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NMPEANCNOBUVE PEOAKTOPA TEPEBOJA

«YBUWIEHHAA BMepBble rosorpamma 3aso-
paXKnBaeT, HO A nonarat, 4YTO (*JI/I3I/I'-I(-Z‘CKO(-Zl
00bACHEHME TOro, KakK OHa pa60TaeT, npo-
N3BOAMNT HE MEHbLLLEE BrevaTeHne».

M. YWHbOH, «3HAaKOMCTBO C ronorpadmei»

NasepHas  ronorpaus—-cpaBHUTENILHO  MO/04as
06/1acTb COBPEMEHHON (PU3NKM — Y)XKe 3apeKOoMeHAoBana
cebsf M Kak Hay4Hblii MeTOf, W KaK CpPeACTBO [A/1F peLle-
HUA LUMPOKOro Kpyra npuKnagHblX 3afad. M3gaHHas Ha
PYCCKOM f3blKe NUTepaTypa Mo ronorpauy BecbMa 06-
LUMpHA — 3TO W Cepbe3Hble MOHOrpaun, v MonynspHble
OpOLLIOpPbl OTEYECTBEHHLIX U 3apybOeXKHbIX aBTOPOB. Tem
HE MeHee y Hac [0 cvMX Nop He 6bl10 KHUMM, B KOTOPOW f0-
CTaTOYHO BHUMAHMUA YAensanocb Obl He TONbKO (U3NYe-
CKUM MpUHLUMNaM ronorpagum, HO U OLEHKE ee Kak He-
06bIYHOTO M306pa3nTeIbHOr0 CpefcTBa. JATOT npoben B
Kakon-To Mepe MOXET BOCMO/MHWUTb npeffaraeMas BHUMa-
HUIO uuMTaTeNs KHWUra MOJI0fOr0  aHr/IMICKoro  qmsmka
M. YuHboHa. Bnepsble paboTa no ronorpaumn agpeco-
BaHa He MNPOCTO «LUMPOKOMY KpYry» u4uTateneid, HO W
KOHKPETHO ~ XyZOXKHUMKaM 1 paboTHMKaM  WCKYyCCTBa,
KOTOpble YXe CerofHs MOryT WCMo/nb30BaTb rosorpapuio
B KayecTBe HOBOIO M300pa3nTeNibHOINO CpeAcTBa. JTO
HarnggHo  WAMKOCTPUPYETCA  MNPUBELEHHBbIMW B KHUre
COBMECTHbIMM paboTamy (PM3MKOB U MPOGhecCMOHaSbHbIX
XY[,0XXHVKOB.

ABTOp 3aTparvmBaeT 60/bLIOA Kpyr BOMPOCOB — OT
COBpEMEHHbIX MNpeACcTaB/eHnii 0 Npupose CBeTa W MpUH-
uMnoB paboTbl Nnasepa A0 MPUMEHEHWIA Na3epoB U OMU-
caHus ronorpagmyeckon nabopatopumn, npu  3TOM K
ronorpauu OH MOAXOAMUT Kak K WUCKYCCTBY (XapaKTepHo,
4TO ronorpaguyeckyto n1abopaTopmo OH Ha3blBaeT «CTy-
Aveii»).  HO  u3noXeHue  pas3fenoB,  MOCBALLEHHbLIX
nonynsapHoOMy OOBACHEHUIO  (PU3NYECKMX OCHOB  ro/o-
rpauun, Bcerja oOCTaeTcs  (QU3NYECKN  KOPPEKTHbIM.
PacckasblBas 0  BO3MOXHOCTAX U MepcrnekTmBax



ronorpagun, M. YWHbOH HOLHOKPATHO MNOAYEPKMBAET,
4TO OHa, Kak W M60N APYroin MeTon, WUMeeT NPUHLMMKN-
aNnbHble (DU3MYECKME OrpaHUYeHnUs. ITO CyLLEeCTBEHHOE
[OCTOVHCTBO KHUMW, MO3BONAOLLEE MNPaBUIbHO OPUEHTYU-
poBaTb  HEMOArOTOB/IEHHOTO  uuTaTens.  HekoTopble
3aTPOHYTble aBTOPOM acrekTbl rosorpagun [0 CuX Mop
B OTEYECTBEHHOM nuTepaType MpPaKTUYeCKn He OcBeLla-
NINCb — pafy>XXHble rof0rpaMmbl, MY/bTUMNNEKCHbIE TOJ10-
rpamMMmbl, NpPUMeEHeHWe ronorpanm B WCKYCCTBE, apXu-
TEKType, 00y4YeHun.

KHura HanucaHa 4enoBEKOM POMAHTUYHBLIM WU YBIie-
YEeHHbIM, TMPUYEM YB/IEYEHHbIM HE TOMbKO BHELUHUMW
MPOSIBNIEHUAMU W LUAPOTON MPUMEHEHWUs  rosiorpapuu,
HO TaKke W (M3NYECKUM U3ALLECTBOM MeToda. MHe
KaXeTcs, 4YTO aBTOpy Y[aeTca nepefarb 4WTaTeNto 3T
YB/eYeHHOCTb. BO3MOXHO, 4TO KOro-mbo w3 uuratesneu
3aMHTepecyeT 3aknounTeNbHasa rnasa, rge nogpobHo pac-
CKa3aHO, Kak CpaBHUTE/IbHO MPOCTbIMU CpeAcTBaMy camo-
cToATe/NIbHO 060pyfoBaTh ronorpaguyeckyto naboparo-
puto. Mogo6Hble nabopaTopum MOryT ObITb CO34aHbl Npu
LUKOMbHBLIX (PU3NYECKMX KabUHeTax, B (DU3UUECKUX KPYX-
Kax, B [loMax TeXHW4eckoro TeopyecTBa. Bce Heobxoau-
Moe o06opyaoBaHVe (BKMOYas nasepbl U crieyuasnbHble
ronorpauyeckne 3MysibCuM) BbIMYCKAETCA OTeYeCTBEH-
HO NPOMBILLNIEHHOCTBHO.

HekoTopble BOMpOChbl, Npexzie BCero Kacarolymecs
(h3nyeckor Npupofbl CBeTa W T. ., U3N0XKeHbl aBTOPOM,
ObITb MOXET, HefoCTaTO4HO MOMHO M cTporo. OfHako
B KHWre nofo6HOM HamnpasfeHHOCTU B TOM, BWAMMO, WU
HET Heo6X0AVMOCTW; TeM He MeHee B OT[e/bHbIX Cny4vasx
B MpWUMeYaHusX chenaHbl COOTBETCTBYHOLME YTOUYHEHUS.
C o6onee CTpOrMM  (PM3NYECKUM  OMMUCAHWEM  SB/IEHWIA
ynTaTe/lb MOXKET MO3HAKOMUTLCA B KHUrax, MepeyucrieH-
HbIX B iMTepaType, KoTopas AOMOJIHEHAa CrWCKOM MCTOY-
HUKOB Ha PYCCKOM A3blKe.

A. JlapkvH



«Bam OTKpbIBaeTCA OKHO, GeckpaliHWii ropuU3oHT, uepHble obnaka, Oy-
Luytollee MOpe, HO BCE 3TO — TOMIbKO M306paxkeHue. Bbl 3HaeTe, uTo
Nlydn CBETa, OTPaXasCb OT Pas/MYHbIX MPEeAMETOB, (HOPMUPYIOT Kap-
TUHY W CO34alOT M300paXKeHWsi Ha Mto6OW rnagKoll MOBEPXHOCTH, Ha-
npUMep CceTyaTKe rasa, MOBEPXHOCTM BOAbl W cTekne. [lepBo3faH-
HbIl fyx NOMbITaNcs 3aMKCUPOBaTb 3TW  MUMONETHBIE «BUIEHUA»;
OH U1300peN TOHYAWLLWA, YYBCTBUTEMbHLIA ¥ ObICTPO TBEPAEHOLLMIA
Knelikuii MaTepuan, Ha KOTOPOM W306paXKeHue CO3[aeTcsi B MrHOBe-
H/e OKa. JTUM MaTepuaioM MOKPbIBAOT CTEKNSHHYIO MMACTUHKY W
YCTaHaBNMBalOT ee nepes 00bEKTaMM, KOTOpble XOTAT «3apucoBaTb».
Ha nepBbiii B3rnsg Takas KapTMHa HarOMMWHAeT OTPaXKeHMe B 3epKa-
ne; Bbl BUAWUTE U G/IM3KO PAcrONOXEHHblE W YyJaneHHble NpeaMeThl,
OT KOTOPbIX K BaM MOXET npuxoguTb CBeT. Ho B OT/Muve oOT
3epKasla Hawa KapTWHa Gnarofapsi 0Oco6bIM CBOCTBaAM  K/EiKOro
maTepuana CrnocobHa «xpaHUTb» 3T M306pakeHus. 3epkano fJaet
abCOMOTHO TOYHbIE OTPAXEHWS MPeAMETOB, HO CTOWUT UX Y6paTb, Kak
TOTYaC MCYE3aT W UM306paXKeHUsi; Halla Xe «KapTuHa» MoKasbiBaeT
BCE MPeAMETbI CTOMb Xe TOYHO U BMECTE C TeM HaBCerfa «COXPaHseT»
ux o06pasbl. V1306paKeHMe Ha MrHOBEHME BO3HMKAET Ha MAacTUHKe,
a 3aTeM ee ybupaloT Kyfa-HMbyab B TeMHOe MecTo. [puMepHO uepes
yac MnacTMHKa BbICbIXaeT, M OTHbIHE Bbl pacronaraeTe KapTUHOM, Ko-
TOpas Mpexze BCEro LieHHa TeM, YTO ee HeMb3s MofAjenaTb UCKYCCTBEH-
HO M OHa He pa3pyLUaeTCsi CO BPEMeHeM... TOYHOCTb 3apWUCOBKM, Npa-
BW/IbHOCTb OTOGPaXKEHUs, Cua WM CcnabocTb BMeYaT/IeHNs, TeHeBble
OTTEHKM, 3aKOHbI MEPCreKTUBbI — BCE 3TO 3aBMCWT OT CaMOI MpUpoAbl,
KOTOpas YBEPEHHO W HMKOTAa He OLMbasch PUCYeT Ha Halux Kap-
TUHaX 06pasbl, «06MaHbIBAOLLME» HALLl [N1a3».

TughaHb ge na Pow, Giphantie, Mapmx, 1760
(AHrnmiicknii nepesog, 1761)

«f oLyLan MPUKOCHOBEHbSA HbIHELLHEro MUPa,
£ 4yBCTBOBa/, YTO B 3TOT MMP B/IHOGIEHY.

[>KoHaTaH PUYMeH U COBPEMEHHble BOG/EHHbIE
Roadrunner, © Modern Love Songs, 1975
(C paspelueHus komnaHuM «buseknn Pekopa»)



BBEAEHNE

BOMbLWMHCTBO aHIUIACKMX CNOBapei TOMKYeT C/I0BO
«ronorpa»  Kak  Kakoi-nmbo  [OKYMEHT,  Lie/IMKOM
HarnMCcaHHbIA NULOM, MO UMEHeM KOTOPOro OH BbIXOAWT
B cBeT. B Hauvane 60-x rofos amepuKaHCKMe Yy4yeHble
UCMONb30Ba/IM  CMIOBO  «rofiorpag» (WM «rosorpamm
Ma») — OYEeBWAHO, He 3HAasA ero TPagWLMOHHOro 3Haue-
HUS — B KayeCTBE HAa3BaHWS HOBOIO YCTPOWCTBA, KOTO-
poe co3jaeT 06bvemMHoe u306paxeHue npeameTa: holo
O3HayaeT «MOMHbIA»  (BeCb) U graph — «KapTuHa»
(n306paxkeHune).

MpyHUMNLl - ronorpaduu  Brepeble  OblIN  U3/I0XKEHDI
aHIIMACKUM  yYeHbIM  [leHHuUcom [fabopom* B 1948 .
B TO Xe Bpems BaXHOCTb 3TOr0 OTKPbLITUA elle He
Oblna BMNOMHE OYEBUAHOM, U NNLIb O4eHb HEMHOrMe Wccre-
posatenu, paboTaswwme B 50-e rogbl B AaHHOM o6nactu,
cTpaganu OT OTCYTCTBUA MOAXOAALLEro WCTOYHMKA CBETA,
KOTOpblin 06nagan Obl BecbMa BaXHbIM CBOMNCTBOM —
KOrepeHTHocTbto. B 1960 r. 6bln M3roTOBMEH MNepBbl
nasep. OTOT npubop cO3L4aeT CBET [OCTATOMHOM Kore-
PEHTHOCTW, W aMepuKaHCKue yueHble WMMeT JlenT w
FOpuc YnatHuekc CMOrM WCMOMb30BaTb ero Ans nosy-
YeHWs MepBbIX rOorpaMM, CO3[aBaBLUMX W300paXKeHus
npeLMeToB BO BCeX Tpex u3mepeHusx. KccnepgoaHus
NpoLO/MKaNUCh B NOC/Mefytolye rofpl, ¥ € Tex Mop Ha
Temy ronorpaun OblnM OMy6aMKOBaHbl COTHU HAay4HbIX
cTtaTted W M3[4aHO MHOTO KHUI, XOTS B OCHOBHOM OHU
afpecoBaHbl  CKOpee CreuuanucTaM, Yem  LUMPOKOMY
ymnTaTento.

* B 1971 r. OeHHucy [abopy 6bina npucyxaeHa Hobenesckas
npemus Mo (u3nke 3a OTKPbITME MeToAa ronorpaguu.



BeposiTHO, rosorpauio npoLle BCEro oxapakTepuso-
BaTb KaK OOBEMHYK oTOorpaguio C UCMO/b30BaHUEM
nasepa. 3TO He BrIO/IHe Y[OB/IETBOPUTENLHOE OnNpefene-
HMe, MO0 CyLIeCTBYeT Hemalo [pYyrux BWAOB Tpexmep-
HO (poTOrpacmmn, OfHAKO B HEM OTPaXeHbl MHOrue
CYLLECTBEHHble ~ MOMEHTbI:  ronorpagus — 310  TEXHW-
YeCKWA MeTof, MO3BONSIOWMIA NPOM3BOAUTL  «3aMNMUCh»
BHelWHero Buga O00beKTa; OHa CO3[4aeT TpexmepHoe
n3006paxkeHne, KOTOPOe BbIMNAAUT CTO/b XXE MaTtepualib-
HbIM, KakK W peabHblli NpegMeT; UCMoNb30BaHWE Na3epoB
MMeNo peLuatoLliee 3HaYeHue A1 ee pas3BUTUS™.

Hawa kHWra— o0 ronorpaguu, O TOM, KaK OHa
paboTaeT, Kak MOXHO W HY)XHO ee NPUMEeHsTb, O npeje-
nax ee BO3MOXHOCTe/i U ee 0cobblX CBOMCTBaxX. Moeii
Lenblo ObIN0 pacckasaTb 060 BCEM 3TOM, OpraHWYMBasiCh
MUHUM&/IbHBIMWA  NpeABapuUTeNbHbIMA - CBEAEHUAMU O
3aKOHax W SABMEHUAX (PU3MKK, HA KOTOPbIX OCHOBaH
MeToZ ronorpaguu. B cBOMX MOMbITKax Yy3HaTb BCe O
ronorpauu g 6bi1 BbIHYXAEH NPOCMOTPETL OFPOMHOE
MHOXECTBO WCTOYHMKOB; B OOMbLUMHCTBE OHM OKas3anncCb
b0 y3KO cneumasnbHbIMKU, NGO, HanpoTWB, YpPe3MepHO
YMPOLLEHHO M B 00WEM HeAoCTaTOMHO MOSHO M3narako-
WMMKN  JaHHbIA npeaMeT. KOHeYHO, i He Mory MpeTeH-
[oBaTb Ha abCOMOTHYK MOMHOTY W3M0XEHUS, TeM He
MeHee MHe XoTenocb O6bl AgymaTb, 4TO MOsi paboTa
OTKpOeT uuTaTento Hambonee BaXHble acrekTbl ronorpa-
(un. B paBHOM Mepe 3TOT METOL MOryT WCNO/b30BaTh
KaK Y4eHble, TaK WU XYLOXHVKW, U A HALerCb, YTO AaH-
Has KHWra Mo3HaKOMWUT WX — XOTA Obl B CaMOR Mpu-
MUTUBHOW (hopme — ¢ paboTamu apyr gpyra. BonbLimH-
CTBY )Ke umTaTteneli KHura MO3BOAWUT Yy3HaTb 06 wucche-
[0BaHWAX, NPOBOAMMbIX B 3TOM HOBOW 06nacTu.

WN3yueHne ronorpagmu BHOCUT SACHOCTb BO MHOrue
BOMPOChLI, Kacaroumecs 06blyHOM hoTorpadun. ono-
rpams Kak 1306pasuTesibHOe CPeACcTBO CrOCOGHa faxke
6pocuTb  BbI3OB (poTOrpatimu, TaKk KakK OHa no3BONseT
6onee MpaBu/IbHO M TOYHO OTpPaXKaTb OKPYXaroLWMiA Hac

* B HacTosllee Bpems ronorpadveli HasblBalOT COBOKYMHOCTb Me-
TOZI0B, MO3BOMAKOLMX PErMcTpUpOBaTb WM BOCCTaHaBNMBATb WH{OPMa-
Um0 06 0ObeKTe Ha OCHOBE WHTEP(EPEHLIMOHHON 3anuWcn W au-
(DPaKLMOHHOr0 BOCTPOW3BEEHNA BO/HOBBLIX (DPOHTOB U3NyYeHUs. —
[Mpum.  peg.



Mup. VHOrga WCTOPMKKM CUMTAKOT  LiefiecoobpasHbiM  fe-
NATb  UCTOPUKO YeNIOBEYECKOW LMBWUAM3ALMKM Ha  3MOXK
Mo TwNam CPeACTB CBS3M, W3BECTHbIM B Te WM UHbIE
Beka. C 3TOM TOYKM 3PEHWS MOXHO rOBOPUTb, Hanpumep,
06 wuepornugax [peBHero Erunta wam  n306peTeHuu
neyatHoro crtaHka (1450 r.). B nocnefHee Bpems B
CBA3M C TEXHUYECKMM MPOrpeccoM  roCroACTBYHLLee
MOJIOXEHNE 3aHANN HOBble CPeACTBa CBA3W: TeNedoH W
TenesugeHne. Koe-KTo OTpMLAET, 4To B LENOM WX POfb
B pa3BuMTMM o0OLlecTBa BecbMa 61ar0TBOPHA, HO JIULb
HEMHOrMe NbITAOTCA CEPbe3HO MpoaHann3MpoBaTh, Ka-
KOBO >Xe BCe-Taku [eNCTBUTE/NIbHOE BNUAHWE TenedoHa W
TeNeBUAEHNS Ha >KM3Hb B COBPEMEHHOM Mupe. XOTH
ronorpagmsa Kak CpeActso WHGopMauMn noka elle npe-
OblBaeT B M/13leHYeCKOM COCTOSIHUM, €CTb OCHOBaHUs
OXWAaTtb, 4T0 B OyfylleM OHa B 3HAYUTENIbHOW CTEMeHu
3aMEHWT CyLLECTBYIOLLME CPeACTBa CBA3M WM MO Kpaii-
Heli Mepe paclwmpuT cdepy UX Aeinctsus. TeM He MeHee
B HaWwwW [HW Mano KT0 (MCK/IKYas, KOHEYHO, cnewua-
NNCTOB) nNpeAcTaBnseT, 4YTO Takoe ronorpausa un rpae
OHa MOXeT (MM He MOXET) HaT! MPUMEHEHWMe.

Maccosasd neuyatb ¥ Hay4yHO-(paHTacTU4ecKas fuTe-
patypa 4acTO MperogHoCAT roforpaguio B [0BOJILHO
NCKaXXEHHOM, HeBepHOM cBeTe. HepeAko OHW co3gartoT
B 0OLLEM HenpasWibHOe MpeAcTaB/ieHne 06 3TOM MeToe.
YBuieHHas BMepBble rosorpamma 3aBOPaXMBAET, HO 4
nonarat, 4TO (M3M4eckoe OOBACHEHME TOro, Kak OHa
paboTaeT, MPOM3BOAMT He MeHbLLee Breyat/ieHne. TONbKO
nocfie 3TOr0 HayuMHaewb MOHVMMATb Kak MOTeHUWabHble
BO3MOXHOCTW, TakK W Mpeesbl MPUMEHUMOCTM Tro/orpa-
(U — He TOJbKO CerofHs, HoO 1 B ByayLuem.

3ameyaHue Mo nosogy TEPMWHOMOTMU: OT CYLLECTBU-
TeNbHbIX «roforpaMma» U «ronorpad» (KoTopble WAeH-
TWYHbI MO CBOEMY CMbICNY) A 00pasyt rnaron «roso-
rpadupoBatb», KOTOPbIA — XOTA U He B LUMPOKOM YMOT-
pebfieHn — KaXkeTcd WX JIOTUYECKUM  MPOLO/IKEHUEM,
Mo aHasiorm c OOBLLEMPUHATLIM KCMO/b30BaHWEM C/I0Ba
«hoTorpag» 1 ero NPoOuU3BOLHLIX.

M. YWHbOH



MnaBa 1

O CBETE

UTto Takoe cBeT?

Kak >e OTBETUTb Ha BOMPOC: «4YTO TaKoe CBET?»
KOHCTPYKTOp CyAoB WcCnefyeT CBOMCTBA KaXKAOro Ko-
pabns, u3yyasa nNoOBeAeHVE €ero YMeHbLUEHHON Mogenu B
bacceiiHe € BOJOM; NOAOGHBLIM >Ke& 06pa3oM Yu4eHble
ONUCLIBAKT U WUCCELYIOT OKPYXaloLWMiA Hac Mup, CO3-
faBas ero abCTpakTHble MOZAENW, Ha3blBaeMble TEOPUAMMU.
3TV Teopun COXPaHSAKT Cuay [0 Tex MNop, Moka OHW B
COCTOSIHAM  MNPaBWIbHO MNpeAcKasblBaTb Te WM UHble
SBMIEHNS pealbHOr0 Mupa. B 3ToM cmbicie ronorpa-
(st — 3TO METOf, KOTOPbIA Obin «npefckasaH» B 1948 .
Ha OCHOBaHUW CYLLECTBYIOLLE/ Teopun CBeTa aHrIuni-
CKMM Yy4yeHbIM [leHHucom [abopom. [loaTomy, npexae
YeM rOBOPWUTL O TOM, YTO Takoe rosiorpagus, Mbl [0-
XXHbl OCTAHOBUTLCA Ha TeopusX, Kacarowmxca npupoasl
cBeTa W ero CBOWCTB. 10 W OyAeT HaWMM OTBETOM Ha
BOMPOC: «4TO TaKoe CBET?»

Teopwveil, KkoTopas npuBena [a6opa K OTKPbITUIO
ronorpaduu, 6bina BOMHOBAas TeOpWs CBETA, BrepBble

KameHb O

Puc. 1. BosHbl Ha NOBEPXHOCTU MpPYAa, CO34aHHble GPOLIEHHBIM Tyda
KaMmHeM. OHM pacxofsTcsi KOHLEHTPUYECKUMU Kpyramu OT TOro MecTa,
KyZa ynan KameHb.



npegioxeHas XpuctnaHom [rolireHcom (1629—1695).
YT0Obl 06BACHUTL CYLIHOCTL ITOM TEOPUW, CMEAYeT CKa-
3aTb, 4TO CBeT 06/1afaeT ornpese/ieHHbIMY CBOMUCTBaMM,
KOTOpble [eNatoT ero roBefieHne MOXOXMM Ha NoBefeHue
BO/IH Ha MOBepxHOCTW npyja. Ecnm 6pocutb B MpyA
KaMeHb, TO Ha MOBEPXHOCTU BOAbl BO3HWKHYT KOHLEH-
TPUYECKME KPYrU BOJSIH, pacXofdlimecs B CTOPOHbl OT
TOro MecTa, Kyda ynaa KameHb (puc. 1). 3T BOMHbI
[BVXYTCA C  OMNpefeseHHON CKOPOCTbio, U paccTosiHue
MEeXAy rpebHAMW BOJH, HAa3blBAEMOE [/IMHOW  BOJHbI,
TaKXXe VIMEeeT COBEpLUEHHO OrnpefesieHHOe  3HaueHue.
Mpobka, nnasalollas Ha MNOBePXHOCTU npyga, OyaeT
KO/bIXaTbCA BBEPX-BHM3 C HEKOTOPO 4acTOTOW B corna-
CMM C MOAHMMAIOLLEN N OMyCKatoLLein ee BOMHOW. B aToM
c/lyyae Mbl FOBOPWUM, 4TO Npobka KonebneTcs BCMeACTBUE
MPOXOXAEHNA BO/HbI. [Mpu 3TOM 3a MPOMEXYTOK Bpe-
MEHW  MeXZy MOMeHTaMy MOoC/efoBaTe/lbHOro  Mpo-
XOXAEHNs ABYX TpebHeli BOMHbI MNpobka coBepLuaeT
OOWH nepuod KonebaHuidi. CBA3b MeXJy CKOPOCTbIO,
OJIMHOM  BOMHbI M 4aCTOTOW BbIpaXaeTcs  CreaytoLmm
ypaBHEHMEM:

CKOPOCTb = YacTOoTa X AnnHa BOJHbI.

Uto kacaeTcs cBeTa, TO €ro LUBeT B paBHOM Mepe
MOXET XapaKTepu3oBaTbCA Kak 4acCTOTOW, Tak W AJIMHOM
BOMIHbI. OObIYHO Mbl CBA3bIBAEM LIBET CBETOBOrO M3/y4e-
HUA C ero [A/MHOM BOMHbl. Tak, KpacCHbliA CBET WMeeT
ANMHY BOnHbLI 11 600 000 ™, Torja Kak AAMHA BOJHbI
cuHero cBeta cocTtasnset 1/ 2 100 000 m. Benbiii cBeT,
HanpumMep ceeT ConHUA WM Namnbl HakaaMBaHWs, Npea-
CTaBnsieT COOOM CMecb WM3MYYeHWn PasnUyHbIX  OJIUH
BOSIH, WM, MHaye roBOps, Pa3/iMyHbIX LBeTOB. Bce cBe-
TOBble BOSIHbI HE3aBMCUMMO OT COOTBETCTBYHOLLETO WM
LBETa pPacnpocTpaHsATCA B MNPOCTPAHCTBE C OAHON W
TOW XKe CKOpOCTbIO, paBHOM npumMepHo 300 000 Kwm/c.

Mpoxoasa 4epe3 Kakyto-1Mb60 061acTb NPOCTPaHCTBa,
cBeTOBas BONHA CO3faeT 3[4eCb 3/MEeKTPUYECKoe M Mar-
HUTHOe Mons. MX BeNMUMHbl KonebnoTes, NofobHO Tomy
KaK W3MEHsN0Ch MONOXEeHWe MpPo6KM Nog  AeiCTBMEM
BOSIHbI, PacnpoCTpaHSAIOLLENCa MO MOBEPXHOCTU Npyja.
Mo3TOMYy 3HaueHWe 3TUX BEIMYMH B Pa3/IMYHbIX TOYKaX
BLONb HanpaB/eHUs pPacnpoCTpaHeHWs CBETOBOM BOJHbI



B OMNpejesieHHOM CMbIC/le aHaflorMYyHO BbICOTE BOJHbI HA
MOBEPXHOCTU npyfa. VIMeHHO B Cuy Takoi aHanorum
Mbl W paccMaTpvBaeM CBET KaK BOJIHY, pacnpoCTpaHsio-
wytocs B npoctpaHcTBe. OAHAKO B OT/MYME OT BOJIHbI
Ha MOBEPXHOCTW Mpyja CBETOBas BOSHA He COOTBET-
CTBYET MepeMeLLEeHN0 B MNPOCTPaHCTBE Kakoro-nnbo Be-
LLleCTBa — OHA OMMWCbIBAET /IMLWb, KakuM 06pas3om npu
MPOXOX/JEHUN BOMHbI  Yepe3 [aHHyt 00/1acTb 3/€eCb
M3MeHSIeTCA HeKas (u3nYecKas Be/MYMHA, a WMEHHO
HaNpPs>KEeHHOC T b 31eKTPOMArHMTHOr 0 Nons.

CBeT — 370 OAWH W3 BWZOB 3/1EKTPOMArHUTHOIO M3/1y-
YeHus, MOAOGHLIN, HanpuMep, PaguvoBOSIHAM WU PEHT-
FEHOBCKOMY W3/y4eHUO, U BCE OHX MpPeACTaBnstOT COo6OW
Konebntowmecs  aNeKTpUYeCcKne W MarHWTHble  MoNs,
KoTOpble M306paxaloTcs B Buie BOMH. Bce anektpomar-
HUTHble BO/IHbI PACMpPOCTPaHATCA B MPOCTPaHCTBE C
O[HOM W TOW e CKOPOCTbKO — CKOPOCTbIO CBeTa. [/MHa
BO/Hbl  3/IEKTPOMarHUTHOIO U3/ly4eHWUsi BapbUpyeTcs B
LUMPOKOM  AMana3oHe — OT  HECKO/IbKUX  KU/IOMETPOB
(pagnoBOMHLI) A0 MWAMMAPAHON [onn MeTpa (peHTre-
HOBCKOE  M3/lyYeHUne).  DMeKTPOMarHWTHOe  U3Ny4yeHne
OKpYy>aeT Hac Bcerga W nosctogy. CBETOM >e Hasbl-
BaeTCs 3/MEKTPOMarHUTHOE W3NlyYeHWe /Wb B Y3KOM
[vanasoHe [/MH BOMH, K KOTOPOMY YyBCTBUTENIEH Hall
rnas.

Mpexxae 4YeM roBopuUTb O rosorpaduu, Ham cnegyet
NnoLpo6HO PaccMOTPeTb MOBefeHMe BOMH Boo6Le. MHorve
oOLLyie CBOWCTBA BOMH Mbl MOXEM TMOHATb WHTYWUTUBHO,
3Has, 4To 3BYK — 3TO TaKXe BO/IHOBOE fB/eHMe. B paH-
HOM C/ly4ae BOJ/IHA OMWCbLIBAET W3MEHEHUA [aBfEeHUs, K
KOTOPbIM YYBCTBUTE/IbHO HAlle YXO0. 3BYKOBblE BOJSIHbI —
3TO BOSHbI AaBneHus. BonHbl Ha Bofe, CBETOBble W 3BY-
KOBble BO/Hble MMEKT MHOr0 06LMX CBOMCTB MPOCTO MO-
TOMy, YTO BCe 3TO BO/Hbl. B TO Bpems Kak LBeT CBeTo-
BOr0 M3/ly4eHuss 06bIYHO OnpenenseTcs ero AMHOW BOf-
Hbl, TOH 3BYKa W1 My3bIKa/IbHOW HOTbl CBA3bIBAKOT C €ro
4acTOTO/ (OHa BblpaXaeTcs B Mepuojax B CeKyHAy, Wu
repuax).

MpocTeiluniA TUM BOJIHbI, Ha3biBAEMOW CUHYCOUAab-
HON BONHOI, NOKasaH Ha pwuc. 2. JonycTuM, 3TO BOJHA
Ha BOJe, 3BYKOBafg WM CBETOBas BOJIHA, pacnpocTpa-
HAIOWAACA BAONb HEKOTOPOro HarnpasfeHus. Tenepb
HapyUCyeM TOPU3OHTA/IbHYIO MYHKTUPHYKO JIMHWIO, YTOObI



[nvHa BOHbI
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Puc. 2. CuHycompanbHas BonHa. B cnyyae BOMH Ha MOBEPXHOCTU

BOAbl OHa MNpefCcTaB/sfeT CcOOOW MOMnepeyHoe CeyeHue 3TON MOBEPXHO-

CTW, a B C/ly4yae CBETOBbIX BO/IH OHA XapaKTepu3yeT W3MEHeHWe Ha-

MPSHKEHHOCTU  3/IEKTPOMArHUTHOrO  MOMiA  BAO/b  HampasfeHus  pac-
MPOCTPaHEHUS  BOJTHbI.

NnpeacTaBnTb MOBEPXHOCTb MNpyJa — eCiM pedb O BOJSIHAX
Ha Bofe,— Korfla OHa CNOKOWHa. Torga npo6ka, Koneo-
NoWancs Ha MOBEPXHOCTM Mpyda, BPeMeHaMW O0Kasbl-
BaeTCA Bbllle 3TOr0 YPOBHSA, WHbIMW CNOBaMK, BbICOTA
BO/IHbI UMEET  «MOJIOXKUTENIbHOE» 3HAayeHWe, a Bpeme-
HamMn — HIKe ero, T. €. ee BblCOTa MMEeT «OTpuULaTe/lb-
HOe» 3HaueHMue.

B cuHycomaanbHOM CBETOBOI BOMHE BENYMHONM, aHa-
NOTMYHOW  BbICOTE  PaCMoONOXeHWst MpPOOKKW, SABNSETCS
HanpPsHXKeHHOCTb MO/, KOTopas MepuoAMYecKn CTaHo-
BUTCS TO MNOMNOXWTENbHOM, TO OTpuUuaTenbHOW. Toraa
MYHKTUPHAsA NIMHUA, NOKa3aHHas Ha PUCYHKE, OMNuCbIBaeT
HanpPsHXKEHHOCTb MOMIS B MPOCTPAHCTBE A0 MPOXOXAEHUA
CBETOBOM BOJIHbI, T. €. HanpsHKeHHOCTb, PaBHYI0 HY/IO.
«BbICOTa» BO/HbI Ha3blBaeTCA aMNANTYLONA *.

JTtobble BOMHbI MEPEHOCAT 3HEPrut0. JTO OAHA U3 KX
«(hyHKUMIA» — nepefaBaTb 3SHEPIUK0 OT TOUKM K TOYKE.
VHTEHCMBHOCTb BO/HbI M3MEPSETCA KOMYECTBOM 3HEp-
M1, KOTOPYK OHa MepeHocuT. B cny4yae CBETOBbIX BOJH
Takas 9Heprus onpefenser fPKOCTb CBeTa, a A/i1f 3BY-
KOBbIX  KOMebaHWil — rpoMKocTb  (MAnM  cuny)  3BYKa.
VIHTEHCMBHOCTb  BO/SIHbI  MPOMOPLMOHaNbHA KBajpaTy ee
MaKCUMasIbHOM aMnnTyAbl:

MHTEHCMBHOCTbL ~ (MaKkcuMmanbHas amMnaTyaa) .

CvHyconganbHasa BOMHa, MOKasaHHad Ha puc. 2,
COOTBETCTBYET CBETY OfHOW OMpefeNneHHOW ANVHbI BOJHBI,

* ABTOP Ha3blBAaeT «aMMAMTYON» 3HauYeHWe MoBbIX OCLMINMpPYIO-
WWX (IM3NHECKNX BEMMYMH B [aHHOW TOUKe MPOCTPaHCTBa, TOrja Kak
MPU CTPOrOM  OMpefeneHn Mof «amrnauTynoi» MNOHUMAKOT Han60Mb-
LUWe OTK/OHEHUS 3TWMX BennuMH. — Mpum. pes.



T. €. OMpefenieHHoro Lugeta; B Cny4yae 3BYKa — 370
unCTbIn TOH (MM HoTa). [MofOo6HblE COBEPLUEHHO uuc-
Tble UBeTa WM 3BYKM B TNPUPOAE He BCTpeyarTcs,
XOTA, KaK Mbl Aanee YBUAUM, UX MOXHO MOMY4YUTb MpU
MOMOLLY COOTBETCTBYHOLLMX YCTPOWACTB.

CnoxeHne ABYyX BOJH

Tenepb NOCMOTPUM, YTO MPOM3OAET, €CM  COBMe-
CTUTb [Be€ BOJIHbI, PacnpoCcTpaHAloLLMECT BMeCTe B Of-
HOM W TOM >e HanpaBneHWW; MycTb, Hanpumep, 3TO
OyayT cuHycomfanbHble BOMHbI A M B, nokasaHHble Ha
puc. 3.

Kak BMOHO W3 pUCYHKA, OHW VMEKT OJMHAKOBYHO
ONVHY  BONHbI — €C/IM - 3TO  CBETOBble BOJIHbI, TO WM
Oy[eT COOTBeTCTBOBaTb OAMH LBET. AMNIUTYAbl 06enx
BO/IH TakXe OfMHaKOBbl. 3aMeTVM, YTO IpebHW BOJIHbI
B Ha % [OnVHbI BOMHbI CABWHYTLI Bnepes OTHOCUTENbHO
rpebHei BoNHbI A. B Takom cnydae roBopsiT, 4to BofHa B
onepe>kaeT No pase BONHY A Ha Y8 A/IMHbI BOMHLI. Ecnu
Mbl OCTaHOBMM BO/HY A, a BO/fHa B OyaeT pacnpoctpa-
HATLCA BAO/b Hee, TO PasHOCTb (a3 3TUX [BYX BOJH
Oy[eT N3MEHATLCA CO BPEMEHEM.

Mpy  B3aMMOAENCTBAM BOJH NOJTyYaeTCsa HOBas BOJIHA,
KoTopas ABMAETCA pPe3y/bTaTOM C/OXKEHUA aMnanTybl
BO/IHbI A C aMnAuTyZoW BOMHbI B B KaXAoi Touke.
B 3aBucumocTM OT pasHOCTM (ha3 BOMH aMnauTyga
OLHOM W3 HUX B KaKOW-TM60 TOUKe MOXeT ObITb MO-
NOXWUTENbHON, a [Jpyroi — oTpuuatenbHoi. [oaTomy,

1/8 pnMHbI  BOMHbI HanpaeneHne pacnpocTpaHeHus BOJH
[

———
¥

Puc. 3. [1Be cvHycoupanbHble BOMHbI, CABUHYTbIE NO (hase. B agaHHOM
cnyyae BofiHa B onepexaer BoNHY A Ha Y [/IMHbI BOMHbI.



ecnm amnauTyabl BoNH A 1 B rae-nnbo okaxyTca pas-
HbIMWU MO BEfIMYMHE, HO MPOTUBOMOMOXHBLIMK MO 3HAKY,
TO pe3y/nbTUpylowas amniutyga OyfeT paBHa HyNo.

C TOukv 3peHus ronorpaguu Ans Hac HambonbLIWi
MHTEpeC MNPeACTaBNAlOT ABa KpaliHWX Cfyyas COOTHOLLe-
HUA (a3 3TMX BOSIH, [MOKa3aHHble Ha PUCYHKaX:
4,a — BOMHbI B (Pase, TaK YTO COBMaJalT MX rpebHu; Ha
puc. 4,6 — BONHbI B NpOTMBO(ha3e, MOSTOMY rpebeHb
BOMHbI A cOBMajaeT C BraguHOM BoMHbI B. Korga ase
BO/HbI HaxofAaTcAd B (pase, pa3HOCTb UX (a3 pasHa
HYNI, €Ccln >Ke [Be BOJIHbl HaxoAAaATcA B NpoTMBO(A3e,
TO pasHOCTb WX (a3 COOTBETCTBYET OTHOCUTE/IbHOMY
COBUTY Ha MOMIOBUHY [OJIUHBLI BOMHbLI. W3 pUCYHKOB 4,a
n 4,0 BMAHO, 4YTO Korga BOMHBI A M B coBnagatoT
no ase, BO3HMKaeT BOMHa 6oMblIeA aMNAUTYAbl, HO
€C/M BOJIHbl HAxXOoAATCA B MNPOTMBOMA3e, TO OHM  raceT
(yHUuTOXAIOT) Apyr Apyra BO BCeX TouykaxX. VIMeHHO
(ha3oBoe pasnuume BOSH A W B onpegenset amnavTtygy
BOJIHbI, MO/IYYEHHON MPU UX COXEHWN.

Takum 06pa3oM, €civ Mbl CKNMafbiBaeM [Be OfMHa-
KOBble BO/HbI, COBMajalolne no ase, TO MOyYaeTca
pe3ynbTupyollas BOMHA  GOMbLUEM  WHTEHCMBHOCTM —
B C/yyae CBETOBbIX BOMH 3TO 6YAeT BOMHA  GOMbLLEV
APKOCTU, YeM KaX[Aas W3 WCXOAHbIX BOMH B OT/AENbHO-
CTW. ECnM e BOMHbl HAxOAATCS B MPOTMBO(A3e, TO OHY
MOMHOCTBIO racsaT Apyr Apyra, CnefoBaTenbHO, MpuU UX

a 6

Puc. 4. CnoxeHve ABYX CUHYCOMAaNbHbIX BOMH: @ — BO/HbI A 1 B

HaxogaTca B (pase, MpY WX HaNOXKEHUM BO3HMKAEeT YCUIMBAOLLas

MHTepEepPeHLMA 1 pe3ynbTUpYIOWas BOMHA WMeeT OOMbLUYH0 aMniun-

TYLY, YeM WCXOAHble BOMHbI; 6 — BO/HBI A M B HaxogaTcs B npo-

TUBO(hase, NPU UX B3aUMOAEMCTBMM MPOMCXOAUT OCnabnsaoLas uHTep-

(hepeHLMs: BOMHbI YHUUTOXAKOT Apyr Apyra, W amnaityja pesyfb-
TUPYIOLLEA BOMHbI paBHa Hy/IO.



CNOXEHNN BO3HWMKAeT TeMHOTa. [lpouecc CNoXeHUs
[BYX BOMIH, B pe3ynbTaTe KOTOPOro obpa3yeTcs HOBas
BO/IHA, Ha3blBaeTCcA WHTepdepeHumneid. B paccMOTPEHHbIX
HaMU Cnyyasx CrIoXeHWe BOJH, COBMajalolmx no dase,
MPUBOAUT K YCUIMBAtOLLEA WHTepepeHuun, Torga Kak
MpY CNOXEHUW BOJH, HaxXoZAWMXCA B  NpoTUBO(A3e,
BO3HMKAET ocnabnsaowas nHTepdepeHLms.

CBeTOBble BO/IHbl B TPEXMEPHOM MPOCTPaHCTBE

CuHyconganbHble BOSHbI, OMUCaHHble Bbille N U30-
OpakeHHble Ha puC. 4, NOKa3blBAlOT, KakMM 06pa3om He-
Kas KO/IMYeCTBEHHas BE/MIMYMHA, HarpuMep BbICOTa Mo-
BEPXHOCTM MpyAa, W3MeHAeTCqs BAO/Mb  Hanpas/ieHus
pacnpocTpaHeHUss BOMHbLI. B cnyyae BOMH Ha MoBepx-
HOCTM BOfbl 3TOT PUCYHOK B TOYHOCTM BOCMPOU3BOAMT
MorepeyHoe CceyeHWe 3TOW MOBEPXHOCTU. Bblpaxasch
6onee CTPOrMM Hay4yHbIM A3bIKOM, MOXHO CKas3aTb, 4TO
BO/HbI, CO3/aBaeMble OpOLIEHHbIM B MPYA KaMHeM,
VIMEtOT KPYroBble BO/MHOBbIE (PPOHTbLI, pacLIMpsAtOLLIMECs
no Mepe yfaleHus OT MecTa, Kyja ynan kKameHb. W no
BCEl OKPY)XXHOCTW /060ro 13 3TMX BONHOBbIX (PPOHTOB
BbICOTA TMOBEPXHOCTU MpyAa, WM amnauTyga  BOJHbI,
OfHa 1 Ta xe*.

BonHbl Ha BOJEe pacnpocTpaHsATCA Mo MIOCKOW ABY-
MepHO/ MOBEPXHOCTW. [103TOMYy CBETOBble BO/HbI, pac-
MPOCTpaHAIOLLMECH B TPEXMEPHOM MPOCTPAHCTBE, [O/K-
Hbl HECKO/IbKO OT/INYaThbCA OT HUX. Hanpumep, TOYeUHbIi
MCTOYHUK CBETa M3/ly4aeT BO BCEX Harpas/eHWUsX, W BOJ-
HOBble (PPOHTBLI, PACXOAALMEC OT TaKOro WCTOYHUKA,
npeacTaBnAlOT Cco00M Cepbl, paclumpstolMecs no Mepe
yfaneHus oT Hero. [0 BCeil MOBEPXHOCTU Kaxgow W3
3TVX Cclep amnauTyfa CBETOBbIX BOMH, T. €. HarpsXeH-
HOCTb 3/IEKTPOMAarHWTHOro nons, noctosHHa. Creposa-
Te/lbHO, TOYEYHbI WCTOYHWMK CBETa CO3faeT Cepuyeckue
FBETOBbIE BOJIHbI.

Ecnm cBeT pacnpocTpaHseTcs Y3KUM napansiefibHbIM
My4ykom (Nly4oMm), TO COOTBETCTBYHOLLME BOJSIHOBbIE (PPOH-
Tbl NPeACTaBNAOT COOOWA MIOCKOCTW, MepneHANKYNApHble
HamnpaBs/feHWIO  pacnpocTpaHeHus  nyyka.  [loatomy

_ * Crporo roBops, BO/HOBOI (DPOHT — 3TO MOBEPXHOCTb, Ha KOTO-
poii hasa BOMHBI MOCTOsHHA. — MpuM. peg.



Cdpepuueckan obonouka
C Bblpe3aHHbIM B Heil

Amnnutyga
CBETOBOW BOMHbI Ha Bceli
NOBEPXHOCTU cchepsbl
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CBeToBas Bo/Ha UMeEeT
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NIOCHUX BOJTHOBbIX
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Puc. 5. MpocTeiilune ¢opMbl BOMHOBLIX (DPOHTOB CBETOBbIX BOJIH:

a — TOYeYHblli MCTOYHUK CBeTa CO3JaeT BOMIHbI CO CHHEepUYECKUM BON-

HOBbIM (DPOHTOM; 6 — B MapasfielbHOM My4Ke CBETa BOJHbI WMEHT
NIOCKNA BOMIHOBOM (PPOHT.

CBETOBOM My4OK O0O6bIYHO Ha3bIBAKOT M/IOCKON CBETOBOVA
BONHON (puc. 5,6).

B KaXOM KOHKPETHOM C/lyyae MOXHO OMUCLIBATb
pacnpocTpaHeHWe CBETOBbIX BO/IH B MPOCTPAHCTBE, UC-
nonb3ys Creumguueckyto opMy KX BOJIHOBbLIX (PPOHTOB.
B [ByX pacCMOTpeHHbIX Mpumepax — CPepuyeckorn u
M/I0CKOM BOMH — Mbl OCTAHOBW/IMCb HA CaMbIX MPOCTbIX
(hopmax BO/HOBBLIX (PPOHTOB. Bosiee TOro, MOCKONbKY W3-
MEHEHVS1 BO BPEMEHW aMMNAWUTYZ 3TUX BOJSIH OMWCbIBAKOT-
CA BCEro OfHON CUHYCOMAAIbHOW BOSHOW, 3TU Koneba-
HUA NpPeACcTaBNAT CO60M WU3Ny4YeHWe OfHOro, YWUCTOro
uBeta (Tak Ha3blBaeMblii MOHOXpOMaTU4ecKuin cseT). Ha



camoMm fene 3T0 BecbMa WAEaNN3VMPOBaHHbIE MNPUMEPSI
CBETOBbIX BO/H. PeaslbHblil XKe CBET, Hanpumep TOT, 4TO
nonagaeT HaM B [fla3, OTpaXascb OT 3TOW CTpaHULbI,
XapaKTepusyeTcsi BO/IHAMW W BOMHOBbIMM (DPOHTaMU, KO-
TOpble hopmupytoTca Gonee CNOXHbIM 06pa3oM. O6 3ToM
Mbl euwe Oydem roBopuTb B JanbHeiwem. Ho npexae
HaM HY)XHO 06CYAWTb, YTO >X€ MPOMCXOAMUT, KOrja CKna-
AblBalOTCA ABE MPOCTelillne CBETOBble BOJSHbI, MOCKO/bKY
3TO MMEET HenocpeACTBEHHOE OTHOLUEHME K ronorpaduu.

NHTepdepeHLMOHHbIE KapTUHbI

Uto cnyumtcsd, eciM Mbl O4HOBPEMEHHO CMpOeUmpyem
Ha 93KpaH [Be O[WHaKOBble T/IOCKME CBETOBbIE BOJIHbI
(ogHoro uBeta), cxofAwimecs nog yrnom Apyr K opyry?
MOXHO NpeAnonoXuTb, YTO MOBEPXHOCTb 3KpaHa Oyadet
OAHOPOAHO OCBeLleHa, MpuyeM 6ofee ApPKO, YeM B TOM
c/lyyae, KOrfa Ha Hero npoeLupyeTcd TO/bKO OAHAa Moc-
Kas BOMHa. Ha camom Xe fJene 3TO HesepHo. B Heko-
TOPbIX TOYKAX 3KpaHa [Be BO/HbI OKa3blBalOTCA B (pase
N CKMaablBaloTCs, co3faBas 6oniee Apkue obnactuv, Torga
KaK B ApYyrux TOYKax OHWM BCTPeyatoTcs B MpoTMBO(dase,
raca Apyr gpyra, U ecim Ha 3KpaH He MajaeT HWMKaKoro
[pyroro cBeta, TO B 3TMX MeCTax BO3HMKaKOT TeMHble
y4yacTku. Cuctema nepeMexarolmxca Ha 3KpaHe TeMHbIX
W CBET/IbIX JMHWA Ha3blBaeTCs WHTEP(EPEHLIMOHHO Kap-
TWHOIA.

UTobbl MOHATb, Kak (hopMupyeTcs 3Ta KapTuHa, Mbl
[O/MKHBbI  [IeTa/lbHO PacCMOTPETb reOMeTpUo ABYX MJioc-
KVIX BOJIH, KOTOPble CKNafbIBAKOTCA Ha 3KpaHe, najas Ha
Hero nof pasHblMy yrnamu. Ha puc. 6 nokasaHo none-
peyHoe ceyeHue (BWMA CBEpPXY) MrHOBEHHON KapTUHbI
[BYX NNOCKUX BOJH, Najalolyx Ha 3kpaH. W306paxeH-
Hble 3[eCb MpAMble Napasse/nibHble NMHUN MPeACcTaBnaoT
Co60M rpebHN [BYX CUHYCOMZANbHbIX BOJIH, COOTBETCTBY-
fOLLME MaKCUMyMaMm WX aMnauTyfbl. ECTeCTBeHHO, B npo-
MEXYTKaX Mexzay TrpebHsMVM BOMH fexaT BhajuHbl —
06nacT oTpuUAaTeNbHOM aMNAUTYAbI.

Tenepb MOCMOTPUM, KaKOro TuMma WHTEP(EpPeHLs
BO3HMKAET B pPa3/IMYHbIX TOYKAX BAOMb [A/IMHbI 3KpaHa.
Kak yXe rosopwiocb paHee, BCe 3aBUCUT OT PasHOCTU
(ha3 BOMH, NPUXOAALMX B AaHHYK TOuKy. Ecnm HauaTb
C OfHOr0 KOHUA 3KpaHa W [ABWratbCA BLONb HEro, pac-
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Puc. 6. WHTepdepeHLms [BYX NJOCKUX BOSH Ha 3KpaHe (BUL CBEPXY).
PasHoCTb (a3 /iByX BOJH W3MeHSEeTCA BAO/b 3KpaHa, COOTBETCTBEHHO
Ha HeM 06pasyloTcsi 06/1acTU YCWIMBAIOLLEH W OcnabnstoLei UHTep-

thepeHumu.

<
Benblii akpaH

cMaTpuBas MosnoXeHWs rpebHell ¥ BNaguH BOMHbI B oT-
HOCWUTENIbHO rpebHell BOMHbI A, TO MOXHO YBWAETb, 4TO
pasHoOCTb (a3 3TWX [ABYX [MJIOCKMX BOJIH W3MEHSETCA OT
TOUKM K TOuke. B ofHux Toukax rpebHu BOMHbI B coB-
nagalT C rpebHAMn BoMHbI A (T. €. CUMHyCOMAa/IbHble
KonebaHus, MPOXOAfLLMe 4Yepe3 3TV TOYKWU, HaxomdaTcd B
(hase), B Apyrux ke — rpebeHb BONMHbI A BCTpevaeTcs
C BnagvHoM BOMHbI B (MHaye rosops, CUHyCOMAa/IbHbIE
BO/IHbl, MPOXOAALME Yepe3 3TV TOYKW, HAxXOAATCA B
npotusoase). CoOTBETCTBEHHO 3TOMY HabnogalTca 06-
NacTn YyCWMBAKOWEN © ocnabnsLwed UHTephepeHLnn.
Mpy BHMUMATENILHOM W3Y4YeHUU puUC. 6 MOXHO 3aMeTUTb,
4yto 3T 06/1acTM YepeayroTcs B CTPOro OMpesesieHHONM
noc/ef0BaTe/lbHOCTY.

Mbl paccMOTpenn TOMbKO OAHO rOPU30HTa/IbHOE Ceye-
HWE MNNOCKMX BOJIH; OLHAaKO €C/N B3ATb aHa/I0MMYHble Ce-
YeHWS BbIlEe W HWXe, TO 0611aCTU yCUNMBatOLLed U oc-
nabnaoLLen nHTepdepeHLMN 0OHapYXaTCca TOYHO B Tex
e TOUKax rOpu30HTA/IbHOTO CeyeHWsi 3KpaHa. Tam, rpe
BO3HMKAET YCWUNMBaKOLWaa WHTepdepeHUUs, HabnopaeTca
60/bLUAsA MHTEHCMBHOCTL CBETA; TaM Xe, re NpOouCXOoAauT
0cnabnarowas UHTepepeHLUms, BUAHbI TEMHbIE YYaCTKW.



Puc. 7. doTorpagus WUHTEPHEPEHLIMOHHON KapTUHbI, BO3HUKAOLLEN
NpM HaNOXEHUN [ABYX MNIOCKMX BOMH (M306paKEHWe YBENNYEHO B
100 pa3). 3Ta KapTvHa NOMyyeHa MpU B3aWMOZENCTBUM [BYX My4KOB
nasepHOro cBeTa, MafaloWMX Mo yYrnom 45° OTHOCUTENLHO ~ Apyr
apyra. Bup MHTepCbEPEHuMOHHOM KapTUHbl OfJHO3HAYHO OMpeaenseTcs
KOH(UrypaLueil  MHTePthepUpyHOLLMX  BOHOBBLIX (DPOHTOB.

MoaToMy KapTuHa, NO/yYaloLlascs Ha 3KpaHe, MpescTas-
nseT COOON YepedoBaHME SPKMX W TEMHbIX napansiesb-
HbIX BEPTUKa/bHBIX NMHWIA. Ha puc. 7 nokasaHa ¢oTorpa-
(s Takoil WMHTEP(EPEHLMOHHOM KapTWHbI, MOYYeHHOM
B pe3sy/bTaTe HaN0XeHUs ABYyX MIOCKUX MOHOXpoMaTw-
YEeCKMX CBETOBbIX BOJH. Pacrn/ibIBY4aTOCTb («MYLUUCTOCTb»)
3TUX JIMHWUIA, KOTOPYK He OOBACHAET Hall HeCcKo/bKo
YNPOLUEHHbI noaxof, 06ycnoBneHa Tem, YTO B TOYKax
3KpaHa, nexawmx mMexagy o61actaMu  ocnabnstowein un
YCUNMBAKOLLEN  UHTepPMEPEHLMI, pPaCMONIOXEHbI Y4aCTKU
MPOMEXYTOYHON WHTEHCUBHOCTM, e APKOCTb MOCTENEeHHO
YBE/IMUYMNBAETCA WM YMEHbLUAETCS.

3TN SipKMe W TeMHble NMHUK, obpasytoiue uHTepde-
PEHLMOHHYIO KapTWHY, Ha3blBAOTCA WHTeEP(epeHLNOHHbI-
MU ronocaMu. PaccTofiHWE MeXAy HUMM 3aBUCUT OT Xa-
PaKTEPUCTUK MHTepdepupyrowmx BonH. Ecnun, Hanpuwep,
pacTosiHue MeXzay rpebHAMWM BOMH YBEIMUUTCH, T. €.
CBeT OyZeT UMeTb BGOMbLUYKO [/IMHY BO/HbLI, TO BO3pacTeT



M paccTosHWEe MeXAy WHTep(hepeHLMOHHbIMY M010CaMu.
Takum 06pa3om, CBET pa3/NYHbIX LBETOB OyfeT co3ja-
BaTb WHTEPMEPEHLMOHHbIE KapTUHbI C Pas/MYHbIM pac-
nosnoxeHuem rnonoc. Kpome TOro, eciv yron mexagy Ha-
npaBfieHaMU NpUXofa [ABYX TMJIOCKMX BOMH OKaXeTcs
MeHbLUE, YeM, CKaXeM, Ha puc. 6, TO 3TO TaKxe npuse-
[eT K YBE/IMYEHUIO PacCTOSHWUA Mexay nosiocamu, no-
CKONbKY B [aHHOM C/lyyae pa3HOCTb (a3 [ABYX BOJIH
Me[/ileHHee U3MeHSeTCA BAO/Mb 3KpaHa.

Mpy CcnoXeHWW [Jpyrux nap BOMH Moay4yatcs Apy-
rMe TUNbl WHTEP(EPEHLMOHHbIX KapTWH. Tak, ecnn ¢
MNOCKAMWN CBETOBbIMW BOJIHAMU WHTEP(EPUPYIOT cthepu-
YeCKMe CBETOBble BO/Hbl, TO HA 3KpPaHe BO3HUKAeT WH-
TephepeHUMOHHas KapTWHa, COCToAWas W3 YepesyroLimx-
CA CBET/IbIX W TEMHbIX KOHLEHTPUYECKUX KOJIeLL.

MbI paccMOTpenu 34ecb TOMbKO M/IOCKME U Cepuye-
CKMe BO/Hbl, OAHAKO CYLLeCTBYHOT W [pYrue TuMbl BOJH,
C BOJIHOBbIMW (PPOHTaMW WHOW opmbl. Ho B fito6OM
Cnyyae [Be MpOCTble BOJHbI, CKNafblBasACb, CO34al0T
Ha 3KpaHe €e[WHCTBEHHYHD B CBOEM pOfJe, MPUCYLLYHO
TONIbKO 3TOW Nape BOMH WHTEP(EPEHLMOHHYHO KapTUHY,
KOTOpas 3aBMCUT WCK/IKOUUTENBHO OT MapameTpoB ¢op-
MUPYIOLLMX ee CBETOBbIX BOJIH.

YepHo-6enble oTorpaduyeckne MNaCTUHKA U M/eH-
KN pearvpyrloT Ha AeicTBve cBeTa TakuM 06pasom, 4To
YyYacTOK MMaCTUHKM (N/IEHKM), Ha KOTOPbLIA Monan CBeT,
nocne nPOSB/IEHUA CTAHOBUTCA TEMHbIM W B [a/lbHeld-
LeM He MporyckaeT cBeta. VM HaobopoT, y4acTok nna-
CTUHKMW, He OCBELLEHHbIA MNpU 3KCMO3WLMKU, Mocne npo-
AB/IlEHNS OKa3blBAaeTCH CBET/IbIM. [103TOMY Mbl MOXEM
3a(MKCMpPOBaTh WHTEP(EPEHUMOHHYIO KapTWHY, BO3HUKa-
fOLLYIO MNpU  CNOXEHWW [BYX BOSIH, MNPOCTO WCMOMNb3Ys
(hoTorpagmyeckyro NMacTMHKY Kak 3KpaH W 065y4as
ee COOTBETCTBYHOLLMM CBETOM. Torfga nocfie NposB/ieHus
Mbl MO/lyYMM HEraTuB MOL/MHHON WMHTEP(EPEHLMOHHOA
KapTUHbI.

