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B. B. NETPOB. Onmuxa ¢ororpagu-
49eCKOro o6beKTHBA.

ApTop KkHurHM B TeweHae 18 aer pa-
60TaeT Ha ONTHYECKHX 3aBOJNAX B Kaue-
CTBE HAYYHOI'O PYKOBOAHTENd M Mpeno-
laeT Kypc ONTHYECKHX NpHOOPOB B
Byaax.

K.HHI‘H #BASETCHA CHCTEMaTHYeCKHM
PYKOBOACTBOM 10 ONTHKe (OTOrpadiu-
9eCKOro o6BexTHBa, HanHCAHHBIM Ha
OCHOBE MOCAEABHX NaHHHXI 1O STOMY
npeamery. Kypc cocrasieH npamenn-
TeAbHO K mMporpamme [ocynapersenHOro
HHCTHTYTa kHHeMatorpaguu (Mocksa),
HA310%eH B GOpME NPOCTHIX FEOMETPH-
9eckHX MNOCTPOeHHH, He Tpefymwiux
MaTeMaTHYeCKHX MO3HAHHH M HOCTYneH
KPyry aul, HETepecylUluxca goriorpa-
(HUECKOA ONTHKOH.

i

Mpeauncnosure

Hdo pesomonuu B Pocchn He 6hiio CBoe#t onTHueckofi NPOMBIILI-
JEHHOCTH M TeM 6oJsiee NpoH3BOACTBA (DOTOONTHKH. Bece, uto y mac
HMeeTcst cefiuac B 3TOH 00JAaCTH—CO3/aHO INPH COBETCKOH BJACTH.

Hauazio passutusi cOGCTBEHHOM, COBETCKON ONTHKO-MEXaHHUECKO
NPOMHINIIEHHOCTH caenyer orHectH K 1920 r. B sto Bpema wmu
yXe INPUCTYNHAX K ONBLITHOA Bapke CHIDOTO ONTHYECKOTO CTEKJ4,
HAYanM MNPOU3BOJACTBO MEHEE CHOXHBX ONTHYECKHX JeraJell u3
CBOEro CTEKJa M HANdXHUBAJAM OPraHHSANUHIO NPOH3BOACTBA ONTH-
YeCcKuX NpubOpPOB HA CBOMX ONTHKO-MEXAHHYECKHX 34BONAX.

K 1924—25 rr. MH OCBOH/M B OCHOBHOM DPOH3BOACTBO CHIPOTO
ONTHYECKOTO CTEKJa il OPraHM30BaJH HECKOJbKO HOBHIX ONTHKO-
MEeXaHHYecKMX 3aBojoB. C 5TOr0 MOMEHTa HAIa MOJ0Aas OnTH-
HecKad NPOMLIIJAEHHOCTS Havaja MOCTENEeHHBbIA BHNYCK KHHOANNA-
paTyphl, OMHOKNeH, Jayn, OUKOBHIX CTEKOJ, MPENH3HMOHHBIX OITHUE-
CKHX npuOOpoB H T. 1. . _

HMsydenne ayumnx sarpasMuHEIX 00pasuUOB, OBJajJeHHE Pacyet-
HOW TEeXHHKOH 1O BLIYHCJACHHIO ONTHYECKMX CHCTEM H BBEAEcHUE
COBpPEMEHHHX METOJAOB MPOH3BOJICTBA HA HAIHX 3aBONAX—I03-
BOJIHJIO MDHCTYNHTh K H3TOTOBAEHHIO M Goslee CAOKHHX NPHEQ-
pOB, B TOM 4HCJ€ H (POTO-KHHOOOBEKTHBOB. -

B pesyibrare, ycnexn Hame# ONTHYECKONR NPOMHIIIEHHOCTH,
Tpebyiomeii GoabmO# KyJAbTYPH H 3HAHHA LEAOTO PsiAd HAYYHBIX
AWCUHMIANHH, Ha CErofHsIIHAA JeHb 3HAYHTEAbHH. MBI OBIazeu
NPOLECCOM HSTOTOB/ICHHS PAJa CAOKHEHAIINX ONTHYECKHX npubopos,
HO TPOAJEHHH 3Tal MO BPEMEHM elle CJAMIIKOM MaJ, 4TOGhl CKa-
34Th CETOJH O BOSMOXHOCTH NOJHOTO YAOBJETBOpEeHKs noTpebu-
Teas MOOLIM onTHueckum npubGopom. HoMemkaatypa onTHYECKHX
npubopoB (M0 OAHOMY JHIIb pasfaeny (OTOONTHKH, MH HOJKHEI
BRINYCTHTL Gonee 37 pasadaunHLIX MOjeqedl (OTOOGHEKTHBOB), Kpaiine
C/0XHA U MHOrOrpasHa, MO3TOMY Ha Ganxalmuin nmepuosn 2—3 aer,
MBI eme Oynem BEIHYX/IEHH, B OTAEJbHHIX CAy4asX, MNOJAb30BATHCH
o6pasuamu (GOTOOOGBEKTHBOB 3ArpaHMYHOrO NPOM3BOACTBA B 06aa-
CTH TexmHuecko# ¢ororpaduu (Pemporykmus M T. A.).

B nacrosimee Bpems y norpeGureneit HaXoAMTCH BeCbMa GOALIIOE
KOJHYECTBO (POTOOGBEKTHBOB 3arPaHHYHOrO MPOH3BOACTBA, TIPHYEM
Trpynna CbeMOYHHX KHHOOOBEKTHBOB TPENCTABJEHA NOKA MCKJIO-
YUTENILHO HHOCTPAHHBIMH OOpasnamu. Tak xak B Gimkafimee Bpems
Halla coBeTckas ONTHYECKAss NPOMLIMIJIEHHOCTH B [POH3BOACTBE
¢$0TO-KMHOONTHKY NOAAET IO NYTH H3TOTOBAEHHS ONTHKH Ha OCHOBE



W3y4eHUss H HCCAeNOBaHHA OpPHIAHAABHEIX (DOTOOGHEKTHBOB, 3J€-
MEHTLI KOTOPBIX MOOC/AYXHIH OCHOB4HHEM H s IlpOHSBOlICTBa
NY4INMX 3arpaHHYHBIX OOPA3L0B, TO, €CTECTBEHHO, H3y4YeHHE ONTHKH
dororpaduyeckoro o6LEKTHBA JMO/IKHO MUTTH Yepe3 O3HAKOMieHHE
¢ Tem OoraTeflliuM MaTepHAlOM, KOTOPHIA HAM Jaja MHPOBadk
onTHYeCKas MPOMBILJIEHHOCTE HA NMPOTAXKEHHH 75-I€THErO CBOEro
CyI1ecTBOBaHHSA. \

Haanune B CCCP 60ibmOro KOmMyecTBa HHOCTPAHHHIX (OTO-
KAHOOOBLEKTHEOB, O KOTOPHIX MBH YOOMSHYJAH BHINE H KOTODRIMH
GyAyT NOJL30BATHCHA eI AOATOe BpeMs (X0 MX ECTeCTBEHHOTO
W3HOCA), 3aCTABHAO ABTOpA HACTOsIMEH KHHrH 0c000 OOpPaTHTL BHH-
MaHUe Ha 6oJee MOJHOe OMHCAHHE OTAENbHHIX 3arpaHHYHBIX (OTO-
06LEeKTHBOB C TéM, 4TOOH yKa3aHHBIA MaTepHaa oGaeruun npaBH/b-
HY© SKCIJIOATAUMIO H yMeJOe HCNOJAb30BaHHE TOrO HJH HHOTO
00BLEKTHBA.

Vcenexu COBETCKOH ONTHYECKOH NPOMHEIIIEHHOCTH B A€/Je OCBOe-
HUA NpPOU3BOACTBA (OTOONTHKH CJAYXKAT rapaHTueit k¥ CKOpoOMYy H
noauomy ocBoGoxaermo CCCP or maocrpanHO# 3asuchmocTd. Bes
doToannapartypa kak IpodecCHOHAJBHOrO, TAK M JMOOHTENbCKOrO
tuna, seinyckaemas tpectom BOOMII—uennxoM ¥ NOJHOCTRIO yie
cHabxaerca onTUKOR coGcrBennoro mnpoussoxcTea. Ceiluac Ha
o4epein CTOAT PabOTH MO M3rQTOBJEHHIO JYYIIHX CBETOCHABHHIX
aHACTHrMATOB (A8 KHHOCHEMKH), OOHEKTHBOB J/id pEOpPOAYKIHOH-
HHX paboT, amOXpoOMaToB U T. A.

Venemnoe aarepmienue stux paGor B 1936 r., nOJHOCTHIO H OKOH-
gyarensno us6asute CCCP ot BBO3a2 3arpaHHuHON (POTOONTHKH.

rnaea I. OcHOBHbi®e GcBOHCTBa CBETA

I. Mpupoaa ny4ucTon
aHepruu (cseTa)

Jlas paspeuieHusi Bonpoca o (pH3MYEeCKOH MPHpPONE CBETOBLIX Jy-
ueli OTPOMHOE 3HAYEHHE MMENO OTKPHTHE TOrO, YTO HCXOAAMUI
OT 3BE3J MM OT 3eMHHX MCTOYHHKOB CBeT Tpefyer ompele’aeHHOro
W3MepPAEMOro BPEMEHH, YTOOb JOATH OT MECTa CBOEro BOSHAKHOBE-
HHA K MECTY BOCHOPHATHSH. _

OcHoBaTeas kaaccuueckoit Mexanuku M. Heroror (XVII B.) crneaan
nan6o/ee BePOATHOE MPEXNONOKEeHHe, YTO ONpEAeNeHHblE Meabuak-
[IHe YACTHIIB, JETANMe OT MCTOUHHKA CBeTa W ABHKYIIHecsd IO 3a-
KOHAM MEXaHHUKH, NONaias B HALI Ias, BBI3BLIBAIOT OLIyLICHHE CBETA.
Takum 06GPA30OM TEOpHs HCTEYEHHs CBETA (KOPMyCKyJAApHas TEOPHSs)
HbioToHa MO CymecTBY CBOAMJACh K NPOCTHIM MEXaHHYECKHM 8aKO-
uam. [loaTBepxaad paAJd M3BECTHEIX B TO BPEMsl OMTHYECKHX sIBAE-
HEH, Kak-TO, NPAMOAHHEHHOE PacnpoCTpaHeHHE CBETA, PABEHCTEO
yriaa najieHus yray OTpaeHus H 1p., KOPOyCKy/asdpHas Teopus BCE
e He MOIIg OOBACHATHL sBJACHHI kHTepdepeHUuH, PA3HOCTH CXO-
pPOCTH PaCnpOCTPAHEHHs CBETa B CPe/lax PasHOM MIOTHOCTH M T. I.

He Bxoas B 6ojee jJeraqbHOE H3J0XEHHE HBIOTOHOBCKOH TEOpHHU
HCTeUeHHs, CAEAYET OTMETHTh, 4TO, AOCTHTHYB NOYTH NOJXHOIO TNpH-
3HaHMA, TEOPHUA 3T TOCNOACTBOBANA B TeYEHHE HEJNOr0 CTOMETHH,
HECMOTpSI Ha HEJB paj NPOTHBONOCTAB/CHHH, Ooxee NPUTOIHEIX
Ias 0ObLACHEHHS OTJEJbHHX sIBJeHHH JYUHCTO# 3HEPrHH.

Bckope mocae nosiBieHHst HbIOTOHOBCKOH TEOPHHM HCTEYEHHA COB-
pemenauxkom Heioroma—Xpucrranom [olireHcoM—OHa CO34aHd H
pasBHTa B €ro mpexpacioit Moworpadmu O npupoje CBeTa Apyras
TEOpHUsi CBeTA—BOJHOBAS.

ITo Tiofirency, ceer npeacrasaser co6oi ocoboro poxa Koaebanus,
a mpouecc pacnpOCTpaHeHHMs CBeTa COCTOMT B TOM, YTO KOJeGanus
5TH, BO3HAKHYB B Kako#-1u00 TOYKe INPOCTPAHCTBA, B CBOIO Oue-
peap BO30YyXHalOT KOJeOAHHS B CMEXHBIX C HeH TOYKAX H T. L
JlanbHeiimee - pasBHTHE BOAHOBOH Teopun cBera paGoramu HOura
(1802—1804 rr.) u B ocofennoctd Ppeness HaHECAO0 COKPYIIHTENb-
HBIA yAap HBIOTOHOBCKOH TEODHH HCTEUYeHHH.

B ussectHom onsite Ppenens (1816 r.) c AByMs NJIOCKHMH 3€pKa-
JaMH, OCBEIIeHHBIMH HYEpe3 Y3KYyK LieJb COAHE4YHBIM CBETOM, Oni0
NO/yyeHO HeCOMHEHHOR J0Ka3aTeabCTBO HHTepdepeniuu. B ynomsany-
TOM OMbITE CBET OT IJOCKMX 3epKaJ OTPa}Xaacs Ha 3KpaH, IpHHEM
Ha KaXAyK0 TOYKY SKPaRd CBeT 0aja’ oT O00HX 3epkal. Beuly
TOrO, YTO MJAOCKOCTH 3CPKaJd HE COBNAAAIH Mexay CO6OH, Aiuxa
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nyTH 0oGOMX OTpPaKEHHBIX OT 3epkan JyueH HeOAuHakoBa. B Tex
TOYKAX 5KPAHA, B KOTOPHIX PasHOCTb X0Ja (PasHOCTH [AJNHHBI NyTH
060KX Jyueil) paBHa OhlIa YETHOMY YHCJY BOJH, MOAyyYanoch Gosee
sIipKOe OCBElUlEHHEe 5KPaHa, B TOUKAX e, rie PasHOCTb XoJa 06oux
Jyuyefl Geua paBHA HEYETHOMY YHCAY BOJH, PKOCTb OCBELIEHHS
9KpaHa yMeHBUIaJach. DTHM ONBITOM OBLUIM MOATBEPMKACHH TE K/A4C-
CHYeCKHE OCHOBH BOJHOBOI TEOpDHH CBeTa, KOTODHE SBAHIOTCHE H B
HACTOSIIEe BPEMA MCXOAHOH TOYKOHA HEKOTOPHX HAIIHX pacCyxie-
HH .

C MOMEHTA 3apOXJeHHS BOJHOBOH TeopHH cBera, [ofirenc cpas-
HIBaJA CKOPOCTh CBETd CO CKOPOCTBIO 3BYKa: KAK OT 3By4alllero TeJd,
Tdk B OT OpPOMIEHHOTO B BOAY KaMHS [0 BCEM HAINDaBJEHHSM C PaB-
HOMEpHOM CKOPOCTHI0O PAacNpPOCTPAHAIOTCA HE YACTHUKH BO3AyXa HIIH
BOJBL, 4 X CTYUIEHHS H paspexedHd, T. €. BHIOH3MEHSETCAa He ca-
mMasg MaTepHs, a OmnpenefeHHOe COCTOsAHHe ee. Ha ocHoBanum H3A0-
weHHOro [rolirency He0OX0oAMMO ORIIO MOJOKHTH B OCHOBY CBOeil
TEOPHU HEKOTOPYIO MaTepHaJbHYIO CPeAy—CBeTOBON s¢up, Koaeba-
HEA KOTOPOrO BOCHPUHMMAIOTCA IJ1a30M B KayeCTBE CBETOBBIX KOJe-
GaHuf. . )

OTKpHITHE NOJAPH3ALMH CBeTa MPHBENO K BHIBOJIY, YTO Koaeba-
HHUS, HMEIIHE MeCTO B CBETOBHIX BOJIHAX, [MOMNEPEYHEH, T. €. NpPOo-
HCXOJAAT B DJAOCKOCTAX, NEpPHCHIHKYAAPHBX K HanpaBJeHHIO pac-
npocrpanenus csera. CregoBaTesbHO 3(HD HE XH/JIKOETH H HE Tras,
TaK KaK TEOPHA YNPYrHX KoJeOaHHH NOKA36IBAET, UTO K MONEPEUHBIM
KOaeGAHNAM CIIOCOOHK TOMRKO TRep/ne Tena. Eciu cuntaTh, 4TO CKO-
POCTb pacnpocTpanenns BOJNH PABHA KBAJAPATHOMY KOPHIO H3 yHpyro-
CTH Cpelibl, B KOTOPO# pacnpocTPaHsOTCs BOJHE, AETeHHOH Ha 110T-
HOCTB 3TOl cpeanl, To 3dup nupH ckopocru csera B 300000 w.ae/cer.
LoMkeH ObTh TBEDABIM TeAOM. B TBepAKX Tenax BOJHLI OLIBAIOT H
NONEpeyHse ¥ MPOAOAbHEIE, HO BCE MOMHTKH OOHAPYKHTL RPOAOIb-
Kule CBeTOBHE BOJHBI B 3dupe okaszaauch TmeTHuMmu. [Ipuuirocs
cudaTaTh 3QHP TBEpPAHM TEJIOM C KaKMUM-TO OCOOBIM CBOHCTBOM.

Caelyer 3aMeTHTb, UTO 3a BPEMs CBOET0 CYNIECTBOBAHAA B 0COGEH-
noctH B 1850 r. Teopus MaTepHAABHOTO 3dHpa MNpETEpnena 3HayH-
TEABHYIO 3BOJIOLHIO. 3DTa 3B0a0UMA GbId 00YC/AOBJAEHA HOBHIM OT-
KPHITHEM—3/IEKTPOMATHATHON Teopueii cBeta. B 1837—1840 rr. da-
pajeit 3aMeTHJ, YTO MEXAYy ABYMHA SJIeKTPHUECKHMH 3apsaaMmu
CYIIECTBYET OMNpPENe/eHHass 3aKOHOMEDHOCTb B HANPABAEHHH B MPOCT-
PAHCTBe—O/HH M3 3apA710B HAXOAHTICA B CTPOTOM NOAUHHEHHH JE€H-
CTBHIO APYTOro.

Ilas ynOMAHYTOTO 3JAEKTPHUECKOrO B3aMMOJEHCTBHS TEJI OKasa-
JN0Ch HEOOXOJWMBIM HaAUuY¥e NPOMEKYTOUHOH Cpelbl, COBEPIIEHHO
TAK e, KAK 3TO GBLIO HEOOGXOJUMO B PACCMOTPEHHOM HaMH cayuae
nepenayn CBeTOBLIX kojeGanmi. Takum 00pasoM K CBETOBOMY 3(HDY
dapasefi npubaBHA 3SASKTPOMArHUTHHE S(QHP KaK MaTepHAABHEIH
HOCHTENb 3JEKTPOMAarHHTHHIX CHIL.

Ho dapaneit HELOCTATOUHO CHCTEMATH3HPOBAJX CBOM HaOmOieHud,
# noTpeGoBasach HappsikeHHas pafora Maremaruka H pusuxa Maxc-
seana (1850 r.), xkoTOpHi C 3aMeuaTeAbHEIM COBEPIIEHCTBOM C(Op-
MyaupoBaa B3TAAAB Papajed M PasBHa TEOPHIO MEKTPOMATHATHOH
NPUPOALL CBeTA. JTa TeOpHs IIpUBEna €ro K CMeJOMy BBIBOLY, 4TO
KAXA0e BSJAEKTPHYECKOe BO3MYIIeHHE PacOpOCTPaHAETCH OT MecTa
CBOEro BOSHHKHOBEHHS B IYCTOM NPOCTPAHCTBE BOJHOOGPAa3HO CO
cxopocteio 300000 xa/cex. Kak BuAMM, yKas3aHHAs CKOPOCTb TOYHO
.cOBNAJaeT C BEAHYHHOH CKOpPOCTH cBeTa. DTO nano Makceeany nosoxn
paccMaTPHBATh CBET KaK 3JeKTpoMaruurHoe ssaenue. [lpenckasan-
gple MakcBe/uIOM 3JeKTPOMArHHTHLIE BOJHBI OHAH OOHAPYXKEHH M
usyueHsl [eprom. v

OnsiTH B HCCHAEXOBAHHA Kak camoro lepna, Tak ¥ ero mocaeno-
BaTeNeil ¢ HeCOMHEHHOCTBIO YCTAHOBHJH BE/IHYaHIEe CXOACTBO MeX-
Iy BOJHAMH CBETOBBLIMH M BOJHAMH 3IEKTPOMATHHTHHIMH. Kax Te,
TAK H APyrue HBJIAAIOTCA BOMHAMH MNONepPEedYHBIMH, TOXIECTBECHHO B~
ayT cebs B CAYYasx OTPAXKEHHd, PEJOMACHHS, NOAAPH3AUNHH, HHTED-
depeHuHr H T. L.

Boasa epua (pagno), Pentrena ¥ cBeTOBHIE BOJHH OT/JIHYAKIOTCA
APYT OT ApYyra ToJbko cBoeft anunofl. CrOBOM, CBETOBLIE (BHAHMEIR)
BOJHE 3aHMMAIOT JIHIIEL HeGOJBIIOH YyYacTOK B 0OLIeH CHCTEME 5JeK-
TPOMArHUTHHIX BOAH.

DAEeKTPOMarHWTHAsE TEOPHS CBETA IOJHOCTBIO YNPA3AHHAA TEOPHIO
ucteuenus csera Heiorouna. Teopusa MmarepHajsbHOro shupa raxxe
noABepraiachk CHALHLIM H3menenusiM. B 1850 r., Kak MBI yie oTMe-
THAK BHIUIE, 9J€KTPOMArHUTHAH TEOPHS CBETA 3HAYHTEALHO 3BOJIONHU-
HASHPOBAJA TEOPHIO MaTepHaAbHOTO adupa, a ¥ koHuny XIX B. Teo-
puUM MaTepHaJbHOTO sdupa O HaHeCeH OKOHuaTeabHHIH ynap. Mu
UMeeM B BHJY ONBITHl 0O H3YJEHHIO ONTHAECKHX SIBIEHHH B JABHIKY-
IMAXCA Tesax, npou3senenHsie Malikeapconom u JlopesTieMm, a Tak-
ke paboth DHHIITEliHA N0 ero TCOPHH OTHOCHTEABHOCTH. Y IOMARY-
Thie paGOoTH MPHBENH K CO3LAHHIO TEOPHH abCOMOTHO HEMOIBHKHOTO
sapupa, T. €. a(pupa, JHIIEHHOrO BCAKOro (PH3HYECKOr0 COHNEpIKAHHA.
Hrak ¢ mopakeHHeM TeOpHH MATepHaJbHOIO 3(upa CBETOBHIE KO-
neGaHus NPUIAOCH MBICAUTh B MyCTOTE, 6€3 BCAKOro MaTepHaIbHOTO
HOCHTEJISL. ;

K magany XX B. Ha OCHOBaHHH HOBBLIX (DAKTOB B3IJAJ] HA IPH-
pony cBera 3HAYHTEALHO H3MEHH/Cs: BOJHOBAaA TPAaKTOBKA cBeTa Oblaa
NOCTaBJeHa MOJA COMHEHHMEM, W Ha CUEHY NOSBHJI4Ch COBEDIIEHHO
‘HOBas TEOpPHA NPHPOALI CBETA—TCOPHA KBAHTOB. /

Teopun kBaHTOB mNpedmIecTBOBaJa BecbMa Goapmas pafora mo
H3yYeHHI0 pacnmpe/iefleHHs 3HePrHH B CHEKTpPe, TaK Ha3bIBAeMOro
YePHOTO HBJYyUYeHHS.

B 1900 r. M. IMaaax oxoHYaTeAbHO CHOPMYAMPOBaA CBOH 3aKOH
Ay4eucnyckanus B CAeLYIONEeM BH/E: Jy4YHCTas SHEpPras HCmycka-
€TCH H MOoraouiaeTcs OnpenefeHHbIMA LEHTPaMH Jy4YeHCnyCKaHHs.
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LlentpamMu ucoyckanus M noraomesus AYYHCTOR SHEPruM SBJAAIOTCS
4TOMBL ¥ MO/IEKY/1bl. JlasbHeRinee pa3sBHTHE THNOTE35 CBETOBLIX KBAH-
TOB HaunHAeTCA C onyGaukoBauHO# B 1905 r. paGoru OftHUITeHHA
O KBaHTax sHeprud. Ha ocHoBamuu pajga mccaeposanmit DiHmTel
NPHIIEN K 3aK/IIOYEHHIO, YTO ONpENe/NeHHbli HCTOYHHK CBETA MO-
WET HCNYCKaTb MM NOrJIOIATh SHEPrHi0 TOJBKO B KOJIH4ecTBax,
BCErAa PpaBHBIX /v, rae h—nocTosenan [l1aHKa, OXMHAKOBAS aas
BCEX HCTOUHHKOB CBETA, W V—U4ACTOTA KOAEGAHHST MCTOYHMKA. B KO-
HEYHOM HTOIE KaK yNOMSHYTAas pabora Bfinmreiina, tak u pa-
6OTH JIPYrHX YYEHLIX NPHRENH K BEIBOAY, YTO HCNYCKAaHHE aTOMOM
H/IH MOMIEKYJIOR 3HEPruH—IpoIece NPEPHIBHLIA, NPOTEKAOMHHE, KaK
B3DBIB.

Yxasannoe u nocayxuao nag laanka OCHOBaHHeM chopMmyMpoBaTE
CBOIO TEODHIO KBAHTOB, NPHBOJIUMYIO 3/€Ch B chaenymouei pemak-
UHH, 3aMMCTBOBAHHOW HaMu u3 Kuurm O. JI. XBoabcona » PH3HKZ
HaWMX nuei“:  Jlyyucras SHEPrAs UCMYCKAETCH W MOTrJAOINAETCS] He
HenpepbiBHOA cTpyei (kak 06 sTom Aymann po ITnanka—B. I1.), Ho
OTIEAbHBIMH KOJAHYECTBAMH BMOJHE onpejsedeHHOM BENHYMHDBI, KaK
OBl OTACABHBIMH NOPUHAMHM HWAH Kamismy. 3T OTAEAbHBIE KOAH-
YE€CTBa, KOTOPHE NO AHANOIMH MOXKHO Ha3BaTh ATOMAMH AYYNCTOR
SHEPrHH, HASHIBAIOTCH KBaHTaMU“.

Beanunna xBaura Momer GHITH BLIDAXEHA Tak:

=i

A€, KaK BUIHO, KBAHT 34BHCHT OT PO AyYa, C/1e/10BATEALHO KBAHT npo-

TOpuMOHa/Ien wacToTe KaneGaumii—v. Cosepurenso OYEBHIHO, YTO
BEIHHHHA KBAHTA OGPATHO NPONOPUMOHANBLHA ANHHE BOJHL M 4TO
1I03TOMY C yMEnbILEHHEN h KBaHTH BO3pacTawT. Taxum o6pasom
NON BEJHYMHOM KBAHTA 'CJACAyeT MOHMUMATH onpeae/ieHHOe KOJu-
HECTBO SHEPrHH, KOTOPOE B KaKOH-AMGO MOMeHT BPEMEHH Cpasy
BbIOpACHIBACTCSH WM MOrAOIAETCH ATOMOM HIH MOJEKYN0H.

B Hacrosmee Bpems TeopeTHueckas gacth ONTHKH BCE @Iie HaXo-
ARTCH B HEKOTOPOM MEPEXOAHOM COCTOSHHH. JIas Bechbma 60ABILIOH
TPYNnhl sABI€HUA, UMEIOUIMX MECTO KaK B TEOMETPHUECKON, TaKk H B
(DH3HYECKOA ONTHKE, MLl HAXOAHM HCHUEPNEIBAIONIHE OGBbsCHEHHS C
TO4KH 3PCHHA OCHOB KJ4CCHYECKOH BOJHOBOI Teopuu ceera. Ogn-
HAKO B LEAOM pAAE NEHACTBHA cBera ua MaTepHio (Qoroxumus) u B
nponeccax BOSHHKHOBEHHS CBeTa (cmexTpockonus) met O0HapyxKH-
BACM sIBJEHHA, OGBACHEHHE KOTOPHIX BO3BMOXHO TOJALKO HA OCHOBE
YUCHHA O KBaHTAax.

Bosnosas teopus me morsa Hay4HO OCBACHATH PeaKuHio reficT-
BUS Ha (pororpadpaueckyio NIACTUHKY Jy4eld KOPOTKOH ANHHEI BOJ-

HEH, 3 TaKXe OTCYTCTBHE PEaKuMH IAs ayuelt ¢ A7 800A. C TOYKH
KE SPEHHA CBETOBHX KBaHTOB 3T0 ABJEHHE OOBACHFETCH TOYHO K
HEOCIOPHMO.

Kax Ham yxke M3BeCcTHO, (JOTOXHMUUECKAH DEAKUHS MOKET HMeTh
MECTO TOJBKO B CAyuYae NOTJOLIeHHs AaHHHM BeIleCTBOM Jy4HCTOR
sxepruu. [1o sakony DiHLITEHHA, MPHAOXKHBIIETO KBAHTOBYI0 TEOPHIO
cseta K (hOTOXHMHYECKHM SIBJCHHUSAM, KaX10MY MOIVIOWEHHOMY KBAHTY
SHEPTHH COOTBETCTE'_YET 3JlIeMeHTapHas XHMHYecCKas peaxuﬁna, T €.
Ha KakAyl0 MONeKyJay, Y4acTBYIOUIYyI B (OToXHMHUECKO peéx-
MM, MPUXOAHUTCA OAMH KBAHT NOIVIOILEHHOH ayuuctoft sueprau. Co-
rJ1aCHO yYKa3aHHOMY 3aKOHY, KaXJIOMY NOIJIONIEHHOMY KBaHTy 3Hep-
I'MH COOTBETCTBYET pacnmal OAHOH OpOMOCEpeOpAHOH MOMEKYJIBl C
ocBoO0x 1eHHeM ojHOro aroma cepebpa, CaenosarennHo doroxu-
MHYeCKOe SBIEHHE NPOMCXOAHUT TEM HHTEHCHBHee, yeM GoJbiue Be-
JHYHHA KBaHTa £ = /v, BLIpAXKEHHOrO B 3prax, a BeJHUHHA KBaHTA,
KaK MBI BH/JEJH BhIIE, 3aBHCHT OT YacTOTH KojaclGaHHA V.

2. PacnpocTpaHeHue
NY4YUCTON SHEpruu

VcaoBuMca MOHUMAaTh NPHPOAY PacHpOCTPaHEHHs JYYHCTOH 3HEp-
U} Kak KoJe0aHHA 3A€KTPOMAarHHTHOIO XapakTepa, NpPOMCXOASIIHE
B HAanpasjeHHd, NEPNEHAUKYASPHOM JABHXEHHIO cBeta. CKOpOCTH
pacnpocTpaHerus cBeTa B nycrore moctosiHHA (3 : 10° kamtjcex) u ue
3aBHCHT OT POJa JAyd4a; B NDOCTPAHCTBE K€, CO/NepKAalleM MaTEpHio,
CKOPOCTh CBET4 SaBHCHT HE TOJBKO OT CBOMACTBA CpEXHl, HO W OT
poaa Jayua. "

CBeTOBHM Jy4OM Mbl Ha3hlBaeM NPAMYIO JHHHIO, BAOAbL KOTOPOMH
pacnpocTpansercs cser. COBOKyNHOCTh CBETOBBIX Jyueil aaer cse-
TOBOH NMYYOK, KOTOPHIH MOXKET ObITh [1dPaNJIeAbHbIM, PACXOASIIAMCH
uan cxoasmumcst. Ha puc. 1 nsobpaxkesn nydox 0apajeNbHEIX Jy-
qelf, HAYUIHX B BHAE MNJOCKHX BOJAH OT OECKOHEYHOH yJaJeHHOH
ceersmeficss Touku. Ha puc. 2 paHm: c/1eBa—nyqoK pacxoisuinxcs
OT¢IIEHTPA Jyuell M cnpaBa—OydoK CXOJAUIHXCA K HEHTPY Ayded.
JTH " JIy4H HMCXOJAAT OT CBETHLIEHCH TOUKHM (AeHCTBUTENLHOH HIH
MHHMO#H), HaxOaflelicA HA KOHEYHOM PAcCTOSHMY, NDHYEM OHH HAYT
y¥e B BHJe CpepHHecKHX, 2 HE IJIOCKHX BOJH.

[TpaMoannefinoe pacIpoOCTPaHEHHE JYYHCTOH SHEPIUH NONTBEPK-
AaeTcs TEeM, YTO, MOMELasds HEeNpoSPayHOe TeJ0 MexAy HCTOUHHKOM
CBETa M HAlIHM I'Ia30M Ha OZHOH C HMMHU NPAMON, MBL He YBHIMM
HCTOYHHKA. DTHUM NPAMEpOM OOBACHAETCH BCEM M3BECTHOE SIBJEHHE
nony4eHHss u300paKeHus B TAK HA3LIBaeMoll kamepe-o6CKypa, mpen-
CTaBJIEHHOA Ha pHC. 3.

B raxo#t kamepe noaywaercs COBEPUIEHHO TOYHOE (B OTHOLIEHWH
macmraba) nsobparkenne NPEAMCTA BCACACTBHC DPAMOIHHEHHOrO
PacupocTpaHeHHs CBeTa OT paSJIPI'Ig.HX ToueK 00LeKra.

Heo6xoiuM0 Bce ke OTMETHTDb,® UTO NpPH OYEHb MaJbX OTBEp-
CTHSX NPOXOAAIIHE JYYH TEpHAIOT NPSMOJHHERHOCTb, 00pa3ys ABJE-
HHE, HasnBaeMmoe aAHppaxiKed, o ueM moApoGHee Oyaer CKasaHO
HHKeE. :



Puc. 3. Pyc. 4.

[TpuBeneM ABa OCHOBHBIX 3aKOHA PacnpocTpaHeHHdss CBera: nep--

BbIfl 8aKOH yTBEPKJAAeT, YTO B OAHOPOAHOH Cpele ayuucTas SHep-
THA pacnpoCTpaHfercs APAMOJHHEAHO, a BTOPOH OCHOBHOR 3aKOH
COCTOHT B NOJATBEPKJCHHH HE3ABHUCHMOrO pacnpoCTpaHewus Jy-
4ed, T. . TaKOro MOpPAAKA HX NPOXOKIEHHS, KOT/d PasAuduble Jyqu
B PasinYuHbIX HaNpas/ACHHAX pacNpOCTPAaHRIOTCS, HE Meluas Apyr
apyry.

OCTaHOBUMCA HECKONBKO HA HEKOTODHX SBICHHUAX, 11POHCK@ISIINK
HIpH pacnpoCTPaHEHHH JIYYUCTOH SHEPIHH B NPO3paqyHOil cpene. Bes-
Kas cpena, kax Obl OHa HH Gblia MPO3payHa, MONIOMIAET YACTh pac-
TPOCTPAHAIOWEACT B HEH JYUHCTO!U SHEPryH, Ipeobpasys ee B Temfo-
BYI0 MM XuMmuYeckyio. Kpome Toro HeKoTOpHE COpPTa ONTHYECKOTrO
CTEK/d, H3 KOTOPOIrO H3roToBafloTCA GoTorpadruueckue 00BLeKTHEE,
MMEIOT CKJIOHHOCTbh HE TOJbKO MOTJAOMIATL JYYHCTYIO 3HEPTHIO, HO
M pacceuBaTh 4aCTh €€ B pasHnie cTopoHnl (auddysus). YU nocnen-
HEE, YTO CJELYET OTMETHTh, 370 BOSMOXHOCTH HEKOTOPO#H dayopec-
HeHUUH H (QochopecueHuuy B ONPEneACHHEX COPTax ONTHYECKOro
CTEKJ1Aa NPH NPOXOKIEHWH B HHX CBETOBBIX Jy4ef.

3. 3aHoHk
oTpameHun
O7Tpajiedne OT NAOCKOW NOBBPXHOCTH

Ecan va nyTtw najaomero cBETOBOrO Ay4a NOMECTHTH MOA HEKO-
TOPHM YIJOM KYCOK INMIOCKOr® CTEKJa C XOpOIIO NOJMPOBAHHOM
NOBEPXHOCTLIO (3epKANBHOE CTEK0), TO YACTH CBETa NPOHAET CTEKJI0
4acTh GyAer MorJomeHa CTEeKAOM, HO 60/bIIaf YacTh OTPA3UTCH OT
MOJHPOBAHHOH MOBEPXHOCTH.

PaccmoTrpuM npocrefiiufi caydaii OTpaxeHHs MNapaiie]bHOro
nyuka Jaydefi oT maockoro 3sepkana. Ha puc. 4 PP—n0oBepXHOCTb
IJIOCKOrO 3epKajia, Ha KOTOPYIO najaeT mapaanenbHufi ayu SO; or-
pasWBIIACH OT 3epxana PP, jy4 MOAJET MO HAmPaBIEHHIO 0S'. llu-
uusg NO, nepnesIuKyasipHas NAOCKOCTH PP, HasbiBaeTcs HOPMAIBIO.
Yron SON—yroa nagenusi, ofo3nauennnii 6yxsoit #; yroa NOS
HASLIBAETCA YTAOM OTPakenus U o603HaueH Gyksoi i'. Jlasg sepraib-
HOTO OTPAXKEHHS MMEEeM CJAeIYIOmui 3aKOH: JydY RNajalolHH, HOp-
Majib H JyY OTpameHHbIA HAXOASNTCA B OJHOH MJOCKOCTH; Yroua
naneHHs i paseH yray otpawenus i'. Beuay toro, uT0 najamnuipe
A OTpaXKEeHHBIE JYUH HAXOAATCH HA MPOTHBOMOJONKHEIX CTOPOHAX
OT HOPMaJH, IPH PABEHETBE i—i’ abCcoJAKTHHEE BEAWYHHE NPOTHBO-
TIOJIOKHEL [0 3HAKY. i

PaccMOTpHM cayHail OTpaiKeHHs PACXOJALIEroCs Nyuka JayueH
(pHc. 5). .

Jlyuu TAKOrO NyuKa, BHIXOASLIME W3 TOYKH S, 0O NPUBEAEHHOMY
BHIIE 3aKOHY OTPANKEeHHs, NOALYT OT MJIOCKOro 3epkaza Mo Hampas-
aenaaM 0;S,, 0,8, n 0,5;. Tlpogo/mkas NyHKTHPOM HanpaBAeHHe
OTpaMKEHHHIX Jyyefl, HalileM UX mepeceyeHne B TOUKe S'; 3Ta TOYKA
ABAAETCH MHHMBIM H306paxenHeM TOukH S. CoBepuUIeHHO OYEBHIHO,
410 orpesok SN pasen NS’, cAeNOBATENbHO pAacCTOAHHE MO3aAU
3epkaad 10 TOYKH S’ Ha HOPMAaJH OAMHAKOBO C PAcCTOsHHEM /IO HAXO-
aswefica mepej sepkanoMm Touku S. Inasy mHabGalojarens, CMOTps-
uiero B 3epkano, Gyaer KasaThCd, YTO OH BHAHMT B S’ cBeTAILyOCH
TOYKY, PEanAbHO HE CYIIECTBYIOMYIO.

Tak kak B GOJBLIIHHCTBE CJAYYaeB CTEKJIAHHAA INJACTHHKA BCerja
OrpaHdyeHd JBYMS OTPaKAIONIMMH MNOBEPXHOCTAMH, TO OTPAKEHHE
6yzerT NPOHMCXOIMTh KaK OT NEPENHeH, Tak H OT 3aJHeill NOoBepx-
uwocTH. Pasymeercs, B c/lydae 3epKana MakCHUMyM OTPAaXKEHHHIX Jy-
yefl moOJAYYHM OT nocaenHefi—nocepe6peHHON NOBEPXHOCTH, HO H
nepBas MOBEPXHOCTh 3epkana jaact caaboe msobpaxenue. [locaen-
Hee OOCTOATEALCTBO 3aCTABJAAET I110JB30BAThCA B HEKOTOPHX CIy-
YyasX 3epKaloM ¢ IocepeOpeHHOH nepejHell MOBEPXHOCTHIO JJS I10-
Ay4eHHuss TOJABKO OJHOrO H300paxeHud.

Xopomo OTNOJIHPOBAHHOE 3€PKAA0 C TOYHOH MNJOCKOCTHIO Jaer
COBEPIIEHHO NMPABHILHOE H300PadXKeHHE C HEKOTOPLIM ,,00paluenunemM”,
3aKA0Y9AI0IMMMCH B TOM, 4TO J€Bas CTOpOoHa 00beKTa H300paxaercs
MJOCKHM 3€pKaJOM KAaK IpaBas, H ofpaTHO (OpH mnapalleNbHOCTH
3epkasa MIAOCKOCTH O0BEKTa).

OTpameHue oT cepU4ecHol NOBEPXHOCTH

3axKoHH OTpa)KeHHs OT NJOCKOrO 3epKana NPUMEHHMH H K Ce-
pPHYECKOTl MOBEPXHOCTH, €C/IH B3ATh HA CHEPHYECKOH MOBEPXHOCTH
OYEHb MaJyi0 MJOMIAJAKY W TPHHATH ee 3a mAoCKocTb. O4eBHIHO,
9TC-HOPMaJbi0 K TAKOW MajoH nAollagKe HABAACTCI PaaHyC KPH-
BH3HHI 1aHHOH CepHYecKoii NMOBEPXHOCTH.
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Ha puc. 6 naso nocrpoenne OTPANKEHHOrO Jy4a OT BOTHYTOrO
sepkana. Jlyu SO, napaanenbubit ocu MM’ cheprueckolt mosepx-
HocTH ¢ uesrpom N, nazaer mon HEKOTOPLEIM YIJIOM I K HOpMaJu
(¢ mamem cayuae— paaumycy cdeprueckofi nosepxmoctn) ON =
oTpamaercss TOA yraoM # no xanpaeaenmio OS8'. Jlomyctum, yto
yrosa i BecbMa Maa (6yaem DOAL30BATHCHA TapaKCuaabHEIME-—HY Te=
BBIMH JyuamH), T. e. Ayd SO uger 06au3k0 k ocw MM’ B Takom
cayqae ayra OM' 6yner pasHa nNEpPNeHAMKYAspYy, QUYIIEHHOMY H3
toukH O Ha ock MM’. OGo3nayas paccTOsSHME OT BePIIMHEI NOBEPX-
HOCTH 3epkana jao cseTsmeiica ToukH SM’ =S, paccrosaue oT
BEPUIMHE NOBEPXHOCTH 3ePKasia 10 H300paMeHUs CBETAINENCA TOUKH—
S’M'=3Y’" u paccroguue ON = 7, nocse HEKOTOPHIX UPEOGPa30BaAHMIL
TOJTYUYMM H3BeCTHYIO dopMmymay

1 1 2
T F I @y

1 CnpasenanBocts s70i GopMyaH, xak u hopmynw (4) HerpyiHo npopepuTs.
Of6o3nasus Yepes /i BenMYHHY LEPHEHAMKYASPa, ONYLIEHHOro 3 Touka O Ha oCh
MM’ (puc. &) Oymem HMeTh:

I

== i

o7
h
SJ
h gy
Aoy L 28
==

=14 U

3aMeHHB TAHTEHC YriOM (N0 MajocTH ¥T70B), HOTyuHM:
U4-U=2¢

= Sf=

g=0U-—+8

lMopcrapass 3Ha4eHHE TaHIE€HCOB B 3HAYEHHE YraoB, HMEeem:

.

S i P
HAH ! y “
“S_+_S"':T
Ypasnenue (4) nepexoiHT B YKazaHHOE BHIUE, CAH NOTOKHTH, 4TO
S_—.f'-i-:u
H
S'=f 4=
OTKYAA
g 2!
8 TF=
H
1 (g |
. A=y
3mavenne ' u ', @ u @' cvmorpn Ha c1p, 36 dopuyaw (32), (33) u (34).
12 F

Puc. 6.

Puc. 7. Pic. 8.

ee  u306pameHud U
CBA3HBAIONIYIO PACCTOSHHE CBETAUIEHCH TOUKH, ¢
pPaKMyC KPHBUSHE chepHueckoil MOBEPXHOCTH (BPEMEHHO MHI omyc
KaeM NpaBHIO 3HAKOB mas S, S’ u r). Tak kag B paccuorpeng_(lnj
pamMu pHc.6 csersulas TOUYKA HAXOAMTCA B 6eCKOHEYHOCTH, TO & =
—oo; TOrAa % 6yner pasuo Hymo, u dopmyaa (1) OpHMeT cie-
IyoMuA BH 1 9

TR g 2)
T(-mxa S’ uasuBaetcd (oKycom CiepuyecKOd NOBEPXHOCTH, a

paccrosinne M'S’— (POKYCHbIM PacCTORHHEM, ofo3HauyaeMbIM OyK-
BOIO f; CAEAOBATENLHO '

S'=/=5" @)

C-
[Mocaeauee ypasuenne (3) MOATBEPMKAAET, HTO thokycHoe pa
cTosinue CepHyecKoro 3epKala paBHO INOJOBHHE palHyca Kpu-
BH3HBI; TOI'Ad: L 5

1 s 4
TR o
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Popmyaa (1) maer npeacTABIEHHE O BO3MOXHOCTH NepeCTaHOBKH
TOYek S u S, 7. €. TouKa S MOMET HAXOAMTBCA B S, W 06paTHO
O;rc_ro,u_a caenyer, uro S'—gokyc Toukn S, BBMAY wero Touxn S u
S’ nasuBalorca CONDSIKEHHBIME TOYKAMH,

B nawewm cayuae Bormyroro 3epkana (puc. 6) Touka S’ apasercs
dokycom chepuueckoi NOBEDXHOCTH 3€DKa/id; NOMECTHB CJeN0Ba-
TeJbHO B (OKyCe BOTHYTOro 3epxans CBeTAIIYI0 TOUKy S, H306pa-
XKEeHHE ee S’ MH NOJYYHM B GECKOHEYHOCTH. ; 4

Pacemotpaym orpaxenne or BLINYKJAOrO 3epkanaa (pmc. 7). Anano-
DHHO OTPAMEHHIO Jyda OT BOTHYTOrO 3epKana napanaenabHLHR OCH
MM’ ayu SO, napaiomudl na BEINYKAYIO CHEPHYECKYIO MOBEPXHOCTE
OTPa3HTCA B HanpaBaeHHu OS. i :

Bhinyknoe aepkano naer npsmoe, muumoe u YMeHblIeHHOe H30-

OpaxeHue, Torga Kax Bor
OrHYTO€ 3epKajio gaetT o6paTH .
TelbHOE H300pawenne 06beKTa. 2 i

4. MNpenomnenue
ceeTa

HpHMOJIHHEiEHOE PacnpocTpaneHne CBeTa RMEET MECTO TOJAbKO
B OXHoponHoM cpene. Ilpm mepexonme xe u3 onuoft cpenasl ompe-
ACIEHHOM TVIOTHOCTH B CPeAy ApPYro#l MIOTHOCTH CBETOBON g
OTKJIOHACTCS OT CBOETO HANDPABACHHS, T. €. NMPENOMAACTO. 3
Holgaa puc. 8£P—r101§-ep1m0cr£., Pa3nensioasg ABe PAasHLe MO OJ0T-

TH Cpel—n u n’; ayu SO, npoXons cpeny n, BCTpEYaeT mioc-
KYio TpaHuuy pasnena cpeist n' H npeaoMasercs. Yros SON Haspi-
BAETC5 yIVIOM DaNeHHs M 06OSHAueH GykBoii /5 yroa S'ON’—yron
MEMAY HODMAABI0 H NPENOMJEHHHM Jy4oM—0G03HAYEH OyKEOID
" gasuaaerca YIVIOM OpexoMAeHus. ' N

aKOH T ( y
s, PEJIOMIEHNST MOXKeT OhiTh cHOPMYyAMPOBAH B CAEAYIOHEM

1. Jlys napawownifi, no
i ’ PMalJib B TOYKe najeHus M yq .
NEHHbIA JeXaT B ONHONH MAOCKOCTH. ay4. npeaom

g 2 OT‘EIOI.HEHHe CHHYyCA yraa najeHds i K CHHyCy yria npeaom-
CHHA i —CCTb BEJMYHHA NOCTOSHHAA, PaBHAdA OTHOWIEHHIO “CKO=

pocTelt pacnpocTpaienus
poi l:penax_p P AYHHCTOR SHepruu B OepBOd H BO BTO-

OTO OTHOWIEHHE W HA3LIBAETCH KO3(DHIHEHTOM NpPeJOMACHHS 7
sind "V,
siadi v gV (5)

rae V; B V,—CKOpPOCTH pacnpoCTpaHEeHus .
BTOPO# cpea. Pacipacip BOJH AJ8 NEpBoH u

B paccmoTpensom mamu Caydae mnpeaomaenus (puc. 8) coraacuo

14

sagoHy CHennmyca MOXHO BHIBECTH CJAeAyIOUIYI0 #pocryio dop-
o ks By, 9
nsini=n'sin#’. (6)

Ecau cumrath, uTO mepsad cpeja B HGJEM NpUMepe—BO3YyX, TO
s e (151" J

sini=n'sini’ ()
HJIH i
e sin £ \
W sin'#’ ®)

lNokasarenb mpeloMieHus NaHHOH cpein MO OTHOWEHH® K my-
crote (,BO3AYXY") Ha3buigaeTcs a0CONOTHHIM NOKa3aTeleM NpeiomM=-
JeHus cpenbl, 0003HayaeMbiM OyKBOR 7.

Taxum ob6pasoM, 0000ias HAIIH PACCYMKNEHHH, BEIBOIUM, UYTO NO-
KasaTeJem NpeaoMJeHHs 2 cyuTaeTcs oOparTHas BeJHYHHA OTHO-
mieHusi CKOPOCTH CBeTa B OJHOf Cpeje K CKOPOCTH CBeTa B APyro#
cpene, MPUHATOR 32 exuHMLY (BO3AYX).

‘CaenoBarelnbHO, 3HAdA 2, MOMXKHO ONpPEReIHThL CKOPOCTHL CBeTa
B JIAHHOH Cpeje. )

Ha oceoBarun Qopmyant (6) MOXHO BHIBECTH CJeAylollee 3aKJI0-
UYeHHe: ecJM MO0Ka3aTeJs NpeJOMAEHHS I—TepBoH CpeAr MeHbLIe
noxasaTeas NpPeJOMJEHHS n'—BTOPOH CpeAH, TO yroa naneHus i
peeraa OoJblle yraa npenaomiaenus i’; ecaH ke n>n’, T0 i <il.
B cuay #n3nokeHHOro M3 ynoMmsHyTtoll Gdopmyan (6) BHBOAWTCH
TAKKE H 3aKOH oﬁpammot:'m CBETOBOTO JayHua,

ITepefineM Temepbr K PacCMOTPEHHIO CAy4as NpeAOMAeHHs CBeTa
npH NpOXOMIEHHH Yepe3 MAOCKONAPANNENbHYI0 NAACTHHKY.

Ha puc. 9 ayu SO nanaer u3 BO3AyXa HA TEpPBY TPaHULY naa-
crurkd PP, noj yriaoMm i; mpeloMyBHINCH B Touke O, 1y4 B CTEKIE,
nprbamKkasce ¥ nepnengukyaspy N/, umeer yron mnpenomaenus i
Jlaree ay4 majaer B CTEKAe Ha BTOPYH TPaBHIY NAaCTHHKE P,P,
B Touke O, ¥ TaKk Kaxk mMAOCKOCTH PP, u P,P, napaaieibHsl, TO
yroa nanaeamy pasen i'=i,’. [Iperepnes npejiom/jeHue NpH BBIXONE
M8 CTeKJla B BO3AYX, AyY YAaJsAeTcs OT NepueHAHKy/aapa B Hanpas-
nenun S’. Tlo 3axkoHy OOGpaTHMOCTH yroa i'; npesomJesus B Bo3ayxe
ayua O'S’ paBeH HavaJLHOMY YTy DajeHus /; BCAeACTBHE 3TOro
AyY, NOPOMWEAmnH CKBO3b IJMOCKONAPaNJIenbHYI IMIAaCTHHKY, He
MEHsIeT CBOEr0 HalpasjeHHd, @ TOJIbKO CMellaeTcs HECKOJLKO B CTO-
DOHY.

Beinunny CMeIIEHHss ¢ MOXKHO ONpeReauTs caejywoumed ¢op-
MYJZ0i#:

- - 3
¢ SR U ©9)
cosi

15



;ﬂiadﬁ——ronmﬂﬂa naactuaku. Ms ¢opmyns suamo, uto CMel[eHHe
y YAET TeM 3HAYUTENbHEEe, YeM TOJIIE NJIACTHHKA H 6
yroa nagesus i. 2 i

5. llucnepcua”
ceeTta

cagr?nﬁc?rgw:ffe cgera men)ﬁﬂ* NOHUMATE SABIEHHE pA3NOKEHHA
JMoMAeHHH. H3yuenne sipaenus
JIHTCS K H3YUEHHIO COCO6O0B H pes S e
YALTATOB HCCAEAOBAHHUS
CIOXKHBIX NYYKOB JYYHCTOH 3HEPrHHU b
ngmﬂ et oy Pruy, COAepHAIHX JYYH PasauvIHOM
TOMY BOMPOCY NOCBSAIIEH che
HHAJbHBIH
: Bﬂ;ﬂlﬂﬁ CHEKTPOCKOMAEH, e e e
o5 :;;ug;g:ga;n;ﬁp:c NPETOMJIEHHA CBeTd, MEl HMEJH NeJ0 Co
OJIHEBl, T. €. MOHOXPOMATHYEC B
TeJBHOCTH K€ TAK HA3BLIBAEMEIH 0§ it i s
. eJIBl i -
aaEpaanux g s CBET ' SABAACTCH COCTaBHHM
at ;.r:{np arilyqqogpg;piﬁ;?ﬁuux Jy4eil MPONMYCTHTh B TEMHYIO KOMHATY
€ OTBEpPCTHE, TO HA 3K
(cp%rmoe 6es10e NATHO. ¥ il Rl o
o cc.rr;;g;xﬁ Had NyTH XOna Jy4ed MNOCTABHTL CTEKASHHYI TPH3IMY
i i n:::li;aémrh napanneabHBA CJIOXKHHI MyYOK CBETa Opeso-
; TO MO BHXOAE €ro H3 NPH3MHI, K
HOTO HaM OTKJOHEHHH Jy4ed, [oa ol e
e, Y4HM Ha 3KpaHEe PHJ HAKJAALIBA-
S:;)}r] {ﬁ?py:l‘ éiﬂao.ggyl;:’a uBernu; KPYT/IHX OTBEPCTHH B BHAE BHTAHYTOR
» ¥ KOTOpOH OAHH Kpail '
rofi—@HoNTeTOBEIM. L e i
nga:o:a%ré);néennoe andpaxcenne HA3LIBAETCH CNEKTPOM. 3aMeTHM
_ neiTe uoseToBas YacTh NOJOCH 6 KJIOHeHa
T
np;smoﬁ CHIbHEE, HEXKEJM KpacHad, A i,
g ngmany’mn OOBIT N0Ka3bIBAET, YTO MAAAIOUWMH HA NPU3MY Genbiil
oLl IpH MPEJOMACHHH PAas3/araeTci Ha OTAEABHLIE UBETHHIE JAYYH
i CJIeoBaTeabHO Genbifi CBET He ABJNETCS OAHOPOLAHBIM, HO CO-
ki 1;3 MHOTO4YHCACHHBIX UBETHBIX Jyuell pa3iauHOd JNHHB BOJIHBI.
i Boj:: CKOPOCTh CBeTa yOBIBAET C YMEHBIUEHHEM JAJIHUHBL CBETO-
il uac?& TO OTCia CAEAYET, YTO NOKA3aTeNb NPENOMJEHHUS
i Lyt OpoT, BO3pacCrartbh. JTHM H 00bscHsieTcs 607ee 3HAUU-
chm € OTKJOHEHHE N0 BEIXOJE M3 NPH3MH Jydel (HomeTOBOH
A CIIEKTPA, HEKEeJNH KP4aCHOH, TaK KaK JAyYH MepBoi, HMes
Taxnym Jé.rmny BOMHEL, IPE/OMASAIOTCA MO GOMLIIHM yIIOM,
c'rpam:l‘no Pa30M MH MOXEM YTBEpX 1aTh, YTO CKOPOCTb pacnpo-
i BOR BOJH pa3HoO# pnaMHbl pasjiHYHA H 4YTO, YeM MeHbLue
o e JHB, TEM MelJeHHee €€ pacnpoCTpaHeHHe H TeM Goabiie
b 01::::1 Hﬂpe-‘lOBﬂleHHH. CnesoBaTenbHO AN KakA0# AAHHM
Ta e MPEeJOMAAIOMAn Cpeja HMeeT
3aTe/]H OPEeJOMICHHS, ; AT S
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a3 4YeJOBeKa BHAHMT OTje/bHble [[BETa B CMIEKTPE TOJBKO B omnpe-
nejeHHOM MHTEpBale, B mpejenax CBETOBHIX BOJH nauson ot 0,7685
no 0,400 p. 3a 3THMH NPEleJaMH raa3 yxe HHUEro He BHAHT.

[MpuBenensni WHTEPBAN Pa3AHYHLIX UBETOB COEKTPA IO HpioToRY
COCTOWT M3 CeMH OCHOBHBIX (T/IaBHEIX) 1[BETOB: KPACHOrO, OpaHe-
BOTO, MKEeATOro, 3eAeHOro, roayboro, CHHEro H ¢uoaeroeoro. Ho
TaKkoe JeJeHHe B HACTOMAIee BPEMS CYMTAeTCHd HE COBCEM npaBH/b-
HYIM, TAK KaK HEKOTOpHIE W3 3THX IBETO8 NO/YYHAHCH IyTeM Ha-
10XKeHHsl OJHOro uBeta Ha xpyroft. Takue upera HE HMEIOT A0CTa-
TOYHOH YHMCTOTHI H COYHOCTH H 33aHHMAlOT BecbMa Y3KO€ MECTO
B cnexTpe. Dosee MpaBHABHEM CHUHTACTCH HAenende COEKTPaABLHOM
[10/10CHl HA TPW TJABHHIX 4aCTH, 3 MMEHHO: KPAacHYIO, KEATO-3CICHYIO0
U cHHe-DHOJETOBYN,

OrjenbHBE IBETa CnexkTpa MpHHATO 0003HauaTh MO Ppaysro-
depy OyxBeHHBIMU 0GO8HAYCHHAMH. Huxe naetcsa TaOauna BAAAMOH
r/1A30M YACTH COEKTPa € YKasaHueM /UIMHB BOJHEL, NBETA A OyK-

BeHHOr0 0003HAYEHHS,

Bykeenuoe 0003-
JIAMHA BOJHE B M1 Ueert y sostets
768,5 Kpacuniit 4t
656,3 2 C
589.3 Aearsii D
587,6 ! i
546,1 3encHu i e
486,1 Cunuit ’ F
435,9 # q
434,1 " g
404,7 duoneToBEIH h

B onTHueckoll AETepaType NPHHATO 0003HAYaTh BEJHUHHY MOKa-
3aTeast IPETOMJAcHHsi OYKBOH 1, €CAH HeT CHEUMAJbHOrO Hd T0
yKasadnsi, A8 KeaToro Jayqa D (589,3). Korna cunraior HeOOXO-
IUMEM JATh 1 A8 APYroro Ayua, To k Oykse f L06aBAAI0T OyKBeH-
Hoe ofo3nauenue nsera mo Ppaysrodepy; Tak 1, HaAO OTHECTH
K CHHEMY JAydy € AMHHOW 434,1 Jrp.

PasHoCTh HOKA3aTeA il NPeJOMACHAs A7 KPalfHUX JUHUN CHeKTpa
A’ (xpacmas) B k (Puonerosas) HaSHBACTCH noauofl aucnepcuei;
pasHOCTL MOKaiaTeaeil as AHHHH F u C nasnpaeTcs cpenHefl amc-
nepcuel; pasHoCTh ke noxasateseit 4as J0060# MApH HHBX AHHHA
CnexTpa HOCHT HA3BAHHE YACTHOM NHCNEPCHY. |

[pexnonoxuM, 4TO B NPEACTaBAEHHOH HA pHC. 10 mpusme mOKa-
1,51385, n, = 1,51633 u n,, —1,52623.

3aTend npeJOMJAEHHS AJS 1, =
Torja wactHas ANCHEPCHS MEXKAY 7y, — 7, OyJAeT paBHA 0,01238.
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6. CeeToBO#H NMOTOH, OCBELIEHHOCTS,
APHOCTbL W CUNa cBeTa

YToGH naThe HEKOTOpPOE O6BACHEeHHE AeHCTBHIO (DoTOrpaduyeckoro
OGBeKTHBA HA (POTO3MYJBCHIO, HEAOCTATOUHO BSHATL TOMBKO TeO-
METPHYECKHH XOA CBETOBBLIX JAy4Yel, a HEOOXOJIHMO XaK-TO KOJH-
:::;iéﬂno OLEHHTH leq}fCTy}o SHEPruI0, NPOXOAALIYI0 Yepe3 00b-

[lycte rae-Hubyib HA OYTH JABHXKEHHS! JYYHCTOH sHepruu Gymer
nomemer ¢oTorpaduyeckuit annapar, y KOTOporo Ha Mecro doto-
NAaCTHHKH yCTAHOBJEH YePHHIH SKpaH, MOTAOLIAIOMHE BCIO Naxamo-
MYyI10 Ha HEro JY4YHCTYIO SHEPTHI M NpPeoGpasyiolidil ee B TEMJA0-
Byio. Ec/im MH Tenepb OTKPOEM OOBLEKTHB, TO MOXHO OyHeT ompe-
AEMHTE KOJHYECTBO JYYHCTOH SHEpruH, najaiomel Ha YepHEIH SKpaH
33 KAKOH-HHOYAL OTPE3OK BPEMEHH W BHIDAKEHHHI B KaZopHax
HaH poxoyasx. Jlnadparmupys mHam o6nekTHB, yGemumcs, uTo, yem
Goabme Oyaer auadparma, Tem G6oabliee KOTHUECTBO .rlyq;lcmﬁ
sHeprud OYAET nazarhb Ha SKPaH M TeM GO/bIIEe KOAMYECTBO Ka-
JIODHA MBEl HOJYYHM. l

KosmuecTso ayuncroi sueprum, npoxoAsuiesl yepes BCI0 PaccMaTpH-
BAaEMVIO 1JIOIdAb B 1 CeK., Ha3WBAeTCH CBETOBLIM TIOTOKOM H 060-
aHauaercs F.

