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PU3UKa Kak Hayka

PusmKka - HAYKQ, U3YYarowas 3aKOHOMEepHOCTU OKpyXarolero mupa, ero
CTPYKTYPY U 3BONHOLUIO.

3aKOHbI QU3IUKU  QOPMYSIUPYFOTCS B MATEMATUYECKOU OpmMe, MATeMaTUKa
NpeAOCTABNSET annapat, ¢ MOMOLLbHO KOTOPOrO POPMYJIUPYHOTCS (PU3UYecKUe
3AKOHOMepHOCTU.

IKcnepumeHTasisHaa — @u3MKa  Wccnepyet  CO6CTBEHHO  MpUpoAHbIe
3GKOHOMepHOCTU, 4YacTO B CMeuuanbHO BbIOPAHHBLIX YCNOBUSX (@u3amdecKkus
IKCMIEPUMEHT), 3TU 3AKOHOMEPHOCTU BLIPAXKAFOTCS B YUUCIIEHHOU (popme.

TeopeTundveckas qu3smKa CTGBUT B COOTBETCTBUE MPUPOAHBIM 3GKOHOMEPHOCTAM
(onpepeneHHbLIM 3KCMepUMeHTanbHO) Mmaremarudeckme mogesn. W3ydeHue
3TUX Moaenen (@usmyeckux Teopuri) AONXHO UMeTb NPeACcKasaTesnbHyr Cuny:
nosefeHue MoAenu AONMXHO ONUCLIBATL He TONbKO Te 3KCMepUMEeHTbI, Ha
OCHOBe KOTOpbIX OHa 6blnia CO3AAHA, HO U Apyrue, elle He MOCTaBJIeHHbIe
3KCNepuMeHTbI. &usmnyeckas Teopmus NPUMEHUMA K HEKOTOPOMY KpYry SBfieHUM
U He o0b6sa3aHa aAeKBATHO OMUCLIBATL ABJIEHUS 304 CBOUMMU  [Ipesesiamu
rnpumeHumocTy. bonee oblme Teopum cnocobHbI onmucatb bonee WUPOKUM Kpyr
SBJIEHUM, HO OHU MOryYT 6bITb AOCTATOUHO CNOXHBI, MO3TOMYy MeHee obuue
TEeOpUU YacTO NPUMEHSHOTCA TaM, FAe UX TOYHOCTU AOCTATOYHO. 2



N3mepeHue B pusmke

TTonyyaemble B OMNbITe PUUYECKUE BESTUUYUHBI UMEHOT HEKOTOpOe YnCeHHoe
BbIpAXeHWe, nosnyyaemoe B pesysibTate U3IMepeHus.

UsmepeHme - onpedeneHne OTHOWEHUS U3MepSeMOU BeNIMUYMHBL K ApYrou
BeSIUUUHE, NPUHATOM 3a eauHuly (eguHuLly umeperms). U3mepeHue
NPOBOAUTCSA C MOMOLLBIO USMEPUTESIBHBIX rTPrUb0pOoB. EANHULLTI U3mepeHUs
onpefenaroTca ¢ NOMOLWBHO 3TANOHHLIX BeNUYUH (37as10HOB). UcTopudeckm
CyLLeCTBOBASO U A0 CUX NOP CYLLECTBYeT MHOXeCTBO 3TAsIOHOB, Hanpumep,
METP, KUJIOrPamm, amrep v 1. 4,

INMroboe usmepeHue umeet onpeaeneHHyro TOYHOCTb, XapaKkTepusyemyro
rOrpPeLHOCTLIO USMEPEHUA.

B HekoTOpbIX criyuasx pu3nyeckas BesIMYUHAG OLIeHUBARTCS MO YCIOBHBLIM
WKaNam, Hanpumep, wxasa teepaoctu Mooca.

Bonpocamu, CBA3aHHBIMU C METOAAMU U TEXHUKOUN U3MepeHUs, 3aHUMaeTcs
MeTpOosIoruA.

CylwecTBYHOT passinyHbIe Habopbl 3TanNoHoB. COBOKYMHOCTb 3TANOHOB
onpepenser cucTemy eauHUL uimepeHus. CerofHs UCNOsb3yeTcs HeCKONbKO
CUCTeM eAUHUL, OCHOBHOWN ABNACTCS MeXAyHapoaHaa cuctema eauHul CH.



TToMumo Hee, ucnonbsyetca Takxe cuctema CI'C v apyrue. B HekoTopbix
pasfenax U3nKMU UCnonb3yrotca, U3 coobpaxeHus yaobcTea, ocobbie cUCTeMbl
eAuHUL (Hanpumep, aTOMHAs cucTema eamHuL). KonmuyecTso OCHOBHBLIX eAUHUL
U3mepeHUs B pasHbIX CUCTeMax eAuHUL passiuyHO, OHO onpeaensaeTcs
coobpaxeHuamu yaobcrea.

TTpexpae 3TanOHOHLI BOCNPOU3BOAUIIUCH C MOMOLLBHO N1erKOAOCTY MHLIX
npeaMeTOoB, Hanpumep, ANUHBLL PyKU Unu Horu. Bnocneactemm BosHUKNG
noTpebHOCTb B 60nee TOYHLIX 3TANIOHAX; TOrAad B UX Ka4YecTBe CTanum
NUCMOJSIb30BATb OTNINYABLUMECS NOCTOSHCTBOM BeSIMUUHBLI. Hanpumep, B KayecTse
eAUNHULBL ANUHBL UCMONb30BANACh A0NS ANUHBL TTapuXCKOro mepuamnaHa.
CerofHsa B ponv 3TafIOHOB BCe bonblie UCMOoMb3YHOTCS NpeLmn3nOHHbBIE ATOMHbIE
eaAnHUUbL. Hanpumep, ceroaHa metp B /1 onpepeneH Yepes cekyHay CKOpOCTb
cBeTa B BAKyyMe, a CeKyHAa - Yepe3 nepuoa onpeaerieHHoro Tmna usnyyeHus
aToma ue3ma-133.

