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Paoora Ne 1

IOOPEKTUBHOCTDb U KAYECTBO OCBELHIEHUA

Lesb padoThl: NOIyYEHNE 3HAHUN O CBETOTEXHUYECKUX XAPAKTEPUCTUKAX
UCKYCCTBEHHBIX HCTOYHMKOB CBETa, a TaKXe IIOJIy4YeHUE HaBBIKOB IIO
U3MEPEHHUIO AITHX XapaKTEPUCTUK M OLEHKE BIUSHUSA KOJMYECTBEHHBIX H
KayeCTBEHHBIX ITOKa3aTesell OCBEIIEHHOCTH Ha 3/10pOBbE YEJIOBEKA.

OO0mmue cBegeHus

BakHelmyM MUCTOYHMKOM HMH(OpMAalMU, MOCTYNAOLIEH B MO3I YelloBeKa
U3 BHEUIHEW cpenpl, sBiseTcss 3peHue. KadecTBo MHpoOpManuu, MojydaeMoe
IOCPEACTBOM 3pEHMs,, BO MHOIOM 3aBUCUT OT ocBemieHus. OcBelleHue,
YIOBJETBOPSIOLIEE  TMTMEHUYECKUM U DKOJIOTMUYECKUM  TPEOOBaHUSM,
Ha3bIBACTCS PALMOHAJIBbHBIM. PalloHaIbHOE OCBEIEHUE MPOU3BOJICTBEHHBIX
MOMEIICHUI OKa3bIBAET MOJOKUTEIBHOE MCUXO(PU3NOIOTHYECKOE BO3JIEHCTBHE
Ha paborarommx. CrnocoOCTBYET MOBBIIIEHUIO MPOU3BOJUTEIBHOCTH TpPYyAa,
oOecrieyeHuto ero 0e30MacHOCTH, COXPAHEHUIO BBICOKOW paboTOCIOCOOHOCTH
YeJIoBeKa B IpoLecce Tpy/aa.

CBeT 0Ka3bIBaeT MOJOKUTEIBLHOE BIHMSHUE HA SMOLUUOHAIBHOE COCTOSIHUE
YeJIOBEKa, BO3ACHCTBYET Ha OOMEH BEILECTB, CEPACUYHO-COCYAUCTYIO CHCTEMY,
HEPBHO-NICUXUYECKYIO cpepy. OH sBIsSIETCS BaKHBIM CTUMYJISITOPOM HE TOJIBKO
3pUTEIBHOTO aHAJIM3ATOPA, HO U OPraHu3Ma B LEJIOM.

IIpy HEZOCTaTOYHOM OCBELIEHHOCTH M IUIOXOM KadeCTBE OCBEILCHHUS
COCTOSIHME 3pUTENbHBIX (YHKIUN HAXOIUTCS HA HU3KOM HCXOJAHOM YPOBHE,
MOBBILIAETCS YTOMJICHUE 3PEHUS B MPOLIECCE BHINOJHEHUS pabOThI, BO3PACTaeT
OMMACHOCTh INIOJIy4eHHS  TpaBM. B ToOXXe BpeMsl, CYyIIECTBYET ONAaCHOCTb
OTPULIATEIBHOTO BJIMSHUS HA OpraHbl 3pEHHs] CIMIIKOM OOJBUION SPKOCTH
(OGneckocTn) UCTOYHUKOB cBeTa. ClIeICTBUEM ITOTO MOXKET SBUTHCS BPEMEHHOE
HapylIEHUE 3pUTENbHbIX (DYHKIMI ria3a (sBieHue ciaenuMocTH). [Ipu 3towm,
CIIelyeT YYUThIBaTh, YTO OCHOBHas 00pabOTKa H300paKeHUs TPOUCXOJIUT
B Mo3ry. [loaTomMy npu HepauroOHaIbHONW OCBEIIEHHOCTH 3PUTENIbHBIN ammapar,
LEHTpaJIbHAsI HEPBHASI CHCTEMa U MO3T (PYHKIMOHUPYIOT B MEpPEHANPSHKEHHOM
pEXHUME, UTO CKa3bIBAETCS HA CAMOYYBCTBUH YEJIOBEKA.

C npyroii CTOpOHBI OYEHb BAYKHBI SJHEPIreTUUECKHE NTapaMeTPbl HCTOUHHUKOB
cBera. Baxno, uToObl »HepreTudeckas 3((HEKTUBHOCTh HMCKYCCTBEHHBIX
HMCTOYHUKOB ObLTa JOCTAaTOYHO BBICOKOH. B coorBercTBUM ¢ DemepalbHBIM
3akoHOM Ne 261-®3 ot 23.11.2009 «O6 sHeprocOepekeHUH U O MOBBIIICHUH
9HepreTHyeckoil 3(p(HEKTUBHOCTH M O BHECEHHMM H3MEHEHUl B OTIENIbHbIC
3aKoHOJaTenbHbIe akThl Poccuiickoit ®eneparun» B 2011 romy Obuin
BBITYILIEHbI 1Ba JOKYMEHTa, periiaMeHTUPYIOIIHe TpeOoBaHUS
HEProd(HeKTUBHOCTH HCTOYHUKOB cBera: IlocranoBienue IlpaButenbcTBa
(IOT) P® or 24 nekadbpsa.2020r. Ne 2255 «OO6 yTBepkIeHUM TpeOOBAHMIA
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K OCBETUTEJIbHBIM YCTPONCTBAM M 3JIEKTPUUYECKUM JIaMIlaM, HCIOJIb3yeMbIM
B LIEMIX IMEPEMEHHOTO Toka B uensix ocBemeHus» u CBox mnpasuin CII
52.13330.2016 (aKTyanu3upoOBaHHAs ~ peaaKkius CHull  23-05-95%*
«EcTrecTBEHHOE M HUCKYCCTBEHHOE  OCBEILIEHHUE»). [TocTanoBneHue
[IpaBuTEnHCTBAa yCTaHABIMBAET TPEOOBAaHUS K OCBETUTEIBHBIM YCTPOWCTBAM
U DJEKTPUYCCKUM JIaMIaM, HCIIONb3YEeMbIM B IIEMAX IEPEMEHHOTO TOKa,
B OTHOIICHWW MHUHHUMAJIBHO JOMYCTUMBIX 3HAUYCHWUW WX CBETOBOW OTAA4U
1 kKod unmerTa MOHOCTH (F3HEPTOAHEKTUBHOCTH).
B Tabn.l.1 npuBeneHbl MUHUMAaNbHbIE TpeOOBaHHUA K Kod(hduineHty
MOIITHOCTH CBETHJIBHUKOB, B3saThIe U3 I1IT Ne 2255 ot 24.12.2020r.(Ta611.20).
Tabmuna 1.1
MunuMaJbHbIe TPe0OBaHNUSA K KOI(PPULIMEHTY MOIIIHOCTH CBETHWIHLHUKOB

Kosgppuument
MOIIIHOCTH, HE MeHee

Buja cBeTHJIBHMKA

C J1oMHHEeCHEHTHBIMH JJaMIIaAMHU 0,95

C HaTpueBbIMH JIAMIIAMM BbICOKOI'0 1aBJICHMS,
¢ METAJJIOTAJIOTeHHBIMHU JIAMIIAMHU MJIM ¢ PTYTHBIMHU JIAMIIAMHA 0,90
BBICOKOTO JTaBJICHHS

Co cBeToanoIaMu NpH NOTpPedJIsieMoil MOIIHOCTH 10 S BT

BKJIIOYHUTEJIbLHO 0,50
Co cBeToanoxamMu npu noTpedJasiemoil MmomHocTu ot S 10 10 BT 0.70
BKJIIOYHTEJIBHO ’
Co cBeroauoaamu npu norpedasieMoit Momnoctu ot 10 xo 25 Bt 0.80
BKJIIOYHTEILHO ’
Co cBeToanoamMu Npu NoTpedJisieMoil MOIHOCTH OoJjiee 25 Bt 0,95.

OcHOBHbBbIE CBETOTEXHHYECKHE MOHATHS U onpeaecjicHusA

Caet (BuauMoOe U3Jy4eHHe) — TIPEACTaBIsACT COOOM M3IIydeHHEe, KOTOPOe,
BO3JICCTBYS Ha pPEENTOpPbl CETYATKU (MAJOYKA U KOJOOYKH),  BBI3BIBAET
3pUTENIBHOE OLTYIIICHUE.

[To cBoeil mpupoAe 3TO 3JIEKTPOMATHUTHBIE BOJIHBI JUIMHON oT 380 1o
760uM (1 mamomerp =107 m). HamGombluas d9yBCTBUTCILHOCTh 3pEHHS —
K W3JIYyYEHUIO [IJIMHOM BOJHBI S55HM (KENTO-3€JeHBIA IIBET), KOTOpas
YMEHBIIIAETCS K TPAaHULIAM BUIUMOTIO CIIEKTpa.

CBeT  XapakTepuszyeTrcsl  KOJIMYECTBEHHBIMM M KauyeCTBEHHBIMU
nokaszaressiMu. K KOJTMYEeCTBEHHBIM MOKa3aTEeIsIM OTHOCSITCSI: CBETOBOM IMOTOK,
CuJia CBETa, OCBEIICHHOCTh, SIPKOCTh U HEKOTOPBIE APYTHE.

CBeToBOIl MOTOK @ — TOTOK JYYUCTOW DHEPrUU YEpE3 MPOM3BOJBHYIO
IJIOIIA/Ib B €AMHUILY BpeMeHHU. EqHUIIa CBETOBOTO MOTOKA - JIIOMEH (JIM), - 3TO
CBETOBOM MOTOK, M3Jy4aeMbIii TOUYEUHBIM HMCTOYHHUKOM C TEJIECHBIM YTJIOM
B | cTepaaman nmpu cuie cBeTa paBHOU 1 KaHzene.

Cuna cBera I — npOCTpaHCTBEHHAs IUIOTHOCTh CBETOBOTO IOTOKA
B 3aJaHHOM HampaBiieHnd. OHa paBHa OTHOIIEHUIO CBETOBOTIO IMOTOKA



K BEJIMYMHE TEJECHOro yria (crepaguaHa), B KOTOPOM OH M3Iy4aeTcs.
Enunurieii cuibl cBeta siBisieTcs kanmaena (kx) I=d / Q (1.1)

Tenecuniii yroa () — 4YacTh NPOCTPAHCTBA, OTrPAHUYECHHAS KOHYCOM
C BEpIIMHOW B LIEHTpe c(epbl, onuparoimuMcs Ha MOBEpXHOCTh S. TenecHbIit
yroja OmpejesnseTcs OTHOLIEHWEM IUIom@aan S, KOTOPYI0 KOHYC BbIpe3aeT Ha
MOBEPXHOCTHU cephl, K KBaapaTy paauyca R 3Toit cdepsl, mo popmyre

Q=S/R’ (1.2)

OcBemeHHOCTh E - TOBEPXHOCTHAS TUIOTHOCTH CBETOBOTO TOTOKA, T.€.

MJIOTHOCTH CBETOBOTO TIOTOKA @ 110 TIOBEPXHOCTH S04, HA KOTOPYIO OH TAJACT
E=d/8S,, (1K) (1.3)

Enunuiieli  OCBEIIEHHOCTH SIBJIISIETCS JIIOKC (JIK) — OCBEIIEHHOCTH
MOBEPXHOCTHU IUIONIA/IbI0 1 KB. M MIPU CBETOBOM IOTOKE MaJalOIIEero Ha HEro
U3ITy4YEHUs] PABHOM OJIHOMY JIIOMEHY.

SApkocts L - NOBEpXHOCTHAsl IUIOTHOCTh CHUJIBI CBETa B JIAaHHOM
HaIpaBJICHUM, KOTOpas OINpEAeNsaeTcs CUJIOW CBETa, M3Ty4yaeMOW C €IUHUIIBI
IUIOMIAAM TTOBEPXHOCTH B 3aJIaHHOM HAINpPABIICHWU, UM JIPYTUMU CJIOBAMH —
OTHOIIEHUE CWJIbl CBE€Ta B JAHHOM HampaBieHUH [/ K TUIOMAIM MPOSKIUH
U3JIy4dalolled IMOBEPXHOCTH Ha IUIOCKOCTH S,,, KOTOpas IEpIEeHANKYIIpHA
JTAHHOMY HAIPaBJICHHUIO L=1/S§,, (k1/M) (1.4)

JIisl OLIGHKW YCIIOBUW 3pUTEITHLHON pabOThl YYHTHIBAIOT KadeCTBEHHBIE
XapaKTEePUCTUKU: (OH, KOHTPACT OOBEKTa C (POHOM, BUIUMOCTH OOBEKTA.
K kadecTBEHHBIM ITOKA3aTEISIM OCBEIICHUS OTHOCSITCS TaKke: KOA(PGUIIMCHT
MyJbCallNM, TOKAa3aTeIN OCICIIEHHOCTH, CIEKTPalIbHBIA COCTAaB CBETa
1 HEKOTOPHIE IpyTHE.

@oH - 3TO MOBEPXHOCTb, MPUJIETAIOINIAs HEMOCPEICTBEHHO K OOBEKTY
pasznu4eHus, Ha KOTOPOM OH paccMaTpUBaETCS.

Kos¢pdpuuumenr orpaxkeHusi NMOBEPXHOCTH - OTHOUICHUE BEIUMYUHBI
OTPa’KCHHOI'O CBETOBOTO MOTOKA K MaJIAOIIEMY
pP = cpomp /@nad (15)

®oH cumrTaeTcs CBETIBIM, eciau  KodduiueHnt orpaxenus p>0,4,
cpeaanM nipu 0,2 < p<0,4 u remusim ipu 0 <0,2.

L1y,
Ly

rae Ly - ApKOCTh 00BeKTa, Ly - ApKOCTh (poHA. KOHTpACT cumTaeTcs OONbIINIM
npu k >0,5, cpeaanm nipu 0,2 < k < 0,5 u mansv nipu £ <0,2.

Ko>¢pdpunuent nyabcauuii ocBemeHHoctTu (K,) — 3T0 KpuTepuil OlIEHKH
OTHOCUTENIbHOW TJIyOMHBI KOJeOaHWH OCBEIIEHHOCTH B OCBETUTEIHLHOM
npubope B pe3yjbTaTe U3MEHEHHsI BO BPEMEHH CBETOBOTO MOTOKAa MCTOYHHKOB
CBETa MpPU UX TNUTAHUU TMEPEMEHHBIM TOKOM, KOTOpPBIA OIpeAesieTcs

Konrpacr o0bexTa ¢ poHOM OIpeieNsieTCst COOTHOLIEHUEM | _ ,

COOTHOULICHHUEM Kn — EMaKC_EMuH 100% 5
cpeo



1€ Eyaxes Evun Ecpeo - MAKCUMasbHas, MUHUMAJIbHAS U CPEIHAS OCBELIEHHOCTH
3a Mepuo/1 KojieOaHusl HANPSHKSHUS TUTaHUSI.

[Ipu MOBBIIEHHO! ITyJIbCALIMHA OCBEIICHHOCTH BO3HUKAET MEPEHANPSIKEHUE
HEPBHOU CHCTEMBI, TOJIOBHBIE 0OJIM Y MOBBIIICHHAS YTOMIIIEMOCTb.

OCHOBHOW XapaKTEpUCTUKON UCKYCCTBEHHBIX HCTOYHHUKOB CBETA SIBJISIETCS
cBeroBas oTAa4a. CBeToBas 0TAAa4a #f - OTHOLIEHHE HOMUHAJIBLHOIO CBETOBOIO
MOTOKAa UCTOYHUKA CBeTa Dy, K IOTPEOIIEMOM UM MOTITHOCTH P

n=a,,, /P (1mM/BT) (1.6)

DJIeKTpUYecKasi MOIIHOCTD - U3MUECKas BETUYMHA, XapaKTePU3YIOIIast
CKOPOCTH TIepeaaur Wil MpeoOpa3oBaHus AIEKTPUIECKON SHEPTHUH.

B snekTpuueckon nenu noCTOSHHOTO TOKA, 3Hasl HANPSHKEHUE Ha 3aKUMax
NOTpeOuTENsT W MPOTEKAIOMIMA TOK, MOXKEM ONpPENeTuTh MOTPeOIsIeMyIo
MOIIHOCTh, YMHO>KUB BEJINUYMHY TOKA Ha HAIIPSIKEHUE

2
P=1-U=12-R:U—
R

B nenu nmepemeHHoro toka ¢GopmyJsibl Ui pacdeTa MOIIHOCTH U CaMo
MOHSATHE MOIIHOCTH HECKOJIbKO CiiokHee. B oOieM ciiydae B 3JIEKTPUUYECKOM
LEeNU CUHYCOMJAIBHOTO MEPEMEHHOTO TOKAa W3MEHEHWE HAIPSIKEHUS U TOKa
BO BPEMEHHM HE COBIAAAOT. WM OpyruMu ClIOBaMU - HANPSIKEHHE U TOK
He coBmagaloT 1o (daze. Tok orcraer no @asze OT HaOPSKEHUS
NpU HMHAYKTUBHOW HAarpy3ke, M ONEPEXKAET HAMNPSHKEHUE IPU EMKOCTHOU
Harpy3ke. TOJIbBKO B YaCTHOM CIlydae, KOrja Harpy3ka 4KMCTO aKTHUBHAs, TOK
U HampsDKEHHUE COBIAJIaeT 1o ¢ase.

B ceTn nepeMEeHHOro TOKa pa3iuyaroT HOIHYIO, AKMUBHYIO U DEaAKMUBHYIO
mouwgHocms. OTMETHUM, YTO CaMO TOHSTHE PEAKTHBHOM MOIIHOCTH aKTyaJIbHO
TOJBKO ISl DJIIEKTPOTEXHUYECKUX YCTPOUCTB MEPEMEHHOr0 Toka. OHO HUKOTAA
HE TMPUMEHSETCS K MOTPEeOUTENISIM TOCTOSSHHOTO TOKa B CHJIY MAajoCTH
COOTBETCTBYIOIMMX 3PHEKTOB, MPOSBISIONIMXCS KPATKOBPEMEHHO TOJIBKO MPHU
MEPEXOTHBIX npoueccax (BKJIFOUEHU €/BBIKITIOUCHHUE, pEryJIMpOBaHHUE,
W3MEHEHHE HaTrPy3KH).

Ilonnass MomHOCTL S B IeNU MEpeMEHHOTO Toka (st oxHodazHOU
Harpy3kv) paBHa TMPOU3BEACHUIO JCUCTBYIOIIEro 3HAa4YeHUs Toka [ Ha
neicTBytoniee 3HaueHue Hampsbkenus U (u3mepsiercss B BA - BonbT-ammepax,
kBA - kunoponbT-ammnepax). IloaHas MONTHOCTH ISl oJHO(MA3HON HArpy3KH
ompenenseTcs mo Gpopmylie

S=1-U=P+Q (1.7)

[TomHass MOIIHOCTH COCTOMT M3 JBYX COCTAaBJISIFOIIMX — AKTUBHOU P,
Y peakTUBHON () MOILIHOCTH.

AKTHBHAasi MOIIHOCTb P - 3TO Ta 4YacTb 3JIEKTPUYECKOW SHEPIHUH,
BBIPAaOOTAaHHOW  TeHepaTopoM, KoTopas  Oe3BO3BpaTHO  MpeoOpasyercs
B TEIUIOBYIO  (JaMIlbl  HAKaJUBAaHWS,  AJEKTPOIUIMTHI,  DJIEKTPONEUH
COMPOTUBJICHUS, IOTEPU B TpaHChHOpMATOpaxX U JIMHUSAX DJIEKTpOIepeaun) Ui



B MEXAHUYECKYIO DHEPIHI0 (JIEKTPUYECKUE ABUTATEIN). AKTUBHAS MOIIHOCTb
u3Mepsiercs:t  Barramu (BT). AKTHBHYIO MOIIHOCTH MOKHO OIPEAENIUThH I10
cuenyoouei Gopmyne (s oqHodpasuoi Harpysku) P=U-I-cose (1.8)

«Kocunyc-puw»  (cosp) B DIEKTPOIHEPreTHKE  €IIe  HAa3bIBAIOT
kod(ppuumentom  MomHocTH. KoshdumenT MOIMHOCTH — XapaKTepu3yeT
NOTPEOUTENST IEKTPUUECKON SHEPIHMH C TOYKH 3PEHMSI HAIMYUS B HArpyske
PEAaKTUBHOM COCTAaBIIAIOLIEH, ITIPU KOTOPOU IEPEMEHHBIN TOK M HAIPSIKEHHUE HE
coBnagaroT no ¢aze. KoapduiumeHT MOIIHOCTH TOKa3bIBAET, HACKOJIBKO
NEPEMEHHBIN TOK B Harpys3ke cIBUTAeTcs Mo (pa3e OTHOCUTENLHO HaNpsKEHUS
Ha Hel (oTcTaeT wiu omnepexkaer). YucineHHo KO3 UIMEHT MOIIHOCTH paBeH
KOCHHYCY 3TOro (a3zoBoro casura. B anekrposnepretuke mia kKodduimeHTa
MOIIHOCTH MPUHATO 00O3HaueHue cosy (Tae ¢ - yroia caBura mno ase mMexuy
TOKOM M HamnpspkeHueM). Ilpu Hanmuuum B Harpy3ke peakTUBHOM COCTaBIISAOLIEH
Hapsly CO 3HaueHHEeM Kod((UlireHTa MOIIHOCTH YacTO YKa3bIBAIOT U XapaKTep
Harpy3Ku:  aKTHUBHO-EMKOCTHAasT  WJIM  aKTUBHO-UHAYyKTHBHas.  Toraa
KOA((UIUEHT MOIIHOCTH HAa3bIBAIOT COOTBETCTBEHHO OIEPEKAIOLIUM WU
orcratouM. KoadduuneHnt MouHocTr onpeaensercss COOTHOUIEHUEM

cosp=P/S (1.9)

Ecin Tok coBmagaer 1no ¢asze ¢ NOPUIOKEHHBIM HANPSKEHHUEM,
TO yron ¢ = 0, © COOTBETCTBEHHO COS @ = 1. JlJIg 3JEKTPUYECKON CETH 3TO
ONTHUMAJIBHBIA BapHaHT. B 3TOM ciyyae mojHas MOIIHOCTh paBHA aKTUBHOU
MOIIIHOCTH U BCS AJIEKTpUUYECKasi SHEPrus B HArpy3Ke MpeBpaIaeTCs B APYTHE
BHUJIBI DHEpruM. Hanpumep, B 2lEKTpOYaiHUKE — B TEIJIOBYIO SHEPTHIO.

Yamie moTpeOUTENM  IJNEKTPUUYECKOM  DHEPTUM  UMEIOT  OOMOTKHU
YU MarHUTOMNPOBOABI (INEKTPUYECKUE JBUTaTEIH, TpaHC(HOPMATOPHI, APOCCENH
ra3opaspsAHbIX JIaMII, MMyCKaTelId U pejie) HEOOXOAUMBIE ISl UX HOPMaIbHOM
pabotel. B oOmem ciyyae Takass Harpy3ka Ha3bIBae€TCs WHIYKTUBHOM.
[Ipy 4nMcTO MHAYKTHMBHOM Harpy3ke€ TOK OTCTAaeT OT HAIPSOHKEHUS Ha Yroll
@ = 90°, npu KoTOpOM COS ¢ = 0 U aKTHBHAsA MOIIHOCTH Takke P = 0.

JInst XapakTepUCTUKU TaKUX MOTPEeOUTENel B AIEKTPOTEXHUKE BBEICHO
MOHATUE PEAKTUBHOM MOIIHOCTH. OTO BEIWYMHA, XapaKTEpU3YHoIas
Harpy3Kd, CO3/1aBacMbl€ B D3JIEKTPOTEXHUYECKHX YCTPOMCTBAaX KOJIEOAHUAMHU
DHEPrUM HJIEKTPOMArHUTHOTO TOJII B II€MM CHUHYCOMJAIBLHOTO MEPEMEHHOIO
TOKa, paBHAa MPOMU3BEICHHUIO CPEIHEKBAJAPATUYHBIX 3HAYECHUN HanpspkeHus U

Y TOKa /, YMHOKEHHOMY Ha Sin yria ¢ caBura (a3 Mexay HUMU

Q=U-Isingp (1.10)
Takske peakTUBHYIO MOIHOCTh MOYKHO OIPEEIUTh, BBIPA3UB U3 (POPMYIIBI
(2), cneayromum 06pazom 0=S§-P (1.11)

PeakTBHas MomHOCTL H3MepseTcs B BA,, kBA, (coorBeTcTBeHHO
B BOJIbT-aMIIEPaX PEAKTUBHBIX, KHIOBOJIbT-aMIIEPAX PEAKTUBHBIX). PeakTMBHYIO
MOIIHOCTE MOKHO H3MEPHUTh C IOMOLIBIO CYETYMKA DPEAKTUBHOM SHEPIHH,
TaKKe KaK ¥ aKTUBHYIO CYCTYMKOM AKTUBHOMN DHEPIHU.



Buabl 1 cucTeMbl OCBELIEeHUS

[Tpou3BOACTBEHHOE OCBEIICHUE OBIBACT eCrmecmeeHHbIM, UCK)CCMBEHHbIM
U COBMEUCHHBIM.

EcrecTBeHHOE OcBelieHHe O0YCIOBICHO MPSMBIMU COJIHEUHBIMU JTydaMu
U pacCcessHHbIM CBETOM HEOOCBOJAa U  MEHSETCS B 3aBUCUMOCTH
OT reorpauueckoil IIMPOTHl, BPEMEHH CYTOK, BPEMEHHM T0/a, CTEICHH
o0nmayHOCTH, Tpo3padHocTH atMocdepbl u Ap. OCHOBHOM XapaKTEPUCTUKOM
€CTECTBEHHOM  OCBELICHHOCTH sBISAETCA  KOI(P(PUIUHEHT ecTeCTBEHHOH
ocsemieHHocTH (KEO), onpeaensieMblii COOTHOLIIEHUEM

KEO=§6Hﬂ-IOO%,
gHeu
rae Egyymp - OCBEIIEHHOCTh B ITAHHOW TOYKE IMOMEILEHHUS; Fgyey - OCBEIIEHHOCTD
Ha TOPU30HTAIBHON MOBEPXHOCTH TOJT OTKPBHITHIM HEOOCBOIOM.

HckyccTBeHHOE  OCBelIeHMe TPUMEHSIETCS TPU  HEIOCTATOYHOCTH
€CTECTBEHHOTO OCBEIICHHS WJIM OTCYTCTBUM €ro (B TEMHOE BpeMSl CYTOK).
[To ¢yHKIIMOHATEHOMY HA3HAYEHHUIO MCKYCCTBEHHOE OCBEIICHHE DPa3feisieTCs
Ha: pabouee, asapuuHoe, IBAKYAYUOHHOE, OXPAHHOE U  OedCypHoe.
W cKyCCTBEHHOE OCBEIIIEHUE CO3/Ia€TCSI UCKYCCTBEHHBIMU MCTOYHUKAMU CBETA:
JaMITIaMU HaKaJIMBaHUSI, Ta30pa3psAHBIMU WIH CBETOJUOAHBIMU JIAMIIAMH.

W cKyCcCTBEHHOE  OCBEILIGHHE MOXET ObITh OOIMMM U MECTHBIM.
[Ipu 061IEM OCBEIIEHUH CBETUIILHUKU Pa3MEIIaloT B BEPXHEH 30HE paBHOMEPHO
(paBHOMEpPHOE  OCBEIIECHHWE) WIM NPUMEHUTEIBHO K  PaCIOJIOKEHUIO
o0opynoBaHus (JIOKAJIM30BAaHHOE OCBEIICHUE).

[Ipy MECTHOM OCBEUIEHMH CBETOBOM TOTOK OT CBETUJIbHHUKOB
KOHIIEHTPUPYETCS HEMOCPEACTBEHHO Ha paboumx mectax. [Ipu momosHeHUn
OOIIEero  OCBEHICHUS  MECTHBIM OHO  HAa3bIBACTCS  KOMOWHUPOBAHHBIM
OCBEILICHUEM.

Jng  HWCKYCCTBEHHOTO  OCBEUICHHMS  IIOMELICHUA  PEKOMEHAYETCs
MPUMEHEHUE Ta30pa3psAaHbIX JiaMil (JTFOMUHECLHEHTHBIX, AYTOBBIX PTYTHBIX,
METaJUIO-TAJIOT€HHBIX U Jp.) WU CBETOUOAHBIX JIAMIT (CBETHIILHUKOB).

CoBMellleHHOe  OCBellleHHE  TPEJCTaBIsSIET  COOOM  JIOMOJHEHUE
€CTECTBEHHOTO OCBEIICHUSI HMCKYCCTBEHHBIM B CBETJIOE BpeMs CYTOK IMpHU
HEJIOCTATOYHOM 10 HOPMaM €CTECTBEHHOM OCBEIICHUMU.

Kaxk mpaBuiio, Ha pabo4ynx MecTax JOJKHO HCIOJIb30BaThCS €CTECTBEHHOE
U UCKYCCTBEHHOE OcBelleHue. OJIHO MECTHOE OCBEIIICHUE B MTPOU3BOJICTBEHHBIX
YCJIOBUSIX HE TMPUMEHSETCA, TaK KaK PE3KU KOHTPACT MEXKAY SPKO
OCBEILICHHBIMU M HEOCBEIICHHBIMU YYacTKaMU YTOMJISIET TIJa3, 3aMeIJIseT
mpoiiecc paboThl W MOXKET TOCIY)KHTh NPHYUHONW HECYaCTHBIX CIy4yaeB
W aBapuil. MuHUManbHas BEJIMYMHA OCBCIIEHHOCTH, CO3/JaBaeMas OOIINM
OCBEIICHHEM B CHCTEME KOMOWHUPOBAHHOTO OCBCIIEHUS, JOJDKHA OBITh
He MeHee 10% OoT HOpMUPOBAHHOW BEJIMYUHBI.



HcTounnku HCKYCCTBCHHOI'0 OCBCIIICHHUSA

DJIeKTpUYecKHe JIaMIbl - HCTOYHUKU OINTHUYECKOTO  M3Iy4YEHUS,
CO37aBa€MOT0 B pe3ylibTaTe MpeoOpa3oBaHUsl dDIEKTPUUYECKON SHEPTHUH.
DnexkTpudecKre JaMIbl MOAPa3ACIIAIOTCS Ha!

- saamnsl Haxkanueanusi (JIH), B KOTOpBIX CBET co3daeTcs TEIOM Hakaia,
pacKaJeHHbIM B pe3yJbTaTe MPOXOXKIACHUS MO HEMY JJIEKTPUYECKOTO TOKa;
- paspsaousie namnet (PJI) - cazopaspsionvie (B T.4. JIIOMUHECIICHTHBIE),
B KOTOPBIX CBET CO3JAeTCs B pe3yibTaTe dJIEKTPUUECKOTO pa3psiia B rase, napax
METAJIJIOB WJIM B Fa30BOU CpeJie, CONEPIKAILEH MTapbl METAJIIOB;

- ceemoouoonvie namnovl (CIJI), B KOTOpPBIX CBET CO3JA€TCS BCJIECACTBUE
(bu3NYECKUX MPOIIECCOB B p - 1 IEPEXO]IE.

JIH oTHOCATCA K TEIUIOBBIM HCTOYHHKAM CBETa, B KOTOPBIX CBEUYEHHUE
BO3HMKAeT INyTeM HarpeBaHUs HHUTH Hakajda JI0 BBICOKHMX TEMIIepaTyp.
OHu TIPOCTHI U HAZICKHBI B OKCIUTyaTaluu. HemoctaTkaMu UX SIBIISIFOTCS: HU3Kas
cBeroBas otnada (mopsaka 20 1m/BT), OrpaHMYeHHBIM CpPOK  CITyXObI
(~1000 gacoB), npeobnagaHNe U3TyUYECHUS B )KEJITO-KPACHOM YacTH CIEKTpa, YTO
UCKaKaeT I1BeToBoe Bocmpusthe. OMNpefeeHHbIMU  MPEUMYIEeCTBAMU
00Ja1at0T rajoreHOBbIe JaMIbl HaKaIMBaHus. B Konbe JaHHBIX JIamMn Hapsiay
C BOJb(PpPaMOBON CIHUPANBIO COJEPXKATCS TMapbl SJIEMEHTOB TaJOr€HOBOM
TPYIIBI, HAIpUMeEp, WOJAa, YTO TIOBBIIAET TEMIIEpaTypy HaKala HHUTH
U CYIIECTBEHHO yMEHbINaeT ee ucrnapeHue. Cpok CiaykObl JaHHOTO THIIA JIaMII
coctaBiisier BenuuuHy 10 3000 yacoB, a cBeToBas otaavya — 10 30 1M/BT.

PJI umeror OoJsiee BBICOKYIO CBEeTOBYIO oTaauy (6osee 100 nm/BT)
u B 5 - 10 pa3 Gonbuie cpok ciayx0bl (o 15000 4y) mo cpaBnenuto c¢ JIH,
a Takke OoJyiee IMUPOKUIM AMana3oH MOIIHOCTEH MPHU BechbMa PasHOOOpPA3HBIX
cnekTpax u3iaydeHus. COOTBETCTBYIOIIUN MOAOOp Cpelbl M YCIOBUH pa3psiaa
MO3BOJISIET CO3/1aBaTh BBICOKOI(P(HEKTUBHBIE MCTOUYHUKH H3JIYYCHHH BO BCEX
o0nacTax ONTUYECKOro Jauamna3oHa. Bc€ ykazaHHOe OO0YCIOBHUIIO HIMPOKOE
npumeHenue PJI He TOmbKO I OCBENICHHS, HO W JUIsi MHOTOYHMCIICHHBIX
cnenuanbHbIX 1enedl. Hampumep, mns  nampHOMETpuUH, a’dpoPOTOCHEMKH,
HAaKauKy JIa3epoB, B OOJy4alONMX YCTAHOBKAX, a TakXkKe Il W3Y4YCHHS
MEePEeMEIAIONINXCs 00BEKTOB M OBICTPONPOTEKAIOIINX MPOIECCOB.

PJI mpucymr m psg HemoctarkoB. lIpexne Bcero, 3To omnpenencHHas
CII0)KHOCTH BKITFOUEHHS MX B DJICKTPUUYECKYIO CETh, CBSI3aHHAS C OCOOCHHOCTSIMH
paspsiia, Tak Kak JJIsl €ro 3aKUTaHus TpeOyeTcs: 6oJiee BBHICOKOE HaIpsKEHHE,
yem U aiis moanepKaHusi yCTOWYMBOTO TOPEHUS; MyJIbCAIlMsl CBETOBOTO MOTOKA;
JUTATEIbHOE BpeMsi (OT HECKOJBKHUX CEKYHJ MO0 HECKOJBKHMX MHHYT) BBIXOJa
Ha ONTHMAJIBHBINA PEKUM Pa0OTHI, @ TaK K€ CIOKHOCTh YTUITU3AIIHH.

3HAUUTENFHYI0 OMACHOCTh MPH WCIOJIb30BAaHUU Ta30pa3psAHBIX JIaMIl
IpEJCTaBIsIeT, TaK Ha3bIBaeMblH, cmpobockonudeckuil 3¢gexkm — sBICHUE
HCKKEHUSI 3pUTEIIHFHOTO BOCIIPUATHS BPAIAIOIINXCS 00BEKTOB B MEIHKAIOIIEM
CBETE, BO3HUKAIOIEE MPHU COBMAJCHUM KPATHOCTH YACTOTHBIX XapaKTEPUCTHUK
NBIDKEHUS OOBEKTOB W HW3MEHEHHS CBETOBOTO IIOTOKa BO BpPEMEHHU.
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[Io PKOHOMHYECKHM M CBETOTEXHMYECKMM XapPAaKTEPUCTUKAM IPEUMYLIECTBO
cienyer otaaBath PJI.

B wHacrtosimee BpemMsa mmpokoe mpuMeHeHue nomyuwnun CHAJ -
CBETOJMOAHBIE MCTOYHHKHA CBETa. MHOTME HENOCTaTKH, MPUCYIIUE JamIlaMm
HaKaJluBaHWS W  Ta30pa3psAHbIM  JIaMOaM, Y  HHX  OTCYTCTBYIOT.
K npeumyiiiecTBaM CBETOAMOJHBIX UCTOYHHUKOB MOKHO OTHECTH CJEAYIOIIUE:
OombImI0M cpok ciy)O0bI (110 60 000 gac.); Beicokas cBeToBas otaada (100 am/Bt
u Oonee); HU3KOE pabouee HampsHKEHHE M Majblidi MOTPEeOISIEMBIA TOK;
DKOJIOTHYECKass M TOXapHas Oe30MacHOCTh;,  YUCTOTa M HACHIICHHOCTH
[BETOBOM TraMMbl; Jydlllasg HAaMpaBJI€HHOCTh CBETOBOrO IOTOKA; OTCYTCTBHE
BIIMSHUSL HU3KUX M BBICOKMX TEMIEpATyp OKpYyKawoleh cpeabl Ha HX
AKCIUTyaTalNIo; Majblii KOADPUIIMEHT Myiabcaluii CBETOAMOIHBIX MCTOUYHUKOB
coctaBisger 1-2%. OTO OOBSACHAETCS TEM, YTO MHUTAHWE 3THX HCTOYHHKOB
OCYILECTBIISIETCA OT BBIIPSIMUTEIBHOIO YCTPOWCTBA, BBIXOJHOE HANPSKEHUE
KOTOPOT0 U3MEHSETCS HE3HAUNUTEIBHO.

Jlammna ¢ apmaTypoi Ha3bIBaeTcs ceemuapHuKom. OCHOBHOE HA3HAYCHUE
CBETHJIbBHUKOB 3aKIIFOYAETCSl B PACHPEICICHUH CBETOBOTO MOTOKAa MCTOYHHKOB
CBETa B TPeOyeMBbIX JJIsi OCBETHTENIbHBIX YCTAHOBOK HAIPaBJICHUSX W 3aIUTE
JaMII, ONTHYECKUX DJEMEHTOB U DJEKTPUUECKUX allapaToB CBETHJIHLHUKOB
OT BO3ICHCTBUS OKPYKAIOIIEH CPEIbI.

OcBeTuTenbHbIE TPUOOPHI 3a CUET HAIUYUS apMaTypbl UCIYCKaloT
B OKPYXAIONIYIO CPeAy MEHBIIYI0 BEJIMYMHY CBETOBOIO Mmotoka M., 4em cam
UCTOYHUK cBeTa @,. OTHOLICHHWE JTHUX BEIWYUH ONPENEIACT KOI(PPUUHUEHT
noJie3Horo aeiicreus (KIII) cBerniibHuKa

n =o./ o, (1.12)

OTHOmeHne CBETOBOrO TMOTOKa Dpuq, NATAIOIIETO HA  PACUETHYIO
IUIOCKOCTB (IUIOCKOCTh C HOPMUPOBAHHOM OCBEHMIEHHOCTBIO E,opy), K CBETOBOMY
MOTOKY uCTOYHHMKA cBeTa D, Ha3piBaeTcs KOIPPUUUEHTOM HCNOJIb30BAHUS

(KH) cBeTHILHUKA Kyen = Ppaca/ Dy (1.13)
HopMupoBaHue NPOU3BOACTBEHHOI0 0CBELICHHSI

HopmupoBanue  ocBEHIEHHOCTH  paboyero  Mecrta  IPOU3BOJAUTCA
B 3aBUCUMOCTH OT TOYHOCTH 3pUTEIBHON pabOThl, XapaKTepU3yeMoi
pa3MepaMu OOBEKTa pa3IUYeHMs, a TaKke OT KOHTpacTa ¢ (OHOM, SPKOCTH
¢dboHA ¥ CHCTEMBI OCBEIICHHs. 3HAYCHUS HOPMATHUBHBIX JTAHHBIX OCBEIICHHOCTH
pabouero Mmecrta omnpenenstorcs no CHull 23-05-95 (2003) CrpoutenbHbie
HOPMBI 1 IipaBujia «EcTecTBEHHOE U UCKYCcCTBEHHOE ocBeleHuey; CanlluH 1.2.
3685-21 wu gnpyrumu, B TOM YHUCJIE BEJOMCTBEHHBIMU HOPMATHBHBIMU
JIOKyMEHTaMHU.

JImst  €CTECTBEHHOTO  OCBEIUICHUS  PErJIAMEHTUPOBAaH  KOADPUITUEHT
ectectBeHHOM ocBemeHHocTH (KEO). s MCKYyCCTBEHHOTO - HAaWMMEHbIAas
OCBEIICHHOCTh Ha Pab0YMX MOBEPXHOCTAX B MPOU3BOACTBEHHBIX MOMEIICHUSIX.
Cornacio CHull 3purenpHbie paboThl Aenarcs Ha 8 pa3psioB B 3aBUCHUMOCTHU
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OT pa3Mepa pa3lnuyacMoW JeTanu, pa3OuBaroTcs Ha nojpaspsasl (a, 0, B, I)
B 3aBUCUMOCTH OT KOHTpAcTa JIeTaJId Pa3IndeHus ¢ pOHOM U OT KorppuuueHTa
oTpaxkeHUs (oHa. [lnsg Kaxaoro mnoapaspsia yCTAaHOBJIEHBI ONPEIECICHHBIE
HAaUMEHBIINE 3HAYEHUSI OCBELIEHHOCTH, TIOHWKAIOIIHUECS 110 MEPE YBEIMYCHHUS
pa3Mepa  JeTaliel, yBEIMUYEHUS KOHTpacTa ¢  (OHOM,  YBEJIUYEHUS
K03 dUIUEHTa OTPAKESHHS U JP.

[To CHulI onpenensroTcss HOpMbI OCBELIEHHOCTH JUIsl OTAEIBHBIX Pa3psa0B
paboT MpU COOTBETCTBYIOIIECH CUCTEME OCBELIECHUS, KOAPPUIIMEHT MyIbCaLIUH,
mokasaTeld ocleriéHHoctTn U komdoprta, a Takke KEO, dro HEoOXxommmo
JUISL IPOEKTUPOBAHMS 3JaHUU U COOPYKEHUM.

H3MepeHHe OCBCIICHHOCTH

JI1st u3MepeHusl OCBEIIEHHOCTH B J1Ta0OpaTOpUU MPUMEHSIOT NMEPEHOCHbIE
dboTorneKTpUIECKUE TFOKCMETPHI (puc.1.1).

Puc. 1.1. [TeperocHO# (POTOINCKTPHUSCKUN JTFOKCMETP.
1 — mkana JroKCMeTpa; 2 — ceNeHOBBIN (POTOANEMEHT; 3 — KHOMKH MepeKItoyaTens
JIMATia30HOB U3MEPEHUIT; 4 — TabIMYKa MPEACIIOB U3MEPEHHI; 5 — KOPPEKTOP HYJIS.

OTcueT nokazaHui MepeHOCHOro (OTOANEKTPUUECKOTO JIFOKCMETPA MOKHO
BeCTH 10 ABYM Ikajgam: A0 30 ik u 10 100 1K, B 3aBUCUMOCTH OT TMOJIOKEHUS
nepekioyarens  "auanaszoH u3MmepeHusa". s pacmiupeHuss TpeAesioB
U3MEepeHUl (POTORIEMEHT CHA0XKEeH HacaJKamMH, NEPEeKPbIBAIOIIMMHU YacTh
NaJarolero CBETOBOTO IOTOKA: OCHOBHOM modycepuyeckoid MaToOBOM
HacaJkol ¢ pe3bOOBBIM coeauHeHueM c (oTosneMeHToM (MapkupoBka K)
U Tpemsi JOMOJHUTENbHBIMH IUIOCKMMHM HacaakamMu (MapkupoBku M;P;T),
pacnoyioKEHHbIMU BHYTpU ToJycepuueckoil Hacaaku. Ilpu Hanuuumm Ha
¢doTtosnemente Hacamok K m M moka3aHuss yMHOXArOTCS Ha KO3 UIMEHT
K=10, nacagox K u P - na 100; Hacanok K u T - na 1000. B nanHoii pabote, kak
IIPaBUJIO, UCIIOJIb3YETCs Hacaaka M.

Jlnst u3mepenust kodhduIMeHTa MyJIbCalMi HUCHOJB3YIOT JIIOKCMETP-
nyjascmeTp TKA-IIKM(08) (puc.1.2). YcrpoiictBo npubopa codyeTaeT B cebde
JIOKCMETP,  KOTOPbIA  BBINOJHSAET  (YHKIUIO  BBIYMCICHUS  ypOBHS
OCBEIICHHOCTH, ¥ MyJILCMETP, HEOOXOIMMBIH JJI YCTAaHOBJICHHS KO3 (HUIIUCHTA
MyJIbCAllMA OCBEIIEHHOCTHU. l3MepeHue OCBEHMIEHHOCTH, KOTOPYKO CO31aeT
MCTOYHMK M3JIYYEHHUS, a TaKXK€ BbIUMCIEHUE KOdP(PULIMEHTA MYyJIbCALMU — 3TO
napameTpbl, KOTOpbIE ONMPEIEISAIOTCS HE TOJBKO B XOJA€ MPOBEPKU OCBELICHUS
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Ha pa6ormx MECTax, B O6HI€CTBCHHBIX 3aBCACHUAX, IMPOU3BOJACTBCHHLIX
XPpaHUWJINIIAX U O€XaxX, HO U B IOMAIIHUX YCJIOBUAX.

i 5
Bt

TEA-TKN O8]

Puc. 1.2. Bueunuii Buj npudopa.
1 - 6110k 0OpPabOTKH CUTHAIOB. 2 - PoTOMETpUYECKas FOJIOBKA (JIaTYHK).

N3mepenne kocuHyca ¢u (cosp) mnpousBogar npudopom J[52-2048
(3HEpPro-MOHUTOP), KOTOPBIN ycTaHOBJEH B moMenieHud Ne 106 na6. bXK/I.

IHopsaxok npoBeaenus jadoparopuoi padorsl Ne 1 (aya. 106 I'K)

Heab pabdoTbl: npuoOpeTeHHE HABBIKOB M3MEPEHUSI OCBEIICHHOCTH Ha
pabouem mecte, Ko3(pduUIiMeHTa MOIIHOCTU - KocuHyca ¢u (cos@), a Takxke
UCCJIEIOBAHUS IPYTUX XaPAKTEPUCTUK OCBETUTEIBHBIX IPUOOPOB.

Onucanne sadoparopuoii padorsl Ne 1 (B aya. 106 I'K)
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Hnst  obopymoBanus  pabodyero  mecra
nabopaTopHoil ~ paboTBl MO  HW3MEPEHUIO
OCBEILIEHHOCTU B M30JIMPOBAHHOIN OT BHEILIHETO
ceera komHate B aya. 106 I'K (puc.1.3)
NPUMEHSIOTCS  CIEAYyIOIIUe  YCTPOHWCTBA U
pUOOPHI:

— CTOJ ¢ TeMHOM paboyeil moBepxHOCThIO (1);

— nebenouHasl yCTaHOBKA I Pa3MEILeHUs
CBETUJILHUKOB Ha Pa3JIMYHOM BBICOTE OT cTONA (2);
— KOMIUIEKT CBETHJIbHUKOB;

— IITaTHB C PAMKOU JJIsI TOAIep KaHUS
(boTO3IEMEHTA JIFOKCMETPA;

— 00pa3Iiibl IBETHOTO MOKPHITHUS;

— TPUOOPHI ISl KBMEPEHUST OCBEIIEHHOCTH (3):
NEPEHOCHON (HPOTOINEKTPUUECKUI JIFOKCMETP U
mokemeTp - mynbemeTp (“TKA-TIKM”(08));

Puc. 1.3. JlabopaTopHas yctaHoBka No 1
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— po3eTKa JJi BKJIIOUEHHUS B CETh CBETUIIbHUKA (5);
— JIMHEWKa U1 U3MEPEHUs BBICOTHI MOBECA CBETUIIbHUKA (6).

Paboty ¢ wucnonb3oBaHueM JrOKCMeTpa (puc. 1) HAUMHAIOT BBHITIOJNHATH C
y)K€ BCTaBICHHBIMH B  CEJICHOBBIA  (POTORJIEMEHT 2 —  OCHOBHOM
norychepudecKkoil MaTOBOM HacaaKou (C pe3bOOBBIM COSTMHEHUEM) U TIIIOCKOU
Hacaakoi mapkupoBku M(10) BHyTpu ¢oTosrneMeHTa (IIpH 3TOM YCTaHOBJIEHA
Hacagka M, T.e. ucnonb3yetcs puiabtp KM).

[Ipn wu3MEeHEHHH BBICOTHI MOABECA CBETWJIbHHMKA PY4YKy YCTpOWCTBa 2
cleyeT MOTAHYTh Ha ce0si, 0CBOOOXKasi €€ OT CTONopa AJis BpaIllCHHUS.

YcnoBus nposenenus padorsl Ne 1 (B aya. 106 I'K)

[TonyuuB 3aiaHue OT MpeIoaaBaTelis, U3y4nTe OOITHMe CBEACHUS U YCIOBUS
MIPOBEJICHUS pa0OThI U MPUCTYITUTE K €€ BHITIOJTHEHHUIO B CIICAYIOIIEM MTOPSIKE:
1. Hccnedosanue 3a8ucumocmu GeiuyuHbl OCBEUEHHOCU ONl BblCOMbL
nooseca ceemunvHuka. llogBechTe CBETWIBHUK Ha BBICOTY, OMNPEIEICHHYIO
3amanueM (Tab:.1.2) OTHOCUTENIBHO MOBEPXHOCTHU CTOJA.
Tabmuma 1.2
Homepa BapuaHTOB /14 J1a00paTopHOii padorsr Ne 1
U BBICOTHI MOABeCa CBeTWIbHUKA (aya. 106)

Ne Broicora (H) Boicora (H) Broicora (H) Boicora (H)
Bap.| nmoaBeca cBeTHJILHUKA nojaBeca nojBeca nojaBeca
no . 1 3axanus, CBeTWJIbHUKA | CBeTHJIbHMKA | CBeTHJIbLHHUKA

M nonm 2, M nom 3, M non.4, m

1 [{0,5-0,75-1,0-1,25 0,5 0,5 0,6

2 10,5-0,7-0,9-1,1 0,6 0,6 0,7

3 10,55-0,75-0,95- 1,15 0,55 0,55 0,65

4 1045-0,65-09-12 0,45 0,45 0,55

3aMmeppTe C TMOMOIIBI0 TMEPEHOCHOTO (HOTOIIEKTPUUECKOTO JIFOKCMETPA
(puc.1.1), yuuTsiBasi yclOBHsS NPOBEAEHUS paOOThI, OCBEIIEHHOCTh B LEHTpE
CTOJIa, ¥ TIOJIy4YeHHBIE JaHHBIE BHECUTE B TaOMUILy, MPUBEICHHYIO HA OTYETHOM
Onmanke. 3aTeM aHAJIOTMYHO HW3MEPHTE OCBEIICHHOCTh NPHU APYTUX BBICOTAX
MoJBeCa CBETHJIbHUKA COTJIACHO 3a/ianuto (cM. 1abmn.1.2). Eciu npu uzmeperusx
cmpenKka JoKcMempa OmKIoHsemcs: menee yem Ha 10 Oenenuti wikaivl, mo
cnedyem nepetmu K usmepeHusm 6es ceemoghunvmpa. Pe3ynbTaTel U3MEpeHui
BHECHUTE B TAOJIMIy OTYETHOTO OJIaHKa U MO HHUM IOCTPOWTE MEPBBIM rpaduk
saucumoctr: E=f (H), rme E - ocBemenHocTs (Jik), H - BeIcOTa MmoaBeca (M).

B BBIBOJaX crenaiite 3aKI0YeHHE O XapaKTepe U3MEHEHHs OCBEILIEHHOCTH
B 3aBHCHMOCTH OT BBICOTHI II0JIBECA CBETUJIbHUKA.

2. Hccneoosanue 3asucumocmu  ompaxyceumus — c8emosoco0  NOMOKa
om ysema pabouell nogepxHocmu. PeKOMEHJIOBaHHBIE  CBETUJIHHUKHU
MOOYEPEIHO MOABEChTE Ha BhICOTY H(M), yka3aHHYyIO B pabore (1.2 OTYETHOTrO
Onmanka). Ham mieHTpoM cTOna B paMKy INTaTHBAa yCTaHOBUTE (POTODIIEMEHT,
oOpalleHHbI CBETOUYBCTBUTEIIBHON CTOPOHOUM K paboueil MOBEPXHOCTU CTOJIA.
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[Tox doTosmeMeHTOM MOOYEepEeTHO PACIOJIOKHUTE JUCThl PA3IUYHBIX IIBETOB
(B TOM yHucle axpoMaThuyeckux Oenoro u 4yepHoro). OT JMcTa Kaxaoro IBeTa
U3MEpPbTE CO3/IaBAEMYIO0 UM BEJIMUMHY OTPAKEHHOM OCBEIIEHHOCTH.

Pe3ynbpTaThl n3MepeHui BHECUTE B TAOJIMIy OTYETHOrO OJIaHKAa M MO HUM
noctpoiite rpaduku 3aBucumoctu: E = f (11BeT) B BUE THCTOrpaMMBI.

3. Hccneoosanue  3asucumocmu  0C8EWEHHOCMU  NOBEPXHOCMU
om MowHOCcmu uUcmoynHuxkos ceema. CBETUIBHUKH OJIMHAKOBOM (opmbl (No 6)
C JIaMITaMH Pa3JIMYHOW MOIITHOCTH MOJBECHTE HA 33aJIaHHON BBICOTE HAJ[ IIECHTPOM
CTOJIA U 3aMEpPbhTE CO3/1aBAEMYyI0 MMM OCBELIEHHOCTb. Pe3ynbTaThl M3MEpEHUM
BHECHTEC B TaOJMIly OTYETHOrO OJlaHKa M TI0 HUM IOCTpOWTE Trpaduk
3apucumocTd: E = f (P), rme P - MOIHOCTh HCTOYHUKA CBETA.

4. HUccneoosanue  3asucumocmu  0C8EWJEHHOCMU  NOBEPXHOCMU
om HanpaeneHus oceewjenusi. Y 0epuTe 1BETHbIE 00pa3libl CO CTOJa, a HA paMy
MITaTUBA MOJOXKUTE (OTOIIEMEHT JIFOKCMETPa CBETOYYBCTBUTEIHLHOM CTOPOHOM
BBepX. V3MeHsii yroim HakJIOHAa TUIOCKOCTH CBETONMPUEMHOTO OTBEPCTHUS
0 OTHONICHMIO K CBeTWIbHHKY B mpemenax ot 0° mo 90°, mpocmemute
U3MEHEHHE COOTBETCTBYIONIUX MOKa3aHUM JtoKcMeTpa. Pe3ynbrarhl usmepeHuit
BHECHTE B TaOMHIly OaHKa OTYeTa M [0 HUM roctpoiire rpaduk: E = f (¢°).

B BBIBOZax BBICK&KHTE COOOPKECHHUS O XapakTepe H3MEHEHUS JIMHHUH
rpaduka ¥ MIpUIMHAX U3MEHEHHS OCBEIIICHHOCTH TTOBEPXHOCTH TIPH €€ HAKJIOHE.

5. Cpasnenue nromunecyeHmHuvlx U C8eMOOUOOHBIX UCMOYHUKOS C8emd.
H3mepuTh ¢ MOMOIMIBIO MYyJILCMETPa OCBEIICHHOCTh M ITYJIBCAITMIO CBETOBOTO
MOTOKa B ILIEHTpE pabodyero croia OT CBETHJIbBHWKA Ha TMOABECHOM IOTOJKE
C JIIOMUHECIIEHTHBIMH JIAMITAMH, a 3aTEM CO CBETOAMOIaMHU.

Hcnonb3zoBanne  mpubopa  mokemerp-nyiabemerp  TKA-TIKM”(08)
(puc. 1.2) ocymectBisiercs Haxxatruem Ha kHonKy BKJI/BBIKJL.

[Ipu 5TOM Ha 2KpaHe B MPABOM I0JI€ TIEPBOW CTPOKU 3aropaeTcs CUMBOJ —
"Garapeiika”, ”HOOPMUPYIOIMIHUA O COCTOSHHHM EMKOCTH OaTapew MUTAHUs, a TaK
e TIOSIBJISICTCS] HAAMKUCh (PUPMBI IPOU3BOAUTENIS U Ha3BaHUE TIpHOOpa.

Jlnst  mpaBUIBHOTO OOHYJNieHHs TpuOopa MPOU3BOAUTCS 3aTEMHEHUE
natyrka (OTOMETPUYECKON TOJIOBKM) MPUOOpa M 3aTeM HAKUMAETCs KHOIKA
Pexxum («Hold»). Ilporiecc oOHyJeHHUSI CONPOBOXKIACTCS HAIMUCHIO Ha
unaukarope: "IMNOJOKIUTE, UJIET U3MEPEHUE".

BHUMAHUE: 3acBeTKa M3MEPUTEJIbHOM YACTH BO BpeMsi OOHYJICHUA
NMPUBOINUT B MOCJIECTBHE K HEMPABWJIbHBIM H3MepPeHUsAM !

[Tocne mnpomamaHus TPEAYNPEKIAONICH HAAMUCH MPUOOP NEPEXOIUT
B OCHOBHOHN pexum uzmepeHui. [lepas ctpoka "E = " BBIBOAUT TEKyIIyrO
OCBEIICHHOCTH B JIK, BO BTOpoil ctpoke "Km = " — xoaddunmenT mynbcanuu
CBETOBOT'0 MOTOKA B %.

[Tpu u3mMepeHnn OCBEIEHHOCTH, (POTOMETpHUUECKasi TOJIOBKA pa3MeENIaeTCs
napajieIbHO TUIOCKOCTH MU3MeEpsSIeMoro o0ObekTa (MCTOYHHKA cBeTa). [Ipu aTom
HEOOXOJAMMO CJIEIUTh 32 TeM, YTOOBI Ha OKHO (POTOMETPUYECKOU TOJIOBKH HE
najajga TeHb OT ONepaTopa UM MOCTOPOHHUX NpeaAMeTOB. CrycTsi 2-3 CEeKyH/IbI
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C IM(POBOro MHAUKATOPA CUUTHIBAETCS U3MEPEHHOE 3HAUYEHUE.

JUig 3anoMHHAHHMS HM3MEPEHHOIO IOKa3aHWs Ha HHIUKaTope Mpubdopa
KPaTKOBPEMEHHO HaxxumaeTcs KHomnka Pexum. B mpaBom mone mHaukaropa
nosiButrca Haanuch "HOLD” u npou3BOAUTCS CHSATHE IMOKa3aHUM Mpuodopa.
JI1s IpoIoSKEeHHsI U3MEPEHUH HEOOXOAMMO €I1Ie pa3 HakaTh KHONKY Peskum.

Beikirouenne npudopa npousBoautcs HaxxatueM Ha KHONKy BKJI/BBIKJIL.

Brruncnenne OTHOIEHUS! OCBEIIEHHOCTEH K MOTPeOIIeMOil MOIITHOCTH IS
00OMX CBETWJIBHUKOB TPOBECTH, H3MEPUB MOTPEOIIEMYI0O MOUIHOCTh IIO
npudopy /152-2048 Ha cTeHe 0KOJIO BhIKIIIOUaTens. Tam ke U3MEPHUTH Cos @.

ITopsinoxk npoBeaenus JadoparopHoii padorsl Ne 1a (aya.104 I'K)

Leanb padoThbl: TPHOOPETCHHE HABBIKOB W3MEPEHHUS OCBEIICHHOCTH H
kod(ddumreHTa myabcanuy Ha pabodeM MecTe, a TaKKe MOJydeHUe 3HAHHUH 10
OIICHKE XapaKTEPUCTUK OCBETUTEIBHBIX MPUOOPOB.

Onucanue jgadopaTtopHoi yctanHoBku Ne 1a

JlabopaTopHass yCTaHOBKAa COCTOMT W3 MakKeTa MPOU3BOJACTBEHHOIO
MOMEIIEHUs, O0OOPYIOBAaHHOTO PAa3JIMYHBIMU HMCTOYHUKAMH HCKYCCTBEHHOI'O
OCBEIICHMS, W  JIIOKCMETpa-myJbCMETpa Uil  WU3MEPEHHs  3HA4YCHH
OCBEIICHHOCTU U KOdhdUIIMEHTA €€ MyJIbCaIlIH.

Buemnuii Bua mMakera npejcTtaBieH Ha puc.l.4. Maker umeet kapkac (1)
U3 aloOMUHUEBOTO Tpodwist, 1moa (2), nmoronok (3), GokoBbie CTEHKH (4),
3aJHIOI0 CTEHKY U MEPEeHIO CTeHKY (5). 3aHss 1 OOKOBBIE CTEHKU SIBIISIOTCS
ChEMHBIMH U MOTYT YCTaHABJIMBATHCS B JIFOOON M3 JIBYX CTOPOH BHYTPb MakKeTa
NOMEIIeHHs, (QUKCHUPYSICh B TMpoeMax Kapkaca ¢ TIOMOIIbI0 I[1a30BOTO
coenuHeHus. OJHa CTOpOHAa CTEHOK OKpallleHa B CBETJIbIE TOHA,
JIpyras - B TEMHbIE TOHA, MPU ITOM HWIKHSS OKpAIllGHHAs TMOJOBHUHA CTEHKU
TeMHee BepxHel. Ilepemnsisi creHka (5) JKeCTKO BMOHTHpPOBaHa B KapKac M
BBIIIOJIHEHA W3 TOHMPOBAHHOTO IIPO3pPAavyHOro CTEKJIa. B mepenHeln HUKHEH
yacThd Kkapkaca (1) mpeaycMOTpeHO OKHO JjIsi YCTAHOBKU HU3MEPUTEIBHOMN
roJIoBKH (6) mokcMeTpa-myinbeMeTpa (7) BHYTpb KapKkaca.

Ha mony wmakera (2) pasmemen BeHTWIATOp (8) misi HaOMIOACHUS
cTpoOOCKOMIIEeCKOTo d(hdekTa U OXJIaXKACHUS JIaMIT B IIporiecce paboThI.

Ha nortonke (3) pa3MelieHsl 8 maTpOHOB, B KOTOPBIX YCTAaHOBJIEHBI JBE
namnel HakanuBaHus (9), Tpu momuHecteHTHbIe Jamnbel (10) Tuma KIJI9,
raioreHHass yammna (11) w mromuHectenTHas namma (12) tuna CKJIDH
C BBICOKOYACTOTHBIM MpeoOpazoBaTesieM u cBeroauoaHas (13). Beprukanbhas
MPOCKIUST KAKIOM JIaMmbl OTMEYeHa Ha moiy (2) KpyXKkamu c I1udpamu,
COOTBETCTBYIOIIMMH HOMEpaM JIaMII Ha JIMIIEBOM MaHEIN MaKeTa.

BxitoueHue 31eKTpONnUTaHusl YCTAHOBKU MPOU3BOAUTCS MEPEKITI0UaTEIeM
aBTOMara 3alllMThl, HAXOAAIIUMCS Ha 3aJHel naHenu kapkaca (1) — B BepxHei
YaCTH CJIEBA, U PETUCTPUPYETCS CUTHAIBHOW JIaMnol «CeThy, pacmnoIOKEHHON
Ha repeHel ma"enu kapkaca (puc.1.5).
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Puc.1.4. ﬂa6opaTopHa;1 ycraHoBKa Ne la - MakeT Mpou3BOJICTBEHHOTO MOMEIICHHUS.

Ha nepenneil manenu (puc.l.5) pacnonoxeHbl OpraHbl YNpPaBICHUS H
KOHTPOJISL: - JIaMI1a WHAUKAITNH BKIIOYECHUS HAMIPSDKEHUS CETH;
- IEPEKITI0YATENh ISl BKIIOUCHHS BEHTHIISATOPA;
- py4yKa peryJIupOBaHUs YaCTOTHI BPAIICHHUS BEHTUIISTOPA,
- mepexitouarenu (1-7) 1yist BKIFOYEHUS JIaMIT.

JTAMITEL
}ImaulH-:cu-:H?thc Elahmmumm Caeroauonnas
Bewmiaatop | k| i 8 Cets
o Ogg Ei ﬁ El il
Yactora Bkn 9 Br ‘JRIT Bt 11 Br &00Br 60 Br 50 Br7BT

Puc.1.5. Ilepennsis nanenb kapkaca jabopaTopHoit yctaHoBKU Ne 1a.

CxeMa 31eKTpONMUTAHMS MO3BOJSET BKIIOYATH OTIEIBHO KaXKIYIO JamIy
C TMOMONIbIO COOTBETCTBYIOIIMX NEPEKII0YaTeNIed, pPacHOJ0KEHHbIX Ha
nepeHel nmanenu kapkaca (cm. puc.1.5).

Ucnons3oBanue npubopa  mokcMmeTp-miynbeMerp TKA-IIKM”(08)
(puc.1.2) ocymectBusiercss Haxxatuem Ha kHonky BKJI/BBIKJI. Ilpu stom Ha
9KpaHe B TMPaBOM II0J€ TEPBOM CTPOKU 3aropaerTcsi CUMBOJ — "OaTapeiika”,
UHOOPMUPYIOIIUNA O COCTOSHUM EMKOCTH OaTaped TNHUTaHUs, a TaK Ke
MOSIBJISIETCS HAJMUCH (UPMBI IPOU3BOUTEINS U Ha3BaHUE MTPUOOpa.

Jlnst  mpaBUIBHOTO OOHYJeHWs TpuOOpa MPOU3BOAMUTCS 3aTEMHEHUE
natyrka (OTOMETPUIECKOM TOJIOBKM) MPUOOpa M 3aTeM HAXUMAETCS KHOIKA
Pexum («Holdy»). Ilpomecc oOHyneHHUS COMPOBOXKIACTCS HAAMUCHIO HA
unaukatope: "IMIOJOXKAUTE, UAET U3MEPEHUE".

BHUMAHUE: 3acBeTKa U3MEPHUTEIbHON YacTH BO BpeMsi O0OHYJICHHUS
NPUBOAUT B MOCJIEACTBHE K HENMPABWIbHBIM U3MepeHusiM!

[locne mpomnagaHus NpeaynpexAaroleldl HaAnucu MpUOOp MEePEeXOUT

17



B OCHOBHOU pexuM uzmepeHuil. Ilepas crpoka "E = " BBIBOOUT TEKYIIYIO

OCBEIIEHHOCTh B JIK, BO BTOpoi cTpoke "Km = " — xoadduivenT myiabcanuu
CBETOBOT'0 MOTOKA B %.
[Ipy  u3MepeHUHM  OCBEHICHHOCTH,  (OTOMETpUYECKas  TOJIOBKA

pa3Melaercs napajyieibHO IUIOCKOCTH H3MEpSeMOro o00bekTa (MCTOYHMKA
ceera). Ilpm »oToM HEOOXOAMMO CJIEIWTh 3a TEM, 4YTOOBI Ha OKHO
(GhOTOMETpUYECKON TOJIOBKM HE Tajajia TeHb OT OmepaTopa WIA MOCTOPOHHUX
npeametoB. Crmyctst 2-3 CeKyHIbl ¢ IU(POBOTO HWHIWKATOpPA CUYUTHIBACTCS
WU3MEPEHHOE 3HAUYCHHUE.

JIist 3amoMUHAHUST M3MEPEHHOTO TOKa3aHWsl HAa WHAWKATope mpubdopa
KPaTKOBPEMEHHO HaxumaeTcsi kHomka Pexxum. B mpaBoMm mosie uHAMKaropa
nosiButrca Haanuch "HOLD” u npou3BOAUTCS CHSATHE IMOKa3aHUM Mpuodopa.
Jl1st mpoAomKeHUsT M3MEpEHU He0OXOAMMO €lIe pa3 HaKaTh KHOMKY PeskuM.

Brikmtouenne npousBoauTcs HaxatrueMm Ha kHONKy BKJI/BBIKUJL.

YcaoBus nposenenus padorsl Ne 1a (B aya. 104 I'K)

1. Hoayuuts Ne Bapuanta mabopaTOpHON pabOTHI y IMpenoaaBaTens s
JATbHEHIIET0 HCIOJIb30BAHUS HMCXOJHBIX JAHHbIX Tabi.1.3 B MPOBOIUMBIX
pacuéTax. Tabmuma 1.3

Homepa BapuanToB 1J14 J1a0opaTopHoi padoThl Ne 1a
U XapaKTEePUCTUKA 3pUTeJIbHOU padoThl (aya. 104)

Hanvenbmmmit | Koagppuuuent | Konrpacr Xapaxre-
Ne XapakTepucTuka Tun
. pa3mep o0beKkTa | mNyJbcanuu | 00beKTa |PUCTHKA
Bap. | 3puTebHOIT padoThI Jamn
pa3auYeHNsi, MM | OCBELLICHHOCTH | ¢ (poHOM | (oHa
1 | Bricokoii TouHOCTH 0,3-0,5 15 OompI0# | cBeTibIi | 1,2,3,8
2 | BbIcOKoi1 TOYHOCTH 0,3-0,5 15 cpenHuil | cpennmii | 6; 8
3 | Cpenneli TOYHOCTH 0,5-1 20 MaJblii | TeMHBIH | 455
4 CpenHel TOYHOCTH 05-1 20 cpenHui | cBemublid | 5; 7
['py6ast (oueHs manou
5 pybas ( Ooiee 5 20 - - 7,8
TOYHOCTH)

Tak e Mo 3aJaHuI0 MPErnojaBareiss U B €ro NPUCYTCTBUU YCTAHOBUTH
CTEHKHA MaKeTa MPOM3BOJICTBEHHOIO MOMEUIEHUsI (OKpAIlIeHHbIE B CBETJIbIE WIIU
TEMHbIE TOHA) TaKMM 0Opa3oM, YTOObl YKa3aHHbIE CTOPOHBI CTEHOK ObUIM
oOpaleHbl BHyTPpb MaKeTa OMEILIECHHUS.

2. BKIIFOYNATh YCTaHOBKY C IOMOUIBIO MEPEKIIOYATENI aBTOMATa 3allMTBhI,
KOTOPBIN HAXOJUTCS Ha 3aJJHEH TTaHe N KapKaca (B BEpXHEU 4acTu ClieBa).

3. BxmounTs nammy (BbIOOp JaMIml MPOU3BOJIUTCS B COOTBETCTBUU
C BapUAHTOM I10 33JJaHUIO [IPENOIaBaTENs).

[ToarotoButh mokcmeTp-mynbemeTp ~“TKA-TIKM”(08) (puc.1.2) k pabore.
Ilopsaoox ucnonv3osanus 1oKCMempa-nyibemempa (CM. evluie 8 ONUCAHUU).

4. Tlpou3BecT U3MEPEHHE OCBEIICHHOCTU M KO3(DPUIIMEHTa MyJIbCALIUU
C TIOMOUIBIO JIIOKCMETpPA-NyJIbCMETPA HE MEHEE YeM B ISTH TOYKAaX MakeTa
MPOU3BOICTBEHHOI0 MOMEIEHU (IO UCCIAEAYEMOMN JTaMIION U yriax «IoJiay),
ONPEIEIUTh CPEHEE 3HAYEHUE OCBENIEHHOCTH E,.
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5. BxmounTth razopazpsanytro jgamny Nel v usmeputbh Kodh UIIMEHT
nynbcanuu (K,). 3aTeM BKIIOYUTH OJHOBPEMEHHO Ta3opa3psaaHblie Jamnbl Ne 1;
2; 3 u usmeputs K.

CpaBHUTH MOJYUYEHHBIE PE3yJIbTaThl U3MEPEHUN MYHKTOB 4 U 5 (B T.4. CO
3HAYECHUSAMH HOPMUPYEMOUH OCBEIICHHOCTH BapUAHTA) U C/EJIaTh BHIBOJI.

6. Ilo pe3ympraraM H3MEPEHHI OCBEIICHHOCTH BBIYMCIHTH 3HAYCHHE
(axTudeckoro ceeroBoro noroka M. nmo popmyne @ .=E,, - S, (a1m),
rne E, - cpennee 3Ha4eHNE OCBENCHHOCTH;

S - momaasr MakeTa IIOMEIICHMS, M. [Tpu sTom S = 0,4M2 .

7. Bpraucautb cBeroothady mno ¢opmyne (1.6), a Taxxe koddduumeHt
MOJIE3HOTO JEHCTBUS CBETWIbHHKA - # 1o ¢opmyne (1.12). HomunanbHbIi
CBETOBOI MOTOK M, BHIOpATH ISl KAXI0T0 TUIIA Jami 1o tadn.1.4.

8. Beruncinth @pyeq IO BEINYMHE PACYETHOW IUIOCKOCTH (Spacy = O,4M2
upu Eopw = 30051K 1 Spacq = 0,8M2 pu Eyepy = 20011K). Eyopy BIOpaTs M0 CHUIIL
23-05-95 u3 Ttaba.1 u onpenenuTh KOAQPUIMEHT UCTOIB30BAHMS CBETUILHUKA
(Kyen) 0 popmyiie (1.13).

9. IloBTOpuUTH M3MeEpeHUs Mid Apyroro tuna Jyamn. [locne 3aBepiieHus
M3MEPEHU 3aHECTU TMOJyUYCHHbIE JIaHHbIE B OIaHK oT4yeTa. CpaBHUTH 3HAUCHUS
CBETOOT/Ia4H, MOJYYEHHBIE OT Pa3IU4YHbIX HICTOYHUKOB CBETA.

10. Bximrounte momuHecueHTHyro jgamiy tuna KJI9 B neHtpe yctaHOBKH
u BeHTWIATOp. Bpamas pyuky «Yacrora», peryampyromy CKOPOCTb
BpalleHUs JIONAcTel BEHTWIATOpPA, MOJ00paTh TAKyK YacTOTY, MPU KOTOPOM
BO3HHMKAET CTPOOOCKONMHUYECKH A(PexT (JIonacTh BEHTWISITOpPA KaxyTcs
HETIOIBKHBIMHU ).

11. BBIKIIOYUTH CTEH]I.

12. U3mepuTh OCBEUICHHOCTh M KOA(P(GULMEHT IMYyJIbCALUU CBETOBOIO
MOTOKa HE MEHee YeM B IISTH TOYKaX IOMENICHHWs Ha pabdouux CTojax
B jaboparopuu. CpaBHUTh C HOPMamH OCBELIEHHOCTH pabodyero MOMELICHHS
(CHulI 23-05-95 u CanlluH 1.2.3685-21).

13. CocTaBuTh OTUET O padoTe.

Ipumeuanue. Ilpu pacu€rax B Xoje pabOTBHl  HCHOIB30BAThH
XapaKTepUCTUKU 3PUTEIIBHOM padoThl W3 Taln.1.3 W XapakTepUCTUKH JamIl
yKa3aHHbIC B Ta01.1.4. Tabnuna 1.4

Tunsl 1amn 1 ux xapaxkrepuctuku (aya. 104)

Ne Tun namn IToTpebdasiemasn HomuHaabHbIN
JaMn MOIIIHOCTH, BT | CBeTOBOM MOTOK, JIM
1,2,3 Jlamna nmromunecientHas KJI9 9 465"

4 Jlamma mromuHecuentHas CKJIOH 11 700
5 Jlammia HakanMBaHUs KPUOTOHOBAs 60 800
6 Jlamna HakaJIMBaHMsI BAKYyMHasI 60 730
7 Jlamna ranoreHHas 50 1700
8 CetoaunoHas Jamna 7 570

E3
[Tocne MuHUMAaNBEHOM TIpoOIKUTENbHOCTH TopeHus (2000 yacoB).
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Ipumeyanue. ['opu3oHTAIBEHAS OCBEIICHHOCTh B JTAOOPATOPHSIX BBICIIMX
yueOHbIx 3aBegeHuit - 400k, koaddunment mynbcauuu - 10 %. (M3 CaunlluH
1.2.3685-21)

Bonpocel 1J11 CaMOKOHTPOJIA.

1. [Ilepeuncnure KOJMYECTBEHHBIE W KAYECTBEHHBIC IIOKA3aTENU
OCBEIICHUS Y €AMHUIBI UX U3MEPEHHUS.

2. Ilepeunicnute OCHOBHBIE BUJIbI IPOU3BOJACTBEHHOTO OCBEIICHUS.

3. Kak moapaznensieTcs HICKyCCTBEHHOE OCBEIlEHUE M0 (QYHKIIMOHATEHOMY
Ha3HAYCHUIO?

4. Kak KOHCTPYKTHBHO TMOJpa3JIeNsiOT €CTECTBEHHOE U MCKYCCTBEHHOE
ocBelieHue?

5. B kakux ciayyasx HEOOXOJMMO NPUMEHEHHE KOMOMHHPOBAHHOIO
OCBELIEHUS?

6. Uto takoe KEO? Ot uero KEO 3aBucur?

7. OT 4ero 3aBUCUT BETMYMHA HOPMHUPYEMOM BEIMYMHBI OCBEIICHHOCTH Ha
paboueM mecte?

8. OT yero 3aBUCUT BEJIMYMHA OCBEIICHHOCTH Ha paboueM MecTe Mpu
COBMEILIEHHOW CHCTEME OCBEILICHUS ?

9. IlepeuncnuTe OCHOBHBIE WCTOYHUKH HCKYCCTBEHHOI'O OCBEIICHHUS B
MIPOU3BOJICTBEHHOM MTOMEILICHUH.

10. KakoBbl mpeuMymiecTBa U HEAOCTATKHA Ta30pa3psaHbIX JIAMIT TIEepe]l
JaMIIaMH HaKaJIUBAHUSA?

11. KakoBbl mpeuMymiecTBa M HEIOCTATKA CBETOAUOIAHBIX HCTOYHUKOB
ceera’?

12. Tlo xakuM mpuU3HAKAM KIACCUPHUIIUPYIOTCS OCBETUTENbHBIC TPUOOPHI?
Uro takoe KIIJ[ cBeTriibHMKa, KOAPHUIIUEHT UCTIONH30BAHUS CBETHIILHUKA?

13. [ToueMy HEOOXOIUM COS@ M YTO OH OMpPEACIIICT?

14. Tlouemy K03(h(HUIIMEHT MOITHOCTH Y Ta30pa3PsAIHBIX U CBETOIUOIHBIX
JaMIl MOXET OBITh CYIIECTBEHHO MEHbIIe «l1» B OTIMYME OT Jamm
HaKaJIMBaHUsI?

15. TloueMy k03 GUIMEHT MyNbCAMK y Ta30pa3psAaHbIX Jamm OoJbIie
YeM Yy JIaMI HaKaJIMBaHUSI U CBETOAMOIHBIX JIaMIT?
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Pa6ora Ne 2

MUKPOKJUMAT MPOU3BOJCTBEHHBIX IOMEIIEHUN

Leas paGoThi: 03HAKOMJIEHHE C HOPMUPOBAHUEM MUKPOKIUMATHYECKUX
yCIIOBUM Ha paboyeM MECTe M MOJy4YyeHHE HABBIKOB PabOThI C MpubopaMu Jis
MU3MEpPEHHUsI MTapaMeTPOB MUKPOKIMMATA.

OO0mue cBeaeHus

OpHuM U3 HEOOXOIUMBIX YCIOBHM BBICOKOW MPOU3BOIUTEIHLHOCTH TPY/A,
HOPMAJIbHOM  JKU3HEAEATEIbHOCTH  YeJOBEKa  SBISETCS  OOecredeHHe
ONTUMAJbHBIX  MHUKPOKIMMATUYECKUX  YyCIOBHM Ha  pabodyeM  MecTe.
MuUKpOKIUMAaT 3aBUCUT OT TEIUIOPU3HUUECKUX OCOOCHHOCTEN TEXHOIOTUYECKOTO
poIecca, KiIMMara, Ce30Ha TO0Ja, YCIOBHM OTOIUIEHUS, BEHTWJISALHAH
U XapaKTepU3yeTcsl TEMIIEPATypOU, OTHOCUTEIIBHOM BJIAXKHOCTBIO, CKOPOCTBHIO
JBIDKEHUS BO3dyxa ©  arMocepHbIM jaaBieHueM. JKU3HEIEATEIbHOCTD
YeJIoBeKa CBS3aHA C HEMPEPHIBHBIM OOMEHOM TEIJIOM C OKPY>KAaIOIIEH Cpeoi.
OnHoll M3 BaXHBIX XapaKTEPUCTUK OpraHM3Ma 4YeJOBEKa SBISIETCA CPEIHSs
TeMIeparypa Tena (BHYTPEHHHMX OpraHoB) mopsaka 36,6°C, KOTOpas 3aBHCHT
OT CTENEHU HapYIICHHWs TEIJIOBOro OanaHca, W YPOBHS DHepro3arpar
IpU BBIMOJHEHUU (u3udeckoil padoThl. [Ipu BbeIMOMHEHUH PabOTHI CpenHen
TSDKECTU M TSDKEIIOM TMPU  BBICOKOW TEMIIEpATYype BO3AyXa OHA MOXKET
noBbimathes Ha 1 - 2°C. HamBbicmias TemmepaTypa BHYTPEHHHX OPIaHOB,
KOTOPYIO BBIJCPKUBAET YEJIOBEK, COCTABIISAET +43°C, a MuHHMAanbHAs
(mpu  mepeoxmaxmennn) +25°C. UroObl He MHPOHCXOAMIO OTKIOHCHHS
TeMIepaTypbl BHYTPEHHHUX OpPraHoB OT  ONTUMAJIBHOW, HEOOXOAUMO
COOJII0JIEHNE TEIUIOBOrO OanaHca MEXIy YeJOBEKOM M OKPY’KaoIIel Cpeaou.
B o0meM caydae TemiooOMEH OCYIIECTBISETCS B OCHOBHOM TaKHMH
bu3MYecKUMU TIpolleccaMM, KaK KOHBEKIUS, W3JIyuyeHHWe U HCHapeHHeE.
KOHBEKTHBHBIN TETIIOOOMEH OIPEACNISIETCS] COOTHOIIEHUEM

0, =S, qb(’cp —z,;,eﬂ),
rae Oy - KOd>QQUIMEHT TemIoOTAaYM KOHBEKIMEH, S,pp - dPdexTrBHas
IIOBEPXHOCTb TE€JNa 4YENIOBEKA, I, l,, - TEMIIEpATypa OKpY>KaloLlel Ccpeabl
U 4YeJIOBEKa, COOTBETCTBEHHO. Kak cienyeT M3 NpUBENEHHOIO COOTHOLIEHH,
KOHBEKTHBHBIN TEMJIOOOMEH 3aBHCUT OT pa3HOCTU TeMIepaTyp MEXIy
OKpYXalollel Cpeloil U TEJIOM YeJIOBeKa, OMbIBAEMOI BO3AYXOM 3(DPEeKTUBHOM
NOBEPXHOCTU Te€la, a TaKKe OT OTHOCHTEIbHOM BJIAXKHOCTH, CKOPOCTH
IBIDKEHUS BO3AyXa M aTrMoc(epHOro JaBieHus (ompenenser TOJIIUHY
HOTPAaHUYHOTO CJI0S BO3/yXa y OBEPXHOCTHU Tela).
TenmooOMeH 3a cyeT U3MydeHHs ONPEAEsIeTCs COOTHOILIEHUEM
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Tyen 4 TCP )
Ouzn = QyusniSusn ( lOOj ~1 100

rae Oy, - UPUBENEHHBIM KOXPQUIMEHT wu3IydeHus, S,,, - IUIOMAILh
M3IMydaromeil ToBepxXHOCTH, e, 1, - TEMIEpaTypa uenoBeka H OKpyKaromie
cpensl B rpagycax KenbBuHa.

KosuyecTBO TEMI0THI, OTAAaBAEMOE YEIOBEKOM B OKPYXKAIOIIYIO CPEIy
3a CYET NpPOLECCa UCHAPEHHMs, ONpeNeNseTcss cooTHomeHne Oy, = Mycnd »

rac m,., - Macca BbIACIACMOIO U HCIIAPAIOIICTIOCA I10Ta,

¢ - CKpBITasi TEIUIOTa UCTIAPEHHUS.

[Ipu yBenumueHun QU3NUECKOW HArpy3KM U BHEUIHEW TemIepaTyphl
CKOPOCTb ITIOTOOT/CICHHs pacTeT. Tak, mpH Temmeparype Bosayxa B 28°C
NOTOOTACJICHUE Y YEJIOBEKAa, HE 3aHATOro (U3MYECKUM TPYJIOM, COCTABISET
1,7 r/™MuH, a TpU BBITIOJTHEHUHU TSDKEJIOU paboThl — 8,9 r/MUH. MOYKHO OTMETUTb,
YTO W3 BCEH TEIJIOTHI, IEPEIABAEMON OPraHU3MOM YEJIOBEKA B CYTKH (CpeIHss
BenmunHa 2600kKkam) mpu HOpManbHbIX yeaoBusax (20°C, 760mm pr. cr.),
ocHOBHasi 4yacTh (44%) mepemaercd 3a CYET U3JIYUYCHMS. 3a CUYET KOHBEKIUU
nepenaercs 31%, 3a cuet ucnapenus - 21%.

C wu3MEHEHHEM mMapamMeTpoB MHUKpPOKIMMAaTa WIA YCIOBUH TpyJa
HapyIIAIOTCs YCIOBUS JUIsl TEIUIOBOro OamaHca. B aTom ciiydae B opraHusme
BO3HUKAIOT MPOLECCHI, CIIOCOOCTBYIOIIME €r0 BOCCTAHOBJIEHHUIO - MPOLECCHI
tepMoperyisinn. K TakuM 1mpolieccaM  OTHOCATCSI: TPOLIECC HCHapeHHUS,
M3MEHEHHE MHTEHCUBHOCTU KPOBOOOpAIIEHHUS (32 CUET PACIIUPEHUS U CYKEHUS
COCYJIOB) W  OMOXMMHYECKUM mponecc (M3MEHEHHE  HWHTEHCUBHOCTHU
OKHUCJIUTENIbHBIX TPOIIECCOB B Opranusme). TepMoperynisuus MO3BOJISIET
00€eCIeYnTh KU3HEACITEIIBHOCTh YEJIOBEKAa, HO €ro COCTOSHUE OTKIIOHSETCS
OT ONTUMAJbHOr0. B yacTHOCTH, B pe3yibTaTe UHTEHCUBHOTO MOTOOTIECICHHUS
BO3MOXHa Oousbllasg mnoteps kuiakoctu. OO0e3BokMBaHME opraHu3ma Ha 6%
MPUBOJUT K HAPYLICHUID YMCTBEHHOW MAESATEIbHOCTH, CHUKEHHUIO OCTPOTHI
3peHus. [lnurenbHOE BO3AEMCTBUE BBICOKOM TEMIEPATypbl B COUYETaHUU
C TIOBBIIICHHONW BJIQKHOCTBIO MOTYT TPHUBECTH K TOJIOBOKPY>KEHUIO, 0OIIen
c1a00CTH, MCKAXEHUIO I[BETOBOTO BOCIPHSATHS, YYaIICHUIO MyJbca, MOTEpe
co3Hanus. Iloreps Bmarm n0 20% OT Macchl Tella MOXET IPUBECTH
K cMmepTenbHOMYy ucxopny. [IoBblllIeHHass OTHOCHUTENbHAsI BIIAXKHOCTh BO3yXa
OKpYXarolen cpenbl (Mpy MOHKEHHBIX TEMIIEpaTypax), a TakKKe ero BhICOKAs
CKOPOCTb JBUKEHUS CIIOCOOCTBYIOT MEPEOXIIAXKACHUIO OpraHu3Ma YeI0oBeKa.

Ha caMouyBcTBHE 4YeOBEKa MOXET OKa3blBaTh CYIIECTBEHHOE BIIUSHUE
atMocepHoe naBieHue. Ilpu ero 3aMeTHOM HU3MEHEHHHM (HAa IMOBEPXHOCTU
3emui BO3MOXHO M3MeHeHue oT 680MM pT. cT. 10 810MM PT. CT.) MOBBIIIAETCS
Harpy3ka Ha CepJI€4HO COCYAMCTYIO CUCTEMY, YTO OTPHUIATEIbHO CKa3bIBAETCS
Ha JIIOASX C CEPACYHO COCYAUCTHIMU 3a00JIEBAHUSIMMU.

['uruennyeckoe HOPMHUPOBAHUE TOKa3aTeJIel MHUKPOKIMMaTa pabdoumx
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MECT MPOU3BOJICTBEHHBIX IMOMEIEHUN OOECIEeUNBAET COXPAHEHHUE TEIUIOBOTO
OanaHca 4YeJloBeKa C OKpYXKaloUleil cpenoil u noaaepKaHue ONTHMaIbHOTO WIH
JOIYCTUMOI'O TEIUIOBOTO COCTOSIHUA opraHu3Ma. HopmupoBanue nokasatenei
MUKpPOKJIMMATa TIPOU3BOJUTCA C YYETOM MHTEHCHBHOCTH JHepros3arpaT
paboTaroux, BpeMEHU BBIIIOJIHEHMS paOOThI U IEPUOIOB TOfa.

['urneHnyeckne HOPMATHUBBI YYUTBHIBAIOT CE30HBI T0Ja: XOJOJHBIN
M Temibld.  XOJNOAHBIM  TIEPUOJ  XAPAKTEPU3ZYETCS  CPEAHECYTOYHOU
TeMIIepaTypoii HapyHoro Bo3ayxa +10 C° i muxe, Terslii - Beime + 10 C°.

HopmatuBbl paccMaTpUBaIOT JBa YPOBHS KPUTEPHUEB:

- ONITUMAJIbHBIE YCIOBHSI MUKPOKIMMATA;

- IOIyCTUMBbIE YCIIOBUSI MUKPOKJIMMATA.

OnTuMajabHbIe YCI0BHSI MHUKPOKIMMATa YCTaHOBJIEHBI IO KPUTEPUAM
ONTUMAJBHOIO TEIJIOBOTO M  (PYHKIMOHAJIBHOTO COCTOSIHUSL — 4€JOBEKa.
Onu oOecreynBaroT 00Ilee U JIOKAJbHOE OLIYLIEHHE TEIUIOBOro KoMdopra
B TeueHue 8-4acoBoil paboueil CMEHbl NpPU MHUHUMAIbHOM HaNpsHKECHUU
MEXaHU3MOB TEPMOPETYJISIUM, HE BBI3BIBAIOT OTKJIOHEHUH B COCTOSHHH
310poBbs. ONTHUMAaNIbHBIE BEJIMYMHBI NTOKA3aTelNe MUKPOKIMMAaTa HEOOXOIUMO
co0o1aTh Ha pabouuX MecTaxX MPOM3BOJCTBEHHBIX NMOMEIICHUH, Ha KOTOPBIX
BBINIOJIHAIOTCS.  pabOThl  OMEPATOPCKOTO THUIIA, CBSI3AHHBIE C HEPBHO -
HMOIIMOHAJIBHBIM HaNpsKeHUEeM (B KaOWHAax, Ha MyJIbTax M MOCTaxX yHpPABICHUS
TEXHOJIOTHYECKUMH TPOLECCaMH, B 3ajaX BBIUMCIUTENBHOW TEXHUKH W JIp.)
U B IPYTUX CIy4asx.

OnTuManbpHble MapamMeTpbl MUKPOKJIMMAaTa Ha pado4YuX MecTaxX JOJIKHBI
COOTBETCTBOBATh BEIWYMHAM, MPUBEACHHBIM B Taba.2.1, MNPUMEHUTEIBHO
K BBIIIOJIHEHUIO pa0OT pa3iMyYHbIX KaT€rOpUil B XOJIOAHBIN U TEIUIBbINA HEePUOIbI
roja.

Tabmuna 2.1
OnTumMajbHbIE MHKPOK/INMATHYICCKHUC YCJI0BUSA
Tepuon Kateropus pador |Temnepatypa TeMl‘lepaTypil OTtHocuTenbHass| CkopocTh
M0 YPOBHAM BO3/yXa, |[MOBEPXHOCTeil; BJIAKHOCTb | JIBHIKEHHS
roaa JHeprosarpar, Br 'C ’C Bo3ayxa, %  |Bo3ayxa, m/c
Ia  (mo0139) 22-24 21-25 60 —40 0,1
6 (140-174) 21-23 20-24 60 — 40 0,1
Xosnomnerii |12 (175 —232) 19-21 18 —22 60 —40 0,2
16 (233 -290) 17-19 16 —20 60 — 40 0,2
I  (Gomnee 290) 16 - 18 15-19 60 —40 0,3
Ia (mo 139) 23 -25 22 -26 60 — 40 0,1
16 (140-174) 22 -24 21-25 60 — 40 0,1
Temneni (112 (175 —232) 20-22 19-23 60 — 40 0,2
16 (233 -290) 19 -21 18 -22 60 — 40 0,2
III  (Gonee 290) 16 - 18 17-21 60 — 40 0,3

I[OHYCTI/IMI)IG MHUKPOKIIMMATUYCCKHUEC YCIIOBUA YCTAHOBJICHBI IO KPUTCPUAM
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JIOMyCTUMOTO TEIIOBOTO M ()YHKIIMOHAJILHOTO COCTOSIHUS YeIOBEKa Ha MEPUO/T
8-1acoBoii paboueii cMeHbl. OHHM HE BBI3BIBAIOT MOBPEKIACHUNA WM HAPYIICHUN
COCTOSIHUSL 3JIOPOBBbS, HO MOTYT TMPHBOJUTh K BO3HUKHOBCHHIO OOIIHMX
Y JIOKQJILHBIX OIYIICHUHA TEIIOBOTO JTUCKOM(OPTA, HAMPSDKCHUIO MEXaHU3MOB
TEPMOPETYJISALNN, YXYIIICHUIO CAMOYYBCTBHUS YEJIOBEKAa M TOHWKCHHUIO €ro
paboTOCTIOCOOHOCTH.

JlommycTrMble BEJIMYMHBI TOKa3aTelled MUKPOKJIMMATa yCTaHABIMBAIOTCS
B CIIyJasx, KOrJa II0 TEXHOJOTHYECKUM TPeOOBAaHUSAM, TEXHUYCCKHM
U JKOHOMHYECKH OOOCHOBAHHBIM IIPUYMHAM HE MOTYT OBITH OOECIICUCHBI
ONTUMAJIbHBIC BEJTMUUHBI.

JlommycTrMBIe BEJIMUYMHBI ITOKa3aTelicii MUKPOKIMMaTa Ha pa00OYuX MecTax
JO/DKHBI ~ COOTBETCTBOBaTh  3HAUYCHWSIM,  NPUBEJACHHBIM B  Tabm.2.2
NPUMEHHUTEIBHO K BBITIOJHCHHIO PabOT pa3HbIX KAaTErOpUil B XOJOIHBIH U
TETUTBIN TICPUOJIBI TO/IA.

