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[ToHATME 1 BUAObI AedeKToB

Heghekmom Ha3bIBaOT KaXxkaoe oTAernbHOe HECOOTBETCTBME  NMPOAYKLNK
YyCTaHOBMNEHHbIM TPeboBaHUAM.

Budbi1 deghekmos.

Kputnyeckue

cnonb3oBaTb npoaykuno no HaaHa4eHNK HEBO3MOXHO

3HaunTernbHbIe

OkasblBaloT CyLLEeCTBEHHOE BIUAHNE Ha AONTOBEYHOCTb
NpoayKLUK

Mano3HauuTenbHble | [pakTuyeckn He BNUSIOT Ha UCNONb30BaHME NPOaYyKLNK
MO Ha3HA4YEeHUIO N ee JONroBEYHOCTb

[Tpon3BoaCTBEHHO- Bo3HMKaOT Npu U3roTOBNEHUU N3AENUs

TexXHornorn4yeckme

QKcnnyaTaumMoHHbIe Bo3HukatloT B npoLiecce akcnnyataumm

MukpooedekThl Pasnuyumble npu yBenuyeHun donee 6 pas

MakpoaedeKTbl KpynHble — pa3nnyMmble HEBOOPYKEHHbIM FNa3om,

Menkne — pasnuymMmble Npu yBenuyeHnn oo 6 pas




Buabl ne

Pue .'»!7 Llenrpansiaf noprCToOCTL B HEUPEPLIR- Puc. 66, Jlnaronaatuad TpewHKa B seqpepun-
HoAanTON AprorosKe HOAMTOR SaroTonke

PakoBUWHbI LeHTpalibHasA aAnaroHarbHas
nopu1cToCTS TpewmHa

Pite. 87, Paccaoenne b CyTyHke Puc. 95 Tlvaups (832yTHs) Ha NOBEPXHOCTH TOA-
CTOANCTOB0R CTaaAm

paccrnoexue My3bipK



Buabl gedeKkToB




[lpenmyLlecTBa n HegoctaTkm PK

PK npumeHaoT onsa obHapyXeHus BHYTPEHHUX OedEeKTOB NPU KOHTpose
aeTtanemn n cBapHbIX COeAUHEHUN BO MHOTMX 06NnacTsX NPOMbILLNIEHHOCTM.

[TlpenmyllectBa PK HepoctaTtku PK
 BO3MOXHOCTb KOHTPONA AeTarnen  [pOMO3OKOCTb U CNOXXHOCTb
pasnu4yHon popmbl. borbLuas PEHTreHOBCKOW annapaTypbl.
MHTEHCMBHOCTb U3JTy4EeHUA N BO3SMOXHOCTb . OTHOCUTENBbHO HMN3Kas
perynmpoBaHnAa ero aHeprun. YYBCTBUTENBHOCTb K YCTaNOCTHbIM
TpeLrHam.

« [JlokymMeHTarnbHOCTb pe3ynsratoB KOHTpond. | © HepocratodHaa TexHonornveckas
MaHEeBPEHHOCTb NPV NPoCcBeYnBaHUn B
MONEeBbIX YCNOBUAX U B YCNOBUSAX
MOHTaka KOHCTPYKLUUMW.

« OTHOCUTENBLHO HU3Kad
NPON3BOANTENBHOCTbL, Boree BbiCOKas
CTOMMOCTb KOHTPOSSA MO CPaBHEHUIO C
yNbTPa3ByKOBbIM METOAO0M.

 HeobxoanmocTtb ycTponcTBa 3alUnThI
paboTalLWmx OT PEHTFEHOBCKOIro

N3JNy4YeHn4.




PUNSNHECKME OCHOBbI PK

PagvaunoHHbIM _HepaspyLlaWnMnl - KOHTPOMNb — 3TO BWUA HepaspyLuaroLlero

KOHTPONS, OCHOBAHHbIN Ha pernctpaumm u aHannse MOHM3NPYIOLLIErO U3NyYeHus
nocrne ero B3anMoOeNCTBUSA C OOBEKTOM KOHTPONS. OTOT BUA KOHTPOMS UrpaeT
BaXXHYIO pONb MpuW OMNpedeneHnn Kadectsa MatepuarioB U M3oenui u noucke
OPYXNS N B3PbIBHbIX YCTPOWCTB B TEX UINN MHbIX KOHKPETHbLIX CUTYaLUsX.

PagvaunoHHbIM HepaspyLualowmm KOHTPONb B OCHOBHOM UCMOSb3yeT (POTOHHOE,
HEUTPOHHOE N 3NIEKTPOHHOE M3ITyYEHUS.

OH aKTUBHO NPUMEHSIETCS NPU KOHTPOSE:

- KayvecCcTtBa MaTepunasinonB (BbIFIBJ'IeHl/Ie ,El,eCpeKTOB B CJINTKax, JINTbIX W3OEJTNAX,

CBapHbIX U NaAdAHbIX COG,EI,VIHGHVIHX);

- KayecTBa PYHKLMOHNPOBAHUS Y3NOB N MEXaHN3MOB;
- KOHTENHEPOB, baraxa, NOYTOBbLIX OTMNPAaBNEHUN;

- NPOAYKTOB (BbIABIEHNE MHOPOAHbLIX TEn);

- Npou3BeaeHNN NCKYCCTBa (OOHapyXeHne noaaenok);
- B cyaebHOW NpakTuke u T.4.

Muorne metoabl PK B HacTtosilee Bpemsa ctanu obwenpuHaTbiMmn. OgHako HuU
OOWH N3 HUX He SABMSETCs YHMBepcasrbHbIM. Llenecoobpa3HocTb NpPUMEHEHUS
Kakgoro metoga obycnosrieHa KOHKPETHbLIMU YCIOBUAMU NPOU3BOACTBA.

Ha cerogHsWwHNN aeHb nony4vymnu pacrnpocTpaHeHne MeTodbl: peHTreHorpadoums,
ramMmmarpadpus, pagumockonus, paguoMeTpus, pagumaumoHHO-CHeKTpanbHbIN
MEeTO, MeTO paanaunoHHO-CTPYKTYPHOIo aHanusa, No3nTPoOHHbIN MEeTOoA,.



PUNSNHECKME OCHOBbI PK

CmpoeHue amoma.

XuMu4yeckuu aremMeHm - COBOKYMHOCTb aTOMOB C OAWHAKOBbIM
3apsaoM  a4pa U OOMHAKOBbIM  YUCIIOM  SfIEKTPOHOB B aTOMHOW
o0orouKe.

Bce xumunyeckne anemeHTbl UMEKT obLlee CTpoeHUe: NONOXUTENbHO

3apsAXXeHHOe aToOMHOe 4A4po, C KOTOPbIM CBsSi3aHa MOYTWM BCHA Macca
aToMa, OKPY)XEHHOe ODOSI0O4YKOM OfeKTPOHOB. ATOM MMEET AunamMeTp
okono 10 cm.

Kaxxgoe aOpo cooepXuT onpeaerieHHoe KONMYecTBO  [IPOMOHO8 U
HelmpoHO8, KOTOpble MMelT ol0llee HasBaHWe Hyk/IoHo8. B saape
MPOTOH U HENTPOH obnagaloT CUMbHLIM MPUTSHKEHUEM APYr K ApYyry u
obpasytoT napy. Mo aTol nNpuyYnHE BCe 3MEMEHTbI, 3a WCKMIOYEHUEM
HEKOTOPbIX JIerkux JfIEMEHTOB, WMEKT MPUMEPHO OAMHAKOBOE
KONMYEeCTBO NPOTOHOB U HEUTPOHOB.

XuMmmyeckme cBouUCTBa aTtomMa OOYCroBMNEHbl €ro 3reKTPOHHOW
000NoYKOW. DNEKTPOHLI pacnonaratTcsl B aTOMax B ANUCKPETHbLIX CIOSX.
Kaxabin crion cogepXuT He borblue onpeaernieHHoro Yyncrna arekTpoHoB
(MOXeT MMeTb MeHblie). Ha nepBom Kk aapy K-cnoe mMoxeT ObiTb He
bornee paByx anekTtpoHoB. Cnegywowmn — L-cnown npu MNOJSIHOM
3anofiHEHMN UMEET BOCEMb 3NeKTPoHoB. Crion, pacrnosioXeHHbIE
aanblue ot aapa, HasbiBatotca M-, N-, O-, P- n Q-cnosamun n cogepxat
COOTBETCTBEHHO He bonblie 18, 32, 18, 12 n 2 anekTpoHOoB.




PNINHECKWME OCHOBbI PK

Korma anekTpoH ¢ NMOMOLLbIO Kakoro-nmbo npolecca yaansietcss oT aTtoma,
aTOM OKa3blBAeTCA B HEYCTOMYMBOM «BO30OY)XOEHHOM» COCTOSIHUM W
AMNEKTPOH N3 ApYyro 0b6OMOYKN CTPEMUTCS NEPENTUN Ha BakaHTHOE MECTO.

Pa3HOCTb QHEPruin 3NEeKTPOHOB Ha 3TUX ABYX OOOMo4YKax aMUTUPYeTcs U3
aTtoma B BWAE SMNEKTPOMAarHUTHbIX BOSH. OMEKTPOHbI aToOMa CYLLECTBEHHO
BMUAIOT Ha NPOXOoXAeHWe (POTOHHOIO WMOHU3UPYIOLLIETO M3MYyYeHUs1 4vepes
BELLECTBO, a sApa aTOMOB — Ha NMPOX0XAeHNE HEUTPOHHOIO N3NYyYeHUs.

Hyknud — 310 BUA4 aToMOB C AaHHbIMU YncriaMmn rMPoTOHOB (P) U HEUTPOHOB
(n) B agpe.
Hi3omor — 9TO HyKNu4 ¢ YNCITIOM NPOTOHOB B A4pe, CBOMCTBEHHbLIX JAaHHOMY
SNIEMEHTY.

%opmyna n3otona 3anucbiBaeTcs B Buae “zX (cMMmBOn anemMeHTa), Hanpumep
592U

Z — aTOMHbI HOMEP, paBHbIN YMUCIY NPOTOHOB B A4pe.
A — maccoBoe 4ncro, paBHoe cymme vmncern npoToHOB M HEUTPOHOB B A4pe.

[TocKosbKy 4ncno opbuTtarnbHbIX 3NEKTPOHOB Y pasfMyHbIX M30TOMOB OOHOMo WU
TOrO e 2J3rnemMeHTa OOuMHaKoBO, WX XUMWUYECKME CBOMCTBA MPaKTUYECKU
naoeHTuyHbl. [lpumepHo Ha 100 wm3BecCcTHbIX anemeHToB npuxoautca 300
pasfnyHbIX YCTOMYMBLIX mM30TONMOB M ©Oonee 500 pagnoakTUBHBIX UMK
HEeyCTONYMBbIX N30TOMOB.

HeycTonuneocTb obycrnoBreHa HannyMem CruvLKOM OOonbLioro fimbo CnuLLKOM
Masrioro 4ymcna HEeWTPOHOB B dApe. OTU HEYCTOMYMBblE WU3OTOMblI CTPEMSATCS
OOCTUrHYTb TaKOro COOTHOLUEHUS HEWTPOHOB M MPOTOHOB B S4pe, KOTopoe
obecnevnBaeT ero CTabunbHOCTb U MPU 3TOM UCMYCKAKT a-4acTuubl (MOHbI renns
He) wnn 6eta-yactmubl (B-4actuubl) nwoboro  3Haka, nNuMbo 3axBaTbiBaOT
opbuTanbHble 3MEKTPOHDI.



PNINHECKWME OCHOBbI PK

[Mpouecc pacnaga agep OMNUCLIBAETCH ypaBHEHMEM saOepHOW peakuuun. [Npudem, cymma
MacCOBbIX 4YMCEN B OOHOM MOSIOBMHE YpPaBHEHUSI OOMMKHA OblTb paBHaA CyMME MacCOBbIX
yucen B Apyron. To xe crnpaBeaniMBo Ofg aToMHbIX HomepoB. Hanpumep,

AzX — A4 0X + 4 He

X — XUMUNYECKUIN 3rNEMEHT.

O-4YacTuLbl UCNYCKAKT KPYMHbIe siApa, HanpuMep siapa TakMx aNeMeHTOB Kak pagui, pagoH,
MNOMNOHUNW, YypaH, nnyToHun. Korga sAOpo wmcnyckaeTr a-4acTuly, ero MacCoBO€ 4YUCHO
YMEHbLLAETCHA Ha YETbIPEe €ANHULLbI, 8 aTOMHbI HOMEpP — Ha ABe eANHULIbI.

Bce anemeHTbl ¢ aTOMHbIM HOMepoM 6orblue, YeM y BMCMYyTa, obrnagatoT eCTeCTBEHHON
PadVoOaKTUBHOCTBIO U  ABMLAKTCA MpoAaykTtamMu pacnaga ypaHa-238, ypaHa-235 unu
Topna-232.

Pacnag aTux anemMeHToB U UX JOYEePHUX PagMOHYKNUAOB CONPOBOXAAETCHA BbIXOAOM U3 UX
aapa renus (a-4yacTuubl) Unu snexkTpoHa (B-4actuubl).

Llenoyka aTux pacnagoB 3aBepLlaeTcs poXaeHUEM YCTONUYNBbLIX N30TOMOB CBUHLLA.
Bbilleyka3zaHHble UCXOOHblE W30TOMbl MMEKT OvYeHb OonblIOW Mmepuod nonypacnaga u
MO3TOMY [0 CMX MOP CYLLECTBYIOT B MpMpoae.

AKmueHocmb NoOOro paauoHyknuaa onpenenseTcs oTHolleHneM Ymucna dN CrnoHTaHHbIX
A0EepHbIX  MEepexodoB U3  OMpedeneHHOro  SAAepHO-3HEepPreTUYeckoro  COCTOSIHUSA
pagvoHyknuaa, NPOUCXOAALMNX B AaHHOM €ro Konu4yecTBe 3a WHTepBan BpeMeHu df, K
3TOMY UHTEepBany

A=-dN/dt.

EonHuua aktmBHocTu — bekkepernb (bk), paBHa ogHOMY pacnagy B CEKYHAY.

NcnonbayoT egmHnly aktueHocTu Kiopu (Kn),

1 Kn=3,7x 10" Bk.

[lepuod nonypacnada T — BpeMsi, B TE4EHNE KOTOPOro akTUBHOCTb PagMOHYKNnaa YMEHbLUUTCS B
2 pasa no CpaBHEHUIO C NepBOHa4YanbHOMN.




PUNSNYHECKME OCHOBbI PK
[Ipupoda UOHU3UPYOWEe20 U3JTYYEeHUS].

[loo UoHU3UPYRWUM U3/Ty4eHUEeM MNOHUMAIOT U3NydeHue,
B3aMMOOENCTBME KOTOPOro CO Cpedaon npuBoguT K
06pa3oBaHNIO MOHOB Pa3HbIX 3HAKOB.

[loO  KOCBEHHbIM  UOHU3UPYHWUM  U3nydYeHuUemM  —
NOHU3UpPYoLLEE nany4veHwue, cocTodllee n3
He3apsXXeHHbIX YacTul, KOTopble MOryT co3gaBsaTb
3apsKeHHble  YacTuubl, WMeLWMe  KNHETUYECKYIO
OHepruo,  OOCTaTodHYK  4ANd  MoHU3auum  npu
CTONKHOBEHMUU, U BbI3blBaTb SOEPHbIE NpeBpaLleHUs.

OCHOBHble BUAbl MIOHN3NPYHIOLLLETO U3ITYyYEHUS:
- (pOTOHHOE,

- 3NEKTPOHHOE,

- HEWUTPOHHOE.




PNSNHECKME OCHOBbI PK

POMOHHbLIM UoHuU3Iupyrowum usjiy4eHuem Ha3blBAkOT
ANEKTPOMarHMTHoe KoCBeHHOE NOHU3NpyroLliee n3rty4vyeHune.

B3anmogenctene HesapsKeHHbIX 4acTtuy, (POTOHOB  W3Ny4vYeHus) C
BELWECTBOM HOCUT AyanbHbl (OBOMCTBEHHbLIN) XapakTep, MHorga OHu
OEUCTBYIOT KaK YacTuubl, a MHOr4a Kak anekTpoMarHuTHaga BOJSIHa.

OHepruss doToHa E 3aknoveHa B 9NeKTPOMarHMTHOM BOFIHOBOM MaKkeTe
N3MYyYEeHNSa UNN KBaHTE M NPONOPLIMOHAanbHa ero 4actoTe Vv, T.e.:

E=hxyv,
roe h=6,6x 103 Ox My’ = 6,6 x 10* Ix ¢ — nocTosiHHaaA MnaHka.

Bce CbOTOHbI MMEKT OANHAKOBYHO CKOPOCTb, HE UMEIOT 3J1IEKTPUHECKOTIO
3apdaga 1 MarHUTHOro MOMeHTa.

XapakTepUCTUKN POTOHA:

CKOpOCTb — c=2,9979 x 108 m/c
YacTtoTta — v=c/A

[lnnHa BonHbl - A=c/V

Macca — m = hv/c?

NMnynbc — p=hv/c

QHeprmna — E = hv.



PNSNHECKME OCHOBbI PK

[Mpouecchbl, KOTOpblE MOFYyT MNPUBOAUTL K WCMYCKaHUIO OTOHHOIO
VNOHU3NPYIOLLIErO N3NYYEHUS, MOXHO pa3fgennTb Ha YeTbipe rpynnbl.

1. YckopeHHoe deuU)XeHuUe 3aps)XXeHHbIX Yacmuu.

MoLHOCTb N3Jr1yveHun4d P 3apFI)KeHHOI7I YaCTULbl, KOTOPaA YCKOpPAETCA Mnoa
aencrtemem cuneol T, paBHa

P=k(T/m)?
roe K — KoadopuumMeHT NponopLmMoHansHOCTH,
m — mMacca 4YacTtuubl.

[MockonbKy MOLLHOCTb W3rnydYeHusi obpaTHO NponopuMoHanbHa KBagparty
MacCbl 4acTulbl, B OOMbLUMHCTBE CMy4YaeB HY)XHO paccMmaTpuBaTh
TOIbKO U3NY4YEeHNe 3NEKTPOHOB.

dOoTOHHOE n3rnyvyeHne C HernpepbiBHbIM 3SHEPIeTU4ECKNM CMNEeKTPOM,
BO3HUKaOLLEE Mpn yMEeHbLUEHUN KNHETUHECKOU 3JHEPInn 3apA>KEeHHbIX
YaCTunu, Ha3blBalOT MOPMO3HLIM U3JTy4HEHUEM.

2. N3mMeHeHuUe aHep2emu4YeckKko20 COCMOSIHUSI 3JIEKMPOHO8 amomMa.

OHO npumBOOWUT K BbIXOO4Y M3 aToMa (POTOHOB Xapakmepucmu4YecKo2o
u3sy4eHus  (NMHeNYaTbll QHEPreTUYECKNN CreKTp).
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PeHmeeHO8CKUM u3sly4eHUeM HasblBaeTca JPOTOHHOE
N3ny4eHune, cocTosiLee n3 TOPMOS3HOIO U
XapaKTePUCTUYECKOTO N3MYyYEHMUS.

"I[Jplyﬂ ,q . ,)/'v )"vr‘]p
"'-.p'{-;,: ..,I'L: .“’
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OHEPreTUYECKNN CNEKTP U3IYYEHNSI PEHTIEHOBCKON TPYOKM:
1 - XapakTepucTu4eckoe nsnydyeHue; 2 - TOpMo3Hoe nsnydeHume



PUNSNHECKME OCHOBbI PK

3. [lepexo0bi Mex0y 3Hep2emuYeCKUMU YPOBHSIMU 8 aMOMHbIX siI0pax.

Kaxxgpoe  aapo obnapaer  onpeaeneHHbIM Habopom KBAHTOBbIX
9HepreTn4ecknx yposHen. lepexon ¢ ogHOro ypoBHA Ha gpyrown ¢ bornee
HMU3KOW 3HEPrnem ConpoBOXOAeTCA BblOErNEHNEM JHEprMn B BUAOE
JPOTOHHOIO N3ny4yeHns.

[TOCKOMbKY 9QHepreTudyeckne YpoBHUM B sSApax OUCKPETHbI, (POTOHHOE
N3rly4eHne B YKa3aHHbIX NpoLeccax WCNycKaeTcs B BMOE OTAESbHbIX
cnekTpanbHbIX JIMHUA. Takoe wucnyckaHne OObIMHO MPOUCXOAUT Mnocrhe
AMUCCUM O- UNU B-YacTuy M3 sgpa unu nocrie B3ammoaeucTsnsa sapa c
HEUTPOHOM.

cTouHMKamMmn Takmx ooToHOB aABNAtoTCA pagunoHyknnabl Cs-137 n Co-60. B
HUX OOTOHbI UCMYCKaKTCA Nocne aMmccnn -4acTuu,.

4. AHHU2unaUUSa Yacmuu U aHmu4yacmuu,.

AHHUIMNAUMA YacTuubl U ee aHTU4acTUubl npuBoAUT K NpeBpawleHnto nXx
MaCCbl NMOKOA B AHEPTINHO SNNTEKTPOMAlrHATHOTO MNOJIA.

®OTOHHOE n3rnyyeHne, BO3HUKawWwee I1MNpn wnu3MeHeHnMn 3SHEepPreTnyvecKkoro
COCTOAHUA aTOMHbLIX dAep Winm npm aHHUrnnAaAumMnm 4actul, Ha3blBae€TCA
2aMma-u3ssiy4eHuem. AHHUrUNaLUuns AJIEKTPOHOB U MNO3NTPOHOB NpmUBOANT
K U3JNTYHEHUIO Y-KBAHTOB.
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OnuHa BormHbI A Ans PEHTFeHOBCKOro U ramma-uanyyenus pasHa (10711 - 107)
cM. [INVHY BOMHbI paHbLLe YacTo uamepsanu B aHrctpemax (1A = 1078 cm).

OHeprusa POTOHOB N3MEPSETCS B 3/1IEKMPOHBOSIbMax (3B):

1 aB — 3TO aHeprusa, KOTopyr npuobpeTaeT 3apshkeHHas 4vacTvua, Hecyllas
OAVH 3apsan 3MeKTPOoHa MpU MPOXOXKOEHUWN B 3MEeKTPUYECKOM Mosie Mexay
[BYMSl TOYKaMU € pa3HoCTbio noteHumanos 1 B (1 3B = 1,6 x 107'°0x).

Jaruna Boarnst, cM
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Inepzus @pomoHol, M30

AHeprun (hoTOHOB U ANMHbI BOJSIH PA3fIMYHbIX YacTen 3NIeKTPOMarHUTHOro crneKkrpa:
1 - pagnoBOSTHOBOE U3ny4veHune; 2 - UHppakpacHoe narnyyeHue: 3 - CBETOBOE narnyyeHue; 4 -
yneTpaduoneToBoe nanyyeHmne; 5 - peHTreHoBCKoe n3nydeHune; 6 - ramma-usnyvyeHue;

/- KOCMUYecKoe nusnyyeHue
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O/IEKMPOHHbLIM U3J/1ly4eHUeM Ha3blBaloT KOPMNyCKynapHoe
n3nydyeHne, CoOCTodAWlee U3 2JNEeKTPOHOB U (KUnn)
NO3NTPOHOB.

XapakTepUCTUKN INEKTPOHaA:

Bapag, Kn.............. 16 x 10"

Macca nokost, Kr. . ....... 9,1 x 1073

Knaccuyeckuin paguyc, m . . 2,8 x 10718

[MO3UTPOH MAOEHTUYEH 3NEKTPOHY MO Macce MOKos, a ero

NOSNTOXUTENBbHbLIN 3apdn YNCJTEHHO paBEH
oTpnuaTtesibHOMY 3apday 3J1EKTPOHA.
OpgHako NO3NTPOHDbI FIBJ'IFII-OTCFI L-Ipe3BbIL-Ial7IHO

KOPOTKOXMBYLLMMK YacTuuamu (107 ¢), cnocobHbIMU
CyllecTBOBaTb TOMbKO B OBWXEHUW, MOCKOSIbKY Kak
TONbLKO OHW OKa3blBAlOTCH B OKPECTHOCTSAX 3JIEKTPOHOB,
OHN 0OBEONHAIOTCSA C NocnegHnMu, obpasys POTOHbI
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rlpOLl,eCCbI, npmsoadalmne K NCMNYyCKaHMO 3JTIEKTPOHHOIO N3JNMy4YEeHUA.

1. TepMoamuccusi 3/IeKMPOHO8 U3 Haz2pembIX rPOBOOHUKO8 C UX
nocsiedyrow,um YyCKOpeHuem asleKmpuyYecKkumMu nosnsimu u
¢bOKycupo8KOU 8 3/7IeKMPOHHbIE My4KU.

ONIEKTPOHbI B TakKMUX My4dKax MOYTU MOHOSHEPreTUYHbl, @ UX CKOPOCTU MOryT
ObITb BNMU3KM K CKOPOCTU CBETA.

2. Bema-pacnaod sidep u HecmabusnbHbIx Yacmuy, (B-u3siy4eHue).

B -4acTuubl MAEHTUYHbI BbICOKOSHEPreTUYECKMM SNEKTPOHAM, XOTS OHU MOryT
ObITb 3apsiKeHbl Kak NONOXNTENbHO, Tak U oTpuuaTenbHo. OHU UCNyCKalTCS
C 3HEPrNAMM, UMEIOLLMMWN HEMPEPLIBHbIN 3HEPreTUYEeCKU CNEeKTP BNIIOTb A0
HEKOTOPOro MakCUMaribHOro 3Ha4eHUs, XapakTepHOro Ansd AaHHOro n3oTona.

bBeTa-unsnyyeHne 3agepXuBaeTcad TOHKAMW CNoAMW MeTanna. B -4acTtuubl
0ObI4YHO McnyckaeT sapo, obnagatowiee OONbLWMM KONMYECTBOM HENTPOHOB
MO CpaBHEHUIO CO CTAabUITbHBbIMW paMKn TOrO XXe caMoro arnemMeHTa. berta-
pacnag npealwecTtByeT Y-U3MyYEeHUID Takux paanoHyKnuaoB Kak 1r-192,
Cs-137, Co-60.

3. AnemMeHmMapHbIU npouecc ¢omoasIeKmMpuU4IecKo20 Mnoa2sioWeHuUs
¢pomoHa aInekmpoHHOU 060s104KOU amoma, cornpoeoxodaembil
eébipblieaHUeM U3 060s104KU 0OOHO20 3/1IeKmpoHa ((homoasieKmpoHa).

POTOINMEKTPOHLI MO MNPENMYLLECTBY BblOMBaAOTCA Mog MPAMbIM - YoM K
HanpaBneHU pacnpoCTpaHeHUsa nornowaemMoro @(OToHa C  Marsnowu
SHeprmen.

4. JOneKmpoHHOe u3Jly4eHue, BO3HUKaruwee Trpu KOMIMMOHOBCKOM
(Heko2epeHmMHOM) paccesiHUU ¢pOmoOHHO20 U3JTYYEHUS].



PNSNHECKME OCHOBbI PK

HelmpoOHHbLIM _u3/ly4eHUeM Ha3blBaloT KOPMYCKYNspHOEe W3ny4yeHue,
COCTOSILLEE U3 HENTPOHOB.

OCHOBHbIE XapaKkTEPUCTUKN HENTPOHA:

3aPA0 . - OTCYTCTBYET
Macca nokos, Kr............ 1,675 x 1047
Knaccuyeckuin paguyc, m . . . . . 1,5 x 10718,

OCHOBHbIE TUMbI AAEPHbIX Peakumn, KOTOPble NCNONb3YT AN
nonyyYyeHnsa HeUTPOHOB:

1. [leneHue g0ep.

Koropa HeWTpOH MNpoOHMKaAeT B A4pO — HOBOE A4pO (KoMnayHO-g4po0)
nosiyd4aeT HeKOTOpOe npupaLleHne aHeprum, KOTopoe Ana HEKOTOPbIX
TSXEenbIX M30TOMOB AOCTAaTOMHO AS1I9 COo34aHuA HeyCTOMYMBOCTM,
Be4yLLEeW K pacrnagy aToro KomnayHa-sapa.

[Mlpn pacnage Takoro sigpa M3 HEro MOXeT ocBoboxpaTtbcsi bonee
OOHOI0 HEWTPOHa W MOIMOLIEHHbIN HEWTPOH. JTOT CyMMapHbIN
BbIUIPbILL CBOOOOHbIX HENTPOHOB nenaet BO3MOXXHbIM
OCYLUECTBNEHME SOEPHON peakumm C  BbIXoAoM  6ONbLIOro
Konn4yectBa HENTPOHOB.

N30TOnNbI, 0OBLIYHO UCNONL3YEMbIE B aTOMHbIX peakTopax, 9T0 ypaH-235
N NNyToHNn-239.
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2. bombapouposka noaoXumerabHO 3apsXXeHHbIMU UOHaMU.

[1pn B3aMMogencTBUM BbICOKOSHEPIreTUYHbIX NPOTOHOB M anb@a-4yacTul
C NerkMumMm BellecTBaMu, TakKMMW Kak OEeUTepun, TpUTuin, depunnun,
nnmTnm nnun 6op obbIMHO BO3HMKAET HEUTPOHHOE U3ITyYEHME.

cTouHMKamMu TaKnUX MOJNTOXNTETbHbIX MOHOB MOTYT ObITb
paanoaKTUBHbIE N30TOIMNbl U YCKOPUTESTIN 3apA>XEeHHbIX YaCTULl,.

3. DomoHeUmMPOHHbLIE peakuuu.

OHeprusa onsa BbIXoAa HEUTPOHOB U3 aTOMHbIX S4ep MOXeT coobLlaTbecs
A0py NOCPeaCcTBOM AOCTATOYHO BbICOKOIHEPreTUYHbIX (DOTOHOB.

ObnyyeHne wMuweHen wu3 Gepunnusa-9 wunu TAXeENoro BoAoOpoAa
dotoHamu ¢ aHeprven 1,6 . . . 9 MaB, a Takxke ypaHa poToHamu C
9Heprmen 9 MaB wn 6onee npuBOAUT B BbIXO4Y W3 MULLEHU
J>OTOHEUTPOHOB.

4. CnoHmMaHHoe oerieHue,

HekoTopble BellecTBa AENATCS CrOHTaHHO, T.e. 6e3 B3aumodencTBus
a0ep Ux aToMOB C APYrMMU YacTULaMW.

ICTOYHMKOM CMNOHTAHHOro AeneHus angd HeWTPOoHHOW paguorpadun
ABMNAETCsH KannopHnmn-252.




PNSNHECKME OCHOBbI PK

XaQaKmeQuchKu UoHU3Upyrowux U3.I7y‘-IEHUlj u
napamempbl UX 83aumModelicmausi ¢ eeWecmaeoM.

B 3aBUCMMOCTM OT XxapakTepa pacrnpoCTpaHeHUs B MPOCTPAHCTBE pasnuyatoT
HanpaBneHHoe W HeHanpaBreHHOe U3Ny4YeHusl, a B 3aBUCMMOCTU OT XapakTtepa
pacnpocTpaHeHnsi BO BPEMEHW — HEMPEPLIBHOE U UMMYTbCHOE U3MYy4YeHUs!.

lNone u3ny4YeHuss — 3T0 0651ACTb MNPOCTPAHCTBA, B KaXOOW TOYKE KOTOPOMU
NocTaBreHbl B COOTBETCTBME M3NYECKMEe BenUYMHbI, onpegensowme
NPOCTPaAHCTBEHHO-BPEMEHHOE pacrpenesieHne M3fyyeHud B paccMaTpuBaemMou
cpege.

llepeHoOC uOHU3UPYyOWUX Yacmuy — 3TO OTHOLUEHME 4Kucra MOHU3IUPYIOLLINX
yactuy, dN, npoHuKawwmx B 00beM anemeHTapHou cdepbl, K nnowaan
nonepeYyHoro cevyeHnsa dS aton coepobl

Fv=dN /dS.
N3amepsieTcs B M2,

lInomHocmb nomoka 4Yacmuy v — 3TO OTHOLLEHME MnpupalleHns nepeHoca
yacTtuy, dFy K NHTepBany BpemeHu dt

ov =dFn /dt
EavHnLa n3amepeHus — MeTp B MUHYC BTOPOW CTEMEHW B CEKYHAY.

lMTomok uoHu3supyrowux yacmuy PN — 3TO OTHOLUEHME 4KuCra MOHM3UPYIOLLNX
yactuy, dN, nagarowmx Ha OaHHYK MOBEPXHOCTb 3a WHTepBasli BpeMeHu dt, K
9TOMY UHTepBany

®n=dN /dt.
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XaQaKmeQLlchKU UOoHU3Upyrowux u3nyquu& u
napamempbl UX 83aumModelicmausi ¢ eeWecmaeoM.

llepeHOC 3Hepa2uu UOHU3UPYWUX 4Yacmuy — 3TO OTHOLWEHWE CyMMapHOW
QHeprMn (UCKn4Yasi JHeprnio nokost) dE BCeX WMOHU3MPYIOWMX YacTul,
NPOHMKAKLWNX B 0OObLEM 3neMeHTapHoW cdhepbl, K nnowagn nonepeyHoro
ceveHuns dS aton cepsbl

F=dE/dS.
3amepsieTcs B [KOYMsAX Ha KBagpaTHbIn MeTp (Ox / mM?).

NHmeHcusHOCMb U3/TyYeHUSI — 3TO NNOTHOCTb MOTOKa 3HEPrum MOHU3UPYHOLLINX
yacTtuy

¢ =dF / dt
amepsieTcs B BaTTax Ha KBagpaTHblin metp (BT / m?).

lTomok aHepa2uu UuoHuU3UpyrWUXx Yacmuy @ — 3TO OTHOLUEHWEe CyMMapHOW
9Heprum dE Bcex MOHU3NPYOLLNX YacTul, NagaroLlnx Ha JaHHYH NMOBEPXHOCTb
3a UHTepBan BpemMeHu dt, K aToMy MHTepBany

¢ =dE/dt
OHeprnsa nokos He BKIoYaeTcs.
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XapakmepucmuKu UOHU3UPYIOWUX U3JTy4YeHUU U
napamempsbl! Ux e3aumModelicmeusi ¢ 8eUiecmeom.