Cucrema equHuly CH. B CHumeeTtca 7 OCHOBHEIX efquHULL.

- meTp - eAVHULA AJTUHBI;

* ceKyHAa - eAVHULIA BpeMeHU;

* KUJIOrPamm - eAUHULIG MACCBI;

* MOJIb - eAVHULA KONUYeCTBA BelleCTBa;

- amnep - eAUHULA CUNBI TOKQ;

* KeslbBUH - eAVHULA TepMOAUHAMUYECKON TeMneparypsl;

KaHgeJsia - eaAnHunua cunbl CeeTa.



K 3Tum eamnHuuam MPUMDBIKAFOT eANHULIBI U3MEPEHUA YINna pagmaH N TeNecHOro
Yrna crepaguan.

Ncnonb3yroTca TaKxe kparHeie M A0sIbHETE eAUHULBI, COOTBETCTBYHOWME
npousseneHuo eanHuub Ha 10 B HekoTopoU cTeneHu:

10! — neka 10° — rura 101 - geum 10° — HaHO
102 — rekTo 1012 — tepa 102 — caHTH 102 — nuko
103 — Kuno 10> — neta 1073 — munnam 101> — pemTO
10% — mera 1018 — 3Kca 10 — muKpo 1018 — atT0

HaseaHue xus1orpamm yxe conepxuT NpUCTABKY KUJsI0-, NOITOMY C MPUCTABKAMMU
UCNONb3YeTCa rpamm: MUSISTUMPAMM U T. n.

TTOMUMO OCHOBHBLIX eAUHUL, UCNONb3YHOTCA IPOU3IBOAHBIE EAMHALIEL
Hanpumep, CKOpOCTb BbIpaxaeTcs B eAUHULAX ASIUHBL, OTHEeCeHHOW K eAuHuLe
BpemeHu: [v] = m/c.

MHorve npouseoaHbIe eAMHULEL UMerOT CBOU Ha3BaHUd. Hanpumep, eanHuua
cunel [F]= krm/c?= H.

EAVHUUBL, Ha3BaHHbIE B YeCTb NHOAeln, NULYTCA C ManeHbkou 6ykebr, 6yayum
HAMUCAHHBIMU NOSHOCTbHO, HO UX COKpALLeHUs HAYUHAHOTCA € 60mbloun 6YKBbI,
Hanpumep 5 sarr=5 Br. 5



BbIpaxeHue pusmnyeckom BenIMUUHBL Yepes eAUHULLI M3MepeHUs Ha3bIBaeTcs
pasmepHocTbFo. TaK, pasmepHoOCTb ANUHLL - 1 M, pasmepHOCTb cunbl - 1 AH.

HekoTopbie BenIMUMHBL COBeplUeHHO pa3HOM NPUPOALL MOTYT UMETb OAUHAKOBYHO
pasmepHOCTb (B AGHHOW CUCTeMe efUHUL), Hanpumep, pasMepHOCTb paboTsI u
MOMEHTA CUJIbI OpUHAKoBa: 1 H'm.

CyWecCTBYHOT 6e3pasmepHeie BesTIMHIMHEI, HANPUMEP, KOIPOULUUNEHT TPEHUS
CKOJIbXKEHUS.

Ncnonb3yroTca Takxe sBHecucremHere BesinyuHer, Hanpumep, 1 yac = 3600 ¢, 1
4rovim = 2,54 em.

AHasms pasmepHocti. He umeeT cmbICna CpaBHUBATL ANUHY C MACCOU, Bpems C
CUNON. 2 96110Ka He MOryT 6b1Tb 60nblie 2 cekyHA. TO Xe camoe BepHO Ans
nrobbIX PpUsmYecknx senmuuuH. OTcroaa cneayert, YTO CKNAALIBATLCS,
BLIMUTATLCA U CPABHUBATLCA MOTYT TOSbKO BeSIUMUHLI OAUHAKOBOM
pasmepHOCTU. T. e. TONbKO TaKUe BENIUYUHBLI MOTYT CTOATb MO pasHbIe CTOPOHLI
3HAKOB +, -, =, <, >. [TpoBepKa pasmepHOCTU MONyYaeMbIX B 3aAa4e BENIUYUH -
NpOCTOU cnNocob HaxoxaeHus owmnbok. Ecnu nony4veHHas U3 pelweHms
pasmepHOCTb He COBNAAAeT C AeUCTBUTENIbHOU pa3mepHOCTbHO BeNTUUYUHbI
(Hanpumep, ANa ANUHLL NonyyveH 5 mM/c), TO pelleHUe coaepXuT owunbky. C
APYrOWN CTOPOHLI, MPABUNBHOCTb NMOSTyYeHHO pasMepHOCTU He rapaHTupyeT
BepHOCTU pelueHUs (NOCKOMbKY MOryT 6bITb OWMOKU B 6e3pasmepHbIX
KO3(PPULMEHTAX UMK CryuYamHoe COBMaaeHUe pasmepHoOCTH).



NHoraa aHanus pasmepHOCTU NO3BONSEeT HAUTU OBLMIA BUA, 3aBUCUMOCTU OAHOU
(PU3NYECKOU BENUYUHLL OT ApYrux. Hanpumep, U3BecTHO, YTO Nepuop,
KonebaHUM MasaTHUKa 7 3aBUCUT OT ero ANUHLL L U yCcKopeHus csoboaHOro
nageHus g. TTepuoa usmepsetca B ¢, ANUHA - B M, g- B M/c?. U3 m u m/c?
COCTABUTb € MOXHO eaAUHCTBEHHLIM cnocobom: ¢ = [M/(m/c2)]¥2. MoxHo
3aKNHOUUTL, UTO T~ (L/g)"?. Be3pasmepHbIN KOIPPULMEHT
NPONOPLUNOHANBHOCTU (ANA MATEMATUHECKOro MAsATHIMKA OH paBeH 27) TaKUM
06pazom NONy4YUTb HEBO3IMOXHO.



