be30onmacHOCTh KU3HEAeATEIILHOCTH

JJIEKTPOHHBIN KYPC JEeKI M

I'1aBa 2

OnacHoOCTH, YIPOKAIOLIME YeJT0BEKY.
CpencrBa 3alMTHI



2.1. MuUKpoOKJIUMAT

MUKpOKIMMAT OLICHUBAIOT COUETAaHUEM YETHIPEX (PAKTOPOB:

1. Temmepatypa Bo3ayxa t, °C.
2. CKOpOCTb IBIKEHUS Bo3ayxa V ., M/C.
3. OTHOCHUTENBHAS BIAXKHOCTH (O, %.

0
4. PajyaninoHHas TemMIeparypa usiy4aronux cte t,, °C.

Oprasnusm 4eoBeKa MOCTOSIHHO HAXOJAUTCS B COCTOSIHUM
TEIJI000MEHa C OKPYKaroIIeH Cpeao.
BceneacrtBue 0€MKOBOro, yri€BogHOTO U JKUPOBOI0 0OOMEHa B

OpraHU3MeE BbIPAa0ATHIBAECTCS TEIIO (TEILIONPOTYKITHS) QT_,
KOJIMYECTBO KOTOPOrO 3aBUCHUT OT poOJa JICATEIBHOCTH U
MHTEHCUBHOCTH BBIIIOJIHIEMON padOThI. DTO TEILIO JJIS
CIIOKOMHOI'0 cOCTOsIHUA uejioBeka cocTaBirsieT 80 - 100 BT.




OT1aaua Teria oT TeJia YeJIOBeKAa

Teronpoaykuus opraHu3sMa OTIAETCS B OKPYKAIIYIO Cpeay
MMOCPEACTBOM KOHBEKIMM, U3JIYYeHUeM TEIUla U UCIapeHueM
BJIaru C IIOBEPXHOCTH KOXKHM.

Teruto, nepenaromeecs KOHBEKIMeH QK (BT) onpenensgercs:
O =aF (i —-t),

rae 0O - KodQpOUIHUEHT TeIIO0TIa4u, KOTOPBIA 3aBUCHUT OT
CKOPOCTH JIBMKEHHUS BO3ayxa, BT/(M2*rpan.); F - mromans
MOBEPXHOCTH Tena, M%; t, T, - TeMneparypa Tena u Bo3ayxa.
KoHBeKTHBHAsI 0TJa4a TeMJIa 3aBUCUT OT CKOPOCTH
JABUMKEHNSI ¥ TeMIepaTypbl BO3ayXa.
Otnaya terwna n3inyydennem Q.- (BT) MPOUCXOANT, ecin
TeMIIepaTypa Telra OOJIbIIE TeMIIEPaTyPhI CTCH.



OT1aauya TemnJja oT TeJia YejJdoBeKa
(mpomosKeHue)

Termootnaya 3a cuér wumcnmapenusi Biaarm Q.. (BT) ¢
IIOBEPXHOCTH KOKM 3aBUCUT OT BIAKHOCTH BO3AyXa, a I
OTKPBITLIX YUACTKOB TeJIA €IIE U OT CKOPOCTH €r0 JBUKEHHUS.

AOGcoioTHas  BA&XKHOCTL  Bosayxa (A, T/kr) - 310
KOJIMYECTBO BOJASHOIO I1apa, cojaepskaiierocs B 1Kr Bosmyxa
[IpU JaHHOU TEMIIEPATYPE U TaBICHUM.

MaxkcumanbHas  BuaxsHocTeh (F, T1/kr) - o510 KOIMuecTBO
BOJSTHOTO Mapa, KOTOPOE MOXKET COAEPKAThCs B 1KI BO3IyXe
IIPU TEX KE YCIOBUSAX.

OTHOCHTEJIbLHAS BJAKHOCTD (P OIIPCACIIICTCA.

A
(D:EIOO,%




YpaBHeHHE TEIJI0BOro KoM@popra

HopmanbHble 11 OoOpeacia€HHOro BHJA JESTCIbHOCTH
TEIUIOOIIYIICHUSI YeIOBEKAa XapaKTEePU3YIOTCS ypaBHEHUEM
TEIJIOBOr0 KoM(opTa:

QT - QK+QI/IBJI-_|_ QI/ICH.

B opranusMe d4esioBeKa MMEETCs IMCUXO(PHU3UOJIOTHYECKas
CUCTEMA TePMOPeryJasiuu, II03BOJIAIOIIAA eEMY
aIanTUPOBATHCA K M3MEHEHMSIM KINMATHYECKHUX (DaKTOPOB
U NOIACPKUBATh HOPMAJIILHYIO MOCTOSHHYIO TEMIEPATypy
Tena. Tepmoperynanus OCYIIECTBIJIACTCS IBYMI
IpoIeCCaMu: BBIPaOOTKOM Temia M TEILUIOOTAAa4yeH, TCUCHUE
koTopbix perymupyercs IHHC. Ilpu nHapymeHnun 3TOro
ypaBHEHU A BO3MOXHO  YXYAIIEHUE CaMOYyBCTBUA,
[EPEOXITAKICHUE WU IIEPETPEB OpPraHn3Ma.




I nmorepmus

['unorepmusa (mepeoxyIakICHUE) HAYMHACTCS, KOTAa TEIIONOTEpH
CTAHOBATCS OOJIbIIEC TEIUIONPOAYKIMM OpraHM3Ma, a CHCTeMa
TEPMOPETYJISIIIMA HE CIIPABJISIETCA C STUMUA U3MEHEHUSIMU.

(O + 0. + Oin) > O,

Hapyiaercsi KpoOBOCHA0XEHHE, YTO BBI3BIBACT TAKUE NPOCTYIHBIE
3a00JICBaHUsA, KAaK HEBPUTHI, PAAUKYJUTHI, 3a00JC€BaHUI BEPXHHUX
JIBIXATEIbHBIX MYTEH.

B pe3ynpTare runoTepMuM HaOJIIOIACTCS OTKIOHEHHE OT HOPMAJIbHOIO
MMOBEJACHUSA, a 3aTe€M amartus, YCTAJIOCTb, JIOXKHOE OIIYIICHUE
OJlaronoay4usi, 3aMEIJICHHBIC JBHKCHHUS, YTHETCHHWE IICUXWUKH, a B
TSKENBIX CIyYasiX - NOTEPS CO3HAHUS U JIETAJTbHBIM UCXO/I.



I uneprepmus

['uneprepmus (meperpeB) HaOIIOAAETCS MPU HAPYIICHUHW YPaBHEHHUS

TEIJIOBOro Komdopra, koraa BHemHss teriota Q.. cymmumpyercs ¢
TEIUIONPOAYKIIUEW OPraHu3Ma, U H3TAa CyMMa MPEBBIIIACT BEIUUYUHY
TEILIONIOTEPb.

Q) + Qo) > (O +Opr. + D)

[Ipu runepTepMumn BO3HUKAET IOJI0BHAs 00J1b, yYalllEHHBIN ITYJIbC,
CHUYKEHUE apTEPUATIBHOTO JABJICHUS, TIOBEPXHOCTHOE JIbIXaHUE,
TOIIHOTA. [IpH TAKETOM MOpAKEHUN BO3MOKHA MOTEPS] CO3ZHAHUA.

DOTH CUMTOMBI XapaKTEPHBI I TEIJIOBOTO U JUJISI COJTHEYHOTO yapa.

llosviuwennas enasxxcnocms 6030yxa oonee 75% yckopsiem pazsumue
aunepmepmuy U SUnomepmul.



HopMupoBanue MUKPOKJINMATA

Knumatndeckne  (QakTopbl  JIEHCTBYIOT Ha  4YEIOBEKa
KOMIUIEKCHO. B TO ke Bpems ycCTaHOBJICHBI KOMGDOPTHHIC
3HAYCHMS JUIST KAXKI0r0 (paKTopa:

Temneparypa Bo3ayxa 20 - 23 °C.
OtHocuTenprHasa BiiaxHocTh 40 - 60 %.

CKOpOCTh ABMIKEHMS BO3yXa A JErkon padotsl 0,2 - 0,4 m/c.

JI71st TPOM3BOICTBEHHBIX MOMEIICHHI (pakTopbl MUKpokmuMata (t

V., @) HOpMHPYIOT Kak ONTHMAaJbHbIE M [OMYCTUMBIC B
3aBUCUMOCTH OT nepuojaa roda (TEmabld, XOJOIHBIA) MW OT
KaTEropruu pabOTHI 110 CTEIICHHU TSKECTH (JIErKasi, CpeIHEN TIKECTH
n TspkE€nas). g CyaoBBIX MOMENICHHWM B TEMIBIA MEPHOJ IoJia
(cucTeMa BEHTWISILIMK) HOPMHUPYIOT CKOPOCTh JIBHXKECHHUS BO3AyXa
Y Iepenaji BHYyTPEHHEN U HAPYKHOM TEMIIEPATYPHI.



2.2. YayulieHue MUKPOKJINMATA

YayuyuieHue MUKPOKJIUMATA JOCTHUIAETCS

B XoJl0AHBIM MEpPUOA TOJa MNPUMEHEHUEM TEILUIOU3O0JIUPYIOLIUX
MaTE€PUAJIOB ¥ CUCTEM OTOIIEHUS.

B Ténubil mepuoa rojia MCIIOJIb30BAHUEM BEHTWISALMM W CHUCTEM
KoHauHoHupoBaHusa Bo3ayxa (CKB).

CucTeMbl OTOIUICHUS JICIAT Ha: BeHTWIALMS 110 CIIOCO0Y Tepe-
IIapOBBIC; MEILICHUS BO3JlyXa JICJTUTCS Ha:
BOJSHBIC; €CTECTBEHHYIO;
BO3AYIIIHBIC; NCKYCCTBEHHYIO;
3JIEKTPUYECKHUE; CMEIIIaHHYIO.
TOIJINBHBIC. Ha3HaueHue BEHTUISLHUY - 3TO

[leap OTOMICHUS - KOMIIEHCHPO- IIOTJIOIICHUE N30BITOYHOM TEII-

BaTh MOTEPH TEILIOTHI. JIOTHI WJIM HAarpEBAHUE BO3/IyXa.




CucreMpl OTOILICHHUSA

[lorepu TEmaOTHI B MIOMEIICHUU QH CKIIQABIBAIOTCA M3 MOTEpPh Ha

orpaxaenusx u Ha ocrexiaenud CucreMa OTOILICHUS

orp. OCT."
NOKHA MMETh TEIUIONPOU3BOAUTEILHOCTh HE MEHBIIE, YeM BEIMYHMHA
TETUIONOTEPD.
Qn o Qogp, _I_ rom. p
Qoep. o Foep. Koep. (ten. ZLnap.) ’
rom. — Focm Kocm. (tGH. tnap.) ’
w .
I(S Forp. , F.p - IUIOMIanb OTpaskACHUH ¥ OCTEKICHUS, M;
25 :
Korp' , K ., - K0obduunenTs! Temionepenaun, Br/(M>*rpan.);
Ly, > Lyap, - TEMIIEPATYPA BHYTPEHHETO W HAPYIKHOI'O BO31yXa, 0C.



EcTrecTBeHHass  BEHTWIALUA  OCYIUECTBIAETCA  IPABUTALIMOHHBIM
JIABJICHUEM 34 CYET pPa3HOCTH IUJIOTHOCTEM XOJOJHOTO M TEIIOTO
BO3/lyXa, 4 TAK)KE BETPOBBIM HAIIOPOM.

Opranu3oBaHHas €CTECTBCHHas EcTtecTBeHHAss BEHTUIIALMS
BEHTUIALMA - adPalus. nedaekTopamMmu
CkopocTb BeTpa
— Ve
< —> 1 &=
-------- E— <—

a - paboTaeT HAa NPUTOK;

O - MKEKIMOHHBIH, paboTaeT Ha
BBITSIKKY
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Puc. 14 Jledaexropbl

a - C INIaBHBIM pPacTpyooM; O - 3’KEKIIMOHHBIN;
B - TPEXTPAHHBIN; T - KPYIJIbIH.



I/ICRYCCTBQHHM BCHTUJIAII AT

[Ipn MCKYCCTBEHHOW BEHTWISILIMA BO3YX MOJAETCSA OCEBBIMU UJIA
IEHTPOOEKHBIMU (paguAIbHBIMA ) BEHTHJISITOPAMH.
BeHTWIATOP XapaKTEPU3YETCA:

11pon3BOIUTENBHOCTE | [Ipon3BOAUTENBHOCTHIO (Hoaaueit) L, m3/u.

BEHTUJISITOPA
OIIpeeIICTC: Pa3zBuBaeMbIM naBieHueM P, 1la.

DNEKTPUYECKON MOIHOCTHIO N, KBT.

L=3600F 1V,

Koadpunmenrom none3noro aercreus 1.

rae F - nmomans ceyenns BEHTUAAIMOHHOIO MaTpyoKa, M2;
V - ckopocTh IBHKEHUS BO3AyXa, M/C.

OceBble BEeHTWISITOPbI IPUMEHSIIOT, KOTJ1a TPeOyeTCsl MOJYYUTh 3HAUYNTEIbHYIO
MPOU3BOAUTEIBHOCTD, a4 IEHTPOOEKHbIE - 1JIsl 00eCIeYeHNs BHICOKOIO IaBJICHUSA.
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Puc. 15 OceBoii BenTrinsitop Puc. 16 LleHTpoOeKkHbI BEHTHIATOP

| - xopmyc; 2 - KpbLIaTKa; | - 3;mexTpOoABUTATEND; 2 - KOXKYX;
3 - 3JIEKTPOABUTATEb. 3 - KppUIaTKa; 4 - CTaHWHA.



Ilorsromenue n306ITOYHOU TEIIOTHI Q-

Kommuectso Bosayxa L, xoropoe Hazo mojgaTh B IOMELIEHHE JUIS
MOTJIOIICHUS M30BITOYHOM TEII0ThI ONIPEACIISICTCS

L _ Qu36.
C IO (teH. - tHClp.)

rae C- ynenbHas TEmIoEMKOCTb BO3AyXa, BT/KI*Tpan.;

9

P - IZIOTHOCTh BO3/yXa, KI/M>.
30bITOYHAs TEII0Ta ONMPEACIACTCS TEIJIOM, M3Iyd4aeMbIM OT JIFOACH

Q 105> 000pyIOBaHHS Q06op_, ocBenternst Q.. , CONMHEUHOI paauaryu

Qpaﬂ.ﬂ N TCIIJIOM, BbBIXO/AIMUM 4CPC3 OI'PAKIACHUA QOFp.

Qu36. — Qﬂioé. ™ Q060p. T roe. T Qpa(). - Qoep.



T

Puc. 16 MecTHas nmpuTo4yHas BEHTUJIALMSA - BO3AYIIIHOE AYIIUPOBAHUE



Cucrema koHauuumoHuposanusi Bo3ayxa (CKB
CKB o0ecnneunBaer 1M 4€JI0BEKAa ONTUMAJIBHBIA MUKPOKJIUMAT

1 2 3 45 6
//////

HapyxHbIin
BO31IyX

2.3. BpeaHble BemecTBa

Puc. 2 CxemMa KOHAUIIMOHEpPA

1 — BeHTUIATOP; 2 — YBIAXKHUTENb; 3 — KaJlopudep
BTOPOM CTYIICHM; 4 — OXJIaAUTEIIb; 5 — KaJopudep
IEpBOM CTYNECHU; 6 — BO3AYIIHBINA (DUIBTP. AH

B pesxkuMe oxJ1asKaeHUs BO3AYX OXJaxaaercs U ocyimaercs (4,3)

B peskuMe OTOIICHUS BO3AYX HATpeBaeTcd U yBJaxHsaercs (5,2)



2.3. Bpennbie BellecTBa

XuMHu4yecKkue BpeJdHbIe BelllecTBa II0 XapaKTepy BO3JACHCTBUS Ha
YeJI0BEKa U MO BBI3BIBAEMBIM ITOCIICACTBUAM JCISIT Ha TPYIIIIHI:

1. O011e Tokcu4HbIE (pTYTh, coeauHEeHUs (ocdhopa).

. Pazgpaxkaronye (KMCIOTHI, IETOYH, aMMHAaK, XJI0p, cepa).

. AnnepreHsbie (COSIMHEHUS] HUKES, ATKaI0U/Ibl).

. HepBHO-napanutnyeckre (aMMHakK, CEpOBOIOPO.I).

. Y nymaromue (OKACh yriepoa, alleTUICH, MHEPTHBIC Ta3hbl).

. Hapkotuueckue (0€H3011, AUXJIOPATAH, alleTOH, CEPOYTIIEPO).

. KanuieporeHnnsie (apomMaTuyecKkue yrieBo0pOo/ibl, acOeCT).

0 NI O »n B~ WD

. MyTarenHsle (COeIMHEHUS CBUHIIA, PTYTH, (DOpMaJIbIACTH).

\O

. Bausroniyue Ha penpoayKTUBHYIO (DYHKIIMIO (CBHUHEL, PTYTh).



JlevicTBME BpeIHBIX BEIIECTB HA YeJI0BEKA

PazgpakeHune IpIXaTelbHbBIX IYTEH, CIU3HUCTHIX
000JI0Y€K, IIPUCTYIIbI Kallljisg, 00U B TOpIIE.

ToirHoTa, pBOTA, OJIBIIIKA, YUYAILIEHHBIN TYJIHC

Y4ai€HHOoe IbIXaHUEe, YMEHBIIIEHUE MMOCTYIIEHUS
KHCJIOPOJIa B JIETKKE

DuOpoOreHHkLIE
BN - METaJI-

YMeHblieHne padoueii HOBEPXHOCTH JIETKHX, JAYECKHUE, MIacT-

npodeccruoHaabHbBIC 3a00JI€BaHUS - THEBMOKOHHO3bI | MACCOBBIC, KPEM-
HUEBBIE, IPEBEC-
HEIC U AP.




JlevicTBME BpeIHBIX BEIIECTB HA YeJI0BEKA
(mpoaoJKeHue)

Paznpaxenue ria3, TOIIHOTA, 00JIb B IPY/IH, YAYIIbE,
rOJIOBOKPY>KEHHE, PBOTA; JIETAJIbHBIN HUCXO0/ MOXKET
HACTYIIUTh OT CEPACUYHOM HEJOCTATOYHOCTH.

