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[Ipoananm3upoBaHa BO3MOKHOCTh C TIOMOIIBIO IIH(PPOBOI pasmo-
rpaduy KOHTPOJIMPOBATH KAYECTBO HAIIONHUTENS B JECTOHUPYIO-
[IeM IIHype C IeTbI0 OOHAPYKCHHUS Pa3HOIUIOTHBIX BKITFOUCHUH,
Pa3phIBOB M IPYTUX TEXHOJOTHYECKUX HapymeHul. [Ipoananmmsu-
pOBaHbl 3aKOHOMEPHOCTH M3MEHEHWH HHTEHCHUBHOCTH IPOIIE-
ero MOTOKa KBAaHTOB B T€OMETPUHU y3Koro myuka. OmpepeneHa
SHEPIusi PCHTICHOBCKOIO HM3Iy4YCHHs, O0CCICUUBAIOIAS MAKCH-
MaJbHBIA Tepenaj; WHTCHCHUBHOCTH IMPOIISANIEr0 MOTOKa IMpH
W3MCHEHUH IIJIOTHOCTH HaroJHUTEIIs Ha £30 %.

Kurouessle cioBa:
PentrenoBckas TpyOka, TMHEHHBIH KOAPPHUIUEHT ociabie-

E-mail:
korobovkirill@mail.ru
OO6macTh HAYYHBIX HHTEPECOB:
TEXHOJIOTUSI M3rOTOBJICHHS JIe-
TOHALMOHHBIX IIHYPOB.

HUA, MacCOBBIM KOB(b(i)I/IHI/ICHT OCHa6J’ICHI/IH, NHTCHCHUBHOCTH
ITOTOKAa KBAHTOB.

BBenenne
Se—— OrnepaTUBHBIA HEMPEPHIBHBI KOHTPOJb BHYTPCH-
HETO 3aIloJIHeHUS JieToHupytomero muypa (JL) Bo3moxeH
TOJBKO C TIOMOIIBIO TPOCBEUYMBAHUS PEHTTCHOBCKUM WU
raMMa H3JIy9eHHEM C PETUCTpaIlieil MpOIISAIIero depes
JUI noroka kBaHTOB. B03M0OKHOCTH OOHApYKEHUS BKIIOYCHUN C MEHBIIICH 1 OOJIbIIEH MIIOTHOCTHIO B
MaTepuan HamoJIHUTEN CBs3aHa, COOTBETCTBEHHO, C YMCHBIICHHEM WM YBEIUYCHUEM JHUHEHHOTO
ko3 duirenTa ociaadIeHUs KOMOMHAIIMEH CTeHKa—HAaIOJIHUTEIb—CTCHKA.

Hanoanurtenn

Hanmomaurens AU mpencraBisieT coOoif OpraHMYecKoe BEIUISCTBO CIOXKHOrO coctara [1].
IporeHTHOE Co/lepIKaHKE SIIEMEHTOB MPEJICTaBICHO B Ta0. 1.

Tabauua 1. [IporieHTHOE COfiepIKAHUE IIEMEHTOB
DIeMeHT C H N O
[IponientHoe conepkanue, % | 40,77 | 2,43 | 10,19 | 46,61

B cootBetcTBuM ¢ [2] MaccoBblil K03(GUIMEHT 0cIabNeHus sl HATOJHUTENS ONpeAesieTCs

1o dopmyne (1): E:(E) N +(E) o e
p p/q 1p ) 2P

(1)
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paccesHus, (g) — st poTtodddexra, (E)

Tt

Pacuér mpomsBoanics I KaXXIOTO BUIA B3aMMOJCHCTBUS: (E)

KN
— JJIAd HeKOFepeHTHOFO
PZinct

— TSI TIOJTHOTO MacCOBOTO KOY(PPHUITHEHTA OCTIA0ICHUS
tot,t

y3KOTo my4ka B nuana3one saepruii 70 100 kaB. [TomyueHHble 1aHHBIC IPECTABICHBI B TA0M. 2.