[OuckpeTHasa  npupodga  M3Ny4vYeHUsl, XaoTUYEeCKUW  Xapaktep  ero
pacrnpegeneHns BO BPEMEHU U NMPOCTPAHCTBE, BEPOATHOCTHbLIN XapaKkTep
B3aMMOLENCTBUA U3MTYYEHNA C BELLeCTBOM MPUBOAAT K TOMY, 4TO
nepegaHHas HEKOTOPOMY OObeMY BeLlecTBa 3HEPIrUA U3NyYeHUst ecTb
BENMYMHA cTOoXacTu4yeckas.

He BCS nepenaHHasa aHepPrusi pacxogyerca B npegenax gaHHoro oobema.
TonbKO 3Heprusi, ocTaBLLasiCs B paccMmaTpuBaemMoMm obbemMe, CoCcTaBnseT
MNOrMOLWEHHYI0O  QHEPrud  M3NydYeHud, KoTopaa  Takke  UMeeT
CTOXaCTUYECKMWN XapaKTep.

CurHanbl Ha BbIXO4€e padnauMOHHLIX OETEKTOPOB, Kak U NOBPEXOeHUs
XMBbIX  OpPraHM3mMoB,  B3aMMOAEWCTBYIOWMX C  MOHU3UPYHOLLUM
nanyyeHnem, oyayt tem bonblle, yem Oorblue SHEPrnM OHO nepenaet
mMaTtepuany eTEKTOPOB UMM TKAHSIM OpraHu3ma.

KonnyecTBo Takon nepegaHHOW SHEPrn Ha3biBaeTcs 0030U.

JJoza — OCHOBHasi [Oo3MMeTpuyeckasl BennymHa (Mepa MornoLweHHOM
9Heprun).



PUNSNHECKME OCHOBbI PK

XapakmepucmuKu UOHU3UPYOWUX U3Jly4eHUU U napamMempbl ux
e3aumodelicmeusi C 8eLecmeoM.

[Mog nmoanoweHHOU G030l W3fy4YeHUss MOHUMAKT OTHOLleHue 3Heprn dE, nepegaHHON
NOHM3UPYIOLLMM  U3NYYEHMEM BELWLECTBY B 3rieMEeHTapHOM obbemMe, K Macce dm
BellecTBa B 3TOM obbeme

D=dE/dm.
EanHnua B cucteme CU —rpent: 1Mp = 1 [x / k.
|_|OI'J'IO1LI(.:Iiezle-Ia$I [103a U3NyYeHNs MOXeT namepsaTbea B pagax: 1 pag = 100 ap / r = 1072 Ox/kr
= o p
MowHOCmb noanoweHHoU 003bl — 3TO OTHOLUEHME NpUpaLLEeHUs MOrnoweHHON A03bl
nany4vyenua dD 3a nHTepsan BpemMeHun dt K aToMy UHTEpBany
D'=dD/ dt.

OCHOBHOW €eAuHMLEN MOLLHOCTM norfnoweHHon Ao3bl B cucteme CU aBnsieTcs rpen B
cekyHay ([p/c). MoryT ucnonb3oBaTbCs Takke BaTT Ha kunorpamm (BT/kr) n pag B
cekyHay (paga/c).

OTU BEMUYUHbLI HE YYUTBLIBAKOT TOrO, YTO MNPU OAMHAKOBOW NOrMoweHHonW aose, anbda-
N3nyyeHne ropasgo onacHee 3f1IEKTPOHHOIo UM OOTOHHOrO M3nydYeHun. Ecnu npuHATL
BO BHMMaHMe 3TOT baKkT, TO 403y crnegyeT YMHOXWUTb Ha KOIMMUUMEHT, oTpakatoLnm
CNOCOBHOCTb U3MyYeHUs1 OaHHOro Buaa noBpexaaTb TKaHM opraHuama: anbda-
nanyyeHne npmn atom B 20 pa3 onacHee Apyrnx BUOOB U3NYyYEHUN.

[lepecunTaHHy0 Takmm obpasom 003y Ha3bliBAlOT 3KeUeasIeHMHOU A030l; ee N3MEPSIOT B
cucteme CU B eanHmuax, HasbiBaeMbix 3uBeptamu (3B). OQMH 3MBEpPT COOTBETCTBYET
nornoweHHon pfose B 1 [k/kr (OnA POTOHHOMO W  3NEKTPOHHOrO  M3Ny4YeHun).
BHecuctemHaa eanHnua akeuBaneHTHom gosbl 1 63p = 0,01 3B.

EanHnubl MowHOCTK 3KkBMBaNeHTHoM ao3bl: 1 3B/c, 1 63ap/c.
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B3aumodelucmeue hOmMOHHO20 U3JTYYEHUS C el ecCmeom.

AKCNo3uyuoHHasi _0o3a — cneuuduyeckasa BenuyYnMHa B A03MMETPUKN, BBeOEHHasa Aand
JOTOHHOrO Kn3ny4yeHna. B npakTuke ee MOXHO WCNOMb30BaTb AS1I9 OLEHKM 3Ha4yeHui
NSIOTHOCTM NOTOKa (POTOHOB B KOHKPETHbLIX CUTYyaLUMSAX.

JKCNo3uuuoHHasi do3a hOMOHHO20 U3JTYYEHUsI — 3TO OTHOLLEHME CyMMapHoro 3apsiga dQ
BCEX WOHOB OAHOrO 3HaKa, Co3fdaHHbIX B BO34yXe, Korda BCE 3MeKTPOHbl U MO3UTPOHHI,
OCBOOOXAEHHbIE (OTOHAMM B 3fieMEHTapHOM obbemMe C Maccon dm, MOfHOCTbIO
OCTaHOBUIIUCb B BO3AyXe, K Macce BO3ayxa B yka3zaHHOM obbeme

X=dQ/dm.

BHecuctemMHasa eaumHuua 3KCno3vuumoHHou [o03bl peHTreH (P) ceBsizaHa ¢ eguHuuammn CU
crneayroLwmnmMm COOTHOLLEHNAMM:

1P =2,58 x 10-4 Kn/kr;
1 Kn/kr = 3,88 x 103 P.
MouwiHocmb 3KCNo3uyuUoOHHOU 003bl — 3TO OTHOLLUEHME NPUPALLEHNS 3KCNO3ULIMOHHOW O03bl

doOTOHHOro M3nyyeHus dX 3a NHTepBan BpeMeHMU dt K 3TOMY MHTepBany
X =dX/ dt.

BHecucTtemMHasa eanHMua MOLLHOCTU 9KCMO3NLMOHHOM 003bl peHTreH B cekyHAy (P/c) ceasaHa
c eanHuyamm CU:
1 Plc =2,58 x 10"* A/kr;

1 A/kr = 3,88 x 102 P/c.

PeHTreH nepBoHayanbHO o6O3Ha4yan Konu4yecTBO W3Ny4YeHusl, Bbi3biBalOLEEe WMOHU3ALNIO
OIHOTO KyOM4YecKoro caHTUMeTpa BO3dyxa [0 O[HOW 3NeKTPOoCTaTUYeCcKon eauHWLbI

ONEeKTPUYEeCcKoro 3apsia KadKOoro 3Haka. OTOT 3HepreTMyeckuii 9KBMBANEHT pPeHTreHa
MPUBNMKEHHO BblpaXKatoT COOTHOLUEHUAMU:

1 P/u=0,01Ipl/y;
1 P/y =10 m3B/u.
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B3aumodeucmeue ¢hpOmoHHO20 U3/1yHeHUsl C 8elecmeom.

[Mpn B3anmogencTesnum OOTOHHOIMO M3NyYeHUS C BELLEeCTBOM KaXXAblh OOTOH WK
NorrfiowaeTcs LenMKoM, Unm TepaeT YacTb CBOEW SHEPIUN, MEHSAA HanpasreHue
cBoero pacnpoctpaHeHnst. OH nNpu  B3anMOOENCTBUM  BblObIBAeT U3
HanpaBfIEHHOro My4ka W3Ny4YeHus, BCMEeACTBME 4Yero ny4vyok ocnabnserca B
COOTBETCTBME C 3aKOHOM

FN(Xx) = FNo exp(-px),
roe FN(X) — nepeHoc oOTOHOB Mocre NPOXoXOeHUsS PacCTOAHNA X B BELLLECTBE;
FNo - nepeHOC (pOTOHOB Ha BXOAe B BELLECTBO;

M — NIMHENHBIN KO3MPDUUMEHT ocnabnenus (pasMepHOCTb — ANMHA B MUHYC NEPBOU
CTEMEHN).

MaccoebivM __koaghhuuueHmomMm ocnabsieHuss HasblBalOT OTHOWEHne MIp
NMHENHOIo Ko3(duumeHTa ocnabneHma K NOTHOCTU cpedbl, Yepe3 KOTOPYIHo
npoxoasT doToHbl. MaccoBbIn KOS MULIMEHT ocnabneHns ABNSETCA NONe3HbIM
Ona pacyeta maccbl maTepuana, Tpebyemoro gns ocnabneHust NepBUYHOIO
ny4Ka.

[Mpy NPOXOXKAEHUN PEHTIEHOBCKNX N raMMa-OTOHOB Yepe3 BELLECTBO NPOUCXoauT
npeobpasoBaHne 3HeprMm nydyka OTOHOB B 3AMNEMEHTapHbIX akTax WX
B3aMMOAENCTBUSA C aTOMaMMU U rNeKTpoHaMu cpeabl.

B ananasoHe aHeprun dotoHoB oT 10 kaB go 10 MaB Haumbonbluee 3HaveHue
NMEIT  PomoarieKmpudyecKkoe e3aumodelucmeue, KOMIMMOH-a¢hghekm U
aghghekm obpaszoeaHus nap.
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domoannekmpuyeckoe ezaumooelicmeaue.

[MMpn doTOaNEKTpUYECKOM B3anmogencTtenum OTOH MNOrfouaeTcd aTtToMoM W
ocBoboxaaetcs PoToanekTpoH. Hanbonee rnyboknm aToMHbIN YPOBEHbL BCceraa
NMeeT Hanbornbllee cev4eHne B3aMMogeNCTBUS.

ONEKTPOH, ydaneHHbIn OT aToma, OCBOOOXOAaeT MECTO Ha COOTBETCTBYIOLLEM
QHEPreTMY4EeCKOM YPOBHE, KOTOPOE MOXET ObiTb 3aHATO C HEeKOTOpOu
BEPOSATHOCTbID MEHee CBfA3aHHbIM 3MEeKTPOHOM 3TOro artoma; npu 3TOM
BblAENUTCS (POTOH XapakTepucTudeckoro wuanydyenus. [llpun nepexoge Ha
BaKaHTHblIE YPOBHW U3DbITOK 3HEPrMM MOXET NPMBECTU K BbIXody W3 aToma
O[HOr0 M3 3MIEKTPOHOB BEPXHUX 0DOSIOUEK — 3fIEKTPOHOB Oxe.

Takum obpasom, npu HOTOINEKTPUYECKOM B3aMMOAENCTBMM 4YacTb 3IHEepruu
NepBUYHbIX (POTOHOB NpeobpasyeTcs B KMHETUYECKYIO SHEPIUIO SNEKTPOHOB, a
4YaCTb — B 3HEPrn0 XapakTepUCTUYECKOro N3nydeHus.

1 — POTOH NEepPBMNYHOIO0 PEHTFEHOBCKOIo
3 N3ny4vyeHus;

2 — (POTOSNMEKTPOH;

3 — atoMHoe S4p0.
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KomnmoHoeckoe e3aumodelcmaue.

[Tpu KOMMTOHOBCKOM B3aMMOOeNCTBUN (koMNTOH-adhekTe)
NEpPBMYHBIN  (POTOH C 3Hepruen hv, Heynpyro pacceuBaercs
cBODOOHLIM 31IEKTPOHOM rnog yriom 6. HacTb aHepruu nepenaetcs
9NEKTPOHY, KOTOPbIN YXOAMUT NOA Yron ¢, a octasLuasaca aHeprmsa hv'
YHOCUTCS pacCesHHbIM POTOHOM.

Cxema anemeHTapHOro akta KOMATOHOBCKOIro B3anMOLENCTBUS:
1 - POTOH NEPBUYHOrO PEHTIEHOBCKOIO U3NyYeHns; 2 - CBOOOOHbIN SNEKTPOH;
3 - HanpasJrieHne OBWXKEHNA SNeKTPOoHa Nnocsre B3anMoLeNCTBUS;
4 - paccedHHbIN POTOH
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dppekm obpa3oeaHus nap.

[na OoTOHOB, B3aMMOAEWCTBYHOLINX C BeLEeCTBOM U UMEILNX
9Heprmo  6bonbwe 1,02 MoaB, cywectByeT BeEPOSTHOCTb
aHHUTMNAUMKM BONKM3KM aTOMHbIX aaep. Npn aToM oOHOBPEMEHHO
0Opa3yoTcs AMEKTPOH U MO3UTPOH.

[Mpn GonbLWMX 3HEPrnsx nagarowmx OTOHOB 3SIEKTPOH N MO3UTPOH
CBbeJ'IeTaPOT NOYTN B HarnpaBneHusax OBWXKEHUS obpasoBaBLUErNO UX

OTOHa.

KoecepeHmHoOe (pesieeeckoe) paccesHue.

Takoe paccesiHne urpaet 3Ha4YnTENbHY Ponb NPy B3aMMOOAENCTBUN C
BELLeCTBOM (POTOHOB HU3KOU SHeprun. Takon OOTOH CTUMYNMPYyeT
KonebaHne opbuTarnbHOro 93MeKTPOHAa, Koraa OH MOornoLwaeTcs
aTOMOM.

Bo30OyXOeHHbI  3nekTpoH He BblOpacbiBaeTcd W3 aTtoma, a
AMUTTUPYET UOEHTUYHbLIN NEePBOMY MO 3HEPrUN BTOPUYHLIN (OOTOH,
KOTOPbIN MOXET ABUraTbCA MNo4 YrrioM K HanpasfeHUo OBUXEHUA
nepBUYHOro poToHa.

KorepeHTHOe paccesiHne MOXET MPOUCXOAUTb TOSMIbKO B NMPUCYTCTBUK
aTOMOB, B KOTOPbIX 3MNEKTPOHbl TECHO CBsi3aHbl C A4pom. Bknapg
9TOro Tuna paccesHuss B obwun KoaddpuumeHT ocnabrneHus
N3nydyeHns matepmanom obbekTa KoHTponsa He npesbiaeT 20%.
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KayecmeeHHbIe XxapakmepucmuKU peHma2eH08CK020 U3J1Y4YEeHUS.

OCHOBHbIMW  BENUYNHAMM, XapaktepmndyowmMmmnm KadyeCctBO MOHO3HEPreTn4ecKkoro
PEHTIEHOBCKOIO N3JTyHEHUA, ABJTAKOTCA:

- 9Heprug KBaHToB 11 ooToHa hy;

- ANVHAa BOJHbI U3Ny4eHuns A.

Tak Kak Ha npakTUKe KadeCTBEHHbIM COCTaB W3NyyYeHust onpegenserca no ero
ocnabrneHuto Npu NPoXoXXgeHnn onpeaeneHHon TomnwmuHbl JaHHOro martepuana, 1o
MOXHO  XapakTepu3oBaTb KaA4YeCTBEHHbIN COCTaB  WU3NyYeHUS1  JIUHEUHbIM
KoaghpuyueHmom ocnabrsieHus L.

Ans MOHO3HEepPreTM4eckoro WM3nNyyYeHUst IUHENHbIA Ko3dUUMeHT ocnabneHus B
BeLlecTBe OyaeT NOCTOSAHHBIM NPW JaHHOW 3Heprum oToHa.

OHeprust ©OTOHOB O4EHb CUITbHO 3aBUCUT OT HaMNpPsXKeHUs1 Ha PEHTreHOBCKOW Tpybke.

KayecTBeHHbII COCTaB PEHTIEHOBCKOTO W3MNyYeHUs! OLEHUBAKOT MO HEKOTOPbLIM
9(bdEeKTUBHBLIM BENUYMHAM, OMpedensiolnM XapakTep €ero ocrnabneHust npu
MPOXOXAEHUN UM ONpedeneHHoro NyTu B BELLIECTBE.

Tak agbgpekmueHoOU aHepauel hOMOHHO20 U3JTYYEHUS Ha3blBalOT AHEPINI0 TaKoro
MOHO3HEPreTU4ecKoro (POTOHHOrO U3My4YeHUs, OTHOCUTENbLHOE ocnabneHne
KOTOpPOro B MOrNOTUTENE ONpeaenieHHoro coctaBa WU onpeaerieHHOW TOMLWMHbI
Takoe Xe, Kak WU Yy paccMaTtpnmBaemMoro HEMOHO3HEPreTuyeckoro OTOHHOrO
N3NyYeHUs.

OgHako mn3MepsaTb ocrnabneHme MOXHO U C YYETOM pacCesiHHOro B nornoTtutene
N3MyYEeHUsi, BbIXOOSALWEro W3 HEro Mo HanpaeneHuaM, He coBnagarwowum C
NEPBUYHBLIM MYYKOM.
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[eomeTpus NyykoB
N3Ny4YEeHUS:
a - y3Koro; 6 - LUMpoKOoro

1 - NICTOYHUK MN3NYyYEHUS;
2 - KOonnaumaTtopsl;
3-OK; 4- petektop

B HoOpmaTUBHbIX [JOKYMEHTax Mo
pagnaLMOHHOMY  KOHTPOMK  Y4acTo
UCMONb3YIOT  MOHATUA  Y3K020 U
WUPOKO20 __MYYKO8 _ UOHU3UpYHOWe20
U3/1YYEHUS.

[100 y3KUM y4KOM MOHUMAIOT MU3Ny4YeHune,

cocTosillee OO0 B3aMMOOEWUCTBUA CO
cpenon U3 nepBUYHOro HanpasiieHHOro
N3ny4yeHud, a nocne B3anMogencTens c
HEen — N3 4YacTu NepBUYHOIO U3NYyYeHUs,
HEe WuCNbITaBWEro B3aMMOAENCTBUS CO
cpenomn.

LLJupokuM ry4KoM Ha3bIiBaloOT n3ny4vyeHune,

COCTOsdllee A0 B3auMMOOAEWUCTBUS CO
cpenon M3 MOHU3UPYHIOLLErO U3MyYeHUs
C BblAEeNEeHHbIM HanpaBneHnem
pacrnpocTpaHeHus, a nocne
B3aUMOOENCTBUA C HEM — n3 4acTu
NepBUYHOIo N3ny4YeHus, He
UCNbITaBLLEro  B3aMMOAEWUCTBUE  CO
cpenoun, N pacCessHHOro U3yyYyeHus.
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AnbTepHaTUBOW HanpaBreHHOMY U3NnydYeHunto aensetTca dughgpysHoe usnyqdeHue,
T.e. W3Ny4YeHue, KOTOpPOoe He WMeeT MNPENMYLLEeCTBEHHOro HarnpasneHus
pacrnpocTpaHeHus.

3Hepr|/1$| PEHTIEHOBCKOIO N3Jiy4eHnd 3aBUCUT OT.
- QHEPIreTn4HeCKoro cnekTpa nepBmnYHOro ny4yka mn3styveHus,
- TOJNIWUHbI MaTepunarla obbekTa KOHTPOJIA, Yepes KOTOprI?I NpPpOoXoanT N3jty4deHune.

B peHTreHorpadun oObIMHO CYMTAETCH, YTO NPU UCMONb30BAHUMN PEHTIEHOBCKMX
Tpybok Ha HanpsikeHue Bbille 200 kKB n3nyyeHne 3a 0ObEKTOM KOHTPOMSA He
CYNTAEeTCd  MOHO3JHepreTuyeckMum N KOaddUUMEHTbl  ocnabneHus
MOHO3HEPreTU4YeckUX My4YkoB W3NyYeHus B 3TOM cCIy4yae nydlle He
NCrnonb30BaTh.

[na KavyecTBeHHOWN XapaKTepMCTI/IKI/I PEHTIEHOBCKOIO UN3JTy4eHUA 0b6bI4YHO
N3IMEPAIOT CJ10U OI'Ipe,EI,eJ'IeHHOI/I KPaTHOCTHU ocnabneHnss noTtoka 4actuy
(3Hepr|/w| nTAa. ) N3nyyvyeHna minm MowHOCT1 Ao3bl N CTeNneHb HeOa4AHOPOAHOCTH
HEMOHO3HEPIreTn4eCcKoro n3rny4eHun4.

B paguorpacdum , Kak u B JO3UMETPUU, AN 3TOr0 YacTo Monb3yTcs NepBbiM
Croem MosIoBUHHOTO OcrnabneHnst NOToKa 3HEePrum Un MOLLIHOCTW A03bl A', .
[Mopn crnoem MonoBUHHOIO OcnabneHust MOHMMAalOT TOMLWMHY CINOSA BELLECTBa,
ocnabnsawLlero HanpasneHHoe uanydyeHue B 2 pasa. [Mpu aToM pasnuyaror,
Hanpumep, Croil MOMOBMHHOTO OCMabrneHns NNOTHOCTU MOTOKa 3Hepriu
NOHU3NPYIOLLIETO M3MYYEeHMs, CION NOMOBUHHOMO OCNabneHns 3KCNO3NLIMOHHOV
[103bl, CIOW MOJTOBUHHOTO OCNabneHns noToka MOHU3UPYIOLLMX YacTuL.

CBsA3b MeXay JNUHENHbIM KoadbduumMeHToM ocnabneHuss 4 U nepBbiM CHOEM
MNoMoBUHHOIO ocnabnexua A', , crneaytouias:

A, = 0,693/ 1



B3aumodelicmeue 3/71eKMpPOHHO20 U3J1y4eHUsl C

eeuwlecmeom.

[lpoxooa 4yepe3 BeLWLECTBO YacCTUUbl 3TOr0 WU3NyyYeHUs 3amMennsoTcs B
pe3ynstaTte B3aMMoOOeWCTBUA C ero aromamu. Bsammopgewucrteue
9NIEKTPOHOB U MO3UTPOHOB C BELLECTBOM Ka4yeCTBEHHO OOMHAKOBO.
OTnn4ymne cocTouT TOMbKO B aHHUTUMALMK NO3UTPOHOB.

B3anmopencteme ObICTPbIX SMNEKTPOHOB C BELIECTBOM CKIaablBaeTCca B
OCHOBHOM W3 [IByX OCHOBHbIX MPOLIECCOB:

NMOHN3aUunUn nin 3036y>|<neH|/|;| dTOMOB N MOJIEKYIT,
HEeYMNpPyroro CTofikHoOBeHNA C atoOMHbIMU AOPaMMN.

[loTepu aHeprun arneKTPoOHOB Ha MOHU3ALMIO NN BO3OYXOeHMe Ha3biBakoT
UOHU3AUUOHHbIMU romepsiMu, a NoTePU SHEPrMn Npu  Heynpyrom

CTONKHOBEHUW C siapaMn (Ha TOPMO3HOE M3NyYeHne) — paduauyUoHHbIMU
rnomepsimu.

3apsKeHHbIe YacTuubl OONbLUIEN YACcTbO TEPSIOT OYEHb Mario AHEPrUn Ha
Kaxgoe cobbITe MOHM3aUUN Ny Bo30yXaeHne No CpaBHEHMIO CO CBOEWN
COOCTBEHHON KMHETUYECKOM 3JHeprmen. Takmm obpasom, HenetawLad
YyacTuua B Xo4e 3Toro rnpouecca noYTn Uim COBCEM He OTKIOHSAETCS.

MoHM3aUWOHHbIE NOTEPU Ha eauHuULy NyTu ,3NeKTPOHa B LUIMPOKOM
[auanasoHe 3Heprum nNponopLumnoHarnsHbl nz / v2,

20e zZ — aToOMHbIN HOMep TOPMO3ALIEro BelecTsa, N — 4YMCNO aTOMOB
BelecTsa B 1 CM?, v — CKOPOCTb 3NIEKTPOHOB.




B3aumodelicmeue 3J1eKMPOHHO20 U3J1y4YeHUsl C eeuecmeom.

UToObI onpenennTb NPUONMXEHHYIO ANUHY npobera YyacTuu SNeKTPOHHOIO
N3rly4eHnsa B BeLWeCTBe, Hanpumep B anioMUHUKN, MPUMEHSIOT
aMnupuyeckme oopmynbl:

npu Eo> 0,5 MaB Rai=0,2 Eo cm,
Eo < 0,5 MaB Rai=0,1 Eo cm,

roe Eo — HayanbHas aHeprus 4YacTuubl B MerasanekTpoHBonbTax,
Ral— anuHa npobera.

3Hasa npober YacTul, B antOMUHUK, MOXHO OnpeaenuTb ANUHY npobera
ans niodoro BellecTsa x no oopmyrne

Rx = (pz /A)ai/ (pz /A)x ,
roge o — NNOTHOCTb BelllecTBa; A — MaccoBOe YUCHO.

Pa,EI,I/IaLI,I/IOHHbIe NoTEPU Ha eauHULY NYTU SNEeKTPOHa NMPOnopLMOHarbHbI
nz?, T.e. KBagparty aToOMHOro HoMepa TOPMO3HOro BELLECTBA.

[Mpw aHeprvm anekTpoHoB okosio 1 MaB uvoHM3aUMOHHbIE MOoTEpPU
coctaBnawT  npumepHo  95%. [lpn  SHeprmn  3MeKTPOHOB,
B3aMMOOENCTBYIOLWNX CO cBUMHUOM (z = 82), paBHon 10 MaB,
NOHN3aUMOHHbIE NOTEPU NPUMEPHO PaBHbl pagnaUNOHHbIM.



PNINHECKWME OCHOBbI PK

B3aumodeucmeue anbgha-4yacmuuy c seuiecmeom.

I'Ip|/| NPOXoxXaeHnn ad-4acTtuL 4epea3 BeLeCTBO OHN NMPUTATrNBakoT
BHELLHNE op6|/|Taanb|e ANIEKTPOHbLI aTOMOB, OTpblBasd MUX MO
NMyTWN CBOEINro ABNXEHUA.

OTWU QJMNEKTPOHbl He [OBUraloTcsl BMECTe C a-4YacTuuen, a
NoKanusyTcs, o00pasyd WOHHble napbl (3MEKTPOHbI U
NONOXUTENbHbIE NOHbI), KOTOpble MeOS1eHHO
pe|<0|v|6|/|H|/|pyr0T a-4acTuLbl OCTaBMAT AOPOXKKY M3 104 ..
10° MOHHBIX nMap Ha KaXObli CaHTUMETP CBOEro MyTu B
BO3OyXe, T.e. HA AOBa nopsaka Oonblue YemM YUCIIO MOHHBLIX
nap rnpu NPoxXoXxgeHun B-4yacTtumubl.

[OnnHa npobera ao-yactTvubl B  BO34QyxXxe  COCTaBldeT
npmnonmxeHHo 0,5 cm Ha 1 MaB KnHeTn4eckom aHeprun.

KnHetndeckad o9Heprma da-4actuubl, WUCNYyCKaemMou AOpom,
coctaBnsaer 2 ... 6 MaB, Ttak 4to mnx npodber B XUOKNX W
TBEPObIX cpeaax COCTaBISET BCEro HECKOSIbKO MUKPOMETPOB.

B KOHKpeTHOM MaTepuane Bce a-4acTulbl, UWMeloLme
O MHaKOBYIO SHEPIuto, MPOXOAAT OAHO U TO XE PaCcCTOSAHME.




B3aumodelicmeue HelimpoOHHO20 U3J1IY4YEeHUSsI C 8eWeCMaEOoM.

B3aumopencreme HeIZTpOHOB C BewectBOM UMEET COoBEPLLIEHHO WHblE MEXaHN3Mbl, 4yem
B3anmogencrtsme ¢ HAM 3apAXeHHbIX YaCTuL.

[MoCKOSMbKY HENTPOH HEe MMEET 3apsfa, OH He UCMbITbIBAET KYSIOHOBCKUX B3aMMOOEWUCTBUU U MOXET
cBob6OOHO nepemMelaTbCsa Yepes BELWEeCTBO A0 TEX Mop, NoKa He CTONKHETCHA ¢ sapoM atoma. B
oOLLeM, HENTPOHbI B3aUMOAENCTBYHOT C BELLLECTBOM ABYMS criocobamu:

HENTPOH NNBO paccemBaeTcs 94pOomM,
nnbo nornoLaeTcs UM.

lMpu ynpy2om paccessHUU HEWTPOH CTanNKMBAETCS C SAPOM U YXOOMUT, OCTaBNAs A4p0 6e3 U3MEHEHUN.
MNpy TakoM CTONKHOBEHWN HENTPOH OTAAET YacTb CBOEWN 3HEepruu SApy, W, cnegoBaTenbHO, Npu
Ka)kJOM CTONKHOBEHMM SHEPIUSI HEUTPOHA YMEHbLLIAETCS.

Mocne psiga CTONKHOBEHWU C SApaMu ero 3Heprust yMeHbLUaeTcsl 40 YPOBHSA CPeaHEeln KMHETUYECKOW
SHepruM nornowiarowen cpegpl. 9Ty 3HEPrui 4YacTo HasbliBalOT merns108o0l, MNOCKONbKY OHa
3aBUCUT OT TemnepaTypbl. Takne HEUTPOHbI Ha3bIBalOT MernJsiIoebiIMU HelimpoHamu.

[MockonbKy nepenaya aHeprnmn, NPMXoasLENCa Ha Kaxaoe CTOMKHOBEHWEe, bonblue Ans nerkux aaep,
B KayecTBe 3ameanunTernen HeMTPoOHOB UCMOSb3YIOT MaTtepuarbl C HA3KUMU aTOMHbIMU HOMEPaMM.
[Mpy KOMHaTHOW TemMnepaTtype TensioBas aHeprus pasHa npumepHo 0,04 aB.

lpu Heynpy2oM paccessHUU HEWTPOH CTankmBaeTcs C A4pOM, OCTaBnsis ero B BO3DYXOEeHHOM
COCTOSIHUKN, U S4p0 nMBo HemeaneHHo, nNnbo BNOCNEeACTBUM BbIOENSET 3JHEpruio B Buae
POTOHHOIO U3Ny4yeHus.

MocKonbKy HENTPOH HE MMeEeT 3apsaaa, OH MOXET MPUBNMKaTLCA K AApY A0 TEX MNMop, Noka He HauvHyT
[IeICTBOBaTb KOPOTKOAEWCTBYIOLLME AOepHble CUMbl NPUTSKeHua aapa. Mpu aToM npouecce
HENTPOH 3axBaTbiBaeTcsl, 0bpasysa cocTaBHOe AapO.

[MOoCKONbKY 3Heprusi CBA3M HEWTPOHa B COCTaBHOM sape paBHa npumepHo 8 MaB, gaxe 3axsat
TENMNOBbIX HENTPOHOB MOXET MNPMBECTU K BbICOKOBO3DY)XOAEHHOMY COCTOSIHMIO fgpa. 3JTo
BO30OYy>XAEHHOE SA4P0 MOXET AOCTUTHYTb OTHOCUTENbHOW YCTONYMBOCTU, BblOpackiBas rpOoMmoH, a-
yacmuuyy wnn ncnyckasa n3bbITOUYHYHO SHEPIUO B BUAE GPOMOHHO20 U3/Ty4YEeHUS.

ﬂpm NCMNyCKaH1 4YacCTuubl NMPOUCXOOUT npespaleHne aapa-mniieHn B apyroe 4A4po, otnnyvaruleecs

OT ncxogHoro maccoebiMm 4mncrom unsin atToOMHbIM HOMEPOM. oT0T npouecc N3BeCTeH Kak ﬂdepHoe
rnpespaweHue.



B3aumodelicmeue HelimpOHHO20 U3JTy4EeHUSs C eeulecmeom.

[MocKkonbKy XapakTep B3aMMOLEWCTBUA HEUTPOHOB C BELLECTBOM W POfb OTAESbHbIX
NPOLIECCOB 3HAYUTENbHO 3aBUCAT OT SHEPrMm HEUTPOHOB W MHAOMBUAYANbHbIX
CBOWCTB s4ep, NpeactaBuUTb CyMMapHbin 3dddeKT B3aMMOOAENCTBUS KaKUM-IMOo
NPOCTbIM CrocobomM HeBO3MOXHO. OgHako BEPOATHOCTb NOOro B3aMMoOeNCTBUSA
Mexay HeMTpoHamMmu U BeLleCcTBOM MOXHO BblpasuTb C MOMOLLBLIO TaKoro MOHATUS,
KaKk cedeHne B3aumMmoaencTBUS.

CeyeHue esaymodeﬁcmeun O eCTb 3(h(PeKTMBHasA nnowlaab sapa MULLEHN, obpalleHHas K
B3aUMOLENCTBYOLLEMY HEUTPOHY.

OHO genuTcs Ha napunanbHble CEYEHUA.

B psioe cny4vaeB uenecoobpasHo paccmaTpmBaTb B3aMMOOEWUCTBME HENTPOHOB C aTOMHbIMU

A0pamMun, cogepxawmmmcda He B einHnLe obbema, a B eAuHuULIE MacChbl BeELLECTBa. [ns
J3TONo0 BBOANTCA BEJIMMMHA, Ha3blBaEMasd MacCCO8bIM MaKPOCKOINMU4YeCKUM ceYeHuem
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B3aumodelucmeue HeUmpOHHO20 U3JTY4YEeHUsI C 8eUWleCmeoM.