Pa3apaxxeHue npIXaTeabHbIX MyTEH, IIOPAKEHUE
JIBIXaTEILHOIO 1IEHTPA, JIETAJIbHBIN UCXO/T
HACTYHAaeT OT OTEKA JIETKUX.

ODPUTPOIUTHI KPOBH 3aXBaThIBAKOT OKMUChH yIjIepoaa
U YK€ HE IEPEHOCAT B JIOCTATOYHOU CTEIIEHU CO
KUCIOPO. I onoBHas 0011k, TOLIHOTA, CI1A00CTh,
IIOTEPS CO3HAHUS, JIETAIbHBINA UCXO/I.

(8)

HeOnaronpusiTHble ”3AMEHEHUS B COCTaBE KPOBU



JlevicTBME BpeIHBIX BEIIECCTB HA YeJI0BEKA

(mpomoJIKeHue)

CnabocTh, anaTusi, yTOMISIE€MOCTh (pTyTHas
HEBPACTECHHUS ), pPTYTHBINA TPEMODP.

daKkTOphbl pUCKa CEPACUHO-COCYAUCTHIX
3a00J1€BaHUM - PTYyTh, CBUHEII, KaJIMUI,

KOOaJbT, HUKEIIb, IMHK, OJIOBO, CYpbMa, MEb.

CoeauHEeHne ¢ reMOrJIOOMHOM, 00pa30BaHUE
METareMorjiooOMHa, KUCIOPOJIHOE rOJIOJAHUE

OtpasiieHHE, 00€3BOKUBAHUE, ITOTEPS
CO3HaHUS, ITapajiny JbIXaHUS U
JIBUTATEIBLHOTO IIEHTpA.

Tsxeéabpie

METaJlJIbI

Hurpartsl

IHecTunuabI -
COCIUHCHUS
MBIIIBSKA,
XJopa,
docdopa




HopMmupoBaHue BpeIHbIX BeIIECTB

Mepoil coaep:KaHMs NbLIEeH U ra3o00pa3HbIX BeleCTB B BO3AyXe
AIBJISIETCS] X KOHIEHTPAIUsA B MI/M>.

YcTraHaBJaMBaKTCH HOPMATHBHbBIE NOKA3aTeJIH

1. OTHOCHUTENBHO Oe30macHbIe YpoBHH Bo3jecTBUs (OBYB).

2. IIpenensHo gonmyctuMas koHueHTpauus (LK) - 3To Takas KOHIICH-
Tpalys, MpU KOTOPOH 3a pabOUYHM CTaXK HE JOJKHO BO3HUKHYTH IIPO-
(hbeCCHOHAJILHBIX 3a00JICBaHUI.

3. Cpegnue cMepTeabHbIE 0361 IpH ITonajganuu B xkenyaok (CCHNK),
npu HaHeceHuu Ha KoKy (CCJIK), konnenTpamuu B Bo3ayxe (CCKB).

[Io HanOoJiee BEICOKOMY 3HAYECHUIO M3 3TUX MOKa3aTeJICH BPEIHBIC
BEIIECTBA JICJIAT HA YETHIPE KJIacca: Ype3BbIlYaiHo onacHbie (1),
BbICOKO ONACHbIE (2), yMepeHHO onacHble (3) 1 MajioonacHble (4).



2.4. YMenbllieHye JeHCTBUA BPEIHBIX
BelIEeCTB

O310poBJIeHNE BO3AYIIHOM Cpebl JOCTUTAeTCS MCII0JIb30BAHNEM

1. CpencTB aBTOMATH3AIMY ITPOU3BOICTBA.
. 'epmeTnsanuen BpeaHbIX IIPOLIECCOB.
. YCTPOUCTBOM YKPBITHM, OKPACOYHBIX KaMep.

. Bentunsainum a1 pa30aBiIeHUS BPEIHBIX BEIISCTB.

hn B W N

. MeCTHOM BBITS)KHOM BEHTWIALIAU 3aKPBITOTO U OTKPBITOTO
THIIA )1 YAAJICHUS BPEIHBIX BEIIECTB.

6. MeTo10B HEUTpaAIM3aiK 111 OYUCTKH BO3/1yXa OT IMPOIYKTOB
CrOpaHMsl TOTLJIMBA.

7. OUIBTPOB U NMBUICYJIOBUTEIIEH.

8. PecnupatopoB U MMPOTUBOTra30B.



Pa30aBjieHHe BpeIHbIX BelleCTB /10
AONYCTUMBIX KOHIICHTPAIIMHA

Komnuectso Bosayxa L. (M3/4), koropoe Hamo momars B IOMEIIEHHUE
11 pa30aBeHUsl BPEIHBIX BEIIECTB ONPEACIICTCS MO (POPMYIJIE:

L:G,

9 ik

rae G - KOJIMYECTBO BBIACISAIONUXCA BPEIHbIX BEIIECTB, MI/4;
Arix - TPEACITBHO J0MYCTUMAs KOHLEHTpAIus, MTI/M>.

B momemeHusIXx ¢ IIOCTOSHHBIM  IIp€OBIBAHHMEM  JIHOJACH
MHHHUMAaJIbHO HEOOXOAWMOE KOJUYECTBO BO3AyXa OIPEACIISACTCS
M3 pacu€ra pa30aBiICHUS YIJIEKHCJIOr0 ra3sa J0 NOpeacabHOU
KOHLICHTpaLuu. J[JIsl BHIIOJHEHUS 3TOr0 TpeOOBAHUS HEOOXOIUMO
IIOJATh B IMMOMEIMIEHUE 33 M3/4 HA OJIHOTO YEJIOBEKA.



MecTHASI BEHTHJISAIIUA

[Ipy JTOKaJIbHOM BBIJIEJIEHUU BPEIHBIX BEIIECTB IPUMEHSAIOT MECTHYIO
BBITSKHYO BEHTWISILIMIO, KOTOpasi ObIBAaET:

1. 3akpeITOro Tvna (BBITSKHBIC IIKA(BI, OKPACOYHBIE KAMEPHI,
KOXKYXH, YKPBIBAIOIIHE MbLIAIIEE 000PYI0BAHUE).

2. OTKpBITOro TUIA (BBITSKHBIC 30HTHI, BBITS)KHBIC AHEIIN ).

KonndyecTBO BO3/yXa, KOTOPOE€ HAA0 YIAJIUTh Yepe3 YCTPOMCTBO
3aKPBITOrO THUIMA, ONPEALIISETCS N0 (hopMyJIe:

L =3600F

rae I - cymmapHas mmiomanb cedeHHs pabodux IPOEMOB, M

V - cKOpoCTh ABMKEHHS BO3AyXa, KOTOpas MPUHUMAETC B IIpe-
neiaax 0,15-1,5 mM/c B 3aBHCHMOCTH OT KJjlacCa OMNACHOCTHU
BEIIIECTBA.



Puc. 17 Cxema yCTpOMCTB JJIs1 OUUCTKH BEHTUJISILIHOHHBIX BEIOPOCOB
OT IBLIN:
a - Kamepa IbLUIC0CaJ0YHast; O - IIUKIIOH.
| - xoprryc; 2 - yaaJ€eHue OYHIICHHOTO BO31yXa;
3 - yaaJieHue CKOIUBILIEHCS TBLIN.
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Puc. 18 MecTHAa BLITSKHAA BEeHTUIALUSA

a - BBITSKHAS TTAHEIb;

O - MOBOPOTHAS MAHEIIb;

B - YCTAaHOBKA BBITSKHOM IaHEIN Ha
pabo4eM MeECTe.



Puc. 19 boproBblie BBITSKHbIC YCTPOCTBA
a - OJTHOCTOPOHHSIS BBITSKKA;
O - ABYCTOPOHHSIS BBITSKKA;
| - KopIyC raibBaHN4E€CKON BaHHBI;
2 - BO3JIYXOBO/IbI;
3 - menu Ay TpOXO0KACHUS 3arpA3HEHHOrO BO3yXa.



Puc. 20 MuauBruayainbHbIE CPEACTBA 3aIIUTHI OT BPEJIHBIX BEILIECTB

a - peciupatop «Jlemectoxk;
O - yHHUBEpcabHbIE pecriupaTopsl PY-60M.



2.5. lllym

2.5.1.3ByK ¥ 1IIyM; OCHOBHbIC XapPaAKTECPUCTUKH

PDusnyecKre XapaKTePUCTUKH 3BYKA

3BYK WIH TOH - 3TO aKyCTHYE€CKOE€ TapMOHHUYECKOE KOJI€OaHUE C
onpeaca€HHoN 4acToTor. OH XapakTepru3yeTCs:

- yactoroii konebanuit T (I'r), To ecTh UncIOM KOJIEOAHNI B CEKYHY;

- 3BYKOBBIM AaBiicHueM P (IIa) - 3T0 pa3HOCTH MEXAYy MTHOBEHHBIM

JaBJICHUE B BOJIHE M aTMOC(EPHBIM;

- MHTEHCUBHOCTBIO MM cuitoi 38yka I (BT/M?%) paBHOI OTOKY 3BYKO-
BOI DHEPIUU, IPOXOIAIIEH B €AUHUIY BpEMEHHU Yepe3 1M? IIIOIaIu.

MNHTEeHCHBHOCTH NPONOPIHOHAIBHA KBAAPATY 3BYKOBOI'0 JaBJICHHUSI.

[Io yacToTe KOJICOaHUM 3BYKH KIACCU(PUIUPYIOTCS:

Nuadpa3Byk 200 | Cismmvisia seyx | 2000011 | YasTpasByk




3axon Bebepa-®exnepa Jif 3ByKA

YpoBeHb omyumieHusi 3Byka L nmpomnopuuoHajieH Jorapugpmy
MHTEHCUBHOCTH [, OTHECEHHON K MHTEHCHBHOCTH [ Ha mopore
CJBIIIAMOCTH.

2
L=101gt=101g2—=201g 2

2

[ P o Po

rae 1, P - ACUCTBYIOLINE 3HAYEHNUS] MHTEHCUBHOCTH U 3BYKOBOTO
JIABJICHUSI,

I, =10-12 BT/M2, py =2*10-° [1a - ”HTEHCHUBHOCTb M 3BYKOBOE
JIABJICHUE HA ITOPOTe CIBIIIUMOCTH.

Yposenn 3Byka L onenuBaoT B 0THOCHTEILHBIX

Jorapupmuueckux eqruaunax - JIEIIMBEJIAX (ab).




[Ilym 1 ero xapaxkTepucTAKH

YpoBEHb MHTCHCUBHOCTH 3BYKa YHCJICHHO PAaBEH YPOBHIO 3BYKOBOI'O
napiieHusa (Y3/1). OTu xapaKTe€pHUCTUKHU - CHHOHHMEL.

[ym - croXHOE KOJeOaHWE, KOMIUIEKC 3BYKOB pAa3HBIX YaCTOT;
€r0 OIL[CHUBAIOT CIIEKTPOM, TO €CTh 3aBUCUMOCThIO ¥Y3JI OT 4aCTOTHI.

HauOomee yacTo 1myM u3MepsiroT B OKTaBHBIX Mojocax yactoT. [Tonoca

XapaKTEPU3YETCS CPEAHEH YaCTOTOM, @ COOTHOIIEHUE 3TUX YacTOT 1/2.
Cpezmne YacTO0Thl OKTABHBIX I10JIOC

63 125 250 500 1000 2000 4000 8000 I'n

45 90 180 355 710 1400 2800 5600 11200

FpaHH‘IHBIe YaCTOTbl OKTaBHbIX I10JIOC

Bocnpustre 4acToThl, TAKKE KaK U CUJIbI 3ByKa, OTHOCUTEIBHO TTO3TOMY
CPEOHUE YACTOTHI OKTABHBIX IIOJIOC OTKJIAABIBAIOTCS Ha Trpadukax B
gorapu(MUYECKOM MaciTade (4epe3 OJUHAKOBBIE TPOMEXYTKH ).



IlocTpoenue cneKkTpa MIyMa

[lo xapaktepy cHekTpa IIyMbl JEIAT Ha IIUPOKOIOJIOCHBIE U
CMEIIAHHBIE, B KOTOPBIX MMPUCYTCTBYIOT TOHAJILHBIC COCTaBiAtomue. 1o
BPEMEHHOU XAPAKTEPUCTUKU UX JIETAT HA IOCTOAHHBIC U HEMIOCTOSHHBIE,
a TIOCJIEJHUE OLICHUBAXOT YKBUBAJICHTHBHIM YPOBHEM 3BYKA.

L, nb

100 ‘\ //\
N O—O0.

I

80 / - T —_—
N

CB eyae HryMa HopmaTuBHBbIii
. \Qu

CIIEKTP HIyMa

an

b
U

63 125 250 500 1000 2000 4000 8000 f, I'x
KpoMe CIHEKTpaJlbHOW XapaKTEPUCTUKU IIyM OIEHUBAIOT OJHUM

ypuciaoM - ypoBHeM 3BYKa B JBA. Dro o0mmii ypoBeHb IyMa,
OTKOPPEKTUPOBAHHBIN B COOTBETCTBUU C KPUBOU CIBILIMMOCTH.




CymmupoeaHue ypoBHel myma

~ 90a1b+90 a1b= |93 nb 80 nb + 74 ab =| 81 1b

100 ob + 40 ab =/ 100 ab | 70 Ab + 70 ab + 70 ab = 75 nb

YPpOBHU IlIyMa SBIAIOTCA

> Ly, = 10Ig(2*1 /1) = 10lg(I / I))+101g2 = L+3 nB.

HOFapH(bMI/I‘IeCKI/IMI/I BCJIMYUMHAMHU HU HX

HEJIb351 HEITOCPEACTBEHHO CKJIAAbIBaTh. 1 3TOr0 NpUMEHSIOT IPaBUJIO

CYMMHUPOBAHUS YPOBHEM:

L., =L;+0L

L - OOnpIINN U3 CYMMHUPYEMBIX YPOBHEU

OL - mo0OaBka K 0OIbIIEMY YPOBHIO, OIIPE-
nessiemMasi 1o TabJIMIEe B 3aBUCUMOC-
TH OT PA3HOCTH YPOBHEM.

Eciu oMH U3 CyMMHUPYEMBIX YPOBHEN MEHbIIIE apyroro Ha 10 nb, To oH

1

2 3 4

HC YUUT e 5
1— Ly
oL, nb 3

2,7

22 1 1,8 ) 1,4

5 6 7 8 12
].,2 0,9 0,8 037 033

JJ11 n O IMHAKOBBIX I
ypoBHeH L,

v =L +101lgn



2.5.2. PacnpocTpaHeHue, BO31eHCTBHUE U
HOPMHUPOBAHHUE LIYyMA

PacnpocTpanenne myMa B OTKPLITOM MPOCTPAHCTEE

NuarencuBHOCTS mryMa I B ToUke OTKPHITOro IpocTpaHCcTBa:

P
[=-¢,
S

rae P, - 3BykoBas mMomHoCTh HcTOUHMKA ITyMa, BT;
S - II0IIAaIb U3MEPUTEIIBHON MMOBEPXHOCTH, OKPYKAIOIIEH
MCTOYHUK IIyMa U MPOXOAAIIEN YepPe3 pACUETHYIO
TOYKY, M?.

[IpocTenimen MOAECIBIO HCTOYHMKA IIyMa SBJISIETCA TOYECYHBIU
MCTOYHHUK, N3TyJaroIui cPEepUIeCKyIO BOIHY.



Pacnpocrpanenye miymMa B OTKPLITOM MPOCTPAHCTBE
(mpogosKeHue)

Ecnu ucrounnk nryma @ co 3BykoBoii momraocTsio P, pacnonoxen Ha

IIOBEPXHOCTH, TO MU3JIy4YEHHUE 1IyMa IIPOUCXOIMT B roaychepy S ¢
pagnuycoM r (m):
S = 27tr?

[lepexoas  or  aOCONMIOTHBIX  BEJIMYMH K  OTHOCHTEJIbHBIM

jnorapu(MUYECKUM, YPOBHU MHTeHCUBHOCTHU IiyMa L (1b) ot nucroununka
C ypoBHEeM 3ByKOBO# momHoctd L, (ab) B Touke OTKpBITOroO
POCTPAHCTBA MOKHO OMPEAETUTH 110 POopMYJIE:

2
L=L,-101g2mr",

YPpOBHU HHTEHCUBHOCTH IIIyMa MIPH YABOCHUU PACCTOSTHUSA YMEHBINAKOTCSA Ha 6 1b.




PacnpocTpanenye myMa B MOMELIEHAN €
UCTOYHHUKOM LIyMa

B nnoMeniennu, rae yCTaHOBJIEH UCTOYHUK 1IIyMa, UHTEHCUBHOCTD LIIyMa
B JIFO0OH TOYKE CKIIaJIbIBACTCS U3 MHHTEHCHUBHOCTH MpsiMoro myma I, u
IITyMa MHOTOKPAaTHO OTPa)KEHHOTO OT CTEH moMemenust I, .

N~

OTpaXEHHBIM IIYM YOPOIIEHHO CcuUHMTaeTcs AUPQPY3HBIM, TO €CTh
MMEIOIMM OJIMHAKOBYIO TUIOTHOCTh 3BYKOBOW SHEPIrHMH BO BCEX TOYKAX
IIOMEIIEHUS, a MPSIMOU IIIyM CITAJaeT C paCCTOSHUEM OT UCTOYHUKA.

MNHTEHCHBHOCTD CYMMapHOI'O IIYMaA ] . ] + ]
cym. T mp. omp.