3a eAuHELY CBETOBOrO MOTOKA mpuumMaercs miomen L. Jliomen—
CBETOBOM TNOTOK, MCOYyCKaeMHH C MOCTOSHHON BO BCEX Hampasie-
;?ﬁ: CHJIO¥ CBETa B O[IHY MEXIYHAPOAHYIO CBeuy BHYTDH TEJECHOTO

OGpatuMCcsl Temeps K OCBEUEHHOCTH MOBEPXHOCTH. I;IHTepec npen-
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crasaseT TOT CBETOBOi NMOTOK, KOTODHIA MajfaeT Ha AaHHYIO NOBEpPX-
HOCTh M €€ OCBeMIaer:

[MposeseM jABe KOHUEHTPHYHHX IIAPOBHX MOBEPXHOCTH (puc. 11)
c pajMycaMu r, M r, W3 LEHTPa TOUEYHOro MCTOUHHKA CBET2; TOrAaA
TEeAECHHA YroJ © BHPEXKET H3 HHX OJOWAAM wry H Wrj,

B cayuae cperoBoro noroka F BHYTPH TeJeCHOTO yria @ OCBE-
LeHHOCTh O6enx niomanefi 6yJeT COOTBETCTBOBATE!

g i3
El:W H Eg=—tu-;—22—- {10)

Jeasi nBa paBeHcTBa, HAHIEM:
1 1 :
=i 11
£y g ki

Ha OCHOBAHHMH HM3J0XKEHHOTO HAXOAHM, YTO OCBELIEHHOCTH ABYX
NOBEPXHOCTEH, NEPNEHAKRKYAAPHBIX K CBETOBBIM JIyuaM, HCXOASA LIHM
U3 ceersuiefica TOukH, OOpaTHO NPONOPUHHOHANbBEA KBajapaTaMm
paccTOsHM 57MX NOBEPXHOCTEA OT MCTOYHHKA CBETA,

[10J MHTEHCHBHOCTbIO (SPKOCTBIO) CBETA HOHHMAETC HE JAeHCTBH-
TeJbHOE HENOCPEACTBEHHOE OCBENIeHHE CBETOBHIM MYYKOM Kako#-
An60 TNOBEPXHOCTH, 4 CNOCOGHOCTH [JAHHONO my4YKa IPOH3BECTH
OCBEIIeHHOCTh NPH JAEACTBHH HA MOBEPXHOCTh, MPHCHOCOGACHHYIO
Hajlexamum o6pasoM,

Pasymeercs, KaK OCBEUIEHHOCTb £, TaK W MHTEHCHBHOCTb CBETA
ecTh cBeToBO# moTok F, majalomui Ha eMHMIY NAOLIEAH.

Beskoe (uanueckoe H3MEpeHHE CH/JAH CBET2 OCHOBAHO HA 3aKOHE
ocBemienHs HeGOAbWON DAas/Ae]bHOA MIOUAAKH JABYMA DPasJIHIHBIMH
HCTOUHHKAMH CBETA, JyYH KOTOPHX NepueHAHKYJAPHH K STOH na0-
manke. OnMHaxkosasg OCBEUIEHHOCTh TAKOH IIOLIAAKH [OAYYHTCH
B TOM CAyuae, KOrAa KBajpaTh PacCTOAHHA OCOHX HCTOYHHKOB
CBeTa OT OCBemaeMo# maomaikx OyAyT DPsAMO OPONOPHHOHA/ALHH
CHAaM CBeTa HUCTOYHHKOB.

C/e10BATELHO CHJY JAHHOIO MCTOYHHKA CBETA MOXHO H3MEDHTH,
TOMECTHB €ro Ha TAKOM pACCTOAHHH, HTOOH MNPOH3BOAHMMAS WM
OCBelIeHHOCTh COBMANAJa C OCBELIEHHOCTLIO, NPOK3BOAMUMON IDYTHM
HOPMaAbHLIM MCTOYHHKOM CBETd, CiJa KOTOpOro TNpHHATA 33 €M~
HHILY. .

Cayxamue A/ 5TOH LeMH CHEUHAJbHLE npubopsl HasLIBAIOTCA
doTomerpamn, a caM npouecc H3MepeHHA—(pOTOMETPHPOBAHHEM.



Fnasa Il. SneMeHTbl TEOMETPHYECKOHR ONTHKH

1. OnTHyecHoe
cTeHno

Jlio6oit GOoTO-KHHOOOBEKTHB HMeeT ONTHYECKYI0 CHCTEMY, CO-
CTOALIYI0 U3 ONHOH HMJAH HECKOJbKHX JIHH3, U3TOTOBIEHHHIX H3 ONTH-
YEeCcKOro CTeKna.

OnTuueckoe CTEKJ0 B OTIHYHE OT OOLIKHOBEHHOrO 3€pKaabHOTO
WM OKOHHOTO CTeKJa JAO0/KHO 00/4ajaTh nonHefilmed OAHODPOA-
HOCTBIO, T. €. HMETh ONMHAKOBHIE (DH3HUECKHE CBOACTBA NO BCEM
Hanpas/ieHAAM. M3roros/ienue onTHYECKOro CTEKJNa SBAACTCH OAHOMH
W3 TPyAHEHIIMX 3343y M COCTaBAfeT 0COOyI0 OTPACAb CTEKOJbHOMH
npoMuieHHOCTH. OnTHYECKHE CTEKAa NPOM3BOAATCH Ha Crenu-
anbHBIX 33BOJAX. -

B 3aBHCHMOCTH OT XHMHYECKOro cocrtaBa (B OCHOBHOM UIHXTa CO-
crout u3 Si0,, Zn0O, Mn,0, BaO u np.) onrhueckue crexxaa pascu-
BAlOTCA HAa ABE IJaBHLIE IPYNNE: KPOHH (KPOHriac) — cTeksa ¢ no-
Kasartesem npenomaeHus oT 1,45 no 1,60 u ¢aunTH (paunTriac) —
C MoKasarteneM npeaomiaenus Buime 1,60.

Tak xak IpH pacuere (HOTOOOLEKTHBOB HEOOXOAHM NPEABAPH-
TeAbHBH NOAGOP ONTHYECKHX CTEKOJ C pAa3HBIMH [OKA3aTeasMu
nupesOMJeHHsT H NHCTepCHel, To 1na yA0BJAeTBOPEHHsl 3TOf notpel-
HOCTH CTEKJOBapeHHBIE 3aBONL BHINYCKAIOT OYeHb 60JbINOE KOJHU-
YeCTBO OT/ENbHLIX COPTOB ONTHYECKOro CTexaa ¢ PasHOOOPA3HHEIMH

noKasaTeaaMH IpeJioMJIeHHd M aucnepcuell. B cpemmem mas H3ro-
TOBJIEHHS (POTOrpadHUeCKHX 0OHEKTHBOB HEOOX0AUMO 0K0JI0 20 — 25

Pa3HblX COPTOB ONTHHYECKOID CTEKAAY

B xarasnorax CoOIO3HHIX 3aBOAOB ONTHHECKOro crekaa (Jlenmsoc
n HUsoc)! mbl HaxoguM KO 45 COPTOB OMTHYECKOrO CTEKJa, BhIPa-
6aTeIBAEMOrO JJs H3rOTOB/EHHA JIOOLIX ONTHYECKHX mpHOOpOB.

Coipoe onTHYeckKOe CTEeKJ0 mojnaerca HAa obpabareiBalomue 3a-

BOAK HJAM B OOMBIIEX KYCKaX, KOTOpHle HEOOXOIMMO pa3pesarh Ha

OTHE/JbHbIE €IHHHUHLIE 3aTOTOBKH, HJAM B EIHHMYHHIX 3arOTOBKAX,
YyiXe OTNPECCOBAHHEIX NO JHAMETPY H TOJINMHE. ]
[lpexe ueM CLIpOe ONTHYECKOE CTeKI0, NMPeaHasHayaemoe s

(OoTO00:EKTHBOB, Nepefaercs B Lex A48 o6paboTkH, OHO mNOJBEp-

TaeTCAd TLIATEAbHOMY KOHTDOJK B OTHOLIEHHH COOTBETCTBHA [OKa-
saTead NPeJOMJAEHHA JAaHHOMY COPTYy CTeK/Ja, HaAHYHA CBH/EH,
ny3slpeil, HATAXKEHHS, 4 TAKXKE ero XHMHUYecKo#l CTOAKOCTH.

1 Jlensoc—JleBHHrpancKknil 3aBOA ONTHYECKOro crekia, Maoc—aoMmckuii 3ason
ONTHYECKOrO CIeKia.
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HeoBX0AKMOCTh NOCTORECTBA MOKA3ATE/S TPEIOMICHAT B OLHOM
¥ TOM #e€ COpTe CTekJAa — OueBHIHA. s

Ma! yKe DACCMaTPHBAAH npocrefimuil caysail mpeJoMAeHAS ayua
W yOeRWANCH, UTO €ro Hanpasjeane MOCA® OpeNOMJIEHNs 3aBHCHT
KPOME yIia naaeHHs TaKWKe W OT MOKazaTeld NpeJoMIeHHs CPelkl,
B KOTOPOH Jyu npemoMadeTcH:

1 sin i=n sin &',

Cae0BaTeNbHO OTCTYTMEHHE NOKA3aTEAd NDPEJIOMJGHHS OT HOMH-
Hana, ne KOTOpOMY OuT NDOU3BEAEH PaCHET toT000bEKTHBA, CBHIIIE
OEPEeREHHOr0 JOMYCKa HEBO3MOXKHO.

Pasfepem ZeficTBHE JAPYTHX TOPOKOB B CHIDOM ONTHUCCKOM
cTexae, BAMAIOIMMX B TOH HMAM MHOH CTENEHW HA KAueCTBO dorto-
@OHLEKTUBOB.

Kak 6L XODOWMIO CTEKJO BO BpeMsl BADKH HH NepeMemHBaJIoCh,
BCe ke BCAeACTBEE HEKOTOPO H30AHPOBAHHOCTH OTAENBHBIX KOMIIO-
HEHTOB MIAXTH CO3JAI0TCA YCIOBHA [/ 00DPa30BAHHA HeH0JbLImOro
KOJMYECTBA CTEK/A2, OTJAHYHOTO MO CBOMM (U3HYECKUM CBOHCTBAM
OT obmei MaccH. 4

Takofl yuacTOK CTEKJa BOBJAEKAGTCH BO BPEMsl NEpEMEllHBaHuA
B OGIyI0 MacCcy TOpIIKAa M CO3A2ET HUTEBMIHBIE TMOJOCH, Ha3h-
BaeMBIe ONTHUECKUMH CBUISMH. 2

(OCHOBHLIM HEJOCTATKOM CBHJHM SIBJAAETCS TO, YTO OHA HMEET HHOM
nokasaTenb NPENOMACHHS, HEXeaHW BCH OKpyxawowas ee Cpeia
CcTeK/aa, BCAEACTBHE Yero NpAMOJHHEAHOe pacnpocTpaHeHHE JysHa
8 TAKOM KYyCKE€ CTeK/Ja HAapyMaeTcs. IlosTomy Ha MPOU3BOACTBE
HSOGXOANM OUEHE MEeCTKH#l KOHTPOJL MO OTOOpY CHIPBIX KYCKOB
ONTHUECKOTO CTekJa, HMeromux cBuau, Huxe, B riase LHcnelTaBud
bOTOO6LEKTHBOB, MBL YKaXKeM METOIH HCCHAC]N0BaHHS boroobbex-
THEOB Ha CBHJAH M MX KJacCHHKAIHIO.

IMy3sipu, HaxXOAdAIIMECH B JAHMHA33X (pOTOO6HEKTHBOB, HE YXyMIIAKOT
KauecTBA MOCAEAHAX. EAWHCTBEHHHM HE0CTATKOM MysbIpei sBaseTcs
MX CMOCOGHOCTh OTPAXKATH MAjaionye HA HUX JIYUHd, 4TO, XOTHA H
B HE3HAUMTeJbHOH CTeleHH, yMeHbpUIaeT KOJAHYECTBO JYYHCTOH
SHeprHH, NPOXoAsilell yepes OGLEKTHE.

Ha puc. 12 noxasam Xox Jayueif depea JnH3y, HMEOUIyI0 My-
suph A, [lywox nyweiir S, cBoOOAHO TPOXOMAT Hepes JNH3Y,
Jyuu Xe, OrpaHUuEHHBIE MYuKOM S,, JOHAA A0 TY3EIPS A, 9acTH4YHO
OTPAaXAKTCA OT €ro TepBofi NOBEPXHOCTH, HACTHYHO €e MPOXOAAT
M OTPaXawTcd OT BTOPOH MOBEPXHOCTH MY3HIPA. Taxum 0OO6pasoM
Jepe3 nyssipb B HAMPaBAEHWH JAyya S, MNpOAer kpafiHe Majdbli
NpoueHT Ayueil myuka S,. Hem Goubme GyneT nysuipe, TeM MeHbIIE
Jyueil MpoHAeT Hepes CTEKJO.

BecbMa CymECTBEHHHIM NOPOKOM B ONTHYECKOM CTeK/JE CAEAyeT
CYNTaTL BHYTDEHHEE HATSXKEHHe, NPOHCXOAdllee OT GHCTPOrO X
HepaBHOMEDHOr0 OXJaKACHHS TOPHIKA C KHIKAM CTEKIOM.
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a & 0
Puc. 12. Puc, 13 y
4
Puc. 14, Puc. 15

Harakenue B CTEK/IE TFOBOPHT O TOM, YTO Ma
YTO HMEIOTCH YYACTKH C paagoﬁ momt;mmo, L;-cg.a cﬂgaggiﬁogf}fml
HEHWIMH TNOKA3aTeNns [OPEJOMJICHHS. ®ororpaduueckuit Oﬁ'bE‘.KTHa
H3roTOBJEHHEIH H3 CTeKJa, HMMeOUIero BHYTDEHHee nanpameHHB’
BCAEGACTBHE [BYIOPEJOMJAEMOCTH TAKOro K cTexaa, Oyaer -
He)c(onepmennmm. ChEo R i
apakrep H METOJ HCHLITAHH
A R HHA H3 HATMKEHHE TOTOBHIX (OTO-
Ham ocraerca cKas3aTh HECKOJbKO CAOB O XHMHYECKOH CTOAKOCT
onTHYeckoro creksa. CTexJa0, HeCMOTPA Ha CBOI0 Kax lcncH
yCTOﬁqHBOCTb, BECBMA CIOCOOHO HOTJA0UATh BOOAHKIC MAPHL ﬁugxn;
H YroJbEYIO KHCAOTY H3 Bo3Ayxa. 2ra cnocOOGHOCTE K HOP.:IOUIQHHIO

HACTOJNBKO BeAHKA, 4TO Je-lllaTelbe NPHXOMAT K BAKMIGUEHHIO

O BO3MOJMKHOCTH HE TOJbKO XHMHUECKOTO COGJHHEHHS BOASHOrO
mapa C BEeI[eCTBOM CTEeKJa3, HO M 3HauureabHOro audodyanmposa-
Hust. [TepBHIM OPOAYKTOM pAa3J0KEHHA CTeK/a SIBAACTCH BEIJEJEHUE
THAPATOB _m,enoqeﬁ 1 CBOGOAHON aMOPMHOH KPEMHEKHCAOTEl, CO-
ofIawiueli TOBEPXHOCTH cTekaa nomyTHenue. OObKHOBEHHAA ﬁ;:!ﬂb
NATHA OT pPYK CHOCOOGCTBYIOT CKONVIEHHIO BJary Ha.nonepxriocn;
CTEKJ/IA M YCKOPAKT MPOIECC Pa3JOXKEeHHd; MoITOMy JAHH3H (doro
00HeKTHBA CJAENYEeT OT STOT0 OOGeperars. :

Bce onruueckHe CTEKJAa B OTHOUIEHHH XHMHUYECKOH CTOHKOCTH
pa3dUILl HAa O KJACCOB; CTEK/Ja 1-T0 W 2-r0 KJIacCOB CYUTANOTC
HauOoJee YCTOHYHBHIMH NPOTHB pa3pyIIEHHS H 4aimie BCEro :
Tpebasiorca B (dororpaduyeckux oOLEKTHBAX. Taha
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2. JIuussl
W NpuaMmbl

dororpaduueckuit 06HSKTHB B 3aBHCHMOCTH OT ero KOHCTPYKUHH
COCTOMT M3 ONpeAe]eHHOro Hadopa cthepHYECKHX JHHS. Onruue-
CKHMH JMH3aMH, WAM CTEKIaMH, OPHHATO HASHIBATH npo3pavHbIe
Tena ¢ AByMsi MPEJOMISIONIAME NOBEPXHOCTAMH,

Jlumss no HX pedpakiEM paspensioT Ha ABd OCHOBHBIX KJacca—
qoMoKHTeNbHBE B oTpuuareabHbie. Ha puc. 13 npuBeneHH B pas-
pese pasauunbie (OPMb TNOJOKHTEILHBIX auE3, a Ha puc. 14—
OTPHUATEbHBIX.

TMonokHTeALHAS JAWH3a @ HMeeT 00e NOBEPXHOCTH BEIIYKJALIE H
HASLBAETCS ABOSKOBHNYKAOH. OTpHiuaTe/bHadA JHH3E 4 uMeer obe
TOBEPXHOCTH BOTHYTHIE W HAa3BIBACTCA nsoskoporayToft. [JomoicH-
Te/bHAS JMH3A 0 H OTPALATENbHASA O HA3BIBAKOTCH: nepsag — NJA0CKO-
BHIYKJIOH, BTO 451 — TJIOCKOBOTHYTOM, M HAKOHEIl JHH3Bl 8 HAShI-
BAIOTCA BHINYKJOBOTHYTHMH (KaK MOMOXHATENbHAH, TaK W OTpHIA-
TenbHAsN). N

Kak 5T0 HEeTPYAHO 3aMETHTb, NOJNOMHTEAbHbIE JHHIDI OTANHATCH
©OT OTpUUATEJbHBIX TeM, 4TO MEpBuE Ha OCH amMeioT G0ALINYIO
TONIUHY, YeM Ha KpasX; y OTPHUATE]LHBIX JMH3 Kpas 3HAYH-
TOALHO TOJAUIE, HEXEeJH CepeauHa.

Ontuueckas npusma (puc. 15) mpeacTasiseT co6oil Tmpo3pavHoe
Teno, OrpaHHYCHHOE JABYMS TMJOCKOCTAMH, 00pasyouMl MEXAY
co060i HEXOTOPHHA yTOI. ]

Tlepexoxs K M3JOXKEHHIO CBOCTBA NPH3M, 3aMETHM, YTO 34KOHBI,
panee BhIBEJEHHBIE JJIS IJOCKHX SEpKad, JlefiCTBHTEAbHEl H IS
ONTHYECKHX TPH3M, MOCKOABKY OTpaMaiouue rpad MNPHIM UrpamnT
poab 3epkaJna. -

OcHOBHO® HA3ZHAUEHWE NPH3M 3AKMOUAETCs B H3MEHEHHH Hanpa-
BJAeHUsl Jayua B CTOPOHY H B HOBOpOTE (o6patennn) u300pameHus.
VkasaHHLIE 34744 MOTAM OBITH JErko BHUOMHEHB! IPH TTOMOIIH
3epkas, HO NPHMEHEHHE TPH3M ropasio BHITOJHEE BBHIY TOTO, 4TO
OonTHYEeCKAs NpH3Ma Jydlle COXpaHsieT CBOK dopmy, YyroGHee
MOHTHpyeTc B npubope, HeXeJH HECKOJAbKO 3epKaj, H,—camoe
raBHOE, — IA6T BO3MOXKHOCTD TIOMHOIO HMCHO/bL30BAHUA cBera, TaK
k4K 10 3aKOHY TQJHOTO BHYTPEHHEr0 OTPaMeHud B npuaMax He
NPOMCXOAUT NOTEPH APKOCTH ayuefi, TOora Kak. cepeGpsHb caoit
sepkana oTpaxaer ue Goxee 94% caera.

B ¢ororpaduueckoii onTHke ynorpebasioTes BCEro ABAd BAAA
ONTHYCCKHX TPH3M, K PACCMOTPEHHIO KOTODHIX MEI H mepenaeM,

1. MpssMOyToAbHAR NPH3MA IPUMEHSETCT BMECTO IMI0CKOro 3ep-
Kana; HASHAYECHWE TAKUX MPHSM — H3MEHEHHE X0ja nyda, Ipespa-
{ieHde ero M3 TOpH30HTAJBHOIO B BepPTHKAABHEH H Ha0GOpOT.
Yame pcero 5TH NPU3MBI yIOTPEC/SIOTCS NPH KHHOCLEMKE MaKeToB,
PACNoJOKEeHHHX TOPH3OHTAIBHO, TaK KaK H ONTHYeCKas OCh KHHO-
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Puc. 18. Puc. 19.

annapaTta HaXxOJAMTCH TaKxke B TOPHM3OHTA/BHOH miockocTH (puc. 16)

Ha pnc. 17 unzobpaxen xonx ayueft B mpH3Me, cayxaueH mis
W3MEHEHHSI HATIPABJEHUs Jayue,

CeueHne npU3MH NpPEACTABASET COGOH MONOBHHY NPaBHJILHOTO
KBajpara, paspe3aHHoro no auwarodaad. Hanopapaenme ayuein S,
H S, NepneHAHKY/JISpHO K HHKHEeH W GOKOBOH rpaHaMm, BCAENCTBHE
YEro Jyud IpoxoaaT B npuamy Ges npenomJjenusi. Tak xak yroa «
pasen 90° TO oOTpa¥eHHe OT THUIOTEHY3H NPH3MBI Jyued S; H
Sy mocJaenyeT noAx yraom B 45°% Tem caMbiM BEePTHKAaJbHOE Hampa-
BJCHHE HX OyJeT BHPaBHEHO B FOPH3OHTANLHOE.

2. llopopauuBalomas npuama JloB3, npeaHasHauamwmascs nas
MOBOpPOTA M3o6pameHuit, ynorpe6asercd [IOBOJBLHO pPeAKO IDH
CheMKe, HO 3aTO 4acTO NPUMEHSETCH B CHENMaNbHON Hacajake Ha
00beKTHB AJA HABOLKHM HA MaroBoe cTekso. “Kak wu3sectHo, ¢doTo-
rpaduueckuid OOBEKTHB NaeT NepeBepHYTOE, TaK HasHBIEMOE OOpaT-
HOE H300paXX€HHE: B HEKOTOPHLIX cAydYadX NPH TaKOM DOJOXEeHHH
n3obpaxkeHnss YPE3BHYAHHO TPYAHO HABECTH HA PE3KOCTh MJOCKOCTH
MaTOBOM N/JIACTHHKH, B CHAY YEro H HaJIEBaiOT HAa OOBLEKTHB NPH3MY.

Ha rpanr AB npamoyroasHoO#i npuamel (pec. 18) mamaer myuok
mapa/aaeabHEX ocHOBaEH AC ayueir S; m S,. INocse mpeaomacHHA
u orpaxenuss or AC Jyun BHXOJNAT U3 NPH3MH ONSTHL-TAKH Ma-
paajeJbHBIM NY4YKOM, NPHYEM BEDXHHH Jyd S; MEePEeXOAHT BHH3,

.
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a HWxHEMH S;— BBEpX, 4TO H J3aeT NMOBOPOT H300pawenus Ha 180°,
B Toukax O, ®m ), NPOHUCXOAHT NOJHOE BHYTPEHHEE OTPAXKEHHE.
SDTHM ¥ JOCTHraeicsi NOBOPaYHBAHHE H300paMeHHs:, TaKk KaK B CIy-
uyae OMEulenud . nepes o6LeKTHBOM npuaMel JIoB3 B 00BEKTHE TNO-
CTYNAaeT NYHYOK NapaJ/lieJbHBIX Jydeil OT NpeiMera, ykKe TOBepHy-
tToro Ha 180° 9r0 gaer Ha MAaroBOM CTEKJE NpPAMOE 3€pKajbHOE
u300paxenne npeamMera. '

[lpusma JloB5 no cBOeMy JAEHCTBHIO SKBHBAJEHTHAa [JA0CKOOApa-
JeJbHOR NAaCTHHKE M He JaeT OKpalluBaHUA.

v

3. MNpenomnenue ceeta
B NMH3aX W fnpu3max

PaccmoTpuM cHasajaa cayyadl DpeNOMAEHHS Jy4Ya depe3s OJHY
cepuyeckyio NoBepxXHOCTh. [IycTb JBe Cpeiabl € KOS(HIHEHTOM
OpPeNOMACHHA # U ' OTAeAeHH APYr OT Apyra mapoBoft IMOBepx-
HocTeIo (pHe. 19). Jlyu csera S, nanalompii Ha WAapoBYIO MOBEPX-
HOCTh C/1éBa B TOuKe A, mocie NpenoMJAeHHS NPHUMET HAnpape--
Hue AS’. Topusonraneryio JuHHI0O SS’ HA30BEM TFJAABHOH OCHIO
chepuyeckoii nosepxmocTH, A’ — cpenneil TOUKOH NpPeJOMAAIOLIEH
NOBEPXHOCTH, @ O — eHTPOM ee KpHBH3HBL, OA Gyner paBHO r—
paanyCy KpHBHSHEL ;

Orpeskn SA'—a n A'S' =a’, 4 Takxke paiuyc KPHBHIHB Gyaem
CYHTATh NOJOXHTEAbHBIMH, €CJH OHH HOYT O HanpaB/JeHHI CBETA.
M OTPHLATENLHLIMH, €CAH OHH HAYT NPOTHB HANPABJICHHS CBeETA.
CreposatencHo ®a puc, 19 chepuueckas DOBEPXHOCTE MONONKH-
TeJAbHad, KaK MOMAOKHTENEH W OTPe30K a’; BeanuaHy ke a (SA') no
BHIBEJIEHHOMY 3aKOHY OyleM CUHTaThb OTPHUATE/bHOMH.

Yras GyAeM CUHTaTh NONOXKHTEABHLIMH, €CIH OHH O6pa3soBaHbI
BpalleHHEM ONTHYECKOH OCH [0 HeOOXOANMOrO HaIpaBJeHHs N0o
4aCOBOA CTpenke. Bpamenne NPOTHB 49aCOBOM CTPEAKH MAeT OTPH-
LaTeNbHbIE Y4Bl

[lo paeencrsy (7), BLIBEJJCHHOMY BBIIIC, HMEEM:

misin i =n’ sini.

HonycTds Manoe 3HaUYeHHe yra0B i M i’ U 3aMEHHB CHHYCHLI yrAaMH,
OyIeM HMeTh:

ni=nis
TdK KdK B HalleM Caydae 7 —=BO3ayxy—1, TO
t==nii,

[lpnusie BO BHHMaHHE BEJIMUHHL HAWKX OTPE3KOB @ H a’, myTeMm
npeoSpasoBaHHA HafJeM PaBeHCTBO A1A HYJAEBHX Jyueil:

art’ +a'an—aa’'n’ +a’rn, (12)
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OTKYJa MOJMy4YHM OCHOBHOE YpaBHeHHE, Dasjie/MB O0e HacTH pa-
BEHCTBA HA 'aa’r, AJ8 OJXHOH mpenoMaswiuel cheprueckoii noBepx-
i

HOCTH: ;
n —n > ’
—". (13)

n' i
@t e~

1o ypaBHEHHE SIBJASETCS B ONTHKE OJHHM M3 OCHOBHBIX COOTHO-
wenndi reomMerpuueckoil onTuxkn. OHO CB3HIBAaET OTPE3KH d K 4
M He 3aBHCHT OT YIVIOB I H .

BeaeACTBHE M3MO0XKEHHOrO BCE JYYH, BHIXOAAIME M3 TOYKH S H
y,nogﬂewopmomae BHIIEYKa32HHOMY OrpaHHYeHHi0, COGepyTCa B TOU-
ke S,

Taxum o6pasom S’ ecTh AeACTBHTeNLHOE H3oOpaxenue Touku S.
Caepopateabso dopmyaa (13) ceasnsaer paccrosmnue o6nekrta S 10
npesoMisiiolell NOBEPXHOCTH C paccTosiHMeM @' 10 H300paKeHHs
ng-hex-ra B Touke S’ OT TOH Xe MOBEPXHOCTH B 3aBHCHMOCTH OT 7,
n' ur.

Tak ¥aK B HAIIeM CAy4ae nepeoil cpejlod ABAAETCA BO3AYX, TO L —
—1, u ypaBHenue (13) nmpuHMMaeT BHI

n’ —1

1
—l—‘{?:———o

r

1w’
al

IMepefileM K PacCMOTPEHHMIO TPEJOMJIEHHS Ayud Hepes ABe che-
pHUECKHE TOBEPXHOCTH. :

Ha puc. 20 npejacrasieHa JHH3A C ABYMs ChepHUECCKHMHA NOBEpX-
HOCTAMH 7; M fy. | J1aBHOM OChKO JIHH3L OyAeM HaseBaTh JHHHIO,
COeNMHAKILYI0 LEHTPH KDPUBHSHBI /[BYX C(EPHYECKHX IOBEPXHO-
cTed.

Honycrum, yto Mexay SA;, u A,S” maxopurcs BO3AyX H KO3(H-
IMEHT NpPeJOMIEHHA JUH3E Oyier 7.

Jlyuu, Beuejimue ¥W3 TOYKM S, NPEJIOMHBIIHCH 4Yepes NEPBYIO
cheprueckyo NOBEPXHOCTh, NOMKHL ObIIH Obl COOPATBECH B TOUKE St
ecad Gu He GO BTOPOft Chepuyeckoli MOBepXHOCTH. B TakoM cay-
yae, NoAL3yaCh ypaBHeHHeM (13), Mbl Obl HMeaH A4 nepBo# 10-
BePXHOCTH! : ;

n 1 =
Ag A r (14

Tak Kak Ha nyTH xofa ayga A,;S; ME BCTPETHM BTOpYIO cihepu-
YeCKYH NMOBEPXHOCTL C 73, TO JJifl BTOPOH NOBEPXHOCTH YpaBHEHHE
(13) mpHMeT crelyIOl[Hi BHI:

1 g aki—n
'Als’-{_ﬁz‘sz_ # b

rae A,S; ABASETCA PAacCTOAHHEM MHUMON CBETAUIEHCH TOUKH A
BTOpO# NOBepxHOCTH, JlomycTHB TO/mUMYy cTexsa 4,4, BeceMa Ma-
nofi, 0603HaunM paccrosuua SA,=a u A,5 = a'; cnoxuB 06a pa-
percrea (14) u (15), moayuaem:

i i"’:(n—l)(—;-{—%ﬂ) : (16)

a a

CielyeT WMeTh B BHIY, YTO B HAalleM NPUMEPE JBOAKOBBIYKJOL
JIMH3H 7, UMEeT OTPHUATEe]bHOE 3HAUEHHE, TAK KAK HEHTP KPHBH3HLI
BTOpO# ChepHuecKofi MOBEPXHOCTH JIEKHT BAEBO OT JIHHSEL
* PaccMOTpHM Teneph NpPeJOMJEHHE Ayda uepe3d npuamy. B pasne-
Je O JHCMEePCHH Mbl YKa3aJdH OCHOBHOE 3HAaUEHHe TMPENOMJEHHS
CBEeTa NpH NPOXOMJEHHH Yepes NPHUsMy B BABHCHMOCTH OT MpEJOM-
JAFONErS. YT NPH3MHL
} Jlys S, monajmas ma NEPBYIO MOBEPXHOCTH mpHaMu (puc. 21), mpe-
JIOMJSASCE, BHXOJMT M3 NMPH3MH B Hanpapaeduu S’. YCJI0BHMCH, HTO
0 — NPeJOMJSIOIHHA Yroa NpHSME, i) M i) — yIiH NajerHs 1 npe-
JIOMJIEHMSl y IIeDBOH NOBEPXHOCTH H iy H iy — YTIBl npen/om.nenuﬂ
Yy BTOPON NOBEPXHOCTH.

Yroa, e Meuiy nanaoluM JYIoM H AYUOM NpeJoMaeHus OyaeM Ha-
3LIBATH YIJIOM OTKJOHeHHst npuamtul. [ToxasaTe/b NPeNOMACHHS MPH3-
M Gyner rn.

[To 3aKOHY NPENOMAECHHs MOJIYyYHM:

sini; =nsini,’
nsin i, =sini,’.
[punumas BO BHMMAHME BHAKH YIVIOB, ONPENENUM BEJIHYHHY
o H o. !
FrEyL'S !
iy —iy=0a
iy — i, —a==0, (17)
ITogcrapasas (16) B BEIIENPHBEJAEHHOE PaBEHCTBO, MOAYHHUM:
sini,’ = nsin i,—nsin (i, — o) =n (sini,’ cos & — cos i, sin 2) =

—sin i, cos & — sin a )/ n* — sin%,. (18)

dopuyay (18) caexyer paccMarpuBaTe Kak HauGoJee OCIIyI0 A7
npenomaenus cBera B npuame. OHa Jaer yroa BHIXOAAWEro Jyua
€ HOpPMaJbio KO BTOPO# NMOBEDXHOCTH B 3dBHCHMOCTH OT Tpex Be-
JIMYMH: TOKA3aTENA NPEJOMJEHHS NPH3MBI n, yraa NajeHus i #
MPEJOMJASIOWEro yIaa NPUsMEL .
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‘TNo 3uaueHHio 8 ¥ o, KAK 3TO BHIHO H3 NPEAHAYIIETr0, BOSMOXHO
onpeieneHne KO3(HIHEHTA MPENOMICHHs HIMEPEHHEM HAHMEHBIIETO
OTK/IOHEHHS B mpH3ME. YToJ ¢ B 3TOM CJyuae HA3BIBAETCH YI/IOM
HAaAMeHBlIero OTKJAOHeHHs, H Gopmyas (17) u (18) sHaumuTenpHO

yOpPOMWAKTCH.
Ecau WY B
L =—1z,
TO o !
Lot
TOTAA AN v . i
6=2i, —2i,'=2(—4'),
===t
o
= 5 -
CaenoBareabHO: i ]
: 8424 o+ua
g 5 o 3

¥ OKOHUATEALHO AJA ONpejeneHHs MOKa3aTexns npeno'hmeﬂxﬂ npH3-
ME [OJyYaeM:
e S ¥
. sin —
R Y (19)

sifl —
9

IIpumepbl

1. OnpeneauTs NMOKAa3aTe/b MPENOM/IEHHS NMPHIMEL, ¥ KOTOpO# 2=
—=94°12' n o =12°48".
Mo ¢opmyne (19) nmeem:

G 1248 24012

2 sin 18° 30’

ity o o 15184

idh 412 S 125067 — 018
SIHT

9. OnpeneauTh yroa HAUMEHBUIETO: OTKJIOHEHUS 8 B NMpH3ME C yI-
aoM a=238°17" n n—1,6428. :

3. Onpenemurh pPaccTOfsHWe @’ B CAyHae NPEJOMJSHHS JayHad He-
pes chepHuecKyio NOBEPXHOCTB C r=25 mm, n— 1,532 OT TOUKH,
HaXoHAUeNca Ha pPacCTOAHHH a—0c<.

Tak xak WCTOURHMK cBeTa OTHeceH B Geckoneunocth # a=0, To:
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Pue. 22,

no ypanenun u3 dopmyan (13) B mepBoii 4acTH paBeHCTBA 3Haue-
s %, oxoHuaTenbHsl Buj (opmyan (13) Gyner caenyiouiui:
n_ n—1 '

- R

¥

oTKy A
o= pro ' '1,632-25

4. oRycHele
PaccTosHUA

B npenmnymem pasgene Mu BhIBEJAH OCHOBHYIO (opmyay (13),
CBSI3LIBAIOIIYIO PaccTOsHHE OT 00bexTa 40 MPeaoMASIoNnlel NoBepXHO=~
CTH C PacCTOSHHEM [0 ero u300paxeHusi OT TOH e NOBEPXHOCTH B
33BHCHMOCTH OT TpexX BeJuuMH n, n' u r. Ecan ME umeeM nBe cpe-
IH—BO3AYX M CTEKJ0, C PasAHYHLIME NOKa3aTeNAMH NDEIOMICHHS,
TO (opmyma (13) mokaseiBaeT, 4TO KamJOH TQUKE ONHOH CpEIbI
COOTBEICTBYET e¢ usoOpaxcenHe B japyro# cpesne. Touku stu S u S
Ha3BIBAKTCA CONPAMEHHLIMH TOYKAMH.

Hamm paccyXieHus HMeaM B BHAY MOJOXKEHHe TOUKH S — 06B-
€KTa, Ha KAaKOM-TO KOHeYHOM OT JMH3H paccTosinui. B cayuae xe,
KOrjaa Ha JMH3Y NajaioT Jy4H, NapanjenbHbe OCH JHHSEH, T.€. KOI-
na Touyka S wmaxoaurtcad B 6eckomeunoctH (puc. 22), — touxa F,
B KOTOPOH 3TH JyuH cobepyTcs nocie npenoMiacndd, GyAaeT Hashl-
BATbCA (hOKYCOM JHH3BI MIH (oKaAbHOH TOUKOH,

@’ u F OynyT paBHH TOALKO B TOM CJAy4ae, KOrja TO4YKa 00%b-
€KTa S HAXOAUTCH B OECKOHEYHOCTH.
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Ipeanosoxum, 4TO HA CHEPHYECKYI0 NOBEPXHOCTDH (puc. 23) na-
maer ayuy S, Haxoxsuiuiics Ha OECKOHeYHO OOALIIOM pacCTOAHHH,
TOrZd COnpAXeHHAas TOYKa BO BTOPOH cpeae n’ OyAeT HAXOAWTEBCH
B

Moxbsysck Haueln ocrosno# dopmyaod (13)

n i’ =
'a—i-a’_ r

w jomyckas B NMPEACTABICHHOM cayuae a’ = f’, umeem:

i i

L. =l
r

r -

L) :
Tak Kak @ B Halléy npuMepe paBHO GECKOHEYHOCTH, TO (OpMY-
aa (13) npuMeT BHA:

o B =N
o
OTKyAa: ¥
. n'r
s sre

Paccrosinne AF' = f' masuBaercs 3ajgHMM (DOKYCHBIM paccros-
HHEM; OHO IOJOXHTeAbHO, W60 OTCUHTHIBAETCA 110 HANPABAEHUIO
CEETOBOTO Jiy4a OT NMOBePXHOCTH Ao F'.

TlomectuB B Touke F (puc. 23) cBeramufics 00beKT Tak, 4TOOLI
nocse NMpenoMaeHus AyuH OHJAH NapanjenbHbIMH ONTHYECKO# ocH,
n306paxenne 00bEKTa MOAYHHM B OECKOHEUHOCTH.

Touka [ HasmBaercs mepeanum ¢oOKycom npeaomasiouledi mo-
BEPXHOCTH; OHa OTPHUATENBHA, TAK KAK OTCYHTHIBAETCH OPOTHB HA-
npas/ieHHsi CBeTa,

Paccrosinue A— F——f onpeneanm us dopmyan (13), crenap
3aMeHy @ Ha —f; TaK KaKk n JAad OepelHell YacTH NOBEPXHOCTH
paBHo 1 (Bo3ayx), TO

r
—f=

== L

Wrak xaxjas npeioMasiomas cepuyeckas noBepXHOCTb, pasge-
JeHHAsA PasHHIMH MO IJOTHOCTH CpefaMH, HMeeT ABa (OKYCHRIX
paccrognus —nepeanee f u sagnee f’. Ilepennee w 3aguee Qoxyc-
HHE PaCcCTOSHHSA CBS3AHH OTHOLIEHHEM

;T:%. ' ©0)
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CnenoBarennio abCOMOTHBIE BEMHYHHBI (DOKYCHBIX pPaccTOsHHH
npeaoMaAsiolled cheprueCKOA NOBEPXHOCTH OTHOCHTCH, KaKk NMOKa-
3aTel¥ NPeJOMAeHHsI CPell, pasrpaHHYeHHbIX 3TOH MOBEPXHOCTHIO:

OcranoBaMCH HEMHOTO H4 (DOKYCHOM DacCTOSHHM cHcTeMH, Ham-
Gonee nmpocTol ONTHUECKOH CHCTEMOH fBJAseTCS JMH33, T. €. Cpeia,
pasaeneHHas ABYMA C(EPHYECKUMH IOBEPXHOCTSIMH.

HonycTum, uTO0 npelacTaBaeHHas Ha puc. 24 n1HH3a OKpyKeHa BO2-
ayxoMm. ITyuok csera S 0T O6eckoHeuHO YAaJeHHOH TOYKH nocjae
NpejaoMaeHus Yepes JHMH3Y JaeT H300pakeHHe TOUKH B 3a1HEM IJIaB-
HOM (oxyce mun3sl F'. Ecliu ¢ 1eBO# CTOPOHH! JHH3E HA OCH CHCTEMEI
HOMECTHM To49Ky B —F Tax, 4ToGH NOCJAE TNPEJIOMJEHHs B JHH3e
Jy4d OHIH CTPOrO napalfenbHbl ONTHYECKOH OcH, TO TOuKa, — F
Gyner fiepeHHM rJAABHBIM (DOKYCOM JIHH3BIL j (

Mo panee BLBEAeRHOMY npaBuny paccToguue f' GyneT MOJONKH-
TeJbHLHM, 3 —f — OTpHUATENLHEIM.

TIpono/mxas ayw F’A; no nepeceuenus ¢ ayuom SS, noayuum
TOUKy H,, Jexamyo B 3afHedl rJaaBHOM NJOCKOCTH JAHH3H. [lpo-’
nomxas ayu —FA; 1o nepeceuendss ¢ aydom SS, noayuum TOY-
Ky H,, nexxamyio B mepeaHefl I1aBHOH NJOCKOCTH.

Onycrus u3 touek My u H, nepneHanKy sp Ha ONTHYECKYIO OChb
JIHH3H, TOJYYUM TOukH F1," u H,’, HasnBaeMmule rJAABHLIMH TOYKAMH
JHH3bI.

[epneunuxyaspu M H,” n H,H, HasHBawTCd riaBHbBIMH TJIOCKO-
CTAMHE—nepenHed U 3anHeil. y

[10 OTHOWIEHHIO K TJIABHBIM TJIOCKOCTAM NIPHMEHHM CHEeAYIOLHEe
3aKOHBI:

1. Jlyy, nanaomuit Ha NepenHiol0 TJIaBHYI0 MIOCKOCTH Ha Bbl-
coTe 7, Boifiner u3 3agHefi rAaBHOA NJOCKOCTH HA TOA ke camoi
BBICOTE A.

2. JluneiHoe yBenuueHHe B TJaBHBIX IJAOCKOCTAX pasBHO —-1.

Taxum o6pasom samuee riaBHOe (OKYCHOE PACCTORHHE ONTHYE-
CKOJI CHCTEMEl /' ecTh PaccTOfHHe M300paXkeHus JAexaleidt Ha OCH
GecxkOHeuHO ynaneHHON TOUKH, OTCUM{BIBAEMOE OT 3aJHell IJIaBHOI
NJIOCKOCTH. AHAJOTHYHO nepefnee (HOKycHOe paccTosiHe — [ ecTh
paccrosiHne nepejnHero Qoxyca CHCTEMH OT nepejHell riaBHOM 1710-
CKOCTH.

Korza mepBas cpena u mocaefHsst OAMHAKOBH (06/13210T OQHHA-
KOBLHIMH NOKa3aTeNIMH [DEJOMIEHHs), — raasHue (OKycHHIE pac-
CTO5iHHA DAaBHEI MEXAY COGOH, T. e. —f—/f'. ;

Cpasunsas dopmyay (16) ¢ oGweit popmynoi

1 1 1
?-;-—?z——-'ﬁ. (21)
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MBI [10yYaeM Aaf TAEBHOrO (OKYCHOrO paccrosnus [ Beipaxenue:
" 1
r
0

Aty L+-1-). b )

i Ty Iy
Ypasueuus (21) u (22) B KOHEUHOM HTOTE JAAKOT:

(23)

fo =—f 17

“Z(_n'—l)(rﬁ—a -

dopmysa (23) AeliCTBUTENbHA Asi AIQOOH JHHSL, €CAM TOABKO
Wbl peHeOperaeM BPEMEHHO TOJAILMHOA ee. ’

U3 stoil dopmyas (23) BHAHO, 4TO f'—=—1{; T.e. uro QOKyCHHE
PACCTOSIHHSE PABHE, HO NPOTHBOMOJOXKHKE 10 3HAKY. Ecan zaaHee
raaBHoe (POKyCHOE PacCTOSHHE CHCTEMbI NMOJOMHTENLHO, TO M Nat-
Has ONTHYECKAS CHCTEMa Ha3biBAETCH NMOJOKHTeAbHOA MAM COGH-
paTeapHO#l; ecau e 3aaHee (POKyCHOE paccrosiHue CHCTEMBI OT-

~ pBuaTebHO, TO CHCTEMA Ha3bIBAETCs OTPULATERBHOH HIH paccen-
Balollen, '
dopmyaa (23) BbBeAeHA 6e3 ydera TOAUHHH JHH3L; ECMH ME
.0603HaunM yepes d TOMMHHY JMH3H B LEHTpe, TO 35Ta dopmyaa
npuMeT CAenylomui BHL
s

e (n—l‘)(rl—i—r,—n':;l.d).

DoTO KHHO OOBEKTHB OOLIYHO COCTOHT M3 HECKOJbKHX JIMH3, HAXO-
AAmAXCH HA OMTHYeCKO#W ocu; HafiTH TAK HA3LIBAEMOE SKBHBAJEHT-
Hoe (OKycHOe paccTosnHe (POTOOOBEKTHBA HA OCHOBAHMH [PEXbI-
AYUIEX PACCY:XAEHWH H NPUBEAEHHBIX (YOpMya HE NPEACTABASET
00/BLUIOTO TPYJAa.

JlomycTHM, YTO Ha OMTHUECKOH OCH HAXOJATCH ABE WEHTPHPO-
BAHHBIX ONTHYECKHX cHcTeMbl(puc. 25) POKyCH BSTHX CHCTEM 060-
3HauuM yepes —f,, f/s —f, M f,/; a raaBHbIE IJOCKOCTH — 4epes
H,, H). H, n H,.Hasosem paccrosinue Mexny 3a1HUM IJIaBHBIM po-
KYCHBIM PacCTOSHHEM NMepBOM CHCTEMH [, H NEpeLHAM doxycoM
— f, BTODOH CHCTEMB MX ONTHYECKAM MHTEPBaJAOM H 000O3HAYHM €ro
uepes A, TaK 4TO

(24)

A=f’1+_f2-

Onpenenns u3 dopmyas (24) seanunan f,' 1 —f, H NPUHAB tdopuyay
(21). HaxoauM 5KBHBAJIEHTHOE (OKYCHOE paccTofAHHE ONTHYECKOH
CHCTEMBl uepes -

R i e
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[To ¢opMyae (25) MOKHO HAHTH skuBdieHTHOe (DOKYCHOE pac-
crosune OOBEKTHBA W/AM WHOH ONTHYECKO#l CHCTeMBl Npu Ji060M
xonMuecTBe JuH3. Jlas 3TOro CAeAyeT KOMOHHUpPOBATE OTHAENbHHIE
CHCTEMBI MO JABE€ MOCAEAOBATENLHO W HAXOAHTDH OGHIHii 3KBUBAJIEHT-
HplfA (POKYC LHCTEMBEL

EcaH onTHYeCcKMA MHTEpBan A—0, To cucTemMa Ha3biBaeTCs Te-
JleCKONMYecKO# W H300pameHue npeameTa O6yner B 6ECKOHEYHOCTH.

Tpumepbl. ' :

1. Onpenenuts —f ®H [ OAHOH ‘cthepHueCcKOl noaepx}rocm co
CAeNYOUAME JaHHBIMA: r—=-+18;n=1,67.

Ilas f uveeMm Gopmyday:

nr  1,67-18

f= =t — 5.

Ilepennee (OKYCHOE PACCTOSHHE OHPEAL]AEM 1O dopmyne:

; ¥ 18
_f___n_l__?ﬁ? = — 26,86 .

Wrak 3anpee GDOKyCHOe pacCTOfHHE JIHH3E PABHO 44,86, a me-
pennee—=26,85. :

2. [lonb3ysack OcHOBHOH (opMysIOH (13), npuMeHHM ee IJd mpo-
cyeTa nyua yepe3 HeCKONbKO CepHyecKHx NOBEepPXHOCTeH.

Tpe6yercs HaiTH * AAf ABOSAKOBHIIYKIOH JHH3HL, uMeroue# cae-
Ayojiue JTanHbIE:

rn=-+280;
rg=—140;

_  d(ronummna) = 5,0; .
n = 1,56.,

Ha puc. 26 u3o0pakena cxema Xoja ayya S 4epe3 3a1aHHYIO ABOA-
KOBbIMyKAyI0 auH3y. Jlaa yao6cTsa rpaduueckoro n300paxenns a,
XaK MHEMOMl CBeTsumeiics TOukM JJAs BTOpOH cdepuueckoi
MOBEPXHOCTH JMH3H XOJ Jyyeil ToC/ie NIpeJOMAEeHHS Yepe3 MEPBYIo
[IOBEPXHOCTL TOKa3aH YCJAOBHO.

BuiBesieM OCHOBHBIE YpaBHEHHS A nepBoii W BTOPOH cdepuue-
CKWX [DOBEPXHOCTEH.

JlonycTHB, UTO JHH3a OKpYXeHa Bosayxom ¢ n=1l, ans nepso
TOBEPXHOCTH OY/AeM HMETh Caelyiouiee ypaBHEHHE:

1 b n __n—l}
a a’ i

(26)
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Puc. 26. Puc, 27.

Ypasnenne fas BTOPO NOBEPXHOCTH TPHMET BUI:

_n_+ 1 1—n ? 9

% ay e o (<)

M3 puc. 26 crenyer malitu Tpu meussecthHmX: a4/, @, W a.’ -

yeM a' Ha { ypa i (%)

XOAuM M3 ypaBHenus (26) m a,— u3 ypasuenns (27);

@, ONDENC/]SEM H3 BeNMHYHHB @' — d; Takum 06pa3oM BLIHIIEM
bopmyan aaa a, @', a; H @;”;

a = oo,
: 4" = nr
n—1’
a,—a’'—d,
’ aify

a, =

TATam—i) (28)

B HAlleM caydae a,’ onpenenseT paccTosHHE A0 TAABHOM(Q po-
kKyca F’ oT BepmimHN BTOpO#H cheprueckoli moBepxrOocTH, Takoe
PAcCTORAHHE HA3BLIBARTCA 3AXHHM BePUINHHLIM (hOKyCHbIM paccTos-
HHEM H K?HEHHO OTIHYaeTCsA OT IrJaBHOrO 3aJIHEro @DKYCHOI‘O pac-
CTOSIHHS [*, OTCYUTHLIBAEMOTO, KaK Ml 3HaeM, OT TJaBHOH 3ajHel

34

nnockocTH. Jas Toro urofs NOAYYHTL BEAUYHHY 34AHEr0 rIaBHOTO
(oKyCHOTO paccTosinus /', caenyer \

a‘a)
Gy
a,

[NOACTABMB B NPUBEACHHBIE W1 pacyeTa QOPMYJbl UHCAOBLIE 3HA-
4yeHHA 3JIEMEHTOB JHH3H, HalineMm uckomoe [’ paBueiM 17,4 .mat,

5. OnpeneneH1e rMaBHbIX TOYEH
M rnasHblX NJOCHOCTEH

B mpensiaymem pasiene Mbl YNOMAHYJH O NOCTPOEHHH rJaBHBIX
MJA0CKOCTEl H raapHHIX To4Yek. [oHsATHE O IIaBHHIX MJIOCKOCTAX Of-
THUYECKOH CHCTeMBl, BReleHHOe ['ayccom, nmeer Gonpuioe 3HaueHHe
aas rpaduueckoro 0603HAUEHNST X0Aa JyHen.

Ecau napaaneasHblii ocH ayd S (puc. 27) BCTPETHT MepeiHIOn
rJAaBHYI0 TMJIOCKOCTb /1,H," B TOuKe 4, TO OH HOKHHET CHCTEMY B
compsixkennoff Touxe A’ 3aaHed raaBrOW naockoctd fI,H,', 3atem
npofier TO4Ky [’ Ha OCH CHCTEMBHIL.

[Ipu sTom Ham HET HALOOGHOCTH MPOCHEKHBATDL XOX Jyuei MKy
nepeAHefi W 3aiHEil IAABHLIMH MJOCKOCTAMH. Panee GO yKasauo,
4YTO Jy4H, NMepecexaiollie MnepejHon TAABHYIO MIOCKOCTh HA BHICO-
Te A, Ha TOH e CaMOM BRICOTE BHAAYT H3 3afHed rIaBHOA NAOCKOCTH.

Ha pnc. 27 paccrosHHe OT nepejHedl BepIIWHBI JHH3H A0 Nepei-
Hell raBHOM MJAOCKOCTH 0003HaYeHO depe3 /,, paccTOSHHE Ke OT
sajHell TAaBHOR MJOCKOCTH—uepes /,. [loab3ysce paBencTBom (13)
4 dopuyaoit 24, umeem:

et - nd -
b=t —@—Dd’ %
rd
ln: 2 > ] 30
=t — 14 ey
rie d O3HaYaeT TOJAIUHHY AMH3H B LEHTPE. ®
Kak 3to meTpyaHO 3aMeTHTh
L_n
s S

Ha puc. 28 u 29 nmokasano nojsomeHHe TIJaBHHIX OJIOCKOCcTed H,
u H,, a takxe rnaBmbix Towex H,’ u H,;! B mauGonee pacnpocrpa-
HEHHBIX THOAX JHH3, OpuMengeMux B ¢ororpapuyeckoM oO6beK-
THRE.

Tax xax raapene (OKYCHBIE PacCTOSHHS OTCYHTHIBAIOTCS OT I/IaB-
HBIX njIockocTed, To 0oOo3HadYeHHe (QOKYCHOTO PpACCTOAHHA OT Bep-
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(HHB ONTHYECKON CHCTEMH Jaer BepliuHHOe (QOKYCHOe paccTos-
HHe, paBHoe [ — UL, uau —f — [,.
¢
3agava. OupesenuTs NOJIOXEHHE NMABHEIX IIOCKOCTEH y ABO-
AKOBBIOYK/JIOH JHH3H, HMEIOIIEA OLHHAKOBHIE PaAnyChl KDHBH3HE
(ry = ).

6. MNMocTpoeuue
M300pareHui

O3HAaKOMHBIIHCh C MOJOXKEHHEM TJIABHLIX TOYEK, IAABHBIX IOCKO-
CTeH M rAaBHBIX (DOKYCOB, MOMHO Y@ BEIBECTH NPABHAO MOCTPOE-
HUA n300pamenus,

[Tpoeenem us touxn P (puc. 30) ayu PH, napanzensuo onTHue-
ckoi ocH SS’. Ms Touka f, 8T0T Ayy B mpocrpancTBe u3obpaxe-
HuA nepeceyer F’ m moitner mo wanpasaenuio F/P.

W3 To# xe toukn P mpoBoaum apyrok ayu P— F 4epe3 mnepen-
HHi pokyc cuctemn. Ha OCHOBaHMM NMpeXbIAYINEro H3 10YKH ¢ U
3TOT 2y4 noHIer napaaneabno ocd. Takum o6pasom Touka P’ siB-
AsieTcst U300paKeHuemM ToUKkH P, a nJoCKOCTh S ‘P'—u300pawennem
niaockoctH PS. Touku PP’ u naockocts PS u S’P’° HaswBaoTcs
CONPAIKEHHBIMH TOYKAMH M TMJIOCKOCTAMH.

Ha puc. 30 paccrosirne npeamera ot — F 0603Ha4eHo OyKBOK X
W paccrosmue usobpaxenns F'S’ o6osnaucHo sepes x/,

B nanHoM Ciydae OTDe30K X HMeeT OTPHUATEJbHLHA 3HAK, a OT-
Pesok x’ moAOKHTENeH.

Ha ocnopanuu nomoGusi Tpeyroasuuxor PS—F u —FH'H"
1 ponycrtuB PS =y, moayuum:

=7 (32)

—

W3 tpeyronvuukos H,H,)F’ u F'S'P/, jonyctus BEJIHYHHY OTpe3Ka
S'Pg pasHoit y', HaxonuM:

o )

CpasuuBas Buipamenus (3%) u (33), moayuum oceOBHOE ypaBue-

une HbloToHa, ypessuiuaiino yAoGHO AJsi GHICTPHIX IPeABapUTEL-
HBIX DaCYETOB NOJOKEHHT H BENHYHHE! H3006DaKeHH:

x5 =1 (34)

[lpn mocTpoesnn n3oOpamenns Mu OXHOBPEMEHHO MOMKEM BhiBe-
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Puc. 30.

' d
ctd ¥ QopMyJy JHHEHHOrO HAH MONEPeYHOro yBeJHHEHHs (COmpA-
MEeHHHX mAocKocTedl y B 3 B BHJe

A (35)

eyHpIM yBesuuenuem. Cor-
rne V m Oyzer JHREHHBIM HJIH ronep
naceo pasencrsaM (32), (33) u (34) auHeiliHOE yBeaHuSHHE MO}K;O.
BHIPa3s4Th NPH YYaCTHH BBIBEJEHHBIX MEPEMEHHHX X H X CJACAY
kM 00pasoM:
V:L'-;i:i. (36)
3 N

Veennuenue V — BenuuMHA MOCTOSHHAS AAa OAHOH l{auol-ﬂu(i(n)
napel CONpPsHKeHHbIX MAOCKOCTed, NEPNeHANKYAIPHbIX ONTHYECKO
OCH.

HeHoTopele cBoWCTBA COMPAMHEHHBIX TOYEH:

!
1. BoabiieMy X Bcerja COOTBETCTBYET MEHbILEe X,
2. O6mexT gero H300paxeHHe JABHIralOTCs BCerja B OAHOM Ha-
N paBJeHHH.
p3. Ecau x>, o ' <y, 7. e. H300paxeHne NOMAYYHTCA MEHbIUE
o6bexTa: ecan 00BeKT npubamxaercd K [, BEAHUMHA na?ﬁga_zi{eunﬂ
yBeJAHYHBaeTcH; NpH x—/[ H300paxeHue paBHO 0OBEKTy: y' =J.
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4. B cayyae noMeumeHHs NpeaMeTa me
¥y 4 #HIy nepexauM GoxycoMm 4
mgaonumm dboxycHuM paccTosHuEM, T.e. KOrma x<fm y(P>§ H30-
paxkeHue OpelMEeTa MOJy4aeTcs AeHCTBUTeNBHOE ]
L iy HOE, YBEJHYEHHOE H
5. Koraa npeamer Haxoautcs B n
€penHeM ¢okyce, €My COOT-
BeTCTByeT H300paKeHHe, JeKanee B 6&cxo-nei?:mc‘?rrﬁ., Y
6. I[Ipu pacnonoxenun npeamera MEKAY [ H NOBEepPXHOCTHIO CH-
CTeMbl H300paxeHHe {IOMYy4YaeM MpPSIMOE, MHMMOE H yBeIHYEHHOE,

3anava. OGosnaunB uepes /' saguee (oxycHoe paccrosuue
0§LEKTHBa, UEPe3 a4 -— pacCTosiHMe 10 mpeaMera M uepes

@ — PAacCTOAHHE 10 H300paXKerNs, Ha OCHOBAHHU tdhopumy (13)

z (‘g}) BRIBECTH OT/A€/bHbIE (DOPMYJIBI AAS1 COMPAKEHHRIX TOYCK S
Pasbepex euje 06a cay4as yseiunenius—yraosoe u npojsoabHOe
O6osrauum B npocTpaHcTBe npeamera (puc. 31) wepes U yro.rx'
COCTaBNeHHM# Jyq9oM SA C OCblo, @ uepea U’ — yron, cocraBien-

HBHll CONpsKEeHHBIM ayuoM 4°S’ u ocbio B
KEeHUsl, IpOCTpaHCTBE H306pa-

OrHomexnue
tg U’
gl — B (37)

H HA3LIBACTCH YIJIOBBIM yBe/lHYEHHEM B CONPSHKEHHBX MAOCKOCTHX
NEPNEHAHKYATPHBIX OCH. Yr/0Boe yBesnuenue K 1as AaHHOR napel
COMPSKECHHLIX MIOCKOCTEH COXPAHAET NOCTOSHHYIO BEAMYHHY DM
Pa3HBIX 3HayeHusx yraos U u U'. i a

Ecnu reckoabko cmectuts (puc. 31) TOUKY npexamera S BAOAL OCH
HA OTPe30K AX B TOUKy S, TO CONpAKEHHOE H300paxenne Touku S’
TAKHE HECKOJLKO CMECTHTCS M NEPE]ABHHETCS HA BeAWuHHY Ax’

OTHOWeHHE OCEBOTO CMeIEeHHS TOoYeK H300paXeHus K oces-cmy
CMELUCHHIO CONPAXKEHHON TOYKH MPEAMETAd HA3LIBAETCH MPONOJLHbIM
yBEAU4EHHEM H 0003nauaeTcs OykBO# m.

