeI-
CTaBUM B BHJIE

ACIION) +(Ad, )
scnozz‘/( ) +(Adyy) -
d,,, — CIT0l

= \/hz (5CTION)’ +(1+ 1) (8d,,, )’

19)

8h=/(scron)’

oo

AHAJIN3 COCTABJISIIOLIUX MOTPENIHOCTel

+(3Cno2)’ =

Bce norpemuocty npu m3mepenun CI101, E, CI102
u h B dpopmynax (13), (14) u (19) BopakeHsl uepes
dCITO1 n dd, 14 OTIpETIENNM, KaK MOXKHO MX YMEHBIIHTD.

ATIpHOPHO M3BECTHBI IOTPENIHOCTH &, &, 8, U Ay
TIOTPENIHOCTH 8 OTIPENENIIOTCS IPH I/I3MepeHI/II/I

Omnpenennm KpI/ITepI/II/I TIPH KOTOPBIX MOKHO TIPEHEO-
pedb IIOTPenIHOCTAMY O, 1 A, IO CPAaBHEHHIO C IIOTper-
HOCTSAMM O, 1 0.

UYT0oOBbl MOKHO OBLIO IPEHEOPEUb MOTPEITHOCTHIO
dd ,s (2)udd ,k B (3)cormacHo TpeGOBaHUAM
[9, m. 1.2.3], mOoMKHBI BBHIMOJHIATHCS HEPAaBEHCTBA

1
33\/(6Kd,.)2+

MOJICTAHOBKU B 9TH HEPABEHCTBA MEPBOTO BBIPAKEHHS
(5) u (11), Broporo Beipakenus (5) u (12) momyaum

5Ud,-)2 , tae i=1/2, 1/4. Tlocne

3n(2" -2 ~1
1-27" 20
3ﬁ(22ﬁ+1 —om _1) (20)
= <92,
-2

e 61:\/4(8cn1()2+(8ud1/2)2 ,

§2= \/(SCHK)Z +(8ydy, ) -
Hepagenctsa (20) — TpaHCLEHICHTHBIE, PELLICHUs KO-

TOpBIX HaiieM u3 3aBucumMocteiidl = f()u 82 = f (1)

(puc. 9).
CrenoBaTenbHO, 9TOOBI MOXHO OBUTO NpEeHEOpeUYh

anmpokcuMaiuen 3apucumoctu K/K =f(d,) npsameiMu
JIMHUSIMH TIPY OTIPENENeHUu d, , U d, ,, TOJIIUHA TOTIOJI-
HHTEJBHBIX (MIIBTPOB I0IDKHA BEIOUPATHCS C yIETOM 1) U
1, KOTOPbIE OMpEENAI0TCA U3 HepaBeHCTB (20) ¢ yue-
TOM morpemmocrei 01 u 82, T. e.

d, = CTIOl - (1-7); d, = CTIO1 - (1+7);
dy=d,, (1-1); d,=d,, (1+7). Q1)

Y100bI MOXKHO OBLIO MPEHEOpPEeUb MOrPEHIHOCTSIMU
[PU U3MEPEHHUH TOJIIUHBI JIOMOTHUTENIBHBIX (DUIIBTPOB
(A(b), JIOJDKHBI BBITIONHATHCS HepaBeHCeTBa [9, m. 1.2.3]

A, 1
V [CHOJ VALK +(3yd,) s -
1
m1/4( ] \/6 K 6 dl/Z) >
dyy
0 I REEN /
—— 81 Vi
5 =% F.i
i 4 _ '/
8 Vi
— /|
2] / r’
F-4
1 | g%
ZP
0 ) 6,65 0,10 0,15 0,20 m, 7
Puc. 9
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13 KOTOPBIX HAHZeM

CIIO1 > CIIOL . = sy ;
J4(LK) +(8ydy ) .
d >d _ 3\/"11/4Aq)
1/4 = “*1/4min — .
JLK) +(3yd,s )

C yuerom ycnoBuit (20) u (22) Beipaxkenust (13) 3a-
MIUIIEM B BUJIC

5CIIO1 = 1,1\/4[(50HK)2 +(B,0K ) |+ (Bydta)'s
@

8d,,, = 1,1\/(SCHK)2 +(8,04K) +(8yd, 0 ).

Taxum 00pazoM, MOPSIIOK BBITTOJIHEHUS U3MEPCHUI
u pacuera norpemHocteit mpu m3mepernu CI101, CTIO02,
CpemHeH SHepTruu 1 K03 UIHEHTa TOMOTECHHOCTH, CJIe-
JIYIOLTUH.

1) Paccuurats cpegntoro suepruto, CI101, CI102 u
h cormacHo [1]. B

2) Onpenenuts , E, 3uas SU, (puc. 1) n norpem-
HOCTb O,d, , (puc. 2 uiu 3).

3) 3nas norpemnoctu 8 K u 8,d, ,, 110 3aBUCHMOC-
am 81=fn)u 82 = f (ﬁ) (puc. 9) onpenenuts ko3¢hhu-
LUEHTBI M ¥ 1] .

4) 3naam u M, us (21) onpenenurs d, d,, d; n d,.

5) Usmepurs 3aBucumocts K=f(d,,d,,d;,d,), 10 Ko-
topoit onpezesuth CII01 u d,| ,. Beraucnuts CITO2 u h.

6) 3nas CIIO1, no 3aBucumoctu (16) onpenenuts f .

