1. Mpupopa anekTpu4vecKux ABrIeHUN
1.1. ONEKTPNYECKUN TOK

Amom ABIIETCA HAUMEHBIIEH YaCTHUIIEH 21eMeHma, COXPAHSIOIIEH €T
XapPAKTEPUCTUKNA. ATOMBI PA3JIMYHBIX AJIEMEHTOB OTJIWYAIOTCS APYT OT ApyTa.

Kax w1t atoM umeeT aapo. Aapo pacnonoxeHo B ieHTpe aroma. OHO
COIEPIKUT MOJIOKUTEIILHO 3aPSKEHHBIEC YACTULIBI — MPOTOHBI U
He3apsKeHHBIC YaCTULIBI — HEeHTPOoHbI (puc.1.1).

OTpUIIaTENBHO 3aPSKEHHBIC YACTULBI — 3JIEKTPOHBbI BPAlIalOTCS BOKPYT
azep.
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Pucywox 1.1. CmpoeHuue amoma.




KonuuectBo  mpomonoé B  saApe aroMa  Ha3bIBAaCTCI  aTOMHBIM
HOMEpPOM  DJeMEHTa. ATOMHBIE  HOMEpa  TMO3BOJAIOT  OTIIMYUTH
OJIMH AJIEMEHT OT JIPYTOro .

Kaxxnplil pneMeHT nMeeT aTOMHBIN BeC. ATOMHBINM BeC —D>TO Macca aToma,
KOTOpas OnpeeseTcs: OOIMM YUCIOM ITPOTOHOB M HEUTPOHOB B SIJIpe.
DNEKTPOHBI MPAKTUYECKU HE JAOT BKJaja B OOIIyI0 Maccy aroMa, macca
JIEKTPOHA COCTaBAET ToJbKO 1/1845 dacTe Macchl MPOTOHA U €H0 MOXHO
peHeOpeyb.

DNEKTPOHBI BpalalOTCd MO KOHIEHTPUUYECKUM OpOUTaM BOKpYT sJipa.
Kaxnas opOuta Ha3bIBae€TCs OOOJIOYKOW. IDTHU 000710YKU 3AMOJHSIOTCA B

CIEAYIONIEH MOCIe0BAaTEIbHOCTH: CHaJaja 3amojiHsaeTcsa o0oaouka K, 3arem
LM, NuT.m.
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Brerrnsst 000104Kka Ha3bIBaeTCS BaJICHTHOM, U KOJIUYECTBO
3JIEKTPOHOB, COJIEpKAIEECA B HEU, HA3BIBACTCA BAJICHTHOCTHIO.

Yem pansliie OT sApa 8aleHmuas 000104YKd, TEM MEHBIIICE
MIPUTSHKEHUE CO CTOPOHBI SIpa UCTHBITHIBACT KAX bl BAJCHTHBIN
aNeKTpoH. TakuM 00pa3oMm, IOTEHIMAIbHAs BO3MOXXHOCTH
aroMa MPUCOCHUHATh WU TEPATh DIIEKTPOHBI YBEIUYUBACTCH,
€CJIM BaJICHTHAasi 00O0JI0YKa HE 3alO0JIHEHA W PACIIONIOKEHA JI0
CTaTO4YHO JIAJIEKO OT sAApa
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Puc. 1-4. KonuuecTBO 3JEeKT-
POHORB, KOTOpPOE MOXXeT HpH-
HATHL Kaxgasi obonouxka.
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Puc. 1-5. IIpoBogumMmocTs pa3JIHuy-

HbIX MeTaJaJaoB,

HCIIONIBb3yeMBbIX

B KayecTBe IIPOBOJHHKOB.

DJEKTPOHBI BaJICHTHOW 000JIOYKM MOTYT IMOJy4aTh dHEPrut0. Eciau atu
AJIEKTPOHBI MOJyYaT JOCTATOYHO SHEPrUM OT BHEMIHUX CHJI, OHU MOTYT
NOKMHYTh aTOM M CTarb CBOOOJHBIMHU DJIEKTPOHAMH, IPOU3BOJBHO
nepeMeniarIMMHUCs OT aToMa K aromy. Marepualebl, cojepsKaiiue 00JbIIoe
KOJIMYECTBO CBOOOHBIX AJIEKTPOHOB HA3bIBAIOTCSI MPOBOAHUKAMHU.