Pacnpocrpanenye miymMa B MOMELIEHNN C
HCTOYHHUKOM MIyMa (IIPOJ0JIKeHue)

CTaTUCTUYECKAsA TEOPHUsI 3BYKOBOI'O OIS B MHOMEIICHUH, HWCIOJIb3YS
arrapar TEOPUU BEPOSITHOCTEH, MAET 3aBUCUMOCTH I OIPEICTICHUS
MHTEHCUBHOCTH OTPAXKEHHOIO NIyMa:

I, :4Pa ; Q_aS
QO |-«

rae Q - akycruyeckas nmocrossHHas nomelneHus (M2), Koropas
XapaKTEPU3YET €ro CIIOCOOHOCTH MOIJIOIIATH 3BYKOBYIO

SHEPIUI0; O - CpeaHUN KO3 (PUIIUEHT 3BYKONOIJIOIICHHUS

SH - MTOJIHAS IUIONAb OIPAKICHHUI TOMEILCHUS, M.
YpoBHu myma (Ab) B moMeIeHuu ¢ HICTOYHUKOM IHyMa

1 4
L=L,6+101g( +—)

2rr: O




Pacnpocrpanenye miymMa B MOMELIEHNN C
UCTOYHHUKOM MIyMa (IIPOJ0JIKeHue)

N3MmeHeHnEe
YPOBHEN
nryma

I paduk N3MEHEHNS YPOBHEH IIIYMA

CymMMapHBIN HIYM

I

IIpssmont mym

OTpakEéHHBbINA HIYM

30HAa
PSAMOT0
IIymMa

30Ha
OTPAKEHHOTO
Iyma

> I
Jlorapudmuyeckas mkana
PACCTOSIHUA



PacnpocTpaneHue ymMa B OMeELIeHue CMeRHoe

¢ INYMHBIM

L, )l L, /
)
R >

<> -- 3BYKOIOTJIOLIAOIIUNA MaTe€PHaJl B BO3LYIIHOM
IIPOMEKYTKE IBYCTEHHOM pa3AearoNer KOHCTPYKIIUU

Yposuu myma L (1b) B cMeKHOM noMeneHuH
L=L -R+1L_,

rae L, - ypoBHHU 11yMa Iiepes pa3aelisitolen CTEHKOU, Ab;
R - 3BYKOM3OJIALIUA pa3ACIAONIEn CTEHKHU, 1b;
L, - BeIU4nHA, yYUTBIBAIOIIAs 3BYKOIIOTJIOIIEHUE B CMEXHOM
HoMeIleHUH, 0b.




JKBHBAJICHTHbIN YPOBEHb 3BYKA

OOBIYHO HA YeJIOBEKA JeMCTBYET HEMOCTOSIHHBIMA IIYM,
KOTOPHIH OLICHMBAIOT JKBHBAJICHTHBLIM YPoBHeM L, TO ecTh
YPOBHEM MOCTOSITHHOIO IIyMa, OKA3bIBAKIIUM 110 3HEPruu
TaKo0e K€ BO3JelicTBHE, KAK M JaHHBIN HENOCT O HHbIM.

L3 — Ll_ +10 Ig (%) ,| tae: L; - cocrasnsromuii ypoBeHs 1ryma (ib) pu ero
AercTBUM 3a Bpems t. (4.) mpu o01en 3kcro3uiuu myma T.

I[Ipumep HalTu 3KBUBAJIEHTHBIN YPOBEHb 3BYKa, ecju T =4y,

L, =90nbA, t, =24, L, = 881bA, t, = 2u.

t
L,=L, +101g;1:90+101g%:876514; L, :88+101g§:850514.
I1o npaBuJIy CJIO:KEeHMSI YPOBHEH NPH PA3HOCTH MEXKIAY HUMH
21b A no0aBka K 00JbIIEMY YPOBHIO cocTaBJseT 2,2 1bA,

NMO3TOMY IKBUBAJICHTHBIN YPOBEHb 3BYKa paBHseTcHd 89.21BA.




BozpelicTeue lIyMa Ha Yel0BeKA.
Hopmupoeanue myma

1. [Ilym BbICOKHMX ypOBHEW orpunareibHo BiauseT Ha [[HC, xenynox,
IBUTaTEIbHbIE  (PYHKIHUH, YMCTBEHHYHO  palOOTy,  3pHUTECIIbHBIN
aHanu3arop. M3MeHsercs 4Yactora YW HAIOJHEHUE I1YJIbCa, KPOBSHOE
JTABJICHUE, 3aMEJIAIOTCS PEAKIIMU, OCIA0JISIETCS BHUMAHUE, YXYIIIACTCS
Pa300pPUYUBOCTD PEUM.

2. CHmXKaeTcsi 4YyBCTBUTEIHLHOCTh OpraHa ciayxa, 4TO IPUBOIHUT K
BPEMEHHOMY MOBBIIICHUIO MOpora CiablMMOCTU. Ilpu anuTenbHOM
BO3JCMCTBUH IITyMa BBICOKOT'O YPOBHS BO3HHKAIOT HEOOpATHUMBIE TTOTEPH
CIyXa M pa3BHUBAETCS NPO(ECCUOHATIBHOE 3a00J1€BaHUE - TYTOYXOCTh.

Kpurepuem pucka norepu ciryxa cuuraercs ypoeHb 90 nbA, ipu

eXKe THEBHOM Bo3aercTtBur 0osiee 10 Jer.
HopMvupyembie napamMeTpbl: YPOBHU 3BYKOBOI'O JIaBJICHHUS B

OKTaBHBIX IMOJIOCAX YACTOT U YPOBEHB 3BYKa B IBA.




2.6. YMenbllieHHe mIymMa

Kiaaccupukanus cpeacrn

1. YMeHb1IcHNE IryMa B MICTOYHHNKC BO3ZHHUKHOBCHUA

HaunGoJiee pannoHajbHOE CPeACTBO, HO YacTO TpedyeT Cepbeé3HOI0
KOHCTPYKTHBHOI'O H3MEHEHUSI MAIMHbI.

2. Opranv3aiMoOHHO- TEXHUYECKUE MEPOIIPUATHS

YMeHbllIeHue BpeMeHH Bo3aencTeus myma (1Y)

3. CpencTBa KOJUICKTUBHOW 3aAIIUTHI
a) ApXHUTEKTYPHO-IUIAHUPOBOYHBIE MEPOIPHUSITHS.

6%KOH0prKTI/IBHBIe CpeAcTBa. == | KoskyXu, SKPaHbI, [IYIIATEIH
4. CpencrBd MHIUBUAYATHHON

3BYKOIOIJIOMIAIOIIHE H
samuThl (CU3
H ( ) ﬁ 3BYKOM30JIMPYIOIIHeE

HaymHuku, 3arjyliku, mjieMbl ‘ KOHCTPYKIIMH




IIpMHIMNOBI YKPAHUPOBAHUS,
3BYKOM3O0JIAIMU, 3BYKOIOTJIOICHUS

KOHCTpYKTI/IBHBIC CpCACTBa YMCHBIICHHMA IIYMa OCHOBAHBI Ha
HCIIOJIb30BAHHUH 3TUX IIPHUHITUIIOB.

1. DJkpaHupoBaHue - CHOCOOHOCTH Hperpaz[ CO3/1aBaTh 30HY

ByKOBO
Ncerounnk
myMa TEHU

\ 4

3

\ 4

3BYKOBOU

O dEKTUBHOCTh 3KpaHAa 3aBHCUT OT JJIMHBI 3BYKOBOM BOJHBI IO
OTHOIICHHIO K pa3MepaM IMPEIATCTBHS, TO €CTh OT YaCTOThI KOJCOaHHUH.
B mnomemieHnr W3-3a HaIW4Ms OTpakKEHHOro Imyma s(pdexT skpaHa
MEHBIIIE, YeM B OTKPBITOM IIPOCTPAHCTBE.



IIpMHIMNOBI YKPAHUPOBAHUSI,
3BYKOM30JISILIAH, 3BYKONOIJIOIIECHUS
(mpoaoJkeHue)

2. 3ByKOM30JISIIMA - CIIOCOOHOCTH MPErpaji OTpakaTh

3BYKOBYIO DHEPTHIO.
HcTtoyHuk myma

- HNHTEHCUBHOCTD:
[aIAr0IIEro 1IIyMa,

OTPAXEHHOTO IIIyMa
) = oy y

—> [IPOIIEAIIETO IIyMa

3BYKOM30JIIMs 0MHOCTEHHOM KoHeTpyKInKu R (1B) onpenensercs

3aKOHOM «MAacCChI» y
rne T - uvacrora xone6aunuit, I'i;

R=A1 g(f é) —C . O - HIOBEPXHOCTHAS Macca CTEHKH, KI/M;

A, C - smnupuueckue KodQpGUIMEHTHI.



IIpuHIUNBI SKPAHUPOBAHMA,
S3BYKOM30J/JIAIINHA, 3SBYKOIIOIJIOIIICHMN A
(mpomoJIKeHue)
3. 3ByKONOIJIOIEHHE - CIIOCOOHOCTH MOPUCTHIX U PHIXJIO-
BOJIOKHUCTBIX MAaTEPHUAJIOB, a TAKKE

PE30HAHCHBIX KOHCTPYKIIUH MOTJIOIIATh
3BYKOBYIO SHEPTHIO.

B nmomenienuu ¢
MCTOYHHUKOM IIIyMa
YPOBHH IIyMa

OIPEICTISFOTCS = 3ByKoO-
IIPpAMBIM U @ [IOTJIO-
OTPAXKEHHBIM 7 = [aro-
IITYMOM. i
MAaTeC-
[IpssMoOM ITyM UCTOYHHKA s>
OTpaXEHHBIN IIyM < pual

3BYKONOIJIOMIAIMHA MaTepual, YCTAHOBJEHHBII Ha CTeHax
IMOMEIIECHNA, YMEHbIIACT COCTABJAIOIIYIO OTPAKEHHOIO IIIyMAa.



KOHCTPYKTHUBHBIE CPEACTBA YMEHbIICHUS IIyMAa

JI19 yMEHBIIEHHUS a’pOJMHAMMYECKOTO IIIyMa CHCTEM BEHTWISLIUH,
ImyMa Tra3oTypOOHaJayBa W Ta30BBIXJIONA JBUraTEICH MPUMEHSIOT
peakTuBHbIE (pHUC.21, a) u akTUBHBIC (pHUC.21, 0) rIIyIATENH.

a 0) | |
= |=—> =] | =
| |
Puc. 21
PacmmmpurenbHas kamepa [ IyIIHATENb CO 3BYKOIOTJIOTUTEEM

3BYKOU3OJISIIIHAS MCTOYHUKA IIIyMa 00ECIIEUYUBACTCS KOKYXOM (puc.22 a),
a 3BYKOM3OJISIIMs pabd04Yero MecTa - M30JIMpOBaHHON KaOMHOM (puc.22 0)

a) KoXyX CO 3ByKOIOTJIOTUTEIEM

0) N3onupoBanHas

KaOuHa [ — } —

|

e

5

Puc. 22
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Puc. 23 3BYKOU30JMPYIOUINN KOXYX, YCTAHOBJICHHBIA HA AU3EIIb.

| - THymmTenb ra30BBIXJIONA; 2 - KOMIIEHCATOP; 3 - 3BYKOIIOTJIOTUTEIb;
4 - THymuTeab BO3AYXONpUEMA; S - pe3uHa; 6 - BHOPOU30JISATOPHI.
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wl o w1y L L A

Puc. 24 Tunsl riaymuTesed MyMa U XapakTep 3arjJyiaemMoro
UMHU CIIEKTpA.

a - 3BYKOIOTJIOMIAIOIINM MaTpyOoK; O - MIACTUHYATHIN; B - KAMEPHBIH;
I - KaMEPHBINA C TpyOamMu BHYTpPH; 1 - KAMEPHBIM HECOOCHBIN CO 3BYKO-
MOTJIOTUTEIIEM; € - SKPAHHBIM.
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Puc. 25 JIByCTEHHBIE 3BYKO-
M30JIMPYIOINE KOHCTPYKIIUUA 5~

| - mIacTUHBL; 2 - BO3MYIIHBI 55

IIPOMEKYTOK; 3 - 3BYKOIOTJIO- Y%
TUTENb; 4 - KPEIJICHHUE.

Puc. 26 3BYyKONOTIOMIAIONIINE KOHCTPYKIIUH
| - 3amuTHBIA NepPOPHUPOBAHHBIN IKPaH; 2 - CTEKJIIOTKaHb; 3 - 3BYKO-
MOTJIOLIAOIINN MaTepua; 4 - CTEHA WX MOTOJIOK; S5 - BO3AYIIHBIN
IIPOMEKYTOK; 6 - IIJIUTA U3 3BYKOIOTJIONIAOIIEr0 MaTepraia.



0

E Puc. 27 CpeacrBa 3KpaHUPOBAHUS
a - CXeMa dKpaHa; 0 - SKPaHUPOBAHUE HECKOJIBKUX UCTOYHUKOB IIyMa;
B - DKpaHUPOBAHNE UCTOYHMKOB MEXaHMYECKOTO ITyma; 1 - o0opyao-
BAHHE; 2 - DKPaH CO 3BYKOIIOIJIOTUTENEM; 3 - paboyee MECTO;
4 - mucKoBas MuJA.



Puc. 28 Cpeacrea HHAUBUAYAJbHON 32U THI OT HIYMA

d - HAYIIIHUKH 0 - IMYMO3AIUTHLIC IIJICMBI.



2.7. Buopauust

Du3nUYeCKHE XAaPAKTePUCTUKUA BUOPALIUHA

BubOpanus - 5T0 MEXaHUYECKUE KOJIeOaHUsI B TBEPIBIX TEAX.

[IpocTeiimumii BU KOJICOAHUN - TAPMOHHYECKHE.
¢ BuOpaliiuio olieHMBaIOT
a

/

yactoroii f (I'n) nam

T=1/f \

Y

neproaoM kosiebannii T u
OJTHUM U3 TPEX MapaMeTpPOB:

A

A 4

Awmmurymoit Bubpocmenienust G,

AMmuTyaou BuOpockopoctu  V, = C, ®

AMIIIUTY 0¥ BUOPOYCKOpEHUA A, = Ca ®?

) = 2 v/ f - KpyroBas 4acToTa



YpoBeHb OIIYIIEHUsI BUOpALIAH

CreneHp OIyIIEHHUI BUOpAIlUM OLICHUBAIOT O 3akoHY Bebepa-dDexHepa
JOTapu(hMUUECKONM  OTHOCHUTEJIBHOW  BE€JIMYHHOW -  yYPOBHEM

BuGpockopoctu L, B nenmbenax.

L =20 1gK :
Vo
rae V - JIedcTByIolee CpeqHEKBAIPATHYHOE 3HAYEHHE
BHUOPOCKOPOCTH, M/C;

V,, - moporoBast BHOPOCKOpPOCTH, paBHass 5*10-8 m/c.
CpeaHexkBajapaTu4yHasi BUOPOCKOPOCTH B 1,4 MeHbIlIe aMIIJIUTY/THOI0 3HAYEHUS.

BuOpanuu ManvH 1 MEXaHU3MOB SBJISIFOTCS CJIOKHBIMHU KOJICOAHUSAMU,
KOTOpbIE MOTYT OBITh MPEACTaBICHbI CYMMOW TapMOHHUYECKHUX
KoJicOaHuii. BuOpanuio, Kak W IIyM, XapaKTE€pPHU3YIOT CIEKTPOM B
OKTaBHBIX I10JIOCAX YAaCTOT, KOTOPBI MOKHO IPE/ICTaBUTh IpapuUECcKH.



Kiaaccupukanusa BuOpanuu

Hwu3kouacToTHYI0 BUOpAIMIO O CIOCO0Y Mepeaadyu Ha
YeJI0BEKa JICNAT Ha JIBE TPYIIIIbIL:

1. O0masn, kortopas ICUCTBYET HA TEJIO CUSAIICTO UIIH
CTOSIIIETO YEJIOBEKA U OIIEHUBAETCI B OKTaBHBIX ITOJIOCAX

f=2,4,8,16,31,5; 63 I'n.
2. JlokanbHas, KoTopas mepegaéTces yepe3 pyKd Ha 4acToTax
f=8, 16, 31,5; 63, 125, 250, 500, 1000 I'r.

OO111yr0 BUOpAIIMIO 110 UCTOYHUKY BO3ZHUKHOBEHMS

ACAT HA TPHU KaTErOPHUU:

1. TpancnopTHasi (HOABUKHBIC MAIIMHBI HA MECTHOCTH ).
2. TpaHCIIOPTHO-TEXHOJOTrHYecKas (KpaHbl, IIOTPY3YUKH).
3. TexHoaoru4ueckasi (padbouune Mecrta).



Bozaencreie BHOpANNA HA YeI0BEKA U €€

HOPMMPOBAHNE

[Ipn neiicTBMKM BUOpALIMKA BBICOKMX YPOBHEW BO3HUKAIOT 00JIC3HEHHBIE
OIIYIIECHUS 1 MAaTOJOTHYE€CKUE N3MECHEHHUS B OPTaHU3ME.

1. boyie3HEHHBIE OILIYIIEHUS BBI3BIBAOTCS PE30HAHCOM BHYTPEHHUX
OpPraHOB, MOSBISAIOTCS OOJIM B IMOSICHUIIE, & IPH JIOKAILHOM BHOpAaIUU -
CIIa3M COCYJIOB, OHEMEHME NAJIbIIEB U KUCTEUN PYK.

2. llpu pauTeabHOM BO3ACUCTBUM BHOpallMd BO3MOXKHO Pa3BUTHE
BUOpPAlIMOHHOM O00JIe3HH, TKENasd CTaausl KOTOPOM HEU3JICUYuMa.
BuOpanus orpunarensHo Bo3aecTByeT Ha [ITHC, BO3HHMKAIOT rOJ0OBHBIE
O00JM, TOJOBOKPY>XCHHE, HaApyIICHHE CEpACYHON ACATEIbHOCTH,
PacCTPOMCTBO BECTUOYISAPHOIO amnmapara.

CauuTapHbie HOPMbI YCTAaHABIMBAIOT JONYCTUMbIC 3HAUCHUS: YPOBHS
BrOpockopocTu (ab), BHOpockopocTh (M/c) U BUOpoyckopenue (M/c?).

YuuThiBaeTCsA BpeMs BO3JCHCTBUS BUOpAIUM.



2.8. YMenbmienun subpanmum

Kiaaccugukanus cpeacTB YMEHbIIEHUS BUOPAILIUHA

1. YMeHblieHMe BHOpanMM B MCTOYHUKE BO3HUKHOBEHHS.
OTHA CPEJICTBA OCYIIECTBISIOT B MOPOLECCE IPOCKTUPOBAHUS U
CTPOMTENBCTBA MAIIMHBI. K HUM OTHOCATCS: LIEHTPOBKA, TUHAMUYECCKAS
OaJJaHCHUPOBKA, N3MEHEHHUE XapaKTepa BO3MYILAIOIINX BO3ICHCTBUI.

2. Opra"nM3allMOHHO-TeXHUYECKHE  MEPONPHUATHHA, KOTOPHIC
BKJIIOYAIOT  YMCHBIICHWE  BPEMEHH  BO3ACWUCTBUS  BHUOpalnu
OIPUMEHEHUEM JIUCTAHIIMOHHOTO YIPABJICHUS, COKpalleHHE padoydero
JIHSI, YCTPOMCTBO MEPEPHIBOB B pabOTE.