YTobbl MOXHO 6bl10 Habnwaatb MHTEpPhEepeHUMOH-
HYI0 KapTUHY HernocpeACTBEHHO Ha 3KpaHe WM coTo-
rpaupoBatb €e, Ha 3KpaH WM (POTOMNACTUHKY He
[OMKHO NafaTb HUKaKOro Apyroro, NOCTOPOHHEro CBeTa,
KpOMe CBETOBbIX BOJIH, KOTOPble Ha HWX MNPOeLypyTCS.
MoaTtoMy nOAO6HbIE 3KCMEepUMEHTbI CreflyeT MPOBOAUTb
B 3aTEMHEHHOM MOMeLLEHUMN.



EcTecTBeHHbIi cBeT

B npegbigywem pasgene Mbl Mokasanu, 4Yto upaeasb-
Hble M/I0CKME W Cepuyeckne BOJHbI CMOCOOHbI CO3[a-
BaTb HAa 3KpaHe WHTep(epeHLUMOHHbIE KapTWHbl. Kakoii
Xe CMbICN 3[eCb BKNaAblBaeTCA B C/IOBO «uAea/lbHble»?

[anee Mbl y3Haem, 4TO Takue BOMHbI MOXHO MOJy-
UATb C MOMOLLbIO Nasepa, WCMosb3ys Mpu 3TOM  pAaf,
ONTUYECKMX Npubopos  (Hampumep, NKUH3bI). OfHAKO
nasep, Kak Mbl YBUAWUM, SBNAETCA BeCbMa CreuynyHbIM
WCTOYHMKOM  CBeTa. [ECTeCTBEHHO CNpocWTb, MOYemy,
HarnpuvMmep, CBeT, CO34aBaeMblil ABYMS 3/1EKTPUYECKUMM
namnamy  HakanvBaHWs, HEenpurofeH Ansa  MnojayyveHns
NHTEP(EPEHLMOHHON KapTUHBI.

UTtobbl OTBETUTb HA 3TOT BOMPOC, HaM NpuUaeTcs
OCTAHOBUTbCA Ha TakOW XapakTepucTUKe CBeTa, Kak
KOrepeHTHOCTb. B OCHOBHOM pas/nnuatoT ABa Tuna Kore-
PEHTHOCTU — MPOCTPAHCTBEHHYIO W BPEMEHHYI0. MCTOY-
HUKW CBeTa, KOTOpble He 00/1a4alT BbICOKOW CTeneHbo
KOrepeHTHOCTU Kakoro-nnméo w3 aTMx TWMOB, He Crocoob-
Hbl CO03[aBaTb WHTeP(epeHLUMOHHbIE KapTWHbI; MpKU Cro-
KEHUM W37y4aeMOoro VMM CBeTa BCS MOBEPXHOCTb 3KpaHa
OKa3blBaeTCA PAaBHOMEPHO OCBELLUEHHOW W Ha Hen He
obpasyeTcs TEMHbIX W CBET/bIX M0M0C. PaccMoTpum
Tenepb OTAENbHO KaXKAbl TWUM KOrepeHTHOCTW W Morbl-
Taemcs NOHATb, MOYEMY Xe 3TO MPOUCXOAUT.

Ytobbl cBeT 06nafan BPEMEHHOW KOrepeHTHOCTbIO,
OH [O/XEH COCTOATb W3 BO/IH OJHOW CTPOro onpefeneH-
HOM [/MHbI (O4HOrO LBETA); WHbIMM CNoBaMu, 3TO [0/1-
XeH OblTb CTPOro MOHOXPOMAaTWYeCKUii cBeT. Mbl yxe
OTMeyann, 4To 6enblii CBET MpefcTaBnseT cO60M CMecb
BO/IH pas/IMyHbIX LBETOB. [lapannenbHblii My4yoK 6Genoro
CBeTa COCTOMT W3 CMecy MJ/I0CKMX BOMH  Pa3IMYHOro
LUBETA, PaCNpPOCTPaHAIOLLMXCA B MNPOCTPAHCTBE B OJHOM
M TOM )Ke Hanpas/ieHWW. PacCMOTPMM, YTO MPOM30NJET,
ec/i CrpoeuypoBaTb Ha 3KpaH [ABa MapassefibHbIX Myy-
Ka 6enoro cBeTa, nNajalolMX MOL PasHbIMU Yyriamu.
M70CKMe BOJSHbI, COOTBETCTBYIOLLUME KaXAOM LBETOBOWA
COCTaBMIsOWEN MyyKa, CO34afdyT Ha 3KpaHe CBOK COO-
CTBEHHYIO VHTEP(EPEHLMOHHYIO KapTUHY B BuUAe Bep-
TUKa/IbHBIX MOMOC «CBOErO» LiBETa: Hamnpumep, BO/HBbI
KpacHOro cseTa CHOPMUPYIOT KpacHble M00Chl, CUHEro
cBeTa — CMHMe nonocl U T. A. Bce 3TM KapTuHbl Ha
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Puc. 8. BpemeHHas KOrepeHTHOCTb: a — BbICOKaA CTEMeHb KOrepeHT-
HOCTW; 6 — HM3Kas CTeneHb KOrepeHTHOCTH.

3KpaHe Hanoxartcs Apyr Ha gpyra. OAHako, MOCKO/bKY
ONF KXAO0ro LBeTa pacCTosHWE MeXay WHTepdepeH-
LMOHHBIMA  1ON0CaMM  OKa3blBaeTCsl  pasHbIM, KapTWHbI
Ha 9KpaHe Oy4yT YaCTUYHO MEPEKPbIBATLCH MEXAY CO-
601 M cmelmBaTbCsA. B pesynbTaTe MOBEPXHOCTb 3KpaHa
CTaHeT pPaBHOMEPHO OCBELUEHHOW W Ha Heid He OygeT
3aMeTHO HUKaKuX nosoc.

CBeT C BbICOKOI CTEMeHbl) BPEMEHHON KOrepeHTHOCTU
MOXHO onucaTb W [pyrum cnocobom, ckasae, uTO
BCE TPeGHU BOMH AOMXKHbI «UATW B HOMy», T. €. Pacno-
naraTbCA B NPOCTPAHCTBE Ha CTPOro OMNpefeneHHbIX oau-
HaKOBbIX PaccToAHMAX Apyr OT gpyra. VHbiMu cnosamu,
Mbl MOXEM CpaBHMBATb MPOXOXAEHWE, Hanpumep, no-
CKO BOMHbI C BbICOKONW CTEMEHbHD BPEMEHHON KOrepeHT-
HOCTW C MapLUeM [A/IMHHOM KOMOHHbI BOWCK, B KOTOPOI
KaXxjas LepeHra congat WAeT B HOry C Luaratowymu
BrepeanM W c3aan Hee LiepeHrammn (puc. 8,a u 6). Ecnu
rPeOHN KaKoW-nMbo MAOCKOW CBETOBOM BOMHbI HEOXW-



[aHHO «COObIOTC C HOrM» (TaK 4TO WHTEpBa/l Mexay
OBYMS MOCNeAYHOLMMI TPeOHAMK  yBENMYMTCS), TO 3TO
OyfeT paBHOCUIbHO BHE3aMHOMY W3MEHEHWIO pPasHOCTU
(ha3 mexay 3Tol W [pYyroi, uHTepepupyrowe ¢ Hei
BO/IHOW. B TakoM cnyuyae WHTeptepeHLMOHHas KapTuHa
CMeLLaeTcs Ha 3KpaHe mMbo BneBo, M60 BNpaBo™.

CpefHee paccTosiHVe, B npefenax KOTOpPOro rpebHu
BO/Hbl COXPAHAIOT «LUar», Has3blBaeTca [ANMHOW  Kore-
PEHTHOCTU MCTOYHMKA, W3/TyYarolwero 3Ty BOJHY. Yem
Oonblle [/IMHA KOTepeHTHOCTW, TeM MOHOXPOMaTU4Hee
WCTOYHUK CBeTa M Tem Jierye nony4yatb WHTepdepeH-
LIMOHHbIE KapTWHbl C MOMOLLBI W3/ly4aeMbIX WM BOJH.
NcTouHnK cBeTa € OOMbLUOA [/IMHOM KOrepeHTHOCTU 06-
nafaeT BbICOKOWA CTeneHb0 BPEMEHHOM KOrepeHTHOCTW.

[nsa nonyyeHWs WHTePMEPEHUMOHHbIX KapTUH Heoob-
XOAUM WUCTOYHWK, W3Ny4atoLimiA CBET 4epe3BblYalHO uii-
cToro ugeta. Ecnm paxe nponyctutb 6efblii CBET 3/ek-
TPUYECKON  Namnbl  Haka/MBaHWS  Yepe3  MNaCTUHKY
KpacHOro CcTekna Kak 4Yepe3 (uibTp, MOMYYATb C €ro
MOMOLLBIO MHTEP(EPEHLMOHHbIE KapTWHbI BCe pPaBHO OKa-
3bIBAETCA Ype3sBblYaliHO TPYLHO.

Camble COBEpLUEHHbIE WCTOYHMKM  MOHOXpOMATMYe-
CKOro cBeTa (HenasepHOro Tuna) OObIYHO WMEKT AAVHY
KOTepeHTHOCTU MeHee 1 MM, TOrfa Kak [JIMHA KOrepeHT-
HOCTW nasepa MOXeT JocTuratb 1 K.

MpoCcTpaHCTBEHHAsA KOrepeHTHOCTb XapakTepusyet
PerynspHocTb (pasbl CBETOBOW BO/MHbLI MO ee (poHTY (Bpe-
MEeHHas KOrepeHTHOCTb, KaK Mbl BUAENW, CBA3aHa C pe-
ryNApHOCTLIO (ha3bl CBETOBOW BO/HbI BAO/Mb Harpa./e-
HUA ee pacnpocTpaHeHus). J1II060M TOYEUHbIA WCTOYHUK
CBeTa CO3/aeT MNPOCTPAHCTBEHHO KOrepeHTHble Koneba-
HUA. U cihepryeckme, 1 MNIOCKUE BOJHbI, MOKa3aHHbIE Ha
puc. 5, 06nagaldT NPOCTPAHCTBEHHOW KOrepeHTHOCTbLHO.
Cdpepnyeckme  BOMHbI  MPOCTPAHCTBEHHO-KOTEPEHTHbI

* B u3NyyeHUN, He O06NajaloLieM BPEMEHHO KOrepeHTHOCTBIO,
rpe6HN BOMH «He MAYT B HOMYy» (MHTEPBAIbI MEXAY HUMU CyuaiiHbl
U HEperynsipHbl), MO3ITOMY WHTEP(EPEHLIMOHHAsA KapTWHA CMELLaeTcs
OueHb BLICTPO M XaOTM4eCKM. B pesynbTaTe Mbl BAANM PaBHOMEDHO
OCBELLEHHbI 3KpaH. 3TO MOXHO pacCMaTpuBaTh Kak ellle OfHO 06b-
ICHEHNe TOrO, MOYEMy ECTECTBEHHbI Genblii CBET He CMOCOGEH CO3fa-
BaTb MHTepq)epeHuMOHHyro KapTWHY, O UYeMm Y>Ke paHee TOBOPWUMOCH.
B matemaTuueckoil (hOPMY/MPOBKE TEOPWM KOFEPEHTHOCTM Ha3BaHHbIe
[Ba MOAXOAa paccMaTpuBAlOTCA KaK 9KBMBAJEHTHble. B 3aBUCUMOCTU
0T 06CTOATENbCTB Mbl OyZEM MOMb30BATHCA TEM WM WHBIM W3 HUX.



VIMEHHO MOTOMY, YTO OHM KaK pa3 W NpefcTaBnstoT Co-
6oii KonebaHWs, KOTOpble CO3L4AtOTCA TOYEYHbIM WCTOY-
HUKOM cBeTa. [pOCTPAHCTBEHHAs KOTEPeHTHOCTb M0~
CKUX BONIH 06BACHAETCA TeM, 4TO NGO cTporo napan-
NeNbHbIA  MYYOK MIOCKUX BOMH MOXHO C  MOMOLLbO
NNH3bI CHOKYCMpOBaTb B TOYKY, a Oyayunm CgoKycmpo-
BaHHbIMW TakMM CMOCOOOM B TOYKY, 3TV BOMHbI 3aTeM
pacnpocTpaHAlTCs B BUAE KOHYCOOOpasHOro nyyka CBe-
Ta; BOJ/IHOBbIE (DPOHTbI B 3TOM My4yKe WCKPWBMEHbI Haro-
Jobue MoBepPXHOCTU cdhepbl, Kak M306paKeHo Ha puc. 9,
T. €. 00pasyeTcs YXe W3BeCTHad pacxogswiascs cepu-
yeckas BofiHa (MM My4oK).

B onucaHHOM siBfiEHWM CKpbiTa elle OAHa NpuUyMHa
HEMPUrOAHOCTY O6bIYHOM 3M1EKTPUYECKOM NaMrbl HakKanu-
BaHWUS ANA MONYYeHUS WHTEP(PEPEHLMOHHbIX KapTWH: MO
pasmMepam ee SIBHO Henb3d OTHECTM K TOYeYHbIM WUCTOY-
HMKaM cBeTa. EAMHCTBEHHbIA crnocobd [obuTbecA npo-
CTPaHCTBEHHOM KOTepeHTHOCTM CBeTa OT UCTOYHMKA 60/b-
LUMX pasMepoB TWMa NaMmnbl HaKaaMBaHWA — MOMECTUTb
ero B YepHbll AWMK, B OAHON CTEHKe KOTOPOro npogena-
HO  ManeHbkoe 6OynaBoyHoe OTBepcTve.  BonHOBble
(PPOHTbLI CBETOBOrO My4Ka, MPOHMKAIOLLEr0 Yepe3 3TO OT-
BEPCTME, PacxofAaTcs B Buge nonycgep. VIMEIOT A OHKM
(hopmy nonycep wnu chep — B AEACTBUTENbHOCTM HE
BaXHO: CBET BCE paBHO 06/1a7aeT MPOCTPAHCTBEHHON
KOTepeHTHOCTb0. OfHAaKO TakOW WCTOYHWK SBNAETCA
CNMLIKOM cnabbiM, TaK KakK CKBO3b OTBEPCTUE MPOXOAWT
/Wb OYeHb Manas [oNsA CBeTa, W3/y4yaemoro Jflamnoin.

34ecb cBeToBas BOJiHA
dokycmpyeTca B TOUKY

>

MapannensHbii

Bbinyknas

Ny4oOK NI0CKNX NnH3a KoHycoo6pasHblii My4oK C

BOJIH VNCKPWUB/TEHHBIMU BOJTHOBLIMU
thpoHTamun (cchepuyeckune
BOJTHbl)

Puc. 9. TMnockas BonHa, CHHOKycMpoBaHHas NMH30M. [Mnockas BoOHa

061ajaeT NPOCTPAHCTBEHHON KOFePEHTHOCTbIO, MOCKO/IbKY C MOMOLLbHO

JINH3bI €6 MOXHO C()OoKycMpoBaTb B OAHY TOuKy. OHa BbIXOAWUT U3

3TO TOYKM B BUAE KOHYCOOOPA3HOro Myyka C WCKPWBIEHHLIM BOJHO-
BbIM (DPOHTOM.



Ecm Mbl XOTUM C MOMOLLBIO TaKoro WCTOYHMKA MONYYUTb
VHTEPMEPEHLMOHHYIO  KapTUHY, Ham npugeTca npony-
CTUTb €ro W3nyyeHme 4depe3 cCBeTOPUALTP (4TOOBLI [JO-
OUTbCA BPEMEHHOW KOFepeHTHOCTW), a 3TO NpuBedeT K
[OMO/HUTENIbHOMY YMEHbLLEHUIO ero ApKoCTU. B pe3ynb-
TaTe WHTep(epeHLMOHHas KapTUHA OKaXeTcs  O4eHb
TYCKNOIA.

Nasep — 310 Npubop, KOTOPLIA CO3AaeT CBeT, 0bna-
[AloLLMiA BbICOKO CTEMeHbl0 KakK MPOCTPaHCTBEHHOM, Tak
H BPEMEHHOM KOrepeHTHOCTW, BCMeACTBME Yero OH Wfe-
bHO MOAXOAUT AN1F MONYYEHUS APKMX U YETKUX WHTep-
(hepeHUMOHHBIX KapTuH.

3peHne

Mbl BAZMM Te WM WHble NpeAMeTbl Gnarogaps Tomy,
YTO OHWM IMBO camu ABNAKOTCA UCTOYHUKAMM CBeTa, 160
MPeNOMAAT WM OTPaxXarT Mafatolimii Ha HUX CBeT.
OTpaxeHne O6blBaeT [JBYX TWUMOB: €CM  MOBEPXHOCTb
npegmeTa rnajkas, Kak Hanpumep, y CTeknia wuam 3ep-
Kana, TO OTpaXeHWe SBAETCA 3epKa/bHbIM; €C/n e
OHa HepoBHasA, Kak, CKaxem, Yy JepeBa wm OGymaru,
TO OTpaXKeHVe Ha3blBAKT AUGY3HbIM. VIHOT4a MOXHO
HabngaTb O4HOBPEMEHHO OTPaXKeHUs 060MX  TWMOB;
TakoBO, B 4YaCTHOCTW, OTpPaXeHWe CBeTa OT MOBEPXHOCTU
MO/IMPOBAHHOIO [JepeBa.

OTpaeHHbIi OT MpeAMETOB CBET COCTOWUT W3  KOJe-
GaHUiA CO CMOXHBIMU  BOHOBLIMU  (DPOHTaMK, KOTOpble
pacnpoCTPaHAOTCA BO BCEBO3MOXHbIX —HarpaB/eHUsX.
PaccmatpuBas npeimeTbl B KOMHaTe, OCBELLUEHHOW TOSb-
KO [HEBHbIM CBETOM, Mbl BOCMPWHVMMaEM B OCHOBHOM
BO/HbI CBETa, KOTOPbIA He 06/1afaeT HU MPOCTPaHCTBEH-
HOW, HX BPEMEHHOM KOrepeHTHOCTbIO. Ecnm 3To npegme-
Tbl MHOTOLIBETHblE WM Gefble, TO OTPaXEHHblE VUMW BOJI-
Hbl MPeACcTaBNAT Ccob60/ CMeCb CBETOBLIX BO/H PasHoOW
OVHbL. ®opMa BO/HOBBLIX (PPOHTOB B 3TOM C/ly4yae Tak-
e 0YeHb C/IOXHA, XOTA OHAa BO MHOIMOM 3aBWUCWUT OT
(hopmMbl NPeaMETOB.

OfHako Mbl He BMAWMM BOMH — Mbl BUAUM peasibHble
npeaMeTbl. B M3BECTHOM CMbICNe Hawy rfiasa W Mo3sr
«UCMOMb3YHOT» CBETOBbIE BO/HbI TakMM 00pa3oM, YTO Mbl
HabntofaeM BOKpYr ceb6si  OObEMHbI  (TPeXMepHbIit)
uBeTHOM Mup. CTporo rosops, B (opmMe U CTPYKType



BO/IHOBbIX (DPOHTOB CBETOBbIX BOSIH COLEPXUTCA WHEOP-
Mauus, KOTOpYK Haly rnasa WM MOo3r MpeBpaliaioT B
obpa3 peasbHOro Mupa. W3yyeHnem TOro, Kak WMEHHO
3TO MNPOWUCXOAMT, 3aHWMaeTCA 3KCMepuMeHTanbHas (u-
310/10TMs; Hac e OyayT MHTepecoBaTb TO/MbKO (hu3nye-
CKMe NPOLLECChI, CBA3aHHbIE CO 3PEHMEM.
doToannapat — 370 MPOCTeNLWNIA NpMBOpP, MO CBOEMY
[EAICTBMIO BO MHOFOM CXOfHbIA C T[/1a30M Ye/oBeKa.
B ntoboii (hoTOokamepe MMeeTCA NIMH3a, KoTopas (hOKycw-
pyeT pacxofdwimecs OT 06bekTa CBETOBble BOJHbI, (Op-
MUpYS MN0CKOe (4BYMEPHOE) u306paxkeHue B (hoKasb-
HOW MIOCKOCTM NWH3bI (puc. 10)*. 3710 wm306paxeHue
MOXHO 3a(MKCHpOBaTb Ha CBETOYYBCTBUTE/IbHOW MEHKe
M NoMyunTb TakMm 06pasom (oTorpauyeckuii Herartus,
C MOMOLLbIO KOTOPOro 3aTeM W3roTOBAAKT MNO3UTUB —
(POTOCHMMOK. Wcronb3ya NMH3Y A1 (POKYCUPOBKM BOJH,
pacxofAawWmxcs OT 00beKTa, Mbl CO3JaeM [ABYMepHOe
n300paXKeHNe TpexMepHOro o6bekTa. JTO B AENCTBU-
TeNIbHOCTW Ype3BblyaiiHO YAMBUTE/IbHBIA MPOLECC, KOTO-
pblli TeM He MeHee cuuTaeTcs OObIYHbIM, caMo CO6Oi
pasyMeroLLMMCS, MOCKOMIbKY HaM BeCbMa 4acTo Mpuxo-

Cxopswmecsa BOJIHOBble
(hpOHTLI CcBETA CO3jaloT
cthokycmpoBaHHoe
[AByMepHoe n3obpaxeHue
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06BbEKT 5 :
NTnH3za : :
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PaclumnpstoLimecs LT i doTokamepa

BOJIHOBblE (PPOHTBI
CBeTa, OTPAXEHHOro
oT 06bekTa

Puc. 10. MpuHumn pJeiicTBus NnMH3bI B poTOamnapate: OHa CO34aeT
M/1I0CKOe W300paxeHne TpexmepHoro o6bekTa. [pouecc dopmmposa-
HUS NIMH30/ MNIOCKOrO0 M306PaXEHU YacTo KaXeTcs HaM 4Yem-TO caMo
coboin pasymetolmmcs. Hal rnas feiicteyeT nogobHo goToannapary.

* B oblieM Cnyyae MAOCKOCTb, FAe (hOKYCMpyeTcs M3obpaxeHue,
MOXET He COBMafaTh C (DOKa/bHOM MIOCKOCTbIO. — IMpum. peq.



anTca uMeTb feno ¢ gotorpaguamu. C Tex fanekux Bpe-
MeH, KOrja Ha CTeHax nMeLlep MOSBUAMCH MepBble pu-
CYHKW [pEBHUX XYLOXHWKOB, W MO Cel [eHb Noau
MPOLO/MHKAKT C GO/MbLUMM WM MEHBLUMM YCMEXOM CO3/a-
BaTb MJ/IOCKME W300paXXeHUsi peasibHOr0  TPEXMEPHOro
mMupa. Pa3paboTka HOBbIX METOA0B Y COBEpLUEHCTBOBA-
HUE Y>XKe WMEIOLMXCA MNO3BONUAN [LOOUTLCA 3HAYUTESb-
HbIX YCMEXOB B CO3LaHUM TakuMX W300paXeHWin u eue
6onblle NpuBAU3UTL UX K opurnHanam. «llepcnekTmsax
B XKVMBOMUCU W PUCYHKe Oblnia, BO3MOXHO, OfHWUM W3 Be-
NNYaLWIMX OTKPbLITUIA B 3TOM 06nacTu. B KapTuHe, KOTO-
pas WCMo/b3yeT MepcreKkT1By, MOXHO MPOBECTM BOOOpa-
Xaemble JIMHUW, CXOAsLLMECs HA PacCTOSAHUM B TOUKY;
B TakOW KapTuHe MpeAMETbl, PAcrosioOXeHHble Ha nepes-
HeM nnaHe, u306paxarTcs 00nee KPYrHbIMU, Yem Te,
4TO HaxofaTcs c3agu. MpPUHUMN NepcrnekTUBbl peannsy-
erca n B oTorpaduax, Gnarogaps 4emy OHW [OBOJSIbHO
PeaICTUYHO MNepesatT OKPYXAKOLWMA MUp.

Na3 u4enoBeka TakXe WUMeeT MH3Y (XPyCTaNuK).
B 3agHeli yacTW rnasa HaxoAuTCH CBETOYYBCTBUTENbHAs
MOBEPXHOCTb, Ha3blBaeMas CeTYaTKOMW, Ha KOTOPYH W30-
OpaxeHne (oKycmpyeTcs TakMm >Ke 06pa3om, Kak U B
(botoannapate. CeTyaTka npeacTaBnseT coboli CBOeo6-
pasHyl0 MO3auKy, COCTOALLYHO U3 Me/bYailmX CBETOBbIX
PeLenTopoB — KONBGOYEK U NasioyeK,— KaX[blii U3 KOTo-
PbIX 4Yepe3 HepBHble BOMOKHA MOCbIMAeT B MO3r COOOLLe-
HUA O FAPKOCTM (parMeHTa M306paxeHUs, 3anevyat/ieH-
HOrO OnpefeNieHHbIM PeLenTopoM, a TakXke O LiBeTe BO3-
HUKaloLero Ha peuentope wu3obpaxeHns. CoobLLeHNs
MoCTynatoT B MO3r B BWAE CEPUU 3MEKTPUYECKMX WUM-
My/nbCOB, WX CUrHANOB. MO3r aHanm3upyeT 3T CUrHabI
n hopMupyeT 06pa3 peanbHoOro npegmera. B atom emy
CYLLECTBEHHO MOMOraeT TO, 4YTO [Ba [/la3a YesioBeKa
BUAAT MpPeAMeT HECKO/bKO no-pasHomy. O6beauHss 06-
pasbl npegmeTa, BOCMPUHMMAEMbIE KaXAbIM  [/1a30M,
MO3r MONy4YaeT MH(OPMaLUMI0 O [elCTBUTENbHOW (opme
(obbeMHOCTM) npeameTa.

BMecTo TOro u4TOObl MbITATbCA TOYHO OOBACHUTD,
KakMM MMeHHO 06pa3oM Mbl BOCMPUHVMMAaEM MUp Kak
00bEMHBbIA, AN HalmMX Leneil [OCTaTOMHO MPOCTO CKa-
3aTb, YTO Mbl MO/My4YaeM W3 3TOM0 MMpa OTPaKEHHble OT
OOBbEKTOB CBETOBble BO/IHbI CO  CNOXHbIMWA  BOMTHOBbLIMM
(hbpoOHTaMM M B pe3ynibTaTe BOCMPUHUMAEM €ro peasibHyto



06bEMHOCTb. BCMOMHMB, 4TO FOBOPW/IOCH Bbille O pas/ny-
HbIX 06pa3ax NpegMeToB, CO34aBaeMblX KaX[bIM [/1a30M,
MOXHO MPeAnoNioXMTb, 4YTO 3Ta OOBEMHOCTb CBfi3aHa C
TeM, YTO MO3r «CpPaBHMBAeT» MOCTYNaloLMe B KaxXAblli
rnas CBeTOBble BOMHbI U 06pabaTbiBaeT 3Ty WH(OPMa-
LMI0 TaK, 4TO y Hac co3faeTcd o6pa3 peaslbHOro Mupa...

3 TOro obcToATeNbCTBA, UTO Mbl BOCTIPUHMMAEM MUP
06bEMHbIM, BbITEKAIOT OMpefeneHHble CneacTBus. Hawu-
Gonee BaXHOe W3 HUX — fABEHWe napannakca. Ecnu
npesaMeT, PacrnofioXeHHbI Ha nepefHeM MaHe, 3aKpbl-
BaeT APYromn, HaxofALWMIACS 3a HWM, TO, 4TOObl YyBUAETb
3afiHU NpeaMeT, Mbl NPOCTO ABWraemM rO/IOBOA B CTOPO-
Hy, 3arnafbiBas 3a nepegHuin npeamet. Ecnv nepuogm-
YeCKW [ABMraTb ro/I0BOV M3 CTOPOHbI B CTOPOHY, TO BO3-
HUKHET OLLYyLLIeHNEe, YTO OAVDKHWE MpeaMeTbl «CMeLLaroT-
cs» Oonblue, YeM ypaneHHble. Kpome Toro, Ham OygaeT
KasaTbCf, 4TO MNpeAMeTbl, HaxXoAALMecs Brepeau, cMe-
LIAKTCA B MPOTUBOMONOXHYK CTOPOHY MO CPaBHEHMUIO C
TeMW, KOTOpble PacnosioXeHbl c3agu. 3TO U ecTb Tak
Ha3blBaEMOe SB/EHME Mapasinaxca.

doTorpadms, KOHEYHO, He MOKasblBaeT napasnakca.
OTHOCUTE/bHbIE MONOXEHUA NPeSMETOB 3arnevyart/ieBaroT-
CA Ha CHUMKe Kak HernoABWXHble, 3acTbiBwuve. PoTorpa-
(M He BOCMPOM3BOAUT CNOXKHBIX BOJHOBBIX (DPOHTOB,
OTPaXeHHbIX OT MpPeAMeTOB; OHA CO34aeT M/I0CKOe M3006-
paxeHVe 00beKTa, KOTopoe (hOpMUpYeTCH NMH30M. Haww
rna3 BOCMPUHUMAET 3TO M306pakeHue KakK HeKyr KOnuio
peanbHOro 06bekTa. Mbl BUAUM oTOorpagmio B CBeTE,
OTP@KEHHOM OT ee MOBepxHOCTU. OfHaKo Mexzay BOJI-
HOBbIMM (DPOHTaMV CBETOBbIX BOJIH, OTPaXEHHbIX B Ha-
npaBfeHnn rnasa OT ABYMEpPHOW oTorpaduun, U BOJH,
KOTOpble OTPaXatTCs OT peaibHbIX TPEXMEPHbIX 00bek-
TOB, CYLLECTBYeT OO/bLLOe pasnnyue.

Mpexzae YeM HayaTb Pas3roBop O nasepax, Mbl LOMK-
Hbl 06paTWTb BHWMaHWe Ha [OBO/IbHO PacrpoCTPaHeH-
Hbli BML O6BLEMHONM (hoTOrpadum — CUCTEMY, W3BECTHYHO
noj HasBaHvWeM CTepeocKonuyeckoii hoTorpadumn. B oc-
HOBE €e JIeXWUT YXKe YMOMAHYTbIA MPUHLUWM, CYTb KO-
TOPOro 3aKntoyaeTcs B TOM, UTO Halle BOCMpUATUE [Ny-
OMHbI 06bekTa 0O6YC/OBMEHO CO3JaHMEM Ha CeTyaTKe
rnas3 HecKO/bKO pas/myarolwuxcs 06pa3oB  peasbHOr0
00beKTa, KOTOpble MO3r TpaHC(OpPMUpPYeT B OnpefeneH-
HYI0 TPeXMepHyt KapTuHy. CTepeockon [AeMOHCTpUpyeT



OTAe/MbHO Kax4oMmy rnasy gotorpaguio, 3anedyatieBLUyto
npeaMeT C TOWM TOYKM 3PEHWs, C Kakoi ero Bugen Obl
rna3 npy HernocpeACTBEHHOM OCMOTPe; 3TW 4YacTu  (o-
Torpatmii NoMy4atoT € MOMOLLBIO CheLnaibHON ABYX/INH-
30BOW (hOoTOKamepbl. PaccmartpmBas Takue «CTepeornapbl»
Yepe3 CTEPEOCKOM, Mbl MO/yYaeM W/I03MI0 BOCMPUATMA
00BEMHOCTV peanbHON KapTuHbl. OCHOBHbIM HefoCTaT-
KOM Ha3BaHHOro MeToja ABNAETCA TO, YTO OH BOCMPOM3-
BOAMT 006pa3 peasibHbIX 00BLEKTOB, Kak Obl BUAUMBIX C
OfHOr0 (PMKCMPOBAHHOTO MONOXEHMA. [lpyu 3TOM HEBO3-
MOXHO «3arfiiHyTb» 3a OOBEKTbl, PACMOMIOXKEHHbIE HA
nepefHemM nnaHe, Aabbl YBUAETb, YTO 3a HUMU HAXOAUT-
CA; VHbIMW C/IOBaMK, CTEPEOCKON He BOCMPOWM3BOAWT SiB-
neHus  napannakca. [onorpaguyeckoe Un306paxeHue,
Kak Mbl YBUAUM B [afibHeiLleM, B MOSHON Mepe [eMOH-
CTpUpYeT a(h(pekTbl Napannakca, Habngaemble B peasib-
HOM >KW3HW; HanpumMep, Mbl MOXeM MeL/eHHO W MocTe-
MEHHO OCMaTpuBaTb OfHY CTOPOHY O06beKTa, [ABUras B
3Ty CTOPOHY TO/I0BOI, Onarojaps 4veMy ygaetcs YBUAETb
00BLEKT B Pas/IMYHbIX MOMOXKEHUAX. JlaHHbIA  3heKT
MHOrja Ha3blBaKOT ay TOCTEPEOCKOMNMe.



naBa 2

MONYYEHNE CBETA: JIASEP

C wu306peteHmem nasepa (1960 r.) ydyeHble noay4nnu
npuobop, KOTOPOMY O6bIIO CYXXAEHO CTaTb LEHHbIM WHCT-
PYMEHTOM B pyKax 4esioBeka. [lepBOHa4Ya/lbHO BO3MOX-
HOCTW WCMOMb30BaHWSA MNpubopa, KOTOPbIA MOXET AaBaTtb
WHTEHCMBHBIA MYy4OK KOrepeHTHOro CcBeTa, MpeAcTas/s-
NINCb BecbMa HeonpegeneHHbIMUM. Ho OykBa/bHO 3a He-
CKO/MIbKO JIeT Na3ep Halle/l MHOTOYUC/IEHHblE NMPUMEHEHUS
B HayKke W TeXHUKE.

B [elcTBUTENIbHOCTU TEOPETUYECKME MPUHLMMBI MONY-
YeHWs CBeTa, KOTOpble /NerM B OCHOBY W306peTeHust na-
3epa, OblM XOPOLUO M3BECTHbI 3340Nro Ao 1960 r. 3t
MPUHUMNBLI  OblM  CHOPMYNNPOBaHbI B KBAHTOBOW MeXa-
HWKe, pa3paboTaHHOW B MEPBOA YeTBEPTM HaLlero CTo-
netus. To3gHee Y4eHble 3aMHTEPeCOBA/UCb BOMPOCOM,
Kakum 06pa3oM MaTepuasbl Npu  OrnpefeneHHbIX Ycro-
BMAX MOFYT WMCMyCKaTb CBET WM [pyrve BWAbl 3N1eKTpo-
MarHUTHOTO M3/ydyeHnsi. OHW TakXXe 3aHANNCb WCCNeno-
BaHWeM BO3[JeNCTBMA CBETa Ha BELLECTBO.

UToObl 06BACHUTL pe3ynbTaTbl HEKOTOPbIX 3KCnepu-
MEHTOB, MOCTaB/IeHHbIX B TO BPEMSs, Y4eHble MPUHAN,
4yTO MNy4YOK CBeTa MpeAcTaBnsieT CO60M MOTOK YacTu,
Ha3BaHHbIX (DOTOHaMW, KOTOPble HE WMMEHT Macchbl MOKOS
W LBWXYTCA CO CKOPOCTbIO CBETa; 3TW MOJOXEHUA W3-
BECTHbl KakK MOCTynaTbl KBAaHTOBOW Teopuu ceeTa. U
X0TSi B Heli MbITa/IUCb YCMOTPETb MPOTMBOpEUNs C paHee
CO3[@HHON BO/IHOBOW TeOpWel CBeTa, B HalUM [HU Yue-
Hble CK/IOHHbl B 3aBUCMMOCTW OT YC/IOBUA PacCMOTPEHUS
1CMoNb30BaTb B paBHOW Mepe 06e Teopun. B 13BECTHOM
CMbIC/IE Mbl MOXEM CYMTaTb, YTO CBETOBble BOJSIHbI — 3TO
MOTOK MHOXECTBa (POTOHOB, WM, HA0BOPOT, MOXHO CKa-
3aTb, YTO (POTOHbI COOTBETCTBYIOT My4YKam CBETOBbIX BOJIH.



Ha camom >e pgene ¢ no6biIM (POTOHOM MOXHO CBSi-
3aTb COOTBETCTBYIOLLYK [/IMHY CBETOBOW BO/HbI. OfHO
M3 BAKHEMLIMX MOMIOXKEHWNIA KBAHTOBOW Teopuu CBeTa
COCTOMT B TOM, YTO KaX[bl (POTOH HeCeT OnpejeneH-
HOe KO/MMYecTBO  (KBAaHT) 3HEpruu, COOTBETCTBYlOLEe
AMHe (MM YacTOTe) CBETOBOW BOJHbI, «CBAA3AHHOW»
C 3TUM (POTOHOM. BenMunHa 3TOW 3HEprun BbipaxaeTcs
thopmynon lNnaHka:

3Heprus (hoTOoHa = NOCTOsAHHasA MnaHKa X yacToTa
«CBSI3aHHOM» BOJHbI.

CBeTOBOM My4OK, TakuM 06pa3oM, MOXHO paccmart-
puBaTb Kak CyMMy MHOrMX KBAaHTOB. OHeprus KBaHTa
ypesBblyaliHO Mana. Hanpumep, ecnm (OTOH KPacHOro
CBeTa MepefacT BCHO CBOK 3HEpruio CTakaHy C BOJOW,
TO TemrepaTypa BOAbl MOLHWMETCA /Wb Ha BENUYWH
nopsigka OAHOM MWNNMAPAHON OT OfHOM MUINMApPAHOW
(10°™) ponmn rpapyca.

®OTOH MOXET NOornowarsCs WM  UCMycKaTbCs arto-
MOM. YTO6bl MOHSATb, Kak 3TO MPOUCXOAUT, Mbl MOXEM
yrnogobuTb aToMbl — a OHW MpPeACTaBNsAOT CO6OA Mesb-
Yailume YacTWUbl BeLlecTBa — OUNbAPAHBLIM  LUapUKam,
KOTOpble CMOCOOHbI  Nornowars W 0TAaBaTb  3HEPruH.
ATOM MOXeT MONYyYNTb 3HEpPruto  NpU  CTONIKHOBEHWM
C [Jpyrum aTtoMOM W C KakoW-nmbo WHOM YacTu-
Lel, CKaXeM C 3/eKTPOHOM Wam gaxe (oToHoM. Korpa
aTtoM MOrnowaeT 3Hepruo, Mbl FOBOPWUM, YTO OH nepe-
XOAMT B BO30Y>KJEHHOe COCTOsHMe. [locnre Toro Kak 3To
CNyunTCsl, aToM Yepes Maslylo [ON0 CeKyHAbl BO3Bpa-
LaeTcs B CBOe 0Obl4HOE, TaK Ha3blBaeMOE OCHOBHOE
cocTOosHWe. [py 3TOM OH UCMYCKaeT KBaHT cBeta (Au
[pYroro 31eKTpOMarHUTHOrO W3/ly4eHus), KOTOpbI YHO-
CUT MEepPBOHAYa/IbHO MO/IOWEHHYIO aTOMOM  3Hepruio.
B cootBeTcTBUM C (hopmynoit MnaHKa 4actoTa W3ny4eH-
HOro TakMm 06pa3om cBeTa (MHaye roBops, ero LBeT)
3aBUCUT OT MOI/IOLLEHHON 3Heprun. WTak, LBeT u3nydae-
MOro aToMOM CBeTa OMnpeseNifieTcs KOJMYeCTBOM MOr/Io-
LLIeHHOM 3TUM aTOMOM 3Hepruu.

Kaxaplii 13 CyLLeCTBYHOLMX B MPUPOAE XMMUYECKUX
3/IEMEHTOB COCTOMT M3  OMPEefEeNeHHOro Tuna aToMOB.
OkasblBaeTcsl, atoM He MOXET MNOrfowarb MNpou3BO/b-
HOE KO/IMYECTBO 3HEPrun. B AeiCTBUTENLHOCTY aTOM KaX-
[Oro TvMa CrnocobeH MOrnowWaTh TOMbKO OMpPeaeneHHbIN



«Habop» Pa3/fIMYHbIX KOMMYECTB 3JHEPrUW, U pas/inyHble
TWMbl aTOMOB XapakKTepu3ytTCA MPUCYLLMMU TONMBKO UM
HabopaMun KOMMYeCTB 3HEPruM, KOTOpble OHW B COCTOS-
HUM nornowars. Hanpumep, aTtoM Kakoro-To OAHOro
3nemMeHTa crnocobeH nornotnte 1, 3, 5 wm 9 «eAnMHML
3Heprum, TOrfa Kak atoMm [Apyroro 3femeHTa MOXeT
nornotute 2, 4, 8 wm 12 eguHuu. Kak B TOM, Tak 1 B
[PYrom criyyae TrOBOPAT, UYTO OH MOXET HaxoAuTbCs
B YeTblpeX pa3/IMyHbIX BO30OYXAEHHbIX COCTOAHUAX (Ha
YeTblpeX YPOBHSAX). [OrNOTMB OAHO M3 3TUX KOMMYeCTB
3Heprum, atom CnycTd HeKOTOpOe BpeMs BO3BpPaLLaeTCH
B CBOe OCHOBHOE COCTOSIHME W W3N1y4aeT KBaHT CBETa,
LBET KOTOPOro 3aBWUCWUT OT Be/IMYMHBI 3HEPruu, Morno-
LLieHHO/ aTOMOM, WM, MHaye roBoOps, OT TOro BO30YX-
[EHHOro COCTOsIHWS, B KOTOPOM Haxogwncs atom. Korpa
aToM BO3BpaLLlaeTCs M3 TOTO WAM WHOTO BO36YX[eH-
HOrO COCTOSHUA B OCHOBHOE, Mbl TOBOPWM, YTO OH CO-
BepLUaeT 3HepreTUYecKuii nepexos. B Hawem npumepe —
MOCKO/IbKY aTOM MOXeT ObITb BO36YXAeH A0 /060ro
M3 4eTblpex 60/1ee BbICOKUX 3HEPreTUYECKMX YPOBHe —
CYLLECTBYIOT YeTblpe BO3MOXHbIX Mepexoja B OCHOBHOE
COCTOSIHME, KaX[bli M3  KOTOPbIX  COMPOBOXAAETCA
UCMYCKaHWeM CBETOBOIO W3/y4YeHUst pPa3/IMYHOro LiBeTa.

B3sB HeKOTOpyl0 rpynny WAEHTUYHbIX aTOMOB, Mbl
MOXEM nepefaTb UM 3HEPrui0 TakuM 06pa3oMm, 4ToObl
B KaXAOM BO36YXAEHHOM COCTOSHWW, BO3MOXHOM ANS
[JaHHOro TWna aTomoB, OKasanocb MO KpaviHeln Mepe
HECKO/IbKO aToMoB. CO BpeMeHeM BCe OHW BEPHYTCH B
OCHOBHOE COCTOSIHWE X BCA rpyrnna aToOMOB B Lie/IOM U3/y-
AT CBeT, KOTOpbli OydeT npefcTaBNsATb COGOM CMeCh
HECKO/IbKMX  YMCTbIX LBeTOB. Hanpumep, ecnm aTom
MOXET MepexoauTb U3 YeTblpeX BO36YXKAEHHbIX COCTOS-
HUA NWWbL B OCHOBHOE COCTOfHME, TO rpynna TakuxX
atomoB OyeT u3ny4yaTb CBET, COCTOALMM TOMbKO W3
YeTblpeX pas3/IYHbIX LBETOB. B Takom cryyae roBopsT,
YTO CMEeKTP 3TOr0 aroma COCTOMT W3 YeTblpex LBETOB.
MOCKONbKY KaXAbliA TUM atoMa, T. €. KaXAblA XUMU-
YeCKWIn 3M1EMEHT, MMeEeT CBOW OnpefeNieHHbIi Habop BO3-
OY)XKAEHHbIX 3HEPreTUYECKUX COCTOSHWIA, KaXAbli 3ne-
MEHT XapakTepu3yeTcs CreuupuyecKum CrnekTpom — ori-
pefeneHHbIM  HabopoM  pas/iyHbIX LBeToB. [lonb3ysch
3TUM, acCTPOHOMbI MONYYalT BO3MOXHOCTb CYAWUTb O XU-
MUYECKOM COCTaBe 3Be3f M0 CrekTpam WX W3/yYeHUs.



VICTOUHUKN cBeTa

HarpeTtble Tena

B nobom mMaTepuane atoMbl HaxofATCA B Hempepbi-
HOM [BWKEHWU: B TBEpPAOM Tefe OHM  KONebntoTcs
BOKPYr HEKOTOPbIX (PUKCMPOBAHHbIX MOMOXEHWA, a B
rase Moyt CBOOOAHO «JleTalT», CTaJKMBascb Apyr ¢
OpyroMm 1 co cTeHkamy cocyga. C nOBbILLEHVEM TeM-
nepaTypbl MaTepuana 3TO [ABWKEHWe CTaHOBUTCH BCE
6onee MHTEHCUBHbIM. BcsikuMin pa3, korga onpeaeneHHbIN
aToM CTankvMBaeTcsd C ApPYrMMM aToMaMu, OH MOXeET
MOMy4nTb HEKOTOPYIO MOPLUMIO 3HEpruu, MepeiTu B BO3-
Oy>X[EHHOe COCTOsIHME, a MNocne 3TOr0 WCMYCTUTb KBaHT
Kakoro-nnbo BuAa 3M1eKTPOMAarHUTHOrO u3nyuyeHns. Bce
npeaMeTbl BOKPYT HAC HEMPEpPbIBHO W3y4atoT 3/1eKTpO-
MarHUTHbIE BOJHbl, HO OObIYHO 3TO W3/lyYeHME OYeHb
HU3KOM WHTEHCUBHOCTU WM Ma/IO [/NHbI BOMHbLI, K KOTO-
POMYy HalM rnasa He 4yBCTBUTe/bHbl. HO ecniu Temne-
paTypa, CKaXeM, XXeNe3HOro CTepXHs BoO3pacTaeT, TO
ero aTtombl BO30Y>XAaloTca A0 BCe 60/iee BbICOKMX 3Hep-
FeTUYECKNX COCTOSIHUA W HAYMHAIOT WCMYCKaTb KBaHTbI
cBeTa.

OfHako npy BbICOKMX Temnepatypax B Nt060OM Tene
CTaHOBUTCS CYLUECTBEHHbIM [APYroii MPOLecc, W3BECTHBbIIA
KaK «n3flyyeHre 4epHoro Tena». [lpu 3TOM BO3HMKaeT
M3nyyeHne BCEX LBETOB, T. €. Genblii CBET, U B Pe3ynb-
TaTe CBETOBOE W3/lyYyeHME OTAENbHbIX aTOMOB OKa3blBa-
€TC CWIbHO CMasaHHbIM. [lpy  BbICOKOM TemnepaType
YKENE3HbIA CTEPXKEHb HAKansAeTcsa WM HauMHaeT u3ny4aTb
cBeT. CBeYeHMe XOpPOLLO M3BECTHOM HaM NnaMmrbl HakKaiuBa-
HMS UMEHHO 3TUM U 06YCNOBNEHO: HWTb HaKannBaHWs B
Tako namne packansetcs pgobena npv NPOXOXAEHUM
MO Heli 3NEeKTPUYECKOro ToKa. A 6efblii CBET, KakK Mbl
oTMeda/ B 1. 1, He 06/1afaeT BPEMEHHOI KOrepeHT-
HOCTbIO, T. €. He UMEET eAUHCTBEHHON CTPOro onpeaeneH-
HON A/MHbI BOSHBI.

Mazopa3psagHbie famMmbl

[JonycTum, 4To Mbl MCMONMb3yeM MaTepuan, CoCTos-
WMIA M3 OAMHAKOBbLIX aTOMOB, W YMeeM BO30yXaaTb WX
He TennoBbIM, a KakUM-TO MHbIM CMOCOGOM, TaK u4TO
LyBeTa MCMYyCKAaemMoro WM CBETOBOrO M3nyyeHus OyayT
3aK/YeHbl B MNpedenax CrekTpa, XapakTepHoro A



[aHHOro Tuma atomoB. W Torga C MOMOLLbHO  Jaxe
camoro rpy6oro ¢uabTpa Mbl CMOXEM BbIEUTL U3
3TOr0  M3Ny4YeHWUs OfLUH-EAMHCTBEHHbIA  LBET  ChekTpa.
310 6YyAeT CTPOro MOHOXPOMATWUYHBIA W, CnefoBaTenbHo,
VMEIOLLMIA BbICOKYIO CTerneHb BPEMEHHOM KOrepeHTHOCTU
CBeT.

OnucaHHbIA Bbille NPOLECC peann3yeTcs B NpuGope,
Ha3blBaeMOM  rasopaspsfHon  namnon. Takoro  Tuna
Namrbl UCMOMb3YHOTCS, HaNpuUMep, B CBETOBbIX pekiamax.
B npocrelilem BapuaHTe rasopaspsfHas namna npeg-
CTaB/ifeT CcO6OM MONYKHD TEPMETUYHYIO  CTEK/IAHHYHO
TPYyOKY, 3amMO/IHEHHYID HEOHOM JfIpY HWU3KOM [aB/EHUW.
B cTeHkn TpyOKM BnasHbl [Be MeTa//IMyeckme nna-
CTUHKM, OHVMM KOHLIOM BbICTyMatoLLye Hapyxy, KoTopble
Ha3blBalOTCA 3/eKTpodaMu. Ecnu anekTpofbl noacoeam-
HUTb K BbICOKOBO/IbTHOMY WCTOYHMKY MOCTOSHHOIO TOKa,
TO OOWH U3 HUX, KaToA, OyJeT 3apsXeH OTpuULaTeNbHO,
a [pyrom, aHof,— nonoxuTenbHo. Katog okasblBaetcs
OTpULATENIbHO 3apPSXKeHHbIM, MOTOMY YTO WMeeT U36bl-
TOK 3/1eKTPOHOB — Cy0aTOMHbIX 4acTuL, KOTOpble HecyT
OTpULATeNbHLIA 3apsaf. AHOA ke OyaeT MONOXMTENbHO
3apshKeH, MOCKO/bKY WCMbITbIBAET HEAOCTaTOK 3M1eKTPO-
HOB. JNIEKTPOHbI KaTofa Bbl/IETalT U3 HEro W [ABUXKYTCS
Yepe3 ras Mo HanpaeNeHWO K aHogy (Tak Kak MpoTuBO-
MOMOXHble 3apafbl npuTarusatoTcs). Mo nyTw, cTanku-
BafCb C aToMamMu HeOHa, OHM MOryT nepefatb WM
3Hepruto.

ATOMbI HeoHa MOr/IOWAT 3Ty 3HEPrUl0 TONbKO B
TOM Cflyyae, €C/IM OHa TOYHO COOTBETCTBYET 3HEpPruu,
HeoOXoAMMON AN WX nepexofa B OAHO W3 paspeLueH-
HbIX BO30Y)KAEHHbIX COCTOSHWIA. 3Heprun 3M1eKTPOHOB
MOryT ObITb CaMbIMU Pa3INYHbLIMWA, B TOM YMCIE WUMEHHO
TakMMK, KOTOpble TpebylTCA [/19 Mepexofa aToMOB
HeoHa B BO30YX[eHHble COCTOSHUA. Takum 06pa3oM, B
NOGON MOMEHT BPEMEHW B KaXAOM M3 BO30YXKAEHHbIX
COCTOSIHUA MOXET HaxoAWTbCA HEKOTOPOe KO/INMYECTBO
aToMOB HeoHa. Bo3Bpallascb B CBOE OCHOBHOE COCTOSi-
HUE, KaX[bl aToM WCMyCKaeT KBaHT CBeTa, LBET KOTO-
pOro 3aBMCUT OT TOrO, Ha KakOM 3HEepreTM4eckoM YpOBHe
HaXOo4MNCA [aHHbIA aToM. JTOT MPOLECC NPOUCXOAUT He-
MPePbIBHO, Y B HEM Y4acTBYeT MHOIO aTOMOB: MOKa OfHW
U3 HMX W3Ny4aloT CBET, Apyrve — B pe3ynbTate nocremy-
fOLLWX CTOSIKHOBEHWIA C 3/1eKTPOHAMM — MepexoasT B pas-



NINYHble BO30YXKAEHHbIE COCTOAHMA. MMpu 3TOM B 06M1acTy
MeXZJy 9NeKTpoJamu BO3HMKAaeT SpKOe KpacHOBaToe
CBeYeHMe; Ha CaMOM [Jefe OHO COCTOMT W3 CMecu
HECKOMIbKUX  OUCKPETHbIX LBETOB, XapaKTepHbIX AN
ONMTWYECKOr0 CMEeKTpa HeOHa, HO KpacHbIl CBeT ABNS-
eTcd npeo6nagarowmm. ponyckas CBeT, U3/lyYaemblii
HEOHOBO NaMMoi, [axe 4epe3 OYEHb HU3KOKAYECTBEH-
Hbli KpacHbIM (UNbTP (KOTOPbIA HE MPOU3BOAUT YETKOro
pasfeneHns LBETOB OIM3KMX OTTEHKOB), MOXHO MCKIIHO-
unTb Nto6ble Apyrve LBeTa, COXPaHWB OAVH-eAVWHCTBEH-
HblAi KpacHbI CBET, KOTOPbIA OKa3blBaeTCA BbICOKOMOHO-
XpOMaTuyHbIM. Takum 06pa3oM, (uIbTP MO3BONSET Ham
BbIAENNTb TONMbKO OAWH LBET (KpacCHblil) M3 BCEro Crhek-
Tpa, XapakTepHOro [/ aTOMOB HeoHa. 3amonHWB TPYyOKy
He HEOHOM, & KaKvM-MB0 WHbIM ra3oM, Mbl NOA0OHLIM
e MyTeM MOXEM MonyuuTb M fpyrue ugeTa. Hanmpumep,
CBET rasopaspsfHoi aproHOBON NaMrnbl COCTOMT M3 CMecu
LUBETOB, NEXALLUMX B CUHE-3eMEHOM YacTu CMeKTpa.

Bblgenss w©3 Ccrnektpa CBETOBONO W3Ny4yeHus, ucny-
CKaeMoro WAeHTWYHbIMW aToMaMW, TONbKO OAMH LiBET,
MOXHO WMCMO/b30BaTh rasopaspsagHyo namny Kak WCTou-
HUK CBeTa C BbICOKOM CTeMeHb BPEMEHHOM KOrepeHT-
HOCTW. TakOM WCTOYHMK CBETa YXe MPUrofeH Ans Cco3-
JaHnsa MHTeP(ePeHLVOHHON KapTuHbL. A 4T06bl JOBUTLCS
ele M NPOCTPAHCTBEHHOW KOrepeHTHOCTU CBeTa, ero
[OCTaTOYHO MPONYCTUTb 4Yepe3 MNPOKO/OTOe  6ynaBKoi
OTBEpPCTWE B HEMPO3payHOM 3KpaHe. B pesynbTarte nony-
-3eTCA  OYeHb TYCKNas WHTep(epeHLUMOHHas KapTuHa.

Ha camom pgene cBeT rasopaspsigHoi namnbl C (u/ib-
TPOM He abCOMOTHO MOHOXPOMATUYeH. TaKoh WCTOYHMK
U3Ny4aeT B O4YeHb Y3KOM [uanasoHe LBeTOB, T. €. ero
CBET XapaKTepu3yeTcs MovTM — HO BCE € He COBCeM —
OfHVUM UBETOM (WM OAHOW A/MHOW BOMHbBI). [AanHa
KOTepeHTHOCTU CBeTa ra3opaspsagHbIX Sammn NpakTUYecKu
OYeHb PeLKO MpeBbILLAET HECKO/bKO MuUnnuMeTpoB. Kak
Mbl YBUAUM B [anbHeiLleM, 370 CYLLEeCTBEHHO OrpaHuyu-
BaeT MX MCMoMb30BaHME B KayecTBe WCTOYHWMKOB CBeTa B
rosiorpagmun.

HepgocTtaToyHas  MOHOXpOMaTWYHOCTb — CBeTa  raso-
paspsA4HbIX famn  MpeXxje BCEro CBsi3aHa C SAB/IEHUEM,
KOTOpOe HasblBaeTcs appekToM [onnepa ([OMNJepoBCKUM
cagurom). ATOMbI HeOHa, Kak, BMpo4em, W foboro apy-
roro rasa, HaxogaTca B COCTOSHUM  HenpepbiBHOIO



Xa0TUYeCKoro [ABWMXKEHMS. OHW [BUraloTCi NpPaKTUYecKu
BO BCeX HanpaB/ieHWsX, CTa/KMBasCcb Apyr C APYrom Wu
CO CTeHKaMn TpyOKM; M B TOT MOMEHT, KOrAa Kakoii-
NMbo atoM U3ny4vaeT CBET, OH MOXET [ABuratbca /Mbo
K HaM, 60 OT Hac C HEKOTOPOi 3aMeTHOM CKOPOCTbLHO.

B 06bIAEHHOA >KM3HW MOXHO Habnwgatb 3ggekT
Jonnepa N9 3BYKOBbIX BOJH: Bbl, JO/DKHO OblTb, 3ame-
Yanu, YTO BbICOTA BOCMPUHUMAEMOrO BaMy 3BYKa CMPEHbI
MallUVHbl «CKOPOM MOMOLLM» 3aBUCWUT OT TOro, npubnu-
XaeTca OHa K BaM WM ypansetcs OT Bac. AHaloruny-
HbIM 06pa3oM BUAUMBIA LBET W3/ly4YaeMblX OTAE/bHbIM
aTOMOM CBETOBbIX BOMIH 3aBWUCWUT OT TOrO, [ABVDKETCA /i1
3TOT aTOM B [aHHbIi MOMEHT K Ham wauM oT Hac. Cywm-
MapHbIi  appekT Lonnepa, 06YCNOBMEHHbI ABVXXEHVEM
BCEX aTOMOB HEOHa, NPMBOAUT K TOMY, 4YTO OHWU W3NYy-
YaloT CBET B HEBO/MbLLIOM WHTepBase LBETOB, KOTOpble
Mbl OLEHMBaeM KaK «KpacCHble», a Ha camoM fefie 3T
pasNnyHble OTTEHKU KpacHOro upeta. VIMeHHO B cuny
TOro, 4T0 B CBETe, WCMYCKaeMOM aromamu HeoHa (Mu
Jpyroro rasa), MpUCYTCTBYKOT pa3/IMyHble — XOTA
OYeHb 6nM3KMe — LBETa, [A/IMHA KOrepeHTHOCTU W3fyde-
HUA ra3opaspsfHbIX flaMn  O4YeHb PeAKo  MpeBblllaeT
HECKO/IbKO MUNINMETPOB. B Nt06bIX 00bIYHBIX WUCTOYHU-
Kax ceeta (nNpuvyeM He TOMbKO B ra30HAMNoNIHEHHbIX, HO
W TBEepAOTe/bHbIX) aTOMbl ABWXYTCA, WU B pe3ynbTaTe
HU OOVWH W3 HUX He [JaeT [0CTaTOYHO MOHOXPOMATWY-
HOro CBeTa.

Ecnv Mbl XOTM  M306peCTV  WCTOYHMK C  BbICOKOWA
CTEMeHbID BPEMEHHON KOFepeHTHOCTW, TO HaMm npuaeTcs
npuaymaTb HeKyl CUCTeMy, CMOCOOHYH reHeprpoBaTh
CBETOBOE W3/y4eHMe, LBET KOTOPOr0 He 3aBUCUT OT
OBWKEHWNS OTAe/bHbIX aTOMOB. ECnv 0fHOBPEMEHHO Ham
yfacTcs HalTh cnocod 3acTaBUTb KaXKAbliA aToM  Un3fy-
yaTb CBETOBble BO/HbI, COBMajalolye no ase ¢ BOf-
HaMW, WCMYCKaeMbiMU APYrUMK aToMamu, TO Mbl CO34a-
OVM NpUOop C BbICOKOW CTENeHbl0 He TONbKO BPEMEHHOM,
HO M NPOCTPaHCTBEHHON KOrepeHTHOCTM.

