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<1>e~epaJ1bHOe areHTCTBO no 06Pa30BaHHlO 
Focyaapcraeanoe 06pa30BaTenbHOe yspezneaae 

ssrcmero npoeeccaoaansaoro 06Pa30B8HHJl 
«CaHKT-DeTep6yprcKHH rocy~apCTBeHHbdlTeXHOJIOrHlJeCKHH 

yHHBepCBTeT paCTBTeJIbBblX nOJIBMepOB» 

Karpeapa OCHOB 6e30naCHOCTH CHCTeM H nponeccos 

3KCllEPHMEHTAHLHOE 
HCCJIE,[(OBAHHE OCBEIIJ:EHIDI 

. HA PAIiOllEM MECTE 

MeTOtlH'ieCKHe YKa3aHHH
 
K BbIIIOJIHemUO nafioparopao-pacxerrrof pa60TLI
 

(nns scex CrreUHaJIbHOCTeH H cPOPM 06Y'1eHHH)
 

Caaxr-Ilereptiypr 
2008 

cnrr·ypn 
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Y,l{K 331.45 

3KcrrepHMeHTaJIbHOe HCCJIeLlOBaHHe OCBemeHHH ua pa60qeM MeCTe: 

MeTOLlHqeCKHe YKll3aHHSl K BbIIIOJIHeHIDO JIa60paTopHO-paCqerHOR pa60TbI 

/COCT. C.B.AHHCKHH, 11.0.TIpoToLlbHKOHOB, IO.A.BacHJIeBCKHH, I1.E.CnerruoB; 

rOYBTIO CTI6ITYPTI.- CTI6., 2008.- 23 c. 

MeTOLlHqeCKHe YKll3aHHSl rro BblrrOJlHeHHIO Jla60paTopHO-paCqerHOR pa60Tbl
 

conepxar OCHOBHble cBeLleHHH 0 napaaerpax KOHTPOAA H cnocofiax HOpMHpOBaHHH
 

OCBemeHHSl aa pa60l.lHX MeCTax, 06 acnonsayeasrx npafopex H MeToLlax
 

H3MepeHHH, nopsnxe BbIIIonHeHHH patiorsr H oueaxe ypOBAA 6e30rracHocrn
 
06beKTa.· .' .
 

TIpeLlHll3Hal.leHbI LlJISl CTYLleHToB scex CrreUHaJIbHOCTeH H <pOPM 06yqeHHSl. 

PeueH3eHT: nouear CTI6 ITY PTI, KaHLl. TeXH. aayx B.11.Cap:lKe. 

TIOLlfOTOBJIeHbI H pexoaeanoaanu K nexara Ka<peLlpoR OCHOB 6e30rraCHOCTH 

CHCTeM H nponeccos rOYBTIO CTI6 ITY PTI (rrpOTOKOJI N!! 2 OT 17.1 0.07). 
YTBep:lKLleHbI K H3LlaHHlO MeTOLlJiqeCKOR KOMHccHeR HIDKeHepHo

. 3KOJIo~eCKOro <paKYJlbTeTa rOYBTIO CfI6 ITY PTI (rrpoTOKOJI N!! 2 OT 08.04.08). 

© rOY BTIO CaHKT-TIerep6yprcKHH 

focYLlapcTBeHHbIi% 
reXHOJlOfHqeCKHH yHHBepCHTeT 

paCTHTeJIbHbIX rrOJIHMepOB, 2008 

1. Ilens pa60TbI - oueaxa fieaonacaocra sparensnon pa60TbI rrpH HCrrOJIb30BaHHH 

ncxyccrseanoro OCBeIlleHHSl. 

2. OCHOBbI KOnHqeCTBeHHOfO OlleHHBaHHH ypOBHH 6e30rracHocTH, 

ofecneaasaevoro HCKyccTBeHHbIM OCBemeHHeM 

I 

I 2.1. DOHHTHe 0 CBeTeH <pOTOMeTPHlfeCKHX napasserpax 

I CBeT - 3TO qaCTb naanasoaa 3J1eKTPOMarHHTHbIX sonn, xoropsre, B03LleikTBySl 

aa rnasa qeJIOBeKa, Bbl3b1BaIOT ornymenae CBeTJIOTbl H usera, 3Ta qaCTb zraanaaona 

HaXOLlHTCH B npenenax OLlHOH OKTaBbI3neKTPOMarHHTHbIX BOJIH OT 390 .no 770 HM. 

t 

Cnenyer pll3nHqaTb 06mHe <pH3HQeCKHe rrapaaerpsr, xapaxrepasyromae 

nlO6ble aanyxeaaa., H cnenadrasecxae <poTOMeTPHQeCKHe napasserpsr. ECJIH 

nepssre H3 HHX xapaxrepaayror 06mHe saeprerasecxae CBOHCTBa H3JIY'ietIHH, TO 

I sropsre asrpascaror cy6beKTHBHOe aocrrpasrae QeJIOBeKa -repea 06beKTHBHble 

H3MepeHHSl cserosoro rrOTOKa. 

TaK, uanpnuep, rrOTOK saepraa 3neKTpOMarHHTHblX B011H W (BT) - 3TO 

MOIllHOCTb, onpenenaexas B He3aBHCHMOCTH OT HX 'iaCTOTbI, a B <pOTOMeTPHH 

acnonsayercs aHaJIOr, KOTOPblHHll3blBalOT CBeTOBbIM rrOTOKOM <1> (JIM), - 3TO 

MOmHOCTb 3JIeKTPOMarHHTHblX BOJlH, onpeaensesraa TOJIbKO B zraanaaone 390 

770 HM C yqeToM HenHHeRHocTH socnpasraa CBeTaB 3TOM naanaaoue. 

KOJlHlfeCTBeHHoe onpeneneaae <pOTOMeTPHQeCKHX BeJlH'iHH, B TOM 'iHCJle Ii 

CBeTOBoro rrOTOKa, OTJlHQaeTCH OT cooTBeTcTBYlOIllHX <pH3HQeCKHX BenH'iHH. OHO 

LlaeTCH xepea rrOHSlTHe CHJlbI CBeTa I, onpenensevoa <pOpMyJIOR 

<I> 
( 1 ) 1=n ' KLl 

3 
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Oaaa xannena - 3TO cana CBeTa, HJny'laeMM 'IepHhIM TenOM 

nepneanaxynspao nOBepXHOCTH mrouianuo 1/60 CM
2 

npa resmeparype 2042,5 K 

(ressneparypa sarsepnesanaa ITnaTHHbI npa HOpMaJJbHOM nasneaaa). 