3. CpeacrBa KOJJIEKTHBHOM 3alIUTBI. BHOPOU30IUPYIOIINE
KpEIUICHUSI MEXaHM3MOB M pabouyux MECT, BHOPOMOTIONIAIOIINE
ITOKPBITHS.

4. CpeacrBa HMHIMBHUAYAJIBbHOHM 3allUTBI: BUOPO3aIUTHHIC
PYKaBHIIBI U O0YBb.



CxeMbl BUOpOM30JIIIIUA

YCcTaHOBKA MEXaHU3MAa Ha

BUOPOU30JIATOPHI Y cTaHOBKA MEXaHU3Ma Ha
BUOPOU30JIATOPHI U
MAaCCHUBHBIN ()YHIAMEHT

- BuOpown3zossus
pabodero mecra




2 (PeKTUBHOCTHL BUOPOU30JIITOPOB

JIsi yMEHBIIIEHHST BUOpALIMU TIPUMEHSIIOT PE3UHOBBIC, MPYKUHHBIE
WM T[HEBMATUYECKUE BUOPOU3O0IATOPHI, KOTOPHIE CHIKAKOT
TMHAMUYECKYIO CHITY, IEPEIAIONTYIOCS OT MalllMHbI Ha (DYHIAMEHT.

O dexruBHocTs BuOpomzomsimuu L. - (1b) - 910 pasHOCTH
ypoBHeW BuOpanmuu Ha QyHaamente mpu xéctkom N, (1b) m

snmactiyHoM N, - (1B) KperuieHun MamuHbL.
L eub N oHC N ey

IIpu BbIOOpPEe BUHOPOU3OJIATOPOB PeHIAKT [JABE 3aJa4YH:
JOCTUKEHHE BbICOKOM BHOPOM3O0JSALMM U  ol0ecnevYeHue
HAAEKHOCTH PAa0dOThI CHCTEMBI.



¢ PpeKTUBHOCTHL BUOPOU30J1sIIUM

. (mpoaoKeHue)
BHO
@ Pesonanc- f =f; [1pu nnoHm>xkeHnU
CBOOOHOM

i 4aCcTOThI KOJICOa-
0 HUI BUOPOM30JIS-

- A1 BO3PACTaET.

f /t,
1 10 100

" | YcuieHue BuOpanuu (pyHJIaMeHTA + | BuOpousoasius

fy, f, - 9aCTOTBI CBOOOHBIX U BBIHYKIACHHBIX KOieOaHuu, [ 1.

IIpu ycTaHOBKE MAIlIMHBI Ha PE3MHOBBIE BUOPOU30IITOPHI OOBIYHO

f, = 20-50 ', a Ha ipyxkuHHEIE - {, = 2-6 ', 0O3TOMY 3P ()EKTUBHOCTH
IPY>KUHHBIX BUOPOH30JIATOPOB O0JIbIIIE, YEM PE3UHOBBIX OCOOCHHO B
JIYana3oHe HU3KUX U CPEIHUX YaCTOT.



-f"
|
5
]
:
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Puc. 28 Budpousoasaropnl

a - pesumHomeraminueckui tina AKCC; 0, B - NpYyXHHHO-
pPE3WHOBBIE; I - jAeMOdep; A - CHIBHOASMI(PUPOBAHHBIN
IIJIJACTMACCOBBIN; € - THEBMOAMOPTH3aTOP.



Puc. 29 Cxema BUOPOU30JISILUU ABUTATEIS

1 - BUOpPOM30IATOPHI; 2 - CUIL(POHHBIA KOMIIEHCATOP; 3 - IMHHAS
My(Ta; 4 - yOOPHBIN HOAIIMIIHUK BAJIONPOBOJA; 5 - TFOPUTOBOE
COCIMHEHHUE TPYOOIIPOBOJIOB; 6 - COEAMHEHUE KaOeJIsl.
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Puc. 30 TunoBasi ycTAaHOBKA BLICOKOOOOPOTHOI'O IU3€JIA HA
BHOPOM30JIATOPAX C y3JaMHU KpenJieHUusi BUOPOU30JTOpa
U CTPAXOBOYHOI0 3JICMEHTA.



Puc. 31 YcTraHoOBKa HAACTPOMKH HA BUOPOU30JIATOPAX
HAa TaHKepe npoekta 3164.



CpeacTBa HHAUBUAYAJILHOM 3alIUThI OT BUOpALIU

BubGpousosmsimust pabodero
mecTa (1); 2-BHOPOH30IATOPEI

a - BUOPOU30JHUpYIOIIas IaTdopma;
O -aHTUBUOPAIIMOHHBIN MOSIC;

B, I' - aHTUBUOpAILIMOHHBIC OaIlIMaKHU;
I - BUOporacsiass 00yBb OCTOHIIHMKA.

BuOpon30JupoBaHHOE CUACHUE
¢ aemmdepom (1). Puc. 32 3ammuTa oT BUOpauuu



2.9. DnexTPOMArHUTHLIEC H3TYYEeHUS
DAANOYACTOT

Oo011ue cBeAeHusa

IIpupoaHbIe HCTOYHUKH 3JIEKTPOMATHUTHBIX moJiei ( IMII):
ATMOC(EpHOE INEKTPUUECTBO, U3ITYUEHUE COJTHIIA,
IEKTPUYECKOE U MATHUTHOE MO 3EMJIH U JIp.

TexHorenupie ucroununxku JDMII:

TpancdopmaTopsl, 37EKTPOABUTATEIIH,
TeJIeanmnaparypa, IHHUH dJICKTpoliepeaad, %
KOMIIBIOTEPBI, MOOMJIBHBIC TENC(OHBI U Ap. Y|

IIponecc pacopoctpanenuss IMII nmeeT xapakTep BOJIHBI, IPA 3TOM B

KaXJI0W TOYKE MPOCTPAHCTBA MPOUCXOAAT FTAPMOHUYECKUE KOJTCOaAHUS

HanpsbKEHHOCTH dnekTpudeckoro E (B/M) u marautHoro H (A/M) nmosei.
Bekrops! E 1 H B3aunmHo nepnienaukyaapHsl. B Bo3ayxe E =377 H.

KBaHTOBOM MOJICJIBIO OMHUCHIBACTCS IIPOLIECC MOTIOIICHUS U3ITYYCHU.

= [ \U
/TN



OO01ue cBeieHu 10 3JIEeKTPOMATHUTHBIM
U3JIyYCHUAM (MPOA0JIKEHME)

JlnuHa BOHBI A (M) CBsSI3aHA CO CKOPOCTBIO PacCHpOCTPAHEHMS

KosieOanuii ¢ (M/c) u yactoroi f (I'1y) COOTHOIIEHHUEM

A = € e ¢ =3*%108 M/c - CKOPOCTb PACIIPOCTPAHEHNS
b

f  DIeKTPOMAarHUTHBIX BOJH B BO3MIYXE.

HanpaBneHue 1BUKEHUSA IOTOKA SJHEPTUU ONIPEAECIISETCS
BEKTOpOM Y MoBa-Ilontunra - II:

II=E-H

CHeKTp 2JIEKTPOMArHUTHBIX KOJ€OaHUM JEJIAT Ha TPU y4acTKa:

PagnounsiyuyeHus OnTuveckne | Poumsupyomme

5 12 16 21
10 10 10 10 f, T



XapaKTEePUCTUKH PATNOU3TYYCHHUN

Jlnama3zoH »BJICKTPOMArHUTHBIX KOJECOAHWM - PaIHOU3ITyYCHUU
nensaT Ha pagunodactoTel (PY) u cBepxBbicokue yacToThl (CBY).

PaI[I/IO‘IaCTOTI)I moApa3ac/JasilioT HaA MOAANAIIA30HbI .

JlnvaHbIe BOJIHEI ([[B).
Cpennue BosHEI (CB).
Kopotkue BonHbl (KB).
YibsTpakopoTkre BoJHEI (YKB).

- PY ~— __— CBY —__
JAB | CB | KB] YKB MMuKPOBOJIHBI

f, I'n

3*104 3*%103 3*1012
O O O

10000 1 0,0001




XapaKTePUCTUKH PAANOU3TYYCHHUN
(mpomoJIKeHue)

B paiione ncrounnka IMII BbIACIAIOT OJMAKHIOK 30HY (MHAYKIIUH )
U JIaJIbHIOKO 30HY (BOJIHOBYIO).

30Ha MHAYKIMK HAXOJIUTCS Ha pacCcTOosIHUU R < A/6, a BoJIHOBas
30Ha - Ha paccTostHuU R > A/6 (M).

B O0amxHeln 30He Oeryias BoyHa eie He cpopmupoBaiiach, a IMII
xapakrepuszyerca Bekropamu E u H.

B BonHOBOM 30HE IMII XapakTepu3yeTrcd MHTEHCUBHOCTBIO
I (BT/M?), KOTOpas 4YnciIeHHOo paBHa Beauuune I1.

Hanpumep, B n1uanazone PY npu anvHe BOJIHBI 6M I'paHMIla 30H
JICKUT Ha paccTosHuM 1M oT mcrounuka DOMII, a B auama3oHe
CBY npu pause BoaHbI 0,6M - Ha paccTosgsHuu 0, 1M OT HCTOYHHKA.

NutencuBHocTh DMII yOBIBaeT 00paTHO MPONOpLHHOHAIBHO R2,



Bozaencreue DOMII Ha dyes10BeKA.
HopMmupoBaHue

1. DMII BbI3BIBACT MOBBIINICHHBIA HAIPEB TKAHEU YEJIIOBEKA, U €CIIH
MEXaHHW3M TEPMOPETYIAILNNA HE CIPABIISICTCS C 3TUM SIBJICHHUEM, TO
BO3MOXXHO TIIOBBILICHUE TeMIEparypbl Tena. TemmoBorM mopor
cocraBisger 100BT/M?*. TemioBoe BO3AEHCTBHE HamOOJEe OIMACHO
U1 MO3ra, Iiia3, Io4ek, KulieyHuka. O0nydeHrue MOXKET BBI3BATh
MIOMYTHEHHE XPyCTaIMKa ri1a3a (KaTapakTy).

2. Ilox nenictBueM SMII U3MEHSIOTCST MHUKPOIPOLIECCHI B TKAHSAX,

OCJNa0IsAECTCA AKTUBHOCTh OEJIKOBOTO OOMEHA, IPOMCXOIUT

TOPMOKEHHE PE(IICKCOB, CHIDKCHHE KPOBSHOTO JAaBJIICHUS, a B
pe3yIbTaTe - TOJIOBHBIE 00JIM, OJIBIIIKA, HAPYIICHUE CHA.

HopMbl ycTaHaBIMBAIOT JOMYCTUMbIE 3HAaUECHUST HapsKEHHOCTH E (B/M)
B nuana3zoHe PY B 3aBUCHMOCTH OT BPEMEHHU OOJIy4YEHUS OTACIbHO JJIs
npoPecCHOHaTbHOM W HEenpo(PECCHOHAIBbHONM JEATEIBHOCTH, a B
nuana3zone CBY HOpMHPYIOT HHTEHCHUBHOCTH | (BT/M?).




DakTOphI OTPULIATEIHHOI0 BO3ACHCTBUSA
KOMIIbIOTEPA HA YeJI0BEeKA

Crarnueckue

Harpy3KH

— Harpyska Ha

3pEHHUE

[ nmonnaamus

/SD\

__, | DJIEKTpOMArHUTHBIE
HSJIyquI/IH

BJIGKTquGCKI/Ie
OIS

I Icuxomornueckasa
Harpys3Ka




IHociaeacTBus peryJsipHoi JJUMTeJbHOM padoThl HA
I1K 0e3 orpanvyeHusi N0 BPpEeMEHHU U NepepbiBOB

1. 3a00seBanusa opranos 3penus - 60 %
2. boJie3Hu cepae4YHo- coCyanucTom cucrembl - 60%
3. 3a0oseBanug xkeayaka - 40%

MuHUMaIBHOE

4. Koxxnble 3a001eBanud - 10%
S. KomnbrorepHas 00J/1e3Hb (CHHAPOM CTpecca
onepartopa) - 30%.

PACCTOSIHUE OT
rJ1a3 J0 DKpaHa
-He MeHee 50cMm

Canurtapubie HopMbl Canllun 2.2.2. 542-96 ycTaHABJIMBAIOT
npeaeJbHbIe 3HAYEHUA HANIPSIKEHHOCTH JIEKTPUYECKOr0 1
MATHMTHOTIO moJist nmpu padore Ha IIK.

JauteasHocTs padorsl HA ITK 0e3 mepepbiBa - He 0o0J1ee 2 4acoB.
JauteasHocTsh padorsl HA IIK npenogaBarediei - He 0oJiee 4 4aCcOB B [I€Hb.
JauTeasHocTh padoThl HA IIK cTyieHTOB - He 00Jiee 3 4acoB B /IeHb.

B nepepbiBax - ynpasKHeHus 1JIs 1J1a3 U PU3KYJIbTIIAY3A.



2.10. CBeToOBBIE M3TYYEHHU.
Bo3znelcTere Ha YelioBeKa

CBeTOTEeXHNYCCKHE BeJINYMHBI

CBETOBbIE M3JIYUYCHHS BXOJSIT B ONTUYECKYIO YacTh CIEKTpa
3JIEKTPOMArHUTHBIX KOJICOAHUH.

1. CBeroBeIM ToTOKOM @ (JIFOMEH, JIM) Ha3BIBAETCS MOITHOCTE
JIYYMCTON DHEPTUHU, BOCIPHHMMAEMas KaK CBET, OLlCHUBaeMasl
110 JE€HMCTBUIO HA CPEIHUM YEJIOBEUECKUM TJ1a3.

2. Cuma cBera | (xamzgena, Km) - 5TO IPOCTPaHCTBEHHAS
IUIOTHOCTH CBETOBOIO IIOTOKA, 3aKJIFOYEHHOIO B TEJIECHOM
yrie (), KOTOpbIM KOHUYECKOW TTOBEPXHOCTHIO OrPAHUYNBACT

4acTh IIPOCTPAHCTBA. S R S
@ Q=—
[=— R’
Q




CBeTOTeXHHYECKHE BEJIUYUHBI (IIPOI0JIKEHHE)

3. Ocseménnocts K (mokc, JK) - 5T0 IOBEPXHOCTHAs
IJIOTHOCTh CBETOBOIO IIOTOKA, OTHECEHHAs K IUIOLIagd S, Ha
KOTOPYIO OH pachnpeaensercs. BeauunHa OCBEIIEHHOCTH

3a1a€TCSA B HOpMax. D
4. SIpkocTh moBepXHOCTH (|, K1I/M?) - 3TO OTHOIICHUE CHJIEI

CBETA, K MPOCKIHNU CBETSINICKUCS MOBEPXHOCTH HA IUIOCKOCT,
NEPIEHINKYJISIPHYIO HAPABJICHUIO PACITPOCTPAHECHUS CBETA.

_ L | ] | 1.
L_S-cosa /I 1/ S\</\ : =
o




JleicTBHE CBETOBBIX U3JIYUYCHUH

1. CBer o0ecrieunBaeT CBSI3b OpPraHU3Ma C OKPYKAIOIIEH Cpenoi,
nepenady 80% mHpopmannu, 001a7a€T BBICOKUM OMOJIOTHYECKUM
U TOHM3UPYIOIIMM JecrcTBueM. HawnOonee OmaronmpusiteH s
YEJIOBEKA €CTECTBEHHBIM CBET, MNOPUYEM B  OTIHMYME  OT
MCKYCCTBEHHOIO, OH COJIEPXHUT TOpa3lno OOJBIIYIO  JIOJIO
yIbTPa(UOJIECTOBBIX JIyUECH.

2. IIpn HEIOCTATOYHOM OCBEIIEHHOCTH Y YEJIOBEKA ITOSBIISICTCS
OLIYIICHUE HUCKOM(OpPTa, CHHKAECTCS AKTHUBHOCTh (DYHKIIMH
[HHC, mnoBbimaerca yromiasemMoctb. IIpu HemgocraTouHOU
OCBEIIEHHOCTH  PAa3BUBACTCSI  OJHU30PYKOCTb,  YXYJIIACTCA
npolecc akkoMmonanuu. Ilpy upe3MepHOr SAPKOCTHU CBETALIECUCS
MTOBEPXHOCTHU MOKET HACTYIIUTh CHUKEHUE BUIMMOCTH OOBEKTOB
pa3InYeHUs u3-3a ciaensiero 3¢ dexra.



OuneHka ¥ HOpMHPOBAHHUE €CTECTBEHHOI 0
OCBCIICHUSA

EcTecTBEHHOE OCBEIICHUE HEITIOCTOSHHO B TEYEHUE CYTOK U
[MO3TOMY €ro OIEHUBAIOT OTHOCUTEIbHOM BEIMYUHOU -

kK03 dunmeHToM ectectBeHHOM ocBemeEHHOCTH KEO B %.

E@H

KEO =

Hap

-100,

rae E,. - OCBENIEHHOCTH B JAaHHOU TOYKE IIOMEIICHUS, JIK;
EHap - OJTHOBPEMEHHAs OCBEIIEHHOCTh OT HEOOCBO 1A, JIK.

/\

Bemmunna KEO n3Mmepsiercs B
HECKOJIBKMX TOYKAX II0 MPO-

JIOJIBHOMY pa3pe3y NOMEIICHUS
Y C HOPMOW CPABHUBAETCSA MU-
HUMaJIbHAs BEJIMYMHA.

E

Hap

>
@

E

BH

E
l

HOpMa

|

HopMbI 3a1a10T OT TOYHOCTH PadoThI.



HopMmupoBanune NCKYyCCTBEHHOI'0 OCBEIIICHUS

['na3 4demoBeka BOCIIPUHUMAET SAPKOCTh, HO HOPMBI 3aJAr0TCA 110
OCBEILIEHHOCTH, TAaK KaK HOPMHUPOBAHHUE MO SPKOCTH KaXKIOW,
OJHOBPEMEHHO BUIUMOM MOBEPXHOCTH, 3aTPYAHUTEIBHO.