DJIeKTPUUYECKUN TOK — HAIPABJICHHOE IBWKCHHUE 3aps)KCHHBIX YACTHII,
BO3HUKAIOIIEE IOl JCWCTBUEM BHEIIHEHM CHJIBI MU NPUBOMMAIICE K IEPEHOCY

3apsa




OTpunarenbHO 3apsHKEHHBIC SJCKTPOHBI SIBISAIOTCA HOCHTEIISIMM 3apsjia B
SIEKTPUUYECKOM LIETIH.

[Ipy mnepeMemeHun DJIEKTPOHA OT OJHOIO aroMa K APYroMy CO3JAr0TCs
MTOJIOKUTEJIbHBIE 3apsbl, HA3bIBAEMbIE «JIbIPKAMMI», KOTOPBIE TEPEMEIIAIOTCS
B IIPOTUBOIIOJIO)KHOM HAIPaBJICHUM.

HanpapjieHHe JJIEKTPUYECKOI0 TOKA TMPHHATO CYUTATh OOPATHBLIM

HallPpaBJICHUIO IBUKCHUA IJICKTPOHOB.

OmOuLamerns il MOmoMyLaT FIONQMLrmonnneill MAOMmOoMLUT
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Marepuaisbl, cojepxkaiiye 00JIbIIOE KOITUUECTBO CBOOOIHBIX

SJICKTPOHOB HA3bIBAKOTCA NPOBOAHUKAMMN.

N30 TOPBI IPENATCTBYIOT IIPOTEKAHUIO JIEKTPUUECTBA

I1o1ynpoOBOAHUKH HE SIBISAIOTCI HA XOPOIIUMM IIPOBOJHUKAMU,
HU XOPOIIMMH H30JIITOPAMM, HO HMX HOPOBOJAUMOCTb MOXKHO
M3MEHSTh OT IIPOBOJIHHUKA JI0 U30JIATOPA.




DJIEKTPUYECKUH TOK BOSHUKAET TOJIBKO B 3aMKHYTOMU
AIEKTPUUYECKOM 1IEMH, COAECPKANIEU UICTOYHUK TOKA,
CO3/IA0IIMI HAPSAKEHUE HA KOHIIAX DTOU LIETIH.

DIEKTPUYCCKHM TOK, IIPOTCKAIOIIUN B OJJHOM
HAIIPABJICHUH, IOJIYYHII HA3BAHUE MOCTOAHHOI0 TOKA,
a TIICPUOINYECCKHN N3MEHSIOIIMN HAIIPABJICHUE, -
MepPeMEeHHOI0 TOKA.
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Ecnu nMeer mecTo M30BITOK 3JeKTPOHOB (OTpHUIIaTEIbHBIN
3apsn) Ha ONHOM KOHIIE IIPOBOAHUKA M Ae(UIUT 3JIeKTPOHOB
(IIONOXKUTEIbHBIN 3apAA) Ha APYIOM KOHIle IIPOBOAHUKA, TO IO
IIPOBOAHUKY TeueT ToK. Tok OyaeTr Teus A0 TeX MIOpP, IOKA 3TU
YCJIOBHUA BBINONHAKOTCA. MCTOUHUK, KOTOPBIA co3naeT U30BI-
TOK 3JIEKTPOHOB HA OJHOM KOHIIE TIPOBOAHUKA U Ae(DUILUT BJICK-
TPOHOB Ha APYIOM KOHIIE, XapaKTepusyeTcs IMOTEHI[HAJIOM.
ITomenyuan — 3T0 CIOCOOGHOCTD UCTOUHHUKA BBITONHATE JJICK-
TpUuUueckyioo pabdorv.
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JNeKTpUUYeCKUU TOK IpeACTaBaAeT co00U MeJJIeHHBIU
npeid 2JeKTPOHOB U3 00JACTH OTPUIATENBHOTO 3apAja B 00-
JIACTH IOJIOMKUTENBHOro 3apAfa. [nd u3aMepeHUd CUJIBI TOKa
UcIosb3yeTca ammnep (A). Jra efUHUIIA Ha3BaHA B UeCTh (PpaH-
yackoro ¢pusuka Augpe Mapu Ammnepa (1775-1836). Ammep
IIPeJCTaBAEeT CUJIy TOKA B IIPOBOAHUKE, KOTAA 3apaj] B OJUH
KYJIOH IlepeMeljaeTca yepes 3aJaHHYI0 TOUKY 3a OJHY CeKYH-
ny. CooTHOLIEHNEe MEXKAY aMIepoM M KYJOHOM 32 CeKYHZIY
BeIparkaeTrcsa popMyJIou:

rqe I — cuia Toka B ammepax, @ — BeJIMUMHA 3JIeKTPHUUECKO-
ro 3apdja B KyJoHaxX, t — BpeMdA B CeKyHJaAX.
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[Ipumepsl rpadUKOB MOCTOSIHHOTO TOKA.

OcCHOBHBIE MApaAMETPHI MOCTOSTHHOIO TOKA
1. Ammumntyna HanpsikeHus (Toka) — U(]).
2. AMmurtyaa nyjabcauui HanpskeHus (Toka) — AU(AI.




IlepeMeHHBIN TOK

IlepeMeHHBIM TOKOM HAa3bIBAa€TCSI TOK, KOTOPBIM BO
BpPEMEHH HU3MEHSETCS MO BEJIUYMHE M HaAIMpPaBICHUIO JIHOO
TOJIBKO 10 BEJIMYMHE, JTMOO0 TOJIBKO MO HAIIPABJICHUIO.
IlepeMeHHBIE TOKH MOIYT OBITh MEPUOJUYECKHUMH U
HENIEPUOANYIECKUMHU.
IlepuoanyecCKUM HA3bIBACTCI TOK, 3HAYEHUS KOTOPOTO
ITOBTOPSIFOTCS YEPE3 PABHBIC TPOMEKYTKH BPEMEHH.
Ilepuoguueckue  IEPEMEHHBIE TOKH  MOTIYT  OBITh
CUHYCOUJAIbHBIMHA U HECHHYCOUIATbHBIMM.
CuHycoMaaJabHbIM TOKOM HAa3bIBACTCSA TOK, KOTOPBIM B
TEUCHUE BPEMEHH HW3MEHACTCA 110 CHHYCOUJIAIBHOMY
3aKOHY.
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1= I, sinwt

PA3S0pHyTAR AMATPAMMA NEPHOGNYEICKOrO NOPOMONMOro TOKA

i = [, sin(wt + 1)

daza «A» (unn U1), casur no ¢pase 0°
®aza «B» (unn U2), casur no ¢ase 120°
®aza «C» (nnm U3), caosur no gase 240°




M1ty ibCHOE HaIpsiKEHUE




NeanbHbIM UCTOYHHUK TOKA — YCTPOUCTBO,
MIOIACPKMUBAIOIIEE HEU3MEHHBINM TOK BO BHEIIIHEH
ANEKTPUYECKOM LIENH P JTF000M COIIPOTUBICHUH 3TON
LCTIH.

PexXnm «xonocTtoro xoga» Pabounn pexum PeXXnm «KOpoTKOro 3amblKaHUA»




3axkon OMma
Cuiia Toka NpssMO NPONOPUMOHAJIBHA HANPHAKEHUIO,
NPUI0KEHHOMY K IPOBOAHUKY M 00pPaTHO
NMPONOPUHOHAJIBHA €r0 CONMPOTUBJICHUIO

Hanpsiorcenue (B)

Toxk (A) =
) Conpomusnenue (Om)
I= Z, [=GU , G —nposooumocmo

Puc. 3.1. BonbT-aMnepHas xapakTepHCTHKA JIH-

15 He#iHoro npubopa




CoOTHOIIIEHUS HaIIPsKCHUS, TOKAa U COIIPOTHUBJIICHUA
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TennoBoe OeNCTBUE ANEKTPUYECTBA

[Ipu mpOTEKaHUH ITEKTPUIECKOTO TOKA HCTOYHUK TOKA
COBEpIIAET padOTYy IO IIEPEHOCY 3apsiI0B BJIOJb
ANEKTPUYECKON IIENH. DHEPTUI UCTOYHHUKA TOKA
peoOpa3yeTcsl B HArpEB AJIEMEHTOB JICKTPHUYECKOM
CTIH.