HaseaHue rpynnbl

XapaktepucTuka rpynnbl

[Jvana3oH aHepruu

Ob6niacmb HU3KUX 3Hepaul
MeaneHHble
XonogHble

TennoBble

HapnTtennoBbie

HaunbGonee wiMpoko ncrnonb3yemas rpynna

B otom pgmanasoHe 3HeprV||7| HabntogaroTes pe3kue
N3MEHEHNSI 3HAYEHUN CEYEHMN B3aUMOOENCTBUS, KOTOpblEe
npuBoaAT K  YMEHbLUEHUKO  MNMpPOo3payvyHOCTU HEKOTOPbIX
MartepuanoB, HO BbICOKOW SCb(beKTVIBHOCTVI OETEKTNPOBaAHNA

CeueHnsa B3auMMOOENCTBUS W3MEHAIOTCHA HeperynapHo oT
3NleMeHTa K 3fIeMEeHTY, AOCTYMHOCTb UCTOYHUKOB

[MOTOK TakMx HEWTPOHOB Tem 6Gonblwe, 4YemM MeHblue
3ameqnsowias cnocobHOCTb BellecTBa 3aMeanmTens

N01033B
Menee 0,01 aB

0,01 ...0,53B

0,5...10%3B

Obnacme pe3oHaHco8

3aBMCUMMOCTM NOSTHbIX CEYEHNN B3aUMOOENCTBUA OT SHEPTUM
NMET PAL OCTPbIX MAaKCMMYMOB Pe30HaHCOB. [1oBbILLEHHAdA
MNPO3pPayYHOCTb N YMEHbLUEHME paccesHNa B obpasuax, co-
AepXxalluux Takne matepuansl, Kak Bogopoa u oboraueHHoe
saepHoe ToONIMBO

1...10%3B

Obnacmb 6biIcmpbix
HelimpoHOo8

KOHTpOJ'Ib OONbLUMX TOMLLUWH TSXKENbIX U NErkux MaTtepuanos.
To4yeYyHble NCTOYHUKN N3JTyHEHUA. B obnacTtu HU3kmx 3Heprm7|
CreKkTpa Nno3BondroT NpoBOANTb KOHTPOJb, BO3ZMOXXHOCTU
KOTOPOIro aHanorn4Hbl KOHTPOJHO C NMOMOLLIbIO TENMJOBbIX
HeVITpOHOB, HO C 1Ucnosrb3oBaHNeM nNaHopamHoOro
npocse4vnBaHUA. CeuveHna BzammoaencTema marbl U NOYTH

OOMHaKOBbI Anst 6onblUNHCTBA MaTtepunanoB

Bonee 20 MaB




NCTOYHUNKN NOHN3UPYIOLWEIO U3JNTYHEHUNA

1. Cnocobbl YCKOPEeHUs 3JIeKMPOHOS8.
B pagnaumMoHHOM KOHTPOJ1e NCNofib3ytoT B OCHOBHOM TpU BAa MOHU3NPYHOLLINX I/I3J'Iy‘-IeHI/Il7IZ

- PeHTreHoBCKoe,
- ramMma-usny4yeHuve,
- HEUTPOHHOE N3NyYeHUs.

NCTOYHMKaMN pPEHTFEHOBCKOIO U3MyYeHUA B MNPOMBILSIEHHOCTU ChyXaT YCKOPUTENW 3EeKTPOHOB
(peHTreHOBCKMe annapaTbl, 6eTaTpPOHbl, MUKPOTPOHbI, FIMHENHbLIE YCKOPUTENW U T.M.) U UCTOYHUKKN BeTa-
N3NyYeHus.

B kauyecTBEe UCTOYHNKOB raMmma-mn3nydyeHna NcnoJyib3yrTcA B OCHOBHOM paanOaKTUBHblIE MCTOYHUKNA.

NcTouyHMKamMn HEeNTPOHOB ABMSAIOTCA SAEpPHble peakTopbl, PaAnOaKTUBHbIE UCTOYHUMKM W YCKOPUTENU
3apsKeHHbIX YacTul (reHepaTopsl).
Yckoputenu SneKkTPoHOB PasfnuMyaloTcsd MO KOHCTPYKUMW, Ha3Ha4YeHuo, MaKCUMaribHOW 3Hepruu
3NEKTPOHOB U OPYrNMM XapaKkTepucTukam. YCKOPUTENN Kraccuuumnpyotca no oopme TpaekTopumn yactumy
B yCKOpUTEre 1 NPUHLUNY YCKOPEHUS.

[Mo dbopme TpaeKkTopmn INEKTPOHOB YCKOpUTENN OENATCA Ha.

- IUHelHble, B KOTOPbIX TPAaeKTOpUM YacTul, 6rnsku K NpsiMon NNHUN,
- UUK/IUYeCKue, B KOTOPbIX 3NEeKTPOHbI NoAd AeNCTBMEM BeAyLLEero MarHUTHOrO Nons ABMXKYTCHA Mo opbuTam,

GNM3KUM K KpYroBbIM.

Mo MpUHUMMY YCKOPEHWUs, T.e. MO XapaKTepy YCKOPSIOLWEro aneKTPUYEcKoro Mons, YCKopuUTenu
KnaccnduumnpyoTcs Ha:

- 8bICOKOBOJ/IbMHbIE,
- UHOYKUUOHHbIE,
- PE30HaHCHbIe.

B BbICOKOBOMLTHbLIX YCKOPUTENSX YCKOPSIOLLIEe 3neKTpuyeckoe nomne obycrnosrneHo 6onbLIo pasHOCTbo
NOTEHUMANOB MeXAy 9reKTpoAaMu YCKOPSIIOLIEro MpoMexyTka M OeUCTBYeT B TedeHue WHTepBsana
BPEMEHW, 3HAYUTENbHO OONbLUEr0 BpPEeMEHW MNporeTa 3SMeKTPOHOM BCero nyTu YyckopeHusi. B Takmx
YCKOPUTENSX TPAEKTOPUS SNEKTPOHOB ABMAETCA NPEeUMYLLECTBEHHO NPSIMONTMHEHOW.

B yckoputenax WHAYKUMOHHOrO Tuna YCKOpEHNE 3IEKTPOHOB OCYLLUECTBIIAETCA C NOMOLLBHO BUXPEBOIo
ANEKTPUHECKOro norsA. MOFyT ObITb NMHENHbIE U LUKNn4ecKkune.

[MpuHLMN YCKOPEHNS PE3OHAHCHbIX yCKOpMTeJ'IeIZ OCHOBaH Ha TaK Ha3blBaeéMOM pPe30HaHCHOM YCKOpPEeHWUN,
NnPpn KOTOPOM [OBUXEHWNE 3IJIEKTPOHOB TMPOUCXOOUT CUHXPOHHO C NepeMeHHbIM YCKOPAKWUM MNoJieM.
YacTtoTa YCKOpALWero nojid Moxet ObITb NOCTOSIHHOW UM MOHOTOHHO M3MEHSIHOLLIEVNCS. yCKOpVITeJ'IM TOro
ThnNa MoryT ObITb NIMHENHbIE U LIKINYECKUE.




MCTOYHNKN NOHUN3NPYOLWLETIO U3ITYHYEHNA

PeHmeeHOBCKUe annapambesl,

« PeHmeeHo8CKUM annapamomM Ha3blBaoT COBOKYMHOCTb TEXHUYECKMX
CpeAcTB, MNpedHasHayYeHHbIX AOnd MonyYeHns U UCMOoNb30BaHUS
PEHTrEeHOBCKOro u3nyveHusi. B obwem crny4Yae peHTreHOBCKUN
annapart COCTOUT U3 TPEX OCHOBHbIX YaCTEN:

- PEHMe2EeHOBCKO20 U3/Tydamerisi, BKIOYaoLWEero PeHTreHOBCKY TPYOKY,
SABMSAIOLWYIOCA BbICOKOBOSMBLTHLIM  9MEKTPOBAKYYMHbIM  NPUOOPOM,
3aKNIOYEHHYIO B 3aLUUTHBIN KOXYX;

- PEHMeeHOBCKOeO rNnumarnuweeo ycmpoiicmea, BKIHOYaloLLEero B CBOW
COCTaB BbICOKOBOJIbTHbIN reHepaTtop 1 NyrbT yrpaBleHUs,

- ycmpolicmea Ons pUMEHEHUS] PEeHM2eHO8CKO20  U3/1y4YeHUus,
cry»aLlero ansa npuBeeHns B pabodee nornoxeHue usnydartens.

B coBpeMeHHOW PEHTreHOTEXHUKE UCMNOMb3YTCA BbICOKOBAKYYMHbIE
(nopsgka 10* Ma) Tpybkm c pgByms (katod, aHon) u  bornee
aneKkTpogamu.



MCTOHYHUKU MOHN3NPYIOLWETIO N3NTYHEHNA

4 5

2 J
4@3 Cxema peHTreHOBCKOW TpybkuM C

' HanpasfeHHbIM BbIXO4OM MU3NYyYEHNS:
1 - CTEeKNAHHbIN BanmnoH;
2 - OKYCUPYIOLLINKW 3NEKTPOA;

-\ 3 - HUTb Hakana Katoaa;
4 - yexon aHoAa;
@j 5 - MmeHb aHopaa

e Tpybka cpegHel MOLLUHOCTU COCTOUT M3  BaKyyMHO-MMOTHOro  6annoHa,
N3roTOBIEHHOIO M3 CTeKNa WUnn No MeTanfiokepaMnyeckon TexHomnorunm. [Ona atux
uernen obblMHO umcnonb3dyeTcs GopocunukatHoe ctekno (B203, SiO2), kotopoe
NO3BOSMISIET MPUMEHSATb CTEKNSAHHO-METanInM4yeckne BBOAblI HAa OCHOBE KOBapa,
nMmetroero KoadoMUUUEHT TENIOBOIoO JIMHENHOIO PacLUMPEHUS, KaK 1 Yy CTekna.

 TpyOKn co CTEKNAHHbIMK BanfoHaMn YyBCTBUTESbHbI K TEMNOBLIM N MEXAaHUYECKUM
yaapam.

« bannoH w™eTtannokepamuyeckux Tpybok npeacrtaBnser cobon MeTanIM4yeckun
UUNUHAP, 3aKpbITblM C 00enx CTOPOH KepaMUYeCKUMWU OUcKamMum OBbIMHO M3 OKUCK
antoMuHnA. Bblcokne M30MNSUMOHHbIE XapaKTEPUCTUKM TakKOW KepaMuKUA MO3BONSAKT
YMEHbLUNTL pasMepbl Usnyvatenen.




MCTOYHUKUN NOHUSUPYHOLLEINO N3JTYHEHUNA
Z J
|

Cxema meTannokepamMmm4eckom
PEHTreHOBCKOW TPYOKu:

1 - KaTOOHbIN Y3erT;

2 - METaNNUYECKNN LUnNUHAOp;

3 - aHOOHbIN y3erT;
‘f et 4 4 - KepaMnyeckKme ONCKK

e KamoOHbIU y3e;n BKNOYaeT BONbAPaAMOBYIO HUTb Hakana,
3aKpYYEHHYI0, KakK npaBurio, B cCcnupanb W  OKPY)KEHHYIO
METanNYeCcKMm SfieKTPoOOM, CO3JalLMM BOKPYr Hee TaKylo
KOHpUrypauuo 3neKTPUYECcKOro nons, Npum KOTOPOW 3SNEKTPOHBI,
BbIXOOAWME W3 Katoda, OBWXKYTCA K aHogy B Buae Y3KOro
9NIEKTPOHHOIO nyykKa.

 HuTb 0ObIMHO NUTaEeTca nepemMeHHbIM TokoM (500L) OT oTAEenbLHOro
perynupyemoro TpaHcgopmaropa.

 Tok HUTWM HaKana HaxoauTtcs B npegenax 1 ... 10 A. Tok Tpybku
nexutT B OuanasoHe HeCKONbKO [OeCATKOB MuKpoamnep, Y
MUKPOMOKYCHbIX TPYOOoK — 0o 20 MA.




MCTOHYHUKU MOHN3NPYIOLWETIO N3NTYHEHNA

Ba)XHOCTb XOpoLLO o4yepyeHHOU PopMbl My4yKa 3MNEeKTPOHOB, BbIXOASLLEro U3 Kkaroaa,
obycnoBrneHa TeM, 4YTO HEpe3KOCTb M300paxeHusi Kakon-nmbo pgetann obbekTa
KOHTPOMHA, MPOCBEYMBAEMOrO W3Ny4YeHMEM annapaTta, 3aBUCUT OT MNOMepeYdHbIX
pasMepoB ATOro nyyka.

nOCKOﬂbe My4YOK UCXOOUT OT HUTWU HaKalrlia, 3Ty HEepPe3KOCTb, Ha3blBA€MYIO
FeOMeTpMHeCKOVI, Kasarnocb, MOXHO Oblfi0 Obl CHU3UTD, YMEHbLINB pa3MepPbl HUTHU
HaKasjla, HO BO3MOXHOCTb TaKOro TEeXHUYECKOIo peweHna orpaHn4mnBaeTcs
MPOYHOCTbIO N O0NTOBEYHOCTbIO HUTW.

OOHUM M3 pelleHun aABMsieTcs cnocob NMHENHOM POKYCUPOBKK, KOTOPbIN COCTOUT B
npoeumpoBaHnum NPSAMOYrofibHOro 9JTIEKTPOHHOIO doopmMupyemMoro nyyka,
NpoayUMPOBAHHOIO KaTtogHbIM Y3I10M Ha MULLIEHb, PACMONOXEHHYHO Nog yrinom (oKono
20°) K nyyky.

[Mpn TakoMm NpoeuMpoBaHUM PEHTFEHOBCKMMA MY4YOK Kak Obl MCXOAUT M3 (POKYCHOro
NATHA, UMEKOLLIEro paBHble BOKOBbIE pa3Mepbl. Ha npakTuke 3TOT MeTod no3Bonder
BbINycKaTb anmnapaTtbl ¢ pa3MmepamMn POKYCHOro nNATHa OT Aofien munnmmeTpa o 3

MM.
W Cxema hopmmpoBaHns

~k 30 PeKTUBHOIO OOKYCHOro nNATHa
Pl >~ @ PEHTrEHOBCKOW TPYBKM C HanpaBneHHbIM
b s BbIXO4OM M3MNYy4YEHNS:
T ~ m ~ / - 3NEKTPOHHBIN MyYOK;
\
| | V5 2 — n3obpaxeHune agdHEKTUBHOIO
| s & JOOKYCHOro NATHa;
3 | g 3 — pa3mepbl n3obpaxeHus

-——-’—1-——1—6— AencTBUTENbHOro OOKYCHOro NATHa
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« Ecnn Tpebyetca panbHenwass dOKycUpoBKa MNy4Ka,
MOXHO MNPUMEHATb TPEXANEKTPOAHYI  KOHCTPYKLUIO
TPYOKN C POKYCUPYIOLLMM INEKTPOAOM MO0 CETKOMN UNU
anekTpocTaTndeckme, NMMOO MarHUTHbIE OTKMNOHSOWME
CUCTEMBI.

« B TpexanekTpoOgHOM KOHCTPYKUWUK, KOTOpad LIMPOKO
ucnonb3yetca B MUKPO(POKYCHOM  PEHTrEHOBCKOM
obopyAoBaHMM, Ha TPEeTUM 3neMeHT TpyOku nopaercs
oTpuuartenbHbIN NnoTeHuman o -150 B ansa ganbHeEULWEN
dOOKYCUPOBKM My4yKa U yOaneHus HU3KO3HEepPreTndeckux
9NIEKTPOHOB M3 ny4yka. Takoe BbINONHEHUE TPybKK
no3BonsieT opmmpoBatb (POKYCHble nsATHa MeHee 50
MKM.

e AHOQ PEHTFeHOBCKMX  TPYyOOK  W3rOTOBMAAKT U3
mMatepuana, obnagawmowero  BbICOKOW  yAenbHOW
TENSoNPOBOAHOCTbLIO, Hanpumep W3 Meau, a MULLEHb
aHoga — 13 Bonbdpama. MuweHb NNOTHO pa3MeLLaeTCs
B MegHOM aHoge Ana  obecrnevyeHusi  BbICOKOW
TEnonpoBOAHOCTH.
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» HavanbHas CKOPOCTb Yy JJIeKTpOHa Ha MNOBEepXHOCTU KaTtoda paBHaA HYJIO, a
KMHETNYECKaA 3HEPINA B MOMEHT AOCTUWXEeHNA MNLLEHWN PaBHa eU,

rge e — 3ap4d SJ1IEKTPOHaA, U- Pa3HOCTb NnoTeHuunasnoB Mexay Katogom " MULLEHbIO.

* [lpun yoape anekTpoHa c KuHeTn4deckon aHeprmen el o muLleHb TpaHcdopmauua ero
SHEPrNn MOXeT MPONUCXOANTb HECKONbKUMW MYTAMM.

« [lpu HenocpeacTBEHHOM B3aMMOLEWCTBUMM IMEKTPOHA C SAPOM atoMa MULLEHM OH
TOPMO3UTCS SAPOM, KOTOpOe BcreacTtBMe OonblloW Maccbl He WCMbITbIBAET
OLLYTMMOrO BO3MYLUEHUS WU MO3TOMY He norfydaeT 3Heprun. B pesynbrate Bcs
KMHETUYECKas SHEpPrus arneKkTpoHa TpaHcopmupyeTcst B POTOH U3NYyYeHUs.

 bonbwnHCTBO ANIEKTPOHOB B lMy4Ke B3aI/IMO,D,el7ICTByeT C 3J1eKTpoHamMun, CBA3aHHbIMU C
daToMaMn MULLIEHMN.

 [ns BbiOMBaHUS 9NEKTPOHa W3 TakMX aToOMOB TpebyeTcsi Nullb 4YacTb 3HEpPrum
HaneTawwmx 9fieKTpoHoB. [locrne TOro Kak HamneTtawLlUh 3MEKTPOH YTpayuBaerT,
TakmMm o00pa3oM, 4YacTb CBOEW 3JHEprumM, a 3areM TOPMO3UTCA SOPOM, SHEeprus,
TpaHcopmMmupyemass B PEHTFEeHOBCKMA (OOTOH, OKas3blBaeTCsd MeHblue, 4yem el.
[ToaToMy Takon (POTOH MMeeT OPYrylo OSIMHY BOSHbI, MPEeBbIWALWLYO OANHY BOSHbI
nagatoLlero potoHa.

« OOGbIYHO MCMycKaeTca U3ny4YeHne, cocTosllee N3 POTOHOB C PasNUYHbIMU ANMHAMU
BOIMH. CNeKTp Takoro U3nyyeHus ABMAETCA HErnpepbI8HbIM.

. npl/l BblIOMBaHMA AJNIEKTpOHa U3 aToMa MULLEHU aToOM 6y,u,eT HaxXoAnTbCA B
HEYCTONYNBOM COCTOAHUN C SHEPTUEN, npesBblillaroLlen HOpMalibHYHO.

« Ecnu BbIOWTLIN 3MEKTPOH 3aMeHsIeTCA APYrMM 3MeKTPOHOM, TO aTOM, UCMNycKasi OOUH
NN HECKONbKO (DOTOHOB, BO3BPALLIAETCA B HOpMalibHOE COCTOSIHWE, MPU 3TOM AJIMHa
BOJTHbl XapaKkTepuayeT 3reMeHTbl MULLIEHN.

« OTWM y3KMe nonocbl ANMH  BOJMIH  Ha3bIBAOTCA  Xapakmepucmu4yecKumu
criekmparnbHbiMu  nuHUsSMU. OHM obnagalT OonblUMM  CchekTparbHbIM MOTOKOM
OTOHOB, YEM HENPEPLIBHbLIA CNEKTP.
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» PaduauuoHHbii Kl n — OTHOWEHWE AO0Nnn SNEKTPUYECKOW MOLLHOCTU
TPYyOKn, NnepexoasiLlen B n3ryydeHme, Ko BCEN MOLLHOCTU, BOCNPUHUMAEMOM
aHoOOoM, 3anucbiBaeTcsa B BUAe

n=1,4x107°zU,
rae Z — aTOMHbIN HOMEep MaTepuarna MULLIEHN,
U — aHoOHOE HanpsiKeHue.

« Ero uucneHHble 3HadeHUss Manbl U COCTaBMNAT AN BONbPamMoOBOU
MuLeHn npumepHo 1% npu HanpsxkeHum 100 ... 150 kB.

 [Hpyrmmn cnosamn, n3 npumepHo 100 anekTpoHoB C 3Heprnen 150 kaB,
B3aMMOLENUCTBYIOLMX C MULLEHbLI, TOSMIbKO OAWMH MOpoAUT OTOH C
9Heprmen 100 k3B, T.e. NoYTM BCA SHEPrua INIEKTPOHHOrO ny4ka
npeBpaLlaeTcd Ha aHoae B Tenso.

« [loaToMy Yy peHTreHoBckoro obopyaoBaHus, paboTatoLlero B HenpepbIBHOM
pexume, HEOOXOAMMO oxNaxaaTb aHond, HEerNocpeacTBEHHO BBOASA B HEro
oxnaxaatouyo cpeay. [1ns aToro aHoa YacTo AenaeTcs NonbiM.

* OpueHTaumsa MULWIEHN OTHOCUTENBHO 3MIEKTPOHHOrO Nyvka CUMbHO BRUSET
Ha pa3mepbl 1 popMy POKYCHOro NATHa.

« [1na pasnuyHbIX uenem NCNONb3yeTCA OpPUEHTaLMA HOpMarn K MULLEHW Noa
yrnom ot 0 go 30° kK HanpaBneHWto 3MeKTPOHHOro na/qka Hanpumep, ongd
NaHopamHbIX annapaTtoB 3TOT Yyron paBeH ,D,J'IFI yCTaHOBOK
HanpaBfiEHHOro OENCTBMA OObIMHO BbIGMpalOT yron 20 Tak Kak B 3TOM
criydae peHTreHOBCKOe U3fyyYeHne rnpemmMyLLecTBeHHO paCI'IpOCTpaHFIeTCFI B
neprneHanKynsspHOM Ocu TPYOKN HanpaBneHUM.
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« [lenctBUTENBHAA MaKCcUMarnbHasd MMNOTHOCTb MOTOKAa

aHeprum nmeet mecto nog yrrnom 12° Kk ueHTpansHomy
Ny4Ky N3nyyYyeHus.

« BaxxHoe 3HauyeHune nmeeT pacnpenerieHne arnekTpoHOB B

MNOCKOCTU, NeprneHanKYNApPHON MyyKY.

[Tromuocme
nomoKa

o 0.5 1.0
GmirocUmMe n6HOE pacnpeseneHue
ny4Ka
a)

aomuocms
nomoxa

S OmMHNOCUMIENsHOE PACPECCNEHUE:
OTHOCHTENbHOE YITIoBOE pacnpeaeneHe NNoTHOCTM NOToKa
aHeprum paboyero nyyka U3ny4eHUsi PEHTFEHOBCKOI TPY6KH C OTHocuTensHoe pacnpeaenexe NNoTHOCTH NoToka 5
HANPABNEHHLIM BBIXOIOM UANYHEHMS: 1 - AHOAHBIN Y3an; 2 - 3MNEeKTPOHOB B 3MEKTPOHHOM MyYKe PEHTFEHOBCKOI TPY6KM:

LeHTparnbHast ocb paboyero nyyka UsnydeHus a — CTaHAAPTHOW; 6 - MMKPOOKyCHO
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 TpeboBaHMA  BbLICOKOM  MOLLUHOCTM  PEHTrEeHOBCKOIO
nanyyatenss M MUHUMM3AUUMA ero (OKYCHOro ndaTHa
ABNSAOTCA NPOTUBOPEYNBLIMU. B CEPUNHBIX PEHTIEHOBCKUX
TpybKax 3anoXeH KOMMPOMMUCC MeXAy WX MOLLHOCTBIO U
pasmepammn OKycHoro nsatHa. LUnpoko wucnonb3yroTcs
OBYXJOOKYCHblE PEHTrEHOBCKME TPYOKU, HANpUMEP TPYOKU
c pokycHbIM naTHOM 0,4 x 0,4 mm Ha 600 BT n natHom 1,5
x 1,5 Mm Ha 1,5 kBT.

« Okono aHoga O06blMHO pasMeLlaldT Yexosl C  OKHOM,
BbIMNONMHEHHbIN U3 Meau Cc pgobaBkamm MaTepuarnoB C
bonbwWMMM aTOMHbIMU HoMepamun. OH BbIMNOMHAET [OBe
dOYHKLUMNMN:

— OKHO B 4exne rnpomnyckaer pabounin nyqyok W3MNy4YeHusl, a Yexor
NOrrnoLlaeT Hemcrnonb3yemMoe U3ryveHue;

— 4YexoJsl 3adepxmBaeT paccenBaemMmble MULLEHBbIO  3J1EKTPOHHI,
noBbllLIAaA 3TUM INEKTPUHECKYHO NMPOYHOCTb pr6KI/I.

* YNy4ywnTb OriEKTPUYECKME CBOWMCTBA TPYOKM MOXHO,
YCTAQHOBMB B OKHE OepunnueBylo MNacTuHKY, KoTopas
TOPMO3UT  9NIEKTPOHLI, HO MOYTWU nNpo3pavyHa AOn4
PEHTreHOBCKOro 13ny4yeHus.
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Cxemartunyeckoe |/|3o6pa>KeHMe
Msnyanenelh PEHTIEHOBCKOIo arraparta.
a - OHOMNONKCHOro; 6 - ABYXMNOJTIOCHOIo

[TpenmyulectBO OAHOMOSKOCHbLIX
TPYOOK, Yy KOTOpPbIX BbICOKOE
HanpsbkeHne (He Oonee 225kB)
NpuKnagbIBaeTcs K Katogy, COCTOUT
B TOM, 4TO K Wu3anydarento,
coaepxaLlemy TPYOKYy,
noacoeauHsieTca  TONbKO  OAMH
BbICOKOBOJSbTHbIN kKabenb, n
3a3eMJ1eHHbIN aHon, MOXeET
oxfaxgaTbCAa BOOOMN.

B ABYXNOnwCHbLIX  TpyOKax
BbICOKOE Hanps>KeHue noaBoauTCs
K Katogy v aHogy (cymmapHoe Ao
450 «kB) wu 3t0  Tpebyer
OOMOSTHUTENBLHbLIX YCTPOUCTB ANS
OXJlaXXOeHna  aHOoOHOro  ysna,
HaxoOAWeroca  rnog  BbICOKUM
HarnpsXXeHMeM, C UCMNOfb30BaHUEM
rasa unm macna.

B MOLUHbIX  annaparax, KakK
npaBuIio, UCMOSIb3YeTCcs Hacoc angd
LMPKYNSAUMKM Machia B COMETAHUN C
TENI00OMEHHNKOM, pa3MeELLEHHbIM

nnmbdo  BHYTpU, 5NMOO  CHapPYyXu
29311TATHOFO KOXVYXA TOhVOKA
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MpuHUMNManbHble ANEKTPUYECKME CXEMBbI
MOHOOGMOYHON PEHTIEHOBCKOW annapaTtypbl:
a — C 3a3eMIeHHbIM Katogom; 6 — ¢

3a3eMI1IeHHON cpedHen TOYKOW; B — C 3a3eMJI1EHHbIM

aHoOoM

Bce

B MoHOb104HOM annaparte B KOXyxe Tpyoku
(MoHOOOKE) pa3MeLLEHbI Takke
BbICOKOBOJ1LTHbIN TpaHcdopmaTop n
TpaHcdopmaTop Hakana.

B NOPTAaTUBHbIX MOHOBNOYHbIX annaparax
MOIyT MUCMNOJb30BaTbCA BbICOKOBOJIbTHbIE
CXeMbl.

C 3a3eMJ1EHHbIM KaToadoM,
C 3a3eMJ1IeHHON cpefHeN TOYKOM,
C 3a3eMJI€HHbIM aHOAOoM.

OHW  npeacTaBnsaAldT cobon  OAHO-
nonynepunoaHble OE3BEHTUNbHbLIE CXEMbI,
Korga BbINpsSIMUTENEM SBMFeTca cama
peHTreHoBckass TpyOka. Korma Kk aHogy
NPUMNOXEH OTpUUATENbHBLIN OTHOCUTENBLHO
Katoga noTeHumarn, TOK depe3 TpybKy He
NaerT.

Hedocmamku TakKnx CXeM:.

MNOHMXEHNE HanpsbkeHna Ha Tpybke B
pabounin nonynepuon MO CpaBHEHUIO C
Hanps>keHWeM Ha HeMm B XOSIOCTOM
nosnynepuog;

BO3MOXHOCTb MNOSAABNEHUSI 0BGpaTHOro Toka
npu neperpeBe MULIEHM WKW aHoda B
XO0S10CTOM nonynepuoa.

CxeMbl 3TOro TMna OObI4HO WUCMONbL3YHTCS MpU

HOMWHanNbHbIX HanpskeHnax ot 50 go 200
KB, co30aBaeMbIX annapartom Ha
PEHTreHOBCKMX TpybKax, n Tokax Tpybok oT
2 0o 8 MA.
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o [Ipeumywiecmeo cxem c 3a3eMsIeHHbIM KamoOOM:

- OHW MO3BONAKT pa3MellaTtb TpaHcdoOpMaTop Hakana HUTU Katoga BHe
KOXKyxa TPyOKM, 3TO NO3BONSET YMEHbLLMTbL pasMepbl U Maccy MOHOOIoKa.

o [Ipeumywiecmeo cxem C 3a3eM/ieHHoU cpedHelu moYKoU:

- MO3BONSIET YMEHbLUNTbL pPa3Mepbl BbICOKOBOMLTHOIO TpaHcdopmaTopa
BCNEeACTBUE NMOHWKXEHUSI U30NUPYIOLLINX CBOMCTB MEXay ero ooMoTkaMu, Tak
Kak aToMy TpaHcdopmartopy Tpebyetrca nogaBaTb Ha aHOA4 W KaTod Mo

OTHOWWEHNK K 3eMJie TOJIbKO NOJTIOBUHY pPa3HOCTU NoTeHunasioB Mexay
HUMMWN.

B onanasoHe HomuHanbHbIX HanpsxeHur 200 ... 300 kB npu aHOOHbLIX TOKax
oo 15 MA 3Ta cxema Mo3BOMNSAEeT YMeHbLUTb pa3Mepbl annapara, no
CpaBHEHWID CO CXemMaMu C 3a3eMrieHneM Karoga unu aHoga.

* [Ipeumywiecmeo cxem c 3a3eMsieHHbIM aHOOOM:

- MNO3BONAKOT WCMOJib3oBaTb cCheunarim3anpoBaHHble PEHTIEHOBCKUE pr6Kl/I,
HanpmMmep ¢ BbIHOCHbIM MOJ1bIM aHOOOM.

. .
ATTILLETTTE

L)
53

v
)

BapuaHTbl nsny4yaroLien Yyactm nosoro aHoga
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BapuaHTbl cxemM nuTaHust pEHTreHOBCKOM
TPYOKM 1 POPMbI @aHOAHbLIX HAMPSKEHNNA:

a - cxema yaBavBaHus C NyfbCUPYHOLLMM

HanpskeHneMm; 6 - cxema ¢
ABYXMonynepunogHbIM

BbINPsIMIIEHMEM (MPUMEHSIETCA B OCHOBHOM B

annapaType MeguUMHCKOro Ha3HavYeHns);

8 - CXeMma yaBanBaHus CO CriaXXeHHbIM

HanpspkeHuewm; / - nuTaHne TpaHcdgopmartopa

Hakana HUTK Kkatoaa; 2 - InTaHne CUIoBOro

BbICOKOBOSILTHOIO TpaHcdopmaTtopa

Cxema ydsaugsaHus C NynbCUPYOWUM HanpsxeHuem
(ogHoMnonynepvogHasl) no3BonsieT B 2 pasa MoBbIlWaTb
yckopsitolime noTeHumanbl. HegocTaTok — HanpsikeHue,
nogaBaeMoe Ha TpyOKy, UMEeT CUHycouaanbHyl (opMy,
BCNEACTBME YEro M3nyvyeHue COAEepXKUT 3HaYUTENbHOE
YMCIO HU3KOIHEPreTU4Yecknx OOTOHOB.

B cBsA3M ¢ 3TMM B annapaType MeAMLUMHCKOro HasHadeHust

NpUMeHsieTcs cxema Cc 08y Xxn0os1yrnepUOOHbIM
8bIIPAMIEHUEM.
B PEHTTEHOBCKNX NPOMBbILLITEHHbIX annaparakx,

paccyMTaHHbIX Ha HanpsbkeHne o 400 kB, mcnonbayetcs
cxema ydeaueaHUSl CO  CallaXEHHbIM HarpsXXeHUeM.

CrnaxunBaHue HanpsbkeHns NpMBOAUT K MOBLILLEHUIO CPOKa
CNy>X6bl pEHTreHOBCKOW TPYOKM.

[MOTOK aHeprMm POTOHHOrO Nyyka, reHepnpyemoro TpyobKoun,
MOXHO YBEIMYUTb, €Cnu NuTaTb PaCCMOTPEHHbLIE BbIlLE
CXEeMbl UCTOYHUKaAMKN Donee BbICOKOM 4YacToTbl, Yem 50 [u,
Hanpumep, 4Yactoton 0,5 ... 12 kl'y. Ona atoro Tpebytotca
AOMONHUTENbHbIE 3ANEKTPUYECKNE CXEMDI.

Takne cxembl, nNuUTalOLIME MeTannokepammuyeckme Tpyoku,
MMEIOT CreayoLLme npenmyLLecTsa:

HanpshkeHne, nogaBaeMoe Ha TpyOKy, MOYTM He 3aBUCUT OT
CUIbl €€ aHOL4HOrO TOKa;

pexnmbl paboTbl PEHTTEHOBCKOrO annapata — aHogHoe
HanpsxkeHne 25, 50, 450 kB npu Tokax 5, 20 n 10 mMA
COOTBETCTBEHHO;

CTabUNBHOCTbL MO AaHOAHOMY HaMPSHKEHUIO M TOKY NpWU NoObIX

nyrbcaunax n USMeHeHNAX HarpsaxXeHnA B CeTu,

aneKkTpuyeckasi SHeprusl, 3anaceHHass B NUTAOLLEM
YCTPOWCTBE, Marna, 4TO MOYTU MONHOCTbI UCKNK4YaeT
npobon Tpy6Ku;

BbICOKOE HanpsikeHne Wun3mepsieTcs HEenocpeacTBEHHO Ha
KnemmMax BbICOKOBOJILTHOIO TpaHcdopmatopa, a He
onpeaenseTcss KOCBEHHO MO W3MEHEHUI0 3reKTPUYEeCKnx
XapaKkTebUCTUK B NePBUYHON Lenu.
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BapuaHTbl kabenbHbIX pa3beMOB:

a - KOHYCHbIN KabenbHbIN
HaKOHEYHMWK;

6 - HAKOHEYHUK C NITOCKUMU
conpsiratoLLIMMKN NOBEPXHOCTAMM

Bbicok080/IbMHbI€ COeOUHEHUS.