Tabmuma 2.2
JlomycTuMBble 3HAYEHHUS MapaMeTPOB MUKPOKJINMATA B pado4el 30He
IMepuoa |Karteropus| Temneparypa| OTHOCUTeIbHAS CkopocTh Temneparypa
roga pa6oTt Bo3ayxa, °C BJA)KHOCTh | IBMKeHHS BO31yXa,  MOBEPXHOCTeN,
BO31YyXxa, % M/c, He GoJ1ee °C
la 20-26 15-75 0,1 19-26
. 16 19-25 15-75 0,2 18-25
Xoxoxubtit ™y 17-24 15-75 0,3 1624
116 15-23 15-75 0,4 14-23
11T 13-22 15-75 0,4 12-22
Ia 21-29 15-75 0,2 20-29
. 16 20-29 15-75 0,3 19-29
Tenabii
ITa 18-28 15-75 0,4 17-28
116 16-28 15-75 0,5 15-28
11T 15-27 15-75 0,5 14-27

Bce Buapl paboT Mo YpOBHIO MHTEHCHMBHOCTH SHEPro3aTpar OpraHu3Ma
MOAPA3AEIAIOTCS HA MATh KATETOPHIA:

- k kareropuu la oTHOcsATCA pabOTHI C MHTEHCUBHOCTBIO DHEpPro3aTpar
1o 139Bt (1 Bt=0,86Kxkan B 4ac), MpOU3BOJAUMBIE CHJISI K COMPOBOKAAIOIINECS
HE3HAUUTETHHBIM (PU3MUECKUM HampsbkeHneM (cepa ynpaBiieHHs U T.11.);

- k kareropuu I0 oTHOCsATCA pabOTHI C MHTEHCUBHOCTBIO DHEpPro3arpar
no 140-174Bt, npousBoAMMBIE CHJS, CTOS WM CBS3aHHBIE C XOJBOOM
U COIMPOBOXKJIAIOIIUECS HEKOTOPBIM (PU3MYECKUM HarpshkeHueM (moaurpadus,
CBSI3b U T.IL.);

- x kareropuu Ila oTHOCcATCS pabOThl C MHTEHCUBHOCTBIO HHEPro3arpar
175-232BT, cBs3aHHbIE C TIOCTOSIHHOM XOJIbOOH, TEpeMEIICHUEM MEJKUX
(mo lkr) u3genuii B MOJOKEHUU CTOSI WIM CUIS U TPEOYIOIIHME ONpPEACIIEHHOIO
bu3ndecKoro HanpspKeHUs (MEXaHOCOOPOYHBIE 1eXa U T.11.);
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- ¥ kareropuu II6 oTHOCATCS pabOThl C MHTEHCUBHOCTBHIO DHEPro3aTpar
233-290BT, cBsizaHHBIE ¢ XO0JbOOH, MEpPEMEIIEHUEM U TEePEHOCKON TSKECTEH
n0 10kr u CONMpOBOXKAAIOUIMECS YMEPEHHBIM (U3HUECKUM HaNpsKeHUEM
(MexaHU3UPOBaHHbBIE, JIUTEHHBIC, TPOKATHBIE, CBAPOUHBIE 11€Xa U T.I1.);

- k kareropuu IIl oTHOCSTCS pabOTHl ¢ MHTEHCUBHOCTBHIO 3HEpPro3arpar
oonee 290BT, cBA3aHHBIE C MOCTOSHHBIMHM MEPEIBHKECHUSIMHU, IEpEMEIIEHUEM
U TICPEHOCKOW 3HAYUTENBHBIX (CBBIMIE 10KT) TspKecTel U Tpedyromue OOIbITNX
busznyeckux ycminii (Ky3HEUHbIE 1eXa C pyYHON KOBKOM U T.IL.).

YcaoBus nposeaeHus padorst Ne 2

Ha puc. 2.1 npeacrarneHa nabopatopHasi yCTaHOBKa, KOTOPAsi COJEPIKHT:
1 - 6mok ympaBieHUs; 2 - BEHTUWIATOP; 3 - ICUXPOMETP; 4 - KOPIYC YCTaHOBKH;
5 - GapomeTp-aHepous; 6 - JaTYMK aHeMomeTpa; 7 - Tepmoanemometp “TKA-
[TKM™(52), 8 - KOMHATHBIN/yIUYHBINA TEPMOMETP C MPOBOJIHBIM JATYUKOM.

4 3 _
\ :
| _
\ ] 2
4 6
@ © o
HanpaBneHHe JOBUXKCHUS Bo3nyxa
2 < . 7

Puc. 2.1. JlabopaTtopHas yctaHoBka Ne 2.

JlaGopaTopHasi yCTaHOBKA SIBJIIETCS MOJIENBbIO pabodell 30HbI, T/Ie HMEETCS
BO3MOYKHOCTh U3MEHSTH CKOPOCTH JBM)KCHHS BO3TyXa MOCPEACTBOM PA3IHMIHBIX
000OpOTOB ABUTATEIISI BEHTHIIATOPA.

OcranpHBIC TapaMeTpbl MHUKPOKIUMATa MPUHUMAIOTCS IO 3HAYCHUSIM
(akTHYECKUX YCIOBUH B IOMEUICHUH JTa00OPaTOPHH.

JIJ1st DKCTIEpUMEHTAILHOTO MCCIIEA0OBAHNS MUKPOKJIMMATHUECKUX YCIOBUH
Py MPOBEJECHUU JTA0OPATOPHOU PabOTHI MPUMEHSIETCS KOMIUIEKC MPHOOpPOB,
U3MEPSIONINX TEMIEepaTypy, OTHOCHTEIbHYIO BIAXKHOCTb, TOJBUKHOCTD
BO3/lyXa U aTMOC(EpHOE J1aBlICHHE.

[Tpu BeIMONTHEHUH Ta0OpPaTOPHON PabOTHI TeMMEPaTYypy BO3AyXa BHYTPHU
MOMEIIEHUS U3MEPSIOT C TOMOIIBIO CYXOro (CIUPTOBOTO) TEPMOMETPA.

OTHOCUTENBHYIO  BJIAXKHOCTh  BO3AyXa ONPEICISIOT C  MOMOIIBIO
ncuxpoMeTpa ABrycra, MPUHIUI JCHCTBUS KOTOPOTO OCHOBaH Ha Pa3HOCTH
MOKa3aHWU JIBYX PACIOJIOKEHHBIX PSIOM TEPMOMETPOB, pe3epByap OJHOTO
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U3 KOTOPHIX OOEpHYT YBJIOKHEHHOM TKaHbto. llpm wucmapeHun Biaru
C TIOBEPXHOCTH pe3epByapa «BIaKHOT0» TEPMOMETPA OTAAETCS TEIJI0, TOITOMY
€ro IMOKa3aHMsl OKa3bIBAIOTCA HI)KE IMOKA3aHUM «CyXoro». JTa pa3HULA TEM
Oonblie, 4eM HIDKE OTHOCHUTENbHAsl BIAXKHOCTb, MPHUOIIKEHHYIO BEIUYHHY
KOTOPOI HaXOJAT U3 MCUXPOMETPUYIECKON TaOIUIIbI, IPECTaBICHHOMN Ha IIKaJe
IICUXpOMETpa J1abopaTOPHON YCTAaHOBKH.

ToyHoe 3HaueHHE OTHOCUTENBHON BIAXKHOCTH BO3/AyXa C Y4YETOM
0apoMETPUUECKOTO JaBJICHUS OMPEICIIAIOT PACUETHBIM ITyTEM 10 hopMyIie

C At —1)P
B =L AP 400, 2.1)

mc

T1€ fyes fus -~ MAKCUMAJIbHASL BIAXKHOCTh BO3/yXa MPU TEMIIEpAType «CYXOro» u
«BITA’KHOT0» TEPMOMETPA COOTBETCTBEHHO, I/M’;

f.,ts - TIOKa3aHUSI COOTBETCTBEHHO «CYXOI'O» M «BJIAXKHOI'0» TEPMOMETPOB

ncuxpomerpa, °C;

P - 6bapomeTrpuueckoe JaBieHUE, MM PT. CT.;

A - ncuxpomerpuuecknii kospdumment, A = 1,4*107.

CkopocTh JBMKEHMSI BO3/yXa B TIPOU3BOJCTBEHHBIX MMOMEIICHHIX
U3MEPAIOT aHEMOMETpaMH M TepMoaHeMomeTpamu. CKOpPOCTb JIBUYKEHUSA
BO3/lyXa B M/C (ukcupyercs HuppoBbiM naTuyukoM. B maGoparopHoil pabote
ucnonb3yercst  TepmoanemMometrp  “TKA-IIKM™(52), koOTOphlii 1O3BOJISET
MPOBOJIUTH U3MEPEHUS CKOPOCTH Bo3yxa B mpeaenax 0,1-20m/c.

ATMoOc(epHoe JaBiIeHUe, CBECHUS O KOTOPOM HEOOXOAUMBI JIJIsl TOUHOTO
pacdyeTa OTHOCHUTEIBHOM BIAXHOCTH BO3JyXa, HW3MEPSIOT MPHU OMOIIU
OapomeTtpa-anepouna 5 (puc.2.1 u 2.2).

Puc. 2.2. bapomerp-anepou.

3ananue Ha padoTty Ne 2

HeoOxoaumo ucciieoBaTh MUKPOKIMMATHYECKUE YCIIOBUS MMEIOIIETOCS
MPOM3BOJCTBEHHOTO TIOMEUICHUS W COMOCTaBHUTh WX C HOPMATHBHBIMH
(cm. Taba.1 u 2). [Ins 3TOoro cienyeT Uu3MEepUTh TEMIEpPaTypy BO3AyXa BHYTPH
MOMEILEHUS, ONPEACTUTh OTHOCUTENIBHYIO BJIAXXHOCTb M CKOPOCTb JBUKECHHS
BO3[yXa MpH 3aJaHHBIX 000pOTax BEHTWUJISATOpa. Temmeparypa Hapy>KHOTO
BO3/yXa OMPEIENIECTCA M0 KOMHATHOMY/YIMYHOMY TEPMOMETPY C IPOBOJHBIM
JaTYUKOM (METEOCTAHIINN ).

26



3areM JIIA Sa,Z[aHHOﬁ KaTeropuu pa60T ONnpcACInuTb OINTHUMAJIbHEBIC
N JOIIYCTUMBIC IIapaMCTpbl MHKPOKJIIMMATA. Ha ocHoBe IMPOBCACHHBIX
I/ICCJ'IG,Z[OBaHI/II\/JI caciIaTb 3aK/IIIOUYCHUC 0 COOTBCTCTBHUU [mapaMCcTpOB
MUKPOKJINMATa B O6CJ'ICI[YCMOM IIOMCIUICHN Y HOPMATHUBHBIM Tp€6OBaHI/I$IM.

IHopsinok BeImoIHEeHHsI padoThI Ne 2

1. TlonyuuTs y mpenogaBartelis BApUAHT 3aJaHus Ha BBIIOJIHIEMbIE Pa0OThI
(Ta6m.2.3) m Omank oTuera. B OmaHke oT4eTa YyKa3bIBAIOTCS (aMUIHS
(pamunmm) cryaeHTa (CTyACHTOB), HOMEpP 3aJaHHWS W BHOCHUTCS COJCp)KaHHE
3amaHusl (BUJ MOMEUICHUS, €r0 XapaKTEPUCTUKA M KAaTEropusi BBITOIHSEMOMN
paboThl). Tabnuna 2.3

BapuaHTtsl 3a1aHuid

I[HapameTtpsl 3HaYeHHUsA N0 BAPUAHTAM
1 2 3 4 5
Bua nomemenus Hayunas Jlutentnpiit | Coopounstii | Ilpokatsiii | Ckiag
nabopaTopus 1ex Y4aCTOK ex
Yucuao odboporoB
BEHTWJISATOPA, 150 2200 1450 700 500
00/MHUH
Kateropus la 11 6 Ma 16
padot
Ilepuox roga Tennprit XO0JIOJTHBIN Tennprit Xonogueii | Terpii

2. TeMmeparypy C HapyXu MOMEIICHUS OINPEACTSAIOT IO IMOKa3aHUSIM
HIDKHEW CTPOKU «KOMHATHOTO/YJIMYHOTO TEPMOMETPA C MPOBOIHBIM JTATUUKOM
(8), BHyTpM TIOMENIEHHUS - OMNPEACNSIOT MO MOKa3aHUSM BEPXHEU CTPOKH
JTAHHOT'O0 TEPMOMETPA, UIIN «CyXOro» TepMoMeTpa — nicuxpometpa (3) (puc.2.1).

3. Jluist onpenenenus BIaXXHOCTH:

a) CHATH MOKa3aHUS «CYXOT0» U «BJIAKHOTO» TEPMOMETpA - IICUXPOMETPa
(3), mpenBapuTeNbHO TMPOBEPUB YBIAKHEHHOCTh HIDKHEM YacTH TIPaBOro
TEPMOMETpPA, U TIO HMMEIOMIEHCS TCUXPOMETPUUYECKON TaOIHIe OMpPeaeInuTh
Ta0JIMYHOE 3HAYEHUE OTHOCUTEIBHON BIAKHOCTH B.,5; ¥ MOTy4YeHHBIE TaHHbBIE
3aHECTHU B OTYET.

0) Cusatb nokaszanust 6apometpa-anepona (5) (cMm. puc.2.1 u 2.2).

B) Ilo cnpaBouHoit Tab6n.2.4 omnpenenuTh BEIUYMHBI MaKCHMAaJIbHOU
BIIQXKHOCTH f,,. U f,,, IPU TEMIEPATYPAX «CYXOT0» U «BIAKHOT0» TEPMOMETPOB.
[Ipy HEOOXOAUMOCTH UCTIOJIB30BATh METO T TUHEHHOM UHTEPITOJISAIINH.

TabOmnura 2.4
MakcuMaibHasi BJIaKHOCTh BO3yXa MPH Pa3jIMYHbIX TeMIlepaTypax
(IVIOTHOCTH HACBHIIIEHHBIX MIAPOB)

Temuneparypa Bo3ayxa,
rpan
I1.10THOCTH BOASIHBIX NAPOB,
3
r/m

14 16 18 | 20 | 22 | 24 | 26 28

12,1 | 13,6 [ 154 | 17,3 | 19.4 | 21,8 | 24,4 | 27,2
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r) Paccumtate mo ¢dopmyne (1) OTHOCHUTENbHYIO BIIAXKHOCTH BO3yXa
(B, %) u 3amucaTh B OTYET (pacyeThl MPOU3BOIATCS HA 00OPOTHOM CTOPOHE).

[Ipu 3TOM CKOpPOCTH IBHKEHUSI BO3JyXa ONpeAesaeTcs no tadi. 2.2.

4. U3mepeHue ABMKEHUS CKOPOCTH BO3/1yXa:

a) BxIIOUUTH SKCHEPUMEHTAIBHYIO YCTAaHOBKY U BEHTUISATOp (2)
COOTBETCTBYIOIIMMH TyMOJIepaMu Ha Oyioke yrpasieHus 1 (cm. puc.2.1).

0) IlepexmrouaTenb OOOPOTOB BEHTHJIATOPA YCTAHOBUTH B IOJIOKEHHUE,
COOTBETCTBYIOILIEE HOMEPY 3a/IaHMUS.

B) JloknaBHIMCh YCTAaHOBJIEHHUS CTAOWIBHBIX OOOPOTOB BEHTHIIATOPA
(3 — 5cek.), mpoectu uzMepeHue no TepmoanemomeTpy ““TKA-TIKM™(52).
s sroro BKIOUUTH mpubop. Ha nucriiee mosBUTCS 3HAUEHUE HAMPSKEHUS
nuTaHus W oOpaTHbIA oTcueT. [lo ero okoHuanuu TpuOOp TOTOB K padoTe.
Hanee xkHonkoil «3Mepenne» BpIOpaTh HyKHbIM napameTp (Vq, M/C) B CUUTATH
C IMCIUIEs] U3MEPEHHOE 3HaUCHHE.

[To Tabn. 2.1 u 2.2 onpeaenuTs ONTUMAIbHBIE U JOIYCTUMBIE MapaMeTphI
MUKpPOKJIMMATa JJIsg 3aJaHHOM  KaTeropuu paboTbl H  3aHECTH  UX
B 3aKIIOYUTENbHYIO Tabnuily oTuera. Tyna ke BHECTH JaHHBIE PE3yJIbTaTOB
IPOU3BEICHHBIX U3MEPEHUM U PACUETOB.

Bonpocsl 411 CAMOKOHTPOJIA

1. Uto Takoe MUKpOKJIMMAT Ha pabodyem mecTe?

2. Kakue ¢usnyeckue mporecchl ydacTBYIOT B Iepefaue Teria OT Tela
4eJIOBEKa B OKpYXarollyto cpeay? OT 4ero 3aBUCUT UX UHTEHCUBHOCTB?

3. Uto noHMMaeTcs MOJ ONTUMAJbHBIMU U JOIYyCKAEMBbIMH MapaMeTpaMHu
MHUKpOKIUMara?

4. Ot 4ero 3aBUCAT ONTUMAJbHBIE TAPAMETPbl MUKPOKJIMMATa?

5. Kakue kareropuu padot Bri 3Haete? WX XxapakTepucTUKU?

6. Kakne ecTb MEXaHU3MBI TEPMOPETYIISILIMKU Y OpraHu3Ma 4eaoBeKa?

7. KakoBbI MOCJEACTBUS MIEpETPEBa OpraHU3Ma YeJI0BeKa?

8. IloueMy mpu OTKJIOHEHHU aTMOC(EpPHOro MaBICHHUS OT HOPMAJIBLHOTO
(760 MM pT. CT.), pEXJe BCEro, CTPAMAOT JIOJH C CEPACYHO COCYIHUCTHIMU
3a0o0eBaHUSMU?

9. Kakumu mpubopamu  U3MEPSAIOT  TEMIEPATypy, OTHOCHTEIbHYIO
BJIAYKHOCTbh, aTMOC(hEpHOE aBiieHne?

10. Kakne TexHHUeCKHE MEPONPUITUS CIYyKaT JUisl  T[OJJEp KaHUs
ONTUMAJIBHBIX MTAPAMETPOB MUKPOKIUMATa Ha pabodem mecte?

28



Pab6ora Ne 3

UCCJIEAOBAHUE 3ANBIJIEHHOCTH BO3AYIIHOM
CPEJIbI

Heas padoTbl: 3HaHWe TPeOOBAHMI K COJACPIKAHUIO MBUIM Pa3TUYHBIX
BEIIIECTB PA3HOr0 KJacca OMACHOCTH B BO3AYXE MU METOJIOB OIpPEACIICHHUS
3aMbIJIEHHOCTH BO3JYIIHOW CPEJbl; MOJYyYEHUE HABBIKOB IKCIIEPUMEHTAIBHOIO
OINPEIEIICHUS COAEPKAHMS MBLIU B BO3yXE.

Oo0uue cBeaeHus

IIb1b - gucnepcHas cucTeMa ¢ Ta3000pa3HOM Cpemoil W TBEpIOH
JTUCTiepCcHOM (ha3oi, oOnagaromeil CBOMCTBOM HAxXOAUTHCS BO B3BEIICHHOM
COCTOSIHUU TIPOJIOJIKUTEIBLHOE BpEMSI.

MHorue  TpOW3BOJACTBEHHBIE  TPOIECCHl B METaJUIyprUYECKOH,
XUMUYECKOM, CTPOUTEIBHOM W  JIPYTUX  OTPACIAX  MPOMBIIIICHHOCTU
COMPOBOXK/IAIOTCS  BBIJICJICHUEM 3HAYUTENBHBIX KOJIMYECTB NbUIA. [IbUTh
OKa3bIBaeT HEOJIAroNpHUsATHOE BO3JCHCTBHME HA OPraHU3M YEJIOBEKA, MOBBIIIACT
M0KapOB3PbIBOONACHOCTh  IPOU3BOJICTB U arpecCUBHO  JIEUCTBYET
Ha OKPY>KaIOIIYIO Cpe.y.

Kak BpemHblii MpoM3BOACTBEHHBIM (DaKTOp TMbUIL MOXET OKa3aTh
Ha OpraHu3M 4YeJIoBeKa pa3auyHoe (PU3MOJIOTHYECKoe AeHCTBUE - (PUOpPOTeHHOE,
aJUIEpru4eckoe, TOKCHYECKOe, a TakKe KaHIIEPOr€HHOE W MYTAareHHOE
(OTHaneHHbIe TOCJEACTBUS BPEIHOIO BO3ACHCTBUS). XapakTEpHOE IJis MbUIH
¢budporeHHoe JelCTBUE BBIpAXKACTCS B W30MPATEIIBHOM MMOPAXEHUM TKaHEH
JIETKUX YeJIOBEKA.

Crenenb BpeaHOTO (HPU3UOJIOTUYECKOTO JIEUCTBUS TMBUIM 3aBUCUT KaK OT €€
(bU3UKO-XUMUYECKOW TPUPOBI, TAK U B 3HAYUTEIHHOU Mepe OT AMCIEPCHOTO
coctaBa mblIK. M3BecTHO, uTo 4acTuibl, kpymnHee 10...15MKkM, B OCHOBHOM
3aJIEP)KUBAIOTCSI B BEPXHUX  JIBIXaTENbHBIX  MYTAX,  CJIEI0BATEIBHO,
MPEICTABIIAIOT MEHBIIYIO OMAacHOCTh. [Ipu BbIIOXE YaCTh MalIeHbKUX, JIETKUX
JacTHIl MOXKET HE 3aJepKUBaThCs B JieTkuX. HawmOouspiieidt ¢dudporeHHoM
aKTUBHOCTBIO 00JIAJIAI0T a’3pO30JIM JIC3UHTErPallud C pa3MepaMu YacTHI[ [0
SMKM Hu a3po3onu KoHjaeHcanuu ¢ dactuuamu 0,3...0,4mxMm. Pemaroiee
3Haue€HHE Ha pa3BuTHe (UOPO3HOro Impolecca B JErKUX HMEET macca
MOCTYNUBIIIEH B OpraHM3M YeIOBEKa MbLIU, BEIUYMHA KOTOPOM 3aBUCHUT OT €€
KOHIICHTPAIIMU B BO3yX€ U BPEMEHU MOCTYIJICHUS] B OPTaHU3M UYeIOBEKa.

C uenpr0 UCKIIOYEHUS W YMEHBIIICHHS HEOJIaronpusTHOrO BO3JIEUCTBUS
NbUTM Ha 4YEJIOBEKa U OKPYXKAIIIYIO Cpeay CoJepKaHue IMbUIM B BO3AYyXe
MPOMU3BOJCTBEHHBIX  IOMEIIEHWH ©W B BEHTWIAIMOHHBIX  BBIOpOCax
orpaHMYMBaeTCsA. Tak, coJepKaHWe TbUIM B BO3AyXe paboueld 30HBI
OTPAaHUYMBACTCS  YCTAHOBJICHHBIM  YpPOBHEM  MPEAEIBHO  JOMYCTUMBIX
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konneHTparuit (ITK). B nameit ctpane 3a [1JIK BpeaHbIx BEIIECTB B BO3IyXe
paboueil 30HBI TPHUHATHI KOHILIEHTpAIlMU, KOTOpPble HE MOTYT BBI3BAThH
3a00JIeBaHUN WJIM OTKJIOHEHHM B COCTOSHUU 37I0pOBbS paOOTHHUKA Kak
B npoliecce paboThl (B TEUEHUE BCEro pabovero craxa mpH eXeIHEBHOU paboTte
YCTaHOBJICHHOM JUIMTENILHOCTH), TaK U B OT/JAJICHHBIE CPOKH JKU3HU HACTOSIIIIETO
Y TOCJICIYIOIIErO MOKOJIECHHUM.

Bpeanple  BemecTBa MO CTENEHM  BO3JCWCTBHS HA  OpPraHU3M
MOAPA3AEISAIOTCS HA YEThIpE Kiacca onacHOCTH (Tadi.3.1).

Tabnuna 3.1
Kanaccupuranus sewmecrs no IJIK.
Kuacc onacnoctu MJIK, mr/m’ KoutpoJuab
[ ype3BbIYaKIHO OMTACHBIE Menee 0,1 HenpepoiBHbIH
II BBICOKO onacHbIE 0,1-1,0 HenpepriBHbiit
I1I ymepeHHO onacHble 1,1-10 [lepnoanueckuit
1Y maio omacHbIe bosee 10 [lepuonnueckuit

K 4pe3BbIuaiiHO OMaCHBIM BEIIECTBAM MOXHO OTHECTH PTYTh, CBHHEIL U €TI0
HEOPraHUYECKHE COEAUHEHUSI, U psa Apyrux. OCHOBY BBICOKO OITACHBIX
BEIIECTB MPEICTABIAIOT TSKEJIbIE METa/Ibl, B YACTHOCTH, MEJIb, MapraHell,
XpOM, LIMHK W JIp., & TAKXKE KHUCJIOTBHI — C€pHasi, a3oTHas U T.A. K ymepeHHo
OMAaCHBIM BEIIECTBAM OTHOCSTCS AFOMUHUW, JHOKCHJ a30Ta, MpOIMaH,
METWJIOBBIM CIUPT U Jp. HanmmeHbIIyr0 OIacHOCTH IPEACTABISAIOT BELIECTBA
4-ro KJlacca OMacHOCTH - all€TOH, OKCHUJ] YIiiepoja, dTHIOBBIM CIUPT, ObITOBAS
LI U JIP.

B 3aBHUCMMOCTH OT KJlacca OMACHOCTH BPEIHBIX BELIECTB IPEABSBISIOTCS
TpeOOBaHMS K TEPUOJUYHOCTH KOHTPOJISI BO3YIIHOW Cpelnbl Ha pabounx
MecTax, a MMeHHO: a1 BemectB | m Il kiaccoB omacHOCTH HEOOXOIUM
HENPEpbIBHBIA KOHTpOJb; g BemectB [II m IV knaccoB omacHoct —
nepuoanueckuil. [Ipu HempepbIBHOM KOHTPOJIE COAEPKAHUS BPEIHBIX BEIIECTB
B BO3QyXe pabodeil 30HBI MpeaycMaTpUBACTCS MPUMEHEHHE CHUCTEM
CaMOIUIIYIINX aBTOMAaTUYECKUX MPUOOPOB, BBIIAIOIIUX CUTHAT MPEBBIIICHUS
ypoBus IIJIK. Yactora orbGopa npo0 0pu MNEPUOAUYECKOM KOHTPOJIE
YCTaHABJIMBAETCSI OpPraHaMM CAaHUTAPHOIO HAJ30pa B 3aBHCHMOCTH OT KJlacca
OMAaCHOCTH BELIECTB, HAXOMSIIMXCA B BO3AYIIHOM CpeAe, W OT XapakTepa
TEXHOJIOTMYECKOTO IpoLecca

Jlist 3amuThl  BO3AYIIHOTO OacceiiHa HACEIeHHBIX MECT OT BPEIHBIX

BBIOPOCOB TIPEANPHUATHN COJIEp)KaHWE THUIM B BEHTUJISIMOHHBIX BBIOpOCaX
C=100k,nnaQ > 4

JIOJDKHO OBITH He OoJiee {C — (160 — 15Q)k, 4151 Q < 4° (3.1)

rae C - momycTUMOe cofiep kKaHue MbUTH B BEHTWISIITMOHHBIX BBIOpOCaX, mr/m’ ;
3
Q - pacxoJ1 BEHTWISILIUOHHBIX BHIOPOCOB, M/C;
k - koappunment, npunumaemslii B 3aBucumoctu ot [1JIK nbim B Bo3ayxe
paboueil 30HbI MOMEIICHUS 3HAYEHUs COTrJIacHO Ta0y1.3.2.
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Tabmuma 3.2
3navenne ko3ppuunenrta k

Kosgpuuuent IJIK B Bo3ayxe paboueii 30HbI, MI/M’
2 2-4 4-6 6
Y MEHEe BKJIFOYUTEIBHO u Oosee
k 0,3 0,5 0,8 1,0

[Ipn copepkaHUM TBUIM, NPEBBIIAOMENA JOMYCTUMOE COJEpPKAHHUE,
BEHTWISILUOHHBIE BBIOPOCHI HEOOXOIUMO NOJIBEPraTh NbUICOUYHUCTKE.

K Meromam KOHTpOJS COAEpKAaHMSI MbUIA B BO3AYXE MPEAbIBISIOTCS
ciemyrone TpeOOBaHUS

l)MakcumanpHasi O0INass MOTPEIIHOCTh ONpPENCTICHUSs HE JIOJDKHA
npeBbIaTh + 25%;

2)cTeneHb 3aAepKaHus MbUIH (PUIIBTPOM JI0JKHA OBITh HE MeHee 95%;

3)or60p TpoO MOMKEH MPOBOJUTHCS B 30HE JAbIXaHUSI YEJIOBEKAa IPHU
XapaKTEPHBIX  INPOU3BOJACTBEHHBIX  YCIOBHSX €  y4E€TOM  OCHOBHBIX
TEXHOJIOTHYECKUX  NPOLECCOB,  HWCTOYHUKOB  BBIICICHUS  NbUIM WU
(YHKIIMOHUPOBAHUS TEXHOJIOTMUECKOT0 000y 10BaHUS;

4)pe3ynabTaThl  ONpENETCHUS  KOHIEHTPAIMM  MbUIM  TPUBOASTCS
K HOpMaJbHBIM YyclioBusM (Temneparypa +20° C, atMmocdepHoe maBieHHE
760MM pT. CT., OTHOCUTEIIbHAS BIAKHOCTE 50%).

B HacTosiiiee Bpemsi CyIIECTBYET HECKOJBKO METOJIOB MO OIPEAESICHUIO
COJIep>KaHMs IbUIM B BO3AYXE, KOTOPHIE MOT'YT ObITh MOAEJIECHBI HA ABE IPYIIIHI -
C BbIJCIICHHEM JaucrnepcHor (a3pl U 0e3 ee BblaeneHus. K mepBoi rpyiire
OTHOCSITCSI: TPAaBUMETPUUYECKUIN (BECOBOM) M CUETHBIA METObI, @ KO BTOPOU —
ONTUYECKU, pagualiMOHHbIN, (POTOSIEKTPUUECKUI U JIP.

JInsi TUTMEHWYECKOrO0 HOPMHUPOBAHMS COJEPXKAHMS TBUIM B BO3AYXE
paboueii 30HBI TNPUMEHSAETCS TpaBUMeTpuueckuii Meroa. IIpumeHenue
anmnaparoB M METOJMKA ONPENEJICHUS CONEPkKAHUS MbLIM 3aBUCIT OT YCJIOBHIA
orbopa mpoObl 3amblICHHOrO Bo3ayxa. HauOosnee TUNMYHBIMH SIBISIFOTCS
CJIEyIOIME CXEMbI 0TOOpA, MpeCTaBICHHbIE Ha puC. 1.

a) u3 OTKpbITOM (CBOOOMHOI) aTrMocepbl B MPOU3BOJICTBEHHBIX
nomMemeHusx (puc.3.1, a);

0) W3 3aKpBITHIX OOBEMOB, HAXOJSIIUXCS MPU HOPMAJIBHBIX YCIOBHUSIX
(xamepsbl, OOKCHI U T. 11.) (puc.3.1, 6);

B) M3 3aKpBITBIX OOBEMOB, HAXOMASIIMUXCA TOJ Pa3psSKEHUEM HIM TMOJ
JABJICHUEM C HaIlpaBJICHHBIM IMOTOKOM BO3AyXa (BEHTHJIALIMOHHBIE KaHaJbl,
BO3JYXOMPOBOJIBI U T.11.) (puc.3.1, B).

Kpome KOHTpossl BO3AYIIHOM Cpeibl, 3allUTHBIMU MEpaMH SIBIISIOTCS
aBTOMAaTH3alllsl W MEXaHM3alusl TEXHOJOTMYECKUX IMPOILIECCOB, CBSI3aHHBIX
C BBIJICIICHHEM BpPEIHBIX BELIECTB, 170:¢ COBEPILIEHCTBOBAHNUE;
COBEpIICHCTBOBaHNWE O0OpPYAOBAHHUSA; HCIIOJb30BAHUE BEHTWISIUM U CPEICTB
WHMBUAYaJIbHOW 3aIlIUThI.
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Puc. 3.1. Cxemsl 0TOOpa 1po0 3anbUIEHHOTO BO3/IyXa U aCIUPAIMOHHON YCTAaHOBKHU.

Jns mro0bIX yciioBuil oTO0pa mpoObl YCTAHOBKAa COCTOUT M3 CIEAYIOIIUX
OCHOBHBIX  y3/0B:  mpoOootOopHoi  TpyOokum (1), duastpa  (2),
¢bunbsTponepxkarens (3), acnMpalMOHHOW yCTaHOBKU (puc. 1r), B KOTOpoOi
UMEETCS PETYIISTOP CKOPOCTH 0TOOpa Bo3yxa (4), pecriupatop (5), pacxoaomep
(6). AcnupanuoHHas yCTaHOBKAa oOecreuyrBaeT OTKauKy BO3JyXa W3
UCCIIEyEMOro 00beMa C PEryIupyeMoil U U3MepseMOil CKOPOCTBIO.

HauGomnbiiee pacnpocTpaHeHUE Cpeld MPUMEHSEMbIX (UIBTPOB HAILIH
aHaNMUTHYECKHEe a’po3osibHble (QuiIbTpel (ADA), KOTOpbIE UMEIOT BBICOKYIO
cTeneHb ocaxacHus (~99,9%) TBepabix yacTull U3 GUIBTPYEMOTO OOBEMA.
KoucrpyktuBHo ¢puibTpsl ADA (puc. 2a) cOCTOAT U3 PUIBTPYIOUIETO AIEMEHTa
(puc. 26) 1 3alUTHBIX OYMaXKHBIX KoJiell (puc.2B).

OUIbTPHI 3aKPEIJISIOTCS B CHEIUATBHBIX
YCTPOUCTBAX - aJToHkax (puc. 3),
KOTOPbIE MOTYT UMETh OTKpPBbITOE (puc.3a)
U 3aKpbITOE (pUC.30) UCIIOTHEHUE.

B)

Puc. 3.2. CocraB ¢unbtpa. Pric.3.3. Bubl aJIOHXa.

YcaoBus nposenenust padorsi Ne 3

JlabopaTopHasi yCTaHOBKA, cXxeMa KOTOpOM MpeAcTaBieHa Ha puc.3.4,
MO3BOJIsIeT ONPEJICTUTh COACPKAHKE MBUTH B 3aKPHITOM 00BbEME, HAXOSIIeMCS
MIPU HOPMAaJIBbHBIX YCIOBUSIX.
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Puc. 3.4. JIaGopaTopHasi yCTaHOBKA.

YcraHoBka coCTOUT U3 Kamepbl (A), acnupanioHHOro yctpoiictBa (B) u
BecoB (C). Ha xamepe (A) pasMmelieHsl paclbuinBaromiee yctpoiictso (1),
ChEMHBIH QIJIOHX OTKphITOro Tuma ¢ (uibTpoM ADPA u 1mpoOOOTOOpPHOM
TpyOKo¥i (2), pesie BpeMEHHU CO3JaHus 3anblIeHHOU cpeabl (3).

Puc. 3.5. O0mmii Bux aciparopa.
10 35 6 9 A1 1 -exopHas kononka; 2 — rHe3no NpeioXpaHHTeNs;
==, 3 —TymOnep BKAKMEHNA W BRIKIIOYEHAA acTHpaTopa;
4 — pasrpy30vHEL| Knanax; 5S— poramerp;
6 — pyuKa BeHTHILA poTAMETPA; 7 — BUHT (114 KPEMJICHIA TAHETH K KOHyxXy);
8 — wrynep; 9 - pene BpeMeHH (YCTAHOBICHO HA KOXKYXE),
10 — duranien kpennerus WITAHTH ¢ fiepiarenen (o 3akasy)
11 — oTBepeTHe 1A 3annBRH Macna (nog npobKoi)

[T =T II]
110 <t1inj
1a B =y

Ha BepxHel maHenu aclMpanMOHHOTO yCTPOWCTBA
(B) pacrnonoxkeno pesne BpeMeHM pabOThl yCTpOWCTBA
(4). Ha mnepenHeii mnaHenud acHUpalMOHHOTO YCTPOMCTBA PaCIOJIOKEHbI
perynstop otoopa (porameTp) Bo3ayxa (5) u peryastopsl (6), HE UCTIOIb3YEMbIE
B JIaHHOMU paboTe.

Ha Becax C umerotcs knaBuiiu (7) BeIOOpa peKUMOB PabOTHI.

Meroauka  ompeneneHus KOHIIGHTpAIUsi  TBUIH 3aKJIFOYAETCS
B CJIEAyIOIIEeM: 3albUICHHBIA BO3yX W3 MCCIEIYEMOro 00bheMa MPOKauYuBaCTCs
C ompeneNeHHON ckopocThio yepe3 puibtp. [IpuBec Ha dunsTpe Oyner paBeH
Macce YJOBJICHHOW NbUIM. KOHIEHTpalMio0 ThUIM B HCCIEIyEeMOM O0O0beMe
MOYKHO BBIYHCIIMTH IO (POpMYyJIe C=(mp—m;)/V (3.2)
rae C - KOHICHTPALWS MBLTH B HCCIEAYEMOM 00beMe, MI/M ;

m, - Macca GUIBTpa C MBUIBIO, MT; M; - Macca YUCTOTO (HUIBTPA, MT;

V - 06beM POKAaYeHHOT0 Yepe3 QUIBLTP Bo3ayxa (M°).

B nmaGopaTtopHBIX yCIOBHSAX 00BbEM MPOKAYCHHOTO 4Yepe3 (PriIbTp BO3myXa
onpenensercs no popmyJe V=q1273P /((273+T) " 760) (3.3)
e ( - PACXOJ MPOKAYHBAEMOr0 depe3 (GHIBTP 3ambIICHHOTO BO3AyXa, M /C;

T - BpeMsi 0TOOpa MpooklL, C;
T - Temnepartypa Bo3nyxa B ucciieqyeMmom ooneme, °C;
P - naBnenwue B ucciemyeMmom o0beMe, MM PT. CT.
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ITopsiok BhINOJIHEHHSI pa00THI Ne 3

1. [ToarotoButsk punbtp ADA K pabdore:

a) BbIHYTb (GUIBTPYIOIIUNA 3JIEMEHT M3 KAacCeTbl U CHATh C OyMa)KHOU
MO/IJIOXKKU;

0) BJIOKUTH (PUIBTPYIONIUH JIEMEHT B 3all[UTHBIC OYMa)KHBIC KOJIBIIA;

B) BKI0uuTh Bechl (C) kiaBuied. Eciiv npu mycThIX Becax UX MOKa3aHUS
HE PaBHBI HYJIIO, HEOOXOIMMO Ha)KaTh KHOMNKY Ha Becax «Copoc» (-T-);

') TIOMECTUTH (PIIBTPYIOIINI SJIEMEHT B 3aIIUTHBIX OyMa)KHBIX KOJIbIIAX B
IEHTpP TUIaT(GOPMBI BECOB M 3aHECTU 3HAYCHHE BECa YUCTOro (PuiibTpa B OJIaHK
OT4EeTa, IIPY 3TOM U3MEPEHUE BECA POU3BECTH 2-3 pasa;

1) CHATH (DUIBTPYIOMINNA IJIEMEHT B 3aIUTHBIX KOJBIIAX C BECOB, BCTABUTh
B aJUIOHXX MPOo000TOOpHOM TpyOKH (2) M 3aKpenuTh Ha kamepe (A).

2. Coznath 3aIbUICHHYIO cpeny B kKamepe (A).

Ilpumeuanue: kamezopuuecku 3anpeuwieHo GKIAIOUEHUE 3anblileHUus U
acnupamopa 0e3 yYCmanoe/1eHH020 Guavmpywuiezo Inemenma ADA,
(6 annomnice npodooomoopnoit mpyoxu)!

JI1st co3nanust 3anbUICHUs BKIIOYUTH MOBOPOTOM PYKOSATKHU pejie BPEMEHHU
(3) BenTHIIAITOpa HaayBa Kamepsl Ha Bpemst 1-2 muH. [lpu 3TOM acniupaTtop He
BKJIIOYATH!

Ilocne agmomamuueckozo OmKI10YEHUA 6EHMUNAMOPA HAOY6A:

a) YCTaHOBUTb MOBOPOTOM PYKOSITKU peJie BpeMeHHU (4) Ha BepXHEH naHenu
acripanMoHHoro yctpoicta (B) B monoxkenue ‘“20-25” (mo xapaKTepHOIO
eaJKa);

0) BKIItOUUTH TyMOJIep «CeTh» BKIIOUCHUS U BBIKJIIFOUEHUS acIUPaTOpa;

B) YCTaHOBHUTH pejie BpeMeHH oTOopa mpoObl (3) Ha MepenHel MaHeIu
KaMmephl (A) B MOJOKEHUE COOTBETCTBYIOIIEE BAPUAHTY 3a/iaHus (BTOpas CTpOKa
tab. 3.3). [Ipu aToM acniupaTop cpazy Ha4HET paboTaTh (M374aBasi XapaKTEPHBI
T'POMKHIA 3BYK).

r) B XoA€¢ Hayaja pabOThl acmuparopa YCTAaHOBUTH pacxoJl BO3/yXa,
MIPOKAYMBAEMOTO Yepe3 (UIbTP, C TTOMOIIBI0 PYUYKH PETYIUPOBKH pOTaAMETpa
(5 -Ha puc. 3.4 u 6 - Ha puc. 3.5) B COOTBETCTBUH C BAPUAHTOM 3aJ1aHus (TIepBas
cTpoka Tab. 3.3);

) 10O OKOHYaHMU OTOOpa MpoObl  BO3ayXa (MOCIE aBTOMATHYECKOTO
BBIKJTIOUCHHUS aCIHMPATOpa), BBIHYTh (QUIBTPYIONIUNA JJIEMEHT B 3allIUTHBIX
OyMaXHBIX KOJbI[aX W3 aJUIOHKa W B 3aIUTHBIX KOJIBIIAX TIOJIOKHTH Ha
matpopmy BecoB (C). Ilpu smom Oamb 603MOJNCHOCMb pele BpeMeHU
acnupamopa npoooaXCUmMs pabomams 00 aA8MOMAMUYECKO20 BbIKIIOYEHUSL,

€) 3aHECTHU 3HAYEHUE Beca 3amblJICHHOTO (GUIBTPA B OJaHK OTUETA;

’K) CHATH 3HAYEHUE TEMIIEpaTypbl W JaBIICHUS BO3[yXa B IOMEIICHUHU
71abopaTopuu ¢ TOMOIIBLIO0 MPUOOPOB HA CTEH IE TaOopaTOpHOI paboThl Ne 2.

3. [ToBTOpUTH U3MEPEHUS CO CIAEAYIOMIUM SK3EMILIIPOM (PIIIBTpPA.

[Tocne 3aBeprieHUs BCEX M3MEPEHUHN BBIKIIOUUTH aCIUPATOP U 3aKPHIThH
CTEKJISTHHYIO JBEPILy KaMephl BECOB.

34



O0paboTka pe3yJbTaTOB U3MEPEeHU M

1. Ilo pe3ymbraraM IBYX OIBITOB BBIUMCIHTH CPETHIOI KOHIICHTPAIUIO
MIBUTH B OTIBITHOM Kamepe 1o ¢opmyiiam (3.3) u (3.2).

2. CpaBHHTH OIBITHOE 3HAUEHUE KOHIIEHTpanuu mbut B kamepe ¢ [1/IK Ha
pabodem MecTe AJIs BLTH 33JJaHHOTO COCTaBa U C/IeTIaTh BHIBOIBI.

3. 1o 3aaHHOMY pacxXoy BEHTHISIIMOHHBIX BBIOpOCcOB U 3HaYeHuto [1JIK
onpenenutb 1o Gopmyne (3.1) IOMyCTUMYIO KOHIIEHTPAIUIO 3alblICHHOTO
BO3MIyXa, BBHIOPACHIBAEMOTO CHCTEMAaMH BEHTWJISIIUU B OKPYKAIOIIYIO CPEIy.
CrenaTh BBIBOJ O HEOOXOAMMOCTH TPEIBAPUTEIHLHON OYMCTKH BO3IyXa TEPE.
BEIOPOCOM B aTMOCheEpy.

4. Pe3ynbTaThl UCCIICIOBAHUI U BHIBOJIBI 3aHECTH B OJIAHK OTYETA.

[Tpumeuanue. Ilpm Tpom3BOACTBE pacu€éTOB B XOJE MPOBEACHUSA
7a00paTOpHOil pabOTHl MCMOJB30BaTh 3HAYCHHS] OCHOBHBIX IIapaMeTPOB B
COOTBETCTBHUH C BAPUAHTOM yKa3aHHBIM IpernojiaBaTenieM mo tabdmn.3.3.

Tabnuna 3.3

3HaYeHUs OCHOBHBIX MAPAMETPOB 10 BAPUAHTAM 3a1aHUI

3HaueHud MO BapuaHTaM

IMapameTpsl 1 ) 3

Pacxon Bo3nyxa, mpokaunBaeMoro yepes QuibTp, J1/MUH 6 8 7

Bpewmst otOopa rmpoObl U3 ONBITHON KaMephI 1/60 /120 1/60
(mono)keHue PYKOSITKU pesie/BpeMs B CEK.)

= 3
[TJIK mpiin B ONIBITHOM Kamepe, MI/ M 2 3 1

Pacxoa BEeHTUIISTIMOHHBIX BRIOPOCOB, M /¢ 2 3

Bonpocs! AJ11 CAMOKOHTPOJIA

1. Kakoe geiicTBHMe OKa3bIBAIOT BpPEAHBIC BEIIECTBA (IbUIM) Ha OPTaHU3M
4yesoBeka?

2. OT 4ero 3aBUCHUT CTENEHb BO3ECHCTBHS BPEIHBIX BEIIECTB HA OPTaHU3M
yesoBeKa?

3. Kakum oOpa3zom momanaroT BpeHbIE BEIECTBA B OpraHU3M YeloBeKa?

4. Yto Takoe npeaenbHo Aonyctumas konuentpanus (I11K)?

5. Kakwme «wimaccel Bpennbix BemecTtB npuBogsaTcs B ['OCTe?
Nx IIK u npumepsI BEMIECTB Pa3HbIX KJIACCOB?

6. Kakue cyiiecTBytoT Mephbl 3alIUThl OT BO3ACHCTBUS BPEAHBIX BEUIECTB?

7. Kakue CylecTBYIOT METOAbl OINPEACIICHUs KOHLUEHTPAalUU IbUIH
B BO3ayxe?

8. B kakom cnyyae HeoOXonuMMa 3allMTa BO3QYLIHOTO OacceiiHa
OT BEHTUJISIIHOHHBIX BEIOPOCOB?
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Paoora Ne 4
3BYKOM3OJISIIUA A 3BYKOIIOIUVIOIEHHUE

Heap padorbl: TPHOOPECTH MPAKTUUYECKHE HABBIKU B TMPOBEACHUU
W3MEPEHUI YPOBHS IIyMa U XapaKTEPUCTHK 3BYKOU3OJSLUUN KOHCTPYKIIMOHHBIX
MaTepHUaoB.

Oo0wmue ceenenns

PaGota mpoM3BOACTBEHHOTO O00OPY/IOBAaHUS, TPAHCIOPTa, OBITOBOM
TEXHUKH YacTO COIMPOBOXKIACTCS M3ITYYECHUEM IIIyMa YPE3MEPHO BBICOKOTO
YPOBHSI, BPEIHO BO3JEHCTBYIOIIEr0 Ha uenoBeka. [loaTomy, s co3maHus
0e30MacHbIX YCJIOBHHM KU3HENEATEIbHOCTH HEOOXOJUMO TPUMEHEHUE MeEp
3alUTHI OT IIyMa. B nanHOM mabopaTopHOil padoTe paccMaTpUBaIOTCs BOIIPOCHI
BpPEIHOTO BO3JCUCTBUS IIyMa HAa YEJIOBEKAa B 3aBUCHMOCTU OT XAPAKTEPUCTUK
IIyMa, BOIPOChl HOPMHPOBAHUSA, U3MEPEHUS U pacyeTa XapaKTEPUCTHK LIyma
U S(QQPEeKTUBHOrO HCMOJb30BAaHUS 3aIMUTHBIX CpenctB. JlaHo ommcaHue
OCHOBHBIX METOJIOB U3MEPEHUI ITYMOBBIX XapaKTEPUCTHUK.

[Tox mryMoM moHUMAIOT OECOPSA0YHOE COYETAHUE 3BYKOB PA3IUYHBIX I10
CWJIE M YacTOTe, BO3HUKAIOIIUX B PE3yJIbTaTe KoJIEOATEIBHOIO Ipolecca
B YOpYroll cpeae B JMala3oHE YacTOT, BOCIPUHHUMAEMBIX YXOM YeJIOBEKa
(sactora f or 16I'm mo 20k['m). Pasmuubbie 1o wacrtore (BBICOTE TOHA)
U HMHTEHCUBHOCTH (TPOMKOCTH) 3BYKH PaCIpPOCTPaHSIOTCS CO 3BYKOBOM
CKOpPOCTBIO B BHJI€ NPOJIOJIBHBIX KOJEOAHWM B yNpyroil BO3AYIIHOM cCpeje.
3BYKOBbIE€ BOJHBI TOJUYUHSIOTCS 3aKOHaM HHTepdepeHInn (HAJTOXKEHHS)
U qudpakuuu (orudaHue MpensiTCTBUMA, JIMHEHHbBIE pa3Mephbl KOTOPHIX MEHBIIIE
JUTMHBI BOJIHBI  A). B OOJBIIMHCTBE CIydaeB IIyM BO3HHUKAET B pE3yJIbTaTe
MEXaHUYECKUX KoJIeOaHWM JeTaneid MalmlMH U 00pa3oBaHUS MpPHU 3TOM BOJH
pa3peKeHusA-CKaThs B MPUIETAIOMIUX K KOJEOIIOMMUMCS TOBEPXHOCTSM CIIOAX
Bo3ayxa. [IpuunHoii 3BykooOpa3oBaHusl MOTYT ObITh JAMHAMUYECKUE MPOLIECCHI
B Ta3ax M IKUIAKOCTAX B TMPOTOYHBIX YACTIX SHEPreTUYECKHX MAIIWH,
OPUBOJAIIME K OOpa30BAaHUIO YAAPHBIX BOJH, «THJPaBIMYECKUX YyJIApOB»
U TypOyJIEHTHBIX BUXpEH.

K mymy oTHoOcAT 3ByKOBble KojeOaHUs B AHama3oHe 4acToT OT 16 1o
20000I'ry (Oonee HU3KME YACTOTHI OTHOCATCS K MH(PPA3BYKY, a 00Jiee BBICOKHE —
K YJIbTPa3BYyKY, KOTOpbI€ TaKXE€ MOTYT BpPEIHO BO3JECHCTBOBATH Ha 3/I0POBHE
yeloBeka). AMILUINTYIy 3BYKOBOIO JaBieHHs BenmumHoit 2¢107°TIa (H/M)
Ha yactore 1000I'm Ha3pIBAalOT MOPOrOM CIBIIIUMOCTH Py, a aAMIUIATYAA
BenuunHO 20 - 200IIa BbI3BIBacT OOJIEBBIC ONIYIIEHUS U TOBPEKICHHUS
CJIyXOBOTO anrmnapara (B 3aBUCUMOCTH OT BPEMEHHU BO3JCHCTBUA).

2
NHTEeHCHBHOCTS 3BYKa | ornpenensaeTcs COOTHOMIEHUEM: | = p[Bm}
MZ
Jole

36



TJIe P - IIOTHOCTh BO3JyXa, KI/M°, ¢ - CKOPOCTh 3ByKa (Juist Bo3myxa 340 m/c,
st Boael 1500 m/c, mis cramu 5000 m/c).
B kadecTBe XapakTepUCTHK IIIyMa WCIOJIB3YIOT YPOBHU 3BYKOBOTO

1
JTABJICHHUS L(a5)=201g£ u unrencunoctu L(05)=101g—, rne ungexc “0”
Py 0
OTHOCHUTCSI K COOTBETCTBYIOLIMM [IOPOTOBBIM 3HAYEHUSM (I, =107 Bm/ m*).
IymMBl  KIAacCHPUUUPYIOT IO  CIHEKTPAIbHBEIM  XapaKTEPUCTHKAM
(wupokononocuvie W MoHANbHbLIE) W 1O  BPEMEHHBIM  (nOCMOsAHHbBLE
U HeNnoCMOsHHbIE - KOJEOIIOIUECS, IPEPHIBUCTHIE U UMITYIbCHBIE).
[TOCKOJIbKY MHTEHCHBHOCTH 3ByKa HECKOIBKHX MCTOYHHKOB SBISETCS
CYMMOM HMHTEHCHBHOCTEM 3ByKa KaXJIOr0 HWCTOYHHMKA 3BykKa [;

n
TO COOTBETCTBEHHO YpOBEHb 3ByKa L paen L =101g Z—[ :
=l +¢

Otcrona it IByX paBHBIX HICTOYHUKOB IIIyMa C YpOBHEM L ; OyZeM UMeTh

2L =10Ig (21, /1,)= L,+10Ig2.

Hanpumep: ecim L;=80 nb, u4wncimo paBHBIX UCTOYHUKOB N=2,
to 2L=83n1b (Ho nukak ©He 1601b). Ilpm wHCTOYHMKAX HEOJAMHAKOBOM
«ITYMHOCTH» CyMMapHbI 3QdeKkT OyAeT onpenensaTh, Kak MPaBHIO, CaMBbIi
CWJIbHBIM UCTOYHHUK. DTO YTBEP)KICHHE TEM BEpHEH, ueM OoJiblIe pa3HUIA IO
IIyMYy UCTOYHHKOB.

[Ipn ypoBHe myma nopsanka 40-70 nb co3maeTcs 3HaYMTENbHAs Harpys3ka
Ha HEPBHYIO CHUCTEMY 4YEJOBEKa, YTO YXYIUIAeT CaMOYYBCTBUE M SIBIIAETCS
npuynHON HeBpo3oB. Ilpu ypoBHe myma 90ab u OGonee MOXkeT MPOU3OUTH
norepss cayxa. [Ipu BoznmelictBum myma cBeime 140n0b BO3MOXKEH pas3pbiB
OapabaHHBIX MEPENOHOK.

Opran cinyxa 4eloBeKa HEPaBHOMEPHO BOCIHPUHUMAET HU3KOUACTOTHBIE
U BBICOKOYACTOTHBIE 3BYKH. 3BYKH, BOCIHPHUHMMAaEMbl€ Ha CIyX OJMHAKOBO
I'POMKHMH, MOTYT pa3indarbcs mo AaBieHuto B 10 pas u 6onee. HepaBHOMeEpHO
BpPEIHOE BO3JECHCTBUE IIyMa HA YEJOBEKA - C YBEJIMYEHUEM YaCTOTHI OIIACHOCTH
BO3pacTaeT. B CBs3M C 3TUM B HOPMATHBHBIX JOKYMEHTAaX MPEANHCAHBI
IIPENEIBHO JOMYCTUMBIE YPOBHM 3BYKOBOTO JIABJICHUS, YMEHbIIAIOIIHECS
C IMOBBIIIEHHWEM YacTOThl IIymMa. OTH 3HAYEHUs PACCMATPUBAOTCA B 9-TH
OKTaBHBIX MOJIOCAX CO CPEIHETCOMETPUUECKUMH YacToTamu: f..=31,5; 63; 125;
250; 500; 1000; 2000; 4000 m 8000I'n, OorpaHUYEHHBIX CBEPXYy U CHU3Y
COOTBETCTBEHHO BEPXHEH f, M HIKHEH f, TpPaHUYHBIMU 4YacToTamu. [lpu sTom
3HaYeHUs f;, f,, U f.. CBSA3aHbl MEXAY COOOM COOTHOLICHUSIMU f, = 2f;

W feo=yfs Sy - OKTaBHbE ypOBHM 3BYKOBOTO MNABJCHHMS BBIPAKAIOTCS

B nemubenax (1b) u Bbraucisores mo Gopmyne L =20 Ig (p./po),
e p., — CPCIHEKBAIPATHYHOE 3BYKOBOE JaBieHHue, [1a.

Takum 00pa3oM, YpPOBEHb MHTEHCHBHOCTH LIyMa OT IIOPOra CIBIIIMMOCTH
710 TIopora 60JeBOTO OIyIIeHHs n3MeHsieTcs B mpenenax: 0-140ab.
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Ilymomep (u3MepuTENbHBIA TPUOOP) B PEXKUME HU3MEPEHUN OKTaBHOTO
YPOBHSI 3BYKOBOI'O JABJIEHUS IMOKA3bIBAET 3HAYECHHUE SHEPTrEeTUYECKON CYMMBI
3BYKOBBIX JaBJICHUH, cO3/1aBaeMbIX B pacueTHoi Touke (PT) Bcemu yacToTHBIMU
COCTaBJIIIOIIMMU IIyMa B JAHHOW OKTaBHOM I0J0CE. XapaKTEpUCTUKOU
MOCTOSIHHOTO IIIyMa Ha pab0YuX MECTax SIBJISIIOTCS YPOBHH 3BYKOBOI'O JIaBJICHUS
B YKa3aHHBIX BbIIIE 9-TH OKTaBHBIX MOJIOCAX.

CmyxoBoit arnrapar YEJIOBEKa obnamaer HEOJIMHAKOBOU
YYBCTBUTEIBHOCTHIO K 3BYKaM Pa3IMYHOM YACTOTHI - HAUOOJBIIEH HA CPEIHUX
u Bbicokux yactorax (800 -4000I') u Haumensiei — Ha HU3KUX (20...1001 ).
OnuHakoBble 1O HMHTEHCUBHOCTH, HO pa3Hble IO 4YacTOT€ 3BYKHU
BOCIIDMHMMAIOTCSI  Kak 3BYKM  pasHoM rpomkoctu. lloatomy — mid
(bU3HOIOTUYECKON OIEHKH IIyMa MCMOJIb3YIOTCS KPUBBIE PAaBHOM T'POMKOCTH.
Jlnst Toro, 4ToObl MPUOIU3UTH PE3yNbTaThl OOBEKTUBHBIX U3MEPEHUN IIyMa K
CyOBEKTUBHOMY BOCIPHUATUIO, HCIOJIB3YIOT KOPPEKTHUPOBAHHBIA YPOBEHD
3BYKOBOT'O JaBiieHUsI (YpOBEHb HHTEHCUBHOCTH). Koppekius 3akitouaeTcs B
TOM, YTO BBOJSITCS 3aBHUCSIIME OT 4YacCTOThl 3BYKa IONPAaBKA K YPOBHIO
COOTBETCTBYIOIIEH BEIWYUHBI (ITyTeM Yy4eTa YacCTOTHOM XapaKTEepPUCTHKU
rymMoMepa). OTH TOMPaBKU CTAHJAPTH30BAaHBI B MEXIYHAPOJAHOM MaciiTade.
Hauboinee ynorpedburenbHa KOppeKkus A, KOTOpasi UCIOJIb3YETCS B LIyMOMEPE
DT-805 (npumensemMmoM B X0/€ NPOBEICHUS JAHHOW JIA0OPATOPHOM pabOTHI)
npu BKJItOUeHUU priibTpa A (Haxkatuem kHomku A/C). YpoBeHb 3ByKa MPUHSITO
BBIpaKaTh B «aenuoenax A» (n1bA - dBA)

[lepeBosl M3 OKTaBHBIX YpPOBHEH 3BYKOBOTO JaBJICHHMS B YPOBHHM 3BYKa,
KOPPEKTUPOBAHHBIE TO IIKajle A (WM mo JIroOOW Apyroul mikane), Ciaeayer
MPOU3BOJIUTH C HCIOJIB30BAHUEM apU(IMETHUUECKOT0 CYMMUPOBAHUSI YpPOBHS
3BYKOBOTO JaBiieHuss L; M yacToTHOM Koppekiuu k; (cm. Tab6n.4.1) Ha
ONPENICICHHOW CPEJHEr€OMETPUYECKOM YacTOTE€ OKTAaBHOW TMOJOCHI I H
JTATbHEHIIINM HEPTeTHUYECKUM CYMMHUPOBAaHHEM 10 (hopmyrie:

Ly = 101g(ZlL, 1001¢i+k0),

Ta6muma 4.1
CranaapTHoOe 3HaYeHHe KOPPeKIun A
Cpennereomerpnueckas
4acToTa OKTaBHOI I'm| 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
M0JIOCHI
Koppexknus k; nb | 39,4 |26,3 (16,1 | 8,6 | 3,2 0 -1,2 | -1,0 | -1,0

B pexume wu3MepeHMM  ypOBHSA 3ByKa IIyMOMEp  ITOKA3bIBACT
DHEPreTUYECKYI0 CYMMY BCEX YACTOTHBIX COCTABJISAKOIIMX IMymMa OT 22,5
no 113000 .

Jns cmydaeB, Korjga IEWCTBHE IIyMa Ha YEJIOBEKA HOCUT W3MEHSIOLIUKCS
BO BPEMEHU XapaKTep, HOPMATHUBHbBIE JOKYMEHTBI TPEOYIOT ONpeieeHusl J03blI
IIyMa WIM SKBUBAJIEHTHOTO YPOBHS 3BYKOBOTO JAaBJIEHUS:
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1 n
L =101g| = ¢ 10"~
‘ g(T; l j 4.1)

rae T — nepuoj BpeMEHU JEHCTBUSA 1Iyma; L; — OKTaBHBIM YPOBEHb 3BYKOBOTO
JABJICHUS, ICHUCTBYIOIINI B TEUEHHE BPEMEHHOIO OTpe3Ka ;;

-
i=1

OKBUBAJICHTHBII ypOBEHb 3BYKAa, BbIpakaeMblii B JABA, BBIUMCISIETCS IO
Toil ke ¢opmyne (4.1), rme moa 3HAK CyMMBI MOJCTaBISIOTCS 3HaueHUs L4
SDKBUBAJICHTHOT'O YPOBHS 3BYyKa, 1bA.

YCTaHOBIEHHBIE HOPMAaTUBHBIMH JIOKYMEHTAMH JOIIYCTHMBIE OKTaBHBIE
YPOBHH 3BYKOBOTO JIaBJICHMsI, YPOBHH 3BYKa M 3KBHBAJICHTHBIE YPOBHH 3BYKa
JUIsL OCHOBHBIX HanOoJjee TUIIWYHBIX BUAOB TPYAOBOM AEATEIbHOCTU YEJIOBEKA,
YUYUTBIBAIOIIME KATErOPUM TSKECTM M HANPSDKEHHOCTH TpyAd, a TakkKe
IPOHUKAIOIIETO IIIyMa B OMELIEHUAX KUJIbIX U OOUIECTBEHHBIX 3/1aHUH U IIymMa
Ha MPUJIETAIOLIEH TEPPUTOPUN KHUIIOHN 3aCTPONKHU NpUBEIEHBI B Ta01.4.2.

Tabmnuma 4.2
JlonmycTUMBIe YPOBHHU 3BYKOBOI'O 1aBJICHUS, YDOBHH 3BYKA M
JKBUBAJICHTHbIC YPOBHH 3BYKa VISl TUNIHYHBIX BUI0B TPYAOBOM
AEATEJbHOCTH U PA00YUX MECT, AJIfl MOMEIEeHU I KHJIBIX M 001eCTBEHHBIX
30aHUI U TEPPUTOPHH KUJIOH 3aCTPOMKH

Ne| Bua TpyaoBoii gesiTeJibHOCTH, padouee YpoBHH 3BYKOBOIO 1aBJieHus1, 1B, B OKTaBHbIX Ypos
n MecTo 10JI0CAX CO CPe/IHereoMeTPHYeCKHMH YacTOTaMH, | -HHU

/ I'u 3ByKa
n 31,5 | 63125 250 500 | 1000 | 2000 {4000 | 8000 | ’bA
1 | TBopueckas aesiTeIbHOCTD,

pYKoBoasimasi padora ¢
NMOBBILIEHHBIMH TPEOOBAHUSMH,
HAayYHasl JeATeLHOCTD, 86 | 71| 61 |54 49| 45 | 42 | 40 | 38 50
KOHCTPYHpPOBaHHE U MPOEKTHPOBaHMeE,
NporpaMMupoBanue, NpenogaBaHue u
o0yueHue, BpaueOHas 1eTeJIbHOCTb.

2 | BeicokokBanuduupoBaHHas padora,
Tpedyloas cocpe10TO4eHHOCTH,
aAMHUHHCTPATHBHO-YNIPaBJeHYeCKas
AesITeJIbHOCTh, H3MePHUTeIbHbIe
aHaJMTH4YecKHe padoThl B
Jadoparopuu.

93 | 79| 70 |68 |58 | 55 | 52 | 52 | 49 60

3 | Pabora, BpInoJIHsIEeMasi ¢ 4acTO
N0JIy4aeMbIMH YKA3aHUAMH U
aKyCTHYeCKUMHU CUTHAJIaMu; padora,
Tpedylouasi MOCTOSIHHOTO CJIyXOBOT0 96 | 83| 74 | 68 | 63 | 60 57 55 54 65
KOHTPOJISI; onepaTopckasi padora mno
TOYHOMY rpaduKy ¢ HHCTPYKLMeii;
aucneT4Yepckas) padora.

4 | PabGora, Tpedyromas
€OCPeI0TOYeHHOCTH; padoTa ¢
MOBBIINICHHBIMHA TpﬁﬁOBaHHﬂMﬂ K
npoueccaM HalJII0AeHUs U
AUCTAHIUOHHOIO YIIpaBJCHUS
NMPOU3BOACTBCHHBIMU IUKJIAMHU.

103 |91 83 |77 |73 | 70 | 68 | 66 | 64 75
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©| Bua TpynoBoi aeATeILHOCTH, pabodee YpoBHH 3BYKOBOTrO iaBJieHus, 15, B OKTABHBIX Ypos
MecCTo M0JI0CAX CO CPeJHereOMeTPHYCCKIMH YACTOTAMM, | -HH
I'n 3ByKa

31,5 | 63125 250 500 | 1000 | 2000 {4000 | 8000 | A’bA

niE ~a g

BrinosiHeHue Bcex BUIOB padoT (3a
HCKJII0YeHUEeM MepeYrcJeHHBIX B M.
1-4 ¥ aHAJOTUYHBIX UM) HA 80
MOCTOSIHHBIX Pa00o4yux MecTax B 107 1 95| 87 | 82|78 | 75 73 71 69
NMPOU3BOCTBEHHBIX MOMEIIEHUAX H Ha
TEePPUTOPHUHU NPeNPUSITHIA.

6 | Kiraccuble momenieHnus, yueGHble

Ka0MHeThl, YYUTEJIbCKHE KOMHATHI,
AYAMTOPHH WIKOJI M PYTHX yUeOHbIX 79 | 63|52 |45(39| 35 | 32 |30 | 28 | 40
3aBe/leHUi, KOH(epeHL-3aJ1bI,
YUTaJbHbIE 3aJ1bI OH0JIHOTEK.

7 | 7Kuiible KOMHATBI KBAPTHUP, KHJIbIE ¢ |7u| mo |23u
MOMeLIeHHs IOMOB OTABIXA,

NAHCHOHATOB, AOMOB-HHTEPHATOB /I 79 | 63|52 (45|39 35| 32| 30 | 28 40
npecTapeabiX 1 HHBAJMIO0B, CIAJIbHbIE ¢ 234l mo | 74
NMOMeIeHHs B AeTCKHX JOLIKOJIbHbBIX
YUpekIeHUSX U IMIKO0JaX-HHTepHATAaX. 72 | 55044 [35(29| 25 | 22 | 20 18 30

9 | TeppuTopuu, HEMOCPEACTBEHHO ¢ | 74 no | 234
NpUJIerawime K »uiabIM 10MaM,
3MaHUAM NOJMKIMHHUK, 3AAHUAM 90 | 75| 66 |59 |54 50 47 45 44 5
amO0yJiaTopuii, TMCIIaHCEPOB, IOMOB c |234 o Ta

OT/IBIXA, JETCKHX JOMKOIbHBIX
yupesIeHuii, mKoa u Apyrux yuebnprx | 83 | 67| 57 |49 14440 | 37 | 35 | 33 45
3aBeJeHUH.

3ampeniaeTcs Jake KPaTKOBPEMEHHOE MpeObIBaHME YEJIIOBEKa B 30HAX
C OKTaBHbIMU ypOBHsMHU cBbiie 135 ab. B 30Hax MeHbIIEH IIyMHOCTH
pasperraeTcss npeObIBaHUE YEJIOBEKAa B TEUCHHE OTpPe3Ka BPEMEHH, BEIWUYMHA
KOTOPOTO ONPEAECIISIETCS, WCXOMS W3 JIOIMYCTUMOM HOPMBI 3KBUBAJIEHTHOTO
myMa. [IpeBblIeHME JEUCTBYIOMIETO YPOBHS 3BYKOBOI'O JIABJICHUS HAa
JIOTTyCKAaeMbIM XOTsI ObI B OJHOM OKTaBHOM ITOJIOCE YACTOT M XOTsA Obl Ha 1 1b,
TpeOyeT NPUHATHS MEp K CHUKEHUIO IITYMHOCTH Ha TAHHOM pabodyeM MecTe.

3ammTa oT myma

3amura paboTaromMX OT MIymMa NOpH pa3paboTKe W MOJEPHU3AINU
TEXHOJOTHUECKHUX MPOILIECCOB, MPOSKTUPOBAHNHU MPOU3BOJICTBEHHBIX YYaCTKOB,
3MAHUN U COOPYKCHHH W TIpU OpraHM3aluu pabouux MECT OCYIIECTBISETCS
TEXHUYECKUMU CPEJICTBAMHU M OPTraHU3alMOHHBIMU MEPOTIPUATUSIMHU.

K TexHMueckuM cpencTBaM 3alfuThl OT IITyMa OTHOCSITCS:

-BBIOOp HAMMEHEE ITYMHBIX TEXHOJIOTHUECKUX MPOIIECCOB U 000PYIOBAHUS;

-0ops0a ¢ IMIyMOM B HMCTOYHMKAaX 3BYKOOOpa3oBaHUs (Hampumep, s
3yOuaToii Mmepenayu - MOBBIIIEHUEM KJIacca YUCTOTHI U TOUHOCTHU U3TOTOBIICHMUS;
UCIIOJIb30BAaHUEM  «HE3BYUHBIX»  MaTepuasoB;  YIyYIIEHHEM  CMa3KH;
OPUMEHEHHUEM TOJIIUITHUKOB CKOJIBKEHUS BMECTO MOJIIWITHUKOB KayeHHs
U T.J.);

-ocia0JeHne WHTEHCUBHOCTH IIyMa Ha IYTAX €ro pacrnpocTpaHeHHs
C TMOMOULIBI0 3BYKOM3OJIHPYIOIIMX W  3BYKOMOIVIOMIAIOIMIUX  YCTPOMCTB
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(3BYKOM3OJUPYIOIIUX KOXYXOB, KaOWH HAOJIOJEHUS ¢ AUCTAHIIMOHHOTO
yOpaBJICHUS, TIyIIUTENEH IIymMa, 3BYKOINOMVIOUIAIOMUX  OOJUIIOBOYHBIX
KOHCTPYKIIUH HAa OCHOBE BOJIOKHUCTO-IIOPUCTBIX MAaTE€pUalOB), MPUMEHEHHEM
MPUHIUIIA 3aUTUTHl PACCTOSIHUEM; U3MEHEHHUE HAMPABIICHUS U3IIYYCHUS IIyMa;
-cpencTBa MHAUBUyabHOU 3amuThl (CU3): HAyIIHUKY, MIJIEMBI, «OEPYIII»
U T.IL
Jns orpaHWYeHHs] BPEAHOIO JEUCTBHs ILIyMa IPOBOIATCA CIEAYIOLINE
OpraHU3alMOHHBIE MEPOTIPHUSITHSL:
-BBIOOp PALIMOHAIBHOTO PEXMMa TPyAa U OTHAbIXa, BBEICHHUE MEPEPHIBOB
Ha OTJIbIX B T€YEHUE paboUeil CMEHBIL;
-peryJiipHO€ MEAUIIMHCKOE OCBUAETEILCTBOBAHUE PAOOTHUKOB «ITYMHBIX)
npodeccuit;
-IPUMEHEHHE 3HAKOB 0€30MaCHOCTH (ITOBBIIIEHHONW ITyMHOCTH).
bopr0a ¢ mrymoM B HMCTOYHHMKAaxX 3BYKOOOpa30BaHUS AAE€T HaMOOJIBbIINN
HOJIOKUTENbHBIN pe3ybTaT, HO TpeOyeT OOJBIINX MaTepUalIbHbBIX 3aTparT.
3BYKOM3OJIMPYIOIIME YCTPOICTBA  XapaKTepU3ylOTCs Kak HauOoiee
3¢ (eKTUBHBIE, TPOCTHIE U SKOHOMHYHBIE CPEJCTBA 3AIIUTHI OT IIIyMa, KOTOPbIE
CJIElyeT IPUMEHSTh BCEI/1a, KOI/1a 3TO OKa3bIBAE€TCS BO3MOKHBIM.
XapakTepuCTHKA 3BYKOU3O0JSUMHU TUIOCKOW OJHOCIOWHOMN MEepEeropoaku
- DJIEMEHTa KOHCTPYKIMHU 3BYKOU3OJIUPYIOLIETO YKPBITUS - PACCUUTHIBAECTCS
o Gpopmyie, 1b AL, =G - Hlg y, 4.2)
rae G u H-xorddunmenTs! 3sBykonszossanuu (Tadi. 3);
W = fip/feo - KOOPOUIUEHT YACTOTHI;
f¢. - cpeaHereoMeTpudeckas 4acToTa OKTaBHOM MOJoChl, ['11;
Jxp - KDUTHYECKAs 4acTOTa (PE30HAHCHAS YacCTOTA MONEPEYHBIX KOJcOaHMI
neperopoaku), I'u, Beraucisgemas no popmyie
6,410 (4.3)
P dx Cyp
r7ie d - TOJNIMHA IEPETOPOIKU, M;
C,p - CKOPOCTB PAaCIPOCTPAaHEHUS IPOJONBHBIX 3BYKOBBIX BOJIH
B Marepuase neperopojaku, m/c (cm.tadn.4.3).
Tabmura 4.3
Koa¢duuueHTsI 4aCTOTHI M CKOPOCTH NMPOA0JIbHBIX 3BYKOBBIX BOJIH
B Pa3JIMYHbIX KOHCTPYKIMOHHBIX MaTepuajax

Ne | Marepuan | CkopocTh KoapduuueHT 4acToThl
Ba [meperopojku | mpomoan- ¥ > 4 [4>¥>2 [ 2>V >1,6 | 1,6>¥ >1 | 1>¥ >0,5 [P <0,5
pu HOM Koa¢gduuneHT 3ByKON30JI51LIHH
aH 3BykoBOii (G H |G H G H |G H |G H |G H
Ta BOJHBI C,)f
10%, m/c

1 (Cranb 5,2 43 13,3] 39 6,7 |30 233 |30 23,3 |30 30,0 Bl 26,7
2 |AJIFOMUHUEBO

-MarHueBble 5,1 36 13,3] 34 10,0 |22 30,0 | 22 30,0 | 22 26,7 22 26,7

CIUIaBbI
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Ne | Marepuaa | CxkopocThb KosgduumenTt yacTorsl

Ba |meperopoaku | mponoib- (¥ > 4 [4>¥>2 [2>¥>1,6 | ,6>¥ >1 | 1>¥ >0,5 |¥ <0,5

pu HOI KosduumenT 3Bykounsonsinumn
aH 3BykoBOii G H |G H G H |G H |G H |G H
TA BOJIHBI C,y)
103, Mm/cC

3 [Oprammtieckoe) 6|41 133139 100 (36 0 |30 300 | 30 267 BO 267

CTCKIIO
4 |Danepa 2,1 34 13,3130 6,7 | 25 10,0 | 25 10,0 | 25 16,7 22 26,7
5 |Crekio-

3,5 36 13,3| 34 10,0 | 28 10,0 | 28 10,0 | 28 16,7 25 26,7
IUIACTUK

6 CunukatHoe

4,0 40 16,6| 40 16,6 | 29 19,9 | 29 19,9 | 29 26,6 B1 19,9
CTEKJIO

Hanpumep, nnga craibHOM neperopoakud TonmuHod 10 MM BenuuuHa
Jio=1230T'11. TlockonbKy B OKTaBe CO CpEeJHEr€OMETPHYECKOM YacToTOH f,=31,5
['m xoaddumment dactoTsl ys3;s=1230/31,5=39 > 4, 10 xapakTepucTHKa
3BYKOU3OJIIIMM IIEPETOPOAKH B 3TOW OKTaBe AL,,.,~43-13,3 [g39=21,81b.
AHaAJOTMYHO B OKTaBaX CO CpeJAHEreoOMeTpUUYEeCKUMU dactotamu: 63, 125, 250,
1000, 2000, 4000 n 8000 I'm xapakTepuCTHUKa 3BYKOM3OJSIUU NEPETOPOAKU
COOTBETCTBEHHO: 25,8; 29,8; 33,8; 36,4; 32,1; 36,3; 44,7 u 52,71b.

XapakrepucTuKa 3BYKOM30JSIIMU T[IOKAa3bIBa€T, Ha CKoJbko b
CHUIKAIOTCSL ~ OKTaBHbIE yPOBHU  3BYKOBOI'O  JaBJEHUA C  IOMOIIBIO
3BYKOHM3OJIMPYIOIIET0 YCTPOMCTBA, U3TOTOBJICHHOTO U3 JAHHOTO MaTepuaia.

[nmymuTenu miyma HMMEIOT I[IUPOKOE PaclpoCTpaHEHUE, Hampumep,
SBJISIIOTCSL COCTaBHOM YacThl0 CUCTEM BEHTWISIUMU M KOHAUIIMOHUPOBAHUS
BO3/Iyxa, 00s13aTeNIbHBI K MPUMEHEHUIO B U3JICIIUSIX MPEANPUITHI aBTOMOOMIIC-
M aBUACTPOCHHUS. XaPAKTEPUCTUKU 3BYKOM3OJISIIIMU TIIYLHIUTENCH JIaHbI
B CIPABOYHMKAX M Karajorax IpeaNpUsITUA-U3roToBUTENE. BTOopoe 1o
3HAQYUMOCTH M  PACHPOCTPAHEHHOCTH TEXHUYECKOE CPEACTBO CHIKCHUSA
YPOBHEH IIymMa B MPOU3BOJCTBEHHBIX IMOMEIIEHUSIX - 3BYKOMOTJIOMIAIOIINE
00JIMIIOBOYHBIE KOHCTPYKIIMK U MaTepuaibl. C1U3 00s3aTenbHbI K TPUMECHEHHIO
B pabouuMx 30HaX TMOBBIIMIEHHOM UIIYMHOCTH, OAHAKO AJ(pdexT oT wux
WCIIOJIb30BaHUsl HE3HAYUTEJIEH. DTU CPEICTBA HE MOTYT paccMaTpPUBATHCS Kak
PaBHOLICHHAsI 3aMEHA TEXHUYECKUX CPEJICTB 3alUTHI OT IIyMa.

IHopsinok BeIMOIHEHHsT padoThI Ne 4

JlabopaTopHass yCTaHOBKAa COCTOMT W3 MAakeTa MPOU3BOJCTBEHHOIO
IIOMEIIEHHUsI, 3BYKOBOTO reHeparopa ['-33, mymomepa DT-805 u xomriuiekra
3BYKOM30JIUPYIOIIUX [EPErOPOJIOK,.

1.Ilepen Hauyanom padoTbl YOEAUTbCS B OTCYTCTBUM B MakeTe
3BYKOHU30JIMPYIOLIEH MIEPETOPOJIKH.

BxurounTh 3ByKOBOi reHepatop TymOiaepoM «CeTby.

Perynsaropom «Hacrora/Hz» ycTaHOBUTBH 4acTOTY reHepaTopa (110 IKaJe)
31,5T'u. IIpu stom mnepexmovarens «Muoxwutens (dactorbl)/Hz» momken
HaXOJUTHCA B MOJOXKEHUU «1».
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Perymnstop «Per.Bbixoga» He TporaTh! Bemmumna U curnama (ctpenka
npubopa - BOJILTMETpA) J0JKHA OBIThH B Iipesenax ot 4B 1o 5B. B atom cnydae
BHYTPM MaKeTa JOJDKEH IMPOCIYIIUBAaThCS 3BYK, HW3JIy4aeMbld JTMHAMUKOM
creHja Ha yactoTte 31,5 I'nn.

2.I1oaroroButh mymomep DT-805 k padore (cMm. puc. 4.1).

HaxxaTnem BepxHEH KIIaBUIIU @ BrIFOYHTH mIYMOMED.

Haxatuem xnasui “F/S”, “A/C” HacTpouTh pabouyuil pexuM IIyMoOMepa,
IIpY KOTOPOM Ha ero guciuiee ynrarotcs Haanuc “SLOW?”, “dBC”. Haxxatuem
knaBum “Hi/LLo” BBIOpaTh nuama3oH W3MEPEHHI: JOCTYIMHBIE JAHANa30HbI
U3MepeHnid u ux o0o3HaueHus Ha auciuiee «Lo» - 30...100 dB, «Hi» - 60-130
dB (mpu BbIXOzIE 3a mIpenen AMaa3oHa W3MEPEHUN Ha JUCIUIEE MOSBUTCA
Haamuch “OVER”).

3.JJna ynepxxaHusi TeKylIero MNOKAa3aHUA Ha JIUCIUIEE HAXKMUTE H
yaepxuBaiite kHONKy “MAX/HOLD” B Teuenue 1 cek, mpu 3TOM Ha JUCIIEES
nosiBUTCS Haanuch “MAX™.

3aHecTH pe3ynbTaT U3MEPEHUs] YPOBHSI 3BYKOBOTO JABJICHUS B TaOIUILy
OaHka oT4yeTa B CTpoky /uis Ly (ypoBEeHb 3BYKOBOTO JIaBJIEHUS JUIsl YCTAaHOBKU
0€e3 3ByKOM30JIMPYIOLIEH epEropoKu).

Jns BbIXOJa W3 pexuma yAepKaHUs IMOKA3aHWM HAKMHUTE Ha KHOIIKY
“MAX/HOLD” nosropHo (Haanucb MAX noracHer).

1. Berpo3amuTHbli 3KpaH
2. Muxkpodon
3. XKK-aucruieit

4. Knomnka = BKJIFOUEHUE/BBIKIIOYEHHE M1OICBETKU
5. Knonka F/S — BbIOOp MrHOBEHHBIX/ YCPEAHEHHBIX
A3MEpPECHUMN

6. KHOHKa‘- BKJIIOUEHHE/BBIKIIOUEHUE TOICBETKHU

7. Knonka Hi/Lo — BIOOp 4acTOTHOTO JAMana3oHa

8. Knonka A/C — BeIOOp THIA PrIIbTpa

9. Knonka MAX/HOLD - ynepxaHue mnoka3zaHudl Ha
, JMCIUIee/ONpeIeIeHNe MaKCUMAJIbHOTO MTOKa3aHUs

L‘;; e . AT I;L' 10. KppInka oTcexa nNUTaHus

10

e

Puc. 4.1 O6muit Bux mymomepa DT-805.
SJIEMEHTBI JUCIJIES i
WNHpukaTopsl: A B C D B F
A. MAX — ynepxaHue MaKCUMaJIbHOTO NTOKa3aHUs
B. HOLD — yaep>xanue noka3zaHuii

C. FAST — pexxrma MTHOBEHHBIX U3MEPEHUIM : .
D.SLOW — pexuma yCcpeIHEHHbIX U3MEPEHUI .

E. Hi, Lo — nuana3on n3Mepenuit : A | &
F. BAT — HusKoro 3apsaaa 6atapeu n o dec

OVER-}--H
G. dBA, dBC — tunos ¢uibtpos —y

H. OVER - BbIx0o/1a 3a npeensl quana3oHa U3MepeHuin

[ 1. -] 1 I
M - 1I0LD FAST ELDAY FIIH quT
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4. IloBTOPUTHL M3MEPEHMSI YPOBHEH 3BYKOBOT'O JIaBJICHHUsS Ha 4acTOTax B
COOTBETCTBHUHM C OJIaHKOM oTueTa. Pe3ynbTaTsl 3aHECTH B CTPOKY i L.

[Tpu “3MeHeHUH 4acTOThl BO3MOXHBI HauaJbHbIE KOJEOaHUsI HAIPSKEHUS
U3-32 0COOCHHOCTEN pabOoThl FeHepaTopa.

[Ipu ycTaHOBIEHMM YaCTOTHl CHUTHajma TreHepaTopa Oonbime 1000
mymMoMep (ISl WM3MEPEHMsS YPOBHS IIymMa) HEOOXOAMMO HEPEKIIYUTh C
nuana3oHa Lo Ha nnanazon Hi.

5. PeryiMpoBKY 4acTOTBI F€HEPATOPA PUBECTH B HCXOAHOE MOJIOKEHUE.

6. /lajiee mnpoBecTH W3MEpPECHUS IPU HAJIWYWK _3BYKOM3OJUPYIOLIEH
neperopoaku. i 3Toro HeoOXOIMMO MPUMOJHSITH U MOCTABUTHh BEPTUKAIBHO
KpBIIKY  CTeHJa. B HampaBisiioliye  BHYTPU  CTE€HJA  MOMECTUTH
3BYKOM30JIUPYIONIYIO MEPETOPOAKY, YKa3aHHYIO IIPETO0/1aBaTeIeM.

7. IIpou3eecmu vi3MepeHrsl YpOBHEHW 3ByKOBOTO JIaBJICHHS HA YaCcTOTaX OT
31,5 1o 8000 I'u. Pe3ynbraTsl 3aHeCTH B CTPOKY 11 L;.

BBIKJIKOYUTH I'CHCPATOp U NIYMOMCD.

Ilpumeuanue: 1lpu un3MepeHUH YPOBHSI 3BYKOBOI'O JIaBJICHHSI BO3MOXKHBI
CKa4KH B MOKa3aHUM NpuOopa B CIEACTBUM BIUSHUS NOCTOPOHHUX MCTOYHHUKOB
nryma.

8. B crpoky L,,, BIOHcaTh HOpPMBI Iiyma U3 Tabauibl 4.2 COIJIacHO
3aJaHUIO. B crpoky AL,;,=L;-L, BHecTM apuUPMETHUYECKYI0 pPa3HHUILY
pe3yNbTaTOB H3MEPEHUIl YpPOBHEH 3BYKOBOIO JaBJEHHUS, CO3/1aBa€MOro
JTUHAMUKOM Ha MUKpoGOoH mnpu oOOMX BapuaHTax u3MepeHuil (0e3 u co
3BYKOHU3OJIALINEH ).

9. [Ipoussectn pacyer XapaKTEPUCTUKHU 3BYKOM30JIALIMU
3BYKOU30JIUPYIOLIEN neperopoaku u3 ¢anepsl ALy,., 1o popmynam (4.2), (4.3).
Cnenatb BBIBOABI O COTJIACOBAHHOCTH PE3YJbTATOB HM3MEPEHHUH M pacyeTa
XapaKTePUCTHUK 3BYKOU30JIALIMN MaTepraia MeperopoaKu.

10. Iloctpours rpadwmku gns L, L, L, Cnemats BBIBOABI 00
3¢ (HEKTUBHOCTH 3BYKOU3O0JIUPYIOIIECH MTEPErOPOIKH.

PacuerHoe 3a1aHue Ha 1a0opaTopHyI0 padory Ne 4

B yc10KHeHHOM BapuaHTe 3aJaHUsl WJIM TIPH HEBO3MOKHOCTH
MpOBeIeHUs] U3MEPEeHHil TTPOU3BECTH pacueT XapaKTEPUCTUKH 3BYKOU3OJISAIIH
NIEPEeTOPOIKOM, BHIMOJTHEHHON M3 Pa3IMYHBIX MaTepuajoB (COTIACHO BapHAHTY
3amanus (tabmuua 3)). [lpu pacuere MCHob30BaTh MPUBEICHHBIC B OMUCAHUU
dbopMynbl U AaHHbIE U3 TaOnubl 3. Pesynbrarhl pacuera 3aHECTH B TaOJIHUIly
oT4YeTa W MPeACTaBUTh Ha rpaduke. Chenatb BBIBOJABI O XapaKTEPUCTUKAX
3BYKOM3OJISILIMM MaTepHalia IeperopoKu.
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Bonpocsl 1j11 caMOKOHTPOJISA

1. Kakum cBoiicTBOM JOJDKHA 00JanaTh cpena, uYTOObl B HEM
pacrpoCTPaHsIUCh 3BYKOBBIE BOJIHBI?

2. YeM ypOBEHB 3ByKOBOTO JIABJIECHUS OTIIMYAETCS OT YPOBHS 3ByKa?

3. HazoBuTe CIBIIIMMBINA YaCTOTHBIN IHaNa30H 3ByKOBBIX BOJIH.

4. OT 4ero 3aBUCST JOMYCTUMbIC 3HAUEHUS YPOBHS IIIyMa JIJIi OCHOBHBIX
BUJIOB TPYAOBOM E€SATEIHLHOCTH YEJIOBEKA?

5. KakoBO MenuKO-OMOJIOTMYECKOE BO3JEHCTBHE MOBBILIEHHOTO YPOBHS
[IyMa Ha OpraHu3M 4esoBeka?

6. HazoBuTe TeXHUUECKHE CPEACTBA 3aLIUTHI OT LIyMa.

7. HazoBuTe opraHu3allMOHHBIE MEPOTIPUSITHUS JJIsI OTPAHUYECHUSI BPEIHOTO
BO3/ICMICTBHUS MOBBIICHHOTO IIIyMa HA Y€JIOBEKa.

8. Kakumu mnapameTpamu oOIpeaensercs pe3oHaHCHas (KpUTHUYECKas)
4acTOTa MOMEPEUHbIX KOJIEOaHUHN TIEPETOPOIKU -3JIEMEHTA 3BYKOU30JIUPYIOIIETO
MEePEKPHITUA?

9. HazoBure cpelicTBa MHAMBHUIYAJIbHOM 3aIIMTHI OPTAHOB CIIyXa OT IIyMa.

10. Kak wu3MmeHsiercs YpOBEHb HWHTEHCHBHOCTM IymMa OT IOpora
CJIBIIITUMOCTH JI0 TIOpOTa OOJIEBOTO OIIYIIICHUS?

11. KakuMu HCXOAHBIMM JOaHHBIMH HAJI0 O0JadaTh I BBIYKUCICHHUS
HKBUBAJICHTHOTO YPOBHSI 3BYKOBOTO JIABJICHMUS?

12. Kak knaccu(puuupyroTcst IryMbl?
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Padora Ne 5

NCCIIEAOBAHUE BUBPOU3OJIALINN

Heab padoThl: ONMpeneIUTh YKCIEPUMEHTAIBHBIM TTyTeM () (PEeKTUBHOCTD
NPUMEHEHHUS IPYKUHHBIX aMOPTU3AaTOPOB JJIsi CHIDKEHUS YPOBHS BUOpAIIUHA.

OO0uue cBeaeHus

BubOpauus - 510 KoneOaTeNbHOE ABMKEHHE MaTepUaTbHOM TOYKH WU
MEXaHUYECKON CUCTEMBI.

[TpyurHON BO3HMKHOBEHHUsS BUOpAIUil SBJISIOTCS BO3MYILIAIOIIME CHIIBI,
KOTOpBhI€ BO3HHMKAIOT MNpH padore MamuH. WX HUCTOYHUKAMHU MOTYT OBITh
JNBIKYIIMECS BO3BPATHO-NIOCTYIATENIbHBIC JETalH, HAlPUMEP, B MOPIIHEBBIX
JBUTATEIISIX, KOMIIpeccopax, BUOPOYIIJIOTHUTEIISX OETOHHBIX "
ac(anbTOOETOHHBIX ~ CMecel, IHEBMAaTHUYECKMX  MOJIOTaxX U JIPyTux
BUOPOMHCTPYMEHTAX M MallMHAX. Bo3aMylaroniye Cuiibl BO3HUKAIOT TAKXKE IMPH
BpAIllEHUX HEYPABHOBEIIEHHBIX MaccC, HaIpHUMEp, POTOPOB JIIEKTPUUYECKUX
MaIllMH, MAPOBBIX U Ta30BbIX TYpOUH, a TAKXE MPU BPAILLEHUH JIFOOBIX JeTajeH,
B KOTOPBIX MOKET MOSIBUTHCS TUCOAIAHC WJIM H3-32 HETOUHOCTU M3rOTOBJICHUS,
WIN U3-32 KOHCTPYKTUBHBIX OCOOEHHOCTEN MAILIMHBI.

BuOpanuu, Bo3HUKAIOMIME MPU pabOTe MAIWH, IPH OTCYTCTBHM 3aIUThHI
NEpPEeIAIOTCS HAa OpraHu3M YEJIOBEKAa, BBI3bIBAas B HEM (PYHKIMOHAJIbHBIC
paccrpoiictBa. [lo XapakTepy BO3AE€HCTBUS Ha OpPraHU3M pa3d4yaroT OOIIYIO
U JIOKaIbHYIO0 (MecTHYI0) BUOpanuu. O0mas Budpaumus opraHu3Ma BO3HUKAET
opu nepeaaude KosiebaHU yepe3 IUIOLIaAKy, OCHOBaHHWE WJIM MOJI Mpu paborte
CTOSl WM 4Yepe3 CHJeHbe npu padore cuad. JlokaabHble BHOpanuu
BO3JICUCTBYIOT Ha pykd pabouero rmpu padoTeé C MEXaHW3UPOBAHHBIM
NIEKTPUYECKUM W ITHEBMATUYECKHM HWHCTPYMEHTOM WIH IEPENAIOTCA 4Yepes3
OpraHbl yHpaBji€HUs MalIMHOM Npu paboTe Ha JOPOKHBIX MEXaHHU3MaXx,
CTPOUTEIBHBIX U TPAHCIIOPTHBIX MAILIMHAX.