2.2. BOJ,I(eHCTBHe HHTeHCHBHOCTH CBeTOBoro nOTOKa aa xencaexa 

(aMnnHT)',I(HM XapaKTepHCTHIta) 

Fnasa RBnRJOTCRopraaaaa spenaa.xoropue rr03BonRJOT BH,I(eTb oKpyJKaJOIIJ;He 

rrpemaeru BCJIe,l(CTBHe oc06eHHocTH OTpaJKeHHR OT HHX CBeTa. 

3pHTenbHoe onryrneaae RBnReTCR pesynsrarosr peaKU:HH cseroxyscraa-

TeJIbHOrO serrrecrsa, sarronanomero 3JleMeHTbI CeT'IaTKH rnasa, BbI3bIBaeMOH 

CBeTOBhIM nOTOKOM. 

. 'lJ:enoBeK ourymaer H3MeHemie CBeTOBoro nOTOKa no 3aBHCRMOCTH, xoropas 

6JIH3Ka K norapmpMH'IecKoli. Ilo,l(06HO T()MY, KaK OR omyuraer 3ByK (3aKOH 

Befiepa-diexnepa). 3TO rr03BOIDIeT MaITTHpOBaTb speuae B IIIHpOKOM ,l(HaITaJOHe 

2
flpKOCTH OT COTbIX ,l(OneH ,1(0 TbICR'I K,l(/M • 

B 3aBHCHMOCTH OT ycnosari OCBemeIDfR 'IeJIOBeK BH,I(HT nysme HJIH xYJKe. 

Ilnoxoe .0CBemeHHe (He.lJ.OCTaTO'lHOe HJIH CJIHIIIKOM cansnoe) YXY.lJ.IIIaeT 

Ka'leCTBO BH,I(eHHfl, BbI3hIBaeT uanpaxenae rJIaJ :HJ1H OCJIenJIeHHe, a B KOHeqHOM 

HTOre CHHJKaeT Ka'leCTBO 3peHHR. KpOMe roro, B CHJIy TeCHOH BJaHMOCBR3H 

OpraHOB 3peHIUl C pa60TOH ronosaoro M03ra, OCBemeHHe OKaJbIBaeT 

cynrecrseaaoe BnHRHHe aa HepBHYJO cacrexy 'IeJIOBeKa, BOJ,neHcTByeT aa 

HaCTPoeHHe xenoaexa, ero pa60TOCIToco6HOCTb, YCTOH'IHBOCTb K 3a60neBaHHRM. 

4 

2.3.3aBHcHMOCTb CBeTOBoro omymeaas OT ,l(nHHbI sona
 

('IaCTOTHM xapaxrepncraxa)
 

COOTHOIIIeHHe MeJK,l(y CBeTOBbIM rrOTOKOM <1>, KOnHqeCTBeHHO 

xapaKTepH3YJOmRM CBeTOBoe ouryuieaae, H COOTBeTCTBYIOmHM eMy nOTOKOM 

:mepr:HH }neKTpOMarHHTHbIX sonn W HaJbIBaJOT BH,I(HOCTbJO V. 

cI»
V=- (2)

W 
I
 

V
 
-
V. 1lIl 

I 
1 

0.8I'
 
I
 

0.6 

0.41
f 
I 0.2 

4'00' 500 600 700 800 A.RM 

Pac.l , 3aBHCHMOCTb OTHOCHTenbHOH BH.lJ.HOCTH OT ,l(nflHbI sonasr 

BH,I(HOCTb cyurecrseaao fl3MeHfleTCfl B JaBHCHMOCTH OT ,n.JIHHbI sona, KaK }TO 

nOKaJaHO aa PflC 1. 3Ty 3aBHCHMOCTb 06bI'IHO HaJbIBaJOT rpaq>HKoM cneKTPaJJbHoH 

BH,I(HOCTH. Ero MOJKHO nOHHMaTb KaK 3aBHCHMOCTb CBeTOBOrO nOTOKa <1>, 

nocrpoeanoro npa ycnoaaa o,nHHaKOBOH: MOIIJ;HOCTH 3neKTPoMarHHTHoro 

H3JIY'leHHR W. Tparpax HMeeT BH,I( KpHBOH: C O,l(HflM MaKCflMyMoM, 

COOTBeTcTBylOmHM .lJ.nHHe nonasr 555 HM (JKenTO-3eneHbIH: cser), ITpH }TOM 
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cnexrpansnaa BI{LlHOCTh MaKCHMaJIhHa H COCTaBJIlieT 680 JIMlBT. TaK KaK y scex 

HCTO'lHHKOB CBeTa 60JIhillaH sacrs aaepraa IIpHXO.LJ.HTCH aa .LJ.JIHHhI BOJIH, JIe)l(aIIUie 

BHe nora MaKcHMyMa H .LJ.aJKe BHe .nHam130Ha BH.nHMOro CBeTa, HX cBeTooT.na'la 

3Ha'lHTeJIhHO MeHhllle MaKCHMaJIhHO B03MO)l(HOH: 

- HaHMeHhillaH - 10 JIM/BT .LJ.1I1l 06hlqHhIX lIaMil HaKaJIHBaHHH; 

- uaafionsnras - 50 lIM/BT .nlIH lIIOMHHecueHTHhlX naxm. 

2.4. Onenoxasre rrapaverpsr 

Ka'leCTBO OCBemeHHH aa pa60'lHX MecTax oueHHBaeTCH Pa3lIH'lHhIMH 

cnocotiana B 3aBHCHMOCTH OT rnna OCBemeHHH. 

Pa31IHlfaIOT TpH OCHOBHhIX rana OCBemeHHH: 

1. ECTecTBeHHoe ocsemeaae - 3TO OCBemeHHe CBeTOM aefia, rrpoHHKaIOmHM xepea 

CBeTOBhIe IIpoeMhI B HapyJKHhIX orpaJK.LJ.aIOmHX KOHCTpyKuHHX. 