Ona kabenbHOM pPEeHTreHOBCKOW  annapatypbl
coefnHeHue BbICOKOBOJS1LTHOIO kabens C
BbICOKOBOJILTHbIM reHepatopoM W C 3aWMUTHbIM
KOXXYXOM PEHTIEHOBCKOW TPYOKM UrpatoT BaXKHYHO
porie. OT uX  (PYHKUMOHMPOBAHUS  3aBUCUT
HaEeXHOCTb paboTbl 3TOW annapaTypsbl.

OObIYHO C y4yacTka kabens CHMMalOT BCe BHELUHWe
000sI04KM, a caM OH NMomeLLLaeTca B U30NALMOHHbIN
cTakaH, BbINOSTHEHHbIN n3 NS1acTUKOBOIO
mMaTepuana unm KepamuKu.

KabenbHble  HaKOHEYHMKM  pasMellarTcss B
cneumanbHbIX rHesgax B reHepaTopHbIX
YCTPOWCTBaX M B 3aLUUTHOM KOXyxe Tpybkn. CtakaH
W3 NIacTMKOBOrO Martepuana wumeer Oonbline
pasmMepbl.

C uUenblo MNOBbILEHNS 3NEKTPUYECKON MPOYHOCTU
COEOUHEHWN NMPOCTPAHCTBO MeXOy NOBEPXHOCTAMM
CTakaHOB W THe3[ 3anonHseTcsl BeLleCTBOM C
BbICOKMMU N3OMSALMOHHBIMW CBOMCTBaAMU. PasbeMbl
C MNMAacTUKOBbLIMA  KOHYCHbIMW  HaKOHEYHUKaMU
MOryT 3axBaTblBaTb BO3QyX MPWU WX COEANHEHWUM,
YTO  YMEHbLUMT  SNEKTPUYECKYID  MPOYHOCTb
N30MSALMOHHOIO BellecTBa U BedeT K YBEenUYeHUo
pa3MepoB CTakaHa.

Kepamnyecknn pasbem BCMeACTBUME  HanMM4us
MIOCKNX conpsiratoLmx NOBEPXHOCTEN,
MCKIIOYaloLWKMX [OCTYN BO3AyXa K COEedMHEHWHO,
oynoet obnapatb BbICOKOW 3reKTpmnyeckon
NPOYHOCTBLIO MPU MEHbLUMNX pa3Mepax.
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[Mynbm ynpaesieHusl.

B peHTreHoBckon annapaTtype perynupylotca 1 M3MepsoTcs
BbICOKOE HanpsiKeHue Ha PeHTreHOBCKOW TpyOKe, TOK yepe3 Hee U
BPEMSI 3KCMO3ULUN.

Bbicokoe HanpshkeHne ycTaHaBnMBAKOT NYTEM  PErynmpoBKU
HanNpPs>KeHUs, MUTAlOLLEro nepBUYHYIO OOMOTKY BbICOKOBOSBTHOIO
TpaHcopmaTopa. PerynmpoBka oCyLLECTBSETCA BPYYHYIO.

Tok Tpybkm perynupyetrcs nyTeM WU3MEHEHUs1  BbIXOAHOro
HanpsbkeHns TpaHcdopMaTtopa Hakana HUTU TPYyOKM.

Bo wusbexaHue HeraTMBHbLIX dABNeHWU (TennoBoW yaoap, AYyroBou
paspsig Mexgy KatoooM M aHoAOM W Op.) nepen BKIKYEHUEM
arnnapara Ha pabo4ynn pexmm HeobxoaMMO BbINOMHUTL Npoueaypy
TPEHUPOBKM TPYyOKkn. Yem ponblue nepuos MeXay BKIHYEHUEM
annapata Ha paboyne pexumbl, TeM AfMHHEe AOorkHa ObITb
TPEeHNPOBKa.

[Mpn nepepbiBE HA HOYb UMW BbIXOAHbIE AOHM AOCTATOMHO HavaTb
TPEHUPOBKY C BKMOYeHMeM annapata Ha 0,5 HOMWHanbHOro
Hanps»keHUsa N HapawmBaTb ero ctyneHamu no 10 % o pabouyero
HanpsxeHnsa. Kaxabln atan TPeHUpOBKM OObLIMHO HE npeBbllIaeT
OBYX MUHYT.

BBegeHne B cocTaB nNynsTOB YNpaBfiEHUA MNPoOrpaMmMmupyembix
6r10KOB NO3BOSIAET MPOBOAUTL TPEHMPOBKY TPYDOK aBTOMAaTUYECKM.




MCTOYHNKN NOHUN3NPYOLWLEIO U3NTYYEHNA

LlimamueHO-MexaHuU4YecKkue ycmpoucmaea.

« OCHOBHasaA Wux MYHKUNA — nepemMelleHne wu
dukcauus B NPOCTPAHCTBE PEHTIEHOBCKOIO

N3Jrtydartern4.

« OObIMHO Tpebyetrca obecneyntb  YOOOHYIO
NOABWXHOCTb U3ny4aTtend o BepTukann u
BOKPYI rOpn30HTanbLHOWU OCW.

 OCHOBHbIM YCIOBMEM Ka4decTBa KpenseHus
n3nyyatensa SBMNSAETCA XECTKOCTb, TaK Kak
nepemMeLLleHne uany4vaTtensa n ero snbpaumsa npm
NPOBEAEHNN TPOCBEYMBAHUA PE3KO YXydLlarT
Ka4eCcTBO KOHTPOJIS.



MCTOHYHUKU MOHN3NPYIOLWETIO N3NTYHEHNA

PekomMmeHOauuu no aKkcrnayamauuu.

1. MNMocne npnobpeTeHnsa peHTreHOBCKOro arnapara crieqyeTr CBepuTb
ero JencTBuTenbHble paboune xapakTePUCTUKN C HOMUHANbHbIMU U
3anucatb uUX. 3Ta uWHGopmauumsi Heobxoamma Ans oTpaboTok
METOAMK NPOCBEYNBAHNA U N1 MOUCKA HEUCMNPABHOCTEW annapara.

2. [NogrotoBnTb TAbNUUy ANs onpeaeneHHoro AnanasoHa HanpsikeHum
Ha TpyOkKe.

« [Ina a9TOr0 NPOBECTM MNPOCBEYMBAHME CTYMEHYaToOro KrnnHa npu
Pa3NNYHbIX 3KCNO3NLUSIX.

 Bce napametpbl: HanpskeHuWe, TOK, (POKYyCHOe pacCTosiHuUe, Tun
NNIEHKN, 3KPaHbl, XMMUYECKNE peaKTUBbI N BpeMsS X obpaboTkn ans
Kaxxgon Tabnuubl COXPaHAKTCHA MOCTOSAHHBLIMU, BapbUPYOT TOSIbKO
BpeEMS NPOCBEYMBaAHUA.

« 3atem N3IMEPAKT ONMNTUYHECKUE TJTIOTHOCTU |/|306pa>|<eH|/|l7| CTyI'IeHeI7I
KI'MWHa, npeacraBJ/ieHHbIX Ha paﬂ,l/IOFpa(bl/lLleCKOM CHUMKE.

« OOblMHO BbIBUpatoT nnotHoctn 1,5; 2,0; 2,5 n Ha bymare c
nonynorapmgomMmnyeckoun CeTKom CTPOAT COOTBETCTBYHOLLME
HoMorpammbl. OHWM  NO3BOMAKT  ONTUMU3NPOBATL  PEXUMBI
NPOCBEYNBAHMUA U KOHTPONMPOBATbL paboume XxapakTepUCTUKK
annapara.




MCTOYHNKN NOHUN3NPYOLWLETIO U3JNTYYEHNA

r : ]

[eomeTpua opmMmMpoBaHUA pagnaLnoHHOro
n3obpaxxeHnsa PoKyCHOro NATHa PEHTFEHOBCKOM
Tpy6Kun: / - poKycHOe NATHO TpyOKH,

2 - onadparma ¢ ToO4eYHbIM OTBEPCTUEM;

3 - KacceTa C MeNKO3epHUCTON PEHTIEHOBCKOW
NSIeHKON

3. Cneagyet nepuoauyeckn KOHTPONMpoBaTb pa3mMepbl

CbOKyCHbIX NnATEH, TaK KaK OHW CylWeCTBEHHO
BIMMAKOT HAa Ka4eCTBO CHUMKOB.

B npouecce akcnnyatrauMm OHWU U3MEHSIOTCS.
3mepeHne npoBoaAaAT C MOMOLLbI AnadoparmMbl C
TOYEYHbIM OTBEPCTUEM, KOTOPYIO npu
NpoCBEeYMBaAHUM pasMeLlarnT Mexagy Tpyokonm wu
KacceTol C  MerKo3epHuUcTon  6e3akpaHHOM
NNEeHKoOM TakK, 4Tobbl oOCb paboyero ny4ka
PEHTIFEHOBCKOIO M3Ny4YeHust npoxoguna 4epes
oTBepcTMe anadparmeil.

UTO6OblI NOBLICUTH TOYHOCTb MU3MEPEHNA (POKYCHbIX
NATeH ¢ pa3mepamu 1,2 ... 2,5 mm, anadparmy npu

npocBevYnBaHUmn pasmeLlarT TaKk, YTOObI
OTHOLEHWe b/d, ObINI0 paBHO 2, @ NpU U3MEPEHNUU
dOKYyCHbIX nNATEH ¢ pasmepamn 0,3 ... 1,2 MM —
paBHoO 3.

[locrne npocBeuMBaHWA nNeHKy obpabaTtbiBaloT U
N3MepsaT  n3obpaxeHme - POKYCHOro  NATHA,
NOSib3yACh nynown ¢ 5-10-kpaTHbIM YBENUYEHNEM,

[loBCcegHeBHOE  TexHu4eckoe  obcnyxmBaHue
PEHTrEeHOBCKOro annapara.

ExxeqHEBHO AOOMKHbLI yOanaTbCA rpsisab M Macro C
3aLLUUTHOrO KOoXyxa TpyOKn, pasbemMoB W nynbTa
yrnpaBreHus. Heobxognmo cneauTb 3a
coeanHeHnaMmn kabensi, obpbiBamMn NPOBOAOB,
yTe4koM Macna u oxnaxgawoouwen cpegbl. Bce
Kabenn nuTaHUa  OOMKHbl  ObITb  HaOEXHOo
3a3eMreHbl. Henbas BnokmpoBaTtb nnm
LUYHTUPOBATb CXEeMbl 3aWuTbl OT MNeperpy3ok u



MCTOHYHUKU MOHN3NPYIOLWETIO N3NTYHEHNA

AcmoYHUKU 8bICOKO3HEep2emu4eCcKo20 U3iy4eHusl.

« B pagMauMoOHHOM KOHTPOSie LUMPOKO WCMOMb3YTCA UUKIIMYECKNE YCKOPUTENU
(6eTaTpoOH, MUKPOTPOH) U NIMHENHLIE YCKOPUTENM.

bemampo-H.

* YCKOpeHMe 3NnNeKTPOHOB B OeTaTtpoHe NPOUCXOAUT B TOpOMOanbHOW BaKyyMHOM
Kamepe, pa3MeLLeHHON MexXxay NorocamMm MOLLIHOTO afieKTpoMarHuTa.

- B Bos6y>|<,qa+ou.|,|/|e KaTyLWwKWN 3reKTpoMardHmta noaaeTcA ﬂepeMeHHbIVI Tok. Korpa
BO3HUKaAKWOLWWUN TMPN 3TOM MaArHMTHbIA MOTOK AeJlaeTCA paBHbIM HYJHO, NMPOUCXoauT
BBOA KOPOTKOIro nmMmnyrbCa 3J1EKTPOHOB Ha 0p6I/ITy B KaMepy.

 [lpn ycuneHnnm MarHUTHOro MOTOKa B MNpouecce WMHAYKUMM BO3HUKAET BUXPEBOE
ANeKTpUYecKoe none, KOTopoe YCKOPSIET 3EKTPOHbI, ABMXKYLLMECS MO KONbLEBOM
opbure.

* [lpn kaxgom obopoTe BOKpPYr ocuM BeTaTpoHa 3neKkTPOHblI MPUoBbpeTatoT IHEPrunto
nopsigka HECKOSTbKMX COTEH aneKTPoH-BorbT, U npy 50000 LMKITOB YCKOPEHUS SHEepPrus
AMeKkTpoHoB gocturaet 3HadyeHmn 10 ... 25 MaB.

« 370 npoaormKaeTcda Ao Tex T1op, [OKa MarHUTHbIA MOTOK HEe [OOoCTuraet
MaKCMMaJibHOINo 3Ha4YeHUs . I'IpM 9TOM J3J1EKTPOHbLI CXOAOAT C Op6I/ITbI npm rnomMmoLun
OTKJITOHARLWNX KaTyweK N B3anMoaencTtByroT C MULLEHbIO.

« Topmo3HOe BbICOKOAHepreTnyeckoe mnanyyeHune (0o 30 MaB) reHepupyeTcs B Buae
KOPOTKUX MO BPEMEHU UMMNYNbCOB, COrMacoBaHHbIX C YHACTOTOW UCTOYHUKOB NUTAHUA.

- pa3mepbl POKYCHbIX NATeH 6eTaTpoHoB — 0,2 ... 1 MM;

- MOWHOCTU AO03bl TOPMO3HOIMO M3ryyeHust Ha pacctodHum 1m ot muwenn — 0,01...3
[p/MUH;

- anameTp nons obnydeHuns — 100 ... 300 mm;
- macca 6noka nanydyarensa — 100 ... 4000 «r.
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MukpompoOH.
B MUWKPOTPOHE O3NEKTPOHbLlI YCKOPAKTCA MEePEMEHHbIM 3SIEKTPUYECKNM
nonem NoCTOSAHHOW YacTOTbl B MOCTOSAHHOM BO BPEMEHU U OOHOPOAHOM MO
pagnycy MarHUTHOM Mone v OABWMXYTCA B BaKyyMHOM Kamepe no opbutam-
OKPY>XHOCTSIM, UMEIOLLMM ODLLYIO TOYKY KacaHu4.

B oTOoM MecTe HaxoauTCA pe3oHaTop, CBEPXBbICOKOYACTOTHOE rore
KOTOPOrO YCKOPSIET 3IeKTPOHBI.

B pesoHaToOpe co3gaeTcs ycKkopsAwLlee none ¢ HanpsXXeHHOCTb0 HECKOSMbKO
COT KMIOBOMbLT Ha 1cMm.

MoLLUHOCTb 403bl TOPMO3HOIO U3SyYeHUS MUKPOTPOHOB C 3Hepruen 7 ... 12
MaB nexut B npegenax 5 ... 20 'p/MUH Ha paccTosHUN 1 M OT MULLIEHM.

JluHeUHbLIU yCKOpUMeIb.
Cpeau TIMHENHBLIX YCKOPUTENEN LWNPOKO TMPUMEHAIOTCA pPEe30HaHCHLIE
YCKOPUTENU C 3HEPrneun oT eanHnL, 40 COTEH MErasneKkTPOHBOJILT.

B 39TuMX ycKOpuUTENsX 3NeKTPOHbl, BBOAWMbIE B pPe30HATOP JNUHEWHOro
BOITHOBOAA, HECYLero BbICOKOYACTOTHYKO BOMHY, OyaoyT YCKOpSATbCS
3NEeKTPUYECKMM NONEM BOSHbI BAOMNb BOIHOBOAA.

[Mpn 9TOM KMHETUYECKAA 3HEPINA ANEKTPOHOB DyaeT Bo3pacTtaTb NPUMEPHO
Ha 30 kaB npu npoxoxaeHun 1 cm NyTn B BOSTHOBOAE.

OTO MO3BOMSAET CO340aBaTb KOMMAKTHbIE YCTAHOBKW, reHepupytowme
n3ny4yeHme c aHeprven 2 ... 16 MaB npu MOLWHOCTM O03bl TOPMO3HOrO
N3nyyYyeHnss Ha pacctosHum 1 M oT muwenn 2 ... 60 p/MMH 1 pasmepax
JoOKYCHOro nNATHa 2 ... 3 MM.



PaduoHYKNUOHbLIe UCMOYHUKU U3JTY4YEeHUS].

PaOuoOHYK/MUOHbLIE  UCMOYHUKU  —  3TO  WUCTOYHMUKMU
NOHU3NPYIOLLIENO U3MYyYEHUdA, cogepKalume pagmoakTUBHbBIN
mMarepuan.

- B NMPakKTnukKe paanaunMoHHOIo KOHTPOJIA WCNOJIb3YHKOTCAH
crnieayrwine XapaktepmnCtmkm pagmnoHykKrnnaHbix MCTOYHUKOB
N3JTyHEHUA.

- WHOEKC WCTOYHMUKA P PaBHbLIN MOLLIHOCTWU D MnoreBou
NOrnoLweHHOoN ,El,03bl CO3,£I,aBaeMOI/I I/ICTO‘—IHI/IKOM Ha
paccToaHnun I, yMHOXEHHOW Ha KBagpaT 3TOro pacCTOAHMUS

P,=D,xF (Ip x m/c);
- NnorieBasd I'IOCTOFIHHaFl F ,paBHas OTHOLUEHUIO MHAOEKCa P K
aKTMBHOCTU A NCTOYHMKA
r,=D,xF/A (b xm*/(cx bk)).
* lHOEKC WCTOYHMKA WCMNONb3yKT Kak Mepy MOTHOCTHU
NoTOKa 3Heprnm OTOHOB, CO34aBaeMyt MICTOYHMKOM.

 [loneBass nMOCTOAHHAA SABMAETCA MEPON  OTHOLUEHMUS
NAOTHOCTU NOTOKaA QHeprMmm dOTOHOB, CO34aBaeMou
NCTOYHUKOM, K €ro akTUBHOCTM.




EovHnubl, ucnomnb3yemble B 006ractM pagualnoHHOro
KOHTPONS U JO3UMETPUN:

OOo3HauveHue u

OGo3Ha4yeHue u CooTHoweHunA
BenuuuHa u ee Ha3BaHUue
Ha3BaHue y Mexay
CUMBOI BHECUCTEMHOM
eaAnHuubl CU eaAuHUULamMm
eAVnHuMUbI
AKTUBHOCTb, A Bk - bekkepenb Ku - Kropu 1 Bk = 1 pacn./c =
2,7 x 10" Ku
NMornoweHHasn I'p - rpen Pap - pan 1 Tp =1 OX/kr =
ao3a, D 100pan
1papg=102Tp
JKBMBarneHTHas 3B - 3uBepT Bap - 63p 138 =100 63p
no3a, H
Akcno3mumoHHaa | Kn/kr — KynoH Ha | P - peHTreH 1 Kn/kr = 3,88 x
no3sa, X Kunorpamm 10°P
1 P = 258 x
10*Kn/xr
Monesas p x M?(c x BK) — |P x cM?/(4 x MKn) |1 P x cm?/4 xm Kn

NOCTOSHHAA, FD

rpen-meTp B

CeKyHAay-
OeKkkepenb

- PeHTreH-
CaHTUMeTp B
KBagpate Ha 4ac-

= 0,152 N'p x m?/c X
Bk

MWNITNKIOPU
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[10 NpPUMEHEHUS1 WCKYCCTBEHHO CO3[AaHHbIX PaANOaKTUBHBLIX MCTOYHUKOB AJIS
Luenen pagnauMoHHOrO KOHTPONsi B OCHOBHOM Mcnonb3oBanca paavn. B
HacTosilee BpeMsa B pagualMOHHOM KOHTpOSNe paauMoun3oTOonbl, MONyYeHHble
MCKYCCTBEHHbIM MyTEM, B 3HAYUTENbHOM Mepe BbITECHUNM MNPUPOAHbIE
pPaaMon3oTOrbl.

CyLLI,eCTByeT TP OCHOBHbIX cnocoba MNoJTybdeHUA NCKYCCTBEHHbLIX PpaaNOU30TOINOB.

- NPY NOMOLUM HENTPOHHOW aKkTMBaLMM NyTEM ODy4YeHNs B SOAEPHOM pPeaKkTope;
- pasgeneHmeM nNpoayKToB A4EPHOM0 AeSIEHUS;

- boMbapanpoBKOM 3apAPKEHHBIMU YacTULL@MKN Ha YCKOPUTESSIX.

1) Korgoa HENTPOH 3axBaTbIiBAE€TCS S4PO0M, NPOUCXOOUT peakums (1, y).

Co +n1="°%Co +y,
Plr+ 7 ="2lr+y.

%Co un "™r cyuwecTtByioT B npupoge W SABNAIOTCA YCTOWYMBBLIMU. [pouecc

2)

aKkTVBM3aLuMM npoTeKkaeT npu ogHOBPEMEHHOM pacnage paguonyknuaga °°Co vnm
92|y B pesynbrate aKTUBHOCTb PaaMOaKTUBHOINO Martepuana CTpeMuTcs K
MaKCUMYMY.

Ecrim agpo 23°U 3axBaTbiBaeT HEMTPOH, TO MPOUCXOAMT pacnag, npoayKramu
KOTOPOro SBMAKTCA OfleMEHTbl, OTHOCAWMECA K CpegHen 4actu Tabnuubl
MeHoeneeBa, N NX XUMUYECKN MOXHO OTAENUTb APYr OT Apyra. bosibLUMHCTBO
3NEeMEHTOB MMEKT MaccoBoe 4Yucno, onuakoe Kk 95 nnm k 140. Tak, uesann-137 B
coegnHeHun CsCl nytem xummnyeckon obpaboTku M3BriekatoT 13 oTpaboTaHHOro
ypaHOBOro Tonsuea.

PagnoHyknng Co-57 MOXHO MOMyyuTb, UCMonb3ys Hyknug “°Fe  nyTtem
bomMbapanpoBKN nocregHero nydkamum OernTpoHOB (B s4pe OAMH NPOTOH UM O4WH
HEUTPOH) Ha YCKOpUTENSX nocpeactsom peakumun (d, n). Nocne 6ombapanpoBku
Co-57 oToensarT XMMU4YeckumMm cnocobom OT Kenesa.



MCTOYHNKN NOHUN3NPYOLWEIO U3ITYYEHNA

« HesaBucumo oT cnocoba nony4YeHuss aTtoMbl PaAVOHYKNMAOB pacnagarTcs MNyTem
OJHOr0 UM HECKOMbKUX N3 NATU NEPBUYHbLIX NPOLIECCOB:

- SMUccHnKn anba-4acTmubi;

- AMUccum beTa-4yacTuubl;

- 9MMccuM PoToHa raMmMa-n3nyyeHns;

- 3axBara 31IEKTPOHA;

- CaMOrpoun3BOSIbHOIO pacnaga aaep.

« Anbga-yacmuusl (agpa renuna) obnagarT KUHETUYECKON dHeprnen okomno 2 ... 6 MaB,
obnagatoT HandosnbLen NOHN3NPYHOLLEN CNOCOBHOCTLIO.

- npober B BO3ayxe A0 3 - 4 cwMm,

- npober B xueon TkaHn 0,1 mm,

- MOryT OblTb 3aTOPMOXEHbI HEDOMbLUMM KONMMYECTBOM BELLECTBa, Hanpumep fNCTOM
Bymarn.

« Bema-yacmuubi MOryT ObITb OTPULATENBHO UMW NOMNOXUTENBHO 3aPSKEHHBIMU, NUMEHOT
HEMNPEpPbIBHbIA 3HEPreTUYEeCKUn CreKTp OO0 HEKOTOPOro MaKCUMarbHOro 3HayeHus,
XapaKkTepHOro Ans Kaxaoro AaHHOro paguoHyknuaa. beta-yacTtuubl UMEKT MEHbLLYHO
NOHN3NPYIOLLYHO CNOCOOHOCTb, HO 0bnaaatoT 6oNbLLIMM NPOHMKAOLWMM OEACTBUEM.

- npober B Bo3ayxe 4o 10 m,
- npober B xuBon TkaHn 10 — 15 mm,
- 3aTOPMaKMBaKTCA TOHKMMM CROsIMK MeTanna (antoMUHUA TOSMLWLNHON ~ 5 MM).

 Aapo paguoHyknuaa ¢ 60MbMM aTOMHLIM HOMEPOM MOXET 3axeamumb OOUH U3
a/IeKmpoHo8 C Onwmxkanwen obonodkn (K-zaxeaT). B pesynbrate B 9NEKTPOHHOW
CTPYKTYpe artomMa BO3HMKAET BaKaHCUA, MNpU 3arnofiHEHMM KOTOPOW MPOUCXOOuUT
N3MEHEHME SQHEPreTMYEecKOro COCTOSIHUSA 3NEKTPOHOB atoma W BbiIxod ¢OOTOHA
XapakTePUCTUYECKOIO U3NyYeHUs.
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« [locne pacnaga sapa aToma B pesynbTate OAHOMo M3 OnucaHHbIX
Bbille MPOLECCOB MPOUCXOOAUT W3MEHEHWE 3HEepreTu4eckoro
COCTOSIHMSA Aapa paauoHyknuaa W ebixod _¢omoHa e2aMma-
uanyyeHus. JHeprus 9TUX (POTOHOB nNEXUT B npegenax oT

HECKONbKUX KNNO3NEKTPOHBOMNLT no HECKOINbKUX
MEra3aneKkTPOHBOMbLT N SBMSETCA XapaKTePHOW ANSA KaXaoro sBvaa
pagnoHyknuaa. ObnapaeTt HaUMeEHbLLEN NOHU3UPYIOLLEN

CNOCOBHOCTbLIO, HO HANBObLUEN MPOHUKAOLWEN CMOCOBHOCTLIO.

« 3awmta OT ramma-msnyy4yeHuss OCYLUECTBMASETCA C MOMOLLbIO
MeTannnyecknx aKpaHoB, TOMLLMHA KOTOPbIX 3aBUCUT OT MaTepuana
9KpaHa N SHEpPrunm ramma-ny4en.

Agpa ¢ maccoBbiM 4ucriom 6onee 200 moryT pacnagaTbCsa MyTeEM
CcaMorpou3eosibHo20 Qe/leHUs ~ Ha [fBa f4dpa C MeHbLUMMU
MacCoBbIMW 4YucramMu. ITOT npouecc OObLIYHO COMPOBOXOAETCH
BbIXO4OM [ABYX U YETbIPEX HENTPOHOB.

Pacnag atomoB B pe3ylibTat€ YKa3aHHbIX BbllLE MATU MEPBUYHbLIX
npouecconB conpoBOXaa€eTCA BTOPUYHBIMHU npoueccamu,
npmnBoaALIMMN B BbIXOAYy AOMOJIHATEJIBHOIO CbOTOHHOFO N3J1yvYeHn4.

XOoTA 4ucno paguoHYKNUOOB, KOTOpble MOFYT  BbINMyCKaTbCS
MPOMbILLITEHHOCTbIO, COCTaABMNAET HECKONbKO COTEH HauMEeHOBaHWUMN,
TONbKO HEKOTOpble M3 HUX HaWMW LIMPOKOE MNPUMEHEHVE B
paguaLnMoHHOM KOHTpOIIe.
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PagnaumoHHbI MCTOYHUK JOMKEH UMETb crneayLlue CBONCTBA!

- goctaTtodHo 6onbLlon (bonee Mmecdaua) nepmog nonypacnaaa;
- BbICOKYIO yAEIbHYH0 aKTUBHOCTb;

- BbICOKYIO raMMa-noCTOSIHHYIO;

- HU3KYK0 CTOMMOCTb PaAnoOHYKNMAHOro MaTtepuana.

YKasaHHbIM  TpeboBaHUSIM  YOOBMETBOPAOT  4YeTbipe  paguoHyknuaa:
kobanbT-60, uesnn-137, npnann-192 n Tynun-170.

Kobanbm-60 wCnNonb3yrldT B WUCTOYHMKAX, NpedHasHa4yeHHbIX 45
paguorpacupoBaHma 06bEKTOB N3 XKenesa, NnaTtyHu, Meau n apyrux MeTtannos
cpedHen NMAOTHOCTU TonwnHon bonee 25 mm. OTaenbHbIE NCTOYHUKU — ONS
npocBeYmBaHust cTanbHbiX 00bekToB TOoMwumHOM 100 ... 200 mm. llepuopn
nonypacnaga — 5,3 roga.

McmoYHUKU Ha ocHoge ue3usd-137 WCNoSib3ylOT B OCHOBHOM  Npu
paguorpadmmn obbektoB u3 ctann TonwmHom 40 ... 100 mm. [lepwumog
nonypacnaga — 30 rner.

HIcmoYyHUKU Ha ocHoge upudus-192 ncnonb3yTca A KOHTpona 0ObekToB
n3 cranu tonwwmHon 10 ... 100 mm. llepmon nonypacnaga — 74 CyTOK.
HagexHo 3awmwaetcs cBuHUoM Maccoun 80 Kr, noaTomMy yaobeH B NoneBbIX
YCIOBUSIX.

cmoYyHUKU Ha ocHoge mynusd-170 wvcnonb3yrTcsa ONS NpocBeYMBaHuA
OOBbEKTOB M3 antoMWHUSA TomnwuHonm o 15 mm, n3 ctarim — o 1 MM u un3
KOMMO3ULUMOHHBIX MaTepuarnoB. OCHOBHOE OOCTOMHCTBO — MOPTATUBHOCTD.
[Mepuopg nonypacnaga — 129 cyTok.

Cenyac ucnonb3yrT nttepbun-169 (ctans — 1 ... 20 mm, anmommuum — 10 ...
70 Mm), ceneH-75 (ctanb — 5 ... 50 mm) 1 gp.
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KOHCprKLI,VIFl NUCKINYaeT B3aUMHbIE KOHTaAKTbl PpagnOakKTUBHOIO Marepuana u OKpY)KaIOU.leVI cpenbl n
obecneunBaet YCTONYNBOCTb MCTOYHUKOB B Pa3JIUYHbIX YCIOBUAX 3KCIJ1yaTaunn.

PagvoakTuBHbIN MaTepuan 3akniodeH B [OBOWHYK amnyrny (OBYXKarcyrbHbIM WMCTOYHUK), nepsBas
BbIMONTHEHA M3 TUTAHOBOMO Crnsiaesa, a BTopas — M3 crtanu. [epmetusauusa ocyllecTBnaeTca nyTem

narkun cepebpsiHbiM NpMnoem Unu OyroBov CBapku B cpeae renusi.
MaHunynmpoBaHMe oCyLLEeCTBNAETCS AUCTAHLMOHHO.
CyLuecTByeT ABE KOHCTPYKLMM yNpaBnsieMblX AUCTaHLMOHHO Ae(dEKTOCKOMOB:
—  WCTOYHUK MU3NYyYeHUs nepemMeLLaeTcs OT LeHTpa 3aLlMTHOrO KOHTEeHepa K ero NoBEpPXHOCTY;
— WCTOMHVK W3MyYeHWs MepemellaeTca M3 3alUTHOrO KOHTeVHepa K MeCTy MpOCBEeYMBaHuSA,
yOoaneHHoOMYy OT KOHTelHepa Ha HEKOTOpPOe pacCTOsHME.

DN

)

CxemaTtunyeckoe n3obpaxxeHne paamaLmoHHbIX rONTOBOK raMMa-aedeKkTOCKOmMNOoB:
a — QNS naHopaMHOro NPocBeYMBaHns; 6- HanpaBNeHHOro NPOCBEYNBAHUS;
1 - perynupyoLLnin CTep)eHb; 2 - CBMHLIOBas 3alUmTa; 3 - UCTOYHMK U3NYyYeHUs



MCTOYHNKN NOHUN3NPYOLLETIO U3ITYYEHNA

CxemaTuyeckue nsobpaxeHus
ramma-gedekrockona:

a - UICTOYHMK B 30HE XPaHEeHUs;

6 - ICTOYHUK B 30HE nepeaBuraeTcd
No amnynonpoBoay;

8 - UICTOYHWUK B 30HE KOHTpOn4

* [lockonbKy paguMOHYKNUOHBIA MCTOYMHUK M3MNYYEHUA HemNb3sl BbIKOYUTE Kak PEHTrEHOBCKUM
annapar, OH OO/MKEH ObITb MOCTOSHHO 3alMLLEH, 3@ UCKIMIOYEHNEM BpEMEHM NpocBeYnBaHus. B
Poccn Hopmbl gonyckatoT 0,3 mM63ap/d4 Ha pacctodaHue 1 M oT nbon Hapy>XHOM MOBEPXHOCTU
NCTOYHMKA.

*  OHepruto POTOHOB B ramMma-AedeKTocKonax Hemnb3d perynvpoBatb, NO3TOMY CHUMKU UMEIOT
Bbonee HU3KMIA KOHTPACT, YEeM PEHTreHOBCKME CHUMKW. [oaToMy Hago ucnonb3oBaTb 6Gonee
KOHTPACTHYIO MMEHKY N YMeHbLUaTb BNUSHUE pacCessHHOro U3ryyYyeHusl Ha Ka4ecTBO CHUMKA.

«  [amma-deghekmocKorb! ANA KOHTPOSS 00BbEKTOB 0ObIYHO NMPUMEHSIIOT B CReayoLWmnX cryvasax:

- Korga ob6beKTbl 4OCTAaTOYHO H6ONbLLLIOWN TOMLNHBI;

- Korga 06beKTbl 4OCTAaTOYHO CNOXHON (OPMBbI;

- B MOMEBLIX YCIOBUSIX, FOe 3aTpyaHeHo obecrnedyeHne peHTreHOBCKOro annapata afekTpo- u
BOAOCHaOXeHmeM.

« [amMma-gedeKkTocKonbl LMPOKO MCMONb3YHTCA MNPU KOHTPONe nUTbIX OOBLEKTOB W3 CniiaBoOB
Xenesa n meaw.