OtpenbHbIE 4YacTHM Tejla W BHYTPEHHHE Opranbl (ToJioBa, cepAle,
KENyAO0K, MeYeHb) MOKHO paccMaTpuBaTh KaK KoeOamenbHble CUCTeMbl C
OTpeIeICHHON MacCoOM U yNPYroBsI3KUMHU CBsI3sIMU. Takue cucteMbl 001a1at0T
coOCTBEHHBIMU YacTOTaMH KoJjieOanuil. [Ipu coBmageHnu 4acToThl BUOpaIuu
(BBIHY)KJAEHHBIX KOJ€0aHWIl) € OSTHUMH YacTOTaMU BO3HUKAET SBJICHUE
pe3oHaHca, MpPU KOTOPOM PE3KO BO3pacTaeT aMIUIUTyAa KojeOaHWi, 4To
OYEeHb OINACHO s OpraHuM3Ma uelioBeka. Tak coOCTBEHHas YacToTa
OpPTaHOB, PACIMOJIOKEHHBIX B TPYAHOW KJIETKE ¥ OPIOMIHON TOJOCTH,
cocraBiiieT 3-3,5I'm, TrojoBEI B  moOJoOKeHuHM cuat - 200'm,
a 3purenpHoro amnmapara 60-90I'm. OcoOeHHO omacHbl BUOpalUM IS
OTIEJIBHBIX OpPraHOB, MPEXAE BCEro IJs TOJOBHOTO MO3ra, C 4acTOTOU
6-9T'u, a mus pyk - 30-80I'm. IlosTomMy mipu pe3oHAHCE 3aTPYAHEHO
3pUTENIbHOE  BOCHpUATHE  H300paxkeHuid. Takxke  ocyulecTBIsETCS
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BO3JEHCTBHE HA BECTUOYJISIPHBIN ammapar.

JlokanpHble BHOpallMM BBI3BIBAIOT CMa3Mbl (CY)XEHHUs]) COCYJIOB,
U3MECHEHUS B HEPBHO-MBIIICYHOW CHUCTEME W KOCTHO-CYCTAaBHOM armapare.
YxypamaeTcss cHaOXEeHHE KPOBBIO MabIeB PYK, KUCTH WM PYK B IEIOM.
Hapymaercst  TakTujibHasE  4yBCTBUTEIBHOCTh  KOXH.  YMEHbIIACTCS
MOJBI)KHOCTh CYyCTaBOB; BO3HHUKAIOT OOJIM B CyCTaBax; PyKH CTAHOBSATCS
0onee UYYBCTBUTEIBHBIMH K XOJOAY. OTH CHMIITOMBI COIYTCTBYIOT
3a00J1€BAHUI0, HA3bIBAEMOMY BHOPOOOJIE3HBIO.

Buo6po6osiesnr - 5310 mpodeccHoHAIbHOE 3a00JIeBaHHE, KOTOPOE
noagaeTcst 3QQPEeKTUBHOMY JICYEHHMIO TOJBKO Ha paHHUX cTraausx. B Oonee
TSDKEIBIX CITydasx 3a00JieBaHUE MPUBOIUT K HMHBAIUTHOCTH.

Hopwmel BubOpanmii (puc.5.1) ycranosiensl cranpaptom ['OCT 12.1.012
CCBT. Bubpaunonnas 6e3omacHoctb. O0111e TpedboBaHMUS.

OTUM CTaHAAPTOM TPU YACTOTHOM AaHAIM3€ YCTAaHOBJIEHBI JOMYCTHUMBIC
CpellHME KBaJ[paTUYHbIC 3HAYCHUSI BUOPOCKOPOCTH WIIM YCKOpPEHUs (MM X

jgorapuMHUUEeCKUe YpOBHU, HU3MepeHHbie B ab): 1 - mjokanpHOM, 2 -
TPAHCIIOPTHOM, 3 - TPAHCHOPTHO-TEXHOJOTUYECKOU, 4 - TEXHOJIOTHYECKOM.
LdE

1301

1201

6

T

100

0

50 | X Ll I L] { 1 1 L] ! L
1 2 4 8 16 32 63 125?50500103.3‘&

Puc. 5.1. Hopmsl ypoBHeli Bubpanuu.

Jlnana3oHn 4YacTtoT BHOpauuii pa3OWBaeTCs Ha OKTAaBHBIE MOJOCHI CO
cpeaHereomMeTpuyeckuMmu yactoramu 1, 2, 3, 4, 8, 16, 31,5, 63, 125, 250,
500, 1000, 2000 I'1.

Cpenuerecomerpuueckas 4actota f,, =+ fif; ,
r€ f; U f> - TpaHUYHbIEC YaCTOTHI MOJIOCHL; B OKTaBHOM nonoce f>=2f.

YactoTa f=1/T,Tu, rae T - nmepuos kosiebaHuii, c.
Kpome wyactoThl, BUOpalUIO XapaKTEpU3YIOT CIEAYIOIIME MapaMeTphl:
Y, - ammuTyna cMmemeHus, M; V, - aMIUIuTyJa CKOPOCTH, M/C;

a,, - AMIUTATY/a YCKOPEHHUS, M/c’.

B npakTuke BHOpOaKyCTUUECKUX MCCIEIOBAHUI BUOpAIIMU OLIEHUBAIOTCS
HE aMIUIMTYJHBIMHA 3HAYEHUSMH I1apAMETPOB, a JEHUCTBYIOIIUMH 3HAYCHUSIMH,
TO €CTh CPEIHMMHU KBaJApPaTUYHBIMH 3HAYEHUSIMHM MTIHOBEHHBIX 3HAYEHUU
rnapamerpa.

[Ipu rapMoHMYECKHX KOJEOAHUSAX CpEAHHME KBaJpaTHUUHbIE 3HAUYCHUS

47



BUOPOCKOPOCTH U BUOPOYCKOPEHHUS MOXHO BBIPA3UTh 4YE€PE3 aMIUIUTYHbIE

3HAYEHUS COOTBETCTBEHHO: V=V, /\/5, a,=a, /N2 .

BuOpPOCKOpOCTh W BHOPOYCKOpPEHHME TIPUHATO BBIPAXKaTh B YPOBHSIX
napamMeTpa OTHOCHUTEIBHO YCIOBHOTO HYJIEBOTO IMOpora. YpOBeHb MapaMmeTpa
- 3T0 Jorapu()MHUYECKOe OTHOIICHUE aOCOJIOTHOTO 3HAYCHHUS Iapamerpa
K TIOPOroBOMYy (OIOpPHOMY) 3HAYCHHIO, BHIOpAaHHOMY B KadecTBE Hauaja
oTcYeTa.

Yposens Bubpockopocta  Ly=101g(V?*/V)=20Ig(V/V,) 1b.

YpoBenb BubOpoyckopenuss  L,=20/g(a/ay) nb,
rae Vo=5-10" M/c m a,=10" M/c’ - mOporoBsle 3HAYEHHS] BHOPOCKOPOCTH
Y BUOPOYCKOPEHMUSL.

['MrueHnyeckyro OLIEHKY BHOpaluy, BO3JEHCTBYIOIIEH Ha YeEJIOBEKa,
MPOU3BOJAT: WM YACTOTHBIM (CHEKTPabHBIM) aHAJIN30M HOPMHUPYEMOTO
napamMeTpa; WIA HWHTETPAJIbHONM OIICHKOM 10 YacToTe HOPMHUPYEMOTo
napaMmeTpa; Uiu 10301 BUOpaIUU.

B 3aBHCcHMOCTH OT IPUHATOTO METOJIa TUTHEHUYECKON OLICHKHU BHOpAIu
HOPMHUPYIOTCSL pa3jIMuHble TUTHEHUYECKHUE XapaKTepUCTUKW BHOpaimw,
koTopeie mpeactaBieHsl B ['OCT 12.1.012 u CanlluH 1.2.3685-21.
['uruennyeckue HOPMATUBBI M TpeOOBaHMS K 0O€cCTeYeHUI0 0e30MacHOCTU U
(nn) 0e3BpEIHOCTH 7Sl YeIoBeKa (PaKTOPOB Cpeibl OOUTAHUS .

[Ipu 4yacTOTHOM (CHEKTpPaJbHOM) aHAJIM3E HOPMHUPYEMBIMU SIBIISIOTCS
KuHemamuyeckue  napamempsl: CpeJHUE  KBaJpPAaTUYHbIE  3HAYCHHUS
BUOPOCKOPOCTH (MM UX Jorapudpmudeckue ypoBHH L) i BUOGpOycKopeHus
I JIOKaJbHOM BUOpalMM - B OKTaBHBIX I0JOCAaX YacToT; s OOuIe
BUOpaIMU B OKTaBHBIX U 1/3-0KTaBHBIX MOJIOCAX YACTOT.

OO6mast ¥ JOKanbHAsT BUOpAIMM HOPMHUPYIOTCA pPa3fieIbHO B OKTaBHBIX
mojocax dYactor (s oOImed | JIOKaJbHOW BHOpAIMM CYIIECTBYIOT CBOH
OKTaBHbIE TOJOCKHI). B kauectBe Hopmupyemoro mnapamerpa B CanlluH
1.2.3685-21 npumMeHsieTcsi KOPPEKTUPOBAHHOE YCKOPEHUE M IKBUBAJIECHTHBIM
YPOBEHb KOPPEKTUPOBAHHOTO yckopeHus. ONHAKO B JaHHOW J1abopaTOpHOU
paboTe 1O BONpocaM HOPMHUPOBaHUA OyJaeM HCIOJIb30BaTh IapaMeTpPhl
BUOpanuii, mpuBeIEHHBIC BHIIIE.

MeTtoabl 4 cpeAcTBA 3a1HUTHI OT BUOPAILlUA

Knaccudukanus cpeacTB 1 METOAOB 3alUThl OT BUOPALIMK ONPEACIISIECTCS
COOTBETCTBYIOIIUMH HOPMATUBHBIMU JTOKyMeHTaMu: «CpencTBa U3MEpEHUs U
KOHTpOJIsi BUOpaIuu Ha pabounx Mectax. TexHuueckue TpeOOBaHU.

CpeacrBa 3amutbl OT BHOpaluu MOAPA3ACIAIOTCS HA KOJJIEKTHUBHBIC
U uHAUBUAYyanbHble. CpencTBa KOJIJIEKTUBHOW 3alllUThl, B CBOI OuYepelb,
JeNATCA Ha BO3JIEUCTBYIOIIME HA UCTOYHHUK BO30YXACHUS M CPEICTBA 3aLUThHI
OT BUOpALIMU Ha MyTSAX €€ PACIPOCTPAHECHHUS.

K mnepBbIM OTHOCSTCS NHHAMUYECKOE YypaBHOBEUIMBaHHE, aHTU(a3Has
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CUHXpPOHU3AlLlMsI, HW3MEHEHUE XapakTepa BO3MYIIAIONIMX  BO3JECUCTBU,
U3MEHEHUE KOHCTPYKTUBHBIX AJIEMEHTOB MCTOYHUKA BO30YXKICHUS, U3BMEHEHHE
yacToThl KoJieOaHui. OHM HUCHOJB3YIOTCS, KaK MpPaBWIO, Ha JTare
MPOCKTUPOBAHUSI WJIM U3TOTOBIICHUS MAIIIUHBI.

CpeacTBa 3amuThl OT BUOpallMM Ha IMYTSAX €€ PaCIpPOCTPAHEHUS MOTYT
OBITH 3aJI0’KCHBI B MPOEKTHl MAIIMH W TPOW3BOJCTBEHHBIX YYaCTKOB, a MOTYT
OBITH TPUMEHEHBI HA ATAIe WX IKCIUTyaTallUH.

OgHuM Y3 pacOpoOCTPAHEHHBIX CHOCOOOB 3alIUThl  OT BHOpaluw,
paboTaroiero MepCcoHana, SABIISIETCS BHOpPOU30ISI U MAIIIKH.
[Ton BUOpOM3OISAIMEH MOHUMAIOT YCTAHOBKY MAIlIMHBI HA aMOPTU3ATOPHI, T. €.
Ha YIPYTUE 3JIEMEHTHI, PY>KMHHBIE WK PE3UHOBBIE, 00JIa1at0Ie HEOOIbIIOMN
xecTkocThlo. C  MpUMEHEHHEM AaMOpPTU3aTOpPOB YMEHbINIAETCA Tepenadya
BUOpalMii OT MamuHbl Ha ocHoBaHuWe. [lepemaua BuOpauuii 3aBUCUT OT
COOTHOIIIEHHSI YaCTOT - COOCTBEHHOM YacTOThI KOJIEOAHUN CHCTEMBI M YaCTOThHI
BBIHY)KJIEHHBIX KoseOanuii. CoOCTBeHHass YacToTa KoOJeOaHUN MaIlWHBI,
YCTaHOBJICHHOM Ha aMOPTH3aTOPhI, OMpEEseTcsi CBOOOAHBIMU KOJIEOAHUSIMH,
BO3HMKAIOIIMMHU TMPU OTCYTCTBUU BO3MYIIAOMMX cuil. CBOOOHBIE KOJIeOaHUs
IPOUCXOIAT € COOCTBEHHOM yacToToit @, (@ =2 @f - yriosas yacTora),
KOTOpas 3aBHCUT TOJIBKO OT IIAPAMETPOB CUCTEMBI: @, =~/K /m ,

rae K - kectkocTh amopTu3zaTopoB, H/M; m - Macca MaliHbI, KT.

YacTtoTa BBIHYK/ICHHBIX KoJieOaHuit OonpenensaeTcs qacTOTOH
BO3MYIIAOIIEH Cuibl. ECcym Bo3Mylaromas Cujia BO3HUKAET M3-3a BPAILCHUS
HEYPAaBHOBEIIEHHON MAcCCHI C YIJIOBOM CKOPOCTBIO (@, TO YACTOTA BBIHYKJAEHHBIX
KoJieOaHUM paBHA @, MOpPU OSTOM CMEIICHHWE MAaIIWHBl M3MEHSETCA TI0
rapMOHHUYECKOMY 3akoHy y = Y, Sinmt, tae y - CMEIICHHE MAIWHBI, M;
Y - aMILTUTYAa CMEUIESHHUSI, M; ® - YaCTOTa BBIHYXKJICHHBIX KoJieOaHuid, 1/c.

AMIUTUTY 1A KOJIEOAaHUM B YCTAHOBUBIIEMCSI PEKUME

1 F:’ﬂ Fm
R 1L
‘l_wz KK (5.1)
@,

rae F), - aMmmuiutyna Bo3mytnaromiei cuibl, H; ¢ - koaddunment nepeaadn.
Ko¢ppuument mnepemaum - 5TO OTHOIIECHHE AMIUIMTYIbl CHJIBL,
MEePEIAOMIEUCS YePE3 MPYKUHBI HA OCHOBAHUE, K aMIUIUTY/I€ BO3MYILAKOIICH

cuibl. KoaddunuenTt nepeaadn 3aBUCUT OT COOTHOIICHUS 9acTOT
-1

w2

H= 1_7

“0
B dopmyne (5.1) F,, — amniauTyna cuiibl, JEMCTBYIOIIEH Ha OCHOBAaHHE.
[Ipy wu3MeHEeHWH 4YacTOThl BBIHYXKJIEHHBIX Kojebanuil ot 0 (mammuHa
He paboTaer) 0 ONpeeTeHHONW MOCTOSHHOW BEJIMYHMHBI (3aaHHas CKOPOCTh
BpalleHUs Bajia ABUTaTeNs) KOd)PUIMEHT nepejau cHavaja yBeJINnYUBaeTCs
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U TpPU COBMAJACHUHU YaCTOT /®, = 1 CTpEeMHTCA TEOPETUUECKHU
K OeckoHeuHOCTH. [Ipm 3TOM BO3HHMKAeT pe30HAHC KOJcOaHWM, a aMIUIUTY/a
pe3ko Bo3pacTacT. 3areM KO3(DPUIIMEHT Nepeladyd C POCTOM YacCTOTHI
YMCHBIIIACTCSA, AaMIUTUTyJa KoJeOaHWui TIpH 53TOM TaKXKe yMCEHbBIIACTC.
Koo uupent nepenaun asaxasl npuHumaer sHadenue u=1 npu @=0 wu
mpn /0, =+2.
u Korma ®/®, - 2, xosdduument mepemaun u<l,
IIPU 3TOM BUOpaIlMM, TIEPEAArONINECS Ha OCHOBaHHUE
yepe3 aMOpTU3aTopbl  (NIPYKHHBI), CTAHOBSTCS
MEHbIIIe BHOpaIui, IepeaaroIuXxcs OT MAaIlHUHEI,
YCTaHOBJICHHOW 0€3 aMOpPTHU3aTOPOB Ha OCHOBaHHE.
AMOpPTH3ATOpPBl MOAOHMPAIOT C 3amacoM, YTOOBI
;\u._ | OTHOIICHME YacTOT HOIy4anock w/m, > 3. Torma
J.._-—-- paboTa amMopTH3aTOPOB cuuTaeTcs PPEeKTUBHOMH,
rve gt a Kod(PUUIHEHT Tepenadyn MPUHUMACT 3HAUCHHE
Prc. 5.2. Teoperiueckas u<1/8. Ha puc.5.2 npencrasieHo rpaduueckoe
pesoHaHcHas kpuas ~ M300paxkeHue K03 dunmenTa nepegayu.

YMeHbIIeHNE niepeiauu BUOpaluii OT MalluHbI Ha
OCHOBAHHME YCTAHOBKOW €€ Ha aMOpPTU3aTOPbl HAa3bIBA€TCS BHOPOM30JsALUEN
MamuH. brarogapss BHOpOU30JSIMM MallMH YMEHbBINAIOTCA BUOpalvu Ha
pabouyux MecTax, pacloJIOKEHHBIX BOJM3M OT MAIIUHBI, HO BUOpaIMKU camoit
MAaIlIMHBI MOTYT OCTaBaThCsl JOCTATOYHO OOJIBIINMHU.

BuOpowuszonsius MamuHbl MOXET ObITh oOIpejeneHa pacdyeToM. Pacyer
aMOPTU3AaTOPOB ITPOBOJUTCS B OMPEAECICHHOM MOPSIAKE.

HNcxoaHbIMU JAHHBIMM JJIs1 pacyeTa sBJISIOTCS mapaMeTpbl BUOPaLM:
aMILTUTyAa BUOPOCKOPOCTH (MJIM aMIUIUTYAA CMEIIEHUS U BUOPOYCKOPEHHUS);
4acTOTa BBIHYXJCHHBIX KOJIEOAHUM; YMCIO0 U mapaMeTpbl MPY>KUH, MACChI
MalluHbI C OCHOBAaHUEM U ()YHJAMEHTHOM TJIUTHI.

KecTtrocTh npyXUHHBIX amopTu3aTopoB (H/M) onpenensiercsa no ¢popmyie
K Gd*n
8D’
roe G - Moxynb capura cramd, H/M, d - Zuamerp MpOBONOKH MPYKUHBL, M;
D - auaMmeTp npy>KUHBI, M; i - YACIIO BUTKOB MPY>KUHBL, 71 - YUCJIO MPYKHUH.

9

CoOcTBeHHas JyacToTa Kojieoanuii @, =

TJIe m; - Macca MallluHbI C OCHOBAaHUEM, KT
m; - Macca (PyHIaMEHTHOM TITUTHI, KT.
CpenHexkBaJpaTHYHOE 3HAYEHHE BHOPOCKOPOCTH YCTAaHOBKH (M/C) Oe3
amopmuzamopos: V, =V, / 2 , rae V, - ammimTyna BUOPOCKOPOCTH.
CpenHexBagpaTuyHOE 3HAaU€HUE BUOPOCKOPOCTH YCTAHOBKHU (M/C)
¢ amopmuzamopamu  Vr=uV;.
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Jlorapudpmuueckue ypoBHM BUOpockopocTH ycTraHoBku (ab) 0e3
aMOPTHU3aTOPOB U C AMOPTU3ATOPAMH COOTBETCTBEHHO PACCUUTHIBAIOTCS
L1 = 201g(V1/V0), L2 = ZOIg(Vz/Vo)
[Tony4yeHHbIe YPOBHU BUOPOCKOPOCTH CPABHUBAIOTCSA C JOMYCTUMBIMHU.

Conepxanune padorsl Ne 5 (ayn.104 I'K)
1. Onucanue sadoparopHoii padorsl Ne 5 (aya.104)

VYcraHoBKka 1O HCCIENOBAHWIO BUOPOM3OISIMM MaliuHbl  (puc.5.3)
COCTOMT: 3JIEKTpoJBUTaTeNb (1), OCHOBaHUE AneKTpoaBUTrarens (2), CMEHHbIE
amoptuzatopbl (3), BuOpomatuuk (4) (tunma JH-3), koTophlil mpukperieH
byHgamenTHOW TUHATE (5), TMYCKOPETYIUPYIONUK ammapat (C ITyCKOBOM
KHOIKOU (9), py4yKOM pEryiarpoBaHHs CKOPOCTH BPAIIECHHUS 3JIEKTPOJBUIaTENs
(8), BeIKITIOUaATENeM (7)) U JIEKTPOHHO-ITyueBOM ocuuiiorpad (6).

7
Puc. 5.3. Cxema nabopaTopHoro crenga Ne 5.

[Tpu BKITIOYEHUHW DJICKTPOABUTATENSI BpaIlaeTcsl 3aKpETUICHHBIN Ha Baly
nucbamanc. Bo3mymaromasi cuia, KOTOpash BO3HHKAeT TMPU ITOM, BBI3BIBAET
BUOpanuy JJICKTPOJBUTATENII W €ro OCHOBaHUs. Ecnm 3nekTpoaBuraTelb
C OCHOBAHHMEM 3aKpEIJICH JKECTKO Ha (PYyHAAaMEHTHOW TUIMTE C TIOMOIIBIO
BHHTOB, TO BHOpAIMU TMOJHOCTHIO TMepeAarTcs Ha QYHIAMEHTHYIO TUIHTY.
[Ipu ycTaHOBKE MEXIy OCHOBAaHWEM WM (YHAAMEHTHOW TUTMTOW MPYKMHHBIX
aMOpPTH3aTOPOB Tepenada BUOparuii Ha PyHAAMEHTHYIO TUTUTY U3MEHSIETCA.
[Ton ¢pyHaaMeHTHON MIMTOW W3HYTPU yCTaHOBJIEH BUOpomatuuk (4) - JIH-3,
CUMTHIBAIOIIMKM  BEJIUYMHY BHOPOYCKOpEHHS OO0BEKTa B  HAlpaBJICHUU
BEPTUKAJIILHON OCH KOOpAMHAT Z. 3HaueHUs: BUOPOYCKOPEHHUS OIPEACIISIIOTCS 10
BEJIMYMHE CUTHAJIAa HAa 3KpaHe ociuuiorpada, Ha BXOJ KOTOPOTO MOCTYMAOT
CUTHAJIBI OT BUOPOIaTUMKA.

2. 3ananue Ha jabopaTopHyo padory Ne S (aya.104)

N3meputh XapakTepUCTUKU BHOpalMid MpU YCTAaHOBKE MAalIUMHBI 0e3
aMOPTU3aTOPOB U C aMOPTU3ATOPAMU U IIPOBECTU COIOCTABICHUE MOJYYECHHBIX
3HAYEHUN C HOpMaMHU YpPOBHEH BUOpaLMil COTJIACHO 3a/JIaHUIO MPENoAaBaTENs.
Ha Onanke rpaduka “YpoBHU BHOPOCKOPOCTH’ OTYe€Ta MO pe3ybTaTam
U3MEPEHUI MOCTPOUTH 3aBUCUMOCTH YPOBHEH BHUOPOCKOPOCTH OT YaCTOTHI AJIs
YCTAaHOBKA 0€3 aMOpTH3aTOpOB, C AaMOPTU3aTOpaMHd KM HOPMY YpOBHEM
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BuOpanumii. CaenaTth BEIBOJIBI 00 A3 (PEKTUBHOCTH BUOPOU3OJISIIMKA MAITUHBI.
3. IllopsiioKk BbINOJHEHHA JadopaTopHoid padoTsl Ne 5 (aya.104)

3.1. Brmouuts ocisuiorpad (6) v BeIkIrouaresieM (7) yeTaHoBKY (cM. puc.5.3).

3.2. TlpoBeputTh ycTaHOBKY TIaTGOpPMBI OpaHXkeBoro IBeta (2)
OCHOBaHUs 3JieKTpojBurarens (/) Ha QyHAAMEHTHYIO TJIMTY CHUHETO I[BETa
(5) 6e3 amopTHu3aTopoB (5) U 3aKperieHrue IaTGOPMBI K TJINTE BUHTAMH.

3.3. IlpousBectn H3MEpEHUE BEIUYHMHBI AMIUIMTYABl BHOPOYCKOpPEHUS,
a 3aTeM pacyeT COOTBETCTBYIOIIET0O  ypPOBHA  BHOPOCKOPOCTH  HA
nepBoHavaabHOM yacTtoTe 8 ['1, yka3aHHOW B CTpPOKE «4acToTa KoJieOaHWil»
TaOJUIBI «PE3yIbTaThl U3MEPEHUI OTUETay»,  AJIA ITOTO:

- YCTaHOBUTb 4YacCTOTy BpalleHus odnekrpoasurarens 8l'm pydkou
peryinupoBaHus CKOpocTel (&) Ha mycKoperyaupyroniem anmnapare (9) u Haxartb
Ha IepelHel MaHenu ammapara IMyCKOBYIO KHOMNKYy. Ha skpane ocuummiorpadga
U3MEpSEMBId CUTHAJ MOXET ObITh MPEACTaBIECH B JAHHOM CIIy4ae B BHUJE
IPSIMOM JINHUX BJIOJIb OCU Y, U3MEHSIOLIEHCS 110 AMIUIUTYE.

3.4. U3meputh pazmax «A» - IBOWHYIO aMIUIMTYAY, CUTHaja C JKpaHa
ociuiorpadga B CaHTUMETpax (7151 ONpeeICHUsI BEJIMYMHBI CUTHAJIA - CTOPOHA
OJIHOTO KBaJIpaTa MIKaJibl = 1 ¢M, ¢ MaJIbIMU JiejeHusaMu 1o 0,2 cm).

3aTeM mepecunTaTh €ro B MUJUIMBOJIBTHI ITyTEM MEPEMHOKEHHS pa3zmaxa A
Ha KOO(PPUIMEHT T1EeHbl JCJICHUS BEPTUKAJIbHOM IIKaldbl Ha DJKpaHe
ocimuiorpada, KOTOPBIA OMpenesseTcs MO TMOJOKEHUIO PYYKH YCHICHHUS
«BoabT/nem» kanasia B/Y B mpaBoM HIDKHEM YTIy TIepeIHEN MaHeIu npudopa.

Ilpu eécex uzmepenHuax WEHMPAIAbHYI) YACHb PYUKU YCUIEHUA CUZHANA
«Bonem/oeny memno-cepozo _usema rxaunana B/Y wua ocyunnoepage ne
mpozamye! Ilpu >mom oOHa O00NHCHA HAXOOUMBCA 6 KpauHeM npasom
NOJIOJNCEHUU.

[Ipu ammuTyAe curHaia, BBIXOJAIIEH 3a Mpeesbl dKpaHa ociusuiorpada,
MCIIOJI30BaTh BpallleHue 00JIbIION pydku yewieHus «Bogabt/nem» kanana B/Y
(IpOTHUB YaCOBOM CTPEJIKM) JJII U3MEHEHUSI MacilTada 0TOOpakaeMoro CUrHasa.
Hanpumep, npu A = 4 cm u K, = 5 mB/cm, umeem U = 4 cm * 5 mB/cm=20 mB.
B cnyuae, eciu pazmax amnaumyosl He nomewjaemcs Ha dKpaue ocyuiiozpaga,
HYJICHO  Y8eUdUms  KOIP@UYUeHm Hno8opomom pyuku ycuienus. Toeoa
Koaghpuyuenm o6yoem pasrno 10u U = A*10.

PesynpTaT u3MepeHus 3aHecTd B nepByo rpady cTpoku pazgena «OO0beKT
BUOPOU30JIAIINK 0€3 aMOPTU3aTOPOBY.

B nmepByio rpady BTOpOW CTpOKM OTOTO K€ pasfena 3aHeCTH
COOTBETCTBYIOIIEE 3HAUCHHE BUOPOYCKOPEHHUS ,, (M/c’ ) Ha yactote f= 8 I',
KOTOPO€ BBIYUCISETCA KaK TMPOU3BEJACHHWE BEIWYMHBI CHUTHAja Ha JKpaHe
ocummorpada Ha MaciTaGHbIi koodduiment K = 0,00015 m/(c*MB).
(Hanpumep, U = 15mB coomeemcmeyem amniumyoe 6uOpOyCKOpeHus
an = 0,00225m/c”)

B nmepByio rpady ¢ TpeThel CTPOKH ATOTO XK€ pasjesia, ¢ TOUHOCThIO J0
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NEPBOT0 3HAKa, MOCIE 3aMsTOM 3aHECTH COOTBETCTBYIOIIME 3HAYEHUS YpPOBHSA
BUOpocKopocTH B Aenubenax (n1b) Ha yactore 8111, KOTOpbIE ONMPENEHSAIOTCS IO

dbopmyne: Ly =20 lg;, e moporosas BUGpockopocts Vo = 5%10° m/c.
0

CpennekBanpaTuyeckass aMIUIUTyla BHOpPOCKOPOCTH, B

am
2. fN2°
[IpousBecTH M3MEpPEHHS W PACUYETHI MO ONMCAHHOM BBIIIE METOJHUKE Ha
OCTaJbHBIX YacToTax KojeOanuit f, ['1, ykazanHeix B Tabmuie «Pe3ynbraTel
m3Mmepenuid: 11; 16; 22; 32; 44 I'u» 1 uX pe3ysbTaThl 3aHECTU B IEPBBIE TPH
CTPOKU TaOJIHIIBl OTYETA.

CBOKO  O4YCpCIb,

BbIUKCIAeTcs 1o popmyine Vi

3.5. Pacronoputh KperuieHHEe BHHTaMHU IJIAT(HOPMBI OPaHKEBOrO IIBETa
(2) ocHoBanus anextpoaBurarens (/) kK QpyHIaMeHTaIbHOW IIUTE (CUHETO
[[BETA). YCTAaHOBUTh MOOYEpPENHO amopTu3zaTopbl (3) (IpyKHHAMHU BBEPX)
COTJIACHO 3aJlaHuI0 MEXAy miaatdopMoi opaHKeBOro nBeTa (2) OCHOBaHHUS
anekTpoasurarenss / u ¢yHaaMeHTHOW muutod (cuHero usera) (5). Ilpu
ATOM HOKKHU NJIATPOPMBI OCHOBAHHUS 3JIEKTPOJABUTATENS JOJKHBI BXOAUTH B
IPYXHAHBI aMOPTU3aTOPOB.

[ToBTOPUTH IPOBEACHME OMBITA IO II. 3.3.

[lomydeHHBIE B  pacyere ypOBHHU
C JOIYCTUMBIM YPOBHEM.

BUOPOCKOPOCTH  CPaBHUTH

PacueTHoe 3a1aHue HA Ja0opaTopHYI0 padoTy Ne 5

B yciaoxkHEHHBIX BapHaHTax padoThl, MJIM INPH HEBO3MOKHOCTH
BBINOJIHUTH U3MepeHusl, CleayeT  paccuuTarb 3¢ (HEeKTUBHOCTD
BUOpOM30ISINMKA  MaluHbl (KO3 UIMEeHT Tnepenayd MNpU  HAIWYUU
aMOPTU3aTOPOB) IO MPHUBEACHHBIM B OMNUCAHUM (GOpMyJaM, HCHOIb3Ys
JNaHHbIe Ta0.5.1 U UCXOHbIE TaHHbIE, IPUBEICHHBIE HUXKE.

Tabmuma 5.1
Bapuanr JAuamerp JAuamerp Yuci10 BUTKOB Yacrora
3aJaHusA npy:kuHbl D M, NMPOBOJIOKH NPYKUHBI i BBIHY KIE€HHBIX
npyxuHbl d, M Kojedanui, I'n
1 18-10” 2:10” 8 32
2 30-10~ 2,5-107 10 22
3 28-10” 3-10” 8 44
4 22:107 2-10” 13 16

Hcxoanble 1aHHBIE 1Sl pacyeTa JabopaTopHoil padoThl Ne 5
Macca 371eKkTpoABUTraTeNsi C OCHOBAaHUEM M ; = 2KT.
Macca ¢pyHIaMEeHTHOM TUIUTHI M, = 2KT.
Monyns caura ctanu G = 8 » 10"° H/x’. Yucno aMOPTHU3aTOPOB n= 4.
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Conep:xanune padornl Ne Sa (aya. 106 I'K)
1. Onucanne sadoparopHoi padorsl Ne Sa (aya. 106)

Cxema nabopaTopHOro cTeHjaa npejcTaBieHa Ha puc.5.4. Bubpoctena (1)
MIPUBOJUTCA B JIEWCTBUE OT F€HEpATOpa HU3KOUYACTOTHBIX curHainoB FY 3200S
(Feel Tech) (9) uepes ycunutenas curHajioB (2).

5.6 cMeHHBIS MOoIyNN
A 4 T

Y Csnn

| e
.-" F

2

Puc. 5.4. Cxema nabopatopnoro crenna Ne Sa.

Ha  BuOpoctone (3) BuUOpoCTEHIAa  yCTaHABIMBAETCS  OOBEKT
BUOpoU30JIsAnU (4) TOCPEICTBOM CMEHHOT'O BUOPO3aIUTHOTO MOAYJIs (5) - BE
napajuieibHble TUIACTUHBI, MEXJIY KOTOPBIMH YCTAaHOBJICHBI TNPYKUHHBIC
BUOPOM30JATOPBl WM  BUOpousosupyomue npoknaaku Ne 234 nubo
MOCPEACTBOM KECTKOTO MOAYJIs (6).

K 00bexTy BuOpousossauuu (4) npukperied BuOpoaaryuk (7) tuna J{H-3,
CUUTHIBAIOMINA XapaKTEPUCTUKH BHOPOYCKOPEHHUSI OOBEKTa B HANpPaBICHUH
BEPTUKAJILHON OCU KOOPAWHAT Z. 3Ha4eHUsI BUOPOYCKOPEHUI ONPEIESIOTCS 10
nokazanusiM ocrusuiorpada (8), Ha BXOJ KOTOPOro MOCTYMAKOT CUTHABI OT
BuOpoaaTuuka (7)

2. 3aganue Ha JadopaTopHyo padoty Ne S5a

W3mepuTh XapakTepUCTUKHU BUOpalMi MpuU YCTAaHOBKE MalllMHBI 0e3
aMOpTH3aTOPOB M C aMOPTU3aTOPaMH U ITPOBECTH COINOCTABIEHUE MOJYyYEHHBIX
3HAUEHUN C HOPMaMHU YPOBHEH BUOpalMil COTIIACHO 3a/JIaHUI0 TPETOAaBaTEINs.
Ha Onanke rpaduka “YpoBHHM BHOPOCKOpPOCTH OT4UETa IO PE3yJbTaTam
U3MEPEHUI MOCTPOUTHh 3aBUCUMOCTH YPOBHEH BUOPOCKOPOCTU OT YACTOTHI IS
YCTAaHOBKA 0€3 aMOpTH3aTOpOB, C AaMOPTU3aTOpaMHd KM HOPMY YpOBHEM
BuOpanuii. Caenarb BbIBOJBI 00 3P HEKTUBHOCTH BUOPOUIOIISILIMU MAIIHHBI.

3. IlopsAAOK BHINOJHEHUSA Ja00paTOpHON padoThl Ne Sa

3.1. Os3HakoMuTBCS C coaepkaHueM pazneiioB «OOIIue CBEICHUS,
«MeTopl ¥ CpeACTBA 3alIUThI OT BUOpalum» JadopatopHoit paboThl Ne 5.

3.2.  IlpoepuTh  3akperyieHue  o00BbeKTa  BuOpomzoysiuu  (4),
C YCTaHOBJICHHBIM Ha HeM BuOpomatuukoM (7), Ha KecTKoM Mmojayie (6) u
3aKpETUICHUE KECTKOT0 MOAYJIsl Ha BuOpocrose (3).

anpeuieno pazoupams Yacmu 1a00pamopHou ycmanoeku!
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3.3. BKJIIOUHUTH reHepaTop - NEPEeKI0YeHUEM OeJIoN KIIaBUILM Ha MEepeaHeH
naHenau npudopa cineBa B nojoxkeHue «ON», u ocumsuiorpad - HaxaThem
kHonki «CeTb» Ha mnepeaneil manenu. [locne BxmroyeHus uyepes S-10muH.
anmnaparypa rotona K padore.

OnpenenuTh NOPSAOK BKIIOYEHUS] YCUIIMTENS B X0J1€ MPOBEACHUST paOdoThI!
Yeunurens pacnonokeH B IEPEBIHHOM SIIMKE HA CToJie. Brirouaercs: kpacHOM
kiaBuniel « Bk Ha ycunuTene - ¢ 00paTHOM CTOPOHHI SIITUKA CJICBA.

3.4. TIlpousBecT U3MEpPEHUE BEIUYMHBI AMILUIMTYAbI CHTHAJA Ha
nepBoHavanbHOM vactotre 4 I'm, ykazanHoll B cTpoke «Hacrora koJiedOaHmin
Tabnuiel «Pe3yabTaThl H3MepeHuii» OTYeTa.

s 9mo2o Heobxo0umMo nociedo8amenbHo bINOJIHUMb ClledyIoulee:

- xHomkod «SYS» mpousBectH 2 (IBa) HaXKaTUS M BBIOPATH PEKUM
«LOAD»;

- TIOBOPOTHBIM PETYJISTOPOM (CrpaBa OT dKpaHa) YCTAHOBUTH (B HIDKHEU
cTpoke Ha nudpoBoM 3kxpane) peaxum 01, coorBercTByromuii 4I'n;

- OJHOKpaTHbIM HA)KaTHEM Ha IOBOPOTHBIM PETYIASATOP MOATBEPAUTH
BBIOpaHHYIO 4acToTy (pexuMm). [Ipm SToM B KOHIIE HUXKHEH CTPOKM Ha
nudpoBoM skpane otobpasutcs cumBoi «OK». B pesynbrate curHan Oyaet
MOCTYNaTh 4Yepe3 BKIIOUCHHBIM yCUIMTENh Ha BHOPOCTOJ W MPUBOJUT €ro B
NeicTBUE. AHAJOTUYHBIM CIIOCOOOM BBIOMPAEM OCTaJbHBIE PEXUMBI (4ACTOTHI)
COTJIACHO 3aJIaHUI0, OPUEHTUPYSICh Ha TOKa3aHUs LUGPOBOTO HHIUKATOPA
reHeparopa.

Ilpumeuanue: Ilepekniouenue pexcumos pabdomwl 2eHepamopa —
U3MEHEHUue Yacmomvl CUZHANA, CMEHYy 6UOPO3AWUMHBLIX  MOOy/iell
npou3600UmMb MOALKO NPU GLIKTIOUEHHOM yCUaume.ie.

OTtoOpaxaemblii Ha PKpaHe ocuuiiorpada CUTHAN MPEICTaBlIeH B JaHHOM
CJly4yae B BUJE NPSMOM JIMHUU, U3MEHSAIOLIENCA 10 aMIUIUTy e (110 ocu «Y»).

3.5. U3mepurs pazmax «A» (IBOMHYIO aMIUIMTYAy) CUTHaja C 3KpaHa
ocimuiorpada B cantumerpax. (s ompeneneHuss BENIMYMHBI CUTHANIA -
CTOpOHA OJHOTO KBajpaTa IKajasl = 1 ¢M ¢ ManbIMH aefieHus MU 110 0,2 cM.)

3aTeM mepecuuTaTh €ro B MUJUIMBOJIBTHI IIyTEM MEPEMHOKEHHS pa3zmaxa A
Ha KOA(P(UIMEHT, KOTOPHIA OMpEAEseTCs MO TMOJOKEHUI0 PYYKU YCUJICHUS
«BoabT/mes» kanana B/Y - B mpaBoM HIWKHEM YIJIy NEPEIHEN NaHEIH
npuodopa.

Ilpu 6cex usmepeHusx ueHmMpAIbHYIO 4ACMb DVYKU VCUTEHUS CUSHAILA
«Bonvm/0en» memno-cepoco ysema xkanana B/Y na ocyunnoepaghe ne mpoeams!
Ilpu smom ona 0ondCcHA HAXOOUMBCA 8 KPAliHeM NPA8OM NOJOHCEHUU.

[Ipu aMIIMTYyIe CUTHAIA, BRIXOSIICH 32 PeIesibl dKpaHa ocuuuiorpada,
HCIIOJIB30BaTh BpallleHue OOJIBIION PYYKHU ycriieHus «BoabT/aen» kanana B/Y
(IpOTUB YaCOBOM CTPENKM) JJIsI K3MEHEHHUS MaciiTaba 0TOOpakaeMoro CUrHaa.
Tornma xoadpdurmment (K) OyneT yBEeTUYMBATBCA B COOTBETCTBUU  C
HaHECEHHBIMU Ha TIEpeTHEN TTaHeu ocuuiuiorpada 3HadeHusMu «BonbT/aem.
Hpumep: npu A =4 cmu K = 5 mV/iecm, umeem U = 4em™*5 mViem = 20 mV.
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Pe3ynpTaT mpoBENEHHOTO M3MEpPEHHUs 3aHECTH B IMEPBYIO rpady CTPOKHU
pazzena «OOBEKT yCTaHOBJIEH Ha )KECTKOM MOJTYJIE.

3.6. IIpoBecTu M3MepeHus: aMIUIUTY/ bl CUTHAJA 10 UMEIOIIEICS METOIUKE
Ha OCTaJIbHBIX YacToTax KosieOanui f, I'n, ykazaHHbIX B TaOnuie «Pe3ynbraTel
m3Mepenui»: 8; 16; 31,5; 63; 125; 250; 500I 1.

3.7. Ilpum BBIKIIFOYEHHOM YCHJIUTEJE YCTAHOBHTH BHOPO3alIUTHBIH
MOAYJb 5 mox OOBEKTOM BHUOpoOM3ONSAIMA 4 ¢ 3aKpEIUICHHBIM Ha HEM
BUOpomaTyukoM 7 Ha BUOpocToje 3, 3aMEHUB JKECTKHM MOAyldb 6 Ha
BUOPO3AIIUTHBIA MOAYJIb, N KOTOpPOTO yKa3aH MPENnoJaBaTeIeM B 3aJaHUMU..

Ilepeycmano6ky mooyneit npoeooumsv HOJAbKO NOO _PYKOBOOCHIBOM
npenodasamens. /lna Imo2o - OMKPymums 2aiuKu 6UHMO8, COCOUHAIOU{UE
MOOYIL ¢ 00bekmom subpousonauyuu 4 u euopocmonom 3. Ilpuuem, zaiiku
OmKpyuueams He 00 KOHUA, a 00 mex nop, NOKA He NOAGUMCA 60O3MONHCHOCHb
«puszuueckoz0» omcoedunenus o00veKmMa GUOPOUIONAUUU CO CMEHHBIM
MOOYIeEM U CMEHHO20 MOOY]IA C 6UOPOCMOIOM.

Bxirouath yCUITUTENb CUTHAJIOB, ONPEACICHHBIM PAHEE HOPSIKOM.

[Ipoun3BecTy U3MEPEHNS aMIUIUTYIbl CUTHAJIA 110 UMEIOIIENCA METOJIUKE Ha
YKa3aHHBIX 4acToTax - 0T 4 10 5001 w.

Pe3ynbraThel MPOBEIECHHBIX U3MEPEHUM 3aHECTH B IIEPBYIO CTPOKY pasjielia
«OOBEKT YCTAaHOBJICH Ha BUOPOU3OJISIITUOHHOM MoayJe (amopTu3atop Ne )y,

AHQJIOTHYHBIM ~ CIIOCOOOM  MPOBECTH  U3MEPEHUs C  JPYruM
BUOPO3AIIUTHBIM MOJYJIeM, Ne_  KOTOpPOTO TakK€ yKa3aH IpEnojiaBaTelieM B
3aJlaHdM, UM MX PE3yJIbTaThl 3aHECTU B NEPBYI0 COOTBETCTBYIOLLYIO CTPOKY
TaOJIMIILI OTUETA.

3.8. [locne npoBeaeHUsI BCEX U3MEPEHHUI:

BBIKIIOYUTE YCUIIUTENh U TEHEPATOP CUTHAJIOB.

B nepByio rpady BTOpO#H CTPOKH COOTBETCTBYIOLLIEIO pasjieia 3aHEeCTU
COOTBETCTBYIOIHE 3HAYCHHS BHOPOYCKOPEHHS, an (M/¢’ ) Ha yKa3aHHBIX
yactoTax f{I'11), KOTOpble BEIYUCIISIIOTCS Kak mpou3BeneHue BennunHel U,MB Ha
macirabueii  kodddumuent K, = 0,0001m/(c’MB) (Hanpumep: U=20mB
coomeemcmayem genuuune 6uOPoyckoperus dy, = 0,002m/c).

B nmepByio rpady TpeTrbell CTPOKM COOTBETCTBYIOIIETO pazjena ¢
TOYHOCTBIO JI0 MEPBOTO 3HAaKa IIOCJIE 3alsTOM 3aHECTH COOTBETCTBYIOIIEE
3Ha4YeHUE YPOBHsI BUOpOCKOpocTH B nenudenax (ab) Ha ykazaHHBIX yacTOTax

fI'n), xotopoe BeraucisAeTcs no gopmyne: Ly = 20 lg%,

0
TJie IOPOroBasi BUOPOCKOPOCTh Vo=5%10" m/c.

CpenHekBanpaTUiecKkass amIUTUTyJa BHOPOCKOPOCTH, B CBOIO OYE€pE/b,

BBIUMCIISIETCS TI0 popMyne V= — 9n
2.7 f2
Hanpumep, eciu wacmoma =4 I'n, a,, = 0,002 M/c?, TO
0,002

Ly = 201g = 61 1B.

214+/2-5-10~8

56



Ha rpajpuke «YpoBHu BHOpOCKOpOCTH» OJlaHKa OTUY€Ta IO pe3yJibTaTam
U3MEPEHU U PacyeTOB MOCTPOUTH 3aBUCMMOCTH YpOBHEW BHOPOCKOPOCTH OT
4acTOTHI JJIs cllydaeB paboThl cTeHaa 03 aMOpTU3aTOPOB, C aMOPTU3ATOPAMU U
HOPMY ypOBHEW BUOpaIuu B COOTBETCTBHUHM C puc. 5.1.

CnenaTh BBIBOJIBI O MPOJIETIAHHOM paboTe.

PacuetHoe 3a1anue Ha 1abopaTopHylo padory Ne 5

B YCIOKHEHHBIX BapHaHTaXx paﬁoTbl, HWiIn MNnpu HEBO3IMOKHOCTHU

BbINOJHUTD U3MepeHus, CIIEIyET paccunuTaTh 3(PEeKTUBHOCTH
BHOpOM3OISIIIMA ~ MamuHbl (KO3 GUIIMEHT Tepenadyd Tpu  HAJTUIUHU
aMOPTHU3aTOPOB) IO TPHUBEACHHBIM B ONHCAaHUH (POPMYJIaM, HCIOIb3YS
naHHble Ta0s.5.1 U UCXOHbIEC TaHHbIC, MPUBEACHHBIC HUXKE. Tabauma 5.1
Bapuant JAunamerp JAunamerp Yucs10 BUTKOB Yacrora
3alaHusA npy:xuHsl D M, NPOBOJIOKH NPYKUHBI i BbIHYKI€HHbIX
Npy:KuHbI d, M KoJieoanuid, I’
1 18-107 2:107 8 32
2 30107 2,5:107 10 22
3 28-107 3-107 8 44
4 22:107 2:10” 13 16

HNcxonHble n1aHHbIE A1 pacdyera jadopaTopHoid padoTel Ne 5
Macca 35ekTpoABUTaTeNsl C OCHOBAHUEM M, = 2 KT.
Macca ¢pyHnaMeHTHOM MIUTHI m, = 2 KT.
Moaynb casura ctanu G = 8§ ¢ 10" H/»’. Yucno aMOpPTHU3aTOPOB n= 4.

Bonpocsl 111 CAaMOKOHTPOJIsA

1. Kak xknaccubunupyercs BuOpanus IO XapakTepy BO3IEHCTBUS
Ha opranu3Mm yenoBeka? [1osScHUTH 0cOOEHHOCTH €€ BO3/AECTBUS Ha YEJIOBEKa.

2. OT 4yero 3aBUCAT JONYCTHUMbIE 3HAYEHHUS YPOBHS BUOpanuil s
OCHOBHBIX BUJIOB TPYJIOBOH J€SITEIILHOCTH YeJIOBEKA?

3. IlepeunciuTh OCHOBHBIE MPUYMHBI BOSHUKHOBEHUS BUOpanii.

4. TloscHuTh PU3NYECKHUI CMBICT KO3 (PULIMEHTa IEpeIAYN.

5. B kakoil 00macTd OTHOCHUTENBHBIX YAacTOT paboTa aMOPTHU3aTOPOB
apisieTcs A(PQPEeKTUBHON, W KakuM 3Ha4YeHUsAM kodhdUIMeHTa mnepeaayu
COOTBETCTBYIOT 3Ta 001aCTh?

6. Kakum oOpa3oM  ocCymIecTBIsSCTCS  BHOPOMBOJAIMS  MAaIldH
OTHOCUTEIBHO PyHIaMeHTa?
7. KakumMu mapaMeTpaMH  ONPENEIAETCS KECTKOCTh  MIPYKUHHBIX

aMmopTu3atopoB? Kak M3MEHUTCS KECTKOCTh aMOpTH3aTOpa MpU YBEIUYEHUU
JIMaMeTpa NMPYyKUHbI (IPOBOJIOKH, YHCIIa BUTKOB) B 2 pa3a?
8. Uem ompenensercs CcoOOCTBEHHas dacToTa
KoJie0aTeIbHON CUCTEMbI?
9. KakoB mops1ok pacuera CUCTEMbI BUOPOU3OISAIINN?
10. IlosicHUTP pPE30HAHCHYID TEOPHUIO OILIEHKH BPEIHOTO BO3JCHCTBUS
BUOpalMKi Ha OPraHU3M YeJIOBEKa.
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Pa6ora Ne 6

3AHIUTA OT TEIVIOBOI'O U3JITYUYEHUSA

Heab padoThl: 03HAKOMUTH CTYACHTOB C TEOPUEH TEILIOBOIO BO3CHCTBUS
Ha 4YEJIOBEKAa, HOPMATUBHBIMU TPEOOBAHUAMHU K TEIUIOBOMY H3JIYYECHHUIO,
C HCCIEAOBAHMEM MHTECHCUBHOCTH TEIUIOBBIX M3JIYYEHHU B 3aBUCHMOCTHU
OT pAacCTOSIHUS JO0 HWCTOYHMKA U OICHKOW d3(PQPEKTHBHOCTH 3aIUThHI
OT TETIOBOTO U3ITyYEHUS C TIOMOIIBIO SKPAHOB.

OO0mme cBegeHus

JlyuucThlii TErIOOOMEH MEXIy TelaMHu MPEeICTaBlsIeT co0OW MpoIlece
pacnpocTpaHeHUs] BHYTPEHHEH KHHETHYECKOW JHEPIruM, KOTOpas H3JIydaeTcs
B BUJIC DJIEKTPOMArHUTHBIX BOJIH B BuauMoil u uHdpakpacHoit (UK) obmactu
criektpa. JlnmuHa BOJHBI BUAMMOTO wu3nydeHuss - oT 0,38 go 0,77MkwM,
uHppakpacHoro - 6osee 0,77MkM. Takoe H3ITy4eHUE HA3BIBACTCS TEMJIOBBLIM
WU JIYYHCTBIM.

Bo3ayx mpospaden (auaTepMudeH) JUisi TEIUIOBOTO HU3JIYYEHUSI, TTOITOMY
IpU TPOXOXKIACHUM JIyYUCTOrO TeEIjla 4Yepe3 BO3AyX TeMIileparypa €ro He
MOBBIIIAETCA. TeIIOBbIE JyUd MOTJIOMIAI0TCS MPEeIMETaMu, HAarPEeBalOT UX U OHU
CTAHOBSTCS U3TydyaTeIsiMu Teria. Bo3ayx, conpukacasch ¢ HarpeThIMU TEJIAMU,
TaKK€ HarpeBaeTcsl U TeMIlepaTypa BO3YIIHOW CPeibl B MPOU3BOJACTBEHHBIX
MIOMEIIECHUSIX BO3PACTaET.

MHTEHCHBHOCTD TEIUIOBOTO OOJIy4YEeHHS YeJIOBEKA MOKET OBbITh Ompe/eieHa
no QgopMmyie, SBISIONICICS YacTHBIM ciy4daeM 3akoHa Credana — bonbiimana
(cnipaBemmsa mpu T>>T..,)  Q=kKF[(T/100)* - 110] /R?, 6.1)
rae Q — HHTEHCHBHOCTH TEILIOBOTO OOTyUeHHs YeIoBeKa, BT/m’;

k — mocrossHHas bonpliMaHa u paBHa 0,78B1/M°K™;

F — nomaap u3inydaroiien moBEpXHOCTH, Mz;

T — remnepaTypa u3zinyyaronieil noBepxHoctH B rpaaycax Kenbssuna (K);

R — paccrosiHue OoT u3nyvaromein MoBEPXHOCTH, M.

N3 ¢opmynsl (6.1) criemyeT, 4TO KOJIMYECTBO TEIJIOBOTO (JIYyYHUCTOTO)
TEeIUIa, MOTJIONAEMOI0 TEJIOM YEJIOBEKA, 3aBUCUT OT TEMIIEpaTypbl MCTOYHUKA
U3JIyYEHUs, IUION[aAN M3IyYaroueld IMOBEPXHOCTH M KBaJpaTa PacCTOSHUS
MEXKTy U3JTydaroiel MOBEPXHOCTHIO U TEJIOM YeJIOBEKa.

TenmoBoit O00OMEH oOpraHM3Ma YeJiOBeKa C OKpyXKarollel cpemou
3aKJII0YAaeTCsl BO B3aMMOCBSI3M MEXIy 0Opa3oBaHHEM Teruia (TEepMOI€HE30M)
B pe3yJIbTaTe KU3HEACATEILHOCTH OpPTraHM3Ma M OTJaued MM ATOTO TeIlia BO
BHEIIHIOW cpenay. Otrmaua Teruia OCYIIECTBISCTCS, B OCHOBHOM, TpeMs
crioco0amMu: KOHBEKIIMEH, U3TyYCHUEM U UCTTApCHUEM.

CrocoOHOCTh YEJOBEYECKOTO OpraHu3Ma MOJJIEPKUBATh TMOCTOSHHOM
TeMIiepaTypy Tena (B MOAMBIINIEYHOW BHaauHe - 36,5... 36,9°C ¢ konebanusimMu
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B TeueHue cyrok B mnpenenax 0,5..0,7°C) npu u3MEHEHUU IapaMeTpPOB
MUKpPOKJIMMATa U NP BHITIOJHEHUH PA3IMYHON MO TSXKECTU pabOoThl Ha3bIBAETCSA
TEPMOPETYJIISLHEH. Tepmoperynsus YEJI0BEYECKOTO OpraHu3Ma
OCYHIIECTBJISIETCS. C TMOMOIIBIO Tpolecca HcHapeHus, (QyHKIMOHUPOBAHUS
CEplIEYHO COCYAMCTOM CHUCTEMBbI (pacUIMpeHHEe U CYKEHUE COCYIOB MpHU
W3MEHECHUM BHEIIHEW TEMIEpaTyphl), a Takke OHOXMMHUYECKUM IIyTEeM
(U3MEHSIETCSI MHTEHCUBHOCTh OKHCIMUTEIIBHBIX TIPOLIECCOB B OpraHu3Me).
B TeueHnm Bcel CBOEH JKU3HM YEJIOBEK CYLIECTBYET B IIpElESiax OYECHb
OTPaHUYCHHOTO JMarna3oHa BHYTPEHHUX TemnepaTyp tena. OgHako, B KOPOTKHE
MPOMEXKYTKA BPEMEHH YEJIOBEK MOXXET MEPEHOCUTh TEMIIEPATYypy Tela HUXKE
35 °C unu Boiie 41 °C.

[lepenaua Terma UK wuznydenuem siBnsiercs HaumOosiee 3(PGEeKTUBHBIM
CIIOCOOOM TEIIOOT/IaYu M COCTABIISIET B KOM(MOPTHBIX MeTeoycnoBusix 44-59%
oOmielt TersiooTAaun. Teno yenoBeka u3aydyaeT B AMarna3oHe JJIMH BOJH OT 5 /10
25MKM C MaKCUMYMOM HEPTrUU HA IJTMHE BOJHBI 9,4MKM.

B  npou3BOJACTBEHHBIX YCIOBHSIX, KOTJa, pabOTalOMUi  OKpYXEH
npeaMeTaMH, HUMEIOIMMH TEeMIEPaTypy, OTIMYHYI0 OT TeMIepaTypbl Teja
YeJIOBEKa, COOTHOIIEHHE CHOCOOOB TEIIOOTAAYd MOXKET CYIIECTBEHHO
n3MeHAThCA. OThadya 4YeJoBEYECKUMM TEJIOM TEIUIa BO BHEIIHIOIO Cpedy
BO3MOXKHA JIMIIIb TOTJIa, KOT/Ja TeMIepaTypa OKPYKAIOUIUX MPEIMETOB HIXKE
TEeMIIepaTypbl Tela 4elioBeKa. B oOpaTHOM cilydae HampaBi€HHE IOTOKa
JYYUCTOW HDHEPIMM MEHSETCS Ha IPOTUBOIIOJIOKHOE, M YXKE TEJIO YeJIOBEKa
OyJieT Mmojay4daTh U3BHE JOMOJHUTEIBHYIO TEIUIOBYIO 3Hepruto. Bozaeiicteue MK
Jydyed NOpUBOAUT K TMEpEerpeBy OpraHu3Ma MU TeM ObIcTpee, 4YeM OOJIbIle
MOIIIHOCTh W3JIy4Y€HHUs], BBIIIE TEMIIepaTypa U BJIAKHOCTh BO3lyXa B pabouem
MOMEIICHHH, BBIIIIE MHTEHCUBHOCTH BBITIOTHSAEMON paOOTHI.

UK wm3nydenue, IOMUMO YCWIEHUs TEIJIOBOTO BO3JIECUCTBUS OKPYKAIOLIEH
Cpeapl, Ha OpraHu3M paboTarIiero, 00JamaeT CHenU(PUISCKUM BIHSHUCM.
C rurueHu4eckoil TOUYKH 3peHusi BakHOW ocobeHHocThio UK wuznmyueHus
SBJISIETCSI €70 CIIOCOOHOCTH MPOHUKATH B )KUBYIO TKaHb Ha pPa3HYIO TTyOuHY.

Jlyun HJIIMHHOBOJIHOBOTO Auana3oHa (0T 3MKM 10 1MM) 3anep:KUBarOTCA
B MOBEPXHOCTHBIX CIOAX KOXH yxke Ha rimyoune 0,1 - 0,2mm. [lostomy wux
(bu3HoI0rnyecKoe BO3IEUCTBHE HA OPraHu3M MPOSBIIAETCS, IJIABHBIM 00pa3oM,
B MOBBIIICHUH TEMIIEPaTyphl KOXKHU U MEeperpeBe OpraHu3ma.

Jlyun xopoTkoBonHOBOro auamna3zoHa (or 0,78 mo 1,4mkMm) obGnanaroT
CIIOCOOHOCTBIO MPOHMKATh B TKAHW YEJIOBEYECKOrO0 OpPraHM3Ma Ha HECKOJIBKO
cantumeTpoB. Takoe MK uznyueHue nerko mpoHUKAET Yepe3 KOXKY U YEPEIHYIO
KOpPOOKY B MO3TOBYIO TKaHb W MOXKET BO3JCHCTBOBATH Ha KIETKH TOJOBHOTO
MO3Tra, BbI3bIBAs €T0 TshKENbIe nopaxenusd. B wactHoctn, UK u3nydenue moxer
MPUBECTH, MPU MPEBBIIICHUH BO3MOXHOCTH OpraHuW3Ma K TEPMOPETYJISLINH,
K BO3HHMKHOBEHHWIO crenuduueckoro 3a0ojeBaHusi — TEIUIOBOTO yJapa,
MIPOSIBJISIFONIETOCS B TOJIOBHOW 0O0JIM, TOJIOBOKPY)KEHUU, YYAIlCEHUU ITyJIhCa,
YCKOPEHHUH JIbIXaHUs, TaJICHUH CEPJICYHOMN AEATENbHOCTH, TOTEPE CO3HAHMUSL.
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[Ipu oOmyueHnun KopoTkoBodHOBbIMM MK nywamu  HaGmrogaetcs
MOBBIIICHUE TEMIIEPATYPhl JIETKUX, MOYEK, MBIIII U APYTUX opraHoB. B kposwu,
auMmde,  COIMHHOMO3IOBOM  KUAKOCTH  MOSBIAIOTCS  crenuduyeckue
OMOJIOTUYECKH AaKTHBHBIE BEIIECTBA, HAOJIOJAIOTCS HAPYIICHHS OOMEHHBIX
MPOLIECCOB, U3MEHSIOTCS (YHKIMOHATIBLHOE COCTOSIHUE LIEHTPAJIbHOW HEPBHOMU
CUCTEMBL.

NHTEHCMBHOCTh TEIJIOBOIO O0JIyUeHHUS YeJIOBEKAa DPErilaMeHTUPYETCH,
UCXOASl U3 CYOBEKTUBHOTO OIIYIIEHUS YETOBEKOM DSHEPruu OOIyUYEHUS.
Cormacao I'OCT 12.1.005-88, CaullnH 1.2.3685-21 HHTEHCHBHOCTH TEIIOBOTO
oOnydeHus, pabOTAIOMKUX OT HATPEThIX MOBEPXHOCTEH TEXHOJIOTUYECKOTO
000pyI0BaHUs, OCBETUTEIBHBIX MPUOOPOB, HE JOHKHA MPEBBIMIATH: 35B1/™” -
npu o6ydeHnn 6omnee 50% moBepxHOCTH Tena; 70BT/M” - mpu 061ydeHHH OT 25
10 50% mosepxHocTH Tema; 100BT/M® - mpu oGmydenun nHe Gomee 25%
MOBEPXHOCTU TeNa. OT OTKPBITBIX MCTOYHUKOB (HArpeThie METAUT U CTEKJIO,
OTKPBITOE IUIaMs) WHTEHCUBHOCTh TEIUIOBOIO OOJIydeHHS HE JIOJDKHA
npessimath 140BT/M> mpu oGnydennn He Goiee 25% MOBEPXHOCTH Tena H
00s3aTEIbHOM UCTIOJIb30BAHUH CPEJICTB UHIMBUIYAIbHON 3aIIUTHI, B TOM YHUCJIE
CPEJICTB 3allUTHI JIUIIA U TJIa3.

Hopmbl OrpaHMYMBarOT TakKe TEMIIEpaTypy HArpeThiX IMOBEPXHOCTEH
obopymoBaHuss B pabodell 30He, KOoTopas He JODKHAa mpeBbimark 45°C.
Jlns  obopymoBaHusi, BHYTpH KOTOpOro Temieparypa Ommska k 100°C,
TeMIlepaTypa Ha €ro MOBEPXHOCTH J0JKHA ObITh He BhItre 35°C.,

B mpow3BOACTBEHHBIX YCIOBHSX HE BCErJa BO3MOXHO BBITTOJHHUTH
HOpMaTUBHBIE TpeOoBaHUs. B 3TOM ciydae JOJDKHBI OBITH MPETYCMOTPEHBI
MEpONpUATHAS MO  3alllUT€ MEPCOHAIa OT BO3MOXHOIO  IEpErpena:
- IUCTAaHIIMOHHOE YMPABJICHUE XOJIOM TEXHOJIOTUYECKOTO MPOIIECCA;

- BO3AYIITHOE WM BOJ0-BO3YIIHOE TyIIUPOBAHUE PAOOUNX MECT;

- YCTPOMCTBO CHEIHAIbHO 000PY/IOBAaHHBIX KOMHAT, KAOWH WM pab04YuX MECT
JUIs KPATKOBPEMEHHOTO OTJbIXa C MOJa4el B HHUX KOHJUIIMOHWPOBAHHOTO
BO3/IyXa;

- HCTIOJIb30BAHUE 3AIUTHBIX 9KPAHOB, BOJSHBIX U BO3/YIIHBIX 3aBEC;

- MPUMEHEHUE CPEJICTB UHANBUIYaTbHOM 3alllUTHI, CIICIIOJICHK/IbI, CIIEI0O0YBH.

Ouennuth 3PGHEeKTUBHOCTD 3alIUThHI OT TEIJIOBOIO M3JIYYEHHUS C MOMOIIbIO
HKPAHOB MOKHO MO CIAEAYIOIHUM (pOopMysIaMm:

KoaddunmeHT npomyckaHus TEMIOBOrO U3TyUYECHUS -

_ 9
e== 6.2
o (6.2)
Koadbdumment s dextuBHOCTH SKpaHa -
n= %*mo,% (6.3)

2
rae Q - MHTEHCUBHOCTD TEIIOBOTO M3yUeHUs Oe3 dkpaHa, BT/m ,2
Q; - MHTEHCHUBHOCTD TEIIJIOBOTO M3TYYEHUS 3a SKpaHoM, BT/m".
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Onucanue crenaa jadopaTopHoii padorsl Ne 6

Crenn mnpencrtaBisieT co0OM CTOJN CO  CTOJEHIHUIEH, Ha KOTOPOM
pa3meratoTcsi: ObiToBoM 3nekTpokaMuH («ZANUSSI»), unaukaTopHbiii 070K
npubopa WIIII-2m, nuneiika (Metayummueckas 100cMm), croiika »KpaHa C
MOJBW)KHOW IITOPKOM, CTOMKHM C HaIpaBISIOMMMU JUIsI YCTAHOBKU CMEHHBIX
HKPAHOB.

Ha croue Takxe pacronoKeHbl ABE NOIBHKHBIE CTOMKH, TPEICTABIIAIOIINE
u3 ce0d IITaTUB, HA OJHOM M3 KOTOPBIX YCTAHOBJIEHA U3MEpPUTEIbHAS T'OJOBKA
(u3meputenst TemioBbix notokoB MIIII-2m), Ha JpyroM — YCTaHOBJIECH
uH(ppaKpacHbII TEPMOMETP (INFRARED THERMOMETER).
W3mepurenbHas TOJOBKAa C IMOMOIIBIO 3aKMMOB 3aKpeIJIeHA HAa IITaTHBE C
IJIOCKUM OCHOBaHUEM. Bcsi 3Ta KOHCTPYKIIMS MOXKET BPYUHYIO NIEPEMEIIaThCs
[0 CTOJICHIHUIIE BJOJb JUHEHKH. TepMOMeTp TakKe 3aKperuieH Ha CBOEM
HITaTUBE /I 00eCTieUeHUsI POBEJCHUS U3MEPEHUM.

B cocraBe creHa mmeeTcs MCTOYHHK NMUTAHMA (aBTOTpaHchOpMaTop C
BOJILTMETPOM), PACMOJIOKEHHBIA OTACIbHO, M OBITOBOM AJIEKTPOKAMUH,
KOTOPBIM HCHOJIB3YETCS B KAYECTBE HCTOUYHUKA TEIJIOBOTO U3TYUYEHHUS.

Mertaninyeckas JuHeilKa TNpeJIHa3HAYCHA JJI1 U3MEPEHUSI PACCTOSIHUSA
OT HMCTOYHUKA TEIJIOBOIO H3Iy4eHUs (AJIEKTPOKaAMUHA) 0 U3MEPUTEIbHOU
TOJIOBKH, HH(PPAKPACHOTO TEPMOMETPA U KECTKO 3aKPEIJIEHA HA CTOJICIIHUIIE.

CMeHHBIE IKPaHbI UMEIOT OJHMH THUHOpa3Mep. MeTaminueckue SKpaHbl
BBITIOJTHEHBI B BUJIE JIUCTOB METallyla C HAMPABJISIOMIMMU. DKPaHbI C LEMsIMU
U OpE3CHTOM BBIMOJHEHBl B BHAEC METAUIMYECKUX pPaMOK, B KOTOPBIX
3aKpEMJICHbI CTAIbHBIC EMU UIN OPE3EHT.

TpeOoBanus 6€30MACHOCTH NMPHU BHINOJIHEHNH J1a00PaTOPHOIT padoThI

1. He pekomenayercs Briao4yaTh odiektpokamuH (OK) Ha monHyto
MOIIHOCTh 1 kBT (He BKIItoUaTh 00a BRIKITIOYATEIA).

2. 3amnpeiaercs NpUKacaThCs K 3JIEKTPOHArpeBaTeibHOMY 31eMeHTy OK.

3. Ilocne mpoBeneHus 1a00paTOpHOM PabOThI: BHIKIIIOUUTH AJIEKTPOKAMUH,
BEPXHUM PETYJIATOPOM YMEHBIIUTH 10 «0» YCTaHOBJIECHHOE HAMNPSHKEHUE Ha
MCTOYHUKE MHUTaHUS (aBTOTpaHC(HOPMATOPE) U OTKIIOUUTD AJIEKTPOIUTAHHUE.

IHopsiiok nmpoBeeHust J1a0OPATOPHOIT padoThl Ne 6

1. TloaAK/JIYUTL CTEeHJ K CeTH IEePEeMEHHOr0 TOKAa KIaBUIIEH
“ceTh” Ha aBTOTpaHc(OopMaTope. YCTAaHOBUTH BEPXHHM PETYISTOPOM Ha
HEM IO 33JIaHUI0 Tpernojasaresis HanpsokeHue B npenenax U;=50-130B;
U,=140-220B. Bxmrouute Ha snekTpokamuHe kiasumen “OFF/ON”
BEPXHUM HArpeBaTEJIbHBIN AJIEMEHT.

2. Briaouursb U3MepUTe]b  TeIJI0BOIr0 noroka  WIIII-2
KpaTKOBPEMEHHbIM  HaxkathueMm kiaBuimid  «BwiGop». Ha  ungukarope
U3MEPUTEILHOTO OJIoKa B Hauajie mosBisercs Haanuch “r1.02”, 3ateM cpazy
Hagnuce “-PP-". W npubop mnepexoauT B pPEXKUM H3MEPEHHS IUIOTHOCTU
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T€HHOBON)HOTOKa(HHTGHCHBHOCTHTEHHOBOH)HSqueHHH)

3. U3mMepuTh 3aBUCHUMOCTh HHTEHCUBHOCTH TEIIOBOT0 M3JIyYeHUs] OT
paccrosinus a0 uzayuaress npu U; u Uy,

Bpyunyio mepememarh IMITaTUB 3a OCHOBaHWE BIOJb JIMHEHKH,
YCTAHABJIMBAS 20J106KY UzmepumeJisi Ha PaCCTOSHUM OT MCTOYHHKA TEIJIOBOTO
W3JIyYCHUs, yKa3aHHbIe B OJIaHKE OT4YeTa, W OMNpEeNeNiATh HWHTCHCHUBHOCTH
TEIUIOBOTO U3JTYyUYCHHUS B TUX TOUKAX.

BpeMs BBIAEPKKH TOJIOBKA HM3MEPUTENS B KaxJIoh To4dke 30CeKyH.
JlaHHBIE 3aMEPOB 3aHECTHU B Ta0JIMIy OJIaHKA.

[TocTpouTh Tpadgukyd 3aBUCHMOCTH CPEIHETO 3HAYCHHUS WHTCHCHUBHOCTH
TEIUIOBOTO U3TYyUYEHHUS OT PACCTOSHUSL.

4. N3MepuTh 3aBUCMMOCTH MHTEHCHMBHOCTH TEIIOBOI'0 M3JIy4YEHHS OT
miomaau 3xkpana npu U,.

YCTaHOBUTh HKpaH € TMOJBIKHOM IITOPKOM Ha pabodeM CToJjie Ha
paccTossHUM 25¢M OT HarpeBaTensl.

VY CTaHOBUTh M3MEPUTEIBHYIO TOJOBKY (3aKpEIUIEHHYI0 Ha IITaTHBE) Ha
paccrossHuM 10¢M OT OTKPBITOM IUIOIIAIN YKPAHA.

M3meHsiss miomags OTKPBITUS MOABMKHOW IITOPKH (MOJOKEHUS OT 2 10
14, 1abn.6.1), mpoBecTH H3MEPEHHUsS] WHTEHCUBHOCTHU TEIUIOBOIO W3ITyYEHHS.
IIpy >TOM TOJOBKAa W3MEPUTENd JOJDKHA pacIosararbCsi IOCEPEIUHE
oOpa3yeMoil oTKpbITON miomaau 3kpana. (Ilostomy momyckaercss mpoaoiabHOE
nepeMeleHe caMoil CTOMKM 3KpaHa.) BpeMs BbLAEPKKU T'OJIOBKU U3MEPUTENS
B KQ)KJIOM IOJIO)KEHUH MMOJABIMKHOM IITOPKU 30ceKkyH.

JlanHble 3amepoB 3aHecTd B Tabmuny Onanka. [loctpouts rpaduku
3aBUCHUMOCTH CPEAHEr0o 3HAYEHUS MHTECHCUBHOCTHU TEIIOBOTO M3IIy4EHUS OT
IJIOIAIN ITOJABUKHOTO DKpaHa.

Tabmura 6.1
3aBHCHMOCTD IUIOIIAIM OTKPBITHS NMOJABUKHOM IITOPKHU IKPaHa
OT €€ MOJIOKEeHUSA

TTos0:xeHune NOABUKHOM
IITOPKHU

2 4 6 8 10 12 14

IInomans OTKPBITHS TOABUKHON

LITOpKH SKpaHa, M 0,0024 | 0,0056 | 0,0088 | 0,0128 | 0,016 | 0,0192 | 0,0224

[Toctpouth  Tpaduku  3aBUCHUMOCTH  TEOPETHMUECKOTO  3HAYCHUS
WHTECHCUBHOCTH TEIJIOBOTO OOJYYEeHHs] YeJIOBEKa OT TUIOIMIAIU IOJABHKHOTO
sKpaHa - popmyia 6.1. Temneparypa uznmydarens onpenessercs mno 1admn.6.2.

Tabmuma 6.2
HanpsizkeHue MCTOYHUKA MUTAHUSA M TEMIIEPATypa HarpeBaTeJis

50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200 | 210 | 220

™ &

K | 455|495 | 548 | 568 | 613 | 655 | 685 | 717 | 753 | 787 | 827 | 856 | 886 | 913 | 943 | 962 | 985 {1008
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5. OueHuTh 3PPEeKTUBHOCTH TENJI03AIMTHBIX IKPAHOB.

VYcranaBnuBas pas3iWyHbIE 3alllUTHBIE JKPaHbl B HAIPaBIIIONIUME HA
paboueM cToJie, yCTAHOBUTH JTATYMK TEIJIOBOTO MOTOKA HA pacCTOSHUUA 1eM OT
9KpaHa (BpeMs BBIICPKKU - IMHH.) U U3mepums:
¢ MHTCHCUBHOCTHh TEIJIOBOI0 W3Jy4YeHMsl IIPU OTCYTCTBUU 3allMTHBIX

JKPAHOB € MOMOIIbI0 u3MepuTenbHou rojnoBku UIII-2m. IIpum stom pgatumk
TEIUIOBOTO TOTOKA (3aKpEIUICHHBIN Ha INTATUBE) YCTAHOBUTh HA PACCTOSHUU
lcm OT npennosiaraeMoro MecTa YyCTaHOBKH DKpaHa;

e TeMIepaTrypy Ha TMOBEPXHOCTH JJEKTPOKAMHHA ¢  I[OMOUIbIO

uHpakpacuoro repmomerpa (UT). 151 5TOTO HEOOXOIUMO:

- pazmecmums WT na paccrosuun 40cM OT TPeANoOSaraéMoro Mecrta
YCTAaHOBKH 3KpaHa (Ha 0003HAYEHHOM [UIsl €ro IITaThBa MECTE CTOJa U Ha
OTMETKE S53¢M 10 JIMHEMKE JIJIsi CaMOro JIaTdyruKa mpuoopa);

- Hadcamp HA «KKYpPOK» UT.

Ha ero nucrniee BBICBETUTCSA 3HAUYEHHE TEMIIEPATYypbl 3KpaHa, HA KOTOPBIA
HaIpaBJeH Jy4 Jiazepa TepmoMerpa. [Ipm 3TOM BO3MOXKHBI IMMOKa3aHUS B
rpanycax @Dapenzeiima. J17i noayueHus 3Ha4YEHUN TeMIIEpaTyphl B Tpagycax
Ilenbcua He0OX0AMMO Ha)KaTh HA KPACHYIO KHOIIKY Ipudopa.

Ecin Her nyda nasepa, - HE0OXOJUMO HaXkaTh JIEBYI CepPyl0 KHOIKY
npubopa. [IpaBast KHONKA BKJIIOYAET MOACBETKY JUCILIECS.

e B JajibHelillleM, HE MEHSs TOJIOKEHHE JaTyuKa TeruioBoro notoka u UT,

U3MEPUTh HMHTEHCHBHOCTHb TEIUIOBOI0 W3JIYYeHHUs] U TeMIlepaTypy Ha

MOBEPXHOCTHU IKpaHa NPHU HAIMYUU, UMEIOIIUXCS SKPAaHOB (YKa3aHHBIX B OJIaHKE

otueTa), paccuumams 10 hopmyiie (6.1) MHTEHCUBHOCTH TEIJIOBOTO OOJy4eHUS

YyeJoBeKa JJIs OJHOTO M3 SKpaHOB (MO 33JaHUIO MPENOJAaBaTelNisd) U OUeHUmb

3¢ (HEKTUBHOCTD 3aLUTHOTO ACUCTBUS HKpaHOB MO popmynam (6.2 u 6.3).

Ilpumeuanue:
H3mepenue unmencusnocmu menniogoz2o usiayuerus npuoopom HIIII-2m
2
ocywecmensemcs 6 npeoenax om 0 0o 1999Bm/m”.

Brikimouenue: U T nporcxoauT aBTOMaTUYECKH,
npudopa UIIII-2m - ocyliecTBIsSIETCS KPATKOBPEMEHHBIM
Ha)kKaTueM KJaBuild « Beioopy.

6. CocraBuTh oT4eT 0 padore.

Ommemump BIVSHUE TEMIIEpaTypbl UCTOYHHKA TEIJIOBOTO H3JIyUCHHS,
pPacCTOSIHMS /10 MCTOYHMKA TEIJIOBOTO W3IY4YEHUs, IUIOUIAAM H3JIydarouiei
MOBEPXHOCTH HAa MHTEHCUBHOCTH TEIJIOBOTO 00ydeHusi. CpaBHUTH OIBITHBIE U
pacueTHbIE PE3yIbTaTHhI.

Ouyenump >PPeKTUBHOCTD PaOOTHI TEIUIO3AIUTHBIX IKPAHOB.

Jlamp pexoMeHIaluu 00 OpPraHU3alMOHHO-TEXHUYECKUX MEPOIMPUSTUIX
M0 yJYYIICHUIO YCIOBHHA TpyAa TpPH BHIMIOJHEHUH PAOOT B 30HE JEHCTBUS
HMCTOYHUKOB TEIJIOBBIX U3TYyUYEHH.
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Bonpocsl 1j11 caMOKOHTPOJISA

1. Yo Takoe TemnoBoe n3nyuyeHue? Ero xapakTepucTHKY.

2. OcoOGeHHOCTH BO3JEHCTBUS TeIIoBOro usnyudeHus (T/uzmydeHusi) Ha
OpraHH3M YeJIOBEeKa.

3. OT uero 3aBUCHUT CTENEHb TEIJIOBOIO BO3JCHCTBHS HAa OpraHu3M
4esroBeKa’?

4. Yem onpenensieTcsi TepMOPErYIISIUS OpraHu3Ma 4eaoBeKa?

5. OT yero 3aBHUCAT JAOMYCTUMbIE 3HAUCHHUS HHTCHCUBHOCTU T/M3mydeHus?

6. Kakume cCymecTBylOT 3alllUTHbIE MEPONPHUATHS OT BO3AEHCTBUSA
T/m3nyuenus?

7. Kakue 3kpasbl (10 OPUHLMITY JEHCTBHS) OOECHEUYMBAIOT HAMIYYIIYIO

3amuty ot T/u3nmydenus?
8. Kak wu3MeHsieTCsi MHTEHCHUBHOCTh T/M3ydeHUsI B 3aBUCUMOCTU OT

paccTosaHus?
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Pa6ora Ne 7

UCCJIEJJOBAHUE YCJIOBUM TPYJIA TOJIb30BATEJIA
INEPCOHAJIBHOI'O KOMIIBIOTEPA

Heap padoThl: O3HAKOMIIEHHE C OCOOCHHOCTSIMH  JKCIUTyaTalluu
nepconanpHoro  kommbtotepa  (IIK), rurueHuueckumMu  HOpMATHBAMH,
pErIaMeHTUPYIOUTUMHU MMapaMeTPhl AJIEKTPOMArHUTHOTO TMOJSI W CBETOBOTO
KJIMMaTa Ha pabodyeM MECTE U IMOJIy4YEeHUE HaBBIKOB pabOThl ¢ MpuOOpamu AJis
U3MEpPEHUS ITUX MapaMeTPOB.

1. TeopeTnyeckas 4acThb
OO0mmue cBegeHus

OnHUM U3 MIMPOKO PACHpPOCTPAHEHHBIX B HACTOSIIIEE BPEMSI TEXHOTEHHBIX
MCTOYHHUKOB 3JEKTpOMarHuTHbIX mosne (OMII) sBnsercs nepcoHaIbHBIMN
koMmibioTep (ITIK). B cBsI3M ¢ NOCTOSHHBIM pa3BUTUEM HH(POPMALIMOHHBIX
TEXHOJIOTUM TPOUCXOAUT TOCTOsAHHAas MonaepHuzamusa [IK. M3mensiercs ux
KOHCTPYKIIUSI U YCJIOBUS SKCIUTyaTalluu.

[ToMuMO 3TOrO, YCIOXKHSIOTCS MPOTPAMMBI, C KOTOPBIMH MO3BOJISIET
pabotaTh KoMIbioTep. Bo3pacraer ckopocth oOmeHa uHpopMmanueit. B 3toit
CBSI3M  BO3pAacTalOT DJHEPro3aTparbl, YTO MOXKET SBISATbCA IMPUYUHOU
BO3HUKHOBeHUs1 DMII noBbliieHHBIX ypoBHEH mipu padoTe ¢ T1K.

K ToMy ke, OTKpBITBIM OcTaércs Borpoc 00 ypoBHsx DMII, BozHUKarOIUX
Ipy  OJHOBPEMEHHOM SKCIUTyaTaluu Oonblnoro uuciia coBpeMeHHbiX [IK,
HaXOSIINXCS B OJHOM OMENIECHUHU.

[IIupokoe ucnonp3zoBanue [1K B pazmnyHbIX 007aCTAX KU3HEACATSILHOCTH
YEJIOBEKA MPUBEIIO KaK K MOJIOKUTEIBHBIM, TAK U OTPULIATEIbHBIM PE3yIbTaTaM.
Tak Hapsimy, C BO3MOXHOCTSMH MHOTOKPAaTHO YBEJIWYUBIIEHUCS CKOPOCTH
BBIYUCIUTEIBHBIX ~ MPOLIECCOB,  TMOJYyYECHUS  pa3IuyHOM  wHOOpManuu
O COCTOSTHUM DHEPrOCHUCTEeM, CHUCTeM OO€CHedYeHUsI TMOJIETOB U JPYyrux
TEXHOJIOTUYECKUX CUCTEM, ObLIO OTMEUYEHO OTKJIIOHEHHE B COCTOSIHUU 3/I0POBBS
y niepcoHaia, skcruryarupyromero K.

Tak, mpu padoTe ¢ BHUACOTEpPMHUHATAMU BO3HUKAIU YXYAIICHUE 3PEHUS,
3a00JIeBaHUE OMOPHO-BUTATEIHHOTO ammapara, HeOJIaronoaydyHoe IpoTeKaHue
OEpEeMEHHOCTH, KOXXHBbIE OOJIE3HM, aJUIEPTHUECKHE PEaKIMh, HEBPOTUUYECKUE
COCTOSIHUS U JIp.

Pab6ora c¢ ITIK xapakrepusyercs NOBBIIICHHBIM YPOBHEM BHHUMAaHUS H
MICUXOAMOIIMOHAILHOTO  HAMNPSDKEHUsl, YTO CBA3AHO C  OMNPEIEIICHHBIM
BU3YaJIbHBIM TUCKOM(OPTOM, C OTBETCTBEHHOCTHIO 32 KAYECTBO BBITIOJIHIEMOTO
3ananud. [lepepaboTka OonpIOro oobemMa HHGPOPMALMM, PEIICHHE CIIOKHBIX
3a/1a4, HEPEAKO B YCIOBHUAX JAePHUIIUTA BPEMEHH, TPEOYIOT TaK)Ke MOBBIIIIEHHBIX
YMCTBEHHBIX YCUJIUW W HEPBHOIO HampspkeHus. Kpome Toro, aimuTenbHast
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paboTa B HEW3MEHHOW CTAaTUYECKOW I03€ MPHUBOIUT K MepEHANPHKESHUIO
Pa3IUYHBIX TPYII MBI, & OJHOTHITHBIE JBMKCHHSI HA KJIaBUAaType Pa3BUBAIOT
BOCTIAJIMTENIBHBIE TIPOIIECCHI B CYCTaBaX M MBIIIIAX PYK.

OcoOenHoct  pabOTBl C BHICOTEPMUHAIAMH, a HWMEHHO: BBICOKHE
TpeOOBaHUS K OpraHy 3peHHs, HEpBHBIC HAIPSDKCHUs, MOHOTOHHBIM XapakTep
Tpyda, BBIHYXJCHHas pabouasi 1Mo3a, a TaKkKe BPEIHbIC MPOU3BOACTBEHHBIE
dakTopbl, Takue, HANpuUMEp, KaK  JJIEKTPOMArHUTHBIE  HM3IYYCHUS
yIbTpa(hHOIETOBOE H3IYYCHHUE U JAPYTHE, CIIOCOOCTBYIOT (HOPMHPOBAHUIO
pa3IMYHOTO pojia 3a00JIeBaHU.

Tak npu NMOBBIIIEHHOM YpPOBHE 3J€KTPOMArHUTHBIX none (OMII) moryt
BO3HUKATh KOXHAs Chlllb, IOMYTHEHHsS XpyCTalWKa TJla3a, MaTOJIOTHH
OepeMEHHOCTH U IPYTHE CePhE3HbIC HAPYIICHUS 370POBbSI.

CoBpeMEHHBIE  KOMIBIOTEPH  IMO3BOJISIOT  BBIMONHSITH  CIEAYIONINE
oreparuu rnpu padore ¢ UHpoOpMaluei: - BBOA;

- 00paboTKa, mpeoOdpa3oBaHuE;
- BU3YyaJu3alus, BEIBOJ;

- XpaHEHUE;
- TPAaHCIOPTUPOBKA;
- 3allIMTA.
[1K cocTouT U3 CAeayronux YCTPOMCTB: - CUCTEMHBIN OJIOK;
- MOHUTOD;
- KJIaBUATypa;
- MBIIIIb.

— B cucteMHOM OJI0K€ pa3MEIIAIOTCA DJIEMEHTBI, OT KOTOPBIX 3aBUCHUT
CKOPOCTb M Ka4€CTBO OCYLIECTBIISIEMBIX OIEPALUI: - IIPOLIECCOD;
- MaTEpUHCKas 1U1aTa;
- OJIOK IMUTaHUS;
- OllepaTUBHAs MaMSITh;
- ’KE€CTKUM JUCK;
- BUJICOKAPTa;
- DVD npuBox 1UCKOB.

[TIK B yka3aHHOW KOMILICKTALIMM HA3bIBAIOT CTallMOHApHBIM. Kak mpasuio,
B TEYEHHE BCErO CpPOKa OKCIUIyaTallMd TaKOW KOMIBIOTEP HAXOJIUTCS Ha
HEU3MEHHOM  paboueM  MecTe. OTO  OOYCIOBJIEHO  HEYJ00CTBOM
TPAHCIIOPTUPOBKHU U HEOOXOAMMOCTBIO OCTOSIHHOTO TOAKIIOUECHHSI CUCTEMHOTO
0JI0Ka ¥ BUJIEOTEPMHHAJIA K CETU MMUTAHUA MTPU pabOTE C HUM.

[TopratuHbii Wi mMoOwnbHbIN [IK MO3BONIAET OCYIIECTBIATH TE JKE
Omnepalny, 4TO U CTAUOHAPHBIN, HO MPHU 3TOM KOHCTPYKTHBHO OTJIMYAETCA -
BCE DJJIEMEHTHl PA3MENMIEHBl B €IUHOM KOpPIIyCE, 4YTO [EeJaeT JOCTYITHBIM
MIEPEHOCUTH TAKOW KOMITBIOTED.

OMII TIK, BbIlyCKaeMbIX pa3IUYHBIMU (QUPMaMHU, TaKXKE MOTYT
OTJIMYAThCS, TOCKOJBKY KaXIbld MPOU3BOAUTENb MPUMEHAET i1 CBOMX
YCTPOUCTB 0coOble TexHoJoTuHu. [loMrMMO TOro OcCoObIi WMHTEpPEC BBLI3BHIBACT
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BHYTPEHHEE YCTPOMCTBO MOPTATHUBHOTO KOMIIbIOTEpAa. B 3aBHUCUMOCTH OT
MOJEIN W WUJEU MPOU3ZBOJUTENS DIIEMEHTBI, HAIPUMEP AKKyMYJSITOp WIIH
KECTKUU IUCK, MOTYT HAXOJWUThCS B Pa3HBIX MECTaX. DTO MOMKET SIBISATHCS
NPpUYMHOM paznuuus B ypoBHsAX DMII, coznaBaembix 11K ogHO# Mapku.

BuneorepmuHanbsl  SBISIOTCA ~ HWCTOYHHMKAMU  MIAPOKOrO  CHEKTPA
AIIEKTPOMATrHUTHBIX M3JIYyYEHUW - PEHTI€HOBCKOTO, yibTpaduoaeroBoro (YP),
BuguMmoro u wuH(pakpacHoro (MK) nmamasonHoB, a Takke (O4eHb BaXKHO),
JIAANAa30HOB PaJHOYacTOT M MPOMBIIUICHHOM dYacTtoThl. Kpome TOro, onm
CO3/IaI0T A3POMOHHBIE TOTOKHU U 3JEKTPOCTATUYECKOE TOJIE.

Ucrounnkamu DMII sBisitores cumoBsie Tpanchopmatopsl (50I), 6moku
pa3BepTku, Oyok momyssiiuu ayda OJIT - 50-811'm, skpanm monumtopa (MK
u YO uzinyyeHus), MaTEpUHCKHUE TUIaThl, IPOILECCOPHI U JIp.

HeobxoaumMo OTMETHTH, YTO IMIMPOKO HCIOJIB3YEMbIE B TOCIEIHEE BpEeMsI
xuakokpuctamueckue (OKK) monuTopsi, obnagator 60j1ee HU3KUM YPOBHEM
OMII BcneacTBHE NPUMEHEHUS TMOHWKEHHBIX HAIMPSKEHUM (IECATKA BOJBT
BMECTO KHJIOBOJBT). Kpome Toro, oHu 00aal0T TaKUMH MPEUMYIECTBAMH,
KaK BBICOKAs TMHEHHOCTh, MEHbIIINE Ta0APUTHI U JIP.

Haubonee cunbno nevictue DMII npossisercs Ha paccrosiHuu 10 30cm
or 9%kpaHa. Ho BpenHoe wu3iaydyeHHE HE MEHbBIIEH WHTEHCHUBHOCTH, 4YeEM
OT dKpaHa, UMEIOT OOKOBBIC U 3aJHUE MMOBEPXHOCTH MOHUTOPA, a y note-book -
€ro HIKHSS YacTh. OJTO OOCTOATEIBCTBO HEOOXOAUMO YUYHUTHIBATH MPU
OpraHu3alyyd pabodnX MECT B JUCIJICHHBIX KJIaccax U B JPYTUX MOMEUICHUSIX,
rIe pa3MelaeTca He oauH KommbioTrep. Kak ycranosneno, Bozaeictsue SMII
MOMHMO yKa3aHHBIX BBIIIE 3a00JIeBaHUN CIIOCOOCTBYET Pa3BUTHUIO KATapaKThl U
IJIayKOMBI, pa3pyIICHUIO 3yOHBIX TUIOMO HA OCHOBE aMalibraMbl U JIp.

Xapakrepuctukamu OMII B nuama3zoHe YacToT pabOThl OCHOBHBIX
sHepronorpedsitonmx 6;10koB [1K sSBISIOTCS HAMPSYKEHHOCTH YJIEKTPUUECKOTO
nosst E (B/m) v marautHas uaaykuuss B = upy-H,

I M - MarHUTHAs POHUIIAEMOCTh CPEIbl, [y - MATHUTHAS TTIOCTOSTHHASI,

H - Hanps;>KEHHOCTh MarHUTHOTO MOJIS.

Cornacao CanlluH x OMII, co3naBaemomy nucrmieem [IK, Ha paboumnx
MeCTax OT PKpaHa MPEIbABISIOTCS CIEIYIONTNE TPEOOBAHUS:

e HanpsokeHHOCTh  3JIEKTPUYECKOM  cocTaBisitonie nepemenHoro  Ol1
IUCIIEs TOJKHA OBITH HE OoJiee:

25B/m - B qnama3zone gyactot oT SI'iy mo 2kI 1

2.5B/m - B tnanazone yactot oT 2k 11 10 400k 11.

e BennumHa MarHUTHOM MHIYKIMH J0JKHA OBITH HE OoJiee:

2508Tn - B quama3one 4yactoT ot S’ o 2kI'1;

25uTn - B quanazone yactot ot 2kl i 1o 400xI 1.

YMenpmuth ypoBeHb DOMII momoraer BbIOOp TPABUIIHBHOTO PACCTOSTHUS
OT TIJa3 Mojb30oBaTenst A0 ’KpaHa MoHutopa. OHo cocrtaBisier 600-700Mm,
HO He MeHee S00MM.

CoBpemennbie  JXK-MOHUTOpHI  00JaJafOT  3HAYUTEIBHO  MEHBIINM
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(B Heckosibko pa3) ypoBHeM OMII mo cpaBHEHHIO CO CTapbIMU MOJEISMU
MOHHUTOPOB Ha AJIEKTPOHHO-Iy4eBOil TpyOke. OpHako, B psnae ciydae OMII,
CO37aBa€Mble  COBPEMEHHBIMU  MOHUTOpPAaMH, OCOOCHHO B  MAacCOBOM
MIPUMEHEHUH, MOTYT ITPEBOCXOIUTH JOIYCTUMbIE 3HAUECHUS.