Ta6auna 2. MaccoBbie K03 PHUIMEHTBI 0caa0IeHus I HATOJTHUTES

sl G 66
M>sB P inct P/ P/ tot
0,005 0,2008 31,449
0,006 | 02007 17.906
0,008 0,1986 7,3236
0,01 0,1976 3,5952
0,015 | 01935 | 09599
0,02 0,1904 0,3749
0,03 0,1843 0,0976
0,04 0,1782 0,0372
0,05 0,173 0,0177
0,06 0,1679 0,0097
0,08 0,1593 0,0037

0,1 0,1516 0,0015

Pacuér mpoxoxaeHns M3NMydeHus: depe3 00BEKT KOHTPOJIS MPOBOIMICS B TEOMETPHH, Tpe-

CTaBJICHHOM Ha puc. 1.
Uccnenyemsblii 0OBEKT HpeAcTaBiseT COOOH aMOMHUHHMEBYIO TPYOKy numamerpoMm 1,5 MM H
TOJIIMHOM cTeHKH 0,4 MM.

Puc. 1. I'eomerpus pacuéra

N3meHnenune noroka KBaHTOB N MPOUCXOAUT MO 3KCIIOHEHIIMAIbHOMY 3aKoHy. s mornoru-
TeJIsl, UMEIOIIETO CIOXKHOE cTpoeHue [3]:
N = Noe—lhxle—llzxze—ﬂsxs’ (2)
e W5 Hp; W3 — JMHEWHBbIC KOA(PDUIIMSHTHI OCJIA0JICHUS JUIsl aTFOMUHUS ¥ HANIOTHUTENS; X1; Xp; X3 —
TONIIHMHA AJTIOMUHHS U HAIIOJTHUTE.
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[epexon ot MaccoBoro koadduimenta ocnabaeHus K TUHEHHOMY omnpeessieTcss GOopMyIIoi:
1= Upp, (3)

IJIE p — MIOTHOCTh TIOTTIOTHTENS, T/CM.

JIist pacuéTa HCIONB30BATHCH CIeAYoNHMe HavanbHbie yeaosus: Ny = 10'% E = 10...100 x3B;
x(Al) = 0,04 cM; x (cepreunnka) = 0,07 cm; p(Al) = 2,69 r/em’; p (cepreunnka) = 1,66 r/ev’.

Jluneinbiii kK03QdUIUEHT ocnabieHus sl ATIOMUHUS M CepJICYHUKA PACCUMTHIBAJICS C HC-
1oJib30BaHueM GopmyJsl (3), AaHHBIX TaOJa. 2 U 3HAYCHUH IJIOTHOCTEH AJTFOMHHHS U CEPACYHHMKA B
nuanasone sHepruii ot 10 no 100 xk3B.

[Tony4eHHbIe TaHHBIC TIPECTABICHBI B Ta0. 3.

Taéauuna 3. JIuneitapie kodhduimeHTs! ocnadnenus ais Al u ceplieyHHKa.

I\/E ,B Al CepredHuk
0,01 70,747 6,5612
0,015 21,439 2,0581
0,02 9,1729 1,0262
0,03 2,9321 0,5145
0,04 1,4661 0,3857
0,05 0,955 0,335
0,06 0,7263 0,3084
0,08 0,538 0,2777
0,1 0,4546 0,2599

Pacuér n3mMeHeHnss MHTEHCHBHOCTH MTOTOKA KBAaHTOB N B T€OMETPUH y3KOTO ITyYKa M3ITyICHUS
MIPOBOJIAJICS C UCTIOIb30BaHHEM (QOopMyIIbl (2), TaHHBIX Ta0JI. 3, UICXOJHBIX JaHHBIX TOJIIWH MaTepHa-
JIOB X ¥ Ha"ambHOTO TI0TOKa N, [TomydeHHbIe JaHHBIC PEICTaBICHBI B Ta0. 4.