MCTOYHUNKN NOHUN3NPYOLLETIO U3NMYHYEHNA

O6Lune xapakKTepUCTUKN HENTPOHHbLIX NCTOYHUKOB

Twvin [MnoTHOCTbL KayecTBO OueHka [lononHUTenbHblE
NCTOYHUKA NoTOKa npegena cpeaHero XapaKkTepPUCTUKN
HENTPOHOB, | pa3peLleHus BPEMEHMU
cm?Z e ¢’ CHUMKOB 3KCMo3nLnK
AnepHbii 10° ... 10% | OyeHb KopoTkoe CTabunbHOCTb paboTh;
peakTop BbICOKOE CTOMMOCTb OT CpeaHen Ao
BbICOKOW; HE MOpTaTUBEH
MoakpuTy- BbicoOKOe CpeaHee CTtabunbHOCTb paboThl; LlEeHa OT
yekme 10* 108 cpeaHen 00 BbICOKOW;
cbopku NopTaTUBHOCTL 3aTpyaHeHa
PaINOHVK- CtabunbHOCTb paboThi;
ANOHY Cnaboe no BonbLuoe .
nuaHble cpenHero yYMepEeHHada ueHa, BO3MOXHO
NopTaTUBHOE UCMOSTHEHME
Yckoputenu 10"... 10°
CpegHee go C
peaHee YaobHoe BKNtoYeHne —
3apsAKeHHbIX XOPOLLETO A _
yacTuy BbIKITIOYEHNE; YMEPEHHas
103 ... 10° CTOMMOCTb; NOpTaTUBHOE

ncnoJiHeHne




MCTOYHNKN NOHUN3NPYOLLETIO U3ITYYEHNA

BbICTpble HENTPOHBI, KOTOpPblE OOLIYHO MCMYCKAOTCA aKTMBHOM YacTblo YKa3aHHbIX BbillEe MCTOYHMKOB,
3ameansatoTcsa oo 6onee HU3KUX 3HAYEHUM 3HEPrMM C MOMOLLLIO 3amMennuTenen, pasmelaemblix B
HenocpeacTBEHHON 6nm3n akTMBHOM YacTu. MaTtepuan 3amegnutens BKNKOYaeT ferkue BeLwecTBa,
Takue Kak Boga, Macno, nnactukn, 6epunnun nnm rpadur.

[MNOTHOCTL MOTOKa HEUTPOHOB B paboyvyem nyyke, KOTOpble HENOCPEeOCTBEHHO B3aMMOAEWCTBYHOT C
OOBLEKTOM KOHTpONs Mpu paguorpacuyeckom npotecce, kak npasuno, B 10 unu 6or|ee pas MmetbLue,
yem OOLMIN BbIXO4 ObICTPbIX HEMTPOHOB M3 MNEPBUYHOrO MCTodHuKa. Motepu B 102 ... 10° pas
00bACHAKTCA npoueccamu ocnabneHus NepBMYHOTO BLICOKO3HEPreTMHECKoro HEWTPOHHOro ny4vyka B
3ameqnurtene, a gononHuTensHas noteps B 10° unu Gonee pa3 onpenensercs KONMMUPOBaHUEM
paboyero nyyka u3 sameanurensd 4OCTaToO4YHO BoMbLLIOro obbema.

KonnnmupoBaHme (hopmmpoBaHMe nyyka HanpaBneHHbIX HEWTPOHOB) HeobxoouMmo, Tak Kak
NpaKkTUYECKN He CYLLEeCTBYET MOMe3HbIX 415 pagvaumMoOHHOIO KOHTPOMSA TOYEYHbIX UICTOYHUKOB TENMoBbIX
NN HU3KOQHEPreTU4ecknx HeuTpoHoB. [lpu paguorpadum TensioBbiMM HEUTPOHaMUM 3HAYUTESTbHOE
KONSIMMUPOBAHNE SKBMBANIEHTHO YMEHbBLLEHMIO pa3mMepoB OOKYCHOMO NATHA PEHTrEHOBCKOW TPYOKu.

B cny4ae obblivyHOM pagunorpadumm msobpaxeHus menkux gedektoB 6yayt ©omnee KOHTpaCTHbIMWU Mpu
3Ha4YNTENBHOM KONNuUMmMpoBaHun. C gpyron CTOPOHbI, KONAIMMUPOBaHNE YMEHbLUIAET NIIOTHOCTb NOTOKa
HENTPOHOB paboyero ny4ka.

Mpn copmMupoBaHNM MNyyka TEMNNOBbIX HEWTPOHOB CTEMNEHb KOMMMMUPOBaAHUSA MOXHO OnpenenvTb
oTHoweHuem d/f, roe d. - pacctosHue oT aAvadparmbl KonnMmaTopa A0 NMOCKOCTU HENTPOHHOTO
n3obpaxeHust; f -adpeKkTUBHbIN pasmep Anadparmbl KonnumaTtopa B 3ameanuTerne.

Ecnn B KadyecTBe BbICTPbIX HENTPOHOB UCMONb3YETCH SAEPHbIN peakTop, TO 3HaYeHne OTHoweHus djf,
COCTaBNsIeT HECKONbKO coTeH, Hanpumep 500. Ona Apyrux MCTOYHUKOB ObICTPbIX HENTPOHOB OHO
HaxoauTtcs B npegenax 10 ... 50.
Cxemartndeckoe nsobpaxeHue
NCTOYHUKA TENNOBbLIX HEUTPOHOB:
1 - NCTOYHUK BbICTPbIX HENTPOHOB;
)«——I 2 - 3ameanuTtenb; 3  NornoTuTesb
MeONEeHHbIX HENTPOHOB;

; \ 4 - Ny4YOK TennoBbIX HENTPOHOB;
Vi X 5-0XK; 6 - petekTop

\iQW

LR




MCTOYHNKN NOHUN3NPYOLWLETIO U3JNTYYEHNA

AnepHbin peakTop ABNSAETCA OCHOBHbLIM WUCTOYHMKOM HEUTPOHOB B
npakTuke paguaunoHHOro KoHTpons. Ero npeunmyllecrtea:

- ABMSAETCS MOLLHbIM MCTOYHUKOM HENTPOHOB,
- NYYKM cogepxaT OonbLIOe KONMYEeCTBO TEMNMNOBbIX HEMTPOHOB,
- 6e30TKa3HOCTb paboThl.

LlenHyto peakumio HEBO3MOXHO noaaepxueaTb, ecnv KoddpuUneHT
pasMHOXeHUA peakTopHou cuctemMsbl Kp < 1. OgHako Takon peakTop
obecneymBaeT ycureHune Bbixoda HeuTpoHoB paBHoe 1/(1 - Kp),
ecnu Ha agpa cUCTeMbl BO34eUCTBOBATb HEUTPOHHLIM U3NTyYeHnEM
OT CTOPOHHEr0 UCTOYHMKA, NPeanoYTUTENLHO HEUTPOHHOTO.

CuctemMbl, B KOTOPbIX peanu3yetca TakouW cnocodb nony4vyeHus
CBODOOOHbLIX HEWTPOHOB 3a CYET BbIHY)XOEHHOINO [OEneHuna saep,
npeactaBnsaloT cobon modkpumuyeckue peakmopHbie cbopku. WX
TakkKe  HasblBalOT HEWUTPOHHbIMW  pas3MHOXUTENsSMWU.  Takme
pasMHOXUTENNM MoOryt obecneunBatb 30-kpaTHoe ycuneHue
HEWUTPOHHbIX MOTOKOB.

NCTOYHMKM TENMNOBLIX HEUTPOHOB MOTYT OblTb CKOHCTPYMPOBAaHbLI Ha
OCHOBE WCMONb30BaHUS SOEPHbIX peakuuid, B NpoLecce KOTOPbIX
BO3HMKAIOT ObICTPble HENTPOHbLI. Takne UCTOYHUKN MMEIOT BbICOKYHO
NNOTHOCTb MNOTOKaA HEWTPOHOB B paboyeM nydyke [axe nocne
3HAYUTENBHOrO KOMNMMMNUPOBAHUS.




MCTOHYHUKU MOHN3NPYIOLWETIO N3NTYHEHNA

e [lpyroM  LUMPOKO  WUCMOMb3yEMbIA  UCTOYHUK  AONSA
HEUTPOHHON paguorpadun - pagnoHYKNUAHbLIM MCTOYHUK
Ha ocHoBe paaunousoTona kanudopHus 2°2Cf.

e OTOT WCKYCCTBEHHbIN paguousoTon nNpu  nepuoae
nonypacnaga 2,65 roga ncrnyckaeT 3HaunTeNbHOE YNCIO
HEWTPOHOB  MpM  CroHTaHHOM  AerneHun.  OauH
munnurpamm 2*2Cf gaert 2,10° HenTpoHoBs/c. CTOYHUK C
yKazaHHOM MaccoM aKTUBHOW 4acCcTu nocrie 3amensieHuns
HENTPOHOB [aeT MIOTHOCTbL MOToKa pabodero mnyyka
TENnoBbIX HENTPOHOB nopsaaka 10* HelTpoHoB/CM? » C.

« WcnbiTaHns pPaavoHYKNUAHBLIX WMCTOYHUKOB Ha OCHOBE
OPYrUX  Paavou3OTOMNOB  NokasanuW, YTO  Mpu  UX
MCMOMb30BaHNUM NMOTHOCTL NOTOKA TENMOBLIX HEMTPOHOB
B pabo4yeM ny4yke MeHblle, YeM Yy UCTOYHUKa Cc 2°°Cf.
MHorga WCTOYHMK Ha ocHoBe 2°°Cf npumeHsieTcs B
NOAKPUTMYECKON COOpKe AN yBENMYEHUs BbIXoAa Ymcna
HEWUTPOHOB.



MCTOYHNKN NOHUN3NPYOLLETIO U3ITYYEHNA

 [lpn paguorpadpum Ha TennoBbIX HEUTPOHAX WCMOMb3YIOTCA TaKXke
pasfinyHble TUMbl YCKOpUTENen 3apaXXeHHbIX YacTuL;:

- YCKOpPUTENM Ha OTHOCWUTENbHO HebombluMe HanpshkeHUsl, BbIXOA
HEMTPOHOB Yy KOTOPbIX OCHOBaH Ha peakuum °H(d, n)He,
ocyulectengemoun B D-T-reHepatopakx;

- BbICOKOQHEPreTUYHbIE 3MEKTPOHHbLIE YCKOPUTESN, C NMOMOLLLID KOTOPbIX
OCYLLECTBNSAETCS peakuma (y, n);

- yckoputenu BaH ge [paadpa, npegHasHa4vyeHHble AN OCYLLECTBNEHUSA
peakuumn *Be(d, n)"B.

* D-T-reHepaTopbl No3BONAKOT co 1%aBaTb B HacTtosee BpeMs MOTOKU
HenTpoHoB nopsigka 1070 . HEeNTpoHoB/C 3Hepruen 14 MaB B
TENecHOM yrne 4Tr.

« B Takmx reHepartopax OObIMHO MCMNOSb3YTCA 3anasiHHble OarnoHbl,
MULLEHb BHYTPU KOTOPLIX CTaburneHo paboTtaet B TedeHne 100 ... 1000
4 B 3@aBMCMMOCTU OT 3HA4YeHNN BbIXOQHOIO NOTOKA.

« CoBeplLleHCTBOBaHNE CBEpPXNpPOBOLHNKOB nenaet BecbMa
NepcnekTMBHbIM WUCMOSIb30BaHWE O HEUTPOHHOU paguorpagum
UMKNOTPOHOB C OXMaXXgaemMbiMy CBEPXMNPOBOAALLUMMN  MarHUTHLIMM
YCTPOUCTBaMMW.

* Takve uuknotpoHbl npu macce 2000 kr u  3Ha4YMTENbHOM
KONMAUMMUPOBaHUM HEMTPOHHbIX MyykoB d/f ~ 100 MO3BOMNSIIOT CO3AaBaTh
NIIOTHOCTU MOTOKOB TEMMOBbIX HEMTPOHOB nopsaka 10°HenTpoHoB/CM?
C.



PEFMCTPALUMA MPOHUKAKOLLMX N3TYHEHUW

*  [emeKmopom VOHN3NPYIOLLIErO U3NYYEHNsI Ha3biBaOT YyBCTBUTENbHbIV MEMEHT
CPeacTBa M3MEpeHun, npeaHasHaveHHbIn ana npeobpasoBaHns 3Heprum
MOHM3MPYIOLLEro U3Ny4YeHUst B APYro BUA SHepruu, YaoOHbI ANs pernctpaumm
MW  U3MEPEHUs OOHOWM UMM  HECKONbKUX  BENUYMH,  XapaKTepusyoLmx
BO3ENCTBYIOLLIEE HA AIETEKTOP MU3Ny4YeHue.

 YT00Obl MOAYEPKHYTb BWO PETMCTPUPYEMOrO U3NMYyYEHUs, B HaMMEHOBaHUU
0obaBnaAlT TepMuH-aneMeHT, Hanpumep: agetektop OeTa-yactuvu, OeTekTop
PEHTFEHOBCKOIO U3Iy4YeHns n T.4.

Knaccudukauus demeKkmopoas.

* Mo oopmMe MnpeacTaBfieHNa U3MepUTenbHOU WHoOpMauun — aHarsiozosblie U
OUCKPEMHbIE;

* Mo cbopme 3aBNCNMOCTMN BbIXOOHOIO CUrHasrla pgeTtektopa OT 3Ha4deHUusd
N3MepaemMon BEINMNYUHDbI — riporiopuyuoHasibHble U HeriporiopyuoHasibHble,

* MO COCTOSIHUKO BeLlecTBa YyBCTBUTENLHOrO oObbema — meepdomeribHbIe,
)XXUOKOCMHbIe U 2a308kble;

* MO MeTodaM pernctpauumn U3nyyeHun:

- Z-CUUHMUITIISIUUOHHbIE — paduosIIOMUHECUEHMHbIE (ucnonb3yetcs

CUMHTUNNUPYIOLLIEE BELLECTBO, UCMyCKalowee KBaHTbl CBeTa Nog OeWCTBUMEM
NOHN3NPYIOLLETO N3NYYEHUS);

- Z-UOHU3aUUOHHbIE (MUCNOMb3yeTCA WOHM3aAUUS B BELLECTBE YYyBCTBUTEMNBbHOMO
obbema getekTopa);

- I'IO!'IyﬂpOSOaHUKOGbIe — UOHU3alUUOHHbIe (I/ICI'IOJ'Ib3yeTCF| ArIEKTPUYECKOE rnoJie and
CO6I/IpaHI/IF| HEpPaBHOBECHbIX HOCUTEIen 3apAa0oBs, O6pa3OBaHHbIX

NOHN3UPYIOLLINM N3ny4yeHmem B NonynpoBOAHNKOBOM maTepuane
4yBCTBUTEIbHOIO 00bemMa geTekTopa).




PEFMCTPALUMA MPOHUKAKOLLMX N3TYHEHUW

MpuHUUNLI demeKkmupoeaHUs.

* lpeanbHbl [OETeKTOop [AO0J/KeH [OeTeKTUpOoBaTb KaXayto
NOCTynawLlyto He HEro MOHU3MPYIOLLYKD YacTuly M OaBaTb
TOYHYIO MHJQOPMALUKD O ee TMONMOXEHUU, IJHeprmn wu
BPEMEHN TOCTYMMNEHUA, TaKke [OOIMKEH obecneymBaTb
0bpaboTKy gocTaTovHO HOsbLUMX MOTOKOB POTOHOB.

* PeanbHble [OeTekTopbl He YyOOBNETBOPSIOT BCEM 3TUM
TpeboBaHMAM, T.K.:

- He Bce nagaroLme Ha AeTekTop MOTOHbI B3anMOOEeNCTBYIOT C
HUM;

-  HeobsizaTenbHO  BCE  YacTuubl  B3aMMOOEWCTBYIOT
9P PEKTMNBHO.

 Berimumy Q — gono  nagawwmx Ha o OETEKTop
NOHN3UPYIOLWMX YacTul, obpasyroLlmnx namepmumoe cobblitre
N galowmx BKNag B BbIXOOHOM CUrHan, HasbiBatoT
K8aHMoeBbIM 8bIXOO0M demekmopa.

* [lpn aHanu3e JaHHbIX 3KCNepuMeHTa C WUCMOSib30BaHUEM
naeanbHoOro U peanbHOro OAETEKTOPOB ObINIO YCTAaHOBNEHO,
4yTO Q npeanbHoro getektopa = 1, a Q peanbHOro
netektopa = 0,81.




PEFMCTPALUMA MPOHUKAKOLLMX N3TYHEHUW

[MpuHuunbI pecucmpayuu UOHU3UPYOWUX U3JyYeHudl.
NoHn3unpytowee nsnyvyeHne Henb3sa o6HapyXnTb opraHamm 4yBCTB.

OHO oDOHapyXmMBaeTcs TOSIbKO MO B3aUMOLENUCTBUIO €ro CO Cpeaown,
npuBoAsLLEMY K 0DOpas3oBaHUIO MOHOB pasHbiX 3HaKoB. Ecnu Het
B3aMMOOENCTBUA CO CPeaon, ODHapPYXUTb €ro HEBO3MOXHO.

BewecTBO
- AddeKTbl
YyBCTBUTESIbHOIO Tun cucTtembl pernctpauum
MOHU3aL NN
obbema getektopa
a3 MoHun3aunoHHasa kamepa ANEeKTpUYecKnmn
a3 NMponopunoHanbHbIN CYETUYUK ANEeKTPUYECKUN
a3 CuyeTtuuk lNeurepa-Mrwonnepa ANEeKTPUYECKUN
NonynpoBoaHUKOBbLIE y
NMonynpoBoaHUK ANeKTpU4eCcKnmn
npeoobpasoBarenu
CUMHTUNNALUOHHDbIE y
CumHTUNNATOP CBeTtoBOM
npeoobpasoBartenu
PoTO3IMYNbCUU PeHTreHOBCKas nrieHKa Xnmumnyecknn




PEFMCTPALUMA MPOHUKAKOLLMX N3TYHEHUW

HNoHU3ayUOHHbIU MeMOO U3MepeHUU UOHU3UPYOWUX U3J1y4YeHul.

®OTOHHOE M3MyYeHne B3auMMOOEWCTBYET C BELLECTBOM MyTeM OTO3NEKTPUYECKOro
MNOrMNOLLEHUs, KOMNTOHOBCKOIO pacCcesiHns u poxxaeHus nap. Kaxabim n3 aTux npoLeccoB
NpoAyLMpyeT SNEKTPOHbI U MOHbI, KOTOPbIE MOTYT ObITb COOPaHbl U U3MEPEHDI.

JluHeUHoU uoHu3auuelu R HasblBaeTcsl OTHOWeHMe 4ucrna MOHoB opHoro 3Haka (dN),
00Opa3oBaHHbIX NOHN3UPYHOLLIEN YaCcTULEN Ha arieMeHTapHOM nyTu (dt), K aToMy nNyTH

R = dN/dt.

Ha nuHenHyo MoHU3aumio BIUSIET 3HEPrust 3apsXKeHHOM YacTulbl nnu poTtoHa 1 xapakTtep
NOHN3UPYIOLLIErO BELLIECTBA.

NoHu3aUUOHHbLIe KaMepbl.

B noHnsaunoHHou KamMepe K o6bemy rada Mexny OBYyMA 3reKTpodaMn npukiiaablBae€TCA
pPa3HOCTb NMoTeHunasriosB.

B umMnnHaopuyecknx kamepax ras 3akniuyeH B LMIMHOPUYECKOM KaTode, Yepes3 KOTOpbIN
NPOXOAMT akCuanbHO pa3MeLleHHbI CTEPXKHEBOW aHOA.

B nonocTtHoM Kamepe MOHU3NPYIOLWME YaCcTuLbl, NPOXoaa Yepes YyBCTBUTENbHbIN 06beM
Kamepbl, MOHU3NPYIOT 3aKMOYeHHbIW B HEW ras. [pu npunoXxXeHun K anektTpogam pasHOCTU
NOTEHUMaNoB MOHbI ApendyoT BOOSb CUMOBLIX JIMHWUA 3NEKTPUYECKOro nons, cosgaBas
MOHMN3ALMOHHbIN TOK.
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Cxema nonocTHON MOHU3ALUNOHHOW KaMepbl: 1 -peHTFEHOBCKOE N3nydeHne; 2
- BXOOHOE OKHO; 3 - aHop; 4 - ras; 5 — npeaBapuUTerbHbIA YCUNUTENb;
6 - CTEHKM KaMepbl; 7 — UCTOMHUK NUTaHKUS; 8 - KaTtoa

Cxema uunmHapu4eckon NoHM3aLnmn KaMepsbl:
1 - kaTon; 2 - aHoA



PEFMCTPALUMA MPOHUKAKOLLMX N3TYHEHUW

Ecnn pa3HOCTb noTeHuunasnoB MOCTENneHHO YyBEeJI4YMBaTb C HYIIA (pI/IC.), TO TOK BHa4yarlre
yBENMNYNBaAETCA NpornopumnoHasibHO NMpuioxXeHHOMY HanpA>XeHuto, 3ateM poCT 3aMeandeTCA,
M 3Had4eHne TOKa CTaHOBUTCA [OCTOAHHbIM, HECMOTPA Ha nMNoBbllLUEHNE PA3HOCTU
noTeHumnaros.

T.K. B cnabom aneKkTpn4eckom nomne TonbKo YacTb 0O6pa3oBaBLUMXCHA MOHOB MOXKET MonacTb
Ha 9NeKTPOAbl, ocTalnbHble PEKOMOMHUPYIOT APYr C APYroM, T.e. HEMTpanuayTcs npexae,
YeM OHW [JOCTUrHYT 9nekTpogoB. B atom cnyyae kamepa Mano addekTuBHa AOns
perncTpauum U3ny4yeHus.

B 6Gonee cunbHOM Mone CKOPOCTb [ABMXXEHUS WOHOB BO3pacTaeT, BEepOSiTHOCTb
PEKOMOMHALMM YMEHbLUAETCSA A0 HYMS, U BCe MOHbI, obpa3syllumnecs B rase, nonagatoT Ha
anektpodbl. [lpM 3TOM WMOHMU3AUMOHHBLIA TOK [OOCTUrAaeT 3HAYEeHUS  HaCbILLEHUS.
NoHn3aLUmnoHHble Kamepbl paboTaloT B pEXXMME HaCbILLEHWS.

TN Kamepbl U3MEPSIIOT MOLLIHOCTU 03 MOHMU3UPYIOLLNX M3MYYEHUI, T.€. OHM MOKa3blBaloT
YPOBEHb M3My4YeHUs B MOMEHT 0brny4YeHns 1 nocne npekpallieHns obnyyYyeHns nx nokasaHus
BO3BpaLLLalTCA K GOHOBOMY YPOBHIO.

B HekoTOpbIX Kamepax, WCMonb3yemMblX B A03UMETPUKN, cucTemMa M3 OBYX ISNEeKTPoaos,
NOAKIMIOYEHHas K KOHAEHcaTopy, 3apsiKaeTCcs BHELUHUM MCTOYHUKOM [0 Ha4YanbHOW pasHOCTY
noTeHumanoB. Takas kamepa OydeT nokasbiBaTb OOLLYH A03Y U3NYYEeHUs!, NMOMYYEeHHY C
MOMEHTa BKIHOYEHUS KaMepbl.

OTN KaMeDbl NCNOMNb3VIOT B MHANUBMAVATbHbIX AO03NMETpPax pa3MepoM C LUAaPUKOBYHO PYUKY.

|’ vy 'z
| BonbT-amnepHas xapaktepuctmka ra3oBoro
| | paspsga:
|
] l /-obnacTtb 3akoHa Oma;
| I 1 //-0bnacTb MOHM3ALMOHHOWN KaMepbl;
|
1 l
= |

— — -
-—

///-obnacTb NPoONOpPLMOHaNbLHOCTU K
OrpaHMYeHHOM NPONOPLNOHANbHOCTN;
HanpaxeHue, yca. €o. IV - obnacTtb evrepa,;

V-06nacTtb caMoCToATENBHOro paspsia

TOK, yca. ed.
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Fa3oebie cyemyukKu.

 [as3oBbiM cCYETYMK npeacTaenseTr cobon patynmk (N0 KOHCTPYKUMKM  aHanornyHbim
MOHM3AaLUMOHHON  Kamepe), npefHasHayeHHbI  ONns  perncTpaumm  OTAENbHbIX
NOHM3UPYIOLLMX YacTul. B rasoBbix cyeTumkax Ona yCUINEHUss MOHU3aUMOHHOro TOoKa

MCNOMb3yeTCs ra3oBbin pa3psa.

« B 3aBucmmoctn OT xapakTepa WCMONb3YeEMOro rasoBoro paspsga CYETYMKM MOXKHO
pasfgenuTb Ha aBa Tvna:

1) nponopunoHarbHble (C HeCaMOCTOATESbHBIM Pa3pPSAoM);

2) cyeTyukm 'enrepa (C caMoCToATESTbHBIM Pa3psaoMm).

 [lpn npaBunbHOM noadope rasoB M HaNPsKEHUA MNPOMNOPLUNOHANbHBLIA CHETYMK MOXKET
OOHapyXunTb anba-4acTuubl B MPUCYTCTBMM BeTa-4acTul WM BbICOKOSHEPreTUYHbIE
dPOTOHbI B NPUCYTCTBUM (POTOHOB BOree HN3KNUX SHEPTUN.

 Cuetunku [lenrepa aBnATCA Hanbonee LWNPOKO MNPUMEHAEMbIMU YHUBEPCANbHLIMU
npubopamn OnNs OO3NMMETPUYECKONO KOHTPONs. B HMX TOK BbIXOQHOMO MMMyrbCca
COBEpPLUEHHO He 3aBUCUT OT 3HA4YeHUM Ha4varbHOMW WOHM3aAUMKW, BCE UMIMYIbCbl MNpU
3aJaHHOM HarpsXXeHUN UMEKT OgMHAKOBble 3HAaYEeHUS TOKa.

,):‘r

HekoTopble npnbopbl UMEIOT LLKany,
nporpagynpoBaHHyo Mo U3ny4vyeHuto uesmsa-137
NN gpyroro NCToYHMKa.

Puc. 3aBMCUMOCTb OTHOLLIEHUS
3aperMcTpupoBaHHOM MOLLHOCTM A03bI P,

K 0ENCTBUTENbHOW MOLLHOCTU A03bl P0 oT
9Heprnmn 4YacTuy, ons cyetdunka l'evrepa




PEFMCTPALMA MPOHUKAKOLLMX N3TYHEHUW

[MonynpoeodHukoebie npeobpa3zoeamenu.
[MonynpoeodHuUKO8bIe CHEMYUKU.

* HekoTopble NoONynpoBOAHWKW MNO4 OEWCTBUMEM WMOHU3UPYIOLLETO M3NYYEHUS CTaHOBATCH
NpoBOOHMKAMM UM MOFYT WUCMNONb30BaTbCs B KadecTBe [OETEKTOpoB usnyyveHus. K
NONynpoBOOHMKOBbLIM Npnbopam OTHOCATCS:

- ANdopy3HbIE OETEKTOPDI C pP--NEepPexoanom;

- NOBEPXHOCTHO-6apbepHbIE;

- U oupdy3Ho-apendoBbie OETEKTOPI.

* [lpuHyun Oelicmeus: NNAcCTUHY KPEMHWEBOIO WKW repMaHMEBOro Kpuctanna p-tuna
(6egHoro anekTpoHamn), C OCaKAEHHbIM Ha €€ NOBEPXHOCTN CNOEM NpuMecu (Hanpumep
n3 gpocdgopa) rn-tuna (doraton ANEKTPOHaAMN), HAarpeBaroT, Tak YTO HENOCPEACTBEHHO NoA
NOBEPXHOCTbLIO 0BpasyeTcs p-r-nepexoq.

* [lpn NpUMNOXeHUn K KpuUcCTanmny BHELIHEro HanpsKeHUs1 TakoW MONSAPHOCTU, YTOObI OHa

NpensaTcTBOBana ecTeCTBEHHOMY MNepeMeLLeHNI0 3MNEeKTPOHOB U  [ObIPOK, BO3HUKAET
obeagHeHHas HocuTensaMmmn 3apsiga 3oHa. OHa ABNSeTcs 4YyBCTBUTENbHBIM 06bEeMOM

aeTekTopa.
« [lonynpoBOAHUKOBLIMM [OETEKTOPAMN MOXHO W3MEPUTb MNMOTHOCTU MOTOKa TSXKenbiX
4acTuL, ANEKTPOHOB, POTOHHOIO MU3NyYeHUs.

-1 Sl — CxemaTunyeckuii paspes Anddy3noHHOro
f ‘»«F’T"-_:*-"f-"'-'“""."""".'-f?.*’*."’.’f? R R RIS [EeTekTopa C p-N-nepexoaoMm:
| - 1 - o6beanHeHHas obnacTb;
A4 2 — 3NEeKTPUYECKNE KOHTAKTbI;
L 3 - BXO4, AeTeKkTopa;

| TS ; oo copm— T 4 — obnactb N-TNa;
2 ) |

5 - KpeEMHUM p-TMNa;
6 — MeTannM4ecknun anekTpos
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* [lpnHUMnN OencTBusi NOBEPXHOCTHO-6apbePHbIX U ANPIY3MOHHO-OPENTOBLIX
OETEeKTOPOB TOT Xe, YTOo U Y p-n-nepexoaa.

*  O@OYHKUMOHMPOBaAHNE TMOBEPXHOCTHO-DApbLEPHOro AeTekTopa 3aBUCUT  OT
COCTOSIHUSI MOBEPXHOCTU KPUCTaNMoB W3 KPEMHUA wUnNn repmanuda. Ha
NOBEPXHOCTU NNacTUHbI becnpumMecHoro KpucTtanna CyLLleCTBYeT
ONEKTPUYECKOE TMorie, WCKMYarLlee nNpuUCyTCTBME, KaK [OblpoK, TakK W
9JIEKTPOHOB B TOHKOM cCJioe BOMM3M NoBepXHOCTU. B Kpuctannax n-tuna 910
none oTTankuBaeT cBODOAHbIE 3MEKTPOHbl. Ecnu Kpuctann coeguHuTb C
MeTasrsoM, CBOOOAHbLIE 3NEKTPOHbLI MO-NpeXxHemMy OyayT oTTankmBaTbCs, HO
HEernocpeaCTBEHHO MO4 MNOBEPXHOCTbID OyayT KOHUEHTPMPOBATLCH AbIPKN.
Ecnu K TakomMy KOHTaKTy MNPUNOXUTb BHELIHee obpaTHOe HanpshkeHwe, TO
cosgaetcda obegHeHHas 30Ha (puc.).

* [loBEPXHOCTHO-DApbLEPHbIE OETEKTOPbLI MO CPABHEHMUIO C OETeKTopaMu C p-ri-
nepexo4oM AaloT fydllee paspelleHne rno SHeprum, odHaKo Yy nocregHux
bonee wunpokaas obegHeHHasi obnacTb, YTO MO3BOMSET UM aHanU3npoBaTb
yacTuLbl ¢ boree BbICOKOW 3HEDIEN

- o O e e prose **—'***"—'-'*'**:1"" CxemaTtnyeckum paspes NnoBEPXHOCTHO-

GapbepHOro geTekTopa:
1- MeTannn4eckne anekTpoabl;
2 - BXO[, AeTeKkTopa;
‘ : 3- TOHKNMI MeTanIM4YECKNN ANEKTPOLA;
L R 2 R — 4 - obegHeHHasn obnacTb;
= - S 5 - KpemMHuUn p-Tnna

——




PEMMCTPALINA NMPOHUKARKOLLMX N3NYYEHNWA

Anddy3noHHO-ApendoBble OETEKTOPLI N3FOTOBISKOT U3 KPEMHUS (pexe U3 repMaHusl) p>Tuna C HU3KUM
yaenbHbIM COMPOTUBAEHNEM, B 3TOM Criydae Ucnonb3yeTcs siBrieHve gpenda B rmydb Kpuctanna,
Hanpumep, WOHOB NnTus B rMyOb kpuctanna npu temnepatype go 400 °C npu nogade obparHOro
HaNps>KeHUS1 B HECKOSbKO COTEH BOSbT.

Mon OencTBMeM 3MEeKTPUYECKOro MOSit MOHbI NINTUSA MPOHUKAKT B MyOb KPEMHUSE M KOMMEHCUPYIOT
akuenTopbl. ATOMbI akuenTopa, Hanpumep, TpexXBaneHTHble aTOMbl UHAMSA WY rannnd, MoryT 3aMellaTb B
KpUCTannM4eckon pelletke aToMbl NONYNpoBOAHMKA. Taknm obpasom, obpasyeTcs KpucTans, MMeoLLmi
TONbKO COBCTBEHHYO MPOBOAMMOCTb (pUC.).

KpeMHueBble OeTEeKTOpbl MOXHO WMCMONb30BaTb MPU KOMHATHOW Temrepatype, HO OHU UMEKT HU3KYIO
3PPEKTUBHOCTL MPU perucTpaunmn raMma-msnyyeHus.

[epmaHueBble aeTekTopbl obnagatoT 6onee BbICOKOM 3(PAEKTUBHOCTLIO MNpU  pernctpauum ramva-
N3NyYeHNs1, HO OHM OOMMKHbI AKCMTyaTUpPOBaTLCH NPU TEMMNepaType XKMOKoro a3oTa.

nOﬂyI'IpOBO,D,HVIKOBbIMVI AJeTeKTopamMn B CoYeTaHnn C ycunutendamMm Cc HU3KUM YypOBHEM LWYMOB MOXHO
N3IMEPUTb MJTIOTHOCTU MOTOKa TAXEJIbIX 4YaCTul, 3NEeKTPOHOB U d)OTOHHOFO N3JTyHEHUA. nOBerHOCTHO-
6apbeprle KpeMHUEBDbLIE CHETHUKUN NMPUMEHAKOT O5A pernctpaumnun 6bICprIX n MmearneHHbIX HEUTPOHOB.

."