O4eBuHO, YTO TpU OJAHOBpEeMEHHOM paboTe Heckosbkux I[IK Oymer
npoucxoauTh HamoxkeHue OMII, co3maBaemMbIX pa3HBIMH KOMIbIOTepamu. B
3TOM Cllyyae B HEKOTOPBIX TOYKAxX MPOCTPAHCTBA HA pabouyeM MeCTe BOSHUKHET
NOBBIIIEHHBIH ypoBeHb OMIL. Jlng oneHkn Oe€30mMacHbIX YCIOBHA pPadOThI
MOXHO UCIIOJIb30BaTh JHEPreTHYecKyro skcno3uiuioo (93). Ee 3HaueHus
OTJIEJBHBIM COCTABIISIOIINM OIPEAEIIIIOTCS KaK

23, =ET (B%uac/M) u 23, =H’T (A’gac/m?).
[IpenensHO AOMyCTUMBIC 3HAUEHUS D MpUBEACHBI B Ta01.6.1

Ta0muna 6.1.
IIpeneabHo JomycTuMble 3HAYEHHUA DD

IIpeneabHo JonmycTUMAs JHEPreTHYECKASA
JInana3on yacror 3KCP Q3 IS v
ITo »1. cocTaBigromEeH ITo mar. cocTaBasgromen
(B/m)’a (A/M)*u
30 kI'm— 3 MI'n 20000 200
3-30MI'ng 7000 -
30-50 MI'g 800 0,72
50 - 300 MI'n 800 -

[Ipu obmydyeHun OT HeckoNbKUX pa3Hbix UCTOYHUKOB (IIK) momycTumsiii
ypoBeHb DOMII MOXHO MPUOJIMKEHHO OLIEHUTD [0 COOTHOIIECHHUIO:

i

n

Z 2 <1 B OIHOM YaCTOTHOM JIMANA30HE; T/E i - HOMEP UCTOYHUKA.

i=1 39,10),

[Ipu pabore c¢ IIK HeoOXomumMo Takke YYUTHIBATH BO3HUKAIOIICE
MOBBIIIEHHOE 3PUTEIBHOE HAMPSHKEHUS. 3pUTEIbHAs CUCTEMa YEJIOBEKAa B
TEUEHHE MHOTHX MWUIMOHOB JIET TMPHUCIOCAOIUBAIACH IS BOCHPHUSTHUS
MIPEAMETOB HCKJIIOUMTEIBHO B OTPa)KEHHOM CBeTe. B pesynbrate 3TOMU
HBOJIIOIMU 4YEJOBEK MpUOOped BeCbMa COBEPIIEHHOE IBETOBOE 3pEHHUE H
MPEKPACHO pa3IudacT 0OBEKTHI PA3IMUHBIX 1BETOB. OJIHAKO BCE ATU OOBEKTHI
He cBeTATCA. OHU BUIHBI B OTPAXKEHHOM COJIHEUHOM CBETE.

[TosiBieHUE AIEKTPOHHO-JIYYEBOM TPYOKH OBLIO COMPSIKEHO ISl YeJIOBEKa
c OoJbIIMMM TpoOJIEeMaMH, TaK KaK 3TO M300pakeHUE SBISIETCS PEe3yJIbTaToOM
CBEUCHHS DKpaHa, T.€. MPUXOJUTCS CMOTPETh HAa UCTOYHHK CBETa — JMCILICH.
N xora rmaza dYemoBeKa CIOCOOHBI MPHUCTIOCAOIMBATHCA (aJaTUPOBATHCS )
K U3MEHEHUIO MHTEHCHUBHOCTH CBETa, YTO JOCTUTAETCS, B IMEPBYIO OYEPE.b,
M3MEHEHHEM JHaMeTpa 3padyka, a TakKe H3MEHEHHUEM YYBCTBUTEIbHOCTH
CETYATKH, 3TO TsKeNasi 3puTelibHas padora. C Ipyroit CTOPOHBI, MOJIB30BATEIb
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BBIHYKJIEH B Ipoliecce paboThl MEPEHOCUTh CBOM B3IUIAJ C KpaHa Ha Oymary
u obparHo. M B TeueHue MAHS TUia3a JOJDKHBI COTHM W THICAYU pa3
NepecTpanBaThCs C OJJHOTO Crloco0a YTeHHs Ha IPYTOH, UTO CO3AAeT JJIsl 3pEHUs
JOTIOJTHUTENBHYIO HArpy3Ky.

HeobxoaumMo OTMETUTh, 4YTO W BO3HHUKIIAS B JaBHHE BpEeMeEHa
NUCBMEHHOCTh, B KaKOW-TO Mepe, MPOTUBOpEUMsa 3pPUTEIBHON CcHUCTEMe
YeJioBEeKa, BOBCE HE pACCUYMTAHHONM Ha YTEHHE KHUT W paccMaTpuBaHUE
kapTuHOK. CUYMTBIBaHWE TEKCTa, TaOJWIl, Tpad)UKOB C DKpaHa OTIMYAETCS OT
YTeHUSI TOU ke HHPOPMAIMH C JTUCTa OyMaru He TOJIBKO MEPECTPONKON 3peHHUs
OT BOCIIPHUATHS MUCTOYHHKA CBETa K BOCHPHUATHIO OTPAKEHHOTO TEKCTa, HO H
JIPYTUMH MOMEHTAMHU, BIHSIONTUMU HETATHBHO HA 3PUTEIBHBIN aHAIA3ATOpP.

KonkpeTHo npu pabote ¢ AMCIUIEEM IOJb30BATEIb IEJIUKOM 3aBUCHUT OT
MOJIOKEHUST JMCIUIEeS, TOTJa KaK NpU YTEHUU TEYATHOM MPOIYKUIHUU JIETKO
MOXKHO HaWTH TMOJOKEHHE JHUCTa Il Hanbosnee KOM(pOPTHOTO BOCHPUSITHS
undopmaruu. [Ipu 3TOM, TeKCT Ha OyMmare SIBJIsIeTCA HEM3MEHHBIM, a TEKCT Ha
9KpaHe NEePUOJANYECKU OOHOBISETCS B MPOLECCE CKAaHUPOBAHUS JIEKTPOHHOTO
Jyda TIO TOBEPXHOCTH dKpaHa. JloCTaTOYHO HHU3Kasg 4YacToTa OOHOBIICHUS
BBI3BIBAET MEPIIaHUE N300paKEHUSI.

[Tonp3oBarens I[IK  yromnsiercss mW3-3a MOCTOSIHHOTO — MEJIbKAHUS,
HEYCTOWYMBOCTU U HEYETKOCTU U300paKEHUS HA SKpaHe, h3-3a HEOOXOJUMOCTH
YacTOW MEepEeHaNaIKH I1a3 K OCBEIEHHOCTH AUCIUIES U K 0OIIEel OCBEIEHHOCTH
nomenieHus. Tak jxe HeOIaronpusITHO BIMSIOT Ha 3pEHUE pa3Has yJaJe€HHOCTb
OOBEKTOB pa3IMYEHUsl, HEIOCTATOYHAsl KOHTPACTHOCTh M300PaKEHHMs, IIOX0E
KaueCTBO MCXOJHOTO TOKYMEHTa, UCIOJIb3YyEMOI0 IIPU padoTe B PEKUME BBOJA
JAHHBIX.  3pUTEIBHOE  HANpsDKEHUWE  yCYTyOJsieTcss  HEepaBHOMEPHOCTHIO
OCBEIICHHS paboueli TOBEPXHOCTU U €€ OKPY>KCHHUS, MOSBJICHUEM SPKHUX TSATECH
3a CYET OTPAXKEHUSI CBETOBOTO MTOTOKA HA KJIABHATYype U dKpaHe.

BaxxHbIM (haKTOpPOM, OTMPENEISIIONUM CTEIEeHb 3PUTEIBHOTO YTOMIICHHS,
SIBJIIETCSL TAK)KE€ OCBEILIEHHWE padOYuX MECT U MOMEIIEHHH, /i€ PACIOIOKEHbI
KOMITBIOTEPHI. XapaKTEPUCTUKH CBETOBOTO KJMMaTa MpHU paboTe ¢ AUCILICIMHU
4acTO MMEIOT OOIIMe HENOCTaTKW: HaJu4Hhe B IMOJIE 3PEHUS MHOTOYHMCIICHHBIX
UCTOYHUKOB TPSIMOW M OTPaKEHHOW OJecKocTH (OT JKpaHa W KIIaBHATYPHI,
OT OKOH M CBETUJIBHUKOB), HEPABHOMEPHOE pacHpelesieHue SIPKOCTH, HU3KHE
YPOBHH OCBEILIEHHOCTH. JTO 3aBUCHUT, IJIaBHBIM 00pa3oM, OT HErpaMOTHOTO
pa3MerieHnss 000pyIOBaHUSI OTHOCHUTEIBHO HMCTOYHUKOB CBETa B MOMEIICHUU
U OT OTCYTCTBHS DJJIEMEHTApHBIX YCIOBUH JJsi 3allUTHl OpraHa 3pEeHHs
oreparopa OT YTOMIISIFOUIUX €ro (pakTOpoB Ha paboyeM MecTe.

OOBEKTUBHBIE HCCICAOBAHUS TOATBEPKIAIOT YXYAIIEHWE OCHOBHBIX
dbyHKIMA 3peHust (MOBBIIIICHUE TOPOTOB IBETOBOTO 3peHust Ha 19-25%,
W3MEHEHHE ToKa3arened BuauMoctu Ha 12-33%), a Takke CyIIECTBEHHOE
CHIDKEHHE pab0TOCIIOCOOHOCTH U YXYALLIEHUE BHUMAHHUSL.

PesynbpTaThl UCCeOBaHUN MMOATBEPKIAIOT, UTO y OMEPATOPOB CHIKAIOTCS
YCTOWYMBOCTh  SICHOTO  BHUJCHHS, JJICKTpUUECKash YyBCTBUTEIBHOCTH W
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Ja0WIBHOCTh (MOABMKHOCTH) 3PUTENIBHOIO aHAJIM3aTOpa, OCTPOTa 3pPEHHUs, a
TaK)Ke€ HapyllaeTcsi MBIIICUHbIN OanaHc Tia3. ITO BeJeT K TOMY, YTO OKOJIO
80%, paboTalomux C AUCIUICSIMH, CTPAfalOT YXYIIIEHHUEM 3peHus. ITO
MPUBOAUT K HEOOXOJUMOCTH MOJB30BAThCSI OUKAMH.

OCHOBHOM XapaKTepUCTUKONU OCBEIICHHUS SIBISIETCS OCBEUIEHHOCTbD, TO €CTh
MOBEPXHOCTHAS IVIOTHOCTh CBETOBOI'0 MOTOKA

E=®/S (moxc).

KpoMe TOro, B THUIrMEHMYECKHX HOPMATHUBAX HCIOJB3YETCS TOHSTHE

SAPKOCTH - IOBEPXHOCTHOM MJIOTHOCTH CHJIBI CBETA B JAHHOM HAIPABIIEHUN
L=1/8 (xa/™).

TpeGoBanus mo Oe3omnacHod skcruryatauuu [IK, B ToM uwmcime u 1o
OCBEIICHHOCTH,  U3JI0)KEHbl B  HOpMaTuBHOM  jokymeHTe  CaunlluH
2.2.2/2.4.1340-03 “T'uruenuueckue TpeOOBaHUS K NepcoHaTbHBIM OBM u
opranuzanuu paboter” u CaulluH 1.2.3685-21:

— OcCBelIeHHOCTh Ha TOBEPXHOCTH CTOJa Ha pabouyeM MecTe J0JKHA
onITH 300 - 5005K;

— OCBEeILIEHHOCTh MOBEPXHOCTH dKpaHa He AoJKHA ObITh Oosiee 3001K;

—  SIpKoCTb 9KpaHa MOHHTOPA HE JIOJKHA ObITh MeHee 35Ku/M’.

KpurepueM T1OCTOSHCTBA  OCBEIIEHHOCTH BO  BPEMEHU  SIBIIIETCS
koadurreHT mynscanuu ocsemeHHocTH K (%), kotopsiii, cornacuo CanlluH,
He JokeH npeBbimath 5%. Koadbdumment mnynbcanuu B - IpoIEHTaX
onpenessercs mo popmyne: Ky = 100 (Eyaxe - Eyun) / 2-Eqp , 1€ Eyace » By 1
E¢p, - COOTBETCTBEHHO - MaKCHMMAalbHOE, MMHHUMAJIBHOE U CPEJHEE 3HAYCHUS
OCBEILEHHOCTH 32 NEPHUOJ KOJIEOAHNS OCBEIICHHUS.

Pexxumbl Tpyna u oOTAbIXa MNpU paboTe C KOMIBIOTEPOM JOJDKHBI
OpraHU30BBIBATHCSI B 3aBUCUMOCTH OT BHJIa W KAaTErOpUU TPYJOBOMU
NEeATEIBbHOCTH.

Buabl Tpyn0BOi 1€ITEIBHOCTH PA3AEIAIOTCS HA 3 TPYIIIBL:

* ['pynmna A - paboTa 1o cuuTbIBaHUIO HH(GOPMAIIMH C IKpaHa KOMITBIOTEpa
C MPEBAPUTENBHBIM 3aIIPOCOM;

e I'pynna b - paGoTa no BBoly MH(pOpMALINH;

* ['pynna B - TBOpueckast pabota B pexxume auaiora.

3a OCHOBHYKW Ppad0Ty C KOMIBIOTEPOM CIEAYET IPUHUMATh TaKYIo,
KoTopass 3aHuMaeT He MeHee 50% BpeMeHH B TEYEHUE BpPEMEHH pPabOThI
KOMITBIOTEPA.

Jns BUAOB TPYIOBOM [JEATEIBHOCTH YCTAHABIMBAETCA 3 KaTErOpUH
TSKECTU U HAPSDKEHHOCTU PabOThl C KOMIBIOTEPOM, KOTOPBIE ONPEEISIOTCA:

Il Tpynmbl A - TI0O CyMMapHOMY 4YHCIY CYHTBIBAEMBIX 3HAKOB
3a BpeMs pa0doTHI ¢ KOMIIbIOTEpoM, HO He Ooitee 60 000 3HAKOB;

e uist Tpymmbl b - Mo cymMMapHOMY YMCITy CYUTBIBAEMBIX WJIM BBOJUMBIX
3HAKOB 3a BpeMsl paboThI ¢ KOMITbIOTepoM, HO He Oosiee 40 000 3HaKOB;

* Uil TpyHnbl B - mo cyMMapHOMY BpeMEHHU HENOCPEICTBEHHONW paboThl ¢
KOMIIBIOTEPOM, HO He OoJiee 6 4acoB 3a CMEHY.
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g obecrnieueHuss ONTUMAIbHOM pPabOTOCIIOCOOHOCTH U COXPAaHEHHUs
3I0pOBbSl Ha TMPOTSIKEHUH BPEMEHU padOThl € KOMIBIOTEPOM JIOJKHBI
YCTaHABIIMBATbCS PErVIaMEHTUPOBaHHbIE nepephiBbl. [Ipum 8-uacoBoil cMeHe
CyMMapHasi JJIUTEIbHOCTb NEPEPHIBOB cocTaBisieT 50-90MuH, B 3aBUCUMOCTH OT
Ipyninbl TPYAOBOU JeATeNbHOCTH. [IpoaomKUTEIbHOCT HEIPEPHIBHOM pabOTHI
c 1K 6e3 perniaMeHTHpOBaHHOIO MEPEPhIBA HE TOJKHA MPEBBIIATH 1 4.

1. IIpakTnyeckue Uccae0BaAHMA.
Onucanue J1adOPaTOPHOIo CTEHAA

JlaGopatopHbIil CTEHJ, cXeMa KOTOpOro MpejicTaBiieHa Ha puc.6.1 (ayn.
106, JIP Ne 7), no3BoiigseT u3MepuTh ypoBeHb DOMII Ha pa3nuyHbIX PACCTOSHUIX
OT 3KpaHa JUCIUIes, a TaKKe OCBEUICHHOCTh U KOI(PPHUIMEHT Mmynbcalud Ha
MOBEPXHOCTSAX paboYero cToyia u IKpaHa.

Puc. 6.1. Cxema 1abopaTopHOTO CTEH/IA.
1 - cron; 2 - DJIT monuTop; 3 - NpOLIECCOPHBIN OJIOK; 4 - TUHENKA;
5 - anTeHHa uzMepuTtens; 6 - 610k nHauKanuu, 7 - KK MmoHuTop.

Hns onpenenenust yposHs OMII B mabopaTopHoil paboTe UCHOIB3YyETCS
U3MEpUTENh  MapaMeTpoB  DBJEKTPUYECKOTO W MArHUTHOTO  MOJeH
TpexkomrnoneHTHbIt BE-metp AT-003 (puc. 6.2). IIpubGop mo3BossieT u3MepsTh
HaIpPSKEHHOCTh AJIEKTPUYECKOTO TMOJIS ¥ INIOTHOCTh MATHUTHOTO MTOTOKA B TPEX
YacTOTHRIX auana3oHax: ot SI'i go 2kl'h, ot 2xI'11 mo 400k 1 HA f = 50I"m.

Jlnst 3aMepoB  ypOBHSI OCBELIEHHOCTH M KO3(@UIMEeHTa IMyibcaluu
ucrnones3yercs mokcMerp-mynbeMerp T TKA-IIKM”, npencraBieHHbIN HAa puC.

6.3. [Ipubop obnagaeT AMana3oHOM U3MEPEHHUS OCBEIICHHOCTH B Mpenenax oT
101k 1o 200 000K.

N3mepenne ypoBHs DM nmoJist

BrirounuTh  NEPCOHAIBHBIM ~ KOMIIBIOTEp  Ha)XaTUEM  KHONKM  Ha
MpOILIECCOPHOM  OJioke. BKIIOYMTH MOHUTOP ¥ JOXKIAThCSA  3arpy3Kd
OIIEPAMOHHON CHCTEMBI.

IMoaroroBka nzmepuresia BE-merp-AT-003

[lepen paboToit HEOOXOAWMO MPOBECTU BHEIIHUN OCMOTP H3MEpPHUTENs
BE-metp-AT-003 (cM. puc. 6.2) u yOeauThcsi B OTCYTCTBHM MEXaHUYECKUX
MOBPEXJIEHU aHTEHHOTO OJIOKa, KOpIyca U WHIUKATOPHOW MaHenu OJioKa
uHauKanuu. [Ipucoe uHUTh aHTEHHBIM OJIOK ONTOBOJOKOHHBIM Kabesem
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K OJIOKYy W3MEpeHUW W HWHJIUKAIMU, BKJIIOUWTH MUTaHWE AHTEHHOro OJIOKa,
yAEPKMBasi KHOIKY BKJIFOUCHUS / BRIKJIFOUEHUS B TCUCHUE 3CEK.

Haxxatnem Ha kHomky BKJI BkatouuTh OJOK M3MEpPEHUM W WHAMKAIIHH,
JTOKJAAThCS ~ 3aBEPIUISHMUs]  Ipollecca CaMOTECTUPOBAaHHS  (TECTUPOBAHUS
BHYTPEHHHX LICTICH U3MEPUTEIIsI, ONPEIeIICHUS COCTOSHMS aHTEHHOro OJloka H
WU3MEPEHUS HAMPSLKCHUN TUTAHUS).

Hamnpspbkenne nmutanusi aHTEHHBI W U3MEPUTENS JODKHO OBITh HE MEHee
4.8B. Ilpu wHAMKAIIMKM HU3KOTO HAMPSDKEHUS] MUTAHUS CIEAYEeT MPEKPATUTH
paboTy 1 IPOBECTH 3apsii aKKYMYJIATOPHBIX OaTapei.

Puc. 6.2. BHemHui B U3MEPUTEIIA.
] — aHTEeHHBIN 010K, 2 — OJIOK MHIUKAIIMU
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ITopsiioK BBHINOJIHEHMSI JIAOOPATOPHOI PadOTHI

[Ipy TMONOKUTEIBHOM pE3yJIbTaTe€ TECTUPOBAHMS JJISI TPOJOKCHUS
pabotel cnenyer Haxkarh Ha kKHonky CTAPT. Ilociae storo ocyuiecTBUTCS
MIepEX0/I B IJIaBHOE MEHIO.

Ilepexon B pexum wusMmepeHuid OMII ocymiecTBisieTcsl akTUBHU3ALMEN
nyHkTta “m3m. IMII” B rimaBHOM MeHI0. Eciam paHee OCyIIECTBISICA PEKUM
U3MEpEeHHil C 3amuchlo, To Heobxomumo Haxatb «K3 HoBas 3amuce» 10
HE3aHATHIX A4YeeK JMO0 BBIMTH U3 pexXUMa C 3aMUChI0 (3alTH B TIIaBHOM MEHIO B
IYHKT «TEOHUHIY).

[TomecTUTh aHTEHHY M3MEPUTENS B TOUKY M3MEpeHUus (Ha OmpelesieHHOe
pPAcCTOSIHME OT HKpaHa MOHUTOPA COTJIACHO 3a/IaHHUIO).

PesynbTaTel u3Mmepenuss napameTpoB OMII oroOpassTcss Ha d3KkpaHe
u3meputens (maaykiuu MIT — B u HanpsokeaHoctu D11 — E). Bo BTopoii ctpoke
uHaunupyrorcs 3HadeHuss OMII B I gyactrorHoMm mommuarnazone (STt - 2xI'm).
B Tperbeit crpoke wuHmunupyrorcs 3HadeHus OMII  wacrotoir  50I'm.
B u4erBeproii cTtpoke uHaunupyrorcs 3HadeHus OMII Bo II-om wacToTHOM
noaauanaszone (2kI'm - 400kI ).

Haxatuem u ynepxanuem (~ 3cex) kHonku CTOII BKIIOUHTE pexuM
nay3bl Ui yIoOCTBa JOKYMEHTHUPOBAHMS PE3YJIbTATOB H3MepeHus. Pexum
1ay3bl MOKET ObITh CHAT HaxxaTueM Ha kHonky CTAPT.

CHATp NOKa3aHWS W3MEPUTENS IIPU PA3JIUYHBIX PACCTOSHUAX, COTJIACHO
BAPUAHTY 3aJIaHMs, OT JKpaHa JUCIUIes cHayaina MoHuTopa Ha JJIT, a 3aTeMm OT
KK monuTopa. 3aHecTy nokazaHus B OJJaHK OTYETa.

[ToBTOpUTH U3MepeHue coctapistomux IMII ¢ pexekuuent (hunpTpanueii)
curHasia ¢ yactoroi S0I'm B guamazone 5 - 2000x['m. st akTUBanuuM 3TOU
GbyHKIMM HEOOXOJUMO B TJIaBHOM MEHIO BBIOpATh MYyHKT «TIOHUHI» U Jajee
NYHKT «(QUIBTPBI». 3aT€M KHONMKAMH «BBEPX» WJIM «BHU3)» MOMEHATH HAJIUChH
Ha 3KkpaHe uzmeputens ¢ «Fl1» Ha «F1-F50» 1 HaxaTh KHONKY MOJATBEPKICHHUS
BBIOOpA, KHOMIKY «BBO». Ecnu (yHKIMS peXeKIuu BKIIOUYEHA, TO B MPOIecce
M3MEpPEHUHN BO BTOPOM CTPOUYKE dKpaHa UHAMLMUPYETCS 3HaYeHUE UHAYKIUU MII
u HanpspkeHHocTu DIIB noanuanaszone 1 ¢ BeIpe3anHo# mosiocoit BOam3u 501 .

B pexume nay3sl MOBTOpHbIM yrepkanuem (~ 3cek) kHonku CTOIL
BBIMTH U3 PEKUMA U3MEPEHUN B IJTABHOE MEHIO.

[Ipn Hanmuum 1K ¢ KK moHMTOpOM NpoOBECTH aHATOTUYHBIE U3MEPEHUSL.

BreikmtounTs n3mepurens yaep:xxanueM kHonku BKJLL

HN3mepeHnne ypoBHS OCBELICHHOCTH U KO3(PHUUHEHTA MY IbCALNH

Brmrouenne  mpumbopa  OCYIIECTBIIIETCS ~ HaKaTHEM Ha  KHOIKY
BKJI/BBIKUJL.

Ha skpane mociie BKIFOUSHUS TOSIBISETCS HAAMUCH (DUPMBI IPOU3BOUTEIS
1 Ha3BaHHE npudopa.

B npu6ope nmrokemetp-mynbemetp P TKA-IIKM” (08) (cM. puc. 6.3) B xoae
U3MEpPEHUsS] B TIPABOM II0J€ TEPBOM CTPOKU JODKEH 3aroperbCsl CUMBOJ —
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"Oarapeiika”, wHDOpMUpYIOIIUA O EMKOCTH Oarapen mnuTaHus. B cioydae
HEJ0CTAaTOYHONW €MKOCTH OaTapeu - CMEHHUTbH JIEMEHT MUTaHUs (C pa3pelieHus
npernoaaBaTes).

JUig npaBUIBLHOTO OOHYJIEHUS MPUOOpa MPOU3BECTH 3aTEMHEHUE JaTUMKA
npubopa U HaxaTh KHONKY Peskmm. Ilporecc oOHyneHus conpoBOXIaeTcs
Haanucbto Ha wuHaukatope: "HOHOXIUTE, UAET HWU3IMEPEHUE’".
BHUMAHHE: 3acBeTka H3MEPUTEJbHON YacTH BO BpeMsi OOHYJICHHS
NPUBOJMT B MOCJIEICTBHE K HENPABWIbHBIM H3MepPeHHUsAM !

[Tocne mpomamaHus NpeAyNpexaronie HaINUCH TpUOOp MEPEeXOIUT
B OCHOBHOHM pexuM u3mepenuil. IlepBas crpoka "E = " BBIBOAWT TEKYyIIyIO
OCBEILIEHHOCTh B 1K, BO BTOpoi ctpoke "Km = " - xo3dduument mympcaruu
CBETOBOTO IIOTOKA B %o.

B cnydyae m3mepeHus OCBELIEHHOCTHM HAa MOBEPXHOCTU paboyero croia,
pacmoyokKuTe  (QPOTOMETPUYECKYIO  TOJOBKY  MapajyIeNIbHO  IIOCKOCTH
u3MepsiemMoro oobekTa. [Ipocneaure 3a TeM, 4ToObI HA OKHO (DOTONIPUEMHHKA HE
najjaja TeHb OT OllepaTopa WU NOCTOPOHHUX IIPEIMETOB.

[Tonoxxaure 2-3 CcekyHApl M cyuTaiitTe ¢ UU(POBOro HHIUKATOpA
U3MEPEHHOE 3HAaYECHUE.

Jlns 3anoMHHAaHHUS W3MEPEHHOro IOKa3aHWs Ha WHAMKaTope mnpubdopa
HEOOXOJIMMO KpaTKOBPEMEHHO HaxkaTh KHONKy Pe:xxmm. B mpaBom mnone
nHanKaTopa nosiBurca Hagnuch "HOLD”. IIpousBecT CHATHE IOKA3aHUAU
npuodopa.

. Bin/Boikn

. Pesum hgo.!.d :
et

@ nNogceerxa

"TKA-MKM"(08)

Puc.6. 3. Buewnuii By npudopa.
1 - briok 06paboTku curHaANOB. 2 - @OoTOMETpUYECKasi TOJIOBKA.
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i1 mpogomKeHUss U3MEPEHUH €I1IE Pa3 HaXKaTh KHONKY Peskum.

Jns u3mMepeHus OCBEMIEHHOCTH SKpaHa MOHUTOPA PACIIOIOKUTE TATUUK Ha
MMOBEPXHOCTHU JUCILUIES, ApaUIEIbHO €0 IUIOCKOCTH JATYMKOM K MaJarolleMy
CBETOBOMY  IIOTOKY  HCTOYHHMKAa  CBE€Ta. DBpIKIIOUeHHE  HU3MEpUTENs
ocyuecTBisieTcss HaxxatrneM Ha KHONKY BKJI/BBIKUJL.

[Tocne 3aBepiieHUs W3MEPEHUN 3aHECTH MOJIYYCHHBIC JIaHHBbIE B OJaHK
OTYeTa.

[TpoBectn 00pabOTKY OSKCIEPUMEHTAIBHBIX pPE3yJbTaTOB, IOCTPOUB
rpauKd HANPSDKEHHOCTH DJICKTPUUYECKOTO TOJII M MAarHUTHOW WHAYKIIMH OT
PACCTOSIHUSL U PACCUUTATh SHEPTETHUYECKYIO SKCHO3UIMIO cocTaBisironmx DMII
npu padote 8 yac. B CyTKHM 000ux MOHUTOPOB B auanazone 2-400 kI'u. Cuoenarsb
BBIBOJI O 0€30MaCHOCTU PabOTHI B JAHHOM CITy4ae.

CpaBHUTH NOJYYEHHBIE JAHHBIE C HOpMaMU MO ocBeleHHocTH 1 DOMII Ha
pabouem mecte (CanlluH 2.2.2/2.4.1340-03).

BapuanTsl 3a1aHus 1a00paTopHoil padoThlI.

Ne Paccrosinue 10 MOHMTOPOB,
BaApUAHTA CM

1 5,10, 30, 50

2 4, 8, 28, 48

3 6,12, 20, 40

4 7,10, 25, 50

5 5,15, 30, 45

Bonpocs! 1151 CAMOKOHTPOJIS

1. KakoBel ocHOBHbIe Xxapaktepuctuku I[IK u B yeMm 3akimodaroTcs
O0COOEHHOCTH pabOThI MOJB30BATENS IEPCOHATBHOTO KOMIIbIOTEpa?

2. Ha3oBUTE OCHOBHBIE  XApPAKTEPUCTUKM  KA4EeCTBA  OCBEILICHUS
Y €IUHULIBI UX U3MEPECHUSL.

3. KakoBbl MakCUMaJIbHO JIOMYCTUMbIEC 3HAUEHUSI 3TUX ITapaMeTpoB?

4. Yewm xapaktepuzyercss OMII mone?

5. Kakue TpeboBanus npenbssistorcs k OMII momto, cozmaBaeMoMy
JIMCILJIEEM MEPCOHAIBHOTO KOMITbIOTEpa?

6. Kakue mepsl NpUMEHSIOTCS 1JIs1 YMEHBIIIEHUS BPEIHBIX (haKTOPOB MpHU
pabote c I1K?

7. Kaxumu ocHoBHbIME O10kamu [1K cozmaercs ero OMIT?

8. Kakue HemocTaTKy M MPEMMYIIECTBA MOHUTOPOB Pa3UYHBIX TUIIOB Bbl
3HaeTe?
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PaGora Ne 8

NCCIEAOBAHUE OITACHOCTHU ITOPA’KEHUA TOKOM B
TPEX®A3ZHBIX JJIEKTPUYECKUX CETAX

Heap paGorbl: KM3yuUTh BUIBI DJIEKTPUUYECKUX CETEH C TOUKH 3PEHMS
3JIEKTPOOE30IIaCHOCTH; BBIICHUTh HKCIEPUMEHTAIbHBIM IyTEM ONACHOCTh
MOPAYKEHUS IEKTPUYECKUM TOKOM JIUL, SKCILUTYaTUPYIOLIUX 3JIEKTPOYCTAHOBKH
(OY) B ceTsax pa3IMyHBIX BUJIOB, KaK MPHU HOPMAJIBHOM, TaK U MPU aBapUITHOM
pekrMax pabOTHI.

Oo0mue cBeaeHus

HeiiTpaab (HeidTpajbHasi TOYKAa) OOMOTKH UCTOUYHHMKA WJIU MOTPEOUTENS
SHEPIUM - ATO TOYKA, HAINPSIKEHHE KOTOPON OTHOCHUTEIIBHO BCEX BHEIIHHUX
BBIBOJIOB OOMOTKH OJIMHAKOBO 10 a0COJIOTHOMY 3HAYEHHUIO.

3a3zemIieHHAsl HEUTpaabHAasi TOUKa HOCUT Ha3BaHUE HYJIEBOH TOUYKH.

[IpOBOHUK, TPUCOCAWHEHHBIM K HEUTPAJIbHOM TOYKE, Ha3bIBACTCS
HeNTPaJIbHBIM NMPOBOAHUKOM, a K HYJIEBOU TOUKE - HYJI€BbIM MPOBOJIHUKOM.

Cxema cetw, a, CJIEIOBATEIbHO, M PEXKUM HEUTpaId HCTOYHUKA,
MUTAIOIIETO0 CETh, BBIOMPAIOTCS MO TEXHOJOTUYECKUM TPEOOBaHUSIM U TIO
yCJIOBUSIM O€30MacHOCTH.

[Tpu nHanpspxkenusix 7o 1000B B Hamielt ctpane (P®) 1o TeXHOIOTHYECKUM
TpeOOBAaHUSIM TMOJYYWIM MPEANOYTEHUE TpeX(a3Hble YETHIPEXMPOBOIHBIC
(TN-C) u marunpoBogubie (TN-S) (myneBbix mpoBoaoB 2 — pabouunii (N)
u 3amutHbd (PE)) cetn ¢ riyxo3a3zeMiieHHOW HEWTpasblo, MOCKOJIBKY OHH
MO3BOJISIIOT UCIOJIB30BAaTh JIBa pabOuyuX HanpshkeHus - ¢pazHoe U, U JUHEHHOE

u, (U, =\J3U,). Tlpu 3TOM JOCTHTraeTcsl 3HAYUTENBHOE yielleBlIeHne DY

B Ie1oM, Orjarojaps OPUMEHEHUI0 MEHBIIEro 4Yuciaa TpaHchOpMaTOpoOB,
MEHBILIEr0 CEYEHUs: MPOBOJOB U T.I., TPEOYEMBIX B CETAX C M30JHUPOBAHHOM
HEWUTPAJIBIO IS IMOJYYEHHUS NUHOTO HANIPSKEHUST KPOME JIMHEUHOTO.

[Io ycinoBusiMm Oe3omacHOCTH Tipu  HampsbkeHusix 10 1000B  cetu
C TJIyX03a3eMJICHHOW HEWTpaJIbl0 CIIEyeT NMPUMEHATh B TpeX(aszHbIX CETAX
OOJIBIION MPOTSHKEHHOCTH, a TaKXe TaM, TIJ¢ HEBO3MOXXHO OO0ECIeUnTh
XOPOLIYI0 M30JIALUI0 MPOBOJIOB, KOT/la HEb3s ObICTPO OTHICKATh U yCTPAHUTh
IIOBPEXKIACHNUE W30/ALUMNA. BO3HMKaoImMe IpU MOBPEKICHUU H30JALUU TOKU
KOPOTKOTO 3aMbIKaHUSI CIOCOOCTBYIOT OBICTPOMY OTKJIFOUEHHIO TTOBPEKIEHHOTO
y4acTKa CETH WU TMOBPEXKIECHHOH DY C MOMOIIBIO pENEeHHON 3alUThl WIH
TaKOM 3al{UTHOU MEpPBI, KaK 3aHYJICHUE WIH 3alUTHOE OTKIIFOYCHHUE.

Tpexdaszubie 3-X MNPOBOAHBIE CETH C HM30JUPOBAHHOM HEUTpaIbi0 MpHU
HanpspkeHusix 10 1000B npuMeHstoT Ha 00bEKTax C MOBBIIIEHHONW OMACHOCTHIO
MOPAXKEHUSI YEJIOBEKA JJIEKTPUYECKMM TOKOM B TEX ClIydasX, KOTrJa HUMeEeTcs
BO3MOKHOCTh MOJJEPKUBATh BBICOKMN YPOBEHb CONPOTHUBICHUS H3OJSALHUN
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MPOBOJOB CETHM OTHOCUTEIBHO 3€MJIM, W KOIJla €MKOCTb IIPOBOJIOB
OTHOCUTEJIBHO 3€MJIM HE3HAuuTeJIbHA. TakuMM SBISIOTCS CETH HEOOJBIION
MPOTSHKEHHOCTH, HE TMOJBEPKECHHbIC BO3JICUCTBUIO arpeCCMBHOM  CpEIbI
Y HaXOJSIINECS MO NOCTOSIHHBIM HaJ30POM 3JIEKTPOTEXHUUECKOTO MEPCOHANA.

[Ipu BbIOOpE CXEeMBI CETH MO YCIOBUSAM O€30MaCHOCTH OMNAacHOCTb
MOPAKECHUS YEJTOBEKAa TOKOM BO MHOTOM 3aBHCHUT OT CONPOTHUBIICHUS W3OJISILIAN
MPOBOJOB  OTHOCHUTEIBHO 3€MJIA. JTO COMNPOTUBICHUE Z  SBIAETCS
KOMILUIEKCHBIM, UMEIOIIIUM aKTUBHYIO M EMKOCTHYIO X COCTaBIISIOIIME.

AKTUBHOE COINPOTUBICHUE Ry 3aBUCUT OT HAJIUYUS B M3OJISIIIUU, TaK
Ha3bIBAEMbIX, «IIYT€H YTEUKU TOKa» [y7, KOTOpPHIE BO3HHUKAIOT B pE3yJbTaTe
TOr0, 4YTO WU3OJSLUS B TMPOIECCe HKCIUTyaTallUM CTapeeT, MOXET ObITh
MOBPEXJIEHA, YTO MPUBOIUT K yMeHbleHUI0 ee compoTusieHus (mo I'OCT
Zyz > 0,5MOm). EMKOCTHOE CONPOTHUBIICHUE X 3aBUCUT OT €MKOCTH MPOBOJA
OTHOCUTEJIBHO  3€MJIM, KOTOpas, B CBOK  OYepelb, OIpPEaeseTCA
r€OMETPUYECKUMU pa3MepamMu (IUIOMIAIbI0 CEUeHUs S MpoBOJA), IJIUHOM
MpOBOJA, BBICOTOM IMOJBECa MPOBOJAOB B ciaydae Bo3aymHbix JIOII
U JUIJIEKTPUYECKOW IOCTOSHHOM MaTepualia M30JIUU €, €€ COCTOSHHUEM.
AKTHUBHOE U €MKOCTHO€ COIPOTUBIICHUS W30JIAILUU PACIPEIEICHbl BIOJIb
mpoBoJia. YCJIOBHO Ha CXeMaXx HX 0003HA4alT COCPEJOTOYCHHBIMU
JieMeHTaMHu. B 3JeKTpUYecKux ceTsiX HEeOONbIIONW MPOTSHKEHHOCTH €MKOCTh
IIPOBOJIOB OTHOCUTEJIBHO 3€MJIM Majia, C — 0. B 3TOM ciydae COnpOTHBIICHHUE
M30JISIAN XaPAKTEPU3YETCS TOJIBKO aKTUBHOM COCTABISIOIIEH Z = Ryy3 .

B kaGenpHbIX nuHUAX U B Bo3nymHbIX JIDII nHanpsskenuem Beime 1000B
NpU Tepeladye SHEPrud OT MCTOYHMKA, B Clydae OOJIbIIONW MPOTSKEHHOCTH
MPOBOJIOB, UX EMKOCTh OTHOCHUTEJILHO 3€MJIM 3HaUWTeNbHA. Hanpumep, eMKOCTh
onHoui (a3el kabens HanpsokeHuem 1000B mo OTHONIEHWIO K CBUHIIOBOM
obonouke (3emuie) cocrapisier ot 0,15 mo 0,4mMxk®d Ha 1KkM e€ro JJIUHBI,
a B Bo3aymHou JIDIT 0,6Mk®d Ha 1 kM. Yem OoJibllle €eMKOCTb, TEM MEHBIIIE
€MKOCTHOE cornpoTuBiieHue. [Ipu 3ToM gaxe Npu OYeHb OOJBIIMX 3HAYEHHUSIX
AKTUBHOM COCTaBJISIFOLIEH COMPOTUBIICHUS] W3OJSLMHU, OMACHOCTh MOPaXEHUs
B TPOTSHKEHHBIX CETAX OyneT OmpeneisaThCs BEIMYMHOW EMKOCTHOM
coctaBisionieii. CrlenoBaTebHO, B TAaKUX CETAX AKTHUBHOE COIMPOTUBIICHHE
M30JIALMA MPOBOAOB OTHOCUTEIBHO 3€MJIM MPAKTUYECKH YTPAUYMBAET CBOIO
3aIUTHYIO poJib, Z = X . [loaTomMy npuMeHeHne BUIOB TpeX(a3HbIX CeTeil mpu
HanpsbkeHun cBbiie 1000B oOycnoBneno npyrumu ¢gakropamu. Tak, B 3TOM
cilly4ae TMPUMEHSAIOTCS Tpexdas3Hble TPEXIPOBOJIHBIE CETU C HM30JHUPOBAHHOM
HEUTpaIbIO U C 3(PPEKTUBHBIM 3a3€MJICHUEM HEHUTpPAIIH.

Bo3mosxHBIe CIydyau NIPUKOCHOBEHUS K TOKOBEIYIIUM
YACTAM IJIEKTPUYECKHUX CeTeH

Bce ClIydan IMOpPaAXCHHA YCIOBCKa OJOJICKTPUYCCKUM TOKOM IIPOUCXOOAT
B PCE3YyJIbTAaTC IMPOXOXKACHUA TOKa 4YCPE3 UYCIOBCKA, YTO BO3HHMKACT IIpHU
IIPUKOCHOBCHHUU €TI0 HC MCHEC, UEM K JBYM TOYKaM SHCKTqueCKOﬁ OCIIn,

77



ME¥XK1y KOTOPBIMH CYILIECTBYET HEKOTOPOE HAIIPSKEHUE.

OnacHOCTh TAKOTO NPUKOCHOBEHUS OLICHMBAETCS BEJIMYMHOW TOKa,
MPOXOAIIEr0 4Yepe3 TEeJIO0 YEJNOBEKAa, KOTOPBIM 3aBUCHT OT CXEMBI
MIPUKOCHOBEHUS, T.€. OT TOTO, KAKUX YACTENl DSJIEKTPOYCTAHOBKU Kacaercs
YeJNIOoBEK. A TakXke OT NapaMeTpOB AJIEKTPUUYECKOW CETH, YCIOBUI BHEIIHEU
Cpelbl, CONMPOTUBJICHUS Tella 4ejoBeka W Jpyrux ¢akropoB. He yuuthiBas
apaMeTPOB CETH, PACCMOTPUM BO3MOKHBIE CXEMbl IPHUKOCHOBEHHS YEJIOBEKA
K 4acCTsIM, HaXOJALIUMCS MO/l HATIPSYKEHUEM.

AHAJIU3 ONACHOCTH MOPAKEHUSA B TPeX(Pa3HBIX CETAX C U30JIMPOBAHHOU
HelTpasblo (cucrema 3azemiienus I'T)

B oOmem ciydae OmMacHOCTh MOPaXEHHs YEIOBEKa, MPUKOCHYBIIETOCs
K OJTHOM U3 (a3 CeTH B MepHOo HOPMAIBHOTO pexuma ee padboTsl (puc. 1), Oyner
OTIPEJIEISTHCS. BEJIMYMHAMU AKTUBHOTO COMPOTHUBJICHUS HU30JSLIUU M E€MKOCTU
¢a3 ortHocUTENnbHO 3eMJM. TOK, NPOTEKAIOLMI dYepe3 TeJlo 4YeloBeKa

C CONPOTHUBIICHHEM R, MOKET OBITH OIPEIEIICH U3 BBIPAKECHHS

U
[h:R +R +I§D +Z,,/3 (8.1)
h 2p 06 u3

rae Uy - (da3Hoe HalpspKeHHE, HaNpsHKeHUE Ha KOHIE OOMOTKM HMCTOYHHUKA
IIMTaHUA OTHOCHTENBHO HEWTpanu; R, - TpyHTa; R,; - CONPOTHBICHUE OOYBH,
1ojla Ha KOTOPOM CTOUT UYEJOBEK; Zy3 - KOMIUIEKCHOE COINPOTHUBIICHUE

TOKOBEyIIEH 4acTu ceTH (Pa3bl) OTHOCUTEIBHO 3€MJIU.

Puc. 8.1. [IpukocHOBeHuE yenoBeka K (pa3HOMY ITPOBOAY Tpex(da3HOH ceTu
C M30JIMPOBAHHON HENTpaNIbI0 B HOPMAJIBHOM pEXHUME €€ PadOTHI.

B neiictButensHoi popme 31oT TOK I, mpu Ry =Rz =Rc =R, C, =Cp =C¢ =C,

Yo (8.2)

UR,,=R,;=0 paBseH [, = ,
R \/1+ RI/IS’(RI/IS’ +6Rh)
h

9R!(1+R;,0°C?)
rac - Kpyrosas 4acToTa.

BbIBOJIBI:

1. Ilpu paBeHCTBE CONMPOTUBIICHUHN U30JISIUA U MAJIbIX 3HAUCHUSIX EMKOCTH
OTHOCHUTEJILHO 3€MJIM, YTO XapaKTEPHO JJIs AJIEKTPUUECKUX CETeH HaNPsSIKEHUEM
1o 1000B, to ects ipu Ry = Rp = Rc = Ry u C; = Cp = C¢ = 0, TOK yepe3
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yejioBeka 0e3 ydeTa CONPOTUBICHUM O00YyBH, TPYHTa MOXET OBITh OMNpEAciiCH
— U@
R,+R,/3 (8.3)

N3 ananu3za BelpakeHuss (3) BUAHA 3alllUTHAsT POJib  HU3OJISIUU.
[lognepxuBass CONPOTHUBJICHUE U30JSIMA HA BBICOKOM YPOBHE, MOXHO
B HOPMaJIbHOM PEKUME Pa0OThI CETU CHU3UTH OMACHOCTh MOPAKEHUS YEIOBEKA
MEKTPUYECKUM TOKOM W CeNaTh OJHO(A3HOE MPUKOCHOBEHUE MPAKTHUCCKH
0e30IMacCHBIM.

2. Ilpu paBeHCTBE €MKOCTEH 3HAYMTEIHHON BEIMYUHBI M OYCHB OOJBIITNX
COTNPOTHUBJICHUSAX H3OJIAIMH OTHOCUTEIBHO 3€MJIM (9TO XapakKTEepHO JJIA
KaOeJIbHBIX JUHUHN d1ekTporiepenayu, T.e. ipu C,; = Cz=Cc=Cu R,= Rz = R¢
= o0), TOK, MPOXOJIAIIMN Yepe3 4dYeIOBEKa, MOXET OBITh OIpeaeieH U3

U3 BEIpaKeHus 1,

U 1
BRIpaXeHus [, = 4 , rne X, =—-. 8.4
P "R (X, /3) ¢ oC (54)

W3 ananmu3a BblpaxkeHus (4) BUAHO, YTO 4YeM OoJibllle €MKOCTh (a3
OTHOCHTEIFHO 3€MJIH, T.€. MEHBIIIE EMKOCTHOE COMPOTHUBIIEHNE X, TEM OMacHee
NPUKOCHOBEHUE YENIOBEKa K TOKOBEAyIIeW dacTu ceTu. s yMEHBIICHHS
OMMACHOCTH  TMPUKOCHOBEHMsSI  HEOOXOJAMMO  YMEHbBIIATh E€MKOCTh (a3
OTHOCHUTEJIHHO 3€MJIM ITyTEM YMEHBIIICHUS JJIMHBI CETeH WU MPUMEHEHUS TaKOn
3allUTHOM MEphl KaK AJIEKTPUUECKOe pasneneHue ceTu. Dusudeckuid CMbICHT
JTAHHOM  3alllUTHOM Mepbl 3aKIIOYaeTCs B MNPUMEHEHHH Pa3Jeisionux
TpaHchopmatopoB ¢ koddduimentom Ttpanchopmanmu 1:1 s nuTaHuS
anekTpo3Heprueit norpedbureneil. [Ipu stom emkxoctb cetu C He BIuUseT
Ha OIACHOCTh TMOPKEHUS dYeNoBeKa NpU OAHO(DA3HOM MPHUKOCHOBEHUHU
(x ogHOM U3 (pa3) 3a pa3AeNsIoOmUM TPaHCHOPMATOPOM, TI€ UCXO] MTOPaKEHUs
OTIPEMIETSICTCS. COMPOTUBICHUEM H30JAMU (a3 OTHOCUTENBHO 3eMIH Ry,
KOTOpO€ HEOOXOAMMO MOJAePKUBATh HAa TpeOyemMoM ypoBHe. Bo3moxkHa Takke
KOMIIEHCAIIMsI EMKOCTHOTO COMPOTHBIICHUS ITyTEM MOJIKIIOUEHUS MapaljieIbHO
€MKOCTH CETH KOMIICHCUPYIONmEH WHAYKTUBHOCTH L, YTO TPUBOJIMT
K 00pa3oBaHMIO MapauIeIbHOTO KOJeOATeNbHOTO KOHTYpa, O0JIalaroliero Ha
yacTtoTe pe3oHaHca (50I'r) 60JabIITMM aKTUBHBIM COMTPOTHUBIICHUEM

R,,=0-p,p= VL/C,LZ%:
@’C
rae € -100pOTHOCTH KOJIEOATENIbHOTO KOHTYPA; p - BOJIHOBOE CONPOTHUBIICHHUE.

OnacHOCTh MOPAKEHUS FJIEKTPUIECKMM TOKOM B 3JIEKTPHYECKHX
CeTAX C IIyX03a3eMJICeHHOI HelTpaJbio (cucrema 3azemieHus TN)

UeTpipexnpoBoaHble Tpex(aszHble ceTH ¢ 3a3eMJICHHOW HEUTPabio
MOJIYyYHJIA HanboJiee MHUPOKOE pacmnpocTpaHnenue Hampspkenuem 127, 220,380B
JUTSI TATAHUS JKWIIBIX 3IaHUH, 00HEKTOB MPOMBIILICHHOCTH U JIp. TOTPEOUTEICH.

[Ipy mpUKOCHOBEHUHU 4YesoBeKa K (Pa3HOMY MHPOBOAY TOK, MPOXOSIIUMA
yepe3 HEero M HamnpsHKeHWe MPUKOCHOBEHUS, MOTYT OBITh  OIpeJeICHBI
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U UR,

"“"rar Yw R R
h+ 0 p Rh+RO

rjae Ry - CONPOTUBIICHUE 3a3eMJICHUsI BTOPUYHON 00MOTKM TpaHchopmaropa TV
u ipoBoja (2, 4 unu 80m).

HanpsizkeHHeM NPUKOCHOBEHMSI HA3bIBACTCS HAMPSHKEHUE MEXKY JIBYMS
TOYKAaMH LIEMH TOKA, KOTOPHIX OMHOBPEMEHHO Kacaercs uenosek, U ,, = [ Ry,

[Tockonbky R;, >> R, K 4€JIOBEKY OyJIeT MPHUKJIAIbIBATHCS MOYTH TOJIHOE
Hanpsbkenue cetu Upp = U.

CnenoBaTenbHO, B JaHHOM Cliy4ae JJIi YMEHBIICHHS ONACHOCTH
MOpaKeHUsT YEJIOBEKA AJICKTPUUECKUM TOKOM OOJIbIIIOE 3HAUYCHHE MPUOOPETAIOT
COTNIPOTHUBJICHUSI CPEJCTB 3allUThl Rc3, 00yBU Rpp W moja Rj, BKIIOUYCHHBIC
MOCJICIOBATEILHO C COINPOTHMBJIICHWEM Tejla YEJIOBEKa B LIENU IOPaXKEHHUS.
B oOmeM ciydae TOK, MPOTEKAIOIIMN 4Yepe3 TEeI0 YeIOBEKa, MOXKET ObITh

U

I =
i .
Rh +RC3 +R06+Rn +RO

Y3 BBIPAKECHUHN

BBIYHCJICH U3 BBIPAXKCHUA

AHAJIM3 OMACHOCTH NMOPAKEeHNS B IATUIIPOBOJTHOM CETH CUCTEMBbI
3a3zemJyieHus TN-S (¢ ri1yxo3azeMJIeHHON HEHTPAJIBIO)

[IaTunpoBoHAsT CETh C TIIYXO03a3€MJIEHHOM HEUTpaiblo IMOJyduiia
pacrpoCTpaHEHUE B MPAKTUKE SKCIUTYaTAIIUU JIEKTPOYCTAHOBOK HAIPSKEHUEM
10 1000B ¢ cepeaunbl 90-x TOI0B MPOILIOTO BEKA.

B Ttakmx cersax ucnosb3dyercs naBa HanpsokeHus Ugp u Ujpy = NG} Ugp:
220/127; 380/220 u 660/380B. IlpukocHOBeHHE UellOBEKA K (pa3HOMY MPOBOY
CETH B MEPUO]I HOPMATBHOTO peXUMa €€ pabOThl (Cxema 3aMellleHUs MOKa3aHa
Ha puc.8.2) aHAJOTUYHO CJIy4yar, PACCMOTPEHHOMY ISl YETBIPEXITPOBOIHOM
CETH BBIIIIE.

TV
VY o A
el ¥
T X o C
o N
o PE

Rq

1
| E—
X
=

Cel Ry C
Re cl B ss: !

L_? =

Puc. 8.2. [IpukocHoBeHue yenoBeka K pazHOMY MPOBOAY TpexhazHOM MATUIIPOBOIHON
C IIIyX03a3¢MJICHHON HEUTpalblo (ceTu cucTeMbl 3a3eMiieHust TN-S) pyu HopManbHOM
pexxuMe ee paboThI.

CompoTuBliecHHEe  M3OJSIIIUM  TOKOBeMymmx  dactei  (da3) cetm
B HOPMaJIbHOM PEXUME BO MHOT'O pa3 MPEBBIIIAET COMPOTUBICHUE 3a3E€MJICHUS
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HCfITpEUIPI HCTOYHHKA ITHUTaHUA Ro. HOBTOMY BCIIMYUMHA IIOPpAXKAIOIICTO TOKa,
MMpOoXOoaAIICTO YCPE3 YCIIOBCKA, MOIKCT OBITH BBIYMCIICHA W3 BBIPAKCHHA

Yo

I, =——
h
Rh+RO

ConpotuBnenue 3azemiutensa Ry, K KOTOpOMY HPUCOEIWHEHBI HEUTpaiu
T€HEpPaTOpPOB WJIM TPaHC(POPMATOPOB, WM BBIBOJIBI MCTOYHHKA OJHO(DA3ZHOTO
ToKa, corytacHo [IYD B mr000e BpeMs rojaa J0KHO ObITh He Oosee 2, 4 u 8OMm
COOTBETCTBEHHO MpU JIMHEWHBIX HampspkeHusix 660, 380, 220B ucrounuka
Tpexdaznoro Toka wiam 380, 220, 127B wuctouHumka ojHO(A3HOrO TOKA

(Ta6m1.8.1).

Tabnuna 8.1
ConporusJ/ieHne pabo4yero 3a3eMJsiiomero ycrpoicraa (8 Om)
Bua ucrounuka Hanpskenue
NUTAHUS Jlunennoe U;, B daznoe Uy, B
Tpex¢a3HbIi 660 380 220
2 4 8
oHO(pa3HbIH 380 220 127
2 4 8

Ecnau npunsars R, >> Rj, TO OJIy4UM, YTO K YEJIOBEKY OYAET MPHUIOKEHO
HanpsbkeHue, paHoe ¢pazHomy Upp = Ug.

M3 Bcero BBIMIEU3I0KEHHOTO CIEYET:

a) TNPUKOCHOBEHHME  YEJOBEKa K  TOKOBEAYLIEH  4YacTH  CETH
C IJIyX03a36MJICHHON HEUTPAJIBI0 OYEHb ONACHO M MPAKTUYECKH HE 3aBUCUT
OT CONPOTUBIICHUS U30JIALNHU (ha3 OTHOCUTENBHO 3eMJIH;

0) omacHOCTh OJHO(A3HOTO MPUKOCHOBEHHS B CETH C TITyX03a3eMJICHHOU
HENTpajblo BO MHOTO pa3 MPEBBIIIAET OMACHOCTh OJHO(PA3HOTO MPUKOCHOBEHHUS
B HEMPOTSKEHHOM CETH C U30JIUPOBAHHON HEUTPAJIBIO;

B) WCKIIOYATh WJIM YMEHBUIUTh ONACHOCTh IOPAXEHUS 4YeJIOBEKa
AIEKTPUYECKUM TOKOM MOKHO, CHSB HampsDKEHHE C Yy4yacTKa CeTH,
ABJIAIONIETOCS ~ OOBEKTOM  paboThl, WM  TOPUMEHUB MNpuU  paboTe
AIIEKTPO3AILIUTHBIE CPEJICTBA.

HpHKOCHOBeHI/Ie K 3a3€MJICHHBIM HETOKOBEAYIIUM YacCTHAM,
OKa3aBIIUMMUCH MOA HANIPHKCHUEM

Mertannuyeckre HETOKOBeaylue vactu JY (Kopmyca 3JIeKTPUUYECKHUX
MalllMH W amnmnapaToB, 000JIOYKH Kabenell W Ap.) OObBIYHO HE HAXOMSITCS MOJ
HarnpsbkeHrueM. OHU MOTYT OKa3aThCs IOJ HANpPSHKEHHEM JIMIIb B PE3YJIbTaTe
MOBPEXICHUS U30JISAIINH.

[IpuKOCHOBEHHE K 3a3€MJICHHOMY KOPIYCY, UMEIOLIEMY KOHTAKT C OJIHOM
u3 (a3, mokazaHo Ha puc.8.3a. Tok 3amplkaHus Ha Kopmyc [y pasaenuTcs
MIPOIMOPUMOHAIBHO COPOTUBIICHUSIM R, U R, Ha I, u [},
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Puc. 8.3. [IpukocHOBEHHUE K KOPITYCY, OKa3aBIIEMYCS IOl HAIIPSKEHUEM:
a - IpY UCIIPaBHOM 3a3€MJIEHUU; O - IPU OTCYTCTBUH 3a3€MJICHHUS.

Ecin yenmoBek KkacaeTcs HE3a3€MJICHHOTO KOpITyca, OKa3aBIIErocs IO
HaIpsDKEHUEM, TO, KaK BUJIHO U3 puc.8.30, yepe3 yesnoBeKa MPOXOIUT BeCh TOK
3aMmblkaHusl Ha koprmyc [, = Iy . Takum oOpa3zoMm, 3TOT ciayyail paBHOLICHEH
OJIHOTIOJIFOCHOMY MPUKOCHOBEHUIO K TOKOBEIYIIIUM YACTSIM.

Hanpsxkenue npuxocHoBeHMsi. Bo Bcex ciydasXx KOHTAKTa 4YeEJIOBEKa
C JacTaMu JY, B HOPMAJbHOM PEKHUME, WU CIYyYallHO HAXOISIIMMHUCS MOJ
HaNpsDKEHUEM, 3TO HANpPSHKEHUE TMPUKIAIBIBACTCS IO BCEU JJIEKTPUYECKOU
IIETH, KyJa BXOJST CONPOTHUBIICHHS Tella YelioBeKa, 0OyBH, I0ja WM TPYHTA,
Ha KOTOPOM OH CTOWT.

HanpsokeHne TpUKOCHOBEHUSI OMPENEISIETCS KaK MaJCHUE HAIPSKECHUS
B CONPOTHBJICHWM Tena dYenoBeka. [lpm omHOGA3HOM NPUKOCHOBEHHUH
K TOKOBEIYIIMM YacTSM HANpsHKEHUE MPUKOCHOBEHUS ompenessercs (ha3HbIM
HANPSHKEHUEM OTHOCUTEJIBHO 3€MJIM U TapaMETPaMU CETH.

[Ipy NpPUKOCHOBEHMH K 3a3€MJICHHBIM HETOKOBEAYIIUM YacTsiM Y
HaNpsHKEHUE MPUKOCHOBEHUS 3aBUCHUT OT HANPSKEHUS KOPITyCa OTHOCUTEIBHO
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semuid. TOK, TpoXoJsiuii yepe3 yemoBeka / ;, Kak ¥ B IPEAbIIYIIEM CIydae,

3aBUCHUT OT TOKa 3aMbIKanus Ha semmo 1 5, = f (1)

BxutoueHue yenoBeka B LENb TOKa MeXAy (ha3HbIM MPOBOJOM M 3eMIIEH,
WIM TPUKOCHOBEHUE K KOPIYCY O3JEKTPOYCTAHOBKHM, OKa3aBUIEMYCS IOJ
HaIpPSHDKEHUEM, SIBIISIETCS HECKOJIBKO MEHee OMacHbIM. ONMacHOCTh MOPAKEHUS
ONpENENSIETCSl  BEJIIMYMHAMU  HANpPsOKEHHsT CEeTM M [OCJE0BaTEIbHO
BKJIFOUEHHBIX CONPOTHBJICHUN Tela 4YeloBeKa, OOyBH, TIOJla, HW3OJSAIUH
TOKOBEIYIIHUX YaCTE OTHOCUTEIBLHO 3€MJIU.

Takum oOpa3om, B Tpex(da3HBIX TPEXIPOBOIHBIX CETSX, M30JUPOBAHHBIX
OT 3€eMJM, Kak M OAHO(pA3HBIX CETAX, OMNACHOCTh JUJIsl  YeJOBEKa,
IPUKOCHYBIIETOCSI K OJHOMY M3 (Pa3HbIX IMPOBOAOB B NEPUOJ] HOPMAJIBHOM
paboOThl CceTH, 3aBUCUT B OCHOBHOM OT COINPOTHUBIICHUS W30JSIIMM (a3
OTHOCHUTEJIBHO 3EMIIH.

TpexdazHble ceTH ¢ U30IMPOBAHHON HEUTpPAJIBIO, KaK yXKe ObUIO CKa3aHO
BBIILIE, I10 YCIOBUSM 3JIEKTPOOE30MIaCHOCTH 1IEIECO00Pa3HO MPUMEHSTh TOJIBKO
OpU CPaBHUTEIbHO HEOOJIBIIOW MPOTSYKEHHOCTU AJIEKTPUYECKOM  CeTH,
OT KOTOPOW 3aBHUCUT 3HAYEHHE €€ €MKOCTH, U MPHU BBICOKOM CONPOTHUBIICHUU
m3osAuu a3 otHocutenbHO 3emu (Mo [IYD comporuBieHue H30IAUUU
JOJDKHO OBITH HE MeHee S00kOm).

Bblcokuii ypOBEHb TUANEKTPUYECKON MPOYHOCTU M3OJSLUUU MOXKET OBITh
JOCTUTHYT IYTEM HENPEPHIBHOTO KOHTPOJS €€ COCTOSHHUS M CBOEBPEMEHHBIM
U OBICTppIM YycTpaHeHHMEeM ee mnoBpexacHuil. I[lo 3Toil mnpuumHe cetu
C HW30JUPOBAHHOW HEUTPANBIO NOJYYWJIM INPUMEHEHHE B KadeCTBE CETel
IIUTAaHUSI C Majo Pa3BETBICHHBIMU TOKOBEIYIIMMH YacTAMHU (HampuMmep, Ipu
NUTAaHUM TOTpEeOUTENed OT MEepPeIBUKHBIX HCTOYHUKOB 3JIEKTPUUYECKOM
sHeprun). OHUM TPUMEHSIOTCS TaKkKe B KadecTBE ceTeld HeOObIIOoN
IPOTSKEHHOCTH, HaXOISALIMXCS noJ NIOCTOSIHHBIM HaJA30pOM
KBaJIM()ULIMPOBAHHOTO MIEPCOHANIA.

YcaoBus nposeeHus JadopaTopHoi padorsr Ne 8

DKCNEepUMEHTAIbHBIE MCCIIEIOBAHUS BBINOJHAIOTCS Ha JAa0OpPaTOPHBIX
YCTaHOBKax (CTE€HJIaX), KOTOPbIE MO3BOJISIIOT MOJIETUPOBATH TpeX(a3zHbIe CETH
IIEPEMEHHOr0 TOKa HampspkeHueM 10 1000B ¢ pasnuuHbIMM  peXUMaMu
HelTpasii u napamerpamMu ceTH. CyHIeCTBYIOLIIME B PEAlbHBIX CETIX
pacnpesiefieHHbIE  CONPOTHUBJICHMS]  M30JSALMM W €MKOCTH  IPOBOJIOB
OTHOCUTEJIBHO 3€MJIM, 3aMEHEHBI B YCTAHOBKAX COCPEIOTOUYECHHBIMU U PABHBIMU
JUTSL OTAETBHBIX (a3 conpoTuBiaeHUs MU (Ry; = Ry = Rc = Ry3) M €eMKOCTSIMU
(C, = Cp = Cc = C). OnHodazHble TPUKOCHOBEHHS HA YCTAaHOBKAX
MOJACIMPYIOTCS  JUJIsl  cllydas IPUKOCHOBEHHUS YEJIOBEKa K  KOpIIyCy
AIIEKTPOYCTAHOBKH, HAaXOIAIEMYCS IOJ HamNpsbKeHHEeM. B Kaknoil ycTaHOBKe
«COby» - crena uccnenoBanus 3ekTpoode3onacHoctu cetert (mpu Ug = 220B),
UMEETCsl MaHedb, Ha KOTOPOH 0003HAUEHbI COOTBETCTBYIOLIUE YYACTKH CETH
IPU BKIFOUEHUHU PA3JIUYHBIX U3MEPSEMBIX CXEM.
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Pabora nHa n1aboparopHoii ycranoske CIb-1 (aya. 104)

[IpuBenure 1a00paTOPHYIO YCTaHOBKY CO9b-1 (cTenn
AIEKTPOOE30MACHOCTH) B UCXOAHOE MOJIOKEHUE, AJI YEro:

- pyuku niepexrouareneit Cy, Cp, Cc, 74, ¥'5, ¥'c YCTaHOBUTH Ha «0»;

- TymOsepel:  "ycTpoiicTBo", "myHTHpyromui", "kommeHcanus",
"3anynenue", ¥y, ¥p, ¥'3 YCTAHOBUTH B MOJIOKEHUE "BBIKIL.";

- TIOBOPOTOM PYYKH MAKETHOr'O MEPEKIIoYaTeNsl Ha JIEBOW CTEHKE CTeHJa
nonarb Hanpspkenue (Uy,) Ha ycraHoBky. [lpm 3ToM 3aroputcst 3enéHas
JaMIIOYKa «CETh» B JIECBOM BEpXHEM YIJIy IMepeaHed MaHelau CTeHaAa U OyaeT
CJIBIIIEH 3BYK, XapaKTEPHBIN ISl «paboTaroIero» TpancGpopmMaropa;

- IByMsl TyMmOJiepaMu «CETh» B JIEBOM BEpXHEM YTy MEpeAHeil maHenu
CTEH/Ia BKJIIOYUTH «YCTp.» - YCTaHOBKY. IIpu 3TOM Ha ycTaHOBKE BKIIIOUUTCSA
MOACBETKA CXEMBbI YETBIPEXTIPOBOIHON CETH.

1. OnHodasHoe NPUKOCHOBEHUE B CETH € H30JIMPOBAHHON HEHTPAJIBIO

[Ipr CONPUKOCHOBEHMH C KOpHycoM OY, Ha KOTOPYH MPOU3OIILIO0
3aMbIKaHue (pa3bl, Yepe3 yenoBeKa MPOTEKAET TOK, 3HAUEHHE KOTOPOro 3aBUCUT
OT MapaMeTpoB ceTu. YeM HUKe COMpPOTUBIICHUE M3OJSIUU Fy; U 4eM OOJIbIle
eMKOCTh C CeTH OTHOCUTEIILHO 3€MJIH, TEM OO0JIbIIIE OMACHOCTh MOPAXKEHUSI.

OrmpesiesieHue 3HaYCHUE TOKA [}, IPOXOJISIIEro Yepe3 TeJI0 YeI0BeKa:

a)npu C,=Cz=Cc=0ury =rg=rc=ryz= var, 1Jif 3TOT0:

- IByMsI TyMOJIepaMU «CETh» Ha YCTaHOBKE BKJIIOYHUTE "yCTp.";

- YCTaHOBUTE pPYYKy R, (CONpPOTHBICHHE Tejla YeJIOBEKa) COTJACHO
3a/IaHUIO;

- HaXMHUTE KHOIKY '"3aMbIKaHue", 4TO O3HauyaeT 3aMblkaHue (a3pl Ha
Kopmyc JY;

- YCTAHOBUTE pYUYKY IMEpEeKIIovarene ry, rg Fc  TMOCIEI0BATEIBHO
Ha neneHud 1, 2, 5 U T.I., YTO COOTBETCTBYET AKTUBHOMY COIIPOTHBIICHUIO
U30J5I0MH (pa3 OTHOCUTENIBHO 3EMIIN;

- BHECHTE TNOKa3aHMs MPUOOPOB: BOJBTMETpPA V' W mMuiumamiepMmerpa A,
B 0JIaHK OTYeTa B BUJIE TAOJMIIHI;

o)nmpury,=rg=rc=0ou C,=Cp= Cc = var, 1 3TOTO:

- ycraHoBuTe pyuku nepekmtouareneit Cy, Cp Cc mocnenoBaTeIbHO
Ha geneHus 0,1; 0,2 ¥ T.A., 9TO COOTBETCTBYET €MKOCTH (a3 OTHOCHUTEIIBHO
3€MJIM, ¥ TIOKa3aHUsI MPUOOPOB BIUIIIUTE B TAOJIHILY;

- IPUBEJIUTE YCTAHOBKY B UCXOJHOE MOJIOKEHHUE, JIJI1 UETO YCTAHOBUTE BCE
PYYKH MepeKovareneil u TyMOaepsl, Kak yKa3aHO B HA4aJie OTbITA.

2. OnHoda3Hoe NPUKOCHOBEHHUE B CETH C 3a3eMJIEHHOM HENTPaJIbIO

B cerm c 3a3emiieHHOW HEWTpanpl0 HANpSHKEHUS OTHCNbHBIX (a3
M0 OTHOILCHUIO K 3eMJI€, KaK y>K€ YKa3bIBaJIOCh paHee, OCTAIOTCA MPAKTUYECKH
NOCTOSIHHBIMUA TIPH aBapUMHOM pEXHUME pabOThl CETHM W PaBHBI (DazHOMY
HampspkeHuto. I[Ipu  CONPUKOCHOBEHHMHM C KOPIYCOM 3JEKTPOYCTAHOBKH,
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HaxXOJAIIMMCS IO/ HANpSIKEHUEM, YEJIOBEK BKIIIOYACTCS B AJIEKTPUYECKYIO
Henb. 3HaUYE€HUE TOKA, NPOXOSIIEr0o 4Yepe3 Telo ueloBeka [, He 3aBUCUT
OT DJIEKTPUYECKHUX I[apaMETPOB CETH, MOCKOJIbKY €MKOCTHOE COIPOTUBIICHHUE
U aKTUBHOE CONPOTHUBIIEHWE M30JAUMU (a3 3alIyHTUPOBAHBI I[IIYyXHUM
COCIMHEHHEM HEWTpalln ¢ 3eMJIeH, MMEIOIIEH OYEeHb Majloe CONPOTUBIICHHE
(mms cetn 380B ry < 40M), KOTOPBIM MOXKHO CIOKOWHO mpeHeOpeub. [Ipu
PaBEHCTBE HYJIO CONPOTUBIEHUS OOYBU U CONPOTUBIIECHUS OCHOBAaHMS (I10Ja)
TOK, IPOXOJIAILMI Yepe3 TEJO YEJIOBEKA, 3aBUCUT TOJIBKO OT €ro COOCTBEHHOTO
COMPOTHUBJIEHUS U MOKET JOCTUYb CMEPTENbHBIX IS dKU3HHU 3HAUCHUM.

OnpenenieHre 3HAYEHUE TOKA [, Yepe3 TEeJIO YeJIOBEKa, JIJIS Yero:

- IByMsI TyMOJIEpaMU «CETh» Ha yCTAaHOBKE BKJItouHTE "yCTp.";

- BKIIFOUMTE TYMOJIEp 7, YTO O3HAYAET - HEUTpaslb TpaHchopmaTopa
3a3eMJICHA;

- HQO)KMUTE KHOIKY "3aMbIKaHue";

- pyuYKy Iepekirodaresnss Rj, MOCIENOBaTEIbHO YCTAHOBUTE B IOJIOKECHUE
1,2, 4urt.n.;

- MTOKa3aHus NMpUOOPOB BHECUTE B TAOJIUILY, IPH 3TOM BOJBTMETP JIOJKEH
NOKa3bIBaTh (pa3HOE HAIPSHKEHUE;

- IPUBEJIUTE YCTAHOBKY B UCXOHOE MOJIOKEHHUE.

3. 3ammTHBIe Mepbl B TPEXIPOBOAHOM CeTH C H30JUPOBAHHOU
HEUTPAJIbIO

a) KowmneHcanusi eMKOCTHOM cocTaBisitomiet  Toka (/) B cetu
C U30JIMPOBAaHHOM HEUTPAJIBIO.

B mnpoTsbkeHHOW ceTh € HM30JMPOBAHHOWM HEWTpalblo, €MKOCTh (a3
OTHOCUTENIBHO 3eMiiu 4yacTo mpebimaeT 0,3Mkd® Ha dazy. Jns ymeHblieHus
(KOoMIIEHCAIlMK) €MKOCTHOTO TOKa 3aMbIKaHHUS Ha 3eMJII0, a TaKKe TOKa Yepes
YeJioBeKa MPH ero MPUKOCHOBEHMHM K OJHOW W3 (a3, B HEUTpaib MCTOYHHKA
MUATAHUS BKJIIOYAIOT KOMIICHCHPYIOIIEE YCTPOMCTBO B BHUAE KaTyLIKH
WHJIYKTUBHOCTU WM Jpoccens. B 3aBUCMMOCTH OT 3Ha4€HUS UHAYKTUBHOCTH,
KOTOpO€ B TPHUHIUIIE MOXKHO PEryJIHpOBaTh, €MKOCTHOW TOK MOXET OBIThH
MOJIHOCTBI0O ~ KOMIEHCHUPOBAH  WMHIYKTUBHBIM  TOKOM  KaTYIIKd  JIUOO
HEJIOKOMITCHCUPOBAH WJIM NIEPEKOMITICHCUPOBAH.

B nanHOM OmbITe HA YCTAHOBKE CIEAYET:

- IByMsI TyMOJIepaMu «CETb» BKJIOUHUTE "yCTp.";

- pyukn nepekirovareneid Cy, Cp, Cce ycTaHoBuTe B nojioxenune 0,6MxdD,
R;, - cormacHo 3amanmuio;

- HOKMUTE KH. "3aMbIKaHue" U MOKa3aHUsl TPUOOPOB BIUIIUTE B TaOJUILY;

- BKJTIOUUTE TyMOJIep "kommeHcarus" v moka3anusi mpuOOpOB BHECUTE B Ty
e TaOyuily, T/Ie YKa3bIBaeTCS 3aJJaHHOE COMPOTHUBJICHUE Telia 4eloBeKa R,
Y 3HAa4YeHUs TOKa [, W HampspKeHUs NTPUKOCHOBEHUst Upp 0e3 KOMIIEHCAIMU
U C KOMIICHCALMEH;

- IPUBEIUTE YCTAHOBKY B UCXOJHOE MOJI0XKEHHUE.
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0) Ornenka 3G hEeKTUBHOCTH 3aIMUTHOTO 3a3¢MJICHHS.

Hns obGecrneueHuss  6e30macHOCTH  OOCTY>KMBAIOUIEr0  MepcoHaia
OT TIOPaXKEHUsS JJIEKTPUUYECKUM TOKOM TMpu Tpoboe (a3pl HA KOPIYyC B CETU
c wuzonupoBaHHOM HeWTpansto (U < 1000B) Ha »iekTpoycTaHOBKax
BBITIOJTHACTCS 3aIIUTHOE 3a3€MJICHUE. 3allUTHOE 3a3€MJICHUE MPEACTAaBISET
co0o¥ MpeHaMEPEHHOE COCIMHEHUE C 3eMJICH METAUTMYECKUX HETOKOBEAYIIIUX
yacTel AJIEKTPOYCTAHOBKHM, HOPMAJIbHO HE HAXOISIIUXCS MOJ HaIpPSKEHHEM,
MOCPEJICTBOM  3a3€MJISIIOIMX MPOBOJHUKOB M 3azemudreneil (cMm. paboTy
"UccnenoBanue 3ammTHOTO 3azemiieHus"). Ilpu mnpaBuiIbHO BBITTOTHEHHOM
3a3eMJIeHUU (T.e. TPAaBUIBHO BBHIOPAHHOM M PEATM30BAHHOM 3a3eMJISIOLIEM
YCTPOMCTBE C COOTBETCTBYIOIIMM 3HAUYEHHUEM CONPOTUBIICHUS 3a3€MJICHUS, JUIS
Ua = 380B r3 < 40M) HampsikeHUE MPUKOCHOBEHUSI Ha KOPIYCE U HaIpshHKEHUE
niara y KOpIlyca OCHOBAaHMSI IPH CTEKAHUHM TOKA YEPE3 3a3€MIIUTEIb JIOJKHBI
ObITh MEHBIIE MPEACIIbHO JIOMYyCTHUMBIX, U TOTJa TOK 4Yepe3 4YelioBeka Oyner
MEHBIIIE IOPOrOBOI0 OTIYCKAIOIIETO, T.€. MeHbIe 10 - 15MA.

Onpenenute 3 HEKTUBHOCTD 3aTUTHOTO 3236 MJICHHUSI, JIJISI ITOTO:

- IByMsI TyMOJIepaMu «CeTh» BKitounTe "yctp.";

- mepeKyIoYarelib Ry mocraBpTe COrNIacHoO 3a4aHuIo;

- YCTAaHOBUTE PYUYKH MEPEKIIOUATEIICH 7y, g, ¥'c B COOTBETCTBUU
C 3aJ]aHUEM;

- HQO)KMUTE KH. "3aMbIKaHHe" U CHUMUTE MTOKa3aHUE MUJUTAAMIEpMeTpa A,
MPEICTABIIAIOIIETO TOK Yepe3 YeloBeKa /;

- BKJIIOYUTE TymOJiep 73, 4YTO O3HA4YaeT NOAKIIOYEHHE KopIyca
o00Opy/IoBaHUSl K 3alUTHOMY 3a3€MJICHUIO, M BHOBBH 3allUIINTE TMOKa3aHUs
MUJUIMAMIIEPMETPA, KOTOpoe OyJeT MpeACTaBiIsTh 3HAYCHUE TOKa 4epes
YeJIOBEKA MPU HAJIMYMHU 3a3€MJICHUS JIEKTPOYCTAHOBKH;

- IPUBEAUTE YCTAHOBKY B UCXOJIHOE MOJIOKECHUE.

¢ Ilo pe3yibpTaraM MCCIeIOBAaHUS CETH ¢ H30JIMPOBAHHOI HEHTPAIbIO
HEOO0XOUMO:

a) Paccuutatpe 1O 3agaHHOMY 3HaueHUIO R, 3HAUYEHUS TOKa
I,=Uy/ (R, +R,;/ 3) 1 CPaBHUTH C IKCIIEPUMEHTAIBHBIMU TAHHBIMH.

[Toctpouts rpaduxu 3aBucumocrert I, = f (R,) U cloenatb aHaiIu3
MOJTYYEHHBIX KPUBBIX.

Paccunrate HanpskeHne npukocHoBeHus Upp.

0) [loctpouts rpaduku 3aBucumocteit I, = f(C) u crenaTh UX aHAIU3.

s [lo pesynpTaraM HCCICIOBaHUS CETH € 3a3eMJIEHHON HeHTpasibio
HEOO0XO0IUMO:

- IOCTPOUTH rpaduku 3aBucumocteit I, = f (Ry) v cienath UX aHau3.

Pabora na n1aboparopHoit ycranopke CIb-3 (ayn.106)

Ha COb-3 Heo0X0A1MMO MPOBECTH CIETYIONINE OTBITHI:
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1. B TpexnpoBoHOIi CeTH ¢ U30JUPOBAHHONM HEUTPAJIBIO HCCJIE0BATD
ONACHOCTH MOPAKEeHMS MPH OAHO(PAZHOM NPOHUKHOBECHUM:

a) Bxomtounts TymMOsep B1 «Cetb». Boikimounts Tym6sieps1 B2 — B6.

Tymbnep B7 ¢ nomenyuomempamu «Rp» u «Cp», a maxoce
nepexntowamenu B10, B11 u knonka Kul 6 oannou pabome He uCno1b3y10mcs.

[Ipu mnpoBenenun wu3MepeHuit TymOnep B9 Moxker HaxomuThCs B
CIIEAYIOIIMNX MOJIOKEHUSAX:

- 1eBo€ (MOKa3aHWs MIITMAMIIEPMETpa YMHOXaroTcs Ha 10);

- mpaBoe (MOKa3aHusl MUJTHaMIIepMeTpa yMHOKaroTcs Ha 100).

eYCTaHOBUTHh MNOTEHHUOMETP R;, B MOJIOXKEHHWE COIIACHO 3aJaHUI0
(kaTMOpPOBKH BCEX MOTEHIIMOMETPOB MPUBEJICHBI HA CTEH/IE).

e[lepexitouarens B8 ycranoButh B mojoxkenue (asnl A.

U3mensass comportuBienue ¢a3 A, B, C  coOTBETCTBYIOIIUMHU
noteHuomerpaMu (R, Rp,Rc) wm3meputrs mummmumamnepmerpoM TOK 1.
3Ha4YeHUs1 NTapaMeTPOB CONPOTHUBIIEHUM M €MKOCTEH, UCNONb3yeMbIX B COb-3,
IpUBEAECHBI B Ta0HIE 8.2.

Tabmuua 8.2
IHapameTpsl conporusaeHuit u emkocreir CIb-3
Jenenus 3HayeHus 3HavyeHus
nepexKJiryaresie CONPOTUBJICHUHA eMKocTel
RA=Rg=Rc, Ry, RA=Rg=Rc, Ry, Co=Cg=Cq,
C,=Cg=Cc KOM MKD
0 1 0,06
1 6 0,2
P 10 0.4
3 15 0,6
4 20 0,8
5 25 1,0
6 29 1,2
7 34 1,4
8 39 1,6
9 43 1,8
10 48 2,0

0) YcranoButh noteHmomeTpbl «R» a3z A, B, u C B nonoxenne «10»
(cooTBeTCTBYET 3HAaUEHUIO conpoTuBiieHus 48 kOM, cm. Tab1.8.2);

e Brurouuts TyMOsEpsl B4 - B6.

e l3MmeHss eMKOCTh (a3 ¢ MMOMOIIBIO COOTBETCTBYIOIIHMX ITOTEHIIMOMETPOB
(Ca,Cg,Cc), pacnoyioxXKE€HHBIX HaJl JaHHBIMU TyMOJiepaMu, CHSTh 3aBUCUMOCTH
ToKa I, oT 3HaueHust eMKocTU (0T «0» 10 «9»).

e Bepnyts norenimomerpsl u3MeHeHUs eMKOCTH Cy,Cp,Cc B MOJIOKEHNE
0 u BeIKITIOUUTH TyMOJ1epbl B4 - B6.
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2. B Tpexda3Hoii ceTH ¢ IiIyxo3a3eMJeHHOH HEUTPAJIbLIO UCCJIEI0BATH
ONACHOCTH MOPAa’KeHUs NMPH OAHO(PAZHOM NPUKOCHOBEHHUH B 3aBHCHMOCTH
OT CONPOTHUBJICHHS TeJIa YeJIOBeKa:

e Bxirrounts TymOsIepsl B2 1 B3.

el I3Menss nonoxenue noreHuuomerpa Ry, ot «0» 1o «5» uzmeputs TOK 7.

Brikmounts TymOaep «CeTb.

¢ Ilo pe3ynbraraM HCCIIEIOBAHUS CETH € H30JHPOBAHHON HEHWTPAJIbIO
HEO0XOIUMO:

a) PaccuuraTh no 3amanHomy 3HaueHuto R, 3HadueHus toka I, =Ugp /(R,+R,;
/3) ¥ CpaBHUTH C HIKCIIEPUMEHTAIbHBIMU JaHHBIMH.

[ToctpouTts rpaduku 3aBucumocteit I, = f (R,,) 1 caenaTh UX aHATIU3.

Paccuutars HanpspbkeHue npukocHoBeHUsT Upp.

0) [ocTpouts rpaduku 3aBucumocteit I, =f (C) u caenatb Ux aHaIH3.
Paccunrars Hanpsixkenne npukocHoBeHUsT Upp

s Io pe3yapTaTaM HCCIICIOBAaHUS CETH € 3a3eMJICHHOW HeHWTpaJblo
HEOOXOINMO:
[ToctpouTts rpaduku 3aBucumocteit I, = f (R;) u cnenaTh UX aHaIu3.
Paccuutars HanpspbkeHue npukocHoBeHUst Upp.

JlaGopaTopHnasi padora Ne 8a (aya. 106)

DnexkTpuyeckas yCTaHOBKa Jjsi  jabopatopHoil pabGotel Ne  8a
npeacraBieHa B yudeOHoi nabopatopuu bXKJ[ ayn.106 B Bume crenga. Ha
JTAaHHYIO0 YCTaHOBKY, B COOTBETCTBHM CO CXeMoW coeauHeHuil (PykoBojacTBa mo
WCIIOJIHEHUIO 0a30BBIX SKCIIEPUMEHTOB MpOU3BOAMTENsA) - puc.8a.l, Ha TpEx
dasupiii ucrounuk nutanus (071.201.2) momaetcs da3HOe HaMpsiKEeHUE OT 3-X
dba3Holl ceTu yueOHOTO Kopryca. JTO HampsiKeHHWE dYepe3 OJIOK JIMHEWMHBIX
npocceneit (01.337) u tpexdaszubiii Tpanchopmarop (61.302) momaeTcs Ha
MOJIe/Ib ydacTKa aiekTpudeckod cetu (0:1.303) u Mozens venoBeka (011.309).
YenoBek kacaetcss ¢a3pl A, U uepe3 COMPOTUBIECHHUE €ro Teja, a TakxKe
COMPOTUBJICHUE T0JIa, O0OYBU W HW30JALMHU (a3 MPOTEKAeT TOK, U3MEPsSeMbId
amnepmeTpoM Osoka 508.2. [Ipu 3TOM NPOUCXOAUT U3MEPEHHUE HANIPSDKEHUS Ha
LENH, COAEpKalllel CONMpOTUBIICHHE ueloBeka B paszmepe 1 kOm, a Tak xe
oOyBM W TIOJIa, KOTOpbIE MOXHO H3MEHSATH B JKcnepuMmeHTe. Hampsokenue
MPUKOCHOBEHUSI (HAIPSKEHHE MEXAY ABYMS TOUYKAMHU JJIEKTPUYECKOW LIETH,
KOTOPBIX OJTHOBPEMEHHO KAacaeTCsi YEeJIOBEK) OMNpeAesseTcsl Kak MaJeHue
HaIpsOKEHUST HAa €ro COMPOTUBIICHHU. KpoMe TOro, MOXKHO B JKCIEPUMEHTE
U3MEPATHh HAMPSDKCHUE B CIydae 3aMblkaHus Ha 3emutio ¢dasbl - C (aBapuiHBIMA
CJIy4ail) Mpu pa3IMdHbIX COMPOTUBIICHUSIX 3aMbIKaAHUSI.

Ha ocHoBaHMM MOJy4Y€HHOTO 3HAYEHHUS TOKa uepe3 yesoBeka I, Tpedyercs
ONIPEIEIUTH B pabOTe paCUETHOE 3HAYCHUE HAIPSHKEHUS TPUKOCHOBEHUSA Uy,
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Iopsaok BeINOJTHEHUS] padOTHI

1. O3nakomumubca ¢ >AEKTPUUECKON CXEMOM COEIMHEHUN T1ab0paTOPHOTO
creHaa puc.8a.l (PykoBoicTBa MO MCHOJHEHHUIO Oa30BBIX HKCIIEPUMEHTOB
MPOU3BOJMTENISA) U TEPEYHEM ammaparypbl, BXOJSIIEH B COCTaB CTEHJA, HE
U3MEHSIS TT0JIOKEHUE KOHTAKTHBIX MMPOBOJIOB U KOPOTKO 3aMBIKAIOUTUX BUIIOK.

Ilepeuens annapaTypsbl

Ob6o3HaueHne HaumeHoBaHue Tun ITapameTpsl
G1 Tpexda3zupiit ucrounuk nutanus | 201.2 ~400B; 16 A
Al brok nmmHEHBIX gpoccenen 337 6x1,0I'm; 0,5 A
A2 Tpexdazusiit TpanchopmaTop 302 250 BA, 380/380 B,

Y-0/Y-0
A3 Mopens yuactka anektpuyeckou | 303 ~380B;3x0,5 A
(105
A4 Mopenp yeioBeKa 309 ~380B;3x0,5A
AS Mopenb 3aMbIKaHMS Ha 3€MJII0 310 ~380B;3x0,5A
P1 biiok MyneTUMETPOB 508.2 3 MyJIbTHMETpPA
0...1000 B;_0...10 A;
0...20 Mowm

HpnMeanne. Bce BeIKIIIOUaTEIN CTCHAA A0JI?KHBI OBITH BHIKJIFOUEHEI.

Ilepeo nposedenuem usmepenuii.
- YCTaHOBUTbH COTJIACHO 3ajaHuto (Tabin.8a.l) 3Ha4YeHUsT CONMPOTUBICHUMN
o0yBHU U MOJIa;
- TPOBEPUTH OTCYTCTBHUE COCAMHCHHS (IIEPEMBIYKH) HEHUTPaTBLHOTO
npoBoja «n» Ha 01.302 ¢ 3emiieil uepe3 CONMPOTUBICHUE 3a3eMJICHUST HEUTpau
R0=4 Om.

2. lanee neo6x00umo 6K104UMb YCTAHOBKY.

Jlns 3TOro BKIIOYMTH Ha Tpexda3zHoM HCTOUYHHMKE nutaHus (051.201.4.1)
ABTOMATHUYECKHE BBIKJIIOYATEIM M YCTPONCTBO 3AIUTHOTO OTKJIKOYEHUS.
BcTaButh Kit04 B 3aMOK KIJIKOYa-BBIKJIIOYATENS] U MOBEPHYTh €r0 MO YacOBOM
ctpenke ¢ «0» mo ymopa («1»). [locie sToro Hakatb Ha 3TOM OJIOKE KHOIIKY
«BKJI». [Ipu aTom nomxHbl 3aropetbes cBeToauo sl (Ly,L,,L3), curnanusupys
O HAJIMYUU BBIXOJHBIX (Da3HBIX HAIMPSHKEHUSX UCTOYHHKA, TO €CTh 0 momaue U
Ha OJIOKU CTEH/Ia.

[Tocne BkItOUEHUS] YCTAHOBKH HEOOXOAMMO T0J1aTh HaNpsiKeHHUE Ha OJIOK
MyJIbTUMETPOB (01.508.2.1) BeikItouarenem «CeTby.

Kaxnaplii U3 MyJIbTUMETPOB BKIIOUMTH HakaTueM KHONKH «POWER»
(>kenToro 1BeTa cieBa MoJl SKPAaHOM MHIUKATOpA).
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JlanHble MpUOOPHI IMO3BOJISIIOT W3MEPATh HAIPSDKEHHE HA CYyMMapHOM
COIIPOTHBIICHUH uenoBeKa, 1moyia U 00yBU U ,;,=Ujsp+os 1 TOK UEpE3 YETOBEKA.
[TpuOopbl JOIKHBI OBITH MOACOEAMHEHBI K JJIEKTPUUECKON CETH MO CXEME Ha
puc.8a.l.

3nauenue U u I uepes uenoBeka, uaMepsieMble MyiabTuMeTpamu (1-piid —
BOJILTMETp, 2-0i — aMriepMeTp) OyayT 3aBUCETh OT MapaMeTpoB ceTtu. B xoxe
U3MEPEHU MYJIbTUMETpaMHu, NpH TOSBICHUM HA HWHAUKATOpe mpudopa
3HaueHud «1», caeayer U3MEHUTh Auana3oH U3MEPEHUS BEIMUYMHBI HAPSYKEHUS
WJIM TOKA C MIOMOIIBIO NEPEKITI0YATENS Ha MepeIHEN MTaHEIN COOTBETCTBYIOILETO
npuodopa.

1. OnHoda3Hoe NPUKOCHOBEHUE B CETH € H30JIMPOBAHHON HEHTPAJIBIO

[Ipu BKJIIOYEHHOM CTEHE, B Cllydae MPUKOCHOBEHHS yeloBeka K (aze A
(61.309), depe3 Hero mnpPOTEKaeT TOK, 3HAYEHUE KOTOPOTO 3aBUCUT OT
napamMeTpoB cetu. Yem HIKE CONPOTHUBICHHE H3OJALMU F,; U YeM OOJbIIe
eMKOCTh C CeTH OTHOCUTEIIbHO 3€MJTH, TEM OO0JIbIIIE OMACHOCTh MOPAXKEHUSI.

OrnpenensieM ONBITHBIM ITyTEM 3HAYEHUE TOKA [Ij,, TPOXOASAIIErO Yepe3 TENO
YeJI0BEKA:

a)npu C,.=Cp=C=0 u R;=Rg= Rc = Ry3;=var, s 3TOro:

- mepexiouaresib eMkocted (a3 (051.303) ycTaHOBUTH B TOJIOKEHUE «0»;

- nepexmtouarenu  Rpor u Rop (61.309) ycTaHOBUTH B MOJIOKEHUE
COTJIACHO 3aJJaHUIO 110 Ta01.8a.1;

- mnepekmoydarensiMu R4 RpRc (61.303) ycTaHOBUTH B MOJIOKEHHUE
MOCJIE0BATEIBLHO UX 3HAYEHHUSI COTJIACHO OJIaHKY K pabOTe U CHATh MOKa3aHUs C
BOJILTMETPA U aMIIEPMETPA;

- BHECUTE TIOKa3aHus MpuOOpoB: BoJbT™MeTpa V u ammnepmerpa A B OJ1aHK
OT4YeTa B BUJIC TAOJIUIIBI;

0) npu Ry =Rp=R =500 kxOm u C= Cp= Cc=var, s 3TOTO:

- IEPEKITI0YATENN CONPOTUBICHUS n3osiuuu a3 (R4 Rg Rc) ycTaHOBUTH B
MOJIOKEHHE « 00 »;

- nepexmovatensiMu C 4, Cp, Cc TIOCTIEIOBATEILHO YCTAHOBUTD UX 3HAYCHMS
corjacHo OJlaHKy OT4YeTa, YTO COOTBETCTBYET €MKOCTH (ha3 OTHOCHUTEIHHO
3eMIIH;

- IOKa3aHus MPUOOPOB BIUCATH B TAOIHILY OTUETA;

B) MPUBECTH YCTAHOBKY B MCXOJHOE MOJOXEHUE, JI1 Yero YCTaHOBUTH
BCE PYYKHU MEepeKItouaTeneit B nojoxeHue 0 u oo .