I[mp:epenuupyﬂ ypabuenue Hoiotona (34), noayuum:

X+ BT A o Ax =0 (38)
s dopmyas (35) crenyer, uto TPOA0JALHOE YBeJHUYEHHE
Al AxS it
B IR L (3

Ecau cucrema maxomurcs B BO3Jyxe, T. e. Koraa — f'= [/, Bupa-
HEHUE NS TPOJOJBHOrO YBEAHYEHHS yOpOLIdeTCs:

2

= P -

CpaBHHBas nocjaefHee BhipaxeHne ¢ GopMmynoil JHHEAHOTQ yBe-
JMYeHUs, HAXOMAHM, 9TO NPOJOJLHOE YBeJHYEHHE PaBHO KBajgpaty
JHHEAHOTO yBEJIHYEHHHA.

[Mocreanee OGCTOATENALCTBO CAYKHT HEKOTOPHIM TpeAoCTepexe-
HHeM ApH cheMke HOTOOGHLEKTHBOM TPeXMepHOro npexmera B 60Jb-
woM Macmrate. Tak KaKk npd OTOOPAKEHHH TAKOro MpeaMeTa ero
pasMepsl IO OCH yBEAMYATCS MM YMEHbUIATCA 3HAYMTEJbHEE, He-
ead NONepeyHbie” pasMeps, TO HENPeMEHHO MNOAYYHTCA HCKa-
JKEHHE.

7. Aunadparmel B-thoTorpathuyecHux

OOBEHTHBAX MU WX Ha3Ha4YeHue

Kaxnas ONTHYECKasd CHCTEMAa, B TOM uHclAe H (DOTOKHHOOObEK-
THB, OFDAHMYEHA B CBOEfi BO3MOXHOCTH MpONmycKkaTh uepes cebs
Jy4H, Najaiouine Ha CACTeMY Mau OOBEKTHB MNOA JIOGBIM YIVIOM.
OrenbHEE 3MeMeHTH (H0T000heKTHBA—/IHH3BI—BCEr/ld HMEIOT 0rpa-
HHYEHHLIE Pa3MepH; KPOMe TOro Jiasi noaydenuss Oonee pe3KHX H
xopomux u3obpaxennit GOTOOGLEKTHBE CHAGKAIOTCS A00aBOUHBLIMK
nperpaiaMu B BuAe JaHadparM, OJOCKOCTH KOTOPEIX BCeria mnep-
NeHAMKYASAPHLl K OCH CHCTEMH, 4 LEHTP JEHHT HA OCH OOBLEKTHBA.

C/e10BaTeAbHO MYy40K Ayueil, BXOAAUUX B OOBEKTHB OT KaKO#-
7u00 TOYKH NpeaMeTa W BBIXOAAUHX M3 HEro, CTPOro OrpaHdyeH
pasMepaMu KaK CAMHX JHH3 OODLEKTHBA, TaKk M anadparmod. Pas-
mepst B QOpMH Takux OTBEpCTHHl auadparm, pasymeercss, u onpe-
IeJA0T BEIHYHHY CBETOBOTO NOTOKA. .

OcaopnOe Ha3HaueHHe aAuadparu: a) OrPAHHUHTH MOAE 3PeHHS 06b-
eKTUBa, 0) YMEHBUIMTH TAK Ha3plBaeMule abeppamuu, T. €. Helo-
CTATKH OOBEKTHBY, H B) YHRUTOXKHUThL BPEIHLIE OTPAKEHHd, HIH, KaK
KX HA3LIBAIOT, OJHKH.

OrpanuuntenbupiMu guadgparMamu Qororpaduueckoro 06beKTHBA
CAYXKAT ONpasbl, B KOTOPHX MOHTHpOBaHb auH3H., Ho He Bce Auna-
$parmpl 00bEKTHBA ABAAIOTCH ACACTBYIUWHMH OTPAHHUHTENAMH;
€CaAH M3 UEHTPa M300pa)aeMoH NJIOCKOCTH NPOBECTH JAyHUH K KPasiM
BCex u3obpamennit guadparM B OPOCTPAHCTBE OOBLEKTOB, TO Cpeaw
BCcex Ma3obpaxeHu# OKaxueTrcd O0JHO H3oOpaxenne, AMA KOTODOro
VIO MEXAYy STHMH Jy4ami OGyAeT HAMMEHbmEM. IDTOT YIOA H
onpeeanuT NeHCTBYIOULYI0 Anadparmy.

Ha puc. 32 noctpoenn conpsxennne aydn SA, A'S’. VI3 Touku S
nyuok aydeii SAH nagaer Ha Anadparmy, OrpaHHYEHHYIO paimy-
COM p mOjA HauMesbuwinm yraom 2U.

OdeBHIHO, YTO BCAKMHA HHOM Jy4, BBIUUEAIIAA H3 TOYKH S MOX
(}g‘ﬂom C OCbl0, NMpPeBHINAOIHM J, HE MOXET ONpOofATH CKBO3b JHA-

parmy.

Iuadparma AH=—yp, onpeaseasiomas yroa U, u 6yaer CIyKHTb
neficTByiouteit, uaM aneprypHofi, auacdparmofi. Ha puc. 32 H u



Puc. 33,

H' —rnasHbie mJIOCKOCTH HPOCTOH JIHH3H; yroa 2U unaswiBaetca
YyraoM OTBEpCTHS MyuKa BXOASWMX ayuedt,a yroa—2U’ yraom or-
BEPCTHSl NyYKa BBHIXOAAILHX jyued. [laomans orseperus mmadpar-
mbl AH Oymer CAyXKHTb BXOAHbHIM OTSEPCTHEM, HAM BXOXHbLIM
3paukom. B mameM caywae A'H'—=AH ¥ HA3LIBAGTCH BRIXOIHHM
OTBEPCTHEM, HJH BbIXOAHBIM 3DAauKOM, CHCTEMBHL $ICHO, UYTO BEIXOA-
HOH 3payoK ecTb H306pameHHe BXOIHOrO 3pauka.

[lycts mexay Touxoio S mpeamera (puc. 33) u AHH30H HAXOAMTCA
Auadparma ab HA HEKOTOPOM . PACCTOAHHH 33 NEPEIHHM TIIaBHBIM
(oxycom cucrembl. [ToCTPOHM Yepes ONTHUECKYIO CHCPEMY H3o0pa-
Kenue nuadparmu a'b). Otsepcrve awadparusi ab onpeneasier yroa
OTBEDCTHA Ty4YKa BXoAsmnx ayden 20U, a moroMy H HasbiBaeTcs
BXOIHBIM OTBEPCTHEM CHCTEMbI; XOTsl JMAMETDP JHH3H  3HAUH-
TENbHO Co/blIe, '

Huamerp a’b’ usoGpaxenns auapparmsl onpeneasier yron 2U° or-

BePCTHSA NyuKa BEIXOAALLIUX Ay qeH, BCIeICTBAE Yero n300paxenue a'd’ -

OTBEpPCTHSI AuadparMel HA3LIBAETCS BHIXOJHHIM OTBEPCTHEM CHCTEMBI.
B namiem cayuae BHXOAHOE OTBEpCTHE CHCTEMEL NPEenCTABAALT CO-
6oit HgM&TGpHEJﬂ:HY}O auaparMy H ABASETCH ML H306pame-
HHEeM ab.

OueBnino, 4T0 K JAMH3E MOTYT NPOHHKHYTH OT TOUKH S TOABKO'

Ay, OrpaHAYeHnbie yraoM 2U; Bce e ocTanbHBle ayuH GyayT 3a-
JAEpPIKAHB HEMPO3PAYHON HACTHIO AHAdpArMuL
Pas6epem cayuaft MuuMoro u3obpaxcesns BXOLHOTO OTBEPCTHA.
Ha pmc. 34 npeacrasaena aanamagraas AuH3a C Bepear croauied
IHadparMoit.

40

CucreMa uMeeT COOCTBEHHO 7Be AnadparMelr OrpaHHYHTEABHYIO
auadparmy ab, crosimylo BoepeAd 006HEKTHBA, MEWKLY oﬁ?.ex'rnaou
n mepemunM (OKyCOM, H OmpaBy caMoro o6nexrusa—AA. Bseuny
TOrO YTO yrA0Bas BeMUMHA AHadparMel ab MeHblle yraoBOH Beau-
yunn guamverpa AA’, amadparma @b uMmeer 3HAueHHE BXOJHOTO
3payKa CHCTEMH,

BLixonHO# ke 3payok JanAmMadTHOro 00HEKTHBA MOAY4HM, TO-
cTpous H30o0paxenne anadparmsl ab B maockocru ~a'h’. Tak kak
auagparma pacnoaoxkena 6nuxe mepeasero dokyca, TO U30Gpane-
Hue ee GyfeT yBeJMYEHHBIM, MHHMEIM H MOJYYHMTC C/€Ba OT mJ0C-
KOCTH ab.

3anaya. [TocTpONTh BXOAHOH H BBIXOJHOH 3paukH B CHM-
MeTpHIHOM QororpadHueckoM OOLEKTHBE THINA AINJAHAT, y KO-
TOpOro Auadparma, OrpaBHYMBAIONIAA MYUKH Jydeid, pacroJo-
’KeHa MexAy mepBOf H 'BTOpON AMH3aMM amaaxarta (pHC. 35).

[NepBOHAYaALHO CAEAYET NOCTPOMTH H30OpaXeHWe anadparmsl,
Aapaemoe TepeaHeil JAMH30il, NOCTe Yero—u3o0paxenie, naBaemoe
sanHell auH30#. HamoMmHauM, 9T0 BXOAHOIl W BHIXOJHOH 3pauKH CHM-
METPHUYHOTO O6DBEKTHBA PACHONONKEHH B IJABHBIX MJIOCKOCTAX 00b-
eKTHBA H 4TO 07a u306paxkenus auapparmbl ab ONUHAKOBHI.

/ .
8. Cuctema U3 HECHONBHUX
nuHS

OrpoMHOe KONWYeCTBO BHLINYIEHHEIX 10 HACTOAIIErO BPEMEHH
01O -KMHOOGBEKTHBOB, B GOMBUIMHCTBE COCTOANIMX H3 CepHyeckux
AMH3, npejcTasaseT cobofi pasnHuEbIE KOMOMHAIMM HA6Opa OTAEab-
HuX cepuyeckux mopepxHocTell, Pa3AENEHHHX CPelNOH C OXHHAKO-
BHIMH TOKA3aTeNAMH npejsoMaenus. Ta wan uHag KoMOWHauusa Ha-
60pa OT/eJAbHBIX JHH3, COCTaBASOWAs KOHCTPYKTHBHBIH SJEMEHT
Kakoh-mu60 OnNTHUECKO CHCTeMH (B HamleMm caydae (pOTOOOBEKTHEA),
HASHIBAETCA CHCTEMOF M3 HECKOJNbKHX JTHH3. ‘

CHCTEMBH!, ¥ KOTOPBIX UEHTPHl CHEPHIECKHX NPEJIOMAAPIINX NO-
BEPXHOCTEH PacnoAOKeHbl HA OJABOH HNPAMOH (na onrtudeckol ocn),
HA3LIBAIOTCS] ONTHYECKWMH CHCTEMaMM C UEHTPHPOBAHHBIME Ce-
pPHYECKHMH TOBEpPXHOCTAMH. {

Kaxknaa onruueckas CACTEMAa W3 HECKOJBKHX JHH3 Onpepensercs
CTeAVIONMMA 3MeMEeHTAMH: PajuycaMu CepHUecKHX NOBEPXHOCTEH,
HX YHCJAOM, BO3AYIIHBIMH MPOMEXYTKaMHU, TOJUHAMH JIHH3 B HEHTPE
¥ MOKa3aTeJAMH OPeNOMIeHHs BCeX Cpef.

[lpu pa36ope ONTHUECKHX CACTEM HAMH NPHHAT HHKECASAyIOWHI
nopsaox 0603HAYEHHIE

r — paauyc KpusH3Hu cepuueckofi mosepxHOCTH (muppu 1, 2,

3 ... W T. A, NOCTaBieHHHE Yy OYKBH 7, O3H3YalOT, K KaKOH
chepryeckOil NOBEPXHOCTH ILAHHAA BEJHYHMHA OTHOCHTCH);

: 4
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Puc. 36.

d — TONUMHA JHH3H B LEHTPE;

M — BO3AYIIHbIE NPOMEXYTKH; -

n — noKasaTeJb NPeNoMIeHHS;

fI"— hoxkycHble DACCTOSIHHS,; '

h— panuyc auH3H (2 o3nauyaeT AMAMETD JHH3bI).

Bce aTu BEAHMYHHE JAaHB B MAM.

Q603HaYeHHE ONTHYECKHX CHCTEM H CHYET OTJEJbHBIX 3JEeMCHTOB
BCErfa MAYT CAeBa Hanpaso.

Ha ocHOBaHHM BLIBEJEHHHX 3aKOHOB 1 (hOpMYyJa ONpexe]enus
«pOKYCHBIX PACCTONHHNA, TJABHBIX MIOCKOCTEH H TOYEK, NMOCTPOEHHSA
u300paenuss W T. J. NOCAEAOBAaTeAbHOE onpelenenue F', napaemoe
1IeHTPUPOBAHHOH ONTHYECKOHM CHCTEMOI, HE€ MNPEACTAB/IAAET 3aTPYI-
HEHUI.

B Buje npuMepa NPHUBOAHM NOPSAOK OOOSHAUEHHsi OTASTBHEIX

anemedToB o6bektuBa (puc. 36) Tuna Lleaop-Iepua:
/' =240,0 — otHochTeapuoe orsepcrde 1:10,4, noae 3penns 80°

n=r.= 59,300 d,—=d,= 493 n,=16112
#—=r.—130924 m,—=m,=— 1,81 n,=1
ra=re— 88944 d,=d,— 224 n,—1,5356
n=n= 1913

—-=6,02

A
O6o3uauenuio 5 COOTBETCTBYET pACCTOSIHHE OT 4eTBEPTOH mo-

BEPXHOCTH O0BEKTHBA A0 AuadparMmbl; Tak KaK B HAIIEM TNpuMepe
OO6BEKTHB CHMMETpHYEH, TO H DaccTOsnHe OT AHadparMel A0 nsToi
chepuueckoit moBepxHOCTH paexo 6,02
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Tnasa . 3neMeHTbl rNasHOH ONTHHH

1. ¥cTpoiicTBO
rnasa

OcCHOBHBHIM HHCTPYMEHTOM, ONpeAe/AoIHM KauecTBO Qororpads-
YeCKOro oO0BeKTHBA, ABAfETCHA raas Habaoamareas. CrnenoBaTebHO
CyIHTHL O kauecTBe (OTOOOBEKTHBA BO3MOKHO HOCAE MNpeaBapu-
TEeJbHOTO MCCAEJ0BAHHA HAWHX TJa3 H ONpejejeHHs HX HEJo-
CTATKOB. _

Henoreueckuit r1a3—BecbMa HECOBEPIIEHHH ONTHYECKHIT HHCTPY-
MEHT; eMy UpPHCymH GoJblide HEAOCTATKH; MOSITOMY TOYHOE Oonpe-
nenenne B (OTOOGHLEKTHBE pPE3KOCTH, paspewamoueil cnoco6HO-
CTH M KayecTsa H300pakeHHs HEoOXOAMMO HPOU3BOAHTH HOC/E
TOrO, KaK OyAyT BHSIBACHH HEAOCTATKH IJaas, j

C stofi nenpid HeoGXoAMMO XOTH Obl dJeMEHTAPHOE O3HaKOMIe-
HHE C (QHU3HOJOTHYECKHM MPOLECCOM BHASHMS HOPH MNOMONIIH TIJ/a3a
(1. e. ¢ du3NYeCKHMH CBOACTBAMH I/1a3a).

Yenoseuecku#t ras npeacrasager co60d A0BONBHO CAOKHYIO ONTH-
YECKYIO CHCTEMY, COCTOSIIIYIO0 H3 LEJ0r0 psiia HOpeloMJdioliX cpej,
OTJIEJNeHHBIX APYr OT Apyra COOTBETCTBYIOUIHMH TOBEPXHOCTAMH.

HauaabHas TBeplad HempoO3payHas 000AOUKA I/Aa3a HA3HBAETCH
ckaepoilt (puc. 37). [Ipospaysa oma TOabLKO B mepexunefl wacTH raa-
3a, rje ob6pasyeT HECKOJbKO BHCTYMNAIONIYIO Blepe] poroByio 060-
aouky cdepunueckoii ¢dopme. 3a poroBoil 060JOYKOH HAXOAUTCH
3aNOMHEHHAA BOAAHHCTON BJAArod NepejHssi KaMepa.

Hanee caenyer panyxnas 0060J04YKa, 3a KOTOpOH moMemiaercs
XpycTaJquKk—Ipo3paynoe Teno, HMeplee (PopMy ABOSKOBHOYKIOH
JUH3H, Oosee OJIOCKOH coepead M BHIIYKJIOH c3an.

B menTpe palyxuoi# 060JOYKH HMEETCS KpPYIJoe OTBEepCTHe, Ha-
3biBaeMOe 3pAYKOM, NHAMETDP KOTOPOro MOXKET NPH MOMOILH CHEIH-
alIbHBIX MBI VEBEMHUHBATLECA HIH VMeHBIIATECH, B S3ABHCHMOCTH
OT BEJHYHHH NaJaioliero B 1J1a3 CBETOBOIO NOTOKa iy4HCTOH aHep-
run, Bce WaMenenus BEAMUMHB 3pavuka NpPH A060M OCBEIeHHH MpPO-
HCXOJAT B npenenax ot 2 A0 7 M.

BHYTPEHHOCTb T1a3HOTO A0J0KA 332 XPYCTaJAHKOM 3alOJHEHa CTe-
KJOBHAHON BAArod KOHCHCTEHUMH XKele.

Jno raasa BBICTJIAHO 0COGOTC POA@ COCYAHCTOM 060M0YKOH, npel-
CTaBagl0mEed CJIONHCE CIJIeTeHHe KPOBEHOCHHIX COCYNOB, MHUTAIOMHX
rias. 3a Hell, y CKJAepH, HAXOIUTCHA CaMas IVIaBHAfA YACTh 3PHUTENb-
HOTO anpmapara—ceryaras 000,04Ka, niM Ceryarka.

Ceruarka npeacrasiasier co6Ofi 3KpaH, HA KOTOPOM [OCPEeACTBOM
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ONTHUYECKOH CHCTEMbI I71a3a BOCNPOH3BOIWTCA H300paKeHHe BHENI-
sero mupa. CerTyaTka BEChbMa 4YyBCTBHTEIbHA K CBETOBOMY pasjipa-
WKEHHIO.

OnTHueckass CHCTEMA IJa3a COCTOMT CJEJ0BATENBHO H3 POrOBHUHI,
BOASHHCTOR BJArd (mepeiHsd Kamepa), XpyCTaawkka H CTEKJIOBHI-
HOf Bnard. YKaszaHHas CXeMa T/1asa [OPEACTABAAET 3HAYATEALHYIO
TPYAHOCTb H CHOKHOCThL pacdera X0JAa JAydei.

[Nepenuee dokycHoe paccTOsHHe IJ1a3a HEOAWHAKOBO C 3aJHHUM,
TaK KaK NpPOXOAHMas CBETOM IOCAENHAd Cpeja (CTeKAOBHAHAA BJA-
ra) ?ﬁnanae'r NMOKAa3aTeNeM MPEeJOMACHHA, OTIAHUHEIM OT €JHHHIEL.

2. AnuT
3peHun

Kak ckasaHo BblIE, ONTHYECKAd CHCTeMa Trjasa AaeT u3obpaxe-
HHE TNPEIMETOB Ha CeTHATKE. -

CBeToBO# Jyd, NPOXOAA ONTHUECKYIO CHCTEMY rJa3a, DPOHHKAEeT
cKkB03b psii caoeB (oxkomo 10) ceryaTkd H NONAAAeT HAKOHEU B
npeANnOCNeAHAH CJOH, KOTOPHIH 3akjaw4aer B cefe CBETOUYBCTBH-
TeJAbHbIE SAEMEHTHI, COCTOSIUIHG W3 Nanoyek  Koaboyex.

[TanoYkd # KOJAOOYKH HAXOMATCA B LEHTDAX INECTHIPAHHBIX K/e-
TOK ¥ NPHAAIOT BCEMy CBETOYYBCTBHTEJNBHOMY CJOI0 CETUAaTKH BHI,

HANOMHUHAMOIMNHA MYETUHbIE COTH. PasMepsl Namoyexk H KOJAOOHEK

OuYeHb Maubl, AAHHA LHIHHAPOB MNaJ04YeK PaBHA MNPHOAHIUTEILHO
0,003 mu, a pmamerp ux—0,002 mum. Bwmicora kosyca KOnbGO1KH
okono 0,002 mas, nnaverp ero—0,004 s, Yucao caMux maJouex
H KOAGOUeK BeChbMa BEJHKO—OHO JOXOAHT A0 7 MJH. K0JA00YeK H
no 130 maxH. nanouex.

Kaxaas xon0ouka HMEeT B MO3TYy CBOK KOPpPeCnOHAHDYIOMYIO
KJeTKYy, C KOTOPOfi OHAa COeJHHEeHa OCOGHIM HEPBHLIM BOJIOKHOM, I1pi-
HaANEHANHM TOABKO Eﬁ, TOTAa Kak OJHAa MO3roBas KJEeTKa oﬁc.ny-
xuBaer okoao 100 manouexk.

Camoe Jayuiiee M OTUETJHBOE 3PHTEIbHOE BOCOPHATHE MOAyuaer-
C# B IEHTPE TAaK HA3HIBAEMOro XKeATOro martsa. Camo XKeaToe IaT-
HO HAXQAHTCH HECKOJAbKO B CTOPOHE OT OMNTHUECKOA OCH, OJAHKE K
BucouHofi yacrd. llenTpanpnas wacTh STOro MeCTa CETYATKH Hrpa-
€T B aKTe 3pDeHHss 0C000 BAaXKHYI0 POJb; 37eCh B CETYaTKE YMeHb-
IIA0TCH H HCUE3dIT HEKOTOPLHIE NPDOMEXYTOHHBIE CJIOH H OCTanT-
Ccsi HEH3MEHHBIMH TOABKO NaJO9KH H KOAGOYKH. STO MeCTO H cay-
KHT LEHTPaJbHOA YacThi0 (HKCAIHWH 3pEHMH, T. €. MecTOM Haubo-
Jlee pe3KOro ¥ siCHOro apenus. Besxoe ykaonenue u3obpaxKenus oT
UEHTPANLHOM YACTH KEJTOr0 NATHA BJIEYeT 33 cO60K YMEeHbIIEHHE
ACHOCTH H Pe3KOCTH H300paeHHs. :

3abonesanuss B 006JaCTH XKEATOrO NATHA Pe3KO YMEHLIIAT OCTPO-

Ty HaIero speHus.
Haauune B naaoukax 0coBOro nmurMeHTa ,3puTe]bHOTO nypnypa®
(panoncuHa), COOKpAOILErocs B TEMHOTE H BHILBETAIONIET0 Ha CBETY,
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ybeiaeT Hac B TOM, YFO 3DHTEILHOE BOCIPHATHE MOCPEACTBOM
naso4ek 06yCAOBACHO XHMHUECKOl peakuued nmop n1efcTBHEM CBeTa
#a pagoncuu. B x01009Kax A0 HACTOSUIErO BPEMEHH HE OTKPHTO
HHKAKOT0 BeleCTBd, HA KOTOPOE CBET OKa3hBaJ Obl HENOCPEACTBEH-
HOe BO3[eficTBHE; MO3TOMY MNPEANOAAraioT, 4TO (PYHKIHA KOJIGOYEK
oT/yaercss OT QYHKIHH [AT0OYeK,—MOJIAraKT, 4T0 KOAOOUYKH npu-
Ci1oco06/eHbl MO NPEHMYMIECTBY K [AHEBHOMY 3PEHHIO, 4 MaJOMKH—
K CcyMepe4YHOMY.

CaMmeifl aKT 3peHHs mo o6menpHusToii Teopun ®. Kpuca saxawo-
qaeTcss B CAeLYIOIeM.

[Manouxy ABASIOTCS CBETOOILYLIAIOMHMH S/eMEeHTaMH, TAABHEIM 06-
Pa3oM MpH ocaabieHHOM — CYMEPeYHOM OCBEIEHHUH. Haxonasiommii-
¢A B HHX B TEMHOTE 3DHTe/JbHHI NypOyp HAYWHAET pAa3/aararbes
NpH pasApaXeHHH CETUATKH CAMEIM caaGuiM HCTOYHMKOM cBeTa. Kor-
7la OCBElIEHHOCTh CeTHATKH CAHIIKOM BEeJHKA, BeCh 3PHTEJALHBIA
nypnyp B JaHHOM MeCTe BHI[RETAET, M Peaklus Nano4yeKk npekpa-
uiaercs. Takum 06pasoM MaNOuKH NPHHUMAIOT YYacTHE B 3pHUTENb-
HOM BOCOPHATHH NMpeAMeTa TOJLKO NpH BechMa MaJOH OCBelleHHO-
CTH, BCAEACTBHE UYEro OHM HE AAI0T BO3MOMKHOCTH PasjHuaThk LBeTa.

B npoTHRONOAOKHOCTh NaJOUYKaM KOJOGOYKH MPHCHOCOGJEHH K
sapkomy ocBemenuio. [locre pasapymenus spurefbHOro nypnypa B
1aJI0YKaX M NPHOCTAHOBJAEHHA B HHUX DeaKUdH CBETOBOrO pasjapa-
JeHus HAYHHAIOT YCHJAEHHO (MYHKIIHOHMPOBATHL KOJGOYKH, BOCIPH-
HAMAIONUIHE OTYETIHBO HE TOJAbKO H300pakeHHe MpeaMera, HO H
€ro OKpacky (iugera). :

I1pu cmene GOJBMIHAX IPKOCTEH MaALIMH TpeGyeTcs HeKOTOpoe Bpe-
MA AJ5 BOCCTAHOBJAEGHHS 3PHTENbHOrO Mypnypa B NaJOuKax, mocie
Yero ¥ HauMpaeTcd HX JeATEeJBHOCTb. DTO NOATBEPHKAAETCA BCEM H3-
BeCTHHM (paKTOM HEKOTOPOH ,CHENOTH® NPH BHIXOJZE UYEJ0BeKa H3
SIPKO OCBELIeHHOH KOMHATH B TeMHOE NOMEIleHHe: B MepBHA~MOMeHT
rJa3a HA4YEero He BHAAT,  TOJbKO NO NPOIIECTBHH HEKOTOPOro Bpe-
MEHH, KOrja BOCCTAHOBHTCH 3PHUTEJbHBIA Nypnyp B NaJ0YKax H MO-
cae/lHAe HAYHMHAIOT QYHKIHMOHHMDOBATH, 1834 BOCOPHHUMAIOT OKpPY-
WAIue MpeaMeTs, XOTS M ¢1a60 OCBEUIEHHbIE.

Taxoe npucoocobJeHHE T71a3a K H3MEHAIOIHMCA YCJIOBHAM SPKO-
CTH HOCHT Ha3BaHHEe alanTalHH,

HopManeHEbli rias uemroBexa JOJKEeH AaBaTh HA CETUYATKE SICHHE
M300pameHs NpeJIMeTOB, HAXOAAIMNXCA Ha A:000M pPACCTOSHUH B
npez)len'hx 0T GeCKOHeuHOCTH A0 250 au (paccrosiHHEe HCHOTO 3pe-
HUS).

Tak Kak pacCTOfHHe MeXIy XPYCTaJHKOM H CeTYaTKOH mOCTOaAH-
HO, TO HEOOXOAHMOCTb KOMMEHCHPOBAHHA [/ NOAYUYEeHHS DE3KHX
n300parkednit OT MPeAMEeTOB, YAAJAEHHBX HA PA3NHYHLHE NUCTAHIMH,
JOCTUrdeTCd M3MEHeHHEM (DOKYCHOTO pPAcCTOSHHA CaMOH ONTHYECKOH
CUCTEMHl [Ja3a MYyTEM TaK Ha3pBaeMOH# aKKOMOAAUHH IIa3a, 3aKJI0o-
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yalouedcs B H3MEHEHHH MOCPEACTBOM MLIMIEYHOTO ammaparta KpH-
BH3HBI nepefHeHd H 3aJlHell MOBEpXHOCTEH XpycTalHKa.

Crenenb aKKOMOAANHMH QOHYHO O0O003HAYAT B JHONTPHAX, T. €.
B BeJHyYHHE, 00paTHOH riaBHOMy (OKyCHOMY pacCTOSHHIO, Bblpa-
JKEHHOMY B MeTpax.

V HexoTOpHX Ji0ojeil CETUATKA I'71a3a HAXOLHTCSH HECKOMBKO Naldb-
e OT XpPyCTajuKa, 4eM Y JIoAeldl ¢ HOPMAaJAbHLIM 3DEHHEM, U raas
HE B COCTOSHHHM AKKOMOAWPOBATHL 3Ty pasuumy. Takoe sipjaeHde Ha-
3bIBaeTCA OMM3OPYKOCTBIO M HCMPABARETCS TeM, UTO Blepefu rJaa-
32 CTaBAT OTPHIATENLHYI0 OYKOBYIO JAHH3Y, KOTOpas YINHHAET
obumee QOKycHOE pacCTOsiHWE IJa3a. -

JanrpHosopkocrs —sBaenue, 06paTHoe GAH30PYKOCTH.

[TpuunHO# 131LHO30PKOCTH ABAALTCS YKOPOUEHUE PACCTOAHHA MEXK~
Ay XpycTaiuKOM M ceruaTkofl. [lasi ycrpaHeHHs AaJbHO30PKOCTH
HeOOXOHMO nepej I/1a30M CTABHTH MOJOXKHTE/JbHYIO JUH3Y.

3. Paspewajpowmas
cuna rnasa

CyauTbh O PE3KOCTH M KauecTBe H3oOpameHud, nasaeMoro (oto-
rpauyecKkuM OOBEKTHBOM, BO3MOKHO HA OCHOBE H3yHEHHS paspe-
marpmel cu/bl r1asa, T. e. TOrO CaMoro amnmapara, KOTOpmil aaer
KaueCTBECHHYIO OIEHKY HCIBITYyeMOMY OOBbEeKTHBY.

[Mox pazpemaiouiedi cHjof rjasa (OCTpOTa 3pEHHs) MOApasyMe-
BAalOT HaWMeHblIee YraoBoe paccTrofiHue NBYX O0OBLEKTOB—TOYeK,
IpH KOTOPOM rja3 crmocoleH ellle BOCOPUHHUMATHL 3TH TOYKH OT-
AeAbHO ApPYTr OT Apyra.

[IpennosoKHM Ha HEKOTOPOM PAacCTOSHHHM OT 1Ja3a MpeaMeT H
npoBedeM OT KpPalHHX Touek ero PP’ aBe JawHHH (pHc. 38), mpoxo-
AALIME YEepes XPyCTalAuK u jgawmue ob6paTHOe M300paKeHHe npen-
meTa Ha ceruarke, ¥roa U pasen yray U’.

MuorouncneHasie Ha6A0AEHHs N0KA32n4, YTO HAUMEHbUWIHA yron
U, npu KOTOPOM rja3 elle pasjiuyaeT OTAEAbHO ABE TOYKH, paBeH
1’. Ecan yros Mespme 1', TO 8TH TOYKH CAHBIIOTCH H I'd3 HE B CO-
CTOSHHY HX Pa3AHYMTD,
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O6bacHeHHE STOM}( ABJIEHHIO CACAYIOMIEE. BHIIUE MH YNOMAHYJAH,
yTo u300paKeHHe mpeaMeTa, 60raroro AeTansiMM M XOPOIIO OCBe-
IeHHOro, nmepenaercs koaboukamu. ONHY TOUKY riaa3 BHIAHT TOJb-
KO B TOM cayuae, Koraa ee H3oOpaweHde majaeT Ha OLHY Koabouy-
xy. Ecau msoGpaxkenue BTopofl TOYKH MONAaJaeT HA COCEJHION KOJ-
60¥Ky, TO BCJAeACTBHE HEAOCTATOYHOH M30UpaTeNbHOM CMOCOGHOCTH
pasjapaxends OTJAeNbHHX PSALOM CTOSAUIMX KOAOOYEK IJas MOKET He
BOCNPHHATbL CYUIECTBOBaHHS ABYX OTAPJABHBIX TOUeK. TOJBKO OXHO -
BPEMEHHOE pasjpameHHe IBYX KkKOA00YeK, Da3ieJeHHHX TpeTbef,.
JaeT BneuareHHe ABYX OTAeJbHHX TOUEK.

B peaysnbTaTe H3J0XEHHOIO MNOMLITZEMCS OMpefeidTk TOT HaH-
MEHBIIHA YroJ, mp¥ KOTOopoM OyIyT pasjpaxeHnsl aBe KoJ60YKH,
pasje/neHHbe TpeThell. 3Has. 4TO BeAHUHHA MONEPEeYHHKA KOAGOUKH
paBHa npubausuresbro 0,004 s, MBI NQKHH B38Th Tako# yroa,
KOTOpPHI MOT GBI"OXBAaTHTH TPH KOJAOOTKH:

Basir otpesxn nmo 0.004 au oT rpaHMn pasfiena ORHOM ;onﬁoqxa'
(puc. 39), MBI CO31aAMM BO3MOXKHOCTb OXBaTa yraom U’ AByx koi-
6ouek, pasaeNeHHHX TpeThed.

ITpuEuMas BeIHUYUHY NPOMEKYTKA OT XPyCTAlIHKA A0 <€JI0s KOJ-
6ouek pasHO# 16,7 s, nonyyaeM mpezes pa3pemIaTeNbHO ¢nocob -
HOCTH TIJa3a: :

0,0048 1
16,7 X

TaxuM o6pasoM BeiuunHA HAUMEHBUIETO yIia, a CJELOBATENBHO
Haubo/blell paspemHTensHOM CHOCOOGHOCTH raa3a, ONPeNeasercs
aHATOMHYECKHM CTPOEHHEM ceTdaTKH. Yem MeHbllle MNONEPeyHHK
Konbouex, Tem Ooabuie paspewapollas CHaa riasa.

4. Crepeockonuyeckoe
BUAEHHUE

B akre 3spenus HOpMAaJbHO y4acTBYIOT ABa I/a3a: COBMECTHOE
3pHTeNLHOE BOCNPHATHE ABYX I/Ja3 ropasjio ocTpee, HexeJH BOC-
NpHUATHE OXHOrO TJIasa.

Camoe k€ raaHoe B CTEPEOCKONWYECKOM, HAH OGHHOKYJASPHOM,
3PEHHU — 3TO OIIYIIEHHE TAYOHHEI NPOCTPAHCTBA, CYXKIACHHE O
DENbEe(HOCTH NPEAMETOB, HAXOASIIMXCA B MPOCTPAHCTBE HA PA3HBIX
paccTosiHHe Or Hab3ujgarens.

To o0cTCATEALCTBO, YTO MEXIY IJIa3aMH HMeeTcs HEeKoTopoe,
XOT ¥ HE OY€Hb 6ONbINOE PACCTONHME, CO3JAdeT pasAHyHe B H30-
OpameHHsX NPEIMETOB HA CETYATKE MNPaBOrO H JEBOro riasa.

Ipocaennm sto ma puc. 40. Mycrs I, u I, 0603HAYAIOT 3paukw
raa3, a C, n C,— cetuarkn. Jonyctum, uto 06a raasa (hHKCHpOBa-
HEl Ha TOYky P u npocrpancrse npeamera. M3obpaxenue aToii To4-
KM NOJAYYHM HA ceTqaTkax B roukax P, P,. [lycts orHoBpemeHHO
I1a3a pacCMaTpPHBAIOT M TOYKY F’, n300paxKeHHE KOTOPOf MOAY4HT-
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cs B Toukax P!, P, .3amernm, uto o6a orpeska P’, P,u P, P,—
pasuoit Anuus., Coeamsas 06a M306paxkeHus B OLAHO OOuee, MOS-
TOBHE IEHRTPH NPHAAIOT €My CBOHCTBO CTEPEOCKONHYHOCTH, KOTOpOE
HaeT CYXKIeHWe O B3AUMHOM YAaneHuu Touek P u P’ B rayGuue
TPOCTPAHCTBRA.

Ecau Gm oba orpeska P, P, u P’, P, nMe]n O1MHAKOBYIO JAJIH-
HY H 6B1TH paAcnOJOXEHE] B OAHHX H TeEX JKe MecTax CeTYaTKH, TO
BOCIpUATHE TAakuX u306paxenuil mano 6b HaM CYXAGHHE O TOM,
yro ofla paccMaTpUBaeMHIX NpeaMera HAXOAATCA Ha OAHHAKOBOM
PacCTOSIHMH OT I/1a3a.

Baarojaps Takum CBOMCTBAM 3peHHs OOOMMH riasaMH HETPYAHO
CO34aTh CTEPEOCKOMHUECKOe OLIYLEHHEe NMPOCTPAHCTBA OT NOMELIEH-
HLIX Mepej raasaMu JABYX NJOCKHX KapruH. Takue KapTHHBL AOT-
JKHBL [1aBaTh MepPCHeKTHBHOe NpejicTaBlIEHHE MpeaMera CTPOro H3
CBOEro HEHTpPa MepCHeKTHBH, COBNAJA0UIEro C IEHTPOM COOTBET-
crByfomero raasa. LleHTpHl npaBoft H JEBOW KaPTHH He JO/KHH
npeBHIIAT PACCTOAHHA MEKAY 3paukaMu raas. Pexomenayercs
npaBy0 KapTHHY OTAEANTh y I71a3 HeGOJbIIOH Meperopoikoi oT
JIEBOH, \

OnucanHOe SIBACHHE JEXHT B OCHOBE CTEPEOCKOMHYEeCKoro (oTo-
rpagupoBaEKA annapaToM ¢ AByMa (GOTOOOHLEKTHBAMH H MOCAENLY-
JOLAM MEeYaTaHHEM MO3HTHBA C OPABLHIM W JIEBBIM H300paKeHHTMH
npeiMeTa, pPacCMATPHBAEMOr0 B ClEUHAILHOM NpUGOpe—CTepeoc-

Komne. .

Fnasa IV. Hepocratki usoGparkeHHs 06HLEKTHBOB

»

1. lNouaTtue
.06 abeppaliun

Hccnenosanne W usyyenne dororpapuuecknx oOGBLEKTHBOB, CO-
CTOAIIAX H3 CHePUYECKHX JIHH3 C LEHTPHPOBAHHLIMH nonepxﬂoc’mun
A10Ka3a/10, 4TO TOJbKO BeCbMa Mazdas 06./1aCTk [POCTPAHCTBA 00beK-
THBA BOH3M €rO ONTHYECKOH OCH JaeT TOMOLEHTPHHECKHit MydoK
Jrydeif, T €. TAKOA MyYOK Aydei, KOTOPH# CXOAUTCS HA OCH B OJIHOH TOU-
Ke. B ocTa1bHOM Xe 0611aCTH OPOCTPaHCTBA 00BEKTHRA GBIBAIOT PA3NUY-
‘Hble HE/IOCTATKH, NPHYEM HEJOCTATKH 5TH YBeAHYHBAIOTCH /4 MyUYKOs
JIydest, npoxXoasiux 6/HKe K KpaaMm o0beKTiBa. Bnoane cosepennoi
ONTHYECKOH CHCTEMBI POTOOGBEKTHBA HE CYIIECTBYET; KAXIBIH 00beK-
THB OOMajaeT TEMH H/IH MHLIMH HEJNOCTATKAMH B pa3sHOM KOHEYHO
cTeneHH. M3y4eHHI0 H OUpeJe/eHHI0O TAKHX HENOCTATKOB M MNOCBA-
1eHa 5Ta TI1apa.

B npennaymAX HAMMX DACCYKAEHHSAX BCE BHIBOAK M (hOPMYIbi
ObIIH JaHBl B MPEeANONONKEHHH, YTO BBICOTA /i BXOAAIIETO Jay4a u
ero HAkAoR U K OCH CHCTeMBl GECKOHEYHO Ma/bl, H Mbl [TONL3OBA-
JACh TdK HA3LIBAEMBIMH HY/IEBBIMH, HIM OCEBLIMH, JYYaMH.

B rnefictBurennnocTd u h ¥ U OGHYHO HMEIOT KOHEUHBIEe 3Haue-
HHA, ¥ B3TO OOCTOATENBCTBO OOBACHAET TOT (DaKT, 4TO CBETAmAR
‘TOYKA TPOCTOH HEKOPPErHpPOBaHHOH (EEHCHDPABAEHHOMN) cCuCTEMOH
W306paxKaeTcs He TOUKOM, @ HEKOTODHM KDYKKOM paccesHus.

Jlyun, Bxoxasiue Ha PasHbIX BHICOTaX B OOBEKTHB, AAIOT H3obpa-
HEHHE TOYKH B PA3IMYHHIX MECTAX OCH CHCTEMHl; KDOME TOrO mywu-
KH, HAKJIOHHBIE K OCH, AAlOT H300pameHnHe Takwe He B (DOKAABHON
MJIOCKOCTH NAapaKCHAJBHBIX JAy4eH, T. e. aAyuell, BXOAAWIHUX NMOX HY-
JIEBEIM YT/IOM Ha HYJ/JEHOH BLICOTE.

Bce Takve orkaonenns nmosoxenus W QOPMH H300pakeHHs Ha-
3bIBAIOTCA abeppauusmMu ONTHYECKOA CHCTeMbl. B OCHOBHOM Mbi
HMEeM JBe rpynmel aGeppauui: 1) abeppanun MOHOXpOMAaTHYECKHX

'-ny-;eﬂ, TaK Ha3niBaemble chepudeckue abeppauuw, u 2) xpomartu-
Yeckue abeppauun, T. e. OTKAOHEHHS, NOJYYAKMIHECH BCAEACTBHE
Pa3UYHOA MPesOMAAEMOCTH Pa3HBIX WBETHHIX Jy4eil.

Hpu pacwere u KOHCTPYHPOBAHUH GoTOorpaduyecKkux OO6LEKTH-

BOB CraparnTcsd N0 BO3MOKHOCTH YCTPDAHHTD HJAH MJOBECTH 0 MU-

HUMAMLHOH BeAWHHHB OCTATOYHBIE a0eppamuH.

: B saBucumoctn or Haswauenus m uean ¢doTorpadrueckoro o6pex-
HBd, B nocJae/HeM [AOOYVCKAIOTCA pPANHYHEIE BeJAMUYHHHL TeX HAH

HHBIX abeppanuii.

4 B. Herpos
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2. Chepuyeckan abeppayua—.
npojonsHas W nonepeyHan -

Cohepuueckas abeppaius 3aKJI043€TCHA B OTCTYNAEHHH OT FOMONEH-
TPHYHOCTH BBIXOARIEro HM3 CHCTEMb Nyuka ayuyedi. [lapaanensusiit
OCH CHCTEMH MNYHOK_Jyd4ef, IPOXOAA Yepes HeHCHPaBACHHYIO JHH3Y,
He coOnpaeTcsi B (POKyce CHCTEMH, 2 NaeT psd H306DaKeHWH cse-
THmEACH TOYKH B 3aBHCHMOCTH OT BHICOTREI BXOA4 JIyueii B CHCTEMY.

Ha puc. 41 npusenen cayda#l chepudeckoil abeppaune npocroi
ABOSIKOBHTYKIOH JuH3EL. JlyuW, napaaseibRele OCH CHCTEMB, MPO-
XOnfmHe HA BuicoTe h; hy ks ,cobepyrca He B TOuxe F'—(oxain-
HOR MNJ/IOCKOCTH JHH3H, 4 Ha HEKOTODOM DAacCTOfHHM OT Hee. Takoe
sIBIEHHE HMEeT MEeCTO BCIAEACTBHE DAasAH4YHOH BEJHUHHRI YIJIOB npe-
JOMJIEHHUSI JHH3Bl; KPaeBuie JYUH fy TPEJOMASIOTCS CHJABHEH, ueMm
Ayu#d, NPOXOAAIINE HA BbICOTE fiz M K, M0STOMY OHH M COGHPAIOT-
ca B Touke Sz, OMHMMe K cCHCTEME, 4ueM ayun S:u S;.

Otpesku F'S,, F'S,, F'S; Ha3biBalOTCA NPOAOABHON chepuueckon
abeppanueil. OGo3Haunm 5Ty abeppauui uepes

A
O s =S5,—Fj} (40)
8ffy =S, — I’ :

Ilposeass x myuky ayuei, BRIXOAAIIMX H3 JIHH3b, KaCaTeJbHYIO
AS;, ME NONYYMM NOBEPXHOCTh, Ha3bIBAEMYIO KayCTHUECKOl MOBepX-
HOCTBIO.

B cayuae, korga passocTk S,—F' 6ymeT oTpEHAareabHa, Kak 3TO
HMEET MECTO B MNpHBEJEHHOM MPHMepe ABOAKOBHNYKJIOH /MHUH3H,
onTHYecKas CHCTEMA HA3LIBAETCA HELOKOPPErupoBaHHON, WK Helo-
HCNpaBJAeHHOA B OTHOLIEHHH c(epHueckod abeppaunuH: mMpH 040~
WKUTEAbHONW BEJAMYMHE PpasHocTH S,—F', 1. e. KOrjga Jyuu KpaHHeh
S0HBl NEPEeCeKaT OCh JMaJjbiue QOKaIbHOH NAOCKOCTH CHCTEeMbl, ce-
puueckas aﬁeppauuﬂ CUHTaeTCH ﬂOJlO]:KHTEJTbHOﬂ, 4 CHCTeMa—Iepe-
HCIIPaBJEHHOH.

Ecau na puc. 42 npogomxkum Jyu S, 1o nepeceueHusi ero ¢ ¢o-
KaJAbHOU NJOCKOCTRIO £Y, TO orpesok F'S’;, o6o3nayenuwii OyxBoi
2, OyleT HAsHBaTbCcAd nomepeyHod chepuyeckoi adeppaumen CcHC-
TEMbl /I8 TOYKH Ha ocH. Ilpu TakoMm NOJOXEHHH B caydae mome-
mennsa QoTorpaHuecKoll NAaCTHHKHA B (hOKaJNbHOH MAOCKOCTH CHC-
TEMBI HA NJACTHHKE NOJYYHM BEKOTOPHﬁ KPYyKOK paccesnHus, Or-
PAHUYEHHBIA PafuyCOM Z.

W3 usnoxerHoro Bulme 3akJiouaeM, 4TO Kak NpofoabHas cdepu-
geckas afeppauus 8f', Tak H nomepeuHas 2z, B ONpeleNeHHOH ONTH-
4EeCKOM CHCTeMe NpH ONPEeleNecHHOM XOAe Jyueil BaBHCAT HCKA-
YHTRABLHO OT BBICOTHI TOYKH NPENOMJEHHS HA NepBGil MOBEePXHOCTH.

O6niuHo cdepuueckas abeppauusi NPeACTABASETCH Tpaduueckd B

50

BUe KPHBOH, MPUYEM N0 OCH OPAMHAT OTKJAABLIBAETCH BRICOTA BXOZA
ayueit £, a MO OcH abcuuce — IPOAOAbHASA cpepuueckan abeppanud,
BRIpAKeHHAR B JHHeRHON Mmepe, T. &, B MaaIHMerpax. Ma currab no
ocH abcumcc 6epeTcsl HeCcKOJbKO OOJbIHM, YeM n0 OCH OpAUHAT.

Ha puc. 43 moKasaHu KPUBHIE ChepuuecKon abeppauuu NpocToi
NBOSKOBLINYKAOH AuH3H (pHC. 43,a) u (oTorpaduyeckoro o6-eKTHBEA
runa ,Teccap¥ Lleficca f:4,5 (puc. 43,0).

B ¢ororpaduyeckux 00BbEeKTHBAX, COCTOSMIHX U3 HECKOABKHX JHH3,
KOppeKuvs Ha cepuueckyio abeppaunio AOCTHraeTCd COOTBETCTBYIO-
M NoA60POM PAaTHyCOB KPHBH3HEI M KO3(HUHEHTOB IIPEJOMACHHA
oTAenbHEX JHH3, Takoe KOpperdapoBaHHe 00beKTHBA MMEET LEnbio
BHIOPAMHTE KPHBYIO CepuyecKon aGeppauuu Wau no KpaliHel mepe
NOBepHYTh €€ TaK, YToObl OHA mepecekasa oCb opAuHar. Muaue ro-
BOp#A, NpH KOPPErHPOBaHUH OOBEKTHBA OOHIYHO CTPEMATCS K TOMY,
yTo6Bl XOTh OJHMH /yd4, BXOASWIXA HA BHICOTE /A, mOCie NpPOXOX/e-
HAs uepe3 OOBbEKTHB MEPeceKas ONTHYECKyl Och B (oKyce mapak-
CHAJBHBIX (HyJdeBbiX) ayuyedl. MieasbHas onTHYecKas CHCTEMa JAET
kpusyio cephueckoit aGeppauunm B BHAE NpsIMOH, COBHAZAIOMIEH C
OCbI0 OPJIMHAT, YTO MPAKTHYECKH aGCOMIOTHO HEBO3MOXHO. B mobom
dOTO-KUHOCOHEKTHBE [Nl ONpPENeNeHHOH KOPPerdpOBAHHOH 30HBI
Bce e ocraercd cdepHueckas abeppanua Aas Ayuell HHOA BHCOTEH,
OTJIHYHOA OT HCHPaBJAEHHOH 30HH.

Cohepuyeckas abeppanus B (QOTOKMHOOOBEKTHBE ABJSETCH CyIlle-
CTBEHHHIM HEAOCTATKOM, TaK KaK PasJIuYHHE 30H: 00BLEKTHBA /I A2I0T
pE3Koe HSOGp&H{EHHE npeaMera Ha pﬁBJIPI'-IHO.M pacCcTOiHHH B npocT-
paHCTBE HSOﬁpﬂEEﬁnﬂ, BCJACACTBHEC YEro Ha NJAaCTHHKE nsoﬁpamenae
npejaMera moJAy4yaeTcd Hepe3KHM, XOTH MJAACTUHKA H 6yIeT yCTaHOB-
neHa B MJOCKOCTH HanGoJee PesKoro H3oOpaeHud, T. e. HauayyueH
YCTaHOBKH. PesynbTaT aTOro siBAEHHS BHP2XKAETCH B BHAE KPYKKOB
paccesiHud, NOAyYaeMLIX HA MAACTHHKE OT KDAWHMX AydeH, nepece-
KAI0MUX OChb OOBEKTHBA N0 HJH NOCHE NAOCKOCTH HAUJyYllIeHd yc-
T2HOBKH.

[Mosioxenne Bauayumed MJIOCKOCTH YCTAHOBKHM 8aBHCHT OT BEJH-
YHHBI OCTATOYHLIX CcdepHYecKHX abeppaunuii OTIAENBHLIX 30H npe-
JOMISIOMIHX NMOBEPXHOCTEH ¥, KAK CKa3aHO BuIe, OT (pOPMBI KpPH-
BHIX ceprueckoir aGeppanuu. [HuadparMupoBanne OOLEKTHBA, T. €.
YMEHBIIEHHE €ro BXOAHOrO0 OTBEPCTHA, MEHAET MOJOXKEeHHE HaHJIy4-
ulell NJOCKOCTH Pe3Kod YCTAaHOBKW OOBEKTHBA, BBUAY HErO CAAYeT
TBEPNO HOOMHHTH, 4TO ¢ororpaupoBaHue He0OXOAUMO MPOH3BOAHTD
npu Toil e amadparme B OOBEKTHBE, C KAKOH ObLIAa BHNOJAHEHA
YCTaHOBKA HA Pe3KOCTh MO MaTOBOMY CTeKJy.

3. Ycnosue
CHMHYCOB

IMox YC/ioBneM CHHYCOB MBI NOJApPasyMEB4EM NOJAYHEHHE HEKOTO-
poOT0 MJAOCKOro 3/JeMEeHTa NpenMeTa, pacnojioMeHHOro nepneHiH-
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KyJAsipHO ONTHUeCKO# oOCH, B BHJe MJIOCKOrO e CONpPSKeHHOro
3NeMEeHTa, TAKKe MepneHjMKyAspHOro ontudeckofi ocu. Mcnopas-
JAeHHEe CHCTEME B OTHOLIEHHH pasobpaHHOl BHIE ChepuuecKon
abeppaudn AAsT TOYKM HA3 OCH He #ABJAAETCs TapaHTHed Toro, 4to
BCE TOUYKH SAEMEHTA MJAOCKOCTH GyAyT MMETh XOpolnee PesKoe H3oo-
paxeHHe B TOUKE C HCIPABAEHHOH Cepuueckoil abeppanued:

[lpenmonoXuM, 4TO HEKOTOpas ONTHYECKas cucrTema (puc. 44)
Adaer ot To4kH S ayu SA nox yraom U B mocie npeaom/aeHns Jyd
A’S’ cobnpaercs mox yraom U, : .

B cayuae, xoraa ko3(HUMERT NPEJOM/IEHHUSA B NePBO#l U nociaenHei
cpeie OAHH H TOT Xe, YpaBHeHHE TNPHMET BHI:

tg U+ y=tg U -y (41)

970 ypaBHEHHE ¥ TOCAYXKHAO AJsA BHIBOAA (HPOPMYJLI NONEPEYHOTO
yBeJHYCHASA, W3 KOTOPOH BHIHO, YTO YBe/JHUYeHHE He 3aBHCHT OT
HakjioHa ayua. Ho B cayvae unpepmmenna yraa U yseauuenue
6yzer BooGule pasAHYHO, ecau Jay4d OYAyT NPOXOAHTH Hepes pas-
NAHYHBlE SOHH OnTHYecKOH cuctemul. [lpH TakoM MNOTOKEHHM OOCT-
pOeHHE CONpPsKEHHOH TOYKH P’ 1as Jydefl pasiHuHbIX 30H He Gyzer
COBMAAaTh U OyAeT HEpPe3KhM.

Brigenennoe ypasuenue (41) Jlarpamka — leanMronsua’ oxaspisa-
eTca AEACTBHTENBHLM TOAbKO AAA MAJmXx yraos U, nas ayuefl xe
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¢ GonbwuM yraoMm U u GoabuM (MMpokuM) PacTBOPOM B CeueHHH
BepHOE pelleHye 3ajavu aaso Able.

OcHOBBIBasiCb HA BOJHOBOR mpHpone ceera, AO66e poxasanm, 4ro
NpH KOHEYHOH BeJHYHHE HAKNOHEHHs JAy4eHd COOTHOWIEHHE

i sin U’ : sin U = const, (42)
siBAfeTCH YCAOBHEM MOCTOAHCTBA YBEAHWUEHHS AMA BCeX 30H Of-
THueckofi cucTeMb, cBOGOAHON KOHeyHoO OT abeppamuu.

Jas caygasi, KOrja mnoKasateab Mpe/JOMJEHHs CPeAbl B MNPOCT-
paHCTBe pelAMeTa paBeH 7, A TOKa3aTelb MNPEIOMACHHS B MPOCT-
paHCTBE H300paKeHHs paBeH n’, yCJAOBHE CHHYCOB NPHMET BHI:

n'sinlU' :nsin U=y:y — const. (43)

C/ie10BaTeNbHO MCOPABACHHHNA B OTHOMIEHHH KDHBH3HEI H300pake-
HHA 0OBLEKTHB oA CONpPAXEHHLIX TOYEK JOJIKeH AMEeTb IpHBEJAeHHOE
otHomenne (43) mas Bcex aAydell, MPOXOAAIIHX Yepe3 OTBEpPCTHE
OO BEeKTHRA.

llapa cONpsHKEHHBIX TOYEK, a7 KOTOPHIX HcnpasiaeHa cepuuec-
Kas abeppauusi Jyyeidl WHUPOKOro mydyka H KDPOME TOrO BHNOJHEHO
YCJOBAE CHHYCOB, HA3BLIBAETCA NApOA anjiaHaTHYECKHX TO4Yek.

QueBHIHO, YTO 3aKOH CHHYCOB OYyIET TepAThb BCAKHI CMBICI, €CaH
OJIHOBPEMEHHO OYAYT CYILIECTBOBaTh 30HH CepHueckoii abeppaunu.
Takum o6pasoM HeOOXOLMMO KOpperupoBath OOBEKTHB [isi Ompe-
AesieHHON 30HH B OTHOINEHHM Kak cpepuueckoHd abeppaiuH, TdK H

~ 3aKQHAa CHHYCOB.

OG6BexTHBE, MCIIPABAEHHLIE B OTHOWEHHH chepuueckoit abeppanuu
H 3aKOH4 CHHYCOB, HHOrJla HOCAT Ha3BaHHE 4nJaHaToB.

4. AcCTUrMaTHaM

Jlo cux mop MBI pacCMaTpHBaJH JHIIbL TOYKH, HAXOAfUlHeCd Ha
ontudeckofi ocu, PaccmoTpuM Tenepb H300paxceHHe TOYKM, pacno-
JIOXEeHHOH B cropoHE OT ocH, EcCin 4epes ocb TOHKOTO myykKa ayyes
OT TaKoil TOUKH, BXQMSAIINX B JMH3Y MOJA HEKOTOPHIM YIJOM, mpO-
BEJeM JiBé B3aUMHO NEePNeHAHKYIAPHHIX IWIOCKOCTH, TO 3TH IJIOC-
KOCTH MNEPEeceKyTCcs C MOBEPXHOCTAMH JHH3 MO KDHBBIM DasHBIX pa-
AHYCOB.

[Ipeacrasum ce6e, uro Ha pHC. 45 u30Gpaxena 6Goabuias cdepu-
yeckas DOBEPXHOCTh, HA KOTOPYIO H3 TO4YKHM S Majder TOHKHHA Mydox
Jyqed.

W3 prcynka BHIHO, 9TO MEPHAMANBHEIE MJIOCKOCTH HMEKT MEHb-
mWYyi0 KPHBH3HY, YEM IJOCKOCTH CarHTajJbHHE.

[ak kak B HAIOHX TNPEXHAX pacCykJAeHusxX OblIO yKa3aHO, 4TO
doxycuoe paccrosHue M MecTO (oOKyca 3aBHCHT OT PajaycoB KpH-
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BHBHH BCEX NOBEPXHOCTEH CHCTEMH, TO CJEJOBATENLHO JYYH TAKHX
AByX NAOCKOCTei OyAyT MMETh pasHhe Mecta (OKycos., . -

QueBMAHO, YTO NOCAe DPEeJOMIeHUs Ny4yok JyueH, IpeacTaB/eH-
HEf Ha puc. 45, noAAeT coraacHo puc. 46 m cobepeTcs B pasHBIX
TOUKAEX.

Ecam Mu Ha30BeM Jyud B IUVIOCKOCTH pHC. 45 MepHAHAHANLHEIMH
JAyuamu, a B MeprnesIuKyAspHOH IIOCKOCTH—CATHTAAbHEIMH, TO A4
MepUIHAHANBHLX Jayuell MecTo doxyca Gyaer B S'm, a Aad caru-
TaJAbHEX— B S’s, T. €. HA Hanbosee OAM3KOM PACCTOSIHHM OT JIHH-
3HL.

Pasnocte paccrosHuil (S'm— S’s) HasuBaOT aCTHIMaTHYECKOH
PasHOCTbIO, @ HEAOCTATOK JHH3H — aCTHIMATH3MOM, NpHYEM acTur-
MaTHUECKass Pa3HOCTL OYAET YBEeIHUHBATLCA C yBeJHUCHHEM yria
HAKJOHA BXOJSILErQ My4Ka.

Taxum o6pasom HieanbHLIA TOMOUEHTPHYECKUHA NYUOK Jyuei nocie
npeJoMAeHas ueped CHepHUECKYI0 MOBEPXHOCTH JeNaercss acTurma-
THYECKHM. -

[eomeTpHyeCKOe MECTO NepeceyeHHd Jy4Yedl BCEX MePHIHAHAJIbHHIX
CeYeHHH mnyuka obpa3yeT nepByl (OKaJbHYI0O MHHHIO; F€OMETpH-
4ECKOe MECTO TOYEeK MePeceyeHHs Jydeil BCEX CArHTAJIbHLIX CEYECHHH
nyuka oGpasyer BTopylo (okansnyio qurnio, Obe QoxkanbHEE AHHHA
B3aHMHO NepNeHAHKYJIPHLL ,

Acturmaru3m OOGBEKTHBA CKa3HIBAETCH B TOM, 4YTO NHPH OJHOM
OnpeeNeHHOM MOAOXKEHHH NJOCKOCTH HaBOJKH PE3KO M OTYETIHBO
BHJHB 0GBEKTH, PACNOJIOXKEHHEE B MEPHIAMAHANBHOA NJAOCKOCTH, 4
0pH APYrOM NOAOKEHWH PE3KO BHAHB O0BHEKTH, PACNOJOXEHHBIE B
CaraTajssHOf NJOCKOCTH. :

Ecan 06beKTOM HCIBITARHS CAYXHT naockifi weptex (puc. 47,a)
60ABIIKHX Pa3sMEPOB C BEPTHKATLHHIMH H FOPH3OHTANLHBIMY JHHHAMH,
TO B C/Ayuae aCTArMaTH3Ma MOJYUHTCA pe3koe HM300pakeHue Bep-
THKaJIbHEIX Juuui (puc. 47,6) Npu yCTAHOBKE MaTOBOTO CTEeKJa B ca-
TUTaNBHON MJOCKOCTH H OTYETJHWBOe H306paXX€HHE rOPH30OHTANBHBIX
AMHMIl NpH yCTAHOBKE CTeKJa B MJAOCKOCTh S’'m (puc. 47,6).