Nasep

B HEOHOBO namne atoM HeOHa W31y4aeT KBaHT
3HeprMy BCKOpPe Mocne TOro, Kak OH MO/yyaeT ee B
pe3y/nbTaTe CTONKHOBEHWSI C 3MEKTPOHOM. Kaxiblii aTom



n3/ly4aeT (DOTOH CMOHTAHHO (CamMOMpPOM3BO/IbHO) U He-
3aBUCMMO OT ApYrvX OKpYy>KatoLimx ero atomos. Bcreg-
CTBME 3TOr0 [JaHHbIA NPOLECC Ha3blBAETCH CMOHTaHHbIM
W3flyyeHMeM B OTAMYME OT rpouecca M3NyvyeHUs (HoTo-
HOB, KOTOpPbIA MNPOMCXOAWT B fasepe U KOTOpbIi Hasbl-
BaeTCA WHAYUMPOBAHHLIM  (BbIHYXAEHHbIM)  W3/lyYeHNEM.
MOXHO cuuMTaTb, 4YTO aTtoM B BO3BYXXJAEHHOM COCTOS-
HUM KakK Obl «coxpaHseT» (akKymynmpyeT) (OTOH Ka-
KOro-To OnpefenieHHoro Lugeta. VIHAYLMpPOBaHHOE W3Ny-
YeHWe HabMOAaETCA B TOM C/lyyae, Korga artom cra-
KMBaeTcas C (DOTOHOM TOrO )Ke LBeTa, 4YTO U Yy
aKKyMynupoBaHHOro (oToHa. Torga nocnegHuin  ucny-
CKaeTcs aTOMOM O[HOBPEMEHHO C TeM (DOTOHOM, C KOTO-
pbIM aToM MpeTeprien CTO/KHOBeHWe. Takum 06pa3om, B
pesy/ibTaTe CTO/IKHOBEHUA BMECTO OAHOr0 (POTOHA Mony-
yaeTcs [Ba, MPUYeM — U 3TO OCOBEHHO BaXKHO — BOJHbI,
COOTBETCTBYHOLME 06OMM (POTOHaM, HaxoaAaTcs B (hase.

Kak Mbl yBUAMM B [AabHELIEM, VMEHHO MpoLecc
VHAOYUMPOBAHHOTO W3/lyYeHWs W Onpejenser [elcTBue
nasepa. Bnepsble 3TOT npouecc 6bll  TEOPETUYECKU
nccnefoBaH AnbGepToM JVHLUTERHOM B Hauyaie Hallero
ctonetms. B [eACTBMTENbHOCTM  MOLOOHBLIA  npouecc
MPOMCXOAUT W B HEOHOBOW famne, HO TaM OH He-
CYLLECTBEH, MOCKO/MbKY CrlyyaeTcs KpaiHe pefko. 3T0
CBA3aHO C TeMm, 4YTO B Jlamne OJHOBPEMEHHO Mepexo-
OWUT B OnNpejeneHHoe BO36YXXAEHHOe COCTOSiHWME OTHOCU-
TeflbHO HEMHOr0 aTtoMOB, W CTO/IKHOBEHMEe /6oro u3
HUX C (JOTOHOM MasioBepoATHO. [pouecc cTaHeT 6osnee
3aMeTHbIM, €C/iM Ham yjacTca chenatb Tak, 4TOObl B
OMnpefeNileHHOM BO36Y>XKAEHHOM COCTOSHUM BCerfja Haxo-
AMnack 3HauMTeNbHas YaCTb aTOMOB HEOHa; OfHaKo
Nofo6HOe HEBO3MOXHO MPW 06bIYHbIX YCNOBUAX. YTOObI
[0OUTLCA 3TOr0, HaMm MPUAETCA HenpepbIBHO «MOLKAYU-
BaTb» 3TOM YaCTW aTOMOB HeOHa 060/bLUOe KONMYEeCTBO
3Heprum.

Mbl OCTaHOBMMCS TO/IbKO Ha OAHOM TuUMe na3epoB —
refnin-HEOHOBOM  ra3oBom  fiasepe. OH npegcTasnser
CO60M [/IMHHYKO TOHKYIO CTEKMISIHHYK TPY6KYy C 3/1eKTpo-
[laMu, 3arofiHeHHYK CMeCcbio ranMa u HeoHa (puc. 11).
OKono 060MX KOHLOB TPYOKM YCTaHOB/IEHbI 3epKana,
MONOXEHNE KOTOPbIX HACTO/IbKO TOYHO OTPErynnpoBaHo,
YTO CBET, OTPasioACb OT HWUX, MHOrOKpPaTHO MPOXOAWT
yepes TpybKy Bnepes W Haszag 6e3 OTKIOHeHWA. [ns



Mnockas BO/HA KpacHOro ceeTa, Bbixos KorepeHTHoro
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Puc. 11. lenuii-HeOHOBbIA Nasep. STOT nasep MCMOMb3YKOT B ronorpa-
(mK, TaK KaK OH reHepupyeT W3NyYeHWe OTHOCWUTENBHO YMCTOro LiBeTa
N C BbICOKOW KOTrepeHTHOCTLIO.

TOro 4ToObl Takoi npubop paboTan kak nasep, Heoo6-
XOAMMO [06UTbCA, 4TOOblI GONBLUMHCTBO aTOMOB HEOHa
B HeMm BCerja HaxoAwunocb B OMNpefesieHHOM BO36YXX[eH-
HOM COCTOSIHMM. Kak 1 B HEOHOBOW namne, 34eCb aTtoMbl
HeoHa NepeBOAAT B BO30YX/EHHOe COCTOsHME, MPOMycKas
MEXAY 3/eKTPOoLaMM 3NeKTPUYeCKUiA TOK, T. e. CO03[aBas
MOTOK 3/1EKTPOHOB Yepe3 ra3. Jlob6aBneHue renms K
HEOHy YBenMuMBaeT 3PPEKTUBHOCTL [aHHOro mpoLecca
M Crnoco6CTBYET TOMY, YTO B BO36Y>KAEHHOM COCTOSHWW
OKa3blBaeTCs 6OMbLUIMHCTBO aTOMOB HEOHA.

Kak TO/fbKO 3TO MpOM30iJeT, aTOMbl HEOHA B Pe3y/ib-
TaTe CMOHTaHHOM 3MUCCUM HEWU36EXHO HauMHaKT WCMyC-
KaTb BO BCEX Harpas/ieHWUsX (hOTOHbl. PacnpocTpaHasch
no Tpybke, (DOTOHbI CTaIKMBAKOTCA C BO30OYXAEHHLIMU
aToMaMy M VHWALMWPYIOT UCMYyCKaHue Apyrux (OTOHOB,
nopoXzas Tem CaMbIM LEMHYt peakuuto. [locne nepeoro
CTO/IKHOBEHWS  BO3HUKAKOT [ABa (POTOHa, Kaxibli W3
KOTOpbIX B CBOK O4Yepelb BbI3blBaeT WUCMYCKaHWe elle
OAHOro (PoTOHa, CnefoBaTeNnbHO, Termepb B 06LEN
CNOXHOCTU MOSABATCA YeTblpe (POTOHA; OHW COo3gafyT
elle 4eTblpe (POTOHA, TaK YTO UX OKAXKETCH Y>Ke BOCEMb,
W T. 4— [0 Tex nop, fnoka (OTOHbl He MOKUHYT CTeK-
NAHHYI0 TPYy6Ky. Bce ucnyckaemble (POTOHbI HaxonATCS
B (pase C MepBMYHbIM (DOTOHOM, AABLUMM Hayasio 3TOMYy
rnpotieccy.

Ho ecnn Ha 3TOM BCe W 3aKOHYWTCSH, TO, COBCTBEHHO
rOBOPS, HWYEro CyLLEeCTBEHHOr0 He MNpou30igeT. Pesysib-
TUPYIOLYMIA 3hheKT B TakoM c/lydae 6yaeT nogobeH Tomy,
4yTo HabnaaeTca B 06bIYHON HEOHOBOW namne: K3ny-



Yaemblil CBET OKa3blBAETCA He CTPOro MOHOXPOMATUYHbLIM
(T. e. OH He o00nagaeT BPEMEHHON KOrepeHTHOCTbIO),
4yTO, Kak W npexge, CBA3aHO C a3dekTom Jonnepa.
WN3nyyeHne OyaeT TakXe W MNPOCTPAHCTBEHHO HeKore-
PEHTHbIM. TeM He MeHee C/ly4yaeTcsi TaK, 4TO HeKOTo-
pble M3 (DOTOHOB, BO3HWKLUMX MPWU CMNOHTaHHOM W3/yye-
HUW,— U3 MHOXECTBa WCMYLUEHHbIX WX MoTpebyercs
BCEro  J/IMWb  HECKOMbKO — OyAyT — pacrnpocTpaHATbCA
CTPOro BAONb CTEKNSAHHOW  TPYOGKW; OHW  BbI3bIBAOT
UCMYyCKaHWe TakKuxX >ke (DOTOHOB, WU BO3HWUKAET «/laBuHa»
O[MHAaKOBbIX KBaHTOB CBeTa. BbIxogsa uepes oauH W©3
TOpLOB TPYOKW, 3TU (DOTOHbI MOMafatdT Ha 3epKano u,
OTpaxasCb OT Hero Hasaj, BCTynalT B [eliCTBME BO
BTOPO/ pa3, Bbli3blBas W3/ly4YeHUe HOBbIX (JOTOHOB, KOTO-
pble MNPUCOEAVHAITCA K HUM. MOXET nokKas3aTbCsi, 4TO
3TM (hOTOHbI TaK W OyayT «MeTaTbCs» MeXAy 3epKa-
namn o 6eckoHeyHocTW. OfHaKO Kak pa3 3[ecb YMeCTHO
BCMOMHWTb, YTO CBETOBble BO/HbI, TEHepupyemble B
nasepe, WMEIOT He CTPOro OAMHAKOBYH [JIMHY BOJHbI,
N 4ToBbl MOHATb, 4YTO XE Ha CcaMOM fefie Mpy 3TOM
MPOUCXOAMT, HaM TNpPUAETCA BEepHYTbCA K  BOJIHO30M
Teopun U pas3obpartbCcs B TOM, YTO CAYy4aeTcs CO CBeTO-
BbIMW BOJIHAMW, KOTOPblE MHOFOKpPaTHO OTpaxarTcs W
[BUraloTca B3af-Brepes Mexay [ABYMS M/IOCKUMU  3ep-
Kanamu.

[lBa nnockux 3epkana v MNpPOCTPAHCTBO, 3aK/IKOYeHHOoe
MEXZY HUMW,— COAEPXMWT N OHO BO3AYyX, FefniA, HeoH
WM 3TO MPOCTO BaKyym — 06pasyloT TaK Ha3blBaeMmblii
ONTUYECKMIA Pe30HaTOop. B 0ObIAEHHON XXU3HM Mbl Yalle
CTa/IKNBaEMCH C Pe30HAHCOM 3BYKOBbIX BOJIH, Yem CBe-
TOBbIX. Hanpumep, BWHHbIA GOKan WMMEeT HeCKONIbKO
OMNpefeNieHHbIX  4YacTOT, Ha KOTOpbIX OH  BMGpUpyeT
(konebnetca) Hanbonee WHTEHCMBHO;, B CaMOM [Jefe,
HanpaBuB Ha 60Ka/ 3BYK, BblCOTa KOTOPOro coBnafaet
C OOHOW W3 pEe30HaHCHbIX 4acToT 6GOKana, Mbl MOXEM
3aCTaBUTb €ro BMOpPMpOBaTb C TakOW CWNOA, 4TO OH B
KOHLIe KOHLOB /IONHET. HekoTopble OnepHble MeBLbl Npo-
CNaBU/INCb CBOE CMOCOOGHOCTbIO pacKa/blBaTb BUHHbIE
OOKa/lbl, UCMOMHAS HOTY TOYHO HY)XXHOW BbICOTbI. B ontu-
YeCKOM pe30HaTope Mbl WMeeM [efl0 He C Koneb6/to-
WyMcs Mof LelcTBMEM 3BYKa MNpesMeToM, a CO CBETO-
BbIMA  BO/IHAMM, KOTOpble, OTpaXKascb OT  3epKan,
«beraloT» B3ag-srnepef. [loaTomy npexne BCero Hac.



OyZeT wWHTepecoBaTb, Kak BedeT Cebs MpU pe3oHaHce
CBET pa3/IMYHON [/IMHbI BOMHbI, & He 3BYK C pasiny-
HbIMM YacToTamu. CBETOBble BOJHbI, OTPaXEHHble OT
3epKan ¥ pacrnpocTpaHAIoLWyecs B MPOCTPAHCTBE MeXAy
HUMW, ABNAKOTCA MIOCKAMU BOMHaMWU. B renvit-HeoOHOBOM
nasepe CBETOBble BOJIHbl, WCMYCKaeMble aTOMaMu HeoHa
M COOTBETCTBYIOLUME pPa3IMYHbIM OTTeHKam (B cuny
apekta Jlonnepa) KpacHOro LBeTa, MNpeACTaBsAoT
co60/ M0CKME BOMHbI PasNYHOW AMHbI. OfHaKo onTu-
YeCKWIA pe3oHaTop HACTPOeH TOMIbKO HAa OfHY W3 HUX.
CnefoBaTe/lbHO, Mbl MOXeM Mpejanonaratb, YTO BC/el-
CTBMEe pe3oHaHca flasep OydeT CO3d4aBaTb CBET TO/bKO
3TO TOYHO ONpeAeneHHoOM [/IMHbl  BOMHbI, W TOMbKO
Takon cBeT OyfeT ycunueatbCa B TPyOKe Mpu oTpaxe-
HUM OT 3epkan. W XOTA B renuil-HeOHOBOM flasepe
MepBOHaYa/IbHO BO3HWKAIOT M/IOCKME BOJHbI  Pa3/INYHbIX
OTTEHKOB KPAacHOro LiBeTa, CBOMCTBa 3TOr0 pe3oHatopa
rapaHTUpPyIT, UYTO B KOHEYHOM WTOre flasep reHepumpyet
M/I0CKYt0 BOSHY CTPOro orpefeneHHoro useta. I MMeHHO
aTa BOMHAa OyAeT HenpepbiBHO YCWMBATLCS, BbI3blBas
ucrnyckaHue [pyrux (OTOHOB, T. €. HOBbIX CBETOBbIX
BOJIH, KOTOpble OKa3blBatOTCA B (Dase C MNepBUYHON BOS-
HO W pPacnpocTpaHAlTCA B TOM >Xe HanpaB/leHWuu; 3Tu
HOBble BOMIHbI HEME[J/IEHHO «OObEANHATCA» C MNepBnY-
HON BOJIHON, nNepefaBasi el CBOW 3Hepruio. Takum 06-
pas3oM, NJockas BOJIHA, BO3HMKalOWas B flasepe, obna-
[aeT He TONbKO BPEMEHHON (MMes COBEPLUEHHO YUCTbIN
LUBET), HO W NPOCTPAHCTBEHHOW KOrepeHTHOCTbIO, MOo-
CKO/IbKY 37O abCONIOTHO M0CKas BOMHa*.

«OTBOAs» YacTb CBETa, KOTOPbIA HeceT Takas MNoc-
Kas BO/IHA, Mbl MOMyYaeM Ha BbIXOAE Na3epa KOrepeHT-
HbliA CBET. JTOT0 MOXHO AOCTUYb, CAENaB OfHO W3 3ep-
Kan 4acTUYHO MpO3payHbiM, TaK 4TOObl OHO KaKyH-TO
[OMK0 CBeTa OTpaXano, a OCTalbHYH — NponycKano.
Torga Mbl MOMYYMM MYYOK KOTEPEHTHOrO CBETA, BbIXO-
JDAWMIA M3 3TOTO 3epKkana. JTOT My4YoK CBETa OYeHb
Y30K — KaK MpaBufio, He 60/ee HECKOMbKUX MWUIUMET-
pOB B [AMameTpe — 1 0ObIYHO MO CBOEMY BUAY HamoMmu-
HAaeT pacKaNeHHbIli [AOKpacHa TBEPAbIA «CTEPXKEHb», UTO

* Ha camoM fiene flasep reHepupyeT OfHOBPEMEHHO MHOrO TUMOB
(Mop) KoneGaHWiA, U NS YNYYLEHWS KOFepeHTHOCTW €ro M3NyudeHus
MPUXOANTCA CMeUManbHO BbIAENATL OfHY W3 Takux mMog. — [MpuM. peg.



00OBACHAETCA paccesHUeM CBeTa Ha 4acTuuax artmocdep-
HOA MblM W [AbIM3, BCTPEYAOLMXCA HA €ro nyTu.
MyyoK cBeTa pacrnpocTpaHseTcs CTPOro Mo  MpsAMOoin
JMHAN U OYeHb He3HauMTeNbHO PacLUMPSeTCA C paccTos-
HUEM — MOXHO MONYYMTb TaKOW /a3epHbll /y4, KOTO-
PbliA, AOCTUrHYB JIyHbl (paccTosiHue OT 3eMan A0 JlyHbl
cocTtaBnsfier 400 ThbiC. KM), CO34acT Ha ee MOBEPXHOCTU
ANCKOO6pa3Hoe CBETOBOE MATHO AMaMeTpOM BCEro /iLib
3 KM.

CseT nasepa 0061afaeT BbICOKON CTeMeHbi Kak Bpe-
MEHHOW, TaK M MPOCTPAaHCTBEHHONM KOrepeHTHocTu. [AnnHa
KOTepPeHTHOCTW pas/IMyHbIX Na3epoB B 3aBUCUMOCTU OT
MX KayecTBa Nexut B npegenax or 05 m go 1 Kwm.

MpeaLwecTBeHHUKOM flasepa 6bi1 Npubop, HasblBae-
Mbli Ma3epom, M306peTeHHbIN B 50-X rogax *. Mo npuH-
uuny AencTBus 3TOT NpUOOpP aHasornyeH nasepy, HO OH
CO3[aeT KOrepeHTHOEe 3/1eKTPOMarHUTHOe W3fyyYeHve B
MWUKPOBO/IHOBOM  iManasoHe (3T0 06nacTb paguoBOSIH,
J0/WHa BO/HbI KOTOPbIX 60MbLUE [/IMHbI BOMHbI CBeETa).
A B 1958 1. amepukaHckue (m3mkn Yapn3 X. TayHC K
Aptyp /1. LWaBnos onyb6nvMkoBasM CTaTbld O Masepax,
paboTaloLmMX B WMH(PaKpPaCHOM ¥ BUAMMOM [Mana3oHax.
B aT0ii cTaTbe OHWM onucann crnocob co3faHus nasepa
W MpUHUMN ero pa6oTbl. [epBblid AelCTBYIOWMIA Nasep
Obln  wn3rotoBneH B wone 1960 r. Teogopom X. Meit-
MaHoM, KoTopblii pabotan B nabopatopun  (MpMbl
«Xbto3 JiipkpaT» B Mannby-buy (KanndopHus).

MepBblii  nasep 6bin1  pyOMHOBLIM.  BmecTo cwmecu
reus M HeoHa, 3aK/YeHHOW B CTEKNIAAHHYHO TPYOKY,
B KayecTBe «pabouyero Tena» 3[eCb WCNO/b30BasICA
TBEPAbIA CTePXKeHb W3 WCKYCCTBEHHOro py6uHa. Jlasepsl
Takoro TuWna B OT/MYME OT ras3oBbIX Ha3blBalOTCH TBEP-
JoTeNbHbIMW. Kak npaBw/io, OHW CO3[Aal0T My4OK CBeTa
C MeHbLUel CTeneHbl0 KOrepeHTHOCTW, HO 3aTo 6onee
MOLLHBIA, Yem Yy ra3oBbIX J/la3epoB. TBephOTe/lbHble fa-
3epbl MpenMyLLEeCTBEHHO WCMYCKalT CBET B BuAe KOpOT-
KUX  BCMbILIEK, WA WMMY/bCOB, TOrda Kak rasoBble
nasepbl JAtOT HEMNpepbIBHbIN CBETOBOW MyYOK.

HaunHaa ¢ 1960 r. 6bino paspaboTaHO MHOXECTBO

* 3a 9™M  (pyHOAaMeHTabHble  paboTbl  rpynne  (U3MKOB —
H. b. bacosy, A. M. [Mpoxoposy (CCCP) u 4. TayHcy (CLUA) —B
1964 r. 6blna npucyxgeHa Hobenesckas npemus. — FpuM. pes,.



pa3Ho0OpasHbIX TUMOB TBEPAOTE/bHLIX W Ta30BbIX Nase-
POB, KaX[bll U3 KOTOPbIX reHepupyeT W3yyeHue pas-
JNYHOTO LiBETa, MOLLHOCTM W KOrepeHTHocTW. [lonyrnpo-
BOJHMWKOBbIE f1a3epbl [enatT M3 MaTepuasnos, MpUMeHse-
MbIX 115 U3rOTOBNEHWUS TPaH3UCTOPOB.

B ronorpadumn 06bIMHO WUCNOML3YHOT reNNiA-HEOHOBbIE
nasepbl. BbIxogHas MOWHOCTb Takoro /iasepa CoCTaB-
NAeT ThiCAYHble [O0NM BaTTa, YTO BMOJHE [JOCTATOYHO
ONS [aHHbIX Uener. 3TO O4YeHb HebOosbluas MOLLHOCTb,
W, €CAIM Nlyd Takoro nasepa HanpaBuUTb Ha PYKYy, Mbl He
MOYYBCTBYEM >Kapa W Ha KOXe He MOSABUTCA OXOra.
OfHako NoACTaBNATb rnasa nof Takom /lyd 04YeHb OMacHo,
MOCKO/bKY XPYCTa/IMK rnasa (oKycuMpyeT My4yoK B Kpo-
LLIeYHOE MATHBLILKO CBETa Ha CeTYaTKe, YTO MOXET Bbl-
3BaTb ee mnospexzeHue. [Moatomy npu paboTe C nase-
poM creflyeT 6bITb MpesfesibHO OCTOPOXHbIM.

Ona  nonyyeHWs  ronorpauyeckoro  M3o6paxeHus
npegveTa y3kuii ny4 nasepa Heo6XOAMMO pacLUMpUTb
HaCcTO/IbKO, 4TOObl OH MOJIHOCTBIO OCBeLlan ronorpagpu-
pyemblii npeAaMeT. C 3TOW UMb  WUCMONb3YHOTCA  Tak
Ha3blBaeMble paccevBalolye JIMH3bl, KOTOpble MpeBpa-
WAKT  Y3KUA NPSMONMHEVHBIA NYy4YOK CBeTa B KOHYCO-
00pasHblil, pacLUMpAIOLLMIACA MOocMe BbIXOAA W3 JIMH3bI,
TaK 4TO OH CO3[aeT Ha OCBeLlaemMol MOBEPXHOCTW CBe-
TOBOE MNATHO B BWAE [AUCKA HYXHbIX pa3mepoB (Kak
nokasaHo Ha pwuc. 9). lloBepxHOCTb npeameTa, OCBe-
LLIEHHOTO N1a3epoM, BbIFNAAUT CTPAHHO  «MYMbIPYATOMN»,
YTO OOBACHAETCA BbICOKOM CTEMeHb  KOrepeHTHOCTU
nasepHoro ceeTa. BO3HWKHOBEHWE MHUMbIX  «HEpOB-
HOCTE» MOBEPXHOCTU TPU OCBELLEHNN €e KOTrepeHTHbIM
N3NyyYeHNeM Ha3bIBAETCA CMekn-aheKToM W «3epHU-
CTOCTDbIO».



naBa 3

NMPUMEHEHVE NA3EPOB

[oktop MelimaH, KOTOpbIA  M3roTOBWA MNepBbli B
MUpe [eVCTBYHOLMIA nasep, 3asBWA, 4YTO ero m3obpete-
HWE CTOUT MHOr0 MWIIMOHOB [0/171apoB. 3TO MPOU3OLLIO
B 1960 r. B TedyeHve nocnefyowmx nonaytopa net
cebitle 400 pas3nuHbIX ¢GUPM  BbIIO  NPUB/IEYEHO K
UCCNef0BaHNAM, HamnpaBfeHHbIM Ha CO3f4aHue pasHo-
06pasHbIX TWMOB /f1a3epoB. B Hawm AHWM nasep Hawlen
CTO/b LUMPOKOE MPUMEHEHWME, YTO OMWCAHUKO 3TOro Mo-
CBALLAOT Lienble KHUrK. 34ecb Mbl NMLLb BKpaTLe paccka-
Xem 06 3TOM.

CBepxMoLHble Jlasepbl

MOXHO WM3roToBWUTL nasepbl, 0b6najatoLime Komoc-
Ca/lbHOW  MOLLHOCTbIO.  Hanpumep, 6biM  paspaboTaHsbl
TaK Ha3blBaeMble «ra3ofuHamuyeckue» nasepbl, AaroLive
Ha BbIXOZE HenpepbIBHbIE Y3KMe MyYKy CBETa MOLLHOCTHHO
B COTHM KMW/IOBATT. A MpWU y4yeTe KOrepeHTHOCTU nasep-
HOro CBeTa 3TO O3Ha4aeT, YTO, CPOKYCMPOBaB MOAOOHbLIN
My4yoK C MOMOLLbIO /IMH3 B OAHO KPOLUEYHOE MNATHBILLKO
Ha NOBEPXHOCTW MpeAMeTa, MOXHO [0CTUYb B 3TOM MecTe
Temnepatypbl cebile 300 000°C. Mpu Takoi Temnepatype
nobon matepuan GyLeT UcnapATbCs, NO3TOMY Nnasep MOX-
HO MCMONb30BaTb KaK PEeXYLUMA WHCTPYMEHT Ans Nnto6oro
maTepuana, Bknoyas anmas. (IOBOpPAT, 4TO OAHa wmccre-
[oBaTefibCKas rpynna ele Ha 3ape 1a3epHbIX pa3paboTok
MblTanacb X0t 6bl NPUGAN3NTENBHO U3MEPUTL BbIXOLHYHO
MOLLHOCTb f1a3epa Mpy pas3/inyHbIX ycnosmax. Vccneposa-
TN NPEeLNIOKNIN eSUHULY W3MEPEHUS <«OKWUMNET», COOT-
BETCTBYHOLLYK MOLLHOCTW f1a3epa, CPOKYCUPOBAHHbIV Nyy
KOTOPOro crnocobeH NpobuTb 6PUTBEHHOE Nie3BKE, N3rOTOB-
NAEMOE aHr/IMIACKOW (hMPMOIA TOro Ke Ha3BaHMs.)



Puc. 12. NasepHblii HOX. Takoi HOX, NpefHasHa4YeHHbIA AN 06LLeld
XUpYprum, 3aKyrnopueaeT paspesaemble KpPOBEHOCHble cocyfdbl, 6na-
rogaps uemy noteps KpoBu CHuXaeTca Ha 90%.

C nomoLLb0  CHOKYCMPOBAHHOrO /asepHOro fyya
yaeTcqd Mnpopes3atb Y3KYH JIMHWKO Ha MOBEPXHOCTH,
CKaXXeM, TOHKOrO MeTa//IMYeCcKoro /incTa; Takum obpa-
30M, nasep CAYXWUT BeCbMa 3MHPEKTUBHLIM PEXYLLUM
WHCTPYMeHTOM. briarogaps 3ToMy OH LUMPOKO MpuMe-
HAeTCS AN paspe3aHus  MEeTaIMY4eCKOW  O6LIMBKK
Kopabnein W npu Kpoiike TKaHW. 3pecb flasep uMeeT
HEeoCrnopvMble  MPeuMyLLEeCTBa, MOCKONbKY obecneymBaet
BbICOKYO TOYHOCTb pe3aHusa: Ny4y nasepa MOXHO CHOKYy-
cvpoBaTb TakK, 4YTO [MaMeTp CO34aBaeMoro WM CBETO-
BOro natHa He npesbicuT 0,0025 MM. Jlasepbl HayuMHaOT
nrpatb 3aMeTHYH pPofib B Xupyprun. OHW YyXe HeoAHo-
KpaTHO UCMOMb30Ba/IUCL NS «MPUBAPUBAHNSA» CETHATKM
rnasa npu ee OTCMOeHUW. B 00LWein xmpyprum uCnofb-
3yeTcAd TaK Ha3blBaeMblii fasepHblli HOX (puc. 12).
Pyka xupypra, BOOPY>XeHHas TaKMM HOXOM, Mpou3BOAUT



OYeHb TOHKUIA W YMCTbIA paspe3 TKaHel. J1a3epHbliA HOX
obnafaer ewe OAHWM OFPOMHbIM [JOCTOMHCTBOM: OH
MoYTM repMeTUYECKM 3aKynopuBaeT Nt060M paspes3aHHbIit
KPOBEHOCHBIN cocyf;, B pe3ynbTaTe MOTEPs KPOBU CHU-
Xaetcs nout Ha 90%. [Mo3ToMy nas3epHblii HOX 0CO-
OEHHO LieHeH MNpu onepupoBaHUM 6O/bHBIX, CTPafaloLmnx
remouivein, n B Tex CAy4vasx, Korga onepauuu nog-
BEprarTca 4acTM Tefa, HACbILEHHbIE KPOBEHOCHBLIMY
cocyfamn (Takme, Kak A3blK WA NOYKK).

Mpy  O4YeHb BLICOKMX TeMmrepartypax, Co34aBaembIX
Nas3epHbIM NIy4OM, CTAHOBATCH BO3MOXHbIMU OMNpejeneH-
Hble fflepHble peakuuun, KOTOpble HeOoCYLLeCTBUMbI HUKa-
KAMW [pYrMU - MYTAMKW, B YaCTHOCTW MPOLECChI CAUAHMA
Aflep aTOMOB, Hanpumep aTomoB Bofopoda. [pu 3Tom
BbIJENAETCA OrPOMHOE KO/MYECTBO 3HEPTUU, 3HAUNTENbHO
npeBsblLLaloLLlee TO, YTO TpeOyeTcs NS OCYLUECTB/IEHUS
TEPMOAIEPHOr0 CUHTe3a. He MCKYeHo, YTo B OyayLlem
[aHHbI MeTof, MOMYYMBLUMIA Ha3BaHWe ynpasisemoro na-
3epHOr0 TEepMOAJEPHOro CMHTe3a, MojapuT HaMm Heucuep-
Maemblii UICTOYHUK 3HEPrun. TOMMBOM [NA Takoro peak-
TOpa MOryT CMY>WTb, HanpumMep, aTtoMbl M30TOMOB BOJO-
pofa, KOTOpble MOXHO nosyyaTb MyTeM 3KCTpakuuu
(M3BEYEHMS)) M3 MOPCKOW BOAbl B /OOGOM KO/IMYECTBe.
[na npeobpa3oBaHWs 3Hepruu, BblAeNsAwoLWencs B npo-
Lilecce 1a3epHOro TepMOSIAEPHOr0 CUHTe3a, B 3NeKTpUYe-
CKYI0 NoTpebyeTcs sAepHbIi peakTop HoBOro Twuna. [lo-
[06Hble MPO61eMbl CYLLECTBYIOT YXKe W CEerofHs B CBA3U
C MNOMbITKAMM UCMOMb30BaHUS 3HEPrun TepMOosAepHOro
CWHTe3a. Ho Harpazia B BMfe HeorpaHW4eHHOro UCTOYHMKA
3HEprumM, CrocobHOTo OGNErYMTb peLleHNe «3HepreTuye-
CKOW npob6sieMbl», CTO/b BbICOKA, YTO Ha WMCCNef0BaHUsA 1
pa3paboTKu, CBA3aHHbIe C MPOLIECCOM Na3epHOro CUHTe3a,
TpaTaTCa MWINMOHbI Aonnapos. B 1976 r. BcTynuna B
[eicTBMe camasd MoOLHas B MUpe CuUcTemMa Ans ocy-
LLIeCTB/IEHUA N1a3epHOI0  CUMHTe3a — «Apryc», C03[aHHas
B Jlueepmopckoi nabopatopum B KanuopHum. Kax-
Ablii U3 N1a3epoB 3TOM CUCTEMbI CMOCOGEH BbIpabaTbiBaTh
KOPOTKMIA MMMy/bC CBETA, MOLLHOCTb KOTOPOro 3KBMBA-
NEHTHa MOJIHOA MOLLHOCTW BCEei 3/M1eKTPO3HePreTUYecKom
CMCTEMb| CLUA [uTo cocTtaBnset 1 TBT (TeppaBaTT)—
10 BT]. B AHIIMM TaKxe HaMeTUINCh KOe-KaKue yCriexy
B 006/1aCTV MOMyYEHUS 3HEPrM C MOMOLLBKO J1a3epHOro
TepMOSZEPHOr0 CUHTE3a.



CBepXMOLUHbIe /1a3epbl LUMPOKO WCMOJMb3YHTCA U AN
Apyrux uenein. B ABCTpanuu, Hanpumep, MOCTPOEH Masik,
060py/0BaHHbIA  1a3epOM, KOTOpbIVi  CO3AaeT |pPe3Bbl-
yaiHO APKWIA Ny4 CBETa, BUAMMbIA Ha MHOTO MW/b BOK-
pyr faxe B nnoxyt norogy. lNpegnonaraercs, YTo nasepbl
y[acTca Mnpucnocobutb NS OYUCTKM MOBEPXHOCTM MOpel
M OKeaHOB OT He()TAHbIX NieHOK. [pyu 3ToM npeacTasu-
TeNn 0GbeAUHEHHBIX MEXAyHapOAHbIX OpraHu3aluii cMo-
ryT KOHTPO/AMPOBATb COCTOSIHME MOPe/ M OKeaHOB Ha
cneuuanbHbIX Kopabnsax, CHabXeHHbIX MOLLHbIMUA MOEKY-
NAPHBIMW Nla3epamy Ha YrneKucnom rase, rog Ae/cTBreM
KOTOpbIX HedTb OyfeT McnapATbCAa C MOBEPXHOCTM MOpS;
3HepronuTaHue TakWX Jla3epoB MOXeT obecrieunTb 6op-
TOBaf aTrOMHas 3/1eKTPOCTaHLWS.

Nla3epbl B cuctemax CBSA3U

CBs3b — 3TO  nepefaya MHGoOpmMauMm U3 OJHOro
MecTa B [Apyroe, OCyLlecTBnsieMass C TMOMOLLbO TakKux
CPeAcTB, Kak, Hanpumep, pPajvoBO/HbI,  TeNneOoHHbIe
npoBoJa WM CBETOBble CUrHasbl. HHOpMaLMIO MOXHO
nepefaBaTb TakXXe MOCPEACTBOM YeslOBEYECKOro rosoca,
B BWAE TENEBU3NOHHLIX W300paXeHWn wnuM oTnevaTaH-
HbIX CnoB (Tenerpad, TeneTain). BaxHbIM (akTopom
NPy NPOEKTUPOBAaHWN CUCTEM CBA3W SBAETCA MaKCu-
Ma/sbHOEe  KO/IMYECTBO  MH(OpMauuM, KOTOpPOE MOXeT
ObITb MepefaHo [aHHbIM CrOCO6OM B eAWHULY BPEMEHMU.

MepBOHaYa/lbHO nNepefaya WMHAQOPMALMK, WK, Kak
rOBOPAT WMHXEHepbl, «CUrHana», U3 MNyHKTa A B NYHKT B
OCYLLECTBAISNACL /MO0 C MOMOLLLIO PafMOBOH, 60 NO
3NeKTpuyeckoMy Kabento. [locpescTBOM OAHOW  pasmo-
BO/IHbl OLHOBPEMEHHO YyjaeTcA repefaBaTb HECKO/bKO
CUTHANOB, CKaXXeM, HEKOTOpPOe YMCMO Pas/IUyHbIX Tene-
(DOHHbIX Pa3roBopoB. UToObl J0O6UTLCA 3TOrO, Pa3roBopbl,
WM «CUTHa/bI», COOTBETCTBYHOLUMM 06pa3oM KOMOWUHU-
PylOT 1 npeobpasyloT B ChneuuanbHbld Ko, W paguo-
BO/IHA MEPEHOCUT MHMOPMaLMI0 B 3aKOLMPOBAHHOM BUJE.
B nyHkTe npuema coobLieHVe [eKOAMPYHT, T. e. Bblfe-
NAT  pasNndHble  TeNedoHHbIE  PasroBOpbI, W 3aTeMm
KaXObI M3 HMX He3aBUCUMMO MepejaloT Mo Kabeno K
MECTY Ha3HaueHus.

OpfHako 4ncno TenetoHHbIX PasroBopoB (MM KOMu-
YeCTBO MH@MOpMaLMKM), KOTOpPOe CrocobHa MepeHecTy
OfHa pajuoBONHA, orpaHuyeHo. Wcronb3ys 6onee Ko-



POTKMe pPafMOoBO/HbI, MOXHO YBE/IMYATb KOMMYECTBO WH-
(hopmauum, nepefaBaeMoil Ha OAHOW BOMHe. Paguoson-
Hbl — 3TO OAWH W3 BWAOB 3/1EKTPOMarHUTHbLIX BOJH;
OHM NOJO6HbI CBETOBbIM  KONEHGaHWAM U OT/IMYAOTCH
MWL METOAOM MONYYEeHWUs U 3HAYUTEeNbHO BOsbLUei An-
HO BOMHbI. CnegoBaTeNlbHO, €CAM Mbl HaligeM Ccrnocoo
nepefasaTb CUrHaAbl C MOMOLLbO CBETOBbIX BOJH, MO-
[JOGHO TOMY Kak 3TO [enaeTcsa MOCPeACTBOM PajvOBOJH,
TO 3TO MO3BO/INT YBE/MUYMTL KOJMYECTBO MH(OPMALMK,
nepefaBaemMoli Ha O[HOW 3/MEKTPOMAarHUTHOW  BOJIHe.
TeopeTnyecKn OfiHA CBETOBAsA BOMHA MOXET repeHecTV B
100 TbiC. pa3 6OMblue MH(OpPMAaLMKM, YeM camas KopoT-
Kas 13 pafiMoBOJH.

Bce 3T0 6bI10 M3BECTHO [OCTATOMHO [AaBHO, HO [A/1F
MpaKTUYecKon peanu3aln CBA3M MOCPELCTBOM CBETOBbIX
BO/IH HEOOXOAMMO 6bINI0 PeLnTb PAj BaXKHbIX MpPo6/eM.
Bo-nepBbiX, Takas cuctemMa CBA3W TpeboBana KOrepeHT-
HOr0 WCTOYHWMKA CBeTa; C M300peTeHMeM nasepa 3Ta
npobnema Oblna pelleHa. Bo-BTOpbIX, CBET B OTAMuYME
OT pajuoBO/IH He CrnocobeH MPOHMKATb CKBO3b TyMaH,
M3MOpPO3b, 06/11aKa U He MOXeT ormbatb NPensTCTBUA.
MepBble CBETOBble CUCTEMbl CBA3W, HamnpuMmep CUCTeMa,
coopy>xeHHas Ha xpe6Te KyHreii-Anatay (Kuprusus) B
Cosetckom Coto3e, [eiACTBOBa/IN TONBLKO B SICHYH MOro-
Ay W B npefenax npsMoi sugmmoctn (puc. 13, a).

MocnegHolo nNpobnemMy yaanoch pewuTb Gnarogaps
BO/IOKOHHOW ONTUKe. BOMOKOHHOONTMYECKOE YCTPOMCTBO
[eNCcTBYeT KakK CBETOBOA W MpeACTaBfiseT coboM MyyoK
TOHKVX C/IOBHO BOJOC, CTEKNAHHBbIX BOJIOKOH; CBET pac-
MPOCTPaHSAeTCA BAO/b BO/IOKOH, OTPaXasacChb OT MUX MOBEPX-
HOCTell. ITU BO/IOKHA AOCTATOMHO TMOKME, YTO MO3BONSET
UM ormbaTb npenATcTBus. Ecnm 24 Takmx BOSIOKHA 06be-
AVHUTL B «Kabenb», TO €ro TO/WMHAa BMECTe C 3alyuT-
HO/ 060M104KO/ cocTaBuT Wb 1 cm. YTo6bl CBET nase-
pa CMOr MpoOWTWM MO TakoMy Kabento Ha 60nbLIOe pac-
CTOSiHWe, CTEKNO, W3 KOTOPOro W3roTOB/IEHO BOJIOKHO,
JO/MKHO 06nafaTb NpedenbHO  BbICOKOW  YMCTOTOM W
MPO3payHOCTbHO.

B HacTosllee BpemMs MOCTPOEHO HECKONbKO 3KChepu-
MEHT/IbHbIX CUCTEM TeNe()OHHON CBA3N C N1a3epHbIMM
«repefaTunMkamMmm» U COOTBETCTBYHOLLMMU  «MPUEMHUKa-
MU», B KOTOPbIX BOJIOKOHHOOMTUYECKNA Kabenb Mpono-
XEeH u4epe3 nof3eMHble KabenbHble KaHalbl 00blYHbIX
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Puc. 13. JlazepHasa cucTema CBA3W: MPAMOe pacrnpocTpaHeHwe nasep-
Horo ny4ya (@); C€BA3b MO BOSIOKOHHOOMTUYECKOMY Kabento — CBeTO-

nposogy (6).

TeneoHHbIX cuctem (puc. 13,6). Mo cBeToBOMY Kabento
AvaveTpoM 1 CM MOXHO OfHOBPEMEHHO MepejaBaThb
CBbille 8 ThbIC. TeNethOHHbIX Pa3roBOPOB. JTO MO3BONAET
B 3HAYMTENbHOM  CTEMEHUM OCBOBGOAMTLCA OT  0ObIYHbIX
MPOBOAHbLIX KabenbHbIX CUCTEM, YTO BeCbMa CYLLECTBEH-
HO, TMOCKOMbKY 60/blUMe rOpofa B HACTOALEe Bpems
Ype3MepPHO MNeperpy>XeHbl MOA3EMHbIMU KaHanamu CBS3W.
MOXHO Ha3BaTb HeMano W ApYyrux MPeuMyLLecTB OMTW-
YeCKMX KaHasoB CBA3W. Bo-MepBbiX, CTEKNO KaK MaTepu-
an 6onee AOCTYNHO W [eLIeBO, YeM Mefb, WCMO/b3yemas
B 00blYHbIX MpoBOAax. Bo-BTOpbIX, ONTUYecKMe Kabenwu
HE MOABEPXKEHbI MOMEXaM CO CTOPOHbI MPONOXEHHbIX
no6n30CT 3NEKTPUYECKMX Kabenei. I HakoHel, OMTW-
YeCKue CUCTeMbl CBA3M CMOCOOHbI NepefaBaTb Takoe KO-
NINYECTBO WH(OpMaLMK, KOTOpoe AenaeT BMOMHe peasb-
HO MepcrnekTUBY CO3AaHUA BUAEOTeNedioHa YXKe B He-
fanekom Oyayuiem.

To 06CTOATE/NLCTBO, YTO C MOMOLLBKO /1a3€PHOr0 fyya
MOXHO nepejaBaTb YesIOBEUECKYH) peyb, OTKPbIBAeT ne-
pes 3TUM CpPefCTBOM CBS3M COBEPLUEHHO HOBYHD 06/1aCTb



MPUMEHEHMS, a VMEHHO B cUCTeMax MOACNYLUMBaHUS.
3BYK r0/i0COB [BYX JIHOfleil, pa3roBapmBatOLLMX B KOM-
HaTe, BbI3bIBAET JIETKYK) BUOPALMIO OKOHHbIX CTEKO.
Ecnv Ha OKHO HampaBuTb /iyd nasepa, a OTPaKEeHHbIi
Ny4 «MonMaTb» C MOMOLLbIO YYBCTBUTENIbHOTO [ETEKTO-
pa, TO KofiebaHua Jflyda MOXHO CHOBa npeobpasoBaTb B
3BYK, T. €. BOCCTaHOBWTb NepBOHAYa/IbHbIA Pa3roBop, Ko-
TOpbIA  3aTeM  MpOC/yLIaeTcs  Yepe3 rPOMKOroBOpY-
Tenb.

MeTponorusa

MeTponorus — ato Hayka 06 W3MepeHusx; C ee no-
MOLLbIO pellatoT Takke NpobiemMbl TOYHOW YCTaHOBKM
pas/IMuHbIX feTaneli KOHCTpyKuuiA. Bce Bo3pacTtarouias
CNMIOXKHOCTb COBPEMEHHONM TEXHWMKU TpebyeT, 4TOObl KOM-
MOHEHTbl MEeXaHW3MOB, HanpuMep aBUALMOHHbIX [BUra-
Tenel, ObINMM COUNEHEHbl C MaKCUMasbHOMW TOYHOCTbIO.
Pa3Mepbl ~ COBPEMEHHOrO  camofieTa,  JOCTUrawoLLme
200 M, [O/MKHbI 6blITb OTKOPPEKTUPOBaHbI C TOYHOCTHIO
Jo 05 M. Tpsamoi TOHKUIA Nyd nasepa, BbIMONHAS PO/b
CBOe0Opa3HOro «oTBeca», MO3BOMSIET JOOGUTLCA TaKoW
TOYHOCTW. Jla3ep MOMOraeT TaKXe pPbiTb UPe3BblYaNHO
npsMble TpaHLien Ans NPOKIafKu TPy6onpoBOAOB.

Kak ofHy 13 BeTBeil METpO/sorMM MOXHO paccMaTpu-
BaTb M paguonokaumnio. O6bIYHbLIA pagnonoKaTop MCMosb-
3ylOT [ANA  ONpejeneHns  pacCcTOsHWA [0  YAaleHHbIX
06beKTOB. OH MOCbHINAET K MHTEpeCylollemMy Hac OGbek-
Ty KOPOTKUA WMNYNbC PajuoBO/H, KOTOPbIW, OTpaXascb
OT 00bekTa, BO3BpaLlaeTCAd Hasaj M MOCTYNaeT Ha BXO[,
YYBCTBUTE/IbHOTO  MPUEMHOrO  YCTpoiAcTBa.  W3mepss
Bpems, 3aTpayeHHOe WMMY/IbCOM Ha 3TO «MyTeLlecTBue»
Tyfa u 06paTHO, M 3Has CKOPOCTb €ero pacrnpocTpaHe-
HMS (2 OHa paBHa CKOPOCTU CBETa), HETPYAHO paccuu-
TaTb paccTosHWe [0 00beKTa. Takou pacyeT MOXeT aB-
TOMaTUYECKM BbINOMHATLCA 3BM, a pesynbTaT BbiCBEYU-
BaTbCA MNPAMO Ha 3KpaHe pajguonokatopa. [1ogobHyto
npoueaypy MOXHO npofenatb W Mpy MOMOLLM CBETOBOIO
UMMy/bCca, MpUYeM pe3y/ibTaT OKasblBaeTCA 3HauuTeNb-
HO TOYHee, MOCKO/bKY, KaK W3BECTHO, CBETOBbl€ BOJIHbI
HaMHOro KOpoye pPaguoBO/H. Jla3epHblid Nlydy, nocblnae-
MbliA CnefsLeil cucTemMoli camosieTa, KoTopas paboTaeT
no NpUHUWNY pajmnoniokatopa, LaeT BO3MOXHOCTb Orpe-
[ennTb MONOXEeHWe [JpYyroro camosieTa, HaxoAsLLlerocs



Ha paccTosHuM 100 KM, € TOYHOCTbIO 40 10 cMm. TOHKWIA
Nyy nasepa MO3BONSAET C BbICOKOM TOYHOCTHIO BbILENNTH
M3 rpynnbl 6/M3KO PacrofIOKEHHbIX OOBLEKTOB KaKOMR-TO
OOVH W W3MepUTb pPaccTosHWe [0 Hero. JTOT MeTo[
Nas3epHOro M3MepeHus [LanbHOCTU LUMPOKO MPUMEHSETCS
B BOEHHOM flefle /11 TOYHOr0 HaBeeHUs Ha Lefb.

Cpefn MWPHBIX  UCMONb30BaHUIA  [JAHHOTO  MeToja
npexxzae BCEro crefyeT Ha3BaTb TOYHOE W3MepeHue pac-
CTOsHWA 0T 3eMnn Ao JlyHbl. V3MeHeHue TpaekTopun
ABVXeHVS JlyHbl BOKpYr 3emnu Oblno NpeAckasaHo Ha
OCHOBaHWW pa3NNYHbIX TEOPWUI rpaBuTaLumn, B YaCTHOCTM
o0LLeli Teopun OTHOCUTENbHOCTU JiHLWTelHa. [Mo3aTomy
TOYHOE M3MepeHVe PaccTofHWS 0 JIyHbl MpyY MOMOLLM
nasepa [aeT BO3MOXHOCTb TPOBEPUTb MPaBUIbHOCTb
Ha3BaHHbIX Teopuil. Bo Bpems MpedbiBaHNA OAHOIO
M3 KOCMUYECKUX Kopabnei «AMomioH» Ha JlyHe Tam
Obl0 YCTaHOB/IEHO 3epKaso, NpeAHa3HaueHHoe ANs Mpo-
BefleHNs MOAOOHbIX M3MepeHWUin. Teopus OTHOCUTESbHO-
CTW DRHWITEHa BblAepXKana NpPOoBepKY 3TUMK 3Kcnepu-
MeHTaMu.

CkaHvpoBaHMe mnoBepxHOCTM JIyHbI WM NaHet
HanpumMep BeHepbl, C MOMOLLBKO /1a3epHOr0 JioKaTopa,
YCTaHOB/NIEHHOr0 Ha 6OpTy Opb6UTANBLHOrO CryTHUKa, AaeT
BO3MOXHOCTb MOCTPOUTbL TPyOYyH0 KOHTYPHYKO KapTy Mo-
BEPXHOCTW MaHeT. Takas KapTa MOXeT OblTb u4pesBbl-
YalHO Mosie3Ha MpW COCTaB/IEHUM TMPOEKTOB BbICAAKM Oy-
JyLIMX KOCMUYECKMX 3Kcneauumidi Ha nnaHetax ConHeuy-
HOM CUCTEMbI U UX «lyyax».

Nasepbl MOryT COCNYXWUTb TakXe Hemalyl Cnyxoy
B NpefcKasaHUW 3emneTpsceHuit. oBepxHOCTb 3eMu
(BK/OYas [HO OKeaHOB) [ENUTCA Ha TUraHTCKWE NAWTbI,
KOTOpble Mef/IeHHO (CO CKOpOCThbHO nopsaka 1—6 cm B
rof) ApeidyoT B pasNyHbIX HarpasneHusax. OHu cTan-
KMBaKOTCA Apyr C APYroM, W, Kak npejnonaraercs, paio-
Hbl 3eM/IETPACEHUIA U BY/IKAHWYECKON aKTMBHOCTU rpone-
raloT BAOMb TPaHWL, MeXay HVMMK. 3eMIeTPACEHUs Mpo-
NCXOAAT B TeX C/y4yasx, KOrga HarpshkeHue, BO3HUKalo-
lee BAOMb TpaHWLbl ABYX CTa/IKMBAIOLLMXCA MNIUT, BHe-
3anHO NOPOXKAAeT Pe3Kuid CABWT O4HOM NAUTbI  OTHOCK-
TeNbHO APYrow.

B mae 1976 r. HACA (HaumoHanbHOe ynpasfeHune no
a3pOHaBTUKE W WCCNeA0BaHMI0 KOCMWYECKOrO MPOCTpaH-
ctBa, CLUA) 3anycTuio OCHaLLeHHbI /1a3epoM CMyTHUK



«Jlareoc», npefHasHayeHHbIi AN WU3MEpPEeHUs CKOpOCTU
Jpeiiha 1M HabnogeHns CMeLleHWiA Baonb pasnoma CaH-
AHppeac B KanMgopHuM € NOMOLLLIO Na3epHOro s10Kato-
pa. Pasnom CaH-AHApeac NexuT Ha rpaHule AByX MNT,
[BVDKEHMA KOTOPbIX CY>aT MPUYUHON 3eMIETPACEHUA B
KanugopHun. MOoXHO HafiedTbCs, YTO CMYTHUK «Jlareoc»
MOMOXET MpefcKasaTb OO/MbLUMHCTBO 3eM/IETPSCEHNIA B
3TOM paioHe.

ﬂaSGDbI B BOEHHOM perne

3a rog [o TOro, Kak 6bln co3fgaH nepsblil nasep,
MWUHUCTEPCTBO 060poHbI  CLUA  3aknoumno ¢ ¢upmoit
«Xbl03 JPKPadT» KOHTPAKT Ha MOCTaBKY A1 BOEHHbIX
Leneil yCTPOWCTBA, KOTOpoe paspabaTbiBasiocb Torga B
nabopatopusx upmbl. T1OCKONbKY C CaMoro Havana
(hbMHaHCMPOBaHWe UCCMe0BaHUA, CBA3aHHbIX C nasepa-
MW, OCYLLECTBAANOCh [/1aBHbIM 00pa3oM BOEHHbIMU KpY-
ramu, 3TM paboTbl Bcerga OblIM  HanpasfieHbl Ha BOEH-
Hble uenn. B ausape 1972 r. xypHan BBC CLUA nucan,
YTO Jfla3epHOe OpYXWe — «OAMH M3 Hambonee CTPOro
OXpaHseMbIX TOCY[apCTBEHHbIX CEeKpeToB». W B HacTos-
ee BpeMsi ANS BOEHHbIX Leneid npuobpetaetcs 60/bLue
nasepoB, 4YeM AN BCeX ApYrux, BMecTe B3ATbIX. Kak
TONMbKO MOSABUACA MepBbliA  Nasep, nucaTenu-(aHTacTbl
TOTYAC OKPECTUAM Ero «/Iy4yoM CMepTW», KOTOPbIA HeceT
OrPOMHYIO 3Hepruto 1 obpallaeT B nap BCE HA CBOEM
nytm. OfHako o 1968 r. He OblNO CO3[4aHO HW OAHOrO
nasepa, XOTb CKONIbKO-HUOY[b COOTBETCTBYHOLLENO 3TO-
My YCTpaLLatoLLeMy OMnMCaHuo.

MepBOe BOEHHOE MPUMEHEeHWe flasep Hallen B YCTPOW-
CTBax ANA HaBeAeHWs 60OMO, pakeT W  apTUNNEePUACKUX
CHapafoB. Habnwopatenb (MokasaHHbl Ha puc. 14 Ha
nepefHeM MfaHe) HanpasisfeT Nas3epHbll Nlyd Ha Lefb,
roe TOT CO3[aeT CBETOBOE MATHO. PakeTta, CHabXeHHas
creupanbHbIMUM - faTYMKamy, YyBCTBUTE/IbHbIMUA K CBe-
Ty [aHHOro nasepa, Netut npsmo K uenu. onafaHue
OCYLLECTBNAETCA C OLUIENIOMASIOWENA TOYHOCTbLIO: HoMba
«NIOXUTCA» B paguyce 4 M OT UMW, apTUINepUnCcKuil
CHapaf nopaxaeT [ABYXMETPOBbI OOBLEKT, YAaNeHHbIN
Ha 30 KM. JlazepHOe HaBeAeHMe 60OMO amepuKaHCKue
BOVICKa BMepBble WCMONb30Ba/IM BO BbeTHame B anpene
1972 r.



Camonert Paketa, nets- OTpaxeHHbIi

Was K uem nasepHblii
cBeT
4 ~/

JlazepHaa cuctema
HaBeAeHUs C NOMOLLbI
6UHOHNA

Puc. 14. JlazepHoe HaBefieHMe pakeT. HasemHblii Habniojatens Ha-

npasnseT /yd nasepa Ha MuLLeHb, CO3JaBad Ha Hell MATHO CBeTa.

C camoneTa NycKaroT pakeTy, KOTOpas [BMXKETCA K 3TOMY MATHY Kak
K Lenu.

Co BpemeHem 6bliM pa3paboTaHbl [OCTATOYHO MOLL-
Hble nasepbl, [EeCTBMUTE/IbHO [AOCTOMHbIE Ha3blBaTbCA
«lyqyamn cmept». B wone 1971 r. B6am3m r. Anamorop-
[0, wrat Hbto-Mekcuko (Tam, rge B 1945 r. npomsBogu-
NINCb NepBble MCMbITaHUS aToMHOM 60M6bI), Oblna MocT-
poeHa nabopatopus ANA  WCMbITaHUA ra30BbIX /1a3epos,
VMEIOLMX  BbIXOAHYKO MOLLHOCTb B COTHW  KWJIOBATT.
Takvie nasepbl CMoOCOOHbI MOMAXEeUb [epeBsHHble COOpY-
YXEHWSA Ha PacCTOSHWUM CBbILE 3 KM.

B KayecTBe OpY>XMWS MOLLHbIA f1a3ep MMEEeT OrpOMHble
MPeMMyLLECTBA MO CPABHEHWIO C 0ObIYHBIMW CPefcTBamMu
BOOPY)XeHWS.  J1a3epHbliA  flyd  pacnpoCcTpaHseTcs Cco
CKOpPOCTbIO CBETA W €ro MOXHO WCMO/b30BaTh MPOTMB
JBVDKYLUMXCA Leneli — camoneToB M pakeT. CyliecTByeTt
BO3MOXXHOCTb 3aryCKaTb WCKYCCTBEHHbIE CMYTHUKW, 000-
PYAOBaHHbIE TakvMW fla3epamu, KOTOPble CrOCO6HbI Mo-
pasuTb Moyt 1060/ OOBEKT Ha MOBEPXHOCTU 3eMJIN.
Kak npegnonaraetcs, /lyd nasepa CMOXET TaKXe YHWY-
TOXaTb HENpUATENbCKUE WUCKYCCTBEHHBIE CMYTHUKU.

JlazepHblii TEPMOSIAEPHBIA CUHTE3, KaK Mbl FOBOPUN,
MOXET [aTb HaM Hemcyepnaemblii UCTOYHMK 3Heprun. Ho
ero MOXHO WCMo/b30BaTb W BO B3pbiBaTENAX ANA A4ep-
HbIX O60MO. VccnepoBaHus B 3TOM 061acTW, Kak U MHO-



rve apyrve paspaboTKu, CBf3aHHble C /1a3epoM, fepxar-
cA B rNybovalilleii TaiHe.

Mpu obcyxaeHUn npobsieM OrpaHUYeHUs TOHKU BO-
OPYXXEHWUI  0O/bLUOE BHWMaHWe YAenseTcs  OnacHOCTU
pacrnpocTpaHeHus fgepHoro opyxus. OAHako CKafbl-
BaeTCA BMeyvaT/IeHue, YTO MO paspyLuaroLleil cune paspa-
6aTblBaeMOe HbIHE Na3epHOE OpYXWe He YCTYNWUT fAaep-
HOMY.

B npeancnoBum K «O630py CUCTEM BOOPYXKEHUS» 3a
1976 r. (ony6nukoBaHHOMY B «Jane's Yearbook») Po-
Hanbg MNpuTTn 3as8BUN:

«HwxXe npuBefieHHbIe CEKPeTHble CCbIKU Ha My6nu-
Kaumn MuHMUcTepcTBa 060poHbl CLLA, Kacarowmecs
nccnefoBaHUiA M pa3paboToK B 061acT CBEPXMOLL-
HbIX J1a3€pOB... BEPOATHO, 03HAYalT, 4TO BejeTcH
6opbba 3a MEepBEHCTBO B 06/1aCTM  MPaKTUYECKOTO
CO3[aHNs 1a3epHOr0 OPYXMS, CrOCO6HOro Mopaxartb
BOEHHble  OOBLEKTbI... WCK/IUMTENIbHO — MOCPELCTBOM
3Heprun, KOTOPYK TreHepupyeT /flasep W KOTOPYHO
MOXHO HanpaBiATb Ha LUeMb KaK «lyd CMepTu»,
CTO/b NONMKOBMBLUMIACA nuUcaTensM-paHTacTam».