Ta6anna 4. VI3MeHeHne MHTEHCUBHOCTH TMOTOKa KBAaHTOB N B F€OMETPHUM Y3KOTO My4yKa U3ITydeHHs
JUISL YEeTBIPEX CIIyYaeB: ¢ CEpACYHHUKOM, Oe3 cepeuHHKa, TNIOTHOCTh cepaeununka +30 %

E, 0B | C cepaeunuxom bes ITmotHOCTB IImorHOCTB
’ cepaeunnka | cepreunnka +30 % | cepaeunuka -30 %
10 0,22x10° 0,36x10° 0,2x10° 0,27x10°
15 15,7x10° 18,2x10° 15,1x10° 16,5x10°
20 45%10° 48,3x10° 44x10° 45,9%10°
30 76,5x10° 79,2x10° 75,7x10° 77,3%10°
40 86,8x10° 89,1x10° 86x10° 87,5x10°
50 90,6x10° 92,7x10° 90x10° 91,2x10°
60 92,4x10° 94,4x10° 91,8x10° 92,8x10°
80 94,1x10° 95,9x10° 93,5x10" 94,6x10°
100 94,7x10° 96,4x10° 94x10° 95,3x10°

Pacuér abCcomOTHOTO ¥ OTHOCUTEIHHOTO OTKIIOHEHUH MPOU3BOIMIICS 10 popmymam [4]:

AN = NPI3M_N’)T (4)
rae AN — abcomoTHOE OTKIIOHEHE HHTEHCUBHOCTH TOTOKA MPOLIEIIINX KBAHTOB; Ny, — H3MEPEHHOE
3HauyeHre N MHTEHCHUBHOCTHU ITOTOKa mpomeamunux KBaHTOB, N3T — 9TajJjoHHOoe 3HaueHue N MHTEHCHUB-
HOCTH IIOTOKA MPOLIEIINX KBAHTOB.

3a 3TajoOHHOE 3HAYCHHE MPHUHATHI 3HAUCHHUSI, BRIYMCICHHBIC ISl IEPBOTO ciay4as (2 cromberr
TalJ1. 4), 32 U3MEPEHHBIC — 3HAUCHUS, BBIYMCIICHHBIC JIJII BTOPOTO, TPETHEr0 M YeTBEPTOrO ciiyyaes (3,
4, 5 cTonOITe! TA0M. 4).

8X =25 x 100 % (5)

3T

riae 60X — OTHOCUTEIILHOE OTKIIOHEHHE.
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Pacuér aGCOMOTHOrO U OTHOCUTENBHOIO OTKJIOHEeHUil mpousBoamics no ¢opmyie (4) u (5).
[TommydenHbIe JaHHBIE TTPEICTABICHBI B TA0. 5.

Taoauna 5. 3Hauenust a0CONIOTHBIX OTKIOHEHUN AN

E.xo3B | AN1 | 81 | AN2 | 82 | AN3 | &3
10 |0,14 |633|-0,02| -9 | 0,05 227
15 | 25 |159] -06 |38 08 | 5.1
20 | 33|73 -1 |-22]09]| 2
30 |27 [35]-08]-11]08] 1
40 | 23| 26| -081(-09]07 |08
50 | 21 | 23] -06]-06]| 06 | 06
60 2 [ 21| -06|-06]| 04 04
80 | 1.8 | 19| -06|-06] 05105
100 | 1,7 | 1,7 | 04 |-04] 06 | 06

[To manHBIM Tabx. 5 mocTpoeHbI TpaduKy 3aBUCUMOCTH abcoMOTHOTO AN U OTHOCHTEIILHOTO
ON OTKJIOHEHWIH MHTCHCUBHOCTH MOTOKA MPOIISANIMX KBAHTOB MPU HAJIMYHK B HAMOIHUTENIE Pa3phl-
BOB (OTCYTCTBUH HAITOJHHUTEINS) U TP U3MCHEHUH TUIOTHOCTH BelllecTBa HarmomHuTe s Ha +30 % rpa-
(buku 3aBucuMocTel abcoroTHoro AN 1 oTHOocUTENbHOTO ON OTKIIOHSHHUH MPE/ICTABICHbI HA puC. 2 U 3.