AcTHrMaTusM rpadaueckH u300paxaercd CAeAYHIOUHM 00pazoM.
[To ocH OpAMHAT OTKJAAHBAIOTCH YIJbl BXOJA &, MO OCH abcuuce —
pasHOCTb (POKYCHBIX pACCTOSHAME A1 MEDHAHAHANBHBIX, 4 TAKKE U st
CArHTaNbHEIX Jydeil. UeM MeHplle aCTHIMAaTH3M, TEM GauKe APyr K
apyry sTH KpuBhie. Ha puc. 48 npuBeieHH KpPHUBLIE ACTHCMAaTH3MA
$G0oTO06BEKTHRA THNA AMJAHAT.

XapakTep KpPUBHIX TOBODHT O TOM, 4TO OOBHEKTHB COBEDIIEHHO HE
HCNPaBAEH B OTHOIIGHHHM ACTHIMAaTH3MA.

YcTpaHeHue acTHrMaru3Ma XOCTHFA€TCH INPHMEHEHHEM CIOXHOH
ONTHYECKOH CHCTEMH, Y KOTOPOiH COOTBETCTBYIOUWM NOAGOPOM pa-
AHYCOB, TOIIIHH OTAENAbLHHIX JHH3, KO3(QHUHEHTOM NOPEJOMJICHHS,
BO3AYIUHEIMH NPOMEXKYTKAMH MEXIy JMH3aMH CTapJioOTCH YHHHTO-
MATH ACTHIMATH3M A8 Kakoro-uubyab ompelenesHoro yraa. [loa-
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Pnc. 45. ~ Puc. 46.

T3 2T 0T i A 7 By R R T RV
Puc. 48, Puc. 49.

HOTO0 YHUYTOXKEHHS aCTUrMaTH3Ma JAAs HeCKOJbKHX 3HAHEHHH yraaa

NONY4YATh HE yAAEeTCH.

POTOOGLEKTHBE, HCIPABIEHHBIE B OTHOIIGHHA ACTHIMaTH3Ma, Ha-
3LIBAIOTCH aHACTHrMaTamM. XapakTep KPHBHX S M m JAAs aHACTHI-
maTta THNAa ,Teccap” lleficca mpusesem Ha puc. 45,

5. Homa. AGeppauua
HaHNOHHLIX NY4YHOB

Senenne koMbl mnpencrasasger cobod cdeprueckyo abGeppauuio
ANA Jaydedi, HaNpaBJeHHHX HA O0bEKTHB HON HEKOTOPHIM YIIOM.
B stom ciaydae 0OpH HCNpaBAeHHOM B OTHOIIEHHH acTHUrMaTHaMma
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00BEeKTHBE BCE e OCTaercs BechMa KDYIHBIH HeA0CTATOK, CHILHO
CK33HBAIOIMACH HA KAYECTBE H306DAKEHHS OOLEKTHRA.
Ha puc, 50 npeacTaBaeHb! TPH CONPAMKEHHBIX Jyda B MePHAKAHAb-

HOM NJOCKOCTH, BHIXOASIUHX u3 Touku A. Kak BHIHO H3 DHCYHKaE,.

KaxAblfi OTAE/IBHBIA Jyu nepecekaer raasueili ayy P'A’ B 0cobof
TOYKE.
B raase o cohepuueckoit abeppaunu Ha puc. 41 mu NTPOBOAHIH

KayCTHYECKYIO KPHBYIO, HMCIOWYI0 CHMMETPHYHHI BHZA, BOKPYI OCH:

CHCTEMBI; MPH TAKOM ITOJOXEHHU BO3MOXXHO, UTO Ce4YeHHEe 5TOH KpH-

BOM JM060H NJIOCKOCTBIO, NEePNEeHNHKYAAPHOH OCH, Gyaer Takke-

CHMMETPHYHBIM OTHOCHTEALHO MOCJeAHeH.

Ecau 6u1 nyuoxk ayueit (puc. 50) umen Takke CHMMETDHYHOE CTpOe-
HHE, TO /BA KPaHHHX JyyYa MyuKa NEPecexanch Ol B OJHOH TOUKe
H crenoBateabHo ToukM Ay m A’y aexanu G B naockocTH S Ha
PABHEIX DACCTOSIHMAX NO 06€ CTOPOHH TOYKH A’. -

Coscem apyro#t Bui KayctTuueckoi NOBEPDXHOCTH NMOJYUYHTCH, KOTA4
NanaloWAl B CHCTEMY NyYOK Jyuell HAKIOHEH 10X HEKOTOPHIM yr-

JOM K OocH (pHc. 50). Ilocre npesoMaeHHa Mb Takike DOMYyYHM Kayc--

THYECKYIO NMOBEPXHOCTb, KOTOPAs yke B OOLIeM He 6yner cummer-
PHYHOHA BOKDYT INIaBHOTO Nyuka Jyua. [Tosromy nnockocts, nep-
NEHAMKY/IDHAA OCH CHCTEMEI, BBIDEXET H3 STOH KayCTHYeCKOi
NOBEPXHOCTH TAKXKE HECHMMETPHYHYIO (DHTYPY, T. €. BMECTO TOUKH
MBI NOJYIHM HE KDYKOK, 4 HEKOTODOE YAAHHEHHOE NsITHO.

Bereactsne 3T0ro Ha maacTHHKE, MOCTABACHHON B niockocTH 7,

MOJAYUYHTCA HECKOJBbKO BHITAHYTAdA (pm‘ypa, B Da8HBIX TOYKAaxX KOTO-

poit GyleT CXOANTECH PasSHOE KOAHYECTBO JyuéHi; OCBeIeHHOCTD M0

u@anM BCei Qurypu Gyner HauboJbmiedi B TOMKE raaBHOIO JayHa.
Taxum o6pasom uaobpaxenne Toukn A OylleT UMeTs BHA BHITAHY-
TOTO CBETJIOrO MATHA, HANOMUHAIOLIEro CBOE#H GopMOit 3ansiTyio (xoma—
sanatas), Bausnue xombl 6yner cka3wBaThCH B TOM, YTO H306pa-
MEHHE TOUKH HE OyNET MONOGHO KPyXKKy PACCeSHHS, 4 LDHMET He-
KOTOPYI0O XBOCTOOGpasHyo (opmy.

Ouesngno, uro ¢ yseauuennem yria HaKIOHA BXOJSIIUX B CHCTEMY.
Jytdeill BIHsiMHe KOMBI GYZeT CKAashIBATHCA CHAbHEE.

Ecan o6o3naumum orpesok 8’4 (puc. 50) anaxom y’, oTpesok S'A —

—y', 1 8’A', —y',, TO KOAHYECTReHHO KOMy K MOXHO Xapakrepu-
30BaTh CAGAYIOIUHM YDaBHEHHEM:

\

i 1 r I r ;
E=—5 (Vs ) —y- (44)

Ha puc. 51 mokasanm xpuswe, noJydeHHHe ororpadupoBannen:

npoCTOil COOHPATENAbHOH JAHHBON HEGOJABINON KpyIr/ion mHadparmu,
PACNONOKEHBOA B CTOPOHE OT OCH JIHH3HL,

Purypa ¢ noayyeHa Ha DIACTHHKe, YCTaHOBACHHON B IVIOCKOCTH:
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Puc. 52, Puc. 53.

MEXJy CHCTeMOi M (OKaIbHON MAOCKOCTBIO; KPHBAS 6 COOTBETCT-
ByeT MJIOCKOCTH, npoxonsuieii uepes S'. Kpusne 8, 2 u 0 moayuenst
Ha NAACTHHKAX, YCTAaHOBJEHHHIX B PasHHX INIOCKOCTAX BNPAaBO 32
(hOoKaapHOH NIOCKOCTHIO.

6. Auctopcua. Ycnosue
OpPTOCHONKH

Ycnosie OpPTOCKOMMM COCTOHT B TOM, 4TO MpeaMeT W H30Gpawe-
HHE AOJKHB ObITh nMomoOHE! Mewny coloffi BO BCeX CBOMX HacTHX,
MHAYe TOBOPH, MONEpeuHOe JAHefHOe YBeJHYeHHe MOMKHO OHTh

TOSHHBEIM JI/Ifi CONMPSXEHUA TO4YeK.

nof[o[:lycmu, lin'o TO‘[ﬁI‘I P’, u P, (puc. 52) mnepecedenHs IIaBHHX
nyuei ¢ maockocteio P'yS’ 6yayT UEHTPAMHU CXOASUIUXCA FOMOLEHT-
puuecknx nyuykos. Torza maockocts P’,8" Gyner MecToM pesKoro
u306paxcennsa npeamera SP,, T. €. OAOCKOCTRIO Hasoaku. Orciona
O/IHAKO ellle He CJAeAyeT, HTO H300paXeHnne npeamera noxo6HO OpH-
THHAAY, TaKk Kak JuHefiHoe YyBeaudeHue 3’ H 3, BAOAb NJOCKOCTH
P8, nepnedHKyAspHON K OCH, MOXKET OhITh M He MNOCTOSHHBIM.

CaienopaTelbHO Ha 3TOH NIOCKOCTH MOXKeT OHTh XOTA H DesKoe,
HO HCKAXXEHHOE ' W300paxceHHe nNpeAMeTa. YNOMAHYTOE SsBJICHHE
H JIACTOpPCHEH.

a%?:ﬁﬁzﬁﬁ yneﬁaqennﬁx npH H306paxeHHH INJIOCKOTO Npeamera
BAedYeT 3a co6010 HCKakeHWe B H30OpakeHmu. Jlas mosicHeHMs ABYX
NPOTABONOJNOKHEIX HCKaXKEHHH NPHBOTHM C/AEAYIOWHE INPHMEpH.
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[IpeacraBum (puc. 53), uro S§’ sABATETCH OCHIO ABOSKOBHINYKAOTO
<CTEK/14, KOTOPOE JaeT H30OpaxeHue niockoro npeamera PS, mep-
NEHAUKYAAPHOrO K OCH. [locTasim skpan L B OAOCKOCTH CONPSAMKEH-
HOA Touku S’. M3 npennlAymMxX rJag MHl 3HGeM, YTO BCJe/ICTBHE
afeppauuii ¥ acTMrMaTHaMa Jy4H, BHIXOSUIHE M3 TOYKH P, TecHee
BCETO0 CXOLATCH B TOuKe P’, KOTOpas MAEKHT HECKOABKO GaHKe
K JIMH3e, ueM akpaH L.

3a 310# TOUKOH P' AyYM ONATH PacXoAATCH W NPOH3BOAAT HA
' 3KpaHe CBeTAOE NSTHO, 0003HAUEHHOE HA pUCyHKe wepes PP, Ce-
peamHa Takoro natHa P, ofpasyercs Jy4amH, OPOXOASILIAME uepes
CepelIuHY JHH3HL. _

Taxoe mocrpoenue pHCyHKa BO3MOXHO, €CAH Gbl He GHJIO XHad-
parmut BB. Eciu e MB BCTaBHM CO CTOPOHH H300paKeHus HeGOMb-
wyio auadparmy BB, TO M3 BCEro myuka JyueH BLIISAUTCA Y3KkHi
KOHYC, KOTODHA Ha skpaHe L JacT CBeTJOe MNATHO B Touke P/,.
Ecau 6n1 mateo P’, coBnano ¢ Toukoé P;, TO OHO OK&3a10ChH Obl
H300paKenHeM NOAOOHBIM M NOAOGHO PACMOMONKEHHHM MO OTHOMIE-
HHIO K NpPenMery.

Ho, xak BuaHO w3 pucyHKa, P’, OTCTOHT OT CEepe/iMHH 3KpaHa
Aanee, yeMm P, BCreACTBHE uero H3o0OpakeHWe B KpPaeBHX YaCTAX
‘OKQXKETCs] PACTAHYTHIM, YTO H JAa€T HCKPHBACHHE H300paKeHH:.

Pasymeercs, HckpuBienue Oyjer TeM 3HAYUTEJbHEe, ueM
Aaasme Touka P npeamera GyAeT HAXOAMTHCH OT OCH JHH3LL

. Puc. 54 naer cayuait mckpusienus u300paxeHWs TOUKM P, HO
'y¥e B HEHTPANLHOH 30HE; TaKOe fBJIEHHE MMeeT MecTo npu auad-
parme, yCTaHOBJEHHOH B NPOCTPaHCTBE NpeaMeTa, T. €. Nepel JAHH-
304.

Bce of6osnauenusi Ha 3TOM PHCyHKE BIOJHE COBONANAKT € 0603-
Hauenusmu puc. 53. Takum obpasom nuadparmMa co CTOPOHH Opea-
MeTa MPONyCKAaeT TOJAbKO Te JYy4YH, KOTOPHE HA0T HA SKpPAHE CBET-
JIoe TATHO, Jexauee B Touke P’,, Gamike K OCH, 4em TOuka P,.

CaenoBaTenbHO B PACCMOTPEHHBIX HAMH ABYX CJAydasix AMCTOPCHH
NpH pasHbIX MOAOWEHHAX nHa(QparMbl OTHOCHTENBHO JHH3H OyaeM .
HMEeTh B NEPBOM C/yYae HCKPHBJAEHHE 0 Kpaio M306pakeHHS H BO
BTOPOM Cay4ae — HCKDHBJAEHHE B HEHTPE H300pa)eHns,

Ecan o0bekToM GyJXeT CAyMHTb YEPTEXK C CETKOH KBajJPATOR
{puc. b5), TO nNoay4aTCs HCKaXKEHHHIE H300pAKEHHS TAKOH CETKH,
NpeACTaBieHHble HA PHC. 56. !

Puc. 56, @, aaer naM NOAYMWKOOGPasHyH NHCTOPCHIO B CJAydae
noMelleHus AHadparMel B NPOCTPaHCTBE M300pakeuusd, puc. 56, 6
JAaer 604K000pa3HYI0 AMCTOPCHIO NpPH AHADpPATMe, PacHOJOKEHHOH
B NPOCTpaHCTBE mpeamera. B nepsoM cayyae yBeqndeHHe 1o Kpasm
usobpaxenns Goablie, YeM K cepeluHe, B N0OCAEIHEM — yBe/HYCHHE
B NeHTpe u300paenus GOJbIle, HEXKEAH K KpagM. ¥

Msat yxe ynomssyau, uYTO yCAOBHE OPTOCKOMMH COCTOHT B TOM,
4TO NpeiMeT H U300paKeHHe JOMKHK OHTL NOAOOHH MeXAy co0o#H
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Prc. 55

0 .

a o_
Puc. 566.

Puc. Sﬁa.

BO BCEX CBOMX U4CTHX; AHANMTHYECKH 3TO YC/OBHE BHIpamaercs psi-
oM oTHoweHnu# (puc. 52):
Yi_Ya
Y- Vs
rjie y, H y,— ODAHMHATH TOYEK NpeaMera, i ¥y B ¥’y — CQOTBETCT-

BeHHBIE OPAMHATH TOYEK H300paXKEeHHs.
B3sie OTHOIUEHHS:

i te Uy _ Y,
te Uy~ 3]
teUs_ Yo,
teUs ™

MOXHO yCAOBHE OPTOCKONHH HamMuCaThb:

tg U’]_ — Eg U’E =y_’l =}'_’2_ % (45)
tg Ul tg Ug yl y'

T. 8, yBe/M4YeHHe If BCEX YrJOB JO/IKHO ORITE MOCTOAHHBIM.
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YncaenHo aucropcus DD moxer ObiTh oupe;{'ener:a BeNHYHUHOMN:
s T
D:y—l _L)
5 (16

rae y’; —BeJMYHHA pacCTOSHHS OT OCH CHCTEMH 10 TOYKH P’
(puc. 54) u ¥’ — OTPE30K OT OCH CHCTEMH JO TOUKH P. '

Becbma He6oabumoe HCKPHBAeHHE H3006paXkenuil NPSMEIX AMHANR Ha
KpasXx noas 3peHHst OObuHHX (OTOOOBEKTHBOB HE MOPTHT O6uWEro
BEYaTNEHHS OT CHAMKA. HOo B KHHOCBHEMOUHHX 006BLEKTHBAX, rie
H300paXeHHE YBEIWYHBAETCH HA SKPaHE B HECKOJBKO COT [;aa H
B OCOOEHHOCTH B CHEUHAJLHBIX PeNpPOAYKUHOHHBIX (pm‘ooﬁbenma’ax
JHCTODPCHS SIBAAETCS YPE3BHIYAHHO HEHPHATHHIM HENLOCTATKOM I-Icnp-r
ﬁ:g::f Iiménﬁcpomoﬁ-bexmggn BLICOKOTO KayecTBa AHCTOPCH;I paB-

JH3HTENbH s -

v ks )?.uu o), r.neo ,5%; nOCielHAs BEAHUHHA ONpeAeaseTCs

z

e .}”1 ¥ = _]-”
D=100 —y;,-—%_ (47}

Hs npumepos, npuBefeHHHX Ha pHC. 53 u 54, BHTeKaer, uTo Hau-
MEHbLIEE 3HAYEHHE IHCTOPCHH OYJeT B CHUMMETPHYHHIX cHcTenax
rae auadparma HaXOAMTCA mMocpeiuHe GpOTOOGHLEKTHBE, MEXIY uep:
BOH H BTOPOH CHMMETPHYHBIMH MOJOBHHKAMH oﬁbex'n;sa,

7. XpomaTuyecKas
abeppauus

B npeawinymux pasgerax HacTOAIed I7aBH MH  PACCMATPHBATH
OTAe/AbHbIE cay4yau cdepsyeckHx aGeppauuii OpH yCAOBHH, 4TO NpO-
XoAsAMMA Yepes ONTHYECKyI0 CHCTEMY CBeT Obla o,a'ﬂop('),deu ToE
MOHOXpOMaTHueH. B JmeHCTBHTENLHOCTH e NPOXOAAulHi 'ue‘peé:
ONTHYECKYI0 CHCTEMY CBET — CHOXKHLIA, COCTOAMMA W3 Jayuell pas-
JWYHOH JIMMHH BOJH, BCACACTBHE HEro BXOAAMME B CHCTEMY Ha
HEKOTOPOH BHICOTE / Jiyd GeNoro CBeTa MOCAE BHIXONA M3 Hee He
NOAAET MO OAHOMY HANDABJACHHIO, a BBHAY PAa3Jn4HOfi nperoMase-
MOCTH OTAEJbHHIX IBETHHIX JYy4Yel, nepeceyercss C OChI0O CHCTEMBI
B DasHHX TOYKaX. ITO MOATBEPKAAETCH TeM, 4YTO KOIDHIHEHT npe-
JIOMJIEHHS ]ISl PA3AHYHBIX BOJH HMEET DAa3JHYHBIE SHAYEHHH, — UTO
noapo6Ho GniyI0 pasobpaHo B raase [, !

Tax kak xoshHUHEHT (mOKa3aTelb) NPEAOMACHHS YBETHUHBAETCS
OT KPacHoro kpaf cnexkrtpa X (PHOJETOBOMY, TO B CIyuae MpPOCTOMR
NOJIOXHTENbHOU JUH3H (DOKYCHOE pacCcToAHHWEe IJAA KPACHBIX Jydei
OyAer GOJbIIHM, HEXeAHW AAsi (PAONAETOBHX, T. €. KPACHHIE AY4H CO-
GepyTcs HA OCH CHCTEMH HECKOJbKO manbiue (HOAETOBLIX.

[Ipeanonoxnm, yto puc. 57 npejxcrasiseT BNOJHE HCHPABACHHY
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MIOMOMKUTEALHYIO ONTHYECKYIO CHCTEMY B OTHOIICHHH ayqeil KAKOro-

JAR60 ONpeeleHHOro UBETA.

[ly4ox napajfenbHLX OCH CHCTEMBl ayueil OOWYHOrO CJAOXKHOrO

nBera najaer Ha CHCTeMy H IO BHIXOAE H3 Hee, BCAeACTBHE MHCHED-
cuH, cobupaercs B TOuKax S'r W S’¢, rae S'r — nepeceyeHne CHHUX
ayuet # S¢ — KPacHuIX, [TocTapuB MAACTHHKY B (OKAJbHYIO IJIOC-
KOCTb CHHHX Jyued, MoJyduM Ha Hed CHHIOID TOYKY, OKDPYXEHHYIO
KPACHBIM OPEOAOM; MEepPecTaBHB IIACTHHKY B naockocTe S'¢ , HOAY-

qUM KPACHYIO TOUKY C CHHHM KPYXKOM.
OG603Ha4MB PaccTOAHHE OT BEpIIHHL CHCTEMBI O no dokyca CH-

Hux aygefi— S’», paccrosHue N0 doxyca KpacHux aydell — S,
onpeaeanM PasHoCTh PACCTOAHMI o6owx n3obpaxenuii or Touku O
|

Sy — S (48)

¥aK MPONOJIBHYIO XPOMATHUECKYI0 a0eppanuio, Wil XpOMATHIECKYIO0

aGeppalliio MOJNOXKEeHHS H300paXeHHs.
Ha sameM nprMepe Npo/o/bHAs XpOMATHHECKAA abeppanus MeHb-

Qe HyJas, B CHCTEMAa CHYHMTAercs HeJOHCIPaBJIeHHON B OTHOLIGHHH
xpomaTnueckoii aGeppannu. Eciu e abeppauus Oynaer Goabuie
gyJsi, TO TAKyl CHCTEMY OTHOCAT K nepeucnpaBAeHHON,

HicnpasuB ONTHYECKYIO CHCTEMY B OTHOIEHHH XPOMATH3IMA AAd
ABYX pASTMYHHIX LBETOB, TaK, YTOOH TOUKH doKycoB STHX Jayuel
COBNANAAA HA OCH, MH €Il He yCTPAHHM STHM OKpackH H300paxe-

HHS TOUEK, JexalllHX BHE OCH.
D10 fBIEHHE MOMKET HMETDh MECTO BCJAEACTBHE TOro, MTO TJiaBHEI®

NAOCKOCTH Ayuefi Pas/aMuyHbIX AAHH BONH MOTYT OKA3aTbCA HECOB-
MEIIEHHHMH ¥ (OKYCHBIE PACCTOAHHA IJA HHX 6y/ayT pasaHuHH.

Ha puc.58 H'p u H'g — raasibe 3anHHe MJ0CKOCTH JJd CHHErO H
XPacHOro Jyuel — HAXOAATCH B CHCTEME HEeCOBMEIIEHHBIMH, XOTA
B raasnol (GoxanbHOH maockocTH S’ TH AYYH H co6panuch B O1-
HO# TOYKE.

Tak Kak 1o (GopMyJae JMHEHHOTO yBEJHYCHHA macmTal usobpa-
JEeHHS ONpeiensercs OTHOIEHHEM

f

X

TO OueBTAHO BCAEACTBUE DPa3HOCTH (OKYCHBIX paccrosmuil myued
F u C ToOuxkH, HE JAeXallHe HA OCH CHCTEMEL, H300pazaTca JAyuaMH
PA3MYAKX IBETOB HA PasiHuHBLIX PACCTORHHAX OT OCH, 4TO B KO-
HEUHOM MTOre NacT H300paimeHHs, OKPYKEHHHE panyXHo# KaeMm-
KOH.

BumeyxasanHoe ABICHHE HOCHT HA3BaHHE XpOMaTHYECKOR pas-
HOCTH yBeinueHns. Ecau COBMECTHTh KaK doxaibHble, TaK H raas-
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Pac. 59.

HBle MI0CKOCTH ISl ABYX PasiHUHBEX Jydel, TO GyAyT yAHUTOXKEHH
H TpOAOJbHAA XpOMATHHECKad abeppauus, ¥ XpoMarHueckas pas-
HOCTh yBeauueHas. Takas CHCTeMa Ha3HBAETCH aXpOMATHYECKOR.

OGeiuno B GOTOOGHEKTHBE XpOMATHYECKAsi afeppauus ycTpaHs-
erca ans ayded D (xeatwx) u G’ (dpuoaeroBwix). Takoit Xapakrep.
WCOPAaB/AEHHA XPOMAaTH3Ma HA3LIBAGTCH AKTHHHYECKOR Roppex'imeﬁ.'
Ilpw TaxoM HCIPAB/JEHHH CHCTEMBI NOCAE YCTAHOBKM OGBEKTHBA Ha
HamAyuliee pesKoe H300paxeHHE, KOTOPOE DPOH3BOAMTCS B M/A0C-
KOCTH KeNTH X Jayued, Aydile BCefo BOCHPHHAMAEMBIX TJIA30M, CBE-
TOYYBCTBHTEJbHEIM CJAOH NAACTHHKH OKAXETCH B MJIOCKOCTH d;::myca
ayuet G', obnajaloMUX HAHGOABIUHM XHMUYECKHM [efiCTBHEM HA
(OTO3IMYALCHIO. 5

B oObexTHBaX, NpejAHASHAYAEMEHX LIS UBeTHOW (oTtorpadwum,
YCTpaHeHHEe XPOMATH3MA [/ IBYX UBETOB ABIAETCS HeJlOCTATOYHbBIM,
CoBepumieHHO OYEBHAHO, 4TO CHCTEMA, HCOpABJAEHHAs AJA JAyuel
ABYX LBETOB, BCE ELIE AaeT XPOMATHUECKyI0 abeppanuio Ans ayded
JPYTHX LBETOB. OTO sIBA¢HHE HA3HBAETCs BTOPHUYHLIM CIEKTPOM.
[Oas ero yMeHbUIEHHS HAH YHHUTOMXEHMS COEAMHAIOT He ABa Jyda
a TpU. POTOOOLEKTHBEI, ¥ KOTOPHIX YCTPAHEH XPOMATH3M A/ .qy:
yedl TPEX IBETOB, HA3LIBAIOTCS amoxpomaramu. Jlag npeacTaBiaeHus
O BeJMYHHE XPOMaTHYECKON a0eppauHH AAKOTCH HAM KDHBBIE H3Me-
HEHHA (DOKYCHOTO PAaCCTOSIHMA C ANHHOH BOJHH OnpeneneHHoN 30HH
HAH J3eTcs PasHoOCTh POKYyCHHLIX PacCTOAHMA aas Ayvei onpe,n,eﬂea:
HBIX HBETOB.

YHHUTOKEHHE XDOMATH3MA NOCTHTAETCS NYTEM COOTBETCTBYIO-
mero noabopa ONTHYECKOrO CTEK/d C PA3HBIMM MOKA3ATEAAMM mpe-
JOMJACHHS JIA OJHHX M TEX JKe LBETOB. 3ala4a 5Ta BECbMa TPy/Ha:
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NPAKTHYECKH COBMECTHTb B OHOH (POKATLHOH MIOCKOCTH H3obpa-
WeHHS AAs BCeX JJIWH BOJH He MPeAcTaBasercs Bo3MOmKHEIM. OGuYHO
B AY4IHX (OTOOOBLEKTHBAX 106MBAIOTCA COBMEUIEHHs ABYX-TPEX
1IBETOB.

Mpumepsl u sajgaun K IV raase

1. ®oTo0OBLEKTHB, HCCACNOBAHHLIA Ha OCTaTOYHYI0 NPOAOALHYIO
chepuueckyio abeppanuio, JaA Creyiollue BeJHYHHH (QOKYCHBIX
pacCTOAHUM 15 Jyued, Najaomux Ha OObEKTHB B DasHLIX 30HAX:

DOKyCHOS PACCTORHHE MADAKCHATLEEX Jydei

HCCAEA0BARHOTO OOBEKTHBA pasro 1354 mm

dokycHoe paccTosHue Ayueli maswicote h =35 mx , 1352 ,
" s £ n . h=17 o . 1351 a
i g e el ean K10 g S0 IS0 .
- " » » ” h=13 » ” 1 35-" =
” " £ » =155 » 135.8 ”

Heo6X0AUMO MOCTPOMTH KPHBYIO NPOJLOALEOMN chepuueckoii abep-
pauM# 3TOro OGbLeKTHBA.

2. Onpejesute Beamyyny nomnepeurol chepuueckoli aGeppanun z
06BeKTHEA, ¥ KOTOPOro npofoibHas cheprueckas abeppanus pasHa
0,4 mm u npusejena Ha puc. 59. 3

3. KakuM 06pasoM MOKHO OTYaCTH YCTPAHHTH CHEPHIECKYIO abep= -

pauuio B (DoTcOOHEKTHBE?
4, Pagbepem cayyai yCcJAOBHS anjaHaTasma (ycaoBue CHHYCOB),
KOTAd OpejMeT JexuT HAa GecKOHeYyHO 60MAbIIOM PACCTOSHHA U TAE:

sin _U’:%-

Ecau h— BHCOTa BHIXOAA Jyda H3 CHCTEMH, TOTAA YCAOBHE CH-
HyCOB HANHIIETCH:
e
sinU' ¥~
5. CoGAIOIeHO AN yCaOBME CHHYCOB B CHCTEME, YKA3aHWHOH Ha
puc. 60, y KOTOpPO# yrJbi:
U, =2°30"; U,=1°15; U, =2°80" s U,\,=1°15".

B stom cayuae Oyger au usoSpawenue S'P’  JeHCTBHTEABHO

NAOCKUM?
6. Onpese/nM BeJAHYHHY aCTHIMATHYECKOH DasHOCTH B KHHOOOD-
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eKTHBE, Y KOTOPOro ()OKyC MepuAHaHAIBHEIX Ayuel pasen 49,6 x,
a (OKyC caruTaabHHX aAy4eidi—49.2 um

49,6 —49.2=0,4 mu.

CrenoBarenbHO Be/MYWHA ACTHIMATH3MA TAKOrO OGHEKTHBA IS Of-
PEACAEHHOrO yraa JyueHf, Dajaloliux Ha 00LEKTHB, OyJler paBHa
0,4 amm.

7. Kakoe neficTBHe NMPOW3BOMMT LHAMHIAPHUECKAS JHH33, H MOMXKHO
JH €0 U3MEHHTb KDHBYIO ACTHIMaTH3Ma?

8. Ecin B kauecTBe nmpeamera B3aTh HeGOAbLIYIO AnadparMy, TO
B Cayyae acTHrMaTH3Ma KakOe H306PaXeHHE NMOAYYHM Ha MAaTOBOM
CTEKJIE NMPH YCTAHOBKE €ro B JBYX PasHBIX IJIOCKOCTHX?

9. Ha panc. 61 nokasad XoJ napaiiesbHOro .yua, Najaouiero ga
NepeAHIo0 IIaBnyio MJIOCKOCTh OObEKTHBA NOJ HEKOTOPHIM YI/IOM.

TpeGyercst, BO-nepBHX, MOCTPOHTH HM306PaXEHHE BTOr0 MNyuKa
OKOJI0 raasHoro ayua U’ or sajnell raaBHOH N/IOCKOCTH 0GBeKTHBA,
HEKOPPEerHpOBAHHOIO B OTHOLIEHHH KOMHL, BO-BTOPAHIX, NOCTPOHTH
KayCTHYECKYI0 NMOBEPXHOCTh BOKPYT TA4BHOTO Jyua,

10. TTocrpofite u3obpaxenue OKHA B Ccayuae 60uk006passofi juc-
TODPCHH.

11. JlokaxxuTe NpeHMyuIecTBO B OTHOIIEHHH HAWMEHbUIeH NUCTOP-
CHH CpPelHero moJokeHnss auadparMbel B CHMMETPHYHOH CHCTeme
00beKTHBA.

12, Slpxoe npeicTaBieHHE O AMCTOPCHH MOXHO NOJYYHTH NPH
paccMaTpHUBAHAM IIPOCTOM JIYMO# (C OAHOH ABOAKOBHINYK/IOR JHH30M)
OOBLIYHOH KJeTuaTo#l Gymard.

13. Ha puc, 57 npusesen ciyuail xpoMaTHueckoif abeppanns npoc-
TOf Juu3bl. Hcnpasienue e€e, T. e. CO3AaHME TAKOTO NOJOKEHHS,
xorna jayun F m C cobpanuch OH B OZHOM TOuKe, BO3MOXKHO*IIYTeM
NpPUCOCAMHEHUS OTPHUATENbHOH JMH3E K yIOMSHYTOH BhIIE COGH-
pareapHOi. Pasymeercs, oTpHuaTenbHas AuE3a AOJDKHA OHTh HBrO-
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TOBNEHA M3 CTEKJA C MHBIM NOKasaTeleM NPEAOMJEHHsA AAf HaNpas-
aAseMOro Jayua. B mpocToft ABOSKOBHINYKAOH auHze Ge3 AONOJHH-
TeNbHOTO NPHCOELHHEHHS K Hefll JApYroro Crex/Ja YHHUYTOXMTH
XPOMATHUECKYI0 abeppaluio HeBO3MOKHO.

14. Kaxkosa BeauuWHa XpOMaTH4eCKoil abeppaunn oOBEKTHBA,
y xotoporo f¢=145,7, a f’r = 1454 u xakoro 3maka 3Ta abep-
panus?

15. TMouemy B (oTorpaduueckux OODHEKTHBAX YCTPAHAIOT XpoMa-
THuecKyw abeppauuio 1da xeaTux (D) m ¢uonerosux (G) ayued,
a B 00bEKTHBAX, YNOTPe6AsIOMHUX sl B OHHOKAAX U TPyGax, Xpoma-
THYECKYIO abeppauuio yCTPaHdioT AAf KEATHX M KpacHHX Jyueii?

5 B. T'erpos



Fmnasa V. Onvcanve OTOKHHOOGBLEKTHBOB

1. HpaTtkaa McTopus paseuTUA ~
thoTorpafimueckoro o6bLEKTUBA

HauGoaee Tounoe onncanne kamepu-o6ekypa 6510 Rano JleoHapao
Ra-Buwun (1452—1519 rr.) c ykasanuem CXeMBl DACNONOKCHHS

OTBEPCTHA, X013 CBETOBHIX Jy4eHl M MOJyYyaeMOro Ha SKpaHe H306--

paxenus.

Onucarve Kamepe-06CKypa ¢ JAHH30#, T. €. mpoToTMna (hOTOKa-
MEpH, Mbl BIEDBHIE HAXONHUM B counHenuH bapbapo (Barbaro 168 r.);
B 3TOM COYHHEHHWH T'OBODHTCSI O KaMepe-06CKypa C JIHH30H MJIOCKO-
BHIIIYKJIOH KOHCTPYKIHH.

Taxum oGpasom, 6oaee wem 3a 200 et A0 u306peTeHus ¢dorarpa-
¢uH, B OCHOBHOM Obhila pemieHa 3a/aua NoCTpoenus dororpaduue-
CKOro annapara Ha OpPHHIHIE KaMepH-o6ckypa c Jaunsoi. B 1812 r.
¢usux BoanacToN BhnepBue NPUMEHHJ COOHPATENbHHI MEHHCK K
KaMepe-00CKypa AJsi pucoBaHusa JaummadroB. MsoGpamenHuiii Ha
puc. 62 MeHHCK HMen Auamerp oxoao 100 sk u GokycHoe paccTos-
nue 560 . ~

HsoGperenne mnepsux (OTOrpagnuecknx OGBEKTHBOB CJEIyeT
OTHECTH K nepuoayjonuTHex pabot Jlareppa u Hoenca (1824—1837 rr.).
[lepBEle ONTHYECKHE CHCTEMEl, KOTOPHE YIOTPEGASR B CBOHX OMH-
Tax mo c¢ortorpaguu larepp, u3roroBasa (pannysckuit oONTHK
Ilesanve. B 1821 r. uM GHJ2 NOCTPOEHZ aXpPOMATHYECKasl JNHH34,
CK/JI€EHHAsi H3 IBYX CTeKOJ (puc. 63) ¢ /=380 M# U OTHOCHTE b-
HbiM oTBepcTHeM 1:14. Heckonpko noaxe llleBaabe mocTpoua Ha
OCHOBaHHM DANA ONBITHHIX PaboT ,yHHBEPCAABHHIA® (OTOOGBEKTHB,
H300paxeHHbili Ha pHC. 64. -

[Tepeuie paGors Ho ¢ororpadupoBanuio, NO BHOONHE TOHATHHIM
NPHYHHAM, Bpalla/iiCh OKOJO NOPTPeTHOil chemMkH. HesnauutennHas
CBETOCH/2 MPHMEHAEMbIX NPH STOM O6BHEKTHBOB TpPeboBajna HX YCO-
BepUIeHCTBOBaHMsA. B 1840 r. matemaruk [leTupaJb pemmusa Ha OCHO-
BAHHH MA4TEMaTHYECKOro pacyeTa BHYHCAHTH (oTorpaduueckui
O0BeKTHB, OTBEYAIONINi OCHOBHHM TpeGoBsHAAM. B kxoHue 1%40 r.
3Ta paboTa GblIa 3aKOHUEHa H3rOTOBJEHHEM NOPTPETHOIO OGBHLEK-
THBA C oTBepcTHEM 1:3,4; B 3TOM OOBLEKTHBE OBIIM YHHYTOMXCHEH
cepnueckas abeppanus ¥ aCTHIMATH3 HAKIOHHEIX My4KOB (puc, 65).

B 1860 r. Iannbmefiep H3roTOBHA TPOMHYI0 BXPOMATHYECKYIO
AuE3Y (puc. €6). Itor 06BEKTHB HMen nepea oObexkTuBOM [leTuBans
TO NPEHMYIIECTBO, YTO OH OHJA PACCYHTAH AAs MNOJA 3peHHa 24°
H HMeJ KOppexnuio Aas ayded G,
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_ Puc. 62. Puc. 67 -
[ 1} ” | . b3
|\ | |
' Puc. 64 Puc. 65.

=3 1864 r. Bnepsbie GL/AH BRITYMEHH HECHMMETPHUHBIE AyOJETH
(pupma Pocc), CBOGOAHHE OT HCKAKEHHS H KPHBH3HEI H300paKeHHT
¢ noaeM spenns B 36° (puc. 67). Heckoabko panee PoxTaeHaep
BHNYCKaeT 00bEKTHB, COCTOSIIIMMA H3 TPEX CKJIEEHHBIX AuH3 (pHC. 68)
co ceerocuaoit 1:4,4 u f'=>574 ma.

B 1865—1866 rr. Bumyckaerca cepus ansaxatoB (dupma Illreiin-
reab); BHAYAJe OB H3rOTOBJIEH TNEDHCKON, COCTOSIIHA M3 ABYX
NPOCTHIX HEAXPOMATH3MPOBAHHEIX MEHHCKOB C anadparmoir mocpe-
nune (puc. t9). IToswe mepuckon OHA aXpOMAaTH3HPOBaH MYyTeM
H3TOTOBNEHHs aXPOMAaTHYECKHX CHCTEM, TaKXKe CHMMETPHYHO pacrno-
JOMEHHHX OTHOCHTeNbHO Auadparmur (puc. 70). DTH OOBEKTHBH
O/ HasBaHbl AaNJAHATAMH W HMMeJH XOpOWYI0 KOPPEeKLHI0 HA
cheprueckylo afbepandio ¢ COGMIOAEHHEM YCAOBHA OPTOCKOIHH.
B 1881 r. Gu/in BEINyIEHH AHTHNAAHATH, 06/1aJamOUIMe 3HAUNTEb-
HEIM OPEHMYIECTBOM B OTHOIIEHHH HCKDHBJCHHS H300paweHHs H
aCTUrMaTHYeCKOH pPA3HOCTH.

Jansuelimne NONLITKA ONTHKOB H3TOTOBHTH GoJjiee COBEpUIEHHBIE
THNH (OTOOOBEKTHBOB OKAa3anHCh TIeTHEIMH. Ka3aa10Ch, ROCTHIHYTO
OBIO BCe, YTO BO3MOMKHO OBINO CHEJATH C HMEWUIUMACA B TO BpeMs
COpTaMH ONTHYECKOro CHIPOro creksaa. Bulio 0YeBHAHO, UTO AaJb-
Hefillee ycopepmencrsoBanne (HOTOOOHLEKTHBOB BO3MOXKHO HAa OCHO-
BaHMA BBeJeHHs B IPOM3BOACTBO HOBEIX COPTOB ONTHYECKOTO CTEKH,
C KOTODHIMH BHIYHCAHTENO yAajaoch Obl PEUIMTH 3a]ady NoCTPOeHHd
Gosiee coBepmIEHHBIX ONTHYECKHX CHCTEM.

B 1883—1884 rr. Bonpoc O MNPOHZBOACTBE HOBHIX ONTHYECKHX
CTEKON Obia Oaectgige peumeH. C 3TOro BPEMEHHM H HAYaACsd BHILYCK
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Puc. 68. Puc. 60.

fonee COBepIIEHHLIX POTOOGHEKTHBOB, HE MMEBIIHX aCTHTMAaTH3IMA—
TJIaBHOTO HENOCTATKA B OOBEKTHBAX CTADHX KOHCTDYKIIHI,

[lepBhie OOBLEKTHBH THMA AHACTHIMATOB HAYa/AH BHOYCKATHCA C

1887 r.. cummeTpuunbiii Ay6aer (AGGe), B KOTOPOM OHIIA UPAKTH-
YEeCcKH YHHYTOMEHA XPOMAaTHUYeCKas PasHOCTh cepuyeckux abeppa-
uuit (puc. 71); Iporap (Pynoabda) ¢ YHHUTOKEHHBIM ACTHIMATHIMOM
(puc. 72); Harop (Xera) c orsepcrseM 1:6,8 u Goabmum yraom
(puc. 73) m T. n. ,
- B 1893 r. Tefliop naeT oOueHb M3SINHOE peNIEHNHE NOCTPOEHHA
AHACTHIMaTa U3 TPex JuH3 (puc. 74). YkazanHasg KOHCTPYKUMS BeChMa
NpoCTa H MOCAYXHAA OCHOBAHHEM [Ji BHIIYCKA UEJI0H CepHH aHa-
crurmatos (I'eamap, Teccap, Husap, TpuonmaH H T. A.), H3LOTOB-
JSeMEIX PA3HHMH ONTHYECKHMH (dHpMaMH.

C BHINYCKOM XOPOWIWX YHUBEPCANbHBLIX AHACTHIMATOB, CO CBETO-
cuvio0 1:3,5, naabneiimee pasBuTHE (POTOONTHKM TPHOCTAHOBHAOCH
BOOTh A0 1918 r. Hauyusasd ¢ aToro rona, B ¢Bsi3u ¢ GypHHIM pas-
BHTHEM KHHOTEXHHKH, K KHHOCHEMOYHBIM O0HLEKTHBAM CTaJH MPelbiB-
Jas1s TpebGoBaHHsA OCOGO (BETOCHABHON ONTHKH..

KOHCTPYKTOPCKAs A€ATENbHOCTD Pa3dHuHLIX ONTHYECKHX 32BOLOB
Aana PBEIHKY LEJTYI0 CEPUI0 CBETOCHAbHOH OoNnTHKH. HauuHag ¢ o0bek-
THEA ,OpHOCTap® 1:2, GLIAR BHIOYIWIEHH B pa3sHoe BpEMA CAELYIO-
lue CBETOCHJAbHEIE KHHOOOBekTuBH. Taxap 1:18, [Maasmar 1:1,5,
buorap 1:1,4 n 1. 1. B camoe nocrexmee Bpemugmpma Actpo
BBINYCTHJA CBEPXCBETOCHAbHEHA ob6bextne Taxom 1:0,95 ¢ dokyc-
BBIMH paccTroaHuamu 25, 35 M 75 mml,

TS B L]

1 BeaencToue KOHCTPYKTWBHEIX OCOGEHHOCTEH CHEMOMHHIX amnapaToR THMA Hebpu,
Bsa-Xaysan u Acxanus, o6bektus TaXoH MoOXeT GHTh HCOOAB3OBAH AMIIG B npe-
Aesax QOKYCHOro paccrossua 52 H 70 Maf.
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Puc. 70.

Puc. 72.

Puc. 74.

PasyMeercsd, 3HAUUTENLHAA CBETOCHIA conpeminﬂux agag;z;.\;a;g:
BCAECTBAE HENOJHOTO YHHUTOMEHHA abeppand ,u.ns; gmx i ol
He AaeT HMKAKMX NPEHMYIIECTB B ONTHYECKOM Kauecr _;:Jm
THBOB CPAaBHHTEAbHO C OOBEKTHBAMH cpeAHed CBETOC sl

B xauecTBe MocaefiHed HOBHHKH B oﬁnacmﬁcnepxc s
OOTHKH YKa3€M Ha BHIMNYCK [leficcom HOBOTO 00BeKTHBA JIA P 4

mExX OpPrasHos BHYTPH WHBOTO Op ;
un3Ma. OOGLEKTHB 3TOT, NOJ HA3BAHHEM ,P-BraoTtap Hme%'rn S::;g“
caay 1:0,85, npesocxXoAdulylo B TPH pasa cag_rocaﬁgto, el
1:1,4 (noapoGuoe §maltgl)une cM. B xypHane ,Die p gr
Industrie* 1933 r. Ne ‘ )

[lepexonuM K HMCTOPHH _tpomrpacpﬂqecxoﬁ ONTHKYU B ;Cﬁ;.mon_

-Jlo pesoaonuy B PoccHH HE GHIO ONTHHECKHX :-3auar.u;m.f:I it
ASBIIHX (POTOOGLEKTHBH, 38 HCKAIOMCHHEM ennné:'lriae s
cKoff macTepckoit B Bapmase, BHOycTHBIIEH B 1 6r. a e
COBCTBeHHON KOHCTPYKIHH. YIOMSHYTas MacTepckas u.ul: r; T,u,enoaf:.
sakyrpoBasa B Jlemmnrpax M cauaach C ONTHYECKH

. 06 ro 3aBOJA.

; &lﬁggg%maﬂ g CCCP coserckas OnTHIeCKas H%OMH?:;“%OCHT_
SIBASIETC B GYKBaAbHOM CMHC/AE CA0B2 ACTHILEM KTAOPA.
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CTOSILIEE BpeMs ONTHKO-MEXaHHYECKasd NPOMBIIIEHHOCTh COM03a
Gasupyercst Ha NBYX COGCTBEHHHX CTEKJI0BADPEHHLIX 3aBOJIAX, BHIY-
CKAIOUMX CBBIIE 4D pPA3HEIX COPTOB ONTHYECKUX CTEKOX, M Ha
HETHIPEX KPYNHBIX CTeKA000pabaTHBAMWHX 3aBO1aX, 00He IHHeHELIX
B cucreme BOOMIT (Bcecowsnoe oO0beIMHEHHE ONTHKO-MEXaHuge-
CKOH NpOMBIIIERHOCTH). 2

[Iponssoactsy coserckux oTorpaguuecKux 06HEKTHEOS npepuie-

CTECBI/IM H3yHYEHHE H HCCAC]OBAHHE NyuuIMX 3arpaHAYHBEIX (HOTO-
KHHOOOBeKTHBOB. [lepBLie maru B 3T0fi 06JACTH GhH CAEJaHEI
I'ocysapcTBeHHEIM ONTHYECKUM WHCTHTYTOM B CHEHMHAALHO co3AaH-
HOM BEIMHCIMTENBHOM Giopo. Heckonbko noske opranmsosanacs
APyrasa BLIYHCAHTeNbHAA rpynna Ha JIeHWHrpajCKOM ONTHYECKOM
sapone (FOM3). K atomy BpemeHH nponecc BuMHCIMTEIbHOM Tex-
HHKH ONTHYECKHX CHCTeM OB YK€ HACTOAbKO pa3paboTaH, uTO He
NPEeACTaBJIAN0 OCOGOro TpyAa co3fanue G60Mee MEJKHX BbISHCIHTE -
HREIX Tpynn M HA APYruxX 3aBOJax. AR S

Ilepsum coseTckuM HOTOOGHLEKTHBOM GHA OGHEKTHB THIA NepH-
CKOnd, H3TOTOBJACHHBIA MO pacuery OnTAYECKOro MHCTHTYTA.

B 1925-—1926 rr. Guam BHOyIIEHH NEpBHE TPEXJTHH3OBHE aHA-
crurMatel Tuna Tpunaer co ceetocmaoilo 1:4,5 u 1:3,5.

YnomsiHyTHe O0bheKTHBH NPOMHIIIIEHHOrO pacnpocTpaHeHusi He
NOJYHMHIH, TAK KaK OHH NPENHA3HAYSMHCh s YHKE CYUIECTBYOUHX
doTokamep.

C BHIMyCKOM K€ CBOHX COBETCKHX boroannaparos, aas mocien-
HUX OLIIM HM3rOTOBJIEHB OOGBEKTHBEI Oproroa m amacTurmar Hnny-
crap. Kpome Toro zas xamepm tuna Jleiixa Gum H3rOTOB/EHH
dorooGbexTnsrl [THonep ¢ orBepcTHEM 1:3,5.

B nacrosmee Bpems coserckas ONTHYECKAH NPOMBIILIEHHOCTD
paspaboTaia W BHIIYCKAET MNOMMMO YKA3aHHHX BHIIE OGBHEKTHBOB
PAL NPEKPACHLIX aHACTHIMATOB CO CBETOCHNOK X0 1:2,0, rpymmy
PEOPOAYKIHOHHLX OO6LEKTHBOB H T. I.

O6bexrusn Unnycrap u Muonep mo cBoemy ONTHYECKOMY Kaue-
CTEYy HE yCTynamoT JyymuM o6pasuaM sarpaHuunofi doTOONTHKH,
T. € Halla MOJOZAsl COBETCKAs ONTHYECKAS MPOMLIUICHHOCTL yike
yCOEMHO NPOH3BOAHT BECbMA CHOMKHEE AHACTHIMATEL

2. OnucaHue pasnHyHBIX THNOB thoTorpaduyeckux
00bLeHTUBOB M OLEHHA MX KAYECTBa

OCHOBEHIM TeXHMUECKHM cpeacrsoM dororpadun asasercs 06bek-
THB. Ero Hasmauenne B Tom, urtobm NOJYyYHThL HA IJICHKE HJH
¢doronaacTurKe n306paxkenue NpEAMETA, PE3KOe HA BCEM ero mpo-
TAXCHHE H CTPOrO MEPCNEeKTHBHOE, T. €. NPOW3BOASANIEE HA rias
TO XK€ BrneyaT/eHHe, KaKOE NPOM3BOAMT CaMmublfi mpeamer. Taxoi
OOBEKTHB JOMKEH GHThb CBOGONEH OT BCEX HENOCTATKOB, YKa3aHHBIX
HaMH BhiHie. Jlo wacrosmero BPEMEHH HET H/EaJbHOTO OOLEeKTHBAE,
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HBlA oGBbexTHs ,Nicola Perscheid f:4,5* ¢ ocTaTouHOM chepuueck ol
H XpomaTHueckoR abeppamusiMH Onpeae eHHOrO pasMmepa. Pupma
PoxTieHAEp A STOR Xe ueaw BRITYCTHAA (doTO0OBEKTHB
wl'eanap* 1:4,5 (puc.75)c nepememaemoi cpenHeit aunH30fd. B Hop-
MaJbHOM MOJIOXEHHH 3TOT 00BEKTHB PaGOTAeT C TOYHO TAKOH Ke:
PESKOCTRIO, KaK 5TO HpHCYlle OOCHYHOMY ,rexuapy”. Ecau e, Bpa-
mas nepefHee KOAbLO, NEPECTABHTH CPEAHION JHH3Y, MOXHO 1O-
CTHTHYTb /OGO KC/IAEMOR CTENEHH XYJ0XKECTBEHHOH MSIKO-
CTH. ..
YuuBepcanbHble OOGBLEKTHBB SBISIOTCH HauBoiee COBEpUIEHHBIMH
H pacnpocTpPaHeHHWMH (POTOrpaHuecKHMH OOBEKTHBAMY.

O6bexTHBH STOR TPynmsl MOMKHE GHTH OPUTOAHE AN MHOTHX
nesel, C1el0BaTebHO OHH JOMKHH HMEThb MAKCHMa/NbHYI0 CBETO-
chay, 6OJbIIOR NMOJNE 3PEHHS M OBITh CBOGOAHEIMH OT 1HeJa0ro psaua
OWHGOK. B 8aBHCHMOCTH OT uHCaa TpeGosammit YBEIHUHBAETCH KOH-

CTPYKTHBHAsA CJOXHOCTb OOBEKTHBA AAs yCTPAHEHHS HENOCTATKOB

n3obpamenns. CymecTBOBaBIIME [0 NOSABICHHS YHHBEDPCAAbHLEX
O0bLEeKTHBOB MOPTPETHHE H JaupmapTaeie 06beKTHBE MMEeAH Kpyn-
HHIA HE10CTaTOK—MI0XYI0 KOPPeKIHIO ACTHrM2TH3MA. Cae10BaATe bHO
HaWBaxKHeHAIWeH 3anaguell DU KOHCTPYHPOBAHUMU YHUBEPCANBLHLIX 00B-
eKTHBOB GHJIO HCHpPABJEHHE ACTHIMATH3MA, BCASACTBHE UEro cospe-
MEHHEIE YHHBEPCAJbHHE (OTOOOLEKTHBH HOCAT elle HA3BAHHE 3Ha-
CTHIMaTOB,

YHuBepCalbHbie OOBLEKTHBH H3TOTOBAMIOTCH CO CBETOCHJAOR  OT
1:3,5 no 1:7. [Noxe n306paxenns y HAX Goapme 50°, m xas storo
e yraa HeoOXOAMMBEL Kak dHACTHIMAaTHYECKOE BHIDABHHBAHHE M1.70-
CKOCTH MSOGPANKEHHS, TAK H OTCYTCTBHE NHCTODPCHH.

YHHBEpCAAbELIE O0BLEKTHBH pacnajaiorTess Ha JBe rpynnst Goro-
OObEKTHBOB — CHMMETDPHYHHE AHACTHCMATHL H HECHMMETPHYHBIE.
Heckobko 0COGHAKOM CTOST MUPOKOYrOALHBIE OGBLEKTHBE CO cpen-
HEHl Pe3KOCTBIO, HO C XOpouiell KOPPEeKuHefi B OTHOUIEHHH JHcnep-
CHH M aCTMrMaTHamMa. OTMETHM BECbMd MHPOKOYTOABHBIEA OODBEeK-
tuB 'epa—,unepron®, ¢ yraom B 140°. B nacTosmee BpeMs STOT
06bexTHB BmmyckaeT (upMma lleficca.

Jas penpoiykiuH TpeGyercss 0GBEKTHB, KOTOpH# npu ¢ororpa-
¢uposanuu pucysxa, aexauiero B oAHO#H NJIOCKOCTH, JAaBaj Osl a6-
COMOTHYIO peskocTe. B stom caywae TpeGymorca xopomas TOYHOCTH
TEPCOEKTHBH, OTCYTCTBHE HCKDHBAEGHHHA, OOJLINOEe NOJE 3PeHH:
4 COBEPHIEHHO IJIOCKOE H300paKeHHe. .

Bonpocu cBerocHAN H IayGHHE dokyca a8 penponyKUMOHHLIX
O0BEKTHBOB HECYIECTBEHHEL. B cayuae TPEXUBETHOH MewaTH BecbMa

KEJIATSJLHO yMeHblleHHE BTOPAYHOTO cnekTpa. K stoii rpymaoe -

00BEKTHBOB CAEAyeT OTHECTH »Amokpomarrecap® Ileiica u ,Koa-
anHeap” Poxraesaepa.
Teneo0bEKTHBL NpeaHA3HAYAOTCH A5 ¢oTorpadpHpoBanns BeCbMa
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Puc. 75. Puc. 76.

JaneKux nPeIMeTOB B BO3MOXKHO KPYMHOM MacmrTabe, KOTODLIH, KaK
BHAHO W3 (POPMYJbl JHHEHHOrO yBEJAHYEHHH
He T

3aBUCHT OT BeaMuuHH (HOKYCHOro paccTosius. Hs NPUBEAEHHOHK
dopmyabl BUAHO, 4TO MPH AAHHOR BENHYHHE MPEIMETa y, UPH 3Ha§;
UMTEALHOM PACCTOAHHM X STOr0 MpeAMEeTa OT TMepeliHero cpcm}rc:r
00beKTHBA, AA5 NOAYYEHHS BO3MOXHO GOALUIETO uaoﬁpax:eﬂgﬂ __v‘
HeoOXOJHMO BHAUHTEJAbHOe (OKYCHOe paccrosHHe cHCcTeMbl Pasy-
MEeTCsi, 3TO BeCbMa OrpaHHYMBAET pasmephbl (hOKyCHOro paccTosiHHs,
TaK Kak [PONOPLHOHAALHO YBEJAHYHBAaeTCA M JJMHA dororpadu-
4eCKOH XKaMepH.

Inst ycrpa?iennﬂ noao6HOro Heyao6CTBa H yuorpedn_morcsl Teqe-
0o0BbEKTHBH, B KOTOPHIX NEpeIHAs coOupaTenabHas JAH3A COENHHEHA
C pacceuBaionieit 3anHel JMH30WM, HaxoAsuefics Ha HEKOTOPOM pac-
CTOSIHRHE OT mepBofi. Takoe MOJOXKEeHHE JHH3 BTE.!IS_‘OG'I—.:&KTHB% npH-
BOAHT K TOMY, UTO 3ajHAs I/aBHafA OJMOCKOCTb BCeH cHCTeMEl Oyner
HAXOAUTbCA NMepes o6bLEeKTHBOM, & caeloBaTelbHO (OKyCHOE pac-
cTosisme TeaeobbexkTuBa OyAeT AAMHHEe, 4eM [AJHHA BHTAHYTOH
KAMEpH!, T. €. PACCTOAHNE OT MOCHeLHel NOBEPXHOCTH OOBLEKTHBA A0
NAACTHHKK Han (HIbMA. .

Xop ay4qei BdJTeJleoﬁ'bEKTEBe npeAcCTaBJAeH Ha pHC. 76. Jelgq:é
uaymue OT OECKOHEYHO VJAa/JAeHHOH TOHKH NpeIMeTa, Jemaml :
OCH CHCTEMHl, MAj3IOT HA NMEePBYIO COOHPATE/bHYIO JAHH3Y TEJIeo b
eKTHBA NMApPalIe]bHO €e 0CH; [OSTOMY OHH AOJKHBI -6331; OH CO-
Gparhes B dokyce S, ecad 6nl He CyMECTBOBAJO BTOPOH pacCeH-
Balommei THH3H. BeTpeTus OTPHUATENBHYIO JHH3Y, Ayau HpEJIOMJ’iHI-bTCSf
€10 W cobupaloTcd HA OCH cucTeMs S, HO yXKe N0J MeHbUIMM YTJOM;
Touka S M OGyjAeT OueBHAHO (POKYCOM IKBHBANCHTHOH CHCTEMB
B npocTpaHcTBe H3006paxenHs. [Ipono/KHB HanpaBJeHHE JAyHeH u3
TOYKH S’ Ao nepecedeHnsd HX C Ay4aMH, OrpaHHYHBAOIHME BBICOTY
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najeHus Ha MEPBYIO JHH3Y T€1e00bLEeKTHBA, MEl NOJYYHM 3aIHIO0
rAaBHYK MAOCKOCTb f1' TeneckomMuyeckoil CHCTEMB, OT KOTOpPOi
H GyAeM CUHTATh SKBUBAJIEHTHOe (DOKYCHOe pacCTOAHHE.

tuMm CccOCTBEHHO M JOCTHraercs YMeHbIIeHHe JNIUHLL oToKa-
MepHhI.

Ha puc. 77,a u 0, pausl teaeo6wexruen [leficca—, Teae-teccag”
u ,Marnap®. = :

[TepexoauM K XapaKTeDUCTHKE H OIEHKE KauecTBa PA3NHYHBIX
¢010-KHHOOGLEKTHBOB. :

HeckoabKO OpE/BapHUTENbHBIX CA0B K 3TOMY, HaHOODJEe cepbe3HoMy
M OTBETCTBEHHOMYy pasfeny HacTosmel kuurd. Bo Bcex mnpocmor-

DEHHBIX 4BTOPOM COBETCKMX H3AaHHAX 00 (Qoroonthrke (OOHYHO

3TOT OT/EN H3J0WEH B PA3JHYHLIX DPYKOBOACTBAX no dororpadun)
OlIEsKA H ONHCAaHHe TOro WAH HHOro COBEKTHBA nawTcs B 00Mb-
LIMHCTBE CAYYaeB HA OCHOBAHHHM PEKJAAMHOro, MaTepuana (pupMbl IR
Ha OCHOBAaHHM JMYHOrO, CyOBLeKTHBHOIO MHEHHS COCTABHTEJ A TOH
HIH HHOW KHHTH.

Takoro poga OIEHKa KOHEYHO JAajeKa OT HCTHHBH, [O8eT He-
TpaBUABbHOE TOJKOBAHHE HA3HAYEHHA paaﬁupaemom 00BEKTHBA
¥ BBOAUT B 3a0ayKJIEHHE UYHTATe.s, BHIGHPAIOIEr0 HA OCHOBAHHH
OnucaHus HeOOXONHMBIL AJAA HEr0 OOBEeKTHB.