2. Ognoga3Hoe NPUKOCHOBEHHE B CETH C 323eMJICHHON HEUTPAJIbIO

B cetm ¢ 3azemsieHHOW HEUTpaibl0 HANpsKEHUS OTACIbHBIX (a3
[0 OTHOIIEHUIO K 3€MJI€, KaK YK€ YKa3bIBaJIOCh PAHEE, OCTAIOTCS MPAKTUYECKU
MOCTOSSHHBIMUA TIPH  aBapUMHOM pPEXHUME pabOThl CeTH W PaBHBI (DazHOMY
HaIpPsKEHUIO.

s co3anust ceTH C 3a3€MJICHHOW HEUTpablo He0OX00uMo coeOuHumb
NMEePEeMBIUKOW HEUTpaJIbHBIA TIpoBOA «n» Ha 01.302 ¢ 3emuelr  dyepes
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COIIPOTHBIIEHUE 3a3eMiieHus HelTpamu Ry;=4 Om. B 3TOM cirydae mpu BBICOKOM
3HAYCHUHW COTMPOTHUBICHUS W3OJSIIMM TOK TIPU TPHUKOCHOBEHUHW UEJIOBEKa
IPOMICT Yepe3 ero COMPOTHBIICHUE, a TAK)KE CONMPOTUBIICHUE 00YBH, TIoJia U R).

[Tpu paBEeHCTBE HYJIO CONPOTHBICHUS OOYBU M COMPOTHBIICHHUS T0JIA TOK,
MPOXOJAIIMA Yepe3 TENo YeOBEKa, 3aBUCUT TOJBKO OT €ro COOCTBEHHOTO
COIIPOTHBIICHUS K MOYKET IOCTUYh CMEPTEIBHBIX JIJIS )KAU3HU 3HAUCHUI.

Onpeoensem 3HaueHme ToKa I;, yepes TeNo YeloBeKa, JUIsl Yero:

- mepexmouatem  Rpor M Rop (61.309) ycTaHOBUTH B TIOJIOKCHHE
COTJIAaCHO 3anaHus K padote mo Tabm.8a.l. Ilokazanus mpubopoB mo U u I
BHECTH B TaOJIHILY.

[TpuBOMM JTA0OPATOPHYIO YCTAHOBKY B UCXOAHOE ITOJIOKEHUE.

Ilocne 3a6epuienusa skcnepumenma:

- BBIKJIFOYUTH KaXKIbI U3 MpuOOpoB Ha Onoke myiabTuMmeTpoB (508.2.1)
HaxatueM KkHonku «POWER» (kenroro mBera - cieBa IO JKpaHOM
UHIUKATOPA);

- JUISL CHSTUS HANpPSDKEHUA C HCTOYHMKA MHTAHUS CIENyeT HaXaTh
KpacHylo KHOMNKYy-rpu6 Ha Oi. 204.4.1. Ilpu 5TOM CBETOAUOMABI JOJIKHBI
MOTaCHYTh.

Tabmuua 8a.l.
BapuaHTbl 3a1aHUIl IKCIIEPUMEHTAJIBHOI0 UCCJIe0BAHUS

Ne 3apanus Rogs Ruon
1 1 1
2 10 1
3 1 100

[To pe3yabpTaTaM UCCiIeI0BaHUS HEOOXOIUMO:

- TIPOBECTH aHAJIM3 OMACHOCTH JUIsl YeJIOBeKa B aBApUIHOW CUTyalllH B
3aBUCUMOCTH OT ITapaMeTpoB U Buja 3-x (ha3HoM ceTu;

- MPOBECTHU pacueT HAMPSHKEHUS] TPUKOCHOBEHUS;

- CPAaBHUTh TEOPETUUECKHUE U IKCIIEPUMEHTAIIbHbIE TAHHBIE;

- IOCTPOUTD TpaAPUKH.

PacuerHoe 3a1anue Ha 1adopaTopHyio padoty Ne 8 (aya. 106)

IIpy HeBO3MOKHOCTH NMPOBECTH HU3MEPEHHUsl paccuuTaTh 10 dopmylie
(8.2) wm mocTpouTh TpapuKM 3aBUCUMOCTH TOKa 4epe3 ueinoBeka 1,
ot conpotuBieHus: uzonsiuuu Rys (Ryz=1; 5; 10; 50; 100; 500kOM) npu aByx
3HAYCHUAX JUIMHBI I} u I, 3-x (a3HON ceTH ¢ HM30JIMPOBAHHON HEHUTPaJIbIO
u (dazHom Hanpspkenun 220B cormacHo BapuaHTy 3amanus (Tadi. 8.3).
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Tabmura 8.3

Ne Bapuanta | R, xOm I;,m [, m Cr0s» MKD/KM
1 1 5 100 0,6
2 1,5 10 150 0,6
3 2 12 200 0,6
4 6 15 500 0,4
5 1 20 1000 0,4

Bonpocsl 1J11 CaMOKOHTPOJISA

1. Kakue TtpexdasHbie ceTh mepeMeHHoro Toka jo u cBbime 1000B
(MO KOJMYECTBY MPOBOJIOB U MO PEKUMY HENTpain) UCHOJB3Yy0TCs B Poccun?

2. Kakas cerb sABISIETCA MEHEE OINACHOW TMpu  OAHO(a3HOM
IIPUKOCHOBEHUHU YeJIOBeKa K (PazHOMY MpPOBOAY NpPU HOPMAJIBHOM PEKHUME
U 1oyemy”?

3. B Kakux ciydasiX UCHOJIb3YIOTCSI CETH C M30JUPOBAHHOW HEHUTPAJIBIO
npu Hanpsbkernu 1o 1000B?

4. Kakuie Mepbl 3alIUThl MOYKHO MPUMEHUTD I YMEHBIIICHUS OMTAaCHOCTH
MOpaXEHUsT TOKOM B TPOTSDKEHHBIX BO3AYyIIHBIX ceTsax g0 1000B
C U30JIMPOBAHHON HEUTPAJIBIO?

5. Kak u3MeHHTCS 3HaueHHME TOKa 4Yepe3 4YesloBeKa Npu OHO(a3HOM
IIPUKOCHOBEHUM YEJIOBEKa B CETH C 3a3€MJICHHOM HEWTpajblo, €CIH
CONPOTHUBJICHUE TEJA YEJIOBEKA YBEITUYUTD?

6. Kak u3meHHTCS 3HaueHME TOKa uyepe3 4YesloBeKa Npu OJHO(]a3HOM
MPUKOCHOBEHUH YEJIOBEKA B CETHM C HW30JMPOBAHHOM HEWUTPAIIbIO, €CIIH
CONMPOTHUBJICHUE U3OJISILIUU POBOAOB YMEHBIIUTH?

7. Kak u3MeHUTCS 3HAUY€HUE TOKa uepe3 4YesloBeKa Mpu OJAHO(A3ZHOM
MIPUKOCHOBEHNUH YEJIOBEKA B CETHM C HW30JMPOBAHHOW HEWUTPANIbIO, €CIIH
YBEJIUYUTD JITTUHY CETU?

8. YKaxxuTe caMyro OMacHYI0 CXEMY BKJIFOUEHHSI YEJIOBEKa B LIETb TOKA.

9. YUeM mpakTHUECKH OIMpeeseTcsl TOK Yepe3 ueloBeKa Mpu oJHO(Pa3HOM
MPUKOCHOBEHUU B CETH C 3a3€MJICHHOM HEUTPaJIbIO?

10. Kak wu3MeHHUTCS TOK dYepe3 4deloBeKa IIpu  OJHO(Da3HOM
MPUKOCHOBEHUU B CETH C H30JMPOBAHHON HEUTpalblOo, €CIU YBEIUYUTH
€€ JUIMHY B 2 pa3a U BbICOTY II0JIBECA POBOJOB TOXKE B 2 pa3a?

11. Kakas 3-x da3nas cets u3 npuMmensemsix 10 1000B nanbonee onacHa
npu 1Byx($a3HOM MPUKOCHOBEHUU?

12. KakoBa BenMurHa KOMIIEHCUPYIOIIEH MHAYKTUBHOCTH HPH €MKOCTH
CETH C U30JIMPOBAHHON HEUTpaJbio paBHOM 10 MKkD?

13. Yem otrnuuaercs (da3HOE  HANpSOKEHHWE  OT  HANpPsHKEHUS
IMPUKOCHOBEHUS, M B KAKOM CIIy4yae OHU COBMA/IAIOT?
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Padora Ne 9

NCCIEAOBAHUE JIEKTPUHYECKOI'O
COITPOTHUBJIEHUS TEJIA YEJIOBEKA

Heab padoTbl: W3ydeHHE OEHUCTBUSA DJIEKTPUYECKOIO TOKAa HA OPTraHU3M
4eJIOBEKa U OIIPENICIICHNE NIapaMETPOB AIEKTPUUECKON CXEMBbI 3aMELICHUS TeJla
YeJIOBEKa.

OCHOBHBIE CBEE€HHSI 0 BO3IEiiCTBIH YJIEKTPHIECKOT0 TOKA

Ecnn 4yenoBek KacaeTcsi OJHOBPEMEHHO JBYX TOYEK, MEXAY KOTOPBIMHU
CYLIECTBYET HAlpsDKEHUE, U NPU 3TOM o0Opa3yeTcs 3aMKHYTas LIETb, YEPEe3 €ro
TEJO MPOXOAUT TOK. 3HAYEHHUE 3TOrO TOKA 3aBUCUT OT CXEMBbI IPUKOCHOBEHMSI,
TO €CTh OT TOr0, KAKUX YacTeH 3JEKTPUUYECKON YCTAHOBKH KACAETCS YEJOBEK,
a TaKXe OT MapaMeTPOB JIEKTPUUECKOMN CETH.

CompoTuBIIEHHE Te€ja YEeJIOBEKa W NPHIOKEHHOE K HEMY HamlpshKeHHE
CKa3bIBAIOTCS JIHIIb B TOM MEpE, B KAKOW OHU U3MEHSAIOT 3HaYEHUE TOKaA.

JleficTBHE 3JEKTPUYECKOTO TOKAa HA >KMBYIO TKaHb HOCHT CBOEOOpa3HbII
U Pa3HOCTOpOHHUM xapaktep. IIpoxons uyepe3 oOpraHu3Mm 4ellOBEKa,
anekTpuueckuii TokK (I) MPOM3BOOUT TEPMHUUECKOE U AJIEKTPOJIUTHUECKOE
NEHCTBUS, YTO XapaKTEPHO JUIsl HEXKUBBIX 0OBEKTOB, a TAaKXkKe - celu(uIeckoe
OMoIOrMYecKoe JCHCTBHE, KOTOPOE BBIPAYKAETCS B HAPYLIEHUU BHYTPEHHUX
OMORJIEKTPUYECKUX IPOLIECCOB, MPOSIBIAECTCA B Pa3ApaXeHUH U BO30YKICHUU
JKUBBIX TKaHEH OpraHM3Ma, 4TO MOXKET COIPOBOYKIATHCS HENPOU3BOJIbHBIM
COKpAIlCHHEM MBI, B TOM 4YHCIE Ccepaua M Jerkux. B pesynbrare
AIIEKTPUYECKUI TOK HAHOCUT TPaBMY YEJIOBEKY, KOTOpas MOXKET ObITb MECTHOM
(00T, ANEKTPUUECKUI 3HAK U Jp.) WIH O0IIeH (3IEKTPUUECKUI yap WK HIOK).

TsKecTh MopakeHUsl ONpeAesieTcsl B MEPBYIO0 Oouepelb 3HAUYEHUEM TOKa,
3aBUCSIIMM OT HampsykeHHs mnpukocHoBeHMs Uy, M 3JIEKTPUYECKOro
compoTuBiieHUs Ry Tenma venoBeka, a Takxke BpeMeHeM ero BozaercTBus. llpu
JUIUTEIBHOCTH BO31eicTBUs Oonee 0,2 ¢ pe3ko BO3pacTaeT TAKECTb MOPAKEHUS,
YTO CBSA3aHO C OCOOCHHOCTSIMM KapAMOIMKiIa uernoBeka. [loaTomy Bpems
cpabaThiBaHUs OBICTPOJICUCTBYIONIECH 3alIUThl OTKJIIOYEHHUS JIOJDKHO OBITh
He Oosiee 0,2cek. (o ITYD npu paznom nanpsixenuu 220B He 6oiee 0,4cek.).

Toku pa3nUuHOrO poja HEOJUWHAKOBO OMACHBI (MpPU TPOYUX PaBHBIX
yCIIOBUSIX) AJid opranu3ma. Hambosee onacHbIM ClielyeT cUUTaTh MePEMEHHBIN
TOK MPOMBINUICHHOW 4YacTtoThl 50-60I'1p (B oOmem cioydae g0 S500I'm).
OH CWJIBHO BO3JIEUCTBYET Ha LIEHTPAJbHYI0 HEPBHYIO CHUCTEMY M IPOU3BOJIUT
CWIbHBIE COKPALEHUS MBI, KOTOPbIE BO MHOIMX CIy4asX YJIEpKUBAIOT
YEJIOBEKa B KOHTAKTE C YAcCTAMHU, HAXOIALIMMHUCS MOJ HAIPSOHKEHUEM, JIHILIAS
BO3MOKHOCTH CAMOCTOSITEILHO OCBOOOIUTCS OT TOKoBenytieit uactu (TBY).

JlanbHeilliee NOBBIIIEHUE YAaCTOThI, HECMOTPS Ha POCT TOKA, MPOXOSIIETO
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Yepe3 YeJIOBEKA, COMPOBOKIAAETCA CHUKEHUEM OMACHOCTH MOPAKEHUS, KOTOpas
MOJHOCTBhIO McyezaeT npu yactorax 450 - 500x['u. Toku sTOoro mmamazona
yacToT U Oojiee He MOTYT BBI3BaTb CMEPTEIBHOTO IMOPAXEHUS BCIEICTBHE
npeKpamieHus: paboThl cepAlla WK JIETKUX, a TAKKe APYTUX >KU3HEHHO BaYKHBIX
opraHoB. IIpaBma, 5TH TOKM COXpaHAIOT OMNACHOCTH OXOrOB, KakK IpHU
BO3BHUKHOBEHUU  JJIEKTPUUYECKOM  JIyrM, TaKk MW [OpU  [OPOXOKICHUU
MX HEMOCPEACTBEHHO YE€PE3 TEJIO YEIIOBEKA.

[TocTosiHHBIN TOK IPUMEPHO B 4-5 pa3 Oe3omacHee NEPEMEHHOTO YaCTOTON
50I'm. IIpoxos yepe3 Teno 4eIoBeKa, OH BRI3BIBACT OoJiee clabble COKpAICHUS
MBI U MEHEE HEIPUSITHBIE OIIYIIECHUS 110 CPABHEHUIO C IEPEMEHHBIM TOKOM
TOro € 3HaueHus. JIuIb B MOMEHT 3aMbIKaHUSI U pa3MbIKaHUS LIETH TOKa
YeJIOBEK MCIBITHIBAET KPATKOBPEMEHHOE 0O0JIE3HEHHOE OIIYIICHUE BCIE/ICTBUE
BHE3AITHOTO CYJOPOXKHOTO COKpAIICHUS MBI, MOJ00HOE TOMY, KOTOpOE
BO3HUKAET NPHU NEPEMEHHOM TOKE MPUMEPHO TOT'O K€ 3HAUECHUSI.

CkazaHHOE O CpaBHUTEIBHOM OIMACHOCTH IMOCTOSIHHOTO M IEPEMEHHOTO
TOKOB CHPAaBEUIMBO JIMIIb g HanpspkeHud g0 S00B. Cuwraercs, yTto mnpu
Oonee BBICOKMX HAMPSIKEHUSX TIOCTOSHHBIM TOK CTaHOBHUTCS OIacHee
nepeMeHHoro 4actorod S50I'm. CreneHb OTpHUIIATENBHOTO BO3JICUCTBUSA TOKa
Ha OpPraHu3M YeJIOBEKa YBEJIMUYMBAETCS TAKXKE U C POCTOM €0 BEJIMUUHBI.

O1myTHMBINA TOK - 3TO TaKOW TOK, KOTOPBIN BBI3BIBAET IPU MTPOXOKICHUN
yepe3 4YeNIOBEKA ONIYTUMBIEC pa3ipakeHusa. YeIOBEeK HAauyWHACT OIIyIIATh
BO3JCHCTBUE MPOXOIAIIECTO YEPE3 HEro IMEPEMEHHOro Toka uvactoron S0I'm
3HaueHueM 0,5-1,5MA u mocTossHHOro Toka 3HaueHHeM 5-7MA. be3omacHBIM
TOKOM TMpU JUIUTEIHHOM BO3JCUCTBUU CUHUTAETCS TOK BEJIUYUHOW MEHEE
SOMKA.

DT0 BO3MIEHUCTBHE OTPAHUYUBACTCS MPHU MEPEMEHHOM TOKE CJIA0BIM 3YI0M
Y JIETKUM TOKaJIbIBAHUEM, A MIPU MMOCTOSTHHOM TOKE - OLIYIIIEHUEM HarpeBa KOxH
Ha y4yacTKe, KacarouleMcs TOKOBEAYLIEH 4YacTH. YKa3aHHbIE 3HAYEHHSI TOKa
SBJIAIOTCSL TPAHUYHBIMU (TIOPOTOBBIMH), C KOTOPBIX HAuMWHAETCAd O00JacCTh
OLLIYTUMOI'0 BO3JeUCTBHS. [Ipy TOKax, MpeBhIIAIOIIMX HOPOTOBBIA OLIYTUMBIN,
BO3MOXXHO TMIOJyYEHHE YEJIIOBEKOM JJIEKTPOTPABM KaK MECTHBIX (OXKOT,
AIEKTPUYECKHUH 3HAK U JIp.), TAK U 0OIIUX (dNeKTpuyeckuid yaap 1-4 crenenn).

Heornyckamommii TOK - 3TO TakOM TOK, KOTOPBIA BBI3BIBAECT IIpU
MPOXOXKJACHUHA 4YEpe3 YEJOBEKA HEMPEO0IUMbIE CYIOPOKHBIE COKpAIICHUSA
MBIIII] PYKH, B KOTOPOU 3a)KaT MPOBOJHUK.

IloporoBbIM HEOTNYCKAIOIIUM TOKOM HA3bIBAIOT HAUMEHbIIIEE 3HAUCHUE
HEOTITyCKaroero Toka. st mepemeHHoro Toka yactotoit S0’ oHO cocTaBisieT
10 - 15MA (a1t My>X4MH NIPU IMYTH NPOXOXKICHUS TOKA pyKa - pyka). [Ipu 3tux
3HAUEHHUAX TOKA YEJIOBEK YYBCTBYET HETIEPEHOCUMYIO OOJIb, a CYJOPOTH MBIIIII
PYKH OKa3bIBaIOTCSI HACTOJBKO 3HAUYUTEIBHBIMHU, YTO YEJIOBEK HE B COCTOSIHUU
WX TPEOJIONIETh, T.€. HE MOXKET Pa3kKaTh PyKy, B KOTOPOM 3axkaTa TOKOBEAYIAs
yacth (TBY). I OCTOSIHHOTO TOKa MOPOTOBOE 3HAYEHWE HEOTITYCKAIOIIETOo
ToKka coctaBisieT S0-80MA.
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OUOPULISIUOHHBIA TOK - 3TO TaKOM TOK, KOTOPBIA MPH MPOXOKICHUHN
yepes TeJl0 YeOBEKa BbI3bIBACT (PUOPUILISILINIO CEPILIA.

Ouopuansimus (fibrillatio) - 6picTpoe Xao0THUECKOE COKpAIIEHHE MHOTHUX
OTZIEJIbHBIX MBIIIEYHBIX BOJIOKOH CEPALA, B PE3YIbTATe KOTOPOTO CEPALE TEPSET
CIIOCOOHOCTh K A(()EKTUBHBIM M CHHXPOHHBIM COKpaimieHusM. [lopakeHHBbIi
Y4acCTOK Cep/Iia IMocje 3TOro MepecTaeT HarHeTaTh KpoBb. GUOPHILIALIUS MOKET
BO3HHMKHYTh HE3aBHCHMO B MPEACEPINAX WM JKETYI0UKaX Cepaua.

Oubpumwsimus  npeacepauii  (atrial fibrillation) sBmsiercs TunmruHOM
Pa3HOBUIHOCTBIO APUTMHUH; TIPOSIBISETCS YYAlIEHHBIM H HEPUTMHUYHBIM
nyibcoM U cepaueouenueM. Ilpu dubpumisiiuu xemyaoukoB (ventricular
fibrillation) cepnue nepecraer cokpamarbecsa. Yaie Bcero MpUYMHON TaKOM
GUOPHIUIAIIUY ABJISIETCS HHPAPKT MUOKap/a.

IHoporoBpiM (PUOPHMVIANMOHHBIM TOKOM HAa3bIBAIOT HAUMEHBIIIEE
3HaueHue (UOPUIUIAIIMOHHOTO Toka. Jlyis mepemeHHoro Toka udactotoi 500
GbubpIAIIMOHHBIM siBIIsieTcs TOK oT 100MA 10 SA; moporoseim - 100MA. s
INOCTOSSHHOTO TOKa IOPOTOBBIM (PUOPUIUISIIITUOHHBIM TOKOM CUHMTAETCS TOK
300MA, BepxHum npexaesnoM - SA. CrenyeT MOAYEPKHYTh, YTO 3THU JIaHHbBIC
CIIPaBEIJIMBBI IIPU YCIOBUU JUIUTENBHOTO MPOXOXKACHUS TOKA YEPE3 YEJIOBEKA
(He MeHee 2 - 3cek.) Mo MyTU pyKa - pyKa WJIu pyKa - HOTHU.

Tok Oosbme 5A, Kak NpU NOCTOSHHOM HAIPSHKEHUU, TaK M 4YacCTOTOU
50l ¢ulpumisnuio cepjiia, Kak MpaBwio, HE BbI3bIBaeT. lIpu mporekanuu
TaKOro TOKa MPOUCXOJUT HEMEJJIEHHAas OCTaHOBKAa Cepila, MUHYsI COCTOSHUE
¢ubpwsuuu. Eciin Bo3nelicTBre TOKa ObLIO KpaTKOBPEMEHHBIM (110 1-2 cek.)
Y HE BBI3BAJO Mapajiuy cepaua, TO Cepale, Kak MpPaBUJO, CAMOCTOSTEIBHO
BO300OHOBJISIET HOPMAJIbHYIO JesTeNbHOCTh. [Ipu Takux Tokax, Jaxke B ciydae
KPaTKOBPEMEHHOTO BO3JEHCTBHUS, HAPSIAY C OCTAHOBKOW cepAla, IPOUCXOAUT U
napajauy JbIXaHUs.

[Ipu omnpeneneHHbIX OMYHIEHUAX TEJIO YEJIOBEKA MOXHO IPE/ICTABUTH
B BHUJIE JICKTPUUYECKOW CXEMBbI 3aMelleHus. HYame Bcero sl aHaJInu3a SBJICHUN
IpU MPOTEKAHUM TOKA 4Yepe3 4YeJoBeKa IO IMyTH pyKa - pyKa M pacuera
ANEKTPUUYECKUX MMapaMeTPOB COMPOTUBIICHUS YEIOBEKA HCIOJB3YIOTCS - [IBE

CXEMBbI 3aMEIIICHUS: SKBUBAJICHTHAs (puc. 1, a) u ynporenHas (puc. 1, 0).
& w L .

R

[
|
r -
|
1
1

| .

Puc. 9.1. DnekTpuueckas cxema 3aMeIeHus Tena yejloBeka (pyka-pyka):
a) PKBUBAJICHTHAs; 0) yIpOIEHHAS.
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3neck Ry m C;, - akTUBHOE CONPOTHBIICHWE W €MKOCTh B 30HE KOHTAKTa
JaJIOHU C AJIEKTPOIOM.

Ha cxeme (cM. puc.9.1,a) R, u C; - akTUBHAsI M peakTUBHAsI COCTABIIAIONIAS
HApY>KHOTO COTMPOTUBJICHUS KOXH Z,,, T, - BHYTPEHHEE COMPOTUBIICHUE.

AHanu3upysi OSKBUBAJICHTHYIO CXEMYy 3aMElIeHHUs, MOXHO CJieJaTh
HECKOJIbKO BBIBOJIOB:

a) Hamuuume emxoctu C B cXeMe M, COOTBETCTBEHHO, PEaKTHBHOM
COCTABJISIFOIICH B BBIPOXKCHHUH IS Z; 00YCIOBIMBACT BIMSHUE POJIA U YaCTOTHI
TOKa Ha 3HAYEHUE COMPOTUBIICHUS TEla YeIOBEKa.

0) C yBenMueHUEM YacTOThI f eMKOCTHOE compoTuBienue xc = 1/(2 7 f Cy)
YMEHBIIIAETCS U IIYHTUPYET aKTUBHOE COMPOTHUBIICHHE Ty. B mpenene npu f—oo
MIOJTHOE COTPOTHBJICHHUE TeJIa YEIOBEKA PABHO 7.

B) [lpy yMeHbIIEHMM YacTOThl E€MKOCTHOE COMPOTUBJICHUE BO3PACTacT
u B nipegene npu f—0, T.e. Py MOCTOSIHHOM TOKE Z, = Zo = 2 r'y + rp, OTKyJa

r, =-0_"2 9.1)

C HEKOTOpPhIMH  JIONYIIEHHUSIMHU MOXKHO MPHUHATH, YTO  TOJHOE
COIIPOTHUBIICHUE Tela yenoBeka Ha yactoTax 0 - 1001’ HaxoauTCs B JIMHEMHOU
3aBUCUMOCTH OT YacTOThl TOKa W MOXKET OBITb ONPENEICHO METOAOM
skctpanoysinui. C 3TOM LENpI0 B JIMHEMHOM MacliTtade CTpOUTCA rpaduk
3aBUCUMOCTH MOJHOTO COIMPOTHUBIICHHSI OT YaCTOTHI, KaK MOKa3aHo Ha puc.9.2.

3HAYEHUE Z() HAXOAWUTCSA NPHU MEPECEUCHHHM MPAMOU Z; - Z4s C OCBIO
KOOpJAUHAT.
Z'h, kKOm
Y
20 A
3 g,

|
20 Z1 791 _, | |
z3 Z'4

Puc. 9.2. I'paduk 3KkcTpanonsiuuu npu OnpeaeeHu COPOTUBIIEHUS TIOCTOTHHOMY TOKY.

r) 3HA4YeHHE TIOJHOTO COIMPOTUBIICHUS HAPYKHOTO CJOSI KOXH Zy
P TAaHHOW 9aCTOTE MOXKET ObITh HAMJICHO U3 BHIPAKCHUS

. Z, Ty
a > (9.2)
I'I€ Zy- CONPOTUBIICHUE YEJIOBEKA Z; HA 3aJaHHOU 4acCTOTe.
[ToHOE COMPOTHBIICHUE HAPYKHOTO CJIOS KOXKH Zy CBS3aHO C ry U 1/(w cp)
2 _ 2 2~ 2
COOTHOILEHHEM 1/zg =1/ry + (0 Cg)
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OTCI-OI[a MOXKHO ITOJYYHUTh EMKOCTb HAPYXKHOI'O CJIOA KOXKHU CH N3 BbIPAXKCHUA

2
r

_ 2
N T Zn (9.3)

" 2onfr, z,
Ecnmu ry >> zy, To BMecTO cooTHOIeHHS (3) MOXKHO MCIOJIB30BaTh Ooliee
npocroe Beipakenne  Cp =1/ (27z sz) (9.4)

[IpuBeacHHBIE BBIPAXXEHUS MO3BOJISIOT MPH HATHYUM SKCICPUMEHTAIBHON
3aBUCUMOCTH Z;(f) ompenenuTh pacyeTHBIM IMyTEM I 3aJaHHOW YacTOTHI f
3HAYEHUs 'p, Zo, ', Zt, Ch.

CocrosiHMEe KOXKHM CHJIBHO BJIMSE€T Ha 3HAYEHHE OJIEKTPHUUECKOIO
COIIPOTHBIICHHUS TejIa YeIOBeKa. Tak, IMOBPEKICHUE POrOBOTO CII0s, B TOM YHCIIE

nope3bl, LapanuHbl, CCaJWHbI U JPyrde€ MHUKPOTPaBMBI, MOTYT CHH3UThH Zj,
0 3HAa4YeHUs, OJU3KOr0 K 3HAYEHUIO BHYTPEHHETO CONPOTUBIIECHHUA, YTO,
0€3yCIIOBHO, YBEJIMYMBAET OMACHOCTh MOPaXEHHs] TOKOM. Takoe ke BIusHUE
OKa3bIBAET U YBJIAXXHEHUE KOKU BOJIOM WJIM TIOTOM, a TAaKXKE 3arpsi3HEHUE KOXKH,
MPOBOASIICH TOK, MBUIbIO UIU TPSI3bIO.

[TockonbKy y OHOTO U TOTO € YEJIOBEKA JIEKTPUUYECKOE CONPOTUBIICHHE
KOXXM HEOJIMHAKOBO HA Pa3HbIX YYACTKaX Teja, TO Ha CONMPOTHBICHHUE B LEIOM
BIIUSIFOT: MECTO MPUIJIOKEHUS, @ TAKXKE TUIOTHOCTH U IJIOIA/Ib KOHTAKTA.

3HaYeHUE TOKa W JJIUTEIIBHOCTh €r0 MPOXO0XKICHUS Yepe3 TEJIO YEIOBEKa
HEIMOCPEJICTBEHHO BIIMAIOT HA IMOJHOE BJIEKTPUUYECKOE COMNPOTUBIIECHUE Zj:
C pPOCTOM TOKa W BpPEMEHH €ro IMPOXOXKJICHHUS COMNPOTHBICHHE NAJAeT,
MOCKOJIbBKY TPU 3TOM YCWJIMBAETCS MECTHBIM HArpeB KOXHW, YTO MPUBOJUT
K PACIIMPEHUIO €€ COCYJOB, a CIIEJOBATEIbHO, K YCUJICHUIO CHAOXKEHUS 3TOrO
Y4acTKa KPOBBIO Y YBEJIMUEHUIO MOTOBBIACICHUSI.

W HakoHel, MOBBIIEHUE HANPSHKEHUS, MPUII0KEHHOTO K TEIly YeJlIOBEKa,
YMEHBIIIAET B JIECSATKH Pa3 COMPOTUBIICHHE KOXKHU, a CJIEAOBATEIbHO, U MOJIHOE
CONMPOTHUBJICHUE TeNa, KOTOPOE€ B Tpeaesie NpUOIMKACTCSI K CBOEMY
HauMeHblieMy 3HadeHuto 300-5000M (compoTHBIEHHE BHYTPEHHUX OPraHOB
Iy). OTO 00BsICHSETCS PAAOM (PAKTOPOB, MPEXKIE BCErO, MPOOOEM POTrOBOTO CIOS
KOKH, KOTOPbIA HacTtynaet npu HanpstkeHuu S50 - 200B, a Takke pocToMm ToKa,
MPOXOJISIIEro Yepe3 KOXKY (3a cueT MOBBIICHUS HAPSHKEHUS) U JIP.

B menom mpu HOpMaJIbHBIX YCJIOBHSIX BEJIMYMHA TOJIHOTO COMPOTUBIICHUS
Tena yenoBeka HaxoauTes B mpeaenax 3—100kOM. B pacuerax npu HanpskeHUN
10 50B ucrnonb3yroT BEIMYMHY CONPOTUBIIECHUS Tella 4yenoBeka 6kOw, a mpu
HanpsbkeHusx cBbiiie 50B — 1kOwm.

B 3akitoueHue cieayer OTMETUTh, YTO Ha TSHKECTh DJIEKTPOTPABM, KpOMeE
YKa3aHHBIX BbIIIE€ (DaKTOPOB, TAKXKE BIUSAIOT YCJIOBHS BHEIIHEW Cpejbl, MyTh
MPOTEKaHMS TOKA Yepe3 uesioBeka (HanboJsiee OnacHbIN - MpaBasi pyka — rojoBa)
U CXeMa MOJKIIIOUEHHUS YeI0BeKa K KOHKPETHOM AJIEKTPUUECKON CETH.
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IlopsaaoK BbINOJHEHUS PA0OTHI M0 ONpeaeIeHHI0
3JIEKTPUYECKOI0 CONPOTUBJICHHUS TeJIa YeJI0BeKa

JlabopaTopHnasi padora Ne 9 (ayn.104)

Jlnst  uccnenoBaHWS  3aBUCMMOCTH  CONPOTHMBIICHHWST Tela  YEJIOBEKa
OT YaCTOThI IPUMEHSIETCS IKCIIEpUMEHTaIbHASL YCTaHOBKa (prc.9.3), cocTosmast
U3 3ByKOBOTO T€HEpaTopa CO BCTPOCHHBIM BOJIBTMETPOM, BOJBTMETPA M CTEHIA
C TpeMs IapaMH IUCKOB-311eKTpo 0B miomaasio 22 (S), 11 (S u 7,3 (S") em’.
—DS”

=
Mgl

3r 61[) B ‘ OS

Puc. 9.3. Cxema BKiIIOUEHUS TPUOOPOB.
31" - 3ByKOBOM reHeparop; V - BOJIbTMETP;
mV - BOJIBTMCTP, I/ICHOJ'IL3yeMBII71 JJIs1 OHpe,I[eJ'ICHI/IHzTOKa ‘IG?GS TEI10 ‘ICJ’%OBCK&;
S, §',§"- nucku-3nexTpoab! wiomaaso 22 cm, 11 ecMm” uimm 7,3 cm’;
Ry - myHTHPYIOINN pEe3UCTOP.

['eHepatop SBIAETCSA MCTOYHUKOM CHUHYCOMJAIBHBIX SJIEKTPUUYECKUX
KoJiebanuii B quama3zoHe 4yactoT oT 200 1o 20k 1. YacToThl ycTaHABIMBAIOTCS
no jauanazonam 20 - 200T' (x1), 200 - 2000I'n (x10), 2 - 20xI'1; (x100), 20-
200xI'y (x1000) ¢ moMomiplo Tepekatouaresnss. AMIUIUTYAa BBIXOJHOTO
HaNpsDKEHUST PETYIUPYETCS PYUYKOU «Perymarop BBIXOZHOIO HANPSKECHUSY.
BosibT™MeTp, H3MEpSIOIIMN TAJCHUE HANpsKEHUST Ha CONPOTUBIECHUU Ry,
paBHOM 1kOM, ITO3BOJIIET NOJYYUTh 3HAUEHUE TOKA YEPE3 YEIOBEKA.

Bo Bpems ucciienoBaHus PyKH UCIIBITYEMOT'O HAKJIAJBIBAIOTCS HA JUCKH -
AJEKTPOJbl, HAa KOTOPHIE OT 3BYKOBOI'O T€HEpaTopa MOAACTCS HAMNPSKECHHUE
3aJaHHOW 4YacTOThl. JJisi MOMy4YeHUs] MPAaBWIBHBIX 3HAYEHHUU COIMPOTHUBIICHUA
IJIOTHOCTh MPUXKATHUS PYK K JIMCKaM-3JIEKTPOJaM JOJDKHA OBbITh MOCTOSITHHOM
B TCUCHUE OIIbITA.

JlaHHbIE [JI1 BBIMOJHEHUS PpabOThl (TUIOMIAAM JIUCKOB U YacTOTa s
pacyera) MpeACTaBJICHbI B TA0JIMIIE HAa CTEHE JIa0OPATOPHON YCTAHOBKHU.

Iopsinok BeInoIHeHNs1 J1abopaTopHOi padoThl Ne 9 (aya.104)

1. TlomyunB 3amaHWe, MPOBEPHTE TMOAKIIOUYCHUE TMPUOOPOB K CETH
U NOJIOKEHUE pyudek Ha reHeparope ['3-33 u BompT™erpe B7-38. [[ns BKitoOueHUs
reaepatopa 3[° HE0OXOIMMO BKJIIOYHTH MPEABAPUTEIHHO Ppa3BI3bIBAIOIICE
YCTpOWCTBO. BKiIOUeHHE BOJIBTMETPA MPOU3BOAUTCS OTIEIBHO HA «CETEBOM
bunprpe». llpu HEOOXOAMMOCTH YCTAHOBUTE TMEPEKIIOYATENh IUANa30HOB
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4acTOThl reHeparopa Ha «x1». Pyuky perynstopa BBIXOJAHOTIO HaIpsHKEHHS
MOBEPHUTE JI0 OTKA3a BJIEBO, IOCJIE YETO MOYKHO BKJIIOUUTH TPUOOPHI.

2. lloBopaumBas pydyky Ha reHepatope «Perymarop BBIXOJHOTO
HaIpsDKEHUs» BIPAaBO, YCTAHOBUTE HampsbkeHue 2 - 4B (mo 3amanuro
IpenoiaBaress).

C momompro pydku «Yacrora Hy» mumOoM HACTpPOWKH HEOOXOIUMO
MOCJIE0OBATEIbHO YCTAHABIMBATH YAaCTOTHl COINIACHO OnaHky oT 25I'm go
20kI 1.

3. YCTaHOBMB Ha r€HEPATOPE YKA3aHHYIO YaCTOTY, OTHOMY U3 YYACTHHKOB
UCIIBITAaHUS HEOOXOMMMO TIOJIOXKHUTh KHCTH PYK  HA JHCKH-3JICKTPOIBI
YCTAaHOBKH, HE Ha)XuMas JaJOHSIMH HA HHUX, W TPOU3BECTH H3MEPCHHUS
HaIpsHKEHUsT BOJIBTMETpa (B MIJIIMBOJIBTAX). [Ipu 3TOM HEOOXOAUMO BBIKAATH
opueHTHpoBOYHO 10 cek., U B MOKa3aHUSIX MPUOOpa YYUTHIBATH U3MEHEHUS B
TpeTbel nmudpe.

[Ipy U3MEHEHHUU YacTOTHI MOKA3aHUsl HANPSHKEHUS JIOJDKHBI KAYECTBEHHO
COOTBETCTBOBATH TEOPETUUECCKUM JaHHBIM.

[Tokazanusi mpubopoB 3anumure B Tabnuiy Onanka otuera (U,B -
MOKa3aHusi BOJIbTMETpa TeHeparopa, UMB - mokazanus BoJbTMETpa B
MUJIJIMBOJIBTAX ).

Ilpu usmenenuu yacmomal pyKu ¢ IN1eKmpoooé Hao0o cHumamsp!

O0padoTKa IKCIIEPUMEHTAJBHBIX JaHHBIX JIa0opaTopHOH padoThl Ne 9

1. PaccumraiiTe 3HaueHue TOkKa (MA) M CONPOTUBIICHHE Tejla 4YelOBEKa
(xOM) mo gopmyiiam, KOTOpbIE ISl JAHHOW YCTAHOBKM C YYETOM IMapamMeTpoOB
CXEMBbI U3MEPEHUSI UMEIOT BU/T

a) = U[mB]/ 1000 Owm;

0) z, = (U[B]/ I[MA]) - 1kOM, wu 3anonHuTe TabauIly OJIaHKa OTYETa.

2. IlocTpoiiTe Mo MOJIyYEHHBIM JAHHBIM YaCTOTHBIE 3aBUCUMOCTHU

a)z, = ¢ (f) npu S;

0) z,C = ¢’(f) mpu S’. YacTtoTta mo ocu abcuucc Ha OJaHKE OTYeTa
OTJIO’KEHA B JIOTapu(PMHUUecKoM MaciiTade.

3. Onpenenure BHYTPEHHEE CONPOTUBIECHUE 73, OHO PaBHO 3HAYECHMIO Zj,
npu f =20kl 1.

4. Tloctpoiite Tpaduk OdKCTpamogsauuu a1 S; u S, METOJ0M
AKCTpANnoJsAuu (mpuMep cM. Ha puc.9.2). Hailaute 3HaueHne CONMPOTUBIICHUS
TeJIa YEIOBEKA IPU MMOCTOSSHHOM TOKE Zo, T.€. Ipu f—0.

5. PaccuuraiiTe akKTHBHOE CONPOTHBJIEHUE HAPYKHOTO CIIOS KOXKHU 7y MO
dbopmyne (9.1).

6. Ha uacTtote, yka3aHHOW B 3aJlaHUU, OoNpenennuTe u3 cooTHomeHus (9.2)
IIOJIHOE CONMPOTUBJIEHUE HAPYKHOTO CIIOST KOXKH Z ;.

7. PaccumraiiTe TO TpPUBEACHHBIM (OpMyJIaM BEIUYUHY EMKOCTH Cp
Hapy>KHOTO CJI0SI KOKH JJIsI JIEKTPOJI0oB S U S .

8. PaccumTaiiTe eMKOCTHOE COMIPOTUBIICHUE Xc MO (popmyre
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xc=lwC,tne w=2nf.

9. Pe3ynbraThl pacueTa OCHOBHBIX NapaMETPOB AIIEKTPUUECKOM CXEMBI
3aMeIIeHUs Tela YeJOBeKa JJIs 3aJJaHHOM 4acTOThl BHECUTE B TaOuMIly OjlaHKa
oTYeTa.

10. HauepTute 3IEKTPUUECKYIO CXEMY 3aMEIIECHUs CONPOTUBIICHMS Tela
YeJOBeKa JJIA YCJIOBHI MPOBEAECHHOIO 3KCHEPUMEHTA M YKAKUTE HA HEW IS
MaKCUMaJIbHOW IUIOHIAJAM 3JIEKTPOJOB YHUCJIEHHBbIE 3HAYEHUS OCHOBHBIX
apameTpoB 7'y, I'p, XC.

11. Ioctpoiite rpaduku I, = ¢ (f) NpU yCIOBUU MOCTOSIHCTBA BBIXOJHOTO
HamnpspkeHust rewepartopa [, = ¢ (Igf), nia 4ero Ha ocu opAMHAT (CieBa)
BbIOEpUTE MaclTad i [, U HAHECUTE YHCIICHHblE 3HaueHusa [,. W3 aHamumza
rpadukoB [, = ¢ (f) chmenaiiTe BbIBOJ 00 HM3MEHEHHWH 3HAYCHHH TOKa B
3aBHCHUMOCTH OT YaCTOTBI.

12. JIns yacToTHOTO AMana3oHa, B KoTopoM U = const, mocTpoiTe rpadpuku
z, =@ (I)) s S m S’ u caenaiTe BHIBOJI.

13. Ilo pe3ynpTaTam OIBITa YKaXHUTE (PAKTOPBI, KOTOpBIE BIMUSAIOT Ha
YCIIOBHSI TIOPAXEHUS JJIEKTPUYECKUM TOKOM. Ilepeuncinure, kakue emie
(bakTopbl ONpEAENAI0T MCXOJ MOpakeHUs TOKOM. JlJis MmodydeHus 3ayeTra 1o
paboTre HEOOXOOUMO H3YYUTh TEOPETHUECKHE OCHOBBI 3aHATHS, 3aNOJHUTH
OJIaHK OTYeTa, 3HATh MOPSIIOK MPOBEACHUS TPAKTUYECKON YacTH pabOThl U OBITH
TOTOBBIM OTBETUTh Ha KOHTPOJIbHBIE BOITPOCHI IIPEMOJaBaTES.

JlaGoparopHasi pabora Ne 9a (ayn.106)

Jlnst  BBIMONHEHWS pPadOThl HMCHOJB3YETCS OTHEIbHBIM MoOAyiab 341
KOMILJIEKCHOM J1TaOOpaTOpPHOM yCTaHOBKU. B cocTaB MOAyJsl BXOAUT T'€HEPATOP
curHasioB — I'C (¢ nmanazonom dyactoT oT 20I'm mo 200kI'1r), BOIBTMETD,
MHJUTHAMIIEPMETp H [BE Maphl AHCKOB - IEKTPOIOB uiomansio 12.5cM” (S) u
25cm” (S (puc.9.4). HAIIPSDKEHUE(U) u YACTOTA(f) perymupyiorcs
KHOIIKaMH, PacroIOKEHHBIMU Ha oJe «'EHEPATOP
CUHYCOUJAJIBHOI'O HAIIPSKEHM S».

~—

A

o
.3[| @

Puc. 9.4. Cxema BKITIOUEHHS PUOOPOB.
I'C — renepaTop curHasios; mA - MUJUIMAMIIEPMETP, UCIIOJIB3YEMBIN JUISl ONIPEIEIICHHS TOKA
qyepes TENO YeI0BeKa; V - BONbTMETP; S, S - TUCKU-3JIEKTPOABI IUIOMAAbI0 25 1 12,5¢m.

J{ns1 BBITIOTHEHUS JTabopaTopHOi paboThl Ne 9a HE00X0IUMO:

1. Bkmtounts Ha Mmoayie 341 crenaa Beikaodatens «CETby.

2. Onepupys kHonkamu Ha nosne «'EHEPATOP CUHYCOUAAJIBHOI'O
HAIIPSKEHUA» BeicTaBuTh Mo HKHEMY uHANKaTOpy Hanpspkerue (U)
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corjacHo 3aaanuio 1 yactoty (f), ykazannyto B 6manke. J{Jis 3Toro
UCI0JIb30BaTh KHOMKK peryaupoBok: «BbIBOP U/ f», « <3AJAHUE U/ f>
» U COOTBETCTBYIOIIYIO CBETOJUOAHYIO CUTHAU3AIIMIO.

3. [IpuinoXuTh J1aJIOHU PyK OJHOBPEMEHHO, HO MOPO3Hb (HE KacasiCh APYT
Apyra), K JBYM 3JIEKTPOAAM C IUIOLIAAbI0 KOHTAKTHON [OBEPXHOCTH 25¢M” 1 ¢
BEPXHETO HWHIMKATOpAa CUMUTATh BEJIMUMHY TOKa Ij,, MPOTEKAIOIIero uepe3
yenoBeka. M3menss yactoty f (¢ momoupio kHomok «BBIBOP JIMAITA3OHA
t» u « <3AIJAHUE U / £ > ») caare 3aBucumMocTts I,(f).

4. AnanornyHsiM 00pa3oM CHATHb 3aBHUCUMOCTbH I,(f) pu NPUKOCHOBEHUH
PYK K 3JIEKTPOJIaM ¢ IIommaasio 12,5¢m’,

[Toxazanust MUITHAMIIEPMETPa U BOJIBTMETPA BHECTU B TAOMUILy OaHKa.

O0padoTka IKCIIEPUMEHTAJIBHBIX TaHHBIX JJa0opaTopHOH padoThl Ne 9a

1.Paccunraiite conporusienue tena yenoeka (kOm) o gpopmyie:z,=U/I
Y 3aM0JIHUTE Ta0auIy OJaHKa OTYETa, ISl YEro

a) z; = ¢(f) mpu S;

0) z,C = @’(f) npu S'. Yactora mo ocu abciucc Ha OJaHKEe OTYeTa
OTJIOXKEHA B JIOTapU(PMUUECKOM MacliTaoe.

3. Onpenenure BHyTpPEHHEE CONPOTUBIIEHHE 7'5. OHO PaBHO 3HAUYEHUIO Zj,

npu f =20kl .

4. MetonoMm skcTpanoyisiuu (cM. rpaduk Ha puc.9.2) HallaguTe 3HAYEHUE
COIPOTHUBIICHUS TeJIa YeJIOBEKa MPU MOCTOSIHHOM TOKE Z, T.€. IpH f—0.

5. PaccuuraiiTe aKTUBHOE CONPOTHBICHHE HAPYKHOIO CJIOS KOXH Fp IO
dbopmyne (9.1).

6. Ha ygacrore, yka3aHHOW B 3aJjaHuM, ONpENENIUTEe U3 BbIpaxkeHUs (9.2)
MOJIHOE COMPOTHUBIICHUE HAPY>KHOTO CJIOSI KOXKU Zp.

7. PaccumtaiiTe mo mnpuBeACHHBIM (OpMyJaM  BEJIMYHMHY €MKOCTH Cy
HApY>KHOTO CJI0S KOXKH JJIsl 3JIEKTPOJIOB S U S’ .

8. PaccumnTaiiTe eMKOCTHOE COITPOTUBIIEHUE X¢ IO PopMyIie

xc=lwC=12nfC.

9. Pe3ynbTaThl pacueTa OCHOBHBIX apaMETPOB AIEKTPOCXEMbI 3aMEILICHUS
TeJa YeaoBeKa [ 3aJJaHHOM 4acTOThl BHECUTE B TaOIMILy OlaHKa OTYETA.

10. HauepTtuTe SJIEKTPUUYECKYIO CXEMY 3aMEIICHUSI CONMPOTUBIICHUS TEja
YelioBeKa I YCIOBUM MPOBEACHHOTO DKCIIEPUMEHTA M YKaXXUTE HA HEH s
MaKCUMaJbHOW TIUIOIAAM 3JIEKTPOJOB YHCIIEHHBIE 3HAUEHHUS OCHOBHBIX
napameTpoB 7y, ¥z, XC.

11. TToctpoiite rpaduku I, = ¢ (f) npu yCI0BUU MOCTOSHCTBA BBIXOHOTO
HarnpsbKeHus reHeparopa. ['paduku mocrpoiite Ha cetke [, = ¢ (lgf) Onanka
oT4eTa, I 4ero Ha OCH OopauHaT (cieBa) BbIOepUTEe Macmtad ans [, u
HAHECHUTE YMCIICHHbIC 3HaueHus [,. V3 anamusa rpadukos I, = ¢ (f) cnenaiite
BBIBOJI 00 U3MEHEHUU 3HAUCHUI TOKA B 3aBUCUMOCTH OT YaCTOTHI.

12. Jlyig yacTOTHOrO Marna3oHa, B KotopoM U = const, mocTpoiite rpaduku
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Z,=¢ () mna S u S' u caenaiTe BHIBO/.

13. Tlo pesyapTaraM oOmbITa YyKaKUTE (DAKTOPBHL, KOTOPHIE BIHSIOT
HAa YCIIOBHS IOPAXCHHS DJIEKTPHUECKUM TOKOM. Ilepeumciure, Kakue eIe
(bakTOpBl OMPENCIIAIOT KMCXOJ IMOpaKeHHs TOKOM. JIJIs MOaydeHHs 3adera
0 paboTe HEOOXOAMMO H3YYUTh TEOPETHUYECKHUE OCHOBBI 3aHATHS, 3AII0IHHUTH
OJaHK OTYEeTa, 3HATH MOPSI0K IPOBEACHUS IMPAKTUIECKOM YacTH paboThl K OBITH
TOTOBLIM OTBETHUTH Ha KOHTPOJIbHBIE BOIIPOCHI IIPEITOIABATENIS.

JlaGopaTopHnasi padora Ne 96 (aya. 106)

Buumanue! BayTpu nabopatopHOoro o00opynoBaHHs UMEETCS OMACHOE IS
*u3HU Hanpspkenue 10 230B. Ilepen HayanoM pabOThI BBIKIHOYATENb MUTAHUS
CTEH/JA CJEAYyeT IIOCTaBUTh B BBIKIIOUYEHHOE IOJIOXKEHUE. Bu3yalbHbIM
OCMOTpPOM YOEIUTHCS B HCIPABHOCTU BCETO 0OOPYIOBaHMs: 0OpaTHUTH 0co0o0e
BHUMAaHHE Ha Ka4eCTBO MU30JIALUU, OTCYTCTBUE BUIUMBIX MOBPEKICHUH, 00111ee
COCTOSIHUE BCEX MPUOOPOB U COEAUHEHUM.

Cocras crenaa jadoparopnoit padorsl Ne 96 (aya. 106)

I[JBI HCCICAOBAHNA  3aBUCHMOCTH  COIIPOTHBJIICHHA  TCJIa  YCJIOBCKA
OT YaCTOTbl IIPUMCHACTCA CTCHI ((I/ICCJ'IGIIOBaHI/IG COIIPOTHUBJICHUA TCJIa

yenoBekay (puc.9.5). g
J_QQS
S
LQO

31
Puc. 9.5. Cxema BkiIr0YeHUsT TPUOOPOB.
3" - pyHKIIMOHANBHEIN 3BYKOBOM reHepatop ¢ MoayineM «VICTOYHHK TOKay;

mA - uppoBO MIJITTHAMIIEPMETP, UCTIOIH3YEMBIH JIJIsl OTIPEICTICHUSI TOKA Yepe3 TeJo
o 2
yenoBeka; V - mupoBoii BoibT™METp; S, S - IUCKU-3ICKTPOIBI II0MIaa60 28 u 12,5 cm”.

~
wd
3r

Monyne «HMcTouHMK TOKa» MNpedHa3HA4YeH JUIsl MOJAa4d Ha CTEHJ
HU3KOBOJIBTHOI'O TIOCTOSIHHOTO M NIEPEMEHHOTO HAIPSKEHUS IS UCCIIEIOBAHNUS
BJIUSIHUA JIEKTPUYECKOTO TOKA Ha TeJo yenoBeka. [Ipu aToM Moynnb COnepKUT
CJIeIyIOLME KOMITIOHEHTHI:

- (yHKIMOHAJBHBIM 3BYKOBOW TreHeparop (B JIEBOM YacTU MOIYJS),
SBJISIIOIIMICS MCTOYHUKOM HU3KOBOJIbTHOrO (0T 0 1o 9B) mepeMeHHOro
HaIpPsHKEHUS! PETyJIMPYyEeMON YaCTOTHI;

- UCTOYHUK HHU3KOBOJBTHOrO (0T 0 10 9B) mOCTOSHHOTO HAampsKEeHUs
(B mpaBOi 4YaCTH MOAYJIA).

BbIXOTHOE TIOCTOSIHHOE HWJIM IEPEMEHHOE HANpsDKEHUE OT  MOJIYJIS
NoMAETCS Ha JABE Mapbl JEKTPUUYECKUX KOHTAKTOB (IMCKOB), PACIIOIOKEHHBIX
B IMpaBoil uacth cTeHja. llepekmtoueHue poja 3IIEKTPUYECKOrO TOKa
OCYILECTBISIETCS TyMOJepoM Ha TpPHU TMOJOXKEHHS, PACIOJIOKEHHBIM HUXKE
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Moayis «Mcrounuk Toka». [IpaBoe nonoxxkeHue pyuyku TyMmOsiepa COOTBETCTBYET
MOCTOSIHHOMY TOKY; JI€BOE€ TMIOJIO)KEHHE - TEPEeMEHHOMY TOKY; CpeaHee
MOJIOKEHUE - BHIKIIIOYEHHOE COCTOSIHHE.

PerynupoBka  BEJIMYMHBI  BBIXOJHOTO  IMOCTOSIHHOTO  HaNpPsSKEHUS
OCYIIECTBJISIETCSI TOBOPOTOM METAITMYECKOM PYUKH B MIPaBOil 4acTU MOAYJIS.

PerynupoBka  BeJWYMHBI  BBIXOJHOIO  NEPEMEHHOIO  HANPSKEHHS
OCYLIECTBJISIETCS.  MOBOPOTOM  IUIACTMAaCCOBOM  PYYKH, PaCIOJIOKEHHOU
Ha MpaBOM Tople (PyHKIHOHAIBHOTO reHeparopa. [IoBopoT kKakaoil U3 pydek
OCYLIECTBIISIETCS IO YACOBOM CTPEJIKE.

VYcTaHOBKa ~ 4acTOThl  BBIXOJIHOTO IEPEMEHHOTO HaIpsHKEHUS
OCYULIECTBIISIETCS C TIOMOLIBIO KHOMOK YIpaBieHUs Ha re”eparope. [lpu stom
napameTpbl BBIBOJUMOTO MEPEMEHHOTO HANpsHKEHUs! BBIBOASTCS Ha IUGPOBOM
JUCIUIE reHepaTopa.

Monayne 1uppoBOro BOJBTMETPAa MEPEMEHHOIO TOKa (B BEpXHEW dYacTu
Monysg) W LU(GPOBOrO amMIepMerpa MEPEMEHHOro TOKa (B HUXKHEW YacTH
MONyJiA), TMOJAKIIOUEH BHYTPU CTE€HIAA K KOHTAaKTHBIM  IUIOLIaJIKam
JUISL  U3MEpPEHUs MapaMeTpOB  HU3KOBOJBTHOIO  JJIEKTPUYECKOIO  TOKa,
IPOTEKAIOLIEro 4epe3 Teno 4venoBeka. Ilutanue Ha mpubopbl mogaércs mnpu
NEPEKITIOYEHNU TyMmOJiepa B IOJOKEHHUE IMOJAa4d Ha KOHTAKTHbBIE IJIOIIAIKU
NEPEMEHHOr0 HANPSKEHUS (JIEBOE TOJI0KEHHE).

Monyns 1u@ppoBOro BOJABTMETPAa U LU(GPOBOro MUILIMAMIIEPMETPA
MOCTOSIHHOTO TOKAa COCTOMT M3 LU(POBOr0 BOJBTMETPA IMOCTOSIHHOTO TOKa
(B BepxHEl YacTM MOAYJsA) U HU(GPOBOro aMIepMeTpa MOCTOSHHOTO TOKa
(B HMKHEH YacTH MOAYJs), MOJAKIIOUEHHBIX BHYTPU CTE€HJIAa K KOHTAaKTHBIM
IUIOIIAJKaM JUII W3MEPEHHs IapaMeTpPOB HU3KOBOJIBTHOI'O 3JIEKTPHUUYECKOIO
TOKa, MPOTEKAIOLIEro 4epe3 Tejo ueioBeka. [Iutanue Ha mpubOopbl monaércs
IpU MEPEKITIOYCHUH TyMOJIepa B MOJIOKEHUE MTO/1a4l HAa KOHTAKTHbBIE MJIOLIaIKH
MOCTOSTHHOT'O HampspKeHUs (TIpaBoe MOJI0KEHNUE).

Boeikmtouarens  «[lutanue  cTeHma» — CIyKMT s BKJIIOYEHUS
U BBIKJIIOUYEHHUs OOIIero muTaHus creHia. HukHee MOJoKeHUE BBIKIIIOYATEIS
COOTBETCTBYET  BBIKIIFOYEHHOMY  COCTOSIHUIO.  BepxHee  IOJIOKEHHE
BBIKJIOUATES ~ COOTBETCTBYET  BKJIIOYEHHOMY  COCTOSIHUIO.  BHyTpu
MOJYyNPO3payHOM  KPAaCHOW  KHONKH  BBIKJIIOYATENII MMEETCS  CBETOBOU
WHIUKATOP, KOTOPBIM TMOCTOSSHHO TOPUT BO BKJIOYEHHOM COCTOSIHUU
BBIKJIFOUATENSl MPU HAJTUYUHU BXOJHOTO HANPSKEHMS Ha CTEH/IE.

[apsr Gombimmx (28cM®) u Mambix (12,50cM”) KOHTAKTHBIX ILIOIIAOK
NpeIHa3HAYeHbl ISl UCCJENIOBAHUS BIMSHUS DJEKTPUUYECKOTO TOKA Ha TEJO
YEJIOBEKa Ha IMPUMEPE HU3KOBOJIBTHOIO IMOCTOSIHHOTO M NEPEMEHHOIO TOKa,
IIPOXOJISILEr0 YEPE3 TENO YEIOBEKA.

IHopsinok BbINOJIHeHNs J1adopaTopHOii padoThl Ne 96 (aya. 106)

1. Ilepex HayajgoM _paGoTbl CcO CTEHJOM TMPOBEPUTh, UYTOOBI
8bIKII0Yamens «KMUTAHUE CTEH/1a» HAXOAWICS B BHIKIIOUEHHOM IOJIOKEHUH.
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Tymonep BbIOOpa poAa HIEKTPUUECKOTO TOKA IIOCTaBbTE B CpEIHEE
(BBIKITFOUEHHOE ) TTOJIOKCHHE.

Pyuky pezynupogku BBIXOIHOTO TIOCTOSIHHOTO HAIIPSKEHUS «H3MEHEHHe
HANPSIZKEHUS», «IOCTOSIHHBI TOK» IUIAaBHO ITOBEPHUTE IPOTUB YaCOBOU
CTPEJIKH JI0 yriopa (B MOJ0KEHNE MUHUMAJILHOTO BBIXOJHOTO HAMPSXKEHUS ).

Pyuky  pecynupoeku BBIXOJIHOTO IIEPEMEHHOTO HANPSIKCHUS
«IepeMeHHbIN CHHYCOMAAIBHBIN TOK 9B», PaCIIONIOKEHHYIO Ha IIPABOM TOPLE
(YHKIIMOHATBFHOTO TEeHepaTopa, TakXKe MOBEPHHUTE IUJIAaBHO MPOTHUB YaCOBOM
CTPEJIKH JI0 YIIopa (B MOJ0KEHNE MUHUMAJIBHOTO BBIXOJHOIO HAMPSYKEHUSA ).

BkJ/iloueHHe CTEHIA OCYIIECTBUTD GbIKAIOUamenem «IMUTAHHE CTEHIAA»,
NIEPEMECTHUB €0 B BEpXHEE (BKIFOUEHHOE) MMOJI0KEHHUE.

Tymonep BbIOOpa BHAA DIIEKTPUYECKOTO TOKA TEPEMECTHTE B IPaBOE
MOJIOKEHUE - «IMOCTOSAHHBIN TOk». Ilpu »3TOM BKIIOUaTCS 1UUPPOBOI
BOJIbTMETP U LU(POBON aMmepMeTp IMOCTOSHHOTO TOKa, PacHOJIOKEHHBIE B
LIEHTPAJIbHOM YaCTH NEPEAHEN [aHEIU CTEHAA.

2. YCcTaHOBHMTBH HYXXHYIO 4YacTOTy M aMIUIMTYAy CHUTHaja TeHepaTopa
COIVIACHO YKAa3aHUIO MpEnoAaBaTess. YNIPaBIICHUE NapaMeTpaMy BBIXOIHOTO
HanpspKeHUsT (PYHKUMOHAJIBHOTO TEHEparopa OCYIIECTBISETCS C IOMOIIbIO
KHONOK PA3JINYHOIO HAa3HAYEHMS, PACIIOJIOKEHHBIX B HW)KHEN YaCTU IEPEIHEN
IIAHEJIA TEHepaTopa.

BkiiroyeHue ¥ BBIKJIYEHHE TEHEpaTopa IPOU3BOAUTCS KPACHOU
knonkoii <POWERY» B 1€BOI HUKHEN 4aCTH MAHEIU T€HEepaTopa.

B xoxe HacTpOMKM mapamMeTpoB I€HEpAaTopa, B HWKHEM CTPOKE AUCILIES
reHeparopa uMeeTcss Kypcop B (GoOpMe  Muzarouieco - CHIOUIHO20
NPAMOY201bHUKA, TIOJIOKEHUE KOTOPOIO YKa3blBa€T HA pPENAKTUPYEMbIH B
JTaHHBI MOMEHT CUMBOJL.

Knonka «MODE» cinyxuT 11t BBIOOpa (OpMBI BBIBOJUMOTO T€HEPATOPOM
HanpspkeHus. [lo  yMoOJlYaHMI0O Ha TEHepaTope YK€ CTOUT HYXXHas Ui
BBITIOJIHEHUS ~ JaHHOW  paboThl  (QopmMa  BBIXOAHOTO  HAIpPSOKEHUS -
CUHYCOUJAIbHOE HANPSKEHUE, KOTOPOE M MUCIOJIB3YETCSA B IMPOMBIIIJIEHHBIX U
OBITOBBIX CETAX OJJEKTponuTanus. Ecnum ke mo Kakoil-to mpuuuHe ¢dopma
BBIXOJIHOTO HAIPSDKEHMsI TeHepaTopa Jpyras, TO €€ CIeAyeT 3aMEHUTh Ha
CHHYCOHUJIAIBbHYIO0, OCJIEA0BATEIbHBIM HaxkaTueM Ha kHonky «MODEy, noka B
BEPXHEU CTPOYKE JUCILIES HE MOSABUTCA HAAMKUCH « Wave: Siney.

3aTem ciaeayer YCTAaHOBMTH HY)XHYIO YacTOTY BBIXOJHOI'O HAaNPSKEHUS
reHepaTopa. [[ns ycTaHOBKM HY)KHOW BBIXOJHOW YacTOTHI F'€HEpaTopa, cHavasa
nocienoBareabHbIM HaxkatueM kHonku «CURSOR» mnoasemute muzarowuii
NPAMOY20/1bHBLI KYPCOP K HYXHOU MO3UIUU. 3aT€M KHORKAMU «+» U «—»
YCTaHOBUTE HYXHYIO LU(PY B TO3ULHUU MUAIOUWLE20 Kypcopa. Y CTaHOBUB
HEOO0XO0MMOE 3HaYEHHE YaCTOThI BHIXOAHOTO HANPSKEHUS TeHEepaTopa, MOKHO
MOJaTh BBIXOJHOE HANPSIKEHUE T'€HEpaTopa Ha KOHTAKTHBIE IUJIACTHHBI IS
IIPOBEJCHUs OJKCIIEPUMEHTOB. [l 3TOro cneayer Haxarb Ha KHOIIKY
«RUN/STOP» B nipaBoii HU>KHEN YaCTHU MaHEIU F€HepaTopa - PU 3TOM Kypcop
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HCUEe3aeT, CBUJCTEILCTBYS O IIEPEXOJe TeHeparopa B PEXKUM BbIIAYH
YCTAHOBJICHHOT'O TIEPEMEHHOT'0 HAPsHKEHUS.

BkJiloueHue  BceW  YCTAaHOBKHM, JUJIS  TOCJHCAYIOIIMX  HM3MEPCHHI,
OCYIIECTBISIETCS TEPEKIIOUCHUEM mymOiepa Ha TiepeaHeld maHenu (B JIeBOU
IIEHTPAJbHON T10 BEPTHUKAJIM YacCTH CTEHJIa) W3 HEHUTPaJIbHOTO IIOJOXKCHHS B
MOJIOKCHUE «IMePeMEeHHbI TOK», a B MOCIEAYIONIEM, MPU HEOOXOAUMOCTH, -
«MOCTOSIHHBIHA TOK.

PeryampoBka  BEIMYMHBI  BBIXOJHOTO  HAIpPSDKEHHUS  TeHepaTopa
OCYILECTBIISIETCS TOBOPOTOM UEPHOU pYyUKU «U3MEHEeHHe HampsiKeHus» (B
HIDKHEM 4acTh TpaBoro Topiia Kopiyca reHepartopa). Ilpu sToM BenmuuuHa
BBIXOJTHOTO HAIPsHKEHUS TEHEpaTopa 0ToOpaXkaeTcs Ha MU(PPOBOM BOJbLTMETPE
MEPEMEHHOr0 TOKa Ha TepeHe maHenau creHaa. [Ipu u3MeHeHHH 4acTOThI OT
1xI'n 1o 20kl HanpsKeHUe He NOKHO OBITh BhIie 1B.

3. IlomecTuTh JIAAOHHM HAa MAJYIO Mapy OJJIEKTPUYECKUX KOHTAKTOB
(II01aAb KOHTAKTHOI moBepxHocTH 1250MMm’), Ha KOTOpBIE (IO 3aAHHIO K
paboTe WIu yKa3aHUIO MPEIoaBaTelisi) BEBIBOAUTCS YCTAHOBIICHHOE TIOCTOSTHHOE
WK TIepeMeHHoe HampsbkeHue. [IpwxkmuTe o00€ J1aJloHn K KOHTAaKTaM CoO
cpeaauM ycuiaueM. [1o moka3zanusimM 1iupoBoro ammnepmMerpa rMoCcTOSHHOTO WIIH
MEPEMEHHOTO TOKa OMPENENIUTE CUIY TOKa, MPOTEKAIOIIEro 4Yepe3 Ballle Teo,
BKJIIOYas 00€ pyKH.

3aTeM MpPOBECTH aHAJIOTMYHBIC JCHCTBUS C OOJBIIMMU KOHTaKTaMU
(MJI0IAaIb KOHTAKTHO MOBEPXHOCTH 2800MM2).

YacToTy NEpEeMEHHOTO TOKa B JaJIbHEHIIEM HEOOXOAMMO H3MEHSTh
COrJacHoO OJaHKy 3aJaHusl.

JIns mepecTporKy 4acTOThI BBIXOJHOTO HAMPSIKEHUS CIEAYET CHOBA BOWTH
B PEXXMM HACTPOMKHM T€HEpaTopa, JJis Y4ero CIeayeT MOBTOPHO HAXaThb KHORKY
«RUN/STOP».

4. ITpoBecTH U3MEPEHHUS TOKA Yepe3 YEI0BEKa I OCTAIBHBIX YYaCTHUKOB
nabopatopHoii pabOThl Ha 3aJaHHOM YacTOTe MW  HANPSHKCHUH  IIPH
MIPUKOCHOBEHUH PYK K OOJIBIITUM KOHTAKTaM.

JlaHHBIE BCEX DOKCIEPUMEHTOB U MOCJICAYIOUIMX pPACUYETOB 3aHECTH
B TAOJIMIIBI.

O0padoTka IKCIIEPUMEHTAJIBHBIX JaHHBIX JJa0opaTopHOI padoThl Ne 90

1.Paccuuraiite conpotuBieHue tena yenoseka (kOm) no gpopmyne z,=U/I;
Y 3aM0JHUTE TaOIUIy OJaHKa OT4eTa

a) z; = ¢(f) npu §;

0) z;, = o(f) mpu S’. YacroTa mmo ocu aOCIHCC Ha OJaHKE OTYETa OTI0KEHA
B JJorapupMUYecKoM MaciTaoe.

2. Onpenenute BHYTPEHHEE CONPOTUBIIEHKE 7'3. OHO PaBHO 3HAYCHHUIO Z),

npu f =20kl .

3. PaccuuraiiTe akTUBHOE CONPOTHBJIECHUE HAPYKHOIO CJOS KOXKH Iy
o ¢opmye (9.1).
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4. Ha gactoTre, yka3aHHOW B 3aJaHHWH, OMpEACIUTE U3 BbIpakeHUs (9.2)
MIOJTHOE COMPOTHUBIICHUE HAPYKHOTO CJIOSI KOKHU Zy.

5. Paccuuraiite o dopmyine (9.3), unu ynpomeHHo dopmyne (9.4) npu
Fy >> zy,BennauHy eMKoCcTH Cy Hapy>KHOTO CIIOST KOXKH JUIs JICKTpooB S u S .

6. PaccunTaiiTe eMKOCTHOE COMPOTUBIICHUE X MO (popMyiie

X.=1/wC=1/2xfC

7. Pe3ynbTaThl pacueTra OCHOBHBIX NIApaMETPOB JJIEKTPUUYECKOU CXEMBI
3aMEILEHUs Tejla YEeJIOBeKa JJIA 33JaHHOW YacTOThl BHECUTE B TaOIUIly OJaHKa
OTYeTa.

8. HauepTuTe MONHYIO JNIEKTPUUECKYIO CXEMY 3aMEILECHHS COMPOTUBIICHUS
TeJa YeJOBEKa ]ISl YCIOBHM MPOBEIEHHOIO 3KCIEPUMEHTA U YKAXKUTE Ha HEM
JUIs. MaKCHUMaJIbHOM IUIOLIAJM 3JIEKTPOJOB UHWCJICHHBIE 3HAUEHUS OCHOBHBIX
apameTpoB: 7'y, ¥'g, XC.

9. IMoctpoiite rpaduku I, = ¢ (f) npu ycIOBUU MOCTOSIHCTBA BBIXOHOTO
HanpspkeHust TeHeparopa. ['paduku nocrpoiite Ha cetke [, = ¢ (Igf) Onanka
oT4YeTa, JUIsl Yero Ha OCH opauHar (cieBa) BeIOepuTe MacmTad it /),
Y HaHECHTE YUCIICHHbIC 3HaueHus [;,. 13 ananusa rpadukos [, = ¢ (f) coenaiite
BBbIBOJI 00 M3MEHEHUU 3HAUYEHUH TOKa B 3aBUCUMOCTH OT YaCTOThl (HAHOCUTH Ha
rpauk 3Ha4€HHE TOKA U COMPOTUBIIEHUS NIPH =0 HE HYXKHO).

10. Ilo pe3ympraram ombITa YKaXUTE (AKTOPBI, KOTOPbIE BIUSIOT
Ha YCIIOBUS MOPaXEHUS 3JIEKTPUUYECKUM TOKOM. llepeuncnure, kakue emie
(bakTOpbel ONpPENEeNsOT HCXOJ MOpaKeHHs TOKoM. Jlns monydeHus 3adera
no padbore HEOOXOIUMO H3YYHUTh TEOPETHUYECKHE OCHOBBI 3aHATHS, 3alOJIHUTH
OJIaHK 3a4yeTa, 3HaTh MOPSIAOK MPOBEICHUS MPAKTHYECKOW YacTU paboThl U ObITH
TOTOBBIM OTBETUTh Ha KOHTPOJIBHBIE BOIIPOCHI MIPETIOAaBaTEN.

PacuetrHoe 3a1aHue 1a00paTOPHOIl padOTHI

IIpu HEeBO3MOKHOCTH NMPOBECTH M3MEPEHHUs CIECIYET MPOBECTU pPACUET
3apucumocteit I,(f) u Ry(f) cornmacHo Bapuanty 3amanus (1a6:1.9.1), ucnonb3ys
cooTHOIIeHUs s ry, Cy, IpUBEACHHBIC B OOIIEH YacTU ONMUCAHUS, a TAKXKe
dbopMyTy JUIsl COPOTUBIICHUS YeIOBEKA HA PA3IMYHBIX YaCTOTaX Zj,

- = Ar, (1, +1,) 2

1+(aC,r, )2

Yacrota f ms pacuera: 50, 100, 200, 500, 1000, 2000, 5000 u 10000I.
ITo nonyueHubIM AaHHbIM ocTpouTh rpaduku [L(f) u Ry(f).

107



Ta0muna 9.1.
BapuaHnTtsl 3a1aHus HA J1a00PaTOPHYIO padoTy

Ne Zy, f, kxI'n Zy=74, | Conporusjienue | Hanmpsikenue

BapHaHTA | (-Om KOMm yejioBeka Zy reHeparopa,
npu =100k B

1 30 1,0 2,5 0,8 3,0

2 40 1,1 2.4 0,75 3,2

3 50 1,2 2,3 0,7 3.4

4 60 1,3 2,2 0,65 3,6

5 70 1,5 2,0 0,6 3.8

BOHpOCbI AJIA CAMOKOHTPOJISA.

1. VkaxuTe 3HAYCHHS IMOPOTOBBIX  OIIYTUMBIX, HEOTIYCKAIOIINX W
0€30MacHbIX TOKOB.

2. Yrto Takoe GUOPMILIAIUOHHBIN TOK?

3. B xakoMm uHTepBaJie 3HAaUCHUI BO3HUKAIOT (GUOPUILIALIMOHHBIE TOKU TIPU
yactorte 50I'?

4. B uem onacHOCTh GUOPHILISIIUOHHBIX TOKOB?

5. Kakue ¢gaktopbl BIMSIIOT Ha BEIMYUHY AJIEKTPUUYECKOTO COMPOTUBIICHUS
TeJIa YeJioBeKa?

6. YKaXuTe YHCJICHHBIC 3HAYCHHUS BHYTPEHHETO COIMPOTHUBIICHUS Tela
yenoBeka. OT 4ero OHO 3aBUCUT?

7. K yeMy cTpeMUTCsI COMPOTUBJICHUE TeJla YejoBeKa (M0 KBUBAJICHTHOU
cxeme 3aMmenieHus) mpu yactore f —>07?

8. K yeMy cTpeMuUTCsl CONPOTUBJIEHUE TeJa YeIOBeKa (MO 3KBUBAJIECHTHOMN
cXeMe 3aMEIeHHs) TIPU YacToTe f —»00?

9. KakoBO 3HayeHWE CONPOTHBIICHUS TEJIAa YEJIOBEKA NPHU HOPMAJIbHBIX
KJIIMMAaTUYECKHUX YCIOBUAX U OTCYTCTBUU MPUIIOKEHHOTO HANPSKEHUS?
10. KakoBo pacueTHOe 3HA4YEHUE COINPOTUBJIEHUS TEJIa 4YEJIOBEKa B

aBapMiHBIX cuTyalusx, korga U np 2 10082

11. Ot yero 3aBUCUT CTENEHD TSHKECTH JIEKTPUUECKONU TPABMBI?

12. Kakoe neilicTBUE JJIEKTPUYECKHII TOK OKa3bIBAET HA OPraHu3M
4yesoBeka?

13. Yem peanbHO 00pa3oBaHa EMKOCTb, IIPUBEICHHAS Ha YKBUBAJCHTHOMN
CXEME 3aMENIEHUs, U OT YEeT0 3aBUCUT €€ BeJIMUUHA?

14. Kakue rpynnsl 1 BUABI SJIEKTPOTPABM BbI 3HAETE?
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Pabdora Ne 10

NCCIEJOBAHUE DOOPEKTUBHOCTU 3AIIIUTHBIX MEP
B QJIEKTPOYCTAHOBKAX

Heas paGoTbl: U3Yy4YUTh MPUHIUN JEUCTBUS U I(YPEKTUBHOCTH
OPUMEHEHUS  3allUTHOTO  3a3eMJICHHWS W 3allUTHOTO  3aHYJICHHUS
B OJEKTPOYCTAaHOBKAaX, IMOJYYUTh HAaBBIKM  pacu€Ta mapameTpoB
3a3eMJSIIOIIMX YCTPOMCTB, a TakKe Hay4dUThCAd MPOBOJIUTH HPHOOpPHOE
U3MEpPEeHHE  XapaKTEPUCTHUK  3aUIUTHOTO  3a3eMJIGHUS M  yJEIbHOIO
CONPOTHUBJIEHHUS TPYHTA MPU IKCILUTYaTAIUU 3JIEKTPOYCTaHOBOK (DVY).

OcHoBHBIE 3AIMMTHBIC MEPLI B 3JJEKTPOYCTaAHOBKAaX

B mpounecce skcmmyatanuu OY NPOUCXOAUT CTAPEHUE HN3OJISLHMU.
[TosTOMy, BO3MOKHO €€ MOBPEKJIECHUE, YTO MOXKET MPUBECTH K IMOSBICHUIO
HanpsHKEHUs1 Ha METAUIMYECKUX HETOKOBEAYIIHUX (CTOPOHHUX MPOBOISIINX )
4acTsX dJIEKTPOOOOpPYAOBaHMUS, HA3bIBAEMOE 3aMbIKAHHUEM Ha KOpIIYC.
[TonoOHas CUTyalHs MOXET  BO3HUKHYTh Opu  HEUCHIPaBHOU
ANEKTPOYCTAHOBKE WIJIM OIIMOOYHBIX IEMCTBUAX MEpCOHANA.

Jns 3amuThl JIOJEH OT MNOPAXKEHUS DIEKTPUYECKUM TOKOM IIpHU
3aMBIKAaHHUM HA KOPIYC IPHUMEHSIOTCA CIEAYIOIIME 3allUTHBIE MEPBIL:
3aIIUTHOE 3a3€MJICHME, 3allUTHOE 3aHYJEHHE, YCTPOWCTBA 3aIIUTHOTO
OTKJIFOUEHUSI, pa3JeiCHUE DJICKTPUYECKHX CETEH, INPUMEHEHHE MaJIbIX
HANPSOKCHUN, VICTIOJIb30BaHUE JIBOMHOU U30JISLNH, 0JIOKHPOBKY,
BbIDABHUMBAaHWE W  YpaBHUBAaHWE TNOTEeHIUanoB. Ilpu  BbINOJHEHUU
nabopaTopHOi pabOTHl paccMaTPUBAIOTCS MEPBHIC IBE 3AIIUTHBIC MEPHI.

I. Teopernyeckast 4acThb
1.1. 3ammuTHOE 323eMJIeHHE

3alUTHBIM 3a3eMJIEHHMEM HA3bIBACTCS NMPEIHAMEPEHHOE JJIEKTPUUECKOE
COCMHEHUE HETOKOBEAYIIMX 4YacTe DY, OKa3aBIIMXCS IOJ HANPSKEHUEM,
C 3a3EMJISIFOIIUM YCTPOKUCTBOM.

3allUTHOE 3a3€MJICHHE TPEACTABISAECT COBOKYIMHOCTh 3a3€MJIMTEIICH -
MPOBOJHUKOB,  COEAUHEHHBIX  MEXIYy COOOM HM  HaXOIAIMMXCA B
HETOCPEJICTBEHHOM  CONPUKOCHOBEHHMU C  3€MJied, W  IPOBOJHHUKOB,
COCJIMHSIONINX 3a3eMIIsieMbIe YacTH DY C 3a3eMJIUTEIISIMU.

PaGoyee (pyHKuMOHANBLHOE) 3a3eMJIEHHE - 3a3€MJICHUE TOYKH WIIU
TOYEK TOKOBEIyIMX dYacTeil DY, BBIMONHIEMOE I oOecrieueHuss paboThI
AJIEKTPOYCTAHOBKH (HE B IENAX IIEKTPOOE30MaCHOCTH).

Ha3naveHue 3a1IMTHOTO 3a3eMJIEHUS - CHUKEHUE OMTACHOCTU IMOPAXKEHUS
TOKOM B cllydae MPUKOCHOBEHHUS K KOPIYCY W JPYTMM HETOKOBEAYIIUM
METAJTUYECKUM YaCTSAM AJIEKTPOYCTAaHOBKH, OKA3aBIINXCS O] HAMIPSIYKEHUEM.
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IpuHumMn aeiicTBUSL 3alIUTHOTO 3a3eMJICHHUS - CHIDKEHUE HANpPSHKEHMS
MeXAy YacTsMu DY, OKa3aBIIMXCS MOJ HAPSDKEHUEM, U 3eMiiel (HampsoKeHUs
NPUKOCHOBEHUS WJIM Iara - HanpsKeHHEe MEeXAy HoraMu 4elloBeKa
Ha paccrosiHuu mara (1m)) 10 6e301macHOro 3HaYeHuUs.

Oobs1acTh NpUMEHEHH 3ALIUTHOTO 3a3eMJICHHS

- npu HanpsokeHuun A0 1000B - TpexdasHble TpeXmpoOBOJIHBIE CETH
C U30JINPOBAHHOMN HEUTpasbio U 0JHO(A3HbIE ABYXIIPOBOIHbIC, H30JUPOBAHHBIC
OT 3EMJIH;

- npu HanpspkeHusx cebiie 1000B - TpexdasHbie ceTH ¢ T00BIM PEeKIMOM
HEUTpaIH.

3azemuinTesieM Ha3bIBAETCA MPOBOJAIIAA YacThb WM COBOKYITHOCTb
COCJMHEHHBIX  MEXAY CcOo00M  TIpOBOIAIIMX  YacTeW, HaXOISUIUXCS
B DJIGKTPUYECKOM KOHTAaKT€ C 3€MJIell HEMOCPEJACTBEHHO WU Yepes
IPOMEXYTOUHYIO MPOBOSILYIO CPEY. 3a3€MIIUTENIN MOTYT OBbITh BBIIIOJHEHBI
B BUJIE€ CTaJIbHBIX TPYO, YTOJIKOBOM CTaJIM, MPYTKOBOM CTAJIM U T.1I.

Crnenyer pa3nu4arbh €CTECTBEHHBIE U NCKYCCTBEHHBIE 3a3EMIIUTEIIH.

EcrecTBeHHBIE  3a3eMJINTENH - AIIEKTPOIPOBOIALIIE 4acTH
KOMMYHUKAIlMil U COOPYKEHHW IPOU3BOACTBEHHOIO WJIM MHOTO Ha3HA4YCHMS,
UCIIOJIb3yeMble JUIsl Liesied 3a3zemieHus. Haxopmsmuecs B CONPUKOCHOBEHHH
Cc 3emi€il, HampuMmep, IMPOJIOKEHHBIE B 3E€MJIIO BOJAOINPOBOJHBIE U JPYyrue
METaUIMYecKre TpyObl (32 HCKIIOYEHHEM TpyOONpOBOAOB  TOPIOYUX
YKUJIKOCTEH, B3pHIBOONIACHBIX Ta30B); 00CaAHbIC TPYObl ApTE3UAHCKUX KOJIO/IICB,
CKBOXHH, METAJUIMYECKUE M  IKEJIEe300€TOHHbIE KOHCTPYKUMHU  3JIaHUMU
u coopyxeHuil. Mmeromnme coequHeHHE C 3eMIIEM, CBUHIIOBBIE OOOJIOYKH
Kabeei, IpoJI0KEHHBIX B 3eMJI€, U T.II.

HckyccTBeHHBIE  3a3eMJIMTEJIM -  METAJUIMYECKHME  DIIEKTPOBL,
NOMEIIEHHBIE B 3€MJII0. B KauecTBe HMCKYCCTBEHHBIX 3a3eMJIMTENEN
MPUMEHSIOTCS TPYOBI, YTOJIKH, CTEPKHH, MOJIOCHI, @ TAKKE CTAIbHBIE JIUCTHI.

B 3aBucmMocTM OT MecTa pa3MEIIEHUs 3a3eMJICHUS OTHOCHUTEIBHO
3a3eMJIIEMOT0 OOOpYOBAaHUSl PA3NMYAIOT JBa THUIA 3aIUTHOTO 3a3E€MJICHMS:
8biHOCHOe (B OJTUH PAN) U KOHMYPHOE.

BviHochoe 3alUTHOE 3a3eMJIEHUME XapaKTepHU3yeTcs TEeM, UTO €ro
3a3€MJIMTENIM BBIHECEHBI 3a Mpeesbl IUIOIMIAJKH, Ha KOTOPOM pa3MElIEHO
3azemiiiemoe obopyaoBanue (puc.10.1,a).

Konmypnoe 3aminTHOE 3a3eMIIEHHE — XapaKTEpPU3yeTCs TEeM, YTO €ro
3a3€MJIMTENN Pa3MEIAIOTCs MO0 KOHTYpY IUIOMIAJKH, HAa KOTOPOM HAXOAMTCS
3azemiiiemoe  obopyaoBanue  (puc.10.1,6). KoHTypHble  3azemuistoniue
YCTpOHCTBA  SIBISIIOTCA ~ Oosiee  d(PPEKTUBHBIMM € TOYKA  3PCHHUS
JIEKTPOOE30MacCHOCTH, TaK Kak 3a CYeT BHIPAaBHHWBAHMS TOTCHIMAJIa Ha
3aIMIIAEMOI TEPPUTOPUN CHUKAETCS HAPSLDKEHUE MPUKOCHOBEHHS.

B nensix yMeHbIIEHUsI CONPOTUBIIEHUS 3a3€MIICHHMSI 3AIMTHOE 3a3€MJICHHE
BBITIOJTHSIOT U3 PsAZla OAMHOYHBIX 3a3eMIIUTENEH, 00heTMHEHHBIX B OJJUH KOHTYP
3a3eMJICHUS.
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Puc. 10.1. Buap! 3ammTHOr0 3a3eMJIEHUS.

KoadduureHnt wucnonp3oBaHus 3a3eMiauTencd Trp, PACIOI0KEHHBIX
B OJHOPOJHOM TPYHTE, 3aBUCUT OT THUIIA OJWHOYHBIX 3a3€MIIMTEIICH, UX
IF€OMETPUYECKUX pPa3MEPOB M B3aUMHOIO pACIOJIOKEHUS B TIPYHTE.
B 3azemuisromieM  yCTpOWCTBE, COCTOSIIEM M3 psla CTEPIKHEBBIX
3a3€MJINTENIEW, COECOUHEHHBIX ITOJIOCOW, YCJIOBHUS PACTEKaHUs B TPYHTE
TOKA 3aMbIKaHMUS, CTEKAIOLIEr0 C TMOJIOCHI, OTJIMYAKOTCS OT YCIIOBHH
pacTeKkaHusi TOKa cO CBOOOJHO YJIOK€HHOW mojochl. [loaTomy B pacuér
CONPOTUBIICHUS  COCIMHUTENBHOW  TOJOCHl  BBOAAT  KOA((UIHMEHT
WCIIOJIBb30BaHUs TIOJIOCHI T1); BEJIWYMHA KOTOPOrO 3aBUCUT OT 4YHUCIA
CTEP>KHEBBIX 3a3€MJINTEINIEH, UX PA3MEPOB U B3aUMHOTI'0 PACIIOJIOKEHHUS.

ConpoTHUBIIEHHE 3aLIUTHOTO 3a3€MJIEHUS 3aBUCUT OT YAEJIBHOTO
CONPOTHUBJIEHUS TPYHTA, KIMMAaTHYECKHUX YCJIOBUW, pa3MEpOB, YHCIIA
Y pa3MeENIEHUs OJUHOYHBIX 3a3€MIIMTENIEN B TPYHTE.

VY IenpHbIM CONPOTHUBIEHUEM TPyHTAa HA3bIBAETCS DJIEKTPUUECKOE
CONMPOTHBIICHHE, OKA3BIBAEMOE IPYHTOM 00BEMOM 1M’ MPH MPOXOKICHAN
TOKa OT OJHOW TpaHW KyOa TpyHTa K MPOTHUBOIOJIOXKHOHN. Y AEIbHOE
CONPOTHUBJICHUE TPYHTAa 3aBUCHAT OT XapakTepa W CTPOCHUS TPYHTA,
TEMIIEPATYpPbl U COJIEpKaHMWS B HEM Biaru u coner. [loatomy B pacdér
COMPOTHUBIICHUSI OJMHOYHBIX 3a3eMJIUTENEN Bcerna BBOJAT KOA(DPUIUMEHT
CE30HHOCTH .

JIns yMmeHbLIEHWs BIWAHUS BPEMEHM TOJa HA CONPOTUBIICHUE
3a3eMJICHUS, a TaKXe JUIsl TOBBIIMICHUS OE€30MaCHOCTH JKCIUTyaTalluu

111



3aIMTHOIO 3a3€MJICHUS, 3a3€MIIMTENIA CTAlMOHAPHBIX 3JIEKTPOYCTAHOBOK,
KaK IpaBUJIO, PacloJiararoT B rpyHTe Ha rinyOnHe He Mmenee 0,5m.

3amuTHOE 3a3eMJIEHHE B JIEKTPUYECKHUX CeTAX, N30JTUPOBAHHBIX OT 3€MJIU
(cucrema 3a3emiienus IT)

300 P
F T Ra[]a
] ot

8
WL 209 (AR Rl
Rs_ Ui j: T

= = =

Puc. 10.2. ITpunuun neicTBUs 3alIUTHOTO 3a3E€MJICHUS.

[IpuHIMIT AEUCTBUS 3AIMMTHOTO 3a3€MIICHUS PACCMOTPHUM Ha MpUMEpE
onHO(a3HOM CETHU ¢ U30JIMPOBAHHBIM BBIBOJOM MCTOUYHMKA nuTaHus (puc.10.2).

[Ipn 3amblkaHuKd TIpoBOAA | Ha KOPIYC DJIIEKTPOYCTAHOBKH, 4YEPE3
3a3eMJIAIONIEE YCTPOMCTBO C CONPOTHUBJICHUEM R3; W HM3O0JALMIO MpoBoAa 2
C COIPOTHUBJIICHHEM R, moTeueT TOK 3aMbikaHus I3 (OykBoi F 0003HaueHBI
MPEAOXPAHUTEIIN).

Jlns yripouieHus: pacyeToB MPUMEM CIEAYIOLINAE TOMYIICHUS:

1) TOK yTeuku MeXIy CONMPOTUBICHUSIMU U30JALUU R; U R, paBeH HYIIO;
2)Ri =Ry, = Rys; 3) Rsgpum = Rosyeu = Riona =Rcpeacrs 3aumrsr = 0;
Torpa cornacHo cxeme 3amenienus (puc. 10.2,a) 1, = v

R, +R,
[Tockonbky HanpsbkeHue ucrounuka U = Uz + Uy, TO HanpshDKEHUE, MOJ

KOTOPBIM OKa>XCTCA KOPIIYC 3a3€MJICHHOM QJICKTPOYCTAHOBKH OTHOCHUTCIIBHO

UR
3eMJIH, OyJIeT paBHO U,=U-U,,=U-1,R,,=U—-—5—
R,; + R,
wm U, =U FL (10.1)
’ R, +R, :

N3 Beipaxenus (10.1) BUgHO, 4TO HaNps>KEHUE 3aMbIKaHus Ha Kopryc Uz Oyaer
TEM MEHBIIE, YEM MEHBIIE COIMPOTUBIICHUE 3a3€MIISAIOLIETO YCTPOMCTBA Rj3 MO

RM?
CPaBHEHUIO C CONPOTUBJIIEHUEM U30JISIUU R, ;, T.€. KOTAA R R -1, U, —>0
_|_
nus3

3
Ecnu 4enoBeK MPUKOCHETCS K KOPIYCY HEHCIPABHOW 3JIEKTPOYCTAHOBKH,
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TO OH mnojkmrouutcs (puc.10.1,0) mapanienbHO CONPOTHBIEHUIO R3, U TOK,
MPOTEKAIOIIUHN Yepe3 Hero, OyAeT MPUMEPHO paBeH
;U _U(,__Ry U-R, (102)
T T = - = . .

Rh Rh R1/13 + R3 Rh '(Rm + R3)

Bripaxxenne (10.2) mokasbIiBaeT, 4TO JaKe NpPH HEOJIAronpUSTHBIX IS
AKCIUTyaTallMy 3HAYCHUSAX Ry3 U TIPU COONIOJIEHUH TPpeOOBaHMM K BeIUYMHE R3
3alIUTHOC 3a3CMJICHUC CBOIO 3allIMTHYIO POJIb BBIITOJIHHT.

[Tpumep: Ilycts U = 220B, R3=4 Owm, R;3= 100000 Om.

Torna: U, =220 Lj ~220-0,00004 = 0,0088 B
100000 + 4
=Y _ 00088 _ 4 6088 ma
R, 1000

BeiBoa. 3ammTHOE 3a3emiieHHE ABISETCS 3()PEKTUBHON MEpOW 3aIUTHI
YeJI0BeKa OT NMOPAKEHUS TOKOM IIPU 3aMBIKAaHMM Ha Kopiyc DY, MUTAOLIENCs
OT DJIEKTPUUECKOMN CETH, U30JUPOBAHHOM OT 3eMiin (cuctema 3azemiuenus IT).

Ha puc.10.3 npencrasiena tpéxdaszHas TpEXNPOBOHAS CETh, OT KOTOPOH

nuTaercs OY A ¢ 3alUTHBIM 3a3€MJICHHEM KOpITyCa.
v

1 °B

ar

(I
| %2 R[] K] R

R I l Ry

— e el = e

Puc. 10.3. 3amurtHoe 3a3eMiieHne B Tpex(azHON AEKTPUUECKON CETH C U30JIMPOBAHHON
HEUTpAabIO.
BbiBoag 00 OMAacHOCTH MOpaKEHUsS! JJIEKTPUYECKUM TOKOM, CJEJIaHHbIN
BBIIIIE /7151 OJTHO(A3HOM CEeTH, CITPaBEIUB U JIJIsl TPEX(Ha3HOM.