2. Hcxyccraemroe OCBemeHHe - 3TO OCBemeHHe IIoMemeHHH C IIOMOmhIO 

31IeKTpH'leCKHX nasm, 

3. COBMemeHHoe - 3TO OCBemeHHe, IIpH KOTOpOM He.nOCTaTO'lHOe eCTeCTBeHHoe 

OCBemeHHe .LJ.OIIOlIHHeTCH HCKyccTBeHHhIM. 

ClIOJKHOCTh ouenxa 3<p<peKTHBHoCTH ocaemenasnepaoro THIIa 3aKlIIO'laeTCH 

B cymecrseunora H3MeHeHHH ero HHTeHCHBHocrn B re-renae pafioxero ):(m, B 

3aBHCHMOCTH OT BpeMeHH rona H IIOro.LJ.hl. reM He MeHee, cpezmae 3Ha'leHHH 

. OCBemeHHH IIOBepXHOCTH 3eMlIH B rexenne pafiosero .nHH H3BeCTHhI. TI03TOMY .nlIH 

oueaxa 3<p<peKTHBHOCTH eCTeCTBeHHoro OCBemeHHH HCIIOlIh3YIOT OTHOCHTelIhHyIO 

OCBemeHHOCTh, KOTOPYIO Ha3hIBaIOT K03<p<pHUHeHTOM eCTeCTBeHHoro ocsetneaaa e 

(x.e.o.): 

E 
e= -, ( 3 ) 

ED 

6 

rne E - OCBemeHHOCTh pafioxero MeCTa CBeTOM aefia; Ell OCBemeHHOCTh, 

C03.naBaeMaH CBeTOM IIOlIHOCThIO OTKphlTOrO aeoocsona BHe 3.LJ.aHlfjI. 

,lLrrH onenxa xaxecrsa acxyccrseaaoro OCBemeHHH pa60'lHX MeCT B xasecrse 

OueHO'lHhIX IIapaMeTpOB HCIIOlIh3YIOT HpKOCTh B H OCBemeHHOCTh E. 

51pKocThIO Ha3hIBaeTCH OTHOllleHHe CHlIhI CBeTa K IIlIOma.nH caermneacs 

nosepxnocra SCB 

B= I <I> 2 ( 4)
SCB = S n ' K.LJ./M

CB 

OCBemeHHOCThIO Ha3hIBaIOT OTHOllleHHe cserosoro IIOTOKa K nnouiana 

ocaemaeaoa nosepxaocrn Soc 

<I> 
E=- , lIK ( 5 ) 

Soc 

J 06hI'lHO OCBemeHHOCThIO IIOlIh3YIOTCH .LJ.lIH oueaox .LJ.OrryCTHMOCTH 

MHHHMaJIhHOro OCBemeHHH nosepxnocrn, aa KOTOpOH cosepmaercx 3pHTelIhHaH 

paficra, a HpKOCThIO - .LJ.JIH ouenox MaKCHMaJIhHO ):(OilyCTHMOro npsvoro 

B03):(eHcTBHH I:ICTOlfHHKOB CBeTa Ita opransr 3peHHH. 

2.5. HOPMhI 6e30IIacHocTH HCKycCTBeHHOrO ocsentenaa 

HaH60lIee KOM<popTHhle YClIOBHH ocsemeaas .LJ.0CTHraIOTCH IIpH 

ocsemenaocrn 1200-2000 lIK • 

.uorrycTHMhle HOpMhI 6e30IIacHocTH YCTaHoBlIeHhl B 3aBHCHMOCTH OT BH):(OB 

acxyccrsenaoro OCBemeHHH, xoropue onpeaeneusr ClIe.LJ.YIOmHM 06pa30M. 
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06wee - OCBeweHHe, rrpa KOTOpOM CBeTHJIbHHKH pa3MeWaIOTCJI B BepXHeH 

30He noveuteuas paBHOMepHO (paBHOMepHOe) HJIH npHMeHHTeJIbHO K 

paCnOJIO)!{eHHIO 060py):(OBaHHK (JIOKaJIH30BaHHOe). 

MeCTHOe - OCBeweHHe, ):(OnOJIHJllOwee otiuree, C03):(aBaeMOe CBeTHJIbHHKaMH, 

KOHl..\eHTpHpylOWHMH CBeTOBOH nOTOK HenOCpe):(CTBeHHO aa pa60'-lHX MecTax. 

KOM6HHHpOBaHHOe - OCBeweHHe, npa KOTOpOM K 06meMy OCBemeHHIO 

):(06aBJIJleTcK MeCTHOe. 

3Ha'-leHHK ):(OnycTHMbIX HOpM 6e30naCHOCTH KOM61:fHHpOBaHHOrO H ofiutero 

OCBellleHHJI npe~CTaBJIeHbI B Ta6JI.l. 

Ta6JIHI..\a 1 

3HaqeHHK ztonycnoasrx HOpM OCBellleHHOCTH npa HCKyccTBeHHoM OCBeweHHH 

OCBellleHHOCTb, JIK 

3pHTeJIbHOH _I 'pHTO",HOH pa60TM
 

pa60Tbi
 
KOM6HHHp.
 

Pa3PK):( r- Ilonpaspan 

ofimee 
ocaemeaae OCBeweHHe 

2 I 3 15~0 =1a 5000 
1250 \6 4000 

B . 2500 750 I 
r I 1500 400 

a 4000 1250 

6 3000 750II 
500B 2000

I 

I 1000...... 300 
~ \ . r 

500 

6 1000 

a I 2000 
300III 
300 

I r 400 

B 750 
200 

750 300 

500 200 
a 
6IV 

400 200 

300 150 
BL_~_~,------J---=.-'---r 

8 

Oxousanae Ta6JI. 1 

1 2 3

I
a 

V 6

B

r 

VI a,6,B,r - 150 

VII a,6,B,r - 200

I 
4 ~ 

200 200 

200 150 I 
150-
100-

IIpHMe'-laHHe: Ocaememrocn, B ratinaue nana B TO'-lKaX ee MlfHHMaJIbHOrO 

3Ha'-leHHK aa pa60'-leH nOBepXHOCTJ1. 

B· xaaecrse KpHTepHeB onpeneneuaa HOpM fiesonacaocra B Ta6JI.l 

HCnOJIb3YlOTCJI nOHJlTHJI paspazta H nonpaapszra 3pHTeJIbHOH pa60TbI. 