Hopmupyembim apaMeTpom ABIISIETCSA Oy CTUMAs
MMHUMAaJIbHASA OCBEIIEHHOCTh K (JIK), KOTOpas yCTaHABJIUBACTCS
B 3aBUCHMOCTH OT CJICAYIOIUX (PaKTOPOB:

1. XapakTepucTHUKa 3pUTeIbHON pa0OThI (Pa0OThI IO TOYHOCTH
JEJIT Ha 8 pa3psiioB).

2. Kontpact oObekTa ¢ (oHoM paznuueHus K, kKoTopsbii
ONPENEISIETCSI OTHOIIEHUEM a0COJIIOTHOM Pa3HOCTH MEXKITY
SIPKOCTBIO 00BekTa L1 pona Ly k sipkocTr hoHa.

K = ‘ L - qu ‘ / qu PasﬂnqaifoT KOHTPACT: 00J1b 1O,
CpeIHU, MaJIbIi.




HopMupoBanune NCKYCCTBEHHOI'0 OCBEIIICHUS

(mpomo/KeHne)

3. XapaktepucTruka (hoHa, KOTOpas 3aa€TCsl B 3aBUCUMOCTH OT
KO3()(PUIIIEHTA OTPAKEHUS CBETa P (pa3inyaroT ()OH CBETJIBIM,
CpEIHHM, TEMHBIN ).

4. Buna ocBenieHus (0011ee Wik KOMOMHUPOBAHHOE).

5. Tum WCTOYHMKA CBETA: JIaMIIbl HaKaJIUBaHUS WU
razopaspsiiaple (I ra3opaspsAHbIX  JIaMII ~ HOPMBI
OCBEIIEHHOCTH 3aJal0TCs BBIIIE, TaK KaK CBETOBas OTAaya
ATUX JaMm OOJIbIIIe M HET CMbICIA 3ajJaBaTh MEHBIIYIO
HOPMAaTHUBHYIO OCBEIIEHHOCTD ).

IIpuMepbl HOPMHUPOBAHUA OCBEIIEHHOCTH
MexaHMYeCKMH 1I€X: MECTHOE B COCTaB€ KOMOMHHUPOBAHHOI'O IIPU I'a30-

pa3psaHbix damiax - 1800 Jk.; o01Iee B cocTaBe KOMOMHUPOBAHHOTO -
200 nk.; ogHo o6mee - 500 nk; npu Jamnax HakaauBaHus - 1350 1k,
150 a1k, 300 1K COOTBETCTBEHHO.




2.11. Yay4inenue CBETOBOI0O PeKAMA

Kiaaccupukanuss cucTeM OCBelleHUus
I/ICKVCCTBEHHOE OCBCHICHUC 110 BUAY JACJIAT.

‘ O01ee paBHOMEpPHOE ‘

‘ O0111ee JIOKAJN30BaHHOE ‘

‘KOMﬁI/IHI/IpOBaHHoe: ‘ ‘Oﬁmee+ HMeCTnoe ‘

110 YHKIIMOHAJILHOMY HA3HAYCHUIO:

‘ Pabouee ‘ ‘I[emypnoe ‘ ‘ABapni’moe‘

CoBMelIéHHo0e OCBeIeHne

‘ECTGCTBBHHOG‘ + ‘I/chyccnaermoe‘




HUcTOouHHMKMU cBeTa

OCHOBHBIC XaPAKTEPUCTUKH

1. Pabouee Hanpsixenue U (B) u snekrpudeckas MomHocTh N(BT).
2. CBeToBOM MOTOK JIaMIbl D (7IM).

3. XapakTepUCTHUKA CIIEKTPa U3JTy4YCHUS.
4. Cpok ciyxOBbI JIaMITbI t, Yac.

5. KoHCcTpyKTHBHBIE apaMeTphl ((hopma KOJIObI JIAMIIbI, TEJIa
Hakalla; HaJIM4Me U COCTaB rasa, 3aIloJHSIOIIET0 KOJI0Y).

6. CBeToBas OTAa4a WIM 3KOHOMUYHOCTH (P (Jim/BT), TO ecTh
OTHOIIIEHUE CBETOBOI'O MOTOKA K MOIIIHOCTH JIAMIIHI.

D

(DZN




UcTtouHuku cBeTa (mpoaoxeHue 1)

1. Jlamnbl HakaauBanuda (JIH)

CBeUeHME BO3ZHUKAET B PE3YJIbTATE€ HArpeBa BOJIb(PPaMOBON HUTH
710 BBICOKOUW TEMIIEPATYPHI.

Tune! mamm: HB - HakanMBaHus BakyyMHas.
HI - HaxkaguBaHUA ra30HAIIOJIHECHHAS.

Hb - HakanuBaHus OucnvpaibHasl.

Ilpenmymiecrea_JIH: manele ra0apuThl, MPOCTOTA BKIOYCHMS,
HEYYBCTBUTEJIBHOCTH K BHEIIITHEH TEMITEPATYPE.

Henocrarkm JIH: Hu3kas cBeroBas otrmadya ( 7-20 am/Br),
HeOoNbIIOM CcpoK cayxkObl (10004), BOCHPUMMYMBOCTHL K
M3MECHEHUIO HampsKeHUsI, MPeo0IaJaHue B CIIEKTPE H3IyUYCHHS
KPACHO-KEJITHIX TOHOB.




N CTOYHMKH cBeTa (IIPOJ0JI2KEeHHE 2)

2. I'ajtoreHHbIe JJaMNIbI HAKAJIUBAHUA

Hanuune B koji0€ mapoB Hoja MOBBIIIAECT TEMIIEpPATypy Hakajia

CIIMpalii; OOpa3yllnuecs Iapbl BOJb(PpaMa COCAUHSIOTCA C
MOJIOM W BHOBb OCEHAIOT Ha BOJb(PPaMOBYIO CHOUPAIb,
IPENSATCTBYS PACIbUICHUIO BOJb()PAMOBOM HUTH.

IlpenMyniecTBa_TaJOreHHBIX JaMIl: OoJie€ BBICOKAs, YEM Y
JaMIl HakKajluBaHus cBetoBas orhgada (mo 40 am/Bt), cpok
cayk0b1 30004, ciekTp M3Iy4YeHUS OJIM30K K €CTECTBEHHOMY.

3. I'azopa3psaHbIe JJaAMIIbI

M31my4aroT CBET B PE3YJIbTATE DJICKTPUUYECKUX Pa3PsIOB B
napax rasoB. Croi moMuHOQoOpa  IIpeodpaszyer
BJICKTPUYECKHUE paspsjibl B BUIAUMBIM CBET. Pazau4yaror

rasopaspsiiHbie JaMmnbl HHM3KOr0 (JIOMHMHECHEHTHbIEC) H
BbICOKOI'O 1aBJICHUS.



U cTouHuKH cBeTa (MpoaoJKeHue 3)
JIromuHecueHTHbIe Jaminbl (JIJI)

Mapxku aammn: JIb - mamna 6enoro ceera, JI/ - 1ammna 1HEBHOTO
ceeta, JITb - mamma Ttémno-Oemoro cBera, JIXB - nammna
xoJiogHoro ceera, JI/IL - maMrmia ¢ ynydinieHHON [BETONEPEIAUEH.

Ilpenmymiecra JIJI: 3HaunTenpHas cBeroBas oraava (40-80 nm/Br),
OonbiION Cpok chayk0bl (80009), cmekTp H3IydYeHUs OJU30K K
€CTECTBEHHOMY CBETY.

Henocrarkm JIJI: 6oabime rabapuThl, 9yBCTBUTEIBHOCTh K HU3KOU
TeMIIEpaType, MyabCalis CBETOBOTO MTOTOKA, BBICOKASI CTOUMOCTb.

I"'azopa3psigHble JaMIibl BHICOKOI'O J1aBJICHHUS

Mapxku gamn: JAPJI - nyroBas pryrtHas atomuHecueHtHas, AKceT -
nyropas kceHoHoBas Tpyouaras, JIHaT - nyroBas narpueBas TpyOuaras.

IlpenMmyniecTBa: 3TH JJaMITbl pa0OTAIOT IIPH JIFOO0H TEMIEpaTypeE.

HDI/IMEHGHI/IEZ JJIA OTKPBITBIX INIOIIA0K U B BBICOKHX ITOMCIICHUAX.
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Puc. 33 Hexortopbie TUIIBI JaMIl (MaciITa0bl pa3Hbie)

a - KpUNTOHOBAs; O - 3epKaibHas; B - rajoreHnas; r - JIPJI; o - JIHaT;

| - oTpaxarouii Cou; 2 - HUTh HaKajia; 3 - KBapueBas Koyuoa; 4 - pTyT-
Hasi KBapleBas jJamMiia; 5 - BHEIIHASA CTEKIISIHHAs K0y10a; 6 - TIIOMUHODOP;
7 - TOpeliKa, 3al0JIHEHHAs IapaMy HaTPHSL.



Puc. 34 Jlamnbl HaKaJUBaHUA 00ILIET0 HAZHAYECHUSA

1. Hb 220 - 100 - nHakanuBaHMs1 OMCIIMpalIbHAS, CBETOBOM ITOTOK -
1240 nMm, cBeToBas otnada - 12,4 am/BT;

2. HBK 220 -100 - nakanuBaHusi OWCIIMpaabHasi KPUIITOHOBASI, CBETO-
BOoM NOTOK - 1380 1Mm; cBeToBasg ormada - 13,8 nm/BT.



) OcBeTuTEeNBbHBbIE IPHOOPDI

OcBeTUTENbHBIE MPUOOPHI BKIIOYAIOT WCTOYHUK CBETa U
apmarypy. X nensat Ha CBETUIIBHUKA U IPOKEKTOPHI.

XapaKTepUCTHKH CBETHJIBHHMKOB: | - KpuBbIE pacnpeneicHus
CHJIbI CBETA; 2 - 3alIMTHBIA yroa (oT ocnemneHus), 3 - KII/]
CBETWUJIbHUKA, KaK OTHOIIIEHUE CBETOBOI'0 ITOTOKA CBETHUJILHUKA
K CBETOBOMY ITOTOKY UCTOYHHKA CBETA.

Ilo pacnpenenenno cBeToBoro | Ilo ucnoiHeHUI0 CBETHIbLHUKH

IMOTOKA CBEeTUJILHUKM ACJIAT: | JAEJAT:
- IPAMOTO CBETA, - OTKPBITHIE;
- IPEUMYILIECTBEHHO NPSIMOTO | - 3alIUIIEHHBIE;
CBETa; - OpBI3TO3alIUIIEHHBIC;
- PACCESIHHOI'O CBETA,; - B3PBIBO3AIIUILIEHHBIE U JIP.

- OTPAKEHHOI'O CBETA.




F

ity

709

el

480
500
K KT 6)
Puc. 35 Kpusble cuiibl Puc. 36 3amiuTHLIA yroJi
CBETA CBETUJIbHHUKA CBEeTHJILHUKA
| - mmmpokas; a - C JaMIIOM HaKaJIMBAHUSA
2 - paBHOMEpHAI; 0 - C JFOMMHECIICHTHBIMU

3 - rimyOokas. JIaMITIOM.



2.12. PacuéThl OCBEIICHUA

[IpOEKTHUPYSE OCBETUTEIBHYK YCTAHOBKY, HEOOXOJIMMO PEIIATh
CJIECAYIOIIME BOMPOCHI:

1. BriOop THma wucTOYHMKA cBeTa. PekoMeHmyeTcs
IMIPUMEHATh ra30pa3psIHbIC JIAaMIIbI, a U1 IIOMEIICHUM, TAE
TeMIIEpaTypa Bo3ayxa MoxkeT ObITh MeHee +10 °C, caenyer
OTJIaBaTh MPEAIIOYTCHUE JIaMIlIaM HaKaJIUBaHUS.

2. BpiOOp cucteMnl ocBemieHus. bojiee PKOHOMHYHOM
SABJISICTCSI CUCTEMa KOMOMHHPOBAHHOI'O OCBEIICHHUS, HO B
TUTUEHNYECKOM OTHOIIEHUU CHUCTEMa OOIIET0 OCBEIICHUS
0oJiee COBEpPIIICHHA.

3. Be10op TuMa CBETWIIBHHKA C YYETOM 3arpsa3HEHHOCTH
BO3JAYIIIHOW CpEAbl, paCHpeAciCHUs SAPKOCTEM U C
TpeOOBaHUSIMM B3PBIBO- U M0Kap0OOE30IaCHOCTH.
s pacuéra ocBelleHUS NPUMEHHAKT MeTod Ko3(g@duiuuenta
HUCIO0JIb30BAHUA CBETOBOI0 MOTOKA U TOYEYHbIA METO/.



............... 0. 000 0 . L - nnuna, B - mupuna,
'h. H - BricoTa

R " IIOMEILLEHNS

| N h - BeICcOTa TOABECA

0 H CBETHJILHUKOB;
. hp - BBICOTA OT I10J1a JI0
pabouer MOBEPXHOCTH;
' h_ - BEICOTA OT IIOTOJI-

Ka JI0 CBETHJIbHUKOB, M.
L B

Puc. 37 PacuérHas cxemMa NpU NPOEKTUPOBAHUM CUCTEMbI 001IIEI0
OCBCIEHUS METOA0M KO3 (PUIIHEHTA UCIIOIb30BAHNA
CBETOBOI'0 MMOTOKA

a - JJaMIIbl HaKaJUBaHUs; O - IIOMUHECIICHTHBIC JIaMIIBI.

»la

A
v

A
v



1. MeToa ko3 puimeHTa UCI0JIb30BAHUSA
CBETOBOI0 MOTOKA

MeTtoa npuMeHsIeTcs i pacyéra OOIIEero OCBEIICHHUS.

[Ipu ycTaHOBKE 1aMIl HAKaJIMBAaHUS ONPEACISIIOT TPEOyEeMBbIi CBe-
TOBOU MOTOK @ (J1M) J1aMIIbl, YTOOBI 0OecteunTh HOpMY E,  (JIK).

o 2K SE,
D

rae Z - koapduuueHT HepaBHOMEpPHOCTH ocBerieHus (1,1-1,2);
K, - koo (punueHT 3anaca, KOTOPbIA YYUTHIBAET CTAPEHUE
JIaMIIbl ¥ 3anbUIEHHOCTH (1,3-1,5);

S - mIoIank OCBEIIAeMOM IOBEPXHOCTH, M;

N - KOJIMYECTBO JIAMII, KOTOPOE 3a0a€TCH;

1 - KO3 PUIMEHT UCIIOJIB30BAHUS CBETOBOI'O MOTOKA PaB-
HBI OTHOIIIEHHIO TTOJIE3HOTO CBETOBOTO MTOTOKA K CyM-
MapHOMY ; 3aBUCHUT OT MHJIEKCA ITOMEIICHUS, KOA(PhU-
IIUEHTOB OTPAXXECHUS CBETa W OT THUIIA CBETUJILHUKA.

[Ipn TIOMHHECIIEHTHBIX JIaMIIax MO 3TOHW (POpMYJI€ HAXOAAT .



Puc. 38 Cxema 1J1s1 pac4éra MECTHOI'0 OCBEIICHUS TOYECYHbIM
MeTOA0M

A - pacuérHas TOUKa;
d - pasmep o ropuzonTanu, m;
h - pasmep o BepTukanm, Mm.



2. TouyeYHBIN METO pPacy€Ta oCBeIeHUs

MeTo  OpUMEHSIOT ISl pacyéra MECTHOTO OCBEIICHHS,
OCBEIICHUS HAKJIIOHHBIX MOBEPXHOCTEN, HAPYKHOI'O OCBEILICHHUS.
On maxoice modxcem OblMb UCNOIBL30BAH OJIl paAciéma 00ue2o

oceelerUsl, 0COOEHHO NPU CEeMUNIbHUKAX NPAMO20 C8emd.
HeoOxoauMblii cBeTOBOM OTOK jaMibl @ (11m)

1000 K, E,,, ~ A K- KOODQUIMERT 1O yulry
_ orpax€HHoro cera (1,1);XE, -

T >
yzi E ) - CyMMapHasl yCJIIOBHAasI OCBEIIEHHOCTb

YcinoBHAg OCBEMIEHHOCTD JUIS
Y CIIOBHOU OCBeH_IéHHOCTBIO HA3bIBACT- cReTMIILHUKOB OIPEHECIIACTCS O

CA OCBCHléHHOCTB, co3gaBacMas CBC- Fpa(I)I/IKaM IIPOCTPAHCTBCHHBIX
THIBHUKOM c Jlamniod @ = 1000 mM.  pomoxe (puc. 39).




I papyk NpoCTPAHCTBEHHBIX U30JI0KC

Puc.39



2.13. Honuzupyomue u3ay4eHus.
JleyicTBuE Ha YeJIoBeKA

YenoBek  mOABEPracTcs  BO3JACUCTBUIO  HWOHU3UPYHOLIUX
m3nyuennt (M) npu paborte ¢ paiMOaKTHBHBIMU BEIIECTBAMU
(PB), npm aBapusix Ha ADC, saepHBIX B3pbIBaX, Ha
IPOMBIIJICHHBIX W TPAHCHOPTHBIX OOBEKTaX, IIPH BJIWSHUHU
TEXHOI€HHOTO (hOHa.

HNoHn3upyromue U3JIydeHus, B3aUMOJCUCTBYS C BEIIECCTBOM,
CO3JIal0T B HEM IIOJIOKUTEIIBHO M OTPUIIATEIILHO 3apSAKEHHbBIC
aTOMbl - WOHBI. B pe3ynbrare 3TOro CBOWCTBA BEIIECTBA B

3HAYUTEIBHOW CTENIEHN U3MEHSFOTCH.
OcHoOBHas xapakTtepuctruka PB 3T0 aKTUBHOCTD A - YHCIIO

CaMOIIPOU3BOJIBHBIX SAEPHBIX IpeBpaleHu AN 3a Mabin
MIPOMEXKYTOK BpeMeHH dt.

AN rae A - akTUBHOCTh, uamepsieMast B 0exkkepersix(bK);
A=— 1 BK paBen omHOMYy SIE€pHOMY IPEBPAIICHHIO B
dt cekynay . Buecucremuas equanna Kwopu (Kn).




Buabl HOHM3UPYIOIUAX U3TYYCHUH

1. 7KécTkue 3jiIeKTPOMArHUTHbIE peHTreHoBCckue P u ramma vy
U3JIyYeHUS.

OTH U3JIYYEHUS UMEIOT OOJIBIIYI0 NPOHUKAIOITYIO CIIOCOOHOCTb.