SREMENT Hg Ho Hg CdH Hg He Na Cd H He K
Jlvnuna i h g F F e d D cC C r N
365,0 404,7 435,8 480,0 486,1 546,1 587,6 589,3 ©643,8 656,3 706,5 HM  768,2
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BeneHbLIn XENTLIN OpPaHXEBLIN KPaCHbIEA

CHCKTpaJ'II)HI)IC OBCTA U CIICKTPAJIbHBIC JINHHUHA

[IpenomiieHue u oTpaxeHue (a, 0), MPaKTUYECKU NPEACTbHBIN ClTydya

ITOJTHOTO BHYTPEHHETO OTPa)kKeHUs (B), IMMOJJHOEC BHYTPEHHEE OTpaKeHHUE (T)
8
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NuaTepdepeHnusa BOIH
a, 0, B — uHTep(epeHIus IByX BOJH;
I, 1 — IJI0CKas U cpepudecKasi BOJIHBI
COOTBETCTBEHHO



NOBEPXHOCTH, pasaenaoillas Aee cpeasl

[IpenomiieHrE BOJIHBI B COOTBETCTBUU C IPUHIIUIIOM | FOUTEHCa
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Buipl onTHYeCKUX mpeoOpa3zoBaHU My4Ka, HCXOSIIEro u3 Touku O:

a-T — n300pakeHue MHUMOE; 1 — JIEUCTBUTEIBLHOE N300paXKeHUE; € — 0ECKOHEUHO YJIaJI€HHOE
n300pakeHHE; )K — MHMMas Touka npeamera O’ 1 ee AelCTBUTENIbHOE N300paxkeHne — Touka O
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3HAKW OTPE3KOB U YIJIOB
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0003HAUYECHUH 110
DIN 1335 (a) u

TOCT 7427-76 (6)
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[ maBHBIE TOUKH M (POKYCHBIE PACCTOSTHUS



DOKYyCHBIE PACCTOSIHUSA




[TocTpoenune n3o00paxeHus

[Ipeamer pacroioKeH nepes
ONTUYECKOU CUCTEMOM

[Ipenmer pacnonoxeH 3a [IpeaMeT pacroiioKeH B
OIITUYECKOU CUCTEMOM 3aHEM (POKYCE ONTHYECKOU
CUCTEMBI



Onruueckas CHujia CUCTEMBI

nl

I
f r

{ {

€

€

(TouHoe (GETERGEY 1S
3HaueHue) npubnuxkeHue)
2° 1,3332° 1,3333°
4° 2,6655° 2,6667°
8° 5,3237° 5,3333°

16° 10,5887° 10,6667°

[TapakcuanbHas 00J1acTh

3 5
. E E
SINE =& ——+ —+...
3! 5l
2 4
E E
coss=1——+—+...
21 4l
sihe = ¢ coses=1
Sin &
tge = =
COS &

[ ne=n'¢e ]
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OnTuyeckoe CTEKIIO

le — AO + Al ' }\2 + Az ' }\_2"'143 ' }\._4+A4 ' 7\_6 + A5 ' }\_8

ne — 1

Ve =
nF’_nC,

JIUIE  KpaTKkoro OMNHWCAaHUs ONTHYECKHUX CBOMCTB YKAa3bIBAKOT
OCHOBHOM MOKa3aTejlb IPEJIOMJICHUS M, W 4YuCcIOo A0OE V ,.
bonpiias BenuumHa 4nciaa AOO€ COOTBETCTBYET HU3KOH
IVCIIEPCHM.
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Cdepuueckas npeaoMIISIONIas IIOBEPXHOCTh



J
g=r=s (1 “r
*--.____h ,_
AAMC 1o dopmye 2 S T~ ....A_{.' A,
CUHYCOB => d
r q S
sinu  sin(180° + i) ¢
g sinu /ot '
s i
sini = (2) s
r K onpeneneHnro noaoKeHUs
.., nhsini IIPEIMETA IJISI BTOPOM MOBEPXHOCTH
sini’ = — (3) pell . p P

n nsini =n’sini’.

MBAAMC= —i=¢p—u
u'=u+i'"—1i (4

N3 ACMA’ o=u —1i
ACMA' no popmyne , rsini’ P
CUHYCOB = 19 = sinu’ (%) > =TT A ()



S =5, —d,.

(1)

g SirR u g’ sinu’

3)

sini smt’

(=) (5 @

N3 AMHC= h = rsin(u’ —1i’).

u(ir—sy o (r—s’)
s T s’ * (4)

n’ n __n—n
s’ S B r (6)

(8)

(10)



- =S
- , =
- q = p
s -—q e
Cdepuueckas OpeoMIISIONIas TOBEPXHOCTh
ni=n’i'. (1) n(a—e@)=n"(a’—¢). (2
nh n'h ;r h(n’ -—-n)
e O B T )
ne hp (pgr — np)

()

k
RS TRMlp41



_ hp(npgr—ny) . 6) Oty = Ve (7)
L — Oplly
U417l 41 k

Mpy1— N 8 hk;hk+l = Opyye (9)
Vet = Yo+ M e + (8) k
ey
Bivs = By — Oy . (10) Fﬁ'
A
7. b
X El'ﬁ h
| T E »
ﬁ K+1




3agaua 1

OnpeaenuTh MECTOIOJIOKEHHE LICIN CIIEKTPaIbHOTO Ipruoopa,
OCBEIIAEMOI'0 MICTOYHUKOM CBETA C IIOMOIIbI0 KOHJICHCOPHOM JIMH3HI,
€CJIM PAaCCTOSIHHUE OT MCTOYHHMKA CBETa A0 JIMH3bI paBHO 80 MM, a
JIMH3a UMEET KOHCTPYKTUBHBIC AMeMeHTHI [ = 40 MM, I, = - 40 MM, d

=5Mmun=15163.