CxemaTunyecknn paspes oudpdysmoHHO-4pendoBoro
aeTekTopa:

1 - BXO4 OETEKTOopa;

: 2 - TOHKNW MEeTanIM4ecknin anekTpoa;

3 - HeKoMneHcnpoBaHHas obnacTb p-TMna;

J L 4 - criont KPEMHUS, KOMMEHCUPOBAHHLIN NIUTUEM,;
B—=° 5 - ANPPY3NOHHBIN CrION NNTUS;

J 6 - NpegoxpaHnTeNbHOE KOMbLO
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CeneHoeble a5iekmpopeHmaeHo2paghu4ecKue niaacmuHsbl.

CnocobHocTb HEKOTOpPbIX TBEPAbIX TeJ1, B YaCTHOCTU MOnynpoBOAHUKOB, NSMEHATbL CBOE 3J1IEKTPUYECKOE
cornpoTtumerneHune npu O6J'IyquMVI (*)OTOHHbIM n3rty4eHmemM ncnosib3yetcqa B paanaumMoHHOM KOHTpOIe AOnd
noJtly4eHna CHMMKOB OK. I'Ipou,ecc noJjilydeHnd CHMMKa HOCUT Ha3BaHUE 3neKTpopeHTreHorpachquKoro
npouecca.

[Mpn 3TOM MCNONbL3YTCA MNONYNPOBOLAHMKOBLIE CEMNEHOBbLIE MMACTUHbLI, COCTOSILLME U3 METaNSIMYECKOM
artoMUHMEBOW MOAJSIOXKKM, HA KOTOPYIO B BaKyYMHbIX YCNOBUSAX NYyTEM TEPMUYECKOIO UCNAPEHUsS] HAHECEH
cnou ¢potononynpoBogHMKa — aMopdHOro cerexa.

TonwmHa ceneHosoro cnosa coctaenaet 100 ... 500 Mkm.
[Mpouecc nonyyYyeHnsa aneKkTPoOpPEHTreHorpamMmbl COCTOUT U3 CreayroLnX aTanos:

- Onda npungaHu4a nnactuHe C nonynposoaHUKOBbIM CJ10€M CbOTO‘-IyBCTBI/ITeJ'IbHOCTI/I Ha MOBEPXHOCTb CJ10A

pPaBHOMEPHO HAHOCUTCS ANIEKTPUYECKUIA 3apsf;

- BbICOKO€ HanpsikeHue (okorno 5 .. 7 kB) nogsoauTtcs kK anekTpoaam, pasMeLLeHHbIM Hag, NnacTUHOMN;
- B BO3AYLLUHOM MPOMEXYTKE MeXay dNeKTPoAaMmn 1 CNoeM cerneHa BO3HUKaAET KOPOHHbIV pasps.
O6pa3oBaBLUMeCs B MpoLiecce paspsaa MOHblI BO3[yxa OcedalT Ha CerneHoBoM crioe. B 3aBucumoctu ot

NOJIAPHOCTU J3NEeKTPpU4YeCcKoro noteHumnana, nogaBaemMoro Ha J3neKkTpoadbl, Mj1iactnHa MOXeT ObITb
3apAKeHa nnoéo oTpuuaTtesibHbIMU, nnbo NoNoXnTernbHbIMU 3apagamu.

- NocCne 3ap4aaKku niactnHy 3aKpbliBalOT CBETOHENPOHMLUAaEMbIM KOXKYXOM U OHa rotoBa K 3KCNOoHNPOBaHUIO.

SKCI'IOHMpOBaHI/Ie 3apFl)KeHHOl7I MacTUHbl MPakKTU4YeCKNn He OTIn4YaeTCA OT NnreHO4YHOMN paﬂ,worpacbwm,
O1HaKoO B (*)OTOL-IyBCTBVITeJ'IbHOM cnoe rnportekarwT coBepLUEeHHO UHblE MpoueCChl. doTOHHOE na3styydyeHune
npoxogunTt 4yepes OK, Moaynmpys ¢cBoro MHTEHCUBHOCTb HEOOHOPOAOHOCTAMMU OK, n nonapaet Ha NnNacTuHy.
B3aMMOﬂeVICTByH C CelleHOBbIM CI10EM, U3ry4vyeHne yMmeHbLUaeT ero areKTpny4eckoe cornpoTmuerieHne, 41o
HGVITpaﬂM3yeT 3ap4da, HaHEeCEeHHbLIN Ha crnoe.

HenTpanusaums nponopuuoHanbHa UHTEHCUBHOCTU U3MNyYeHUsl, B3anMOAENCTBYIOLWEro C nnacTuHon. B
pesynstate 3TOr0 Ha MOBEPXHOCTU  (POTOMONYNPOBOAHMKOBOIO Crosi obpasyeTrcss  CKpblToe
aneKkTpocTaTuyeckoe M3obpaxkeHne, KOTOpoe MPOSBISIETCA MPU OMbIFIEHUN MOBEPXHOCTU CENEHOBOIO
CIosi MENKOAUCMNEPCHBIM 3apsiKEHHbIM MOPOLLKOM — anekTporpaduryeckum nposisuternem. MHTeHCMBHOCTb
oceaHus NopoLLKa Ha NnacTuHe NponopUMoHanbHa 3Ha4YeHN0 0CTaTOYHOMO 3apsaa.

Buovmoe nopolkoBoe M300pakeHMe MOXHO paccmaTpuBaTb Ha NNacTMHe W aenatb 3akniovYeHne o
kadyectBe OK, HO Ans TWaTenbHOro aHanM3a U COXpaHeHNs B apXmMBE HY>XHO NepeHecTn nsobpaxeHune Ha
Kakyt-nmbo ocHoBy (nucyyto bymary).
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CuuHmunnsayuoHHbIe npeobpasosamesnu.
B npouecce OTKPbITUS PEHTrEHOBCKOIO W3Ny4eHusl ObIOo 3aMe4vyeHO, YTO HEKOTOpble
BELLlEeCTBa MNocrne B3aMMOAENCTBUS C MOHU3NPYHOLLMM U3NyYEHUEM UCNYyCKarT DOTOHBI
BMANMOIO CBeTa. OTM CBETOBbIE (DOTOHbI NPOSBNAKTCS B BUAE BCMbILLEK U B 3TOM Clny4ae
FOBOPST, YTO BELLECTBA CUMHTUIIINPYIOT.

B kayecTBe CUMHTUNNATOPOB (NMFOMUHOMOPOB) B Npnbopax WUPOKO NPUMEHSIOT TBepAble
matepuanbel. T.K. 3TU BelwlecTBa bonee I'IJ'IOTHbIe yeM rasbl, oHM obnagarT OonbLuen
apdPeKTUBHOCTLIO AeTektuposBaHusa (B 10° pas). WmetoTcs pasnquble CLUMHTUNNATOPI,
no3BosisloWmMe OeTekTupoBaTb anbda-, 6bera-4acTuubl, (OTOHHOE W HEUTPOHHOE
N3ryyeHmne.

B ckobkax Xxummuyeckux dopmMyn YykasaHa MpUMECb, WCMNofb3yemasi B KadecTBe

AKTIARATNNA

3.2, [lepevenp WHPOKO NPUMEHAEMbIX CURHETHANATOPOR
B A03MMETPHH K paanaunonHoM HK

HassaHue X HMHYECKan Gopmyna [HN ACTEKTHPYEMBIX HaCTHU
Hoaua HaTpuA NI(TI) POTOHBI
Hoaua uesuns Csl(T1) QOTOHbI
Hoaua 1uTHS Lil (Eu) POTOHBI, HEHTPOHBL
CynbQua LUHHKA ZnS (Ag) ANbQ)a-4yacTHILb
[ epMaHaT BHCMYTA ViGe;0y; DOoTOHBI
Boabdpamar KaamMus CdWO, | DOTOHSI
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CUMHTUNNATOPHbLIE MaTepuarnbl BbliNycKaldT B rasoobpasHoOn, XWOKOW U
TBepagon dopmax. LLUIMPOKO NPUMEHSIIOT OpraHUYecKkue XMOKOCTU N TBepable
BELWleCcTBa, HeopraHuU4yeckme rasbl W TBepable BewlecTBa. IBepable
OpraHu4yeckve CUMHTUMNSATOPbI BbiMyCKaloT B BUAE KPUCTANOB, NMACTUHOK U
renen.

HeopraHnyeckune TBepable CLUMHTUNNATOPbLI NpeacTaBnsaT cobon Kpuctanmbl
raroreHnaoB  LIENoOYHbIX  MeTannoB. JIIOMMHECUEHTHbI  Mpouecc B
HeopraHM4eckux maTtepuanax TpeOyeT npuUcCyTCTBUS B HUX HebonbLUMX
KONMNYEeCTB NpUMecel (akTMBaTOPOB), ONpeaensoLmxX LBET CBEYEHNS.

Ons wcnonb3oBaHusa B npubopax HK v oo3nmeTpum CUMHTUNNATOPbLI AOMKHbI
obnapgatb OONbLUMHCTBOM U3 NEPEYNCIIEHHBIX HUXXE CBONCTB:

- BbICOKOE MOroLLIeHNE NafatoLLLEro Nyyka NPOHUKAIOLLIETO N3NYYEHUS;
- BblCOKas 3dEKTMBHOCTbL NpeobpasoBaHUs SHEPTNUN NOHUIUPYIOLLMX YacTul, B

CBETOBYIO SHEPINIO;

- BbICOKOE NPOCTPAHCTBEHHOE pa3peLLeHUE;

COrMacoBaHHOCTb  CMNEKTPanbHOM  XapakTEPUCTUMKM  noMUHOdopa  CO
CneKkTpanbHON XapakTepUCTUKON paboTaroLLero COBMECTHO C HAM (POTOHHOIO
npeobpasoBaTens;

- BOCnpon3BoanMaa TeXHOJIIOIMNA.

Bbibop Mmartepuana sBnsieTcs  nNpuHUMnManbHbIM ~ BonpocoM. MHorue
maTepuanbl CUMHTUNINPYIOT NOA AENCTBUEM NOHU3MPYIOLLEro U3MNyYeHusl, HO
HaUMy4YlWWUA KOMMNPOMWUCC MeXdy TMOrMoLEHNEM W  MNPOCTPAHCTBEHHbIM
pa3peLlleHneM MOXET ObiTb MOMyYeH TONMbKO C NMPUMEHEHWEM MaTepuanos,
COAEpKallMX aToOMbl C BbICOKMM aTOMHbIM HOMEPOM M MMEKLIMX BbICOKYIO
MNNOTHOCTb.
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B uenu

nepejadym AaHHbIX O XapaKTepUCTUKaxX MNPOHUKaLLNX

N3NYYEHNUA U UX NOMEN CUMHTUNNATOPbI OObIMHO WMHMOPMAUMNOHHO
CBSA3aHbl C (POTOHHbIMM NpeobpazoBatenaMu: POTOINEKTPOHHLIMA
yMHOXutenamu (PY), dotoanogamun, dotokatogamn, PEHTreHOBCKOM
NSIEHKOWN M T.M. (pUcC.).

Cxema getektopa "cunHtunnatop - P3Y":

N/ ,4

. " /‘
--.{ -
b/ r.t "V

et —{

\”7"")/‘ Y

- \)\/\'\V

/

1 - PEHTTEHOBCKOE U3IyYeHue;
2 - CUMHTUNNATOP; 3 - POTOHbI PEHTIEHONMIOMUHECLIEHLNK;2 - CUMHTUNNATOP; 3 - NpeaBapuUTeSibHbIN
4 - hoTokarop; 5 - pokycmpytoLmniA anekTpog; 6 - AuHoablycunutens; 4 - p-n-nepexof; 5 - SiO,;

7 - aHopg; 8 - npefBapUTENbHbIN YyCUNnTenb

T

Cxema getekTopa "cunHtunnaTtop - portoanoa™:
1- PEHTFEHOBCKOE N3IyYeHue;

6 - MeTannMUYeckum KOHTaKT
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PeHmeaeHo8cKass NJIeHKa.

[MaBHas 4YacTb - 9MYNbCUOHHLIM CroW, NPeaCcTaBnsloWnn cobon KenaTUHOBYKD MaTpuly Cco
B3BELUEHHBbIMW B HEN MESNbYanLUMMK KpuctTannukamMmm ranoreHmaa cepeopa.

Mognoxka — Nnpo3padHasi OCHOBA MNITEHKK, BbINOMIHEHA U3 aleTaTta Lentnosbl, NoKpbiTa 3MyIbCuen ¢
o6enx CTOPOH, YTO MO3BOMSIET MOBLICUTL KBAHTOBYHD 3P(EKTUBHOCTbL NNEHKM 6e3 yBenMyeHus
BpPEMEHMN Ha ee XMMUKOo-hboTorpadumyeckyro o6paboTky.

Koroga nneHka nogBepraetcs 9KCNO3vuMm, U3 ranoreHngoB (OTOSMNEeKTpudeckn ocBoboxaaroTcs
SNEKTPOHbI. OTU 3MEeKTPOHbl 3axBaTbiBAKOTCA LEHTpaMn 3axBaTa B KpucTannax. 34eCb OHU
HEeNTPanu3ylTCcs NOABWXHBIMM MOHaMK cepebpa B 3epHax ranoreHngoB, YTo Npy BOAUT K OCaXOAEeHMUIO
B HUX Memnb4YanLLMX KONMYEeCcTB MeTannm4eckoro cepebpa.

Mocne obpaboTkm NMeHKn Te 3epHa, KoTopble coaepXanu bonblue HEKOTOPOro Konmndectsa cepebpa
(0BbIYHO YeTbipex aToOMOB), MOSIHOCTBLIO MEPEBOAATCA B MeTannmyeckoe cepebpo, a 3epHa, KoTopble
cogepXann MeHbLUe 3TOro KPUTUYECKOro KOMMYecTBa, He NepeBOoadATcs M yaanawTcs B npouecce
domnkcauunm.

OKCMoHMpPOBaHME 3epHa MNEHKN (aKTUYECKM OCYLLECTBSETCA He CcaMUMW  PEHTreHOBCKUMU
doTOHaMK, a anekTpoHaMu, BO3HUKAKLLMMK NPU B3aMMoAeNCTBUN DOTOHA C BELLECTBOM MIIEHKMN.
Hanbonee peskoe pasnuune mexagy 3KCNoHMPOBAHUEM MIEHKN C NOMOLLLIO (POTOHOB BMAUMOIO CBETA
N PEHTreHOBCKUMWN OoTOHamMu OBYCNOBMEHO Pas3HOCTbLID B KOMWYECTBAxX 3JHepruu, nepegaBaemMoun
Kpuctannam 6pomuaa cepebpa npu NnornoLweHmnm poToHoB.

L.; ——— —— 4 ¢
4
| 10
' ( E CTpyKTypa peHTreHOBCKOWN MIEHKM:
\ \ 4 1 - cnoun TBepaOW XenaTuHbl,
\ A .
——— — 2 - CNnow amMyrnbecuu, ]
£5 - e . 3 - cyOCTpakT Ans cuenneHnst aMyrnbCum ¢ NOASNOXKON;
- - - — —

4 - nognoxka
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e JKcno3uuuss — OTO  [O3MPOBaHHOE  KOMWYECTBO  U3MyYeHus,
BO30EMCTBYIOLLEE Ha MNITEHKY.

 Onmu4eckas nNIoMmMHOCMb [NQYEPHEeHUs pagunorpauyeckon MreHKn —
9TO AECATUYHbIN norapudm, obpaTHbIN KOIPDULMEHTY NPONYCKaAHUSA T

S = log(1/7),
roe 7 — OTHOLLUEHWe CBETOBOro notoka @, npowelero Yepes novyepHeHme

NNEeHKN Ha Npo3paYHon OCHOBE, K CBETOBOMY MOTOKy @, naaatoLlemy Ha
Hero.

* [1neHkn, nponyckarowme 1/10, 1/100 nnn 1/1000 napatouwiero ceeTa,
obnagaloT  ONTUYECKOM MMIOTHOCTbO nodvepHeHnss 1, 2 u 3
COOTBETCTBEHHO.

 OnTtnyeckaa nMMOTHOCTb NOYEePHEHUA TJIEHKN HaxXoAUTCA B I'IpFIMOI?I
3aBMCUMOCTM OT akcno3unumn. OHa XapaKkTepnusyet Henpo3payvyHoCTb
HeratmBa.

« 3aBMCUMMOCTb OMNTUYECKOM MIOTHOCTU MOYEPHEHUS OT [OEeCATUYHOro
norapudma SKCNO3NLUK  ABMSIETCA  xapakmepucmu4yeckol Kpueol
PEHTFEHOBCKOW MneHkn. KpyTusHa ee MeHsieTCs HenpepbiBHO MO BCEMN
AONUHe.

* W3 aHanusa aTux KpUBbIX MOXHO cAenaTtb BbIBOA O TOM, YTO Pa3HOCTb
OMTUYECKMX MIIOTHOCTEM MNOYEPHEHUS], COOTBETCTBYOLWAA pPa3HOCTU
TonwuH OK, 3aBMUCUT OT TOM 0DNacTn xapakTepUCTUYECKOM KPUBOW, Ha
KOTOPYO MPUXOANTCS 3KCMO3ULUA.

« Yem Bblle KpyTU3HaA B 3TOM obnacTtn, TeM nydlle BUAOHbI AeTanu
N300paXkeHnst Ha paguorpadU4eckum CHUMKE.
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PEFMCTPALMA MPOHUKAKOLMX N3TYHEHUW

B npakTMke pagvMaumoHHOrO KOHTPOMSA LWMPOKO WCMNOMb3YKTCA chnegylwme AeHCUTOMETPUYECKNe
napamMeTpbl PEHTIEHOBCKUX MNIIEHOK.
[lnomHocmb __8yanu S, — ONTAYEckas MIOTHOCTb  HE3KCMOHMPOBaHHOrO  hoToMaTepuana,
nogBepratoLerocss XuMmmnko-gotorpadmndeckomn obpaboTke.
MakcumaribHasa naom{ocmes Smax — onTuyeckas nioTHOCTb, COOTBETCTBYOLLAA HanbornbLlen opamHaTte
XapakTepuctnyeckon Kkpueon. MakcumanbHaa nMMAOTHOCTb nponopuMoHanbHa Macce cepebpa Ha
eovHULy nnowagum nneHKn M MMeeT 3HadeHume ans ObblYHbIX boTOoMaTepuarnoB OKOMO Tpex, a ans
PEHTreHOBCKUX MNEHOK C ABOMHLIM crioem — 12 ... 16.
YyecmeumeibHocmb NIIEHKN — CNOCOBHOCTbL PErMCTPUPOBaTh MOHU3UPYIOLLIEE N3NYYEHME.
OnpeaensitoT MO XapaKTepPUCTUYECKOW KPMBOWM KakK BENuUUMHY, OOpaTHYK SKCMO3MLMOHHOW [03e,
HeobxoaumMoun Ans Nony4YeHnsa oNTUYECKON NIOTHOCTH

S=0,85+S,, roe S, — ontuyeckas NNOTHOCTb Byasnw.

B HacToswee Bpems: S =15+ SO, S=25+ So-

CBETOYYBCTBUTENBHOCTL MINEHKM WMEET BaXHOE 3HayeHue, Tak Kak BpeMsi SABNSAETCA 3aTpaTHbIM
dhakTopom B NM0OGOM TEXHONOrMYECKOM MpoLiecCe.
3epHucmocmse — 3TO BU3yarnbHO OOHapyxMBaemasi HEOAHOPOAHOCTb Ha PaBHOMEPHO SKCMOHUPOBAHHOM
N NPOSIBNIEHHOM Y4YacTKe PEHTIEHOBCKOWN MIEHKM.

Cxematunyeckoe n3obpaxeHne 3epHUCTOCTN PEHTIEHOBCKOM MNNEHKMU:
1 - KpynHO3epHUCTas; 2 - MeNKo3epHUCTas; 3- 3KCNOHNPOBaAHHasA; 4 - HE3KCMOHNPOBAHHAasA



PEFMCTPALMA MPOHUKAKOLMX N3TYHEHUW

[paHynsapHocmbs — 3T0 QUyKTyaumnm ONTUYECKOM MNOTHOCTU pPaBHOMEPHO OKCMOHUPOBAHHOIO W
NPOsIBNEHHOro gootomarepuarna, oueHMBaeMble MHCTPYMEHTabHbIMU MeTo4aMu.

[PaHyNApHOCTb (3€pPHUCTOCTb) OYEHb CUMBbHO BIUSIET Ha BbISBAAEMOCTb Menkmx gedektos B OK un
4YeTKOCTb UX n3obpaxeHuin. OHa 3aBUCUT OT cneayrowmnx akTopos:

- pa3amepoB 3epeH POTOIMYIMNbCUMU;
- BHEPTUN UOHU3UPYIOLLUX YaCTUL, BPEMEHU NPOSIBNEHUS;
- TUNOB YCUNUBAIOLLNX SKPaHOB.

rpaHyJ'IFIpHOCTb noBbIlWAaEeTCA C yBeJSINHEHNEM pa3MepoB 3epeHr (*)OTOSMyJ'IbCI/WI, QHEPINN NOHUIUNPYIOLWNX
4acTuu, BpeMeHU npo4asrieHnA.

YacTuubl YepHOro MeTtannmyeckoro cepebpa B NPOSIBIEHHOMW 3MYNbCUN UMEKT pasMepbl OT 1 MKM U
MEHbLLE.

C yBenuyeHMeM BpEMEHM MpPOSABMNEHUA pacTeT Byalb M YMEHbLUAETCA KOHTPACTHOCTb [OeTanen
n3obpakeHus.

Ncnonb3oBaHne nNHOMUHECLEHTHbIX ycunmBarwwmnx ISKpaHOB nMnpmBoaANT K YBEJIMYEHUIO 3E€PHUCTOCTU
NIeHKn.

Pa3spewarowas cnocobHocmsb rnieHKU.

OTO KOMUYECTBO JUHUK, pasnuMyaemMblX Ha yyactke 1 mMMm. bonblen paspellarowier cnoCoOHOCTLIO
obrnagaloT Menko3epHuUCTble nneHkn. Paspewatrowas cnocobHOCTb W YyBCTBUTENBHOCTb MSIEHOK
HaxogsaTcA B OOpaTHOM 3aBMCUMMOCTU: YeM Bbllle YYBCTBUTEMbHOCTb MNIEHKW, TEM MeHblle ee
paspeLuaroLlas cCnocobHOCTb.

Spghekm Hes3aumo3lamMecmumMocmu.

an/I OYeHb AOJNNTEeslbHbIX 3KCMO3NUNMAX U HUIKMX YPOBHAX MOLUHOCTU 3KCMNO3NUMOHHbLIX 003, a TaKkKe
NMMNYJNIbCHOM o6nyqu|/||/| npn 3Ha4YnUTEJIbHbIX TJIOTHOCTAX TMNOTOKa 3HEeprun wunary4yeHna ontunyeckad
MNOTHOCTbL MoJly4aeTCAaA MeHblle, 4eM ee 3Ha4YeHne npun Tex Xe Oo30BblX Harpy3kax B Cliy4ae 3KCno3numn
npomex(yTquof/i ONNTESNTbHOCTMN.

HeB3anmo3zamecTMmMocCTb NP HU3KNX MHTEHCUBHOCTAX HabntogaeTca n ans PEHTIEHOBCKUX MJ1EHOK.
OpHako korga nrieHka JKCIMOHUpyeTca HenocpeaCrBeHHO pPeHTreHOBCKUM U3IydYeHUneMm, Sd)(beKTbl

HEB3aMMO3aMECTUMOCTN HE TPOABIIAIOTCA. OTO cneacTteue o,u,Hoy,qapHoM npumpodbl rnpouecca
o6pasoBava JTaTEHTHOro I/1306pa)KeHMFI.

3aKkoH B3aMMO3aMeCTMMOCTM cobntogaeTca npu 6e33KpaHHOM 3KCMOHUPOBAHUM MNEHOK PEHTIEHOBCKUM
N3Ny4YEHNEM WM MPU  IKCMOHMPOBAHMM C MNPUMEHEHMEM CBMHLOBbLIX 3KpaHoB. OpgHakoO OH He
BbIMNONHAETCA NPU UCNOSb30BAHMM JIIOMUHECLIEHTHbBIX 3KPaHOB.




PEFMCTPALINA NMPOHUKAROLLMX N3NYYEHNIA

B Poccuu BbinyckatoT 4 knacca paguorpadouyecknx rnineHok:

- | «knacc, nnénkm Tuna PT-5, PT-K - ocobomesnko3epHUCTbIE
BbICOKOKOHTPACTHblE 0€e33KpaHHble C HU3KOW YYBCTBUTESNBHOCTBIO K
N3NYYEHNIO; OHWU MPUMEHSTCA ONA MNONyYeHUa Haunydlwen BbIAB-
NAeMoCcTU OedeKToB Npu NpPoCBeYMBAHUU U3OENUN U3 NErkux cnna
BOB, a TaKke MpPU KOHTPOSie BbICOKOOTBETCTBEHHbLIX u3genuun. [lpu
MEHSIIOTCS C MeTannn4yeckumm akpaHamu n 6e3 Hux;

- Il knacc, nneHkn Tuna PT-4M, PT-ClU - Takke menkosep
HUCTbI®e W BbICOKOKOHTPACTHbIE, HO YyBCTBMTENbHOCTb MX K M3ny4e
HUO Bbilwe, YeM y nneHok 1 knacca. lNpegHasHayeHbl Anst NpocBeYn
BaHUA U3OENUU U3 NErkux CrnfaBoB M CcTanu mManown TonwwuHbl. [Npwu
MEHSIIOTCS C MeTann4yeckuMm aKkpaHamn n 6e3 Hux;

- Il kmacc,  BbICOKOYYBCTBUTESIbHbIE K U3NyyYyeHUto - 0e3ak
paHHble MnéHkn Tuna PT-1. OHM B OCHOBHOM WCMNOMb3YKOTCA And
KOHTPOMNA TOJSICTOCTEHHbIX wu3genuu. [lpumeHaTCA € MeTannuye
CKUMW 3KpaHaMu n 6e3 HuX;

- IV «knacc, nneHkn Ttuna PT-2, PM-1 - BbICOKOYYBCTBUTENbHbLIE K
N3NYYEHNIO 9KpaHHbIE NNEHKN, obnagawoLime BbICOKOW
YYBCTBUTESNIbHOCTBIO K WU3JTYYEHUIO U BbICOKOWM KOHTPACTHOCTbIO MpWU
NCNONbL30BaHUN doNyopecuMpyrOWmMX 3SKpaHOB. Wcrnonb3yoTcs npu
KOHTPOJSIE TONICTOCTEHHbIX N3OeNnn Ans BbIABIEHNA KPYMHbIX 4edDEKTOB.



PAONOI PAPUA

Obwue xapakmepucmuku paduauUuOHHbIX U30bpa)xeHuu.

Teopusa n npakTMka pagnauuoHHOrO KOHTPOSS CBsA3aHa C aHanu3om
N300paKeEHUN.

PaduauuoHHbIM u3obpaxxeHuem Ha3blBaoOT n3obpaxeHue,
CCHOPMMPOBaAHHOE VWOHU3MPYIOLLMM U3NyYEHWEM B pesyrbrate ero
B3anmoaencteusa c OK,

a meHesbIM_paduauloHHbIM — pagnauuoHHoe mnsobpaxeHne 3a OK,
C(hopMUPOBAHHOE LLUNPOKUM WM Y3KUM MNYYKOM WOHU3UPYHOLLETO
N3Ny4YeHns.

B pagvauuoHHbIX KM3006paXeHuUsix B KayvecTBe M3MEHSIOLENCS
du13nyeckon BenUUMHbI BbIBUPAKOT NEPEHOC MOHU3UPYIOLLMX YacTul,
NePEHOC 3HEPTUM NOHM3UPYIOLLNX YaCcTuL,, 03y, SKCNO3ULMOHHYIO O03Y
obny4veHus.

KayecTtBO aHanmanpyemoro N300paxeHus onpenensieTcs
COBOKYMHOCTbIO MHOIMMX napamMeTpoB: 9HEepreTn4ecKux,
NPOCTPAHCTBEHHO-YACTOTHbIX, CTATUCTUYECKUX N BPEMEHHbIX.

BoipaboTka eguHoro ana Bcex npubopoB KpuUTepusi KadecTBa
N3o0bpaxxeHnn npeacTaensaeT 3Ha4YUTENbHbIE TPYAHOCTM,
OOLLENPUHATON TOYKN 3PEHUA A0 CUX NOP HET.




PAONOI PAPUA

Hep2emu4yecKue U crneKkmpasbHble XapaKkmepucmuku paduayuoHHO20

u3obpaxeHusl.

Mpn npoxoxaeHun vepe3d OK cnekTpanbHble XapakTepUCTUKN NEPBUYHOIO
(POTOHHOIO M3My4YeHUsi TpaHCPOPMUPYOTCA TpyOKamu Tak, 4YTO CMEeKTp
N3ryyYeHus1, npoLleaLuero cnon BewecTBa, okasblBaeTCs 6onee Y3KUM, YeM
CMEKTP WCXOOHOro MU3NydYeHus, a cpeaHaAs 3Heprus nepBUYHbIX (DOTOHOB
paguaumoHHOro n3obpaxeHuns donblle, Yem cpeaHsas SHeprna POTOHOB Ha
Bxoae B OK.

B o6Lllem crnyyae aHepreTuyeckMe napameTpbl TEHEBOro paamnaLMoOHHOro
n300paxeHnsi, PopMUPYEMOro C MOMOLLBID PEHTIEHOBCKOrO WU3Ny4YeHus,
3aBUCAT:

- OT aHOA4HOro HanpsXXeHusa (B KMNoBOSbTax),
- aHOHOro TOoKa (B Munnnamnepax),
- BPEMEHMU, B TEYEHNE KOTOPOro PEHTreHoBCKast Tpybka paboTtaer.

N3ameHeHne aHogHOro TOKa npn HEeU3MEHHbIX HanpaXeHnn nu BpPpeEMEHU
Bbl3biIBAE€T U3IMEHEHUE MNOTOKa 4YacCTulu N 3HEPruun, nMpmHa CriekTpoB AJi4
ITUX peEXNMOB HE NBSMEHAETCH.

[MepeHoc hOTOHOB N SHEPrUK MPSIMO NMPOMOPLNOHANbHbI BPEMEHN paboThI

TPYOKM.
[MponsBeneHne ToKka Ha BpeMS Ha3bIBaeTCS 3Kcno3uuued.

MpyM NOBBLILEHWM AHOOHOIO  HarMpPsHKEHUS  SHEPreTUYEcCKUn  CrekTp
NEPBUYHOIO U3NYYEHUS1 PacLLUMPSETCS, a 3HaYeHUs1 ero napameTpoB Pe3Ko
BO3pacTaloT.




PAONOI PAOUA

BnusiHue paccesiHHO20 U3J1ly4eHUs].
OgHMM 13 (aKTOpOoB, BbI3bIBAKOLWNX CHMWKEHWE KavecTBa U30bpaxeHun npu
pagnaunoHHOM KOHTPOre, SIBNSETCA HannyMe B TEHEBOM paauvauMoHHOM n3obpaxkeHun
pacCcesaHHOro n3ny4yeHus:.

[MaBHbLIMW KOMMOHEHTAaMM PACCEAHHOIO U3Ny4YeHns1 B TakoM U3obpaxkeHnn SBnsoTCS:
n3rydyeHne, BO3HUKaKLWEe B pesyrbrate B3aMMOOeUCTBUS NepBUYHOro msnydenusa ¢ OK
(BNMSIET, ecnn TorwKnHa NnpoceBevYnBaemMoro obbekTa paBHa guameTpy paboyero ny4ka);
BokoBOE paccesiHHOe u3nyyYyeHne (paccesiHue OT CTEH, OT O6BLEKTOB, HaxoasALWMXca BONmNan

OK. OHO NpuBOAUT K pasMbITUO KOHTYPOB N300paxkeHui);
obpaTHo-paccesiHHoe uanydeHue (3To u3nyyeHme ot obbekToB, Haxoadwmxca y OK co
CTOPOHbLI, O6paTHOM OT NCTOYHMKA U3MYyYeHUs1, Hanpumep, nosn unm cTon).

CxemaTtunyeckoe nsobpaxeHue
BTOPUYHOIO U3NYy4YeHUA:

1 - nepBNYHOE N3NyYeHune;

2 - OK;

3 - pagnaumoHHbI npeobpasoBarerb;
4 - BTOPUYHOE M3Nny4vyeHune




PAOANOI PAOUA

CxemaTtu4yeckoe nsobpaxeHune
G0OKOBOro paccesiHHOro U3ny4eHus:
1 — cteHka; 2 — OK; 3 - pagnaumoHHbIn

npeobpasoBarernb
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CxemaTtunyeckoe nsobpaxeHume
obpaTHoOpaccesiHHOro U3ny4YeHus:
1 - nepBu4HoOe nanyyenue; 2 - OK;

3 - pagnaumoHHbI npeobpasoBaTtens;
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BnusHue pacCceAHHOro na3sty4eHn4d Ha

KayeCcTBO n3obpakeHus.
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BrivsHne obpaTHOro nany4yeHnsa Ha ka4ecTBo nsobpaxeHus. 1
- obpaseu; 2 - nnéHka; 3 - obpatHoe nany4veHue; 4 - non.



PAONOI PAOUA

3akoH 0bpamHbIX Keadpamose.

« Korpa xapakTepucTtukmn pabodero nyyka uanyydeHust He U3MeHSITCS
CO BpPEMEHEM, WHTEHCMBHOCTb  M3MyYeHUs B  MNOCKOCTM
paguaunoHHOro n3obpaxxeHns onpeaensieTcs paccTosHUEM MeXay
HUM U UICTOYHNKOM U3MNYyYEHUS.

« Ecnn pacctosHue yBenuuutb B 2 pasa, TO WMHTEHCUMBHOCTb ()
yMeHbLUUTCA B 4 pasa.

d;
d —11  d,=50cm, d,= 100 cm,
< - S, =4am%, S, =16 om*

¢,/ ¢,= d221d12

NMpumep 3akoHa o6paTHbLIX

=

w; KBagpaToB:
/ - aHon;

AW |

AN

AN

)
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B 4 2 - pnadparma;
2 7“ 3 - nnockocTb |;
J 4 - nnockocTtsb |l




PAONOI PAOUA

[IpoekuUOHHOE yeesiuyeHuUe npu paduauuoHHOM KOHMpPOJIe.