Mpodeccop LLasnos, ony6nukosaswmii B 1958 T.
nepeyt0 paboTy MO ONTUYECKMM KBAHTOBbIM reHepaTo-
pam, uymtas B CLUA nekumn O nNpUMEHeHWM Nas3epos,
oboLlen MonYaHWeM BOMPOC 06 WX WCMONb30BaHUK B
BOEHHbIX Lenax. Korga >ke Ha O4HOM U3 BbICTYMNIEHWA
eMy 3afjanu 3TOT BOMPOC, OH OTBETW/: «S HUYEro He
3Hal0 O BOEHHbIX MPUMEHEHUAX N1a3epPOB W He Kenato
3HaTb». B Halle Bpems noytn n060e TeXHONOrMyecKoe
HOBLLECTBO MOPOXJAeT AWUNEMMY — CIYXWUTb /11 eMy
LeNsaM CO3UAaHWs WM PaspyLUeHVs U YHUUTOXEHMA.
Bonpoc 0 TOM, Kakyt JIMYHYHO OTBETCTBEHHOCTb B CBfl-
31 C 3TUM [O/MKEH U MOXET B3ATb Ha Ce0s Kax[ablli
yUeHblid, BNSETCA MNPeAMETOM ANTENbHBIX U TOPSUNX
JVCKycCuiAi B HayyHoM cpege (CM. nutepaTypy K ra. 3).

NasepHble «LOy»

MHOIMX Xy[0XXHWKOB, MOMb3YHOLWMXCA B CBOMX pabo-
Tax creyuanbHbIMU CBETOBbIMK 3((heKTaMu, fnasep npu-
BNEKAeT KaK MWCTOYHWMK CBeTa, 00Majalolinii  0coobIMM
CBOMCTBaMM U APKOCTbO. PaspaboTaHbl f1asepbl, KOTOPbIE



FEeHepUpYyIOT Cpa3y HEeCcKO/bKO TUMOB BONH. Tak, Ha-
npuMep, KPWUMTOH-apPrOHOBbI WOHHbIA Nnasep OAHOBpe-
MEHHO W3Mly4YaeT CUHWIA, 3eNeHbll U KpacHbld cBeT. Cy-
LLIeCTBYeT HECKO/IbKO CMoco60B MCMO/Mb30BaHWA Na3epoB
ANd co3[aHns 3penniHbIX 3deKToB. Jlyy nasepa MoX-
HO pacLienuTb Ha Beepoo6pasHblil My4oK, COCTOALLMIA W3
MHOXeCTBa Jly4eil; oTpaxkasacb OT 3epKasl, OHW 06pa3sy-
0T Haj ronosamu 3puTeneli CBoeobpasHyt CeTKy. Ya-
CTUUbI MbIM Ha MNyTWU Jlyyeil CBETATCA TaK, 4TO Jlyuu
CTAHOBATCA MOXOXWMW Ha pacKasieHHble MpyTbs. Takyto
MPUYYLIUBYIO CETKY, KOTOPYHO MPU >KENaHWU HEeTpyaHO
3aCTaBUTb HEMPepbIBHO [ABWUraTbCHd, MOXHO CO34aTb C
MOMOLLbIO Pa3HOLBETHBIX /la3epHbIX JTyYeil.

He MeHee 3axBaTblBaOLWMX 3peNULHbIX 3((eKTOB
[JO6MBAKOTCA U NyTeM CKaHMPOBaHMSA. Y3KWIA nydy nasepa
npoeumpyeTcd  HebOMbLLUMM  3epKaloM Ha 3KpaH (Miu
Jaxe Ha ob6naka), rae OH 06pasyeT CBETOBOE MATHO.
C MOMOLLBIO YYBCTBUTE/IbHOIO 3/1IEKTPUYECKOrO CepPBOME-
XaHu3Ma 3epKasio MOXHO M0BOpauMBaTb B pa3Hble CTO-
POHbl, W BMeCTe C HUM OyZeT OTK/IOHATbCA W OTPaXeH-
Hbli Nyy nasepa. MNpu 3TOM Ha 3KpaHe BblYepYMBAETCH
NnHKMA. Mcnonb3ya caenaHHyo npy nomowy 3BM  wmar-
HUTHYIO 3anucb, Mbl MOXEM MOjJaBaTb Ha CepBOMEXa-
HU3M 3/7IEKTPUYECKME CUTHANbl, KOTOpble 3acTaBAT 3ep-
Kano noBopaumBaTbCA TaK, 4YTO /lyd fa3epa HauyHeT Bbl-
yepuMBaTb Ha 3KpaHe JIMHWIO, PUCYIOLLYI0 KakoW-nn6o
00beKT wnM abCTpakTHOE M300paXKeHWe. 3TO BblYepun-
BaHWe, WM CKaHUpOBaHWe, MOBTOPSAETCA HECKONbKO pas3
B CeKyHZy, MpuyeM MATHO CBeTa [ABWMXETCA Ha 3KpaHe
CTO/Mb ObICTPO, UTO [BWXEHWE COBEPLUEHHO He 3aMmeT-
HO — Mbl BUAMM JI1LLIb Kakoe-TO M306paxeHue. Mpoeum-
pys Ha 3KpaH HeKyl MoCnefoBaTe/lbHOCTb M300paXKeHWi,
Mbl NofyvyaemM Mofo6ue MyNbTUMINMKALUOHHOMO (huibma.
Mpepnonaraetcd, 4to B 6yAyllem TakuMMW 3KpaHamu
MOTYT C/lyXXWTb OFPOMHble YNIWYHbIE AOCKM A/ 00bAB-
NEHWI, Ha KOTOpble MOXHO OyZeT NpoeumpoBaTb ABUXY-
Wwyecs peknambl. TMONbITKA MpoeLypoBaTb M306paxeHue
Ha obnaka — «/a3epHoe MMUCbMO Ha Hebecax» — MoKa He
Janv y[0BNeTBOPUTE/bHbIX Pe3y/bTaToB.

[Ona co3gaHua  3penuviHbIX 3¢(EKTOB  KCMOMb3YeTCH
elle OAMH MeTof — TaK HasblBaeMblii MeTOA CyyaiiHoM
(hasoBoii  mogynAumn. Jlyd nasepa NponyckalT uyepes



KYCOK CTeKna WM KPUCTan/, WMEKOLMIA HeperynspHyo
BO/IHUCTYIO MOBEPXHOCTb. CBeT paccemBaeTcs €l BO
BCEBO3MOXHbIX HanpaBNeHUsX, W, ecin ero HanpaswTb
Ha 9KpaH, TaM BO3HWKaeT YAMBUTENIbHO KpacuBOe M3006-
paxeHue. [loBopaumBas KyCOK CTEK/Q, MOXHO 3aCTaBUTb
3TO0 NpUYyAIMBOe abCTpPaKTHOE M306paxkeHne Hernpepbis-
HO W3MeHATbCA. Bpems OT BpemMeHM Ha 3KpaHe nosy4a-
eTCA TO HEeYTO BPOLe IUraHTCKOW MayTWHbI, TO KapTWHa,
HaroMUHaKoLWasa CNOXHYK CTPYKTYpY ranakTuk.
CBeToBble 3(h(heKTbl, CO3[aBaEMble f1a3epoM, MOoKa
elle He HalM MPUMEHeHWs /18 LIBETOBOrO «COMPOBOX/e-
HUS»  BbICTYM/IEHWA MON-rpynn; HeKOTOopble W3  HUX,
npaeja, NblTaMCb B Mepy CWn fenatb 310 camu. Ans
CBOMX BbICTYN/IEHUA OHU  M36UpanX 60  3pUTENbHbIN
3a7  KuMHOTeatpa, rfe [OMNONMHWUTENbHO YCTaHaB/MBaIu
creuunanbHble 3KpaHbl, MO0 3a/, B YAaCTHOCTW, OAHOIO U3
NOHAOHCKUX NnaHeTapues, rAe UM Obl10  paspeLleHo
MCNoMb30BaTb B KayeCTBe 3KpaHa WM3006paKeHHbIN Ha
noTosike HebecHbll cBof,. [MorosapuBaivi TakXke O COOpY-
XEHUN CMeuna/ibHbIX TeaTpoB ANA «/1a3ePHbIX 3PeNuLL».
OpHa (wmpma Aaxke BbINyCTUNA B MPOAXKY «AOMALLHUN»
nasep C COOTBETCTBYIOLLMMMU NPUCNIOCO6NEHMAMU  (YCT-
poicTBOM Ana  (hasoBoi  Mogynsuuu), obecneyvs Tem
CamMbIM BO3MOXHOCTb BCEM JKE/aloWwyM € KOM(OpPTOM
HacnaXpaarbca nasepHbIMU CBETOBLIMU 3(h(heKTaMu.

Jpyrve npumeHeHus nasepa

C nomoulblo fasepa ypanocb 6e3 0cobbIX 3aTpydHe-
HW/A NPOAEMOHCTPUPOBATL ABNEHME, XOPOLUO W3BECTHOE
B HayKe roj Ha3BaHMeM [aBfeHue usnyyeHus. Mbl yxe
OTMeYasin, 4YTO CBET MOXHO paccmartpuBaTb KakK MOTOK
yacTuy, — (poToHOB. [lagas Ha Kakoin-nmbo npesamer,
(hOTOHbI OKa3blBalOT Ha Hero CWI0BOE BO3JeNCTBUE, Ha-
3blBaEMOE [aBNleHMeM W3/lyYyeHWs; Cu1a, BO3HMKAKOLLas
BC/IECTBME TakOro [JaBfieHus, CrocobHa MOAHATb, Ha-
npvMep, TOHKYK CTEKNAHHYHO MNaCTVHKY [LMaMeTpoM
0,001 mm. B npuHumMne nydy CBEPXMOLLHOrO fiasepa Mo-
XeT cMmewatb 1 6osee KpynHble npeiMeTbl, 04HAaKO OcCy-
LeCTBUTb 3TO HEBO3MOXHO, MOCKO/IbKY —WHTEHCUBHbIN
Na3epHbIA Ny4 MONPOCTy paspyLwwnT 3TOT MpeaMer.

NlasepHble Ny4n MepeHoOCAT 3Hepruio. TeopeTuyecku
NX MOXHO OblI0 Obl, NOLOGHO NIMHMAM 3MEKTpOoNnepesayn.



NasepHas paketa

/7 7ly4 nasepa, nocbinaembiii
C 3eMan wm cnyTHuKa,
HaxofsLierocst Ha 0Koso-
3eMHOii op6uTe

Puc. 15. lMepefaya 3HEPrMM KOCMUYECKOWA pakeTe C MOMOLLbH flasep-
HOro /ly4a. JTOT CMOCOO MOMOXET CYLLECTBEHHO YMEHbLUWTL 3aTpathbl
Ha KOCMWYECKMEe MOJeThl.

NCNONb30BaTb [N CHAbGXEeHUS 3Heprmeit OTAaNEHHbIX
paiioHoB. OpHako B  MacwTabaX  3HepProcucTemsl
Lenoli CTpaHbl 3TO HEOCYLLECTBMMO — Takoi MeTog npu-
rogeH NuWb Ans 06ecrieyeHns 3Heprueil KOCMUYECKMX
Kopabneid 1 KOCMUYECKMX CTaHLMIA 6yayLiero.

B HacTosAwee Bpema B CLUA n CCCP BegyTca Takxe
NCCNeoBaHNSA, CBA3aHHble C BO3MOXHOCTBbIO MpPUMEHe-
HUA CBEPXMOLLHbIX Na3epoB [/19 3HeprocHabxeHws [ABu-
rateneli camoneToB W KOCMUYeCKuMX Kopabnein (pwuc. 15).
Mpn 1CnoMb30BaHUM 0ObIYHLIX PakKeT, Takux, Kak «Ca-
TYPH-5», C MOMOLLbID KOTOPbIX 3anyCKalncb KocMuye-
CKve Kopabniin «AMonIoH», CTOMMOCTb BbIBEAEHUS Ha Op-
OGUTY CNyTHMKA WM KOCMWUYECKOTO Kopabns pocturaer
2200 gonn. Ha KunorpaMMm Maccbl KOCMWUYECKOro arnrnapa-
Ta. HoBble ABuratenu, npegHasHaueHHble AnA Kopabnei
Tina «Cnaiic WwaTTn», No3BONAT CHWU3MTL ee Ao 900 gonn.
Ha KunorpamMm Mmaccbl. MOXHO HafedaTbCcs, 4TO0 WUCMOSb-
30BaHVe NasepHbIX PaKETHbIX ABUratenieid CHU3NT CTOM-
MOCTb BbIBEAEHWS CMYTHUKOB Ha opbuTy fo 66 fonn. Ha
KunorpaMmm osesHouW Macchl. [pegnonaraetcs Takxe
ncnosb3oBaTh N1asepbl AN NpUBEAEHUS B [BIKEHNE KOC-
MUYecKnX Kopabrien, HaxofAWwmMXcs B «r1ybOKOM KOCMO-
ce» — Yy cambIX rpaHuy, CO/HEYHOM CUCTEMbI WM 3a Ce
npegenamm. Ha KocMmyeckom Kopabne ycTaHas/vBaeT-
CA «/MasepHblii napyc» (XOTA GOMbLUOA «Mapyc» O3Haua-
eT 6OoMblUYK [OMNOMHUTENBHYKD Maccy), U C 3emMnuM Ha
HEro HanpaBNAOT MOLUHbIA MOTOK Na3epHOro W3/yYeHUs;
HebOoMbLLIOr0 YCKOpPEeHWs,, KOTOPOe Mpu COYAapeHun coo6-
LAlT «napycy» (OTOHbl CBeTa, Oy[eT BMONHE [OCTATOu-
HO, 4TOObl KOCMUWYECKWA KOopabfib CMOr B TeyeHue He-
CKONbKNX /IeT [BUraTbCA C YPE3BbIYANHO BbICOKOM CKO-



POCTbHO — TEOPETUYECKM OHa MOXET ObiTb 6IM3KOM K
CKopocTU cBeTa. BblgBuranoch ele OAHO Mpeanoxe-
HUe — co3AaTb GecnuOTHbIA CamoneT C NasepHbIM [JBW-
ratefieM, Ha KOTOPOM MOXHO OyzeT MOAHATb Ha BbICO-
Ty 30 KM MepefaroLLlyt0 aHTEeHHY Te/eBM3MOHHOIO mMepe-
JatumKa, 4TO MO3BOMT 3HAYUTENIbHO YBENNYUTL Aaslb-
HOCTb €ro AeicTBus.

CyLuecTByeT HeMalo ApYyrvx MNPUMEHEHWUA na3epos.
B uacTHOCTW, OHM LUMPOKO MCMOMbL3YKTCA B (hyHAAMEH-
Ta/lbHbIX Hay4HbIX WCCNeA0BaHWAX, Hanpumep ANA W3y-
YeHWsi CBOWCTB TBEPAbIX Ten, XXWAKOCTel W rasoB. bes
COMHeHUs, B OyayllemM nepef na3epaMu OTKPOETCA He-
Ma/io  HOBbIX WHTEPECHbIX BO3MOXHOCTel. OueBUAHO
NWb OfHO — 3TOT «peLUatoLLmMiA Ntobble NPob6aembl» nNpu-
60p HUKOrga He ocTaHeTcA 6e3 gena.



naBa 4

MPHUWIMBI TONOIrPA®UN

Mbl BMOMM npeameTbl 6Gnarogaps TOMY, 4TO CBETO-
Bble BOMIHbI OTPAXAtOTCA OT HUX WM MPeNoMASTCA
MU W MonajatT B Haww rna3. CBeTOBble BOSIHbI, OTpa-
XEHHble OT Kakoro-nMbo 006beKTa, XapakTepusylTcs
onpefeneHHol (popmMoii BOMHOBOrO (hpOHTa, KOTOpas COOT-
BETCTBYeT (hopme faHHOro ob6wbekTa. [Be rpynnbl Kore-
PEHTHbIX CBETOBbIX BO/IH MOMYT WHTepepupoBaTtb, CO3-
[aBas KapTWHY CBET/bIX W TEMHbIX JIMHUWA, WM NOoC,
MPUYeM B KaX[OM KOHKPETHOM Cny4vae 3TW Mo/ockl 06-
pasyroT COBEPLUEHHO OMpefeNeHHy KoMmbuHauuio, 3a-
BUCALLYHO TO/MIbKO OT (DOPMbl BOJIHOBbIX (DPOHTOB B3au-
MOZEVCTBYIOLMX BOMH. TakKyl KapTUHY, Ha3blBaeMyto
MHTEP(EPEHLMOHHOW, MOXHO 3ajMKcupoBaTb Ha (OTo-
rpauyYeckoin MnacTMHKE, NMOMELLEHHOW B TO MeCTO, rfae
MPOUCXOAUT UHTEP(EPEHLNS BOJH.

B panbHeiwem Mbl 6yeM roBOpUTb: «BOTHOBbIE (PPOH-
Tbl CBETa» (UM NPOCTO «BOJIHOBble (PPOHTLI»), TOrha Kak
npu 60/ee CTPOrOoM MOAXOAe HaM cfefoBano 6bl UCNOSb-
30BaTb BbIPKEHME: «rpynna CBETOBbIX BOJH, KOTOPble
XapakTepu3ytoTcs TakoM-TO U Takoi-TO (POPMOW BOJSHO-
BOrO (ppoHTa». MogobHas cokpaweHHas ¢opma y[obHa,
M VIMEHHO Takoi TEepPMUHONOrMel MNOMb3yTCA Cchneyua-
NNCTbI MO rosnorpaduu. Hanpumep, Mbl CKaXem: «mnso-
CKWIA BOMIHOBOW (PPOHT», BMECTO TOr0 4YTOOblI YNOTPeOUTb
6onee MpPOCTPaHHOE BbIPaXEHWe: «CBETOBble  BOJIHbI,
(DPOHTLI KOTOPbIX NPEACTaBNAT COB0I nnockocTu». Of-
HaKO CBETOBble BO/IHbI, OTPaXEHHble OT MNpeameTa, Heflb-
39 onucatb CTOMb YMPOLLEHHbIM 06pa3oM, MOCKO/bKY,
Kak npasuno, opmMa MX BOMHOBOro (PPOHTA [OCTATOYHO
CNnoxHa. [M03TOMy B [JaHHOM cliyyae, Mo/b3yAacb Halleld
COKpaLLeHHOW TepMUHONOrMed, Mbl 6yfemM MNpocTO roBO-



PUTb: «OTPXKEHHbIA OT NpegmeTa BO/HOBON (PPOHT» UM
Jaxe «npefmeTHass BOJSiHa», YTO K306aBUT HAc OT Heob-
XOAMMOCTM  OMNWCbIBATb  TOYHYKO  (DOPMY  BOJIHOBOIO
(hpoHTa.

onorpagus — 370  CNOCo6, KOTOPbLIA MO3BONSET pe-
rMCTpUpoBaTb (3an1cbiBaTb) BO/IHOBOA (PPOHT, OTPaXKEH-
Hblil OT MpefMeTa, a 3aTeM BOCCTaHaB/MBaTb €ro TakuM
obpasom, 4TO Yy Habnogatens BO3HUKaET MOMHOE OLly-
LweHve, OYATO OH [eACTBUTENIbHO BUAMT peasibHbI Mpea-
meT. TMofo6HbIA 3ththeKT 06ycnoBieH Tem, 4TO rosorpa-
(hnyeckoe M3006paKeHMe MOMyYaeTCs TPEXMEPHbIM B TOM
Xe Mepe, KaK M peasibHbll npegmer. O6 3TOM Mbl elle
MHOro OyzieM roBopuTb B Aa/bHENLIEM.

CyLlecTByeT Takoe OrpOMHOe MHOXECTBO pa3HOTWI-
HbIX FO/IOrpaMM, YTO B HUX HETPYAHO 3anyTartbCs. YTo6bI
COBEPLUEHHO OfHO3HAYHO OMpeAennTb KakoW-Mbo KOHK-
PETHLIA BWA rONOrpaMm, HeOOXOAMMO BOCMO/b30BATLCA
YeTblpbMA WM NATbIO  npunaratenibHoiMKM. OfHAKo 13
BCEro MHOXECTBa ro/iorpaMM Mbl BbIAEMMM NWLLIL HEKO-
TOpble OCHOBHble TWMbl M OYeHb 06LUME WX Kacchl, KO-
TOpble, BMPOYEM, HMYEM OCOGEHHBLIM He OT/IMYAKOTCS.
Ha nepsbii B3rnag ctonb pasHoobpasHas Knaccuguka-
UMA KaXeTCA HefoCTaTOYHO SACHOMW, MO3TOMY 3a4acTyro
ONS pas/IMyeHus ronorpaMm npuxoamuTcs npuberatb K
bonee TOHKUM [eTansiM Teopuu.

Ho npexge yem NpUCTYNUTb K PacCMOTPEHWHO CO6CT-
BEHHO ronorpamMM, cfegyeT cKasaTb HECKO/IbKO C/OB O
BO/IHOBOM fIB/IEHUW, Ha3blBaeMOM [AudpaKLmei, MocKosb-
Ky WMEHHO Audpakuus [aeT HaM BO3MOXHOCTb KOHCT-
pyupoBaTtb, a TOYHEee, PEKOHCTPYWMpoBaTb (BOCCTaHaB/U-
BaTb) BO/IHOBOW (PPOHT /t06Oro Tmna.

Ondpakumsa

Ecnm Ha nyTy cBeTa 0OKa3blBAeTCH Kakom-mbo npea-
MeT, TO OH oT6pacbiBaeT TeHb. O[HAKO CBET HE pacrpo-
CTpaHseTca CTPOro no MNpPAMOA IMHUK, HO, ormbas npes-
MET, YaCTWYHO 3axXOAMT B 00/1aCTb TeHW. B o6LieM MOX-
HO CKasaTb, 4TO 3TOT 3((eKT, Ha3blBaeMblil Audpak-
Luei, 0bycnoBneH BOMHOBOW MNPUPOAOM CBeTa, XOTA €ro
CTporoe O6bACHEHWE [OCTATOYHO C/I0XKHO.

CBeT MNpoHUKaeT B 06/1aCTb TEHU /MWL B OYeHb Ma-
NIOM TENeCHOM Yrfie, TaK YTO MPaKTUYeCKn Mbl 3TOr0



HUKOrga He 3ameyvaem. Ho ec/im Ha nyTu CBeTa OKa3blBaeT-
CA MHOr0 MeNKUX MPEenAaTCTBUN, MPUYEM PaCCTOAHUA
MEXAY HUMM COCTaB/AKOT BCEr0 HECKOMbKO [A/IMH CBe-
TOBOM BOJ/IHbI, TO OOLWMIA IPPEKT NPOXOXKAEHMA CBeTa B
061aCTb TEHW CTAHOBMTCH BECbMa 3aMeTHbIM.

Korfa BOMHOBOM (DPOHT MNafaeT Ha eAuHW4YHOe 60/b-
L1oe MpensTcTBMe, COOTBETCTBYHOLLAA 4acTb ero npocTo
«BblMafaeT». Ha oOcCTaBLUytOCA YaCTb BO/HOBOrO (PpPOHTA
3TO MOYTWM He OKasbiBaeT BAUAHWA. Korga >xe Ha nytu
BO/IHOBOIO (PPOHTA HAXOLMUTCA HECKONIbKO MeNKux npe-
NATCTBWIA, OH B pe3ynbTaTe AUMPaKUMM W3MEHSETCA Ta-
KM 06pa3oMm, YTO CBET, pacnpoCTpaHALWMIACS 3a NpensT-
cTBueM, OyaeT WMeTb KauyeCTBEHHO WHOW  BO/IHOBOM
(OPOHT. OH HACTONbKO CW/bHO TpaHCopMUpyeTcs, 4To
[aXe HauMHaeT pacnpoCcTpaHATbCA B WHOM Hanpasfie-
HUW. Takum 06pa3omM, AUdpakuMs faeT HaMm B PYKMW Crio-
cob6, no3BoMAtOWMIA  nNpeobpa3oBaTb  OAWH  BOSHOBOWA
(DPOHT B ApYroi, COBEPLUEHHO OT/IMYHBIA OT WMCXOAHOTO.
WHbiMK cnoBamu, AUpakums — 3TO MexaHu3M, nocpej-
CTBOM KOTOPOro Mbl MOXeM CO03/aBaTb HOBbIA BO/IHOBOA
(DPOHT CBeTa.

YCTPOICTBO, TakMM nyTeM (OPMUPYIOLLEE  HOBbI
BO/IHOBOW (DPOHT, HasbIBaeTCA AWU(PaKUMOHHOR pelueT-
Koii. B npocTeiillem Buie OHa npeactasBnseT coboi He-
O0/MbLIYD NMAaCTUHKY, Ha KOTOPYH HaHeCeHbl napan-
NefbHble TOHKME MNpsMble IMHAX  (LUTPUXK), OTCTOALLME
Apyr OT Apyra NpYMEpHO Ha COTY0 U AaXKe TbICAYHYHO
fono munivMeTpa. Ha puc. 16 nokasaHa yBenn4YeHHas
(hoTorpacms 6Gonee CNOXKHOW ANDPaKLMOHHON peLLeTKK,
COCTOSILLEl U3 Ccrierka pasMblTbIX APKUX WM TEMHbIX M0/0C,
a He M3 YeTKO OYepYeHHbIX NpAMbIX NMHWMIA. Ecnm nocta-
BUTb TaKyt0 PELLUETKY Ha MyTW /1a3epHOro ny4a, To 4yacTb
ero 6yfeT NpPoXoAuTb 4epe3 PeLUeTKY MpsAMO, a 4YacTb —
3armbatbca; B pe3ynbTate (OPMUPYHOTCA [Ba HOBbIX
MyyKa, BbIXOAALMX W3 PELUETKN M0 HEKOTOPbIM YI/IoM
K MCXOZHOMY flydy Mo 06e CTOpPOHbI OT Hero. Ecnu nep-
Bblil NasepHbIli Ny4OK WMeeT, Hanpumep, MNIOCKWIA BOS-
HOBOV (DPOHT, TO M ABa HOBbIX My4Ka, 06pa3oBaBLUMECH
no 6GokaM OT Hero, Takxke O6ygyT 06nagatb MAOCKUMU
BO/IHOBbIMU (ppoHTaMu (puc. 17). CnefosaTensHo, npo-
Myckas My4vyoK Na3epHOro W3Ny4vyeHUs uepe3 Audpakum-
OHHYKO peLlleTKy, Mbl CO34aeM [Ba HOBbIX MJIOCKUX
BOJIHOBbIX (PPOHTA.



|

Puc. 16. [AwudpakunoHHas pelleTka (M306paxeHWe YBENUYEHO B

100 pa3). Jlerko 3ameTWTb, YTO OHa WAEHTWUYHA WHTEP(EPEHLIMOHHON

KapTuHe, U306paXEHHON Ha puc. 7. PakTUYeCKN 3Ty KapTUHY MOXHO

paccmaTpmBaTb Kak ronorpamMmmy, Ha KOTOPOW 3apermcTpupoBaHa no-
CKasl BOSIHa, NOKa3aHHasa Ha puc. 6.

HeTpydHO 3amMeTuTb, 4TO AWGPaKLMOHHAs peLleTKa
n3obpaxeHHas Ha puc. 16, BbIFNAAUT TOYHO TakK Xe,
Kak onucaHHas B rN. 1 uHTepepeHLMOHHas KapTuHa
(cm. puc. 7), nonydvaemas npyv B3aUMHOM Ha/lOXeHWU
[BYX TM/IOCKMX BOSIH, Najalolyx Ha 3KpaH Moj HeKOTo-
pbIM YrnoM Apyr K Apyry. AugpakuvOHHYIO pPeLUeTKy,
Mo-BMAVMMOMY, MOXHO paccMaTpuBaTh KakK MpOCTenLmnii
MpUMep ronorpaMmbl, U OTHbIHE Mbl GyJem roBopuUTb 06

HoBas niockast BO/Ha, CO3daHHas
[ANPaKLMOHHOW pelueTkon
(BOCCTaHOB/IEHME NJIOCKON BOMHLI B
Ha puc.6)

FpebHn BOMH

r—————
Mnockasn
(onopHas)

BOJIHA

[AvdbpakumoHHas
pelueTka
(ronorpamma)

YacTb NI0CKOA BOMHLI,
npoweawas 4yepes
peLueTky

Hosas nnockas BOJIHA,
co3faHHaAa peweTkon

Puc. 17. MonyyeHue NAOCKMX BOMH METOAOM Audpakumun. Ecim pac-

CMaTpuBaTh AUMPAKLMOHHYIO PELIETKY Kak rojiorpamMmy, TO M/iocKas

BO/IHA B BEpPXHeM 4aCTW pUCyHKa OyfdeT NpeAcTaBnATb coboii BOCCTa-

HOB/IEHHYI0 BOAHY B Ha puc. 6, a OMOpHbI Ny4yoK — BOMHY A
(tam xe).



ee MoNyyYeHU! W WCMOMb30BaHUK, Onepupys TepMUHOO-
rveii ronorpagpum.

CBoe 3HAaKOMCTBO C MPUHLMMNAMM rofiorpaguu Ml
HaYHeM C pPacCMOTPEHUS [BYX MIOCKUX BOHOBbLIX (PPOH-
TOB, KOTOpble, B3aUMOJENCTBYS, CO34al0T WUHTepdepeHLm-
OHHYIO KapTWHY; MOC/EAHIO PEerucTpupyroT Ha hoTorpa-
(b1yecKol NNacTUHKe, MOMELLEHHOM B TO XXe MeCTo, rje
Haxoguncs akpaH (cM. puc. 6). B ronorpagumn 3Ta
(nepBasi) cTagms npouecca HasblBaeTCA perucrpayuert
(vim  3anmcbio) ronorpammbl. OfHa M3 NJIOCKUX BOJH
(4ns onpegeneHHOCTW, CKaXem, BOfHa A) Ha3blBaeTCH
OMOPHON BOMHOM (WM OMOPHLIM  BOJIHOBLIM ~ (DPOHTOM).
Torga BonHy B Mbl Gyfem HasbiBaTb NPeAMETHONA, T. €.
BOMHOM (MM BONHOBLIM  (JPOHTOM), OTPaKEHHOW OT
npeameta, 1306paxkeHne KOTOPOro PerucTpupyercs; B Ha-
LeM C/lyyae OHa HWYeM He OT/IMYaeTCs OT OMOPHOW BOM-
Hbl, OLHaKO MpPW MOMYYEHUN T[OMOrpamMmMbl PeasibHoOro
TPEXMepHOro O00beKTa BO3HWKAEeT CyLLEeCTBEHHO 6Gonee
CNOXHbIA BOMHOBOW (PPOHT OTPaXXEHHOr0 OT Hero ceeTa.
IHTepthepeHLMOHHas KapTrHa, 3anucaHHas Ha (oTorpa-
(hnyeckol nneHke (M306paxkeHVe AWUDPaKLMOHHON pe-
WeTKW), U ecTb rosorpaMma. Ecnu 3ty ronorpamMmy no-
MECTUTb Ha MyTW TEepPBUYHOr0 OMOPHOro Mnyyka (Myyka
Na3epHOro CBeTa, WUMEIOLLEro M/I0CKUA BOMHOBOM (DPOHT),
TO No 06e CTOPOHbI OT Hero 06pasytoTcs fiBa HOBbIX BOJI-
HOBbIX (PPOHTA, KakK MokKaszaHo Ha puc. 17. OguH M3 HKX
OyaeT TOYHOM Konwvelk NpeAMETHOr0 BOSHOBOTO (PPOHTA,
MHaye roBopsi, 310 OyAeT MNOCKUA BOIHOBOM (PPOHT,
pacnpoCTPaHsALWMIACA B TOM XX€ Harpas/ieHUn, 4To U
BofHa B (BO3HMKAKOLWMIA MNpU  3TOM  AOMNOSHATENbHLIN
BO/IHOBOM (PPOHT Mbl 06CYAMM NO3)Xe). 3Ta BTOpas Cra-
v ronorpaguyeckoro npoiecca HasblBaeTCs BOCCTa-
HOB/IEHEM WN3006paXKeHNS.

NTak, Mbl BUAuM, YTO 3anuMcaHHas Ha (OTOMMaCTUHKe
NHTEp(epeHLUMOHHaA KapTuHA, CO3[aHHas [ABYMS Kore-
PEHTHbIMW  MNOCKAMW  BONHaMW, NpeACcTaBnseT  Co6oM
HEKoe YCTPOICTBO, KOTOPOE — €C/M ero MoTOM OCBETUTb
OHOM W3 Ha3BaHHbIX M/IOCKMX BOMH — M03BO/ISET BOC-
CTaHOBUTb APYryt0 TMIOCKY0 BOMHY. Takum 06pa3om,
ronorpauyeckmnii NPoLecc BK/OYaeT B CebA cregyrowme
CTagun: PerncTpaumio M «xpaHeHue» npeAMETHOro BOA-
HOBOr0 (PPOHTA B BWAE WHTEP(HEPEHLMOHHON KapTWHbI
(T. e. ronorpamMmbl) W — cnycTa 060e BpemMs — BOC-



CTaHOB/IEHWE €ero npu MPOXOXAEHWUN 4epe3 rosnorpamMmy
OMOPHON BOMHbI. B AeNCTBUTENbHOCTY NpeaMEeTHbIN BOSI-
HOBOW (PPOHT MOXET ObITb NtO6LIM, B YaCTHOCTU 3TO MO-
XeT OblTb BO/IHOBOM (DPOHT, OTPAXKEHHbIA OT peaslbHOro
npeamMeTa, ecnu npy 3TOM OH KOrepeHTeH OMOpPHONM BOJHE.
VHTepdepeHUMOHHAA KapTuHA, COPMMPOBAHHas /to0bbI-
MU [BYMS KOTepeHTHbIMW BOJIHOBbIMU (DPOHTAMMK, U eCTb
MMEHHO TO YCTPOWCTBO, KOTOpoe 6Gnarogaps Audpakuymun
Nno3Bo/sieT NpeobpasoBaTh OANH W3 ITUX BOMHOBLIX (PPOH-
TOB B [APYroW. 3[ecb-T0 W CNpATaH K04 K ronorpaguu.
W nepBbIM ero obHapyxun [eHHuc abop.

YTtobbl Habnwgatb M306paxeHue, co3faBaemMoe Mpo-
CTelLlein ronorpaMmmMort — AngpakUMOHHOWN PeLLeTKON, ee
cneflyeT MOMECTUTb HAa PacCTOAHWM MpUMEpHO 1 M OT
rnasa ” CMOTPETb CKBO3b PELIeTKY B HaripaB/eHuun, B
KOTOPOM W3 Hee BbIXOAAT BOCCTAHOB/IEHHbIE MIOCKME
BOMHbI. locKo/bKy B Nla3  Habnwogatens nonagatot
MIOCKME BOJIHbI, W300paXKeHWe TakXXe WMeeT BuUf Mo-
CKOCTU W NpefCcTaeT nepes HaMU Kak «ryxas CTeHa»,
PaBHOMEPHO OCBELLEHHas CBETOM TOr0 >Xe LBeTa, 4To W
y Jla3epHOro wu3nyyveHus. T[1OCKOMbKY Takas «CTeHa»
NLIEHa Kakux-nnéo cneumuuyueckmx MNpuU3HaKoB, HEBO3-
MOXHO CKa3aTb, Kak Janeko oHa Haxogutcs. Cospaetcs
Breyat/ieH e, 4YTO Bbl CMOTPUTE Ha GECKOHEYHO MpoTs-
XEHHYIO CTeHY, pacrnofiOKEHHYH r[e-T0 B OeCKOHeYHo-
CTW, HO BMAWTE MNpU 3TOM TONBKO YacTb €e, KOTOpYH
BaM Y[JaeTcsi paccMOTpeTb 4epe3 HeGO/blUoe «OKHO» —
ANDPAKLUMOHHYIO peLLeTKy. Takum 06pasom, Augpakum-
OHHasA pelUeTKa MpescTaeT PaBHOMEPHO CBETSLLeWca Mo-
BEPXHOCTbIO U Mbl He 3aMeyaeM Ha Hell HUYero WHTepec-

HOrO ¥ [OCTOMHOr0 BHUMAHMA.

onorpamma — AMMPaKLMOHHAA peLleTka — Mo3Boss-
eT Habnwogatb psg  NpocTedwmMx 3P(eKToB, KOTOpble
MOXHO MPOLEMOHCTPMPOBATL M C MOMOLLBIO T0/10rpaMm
apyroro tuna. lMy4yok cBeTa, MpoOXofs Yepes Audpakuu-
OHHYIO peLLeTKy, pacluennseTcs, obpasys [Ba HOBbIX
nyyka. JIO6yH0 ANMPaKLMOHHYKO PeLIeTKY MOXHO oOc-
BelaTb My4yKamu 1a3epHOro0  WU3Nny4yeHus, OTINYAIOLLMMU-
CA LBETOM OT TOro, YT0 WMCMOMb30BaACA MNPWU ee 3arucu.
B Kaxgom cnyyae yron, nog KoTopbIM W3rmbaertcs mny-
YOK CBeTa, 3aBMCUT OT LBeTa 3TOro nyyka. Tak, My4oK
KpacHoro cseTa (Haubosnee AAMHHOBOIHOBOr0) W3rnba-
etcqa nog 6OMbLIMM  YrIOM, 4YeM My4yOK CUHEro cBeTa



(MMetoLWMA  MeHbLIYKD  A7MHY  BOMHBI). Ecnn  yepes
ANDPaKLUMOHHYHO peLIeTKy NponycTuTb Genblid CBET, T. €.
CMeCb BCeX LBETOB, TO KaX[Jas LBeTOBas KOMIMOHEHTa
ero OyaeT WCKPMBAATLCA MOL «CBOMM» YIAOM, U Torja
Ha BbIXOJe AWN(PAKLMOHHOW peLieTKn Mbl  MOYyHUM
CMeKTP LBETOB, aHaJIorMyHbIiA TOMY, YTO CO3LaeT npu3ma.

UToObl WCKPWMBNEHWME CBETOBbIX /ly4el Obl0 3aMeTHO,
LUTPUXN AU(PAKLMOHHON PeLLeTKN AO/MKHbI pacnonararb-
CA O4YeHb 6/M3KO Apyr K Apyry. Hanpumep, ans wUckpue-
NEHUs Nlyya KpacHOro ceeTa Ha 20° Heo6X04UMO, YTOObI
paccTofiHMe MeXay Humm He npesbiwano 0,002 mwm;
npy 60nee TECHOM pa3MeLleHUW LUTPUXOB Jflyd CBeTa
Oyget u3rmbatbcs ewe 6onbwe. ONA «3anucu» TakKow
peLleTkn noTpebyeTtcs, KOHeYHO, (OTOMIacTUHKa, Cno-
cobHas perucTpupoBaTb CTO/b TOHKWe fAeTanu. Heobxo-
OVMMO TaKXe, 4ToObl B MpOLECCe 3KCMO3vLMM W MpU pe-
rueTpaumy  MHTepepeHLUMOHHOM  KapTWHbI  NIacTUHKa
OCTaBaslaCb abCOMOTHO HEMoABWKHOW. [pyu  Maneliem
[BWKEHUN KapTMHA MOXET CMasaTbCH HACTO/IbKO, 4TO
OK&XXETCA COBEPLUEHHO HepasNM4MMOl, W Torga BMECTO
NHTeP(EPEHLMOHHOM KapTUHBLI Mbl YBUAMM MPOCTO CTEK-
NAHHYK NIaCTUHKY, OAHOPOAHO CEPYK WM YepHYK Mo
BCei MoBepxHOCTU. KOHEYHO, HM O KakoM BOCMpou3Befe-
HUM creumguyeckmx athhekToB AnPpakLmmn, co3gaBaeMblxX
AN(DPaKUMOHHON PELUETKOR, B TaKOM Cllydae He MOXET
ObITb U peun.

AndpakuMoHHas peLleTKa, KOTOPYH Mbl TO/IBKO UTO
paccMoTpenn, HasblBaeTCS MPOMyCKaloLeid, Tak Kak OHa
[eiicTByeT B MPOXOASALLEM Yepe3 Hee cBeTe. Ecnm ke
JMHAW PELLETKN HaHECTV Ha MOBEPXHOCTb 3epKana, a He
Ha NPO3payHyt0 MNACTUHKY, TO MOMYYUTCA OTparkaTe/b-
Has AWgpakLMOHHas pelleTKa. Takas pelleTKa oTpaxaeT
CBET Pa3/MyHbIX LBETOB MOA pasHbiMU yrnamu. CooT-
BETCTBEHHO CYLLECTBYHOT f[Ba OOLUMPHBLIX Knacca roso-
rpaMM — MpOMyCKalLWmMe W OTpaxaTe/lbHble ronorpam-
Mbl; MepBble W3 HUX HaGNOAAIOTC B NPOXOAALLEM, a
BTOPble — B OTP&XXEHHOM CBETE.

Mnockne nponyckarwlime rosiorpamMmmsbl

Tenepb Mbl YXXe MOXeM onucaTb, Kak Moay4atT ro-
norpamMmy Kakoro-numbo npefmeTa, a TO4YHee, BO/IHOBOIO
(DpOHTa CBETa, OTPaXKEHHOro OT npeamMeTa (MW rpynmbl
npegmeToB). [peAMeT, OCBELLEHHbI Jfla3epHbIM  Jy4OM,
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Puc. 18. 3anucb ronorpamMmbl, paboTatolleil Ha MporyckaHue CBeTa:
My4yoK, OCBELLAOLMNIA 06BEKT, M OMOPHbIA MYYOK OTBOAATCA OT OAHOr0
M TOr0 >Xe fasepa, UTO MNO3BONSAET A0BUTLCA WX KOrepeHTHOCTM.

OTpaXaeT BO/HOBOW (DPOHT, KOTOPbIA 06/134aeT  BaX-
HEeMLWMM CBOIWCTBOM KOrepeHTHoCcTW. bnarogaps atomy
Tako/ BOSIHOBO (DPOHT, B3aMMOAENCTBYA C APYrUM KO-
FePeHTHbIM  BOSIHOBbIM  ()POHTOM  (06bIYHO NpOCTeNLLei
(hOpMbI, HanpuMmep MJIOCKNM), BbIMOMHAIOLWMM POJib OMnop-
HOrO My4kKa, CO3[aeT CreunguyecKyto, efMHCTBEHHYIO B
CBOEM pOfe VHTEP(EPEHLMOHHYIO KapTUHY.

MpeameT ycTaHaBNMBAKOT BOAM3M  (DOTOMMACTUHKU ©
OCBELLAtOT MYyYKOM Jla3epHOro cBeTa. YacTb BOJIHOBOrO
(hpOHTa, KOTOpbI OTpaXkaeTcs OT MpeAMeTa BO BCEX Ha-
npaBfeHuax, nafgaet Ha (oTonnacTuHKy. OLHOBPEMEHHO
Ha Hee MO HEKOTOPbIM YI/IOM K MNPeaMeTHOM BOJSIHE
MPOELMPYIOT OMOPHbLIA BOSIHOBOM (PPOHT (MM OMOPHBbIA
ny4ok) (puc. 18). Heobxofumasi KOrepeHTHOCTb [BYX
BOJIHOBbIX (PPOHTOB — OMOPHOrO0 ¥ NPesMeTHOro — fo-
CTUraeTca MyTem [efeHns /lyva nasepa Ha [Be 4acTu;
3TO OCYLUECTB/ISETCA TaK Ha3blBaeMbIMU pacLienuTensiMu
nyyka. Kaxgbll M3 NOMyYeHHbIX TakMm 06pasoM nyuy-
KOB pacLUMPSeTCA C MOMOLLBKO CreLuasbHOro npucnocoob-
NEeHMA N HanpaBnseTCA 3epKanamy B HYXHYH CTOPOHY:
OOMH — Ha  (DOTOMNACTUHKY, [pyroi — Ha  npeamet
(puc. 19).

MPOAOMKNTENIBHOCTL  3KCMO3NLMKM  (DOTOMIACTUHKM
onpegenseTcs TpebyeMOi ApPKOCTbHO MNOMyYaemoro u306-
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Puc. 19. TunmnuHas cxema MOMy4YeHWs MPOMYCKAOLLEA ronorpamMmmel.

Puc. 20. TMoBepxHOCTb MNACTVHKM (YBENMYEHHasd) C 3anucblo romo-

rpaMmbl, Habnogaemoli B 6eoM (HEKOrepeHTHOM) CBeTe. 3Ta CMOX-

Hasd KapTWHa TEMHbIX /IMHWIA, COBEPLUEHHO HWYEro He roBOPSALLASA

Habntofatento npu 06bIMHOM CBETE, MPU OCBELLEHWN €e KOrepeHTHbIM

(nasepHbIM)  M3MTy4YeHWeM BOCCTaHaB/MBAET CBETOBbIE BOJHbI, OTpa-

XeHHble OT 00beKTa, co3faBas M300pakeHWe, KOTOPOe, KakK 1 peasib-
Hblli 0OBLEKT, SBNSIETCA OOBLEMHBIM.



paXKeHWs, T. e. 3aBUCUT OT MOLLHOCTU nasepa. lpu cpas-
HUTENIbHO Ma/Ioil MOLLHOCTY f1a3epa BpPeMs 3KCMo3uuum
COCTaBNAET HECKO/bKO CekyHa. C obnyyeHuem goTorpa-
(hMYecKoil NNacTUHKM MpoLecc perucTpauum 3akaH4mBa-
eTca. 3anucaHHOe Ha ee MNOBEPXHOCTW M306paXeHne W
ecTb ronorpamma. OHa npeacTaBnseT CO60M 4pe3Bblyaii-
HO C/IOXKHYIO KapTWHY, COCTOSALLYH0 U3 MHOXeCTBa TOH-
KMX NPUYYSIMBLIX JIMHUA, B KOTOPbIX HEBO3MOXHO YC-
MOTPeTb HUKaKoro CXOACTBA C peasibHbIM MpPeLMETOM.
Ecnn paccmatpuBath ronorpaMmy B [HEBHOM CBeTe, [ep-
Xa ee Ha pacCTOSAHUW BbITAHYTOW PYKW, OHa MOKaXeTcs
OAHOPOAHO-CEPOiA, M Bbl He OOHAPYXXUTE HWU ManeiLlero
Hameka Ha u306paXeHWe, 3aKOAMPOBaHHOE B ee CTPYK-
Type. Bonee npucTasibHOe W3y4YeHWe ronorpammMbl Nog,
Nynoli  OTKPOET BalleMy B30py 3anyTaHHYH KapTUHY
W30THYTBIX TEMHbIX JIMHWA, 3aBUTKOB U  «MWULLIEHEN»
(puc. 20). B [eiACTBUATENBHOCTM 3TO BCErO NWLWb MOBEPX-
HOCTHble feeKTbl ronorpammbl, 06YC/MOB/EHHblE AU]-
pakuued CBeTa Ha u4acTWyKax MbUIM W HeCOBEpLLEH-
CTBOM ONTMYeCKON cuctembl. COBGCTBEHHO ronorpadpu-
YecKMe MonoCbl MOXHO HabMaaTb TOMbKO B MOLLHBbIIA
MUKPOCKOT.

Mpy  BOCCTAHOBMIEHMM  U306pPaXXEHUS  UCMOMb3YeTcs
Ta e CXema, YTO W Npu PerucTpalmu ronorpammbl,
TOW MWL pasHULEN, 4TO NpegMeT U OCBELLAroWMIA ero
ny4yok ybuparoT. lonorpammy ycCTaHaBNMBaKOT Tak, 4To-
Obl OMOPHBIA MYYOK Majan Ha Hee NPUMEPHO MOL TeM Xe
YrIoM, 4YTO W Ha CcTagum peructpauun. YacTb nyyka
NpoXoauT uepe3 ronorpaMmy, «He pearvpysi» Ha ee npu-
CYTCTBME, HO 4aCTb €ro OTK/OHSAEeTCA, (hopmupys no obe
CTOPOHbI MMAaCTUHKN [jBa HOBbIX BOMHOBbIX (DPOHTA, OAWH
M3 KOTOPbIX MpeACcTaBnseT COOOM TOYHYKO KOMWKO nep-
BWYHOIO BOJSIHOBOTO (PPOHTA, OTPAXEHHOro OT npejMmeTa.
UTtoObl YyBUAETb BOCCTAHOB/EHHbIA BOJIHOBOW (DPOHT, Mbl
[O/MKHbI CMOTPETb Ha ronorpamMMmy mMof COOTBETCTBYHO-
WM YIIOM C paccTosHusa nopsgka wmetpa (puc. 21).
Korga aTOT BOMHOBOM (POHT MornafgaeT HaM B rnasa,
CO3/aeTcA Brieyat/ieHue, YTO Mbl BUAMM peanbHbliA npea-
MET, PacronOXeHHbI 3a NNaCTUHKOW TOYHO B TOM XKe
MOMOXEHNN, B KaKOM OH HaxoAwuncs BO BPeMS PerucT-
pauum ronorpammbl. CTeknsHHas (OTOMMacTMHKa C 3a-
MUCaHHOW rONOrpPaMMOI MCMOMHAET MPU 3TOM POSib «OK-
Ha», OTKPbIBAIOLLEro BWA Ha CLUEHY, peasbHO CYLLEeCTBO-
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Puc. 21. BoCCTaHOBMEHWE W300paXeHUs B C/lyyae MpOMyCKatoLLei

rofiorpaMmbl  (TOYHOe M306paxKeHue). Mpu TakoM pPacronoXeHun ro-

norpaMma BOCCTaHaB/MBAeT [Ae/iCTBUTENbHbIE CBETOBbIE BOJHbI, OTpa-

XKEHHble OT 00beKTa Mpu ero rosorpagupoBaHn. Ons 6oMbLUeil SCHO-

CTM KapTWHbl Mbl He MOKa3anu 34ecb OMOPHbIA My4OK, KOTOPbIA Mpo-
XOAUT CKBO3b rOMIOrPaMMy He OTK/OHAACh.

BaBLUYIO 32 M/IACTUHKOW Npy perucTpauum ronorpammbl
(puc. 22).

"onorpathnueckoe unsobpaxeHne (Kak Mbl €r0 OTHbI-
He OyneM HasblBaTb), MOMYYEHHOE TakuM 06pa3oM, OKa-
3bIBa€TCA B TOYHOCTU MOAOOGHLIM peanbHOMY MNpPeaMeTy.
OHO 06LEMHO, M Mbl MOXEM 3arffHyTb 3a «NpPegMeTbI»,
pacronoXeHHble Ha MepeaHeM MfaHe, MNPOCTO crierka
[BUras rofioBoii B CTOPOHY (IBMeHMS Mapannakca)
(pnc. 23). PasymeeTcsi, npyv HabMOAEHUN T[ONOrPaMMbl
C pasHbIX CTOPOH Heo6XoAuMO ObiTb NPEAENbHO OCTOPOXK-
HbIM U HW B KOEM C/lyyae He MOACTaBNATb rnasa nog na-
3€PHbIA Ny4, MO0 3TO MOXET MPUMBECTU K UX MOBPEexae-
HUIO.

lonorpaMmy MOXHO pa3buTb Ha fBE 4acTu, W Torga
nonyvaloTcA fABe ronorpammbl npegmerta. OfHako, Mo-
CKO/bKY KaXk[jas W3 HWX MeHblle MepBOHaYa/IbHOM, Mo



Puc. 22. Mponyckatowas ronorpamma, Habnogaemas B CBeTe nasepa,
Mpy ocBeLLEHWM Na3epoM 3Ta rofiorpaMma CryXXUT «OKOLLKOM», ue-
pes KOTOpOe MOXHO BWAETb OOBEKT (3[4eCb — CTaTyaTKa MafoHHbI
C MrafeHueM), COBEpLUEHHO SBCTBEHHO CTOAWMIA 33 MIaCTUHKOA.

OTAEe/NbHOCTW OHW [afyT TOMbKO YacTW TOro MepBOHaYasb-
HOTO «OKHa», 4Yepe3 KOTOpOe Mbl BMAVM U306pakeHue.
370 B CBOIO O4epefib OrpaHUYUT UHTEPBaN Yrnios, MOA KO-
TOPbIMA Mbl MOXeM Habnofatb M300pakeHue, npuyem
Hen36eXHO 3TV [Be ronorpaMmbl BOCMPOU3BOAAT M306pa-
XeHMA npefgmeTa, paccMaTpuBaemoro Mof  HECKO/bKO
OT/INYAKOLLUMUCA YTIaMU 3PEHNUS.

CTeknfiHHble (DOTOMNNACTUHKM, MCNOMb3yeMble Ans Mo-
NyYeHWst TOo/orpamMM Takoro pasmepa, KOTOpble 00bIYHO
[OEMOHCTPUPYIOTCA  Ha _ Pas3/IMyHbIX BbICTaBKax, WMEHT
nnowanb nopsagka 1 m°. MoMMMO CTEKNsAHHBLIX poTonna-
CTVHOK [ANs TrofiorpamM MNPUMEHSIIOT Takxe rnbkue o-
Torpauueckne nieHkW. VX MOXHO fenaTb pasmepoM
[0 6 M%, uTO MO3BOMISET MOMyYaThb O4YeHb GOMbLIME FOMO-
rpammbi.

CBepHyB Takyl MfieHKy B Bufe UWIMHAPA W MOMe-
CTUB BHYTPb €ro HY)Hbl1 Ham MpegMeT, Mbl MOXeM W3-
roTOBUTbL LWAMHAPWUYeCKyo ronorpammy. (B atom cny-
yae OMOPHbIA My4yoK [O/DKEH OCBewaTb BCHO MOBEPX-



Puc. 23. Tonorpadmyeckoe n3obpaxeHue, Habnogaemoe ¢ ABYX pas-
NNYHBIX HanpasneHuid. BepxHsas qoTtorpagma cpenaHa U3 TOYKM, pac-
NONOXEHHON HECKOMbKO /NeBee TOW, M3 KOTOPOW MOMydYeHa HVDKHASN
(oTorpacus. BonT (Ha nepefHeM MfaHe) 3akpblBaeT Ha 3TUX (oTo-
rpausax pasHble 4acTu uudepbnarta CTOAWMX YacoB — 3TO W3BECT-
HbIi adhdpekT nmapannakca. ([aHHas ronorpamma 6blna caenaHa aBTo-
pOM KHUMM Npy MOMOLM MpOCTeiilleli annapaTypbl, OMUCAHHOW B
rn. 8)




HOCTb LMAMHAPA, U MpocTas MNockas BONMHA 3[eCb He
rogutca.) Takylo roforpaMmy MOXHO 00XOAWTb BOKPYT
W paccMaTpuBaTtb C /000 CTOPOHbI. [py BOCCTaHOB/e-
HUN M306paXeHUs CO34aeTcs Breyat/ieHue, 4to npeamet
3aK/I0YEH BHYTPU LWMHAPA.

lonorpagmyeckoe  M300paxeHMe  XapakTepusyeTcs
PALOM OCOBGEHHOCTEN, CBA3aHHLIX C TeM, 4TO A1S ero
MOly4YeHNs UCMOJb3yeTCA BbICOKOKOrEePEHTHbIN CBET fa-
3epa. Ecnv npegmeT nepBOHaYa/lbHO OCBELLAETCA MOHOX-
pPOMaTUYECKUM CBETOM — Yallle BCEro 3TO KpacHblii CBET
re/Mii-HEOHOBOrO f1asepa, — TO W MOCMejytoLlee BocCTa-
HOB/IEHVE M306paXEHNs OCYLLECTBSETCA C  MOMOLLbO
nyya TOro >e uBeTa. B pesynbTaTe rosorpagpuyeckoe
n3006paXkeHne TakXe OKa3blBAeTCA OLHOLBETHbIM, Hanpu-
Mep KpacHbiM. [nf nosyyeHns rosorpaMmbl, BOCMPOU3-
BOLALLEN eCTeCTBEHHbIN LBET npeaMeToB, TpebytoTca
3HauUTeNbHO 60iee CMOXKHble MeToabl (cMm. . 5). Opy-
roi  0COGEHHOCTbIO  ro/forpauUyeckoro  M306paxeHuns
AB/ISETCA €ero CBOeobpa3Has 3epHUCTasd CTPYKTypa; OHa
obycnoBfieHa Tem, 4TO Npu ronorpaupoBaHnn npegver
OCBELLAeTCA KOrepeHTHbIM cBeToM (CM. rn. 2). lMpegnpu-
HUMaNCb HEOAHOKPATHbIE MOMbITKA  «OYUCTUTL»  T0N0-
rpaMMbl OT 3TON [OCAAHON 3ePHUCTOCTM, OAHAKO YCrexu
30€eCb NMOKa HeBESINKN.

onorpamma crnocobHa BOCMPOW3BOAUTL CBbILIE M-
NMOHA OTTEHKOB APKOCTW, Torfa Kak pAnsd dgortorpagpun
3TOT MoKa3saTe/lb He MPeBbILAeT COTHW. Takum 06pa3om,
rofiorpaMmMbl  Ype3BblyaliHO MO/e3Hbl A8 KayeCTBEHHOro
BOCMPOM3BELEHNS OCBELLEHHOCTU pa3HbIX YacTel npeg-
MeTa.

WHorga, 4tobbl NofgyvepKHYTb PeaMcTUYHOCTb [OJ10-
rpagmyeckoro M306paXkeHms, B rosiorpagupyemMyto CLeHy
(T. e. B6/M3M npeAmMeTa) MOMELLAIOT KYCOUKM 6UTOro
cTekna. PaccmartpmBas 3aTeM BOCCTaHOB/IEHHOe K306pa-
XeHVe C pasHbiX CTOPOH, Mbl BWOWM UIPY CBETa,
OTPa@XEHHOro OT rpaHeli cTekna,— 6narogaps sTOMy CX0f-
CTBO C OpUrMHaIOM Yycunusaetcs. [MpumeHseTca U apy-
rovi crnoco6. lMepen MenkuMu roforpaupyeMbiMi Mpea-
MeTamu ycTaHaB/MBalOT NNH3Y. Habntogas 3aTem BOC-
Npon3BeJeHHOe M306paXKeHWe Mof pasHbIMK Yriamu, Mbl
YBUAVM  YBE/IMYEHHbIMW  pa3Hble NpeaMeTbl, C/IOBHO TO
OfMH, TO [PYroil nonagaeT rMof YBENNYUTENIbHOe CTeKNO.