3akon Ixoyas-Jlenua :

O=P-t=I"Rt

Haepesanue nposooos snexkmpuueckoii yenu
NPONOPUUOHATILHO UX CONPOMUBTEHUIO U KBAOPAM) CUbL
MoKa, a Maki#ce 8pemetu 0etucmaus moxa




MoOImHOCTEL

MoOUIHOCTL —3HEPIUs, BhIJICIsieMas Ha CONPOTUBIICHUN B
ANEKTPUUYECKOUN LIETIN:

Mowmnocmo (Bm) = Hanpsiorcenue (B) x Tox (A)
P=Ul=I°R

IlonmHass MOIHOCTb, MOTpedIsieMas IOCIEAOBATSIAbHOM  HWJIM
napajaielIbHOM Iebl0, paBHA CyMME€ MOIIHOCTEH, HOTPEOJIsIeMBIX
OTJIEJIbHBIMU DJIEMEHTAMMU:
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3akoH Kupxroda

Iepewvtii 3axkon Kupxzogha ABAAE€TCS CIENCTBUEM MNPUHIMIIA HEMPEPHIBHOCTHU
ANEKTPUYECKOTO TOKA, B COOTBETCTBUU C KOTOPHIM CYMMAPHBIW MOTOK 3apsiI0B
yepes M0y 3aMKHYTYIO IOBEPXHOCTh PABEH HYIIO, T.€. KOJIMYECTBO 3apsi0B

BBIXOJIAIIMX YEpe3 OTy IOBEPXHOCTh [IOJKHO OBITh PABHO KOJUYECTBY
BXOIAIIUX 3aPAIO0B.

* aneebpauyeckas CyMma moxos 8 1000M y3ie NeKmpuieckou yenu pasgHa Hy0 Zi I, =

? q
* 8 11000M Y371€ CYMMA MOKO8 HANPABIIeHHbIX K V31 PABHA CYMMeE MOKO8 z i z I
L=
b=l m=l

HaAnpaejleHHsvlx ont y3jid

Bmopou 3axkon

°aﬂee6pauqecmﬂ cymmda naoexuu HANPANCEHUA 800b 1100020 3AMKHYmMoco §+ U, =0
KOoHrmypa 3JZ€Kmpu'{€CKOIj uenu paeHda H)J1r0O =

P
saneebpauyveckas cymma I/]C 80016 1100020 3aMKHYMO20 KOHMYPA ;i Ey =) %0

PAsHA aneedopauyeckol cymme nadeHull HanpsajiceHust Ha pe3ucmopax 8
9MOM KOHmMype




1.2. UCTOYHUKH HANIPSAKEHU S

HarnpsiskeHue BO3HHKAET P VAAJEHUH 3JIEKTPOHOB CO CBO-
nx opOuT B aromMax. Takum o6pa3om, N060N BIJ SHEPIHUH, OT-
PHIBAIOIIAY 9JIEKTPOHEI OT ATOMOB, MOKeT ObITh UCIIONL30BAH
ONd IMONYYeHUA HampskeHud. Ho Hago IOMHUATH, 4TO 3HEP-
Ir'dd HUKOI[A caMa 1o cefe He BosHHKaeT. IMeeT MeCTO IIPO-
CTO IIEPEeXO0J SHEePrHy U3 OZHOHA (POPMHI B Apyryn. MCTOUHHUK
HaOpsAKEHNA — 9TO He IIPOCTO UCTOYHUK 3JeKTPUUECKOH sHep-
run. Cxopee 370 cIIocod Ipeodpa3oBaHus JpYIUX BHAOB SHEP-
I'UA B 3JeKTpudecKyo. CyuieCTByeT IeCTh OCHOBHBLIX HCTOY-
HUKOB HAIIPAXKEHNA — TPeHUe, MardHeTu3M, XUMUYeCcKue pe-
aKIM}, CBeT, TEIJI0 ¥ JaBJeHUe.
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Puc. 3-3. CxeMaTnuecxoe
0003HaueHHe reHepaTopa
TlepeMeHHOro TOKA.