Pewenne. U3 gopmyan (21.6) caenyer

s — n'rs
s(n" —n)+rn ’

Toraa, moacraBus ¢opmyay (21.1) noayuum
’ Nyri8,
s, = ‘.
s1(ne—m)+rim

Hang 1-i moBepxHoctu uMeeM: r;=40; n;=1; ny=1,5163; s,=—2~80;
rnocJie NOJACTAHOBKH MOJYUYHM

s, = 3720,98.

JJs 2-ii IOBepXHOCTH NpeaMeTOM sBJisgeTcs H3o0paxkeHue, MOJY-
yeHHOe rnoc’e 1-i NoBepXHOCTH:

sy =5 —d = 3715,98,

U aHaJOrHYHO NpH re=—40; ny=1,5163: nz3=1

’ Nal S
S! = § 272 = 75,1 mm.

Sg (s — n2) - rang
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[Tnockas mpeaoMIISIOIast aa
IIOBEPXHOCTD 4 —=

nsini =n"sini’. (1) llpenomnenue ny4a yepes
[UIOCKOTIApaJUICIbHY IO TUIACTUHY
’ stgu

5= tgu’ ] (2)




L=DB—DK=d—ADctgir. (1) AD=dtgi, (2)

tg i . tg e _ 1
LZd(l—_ tgfi ) (3) H—Iﬂw tgfl) (%)
Ly=—=Ld. (5

n

- . A - d

e=ABsin(i,—i";) (6) B = cost, > (7)
B d sin ({; — i) e .
e = CDSti . (8) e"‘f(d; n, l’l)
. COS f]_
e = dsini; (1 W rop—rrrs ) (9)



3agaua 1

B 3putenbHON TpyOe pacCTOSHUE MEXIY OOBEKTUBOM U OKYJISIPOM
cocTtaBiseT 185 mMm. B 310 mpocTpaHCcTBO MOHAA00MIOCH YCTAHOBUTD
CETKY (II0CKOMapaUICIbHYIO MIACTUHKY ) TOJIUHONW 5 MM M3 CTEKJIa
c nokasarejem npeaomiieHus N = 1,51163. Onpenenutsb
HEOOXOAMMOE HOBOE PACCTOSTHUE MEXIY OOBEKTUBOM M OKYJISIPOM,
COXPaHSIOIIEE TO K€ COCTOSIHUE FOCTUPOBKH ONITHYECKOM CUCTEMBI,
YTO U JIO BBEJCHHUS CETKHU.

3agaua 2

Kaugaromasics tuiockornapauiesibHas IJIaCTUHA YCTAHOBJICHA B XOE
Jy4er MUKPOCKOIIA TIEPE] CETKOU, B IIPOCTPAHCTBE MEXKIY
00BEKTUBOM U OKYJsipoM. I1nacTuHa TOMIMMHOM 6 MM U3 CTEKJa C N =
1,5688 HaknoHeHa Kk ontuyeckor ocu noxd yriioM 30°. OnpeaeauTsb
BEJIMYMHY IIOTIEPEYHOTO CMEIICHUS JTyYa.



[Ipenomnenue jiyda yepes3 JINH3Y

ne o 1 hy (N 4q — 1) _

fl

15.1 Opt1 = k
*g « (15.1) Np41 Trllp41

By = By (23.10)

fr_: f1a , Qg = 1o 112-!- hy (hg — hy)
Oy fig rofly

- akhdk'

B hy =h, —ayd,.

(22.5)

b -eon(Eob) s 2oy

oy = f—‘j—- Sy =" [1 = ]
B (29.2)

sp=1 [ 142025 (203)

SH=SF—-f S’u=S8 F'_f
__ Fta—1d
SH = s (29.4)
s, =—-12=D2  (295)

nry




3amaua 30.1

Haiiti (hoKyCcHOE pacCTOSHHE, BEPIIUHHBIC (POKYCHBIC PACCTOSHUS H
IOJIOKCHUS TJIaBHBIX IUIOCKOCTEH JIMH3BI, UMEIOMICH KOHCTPYKTHBHEIC
aeMeHThl: Iy = 17,58 mm, I, =-21,03 mm, d =5 MM, N = 1,5467.



Tunel TUH3

BunuH3aw MH3b
C NNOCKUMK MeHuncku
CumnveTpuuHbie | HecummetTpuuHbie fIOBEPXHOCTAMM




Tunel TUH3
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:.>\”’
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JInH3a ¢ OCTPBHIM KpaeMm:

d® + 2ryd

Do =2Vor—#, (33.1) =it (33.2)

JIuH3a ¢ paBHBIMU paJinycaMu pa3HbIX 3HAKOB:

fl’ _2=b  eoipd ; — =) on—tndtd). (33.3)
fl, = ”’;1 . (33.4) - JIMH3a C O/(HO¥A IUIOCKO# TOBEPXHOCTBHIO
;, = 2(’1’;1) . (33.5) - auu3za-map

fl, =L _nrlz)zd : (33.6) - IMH3a C paBHBIMH PaJUyCaMU

OJIMHAKOBBIX 3HAKOB
KoHueHTprueckas JuH3a:
I  (r—=De—r) + (n —1)2{ry—ry) I _ _(n—=N(re—r)

.

f ryre nryre f nryra

Ll (‘ '). (33.7)




Teneckomuueckas JIUH3A:

(n-—-—-l)(-:T-—-'le- :—-%. ,2.___,.1___("__;1)_‘5_1__ (341)
d==r (34.2)

['unepOonnueckas JUH3A:

= —1)—2¢(r—1F.  (34.3)

Cdepo-3ummnTudecKas JIMH3a:;

y =20, +d) -t e () (34.4) r2=$;. (34.5)

ne

IIpumep 10. Onpenennts AHaMeTp JIHH3B A0 OCTPOro Kpas, eCiH
pamMyc KpHBH3HH T1epBOH TMNOBEPXHOCTH 7;=40 MM, BTOpOH —
ro=—=060 mm, a TonmuLa d=6 mm.