3ammuTHOE 3a3eMJIeHME B 3a3eMJIEHHBIX 3JIEKTPUYECKHUX CeTHAX
(cucrema 3azemiienusi TN)
[IpoBenem aHanu3 >PGEKTUBHOCTH 3ALIMTHOTO 3a3€MJICHUS Ha IMpUMEpPE
Tpexda3zHoil snekTpudeckoil cetu Hamnpsbkenuem Ao 1000B ¢ rayxo
3a3eMJICHHOM HeuTpaibio (puc.10.4).
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Puc. 10.4. 3amuTHOE 3a3eMIIEHHE B 3a3€MJICHHOU AJIEKTPUYECKOM CETH.

L—=

I
[
[

HOCKOHBKy Ha IIPAaKTHKC COIIPOTHUBJIICHHUC H30JLAIUN RI/B COCTaBJICT

JECATKM M COTHU Thicsid OM, a COmpoTHBJIEHHE paboyero 3a3eMJICHUS
BTOPUYHON OOMOTKM TpaHcopmaropa - eauHuiibl OM, TO BEIMYUHOM TOKa,
IPOTEKAIOLIEro Yepe3 R, , IpeHeOpexKeM.

Torna cornacHo cxeme 3ametienus (cMm. puc. 3) R, =R,, 1O

U R
3 R3+R0 3 ¢R3+RO

Takum oOpa3om, KopIiyc 3a3eMJICHHOW DY MOXET oOKa3aThCs T0J
HaIpsHKEHUEM OTHOCHUTEIIBHO 3€MJIM, PAaBHOM NPHUMEPHO TMOJIOBHHE (Ha3HOTO
HaIpSKEHUS CETH.

Ecnu yenoBek kocHeTcs kopryca DY, TO OH HOJKIIOYUTCA MapasuielIbHO

U
COIIPOTUBIICHUIO R3 u g __ b .
h 2R
h
IIpu U,=220B, I n= % =0,11A, 4YTO IIPEACTABIIET CMEPTEIbHYIO

OMaCHOCTb ISl YEJIOBEKaA.

BbiBoj. 3anMTHOE 3a3€MJICHUE B 3a3€MJICHHBIX AJIEKTPUUYECKUX CETSIX 10

1000B neaddhexTuBHO.

Bor mnouemy IlpaBuma ycrpoiictBa anektpoyctaHoBok (I1YD) He
PEKOMEHAYIOT UCIIOIb30BaTh 3AIIUTHOE 3a3€MJICHUE B JIAHHBIX CETAX B KAUECTBE
€AUHCTBEHHON Mepbl 3amuThl. OHO MOXET HCHOJIb30BaThCAd TOJBKO Kak
JIOTIOJITHEHUE K 3aHYJICHUIO UM JPYTUM BUAAM 3allUTHI.

[Ipu Hanpspkenun cBbimie  1000B  TOK 3ambIKaHHsI  CYIIECTBEHHO
YBEIIMYMBAETCS, YTO TO3BOJISET HCIOJIb30BaTh YCTPONCTBA MAaKCUMAJIbHOM
TOKOBOM 3alIIMTHI JJIs1 OTKJIFOYEHHSI aBapUHHOIO y4acTKa ceTu oT JY.

N3 paccMOTpPEeHHOTO MPUHIIUIA JESHCTBUS 3allIUTHOTO 3a3€MJICHHS CIIEYET,
YTO YeM MEHBIIE COMPOTUBIICHUE 3AIUTHOTO 3a3€MJICHUS WM 3a3€MIISIFOILETO
YCTPOMCTBA, TEM MEHBIIUN TOK IIPOTEKAET YEPE3 TEJIO YEIIOBEKA.
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ConporuBiieHHeM 323eMJISIIOLIEr0 YCTPOMCTBA HA3bIBACTCS OTHOILICHUE
HaIIpSDKEHUS HAa HEM K TOKY, CTEKalIleMy C 3azeMiuTessd. B 3aBucumoctH
OT peKMMa HEUTpaIu CeTH, OT KOTOpPOo nuTaercs DY, OHO OyAeT pa3uyuHbIM.

HeoOxomumo otMeruts, yTo coryacHo I1YD, BennuuHa comnmpoTuUBIIEHUS
3a3eMJISIONIET0 YCTPOMCTBA, Ipu mojiHoM MorHocT DY B 100 kBA u Gonee
u HanpsokeHnu A0 1 kB, He moxer ObiTh Oombimie 4 OM. A TpU MEHBIIUX
MOIIHOCTAX He MoxeT npesbimiaTh 10 Om. Ecnu Hanpsokenue Boime 1 kB, To
JOMYCTUMAasl BEJIMYMHA CONPOTUBJICHUS 3a3€MIISIFOLIET0 YCTPOMCTBA 3aBUCHT OT

Toka 3aMbikaHusi. I mpu Toke Oosiee SO0A R3; <0,5 Om OM, a Ipu MEHBIIUX

TOKaX R, g@ OM, Ho He 6oubire, yeM 1pu U 110 1 kB.

3
1.2. 3amuTHOE 3aHyJIeHHE

3alMTHBIM 3aHYJEHHEM HA3bIBACTCS NPEIHAMEPEHHOE AIIEKTPUYECKOE
COeIMHEHMUE YacTed DY, Ha KOTOPBIX MOXKET OKa3aTbCs HAIIPSIKEHUE, C HYJIEBBIM
IIPOBOJHUKOM.

O0sacTb NpUMeHeHMs 3allIUTHOIO 3aHyJIeHHWsT — TpexdasHble
YEThIPEXNPOBOJHbIE (TIATUIIPOBOJHBIE) CETH C 3a3€MJICHHOM HEUTpasbio mpu
HanpspkeHusix 10 1000B. Kak Ob1710 paccMOTPEHO BBIIIIE, 3AIIUTHOE 3a3eMJICHHUE
B TAaKMX CETAX HE BBINOJHSAET 3alIUTHYIO posib. M mo3romy nnsi 3amiuThl
YeJIOBEKa B ABAPUMHBIX CUTyallMsX B TakWX ceTsax corjacHo I[IYD crmenyer
NPUMEHSTH 3alIUTHOE 3aHYJICHHUE.

Ha3nayeHue 3aHyjJdeHHUsl - YCTPAHEHHE ONACHOCTH  IOPAXEHUS
ANEKTPUYECKUM TOKOM TP TNPUKOCHOBEHUU K KOpPIYCYy U JIpyTUM
MeTAIMYECKUM DY, okazaBmmmMcs 1oJ U BCIIEICTBUE 3aMBIKAHUS HA KOPITYC.

Ipunuun peiictBusa 3anyJjeHusi (puc.10.5) ocHOBaH Ha MpeBpalleHUU
3aMbIKaHUsI Ha Kopriyc B ojHo(da3Hoe kopoTkoe 3ambikanue (K3) mexmy
¢da3HBIM U HYJIEBBIM 3aIIUTHBIM TTpoBOoHUKOM (PE).

Y » s ik
M — P 0 B
m % 0 C

HPI
t o PEN
SO 11Nl
Ra [I] T R noem.
"1 O Q
= H2N ? =

Puc. 10.5. Cxema 3aIuTHOTO 3aHYJICHUS.

[Tpu nanroMm K3 mpoTtekaeT OObIION TOK KOPOTKOTO 3aMbIKaHUS (IO MU
daza — kopryc — HyJIeBOM TpoBoj — ¢asa), oOecreuynBamii cpabaTbiBaHNE
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3alUThl (AaBTOMATOB, MPEJOXPAHUTENEH U T.II.), ABTOMAaTUUYECKH OTKJIFOYAIOILEH
MOBPEXKICHHYIO YCTAaHOBKY OT IUTAOIIEH CETH.

Jia obecriedeHHs] HAJAEKHOTO OTKIIIOUEHUS HEOOXOAMMO, 4YTOOBI TOK
KopoTkoro 3ambikaHus (K3) mpeBblliasl HOMUHAJIBHBIM TOK IJIaBKON BCTaBKH
WJIM OTKJIFOYAOIIETO aBTOMATaA.

Opnako, mpu Takoi cxeme 3aHysneHuss Ha PEN-poBoJHUKE OTHOCUTEIBHO
«3eMJIM» BCErJa NPUCYTCTBYeT nOoTeHuuan, Tak Kak PEN-nmpoBomxHuk
UCIIOJIB3YETCSl KaK HyJIeBOW pabouuii, Tak M HYJEeBOM 3anuTHbIi. KpoMe Toro,
IIOCKOJIbKY coryiacHO «IIpaBuil yCTpolCTBa yCTAHOBOK» MAaKCUMAaJIbHOE BpEMs
OTKJIFOYEHHS] YCTAHOBKM IpHU HanpsbkeHu 220B cocraBnser Bennuuny 0,4 ¢, To
B 3TO BpeMs Kopnyc DY HaxXxOAHUTCS MOJ BBICOKMM HaIpshKEHUEM (MOopsaka
150B). Taxxe, Bo3MOX€EH 00pBIB HYJIEBOTO IMPOBOJIHUKA, YTO HapyliaeT padboTy
3aHysneHus. [{nsg oOecnedeHuss 3J€KTPOOE30MACHOCTH B JTUX  CIydasx
JOIOJIHUTENIBHO 3a3€MJISIIOT HYJIEBOW IPOBOJHUK C IIOMOILUBI ITOBTOPHBIX
COIPOTHUBIICHUI BEJIMYMHOM MOPAIKA BEIUUYUHBI R

3aKIOYeHue:  3allMTHOE  3a3€MJICHHE M 3alUTHOE  3aHYJICHHE
He oOecreynBaroT O€30MaCHOCTH YEJIOBEKa B CJIy4yae €ro MNPUKOCHOBEHMS
K TOKOBeNyIIUM dYacTaMm DY wiu K (asHoMmy npoBony. MHorma, Hampumep,
B YCJIOBHSIX HU3KHX TEMIIEPATyp CHUKAETCS 3alIUTHAS POJb 3THX Mep. B Takux
Clly4yasiX MPUMEHSIIOT YCTpoiicTBa 3amuTHOro oTkimoueHus (Y30) kak
OCHOBHYIO WJIM JOTIOJIHUTENbHYIO 3AIIUTHYIO MEPY.

II. IIpakTHYyeckast YacThb JadopaTopHoi padorsl Ne 10 (aya. 104)

Jns  pacdera 3a3eMISIIONIETO  YCTPOMCTBA HEOOXOJIUMO MPOBECTH
M3MEPEHUE COMPOTUBIICHUSI PACTEKAHUIO TOKa C 3a3emunTeneil. B mabopatopuun
uMmeercs nabopatopHas ycraHoBka (JIY) ¢ pasHeiMu  nmpuGopamm IS
BBITIOJIHEHUS JaHHOU pa0oThl. [IpunHImn aeiicTBrs mpuOOpoOB OJIMHAKOB, XOTS U
€CTh BHEIITHUE KOHCTPYKTUBHBIE OTIIMYUS.

B JIY nns BeINONHEHHUS 3aJaHUs NPUMEHSIETCS W3MEPUTEND 3a3€MIICHUS
M-416 (®4103) - mmpoko pacnpocTpaHEHHbIN Ha npakTuke. OH npeaHa3HauYeH
JUIS. U3MEPEHUS COMPOTUBIICHUS 3a3€MIISIFOILIUX YCTPOMCTB U JJIS ONPEICIICHHUS
YAEIBHOTO CONPOTUBIICHUS TpyHTa. M3mMepuTens conpoTtusiieHns M-416 nmeer
YEeThIPE 3KUMa U HECKOJIbKO IMANa30HOB U3MEPEHHUS, YTO MO3BOJISIET U3MEPSITh
compotuBiicHuss ot 0,10M mo 10000m. IlpuHIMI nOEHUCTBUS OCHOBAH Ha
KOMIIEHCAIIUOHHOM METO/JI€ ¢ TPUMEHEHUEM BCIIOMOTATEIbHOIO 3a3€MIIMTEINS U
MOTEHIIUAJIBHOTO JIEKTPOJ1a (30H1a).

2.1. Ilopsinok BbINOJIHEHUs J1a0opaTopHoii padoTsl Ne 10 (aya. 104)

A. OnpenesieHue y1eJbHOI0 CONPOTUBJICHUS TPYHTA

a) [lomyunte 3amanme oT mnpemnomaBarens. Ha crenme mabopaTopHOit
YCTaHOBKH Tepekitouarensb «BpiOop BapuaHTa 3aJjaHus» yCTAaHOBUTE Ha HOMEP
YKa3aHHOTO IMPENoiaBaTesieM BapuaHTa. B COOTBETCTBUMM C BapUAHTOM 3aaHMS
BIIMUINTE B MEPBYIO TAOJIMILy OTYETa UCXOJIHBIE JaHHBIE [Tl pacyéTa yAeIbHOrO
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conpoTuByeHus rpyHTa (Ta6:1.10.1). Ta6muma 10.1

Hcxoanble 1aHHBbIE AJI51 PACY€TOB B X0/1€ IPoBeAeHus padornl HA JIY

JaHHbIe 11 pacyéTa yaeJabHOro COnpoTuBJieHus: rpyHTa (1-m cnocooom)

Homepa 3aganmii| - X123 4 |56 |7|8]9 | X|X

I'nyouna sabuku | 150 | 160 | 175 | 125 | 180 | 200 | 130 | 120

TpyOBI

Juametp TpyOsr | dl, cm 6 | 64| 7 5 172 8 |521]4.8

Kinumatnueckuii

P - ¢ 92 | ol | ol | 93| 92 | 92 | ¢l | 93
I[aHHLIe OJIA pacqéTa 3AIIMUTHOIO 3a3€MJICHUA

Heo0Oxomumoe

conporneretine | Ryor, <4 ny1s Bcex 3aaHni

3a3EMIISIFOIIETO OMm

YCTPOMCTBA

CDopMa I1IO KOHT B pPA I1IO KOHT B P I10 KOHT

3a3eMJICHUS B ypy PAx ypy PAx ypy

Amana Lem | 240 | 200 | 250 | 260 | 270 | 280 | 290 | 300 | 260 | 540 | 400

3a3CMJINTCIIA

Huamerp dev |48 4 | 5 |72 1545658 6 |52]56]| 5

3a3CMJINTCIIA

[ryGuna hoem | 89 [100| 75 | 70 | 65 | 60 | 55 | 50 | 100 | 70 | 90

3aJIOXKCHUA

Paccrosiaue

MEsKTY al, oM | 480 | 400 | 500 | 520 | 520 | 540 | 560 | 580 | 600 | 400 | 500

3a3EMJINTCIIAIMU

Hlupuna nonocer | b,cm | 4 4 5 5 5 6 6 6 4 5 4

[IpoBepbTe padboTocnocodHOCTH pudopa M-416. J{ns 3Toro HeoOXoauMo
yCTaHOBUTh nepekmouyarens B nosokeHue «KOHTPOJIb Som» (kpaiinee
JeBO€), HaXKaTh H YACPXKHUBaTh KpPacHYI0 KHOMKY (clieBa) H pPydKoOi
«PEOXOP/l» ycraHoBuTh cTpenky mnpubopa mno ueHtpy (0), mpu 3ToMm
MOKa3aHKe MIKaIbl Mpruoopa A0IKHO ObITh 51+0,350M.

0) CobGepure cxembl cornacHo puc.10.6 u u3MeppTE€ CONPOTUBICHHUE
rpyata R; (rpynrta), a Takxke Rcm (ctanka), R3 (30Hma), Recn

(BCrmOMOTaTeIbHOTO 3a3€MJICHHS).
R3 Recn Rem R3 Recn Rem Recn Recn  R3 Rcm

TRy
Lo ddl |dad d] [Lodd]||badld

172 3 4 172 3 4 172 3 4 172 3 4
usmepumersib usmepumersib usmepumersib usmepumersib
a 0 B r

Puc. 10.6. Cxembl noakitodeHus npudopa M-416 s uaMepeHus: COnpoTUBICHUS:
a) TpyHTa; 0) CTaHKa; B) 30H/1a; T') BCIIOMOTATEILHOTO 3a3EMJITUTEIS
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Ipumeuanue. lUndpamu 1,2,3, 4 0003Ha4eHBI HOMEpPA KOHTAKTOB C MPOBOJIAMU

Jl1st mpoBeieHust U3MEPEHU HEOOXOAMMO:

- YCTaHOBUTH IMEpEKIoYaTelb MpUOopa B MOJOXKEHUE «X1» miam «x5»
(B 3aBUCHUMOCTHU OT MPE/I0JIaraeMOT0 3HAYEHHUS COMTPOTUBIICHUS 3a3€MJICHHUS );

- HAKaTh KPACHYIO KHOMKY IprOOpa U, OJHOBPEMEHHO MTOBOPAYUBAS PYUKY
«PEOXOP1», nobuthcst mosioxkeHus cTpenku npuodopa no uentpy (0). Eciou na
ATOM JHWala30HEe U3MEPEHUE MPOU3BECTH HEBO3MOXKHO (R; - Oombiie 100w,
CTpeJIKa MHIWKATOpa 3aIKAJIUBAET), IEPEHUTH Ha CIEIYIOUIMN AUana3oH: «X5»,
«x20», «x100». IIoBTOPUTE M3MEPEHUE U PE3YIBTAT CUUTBHIBAHUSA CO IIKAJbI
peoxop/la yMHOKUTh Ha MHOHTENB (5,20,100);

- M3MEpSEMOE CONPOTHUBJICHUE OINPEIEISIETCS MO MOKa3aHUI0 Ha IIKaje
peoxop/a, YMHOKEHHOMY Ha KO3(D(UIIMEHT, YCTAaHOBJICHHBIA MOJIOKEHUEM
MEePEKIII0YaTENS;

B) [lonydeHHsle pe3ynbTaThl uU3MepeHUN R;, Rcm, R3, Recn BHecute
B TaOyMIly OJIaHKa OTYETa;

r) [Io naHHBIM OIbITa pacCYUTANTE YIAEIBHOE COIIPOTUBIICHUE IPYHTA

_2mlR LR, N
P =37~ = 2733~ Omem, (10.3)
In— g
dl dl

re R - CONMpOTUBIEHUE, U3MepeHHoe npubdopom M-416 (M 1103);
[; - TmyOuHa 3a0UBKH TPYOBI, CM;  d;- TUamMeTp TpyOBbI, CM.

b. Pacuer 3a3emuisiioniero ycrpoicraa.

a) Ilo Bemmumne P, ompenenute BHUJ TpPyHTa U 3HAUYCHUE
KJIMMaTuyeckoro kodg¢uuuenta ¢ u3z taon.10.2 (mo npeneny kosjedaHuii) u
T1a61.10.3. B manpHelmem ais pacdéra 3alIMTHOTO 3a3€MJICHUS HCIIOJIb3YHTE
JlanHble 13 TaOIUIBI CO CTEeHAA (10 YKa3aHHOMY BapUaHTY 3aJjaHusl).

Tabmuua 10.2
YaenabHoe CONPOTUBJICHHE TPYHTA

YieabHOe CONPOTHBIIEHHE, Owm-cm -10?

Xapakrep rpyHra IIpu BaaxuocTu 10 - 20% Kk Becy mo4BbI Tpexen Koaebanmii

AJIs1 IPeIBAPUTEIbHBIX PACYETOB
ITecox 7 4-17
KaMeHHCTBIH IPYHT - 1,5-4
Cynecsn 3 1,5-4
Jlec 2,5 1-3
CyriauHok 1 04-1,5
I'nuna 0,4 0,08 -0,7
CajgoBast 3eMJ151 04 0,2-0,6
Topd 0,2 0.1-0,3
Peunas Boga 0,5 0,1-0,8
Mopckas Boaa 0,01 0,002 - 0,01
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Taomuna 10.3
BeaununHbl KIIMMATHYECKUX KOIPPUIMEHTOB B 3aBUCUMOCTH OT BH/A
TPYHTA U ITyOMHBI 32J105KE€HUS 3a3eMJINTe el

I'nyOuna Kiaumarudeckuii Kodppuument
Xapakrep rpyHra
3aJ10:KeHus h, M 01 0, 03
CyrimnHok 0,5-0,8 3,0 2,0 1,5
CyriiMHok 0,8-3.8 2,0 1,5 1,4
CanoBas 3emMJis1 Ao TJIyOMHBI 0-3 i 132 12
0,6M, HHIKe - CJIOM TJIMHBI
I'paBuii ¢ npuMechHI0 ITHHBI, 0-2 1.8 12 11
HIKe - TJIHHA
H3BecTHAK 0-2 2,5 1,51 1,2
I'paBuii ¢ npuMechI0 MeckKa 0-2 1,5 1,3 1,2
Topd 0-2 1,4 1,1 1,0
IMecox 0-2 2.4 1,56 1,2
I'iuna 0-2 2.4 1,36 1,2

IIpumeuanue. ¢ - €CI U3MEPEHUS CONPOTUBIICHUSA I'PYHTa BBIIOJIHINACH
npy OONBIION BIAKHOCTU TPYHTA; @, - €CIIM U3MEPEHHS] MPOU3BOJUIUCH MPU
CPEIHEN BIIAXHOCTH; (3 - €CIIM U3MEPEHUS OCYILECTBILUIMCH IIPU CYyXOM I'PYHTE.

6) OHpCIICJIHTC 3HAYCHHUC PACUCTHOI'O YACJIBbHOI'O COIIPOTHUBJIICHHUA I'PYHTA,

«Om*cm» U3 BRIpOKCHUS LPpycy = Lisu ¢

B) PaccuuraiiTe CONMpOTHBIEHHE pACTEKaHHUIO TOKAa OJUHOYHOTO
Tpybuatoro 3azemuurenis Ryp, OM, 3a0MTOrO0 Ha HEKOTOpPYIO TIYOHMHY A OT
MTOBEPXHOCTH 3€MJIH, 10 (bopMyJIe

p 4t +1 ,0
R, =PLrc il 0,366 Lz (1 I
o rwi d tang )= (g d 28 (04

TAC Ppycy - PACUETHOE YAEIBHOE COMPOTUBIICHHUE TpyHTa, OM CM;

1, 4r+1

[ - nmuHa TpyOBI, CM;  d - TUaMeTp TpyOBbl, CM;
1
{ - pacCcTOsIHHE OT TIOBEPXHOCTH 3EMIIU JI0 CEPEIMHBI 3a3eMIIUTENIS, t = h + El , CM.

r) Onpenennte NpUOIMKEHHOE YUCIIO 3a3EMIMTENCH: s = Ryp [ Ryorr -
rae Rjyon - [ONMyCTHMOE CONPOTHBICHHE 3alIMTHOTO 3azemieHusi, OMm
(st gasHoro Hanpsbkenust 220B R0 = 40m). Ilpu nmosmyudeHun Heuenaoro
quciIa OKPYTJIIUTE B OOJBIIYIO CTOPOHY.

a) Ilo nmpuGmmKEeHHOMY YHUCITYy 3a3eMIIMTENICH OompeaenuTe W3 TpaduKoB
puc.10.7 u puc.10.8 ko3(pPULMEHT HCNONB30BAHMS 3a3€MIIMTEINEH #]7p
B 3aBUCHUMOCTH OT OTHOIIECHUS a / [ ;

e) Omnpenenurte YUCIO 3a3eMJIMTENCH C YYETOM 7#J7p, OKDPYIJIUB €ro
B OOJIBILIYIO CTOPOHY: 11 = Hypys/ HTp

) Onpenenure IIMHY ITOJIOCHI L, COSAWHSIONICH 3a3eMJIMTENH, IPH
PacCIoJIOKEHUH 3a3eMIIMTENIeH 10 KOHTYpY, 1o dopmyse L=1,05 an
U [IPH PACTIONOKEHHH 3a3eMIIuTeNeH B psz o hopmyse L=1,05 a(n-1),
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rac a - pacCToAHUC MEXKAY 3a3CMIIUTCIISIMUA, CM; 1 - YUCJIO 3a3€MJIMTEIICH.

N
™ y

) & | &W

0.7+ 5 0.7+ .

0.6 0.6+ ™

0.5 ] 05T !

0 =
4 6 8B 10121416 18202224 26 28 11 2 4 6 8 10121416 18 20
Puc. 10.7. I'paduk ms onpenencHus Puc. 10.8. I'paduk s onpeneneHus
K02 pHLIMEeHTa UCTIONB30BAHUS ] 7p, KO3 pHIMEeHTa UCTIOTIB30BAHUS 7] 7p,
3azemuiutesiei u3 Tpyo (Yroiakos), 3azemuiutesiei u3 Tpyo (Yroiakos),

pa3MeNICHHBIX MO KOHTYPY, 0e3 yuera pa3MeIICHHBIX B psil 0€3 y4era BIUsSHUSI
BIIUSIHUS TIOJIOCHI CBSI3U. MIOJIOCHI CBSI3H.

3) OnpenenuTe CONPOTUBICHUE TTOJIOCH Ry, OM, yI0KEHHOHN Ha 3aJaHHYIO
rIIyOUHY /2 OT TOBEPXHOCTH 3€MJIH:
2 2
2L bh L bh
rae L - 1yMHa MOJIOCKl, cm ; b - IMPUHA TTOJIOCKI, e ;
h - TiIyOuHa 3aJI0KEHHUS, CM.

u) Ormnpenenure o0IIee CONMPOTUBICHUE 3a3eMJISIONIETO YCTPOWUCTBA

11

R..R
o dhopmyiie R = il , OMm, (10.6)
O MR 11y + Ryt
rae #u(n) - KOBPOUIMEHT WCIOJb30BAHUS TOJOCHI MPH  Pa3IMYHBIX

oTHoueHusx a/l (ompenenure no rpadgukam puc.10.9 u puc.10.10).
O6s3aTenbHBIM ocTaeTcs yciosue R, <R,

g "

on *

T 0.9+
0.6 08+
057 . 07+ 3
044 0.6+ 2
7
034 T 05+
“-3+;+4:+44;+{;+h~0-4::::::::::]hu
4 6 8 10121416 1820222426 28 1 2406 810121416 1820 1|
Puc. 10.9. I'padux 1t onpeneneHus Puc. 10.10. I'paduk ans onpeneneHus
Kod(duIIMeHTa UCTIONb30BAHUS 7] 7 K03 duIIMeHTa UCTIONb30BAHUS 7
COEIMHUTENIBHOMN ITOJIOCHI B KOHTYpe COEIMHUTENIBHON TOJIOCHI B PAAY TPYO
U3 TpyO (Yyrojixos). (YyroJKoB) K MaruCTpajiy 3a3eMJICHUS 3/1aHHS.
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k) PacyeTHpie naHHBIE BHECHTE B TaOJuUIly OJlaHKa OoTuyeTa U OOOCHYHTE
MIPUMEHEHHUE 3a3eMJISIOIINX YCTPONCTB pa3IMuHON KOH(PUTYpALTHH.

2.2. Ilopsinok BbINOJIHEHHs J1abopaTopHoii padoTbl Ne 10a (aya. 106)
A. UccaenoBanue 3¢ PeKTUBHOCTH 3AIMTHOI0 3a3eMJICHMSI

Kak Obulo CcKa3aHO B TEOPETHYECKON YacTH OIHUCaHUS K JabopaTOpHOM
padore Ne 10, mpuHUIMIOM JACHCTBUS 3alMTHOTO 3a3€MJICHUS SIBJISICTCA
CHW)KEHHUE HaIpsHKEHUS! MPUKOCHOBEHU Wi mara. JIad. padora Ne 10a kak pa3
Y MOCBAILEHA SKCIEPUMEHTAIILHOMY MCCIIEIOBAHUIO 3TOr0 NpUHLIHMMNA. J[7s1 3TOM
1enu ucnoib3dyercs jadopatopHbiit cteHa Ne 10a, cocTtosimuii U3 OTAETbHBIX,
COCIMHEHHBIX MEXKIy COO0OM  3IEKTPUYECKUX OJIOKOB, PpEATM3YIOLINN
NPUHLIHANHAIBHYIO CXEMY 3alUTHOTO 3a3€MJICHUS, NPUBEACHHYIO Ha puc.10.12
naboparopHoit padboThl Ne 10a qanHOTO Y4eOHOTO MOCoOus.

DnekTpuyecKkas yCTaHOBKa i IPOBeieHUs J1abopatopHoi paboTsl Ne 10a
npejacraBieHa B ydyeOHoW naboparopun 106 B Bume crenna. Ha mannytio
yCTaHOBKYy, 1o cxeme puc.10.12 (puc.2.5,6 PykoBojcTBa MO HCHOJHEHHUIO
0a30BBIX  JKCIEPUMEHTOB), Ha  OAHO(A3HBIA  HCTOYHUK  IUTAHUS
(c MHAMKATOPHON KPAaCHOW JIAMITOYKOI) mojiaeTcs (a3zHOe HampspKEHUE OT 3-X
da3Hol ceTd, T. €. C YCTAaHOBKOW COEIMHEHbI (Da3HBIM M HyJEBOW MPOBOJA.
Ynpouiennas cxema npeacrasieHa Ha puc.10.11,a.

Puc. 10.11,a. YopouieHHas 31eKTpuuecKas CXeMa CTeH/a.

Kopmyc ycTaHOBKM HMEET CONMpOTHBIEHHE R,,,, B 10M mmn 15xOm.
UYenoBek KacaeTcsi KOpIyca, MpU OTOM, HYepe3 CONMPOTUBIEHHE OOYBU U
MOJIKJTFOYEHHBIN aMIIEPMETP OH CBsi3aH C 3emuled. [Ipr HOpMaabHOM pEXUME
paboThl Ha KOpIyCE YCTAaHOBKM HANpPsDKEHHE OTCYTCTBYET, W TOK 4epes
YEeJI0BEKa paBeH HYJO. [Ipy MOBpexIeHHM M30JSIUMHA HAa KOPIYCE YCTAHOBKH
MOSIBJISIETCS HAMPSDKEHWE M BO3HMKAET TOK MO Ienu: (a3a - COMPOTHBIICHHE
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KOpIyca — 4YeJlOBeK — O0O0yBb — aMmmepMeTrp — 3eMJs - KOMIUIEKCHOE
CONMPOTHUBJICHUE HYJIEBOTO NPOBOJHUKA OTHOCUTEIHHO 3€MJIM (KOMILIEKCHOE
COMPOTHUBJICHUE U3OJISIIIUM) - HYJIEBOU MPOBO/I.

To ecTh, BO3HHUKAET LIENb MTOCIEA0BATEILHO COEAUHEHHBIX COTPOTUBIICHUN
gyenoBeka KRj;, o00yBu R,; ¥ KOMIUIEKCHOTO CONPOTHUBJIEHHS H3OJISIIHH,

COCTOSILETO U3 ¥y, U €MkocTu C, a Takke CONPOTUBIIEHUE aMIlepMeTpa. ITO
MOATBEPKIEHO JEKTPUUECKON CXeMOM, npuBeAeHHor Ha puc. 10.11,0.

Puc. 10.11,6. YopoieHHas 35eKTpuyeckas cxema Jisl BhISIBIICHUS ACHCTBUS
3aIIUTHOTO 3a3€MJICHUSI.

HanpsbkeHne NOpUKOCHOBEHMS (HANpsDKEHUE MEXKIY JBYMS TOUYKaMu
AIEKTPUUYECKOM I1eNU, KOTOPHIX OJJHOBPEMEHHO KacaeTCsl YEJIOBEK) U3MEPSETCS
BOJTMETPOM. OIHAKO HYXHO YYUTBHIBAThb, YTO B JIAaHHOM CJIy4ae BOJIbTMETP
U3MEpSICT CyMMapHOE MMajeHHe HalpspKeHus Ha denoBeke W 00yBu Ujipp, A
TaKkk€ Ha COMPOTUBJIICHUHU ammepmerpa . HampsikeHue NpUKOCHOBEHHSI OyeT
3aBUCETh OT BEJIMYMHBI TOKa, MPOTEKAIOUIErO0 4Yepe3 YeloBeKa, OO0YyBb H
COMpOTUBJICHUE M30JsIUU. [Ipu moakimoueHMHn Mayioro (Heckojibko Om)
CONMPOTHUBJICHUS 3a3€MJISIOLIETO YCTPOWCTBAa (3a3eMIIMTENS]) MapajuieIbHO
COMPOTHUBJICHUIO  YeJIOBeKa W  OO0yBU, HANPSOKCHUE  MPUKOCHOBEHUS
CYIIIECTBEHHO CHUKAETCS, YTO MOATBEPKIAET MPUHIMIT PabOThl 3aIIUTHOTO
3a3€MJICHHSL.

Jns comocTaBlIEHUS] TEOPETUYECKHX M HKCHEPUMEHTAJIbHBIX JaHHBIX
HEOOXOJAMMO  TPOBECTH paCYeT COMPOTUBICHUS DIIEKTPUUYECKOW IIENH, IO
KOTOPOM MPOTEKAET TOK, COTJIACHO COOTHOILICHUIO

|Z|= R% +ru3(2Rz+ru3) ,
1+(Cry, )2

rne Ry = RyTR,stRyp, TpH OTCYTCTBHH 3aIIMTHOTO 3a3€MJICHHS W

Ry ~ Ryppn IpH €r0 HANMUMH, (0 = 27Tf — Kpyrosas 4acTora.
Ha oCHOBaHMH IIOJIyYEHHOTO 3HAYEHHS CONPOTHBJIEHHUS IIEMU TpeOyeTcs
OIPENEIUTh TEOPETHYECKOE 3HAYEHHE BEIMYMHBEI TOKA Yepe3 ueloBeka [,

a 3aTeM HanpspkeHns npukocHoBeHus U,,. ITpu 3ToM, HEOOXOAMMO 3aMETHTS,
YTO pacu€THas BEJIMYMHA TOKA MOXKET OTJIMYATHCSA OT HKCHEPUMEHTAIBLHOIO
3HAQ4YCHUS BCJICJCTBUE HAJIMYMS COMPOTHUBIICHHS amiepMerpa (OHO B pacyeTax
HE YUUTBIBAETCS ), KOTOPOE U3MEHSETCS B 3aBUCUMOCTH OT BRIOPAHHOTO Tpejiesia
M3MEpPEHUSL.
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IHopsinok BeInoIHEeHUs JadopaTopHoi padoTsl Ne 10a (aya. 106)
10 UCCeI0BAHUI0 3P PEeKTUBHOCTH 3aIIIUTHOIO 3a3¢MJICHUS B CETH
¢ U30JIMPOBAHHOM HEUTPAJIBIO.

1. O3nakomumwvca ¢ 3NEKTPUYECKON CXEMOH J1abOpATOPHOro CTEHJa
puc.10.12 u nepeunem amnmaparypsl, BXOAALIEH B COCTAB CTEHAA.

Iepeuyenn anmaparypbl
Obo3naueHme HaumenoBanue Tun IHapamerpbi
G1 OmHohasHbIA ICTOYHVK ITHTAHST 218.8 ~220B/16A
Al Mozerb ITaroIIen AMEKTPUIECKON CETU 387.1 ~220B/50BA
A2 Moyesb 31eKTporprueMHIKa ¢ paboyeii 388.1 ~220B
VIB3OJBILCH
A3 Morernn yernoBeka 309.1 ~220B/ 1xOm
C COMPOTHRIIEHHEM O0YBU
1,10, 100 xOm
A7 Monenb ydacTka AMeKTPUYECKON CETH 303.1 ~220B/0,5A
A8 Monerns 3azemimrens 390 ~220B/
2,10,100,10000 Om
All ABTOMATHUECKUI OTHOITOJTFOCHBII 359.1 ~220B/0,5A
BBIKITFOYATETh
P1 bok MyIsTHMETPOB 50921 2 mMymsTiMeTpa
0...1000B—=;
0...10A=
0...20Mom

Ilposepump OPAIOK MPOBOIHBIX COCAUHEHUN B COOTBETCTBUU CO CXEMOU
Ha puc.l10.12. Bce ewviknwuamenu cmenoa O0014CHbL OblMb GbIKIIOYEHDL.
[Ipu sTOM:

- Ha MOAENM ydacTKa JyekTpuyecko cetu  (Omox  303.1)
KOPOTKO3aMbIKaTeNlb (OTPE30K TMPOBOJHUKA CO IITEKEpaMu) Ha aKTUBHBIX
COTIPOTUBIICHUSIX W3OJISIIIMHA HYJEBOTO TMPOBOJA JODKEH OBITh MOACOSINMHEH B
cooTBeTcTBUHM C pruc.10.12;

- KOpHYC YCTAaHOBKM Ha MOJENH 3yeKTponpuemMHuka (Omok 388.1)
COeIUHEH C CONPOTHUBIICHUEM 3alIUTHOrO 3a3emiicHusa B 100M Ha moxaenu
3azemimTens (0jok  390); mpu 3TOM TPEAYCMOTPEHO B MOCIEAYIOIIEM
coenunenne Touku «I[I» nHa Onoke 388.1 c dasoit A depe3 Mojenb
AIIEKTPOIIPUEMHUKA;

- OIWH KOHTaKT (TpaBwiif) BodbTMeTpa (670K 509.2.1) momxeH OBITH
COCIMHEH C KOpIycoM sJekTpornpuemHnka — DY (6mok 388.1), a BTOpOIf
KOHTaKT (JIEBBII) — C aMIIEpPMETPOM M OOIIEeH MUHOM (3em1éll);

- aMIepMeTp BTOPbIM KOHTAKTOM (JIEBBIM) JOJDKEH OBITh COEOUHEH C
conpoturieHueM 00ysu 10kOm Ha 6moke 309.1;

- aKMuHoOe CONpoOmueieHue U3oaayuu HyJIeBOro MPOBOJA, COCTOSIIEE U3
MOCJIEIOBATENBHO BKIIOUEHHBIX conpoTuBiieHui (650k 303.1), paBHo 515,1kOm
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0e3 MIyHTUPOBaHMS KOPOTKO3aMbIKateseM conpotuBieHus S10kOm, u 5,1kOwm -
C IIIYHTUPOBAHUEM KOPOTKO3aMbikaTesneM conpotusieHus 5S10kOwm;

- eMKOCmHOe COnpomueieHue U3oaayuu HyJeBoro mpoBojia, COCTOsIIEE U3
MOCJIEAOBATEIIFHO BKIIOUEHHBIX éMKocTer HOMUHAIOM 0,47MK®D u 0,056Mkd
(6mox 303.1), cocraBnsger 0,05mMk®d. B naHHOM OJI0K€ MOXKHO YCTaHABJIMBATH
napameTpbl emkocmuou cocmaenaower B 0,47Mk® - MIYHTHPYS €MKOCTb
0,056Mk®, u B 0,05MKD - cornacHo puc.10.12 (6e3 nryHTHpOBaHUA).

Ilepeo npoeedenuem uzmepeHuil yCTAaHABIMBAEM COIJIACHO 33JaHUIO IO
tabn. 10.4 3navyenus: comportuBieHus 00yBu Ha Onoke 309.1, akTUBHOTO U
E€MKOCTHOTO CONPOTHUBIICHUS H30JSIMM HYJEeBOro mpoBoga Ha Omoke 303.1.
ConpoTHBIIEHHE YEIOBEKA B HKCIIEPUMEHTE HE U3MEHSIETCS U paBHO 1kOM.

[Ipu 3TOM HEOOXOIMMO MPOBEPUTH OTKIIOUEHHE KOHTakTa «[I» (610K
388.1), To ecTb OTCOEAMHEHUE OT HETO MPOBOJIA, COSTUHSIONIETO €ro ¢ (ha3HbIM
IIPOBOJIOM  DJIGKTPONPUEMHUKA, a TakkKe OTCOeAMHUTh, Ha Osoke 390
KOPOTKO3aMbIKaTeIb (OTPE30K IMPOBOJHMKA) OT COMPOTHBJICHUS 3allMTHOTO
3azemsieHus B 100m.

2. Jlannee HeoOX0aUMO:

a) Brkawyume ycTraHoBKy. Jlns 3TOro BKJIKOYUTH aBTOMAaTHUYECKHUE
BBIKJIIOUATEIM C YCTPOWCTBOM 3alIUTHOTO OTKJIIOYEHUS Ha OAHO(a3HOM
HMCTOYHMKE nmuTaHus (010K 218.8).

Ilooams HanpspkeHue Ha OJok  MynbTuMeTpoB  (Omox  509.2.1)
BoIkItouareneM «CETby. Kaxpiil u3 npruOopoB BKIIOUUTH HaKaTUEM KHOIIKH
«POWER» (xenToro 1Bera cieBa IOJ 53KpaHOM UHAuKatopa). JlaHHbIC
MPUOOPHI MO3BOJISIOT U3MEPATh HAMPSKEHUE HA CYMMapHOM COINPOTUBICHUU
yesoBeka U 00yBU Upips M TOK dYepe3 uenoBeka. [IpuOopbl MOKHBI OBITH
MOJICOCIMHEHBI K AJIEKTPUYECKON ceTH Mo cxeme Ha puc. 10.12 (ympoliueHHo -
Ha puc.10.11,a).

Brnrouume BBIKJIIOUATEIb «CETb» Ha  MOJEIM  IIUTAIOLICH
aneKTpuueckoi cetu (61ok 387.1).

Bxnwuums aBTOMAaTUYECKHM OJIHOTIONIOCHBIA BBIKJIIOYATENIb Ha OJIOKe
359.1 nns mojmaun MUTaHUS HA MOJETh DJIGKTPOIPUEMHUKA C pabouei
n30JsIMen (Ha JIeKTpOyCTaHOBKY - 0yiok 388.1). Ilpu aTomM gomKHA 3aropeTbes
WHIUKATOpHAs Jiamna (KpAacHOrO LIBETa) MOJEIM SJIEKTponpHeMHHKa (OJIOK
388.1.). B aToMm ciiydae obecrnieurBaeTCsi HOpMaJIbHBINA peXUM padoTh DY.

3HayeHUs HaNpsDKEHUS M TOKAa 4Yepe3  4eJIOBeKa, H3MepsieMble
MyJIbTUMETpaMu 1 (Kak BOJIBTMETP) U 2 (KaK aMIepMETp), AOIKHBI ObITh PaBHBI
«0». IIpu »TOM mepexiIoyaTeNd AHANa30HOB H3MEPEHUH MYJIbTUMETPOB Ha
NepeHe MaHeIn COOTBETCTBYIOMIErO MprUOOpa JTOJKHBI OBITh YCTAaHOBJICHBI B
1oJjokeHuu: BoapT™MeTp V =20V, amrnepmerp A = 20mA.

[Ipu nanpHelieM U3MEPEHUH MYJIbTUMETPAMU CIEAYET:

- yCTaHABIUBATh Hau00JIee YyBCTBUTEIBHBIN MPEEI U3MEPECHHI;
- TIpY TIOSIBJIEHUUW HA MHAWKATOpe mpudopa «1» M3MEHUTh AUAMa30H U3MEPECHUS
BEJIMYMHBl TOKA WU HANpPSHKEHUS COOTBETCTBYIOIIMM MEPEKIII0YATEIeEM B
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CTOpony OOIBIINX 3HAUCHUI Araria3oHa u3SMCpCHUsI.

0) Co30aem aBapuiiHyI0 CUTYallMI0 IyTEM MOBPEKACHUS U3OJISAIUN
aNeKTponpueMHuKa. [t 3Toro coenHseM MPOBOJHUK OT (pa3HOTO MPOBOAA Ha
omoke 388.1 ¢ kopmycoMm uepe3 ero conpoTunieHue B 10m - koHTakT «I» 3100
omoka (puc.10.12). C momompro BonbTMETpa M ammepmerpa Osoka 509.2.1
U3MepseM BeNHUNHY HanpsuKeHUS Up.os M TOKA I, Yyepe3 yesnoBeka.

B) Ilposepsaem neiicTBUE 3allIUTHOTO 3a3emMyeHus. [ 3Toro coenunsieM
MpOBOJAMHU  KJIEMMYy KOpITyca MOJICNIM JJICKTpomnpHeMHUKa (Cc paboueit
u3oJsnueit) 6ioka 388.1 ¢ KJIeMMOW CONMPOTUBIICHUS 3alIUTHOTO 3a3eMJICHUS
20M mojnenu 3azemuuTens Oynoka 390. 3amepsieM ¢ MOMOIIBIO BOJBTMETPA U
amnepmerpa Osoka 509.2.1 Bemnuuny HanpsokeHUs Upips M TOKA 4Yepes
yejioBeka I,.

Ycemanaenueaem na monenn 3azemmutens (0mok 390) mociienoBaTelbHO
conporusieHue 100m, 1000M u npon3BoauM aHAIOTUYHBIE H3MEPEHHUS.

/Jlanee coriiacHO yKa3aHUIO TIpENoaaBaTesis Wiu 3a1aHuIo K padoTe:

- ycmanaenueaem Ipyrue 3HAYCHUS MapamMeTpoOB COMPOTHUBJICHUS OOyBU
yesioBeka (MOJCOeMHEHUEM MPOBOJAA K JAPYTMM KiieMMaM Ha OJIOKE MOJEH
yenoBeka - 309.1), wiu npyrue 3HaA4eHHs] COMPOTUBIICHUS U3OJISIIUN HYJIEBOTO
poBo/jia (MOJACOESTUHEHHUEM MMPOBOJIOB K COOTBETCTBYIOIIUM KJIeMMaM Ha OJIOKe
303.1), u npo6oOuM aHaTOTUYHBIC U3MEPECHHUSI.

Bce nosnyyeHHbIe 1aHHbBIE 3allUChIBAEM B TaOIHILy OJIaHKa PaOOTHI.

1) Ilocne 3asepuienusn IKcnepumenma:

- GbLIKIIOYUMb KK U3 mpuOopoB Ha OJoke MyiabTUMETpoB (509.2.1)
HaxxatuemM kHonku «POWER» (kenToro 1BeTa) ciieBa TOA  SKpaHOM
WHIMKATOPA;

- omkaouums BeikmrouaTeau «CETby nHa 610ke MmyiasTuMeTpoB (010k 509.2.1)
¥ Ha MOJICJIN TTUTAIOIIEH dJ1eKkTpudeckoi cetu (610k 387.1);

- OMKJIIOUUMb ABTOMATUUCCKU OJTHOIIOFOCHBIN BBIKJIIOUATENb Ha O0Ke 359.1
U aBTOMATHYECKHUE BBIKIIOYATENIM OAHO(MA3HOTO HMCTOYHWKA TUTaHus (OJIOK
218.8).

¢ Ilo pesynbraraM ucclieJOBaHHS HEOOXOIUMO:

- NMPOBECTH aHAJIU3 JCHCTBHUS 3aAIMTHOTO 3a3¢MJICHHS B 3aBUCHUMOCTH OT
napaMeTpPOB CETH;

- mpoBecTH pacueT HanpsokeHus Uy, U TOKA depe3 4esioBeKa, UCIIONb3YsI
Y3 (2RZ + ”u3)
2
1+(a)Cru3,)

- CpaBHUTH TCOPCTHUUCCKHUC U DKCIICPUMCHTAJIbHBIC TdHHBIC,
- CAClIaTb BbBIBOALI O BJIHWAHHWHK BCIWMYHMHBI COIIPOTHUBJICHHUA 3alIUTHOIO
3a3CMJICHUSA U COITPOTHUBJIICHUA U30JIIOHUH HA €TI0 3(1)(1)CI(TI/IBHOCTB.

COOTHOLICHUE |7 = RZ +
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Bapuantsl 3a1aHui

Taomuma 10.4

Ne zapanma| r,,, kOM C, Mk® R,;, xOM | R,,pn, OM | Ilpumeuyanue
1 515,1 0,05 1
(510+5,1) 0,47
515,1 0,05
2 (510+5.1) 0.47 10
0,05
3 5,1 047 1 1
0,05
4 5,1 0.47 10
515,1
5 5.1 0,05 1

PacuetHoe 3a1anue Ha 1abopaTopHyio padory Ne 10 (aya. 104 u 106)

le/l HEBO3MOKHOCTH IIPOBECTH M3MEPCHUSA HCO6XOI[I/IMO paccunTaTrb

YCTpOﬁCTBO 3alIUTHOIO 3a3CMIJICHHUA COINIACHO BapHaHTy U3 Tao1.

10.5,

UCIIOJNIb3YsI METONIUKY paznena b, dopmyinst (3) - (6), rpaduku u naHHbIe TaOI.
10.2 u tabn. 10.3, npuBeaeHHbIE BbIIIE B ONHCaHUU. BelnunHy M3MEpeHHOro
YIAEIBHOIO CONPOTUBJIEHUS TPYHTA fy;, KIMMAaTHYECKOro KO3((UIMEHTa U
pa3Mephbl AJIEMEHTOB 3a3eMJISIOLIET0 YCTPOHCTBA BBIOUpPATh U3 Tadi.10.5.

Taomuna 10.5

Pa3mepbl 3J1eMEHTOB 3a3eMJISIOLEr0 YCTPOMCTBA

Ne Pusm l d a b h
Bapuanta | Omcem 10 | (W) | () | () | (@) | @ | ¥
1 4,5 180 6 360 6 70 01
2 1,5 200 5 400 5 60 2
3 1,1 220 6 220 4 50 03
4 0,8 230 5 460 5 60 1y
5 0,4 250 4 500 6 50 2

I[OHYCTI/IMOG COIIPOTHUBJICHUC 3allIUTHOI'O 3a3CMJICHUA JIA BCCX BAPHUAHTOB

Rron= 4 Om.

Pusn - IBMEPEHHOE YJIEJIbHOE COITPOTUBIIEHHE IPyHTa, OM CM;
[ - nIMHA OJMHOYHOTO 3a3eMJIuTeNs (TpyOBbI), CM;
d - tnametp TpyOBbI, cM;
@ - PaCCTOSIHME MEX]y 3a3€MIIUTEIISIMUA, CM
b - mprHa MOJIOCHI, MM;
h - rmyOuHa 3a3eMJICHUS, CM;
@ - KTUMaTU4eCKui Kod(PUIIEHT.
PaccrosiHue OT MOBEPXHOCTH 3€MJIM [0 CEPEAMHbl 3a3eMIIUTENS «b»
BBIYHUCIIUTH 110 opmyie ¢ = h+[ /2, cm.
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s BapranToB 1-3 IPOBOAUTE pacyeT TOJNBKO JJIsl YCTPONCTBA 3aIIUTHOTO
3a3eMJICHHS, BBIMOJHEHHOTO IO KOHTYpY. Jjis BapuanToB 4 M 5 - coOrjacHo
3aJIaHUIO MPETIoIaBaTelIs.

Pe3ynbraThl pacuéToB 3aHeCTH B TaOJUIly OJaHKAa OTUYETaA IO CIASTYIONTUM
napaMeTpam:

- O011ee conpoTUBIIEHHE 3a3eMIICHUS, Rogy, OM;

- XapakTep IpyHTa;

- Yucmo 3a3emiurene, n;

- Bennunna knmMatuyaeckoro koddduiuenTa, ¢;

- YienbpHOE CONPOTUBIICHUE TPYHTA;

- JlnuHa noaockl, L, M;

- ConpoTtuBieHue nonocel, Ry, OwM;

- KoadpurmeHT s3xpaHupoBaHus: 3a3eMIIUTEINS 43 U TIOJIOCHI 77

Bonpocsl AJ11 CAMOKOHTPOJIA

1.YTo Ha3bIBaeTCS 3AIIUTHBIM 3a3EMJICHUEM?

2. YkaxuTe 00J1aCTh IPUMEHEHUS 3alIUTHOTO 3a3€MJICHUSI.

3. OObsgcHUTE NPUHLUI AEUCTBUS 3alIUTHOTO 3a3€MJICHUS.

4. Yto Ha3bIBAECTCS 3aIlIUTHBIM 3aHYJICHUEM?

5. Ykaxurte 0051acTh MPUMEHEHHUS 3aIIUTHOTO 3aHYJICHUSI.

6. Ha yeM OCHOBaH NMPUHIMII IEVUCTBUS 3aIIUTHOTO 3aHYJICHUSA?

7. Uto mpencTtaBiseT KIMMATHYECKHH KOA((UIMEHT CE30HHOCTH IIpH
pacueTre 3a3eMIISIFOIIETrO YCTpOrUCTBa?

8. UeMmy paBHO MpeaenbHO JOMYCTUMOE 3HAYEHHE CONPOTUBIICHUE
3a3eMJIIOLIErO yCTpoicTBa npu HanpsibkeHuu 380B? [pu Hanpsbxkennu 6 kB?

9 B kakux ciyyasx 1e1eco0Opa3HO BBIIOJHATh 3aIIUTHOE 3a3€MIICHHE
B PsJl, a B KAKUX — IO KOHTYpY?

10. Kak wu3MeHsieTCs CONPOTHBJIEHUE 3a3eMISIIOIIETO YCTPOMCTBA MpHU
M3MEHEHHUH BJIaKHOCTH IpyHTa?

11.KakoBo  BpeMs  cpabaTblBaHWs  OTKJIIOYAIONIMX  aBTOMATOB,
MpPEJOXPAHUTENIEH B YCTPOIMCTBAX 3aIlIUTHOTO 3aHYJICHUS?

12 . Ot yero 3aBucUT 3P (HEKTUBHOCTH paOOTHI 3AIUTHOTO 3a3eMIICHUS?

13. B kakux ciyyasx 0€30MacHOCTh YE€JIOBEKa HE MOTYT OOECTCUHTH
HU 3aIMTHOE 3a3€MJICHHUE, HU 3aIMTHOE 3aHyJIeHuE?

14. Ot yero 3aBucut R gomycTumMoe 3a3eMIISIIOIIEro yCTporucTBa?

15. KakoBbl 0COOEHHOCTHM pabOTHl 3a3eMJISIOIIETO YCTPOMCTBA MpH
HanpsbkeHuu 6osee 1000B?
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Pabdora Ne 11

SAIUTA OT OBJYYEHUSA QJJIEKTPOMAI'HUTHBIM
MMOJIEM CBEPXBbICOKOM YACTOTbI

Heabr padoTbl: OUECHUTH HWHTEHCUBHOCTh M CTENEHb OMACHOCTHU
AIIEKTPOMArHUTHOI'O M3JIy4YeHHUs], a TaK k€ 3P(HEKTUBHOCTh CPEJICTB 3aIlIUTHI OT
HETO.

OO0mmue cBegeHus

JKu3Hb JKMBBIX CYIIECTB Ha 3eMJie MPOXOIUT TMOJ HENPEPHIBHBIM
BO3JICUCTBUEM JJIEKTPOMATHUTHBIX moJed (OMII) paznu4yHOro 4acToTHOrO
qyana3oHa. JTO MOTYT OBITh TMOJS €CTECTBEHHOTO IMPOUCXOXKIACHUS:
AIEKTPUYECKOE U MATHUTHOE MO 3EMIIH, JIEKTPUUECKHUE TOJIsL, 00pa3yeMble B
ee atmocdepe, paguonsnydeHue CojiHIA U ranakTuk. KpoMme ecTecTBEHHBIX, B
HACTOSIIEEC BPEMsS CYIIECTBYET YPOBEHb MCKYCCTBEHHBIX OMII, co3paBaembix
AIEKTPUYECKUMH YCTAHOBKAMU M PAAUOTEXHUYECKUMHU CUCTEMAMM PA3JIMYHOTO
Ha3HAYEHUs, U YaCTO MPEBBIMIAIONINN IO €CTECTBEHHOTO IPOMCXOKIACHUS.
BrnugHue »>THX T1oNed Ha OpraHU3M YeJOBEKa MOXKET OBbITh BechbMa
3HaUMTENbHBIM. [Ipm 3TOM co3maercs yrpo3a €ro 340pOBBIO, CHUKAETCS
pabotocriocobHocTh. IllMpokoe pacnpocTpaHeHue NOIY4YWIM 32 IMOCJIEeIHEee
BpEMsI HUCTOYHHUKHM DJICKTPOMAarHUTHBIX TIOJIEM  CBEPXBBICOKOYACTOTHOIO
nuanaszona (CBY), B mepByto ouepenb - cotoBbie Tenedonsl (ctangaptel GSM-
900, GSM-1800) 1 mepcoHalbHbIE KOMITBIOTEPHI (TakTOBas yacTota Oosee 4
[Tu), mukpoBonHOBBIE Teun (yactota 2450 MI'm), a Takke JIOKAI[MOHHBIE,
HaBUTAIIMOHHBIE YCTAHOBKH, CUCTEMBI CBSI3H, PAJINO U TEJIEBEIIAHUS U APYTHE.

N3rorosnenne u skcrutyatannss CBY yCTpOMCTB M yCTaHOBOK CBSI3aHBI
c 0o0yiydyeHrueM OOCITyKUBAIOIIEro MEPCOHAa, a Takke U HaceyleHus. Ocolyto
OMACHOCTh TMPEACTABJISIIOT B 3TOM Clly4ae CTaHIMM MOOUJIBHON CBS3H,
PACIIOJIOKEHHBIE YAaCTO Ha KpbIIAX >KWIBIX 3JaHUM, a TAKXKE CaM COTOBBIN
tenedoH. Ilpu Beixonnoi mMomuoctu 100 — 200 MBT ero kopryc HaxoguTcs
BOJIM3U TOJIOBBI, & COOTBETCTBEHHO M MO3ra 4esnoBeka. OUeBHAHO, YTO MpPH
NPEBBIIEHNA  JOMYCTUMBIX  ypoBHeM CBY  wusnydeHus  BO3HMKAaeET
HEOOXOMMOCTD 3alUTHl OT €r0 BPEIHOTO BO3/AECHCTBHUS.

[Ipu Bo3aelcTBUM 3neKkTpoMarHUTHBIX mosneil CBY Ha xuBOil opranusm
paccMaTpHUBalOT TEIUIOBOE M HETEIuIoBoe BosueWcTBue. llpu  temioBoM
BO3JICHCTBUM B OHOJOTHYECKMX TKaHIX OOpa3ylOTCs TOKH CMEIIEHHS, 4TO
MIPUBOJIUT K BhIJICNICHUIO B HUX Teruia. Hanbonbmemy Bo3nericteuio CBY moseit
MOJIBEP)KEHBI OpraHbl 4YelloBeKa, O00JaJaloline HawiIydlled MOTJIONAoNIei
CIIOCOOHOCTBIO U HAMXYIIUM TEIUIO0TBOOM. Hanmpumep: CIMHHOM U TOJI0BHOM
MO3T, CEMEHHUKH, ria3a. [lo1 TensoBbIM MOPOroM MOHMMAETCS TAKOW YPOBEHb
m10THOCTH notoka 3Hepruu (I1I13), mpu KOTOpOM CHCTEMBI TEPMOPETYJISLUN
OpraHrh3Ma 4YeJIOBEKAa HE CIPABIAIOTCA C OTBOJAOM IMOIVIOIIAEMOr0 TeIlIa
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3JIEKTPOMATHUTHOTO OIS (B JAHHOM citydae 310 100 Br/m?).

[Tornomennas sHeprusa E Ha wacrorax cBeimie 300 MI'm 3aBuCHT OT
b (exkTUBHON TMOBEPXHOCTU Teia S, IUIOTHOCTH ToToka »Hepruu [1I13,
najaroled Ha 3Ty IMOBEPXHOCTb, PACCTOSHUSA I, MPOWUJIEHHOTO BOJHOW OT
MOBEPXHOCTH KOXU B IIyOb Tena, KodPUIMEHTa OTPa)KEHUS OT T'PAaHUILIbI CPell
(BO3MyX—KOXKa, KOXKa—KHpP, KOXKa—MBIIIIbI) y U MPHUOIMKEHHO OIMCHIBACTCS

=2r

coorHomennem E =1I119-S(1-y)te * (JIx), rae ¢ - BpeMs BO3AEHCTBHS; X
- TIIyOWHAa TIPOHUKHOBEHUS 10 ocjiabyieHus B e pas. [lockonbky addexTuBHAS
MOBEPXHOCTH TeJla ¥ KOA(D(MOUIIMEHT OTPAKEHUS CHIIBHO 3aBUCAT OT YaCTOTHI, TO
noryiomeHHas sHepruss CBY mons Takxke OyneT ONpeaensiTbCsl 4acTOTHBIM
nuarna3zoHoMm. Hanbombiee norsioiienne HabmoaaeTcs npu aivaax BoaH 10-30
cM (mo 100 %). OnHako, XOTS U MOTJIONICHUE YHEPTUM NPU IJIMHAX BOJH 30—
100 cm Heckonbko Menbine (30—40%), Bpea MOXKET ObITh HaHECEH OOJIBIIHA,
TaK KaK BO3JCHCTBHIO IOABEPrarOTCs B ATOM CIlydae BHYTPEHHUE OpraHbI
(cepaue, Jnerkue © T.JA.) BCIEACTBHE Oosee IIyOOKOr0 MMPOHUKHOBEHUS
W3JIyYEHUS B TEJIO YEIOBEKA.

BiusiHue Ha JKMBOM OpraHu3M 3JeKTpoMarHUTHbIx mnoneid CBY
OoOHapy>KMBaeTCsi U TIPU HUHTEHCHUBHOCTSX, HIKE TEIUIOBBIX IOPOTOB
(HeTerioBO€ BO3JACUCTBUE). [[muTenpbHOE W CHCTEMATUUYECKOE BO3JICUCTBHUE
noneit CBY Ha oOciyXuBaroluii MepcoHall U HAceJeHHE, JaXe C MaJlbIMU
WHTEHCUBHOCTSAMHM, MPUBOJIUT K (DYHKIIMOHATBHBIM U3MEHEHHUSM B OpPTaHHU3ME.
B pesynpraTe HapymarTCs paHee BbIpaOOTAaHHBIE YCIOBHBIE PEQIIEKCHI,
MU3MEHAETCS XapaKTep U HHTEHCUBHOCTH (DU3UOJIOTUUYECKUX, OMOIOTHYECKHUX
MPOIIECCOB B OPraHU3ME, HEPBHOU PETYISAIUUA CEPACYHOCOCYIUCTON CUCTEMBI U
T.4. Bcnencreue storo 3amemisiercss myabc (Opagukapausi), HOHMKAETCS
KpOBSIHOE J1aBJieHUE (TUIOTOHHUS), WM3MEHSETCS cocTaB KpoBH. Kpome Toro,
MOSIBIIIETCS rOJIOBHAS 007b, HapylaeTcs COH, MOBBIIIAETCS
pa3pakuTeNbHOCTh. [Ipu 00ayueHuu 11a3 BO3MOXKHA KaTapakTa (IIOMyTHEHUE
xpycraiiuka r1a3a). CreneHb BO3AECUCTBUS 3JIEKTPOMAarHUTHBIX mosned CBY
3aBUCUT OT WHTEHCUBHOCTU OOJYUYEHUS, €ro JUIMTEIbHOCTH, IUara30oHa 4acToT,
dbopmbl curHaia, pexuma oOJydeHHs (HENPEpPHIBHOTO, HWMITYJIBCHOTO),
kod(pduleHTa HaMpaBJICHHOTO JEWCTBUS M3IydaTess, pacCTOSHUS OT
HMCTOYHUKA U UHAUBUIYaTbHON YyYBCTBUTEIBHOCTH OpraHU3Ma.

OnekrpomarauTHoe nojie CBY nnanazoHa xapakTepu3yeTcsi MOITHOCTBIO
P, IJIOTHOCTBIO MOTOKA 3Hepruu /771D (BT/M®) M 4acTOTOi M3JIydeHHs WK
nnuHou BosiHbl. [t CBY moneit yactora usnydenus: coctapisier 300MI'm —
300ITy (nmuua BoxHbel 0,001-1m). IIIID wu3nyyeHus B 3aBUCHUMOCTH OT
pacctostHusl R (M) 10 oOiydaeMoro oObeKTa B BO3JyX€ B JaibHEH 30HE (IS
MaJbIX pa3MepoB aHTeHHBI R > A/ 2x, Tne A = ¢ / f - nnvuHa BOJTHBI B BO3YXE, C
= 300000 k™m/c - CKOPOCTh CBETA, f - YACTOTA) OMPEAEIAETCA Yepe3 MOITHOCTh
U3JIyYEHUs paguoTexHuyeckoro ycrporctsa P (BT) u ko3guumenT ycuneHus
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u3ayvamwomeid anresnsl G 11110

. = (11.1)

47 R?
N3mepsiemas I1I1D Ha paboueM mecTe Ha MPOU3BOJBHOM PACCTOSHUU OT

UCTOYHUKA u3nyuenus [1119,,, onpenensieTcs COOTHOIICHUEM

P
1, (M"B””j -0

— |=
cm nsS
2
rae Py - nokasaHus BaTTMETPA MOTJIONAEMON MOIIIHOCTH B MKBT;
N 2
S - 23ddhekTHBHAS TOBEPXHOCTH MTPUEMHON aHTCHHBI B CM

n - KIIJ1 npeoOpa3zoBatens (B 1aHHOH paboTe paBeH 1).

It mpenynpexaeHuss — 3a00JIeBaHWM — JIOJEH  OT  BO3JCHUCTBUS
ANIEKTPOMArHUTHBIX TOJIEH YCTAaHOBJIEHBI MPENEIbHO JOMYCTUMbIC 3HAYCHUS
I3 ({1113,,,) B TOCT 12.1.006—84, CanlluH 2.1.8./2.2.4.1383-03 u CaunlluH
1.2.3685-21. 11113,,, B8 CBY nuamna3zoHe OnpenensrT, UCXOAs W3 KATerOpUH
(rpynmel) moaeit. Tak npu OTCYTCTBUM 3aIIUTHBIX CPEJICTB BO BCEX CIydasiX OHa
HE JOJDKHA mpeBbimath 10 Br/m* st iepconana u 0,1 B1/m° JIJIs1 HaceJleHUs
IpU CKOJIb YrOJIHO MajoM BpeMeHu o0nyudenus. Kpome Toro, mpeneibHO
nomyctuMoe 3Hadenue I7713,,, yMeHbimaercss 10 1 B/M® 11s mepcoHana mpu
HaJJMYUU PEHTTEHOBCKOIO M3JIyYEHUS WM BBICOKOW TEMIIEpaTypbl BO31yXa B
pabounx nomernenusx (eoire 28°C).

[IpenenpHO JOMYCTUMOE 3HAYEHUE JHEPreTHYEeCKON IKCIO3UIHU

(ij PG

2
M

(11.2)

Bm o
930011 =2—uac (OTHOLUIEHWE SHEPTUU M3JIyYCHHs, MAJAOLIEHd HA SJIEMEHT
M

MMOBEPXHOCTH B TEUYCHHE MAHHOW JUIUTEILHOCTH BPEMEHH K IUIOMIATH 3TOTO
AJIEMEHTA) MO3BOJIIET ONPEACIIUTh BpeMs TpeObIBaHUs B 30HE 00ydeHus: 1 mpu

3aganHou [1110 Ha pabodyem mecte: 1 = D0,/ IIIID. (11.3)
Kpome Toro, I1113,,, Ha paboyeM MecTe B 3aBHCHMOCTH OT BPEMEHHU
29
_ oon

MOJKHO OINpEeNenuTs no popmyne 1110 o 7

3Hauenue /1113,,, He NOJKHO MPEBBIIATH BETMYUH YKA3aHHBIX BBIIIIE.

Hns coroBbix Tenedonos I1113,,, = 0,1 Bm / MZ, a ISl MUKPOBOJIHOBBIX
nieueit [1113,,,= 1 Bm /",

B 3amagnoit EBpone u CIIIA B xadecTBe AOMyCTUMOro mapamerpa Ijist
COTOBBIX Telle(POHOB HCHONB3YIOT KO3(pduimeHT panuo norjomeHus SAR,
KOTOPBIN JT0JKeH OBITh He Oosiee 2BT1/kr u 1,6 BT/KT, COOTBETCTBEHHO.

[Tpu necoorBercTBuM 3HaueHui [IIID TpeOoBaHMsIM HOPM, MPUMEHSIOT
CJIEAYIOIINE OCHOBHBIE MEPHI 3alIUThI OT Bo3AeicTBrUs CBY n3nyueHwii:

1) yMeHbIIIeHE BBIXOTHONW MOITHOCTH HWCTOYHUKA U3ITYYCHHUHN WK paboTy
Ha SKBUBAJICHT AaHTEHHBI;

2) 5KpaHUPOBAHWE UCTOYHUKA U3ITyYCHUS;

3) ynanenue pabodero Mecta OT HCTOYHHMKA HM3IYUYCHHS] WU yAalleHUE
HMCTOYHUKA OT pabovero Mecra;

HO BO BCEX CIIydasix
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4) orpaHuYeHrEe BpEeMEHHU NIPEObIBAaHUS B 30HE OOJyUYCHUS;

5) mpuMeHeHne UHANBUIYATbHBIX CPEACTB 3allUThI;

6) KOHTPOJIb YPOBHA U3JIyYEHHUI Ha paboueM MecTe.

B 3aBHCHMOCTH OT TUTIA UCTOYHHUKA WU3JIYYSHHS], €0 MOITHOCTHU, XapaKTepa
TEXHOJIOTUYECKOr0 MPOIEcca MOXKET ObITh NMPUMEHEH OJWH U3 YKa3aHHBIX
METOJIOB MJTH JTF00ast MX KOMOWHAIIHS.

O¢ddextuBapiM cpenctBoM 3anmmThl oT CBY  wm3mydeHuit  sBisercs
IPUMEHEHUE SKPAHUPYIOLIUX YCTPOWCTB OTPAKAIOIIETO WJIM MOTJIOLIAOIIErO
TUIIA, YCTAHABIMBAEMbIX Ha MyTH u3ny4deHus. Ctenenp ocnadnenus CBY momns
B CJIy4ae NPUMEHEHUS SKPAHOB ONPEIEISIETCS] COOTHOIIEHUEM

L(0F) =101g(17173/17]793 ),

rae [I19, - IO npu Hanuuuu 3kpana, a [111D — npu ero orcyTcTBUM.

@usnyeckas CYIHOCTb 3JIEKTPOMATHUTHOTO HKPAaHMPOBAHMUS, C TOYKHU
3pEHHSI TEOPUU DJIEKTPOMArHUTHOIO IOJISI, JJISl DKPAHOB OTPAKAOLIErO THUIIA
COCTOWUT B TOM, YTO IIOJ BO3JEHCTBUEM IOJII B MATEPHAIE DKPAHA HABOMITCS
TOKH, MOJsI KOTOPBIX BO BHEUIHEM MPOCTPAHCTBE MO BEJIMYMHE OJIM3KH, a IO
HAIIpaBJICHUIO [POTUBOIIOJIOKHBI JKpaHHpyeMOMy Ioio. B pesynbrare
IIPOUCXOJNUT B3aUMHasi KOMIIEHCALMs INOJIEH. OKpPaHHUPYIOIIME YCTPONCTBA
BBINIOJIHAIOTCA B BUJE CIUIOLIHBIX HJIM CETYATBIX 3a3€MJICHHBIX JKpPAHOB,
U3TOTOBJICHHBIX U3 MEJH, JIATYHH, AIFOMUHUS U APYTUX MaTEepUaaoB. Y POBEHb
ocnabnenuss CBY 531eKTpOMArHUTHOrO H3JIyYEHUS TMPU  HCIOJIb30BaHUU
CIUIOIIHBIX YKPAHOB MOYKET COCTABIIATh BENUUUHY nopsaka S50 nb.

3alIMTHBIE CBOMCTBA CETYATBIX JKPAHOB 3aBUCAT OT pa3Mepa S4YEEeK U
TOJIIMHBI KCMOJB3yEMOM I €r0 HM3rOTOBJIEHUS IPOBOJIOKM. UeM MeHbIle
pa3Mepsl SYEUKU CETKH 10 OTHOIIEHUIO K JIUJIMHE BOJHBI M3JIyYECHUS, TEM BBIIIE
3¢ ()EKTUBHOCTh 3KpaHHpOBaHUA. Tak, HampuMep, HCIONb30BAHUE JIATYHHOU
CETKH C KOJIM4ecTBOM siueek 9x9 Ha 1 cm” obecreunBaet 3aTyxanue 48 1b B 3-x
CAaHTUMETPOBOM JIMAINIA30HE JJIMH BOJIH.

B »sKkpaHax mMOMIOIIAIOMIErO0 THUMA HPOUCXOAUT  MpeoOpa3oBaHUe
AJIEKTPOMAarHUTHOW JHEPrUM B TEIUIOBYO. B Takux dKpaHax MIHUPOKO
OPUMEHSIOTCS MaTepuainbl Ha OcHOBe Tpadurta. Hawmmyumyro 3amwury
00ecreunBalOT SKPaHbl, COCTOSIINE U3 MOTJIOUIAIOLIET0 U OTPAXKAIOIIETO CJIOEB.

HN3MepeHne ypOBHA 3J1€KTPOMATHUTHOI'0 M3JIyYeHHsI, CO31aBaeMOr0 Ha
padodyeM MecTe IKCIIEPUMEHTAIBHON YCTAaHOBKOI

YcioBusi nposeaeHus JadoparopHoi padorst Ne 11 (aya. 106)

biiok-cxema ycTaHOBKM Mg NpoBeAcHUs u3MepeHuid ypoBHer CBY
M3JIyYEHUS U DKPAaHUPYIOIIMX CBOMCTB MaTEpUasoB IpeAcTaBieHa Ha puc.11.1.

CBY curnan reneparopa ['4-82 -1 depe3 arreHroatop -2 (perynsTop
ypoBHst CBY curnana), momnajgaeT Ha BOJHOBOAHBIN nepekmtouarens (BII) -3, ¢
BBIX0/Ia KOTOPOTO B MOJIOKEHUU «a» MPOXOAUT HA U3IYYalOU[yl0 aHTeHHY -4 U
Janee 4yepe3 NMPUEMHYI0 aHTEHHY -5 MOMaJaeT Ha JETEKTOPHYIO CEKLHIO -6 U
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MUKpOaMIIEpMETP -7, MPOKATUOPOBAHHBIN B €IMHUIIAX MOIIHOCTH (MKBT).

a)
1 2 3 6
0)
8 7
10 9

Puc. 11.1. biaok-cxema ycTaHOBKH.

B nonoxenun «6» CBY konebanus ¢ BII (3) mpoxoasar Ha cekuuio -8, B
KOTOPYIO TOMEIIEH HWCCIEAYEMBIA MaTepual ¢ JSKPAHUPYIOIIUMU WIIH
MOMJIOIIAIOIIMMY  CBOMCTBAMU M JlaJie€ HAa JETEKTOPHYK CEKIHUI0 -9,
MOJKJIIOYCHHYI0 K MWIIMBOJbTMETPY B7-27 -10, mo3BOJAIOIIEMYy HU3MEPUTH
ypoBeHb CBY kosnebanuii ¢ SKpaHUPYIOMINM MaTepraaoM U 0€3 Hero.

Iopsnok BbINOJIHeHHS J1abopaTopHOoil padorsl Ne 11 (aya. 106)

1. Usmepenue ypoBHs CBY wusiyyenmii F, B 3aBHCHMOCTH OT

paccrosinusi 10 ucrounuka (BII - B moJio:xkenun ”’a”):

a) exmrouums CBY reneparop ['4-82 u nate nporperbest npudopy 5 MUH;
Yactora CBY curnana reneparopa ['4-82 ycranosinena (1o mkaine) 7500 MI 1.

0) ycmanoeumpsp BenuuvHy 3aTyxaHus Ha arteHroatope 0 nb.

Ilepemewsana TpUEMHYIO AaHTEHHY OTHOCHUTENBHO mepenatoumed (ot
IJIOCKOCTH pynopa nepeoaroujeti A0 MIOCKOCTH PyNopa npuemMHou aHTEHHbI),
M3MEpUTH M0 mKane mukpoammepmerpa CBY momntHocTs P, B 4-X — 5-TH TOUKax
corjacHo BapuaHTy 3amgaHusi (cm.tabn.11.1). TlomydenHele 1O MIKaye
MHKpOaMIepMeTpa 3HA4YCHUsS HeoOxoauMo yMHOkaTh Ha 10. Bo Bpems
U3MEPEeHU cledumsp 3a TEM, 4YTOOBI HaIpaBlICHUE TMPUEMHON aHTEHHBI
COBIIAJIAJI0 C HAIIPABJIEHUEM MaKCHUMaIbHO U3MEPSIEMOTO CUTHAJA.

Ecnu  sosnuxaem npesviuienue YpOoBHA USMEPAEMO20 CUSHANA CEEPX
MAKCUMATILHO20 3HAYEHUsl WKAIbl MUKPOAMNEPMEmpa, HeoOX00UMO Y8eOOMUMb
00 smom npenooasamens.

2.3mepenune Ha 3agaHHOM paccrosinuu R 3aBucumoctu IIIID Ha
paboyeM MecTe OT U3/1y4aeMoil MOIUHOCTH [, :

a) ycmanoeums Ha arteHioarope (2) 3aryxanue B Onb, a anTeHHy - Ha
paccrosinue R, ykazaHHOe B 3ajaHUU;
0) yeenuuugasn 3aTyxaHWe aTTECHIOATOPA, CHAMB 3aBUCUMOCTH YpPOBHS
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CBY mommHOCTH, aHAJIOTUYHO 1.1, OT TOoKa3aHui arTeHroatopa (B Toukax 0ab,
3nb, 6ab, 10n1b u 13xab). Ilocie u3MepeHUM yCTaHOBUTH Ha aTTEHIOATOPE
3atyxanue B 01b.

3. U3MepeHue IKPAHUPYIOIMX CBOMCTB MAaTEPHUAJIOB:

a) Brawuums munnuBoiabtMeTp B7-27, yemanosums BII B 1ojio)KeHUE
“0” m wu3Meputh ypoBeHb CBY curHajia mpu OTCYTCTBUM SKPAHHPYIOLIUX
MarepuasioB Uy no MmwumBoiabT™MeTpY B7-27, nuamazon u3MepeHus KOTOPOro
yCTaHOBJIEH B noyioxkeHun 100mB.

Ecnu yposenv CBY cuenana npusooum K nepezcpyske MUITUBOIbIMMEMPA
(nepuoouuecxku 3azopaemcs oOykea «ll»), Heobxooumo esecmu samyxauue c
HOMOWbIO aMmMeHI0amopa U Npoeecmu 8ce UsMepeHus npu OaHHOM 3amyXaHuu
(6enuyuna 3amyxanus He 81usem Ha C80UCMEA IKPAHUPYIOWUX MAMePUanos);

0) ycmanoeumb TIOCIAEAOBATEIBHO B CEKUHUIO & DJKpaHUPYIOLIWE
MaTepHuabl (CETOYKU U3 JIATYHU C PA3IMYHBIMU pa3MepamMu ssueku: 1mMm, 5 mm,
10MM, U rpadMTHPOBAHHBIIA TeTHHAKC) U BBHINOJHUTH HU3MEPEHHE YPOBHS
CBUY curnana Uj npy HaTMYUU SKPAHUPYIOIINX MATEPHUAIIOB;

B) yopams oO0pasell >KpaHUpyIOlIero martepuana U BeIKIOYMTE CBY
reHEpPaToOp YU MUJTUBOJILTMETP.

4. O0pad0TKa IKCIIEPUMEHTAJIbHBIX Pe3yJIbTATOB.

Paccuutate [1I13 CBY n3nydenus B 3aBUCUMOCTH OT paccTosiHud (m.1) mo
dopmyite (11.2) mpu S,p54= 25 cM” 1 BpeMst 6e30macHoro IpeGbIBAHMS (SCITH OHO
He TMpeBblaeT 24 yaca) s Kak10ro pacctosaus mo ¢popmye (11.3).

Paccuurare [II1D wm3nydeHus aHaMOTMYHO M.l IPU pas3iIMYHBIX YPOBHEU
MOITHOCTH M3JIy4aeMoro curtana Puzn. Y4uTsiBas, 4TO HadalbHas MOIIHOCTH
U3JIy4eHUs TMpu 3aryxaHuu arreHioaropa L  =01b, Pus,ﬂo =12 mBT,

da MOIIHOCTb H3JIy4a€MOI'O CHUT'HaJla IIpU BBCACHHOM 3aTyXaHHUHU PMS‘]Z, MOXHO

u3ﬂ0
Pus

Honyctumoe Bpemsi TmpeOblBaHMs B 30HE OOdyueHus (dac). mOpu
u3mepennoit II19 na padbouem mecte, onpenensiercs no Gopmyse (11.3).

Jns pacyera Oe3omacHoro paccrosiHag npu uzmepeHHou [II1D  mis
paboyero JAHS pa3IMYHOM MPOJOKUTETBHOCTH MOYHO  IOJb30BaThCS
COOTHOILIEHHEM, MOTyYeHHBIM U3 (opmydsl (11.1) u cootHomenuem (11.3):

R6e3 =R Zggum ()
oon . (11.4)

paccuuTaTh 1o popmye L(dB ) =10lg METOJOM MOTECHIIUPOBAHUS.

A Takke onpenenutsh 3PHEKTUBHOCTH SKPAHUPOBAHUS 110 (HOpMYIIe

Y%
L=201g— (ub). (11.5)
U
[ToctpouTts rpaduku 3aBucumocterd II11I3(R) u 11113, (P,.,).
Takxke TMNpPOBECTH  CPABHUTENIBHBIA  aHAJIW3  3AlIUTHBIX  CBOWCTB
HCCIIEYEMbIX MAaTEPUAIIOB.
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Taomuna 11.1

Bapuanrtsl 3axanuii 1adopatopHoii padorsl Ne 11 (aya. 106)

Ne PaccTosiHusi OT IJIOCKOCTH PaccTrosinue oT IJIOCKOCTH
3aIaHUA | TMepeJarined aHTEHHbI, CM nepeaawel AaAHTEHHbI, CM
no 1.1 1o m.2
1 4,9, 15, 20, 25 5
2 3,6,12, 18,21 7
3 5,10, 15, 20, 25 4
4 4,8, 16, 22,28 6

Ilpumep pacdyera napameTpoB padouero mecra B aya. 106

1. HW3mepenuss mnokazaiu, 4Yro Ha pacctosHun 0,4M MOIIHOCTH
AIIEKTPOMAarHUTHOM BOJIHBI ¢ JiuHOM 3,2cM coctaBuina 800MkBT. Tpebyercs
ONMPENENNUTh PACCTOSSTHUE OT MCTOYHUKA H3IY4YEHHUS, HAa KOTOPOM MOKET
pabotath HacTpormuk CBY anmaparypsl 0e3 yuiepOa aJist 310pOBbsl B TCUCHHE
84. mpu 3aJaHHBIX Mapamerpax aHteHHbl. Onpeaenum [IIID Ha 3amanHOM

800 B B
paccrosauu 0,.4m 111195, = 55 = 3 2P 0,32—’? .
M

=
M

Onpenenum  nonyctumyto IIIID mo  jgomycTuMol  SHEPreTHYECKOM
Harpy3ke, YYuThIBas JJIUTEILHOCTh pabodeil CMeHbI 84.

2x10° B B
M3 0, = =25—=025—.
Cornacuo ¢opmyie (11.5) aist Ree, momyuaem 0,452m.

AOTL ™ 4104 cm2

PacuerHoe 3a1aHue HA J1a00PaATOPHYIO PpadoTy

IIpu HEBO3MOKHOCTH NPOBECTH H3MepPeHHMs] HEOOXOIUMO, HUCIOJIb3YS
3HaueHus u3 TaOm.11.2, a Tak XKe HCHONB3ys NPHUBEIACHHBIC B OIHCAHHUH
COOTHOIIIeHMsI, TpoBecTH pacueT [IIID Ha pabodyem MmecTe, Ha PACCTOSHHUH
0,25m, 0,5M, 0,7m, 1M, 1,5M 1o uH3MepeHHON MOIIHOCTH Ha 3aJlaHHOM
PacCTOSIHUM COIJIACHO BApUAHTY 3aJaHUsl. A TaKXe€ ONPENETUTh 3aTyXaHUE
L(nb), co3maBaemoe 3kpaHoM Jiisg obecricueHus: 0€30MacHBIX YCIOBUN paOOThI
nepcoHajga TpU 3aJaHHOM JJIUTENIBHOCTH paboyero BpPEMEHHM B CIydasx
IpeBbILICHUs AomycTUMBbIX 3HaueHui [111D nns nepconana. [loctpouts rpaduk
3aucumocTu I[1TID(R).

Ta6muma 11.2
BapuanTsl 3a1aHuil 1a00paTOpHON padoThI

Ne HN3mepennas 3aganHoe Bpemsi paGouero nus,
BAPHAHTA MOIIHOCTH Py, MKBT paccTosiHue, M qac

1 1000 0,8 8

2 1200 0,6 7

3 800 0,4 8

4 1500 0,7 6

5 2000 0,9 8
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Bonpocsl 1j11 caMOKOHTPOJISA

1. Kakumu xapakrtepuctukamu onucbiBaeTcss CBY snekTpoMarHutHoe
n3ydyeHue?

2. OT 4ero 3aBUCUT CTEIEHb BO3JEHUCTBUS AnekTpomMarHutHoro CBY
W3ITy4YeHUs?

3. KakoBel ocobenHocTn Bo3AeicTBHUs 3nekTpomarHuTHoro CBU
U3ITyYEHHs] IPU MTOPOTe BBIIIE TEMIOBOr0?

4. Ha xakue cucTteMbl OpraHM3Ma 4eJ0BEKa BO3ACHCTBYET U3IyUEHUE MIPU
NOpOre HUKE TeII0Boro? KakoBbl pe3ysibTaThl 3TOTO BO3ACHCTBUSA?

5. B KakuX HOpPMATHBHBIX TIOKYMEHTaX MPUBEACHBI IOMYCTUMbIC YPOBHU
AIEKTPOMArHUTHBIX U3Ty4CHUMN?

6. OT 4yero 3aBUCHUT JAOMYCTUMBIM ypOBEHb 3JieKTpoMmarmuTHoro CBY
m3nyueHusa? Kakosa ero BeauyuHa?

7. OT uero 3aBUCHUT ypOBEHb U3IyUeHUs Ha paboueM MecTe?

8. Kakue uMeroTcs 3allluTHBIE MEPBI OT BO3JIEUCTBUS 3JIEKTPOMArHUTHBIX
U3IIy4eHUun?

9. Yto Takoe 3aryxanue B 3 1b?

10. Kakue ObIBaIOT 3alIUTHBIC SKPAHBI MO IPUHITUITY IEUCTBUS?

11. KakoBbl TpeOOBaHHS K 3alllUTHBIM SKpaHaM OTPAXKAIOIIETO THIIA,
BBITIOJTHEHHBIM B BUJIE CETKU?

12. KakoBbl 0COOEHHOCTH IKCILTyaTallud MOOMIIbHBIX TeJle(OHOB?
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Padora Ne 12

NU3MEPEHUME YPOBHA JIEKTPOMATI'HUTHOTI'O 1OJIA,
CO3JABAEMOI'O CBY ITIEYBIO

Ieabr padoThbl: OIEHUTHP HWHTCHCUBHOCTh M CTENEHb OINACHOCTHU
AJIEKTPOMATrHUTHOTO M3JIY4YEHUs, a TaK k€ d3(OPEKTUBHOCTh CPEACTB 3aAIIUTHI OT
HETO.

OO0mmue cBegeHus

JKu3Hb JKMBBIX CYIIECTB Ha 3eMJie MPOXOJUT TMOJI HENPEPHIBHBIM
BO3JICHCTBUEM 3JIEKTPOMATHUTHBIX moJsied (OMII) pa3nuuHOro 4acTOTHOTO
auana3oHa. JTO MOTYT OBITb TOJS E€CTECTBEHHOTO IMPOUCXOKICHUS:
AIEKTPUUECKOE U MATHUTHOE TMOJISI 3EMITH, DJIEKTPUUECKHE T0JIst, 00pazyeMble B
ee atmocdepe, paguonsnydenue ColHIAa U ralakTuK. KpoMe ecTecTBEHHBIX, B
HACTOSIIEEe BPEMSI CYHIECTBYET YPOBEHb MCKycCTBEHHbIX OMII, co3nmaBaembix
ANEKTPUYECKUMHU YCTAHOBKAMU U PAIMOTEXHUUYECKUMH CHUCTEMAMHU Pa3JIMYHOIO
Ha3HAYEHUs, U YacCTO MPEBBIIIAIONIUN IO €CTECTBEHHOTO MPOUCXOKICHUS.
Bnusnue »STHX ToNe Ha OpraHU3M YeJOBEKa MOXET OBITh BechbMa
3HAUUTENbHBIM. [Ipu 3TOM co3maercss yrpo3a €ro 3J0pOBbIO, CHHUMXKAETCA
paborocniocobHocTh. lllMpokoe pacnpocTpaHeHHE MONYYWIM 3a MOCIEAHEe
BpeMsl HUCTOYHUKH  DJIGKTPOMArHUTHBIX TIOJIEM  CBEPXBBICOKOUYACTOTHOIO
nuamnazona (CBY), B nepByto ouepenb - coToBbie Tenedonsl (ctangaptel GSM-
900, GSM-1800) 1 mepcoHalIbHbIE KOMIBIOTEPHI (TakTOBasg 4acTora Ooiiee 4
['Tu), mukpoBoiaHOBBIE Teun (yactota 2450 MI'm), a Takke JIOKAI[MOHHBIE,
HaBUTAIIMOHHBIE YCTAHOBKU, CUCTEMBI CBSI3H, PAJINO U TEJEBEIIAHUS U APYTHE.

N3rorosnenne u skciutyatanuss CBY ycTpoiCTB M yCTaHOBOK CBSI3aHBI
c oOmyueHneM OOCITY)KMBAIOIIETO MepCcoHana, a Takke u Hacenenus. Ocolyto
OMMACHOCTh TMPEACTABJISIIOT B OTOM CIIy4ae€ CTAHIMM MOOWJIBHOM CBSI3H,
PACIIOJIOKEHHBIE YAacTO Ha KpbIIaxX >KWIbIX 3[aHUM, a TaKXKE CaM COTOBBIM
tenedoH. [lpu Beixomuoit mommuoctu 100 — 200 MBT ero kopryc HaxomauTcs
BOJIM3U TOJIOBBI, & COOTBETCTBEHHO M MoO3ra 4YesnoBeka. OUYeBHIHO, YTO TIPH
NpEBBIIEHUA  JOMyCcTUMbIX  ypoBHed CBY  u3mydyeHuss  BO3HHMKaET
HEO0OXOIMMOCTh 3alIUTHI OT €T0 BPEAHOTO BO3/ICHCTBUSI.

[Ipn Bo3mencTBUM AneKTpoMarHUTHBIX noset CBY Ha KnBOW OpraHusm
paccMaTpUBalOT TEMJIOBOE U HETEeIuIoBoe Bo3xaeicTBue. Ilpu  TemmoBom
BO3JICMCTBUM B OHMOJOIMYECKUX TKaHSIX OOpa3yrTCSd TOKHA CMEIIECHHUS, YTO
MIPUBOJIUT K BhIJCJTICHUIO B HUX Teryia. HanbonsmeMy Bo3aeiicteuro CBY mnosneit
MOJIBEP’KEHbI OpraHbl 4YelioBeKa, OOJaJarolIvue HauWiIyylledl MOTJIoMaroen
CIIOCOOHOCTHIO U HAUXYIIIIMM TEIUIO0TBOIOM. Hanpumep: CIMHHOM ¥ TOJTOBHOM
MO3T, CEMEHHUKH, ria3a. [lo TensoBbIM MOPOTroM MOHUMAETCSI TAKOW YPOBEHb
mwioTHOCTH motoka 3Heprun (I11D), mpu KOTOPOM CUCTEMBI TEPMOPETYISIIUN
OpraHvM3Ma 4YeJIOBEKa HE€ CIPaBIAIOTCA C OTBOJOM IMOIVIOLIAEMOro Teria
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3JIEKTPOMATHUTHOTO OIS (B JAHHOM citydae 310 100 Br/m?).

[Tornomennas sHeprusa E Ha wyacrorax ceime 300 MI'1p 3aBUCHUT OT
b (exkTUBHON TMOBEPXHOCTU Teia S, IUIOTHOCTH ToToka »Hepruu [1I13,
MaJalieil Ha 3Ty IOBEPXHOCTb, PACCTOSHUS I, MPOUJAEHHOTO BOJHOW OT
MOBEPXHOCTH KOXU B IIyOb Tena, KodPUIMEHTa OTPa)KEHUS OT T'PAaHUILIbI CPell
(BO3MyX—KOXKa, KOXKa—KHpP, KOXKa—MBIIIIbI) y U MPHUOIMKEHHO OIMCHIBACTCS

=2r

coorHomennem E =1I119-S(1-y)te * (Jx), rae ¢ - BpeMs BO3AEHCTBHS; X
- TmyOMHA MPOHUKHOBEHHUA 0 OciabieHus B e pa3. [lockonbky addexkTuBHas
MOBEPXHOCTH TeJla ¥ KOA(D(MOUIIMEHT OTPAKEHUS CHIIBHO 3aBUCAT OT YaCTOTHI, TO
noryiomeHHas sHepruss CBY mons Takxke OyneT ONpeaensiTbCsl 4acTOTHBIM
nuanazoHoM. HanGompinee moromieHue HabmogaeTcs npu jmHax BoH 10-30
cM (mo 100 %). OnHako, XOTS U MOIJIOLIEHWE PHEPTUU MPHU JTTMHAX BOJH 30—
100 cm Heckonbko Menbine (30—40%), Bpea MOXKET ObITh HaHECEH OOJIBIIHA,
TaK KaK BO3JCHCTBHIO IOABEPrarOTCs B ATOM CIlydae BHYTPEHHUE OpraHbI
(cepaue, nerkue W T.JA.) BcIeAcCTBUE Oosiee TIIyOOKOrO0 MPOHUKHOBEHUS
W3JIyYEHUS B TEJIO YEJIOBEKa.

BiusiHue Ha JKMBOM OpraHu3M 3JeKTpoMarHUTHbIx mnoneid CBY
OoOHapy>KMBaeTCsi U TIPU HUHTEHCHUBHOCTSX, HIKE TEIUIOBBIX IOPOTOB
(HeTeroBOE BO3JACUCTBUE). JlmuTenpbHOE W CHUCTEMAaTUYECKOE BO3JECHCTBHE
noneit CBY Ha oOciyXuBaroluii MepcoHall U HAceJeHHE, JaXe C MaJlbIMU
WHTEHCUBHOCTSAMHM, MPUBOJIUT K (DYHKIIMOHATBHBIM U3MEHEHHUSM B OpPTaHHU3ME.
B pesynpraTe HapymarTCs paHee BbIpaOOTAaHHBIE YCIOBHBIE PEQIIEKCHI,
MU3MEHSETCS XapaKTep U HHTEHCUBHOCTb (DU3UOJOTUYECKUX, OMOIOTUUYECKUX
MIPOLIECCOB B OPTaHU3ME, HEPBHOM PEryJsLUU CEPACYHOCOCYIUCTOM CUCTEMBI U
T.4. Bcnencreue storo 3amemisiercss myabc (Opagukapausi), HOHMKAETCS
KpOBSIHOE J1aBJieHUE (TUIOTOHHUS), WM3MEHSETCS cocTaB KpoBH. Kpome Toro,
MOSIBIIIETCS rOJIOBHAS 007b, HapylaeTcs COH, MOBBIIIAETCS
pasipaXuTeNbHOCTh. [Ipu 00yueHun 11a3 BO3MOXKHA KaTapakTa (MIOMyTHEHHUE
xpycraiiuka r1a3a). CreneHb BO3AECUCTBUS 3JIEKTPOMAarHUTHBIX mosned CBY
3aBUCUT OT WHTEHCUBHOCTU OOJYUYEHUS, €ro JUIMTEIbHOCTH, IUara30oHa 4acToT,
dbopmbl curHama, pexuma oOdydeHHUs (HENMPEpHIBHOTO, HMITYJIBCHOTO),
ko3 duiieHTa HaANpaBICHHOIO JEWCTBHS UW3JIydaTess, pacCTOSHHUS OT
HMCTOYHUKA U UHAUBUIYaTbHON YyYBCTBUTEIBHOCTH OpraHU3Ma.