Paspsn yCTaHaBJIHBaeTCJI B 3aBHCHMOCTH OT HaHMeHbwero paasrepa 06beKTa 

Pa3JIH'-lIfK no Ta6Jl.2. Ilonpaspxn 3pHTeJIbHOH pafiorsr yCTaHaBJIHBaeTCK B 

3aBHCHMOCTH OT KOM6HHaIJ;HH KOHTpacTa 06beKTa Pa3JIH'-lHK C <!>OHOM If 

XapaKTepHCTHKOH rpoaano Ta6JI.3. 

KOHTpacT «K» 06beKTa Pa3JIH'-lIfK C <!>OHOM Pa3JIH'-laIOT KaK MaJIblH, cpenuari 

H 60JIbIIlOH, HCnOJIb3YJl cJIe,L\YIOWHe <!>0PMYJIbI: 

BeJl-Bo 
K= -'--- IIpH BIj> > Bo , ( 6 ) 

BeJl 

n, -BeJl 
K= . npa B, <B, , ( 7 ) 

Bo 

rne BIj> H B, - JlpKOCTb<!>oHa H 06beKTa COOTBeTCTBeHHOIO. [pa,L\aI..\HK 

KOHTpaCTa3aBHCHTOT ero Beml'iHHbi. I1Pii K < 0,2 CtiRTalOT KOHTpacT MaJlhlM, I1pH 

0,2 :'S K :'S 0,5 - cpe,L\HHM, npa K> 0,5 - 60JIbUIHM. 

XapaKTepHCTHKa <!>oHa onpenenxercs no K03<!><!>HIJ;HeHTY 0Tpa)!{eHHJI y, 

3aBHCJlllleMY OT IJ;BeTa H <!>aKTypbl nOBepXHOCTH. Ero 3Ha'-leHHK HaXO,UKTCK B 

npenenax 0,02 - 0,95. IIpH y > 0,4 <!>OH C'-lHTaeTCK CBeTJIbIM, npa 0,2 :'S y :'S 0,4 

cpe):(HHM, npa y < 0,2 - TeMHbIM. 
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I 

I 

Tafinaua 2 
Onpenenenae paspana 3pHTenhHOH pa60ThI 

i Pa3PH.n; ~ 
3pHTenhHOH: pa60ThI 

TIPH I ~ 0,5 M 

HaHMeHhllIHH pasaep 
06'heKTa pa3nH'lM d, MM 

1 

I 
II 
III 
IV 

2 

d s 0,15 
0,15 < d <0,3 
0,3 < d ~0,5 

0,5 < d~ 1,0 

I 
I 

V 1,0 < d ~5 

VI d>5
VII d>0,5 

I1pH 1 > 0,5 M 

npenen OTHOllIeHM 
P = d/l 

P<O~3~
 
0,3 . 10 -3 s P ~ 0,6'10,31°6'10

3
< P < 1'10 3 

- j'IO-3< P ~2 '10,3 I 
2'10,3 < P ~1 0·10'3 , 

p > 10.10-3 

-
* 1- paCCTOHHHe OT 06'heKTa paanasas AO rnas pafioraromero. 

Tafinnua 3 

Onpeneneane IJOApa3pH.n;a 3pHTeJIhHOH pa60ThI 

r Ilozrpaspan 
3 HTeJIhHOH pafiorsr 

a 
6 
6 
B 
B 
B 
r 
r 
r 

KOHTPaCT 06'heKTa 
_-.I'~~JIHqHH C OHOM 

MaJIhlH 
MaJIhlH: 

Cpe,[[HHH: 
MaJIhIH 

CpeAHHH 
EOJIhlllOH: 
CpeAHHH: 
EonhllloH 
EOnhllIOH: 

Xapaxrepacrnxa q,oHa I 

--TeMHhlri 

Cpe.n;HHH:
I TeMHhIH
 

CBeTnhIH:
 
Cpe.n;HHH:
 
TeMHhIH
 
CBeTnhIH
 
Cpe.n;HHH
 
Cpe.n;HHH:
 

I I
 

TIPH ouenxe OCBeru:eHHH pafiosax MeCT 06hI'lHO He Hcrronh3YIOT 

aopxarasnsre orpaunaenns aa cnHlllKOM cansaoe ocseuieaae, rrOCKonhKY OHO 

3HaqHTenhHO asnne KaK MHHHMaJIhHO .n;orrYCTHMhlX, TaK H KOMq,OpTHhIX 3HaqeHHH 

OCBeru:eHHOCTH. TeM He MeHee, TeOpeTHqeCKHH: npenen BepXHHX 3HaqeHHH: 

10 

OCBellleHHOCTH HBJIHeTCH KOHeqHOH: BenHqHHOH, KOTOpa» onpenensercs HopMaMM 

6e30rraCHOCTH rro HpKOCTH. 

TIPH ouenxe 6e30rraCHOCTH OCBellleHHH pa60'leH nOBepXHOCTH - 3TO 

OTPIDKeHHa» HpKOCTh, KOTOpa» npa ycnosaa .n;Hq,q,y3Horo 0TPa)l(eHH}I CBeTa 

CBH3aHa COCBellleHHOCThIO cnenyiomejl q,opMynOH: 

B= -1 yE K,n/M2 
, ( 8 ) 

1t 

rne y - K03q,q,HUHeHT oTPIDKeHHH. 

HOPMhI fieaonacaocra rro HpKOCTH npencraaneasr B Ta6nA. HOPMhI 

yCTaHoBneHhl B 3aBHCHMOCTH OT rrnollla.n;H pa60'leii rroBepxHocTH .n;JI}I cpe.n;Hero 

3Ha'leHHH oTPIDKeHHOH: HpKOCTH. 

K03q,q,HUHeHThl 0TPIDKeHHH npencraaneasr BTa6JI.5. 