[Ona WOHU3MPYKOWEro WU3nyvyeHns [LOEUCTBYIOT 3aKOHbl TeOMETpUYECcKomn
ONTUKM npu oOpasoBaHMM TeHW. TeHb OaeT HECKONbKO YBENUYEHHOE
pagnayuoHHoe unsobpaxeHue, nockorbky OK He HaxoauTcsl B KOHTaKTe C
paguaunoHHbIM n3obpaxxeHnewm.

[MpoeKuynoHHbIM yBenuyeHnem (M) HasbiBalOT OTHOLUEHME JMHEWHOrO
pasMepa J3fneMeHTa TEeHeBOro paanauuoHHoro unsobpaxenuna OK,
ChopMUPOBAHHOIO TOYEYHBIM UCTOYHMKOM MOHU3NPOBAHHOIO U3MNY4YEHUS, K
pasmepy cooTBeTcTBYHOLLEro anemeHTa OK:

M=D,/D, =d,/d,

Cxema npoeKUMOHHOro
yBENUYEHUs

npu paguaumMoHHOM KOHTpONeE:
/ -TOMEYHbIN NCTOYHUK
N3nyyYeHns;

2 - anemeHT OK;

3 - ANEMEHT TEHEBOTIO
N306paKeHuns;

4 - pagnaunOHHbIN
npeoOpazoBaresib




PAONOI PAPUA

reoMempuyvyeckasi Hepe3Kocmab.
« CTteneHb pes3kocTn NbON TEHW 3aBUCUT OT pPasMEPOB MCTOMHMKA MU3NYYEHUST N OT
nonoxeHns OK mexay MCTOYHMKOM U pagmaumMoOHHbIM N300paXKeHneM.

 Korga WUCTOYHUK U3NY4YEHUS He SBMSAETCHA TOYEeYHbIM, a MMeeT Hebornbluyo nnowagb,
dopmMmpyemMasa TeHb He obragaeTt uaeanbHOM PEe3KOCTbI, TaK KakK Kaxablh HeborbLLon
3fIeMEeHT UCTOYHMKa ByaeT popmmpoBaTb CBOK TeHb OT anemeHTa OK, n kaxxgas ns atux
YaCTMYHO HaKragblBalOLMXCA OPYr HA gpyra TEHeW cnerka cMelleHa no OTHOLLUEHUIO K
OCTarnbHbIM, YTO 1 JAeT pacnsibiB4aToe N300paxkeHue.

 LUupnHa «pasmbiTON» rpaHULbl TEHM W3BECTHA NoL TEPMUHOM «2eomMempuyeckas
Hepe3kocmb» U.

U = bf/ do, roe
b — paccTosiHne ot gedekta oo nneHkn, f — paamep PoKyCcHOro nsaTHa,
d, = d.— b, d. — dpokycHoe paccTosiHue.
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= I \l Iy reoMeTpHYecKOil HEPe3IKOCTH
[ I | PagHaUHOHHOrO H300paxeHHs:
] 3 Q | — uCTOYHUKYM n3nyuenus (f) > f2); 2 — INEMEHTHI
s | | OK; 3 — obnactu TeHH palHaUHOHHBIX

H300paxkeHHH, 4 — 061acTH NonyTeHH
Y Y paaHaLMOHHBIX H300paXEHNH [reoMeTpHYECKON

Hepeskoctu (U, > U,
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PAONOI PAOUA

BnusiHue eeniuq4uHbI hOKYCHO20 rsimHa Ha Ka4ecmeo CHUMKa.
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PAONOI PAOUA

BrnusiHue paccmosiHusi obpa3eu- UCMOYHUK Ha Ka4ecmeo CHUMKa

o

]
/ "\ '
, R
/ 2 Xyi y ‘
// I
- — S SR
) P — ' 1y | pacCTosHME
g T~ HCTOYHMK A e
B WA = (1, OoOpa3seu-
paccrostiue V' i &3
- A A t1r y, HCTOYHHUK
oDpaserf- B : ha
| , !l \
HeroyHuk ;N\ gt g
ll' ' \ ~ ‘" ‘"
i ) obpasell : M
| [ Y . "




PAONOI PAOUA

BrniusHue paccmosiHuUss obpa3seu- njaéHka Ha Ka4ecmeo CHUMKaA.
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PAONOI PAPUA

Jucmopcust paduauluoHHO20 U306pakeHUusl.

« dopmMa TEHM 3aBUCUT OT YrrnoB, obpasyemMbiX OCbH
paboyero ny4dyka wuoHusupywowero unsnydyeHns c¢ OK u
NOCKOCTbIO paanaunMoHHOIo usobpaxeHusi. Ecnmn atm
yrnbl oTNNYHbI T 90°, TOo N306pakeHne NcKaXkeHo.

CxeMbl hopMMPOBaHNSA ANCTOPCUN
pagnaunoHHbIX N306paeHni:
1 - TOYEYHbIE UCTOYHUKN U3NYYEHUN;
2 - anemeHTbl OK;
3 - NnepneHanKynsapbl K NAOCKOCTSM dfieMeHTa
OK 1 pagnaunoHHOro n3obpaxeHus;

1 4 - NNOCKOCTb pagnauMoHHOro n3obpaxeHus,
napannensHaa niockoctn anemeHta OK;

5 - NNOCKOCTb pagnaunoHHOro n3obpaxeHus,
pasMeLLeHHast No4 Yrinom K niiocKoCTu
5 anemeHTa OK




PAONOI PAOUA

YyecmeumesnbHOoCmMb paduaulloHHO20 KOHMPOJIS.

[Ans OueHKN YyBCTBUTENbHOCTU WCMOMb3YT 3TanoHbl YyBCTBUTENbHOCTU. 3TO
YCTAHOBMNEHHbIE HOPMATUBHbIMM AOKYyMeHTamMu no dopme, coctaBy M cnocoby
NPUMEHEHNS TeCT-00pasLibl, pa3Mepbl 3NIEMEHTOB KOTOPbIX 3a[aHbl.

UyBCTBUTENBLHOCTb  paguMauMOHHOINO  KOHTPOMS  OOMKHA  COOTBETCTBOBATb
TpeboBaHMAM TEXHUYECKON aoKyMeHTauum Ha OK.

O6bI4HO  3TanoOHbl YYBCTBUTENLHOCTM YycTaHaBnmBalT Ha cTopoHe OK,
oOpalleHHON K UCTOYHUKY U3Ny4yeHus B 0briact no BO3MOXHOCTM paBHOMEPHOM
TOMWMWHBI,  T.K.  Hauvbormnbllee  UCKaXXeHWe  MpeTepneBaeT  CTPYKTypa,
pacnosiokeHHas ornmxe K UICTOYHUKY.

Ecnn o0OBGbEeKT KOHTPONsi WMMEET HepaBHOMEPHYH TOMWMHY, TO 3TaslOHbI
ycTaHaBnueawT Ha Haumbonee BaxHyto 4actb OK wunn Ha OK pasmewatot
HECKOJSIbKO 3TarloHOB.

Ha OK, nmewownn ceBapHOM LLUOB C YCUITIEHMEM, NPOBOSIOYHbLIE W MNACTUHYaTbIE
9TanoHbl MOryT pasMeLllaTbCs Ha AOMOMHUTESbHbIX MaCTUHKAX TakoW TOSLMUHGI,
YTOObI BbIPOBHATb paguauMOHHYO TOSLLUHY.

Ecnn HEBO3MOXXHO yCTaHOBUTL 3TanoH Ha ctopoHe OK, obpalleHHON K UCTOYHUKY,
TO ero MoXHo pasmectutb Ha 4Yactn OK, obpallueHHOn K nneHke. Toraa BONn3u
MapKUPOBKM 3TanoHa AOMMKHO ObiTb BUOHO U306paxeHne CcBUHLOBOW DYKBbI «F».
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PAONOI PAOUA

[To xummyeckomy cocTaBy M MIIOTHOCTM MaTepuana
aTasnioHbl JOMKHbI BbITb MAEHTUYHLI MaTepuany OK. B
MUPOBOW MNpaKkTUKe — CTyneHyaTbld, CTyneH4yaTo-
AbIPOYHbIN, MPOBOSOYHbIN, NNIACTUHYATLIW.

CmyneHyamsil — NATb CTyneHen kBagpaTHoU popMbl
pasHOM TONLMHBI.

[posonoyHbili — Habop  NpsAMbIX  MPOBONOYEK
YCTAHOBMEHHbIX ANMH W pa3mepoB. [lpy oLeHke
YyBCTBUTENBHOCTU n3obpaxxeHne MPOBOOYKHN

CYMTaAETCA  BbISIBMEHHbIM, €CnY  YeTKO  BuAHa
HenpepbiBHaA AnuHa, He MeHee 10 MM, B obnacTu
pPaBHOMEPHOW ONMTUYECKON MITOTHOCTMW.

CmyrneH4Yamo-0bIpOYHbIU — HAbOp MNacTUHOK, Kaxkaas
M3 KOTOpPbIX WMeeT nNo OfHOMY-[Ba OTBEpCTUS,
MPOCBEPNIEHHbLIX HACKBO3b NOA MPSAMbIM YIIIOM K KX
NOBEPXHOCTU. HanmMeHbLlasa TosnwmHa CTyneHun, Kotopas
BMeCTe C OTBEPCTMEM BbISIBNAETCA Ha CHUMKe, bepeTtcs
B KadecTBe [MoKasaTterns 4yBCTBUTENbHOCTU. Ecnu
CTYNeHb COAEepXWUT OBa OTBepCTUs, TO oba [OIMKHbI
ObITb BUOUMBIMU.

[lnacmuH4Yambii — nNfacTMHa C  UANTMHOPUYECKUMN
OTBEPCTUAMW YCTAHOBIIEHHbLIX (OOPM N Pa3MepPOB.

OTanoHbl YyBCTBUTENBHOCTH
paguaumMoHHOIro KOHTPONS:

1 - cTyneH4aTbIN;

2 - CTyNneH4yaTo-aAbIPOYHbIN;
3 - NPOBOJIOYHbIN;

4 - nnacTUH4YaTbIN
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KaHnaeounbiti (TOCT 7512-82) — nnactuHa C
KaHaBKaMn YCTaHOBMEHHbIX pa3MepoB.

[1po80osIoYHbIU - HAbop MNPSAMbLIX NPOBOSIOYEK
YCTaHOBJIEHHbIX OSIUH N pa3MepoB.

llnacmunyameit - NAacTUHaA C UUNUHAOPU-
YEeCKUMN OTBEPCTUAMU YCTaHOBIIE€HHbIX
doopM 1 pasmeposB
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PAANOI PAOA

Bbl6OQ dHep2uUUu UCMO4YHUKO8 d)OMOHHOZO U3J1TY4eHuUusl.

* [lpn BbLIOOPE 3HEPrMN POTOHOB C Yy4ETOM aTOMHOrO HOMepa, NIIOTHOCTU Matepuana u TonuwmHbl OK
NCXOOAT M3 HEKOTOPOro KOMMPOMUCCA MeXAy YyBCTBUTENbHOCTLIO pPagnauuMoOHHOIO KOHTPOSS W
ANNTENBHOCTBIO 9KCMO3ULINM.

* C onoHowm CTOPOHbI, AJN1d noBbllLEeHnA 4Y4YBCTBUTESIbHOCTU KOHTPONA CTPEeMATCA YMEHbLUUTb 3HEePrumto
CbOTOHOB, OAHaKO O4YeHb HN3KasA SHeprmA CbOTOHOB npmnBoanT K ‘-IpG3BbN8I7IHO OnnTesIbHbIM 3KCNO3NLINAM.

. I'IpM NoBbILLEHNN 3HEPIUN C*)OTOHOB CHWXaeTCA 4YyBCTBUTEJIbHOCTb KOHTPOIA. |_|03TOMy npun rnomMoLiun
Tabnuy yCTaHaBIIMBAaKOT MaKCMMalibHO OOMyCTUMYK 3HEPruko (*)OTOHOB (aHO,EI,HOG HanpaxeHmne Ha
pr6|<e) KaK (byHKLI,VI}O TonwwmHbel OK ¢ Y4ETOM Matepuasa, n3 KOToporo OH BbIMNOJTHEH.

¢ ,D,J'Iﬂ FaMMa-,D,ereKTOCKOI'IOB YKa3blBalOT obnacTtb npuMeHeHna no TornuwnHe anAa pasrindHbiX NCTOYHMKOB

N3Ny4YeHus.
2000 i
[ M HCTOYHKKA T e GEE = TR IS W =
) [osumua x OK, MM it b* - : = ="
H3NTY4CHHA < 800 | I[
L 7001—
Yb 169 5<x< |5 X 600171 ¥ == -
Ir 192 2(0) 100 g AU i A L chia o8
| 'S |
rl%. : ' S 400 N4
Co 60 60 <x <150 S \ |
e xS = 300 , < —+—
YCKOPHTENIH HA IHEPrHIO S 250 > — -
| ...4 MaB 50 <x <180 S ZOOLWL// I S e T
- —
4..12M3B x> 80 ™ 15014 —-P/,c:ri\r——- —
(- 10N 25—+ttt t-Tr—T
pbie 12 MaB x > 100 100 “T_ 1 1| |
3 i0 15 20 25
Toswurna cmanssHozo 0K, MM
O6nacTtb NpUMeHeHNsa pagmorpagpuyeckoro
meTtoaa npu koHTpone OK n3 cnnasoB padurKkn 3aBUCUMOCTEN YCKOPSIOLLETO HANPSHXKEHUSA OT
Ha OCHOBe Xenesa, Men N HUKens npu TonwmHbl cTanbHoro OK: 71 - MmakcMmanbHOe HanpshkeHue
MCNONb30BaHUN rammMma-4edeKTOCKOMNoB U NpW YyBCTBUTENBHOCTU KOHTPONA 2 %;

yCKOpMTeﬂeVI ANNIEKTPOHOB 2 - npakTn4eckoe MMHNMalribHOE HalnpsaxXeHune



PAONOI PAOA

Bbi6op peHmaeHo2paguYeckux naeHOK U UX XUMUKO-
domoapapuyeckas obpabomka.

Buibop nneHkn  onpegensietca HEOOXOOMMOCTbIO  MOMNYyYEHUS
PEHTFEHOBCKOro CHUMKa C onpeaenieHHOW KOHTPACTHOCTBIO N YETKOCTbIO
N306paxxeHuns.

KOHTpacTHOCTb MNNEHKW, €€ YYBCTBUTENBHOCTb W TPaHYNAPHOCTb
B3aMMOCBSI3aHbl MeXxay COOOW, N BbICOKOYYBCTBUTENbHbLIE MNNEHKU
MMEKOT KPyMHble 3epHa W  HWU3KWA npenen paspelieHunsa, a
HU3KOYYBCTBUTENbHbIE — MENKMe 3epHa W BbICOKMA npenen
pa3peLLeHms.

XoTA BpeMsi 9KCMOHUPOBAaHUSA MNEHKN AOMMKHO ObITb KaK MOXHO Kopoue,
MCMNONb30BaHME BbICOKOYYBCTBUTENbHOW MIIEHKWM OrpaHWYnMBaeTcsa ee
3ePHUCTOCTbIO, KOTOpas B 3HaYMTENbHOW Mepe onpenensier KayecTBo
N300paXkeHUs1 MeNKMUX 0edeKToB.

|_|03TOMy BbIMYCKaAOT MJeHKn ¢ AOCTaTO4HO WUPOKUM AONarna3oHOM Mo
YyBCTBUTEIIbHOCTN, KOHTPACTHOCTU U INPaHYIAPHOCTN.

[Mpn BbIOOpPE MNEHOK HAA4O UCXOOAUTb M3 TOro, YTO Jyyllee KayvecTBO
CHMUMKa obecneumBaloT nfieHkn 1 n 2 Knaccos.



PAOANOI PAOUA

« [locne akcnoHMpoBaHMA paguorpaduyeckyo NNeHKy HeobxoanmMo NoaBEPrHyTh
Xummnyeckon obpaboTtke. Bce ctaaum obpaboTku cBs3aHbl Mexay cobon.

« [ns nony4vyeHus Xopownx pesynsrtaTtoB Heobxoammo cobnogatb criegyrowmne
obume npasuna:

a) BblAEepXXMBaTb KOHLEHTPALMIO XMMUYECKUX PeakTMBOB, TeMNepaTypbl pacTBOPOB
n Bpema obpaboTkm B HEODXoaMMbIX Npeaenax;

6) ucnonb3oBaTb 0bopyaoBaHWe, Gaku, KIOBETbI, BblAepXXMUBAKOLWME XUMUYECKOE
BO3JENCTBME PACTBOPOB, HE 3arpsaA3Hss UX;

B) obopygoBatb TEMHYKD KOMHATy  COOTBETCTBYWOLUMMK  doOHaApsMn U
npucnocobneHnsiMm, YTobbl n3bexaTb ByannpoBaHUA NIEHKK;

) nooaepXxmBaTb CTEPUNBbHYO YUCTOTY B ddoTonabopatopuu.

[IposisrieHue.

* [lposiBUTENL OTLICKMBAET SKCMNOHMPOBAHHbLIE KpUCTansbl rafnoreHnaa cepedpa u
npeobpasyeT nx B YHepHOE MeTanIM4yeckoe cepedpo.

 AKTMBHOCTb MNPOSIBUTENS 3aBUCUT OT Temnepatypbl pacTtBopa, KoTopas
pernameHTupyetca. Ee npoBepaldT OO0 Havyana nposiBIEHMSA  nocne
nepemMewmnBaHus. B npouecce nposiBkM nposiBUTESNb NOCTEMNEHHO UCTOLLAETCS,
NO3TOMY BpEMS NPOABNEHUS YBENNYMBAETCS.

Cmon-eaHHa.

« [locne nposBneHusi nneHKy HeobxoaMmMO MPOMbITb B MNPOTOYHOM BOAE B
TeYeHne OBYX MUHYT, YTOObl yoanuTb C Hee pacTBop nposiButensi. Ero MoxHo
HeuTpanusoBaTtb 2...3 %-M pPacTBOPOM YKCYCHOW KMUCHOTbl, MOMECTUB B HErO
nreHky Ha 0,5...1 MuH.




PAONOI PAOUA

dukcupogaHue.

Qukcax pacTtBop4deT N yaandet U3 nreHKn rarnoreHng Cepe6pa, Bbl3blBaAeT
3arBepaeHune XernatnHbl SMYIbCUU, AOejlad BO3MOXHOWU CYLUKY [MJ1E€HKA
TennbiM BO3OQYXOM.

« Bpemsa ans dwukcaxa B ABa pasa npeBbiliaeT BpeMsa nposBkM. OHO He
[OIMKHO npeBbllatbh 15 MUHYT. PacTBOp NposiBUTENSI OOMKEH UMETb TaKyto
Xe Temnepatypy, kKak nposiBUTENb U CTOM-BaHHa.

lIpomMbigka.
« [locne doumkcupoBaHUA MIEHKY MNPOMbIBAOT ONA yOaneHus ukcaxa us
amyrnbcun. [pombiBKa NpomcxoauT B NPOTOYHOW BOAE B TEYEHME BPEMEHMU,

PaBHOM [1ByM Nnepurozam dukcmpoBaHna. TemnepaTtypa NPOMbIBKM — OKOMO
20°C.

Cyuwka.
 Cywka npoBoaguTcs NyTem MoABELUMBAHMUA MIIEHKM B CYLUUIIBHOM LIKady
npu Temneparype He Bbiwe 40°C nnu Ha BO3ayxe.

* [lpn xummnyeckon obpaboTke MNeHKn Heobxoammo cobniogaTtb npasuna
besonacHocTu:

- paboTaTb B PE3NHOBbLIX NepyaTkax, BOOOHENPOHULAEMbIX hapTykax;
- NOMELLEeHNEe AOIMKHO XOPOLLO BEHTUNUPOBATLCS;
- Heobxoammo obopyaoBaHHOE MECTO Ansl NPOMbIBKM rMas.

« PeHTreHoBcKas nneHka gormkHa XpaHuTbes npu temneparype 18...24°C u
oTHocuTenbHon BriaxHoctTn 40...60%. Kopobku c nneHkamu OOMKHbI
XpaHUTbCA Ha pebpe.
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MNMpuHadnexHocmu U Mamepuasbl Osis
peHmaeHo2paouu.

Heobxoaumbl: rMbOKuMe KacceTbl, YCUNMBalLLUME MeTannuMyeckue U
cdnyopecumpyloLMe SKpaHbl, AepXaTenn KacceT, MapKUPOBOYHbIE 3HAKMW,
HeraTockonbl U T.4.

Memannu4yeckue ycunusarouiue 3KpaHbl npeaHa3Ha4vYeHbl AOnd 3allnThbl
MNEeHKN OT paCcCeAHHOIo U3rny4YeHmna n CoKpaweHnAa BpemMeHn 3KCNo3nunn.

OHK n3roTaBNMBalOTCA N3 NIMCTOBOMN CBUHLIOBOW horbrn. Pasmepbl — 4TO U
nneHka. TonwuHa akpaHa: 0,02; 0,05; 0,09; 0,16; 0,2; 0,5 mm. TonwwuHa
0,02 - 0,07 mm cokpallaeT akcnosuuuto B 2-3 pasa.

driyopecuupyrowue  ycunuearwue  3kpaHbl  NPeAHasHadYeHbl  ans
CYLLIECTBEHHOIO COKpALLEHUS1 SKCMO3ULMN.

X wnarotaBnuBarT M3 KapTOHA, C OAHOW CTOPOHbI KOTOPOro HaHEeCceHo
donyopecuupytoLlee BeLlecTBO. Ycunumsarouwlee OeUCTBUe 3TUX IKpaHOB
obycrnosrneHo Ao6aBoYHbIM BO3OENCTBMEM Ha 3MYSIbCUIO MNMEHKN CBETa
doriyopecumpyoLLero BeLecTsa, BO30Yy>XOEHHOro U3ny4yeHueM.

MazHumHbie depxxamernu obecnednBatoT npmxkartne nneHku Kk OK.

MapKupo8o4YHbIEe 3HaKu npeaHa3Ha4vYeHbl AOJ14 HymMepauun " pa3MeTKU
CHNMKOB.

Hezamockorb! npeaHa3Ha4YeHbl Ans paclumgpoBKM CHUMKOB.
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Luagpacmbl, KosnnuMamopbl, huabmpbl U KOMIIeHCamophbl.

[luagppazma cCnyXnt ONs  OrpaHUYEHUs pa3MepoB MOMEPEYHOro cevyeHus paboyero nydka
HanpaBNeHHOro NOHNU3NPYIOLLLETO N3NYYEHUS.

*  Konnumamop — ona hopmMmpoBaHms nyvka HanpaBreHHOro NOHU3NPYIOLLLETO N3NYYEHUS.

*  [unacdparmbl 1 KonnMMaTopbl M3roTaBnMBaoT U3 CBUHLLA WS €rO CMiaBoB.

*  Qunbmp — COBOKYNHOCTb MOIMOLLALWNX cpen, NpeaHasHa4YeHHbIX ANsi UBMEHEHUs1 SHEepPreTu4ecKoro
crnekTpa u3anydeHus. srotaBnuBaloT M3 NUCTOB CBMHLA, Meau, NaTyHW, Xenesa n pasmewarT B
HenocpeaCcTBEHHOM BNM30CTU OT UCTOYHMKA.

» KomneHcamop — pononHutenbHoe k OK nornowatowlee Teno, BBOOAUMOE B 30HYy pabodero nyyka
N3Ny4YeHnUss npu Bapuaumax paguaumoHHon TonwuHbl OK. Ouu 6biBaloT TBepable, HacbIMHble,
XMOKOCTHbIE U B BUAe NacThbl.

Cxema chopMMpoBaHMs OrpaHUYEHHOro Mo
pasmepam nonepeyHoro ceveHusi pabovero
nyyka nsny4yeHuns ¢ ero punsrpaumen:

1- OKYyCHOE NATHO mnsny4varens;

2 - dnadpparma; 3 - punetp; 4 — OK;

5 — pagnauunoHHbI npeobpasoBaTenb 2 - xonnumarop

Cxema hopmMmpoBaHus ny4ka
HanpaBfiEHHOIO MOHMU3MPYHOLLETO
N3NyYeHns:

1 - UICTOYHUK N3NYYEHNUS;

TunoBasi cxema UCNosib30BaHUS

TBEPAOTENBHOMO KOMMNeHcaTopa:
1 - anemMeHT KoMneHcaTopa;

2-0K
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Pexumbi npoceevyusaHusi OK peHmMa2eHo8CKUM U3JTY4YEHUEM.

[ns onpegeneHus pexnmon npoceednBannsa OK nonb3ytoTcs HoMorpaMmmMmamu.

HomoepaMma — JTO rpacbvlquKaﬂ 3aBUCMMOCTb MeEXOy TOSLLINHOW Marepuana, aHOAHbIM
Hanpsa>XxeHnem n aKkcno3numnen.

Homorpammy MOXXHO COCTaBWUTb, Nony4yms Cepuio CHMMKOB CTYyMNneH4YaToro KriMHa, U3rotoByieHHOro m3
KOHKPEeTHOro marepuarna, MeHdada 3KCno3nuuto npm Hem3aMmeHHOM HarnpsaXXeHun.
3aTem U3MEeHUTb Hanps>XXeHne n Bce NnoBTOPUTL.

TO.I'ILLI,I/IHy N3MepdarT aOnAd OI'IpG,D,GJ'IGHHOVI NIOTHOCTN MNOYEPHEHUA. 3ateM 3Ha4yeHus1 TOrLLUUHbI,
Hanpsa>XeHnd n 3KCno3nunm HaHOCAT Ha rpacpvn( B I'IO.I'Iy.l'IOFapI/IC*)MM‘-IeCKOM Maclwitabe.
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CxembI npoceeyueaHUs.

« Cxembl npocBevnBaHus BblOMpalOT Tak, YTOObI Ha nrieHke 6bINo n3obpaxeHue
100% wBa 1 He ObINIO HANOXeHUs y4aCTKOB LLBa ApYyr Ha gpyra.

« KonuyecTtBo CHUMKOB paccyuTbiBaeTcst No opmyrnam Unm HomorpaMmmam

\ 4

Cxema yCTaHOBKM MapKMPOBOYHbIX 3HAKOB, 3TANIOHOB YyBCTBUTENbHOCTU U OFPaHUYUTENBbHbLIX METOK:
1 - orpaHnyuTENbHbIE METKN;

2 - MAapKMPOBOYHbIE 3HAKW;

3 - 9TanoH 4YyBCTBUTENBHOCTU (MapKMpoBKa 3TanoHa YyecTeuTenbHocTy no NOCT 7512-82);

4 - CTpenkn, orpaHNYmnBaloLLne LWNPUHY LLIBA CO CHATOW BbIMYKITOCTLIO;

5 - cBapHOM LLOB;

6 - CBapHOM LLOB CO CHATOW BbIMYKITOCTbIO;

7 - OKOmnoLwloBHas 30Ha
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CXEMbI KOHTPOIJIA CTbIKOBbIX, HAXJIECTOYHbIX, YIJ10BbIX
U TABPOBbIX CPEAUHEHUA

1 - NCTOYHMK U3NYyYeHns;
2 - KOHTPONUpPYeMbIN
y4acTok;

3 - KacceTa C nreHKomn
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CXEMbI KOHTPOIJIA KOJIBLIEBbIX (CTBIKOBbIX,
HAXJIECTOYHbIX, YIJTIOBbIX U TABPOBbIX) CPEANHEHUN

1 - NICTOYHUK N3NyYeHus;
2 - KOHTPONMPYEMbI

y4acToK;
3 - KacceTa C nneHKon
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CXEMbI KOHTPOIJ151 CBAPHbIX COEANHEHWN BBAPKU
LITYLHEPOB

1. aldl. L

a-r - Ans ctaunoHapHbIX YCNoBUN;
O - NS MOHTaXHbIX YCNOBUN;

1- UICTOYHMK N3NyYeHns;

2 - KOHTPONUPYEMBbIN Y4acToOK;

5 ! 3 - KacceTa
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CXEMbIl KOHTPOIJIA CBAPHbIX COE/

IMHEHWUW BBAPKW TPYE B

TPYBHBIE OCKHU
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Pacwudgpoeka paduoz2pachuyeckux CHUMKOS.

* Ha npouecc paclundpoBKn BNUAIOT crneayoLine dpaktopsbl:

- xapaktepuctukm OK (cbopma, TOnNwMHa, martepuar, OpUeHTaumss u Tunbl
nedeKkToB);

- XapaKTEPUCTUKN CPeacCTB KOHTPONsA (MCTOYMHMKA W3NYyYEHUS, PErncTPUpPYHOLLINX
cpeacTtB U metogoB 06paboTkn);

- XapaKkTepPUCTUKN KapTUHbI (APKOCTb dOHA, NNOTHOCTb MOMEX M NOXHbIX CUTHAMNOB);

- XapakTepucTuKn oneparopa (OCTpoTa 3peHusi, TPEHUPOBAHHOCTb, YTOMJSIEHME,
NHOMBUAYanbHble 0CODEHHOCTU. PasHOpoaHble hakTopbl: OCBELLEHHOCTD, LWYM U
BUbpaums).

« [1na npoBepku CyLWeCTBYOT KOHTPOSIbHbIE CHUMKN.

 [lpy npocmoTpe ” pacwm@poBKE CHMMKOB WCMNOMb3YIOT Heratockonbl —
cneunanbHble YCTPOWCTBA, COCTOsILME M3 OCBETUTENS OOSbLLUOM MOLLHOCTU U
MaToOBOro 3KpaHa, AOnuddys3HO pacceuBalroLllero CBeT, peryndaropa SApKOCTH,
LUTOPOK A8 OrpaHU4YeHna pa3MepoB Nonsa npocMoTpa.

* Heratockorbl KraccuuumnupyroTcs Ha YeTblipe rpynmnbl:
- ONs NoKanbHOro NpoCcMoTpa CHUMKA;

- MPOCMOTPA NEHTOYHOMN MIEHKMN;

- NpocMoTpa 6onbLKX Nnowaneu;

- KOMOVHMPOBAHHGIE.
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OCHOBHbIe 3maribl MPOCMOMpPAa NIAeHKU:

- OueHka KayecTBa paauorpaduyeckoro n3obpakeHus (CooepXUT NN CHUMOK

NATHaA, 3arpAa3HeHna U noBpexaeHna 3MYJIbCUMOHHOIO CJ10Ad; MMeeTCA J1IM Ha
CHUNMKE |/|3o6pa>|<eH|/|e orpaHnynTeribHbiX METOK, MapKUPOBOYHbLIX 3HAKOB,
dTalyioHa 4yBCTBUTEJIbHOCTW, B 3aaHHbIX JIN Mnpegenax HaxognuTcAa OornTndecKad
NJIOTHOCTb NMOoYepHEHNA Ha CHI/IMKe).

- OueHka kavyectBa OK N0 CHUMKY.
- CocTaBneHue 3akndeHuna o kadectee OK.

OnTtnyeckasa NMAOTHOCTb MOYEPHEHUSI COBEPLLUEHHO MPO3PadYHON MMEHKU paBHa
Hynto. [lovyepHeHuMe nocrne (oToo6paboTKN HEIKCNOHUPOBAHHOW MIEHKU
Ha3blBalOT Byanbto. [NIOTHOCTb Byanu cBeXen NieHKn gonyckaerca He bonee
0,2. NpepenbHO gonycTMMasda NNoTHOCTb Byanu — He bornee 0,3.

YPOBHM ONTUYECKOW MMNOTHOCTU NOYEPHEHUS SNEMEHTOB MU300paKeHUs CHUMKA
CYLLECTBEHHO BIUAKOT Ha nonydeHne oueHkn kadectBa OK. W3mepeHune
NOTHOCTU MOYEPHEHUST MPOBOAAT C MOMOLLBIO AEHCUTOMETPOB, NMO3BOMSAOLLMX
OUEeHMBaTb OMNTUYECKYKD MMNOTHOCTb W30bpakeHun ¢ pasmepamm 1...3 MM,
MUKPOOEHCUTOMETPOB N MUKPOAOTOMETPOB, AALWMX BO3MOXHOCTb M3MEPATb
ONMTUYECKYIO NSTIOTHOCTb Ha AeTansaX CHUMKOB 0 3 MKM.

[Mepen Havdanom paboTbl AEHCUTOMETP HEOBXOoAMMO MPOrpeTb B TEYEHMe
HECKOSbKNX MUHYT 1 oTKanmbpoBaTb MO HAbopy ONTUYECKUX NITOTHOCTEN.

[Mepunoa HenpepbIBHOrO HabnoaeHua He AormkeH coctaBnaTb 6onee 30 MuH,
4YTOObI HE YCTaBanu rnasa.

3akntoyeHne o kadectBe OK coctaBndeTcss B COOTBETCTBMM C HOPMamu Ha
3abpakoBKy nsgenus.
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HdokymeHmasibHoe oghopmiieHUe pe3ysibmamoeg paduozpagpuyecko2o
KOHMPOJIs.
« JloKymeHTanbHoe oopmieHne OOIMKHO coaepaTb:
- CXEMY KOHTPOSS;
- NapaMeTpbl KOHTPONS;

- uH@opmauuto o kKadectBe OK (TOYHOe onuMcaHWe BCeX CYLUECTBEHHbIX [OedeKToB,
obHapyxeHHbIX B OK ¢ y4eToM nx xapaktepa, pasmepoB, MECTOPACMOSTOXKEHNS).

* Pe3yanaTb| KOHTPONA PEMMCTPUPYHOTCA B CneunaribHOM XypHalne 1 3akrito4eHunn, Heratusbl
cnenyet XpaHuTb B na6opaTopV||/| HEe MeHee OQHOro roga nocne caadn obbekTa 3aKa34UKY.

AQmeQaKmbl QaduoagagpuquKux CHUMKOeS.