CoBepllleHHO eCTeCTBEHHO, UTO MEI OTBEpPraM NOX0GHLIH cnocos
pexnamanun HOTOOOBEKTHBOB M nNoOCTapannch Aare Oosee oOLEK-
THBHYIO OLEHKY HX, H4a OCHOBAHHMHM JeTaJbHOH npopaGoTKH BCero
JUTEepATYpPHOrO MaTepHana, 1o NepBONCTOYHHKAM (IaTeHTHEIE 3aABKH,
CTAaThH B XKYpHAa/J1axX 00 HCNBITAHHH OGBLEKTHBOB M T. 1.), TOUHOrQ
TPHIOHOMETPHYECKOrO [IPOCYETA M COCTaBJAEHHS KPHBHX abeppanui,
KOTOPBIC H MOCHIYKHIH MEpOil OLEHKHM KAauecTBa H ONTHYECKHX
IIOCTOAHHEIX OOLEKTHBOB.

OcHOBHEI® ONTHYECKHE HAHHEIE PasbUpaeMLIX HHXKE O0OHLEKTHBEOB

B BHIAE pannycos, TOJIIHHEL CTEK/Id, BO3AYIIHLEIX NDOMEXKYTKOB H M0~

Kasareneil NPeJOM/IEHHS MBI IIOAYYHM H3 TPEX OCHOBHHIX MCTOYHH-
KOB, €IMHCTBEHHBIX B MHPOBOH ONTHYECKOH VHTEpaType:

1) M. v: Rohr, Theorie und Geschichte des photographischen
objektivs, Berlin, 1899, N

2) E. Turriere, Optique industrielle, Paris, 1920. =

3) W. Merte, R. Richter, M. v. Rohr, Das photographische
Objektiv (Band 1 —Handbuch fier wissenschaftlichen und angewandten
Photographie), Wien, 1932. ' -

Kpome TOrQ ynoMAHYTLIE B HA3BAHHBIX KHHIaX ONTHYECKHE BeJIH-
qdHbl, GHUIM HENOCPEACTEEHHO NMPOBEPEHB! M CAUUEHE ¢ BeJHUHHAMH,
ONyOAMKOBAHHEIMM M/JIH B NATEHTAX HJAH B XKYPHAALHHX CTAThAX;
TakiM 00pa3oM NMpOCMOTPEHH! AanHsle okoao 100 pasanyHex GoOTO-
00 BEKTHEOB. i

OTH A&HHLIC H NOCIYXKHIH OCHOBaHHEM JJA MPOM3BOACTBA TPH-

74 -

rOHOMETPHUECKOTO MpPOCHeTd, B Pe3yabTaTe YEro HIKEe NMpHBEJCHLI
KPHBHE PA3THYALIX OWMGOK OOHLEKTHBA.

BO/MBMKHHCTEO KPHBHIX MOrPEIIHOCTEH B3ATH H3 KHHIH W. Merte,
KOTOpHA NOJYYAI WX HENOCPEACTBEHHO H3 BHYHCAHTE/]LHBIX G1opo
pa3nMyHBIX (UPM; WACTH MATEPHAAA NPEACTAB/IEHA HA OCHOBAHUH
IIPOBEPOUHLIX PaCueTOB, NPOH3BEJACHHEIX B PasHOE BpeMs ocynap-
CTBEHHHIM ONTHYECKHMM WHCTHTYTOM, H HAKOHEN HEKOoTopas J10.s

“xpuBHX abeppauuii BHIBEJEHA HAMH.

XoTsl BeCh MAaTepHAaJ, KOTOPHl BEISEAT B TOH HIH nHo#t dopme
COMHEHHEe, H MCKJIOYeH W3 Halllefi KHHTH, CMpaBeANHBOCTD BCE KE
Tpefyer OTMETHTh, YTO KaK Gbl HH 61 pAaBHJEH NpeACTaBIeHHbIH
HAMH MATepra/J KPHBBIX TOTPEIHOCTe# OOBHEKTHBOB, OH HE MOXET
1aTh CKOHUATEAbHOE 3aK/TIoueHHe 06 OUTHYECKHX KayecTBaX OOLEK-
THBA Ge3 AaHHHX SKCIEPMMEHTaJbHOR ONLITHOH MPOBEPKH €ro Ha
cnenyasLHEX npabdopax. ‘ :

[locseHee KOHEUHO He yMaJseT XOCTOMHCTBA HAUIHX PacCyxie-
suit 0 wauecrBe (DOTOOGBEKTHBOB HA OCHOBE KPHBHIX abeppauui,
HO enaeT X B HEKOTOPHX CAy4asX He COBCEM MHOJHBIMH. 3TO—
eJMHCTBEHHLII OOBHEKTHBHEIA METOJ OLEHKH. -

[To BceM OOBLEKTHBAM KPHBHE OWMOOK NMPeJCTaBleHbl B CJAEAYIO-
1leM CTABAAPTHOM BHAE: moj Gykofi A (puc.78) COOTBETCTBYIOUIErO
pUCYHKA JlaHA B BHJe CIVIOUIHOH JIHHUM KPHBAH cepuueckoi abep-
pamuy; NYHKTHPOM TOKAasaHO OTK/JOHEHHE OT YCJIOBHS CHEYCOB.

Kpusas, oGosnauesHast GykBoii b, JaeT ONEHKY acTHrMaTHsMa,
nfHueM COJOMHAs JAMHHS OTHOCHTC K CATHTAaNbHOH MJIOCKOCTH,
a MyBKTHPHafs—K MEpHIHdHAIbHOH.

Kpusass B-03HayaeT AWCTOPCHIO, BLIPAXKEHHYIO B NPOLEHTAX.

YV xpuBbix A # B uncaa Ha ocH aGCHMCCH JAOT OTKJIOHEHHS
B MHAJHMETDPAX; YHCIA OCH ODAMHAT JAKT N0 KPHBOH A BriCOTY Da-
nenust i, a Ha KpUBO# 5—Yyr/E mazenHs Iyuka.

Kpupass B nana no Qopme Wandersleb’a, rme na ocu aﬁcuncc
TpHUBeAeHBl YTraB NaaeHus aydell u HA OCH OpAMHAT—OIIMGKH HCK-
PHEBJIEHHA B NPOLEHTaX. _

Macmita6 KpHUBHX DPasHbM, B 3aBHCHMOCTH OT norpemHocren 00s-
eKTHBa, HO B CAeAYIOmEM NPONOPUHOHAALHOM OTHOIIEHHH 1:10:100.

[IpueeficHELIE HAMH BCIOJy ONTHUECKHE NAHHBIE OTHECEHH K to-
KycHOMY paccrosuuio o6bexTnsa B 100,0 st Cperocnna OO0BEKTHBA
H noje. 3DEHHH ONpPEAeAAIOTCS N0 KPHBBHIM.

3. MpocTeiiwne
oTo06BLEHTHBDI

Mpocrefimum GOTOOOHEKTHROM MBI HOJAMHL HA3BaTh ONTHYECKYIO
CHCTEMY, COCTOSILYK H3 ONHOTO CTekAa B BUAe coGupare/bHOH
auu3sl, Tak KaK KOHCTPYKIHA JHH3LI HMEET MHHHMYM KOpperuapyio-

75



Puc. 774 § Puc. 776.

Puc. 78. ' Puc. 80,

J'i‘ ml ﬁn'l -

IHX 3MEMEHTOB, TO OMHOKA TaKOH JWH3H BacbMa peauku. OIHAKO
“MHTEPEC K TAKAM JIHH3aM COXPaHeH H [0 CHX MNOP BCASACTBHE
cB0e00pa3Horo sdexra obuIel pasMHTOCTH H30OpakeHna or Takoi
JHH3BI, 4TO JA4eT BO3MOMHOCTH MOJyYeHHS B HEKOTOPHIX CAydYasx
»XyLOMKECTBEHHO-MATKUX® H300paxenud,

OTH JHH3B 1OJ HA3BAaHHEM MOHOKAEH BRINYCKAKTCA HA pPHHOK
M B Hacrosmee Bpems. UTOOH HecK0abKO OCIa6HTL XPOMATHIECKY IO
abeppanunio, c¢upma Zwierrina B 1920 r. Bulmycruaa MOHOKAL H3
JEATOro CTekJa moj Ha3panuewm ,[lnacruxa®,

Ilns npamMepa npuBOAWM MaHHHE HAuOo/Jee pacHpOCTPAHEHHOTO
MOHOK/A B ()OpMe, YKa3aHHOH HaA pHc. 79, CO CAEAVIOUI4MH OOTH-
yECKHMHA JaHHHMEA: ¥y —15,0; 7,—=19,7; d =2,5; np=1,52441.

KpuBHe omuboK 3TOro O6BEKTHBA yKasaHsl HA pHC. 78.

3HAYHTENbHOE yMeHbIIEHHE OCTarO4YHHX aGeppauuft ¥ HEKoTOpOE
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yCTpaHeHHe XpoMaTH3Ma YK€ BOSMONHH B ONTHYECKO# CHCTeMe,
COCTOfIeH H3 JABYX CKJEEeHHLIX JIHHS. B Tagom o0beKTHBE MLl HMEEeM
GonbiIee KOAHYECTBO 3/AEMEHTOB AMs ycTpawenns omnGok; caeno-
BATEJBHO COOTBETCTBYKOmAM NONGOPOM PAAHYCOB, HX KOMOHHALWH,
TOJMMHME ¥ COPTOB ONTHUECKOTO CTEKA3a MOXKHO CBECTH K MHHHMyMY
pasnuunbie OwMOKH OObekTHBa. Ecad B TakoM o6bexTHBE YCTPa-
HEeHa XpOMAaTHueCKass abeppauus aas Jayued D u G, To npu He-
GonLLION CBETOCHAEe M MajoM MOle 3PEeHHS ero MOXHO PEeKOMEHAO-
BaTh H I KAHOCHEMOK. HanGoabinee pacnpoCTpaHeHHE STH O0beK-
THBHL NOJYYHAH B NpuOOpax, CAyKaUEX I8 Eabmonerus (moasop-
Hbie TpyOb, OHHOKAH H T. A.).

4. 1ByXn1H30BbLIE,
©0OBbeHTHBH

B xauecTBe AelIeBHX axpoMaTHyecknX 0oObekTHBOB Qupuma [epn
g 1924 r. BLOyCTHAA UEABI Psiji ABYXJAMH30BBHIX 00beKTuBoB. [1pn-
BOAMM JaHHBE OJHOrO H3 HHX [0 aMEDHUKaHCKOMYy TATEeHTy
N 1643865, 1924 1. 7,=19,65 r,=270,00; 7,=35,11; d,=3;
dy = 1,25; cTexao kpon n=1,5096; $auat—1,6173; orBepcrue 06b-
exTupa 1:11. Komerpykuus O6bEKTHBA M KDHBHE aGeppauyy npei-
craBaenn Ha pre. 80.

[Mo706HO BHIIEONHMCAHHHIM TEPUOBCKHM OObekTHBaM (upMa
Lleficc-UkoH BHNycTHAa B GOABLIIOM KOAHYECTBE (POTOOOBEKTUBH
nox maspanuem ,Ppourap® Aaf HeOOAbIIHX PYYHHIX NEMIEBBIX Ka-
mep. Takue OOBEKTHBH Co cperocunoii 1:9 f=80 m#m noxpu-
BAIOT C JOCTATOYHON peskocthio dopmar 4 < 6,56 cu. Jas popmara
6X 9 cserocnaa ,Pponrapa* ymenbmesa 10 1:11.

3HAYATENBHOTO MCHPABIEHHA OMHGOK B ABYXAMH3OBOM OGLEKTHBE
MOCTHIH TEM, UTO MEXIy mnepBofi ¥ BTOPOH NHHS0H OCTAaBHIH
BO3LYIHEE TPOMEXYTOK, M TaKkuM OOPa3OM CHCTEMA MOJY4YHAaCh
geckJeeHHas. TAKOB HaNpUMeEp THN rayCCOBCKOro O0BEKTHBA, NMMeEIO-
[lero CPABHHTENbHO Mabli pasMep OMIHGOK aCTATMATHIMA H che-
pudeckoil abeppauuu.

Takoro poja OGBEKTHBBI DAaCHOJONEHH B anfapare HECKOJbKO
HHAue, YeM MPHBEIEHHHE paHee, KpPOME TOro aHajdparMa y HHX
BhHIHECEHA Brepen nepes OOLEKTHBOM.

Ha puc. 81 nprBejnens KpHBEE a0eppalliH HECKJICEHHOro JABYX-
auusoBoro goroo6sexTHsa dupmbt Bym maa [ =100 co caexyro-
MU ONTHYECKHMH JAHHBIMH:

= . 10,64 d,—293 n=1,6031

= 2024 my, = 1,67 =—1
r, =—182,40 d,—2,73 n=1,4967
r,=— 16,00 5
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Puc. 83. ' Puc. 84.

Paccrosisue oT Auadparmbl J0 nNepBOH MOBEPXHOCTH NHMH3H DABHO
1,80 stat.

O6bexTns paccunran aas orseperus 1:11.

IloMaMO ABYXIHH3OBHIX HECKJeeHHHX (DOTOOGHEKTHBOB MEHHCKO-
o6pasHoit hopmel (puc. 81) yxaxem ewe Ha APYryio GopMy AByX-
JHH30BOTO HeckaeeHHOro (OTOOOBLEKTHBA, COCTOALLErO H3 JBOAKO-
BOTHYTOH H JIBOAKOBBINYKJOH JuH3. Ilocaepsnii BHIL O0BEKTHBA
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TOCAYHHUJ NDOTOTUOOM JAJAA H3rOTOBJEHHHA CHMMETDHYHBIX aHAaCTHI-

MAaTOB C HeGOJBIIMM MOJAEeM BDEHHHA, COCTOALIMX H3 ABYX ONHHAKO-
BLIX HECKAEHHEHIX cHCTeM. Takue 0OBEKTHBH CO cpeaued nuadparmoi
SIBJISIOTCH Jy4(IHMH CHMMETDHUYHLIMH HeTHpPeXAHH30BHMH P0T000D-
eKTHBAaMH, 0 ueM OyJeT CKAa3aHO HHXKe.

B kayectse 00pasna NPHBOAMM [aHHBIE 3alHeHd MOJOBHHKH (O-
roo6bexkTHBa (upmsr HMcrmen-Koaak kak caMOCTOATEAbHOrO 00b-
exktuBa (puc. 82) c f=100,0; r,—=20,45; r,—20,45; r,=3742; 7, =
= 1347 =08 m, =09 dy—=12-. ;

Paccrosinne or aumadparmel J0 O0e€psodl MOBEPXHOCTH JHH3H PaB—
userca 1,0. Crekso aaa dannta np= 16105, naa kpona np—1,5803.

B namem o0630pe ($OTOO6HEKTHBOB, KaK 3TO BHAHO W3 pasobpa-
HBIX HAMH BHINE, MBI HAE€M OT H3ydeHus npocTefmux 00HEKTHBOB
K 60./1ee CI0XKHHIM; OCTaHABJAMBATLCA Ja/ee Ha O3HAKOMJIeHHH C 00%D-
eKTHBAMH OTHOCHTEJLHO NpocTofi (OpMEl HET HAaA0GHOCTH, HOO:
OHH BeCbMa PEAKO ynoTpeOJsOTCH NPH KHHOCheMkax. Takum oOpa-
30M Mbl NEPEexXOJMM K ONHCAHHIO 00Jee CADMKHBIX CHCTEM, COCTOSIIHNX
H3 Tpex M Gonee JHH3.

5. MonoBuHKK CHMMETPHYHLIX 06HLEKTUBOB
HaK camocToaTelNbHble (hoTO06BLEHTUBLI

[Npu xoppernponaHu# (HCNPABJAEHHH) ONTHYECKOH CHCTEMBI BECHM&
BaXHO HE TOJbKO KOJMYECTBO OTHAENbHEIX JHH3, HO U BO3AyLIHOE
OPOCTPAHCTBO MEXAY HHMH, KaKOBOE 1O CYLIECTBY SBAAETCSH TaKiKe
nuH3oi ¢ noxasareaem 1,0. [TpenmymecTso TaKoi BO3AYIIHOH JHH3BI
3aKJI0Y4eTCH B TOM, 94TO, B TO BPeMs KaKk y OOLIUHOH cTekasHHOH
JIHH3El TOJUIHMHA €€ BeCbMa OrpaHHYeHa, Y BO3,!1YI]]HOI’I JHH3H 3TOT
NPOMEXYTOK MOMXeT OhTh B3AT JIOOLX pasmMepos. B cBaA3@ C 3THM
Gblni paspa6oTaHsl M BHOYLIEHH HOBHE (OTOOOBLEKTHBH, Yy KOTO-
pPHIX BO3JYLIHBIH TPOMEXYTOK MEXAY JWH3aMA Obll HACTOJbKO
3HAUATENEH, 4TO B HEro y1al0och CMOHTHPOBaTh Amadparmy. ITo-
po6HBe GoToo6BeKTHBH ¢ muadparmoi, ycTaHOBJAEHHOH B cepeluHe
ONTHHECKOH CHCTeMbl, HMEIOT 3HAUUTEJbHOE TNPEHMYHIECTBO Iepej
ob6bexkTuBaMu C auadparmoli, yCTaHOBAEHHO WM 1epen OGBEKTH-
BOM HJM TIO3a[¥ Hero, 4YT0 moApo6HO pas6upanoch BHIUE B IJa-
e IV (em ,Iducropeas™). :

PaccmMoTpuM cefiuac HECKOABKO TaKHX OOLEKTHBOB, KOTOPHE CO-
CTOSIT M3 IBYX CHMMETPHYHBIX ONTHYECKHX CHCTEM (puc. 83), y KO-
TOPHIX CAEHOBATENLHO NEpe/HAA HAH 3aJHsA NMOJOBHHKH OJLHHAKOBBL
H NPEACTABAAOT CO00# KOMOHHALMIO TPEX CKACCHHHIX JHHS. Memay
nepeancii ®W 3aAHedl cucTeMaMH B TaK HaspiBaeMofl BO3JYUIHOK
JUH3e NOCTaBJE€HA ,u.Halpparma. Taxk xak B JaHHOe BpeMd HaC HHTE-
PeCYIOT ,TONbKO KPHBHIE OXHOH H3 MOJOBHHOK, TO HHXKE [A3lOTCH
onTHYECKHE [AHHBIE 3adHell MOJOBHHKH CHMMETpHYHOro (¢oTO-
00BeKTHBA KaK CaMOCTOATeNbHOH ONTUHECKOH CHCTEMBI.
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Onucangme xe oO6bLEeKTHBA KAk JABOAHOrO0 CHMMETPHUHOTO aHa-
_ CTHTMaTa, COCTABJEHHOrO M3 ABYX NOAOGHHIX APYr ADYry ONTH-
YECKUX CHCTEM, AAeTCA HECKOJIbKO AaJjblle.

Puc. 85,

[lpexjae BCEro OCTaHOBHMCA Ha 3ajuefi JMH3e oObeKkTHBAa [epua.

SHarop®, sBagomeics BNOJHE KOPPer#HpoBaHHOH ONTHYECKOH CH-
CTeMOH, OTHECEHHOH HAa OCHOBAHHM NPEACTABJIEHHHX 31€Ch KPHBHIX
K aﬂacrarua'ram.

Q6bexrus 310T (pHC. 84) paccunTaH XEroM H HMEET CleLymyo
KapaKTepUCTHKY:

Txf ]i}; d.l ~ 1,1 Nn—= 1,5150
n=3% 4=U04 ~  m=1510
r—1009 ATl N

Paccrosnne auapparMsl paBHO 1,3.

Puc, 85 naer onTHYECKyIO XapaKTEPHCTHKY M KpHBHe abeppauui
3aauell IONOBHHKM anacTurmara Pyaoaeda f—100,0, seinymessoro
«upmoii Lleficca 8 1910 r.

?flg’g d, =18 n—1,4585
r—145 (e n =181

Paccrosnne nnagparmsl pasuo 1,7.

s KoHCTpyKuusi 00beKTHBA TOXIEeCTBeHHA ¢ 00bexkTHEOM ,Jlarop®
epua. i
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Il cpaBuenma c ,Jlaropom“ (puc. 84) naem Gonee no3;HMi
OOBbeKTHB 3TOr0 XK€ THNA, PACCYMTAHHBIA Y POaHOM M BHIYIIEHHBIH
Takke ¢upmoii I'epua B 1923 r. Ero ontuueckne AaHHBIE. CJ€-

pyoonue:
=183 d, =08 n—14634
i d,=05 n— 1,591
v =19 n=1,6584

Pdtcroanne nmadparmui passo 0,9.

Ha puc, 86 usobpamensl KpuBne afeppauun 3TOr0 OOHEKTHBA.

Pasymeercs, npH nmoab3oBanuu 3ajHe#d MNOJOBHHKOH CUMMETPHT-
HHX aHACTUTMATOB CBETOCHAA HX HE mpeBbimaer 1:9, mpuueMm npH
HAKJOHE FAaBHOro Jyda Gosnee geMm Ha 20° u3o6pawenHe LenaeTcs
yxe HEYINOBAETBOPHTEALHLIM,

HT0o6H 3akoHuMTL PACCMOTPEHHE CHMMETPHUHHX (POTOOGBLEKTH-
BOB, ¥ KOTODEIX 3aJHHWe NOJOBHHKH SAB/IAITCHA CaMOCTOATEAbLHEIMH
ONTHYECKHMH CHCTEMAaMH, NPHBEJEM HECKOJbKO THHOB (OTOOGBEK-

S B. Merpos
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THBOB, TAKXE CHMMETPHUHLIX, HO COCTORIIMX HE H3 TpeX, a M3
6O/bIIEr0 KOJMYECTBA CKJIECHHBIX JUH3, M KPOME TOr0 B HEKOTO-
PHX CJAyYasx He BCErna CKJACCHHBLIX.

Joiinoit awacturmar E. Bymwa no pacwery Mapruma (1902 r.):

€ro saansd MOJOBHHA C ONTHYECKHMU NAHHBIMH H KPHBHMH abep-
pauHsAMH OpPEACT4BJEeHA Ha puc, 87.

s d=15 n=1,6098
ri:15’1 dn—'0,4 = 1,5149
?‘3___36’8 nzl:()tlﬁ ’HZl
555 dy =04 n=—1,5825
i s et =
r.—16,8 4, =115 n=16112
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Cummerpuuunifi anacturmar Pocca (Jlonnow) mo pacuery Crio-
apra (1913 r.)—onTaueckHe AaHHbIE a8 3aAHeHd NMONOBHHKH:

r;y—186 d:—05 n—1,4933
n=43  g_95 =163
rs; 7‘3 d5:1’2 n:1.5173
ri— 146 d,=06 n=1,5801

Paccrosinde nuagparmMb paBHO 2,5.

Kpusble abeppalliii H KOHCTPYKUHA 3aAHEHl MOJOBHHBI JaHH Ha
puc. 88.

B 1918 r. Pynoasd ony6amkoBan HOBHII CHMMCTPHUYHBIH aHACTHT-
mMaT, NOJOBHHKA KOTOPOTO M KpHBHIe abeppauuii npejcTaBJAeHH
Ha puc. 89. Ero onTHyeckHe AauBHE caeaymoiiHe:

f= fo»f d, =18 n—1,6053
r:14,3 m;=0,8 n=1
’3:81'9 di=1Lb n=—1,5398
r,—83, d,—3.3 n— 16207
o161

JIlnadparma Ha paccTosHHH, pasHEOoM 1.4.

Hrak Hamu OblAM pacCMOTPEHH OT/Ae]bHEIE BHIBl IBYX-, TPEX- H
YETHPEX/IHH30BLX (OTOOOLEKTHBOB; M3 KOTOPHX H COCTaBAfIOTCHA
ABOHHBIE CHMMETPHMUHLIE OOBLEKTHBE, MOAPOOHLIHE pa3bop KOTOPHIX
noMenies Ha crp. 93.

6. TpexnuH3uBLIE
t2TO0ObEHTUBEI

KpaiiHe mnpocTHM OGBEKTHBOM C AHA(QParMoil MEXYy JHH3AMH
ABJAETCH Tp'EXJIHHEOBHﬁ Dﬁ'hEI(THB, Y KOTOPOro JAse JIHH3KW CKJAeeHHl,
OnTHueckKie KauecTBa 3TOro oO6bLeKTHRA npnﬁnnmamrca K aHdCTHI-
MaTy (,!IJ'IH CepelHHE MNOJA SpEBHH); Hpﬂ MaJdLX OTHOCUTEALHHX
OTBEPCTHAX OH MOXKET OLTb JNOCTATOYHO IHPOKOYTOAbHBIM.

[IpumepoM TaKoro OOBEKTHBA CAYMHT AHIAHHCKHI OOLEKTHB
»Anbauc*, usobpamennsiii Ha puc. Y0. OH_.npeacrasaser coboi
TePefHIO aXpOMArH4YecKyo CKAEEHHYIO JHH3Y, 10CHe KOTOPOH cie-
Ayet gnadparma, a 3a HEA — 3a/HAA COJMUpaTeabHasd JHH3A

HOna f=100 onTnueckune AaHHBIE €ro CoeAyiomHe:

nEstes di=31 n=—1.5366
rz:17.8 dg"“2,5 n2115738
e

7y =1047,0 =2 n=1,6041
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Kpusele aGeppauuft ykazans Ha puc. 90, ¢

OnunaxoBeiM Mo NpocToTe sABAfETCH 00bekTHB Bishop'a (dpan-
uy3ckuit natent). s npHBeneHHHIX HA pHC. 91 KPHBHIX OWHKOGOK H
ONTHYECKONA CXEMbI MOXHO BLIBECTH 3aKJIOUEeHHE, UTO JaHHHEIH 00b-

€KTHB MPHIOJEH s IIOPTPETHOH C'eMKH
HO €ro H -
CAHTH K AHACTHrMAaTaM. v o -l

[Tpusoaum ero ontuyeckue BeAMuHHH pas f= 100 s

a1 d, =18 n= 15170
T —3060 ’nl — 4013 == 1

- F— (] d

r.—= 0610 —1.8 n=1,6260
4 3 d :2? L 7-]?
r,—52,9 3 ' n— 1,170

24

[Mo onTuueckofl KOHCTPYKUHK 06bekTHB Bishop'a monoGen 06 ek-
THBY PonenmToka — ,[1aHTOroHaAR®, ¥ KOTOPOro npH MaJo# paua-
¢parMe MOXHO JOCTHYb 0OJA 3peHus A0 120°. Ilpn Takoii aua-
dparme ,Nantoronaas* mnpubankaerTcd K H3BECTHOMY UIHPOKO-
yroibHOMY OGDBEKTHBY lepua — ,uoeprony®.

Ha puc. 92 AaHb ONTHYECKas cXeMa ¥ KDHBHE omn60K HOTO-
o6bexTBa Ponenmroxka — . [TanToroHans®.

Caeaywomas rpyfna TPeXJIHH303HX 06HLEKTHBOB OTJAHYAETCA OT
npeaAnaymefi TeM, 9r0 BC€ ‘TR JHH3E OTAGTEHH Mexay Cco-
Goit BO3AymHHIM npomexyTkoM. [leppasd u NOCAENHAA JIMHSH
06LEKTHBA — COOHpAaTeNbHbE, CPeNHsd Ke [IHH32 — paCCeHBaio-
uias.

UsoGperareneM 3TOf (GOPME OGBEKTHBOB SBIACTCS Teitniop. Bu-
nyctis B 1894 r. nepBbiil TPUMJAET MOA HaSBAHEM » KyK-THH3H,
Tefinop B AarpHefieM Aal MHOKECTBO BapHAHTOB 3TOrO0 THOA
0GbeKTHBA.

OnTHueckas cxema TpHmiera 6aarojaps csoeit ocoboii rubkocTH
JAdeT BO3MOJIKHOCTb 3HAYHTEJLHO YM@HBWHTH OMA6KA O6HEKTHBA,
pBuAy uero ¢oroobnexTns Teiinopa sABAAETCH B HacTosllee BpeMd
nauboaee pacopoctpaHerdoll HopmMoi 0GHEKTHBOB. Becnma mpocrtoe
ero yCTPOMCTBO MNPH BHLICOKOM ONTHYECKOM Ka4ecTBe BLI3BAIO0
MHOFOYMCTEHHBE TOAPAKAHHA PasandHbIX (PadpuK.

TpexAuH30BLIH aHACTHIMAT Tefi10pa MPATOJEH AJs HIOOLX Leeil.
Ha oCHOBE ero ONTAYECKOfl CXeMbl BEMyUIeH HEAHH Pl O0O'LeKTH-
BO8, HAUMHAH CO CBETOCHAbHBIX YHHBEPCAJbHHX 00LEKTHBOB H
koHuasn OOBEKTHBAMH Aad a3podorocpemkd. OH 0COGEHHO IEHEH
15 KMHOCHEMOK, TAK Kak OTHOCHTEAbHU HEGOJbWOH yroa noas
3pednsl 1aeT pr3KO€ M NJOCKOe naobpaxenne. Kak uUIHPOKOYTOJb-
Hblfi OOBLEKTHB OH Maj0 HCNOAL30BAH JAXe W IDH MaJabX nuadpar-
max, TeM He menee Tefinopom OblI BHOYIIEH PENPORYKIHOHHBIH
ofbextus ,Kyk-aHacTurMar‘ npu OTBEpCTHH 1:8.

dupMa lleficca no pacuery Kénura BHIYCTHIA GoJbIIOe KOJHYE-
C1BO OGBEKTHROB THIla TPAIIET AJs aCTPOHOMHYECKOH dororpaduu,
caenoBarensro Goabmux (QOKYCHHIX paccrosuuit. OTMeTHM Hau-
Gonee pacnpocTpaHenHbie (HOTOOOBEKTHBEI TPEXJIHH30BOH KOHCTPYK-
nua no Tefinopy, BHNylUledHbe PasHHIMH ¢dupmamn: Bym — ,[ay-
Kap*, aHACTHIM4T 1:3,1" m 1:6,3; T'epu— ,l'unap®n . Tenakcuap*
1:6,8; Kpaycc — ,Tpuarap® 14310 1 L5 Meiiep — , Tpuo-
naan® 1:80 u 1:6,3; Ponenmtok — ,Espuron® u ,Tpuxap®;
 ltefinreas® — ,Kaccap¥; Leficc— ,Tpuorap®; DoxTIeHAEeD —
.Boiixtap* B T. A

Huxe ai0TcA HECKONbKO ONTHYECKHX CXEM TPEXTHH3OBHX ‘He-
CKAGeHHLX OGLEKTHBOB, ONTHYECKHE BEAHYHHH H KDHBHIEC abep-
panui.
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Kak BAAHO M3 ONTHYECKHX [aHHHX, B opurHaaze rtpunaera Teit-
Jopa TEPeAHsisi M 3aAHAsA COOHpaTe/JbHBHIE JHH3H CHMMETPHYHEL
CxeMa H KpHBBIe OmIMOOK AaHH Ha puc. 93.
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Puc. 93.

nh— 264
=—1507
r;— 29,8
ro— 249
=107
Lr— 26,4

d} — 5,9
m;—10,9
de== 0.2
Ms—=A25
da - 5,9

. Opurunan tpunaera Teiaopa 1893 r. Onruyeckue JlaHHLIE:

n—1,5108
=1
n —1,6042
oA |
n—=1,5108

2. BecbMa OpHUrHHAIBHO peHIeHa KOHCTPYKIHA TpumieTta GHpMOIO

bek (Jlonpon). Beioymenunit eio B 1912

I, TPEXJHH30BHH aHa-

CTHrMaT OBLI HM3rOTOBJEH H3 CTEKOJ, OY€Hb CXOXHX MEKAy
coGoit[ mo np.
Ero_onTHYeCKHEe [JaHHLIE TAKOBHI
£ dy=29 n=1612
Wi =— 108 =1
F3:4U,0 d::219 ﬂ:1,618
S me= 51 g
S 3 — L
r8:31;_0 dg _ 2,9 = 1.512

Juadpparma o6beKTHBA PACHONOMEHa MEXAY nepBod M BTOPOWH
JMH3aMH, YTO TOXE HEe coBceM OOHYHO AJf 3TOr0 THOA OOGLEKTHBA.

Cxema H kpuBHe abeppanuii —Ha puc. 94.

3. Tpunaer lleficca no pacyery BamnepcaeGa naer oueHb Manayio
JHCTOPCHIO A/ CPaBHUTEJbHO Gosbmoro yraa. O6bexkTus Obll Bh-

nyuweH ¢upmodi B 1913 r.

rn=—168 o 3
ra—116,9 gi-;?:g ﬁ;wua
¥ =—0b3 d; =105 n— 1,5488
f‘:15.4 o 10.3 de
Fg—o poE s
r::m.a dy=21 n—1,6113

lMepBasi ¥ TPeThsl AHH3H H3TOTOBJAEHH H3 TAKEJIOr0 KPOHA, CpPel-
" — paccenBamolas JuH3a U3 Jerkoro Qanara. Kpupsie aGeppauui

110KasaHsl HAa pHC. 95.

4, ®upma [epua B 1921 r. BHIDYCTHJIA CBOH TPEXJHH30BHIA (oTO-
OOGbEKTHB B TdK HaA3biBaeMO# NOJHOH CHMMETPUYHOH KOHCTDYKIIHH.
Y mero He TOABKO mNepBas M TPEeTbf JIHH3L OJHHAKOBH, HO H
cpejHAs PACCEMBAOIIAA JHH33a NDPEACTaBAAET COOGOH ABOSKOBOTHY-

Tyi0 NHH3Y ONHWHAKOBHIX PAaAHYCOB.

r—324 = — 1.5690
r=3014 f;i-;?’f? =
rn=2318 d,—1,1 n— 1,6364
RS0 D e

r: % 32’4 d; =3, n = 1,5690

Cxema u abeppalliH NpeACTaBjeHH HA pHC. 96.
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7. NlancHeiiwee passutue
TEEeXNMH30B0ro o6LeHTUBa

Ka
cnoui S::;ué) Tyxaaarm BhHIIIE, (POTOOOLEKTHE Te#tiopa npu BHCOKHX
o R ;Mneﬁ; J:s‘;:ez";::eljI ;;ue.n P HEJOCTATKOB, 3aKMOYANIIAXCH
s, €0 KPHUBH3HE H XpO
5 POMaTHYECKOH pa3-
Hg:rgﬂ;gfpuqﬁecxnx aGeppauuit. CregoBatensHo ycosepmencmgaa-
0 OOBEKTHBA OHJIO BO3MOXKHO TOJBKO nyTeM HEKOTOPOro

ero YCJAOXKHEHWs, OCTaBAss NPHHIANHAALHYI0 ONTHYECKYIO CXeMy
Tefincpa 6e3 WaMeHeHHH.

[lepBbIM, yAy4IIHBIIAM THI TPEXAUH30BOro oGnekTHBa Tehaopa,
6uin Pymoand, vayunsii corpyauuk ¢upmbl Lleficca. YcoBepiues:
cTBoBanue (HOTOOGHEKTHBA IMPOM3ONLI0 33 CYET H3MEHEHHA KOH-
crpyxumy 3aisedt aumsbl. Taxofi oGbexkTHB Obl1 HasaH (upMOi
Lleficca ,TeccapoM* U COCTOSM M3 ABYX HapyXHLIX COOHPATETbHBIX
JAHH3 H ABYX BHYTPEHHHX DAaCCEeHBAIOLMX; MOCJAE/JHHE JBE JHH3BI
6L CKJIGEHH, TaKk uTO ero onTudeckas cxeMa (puc. 98) BecnbMa
cxoaHa ¢ ¢oToobnekTHBOM Teiaopa.

Anacrurmatr ,Teccap DpHHAANEKAT K YHHBEPCAAbHHM (OTC-
00BbEKTHBAM H CUHTAETCH OAHHM M3 Jy4ImHX GOTO0O0BEKTHBOB. [lep-
BEIl pacuer onTthkd ,Teccapa* Owa ony6amkoBaH ¢upmoit Lleficca
B 1902 r. (mateHnt Ne 142294), npuuem /AuTepaTypHble MaTepHAJILL,
co6pansne Meprte, ykasmpaoT, 4TO nyth Pyroabda x ,Teccapy™
wes me ot Tpunaera Tefaopa, a or 6onaee CTaporo aHACTHIMATA
Pynonsda nop naspanuem ,Yuap“.

,Teccap® 1902 r. 6uia xopperupoBan PynonbdoM AJas OTBEDPCTHR
1:5,6; npH QOCTATOYHO XOPOMIHX KPHUBBLIX OWMHOOK B OTHOMIEHHH
chepuyeckoil abeppauu# H YCIOBHA CHHYCOB OOBEKTHB BCe XKe
006313 MOTPEIHOCTHI0 KPHBU3HHI MOJAA W ACTHIMATHYECKOH pas-
HocThio. Benencreue sroro ,Teccap® 1902 r. BhinmyuieH B NPOLAKY
ne 6B, HO ABe Apyrue (Gopmb, BHPaGOTaRHBEE W3 3TOr0 MNEpsOro
o6extuea, a uMmenno ,Teccap® 1:6,3 (cxema u kpapue — puc. 99)
M PENpPOAYKUMOHHHA OO6BEKTHB, B KOTOPbIX ObliM yCTPAHEHHl -BCE
OIIHOKA MepBOro BapHaHTa, MOAYHYHAM LIMPOKOE PACIPOCTpPAHCHHE.

HaabHefimee paspurHe ,Teccapa® mJ0 B HanpaBleHHH yBE/IHHE-
HHUsl CBETOCHJb KaK yHHBepCcaabHOro (GoTo00HeKTHBE; NPH 5STOM
BHIYHCAKTENbHYI0O pabory kpome Pypoabda Beayt Mapre u Ban-
nepcae6. Takum oOpasom B passoe Bpems ¢upma Lleficca Bhiny-
cruaa cepuio ,TeccapoB® ans pasandHLIX Leaed CO CBETOCHAOH OT
1:9 no 1:2,7. ,Teccap“ c orsepcrueM 1:9 BeINyCKaacd Kak IMIu-
POKOYroAsHHE ¢ nonem 3penust a0 80°, HO, KaK W TEHIOPOBCKHH
IUMPOKOYTOAbHBI 06GBEKTHB, OH OB MaJO PacOPOCTPaHEH.

Crenyer OTMETHThL e€lle OJHH XOpPOMIHMA 4aHACTHIMAT, MOpel-
crapasiomuft cobofi Buaonsmenenue Teflmopa, paccumTanHsi [ap-
THHTOM H BHINYINEHHBIH Qupmoi ,PoxT/aAeHLep”.

10T 0OLEKTHB B OTJAMY9HE OT ,leccapa“ HMEET H MEPEAHICIO
AMH3Yy, CKJeeHHyl M3 aByx crexonm (puc. 102). Heckonbko HHYIC
KOHCTpYKUuIO Apyroro ¢otoobnexTHsa @oxrieHaepa OpeACTa-
anser o6bexTHB ,Jlumap® (puc. 97), HE3HAUMTENLHO YCTYHAOUIKMH
»l enuapy®.

Anrnmiickas ¢upma Pocc Bunmyctmaa B 1913 r. aHacTHrar,
cXoaun#i ¢ ,Teccapom”, HO OTJAHYHEIA OT NOCJAEIHEr0 TEM, 4YTO
3anHsAs JMH3A Yy HEro CKkJeeHa w3 Tpex crekoa (puc. 103).

B 1925 r. ¢upma Lleficca mo sbiuucaennid Mepre BmIyCTHAA

8%
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Heo06X0AuMO OTMETHTb, 4TO YCOBEpPIIEHCTBOBAHHBIE (OTOOGBEK-
tuBbl TeRaAopa sBJSIOTCH Ay4IIAMH OOBEKTHBAMH /5 KHHOCHEMOK.

Huxe naem onTHYEeCKHe HAaHHBIE, CXeMbl M KpuBele abeppanuit
A HEKOTOpPHX Haubosee pachnpocTpaHeHHBIX (OTOOGBHEKTHEOB
YK43aHHOH IpynIL:

1. O6bexTus ,Teccap“ lleficca mo pacuetry Pynoasca (puc. 98)
1902 r., xak nepsasg NONHITKa yCOBEPUIEHCTBOBATL O0bexkTHs Teii-
jgopa (OOBEKTHB B NPOJAXy BHOyHIEH He ObLI):

:lf 2],5 d1:3'3 n:},6113
- it m =19 n=1
B ;g’g dy — 1.1 n = 1,6046
r4:111!_3 my — 6,0 ==
iﬁ: 25’2 =] 7 =1:5211
r:___ 35:7 =31 n—"16113

2. ¥Yayuwennsit ,Teccap Pynoaba, Kotopsifi 6Gbii H3roros-
JieH H Bhinyuled B npojawy ¢upmoil Ledcca:

rl& 20,1 dl'—_—-3,1

te= A n—16116
- T : m *-—_'1)7 n=1
= ?g,g d,—10 n —1,5831
:4:8]'1 m$:4,3 n—1

=7 2013 ds = n=—=1,5234
—336 dy=31  n=1,6073
— ]

Kpusrie aGeppausiit sToro ofbexTuBa namel Ha puc. 99.
3. ,Teccap“ mo pacuery Bauaepcaeba (puc. 100) ¢pupmu Lieficca
C oTBepctHem 1:4,5:

n= 263

usMeHenusift ,, Teccap® nox waspanuem ,Buoreccap. 3tor THn 06BeK-
THBA ¢ orBepctueM 1:2,8 (puc. 104) Ouir npenHasHauyeH AN KHHO-
CBEMOK, TaK KaK NPH OTHOCHTE/J-HO EebOo/buoM moJe 3peHus B 40%
¥Mea AyYIyI0 peskocTh, 4eM ,Teccap® (1:2,7).

90

-

CxeMa u xpusnie abGeppauuii —ua pue. 101.

A= d, =37 n=16134
R= m, —4,0 ne—=1
: e d—17 n— 1,5739
r4:146'7 m2:5,3 n—= 1
';s = goa d, =17 = 1,5300
[ e ] G Fadis
il d,—46 n=16145
4. Hosmiii ,Teccap“ lleificca 1:3,5 no pacuery Mepre 1926 r.:
n=3208 d, =4,63 n=16071T
= 7 1“;3 m, —5,42 n—
e 98’85 ds=315 n—1,57596
5w, m,—6,71 n—1
g A dy =1,50 n—1,52648
r: = 47:22 d,—8,0 n—1,62377
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5. Anacturmatr Poxtrennpepa ,leamap“, oTBepcrae 1:4,5, none
apenust 55° (pmc. 102) naeT OTUETAMBLHIA pe3KHHA PHCYHOK; PEeKO-
MEHAYEeTCA OJd KHHOCBEMOK.

92

6. Anacrurmar Pocca (puc. 103), mo Bemucaenunio Crioapta, 1913 r.
ganomunaer ,Teccap” lleficca, HO YCAOXHEH JAONOJHHTEIbHON JHH-
30# 3axHelt cuctems ob6bexTHBa. CBerocuna 1:4,5; o0beKTHB 0YeHb
XOpOIIO KOPPErHpPOBaH B OTHOWEHHH IHUCTOPCHH,

n= 23,6 d,—37 n—1,5725
{ rﬂ: GOG m1:3|9 u_'——l y

ro— 642 d,—12 n—15784

ry—= 22,7 =49 =1

=232 o |

ry= .g d,—18 n=—1,5199

:ﬁ_—_ :13';,8 d—=19 n—1,539%4
! n— 395 Presl o e

7. ,Buoreccap® Leficca 1:28, no® seruncaennio Mepre 1925 r.

(puc. 104) npeanasnayeH AJAsi KuHOCheMmok. [laer peskoe m3oGpa-
#eHHe MO BCeMy MOJIO 3PEHHS.

h = 33% d,— 85 n—1,6238 @
ry= 68, d,— 06 n— 1,5475
Fg — 1369,7 m]_ :6,87 n— l
r,= 606 d,— 65 n— 1,5829
e — 28,6 = 4‘5 n—1
el o d, = 27 n— 16424
55 L d,= 07 n—1,5399
ik d,— 9,8 n— 16221

8. [BoiiHbie

thoToO6GLEHTHBRI

Hapsay ¢ ycoBepuieHCTBOBaHHEM (OTOOOBEKTHBOB MYTeM KOH-
CTPYMPOBaHHS HOBHX (OPM C yBeJAUYEHHEM KOJAYECTBA OTAENbHBIX
JINH3 NPHMEHsI0Cs U AYOAHPOBaHHE OTASNbLHEIX ONTHYECKHX CHCTEM
B camocToaTenbHEl PoTOOOBEKTHB.

Taxoit HoTO0OHLEKTHB, COCTOAMIAA U3 JBYX ONTHYECKHX CHCTEM,
UMeJ SHAUMTEAbHOE MPEHMYIIEeCTBO B OOJbIIEH CBETOCHJAE H JaYy4-
weit xoppekunu. [To csoelt KOHCTPYKUUHU ABOHHBIE GOTOOGHEKTHBH
pacna,uamrcsl Ha:

1) o6beKTHBH, COCTOALIHE H3 JOBYX OJIHHAKOBBIX ONTHYECKHX
cucTeM, OOpDamIEHHEIX CHMMETPHYHO K JAuadparme, HaseBaeMmble
ABOfIHBIMH CHMMETDHYHLIME O0bEKTHBAMH;

2) 06beKTHBH, COCTOSLIME H3 JABYX TEOMETPHHYECKH MOAOGHLIX
ONTHYECKHX CHCTEM pa3IHUEBX (OKYCOB H HMEIOLMX XHuadparms
MeXAy NepBoil W BTOPOH CHCTeMaMH; TakHe OGbLEKTHBH Ha3BaHB
NBOMHLIMH TOJYCHMMETDHUHLIMH (DOTOOOBEKTHBAMY;
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Ilas sTex ke neneir ¢upma lepua B Havane XX B. BEIOYCTHJAA
8 1poaaxy 0ObeKTHB ,['HOEpProH*, COCTOAWMA TaKKe M3 AByX Me-
anckoB (puc. 105). [Tone 3peHus ero HeoGhiYakHO GoablIoe — 140°%;
XOTA cpepuyeckas abeppauus ¥ XPOMATH3M B HEM SHAYHTESbHBI,
BCe e AJs MHOTHX Hesefl OH NPHTOJEH H B HACTOSIEe BpPeMs.

JlBofiHbie CHMMETPUYHEE O0BLEKTHBH HMEIOTCS 4eThipeX KOHCTPYK-
1Mil: mepesie, y KOTOPHX OTAeJbHHE NOJOBHHKH COCTOST H3 OLHOH
auH3H (npumep ,[uneprof“ I'epua), BTOpbE — U3 ABYX CKJIECEHHBIX
JHH3, MOTOM HAYT TPEXAHH3OBHE NOJNOBHHKH H HAKOHeL YeThpex-
JTHH30BHIE,

PononauanbHUKOM JBOHHOrO CHMMETPHYHOIO OOBEKTHBA, MOJO-
BHHKH KOTOPOrO COCTOAT M3 ABYX CKJEEHHBIX JIMH3, ABASETCH anaa-
nat lrefinreas (puc. 106).

Drot THN O6LEKIHBA B pasNuuHHIX (QOpMax BeIpabaThHBajCH st
oTHexbHHX o6nactefi dotorpagmu ¥ noayuHaA oueHb GoJabwOe
PacNpOCTPaHeHHEe A0 NOABJIEHHd aHACTHTMATOB.

IlBojiAbie CHMMETpPHYHbiE OOBLEKTHBBHl, NOJNOBHHKH KOTOPHIX CO-
CTOAT M3 3 WiM 4 JIMH3, HAMH YXe€ YacTHUYHO GuAH pasoOpaHsl.
Ha crp. 79 M paccMOTpead 3aJiHHE NOJOBHHKH CHMMETPHYHBIX
06bEeKTHBOB KaK CaMOCTOATeAbHHE $0T006bexTHBL. TIpuBOoAHM Aud
CpaBHEHHs KpHBBIE abGeppauufi NOJAHHX ABOAHHIX OOBLEKTHBOB; TaK
puc. 107 pgaer KOHCTPyXUuIO ¥ KPHBLie abeppauuit CHMMETPHUHOrO
o6sexTura [lepua — ,Jlarop“, noJOBHHKA KOTOPOrO paccMOTpeHa
#a cTp. 78 (puc. 84). i

Isofinodt anacturmar Pynoasda 1906 r. seinyuien gpupmowo Ileficca
€0 CAEAYIOIMMH ONTHYECKHMH JaHHBIMH:

rn=ry=14,6 d—=d,— 21 n—16128

snsth d—d.—07 n—15329

ri: r::15;4 ==t et
F

Boaaywrui npoMexyTOK pased 3,4.

KoncTpykunsi ¥ KpHBble AaHbl Ha puc. 108,

Ilns ABOMHOrO CHMMETPHUYHOTO BOCHMHJHH30BOIrO aHACTHrMaTa
E. byma no pacdery Maprtuna 1902 r. onrtudecKue AAHHHIE YKa-
3aHel Ha CTp. 82, a KOHCTPYKUMA M KpuBhie abeppaumii AaH:H Ha
puc. 109.

JIlns cumMeTpuuHOro anactHrmara Pocca 1913 r. onTHuYeckHe
JlaHHHE 3aJiHER NOJOBHHKH TNPHBEAEHH Ha CTP. 83, KOHCTPYKIUS
06beKTUBa M €ro KpuBble OmMHO0K — HA puc. 110,

Ha puc. 111 nasa KOHCTPYKIHA CHMMETPHYHOrO aHacturmara Py-
noasda 1918 r., yeThIpEXAHH30BaA IM0JOBAHKA KOTOPOro OMHCaHa
#€a cTp. 83.

[lpn cpaBHeHHH KpHBHIX abeppamuii ABOAHBIX CHMMETPHYHBIX
06 LeKTHBOB C OTASALHHMH HX MOJOBHHKAMH ONpPEJE/]EHHO CKasbl-
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O D OF T

-10 ] { P H TG BRE
Puc. 110.
25°
b |
5
\ 4

L 52
|

+1% 4

. 0 r v - —_—
7047 - L0 B o0 250
Pue. 111,

7 i)
Sl Y

oL M O T
Puc. 112. Pue. 113.

My

BaeTcs NPEMMYIIECTBO NEPBHIX
AA0OUNIHX JYVYIIHe KDHB -
UMl o 66abmed csemcmm.‘ 4 S

B :
BCEP(ST;P;I‘O CHMMETDHYHEIX OGLEeKTHBAX ME no CYIII.ECTBY HMeeM
Wb nBe KOMOMHAUMM (POKYCHBIX paccTOsHHE. Tax ¥ 00b-

€KTHBa [la W) f—— T
Top ¢ =105 mum OTAeAbHBIE €r0o MOJOBHHKH 6;’}.[}’
7 B, Ierpos
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paBun f= 180 smm; TaKHM OGBEKTHBOM C/€40BaTeJbHO MOMKHO
cHsTh Ha Qopmate 6,59 u 9 12, Ero cBerocuaa, B cayyae ecan
OTJeJbHLE NOJOBHHKH OynyT paseet 1:125, a4s ABYyX nonoBHHOK
yBeqMunBaeTcs a0 1:6,3.

Hecxoabko wHOe, Gonee ynaunoe pemenue aaa Pynoasd B ckom-
CTPYHPOBAHHHIX HM JBOWHBIX mnpoTapax (puc. 112). OrpeapHue
OpOTaP-AMH3L HMEIOT cBeTocuay 1:12.56 u Brinymenw ¢ f=18; 22;
29; 35; 41; 48; 59 m 69 cu. Ias cocTaBieHHs NBOHHOrO nporapa
KOHCTPYKIHSI OOBLEKTHBA MPENYCMATPHBAET BOSMOXKHOCTH M0AB30-
BAaHHS B OJAHOM HabOpe YETHIPEMS MPOTAP-IHH3AMH PasHEIX (OKyC-
HHIX DacCTOSIHHH.

Takum o6pasoM HaGop M3 YETHIPEX NPOTAP-JIHH3 NAET BO3MOK-
HOCTh MOAyueHUsi ABOHHEIX NMPOTAPOB € YETHIPDbMS Pa3HbIMH (hoxyc-
HBIMH paccTosHMAMH. BssB ueThipe nmporap-aummse (¢ (oxycamm
18 cn— nBe auH3bl, 22 cM— OAHY AWH3Y H 29 cu— 1 AuMusy), noO-
JYYHM CAEAyIoIiHe KOMOHHANHK:

1. 18+ 18 cu nacr apo#iuoit mporap ¢ f=10.5 cx
2. 22418 ,, 5 > =15,
3. 29 18 g i » » » =13 ”
4, 29 22 n ” ”» » El j: 14,5 n:

ITpu sToM cBerocuaa JBOAHOrO mpoTapa Oyier B mpenenax or
1:6,3 no 1:7.7.

Taxue HaGopHI CAENYET CYUMTATH CHMMETDHYHHIMH TOJABKO B OTHO-
IN2HUH KOHCTPYKLHH ONTHYECKOH CHCTEMLI =

OueBunHO, CTPOras CHMMETPHs ABONHOIO OGLEKTHBA, HAH €ro
TeOMEeTpHYECKas NOAOOHOCTb, CTABUT MEPEel BHIUHCAMTENEM Mensit
pPSL orpaHduYeHuH. ITOT MOMEHT B 3HAUHTEJbHOH CTENeHH OTna-
Jla€T IpH BBIYUCJAEHHH HECHMMETPHYHOTO 00bexkTuBa. Huorza Owi-
Ba€T JOCTATOUHHIM HE3HAUHTEJbHOE OTKAOHEHHE OT CHMMETDHH,
4TOOH NOBHCHTH ONTHYECKOE KAYECTBO 00LEKTHBA. ;

Huxe npuBoauM paHHBIe M ONTHYECKYI0 XapaKTePUCTHKY ABOFH-
HBEIX QOTOOOBEKTHBOR C HAPYIIEHHOA cCUMMEeTpHE H (HECHMMEeTPHYHLIX).

1. ,Aprap* l'epua 1907 r. no pacusery Illokke. Komcrpyxuus n
KpuBHe abeppauuil NpHBOAHM Ha puc., 113.

2. HecumMeTpHuHH# aHacTHrMaT AMepHKaHCKON ONTHUECKOR KOM-
nanuy no pacuery Lisuannrepa 1916 r, Ero ontHueckue naBHBIE Cae-
Aywine:

Fis= V4 dy=4.2 n—1,6141
7, = 1031 —1.8 ey |
r,— 539 s i

b 37,7 =156 n—1,5689
r*.: 63’3’ my—>5,4 =1
itk e d;=1,6 n=1,5482
:s: 53'; m,—1.8 n=1
Lt di:s,s' n=16141

\\

N

—fé} 15 4 +0§ l \

e

\r’” oY

152 : ] /
e AE N b 00 B a5 u

' Puc. 114.

7;?" '
) N7 4Ny
SRt L T
120° -
AT
5nm et R 0 S I ol
.59 J \
05 0 05 -5 4 vy Tk

Puc. 115.

L

3 ﬁ’ ""'? j'a- fég 3 ,{Ifﬂ ;—;Z;o Z’go

Puc. 116.

Koncrpykuns o6nextnBa n kpushie omnGoK — Ha puc. 114.
3. ®upma M. Konak* sunycruna B 1916 r. uarepecuuii o6nex-
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THB C noJeM 3peHHs B 58° y KOTOpOro ase BHyTPeHHHE pacCeH-
BAOUIHE JHH3L CHMMETDHUHEL.

— :
& ;=28 n=1,6315
7.—405 paE Ll i 3
¥.——405 d,—1,0 n=1,6053
i —405 My =20 R=-1
75_40‘5 d3:1.92 = 1,6053
r6:66,4 m3:1,6 n—1
7o =263 =28 =155

OnTHueckas cxema M KpuBHE — Ha puc. 115.
4. Anacturmar PojieRmToHa Bhtycka 1921 r.

;=300

S d,—34 n—1,6098
o =
?.3 = 49'5 e 038 = 1,5473
ry =495 e o
,r.ﬁ : 42’2 dg :0,8 ! ¢ A 1,5473
?‘6;94,8 ; my—2.7 n—il

Kpusbie own6ox u KoHCTpykuus 06bexTHBa — Ha puc. 116.

5. Ha puc. 117 naH oaun w3 BapHAHTOB HEeCHMMETPHYHOrO CBETO-
CHMbHOrO anacturmara Pynoabda 1924 r. aas xunOCheMOK. Bhime-
YKa3aHHAfA K IpyNNa HECHMMETPHUHHIX OOHLEKTHBOB, KAK MLl YNOMH-
Hald paHplle, YCTYNaeT CHMMETPHYHHM (OTOOODHEKTHBAM B TOM
OTHOINCHHH, UTO OTAE/]bHBEIC I0JOBHHKH 5THX OOLEKTHBOB HE MOLYT
ObITh HMCOOJB3OBAHEl KaK CAMOCTOSITENbHHEIE ONTHYECKHE CHCTEMBL.

CrnenosarenbHO MOC/AE MOAPOGHOrO O3HAKOMACHHS C TpHBEEH-
HBIMH KPHBHIMH abeppanuii no BCeM rpynmaM ABOMHEX O6bHEKTHBOB
MOMHO YTBEPK/]aTh, YTQO CHMMETPHYHAA GopMa JABOHHOrQ AHACTHI-
MaTa NA€T BOSMOXHOCTB NMPH XOpOIlIeH KOPPEKUHH OTAEALHBIX N10J10-
BUHOK OODheKTHBA NOAYYHTB M JAYYIIYID KOPPEKIHMIO 1/ BCEH
CABOEHHOH ONTHYECKOH CHCTEMEL.

Uns stum nyrem, Xér u Pynoasd B CBOMX ABOHHLIX aHACTHIMA-
1ax (puc. 84 u 85) KOOHAKCHL TPeKPACHHX ONTHYECKHX KayecTs; HX
00BEKTHBE NOCAYXHIN OGPA3UAMA A NMOAPAKAHUST MHOTHM OINTH-
4eCKHM (HpMAaM. v

[TpenmyiecTBO 3THX (OTOOGHLEKTHBOB 3aKAI0YALTCS €IE W B TOM,
YTO BCJAEACTBHE CBOEH KOHCTPYKIHM OHH HMEOT BCErO JHIIL ue-
ThIDE MOBEPXHOCTH, CONPHKACAIOWIKXCA C BO3AyXOM. Takoe moJjo-
KEHAR JWH3 YMEHLINAET MOTEPIO CBETA NPH MPOXOXKAEHHH €ro uepes
OTACJbHEIE TIOBEPXHOCTH, OrPAHKYEHHEIE BO3AyXOM (00 3TOM mno-
JApoGHEE H3/10XKEHO HHKE), H KDOME TOr0 A4eT BO3MOKHOCTD ayy-

100

et IeHTPHPOBKH Bcell ONTHYECKON CHCTEMBI, YTO YMEHBLIAET KO-
AUTECTBO TaK HA3hBaeMuX OauKoB. HanoMHHM Taxxke H O 60JBIIOM
yrie TOJAsl 3peHHs TakMX O6bLeKTHBOB, xoxoisuem y ,Jlaropa*
otB. 1:9 no 100°.

-

9. O6bekTuBb Haubonbluekn
CBETOCHIbI

Crpemaenne K Goabuieli csetocuae (OTOOOLEKTHBOB B CpeiuHe
XIX B. caeayer OOGBACHHTH HCKJIOYHTEALHO MaJOH YYBCTBHTENb-
HOCTHIO (POTONJNACTHHOK TOTO BpeMeHH. B srom Hanpaenenuu [lern-
BaJab CAenat HOAHLH NepeBOpOT B mpaxTHueckoi dororpaduu BH-
nyCcKOM CBOEro NOPTPeTHoro o6beKkTHRa co cBerockaod 1:3,4.
OO0OBEeKTHBH 3TOH KOHCTPYKIHW W B HACTOsNIee BpeMms elle N0Jb-
3YI0TCS YCHEXOM B NMOPTpPeTHOH chemke. Kpubnie aGeppauuit neri-
BaJbCKOr0 00BEKTHBA, MpeACTaBIeHHHE Ha puc. 118, naror xapakrte-
PHCTHKY €ro BBICOKHX ONTHYEeCKHX Ka4dtCTB.