Tafinaua 4 

3HaqeHHH norrycrausrx HOpM oTpIDKeHHOH: HpKOCTH npa HCKyccTBeHHoM 

OCBemeHHH 

Ilnornans pa60qeH 
. rroBepxHocTH 

2S, M 

S < 0,01 
0,01 ~ S < 0,02 

0,02 ~ S < 0,05 
0,05 ~ S < 0,15 
0,15~S<0,4 

S 2: 0,4L~---,--__
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Ta6JIHI-la 5 OTHOCHTenbHaH OCBerueHHOCTb onpenenserca 3MrrHpHQeCKH na KOHKpeTHOM 

3HaqeHIDI K03<p<PHuHeHTa oTpIDKeHIDI Y)]JUI aexoropsrx MaTepHaJIOB 

N!' rr\rr HaHMeHOBaHHe MaTepHaJIa 

1 EeJIHJIa CBHHuOBble 

2 A1UOMHHHH MaTOBbIR 

3 CTeKJIO MOJIOqHOe 2-3 MM 

4 EyMara MaTOBaH 6enaH 

5 BaTMaH 

6 ,ZJ;epeBo: COCHa CBeTnM 

7 <paHepa 

8 opex 

9 113BecTKoBaH rr06eJIKa: HOBaH 

10 C TeMHOH rrbIJIbID 

11 Ilosepxaocrs nafioparopaoro CTOJIa 

I 

y 

0,9 
0,6 

0,45 
0,8 
0,6 
0,5 

0,38 
0,18 
0,8 
0,2 
0,2 

pa60QeM MeCTe rro CJle):\YIDrueH <pOpMyne. 

Emin ( 11 ) 
E= Ecp 

rne E -- Cpe)l;HHH oCBerueHHOCTb pafioxero MeCTa.ep 

3. Meronaxa rrposeneaaa nafioparopnoa pa60ThI 

3.1 113MepeHHe oCBerueHHOCTHnIOKCMeTpOM10 - 1i 6 

OCBerueHHOCTb H3MepHIOT C noxoursro JlIDKCMeTpa 10 - 116, H306pa)KeHHOrO 

na pac.Z. 

npaseneasr B rr. 2.5. 

6 

~I~ 
HmKIDIH rpaaana onpeneneaa KaK MHHHMaJJbHoeaaaxeaae OCBerueHHOCTH aa 

pa60qeM MeCTe: 

o :J 
.3...- 1 

rro 1 
. 2.6. Onpeneneaae 06JIaCTH zronycnrasrx 3HaqeHHH OCBerueHHOCTH 

Fpaaansr ofinacra nonycrmrsrx 3HaqeHHH OCBerueHHOCTH Orrpe)l;eAAIOTCH 

3a)l;aHHIO npenonasarens H rafin. 1, 2, 3, 4 HOpM 6e30rracHocTH, xoropsre J 

~ 11 

E il l SE min (9 ) 71 , 
'6

BepxHHH rpanana 06naCTH ziorrycnoasrx 3HaqeHHH onpenensercs nepecseroa 

rro HopMaM OTpa)KeHHOH HpKOCTH, xoropue onpeneneasr )l;nH Cpe)l;HHX sena-ma. 

O)l;HaKO TaKOH nepecser neofixonaao BbIIIonHHTb )l;JUI MHHHMaJlbHOH PHc.2. YCTpOHCTBO nIOKCMeTpa 10 - 116: 1 - H3MepHTeJlbHhIH npafiop; 2 

OCBerueHHOCTH pa60qeH rrOBepXHOCTH, KOTOpM acnonssyercs nns oneaxa rro <pOTO)l;aHHK; 3 - HH)l;HKaTOp; 4, 5 - KHonKH BKJIIDQeHHH npafiopa; 6 - pa3beM; 7 

HH)KHeHrpaaaue.. C 3TOR nensio <popMyny (8) npe06pa3YIDT K cneztyroutexy sany: - KOpnyc )l;aHHKa; 8 - xpsnnxa C sacanxoii; 9 - HaCa)l;Ka 

ItE 112= -E Bep , (10) 
y 

r)l;e g - OTHOCHTeJlhHaH OCBerueHHOCTh. 

12 13 
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JIlOKCMerp IO-116 COCTOIiT Ii3 Ii3MepIiTeJIhHOrO npafiopa I Ii <poTO.ll.aTqIiKa 2. 

I13MepIiTeJIbHblH npafiop I IiMeeT crpenoxasra IiH)l.IiKaTOp 3 C .ll.ByMH IllKaJIaMIi: 

sepxueii 0 - 100 Ii HIi:lKHeH 0 - 30; a rarose zrse KHonKIi BKJIlOqeHWI npafiopa 4 Ii 5. 

Ilpa BKJIlOqeHIiIi npafiopa KHonKoH 4 cnenyer nOJIb30BaTbCSI HIi:lKHeH lIlKaJIOH, npIi 

BJ(J]}QqeHIiIi KHonKOH 5 - aepxnea lIlKaJIOH. <!>oTO.ll.aTqIiK 2 COCTOIiT Ii3 

nnacraaccoaoro xopnyca 7, B KOTOpOM HaXO.ll.IiTCSI CeJIeHOBblH <poTo:meMeHT B 

sane xpyrnoii nJIaCTIiHKIi. <!>oT03JIeMeHT saxpsrr cBIimIiBalOll.\eHCSI KpblWKOH C 

HaCa,L\KOH 8, BbITIOJIHeHHOH B sane nonycrpepsr Ii3 6elloH cseropacceasaromeii 

nnaCTMaCCbI. OHa npenaasnaseaa .ll.JISI YMeHbIlleHIiSl TaK HrohIBaeMoH KOCIiHyCHoii 

norpeuraocra, KOTOpM B03HIiKaeT npa 60JIblIlIiX yrnax na,L\eHIiSI CBeTa. HaCa,L\Ka 8 . 

0603HaqeHa 6yKBOH K, HaHeCeHHOH aa ee BHyTpeHHlOlO CTOpOHy. <!>oTO.ll.arqIiK 2 

COe.ll.IiHSleTCSI C Ii3MepIiTeJIbHhIM npnfioposr qepe3 pro'heM 6, KOTOpblH IiMeeT C 

O.ll.HOH CTOpOHbI KaHaBKy. TIPIi coenaaenaa parsexa KaHaBKa .ll.OJI:lKHa 6bITb 

nOBepHYTa K TbIJIbHOH CTopOHe npafiopa, qTO neooxonaao .ll.JISI nonasn 

. HanpSl:lKeHIiSl npaBIiJIhHOH nOJISIpHoCTIi. 