MocpeACTBOM [BOMHONM 3KCMO3MUMU Ha OfHOW W TOWA



Xe (hoTonNacTUHKE MOXHO 3anevat/ieTb [Ba pasNnyHbIX
ronorpauyecknx usobpaxeHus. [lMpu BoCNpoM3BeLeHUM
3T n306paxeHns OyayT HaknafblBaTbCA ApYyr Ha Apy-
ra. Takvm nyTem MW3roTOBNAKOT BeCbMa WHTEPECHblE [O-
norpammbl. CHadvana 06bI4HbIM CMOCOGOM [enatoT rono-
rpaMmy Kakoro-nn6o npegmeta (Mnv npegmeToB). 3aTem
ronorpaMpyemblii  NpeaMeT Crerka CcAsUraloT wim 3a-
MEHAKT [PYrMM, W Ha TOW e NNacTWHKe 3anucblBatoT
BTOpYt0 rosnorpammy. Korga Takylo «ZBOVHYHO» ro0/0-
rpamMMy OCBELLalT, BOCCTaHaBNMBAlOTCA 06a M306paxe-
HUA, Kak Obl HafoXeHHble OAHO Ha Apyroe. Pa3melias
ronorpagupyemble  npeaMeTbl  Hagfexawium  o6pasom,
MOXHO CO03faTb W30, 4TO ABa NpemeTa 4acTUYHO
nepeKpbIBalOT Apyr Apyra WM 4To OAWH W3 HUX Haxo-
AVTCS BHYTpW ApYroro.

Kak Mbl yxe ynomuHanu, B MNpoLecce BOCCTaHOB/IE-
HUA ronorpamma CO3JaeT [Ba HOBbIX BO/IHOBbIX (DPOHTA,
OOVH W3 KOTOPbIX SABNAETCA TOYHOW KOMWein BONHOBOIO
(DpOHTA, OTPaXEHHOro OT peasibHOr0 06bekTa. KM306pa-
XeHue, (popMupyemMoe 3TMM BOJIHOBbIM (PPOHTOM, Hasbl-
BAeTCAd MHUMbIM (MM TOYHbIM) M306pa>KeHUeM, U UMeH-
HO O HeM Mbl Oydem rOBOPUTb Aasiblie. BTOpoi HOBbIN
BO/IHOBOW (DPOHT, BbIXOAAMIA W3 TFONOTPaMMbl, TakXKe
CO3JaeT M300paxkeHe — TaK Ha3blBaeMoe AeiACTBUTENb-
Hoe (UM COMpPS>KEHHOE) U3006padKeHne, KoTopoe o06na-
[aeT psSOOM MHTEPECHbIX CBOWCTB. YTOObl YBMAETb 3TO
n306paxkeHne, Mbl LO/DKHbI CMOTPETb Ha rofiorpammMy no
XOLy [aHHOro BOSIHOBOro (poHTa (puc. 24). Torpa co-
MPsOKEHHOE U300paXKeHWE MOKAXKETCH «MN1aBaloWMM» B
MpoCTpaHCTBe rAe-TO Mexay Habnogatenem u  rono-
rpammoii, T. €. OHO ByAeT pacnonoXeHo neped oTonna-
CTMHKOM, a He Mo3agmn Hee.

OC06eHHOCTb  3TOr0  M306paXKeHWs COCTOUT B TOM,
4TO OHO BOCMPWUHMMAETCA HabntogatesieM Kak obparHoe
n3o6pakeHne peanbHOro o06bekTa (MM OOBEKTOB), U
aheKTbl Mapansiakca Takxe OKa3blBalOTCA 06paTHbIMU—
fiB/leHWe, Ha3blBaeMOe MCEeBAOCKONMWE (COOTBETCTBEHHO
Takoe u300paxeHWe Mbl ByfeM Ha3blBaTb MCEBAOCKOMNM-
yeckum). [lceBLOCKONUYHOCTL WM306paXKEHUS MOXHO 06-
HapyXWTb, MOKauuBas ronoBOM W3 CTOPOHbI B CTOPOHY:
TOrfa KaXeTcs, YTo NpefameTbl, HaxoAdAlMecs B 3ajHei
4aCTW CLeHbl, COBWratoTcA 60/blUe TeX, YTO Pacrosioxe-
Hbl Bnepean. Korga Habnwogaewb 3TOT 3(h(eKT Briepsble,
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Puc. 24. BoccTaHOBNEHME COMPSXKEHHOTO U300paxeHWUs B Crydae

nponyckatoLLeldi ronorpamMmbl. py TakoM pacrnonoXeHWy MPOMycKato-

LA ronorpamMmbl  COMPSKEHHOE M306paXkeHVe BO3HWKAeT nepej nna-

CTWMHKOA, 1 ero MOXHO Habngatb W3 MONOXKEHMS, MOKa3aHHOro Ha

(pvcyHke. 3T0 M306pakeHWe 06nafaeT BecbMa CBOe06pasHbIM CBOIA-
CTBOM [CEBAOCKOMMNY.

OH TMPOU3BOAUT HEOXMAAHHOE W OLUIENIOMAAOLLEE  Brie-
yaT/IeHNe, MOCKOJIbKY MPOTUBOMOMOXKEH TEM MPUBbLIYHBLIM
apdpekTaMm napasnakca, C KOTOPbIMA Mbl CTa/KMBaeMCH
MOBCEHEBHO ¥ KOTOpble Ha3blBatOTCA OpTOCcKonueid. Co-
BEPLUEHHO HEBO3MOXHO MpPaBW/IbHO W TOYHO OMKWcaTb
MCEeBAOCKONMUYECKOe  M3006pakeHne, CO34aBaeMoe roso-
rpammoii,— ero Hago Bufetb. CneyuanucTbl Mo ronorpa-
(v, Hemano nopaboTaBLUME C TaKUMU K306paKeHUAMU
N yXe MPWBbLIKIIME K HWM, MPUYOGPeTatoT CrocobHOCTb
MbICNIEHHO «BbIBOPaYMBaTb» WX TaKMM 06pa3oM, 4TOObI
BUAETb OOblYHble OPTOCKOMWUYECKMe W306paxeHus. [0BO-
PAT, 4TO OfHaXAbl MOAOGHOMY WCMbLITAHUIO MOLBEPI/IN
rpynny fofei, KOTopble B TEYEHWE Kakoro-To BpPEMeHM
MOCTOSIHHO ~ HOCW/M  OYKW,  MepeBopayunBaloLive  Mup
«BBEpX Horamu». [locne nepBoii Hefenn pacTepsHHOCTY
UCMbITyeMble COOOLUMAM, YTO Ternepb OHU BHOBb BUAAT
MUP MNPaBUIbHO — WX MO3r MPUCMIOCOOUCH HYXXHbIM 06-
pa3oM «TpaHCHOPMUPOBaTb» M306paXKEHNE, BO3HMKaOLLEe
Ha cetyaTke rniasa. Korga e WCMbITaHWe 3aKOHYWIOCh,



MM ONATb MPULLIOCh NPOWTW Mepuof afanTauuu, Moka
He BEepHYN0Cb HOPMasbHOE BUAEHWE MUpA.

OTMEeTMM, UTO CYLLEeCTBYET CreuuanbHblii MeTof, Mnos-
BOMIAIOLLMIA Npeobpa3oBbiBaTb rosorpaguyeckoe n3obpa-
XEHWe U3 MCEeBAOCKOMNMYECKOr0 B OPTOCKOMUYECKOe
(cm. rn. 5).

Opyraa  uHTepecHasd OCOBEHHOCTb  COMPSXKEHHOro
1300paXXeHNs COCTOMT B TOM, 4YTO Ha 3KpaHe, YCTaHOB-
NeHHOM B MeCTe ero Jiokanusauuu, BOCMPOU3BOAMTCA
NnnocKoe, HanoMuHaiwoulee QoTorpaguio  M3o6paxeHue
npegmeTa, KOTOpbliA Obln ronorpadupoBaH. Ecnm e Ha
MECTO 3KpaHa MOMEeCTUTb (POTOMNACTUHKY, TO Mbl U B
camMOM flefie MOXeM noayuutb  (hoTorpamio  JaHHOro
npeamMeTa, XOTA, KOHEYHO, ee ropasfo Mnpole chenatb C
MOMOLLbIO 0BbI4HOrO (poToanmnapaTa.

OnucaHHble 34ecb ro/sorpaMmbl  OTHOCATCA K TUMy
MponycKatLWmx, NOCKO/IbKY B 3TOM C/y4yae MpeAMeTHbIN
BO/IHOBOW (PPOHT BOCCTaHaB/MBAETCA MPU MPOXOXAEHUM
cBeTa 4epe3 ronorpammy. Cxema, ucCrofib3yemas s Ux
MONyYeHns, HasblBaeTCs BHEOCEBOM (MM CXEMOW C Hak-
NOHHLIM OMOPHBLIM MYYKOM) W HECKO/IbKO OT/IMYaeTcs OT
TOI, KOTOpYt Mcnonb3oBan [eHHUC [abop, NomyymBLUNI
B 1948 r. nepsyto ronorpamMmy. OCHOBHble MNPUHLMNGI
ronorpagmpoBaHna B 060MX C/lyvyasX OfMHaKOBbI, OfHa-
KO BHeOCeBas CXema — ee MNpefoxunn B Hayane 60-x
rofoB amMepuKaHckue YydeHble Vmmer JledT u HOpuc
YnaTtHuekc, paboTtaswve B MWUMIaHCKOM YHUBEpPCUTE-
Te,— 06nafaet psLOM MPEUMMYLLECTB MO CPaBHEHWUIO CO
cxemoit abopa.

LLinpoTa BO3MOXHOCTEN ronorpaguyeckoro npotecca
OrpaHNYMBaAETCS PSAAOM (PAKTOPOB, MPEXAE BCEro MoLL-
HOCTBKO M Ka4yecTBOM f1a3epa, MCMO/b3yemMoro B KaxaoW
KOHKPETHOI YCTaHOBKE, a TaKXe YCMOBUSMU, KOTOpble
Heo6XoAMMO CcobMAaTbL MPY PErncTpauyun roforpamMmsl.
3TV OorpaHMyYeHNs pacnpoCcTpaHsarTCs, BOoOLLE roBops,
Ha MPOLECC MOMYYEHWUs| He TO/bKO MPOMYCKAaLMX roso-
rpaMM, HO W TOMOTPaMM MHOMMX APYruMX TUMOB, Ha KO-
TOPbIX Mbl €LLEe OCTAHOBMMCS B [a/IbHELLEM.

BO/bLWIMHCTBO rOMOrpamMM HeobXoauMMo fenath B 3a-
TEMHEHHOM MOMELLEHNN, TaK YTOBbl MHTEPdEPEHLMOHHAS
KapTWHa CO03[aBanacCb WCK/IKUMTENbHO CBETOM MpeaMeT-
HOFO M OMOPHOrO MYy4KOB.



PaccTosiHMe MeXAy NMHUAMKW, WK M0M0CaMun, UHTep-
(hepeHLMOHHOA KapTWHbI (T. €. ronorpamMMbl) MPUMEPHO
Takoe e, KaK W Ha AM(paKUMOHHON pewleTke (T. e. Ha
KaXLOM MWMNMMETPe YyKNadblBaeTca nopsgka 2 Tbl-
ca4y nonoc). [Moatomy Ans  W3roTOB/IEHUS  rO0rPamm
MPUrofHbl TOMbKO BbICOKOKAYeCTBEHHblE (DOTOMIACTUHKM,
CMOCO6Hble  3aperncTpupoBaTb CTO/Ib  TOHKWE  [AeTanu.
MpobnemMy nNpeacTaBnAtOT TakXe BO3MOXHble BMOpaLum
WX CMELLEHUS YCTAHOBKW. [ns Na3epoB Masioil MOLLHO-
CTW, Yalle BCero WcCnosib3yemMblX B roforpagumn (Bcneg-
CTBME WX AOCTAaTOMHO YMEPEHHON CTOMMOCT W XOpoLUen
KOrepeHTHOCTWN), BPeMs  3KCMO3WLMKU  COCTaB/sfeT  He-
CKONbKO CEKYH[, MOCKO/bKY Takue fasepbl JatoT BecbMa
TYCK/YHO WHTEP(epeHLMOHHYI0 KapTuHy. Ecnv B npogon-
XKEHVe 3KCno3uumm annaparypa wm ronorpapupyembiii
0ObEKT CABMHYTCA XOTA Obl Ha [JAWHY BOMHbI CBeTa
(0,001 mm!), TO wHTepdepeHUMOHHas KapTuHa, 3aperu-
CTPMpOBaHHas Ha (DOTOMNACTUHKE, «CMaXeTcs». B 3ToMm
CNny4yae SPKOCTb BOCCTAHOBNEHHOIO W306paXkeHns 3Hauu-
TENbHO YMEHbLUWUTCS; MPU CUIbHOM XKE «CMa3blBaHUM»
NHTEP(EPEHLMOHHON KapTUHbI 1300paXKeHne 1 BOBCE He
nonyuntcs. losToMmy crneumanucTbl, paboTarolme ¢ Ma-
NOMOLUHBIMW  la3epaMu,  NPUHUMAKOT  BCEBO3MOXHbIE
Mepbl MPeoCTOPOXHOCTM, UTOObI ybepeyb YCTAHOBKY OT
Maneiwmnx konebaHwin. AnnapaTtypy MOHTUPYKOT Ha TS-
XENOM TpPaHUTHOM WX METaIIMY4eCKOM CTOJ/e, KOTOPbIN
yCTaHaB/IMBaeTCA Ha TBEepAOM OGETOHHOM Moay C MOMO-
LWbt0 CreumanbHOM BUOPOYCTOMUMBON cucTeMbl (puc.25).
O6bl4HO OHa MpeAcTaBnsieT co60M MOACTaBKY ANS CTONa,
YCTaHOB/IEHHYIO Ha TpybaxX, BHYTPU KOTOPbIX HaxoAsTcs
cnabo HakayaHHble Pe3VHOBble Kamepbl; Takas cucTema
MO3BONSET MPaKTUYECKN MOMHOCTbIO UCK/IHUNTL BUGpa-
umio. OfHako npu ronorpagupoBaHun  pafa OOBLEKTOB
Nofo6HbIE YCUNSA 0Ka3blBalOTCA COBEPLUEHHO GecnosiesHbl-
MW MPOCTO MOTOMY, YTO HEBO3MOXHO 3aCTaBWUTb He [BU-
ratbCs cam 06bekT. [Mo3TOMy MasoOMOLLHbIE Na3epbl CO-
BEPLUEHHO HEMpUrofHbl ANA W3rOTOB/IEHWA TO/IOrPaMm
Nnojen, Tak Kak paboTa cepAua, nNepekauMBaroLLEro
KPOBb MO KPOBEHOCHbIM COCYZaM KOXW, 3acTaB/seT ee
KonebaTbCa ropasfo CwibHee, 4em 3TO [OMYCTUMO Npu
ronorpaguposaHun. Kpome TOro, Ha cneuuasbHOM BW6-
POYCTOMYMBOM CTOJSIle MOXHO MOJlyYaTb /ML [O/I0rpam-
Mbl [OCTaTOYHO MeNKWX npesmeToB. (B cnefytoleld rnase



Puc. 25. TunuuHas cnoxHasi ronorpaguyeckas yctaHoBka. [pegmert,
npefHasHayYeHHbI  ANA  roforpagupoBaHns, NpeAcTaBnseT B 3TOM
Cydae MIacTUHKY, PacrooXKeHHY0 HECKONbKO /fieBee LieHTpa CTona
(oHa oTOpacbiBaeT TeHb Ha fnasep). Mbl BUAMM TPOMO3AKMIA CTON ©
NOAAEPXKMBAIOLLE €ro OMopbl; CUCTEMY 3epKasl, HampaBnstowux na-
3€PHbIN  MYYOK; NIMH3bI ANA  pacluMpeHus nydka W JepxkaTtenb Ans
(hoTorpaMyeckoin NIacTUHKK, KOTOPbIA CTOMT B JIEBOM YAy CTOMa.
ONeKTPOHHOE YCTPOWCTBO MpefcTaBnsieT coboii aBTOMaTUYeCKUIn 3Kc-
NOHOMETP.

Mbl pacckaxem 006 WMMy/bCHbIX nasepax, KoTopble
[Aat0T O4YeHb KOPOTKME SiPKMe BCMbIWKM CBeTa U MO3BO-
NAT NPeoSoneTb BCe 3TV TPYAHOCTW.)

Ewe ofgHa npuynHa, OrpaHMYMBaroLas BO3MOXHO-
CTV WCMO/Ib30BaHMS Ma/IOMOLLHBLIX /1la3epoB  A/1  rofo-
rpatumm, cesizaHa C WX [A/IMHOM KOrepeHTHOCTU. Kak Mbl
YXe TOBOPUNW, [/IMHA KOTepeHTHOCTU WUCTOYHMKA Xapak-
TepusyeT 4NUCTOTY LBETa €ero u3nyyeHus (T. €. MOHO-
XPOMaTUYHOCTb). [lelleBble MaJIOMOLLHblE f1a3epbl, Kak
npaBuno, 06nafatoT HeOOMbLUON A/IMHOM KOrepeHTHOCTH,
MHaye roBops, WX CBET HeJOCTaTOMHO MOHOXPOMATUYEH.
BoobLye rosops, MpY 3anucu ronorpaMmbl OMOPHbIA Ny-
YOK M My4YOK, OCBELLAOLLMIA 0OBEKT, MPOXOAAT NyTW pas-
HO A/MHbI, NPeX/Je YeM OHW BCTpevaloTcs Ha oTorpa-
(bnyecKoli NnacTUHKe W HakKnafblBarTCA APYr Ha Apyra,
co3aaBas WMHTEP(EPEHLMOHHYIO  KapTuHy. CseT, nona-
JaloWniA Ha NNaCTUHKY OT OAMdKaMWKMX K Heid vacTei
ronorpaupyemMoro 06bekTa, NPOXOAWUT MeHbLUMIA MyTb,



YyeM CBET OT 60fiee yAaneHHbIX €ero 4acTeid, MOCKOJbKY
B MEPBOM C/lyyae CyMMapHbIi MyTb CBeTa — [0 OObeK-
Ta W MocNe OTPaXeHUs OT Hero 0 (POTONNaCTUHKM —
MeHblLe, YeM BO BTOPOM. Ecny pa3HOCTb 3TUX NyTei oKa-
3blBaeTcs  OOfblle [MHbI  KOTepeHTHOCTM nasepa, TO
VHTEP(EPEHLMOHHAA KapTUHA HEe MOMy4uTcH U, KOHEYHO,
HUKaKoro Mn306paXKeHNs BOCCTaHOBWUTbL He ypgactea. [o
3TON NpUYMHE NpU MCMONb30BaHUM Na3epoB C MaIon Aau-
HOW KorepeHTHocT (mopagka 0,5 M) rnybuHa CLeHbI,
KOTOpYIO Yy[aeTcs YAO0BNETBOPUTENIbHO ro/0rpagupoBarts,
[0BO/IbHO Mana. Tenepb [O/MKHO ObITb AACHO, MOYeMy fa-
3epbl CTONb BaXHbl A9 MOMYYEHUs ToforpaMM O06beM-
HbIX CLEH: [/IMHbl KOTepeHTHOCTU Na3epoB fieXaT B WH-
Tepsane oT 0,5 M f0 1 KM, TOrga Kak [OCTaTO4HO ApKue
WCTOYHUKN KOFEPeHTHOro CBeTa Hefla3epHoro tuna ume-
0T [/IMHY KOrepeHTHOCTU He 60/iee HECKONbKUX MWN-
MeTpoB. [103TOMYy TO/MbKO C BHEAPeHWeM fla3epoB CTaso
peasibHO  BO3MOXHbIM  rofiorpagupoBaHve  00beMHbIX
npeaMeToB. (PaKTUYeCKU rOMOrpaMMbl MIOCKUX OObEK-
TOB, Hanpumep TpaHCMapaHTOB WM CNainfoB, MOXHO
OblI0 NoflyyaTb M [0 CO3[aHUA Na3epoB — C MOMOLLBO
rasopaspsafHbIX namn; nepsble ronorpaMmbl abopa Kak
pa3 un300paxanu Mpo3payHblii NJaCTMAcCoBbIA  TpaHc-
noptup.)

Mpy OCBELLEHUM MPOMYCKAKOLLE roforpammMbl B Mpo-
Llecce BOCCTAHOB/IEHMAI  W306paXKeHUs pasnnuve  [7vH
nyTeli CBeTa YXe He WMeeT TaKoro 3HauyeHus, Kak npu
3anucu, ¥ NnoaToMy 3[ecCb MOXHO WCMO/b30BaTb MeHee
WHTEHCVBHbIA WCTOYHMK CBETA C MeHbLUEl [JIMHOWA Kore-
peHTHOCTW. [a3opaspsgHasd namna (Hanpumep, HEOHO-
Bas) CO3J4aeT CBET [OCTaTOYHO YWCTOrO LBETa, BMOJHE
MPUroAHbIM AN BOCCTAHOB/IEHWA  FO/IOrpanyeckoro
n3obpaxeHns. Ha camom fene nponyckawowye rosno-
rpaMMbl MOXHO paccMmaTpvBaTb Jaxke B CBeTe 06bI4HOro
MPOEKTOPa, WCMO/b3yemMoro Ans AeMOHCTpauuv cnanifos,
ec/ BMeCTO O0ObIYHOrO Cflaifja BCTaBUTb B HEro B Kaue-
CTBe (pubTpa KyCOK LIBETHOM NpO3payHON niacTMacchl.
OfHako, yem 60/iee  MOHOXPOMATUYEH CBET WCTOYHMKA,
TeM OTYeT/IMBee MNOJy4aeTcsa W300paxeHue, Mo3Tomy na-
3ep ob6ecneumBaeT Hanbonee BbICOKOKAYECTBEHHOE BOC-
npousseseHre n300paxkeHuns.

Ecim Ha ronorpammy HanpasWTb U3/lyYeHUe, OT/U-
yarolLeecs LBETOM OT WCMOMb30BAHHOrO MNP ee 3arucy,



TO BOCCTaHOB/IEHHOE W306paXKeHNe Mbl TaKXe YBULUM
B 9TOM LIBeTe, MpUYeM OHO OyaeT Kas3aTbCA OO/bLie WAn
MeHbLLIe pealbHOro 06bekTa B 3aBMCMMOCTU OT TOrO, KO-
poye WM [ANMHHEEe A7MHA BO/HbI 3TOr0 W3My4YeHus Mo
CpPaBHEHWIO C [A/VHOW BOMHbI CBETa, WCMO/b30BaHHOIO
npy perucTpauuMn ronorpammel. Ecau ronorpammy ocse-
WaTh MOLIHbIM MCTOYHMKOM 6enoro cseTa (CMecbio BCex
LYBETOB), TO KaX/[blii LBET CO3[aeT «CBOe» OTAeNbHOe
n306paxeHe, MU B pe3ynbTaTe Mbl MOMyvaem pagyry
N306paXKEHWIA.

O6BbEMHbIE TOMIOrPaMMBbl

Mponyckatowye ronorpaMMbl, 0 KOTOPbIX Mbl paccka-
3anun, NpPeAcTaBnstOT COO0M MHTEP(EPEHLMOHHYO KapTu-
HY, 3aperncTpypoBaHHY0 NPV MPOXOXAEHWUMN CBeTa Yepes
(hoTorpagmueckyro nNacTuHKy (Uam nneHky). Kak 6b110
OTMeyeHO B M. 1, (hOTONNACTUHKA — 3TO CTEeK/AHHas
NNacTWHKa, MNOKPbITafd TOHKUM C/I0EM CBETOYYBCTBUTE/b-
HOro BeLlecTBa — (hOTO3MYNbCUK. [Mpu  MposBieHUn Te
4acTW 3My/IbCUKW, Ha KOTOPble B MPOLECCE 3KCMO3NLMK
nagan CBeT, YEpHeT W CTaHOBATCA HEMpPOHWLAEMbIMU
ONA cBeTa (ECIM >Ke OHW OKa3blBAKOTCH «CepbIMW», TO
MPONyCcKatoT CBEeT /Wb Y4acTuyHo). Ha camom pene
CNOW 3MY/NIbCUM HECKOMbKO TOJILLE, YeM PaCCTOAHME MEX-
[y WHTepepeHUMOHHbIMMA nonocamu. bnarogaps atomy
npy onpefeneHHbIX YCNOBUAX MOXHO 3anucblBaTb 0J10-
rpaMMy Kak WHTep(EPEHLMOHHYO KapTuHY, KoTopas (uK-
CUPYeTCA He TO/IbKO Ha MOBEPXHOCTU 3MYNbCUW, HO N —
MOCKO/bKY 3MY/IbCMA COBEPLUEHHO Mpo3payHa — B [/1y-
O6uHe ee. Takad roforpaMma HasblBaeTCAd OOBLEMHON W
o6nagaeT psLOM CBOWMCTB, OTCYTCTBYHOLMX Y NPOMYCKako-
LWein NAOCKOW ronorpammMbl, PacCMOTPEHHON B Npefblay-
wem pasgenie. MOXHO M3roToBUTb 0ObEMHbIE FON0rpaMMmbl
[BYX TWMOB: Yy OOHWX MW306pakeHWe BOCCTaHaB/MBa-
eTcqd Npu MNpOXOXAeHnn cBeTa (nponyckatolime 06bem-
Hble rO/IOrpammbl), y [PYrux — npu OTPaXeHWU CcBeTa
(oTpaxkaTenbHble 06BLEMHbIE FOMOrPaMMbl).

UTtobbl npouecc BOCCTaHOBNEHUS W300paXKeHUs 06b-
eMHOl MponycKaroLleid ronorpammbl 6bin  3WHEKTUBHBIM,
OMOPHBIA NYYOK CrieflyeT HanpaBWTb Ha Hee TOYHO MOf
TEM >Xe Yr/om, Nof KakuM OH nafan Ha (oTonnacTuH-
Ky Mpu perucTpauuu ronorpaMmmbl; B MPOTVBHOM Crlyyae



Mbl HEe MOMyYnMM HUKaKoro usobpaxeHus. Kpowme Toro,
[N BOCCTAHOBJ/IEHWS [O/DKHO WCMO/Mb30BaTbCA  U3NyYe-
HUE TOro >e LBeTa, YTo W AN9 3anicu rosorpammbl.
Mpu cobNOfeHUN Ha3BaHHbIX YCMOBUWIA, MeHAs yron na-
[EeHMA OMOPHOro Myyka, Ha OfHOW QoTonnacTUHKe yaa-
eTcqd 3apermcTpupoBaTb [0 CTa Pas/iMyHbIX UM306paxe-
HUR. N KaXgoe W3 HUX MOXHO 3aTeM OTAeNlbHO pac-
CMaTpuBaTh, HarpaenAs Ha MNaCTUHKY OMOPHbIA My4YoK
MOZ COOTBETCTBYHOLLMM YTI/IOM.

Cxema peructpaumy 06beMHbIX MPOMYCKatoLWMX rosio-
rpaMm nofobHa TOW, YTO NPUMEHSETCA AN 3anucu nno-
CKUX rofiorpaMm; pasHuua b B TOM, YTO 3[eCb Tpe-
OyroTCA MMAaCTUHKU C 6osee TOMCTbIM C/I0EM 3MYJbCUM.

O6beMHble OTpaXkaTe/lbHble Tof0rpaMmbl  MoyyaoT
COBEPLUEHHO WHbIM crocobom. [lpy  ux  perucTpauyum
OMOPHbIA MYYOK W (PPOHT BOJIHbI, OTPAXKEHHbIA OT 00b-
eKTa, JO/DKHbl nafjaTb Ha (OTOMMACTUHKY C MPOTUBOMO-
NOXHbIX HanpasneHuii (puc. 26,a). Takyto oTpaxartesb-
HYIO ro/fIorpaMMy MOXHO paccMaTpuBaTbh Kak COCTOALLYH
U3 [BYX HabopoB WHTEP(EepPeHLMOHHbIX M0M0C, Bbl-
MOJHAOWWMX pasnyHble (yHKUMK. o Bceil rnybuHe ro-
norpaMMbl  MHTEP(ePeHLMOHHbIE MOMOCHI AEMCTBYIOT Kak
CBETOMUNLTPLI  ANA  W3/yYeHWUs, KOTOpPOe OTpaxkaercs
OT ronorpaMmbl. OAO6HLIA  CBETOPUALTP Ha3blBaeT-
CA MHTepMepeHLMOHHbIM; MNpW TakoMm crnocobe perucrpa-
WM roforpammMbl  MHTepepPeHLMOHHbIE  NOMIOCHI  Pacro-
naralTcA B MIOCKOCTSAX, OTCTOAWMX Apyr OT fpyra Ha
Yo ONMHbI BOMIHbI N1A3ePHOTO  M3/TyYeHUs, U Kaxaas u3
M0CKOCTEN, MNOJOOHO 3epKany, YacTUYHO OTpaxaeT
CBET, MpUYeM YCWUIMBAIOLLAA WHTEP(EpeHLNs BO3HMKaeT
TONMbKO NS OMNpefeneHHOro LBeta, a WMEHHO Takoro,
MOMOBMHA [A/IMHbI BO/HBI KOTOPOr0 TOYHO paBHa PaccTos-
HAIO MeXAy 3TUMKU «3epKanamu». PasymeeTtcs, UHTepde-
PEHLMOHHbIE MO/OChl HA TakOW roforpamme BbIMOHAKT
M CBOM O0OblYHble «(DYHKLUMM» MO OTHOLUEHWIO K CBETY,
OTP@XKEHHOMY OT «(WbTPOB-3epKan», Mo3ToMy BOCCTa-
HOB/IEHVE NPEAMETHOr0 BOJIHOBOrO (DPOHTA  MPOUCXOAUT
TONMbKO B NyyaxX COOTBETCTBYHOLLEro LBeTa. LiBeT oTpa-
XEHHOr0 «(UIbTPaMn» U3MyYeHUs 3aBUCUT OT PaccTos-
HUA MeXzay TM/I0CKOCTAMU, B KOTOPbIX fexar WHTepde-
PEHLIMOHHbIE MOJIOCbI, @ OHO B CBOK OYepelb Onpeaens-
eTcqd LUBETOM /1a3epHOro J/lyya, WCMO/b30BAHHOIO /1S
perncTpaumy JaHHOW roforpammbl.



/ My4oK , ocBeLaloLLuiA

doTonnacTuHka npeaver

\

7
s

OnopHbIV My4oK
OTpaXeHHble OT

npegveTa
a
COIHEYHBIA_Wn
APKUIA Genbiii
cBeT
/--\\
<] ¢ “yMonoxeHne
\ ]
..+ N306paxeHns
O6bemHasn
S——— oTpaxaTesibHas
BoccTaHoBneHHbIii | O/10TPaMMa
npeAMEeTHbIA BOSI-
HOBOW (PPOHT
6

Puc. 26. OtpaxartenbHas (06bemHas) ronorpamMmma, MNO3BOAAOLASA

BOCCTaHaB/MBaTb M300paXeHWe B 6GeNOM CBETE: a — PerncTpauums

ronorpaMmbl  C  MCMO/b30BAHWMEM  KOTEPEHTHOTO  /1a3epHOro  CBETa;

6 — BOCCTaHOB/NEHME W300PaKEHWSI B HEKOrE€PEHTHOM  CO/IHEYHOM
CBETE WM CBETE OObIYHOMO SIPKOrO MCTOYHMKA.

TeopeTnyeckn, ecnuM rosorpamMa 3anucbiBanach, Ha-
npumep, B KpacHOM CBeTe, TO WHTepP(epeHLMOHHbIE MO-
NOCbl  ABNAKOTCA  KpacHbIMW  (PUAbTPaMK, M Korga Ha
ronorpaMmy nagaeT CBET, OHM MOr/IOLLAtOT BCE ero cocTas-
NAOLWME, 3a UCK/OUYEHMEM KPaCHOM, KOTOPYK OTpaxa-
t0T. B [eNCTBUTENbHOCTM XK€ YacTO Ciy4yaeTtcs, 4TO ro-
norpaMma, 3anmcaHHas B KpacHOM CBeTe flasepa, faet
3efeHOe U306paXkeHWe. 3TO 0OYCMNOBMEHO HEGOMbLLIMM



YMEHbLUEHVEM  TO/LLUMHBI  3MYNbCUOHHOTO  cniosi (ycag-
KOl 3amynbcumn) B npouecce 06paboTKM  ronorpaMmel,
BC/IEACTBME Yero pacCTOfHWE MeXAy MI0CKOCTAMU WH-
TephepeHUMOHHbIX Nonoc u3meHsieTcsd. O6bIYHO Ha3BaH-
Hbll  3(pheKT He BbI3bIBAET 0C060ro  6ecrnoKolCTBa:
MOCKONIbKY —~ M306paXKeHMe MOHOXPOMATWYHO, BpAg Nn
MMeeT 3HauyeHWe, Kakoro OHO LBETa — KPacHOro wau
3eM1€HOr0. JTO CTaHOBUTCA MPO6EMON TOMbKO MU U3-
FOTOB/IEHUM  «UBETHbIX»  OTPaXaTe/lbHbIX  r0/0rpamm
(cm. rn. 5). C oTpaxaTe/lbHbIMW roforpaMMamMun CBs3aH
elwe oavH 3(eKT: Korga Mbl CMOTPUM Ha ronorpammy
MoL PasNYHbIMKA Yrnamu, LBeT WU306paxKeHus MeHseTcs
OT 3e/1eHOr0 10 CUHEro.

Takum o06pa3om, o06bemMHas oOTpaxaTenbHas rono-
rpaMma [JaeT TpexMepHOe rosorpauueckoe un3obpaxe-
HWe [aXe B TOM C/y4ae, KOrfa ee OCBeLLaOT OenbiM
CBETOM, /lydlle BCEro CO/IHEYHbIM CBETOM WM APKUM
nyyqom poHapsi (puc. 26,6). OTpaxaTenbHble rosorpam-
Mbl, MO3BOMIAKOLLME BOCCTAHaBNMBATb WU300paxeHVe B
Genom cBeTe, 4acTO HasblBAtOT rosiorpammamyt [eHucto-
Ka— B YecTb COBETCKOrO YYeHOro, MpeaioXuBLIEro B
1962 r. aTOT cnNocob ronorpagupoBaHns.

Pa3oBble rosiorpamMmmbl

[onorpaMmbl MOXHO 3aMnuCbiBaTb He TOMbKO Ha (o-
TOrpauyecknx nnacTMHKax, HO W B Apyrux cpepax.
CyLLecTBYeT MHOXeCTBO pa3HO06pasHbIX MaTepmasos,
obnagarolwyx Heob6XoAUMbIMUA  ANA  3TOr0 YyBCTBUTESb-
HOCTbIO W pa3peLuaroLLeil cnocobHOCTb0. HO OHW pearu-
PYIOT Ha CBET COBEPLUEHHO WHaue, YeM (HOTOMIACTUHKA.
Hanpumep, BMecTo TOro 4tobbl TeMHETb B TOM MeCTe,
Kyfla nafjaet CBET, OHW W3MEHAKT CBOK TOMLMHY, U B
COOTBETCTBMM C TO/ILLMHON MaTepuana B TOUKe OTpaxe-
HUA  M3MEHseTCA (pa3a OTPaXKEHHOW CBETOBON BOJHbI.
Takvm 06pa3om, MpyY  BOCCTAHOB/IEHUW  M300paXKEHNS
(hasa OMOPHOr0 BOJIHOBOrO (DPOHTA W3MEHSIETCA OT TOu-
KM K TOYKE Ha MOBEPXHOCTW rofiorpaMmbl. B pesynbTa-
Te Ha BbIXOZe ronorpammMbl (OPMUPYETCA  BOHOBOIA
(DPOHT, KOTOpPbIA, Kak 3TO W TpebyeTcs, TOYHO BOCMPO-
M3BOAWUT BOMHOBOW (DPOHT, OTPaXKEHHbIA OT npeameTa.

Takue (ha3oBble rosiorpaMmmbl MOryT paboTaTb Kak Ha
npornyckaHve, Tak U Ha oTpaxeHue. OHM co3garoT Gonee



Puc. 27. BbICOKOKauecTBeHHas (pasosas rosjorpamma. Jta (oTorpa-

ns  n300pakeHUs, CO34aBaeMOro OTOGeneHHoW (ha3oBoOl ronorpam-

MOV, NPaKTWYecKu HeoTIMuMMa OT (hoTorpadum peanbHbIX NPesMeToB

YTO CBUW[ETENbCTBYET O BLICOKOM KauyecTBe ro/orpamyeckoro m3o-
GpaxeHus.

APKMe K306paKeHns, Yem ro/sorpaMmbl, 3anucaHHble Ha
(POTOMNIACTUHKE, MOCKO/IbKY B 3TOM Cfiyyae ansa qopmu-
POBaHWS BOCCTAHOB/IEHHOIO BO/IHOBOrO (PPOHTA MCMOJb-
3yeTca 6onbluas [0N1A MafatoLlero Ha rosorpaMmmy CBe-
Ta. lMpu paccMOTpeHUn B OObIYHOM [AHEBHOM CBeTe (ha-
30Bble TMPOMYCKaloLLyMe rofiorpaMmbl  BbIFIAAAT Npo3pay-
HbIMW, KaK CTeK/O.

B KayecTBe maTepuanoB Afis peructpauuy (hasoBbIX
ronorpamM  MCMosb3yroT, HanpuMep, TepmonnacTUYHYHO
Mpo3payHyto MjacTMaccy, TBepAble NWUCTbl KOTOPOW YcC-
TaHaB/MBAKOT BMECTO (OTOMMacTuHKM (CcM. puc. 18).
Mpu 3anucy ronorpaMMm Ha Tepmonsiacte 06bIYHO Tpe-
OyeTcs f1asep BbICOKOW MOLLHOCTM WM A/IUTeNIbHasA 3KC-
nosunums, MOCKO/MbKY PerucTpauus ronorpamMbl B 3TOM
CNy4yae ocyLlecTBnseTca 6narofaps TOMy, YTO B COOTBET-
CTBYIOLUMX Y4acTKaX  WHTEPMEPEHLMOHHOW  KapTWHbI
martepuasn Crerka HarpeBaeTcsi M ero TO/WMHA M3MEHSET-
cA. Yacto ang aTux ueneid MPUMEHSAIOT U ApYyron Mare-
prnan— OUXpoMUpoBaHHyO kenatuHy. (Ha puc. 40
nokasaHa otorpagus 6Gpenoka C rosnorpapuyecKum



N306paXKeHNeM, 3anncaHHbIM Ha OMXPOMUPOBAHHOMN dXe-
natuHe).

OfHVM ¥3 NpeuMyLLEeCTB TepmoniacTa Kak mMaTepua-
na Ans peructpaumm (hasoBblX ronorpamm Crefyer Ccyu-
TaTb TO, YTO OH MO3BO/SET HaNafMTb MacCoBOe MPOU3-
BOLCTBO rofiorpaMM. JIMCTbl TepmorjiacTa MOXHO LUTam-
noBaTb Mpy MOMOLLY MEeTa/IMYECKOR MaTpULbl.

BoobLie rosops, 00blYHble FOMOrpaMMmbl, 3anvcaHHble
Ha oTonnacTUHKe, MOXHO nNpeBpaTUTb B (Pa30Bble,
ecm OT6eNUTb TeMHble WMHTepdepeHLMOHHbIE  MOOChI
COOTBETCTBYIOLLMM OT6GeNMBalOWMM  CpeacTBOM. B pe-
3ynbTare U3MEeHeHWe CTerneHW MOTEMHEHUs BO BCEM 06be-
Me MMaCTUHKW MNpeBpallaeTcs B W3MEHeHWe ee OnTuye-
CKOM M/MIOTHOCTW, KOTOpPOe COOTBETCTBYHOLLMM 06pa3om
B/IMSET Ha a3y OMOPHOro BOSIHOBOrO (PPOHTA. Takum
obpa3om, yfo6CTBO MONy4YeHUs (oTorpagmyecknx rono-
rpaMm (UCMonb30BaHWE MAaJIOMOLUHBIX Jfla3epoB) YynaeT-
CA coyeTaTb C SPKOCTbHO M300paXKeHUs, CO34aBaeMoro
(ha3oBbIMU roniorpaMmamu. llepsoe BpeMs OT6GeNeHHble
(pa3oBble ronorpammMbl faBann XoTa U 6onee spkue, HO
MeHee KayeCTBEHHble M306paKeHWs, YeM MepBUYHbIE TO-
norpammel. OfHako B 1976 r. tupma «dunamnc» pas-
paboTana cnocob6 0T6ennBaHUs, KOTOPbIA MO3BONSET
nonyyarb fpKMe W300paXeHWs OYeHb BbLICOKOrO Kaue-
ctea (puc. 27).



MnaBa 5

rONOIrPA®NA
KAK N30OBPASUTE/IBHOE CPEACTBO

YavBuTenbHble 06bEMHblE  M306PaXEHWUs, MOMYyYeH-
Hble JIeATOM W YnaTHWEKCOM B Hauvane 60-x rogos, Mo-
Oyanmnu MHOrvie uccnefoBaTenbCKue TPynnbl  3aHATLCA
ronorpaguein. Hapsgy C nouckamu nyTeli ycoBepLUeH-
CTBOBaHMA TaK Ha3blBaEMbIX «M306pa3nTENbHbIX T0M0-
rpaMm» 3HauuTeNlbHble YCWUAUA WCCnefoBatenein  6biim
Harnpas/ieHbl Ha MCMO/b30BaHWe ronorpagunm B Hayke K
TeXHUKe. BO3HUKNM Hagexnibl, 4to rosorpausa MOXeT
CTaTb «HOBbIM  TEXHO/IOMMYECKUM  METOZLOM», KOTOpbIi
MO3BO/IUT PELUUTL camble pasHble NPobsemMbl.

N306pasnTtenbHag  ronorpaua  OTKpbLia  NPUHLK-
MWanbHO HOBbLIA CMOCO6 MONYYeHUs W300paKeHUn Tpex-
MepHbIX 00LEKTOB. B pe3ynbTate ee cTasm paccmaTpu-
BaTb KaK Hekoe BW3ya/lbHOe CPEACTBO  MHGOpMAaLmu,
KOTOpPOE MOXEeT HalTU BecbMa LUMPOKOE TMPUMEHEHMeE.
CHayana Mbl OCTaHOBMMCH Ha TEXHWYECKUX YCOBepLUEH-
CTBOBaHWSAX B M3006pasnTesibHOM ronorpaguun, a 3aTem
nepeiemM K BOMPOCY O MOTEHUMANbHBIX BO3MOXHOCTSAX
ronorpajun_Kak CpefcTsa MH(OPMALMM 1 KOCHEMCS He-
KOTOpbIX 06nacTen, rge OHa YXXe WUCMONb3yeTcsd B 3TOM
KayecTBe.

TexHn4yeckne ycoBepLlIeHCTBOBaHUA

JKecTKne orpaHuWyeHus YCoBWIA perucTpauum v Hab-
NOAEHVS NepPBbIX MPOMYCKalOWMX roorpamMmm, MosyyeH-
HbIX MO cxeme JleiiTa M YnaTHueKca, NpuBenn K Tomy,
4TO Kakoe-TO Bpems ronorpaus He BbIXOAuia 3a Mpe-
Jenbl  nabopatopuii. onorpagmpoBaHnio  NogaaBannch
Torga TO/IbKO OOBEKTbl HeGOoMbLUMX pa3smMepoB, KOTOpble
MOI/IM  OCTaBaTbCA abCOMOTHO HEMOABWXHBLIMK B Teye-
HUE 3KCMO3NLMW, A/MBLUENACA WHOrLa HECKO/IbKO MWHYT.



3TO MOMHOCTLIO  WUCKNKOYaNO0  U3rOTOB/IEHWE  FON0rpPamm
nogeii. N306paxkeHns 6blIM MOHOXPOMHBLIMM; 3TO O3Ha-
YaeT, 4yTO eciM nNpeaMeT MpyU ronorpaupoBaHUM OCBe-
Lanca, CKaXem, KpacHbIM CBETOM, TO W ero u3obpaxe-
HUE MOXHO 6blNI0 paccMaTpuBaTb NWLIb B KPacHOM CBe-
Te. CnepoBatefibHO, M306paXeHMs He nepefasann Wc-
TWHHBbIX LBETOB, KOTOpble WMENM peasibHble MNpesMeThl
npy AHEBHOM OCBeLLeHUW. [N MonyyeHust nepebiX rono-
rpaMM TpexXMepHbIX 06bLEKTOB TpeboBasncs nasep; fasep
(WM no KpaiiHeil Mepe SPKUIA UCTOYHWK MOHOXPOMaTU-
4eckoro ceta) Obll HeoOXoAMM W ANA UX HabMAeHUS.

Pa3paboTkn B 06nacTM M306pa3nTeNbHON ronorpa-
(v GbINn CBS3aHbl C Y/yulUEHMEM KayecTBa M300paxe-
HUIA, MOMyYEeHMEM  «MOMHOLBETHbIX» WU300paXXeHWA, CO3-
[aHveM MeTOZ0B rosiorpaupoBaHns MOABMXKHBIX 0ObeK-
TOB U YMEHbLLEHNEM CTErNeHn KOrepeHTHOCTU WCTOYHWKOB,
NCMONb3YeMbIX MpU  HabMOAeHUN  U306pakeHnid. YTo
Kacaetcs MoCMefHero, TO pellalowyin war B 3TOM Ha-
npasneHUn ypanocb cpenats B cepeguHe 60-X rofos,
Korga ObliM  NoMyYeHbl OTpaXKaTeSlbHble TO/I0rpaMmbl,
Mo3BONSAIOLME BOCCTaHaB/MBATb M306paXeHWe B 6Genom
ceete. C Tex Mop OnpefefieHHble YCrnexu LOCTUTHYTbl U
B peweHun Apyrux npobnem. YCOBEpLUEHCTBOBAHUSA
METOZOB M300pa3uTeNibHOM ronorpagui No3sOAWUAN  Bbl-
BECTW ee U3 CTeH nabopaTopuii.

FonorpaMmmbl ntogei

Kak oTmeuvanocb B /. 4, O4eHb BaXKHbIM TpeboBa-
HVEM NpU PerucTpaLmu ronorpaMMmbl SBASETCA MNOJSHAS
HEMoABWKHOCTL 00bekTa BO BpeMs 3Kcnosuuuu. Heob-
Xo4MMas CTabuNbHOCTb O06bIMHO [JOCTUraeTcs TeM, 4TO
BCIO annapaTypy, BKMOYasd W OOBEKT, MOHTMPYIOT Ha
00/MbLWIOM TSXKENOM CTO/e, KOTOPbIA  YKpennsetcs Ha
nosy C MNOMOLLbIO CreunanbHOM  BUOPOYCTOWUMBOA  Cu-
cTeMbl. OfjHaKo 3TO OrpaHUYKBaeT BO3MOXHble pa3mepsbl
ronorpagupyemMbiX MpeaMeToB: OHW LO/MKHbI ObITb JOCTa-
TOYHO MaJsibl, YTOObl Pa3MeCTUTLCA Ha CTOJe.

[pyroii nyTb pelUeHns Ha3BaHHON NPO6MeMbl 3aK/to-
YaeTCa B YMEHbLUEHUM BpemeHWn 3kcnosvuun. C  3ToiA
LeNbl0 AN MOMYyYeHWst ronorpaMM  MOABUXKHBIX 06bek-
TOB MCNOMb3YOT WMMYNbCHBLIA Nasep, KOTOPbIA co3f4aeT
MOLLHYIO BCMbILIKY CBETa MPOAO/DKATENbHOCTLIO He 60-
nee 0fHOM  HaHocekyHAbl (0,000000001 <c¢). 3a aTo



Puc. 28. 3ta ronorpamma, cfenaHHas npu MOMOWW  MMMY/IbCHOTO

nasepa METOAOM rO/Orpaduyeckon  MHTep(EpOMETpUA  C  [BOVHOV

3KCMo3nLUmMeli (cM. rn. 6), nokasblBaeT YAapHYH BOHY, BO3HMKAIOLLYIO
npu nonete cHapaga.




Puc. 29. Tonorpacgmueckuii nopTpeT [HeHHuca abopa. Cam [a6op,

n3obpetatens ronorpagum (1948 r.), CToMT crnpaBa OT CBOEro roso-

rpadmyeckoro [BOMHMKA, CUAALLEro 3a cTonom. [onorpamma 6bina

3anncaHa B CBeTe PyOMHOBOrO flasepa He3afonro [0 TOro, Kak B

1971 r. labopy 3a ero OTKpbITMe 6blna npucyxpaeHa Hobenesckas
npemus.

Bpems NpejMeThbl, ABMXKYLLUMECH CO CKOPOCTbHO HECKO/bKO
METPOB B  CEKyHJY, MPakTUYeCKW He CABUralTcs U Ka-
XKYTCA KakK Obl «3aCTbIBLUMMW»; TakuM 06pa3om ypaaeT-
cA MoNyyuTb, HanpumMep, rofiorpamMy J/eTAWero cHaps-
ga (puc. 28). lMNpyn ncnonb30BaHUM VIMMY/LCHOMO flasepa
0TnafaeT Heob6Xo4MMOCTb B  BMOGPOYCTOAYMBOM  CTOJE;
3TO NO3BOJIAET rOM0rpagnpoBaTb KpymnHble WM Hernoa-
BUDKHbIE OOBLEKTbI MPU YCMIOBUM, YTO OOGBLEKT U ronorpa-
(nyeckass  annapatypa, BKIHuas  (HOTOrpaduyeckyto
MaCTUHKY, OCTAtOTCA B TEMHOTe (M OCBELLAKTCA TO/bKO
Nas3epHbIM CBETOM) B MPOLO/IKEHVE BCEro nepuoja 3Kc-
nosvuun. [Ans 3TOr0 HY)XXHO MPOCTO YCTaHOBUTL arna-
paTypy B 3aTEMHEHHOM MOMELLEHU WM — ecnn, [oMny-
CTUM, OOBEKT HenoABVXeH — NPOU3BOAUTL rO/orpadm-
pOBaHME HOYbID. 3a4acTylo MMMNY/bCHbIE Nla3epbl UMEKT
OTHOCWTENIbHO  HeGO/bLLUYI0  [/IMHY  KOTEPEHTHOCTW, 4TO
HaknajblBaeT OrpaHUYeHUss Ha rny6uHy CLeHbl, KOTO-
pyt0 MOXHO 3anucatb Ha ronorpamMmy (cm. . 4).



mnynbCcHble nasepbl 00bIYHO BecbMa A0pOrv U [aneko
He BCerga AOCTYMHbI.

Mpy  nonyvyeHWM ronorpamM /ioJein BO3HUKaeT psf
CNOXHOCTel. [naBHas W3 HWX COCTOMT B TOM, 4TO 3a
BPeMS  3KCMO3ULMW, MNPOLO/MKAIOLLEACH HECKO/bKO Ce-
KYHZ, YenoBeK HEernpemMeHHO CABWMHETCA Ha pacCTosiHUe,
6orbllee AMHbI BOMHbI Na3epHoro ceeta. Creposarenb-
HO, B [@aHHOM c/y4yae 06s3aTeNbHO TpebyeTcs WMMMynbC-
Hblli nasep. Mpy U3roTOBMEHUM TOMOrpagiyeckoro nopT-
peTa npexie BCero Hafo no3aboTUTbCA O TOM, YTOObI
Ha rnasa u4enoBeka Magan MUHUMYM W3/TyYeHWs, Mo-
CKOMbKY 3TO u4pesBblyaiiHO onacHo. C 3ToW Uenbio Ans
OCBELLeHMs  rofiorpampyeMoro imua  UCnonb3yoT  aud-
(hy3HO paccesiHHbIA CBET, KOTOPbIA MOyYatoT, NponycKas
My4yoK flasepa 4epe3 MaToBOe CTEKNO 6O/bLLIOro pa3me-
pa. B Hactoswee Bpema B CLUA MOXHO 3akas3aTb, npas-
Ja 3a 3HauMTeNlbHYK NnaTy, ronorpapuyeckmin nopTper.
(Ha puc. 29 wu306paxeH ronorpagmyeckuii nopTpet
JeHHuca abopa — w3obpetartens rosorpamu.)

FonorpamMmbl B LBETE

3ajava LBeTHOM ronorpagmm COCTOMT B CO3AaHWK
06bEMHOr0 M306paXkeHWs MpeaMeTa, BOCMPOM3BOAALLErO
eCTeCTBEHHble LBeTa, KOTOpble OH WMeEeT Mpu [HEBHOM
ceete. CMelwlmBass B COOTBETCTBYHOLLUMX MPOMNOPLMAX OC-
HOBHblE LiBETA — KPACHbIA, CUHUIA U 3eMIeHbIA*, — MOXHO
nonyynTb /060 LBeT. BO3HWKaeT BOMPOC: BO3MOXHO
NN, UCMONb3YA Nasepbl, U3NyvaroLime KpacHbI, CUHWIA W
3efleHbliA  CBET, 3anucaTb TPU Pa3/IMyHbIE T[O/0rPaMMbl
npegmeTta Tak, 4YTOObl, «COEAUHMB» 3aTeM 3TU U300paxe-
HUSA, NONYYNTb WU306paXKEHWEe TOro e LBeTa, YTO U pe-
abHbIA NpegveT? B npuvHUMMie 370 BO3MOXHO, OfLHaKO
Nnobasa nonbiTKa JO6GUTLCSA 3TOr0 HA NPaKTMKEe CBf3aHa C
peLleHnemM psga npobnem.

MpocTewmnin cnocob «CoXWUTb» TpU  ronorpaguye-
CKMe 1300pakeHnMs — 3anucatb BCe TPU roforpammMbl Ha
OAHOW W TOM e hoTonnacTuHke. Torga npu nocnegyto-
eM OCBeLEeHNN Takol KOMOWHUPOBAHHOW FOM0rpammbl
O[HOBPEMEHHO KpacCHbIM, 3e/eHbIM W CUHUM CBETOM
Na3epoB Mbl, Ka3anocb Obl, AO/MKHbI YBUAETb MOMHOLBET-

U* KaKv M3BECTHO, OCHOBHbIMW LBETaMW KpPacOK ABNAOTCA Kpac-
HbIA, CMHUA W XenTblil. OfHaKo Korja CMELUNBaKT CBET Pas/IM{HOIo
LBETa, TO NEPBMYHbIMM CUMTAKOTCA KPaCHbIN, CMHWM W 3€NEHLIN LBETa.



Hoe u306paxeHue. K coxaneHuto, BCe He Tak MNpocTo.
Hanpumep, nnockas nponyckawLwasa ronorpaMma, CHs-
Tas B 3e/leHOM cCBeTe, OyAeT «[eliCTBOBaTb» Kak rono-
rpaMMa TakXe W MO OTHOLUEHMKO K CUHEMY U KpacHOMY
CBETY, coO3jaBaf [Ba [OMOSHUTENbHBIX W306paXKeHus,
OLHO U3 KOTOpbIX OO/blle, a [pYyroe — MeHbLUe peasib-
HOro 06bekTa. TO XKe camoe MPOU30WAZET U C ABYMSA ApY-
rMMU  ronorpamMaMu. Takum  06pa3oM, Mbl  MOyHYUM
OHO M300paxkeHWe B HATYpa/lbHOM LBeTe W, Kpome TOro,
pAL  APYrX CMELLEHHbIX OTHOCWUTENIbHO HEro JI0XKHbIX
N300pXKEHWNIA, VIMEIOWMX COBEPLUEHHO WHble pasmepbl W
LiBeTa.

Mpole Bcero paspewuTb 3Ty npobremy, MCNosnb3ys
OTpaxaTe/lbHble rO/I0rpaMMbl, MO3BONSAIOWME BOCCTaHaB-
nMBaTb u300paxkeHne B Genom ceeTe. OTpaxaTeNbHble
rofiorpaMmbl, 3anmcaHHble B KPacHOM, 3e/leHOM W CUHEM
CBeTe /flasepa, MOXHO 3aperucTpupoBaTb Ha OAHOW W
TOM e (hoTonnacTvHke. Kaxpgas M3 3TUX ronorpaMm
OyaeT WMeTb «CBOM» WHTEP(EPEHLUMOHHbIA QUIbTP, KO-
TOpbIiA, OTpaXkas CBeT, (opMupyeT u300paXKeHMe COooT-
BETCTBYIOLLErO LIBETA; CnefoBaTeflbHO, Kaxzas u3 ro-
norpaMm  co3facT u3obpaxeHWe OAHOrO LBeTa, U BCe
3TV K306paKeHNs Hanoxatcs Apyr Ha fgpyra. JIoXHble
1300paXKeHns, MOSABAIOLLMECA B C/lyyae MPOMyCKatoLLei
roforpammbl, 34ecb He BO3HMKalT. OCHOBHaf  Tpya-
HOCTb MpU 3TOM CBfi3aHa C YCaAKoW 3My/beun (06 3TOM
Mbl y>Xe FOBOpPWUIN B /. 4), BCNeACTBME YEro WU3MEHSHOT-
CA LBeTa, Ha KOTOPbIX «paboTarT» WMHTEP(EPEHLIMOHHbIE
(UNbTpbl. 3TO B CBOK OYepefb MPUBOAUT K UCKAKEHWIO
LiBETa BOCCTAHOB/IEHHOIO M300paXKeHus.

UTtobbl [06MTLCA NpaBWIbHOTO 6GanaHca LBETOB U
TeM caMbIM MNOMYYUTb U306paKeHUe, NONHOCTLH COOTBET-
CTBYIOLLEE OpPUTMHaTY, HEOOX0AMMO KakUM-TO 06pasom
CHM3UTb [0 MWHWMYMa YCafKy 3MYNbCUN. ITOr0 MOX-
HO [OCTWYb, Hanpumep, C MOMOLLbIO NpeaBapuUTe/bHOIO
«pasdyxaHus» 3My/bCUM, W TOrAa MOMy4atoTCHd OTpaxa-
TeflbHble rof0rpaMMbl, [OCTATOMHO TOYHO BOCCO3ZaoLLMe
LBeTa peasibHOro 06bekTa. BepoATHO, OHMM U3 BaX-
HeMWMUX [OCTOMHCTB TakUX ronorpamm Crefyet Cuutathb
TO, UTO, Kak 1 N6yl OTpaxaTe/lbHYyK ronorpammy, mx
MOXHO HabnofaTb faxe B CBeTe KapMaHHOro (oHapu-
Ka W AN BOCCTAHOB/IEHWS| M300paXKeHUA He TpebyeTcs
Tpex /f1a3epoB, CO3LAIOLUMX W3NyYeHWe pas3HoOro LBeTa.



BbicTynawouie n3obpaxeHus:
NPOEKUNOHHbIE TOJIOFPaMMbl

Mponyckatowas rosorpaMMa, Kak Mbl YXXe TOBOpU-
N, BOCMPOU3BOAUT [Ba M306paXKeHUs: TOYHOe, KOTOpOe,
KakK ¥ peanbHbIW MpegmeT, pPacrofiokeHo nosagn (oTo-
MMACTUHKA W ABNAETCA OPTOCKOMMYECKUM, W COMPSHKEH-
HOe, KOTOpPOe BO3HWKAeT repes MIacTUHKON U uMeeT 06-
paTHbI napanniakc, T. e. ABAAETCA MNCEBLOCKOMUYECKUM.
[l0BO/IbHO  MPOCTbIM  CMIOCO60M  MOXHO  WU3rOTOBUTH FO-
norpammMy, KOTOpas CO3[aeT COMNps>KeHHOe WU306paxKeHue
C HOpPMalbHbIM MapanakcoM, HO, Kak W 00bl4HO, pac-
NONOXEeHHOe nepes  (hOTONNACTUHKON — «BbICTyNaroLLee
Brepes». Korga CMOTpUWbL Takykt roforpamMmy, BO3HU-
KaeT OLLyLleHVe, YTO peasibHblA npegveT (o6nagatoLuii
HOpPMaNbHbIM ~ Napanfiakcom) «MniaBaeT» B MNPOCTPaH-
CTBe nepef CTEKNAHHOW NNAaCTUHKOA.