IMpumep 11. Haiitu ¢GoKyCHOe pacCTosiHie KOHLUEHTPUUECKOH JIMH-
3bl ¢ paauycamMud KpuBu3dHH 35 u 30 mm H3 CcTeKna ¢ noxkasatejeM

npeaomaernus n=1,52.
34



BuauMmoe yBeanueHue

I =
\‘V’ ll ...]’
U=k tgy W= w
=L (362

eV (36.1)
tgy




| — mpeamer
I' — m300paxeHue

Ary1=1

YIII0BO€ YBEIIMUEHUE

_ tga
Y= tga * (351)
& (352
a nl’ (35.2)

V=15 (35.3)

y=-—2 . (35.4)




D
I =-=. 7.1

W/
£ / A| | A, - cos Eq

(') - -‘-‘1’

avacdparma T b
a 6

PacrnipocTtpaHeHre u3aydeHus B IPpOCTPAHCTBE
a — B TEJICCHOM YyTIJIe; O — IJIOMIaAb MPOCSKIIMHU U3Ty4arollei MIOMmaaKy B
HaIpaBJICHUH HAOJIOACHUS

I 0)) do 2

L . E =—F P, =—= ®,= [0, di

A -cosg

(37.2) (37.3) (37.4) (37.5)

37



DHEPreTUYECCKUE BEITNIHNHBI

Onpenenenne
Beanunna Obo03z8auenne Enusuna p3Mepenns
yTpomenHoe TOUHOE
IloTok uznyyeHusi D MoOLHOCTb U3NIYYEHUSA Bt
Cuna uznyyeHums L & d@, Br-cp™!
g2 de
BHepreTHyeckas ! drf
P L < - Br-cp~!-m2
APKOCTH A -cosg d A4 -cosg
DHepreTuyeckas E ?_)_q_ do, B 9
OCBEIIEHHOCTD e A, d A4, M
CrieKTpanbHbIil NOTOK @ do, B \
M3YYEeHHs el B da T M
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s(2)= g wns()=7x, (38.1)
Sy
dX = X -di, dv=Y,-da.  (38.2) g
S(l) B (;1; o S(ll) B A}:Ajl (38.3) BXOAH2A BelinuuHa
s(4)., =%_ (38.4) Puc. 38. Onpenenenue
9YBCTBUTCIIBHOCTH
A, A,

X = IXeA -dA. Y = f e S(4)-d4 (38.5) S:%i._ (38.7)

I a-S(A)a-dA  (38.6) Sd___._cl}_’ (38.8)

dx’
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OnTuyeckKue BEJINYUHBI

A,ei!. - (ch.f
(}L ) mV(/'i,) 780 Hm
s -
e Q=K I D,-V(2)-dA (40.1)
380
s(A) - K, =
6o Onpenenenve
Beauwanna QLTSI Enuunna n3Mepenns
HenHe YIPORIEHHOE TOYHOE
CBeToBOit MOTOK D (40 1) { ﬂj;wlo___Miﬂg fwl) o
D do KaHzena (ka)
Cuna ceeta ! o do (6a3oBas eavHMIR)
I dr .
QEESCTE L A -cosg d A -cosg A
D do noke (k)
OcBpellteHHOCTE E ;— EZ 1 ak=1nam-1 M2
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ceTHaTKa

aXKOMOAAUWOHHANA
MbiiLa

nepeRHsan
Kamepa
n=134

XpycTanuk  UeHTpanbHas
n=1,40 AMKa CETHATKMN

poroauua (] oBonouka

il pagyxHas cnence NATHO
n=138
CTEKNOBUAHOE
1€en0

= 1,34

Puc. 4.19. [lonepeunniii paspes rnasa (npa-
BBIH a3, BUJ, CBEPXY).

Ta6nuua 4.7. YmerblueHne o6beMa aKKOMOAALMK G BO3PACTOM.

Bo3spact B romax 10 20 30 40 50 60 70 80
a, BCM ~8 -9 —~12 -19 —50 —90 —100 —100
ﬂR o0 oo oo oo (-] oo [~ -] o0
1 I
— — —, on1p 12,5 11,1 8,3 5,3 2,0 1,1 1,0 1,0
ar  4ap
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Puc. 67. Pa3spe3 rsasa vesnoBeka. I — crekJjoBHIHOE TeJo; 2 — ckiepa; 3 —

poroBula; 4—KOHBIOHKTHBA; S—IepelHssi Kamepa; 6—cocyaucras 060s04-

Ka; 7 — pazyxHasi 060JI04Ka; 8 — XpycTajukK; 9 — 3aXpycTaJHKOBO€e NpOCT-

paHctBo; 10 — petuna; 11 — 3putenbhblii HepB; 12 — xentoe nATHO; I3 —

LHeHTpaJbHas siMKa; [4 — 3putenbHas ocb; I5 — ontiyeckas och; 16 — pec-
HHUYHOe TeJo; /7 — pecHHYHAs MblllILa



Ta6nuya 4.8. OCHOBHbLIE XapPakTePUCTUKM NANoHeK N KoNboyek.