Hacaaxa 8 (K) rtpasrenaerca TOJIbKO C O.ll.HOH Ii3 rpex npyrnx HaCa,LlOK 9, 

IiMelOll.\IiX 0603HaqeHIiSI M, P Ii T. Ka:lK.ll.aSl Ii3 3TIiX rpex aacaaox COBMeCTHO C 

Haca,L\KOH K ofipasyer rpa CBeTOnOrJIOTIiTeJISI C 0611.\IiM HOMIiHaJIbHblM 

K03<P<PillIIieHToM oCJIa6JIeHIiSI OCBell.\eHHOCTIi,KM B 10, KP B 100 Ii KT BlOOD pro 

,llJISI pacurapenas naanasonoa I13MepeHIiH. 

113MepeHIie OCBell.\eHHOcTIi C rrouomsro JIlOKCMeTpa IO - 116 npOI13Bo.ll.SlT 

cnenyrontav 06pa30M. 

YCTaHOBIiTh 06e KHonKH 4 Ii 5 B OT:lKaTOM nOJIO:lKeHIiIi, qTO ofecneaasaer 

RKJHOqeHlie npafiopa. Iloncoenaaars <poTOllaT'lIiK 2 K 1i3MepIiTeJIbHoMY npafiopy I 

Cnovoursro pa3'heMa 6. 

B TOM cnyxae, eCJIIi sapaaee Heli3BeCTeH llIiana30H Ii3MepeHIiH, He06xollliMO 

YCTaHOBIiTb Hali60JIee CIiJIbHhIHCBeTOnOrJIOTIiTeJIh T na <poTo::meMeHT Ii aaxpernrn, 

, ero KPbIlIlKOH C norryceepasecxoa nacanxoii K. 

YCTaHOBIiTh $oTOllaT'lIiK B MeCTe I13MepeHIiSI Ii Ha:lKaTb npasyro xnonxy 5. 

14 

ECJIIi crpenxa no sepxneji urxane OKa:lKeTCSI B 06JIaCTIi no IIIi<pPbI 30, TO 

Ha:lKaTh JIeBylOKHonKY. ECJIIi crpenxa He OTKJIOHSleTCSI OT HyJISI, neorixonaxo 

BhIKJIlOqIiTb npafiop, OT:lKaB KHonKIi 4 Ii 5, nOCJIe xero 3aMeHIiTb KOM6liHaIIli1O 

CBeTOnOrJIOTIiTeJIeH KT na KP Ii noaropurs BKJIlOqeHIie B TOM :lKe 

nOCJIellOBaTeJIbHOCTIi. ECJIIi BHOBb crpenxa He OTKJIOHIiTCSI OT HyJISI, aeofixoaaao 

BHOBb nOBTopliTb Bce nepeqliCJIeHHhIe onepaIIIiIi, HO C KOM6liHaIIlien 

CBeTonOrJIOTIiTeJIeH KM. HaKOHeII, eCJIIi Ii B 3TOM cnyxae OCBell.\eHHOCTb OKa:lKeTCSI 

HellOCTaTOqHOM llJISI Ii3MepeHIiSl, TO He06xollIiMO .CHSITh see CBeTOnOrJIOTIiTeJIIi, 

OCTaBIiB <poT03JIeMeHT OTKpblTbIM. 

Pe3YJlhTaT Ii3MepeHliH onpe.ll.eJISIlOT no sepxaeii WKaJIe rrpa Ha:lKaTOH xaonxe 

5 H HIi:lKHeH IllKaJI~ npa Ha:lKaTOH xnonxe 4. ,lJ,nSl onpeneneaas pe3YJIbTaTa B 

JIlOKCaX aeooxomoao 1I1i<PPY, YKa3hIBaeMYlO crpeJIKOH na mxane, YMHO:lKIiTb na 

eCJIIi yCTaHOBJIeHhlK03<P<PIiIIlieHT OCJIa6JIeHillI,COOTBeTCTBYlOll.\IiM 

CBeTOnOrJIOTIiTeJIIi. 

Jl!OKcMeTp IO-116 npenaasaasea .ll.JISI 1i3MepeHliSi OCBell.\eHHOCTH, 

'C03.ll.aBaeMOM naMnaMIi HaKaJIliBaHIiSi If eCTeCTBeHHhlM CBeTOM. TIpIiMeHIiTeJibHO K . 

.ll.pyrliM IiCTOqHIiKaM CBeTa, OTJIliqalOll.\IiMCSI cnexrpansasra COCTaBOM, BBO.ll.IiTCSI 

nOnpaBOqHhIHK03<P<P1i1IIieHT R (Ta6JI.6).
 

OCBell.\eHHOCTh E onpe.ll.eJISleTCSI no <popMYJIe
 

( 12)E = R· En , 

rae En - 1i3MepSleMM no nncane JIlOKCMeTpa OCBemeHHOCTb. 
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Tafinnna 6 

3HaqeHIDI IIOIIpaBOqHoro K03epepHl.\HeHTa R ,LIml JIIOMHHecu:eHTHblx, ,LI)TOBbIX -- ::-J 

'~ 
pryrnsrx JIaMII BhICOKOro .L\aBJIeHIDI (Wfl) H .LI)T0BhIX MeTaJIJIOraJIOreHHblX JIaMII 3 

(WH). 

THII JIaMIIhI 

JIb 

JI):( 

JI)lQ 

JIXE 

)lPJI 

)lP11400 

)lP111000 

WI13500 

R 

1,17 

0,99 

0,99 

. '1,15 

1,05 

1,22 

1,06 

1,03 

I 

3.2. YCTpOHCTBO·nafioparopuoro CTeH.L\a 

2.. 

6 

" )J/.e 

" I '0 
\ ZO 

/ 
/ 

I
IU 

0 ~~ 
.L 

6a 

PilC.3. Cxeua nafioparopnoro CTeH,LIa .L\JIji oneaxa 

Cxesranafioparopaoro CTeH.L\a .L\JIji onenxa ncxyccrsenaoro OCBellleHIDI 

IIpe.L\CTaBJIeHa aa PHC.3. 