Mogo6HOro aghhekTa MOXHO J06UTLCA, NPOeLMpys ro-
norpagnyeckoe mM3obpaxkeHWe B MPOCTPAHCTBO; OAHAKO
Takoil cnoco6 WMeeT OAWH CYLLECTBEHHbIN HeLOCTaTOK:
n306paXKeHe Henb3a paccMaTpuBatb MO4 HOObIMA  Yr-
naMmu, MOCKONbKY ANs TOro, 4Ytobbl ero MOXHO Oblio BU-
[eTb, CTEKNAHHas NnacTWHKa Bcerfja A0/XKHA HaxoAuTb-
cA no3agn Hero. MofoGHble ronorpammMbl YacToO HasblBa-
tOT NPOEKLMOHHbBIMMU.

XWTPOCTb 3[€eCb 3aKkyaeTcs B TOM, 4YTOObI Mony-
UATb rofiorpammy rosorpamMmbl. Kak Mbl yCTaHOBWM B
rn. 4, ronorpagus no3BoNseT 3aperncTpupoBatb /060N
BO/IHOBOW (PPOHT. HMYTO He MellaeT Ham, cfAenas
BTOPYIO ro/sorpamMMmy, 3anucaTb Ha Heli COMpsiXeHHoe
n300paXkKeHne BOMHOBOTO (DPOHTA, CO3L4AHHOr0 MepBoi
ronorpammoit. (Ha puc. 30,a nokasaHa cxema, M03BO-
naowas ato chenatb.) BTopasa ronorpamma cosgaet
COMPSHKEHHOE M TOYHOE M306pakeHWs, HO Terepb coOMnps-
XXEHHOe U306paXKeHne OKa3blBaeTCAd OPTOCKOMUYECKMM,
a TOYHOe — MCeBLOCKONMUYECKUM (C 06paTHbIM Mapan-
NakcoMm); Takum 06pa3oM, TWMbl MNapanfiakcoB Aff 3TUX
[BYX M306paxeHWn MeHaTcA MecTamu. Kak yxe 6b110
CKasaHo, COMpshKeHHOe M3006paxeHne Tenepb Oynet 06-
nafaTb HOPMasibHbIM MapasnakcoM W, Kak U 06bl4HO,
HaxoauTbCs nepes (POTOMMACTUHKOM, T. €. MexXay Habnto-
jatenem n nnactmHkoir (puc. 30,6). Hackonbko Aaneko
Briepes OTHOCWUTENIbHO MNIACTUHKW-rON0rpamMmmMbl  MOXHO



MepBas

rosiorpamMma N
P B0/IHOBOI4 hpoHT, co3fa-

BaEMbIi  COMPSHKEHHbIM
\ n306paxeHrem
L ((( (nceBAOCKONNYECHUM)

w1

VAEHTUYHbIE ONOpPHbIE
nNy4Kkn OT OAHOIO slasepa

OnOpHbIA Ny4yoK (\:} | ‘ I

Puc. 30. lpoekuMOHHas ronorpamMma, KoTopas CO3jaeT TpexmepHoe
n306paxeHne, BO3HMKatOLLee nepe,g (hOTONNACTUHKOW: a — perucrpa-
UMl MPOEKLMOHHOM Tonorpammbl; 6 — BOCCTaHOB/EHWE M30GPAXEHMS.

BTtopas ronorpamma
(npoekunoHHas)

a

CMpoeLmpoBaTb 3TO M300paXKeHWe, 3aBUCUT OT ee pasme-
poB. lpu pasmepax oTonnacTMHKM 60%x90 cMm® OHO
OKa3bIBaeTCA Brepeay ronorpaMMbl MO MeHbLUeA Mepe
Ha 45 cM; npW pasMepax ronorpammbl 25x25 cm’—
He Gonee yem Ha 20 cMm. lpy HabMIOLEHWUN TaKMX rono-
rpaMm HeKOTOpbIM NIIOAAM C TPYAOM YAAeTCs «noMatb»
B3r/N540M M300paXkeHWe, MOCKO/IbKY OHO PacrosfiokeHo
BeCbMa HeOoOblYHO, & OHW MO MPUBbLIYKE NbITAKOTCA COCpe-
[OTOUMTb B3rNA4 rAe-T0 3a NNaCTUHKOM.

Btopasa ronorpaMma MOXeT OblTb NPOMYCKatoLLEw
UMM OTpakaTeNbHOW ronorpammoii, Habnwogaemoin B Ge-
NIOM  CBeTe,— MOC/IEAHIO  MOMyYaloT  aHaIorMyHbIM
Croco6om.

OnucaHHble K300paXKeHWs, BO3MOXHO, OTHOCATCA K
yncnly Hambosiee HeoOblYHbIX W BMEYATNAIOWMX ronorpa-
(hnyecknx n3006paxeHuidi. Korga CMOTpULLb MOA0GHYHO
rosorpammMy, BO3HUKaeT HenpeofoNMMOe >XenaHue LOTH-
HYTbCA W MOTpOraTb 3TOT CTO/Ib  SBCTBEHHO 3pPUMbIl
«TBEPAblA» NpeAMeT, M/bIBYLWMWA B NPOCTPaHCTBE, W,
TOMbKO CfenaB 370, Yy6exaaellbCs, HACKOMbKO OH 3(e-
MepeH.



PagyxHble UWAUHOPUYECKUE TOI0TPaMMbl

Bnarofaps CBOMM  HeOCMOPUMbIM  MPenMyLLecTBaMm
OTpaxaTe/lbHble ron0rpammMbl, MO3BOMAIOLME BOCCTaHaB-
NMBaTb M306paxeHne B 6enoOM CBeTe, OCOBEHHO LUMPOKO
NPUMEHAOTCA B M306pasuTensHol  ronorpaduun.  Kak
OTMeYanocb, UX MOXHO paccMaTpuBaTb B CBETe KapMaH-
HOro (oHapuka WM npyu 0BbIMHOM [HEBHOM OCBELLEHUN,
4TO X NO3BO/IMNO LUMPOKO MCMO/Mb30BaTh WMX [f Macco-
BOM [AEMOHCTpauuv ronorpagmyeckoro metoga. B 1969 r.
CtmBeH beHTOH, paboTaBwmini Torga B (mpme «[llona-
pong», MPeAnoXu/ HOBbLIA CNocob ronorpagupoBaHus,
KOTOpbIA ~ MO3BONMA  BOCCTaHaB/MBaTb  U3006paxKeHus
MPOMNyCKaloLWMX ronorpamMm, ocsellas Mx 6efibiM CBETOM
(puc. 31). Takue ronorpammbl MO3BONAKOT 60M€e MOMHO
1CMONb30BaTb CBET MPY BOCCTAHOB/EHWUMW; MPU 3TOM MONY-
Ya/INCb OYeHb APKUE U300paXKEHUS.

Takue ronorpaMMbl PerncTpupyroT MyTeM BecbMa
CNOXHOro AByxcTaguiiHoro npouecca (oH Obin  paspa-
6otaH Jfleiitom B 1976 r.), Npy 3TOM 3anuCbIBAKOT roOMO0-
rpamMmy rosiorpaMmbl.  Pe3ynbTupytowas — rosnorpaMma
AEVCTBYET Kak CBOEro poga npuaMa, KoTopas packia-
[blBaeT najalolmii Ha Hee Oenbl CBET Ha LBETOBbIE KOM-
MOHEHTbI; MPU  3TOM TPaeKTOpUM fiyyeli  U3rndatoTcs
BBEPX MOJ pasHbIMU YyrfamMmu B 3aBUCMMOCTM OT LiBeTa
nyya. Ecnu Takyto ronorpamMmy, HasbiBaeMy) MHOrO-
LBETHOM WM pPajy>XHOW, paccMaTpuBaTb B MPOXOAALLEM
6efiom cBeTe, Mbl YBUAMM M03aaM Hee 06bEMHOe M306pa-
XeHue; ero LBeT OyeT 3aBMCETb OT TOro, MOA KakuM
yrnom (Mo BepTMKanM) Mbl CMOTPUM Ha rosiorpammy
(puc. 32,a); HU O4MH U3 3TMX LIBETOB B AENCTBUTE/bHO-
CTW He COOTBETCTBYET LBETY peaibHOro oobvekta. OfHaKo
nosgHee ObiM pa3paboTaHbl BapuaHTbl ronorpaMm Ta-
KOro Tuna, rAe W3MeHeHue LBeTa He MNPOUCXoauT —
1300paKeHNe OKa3blBAeTCs YepHO-OenbiM He3aBUCUMO OT
TOro, noj Kakum Yriom ero Hab6nwogatoT. Bcnegctsue
Takoro crnocoba W3roTOB/IEHUS ronorpaMMbl  BePTUKasb-
Hbli Napannakc B 3TOM Cfy4ae OTCYTCTBYET: KOrAa Mbl
[BWraemM rosioBO BBEPX-BHU3, OOLUMIA BUf M306paXKeHWs
COXpaHseTCs, XOTA LBeT ero uaMeHsercd. OfHako ropu-
30HTa/IbHbI Napannakc OCTaeTCs: CABUrascb B CTOPOHY,
Mbl MOXEM «3arfiiHyTb» 3a MNpPegMeTbl, PacnooXeHHbIe
Ha MepefHeM M/aHe; WUMEHHO 3TO U BaXHO, MOCKOJbKY B



Puc. 31. PagyxHag npornyckaroLias rosorpamma, ro3sonsroLLas BOC-

CTaHaBnMBaTb M306paxkeHNe B 6enom cBeTe, M306peTeHHass CTVBEHOM

BeHTOHOM. V306paKeHHas 34ecb ronorpaMma OCBeLeHa MOLLHbIM

ny4ykom 6enoro ceeTa MPOEeKLMOHHOIO (hoHaps (MokasaH BBepxy (o-
Torpagun).




M306paxeHune

PaayxHas BbIINAAUT KPacHbIM
Benblit ronorpaMma <
cBeT
a
S
> MN306paxeHune
I BbITNAAUT XENTbIM
MonoxeHue
06EMHOT0
n3o6paxeHns

2\ M3o6paxeHne
BLIFIAAMT CUHUM

Monocka, cospatowias
[iByMepHoe u3o6paxe-

Vizo6paxenne HWe NS MpaBoro rnasa

BO3HWKaET B
LieHTpe LuaMHApa

MasIOMOLLHBIA UCTOUHMK Monocka,cosgatouias

6enoro ceeta [ByMepHoe n3obpaxe-
HWE AN5 NeBoro rnasa

Puc. 32. 3™ pagyXHble TonorpaMMbl CO3AAOT SPKME M306paKeHus

B MPOXOASLLEM 4Yepe3 HMX Oe/loM CBeTe: a — OKpalLeHHble U306paxe-

HWS, CO3[aBaemble M/IOCKO/ Pady>KHOW roforpaMmoii; 6 — pagy>xHas

UMAMHAPUYeECKas ronorpamma  (KOMMO3WUMOHHAsA, WM My/bTUM/IeKC-

Hasl); MOKa3aHO, KakMM 00pa30M CO3[aeTcs BrieuaT/eHMe, YTO Tpex-
MEPHbIi 0OBLEKT HAaXOoAUTCA B LEHTPE LMAMHAPA.

MOBCEHEBHON >XM3HM Mbl O0ObIMHO WCMOMb3YEM 3(GeKT
FOPU30HTA/ILHOrO Mapasnakca, 4Tobbl PacCMOTPETb OK-
py)alowe Hac npeaMeTbl. BOMbLUMHCTBO NtOfel, pas-
rNAAbIBas TaKyl ronorpaMmy, fafieko He cpasdy OCO3Ha-
0T, YTO BEPTMKANbHOrO napasnnakca 34ecb HeT.
Pagy>Hble roforpamMbl B KOMOMHaUMKM C TaK Hasbl-
BaemMON KOMMO3ULMOHHOR, WMAM  MynbTUNNEKCHOR, rono-
rpadumein  MCNOMB3YKOT ANA NONYYEHWUS  LMANHAPUYECKUX
ronorpaMm, KOTOpble MOXHO OCBeLlaTb OObIYHOW SPKOWA
Namnow, fJawoLlein Genbliil  CBET,— €€ MOMELLAT BHYTPb
umnuHapa. B 3aToM cnyyae onsTb XKe LBET M306pakeHus
M3MEHSIETCS B 3aBMCUMOCTM OT TOrO, MOA KakuM Yr/iom



Mbl CMOTPUM Ha rosorpaMMy, a BepTUKa/bHbIA napas-
Nakc He HabngaeTcs; B pe3ynbTaTe Mbl BULUM SPKOE
N300pakeHVe BHYTPU LUWIMHAPA W MOXEM pasrnsfbl-
BaTb ero CO BCeX CTOPOH, OOXOAA LWVHAP BOKPYT.

Mofo6HblE KOMMO3ULMOHHBIE TOI0rPaMMbl  KOPEHHBIM
06pa3oM OT/IMYAKTCA OT BCEX APYrnX, PacCMOTPEHHbIX
HaMu [0 cux nop. OHM B HEKOTOPOM CMbIC/E «CUHTETU-
YecKne» W [JeNCTBYIOT MO TOMY € MPUHLMMY, YTO U CTe-
peonpoekTop (cm. rn. 1), T.e. CO34al0T WAMKO3UI0 00bEM-
HOro M306paxkeHns 6narofaps TOMy, 4TO r/asa 4enose-
Ka BOCMPUHUMAOT OfHY W Ty XXe M/IOCKYH, ABYMEPHYHO
thoTorpaguio npefmerta, HO Moj pasHoiMy yrnamu. OfHa-
KO B OT/IMYMe OT CTepeonpoekTopa TaKue ronorpaMmbl
He OrpaHM4YMBalOT Mnosie 0030pa OAHOM TOYKOM — COOT-
BETCTBYIOLLME «CTEpeonapbl» COXPaHSKTCA 34eCb Npu
No6oM HarnpasneHnn 063opa.

Mpy 6onee BHWMATENIbHOM PACCMOTPEHUU KOMIMO3W-
LMOHHOM rofiorpamMMbl  0GHapY>XMBAeTCA, YTO LWUIVMHAPKW-
Yeckas M/eHKa, Ha KOTOPOI 3anucaHa rosiorpaMma, pas-
JeNeHa Ha Y3KMe BepTUKa/IbHble MOMIOCKM  LUMPUHOIA
1 mm n gamHoii 20 cm. Kaxpas M3 HUX npeacTtasnser
co60M  OTAeNbHY ro/forpaMmy, 3aperucTpupoBaHHYHO
HE3aBMCMMO OT rojorpaMM Ha [pyrux nosnockax. Korga
Mbl CMOTPUM Ha TakKyld KOMMO3WULMOHHYIO rOo/0rpamMmy,
NeBbI W NpaBblii rnasa BUAAT pasHble YacTu LUANHA-
pryeckoin nneHkn (puc. 32,6). B none 3peHWs OfHOrO
rnasa Haxogutcs (oTorpagms, co3gaHHas OAHOW nono-
CKOW ronorpammbl, a B NoJe 3peHUs ApYroro rnasa —
hoTorpacpms, BOCMPOU3BEAEHHAs APYroV  MOoCKon  ro-
norpammbl.  Kaxablii  rnas, Takum o6pasom, BUAWT
(hoTorpagmo 06beKTa MO HEKOTOPbIM  «CBOVM»  YI/IOM
(Tak >Xe, KaK U B CTEpeONnpoeKTope), a B pe3y/brare
CO3[aeTcA Breyat/ieHue, 4TO Mbl HabngaeM Tpexmep-
Hblli 06beKT. OHO CcOxpaHseTcs, OTKyAa Obl Mbl HU
CMOTpeNM Ha rofiorpaMmy; npu 3ToM  HabnwojaeTcs
apheKT ropu3oHTa/IbHOro napannakca. O6xof4s BOKPYr
rosorpaMmbl, Mbl OTOBCIOAy Oy[eM BMAeTb TpexmepHoe
n3o0bpaxkeHne B cepefivHe uUunuHApa. MMpoucxogat, npas-
[a, HeKoTopble «CKaykv» B Mapannakce, Korga Mbl
nepemeLlaemM B3rnsf OT OHOW Napbl MONOCOK K APYroiA,
HO OHW OYeHb Masibl U MPaKTUYECKU He3aMeTHbI.

Habop doTorpaguii npeameta, CAenaHHbIX € pas-
HbIX CTOPOH, KOTOpbIA HEoOXOAWM A/ MOMyYeHWst Takoin



ronorpammbl, MOXHO MOMYYATb C  MOMOLLbHD  OObIYHOW
KMHOKamepbl. [ns 3toro mMb6o npeameT MOMELLAT Ha
BpallaloLLMinca CTOM, KOTOPbIA MeA/ileHHO MoBOpayMBaeT-
cs, Moka Kamepa (poTorpaupyet, nMb60 npeaMeT ycTa-
HaB/IMBAKOT HEMOABMXKHO U O0OXOAAT C KaMepoin BOKpYr
Hero. MOXHO MOCTYNWTb AaKe NpoLie: BMOHTMPOBATH
OTAe/NbHble KYCKW MNEeHKW B CBOEro pofa Nla3epHbIA Mpo-
eKTop ANs Cna’goB M MpoeumpoBaTb 3TW hoTorpauy Ha
3KpaH. [MOCKOMbKY nasep CO34aeT KOrepeHTHbIA CBeT,
npoeumpyemMble Ha 3KpaH U300paXKEHNS MOXHO Cpasy e
ronorpaduposatb. UTo6bl 3anucarb Kaxayl W3 Mono-
CKOBbIX r0/0rpammM, OCTa/lbHYK YacTb rO/I0rpanyecKoii
MJEHKN Heob6X0AMMO 3aKPbITb; OMOPHbLIA MYYOK [O/HKEH
nagatb TOMbKO Ha [aHHYI MOMIOCKY, WHTepdepupys
3[€Cb CO CBETOM, WCXOAALMM OT /1a3epHOro MpOoeKTopa.
(Ecnn e MyfnbTUNMEKCHbIA €nocob ronorpagupoBaHns
KOMOMHUpYeTCA C MeToZoM bBeHTOHa [Ans  nonyyeHws
pafy>XHbIX rosorpaMmM, TO BCe MPOLECChl OKa3blBakTCA
3HaUNTENIbHO C/IOXKHEW, YeM 3[eCb OnmcaHo.)

MocKoNbKy B AaHHOM cfyvae AN MONyYeHWUs roso-
rpaMmbl  OOBEKT MPUXOAUTCA CHUMATb Ha KUHOMJIEHKY,
Mbl K36aBnfemMcs OT psja HefoCTaTKOB, OrpaHUYKBato-
WMX BO3MOXHOCTU 06bIYHOW ronorpagun. B yacTHOCTH,
Ternepb HeT HeobXOAMMOCTM OCBellaTb 00BLEKT Na3epoM:
MEPBUYHYIO KUHOMNEHKY MOXHO 3aCHMMaTb KakK npu
[OHEBHOM CBeTe, TaK W MPU WCKYCCTBEHHOM OCBELLEHUM.
370 NO3BO/ISAET AenaTb ronorpamMmMy CueHbl Ha OTKPbITOM
Bo3gyxe. Kpome TOro, He HY>HO C03faBaTb 0COBbIX YC/O-
BUM, WCKNIOYAIOLWMX BCAKOE [BWXXEHWEe rosorpafupyemo-
ro obwvekra. KoMnosuuMOHHOE roforpagupoBaHne faeT
BO3MOXHOCTb MO/lyyaTb (npuuyem, ouveHb npocto!) rono-
rpaMmbl fil0feid, NpuU 3TOM Ye/lOBEK [JO/DKEH COXPaHATb
OTHOCUTE/IbHYIO HEMOABWXHOCTb /Wb B TeyeHue 45 c;
MOXHO TaKXe CHUMATb Ye/l0BeKa KMHOKaMepon, [ABUXKY-
Leiica BOKPYr Hero. Ecnm ke 4yenoBek Npou3BefeT Ka-
KOe-TO MpOCTOe [ABMXKEHMWe, Hanpumep HaLyeT ry6bl, noka
Kamepa nepemeLLaeTcs BOKPYr Hero, TO 370 Yyjaetcs
3anevart/sieTb Ha KOMMO3WLUWOHHOW ronorpamme u Tem
cambIM CO3aTb MNPOCTEMLY0 rON0rpammMy ABUXEHUS.
Ecnn 3atem Habntogatens 0060MAeT rosorpammy, MOBTO-
pss NyTb KWHOKamepbl (UM, HaobopoT, ecnn ronorpam-
mMa OyaeT BpalwaTbCs), TO OH YBUAWT, KakK 3aCHATbIA Ha
rosorpaMMe YesioBeK MOBTOPSET CAEMAHHOE UM [BUXKEHME.



Puc. 33. PagyxHaa MyfnbTUMNIEKCHasA UWIMHAPUYECKAs ronorpamma,

OCBELLEHHas APKUM 6enbiM CBETOM /amrbl, MOMELLEHHON BHU3Y UW-

AWHApa. 3JTa ronorpamma, Ha KOTOpoi u306paxkeH akTep Maiikn

WMopk, 6blna Mcnonb3oBaHa B OHOM M3 (WbMOB, CHATBIX, HA KWHO-
cTyammn «MeTtpo — MonasuH — Meitep» (Fonnueyg).

KOMMO31LMOHHbIE ronorpaMMbl B OT/IMHME OT 00blY-
HbIX CO34alOT M306pakeHWe WHOTO pasmepa, 4Yem Yy
peasbHOrO npeAmMeta. [onorpaguyeckoe u3o6paxeHue
npeameTa UMeeT Te XXe pas3Mepbl, YTO W MpoeLmpyemoe
Ha 3KpaH (oTorpaduueckoe M306paxkeHWe, W, Cneposa-
Te/lbHO, Mbl MOXEM W3MeHATb WX, MPOCTO MpubAnXKas
MPOEKTOP K 3KpaHy Wnv yaanss ero.

XoTa npoeuupyemMble M306paXeHUs ABNAKOTCA YepHO-
6enbIMK1, OKOHYaTeNbHOE roforpauyeckoe U306paxeHne
MMeeT TOT LBET, KOTOpbIM CO34aeT [eiCTBYIOLLAA Kak
npusama pagy>Has ronorpamma rMog COOTBETCTBYHOLLUM
yrnom 3peHus (no BepTukanu). lonorpamma ocBeLLaeT-
ca 06bI4HON NaMMoii, NoMmeLLaeMolr B CepefnHy UWAUHA-
pa, ee MOXHO MPOCTO MPUKPENUTb K KapTOHHOW pame,
noAfepXKu1Barolen MoKyl  ronorpapuueckyro  MniaeHKy.
N306paxeHns (puc. 33) nonyyatoTcAd APKUMU U YUCTbI-
MW, OJHAKO, KaK MpaBW/o, OHWU Xy>e M0 KayecTBy Tex
1300paXXeHNi, KOTOpble CO3L4at0T 06blYHblE MPOMYyCKato-
Wye nasepHble ronorpamMmmbl. OBbIMHO LMAUHAPUYECKME
rofiorpaMmmbl MMeroT hopmy HerosiHoro (360°) uunuHapa,



a npeacTaBnAlOT coboin  ero  «cermeHT» (120°), 3a-
KpeneHHbI B KapTOHHON pamMKe. Takas rosorpamma
[eNCTBYeT TOYHO TaK >Xe, KaK W MNofHas LUUIMHApUYe-
cKas.

Pafy>Hble LUWIVHAPUYECKUE rOMorpaMMbl BCNeACTBME
UX LUMPOKOro MPUMEHEHWUs W MPOCTOTbl HabnoAeHWUs no-
Nyunnn 6oMbLIOe pacrnpocTpaHeHne B M306pa3nTesibHOM
ronorpaduu. HekoTopble (UPMbI WU3TOTOBAAIOT  pPafyX-
Hble LWIMHAPWYECKME TONorpamMmMbl 15 MacCcoBOW npo-
[JaXW; Takue ronorpamMbl MOXHO /NerkKo W Hejoporo
KONMpoBaTth.

onorpammsbl, co3gaHHble OBM

WsrotosneHve ronorpamm ¢ nomouwbto 3BM  crasut
CBOE LeNMbil0  CO3[aHMe TPEXMEPHOro  M306paxeHus
00BLEKTOB, He CYLLeCTBYHOLIMX B AeNCTBUTENbHOCTM. [Mo-
[OGHbIA MeTOoS, MOXET OblTb OYeHb MOMe3eH B TeXHUYeC-
KOM NpOEeKTUPOBaHUN U  apXUTEKTYpe, MOCKOMbKY OH
[aeT MpPOEKTUPOBLLMKY BO3MOXHOCTb HarfsfgHo npej-
CTaBUTb, Kak OyaeT BbIrNsAAeTb paspaboTaHHbIi UM 00b-
eKT. KOHCTpYKTOpbl aBTOMOOGMIE MOryT MNPOAEMOHCTPM-
poBaTb TakUM 00pa3oM HOBYK MOfeNb asToMobuns, a
apXUTEKTOPbl — MOKa3aTh  3aKka3umMkaM, Kak  Oygert
BbIFNIAAETb €lle He TMOCTPOeHHOoe 3AaHue. [fonorpaMmbl,
cenaHHble 3BM, n03BONAKOT coO3f4aBaTb M306paxKeHUs
HepeasibHbIX BOOGPaXaemblX 0OBLEKTOB WAM  abCTpakT-
Hble KapTWHbl. Bofee KOHKPETHOe MpuMeHeHue IToT
METOZ MOXET HalTu AN  BU3YyalbHON [eMOHCTpauuu
pe3ynbTaToB pacyeToB, cfhefaHHbix Ha 3BM, B BuUAe
TPeXMepHbIX rpatukoB. [lpeAnonaraeTcd, UTO Takas
cucTeMa MOXET WCMo/b30BaThCA 15 OTOOpaXeHMs Mo-
NOXEHUA W TPAEeKTOPWIA aBTOMATUYECKM YMpaBnsieMblX
CaMosieToB, YTO MO3BONUT HEMELJIEHHO MPUHUMATb HYX-
Hble Mepbl NO MpPeAOTBPALLEHWNIO CTO/IKHOBEHWI Ccamore-
TOB B BO3AyXe.

MpocTewmnin 1 Hambonee 3PEKTUBHBIA CNOCO6 W3-
rOTOB/IEHMS rOfiorpaMM C rmomollbio IBM ocHoBaH Ha
MEeTOAe KOMMO3ULMOHHOM ronorpauu, pacCMOTPEHHOM B
npesblgyliem pasgene. B atom cnyyae paspabartbiBaet-
CA COOTBETCTBYlOLaA MporpaMma, cofepxalias BCHO
HEOOXOAUMYIO  «TPeXMepHYH0 MH(opMauunio» 0  gopme
00beKTa, M MaluMHe [aeTc 3ajaHve «WU3roToBUTb» Ce-



Puc. 34. Tonorpamma, cosgaHHas 3BM. MokasaHHas 34ecb nupamuja

He CyLLeCTBYeT M He CYLLECTBOBasia B AeWCTBUTENbHOCTW; 3TO BOCCTa-

HOB/IEHHOE M306paXkeHWe 06bekTa, roforpamma KoToporo 6bina pac-
CYMTaHa M BblYEpYEHA KOMMbIOTEPOM.

pUI0 ero ABYMepHbIX BWAOB CO BCeX CTOPOH. [anee c
MOMOLLBK 3TUX M300PaKEHWIA 3aMUCbIBAETCA KOMMO3M-
LMOHHaA rosiorpaMmMa, KOTopas W CO3JaeT TpexmepHoe
n3obpaxeHne obbvekTa. Mockonbky 3BM MoxeT fenatb
TONbKO rpauyeckme pPUCYHKW, KOHeYHas rosorpaMma
OyfeT co3faBaTb TPeXMEpPHOe KOHTYPHOe Mn306paxkeHune
06bekTa 6e3 Kakux-nMbo feTaneil MoBEPXHOCTY.

MpesnpUHUMANUCL  TakXXe MOMbITKA  UCMOb30BaTh
3BM pana pacyeta AeiCTBUTENIbHON WHTePdEpeHLMOHHOM
KapTUHbI, KOTOPYK CO3[aeT Ha rofiorpaMme Hekwii BO-
obpaxaeMblii 00beKT. MalumHa pucyeT rosorpaMmy B
YBE/IMYEHHOM MacluTabe, M ee YMeHbLUEHHY [0 Hop-
Ma/lbHOM  BeMMUMHLI - (hoTorpadmio  HabnogalT B Kore-
peHTHOM cBeTe. K COXaneHuto, MosyyeHHble TakuM Cro-
CO60M M306paxeHns faneku OT coBeplueHcTBa (puc.34).
naBHas npobnema 34ecb COCTOMT B TOM, YTO pacyert
NHTEP(EPEHLMOHHOM  KapTUHbI, 3anWMcaHHOW Ha  roso-
rpammMe, 3aHVMaeT CAWLLIKOM MHOro BpeMeHW (faxe A/
3BM), nocko/nbKy roforpamma HeceT B cebe upesBbl-
YaliHO 60/bLLIOE KOMIMYECTBO MHMOPMALMW.



Fonorpadus Kak HOBOe M306pas3uTesibHOE CPefCcTBO

C wu306peTeHnemM rosorpaum  Obll  CO34aH  HOBBIM
crnocob AemMOHCTpauuu  n3obpaxeHuin. O ronorpagum
4aCTO rOBOPAT KaK O «TPeXMEepHON hoTorpadum», XoTs,
Kak Mbl y>e Buienu, (hu3nyeckue NpUHLMNBI, nexatiune
B ee OCHOBe, B KOPHE OT/IMYAKTCA OT MPUHLMMOB 06bIY-
HOW (poTorpadmm. BO3MOXHOCTM ronorpadum  Kak M30-
OpasuTenibHOr0 CpesacTBa 06bIYHO OLEHMBAKOTCA MO Cpas-
HEHVIO C (poTorpadmenn, XoTs KaAabliA U3 3TUX Cnoco6oB
06/1ajaeT CBOMMM COBEPLUEHHO 0COObIMW  CBOWCTBaMMU.
Wuorga, ecnm peyb uAET O HEKOTOPbIX 6onee crneumgu-
YeCKMX acrekTax ronorpaguu, ee ropasfo Lenecoobpas-
Hee COMocTaBiATb C ApPYr¥MM  LUMPOKO W3BECTHLIMU
1306pa3nTe/lbHbIMA CPeACTBAMU, HanpumMep CO CKy/bI-
Typoil. Hepegko yTBepxpaaetcs, uto QoTorpagus Ha-
CTO/MbKO TOYHO KOMWPYET HaTypy, 4YTO OHa HWKOrga He
CMOXXET HailT CBOEro Mecta B WCKYCCTBE W CNoco6CTBO-
BaTb TBOPYECKOMY BbIP@KEHUIO JIMYHOCTW. H, Kak K
MHOrMe [Jpyrue, He pasfenslo Mofo6HOr0  MHeHUs.
B noaTBepxaeHWe CBOE TOYUKM 3peHWs MOry CKasartb,
4yTO B pAfe cnyyaes coTtorpagua notepresna BecbMa Cy-
LLIeCTBEHHble HeyJaus B CBOMX MOMbITKax repefatb
peasbHbll  MMP, W 3TO CBA3aHO C TaK Ha3blBaeMbIMU
«abeppaumamMm», WM UCKKEHUAMU, KOTOpble OHa CO3-
faer. HO uMeHHO 3TW HefgocTaTku  poTorpad MOoxeT
Y[A4HO WCMOMb30BaTh [NA CaMOBbIPOKEHUS U OCYLLe-
CTBNEHWUS CBOMX uAei. Tak, npexzae Bcero, ororpa-
(s — 3TO B3rNAL Ha MMP C MPUCYLLEN TONbKO [aHHOMY
(poTorpady, WHTEPECHOW ANA Hero W BblGpaHHON UM ca-
MUM TOYKM 3peHus. Potorpa Kak Obl FOBOPUT HaMm:
«MOCMOTPUTE Ha 3TOT npeameT (WM HA 3Ty CUEHY) C
TakoM-TO CTOPOHbI», OTOpackbiBas, TakuM 06pasom, BCe
Apyrue BUAEHUA [AaHHOW KapTWHbL. HAWBMAYaNbHOCTb
(hoTorpapa nposiBAseTCA B CamMOM Bbl6ope 00bekTa
N306paXKeHnss, M BAXHOCTb W 3HauyeHWe doTorpagpun
3aK/YaeTcqd B TOM, YTO OHa NIErKO MOXET 3TO WCMOofb-
30BaTb. 3fecb oTorpagms [LeiCTBUTENIbHO CXOAHa C
HaWWM COOCTBEHHbIM BOCTPUATUEM MUpPa — Beflb KaX-
[bll YenoBeK BMAWUT OKpyXatollee Mo-ceoemy. ([Apyras
«abeppaums» oTorpadumn, KOTOPYK TakKXe MOXHO WC-
NoNb30BaTb TBOPYECKN,— 3TO «I/y6uHa (HOKyca»; MeHss
ee, oTorpa MOXET «NPUINYLWNTL» Ha (oTorpagum



1300paXKEHNs HEKOTOPbIX MNPeAMETOB, 3aCHAB WX «HE B
(hoKyce».)

Elwe opHa BaxKHas 0COGeHHOCTb (hoTorpadum cocTo-
T B TOM, YTO OHa, KaK Mbl OTMeya/m B rn. 1, fgaet
COBEpLLUEHHO MJIOCKOE [BYMEpPHOe W300paxkeHne Mupa C
Y4YeTOM nepcrnekTvBbl. [py 3TOM OCMbICIEHHOCTb NOL06-
HbIX WM300paXXeHWiA sBnseTcs 6onee WM MeHee OYeBMA-
HbIM (haKTOM.

XoTa (poTorpadum npucylum n Jpyrme 0COBGeHHOCTW,
KOTOpble MOryT ObITb TBOPYECKWM WUCMO/b30BaHbl, MHE XO-
Tenocb Obl Mpexje BCEro BblLeNWUTb [Be 4YepTbl, OT/W-
yarolyie ee OT rosorpauu, a MMEHHO CO3JaHue MI0CKo-
ro 1306paxkeHns 1 BO3MOXHOCTb BbILENNTb T WU WHble
npeaMeTbl.

lonorpadus, KOHeYHo, CO3JaeT TpexmepHble K306pa-
XEHWS, HO WMEEeT /IM 3TO 3HaYeHWe MpU OLEHKe ee Kak
n306pasnTensHOro cpefctea? Korga Bbl Bnepeble BUAWTE
MPOCTYI0 ronorpammMy, 370 [eACTBUTENIbHO BOCMPUHMMa-
eTci B HOBWMHKY — OYeHb WHTEPECHO paccmaTpuBaTtb
TBepAble NpeAMeTbl, «napswye» B MPOCTPAHCTBE, XOTA
OH/ W He CYLLECTBYIOT Ha camoMm fene. OfHako, MocmoT-
peB C MOMAKXKMHLI NPOCTbIX rONOrpamm, Bbl yTpauumBae-
Te K HUM WHTepec W, ecTeCTBEHHO, 3aJyMblBaeTecCb, CTO-
UT NN pasrnagplBatb 6e3KM3HEHHbIE ros0rpaMmbl, Korga
MOXHO MO/1K000BATLCA CaMUM peasibHbIM MPeaMeTOM WK
ero BOMJ/IOLLEHMeM, Hanpumep, B cKynbntype. W ecnu ro-
norpajms  3aBOeBblBaeT YyCrex Kak W306pasunTensHoe
CPeACTBO W LUMPOKO WCMONb3YETCA XYAOXHUKAMKU W [py-
MM JedTensMu UCKyCCTBa N9 [AeMOHCTpauuu u3obpa-
YKEHWI, TO 3TO 3HA4YUT, 4YTO OHa 061agaeT MOWUCTUHE
YHUKa/IbHbIMW  CBOWCTBaMM, KOTOpble [enalT ee Hesa-
MEHUMOWA ANA onpeAeneHHbIX NPUMEHEHWUN.

lonorpadms  faeT  Ham  BM3yaslbHYHO  KOMWKO
(T. e. n306paxeHNe) 06bLEKTa, KOTOopas MOYTM BO BCEX
OTHOLLEHWSX COOTBETCTBYeT opuruHany. Ecim  u3obpa-
XKEHWEe Kakoro-nmbo o06bekTa HAC WHTEepPecyeT C TOYKU
3peHNs ero [AeMOHCTpauMuM C TOYHOM nepejayent Bcex
JeTaneid, TO 3[ecb MpeuMyLLecTBa ronorpaguu nepes
(poTorpathmeli HeOoCMOpVMbI, TaK Kak OHa faeT 06beMHoe
n306paxkeHne, KOTOPOe MOXHO paccmatpuBaTtb C /060N
CTOpoHbl (puc. 35). lNpepnonaraetcd, 4TO roforpaguio
MOXHO WCNOMb30BaTh /15 KOMIMIEKTOBaHUA CBOeobpas-
HblX 6ubnMoTeK, rhe OyLyT XpPaHWUTLCA rOon0rpaMmbl



Puc. 35. Tonorpadms Kak cnocob TOYHON (UKCauMM BHELUHEro Bufia
06BLEKTOB. 300paXeHWe udepena MymuM BbiMOMHEHO B COOTBETCTBUM
¢ nmporpamMmoii CMUTCOHOBCKOrO uHCTUTYTa (CLUA), nMetolei Lgnbto
co3fjaHne OObEMHBIX KOMWIA LEHHbIX MPOM3BEAEHUN WUCKYCCTBA, KOTO-
pbIM  YrpoXKaeT paspyLleHue. 3TO NpOrMycKarowas ronorpamma, mno-
3BONAIOLAA BOCCTaHaB/MBaTL W300pakeHWe B 0enoM CBeTe, MpUyeM
LBET M300paXeHWs He W3MeHsieTcs, ecin Habnofatb ero C pasHblX
CTOPOH.

NYYWMX CKYNbNTYp MuUpa, W TOrja LUMpOKas ayauTopus
MoMyYnT BO3MOXHOCTb YBWAETb 3T W3BasSHWUSA BO BCEM
NX «TPEXMEpPHOM» BeNMKOMenuu. bbinv Takxe npoBese-
Hbl 3KCMEPUMEHTbI MO WCMOMb30BaHUIO roforpagum Ans
MOMYYeHUs KOMWA OPEeBHWUX CTaTyi, KOTOPbIM Tpo3vT
paspyLueHve. KonuposaHue, OfHaKo, He CBOAMTCA Mpo-
CTO K CyXoW (huKcaumu feTasneill; OHO OTKpPbIBAeT peasib-
Hble BO3MOXHOCTU [A/18 TBOPYECKOrO BbIPAXEHWUS JIMYHO-
CTW, KOrfia peyb WAET, Hanpumep, O CO34aHWW NOPTPeTOoB
nogeid wnn n3obpaxkeHnn nensaxa. B aTmux cnydvasx
06BLEMHOCTb  FOI0rPaUUECcKOro M306paxxeHns SABNSETCA,
04eBMAHO, BECbMa BaXKHbIM MPEUMYLLECTBOM.
CyLLeCTBEHHOe pas3nuyme Mexay ronorpaguen un go-
Torpameli 3ak/4aeTcs B TOM, YTO BO3MOXHOCTU Xy-
[OXHVKA BO3[eCTBOBAaTb Ha BOCMPUATUE 3pUTENs, Bbl-



Puc. 36. lNMopTper /Mua 4enoBeka, MonydeHHsId METOZOM rosiorpagu-

YECKOi MHTEP(IePOMETPUM C ABOMHOMA IKCMO3ULMEA. «TaTyMpoBKa» Ha

NMUE YenoBeka npefcTaBnseT CO6OM Hekoe MCKaxeHne (Mm «abep-
paumio»), XapakTepHoe Ans [aHHOro ronorpaMyeckoro MeToja.

6upas Hambonee NOAXOAALWMIA pakypc NS HabnoAeHUs
[aHHOW CLEHbI, B 3TUX [BYX Cly4asx HeoAuHakoBbl. [pu
JEMOHCTpaLMM  1M306pasnTeNibHOM  ronorpaMmmbl  3pUTeSo
npefnaraeTca paccmaTpuBaTb MNpeaMeTbl, PaCMONIOXKeH-
Hble Ha CLEHe, B OKOLUKO rO0/j0rpaMMmbl, OCTaBAss emy
BO3MOXHOCTb  HabnogaTb M306paxeHne ¢ Hambosnee
YOO0OHbIX TOYeK 3peHus. (DTOT IPMEKT B 3HAYMTE/ILHOM
CTeMeHN YTpauMBaeTcs, €CM CLeHa BbITAHyTa B Mpo-
CTpaHCTBe M03aAM ronorpauyeckoli NNacTUHKKW, Mo-
CKO/IbKY B TakOM Ciy4yae Yrfibl 3peHus, Mof KOTOpbIMM
MOXHO BWAETb 3Ty CLEHY, CYLLECTBEHHO OFpaHWYeHbl.)
HanpotvB, BecbMa pacrnpoCTpaHeHHas pPasHOBWAHOCTb
(hoTorpagmy — XyL0XecTBeHHas oTorpadus — Cc ycre-
XOM WCMOMb3yeT BO3MOXHOCTb aKLEHTMpOBaTb BHUMa-
HUe 3puTeneil Ha OMnpefeneHHbIX feTansx WM npegna-
raTb MM COBEpLUEHHO OMpedeNieHHbI B3rNSL Ha BELLM.
Co3faHne Takoro pofa «MCKYCCTBEHHbIX W300paXKeHUN»
HeZOCTYMHO roforpagun B CUIy camoli ee Mpupoabl.
Bce, KTO uMeeT pgeno c ronorpaduein Kak wu3obpa-
3UTeNbHbIM CPEACTBOM, OCOGEHHO XY[OXHUKW, LO/MDKHbI
3HaTb €ee NOA/IMHHbIE BO3MOXHOCTU. "onorpadms obnagaet



CBOMMV  HEMoBTOPMMbIMW  CBOMCTBaMWM U HejocTaT-
KaMu, KOTOpble MOXHO TBOPYECKW WCMO/Mb30BaTh; Hanpu-
Mep, Takve MeTofpl, KakK [BOMHAasA 3KCnosuuus, rosorpa-
(bnuueckass uHTepdepomeTpus (0 Heli Mbl OydemM roBo-
PUTb B CrefytoLleid rnaBe) M BO3MOXHOCTb CO3[aHuWA
rofiorpaMm abCTPakTHbIX 0ObEMHbIX CBETALLMXCA M306pa-
XKEHUI [aloT LIMPOKOe Mofe AN TBOPYECKON [esATeflb-
HOCTW. 3ayacTylo ronorpauyeckve n300paxeHWs nopa-
XKaloT 3puTens MnpocTo CBOEA HOBM3HOW W HEOobbIYHO-
CTblO, U B 3TON CBA3M O ronorpaun Hepeako MULYT Kak
0 HEeKOM 3arafjo4HOM, (PaHTaCTUYECKOM SBNEHUN.

Mo cpaBHEHWIO C APYrMMK K1306pasuTeNbHbIMUA Cpea-
CTBaMW BO3MOXHOCTUW rosiorpajuu Ao Cux Mop ocTatoTcs
OTHOCWUTENIbHO He peann3oBaHHbIMW. OCHOBHble MPUYUHBI
3TOr0  3aK/YATCH B [0POrOBU3HE  rO/IOrpadUUecKoi
annapatypbl M TEXHWYECKON CMIOXHOCTU MONYYEeHUs ro-
norpaMm. BbICOKOKayecTBeHHas ronorpauyeckas anmna-
patypa CTOUT TbICAYM (DYHTOB CTEP/IMHIOB U TpebyeT
KBa/IM(ULMPOBAHHBIX CMeuuannucToB An1s ee 06CNyXuMBa-
HUS B mpouecce rosnorpaguposaHus. MOMbITKM CHU3UTb
LleHy KOHEYHOro «MpoAyKTa» MyTeM MacCOBOrO MpPowu3-
BOACTBA [0 CMX MOP WMENN OYeHb OrpaHWUYeHHbIN yCrex.
BBuay BbICOKOM CTOMMOCTM 00O0PY[OBaHUA /Wb OYeHb
HEMHOIMM  YA&/l0Cb 3aHATHCA M300pasuTelbHOM  rosno-
rpacueri, npuyem, Kak rnpasuio, B COLPYXeCTBE C 4acT-
HbIM/ WM YHUBEPCUTETCKMMMK nabopaTtopusamu. Bbico-
Kas CTOMMOCTb M C/IOXHOCTb ronorpajuyeckoro o6opy-
[0BaHWsA 3aTPYAHAIOT TBOPYECKME MOWUCKM 3TUX XYLO0X-
HAKOB W WX  BO3MOXHOCTM  60nee  aPdPeKTUBHO
NCMONb30BaTb [JaHHOe K306pasnTeNlbHOE CpeacTBO. Ta-
KM 06pa3om, ronorpadus Hapsagy ¢ gpyrumu opmamm
TEXHO/IOrMYECKOro W MHTENNeKTyasbHOro MCKyccTBa 3a-
CTaBnseT Hac MNepecMOTPeTb WM MO KpailnHein Mepe
PacLLUMPUTL MOHATUE «XYLOXHWK», BK/IKOUMB B HEr0 TeX,
KTO He TO/bKO 00najaeT CBOe06pasHbIM «3CTETUYECKUM
YyBCTBOM», HO W WMEET COOTBETCTBYIOLLYIO HayUYHYH MOA-
rOTOBKY. TeXHWYeckume OrpaHuyeHWs, B YaCTHOCTU pas-
Mep CYLLECTBYIOLMX ronorpaMmM M [0BOSIbHO 4acTo BO3-
HUKatoLas HeobX0AMMOCTb 3anucbiBaTb UX B 3aTeMHEH-
HOM MOMeLLEHUN, MPEensTCTBYIOT MOMeTY TBOPYECKOrO BO-
0bpaxeHns Xy[oXHWKa. MHorve xopoluve uaeyn npuxo-
AuTcA oTbpacbiBaTb MPOCTO MOTOMY, YTO OHU TEXHWUYECKMU
HEOCYLLeCTBUMBI.



MockonbKy ronorpagusa Kak CpefacTBo MHopmamu
COBEpLUEHCTBYeTCA W pa3BuBaeTcs (HEKOTOpble W3 HOB-
LUECTB Mbl PacCMOTPWM B /1. 7), MOXHO HaLeATbCH, 4TO
B OydylleM OHa HalfeT MHOrO HOBbIX WHTEepPeCHemwmx
NPUMeHeHWI, rhe yaacTcs peann3oBaTb BCE ee Creumdu-
yeckme cBoicTBa. CerogHs OCBEAOM/EHHbIA Habnoaa-
Tenb, paccMaTpuBas rofiorpaMmbl, SCHO OCO3HaeT, 4To
3TO BCEro /MlWb U306paXKeHus, a He peanbHble MNpeame-
Tbl (Mpexzae BCEro 3T0 OOBACHAETCA OTYETNMBO BbIpa-
XEHHOW 3epHUCTOCTBIO  M306paXeHUs), OfLHAaKO HacTy-
MUT [eHb, KOrfja KauyecTBO M300pakeHWs CTaHeT HACTO/lb-
KO BbICOKUM, YTO TO/IbKO MOCPEACTBOM OCA3aHWUS  Mbl
CMOXeM OT/iMYaTb ronorpauyeckre Mn300paxKeHUs ot
peasbHbIX MPeAMETOB, a CyLIECTBOBaHWE BOCMPOM3BOAS-
LLero YCTPOWCTBA HWMKaK He OygeT owywartbes. He
UCKMIOYEHO, 4To B OyAayllemM yaactcs nosnyyarb € Mo-
MoLWblo 3BM Takue ronorpammbl, KOTopble 6yayT «pea-
rMpoeaTb» Ha MpucyTCcTBMe Habntogatens. Ecnu  rono-
rpajus LOCTUrHeT MOAOGHOM CTaguu pasBUTUSA, TO Npu
aHa/n3e BOCMPUATMA TaKMX M3006paKeHWn 0653aTeflbHO
npugeTcs 6paTb B pacyeT MCUXOMOrMYECKMA  (haKTop.

[>xoHaTaH BeHTan B cBOell KHUre «Hayka M TexXHO-
norms B COBpeMeHHOM wuckyccTBe» (Science and Tech-
nology in Art Today, Thames and Hudson, 1972) B rna-
Be, MOCBSALLEHHON rosorpapun, roBopuT:

«Ecnn  ronorpadms, Kak npegnonaraetcs, €ecTb
paguKanbHO HOBOE CPeACTBO, TO OHa AO/HKHA pa3Bu-
BaTbCA He TONbKO Y)Xe MpeACKasaHHbIMK MyTAMU, HO
N COBEPLUEHHO HOBbIMW, HEBEAOMbIMM Ham. Yepes
HECKOMbKO /IeT OHa OyfAeT OKasbiBaTb B/MSIHWME Ha
Hale WCKYCCTBO, HalW MOBCEAHEBHbIE OLLYLLEHUS,
Hall A3bIK, Hall ObIT».

Tenepb Mbl PacCKaXeM O HEKOTOpPbIX MepBbiX Mpo6-
HbIX Llarax B WCMO/Mb30BaHUM 3TOrO HOBOrO CPeACTBa.
[0BOPA O NPUYMEHEHUM TakuMX M306pasvTe/bHbIX CPELCTB,
Kak otorpadma unm >KMBOMUCH, OBbIYHO BbILENAKOT [Be
06nacTW, a WMEHHO TaK Has3blBaeMble «U3SALLHOE» W
«KOMMepYecKoe» UCKyccTBa. XOTA MNofobHoe [AeneHue
HeNb3l CUMTaTh BMOSIHE Y[OBMETBOPUTE/IbHLIM, TEM He
MeHee Ham Y06HO BOCMO/b30BATbCA UM MPUMEHUTENBbHO
K ronorpauu: COOTBETCTBEHHO Mbl OyfeM roBOpUTb O
XY[0XECTBEHHOW U «KOMMEPYECKON» ronorpagum.



XyfpoxecTBeHHasi ronorpadus

CerogHa Mbl Y)XXe MOXeM Ha3BaTb psAfj XY[0XHWKOB,
KOTOpble  U3bICKMBAKOT M306pa3nTe/lbHble  BO3MOXHOCTY
ronorpaum WMMEHHO B ee OCOBGEHHOCTAX W «HefocTar-
Kax». $1 He B COCTOAHUW [aTb AOCTaTOYHO MOJHbLIA 1 aB-
TOPUTETHBIA 0630p PaboT, chAeNaHHbIX Ha OCHOBE 3TOro
HOBOIO M306pa3nTe/IbHOro CpeAcTBa, HO Hafekch, U4TO,
onupasch NWWb Ha pabdoTbl HEKOTOPbIX XYA0XHUKOB,
CMOry rokasaTb, Kak B MPUHLUMWMNE WCMOMb3yeTca roso-
rpagus, U HaMeTUTb KOe-Kakue NOTeHLMabHble BO3MOX-
HOCTW ee MPUMEHEHNS.

OOHVMM 13 NepBbIX XYA0XHWUKOB-XMUBOMNUCLEB, 06pa-
TUBLLUMXCA K ronorpadun, Obina MaprapeT BeHWOH,
Mpexzae 4YeM 3aHATbLCA ronorpaguein, oHa MHOro 3Kcre-
PUMEHTMPOBaNa C METOAOM  MOJyYeHUs  TPEXMEPHbIX
CTEpPeOCKONMUYECKNX  M300paXeHWi,  paccMaTprBaeMblX
yepe3 cneuuanbHble oyku. Pabotad B 1968—1971 rr. B
KOHTaKTe C OTAeneHWeM WCKYCCTB HOTTUHIeMCKOro yHu-
Bepcuteta (AHINNA), OHA CTana M3roTOBAATb rosorpam-
Mbl Ha TEXHWYEeCKOM (haKy/bTeTe 3TOr0 YHUBEPCUTETA, a
TaKXXe B COTPYAHWUYeCcTBE CO crieumanucTamy «bputui
AipkpadT KopnopeiwH». B 1970 r. B JIOHAOHe O6bina
opraHu3oBaHa MepBas BbICTaBKa ronorpauu. BbeHUOH
npeAcTaBuia Ha Heid CBOM ronorpaMmmbl, CO3faHHble C
NCNONb30BaHWEM  CMEUU(UKA  3TOro  U306pas3nTeNnbHOro
cpefcTBa. B ronorpamme, MosyyeHHOM METOLOM [BOMHOM
3KCNo3uumKn, npedMeTbl KaXyTcs nnasalowymy B Mpo-
CTPaHCTBE W MOJIOYHYHO OYTbIIKY 3pUTE/b BUAUT CKBO3b
anenscuH. Ha ronorpamme BeHUOH «l"opauMin  BO3AyX»
B MpoLecce MepBOA 3KCMO3ULUM  «3aruncaHbl»  MOTOKU
TEeNIoro BO34yXa, MCXOLAWME OT YallKu C YaeM, KOTopble
n300paXKeHbl KakK BUAWMbIE TeMHble BOJIHUCTbIE JIMHUW,
a pyKa, HaxoffLanaca B LEHTPe CLUeHbl, OCTanacb Hesa-
(bUKCMpoBaHHOM (BCNEACTBME ee ABMXXEHWS); Ha OKOHYa-
TENbHON >Ke TronorpammMe «3arosIHEHHOE» PYKOW npocT-
PaHCTBO MpeACTaeT nepes 3puUTenemM Kak TBephas, yep-
Has, uMetoLWas (opMy PpyKM MycToTa — CBOEOOPasHbIl
TPEXMEPHbIA «CUMY3T».

Mappuetr KactuH-Cuneep — apyragd XyLoXKHMLA, KO-
TOpas uccnefoBana YHUKalbHble CBOWCTBA ronorpapuu.
OHa pabotana B cogpyXectse C (M3MKOM CTUBEHOM
BeHTOHOM  (M306peTaTeneM pagy>XHbIX MPONYCKAKLLNX



Puc. 37. KaptuHa «/IHTepdiepeHLMOHHBIA sSwmk», 1969 r. Mponyckato-

Was ronorpamma, K306paxKkeHWe C KOTOPO BOCCTaHaBIMBAETCA B

cBeTe flasepa, Oblna BbINONHeHa MaprapeT BeHWoH coBMecTHO C [u-

Tepom Crincepom («BputuL  JiipkpadhT KopropeiiwH»). Pama rono-

rpaMmbl cfieflaHa M3 TOTO >Ke [epeBa, YTO W AWK, 3aneyaT/ieHHbI
Ha rosnorpamme.

rosorpamMM, ro3BONSAKOLWMX BOCCTaHaB/MBaTb M3006paxe-
HUe B 6enoM CcBeTe), MCNoMb3ys O0OblYHbIE TOMIOrPaMMbl
KaK OTpaxaTe/lbHOro, Tak W MponycKalolero Tuna; B
nocnefHee Bpems Xy[OXHWLUA CTana 3KCrepuMeHTUpo-
BaTb C rosforpaMmamMmu, nosyyaeMbiMyM Nno cxeme BeHTo-
Ha. XOTA nepBble ronorpaMmbl KacTuH-Cunsep 6binm
6onee wnM MeHee MNPOCTbIMW ronorpammamyt npesMeToB
(pvic. 38), BMOCMEACTBMM OHA OTOLUMA OT TaK HasbiBae-
MOW «ronorpauyeckoin CKynbnTypbl», 3aHABLUUCL TONO-
rpaMmamu, KOTOpble BOCCO3LAl0T abCTpakTHble 06beM-
Hble CBeTOBble KapTuHbl. KacTuH-Cuneep  sBnsfeTcs
acCUCTEHTOM rpodeccopa (U3MKN B BpayHCKOM yHVBEpCH-
Tete (CLLUA) v yneHom HayvHoro obuectsa npu LieHTpe
MepCrneKkTUBHbIX  WCCMefoBaHUA B 06/acT  1M306pasu-
TeNbHbIX cpeacts. B CLUA HeogHOKpaTHO OpraHu3oBbl-
Ba/ICb BbICTaBKM ee paboT MO XyAOXECTBEHHOW roso-
rpadgum, n oHa 6e3ycnoBHO AocTUrna 60MbLIOro MacTep-
cTBa B 3TOM 06nactn. KactuH-Cunsep 3asiBMa, YTO OHa



Puc. 38. «3OkBUhOKabHbIE BUAKK 1» — NponycKatoLlas MpoeKLMOHHasA

ronorpamma, cosgaHHasa [appuer KactuH-Cunsep n CruBeHOM beH-

TOHOM B 1977 r. O6beMHOe M306paxeHVe BUIOK JIOKaNM3YeTCs B Npo-

CTpaHCTBe nepef ronorpammoii —y Habntopatens BO3HWKAeT Henpeo-

[ONMMOe JKefaHWe [OTAHYTbCA W NOTporaTb 3TW «MpegMeTbl», KOTO-
pbIX Ha CaMOM [ene HeT.




Puc. 39. «"ono 17» — abCTpakTHOE CBETOBOE W306paXeHWe, CO34aH-

Hoe B 1973 r. Tlappuetr KactuH-Cuneep coBMecTHO co CTMBEHOM

BeHTOHOM. 3Ta rosnorpamma Mpy OCBELLEHWM f1a3epoOM CO3[aeT Co-

NPsHXKeHHOe  M300paXKeHVe, BO3HMKAOLLEE B MPOCTPAHCTBE  MeXay

HabnogaTenemM 1 NNACTUHKOM C FONOrPamMMOiA; OHO HamOMMWHaeT LUKYp-
KV pa3pe3aHHoro Ha fAO0NbKW anenbcuHa.

He cornacHa C TeM MHEHWeM, 4TO «B rofiorpauu Hert
HWYEro OT WCKyCCTBa», W panee: «XoTd, BO3MOXHO,
3[1eCb ero AeNCTBMTENbHO He TaK MHOro, Ha MO B3rnsf,
npobnema CcKopee 3aK/llO4aeTCHd B TOM, 4YTOObI MPUYYUTb
3puTeNs K YHUKa/IbHOW Mpupoae rosorpaum B LIESIOMY.

Heckonbko ronorpamm cgenan Ttakxe CanbsaTop
[anu, TouHee, MpegsioXun creypanicTaMm Mo rosnorpa-
(M HEKOTOpble WAEW MO U3TOTOBNEHUIO XYL0XKECTBEHHbIX
ronorpaMm. B 1973 r. oH co3gan rosorpapuueckuii
MopTpeT 3Be3fdbl POK-H-ponna 3nuca Kynepa, Ha3sas
cBoe TBOpeHue «[llon-ctap», OAHO BpeMsA OpUruHan ro-
norpammbl  Jann B Hblo-Mopkekoit ranepee Hopgnepa
oLleHuBanca B 25 TbIC. foNN.

LLBeackuii xXypoxHuk Kapn ®Ppegepuk Peiitepcyong
paboTan Kak C fnasepaMu, TaKk W C ronorpajuei. Ha
BbICTaBKE €ro rosiorpaMmm, coctossllercs B 1971 r. B
Noc-AHppkenece, 6bla, B 4aCTHOCTW, NpeAcTaBfieHa Tak
Ha3blBaemas «ayTorosiorpamma» — rosorpamma Jiasepa,
KOTOpbIi  UCNOMb30Ba/ICA AN €e  W3roToBneHus. B



MpocrnekTe K OfHOM M3 CBOMX BbICTABOK XYAOXHUK TaK
npeAcTaBun cBOK «onorpamMmy 6e3 nasepa:

«lMoka Bbl 4MTaeTe 3TV CfOBa, B BalWem CO3-
HaHUM MPOWCXOAST PasHOTO pofa M3MeHeHust  (BO
BCAKOM Cfly4yae, Mbl HafjeeMcsi Ha 3T0), W3MeHeHUs
MPOVCXOAST 1 B MPOCTPaHCTBE BOKPYr Bac, a Takxke
B BaC CaMuX. M1 TOYHO TaK XK€ MEHSIOTCS Balle Teno
1 €ro pacrosioXKeHne B MPOCTPaHCTBE».