Koa0ouxH

Tanouxu

PacnonoxeHbl FIaBHBIM 00pa3oM B LIEHTPANb-
HOH SIMKE CeTyaTKu

C HauboBILIEH TUIOTHOCTBIO PACIIO/IOXKEHD] BHE
LIEHTPabHOM SAMKH CETUATKH

Masioe none 3peHHs ¢ OONBLUMM PA3PELLEHHEM

Boarpiioe none 3peHls ¢ MajbIM pa3peleHueM

Konboyxa1 AeiCTBYIOT NPH AHEBHOM 3PEHHH

INano4uku ne#CTRYIOT NPHU HOYHOM 3PEHUU

Bo3moXHO UBETHOE 3pEHKE

He pasnuualores neeta

Manas cBETOUYBCTBUTEIBHOCTD:
K = 683 nmM/Bt

Bricokast CBETOUYBCTBUTE/IBHOCTB:
K, =1699 mvm/Br

OTHOCHTENBHASL CAEKTPAIBLHAS CBETOBAs
3¢ (eKTHEHOCTb A1 AHEBHOro 3penus V(A)
cA, . =355 M

OTHOCHTEILHAS CIIEKTPAALHASA CBETOBAs
3 (eKTUBHOCTS J1/151 HOYHOro 3perus V'(4)
c A, =307mm

Puc. 4.21. OtHocuTeBHAA CHIEKTPAJBHAS CBETOBAsA
adpdexTueHOCTL V (A) 21 OHEBHOrO 3pEHHsA U OT-
HOCHUTE/IbHAS CNEKTpajbHas cBeToRas M PeKTHUB-
HOCTh V'(A) ans HoyHoro 3penus (DIN 5031). [pu
fIEpexXoae OT ZHEBHOrO 3peHMA K HOYHOMY IMPOMCXO0-
JAUT MHBEPCUS 3PUTEBHON OLICHKU SIPKOCTH TOjy- 400 500 600
6oro u xenToro (KpacHoro) U3ay4yeHuit.

10 7N/ ™
T 08 NCHN

06 rl ] !
E . “'V(A)/ ] \1/().)
N / J \
< / 4 N N\
> 9 1~ N ™
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4L 100

15 \

: AN |/
Rl 1L

0 \""==|:'/ -
10-3 10} 10! 103 105 ka/m?

Houvoe _, |, [epexopvan |, JHesHoe

3apeHue obnacTb 3peHve

Puc. 4.22. VpoBeHb pacno3HaBAHMSL Pa3IMYHil B IPKOCTH NPH Pa3snuyHOM apKOCTH (oHa.

NN

f ll \S\A

.

o]
| a]
!

TBO /.( |
e cd 1/ Ge \
ELO_ | f - + o —
= / CdS Si—
A, it \c?‘s il l_\_ |
AN EIER
300 400 500 600 700 800 900 1000 100 HM

A —>

Puc. 4.24. CnexrpanbHas YyBCTBUTE/IBHOCTD NMOAYMPOBOAHNUKOBBIX POTOMPUEMHUKOB:
A — criekTpaibHas YyBCTBUTEABHOCTL rAa3a (A1s CpaBHEHUS). 44



onpaea KaapoBas

N
PZ_{'E‘ - NYH3L! pamka
)

Q N anepTypHas noneeas
2 Wy BX- TioK puadparma pvadparma
= BX. 3p. = BbIX. AIOK
= BbIX. 3p.

Puc. 3.1. AneptypHas u nonepaa AuagparMel.

noneeas aneprypHas
nvadparma Ounadparma

1 - a
= ’ . /_'( i
< o = i !
T __ . i
— ___ - P'

BX. MK E: BEIX. 3D- BX. 3p. BbIX. JIIOK
[

Puc. 3.2. Jlroku ¥ 3pauky Kak u300paxeHus COOTBETCTBYIOIIMX auadparn. 45



“ BbiX. 3. Il BX 3p

/7 |'/
Li |
2 I u 7~

Q 2 : § >
BULEH U l \/ BvaeH
BX 3P BLIX. 3D

ri {1) 1 I| (2)

k AL I!

Puc. 3.3. AneprypHaa nuadparMa MeXay AByMS YaCTAMH ONTHYECKOK CHCTEMBI.

BbIX. JIOK |

BX. 3p. BbiX. 3p.

cBeToBasn Tpybka cBeTosan Tpybka |1
B NPOCTPAHCTEE B NPOCTpaHcTBe |
nNpeaAMeToB uaobpaxeHuii

Puc. 3.4. l'oMOUEHTPHYECKHE MYYKHM NPH 3padKax M JIOKaX.



un3ocbpaxeHue
cBeTaeincs

ceeTAancs NOBEPXHOCTM ;Q
NOBEPXHOCTL |
|
BX. 3p. Puc. 3.5. Cperauiascs noBepXHOCTb, KOTOpast

P' DEMCTBYET KaK 3payvyoK.

= ., (47.1) A=n-sinu, (47.2)

Puc. 3.7. K onucanuio:
a, 6 — CBeTOBBIX rabapHUTOB NMyYKa; ¢ — W BEJHUYUHEI 10151 CHCTEMBL.
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“”‘F%L)‘ (48.1) a(ﬂ)=((fg;‘3", (48.2)
(48.4)
p(ﬂ)=(q:;")”, (48.3) p(A)+a(t)+z(1)=1.
; 7/ 1 N
:>,%’7%2 .=|@,-di  (485)

1
L @,

A L A
T f Pu (Derl, 5 (@), =@, z(4)-di  (48.6)
.eﬂ: ¢EA (¢e.1)m )'l
l @erdx  (Ger);
' { f
—
HanpasneHve
PAacnpocTpaHeHus
K3nyveHus

TIpoxoxneHHe U3NYyYEHUs Yepes3 IUIAaCTHHY. 48



—do— J:__./.%
2

dA,-cose,

B
Puc. 4.4. Cxemb! 414 pacyeTa OCBEIEHHOCTH
A -cosg -d A, -cosE
dg=dA2(:’)OS€3.,Q), (49.1) do = 1.5 1r2 2 2.0
72

(49.2)
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CBeTOBOIM NOTOK U OCBELLIEHHOCTL U306pakeHns
B ONTNYECKOWN CUCTEME

A -cos’ 6
dop = 1 . e Jm:m:w2 o) . QG . dABx. i (501)
a
d4,, ., = 2zRdR.
R=d-sinég dR =d-dé/cosé dA4,, ., =27d -siné - d&fcos&
d@=27-L-A . -COSG-sinG -dé - £,.