Pasymeercs, neruBanbckyMe 00LEKTHBEL BC/AENCTBHE CBOEro He-
GONBIIOr0 yrJa IOJ# 3DEHHS He MOIJIH NPETeHIOBATh HA YHHBED-
campHOCTh. C BhinyckoM B [epmanmunm B 1881 r. HOBEIX COpPTOB
ONTHYECKHX CTEKOJ H C YCOBEpIIEHCTBOBAHHEM BHIYHCAMTEJLHOH
TeXHHKH K KOoHOy XIX B. MH MMeJH yxe OOBLEKTHBB, JNOCTATOYHO
CBETOCH/IbHBIE H JJIs yraa OoJbiue 50°,

K aTomy ke BpeMeHH ycnexd QOTOXMMHYECKOH MPOMEILIEHHOCTH
paspemn/in BEIYCK 0O0Jee CBeTOUYBCTBHTENbHON 3MYJLCHH, TAK YTO
OOBEKTHBH CO CBETOCHJA0H 1:4,5 cuMTaauch HOCTATOYHO CBETO-
CHABHBIMH JUISi ChEMOK B JIIOOBIX YC/0BHSIX OCBelleHHs. Taxkoe noao-
’eHHe 0oCTaBanoch 0e3 H3MeHeHHs npuMmepsEo A0 1918 r, HauuHas
C 3TOrO BPeMEHH, yCrneXH kuHeMaTtorpaduu B 006/1aCTH TEXHHYECKOH
H Hay4YyHOH CBEMOK TpeGoBaan Gojnee KOPOTKOH SKCHO3SHIMH, YTO
BLI3BAJI0, HECMOTPA Ha BBICOKYI YYBCTBHTENLHOCTH KHHONJEHKH,
cosnanue 60Jiee CBETOCHJABHLIX O0beKTHBOB. BBHAY TOrO, 4TO OGHIYHO
A4S KHHOCHEMOK YNoTpebuaaioTca OODBEKTHBH MAandblX (OKYCHBIX
paccTosiHui, pelieHre KOHCTPYKUuN O0BeKTHBOB € GOALIIHMH OTBED-
CTHMH HE€ NPEACTABIANQ OCOOLIX YCHAMA B OTHOWEHHH COXpaHEHHS
OTHETAHBOCTH H TJAYOHHEL

OTO KOHEUHO He rOBOPHT €ille O JErkoCTH BLIUHC/IEHHS CBETO-
CHJILHHX OOBEKTHBOB Aaxe H A48 He0OAbmHX (POKYCHBIX pPacCTos-
Huil. HaoGopor, MbI MMeeM NeaBlfi PAX NPUMEPOB MOBEPKH TAKHX
OOBEKTHBOB, ¥ KOTODHX KOPPEKUMA KpaiHHX 30H H OMHOKH IIHPO-
KHX TYYKOB OHJIH HAaCTOJLKO BEJNHKH, 4TO He JaBaJH TPaKTHYE-
CKOMl BO3MOMKHOCTH TOJB30BAaThCS STHMH OOBEKTHBAMH (IDH MOAHOH
nuadparme. BeaeacTBHE STOrO BHIYACAEHHE CBETOCHIBHHIX OGBEKTH-
BOB NPH COXpaHEHWH HODMAJBHHIX EEJHYMH OCTATOYHHIX abeppauni
OCHOBAaHO OBUIO H4 SJAEMEHTaX NPONOPUHOHAALHOTO HapacTaHHA
KOPPEKIMHE Yy OTAENBHEIX JAHH3 00bekTHBA. Ha OCHOBAHHM H3J0XKEH-
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Puc. 117.

@
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v 20"
5
U8
i
fl
4 04

Puc. 118.

HOr0 B OCHOBY BhIMHCJACHHA CBETOCHILHHX OOBEKTHBOB GBIIH MOJO-
JKEHH TPH THNA HMCXONHHX OOBEKTHBOB, 2 HMEHHO: OOBEKTHB
ITernsang, Tpunaet Tefimopa m mmusa Caycca.

1. PaccMoTpuM cHavana OYeHb CBETOCHAbHbIN 00bexTHB Lleficca—
~buotap® 1:1.8, suuucaesnsit PopoM u npencrasasiomuil co6owo
BHoH3MeHenue obbvextusa [lernBans. Cueayer ynoMsHyTh, 410
5TOT OOBeKTHB OblN CaMBIM TEPBEIM CBEPXCBETOCHABHLIM OGBEKTH-

BOM, TaK Kak OH Obi1 BHuucaed Popom B 1911 r.
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L0 1

63,1
132,0
93,8
371 4
58,8
49,4
75.7
176,5
97,2
1103.0

d;=129
mi=— 29
;=137
my =272
die=E3y
My — 6,6
d,—129
m,—521
d;= 1.9

= 1,5158
Bk
n= 17164
==l
n= 17154
nE=l
n= 15158
=1
n= 15163

RS

=

YRS OBy, T
Puc. 120.

Y PR A

=)

Ero cxema w Kpuphe own60ok —ua puc. 119.

2. BropuiM o6bexrusoM (puc. 120), NOCTPOSHHBIM HA CXEMe TpH-
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naera Telinopa, creayer cunrtath pOT006LEKTHE DpHEMANA — »OPHO-
cTap®, peuncreHHLHA Beprenem B 1924 1. ass orseperus 1:1,8.

g = 58,5 dI:—_ 9,1

nERs s
ri :142,9 d=: 7,]
rs — 52,[ da: 0'9
T 2= 820 m‘_:_ 6‘5
rh =—=285.7 d’: 0.9
= 824 my— 14.3
r, — 838 |
Fip =128 R 13

n=— 16197
n—1
n=1,5638
n= 16477
n=1,6261
=1
n=1,6727
gr—4]

== 16273

3. BaJou3aMeHeHHE TayCcCOBCKOTO NBOAHOrO o6bexTHA clle1aHo-
Mepre B 1927 1. B o6nexrtnBe Lleficca ,Buorap” 1:1.4.

4! 83,6 d,— 108

o=l o ) o

M iy ﬁ*:iég
e i — 11500 d‘_—_ 5
r,— 983 AT
4"5: 3‘8,5 m,— 18,9
s"6 = 50’5 di= 5,1
il gy="912
rg = 53,2 pr— 10
ry— 1080 d3: 13'9
7o= 120,0 = 13,

Ontrueckas cxema ,Buorapa® u KPHBLIE
BJEHHl Ha puc. 121,

4. Ha puc. 122 panm cxema u KpuBhie
Aoabda 1:2.

r = 59,0 d] = 15,3
Iy = 76,4 ¥ R
r, — 6550 s
r, = 546 i

4 1 dy= 44
r5 - 163.7 = 2 1
7, = 1445 ngra !
r1 = 48,2 mi Ly 7'7
Tg = 5?7.9 da = 3‘9
ry = 67,4 d5= 1315
ro— 829 4 ?

n=—1,6424
=1
n=—1,6231
i g i
=15
n=16727
n—1,6424
=1
n=—1,6424

abeppauu#i npeacra-

»KHHONMa3mara* Py-

n=1,6218
n= 1,6463
n=1
n—= 1,6260
n=1
n= 16260
=1
n=1,5463
n= 16218

O6bexTHBEl GOJBLINOA CBETOCHIH C J/IHHHBIMH (POKYCHEIMH pac-
CTOSIHHAMH YNOTPEOASIOTCH B HCKMOYHTEAbHLIX CAyHanx, TaK Kak
OHM JAOT  HEIHAUHTEALHYIO TIAyOHHY (OKyca; BCAEACTBHE STOrO
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n°
5 93w B
5%
14
Puc. 121.
L ZimM
L7
4]
I !
# fn‘.i" .
r e
VRO N =4 S
" 50 !

v ar

 Puc. 122.

BOOOue OOBEKTHBH CO CBeTOCHAOH Bhime 1:2,5 Kak yHHBepca/b-
Hble OOBEKTHBH MaJ0 NPHTOIHH.

]
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Hano cunTath, YTO OpPH yBEAWYEHHH OTHOCHTENBHOrO OTBEpCTHA
06LeKTHBA, T. €. CBETOCHJAL, HEH30EKHO CO3MAHHE KOHCTPYKIHH
O0BEKTHBa C GONBIIHM KOAHYECTBOM IOBEPXHOCTEH, COMPHKACAIO-
IIHXCH C BO3LYXOM, BBHAY H€ro NOTEPs CBETA MNpPH OTPAKEHUAX H
[OTJIOIEHHAX CBOAUT HHOrAa Ha-geT 30(EeKT yYBeNHYEHHS OTBep-
crus, ;

Uro ke Kacaercss rayGumb OKycd, TO OHA HE TOJLKO YOBIBaET
¢ yBeaMYyeHHEeM OTHOCHTEJABHOrO OTBEPCTHA, HO JaXe He NO3BOJAET
B CBETOCHJbHHX OOBEKTHBAaX YBeAHYHTb rayouny dokyca nuadpar-
MupoBaHUeM OGbEKTHBAa BCAGACTBHE CHIBHHX abeppauuil 30H, Tax,
ecad o6bekTHB ,Teccap® ¢ orBepcrueM 1:3,5 anadparMupoBaTh A0
1:4,5, TO KauecTBO H306paXeHHA XyiKe, YeM KauecTBO H3obpaxe-
HHA, TOAYYEHHOE OOBEKTHBOM ,Teccap® c orsepcruem 1:4,5.

[Tostomy (hOTOOOBEKTHBH CO CBETOCHJAOM Bhiule 1:2,5 Heab3s HA-
3BaTh YHHBepCAJbHEIMH,

[IpuMeHcHHE CBETOCHABHEIX OO0LEKTHBOB B aCTPOHOMHYECKOH
doTorpaduy BBHIY OTCYTCTBHS NPaKTHUYECKA IMyOMHB NpHOGpeTaer
33 nocnejHee BPeMsi 3HAYHTE/NbHOE PACHpPOCTPAHERHE.

To e caMoe CJEAyeT CKasaTh M B OTHOMNEHHH a3p0OTOCHEMKH,
rae ray6uHa Tax:Ke HE MrpaeT SHAYMTEALHOH POJH. !

HauboJblee pacnpocTpaHeHHE CBETOCHALHLIX H CBEDXCBETOCHJb-
HLIX OGBeKTHBOB MMEET MeCcTo MOMHMO KuHemartorpaduu NpH CheM-
KaX B 3AKPHITHIX MOMEILEHHsAX, [PH CyMEpEeuyHOM W HOYHOM OCBe-
L{eHHH, TIPH IBeTHO# QoTorpaduu H npu MUkpodoTorpaduu.

B xaueCcTBe CBEPXCBETOCHALHHX OOLEKTHBOB Ha30BEM: OOBEKTHB
,Taxap“ m ,[MaHraxap* ¢ orsepcthem 1:1,8 ¢upms Actpo
(puc. 123); ,Ilnasmar® Pypoasda 1:1,5 (puc. 124), MsroToBiaeMbIH
dupmolt Meitep; ,bBuorap“ Lleficca 1:1,4 (puec. 121); ,Taxon"
1:0,95 pupmu  Acrpo; ,Kyk-muusy* Tefimopa 1:1,5; mosstit ,R-Buo-
tap“ lleiicca (1933 r.) ¢ orBepctHem 1:0,85; o6vexras I'. ITangepa
»llapurap® 1:10 n 7. & :

10. TeneoOBLEHTUBLI

Brime, Ha cTp. 73, MB JaJH OPHHIHNHAJIBHYIO ONTHYECKYIO CXEMY
TeJe00BeKTABA H Er0 OCHOBHYIO XdPaKTEPHCTHKY. 2

TeneobbexTHssl CreiyeT pasfenuTs Ha ase rpynme. K nepBo#
rpynne OTHOCATCS TAK HA3HBAEMbIE COCTaBHBIE TEAEe0GHEKTHBH,
y KOTOpHIX MO3HTHBHAA CHCTEMd COCTOMT M3 OOBI4HOTO (oTorpadu-
YECKOr0 OOBEKTHBA, @ HETATHBHEI SA€MEHT — H3 paccenBaiollel
WCnpaBaeHHON JMH3H. B Teseo6bexkTHBAX MNEPBOH TPyNOEH BO3-
AyIIHH 1POMEXYTOK MexAy COOHpATenbHOR H pacceuBdomiei CcH-
cTEMaMH MOXKEeT MEeHATHCH, BCASACTBHE HYEro BO3MOXKHO NOJAyUeHHE
a60f cremenn yseanyenus. Ha prc. 125 mokasaHa Cxema Taxoro
TeseobbexkTaBa KOHCTPYKuuH Jlanpmefiepa.

INosuTuBras coOHpaTeNbHasg CHCTEMa y HEro COCTOT H3 MOpTpeT-

106

=S
s

/

Vs WA 2 5 0 nn

Puc. 126
; n
Smnt 1
\\ j-a} j
o J 7 04 0Lt pt

Puc. 127.

HOTrO OObexTHBa [leTiBajs, pacceuBawilas CHCTeMd —H3 JBYX ME-

HUCKOOGPa3HbIX JHH3 OTPHLATENBHOrO 3HAKA.
K rteaeo6nekTHBaM BTOPOit TpynObl OTHOCHM CHeuuanbHO pac-
CUHTAHHBE CHCTEMEl C TMOCTOSHHBIM YBEeJIHUEHHEM.
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OCHOBHEIM HEJNOCTaTKOM COCT2BHHIX TeNE€OGHLEKTHBOB SBAAETCH HX
HEY0BAETBOPHTENbHAA CBETOCHJIA. ITOT HeJOCTATOK OGBACHHAETCS
TEM, YTO yBEAMUYEHHE H300PaXKEHHs, AAaBaeMOro MO3HUTHBHEIM 3je-
MEHTOM TeJ€00BEKTHBA, pacnpeenseTcs MOCPeACTBOM HETATHBHOH —
paccenpaiomiefl JMHH3E N0 OCOJBWIEH NAOWAAH, 4TO H yMEHbIIZeT
sipkocTh usoOpaxenus. Kpome Toro Goasime ocratounsie abeppa-
UMM paccewBaiomied JHH3H TpebyloT ee nmadparMMpoBaHus, UTO
TaKKe BeJeT K YMEHBIIEHHIO CBETOCHJHL.

[IpermyIiecTso TEAEOOHEKTHBOB C MOCTOSHHLIM YBEJHUCHHEM H
sakJoyaercs B uX Ooapmoft ceerccuse. [lepBhe THOH STOH KOH-
CTPyKUHH Teneo0LexTHBOB, Kak ,buc-Texep* Byma co cBeTOCH/I00
1:9 (puc. 126) u ,Marnap“ lleficca 1:10 (puc. 127), nokasuBawT
3HAUMTEJBHOE NPEHMYIIECTBO Nepe] COCTABHHIMH TeAe00beKTHBAMH.

Cospemennsie Te1€OOGBEKTHBE BHIIYCKAIOTCS C MOCTOSHHHM (o-
kycoM. OnTHYECKHE Ka4ecTBa MX HACTOJBKO XOPOIUH, YTO, HECMOTPS
Ha MX MajOe 1oJie 3DeHHs, OHH NPHYHCASIOTCH K aHACTHIMATaM.

OG6riugast CBETOCHNA COBPEMEHHHIX TENEOOBEKTHBOB KOAeGieTcs
B npenenax 1:5—1:7. JlanbHefimee yBe/iWYEHHE CBETOCHJL CBS-
3aHO ¢ yMeHbuwieHdeM GOKyCHOH riyGuHE TeneoObEeKTHBa, UTO AJH
ANAHHO(DOKYCHHIX TEACOOHLEKTHBOB M CAYXKHJIO NMPHYHHOIO 3aTPyAHe-
HHA yBeJIH'-IEHHﬁ CBETOCHJIHI. CJ‘Ie.ILGBaTeJIbHO YBEJAHYCHHE CBETO-
CHJIBI MOXHO OHJO NONYCTHTH TOJABKO B TeJNEOOBEKTHBAX HEOOMb-
wHX QOKYCHHX PACCTOAHHH, KAK HANPHMED B KHHeMaTorpaduu, rae
Man0e CHLEMOUHOE nose obecneyHBaeT NpPUMEHEHHE TeNe0OLEKTHBOR
¢ (GOKyCHHM paccTossHHeM nopsjaka 15— 20 ca.

Huxce naem onTHYeCKHe MaHHBIe, CXEMBl M KDHBEIE abeppauuii
COBPEMEHHBIX TeNe00beKTHBOB — aHACTHIMATOB.

1. TeaeoGvexTus ,buc-Teaep* Byma (puc. 126) no BbivHcae-
HHio Maptuna 1905 r. : \

2. Teneanacrurmat ,Marnap“ Lleficca mo pacuetry Baungepcaeba

r1: 12'4 dlz 1,6

AL n—=1,6136
A= 3153 dy= 0,6 n—1,6136
?‘3: 8‘1 ml‘_15!2 ﬂ:l
r— 9000 s— 0,8 n=1,5300
= 118 d,— 20 n=1,5100

1908 r. (puc. 127).
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=i d,= 21 n=15913
?'%:114‘0 dg = 0_.9 = n— 1,5235
ﬁ: 7‘7 iy = 214 > (=l |

6 fisifn o dis= s n=16211
= 111 d= 16  n=16197
A= e d;= 09 n= 16211

3. ,Teaereccap* Lleficca no pacuery Mepre 1919 r. (puc. 128).

r=181 d= 33 n=1,5923

Tor— 38,8 mi: 0,1 n—1

ry= 86,7 d.— 08 n— 15970

ry= 38,7 m,— 24,0 n=1

LS Iggi d,—= 1,9 n—=1,6241
— ) - fe— 1,4990

r=—17.1 €= 15 s

4. TeaeoGbexTus Pocca ,Tenepocc” mno BHYHCAEHHIO Xeaeldb-
gKyca 1922 r. (puc. 129).

7y =359 di— 49 n—16125
r,=—23,1 d;: 1,0 n=1,6133
raf50’g m,— 15,6 n=1

r.=153 d,— 07 n=16125
e 1?-; d,— 46 na 5925
rf. = 22:0 de—01,0 n=—1,6125

Kpome nepeuHcA€HHHIX BhE TeAe0OHEeKTHBOB OTMETHM €lle pax
noaobHeX 06bexTHsoB: ,Teasrop“ I'epna 1:63 npH AByKpaTHOM
yBeanuenud, ,Texenunap” doxraensepa (puc. 130), ,Ternexannon”
Haasmeiepa 1:56 u 1:3,5; dupma Tefitop w To6coH BHIyCKaeT
TeAeaHacTUrMaTel CO ceeTocHaoi 1:3,5 u np.

11, MoTOOOBLEHTHBE C NEPEMEHHBLIM
thoHyCHLIM paccTosHHEM \

PoT000BEKTHBE C TEepeMEHHHM (OKYCOM B KHHOCHEMKE [DH-
06peTanT HCKMOUHTENbHOS 3HaYeHHe. Bo3MOXHOCTh GHICTPOro mepe-
X0Ja OT MaJsoro (OKYCHOTO paccTOsHHA O0OLEeKTHBA K OOABIIOMY
NpH PEeBONLBEPHHIX OOBEKTHBHEIX TOJOBKaX ¢ HabopoM 3 —4 pas-
HEIX 10 (oKycHOM aAnAHHE OOBEKTHBOB He BCerja YAOBAETBOPHAET
KHHOOIEepaTopa. R

[ToMHMO 3TOrO OYEHb YacTO OT BUOPAIMH KHHOCHEMOUHOTrO am-
napaTta paccTpauBaercs IOCTHPOBKA OTAEABHEX 00BEKTHBOB, yKpen-
JEHHHX B pEBOJIbBEpHOﬁ TOJ0BKe, BCACACTBHE 4€T0 TIPpH nepexone
OT OJHOTO OOHLEKTHBA K JAPYrOMy MH He MOayuaeM H300paxenus
B OIHOH HJAOCKOCTH. -

KpoMme TOro ciaeayer y4ecTb M 3HAYHTEJIbHYK CTOMMOCTbL MOJHO-
ro Habopa OTAEJbHEIX CHEMOYHHX OGBEKTHBOB.

TakuM 06pasoM MHTEpeC KHHOOMepaTopa K OOBLEKTHBY C mepe-
MeHHHM (OKYCHHM pacCTOSHHEM BecbMa akTyanen. B macros-
uiee BpeMs MH He HMmeeM GOJBIIOrO0 4YHCAA TAKHX OOBEKTH-

S
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Prc. 130. Puc. 131.

BOB BBHJly HOBH3HH 3TOT0 J€na: HO 3—4 OOBEKTHBA, BHIMYIICHHLIE
B TeueHue 1933 r., 3aCAyKUBAIOT BHUMAHUS.

OtH OGDBeKTHBBl HeJb3s Ha3BaTh TeNeOGHEKTHBAMH C PasHHM
YBEeJIHYEHHEM, TaK KaK COCTaBHbIE TEXE€0OBEKTHBR AAi0T PasHOCTH
- yBeAWUEHHA A8 NPEAMETOB, 3HAUHTENbHO yAaJEHHHX OT OOBex-
tiBa. OT kHHO 06bexTHBA ke TpeGyeTcs CheMKa Ha PacCTOSHUH OT
1 # 1o GeCKOHEYHOCTH,
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Mepeu#t Taxo#l KHHOOOLEKTHB C NEpPeMeHHBIM VBEJIHYCHHEM I8¢
punymen B Amepuxe B 1932 r. no pacuery Jypxoasna. Ox umeer
nepeMenHoe (okycHoe paccTOsiHHE B Npeaenax 40—160 acx. Kop-
peKuMs Ha XpoMmaTHueckywo u cepuueckyio abeppanuu y Hero aHa-
JOrMYHA HACTHTMATy CO CpeiHHM mojem 3penus. [Ipn nepexoae
OT MaJoro CHHMKAa K CHHMKy OOABIIHM IJIaHOM H ofparHo ycTa-
HOBKa Ha pEEEDCTB pel"yan}’ETCﬂ aBTOMATHYECKH. BoamomxHBIH
npejen H3MeHeHHH (OKYCHOrO PacCTOAHHS TAKOB, 4TO OT CHUMKA
H3a OHOM HOPMAaJLHOM Kajpe 16 rosoB BOSMOXEH Mepexon K H30-
GpaXenuio KPYOHLIM NA4HOM ONHON TOJOBEL

BTopoii BapWAHT pelieHUsi YIOMAHYTOR 3ajxaud npoussenes Qup-
moit E. Bym. Yxaszamuas ¢upva BenycTama B 1933 r. HOBHIH BHL
TPeX/IMH30BOr0 OO'beKTHBA, B KOTOPOM H3MEHEHHE (OKyCHOro pac-
CTOSHHUSA, @ CJeI0BATENLHO ¥ BEMTHUMHLL H306paxeHHd, AOCTHIACTCHA
nepeMelleHHeM ONHOM CpejHeHd JHH3BI A

K ob6bexTnBy Byma caeayer OTHECTH H YHHBEPCA/JbHBIH .l eauap®
dolixraennepa ¢ nepememaemoli cpeaneir imusoft (puc. 131).

IlpaBna, OH NpefRasHaueH He AAs Tex uenef, kax ABa pasoOpaH-
HHX BHIlIe OOBEKTHBA, H PEKOMEHAYeTcs A NOJAyYeHHA »MATKHX"
XYA0XKECTBEHHBIX CHMMKOB; TEM He MEHEE B INpHHLHNE €ro. ONnTH:
Yeckas CXeMa TakoBa, YTO NMPH NepeMElleHWH CpejiHed JAMH3BI MbE
1oJay4yaeM H3MeHeHHe (OKYCHOrO paccrosiHus, KOHEYHO B BEChMa
OrpaHnYeHHEX pasmepax. [losyueHne HEKOTOPOH MArKOCTH PHCYHKa
HPOHCXOAKT B 3TOM ,[enuape oOTTOro, YTrO €ro KOPPEKUHS CAe-
JIAHA TIPM HOPMAJBHOM NOJONeHHH cpeinedi aummsn. [lepememenue
ee BH3LIBAET yBeJHUeHHE OCTATOYHBIX abeppauuii B TaKO# xomﬁﬂ-t
HALWHE, KOTOPad AaeT NPHATHOE CMArYeHHe DHCYHKA.

12. Cosercxue
OTOOOGBLEHTHERI

Mpoussoacrtso doroobbexktnBos B CoOm3e, €CTECTBEHHO, COBNA-
NaeT C oprasusauued usroToBjeHHa (ororpaHueckux annapaTos.
Jlo 3TOrO BpeMeHH OTAeNLHHE ONTHUECKHEe 3aBOJAE B BHIAE MPOGH
W3rOTOBJASIM AUIIL 06pasuoBke sk3eMmaspH (HOTOOOGHEKTHBOB. 3to
6Ll NEepHOJ, KOTAa HAIla MOJ0Ads ONTHYECKAd NPOMHIUIIEHHOCTH
npo6oBasra cBOM cuanl Ha (ponTe (PoTOrpaduUecKOH ONTHKH.

UeTepe NMEPBHX COBETCKHX (OTOOOHEKTHBA, HE NOMYUHBILHX NPO-
MBIIIJIEHHOTO PAacnpocTpaHeHusl, ObliM HM3rOTOBAEHB Kak o06pasuo-
BLie B mepmom 1925—1928 rr.

Bce yerhipe 06LEKTHBA OTHOCATCH K CBETOCHABHHIM aHACTHIMa:
Tam: mepBhiil #3 Hux—,Kunocturmap 11 (puc. 132) ¢ oTBepcTHEM
1:4,5 u3 coBerckux crexoa. IlpH OTCYTCTBUM KPHMBH3HE MOJA LIS
yraa B 45° 06BHEKTHB Bce ke 00/1afaa HeNOCTATKOM B OTHOLICHHH
XpOMaTH3Ma, TAK KaK BhipabaThiBaeMEE B TO BPeMA COBETCKHE ONTH-
yecKue CTeKna He AaBaNH BO3MOXKHOCTH PEUIHTb 3Ty CHCTEMY C ayd-
IHHAM 3HAUYCHHEM JJA XpOMaTH3ma.
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B 1927 r. T'ocynapcTBesssiM ontuueckuy HHCTHTYTOM 6K pac-
CHHTaH TpHmJIeT AaA yraa B 4%° u c orsepcruem 1:3,5. Tak kak
ZJs 3TOro OOBEKTHBA OBIIH B3ATH ADYTHEe HOBHIE COpTa cCrekJa,
10 Tpunaer FOW 1927 r. umen npenmymecrso nepen o0BLEKTHBOM.
+Kunoctarmap 1. Ero cxema u KpHBble abeppanuii npeAcTaBAeHsl
Ha puc. 133.

lozom noswe FOUW paccunran nepswiii coseTckuii CBETOCHALHKI
06beKTHB ¢ orBepcrem 1:2,0, Cxema ero u KDHBHE NOKd3aHH Ha
puc. 134, i

OxaroBpemenno 3aBox 'OM3 H3roTOBHA CBETOCHABHEN 00beKTHB

»PoTOro3“ ¢ orsepcruem 1:2 u f=60. :

Kax yxasano BHllle, Bce nepeunciennbie YEeTHpe O06BHEKTHBA He
NOJy4nan MaccoBoro pacnpocrpanenud. C Buimyckom e hortoan-
Naparos pasBHJIOCh M MAacCOBOE NPOH3BOACTBO (POTOOGLEKTHBOB.

B Buinyckaemuix sasomom I'OM3 poToxamepax MOHTHPOBAHH
Clenymoimne 00beKTHBEL:

1. ,Oproros* c orsepcrhem 1:45 u f—135. O6rextas cxomen
¢ ,lleaopou* T'epna, HO MeHee UCHPABAEH B OTHOUIEHWM KPHBH3HbL
nosas. Ero ontuueckas cxema u Kpusble abeppauuii npeaCTaBAeHbL!
Ha pHc, 135,

2. O6vexrus HMHaycrap® 1:4,5 u3rotoBasercs ¢ boxycHHMHU
paccroaruamu 105, 135 u 210 . O6bekTuB TpencTaBaser cobofl
cxemy mo ,Teccapy“; W3roTOBAEH OH H3 COBETCKHX CTekos. Ero
KpuBbie OUTHGOK (puc. 136) He MPeBOCXOZAT KPHBHX UEACCOBCKOrO
»leccapa®, BCAEACTBHE Yero SAHOyCTap* CUMTaeTCA 3HAYHTEABHO
Jyume ,,Oprorosa“,

JIAsl KHHOCHEMOYHHIX aNNapaToB MOXET OHITh npuMeHer ¢orto-
o6bektHB ®JIA no pacyery I'OU, usrotosasemuii 19-u 34BOJAOM
A coBeTckux ,Jleex”. Ero ¢okycHoe paccrossme pasHo 50 MM,
orsepcrue 1:3,5.

Koncrpykuna o6nextnBa Ta e, 4to u »HAHaycrapa® (puc. 136);
npu 50 seu o mokpHBaeT pesxo nome 24 < 36 i,

[TepBrie ONBITH H3rOTOBJAEHHS COBETCKUX AHACTHIMATOR yBeHTa-
JIMCh ycnexoMm. B Gimxaiimiee Bpems 0xuAaeTca BHNYCK eme Godee
COBEPIICHHEIX COBETCKHX (OTOKHHOOGHEKTHBOB AN DA3HLIX Iie-
Jed.

13. MNpo#usBoacTEO
hOTOKHHOOOBLEKTHBOB

HarotoBniennio O6HEKTUBOB HA ONTHYECKHX 33BONAX npesuiecT-
BYET BHIYHCIHTEJbHAs H KOHCTpyKTOpCkas paGora. HauGoxee Tpya-
Had H OTBETCTBEHHAA 3aJaya JEKHT HA BLIHCAHTENE, 3aHITOM
PAaCueTOM ONTHYECKOH CHCTEMH OOBEeKTHBA. BruucienHe dororpa-
(HYECKHX OOBEKTHBOB NPHHAAMCKHT K 4qHCHY TPYAHEHIUHX 3ajay
IIPaKTHUYECKOA ONTHKH, TAK KAK OHH JOMKHB 0043aNaTh OGOJbMION
PE3KOCTBIO /717 moJs 3peHHd (He meHee 40°); KpOME TOro MEI Tpe-
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6yeM OT HMX TOYHOTO COBNAJEHHs NJOCKOCTH ¥ BEIHUMHE H306pa-
KEHHUSI 1JA Jy4Yed DasJHYHLIX IBETOB, T. €. NOJHOI0 YHHUTOXEHHS
BTOpHYHOro cmextpa. [aa pacuera onTHku (oTOrpahuyeckoro
O0BEKTHBA COBEPIIECHHO HE TPe6yeTcs 3HAHHUSA BHICIIEH MaTeMaTHKH,
HO BBHJY MHOTHX BXOASIIIMX B DacyeT HEH3BECTHHX (B NMEPRYIO ro-
JIOBYy—paAByChl JWH3, TOJIMHA H PacCTOsHHE HX -MexkAy coloil,
KO3()MUHEHTH NPEeJOMJAEHHA CTEKJd H T. [I.) HOAY4dawOTCH MHOrO-
YHC/EHHLIE CUCTEMBl YPAaBHEHHH BEICIIHX CTENEHEeH, pPelieHHe KOTOo-
PHIX 3aHHMaeT Ype3BLYafiHO MHOTO BPEMEHH.

Bce onTuveckne paGoThl M BeIYHCACHHS HMEIOT LEJAbIO YCTPAHHTL
HEJOCTATKH, CBOHCTBEHHLIE MPOCTHIM JAuH3aM. [IpH 3TOM pasanuaior
JABE rpynnsl HEAOCTATKOB: IIBeTHHE H cdepuueckne. Ha nux mo
AOCTATOYHO OCTAHABJIMBAJHCH B raase 1V; 3aech yOOMSHEM HX
TOABKO B OOIMX 4Yeprax.

Kak yxe u3pecTHo, HEOCTATKH NEPBOIl TPYNNBl HMEIOT NPHYH-
HO p33J1}!‘:!Hy10 HpeJTOMJISIgMOCTb CBETOBHX .nyqeﬁ Pa3JHYHLIX AJHH
BOJIH B ONTHYECKOM CTekJe, BCAENCTBHE Yel'0 Kamaas TpocTas
JAWH33a HMEeT pasHble (OKYCHBIE PAaCcCTOAHHA M4 Jydel pasiHuYHOR
Aaunel BosiH, Henocrarkn oAHOH JHMH3BI He MOryT GHITb YCTpaHeHb!
HENOCPeJCTBeHHO B HeHl caMoil,— CJIeJOBaTeNLHO YCTPaHEHHE TOro
HJH MHOrO HEeAOCTAaTKa ONHOH JIMH3B BOSMOXKHO C NOMOIIbIO 06paT-
HOIO HEAOCTaTKA JAPYro#t JHH3BL

Ko BTOpOil rpynne uesoCTaTKOB OTHOCAT TAaK Ha3wiBaeMmble cde-
pHUEeCcKHe EGEP]JQI.IHH—'B BHAE KOMLI, aCTHrmMaTH3Ma, BLINIYKJIOCTH
H300pAKEeHHA, HCKPHBJAGHHA H300paxeHHd H caMmoil cdeprueckol
abeppauun. Bce sTH cdeprueckHe HEAOCTATKH, KOTOPHE OOGHIKHO-
BEHHO fBJAIOTCH ONHOBPEMEHHO, MOTYT OnITh YCTPAHEHH Tak Ke,
KaKk ¥ LBeTHHE, T, €. NPHMEHEHHEM JHH3 C MNPUTHBOMOJOKHBIME
cpofictrBamMu. OJAHAKO HEAOCTAaTKH 3TOH NoOCHAeJHell TPYNNL NpeumMy-
HIeCTBEHHO 3aBHCAT OT (.i)OpMH OTIeJbHBX JIHH3, 4@ 14K Kak noay-
4YeHHe CBOGOAHOTO OT aCTHIMAaTHBMa noJs 3peHua TpebyeT u3-
BECTHOIO BHIrMOAHHSA BCEH CHCTEMH, 4YTO ‘B CBOK Ouepelb BeJET
K Gonee KPYNHbIM OIIHGKAM 30H, TO COBEPUICHHO QUEBMAHA TPYI-
HOCTb TAKOr0 pacyera.

Takum o6pasoM ¢ noBwmenweM TpeGoBanuii K oTorpaduuec-
KOMYy 00BtKTHBY YCHOXMHAETCH €r0 KOHCTPYKIHS, HBMEHART (s YHCAC
JPH3 CHCTEMBl, MX pacnoJoxeHHe H YCJOX' SETCH KCKYCCTBO BHI-
HHC/AHTENHA, (‘DC'IOﬂIIlee'B TOM, 4TOOBI O BO3BMOKHOCTH MadbiM KOJH-
YeCTBOM JIHH3~IOCTHTHYTb XOpPOIIEro pe3yabTara. £

[locae Toro kak pacuet (POTOOOGBEKTHBA OKOHUEH, T. €. Onpeje-
A€Hbl YHCAO OTJAEJAELHBLIX JIWH3, COPTA ONTHYECKOrO CTEKAA, PaJluyChHi
S5THX JAHH3, MX TOJILRHHW, AWAMETDH H BO3AYIIHBE NPOMEXYTKH
MEXAY JHH3AMH,— BECb 3TOT MaTepHaa MOCTYNnaer B ONTHYECKYIO
MacTEPCKYI0 JAAA BHNOJHEHrs 00BEKTHBA. K3roroBJeHHE OTAeNb=-
HbIX AHH3 1J5 (0TO00BeKTHBOB Pa3bHBAeTCH Ha YETHIPE OCHOBHBIX
sTand NpoOH3BO/ICTRA: WAK(OBKA, NOMHPOBKA, UIEHTPHPOEKH H CKACHKA.
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[Toctynawmee Ha wWaAnpOBKY CTEKJI0 AN OGBLEKTHBOB MPEABADH-
TeJbHO paspesaercs aamasHoil nuNof (puc. 137) Ha paa OTAEABHBEIX
NJaCcTHH, KOTOPHE MNOoClHe OKPYIJIHBAHHS BPYYHYI0 MOIBEPraloTcs
WPYMOBKE CHAYANAA MECKOM, a 3aTeM KPYymHHM-Hamaakom. Llpy-
NOBKA MPHJAET CTEKISHHOM NJaCTHHKE HeoOXOAumyw Gopmy, Ko-
TOpas B JAajbHellIeM yTOWHAETCA WIH(DOBKOH M TOJAHPOBKOI.

[lepsoHayanbHas O6AMPKA, HIM, KAK Mbl Ha3BaJH BHIIE, IIPYNOB-
K4, B HACTOAIlEe BpEeMsl MEXaHH3HDOBAHA METOAOM (pe3epoBKH
CTeK/7a TOMOILBIO aJMa3HBIX MHCTPYMEHTOB. ITH HHCTPYMEHTHI
NpeACTaBAfIOT COOO0H pal MeaHblx ¢pe3 cdepuyeckoit wam 1.
JNUHAPHYECKOSi (GOPME, HA TOBEPXHOCTH KOTOPHIX HAOWTA aiIMa3Has
nbiab. MeAb Okasanach caMbiM NOAXOASUIAM MATEPHANOM AAS ad-
Ma3HBIX (pes, TaK KaK a/AMasHble 3epHA BCAENCTBHE ~TATYYeCTH
MeTa/ia IPOYHO 3aKpenasuTcd 3 HeM,

Mawuasl gas 31010’ cnocc6a 06paGOTKH CTposTes o ofpa3suy
OCLIYHBIX (DPE3EPHLIX CTAHKOB, a CaMuil npouecc PpesepoBKH mpo-
MCXOJIMT OPH OTHOCHTENBHO OOMBIIHX CKODOCTAX H IpPH JIOCTOSH-
HOM CMAYMBAHHH KEDOCHHOM HJH OCODOH 3MyihcHed.

[locae npejiBapuTe/bHOM IMIPYNOBKM TOYHA® O6pabOTKA JAHH3LI
NPOHCXOAHT y¥€ Ha CHOENHaJbHBIX CTAHKAX C MPUMEHEHHEM HCKJII0-
YATENbHO. HAXAAKOB pasHHX pasmepos (passofi kpynuoctu). C ue-
JIbi0 yHeuieBseHva paGoTe OTIIPYNOBAHHHIE JHH3LI € TNOMOMLIO
HAK/IEEUHOH CMOJbI YKPeNJAsIOTCH HA KOPOycaX MO HeCKOAbKY WTYK
(puc. 138). Kaxcimnfi kopnyc MMeeT COOTBETCTBYIOMYIO HamiKy, KO-
TOPAsA CAYHKHUT HHCTPYMEHTOM A uLiu(oBKH. YnomsiHyTEIE KOp-
fnyca C JHH3aMH BPALIAOTCS HA FePTHKAJAbHOM MWNHHAe e wmAKdO-
BOYHOTO CTaHKa CO ckopocTbio 80—140 06/muH. u TpyTCs O Meraj-
JHYECKYIO HalIKy. Mexly KODNycOM M YaiuKofi BPEMS OT BpeMeHH
BBOAST HAXIAK ONPEeNeIeHHOH KPYNHOCTH, KOTOPHIT H COBEpuIaeT
paGory no maudoBKe JAHH3, T. €. NMPHAAET UM 00 iee NPaBHJAbHbI
BUL. Pasymeercs, xopnyca H 4allkH NpPHMEHAIOTCH COOTBETCTBY-
IONIero paa4y a COrnacHO 3ajJaHHOMY pacuery, Ilpouwece win-
(OBKH HAYMHAGTCA HKAAKOM KPYNHON 3€DHHCTOCTH, IOCTENEHHO
3aMEHAIT Bce OOMee MEJAKMM H 33KAHYMBAKOT CAMBIM MEJKHM
Haknakom. Kak 1oabKo maud :BKa cuuTaeTcs 3aKOHYEHHOW, KOp-
OyC TmaTeabHO OOMbIBAETCS B JIOW M mepejaeTcds Ha NOAUPOBKY B
ApPyroe InoOMeuenHe, 4To0bl H30EKATh BO3MOXKHBIX LADANHH Ha
CTEKJE OT CaAyd4ah (0 MonaBlIero Hamaxa,

Marepnanom aad NoAMPOBKH B HACTOSILEE BPEMs CAYKHT KPO-
KyCc—0c060 NMpuroToBIeHHAs, OGOMOKEHHAs NPH BLICOKOH Temmepa-
Type H OYE€Hb TOHKO OTMYYEHHAH OKHCb XKe/Jaesa.

[loanpyiouiefi NOBEPXHOCTBIO B 3TOM CAyude yxKe HE MOXET
OblTh METa/; BMECTO MeTania YNoTpeOaaoTCa MACKHE BenlecTsa,
B KOTOpHl€ HAaCTHUYKH KPOKyca Jer'KQ MOIVIH Obl BAaB/JAHBATLCH. Ta-
KAM BEWECTBOM, MAIOWHM CaMyl) TOYHYIO DOJHPOBKY, aBASAETCH
0060 NpAroTOBACHHAA CMOJ3, KOTOPOH M MOKPHIBAETCH N0JUPYI0-
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Pue, 138,

Puc. 137.

Puc. 140.

Puc, 139,

mas yamka. Takum 06pa3oM Npouecc MONMPOBKH HANOMHHAET CO-
Goii cnoco6 TOHKOH UNIH(OBKH; pasHHLA 3aKAYAETCA B TOM, HTO
TIOAMPYIOLGAs YaliKa, NOKPHITAs CJOEM CMOJL, ABHWETCH MO KOp-
nycy, Ha KOTOPHI KHCTOYKOH HAHOCAT PacTBOp Kpokyca.

HOJIH{)OBO‘-IHHE ABTOMATHYECKHE CTaHKH Majao OTJH4YaloTCd No
KOHCTPYKUAH OT mA#(DOBOUHBIX; OHH COGIMHEHE 10 HECKOJALKY
wnHEAeacii B OAHH arperar H OGCAYXHBAIOTCA OAHAM paGo4aM.
Ha puc. 139 npejicTaBies aBTOMATHYECKHHA CTAHOK AN NOAHPOBKH
$oTOOOBEKTHBOB. ; o

CymHocTh (HDH3WYECKHX ABAEHHH, MPOUCXOAAUIAX NMDH MNOMHPOBKE
cTexJa, eule cosepuiesHO He BuiscHenda. CyllecTBYIOT ABE I/aBHBIX
TeOpHH, HCKIIOUANME APYT APyTa: neppad, paccMaTpuBaiolUlas mpo-
uecc MOAMPOBKM Kak Npouecc XWMHIECKOro xapaktepa (ofpasosa-
HHe HA CTEeKJE MOBepXHOCTHOM NJEeHKH), H BTOpad, CYATAIOWAA DOXH-
POBKY HCKJIOYHTENAbHO MEXaHHYECKMM TMPOLECCOM.

Kak B nepsoM, Tak M BO BTOPOM C/yuae HPOLECCOM NOJAHPOBKH
N06HBAIOTCH KpOME MPAaBHALHOrO 3aJaHHOTO pajuyca NOJaYy4eHUs
TaKof NOREPXHOCTH, KOTOPAsi HE KMesa Obl apanuH U HEPOBHOCTEH
oT WAN(OBKA W 06/24a/a MAKCHM 1AbHOM 1PO3pauHOCThIO. OO OKOH-
YAHHA MOJMPOBKH Y3HAOT C MOMOUILIO TdK HASHBAaeMOro npoGHOro
CTeKaa, T. €. TAKOro CTEeKJAd, KOTOPOe MAO/KHO GBITH M3rOTOB/ACHO
N0 AaHHOMY pajuycy ¢ Hanboapmefi TouHocThio. [laa mnposepkn
6epyT npobHOE CTEKI0 NPOTHBRONOMA0KHOTO 3HAKA: TAK IS BHIYKALIX
AuR3 GepyT BOTHYToe Npo6HOE CTEKJO, 4 NI BOTHYTHX JHH3 —
BHIOYKJAOE H, OUHCTHB XOpOWO [0BEPXHOCTH 33AKOHYEHHHIX MOJH-
POBKOfl JIMH3, HAKAAALBAIOT HA OAHY M3 HUX NPOGHOE CTEKJIO H Ha-
OM0A10T HLIOTOHOBH UBETHHIE KOJbIIA, MOJAyYaeMbleé Ha OCHOBAHUH
sakoHa uutepdepeniiud cBeTd. ECIn uBETHHIE KOJbLA PACHOJOMKEHR
HENPaBHJALBHO,— 3TO NOKa3BBAET, 4TO JHH3a HMEET DTCT}'I‘IJ!EHH@. oT
1apoBOf MOBEPXHOCTH, W TOI/IA KOPNYC BHOBb HAET HA NOJHPOBKY.
Koauuecrso xe xoJen npH NpPaBUIbHOM HX PACIOJOKEHHM YKAa3bl-
BaeT HAa OTCTYILIEHHE OT pajuyca NpofHOro crex.a.

KauecTBO MOAMPOBKH JIHH3, NPUMEHAEMBIX 118 (OTO00HEKTHBOB,
LOMKHO OBITH 0CO60 BBICOKOE

Ilns avH3, MAYUWMX HA YHHBEPCAAbHBIE OGBEKTHBH, 1OTHPOBKA
CUMTAETCA 3aKOHYEHHOH TONBKO B T10M CJAVHEe, KOrja HpH HajloxKe-
HAM NPOGHOro CTeKJa Mbl HabMOAaeM 10 BCEH MOBEPXHOCTH JIHH3LL
POBHEIt COJMOMEHHO-XKeATH LBeT.

KoHTpOZb HA Y4HCTOTY MOBEPXHOCTH JUH3H MOBEpPALTCH MOA MO~
HHM MCTOYHHKOM CBeTa yepes COOTBETCTBYOulyio Jyny (puc. 140).
[locae moAHpPOBKHM OEpBOil CTODOHL! JHH3 OHHM OTKJEHBAKTCH OT

_Kopmyca W CHOBA HAK/IEHBAIOTCS Ha Jpyr#e Kopmyca Aus o6pabort-

KM B TOM e NOopsiKe BTOPOH MOBEPXHOCTH.

Korja 3akorueHa [10JHPOBKA BTOPOH MOBEPXHOCTH JHH3BI, UPH-
CTYNalT K €€ IHEHTPHPOBKE, T. €. K OKOHYATeAbHOMY OKpYyr/iaBa-
HHIO KPaeB JWH3L OTHOCHTENbHO ONTHYECKOH OCH CTeKJa.
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Uentpuposka 1uE3 (oT006HeKTHBA ABASETCH ONHOH M3 TpyaHei-
LINX H OTBETCTBEHHEHIIEX Omepanuil, Tak xak TpeOyer coBsepuien-
HO TOYHOrO COBNAACHHA OCEH HECKONBKHX HAXOASIIAXCS B 06DLOK-

THBE AHH3 A NOJAyYeHHs
s CB0GoAHOH OT HemocTar-
| KOB ONTHYECKOH CHCTEME.

Kak uam yxe usmecrso,
doToobrexTUBE  cocToAT
H3 OTAENbHBIX ONTHYECKHX
S1EMEHTOB, HAM CKAEEHBIX
HJIH pa3JelleHHHIX BO3-
AYWHHM  NIPOMEXYTKOM.
CaenoBaTeabHO nocae men-
Puc. 141, - TPHPOBKH HEKOTODEIE JHH-

3Bl A5l CIAPHBAHHA HAYT

Hd ckaeliky. O6e nopage- .

HKIIME CKICHBAHMIO JHH3E CJIETKa TMOAOrPEBAKOTCS, Ha OJIHY U3 HHX
NOMEWAIOT Kanao KaHAACKOro 6anb3amMa 3aTeM HaKJaIblBAOT onny
JMH3Y Ha ADYyTyl0 H NOCTENEHHO BEIKMMAIOT HIMHIIKH Gane3zama.
Cosnaxenne ontuuecknx oceli CKAeHBACMLIX JHH3 U 311eCh SBAFETCS
OAHHM H3 TIABHBIX TpPeGOBaHMI,—NO3TOMY ONEPALMIO CKICHBAHUSA
NPOH3BOAAT HA CHENMANBLHBIX anmaparax, KOHTPOJKPYIOUINX COBIa-
ACHHE ONTHUYECKHX Ocef.

[Tocae cxaefiku aunsn NepenanTcs B c6OpounLi nex Ha c6opky.

[lepBonaganbuo onma mam HeckoabKO JIHH3,. B 3aBHCHMOCTH OT
KOHCTPYKUHH OOBEKTHBA, BCTABASIOTCH B METaJNHYECKYI0 Onpasy,
NOC/E YE€ro sTH OTAENbHHIE ONTHYECKHE CHCTEME] BBHHUHBAIOTCH B
34TBOP, HJH OCHOBHOH TyGyc dOTOOGBEKTHBA. YKpenaenne oraenb-
HHIX JHH3 B onpaBe (OTOOGHEKTHBA M ero O6mH MOHTAK TaKxe
NPOXOLAT NOA 3HAKOM COXDAHEHHS! AMHON ONTHYECKOH OCH,

Maneiimee OTKMOHEHHE OT STOrO OCHOBHOrO TpebOBaHHS CBOAUT
HAd-HET XODOIIHE ONTHYECHHE KAYecTBAa (POTOOGBEKTHBA.

Ha puc. 141 noxasaunl montax u OKOHHATE/IbHAA 3aJe/Ka JHH3
B CoOpanHoM (POTOOGBHEKTHBE.

BuBepka u mcnuntanue roToBmIX (oTO0GBeKTHBOB yKA3aHLI HHXKeE.

Fnasa Vl. OntHueckue ceoicTea OTOO6HLEHTHBOB

1. MoKycHoe paccTosHHe oOGbeKTHBa
¥ BeNWuMHA U306 pareHns

®okycHOe PACCTOsHWE OOBEKTHBA OMpeNenseT BEJAHIAHy Hsgfhia;
JKEHHS 33 HCKNIOYEHHEM CayddeB CBEMKH MNpeAMEeTOB Ha B
KOM pacCTOsiHHH. :
6H§:K Hahl: yaxe H3BEeCTHO, O1HOLIeHHE BeJHUYHHEI l{SDﬁpaHCEHHF! y
o6bekTa, noayuaemoro (OTOO6HLEKTHBOM, K %%J;nqnﬁe o0beKTa y
M (cMm. crp. 36).
a3bIBAETCSl JIMHEHHLIM YBeauueHHe \
g [NpeanonoxkuM, 9TO Ha (HOTOOOBLEKTHB C onpeﬂeneuaém g)ogqyﬂco
HBIM PACCTOSHWEM NajfaeT NOJ HEKOTOPHIM YriaoM o Of le;Z!j HE
yaaaeHnoro o6bexTa mapasnelbHbll myqoK aydei (puc. Ao
[Tocae NpoXOXKAEHHs Jydeil wepes OOLEKTHB 3TOT mapaaie il
ny4ok cobupaercs B Todke S, T. €. B sanHeii QOKanrBHOH M

KocTH OOBEKTHBA. # :
M3 pucyHka BHIHO, YTO BeJHYHHA usobpaxenus y paBHa:

y.' :fl tg ﬂ.’ :
CrenosaTeibHo, 4em OoJbline (POKYyCHOE paccTosiHie O0beKTHBa,
. f i

0oapllie BeJHYHHA ¥ . .
Teg'mﬁop noaxoxsumero (hOKYCHOTO PacCTOAHHA onpenenﬂercsﬁpas
MEpOM TpAMEHSeMOll TJIACTHHKH HAM miaenku. Jlas oGuuHO# pa 0;'31

pekoMeHAyeTcst BHOMpaTh OOBLEKTHB, y KOTOpOro QoxycHoe p
CTOflAME PABHO AMArOHaNH MIacTHHKH. 3
Uro6sl TpUMEPHO OMpeJeanTb MacmTab M300paeHus mpen s
HA MATOBOM CTEKAE, MOMKHO PYKOBOACTBOBAThLCA CJEAYIOMHM 1;1;3::)
cyxaenneMm. OGo3HAYHM BEAM4MHY NPEAMETd H€pes y (pﬂce-.,-ra Il.r;

' ; - aCCTOsfIHHE OT npeiM

HYHHy H300pakeHud — uepes ¥, p )
?}%JLeKTuyna—qe%ea x-+f u paccrogHHe 0T 00BEKTHBA IO Haoﬁe
pawenusi—uepe3 x" - f'. B arom cayuae Gyaem uMeTh Caeayioule

pPaBeHCTBO:

i ___xxjrr;‘ , (49)
y \

- ' /4
T. €. ¥ BO CTOALKO pa3 MEHbIIE ), BO CKOJBKO X +f MeHbIlEe
x4
#afx Hanpusep, ecan (QOKyCHOe PacCTOsiHHE KHHOOOLEKTHBA pa:(anco
50 mm, a paccTosiHME A0 OpeAMeTa PaBHO 20 M, TO 3HAYUT fpc Ya
HOe p’accroﬂane B 400 pa3 wmeHblNe pAacCTOAHHA JO NPAMETa,
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Piic. 149, . Puc. 143,

4 CICNOBATENLHO M H306paenHe npeamera Y’ Ha naenxe Gyner
Takxe B 400 pas MeHBIIE €r0 HATYPAaABLHON BENHYHHAL

Hecmorps na to, uto TIEPCNCKTHBA, BOCNPOH3BOAUMAA (OTOOOD-
EKTHEOM, BCerja sIBASICTCA NeOMETPHUECKH TOYHON u HE3aBHCUMOI}
OT PAaCCTOAHHS MeX/y OOBEKTHBOM H NPEAMETOM, OHA Tem HE MeHee
PIIKO cOornacyeTcs C HAUIUM CYOBEKTHBHLIM NPEACTABAEHHEM O Tep-
CHeKTHBe,

IT0 ABICHHE NPOHCXOMHT BCAE/CTBHE TOTO, YTO MHPH paccMaTpys-
BAaBHH TO3HTHBHOIO (oTOrpaduyeckoro cHuMia NPaBHALHOCTH OT-
HOCHTEILHOTO DACNONOKEHHA TOYEK BOCHPOHSBOLHMOIO BOOOpaxke-
HHEM NPOCTPAHCTBAE, T. €, NPABHIALHOCTD NEepPCHeKTHBE, SaBHCHT OT

PaCCTOSIHHA TJa3a 10 pacCMaTpPHBaeMof Kaprube. Ecam cuumox

PaccMaTpuBaeTcs rurasoM HaGaiomatens, NOMEIIEHHEIM TOYHO Ha
T4KOE K€ pACCTOSIHHE, HA KaKOM B MOMEHT totorpadupopanus na-

XOLMMACh NJACTHHKA HMAM NJEHK3, TO HAGMIOLATEND OyAeT BHAETH

CHHMOK B IDaBHILHON mepcnexTuse. Ecam e raas nabaopareas
Gy1eT noMmemen nepes CHUMKOM OaMKe HIH jankiie, yem paccros-
HHE MEXKIy 00LEKTHBOM K IAACTHHROW, TO NMpPaBHALHOCTH nepenek-
THBH GyaeT mapymeHa. Crenoeareasno nas NPaBHJIBHOTO BOCHPO-
H3BEAEHHA NepPCneKTHBEI HeOOXOLKMO, uTOGEI raa3 HabmoaaTens

PacCTOAHUAM MEXIy COOTBETCTBEHHLIMH TOYKaMH ,II,EEICTBHTEJIBHOI‘O-
NPOCTpaHCTBA. T '

BBuiy Toro, uro B Goanmumcrse Cly4aeB (OKYCHOE paccTosHHe
$hOTO06 bEKTHROR HECKOABKO MeHbure PacCTOSIHHA HAWAY4YlIero 3pe-
HHA (250 Ju), TPH KOTOPOM BO3MOXHO NHCaTb, 4YUTATH M T. 1.
HOPMAJLHEIM TIJ1a30M,— BBIIOJAHHTE NPaBHAO O0HA3aTEALHOr0 COG-
MIOLEHHS DACCTORHHA OT CHHMKA 10 raasa, PaBHOrO (OKycHOMY
PACCTOAHHIO OOBLEKTHBA, HEBO3MOXKHO. Ilosromy PeKOMeHnaye1cs
10/b30BATECA LA PACCMOTPEHHS CHUMKA Aynofl M OPOCTOf AHH-

30/ € (DOKYCHBIM paccTOsHHeM, PaBHBIM (DOKYCHOMY paccTosHHIO
00BEKTHEA.

2. MNone spenus .
M none usobparmenus

B riase sropoit, o a3pauxax u Auagparmax, OGuo ykasauo,
4TO noae usobpaxkenus POTOOOBEKTHRA thukcupyeTes AHapparmamu,
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BCTABJEHHEIMH B O0BexTHB. Kaszanocs Gbl, 4TO NPH TaxkoM “Mr?[;“e_
JKEeHHH TOT WA WHOI 06BHEKTHB, CMOHTHPOBAHHLIH B PEHA3HAYE " yng
emy (oTokamepy, u OyaeT MOCTOAHEH B OTHOWEHHH BEJHYHHLI aon
uﬁoﬁpa}xeuuﬂ. B neficTBATENBbHOCTH Xe I NOAy4YeHHd MaIéCPIM n:
Ho# APKOCTY BCero 1noJjd @OTOGHLEKTHBE HMEIOT HECKOAbKO 00JblIee
1018 "H300pa’Kenns, B 4eM HE:Tp}'ILHﬁO YGelmrbfpﬂdpgzg-zi?ar?;;;cr}:fun;{
: HM s
i o6bEKTHB B KaMmepy ¢ 6oabmr _

TBYZB;I(:IM CayHae Mbl noNy4HuM MaKCHMAaJbHOE nsodpamenue Kggl;‘z,
enns — A, Yrom, nmoi KOTOpPHIM -
KOTOpPOE Ha3biBaercs NoaeM 3p ;
3ye"rc{;1 3TO H300pa)keH#ne, HA3BIBAETCA YIAOM NOJAA 3PEHHA H onpe

sensercs hopMmy.oii:
;z_,, —tg 5, (30)

rie fi— IuameTp Kpyra, MOJyYeHHLIH Ha n.uacmmc_e 0T DEeCKOHEeYHO

yﬂgﬂiﬂrlzggﬁigia;‘e;:._ B npejcrasaser coﬁ%ﬁ J:L(;n:g;{zic;]; Onst;?

3pens, NPHYEM Ty HacTk, KOTOpas AaeT Hau 03 Yt no.m;
MANBHOH U OAMHAKOBOH SIPKOCTH. 3a mnpen

nobici e e e e e

Ei%i%af ealgﬁila-cn?:g:;; oﬁuqﬂsro noJsl 3peHusi Kak HaubGonlee HC-

‘LEKTHBE Ya4CTh.

s e ml b e
JH A

sresc ikl A epde s e gl o

nagﬁ] ex';& T;.%J(I)Of:;fhn;,maanaqennmﬁ ans dopmara 9 < 12 cu. [pexie

BCEro omnpeneaseM AHAroHaAb 3TOH NAaCTHHKH, H3BJAEKafd |

VA 1B,
rie A H B— CTODOHH YK43aHHOH NJAACTHHKH; HMeeM:
VEF122=)25=15 cx.

CnenosarenbHO BEJHYUHA OOJsT H300pameHns OyIeT paméa ;ggﬁiﬁ;
ITonbaysice opmyaoio (50), onpeneaseM yroa nojs H306p ¥
B HallleM mphMepe OH Oy/JeT paBeH.

75

e O s HOY
130 2

Ecan He yxasaHn QopMmaT NAACTHHKH, TO AHAMETP n_cgm yfrao_ﬁpa.- .
¥EHHSI NPUHUMACTCA PaBHBIM (DOKYCHOMY DACCTOAHHIO QOBEKTHEA
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ITone usoOpaxenus PoToo6bEKTHBA Pa3aHUHO; B 3aBHCHMOCTH OT
HA3HAYEHUs ¥ KOHCTPYKUHH OHO Kosie6aeTcs B Opejeaaxor 20 mo 140°.

3. CeeTtocuna obweHTHBEA
# ero OTHOCHTEeNbHOe OTBepcTHe

KonnuecTso cseta, mpomenmee uepes OGHEKTHB HA NAACTHHKY,
ABJAAETCH BaXHEHIIUM (AaKTOPOM B ONpeleeHur spkocTd u3obpaxe-
HHA, TAK KaK KOJHYECTBO CBETAa YCTAHABAMBAET TPEOGYeMYio BeJHUHHY
sxcnosunun. O4eBHaHO, AHAMETP BXOIHOTO oTBepcTHa (OTO00D-
€KTHBA H ONpejeaseT SAPKOCTh H300paMEHHA HIU CBETOCHJAY O0BeK-
THBA. ECAH fpKOCTh M306paxeHHs OPAMO HPONOPUHOHAALHA KBA-
paty JefiCTBYIONIETO JHAMETpa OOBEKTHRA, TOTAA B OOBLEKTHB
€ IHaMEeTpOM, BABOE MEHbLUIMM, MONAajaeT BYETBEDPO MEHBIIEE KOMH-
4eCTBO CBETA MPHU MPOYMX PABHEIX YCAOBHAX.

Jlng cBeTOBOH TOYKM, Jexamell HA OCH CHCTEMH (puc, 145)
¢dokycnoe paccrosHue CHCTEMH He BJAMSeT HH B KAKO# Mepe Ha
ApKOCTh H300pakeHns S, H pemaiomiee 3HAYeHHE HMEET TOJALKQ
JAEHCTBYIOIEE OTBEPCTHE,

Coscem nHOe €10, KOrAa BMECTO TOYKH GEPETCS YaCTh OCBEI[EH-
HOH maomanu: Toraa ¢oKycHoe paccrosiHHe OOBEKTHBA WUrpAaeT 3Ha-
I<IHTEJI!:|HyIO PO B CBETOCHAE 00 beKTHBA.

[Npn pasabix nuaMeTpax ABYX GPOTOOGHEKTHBOB CBETOCHIA OJHOIO
710 OTHOWIEHHIO K ApYyroMy Gyaer Tem MeHblle, ueM Goabue ¢ho-
xycHoe paccrosnne. OGbACHEHHE STOrO TNPHBEAEHO HAa puc. 146;
/B2 ONMHAKOBBIX IO CBOEMY AWAMETPY O0BLeKTHBA HMEIOT pa3Hoe
4OKyCHOe paccTosiHue.

llpeamer PA no ceoemy mMacmraly OAMHAKOB KaK JAs BepXHeit
‘CXeMBl, TaK M HHXHe#d. M3 puCyHKa BHAHO, 4TO NPH CbEMKE OO0b-
€KTHBOM C 00Jee KOPOTKHM [’ npeaMeT M306pasHTCA MEHbUIHM,

4eM NpH chbeMKe ¢ OOBEKTHBOM, Yy KOTOPOro (JoKycHoe pacCTodHHE

‘Goabine. Ecan JONyCTHTB, YTO y HHKHEro OBGBEKTHBA (puc. 146)
OKyCcHOe pacCTosiHHE GOJblIe BepXHero B JApa pasa, TO M JHHEl-
HblE pasMephl H300paxenns ero Gyayr Go/blie B 1Ba pasa,—sTo
SHAYAT, YTO WJIOW@AAL €ro H300pa:KeHHs OyleT BueTBepo Goabie,
YEM B NEepBOM.