7) IIpoBeputsb cobmonenne HepaBeHCTB (23). Ecnu
HepaBeHCTBa cobmonatorcsi, morpemnoct OCIIO1 u
dd, , onpenenuts no hopmynam (24), ecnu He codmona-
torcst — 1o (13).

8) 3nas E , onpenenuts 8(d, AL cw) (puc. 8); mo 3a-

BUCHUMOCTAM OF = (d,) 5 ¢, ) IpH O (d,; Al cy)—const
(puc. 6 un 7) onpenenuts SE . -

9) 3uas CIIO1 u 8CI1O1, onpenenuts JE,,,, 1O 3a-
sucumocTsiM OF = f(d,55.c,) (prc. 5w 6). B

10) TTo Beipaskeruto (14) onpeaenuts morperHocts OF .

11) [To BeIpaxeHusM (19) onpeaenuTh MOrpenTHOCTH
SCIIO2 u dh.

[Tpu 5TOM HEOOXOHMO OTMETHUTB YTO:

— M3MEPEHHUs BBIMOJIHSIOT IPU MaJbIX 3HAYCHUSIX
MOIIHOCTH PEHTTCHOBCKOU TPYOKH C LENBI0 CHIKEHISI
HEeCTaOMIBHOCTH KEPMBI B BO3yX€, HO TIPH 3TOM KepMa
B BO3JlyXe JOJDKHA OBITh TaKOW, YTOOBI CIy4aiHas 1o-
IPEUIHOCTD [IPU €€ U3MEPEHHUH ObLIa MUHUMAJIBHOM;

— YKHCTOTa MATePHUAJIOB IOMOHUTEIBHBIX (QHIBTPOB
JoikHa ObITh He Xyxke 0,999 [5, c. 16].

DKCHEepUMEHTATBHBIC HCCIIEIOBAHMS C YIETOM H3II10-
JKECHHBIX TpeOOoBaHMii ObLIH poBeieHbl Ha PY PANTAK
HF160 [3], xoTopast o kiaccudukaiuu [5, Tadi. 4] ot-
HOCHTCSI K YCTAHOBKaM C y3KHUM CHeKTpoM (cepust N).

AHanu3 MoJyYeHHBIX JAHHBIX MOKa3bIBACT, YTO Pac-
cuntanuble 3nauenus u 3HaueHus CI101, CIIO2, E uh
PEHTI€HOBCKOTO U3Ty4eHHsI, IPUBE/ICHHBIE B [5, Ta0. 4],
COIVIACYIOTCS C pe3ylbTaTaMH U3MEPCHUH B Ipenenax
TIOT PEITHOCTEH IIPH MX H3MEPEHHUH H YIOBICTBOPSIIOT TPe-

0OBaHUSM, TIPUBEACHHBIM B [5], 4TO MO3BOJISET CACTIATh
BBIBOJI O KOPpEKTHOCTHU pacyera. [Ipu ToM nmorpentsoc-
TH pacyeTa cpeJJHeH SHEPTUU PEHTTEHOBCKOTO H3ITyYEeHUs
1 k03¢ HULIIEHTa TOMOT€HHOCTH, TTIOJTy4eHHbIE B [ 1], ObLH

YTOUHEHBI: ‘SEEP‘ <3,0% un ‘Sth‘S&O% npu 0,9< A< 1.
BrIBOABI

1. ITorpenrHocTy pyu U3MEpeHNH K03(h(pUIEHTA TO-
morerHoctu, CI1O1 u CITO2 omnpenenstoTes morpenHo-
CTSIMU TIPY U3MEPEHUAX KEPMBI B BO3IYXE U TOJIIIHEI
JOHOJIHUTEIBHBIX (PUIBTPOB, MOIPELTHOCTHIO AMNPOKCHU-
MAaIli{ 3aBUCHMOCTH KEPMBI B BO3IyX€e OT TOJIIHHEI J0-
MOJHUTEBHBIX (DHIIBTPOB, HECTAOMIBHOCTSIMU HaIpsKe-
HUSI HA aHOZE W TOKa aHOJa PCHTICHOBCKOHW TPYOKH H
MOTPENTHOCTHIO YCTAHOBKH HATIPSDKEHUS Ha aHOIE.

2. IlorpemHocTs Npu U3MEPEeHUU CpeiHei saHepruu
onpeaensiercs norpemrHocTsiMu ipu uzmepennu CI1O01 u
Ko3(HUITEHTA 0CIA0NeHNS IS ATIOMUHUS MU MEJTH.

3. [Ipu ycnoBuwm, 4T0

— ciydaifHas HOTPEeIIHOCTh JI03UMETpa PEHTTeHO-
BCKOTO M3TydeHus He npesbimaet 0,5%;

— TOTPEIIHOCTh MUKPOMETpA He PEBBIIIACT 4 MKM;

— IIOTPEIIHOCTD, CBSI3aHHAS C HECTAOMIBHOCTSIMH Ha-
NPSDKSHUS] Ha aHOJIE M TOKA aHOJIa PEHTI€HOBCKO#t TpyO-
KH, ¥ [IOTPEIIHOCTh YCTAHOBKY HAITPSDKEHHUS Ha aHOJIE He
npeBbImaet 1% kaxmas;
MPH TPaBUIIEHOM BBIOOPE TOJIMHBI JONOJIHUTEIBHBIX
(HUITBETPOB HOTPENITHOCTH ITPU H3MEPEHNH XapaKTEPUCTHK
PEHTT@HOBCKHX YCTAHOBOK COCTABJISIOT: ‘SCHOIPBM ‘ <3%,
8CMO02,,,|< 7 %, BE,,,|< 2% u |dh,,,|< 8%.
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