2. KopnyckyjasipHblie (He3JIeKTPOMATHUTHBIC) U3 TyYeHMU .
[ToTok simep renwms, 3apsaa (+), Maias MPOHUKAOIIAs
CIIOCOOHOCTB, BEICOKAs CTEIIEHb MOHU3AIINM.

[IoTok  2J€KTpOHOB, 3apsid (-), HOHU3UPYIOLIAS
p CIIOCOOHOCTh O€Ta-MU3IyYSeHUs HMXKE, a IIPOHUKAOIIAs
CIIOCOOHOCTB BBIIIE, YEM alb(a-q4acTHII.
HelitpoHHOE  M3Iy4yeHHE  SBISETCS  MOTOKOM
BJIEKTPOHEUTPAIILHBIX YaCTHUIl sJpa - HEUTPOHOB.
MMeeT 3HAUYMTENIbHYI0 MPOHUKAIOIIYI) CIIOCOOHOCTH
M CO3/Ia€T BBICOKYIO CTEIICHb NOHU3AINM.



J1030BbIC XapaKTePUCTUKH

1. Oxkcno3ummonnas no03a X (Ki/kr) ounenuBaet 3 PekT noHn3anuu
BO3yXa PEHTICHOBCKHUM U FaMMa- U3Iy4YCHUEM:

rae Q - cymMma 3IIEKTPUUYECKUX 3apsil0B HOHOB OJIHOTO 3HaKa, Ki;
m - 00bEM BO3AyXa Maccou 1 Kr.

BHecucTtemMHas: equHMUIIA SKCIIO3UIMOHHON J036I - | peHTreH.

MoutHOCTh 3KCO3uLMOHHON 103kl P (P/4, MP/4, MKkP/4):

X | Dra BenuuuHa J1sg IPUPOSHOro (POHA COCTABIISET:

P=—
4 10 - 20 MmxP/u




Jl030BbIC XapaKTePUCTUKH
(mpomoikenue 1)

2. [Moryoménnasi 103a D - 3T0O OTHOLIEHUE SHEPTUN HOHUZUPYIOIIETO
n3nmyuenus E (k) k macce BemecTBa m (Kr):

Ennnnna noraoménnon go3sl - 1 I'pein (I'p) = 1 JIx/xr = 100 pax, rae
pajJ - BHECUCTEMHAs equHUIA. /1151 OMOJI0rn4eCcKOM TKaHU:

1 P=0,95 pan

OKCIHO3UIAOHHYIO 03y B PEHTICHAX U IOTJIOMIEHHYIO 103y B TKAHU B
pajiax MOKHO CUATATH COBIIAMAIOIIAMHU.



Jl030BbIC XapaKTePUCTUKH
(mpomoJkenue 2)

3. DxkBuBasieHTHaA 1032 H (3uBepT, 3B) yUMTHIBACT Pa3HBIN
Ononorn4ecKkuil 3PHEeKT MOHU3UPYIOIMUX U3TydeHni. OHa
XapaKTepU3yeTCs MPOU3BEICHUEM MOTJIONIEHHON 1036l D Ha
KO3((OULMEHT OTHOCUTEIILHON OMOI0IrMYECKOM aKTUBHOCTHU
(koappurmeHT kauecta usnydeHus K).

H=DK

BHecucTeMHas eIuHUIIA SKBUBAJICHTHOM 10351 - 03P (OHMOJIOTHYECKUM
SKBABAJICHT PaJia).

1 63p = 0,01 38

KoadhdunreHT kauecTBa N3IyYCHUS PaBEH Il raMMa- U 0eTa-u3jryde-
HUs - 1, HenTpoHHOro M3aydenus - 10, ansda-gacrum - 20.

JlJIe ramMma-ru3J1y4YeHUs SKBUBAJICHTHAA 103a PaBHA MOTJIONIEHHOM.



Bo3aercTrBre HOHU3HPYIOIIAX U3TyYCHUHA
HA YeJI0BEKA

Pa3zHo0Opa3Hble MPOSBICHUS MOPAXKAIOUIETO JCHMCTBUS MOHU3UPYIOIIUX
U3JIy4EeHUN Ha YeJ0BEKa HA3bIBAIOT Jiy4eBoil OojesHblo. oHusanus
’KUBOW TKAaHA NPUBOJUT K PA3PBIBY MOJEKYIAPHBIX CBS3EU U
U3MEHEHUIO XUMHUYECKOW CTPYKTYphl coenauHenu. Hapymarorcs
OMOXHMMHYECKHE IIPOLECChl U OOMEH BeElIeCTB. TopMO3ATCAa (DYHKIIUU
KPOBETBOPHBIX OpPraHOB, IPOMCXOJUT YBEIMYCHHUE 4YHCIA OEJbIX
KpPOBSIHBIX  Teyell  (JICMKOIUTOB),  PACCTPOMCTBO  ACSITEIHLHOCTH
JKENTY TOYHO-KHIIIEYHOI0 TPAKTa, HCTOLIEHUE OPraHnu3Ma.

Oo0ayuenne 0,25-0,5 38 (25-50P a1t raMMa-u3ny4eHus) - HC3HAYUTEb-
HbIC U3BMEHEHHUSI COCTaBa KPOBH.

0,8 - 1 3B (80-100P) - Havayio pa3BUTHS JTy4E€BOM OOJIC3HHU.

2,7-3,038(270-300P) - ocTpast 1yueBasi 00J1€3Hb.

5,5 -7,0 3B (550-700P) - neTaabHBIN UCXO/I.




HopMupoBaHue MOHU3HUPYIOIIHAX
M3JIy4YeHnH

JlonmycTuMbIe 7036 MOHUZUPYIOITUX U3TYYEHUN PErIaMEeHTUPYIOTCS
Hopmamu paaunanuonHoi 0esonacuoctu (HPB).
Y CcTaHOBJIEHBI TPU KATETOPUM 00JyYaeMbIX JIUI] U TPU TPYIIIIHI
KPUTHUYECKHUX OPTaHOB.

Kareropus A - nepcoHaj paguanuoOHHbIX 00HEKTOB.

Kareropusi b - orpannyeHHasi 4acTb HACCJICHUNA, KOTOPAas MOMKET
MOABEPrarbCcsd MOHU3MPYIOINUM H3JIyUYEHUSIM.

Kazeropusi B - ocrajibHoe HACE/IeHne (He HopMupYeTcs).

| rpynmna KpUTUUECKUX OPraHOB - BCE TEJIO, KPACHBIA KOCTHBIM MO3T;
2 TpyIna - MbIIIIBL, IIUTOBUAHAS JKEIE€3a U JIP.; 3 - KOCTHASA TKaHb U JIp.

Hanpumep, npu o0memM o0aydyeHuu ajasa rpynmnsl A Hopma S0 m3B/rox (SP/ron);
nasi rpynnsl b nopma 10 m3B/roa (1P/roa); aas rpynnsi B - 0,5P/rox.




2.14. 3amuTa 0T IEKTPOMATHUTHLIX

N3JTy4eHu i
Kiaaccndpukauus cpeacTs 3alUThI

1. ITpodeccronanbubiii MeauIMHCKUN 0TOOp. K padoTte ¢ ycraHOBKaMu
AJICKTPOMATHUTHBIX U3JYUYEHUN HE JOMYCKAKOTCA JUIa MOJoxke 18 JeT, a
TaK»Xe C 3a00JIEBAaHUSIMU KPOBHU, CEPACUYHO-COCYJUCTON CUCTEMBI, TJ1a3.

2. Opranu3aioHHbIe MEPhI: 3alllUTa BpEMEHEM M PACCTOSHUEM; 3HAKU
OEe30ITIACHOCTH.

3. TexHnueckue CpeacTBa, HalPaBJICHHbBIC HA CHUKEHUE YPOBHS OMII
10 JTONMYyCTUMBIX 3HAYCHUHN (IKpPaHbl OTPAXKAIOIIME U MOTJIOMIAOIIKE,
IJIOCKHUE, CETYAThIE, 000JIOYKOBBIC).

4. CpencTBa MHAUMBUIYaIbHOM 3alIUTHI (KOMOWHE30HbBI, KAIIOIIOHBI,
XaJIaThl U3 METAIM3UPOBAHHON TKAHH, CIIEIIAATIBbHBIE OUKHU CO
CTEKJIaMM, IOKPBHITBIMA MOJYIPOBOJHUKOBBIM OJIOBOM ).



3amuTa oT 3JIEKTPOMATHUTHBIX
n3ayuenu quanazonos P u CBY

1. MHTEHCHUBHOCTH DJCKTPOMArHUTHBIX wu3nyueHuii I (BT/M?) ot
UCTOYHMKAa MOIIHOCTBIO P, . (BT) yMEHBIIAETCA C YBEIUYEHUEM
paccTtosaHus R 1o 3aBUCUMOCTH:

P
] — ucm2
41 R

[IosToMy pabodee MecTO omeparopa AOJKHO OBITh MAaKCHMAaJbHO
yJIAJIECHO OT UCTOYHMKA.

2. OtTpaxaromme >SKpaHbl H3rOTOBJISIIOT M3 XOPOIIO IIPOBOIAIINX
METAJUIOB: MEIH, ATOMHUHUSA, JaTyHH, cTaiu. OMII co3gaér B skpaHe
TOKH @Dyko, KOTOpbIE HABOAAT B HEM BTOPUYHOE MOJE,
MPEISTCTBYIOIICE MPOHMKHOBECHUIO B MaTepual 3KpaHa IIEPBUYHOIO
nojsa. D PeKTuBHOCTH dKpanupoBanus L (1b) ompenensiercs :

rae I, I, - narencuBHOCTE OMII 0€3 5Kpana

L = IOIg(I/Il) »| u ¢ akpanom; L =50-100 nb.




3amuTa 0T 3JIEKTPOMATHUTHBIX U3JIYY€eHUH
auanazonoB PU nu CBY (npoaoJikeHue)

3. NUuorma mis skpanupoBanuss OMII NpuMEHAIOT MeETaUIMYECKHUE
cetkn. Cerdyarble 3KpPaHbl HMEIOT MEHBIIYK) 3()(EKTUBHOCTH, YEM
crutomnble. WX  HCHONB3yroOT, Kormga  TpeOyeTrcsd  YMEHBIIUTH

MHTEHCUBHOCTh (IIOTHOCTH moTOoKa MomHocTh) Ha 20 - 30 ab (B 100 -
1000 pa3).

4. Tlorsomarinue 3JIKPaHbl BBINOJIHIIOT W3 PaJAMOIOTIOMIAIOIINAX
MaTepUaioB (pe3uHa, IIOPOJIOH, BOJIOKHUCTAs APEBECHHA).

5. MHoroc/jiouHble 3KpPaHbl  COCTOAT W3  MOCJIEAOBATEIIBHO
YEepEeayIIUXCd HEMArHUTHbIX W MAarHUTHBIX CIOE€B. B pesynbrare
OCYIIECTBJISIETCA MHOTOKPATHOE OTPAXKEHUE BOJIH, YTO OOYCIOBJIMBAECT
BBICOKYI0 3()()€KTUBHOCTH SKPAaHUPOBAHUS.




3amuTa 0T HOHUBUPYIOIUX U3TyUYEeHUN

Pa3iu4yaroT BHelIHee U BHYTPEHHee 00/ 1yueHue.

1. 3ammTa OT BHEIIHEro OOJAYYEHMS OCYIIECTBISCTCS YCTaHOBKOM
CTal[MOHAPHBIX MM MEPEHOCHBIX JKPAHOB, MPUMEHEHHEM 3alllUTHBIX
cerioB, OOKCOB. [l COOPY’KEHHMSI CTAllMOHAPHBIX CPEJCTB 3aIUThI
MCHOJIB3YIOT O€TOH, KUPIHUY. B IIepeHOCHBIX WM MEPEABUKHBIX dKpaHax
B OCHOBHOM HCIIOJIb3Y€TCS CBHUHEII, CTallb, BOJb(paM, YyTyH.

2. O4YeHb ONACHBIM SBJISIETCSI BHYTPEHHEE 00ay4YeHHEe anb(a- U OeTa-
JacTHULIAMM, IIPOHUKAIOIIMMH B OPTaHU3M C paJlOaKTUBHOM IbLIbIO. {714
3alUThl HCIOJB3YIOT CJIAEAYIOIIME MEpPhl: padoTa ¢ paguOaKTUBHBIMHU
BEI[ECTBAMM OCYIIECTBIISICTCA B BBITSDKHBIX IIKadax HIM OOKcax ¢
YCUJICHHOM  BeHTWIsiuuend, mnpumeHsores CU3  (pecnimpartopsl,
IPOTUBOra3bl, PE3UHOBBIC MEPUYATKH), BBINOJHICTCS MOCTOSHHBIN
JO3UMETPUYCCKUM KOHTPOJIb, a TaKXke  JAC3aKTUBAIUS OJCKAbl U
MIOBEPXHOCTH TeEJIa.




Puc. 40 DxpaHupoBaHue HCTOYHUKOB 3JIEKTPOMATHUTHBIX
U3JIYYCHU M.

a - MHAYKTOpa; O - KOHJAEeHcCaTopa



0
a) )

SKPHH Hi OPraHHJYeCKoTO CTeKna

2 -

Cehd

J57

! — cMoTpoBOE OKHO, 2 — MOICTABK

J¥pad HACTOALHLIN TEpeLBHKHON
ABYMA 3AXBATAMH

KyxX,

{ — Bokgopble CcTenkH; 2 — nepeHs
CTeHKA: 3 — CMOTpoaoe OKHO, 4 — 3&
xpaTH Tna 2P3C-1

Celt CTAUKOHAPHBIA CTeRHOH
3amATHLLA

B)

Bokc 3alHTHEIA nepuaTouHBLR
#Ha oane pabouee Mecto

{ — cranLHON  INKAGD;

CBHHIIOBas

34LEHTHEBI MOBOPOTEWH

] — npepua ¢ aamuomM; 2 - Ko-

XOBHK; 5 — Bapa6an

B

NBEPh € 33MKOM

CTALUOHAPHBIN CTEHHOH

{ —Kopnyc 6oKca; Z — nepuat-
KM, — § — cMoTpOBOE OKHG]
4 — TATOHANOPOMEeP;, & — Bul-
TAMHCH PHILTP; & — dopave-
pa, 7 —noacraska

3 — yxaaarenn; 4 — Ma-

Puc. 41 Cpeacraa 3aliMThl 0T HOHU3UPYIOIINX U3JTYYCHUHA
a - DKpaHbl; O - 3alIUTHBIC CEH(BI; B - OOKC.



2.15. Ananus OnacHOCTH MOPAKEHUA
WIEKTPUYECKAM TOKOM
CxeMbl WIEKTPHYECKHUX CeTel

3HT | HT U, U, uar| Y. =430,
/ / //
—@ / [
7
0 0 1l gl @l o

R, = 2-8 Om !!! R, — F—- F__

3HT - ceThb c 3a3eMIEHHON HEUTPATbHOM TOYKOM TpaHCHopMaTopa;
HUHT - cets ¢ n3omupoBanHOM HeUTpanbHOM Toukou (HT);

(0 - 0) - HyneBoM 3amWIMTHBIN IPOBOAHUK; R, - pabouee 3azemiienne HT;
R, - cONpoTHUBIEHNE U30TALUU (Pa3bl OTHOCUTENBHO 3eMiH; C -EMKOCTB;
U,- muneiinoe Hanpspkerue (380B); U - pasnoe Hanpsprerue (220B).

JI



OnacHple cUTyaluM MOPAXKEHUST TOKOM

1. Cny4yaliHoe IByX(a3HOe UK OJHO(PA3HOE MPUKOCHOBEHUE K
TOKOBEIYIIIMM YaCTSIM.

2. [TpubnmxeHne 4yeIoBeKa Ha ONTaCHOE PACCTOSHUE K IMHAM BBICOKOTO
HanpsHKeHUs (110 HopMaTUBaM MUHUMaJIbHOE paccTosHue - 0,7 M.)

3. I[IppKOCHOBEHHUE K METAINYECKMM HETOKOBEAYIIIUM YaCTSAM
000pYyI0BaHHSI, KOTOPBIE MOT'YT OKA3aThCsl IMOJ HAIIPSIKECHUEM, M3-3a
MOBPEKICHUS U30JISILMU WK OIIMOOYHBIX JICHCTBUI MEepCOHAala.

4. [lonmaganue 1Mo MAroBOE HAMPSKEHUE IIPU MEPEABUKECHUN YEIIOBEKA
10 30HE PACTEKAHUSA TOKA OT YIABIIETO Ha 3€MJIIO IIPOBOJIA HUJIN
3aMbIKAHUS TOKOBEAYIIUX YACTEHU HA 3EMITIO.



JByxdhasHoe NPNKOCHOBCHIE K

TOKOBCNYIIINM aCTAM

HauOoJiee omacHbIM Cjay4daeM SIBJSETCH NPUKOCHOBEHHME K ABYM
(a3zHbIM npoBoaaM (a) U K Gpa3HOMY H HYJeBOMY nposoxy (0).

U a) 0) A Tok I, mpoxonsamuia
JI
N B YEpes YENIOBEKa, U
o HaIpPsKEHUE PUKOC-

nHoserust U, (B) npu
COIPOTHBJICHUH
yenoBeka R, (Om):

Myt Toxka- |(a) [, =U,/R,, U, =1 -R =U,6 =3308B
PYRAPYED |6y I, =U,/R,, U, =1,-R,=U, =220B

Hanpsi:>keHue NpHKOCHOBEHHUS - STO pPa3sHOCTh IIOTCHIHMAJIIOB JIBYX
TOYCK LCITKM, KOTOPbIX KACACTCA YCIIOBCK ITIOBCPXHOCTBIO KOXKH.




OnHogazHoe npukocHoBeHne K cetn ¢ SHT

ITOT CJaydail MeHee OIacCeH, YeM JABYyX(a3Hoe MPUKOCHOBEHHE, TaK
KaK B yenb nopajxcenus BKJIKYAETCH conpoTuBieHue o0yBu R . u

moja R .
A Uy Uy
B ) R, + R R
C
Uqb-Rq
R U,, = =

R=R+R+ R ||IlyTs TOKA -
«PYKa-HOI'2»

Ienv nopasxicenus:

daza C R,; ‘E daza C

Cetn ¢ 3HT npuMeHSIIOTCA Ha NPEeANPUATUAX, B TOPOAAX, HA CEJIE.