AN, x10s

4
3,5
3
2,5
2
1,5

1

Puc. 2. I'paduk 3aBucuMOcTH aOCOIIOTHOTO OTKIOHEeHUSI AN OoT 3Hepruu E

7
E -
i |/ e
E /’
] 0,8 0,9 0,8
[ " " 0.7
: / e
E 10—\15 20 30 40 50 60 80
i = : 3 ] D
: ~
E, k3B

—— X1
=l Ax2
Ax3
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E, k3B
Puc. 3. ['paduk 3aBUCUMOCTH OTHOCUTEIILHOIO OTKJIOHEHUs ON OT 3Heprun E

AHaIn3 TOTyYeHHBIX 3aBUCHMOCTEH MMO3BOJISIET CHIENAaTh CICAYIOUINE BBIBO/IBIL:

1. MakcumanbHOe 3HaYeHHE OTKJIOHEHMsS WHTEHCHMBHOCTHM MOTOKA KBAHTOB IMpH 00pa3oBaHHU B
HaIoJHUTEIe pa3phiBa (BO3AYX) NMEET MeCTO MpH dHeprur kBanToB 20 k3B. [Ipu ncrnons3oBaHun
B Ka4eCTBE MCTOYHWKA H3IYYCHUS PEHTTEHOBCKOW TPYOKH 3TO COOTBETCTBYET HAMpPSIKEHUIO Ha
TpyOke 40 kB.

2. MaxkcumaibHOe a0COMIOTHOE OTKIOHEHHE MHTEHCHBHOCTH ITOTOKA MPOMISIIINX KBAHTOB IMPH OT-
KJIIOHeHH! TUIOTHOCTH Ha +30 % Takke MMeeT MecTo Tpu 3Hepruu kBaHTOB 20 k3B, T. e. mpu
HanpsbkeHud Ha TpyOxe 40 xB.

3. OrtHocuTeNnbHOE OTKIOHEHHE C YBEIMYECHHEM YHEPTUU BCET/Ia YMEHBINAECTCS, T. €. UMEET CMBICT
WCIONTb30BaTh MUHUMAJIBHO BO3MOYKHBIE SHEPTHH.

4. Ilpu s>dpdexruHoit »Heprun 20 k3B (HampspkeHue Ha TpyOke 40 kB) OTKIOHEHUWE TUIOTHOCTH
HanonHuTens Ha £30 % M3MeHseT MHTCHCUBHOCTD MTOTOKA MPOILIEANICTo H3IyueHHs Ha +2 %.

TakuMm oOpa3oM, crcTeMa H3MEpPEeHus JODKHA 00ecTedrBaTh CTATUCTHYECKYIO MOTPEIIHOCTh
He Gonee +0,2 %, YTO COOTBETCTBYET KOJIMYECTBY KBAaHTOB B aerektope N =n-t > 10° kBanTOB.

C yderoM Mayioil MIMPHUHBI OOJNIACTH PETHCTPALMM, OIPaHMYCHHOW TpeOyeMbIM HpOCTpaH-
CTBeHHBIM paspereHreM 0,1 MM, 3TO TpeOyeT HHTEHCUBHOCTH ITOTOKA KBAaHTOB, CO3JJaBa€MbIX UCTOY-
HUKOM M37TydeHnst, mopsiaka 10’ KBaHTOB Ha 1MM Ha JETEKTOpEe WIIH, C YUETOM OCIAbJICHUs PacCTos-
HHEM HCTOYHHK—IETEKTOp mopsmka 50 cm, mopsiaka 10" kBanToB B cexyHmy. I10106HbIC HHTEHCHB-
HOCTH MOXET O0ECIIeYUTh TOJIBKO PEHTreHOBcKas TpyOka. [Ipu mHanpsoxenwn Ha TpyOke 40 kB aT0
COOTBETCTBYET TOKY TpyOKH 1 MA.
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