Mu yxe ykasamn, 9TO AMaMETPH 3THX OGBEKTHBOB OAHHAKOBHI,

CAC10BATEIbBO H KONMHYECTBO Najalllero Ha HHX CBeTA TaKxe
OAHMHAKOBO, BCJAEACTBHE YEro sIpKOCTh H300paKeHHsd B 00beXTHBE
< Goabwum POKyCHBIM PACCTOAHHEM OyaeT BYETBEPO MeEHbIIE, YeMm
8 KOPOTKO(pOKYyCcHOM 00BeKTHBE.

Ha OcHOBanuM H3N0KEHHOTO MOXKHO YTBepKAaTh, UTO CBETOCHAA
. BTOpOro, IZauHHODOKYCHOTO OOBLEKTHBA BYETBEPO MeHbllle, uewM.
CBETOCHIa mepBOro KOpoTko(pokycxoro. M3 storo sakona caeayer
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Puc. 144. Puc, 145.

p .

N F!
pl L
; s
5
A 2}

Pue. 146.

CllenaTh BHIBOA, YTO SPKOCTh W30OpaMeHHs NpeaMeTa, a cJaeno-
BATEJNBHO § CBETOCH/Id 06'beKTHEA, 00PaTHO NPONOPUHOHANBHE KBall -

paty (POKYCHOrO pacCTOSHHSA.
Ha ocuoBaHMH M3JOXMEHHOTO MBI MOJKEM HaMHCaTh CJeAyoliee

OTHOLIEHHE. g
HYEeCTBO CBE€Ta
e =K A e

naomane usobpawenns - f°°

rae K — x03(HUMeHT NponopuHOHANLHOCTH, KOTOPhIH MOXKeT ObITh
paBeH eAMHHIE NPH HajaexameM BeOOpe BeaHUMH.
Jlesag uwacTh STOr0 OTHOUIEHHS BHPAXKAET HE 4YTO HHOE, KaK

ADKOCTh u300paxKeHHs. =
Ha npaktuke B Qororpaduueckodl OITHKE HE MO/BL3YIOTCH OTHO-
2

tIeHAeM 7 @ 60/ee TPOCTHIM i 0 910 nocaeAHE: MOXKHO
NPeACTaBUTH B CAEAYIOWEM BHIE;

1

fadt

T. €. B Buje APOOH C YHCAHTEJeM, PaBHHM €IHHHIE, H 3HAMeHaTe-
JleM, TOKa3EBAKILEM, BO CKOJbKO pa3 [ Ooabure d.
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d
OTHOmEesHEe —— M Ha3HBae
7 a3HBAETCH OTHOCHTENbHBIM OTBEPCTHEM, HAK

(:Bgrg)cunom obbexTHuBa.

LIYHO BCEMH ONTHYECKHMH 3aBOJAMH, BEIpada

O0BEeKTHBE], CBeTOcH/Aa 06bexTHBa 0603HaEIi]1:’ETC: Hﬁifgféi':ﬁfgﬁ
OTBEPCTHEM, BBHIID2BHDOBAHHRIM Ha oO0bekTuBe (puc. 147) B Buge
npobu: 1:3,5; F:35; 1/35 m 1. a, Ecan Mbl HMeeM OGBEKTHB
¢ F=150 ax u puameTpoMm BXomHO# amacdparmet B 30 iy, TO ero
OTHOCHTENbHOE OTBEpCcTHE GYAET PaBHO: ¢

sak o 1 1

F 160 150:80 g o0

CeetocHasl A8yx 06nex ;
THBOB OTHOCATCA MEXIy coloit -
paTthl OTHOCHTEAbHBIX OTBEDPCTHIl: % o

- d% d"ﬂ
: e 52y
TR (62) §
ITMBWFHH%E YHCAO0 JAO/KHO NOKA3aTh, BO CKOJABKO Pa3 CBETOCHJA
eE oro o06bexTuBa GOJbIIE HJIH MEHBIUE CBETOCHJIN BTOpOro
oam:eg AJst nmpuMepa J1Ba O6BEKTHBA, Y KOTOPHX CBETOCHAA
gg?‘iﬂaotliie’ina 1:4,5; rpeGyercs ompeneants, BO CKO.ItKO pas nep-
KTHB CBETOCH/JbHEe BTOpOro. I[lo mnprBene
A HHBI A
(hopmyaam umeem: B e

(—-1)9-ﬁl_’__ e 1
3,5 r 4,5 = 12,25 " 20'25 = 1,6 ] HJIH 1:1,6

Crenosateneno ofbvextus 1:3,5 B 1,6 pasa csetocuabHee 06mh-

extusa 1:4.,5. Takum o6pasoM npu mepexoje c*HEpEOr0 OGHEKTHEZ

Ha BTOPOH IIpH pDaBHHX YCAOBHAX O
CBEIICHUST TPOLOMKHTEABHOCTE
aménoanuaa HeOOX0AHMO yBeAMuuTH B 1,6 pasa. P Tb
B BETOCH/IA ‘KaW0ro QPororpaduueckoro o6HeKTUBA MpH NOAHOM
BEPCTHH AnadparMbl — BEJHYHHA NOCTOMHHAA. B To xe BpeMst

AN HENEH MNPAKTHYECKOH 3KCII0ATAUHHA OOBEKTHBA NpH pasHBX

YCJIOBHSIX OCBEUIEHHS NPeAMeTa HeOOXOAMMO B HEKOTODBIX C/AYYAHX
H3MEHCHHE CHETOCHAM O0LeKTHBA  NyTeM 1 pHMEeHeHus yn H-
COBOH AHAaparMul, YCTAHOBJEHHOH B HAANEKAIIEM MecTe B q:'ogd{
o6bextHBe. C H3MEHEHHEM e BeAMUHHLI anadparmel o6nexTHBA

H3MEHAEM M ero cperocuay. [as TOuHOH yCraHOBKH AuadparMel

Ha OIpaBe 0GbeKTHBOB HAHOCHTCA FPABMPOBKOI DA uHCe (puc. 148),
NpeacTaBisioux CcoGoR cucTeMy obo3HaueHwst auadparv. ITH
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[onaBasiomee GOJLIIMECTBO COBPEMEHHHX OOBEKTHBOB cHab-
swaercs OB6o3nduenueM nanadparm, COOTBETCTBYIOUWIHX CBETOCHJIAM,
p BuAe paza: 4,5 6,3; 9; 12,5; 18; 25; 36; 50 u T. a. (3mech BCIOAY
BbIOPONIEH UHCAHTEAb—1), TpH KOTOPOM KaXias CAeAyioulas Au-
apparma TpeOyer. SKCHO3HIHH BJABOE Gosbiiefi, HEexens TPeabl-
nyuias.

B macTosiiee BpeMs HauGoaee PaCNpOCTPaHEHHOH SBASETCH CH-
crema oBosmauennii auadparm llltoasne, ynorpebasemas Ha Gob-
mMHCTBE HeMelkHx o6bexTuBoB. HanbosbplIee OTHOCHTEIBHOE OTBEDP-
c1ue mo STOR cHcreme paBHO 1:3,2; mpH 3TOM 3KCHOSHUMA npH-

HEM3ETCs 332 eNHHWLY.
[lkaay lllTosbue NPHBONHM B CaeAyiouiei radanue:

63 9 125 18 25

OTHOCUTENBHOE OTBEPLTHE . « » 3,2 4.5
2 4 8 16 32 64

OTHOCHTEARHA SKCAO3HUMA « « 1

Kpome cucrems amadparm Illroabue cymecTsyeT euwe pacnpo-
cTpAHEHHAs CHCTEMa HyMepauuH JHaparM,—TaK Ha3mBaemasg aH-
raufickas, NpUHUMAaeMas H Ha COBpeMEHHBIX obnextunax Lleficca.

OTHocuTeibHOE oTBepcTHe . . . . 4 56 8 11 16 22 32
OTHOCHTE/LHAA IKCOOSHUHA . « » - 1 2 4 gy ta6, 32, DE

Kax BuAHO M3 TalauyKM, 38 eJHHHMIY SKCMO3HUHH NPHHATA AH-

apparma 4.

[loab30BaHAE YKA3AHHEIMA TaGaHuKaMu pasbepeM Ha CaeAyIOmEM
npaMepe.

[TpeANOMOKHM, YTO MH NPOH3BOAUM CHEMKY 06HEKTHBOM CO CBE-
tocuaofl 1:4,5 OpH SKCNO3HIMH B 3 CeK.; STHM Xe 00 BLeKTHBOM
HaM HYXHO NPOM3BECTH CLEMKY NPH MPOYHX DPABHBIX YCAOBHAX, HO
c orsepcruem 1:12,5. KaxoBa ke JNOMKHA OHTH SKCHOSHUHA-NPH
3T0# CBETOCH/E?

Mo rta6auue LlToable BHAMM, UTO TPH AHa(parme 4.5 3KCHO3H-
nus pasua 2, a mpu Imapparme 12,5 oHa pasHa 16, 1. e. B 8 pa3
60ablile; Ce10BaTENbHO PN Anadparme 1:12,5 skcnosunua Oyaer
paBHa 3 X 8 =24 cex.

Caenyer cieiatb NpeAynpexieHne, HTO HEKOTOPHIE dupMer HE
NPAAEPKUBAIOTCA NPHBEIEHHHX Bpille TaOAHUl H AT HA o6bex-
THBaX 3HAYeHHE HE OTHOCHTENbHHIX OTBEpPCTHM, 8 OTHOCHTEIBHBIX
3KCMO3RIHUI. :

QueBHAHO, MPEXIe YeM [0Mb30BATECA AHAQPArMOH, HY.KHO Bbl-
ICHHTD 3HAYEHHE BeJHYHH, YKa3aHHBIX Ha OOBEKTHBE.

Heo6xoauMO0 TBEPAO IOMHHTb, YTO HALMH PACCYK/]CHHI O CBETO-
cuae HOTOOOHEKTHBOB HMEAH B BHAY CBLEMKY NPEAMETOB, OTHOCH-
TeAbHO yAaieHHMX OT 00beKTHBa, T. €. KOIJa HX H3006paxeHns JO-
WHaAMCh B6an3H. (oxanbHoi maockoctd. CieloBaTeIbHO B cayuae
CHLeMKH NpeAMeTos, GAM3KO PACHONOXEHHEIX K OGHEKTHBY (mopr-
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Prc. 149, 2\ Puc. 1496.

¥

peTHAsl CLEMKA, CHEMKA KDYMHBIM TJAHOM H T. 1), H3006pakeHne

ux GyneT naibule (HOKAAbHOU MAOCKOCTH, 3 TEM CaMHM M PaccTosi-

HUHE OT OGHEKTHBA N0 NAACTHHKH CTAHOBHTCS AJNAHHEE, YTO BACYET
YMEHELIEHHE SDKOCTH M300paXKeHns MO Mepe BHITATHBAHHSA KaMEpHl,
T. €. YAAHHEHUS PACCTOSHHSA OT O0HLEKTHBA N0 H306PaIKEHAA.

[lpu cLemke B HaTypanbHYI BeJHYHHY H3OGpaWeHne 6yaer Ha-
XOAUTBCSI Ha JIBOHHOM (DOKYCHOM pAacCTOSIHHHM, BCAEACTEHE Hero
APKOCTb €ro YMeHbWHTCS B 4 pasa.

Toopst o ceetocuse dororpaduueckux 06HEKTHBOB, MBI He yuH=
THIBA/H NOTEPH CBETd NPA NPOXOKACHHH YEPE3 CTEKJ0. DTH mo-
TEpPH CJAaraloTCs OT MHOTJAOINEHHH CBETA HENOCPEACTBEHHO CAMHM
crexaoM B paamepe 1—1,5% ma 1 e crexaa u oT 4 no0 5%—npn
NPOX(KACHHH CBETA KaXIOH NOBEPXHOCTH ONTHYECKOH CHCTEMBEI,
Or()aHHYEHHOH BO3MyXOM,—BCHAEICTBHE OTPAXKEHHI.

Takum o0pasom cymiecTBymomes MHEHHe, 4YTO BCe OGLEKTHBEI

€ O/IHHAKOBLIM OTBEPCTHEM OJMHAKOBEL M MO CBETOCHAE—B CMBICAE
TpeGoBanus OAHOH M TOH Xe 3KCNO3UHHH, He COOTBETCTBYET Jneif-
CTBHTEJBHOCTH. DTO MHEHHE CNPaB AJHBO TOJbKO AJS OGLEKTHBOB

ONHOTHOHOW KOHCTPYKHHH M HE MOXET OBITh NPHMEHHMO K OG5~
eKTHEAM Da3HBIX KOHCTPYKIMWH, XOTA W OJAWHAKOBOH CBETOCHJILL,
[Ipn OnnHAKOBHIX (OKYCHHIX pACCTOSIRMAX M BXOAHBIX 3PauKax

CBeTOCH/IbHEEe .GYL[ET TOT 051:61{1‘113, Y KOTOPOTO HMEKTCH MEeHblIee
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KOJUYECTBO OTAEAbHEIX NOBEPXHOCTEH, rPaHHYALIHX C BO3AYXOM,
u Gonee ToHKMe JHH3EL Jlna npUMepa NPHBOAHM CAEAYIOUIYIO Xa-
PaKTePHCTHKY ABYX o00bexTHBOoB Meiiepa: ABOHHOH amacTurmar -
1:6,8 (puc. 149a) m xsofinoft anacturmar — ,Espunaan“ 1:6,8
(puc. 1496).

[Tpu paBHEIX OTHOCHTE/NbHLIX OTBEDCTHSX 3THX HOBYX OOBLEKTHBOR
BCAEACTBHE HX PA3HOA KOHCTPYKIHH CBETOCHWIbHee OyAeT aHaCTur-
MAT @ K4K AHACTHIMAT, MMEIOMNA MeHbIlee KOJAHYECTBO MOBEPX-
HO"TeH, CONPHKACAIMAXCA C BO3AYXOM. '

Teopernueckuit pacuer CBETOCHAH 3THX OO0bEKTHBOB, NpPOH3BE-
JNEeHHbIH HaM@, mokasaJd, 4ro, ecad npuHate 3a 100% xKonuyecTBo
y?anmero Ha 00BbEeKTHBL CBETA, TO NO BLIXOAE CBeTa H3 06bLEKTHBa
a‘notepa €ro OT NOTJOUIeHHs W OTpaxenHit cocraBur 21%, a no
BHIXOLE ero H3 o0bekTHBa 0 — 36%. O6uee e KONHYECTBO CBeTa,
npoumeimero 4Yepes Bechb OOBLEKTHB ¢, COCTABHT GIe10BATENbHO:
79%, a paa oOpekTHBa 6 — 64%.

O6paboTtaB noayuenHble NaHHEE NPAMEHHTEABHO K HHTEHCHBHOCTH
OCBEIeHHsl YCJAOBHOW NNOMHIANKH, OJMHAKOBOW AN ABYX OO6BEKTH-
BOB, Mbl MOAy94M 'GHAKTHYECKYIO CBETOCHAY YIOMAHYTHX OOBLEKTH-
BoB Mefiepa: nepsoro (a) 1:6,8, Broporo—1:7,3. |

OueBnaHO, NpH OAHHAKOBBIX YCJOBHAX CHeMKH 0GbeKTHB ,EBpu--
IJaH" KAaK MEHee CBETOCH/JbHBI Oyier TpeboBaTh O0OJAbLIEH 3KCMIO-
3HIHH.

4. PeskocTb ~
H3oBpareHus

Been M Gonee onpene’neHHoe NOHATHE O Pe3KOCTH H306pakeHus,
JlaBatMcro (dotorpaduyeckum 0O6BLEKTHBOM.

Honyctam (puc. 150), 9TO B NAOCKOCTH S’ MH HMEEM CONpPAMEH-
Huil Pokyc cBersalulefics TOYKH Ha OCH (POTOOOBEKTHBA.

Ecan maroBoe CTeKA0 NOMECTHIb B NAOCKOCTH S’, TO OYEBHAHO
u3acbpawenne TOYKH OyneT HMETh MAKCHMAanbHYIO pe3kocTs. Ecam
e Mbl HauHeM MepeMewaTh MaToBOe CReKJI0 H3 3TOH TOUKH B mOO-
MeHue 7 HAM 2, TOTJa BMECTO TOYKH HA MAaTOBOM CTeKJe obpa-
8yeTcd Kpyr paccesHys, OrpaHHuYEHHHIH auamerpom Z u Z',

Brime namu 6msa Boisenesa QoOpMyJa paspelIuTenbHOl Ccrnocob-
HOCTH I/1a3a, UAH Pe3KOro BHAEHHA, OCHOBAHHAS HA TOM, YTO Kax-
Jasg TOYKa OOBEKTA JaeT Ha CETHATKE I/1a3a KPYMHOK paccesHus He
Gonee onpeienenHON BeanyHHHL. EcaH KPyWOK paccesnusi HECKOIbKO
Gonbiie 3TO# NpeiessHON Be/MWYMHH, TO COCENIHHE KDPYXKKH Hana-
rax TCcA APYr HAa Apyra H AeAaloT H3o6pameHue HEPE3KUM H pas-
MBITHM. BblieynomMsauyTyio npefenbHyi0 BeJHYHHY paspeliamoues
Cuanl (OCTPOTHI) I/1a3a MLl BbIBEAH PAaBHOH OJHOH YIJIOBOH MHHYTE.

Crenoratenbno (DOKYCHPOBKA, HAH TOYHOCTH HABOIKH Ha MAaKCH-
ManbHyl0 Pe3KOCThb, OyJeT BHIOJHEHA B TOM CJayuae, KOTAa Kpyr
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paccesHusl B NJOCKOCTH MJACTHHKH WM NJACHKH He GyserT mnpeBoOC-
xoaute 1. ¥

Tax xax paccmaTpHBaHWe W300PaMeHHi ' POM3BOAUTCA HAMU HA
PacCTOSIHHH SCHOTO 3pEeHHf, NPHHATOTO 33 BeAWunHy B 250 mm,
HETPY/JHO BHIBECTH TOT MaKCHMaJbHbI nuamerp Z H Z' xpyra .,
paccesHHs NpH YrAoBO# Besnunne B 1°, xortopeli OyAeT paBeH
0,07 mm. -

Ha ocrHOBasHM M3N0KEHHOr0 MOXHO CHAENAaTh 3AKJIOYEHHE, YTO
TepeEMelenrue oT MJI0CKOCTH S’ B nonoxkenue 1 Han 2 Gyjier HMeTh
MecTO A0 BenHYuHE ZZ', paBHo#t 0,07 sm. 3To paccrosune Mexuiy
TPeAESbHbBIME [OJOXEHHSIMH MaTOBOTO CTEK/]3, NPH KOTODHX CBe-
TAWAACA TOYKA elle KaXercd TOYKOH, a He KPYroM pacceaHus,
HaswiBaeTca raybudoft QokycHofi peaxocrH. ;

Onpeneany raybuny doxyca npu noaoxenuax 7 u 2 (pue. 150).
OGosnaunm yepes 2/ juamerTp oTBepcTHS OOBEKTHBA, S’ — paccTo-
sHHE CONpAXeHHOro (Qokyca H Z — MakCHMaJbHO AONYCTHMbIA JH-
aMeTp Kpyra, 00pasuBaHHOrO JAydYaMH, CXOJAALIAMHCA B Touke S’.

Hs pucyrka BHAHO, 4TO

B, Ze -'
v o (68
OTKyna
N2 .
A= (54)

O6masi ray6una (oKycHOA pE3KOCTH OYeBHAHO OyJeT paBHa
24 (A1 AY), G o

C ymenbmenuem paGodero orsBepcTHs OGLEKTHBA NPH HEH3MEH-
HOM TIOJIOXeHHM TOUKE S’ yMexbmaetcs u yroa U, a C HHM H Ju-
amerp kKpyra Z.

5. ny6uHa usobpamaemoro
npocTpaHcTBa

Ilpn BCsikuX (pOTOCHEMKEX, a B OCOOEHHOCTH MPH KHHOCHEMKAX,
HEOOXONHMO 3HATh TpPaHUIE AEHCTBYIOUIEr0 MPOCTPAHCTBA MEXAY
Nepe/HuM H 3aJAHUM [1/1aHAMH, KOTOPble OGBEKTHB B COCTOSHHM HM30-
OpasuTh C ONHHAKOBOH DE3KOCThIO. =3
[lycrs Ha puc. 151 touku M, M; M, npeacrasasir co6oi ToOuKH
OPEAMETOB, HaXOAAIIMXCH Ha PAasHLIX PACCTOAHHAX OT O0BEKTHBA.

HonycruM, 4T0 MaTOBOE CTEKAO HAXOMHTCA B CONPSKEHHOM do-
Kyce M’ toukn M, BHaxoxdmeidica B NMPOCTPAHCTBE NPEAMETa HA
pacCToAHHM S OT O0BEKTHBA M HA DPAacCTOAHHH S’ B TNPOCTPAHCTBE
Haobpamenua, Touxa M B maHHOM caydJae Ha3HIBAETCA TOYKOH Ha-
BeaeHHus.
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Puc. 151.

Tak xak AHAMETPH BXOJHOIO H BHIXO/HOTO apaukoB—2A; H /g
HMMEIOT KOHEeuHHE pasMepsl, TO BCE TOYKHM NPOCTPAHCTHA, N}ie aen:gr
m@e B JOCKOCTH HABEAGHHS, KAK HANPUMED TOHKH M, u M,, nme 4
H300paXKEHHE B IJIOCKOCTH M’ ue B ;Eme TOYeK, a B BHIAE KpY

: ’
KOB pacceaHHs ¢ paamerpamu Z'y H Z,. .

JlonycTHM pnajee, YTO NPH AAHHOM NOJOXEHHH MATOBOrO c-rex.n:
usobpaxenus Touek M; m M, OyayT HMeTb KpPYrH paccennaﬂéoli_
npessimaiontue seauunns 0,07 iy, 7. €. OXMHAKOBO pesKue cﬁ ra
kot M. Torna paccrosiuae MM, =S,— S, Hasuna%t:ﬁdgt_)é og
u300paNCceHUS NPOCMPAHCMBA, TPHYEM 42CTh ray6unsl MM =05, v
HaswBaeTcd rayGHHON 3aJHErQ mnaaHa, a MM, =S8 — S, Ha3LBaeT
rayGHHOf Nepeanero mnJaasa. )
' yﬂna NOAyueHHA COOTBETCTBYIOIMX (hopMys HAM OCTAETCA yc'raa
HOBHTHL BeJHUHHY KDYXKOB paccesiHuf B INIOCKOCTAX np-:)t:a'pamm'l:1
Z, u Z,. [InameTpul KPYKKOB paccesnns B ofenx NJIOCKOCTAX CB a
3aHB MeXKLy CO60# TAaK, KAK W BCAKHE /B2 CONPSKEHHBIX OTPE3K
B CONpPAKEHHLIX IJOCKOCTAX, TIE;

Z'y=BZ, u Z',=}Z,. _ (55)
¥ rge @—mHeAHOE YBeJHYEHHE B CONPSKEHHBIX INIOCKOCTAX
g% ; KOB paccesi-

VeraHoBHB NpefenbHYI0 BeAWUHHY AWAMETDOB KDPYX Sp !
aHst B O0GHX CONPAKEHHHX M/OCKOCTAX, HAXOJAUM OTPE3KH O; H S

218 L 28 (56)
: Sl:m; H S’———Qh— Zl
PasnoctH we S —S; u S,— S onpepenum:
SZ, ' S E el 2 . 57
S8 =ppd i Sar S =g g

Moacrasue B ypasmenme (57) BMecto Z; H Z, mpejieapHoe MX

sHauenHne K, rae K=1'=0,00029 s, noxyqnm:
R

SSEpprsk ' TS T 5K

9 B. [erpos ' 129
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Paccrosua S—S, u S, — S ONpesetdioT Kp&HHHE MOJI0XKeHHST
naockocted M, u M, Bnepeau MADCKOCTH HaBeJleHls W C3agu Hee,
1IPH KOTOPHX B IVIOCKOCTH HM30Gpamenns M’ touku M, u M, u3o6-
PaMaOTCsl KPYXKKaMH pacces-

HHS C NHAMETPOM, HE MpeBHI- & '

WA0MHM YCTAHOBJIEHHOTO mpe- ' ‘

neaa. A} -
M3 ypasnenns (58) sunmo, m

4YTO riy6HHA NPOCTPAHCTBA oMn- ' L

PEJIENFETCSI TOALKO AHAMETPOM i

BXOJAHOro 3payka oObeKTHBa Pac. 152.

M. HE BaBHCHT OT (OKYCHOro

PaccTosfinus HAH KaKHX-1M00 JADYrdX BeJAHYHH horoobbekTuBa.
Tax kax S,> S,, 10 ray6una NPOCTPAHCTBA BAaJb GoJblie, uem

K OODBEKTHBY, :

# Vecaosue, npu KOTOpOM, HAUMHAs C HEKOTOPOTO PACCTOSHHSA, BCE

npeaversl GyAyT ‘H306pakaThes pesko, Oyner:

S;— S, =o umn 2h—SK—=0,
OTKyza ;

g Sl

X (59)

Popumysa (59) HOCHT HAsBamMe ,HAYANO GecxoneuHOCTHY, HO TpH
HaBOLKe HA HAYAJMO0 GECKOHEUHOCTH MH elle He MOXKeM NOJY4HTE-
NAOCKOCTh S;, OT KOTOPOH TakHM 06pasomM Bce OpeaMeTH H306pa-
3ATC Pe3K0. IT0 paccroanue So,— S, 6yieT paBHO:

L]

Sy 2 S, (60
2K 2

ClleoBaTenbHO HaM OCT3eTcs onpepenuts S; u3 dopmyan (60),
uTO0bl OKOHYATENbHO YCTAHOBHTH TPAHRLY MePEIHEro nJ1aHa, T, e.
PacCTOsHAE OT O0bEKTHBA, HAYHHAA C KOTOPOTO BCE NPEAMETH noay-
YaT pesKoe M300paeHHe Ha NAACTHHKE. DTO PAaCCTOSHHE OUpEse-:
JHM U3 Gopmyasr (56); .

—_ S=2h .
k4 SoK

Ha puc. 152 npeacrasaena cxeMa, OOBACHAKOWAS NpHMEHeHHe:
Gopuyx (39), (60) u (61).
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(61)

b

[lrock0cTs S, ¥ OGyAET CAy:KHTh IVIOCKOCTBIO Hayala OecKOHed-
HOCTH; 2k paBHH OTBepCTHIO OOGLEKTHBA, & S;— PAcCTOsAHHE u:
00beKTHBa, MOCJE KOTOPOro BCE npenm{fg; igﬂﬁ;é:xoneqnocm aany

THHK OBAETBOPHTENBLHOE H3 :
Ha,[ﬂfs? cuggx:nggcxoro ogpeneaeuna ray6GHHEEI NPOCTPAHCTBA OOLIUHO
NOAB3YIOTCH CHENMANLHO COCTABACHHHIMM TabAMUAMH A4 PasHEIX
OTHOCHTENIbLHLIX OTBEpCTHH OOBEKTHBA, BHIYMCACHHBIMM HA OCHOBa-

HMH TpPHBEJEHHHX Buime (GopMmyJ.



TFnaea VIl Ontuueckye po6GaBneHHA H HacagKu Ha
hOoTOKMHOOOBLEHTHBLI

=

1. MpUMEHEHUE ROMONHUTENBHLIX NUH3
AN YBENWYEHUA MAW YMeHblUeHWAa M3obpareHus

[TpuMeHeHHEe CHEeNUanbHOrO TeNe00BeKTHRBA g MOOHTENLCKON
dororpadun He BCErja BO3MOXHO KaK MO TeXHHUYECKHM coo6paxe-
HUSM, TAK H BCJAGJACTBHE 3HAYNTEALHON €ro CTOMMOCTH. B TO
de BpeMs Psj Tak HaspBAEMEX HECHMMETDHYHBIX dHACTHTMATOB
(,TeAnOp“ W MOjpamaHus eMy) He MOXeT OHTb HCNOJb30BAH IO
OTAEAbHHIM SJEMeHTaM /Ui yBejHuYeHHs H300paxKeHHs, KaK >TO
MMEeT MECTO B CHMMETPHYHBIX asacTHrMaTtax Tuna ,darop“. Caexo-
BaTeJBHO B TEX CAyuafiX, KOrJa MNepe/BHKEHMe camoro goroanna-
paTa 10 TeM HAH HMHBIM COOGPAXEHHSIM 3aTPYNHEHO, YBEIHIEHHE
macmrTaba u306pakenns BO3MOXHO NyTeM R0GapJeHHs Ha OOHEKTHB
HACANOYHHX JHHS. _

Veeauuenue GOKYCHOro paccrosuus (GOTOOOBHEKTHBA NOCTHrALTCH,
Kax HaM M3BecTHO, n06ABIEHHEM CHCTEMH C OTPHUATE/IbHBIM
GboKycHHM paccrosHueM. [lis yBeqHueHHA (OKYCHBIX paccToaHuil
(OTOOGHEKTHBOB YNOTPEO/AAIOTCS  PacceHBalomue OTpHUATEIbHbBIE
JMH3H, HajeBaeMble cnepeau Ha (QoroobnexTHs. Pasymeercs
nojao6HEE JWH3H HE MNOJ¥HBI YXyAIIATh ONTHYECKOTO KauecTBa
‘boTo061LeKTHBA, AOMKHH OBTH 10 BO3MOMHOCTH HPOCTHl NO KOH-
CTPYKLUMH H yAOOHH NPH NOJb30BAHHH HMH. .

[lyTem mexoro psia TEOPETHUECKHX M NPAKTHYECKHX pacoT 00~
Ka3aHo, uTO Hanbonee uenecoobpasHas (opma HACAMOYHBIX JJd
9TOll 1EeNH JUH3 —3TO OOLIYHAs (OpMa NPOCTOH OYKOBOM JIHH3BI,
napumeil B coeguHeHnd ¢ GOTOOOBLEKTHEOM JOCTATOTHO cBOBOHOE
OT MOTPEIMHOCTER H300paMeHHE.

BesnunHa TOrpelmiHOCTeH KadecTsa usobpaxenus (OTOOGHEKTH=
BOB OpH NPHMEHEHHH JOMOJHHUTEJbHEIX PACCEHBAIOUIKX JHH3 B 3d=
BUCHMOCTH OT HX (DOpMEI ykasama ua puc. 154, 155 u 156. Tpuse-
JIeHHEE KPHBLIE OMMOOK NA0TCH AJs KOMOHHAUWH O0BEKTHBA THNA
~Teccap® 1:4,5 ¢ f= 150 mum, c HACAKEHHOH HA HEM HA PACCTOSHHH
2 um ot mepenmeli AMH3H OObexTHBA (pHC. 153) AOMOAHHTEILHOW
paccenBamomeil JHH3OH C f=—23830 mm, uTO Jnaer B obmel cnoMx-
HOCTH KOMGHMHAIMIO ONTHYECKOH CHCTEMH C (POKYCHBIM PacCTOSHHEM
B 250 mu. YUncaoBue BeJWYHHH KPHBHIX YKa3dHbl HA PHCYHKax AJd
cicreMu ¢ obmum f=100. il
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Puc. 154 naer KpHBHIE IpH TN0Ab=
30BaHUM , TeccapoM¥ ¢ ABOAKOBOIH TOM
OTpHUATENbHOM AMH3OH, HA DHC. 155 —
npH TOM ke OODbEeKTHBE, HO C MIOCKO-
BOTHYTO# JHH30H. . °

Puc. 156 BOCHDOH3BOAHT KPHBBEIC
abeppauui BHIIYKAOBOTHYTOH JAHH3OH.

[lo cpaBHEHHIO C KPUBHIMH DHC. 154
4 155 omubGkH KOMOHHAUHH C BHIYK-
NOBOTHYTOH JMH3OA 3HAUATENHHO YMEHBIICHH.

Puc. 153.

T S ST T e e YN = ST
AT N R Ml A T 27
Puc. 154,

T T

H T TR O e

Pue. 155.

CpasHHB KpHUBbIE aGeppanuii 0GbexTHBa , Teccap” (puc. 100) ¢ xpu-
BLIMH 5TOTO e OOBEeKTHBa, HO C AOMOJHHTENBHO HAaCaKeHHOH pac-
cenpaomed aupsof (pue. 156), Mb oOHapyXuBAeM 3aMeTHOE yXyX-
wenne ana kpaimux 30H. [TosToMy pexOMeHIyeTcs AJId noay4YeHnst
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R I T
Pac. 156.

Gonee peaxux M300payeHUN B CAYUYAE MOAB3OBAHHS paccenBamuie i
JMHH30f HECKOJNBKO AHaDpParMHPOBaTh OOBEKTHB 33 Cuer yBenHye-
HHAA SKCIO3ULMUH.

Hacapounnie nnE3H 148 yBeaHuYeHus H300paxeHHss BBINYCKAKTCS
MOYTH BCeMH (PHDMaMH, MSTOTOBAAWMMH (POTOOGHEKTHBLL.

Hanpumep ¢upma Lleficca BENyCKaeT TAKHe JHH3H 10J HA3BAHHUEM
»JlHCTap-1unsa“, (boxmen,uep-—,,d:oxap“, Le#icc-Ukon — , Nenb-
ta¥, Ilneiinep — ,Mecko-munsza®. 3aeox: T'OM3 & Jlenunrpane,
BHyckaomud goroanmapatet ,PoTokop®, B Hexarexom Oynyuem
TaKKe HAMEHAeT BEINYCK B NPOAAXKY HACANOYHHIX JHH3 JJ% yBe-
JHYEHHs MacmTaba M3o0paxceHus,

B HEKOTOPHIX CAyYasx CHHUMAEMbifl IpeIMeT HAXOMHTCH HACTONBKO
OIM3KO K aNmaparty, 4TO ero H306pakeHHe NOMHMO 3HAYHTENLHOIO
Macwraba He yKkJaAHBAeTCA B paMKy (OpMaTa nAAacTHHKH. B Takux
ClyHasx HEOOXOIMMO YMEHbLIMTE H300PaKEHHE M YBEJHYHTH MOJe
SpEHHSl, 4TO JAOCTHTAETCH TAKUMH K€ M0 KOHCTPYKIHH JHH3AMH, KaK
H Npeablyiine, HO cOGHPAaTeJLHOrO cBOfiCTBA.

Takum 0Gpasom menb MPUMEHEHHS PASAHYHBIX HACALOYHBIX JHH3
8dKJIOHACTCA B MBMEHEHHH (DOKYCHOTO paccTOAHHSA HOTO06LEKTHBA,
4 OoTCIoAa 1 MacmTaba uaobpaxenus. Jlas yseanmuenus (OKycHOro
PACCTOAHHS NPHUMEHAIOTCA C/AEAOBATENBHO DPACCEHBADIIHE JHH3b,
AN yMeHblleHHI—COOHpaTenbHLe,

Onpenenenne o6mero $hokycHoro paccrosHus KOMOHHALHH, COCTO-
Amed u3 (POTOOGHLEKTHBA H HACALOYHON JHH3b, 4 TaKxe H ee
CBETOCHJIBl, MOMKET OHWTb NPOH3BEIELHO ABOAKO. =

a) [To panee BHBeneHHOH thopmy.ie:

P ERL
h+is—d
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rae F—dokycuoe paccrostume koMOunaumd, f; u f, — QokycHue
PACCTOAHHA HACAAOYHOM JMH3H M JAHHOTO O0bekTHBA M d — pac-
CTOSHHE MexJy 3aJHeHd TIJaBHOH [JIOCKOCTBI0 HACAAOYHOH JMH3LI
W mepenedl MI0CKOCTb (OTOOGbEeKTHBA. Tak Kak 3HAYCHHE BeH-
UHH PacCTOAHHA TAABHHX MJAOCKOCTEH HE BCErAa M3BeCTHO (HOTO-
KHHOONEPATOPy, TO MPeANaraercs BTOPOH BAPHAHT OmpeAeseHHdA
©o6mux (OKYCHBIX PACCTOAHMA MO 60Jee MPOCTHIM 3JEMEHTaM.

6) OnTHueckas CHI4 HEKOTOPHIX CHCTEM HHOIAA H300paxkaeTcs
BeanuHHOR, o6paTHO#l (OKYCHOMY pPAaCCTOAHHIO, H BEIPAKAGTCH
B puontpuax (D), rAe 1 auonTpua paBHa (QOKYCHOMY paCCTORHHIO
‘CHCTeMBl B 1 a1

CaeposarenbHo, 3Has (OKYCHOe PACCTOSIHHE CHCTEMH, HETPYIHO
TNOJAY4YHTEL €€ SHAYEHHE B AUONTPHAX, H o6patHO. Tak oGbEKTHB
‘¢ (oxycHEIM pacctosaueM B 130 au 6yaer pasen: 1 000:130=7,7D,
u o6parHo, auu3a B 100D Gyner umers f pasuoe 100 wa. Kax
yiKe HM3BECTHO, BCe COGMPAaTeNbLHLHE CHCTEMBI CYHTAIOTCH MOJIO0KH-
TeJABHBIMH, & PacCeHBalOlIHe—OTPHNATENbHEIMH; BBHAY 3TOr0 K 0603-
Hayenuno D Heo6xopumo Bcerfa mpuOaBAsTh SHAK NMAIOC HAH MHHYC.

[Mpumenss STOT MOC/AGAHUA MEHE® TOUHBIA 'METOA AJs HAXOXKIe-
Hist 00uLero OKYCHOrO PACCTOAHHUSA HECKOABK X OINTHYECKHX CHCTEM,
#HaM HET HAJOOHOCTH 3HATbL PaCCTOAHHE TJIABHBIX IIOCKOCTEH;:
nepeBoAs SHAUeHHE OTAENTbHBIX CHCTEM B [), myTem maxpHefmero
CIOKeHHs Hadgenuslx [ onpeleasieM O6HIYI0 ONTHYECKYIO CAXY
CHCTEMBEL |

[MTpumep. K anmacturmatry c /=150 mm, orBepctHem 1:4,5,
npubaBneHa HAcCAJO4YHAd paccewBalollas JuH3A ¢ f=333 mam. Ha-
X0AuM obmee (OKyCHOE pacCTOSHHE: !

: 1000:150 =-}-6,65; 1000:— 333 ——3:
CKJABIBACM:
6,66

— 3,00
13,66

410 OyAeT paBHO dokycHomy paccrosHuio 1000:3,66 = 273 .

Ham ocraercsa HaliTH cBeTOCHAY 3Toft ofuieit Kouﬁanauugl; ompe-
aenseM, 9T0 otsepcthe 1:4,5 npu f—150 sm pamuserca 73,3 ma.
CrenosatenbHo npu f—273 wu nuamerpe ofbektuBa B 33,3 wmu
OTHOCHTE/IBHOE OTBEepCTHE CHCTeMn OymeT paBHo 1:8,2, oTkyla M
HAX0JHM SKCIOSHIHIO.

Hacagounsie JTHH3EI—KaK cobupaTtebHbIE, TaK ¥ paccemBaioliue,
U3rOTOBIAIOTC PA3HbIX (POKYCHEIX PACCTOAHHM, MPHYEM HEKOTOPHE
upmbl (Lleficc) naroT o6o3uavenne 9THX JuH3 B . Jlia npakTH-
YeCKOro noJMb30BAHHA HMH HeOﬁxOﬂHMO COCTaBHTB TEIG.?’IHILY K onpe-
AeqeHHOMY (OTOOGHEKTHBY 10 BApHAHTAM 4 HIW O W BHUYHCIUTH
BpeMs, noTpebHOE I8 SKCHO3UIHHU.
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2. HacapouHble NUHSHI
LNA NONY4YEHWA MATHOTO pPUCYHHA

Becbma wacto or §oroobhexTHBa TPEGYIOT HEKOTOPOHA MATKOCTH
PHCYHKA; 5TO OCO0EHHO HEOOXOIMMO B TEX CJAyuYasx, KOrAa Tpe-
Gyercss Goabmas rayGuHa u306pa)aeMOro NpocTpaHcTsa. B cospe-
MEHHBIX @HACTHIrMaTax TMOJAYYEHHE TaKOH MSTKOCTH HEBO3MOXHO
BCA2JACTBHE XOpOWel KOPPEKUHH O0BeKTHBA, NAIOUIErQ Pe3EHil, OT-
YETJHBBLIA CHHMOK.

Jdaa ycTpaHeHMs 3TOTO ,HENOCTATKA® M NOAYYEHHS XYyA0oxKecT-
BEHHO-MATKHX H300PaKeHHR NMPUMEHSIOT TAK HasblBaeMue adokanb-
Hbe JMH3BL DTH JHH3E NpH Hacaaxe HX HA (QOTOOGHLEKTHB HE H3-
MEHAIT ero QOKyCHOTrO pacCTOSHMS M JEHCTBYIOT Kak MJAOCKOMNA-
pannenbHAs NJACTHHKA.

3ajada COCTOHT B TOM, YTOGsI MOCPEACTBOM HANETOll Ha 00bLeK-
THB a)0KaNbHOI JIHH3BI HECKOIBKO HCNOPTHTH KOPPEKIHIO 06HEKTHBA,
HE Hapymasi KPHBH3HH noJas H306paxenus. Doabioro pacmpoctpa-
HEHWA B3TH JHH3H B (oTOorpaduu He MOAYYHJH, HO B KHHOCHEMKE
OHH MOJb3VIOTCA YCHEXOM, OCOOEHHO y AMEDHKAHUEB IPH CheMKe
KPYIOHBIM IL1AHOM.

Koncrpykuua Takpx JHH3 pasHooGpasHa, HO €CTh HEKOTOpas TH-
NMU3anud, ropopsulad O Kako#-TO ONTHUECKOH CXeMme, NOBTOPSAeMO#H
B .Pa3IHYHHX KOHCTPYyKuvsaX. B kausecrse o6pasud npueoaum ado-
KaubHyl0 Jaundy Meprte (puc. 157), KOTOpO# mOAPaXalOT aMepH-
KAHIIEL. ,

Kak BHAHO, 1MH32 COCTOHT M3 TPEX 30H: A — 1aeT PaccenBalomyIo
30Hy, £ —30Ha MJIOCKONapa/Je/qbHO NIACTHHKE H B — 30Ha cobu-
paTeabHOro AeHCTBHS.

Ha puc. 158 npusenen xox ayuell uepes Takyo JuH3y.

« ®opma suE3H Mepre, pajHyCH H XOZA JAyuei AAs HArASAHOCTH
CHJIBHO YTPHPOBaHLL.

Ocoboe npeumymecTBO JuH3H Mepre 3ak/ouaercs B raybune

n300paxaeMoro emo npoCTPaHCTBa.

TlomuMo ynorpe6ieHHs CcHenHAJIBHHX JHH3, CyllecTRyoT (GoTO™
00beKTHBH, NO3BOASIOIIHE TONYYaTh TAKKE HEKOTODPYIO MATKCCTh
pucynka (cm. ,I'eaunap“ ®oxtaennepa, ctp. 111). Kpome Toro paspa-
60TaHO 0YeHb 60.bIIOE KOJAHYECTBO PAasAMYHHX HOpHCUOCOOMeHuii,
HaJeBAEMBIX HA OOBEKTHB AJS YMEHbLICHHA DE3KOCTH H300paXeHHsd,
OCHOBAHHBIX Ha 00mleM IpHHOuNE ARPPaKUuM CBeTa.

K uyucay Takmx npucnocoGaeHHA OTHOCHTCS NJAOCKONAapa/iJenbHas
NJacTHHKE, HMEKRIAs Ha NOBEPXHOCTH OCOGHMM Cnoco60M HaHECeH-
HBIl MaT WIK PAJl NapalJeNbHHX JAWHHH, HALE3AHHBIX AJMasOM Ha
CTEeKJIe,

OTMeTHM Takke ynorpeG/ieHne Aa8 3TOH LEAH MIEAKOBHX CHT,
AKaJ03HHX JAxadparm M Ip. .
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3. CeetohunsTpsl

Hasnauyenne cBeTYMHIBTPa—TOBHILIEHHS npaBdAbHEOlN I[BETONEpE-
fauu OTOSMYJbCHEH H yBeIHYEHHE KOHTPACTHOCTH OTHENbHBIX
1BETOB.

Ocrasnss B CTOPOHE BONPOCH CeHCHOUNH3AIHH cpo-roauynbc_nn "
NpHMeReHHs] OPTOXPOMATHYECKHX M MAHXPOMATHUECKHX nAaCTHHOK

‘H MOJeHOK, TaK KaK 3TH BONPOCEL NOCTATOYHO MOOJHO pasﬁupamrca

B CheuMaJbHHIX yueOHAKax no (ororpaduu, OCTaHOBHMCH :gkgﬁ;
ToduAbTPe KaK A00aBOYHOM BK/IIOUCHHA B 00BEKTHB H BO3 A
TeM CaMEM HAPYIIEHHHM KOppexnu#n OObeKTHBA C TOUKH 3P
IIeHAS ONTHYECKOro KAYecTRa.
Yxl)?:£¢ororpa¢uu npHMeHS0TCA [1Ba POJa q)unh'rpoa—munxaem}:ﬂcg;
xue. [lepBhIE COCTOAT W3 MAphl MJIOCKONAPANENbHHX CTEK] i
NAGCTHHOK, CKAGEHHBIX TI0 GOKAM H CHH3Y META/IHUECKAMH IIEY i
OBM TpeACTaBANIOT CcOGOf y3Kylo KIOBETYy, B KOTOPYIO ua.r:ln?lz:go
IBETHYI0 MHAKOCTh. CyxHe xe CBETO(MHABTPH H3rOTOBAAIOTC Ly
¥3 OKDAUIEHHOrO CTekAa, Au00 H3 0OEIKHOBEHHOrO CTEKJA, HO 4ille
cayuae Memuy ABYyMs TAKHMH CTEKAAMH NpOKAAfBIBAT OKpa
NJAeHKY.
Hygc-rannmya CTOpOHE CNEKTPOMETPHYECKOE OGOCHOBAHHE uaemgg;::
creTO(GUILTPOB, HX CIOCOGHOCTH MOIVOMEATH OTACILHLIE cyqa Sux
CreKTpa H T. 1., IPHXOJHM K BbBOAY, 4TO K aob6omy Kaue Ti}; o
TOMHABTPA, KHAKOrO HIM CyXOro, CAEAyeT HPEeAbABAATE OnL
e6GoBaBA,
Bﬂg gmou Aeiie, H Te W APyrhe CBeTOQHLTPHl OrpaHHIHBAIOT c:{:;-
AAHHBIMH NJaCTHHKAMH JKHAKOE HJH CyXoe Kpacamee aeme!tl:eﬁT:
CneAoBaTeNsHO HX CJAelyeT pacckaTpuBaTh Kak CTEKJIHHHHEC o
paabuse 1m0 (GOKyCy NAACTHHKH, HE HMEOUIHEe 100aBOYHOTO c?xe-
HeCKOTo neficTBUfA. [103TOMY OCHOBHHIM TPEOOBAHHEM, KOTO%OC i
nyeT TPexbABIAThL K cBeTO(PHUABTPaM, HOJKHO OHTH '1;%&:! oou:i-gﬂm
HA/AWYEA Yy HAX [JOCKONApaMIeIbHOCTH. TpeGosanue B o
[/IOCKOCTHOCTH TIOBEpXHOCTEeH (HALTPA O0YyCAOBAMBACTCS meﬁ i
H36eXATE NONOJHHTEABHOTO CHEPHIECKOro AeHCTBH -rsm:ocn6 e
THHKH, KOTOPasi NOBJEYET yXyJAUIeHHE KauecTsa 06BeKTHBA. noocxo-
[eHHe Napaj/ielbHOCTH OTAEABHBIX CTEKOX cne'rcu:l:;ruu,'rpa,yI n o
MapanaeabHOCTH CBETO(PHALTPA B LENOM, Heo0xX0 MO BB M::ne'm-
MOJKHOCTH TOAB/JEHHS HEKOTOPO# OKPACKH B CJAYyHAE, ecm«rm‘
tuabTp OyAeT NPeACTaBAATE co6ofi KnuHOOOPAsHYI0 n.rxac'r:ﬂb T)Ir’ sl
Xopowit B OTHOUICHHH I/IOCKONAPANLNALHOCTH csetod ol
NOMKEeH HY M3MEHATh (POKYCHDOBKY OOBEKTHBA, cnenarmg e
CBeTODHILTPA, HH CMENIaTh M306paXEHHE HA MATOBOM CTem.ne wi
najeBaHns CBeTOMHALTPA HA (POTOOOHLEKTHE. Hanuune moc ;1“ <
ABAGHAs yKa3HBaeT Ha HeNapainessHOCTb CTOPOH cBeTOhH %ﬁ
Ha 60/pmuECTBE CTAHAAPTHHX CBETOQHALTPOB YyKa3aHd umlJpMﬂ
TAaK Ha3bBAaeMas KPATHOCTH ceeTodmabTpa. OHA O3HAUALT, HTO Bpe
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Puc. 157, Puc. 158.

Prc. 159,

Pue, 160.

SKCIO3HUHKE €O CBETODHJLTPOM HEOGXOAMMO yBEAHIHTE IPOIOPLHO-

HaIbHO ero xpaTtHocTH. Tak cseroduantp Poxtrennepa ,Aabpa-2%

TPeGyer 3KCnO3uuMil, B ABa pasa 6oabmux, uem Gea CBETOPHILTPA,
a cseropunantp ,Bera-5“—B nare pas Goabue; oaEaxo KPATHOCTE

€CTh [OHATHe OTHOCHTEJ/IbHOe, 3HaYeHHe KOTOPOTO H3MEHseTcad B
33aBHCHMOCTH OT OBETOYYBCTBHTE/BHOCTH HETraTHBHOIO MaTepHana.

4. Bepuana, npusmsi

¥ npouke pgoGaenewus <

st nesteit TexHuueckoll crhemkd HHOrAa OPUMEnTIoTCs 3epKana
HIH TNPH3MbI, HaleBaeMule HA (HOTOO6HEKTHB.

Ot sepxan TpeGyercs nHaauume NPaBHIbHON OTPAXKATeNbHON NJI0C-

KOCTH; HTO 7K€ KaCaeTcs BCAKOrO POAA [PU3M, TO HX CAeNyeT pac-
CMAaTPHBATL KAK MDJIOCKONApaJe/bHbE NJIACTHHKH CO BCEMH BEITE-
KAaOMHAMHA OTCI0/d TPedbuBaHHAMH, v
Q‘memu IPHMEHCHHE MI0CKONMAPaANebHOMR N1aCTHHKH, NoMenae-
MOH MEx1y OO0BeKTHBOM M (hoTONIaCTHHKOM; OHA HCHOAb3YeTCH

B KaMEpax MOCTOSAHHOTO PACTSKEHHS, TAe OOBEeKTHR H doronaac-
THHKA HE NepeIBUTaloTCs OTHOCHTEABHO APYT Apyra. B stux KaMepax

MJI0CKOCTh (DOTONAACTHHKH YCTaHABAHBAETCA MO npeAMery, Haxoud-
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meMycs Ha mepeaHeM rnJjaHe mojJeXallero CheMKe yyacTka, a aas
CbeMKH 00beKTOB, YAaNeHHHX Ha OECKOHEYHOCTb, BKAKYAKT yro-
MAHYTYIO NAACTAHKY, KOMITEHCHPYIOIY O PasHUlLy GOKYCHBIX paccTos-
HE# (puc. 159).

Jas cveMkn 001a9HOCTH HebGa o

JAsf APYrHX Hay4HO-HCCJIEA0BaTeNb-

CKHX paboT, NPH KOTOPLIX HE Mpelb-

SIBAFAETCA CTPOTHX TpeboBauuil K Ka-

yecTBy u3obpaxenus, B. H. Bompg

H300pen MEHHCK, KOTOpHIH, Oynyuu

YCTaHOBJEH NEpes OOBEKTHBOM, AdeT |
BO3MOXHOCTE CLEMKH C YIJIOM 3pe- /
Hug B 180° (puc. 160).

Ha puc. 160 usobpaxeH MeHHCK,
NPHKIOYEHHBIA K CONHATRHOMY 00h-
exTuBy. Jlaa ycTpanenuss XpomaTus-
Ma CbHEMKA C TAKAM MEHHCKOM Mpo-
H3BOJKTCA C MOMOIIBLIO HALTPA. _

Insi maHopaMHO¥ CHEMKH Ha mosHee 360° ymorpeGaserca 3ep-
Ka/JdbHO® KOJBLO, TpeacTaBaesAoe Ha puc 161. Pasymeercs, xaue-
€TBO H300paKeHHs TAKOTO0 PONA ChEeMKH BEChMa HEBHICOKO, H H30-
GpaxXeHHs NONY4AIOTCH B HENPHBEIYHOH IEPCIEKTHBE; BCE ¥e TAKOro
poAa AOGaBICHHS YNOTPEOAAIOTCH JAAs JAAHAWADTHEX CHEMOK H
BECbMA HaCTO NPHMEHAIOTCH 33 rpaHuuel ajad dororpagupoBaHus
HAa GOJBLUIMX CTPOHTENBHBIX muomazax. Puc. 161 noscHaeT xonx ay-
ueli: BHAYase AyY NPOXOJUT MEPBYK MOBEPXHOCTH KOALLA H, QTPa-
SHBUIHCH OT BTOPO#, NPOXOAHT TPETHIO NMOBEPXHOCThH H HAKOHEI[ 1M0-
nagaer B Gotoo6bextrs. [IpHcnocobieHHe 3TO A0BOJALHO AOPOroe,
HM3TOTOBJEHHE €ro CBA3aHO C GOJBMIHMH TPYAHOCTAMH.

Puc. 161.
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Fnaea VIIl. HenoitaHe W WccnepgoBaHue choTo-
KHHOOOBEHTHBOB

1. XapaHTep ¥ 3apauv
UCnLITaHua OOLEeHTHBOB

WUccnenoBanue (QOTOOOLEKTHBOB HMEET HEJbI0 ONPELeAHTH 36~
NePBHIX, BEAHYHHEL OMAGOK H abeppauuil H TeM CaMEIM BABATD Ofl-
;ﬁ:;cé{%% -:éi:i;?o 00BeKTHBA H, BO-BTOPHIX, YCTAHOBUTH II0CTO-

Kpusbie aGeppauuyu MCOEITYeMOro OO'LeKTHBA, BHIBEIEHHLE HAa OC-
HOBAHMH TPUrOHOMETPHYECKOTO MpPOCYETa BCEH CHCTEMb, €I HH-
YEero He roBOPST O €ro KauyecTBe, TAK KAK B mpoiecce npor’xaso,ucma
06BbEKTHBOB MMEET MECTO P4l OTCTYIVIEHHR OT 3aJlaHHBIX PAagHYCOB
KPHBH3HEI, NOKasaTenell NpPEJOMJIEHHs, TOALHMH JHH3, BO3IYIIHBIX
OPOMEXYTKOB ¥ up. XoTd METONb NMPOH3BOACTBA H K(;HTPOJIH npu-
u;nﬂem{?le B ONTHYECKOH NPOMHIIIEHHOCTH, CYHTAIOTCS cam,m;t TOY-
HHIMH, OJIHAKO OTCTYIJIEHHS B TEX HJIH '
cng;remm il ue)éro. HHBIX sneuemax_onmqecxnﬁ

NOMAHYTHE OTCTYNJEHHA CAEAYeT NMPHUIHCATh HEOo
ONTHYECKOro CTekaa, HEKOTOpPO# HE'I‘OT-III:OCTH uaromsﬁ%ﬂ?iﬁ%ﬁ
HOTO CTEeKJa, N0 KOTOPOMY TPHHHMAIOTCH OTAEIbHBIE JAHH3H (OTO-
00'bEKTHBA, YMEHBIIEHHIO HIH YBEAHYEHHIO TONHUHL JHHSH B UEHTPE
# np. Kpome TOro mpasHJALHO H3rOTOBJAEHHE HOTOOOLEKTHB MOXET
6BITh MCIIOPUEH B mponecce cCOOPKH OT HEIOCTATOYHO TOUHOI IeHT-
PHPOBKH Bcell cucTeMbl OOBEKTHBA W HECOOMIONEHHs 3aJaHHBIX BO3-
AYUIHEIX ODOMEXYTKOB MEKAY OTAENbHLIMH JHH3aMH.

Ecau Bce menocTarkd oObekTHBA npHEATH 3a 100%, T0 75% 3THX
HEeNOCTATKOB CJEAyer BCerja OTHECTH 3a CY4eT HEHpaB]:.;IbHOﬁ c%opxu

Koneunas ueib Kaxaoro 00LeKTHBa—JAaTh AOCTATOYHYIO peaxocn;
H YeTKOCTh M300paxeHus TDH XOpoiled paspelHTeNbHOE Cnoco6-
HOCTH. Bausinue xe oTAedbHHX abeppaunfi H omu60K 0O6bLEeKTHBA
Ha KauecTBO u3obpaxenuss MOKa ellle HE M3YueHO OJAHOCTBLIO, H
cAenoBaTEeNbHO B OCHOBHOM HCHHTAaHHE OOLEKTHBA CBOIHTCA K on-
peaeneHHIo pa3pemapomed CHJbI H KayecTBa M306paKeHus

Onucanue ucnuitanus $oTo00HLEKTHBOB OyAeT naHO Ham;i B Tpex
BADHAHTAX: MEpBOE HCHBITAHHE—B YCAOBHAX jaGopaTOpHOH NpakK-
THKH, BTOPOE—B YC/A0BHSAX OOBIYHO# HenabopaTOpHOH O6CTAHOBKH
H TPeTbe—CTaHAADTHHIA METOA HCOLITAHHA,

Tax xak Bce (OTOOOBHEKTHBH BIeJAHH B cOOTBETCTBYWUIHE OT-
paBH, TO mpexJie, yeM NPHCTYNHTL K ONTHYECKOMY HCMBITaHHIO (O-
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A 5
Pre. 162.

TOOOLEKTHBOB, Heobx01UMO
y/IOCTOBEPHTHCS B HCIIPABHOCTH
Onpash, 8aTBOPA U AHA(PATMEL A

DOABLMMHCTBO COBPEMEHHEX
0GLeKTHBOB MOHTHpyerca Bon- 7/
paBH OJHOTO H3 HETRIPEX oc-
HOBHHIX THNOB, NPEACTABJEHHBIX
ua puc. 162. Puc. 163.

Ha puc. 162,0, usoGpaxena

HOpMAaNbHAs 0NpaBa, ymoTpebas-
JOIasCs AAfA Kamep C nepeMeHHLIM pacTsaKeHuEM: onpaea 0, npeAcTaB-
aser coboil yepBAUHYyI0 ONpaBy, ynoTpefasemyio B annaparax Cmno-
CTOSIHHBIM DACTSIKEHHEM, B HaCTHOCTH B KHHOCHEMOUHBIX annaparax;
f—HauboJee PACTPOCTPAHEHHLIH THM ONPaBH C33aTBOPOM H 2—TaK
HasmBaemas yrayOJeHHas Onpasa, NPHMeHsEMas 4aCTO B 3epKanb-
HEIX KaMmepax.

Kawcaas M3 YKa3aHHLIX OnpaB COCTOMT H3 cpejHelt yacTH, B KO-
TOpPYIO BBHHYEHB NepejHss 1 3a1usi 4acTH 00beKTHBA.

[Ipu ocMOTpe ONpaBhl HEOGXOAHMO YAOCTOBEPHTECA B TOM, YTO
OTHeIbHEE UYACTH OGLEKTHBA COEAMHEHH IJOTHO H HE IATAIOTCA
M 4TO NMOMEIEeHHAs B CPefHell 4acTH OMnpaBhl KaXJoro 06BLeKTHBA
ppucosast auadparma BPAUIAETCHd NAABHO, 6ea ocobmx ycmauit. OT-
JenbHEE MJAACTHHKH HPHCOBOH quadparMul AOWKHBL M/0THO nepe-
KpHIBATH ADYr APYrd; 06pasOBanHE MEKILY HUMH BHIHMOro B MPOC-
BeT 3a30pa aGCOMIOTHO HEAONYCTHMO.

Ha BHYTpeHHHMX 4acTSX ONPaBhl O0BEKTHBA HH B KOEM caydae He
JOMKHO OBITH PIKABUMHBI WIH HAJETA.

V6e HBUIMC B YIOBAETBOPHTEIbHOM COCTOSHHH OMpABH, MPHCTY:
[aI0T K ONTHYECKOMY HCTBITAHHIO OOBEKTHBA.

9. NaGopaTopHLIii METOAL MCNLITAHUA 06LEKTUBOB

[pexse BCEr0 OGBEKTHB HCCAEAYETCA B OTHOILCHHH yuCTOTH (OT-
CYTCTBHA LapamyH) NOAHPOBAHHBIX OBEPXHOCTEH OTIEALHBIX JHH3,
HanWaus CBMAEH M My3spedl B ONTHYECKOM CTEK/Ie H HATHNKEHHH.
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OTAeAbHbIe uapanuubl U HeGOAbLINE Ny3HIPH He YXYAWAIOT ON-
THYECKOrO0 Ka4ecTBa OOBLEKTHBA, a JHIUbL HE3HAYMTENALHO YMEHbIIA-
0T ero cperocHay. CuuTaercd HOPMAJLHEIM, €CAH KOJHUECTBO ny-
aupell B o0bexTHBE OyneT He GoJbe, uem 1 Ny3BIPb  IHAMETPOM
a0 0,8 mm Ha 2 em® ONTHYECKOrO CTEKJA.