Onnodaznoe npukocHoBenne k cexu ¢ MHT

OTOT Cliydyal MEHee omaceH, 4yem A cetu ¢ 3HT mpu HopmaibHOM
conpoTtuBieHnn n3omanuu R, (OM), HO OmacHOCTh WIS CETU OOJIBIION
IPOTSIKEHHOCTH MOXKET BO3PACTH M3-3a HAUIMYNS €MKOCTHOIO TOKA.

. A o
3 A IIlpn ogquaakoBoM R, kaxaon
. |8 (ba3bl CyMMapHOE COMPOTHUB-
¢ JICHUE U30JIA1UN PABHO:
R, IIyTs TOKA -
>R =R,/3,| 7

«PYKa-HOT'2»

- m.x. 1/R =1/R +1/R;+1/R .

»

Ceru ¢ UHT npumeHSIOT npy HEOOIBIION
MPOTS)KEHHOCTH JIMHUM, Ha cyaax. OHu
TPEOYIOT MOCTOSIHHOTO KOHTposisi R .




Puc. 42 OnacHble CUTYAllMM MOPAXKEHUSA TOKOM
B OBITOBOH chepe.



2.16. Bo3gelicTBHE TOKA HA YEJIOBEKA
DJIEKTPUUYECKUE TPABMbI

1. Oxoru - TOKOBBIE U JyT'OBBIE.

2. DJIEKTPUYECKHUE 3HAKM - 3TO METKH TOKA, BO3HUKAIOIIINE B MECTE
BX0/1a TOKA WJIM I10 MyTH IIPOXO0XKJACHUS TOKA (Pa3BOAbl U TEMHBIC IISITHA)

3. Mertannu3aiys KOKH1 - 5TO IIPOHUKHOBEHUE OPBI3T pacILIaBICHHOTO
METajjIa OT AYTHU B KOXKY.

4. MexaHn4yeCKHre MOBPEKIACHUS OT CYJAOPOKHBIX COKPAIIEHUN MBIIIIII.

5. DnekTpoodTanbMus - 3TO MMOBPEKICHUE POTOBUIIBI IJ1a3 OT
AIEKTPUYECKON TYru (HaIpuMeEp, MPU CBAPKE).



DJIEKTPUYECKHE yIaPhbI

[Ipy BKIIOYECHHH 4YEJIOBEKA B DJJICKTPUYECKYIO CE€Th o00pasyercs
3aMKHYTas «Uenb noparcenus) W TOK, IPOXOAAIINN Yepe3 YeIOBEKa
I, (A), Oyzaer onpenessaTh CTENEeHb OMACHOCTH.

rae U, - HanpshKEHHE MPUKOCHOBEHUS, B;
R, - conpotusiieHue Tea yenoBeka, Om.

DJIEKTPUYECKHUE VIAPbl UMEKOT PA3HBIE MOCIEACTBUA:
1. HesmoBEK MOKET CaMOCTOATEIILHO OTOPBATHCS OT MPOBOJHHUKA,
KU3HEJICATCIABHOCTh COXPAHSACTCS, HO 3aTeéM MOI'yT OBITh
HEOIaronpUsITHHIC OTKJIOHECHWS B COCTOSIHAM 37J0POBBS.

2. UenoBeK HE MOXKET CaMOCTOSATEIBHO OTOPBATLCS OT MIPOBOJHUKA U
JUIMTEJILHOE BPEMS HAXOIUTCA IOJ ACHUCTBUEM TOKa. B pe3ynbrare
ATOr0 BO3MOKHO IIIOKOBOE COCTOSIHHME, IMapajind OpPraHOB AbIXaHMS,
buopmusinusg cepaua (OECHOpsSI0OYHOE COKpPAIllEHHE BOJIOKOH
CEpJICYHOM MBIIIII, YTO YaCTO MPUBOIUT K JIETAJIbHOMY HUCXOY).



DakTOphI, BJAUAIOIIAE HA ONTACHOCTH
IOPaAXKEeHUHA TOKOM

. Cuna Toka, BpeMsS M IyThb €ro IPOXOXKICHUA YEPE3 YEIOBEKA
(HanOoJiee OMacHBIC MYTH - «PYKa-pyKa», «pyKa- HOTa», «JIe€Bas pyKa-

HOTHY).
2. Poxg n yactora TOoKa (IIEpEMEHHBIM TOK CUMTAETCS ©00J€€ OMaCHBIM,

YeM IIOCTOSHHBIN, MPHUYEM C MOBBIIICHHEM YacTOTHI OMNACHOCTH TOKa
CHHYKAETCS.)

3. Bug snekrpudeckoit cetu (00bdHO cetu ¢ 3HT Oojiee onacHbl, 4yeM

cetu ¢ UHT).
4. ConpoTHUBICHHE TeJla YEJIOBEKA, KOTOPOE JICKUT B npeaenax 0,3 -100

KOM, HO 00b14HO cocTaisgeT 2000 - 10000 OM, npuyéM CONMPOTHUBIICHUE
BHYTPEHHUX  OpraHoB 4ejmoBeka paBHo 300 - 500  Ow.
IIpu pacué€rax conporusieHue yenoBeka R, npuaumaercs 1000 Om.

COCTOSIHUS KOXKHM (Cyxasl, BIaKHasl, TOBPEKIEHHAS );
COCTOSIHHUSI 3/I0POBBSI, TCUXO(HU3NOTOTHISCKUX
0COOCHHOCTEMN, (haKTOpa «BHUMAHUS.

R, 3aBHCHT OT:




Iloporosbie 3HAYECHHUA CHJIBI TOKA.
IlpeaeabHBIN TOK

Jl1a mepeMeHHOro Toka yactorou S0 'l yCTaHOBJIEHBI MOPOTH:

Omyrumbii TOK (1 - 3 MA)

Heornyckarwmuii Tok (10 - 15 mA).

Tok, BhI3BIBAIIMN MTAPAJTUY AbIXaTEeJAbHBIX MbIIIL (60 - 8OMA).

OuOpUIIAUMOHHBIN (cMepTeabHbIN) TOK (100 MA nipu t > 0,5 ¢).

be3omacHas 1J1a yegoBeKa cuiia Toka coctaBisgeT 0,3 MA.

IIpenenbHas Cija TOKAa TMpPUA BPEMEHHU BO3JICUCTBUS
1 cexynma coctaBisier 50 MA, a npu BpeMeHH 3 C. - 6 MA.




2.17. Cpencria 3J1eKTP006e30nacHOCTH

CpeacTBa 3JeKTPOOE30MaCHOCTH JCNAT Ha TEXHUUECKHE U 3alllUTHHIC.

Texnnueckue CpeaCTBA FIEKTPOOE30NACHOCTH

1. BbiOOp 33€KTpOOOOPYIOBaHHS COOTBETCTBYIOIIETO HCIIOJHEHHUS B
3aBUCUMOCTH OT YCIIOBUH SKCILTyaTallluu (3alMIIEHHOE,
OpBI3rO3allUIIEHHOE, B3PhIBO3AIUILIEHHOE U AP.)

2. HN3onsmys TOKOBEAYIIMX YACTEHM, KOTOpas SABJISICTCS IIEPBOM U
OCHOBHOM CTYIICHBIO 3aIIUTHI. J[OMyCTHMOE CONMPOTHUBICHUE H3OJISIIIUA
IS OTAENIbHBIX y4acTKOB ceTh cocraBisaer 0,3 - 1 MOwm. Mzonsamuro
JEJIIT Ha pad0vyIo, IBOMHYIO U YCUJICHHYIO.

3. 3amyTa OT CIIy4arHOr 0 MPUKOCHOBEHMUS K TOKOBEIYIIIUM YaCTIM:
- OTpXKICHUS, OJTOKUPOBKH;
- PACIIOJIO)KEHME TOKOBEAYIIUX YACTEHW HA HEAOCTYITHON BBICOTE;
- 3AIIUTHOE OTKIIFOYECHUE, PEATUPYIONIECE HA MPUKOCHOBEHHUE YEJIO-
BEKA K TOKOBEAYIIIUM YaCTsIM.



Texuuueckue cpeacTBa IeKTPode30NaCHOCTH
(nponoxenune)

4. Ilpumenenue manblx HanpsokeHu (12 - 42 B) B 0co00 OIacHBIX
MOMENICHUSX.

5. CpencrBa yMEHBIIIEHHS €MKOCTHOTO TOKA: BKIHOYEHUE WHIYKTUBHOU
KATYUIKH MEXIYy HEUTPAIbHOM TOYKOU U 3E€MJIEU, pasJiejIcHUe
NPOTSHKEHHBIX CETEM HA OTACIBHBIC YYACTKU C MEHBIIIEH EMKOCTBIO.

6. CpeacrtBa 3amuThl OT Ipo00s (a3bl HA KOPITYC 000PYI0BAHU

7

N\

3amuTHOE 3a3eMJIeHHne

3anyjieHue

3alMTHOE OTKJIIOYEHHE




3amuTHOE 3a3eMJICHHE

3ammTHOEe 3a3eMJIEHHE - 3TO COCAMHEHHE KOpHyca OOOpYJIOBaHHUS C
3eMJIEM 4depe3 Majoe mo BeanuuHe comnpotuBieHue (4 - 10 Owm). Ilpu
po0oe a3pl HA KOPITYC CPAaBHUBAKOTCS MOTEHIMAIIBI 000PYIOBAHUSA O ¢
M OCHOBAaHUS ., @ U W TOK Yepe3 YeNOBeKa CTAHOBSTCS MCHBIIC.
IIpumensiercst B ocHOBHOM B ceTsix ¢ MHT no 1000 B.

-

Unp — ¢06 B ¢OCH

B napannenvuvix eemesx mo-
KU 0OpamHo nponopyuoHaib-
Hbl CONPOMUBTIEHUSIM.

riae R - cymmapHoe corpo-
THUBJICHUE YEJIOBEKA, O0YBU
1 1moaa, OM.



3anynenue

JaHyjenue - 3TO COCAUHEHHUE Kopmyca OOOpYJIOBaHMWS C HYJIEBBIM
3AIIUTHBIM TPOBOAHUKOM. [Ipm mpoOoe (a3pl Ha KOPIYC BO3HUKAET
OOJIBIIIOM TOK KOPOTKOTO 3aMbIKaHHUs, CpadaThIBalOT aBTOMATHYECKHE
BbIKTIOYaTeNM (AB) Wi croparoT IJIaBKME BCTaBKU MPEIOXPAHUTEIICH

(ITP) n ycranoBka otkirouaercs. [Ipumensercs B cetsax ¢ 3HT no 1000B
>

k\ YcioBue cpadaTbIBaHUA
T 3aIUTHI:
0
0 T
[ | % AB(Hp) ]KS’Z]HOM.K’
1 . rae 1., - HOMUHAIIb-

HBIW TOK Cpa0aThIBaHUS
[\ 3amuThl; K - koadpunm-
€HT KpaTHOCTH TOKA.




YCTpouCcTBO 3aIUTHOIO OTKJIYeHHust (Y30)

Y30 - 5710 OBICTPOACHCTBYIONIAS 3aIlMTA, PEAruPYyIoIIas HA 3aMbIKAaHUE
(a3l Ha KOpPIIYyC, Ha 3€MJII0, Ha MPUKOCHOBCHHE YEJIOBEKA.
Xapakrepuctuku ¥Y30: ycraBka u Bpems cpadareiBanus (0,05 - 0,2 c.).
[IppMeHsETCS KaK CaMOCTOSTEIIbHOE CPEACTBO 3aIUThI U B KOMILIEKCE C
3a3€MJICHUEM WJIH 3aHYJICHUEM.

Cxema Y30, pearupyroiiasd Ha U3MEHEHUE
HAIPSKECHUS KOPITYCa OTHOCHUTEIILHO 3€MJIN

[Ipu ipoOoe (a3bl HA KOPITYC
Cpa0aThIBACT peJi€ HANIPSHKECHUS
(PH), HacTpoe€HHOE Ha OIpeae-
JIEHHYIO YCTaBKYy, U YCTaHOBKa
oTkIro4aeTcs KoHtakropom (K).




JIEKTPO3AlINTHLIE CPEACTBA

X pensit Ha OCHOBHBbIE (IO3BOJISIIOT padOTaTh Ha TOKOBEAYIIHX

4acTsX) U 00noiHumeJtbHole (YCUIINBAIOT JEUCTBUE OCHOBHBIX ).
a - U30JIMPYIOIIas

IIITAHTA;

0 - M30JIMPYIOIIHE
KJICIIIH;

B - U3BMCPUTEIILHBIC
KJICIIIH;

I - U3MEPUTEIb HAMPSI-
kenust > 1000 B;

I - To e < 1000 B;

e - IUDJICKTPUIECKHUE
IepYaTKH, TaJOIIH;

K -KOBPUKH, I10JICTABKHU

3- IIEPEHOCHOE 3a3EMJIE-

Puc. 43 HHE.




2.18. Ilepras MOMOIIL NOCTPAAABIINM

OT IEKTPHYECKOr0 TOKA
Oceobokaenne NOCTPAJABIIEr0 OT TOKA

I'1aBHOE 3TO OBICTPOTA
JE€UCTBHUH, TAK KaK, YEM
00JIbIIIE BPEMEHH YEI0BEK
HAaXOQUTCA OJT TOKOM,
TE€M MEHBIIIE IIAHCOB Ha
€ro craceHue.
IIpexnae Bcero
HEOOXOIUMO OTKIIOYHUTH
YCTAaHOBKY C ITOMOIIBIO
pPyOMIIbHUKA,
LITETNICEIILHOIO pa3bEMa
WJIW BEIBEPHYTh IIPOOKY.




Ocpoboxaenye mocTpagaBuUIero OT TOKA
(mpopoJukenue 1)

Ecnu oTkmrounTh SJICKTPOIITUTAHHUC HCT BO3MOKXHOCTH, I[Cf/iCTBHH
10 CIIaCCHHIO YCJIOBCKA JOJI?’KHBI BBI6I/IpaTBC$I B 3aBUCHUMOCTHU OT

HanpsiokeHus: o0brdHbIe ceTu (10 1000 B) miam BBICOKOBOJIBTHBIE
cetu (0oaee 1000 B).

Cerun 10 1000 B

JInd  oTameneHuss HOCTpAdaBIIErO0 OT  MPOBOJA  MOKHO
HCHOJIb30BaTh OACKAY, KaHAT, IaJIKy, JOCKY. OTH MPEAMETHI
JTOJKHBI OBITh 00si3aTeNbHO cyxuMH. He cienyeT mpukacaTbCs
K HOraM IOCTPaJaBIIEro, TaK KaK OOyBb MOKET OBITH CBHIPOM.
JI1d H30JSIIMM  PYK CHACAIOIIEr0 HCIOJb3YIOT PE3UHOBBIC
nepyaTky, map@, pykaB, CyXyr Mmarepuio. MOKHO BCTaTh Ha
CyXyl JOCKYy WIA MNOACTWIKY. J[lns TmpepbhlBaHUS TOKa
HEOOXOJUMO IMOJICYHYTh IOJ IMOCTPaJaBIIErO CYXYH JIOCKY,
epepyorTh MPOBOJ TONOPOM C ASPEBSIHHOM CYXOU PYUKOIA.



Ocpoboxnenye MOCTpagaBIUIEro OT TOKA

(mpoposnkenue 2)
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Puc. 45




Ocpoboxaenye moCcTpagaBuUIero OT TOKA

(mpopomxenue 3)

Cern 00Jee 1000 B

B Takux cersax i OTACIACHHUS ITOCTPaJaBIIErO OT TOKa
HEOOXOAUMO 00s3aTeJIbHO MCIOJb30BaTh 3JICKTPO3AIIUTHHIC
CpEJICTBA: M30JUPYIOIIME OOTHI, UIICKTPUUECCKUE MIEPUYATKH, a
JIEMCTBOBATh HAJ0 U30JUPYIOMIEU HITAHTOM.
OnpeaesieHre COCTOSHUSA NMOCTPAAABIICTO

1. HememieHHO yJIOXHUTh MOCTPAIABIIErO HA CIIMHY.

2. PaccTernyTh CTECHAIONUIYIO ABIXaHUE OJICHKIY.

3. IIpoBepuTh MO ABMKEHHUIO IPYIHON KIECTKH HAJIMYKE AbIXaHUS.

4. ITpoBepuTh HATTMYKE ITYJIHCA.

5. IIpoBepuTth cocTOsHUE 3padka (Y3KUA UIW IITUPOKHUI).

6. O0ecrieunTh IMMOKOW MOCTPaJaBIIEeMy JI0 MPUOBITHS Bpaya.

B ciayyae peakoro AbIXaHus WA IPU OTCYTCTBUU HPU3HAKOB KU3HU

HEOOXO0AUMO JAeIaTh HCKYCCTBEHHOE AbIXaHUE M HEMPSMON Maccax

cepana.



2. 19. IIpoueccn! ropenun. OnmacHocTn

nosxapa
IIpouecce! ropenus

Iloxxap - HEKOHTPOJUPYEMOE TOPEHHUE BHE CIIEIUAIBHOIO OYara,
HAHOCAIIEE MaTCpPHUATbHBIM YyIIEepO MW CHOCOOHOE BBI3BATH
TPaBMbI ¥ TUOEITb JIFOJICH.

I'openne - 3TO OBICTPOE OKHUCICHHE, IPH KOTOPOM TOpSIIEe BEIIECTBO
COCJUHSETCSA C KHCIOPOJIOM, MPH ATOM BBIACIACTCS DHEPrUsi B BHUJIEC
TeIIa W CBeTa. BemiecrBa MOryT TropeTh TOJBKO B Tra3000pa3HOM
COCTOSIHUH.

TBEpaple M KUIAKHWE BEIISCTBA B COBOKYIHOCTHM C KHCJIOPOJOM -
HEOJHOPOAHBIE (F€TepOreHHBIC) CcUCTEeMbl. IIpm HUX HarpeBaHuH
CKOPOCTh JIBMKCHHUS MOJICKYJI IIOBBIIIAETCS, 00pa3yIOTCs Maphbl, KOTOPHIC
OKMCIISIIOTCS U HAaUYMHAIOT TopeTh. CMecH TOprYHX T'a30B OJHOPOIHEIC
(TOMOT'€HHBIC) CUCTEMbI 1 OHU TOPSAT B BUJC B3PhIBA.