>

Puc. 3-9. Cxema-
THYecKOoe 0003HA-
yeHye TePMOIAPHI,
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Puc. 3-4. CxemMaTudeckue

0003HaYeHUdA 3JeMeHTa U

6atapen. KomOuHauua asyx

nny 6osee sreMeHTOB obpa-
3yeT GaTapero.

L

Puc. 3-11. Cxemaru-

yeckKoe 0003HaUYeHUe

be3037EeKTPUILCKOT'0
KpHUCTanIa.

Puc. 3-7. Cxematu-
yeckoe 0003HAUEHME
(OTOBONBTANYECKON]
AYeHKY (CONHEUHOro
3JIeMEHTa).
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Puc. 3-18. 3nemenTsr unu 6arTaped mo-
ryT OBITH COEAMHEHREl IIOCIEJIOBATEIbHO
AN YBeJIMUYEHHUS HAIDSAKEHUS,

[Ipu nocnenoBaTeabHO-I0NOIHSIIONICH KOH(PUTYpalluu Yepe3
BCE DJIEMEHTHI UJIU OaTaper NPOTEKACT OJJMHAKOBBIN TOK:

MHaekchl 0003Ha4ar0T HOMEpPa OTAEIbHBIX 3JIEMEHTOB HJIH
Oarapeii. [lotHOE HaIIpsIKEHHUE paBHO CYMME HaIpsKEHUN
KaXJI0TO 3JIEMEHTA!
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Puc. 3-19. BunemenTs! unu 6arapeu
MOTrYT OBITH COeAUHEHBI Hapalaenab-
HO AJs yBeJWUYEHHUS TOKA.

[Ipy mapanaeabHOM  COCAWHCHHHM BCE  ITOJOKHTEIbHBIC  BBIBOJIBI
COCAUHSIOTCS BMECTE M BCE OTPHIATEIbHBIC BHIBOABI TAKKE COCTUHSIIOTCS
BMecTe (puc. 3-19). OOmmii BO3MOXHBIM TOK SIBIISIETCS CYMMON TOKOB
Ka)KJIOTO dJIEMEHTa WUiIn OaTapeu

OO611ee HanmpspKeHUE OyAeT paBHO HAMPSHKECHUIO Ha KKIOM M3 DJICMCHTOB

Uz:U1:U2:U3




B OJICKTPHUYCCKHUX LCILAX PA3JIMYAIOT ABA THUIIA HaHpH)KeHHﬁI

"MPUJIOKEHHOE HANIPSIZKEHU e
"[aJeHHe HANPSAKEHUS HA YIACTKE MU

NPUNOKEHHO® ===
HanpsxeHue ?
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Puc. 1. [Torenuman, nmpuioXeHHbIN
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K 1[EIIH, HA3bIBACTCS MPUIIOKEHHBIM
HAIPSKEHUEM

] —

+

b nageHue
P HanpsXexus

“als]e

Puc.2. DHeprus, nonomeHHas
LENbIO IIPH IIPOXOKACHUH TOKA
4yepe3 Harpys3Ky, Ha3bIBaeTCS
MaJICHUEM HaIPSIKCHUS
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Puc.2. Ha xaxxnoit U3 OMMHAKOBBIX
JJaMII HOMHHAJIOM 110 6B,
MTOJIKJTFOYCHHBIX, K UICTOYHUKY 12B,
IIPOUCXOAUT OJUHAKOBOE ITAJICHUE
HaNpsDKEHUS 1o 6B

26

Vs

ihip
-

128

SR
i
P

Puc. 3. IIpu nocnemoBarenbHOM
COCTMHEHNH COCAMHCHUH JABYX JIaMII K
HMCTOYHMKY, TIaJICHHE HAIIPSDKSHHS Ha
KaKJI0M J1aMrie OyJIeT pa3HbIM B
3aBUCUMOCTH OT €€ CONPOTUBIICHUS
(HOMUHAJIBHOTO HAITPSKEHUSA )