CTeH.L\ COCTOilT H3 nafoparopaoro CTOJIa' .C pa60qeH nosepxaocrsto 1, 

CBeTliJIbHliKaC JIaMIIOH HaKaJIHBaHIUI 2, IIO.L\BerneHHoH Ha,LI CTOJIOM C IIOMomhlO 

. IIO,LIbeMHoroMexaHli3Ma 5, JIIOMliHecu:eHTHhIX CBeTHJIbHHKOB ofimero ocseuieaaa 3 

Ii JIIOKcMeTpa (10-116) 4. 

Ha patiosyio noaepxnocrs CTOJIa 1 rpadnrsecxa aaaeceua cerxa 6 c 

KBa.L\paTHbIMH jiqeHKaMH, cropoaa KOTOpbIX pasna 10 CM. Orcser paccroanaa IIO 

CeTKe B .L\JIliHY H IIIHPHHY aasnnaerca C JIeBOrO 6JIH)KHerO yrna, 0603HaQeHHoro 

llliepPOH HOJIh. 

16 

HCKyCCTBeHHoro oCBemeHIDI: 

a - BIi,LI C60Ky; 6- BH.L\ IIOBepXHOCTH nafioparopnoro 

CTOJIa csepxy 

3.3. Pa60Ta aa JIa60paTopHoM CTeH.L\e 

CBeTHJIhHliK C JIaMIIOH HaKaJIHBaHHji 2 YCTaHaBJIliBaeTCji C IIOMOmblO 

MexaHH3Ma 5 sa 3a.L\aHHOH BhICOTe H OT pa60lleH nosepxaocra 1. Onpeztensercs 

IIJIOma,Z:\Ka li3MepeHHji, orpaaaseanas 3a.L\aHHbIMH KOOp.L\HHaTaMH X, - X2 Ii Y1 

Y2. 

113MepeHHji ocaemeanocra H lIpKOCTH IIPOH3BO.L\jiTCji IIpH yCTaHoBKe 

epoTo.L\aTqHKa JIIOKCMeTpa 4 B Cepe,LIHHe Ka)l(.L\oro xsanpara rpaepHliecKoH ceTKH 6, 

17 
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orpaHHQeHHOH KOOp~HHaTaMH XI - X2 H Y, - Y2 B COOTBeTCTBHH C MeTO~HKaMH, 

H3JIO)KeHHbIMH B II. 3.l. 

113MepeHHe He06xo~HMO 1I0BTOpRTb C BKJ1JOQeHHldMH H BbIKJIlO'leHHbIMH 

JIlOMHHeCueHTHblMH JIaMIIaMH 3, 'lT06bl ysecrs 1I0IIpaBO'lHldH: K03<pqmU!1eHT R 

JIlOKCMeTpa 10-116 IIpH H3MepcHHH OCBemeHHOCTH JIlOMHHeCueHTHblX naun. 

Ocaemeaaocrs, C03~aBaeMaR OT~eJIbHO 3THMH JIaMIIaMH, onpenensercs KaK 

Pa3HOCTb KOM6HHHpOBaHHOH: OCBemeHHOCTH EK H MeCTHOH: EM, C03~aBaeMoH 

CBeTHJIbHHKOM C JIaMnOH HaKaJIHBaHHR H CBeTOM H3 OKRa: 

EJJ= EK - EM ( 13 ) 

3.4. nOpR~OK BblllOJIHeHHR pafiorsr 

. Pa60Ta BblllOJIHReTC51 na OCHOBaHHH 3~aHJ1jj, xoropoe BKJIlO'laeT YKa3aHHe 

. xoopnaaar HCCJIemeMOH: pa60'lefi 1I0BepXHOCTH XI ; X2 ; Yt ; Y2 ; BblCOTbI 

nO.!lBeCKH H CBeTHJIbHHKa C JIaMnOH: HaKaJIHBaHHR; YKa3aHHR rana 

JIlOMHHeCueHTHblX JIaMII; HaHMeHbillero pasxepa 06'beKTa Pa3JIHQHR; KOHTpacTa 

06'bCKTa pa3JIHlIHR C <pOHOM; xapasrepacraxa <poHa, B cJIe~YJOmeM nOp51~Ke: 

1)BKJIlO'lHTb HCTO'lHHK CBeTa H ycrarroaars ero aa 3a~aHHOH: BblCOTe H. 

2) YCTaHOBHTb aa <poTo~aTtIHKe Tpe6yeMYJO KOM6J{HauHlo CBeTOnOrJIOTHTeJIeH: no 

IIpaBHJIaM, npaaeneusua.a n. 3.1. 

. 3) BKJIlOQHTb JIlOKcMeTp, yCTaHoBHTb rporonar-mx B cepenaay onaoro H3 

KBa~paTQB HCCJIe~yeMOH: IIJIOm~H pa60'leH: 1I0BepXHOCTH H H3MepHTb 

OCBemeHHOCTb E i j , rne i H j - HH~eKCbl, npaceaasaesaue BbI6paHHoMY KBa~paTY 

COOTBeTCTBeHHO IIO OCRM X H Y. Onpenerrars ueay ~eJIeHIDI llIKaJIbI tl E ij . 

4) nOCJIe~OBaTeJIbHO H3MepHTb OCBemeHHOCTb E ij BO scex KB~paTaX YKa3aHHOH: B 

3a~aHHH nnomana pa60'leH: 1I0BepxHocTH. PeKoMeH~yeTC51 H3MepeHHR nposonars 

caasana IIO OCH Y, rronyxaa 3HalleHJ1jj E\ 1; E] 2;... ; E 1m , 3aTeM CMeCTHTb 

<pOTO~aTQHK aa O~HY KJIeTKy no OCH X, 1I0JIYllHB PR~ H3MepeHHH: E2 I; E22 ; .... ; E2m 

18 

H TaK nanee , no 1I0CJIe~HerO psna HCCJIe~yeMoH 11JlOma~H E nI; E n2;"'; Enm, rne n 

H m - KOJIH'leCTBO MeCT H3MepeHHH (KB~paToB) no OCRM X H Y COOTBeTCTBeHHO. 

5) nOBTOpHTb see npensizrymae H3MepeHHR C BbIKJIlO'leHHbIMH JIlOMHHeCueHTHblMH 

JIaMIIaMH ofintero OCBemeHHR. 

6) 113MepHTb resmeparypy sosnyxa t -c. 