Binsinne cunel Ha xauecTBO M306paKEHHs 10 HACTOALIErOD Bpe-
MEHH €lle HeAOCTATOYHO H3yyeHo. beccnopho aume oo, —uto Mea-
KHE, e 3dMETHHIE CBHAH, HO B GOJBIIOM KOJHYECTBE, YXy/AMAiOT
Ka4ecTBO OOBEKTHBA, TOT/A KAaK KPYNHbIE eAWHUUHLEIE CBHAH HHOTIA
HHCKOJIbKO HE BJAHAIOT HA KAYECTBO H300paikeHHs.

VicnuiTanHe HA mapanMHE M CBUJH IOPDOUSBOHMTCA C MOMOIILIO OPH-
0opa, cxema KOTOPOrO H300pax<eHa Ha puc. 163.

DTa CXemMa HOCHT Ha3BaHHE TOYCYHOM TEHEBOM NPOEKIHH H OCHO-
BaHa Ha Metone Pyxko. CBer OT CHALHOrO MCTOYHHKA A magaeT Ha
06bekTHB B # coGupaercst Ha muacdparme ¢ MaamM KPYIVIEIM OT-
BepctHeM. 3a Aunadparmoii Ha paccrosEMm 250 Ma DOMEIIaeTCs He-
neiTyeMbil o6bextHB O5, a Ha paccrosmmu 500 4k yCTAHARIHBA-
ETCA SKpaH, HA KOTOPOM H pacCMaTpPHBAETCS TEHEBOE H306paKeHHe
00 LEKTHBA.

CBUZH ¥ LApaNHHH BHICTYNAIOT HA 3KpaHe B BHAe OoJjiee HJIH Me-
HE€ PESKHX I1I0JI0C, CBET/EE AN TEMHEE OKpyKawuiero (osa.

POTOOGHEKTHB CUHTAETCH Y/LOBJETBODHTEALHLIM, €CIH NpH ONHu-
CaHHOH yCTaHOBKe ¢ auapparmoii B 1 mm Ha 9KpaHe He Oyayr 3a-
ME@THH HApATNHHBl ¥ CBUJM.

HcenenoBanue Ha Hartskewne npou3BoAMTEs HA N0 PH3aTHOHHEIX
npubopax. Harsenue B o6bexTaBe Moxer IPOHCXOAHTL OT OCTAa-
TOYHOrO HaNpsUKEHHS B CTeKJe KaK PEe3y/BT4AT MJAOXOrO €ro OTXKHTa,
A4 TAKXKE BCACACTBHE CAHIIKOM CMJIBHOTO CAABAMBAHMS JHHSH LM
SaKPCMNICHHH €e B onpase. Hanruune HaTsKEHHA B CTEK/e, yKashl-
BAIOIICE Ha €ro HEOAHOPOJHOCTb, BHISBIBAET . JBYMPEAOMACHHE M
CHJBLHO NMOPTHT Ka4yeCTBO H300DAKEHUS 00BLEKTHRA.

[onsipusayuonnre upuGopu mns OonpeieneHus HATSXKEHHH B CHC-
TeMax, NOLOGHEX HOTOO6BLEKTHBY, OCHOBAaHb Ha METOlle YyBCTBH-
TeNbHOA OKpacku. OGHUHO pPaccmaTpuBaeMoOe noJe 3penus nopoG-
HOT'O NOJ5IPU3AUMOHHOTO NPHGOPa HMEET POBHYIO OIHOTOHHYIO (pO-
30BYIO) OKPAcKy, HO CTOHT TOALKO Ha OYTH XOJa HOJsPU30BAHHEIX
AyYed TOCTaBHTh (POTOOGHLEKTHB ¢ HATAXEHHEM, KAK HeMeJJeHHO
HSMEHACTCA OKDACKAa MO/ 3pEHMA NMpHOOpPa B TEX MeCTax, riae co-
CPEIOTOMCHO HAnpsKeHHe B cTexse. [lofBacHHE TOrO HAH HHOTO
UBETA TOBOPHT O CH/E BHYTPEHHErO HAUDSKEHHSA.

Cunraior, 910 GOTOO6LEKTHE He uMeer HATAKEHHUSA, €CAM HE H3-
MEHACTCHA OKpacka moJjisi 3peHHs NOASPH3ALHOHRHEOIO npubopa. B npo-
THBHOM Cayuae OGheKTHB JO/KeH GHITH Ge3yCa0BHO 3a0pakoBaH. Ta-
KOe JHECTKOE TpeGoBaHHE OGBACHIETCH TeM, YTO OCTATOYHOE Haf-
PAXEeRHEe B OGBEKTHBE NDH CBLEMKe B PA3HLIX TEMNEPaTypPHBEIX Yc-
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Puc, 164. 2

JIOBUAX Pe3ko AedopMHUPYeT MOBEPXHOCTH JIMH3 M GLICTPO BHIBOJHT
00BLeKTHB H3 CTPOS.

HaspHefimee ucnutanne (GoToo0HEKTHBA MPOM3BOAUTCH B OTHO-
LIeHHH:

1) ompepesennsi iuameTpa BXOZHOrO 3pauka, WAH BXOJHON AHA(D-
parmui;

2) npoMmepa BesuuHHB (POKYCHOTO PacCTOAHHA OGBLEKTHBA;

3) ompejiesieHHsi OCTATONHBIX abeppauuil chepuuecKHX K XPOMAaTH-
YeCKHX;

4) OueHKH KayecTBa H306paxeHus (HOTOOGLEKTHBA U

D) onpeieJieHHs BeJHYHHE paspennTensHoi CnocobHOCTH 00BLeK-
THBA.

YNoMaHyTHIE BHIIIE MCOHTAHASA, TJAe OH TAKOBHIE HH NIPOH3RO M-
JIHCb, Hall€ BCEro OCHOBAHEI HA NMPHMEHEHMH METoJa HCC/aAeJ0BaHHS
06LEKTHBOB N0 cnoco0y ['apTMana, ¢ pasauyHOro poaa N06aBIeHAAMH
H M3MEHeHHAMH. Y Ka3aHHEIK METOJ HCCJeNO0BAHKA CUMTAETCH BIOJAHE
JOCTAaTOYHHM JAsi OLEHKH KaueCTBEHHOH CTOPOHEI ()OTOOGHLEKTHBOB.

Jas nccaeoBanns GOTOOOLEKTHBOR YKA3aHHBIM BBILIE METOLOM
FapTvana BhinymeHB! CHeNHaJbHEE NTPHOOPH, Ha3HIBAEMEE ONTHYEC-
KHMH CKaMbAMH. VIX H3rOTOBJslOT ABe dupMb: PupMa ,AcKaHua®
(6eiBw. ,Bambepr*) s epmanuy, nponssosmas ONTHYECKYI0 CKaAMbLIO
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touno no l'aprmany, u pupma A. Beka (Jlonaon), Brnyckaiomas cxa-

MBIO B HECKOJAbKO u3MeHenHo#t ¢Qopme. [lpumeHeAue oOnTHYECKOH

ckaMbu bBeka cumraercss Hambosee 1eAecO00PasHHM M yROOHHIM

aas ucneitaHusgs (OTo06HEKTHBOB, TaK

9% 2‘5'27'3'0 35 KaK OHA [Pe/HA3HAYEHA HCKAIOYHTENb-

W i g 0w uctaclonsun Sorcoriery
2{}$% 4E 5 E OE BOB M HMEET 0p

HAAAEKHOCTH OASA MOOHX MCOBITaHHMH,

M7 Mz Wz lﬂﬁﬁ‘s [pexae uem nepeiiTH K ONMCAHHIO
40&% = N= M=% orgessEumx sranos HcmeTaHus 00b-
d eKTHBOB, O3HAKOMHMCS BKpaTie C Ofl-

"M% MZ%Z W% W75 ruueckott cxambero Bexa.

ﬁﬂﬁ% N=E = &EB CxaMbs COCTOHT M3 CTOJA (;é)uc. 1;?;2
ULE % %~ C AEDEBAHHLIM BEpXOM H mKkadoM
Bﬂlgg llllé g\!% gg% XpaHeHMA NpHHALTEKHOCTefl, yKpen-
:3'.[]= 35-‘;9{}— 95 JEeHHLIMY HA [POYHOM YYTYHHOH CTOH-

v Ke ¢ upTHIpbMA HOXKaMH. Ha mnoBepx-
Puc. 165. HOCTH CTOJIA HAXOAWMTCS MacCHBHAas OI-
THYECKAs UYTyHHas CKaMbid, Ha KOTO-
8
— e KK
T e S ——
oo —— ] NAE- |,
f
Puc. 166.
pofi MOHTHPOBAHLI PasAMUHBIE MNPHHAANCKHOCTH AJA HCCAe10BaHHA
0T000BEKTHBOB, o
¢B OCHOBHOM ONTHYECKAas CKaMbsl COCTOHT H3 CJCNYIOIHX Tpex
npuGopoB: :

1) S—xoanumaropa, CoCTOSLIErO K3 AARHHO(OKYCHOTO 00BEKTHBA
(ua ckambe Bexa f paBHo 840 ma), B hoKyCe KOTOPOrO yCTAHOBICHA
TaK Ha3piBadeMas MHpa—HCOBITATEAbHAA TabAHIA (puc. 165);

9) B— onpaBh, B KOTOPOH yKpemnsercs MCOHITYeMbi 06bex-
TUB, U

33 K u KK—MHKPOCKOTIOB, CHyXaIMX JJAf PacCMaTpHBAHUs U
OLEHKH KAUECTBA M300PaXKeHHS UCOHTYEMOro (OTOOODBEKTHBA.

Jleficrue npubopa BO BCEX CayuasX HCCACNAOBAHHA aﬁeppaugn,
KayecTBa H300paKeHHS M Da3pelIHTEJbHOM croco6HocTH HOTOO6D-
©KTHBA OCHOBAHO HA CAeAyiollefi ONTHYECKOH TXeMe: MHpa KOIH-
MaToOpa, yCTaHOBJeHHAA B (oxyce OOBLEKTHBA M OCBEUICHHAs Hcﬁ
TOYHHKOM cBera (pHuc. 166), mochuiaeT nyuoK MApaMAe/]LHLX :Iy;e
Ha ucnuTyemblfi (POTOO6HEKTHB, YKpENJeHHBIM B ONpaBe. [Npoiiaa
doToo6nexTHB, Ayud cobupaioT B (okajibHOH NAOCKOCTH nsobpa-
sKeHHE MHpBI, KOTOpPOE H paccmarpupaerci C TOMOIBIO MHKpO-
cKomna.

14

Ckambs bexa umeer 1Ba MHKPOCKOUA: MEpBLI—OTMeYeHHHH Ha
puc. 164 Oyxksamu KK, n BTOPOil—MOHTHDOBaHHBIHl Ra nomepeu-
HOH pefike A (pHc. 164). [TocqeaHuil MEKDOCKON fBJAsSercd Haubonee
YyHOTpeGHTENbHBLIM; B HETO MOTYT OWTb BBHHYEHH MIOORIE NO yBe-
JHYeHHI0 OOBLEKTHBL M OKYJSDH, YTO JaeT BO3MOMXKHOCTH HCCAEAO-
8aTh Ka4yecrBo H300paxenus (POTOOGLEKTABOB PA3HHX (POKYCHBIX
paccrosnuit (B mpenenax or 20 no 450 .nae),

[Tepexoaum K OMHCAHHIO HCAENOBAHHA (DOTOO6DLEKTHBOB.

‘OnpegeneHHe fHAMETpa BXOAHOIO OTBEPCTHA (hoTOOGLBHTHBA

YKpenus ucnuiTyemuii GoToobbexTnB B onpasy B (puc. 164), npo-
MYyCKAeM 4epes Hero ny4oK NapaaneabHbHX Jydeil H3 KOAAMMaropa S
W HAXOAuM (DOKAALHYIO [JOCKOCTH NMPH MNOMOLIM MHKpPOckonma KK.
3aTeM, YKpenuB BMECTO M4TOBOro creksa B pamxe DD NJIACTUHKY
€ MaJablM OTBEpPCTHEM, CHHMAeM MHKpockon KK H OcBeliaem maac-
THHKY CHJBHBIM HCTOUHHKOM cBera. [lomecTuB Temepn mexay ¢o-
TOOOLEKTHBOM H KOJ/IMMATODOM MPHCOBYIO Auadparmy P c ykpen-
JIEHHBEIM B HeHl MaTOBHM CTEK/JOM, MOZYYHM HA NOCAEAHEM OCBEIEH-
HBIH KPYT/Bli JMCK, COOTBETCTBYIOIMA AHMAMETPy MydYKa NApaiens-
HBIX Jy4ed, KOTOPHH NPH HOPMAJBHHIX YCJOBHAX mpomena 6w ¢o-
TOOGbEKTHB M 06pasoBan B (OKaJIbHOH IOCKOCTH ero H306paxe-
HHE.

Jlas ompenenenuss BeAMUMHH AHAMETPA OCBEMIGHHOrO JHuCKa He-
O6GXOLHMO MOCTENEHHO 3aKPHBATE MPHCOBYIO AHadparMy, moKa oHa
B TOYHOCTH HE COBNAJNET C AHAMETPOM [AMCKA HA MATOBOM CTEKJe.
Benuunny auamMeTpa OCBEWEHHOrO JAHCKA Mbl TPOYTEM Ha ONpaBe
HDHCOBOH AHA(pParMel, PasAeNeHHON HA MHITMMETPH. ITa BeTHUH-

Ha ¥ GyAeT BbIpaXaTb JAMAMETP BXOAHOTO OTBEpPCTHS (OTOOGLEK-
THBA.

Onpejeneriie sKEMBANGHTHOCTH (HOKYCHOrO PaccTOAHMA (HOTOOGLEKTHEA

Onpeneants BeanynHy (oKycHoro paccrosiHus (BHOTOOGHEKTHBA
He00X0AWMO, BO-NIEPBHX, 114 BHJACHeHHs MacmTaba #H306pakenus
¥, BO-BTODBIX, AJs TOYHOTO pPAacyeTa OTHOCHTEJLHOTO OTBEPCTHS
06bEeKTHBA. 3

CymectByioT Jsa cnoco6a onpeAe/eHdsi SKBHBANEHTHOrO (OKYyC-
HOI'O pACCTOAHHA.

[Tepsuit cnoco6-—cnoco6 HaxoXAeHHd TAABHON NIOCKOCTH—CBO-
AMTCA K CACAYIOLIEMY: YKDEIHB HCOHTYeMblll 00LEKTHE B ONpasy B,
TpH NOMOWM MUKpPOCKOna KK paccMaTpHBalT H30OGPAKEHHE MHDRI
KOIIuMaTopa S B (OKANbHOK NA0OCKOCTH 0GbexkTHBAa. Ecau Teneps
CJerKa ¥aqyHyTh ONpaBy B B ropH30HTAALHON MI0CKOCTH Ha 10—15°
(onpasa B Bpamaercs Ha ocH E), T0 H306paxKeHHe, NaBaeMOe 06b-
€KTHBOM, MM YHJAET H3 10/ 3PEHHS MHKPOCKOIA, WJIH OCTAHETCS
Ha Mecte. B Tom cayuae, ecam usobpaxenue Gyner yX0Auth, HEOO-
XOAUMO H3MEHHTb HECKOJLKO MOJOXKEHHe Onpassl B Ha ocH £ w

10 B. Merpos
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NOBTOPHTH 3TO A0 TeX MOP, NOKa, Bpauias onpasy B, Mul HE; ?Tfé:*
PYXHM, UTO CMelleHHe M300paKeHHs B MHMKDOCKONE MPEKpaT 5
[pu sToM OCh BpamieHHs Onpass B Kak pas coBnajer ¢ san a
rAaBHOM TNJIOCKOCTHLIO OOBLEKTHB3, M HaM OCTaHeTCs JHIIb *npouc-
pUTh 5TO pAaccTOsiHHe. Tak KaK OTCYeTHl BeAWYHH cboxycnuxfpaﬁ-
CTOsIHMIl HA CKaMpe Dexka NpOH3BOAATCH OT OCH BpalleHuf n?)c-
paBbl B, TO Clel0BAaTENLHO NPH YCTAHOBKE 3aAHEH ma;}?ou ;; 25
KOCTH MCMBTYeMOro O0beKTHBA B NAOCKOCTDb Bpamenusb 3 ¥3M ;:Ipi =
MOe paccTosiHHe OT ocu E ﬂ.(} Q)o;caéxbgmi [JI0CKOCTH zact
d 4AHero raasHoro CHCTEMHI.
Beg:‘c{)}':ﬂﬁe:oi H3MepEeHHs] SKB8HBAJEHTHOTO (POKYCHOrO pacCTOSHHSA
CHCTeMLl JaeT HaM TO‘IHOCTi&)B npenenax 0.,5—0,8 .m NpH yCIOBHA
HHUSI KeATHM CBETODHILTPOM.
HDFII;?)%?MM KO BTOPOMY cnocofy onpepeaeHus SKB'HBHJIEHTHOF(T
(OKYCHOTO PACCTONHHI—CNOCO0Y M3MEpenus mg)xycnmx paccTod
HHfl, OCHOBAHHOMY HA NPHHENWNE yBelHueHHd (AGGe).

[omecTHB B (POKAABHOM MIOCKOCTH KOATHMATOPA S BMECTO mgg:
mKkaJy, TPeIABapUTeNbHO NPOBEPEHHHYIO HAa KOMIApaTtope, !;3 y e
HOBHB HCHBITYeMEIl OOBLEKTHB OOBIYHEIM cnocobom B cmpasyﬂ , ?:'ra-
CMaTpHBaT Haoﬁpameuueﬁml{?u Zl}g:{aé)m;g?” MHKpOCKONa, Y

WHOIO HA MONepeuHoO#d pefike A ¥
Ho%ﬁ:“g;namua mﬁenmuxpmrpuxon IKaaAL paBHa y, (okycHoe
paccTosHHe KoaaumaTopa pasro F, dokycHoe paccrosiHue ucc.ni
AyeMoro o6bexTHBAa PaBHO [’ M BEJAHUMHA M300paMenHs IMIKaisl
¥, 1o

’

! A 5] :
F & f’ L) -
oTCIofa MCKOMOE (OKYCHOE paccTosinne OOBLEKTHBA:
e}
fl=—+y.
v Y

r

Beauuunbl ¥y u F uam ussecTHul. Benawuuny wu3obpamenus y’ MH

OﬂpénEJ!ﬂEM MHKpOCKOﬂOH n K3 HpHBEJéEHHOFI Q)OpMy.TIH HAXOAHM
e 00BEKTHBA,

sKBHBaNeHTHOE (QOKYCHOE PacCTOSH

AtoT cnocol B CcAyuae OTCYTCTBHSI B HCOLITYeMOM oﬁwiem'une
anaaHaTH3Ma JaeT 6OABLIIYI TOYHOCTH H3MepeHus (QOKyCHOro pac-
cTOSHHA OGBEKTHBA. PeKOMEHAYETCS M MNPH 3TOM COOCOGEe MoJb30-

BaTbCs CBETO(DHABTPOM. ;
Onpejeaus AAaMeTp BXOJHOTO QTBEPCTHH OOBEKTHBA M ero do

KyCHOE paccTOsiHHe, HAXOJHM H €ro CBeTOCHIY IO tbopmyne (51).

OnpegeneHne chepH4ecHOn H XpOMATHYECHOH aGeppaluui

Beauunna cpepuueckofi aGeppaninid B COGCTBEHHOM CMHCAE CIOBE,
Kak 3TO Obwio ykasaHo Ha crp. 50, ompejessercd pasHOCTHIO
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(GOKYCHLIX PacCTOAHRI doTo0OBEKTHRS, NOJNYYEHHBIX NPH TPOXOK-

AC€HHE NADANNIeIbHOTO NyyKa Jay4dell yepes 0ObEKTHB Ha pasHoO# Bul-

cote . TakuM 06pasoM MeTomMKa HeOBITAHHT Ha chepryeckyio

abeppanyio OGBEKTHBa HA CKa-

mbe Beka cBoauTcs K npomepy o

TeM HJH HHBIM CcrIoco6oM ¢o- P
|
I

KYCHBIX DACCTOSAHMA OpH pas- ﬂ
HHX MOJO0XEHHAX CHeNHAJAbBHO -

auadparme P, 3akpoiBaromest ___u

T
Mﬁf/’

. OOBEKTHB HA KAaKOH-A1u6GO BEHI- | .

coTe.

Jlns sToit wean nuadparma P
YCTaHABAMBARTCH MEHAY KOJIH-
MaTopoM S ¥ onpaBoit 06bekTisa B. OTKpHE Auapparmy A0 NOAHO-
ro OTBEPCTHS OOGBEKTHBA, CPEJAHION €r0 YacTh 3aKPHIBAIOT Kpyr-
70#  OAEHAOH MEHbIIETO, uYeM 5TO OTBEPCTHE, pasMepa, Tak,
uTOGHl MeXAy Kpaem AMadparMbl H KPAeM GJCHIB OCTABANCH 3a-
80p B 3—4 su. Toraa ceer u3 xomrumaropa S NPOXOJHT B O6h-
€KTHB 4Y€pes y3Kyio meab B 3—4 MM HAa onpeneseHHofl BICOTe /4
(puc. 167).

[Tocre Toro xak Gymer npomepeno doxycrnoe paccrosuue npu
NPOXOXKICHUH JyHEH uepes KPaiHIOW 30HY, yMeHbIIAOT auadpar-
My ¥ GJeHAy, COXpaHAsl BCIOAY PAa3HANY MEXIY KHAMETPAMH B 3—
4 Ma, ¥ M3MEDAIOT TAKUM 3Ke COCOGOM (okycaoe paccroanue ay-
4yell Apyroii 30HB! M T. x. Pasnuma GOKyCHBIX pacCTOsHui W Gyaer
CAYMHTL MEPOH MPOAOALHON cheprueckoit abeppanum. Pasymeercs,
00513aTeAbHO NOJB30BAHHE (DHABTPOM.

HceaenoBanne chepryeckux abeppaiuil THIA ACTACMATH3MA M KOMBI
NIpOH3BOANTCS OOGLIYHLIM METOAOM NMPOMEPA (OKYCHHIX PaCCTOAHHI,
HO B STOM CAyHae JMy4H NMajaioT HA OGBEKTHB NMOJ HEKOTOPHIM OI-
PeaeaeHHHM YIJI0M.

B HAllEX NpeABIAymHX ONHCAHHAX BHBEPKH 06bLEKTHBA npeano-
Jaraiock, 4T0 NAPAaAIeALHHIA Ny4OK JMyuedl M3 KOANHMATOpA I10-
Mafan Ha MCHBITYEeMHHA OOGBLEKTHB NAPANNENIbHO €r0 ONTHUYECKOMH
OCH.

B cayuae xomul onpasa o6bexTusa B BMecTe c cymmoprom L no-
BOpauHBAeTCA HA BEPTHKAJbHOA ocH £ (puc. 164) u cosmaer mno
OTHOLIGHHIO OCH KOMJIMMATOPAa S HEKOTOPHIA yroa. SDTAM cambiM
AOCTHTAETCs yCJIOBHE BXOA4 B OGBEKTHB MyuKa NapasJenbHBIX ay-
4elt mon sanamHbiM yraom. Cynmopr onpask B MOer BPAW3ThCH
B mpenenax 180° sakpensenne m orcuer ero MOIYT OBITh MPOUS3-
BEACHB Yepes Ka 1wl rpaayc.

[losopaunBass ucnmTyemuii $GoTOO6BEKTHE HA TOT MaM wmHOI
Yroal ¥ OpOM3BOAA 3aMep (JOKYCHOrO DACCTOSHHS, MOXEM HA OCHO-
gg) HMOMyHeHHBIX BENMYWH COCTAaBHTH KDHUBYIO KayCTHKH (CM CTp.

Puc. 167.
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TouHO Tak ke WUCOHITAHHE NPOH3BOJAHTCA H B OTHOIIEHHH ACTHI-
mMatu3ma. [MosepHYB Ha ONpeJeJeHHHLIH YTroJg CYyOmopT C HCOhTye-
MBIM (OTOOOBEKTHBOM, HAaBOJAMM MHKDOCKON CHayajna HA PE3KOCTh
TOPH30OHTAJLHLIX NOJ0C MHDHEI KOJAJAHMATOpA, OO0TOM Ha BEPTHKAIb-
HHle MoAOCH. Pa3HocTe QOKYCHHIX pacCTOAHHNA M OyneT CIyXHTh
BeJHUNHOI0 ACTHIMaTHYECKOR DA3HOCTH IJA JNAHHOTO yraa. ACTHC-
MaTH3M CJAEAyeT ONPEAedATh AJsi BCEr0 mojasd 3peHWs OOBLeKTHBA.

Ounpenenenne OCTATOYHOTO XPOMATH3MA 3aKJAIOUaeTCs B H3Mepe-
HUAX (OKYCHBIX PACCTOAHWH OOLEKTHBA AJf DA3JHYHLIX 1IBETOB,

OcTaBada TOT #e cnocol Aasi H3MepeHHT (POKYCHOIr0 pacCTOsHHSA
OT 3ajHeil rJ1aBHOH NAOCKOCTH, KaKO#l NPHMEHAJICS AJMs onpenene-
Hus chepuueckoi aGeppauuu, MH NHIIb NPOU3BOIHM H3MEPEHHE B
CTPOro ONpejeteHHEHX MOHOXPOMATHYECKHX IBeTAaX.

Jns 3TOH uean ynoTpeb/asiOTCH CyXHe HAM XKHIKHE CBETOQHALT-
PH, KOTODHIE BCTaBJASIOTCH HA MyTH XOAa Ayueil H3 KOAIHMATODA B
06BEeKTHB. :

IlpousBeas HanmpuMep mpoMmep (POKYCHOTO pacCTOAHHA C KDPACHHM
CBETO(WIBTPOM, CTABAT NOCAE HEro CHHUA, Jaiplie (PHOIETOBLIH
H T. I. a

PasnocTh GOKYCHBIX PAacCTOAHME M JNACT HAM OCTATOYHBIA XpoMa-
TH3M.

QOueHHKa KayecTea usoGpaieHHA W paspellawllei cnocobHOCTH

Tenepy nepefiieM K OCHOBHOMY MeTOAY HCHBITAHHUH (POTOOGBHEK-
THBA—K OIEHKE KAYeCTBa €ro H300paMeHHs M paspeluaromen cu-
ael. 1 10 B Apyroe npeiyCMOTpPeHO JJsi HCCAeJOBAHHA Ha CKambe
Bexa.

Mbl HEOZHOKPATHO OTMEuaNH, YTO NMPOU3BOJANTEL OlEHKY KauecTsa
06bEKTHBA HA OCHOBE BEJHYHH OCTATOYHHIX abeppaluii COBEPIIEHHO
HejocTaTo4HO. TouHas CBASH MeX1y BenHunHamu abeppaunui u Ka-
YeCTBOM H300p4KeHHs 00DbEeKTHBA eIl MajJ0 H3yuyeHa H YHCJACHHO
He YCTAHOBJAEHA. e S .

Cle10BaTeNbHO HCNHTAHHE KauecTBa H300paxeHHs 00 Cylue-
CTBY AO/MKHO CUYHTATBCA CaMHIM BaKHBIM HCCaenoBaHHeM (PoTo0OE-
eKTHBA. : ) _

Ounesxa xavyecTsa H306paxenus W paspeliaioiied CHILL MPOU3BO-
AWTCS € MOMOHIBIO MHpHI, M300paKeHHOH Ha puc. 165 u cocrosuied
M3 KBaJAp4aTOB C YepHLIMH U GelbiMU NapaaJe/ bHEIMH N0J0CAMH OJH-
HAaKOBOH INHPWHBI B KaXAOM KBajpare, PACrONOKEHHEIMH B Das3JH4-
HEIX HANPaBAEHHAX. _.

[ITuprHa monoc, BCeraa OCTABaACh PABHOH Ais UePHBIX H Geabix
Nos0C, H3MEHAETCA OT KBaJpara K KBaipaty. Paccrosnue Mexay
[eHTpaMH MO0J0C, BhIpAXKEHHOE B YI/0BOH Mepe, 0603HAYEHO Y KaK-
JAOro KBanpaTta B CEKYHIaX.

YcranoBuB (GOTOOOBLEKTHB H OCBETHB MHPY, MHKDOCKOIOM pac-
CMAaTPHBAIOT ee H300paxkeHue B (POKaIpHOMA MAOCKOCTH OOBLEKTHSA.
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Xopowo KOPPerdpoBaHHblii 06BHEKTHB THNA AHACTHCMATAd MNpH
noano# auadparme N0MKEH JAaBaTh Pe3Koe H300paMEHHE MHPH Ha
coseplieHno uepHoM Qoue, 6e3 opeona, Geaecosaroro dona, Ges
JBOHHHKOB OKPACKH H HCKAXKEHH:

PUCYHKA MHPEL - ey
Boge.a;econarmﬁ $hoH HEOAWHAKO- i .9’5?-3{3 7
PKOCTH MOAy4YaeTcss TOraa, A8 RS 33
KOrAa majaomeii #3 o6bheKTHBa tfgﬁa E8 an *lﬁﬁ»i;-}
CBET He KOHUEHTpHpyerca B o- | -~ Wi W@ =@ @20
KalbHOH NJOCKOCTH, a paccenBa- - === 82
eTCsi 0 BCEMY moJio 3peHus. Ope- i 1 ﬁi% %%;m .
OJIOM Ha3HBAOT HEKOTOPOE pac- maial Vel S
CesHUE CBETa BOKPYr H300pawe- WEZ BZ W7 -
HHs 00bEKTa, B pe3yakrare KOTO- Z N =z
poro rpaHuna pasnesa He ouep- [ swmz e puge
YyeHa Pe3sKn, a HeCKOAbKO paaug- :&iﬁ géﬂé% %ié?i;}
Ta. 9TOT HENOCTATOK sBAseTcE | TR e b o
BeCbMa CYINeCTBEHHRM B (oTO- ' PR
00'beKTHBE. i |

Uro xe Kacaercs JBOHHHKOB,

W Gaw 6

Puc. 169 (1es.). Puc. 169 (upas.).

TO HX O0pa30BdHME CJEAYeT PacCMATPHBATL KaK Pe3yaAbTaT HECO-
BEPIIEHHOR IEHTPHPOBKHM ONTUYECKOH cHucTeMbl (POTOOOBLEKTHRA.
Hpoiiankn, N0GoUHEE H306pakenns, NIOLOGHHE N0 MacmTa6y OCHOB-
HOMY, MeHee SIpDKH, YeM OCHOBHOE H300paxeHHe, H HECKOILKO CMe-
IIEHH OTHOCHTEJLHO TOCAEAHEro.

Hanuuue y xpaes M300pakeHus npeAMeTa UBETHOH KafiMul yKa-
SHIBAET HA OCTATOYHYI XpOMaTHYecKyio abeppamuio. Tak kak oGpa-
30BaHME OPEO/IOB IOBOPHT HAM O HaJAM4YHH cdepHyeckodi aGeppaiuy,
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TO HHTEPECHO NPOCJENWTh, NPH KaKOH AmadparMe HCYE3alOT Opeo-
ABl, 4TOOLI 3HAaTh BeJHYHHY OTBEPCTHs OOBEKTHBA, HCNPABASHHOIO B
OTHOIIEHHH cEepryeckoil abGeppanu,

Ha puc. 168 npencrasmena gortorpadusi mups (puc. 165), CHATAA
o6sexTusBoM lleficca ,Teccap® 1:4,5.

Ha puc. 169 nantt dortorpadun Toit e mupw, npuuem nemas do-
Torpadus nmoayuyeHa OGEBEKTHBOM, Y KOTOpPOro 3HayuTesJbHEl a4CTHI-
MaTH3M H NBOHHHMKH, a npasas ¢ororpadus nojsyuyeHa 06LEKTHBOM
¢ Goabmo# cdepuueckoii abeppauuei.

Onpeznenenne paspemaiomeit CHasl B (POTOOGHEKTHBAX, NpPeIHA3-

HauaeMbIX AJS TeXHHYECKOH CheMKH (penpojiyKuuOHHHIE) H aspo-
CBHEMKH, COBEpPIIEHHO HeoOXoauMmo. [Toa paspewaromei cunoil 06bex-
THBA MBI NOAPasymMeBaeM TO HaHMEHbLIEE YIVIOBOE PAaCCTOAHHE MEX-
Ay nBYyMSl TOUKaMH, NpH KOTODOM OOBEKTHB ellle B COCTOSHHH HX Pas-
PemuTE M AaTh B (DOKAJBbHOM MJIOCKOCTH W300pakeHHe B BHJE IBYX
OT/E/BHBIX TOYEK. >

Pasyueercs, rakoe TpeGoBaHHe BechbMa LEHHO, CKAXKeM, B a3podo-
TOCHEMOYHBIX OOBEKTHBAX, Ha3HAYeHHEe KOTOPHIX—/AATh H300paxe-
HHE MeJbYaHIIHX JeTanell oOBEKTa.

Teoperndeckn paspemaiomas cuia GOTOO6HLEKTHBA OCHOBaHA Ha
Audpakuuu cBera, Onucanue KOTOPOH MLl ONyCKaeM B 3TOH KHH-
re. AGCOMIOTHAA BEAMYMHA HAGMIOASHHOM paspemanoneit cuau (o-
TOOOBEKTHBA caMa 1O ceGe HHKAKOro 3HaueHns He uMeer. Heobxo-
AMMO CDaBHHTbL €e/C TEeOpeTHHecKol pa3pemamed cuiaoil, BLHBe-
AEHHOH M3 TeOopuu NH(PAKUHK CBETA /A AAHHOTO OTBEPCTHS 00D-
EKTHBA.

llas onpenenenns TeopeTHuECKOro 3HAUEHHS paspemammedi Cubl
OGBIYHO NPHMEHSIOT Bopmyay:

140

E=—22,

(61)

rie E”—paspemampomas cHi2 00LeKTHBA H D—nuametp ero. Hucao
140 HafineHo Ha OCHOBAaHWH TeOpuUM AN(PAKUHOHHBIX KPYHKKOB M
TIOCTOSAHHO JJIf JI0GOr0 OTBEPCTHA COBEKTHBA. '

Taxum ob6pasom paspemarmomas cuna GOTOO6GHLEKTHBA 3ABHCHT OT
ero puamerpa. Ecau o6nekTuB obaanaer ocrarounoil cdepuueckoii
abeppanuei, He NMPEBOCXOAsAUIEil HEKOTOPHX NpPEAeNOB, TO paspe-
maKpuas cuaa Goroo6HeKTHBA NOYTH HE yMEHbIIaeTcs (Mo CpasHe-
HHIO C TeopeTHuyeckon) H ¢opmyana (61) coxpanser CBOe 3Haye-
HUe. .
Oupesenns na ocHoBauM (opMyan (61) TEOPETHYECKYIO pa3pe-
HIAONLYI0 CHJAY HCOBITYyeMOro ¢oTo000beKTHBa, YCTAaHABJAHBAKOT €r0
Ha ckambe Beka-H npousasoasT nmopepousnce onperenesne daxtHue-
CKOH paspemaoiiell cnocoGHOCTH.

Kpurepuem paspematomefi cuabl OGLEKTHBA CAYMKHT TOT KBal-
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par, Y KOTOPOro MOXHO CBOOOAHO PAa3JH4YaTh CBETJbIE W TEMHHE
110JI0CHI, PaCNOJOKEHHEE B PasHeIX KBAaApaTax OO PA3JUYHEM HAM-
PaBJACHHAM, W MOXET OnTb OMNPEAe/EHO MX- KOJM4ecTBO. B cayuae
acTHrMaTH3Ma, NPH Xopowe# paspemaiomeil cnoco6HOCTH TOPH3OH-
TaJbHHX NOJOC N2HHOrO KBAJAPATHKA, BEPTHKAMLHEIE NOJOCH CMLITH
4 He paspewarnTtcs oO0beKTHBOM. B 3TOM caydae 3aMewaioT yucaa
CBOGOAHO pas/HuaeMbiX MOJOC Y KBaApard TOPH3OHTAAbHLIX MOJAOC
H Yy KBAaJpaTa BEPTHKAJALHBIX nosoc. PasHHma B 4HCAaX JacT HaM
BEJAHYMHY ACTHTMATH3Ma, BHPAKEHHYIO B CEKYHHAAX.

Tak, ecau rOpU3OHTANbHBIE TNOJOCH paspemaJuch $HoToo6bLeKTH-
BOM Yy KBajapata B b’’, a BepTHKanbHhe y KBagpara B 7, To ac-
THTMaTH3M paBed 7 —5=—2". Paccmatpupanne wu3o6pamenus 0G6n-
€KTHBA MHMKDOCKONOM MPHHIUIHAALHO HE HMEeT HHKaKOro mpe-
HMYIIeCTBA Nepel NpDHMEHEHHeM OOBLIYHOA JAYOH H HE NMPHHOCHT
HHKAKOH MOJb3H B CMBIC/IE YBEJHYEHHS paspemawniieii cnocoGHOCTH.

Cpasnenue paspewarnoutefi CnocOGHOCTH OGBHEKTHBA, BHIBELEHHOR
Ha OCHOBaHHH (opmyaw (61), ¢ paspemawues cnoCoGHOCTHIO, Of-
peleTeHHOH HA ONTHYECKOH# CKaMbe, N4€T OKOHYATEJNbHYIO OLEHKY
KauecTBa OOBEKTHBA KaK B OTHOLIEHHHM ero paspewanomed CHJH,
T4K H B CMBIC/JE Ka4ecTBA H300paMeHHs.

[lepeuucaeHtsle OCHOBHHE 3JIeMEHTH HCHBITAHAA HOTOO6HEKTHBOB
H MPeTCTaBadioT co60d MeTOMHMKY HCCJIeA0BaHHS OOBLEKTHBOB HA

OOTHYECKHX CKaMbaAX.

HT100m 3dKOHYHTL pasfies JAa60pPATOPHLIX METONOB MCHHTAHHUA
O0DbEKTHBA, OTMETHM OYeHb HHTEDECHHH METOJA HCHTAHUA (HOTO-
00bEeKTHBOB, NPENNOKEeHHuH Berrayepom. Meroa 3TOT uHTEepeceH
TEM, UTO OH N3eT KA4YeCTBEHHYI0 H KOJMYECTBEHHYI OLEHKY HCIH-
Tyemoro oObexkTusa nyrem (QororpadupoBaHus CHeUHANLHOA MHPH
Berrayepa (pfic. 170).

Ha pmc. 171 npeacrasnena ¢ororpadus mups Berrayepa, cusras
(oTooGbekTHBOM 110 MeTOAY BeTrayepa, nmpuuem Kamaas OTAeNdb-
Hasg MajeHbKas (ororpadus MHDH CHATA MPH PA3HHEIX HAKJIOHAX HC-
OHTYEMOT0 (PoTo0OBEKTHEA.

Puc. 171 paer sapkoe npexcTaeienHe 06 omubkax GoTOOGHLEKTH-
Ba KAK B OTHOUICHWH KPHBH3HH H300DaMeHHs, TAK M NPHCYTCTBHA
KOMBH TI0 HECHMMETDHH H306PakKeHUil BEPTHKANBHLX U TOPU3OHTANL-
HHX JIHHUA MUDHL. z

B samoe nocaexnee spema Tpafiman npeanoXun uHTEpHEpEHIHOH-
HBI# METOJ WCCAeN0BaHHA OMWHG0K (HOTOOGHLEKTHBA, 3TUM CHOCOGOM
O0HApYKUBAIOT ChepHueCcKyI0 abeppaiyio B BeCbMa HarAaHOH dopwe.

3. Ucnbitanue dhoToo6LeKTHBOB HENocpefCTBeHHO
8 doToannapate :

MoxHO caenaTh OTHOCHTEJBHO TOYHOE MCNHTAHHE (OTOOGHEKTH-
B4, HaxoadAwerocs B ¢oroannapare, H 0e3 O0COGHX CHEUHATLHBIX
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NpHOOPOB HJAM TPHUCNOCOOAEHHH, TOJb3YACh AHMIbL JAMCTOM BATMaH-
CKOMt GymarH, oukoBOH nuH30# u 0GHuHON GoTorpaduyeckon aynoi.

B gauzectBe 00bEKTa YacTO CTAPAIOTCH HAATH NpeAMEeT, 3HAUH-
TeJbHO yAaJeHHHH (HAaXOAslHicCA B OECKOHEYHO-
CTH) M JZOCTAaTOYHO YJAOGHLIi B OTHOIIEHHH KOH-
¢urypaunn. Tak xak sT0 He BCerga yAaercd, TO
PeKOMEHIYeTCsl B KadecTBe O0BLEKTA [10Jb30BATh-
Csl UepTexoM MHpPH (puc. 165), BocnpousBeieHHOR
TYMBI0O HA BaTManckom Jaucte. Yrtobw ycrano-
BHTb TakKO# uepTeX B OECKOHEYHOCTH, HeoOXo-
AHMO HMeTh OJIHy OuKOBYI0 JuH3Y B 0,25 D,
KOTOPYI0 H HACAKHMBAKT € MOMOIIbIO BOCKA Ha

Prc. 171.

Puc. 172,

BXOAHOE oOTBepcTHe (oTooGHneKkTHBa. I[loMecTHB Ha paccTOAHHW
4 # OT O6HLEKTHBA YNOMAHYTHIH YePTEK, MBl CJAEROBATEABLHO Oylem
WMeTb ero B (okyce ouxoBoft JuH3W (0,25 D—4 x), uto jaer
N0 BHIXOJ€ H3 HEe NapaiJenbHbl NMy4oK ayueir,

Pasymeerca, oTaenbHble KBAaApaThl MHPEI CA2AyeT BHIUEPTHTL B
OnpeneseHHOH YrA0BOH BeAHdHHE, OTHOCH €€ K (DOKYCHOMY paccTos-
HHIO JHH3H B 4 .

YKpenus H XOpOWIO OCBETHB YEPTEX MHDH, MOXKHO NPHCTYOHTE
K HCOHTAHHIO (POTOOOHLEKTHBA B OTHOINEHHH KauyecTBa H300paeHns,
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paspeamuiel cuas U onpejenaeHus (QOKYcHoro paccrosuus. Benen-
CTBHE TOTO, YTO MAaTOBOE CTEK.J0 hoTOannapara 3HAYATENLHD YMEHb-
maeT Pe3KOCTh ¥ APKOCTb M300pPaeHHs NpejMera, peKOMEeHAyerca
AN YHOMAHYTHIX MCOBITAHWH BMECTO MATOBOTO CTEKJAa CTABHTDL.
OOBIYHOE YHCTOE CTEKJO uﬂacfmﬁm C ynancHHOH sMyancued. Takoe
CTeKI0 He Oyner QUKCHPOBATH H300paXKeHHEe NpeAMeTa, H HYXKHO
OHO HCK/IIOYHTEJBHO AJA YyNOpa Kpas Jyns, KOTOPOHl H paccMaTpH-
BAETCH H300paiKeHHe MHDH.

HaBoxka Ha peskocTs B 5TOM cayuae OPOH3BOAMTCA Henocpes-
CTBEHHO JYNO#H, T. €. CTEKJ0 C NPHKaTofl K Hemy Aynoil nepeme-
Ial0T 0 TeX Mmop, MOKa He NoJy4arT OTYETAHBOrO M PE3KOro H300-
paXeHnsd YEPHHX M CEETJIHIX NOJOC.

Oneska xauecrTsa u paspemiaouieidl CHJILI NPOH3BOAHTCA TaK Ke,
KaK 3TO OLIZI0 YKa3aHO BHILIE.

Onpenenenne Beanunnnl HOKYCHOTO DACCTOAHHA O6LEKTHBA B Ka-
Mepax ¢ ABOfiHBIM paCcTsKEHHEeM Mexa KpafiHe HecaoxHO. Crenas
HABOAKY Ha PESKOCTb B MNJAOCKOCTH CTeKJd OT GeCKOHEYHO OTAa-
JEHHOTO NpeAMeTa (B HAIIEM CyYae—MHDa) H OTMETHB MOMOKeuHe
CTEK/A, yAaAsl0T HAAETYI0O HA OODBEKTHB OYKOBYIO Jaud3y. [lepex
OOLEKTHBOM Ha €ro ABOHHOM (JOKYCHOM DACCTOSIHHH MOMEIaioT He-
Conbmylo JUHEHAKY, Dasfe/eHHyio, HA MHJIMMETPH. [IPUAOKHB - K
saaHeMy crekay doroannapara BTOpOii IK3EMNJAD TaKOH xe Ju-
HeHKH, NOGHBAIOTCA COBMEINEHHA pPE3KOCTH H306paeHdd JHHECK,
KOr/la HX MAcwTalW B TOUHOCTH COBHAAyT JAPYr C JApyrom, T. €.
uzobpaxenue JMHEAKH npeiMera GyAeT OAHHAKOBO MO MACIITAGY
C JHHEAKOH!, NPUNOKEHHOH K CTEKay. ;

Ecau 570 nocTurayTo, T0 O0BEKT H ero H3obpakeHHe HAXONATCH
H2 NBOAHOM (DOKYCHOM paccTOAHHH. Tak Kak Mbl NpPeaBapHTENbHO
OTMETHJIHM NOJOKEHHE NJOCKOCTH 3aJHero CTeKJa, KOraa anmapar
6uin cokycHpoBan OT GECKOHEUHO YyAaNeHHOrO mpeAMeTa, TO, H3-
MEpHB Tenepb DacCTOAHHE QT 3TOH TOUKH JO CTEKJd, YCTAHOBJCH-
HOTO Hd ABOWHOM (POKYCHOM DPAacCCTOSHWH, HOJY4YHM BENHUHHY SKBU-
BaJIEHTHOr0 (OKYCHOrO paccTosfHHA OOLEKTHBA OT 3ajHelf ero rias-
HOH "NMJOCKOCTH. -

Hro6n u36exaTh OMHOKR OT HENPABHALHONH (OKYCHPOBKH JYIH,
HEOOXOAMMO €€ YCTaHOBHTH TOUYHO Ha (okyc mepenue#t (0T 06%b-
€KTHBA) CTOPOHH NPO3PAYHOr0 CTeK./d, s Yero Ha 3TOH CTOpoHe
CTeK/a AGNAIOT HECKOAbKO ILAPAaNHH aaMasoM, MO KOTOPHM ¢o-
KYCHDYETCH JAyna.

4. CranpaprHblii MeTop,
HCrbiTaHnAs 0GbLEeHTUBOB

Mul yie ynOMHHAA#, YTO OCHOBHBIM 3JEMEHTOM HUCOMLTAHHA (O-
TOOOBEKTHBOB SBJASETCA ONpEeLe/eHHe KA4ecTsa H300paKeHud H HX
Paspewawonieffl CIIOCOGHOCTH. I3TH JBAa 3JIEMEHTa HCOKTAHAEA H
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ABAAIOTCA CTaHAZPTHBIM METOAOM HcCaeA0BaHdA (POTOOGHEKTHBOB
Ha GOABMIKMHCTBE ONTHYECKHX 3aBOJ0B.

Kax npaBu/io, KawaIbifl CA0XHBIH (OTOOOBEKTHB THIA aHACTHrMa-
Ta NPOBEPALTCs 3dBOAOM, Mpex e YeM OH GyieT BHIIYIEH HA phI-
HOK; B 3TOM CiAyude HEoOXOAHM CJAE€A0BATE/NIbHO TAKOH METOI HCMbI-
Tanus, KOTOPHIH, C OAHOH CTOPOHB, TapaHTHPOBAI OB KadecTBeH-
HYI0 CTODOHY HCHBLITaHHHA, C APYyrofi—He TpeboBaa Oul MHOrC BPEMEHH
¥ OblJI 110 BO3MOXKHOCTH HPOCT.

Ha ocnoBanuu pajga xer paGoTH 3aBOACKHX Ja6opaTOpHil OnTH=
4eCKHX 3aBOJOB MO MCHBITAHWIO (POTOOGHEKTHBOB BhipaboraJca on-
peAe/ieHHbIH CTAaHAAPTHLIH METOJ HX HUCNBITAHHA, NPHHATBIA BCEeMU
ONTHYECKHMH 33BOJaMH.

Onucauue TaKOrO0 CTaHAAPTHOTO METONA W Jaercs HEXe. B oc- -

HOBHOM METOJ HCIOHTaHua cocrout B Qororpaduposanud ocoboit
6ONLUION TAaGAUUB HCHBITYEeMBIM OOBEKTHBOM; TMOAYUYSHHBIH TAKHM
00pa3oM CHEMOK HMCCJAEAYIOT M N0 Pe3y/abTaraM HCCAEJOBAHHA CYIAT
0 KauecTBe OObLEKTHBA.

CxemMa pacnosomeHusi YCTAHOBKH Aaetcs HA pHC. 172. Ha mute 4
HAaKJeeHH B COOTBETCTBYIOUEM NOPHJKE OTAe/AbHEE Ta0JHUH C PH-
CyHKamMu, MOAOOGHBIMH TeM, 4TO H30o6paxkeHer Ha pHC. 165
(¢ pasHBIMH BapHANUAMH); pa3Mephl CaMOro MIHTA AOMKHEI GHTh
JOOCTATOYHO BEeJHKH, uTOOH [aBaTh BO3MOMHOCTb MPOBOJHMTH MCMbI-
TAHHE CAMBIX IIHPOKOYTOJbHBIX OOGBHEKTHBOB.

Ilns paBHOMEPHOTO OCBEllEHHs IMHTA YCTPOEHbl COPHTH B, naiwo-
1lMe CBET OmpeleleHHOH M NOCTOAHHOH sipkoctH. Bupaso or skpa-
HA NOKa3aH HCHeTyemHil Goroobrextus B, paomuil B QoxaasHOH
nnockocTH [ uaobpaxkeHHe TabJAHL, HAK/JIEEHHHX Ha LiHTe,

O6vekTHB, NOANEKAWAA HCCAEA0BAHNIO, MOHTHPYETCA B CIELRH™
AJBHYIO Kamepy, NepeiBHTaINyi0CcAd B3aj H BOepej N0 OTHOUICHHIO
K IHTY.

Taxk xax B reOMETPHUECKOH ONTHKE Xol4 Jyued B OIITH‘IeCK_YIO
QCHCTEMY BCeria HPHHHT B BHIE l'ly‘ll{& napajaebHLIX JIy‘-lEH, TO
TAKOH INMUT CAef0Bal0 O OTHECTH B GeCkoHeuHOCTh. OAHAKO B Jaa-
6opaTopHOit NPAKTHKE OrPAHHYHBAIOTCA PACCTORHHEM WHTA A0 06B-
©€KTHBa, paBHEIM 50'kpaTHOMY (OKYCHOMY DACCTOSIHHIO HCIBITYEMO-
TO 0GBEKTHEA.

HcnuiTanue BLIMIEYKA3aHHEIM METOZ0M CBOJAHTCHE K YCTaHOBKE

$0oTOOOBEKTHBA B KaMepy, HABOJKE C MOMOIIbIO JVOh HA PE3KOCTh
nw300pawenus TaGJAHI HA IUHTE H HENMOCPeJICTBEHHOMY HX ¢dororpa-
¢duposannio. M3yueHHe CHHMKA JOJUKHO BECTHCh HA OCHOBe HAIIHX

yKkaszauuil, NIPHBEAEHHEIX B pasjieie O na6OpaTOPHHIX METOAAX HC-
NBTaHAA OOBEKTHBOB.

Camo co6oio0 pasymeercs, u4TO H3o0paxenue, naBaemoe Hcmﬂy~
€MHM OOBEKTHBOM, MOKET OLITh HE TOJABKO c¢01‘orpa¢apoaaﬂo, HO
H PacCMOTPEHO NpPH MOMOMIA MHKPOCKONA MM JAYMEL
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B ykasannom merojne BauGoabiueld TPYAHOCTHLID SBAAETCH H3ro-
TOBJGHHE HCMBHITATENBHOrO INATA, HA KOTOPOM HEOGXOAMMO HaKie-
uTh Tabauubl OAHHAKOBOro Macmtala B NOpsaxe, 0GecrneyHBAOLIEM
HCOLBITaAHHE BCEro noJas 3pEHHA B OTHOIIEHHH Kak aGeppauHH TdK
u paspeapomeli coocobrocTH. Oceemenue iuTa AOIKHO NPOHS-
BOJIWTBCH He TOJbKO COOKY, HO H CBEpxy.

3agaud " npmleﬁu Kk VI raase

1. I'lpu uccaenosaHHH CBHJAEH B ONTHYECKOM CTEKJe MOMHO OGHA-
pyxuTth 1 napanunnl. Kakum o6pasoM OTAMYHTE CBUJbL OT HAPaTHHE?

2. [Touemy HATHKEHHE B ONTHYECKOM CTEK/IE YXYAMIAET KaueCTBO
@300paxeHnds 00beKTHBA?

3. Uem O0BSCHATH, UTO JAYYH H3 KOJJHMATOPA ONTHYECKOH CKaMbH
BHXOIAT Tapa/jlieJbHHM Ny4KOM?

4, MoryT JH BO3AYIUHEIE OY3BIPbKH B CTEKJI€ O0BEKTHBA YXYALIHTh
ero KayecTso?

5. Kakoe ortnocHTEeabHOE OTBepcTHe OGyaer B OOBEKTHBE, €CaH
ero BxoaHoe orBepctHe paBHO 30 aa,a f' =150 mar?

6. 3uan sKBUBAJIEHTHOE (POKyCHOEe paccTosinue 00BEeKTHBA, KaK y3-
HaTh, B KAKOM MECTE€ HAXOAMTCA TJABHAA 38JAHAA NJIOCKOCTH 00%-
eKTHBA?

Hast 5TOT0 HYXHO NPOMEPHThL BeplIHHHOE (DOKYCHOE paccTosHue
STOTO XK€ OOBEeKTHBA, 4 BepUIHHHEIM (OKYCHHIM pACCTOSHHEM MBI
HasblBaeM pACCTOSHHUE OT MNOCAEAHEH NOBEPXHOCTH OODBEKTHBA 10
raaBHOM ¢0}<anhuoﬁ naockocTH. Onpenenus 5TO pacCTOSHHE, BHIUTEM
ero u3 f', H MOJAYHYCHHLIH OCTATOK YKa)eT HAM NOJOMeHHe 3ajHel
naockoctd. Hanpumep: f'=—245 wuum, sepununoe GoxycHoe paccTo-
sAHue paBHO 232 MM,— C/A€A0BaTENbHO 3aJHsis IJIaBHasg MNJIOCKOCTh
o6bexTHBa OYAET HAXOAMTHLCA BJEBO OT MocAeNHell TMOBEPXHOCTH
Oo0beKTHBA HAa PAaCCTOAHUH 240 — 232 = 13 .

7. [ToueMy npeinovYHTAIOT NOJb30BaHHE MOHOXPOMaTHYECKHM CBe-
TOM OPH HCOHTaHHH oObekTHBAa Ha cepuueckyio abeppauumo?r
_ 8. KakoBa noamna ObITh pa3pelluTensHas COOCOGHOCTE O00BeKTH-
Ba jguamerpom B 50 awu?

9. MoXHO JH YBeJHUHTh DAaspemanuylo CHAYy OOBeKTHBa, €C/IH
paccMaTpuBaTh ero H306pa)keHHE CHABHBIM MHKPOCKONOM?

Her, Tak kaK B STOM CAy4Yae MH OOHapyXMM JHIb OTAEALHEIE
netanyu H300pawenusi, He BHIUMbIE NPOCTHIM IJa30M, HO HE CMO-
JKEeM yBeJUUHTh paspeuiaouiedl cnocoGHOCTH O6beKTHBA.

10. Bauser an Bennuuna (QOKYCHOrO pacCTOAHHA OGBLEKTHBEA Ha
€ro paspemanmyio Cnoco6ROCTh?

11. Yem O6BACHHTH OKDAUIMBAHHE KPAaeB MPEIMETa B KPAacHLIA H
s16/104H0-3eJIeHbIH 1IBET MPH HAMHYMA [LOCTATOHHO PE3KOH KapTHHH
H XOPOWETro KayecTsa u3o0paxkeHus?
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B nauHom cayuae Mbl nmeeM 06bLeKTHB, Y KOTOPOTO HAaJHIO BTO-
PHUHBIH CNEKTP. :

12. Kax Ha3uBalOTCA OGBEKTHBLL, Y KOTOPHIX YCTPAHEH BTOPHUHEIN

CIeKTp?

13. Ii'ir:.rm NP HCUEITAHHM OObeKTHBA mOAyuyaeTcA OOWMH BsA
TOH H300pa)keHMs NPW Xopolei paspewawnmeli cnocoO6HOCTH H OT-
CyTCTBHH XpOMaTH3Ma, HEOOXOJMMO IIPOBEPHTb HHCTOTY CTEKOJ
00beKTHBa —HET JIM HA HAX NATEH H rPsi3n. _

14. Kaxomy. HeXOCTATKy cJeflyeT mpHOHCcaTb oOpasosaHHe GIuKOB
B hOKaNbHON IJIOCKOCTH OGBEKTHRA? :

Mocksa —agmgno, 1935 r.

fipunomeHus

1. lMNpaeuna yxena
¥ XpaHeHHA thoToo6bLEKTHBOB

Ecan xomcrpyknus Qortoannmapata nospoaser GuicTpo H cBOGOX-
HO BHHHMATL H BCTaBJATh (DOTOOGDBEKTHB, TO CAEAYET BCErAd, KaK
NpaBU/IO, TAKOH OGLEKTHB XPaHHTH B (QyTaspe, Korja doToannapar
HE paboTaeT, M He OCTABAATL €ro B Kamepe.

Heobxoaumo TuiaTeasHo o6eperath 06K THB OT NBITH, ABAAONIE =
Cd TAABHEIM (DAaKTOPOM Pa3pyIUeHHs CTEK/1d; YAANATh NblIb CAELYET
YACTOH KHCTOYKOH, MOCAE HYero PeKOMeHAYeTCs c/erka IpOTepers
JIHH3bl OGBEKTHBA, €CAM 3TO HEOOXOAKMO, MSATKOMN CTHpaHo#i no-
JNOTHAHOA TPsnoukoi. [Tosp3oBaThea samiued KaTeropn4eckd BOC-
OpEIlAETes, TaK KAK'B KOXY 3aMilli 3anajaloT KpynHbE MeXaHH-
YECKHE YACTHYKH M, OCTABARICH TAM, HAHOCAT LADANHHEI Ha JAHH3bI
O0LEeKTHBA NMPH NPOTHPKE NOCAEeNHHX. CHefyeT 10 BO3MOXHOCTH
Halie MEHATh MOJOTHAHYIO TPANOuKy. HyXHO momHHTSH, uTO, HeM pe-
#€ Mbl IDOTHPAEM JIHH3BI O0BEKTHBA, TEM MEHbIUE HMX NApanaeM.

HexoTopsie copra onruueckux crexos, YOOTPeOASeMEIX /I H3I0-
TOBJIEHEHA (POTOOOBEKTHBOB, BECEMA UYBCTBHTENBHH K NpEKOCHOBE-
HHIO NaJbIEB, B PESYJLTATE YEr0 BOSMOMXHO O6pa30BaHHEe HAJIETd Ha
OOJHCOBAHHON NMOBEPXHOCTH JIHH3BL.

B mpouecce skcnoatanun o6texTHBa Hen3GexHO obpasoBanue Ha
JIMH33X, B OCOJEHHOCTH Ha MEepefHell JWH3e, HEKOTODPOIO Hazera,
UHOrAa B BHAE MAC/JSHHCTOH MJEHKH, HHOrAA2 JKe B (DOpMe HBETHOH
PanyKHOH KafMbl MO BCell NOBEPXHOCTH JMH3H. B 5TuX cay4anx
HEOOXO0/HMO JHH3HI OOBEKTHBA NpPOTEpeTh TPANKOH, CMOYeHHOH
B cnupre. He caenyer tpsinky cmaumparh COHPTOM OOHJIBHO, TaK
K4K H3MMUIKH CNHPTA4 MOTYT NPOATH MOA ONpaBy CTEKAa H HAYaThb
paspymenue 6anp3ama, KOTOPHIM CK/NCHBAIOTCH OTAEJAbHLIE JIHH3BI
o6bextuBa. [lo sToll e npuumse wne JIONYCKAETCs NPOTHPaRHE
JHH3 3(HPOM BBHAY €r0 YpesBLYANHON AKTHBHOCTH B paspyuie-
HHH Gasib3aMa. Ecam HanzeT ¢ mOBEpPXHOCTH cCTekaa OT COupTa He
CXOLHT, TO MOXHO NPOTEPEThb JUH3Y CIa0LIM PacTBOPOM YKCYCHOI
kucaorsl (0,5%); ecaH ¥ nmocae 3TOr0 Hager OCTAHETCH HA CTeKJe,
TO yJlaJeHHE ero BO3MOXKHO TOALKO MOJHPOBKOI. ‘

PassunuuBath H pas6upath OGBEKTHB 6e3 0coGOMH HYXAH He
DEKOMEH/YeTCs, H TONLKO B KpafiHeM cayuae fonyckaerca pasGop-
Ka OOBEKTHBA ODH HENPEMEHHOM YCAOBHH COBEPUIEHHO TOYHOM
cOOpKH OTAeABHBIX NHH3. Hano 0c060 Tmareasno 3a60TuTees o TOM,
YTOGH! NMPH CBHHYUBAHUM JMH3L OLIIM BHOBb BE€DHO MOCaXEHB HA
CBOG MECTO H 10 KOHN4, TaK Kak HEBHINOJHEHHE 3TOTO VCAOBUSA
HApYMAET UEHTPHPOBKY CHCTEMBI H YXYAILAeT KaYecTBO OOGLEKTHBA. .

v
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