IIpouecch! ropenus (nmpopoynkenue 1)

Puc. 46 PacnpocrpaHeHue TeMIeparyp B IJIAMECHU NPU I'OPEHUHA
KUIAKOCTeH (a) 1 TBEPABIX MaTepuaioB (0)



IIpouecce! ropenus (mpoaonkenue 2)

l'openue ycunuBaeTcs 3a CUET HENHOM PEaKIMH - TEIUIOTa
BOCIIJIAMEHSIET BCE OOJIBbIIIEE KOJIMYECTBO MApoOB, MPU TOPEHUHU
BBIJICJISICTCSL OO0JIbIIIEE KOJTUYECTBO TEIJIOTHI U T. 1.

Puc. 47 llenHasi peakuus NpU rOPEHUN: a - HAYAJI0; 0 - pa3BUTHE
| - roproyee BemecTBo; 2 - KUCIOPO; 3 - mapshl; 4 - KOJIUYECTBO
MOJIEKYJI B HAYAJIE [IEITHOW PEAKIIMHU; S - TO K€ HA JAIBHEHIIEN CTAIUN
PA3BUTHHA.



[Ipoueccul ropenus (mMpogonKeHue 3)

JInd  OCyIIECTBICHUS TOpPEHHUS HEOOXOJAMMO TPH DJJIIEMEHTA:
ropro4ee BemecTBo (1), kucaopox (2), remaora (3), a s
MOJIICPKAHUS TOPEHUS - LemHast peakuus (4).

[Iporiecc ropeHust XapaKTepU3yeTCs IOKapHBIM TPEYTOJIBLHUKOM (a),
n 0o0Jjiee TOYHO - MOXKAPHBIM TeTpa’apoM(0).

a) 0) 1

I'opeHue npekpamiaercs, ecjiu yoparb 0JHy U3 rpaHeH TeTpajapa.



OnacHocTH moxapa

1. [liamsi M MCKPBI - TPUBOAAT K 0KOTaM Y ITOPAKECHUIO IbIXAaTEIbHBIX
nyreii. B 30He ropenus BosHmkaer temmeparypa 1000 - 1200°C, a B
ropsimemM nmomemennn 400 - 600°C. Temnepatypa 6onee 50°C sBusercs
y:Ke omacHoO# s uenoBeka. [Ipu Temmeparype nopsiaka 200°C sku3Hb
YEeJI0BEKa COXpAaHSIETCS HE 00jIee 5 MUHYT.

2. I'a3000pa3ublie NPOAYKTHI ropenusi. M30bITouHAas KOHLICHTpALIHSI
CO, B BO3AyX€ YMEHBIIAECT MOCTYIUICHUE KHUCJIOPOJA U CIEICTBHUEM
3TOro SIBISAETCS y4dalll€HHOE AbixaHue. [Iph KoHIEHTpamuu KHCI0poaa
Hxke 10% npoucxoaut nmoreps co3HaHus. CoaepKaHHE yrapHOro rasa
CO oOomee 1% npuBOIUT K JE€TAILHOMY UCXOY Yepe3 3 - S MUHYT.

3. TokcH4yHBbIE NPOAVKTbI TOPEHHMS IMOJHMMEPHLIX MATEPHAJIOB -
CTUPOJI, (hOpMaNbACIH/, IUAHUCTBIA BOAOPOJI, (PE€HOJ BEAYT K OCTPHIM
OTPABJICHUAM C JIETAIBHBIM UCXOI0M.

4. gI)IM yXyamacT BUANMOCTD, BBI3bIBACT PA3APAKCHHUC 1713, JICTKHX.

5. O0pyuIeHHe KOHCTPYKIMM - IPUBOJUT K MEXAHUYECKHAM TPaBMaM.




CnpaBka

1973 r. B CIIIA nipu noxkapax:
IIOTHOJIO - 12 THIC. YE€JI0OBEK;
paneHo - 300 ThIC. YeJI0OBEK;
o0IMM yiepo oT moxapoB coctaBui - 11 mapa. $.

1967 r. Iloxap B yHUBEpcaIbHOM Mara3uHe (r. bproccensb):
noru01o - 400 yesi0BeK.

1988 r. B CCCP npowuzonuio 139 Teic. moxapos:
rmoru0Jo - 8504 gyeaoBeka;
yOBITKY - 340 MJIH. py0JIei.

B P® kaxabiid roa npu moxapax ruoHer 8 - 10 Toic. yejioBeK.




2.20. INoxkapHas ONACHOCTHL BEIECTB U
NPOM3BOACTE

HO)KapHaH OITaCHOCTDb BCIIECTB - ITO BO3MOKHOCTDH
BOGHUKHOBCHHUSA M Pa3sBUTHUA 1107KApPa, 3aKJII0YEHHAA B HUX.

IoxazaTean MOAKAPO0- 1 B3PLIBOONACHOCTH BCLIECTEB.

1. 'pynna roprwoyectu. I1o roprouectu tBEpALIE (TB), xunkue (OKB) u
razooopasHnsie (I'B) BemecTa AeaT HA HETOPIOYHE, TPYIHOTOPIOYHE
(HE ropAT IOCJIE YAAJICHUS HCTOYHUKA 3a)KUTaHUs) U TOPIOYHE.
['oproune BemecTBa ACNAT Ha JIETKOBOCIIAMEHSIOMIMECS (TOPIOYME Ta3bl)
U TPYJHOBOCILUIAaMEHsroImUeCs. JKuaKkocTr, CnocOOHBIE TOPETh, OTHOCAT
K JBYM IpYIIaM:

JIBJK ¢ Temneparypoii Bcubimku Menee 61°C (OeH3uH, alieToH H 1Ip.).

I'K ¢ Temneparypoii Bcobiimku 6oiee 61°C (maciao, Ma3yT u ap.).




IMokazaTenu B3PLIBO- M NOKAPOONACHOCTH
BemecTs (mpoaoskenue 1)

2. Temmeparypa BCHBIIIKH - 3TO caMmasi HU3Kas TeMIieparypa, Mpu
KOTOpOW  HaJ  MOBEPXHOCTBKO  OOpa3yrTCs  Mapbl, CIIOCOOHBIE
BCIBIXMBATh OT HCTOYHHMKA 3aKUTAHWsI, HO TOPEHUE HE MIPOUCXOAUT. DTa
TeMIeparypa oueHuaerca 1 1B u KB.

3. Temneparypa BOCIUIAMEHEHMS - 3TO caMas HU3KasA TEMIEpaTrypa,
P KOTOPOM BBIJCISAIOTCA TOPIOYHE TAPhl M TOCIE WX 3aKUTaHUs
BO3HUKAET T'OPECHUE.

4. Temneparypa CcaMOBOCILIAMEHEHHMSI - DOTO caMasd HHU3Kad
TeMIIEpaTypa, IIpM KOTOPOM BO3HHUKACT TOpEeHHE O€3 BHEIIHEIO
BO3JICUCTBUS.

5. KoHIleHTpaMoOHHBIE Npeaesibl BOCIIAMEHEHUS (B3PhIBAEMOCTH )
TOPIOYHUX Ia30B:

‘ HKIIB - HrKHHMM KOHLEHTPAMOHHbBIN IIPEIC BOCIIIAMEHEHUS ‘

‘ BKIIB - BepXHUH KOHIIEHTPAIMOHHBIN MPENEIT BOCIUIAMEHEHUSA ‘




KOFI[QHTP&I[HOHHLIQ npeaciibl BOCINVIAMCHCHUA
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Puc.48 Cxema u3dMeHeHM JABJICHUA NPU B3PbIBE Ia30B031yIHbIX
cMeceil B 3aBUCMMOCTH OT KOHIEHTPAIIMU IOPr0Yero Beuecrsa



Konunenrpauuonnbie mpeaeibl
BOCIUIaMeHeHus (MPoaoJIKReHue)
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OO0JacThI0 BOCIIJIAaMEHEHMS (B3PbIBa) HA3bIBACTCS 00J1aCTh, PaCOI0KEH-
HHasg Mmexay HKIIB u BKIIB. Bece cmecu, KOHIIEHTpaluy KOTOPBIX HU-
e HKIIB u Boiie BKIIB, B 3aMKHYTBIX 00bEMaX B3PBHIBATHCS HE CIIO-

coOHbl. CMmecu ¢ KoHneHTparusaMu Boiie BKIIB npu Beixoae n3 o0bEMa

CIIOCOOHEBI TOPETh, KAK HE CMEIIAaHHBIC C BO3AYXOM.
Hanpwmep, niag napos 6enzudaa HKIIB - BKIIB passsr: 1,4 - 7,6%.




IMoxkapHasi ONACHOCTH NMPOM3BOACTB

[Ipon3BOACTBA IO CTENEHHU B3PbLIBOIIOKAPOONACHOCTH JA€EJISIT:

A - B3pBIBONOKAPOONACHBIE, B KOTOPBIX IPHUMEHSIOT TOPIOYHE ra3a ¢
HKIIB < 10% u temneparypoii Benbimku < 28°C ( okpacodYHBIE 1IeXa).

b - noxkapos3psiBoonacubie; HKIIB > 10%; Temmnieparypa BCOIbIIIKH
28 - 61°C (mpou3BoCcTBa, CBA3aHHBIC C AMMHUAKOM).

B - mokapoonacHble; TeMiieparypa Bembliku 6onee 61°C (ckimambl
TOPIOYUX U CMa30YHBIX MaTEPHUAJIOB).

I - NIpOM3BOACTBA, I'/Ic UMEIOTCS HETOPIOYHE BEIIECTBA B TOPSIYEM
COCTOSIHUU (JIMTCHHBIC 11€XA).

J1 - npoM3BOACTBA, I7i¢ 00padaTHIBAKOTCS HETOpHOYME BEIlecTBa (1eXa
XOJOJHON 00paOOTKH METAJLIA).

E - B3pbIBOONACHBIE 00bEKTHI, I'JIE UCIIOJIb3YIOTCS B3PhIBOOIIACHBIE

BEIIIECTRBA.
Kareropusi npou3BojacTBa onpejaeasieT Tpe0OBaHUS K 31AHUAM H

CpeACTBaM MOKAPHOM 0€30MACHOCTH.




2. 21. Cpencrea moxxapHoi 0e30macHoOCTH

Ilo:xkapuasi  0Oe3omacHocTh 0OecIeUYMBAECTCS KOHCTPYKTHBHOM |
AKTUBHOM 3aIlIMTOM TaK, YTOOBI PHCK BO3HHKHOBEHMS IIOXKapa HeE
npesbiman 10 B ro.

[IpenorBpaieHue
BO3HUKHOBEHMS MOXKapa

KoHcTpyKTHBHAA

MoKapHasi 3alMTa \ pacnpoCTpaHEHHUS oKapa
>

OrpaHuydeHue

Co3nanue yCiIoBUA
0€30macHOM PBaKyalldu

IToxapHasg curHaau3anus
AKTHBHAA p »

IHoKapHasi 3aimuTa

Cpencrsa TyIeHHUs OTHS



KOHCTpYKTHBHAS MOKAPHAA 3alUTA

1. IlpenoTBpallieHHMe BO3HHKHOBCHHS IOXXapa O0O0eCIeunBaeTCs
OIPUMEHEHUEM  HErOproYMX W OTHE3allMIIEHHBIX  MaTepUasoB.
OruHe3amiura OCyIIeCTBISCTCS CCIUATbHBIMHU TPOMUTKAMMU.

2. Orpa"HrdeHue pacpOCTPAHCHUS MOXKAPA JOCTUTAETCSA
BBITIOJIHECHUEM OTHECTOMKUX KOHCTPYKIIUH.
IIpexesioM OrHeCTOMKOCTH HA3BIBACTCHA BpeMs, B TEUEHHE KOTOPOIo
KOHCTPYKIIMA CONPOTUBJIACTCH BO31eHCTBUIO OTHSl, COXPaHASA
IKCILIYATANMOHHbIC (DYHKIIMM.

3. CozpaHue yciaoBUM O€30IIACHOM DHBaKyalMu JIOJAEH - 3TO
000pyAOBaHHUE aBapHUMHBIX BBIXOJOB W MOKAPHBIX JIECTHUI. B 31aHnsax
NO0JKHA OBITh BBIBEIICHA IOHSITHAsA HWH(MOpMAIAS O PACIOJIOKCHUH
ABApUUHBIX BBIXOJOB, IIPEJCTABJICH IUJIaH JBaKyauuu Jroaeu. He
JIOITYCKA€TCsl 3arPOMOXKICHHUE MPOXOJ0B ¥ ABaPUMHBIX BBIXOJ0B.



AKTHBHASA MOXKAPHAA 3AIIUTA.
[MoxapHas CUTHATA3ANNA

[loxkapHass  CUTHaAJIM3alMsA  BKIIOYAECT  U3BELIATEIU-IATYUKA U
NpUEMHUKHU CUTHana. M3Bemarenu ObIBalOT PyYHBIE U AaBTOMATHUYECKUE;
MOCJIEIHUE PEAruPYIOT Ha TEIUIO, AbIM WJIU CBET.
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NP NOXAPE i
BAMGEM CTTKNO
HAM M4 A OTAMETH 1
7 KHONKY % |
WU
gTREYHOID vy nka

Puc. 49 IloxkapHble u3BeIATEIN: A - ABTOMATHYECKMI; 0 - pYyYHOM.



AKTHBHAaA NOKapHaA 3amuTa (npoaocnkenue 1).
IpuHIHMIBI TYIIEHUA OrHsA

JIMKBUAAIHUS MOXKapa - 3TO BO3JeHCTBHE (aTaka) Ha OAHY HJIH

HECKOJIbKO I'PaHel MOKAPHOI0 TeTpajdapa.
a - OXJIAXKJICHUE OTO aTaKa

Ha I'paHb TEIJIOTHI B MO-
KApHOM TETPAIAPE;

O - TYIIIEHHE 3TO OTJICICHUE
TOPIOYEro BEIIECTBA OT
KMCIIOPOA;

B - CHUKEHHE KOHIIEHTpA-
WU KACIOPOJIA 3TO aTaKa
Ha TpaHb KACJIOPOJA;

I - IpEpPbIBAHUS IETHOW PEAK-
IIMU 3TO aTaKa HA TPaHb
LIEITHOU PEAKIIUH.

]
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AKTHBHAA NOKAPHAA 3AIIUTA
(mpopomxenue 2)

Ornerymanue BelecTsa

Kuakoctu

1. Pacopriénnas
BOJIA.
2. Ilena.

I'a3kbl

1. Yraoexucaem
ras.
2. XJIaJIOHHEI.

1. ®ocdar aMmoHUs.

2. bukapOoHart
HaTpHs.

3. bukapb6onar
KaJIus.

4. Xnopug Kajius.




AKXTHBHAA NOKAPHAA 3aIIUTA (MPOACIKEHHE 3)
CpeacrBa TylieHuA MOMKAPA

1. IIpocreiimmue cpeacrBa (IECOK, INIOTHBIA MaTepral, MHBEHTAPh).

2. IlepBu4HbBIE CPEACTBA - OTHETYIIUTENN (XUMUYECKUE MIEHHBIE -
OXII, yrnekucnotHeie - OY, nopomkossie - OIT).

Ll

Puc. 51 OrueTymureny yrileKMCIOTHEIE: a, 0, B -( OY-2, OY-5, OVY-8);
T, 1 - YIJIEKHUCIOTHO- OPOMATHIIOBHIC



Puc. 52 Tloab30BaHue YIIEKUCIOTHBIM OTHETYIIUTEIEM

a - IOJHECTU OTHETYILIUTENb K IIaAMEHHU;
O - OTKPBITh MaXOBHUYOK;
B - HAIIpaBUTh CTPYIO CHEr00Opa3HOM YIICKUCIOTHI Ha IaMsl.



«TyIIATH HA10 HE OT'OHb, & TO, YTO FOPUT»

Puc. 53 /lelicTBMA ¢ OTHETYIIMTEJIEM XUMUYECCKUM IIEHHBIM

| - CHATBh OTHETYIIMUTENb; 2 - IIOAHECTH €r0 K 04ary Ioxapa; 3 - IOBEp-
HYTh PYKOSTKY Ha KphbIIIKe 40 oTka3a Ha 180"; 4 - mOBepHYTH OTHETY-

NIATEJIb JIHAIIEM BBEPX U HANPABUTH CTPYIO NIEHBI B OTOHb.
IleHy MJIM MOPOIIOK HANPABJIAIOT HA KPald 04ara ¢ nocreneHHbIM

OPMEHTHUPOBAHUEM K LEHTPY.



Cpencrsa Tymenus moxkapa (mpoaoJrxenue 1)

3. IloxkapHble cucTeMbl (BOASAHAA, IEHHAA, YIJIEKUCJIOTHAS).

BoasHaga cuctema HauOolsiee >(pQEeKTHBHA I TYIICHUS JIPEBECHUHBI,
TKaHu, OymMaru. OTH CUCTEMBI JCIISIT Ha HeaBTOMaTHYeCKHUE(ITOKapHBIN
BOJIOIIPOBOJI) W ABTOMATHYECKHE (CNPUHKJIEPHAST U JApPeHYepHas ).
['0JTOBKH CHPUMHKJIEPHON CUCTEMbI MMEIOT 3aMKHU M3 JIETKO ILIABKOI'O
IIPUIIOSA, KOTOPBIM IIPU JNEUCTBUU OTHS PACIUJIABIISIETCS W BOJA OPOIIAECT
30Hy MoXapa. [OJIOBKM JApeH4YEepHOM CHUCTEMBI OTKPBITBI, a BOJA
10J1AETCSI aBTOMATHYECKH 110 CUTHAJTY U3BEIIATEIS.

IlenHas cucreMa HamoOoJjee d3(PHEKTUBHA IS TYIICHUS HEPTEIPOTyKTOB.

YTJIEKUCIOTHBIE CUCTEMBI B OCHOBHOM MCHOJB3YIOT IS TYIICHHUS
HE(PTEIIPOAYKTOB 1 JICKTPOYCTAaHOBOK.
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Puc. 54 OpocuTenn - CHIPUHKJICPHBIN (2) K APEeHYEPHbIA (0):
|1 - Hacamok; 2, 4 - ppryaru; 3 - JErKOINIaBKUM 3aMOK;
5 - pacnbuIndTElNB; 6 - KIIAIIaH.



Puc. 55 KuciaopoaHo- H301dpyrOIum
nporuBora3 tuia KUII (a) u ero
HCIIOJIb30BaHue (0) mpH Tylle-
HHUU OTHS.