Apmeghakmbl (MCKYCCTBEHHO CAEernaHHbI) 3TO ObHapyXMBaemble Ha pagnorpaduyeckmx
CHUMKaXxX NOXHble n3obpaxeHnsa B BUAE NOMOC, TEHEN, NUHUIN, BO3HMKAKOLWLME BCreacTBue
HenpaBUITbHOIO U3rOTOBNEHNS, XPaHEHUs1, obpalleHnsa n 06paboTkM NNEHOK U 3KPaHOB.

« ApTedakTbl, BO3HMKAIOLLNE OO XUMNUYECKON 0BPabOTKN MNEHKN:
- LaparnuHbl Ha NNeHKe;

- cnegbl OT CrMbOB MMNEHKU;

- cneabl OT AaBlIEHUS HA NIIEHKY;

- cneabl OT AedeKTOB 3KPaHOB;

- Byarb;

- cnepgbl OT nasnbLUeB PYK.

* ApTedakTbl, BbiI3BaHHbIE HEBPEXHBIM MPOSIBIEHNEM MMEHKN:
- NONI0Cbl OT XMMUKAaTOB;

- ONCKN HN3KOW MNOTHOCTU NOYEPHEHUS;

- crebl OT CYLUKWN.




PAONOI PAOUA

Budbi degpekmoe OK u npuvYuHb! UX 803HUKHOBEHUSI.

* HapyxHbie.
- [NoOpesbl — yrnybneHne, pacnosiokeHHoe Ha MeCcTe COeAMHEHUS CBApHOro LBa M OCHOBHOro MeTanna.
[MpyynHa — NOBbILLEHHBIN TOK U HaNpPs>XeHne Oyru.

- Kpamepbi — yrnybneHne B ceapHOM LBe. [punynHa — obpbiB ayru.

= /7p0)Koe — CKBO3HOE€ OTBepCTne B CBAPHOM LLBE. an‘-IMHa — BbICOKasA CKOPOCTb, BblTEKAHMWE METarsia B
CBapoO4HON BaHHE.

- Ceuwju — cKkBO3HbIE yrnybneHus B cBapHoOM wee. NpuymHa — ckonneHmne nop.

- HenpasurnbHas cpopma wea — 4ype3mepHbI NpoBap KOPHSA, HaMmMbIBbl, CMeLLeHNEe KPOMOK.
3HauyMTerNbHOE KONMYECTBO HapYXHbIX 0edeKTOB CBUAETENbCTBYET O HANMYUN BHYTPEHHNX Ae(EKTOB.
* BHympeHHue.

- [a3o0eblie pakogsUHblI — ras3oBasa nopa, pasmep KoTopown npesbiwaeT 1 mm. lNpuunHa — nepeHacblweHne
CBapPOYHON BaHHbI razamu n gp.

- [a3oeas nopa — HebonblUasa pakoBUHa, obpa3oBaHHas B pe3ynbraTe 3axBaTta rasa.
- [Nopucmocme — rpynna ra3oBbIX NOpP, YacTo B BUAE LIEMOYKM.

OBbIYHO cYMUTalOT, YTO NOPUCTOCTb HE ABIIAETCA KpMTML{eCKOVI HECMNMOLWHOCTbIO, €Clih OHa HEe ABJIAETCAH
prI'II'IOBOI7I, HE COOAEPXUT OCTpPbIE YITibl N PACCTOAHUNA MEXOY NopamMn B LIEMNOYKN 3HAYUTESbHBbI.

- LLInakoeble 8KIMHYeHUs — 06pasy+0Tc;| N3-3a NIOXon 3a4nUCTKN KPOMOK.

- Henpoeapbl — He3anonHeHHbIE METANNOM MOMOCTM B CeYeHMM WBa (MO KpOMKaM, MO CEYEHUIO U B KOPHE).
MpuynHa — HeAOCTATOYHbIV HarpeB, HenpaBubHas cbopka nog cBapky.

- HecnnasneHue — OTCYTCTBUE CLEMNJIEHNA MeXOY BaJiIKaMU LWWBa UK MeEXOY BaJIMkKOM U ©okoBoOM KpOMKOVI
OCHOBHOIo Metarina. anIqVIHa — HernpaBwuiibHad NnogrotoBka 1 c6op|<a n3gering nog CBapky.

= TpeLL{UHbI — BO3HUKAKT B peldylibTrate pa3pblBOB MeTasia (I'IpO,D,OJ'IbeIe, noriepeyHblie “n pa3BeTBJ'IeHHbIe).
AsnatoTca Hanbonee onacHbIM ﬂ,e(beKTOM.

o  [Hecekmbi numbs.

¢ nOpI/ICTOCTb, MUKPOMOPUCTOCTb, NecHaHbl€ BKIMIOYEHUA, LUJ1AKOBbl€ BKITHOHYEHUA, yCaaoO4YHaA pPaKOBUHA,
HECIUTUHBbLI, TPELWWHDbI, TMKBAUUA 1 OP.




PAONOI PAOUA

a)

B)

Puc. 8.8. PenrreHorpaMMbl CBAPHLIX 1LIIBOB.

a, o. B LICTIOYMKH 1TOD, HCnpoBsap



PAONOI PAOUA

B)

PeHTreHorpammbl CBapHbIX LLBOB. a, 6, B - CKONNeHus nop.



PAOANOI PAOUA

B)

PeHTreHorpammbl cBapHbIX LLBOB. a - CBULY; 6 - HepaBHOMEPHas BbiMyKNOCTb KOPHS LUBa.
(1 - «cocynbkny: 2 - Nopbl; 3 - Nopa 1 HeNpoBap); B - NOAPE3bl B KOPHE LLBA.



PAOANOI PAOUA

a)

B)
PeHTreHorpamMmbl CBapHbIX LLBOB. @ - CKOMMEHNSI N OTAENbHOE BOSIb(PpaMoBO€E BKITHOYEHUE;
0 - ckonneHna n oTaenbHbIE BOMb(pamMoBbIe BKITIOYEHUS; B - OTAENbHOE BOMb(ppamoBoe
BKITHOYEHUE.



PAOANOI PAONA

CTbIKOBOW CBApHOW LLIOB NTIUCTOBOIO antoMUHMUEBOIO
cnnasa TosiwuHon 6,0 mm. BbissBrieHHbIE OeeKTbI: - TPEeLLUHa.



PAOVALUNOHHAA BESOINACHOCTb

OCHOBHbIe AOKVYMEHTbLI N0 obecnevyeHUO paaMauMoOHHOM
©0e30nacHOCTMU:

— Hopwmbl pagnaunoHHon 6esonacHoctn (HPB — 99/2009);

— OcHoBHble caHuTapHble npaBuna obecnevyeHnss pagnaunoHHON
6esonacHocTtn (OCIOPB — 99);

— [paBuna 6e3onacHOCTU Mpu TPaAHCAOPTUPOBAHUU PaAVNOAKTUBHBLIX
martepuanos (HIM — 053-04);

— CaHutapHble npasuna «ObecneyeHne paanauuoHHou 6e3onacHOCTU
NpU PEHTFEHOBCKOWN AedEKTOCKOMUNY;

— CaHutapHble npasuna «ObecneyeHne pagnauuoHHou 6e3onacHOCTU
Npu pagmoHyKNMaHoOM 0edeKTOCKOMUM».

[Ona obecnevyeHnss paanauyuoHHoOM ©Ge3onacHOCTU Npu  HOopMaribHOM
aKcnnyatauum UCTOYHMKOB M3MyYeHNs He0BX0aAUMO PYKOBOACTBOBATLCH
cnegyrowmmMmn OCHOBHBLIMU NPUHLUMIAMU:

- HenpeBblWEHWE OONYCTUMbIX Mpeaenos  uHAMBMOYyanbHbIX 003
obny4yeHnsa rpaxgaH OT BCEX WCTOYHMKOB U3NyvYeHua (NpuHLMN
HOPMMPOBAHUS);

- 3anpeLlleHne BCceX BMOOB AeATENbLHOCTM no ucnonb3oBaHuio AW, npu
KOTOpPbIX MONydYeHHas Onsg 4enoBeka W obuiectBa nonb3a He
NpeBbIlIaeT PUCK BO3MOXHOro Bpeaa (npuHuun obocHoBaHMS);

- nogaepXxaHme Ha BO3MOXHO HW3KOM YPOBHE WHAMBMAYaSbHbIX 003
obny4veHuna n ymcna obnyyaemblx nmy, Npu ncnosnb3oBaHun nodoro NN
(MpUHUMN onTUMMN3aLnn).




PAOVNAUNOHHAA BE3OINACHOCTD

o Ob6nacmsb npumeHeHuss HPB-99 — nna obecnevyeHnsa 6e30nacHOCTU
YyerioBeKka BO BCEX YCIOBUAX BO3OENCTBUA HA HEMO MOHU3UPYIOLLETO
N3Ny4YeHNA UCKYCCTBEHHOIO NN NPUPOLAHOIrO NPOUCXOXOEHUS.

« TpeboBaHuA N HOpMaTMBLI, YCTAaHOBIIEHHblIE HopMamun, ABNAKTCS
obaszatenbHbIMM NS BCEX OPUONMYECKMX Nuu, B pesyrnbraTte
OEeATENbHOCTM KOTOPbIX BO3MOXHO 0bryyeHne niogeun, a takke ans
agMUHUCTpaumn cyobektoB PP, MECTHbIX OpraHoB BiacTu, rpaxgaH
P®, nHOCTpaHHbIX rpaxaaH, NpoXxuearwLmx Ha Tepputopun PO.

« HPB-99 ABMNSAETCH OCHoOBoMosnararoLwmm OOKYMEHTOM,
pernameHTupyrowmnm TpeboBaHns degepanbHoro 3akoHa «O
pagnaunoHHou 0e30nacHOCTU HacerneHua» B (opMe OCHOBHbIX
npenenos 403, 40ONYCTUMbIX YPOBHEN BO3OAENCTBUA MOHU3NPYIOLLIETO
N3Ny4YeHns1 U Opyrux TpeboBaHUM MO OrpaHUYEeHUo obnydYeHUs
yernoBekKa.

 Hopmbl pacnpocTpaHsloTca Ha cnegyloluve BuAabl BO3AENCTBUS
VNOHN3UPYIOLLIETO N3NYYEHNS Ha YenoBeka:

- B YCNOBUSIX HOPMAamnbHOW 3KCNIyaTauuMy TEXHOTEeHHbIX WCTOYHWUKOB
N3Ny4YeHus:;

- B pe3ynbTaTe paguaLoHHON aBapun;
- OT NPMPOAHbLIX NCTOYHMKOB U3MNYy4YeHUS;
- IpY MeaULIMHCKOM 0bny4yeHunn.




PAOVNAUNOHHAA BE3OINACHOCTDb

OCHOBHbIE MEePMUHbI:

Bewecmeo paduoakmueHoe — BewecTBO B IbOOM arperatTHOM COCTOSIHUW, cofepXaliee
pagvoOHYKNUAbI C aKTUBHOCTbBIO, HA KOTOPbIE pacnpocTpaHsatoTca TpebosaHus HPB-99.

Llo3a sksugarieHmMHasi — NOrnoLweHHasa 4o3a B OpraHe Unn TKaHW, YMHOXEeHHas Ha COOTBETCTBYHOLLUM
B3BeLUMBaKOLLNIM KO3 UUMEHT ANA JaHHOro Buaa nanydenus. EgmHnua — ansept (3B).

Lo3a agpcpekmusHass — BennYMHa, UCMNOSib3yeMasi Kak Mepa pucka BO3HUMKHOBEHUSA OTAaNeHHbIX
nocneacTBum obrydeHus BCEro Tera 4ernioBeka U OTAENbHbIX €ro OpraHoB M TKaHEN C y4eToOM MX
pagnoYvyBCTBUTENBHOCTU. EAnHMUA — 3MBEPT.

Llosa agppekmueHas (aksusarieHmHasi)) 20008asi — Cymma 3PPEKTUBHON (SKBMBANEHTHOM) A03bl
BHELWHero obnyyeHusi, MONy4YeHHOW 3a KaneHaapHbld rogd, W oxuagaemon 3P dPEeKTUBHOW
(akBMBanNeHTHoOM) [03bl BHYTpeHHero obny4vyeHns, OOyCrnoBMNEeHHOW MOCTYNSIeHNEM B OpPraHn3m
paguoHYKNMAOB 3a TOT Xe rod. EanHunua — 3meepr.

McmoyHuk uoHu3upyroweao u3snydeHus (UMW) — paonoakTMBHOE BeWECTBO WM YCTPOWUCTBO,
ncnyckatowlee nanyyeHne, Ha Kotopoe pacnpocTtpaHseTca gencrene HPB-99.
McmoyHuk  usny4eHusi  npupoOHbil — WA NpupoaHOro  MNPOUCXOXAOEHMS, Ha  KOTopble

pacnpocTpaHsieTcs gencreme HPB-99.

NecmoyHuk usriy4eHus mexHo2eHHbIU — NN, cneunanbHO co3gaHHbI ANt ero nonesHoro npMMeHeHn4A
NN ABNAWMNCA NOOOYHBbIM NPOAYKTOM 3TOUN OAEATESIbHOCTHU.

AKmMugHoCmMb — 3TO Mepa pagnoakTMBHOCTU Kakoro-nmbo konuyecTtea pagnoHyKnmnga, HaxoasLerocqd B
JaHHOM 3HepreTn4eCckom COCToAHUN B AaHHbIN MOMEHT BPEMEHMN.

KoHmpornb paduayuoHHbIU — NoslydeHne MHGopMaunmn o pagnaumoHHoW ob6CcTaHOBKE B OpraHu3aumu,
OKpYy>KatoLlen cpene n ob ypoBHsSX 00nydeHus nogen.

Spchekmbi usnydeHUss OemepMUHUPOBaHHbIE — KIMHUYECKM BbISIBNISiEMble BpedHble buonornyeckune
9deKTbl, BbI3BAHHbIE WOHU3MPYIOLUMM U3NYYEHWEM, B OTHOLLUEHUW KOTOPbLIX Npeanonaraertcs
CyLLECTBOBaHME MOpora, HKe KOTOporo apdeKkT OTCYTCTBYET, a Bbllle — TSHKeCTb addeKkTa 3aBUCUT OT
[03bl.

Ogbbekmbl  usnydyeHUss cmoxacmu4vyeckue — BpegHble ©Ouonorndeckme 3P@EKTbI, BbI3BaAHHbIE
NOHU3UPYIOLLNM  U3ITyYEHNEM, He UuMelowmne [O30BOro Mnopora BO3HMKHOBEHUS, BEPOATHOCTb
BO3HMKHOBEHUS KOTOPbIX NPONopUMoHarnbHa 4o3e U A9 KOTOPbIX TSXKeCTb NPOSABIEHNS HE 3aBUCUT OT
[03bl.



PAOVAUNOHHAA BE3OINACHOCTD

*  HoHunsmpyrwaa paguauns npu BO3O4eNCTBUM Ha OpraHM3M 4verioBeka MOXeT Bbi3BaTb ABa
Bnaa apdekToB, KOTOpPbIE KIMMHUYECKON MEOULIMHON OTHOCATCS K BONEe3HAM:

- AETEPMUHUPOBAaHHbIE NOPOroBble 3adhdeKTb! (NyyeBasi 6onesHb, Ny4eBon AepMaTuT U ap.);

- cToxacTudeckne (BepOSATHOCTHble) GecrioporoBble 3ddeKkTbl (3r0KaYEeCTBEHHbIE OMyXOnw,
NenKko3bl, HacrneacTBEHHbIe 6onesHn).

« [log OencTBMEM MOHU3UPYIOLLETO U3NYyYeHUs B BUOTKaHW YenoBeKka NpoucxoasT CIOXHble
dusnyeckne, xmmmndeckne m buoxmmmyeckne npouecchl. NepBUYHLIMKM Npoueccammn npu
3TOM SABMSIOTCS MOHM3auMs 1 BO30YyXaeHMe aTOMOB W MOJSEKYI, YTO NPUBOAMT K pa3pbiBY
XUMUNYECKNX CBSA3EN N 06pa3oBaHMO BbICOKOAKTMBHbLIX CBOOOAHBLIX paaukarnos.

B cBda3u ¢ Tem, 4TO OCHOBHYKO Maccy opraHu3ma 4yernoBeka coctasnseT soga (~ 75%), 10
BonbLoe 3Ha4YeHne MMeET KOCBEHHOE BO3OENCTBNE pagnaumm Yepes MOHN3aLmMlo MOoneKyrl
BOAbl M MexaHu3M rocreayowmx peakuni. B pesynstate MoHW3auUMM MONEKyn BOAbl
obpasytoTcs nepekncb Bogopoda H,O, n ruapatHbin okucen Bogopoja OH, kotopeble,
B3aUMOLENCTBYS C MOJSIEKynamMu opraHVNeCKoro BellecTBa (B NepByto ovepeab c benkamn),
NPUBOAAT K paspyLUEHUIO KINETOK XXMBOW TKaHW U HapyLLUEHNIO BUOXMMMUYECKNX NPOLIECCOB.

« Haubonee onacHbl AN opraHn3ma HapyLLeHUsl B KPOBETBOPHbIX opraHax u, npexne BCEro,
B KOCTHOM Mog3re. [1py 3TOM B KPOBU PE3KO YMEHbLUAETCHA KONMMYECTBO OenbiX KPOBSIHbIX
Teney, - NeNKoUUTOB (OrpaHNYMBAalOTCS 3alUUTHbIE CUMbl OpraHM3mMa), KpacHbIX KPOBSIHbIX
Teney, - 3pUTPOLMTOB (YyXyawlaeTcsl cHabXeHwe opraHMama KUCIOPOAOM) M KPOBSHbIX
NNacTUHOK - TPOMBOLUUTOB (YXYALLIAeTCs CBEPTLIBAEMOCTb KPOBW).

« B 3aBucmMmocTM OT BenNMYMHbI MNOMMOWEHHOW [03bl WU3MyYeHUs W MHOUBUAYaSNbHbIX
0COBEHHOCTEN OpraHM3amMa Bce 3T M3MEHEHUsT MOryT ObITb 00paTUMbIMK N HEOBPaATUMBIMMW.
[Mpn HebonblwiMx [o3ax obnyydeHUss M 340POBOM  OpraHM3Me MnopaXKeHHble TKaHW
BOCCTaHaBMBAOT CBOK (PYHKLUMOHAMNBbHYIO OeATENbHOCTD.

« [lopaxalollee OeNCTBUE WOHM3UPYIOLLETO M3NYYEeHUS YBENUYMBAETCH NpU YyBEMUYEHUU
MOLLIHOCTW [03bl U HECKONbKO YMEHbLLIAETCH, ecrniv cyMMapHasi fo3a dpakLMoHMpoBaHa, To
eCTb 00ny4YyeHne Npou3BoANTCH AOMNSMU CYMMaPHOW A03bl.



YcTtaHaBnuBarTCS cnefgyrlimne Kateropmm O6J'Iy‘-laeMbIX JINL.

- nepcoHan (rpynnel A n b);
- BCe HaceneHue, BK4Yas nNuu M3 nepcoHana, BHe cdepbl U YCNOBUMA MPON3BOACTBEHHOM

NEeATENbHOCTM.
[ns kateropu obny4yaeMbix Nl yCTaHaABNMBAKOTCS TPU Knacca HOpMaTUBOB:

- OCHOBHbIe npeaens! Ao3 (Mo);
- npegensl rogosoro noctynnenus (Mrr);
- KOHTPOJSbHbIE YPOBHW.

OcHoBHble npeaenbl 003 06nyqu|/|ﬂ He BKM4YalT B cebsi O03bl OT npmnpoaHoOro wu
MeaJununHCKOro o6nyquvm, a TakKXe [03bl BCrieacrsne paanaumMOHHbIX aBapUun. Ha atu
BAbl o6nyquM;| YyCTaHaBIIMBAKOTCA crieynaribHble OrpaHn4YeHus.

OddekTnBHaa [[o3a AOns nepcoHana He [OOMMKHa nMpeBblllaTb 3a nepuog TpyaoBOw
pestenobHocTn (50 net) — 1000 m3B, a Ana HaceneHunsa 3a nepuog xun3Hm (70 net) — 70
M3B. Hayano nepunopos BBoautca ¢ 1aHBapst 2000 roaa.

[Mpepenbl 0os:

- ans nepcoHana rpynnsl A — 20 m3B B rog 3a nocrnegosatenbHble 5 neT, Ho He 6onee 50 m3B

B rOA;

- ona HaceneHusa — 1 m3B B roa 3a nodble nocriegoBaTenbHble 5 neT, HO He bonee 5 m3B B

rog.
Jlnua, nogseprwmnecs obnyvyeHuto B apdekTnBHom [o3e, npesbiwatowen 100 m38 B

TedeHue roga, npu ganbHenwen paborte He OOMKHbI NogBepraTbCcs 0bsydeHuo B Ao3e
cBbilwe 20 m3B 3a rof.

[ToTeHUManbHO onacHon cYnTaeTcsa go3a obnyveHust B TedeHue roga cebiwe 200 m3B.

[OcyoapCTBEHHbIM HaA30p  3a BbINOSHEHMEM Hopm paguaumoHHon 6e30nacHOCTH
OCYLLEeCTBNAOT opraHbl [occaHanuaHags3opa W Apyrne opradbl, YNorHOMOYEHHbIe
[MpaButensctBom PO.

KoHTponb 3a cobntogeHnem Hopm B opraHusaumax Bosnaraetca Ha agMUHUCTPaLNIO 3Tou
opraHusaumu.

KoHTponb 3a obnyyeHMem HaceneHusa BO3raraeTcsi Ha opraHbl UCMOMHUTENBHOW BriacTu
cybobekToB PO.



PAOVNALUNOHHAA BE3OINACHOCTb

PaduauuoHHble hakmopbl onacHocmu.

[Mpn ncnonb3oBaHMM PagUOHYKINOHBIX UCTOYHMKOB U3MNYyYEHNS OCHOBHbLIM haKTOpPOM
OMNacHOCTU SIBNSAETCH BHelLLHee obnyyYeHne nepcoHana ramma-, 6eta- (Bo3HuKaroLwee
NPy 3TOM TOPMO3HOE) U HEUTPOHHBLIM MU3nydeHnammn. ObnyyeHne MoxeT ObiTb 06LLNM
NN MECTHbIM.

cnonb3oBaHWe PEHTFEHOBCKMX annapaToB MOXET COMpOoBOXAaTbCA OEWCTBUEM Ha
nepcoHan nepBUYHOIO W BTOPUYHOIO (pacCesdaHHOro) wuanydeHus. [eHepauns
NPOHMKAKOLWEro WM3NyyYeHUs MNpeKpallaeTca Mnocfie OKOHYaHWA nogadn BbICOKOroO
HanpsHkeHna Ha TPYOKYy.

[daHHble 0 fosax obnyvyeHus [edeKTOCKOMUCTOB CBUAOETENbLCTBYIOT O TOM, 4TO
HanbonbllemMy pagnauMoHHOMY BO3AEWCTBUIO MNOABEPraeTcA nepcoHan npu
aKcnnyataummn nepeHoCcHbIX raMmmMma-a4edeKTOCKOonos.

[lo cTeneHn pagnauMOHHOro BO3AENCTBUSA Ha OedEKTOCKONUCTOB MOXHO BblOeNUTb
Tpw Kateropum pador:

- 3apsigka, nepesapsagka, pEMOHTHO-NPOUNaKTUYECKME N HanagodHble paboThl;
- 9Kcnnyaraumsa NepeHoCHbIX 4edEKTOCKONOB B YCIOBUSX LiEXa N B NOSMEBbLIX YCIOBUSIX;
- 9Kcnnyaraumsa gedektockonos B nabopaTtopusx.

[o3bl 0bny4vyeHuss npu nposegeHnn paboT no n.1 n 2 moryt 6biTb paBHbl 0,3 ML n
Bbile. ObnyyYeHne nepcoHana, nposoaswero paboTtbl No n.3, HAXOOUTCS Ha YPOBHE
€CTEeCTBEHHOro pagnaumMoHHOro ooHa Unmn He3Ha4YnTeNnbHO ero NpPeBbILAatoT.

HepaduauuoHHbIe ¢haKmopbl onacHocmu.

OTO TOK B 3MNEKTPUMYECKUX LENsiX, O30H M OKUCIbl asoTa (pesynbTaT paguonunsa
BO34yxa oA AeNCTBMEM PEHTIEHOBCKOIO U3NyYeHus).

Cuctema obecneveHns pagnaumoHHON 6e30MacHOCTH:

- 3awmTa ot bakToOpoB ONACHOCTH.
- KoHTponb Ha Bcex ctagusax paspaboTkn 1 co3gaHns YCTaHOBOK M UX SKCNyaTauuu.



PAONALNOHHAA BE3OINACHOCTDb

3awuma om UOHU3UPYOWUX U3ay4eHuu:
- HOpMUpPOBaHME BPeEMeEHM 00nyvyeHus (npodeccmnoHarnbHon paboThl);

- yoaneHune Ha 6esonacHoe paccTosiHMe OT MecTa npocBeYMBaHUS (3akoH
obpaTHbIX KBagpaToB);

- NCMNOJ1b30BaHME 3alLNTHbIX yCTpOVICTB.

« 3alnTHble YCTPOMCTBA MOXHO noapasfdernnTb Ha nepeaBuXHble (3KpaHbl,
LUMPMbI) U CTauMoHapHbIe (orpaXaeHusi, NnepekpbITus).

* B nepegBuKHbIX 3aLLUUTHLIX YCTPOUCTBAX B OCHOBHOM MCMOSMb3YHOT CBUHEL,
Xeneso, Bonbdpam, ypaH. B craumoHapHbIX 3alUTHbIX YCTpPOUCTBaxX —
6eToH, 6apuUTOBETOH, KUPMNKNY.

« Haunbonee 4yacTo Mcnonb3ylTCcsa crieayolme matepmansi:
- CBUHeEL, B BUae NUCToB, OrTOKOB, OTITMBOK;

- CBMHLOBOE CTeKI10 B BMAe nuctos TtonwunHon 10, 15, 20 n 25 mm (4ns oKoH B
3aLUUTHbBIX YCTPOUCTBAX);

- CBMHLIOBas pe3nHa TOSILWMHON 3 MM;

- BoSfib(ppam B BMOE MNopoLlKa C Medblo U HUKENEM, CMEYEHHbIX MPU BbICOKOM
Temneparype;

- bapuT (MMHepan) BxoauT B coctaB 6apUTODETOHA;

- BETOH NPUMEHSIIOT A8 COOPYXEHUA 3aLlUTHBIX YCTPOUCTB NPU aKCniyataumm
NCTOYHUKOB U3ny4veHunsa c aHeprnen dpotoHos bonee 400 kaB.

« K pabore ¢ AN ponyckarwTca nmua He mornoxe 18 net, He umetowme
MeOULMHCKMX NMPOTUBOMNOKa3aHW, yaooBrneTBopsowme KBanngunukaunoHHbIM
TpeboBaHUAM.




PAONALNOHHAA BE3OINACHOCTDb

YupexaeHuto Bblaaetcst « CaHMTapHO-aNMaeMNONorMyeckoe 3akniodeHmne
O COOTBETCTBUM YCNOBUIN paboTbl C UCTOYHMKaMU bU3nyecknx dakTopoB
BO3JENCTBUSA Ha YenoBeka caHUTapHbIM NpaBunam» Ha Cpok He bonee 5
neT.

O nonyyeHun pagnoakTUBHbLIX BeLLeCcTB, MNPUOOpoOB, YCTAHOBOK U
YCTPOUCTB, TFEeHEepUpPYLLMX WOHUINPYIOLLME U3NYyYeHUd, YydpexaoeHue
0083aHO  M3BECTUTb  MecCTHble opraHbl PocnoTpebHag3opa B
OECATUOHEBHbIN CPOK.

MOLLIHOCTb [03bl raMMa-U3Mny4YeHust Ha paccTosiHMM 1 M OT NOBEPXHOCTU
3aluTHOro Onoka pgedekTockona C  WCTOMHUKOM  M3MyYeHus, npwu
HaXOXOEHUM UCTOYHMKA B MONMOXEHUN XPaHEHUS, HEe AO0MKHA NPeBbILLATh

20 MK3B/u.

PaonaynoHHas 3alinta peHTreHOBCKOW 3alLUUTHOM KaMepbl BbiMNOSTHAETCS
Tak, 4TObBbI nNpuM NOObLIX AOOMNYCTUMBIX pPexmmax aIKcnryarauum
pasMeLlleHHbIX B HEeW PEHTreHOBCKMX armnapaTtoB MOLHOCTbL 403bl
peHTreHoBckoro wuanydyeHnss B 10 cm oT nobon OOCTYNHON TOYKU
BHELLHEW NOBEPXHOCTU KaMepbl HE npeBbiwana 2,5 Mk3s/u.

Manble konuyectBa OOMNy4YeHUS PEHTFEHOBCKUMM U ramma-ryvyamu
obnagatT 3d@PEKTOM HAKOMMNEHUs!, KOTOPbIN HEOBXOOMMO Y4YUTbIBaTb
NpW KOHTPOse 3a MakCuMarbHO OOMYyCTUMOMN OO30W.

3aKOHYMB MPOCBEYMBAHNE PEHTIEHOBCKMMWU Jly4aMnU WU BbIKIHOYMB
annaparypy, nepcoHan AOMKeH BblAepXaTb HECKOMbKO MUHYT, npexae
4eM BOUTU B 30HY 00ny4YeHus.



PAONALNOHHAA BE3OINACHOCTDb

CaHuTapHble npaBuna TpebytoT, YToOblI BCe KOHTEMHEpPHI ANt TPaHCNOPTUPOBKN
PAAVNOHYKNNAOB  MMENW  YNIOTHEHWE  KPbILEK, ObIM  OrHeynopHbl W”
YAAPOMNPOYHbI.

[lynbT ynpaBneHuUsi MNEepPeHOCHbIM PEHTreHOBCKMM annapaTtoMm  creayet
pasmellaTtb OT uany4yarensi He 6nmke 15 m.

Ha rpaHuLe pagualoHHO-0ONacHON 30HbI yCTaHaBNUBaKTCS
npeaynpexaatrLwime nnakaTbl, OTYETANBO BUAUMbIE C PACCTOSIHUA HE MeHee 3 M.

PaccTtosiHne OT peHTreHOBCKOro annaparta Ao CTeH paboden kamepbl OOSMKHO
ObITb HE MeHee 1 M.

[Mpn npoBeaeHun ramma-aedeKkToOCKONUM B LiexXaxX, Ha OTKPbITbIX MnoLliagkax
HeobxoamMmo:

- MYYOK HU3NnydYeHusa HanpasiidTb B CTOPOHY, MPOTUBOMOJIOXKHYIO OT onvxanLwnx

pabouunx MecT;

- YCTaHaBIInBaThb pa3Mepbl N MapKnpoBaTb paagnaulmMOHHO-0MACHYH 30HY,
- pa6OTbI Mno npocse4vynBaHMIO NMNpoBoanTb ABYMA pa6OTHI/IKaMI/I.

O6bem, xapakTtep U NEPUOANYHOCTb paanaLMOHHOIO KOHTPOMSA ycTaHaBnmMBaeT
aaAMUHUCTpaLnS yupexaeHus 7 COrnacoBbIBaeT C opraHamu
PocnoTpebHaasopa.

[MpaBuna CI1 2.6.1.1283-03 «ObecnevyeHne pagnaymoHHon 6e30nacHOCT npu
PEHTFEHOBCKON Ae(EKTOCKONUMY pPacipOCTPaHATCA Ha Bce BuAbl paboT cC
PEHTrEHOBCKMMM annapaTtamMn, KOTOpble WCMNOMb3yKTCA Ans KOHTpons C
HOMMWHanNbHbIM Hanps>keHnem He Bbiwe 600 kB.

TexHn4yecknm OCMOTP PEHTreHOBCKOro armnapara COCTOUT U3 eXeOQHEBHOro u
nepuogndeckoro. ExegHeBHO nepen HadaroM CMEHblI NPOBOAUTCA BHELLUHWUM
ocMmoTp annapata. OgonH pa3 B KBapTtan nposoautcs nepuogmnyvecknn TO:
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PAONALNOHHAA BE3OINACHOCTDb

« [Ina npoBedeHuss WMHOMBMAOYANbHOW  OO3UMETPUN  UCMONb3YIOT
nHamBmayanbHble Ao3nmMeTpbl. OHM NOBEPSAIOTCA pas B rof.

e OCODEHHOCTb X COCTOUT B TOM, YTO OHWU:
- obecneumBaloT NOCTOSIHHYIO PEMMCTPaLMIO HakaniMBaemMom 003k,

- obecne4ymBalOT OTCYET MOMYYEHHOU O03bl — MNPSIMON UMM C MOMOLLLHO
OTAESNIbHOro N3MepPUTESIbHOro YCTPOWUCTBA;

- NpeAHasHayeHbl Ana perucTpauun K3nyyYyeHWn B LUMPOKOM [uanasoHe
SHEPrumn.

 [lpn npoBegeHUM UWHOMBUOYANbLHOIO KOHTPOMSA [O03 06ny4vyeHus
nepcoHarna HeobxoaMMo BECTU YYET:

- rogoBbIX 3P PEKTUBHbLIX O03;

- 9(pdPeKTMBHOM O03bl 3a S nocnenoBaTenbHbIX JET,;

- CYMMapHOW HakonfieHHOW [O03bl 3a Becb nepuon npodeccmoHanbHou
paboThl.

* Pe3yJ'IbTaTbI NMHOUBNAOYaJiIbHOINO AO3UMETPUNYHECKOIO KOHTPOJIA nepcoHara
AOJDKHbI XPaHUTBCA B TEHEHNE 50 ner.

« B cny4yae nepexoga paboTHMKaA B OPYryw oOpraHusaumio  Konus
NHAMBMOYANbHOW KapToOukM 003 0bnyyYyeHus OormkHa nepenaBaTbCsl Ha
HOBOE MeCTO paboTbl, a OpUrMHaM XPaHUTbCS Ha MPEXHEM MecCTe
paboThbl.