B HekoTOpbIX Mysesx, Hanpumep B My3ee Hayku B
byjpdgano (CLUA) m HayuHom My3ee B JIOHAOHE, no-
CTOSHHO [e/CTBYIOT BbICTaBKM ronorpamm. B 1976 .
OTKpbINcs Hbto-Vopkeknii my3eid ronorpagun, KoTopblii
npu3BaH Crnoco6CcTBoBaTb OpraHv3auuy BbICTABOK r0/0-
rpaguuecknx paboT u CTUMYNMPOBaTb HOBble pa3paboT-
K1 B 3TON 06nacTu. EXXerogHo B My3ee [eWCTBYET C Mof-
OIOXKVHbI  BbICTABOK  rO/IOFPaMM  Pas/NYHbIX TUMOB Y
paboT XYLOXHUKOB, 3KCMEPUMEHTUPYIOLLMX Ha MOMpuLLe
ronorpagun. CyLLecTBYeT CreunasibHbIA  MarasvH, rge
MOXHO MNPUOBPECTM KHUMKA MO ronorpaun, a Takxke «ro-
norpaguyeckyto MPOAYKLUMIO»  (Harmpumep, TFONorpaMmbl
tOBENMPHBIX M3Aennii). Kpome TOro, opraHusytoTcs nepe-
[BVWKHbIE BbICTABKM rofiorpaMM WM Kypcbl Mo rosorpa-

hun.

Kommepueckaa ronorpadusi

C ronorpaguein CBA3bIBANIOCb HEMAso M1aHOB YUCTO
KOMMEepYeCcKOro xapakTepa, OfHAaKo [a/ieko He Bce U3
HUX yBEHYanUCb YcrnexoMm. OCHOBHbIM MpPensTCTBUEM
30eCb ONATb >Xe ABNAOTCA 3aTpaTbl Ha MPOW3BOACTBO
BbICOKOKAYeCTBEHHbIX TO/I0rpaMm.

OLHVUM U3 BaXHEWLUMX CTUMYNATOPOB pa3paboToK B
obnactu ronorpauu cnyxuT peknama. B 1972 r. Hbto-
IOPKCKUIA  HOBENMPHBI MarasuH KapTbe AeMOHCTPUpOBa
ronorpammy C M300paXXEHUEM PYKKW, AepKallein opunnu-
aHTOBOe KO/bLO W OpacneT. 3Ta ronorpamma 6bina cpe-
NaHa B KOHTaKTe C BeCbMa MPECTUXKHOM ronorpamyeckoi
nabopatopueli komnaHum «MakgoHen-Ayrnac». (31a na-
bopatopusi, B CBOE BpeMs OAHa W3 BefylyX B [aHHO
obnactn, B 1974 r. 3aKpblnacb, AMWMBLLUCL (HUHAHCOBOM
NoALEepXKN.)

CToMMOCTb Takoro pofa rosiorpaMm Oorpesensercs
TeM, HACKO/NIbKO LUMPOKO OHW WCMO/b3YHOTCA B PeKName.



He ucknioueHo, 4to B OyadylleM ronorpauyeckme pek-
NaMHble M306paKeHWs NPUOOPeTYT 6OMbLLYHD Nonynsp-
HOCTb;  OCOGEHHO  MEepPCreKTUBHbIMWA  MPeACTaBNATCA
KpynHomacluTabHble rosorpaMmbl Tvna apuw. bputan-
ckasa (upma no Mpou3BOACTBY rosorpamM coobuimna o6
W3roTOBNEHUN  TO/IOFPaMM,  CO3JAlOLMX  M306paxeHue
YenoBeKa, MbHOLEro MMBO M3 KPYXXKW; MOJ06HbIe rono-
rpaMmbl NpesnosiiaraeTcs MCMosb30BaTb Ha MUBHbLIX Ha-
cocax B 6Oapax. B panbHeiilleM (hUHaHCMpOBaHWE Hau-
6onee WHTEpPeCHbIX PaboT B XyAOXECTBEHHOW ronorpa-
(hvn ByfeT, BEPOATHO, OMpPefeNniTbCs TeM, HACKO/bKO OHW
npuBfeKarTeNbHbl C TOYKU 3PEHUS PeKnambl.

Bbln BbIABUHYT TakXe paf NPeAnoXeHWA Mo WUChosb-
30BaHUIO ronorpaduu B yyebHOM npouecce. [ronorpam-
MaMW BrOJSIHE MOXHO 3aMEeHWTb MHOTMe LUKO/IbHble BEeCh-
Ma [O0porocTosiime y4yeOHble MOLENW; KpPOMe TOro, WX
MOXHO BCTaBNATb B KHWMM B KayecTBe WNNHOCTpaLUid.
Tak, B u3gaHHyt0 B CLUA BcemupHyO 3HUMKIOMNEANIO
BMECTO OObIYHbIX WMHOCTPAUMIA BK/IKOYEHBI ThICAYM OTpa-
XartenbHblX ronorpaMm. OfHa AMOHCKas (upma Bbiny-
CKaeT B MNpOAaXy BWAEO3BYKOBOW Y4YEOHbIA KOMMEKT,
COCTOSALUMIA W3  MArHUTO(OHHLIX KacceT W rosorpamm.
AmepukaHckuii BM® B uUensix TPeHWPOBKM MWIOTOB
paspabatbiBaeT O0OBLEMHYK ron0rpatMyeckyro  Mogenb
camoreTa, B3feTatoLlero ¢ nasybbl aBuaHocua B OTKpbI-
TOM Mope. Hekas (upma nblTaeTcd W3roTOBUTbL [O/10-
rpauyeckyto UrpyLiky, CMbIC/1 KOTOPOM 3aK/tovaeTcs B
TOM, 4TO pebeHOK [Oo/MKeH MnofobpaTb KyOWUK, CXOAHbIN
no ¢opme € ero ronorpatuyeckum n3oopakeHeMm.

KomMmepyeckass ronorpatus nopogwna HOBOe Mems
XY[OOXHVKOB, 3HTY3MacToB ronorpajuu, KoTopble — B
OLVHOYKY WM rpynnamMmum — CO34at0T COOCTBEHHbIE TO/0-
rpauueckme CTyauu, rge paspabaTbiBatoT, NPOU3BOLAAT
W MyCcKalT B MPOJaXY KOe-Kakume ronorpaguyeckme
«m3genuna». Hanpumep, Puyapg POMMHCOH, MpesuaeHT
KOMNaHWn  «3nekTpuk  Ambpenna» B Cont-Jlelike
(CLLUA), paspaboTan cnocob6 nony4eHns BbICOKOKaue-
CTBEHHbIX OTpaXaTe/lbHbIX ronorpamm, perucTpupye-
MbIX Ha OMXPOMUPOBAHHON >XenaTWHe W MO3BONSAOLLMX
BOCCTaHaB/MBaTb M306paxeHVWe B 6enom cseTe. Vcnosb-
3ys 3TOT Cnocob, Ha3BaHHas KOMMaHUs W3roToBWNa Psf
6penokos (puc. 40) ¢ 06BLEMHbLIMU TOMOrpaPUUecKnMm



Puc. 40. Bpenok ¢ ronorpauyeckum usobpaxeHnem. OTpaxaresb-

Hasa ronorpaMma, Mo3BoNAOWAA BOCCTaHaBMBaTL W306paxeHue B

6enom cBeTe, 3anucaHa Ha OMXPOMMPOBAaHHON >KenaTuHe; OHa CO3fJaeT

upesBblyaliHO ApKoe 06bEMHOe W306pakeHWe B 06bIYHOM AHEBHOM
cBeTe.

N300pKEHNAMUN  Pa3/INYHBIX 3K30TUYECKUX BUAOB BpPO-
Je pacnatva unv nupamugsl Xeorca.

Mogo6HY0 KOMMaHWIo npeAcTaBnseT coboi u Lkona
ronorpagumn B CaH-PpaHuucko. Ee BosrnasnseT Jinowng
Kpocc — 6bIBLIMIA  cneuuanucT Mo nasepam, KOTOPbIN
[OEMOHCTPaTUBHO MOKWHYN 3Ty 06/1acTb AeATeNbHOCTU B
3HaK npoTecta NPOTUB ee MWIUTAPUCTCKOW HanpasneH-
HoCTW. Kpocc v ero Kosiern opraHvw3oBasn COGCTBEHHYHO
CTYAMtO B CTapoMm cKnage. Ytobbl [o6bITb cpeacTBa A4S
CBOMX BECbMa [OPOroCTOALUMX 3KCMEPUMEHTOB, OHW AaloT
YPOKM NpakTuyeckoit ronorpagum. MmeHHo Kpocc npeg-
NOXWM  METOL, NOMYYEHUSt MY/IbTUNMEKCHBIX LWIVHAPWY-
YECKMX Pajy>KHbIX ronorpamMm. B HacTosliee Bpems
KOMMaHus «MynbTUNIeKe» W3roTOBAAET A8  MPOLAXKM
LUMIMHAPUYECKUE TONOrpaMMbl, B TOM YWCME W Takue,
KOTOpble NepefatoT [ABMXKEHME.

B AHrwmn npu KuHocTyguu LllennepToH oOCHOBaHa
KomnaHusa «[0/10KOo», KOTOopas 3aHMMaeTcd YCOBEpLLEH-



CTBOBaHMEM MeTOJOB CO3[aHWA CBETOBbIX 3(EKTOB C
MPUMEHeHEM Na3epoB Y ronorpapun; KOomnaHus pacro-
naraet 60/bLUMMKU MaTepuasbHbIMU CPeLCTBAMU W OMbIT-
HbiMM  cneynannctamm. B Koponesckoil — Akagemum
NCKyCcCTB B JIOHAOHE KOMMaHusi «["0N0KO» OpraHu3oBaia
[Be BbICTaBKM M0f HasBaHMeM «CBeTOBble (haHTa3nUm»,
roe [4eMOHCTPUPOBAIUCL TOMOrPaMMbl U la3epHble CBe-
TOBble 3(hheKTbl. BbICTaBKM NpuBReKIM K cebe 60/bLIOE
BHUMaHWe O0OLLEeCTBEHHOCTM W BHOBb BO30OYAW/IN WHTepeC
K 3TUM K300pasuTensHbIM cpefcTeaM. KomnaHus 3aHu-
MaeTcsi TaKXe CO3[4aHMEM Pa3/INYHbIX N1a3epHbIX CBETO-
BbIX 3(PPEKTOB, KOTOPLIMM COMPOBOXAAKTCA BbICTYM/e-
HUA MONYNAPHON POK-TPYNMbl «Xy».

MoMMMO Ha3BaHHbIX 3fecb koMnaHui B EBporie n Ce-
BEPHO/ AMeprKe CYLLECTBYOT W Apyrve 00beAuHEHUs,
KOTOpble 3aHWMAKOTCHA MOJTyYeHWeM ronorpaMm U Bbiny-
CKOM ronorpajuyeckoin npoLyKLumu.

Han6osbliee uynucno nateHToB B 06/1acTv  ronorpa-
(v (BKNKOYas naTeHT Ha W3006peTeHVe MeTofda BHEO-
ceBo/ ronorpaumn JleiiTa M YnaTHuekca) npuHage-
XUt upme  «lonocoHuke», CLUA. Cocpefotouns B
CBOMX pyKax naTeHTHble npaBa, «[0NOCOHUKC» (haKTu-
yecky 06GnafaeT MOHOMOMMEN Ha HOBble pa3paboTKM B
3TOi 06/1aCTN KaK 1ccnefoBaTe/lbCKOro, Tak M KoOMMepye-
CKOro xapaktepa. ®upma «[0ONOTPOH», MOMHOCTLIO Mpe-
BpaTuBLIasca B uanan «0N0COHMKC», B OCHOBHOM Ha-
LefleHa Ha BHepeHwWe ronorpagun nyTem MOBbILIEHNS
3(pheKTMBHOCTN NpPOM3BOACTBA W CObITA ronorpaguye-
CKOW MpoAyKUMW, a TakXe BbINyCKa COOTBETCTBYHOLLEIO
0060pyJ0BaHMS Ha OCHOBE MPUHaA/eXallnx el NaTeHToB.
JTa (upma, KpoOMe TOro, 3aHWMaeTCd W3roTOB/IEHUEM
CreumanbHOro TOproBoro ¥ MpoMbiLLieHHOro 060py0Ba-
HWA BMeCTe C KOMMaHWAMW, KOTOPbIE Y>Ke BHEC/IN 3Ha-
UMTe/bHbIA BKNAZ B pacLUMpeHne U YCOBEPLUEHCTBOBaHME
ronorpanyeckoin MNpoMbILLNEHHOCTU. B TO e Bpems
KOMMaHua «3nekTpuk Ambpenna», Bo3rnasnsemas Pu-
yapZoM PONNVHCOHOM, NPOW3BOAMT 060pPYJOBaHME COB-
MECTHO C Kopnopauuein «®Paiiep [aiemeHg» (Takxke
(hunnanom «I0NOCOHUKC»), BCNELCTBME Yero W3roToBASA-
emble upmoli PonnuHcoHa 6penoku ¢ ronorpauyecku-
MU U300PXKEHUAMU  YaCTUYHO MepefaroTcs  KOMMaHum
«Paitep [ainemeHg»,



OcTaeTcd [06aBMTb, YTO KOHTPO/b (UpMbl «[010CO-
HUKC» Haf naTeHTamu B 0651acTu ronorpagum 6e3ycrios-
HO CKaXeTCA Ha pas3BuUTUM nocnefHein. Bo3MOXHO, no-
[06Has KOHLEHTpauus pecypcoB M TEXHWYECKOro OrbITa
B OAHUX pyKax OygeT HawnyywmMm o6pa3oM Ccrnoco6CTBo-
BaTb ObICTPOMY pa3BUTUIO [JaHHOr0 M306pasuUTeIbHOrOo
CpeAcTBa; OfHAaKO KOe-KTO BbICKa3blBaeT OMnaceHus, 4To
3TO MOXET OrpaHU4YUTb TBOPYECKME MOUCKU B 06/1acTK
ronorpagun. CobCTBEHHbIE WHTEpechl «I 0/IOCOHUKC» Ha-
npasfieHbl MpeXfje BCero Ha pa3BUTUE TEXHUYECKMX ac-
MeKTOB rosiorpauun, B MEPBYHO O4vepedb B 06NMacTU aky-
CTUYECKON ronorpaduu, KOTOPYH Mbl paccMOTpUM B
CneaytoLLein rnase.



MnaBa 6

rONOIrPA®INA
KAK MHCTPYMEHT MCCJ/IEOOBAHUNA

Mo CBOMM MPUMEHEHUAM B TEXHWKEe rosorpagpus
CXOfHa C TEXHUYECKOM W HayyHol (poTorpadmeii. B py-
KaxX XYOOXHWKOB, B peknamax W rasertax ortorpadus
CNY>XWUT 1306pasnTeNbHbIM CPeLCTBOM, OAHAKO Kak Me-
TOA OHa obnafaeT pALOM CBOKMCTB, KOTOpble AenatoT ee
MOMEe3HbIM  MHCTPYMEHTOM /19 Hay4YHbIX WCCeL0BaHWIA.
Bmecte ¢ TeM 3T aBe 061acTU MCNONL30BaHUA (PoTOrpa-
(hmn He pasgienieHbl Mexzay Cob60K KakMM-TO HenpoHuuae-
MbIM 6apbepoM, W WHOrLa YMCTO  HAyYHbliA MeTof, Ha-
npvMep WHgpakpacHas QoTorpagus, TBOPYECKU — pea-
NN3YeTCs B XYAOXKEeCTBEHHON (hoTorpadumu.

TexHW4YecKoe MCNoMb30BaHWe ronorpagumM OCHOBaHO
Ha HEeKOTOpbIX Creunnyecknx OCOBGEHHOCTAX 3TOro Me-
Tofa. W TOUHO Tak e, Kak B (hoTorpamu, HOBble Tex-
HUYECKME MPUMEHeHWUs ronorpagmm HaxoAsT CBOe OTpa-
XKEHMe B M300pasuTeNibHON  ronorpadu M cnyxart
TBOPYECKUM LenaM. HekoTopble 061acTV uccrefoBaHUN,
B YaCTHOCTM MOWUCKM BO3MOXHOCTEN ynyulleHus (oTo-
rpauyecknux amMynbCUiA, UCMOMb3YEMbIX B rosorpaguu, B
paBHON Mepe CMOCOOCTBYIOT pasBUTMIO Kak M306pasu-
TENbHON, TaK U TEXHUYECKOIN ronorpagum.

B 60-e rogbl uccnefosaTenibCKuUe Tpynnbl  MHOMMX
KPYMHbIX KOMMaHWA  COCPefoTouMIM  CBOW  YCWIMA  Ha
M3yYyeHUM pas/IMYHbIX CTOPOH rosnorpaduu. Yatie Bcero
OCHOBHbIM  MO6YAWTENbHLIM ~ MOTVMBOM K pa3BepTbiBa-
HUIO Takux paboT CNyXuio CTpemsieHne paspaboTatb
HOBYIO TONOrPaUUEcKy0 TEXHUKY NS YCOBEPLLEHCTBO-
BaHUA YXXe YKOPEHUBLUMXCA METOLOB, TakuX, KaK 3/1eKT-
poHuKa W dQoTorpaumsa. Hepenko Ha ronorpaumio BO3-
narann - UM3NNWHe ONTUMUCTUYHblE HAAeXAbl KaK Ha
crnocob6 peweHus Takux — npobnem, rae OHa Oblna



abCoMTHO HENPUrofHa, 1 3a 3TUM Heu3beXKHO CrefoBaso
pasoyapoBaHue. Cpefin yyeHbIX ronorpaus crana paxe
npesMeToM LUYTOK — KOrfa CNnoxHas npobnema 3aBogu-
na CcrneuuanucToB B TYMNWK, KTO-HMOYab 00653aTeslbHO
3amevan: «Hy, a Tenepb, Kak Bcerga, nornpobyem rono-
rpagpuio!»

OpHOii 13 Hambonee MHOrooGeLaloLmnx MepecrnekTB
ABNAETCA CO3faHue ronorpauyeckor «namatu» ISBM.
CyLLeCTBYIOT pa3/IMyHble YCTPOWCTBA, WX CUCTEMbI, CMO-
COBGHble COXpaHATb MHMOPMauUMio B (hopMe, MPUrogHON
ansa ee 06pabotkm Ha 3BM (HanpuvmMep, MarHWTHble
NEHTbl N AUCKK); MPU MPOEKTUPOBAHUW BbIYNCIUTENIBHOM
MallMHbl HOBOr0 TWMa pa3paboTyMku BblbUpaOT AN
Hee TaKyl 3anoMUHAIOLYH0 CUCTeMY, KOTOpas, Ha WX
B3rnag, obnafaeTt HavboMbMMK NpenMyLlecTBamu. [lep-
Bble MOMbITKX W3rOTOBWUTb ro/orpapuyeckme 3arnoMuHato-
LLMe CUCTEMbl HATOMKHY/IUCb Ha P TEXHUYECKMX Mpo6-
NeM, B YaCTHOCTW Ha OTCYTCTBME MOLXOAALMX /1a3epos,
6e3 KOTOpbIX 3TV CUCTEMbl YCTynanu O6bIYHbIM 3aroMu-
HaloLWyM  ycTporcTBaM. [ofo6Hble TPYAHOCTWM BO3HUKa-
£T W Npu ApYruX TEXHUYECKMX MPUMEHEHUsX rosorpa-

.

Ha wwecTugecaTble rogpl npullencs pacuseT ronorpa-
(hryecknx uccnefoBaHW, Korfja KasanocCb, YTO 3TOT Me-
TOA MpPUHECeT peLleHre pa3HoobpasHbIX NpobieM Hayku
M TexHukW. Torga K paboTam, CBA3aHHbIM C ronorpagpu-
ell, OblM NpUB/IEYEHbl MHOTVie UCCNeLoBaTe/lbCKUe rpyn-
nbl, ocobeHHo B CLUA, 1 TOrga >e nosiBUMUCL COTHM
Hay4HbIX My6nMKaumiA No JaHHOMY BOMpocCy.

B Te rogbl MMEHHO TeXHUYeCKOe MpPUMEHEHWE rO0M0-
rpauy CYATaIOCh OCHOBHbIM HarpaB/ieHWeM MOUCKOB, W,
noTeprnes Heyjady, MHOrMe Wuccnegosatend  6pocunu
ronorpauio 1 obpatunucb K apyrum npobaemam. XoTs
HEKOTOpble rPynMbl  MO-MPeXHEMY  MPOAO/IKAIOT  3aHU-
MaTbCA WCCNEAoBaHWAMU U pa3paboTKamu, CBA3aHHbIMU
C TEXHUYECKOW ronorpaduein, n HabnwogaeTcs [OCTaTOY-
HO YCTOWuMBbIA Mporpecc B 061acTM M306pa3nTeNibHONM
ronorpaguu, NPOMAET eLle HEMAsIo BPEMEHU, NPeXae Yem
roforpagus CMOXET OnpaBfaTb BO3/araBlUMecs Ha Hee
Hagexabl. YUTobbl rosorpafuyeckue ycTporcTBa MamsTi
OKa3a/MCb KOHKYPEHTOCMOCOOHbIMU W HaLM  LUMPOKOe
NPUMEHeHWe, HeOOXOAMMbl TakXKe 3HauyMTe/lbHble YCrexu
B TakuMx 06nactax, Kak, Hanpumep, paspaboTka na3epos.



Fonorpadguueckass MUKpPOCKOMNMUS

Wpea ronorpadun BriepBble BO3HWKNA Yy JleHHuca
labopa, Korga OH pabotan B naboparopum ToOMCOHa —
XoycToHa (B Parbu, AHrnvs) Hag npobnemoli noBblLle-
HUS  YCUNEHWS 3NIEKTPOHHOrO MUMKpOCKOMa [0 TeopeTu-
YeCKM BO3MOXHOIO npegena. Pe3ynbTaTbl CBOel paboThbl
labop onybnukoBan B >KypHane Nature B Mae
1948 r. B KOPOTKOM NWUCbME, 03arnaBneHHOM «HOBbIN
MPUHUMN  MUKPOCKOMUM». Er0 OTKpbITWE He MNpOo3BYyYasio
«KaK TpOM C SACHOr0 Heba», OHO B HEKOTOPOM CMbIC/ie
OblNI0  €CTECTBEHHbIM PAa3BUTVEM YXKE MPOBOAUBLLNXCS
Torga WCCnefoBaHUiA, CBA3aHHLIX C METOLOM PEHTreHOB-
CKOA MUKpOCKONuW. B COOTBETCTBUM C OCHOBHbIMW TEO-
peTUYeCKMM NpUHUMNaMn  roforpagumn  Fabop ybeam-
TeNbHO MNPOAEMOHCTPUPOBAT BO3MOXHOCTU  MCMOJb30Ba-
HUA  BUAMMOrO M3/yYeHUs Hanbosiee BbICOKOKAYECTBEHHbIX
WCTOYHUKOB KOrepeHTHOro CBeTa, CyLLeCTBOBABLUMX B TO
Bpems.

ONeKTpOHHaA  MWKPOCKOMUA B MpUHUMNE Mofo6Ha
06bI4YHOM OMTUYECKOW. ITO 0OYC/I0BNEHO TEM, YTO 3/1EKT-
POHbl — Me/lbYaiilume OTpULATENIbHO  3apSXKEHHble  Ya-
CTUUbl — 06/134a10T  TaKXXe BOJIHOBbIMW  CBOMCTBaMU 1
Mpy MOMOLUM CMeLMaIbHbIX JIMH3 UX MOXHO CHOKYCMpo-
BaTb TakuM 06pa3oM, 4TOObl MOMYYUTb YBE/NYEHHbIE
N306paXKEHNS  MUKPOCKOMUYECKUX OOBEKTOB. O/EKTPOH-
Hble BOMHbI MOFYT WHTepdepupoBaTb MeXay Ccoboi 1,
nafas Ha QoTorpauueckyto MNacTUHKY, co3jasaTb TOT
e 3deKT, UYTO U CBETOBbIE BOJIHbI, MPUYEM 06/1acTy,
roe WHTEHCWBHOCTb 3/IEKTPOHHbLIX BOMH Be/MKa, OKasbl-
BalOTCA Ha NnacTUHKe TeMHbIMW. Wpaes Mabopa cocTosna
B TOM, 4TOObl, UCMOMb3ys WUMEIOLMIACA B €ro pacnops-
XEHUWM KOTEPEeHTHbIA WUCTOYHMK 3/1EKTPOHOB, 3anucatb
rofiorpaMMy MMUKPOCKOMWYECKOro O06beKTa; ecny 3aTem
3Ty rosnorpaMmy B MpoLece BOCCTaHOB/IEHUS OCBETUTH
KOTepeHTHbIMU  CBETOBbIMW  BOSIHAMW, TO TEOPETUYECKMU
[O/MKHO MOMYYUTHCS 3HAUYUTENIbHO YBENUYEHHOE O00beM-
HOe M306paXKeHne JaHHOr0 MUKPOCKOMMYECKOro 06bekTa.
YBenuueHve 06YCI0BNEHO TeM, YTO rosiorpaMma cosja-
eTcAd BO/IHAMU (3N1EeKTPOHHBIMK), [A/IMHA KOTOPbIX MHOro
MeHbLUE [JIMHbl CBETOBbIX BOJH, WCMO/b3yeMbIX AN ee
BOCCTaHOBMeHMA. [abop Hagesncsd, 4to MoAo6HbIM npo-
Lecc NO3BOMWUT cAenaTb BUAUMbIMK - GOnee  Mesikue



JeTany 06beKTa, YeM 3TO Npexze yAaBanoch Mpy MOMOLLM
3NEKTPOHHOro MUKpockona. K coxaneHuto, npob6nieMa
ynupanacb B CO3[aHWe KOrepeHTHOro MCTOYHUKA 3/1eKT-
POHOB, ¥ Ha CaMOM [efle KayeCTBO TaKOro MWKPOCKONa
HUKOrga He  [OCTUI/I0O  TEOPETMYEeCKM  BO3MOXHOIO
YPOBHS.

OfHako ronorpagms € WCMO/Mb30BaHWEM CBETOBbIX
BO/IH Hawna npUMeHeHVe B OObIYHON  MUKPOCKOMUN.
OnTuYyecKMe MUKPOCKOMbl — T€, YTO WCMOMb3YHTCA A1
nuccnefoBaHUsa  OMonormyeckux — 06pasLoB,— (oKycupy-
OTCS TOMbKO HAa OAMH TOHKWIA cnoi obpasua. Y4acTKw,
PacrofioXKeHHble BbIlle W HUDKE [AHHOro Cfosl, OKasbl-
BalOTCA «He B (poKyce». ITO CO3[4aeT 3HaYMTE/bHble
TPYAHOCTU NpW  HaGMIOLEHWN  MeNbYalluMX OOBLEKTOB,
Hanpumep 6GakTepun, KOTOpas [ABWXETCA Yepe3 obpasel
B BEPTUKaJbHOM Hanpas/ieHUN; B TakOM Cry4ae, 4TOObI
CnefuTb 3a MepemelleHVeM O06bekTa W JepxaTtb ero
CTPOro «B (POKYyCe», MPUXOAMTCA HEMPepbIBHO W3MEHATb
(hOKYCMPOBKY MWKPOCKONMA.

onorpauyeckMe MMKPOCKOMbI  MO3BO/MIAKOT  0O0NTK
3Ty TPYAHOCTb, MOCKO/MIbKY PerucTpupyroT ronorpaMmmy
obpasla, Kak Obl «3aCTbIBLUErO» B HEKOTOPbIA MOMEHT.
Mo3aHee MOXHO He criella M3yyatb U306paxeHMe obpas-
La noj MWKPOCKOMOM, He OnacascCb, Y4T0 OOBEKT HEOXU-
[aHHO CABUHETCH C MecTa.

370, B YaCTHOCTW, WMeEeT 3HayeHue Mpu MuccrefoBa-
HUM MefbyaliLLMX YacTUyeK B aTmoctepe — MbUIMHOK 1
PasNNYHbIX 3arpsA3HEHWIn,— KOTOpble HEMpecTaHHO [BU-
XyTcs.  HabnwogeHue ronorpauuecknx  1306paxkeHwni
pasnMyYHbIX NpPo6 BO34yXa MO3BOMSET BHUMATENbHO W3-
UATb pasMepbl W pacrnpeferneHve Takux 4acTuy B 060N
HY)XXHbIA MOMEHT.

O6a onucaHHbIX NPUMEHeHWUs ronorpaduy UHTEPECHDI
TeM, YTO OHW MpPeACTaBNAT CO6OM MNPUMEPbl CUTYyaLuu,
Korga paboTtatb C rosorpauueckuM  M306paxKeHViem
OKa3blBaeTCs ropasfo LienecoobpasHee, Yem C peaibHbIM
06BEKTOM.

Fonorpaduueckass MHTepepomMeTpusi

NHTepthepomeTpus — 370 NabopaToOpHbIA MeTof uC-
CNefoBaHMsA, KOTOPbIA [aeT BO3MOXHOCTb OOHapYXMBaThb
M U3MEPATb HWYTOXHO Masible CMELLEHNS O0ObLEKTOB, UC-



nonb3ys AN 37O Lenu uHTepepeHUMOHHble 3((eKTbl,
co3gaBaeMble CBeTOM. [lpyv MOMOLWM [JaHHOrO MeToja
yfjaeTca U3MepuTb MepeMeLLeHns nopsaka A7MHbI BOJHbI
(T.e. B O4HY ThiCAYHYO MunaumMeTpa). OB6bIYHON UHTEp-
(bepoOMeTpUM NPUCYLLM OMpeseNieHHble HefoCTaTKu, orpa-
HUYMBAIOLLME €ee WCMO/b30BaHWe B HEKOTOPbIX Crewuuasb-
HbIX cnyvasx. Cneumanuctbl 1o ronorpaguu Muuuran-
CKOrO  yHMBEpCcWUTETA CAyYalHO  OOHapy>Xunu,  4To
06beiMHEHNe ronorpaun U NUHTEPGEPOMETPUN OTKPbIBa-
eT NyTb K CO34aHUI0 HOBOIO 3(QeKTUBHOro MeToma
nccnegosaHuin. Korga ofHaxzabl B npolecce rosnorpagu-
poBaHWs OOBEKT C/yYailHO CABWHY/CA C MecTa, NoBepx-
HOCTb €ro BOCCTaHOB/IEHHOr0 W300paXeHWs oKa3anachb,
CNOBHO 3e6pa, MOKPbLITON TeMHbIMK nofiocamu. Bckope
CMeumanmncTbl BbICHAIW, C YeM CBf3aH 3TOT 3(MeKT, u
CMOI/IN  BOCCTaHOBWTb CMeELLEHNEe, KOTOPOe MpuBeno K
MOSBNEHNIO Takoro u3obpaxeHus. B panbHeiwweM OHM
pasBuiN HOBbIM METOZ, MOMYYMBLUMIA Ha3BaHWe rosorpa-
(hnyeckolt MHTepdepomeTpun. bnarogaps 3Tomy MeToay
CTal0  BO3MOXHbLIM ~ M3MEPATb  HUYTOXHbIE  ABMXKEHUS
00beKTa, Hanpumep Masienine KU3MeHeHUs ero (opMbl,
WM n3yyaTb, KakuM 00pa3oM MNpPOUCXOAAT KonebaHus
MOBEPXHOCTW, CKaXeM, [Jeku rutapbl (cM. puc. 44),

Kak oTmevanocb B /. 4, Ha OQHOM W TOW e (oTO-
rpaMyeckoin NNacTUHKE MOXHO 3aperucTpumposatb [Be
rosnorpammbl. Ho Tam He roBOpPWIOCb O BO3MOXHOCTU
NHTEP(epeHLUY MeXay [BYMS BOCCTaHOB/IEHHbIMU BOSI-
HOBbIMW (DpOHTaMK. ITOT 3(EKT He3aMeTeH, ecnm BOJ-
HOBble (DPOHTbI aOCOMKOTHO HEMOXOXMU MexAy COo60iA,
Kak, Hanpumep, B C/y4ae, Korfa [jBa BO/IHOBbIX (DpOHTA
CO3Jat0TCA 0OBEKTOM, KOTOPbIA 3amnuCbiBa/iCA Ha rosio-
rpaMmbl B [IByX COBEPLUEHHO Pa3/IMYHbIX MOMIOXKEHUAX.
OfHako UMHTepdepeHUMs OKa3blBaeTCAd  CYLLECTBEHHON,
ecii OfiH W TOT >Xe NpeaMeT KakMM-TO 006pa3oM O4YeHb
cnabo [eopMMpoBa/CA B TMPOMEXYTKE MeXAY [ABYMS
akcnosuumaMu. B obuiem cryyae TakuMM MNyTeM MOXHO
Habnogatb BeCbMa MaJible, He pas/iMyuMMmble rnasoMm fe-
(hopmaLuv; Hanpumep, ecnu Wccrefyemblii npegMer 3a-
XaT B TUCKW, Mbl MOXeM MPOCTO YyTb-YyTb YCUIUTb WX
3aXUM. B pesynbTate WHTepepeHUMU MeXay BO/HOBbI-
MU (DPOHTaMW, CO3JaHHbIMU 3TUMU [BYMS TMOYTW WAEH-
TUYHBIMM  M306pAKEHUAMW NpefMeTa, BOCCTAHOB/IEHHOE
n3o6paxeHne 0OyaeT WUMeTb 3e6pOnofoOHbLIA BUA — ero



MOBEPXHOCTb OKaXXeTCA MOKPbITOA TEMHbIMW  JIMHWUAMM.
Takoe wu306pakeHne MOKa3blBaeT, Kakum 06pa3oM no-
BEPXHOCTb MpeAMeTa CMeLlanacb B rnpouecce Aegopma-
UMW, W HarfagHo MNPefcTaBfisfeT «/MHWAU CXaTus», Mo-
POX[EHHbIE 3TUM [BUXEHVEM.

UTobbl MOHATb, KaK BO3HWKaeT NOJo6Has KapTuHa,
HaM MpuAeTcad pPaccMOTPETb pesy/bTaT MHTepgepeHLun
[BYX CBETOBbIX BO/IH OT [JBYX BOCCTaHOB/NEHHbIX W306-
PaXEHWU KaXXAOW TOukM npegmeTta. Ecnv mexay ABymA
IKCNO3ULMAMI TOYKA CABWUraeTcsi Ha MOMOBUHY [/INHbI
BO/IHbl WM HA LieN0e YMC/I0 MNOJYBOJH, TO BOCCTAHOB/IEH-
Hble BOJ/IHbI, COOTBETCTBYIOLLME [AHHOW TOYKe, Haxo4ATCS
B MpoTMBO(a3e U racAatT Jpyr gpyra Ha W300paxeHun,
MO3TOMY TOYKa OKa3blBaeTCH TeMHOW. W1 HaobopoT, ecnm
TOYKa CMELLaeTcs Ha Lenoe YUCNo [/MH BOJH, TO CBe-
TOBble BOMHbI OT [BYX ee M306paxeHuin GyayT B (hase,
M Ha ronorpammMe 3ta TOYKa OKa3blBaeTCA CBET/I0W. Ta-
KAM 00pa3oM, JSIMHWM Ha MOBEPXHOCTM M306paXeHUs
npeameTa COeAWHSAIOT MeXzJy CO0O0A TOYKM, KOTOpble B
MPOMEXYTKe MeXAy [ABYMs 3KCNO3UUUAMU CMeCTUIUCH
O4MHaKOBO. JTO TaK Ha3blBaeMble NMHUM paBHOW Aedop-
mMauum. Ha «nonocaTtom» M306paXeHWM OHWM B 06LLEM
KOHLEHTPUPYIOTCA BOKPYr TOYeK, rfe B UCCNeLyeMoMm
00beKTe O00HapYy)XMBaeTCA KakoW-TO [fepeKkT wuaM no-
NOCTb.

OnucaHHbI  MEeTOA, Ha3blBaeTCs  ronorpatmyeckoi
NHTepdepoMeTpUen C [ABOMHOWA 3Kcnosuumen (pesynb-
TUPYIOLLYO TO/IOFpamMMy 4acTo HasblBarT  «MHTepdepo-
rpaMmoi») W NPUrofeH Ans U3y4yeHWs NH06bIX OOBLEKTOB,
eCc/ii TO/IbKO OHW Y[0OHbI ANA ronorpagupoBaHus. ITOT
METOZ OKa3a/lCd 4pe3BblyaliHO MOMe3HbIM N8 «Hepaspy-
LIAKOLLEro» UCMbITAHNA KOMMOHEHTOB Pa3/IMYHbIX KOHCT-
PYKUMIA, Hanpumep aBTOMOOW/bHbIX LWKH (puc. 41).
3[€eCb 3KCMO3WLMS MpPOM3BOAMMACh, KOrAa LUMHY Haka-
ynBasIn: CHayasa MNpu HU3KOM [aBfieHUW, 3aTeM — Mpu
6onee BbICOKOM. [lepeKTbl LUMH TakMM 06pasoM MOXKHO
00HapYy>XUTb, He npuberas K «UCMbITaHUAM Ha paspy-
LLIEHe».

[aHHbIA  MeTof O0CO6EHHO 3(EKTUBEH, €cin  rono-
rpaupoBaHvie MPOM3BOAUTCA C WUMMYNbCHLIM Na3epoM,
MOCKO/IbKY B TakoM C/lyyae YAaeTcs MU3yuaTb OOBLEKTbI,
[BVDKYLLMECA 4pe3Bbl4aHO MeAJ/IeHHO: Harpumep, MOX-
HO MpPOC/MeAUTb POCT pacTeHUs 3a BPeMSi MeHbLUE MUHY-



Puc. 41. Tonorpamma aBTOMOOMBHOW LUMHBI, MOy4YEHHas METOAOM

[BOVHOM 3kcno3vuyu. ToYTM  MUKPOCKOMWUYECKOE [ABVXKEHME  LUMHbI

NposBNsSeTCA B BWAE TEMHbIX JMHWIA, TMOKPbLIBAIOLLMX €e OoBepX-

HOCTb, — 3TO JIMHUM PABHOFO CMELLEHNA MOBEPXHOCTU. [aHHbI MeTOf

Mo3BOMIAIET NErKO BbISABUTL  AedeKTbl LWMHbI (Ha oTorpadum OoHu
yKasaHbl CTpenkamu).

Tol. [onorpaguueckas WHTEP(EpOMETPUS [aeT Takxe
BO3MOXHOCTb  «yBUAETb» YAApPHYH BOSIHY, CO3LaHHYHO
CHapALOM; C 3TOW LeNbl CHayana fenatoT rosorpamMmmy
UMCTOTO 3KpaHa, a 3aTeM elle pa3 3anucbiBalOT ero Ha
roforpaMMy BMeCTe C MPOJIETAOWMM MNepes HAM CHaps-
[OM. Y[apHas BO/MHa npeAcTaBnser cobol BOMHbI AaB-
NeHVs B BO34yXe, W Ha3BaHHbIA MeTo[ MNO3BONSET Ccle-
natb ee BAAUMOW (CM. puc. 28).

Lpyroin MmeTof, Ha3blBaeMblid ronorpauyeckon uH-
TepdepoMeTpueil C BPEMEHHbIM YCPeAHEHUEM, WUCMOMb3y-
etcd  And  U3ydeHus BMOpauuii MOBEPXHOCTER. Takwue
00bEKTbI, Kak, Hanpumep, feka rutapbl, Ha OnpejeneH-
HbIX 4acTOTax pPe3oHupyloT. Korga 3To MpoucxoguT, mo-
BEPXHOCTb  [BWXKETCA  COBEPLUEHHO  OMNpe/eNieHHbIM
06pa3oM; Mpy 3TOM ee MOXHO pas3fennTb Ha 061acTw,
roe [BWKEHWE MPOUCXOAUT BBEPX-BHU3 WM BHYTPb-



Puc. 42. Tonorpamma MWKPOBO/HOBOA aHTEHHbI KOCMWYECKOr0 Kopa-
65, NonyyeHHas MeTO4OM ABOWHON 3KCNO3vLmW. TemHble MHUM NOKa-
3bIBAlOT CMELLEHNA MOBEPXHOCTU aHTEHHbI, BO3HMKAIOLLME MPW Haxa-
TAM Ha Hee NasblieM (3TO cAenan OAWH M3 NOfERA, CTOAWMX CreBa).
BbicOKas 4yBCTBMTENBHOCTb [JaHHOrO MeToAa MO03BONSET  YBUAETb
Maseiilyto  Aedhopmalio  MOBEPXHOCTU aHTEHHbI. HEPOBHOCTL /IMHMIA
B /IEBO/ BepxHeM uYacTu oTtorpacdum (Hag nofgsmu) 06ycnoBieHa
B [IAHHOM C/ly4yae KOHBEKLMOHHLIMW MOTOKaMW BO3fyXa OT Tena ue-
NnoBeka.

HapyXy, BLO/b € rpaHuL, 3TuUX 0611acTeil MOBEPXHOCTb
MpaKTUYeckn HenoABwxHa. [pu  KonebaHWsAX Yy4acToK
MOBEPXHOCTW 6O/IbLLUYI0 Y4acTb BPEMEHU HaxXOAWUTCA B 0f-
HOM W3 3KCTpeMasibHbIX COCTOSHWIA [BUKEHUA: OH 3aMef-
NseTca nepef, OCTaHOBKOW, a 3aTeM TaK >Xe Mef/1IeHHO
YCKOpSAETCS B MPOTUBOMOMIOXXHOM HanpasneHun. [osno-
rpammMa BMOPUPYHOLLEro 06bekTa [aeT TO e caMoe M3006-
paXeHWe, 4TO W MOMYyYeHHas METOLOM [BOMHOM 3KCMo-
3L TOIorpaMMa 3KCTPEeMasIbHbIX — MOMOXEHUI  3TOro
o6bekTa. [loBepxHOCTb BbIrMbaeTcsd WM BAaBNUBAETCH,
Kak npaBufio, B LEHTPe [ABWKYLLMXCA Y4acTKOB, XOTA
CMeLLieHMe ee 06bIYHO TaK Mano, YTO HepasMyumo rna-
30M. W CcHOBa OKOHYaTe/lbHOE W300paXkeHne, KOTOpoe
CO3[jaeT rofiorpaMma, OKa3blBaeTcs MO BCel MOBEPXHO-



Puc. 43. Tonorpamma rutapbl, MonyyYeHHas METOAOM WHTep(hepomMeT-

puM C BpeMEHHbIM YycCpefHeHWeMm. 3TW rofiorpaMmbl, 3anucaHHbIe B

npoLiecce KonebaHWin TruTapbl Ha Pas3/MYHbIX 4YacToTax, MO3BONSAOT
NnpoBepATb U y/ydllaTb KauyecTBO 3BYYaHWA WHCTPYMEHTOB.

CTU MOKPbITbIM TEMHbLIMWA W CBET/IbIMU  JINHWUAMU, HO
Ternepb 370 yXe OyAyT NMHWX PaBHON aMNAUTYAbl Kose-
6aHWil, KOTOpble MOKa3bIBAKOT, HACKOMbKO CMeLyaeTcs
KaxKgas To4yKa MOBEPXHOCTM 00bekTa B npouece Kone-
6aHWn. JTOT MeTOA, B 4aCTHOCTW, WCNOMb30BaniCcAa ANA
M3yyeHns KonebaHum AnGAHY30poB rPOMKOroBopuTENei;




Puc. 44. Tonorpammbl Auddysopa FPOMKOroBOpUTENS, MOAYYEHHbIE
METOAOM WHTEP(EPOMETPUM C BPEMEHHBLIM  yCpefHeHVeM. C/oXHble
KapTWHbI JIMHWA Ha MOBEPXHOCTM Andy30pa MOKa3bIBAlOT, Kak OHa
BMOPMPYET Ha PasMYHbIX 4acToTax, M MOMOraloT paspaboTuMkam
YAYYLNTb KauecTBO 3BYYaHUs TFPOMKOrOBOPUTENENA.

OH Hallen TakXe MpuUMeHeHWe npu pa3paboTke Mys3bl-
Ka/IbHbIX WHCTPYMEHTOB, Hanpumep rutap.

C camoro Hayana rosorpajuyeckas WHTEP(epomeT-
pus  ABNANacb OCHOBHbIM TEXHUYECKUM MPUMEHEHMEM
ronorpauun. BbiM  M3roTOBMIEHLI «TO/IOKAMEPbI», OCHa-
LEHHbIE MMMY/IbCHbIMK  fla3epamn, YTO TO3BOUIIO Bbl-
BECTV [JaHHbIW MeTof 3a npedenbl nabopatopum U
NCMONb30BaTb €ro HEmocpeaCTBEHHO Ha 3aBofax, rpe
KOMMOHEHTbI  KOHCTPYKUMIA MPOXOAWAN  WCMbITaHUA Mps-
MO Ha MPOW3BOACTBEHHbLIX NUHUAX.



3anomuHalouwme ycrtpoictea 3BM

MHOrMM  KpyMHbIM  OpraHu3auuaM  MpuXoauTcs  Xpa-
HWTb OrPOMHble KO/MM4yecTBa WHGopmauun. Ecnm nHgop-
Mauus COXpaHseTcs B MO/HOM 06beMe, TO BO3HUKaeT
[OCTaTOYHO CNOXHasA npobrema, CBA3aHHas C MOUCKOM
HY)XXHO WH(opMaLMX ¥ MpUBELEHVEM ee B COOTBET-
cTByrOWMIA  nopsafok. CyulecTByeT paf  TEXHUYECKMX
CPeACTB, NpefHasHayeHHbIX A18 TOro, YTobbl YMEHbLUUTb
rabapuTbl 3anMOMWHAIOLLMX YCTPOWCTB, OCTaBNAN Heus-
MeHHbIM 00BEM UWH(opMaLum. B TO >Ke BpemMs 3/1eKT-
POHHblE BbIYMC/UTE/bHBIE MaLLUWHbI BCe 6O/ee LUMPOKO
MCNonb3ytoTca AN 06paboTKM 3TOM MH(opmauum, Ha-
npuvep AN TeneOoHHOW W 3NEKTPUYECKOWA 3anucu ee.

WHopmauma MoxeT XpaHuTbcs nn6o B opme, no-
HATHOM [NA Ye/fioBEKa, Hanpuvep B BuAe Me4aTHOro
TeKcTa, /60 6bITb 3aKOAMPOBAHHON B ABOWYHON CuUCTe-
Me Ha A3blke MaluH Kak cepus Hyneid n eguuuy, (0 n 1).
B nocnegHem cnyvae oHa 3aTeM aBTOMAaTUM4ecku ob6pa-
6aTbiBaeTCA MaLUMHOA. B KoMMbioTepax Ans XpaHeHWs
MH(opMaLMN 06bIYHO UCMOJb3YHOTCA CNOXKHbIE  3aNOMK-
HatoLlMe YCTpOMCTBA Ha MarHUTHOW neHTe. UTO6bI Bbl-
[aTb HY)XHYIO WH(OpMaLWIo, KOMMbIOTEp MPUBOAUT B
JeicTBMe  3anoMuHatoLLee YCTPOWCTBO, «MPOUTpbIBaET»
COOTBETCTBYHOLLYI YaCTb MArHUTHOMW /IEHTbI.

Mwukpoduibm  npefcTaBnseT coboii  hoTorpaduye-
CKUIA Cnoco6 XpaHeHUs 60NbLIMX KOMNYecTB MHpopMa-
WM B MaloM OObeme, NMpu 3TOM MCMO/b3YETCA CBOWCTBO
(hoTorpadmyeckoin MneHKN pPerucTpupoBaTb Meskue fe-
Tanu. Ytobbl 3admkcupoBaTb Ha (HOTOMSEHKE MNeYaTHbIN
TEKCT, NMOANEXALLMIA XpPaHEHUO, C KaXKAOW ero CTpaHuLbl
npy  MOMOWW  CMeuuanbHOW  CUCTEMbl  IMH3  fenatoT
YMeHbLUEHHYIO (poTOorpauio, TakK uUTO BCA CTpaHuLa
YMeLLaeTcd Ha MasleHbKOM Kycouke Heratuea. MuKpo-
(MNbMUPOBaHME  [aeT BO3MOXHOCTb  YNOXuTb 87 500
ctpaHuy, (50 Bubamial)  nHpopmMauum Ha KBajpaTHOM
aroive nneHkn (Konbep, 1971). Ha camom fene nopo6-
HOr0 YMEHbLUEHWA [OCTUYb Henerko, M B 3TOM Cllyyae
JaXe Menbyaillee NATHBILLKO TFPA3N Ha M/IEHKE MOXET
cfienatb HEACHOM CyLLEeCTBEHHYK 4acTb WHGopmauum.
MWKpOgWIbMbl C HECKOMbKO 60siee cnabbiM YMeHbLLUe-
HMeM obecneyvBalOT  uYpe3BblYaliHO  YA0OHbIA  CNoco6
XpaHeHWsi MeyaTHoOM WHQOPMaUMM U LUMPOKO WCMOMb3Y-



OTCA MHOTMMU OpraHu3auusmy A1 XpaHeHus pasHoo6-
pa3HbIX [OKYMEHTOB.

B namatm 3OBM wuH(MoOpMauMs COAEPXMTCA B BuUAe
«[BOWYHBIX CTpaHuly» (nepdokapTt). OHM npeacTaBnstoT
co60i MNacTUHbLI, OTBEPCTME B KOTOPbIX COOTBETCTBYET 1,
a OTCYTCTBMe OTBEPCTUA B OMNpeAe/ieHHOM MecTe COOT-
BeTcTByeT 0. Takme «CTpaHuubl» MOXHO MWUKPO(UILMU-
poBaTb, M C MOMOLLbIO CreLManbHOro OMNTUYECKOro [e-
TEKTOpa KOMMbHOTEP MOXET WUX «4mTaTb». TeopeTUYecKu
NOAOOHbIA CNOCO6 MO3BONSET XPaHWTb WHGOpMauuio B
60nee KOMMAKTHOM BuAe W W3B/eKaTb ee ropasgo ObICT-
pee, YeM NpuU MarHWTHOW 3anucu. OfHako psf TeXHW-
YECKMX HeJOoCTaTKOB 3HAYUTENIbHO YXYALIaeT KayecTBO
3aMoMUHAIOLLEro YCTPOMCTBa Ha MUKpoUbMax. Hanpu-
Mep, MNATHO T[PA3N Ha TMeHKe MOXeT O03HayaTb, 4TO
KomnbtoTep «npoumtaet» 1 Bmecto O; B OTIMuMe OT
UMTAIOLLEro YesioBEKa MallMHA He B COCTOSHUM pacnos-
HaTb MOJOOHYI0 OWMOKY WM MUCnpaBuTh ee. Apyrad npo6-
nema COCTOMT B TOM, YTO MWKPO(UIBM MpefcTaBnser
cob0li YCTOMYMBYKO (hOPMY 3arucu, KOTOPYH) HENerko
U3MEHWUTb WM  MOAEPHU3MPOBaTb. YT06GbI NOANPaBUTH
Kakyto-HUbyb OfHY [eTallb Ha «CTpaHuLe», NPUXoauT-
CA 3aHOBO CHUMaTb BCIHO OTKOPPEKTMPOBaHHYHK CTpaHuLy
Ha MUKPOUIbM.

lonorpatus no3BONfeT paspewnTb MepByD W3 Has-
BaHHbIX MPO6GNEM WMeHHO 6narogaps ronorpaguyeckon
3anncn «BOMYHbIX CTPaHWL». [MOCKONbKY CBETOBOE MAT-
HO NpX 3TOM He NOKA/IM3YeTCA B OAHOM TOuke Ha (oTo-
MJeHKe WM NNacTUHKe, TPYAHOCTMW, CBA3aHHble C Mpu-
CYTCTBMEM YaCTUYeK Tps3un, 3[4eCb He CTO/b CYLLeCTBEH-
Hbl, KaK B C/y4ae MUKPO(UIbMA.

Bbino npefsioxeHo fABa TuMa rosorpagmuyecknx 3ano-
MUHAIOLWWX YCTPOMCTB. Lcnonb3ys 06beMHble roniorpam-
Mbl (CM. TN. 4), Ha OAHOW W TOW Xe (oTorpagunyeckoi
MIaCTUHKE MOXHO 3apermcTpmMpoBaTbh COTHIO «[BOWUYHBIX
CTpaHuL» B BUAe OTAe/bHbIX ronorpaMm. Kaxayw u3
HUX B CBOK O4Yepedb MOXHO «MPOYECTb», HarpaB/ss
OMOPHBIA My4OK HA MNACTUHKY MO4 COOTBETCTBYHOLLMM
yrnom. [1710CcKMe MNponyckatoouiMe roforpaMmbl  TakxKe
MPUrogHbl NS WCMONb30BaHWS B rosnorpauyeckux 3a-
NMOMUHAIOLLMX  yCTpoiicTBax. YT06bI 3anucaTb Ka nna-
CTMHKE MaKCUMyM WH(OpMaLumn, MAacTUHKY pasgenstoT
Ha CeTKy, cocTosAwyo npumepHo u3 100x100 Kpolueu-



Habop cBeToBbIX

rnacTuHka, [eTeKTopoB An1st
cocToslwas u3 «YTeHUs ABOMY-
MHOTUX OTAE/Ib- HOIA CTpaHMLib»

HbIX rosiorpamm

YcTpoiicTBo ans
OTK/IOHEHMS Nlyya

SneKTpUdeckuin /4
BbIXOHOV Cur-
Han — K KOMMNbloTepy

Puc. 45. 3anomuHatollee YCTPOCTBO OBM C «/eTaloWmM NATHOMY.

KomnbloTep cam BbIOMpaeT, Kakyl K3 roforpavm emy 4utath, Ha-

npaBnas Ha Hee Ny4 fasepa C MOMOLLbHO aBTOMATWYECKOrO YCTPOIA-

CTBa [/19 OTKNOHEHMA fy4a. locne 3TOro «fABOMYHAsA CTpaHuLa», 3a-

nicaHHas B rofiorpaMme, CUYWUTHIBAETCA HAGOPOM CBETOBbLIX [eTek-
TOpPOB.

HbIX AiYeeK-rosorpaMM, Kaxzaas Wu3 KOTOpPbIX XPaHWUT
N306paXKeHNEe  OMPeAeNeHHON  «ABOWYHOW  CTPaHULbI».
Tako/i TWN YCTPOMCTB Ha3blBAETCH  ro/orpagnyecKoii
MamATbi0 C «/1ETalOLWMUM NATHOM» (puC. 45).

HefocTaTok ronorpamyeckux 3arnoMUHaloWmMX YCT-
POICTB C WCMONb30BAHWEM MUKPO(UIBMOB COCTOUT B
TOM, YTO MH(OPMaLMA 3annCbIBAeTCA 304eCb B HEU3MEHSIe-
MO/ (hopme. YTOObI M3MEHWUTb 4acTb 3anmcu — OTKOp-
PeKTMpOBaTb ee C Y4Y4eTOM HOBOW WH(OpMaLmn,— Heob-
XOAVMO W3roTOBWUTb HOBYKO FO/IOFpaMMy, 4TO OrpaHuyu-
BaeT MPUMEHEHWe AaHHOW cucTeMbl. O[HaKO CerofHs Ha
CMeHy oTorpagMyeckoil MNneHKe yxke MNPULLN  Jpyrue
MaTepuanbl, MNPUrogHble AN perucTpauuy ronorpamm,
MPUYEM HA HEKOTOPbIX W3 HUX MOXHO MPOU3BOAUTD
«MOAYUCTKY» WM 3anucbiBaTb MH(OPMALMIO  «TOBEPX»
yXXe umvetowleinca.  Takue matepuanbl YAOO6HO MCMONb-
30BaTb B YCTPOWCTBaX MNaMATU C «/IETAOLUM MATHOMY.

Ewe opHa npobnema 3ak/ovaeTcsd B TOM, 4TO Cy-
LLeCTBYIOLLME fla3epbl He 006M1afat0T HaAeXHOCTbH, [0-
CTaTOMHON Ans UX npumMeHeHns B OBM. [Mog «Hagex-
HOCTbIO» B [A@HHOM C/ly4yae Mbl MOHWMaeM WX COOTBET-
CTBME MNpefenbHO  BbLICOKMM  TpebOBaHWAM,  KOTOpble
NpeAbABNAOTCA KO BCEM  YCTpOMCTBAM M CXeMam
KOMMbOTEPOB, TAe «KOHKYPEHLMS» MEXAY pasnndHbIMu
KOMMOHEHTaMN Ype3BblyaiHO BbICOKA. (PaKTUYeckn K



BbIMYCKaeMbIM HblHe fla3epaM C/0BO «HALEXHbIN» npu-
MEHMMO, KOrfa WX BPEMEHHOM pecypc MNpeBbiIaeT
10 000 4, 4YTO CpPaBHUMO C «BPEMEHEM >XXWU3HW» CpefHel
Nnamnbl HakasmBaHus.)

OavH  (hpaHUy3CcKuid  6aHK MCnosb3yeT  3arnoMUHalo-
LY CUCTEMY Ha O0OLEMHbIX rofiorpaMmax Kak KapToTe-
Ky CBOMX KaMeHTOB. [MnactvHka nnowanbio 30x30 cm?
pasfeneHa Ha MHOTO MeNKUX KBajpaTHbIX rofiorpaMmm co
CTOPOHOM 2 MM, Ha KaX[oW M3 KOTOpPbIX 3anmcaHo OKO-
no 60 oTAenbHbIX M306paxXeHWiA. ToMHLIA 06beM TaKoi
«MamAaTu»  cocTasnfetr 60 TbiC. CTpaHWL, MeyaTtHoro
TeKcTa.

Mexay npouvm, rosnorpamyeckHin npouecc npegno-
XEeH B KayecTBe MOfenu, Kotopas MOMOXeT O06BACHUTb
paboTy 4enoBe4ecKoM  MaMsTV W Hawy Crnoco6HOCTb
pacno3HaBaTb OObeKTbl. APrymMeHTbl B MO/b3y TaKOMW
aHanoruy¥ VMeKT YMCTO WHTYWUTMBHbLIA XapakTep U Oc-
HOBaHbl Ha CXOACTBE MeXay [e/iCTBMEM HEPBHOWA Cu-
CTeMbl, CBOWCTBaMM NaMATM YenioBeka WU  crnocobamut
W3roTOB/IEHNA W HabnogeHws ronorpamm. [lpu  3TOM
npeanonaraeTcsd, 4YTO Takas MoOfeNb [acT BO3MOXHOCTb
HEepOoncMXonornn BbITW 3a Mpedenbl aHanMsa OTAeNb-
HbIX HEPBHbIX WMMY/LCOB W YBUAETb KAapTUHY WX [eR-
CTBMS B LeMOM. B cnegytowem pasfene Mbl pacCKaxem
06 3aTom 60nee nNofpobHo.