OnekrpomarauTHoe nojie CBY nnanazoHa xapakTepu3yeTcsi MOITHOCTBIO
P, IJIOTHOCTBIO MOTOKA 3Hepruu /771D (BT/M®) M 4acTOTOi M3JIydeHHs WK
nnuHou BosiHbl. [ CBY moneit yactora usnydenus: coctabisier 300MI'm —
300ITy (nmuua BoxHbel 0,001-1m). IIIID wu3nyyeHus B 3aBUCHUMOCTH OT
pacctostHusl R (M) 10 oOiydaeMoro oObeKTa B BO3JyX€ B JaibHEH 30HE (IS
MaJbIX pa3MepoB aHTeHHBI R > A/ 2x, tie A = ¢ / f - nnvuHa BOJTHBI B BO3YXE, C
= 300000 k™m/c - CKOPOCTh CBETA, f - YACTOTA) OMPEAEIAETCA Yepe3 MOITHOCTh
U3JIyYEHUs paguoTexHuyeckoro ycrporctsa P (BT) u ko3guumenT ycuneHus
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u3jyvyamoumei antedusl G 77710
U3

Bm PG
E_zjz . (11.1)
M 47 R

N3mepsiemas T1I1D Ha paboueM MecTe Ha MPOU3BOJIBLHOM PACCTOSIHUM OT
UCTOYHUKA u3nyuenus [1119,,, onpenensieTrcs COOTHOIICHUEM

nnaum(m’im): fo |
cm 775
opep
riae Py - mokaszaHusi BATTMETpa MOTJI0IIaeMO MOIIIHOCTH B MKBT;

S>¢p¢p - 2pdhexTuBHAST TOBEPXHOCTH IPUEMHON aHTCHHBI B oM,

n - KI1J1 nmpeoGpa3zoBartens (B 1aHHOI paboTe paBeH 1).

Jlnst  mpenynpexaeHuss — 3a00JIeBaHWM — JIIOJEH  OT  BO3JCUCTBHS
AIIEKTPOMArHUTHBIX TMOJIed YCTaHOBJICHBI MPEEIbHO JOMYCTUMbIC 3HAUCHUS
I3 (I1113,,,) 8 TOCT 12.1.006—84, CanlluH 2.1.8./2.2.4.1383-03 u CanlluH
1.2.3685-21. I1113,,, B8 CBY nuamna3oHe ONpeaeisroT, UCXOAs W3 KaTeropuu
(rpynmbl) moaei. Tak nmpu OTCYTCTBUHU 3aIIUTHBIX CPEJICTB BO BCEX CIydasX OHA
HE JO0JDKHA TpeBblmath 10 Br/Mm nist mepconanna u 0,1 Br/m JIJIS. HaceJeHUs
P CKOJIb YTIOJIHO MajJoM BpeMeHH oOaydeHus. Kpome Toro, mpenenbHO
nonyctumoe 3Hadenue [1113,,, ymeHbiaercs ao 1 Br/M® s NepcoHalIa MpHU
HaJIMYUU PEHTTEHOBCKOIO WM3JIYYEHUS WJIM BBICOKOW TeMIIepaTyphbl BO3lyXa B
pabounx nomerienusix (oime 28°C).

[IpenensbHO JOMYCTUMOE 3HAUYCHHE JHEPreTHYECKON IKCIO3UIHU

(11.2)

99()011

IIOBCPXHOCTU B TCUCHHC IIaHHOﬁ MJIIUTCIIBHOCTH BPCMCHHU K IIIOIIAJH 3TOIO
BJIGMGHTa) IMO3BOJIACT OIIPCACIUTD BPCM:A HpG6BIBaHI/UI B 30HC 06Hy‘IeHI/I$I T IIpu

Bm o
:27%0 (OTHOIIIGHWE SHEPTUU H3IY4YEHHUs], MaJarolield Ha SJIEMEHT

3amanHo [1110 na padouem mecte: 1 = 30,/ IIID. (11.3)
Kpome Toro, 11113,,, Ha paboyeM MecTe B 3aBUCUMOCTH OT BPEMEHU
20
MO>KHO OMPEAEIUTH 1o hopmysie e, don % , HO BO BCEX clIy4asx

sHauenue [1113,,, He TOJDKHO MPEBBIIATH BETUYNH YKa3aHHBIX BBIIIIE.

Hns coroBeix tenedonoB I1113,,, = 0,1 Bm / M, a s MMKPOBOJIHOBBIX
neueit IT1119,,, = 1 Bm / m’.

B 3anagnoit EBporie u CIIIA B kadecTBe IOMyCTUMOIrO Napamerpa s
COTOBBIX Telle()OHOB HCHONB3YIOT Kod(duiment pamuo moriomenus SAR,
KOTOPBIN JT0JKEH OBITh He 0os1ee 2BT1/kr u 1,6 BT/KT, COOTBETCTBEHHO.

[Ipu HecoorBercTBUM 3HaueHuid [IIID TpeOoBaHMSIM HOPM, MPUMEHSIOT
CJIEYIOIINE OCHOBHBIE MEPHI 3alUTHI OT Bo3aeucTBUs CBY uznyuenuii:

1) yMeHbIIIEeHEe BBIXOIHONH MOITHOCTH HWCTOYHHKA WU3ITYYCHHH WM paboTy
Ha DKBHBAJICHT aHTCHHEI;

2) SKpaHUPOBAHUE UCTOYHUKA M3TYUCHUS;

3) ynanenue pabodero MecTta OT HUCTOYHHKA W3JIYyYCHUS WA YJaJcHUE
WCTOYHHKA OT paboyero Mecra;

4) orpaHnyYeHre BpEMEHHU NTPEObIBaHUS B 30HE OOTYUCHHUS;
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5) npuMeHeHue UHANBUIYATbHBIX CPEACTB 3allUThI;

6) KOHTPOJIb YPOBHSA U3JIyYCHHUI Ha paboueM MecTe.

B 3aBHCcHMOCTH OT TUIAa UCTOYHHMKA U3IIyYEHHS], €r0 MOLTHOCTH, XapaKrepa
TEXHOJIOTUYECKOr0 MPOIEcca MOXKET ObITh NMPUMEHEH OJUH U3 YKa3aHHBIX
METOJIOB WM JTr00asd nX KOMOMHAIIHA.

O¢ddextuBapiM cpenctBoM 3ammTel oT CBY  wmsmydeHuit  sBisercs
MPUMEHEHUE SKPAHUPYIONUX YCTPOUCTB OTPAKAIOIIETO WIIM TIOTJIOMIAOIIETO
THUIIa, YCTAHABIMBAEMBIX Ha NyTH U3nydeHus. Crenenp ocnabnenuss CBY nosns
B CJIy4ae MPUMEHEHUS SKPAHOB OMPEEISIETCS COOTHOIICHUEM

L(05)=101g(11113/ 1113, ),

rae [I19, - IO npu Hanuuuu 3kpana, a [111D — npu ero orcyTcTBUM.

@usnyeckas CYIIHOCTb JJEKTPOMATHUTHOIO JKPAaHMPOBAHMSA, C TOYKHU
3pEHHS] TEOPUU DJIEKTPOMATHUTHOIO IOJISL, JJISl DKPAHOB OTPAKAOLIErO THUIIA
COCTOMUT B TOM, YTO IIOJ BO3ZAECHCTBUEM IOJII B MATEPHAIE DKPAHA HABOMITCS
TOKH, TOJISI KOTOPBIX BO BHEIIHEM IPOCTPAHCTBE MO BEJIWYUHE OJIU3KH, a IO
HAIIpaBJICHUIO IPOTUBOIIOJIOXKHBI JKpaHHUpyeMOoMy Ioito. B pesynbrare
IIPOUCXOJNUT B3aUMHasi KOMIIEHCALMs INOJIEH. OKpPaHHUPYIOIIME YCTPOMCTBA
BBIIIOJIHAIOTCA B BUJE CIUIOLIHBIX HJIM CETYATBIX 3a3€MJICHHBIX JKpPAHOB,
U3TOTOBJICHHBIX U3 MEJH, JIATYHH, AIFOMUHUS U JAPYTUX MaTEpUaIoB. Y POBEHb
ocnabnenuss CBY 531eKTpOMArHUTHOTO M3JIY4YEHHUS TPU  HCHOJIb30BAHUU
CIUIOLIHBIX PKPAHOB MOKET COCTABJIITh BENMYHUHY nopsaaka 50ab.

3alIMTHBIE CBOMCTBA CETYATBIX JKPAHOB 3aBUCAT OT pa3Mepa S4YEEeK U
TOJIIWHBl HCIOJIB3yEMOM I €r0 W3rOTOBJIEHUS IIPOBOJIOKM. YeM MeEHbIe
pa3Mepsl SYEUKU CETKH 10 OTHOIICHUIO K JIJIMHE BOJIHBI M3JIyYEHUS, TEM BBIIIE
3¢ ()EeKTUBHOCTh 3KpaHHpOBaHUA. Tak, HampuMep, HCIOIb30BAHUE JIATYHHOU
CETKH C KOJIMYECTBOM stueek 9x9 Ha lcm” obecreunBaet 3aTyxanue 4816 B 3-x
CAaHTUMETPOBOM JIMAINA30HE JJIMH BOJIH.

B 9KpaHax TOrJoMIAKOIMIEr0 TUMA MPOUCXOAUT  MpPeoOpa3oBaHUE
AJIEKTPOMAarHUTHOW HJHEPrUM B TEIUIOBYXO. B Takux dSKpaHax MIHUPOKO
OPUMEHSIOTCS MaTepuainbl Ha OcHOBe Tpadpurta. Hawmnmyumyro 3amury
00ecreunBarOT SKPaHbl, COCTOSIINE U3 MOTJIOLIAIONIET0 U OTPAXAIOIIETO CJIOEB.

YcaoBus nposeneHus jJadoparopHoi padorel Ne 12 (aya. 104)

Crena nns npoBeaeHust uamMmepenuili ypoas CBY u3inydeHus: COCTOUT H3:
-UCMOYHUKA U3/ly4eHus — MUKPOBOJIHOBasI medb (dactoTa uzmydeHus 2450
MI 11, MakcuMasnbHas BbIXoiHast MOIHOCTH 750 BT);

- KOOpOUHaAmMHO20  ycmpoicmea,  TO3BOJSIOUIETO  PETUCTPUPOBATH
nepemenienre aaryuka CBY curnana (comep’XuT MOITYBOJIHOBOM BUOpATOp U
CBY auon) B mpoCTPaHCTBE;

- usmepumensn CBY cuznana - Mmuxkpoamnepmerpa (B AajibHeieM npudop),
npokanOpoBaHHoro B eaunuiax [I13.

KoopannaTHoe yCTpOMCTBO BBIIIOIHEHO B BUE IJIAHIIETA HA IOBEPXHOCTH
CTOJIa, HA KOTOPBI HaHECEHAa KOOPIAWHATHAS CETKa.
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B CBY neun B KauecTBe Harpy3Ku UCIOJIb3YIOTCS KEPAMUYECKHUE TUTUTKH.

Ha cronemHuie MMErTCs THE3Aa M YCTAHOBKH CMEHHBIX 3AUAUMHBIX
9KPAHO08, BHINIOJIHEHHBIX U3 CIEIYIOIINX MATEPUAJIOB:

- CETKa U3 OLIMHKOBAHHOM cTanu ¢ siueiikamu 50 Mm;

- CETKa U3 OLIMHKOBAHHOM cTa ¢ stueiikamu 10 mMm;

- JIUCT AJIFOMUHUEBBIN; TOJUCTUPOJ; pE3HHA.

[Ipu BbIMOTHEHMM J1a0OPATOPHOM PAOOTHI MOJKHBI OBITH BBINOJHEHBI
clieayromue TpeboBanus 0€30MacHOCTH:

1. K pabote nomyckarTcs CTYIEHThI, O3HAaKOMJIEHHBIE C YCTPOMCTBOM
7a00paTOPHOTO CTEHJA, NMPUHLHUIIOM JIEUCTBHS U MEpaMH O€30IacHOCTH IpPH
IIPOBEACHNN U3MEPEHUN.

2. 3ampemniaercs pabotatb ¢ OTKpbITOM ABepieit CBY neuwn.

3. 3ampemniaercsi caMmOCTOSTENBHO PETryJINPOBATh, PEMOHTUPOBATH MAHEIb
yIPAaBJICHHUS, IBEPb WM KaKHe-IU00 JIpyrue 4acTH MeUHu.

4. lomxHO OBITH BBINOJIHEHO 3alllMTHOE 3a3eMieHue (3aHyieHue) CBY
NeYyu B JIaOOPATOPHH.

5. He nomyckaeTtcst BKIIOYEHHE U paboTa euu 0e3 HarpysKu.

6. CBY neub npeaHa3zHadeHa TOJIBKO I POBEACHUS JaHHOU PabOTHI.

IHopsizok BeIMOIHEHMsI J1abopaTopHOH padoThl Ne 12 (aya. 104)

1. BriroyeHue MHKPOBOJHOBOM IEeYH.

Jlnst BeIOOpa HEOOXOIMMOM MOLIHOCTH CJHEAYyeT Ha TMaHEIu YIpaBICHUS
neyn Haxatb kHonky «CBY». Ha tabno BeicBeTuTcs 750BT.

Jlanee, HaxxuMmas IOCJIENOBAaTE€IbHO HAa 3Ty KHOINKY, YCTaHOBUTh
TpeOyeMyr0 3aJaHMEM MOIIHOCTb. 3aTeM, Ha IIAHEJIM YCTAaHOBKHM BpPEMEHU
3a7aTh BpeMsl pabOThl MUKPOBOJIHOBOM IeuH, T.€. BpeMsl U3MEPEHHUs, HaXKUMast

KHOIIKY Zi/[ﬂ (pexoMeHIyeMoe BpeMs He GoJiee 2-X MUHYT).
MUH

[Tocne ycTaHOBKHM BpEMEHU HaKaTh KHORKY «CTapT».

[Io wucreuennn 3amanHoro BpeMenn CBY mneus  BBIKIIIOYAETCs
aBTOMATHYECKHU.

Ecnu 3a BbICTaBI€HHOE BpEMsI HE YAAETCA MPOBECTU BECH LIMKJI U3MEPEHUN
HE00XOMMO MTOBTOPUTH BHIIIICONMUCAHHYIO MPOIEAYPY.

Ecau Bo Bpemsi u3mepenuit HeoOxoaumMo octaHoBUTH padoty CBY meun,
cinenyet Haxath KHonKy «CTOIDy.

2. U3mepenne yposusa CBY usiyuyeHni B 3aBUCMMOCTH OT PaCCTOSTHUS
10 UCTOYHHUKA.

VYcranoButh aHTeHHY wu3zmepumena CBY curnana Ha TpeOyemyro
BapuaHToM 3ananHus (Tabmuma 12.1) ormetrky 1o ocu Y u mo ocu X
KOOPAMHATHOM ceTKU. BbicoTy Z He M3MEeHATh!

Bxntounts neur CBY u mpoBectu 1mo mpuOOpy HECKOJIBKO H3MEPEHHI
ypoBHs CBY wn3iydueHus, 3MEHssl PaCCTOSHHUE OT €YU JO AHTEHHBI COTJIACHO
BapuaHTy 3aaanus (Tadmuma 12.1).
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Taomuma 12.1
BapuanTsl 3ananuii 1adopaTopHoi padorsl Ne 12

Ne MomHocTh PacnoJsio:xxenune Pacnono:xxenue | Pacnmosoxkenue Paccrosinme
Bap. Br AHTEeHHBI AHTEeHHBI AHTEHHBI AHTEHHBI OT
mo ocu X, cM mo ocu Y, ¢cM no ocu Z,cm 9KPAaHOB B CM
1 300 5,10,20,25,30,40 0 15 5
2 300 5,10,15,20,30,40 +15 15 5
3 300 5,10,15,20,30,40 - 15 15 4
4 180 5,10,20,25,30,40 +10 15 3
5 180 5,10,15,20,25,35 - 10 15 3

[Tpu mpoBeneHUN HM3MEPEHUIN BO3MOXHBI KOJIEOAHUsS CTPENIKM MpUOOpa B
IIUPOKKUX TMpeJeNnax, CBsI3aHHbIE ¢ 0coOeHHOCThI0 paboTel CBY reneparopa
MUKPOBOJHOBOW ME€YH (B UMITYJBCHOM PEKUME).

B  kauecTBe  W3MEpSEMBIX ~ BEIMYMH  PEKOMEHAYETCS  BBIOMpPATH
MaKCUMaJIbHbIE MTOKa3aHUs TpruOopa uzmepumes.

[Ipumeuanue. [ns ganpHeimux pacuéroB III1D HeoOxonumo mokas3aHUs
MHKpoamiepmerpa (MkBT/eM?) nmepeBomuts B Br/m”.

3HaK “MHHYC’ O3HA4aeT CMELICHHWE AaHTEHHBI MO0 OCU Y 6HpaA6o, 3HAK
“INIIOC” - CMEIIECHHUE 6/1€60 OTHOCUTEIIBHO HAIIPaBIEHUS K MHUKPOBOJIHOBOMW
neyd. IIpu wu3MepeHMM CBOWCTB 3alIUTHBIX SKPAaHOB AaHTEHHA JIOJDKHA
HAXOAUTCS Ha BBICOTE, YKa3aHHOH B 1. «PacnosoxxeHue no ocu Z» (IIOCTOSHHO).

3. U3mMepeHue CBOICTB 3allIUTHBIX IKPAHOB.

[TomecTuTh aHTEHHY Ha yKa3aHHOM B 3ajianuu (Tabmuia 12.1) paccTostHUM
rnaBHoii ocu ot meun CBY. 3adukcupoBarh mnokazanus mpubdopa. anee
MIOOYEPETHO CTPOrO BEPTUKAIBHO BCTABUTH B HANPABIISIOIIAE 3alUTHBIC
9KpaHbl U U3MEPUTH 1O TpUOOPY ypoBeHb CBY u3nyueHus.

4. U3mepeHue yPOBHS 3JIEKTPOMATHUTHOI0 U3JIy4YeHUS 0T MOOHMJILHOIO
TesaedoHa.

[TomecTuTh MOOUIIbHBIN TENEPOH HAa PACCTOSIHUM NPUOIU3UTENBHO 1 ¢M OT
aHTEHHbl U WU3MEPUTH C TMOMOIIBIO MPUOOpa YPOBEHb HU3IYUYEHHS] B PEKUME
BbI30Ba a0OHEHTA.

OKCIIEpUMEHTAIbHBIE JTaHHBIE MO MYHKTaM 2 — 4 3aHECTH B IPOTOKOII
U TpoBecTH UX 00paboTky. [lns pacuera 3()PEKTUBHOCTH SKpAHUPOBAHUSA
UCITOJIB30BaTh COOTHOIIICHHE

L=101g2 (gB),
inel

€]

rae [1119, - nokazanus npudopa 6e3 skpana, a I11195 - ¢ IKpaHOM.

Ha ocHOBaHWM TIOJIYYCHHBIX 3HAYCHWW IUIOTHOCTH IIOTOKA SHEPTHH
paccuyuTaTh BpeMs O€30IMaCHOTO MPEOBIBAHKMS Ha PA3IMYHBIX PACCTOSHUSX OT
CBUY neun (T=2/ITI19,;,,, 4ac), a Takxke Oe3omacHoe paccrosinue oT CBY neun
(Rse3), HA KOTOpPOM obecrieurBaeTcsi Oe3omacHas paboTa B TedeHue paboyero
JTHST 0€3 TPUMEHEHUS 3alIUTHBIX CPEICTB.
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OH[!CZ!GJII/ITB BpeMs 0€301acHOT0 MOJIL30BAHNS MOOMILHBIM TCJ'IC(bOHOM.
Taxxe ITPOBCCTHU CpaBHI/ITeHLHHﬁ aHaJIn3 3allIUTHBIX CBOMCTB
HCCIICAYCMbBIX MAaTCPHUAJIOB.

PacuerHoe 3a1aHMe HA J1a00PATOPHYIO PadoOTy

IIpn HeBO3MOKHOCTH NMPOBECTH H3MepeHUsi HEOOXOAUMO, UCIOJb3Ys
3HaueHud u3 Tabn. 12.2, a Tak e MCHOJIb3yd IPUBEICHHBIE B OIHMCAHHUH
cooTHouIeHus, mpoBectu pacuer [I[1D wa paboyem MmecTe, Ha PACCTOSHHUH
0,25m, 0,5M, 0,7m, 1M, 1,5M 1O W3MEpEHHOM MOIIHOCTH Ha 33JlAHHOM
PACCTOSIHUM COTJIACHO BAapUaHTy 3aJaHus. A TakXKe OINpEeAeNIUTh 3aTyXaHHe
L(nb), coznaBaemoe skpaHoM i oOecrieueHus: 6€30MacHbIX YCIOBHM pabOThI
NEepCOHANIa NpPH 33JaHHOM JJIUTENBHOCTH padOyYero BpPEMEHH B Clydasx
IpeBbIIIEHNs A0ITycTUMbIX 3HaueHui 1113 mst nepconana. [loctpouts rpaguk
3aBucumoctu [1T19(R). Ta6numa 12.2

BapuanTsl 3a1aHuil 1a00paTOpHON padoThI

Ne H3mepennast MOIHOCTH 3aganHoe Bpems paGouero aus,
BAPHUAHTA Py, MkBT PACCTOSIHHE, M qac

1 1000 0,8 8

2 1200 0,6 7

3 800 0,4 8

4 1500 0,7 6

5 2000 0,9 8

Bomnpocs! 1J11 cCaMOKOHTPOJISE

1. Kakumu xapakrepuctukamu onwmcsiBactcss CBY anexkrpoMarHutHOe
u3iryyeHue?

2. OT d4ero 3aBUCUT CTEIEHb BO3IAEHMCTBUSA 3yeKkTpomarHutHoro CBY
U3IIy4eHus?

3. KakoBbel ocobOeHHOCTH BO3neWcTBUsS dnekTpomarnutHoro CBY
W3JIyYEHHsI IPU [TOPOTe BBILIE TEMIOBOr0?

4. Ha xakue cucTteMbl OpraHM3Ma 4eJI0BEKa BO3JAEHCTBYET U3IyUYEHHE NIPU
NIOpOre HUKE TEII0BOro? KakoBsl pe3ysbTaThl 3TOrO BO3AECUCTBUSA?

5. B Kakux HOpPMAaTUBHBIX TOKYMEHTax MPUBEIEHBI JOIYCTUMBIE YPOBHU
AIIEKTPOMArHUTHBIX U3ITy4YECHHI?

6. OT yero 3aBUCHUT AOMYCTUMBIM ypoOBEHb 3JjiekTpoMarmuTHoro CBY
n3iyyeHus? Kakosa ero BennunHa’?

7. OT 4ero 3aBUCUT ypOBEHb U3JIyUeHUs Ha pabouem mecte?

8. Kakue nMeroTcs 3alMTHbIE MEPBI OT BO3JIEUCTBUSI AJIEKTPOMATrHUTHBIX
W3JIyYEHUN?

9. YUto Takoe 3aryxanue B 31b?

10. Kakue ObIBatOT 3aLIUTHBIE SKPAHbI MO MPUHIUITY 1EUCTBUS?

11. KakoBbl TpeOOBaHMsS K 3alIUTHBIM JKpaHaM OTPAXKAIOIIETO THIIA,
BBIIIOJIHEHHBIM B BHJIE CETKH?

12. KakoBbl 0COOEHHOCTH IKCIUTyaTallii MOOMIIBHBIX Tesle(hOHOB?
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Pabdora Ne 13

JIABEPHOE U3JIYYEHHUE U 3ALIUTA OT HET'O

Heap pabdoThl: O3HAKOMHUTH CTYACHTOB C ONAcHBIMU (haKTopamu
Ja3€pHOr0 U3IYyYEHUS U METOAaMH 3alIUThl OT HUX.

Oo01ue cBeaeHua

OnThueckue KBAaHTOBBIE T'€HEPATOPBI—IA3€pPbl SBISAIOTCS HCTOYHUKAMU
MOIITHOTO MOHOXPOMATHYECKOTO M3IY4EHHMs BHAMMOIO, HHPPAKPACHOTO
U YJIbTpaHONETOBOTO AMAINa30HOB. BCiencTBUE CBOMX YHUKAJIbHBIX CBOICTB
OHM HAllUIM IIMPOKOE TPUMEHEHHE B BOEHHOM TEXHUKE, METaJUIypruu,
MUKPO3JIEKTPOHUKE, MEIULNHE, cUCTEMax CBSI3H, rojorpaduu,
BBIYMCIINTEIILHOM TEXHUKE, B MCCIECIOBAHHUH IO TEPMOSIAEPHOMY CHHTE3Y
U MHOTUX Jpyrux obnactsax. Jlazepbl HENpepbIBHO COBEPIIEHCTBYIOTCS.
[losiBnsieTcss HOBBIE 00JIACTH MX MPUMEHEHUW, BO3PACTAET KOJIMYECTBO JIUII,
3aHATBIX OOCTYKMBAHUEM JIa3€PHBIX YCTAHOBOK U, CIE€I0BATEIHLHO, HEOOX0IUMO
YUYHUTHIBATH BOSHUKAIOIIHNE B 3TOM CIIy4ae OMACHOCTH.

OcHoBHBIE XaAPaAKTEPUCTUKH JAZEPHOI0 U3JTYUCHUSA

JlazepHoe wm3JIyuyeHHe SIBISECTCS  AJCKTPOMArHUTHBIM — U3JIyYEHUEM
¢ gmuHOM BomHB 0,2...100 MKM. DTOT aMama3oH MOXET ObITh pa3Out
B COOTBETCTBUU C OMOJIOTUYECKUM JIEHCTBUEM Ha psifl 001acTel crekTpa:

1-i quanazon - ot 180 1mo 380 M - ynbTpaduonaeToBas 00JIaCTh;

2-#1 nuama3oH - oT 380 1o 1400 HM - BuguMas u OMbKHSS MH(PpaKpacHas
o0acTy;

3-i1 nuamasoH - ot 1400 1o 10° HM - nanbHAsS HHpPAKpACcHas 00IACTb.

C sHepreTryecKol TOYKHM 3pPEHHUS JIA3€PHOE U3IIYUEHUE XapaKTepU3yeTCs
CJIEAYIOIIMMU MapaMeTPaMHu:

* SHEPreTUYECKo 00yuyeHHOCThIO (OCBelleHHOCThI0) E, ompenensiemoit
KaK OTHOIIEHWE MOTOKa M3JIy4eHUs, MaJarollero Ha paccMaTpUBaeMblid Mablid
y4aCTOK MOBEPXHOCTH, K IUIOMIAX 3TON IMTOBEPXHOCTH, BT/CMz;

* 3HEPreTUYECKOM JKcro3uuuen H, omnpenenseMold Kak OTHOLIEHHE
SHEPIUM U3JIy4YE€HUs, MaJalolieil Ha pacCMaTpUBAEMBbIl y4acTOK MOBEPXHOCTH,
K IUIOIIAJX 3TOU MOBEPXHOCTH, I[)K/CMz. DHEPreTUYECKYI0 IKCIIO3UIIUI0 MOMXKHO
OTIPE/ICIIATh TAKKE KAK IPOU3BEICHNE SHEPIETHIECKOM OCBEIEHHOCTH B BT/cM
Ha JJIUTEILHOCTh O0JIyYeHUS B CEK.

JlazepHoe  wuwznmydeHue  00J1alaeT  BBICOKOM  MOHOXPOMATHYHOCTHIO
U KOTEPEHTHOCTBIO, a TaKkKe MaJIod PACXOJUMOCTBIO Jiyda. DTO TO3BOJISET
MoJy4yaTh HCKJIIOYUTEIBHO BBICOKME YPOBHHM  KOHIIGHTpAIlMd  JHEPTUH
B JIA3€PHOM JIy4€e: IUNIOTHOCTh YHEPTUU JI0 1012)1>1</cM2 Y IUIOTHOCTh MOUIHOCTH
10 10°Brt /eM”. Tlo BUIYy U3/TydeHHs a3epHOE U3TydeHHE ASTHTCS Ha:

a) KOJUIMMUPOBaHHOE (MPSIMOE U 3€pKaJIbHO OTPAKEHHOE) Ja3epHOE
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U3ITy4YeHHE - U3ITyUeHHUE, 3aKITF0YCHHOE B OTPAaHUYCHHOM TEJIECHOM YTJIE;

0) 3epKaJIbHO OTPAKEHHOE JIa3ePHOE M3IIYUCHUE - H3ITyUYCHHE, OTPAKECHHOE
OT TTOBEPXHOCTH TIOJ] YTJIOM, PaBHBIM YTITy MaJCHUS U3TyICHHS,

B) paccessHHOE JIa3epHOEe U3ITyUeHUE -H3ITyICHHE, PACCESTHHOE OT BEIIECTBA,
HaXOJISIIEroCs B COCTaBE CPEIbl, CKBO3b KOTOPYIO MPOXOIUT U3ITYICHHE;

r) 1uQy3HO OTpaKEHHOE Ja3epPHOE U3IYUYCHHUE - U3ITYUCHHE, OTPAKEHHOE
OT MTOBEPXHOCTH IO BCEBO3MOKHBIM HAIMPABJICHUSM B MPEEIax MoIychephl.

Jlazep MoxeT paboTaTh Kak B HMITYJIbCHOM  pEXHME, TakK
U B HemnpephiBHOM. HemnpepbIBHBIM J1a3epHBIM  H3JIYYCHUEM  SIBIISICTCS
U3ITydCHHUE, CYIICCTBYIOIEE B JIO00M MOMEHT BpEeMEHH HaOIOICHMS,
a MMIYJbCHBIM — W3Jy4€HHE, CYIIECTBYIOIIEC B OTPAaHWMYCHHOM HWHTEPBAJIC
BPEMCHH, MEHBIIIM BpEMEHHU HAOIOCHHS.

BosaeiicTBue JIa3epHOro M3JIy4YE€HHUA HA YeJI0BeKa

[Tpu »sKcIuTyaTalMy Ja3epHbIX YCTAaHOBOK OOCIYKMBAIOIIMA TEepcoHal
MOJKET TMOJBEPraTbCsi BO3ACUCTBHUIO OOJIBIIOrO YHCIA ONACHBIX M BPEAHBIX
(bakTopoB.

Bce T pakTopsl opa3aenstoTcs Ha: OCHOGHblE U CONYMCM8youjue.

K 0CHOBHBIM OTHOCATCS COOCTBEHHO MOHOXPOMAaTHYECKOE KOI'€pEHTHOE
Ja3epHOE U MAPA3UTHOE U3ITyYECHHS (OTPAKEHHOE U PACCESIHHOE).

K comyrerByrommM - (akTopbl, KOTOpbI€ BO3HHMKAIOT Ha JIa3€PHBIX
ydacTKax MpU SKCIUTyaTallMH JIa3epoOB U APYroro oOOpYyIOBaHMsS, TAKHE Kak
IIyM, BUOpaluy, 3JEKTPOMArHUTHBIE U MOHU3HUPYIOLUIUE W3IyYEHHS, HAJIU4HE
BBICOKMX HAIPSOKEHHWW, a TaKKe Hajauyue BpenHbIX BemlecTB. [lox BiausHuEM
TUX (PAKTOPOB MOXKET MPOUCXOJIUTh HApYyUIEHHE (PYHKIMOHUPOBAHUS, Kak
OTJEJIbHBIX OPTraHOB YEJIOBEKA, TAK U BCErO OPraHU3Ma B LIEJIOM.

HauGonbmyro omacHocts JIM mpeacraBisier miis OpPraHoB 3peHUS.
[TpakTuecku Ha BceX JJIMHAX BOJH BHYTpPh IJla3a CBOOOJHO MPOHHUKAET
JasepHoe usnydeHue. Jlydnm cBera, Nmpexiae 4eM JOCTUTHYTh CETYaTKH IJIa3a,
IIPOXOJAT MOCIEA0BATEIBHO YEPE3 HECKOIBKO MPEIOMIISIOIINX CPE: POTOBHUILY,
XPYCTAJIMK M, HAKOHELl, CTEKJIOBUAHOE Teno. IIpu paccMoTpeHuu BO31ENCTBUSA
Ja3€pHOTO MU3IY4YEHHUs] Ha OpraH 3peHusT HEOoOXOJUMO OTIENbHO pa3dupaTh
JNEWCTBUE H3Iy4YeHHsT B wuHTepBaie JnuH BoJaH 0.4-1,4MKM W BHE 3TOro
WHTEpBAJIA, TJ€ OINTHYECKUE CpEelNbl IJIa3a SBISAIOTCA HENPO3PAYHBIMH.
OO6nyueHHocTh, co3naBaemas JIM Ha ceruaTke, BCIEACTBUE (POKYCHPYIOLIETO
NENCTBUS XpyCTajduKa (MMeeT BUJ ABOSIKOBBITYKJIOW JIMH3bI) B JIECSTKU U COTHH
THICSY pa3 MOXET OBbITh BBIIIE, HEXKENU OOJIYYEHHOCTh, CO3JaBacMasl Ha
pOTOBHMIIE U APYIUX YacTsAX riasa. Kpome Toro, ciemyer yuyuTbhBaTh, YTO IJIa3
YesI0BeKa aJanTUPOBaH K BUAMMOMY JHAIla30HY CBETOBOIO IOTOKA W SABIIAECTCS
Oonee 4YYBCTBUTENBHBIM B JIaHHOM ciyyae K BO3JeHCTBUIO cBera. Kak
MOKa3bIBACT AHAJIU3, BEIMUMHA OOTYYEHHOCTH Ha ceTYaTKe OYyIeT OmpenesThCs
MOIIHOCTBIO JIM, ero anepTypoil U yriioM pacxOJUMOCTH, & TAKXKE THUAMETPOM
3pauka. /[nurenpHoe 00ydyeHHEe CEeTYAaTKU B BUIMMOM JMara3oHEe Ha YPOBHSIX,
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HE HAMHOT'O MEHBIIUX MOpOra 0>K0ra, MOXKET BbI3bIBATh B HEWl HeoOpaTHMbIe
u3MeHeHusi.  [loBpexxJeHne  ceTyaTKu  00S3aT€NIbHO  COMPOBOXKIAETCS
HapyiieHueM (QpyHkiuu 3peHus. KiieTku ceTyatku, Kak U KJIETKU LEHTPaTbHOU
HEPBHOW CHCTEMBI, OCIIE TIOBPEKACHUS HE BOCCTAHABIIMBAIOTCS.

B yabTpadmosieroBom amanazoHe JIM okaspiBaeT HaumOoJIbIIEe
BO3JICMCTBHE HA POTOBUILY, KOTOpas SABJISAETCA HEMPO3PAYHOU ISl ONITHYECKOTO
U3ITyYEHHUsI TaHHBIX JUIMH BOJIH U norjomaet A0 80% Bcell SHEpruu U3ITy4eHHUS.

B undpaxkpacHom auanazone JIMI moxxeT HaHecTM Bpex pOroBuLE, a
TaK)Xe PagyKHOI 000JI0UKE U XPYCTAIIUKY.

IlepBol JMHWEW 3alIMTBl OpPraHUM3Ma 4YeJoBeKa OT mnoBpexacHus JIN
SBIISICTCS. KOXKA, KOTOpas NPEACTaBIsSIET COOOM BaXHBIA (PU3UOIOTUYECKU
aKTUBHBIA OpraH, OOIIMpPHBIE TOBPEKICHUS KOTOPOro MOTYT MPHUBECTH K
rubenu opranusma. CrerneHb MOBPEXKICHUS KOXKM 3aBHCHT OT IOTJIONICHHOW
HEPrUM, a CaMU TIOBPEXKIECHUS MOTyT OBITh pa3jIMYHBIMHU: OT JIETKOTO
NOKpAacHEHUs1 (3pUTeMBbl) 10 00yrinBaHusa. MUHUMaIbHOE TOBPEKACHUE KOXKH
obpazyercs mpu Bo3zaedcTBuu JIM ¢ sHepreTtmyeckoi skcmosummeinn 0,1—
17lx/cM® (B 3aBHCHMOCTH OT CTEHCHH MUIMEHTAIMH KOXH M JUTHTEIbHOCTH
Bo3eiicTBus). Haubosnbiee 6uonornueckoe BO3JIEHCTBUE HA KOXKY OKa3bIBaeT
JIN ¢ pnuaamu BomH 0,28-0,32MkM. Ilpym anuTenbHOM WM UHTEHCUBHOM
OoOJydyeHHH B KOXE€ MOryT BO3HUKATh 3JIOKAYECTBEHHBIE O0Opa30BaHMUs,
IIPOUCXOJIUTH €€ CTAPECHUE.

JIN nanbHeid MH(ppPaAKpacHOH 00J1aCTH CHEKTPa CIOCOOHO MPOHUKATH
yepe3 TKaHU Tella U B3aUMOJEHCTBOBATh C OMOJOTMYECKUMHU CTPYKTypamu Ha
3HAUUTEIBHON TNyOHMHE, Tmopaxas BHyTpeHHHEe opraHbsl. HaunOonbiryro
OMAaCHOCTh I BHYTPEHHUX OPraHOB IpeJcTaBisieT cdokycupoBanHoe JIN.
OnHako cieayeT YyYuThIBaTh, YTO U HE C(HOKYCHPOBAHHOE M3IIYyUEHHE MOXKET
doxycupoBaThcsl B Ti1yOuHe Tena yenoBeka. Kpome Toro, cienyer yuyuThIBaTh
BO3JICCTBHE YIapHOW BOJIHBI, BOSHHUKAIOIIEH MPU pabOTE MOIIHBIX JIa3€pOB B
UMITYJIbCHOM pexuMe. CTeneHb NOBPEKIECHUS B 3HAYUTEIBHOW CTENECHM
OTIPENENSAETCS] SHEPreTUUECKOM OOJyYEeHHOCThIO M LIBETOM OKpAacKd Oprasa.
[Tedens sABIsETCS OHUM U3 HanboJee ysI3BUMbIX OpraHoOB.

B wnenom, JIM oka3piBaeT HEOIAronmpHsITHOE BO3ACHCTBHE HA OpPraHU3M
yenoBeka. HaOmronaronyecs naToiornueckue U3MEHEHUsT IPOSBIISIIOTCS. B BUAE
(yHKUHMOHAJIBHBIX PACCTPOMCTB LEHTPAILHON HEPBHOM CHUCTEMBI, HApYILIEHUS
CEPACYHOCOCYAUCTON PETYyJSILUU, YTO TNPOSBISAETCA B HEYCTOMYMBOCTH
apTEpUAIIBHOTO JABJICHUS, 3aMEIJICHUIO IyJIbCA, MOBBIIMICHHON MOTIMBOCTH. Y
OMEepaTOpOB  JIA3€pHBIX YCTAHOBOK HWHOTJA HAOMIOAAIOT  MOBBIIICHHYIO
pa3IpaXnUTEIBHOCTh, YTOMIISIEMOCTbD IJ1a3 U BCero opranusMa. Mimerorcs nanneie
00 M3MEHEHMHM COCTaBa KpOBH (YMEHBIIEHHHM OJPUTPOLUTOB, JEUKOLUTOB,
remMoryiobnHa u T1.71.). Bce 3T0 cBUAETENBCTBYET O TOM, UTO Y HUX BO3HUKAIOT
U3MEHEHHUsI KaK [MaTOJIOTUYECKOTO XapakTepa, OOYCIIOBJICHHBIE TEIUIOBBIM
JEHCTBUEM M3IIyY€HHUs, TaK U (PYHKIIMOHAIBHOIO, OOYCIIOBIEHHbBIE CKPBITHIMU
ounonornyeckumu dhPexramu.
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Kaaccuduxanus 1a3epoB no cTeneHu ONacHOCTH

Omnpenenenue Kiacca Jja3epa OCHOBAaHO Ha CPAaBHEHHUHU €r0 BBIXOAHOM
SHEprur (MOUIHOCTH) U AOMYCTUMBIX mpenenoB uznydenus (HIIA) cormacHo
['OCT P 50723-94 unu npenenabno gomyctumoro yposHsi (IIJ1Y) cornmacho
CanlluH 5804-91, CanlluH 1.2.3685-21, a Ttakxe ['OCT IEC 60825-1, npu
OJTHOKPAaTHOM BO3/EICTBUM T'€HEpUpyeMoro usiaydyeHus. Ilox ogHOKpaTHBIM
BO3JICMCTBUEM JIA3€PHOTO M3JIYyYCHHS MOHMMAETCA CIy4alHOE BO3ICHCTBHE C
JUTATEIIbHOCTHIO, HE MPEBBIIAONIIEH 3 10%cex.

Ilon IIY npu oonokpamnom e6o030eticmeuu TIOHUMAETCS YPOBEHBb
U3IIy4€HHs, TPH KOTOPOM CYIIECTBYET HE3HAYUTENIbHAs BEPOSITHOCTD
BO3HMKHOBEHHUSI OOpaTUMBIX OTKJIOHEHWH B opraHuszme paodoramommx. A 1]V
npU  XPOHUYECKOM B030elicmeuu - YPOBEHb W3IIyYeHHS, MPU BO3JIEUCTBUU
KOTOpOro mpu  paboTe YCTAaHOBIEHHOW TMPOJODKUTEIBHOCTH B TEUYECHUE
TPYJIOBOTO CTa)a HE BOZHUKAET OTKJIOHEHNUH B COCTOSIHUU 3/I0POBbS B IIPOLIECCE
paboOThl WM B OTHAJCHHBIE CPOKM KU3HU HACTOALIETO M TMOCIEAYIOLINX
ITOKOJICHUH.

[Io crenenn onacHoctu Jnazepel cormacHo ['OCT  P50723-94,
«CaHHTapHBIM HOpMaM W TpaBUJIaM YCTPOMCTBA M SKCIUIyaTalluu JIA3€POB»
No 5804-91, CaunlluH 1.2.3685-21 noapa3nensatorcs Ha uemuvlpe Kiacca.

l-i1 kimacc - BBIXOAHOE KOJUIMMUPOBAHHOE W3JIYYECHHE HE MPEICTABIISIET
OMACHOCTU JJId TIJa3 W KOXH, T.. Ja3epHble Wu3Aenus O0e30macHbl Mpu
IPEANosaraeéMblX YCIOBHUSAX SKCIUTyaTallUu;

2-ii KJ1acc - BBIXOJIHOE M3NMydyeHHe (B auamna3oHe JuH BojgH oT 400
10 700HM) mpencTaBiseT OMAaCHOCTh MPU OOJYYEHUH TIJ1a3 KOJUIMMUPOBAHHBIM
OyYykoM. 3alMra IJla3 T[IOMUMO H3JIOKEHHBIX HUXKeE, 00ecrneynBaeTCs
€CTECTBEHHBIMU PEAKITUSIMU, BKIIIOUas peiiekc MUTaHus;

3-ii Kmacc - BBIXOJHOE W3Jy4YEHUE IMPEACTABISET ONACHOCTh IIPH
OoONydyeHHUH TJIa3 KOJUIMMHUPOBAHHBIM, a Takke IudPy3HO OTpakeHHBIM
U3JIlydyeHrueM Ha pacctossHuu 10cM OT oTpakarollel MOBEpXHOCTH, U (WJIH) MpU
O0Jy4YeHUH KOXXHM KOJUIMMHUPOBAHHBIM H3JydeHUEM. JIOTOIHUTETHFHO MOXKHO
OTMETHTh, uTO KJjlacc 3 corjlacHo I'OCT pgemmrcs Ha nBa kiacca: 3A u 3B.
HenocpencreenHoe HaO0IeHUE MTyYKa, UCITYCKAEMOTO JIA3€PHBIMU U3/1EIUIMU
Kjacca 3A C MOMOMIbIO ONTUYECKUX HHCTPYMEHTOB, MOXKET OBITh ONACHBIM.
HenocpencreeHHoe HaOMIOACHUE K€ J1a3€pHOI0 U3JIyYeHHUs u3aenuil kiacca 3B
BCEr/ia OMacHo;

4-1 KJacC - BBIXOAHOE W3JIYYEHHE MPEACTABISIET OMNACHOCTh IpHU
o0sydeHun KOXHU Tu(Py3HO OTpaKeHHBIM M3ydeHHueM Ha pacctosHuu 10 cm
OT OTPAXKAIOIIEH IMOBEPXHOCTU. Takue na3zepHble W3IENUs CO3JAI0T ONAacHOE
paccessHHOE U3Ty4YEHUE.

Knaccudukaius nazepoB B JaHHOW pabOTe€ MPOBOAUTCS IO BHIXOIHBIM
XapakTepUCTUKaM U3NydeHus: pacueTHbiM MeTonoM coriacHo ['OCT P50723 —
94, B cooTBeTrcTBUM C TaOi.7.1, e IpHUBEACHBI pACYETHBIC COOTHOIICHUS NSt
ONpENENECHNUS JOIMYCTUMOTO IMpeAesia H3IY4YeHUs B CIIydae HENpPEPbIBHOTIO
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JA3E€pHOTO HW3JIy4YeHUs BuAMMOro auana3zoHa. IIpu stom JIM oTtHOCHTCS K
KOHKPETHOMY KJIacCy oOmacHocTH, eciau JIM, mpoxomsiiee yepe3 amneprypy,
npesbiaet 1M g Bcex 6osiee HU3KUX Ki1accoB, HO He mpeBbimaeT AN nis
KJIacca, K KOTOPOMY U3AEIUE OTHECEHO.
Tabmura 7.1
JlomycTuMBble mpeaesibl H3J1y4eHUs JJIsl JIa3ePHbIX U3AeJIUil PpHu
JJIMTebHOCTH Bo3aeiicTBuda t=0,25 - 10 ¢ Ha aianHax BoJH 400 - 700 um

Kuacc onacHocTH J1a3epa AN
1 7%107%°7°C, Jix
2 C*10°, Bt
3A 5%107, Bt
3B 0,5 Bt

Ipumeuanue. C=1 mna a<a_. ;C=al/a_. maoa_. <.
min min min
Amin = 1,5Mpan st ¢ < 0,7¢ v a,,, =2t 0’75Mpa)1 st 0,7 <t <10c.

VYT10BOM pa3Mep UCTOYHUKA U3ITYUYEHUS « ONIpeensieTcs mo Gpopmye
o= 2 |Scosd pan
R\ =~ 777 (7.1)

rae S - mion@aasr UCTOYHUKA U3TyYeHHUsl (J1a3epHOro Jiyda); R - pacCTOsSHUE OT
TOYKHU HAOJIOIEHUS 10 HCTOYHUKA; O - yrol MEXAy HOPMAJIbIO K TTIOBEPXHOCTH
WCTOYHHWKA W HAIpaBJICHUEM BU3MPOBAHUS (TP BHITOJHCHHE JAHHOW PaOOTHI
paBeH 0 pan.).

VuureiBas, 4to S = 777, U yron @ = 0, cootHomenne (7.1) umeer Goiee

o 2r
MIPOCTOM BUI: & = R pan .

[lox ameprypoil r MOHUMAETCSA PAaAUYC OTBEPCTUS B 3ALIUTHOM KOXKYXeE
Ja3zepa, yepe3 KOTopoe MPOXOAUT JlazepHoe usiydeHue. [Ipaktuyecku aneprypa
COCTaBJISIET BEJIIMYMHY B €IWMHULBI MWUIMMETPOB. B «lIpaBunax» mnpenenbHO
)IOHYCTI/IM3BIG YPOBHH HM3ITy4eHHs IPUBOAATCS Ui arepryp 2r=1.1%¥10"M u mns
2r=7*10 “m.

3ammMTHBIC MEPONIPUATHS NPH IKCILIYATALMH JIa3ePHbIX YCTAHOBOK

Bce 3amuTHble MEpONpUSATHUSI TPU DKCIUTyaTalldy JIa3€pHBIX YCTaHOBOK
COTJIACHO HOPMAaTHMBHBIM JIOKYMEHTAaM MOKHO Pa3[eUTh Ha KOHCTPYKTHBHbBIC
U DKCIUTyaTallMOHHbIE. ECTECTBEHHO, YTO CTEMEHb 3alIUTHBIX MEPONPHUATHIA
JIOJDKHA COOTBETCTBOBAaTh KJACCy OMAcHOCTH Jaszepa. Tak, Hampumep, mOpu
paborte ¢ mazepoM 1 Kiacca OMacHOCTH HUKAKUX MEp 3aIlUThI HE TpeOyeTcs.

TpeOoBaHus K KOHCTPYKIMH JIA3ePHBIX U3/1eJIHil
JlazepHoe  wW3genue  ODKHO — KMMETh  3AlUTHBIE  YCTPOMCTBA,

MPENOTBPALIAONIME HECAHKIMOHUPOBAHHOE BO3JAECHMCTBUE Ha mnepcoHan JIN,
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npesbimaromiee A1 nns knacca 1, a Takke OJIOKUPOBKY C METBI0 00eCTIeYeHHSI
0€30IMacHOCTH MTPH TEXHUYECKOM OOCITYKHBaHUH.

Jlazeppl 3-x ®m 4-rO Kiacca OMACHOCTH JIOJDKHBI OBITh CHAOXKEHBI
BU3YaIbHBIMU U (WJIM) 3BYKOBBIMH YCTPOHCTBAMU MPEIYTPEKACHUS O JTa3ePHOM
OMacHOCTH. Bu3yanpHBI NPeAyNpEeIUTENbHBIN CUTHAT JOJDKEH OTIUYAThCS
WHTEHCUBHOCTHIO WJIM TIPEPHIBUCTOCTHIO M OBITH XOpOINO BHUIEH Yepes
3aIIUTHBIE OYKH. 3BYKOBOW MPEAYNPEAUTEIbHBIA CUTHA JTOJKEH MIPEICTABIATh
co00ii MMoCIIe0BaTEIFHOCTD 3BYKOBBIX UMITYJIbCOB He MeHee 0,2 c.

Jlazepsl 3-T0 M 4-TO KJIACcCOB JOHKHBI OBITH TAaK)KE CHA0KEHBI CHEMHBIM
KIII0OUOM yrpaBiieHus. [lynsT (maHenb) ynpaBieHUs Ta3epHBIMH H3ACITHSIMH
JOJDKEH pa3MeIaThCsi Tak, YTOObIl HE MPOUCXOAMIIO OOIy4YEeHHsS MEepcoHala.
Jlazeprpie wu3nenus kimaccoB 3B w4, kKak TpaBWio, TOKHBI HMETh
JTUCTAHIIMOHHOE yIIPaBJICHHE.

Jlazepsl ynbTpaduosieToBOro U MHGpaKpacHOro AMANa30HOB 3-ro U 4-To
KJIACCOB OIMACHOCTEHN JOJKHBI MMETh BCTPOCHHBIN Jlazep 1-ro kiacca BUAMMOTO
JMarna3oHa Uil OMPEIeNICHUs] MECTO TIOJIOKEHHS TPACKTOPUHU U3ITyUCHHUS.

TpedoBaHuA K IKCILIyaTALMHU JIA3ePHBIX U3eJINH

Jlazepubie uznenusi 3-4-ro KJIaccoB J0 Hadaja MX paOOThl JTOJKHBI OBITh
INPUHATBL ~ KOMHCCHEM,  HAa3HAYEHHOM  AJIMUHUCTPALMEH  yUpPEKICHHUS,
C oO0s3aTenbHBIM BKJIIOYEHHMEM B COCTaB KOMHCCHUHU TIpeAcCTaBUTENEH
['occamanuananzopa.

be3onacHocTh Ha paboyux MecTax IMpHU AKCIUTyaTaluy JIa3epHbIX U3JIeTUil
JIOJKHA 00eCIeunBaThCA COOTBETCTBYIOIIEH OpraHu3aiueii paboyero Mecra.

OcHOBHOE yclioBHE 0e€30macHOW palboThl - HUCKJIIOYEHHWE BO3MOXKHOCTHU
BoznerictBust JIM Ha mepconan, uiam 4ToObl ero BeaudnHa He mpesbimana TN
nas knacca 1. IlostoMy Mexay Ja3epHbIMU H3A€AUsMH  3-4-r0  KJIacCOB
PEKOMEHAYEMbIE PACCTOSIHUSI CO CTOPOHBI MTYJIbTOB YIPABIEHUS COCTABIIAIOT HE
MeHee 1,5M Mpu OTHOPSIHOM pACMON0KEHUU U HE MEHEE 2M IPH JIBYXPSIHOM.
TpaekTopust TPOXOXKIECHUS JA3EPHOTO Jiyda JOJDKHA OBITh 3aKJIIOYeHa B
000JIOUKY M3 HECropaeMoro maTepualia WA UMETh OTPaXJICHHE, CHUKAIOIIEe
YPOBEHD JIA3€PHOTO M3IIYYCHUS TIPU BU3YAIIbHOM HAOJIOICHUH JIA3€PHOTO MyYKa
1o JITN nist kinacca 1 1 uckimroyaroniue 0ECKOHTPOILHOE MONaJaHue JIa3epHOTo
My4yKa Ha 3€pKAIbHO OTpakarolyue MoBepXHOCTH. O00I0UKa WIH OTPaXKJICHUE
TPACKTOPUU JIA3€PHOTO TyYKa JOJLKHBI UMETh MPEAYNPEKIaloNIy0 HaJIUCh
(3HaK J1a3epHOM OMACHOCTH). 3alIUTHBIC SKPAHbI TOKHBI ObITh U3TOTOBJICHBI U3
OTHECTOMKOTO M HEeTPOHHUIIAEMOTO JJIsI JIA3€PHOTO U3JIyUEHUs MaTepHaa.

OTKpBITBIE TPACKTOPUM W3IYyUYECHHUS JIa3epoB 2-4 KIACCOB ONACHOCTHU
B 30HE€ BO3MOXHOIO HAaXOXIEHUA YEJOBEKAa JOJDKHBI PacloJliaraThCs
3HAQUUTENBHO BBIIIE YPOBHS rja3. MuUHUMalbHasi BbICOTA TPACKTOPUH
CoCTaBJIsIeT BeNMunHy 2,2 M. [Iy4ok u3iydenust jiazepoB 2-4 KJIacCOB ONACHOCTH
JIOJDKEH OTpaHWYMBATHCA HA KOHIIE TIOJIE3HOW TpaekTtopun Tudy3HbIM
MOTJIOTUTENIEM UITA OTPaKaTEJIEM.
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JlazepHble u3nenust kinaccoB 3B M 4 JOMKHBI OKCIUTyaTUPOBATHCS, Kak
IIPaBUJIO, B CIIEHUAJIBHO BBIJICICHHBIX TOMEIICHUIX.

3anpeniaercsd  OCYLIECTBIATh HAOMIOJEHUE MPSIMOIO M 3€pKajbHO
OTPaXEHHOTO JIA3€PHOI0 M3JIyYCHHS IPH SKCIUIyaTaluy JIa3epoB 2-4 KIaccoB
OMAacCHOCTH 0€3 CpEeICTB HWHAMBUIYAJbHON 3allMThl M pa3MellaTb B 30HE
Ja3€pHOTr0 IMyYKa MPEAMETHI, BBI3BIBAIOIINE €0 3€PKAJIBbHOE OTPAKECHHE.

K 0CHOBHBIM OpraHu3anMOHHBIM MepaM 3auThl oT JIM oTHOCATCS:

e JIazepnsie uznemus 11— IV knacca 10 Havana ux SKCIUTyaTaluu JOJKHBI
ObITh TNPUHATBI KOMHUCCHEN ¢ 00s3aTeIbHBIM BKJIIOUEHHEM B €€ COCTaB
npencrasurener Pocrexnaazopa.

e [lepconan, pomyckaemblii K paboOTe € JIa3epHBIMU HM3JCIHUAMM, JTOJKEH
OPOWTH HMHCTPYKTAaX U CIEHHAIbHOE OO0yuyeHue O€30IacHbIM IpUeMaM U
MEeTOJaM PadOTHI.

*[Ipu skcrmyaranuu na3epoB 3-ro U 4-ro KJIacCOB ONACHOCTH JOJDKHO
HAa3HA4aThCs JIML0, OTBETCTBEHHOE 34 OXPaHy TPyAa IPU UX 3KCIUTyaTallUH.

OneHka  CTemeHUM  OMACHOCTH  Jla3epa  ONpEAeNsieTcsl  IyTeM
JO3UMETPUYECKOTO KOHTPOJIS.

Onucanne J1a00OPATOPHOIrO CTEHAA

JlabopaTopHas ycTaHoBKa pa3meiiieHa B aya. 106 (JIP Ne 13).

B skcnepuMmeHTanbHON 4YacTu pabOThl U3MEPSIOT MOIIHOCTh U3ITyYCHHUS
MOJYyNIpPOBOAHUKOBOrO Jazepa tuna SLDI1122VS npmuHOM BonHBI 633HM
U C BBIXOJHOM MOIIHOCTHIO HE Oojiee SMBT. Jlaiee Ha OCHOBaHUM MOJTYYEHHBIX
AKCTIEPUMEHTANIbHBIX JAHHBIX O BBIXOJHOU MotHocTH JIV 1o maHHBIM 3a1aHusl,
COrJIaCHO TMPHUBEAEHHBIM B Tadnuie 7.1 COOTHOLIEHUSIM, MPOU3BOMAAT Pacyer
AN u ompedeneHue Kjiacca ONACHOCTU Jiazepa. 3aTeM  BBIOMpAIOT
HE0OX0AMMbIE MEpbl OE€30MACHOCTH U CPEACTBA 3aLUTHI IPU padoTe ¢ JaHHBIM
JIA3€POM.

Hampsixenue nogaercst Ha nazep oT HuzkoBosbTHOro (U=3B) ucrounuka
Toka (8-30 MA). [l u3MepeHus MOITHOCTH MOTOKa JA3€pHOTO H3ITyYCHHS
ucnosb3yercst uameputenb tuna UMJI-1, conepkamuii (hOTOUYyBCTBUTEIBHBIMI
npueMHUK [ U u3MepuTenbHbld 010Kk 2 (puc. 7.1). [Ipuniun pabotsl mpubdopa
OCHOBBIBAE€TCS Ha H3MEpPEHUU (POTOTOKA MPUEMHHKA, MPEOOpPa30BAHUH €0
BEJTMYMHBI B IU(PPOBOH KOJI C BEIBOJOM MOJYUYEHHOTO pe3yibTaTa Ha 1udpoBoe
TabI1o0.
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Puc. 7.1. CxeMa yCTaHOBKH.
IHopsinok BbINOJIHEHNS JIa00OPATOPHOH PadoOTHI

1. TlogroroButk Kk padore npudop UMJI-1 (puc. 7.1): knaBunry «Cetb» (4)
YCTaHOBUTh B OTXATOE€ IOJIOKEHUE; IEpPEeKIoYaTeb pexuma usmepenus (6)
YCTaHOBUTH B mnojoxeHue «I» (g u3amepeHust Toka), pyuyky yCTaHOBKH TOKa
Ja3epa 3 MOBEPHYTh IJIABHO MPOTHUB YACOBOM CTpENKH A0 ynopa (IpHU 3TOM
YIOp OILYIIAETCS €JI€ 3aMETHO).

2. Bxiounth npubop B ceTh: HaxaTh kinaBuily «Cetb» (4) — Ha TabIio
BBICBETATCS MHAMKATOp BKIo4ueHus (5) u uudpoBod wuHaukarop  (7),
YCTAaHOBJICHHBIA B PEXUM HM3MEpPEeHHsl TOKa Jja3epa | (mpu kpailHEM JeBOM
NOJIOKEHUU pyuku 3 Tok [ = 8MA).

3. YcraHoBuTh pyukoi (3) moclieIOBaTE€IbHO 3HAYEHUS TOKA, COTJIACHO
3a/IaHuIo K padore (Tadmn. 7.2).

4. Ilepexntouatens (6) yCTaHOBUTH B TOJIOKEHUE «P» sl M3MepeHus
MomHocTH Jsazepa - P (B MBt). (IIpm makcumanbHOM 3HAa4Ye€HUW TOKa,
YKa3aHHOTO B 33JaHHWH, MOUIHOCTbH JOJDKHA COCTAaBIIATh BEJIMYHHY HE MEHEE
2MBT.).

5. IloBTopuTth mpouenypy mno nyHkram 3-4 1 KaKJAoro 3HA4YeHHs] TOKa
Ja3epa, yKa3aHHOTO B 3aJlaHMU. 3aTeM YCTAaHOBUTH NepekiaoyaTesnb (6) B
nojoxxeHue «I» m pyukoil 3 BbICTaBUTH 3HadueHue Toka I mis mpoBeneHwus
CJIETYIOLIETr0 SKCIIEPUMEHTA COTJIACHO 3aJaHUIO.

6. CormacHo 3aJaHUI0 TMPOBECTH uU3MepeHue wmomHoctu JIM co
ceeropuiabTpamu. [Ipu m3mMepeHHH HEOOXOAMMO YCTaHOBUTh MAaKCHMAaJIbHOE
3HaueHue Toka I B 30MA.

Pe3ynbTaThl u3MEpeHHUN M UCXOJHBIE JaHHbIE IJIs pacyeTa BIHCAThH
B TaOJIUIly OTYETA.

OOpaboTaTh  IKCIEPUMEHTANLHBIE  JaHHBIC:  MOCTPOUTh  rpaduk
3aBUCUMOCTH MOILHOCTH M3JIy4€HHs OT TOKa jaszepa, omnpenenuts N mo
tabnuie 7.1, KOTOpBIM 3aBUCUT OT JJUHBI BOJHBI JIA3€PHOTO W3ITyYCHHS,
JUIMTEILHOCTH  BO3JACHCTBHS, YIJIOBOTO pa3Mepa MCTOYHHUKA, anepTyphl
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HU3JIy4YCHHUA U T. 1.

IIo JAaHHBIM BapuWaHTa 3adaHUusd H H3M€p€HHOI?I MOITHOCTHU JIA3€CPHOTO
HU3JIYYCHHUA W IIPUBCACHHBIM COOTHOIICHUAM OIIPCACIUTL KJIACC OIIAaCHOCTH
Jla3epa A 3aJaHHBIX 3HAUYCHHUH TOKA.

Tabmuma 7.2
Bapuantsl 3agannii J1abopaTopHoi padoThl

Jannblie s pacyera AU Tun
Ne Beanunna Aneprypa | Paccrosinue Bpems cBeTopuIbLTPOB

BapH-| YCTAHAB/IMBAEMOI0| I, M oT Ha0/1101eHusl H uX
aHTa TOKa, MA HCTOYHHUKA t,c XapaKTepPHCTHKH

R,m

1 10; 15; 20;25; 30 | 0,001 1 0,75 n-20, n-50, n-90
2 8;14; 19;24; 30 | 0,001 0,5 1,5 x-50, 1-50, c-50
3 10; 13, 18;25; 29 | 0,002 0,8 2,5 n-10, n-50, n-90
4 9; 14; 18; 24; 30 | 0,007 2 2,5 n-20, n-50, n-99
5 10; 16; 21;25; 29 | 0,007 1 3 x-30, 1-30, c-30

Ipumeuanue. OO03HAUCHUA: T — MYPIYPHBIA, K — KEJITHIHA, C — CHHHM.
[Mudps! — onTHYECKas MIIOTHOCTh CBETOQMIBTPOB B MPOLICHTAX.

PaccrosiHue OT MCTOYHMKA W3JIy4EHUS MCIIOJIB3YETCSl TOJIBKO JUIS pacdeTa
Y HE U3MEHSIETCS B OKCIIEPUMEHTE.

7. Paccuntarh kK03 PULMEHT 3aTyxaHusl [ UCIOJIb3yEeMbIX CBETO(DUIBTPOB
it
P

CB

coriaCHO COOTHOIIICHHIO D=

b

rae P,- MOIIHOCTh U3NTydeHus 0e3 CBETOPUIBTPOB;
P.; - MOUTHOCTb U3TyYEHUS C MPUMEHEHUEM CBETO(UIBTPOB.
8. Ilo mosy4eHHBIM pe3yJibTaTaM yKa3aTh, KAaKUE€ OIMACHBIE U BPEIIHbBIC
(bakTophl IEHCTBYIOT Ha 4eJOBeKa MpH padoTe C Jla3epoM AAHHOrO Kiacca,
U KaKkue HeoOXOJIMMO IPHUHATH MEPbI O€30MaCHOCTH.

PacueTHoe 3a1aHue jJjadbopaTtopHoi padoTsl Ne 13

[Ipu HEBO3MOXHOCTH TPOBECTH H3MEPEHHS HEOOXOIUMO OMNPENCTUThH
KJIACC OMACHOCTH Jia3epa Mo 3aJJaHHOW MOIIHOCTH U3JTy4YeHHs Ha pabdodeM MecTe
corjacHo BapuaHTy 3amaHus (Tab6n.13.3), wuCHonab3ys COOTHOIICHWS,
NpUBEJCHHBIE B oONucaHuu U JaHHble Tabm.13.1. Taxxe paccuuTarh
kodddummeHT 3aryxanus cBeropmibTpa D, HEOOXOAUMBIA IS 0OecTICUeHUS
0e30mMacHBIX yCIOBUN IKCIUTyaTalluu ja3epa (CHIDKCHHE MOIIHOCTH M3Ty4YeHUs
710 TOIyCTUMOM JUist lazepa 1-ro kiacca OrnacHOCTH).
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Tabmuna 13.3
3ajjaHHasi MOIITHOCTH HA padoyeM MecTe

Ne papuanTa | 3ajaHHas MOUIHOCTD JIa3epHOro u3aydenus P, MmBr
P1 P2 P3
1 0,2 1,8 8
2 0,3 2,0. 10
3 0,4 2,2 15
4 0,5 2,4 25
5 0,6 3,0 50

BOHpOCLI AJIH CAMOKOHTPOJIA

1. Bwunapel 1a3epHOro U3IIy4EHUS U €TO OCHOBHBIE XAPAKTEPUCTUKH.

2. OcoOeHHOCTH BO3JEHUCTBHUSI JIa3€pPHOIO HWBJIYYEHUs] Ha TIJjas3a.
Ero Bo3aeicTBUE HA KOKY.

3. Uto omacHee HEMPEPHIBHOE WM HUMITYJIBCHOE Ja3€pHOE H3IIy4YCHUE
U rnouemy?

4. Kakue Kiaccel Ja3epoB IO CTENEHH ONACHOCTU CYIIECTBYIOT?
JlaThb omnpeneneHue BcexX KJIaccoB J1a3epoB.

5. Uro mnoHMMaroT TMojJ TpeAcabHO jgomycTuMbIM - ypoBHeM (IT/1Y)
JIA3€pHOT0 U3ITyYEHUS IIPU OJHOKPATHOM M XPOHUYECKOM BO3JICUCTBUSAX ?

6. Or uero 3aBucut I1/[Y nazepnoro uzmyuenus?

7. 3amuTHBIE MEPBI OT BO3JACUCTBHS W3JIYYEHHs JIA3€pOB 2-TO Kiacca
OMAaCHOCTH U 3-T0 - 4-r0 KJIaCCOB ONACHOCTH.

8. OO0nacTu NpakKTUYECKOT0 MPUMEHEHUSI JIa3ePOB.
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Paoora Ne 14

NOHUBUPYIOIUE U3JITYUEHUSA

Heap padoThl: 03HAKOMJICHHE C BHUAAMU HOHHU3UPYIOIIUX HW3IIYYEHUU, C
OCOOCHHOCTSIMM HMX BO3JCHCTBUS Ha OpPraHU3M 4YelIOBEKa, BOMPOCAMHU UX
HOpMupoBaHuA.  llomydeHne  NpakTUYECKUX  HABBIKOB  I1OJb30BAHHUSA
BUPTYaJIbHBIM JO3UMETPOB - aHAJIOIOM peasibHOro. M3yueHue 3aluTHbIX MEp OT
BO3/ICICTBUS HOHU3UPYIOIINX U3ITYYECHUH.

Teopernyeckas 4acThb.
OO01ue cBeIeHU.

W3nydyenusi, B3aUMOJCUCTBUSL  KOTOPBIX CO  CpPENOM  MPUBOAST
K O0Opa3oBaHMIO HOHOB Pa3HbIX 3HAKOB U PAJIMKAJIOB, HAa3bIBAIOTCA
noHmsupywmumu. Ilpu 3TOM paznuyalT Kopnyckyasaphoe W omonnoe

W3JIyYEHUS.
KopnyckyisipHoe u3nydyeHHE MPEACTaBISET COOOW MOTOK 3JIEMEHTapHBIX
YacTUI: & — WU [ —  4YacTulbl, HEUTPOHBI, NPOTOHBI, ME30HBI M JIp.

DneMeHTapHbIE YACTUIBI BO3HUKAIOT MPU PaJUOAKTUBHOM pacmaje, sACpHBIX
MPEBPAILICHUSX WIH TEHEPUPYIOTCS HA YCKOPUTENSX. 3apSyKCHHbIE YacTHUIBI B
3aBUCHUMOCTH OT BEJIWYMHBI KHWHETHYECKONW HHEPIMM MOTYT BBI3bIBATH
HEIIOCPEICTBEHHO  HMOHU3HPYIOLIEE H3JIy4eHUE IIPU  CTOJIKHOBEHUU €
BEIIECTBOM. HEUTPOHBI M Apyrue HEUTPAIBbHBIE DJIEMEHTAPHBIE YACTHIIBI IPH
B3aMMOJICUCTBUM C BEIIECTBOM HEMOCPEICTBEHHO MOHU3ALMHU HE MPOU3BOMAT,
HO B MPOILIECCE B3aMMOJCUCTBUS CO CPEIOW OHU BBHICBOOOXKIAIOT 3apSKCHHBIC
YacTUIIbl (JIEKTPOHBI, MPOTOHBI U T.JA.), CHOCOOHBIE MOHU3UPOBATH ATOMBI U
MOJIEKYJIbI Cpeflbl, Yepe3 KOTOPYI0 OHHM MpOXoAsiT. Takue M3mydeHus MPUHSITO
HAa3bIBaThb KOC8EHHbIMU UOHUSUPYIOWUMY N3ITYICHUSIMH.

K dboToHHOMY U3ITy4YECHHIO OTHOCHT: raMmma-u3Jiy4yeHue,
XapaKkTepUCTUUYECKOE, TOPMO3HOE, PEHTTEHOBCKOE U3IIyYeHUA. YKa3aHHbIC
U3IIy4YCHUs] TPEJCTABISIOT COOOW DJIEKTPOMATHUTHBIE KOJIEOAHUS OYEHD
BbICOKHX dacToT (3-107—3-107T'11), KOTOpBIE BO3HHUKAIOT TPU H3MEHEHUH
HHEPreTHUECKOTr0 COCTOSTHUS aTOMHBIX sifiep (eamma - U3llyuyeHue), nepecTpoiike
BHYTPEHHUX JJIEKTPOHHBIX 00OJIOUEK aTOMOB (Xxapakmepucmuueckoe),
B3aMMOJICUCTBUH 3apsHKEHHBIX YACTHIL C DJICKTPUUYECKUM TOJIEM (mopMo3Hoe) !
Ipyrux  siBeHusix. OOTOHHOE U3JIyYEeHHE TaKXKe SBJSIETCS KOCBEHHO
noHmsupyromuMm. Kpome wuoHM3upylomieldd CHOCOOHOCTM K  OCHOBHBIM
XapakTepUCTUKAM  MOHM3UPYIOUIUX  HU3JIYYCHUW  OTHOCSATCS:  DHEPrus
(u3MepsieMas B JIEKTPOH- BOJIbTAX), MPOHUKAIONIASI CIIOCOOHOCTh, aKTUBHOCTb,
onpezensemMasl KOJIMYEeCTBOM PACaioB B €IUHUILY BpeMEHHU. XapaKTepUCTUKON
aKTUBHOCTH  PAJUOHYKJIMAA  (CaMONPOM3BOJBHOIO  pacmana)  sBJIsSETCA
OTHOIIIEHHE YHCJa CIIOHTAHHBIX SJIEPHBIX MPEBpAIICHUM, MPOUCXOIANIUX B
UCTOYHUKE 3a €IWHUIly BpeMeHU. EnuHuneidl paauoakTUBHOCTH SBIISIETCA
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Oexkkepenab (bk). bekkepenb paBeH aKTUBHOCTU PAAMOHYKIUIA B UCTOYHUK, B
KOTOPOM 3a BpeMs lc MPOMCXOAUT OJHO CIIOHTAaHHOE SJIEPHOE IMpEBpaIlCHHE.
BrecucremHass enuHMIa akTuBHOCTH - Kwopu (Ku). 1Ku=3,7-10"hk.
AKTUBHOCTh PaAMOHYKJIMIOB 3aBUCUT OT BpeMeHU. Bpems, B TeueHne KOTOPOro
pacrajaeTcsi  MOJOBMHA  MCXOJIHBIX  aTOMOB, Ha3bIBAaCTCAd  IMEPHOAOM
noaypacnaga. Tak, Hanpumep, IepHOJ moypacnana ioma 1 513 1 8,05 cyTok, ay
ypaHa U."® - 4,5mipa. JieT.

HUcTounukom U3J1y4YeHust Ha3bIBAIOT 00BEKT, coJiepKaliui
PAJMOAKTUBHBIN MaTepuai Wi TEXHUYECKOE YCTPOMCTBO, MCITYCKAIOIIEE WIIH
CIIOCOOHOE B OMpE/IENICHHBIX YCIOBUSAX UCIyCKaTh u3iaydeHue. K uuciy Takux
OOBEKTOB OTHOCATCS: PAAUOHYKIU/BI, SJAEpPHBIE YCTPOMCTBA (YCKOPHUTEINH,
aTOMHBIE PEaKTOPbI), PEHTI€HOBCKUE TPYOKH.

TexHonmoruu, METOAMKHA W MPUOOPHI, HCIOIB3YIOUIUE HOHU3UPYIOIINE
W3JIyYEHUs, TOJYYWIN IIHUPOKOE PACIPOCTPAHEHHE B MPOMBIIUICHHOCTH,
B MEAUIIMHE U Hayke. DTO, B NEPBYIO OuYepelb, aTOMHBIE 3JIEKTPOCTAHIIMH,
HAJIBOJIHbIC U TOABOJHBIE KOPaOJU C AaTOMHBIMU yCTAaHOBKaMU, PEHTI€HOBCKHE
YCTAHOBKH JJIsI MEUIIMHCKOTO, HAYYHOTO ¥ IIPOMBIIIJIEHHOTO Ha3HAYEHUS U JIP.

Buosiornueckoe Bo3aeicTBUe H3/1yYCHUI.

N3nyyenue sBasiercss BpeAHBIM  (AKTOPOM JJIsi  KUBOW  MPUPOJBI
U, 0COOEHHO, AJis yejoBeka. buojornuecku BpeaHOE BO3AECUCTBUE U3ITYUCHHUS
Ha JKMBOM OPraHu3M OIIPEAEISIECTCS, B NEPBYIO OYEPEAb, JO30M IMOIIIOMICHHON
HHEPTUU U MPOU3BOJAUMBIM MPHU 3TOM 3P(HEKTOM HUOHU3AIMH, T. €. MIIOTHOCTHIO
MOHM3alMU. bonplmias  4acTh  NOTJIONIEHHOM — 3HEPrUM  Pacxolayercs
Ha MOHU3AIMIO KUBOW TKaHM, YTO HAIILIO CBOE OTPAKEHHE U B OIPEICICHUU
U3JIyYEHU KaK HOHU3UPYIOIIUX.

HNonunzupyrorniye u3nydyeHnus OKa3bIBalOT Ha OMOJOTUYECKYIO TKaHb MPSIMOE
U HempsiMoe Boszaeucteue. IIpsMoe - 3TO pa3pplB BHYTPHUATOMHBIX H
BHYTPUMOJICKYJISIDHBIX ~ CBsI3el, BO30YXJEHHME aTOMOB WJIM  MOJIEKYJ,
oOpazoBaHu€e CBOOOJHBIX paaukaioB. HaumOosiee BakHOE 3HAYECHHUE HMEET
paouonuz 6o0vl. B pesynpTare paauonnsa o0pa3yloTcsi BBICOKO PEaKTHUBHBIC
pauKalibl, KOTOPbIC BBI3BIBAIOT BTOPUYHBIC PEAKIIUU OKUCICHHS MO JIFOOBIM
CBSI3SIM,  BIUIOTh  J10  M3MEHEHMs  xumuueckoro  crpoenuss  JJHK
(1e30KCUPHOOHYKIEMHOBAsT ~ KHCJIOTA) C  TMOCIHSAYIOIIMMH TEHHBIMA U
XPOMOCOMHBIMM ~ MyTauusaMu. B 3TUX  ABIEHUSAX U 3aKIHOYAETCA
orocpe/ioBaHHOE (HempsiMoe) JeicTBue wu3NnydeHus. llpm 3ToM criemyer
OTMETUTh, YTO OCOOCHHOCTh BO3JIEHCTBUSI MOHU3UPYIOIIUX U3IYYEHUNH COCTOUT
B TOM, YTO B XHUMHUYECKHE PEAKIUU, HHAYUHPOBAHHBIE PEAKTUBHBIMU
paguKaliaMu, BOBJIEKAIOTCS COTHU U THICSYM MOJIEKYJ, HE 3aTPOHYTHIX
HEIMOCPEJICTBEHHO M3IydeHueM. Takum oOpa3oM, pe3ynbTaT BO3JIEHCTBUS
HOHU3UPYIOIINX U3JIyYCHUH B OTJIMYME OT APYTMX BUIOB M3TYyUYCHHUM 3aBUCUT
B Oospmiedt creneHd OT GOpMbI, B KOTOPOM HMX DJHEPrus mepenaercs
OMOJIOTUYECKOMY OOBEKTY.
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HeratuBHble nocneocmeuss BO3JAEHUCTBUS HMOHU3UPYIONIUX U3ITYyYECHUM
Ha OpraHU3M 4YeJIOBEeKa YCJIOBHO JENSATCS Ha comamuyecKkue U 2eHemuyecKue.
['enetnueckue >P¢heKTsl BO3ACHCTBUS U3TYyUEHUN MPOSBIISIOTCS B OT/IaJICHHBIC
MPOMEKYTKUA BPEMEHH Y MOTOMCTBA 00JIydeHHbIX. COMaTHYECKUE MOCIEICTBUS,
B 3aBUCUMOCTH OT CTENEHH MU XapakTepa OOJIydeHHUs, MOTYT MPOSBIATHCS
HEMOCPEACTBEHHO B BUJI€ OCTPOM MJIM XPOHUYECKON (DOPMBI JTyueBOi O0IE3HH.

JlydyeBasi 00Jie3Hb, B IIEPBYIO OUYEpEdb, XAPAKTEPU3YETCSI H3MEHEHUEM
cocTaBa KpoBHU (YMEHBIICHHEM YHCJIA JEHKOUUTOB B KPOBH - JICUKONEHUEH), a
TaKKe TMOSBJICHUEM TOIIHOTHI, PBOTHI W TMOJKOXHBIX KPOBOU3IUSHUIM,
u3bs3BieHud. Octpas ¢opma JTyueBOd OOJIE3HH BO3HHMKAET y YEJIOBEKa IPH
OolHOKpaTHOM  oOnydyenuu cBeiie 100P (pentrenH) - 1 creneHb Jay4deBoi
6one3nu, a npu 400P (3-a crenensb) Habmomaercss 50% cMepTeNnbHBIX CIy4Yaes,
YTO CBSI3aHO B MEPBYIO OUepe/b ¢ nmorepeil uMMmyHuTera. [Ipu s3KkCno3uImoHHoOM
no3e cBbiie 600P (4-s1 crenens) nmorudarot 100% oOmyueHHbIX. B oTHOIIEHUH
MOPaXXEHUsI OT MOHU3UPYIOMIETO M3JIYyYEHUs MPUPOJia MOCTABUJIa YEJIOBEKA B
CaMbI€ TSKEJIbIE YCIOBUSI 10 CPABHEHUIO C JAPYTMMH KUBBIMHU CYIIIECTBAMM.
Taxk, cpequue cMmeptenbHbie 10361 (50%) cocTaBisitoT: 00e3bsiHa - S550P, kponuk
- 800P, uepBu - 20000P, a ameba — 100 000P, Bupycs - 6osee 1 000 000P.

Eanaunns! no3s.

OOmieil enuuunerd (Mepoil) BO3ACUCTBUS HOHU3UPYIOIIETO M3TyYEHUS
Ha YeJoBeKa fABISETCS M03a. Pa3nuyaroT cieayrolde OCHOBHBIE BUIBI J103:
NO2NOWeHHAS, IKGUBANEHMHA, P DEeKMUBHAS, IKCNOZUYUOHHASL.

Jlo3a noryomenHas (D) - BeIMYMHA YHEPTUN HOHU3HUPYIOLIETO U3IIYYEHUS
nepenanHas Bemiectsy: D =dE/dm
rne: dE — cpenHsis SHeprus, MepefaHHas HWOHU3HMPYIOIIUM U3IyYeHHEM

BELIECTBY, HAXOASILIEMYCSI B 3JIEMEHTApHOM 00beMeE,

dm — Macca BeIlecTBa B 3TOM 00beMe.

Jo3a 3xBuBajienTHast (H) - cyMMa MOIJIOLIEHHBIX 103 B OpraHax WIH
TKaHSX, YMHOXXEHHBIX HAa COOTBETCTBYIOLIMH B3BEIIMBAIOMINNA KO3(PULIHEHT
JUISL JTAaHHOTO BHUJIA U3JTY4ECHUS Wz H =Y DJV,

i

rae: D; - cpemHsist IOTJIOIIEHHAs 1032 B OpraHe MK TKaHU [~TOTO
MOHU3UPYIOIIETO U3JTy4YEHHUS.

B3BemmBatonye kKo3pQGUIUEHTH YIYUTHIBAIOT OTHOCUTENBHYIO OMACHOCTh
pa3iMyYHBIX BUJOB M3JIY4YEHHMs B MHIYLIMPOBAHUM  HEOIAronpusTHBHIX
ononornyeckux A(P(PEKTOB W 3aBUCAT OT HMOHHM3UPYIOIICH CIOCOOHOCTH
U3IyYeHUH, a TakKe OT SHEpruu. s pa3nuyHbIX BUAOB U3IYyYEHUS 3HAYCHUS
B3BEUIMBAIOIMINX KOA(D(DUIIMEHTOB COCTABIISIOT:

(OTOHBI JTFOOBIX SHEPTUH, DMEKTPOHBL.... «.veeneeeeneeanneannanns 1

HEUTPOHBI € 3Hepruen meHee 10kaB.................. 5
ot 10x3B 5o 100x3B.............10

200 00 F: e P o 17 115 (R 20
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Jo3a s¢dexruBHas (E) - BennunHa, UCIOJb3yeMas KaKk Mepa pHCKa
BO3HMKHOBEHUSI OTAAJICHHBIX MOCIEACTBUN OOJydeHMs] BCEro Teja 4YelloBeKa
U OTIEIBHBIX €r0 OPTaHOB U TKAHEM C YYETOM HUX PaJUOYyBCTBUTEIIBHOCTH.
Ona mnpeacrtaBisieT coOOW CyMMY MPOU3BEACHUN HSKBUBAJICHTHOW 03Bl
B OpraHax M TKaHSX Ha COOTBETCTBYIOLIUE B3BEIIMBAIONINE KOIDPUITUCHTHI:

E= %WkH A
rae: W, - B3BemMBAIOMUNA KOIPPUIMEHT sl OpraHa WIA TKaHW, KOTOPBIM
XapaKTepU3yeT OTHOCUTENBHBII PUCK HA EOUHHUIY [JI03bl IO BBIXOAY
OTJIAJICHHBIX TMOCJEACTBUI MpU 0OJyYEHUH JAHHOTO OpraHa Mo OTHOUIECHUIO K
00JTy4eHHUIO BCETO Tea.

[Tpu oOnydyenun opranusma B nenom Wy =1, a mpu o0Iy4eHUN OTACIbHBIX
opraHoB W, cocTaBiseT: TOHaJbl (MOJIOBbIE keie3bl) - 0,2; *KenynoK, JIETKUE -
0,12; meuens - 0,05; xox, xkoctu - 0,01 m T.1. H, - SKBUBaJeHTHaAs Ji03a B
COOTBETCTBYIOIIEM OpPraHe WJIA TKAHMU.

IKCMO3ULIMOHHAA H03a (X) - DPTO KOJMYECTBEHHAs XapaKTEPUCTHKA
(OTOHHOTO M3Ty4YeHHUs, OCHOBaHHAs Ha €r0 MOHU3UPYIOIIEM JCHCTBUU B CyXOM
atMocdepHoM Bo3zayxe. [Ipeacrasisier coOol OTHOIIEHHE CYMMAapHOTO 3apsijia
(dQ) MOHOB OJTHOTO 3HAKA, BO3HUKAIOIIMX B BO3/IyX€ MPH MOJHOM TOPMOKEHUU
BCEX BTOPUYHBIX DJIEKTPOHOB W TO3UTPOHOB, KOTOpHIE OBUIM 0Opa30BaHbI
dboToHaMu B MajoM oObeMe BO31yXa, K Macce Bo3ayxa (dm) B 3TOM oObeMe
(cipaBenyiuBO A (POTOHHOTO U3TyUYeHUs ¢ dHepruen 10 3M»HB): Py

dm

Ha mnpakTuke B KadyecTBE XapaKTEPUCTHUKU HOHU3UPYIOIIETO H3ITy4YCHUS
HIUPOKO UCIIOIB3YETCS €ANHUIIA PeHTreH (P), KoTopas sSBJISIETCS BHECUCTEMHOM
€AUHULIEH HKCIO3UIMOHHON 103l (MPU TPOXOXKACHUU U3IYyUYCHHUS Yepes
1 xy0.cM BO3AyXa CO3/IAIOTCS MOHBI, HECYIIUE 3apsi] B 1 3JEKTPOCTAaTHUECKYIO
€AUHUIY  KaXJIOro 3HakKa). OKCHO3UWIHUOHHYIO JI03y B  PEHTTEeHax
U TOTJIOMICHHYIO JI03Y B pajax sl OMOJOTHMYECKUX TKAHEW MOXKHO CUUTATh
COBIAJAOIIMMU C TMOTrPEIIHOCThI0 110 5%, KOoTOpass BbI3BaHAa TEM, YTO
HKCIIO3UIIMOHHAS 1032 HE YYUTHIBAET MOHU3AIMIO, O0YCIOBICHHYIO TOPMO3HBIM
W3JIyYEHUEM DJIEKTPOHOB U MO3UTPOHOB.

Enununbl u3mepenus no3 B cucteMe CH M BHECHCTEMHBIE E€IUHUILIBI
W3MEpEeHUs pUBEJIeHbI B Tabnuie 8.1.

Ta6muma 8.1
lo3a Exnauner CU BHecucremMHbI€e eIMHULIBI
Horaomennas | Jbx/xr, I'peii (I'p) 1 pan=0,011p
JKBHUBAJTEHTHAsI 3uBept (3B) 1 65p=0,013B

dddexTHBHAA 3uBepT (3B)

Penrren (P); 1P=2,58 - 10™ Ku/kr

Okenosuunonnas | Kynon/kr, (Ki/kr) 1 P=1pan=0,013 3 (B OHOJI.TKAHAX)
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I[JISI XapaKTCPUCTUKN HM3MCHCHHA OO3bI BO BPCMCHHW BBOJMTCA ITOHATHC

MOIITHOCTH O3BbI. MomHoCTh DKCITO3UIIMOHHOM, MOTJIOIIEHHOM
U 3KBHBaHeHTHOﬁ 103 COOTBETCTBCHHO OHpGI[CJ'ISIIOTCSII
p_dX o _dD , _dH
O At dr e g

HopMmbl painanuoHHoi 0€301IaCHOCTH.

OCHOBHBIM JOKYMEHTOM, PETJIaMEHTHUPYIOIIUM JOMYyCTUMbIE YPOBHU
BO3JCUCTBUS H3JIy4YCHUW HAa OPraHU3M YEJIOBEKA, B HAIIEH CTpaHe, SBISIETCA
«Hopmbl paguanmonnoit 6e3zonacHocti» (HPB — 99/2009) u «OcHoBHBIE
CaHUTapHbIE TIpaBUiIa obecnieueHus paguanuoHHon 6ezonacHoctu» (OCIIOPB-
99/2009). C uenbio CHUKEHHUS HEOOOCHOBAHHOTO OOJYy4YEHHS HOPMHPOBAHUE
ocyuiecTBisieTcs: AuddepeHIuPOBaHHO JJIsl pa3IMYHBIX KaTErOpHil 00 TydaeMbIX
JIMI, B 3aBUCUMOCTH OT yCJIOBHI KOHTAaKTa C UCTOYHUKAMH M3Iy4YCHHUN U MeCcTa
MPOKUBAHUS.

Hopwmpbl ycTaHaBIMBAIOT CIEAYIONIUE KATETOPUH O00TydaeMBbIX JIUIL;

- mepconai (rpymmsl A u b);

- BCE HACEJICHHWE, BKJIIOYas JIML U3 MEepCOoHaIa BHE cepbl U YCIOBUN HX
MIPOU3BOICTBEHHOM €ATEIbHOCTH.

Hopwmsbl 00s1ydenus takxke Tud@epeHInpoBaHbl B OTHOIIEHUH Pa3InYHOM
pPaZOYyBCTBUTEILHOCTH OPTAaHOB U YacTeH Tella YeIoBeKa.

Jlnst kaxaou kareropuu 00JydaeMbIX JIMI[ YCTAHABJIMBAIOTCA TPHU Kiacca
HOPMATHUBOB: OCHOBHble 003068ble  Npedeibl, OONYyCmumble YPOSHU W
KOHmpoabHbie yposHu. OCHOBHBIE JO30BbIC MIPEICIIbl MPUBEICHBI B Tabuiie 8.2.

IIpeneabno pomycrumass pgo3a (IIJIJI) - wauOonbiiee 3HaYEHUE
WHJVBUAYAJIbHOW 3KBHBAJIECHTHOM J03bl 3a TOJl, KOTOPOE NpPU PaBHOMEPHOM
BO3/I€CTBUM B TeueHre 50 JeT HE BBI3OBET B COCTOSHUM 3/I0POBbS MEPCOHAJIA
HEOJIAronpUsITHBIX U3MEHEHUI, 00OHAPYKHUBAEMBIX COBPEMEHHBIMH METOIAMHU.

Ipenen mo3wl (I1]) - mpenenbHas SKBHBAJCHTHAs 103a 3a TOJ IS
orpannyeHHoW 4vactu Hacenenws. [IJ[ ycranaBnuBaror Menbmium, yem [1J1J]
B 10 pa3 i npenoTBpaiieHuss HEOOOCHOBAHHOTO OOJy4EHHsS] HTOrO
KOHTUHreHTa mronaen. 3nadenus I[IJ] w IIJ[ B 3aBHCMMOCTM OT TpyHIIbI
KPUTUYECKUX OPraHOB MPUBEACHBI HUKE B TabiuLe 8.2.

3aKOHOMEPHOCTH OMOJIOrHYecKoro 3(Qexra u3nydeHus Ha >KUBYIO TKaHb
OMPENICNAIOT OCHOBHBIC MPUHIIMIBI 3aIUTHl - CHM)KEHUE IJIOTHOCTH IOTOKA
U3JIyYEHUs U BPEMEHM €ro AeicTBUs. BpeMsi KOHTaKTa ¢ U3ITy4eHUEM B PEKUME
HOPMAaJIbHOMN AKCILTyaTalluu YCTaHOBKH ABISIETCSL  pecyaupyemuim
U KOHmpoaupyemolm napamempom. [I10THOCTh 00JIydaromero moToka 3aBUCUT
OT MOIIHOCTH HMCTOYHHUKA, €ro (U3MUECKUX XapaKTEPUCTUK U WHKCHEPHOU
3allUThl MCTOYHUKA.

3amMTHBIE MEPONIPUSITHS.

[Toq wHXEHEpHON 3allUTOM TOHUMAIOT OOy cpeny (matepuan),
PACIIOJIOKEHHYIO MEXKAY HCTOYHMKOM M 30HOM pa3MELICHUs JIIOAEH WU
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00OpyioBaHUs AJi OCJIa0JIEHNs TOTOKOB MOHU3UPYIOIUX U3JIy4YE€HUN. 3aluTy
OPUHATO KJIacCUPUUUPOBATh IO HA3HAYEHMIO, THUITy, KOMIIOHOBKE, Qopme
u reoMerpud. [lo Ha3HauYEHWIO 3aIIUTy NOJPA3AEIAIOT HAa OHOJIOIMYECKYIO,
PaZMallMOHHYIO U TEIUIOBYIO.

buonornueckas 3amura JO0DKHA OOECIeYMBAaTh YMEHBLIEHHE J03bl
oOilyueHUs ~ MepcoHana 10 NpeNeNbHO  JONYCTUMBIX  YPOBHEM.
[Tpu pagranioHHOM 3amIKTe AOKHA OBITH OOEcTieyeHa CTENeHb pagHallMOHHBIX
NOBPEXJICHUA  pa3IMYHBIX  OOBEKTOB,  IMOJBEPraroluxcsi  OOJyYEHHIO,
70 JIOMYCTUMBIX ypoBHed. TemmoBas 3amurta oOecreYrBaeT CHIKEHUE
pPaJNAIMOHHOIO YHEPTOBBIIETICHUS B 3AIIMTHBIX KOMIO3ULUAX 0 JOIMYCTUMBIX
YPOBHEM.