D=7-L-Ay ;o -Si°u- 2. (50.2) E= (50.3)

A

LRIX. JIKOK

13 . (50.2), (50.3)u A, ../ A nex = 1/B7? monyuaem:

ﬁnzu.
ﬁrl
E=7z-L-r-sin3u"-.(%. 50

E=rn-L-7- .
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http://naeps.kpi.ua — MEHIO “3ABAHTAXKXEHHS” —
JVUCHUIIJIIHA — ®d13uka (nomaTtkoBuiil kypc) — JIKP
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KBaHTOBaA MexXxaHUKa

E=hy (54.1)
h = 6,626 x 10-3 [iix-c (54.2)

p=mv (54.3)
_h S N .
) p T mv
(54.4) (54.5) (54.6)
k=2 E=hy 5=k
(54.7) (54.8) 210
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h h h
AXAp>— (55.1 AXmAV > — (55.2 AXAV > —— (55.3
¥ 27 ( ) Xmav 27t( ) M2 ( )

h h
AXAp >> = (55.4) MAE 2~ (55.5)

av+ "M E _U)yw=0 (55.6)

4t Xy

D =Ipp/lpag  (55.7) D= DOeTI[ZmU (x)- E]llzdx (55.8)



KBaHTOBLIE YHCNA

i MaxchumanbHoe
Cno#t | Obonouxa 4YHCII0 anbéx'rpzﬂon
i m s
K 1s 0 0| +1;2 2
2s 0 o| +12 3
L -1 +1/2
2p 1 o 12 6
+1 +1/2
3s 0 o) -+1/2 2
-1 +'1/2
3p 1 o *1/2 6
: +1 +1/2
M
-2 +1/2
-1 +1/2
ad 2 o *12 10
+1 +1/2
+2 +1/2
4s 0 0 +1/2 2
-1 +1/2
1 0 +1/2
4p +1 t1/2 6
-2 +1/2
- ad 2 | To| Eif 10
N +1 + 12
-2 + 1/2
-3 +1/2
-2 +1/2
-1 +1/2
Af 3 0| 12 14
: +1 +1/2
+2 +1/2
+3 +1/2

AE

EBaK -----------
E, 4s,p.d, |
E, 3s, p,d
E, 2s,p

.

n
Ry = m{ &
2h* | 4zE,

E, Ls

Puc. 56.1 — QHepreTudeckunin CnekTp atoma Bogopoaa
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Ohonouxa K
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Puc. 57.2 — TpexmepHast kpucTauimueckasi pemérka: a — peleTka KpeMHus, O — perieTka rpagura



_dar
V=—
dt
m=9.1.103! xr ~5:108 cMm (50 aM = 0,05 MKM)

N =1022...10%

VposHu 3 - //" )

Y, OHbI yposHel £y - VposHu

i%?:%gﬁﬁgege 06060‘3“830 Kpucnjgla)nna Li /‘( ( P:3 \%\ cggﬁodnoeo 30rb! yposHetl gggggg’mm

amoma be X \N: 4 amoma 'Li kpucmanmia C amoma C

E E E e E E

== y |,

e P

—_— 2s 42s

——— 42 0 425

i...:::_—_ 128 R, ~ 7] $—— Is 178 =

1 __\ r =

Puc. 58.1 — I3MeHeHue SHEPreTHYECKOTO CIIEKTPa AIEKTPOHOB MPU 00bEIMHEHUN aTOMOB B
TBEPAOE TEJNO:

a — O0epuius, 6 — JIUTHUs, 6 — yriepoa (aamasa)

(d; <d<d,)
(AEj,, —AE)/2 e
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£ 4 BosbyxdeHHan 30Ha

EanedmHan 3044

Puc. 59.1 — Vnopouennas sHepreTudeckas

uarpaMmma
AF

30Ha MPOBOAUMOCTH

(mmycTas)

3anperénas 3oHa £,

BanenTtHas 30Ha

(3aroHeHHas)

X
>

A
7Y
Ee
E. 4
3anpewénas 3ona £,
A 4
Ev A
BaneHntHas 30Ha
(3anoJsiHeHHas )
v )

Puc. 59.3 — DHepreTnueckas auarpamma MeTasia

E

Jowa npefodurtocrmu  E

ol

i
- JanpewjenHan 3oHa |
|

l B 1
Banenmnan 30Ha (:3.

Puc. 59.2 — DHepreTuueckas quarpamMma JIU3JICKTPUKA



30Ha NPOBOAUMOCTH

YaCTHUYHO 3aroJIHEHHAS )

v A
, AmE ]

¢ Banenrnas 30Ha
(yacTU4HO TycTas)

v )

Puc. 60.1 — DHepreTuueckas guarpaMmma
noJryMeTasuia

n=o- . <
Y o! 0,0 @

N . .

0 '
A DJIEKTPOH . ., . ‘ .

Puc. 60.2 — Moxenp meTajuia

n=
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0\ (S //.\,/-x, x [X s SN "< A 3
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a
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Puc. 5.1. TpaekTopus jiyya B CBETOBOJIE:

a4 — NpsMoc LHIMHAPHYUCCKOE BOJOKHO, 6— NPpAMOC KOHWYECKOC BOJIOKHO, € -—— HCKPHRBJIEH-
HOE HHNMHAPHYMCCKOEC BONOKHO, ¢ — I'DAAMEHTHOEC BONOKHO.
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Puc. 5.2. Tuns! onTUYECKUX BOJOKOH 15 nu—

HUU CBA3U:

RS

a — MHOIrOMOJ0OBO€ CO CTyNeH4YaTbIM l'lpOQ)PIJleM no-

KasaTes npeaoMiieHus; 6 — rpaMeHTHOEe MHOro-
MOJI0BOE; 6 — OQHOMOJOBOE CO CTYNEHYaThIM MpO-

('I)HJICM rokKasarens NpeaoMJICHHUA.
[ony6siM 11BeTOM 0603HaYeHa 060s10uKa ¢ 60-

Jiee HU3KUM nokasaresiem npeaomnesus. Cnpa-
Ba NOKAa3aH COOTBETCTBYIOLIMIA Npoduab no-

Kasaresns npenomiaeHus n(r).