Uto Takoe HyIeBOM ITOTSHIMAI (3eMJIs)
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3eMJd — 3TO TePMHUH, UCIOJb3YeMbIH AJNA 0003HAUCHUA
HYJIeBOI'0 NOTeHIMaNa, Bce Apyrue moTeHmHANbl ABASIOTCA
00 TONOXKUTENbHBIMH, MO0 OTPHUIATEIbHLIMA 10 OTHOIIIE-
HUI0 K 3eMJIe,
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[Ipedukcel 111 0003HaYEHUST HOMUHAJIBHBIX

3HAYCHUM
S3HaveHne B
IIpeduxe Cumson 3HaueHUe ReCaTUUHOM
mpobu

I'mra- G 10° 1 000 000 000
Mera- M 10° 1 000 000
Kuro- k 108 1 000j
Munnu- m 10-9 0,001
Muxpo- U 10-° 0,000001
HaHgo- n 1079 0,000000001
 ITuko- p 1073 0,000000000001




IIpeacraBienue (pU3HIYECKUX BEJIHYUH B OTHOCHTEIbHBIX
eIMHMIIAX

BeqununHa, BbIpakeHHas B Jienu0e/1ax, YMCJIEHHO PABHA TeCATHYHOMY
Jorapudmy 0e3pazMepHOro OTHOIEHUS PU3NIECKON BeJIHUYNHBI K OAHOMMEHHOMN

(pu3nyecKou BeJIMYUHE, IPUHUMAEMOHM 32 UCXOAHYI0, YMHOKCHHOMY HA 1eCHATh:

A

fldB = 10lg —_—

Ao

rne 4 , — BenuvMHA B Aenubenax, 4 — u3MepeHHast Gu3nyYecKas BenuinHa, 4, —

BEJIMUMHA, IPUHATAs 32 0a3UC

i P, =101 b
J17151 OLIEHKH OTHOLLIEHUSI MOIIHOCTEN B = g
0

U
. _ 1
JU1s1 OLIEHKH OTHOLLIEHUS HAPSIKECHUN Ugp =20 Ig
0

COOTBETCTBEHHO, MEPEX0/1 OT Ab K OTHOIICHUIO MOITHOCTEH

OCYyHICCTBJIACTCA 110 q)OpMyJ'[e Pl/PO — 10(0,1 * BeJIMYHUHA B z[B),
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Ilycmo 3nauenue mownocmu P, cmano 6 2 pasa 6onvuie ucxo0no2o snavenus mowpocmu P,
TOT/Ia

10 Ig(P /P ) =10 1g(2) =3,0103 a1b = 3 nb,
TO €CTh POCT MOIIHOCTHU HA 3 Ab 03Ha4aeT €€ yBeandeHue B 2 pasa.
Ilycmo 3nauenue mowpocmu P, cmano 6 2 pasa menbuie ucxooHo2o sHavenus mownocmu P, 10
€CTh P1 =0,5 P0° Torma

10 1g(P /P ) =10 1g(0,5) = -3 b,
TO €CTh CHH)KEHHE MOIITHOCTHU Ha 3 1b o3HadaeT €€ cHrkeHue B 2 pasa. [1o ananorum:
*poct momHocTH B 10 pa3s: 10 Ig(P,/P ) = 10 Ig(10) = 10 nb, camxenune B 10 pa3: 10 Ig(P,/P ) =
10 1g(0,1)=—10 nb;
spoct B 1 muH. pa3: 10 Ig(P,/P ) = 10 lg(1 000 000) = 60 nb, camxenue B 1 M pas: 10 1g(P /P )
=10 Ig(0,000001) = —60 nb

Pl
E 1000 100 10 0,79 0,5 0,25 0,1 | 0,01 | 0,001
P 5 30 20 10 -1 -3 -6 210 | 20 | -30
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0 nb Huuero He CABIIIHO (MOPOT CIBIIITUMOCTH)

30 Twuxo menort, THKaHbE HACTCHHBIX YaCOB.

60 Illymno (ynuna)

80 OueHb LIYMHO KPUK, MOTOIHKJI C TIIYIITUTEIEM

100 KpaiiHe mryMHO OpKECTP, BaroH METPO (IPEPHIBUCTO), TPOM
110 KpaitHe mrymHO, BEPTOJIET

130 bosieBoii mopor, CaMOJIET HA CTapTe

160 - BO3MOXEH pa3pbiB OapabaHHBIX MTEPETOHOK
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