Ta0muna &.2.
OcHoBHBIE pe/eabl 103.
IIpenesnl 103
Hopmupyembie BeJUUYNHBI IMepconan JInua u3 HacejieHUs
(rpynma A)*
JppexTUBHAA 1032 20 M3B B rof] B CpeIHEM 32 IM3B B rO1 B cpegHEM
JT00BIe TIOCTIEeI0BATEIbHbIE 3a Jo0bIe
5 net, HO He Ooiee MOCJIeI0BATEIHLHBIC
50M3B B rog 5 net, HO He Ooiee
5M3B B roj
JKBHBAJICHTHas 1032
3a rOA: - B XpyCTaJIMKe IJ1a3a, 150 m3B 15 mM3B
- KOXeE, 500 m3B 50 m3B
- KACTSIX M CTOMNaX 500 m3B 50 m3B

* [Ipumeuanue: 036l 00TydyeHUs AJid NEpcoHana rpynnsl b He JOMKHBI
MpEBbIIATh Y4 3HAUYEeHWI [ mepcoHana rpynmnel A. Ilepconan rpynmsl A -
COTPYIHUKH, pabOTarolie HEMOCPEICTBEHHO C MCTOYHMKAMU HOHU3UPYIOLIUX
m3nyuyeHui. llepconan rpymmsl b - ocTambHBIE COTPYAHUK, KOTOPBIE MOTYT
MOJIBEPTHYTHCS OOJTYUEHUIO.

OCHOBHBIMM __ CBOMCTBAMM __ M3JIYYECHUH, ONPEACIAIONIMMUA  YCIOBUSA
0e30MacHOCTH OOpalleHUsl ¢ HUMU, SIBIISIIOTCSI UOHUSUPYIOUWA U NPOHUKAIOWAsL
crocoOHOCTh. MoHM3Mpyomas cnocoOHOCTh M3IIYYEHHs OTpaKeHa B 3HAUYECHUU
B3BEIIMBaIONIEro koddduiurenta W, a NpoHHUKAWIIAs - XapaKTepU3yeTcs
BEJIMYMHON TUHEHHOT0 KO3 (DUILIEHTA MOTJIONICHUS.

3aKkoH oOcia0JeHus] W3JIy4eHUs B BEUIECTBE, B 3aBHUCHUMOCTH OT €ro
TOJILIMHBI (X), MOXKHO 3aIHUCaTh B CIEAYIOIIEM BU/IE:

p(x)=p(0)e™ (8.1)
rae: ©(0), ¢(X) - IWIOTHOCTH MOTOKA U3TyYEHUs, COOTBETCTBEHHO, Ha Bxoje ¢(0)

Y Ha BBIXOJE ((X) U3 BELIECTBA TOJIIINHOM X;
L - IMHEHHBIN KOA(DPUIIUEHT OCTIa0IeHUs U3TyYeHUsI B BEIIISCTRE.

dopmyna (8.1) MoxkeT OBITH 3amKcaHa B CJICIYIOIIEM BUJIE:
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n,—n, =(n—n¢)e""‘ (8.2)

TJIe: 1 - CKOPOCTh CYETa UMITYJILCOB TOKA MPU HAJUYHMH 3aIIUTHOTO MaTepuasia
TOJIIIMHOM X, MMII/C,
Ng - CKOPOCTh CYETa MMIIYJIBCOB TOKa 3a IpENeaMH 30HBI BIUSHHA
MCTOYHUKA U3JTy4YeHus, T.e. poHa, umrr/c,
N, - CKOPOCTh CUETa UMITYJIHLCOB TOKa 0€3 3alUTHOr0 MaTepuana, UMIy/C.
N3 dopmynsl (8.2) BBIBOOUM BbIpaKEHHE IS pacyeTa JIUHEHHOTro
ko3 dunrenTa ociadaeHus:
x n-n,
[Tormomienne W3Iy4eHUST B BEMIECTBE 3aBUCUT OT MPHUPOIBLI W3IIYYCHHUS,
a TakkKe OT COCTaBa M IUIOTHOCTH caMoro BemiectBa. Huxe - B Tabnune 8.3
MpEACTaBICHa 3aBUCUMOCTh Kod(h@uimeHTa ociabieHust ISl HW3Iy4YeHUs

(OTOHHON TPUPOABI.

Tabnuua 8.3
3aBucumocTs KO3(pPpuuuenTa ocaadJaeHus A5 U31yUYeHUs (POTOHHOM
NPHUPOALI
DHeprusi raMMa-u3JIydeHns, Kos¢dunuent ocnabuenns, cm™
M5B BO3JIyX | OPI'CTEKJIO | KEJIe30 | CBHUHEL
0,1 0,198 0,172 2,81 59,9
0,5 0,111 0,006 0,82 1,67
1,0 0,081 0,07 0,45 0,75
2,0 0,057 0,05 0,33 0,51
5,0 0,036 0,03 0,24 0,48
10,0 0,026 0,022 0,23 0,62

[TornomieHne KOPNyCKYISIPHBIX MOHU3UPYIOMIUX H3TYUYCHUH MPOUCXOJIUT
3HAYUTEILHO UHTEHCUBHEE (DOTOHHBIX. DTO MOKHO OOBSICHUTH JTUOO HATUUUEM
y 4acTHIl, HOHU3UPYIOIIUX BEIIECTBO, JIEKTPUUECKOTO 3apsiia, JU0O0 MpU €ro
OTCYTCTBUM HQJIMYMEM 3HAYUTEJIBHONM MACChl HOHU3UPYIOIMIMX YaCTHII
(HEUTPOHOB). [Tornomienue KOPIYCKYJISIPHBIX W3JIy4YCHUN y100HO
XapaKTepHU30BaTh BEJIMUMHONU CBOOOIHOTO ITpodera 4acTHuIl B BEIIIECTBE.

B tabnune 8.4 mpeacraBiaeHbl TUHIUYHBIC 3HAUCHUS CBOOOIHBIX MTPOOETOB
YJaCTHIl B BO3AyXe VI ¢ -, [5 - K MPOTOHHOTO M3JTYUCHUM.

TabOmnura 8.4
Tunu4yHbie 3HAYEHHS CBOOOIHBIX IPO0EIOB YaCTHUIl B BO3AyXe
sl o -, 3 - ¥ TPOTOHHOTO U3JTyYeHUu i

Bujx nonusupyromero JInana3zon /Inanma3oH cBOOOIHBIX
HU3JIY4YEeHUS Hepruu, MaB npooderos, cM
o 4,0 -10,0 2,5-10,6
B 0,01-8,00 22-1400
IMPOTOHHOE 1,0-15,0 0,002-0,003
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I'eomeTpuyeckoe ocjiadieHue U3JIydeHUN.

['eoMeTprUECKU UCTOUHUKUA MOTYT OBITh MOYEYHbIMU U NPOMAHCEHHBIMU.
[IpoTspkeHHBIE MCTOYHUKU MPEACTABISAIOT COOOW CYMEPHO3ULHUI0 TOYSUHBIX
UCTOYHUKOB U MOTYT OBITh JHHEWHBIMHU, MOBEPXHOCTHBIMU WU OOBEMHBIMHU.
Du3nyecKd TOYEUHBIM MOKHO CUMTATh TaKOW HMCTOYHUK, MaKCHUMAaJIbHbIC
pa3Mepbl KOTOPOTO MHOTO MEHBIIE PACCTOSIHHS 0 TOYKU JETEKTUPOBAHUS U
JUTUHBI CBOOOTHOTO Mpo0era B MaTepraie HCTOYHHKA.

JIJis TOYEUHBIX WCTOYHUKOB MOTOK HM3IY4YCHHs, KPOME YKa3aHHOM BBHIIIIE
3aKOHOMEPHOCTH OCJIa0JIeHus MpU TNPOXOKICHWHM B BeUIeCTBE, OyJeT
0Ca0NATHCSA 32 CYET TEOMETPUYECKON PACXOAUMOCTH, MOTUMHSIOLIECHCS 3aKOHY
OOpaTHBIX KBaIPaTOB: 7

p(R)= L e
47 R*
rae /- MOIIHOCTh UCTOYHUKA, R - paCCTOSIHUE OT UCTOYHUKA.
Tak, Hanpumep, ociabieHue 3a CUYET MOTJIONIICHUs] B BO3/yXe, HalpUMED,
JUIl UCTOYHUKAa C »Hepruei, paBHod 1M»sB Ha paccTrosiHun 3M, cOCTaBisIET
0,2%.

Perucrpauus uziay4eHuu.

[IpumMensieMble B 00J1aCTH pagualiOHHOTO KOHTPOJISI MPUOOPHI IO CBOEMY
HAa3HAUCHUIO  TOAPA3ACIAIOTCA  Ha  Oo3umempwsl,  paouomempuvl U
CneKmpomempbl.

Jlo3uMeTpshl ciaykaT I U3MEPEHUS MOTJIOMIEHHON 036l MOHU3UPYIOIIETO
V3JIyYCHUS WA €€ MOITHOCTH.

Paguometpel citykat st U3MEPEHUs] TUIOTHOCTH TOTOKA M3JIYYCHUU U
AKTUBHOCTHU PaAUOHYKJIUIOB.

CrnexTpoMeTpsl CIyKaT ISl U3MEPEHUS pPACHpeNesICHUs H3IyYEeHHI M0
DHEPTUU YaCTHI] WK (POTOHOB.

OcHoBa perucrTpaiuu JIoO0ro BUAAa HU3IYYEHUHW — €ro B3aHMOJICHCTBHE
C BEILIECTBOM JeTeKkTopa. [loa nerekropoM rmoHumaercs yCTpOMCTBO, HA BXOJ
KOTOPOr0 MOCTYNAKT HMOHU3UPYIOLIEE HW3JIyYEHHE M Ha BBIXOJEC MOSBISIOTCA
PETUCTPUPYEMBIM CUTHAJ. THIl JEeTeKTOpa OnmpenesnseTcss MPUpPOAON CUTrHala -
IPU CBETOBOM CHTHAJI€ JIETEKTOP HA3BIBACTCA CYUHMUIIAYUOHHBIM, TIPU
MMIYJIbCAX TOKA - UOHU3AYUOHHLIM, TIPU TIOSIBJICHUU IYy3bIPHKOB Iapa -
ny3vlpbKOBas Kamepa, a TPU HATUYHUM KalleJIeK )KUIAKOCTU - Kamepa Bunvcona.

BemectBo, B KOTOpPOM  MPOMCXOAUT  NpPeoOpa3oBaHUE  SHEPIUH
MOHU3HUPYIOIIETO M3JIy4YeHUs B CUTHAJ, MOXKET OBITh T'a30M, >KUJIKOCTBIO WM
TBEPABIM TEJIOM, UTO U JAET COOTBETCTBYIOIIEEC HA3BAHUE JIETEKTOPAM: 2d308ble,
JHCUOKOCMHbBIE U MEEPOOMeENbHbIE.

B naunHoii paGore mnpuMeHsICSs TpUOOp, COBMEMIAOMINK  (DyHKIUH
JIO3UMETpa U paguoMeTpa - IepeHocHou reosoropa3peaounbii CPII-68-01.
[Tpubop coctosin u3 BeiHOCHOTO OJ0Ka aerektupoBanus bJII'U-01, mepenocHoro
MyJIbTa, KOTOPBIN COMIEPKaJI CXEMY U3MEPEHUS M CTPETIOYHBIN mpuoop.
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B CPII-68-01 wucnonb3yercsi CUMHTHUJUISIIUOHHBIN JETEKTOpP HAa OCHOBE
HEOpPTraHUYeCKOro MoHOKpucTaia Harpui-ion (Nal). IlpuHiun paGoTs
NETEKTOpa 3akKiIo4aeTcss B cieAyronieM. M3inydeHue, B3aUMOJCHCTBYS C
BEILIECTBOM CIMHTUJUITOPA, CO3JAET B HEM BCIIBIIIKKA CBeTa. DOTOHBI CBETA
MoMNaaaoT Ha (POTOKATOA M BEIOMBAIOT U3 HETO (POTOAIEKTPOHBI. Y CKOPEHHbBIE U
YMHOKCHHBIC DJICKTPOHBI CcOOMparoTcs Ha aHome. Kaxaomy dJIeKTpoHY,
MOTJIOIIEHHOMY B CIUHTWIISTOPE, COOTBETCTBYET MMITYJIbC TOKa B aHOJHOMU
1eny (OTOSIEKTPOHHOTO YMHOXKHTEIS, CJIEI0BATECIBLHO, U3MEPEHUIO MOXKET
MOJJICKATh KaK CpeAHEee 3HAYCHHWE aHOJAHOTO TOKAa, TaK M YHUCJIO UMITYJIhCOB
TOKa B E€IMHUILY BpeMEHU. B COOTBETCTBHU C 3TUM pa3IUYAIOT MOKOBbIU
(MHTErpUpYIOIINI) U cyemHblll PEKUMBI CHIUHTHUIUISIITUOHHOTO JO3UMETpPA.

Crpenounslii mpuOOp B HU3MEPUTEIHHOM KOMILUIEKCE MO3BOJSET CHUMATH
3HAYEHUS JIJISl IBYX PEKUMOB paOOThI T03UMETPA:

- MOIIIHOCTB 3KCHO3UIIMOHHOM J103bI, MKP/4;

- Cpe/IHSIsl CKOPOCTh CU€Ta UMITYJILCOB TOKA, UMII/C.

OpaHako ecTh CyIIECTBEHHbIC OTPAHUYCHHUS IO MCIIOJIb30BAHUIO B YUEOHOM
Tpolecce HCTOYHHKOB HOHH3MPYIOINX U3TydeHni - pagnonykinaa “’Co u ap.
[ToaToMy B naHHO# J1abopaTopHOU paboTe IKCIEPUMEHTANBLHBIE MCCIIEI0OBAHUS
BBITIOJTHSIOTCS. HA BUPTYaJIbHOM J1a0OpAaTOPHOM CTEHJE, OCHOBY KOTOpPOTO
COCTABJISIET CUMHTWUISIUMOHHBIA reosioropa3senounsiii mpudop CPII-68-01.
Cxema BUPTyaJIbHOTO CTEHJa MpeacTaBlieHa Ha puc. 8.1 U MOIHOCTHIO
COOTBETCTBYET peaibHOM J1abopaTopHOi padoTe.

2.1IpakTu4ecKue UCCIeI0BaAHUS.
IMopsaaok 3amycka padoThl

st 3amycka BUpPTyaidbHOUM JabopaTOpHOM pabOThI MO MOHU3HPYIOLIEMY
raMma M3Jy4eHUI0 He00XoauMo 3amycTuth (aitn « W.exe.

IHopsinok BbINOJHEHNSI BUPTYAJIbHO J1a00paTOPHO padoThI

B oTkpeIBIICiicS ClieHEe BUPTYalbHON J1a0OpaTOpHON pPabOThI, CTYACHTY
HEO0OXOJMMO BBITIOJHUTH MOATOTOBKY HMCIHOJb3yeMOW YCTAaHOBKH, aHAJIOTUYHO
pEATBHOM YCTAHOBKE, TO €CTh:

- TIEPEKJIOYHUTh MYJbT U3MEPEHUS HOHU3ZUPYIOLIETO W3JIYy4YEHUS U3
nosioxkeHus «BeIki» B osoxkenue «5» (cm. puc. 8.1);

- YIQIUTh 3alIUTHYIO TUIACTUHY TNEepe]l ICTOYHUKOM raMMa-KBaHTOB, €CIU
OHa UMEETCH.

[Tocne ycTaHOBKU TEpEKIIIOYaTENsl, BBIMOJIHAECTCS padoTa MO U3MEPEeHMI0
IKCIMO3MIUOHHON 103bl H3JIyYeHHMs] B 3aBUCHMOCTH OT pacCTOSHUS M0
WMCTOYHHMKA U3ITyYECHUS:

1). YcranoBuTh AaTYMK Ha MaKCUMAJIBHOM PAacCCTOSHUK OT HMCTOYHHKA
COTJIACHO 33JIaHUI0 pyukamu «Briepen» - «Hazamy.

2). BKIrounTh CUMHTHJUISLIMOHHBIN CYETYMK HUKHEH KEeITONW KHOMKOW Ha
HIDKHEM IIEPEKJIIoYarelie, yCTaHOBUB €ro Ha JneneHue «5». Ha BepxHem
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MEpeKIoYaTeie ¢ MOMOIIBI0 TMPaBOM  KENTOW  KHONKH  YCTaHOBHTH
NEPeKIIIoUaTeNlhb MPEIEIOB W PEKUMOB H3MEPEHUN B HIDKHEE TITOJOXKCHHE
3a)KaTUEM JIEBOM KHOIKH MBIIIA M TOBOPOTa 1O HEOOXOJUMOW IIIKAJIbI
(30MKP/4) m3mepeHust MOITHOCTH AKCIIO3UITMOHHOMN J103bI B MKP/4;

3) CHAThp 3HAYEHUS DSKCIO3WIIMOHHOW 03Bl C M3MEPHUTEIHHOW IIKaJIbI
npubopa (cMm. puc. 8.1) wnmm nyOnupyromue mnokaszanust B uHTepdeiice. C
MTOMOIIBIO JIEBOM KHOIKOW MBI TTPOU3BOJAUTH NIEPEMEIICHUE AaTYUKa BJIOJb
U3MEPUTEITFHON JIMHEWKW W YCTaHABIWBATh PACCTOSHUE B COOTBETCTBUH C
BapUAHTOM 3aJIaHUS W TIPOU3BECTH CHATHE 3aBUCHMOCTH DKCIIO3UIIMOHHOMN JIO3BI
OT PacCTOSTHUSI.

PaccTtofHkWe = 55 oM.

—.-.ulunu...””
LI

¥ -
m

Puc. 8.1. JlaGoparopHast paboTa o HOHU3UPYIOUIEMY U3ITYUEHUIO

Crnenytoimasi 4acTh Ja0OpaTopHO palbOThl 3aKIIOYACTCS B H3MEpPEHHU
IUVIOTHOCTH NMOTOKA raMMAa-KBAHTOB 32 CJIOSIMU 3aIIIUTHBIX MAaTEPUAJIOB.

4) VYcTaHOBUTH JaTUYMK Ha 33J]aHHOM pACCTOSIHUM U IepeMerias
SKPaHUPYIOIIME TUIACTHHBI 33JaHHOT0 Marepuana M TOJIIIMHBI MPOU3BECTH
U3MEpPCHUST WUMIT/C KaKk 0e3 SKpaHOB, TaK M MpPH WX Hamuduu. st 3Toro Ha
BEPXHEM MEPEKIIOYATENIE C MOMONIBIO JIEBOM JKEJITOW KHOMNKH YCTAaHOBUTH
MEPEKIIIOYATENb TPEACIOB U PEKUMOB H3MEPEHUM B BEPXHEE IOJOKEHUE
3aKaTHEeM JIEBOM KHOMKH MBI M TOBOPOTAa JO HEOOXOAMMOW IIKAJBI
«100umMmrr/c).

Jlanee ¢ MOMOIIIBIO JIEBOM KHOTIKU MBIIIN Ha)KaTh Ha BRIOPAHHBIN MaTepual
W 3aTeM Ha IUIACTUHY HEOOXOAMMOW TOJNIIMHBI, YCTAaHOBUTH €€ Tepe]
WCTOYHUKOM W3NMydeHus (HaXKaB Ha Hee KHOMKOW MbimH). [IpousBens
W3MEPEeHUE WUMII/C JUIsl TaHHOM TUTACTUHBI, 3AMEHUTD €€, Ha)KaB JIEBOW KHOIKOU
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Mmbii  «Hazam» W aHamoruyHo MOBTOPUTH NPOLEAYpPY M  CIEAYIOIIeH
MJIACTUHBI.

Cnegyer OTMETUTb, YTO NpHU paccTosiHuAx Oosiee 30cM MOIIHOCTH
HKCIIO3UIIMOHHON /1036l W CKOPOCTh CUY€Ta HWMITYJIbCOB HOHU3UPYIOLIETO
U3NydeHus OYyIyT COOTBETCTBOBATH YPOBHIO HMOHU3UPYIOIIETO H3IyYEHUs
OKPYKaIOIIEN CPEJIBL.

[Tocne mpoBeneHUsT U3MEPEHUI HEOOXOAMMO BEpPHYTH MEPEKII0YATEeNU B
MCXOJTHOE MOJIOKEHHUE U BBIMTH U3 NIPOrpaMMbl, HakaB Ha «BbIxom.

[IpoBect 00pabOTKY IKCHEPUMEHTAIBHBIX PE3YyJIbTATOB, IOCTPOUB
rpaduk 3aBUCMMOCTH SKCIO3WIMOHHOM J03bI OT paccrosHus. M mposecTu
pacuer 1o Qopmyne 8.3 kodpdurmenta ocnaabieHUs AIA  PA3TUIHBIX
HKPAHUPYIOIIHUX MAaTEPHAIIOB.

BapuanTsl 3a1aHuil 1a00paTOpHON padoThI

Paccrosinmne
Ne Toammua
Paccrosinue, cM MarepuaJn 3kpaHa JaT4MKa 10
BapHaHTAa IKpaHa, cM
IKpaHa, CM
1 50,30, 15, 10, 8, 6 | XKene3o, aTroMUHHUI 6
2 45,25,15,10,9,7 | AmroMuHM#i, CBUHEI] Bo Beex 7
3 40, 30, 20, 15, 10, 7 CBuHEll, CTEKIIO BapHaHTax: 8
4 35,25,15,10,8, 6 CBHHeI] XeJe30 2,3,4,5¢em 6
5 40, 25, 20, 15, 10, 8 Keneso, cTexio 8

BOl'IpOCl)I AJIA CAMOKOHTPOJISA.

1. Kakue u3BeCTHBI IPYIIIBI HOHU3UPYIOIIMX U3ITYyYECHH?
Kakune cymecTByrOT MOHU3UPYIOIIUE U3ITyUCHUS?
MX OCHOBHBIE XapAKTEPUCTUKH.
2. Bo3xeiicTBUE HMOHU3HMPYIOUIUX H3JIYYEHU Ha OMOJOTUYECKYIO TKaHb.
Oco0eHHOCTH ATOTrO BO3EHCTBHUSL.
3. I[Ipus3naku ny4yeBoi 6one3nn. CTEIeHH JTydeBOi OOJIC3HHU.
4. OT 4ero 3aBHUCHT CTEIIEHb BO3JIEUCTBUS MOHU3UPYIOIIMX H3JIyYCHUN Ha
OpraHu3M YeJloBeKa?
5. J103bl MOHU3HPYIOMUX H3IIydeHUH. VX ¢uzmdecknii cMbici. EauHUIIBI
n3MepeHus 103. COOTHOIIEHUST MEXIY EAUHULIAMH J03.
6. HopMupoBaHue HOHMBUPYIOIIUX W3IydyeHHil. OT Yero 3aBUCST
MPEAENTBHO TOITYCTUMBIE JO3BI.
7. Uto mnOHMMAaeTcs MOJ WHKEHEPHOM 3allUTON OT HOHU3UPYIOIIUX
W3JIyYEHUN?
8. Kakue Marepuanbl 00ecredynBaOT HAWIYUIIYIO 3alllUTy OT BO3JCHCTBUSA
Qo 4YacTvll, [ 4acTull, ¥ U3JIy4eHUd U rnodyemy?

9. Kakuie n3BeCTHbI METO/IbI PETUCTPAIIUY HOHU3UPYIOIINX U3TyUCHHUI.
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Pabdora Ne 15

IIEPBAS ITIOMOIIb

Heab padoThbl: 00yYUTH CTYJICHTOB OCHOBAM OKa3aHUs MEPBOM MOMOIIU
OO0mue cBegennst

IlepBasi momMomb — COBOKYNIHOCTb MEPOIPHUITHH, OKa3bIBAEMBIX
rpakJaHaM IIpM HECYACTHBIX CIIy4asX, TpPaBMax, OTPABJICHMUIX W APYIHX
COCTOSIHUSIX U 3a00JIEBAHUAX, YIPOXKAIOIIMX UX KU3HU U 310pPOBbIO, TULIAMU, HE
UMEIOUIMMH, Kak [paBUO, MEAMIHMHCKOIO o0Opa3oBaHMs, C  LEJbIO
IIPENOTBPALICHUS. OCTPOM YIpO3bl JKM3HU HIIM 3J0POBBS IOCTPAJABIIETO 10
IpUOBITHS CIIEIUAIUCTOB CIOCOOHBIX 0Ka3aTh MEAUIIMHCKYIO TOMOIIIb.

Oxazanue  mHEpBOM  IOMOIIM  PETIAMEHTUPYETCS  CIEAYIOIIHUMHU
HOPMATUBHBIMH IOKYMEHTAMHU:

1. ®enepanbubiii 3akoH oT 21.11.2011 N 323-®3 "O6 ocHOBax OXpaHbI
310poBbA rpaxaan B Poccniickon Penepanun’.

2. Ilpuka3z Munsnpasconpassutus Poccun ot 04.05.2012 N 4771 "O0
YTBEPKJICHUH TIEPEYHS] COCTOSHUIA, MPU KOTOPBIX OKAa3bIBAETCS ME€pBast OMOIIIb,
Y MIEPEYHS MEPOIPUITUHI 110 OKA3aHUIO TIEPBOM oMo'

B npunoxxenun IIpukasza Munsnpasconpassurus Poccun ot 04.05.2012 N
4771 (pen. ot 07.11.2012) "OO6 yTBEep>KIEHUU TEPEUHS COCTOSHUMN, MPH
KOTOPBIX OKa3bIBAETCS NEPBasi IOMOILIb, U IEPEYHS MEPONPUITHI 110 OKa3aHUIO
IIEpBOM oMoIIU" JaH NEPeUYeHb COCTOSIHAN, P KOTOPBIX OKa3bIBACTCS IEpBas
MIOMOIIb!

— OTCcyTCTBHE CO3HAHUS,

— OcTaHOBKa JbIXaHUS U KPOBOOOpAILICHHUS;

— HapyxHble KDOBOTEUECHHS;

— MHOpoHbIE Tella BEpXHUX AbIXaTEIbHBIX IyTEH;

— TpaBMmbl pa3IMYHbBIX 00IacTel Tena;

— Oxoru, >(QexTbl BO3AEHUCTBUA BBICOKUX TEMIEpaTyp, TEILIOBOTO

U3ITyYEHHUS;

— Ormoposkenue u apyrue 3GpGhHeKTsl BO3IEUCTBUS HU3KUX TEMIIEpaTyp;
OtpaBneHus.

Ounenka 0e30I1aCHOCTH MeCTAa OKA3aHUs NEePBOil MOMOLIH

Jro0ast neaTenbHOCTh JOJDKHA MPOBOAUTHCA B YCIOBHUSIX MaKCHUMAaJIbHO
NpuOMMKEHHBIX K Oe3onacHbiM. OkasbiBas IMEpPBYIO TMOMOINb, YEJOBEK -
criacaTellb, TaK K€ caM He JOJIKEH JIMIITHUN pa3 MoIBepraThCsi OMacHOCTH.

OcHOBHBIC BONPOCHI, Ha KOTOpbIC cracaTelb ODKEH IOJIYYHUTh OTBET,
Mpexe YeM NPUCTYNUT K OKa3aHUIO TIEPBOM TTOMOIIIH:

— UYrto npounzouwuio?
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— Yro SIBMIOCH NPUYMHON NPOUCIIEIIIETO?

— KonuuecTBo noctpagaBmmx?

— Coxpansiercs M  ONACHOCTb JJIA Bac W IOCTPAJABILEro
(moctpagaBmmx)?

— MoHO 1 KOro-HUOY1b IPUBJIEYD JJIs1 OKa3aHUS TIOMOIIN?

— Crnenyert 1 BbI3bIBaTh CKOPYIO MIOMOILb U KaK 3TO CIENaTh?

OueHuBasl cUTyalui0, 0co0O€ BHHMAaHHUE CIEIYET YIEIUTh BOIPOCY -
COXpaHsIeTCs JIM ONAaCHOCTh MJii BaC M INOCTPALABLIErO0 M HACKOJBKO 3Ta
OMacHOCTh Benuka? BaXHO BBIICHUTH - €CThb JIM CBOOOJHBIM JOCTYI K
nocTpajaBiieMy (MOCTPaJaBIIMM) M YTO HYXKHO CJEJaTh, €CJIM 3TOT AOCTYII
3arpynHeH? Ilpu oleHke cuTyalii HEOOXOAWMO COXPaHATh XJIAJHOKPOBHUE H
3[IpaBbI CMBICT, YTOOBI IPUHATOE PEIICHUE HE 0Ka3aJI0Ch OMIMOKOM.

B nepByro ouepenp HeoOXoaumo oOecnedyuTh OE30MACHOCTh HAa MECTE
npouciiecTBus. i1 3Toro He0OXOAMMO IPOBECTH CIAEAYIOLIUE MEPOTIPUSATHU:

e YCTPaHUTh UCTOUYHUKU OMACHOCTH;

e €CIM YCTPaHUThb HMCTOYHUKHM OIIACHOCTH CAMOMY HE HPEICTaBIAETCS
BO3MO>KHBIM, [103BaTh KOr0-J1M00 Ha OMOIIIb;

e €CIIM YCTPAHUTh OINACHOCTb HEJb3d, HEOOXOAUMO MEPEMECTUTH
nocTpajaBliero B Oe3omacHoe MecTo. JlenaTh 3TO HYXHO KpaiiHe
OCTOPO’KHO;

e HE pHCKYyWTEe cO0OW - HMHA4Ye BBl HE CMOXKETE OKa3aTh ITOMOIIb
MOCTPAJIaBIIEMY.

NnenTudukaims onacCHOCTH B HE3HAKOMOM MECTE, 3aBHCHUT OT CHIELIU(PUKH
TOrO0 MECTa, II€ MPOU30LIEN HECYACTHBIM ciydail. OQHAKO MOKHO BBIICIIHUTH
psAa OOLIMX MPU3HAKOB TOBOPAILIMX O BO3MOXKHOM COXpaHSIOIIEWCS yrpo3e B
Onu3nexalei 30He BOKPYT MOCTPalaBIIEro:

— pa3OpocaHHbIC METTKUE OCKOJIKH;

— HAJINYUE JIFOAECH pAIOM C MOCTPAJABIIMM M IIPU 3TOM HE ITOMOTAOIINAM

cMy,

— HaJIMYUE OTKPBITOTO OTHS U TYCTOTO JIbIMA;

— HaJIMYUE ABWXKYILIUXCS MEXaHU3MOB;

— HAJINYUE IEKTPUUECKUX ITPOBOJIOB.

AJNTOPUTM OLIEHKHM yTpO3bl CIIACATENIO MPU OKa3aHUU MEPBON MOMOLIH:

1. IlocMOTpeTh HIMPOKO IO CTOPOHAM BOKPYI C LEJNbI BBIMCKUBAHMS
JBIKYIIUXCSA 00BEKTOB, JIt0/Iel. BO3MOKHbBIE MOTEHIIMAIBHBIE YTPO3BL...

2. Ilpubnu3utbcsi HA MaKCUMaldbHO O€30MACHOE pacCCTOSTHUE K
[ocTpajgaBlieMy. ['paHulleld B 3TOM CiIydae MOMKET CIYXKUTh PAaCcCTOSHUE
pasyieTa MEJNKUX OCKOJKOB. MPUOIU3UTEIHLHOE PACCTOSIHUE YI'PO3bl OTKPBITOTO
OTH$1, UJIW TIpeAroaraeMoro B3pbiBa. Eciu He BBISBICHBI OYEBUIHBIE TPU3HAKU
YIPO3bl, CIEAYET OCTAHOBUTHCA IMEpell MOCTPAAaBIIMM B HECKOJbKUX (3-5)
miarax M MOPUCTYNUTh K HACHTU(UKALMUA JEHCTBYIOIIUMX YyIrpo3, cede Hu
NOCTPaJaBIIEMY.
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3. Ecau yrpo3bl BBISSBUIIUCH, TO UX YCTPAHSAIOT (HapUMEp FacUTCsl OrOHb,
WIM BBIKJIIIOYAETCS AJIEKTPUUYECTBO, OTOPACHIBAIOTCS OIACHBIE IMPEAMETHI OT
NOCTPA/IaBILEro), TMO0 BMECTE C MOCTPAAABIINM TOKUAAETCS 30HA OMACHOCTH.

B ciiyuae HEBO3MOXKHOCTH MPENOTBPATUTH YIPO3y MOCTpaaBLIEMy, JTUOO
BBIHECTH €T0 U3 OyYara MopakeHUs, HEOOXO0IMMO MEPEMECTUTHCS Ha OE30MacHOe
Ui ce0s1 pacCTOSIHUE U IIPOJOJDKUTHh HAOMIOAECHUE 33 IPOUCXOIAIINM, OKUIas
PUOBITUE TTOMOLIH.

Celee‘IHO-JIeI‘O‘lHaH peaHuManus

Cepneuno — nerounas peanumanus (CJIP) - KOMIUIEKC HEOTJIOXKHBIX
MEpONpPUATHNA, HANpPaBICHHBIX HAa BOCCTAHOBICHHE JKU3HEAESITEIbHOCTU
OpraHu3Ma U BBIBEJACHHUE €r0 U3 COCTOSHUS KIMHUYECKOW CMEPTH.

[lepen oxazaHueM peaHUMAIMM HEOOXOJUMO MPOBECTH OCMOTP U OLEHUTH
o011ee COCTOSIHME MOCTPAaJaBILIETO, TAKXXKe HEOOXOAMMO OLEHUTh HaJIUuue WU
OTCYTCTBHE y MOCTPA/IaBILErO CO3HAHUSA, AbIXaHUs, KPOBOOOPAIICHHUS.

Jlis mpoBEpKU CO3HAHHUA HEOOXOJUMO T'POMKHUM TOJIOCOM OOpaTHThCS K
MOTEPIEBIIEMY, HAIIPUMEP, CIIPOCUTh €r0 UMSI WM HY’KHA JU €My MOMOIlb, U
€CJIi He T0JTy4yaeM OTBETa, TO MpUKacaeMcs K OnrkaillieMy OT criacatess Iiedy
IIOCTPAJABIIEro0 M CJIETKAa IOXJIONAB II0 HEMY NOBTopseM Bompoc. Eciu Her
peakluu, TO AENIaeTCsd 3aKI0YEHUE, YTO HAMU CO3HAHUE Y MOCTPAJaBUIErO HE
OoOHapyXUBaeTCHl.

[IpoBepka HanMuus JbIXaHUS MPOU3BOAUTCS
M0 BHEIIHUM  TpU3HAKaM  MOJBUXKXHOCTHU
TPYJHONM KJIETKM MW  HaJIUYMIO  JBUXKCHUS
BO3JyXa 4Yepe3 HOoC U poT. MoxHO
HaKJIOHMBIIUCh HaJ JIMIIOM [OCTPAaJIaBIIETO
MOMBITATBCS C PACCTOSAHUSA S5-7 CAHTUMETPOB OT
OpraHOB JbIXaHWS TMOCTPAJABILIETO YCIBIIIATH
€ro JbIXaHue.

Jns ycTaHOBJEHUA HAIWYUS CEPICUYHBIX
COKpalIeHU HEe0OXOIMMO HalllynaTh MyJbC Ha
conHou aprepun (puc.15.1). OrcyrcTBue
nyJibca Ha COHHBIX apTEepHUsiX - OCHOBHOMU
CUTHAJI K HaYaJly peaHUMallMOHHBIX MEPOIPUATUH.

B CJIP BXOIWT BOCCTAaHOBJIEHHE INPOXOJMMOCTH BO3LYyXOHOCHBIX ITyTEH,
UCKYCCTBEHHAs] ~ BEHTWISALMUA  JIETKMX,  HCKYCCTBEHHOE  MOJJEp’KaHUE
KpOBOOOpaIeHus

CHauana HeoOXoAMMO 0OO€CleYuTh BOCCTAHOBIEHHE U 3(PPEeKTUBHOE
UCKYCCTBEHHOE MOJepKaHUe IbIXaHUS U KpoBooOpaieHus. OHON U3 4acThIX
IPUYMH HENPOXOJMMOCTH BO3JYXOHOCHBIX IYTEW SBISETCS 3alaf€HUuEe KOpHS
s3pika. YTOOBI M30€X)aTh ATOT0, HEOOXOIUMO TEPEBECTH TOCTPAJABIIETO B
MOJIOXKEHUH Ha cluHE. TOT, KTO OKa3bIBAET MOMOIIb, PACIIOIATAETCS CIpaBa UM
cieBa OT nocrtpanasmiero. Criacarenp MOAKIAABIBAET OJHY JIAJOHb IMOJ IIECHO

Puc.15.1.0npenenenne Hanuuus
IIyJIbCA HA COHHOM apTepHH.
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MOCTPa/IaBIIEMy U HECKOJBKO MPUIIOJHUMACT €€, a IPYroi JaJ0HbI0, ONTHPAasCh
BO3BBIIIICHHEM OOJIBIIOTO Majblla Ha JIOO, TUIABHO 3alpPOKUIBIBAET €r0 TOJIOBY
Ha3aj. Pyky m3-moj mien mepeHocsT Ha MOJ00POJOK TMOCTPalaBIIero, ToMOoras
¢buKCcHpOBaTh 3alMPOKWHYTYIO TOJOBY, W OONBIIMM MAaJbIEM JTOH pPYKH
MIPUOTKPBIBAIOT €My poT (puc.15.2).

Puc.15.2. JlelicTBusl yesoBeKa, OKa3bIBAIOLIETO MOMOILb [TOCTPAAABILEMY, ITPU
HETIPOXOJANMOCTH BO3lyXOHOCHBIX ITyTEH.

OTu npueMbl 00ECIIEYMBAIOT OCBOOOXKACHUE BEPXHUX JbIXaTEIbHBIX MyTEH
OT CMELAIOIIETOoCsl BHU3 M Has3ad KOpHA s3bIKa IpU OECCO3HATEIBHOM
COCTOSIHMM ITOCTPAAABILIEr0 U PaccaabIeHUH MBIIIIL JHA ITOJIOCTH €T0 pTa.

[Tocnie OTKpBITHS pTa MOCTPAJABIIETO, HEOOXOAUMO IPOBECTH OCMOTp €ro
noJocTd pra. Ecnu B MOJIOCTH pTa MPUCYTCTBYIOT Kakue-IHOO NOCTOPOHHHE
IpEeIMEThl, TO OHU YJAJSIFOTCS YKa3aTeJIbHBIM MaJIbLIEM cracaressi, 00epHyThIM
MapiieBoil  caln(eTkoll WJIM HOCOBBIM  IUIATKOM,  «BBIYEPIIBIBAIOLIUMI)
JBUKEHUSIMHU CBEPXY BHU3 IIPU MOJIOKEHUHU TOJIOBBI «HAa00K» (puc.15.3).

Puc.15.3. Y nanenue MHOPOAHBIX MPEAMETOB U3 MOJOCTH PTA MOCTPAAABILETO.

[Tocne 3TOro MpUCTYMarOT K MPOBEJCHUI0 MCKYCCTBEHHON BEHTHIISILIUU
JIETKUX, TO €CTh - BIlyBaHHE BO3/lyXa B JIETKHE METOJIOM "poT KO pTy" min "poT K
Hocy". Ilpm mpoBeNEHMH HCKYCCTBEHHOM BEHTWISALIMM 3THM METOJOM
peaHuMaTop JenaeT riayOOKWil BJOX M TOCIE TJIOTHOTO MPMXKATHS CBOMX Ty0
BOKPYT OTKPBITOTO pTa TOCTPAJABIIErO MPOU3BOAUT TIIyOOKHH BBIIOX,
HAIOJIHSS JIETKME TOCTpPaJaBIIero Bo3ayXxoM. [Ipu 3TOM 3aKUMarOTCS KPbUIbS
HOCa MOCTPAJABIIETO B BUJIC MPUIICTKUA OOJBIIUM U yKa3aTeJIbHBIM MaIbllaMU
JIaJI0HU, PACTIONIOKEHHOM Ha ero Joy (puc.15.4).
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Puc.15.4. [IpoBenenre KCKyCCTBEHHON BEHTUJISLIUN JETKUX.

O6bem BbiOxa crmacarenss npumepHo 500-700 MWIUAMTPOB. ITO
MPUMEPHO MOJIOBUHA OOBIYHOTO BlOXa. BhIIOX y mocCTpagaBIIEro MPOUCXOIUT
caMocTosiTeIbHO. BOo BpeMsi MacCMBHOIO BbIJOXa CHacaTellb BBIIPSAMIISAETCS U
nenaet riyOokuit  Bpox. llenecooOpa3HO HMCMONIB30BaHUE — CHEIUATBHBIX
YCTPOUCTB MpeaHa3HAYEHHBIX JJIS 3TOW NPOLEAYPhI, BXOMSIIMX B alTEUKy
IIEPBOM ITOMOIIIH.

O6 >(pheKTUBHOCTH MCKYCCTBEHHOW BEHTWIALMHU JIETKMX MOXXHO CYAUTh
M0: CUHXPOHHOMY, C BJIyBaHHMEM, MOJHATHUIO TPYIHON KIETKH, OIIYIICHHUIO
AIACTUYECKOrO0 COMPOTUBIICHUS MPU BAYBAaHUHU, OLIYIIEHUIO CTPYU BO31yXa MpHU
BBIJIOX€ IMOCTPAIABIIINM.

OaHOBpeMEHHO C D3THUM MPOBOJUTCSA
HEnpsMOW  (Hapy>KHBIN, 3aKpBITBIA) Maccax
cepaua (puc.15.5). [Ipu IIPOBEICHUN
HAapy>KHOTO  Maccaka cepAua MEXaHHU3M
JBWKEHUSI KPOBH 00€CTIEUMBAETCSI BCIIEICTBUE
OpsSIMOTO  CHABIMBAaHUS  Cepalla  MEXAY
TPYJIMHONW U TO3BOHOYHUKOM U BBITAJKUBAHUS
KpPOBH U3 CEpJEYHBIX TOJIOCTEeH, Kak Obl
CHABJIMBAEM CEpPJLEC KaK PE3WHOBYIO TpyIly, a
3a CYET HAJIW4YUsl B KPOBEHOCHOW CHCTEME

Puc.15.5. Tlposenenne KJIAalIaHOB ~ KPOBb  JBHUIAECTCA B  HYXHOM
HENPSIMOTO MaccaXka cep/Ira HANPABJEHAH

Texnunka npoBeeHNs 3aKPbITOr0 MAaCCaKa
cepaua:

KOHTakT ¢ TIpyIMHOM HYXHO OCYIIECTBIATH OCHOBAHUEM JIAJOHM.
[Tanbipl cnacarenss Ipu 3TOM HE JOJKHBI KAacaTbCsl TPYAHOW KIETKU. Bropas
pyKa pacmoJiaraercs CBEpPXy, IO IPSAMBIM YIJIOM K HIKEJIEKaIled pYKeE.
[lepBoe HaxaTMe Ha TPYIWHY HYKHO TNPOBECTH IUIABHO, IOCTapaThCs
OMpENENUTh €€ AIACTUYHOCTh. 3aTe€M TOJYKOOOpa3HO C PaBHOMEPHBIM
JABJIEHUEM Ha TPpyJIuHY, HEOOXOJMMO €€ MPOJAaBUTh Ha 5 -7 CM U yAep>KaTb B
sToM TosioxkeHuu 0,5 cexyHa, a 3aTeM OBICTPO pacciiaduTh PyKH, YTOOBI aTh

169



BO3MOYKHOCTh TPYJTHOM KJIETKE MOJTHOCTBIO pacrpaBUThes (puc.15.6).

Puc.15.6. Texnuka npoBeneHHs 3aKpBITOTO Maccaxka cepiia.

Pyku, oka3bIBaloIliero Mmomoilb, BO BpeMs HaJaBIMBaHUs JOJHKHBI OBITh
MPSIMBIMH, HE JTOMYCKAeTCsl Cru0aHue UX B JIOKTSIX.

CroaBnuBaTh TPYAHYIO KIETKY IOCTPAJaBIIETO HYXHO, HCIOJb3Yys HE
CTOJIBKO CHIIy PYK, CKOJIBKO TSIKECTh CBOErO TYJIOBHUIIA, MBIIII CIIHHBL. IJTO
MO3BOJIUT HE TOJBKO MPOBOAUTH Maccax cepina 3(p¢heKTUBHO, HO U COXPAHUT
CUJIBl JIJISl €ro MPOBEJICHHUS B TEUEHUE IMTEIBHOTO BpeMeHH. B HacTosuiee
BpeMsl OOJBIIMHCTBOM CHELUAIMCTOB IMPHU3HAETCA YacToTa HajgaBiauBanusa 100-
110 B MuHyTy. Jlyume nmpoBOOUTh CEPIECYHO-JIETOYHYI0 PEAaHUMALIMIO B Iape C
keM-To. OIMH MPOU3BOJIUT HANABIMBAHUS HA TPYJIHYIO KJIETKY, IPYTrOd Jiesaet
HUCKYCCTBEHHOE JHbIxaHuWe. B HacTosiiiee Bpemsi OOJBIIMHCTBO CIEIUATUCTOB
NPUACPKUBAIOTCS MHEHHST O TOM, YTO COOTHOIIEHHE KOMIIPECCHMl K BIIOXY
TOJKHO ObITh 30 K JIByM, TO €CTh - Ha TPUIUATh HAJAaBIUBAHUN 2 BoXa.
[IpepbiBaTh 3aKphITBIA Macca)k cepAlla MOKHO He Oojee 4eM Ha S5 CEeKyH]I.
[TosTOMy NlenaTh HYHO: JBa BJ0XA IO 2 CEKyHJbl, M€Ky HUMHU UHTEpBAI 2-3
cekyHibl, a 3aTeM 30 kommnpeccuid B putMme 100-110 HamaBnuBaHUI B MUHYTY,
3aTeM OMSTh JIBa BJIOXAa W TaK JIO0 MPUOBITHS MOMOINM WM JO TOSBICHUS Y
MOCTPAJABIIIET0 CaMOCTOSITEIILHOTO JAbIXaHus U ceparneouenus. O6 3TOM MOXKET
KOCBEHHO CBHJIETEIILCTBOBATH TOPO30BEHUE KOXKU Ha nuue. [IpoBepsTs Hammuue
CaMOCTOATENLHOTO JIBIXaHUS U cepledneHns HeoO0XoauMo npuMmepHo depes 10
LIUKJIOB CEPJICUYHO-JICTOYHOM peaHuManuu. [Ipu >TOM oA OAHUM IUKIOM
noapasymeBaeTca nBa Baoxa W 30 HaaaBIuMBaHUW Ha rpyauHy. JKenaresibHO,
yTOOBI 3aKPBITHII Macca)< cep/illa MPOBOJAWII OJUH YEJIOBEK, a UCKYCCTBEHHYIO
BEHTWJIALIUIO - IPYTOM.

OcTaHoBKAa KPOBOTECYEHHH C MCIOJIb30BAHUEM KIyTA

KpoBoTeueHnemM Ha3bIBacTCsl CBOOOJHOE BHITCKAHWE KPOBU M3 KPOBSHOTO
pycna. OOBeM BBITEKIIEH KpPOBH U3 KPOBSHOTO pycia Ha3bIBACTCS
kpoBonorepeir. Iloteps g0 500 M KpoBHU MOXKET KOMIICHCHPOBATHCS
OpraHU3MOM 3a CUYeT COOCTBEHHBIX pe3epBOB. JKM3HEOMACHOW CUHMTAETCS
obicTpas kpoBomotTeps 6omee 1000 mu. CMepTenpHOM cuuTaeTcsl moTeps Oosee
ITOJIOBUHBI 00BEMa BCEH KPOBH.
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B 3aBucumoctu ot BUJa MOBPCKACHHOI'0 COCyaa pa3jindaroT CICAYIOIHEC
KpPOBOTCUYCHHU:A: - aPTCPUAJIBHBIC,
- BCHO3HBEIC,

- CMCIIaHHBIC,
- KalTWJUIAPHBIC.

Apmepuanvhble KPOBOTEUYEHHUS XapaKTEepU3yKTCA 00JIBI1I0H
MHTCHCUBHOCTBIO KPOBOIIOTEPH, YTO MOXKET TPUBECTH K ObICTpod TuOEenu
noctpaaasero. IIpu 3ToM nmoctynaromas U3 paHbl KPOBb - SIPKO ajast, KUAKas,
¢dboHTaHUPYET, MHOT1a ICHUTHCS.

Benosnvle KpOBOTEUEHHS] MEHEE HWHTECHCHBHBI, HO IIPU JOCTATOYHOM
MPOJOJDKUTEILHOCTH  MOTYT TMPUBECTH K OOECKPOBIMBAHUIO OpraHu3Ma.
BeHno3Hast KpoBb - TEMHO KpacHasi, T'yCTas, BBITEKaeT PABHOMEPHOM CTPYEil.

Kanunnsapuvie KpOBOTEUEHHMS, BO3HUKAIOUIME IPU TOBPEKICHUSAX Yallle
BCEr0 KOXXHBIX IIOKPOBOB TMpU HEOOJBUIMX PAaHEHUSAX, CCaJAMHAX. OTHU
KPOBOTEYEHHS] HANOMUHAIOT BBIIOTEBAHUE, I[IOABJICHUE MEJIKUX KPOBSIHBIX
Kareynek Mo BCeW MOBPEXKIEHHON OBEPXHOCTH.

/I BpEMEHHOM OCTAHOBKM HAPYKHOTO KPOBOTEYEHUS MCIOJIB3YIOT
CJIeIyIOLME CIOCO00B, MM UX KOMOMHAIIHIO:

1. Ilpnnanne KOHEYHOCTH, U3 KOTOPOM HAET KPOBOTEUECHHE, BO3BBILICHHOTO
IIOJIOKEHMS. B OCHOBY Me€TOZa MOJO0KEHO OTPULIATENBHOE BO3JIEWCTBHUE CHIIBI
TSYKECTU Ha JIBUYKEHHUE KPOBU B MPUIIOJHATON BBEPX KOHEYHOCTU. JTOT CIOCOO
NPUMEHUM MpPU KaWUISIPHOM KPOBOTEUEHHUH, JIMOO KAaK BCIOMOTATEIbHBIA B
COUYETaHUU C APYTMMH CIIOCOOaMH OCTAHOBKH KPOBOTEUEHUS MPU APYTUX BUAAX
KPOBOTEYEHHUM.

2. Hamoxxenue napsimieil MOBSI3KM Ha paHy. DTUM CIOCOOOM BO3MOKHO
OCTaHOBUTbH KPOBOTEUYEHHUE MMOUYTH U3 BCEX MEJKHUX BEH U apTEPUU, KAIUJUISPOB.
JlaBsmas moBsA3Ka HCIIOJIB3YETCs U1 OCTAHOBKM KPOBOTEYEHUS HA TYJIOBMILIE.
Tyras naBsiiasi MoBsA3Ka MOXKET OKa3aThbCsAd d(PGHEKTUBHON MPH apTepUaTbHBIX
KPOBOTEUECHUSIX U3 SATOJUYHOM 00J1acTH, COCYHOB KuCTEH, crom. llpumenstor
CTEPWIBHYK0 BAaTHO-MAapJ€BYyI0 MOAYLIEYKY C TOCJIEAYIOIMIUM IUIOTHBIM
OuHTOBaHMEM. J[JI1 OCTAaHOBKM KPOBOTEUEHHS HA TYJIOBMILE 3TOT CIOCOO
SABJISIETCS €INHCTBEHHBIM.

3. MecTHOE OXJIAXIEHUE pPaHbl. OJTOT METOJl MCIOJb3YyETCAd Kak
BCIIOMOTaTENIbHbIN, HO MOXET OBbIThb U OCHOBHBIM, HANpUMEp, MPU HOCOBOM
KpOBOTeUeHHH. JIJIsI  OXJIaKJEHUsT UCHOJIB3YIOT CYXOM  Xxoyiod, Ju0o
CIICUAIBHBIA KOHTEUHEP C OXJAXKIAIOMIEH XKUIAKOCThIO. Takke BO3MOXKHO
WU3TOTOBUTH CAaMOCTOSITEJIBHO XOJIOALUOBYIO €MKOCTh - TaK Ha3bIBAEMBIH,
VMIIPOBU3UPOBAHHBIN TUNIOTEPMUYECKU I ITAKET. B TEPMETUYHBIN
BOJIOHETIPOHUITAEMBIN TaKeT (MOJUATUIICHOBBIN, WU TIOI00HBIN) TTOMECTHUTH JIE]T
13 XOJOAWJIBHUKA, CHET, UJIU IIPOCTO XOJIOAHYIO BOAY. ' epMeTnyHO 3aBsA3aTh €ro
u oOMoTaTh 1-2 ciosiMu Mapiu.

4. IIpmxatre KPOBEHOCHOI'O COCYZla B MECTE OBPEKACHUS WIIA YyTh BBIILIE
paHbl  MOXET OBITb OCYIIECTBIEHO B TMOPSAKE CaMONOMOILIM WM

171



B3aumoniomouu. IIpmkaTte cocyl MOXXHO IajgbLaMH, KYyJIaKOM WIH KpaeM
JaZioHU. OTO HAAEKHBIM CIIOCOO BPEMEHHON OCTAaHOBKHM KpPOBOTEUYEHMS, HO
TpeOyeT XOpOIIEro 3HaHUS TOYEK MPHUAABIMBAHUSA KPOBOTOYAILEIO COCY[A.
Cocyn npuKuMaeTcsl B HETIOCPEICTBEHHOW ONM3M OT paHsbl, Bblle ee. Cienyer
3aMETUTh, YTO IOJ «BBIIIE» Mbl IIOHUMAET MECTO MEXIY PAaHOW U CEPALIEM.
Touky mprkatwsi, KaKk IPAaBWIO, COOTBETCTBYIOT MECTaM, I'JI€ JIETKO MOKHO
poIymnarh myisc. [Ipuxatue aprepun Ha €€ NPOTSKEHUM CaMbIM MPOCTOM U
JOCTYIIHBIA CcIoco0 BpPEMEHHOW OCTaHOBKM KpoBoTeueHus. lIpmwxnmaercs
apTepusi HE OJHUM HalbLIEM, a Cpa3y HECKOJbKUMH BJOJb IPOEKIUU
IIPOXOXKJICHUS apTepHUH, Yepe3 KOTOpYK KpoBb nomnaaaer B paHy. Crenyer
NOMHUTb, YTO JAaHHBI CHOCOO OCTAaHOBKM KPOBOTEUEHHUS  SIBISIETCA
BCIIOMOTaTeJIbHBIM U KPaTKOBPEMEHHBIM (710 20 MUHYT) Ha NEPUOA MOJATOTOBKU
K OCTaHOBKE KpPOBOTEYEHMS CTAaHJAPTHBIM WJIA HUMIPOBU3UPOBAHHBIM
apTepUaIbHBIM KI'yTOM.

5. ®opcupoBaHHOE cruOaHHME KOHEYHOCTH C (PUKcallMed B COTHYTOM
MIOJIOXKEHUHU. DTOT BUJ BPEMEHHOW OCTAHOBKM KPOBOTEUEHUS ITPUMEHSETCSA IIPU
IIOBPEXKIECHUAX COCYIIOB IIpEAIUIeYbs U rojieHU. [Ipu kpoBoTEYeHNN U3 apTepuil
OpeIUieybs U TOJIEHH, WUCIOJIb3YIOT MOJOKEHHE MAaKCHUMaJbHOTO CruOaHus B
JIOKTEBOM M KOJIEHHOM CYCTaBaX COOTBETCTBEHHO. s ycunenusa s¢ddexra Ha
BHYTPEHHIOIO TOBEPXHOCTh CrM0aeMoro cycraBa KiIaayT BaJUK U3 MATKOIO
Matepuana. Takad (uKcanuss MOMKET OCYLIECTBISATHCA TOJBKO HPH LEJIOCTH
KOCTEH KOHEYHOCTEH M MOXKET OBbITh paccuyuTaHa Ha KOPOTKHM MPOMEXYTOK
BPEMEHHU - MIOKa He Oy/IeT HaJI0KEH KI'YT WJIM JaBsias MOBs3Ka.

6. OCHOBHBIM CIOCOOOM BpPEMEHHOM OCTAaHOBKH  apTEPHAIBHOIO
KPOBOTEUEHHsI  SIBJIIETCSI  HAJOKEHHE  KPOBOOCTAHABIIMBAKOLIETO  KI'yTA.
[Toka3aHusAMHU Ul HAJIOKEHUS JKTyTa SIBISIIOTCA apTEpPHAIBHBIE KPOBOTEUEHHUS
U3 COCYIOB KOHEYHOCTEM, a TaKXKe KpOBOTEUEHHMs, KOTOpbIE HE
OCTaHaBJIMBAIOTCS JIPYTUMH CIIOCOOAMU BPEMEHHOW OCTaHOBKU KPOBOTEUEHHS.
Cy1iiecTByeT HECKOJIbKO MOJIU(UKALUNA PE3UHOBBIX JKYTOB, HO HECMOTpS Ha
Pa3IMYHYI0 KOHCTPYKLHMIO >KT'YyTOB IIpaBWjIa IOJBb30BAHUS HMH IPAKTHYECKU
OJINHAKOBBI.

[IpaBuita HAJIOKEHUS KIyTa:

1) Ilepen HakmaabIBaHUEM JKT'yTa HEOOXOJIUMO YOEIUTHCS B TOM, YTO €r0
npuMeHeHue  HeoOxonumo. HanokeHue  Kryra  sIBIS€TCS  JIOBOJIBHO
TPaBMaTUYHOM MPOLETYPOH, XOTS 3a4aCTyI0 HE UMEIOIIEH albTEPHATHUB.

2) Ilpu HaMOXKEHUH )KI'yTa HA KOHEYHOCTH BBIOMPAIOT MECTO BBIILIEC PAHBI U,
M0 BO3MOXKHOCTH, ONM>KEe K HEH, 4YTOObl YacTh KOHEUHOCTH, JIMILIEHHas
KPOBOCHA0XEHHUs, ObLIa KaK MOKHO KOpOue.

3) YtoObl He BbI3BaTh YIIEMJIEHHUE KOXH, KI'YT HaKJIaJbIBAIOT Ha OJIEXKIY,
WIA TPEABapUTEIbHO MECTO HAJIOKEHHUS JKI'yTa OOEpTHIBAIOT HECKOJbKUMHU
CJIOSIMU OMHTA, KOCBIHKOM MU IPYTUM MaTepUalIoM.

4) Ilpm HalOXKEHUH KryTa HEOOXOAMMO KOHEYHOCTH TPHUIIATh
OPUMIOAHITOE TMOJIOKEHHE. OTO HEOOXOAWMO JUIsi TOro, 4YTOOBI KpOBb,
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HAXOJAIIAsACd B TPaBMUPOBAHHOM KOHEYHOCTH TIOJI COOCTBEHHBIM BECOM
OTTEKJIA K TYJIOBHIILY.

5) Cuna HaloXeHUs IKryra JODKHa OBITh JIOCTATOYHOHM, YTOOBI
KPOBOTEUEHHE NIPEKPATUIIOCh, HO HE cuwibHEed. O TOM, YTO KpPOBOTOK
OCTAHOBJICH, MBI MOXEM yO€IUTHCS, ONIPEIECTUB OTCYTCTBHUE MYJIbCa HUKE KIyTa
Ha KOHEYHOCTH, KOTOpas MepeTsHyTa KryToM. [Ipu ciaboM HaloKEeHUH KryTa
KPOBOTEUYEHHE M3 PaHbl MOXKET YCHIIUTHCS. DTO MPOUCXOTUT 33 CUET TOTO, YTO
apTepuaibHas KpOBb MPOJOJDKAET NMPUTEKaTh (KTYT €€ HE 3aJep’KUBAET H3-3a
c1a0OCTH €ro JaBJIEHHS), a BEHO3HAsl KPOBb KIYTOM yAepKuBaercs (T.K. IS
IPUOCTAHOBKH JBM)KCHHMSI BEHO3HOM KpOBH TpPeOYIOTCS HE3HAYUTENbHBIC
YCWIHSI, TOpPA3/I0 MEHBIINE, YEM I OCTAHOBKH APTEPUAIBHOIO KPOBOTOKA).
[Ipu upe3mepHON cuje AABICHHUS KI'yTa COCYIbl M HEPBBI MOTYT IMOIYYUTh
HeoOpaTUMBbIe TTOBPEKICHHUS, CTIOCOOHBIE MOBJIEYb B MOCIEAYIOMIEM aMITyTAIHIO
KOHEYHOCTH.

6) HanoxxeHHBI Kryr HEoOXOOUMO HaAEKHO 3akpenuth. HMHorna
KPEIUIEHUS KT'YyTOB HE JIOCTAaTOYHO HAJEXKHBI, HAIIPUMED, Y )KIYTOB C KHOIIKAaMH
TYpPHHKET. B 3TOM ciTydae KOHIIBI )KT'yTa CJIEYET 3aBA3aTh HA HECKOJIBKO Y3JIOB.

7) HanoxxeHHBI KryT HE0oOXOOUMO IPOMapKUpOBaTh, T.€. OCTABUTH
3aMKCh, COAEPKALTYI0 MH(OPMALIMIO O BPEMEHH HAJIOKEHUS JKI'yTa.

8) HanmoxeHHBbIH KI'YT HEJNb3s IPSATATh MO/ TOBSI3KY WIIN OACKY.

9) Kryr HakjagpIBacTCs Ha OrPAHMYEHHOE BpeMms: He Oosiee JBYX 4acoB
JIETOM U He 00Jiee OJTHOTO yaca 3UMOM.

10) B 3uMHee BpeMs KOHEYHOCTb, MEPETSAHYTYIO XI'YyTOM, HEOOXOIUMO
TEIJIO YKyTaTh, HO HE rpeThb! JIJI1 3TOr0 MOXHO HCIOIb30BaTh TOJICTBIM CIIOM
BaThl, OJI€sJ1a, TEILTYH0 BEPXHIOK OJCKIY.

11) PaHeHblil ¢ HAJOKEHHBIM JKTYTOM MOJJIEKUT K ABAKyalldd B MEPBYIO
ouepeb.

12) DOBakyamusi OCyLIECTBIISIETCS B IOJIOKEHHUM JIeKA. 32 PAHEHHBIM, Yy
KOTOPOrO HAJIOKEH HKIYT, BO BpEMsS TPaHCHOPTUPOBKH YCTAaHABIMBACTCS
MOCTOSTHHOE HaOJII0/ICHUE.

13) B cnydae, ecnu paHeHBI He OBUI JOCTaBICH B MEIUIIMHCKOE
YUpEXKACHUE B OTBEJEHHBIN CPOK, KI'YT HEOOXOAMMO CHSATH (0cnadbuts) Ha 5-10
MuHYT. Ha 3TO BpeMsi mepexoasT Ha NalblIeBOE€ MNPUXKATUE apPTEPUH. ITO
HEOOXOAMMO JUIsl TOro, 4YTOObI B KOHEYHOCTb, IMEPETAHYTYIO >KTYTOM, IO
OCTaBIIMMCSI LIEJBIM KPOBEHOCHBIM COCYJaM IMOCTynajla KpOBb, KOTOpas
JIOCTABJISIET KUCIOPO Y MUTATENbHBIE BEILIECTBA B MOBPEXKACHHYIO KOHEYHOCTbD.
[To ucreuenun 5-10 MUHYT KTYT HaKJIaJbIBAIOT TOBTOPHO, HO HA APYroe MECTO
— 1100 BbIIIE, TMO0 HUXKE MPEKHET0 MECTa HAJIOKEHHUA (T.K. TKaHU MO KT'yTOM
TPaBMHUPOBaHbl, U C LEIbI0 H30€raHus MOBTOPHOTO TPaBMHUPOBAHUS MBI
MEPEHOCUM MECTO HAJIOKEHUS).

Poib IMIPOBU3UPOBAHHOTO KI'yTa MOTYT BBIIIOJIHATH OJIPYYHBIE CPEJICTBA
TaKhe Kak pEMHHU, TUTaTKH, map@bl, pyKaBa, pyOaniku u T.11.

Hpnnanne ONITUMAJILHOI'O ITOJOKCHHUSA ITPH PA3JIHYHbIX IOBPECKIACHUAX
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[locne oka3aHus TIOMOUIM M YCTPAHEHUS OMNACHOCTU ISl JKU3HU
MOCTPAJABIIETO JI0 MPHUOBITUS CKOPON MEAUIIMHCKOM IMOMOIIU €My CIEeayeT
OpUaaTh ONTHUMaJbHOE TOJIOKEHHE Tena, olecrneunBamomee KoMpopr,
yYMEHBIIAIOIee CTENEHb CTPaJaHuil U He yCyTyOJsitoliee HapylIeHUs! >KU3HEHHO
BOXHBIX (QYHKUUNA. ONTUMAabHOE TOJIOKEHUE ONPENESETC XapaKTepoM
MOBPEXACHUN y MMOCTPAAABIIETO U yI00CTBOM JJIsl HETO.

Ilocmpaoaswiuii ¢ mpaemoi epyou
[locTpamaBuieMy ¢ TpaBMOM TIpyau MPEANOYTUTENBHO pACIIOIOXKUTECA B
NOJIYCUAIIEM TOJIO)KEHUU C HAKIOHOM TYJIOBUILIA Ha MOPAKEHHYIO CTOPOHY
rpyau. Jns 3Toro noctpanaBiiero MOKHO OMEPETh O CTEHY, ABTOMOOWIIb U T.1.

Ilocmpaoaswiuti ¢ nooo3penuem Ha mpasmy Hcusoma u masd.
[TocTpagaBiieMy C MOJO3PEHUEM HA TPaBMY >KMBOTA M Ta3a JIyYIIE HAXOAUTHCA
B MOJIOKEHUH JIE’Ka Ha CIIUHE C MOJYCOTHYThIMHU U Pa3BeACHHbBIMUA HOoramu. 1lon
KOJIEHU TIOJKJIAJbIBACTCSI WMIIPOBHU3MPOBAaHHAs OIOpa — CYMKa, CBEpPHYTas
oJleXxA.

Ilocmpaoaswuii ¢ mpasmamu KoHeuHocmel.

[ToctpanaBmieMy ¢ TpaBMaMu KOHEYHOCTEH MpUAaeTcs yJI0OHOE MOJIOKEHUE,
IpY KOTOPOM OH MWCHBITBIBAET MEHBIIE CTPaJaHU OT HMEIOIIMXCSA
ITOBPEKICHUM.

Ilocmpaoaswiuii 6e3 coznanus.

[TocTpanaBmieMy 0Oe3 CO3HAHHMS HEOOXOAUMO MPUAATh YCTOMYHMBOE OOKOBOE
MOJIOKEHHE.

Ilocmpaoaswiuti ¢ cunbHbIM HAPYHCHLIM KPOBOMEUEHUEM.

[locTpamaBminii ¢ CHJIBHBIM Hapy>KHbIM KpPOBOTE€YEHHEM WM NpPHU3HAKAMHU
KpOBOIIOTEPH JOJDKEH HAXOAUTHCA B IIOJOKEHUU JIi€Ka HAa CIHMHE C
IPUIOIHATEIMU HOTaMH, ITOJ] KOTOPBIE MOAKIAIBIBAIOTCS CYMKH WIIM OJEXK/Ia.

Ilocmpaodaswuii ¢ nooo3penuem Ha mpasmy NO360HOYHUKA.
[locTpamaBmnii € TMOJO3pEHHMEM HAa TPAaBMY IIO3BOHOYHHKA  JOJDKEH
pacroJiaratbCsi Ha TBEPAOM POBHOM MOBEPXHOCTH.

Ilocmpaoaswuii ¢ masxicenvimu mpagmamu.

[TocTpamaBmIX C TSKEIBIMM TPAaBMAMM JKEJIATENBHO YKyTaTh IOAPYYHBIMH
CpelCTBaMM — OJEXKAOW, ojessoM H T.A. [lpn HaiMuumm coacaTenbHOro
M30TEPMUYECKOT0 MOKphIBaja (BXOAUT B COCTAB alTEUKU JJisi OKa3aHUs NEPBOM
NoMOIIM pabOTHUKAM), HEOOXOAUMO YKyTaThb UM MOCTPAAABIIEr0 cepeOpucTon
CTOPOHOW BHYTPb, OCTABHB CBOOOHBIM JIUIIO.

YcaoBus npoBeaenusi padorsr Ne 15

O6opynoBaHue yueOHO 1abopaTOpHON pabOThI BKIIIOYACT:
— MeauuuHcKas KymeTKa-cTol;
— Habop kxpoBOOCTaHABIMBAIOIINX KTYTOB M TIEPEBA30YHBIX MaTepUATAMHU
(B HacTeHHOM mIKady, WU B IEPEHOCHOMN CYMKE);
— Tpenaxep no okazanuto nepBoi nomomu «Maxcum I1-01»;
— Jluneast Mmacka 1Jis cepJIeuHO — JISTOYHOU peaHUuMalluu;
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— Wndopmannonnsie crenanl «llepBas momomb», «llepBas momorns B
YpE3BBIYAWHBIX CUTYAITHIX).

IHopsinok BeInoJIHeHUs padoThl Ne 15

JlabopaTopHas paboTa TPOBOAUTCS B UEThIpe OJTama JACUCTBUML.
[TocnenoBaTeTbHOCTh TPOBENCHUSI JTANlOB MOXET H3MEHATHCS PEIICHUEM
npenoaasatens. Jyis BbIoMHEHUS pabOThl HAa KaXKIOM 3Tare HCIOJIb3YeTCs
TpeHakep (MaHEKEeH), WM B TPYIIE OMPENCNIeTCS «MOCTpaJaBIInuit»,. [lpu
ATOM OIpEJeieHbl yCIOBUSL (OOCTOSATENbCTBA MPOUCHIEIIET0), YUYUTHIBAS
OCOOCHHOCTH KOTOPBIX [JOJDKHA OBITh OKa3aHa COOTBETCTBYIOIAs TiepBas
MOMOIIIb «IIOCTPAAABIIEMY.

1. YV npeononazaemozo «nocmpaoaswieco» pana Ha  6epxXHell
noeepxHocmu Kucmu, ecms HeOoabuioe Kposomeuenue. Kpoev evimexaem
MeONleHHo, De3 nynvcayuu, KpacHo20 yeema.

Omnpenenure, K KAKOMY BUY OTHOCUTCSI KDOBOTE€UEHHE (B 3aBUCHMOCTH OT
BUJa TNOBPEXAECHHOro cocyaa). [lo BO3MOXHOCTM TIOMONTE pYyKH WM
oOpaboTtaiiTe WX aHTHOAKTEPUAIbHBIM CpPEJICTBOM. PaHy y mOCTpajaBiiero
o0e33apakuBaTh Hesb3s. CHUMHUTE MEPBUUHYIO YIIAKOBKY C OMHTa CTapasch HE
KacaTbCsi pyKaMU BHYTPEHHEM IOBEPXHOCTU TMOBA3KU, C KOTOpPOW Oyzder
COTNIpUKAcaThCs paHa. Pa3MecTuTe MOBA3KY Ha MOBEPXHOCTH PaHbl TaKUM
o0Opa3oM, 4TOOBI MOBSI3Ka 3aKpblBajia Kpas paHbl Oosiee yeM Ha 1-2 cm. Ilpu
HEOOXOMMOCTH 3aPUKCUPYHTE TOBS3KY TOMOTHUTEIHHBIMU (DUKCHUPYIOIIMMH
IUTACTBIPSAMUA WJIM TIOBSI3KAMH  JJII MCKIIIOUEHHUs cMelieHus. Pacnomoxxure
MOCTPaaBIIEro B KOM(GOPTHOM JJIsl HETO MOJI0KEHUH (CTOS, CHJIS WIIH JIEXKa).

2. Y npeononazaemozo «nocmpaoasuezo» éeno3noe Kposomeuenue u3
PYKuU.

[Io  BO3MOXHOCTM  TIOMOWTE  pyKM WM  oOpaboraiiTe  ux
aHTUOAKTEpPHAIBHBIM CpeACTBOM. PaHy y mocTpaaaBiiero o6e33apaxxuBaTrh
Heb3a. HanoxuTe )KryT Ha OCKIY WM MATKYIO TTOAKJIAAKY YyTh BBIIIE PAHBI.
3arTsgHUTE KTYT U NPOBEPHTE IMYJbCALUIO COCYAOB — KPOBOTEUYEHHE JOJKHO
MIPEKPATUTHCS, a KOXKa HUXKE KryTa moobseaHeTs. Hanoxure moBs3Ky Ha paHy.
3anummrTe TOYHOE BpPEeMsi, KOTJia HAJIOKEH KI'yT. PacmoyiokuTe mocTpaaaBIiero
B KOM(OPTHOM J1JIs1 HETO MOJIOKEHUU (CTOSA, CUIS WM JIEXKA).

3. «llocmpaoaswiuity noayuun mpaemy 6 pesyibmame Haezoa
asmomooduns. Bel 3amemunu y He2o anyro, (hoHmManupyiouyro Kpoeob u3 Hozu.

3.2. Onpenenure, K KaKOMY BHAY OTHOCHUTCS KpOBOTEUEHHE (B
3aBUCUMOCTH OT BHJA TMOBpPEXACHHOro cocyna). Hamoxure Kryt
MOCTPA/IaBIIEMy 4YyTh BBIIIE KOJEHa (aIrOpUTM HAJOKECHHUS ONHCAaH B
npenpiaymeM nyHkte). [loctpanaBmmii ¢ CHIIBHBIM HapyKHBIM KPOBOTECUCHHEM
JOJDKEH HAXOJUTHCS B TIOJIOKCHHH JIeKa Ha CIUHE C MPHUIOTHSATHIMU HOTaMH,
MOJT KOTOPBIE TTOIKJIAIBIBAIOTCS] CYMKH HJIA OJICKIA.

4. B poau «nocmpaodaguiezo» - ManekeH Ha Kyuiemke (Ha noay uiu Ha
aroon opyzou noeepxuocmu). Ilocmpaoaswiuii ne peazupyem Ha eauiu
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60NPOCHl, NPEONONOICUMENbHO, OH 0e3 co3nanuna. Bet makice ne cnvimume
€20 ObIXAHUA, NY6C HEe NPOULYNBIEACHICA.

[lepeuniciure BOMPOCHI, KOTOpbIE HEOOXOJMMO MPOUBHECTH B aJIpec
«TOCTPAIABIIETO», YTOOBI YOSAUTHCS B TOM, YTO OH 0€3 CO3HAHUSI.

[IpousBeauTe NEUCTBUS MO ONPENEICHUIO NPU3HAKOB HAIUYHS IBIXaHUA U
IIyJIbCA y «IIOCTPAJABILIETOM.

[IpoBeaute cepaedHo — serounyto peanumanuto (CJIP). i sroro:

- PacIIOIOKUTE PYKHU B LIEHTPE IPYAHOMN KIIETKU;

- nposeaute 30 KOMIpECCHMM TPYIHOM KIETKH - JEJauTe CUJIbHBIE U
ObIcTpBIe KOMIIpeccuu (Tiyouna 5 cm, gactota 100/mMuH);

- IPUKMUTE TYOBI KO PTY ITOCTPAIaBIIEr0 YEPE3 JIULEBYIO MACKY;

- cllenaiiTe UICKyCCTBEHHBIN BAOX TaK, YTOOBI MOJAHSIACH TPYIHAS KIETKA;

- KOorja TpyJHas KJIETKa OIyCTUTCS, CHIENalWTe BTOPOM HCKYCCTBEHHBIN
BJIOX;

- IpoAOJKUTH AckcTBus o CJIP.

[To oxonuanun JICP, TO ecTh - NpU MOJOKUTENBHON pPEaKIMU OpraHu3Ma
«MOCTPAJIAaBIIETO» HA JEHUCTBUS «OKAa3bIBAIOIIETO MEPBYIO MOMOIIbY, NPHUIANTE
eMy yCToiunBOe OOKOBOE MOJokeHue tena (puc.15.6).

Puc.15.6. YcroitunBoe 60KOBOE MOJIOKEHUE TeJIa IOCTPAJABIIETO.

[IpoOJKUTE OCYIIECTBIATH COOTBETCTBEHHBINM TOCTOSHHBIA KOHTPOJIb
COCTOSIHUS «ITOCTPAJAABIIIETOY.

Bonpocsl 111 CaMOKOHTPOJIA

1. OnummTe anropuT™M ACHCTBUU Uil OICHKM OE€30MacHOCTH MecTa
MIPOBEAECHUS IEPBOX ITOMOILIH.
2. Kak npaBWJIbHO HaJIOXUTh JABAIIYIO MOBS3KY Ha MPEAIICUbE?

3. Kakue BUABI KPOBOTEUEHUH CYIIECTBYIOT U YEM OHU OTIMYAIOTCS APYT OT
npyra?

4. Kakue OCHOBHbIE HOPMATUBHO-IIPABOBBIE AKTHI PEMVIAMEHTUPYIOT MEPBYIO
moMonip?

5. Kak mnpaBunbHO HAakjagplBaTh XKIYT Ha HOTY IpU apTEPUATBHOM
KPOBOTEUECHHU?

6. Onummure npaBuiia MPOBEAEHUS CEPICYHO-IETOYHON peaHUMALIMH.

7. Kakue ontuMaiabHbIC TTOJ0KEHMS Teia AJIAA IIOCTpadaBIINX BbI 3HaeTe?
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[Tpunoxenue 1

HHCTPYKIHUA Ne 1

10 OXpaHe TPYy/Ja Il CTYJAeHTOB NIPH MPOBeAeHUH JA00OPATOPHBIX padoT
B YUueOHOM J1a00opaTopuu 0€30MACHOCTH KU3HEAeATEIbHOCTH

1. OOmme TpedboOBaHUA OXPAHbI TPYAA

1.1. B yueOHo# nabGoparopuu (aygutopuu 104, 106 I'K) Bemmonnsitorcs
naboparopHble paboOThl cTyaeHTaMd 1 - 4 KypcoB BCEX HMHCTUTYTOB IIO
qucuuIuinHe «be3onacHoCTh JKU3HEAESTEIbHOCTI.

1.2. Ha mepBoM 3aHATHH CTYJICHTHI MOJIy4YaroT OOIIyr0 MHGOPMAIHIO OT
npenojasarens o adoparopun bXK/ 1 mpoxoasT mepBUYHBINA HHCTPYKTAX MPU
pabote B 1abOpaTOpUU C OTMETKOM B )KypHaJIe MHCTPYKTaXka.

1.3. YyeOnas  maGopatopuss —  TOMELIEHHWE C  IOBBILICHHON
JIEKTPOONACHOCTBID, TAK KaK CYIIECTBYET BO3MOXHOCTh OJHOBPEMEHHOIO
MIPUKOCHOBEHUSI YEJIOBEKa K KOPITycaM 3JIEKTPOOOOPYIOBaHUS U HUMEIOIIEMY
COEMHEHHE C 3eMJIEI OTOMUTEILHOMY 000PYI0BaHUIO TTOMELCHHUS.

1.4. DnekTpoobopyaoBaHHe B yUeOHOM J1Ta00OpaTOpud — 3TO B OCHOBHOM
U3MEpPUTEIbHBIE MPUOOPHI  PA3IMYHOTO HA3HAYEHUST W BCIOMOTaTEelIbHbIE
ycrpoiictBa ¢ HanpspkeHueM 380 B. Ilntanue anmapaTypbl OCYyIIECTBIISETCS OT
CWJIOBBIX IIMTOB, YCTAHOBJIEHHBIX B JIAOOPATOPHUH M MOJKIIOYEHHBIX K CETH 3-X
¢dasznoro Toka 380/200 B u wacroroit 50 I'm.

1.5. DaexTpo0e30macHOCTh B yUeOHOU 1a00paTopuu 00ecneynBaeTes:

- 3aHYJIEHHEM METAJUIMYECKUX KOPITYCOB 3JIEKTPOOOOPYAOBAHUS;

- OTCYTCTBUEM HE3AIIUIIEHHBIX YUYaCTKOB B DJIEKTPUUECKUX IETISAX
C OIACHBIM JIS KU3HHU HAPSKEHUEM;

- 3HAaHUEM CTYJICHTaMHU MPaBUJI TEXHUKU O€30MaCHOCTU U HACTOSIIIEH
WHCTPYKITUY;

1.6. CamocrosiTennbHOE 00CTy)KUBaHUE 3eKTpoobopynoBanus g0 1000 B
JIOTTyCKaeTCsl TOJBKO JuilamMu, umeromumu He meHee 11 kBamudukanmoHHOM
rpynnsl 1o snekrpodezonacHocty (Boimie 1000 B — He menee IV rpynmsl 10
1000 B), Bce ocTanbHbI€ JIMla, B TOM YHUCIE CTYAEHTBI, MOT'YT pad0TaTh TOJIbKO
M0 YKA3aHUIO U MO KOHTPOJIEM MpEeroAaBaTesl WK HaAyYHbIX COTPYIHUKOB.

1.7. CtyneHTbl JOMYyCKarOTCA K BBIINOJHEHUIO JIA0OPATOPHBIX pPadoT
TOJIBKO TIOCNIE HWHCTPYKTaXE IO TEeXHUKE O€30MacHOCTU U METOJUKE
BBINIOJIHEHUS JTA0OpaTOPHBIX paboT mpenonaasaTesieM Kadeapbl, BEIyLIUM
3aHSTHS, C 0053aTeNbHOM 3aMKChIO B )KYpHAJI PETUCTPALIMA UHCTPYKTAXKEH.

1.8. OTBETCTBEHHBIM 3a OXpaHy TPy/Aa B yueOHOU mabopaTopuu SBISETCS
3aBenyrommii jJaboparopueii. OH OTBeyaeT 3a CO3JaHUE M MOJAEpKaHHE
YCJIOBUI BBITIOTHEHUS JIA0OPATOPHBIX pabOT, COOTBETCTBYIONIUX TPEOOBAHUSIM
TEXHUKH 0€30MaCHOCTH, U 32 HHCTPYKTaX CTY/ICHTOB.

1.9. Tlpu pabGote B yueOHOI J1abOpaTOpPUU CIEAYET PYKOBOJCTBOBATHCS
npaBuJIaMu BHYTPEHHETO TPYAOBOTrO pacmopsiaka. B maboparopum, a Takxke B
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KOpHUI0pax 3anpeiaercs KypeHue U pacluTie HaluTKOB.

1.10. Tlpu moxape TYWHTHh 3JIEKTPOOOOPYIOBAHHE MOXKHO TOJBKO
YTJIEKUCIOTHBIMU  OTHEeTymuTensiMu. [lokapHasi KoMaHJa BBI3BIBACTCS IO
tenedony «01» wumu «112» (cmemyeT Ha3BaTh ajapec, KOPIycC, dTax, 4TO TOPHUT,
CBOIO (haMUJIHIO).

1.11. Tlpu oOHapyXE€HMHM HEUCHPABHOCTH >SJEKTPOOOOPYAOBaHUS U B
cllydae TPaBMHUPOBAHUS — HEMENJIEHHO CTABUTCS B U3BECTHOCTH 3aBENYIOLIUI
naboparopueil. B ciiyyae He0OX0IMMOCTH OKa3bIBAETCS MIEPBast IOMOIIb.

1.12. CtyneHTbl, BHHOBHbIE B HApyUIEHHMH TpeOOBAaHUU TEXHUKHU
0€30MacHOCTH, OTCTPAHSAIOTCSA OT J1aOOPATOPHBIX PadOT 10 CAAYM PK3aMEHa IO
TEeXHHUKE 0€30MacCHOCTH KOMHUCCHH MPH JTaOOpaTOpHH.

2. TpeboBanusi oXpaHbl TPy/Aa nepe HAYAJIOM PadOThI

2.1. Jlomyck k 1abopaTopHBIM paboTam:

a) 1abopaTopHbIe padOThl MOTYT BBITIOJHATHCS TOJIBKO MO Pa3pelICHUIO
MPErnoIaBaTe’s;

0) Ha KaXJ0i yCTaHOBKE, KaK MpaBujIo, JOJIKHO paboTath 1o 2-3
cryaeHnTta. C pa3pelieHus IpenoaaBaress JonyckaeTrcst padoTa o 0THOMY
YEJIOBEKY.

2.2. Ilepen nauanom 1abopaTOpHOM pabOThI CTYJIEHT 00s3aH:

a) MPUBECTH B MOPSAAOK MECTO BBIITOJIHEHHS JIA0OPATOPHOU PabOTHI
(yOpatb Bce JIMIIHEE, TOJATOTOBUTh OOBEKTHI HCCIEAOBAHUS — 00pa3Lbl);

0) Ha pabo4eM MecTe CTYJAEHTY pa3peliaeTcs UMETh:

- Y4eOHUKH U KOHCTIEKTHI 10 bXK/;

- OJJaHK-OTYET IO BBIMOJIHSAEMOM paboTe;

- MUKPOKAJIBKYJIATOD, MUIIYIINE U YEPTESKHbBIE TPUHAITICKHOCTH.

2.3. Jlo Gecenpl ¢ mpemnojaBaTelieM CTYJICHTHI 3HAKOMATCS € y4deOHO-
7ab0opaTOpHOI YCTaHOBKOM Ha paboyeM MecTe.

IIpu sTOM 3amperaercs:

- OMEPUPOBATH PyUKaMH U TyMOJIepaMH (TepeKIItouaTe s IMU) Ha MTaHEIISIX
pubOpOB;

- IPUCOCAMHSATEH M OTCOCAMHSITH TIPOBOAHUKH, DIIEMEHTHI TUTAHUS;

- BKJIFOYATh B CETh MPUOOPHI.

2.4. Ilocne Gecenpl ¢ mMpenojaBaTeiIeM M MPOBEPKU 3HAHUN U yMEHUs
paboTaTh ¢ MpUOOpPaMU CTYJEHT JOMYCKAeTCsl K BBIMOJIHEHUIO JIa0OpaTOPHOM
paboTHI.

2.5. Ilepen nauanom 1abopaTOpHOM pabOThI CTYJIEHT 00s3aH:

a) YCTAaHOBUTH:!

- BCe TyMOJIEpBI ¥ BBIKJTFOYATEIIN B MOJOKEHNE «OTKID», BCE PYKOATKH B
HavyajgbHOE NosiokeHue («0» Wim Jpyroe UCX0IHOE MOJIO0KEHUE);

- PYKOSATKH aBTOTPaHC(HOPMATOPOB — B MOJIOKEHUSI, COOTBETCTBYIOIINE
HYJICBOMY 3HAY€HUIO BTOPUYHOTO HAMIPSIKEHUS

- U3MEPUTENIbHBIEC TPUOOPHI C HECKOIBKUMH TIPECIIaMHU U3MEPEHHUHN — B
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TIOJIOKCHUS Ha TIPe/IeIbl U3MEPECHHSI MAaKCUMAaJIbHBIX BEJIMYUH;

0) He MPUCTYIATh K pab0Te Ha HEUCIIPABHON YCTAaHOBKE (O HEUCIIPABHOCTH
COOOIIUTD MPETOIaBATEINIO).

2.6 JI070KUTH MPETO/IaBaTEIII0 O TOTOBHOCTH YCTAHOBKH K pabOTE | 110
€r0 Pa3pEIICHUIO BKIIOUNTh YCTAHOBKY.

3. TpeGoBaHusi oXpaHbl TpyAa NPH BBHINOJHEHHHU JA0OPATOPHBIX
pador

3.1. Crynentsl Bo BpeMsi paboThl B jabopaTopuu 0Os3aHBI COOJIOIATH
TpeOOBaHUS JAaHHOW WHCTPYKIMHU M BBINOJHATH METOJMYECKHE yKa3zaHUs K
nabopaTopHbIM padboTtam o Kypcy «bAKJ».

3.2. Ilpu paboTe Ha »HIEKTPOYCTAHOBKAX CTYJIEHTaM 3amlpeliaercs
BKJIIOYATh CHJIOBOE HAMpPSHKEHUE M OCBETUTENIbHbIE PYOMIILHUKH. BiitouatTh
npuOOpbI U CTEH/IBI CIEAYET MOCTE pa3pellieHUs penogaBaTes.

3.3. 3ampentaercs:

3.3.1. mpou3BoaUTH pa300pKy, PEMOHT IPUOOPOB U CTEH]IOB;

3.3.2. octaBnATh 0€3 NPHUCMOTpa BKIIOUEHHYIO YCTaHOBKY. B ciyuae
HEOOXOJUMOCTU IepepblBa B pabdoTe — BBIKJIIOYUTH BCE HCTOYHHUKH
HaIPSHKCHUS;

3.3.3. mepenBuraTh M NEPEHOCUTh BKJIIOYEHHYIO ammaparypy (BO
n30ex)aHue NOPAXKEHUS FIEKTPUUECKUM TOKOM);

3.3.4. BBIHUMATh NPEJOXPAHUTENH U3 TPUOOPOB.

3.4. Bce mepexioueHus Ha NpuOOpax U OYEPEIAHOCTh MEPEKITIOUYCHUS
IPOU3BOIUTH B CTPOIOM COOTBETCTBUU C METOJNYECKUMH YKA3aHUSMHU.

3.5. PykosiTku ynpaBiieHHs IpU MOBOPOTAX JOBOJIUTH 10 (PUKCHPOBAHHBIX
MOJIO)KEHUH, YTOObl HCKIIIOUHUTH CAMOIIPOU3BOJIBHOE BKJIIOYEHHE WM
BBIKJIIOUCHUE LICTIEN.

3.6. PeMoHT u Hamazgka OOOpYAOBaHHS  MPOU3BOJUTCS  TOJBKO
COTpYyIHHUKaMU J1ab0paTopuu.

3.7. Tlpu BOZHMKHOBEHUU OMACHOCTU PabOTy MPEKPATUTH U JIOJOKHUTH 00
3TOM IPENOAABATENIO.

4. TpeOoBaHus OXpaHbl TPYAa B ABAPUHHBIX CUTyallUAX

4.1. Ilpu oOHapyKE€HUHU TOKapa WIM MPU3HAKOB TOPEHHUsl (3aIbIMICHHE,
3amax rapu, MOBBILIEHHWE TEMIEpPaTypbl) HEOOXOAMMO HEMEIJIEHHO COOOLIUTH
00 5TOM B MOXapHYIO 0XpaHy ropoja no tenedony «01» umu «112» (cnexyer
Ha3BaTh aJipec, KOPITyC, 3TaX, UTO TOPUT, CBOIO (haMUJIHIO)

4.2. OcHOBHBIM omacHbIM (hakTopoMm B momernieHusx jadoparopun bBXK/]
SABJISICTCS AJeKTpudeckuil Tok. B coorBeTcTBuu ¢ . 1.1.13 IIYD B oTHOMIEHUHU
OMMACHOCTU TMOPAXKEHUS JIIOJEH JJIEKTPHUYECKMM TOKOM JTH ITOMELICHUS
SBIIIIOTCA TOMEIICHUAMH Oe3 TMOBBIIEeHHON omnacHocTtu. [lo  ycioBusiM
3JIEKTPOOE30MaCHOCTH YCTaHOBKH, UCIOJIb3yeMble B Ja00OPaTOPUAX, OTHOCATCS
K yCcTaHOBKaM HamnpsbkeHueM 10 1000 B.

179



4.3. B xauecTBe KOJUIEKTUBHOT'O CpEeACTBa 0OecrnedyeHnsi 6€30MacHOCTH OT
JICUCTBUS DJICKTPUUECKOTO TOKAa B cCeTsIX HampsbkeHuem 1o 1000 B ¢
IIIyX03a3€MJICHHOM HEWTpasbl0 IMpPUMEHSETCS 3aHyleHue. To ecTb Kopiryca
AIEKTPONPUEMHUKOB TPUCOEAUHEHBI K HYJIEBOMY IIPOBOIY CETH.

4.4. Ilpu oOHapy>KEHHWU HEUCIPABHOCTH B DIJIEKTPUYECKOW YacCTH
YCTAHOBKHU (TPECK, UCKPEHHE, TMOBBIIICHUE TEMIIEPATYPhl OTACIbHBIX YacTen
YCTaHOBKH, OOpPBIB MPOBOJIOB, HATMYNE HAIPSHKEHUST HAa KOpITyce, 3alax rapw,
JbIMa U T.JI.) YCTAaHOBKY OTKJIFOUMTH OT BCEX BHUJIOB MUTAHUs, BEIHYB BUJIKU U3
po3eTok. J0J0KUTh MpemnojaBaresito, He MPOU3BOAUTH PabOTy CaMHM MU HE
JIONyCKaTh K paboTe ApYyrux Jull.

4.5. Ilpy BO3HUKHOBEHHUH B JA0OpaTOpUM aBapUITHONW CHUTYyalluu:
KOPOTKOTO  3aMbIKaHWs,  T[OIMAJaHHusl  4YeJOBEeKa  IOJ  HaNpsHKEHUe
MPUKOCHOBEHUS,  I[IArOBOIO  HAIpPSDIKEHHs,  HEMEMJIEHHO  OTKJIKOYUTh
AJIEKTPOMMUTAHKUE C TTOMOIIbIO aBTOMATOB, Haxoasuxcs B aya.106 u ayn.104.

4.6. Oxa3zaHue nepBoOi MOMOIIY MTOCTPaAaBIIEMY.

4.6.1. Ecnum mnoctpajgaBmiMii B CO3HAHUH, €r0 CIEAYET VYIOXKUTh Ha
TOPU30HTANIBHYIO MTOBEPXHOCTh, PACCTETHYTh OAEKAY, CTECHSIONIYIO IbIXaHUE,
co37laTh MPUTOK CBEXKEro BO3/yXa, PacTepeTh U COTPETh TeNO, U 00ECIEeUUTh
nonHeld  mokoil. IlocTtpanmaBmiero, Haxonsmierocs B 0ecCO3HATEIbHOM
COCTOSIHUM HEOOXOJMMO MPHUBECTH B CO3HAHUE TOCPEICTBOM HAIIATHIPHOTO
CIIUPTA, ONPBICKUBAHUEM JIMIA XOJIOIHOU BOJOM U T.II.

4.6.2. Ilpu nonydyeHWH KPOBOTOYAILEH paHbl CPOYHO OOpaATUTHCS K
npenojaBaresilo WM COTPYAHUKY Jiabopatopur W o0OpaboTaTh paHy
JNe3UHOUIMPYIOIMM COCTaBOM, U TIPpU HEOOXOJAMMOCTH TMEpPEeBs3aTh PaHy
(anteuka HaxomutTca B ayd.105). Ilpu cepbe3HOM TpaBMHUpPOBAHUU BBI3BATH
Bpaya Win CKOPYI0 moMoIls 1o teraedony «03» mmm «112».

5. TpeOoBaHus 0€30MACHOCTH M0 OKOHYAHUH PA0OTHI

5.1. BemmonuuB  paboTy, CTYIEHT 3HAKOMHUT TpernojaBareis ¢
HOJyYEHHBIMU PE3yJIbTaTaMH, OTKJIIOYaeT MPUOOPHI U MOJy4yaeT pas3pelieHue
Ha oopMIIEHUE OTUETA.

5.2. Ilo okoHyaHuu nabopaTOpHOM  pabOTBl  CTYIAEHT  HABOAMT
YCTaHOBJICHHBIN MOPAJIOK HAa paboyeM MecTe.

5.3. Bxong B maGopaTopui0 M BBIXOJ W3 HEe BO BpeMs 3aHATHUS
JOMYCKAeTCsl TI0 pa3pelieHUI0 MPEeno1aBaTels.
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