10

AR\

crexno BG14 (xaranor

Scholt’a)

08
o | /7Y

LW

\ N d=1mMm /
02 i T
T o e [
3$0 400 SO0 G600 700 @800 Hm 1600
——» A

Puc. 5.12. Bauanue ToMuuHB ¢HabTpa d Ha
YHUCTHIA CrIEKTpalIbHBIH KO3(h(UIIMEHT NPO-

NYCKaHUA.

Puc. 5.13. Tunuyubie rpadury koadueHToB
nponyckaHusa (GMABTPOB U3 LBETHOCO CTEK/A.
Crexna BG 25 1 VG 6 okpamieHb! MOJIEKYNSPHO-
pactsopeHHBIMH KpacutenaMu. Crekna GG 495
u RG 630 okpawensl KOJIOMAHBIMH KpacuTe-
aamu. Crexno BG 36: koadduureHT nponycka-
HMA KMEST MHOTOYHC/ICHHBIE Y3KHE MAKCHMYMBI
M MHUHHUMYMBL. JleneHus Ha OCH OpAMHAT HAHE-
CEHBI 3/1ECh B COOTBETCTBHH C BHIpaXCHHEM

" ’g['g( w)]

braroaaps stomy ¢opma rpaduika z,(4) He 3aBu-
CHT OT TO/MMHEI uikTpal

'

— B

—g &
———R

56495 /

RG 630

g7

—-8G 25

3Imm

—1MMm

I

—J_|_|

T(A)

/| Jocsd]

~ \ N |
I TINA ! |
] \&\.’ I ll \\! ’l .~
J AT L =
VGE / AL 1IN
Inam / /\ ~ ‘ I [~/
2 AN 717
1 / 17
/ / WV
400 500 500 700 HM
—_— A
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Puc. 5.14. KOHCTpYKTHBHAs cXeMa NpOCTOro MHTEPMhEPEHIIMOHHOrO dbunyrpa.
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» BeTOAEeNMTeNE C OTPaXeHuemM
2ENEHbIN YHAaCcTOK CNEKTRANBHOro u A >

vanyuexns cuxeln obn 7 - v i
VHTEPBana NponyckaHua = EH“cneKT:j: oonacry Hemp;}::::.)mcepbm Koppz)xl::s:: e
10 i 0 3epkano R
= ST 3
08 ‘ 2 4
g, NPOMEXYTOMHBIN

HEWTPanbHO-CEepbIA
dnneTp

aeneHuin .
@ j

T ,; ” [%2\ 04
ol L 0727\ |

/ 0,6
02

/2%% NN e 0.3 QUJ

i

I

&

obLeKTnB \ o
-4

s
rd S 3
# TIPS S KOpPEeKTUpYlowWii unetp
0 ///A//A //////)"“ L0 3
400 500 600 \ 00 HM 3epKano B
—} \\
LBETOACTVTENE C OTPAXEHNEM KOPPEKTUPYIOLLWIA
W3NYy4EHWA KpacHoit obnacTu brneTp
chekrpa

Puc. 5.15. llseronenurenn:

a — CreKTpaNBbHEI Ko3(duIMenT nponyckanys p(A4) ¥ cnexrpanbHeil KoagdrmeHr or-
paxeHus p(A) = 1 — z(2). Yron nagenusa 45°; HenOJAAPHU3IOBAHHBIH CBET, 6 — npuMeHeHue
aByx nserogeamteseit (cM. puc. 5.15, a) B nepenalomieit KaMmepe LBETHOTO TEJEBHACHMS.
R, G, B — nepepaomye Te1eBUSHOHHEIE TPYOKHU.
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Puc. 5.16. Cpasrenue rpaduxoB koaghu-
LIUEHTOB [PONYCKAHMS MHTEPQEPEHIINOH-
Heix (rieTpoB. 118 HAMIAAHOCTH IIpen-
CTaBNeHUs MaJIbIX BEJWYHMH ACJIEHMS Ha OCH
OPAMHAT HAHECEHB! B COOTBETCTBUM C ¢op-

mynoit 1 — g [Ig (1/7(4))].



06BEeKTUB

OKynsip
/

., o' l
a 3] w P

Puc. 6.1. K onpenesieHyio BUAMMOrO YBEJIMYEHUS ONTUYECKOro nprubopa.
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OpuHOoYHas NMH3a co chepryeckumn
NOBEPXHOCTAMM, PACCYNTAHHAR
Ha MuHMMYM cdepuueckoin abeppauum
r A e
KoHpeHcop u3 AByx nnH3
€O CHepuyecKuMi NOBEPXHOCTAMMN
X u
Konpgencop ¢ achepuueckumm
MOBEPXHOCTAMMU
M
MHOronuH30BbLIN KOHAEGHCOP
6e3 achepuyeckux NoBepxHoOCcTen
o 4 n
) /
/ " Bnnuncouanoe
’ Y 3epkano Napa6onuyeckoe 3epxano
Cc T
7
KoHgeHcop Ans ocBeleHns no Metoay 3epkano Manxena
TEMHOr0 NONsi (AN MUKPOCOKNA)
Y
KOHAEHCOp C AEUEHTPUPOBaHHBIMU
Jiunaa ®pexens NMH3aMN MnactmHa ¢ NMH30BLIM PacTPoM
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