4. 06pa60TKa pe3YJIbTaTOB H3MepeHHH 

1. OlIpe~eJIHTb cpennae BeJIHtIHHbl E aa K~OH: nnomanxe i :
 

1 3
 
E kl = - L.Eklj , 

3 j = 1 

me HH~eKC j - 1I0PR~KOBblH: HOMep H3MepeHJ1jj na Ka)K~OH: nnoutanxe i. I1H~eKcbl k 

H m onpeneneasi no <popMyJIe (13). 

I 3 
Emi =- "LEmlj 

3 j=l 

E;=Emi+R(Eki-Emi) 

2. OlIpe~eJIHTb MHHHMaJIbHOe snaseaae Ez:
 

'Ez=min(E j ) ; . Em' = E i IIpH i=z; Ekz=Eki IIpH i=z ,
 m


rzre z - HOMep nJIOw;a~KH C MHHHMaJIhHblM ocsemeaaesr.
 

3. OIIpe~eJIHTb cpezmee 3HatIeHHe Ecp : 

I n 
E cp =-L.EI 

"1=1 

4. OIIpe~eJIHTh onmfixy MHHHMaJIbHOrO 3Ha'leHHR Oz 

3 121 21 2 I 2tlE = J- "L(Ekz -Ekzi) +-(~Ey) +-E kz{OO +O,OI(t-20
IMkz 2 =1 3 3 I

1
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1
3 

2 1 2 12 I 2.1E mz=.I- L(Emz -Emzi) +-(AEy ) +-E mz{Oo +O,OI(t-201)} ;
 
2 i=1 3 3
 

1 
Oz=- {RAEkz + (1- R)AEmz}'Ez 

5. AHarIH3 noayseanux pe3YJIhTaTOB 

AHarIH3 nony-reansrx pe3YJIhTaTOB npoM3Bo,nHTCH nyTel'4 cpaBHeHI1S1 

,noBepHTeJIhHOrO aarepaana H3MepeHHoro 3Ha'leHHSI MHHHMarIhHOH OCBemeHHOCTH 

pafiosero MeCTaC06JIaCThlO aonycrmrsrx 3HaqeHHH. 

. 1. Bhl'lHCJIHTh ,noBepI!TeJIhHhIH HHTepBarI 1m H3MepeHHOH OCBemeHHOCTH E :z

E =Ez(l-I,96'8);
1 

E =Ez(I+1,96'8);2 

Im={E.,E z }· 

2. 3anl1CaTh. HHTepBarI I d 06JIaCTH nonycrassoa 6e30naCHOCTII D ,nJISI 

OueHO'lHOrO napaxerpa E MCrrOJIh3yH l}>OpMyJIhI (9-11) : 

I = {Eal , E02} . 
d 

3. CpaBHHTh HHTepBaJI 1m C IIHTepBaJIOM I d ' ysnrsraas BepOSlTHOCTh 

rrpIIHa.llJIe))(HOCTII BeJIII'lMHhI OCBemeHHOCTII K 06JIaCTII nonycraaoii 

6e30nacHocTH. 

20 

4. Cnenars BhIBO,n. 

B03MO))(Hhl rpa cnenyronmx cnysas: 

4.1. ECJII1 1m nOJIHOCThlO Haxo,nHTCSI B nrrrepaane I d ' BhIBO,n CJIe.D.)'lOIlU'IH. YpOBeHh 

6e30naCHOCTH OCBemeHIDI ua pa60'leM MeCTe SlBJISleTCSI ,nOrryCTHMhIM C 

BepOSlTHOCThlO 60JIee 95%. 

4.2. ECJIH 1m TOJIhKO 'IaCTH'IHO HaxO,nHTCSI B mrrepaane I d' BhIBO,n CJIe,nylOmHH. 

YpOBeHh 6e30rraCHOCTH OCBemeHHSI aa pa60'leM MeCTe SlBIDIeTCSI aenorrycrausia C 

BepOflHOCThlO MeHee 95%. 

4.3. ECJIH L, He Haxo,nHTCSI B HHTepBaJI~ I d' BhIBO,n cJIe,nYlOmHH. Yposeas 

fieaonacnocra OCBemeHHH na pa60'leM MeCTe· HBJISleTCH nenonycrnusia C 

BepoHTHoCThlO 60JIee 95%. 

5. ITPH Heo6xo,nHMOCTH 60JIee ,neTaJIhHOrO aaanasa nposecra pacser ypOBHSI 

6e30rracHocTI1 no MeTo,nMKe, H3JIO))(eHHOH B OT,neJIhHOM MeTo,nHqeCKOM nocofiaa K 

JIa60paTOpHOMYrrpaKTHKyMY rro E)J(,lJ, [5] . 

6.0epopMJIeHHe JIa60paTopHOH pa60ThI 

Bee nonyaeansre pe3YJIhTaThI OepOpMJISlIOTCH B OT,neJIhHOH TerpMI1. IToMapKH 

H HCrrpaBJIeHHSI B TeKCTe He nonycxarorcs. 

Ha 06JlO))(Ke (THryJIhHOM JIMCTe) namyr 3arOJIOBOK "Orner rro 

nafioparopnosry npaxraxyay E)J(,lJ,", 3aTeM epaMHJIHIO, HM», OT'IeCTBO crynenra H 

HOMep rpynnsr. 

BHYTPH rerpana ,nOJI))(HhI 6hITh npencraaneasr OT'IeThI no seen 

BhIIIOJIHeHHhIM naooparopasra pa60TaM. Ka))(.llbIH OT'leT .llOJI))(eH HMen 3arOJIOBOK, 

BKJIIO'IalOmHH nOJIHOe HaJBaHHe II HOMep JIa60paTopHoH pa60ThI. 

Conepxaaae OT'IeTa .llOJI))(HO 6hITh pasneneao aa ornensusre rnassr co 

CJIe.llYlOml1MH 3arJIaBIIHMH. 

1. QeJIh pa60ThI. 

2. 3a.llaHHe (nonyseaaoe OT npenonasarena). 
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'I 
3. HopMhI6e30naCHOCTlf. 

4. CxesraJIa60paTopHoH yCTaHOBKM. 

5. Pe3YJIhTaThI M3MepeHMH. 

6. Pacsersr OQeHOqHOrO napaaerpa MOIIIM6oK M3MepeHMjJ. 

7. AHaJIM3 nonyaeaaoro pe3YJIhTaTa. 
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