PacnosHaBaHne 06pa3oB

lonorpagus — 3T0 OTpac/b ONTUKMW, Nayku, KoTopas
TPagWLMOHHO CBfi3aHa C Pa3paboTKOM pPa3/IyHbIX On-
TUYEeCKUX NPMOOPOB, COEPXKALLMX JIMH3bI: (OTO- U KU-
HOKamep, MUKPOCKOMOB, OYKOB W T. 4. [M03ToMy Heyau-
BWUTE/IbHO, YTO Yy UCCNefoBateneld BO3HWKIA WUaes 3anu-
caTb ronorpammbl, UCMONb3Ys MNpPU 3TOM JIMH3bL. Takue
rofiorpaMmbl, Ha3BaHHble MPOMyCKAKLWUMK  (ypbe-ronor-
pamMmamu, 06nafaloT PALOM  CreuupUUecknx CBOMCTB,
Onarogaps KOTOPbIM OHW HAaxXOAAT OrnpefeneHHble TeXHU-
Yeckue NPUMEHeHNS.

B oToannapaTe BbINyK/asg fiMH3a (POKYCUPYeET BOSI-
HOBOM (DPOHT CBeTa, WUCXOAALMIA OT YAaeHHOro npegme-
Ta, CO3JaBas MNJIOCKOe W300paxeHWe Ha oTorpaguue-
CKoin nneHke (cM. rn. 1). Mbl 6e3 Tpyfda Y3HaéMm B Hem
n306paxeHne peanbHOro npegmeta. Ha crtporom Marte-
MaTUYeCKOM fi3blke 3TO [eliCTBMe OMNUCbIBaeTCA TakK:



/‘ Bbinyknas
MH3a

doTonnacTnHka —
ypbe-ronorpamma

< PokycHoe __)I(_d)OKyCHoe

/ paccTosHne ACCTOAHNE

Mnocknii  npeamer, OnopHbIA  Ny4oK
0CBelLLieHHbI Na3epom

Puc. 46. Peructpauusi ¢ypbe-ronorpammbl. [ns 3anucu 3Tmx cneuu-
(h1Yecknx rosorpaMm B CXeMy [06aBnsitOT SIMH3Y, yCTaHaB/uBas ee,
KaK MOKa3aHO Ha PUCYHKe.

NNH3a npeobpasyeT BOMHOBOW (DPOHT, OTPaXKEHHbIA OT
00beKTa, B HOBbIi BOMHOBOW (DPOHT, KOTOPbIA CO3aaeT
Ha MneHKe nnockoe un3obpaxeHue.  Kakum o06pazom
MEHSIETC BOJIHOBOM (DPOHT, MPOXOLA Yepe3 J/IMH3Y, 3a-
BUCUT OT ee (POPMbl Y PACMONOXEHUA TMJIEHKN, Ha KO-

TOPYH (hOKYCMPYETCS BOMHOBOI (DPOHT.

B dypbe-ronorpagmm Mbl  «3anucbiBaemM» NpeameT-
Hbli BOMHOBOM (UPOHT ronorpadMyeckum nyTem Mocne
TOro, Kak OH TMpeTepriesl COOTBETCTBYHOLEe npeobpaso-
BaHWe — npeobpasoBaHue Pypbe. C 3TOM UMbl GoTor-
pauueckyto MNIaCTUHKY YCTaHaB/MBAOT B  (hOKa/bHOM
M0CKOCTN NIMH3bl. C APYroi CTOPOHbI JIMH3bI Ha TOM >Xe
paccTosHUM MOMELAT  KakKon-1Mbo MIOCKWIA  Npeamer,
HanpumMep  TUNOTPaCKMn  OTTUCK WM TpaHCMNapaHT.
B pe3ynbTate Ha (DOTONMACTUHKY MOMNajaeT npeaMeTHbIN
BO/IHOBOV (DPOHT, KOTOPbIA YyXXe npeTepnen dypbe-npe-
obpasoBaHue, Mpovaa Yepe3 NMH3Y. B 3TOM cryyae Ham
He y[acTcs pacro3HaTb B MOJlyYEHHON KapTuHe n306pa-
YEHVE peaslbHOro npeameTa — OHa HE WUMEET C HUM HW-
yero obuiero. Ecnm ke OCBETUTb MpPeAMET KOrepeHTHbIM
CBETOM W, KPOME TOro, roj HeKOTOPbIM Yr/IOM HanpasuTb
Ha (POTOMMACTMHKY OMOPHbIA My4YOK, TO MOXHO 3anucartb
npeobpa3oBaHHOE UN300paXeHWe B BWAe rON0rpaMMbl
(puc. 46).

Mpozenas npeobpazoBaHne Pypbe ABaXAbl, Mbl Bep-
HEMCA1 K WCXOLHOMY NpeLMETHOMY BOJIHOBOMY (PPOHTY U
TakuM 06pa3oM CMOXeM «[eKoauMpoBaTb»  (paclumdgpo-
BaTb) ronorpaMMmy qypbe-npeobpasosaHusi. C  3ToM
Le/bl0 €e HY)XXHO YCTaHOBUTb Ha (POKYCHOM PacCTOSHWK
OT BbIMYK/IOW /IMH3bI, KOTOpas Y>e WCNosb3oBanacb AN




. . ¢ CBEpHYyTblE C A npuBOAAT K A A A

Puc. 47. TpocTtaa cBepTKa.

dokycHoe
paCCTos:lee
Mpegmet 1 doTorpadma dypbe- CeepTka nsobpaxeHui

npeobpa3oBaHHOro npegmeToB 1 un 2
N306paxeHns npea-
meta 2

Puc. 48. CsepTka ABYX W300paXeHW MeTOAOM ¢hypbe-rosiorpadunu.
dypbe-npeobpazoBaHMe npegMeTa 2 [eliCTBYeT Kak CBOEro poja
(UNLTP MO OTHOWEHMIO K  (ypbe-npeobpa3oBaHnio  npegmeta 1.
B uem 3akilouaeTca onepauusi CBEPTKU [BYX W300paxeHWin? Ecnn
00beKT 1 ecTb CTpaHMUA MEeYaTHOro TeKCTa, a O0O0bLEKT 2 — C/0BO,
pacronoXXeHHoe Ha 3ToM CTpaHuUUe, TO CBepTKa W300pakeHuid OyaeT
Hepa3bopunBa, HO B Heill OBGHapy>XMBAaeTCA MWK KOPPensauum WMEHHO
B MeCTe pacrofioKeHWsi AJaHHOro cioBa. He WCKNOYeHO, YTO MOA06-
HblA MeTOoh YZAcTCA MCMO/b30BaTb ANS CO34aHWS MallWH, «4WTato-
LMX» 0ObIYHbIE MeYaTHble TEKCTbI.

3anuMcy  ronorpammbl, WM OCBETUTb  OMOPHbIM  MYYKOM.
Naga Ha 3Ty ronorpammy 4epes JfIMH3Y, Mbl YBUAUM
nepes /MH30M M306paxkeHne npegmeta. OHO HaxoauTcs
BMepeay NMH3bI HAa TOM XXe PacCTOSAHMK, Ha Kakom Mno3a-
AV Hee pacrosfioXeHa rosorpamma.

Ansa 3anvucy ypbe-ronorpaMm He TpebyeTcsi Kakoro-
TO 0CO60Oro KayecTBa (hOTOMMACTUHOK WAW M/eHOK. [py-
roe MX NPeMMyLLeCTBO COCTOMT B TOM, YTO OHM MO3BONS-
0T KOMOWMHMPOBaTb fABa M300paXKeHUs B npolecce Tak
Ha3bIBaeMOI CBEPTKY.

CBepTka — 3T0 [0CTaTOMHO abCTpakTHas MartemaTtu-
yeckas onepauusa. OHa MMeeT HeyTo obLyee C onepauus-
MU CMOXEHUS W YMHOXeHus. [poAeMOHCTpMpYyeM 3TO
CXOLCTBO Ha npumepe. Ecim Mbl caenaem CBepTKy Tpex
TOYeK C TPeyronbHUKOM, TO MOMYYUM TPU TPEYrofibHUKa,
Nno OAHOMY Ha Kaxayk K3 Todek (puc. 47). Ecnn xe
MPOM3BECTU CBEPTKY C M300paxkeHWem 60nee CMOXHbIM,
4yeM TOYKW, TO pe3ynbTar OyfeT HepacrnosHaBaem. Tpey-
FONIbHUK, CBEPHYTLIN C MPSMOA NUHWEN, KoTopas, Kak



Mbl 3Haem, MpeAcTaBfsieT CO6GOW HEMNpepbiBHOE MHOXe-
CTBO TOYeK, [JacT Ham B pe3yfbTaTe TPeYro/bHUK,
«pa3aMasaHHbIi» BLOMb 3TOW SIMHWN.

[na cBepTKM ABYX M306paXeHW MNOCKMX O06BEKTOB
Mbl BOCMO/SIb3YeMCSl CXeMOM, MOoKa3aHHOW Ha puc. 48.
®ypbe-npeobpazoBaHne BTOPOro M306pakeHWUs oTorpa-
(hvpyeTca Ha nNNeHKy W [eiCTBYeT Kak CBOero poja
(UILTP MO OTHOLLEHWIO K Pypbe-npeobpasoBaHnio Mepso-
ro nsobpaxeHus. Bce, 4TO Mpu 3TOM MNPOXOAUT Yepe3
(unbTp, NpeobpasyeTcs BTOPOM NMH30M B CBEPTKY [ABYX
N306paKEHWIA.

3TOT MeTof HenocpefCTBEHHO NPUMeHseTCH A9 Mo-
NYYEHNS1 HECKO/NbKMX WAEHTUYHbIX KOMWIA MI0CKOro 06bek-
Ta. EC 06beKTOM 1 CAYXUT WTammn, a 0O0beKToM 2 —
TPM TOYKM, TO MpU CBEPTKE Mbl MOMYYMM K306pKEHNE
TPeX WAEHTUYHbIX LITaMMnoB. [laHHbI METOZ WCrMosb30-
Ba/iCA, Hanpumep, AN W3rOTOB/IEHUS MHOMOUYUCNIEHHbIX
KOMW  LWabNMoHOB, HeOOXOoAUMbLIX A/ MPOWM3BOACTBA
MeyaTHbIX MUKPOCXEM.

3HaunTe/bHble NEPCreKTUBLI  OTKPbIBAOTCA  Nepef
(hypbe-ronorpaguein B 061aCTM MalMHHOIO pacno3HaBa-
HUA 06pa3oB. 3afaya 3akn4yaeTcsd B TOM, 4TOObl CO3-
[aTb YCTPOWCTBO, KOTOpPOe MOr/n0 Obl «yBWAETb» W pas-
NNUNTb Ha 6O0NbLUOIA, BO3MOXHO abCTPaKTHOM, KapTuHe
WM CTpaHULEe HeKoTopble [A0CTaTOYHO Mesikue u3obpa-
XEHVS WM cUMBOSbI. B 4acTHOCTW, 0CO6YH BaXKHOCTb
M NOTEHUMaIbHbIN WMHTEpeC NpeACcTaBsfeT Co3faHue Yc-
TPOCTBa, KOTOPOE OKa3anocb Obl CMOCOOHbIM pacnos-
HaBaTb OTZE/IbHOE C/I0BO WM OTAe/bHYH0 OYKBY, Haxons-
LMecsd Ha CTpaHWULe MevaTHoro Tekcrta. B Takom cnyuae
Mbl pacrionarann Obl NPMOOPOM, «YMEKOLMM 4YnTaTb» nMe-
YaTHYH0 MHopMauuo. KoHeuyHo, nogobHas mallvHa He B
COCTOSHUM «MOHMMaTb» TEKCT, €CAM OH He 3anucaH Ha
crneuyanbHOM  MalwMHHOM - A3blke. OfHaKo OHa MOXeT
XpaHWTb 3TOT TEKCT, MOKA KTO-TO He 3ax04yeT npouuTaTb
ero. Takoe YCTPOIMCTBO MNPWUIrOAHO TakXke [A/1A aBTOMaTw-
YEeCKO nepefayn TeKcTa.

Heronorpaguyeckuii  cnoco6  pelieHns  npobiembl
pacno3HaBaHUA 00pa3oB CTa/IKMBAeTCA C PAAOM Cepbes-
HbIX TPYAHOCTE/. YpesBbldalHO CNOXHO — OnpedenvnTb
aHaNNUTUYeCKN, Kakom BWL MOXET WMeTb OTAeNbHas
OykBa Wi 1300paXKeHWe KOHKPETHOro npeameta. AHa-
NNTUYECKOE peLleHVe [aHHOW npobiemMbl C  MOMOLLbIO



OBM cBOAMTCA K O4YeHb [AUTENbHBIM W TPYLOEMKUM
BbIYMCNEHVSAM, B NpOLECE KOTOPbIX WH(OPMaLUO Heob-
XoauMo o6pabaTbiBaTb CaMbiM  AeTaslbHbIM 06pa3oMm.

MeTog CBEPTKM AaeT HaM OuYeHb W3ALLHBbIA K 3ddek-
TVBHbIA CMOCO6 pelleHns HasBaHHON 3afgayu. Jonyctum,
00beKkT 1 — 3T0 neyaTHas cTpaHuMua, a 06bekT 2 — OyK-
Ba andgasuTa; TOrda B pe3y/nbTaTe Ha (hypbe-ronorpam-
Me Mbl MOMlyYMM KaKoe-TO C/IOXHOe W Hepacrno3HaBaemoe
CBepHyTOe WM306paxkeHne. OpHaKo, rae Obl HW pacnona-
ranacb faHHas OykBa Ha CTpaHuue, Ha CBEpPHYTOM M300-
paXeHUW el OydeT COOTBETCTBOBaTb MATHO CBETa,
HasblBaeMoe MUKOM Koppenauuu. lMpu nomowy Habopa
CBETOBbIX [eTEeKTOPOB  MallMHA MOXET OTbICKMBATb BCE
MecTa CTpaHuubl, rae Haxogutcs ata 6yksa. [lMepebpas
no oyepean Bce OyKBbl angaBuUTa, MallMHA B KOHLE KOH-
LIOB HaaeT BCE MECTOMOMOXEHUS KaXKAOW U3 HUX Ha
CTpaHuue. Tak OHa «NpoYMTaeT» CTPaHuULy M MOXET Le-
JIMKOM OTbICKaTb ee B CBOEW NamMAaTu.

HeofHoKpaTHO MpeAnpUHUMANMUCL MOMbITKN  CO34aThb
OMNTUYECKME CuUMTbIBaKOLWMe YycTpolcTBa. OfHaKko npu
3TOM BO3HWKAIOT Cepbe3Hble Mpob6sieMbl: HarpumMep, BCe
CUCTEMbl WCMbITLIBAKOT TPYAHOCTU B Pa3INYEHUN TaKUX
NaTUHCKNX BYKB, KakK «O» 1 «Q».

Ocobas npuBnekaTeslbHOCTb MeTOAa CBEPTKU 3aK/0-
YaeTCs B TOM, YTO OH, B CYLUHOCTW, BbIMOMHSAET T€ Xe
[eNCTBYS, KOTOpble MNPOM3BOAATCA B XOAe [L/IMTENbHbIX
aHaIMTUYECKNX BbluMCieHniA. Ho o6paboTka Bcell Heob-
XOAMMOW WH(OpMaLMK MpU 3TOM aBTOMaTUYeCKW ocyLue-
CTB/IIETCA KOrepeHTHbIM CBETOM, 00/1afjatoLmm  Crnocob-
HOCTbIO  (hOPMUPOBATb  MHTEP(EPEHLUOHHbIE  KapTUHbI.
B 3TOM OTHOLIEHWM [aHHYK CUCTEMY MOXHO paccMmartpu-
BaTb KaK «OMTWUYECKUA KOMMbIOTEP». AHAI0MMYHOE YCT-
POMCTBO MO3BONAET TakXke 06pabaTbiBaTb WMHGOPMALMIO,
MOMYYEHHYIO NpU  PafMO/IOKALMOHHOM  CKaHWUPOBAHUMN.
Ecnn e gna aTol Lenu NpuMeHsTb 06bluHyto OBM, TO
npuaeTca CAUWKOM [JONr0 XAaTb ee OTBeTa, TaK Kak
COOTBETCTBYIOLLME AHA/IMTUYECKME paCYeTbl  3aHUMAKT
HECKO/IbKO MWHYT WM [jaXe 4acoB.

C TEXHMYECKON TOYKM 3peHus «onTuyeckas 06paboT-
Ka [aHHbIX» NpeAcTaBnseT cobol obnactb, rae B 6yay-
Wwem nepen ronorpadueii MOryT OTKpPbITbCA OCOGEHHO
MHOroob6elLatolpne nepcnektnebl. COOCTBEHHO TrOBOpS,
aTa 06nacTb He SABMSETCA NpYBUAErvel NuwWb ronorpa-



(v — 6OMbLLYKD PONb B ee PpasBUTUM MPU3BAHbI Cbir-
paTb W MHOrMe Apyrve oTpaciuM ONTUKU W (U3NKWN.

B onpegeneHHbIX Cnyvasx 3MeKTpUYecKue TOKM, Mpo-
TeKalolme B 3/EKTPOHHbLIX CXemax O0ObIYHOr0 KOMIbHO-
Tepa, MOXHO 3aMEeHUTb KOrepeHTHbIMU BOIHOBbLIMU (DPOH-
Tamy CBeTa, KOTOpble B3aMMOLEWCTBYIOT C Pas/IMyHbIMU
ONTUYECKUMW  YCTpoicTBaMU. OrpoMHble MPenMyLLecTsa
TakUX CUCTEM 3a/I0KEHbl B MX CKOPOCTU W CMOCOBHOCTU
OAHOBPEMEHHO 06pabaTbiBaTb 60/bLIOE KOIMYECTBO WH-
(hopMaummn; ONTUYECKME KOMIMbKOTEPbl MOMYT MPOAEsbl-
BaTb Takue onepauuun, KOTOpble HEe MOA CWY BbIMOMHUTD
06bl4HbIM IBM.

OfHako psf CcepbesHbIX MpobsieM CBsi3aH C CO3faHu-
eM 000py[oBaHMs, HeobXoAMMOro A/ ONTUYECKUX YCT-
POICTB MO 06paboTKe faHHbIX, YTO U TOPMO3UT fdalb-
Helillee pa3BuTWe fJaHHOW o6nactu. Bo-nepsblX, OMTW-
YeCKMe KOMMOHEHTbl TakKOM CUCTEMbl, HanpuMep JIMH3bI,
[OMKHbI ObITb YCTAHOB/MIEHbI W OTPErynnMpoBaHbl C Mpe-
[€NbHOW  TOYHOCTBIO; BO-BTOPbIX, Maseillee CMeLLeHne
MOXET BbIBECTU M3 CTPOA BCHO cucTeMy W T. 4. Apyrue
npo6nembl CBs3aHbl C (HOTOrpaUUeCcKUMK  3MYLCUAMM,
HY)XXHbIMW [15 FONOrpaMM, a TakXe C HexBaTKoW nof-
X0AAWmMX nasepoB. BcneActBue 3TOr0 ONTUYECKME YCT-
poicTBa [Ans 00pabOTKM [AaHHbIX HaxoAAT Moka Wb
OYeHb OrpaHuMyeHHoe npuUMeHeHre. I TOMbKO [ONOSHU-
Te/lbHble  TEXHWYECKME  YCOBEPLUEHCTBOBaHMA  MOTyT
OTKpbITb A0pory ux 60nee LIMPOKOMY WUCMO/b30BAHNUIO.

Brnoronorpacdus

Tenepb Mbl YXe B COCTOSHWM PacCMOTPeTb HEKOTO-
pble Hambonee npaBfONOA06GHbIE NPEANONOXKEHUA O TOM,
YTO OMpefesieHHbIe MPOLECChl, NPOUCXOAsLUME B MO3re,
no CBOel MpUpode aHaIoryHbI Fo/IorpadpPoBaHULo. Uc-
TOYHMKOM TakKWUX WAEA CNYXUT W3BECTHbIA (aKT, uTo
PermcTpaums Kakoii-To Crneuuguyeckoidi yact UHGopma-
UM He CcOCpefoTOYeHa B OOHOW KOHKPETHOW TOuke
(HepoHe) Mo3ra, a 0xBaTblBaeT Hekytd 061acTb. TOYHO
TaKylo JKe KapTUHy Mbl Habntogaem u B rosorpaduu,
rAe BU3ya/bHas «WH(OpPMaLMs» pacnpeaenseTcs no scen
M1acTUHKe, Ha KOTOpOM 3anucaHa ronorpamma. Korpga
y 4YenoBeka «He paboTaeT» 4acTb MO3ra, OH He TepseT
MOMIHOCTBLIO  CMOCOBGHOCTL K 3aMOMUHAHUI0  MH(OpMALUK,



XOTSi 0ObIYHO [enaeT 370 YXXe C MeHblueld 3h(heKTUBHO-
CTbiO. AHAI0MMYHO, €CNM Mbl pasfe/iMM ronorpamMy Ha
[Be 4aCTW, Kaxpas U3 HWX Npu BOCCTAHOBEHWUWN MOXeT
BOCMPOM3BECTM 3anMCcaHHOe W300paXKeHWe, XOTH KayecT-
BO €ro npu 3ToM yXy[LlaeTcs.

CnocobHOCTb MO3ra pacno3HaBaTb 00bLEKTbI, KOTOpble
nonajalT B MOfie HAWero 3peHus, MOXHO OOBACHUTD,
MCXona M3 NPUHUMMOB (hypbe-ronorpagum 1 onepawuum
CBEPTKW. Maed 3ak/oyaeTcs B CNefytoLlem: 3/eKTpuye-
CKMe CUrHa/Ibl, NOCTynaroLye B MO3r KaXAblii pas, Korga
Mbl BMAMM XOPOLLIO 3HAKOMbI/i OGBLEKT, B KOHEYHOM Cue-
Te PerucTpupytroTcs Tam B Bufe (ypbe-Helporonorpam-
Mbl, KOTOpas BMECTe CO MHOTMMMW JpYryMKU COXPaHAeTCs
B OnpefeneHHO 06nacTV MO3ra; BMOCMEACTBUMM Takas
ronorpamma [encTByeT Kak (hUNbTP, MPOM3BOLA oOrepa-
LUMIO CBEPTKM C NtO6bIMM BU3YyasbHbIMW CUTHaNaMu, no-
najarolmmMm B MO3r no3gHee. Ecnm  Korpa-Hubyfb Mol
BHOBb YBMAVM TOT e 0ObEeKT, B MpoOLecce CBEPTKM BO3-
HUKHET ONpeeneHHbIi MUK Koppenauun: oObekT 6ygeT
y3HaH 1 coobLleHVe 06 3TOM MOCTYMUT B MO3T.

[aHHas runote3a BecbMa CropHa W He Mnonyyuna
BCEOOLLEro npusHaHuA. ApPrymeHTbl «3a» W «NpoTuB»
30eCb O4YeHb CMIOXKHbI, U A He O6epycb 06CYXAaTb WUX,
XOTA CcnefyeT OTMETUTb, YTO, MO MHEHWIO MHOrUX Ccre-
LMaNnNCTOB, 3Ta rMrnoTe3a — BO BCAKOM C/lydae OTYacTu,
eciM  He MOJIHOCTbIO — MPaBUIbHO OMUCLIBAET PaboTy
Hawero wmo3ra (nogpobHee cm. nuTepatypy K rn. 6).

AKycTnuyeckas ronorpadgus

Kak Mbl yxe ynomuvHanu B rn. 1, 3ByK, KaK W CBeT,
npegcTaBnseT coboli BONHOBOM npouecc. 3BYKOBble BOJI-
Hbl XapakKTepu3ylTca W3MEHeHWeM [aBfieHUs BO3LyXa, K
KOTOPOMY 4YBCTBUTE/IbHO Halle yX0. 3BYKOBbIM BO/IHAM
MpUCyLLM MHOTMe U3 TeX CBOWCTB, KOTOpbIMM 061afaeT
CBET, B TOM u4uC/ie UHTepdepeHUns, Sudpakums n Kore-
PEHTHOCTb. YWCTOMY TOHY COOTBETCTBYET KOrepeHTHas
3BYKOBas BO/IHA. MCMONb3ys KOrepeHTHbIA 3BYK, MOXHO
MoNyYnUTb WHTEP(EPEHLMOHHYIO KapTWHY npy  B3auMo-
AEVCTBMM  BOJIHOBOFO (PPOHTA 3BYKA, OTPAKEHHOTO OT
00bEKTa, U KOTEPEHTHOW emy OMOPHON 3BYKOBOI BOJIHbI;
Takas KapTWHa MOKa3blBaeT pacrpefenieHne [aBfieHus B
Bo3gyxe. OfHaKo ecnM Kakum-TO 06pa3oMm cpenatb 3Ty
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Nazep Teneckon

Bogayx

Boma
YnbTpa3BykoBoi

y}'Ipra3ByKOBOI/I
npeobpasoBaresb,
o6yvaoLmii npeaMeTt x/
npeo6pasosaresb,
@ 6‘c03,qarou4w7| onop-
/ HbIil My4oK
BonHbI, oTpaXeHHble
oT npegmeTa

Puc. 49. MopgBogHas akycTuyeckas ronorpaus. KorepeHTHble Yib-

TPa3ByKOBble BOMHbI MOMYT CO3aBaTb WHTEP(EPEHLIMOHHYIO KapTUHY

B BUfe PAGM Ha MOBEPXHOCTW BOAbl. JTa Psibb, OCBELEHHas CBETOM

nasepa, [ENCTBYeT Kak (hasoBas OTpakaTeNbHaa ronorpamma M co-

34aeT M306paXeHMe HaxofALerocs noj BOAOW npegMeTa, KOTOpoe
MOXHO Habnofatb B Teneckon.

KapTWHY BUAMMOWA, TO MOXHO WCMONb30BaTb €e Kak ro-
norpaMmy U, OCBELLAs ee, HamnpumMep nasepoMm, MoayunTb
BU3ya/ibHOE  (BMAMMOE) UM306pakeHWe o0bekTa. Takas
rofiorpaMma HasblBaeTCs aKyCTUYeCcKOon™.

3BYKOBbIE BO/IHbI PACcMpOCTPAHAOTCA WU B BOAE, U B
BO34yXe, HO MO pagy NpWYuH (OpMMpPOBaThL aKycTuye-
CKYIO rosiorpammy B BOfe /lerye, yeM B BO3fyxe. [po-
CTeiillas Cxema perucTpaumm akyCTUYeCKOon rosiorpaMmmbl
nokasaHa Ha puc. 49. [Ba 3BYKOBbIX npeobpasoBarte-
N — MEeT/IMYeCKne [AWCKW, KOTOpble KONebnoTes Ha
4acToTe MOpsAfKa HECKONIbKUX Merarepl,— W3ay4yatroT KO-
repeHTHble 3BYKOBble BO/HbI. B onTuuyeckoin ronorpaguu,

* CTporo roBopsi, akycTudeckas rojorpagus npeacTaBaseT Cco-
60ii camMoCTOsATE/IbHYI0 06/1aCTb WCCMEAO0BaHUS, HO Mbl COYM HEOBXO-
OUMBIM BK/IOUUTb €6 B Hally KHUFY, MOCKO/bKY OHa HaxoguT LWMpo-
KOe TEXHWUUECKOE MPUMEHEHME.



Kak Mbl 3Haem, My4yoK, OCBELLAIOLMA npegmeTt, U onop-
Hbli My4yOK CO3[AtOTCA OAHWMM W TeM )>Ke /1la3epoM; B
aKyCTUYecKoi ronorpatuy nogobHoe Yycnosue Heob6s3a-
TeNlbHO, MOCKO/IbKY MOXHO CAenatb psf CTPOro Kore-
PEHTHbIX 3BYKOBbIX Mpeobpa3oBaTeneil, M MNO3TOMy ANA
MosyyYeHUs MNPeAMETHOr0 W OMOPHOTO MYYKOB MOXHO MC-
nonb30BaTh /Ba pas/MuHbIX MpeobpasoBaresns.

3BYKOBOE M3/lyYeHUe OT OAHOro npeobpasosaTens
HanpaBnflOT Ha rosnorpaupyemblii npegmeT, a oT Apy-
roro — Ha MOBEPXHOCTb BOAbl. Torga npeaMeTHas W
OMopHas BOMIHbI MPX  B3aXMOZENCTBMM CO3JaK0T Ha Mo-
BEPXHOCTU BOAbl WMHTEP(EPEHLMOHHYIO KapTUHY, KOTOpas
MMeeT BWA YCTOWYMBOM pA6K; OHA MOXET AeliCTBOBaTb
Kak (pa3oBas OTpaxaTe/lbHas roforpamMa Mo OTHOLUe-
HUIO K MajialolleMy Ha Hee flasepHOMY fydy. [OCKOMbKY
[O/WMHbI  3BYKOBbIX Y CBETOBbIX BOJIH CYLUECTBEHHO pas-
NNYHbI,  KU300paxeHne o06bekTa OyaeT NOKaIn30BaHO
rnyboko Mo MOBEPXHOCTbIO BOAbI, M €ro HYXHO pac-
cMaTpuBaTb B Teneckon. [IpeuMMyLLecTBO OMNUCaHHOA
CXeMbl COCTOMT B TOM, 4TO NpU [ABWKEHWN O06bekTa
COOTBETCTBEHHO MEHSETCA W roj0rpamMmMa, U Mbl MOXeM
CNefuTb B TENeCKon 3a MnepeMelleHnemM 06bekTa. 3JTa
npocTelilias cxema WMeeT psf 60/ee COBEPLUEHHbLIX Ba-
PUAHTOB; B 4aCTHOCTM, pa3paboTaH MeTOf, KOTOpbIA no-
3BOMIAET MOJMyYaTb M300paXkeHNss O0OLEKTOB B BO3AyXe.

AKyCTUYecKas ronorpaus MOXeT ObITb WCMO/b30-
BaHa [/11 O06HapyXeHWs noABoAHbIX fogokK. C  3Tol
Lenblo paspaboTaHa cuUCTeMa, AabHOCTb [EWCTBUA KO-
TOpPOM COCTaB/AET HECKO/IbKO COTEH METPOB; ee Lene-
CO00pasHO NpUMEeHATb ANS HaBUrauMm B OMAacHbIX BO-
Jax, TaK Kak OHa MO03BONSET CMefuTb 3a MepeMeLLleHms-
MU  HEMpPUATENbCKUX MOABOAHbLIX JI040K U Npesynpex-
JaTb 06 MX MNOSAB/EHUW; Takas CUCTeMa MPUrofHa Takxxe
AN19 COCTaB/IeHUst KapT MOPCKOro [Ha.

AKyCTUYecKas rosorpausa COBMECTO C peHTreHorpa-
(el MOXET cbirpaTb 3aMeTHYK pOfib B MeAULMHCKMX
nccnegosaHusax. [lo cux nop B MeAMUMHE LUMPOKO UC-
MoNb30Ba/ICA  METOZ  Y/bTPa3ByKOBOr0 CKaHMPOBaHMA,
npy MOMOLM KOTOPOro nojlydany /ABYMepHble 1306pa-
XEHVS MOMepeyHbIX CevyeHWA Tena u4enoBeka. OpfHako
aKycTuyeckas rosorpaus cO BpeMeHeM [acT BO3MOX-
HOCTb MO/yYaTb BbICOKOKAYECTBEHHbIE OObEMHblE U306-
PaXeHNs BHYTPEHHUX CTPYKTYp Tena — ero opraHoB W



MenoH — opraH, rae
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VICTOYHWK ynibTpa-
3BYKOBbIX «CBUCTOB»

Puc. 50. Bo3mOXHO, AenbtuvH ob6nagaeT ronorpagMyeckum OpraHom
YyBCTB. I'Ipe,qnonaraeTcn, 4TO, UCNyCKaA BbICOKOYACTOTHbIE 3BYKOBbIE
CUTHa/Tbl — «CBUCTbI», AeNbQUH MOXET (JOPMMPOBATb BHYTPU HEKOEro
Creuutmueckoro opraHa — MefoHa — 0OBLEMHYH) aKyCTUYECKYH T0/10-
rpammy, KoTopas CO3f4aeT Yy Hero 06pa3 OKpyxatoliero mupa. bna-
r%qapﬂ 3TOMY [efb(UH CrMoco6eH OAHOBPEMEHHO pasnnyaTb (HOpMbl
O0BEKTOB, HaxoAALKMXCA C MNPOTUBOMOMIOXKHbLIX CTOPOH OT Hero, ”
OnpeaensTb PacCTOSIHUS A0 HUX.

KPOBEHOCHbIX cocydoB. OHa npus3BaHa CcTaTb BecbMa
LEHHbIM ANarHOCTUYECKUM METOLOM.

BbiCKasbiBanuCb NPeAnonoXeHus (CM. mTepaTypy
K rn. 6), 4to Aenb(uHbl UCMOMb3YHOT aKyCTUYECKYHO [O-
norpauio Ans nokauuu. V3BeCTHO, YTO OHU MCNyCKatoT
«CBWCTbI» OMNPeAeNieHHON 4acToThl. Kpome TOro, Kak
CUMTAETCH, Y HUX eCTb HEeKUA OCO6bIA opraH — MEeNOH,
KOTOPbI MOXET BOCMPUHUMATL aKyCTUYeckue WUHTepde-
PEHLMOHHbIE  KapTuHbl  (T.e. TrOforpamMmbl), PerncTpu-
pyemble B ero ob6beme. «CBUCTbI», MNOCbINaeMble [eflb-
(hMHOM, MPOXOAAT Yepe3 3TOT OpraH, JOPMUPYS ONOPHBbIN
My4yoK; OTpaXasaCb OT OKPYXaloWWX MNpPeaMeToB, OHM
CO37at0T MpeAMETHbIA BOSIHOBON (DPOHT, MpW B3avMoLel-
CTBMWM KOTOPOrO C OMOPHbLIM MYyYKOM W MONy4aeTcs 00b-



emHas akyctuuyeckas rosorpamma (puc. 50). OenbtumH
BOCMPUHMMAET  rosorpauyeckoe K300paxeHMe Hero-
CpeacTBeHHO W Gnarofaps 3ToMy 06/1ajaeT Crnoco6Ho-
CTblO  pas3nMyatb OfIM3KO  Pacno/ioXeHHble 0OBEKTbI.
MpeacTaBuTb cebe Heyto, NOLOGHOE TakOMy OpraHy
YyBCTB, HEBO3MOXHO. XOTH Takum 006pa3om JAe/b(uH
MOXET OnpefensTb MONOXKEeHWe W pas3MyaTb OYepTaHUs
N ¢opmy 06beKTa, [eiiCTBME 3TOr0 OpraHa CKOpee Haro-
MUHAET CNyX, YeM 3peHue, MOTOMY 4TO OHO He Hanpas-
NEHO B OfHY CTOPOHY: [Jenb(uH, Kak npegnonaraercs,
MOXET O[HOBPEMEHHO BOCMPUHMMATL [Ba O0ObEKTa, Ha-
X0JALMeCH NO pasHble CTOPOHbI OT Hero. C Lenblo npo-
BEPKW 3TOT0 NPESMoNoXeHns MpPoBOAUINCL, B YacTHO-
CTW, 3KCMEPUMEHTbI, KOTOpble MoKa3anu, 4to C 3aBfA3aH-
HbIMW rfa3aMy  [efbUH CrocobeH OT/IMUUTL CETKY C
BEPTUK&/IbHBIMU T0/I0CKAMU OT CETKU C FOPU30HTASIbHbI-
MU nonockamu. OfHako TPYZHO [0Ka3aTb CKOJIbKO-HU-
Oyfob [OCTOBEPHO, 4TO MofobHasd crnocobHocTb 06ycnoB-
NeHa WMMEHHO «roforpauyeckMm» MexaHW3MOM  BOC-
npUATUS.



MnaBa 7

BYIYLEE FONOrPADY

B cBoeM Hay4HO-(haHTaCTM4eCKOM pomaHe «Yac fu-
HOKO B BOCEMbAECAT MWHYT» BpaiteH Onguc, pucys Kap-
TWHbI OyfyLLero, pacckasblBaeT O TOM, KakK [eBOYKy Mo-
XWLLAET ronorpauyecknii ABOMHMK ee MaTepu. Mpu3sHaH-
HbIMA TeposMM  TOW 3MOXW ABNAKTCA WHAVBULYYMb,
crnocobHble co3faBaTb B BOOOpaXeHUW «rosorpaguye-
CKVMe BUAEHMS» — HEBEPOATHble, (PaHTacTUYeCcKne 00beM-
Hble KapTWHbl. Bce 3TO roBOpUT O TOM, CKO/b YAUBUTESb-
Hble MEepPCreKTVBbI MOTYT OTKPbITbCA MNepefs rosiorpaguen
B OTAafeHHOM 6ypayuieM. He MCKIHOYEHO, 4TO KOrfa-To
CTaHeT BO3MOXHbIM 06paliaTbCd K O0ObEMHOMY, C/OBHO
XMBOMY M300paXXEHUIO YenloBeKa, KOTOPbIM yAaneH ot
BaC Ha MHOrve TbICAYM KWIOMETPOB,— TaK 0T4actTu Oy-
JeT peann3oBaHa MeuyTa nucateniei-paHTacToB 0 «repe-
Jaye Matepuu» Ha pacCTOsHUWE: «/emaTepuann3oBaH-
Hbli» OOBEKT B BMAE «MNy4yKa W3/yyeHWs» nonajaeT B
HY)XXHYIO TOYKY npocTpaHcTBa. OfHakO OAHWM W3 He-
0OXOAMMBIX YCMOBWIA [N1A BHEAPEHUS B LUMPOKMX NpPo-
MbILLMEHHBbIX MacliTabax MHOIMX pa3paboTok B 061acTut
TEXHUYECKON ronorpauu, O KOTOPbIX Mbl pacckasbl-
Ba/M B rN. 6, ABNAeTCA pasBUTUE ApYrux oTpacnein
TEXHUIKMN.

MOXHO HafesTbCsa, YTO BCKOpPe Mbl CTaHeM CBuUfeTe-
NSIMW HOBbIX YCMEXOB B MPVMEHEHWM CYLLECTBYHOLLMX Me-
TOZOB M306pas3nTesibHON ronorpadum (cMm. rn. 5) B pek-
name, cucteme o6pasoBaHusi M uckyccTee. LLlmpokoe uc-
Mo/b30BaHME roforpaMM B LEMSX peknambl — Ha aguLl-
HbIX LUMTAX, PeKNamHbIX Tabno, B TOProBbIX LEHTpax u
T. L— MOXeT cfenaTb ronorpauio MpUBbLIYHLIM aTpU-
OyTOM noBCeAHEBHOM >U3HU. C pa3BUTMEM TEXHO/IOrMK
MaccoBOro MNPOW3BOACTBa FONOrPaMM MX CTOMMOCTb OyaeT



HEYKNOHHO CHWXaTbcA.  [10-BUAMMOMY,  KOra-Huby[p
XY[0XECTBEHHbIE  OTpaXaTe/lbHble ros0rpamMmbl,  KOTO-
pble MOXHO paccMaTpuBaTb B 0ObIMHOM [HEBHOM CBETE,
BbITECHAT [eKOpaTUBHbIE TapesikM 1 PenpojyKumu, ykpa-
LIAKoLLMe CErofiHA CTeHbl HaWMX KBapTup.

C noBbILLEHMEM KayecTBa /1a3epoB M pasBUTUEM HO-
BbIX TEXHWUYECKMX METOAOB MOABATCA ro/iorpammbl 60/b-
LUIMX pa3MepoB, KOTOpble OTKPOKT HalleMmy B30py KapTu-
Hbl 6oniee rNy6oKMe B MNepCrneKTUBe,— [axe Lefble Ma-
Hopambl. OC0ObIli MHTEPEC 3TO MOXeT MpPefcTaBaTb AN
TeaTpa, TaK Kak MO03BO/MT CO3JaBaTb 0ofiee peanncTmy-
Hble, NIErKO CMEHSieMble CLEHbl, YTO MOBBICUT OLLYyLLeHNe
XW3HEHHOCTU TeaTpa/bHOro feicTea. 3puten cmoryT
pasmeLlaTbCA B LEHTPe CLEHbl, OKPYXXEHHOM MNpOeKTo-
pamu ronorpaguyecknux n3obpaxeHunii. lMpegnaraetcs
co3gartb CreuuanbHble 3anbl A9 [eMOHCTpauuy 3axBsa-
TbIBAIOLMX 3penuLl, B KOTOPbIX MOKa3 KpynHomacluTab-
HbIX MaHOpaMHbIX rosorpaMm OyAeT coyeTatbCs C fia-
3epHbIMU  3pdekTamu. bonbluve OTpaxartesibHble roso-
rpaMmbl, Habnogaemble B 6enoM CBeTe, MOryT YKpacuTb
Cepble, YHbIble CTEHbl YUYPEXAEHWUR; WX MOXHO TaKxe
UCMONb30BaTh /19 CO3[4aHWUA NaHopaMm pPas/IMuHbIX 3K30-
TUYECKUX BWAOB B a3poOBOK3anax W pectopaHax. Bbiasu-
ranocb 6ecyH/CNeHHOe MHOXECTBO [PYruX MPOEKTOB; Tak.
Hanpumep, npeanonaraeTcs, 4To rosorpaMma nonuuen-
CKOM MalUWHbI, YCTaHOB/IEHHas Ha 0604MHE Tpacchbl ¢
WHTEHCUBHBIM [IBUXXEHUEM, MOXEeT nobyauTb Npoe3xa-
OLLMX MUMO aBTOMOOM/IMCTOB Cnerka c6aBuTb CKOPOCTb.

Cnepyoum 3aTtarnoM pasBuTuA ronorpaguu B 6yay-
LLleM MOXET CTaTb WM306peTeHVe PeHTreHOBCKOro fasepa,
KOTOpPbIA BMeCTO CBeTa CO3[aeT KOrepeHTHOE PeHTreHOB-
Ckoe u3nyyeHve. [locnegHee uUMeeT Gofiee  KOPOTKYHO
O/MHY BO/HbI, YeM CBET; MO3TOMY PEHTreHOBCKWA nasep
MO3BO/MT  MOMlyYaTb [OOrpamMmMbl  MUKPOCKOMUYECKUX
06bEKTOB, BO3MOXHO [axe Mofiekynbl. Ecnm notom Ta-
Kyl0 rosorpaMmy OCBETUTb BUAWMMbIM CBETOM f1a3epa,
TO Mbl CMOXEM HabnfaTb CUIbHO YBe/MYEHHOe 00beM-
HOoe Wu300paxeHne MUKpPoobbekTa. [logobHOe YCTPOWi-
CTBO MOCMYXWT HEOLEHUMbIM WHCTPYMEHTOM [N19  yue-
HbIX, MCCNeayoLWMX MUKPOCTPYKTYpY BellectBa. K coxa-
NeHVIo, Mpob6nemMbl  CO3JaHUA  PEHTreHOBCKOro fiasepa
ype3sBblYaliHO CNOXHbI: OfHA W3 OCHOBHbIX TPYAHOCTEN
CBfi3aHa C TeMm, YTO A/19 NWUTaHWS 3Hepruein Takoro na-



3epa TpebyeTcs WCTOYHWMK TUraHTCKOM MowHocT. Be-
[YTCA WHTEHCMBHblE MOUCKW, HanpasfieHHble Ha COo3fa-
HYe NofOOHOro MUCTOYHMKA, W eCTb HaZeX[bl, YTO CO Bpe-
MEHEM OHW YBEHYalOTCA YCMEeXOM.

CTpoATcA pas/iMyHble NfaHbl W MPOBOAATCA MHOrO-
YMCNEHHbIE UCCNEef0BaHNsA, CBA3aHHbIE C BO3MOXHOCTbIO
MOMYYEHUS «rO/IOrpaMM  [BVXKEHUSA», T. e. roforpaMmm,
KOTOpble CMOCO6HbI (PMKCMpOBaTb, & 3aTeM W BOCMPOM3-
BOAWTL [EeNCTBMe, mpoucxofsulee Ha cueHe. [peaenbHO
peaIMCTUYECKUMN  [O/DKHbI  BbIFNA4EeTb  ABUXKYLLMECS
LBETHble ron0rpamMbl, [LEMOHCTPUPYEMbIe CO 3BYKOBbIM
conpoBsoxaeHveM. lMpeanonaraerca, Yto B Gyayliem no-
FBUTCA Kak rosorpamueckoe KuHO, Tak W rosorpagm-
Yeckoe TefieBUAEHMeE.

UTtobbl MOHATL WX [JeACTBME, HaM HYXHO npexne
paccMOTpeTb 00LWMe MPUHLMMLI KUHO W TeNeBUAEHNUS.
CyTb WX COCTOMT B TOM, YTO Ha M/OCKOM 3KpaHe C vac-
TOTON CnefoBaHMs MOPsAKa OAHOM TPWUALATON CeKyHAbl
CMEHSIIOT [pyr Apyra B ONpejesieHHOW nocrefoBaTe/IbHO-
CTU TeNneBU3NOHHble Kafpbl WM (POTOCHUMKW. TMpn Takoin
yacToTe Nt060e [BWXKEHWE, KOTOPOE XOTAT BOCMPOU3-
BECTW, KAXETCA MNMaBHbIM W POBHbIM, 6e3 BUAUMbIX
CKaykoB. B KuHOnMeHTax 3To JOCTUraeTcs Tem, YTO MJieH-
Ka MOHTMPYETCA W3 CepuM LBETHbIX (UM YepHO-6esbiX)
[Vano3nMTMBOB, KOTOpble 3aTeM [pyr 3a [Jpyrom c [o-
BO/IbHO OO/bLLOA CKOPOCTHIO MPOELMPYHOTCS Ha  3KpaH.
B TeneBupeHWM OTAeNbHble WM300paXEHUS  «pUCYeT»
CBETOBOW /ly4, KOTOPbIA C BbICOKOM CKOPOCTbH) MHOIO-
KpaTHO «MPOYepuMBaeT» CTPOKM Ha 3KpaHe KMHEeckona
(B AHIMM MPUHATO pasmelaTb 625 CTPOK Ha 3KpaHe,
B CLUA — 525), npu 3TOM WHTEHCMBHOCTb /lyya MeEHSeT-
CA OT TOYKM K TOYKE B COOTBETCTBUM C BE/IMHYMHOMN CWr-
HafIoB, MOCTYMAKOLWMX C TEeNeBU3MOHHOW CcTaHuuu. Jlyy
[BWDKETCA TakK ObICTPO, YTO YCMEeBaeT KaXAyl CeKyHLY
co3/aTb MHOXECTBO KaJpOB, M Mbl COBEPLUEHHO He BY-
VM ero xofa.

Mof ronorpatMyeckMM KWMHO Mbl MOHUMAeM Cepuio
rosorpaMm, 3arnucaHHbIX Ha M/EHKY W OCBeLlaeMblX fa-
3epoM Kaxkayto 130 ponto cekyHAbl. [onorpaduyeckoe
TeneBuieHWe npefcTaBnseT coboli nepegavy C LEHTpasb-
HbIX CTaHUWA MH(opMaLmK, cofepxkalleinca B nocnego-
BaTe/IbHOCTW ronorpammM, KoTopas BOCMPOW3BOAMTCA 3a-
TeM [JOMAaWHUMW MPUEMHbIMW  YCTPOMCTBaMWU. [pyrum
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Puc. 51. Cxema ronofoHHON mMHMM. [ogobHasi cucTemMa MO3BOJMT HEKOeMy A, Haxogsliemycs B

Hbio-Vopke, BecTn Gecely «C 0ObeMHbIM M300paXKeHeM» (O4eHb MOXOXMM Ha ero >XUBOW Mpoobpas)

Hekoero B, npe6biBatowiero B JIoHaoHe. A n B (KaXgblli B CBOEM ropofe) BXOAAT B WAEHTWUYHbIE

KabWHbl, Ha CTEHKE KaX[ol M3 KOTOPbIX 3anuCbiBAeTCA WHTEPQEpPeHLMOHHAs KapTuHa Ans nepegaun,

M OAHOBPEMEHHO Ha Hee MPOeLMpYeTCs WHTEP(EPEHLIMOHHAA KapTuHa, Hecyllas u3obpaxeHne napT-

Hepa. [py OCBeLleHWWM MOCMeAHEN Na3epoM BOCCTaHaBNMBaeTCs O6GLEMHOE W3006paxeHWe NapTHepa,
W OH, CMOBHO >XMBOW, BO3HWKAET MO [JPYryt CTOPOHY CTEKNSHHON CTEHKM.



BapuaHTOM MOJ06HOr0 YCTPOICTBA MOXET OblTb «rono-
(hOH», MO3BOMAIOLLMIA «BCTpeYaTbCA» MIOAAM WM rpyn-
nam /e, pasfeneHHbIM  6ONbLUMMU - PACCTOSHUAMU.
Mpepnonaraerca, 4to 6narogaps roAOPOHHLIM JIMHUAM
CBA3M MOXHO Oy[eT NpOBOAMTL MeXAyHapoAHble [eno-
Bble BCTPEUYM WM MOMUTUYECKME KOH(EPEeHLMU, U npu
3TOM He OyJeT HyXAbl MoCbINaTh /OAER 3a rpaHuuy.
Takasd CBfA3b MOMOXET 060MTUCL 6e3 MHOIMX CTOMb He-
06XOAMMbIX CEerofHs AefoBblX KOMaHAMPOBOK. TOYHO Tak
e TrofoPOHHaA JIMHWA, NPOBefeHHas B AOM, W36aBuT
NMofeiA 0T MHOMMX NOe3noK ApYroro copTa, Hanpumep Ha
paboTy.

lonorpatuyeckas TeneBU3MOHHAA CUCTEMA [O/MKHa
nepefasaTb KOMMYECTBO MH(OPMauuu, LOCTaTOYHOE A/1S
TOro, 4TOBGbl HA 3KpaHe COOTBETCTBYIOLLETO [OMALLHEro
YCTPOICTBA KaXAYyH CeKyHAy C03[aBanocb OKOMNO TpuA-
uatu ronorpamm. Kak Mbl yxe OTMeyanu, rosiorpaMma
3aK/loyaeT B cebe Maccy WMH(opmauum, KOTopas MOXeT
obpabatbiBaTbCA  YCTPOMCTBOM TWUMA  rO/0rpaguryecKon
namaT  KomnbioTepa. 1060/  TeNeBU3MOHHBIN  KaHa
crocobeH nepefasBaTb MH(OPMaUUO € ONpeaeneHHOM
OrpaHNMYeHHON CKOPOCTbIO (3TO OAMH M3 3aKOHOB Teopuw
cBA3M). [onorpamma cofepxut npumepHo B 300 ThIC.
pa3 60/blue MH(opMaLMK, YeM O00bIYHOE TeneBU3NOHHOE
n3obpaxeHve. N ecnm nonb3oBaTbCs 06bIYHBIM TeneBu-
3MOHHbIM KaHa/ioM, TO HaMm MoTpebyeTcs 6onee AByX Ya-
COB Ha nepepavy MHqupmau,mvn HeobxoayMol Ans, nony-
YeHM OfHON ronorpammbl pasmepom 10 x 10 cm? [Ans
Te/NeBUAEHNA 3TOr0 COBEPLUEHHO HefocTaToO4HO, W60, yTo-
Obl co3gatb 3MMMEKT HEMpepbIBHOrO  ABWXKEHWUS, Mbl
[O/MKHbI nepefasBaTb TPUAUATb FOOrpaMM B CEKYHAY.
Ecnm Mbl cornacumcs MoXepTBOBaTb KayecTBOM M306pa-
XEHUsA, TO HaM Y[acTCA YMEHbLUWUTb KOMMYeCTBO WHAQOP-
mMaumu, cofepxalleiica B rosorpamMme. Hanpumep,
MOXHO 0060MTUCL 6e3 BepTMKaJbHOro napannakca B M30-
OpaxeHun, 4To, KCTaTu, W [AenaeTcd B pafyXXHOW uu-
NMHApUYeckoin ronorpamme (cMm. rn. 5). Ho paxe wu
Torfa WHJQopMauus, 3akyeHHas B ronorpamme, 6yget
OYeHb BesnKa.

OfHaKo MomMMmo TpyAHOCTel (40BOMbHO abCTpaKTHO-
ro xapakTtepa), CBfi3aHHbIX C nepejayen WHGpopMa-
Lnu, ronorpagmyeckne TeneBU3VOHHbIE CUCTEMbl MOPOX-
[Al0T UMbl pAg UYMCTO TeXHMYeCKMX npobniem. YTobbl



MPUHUMAaTb MH(OPMaLMI0O B BUAE WHTEPHEPEHLMOHHBIX
KapTWH, 3anucaHHbIX Ha rosiorpaMmMax, HeobxoAuMmo Wu3o-
OpecTn KakoW-TO Crnocob, KOTOpbIA NO3BOAMA Obl MNONy-
yaTb Ha CBETOYYBCTBUTE/IbHOM 3KpaHe ronorpaguyeckoe
n306paxeHne, a Ana aToro Tpebyercs nasep wad gpy-
roli  WUCTOYHWMK KOTFEPeHTHOro W3/lyyeHuns, paboTaromii
COBMECTHO C Te/1IeBU3NOHHBIM MPUEMHUKOM.

MHorouuceHHble Npob/embl, BO3HUKalOLWMe npy pas-
paboTKe ronorpauuecknx TeneBU3MOHHbIX CUCTEM, TO-
BOPAT O TOM, YTO NPOIJET HeMano BPeMeHW — BEPOSATHO,
3TO NPOW30NAET TOMbKO B  CredytolleM  CTONeTUn,—
npexje YeM OHW LUMPOKO BHEAPATCA B Hally >KWU3Hb.
3™ npobnembl KaxyTcs CTO/Mb TPYAHOPa3peLLMMbIMU,
YTO MOKA He HALL/IOCh HW OfHOM (MPMbI, KOTOpas Moxe-
nana ©6bl cybeuampoBaTb  MOAOGHbIE  MCCNEeLOBaHMS.
Mo-BuayMoMy, ropasfo paHblie rosorpapuyeckoro 06b-
eMHOro TeneBUAEHWUS MNOSABUTCA TeNeBM3MOHHAA CUCTEMa,
co3jarollas 00beMHOe M306paXKeHWe Ha OCHOBE CTepeo-
cKonmuyeckoro appekta (cM. rn. 1), B KOTOPOM, BO3MOX-
HO, OYy[eT WCMo/nb30BaH 3KpaH, MO3BOMIAIOLLMIA CMOTPETb
3T TeNeBM3NOHHbIE  MporpaMmbl  6e3  creyuanbHbIX
OYKOB.

MpesnpUHUMAINCL  MHOFOYMCNEHHbIE BECbMa UCKYC-
Hble MOMbITKN CO34aTb 0O0bEMHOE KMHO. [l0 M3006peTeHums
ronorpajuy BCe OHM B TOM W WHOM BapuaHTe WC-
MoNb30Ba/IN  CTEPEOCKOMUYECKMIA 3(PEKT, KOTOPbLIA CO3-
[aeT WNM03MKI0 OOBEMHOCTU B pe3y/ibTaTe BOCMPUATMA
KaXAbIM [1a30M  HECKO/IbKO ~ OT/INYAIOLLIMXCA  M/IOCKMX
n300paxxeHnin 06bekTa. OfHaKO LUMPOKOMY pacnpocTpa-
HEHWIO TakMX CWUCTEM MPenaTCTBOB/IM HEKOTOpble He-
yfo6cTBa, B TOM 4MCNe HEOOXOAMMOCTb CMOTPETb (DU/IbM
yepes creuuasbHble 04ku*. Tonorpagus  cnocobHa
BOCMPOW3BOAUTL  AENCTBUTENIbHO O00bEMHbIE  M306paxe-
HUS, U MOXHO HafeAaTbCcsi, YTo Gnarofaps el 06beMHOE
KVHO B OAMH MpPEKpacHbli [eHb BbINAET Ha MacCOBbIN
3KpaH.

Mpy CbeMKe OLHOrO W3 MEPBbIX O/IOrpanmyecKmnx
KUHO(WIBMOB  6bII0 UCMOMLb30BaHO TO O0BCTOATESLCTBO,
YTO O06bEMHbIE TO/OrpaMMbl CMOCOOHbI  XPaHUTb  MHOTO
pa3/INYHbIX N300paXKEHNA Ha OAHOW W TOM e oTorpa-

* CyLLECTBYIOT CUCTEMbI CTEPEOKMHO, He TpelGytoliye crelmab-
HbIX O4KOB. — [pum. pes,



(bnyeckoli nnacTvHke (cm. rn. 4). Kaxpoe Takoe U30-
OpaxeHve MOXeT ObITb OAHUM W3 «KaLpOB», MOC/eL0Ba-
TE/IbHOCTb KOTOPbIX W CO3[aeT rosiorpauyeckoe KMHO.
UTtobbl Kafpbl CMEHANW ApYr Apyra B HY)XHOM MOPSZKe,
NM60 NNacTUHKY, NIM60 OCBeLLaloOWMin ee My4vyoK CBeTa
Me//IEHHO MoBOpaumBatoT. 10 Mepe TOro Kak M3MeHseTcs
Yrof nageHus nyva Ha nnacTUHKY, OAHO 3a APYrM BO3-
HUKAIOT HOBble M300paxkeHWs, WM kagpbl. [pyu co3pa-
HAM Takoro KUHO(W/IbMA MepBOHAaYa/IbHble OMOPHbLIA ©
NPeAMETHbIA My4YKM OTBOAATCA OT OfHOMO M TOro XKe
nasepa W CTpoOMpYytoTCs  («BCMbIXMBAKOT») C 4acTOTONA
30 pa3 B CcekyHay, MoKa MnacTMHKa MeA/ieHHO MoBopa-
umBaetcs. [aHHbIi MeTog WMeeT psf  CYLLEeCTBEHHbIX
HEOCTAaTKOB M MO03TOMY 6ecrnepcreKTuBeH. [10CKONbKY
Ha KaX[oh (OTOMNACTUHKE MOXHO 3aperucTpupoBaThb
TONbKO OKono 100 ronorpamMm —a Mbl AOSKHbI - «MNpo-
KpyumBaTb» WX CO ckopocTbio 30 KafpoB B CEKyHAY,—
MPOLO/DKUTENBHOCTL Takoro (unbMa He MpeBbICUT Tpex
CEeKYHA. XOpoLlo, €ecnv [BMXKEHWE, KOTOPOE Mbl XOTUM
3anucatb Ha ronorpaMmy, npeacTaBnseT Ccoboi  «yCKo-
PEHHYIO»  MOCNefoBaTe/lbHOCTL  KafpoB  (MYy/bTUMIINKA-
UMI0), Torga ee [EMOHCTpAUMI0O MOXHO MPOMU3BOAUTHL
CO CKopoCTbio MeHbLle 30 KafpoB B CekyHAy. Ho nofo6-
Hasa cuctema GecnoniesHa 418 ronorpauyeckoro KvHo.
[pyras npobnema coctout B TOM, YTO 3[€eCb WCMOMb-
3ytoTca  (DOTOMNACTUHKM OTHOCUTENbHO HebOoNbLUMX pas-
MepoB (Mopsgka 25 CM®), a 3TO 3HAUNTENbHO YMeHb-
LaeT pasMepbl «OKHa», Yepe3 KOTOPOe MOXHO BWAETH
BOCCTaHOB/IEHHOE M306pa>KeH|/|e (cueHy). lMoatomy Ta-
KON (DUIbM MOXET OAHOBPEMEHHO CMOTPETb /Wb He-
6onblas rpynna noaen.

Kak oTmeuyanocb B r. 5, pafyXHble UUNHAPUYe-
CKVe roforpamMmmMbl TakXe MOXHO WCMo/fb30BaTb ANA pe-
rucTpaumy AsvxeHuns. OfHako TakuMm 00pa3om yjaaercs
3aCHATL MpoLecC MPOAOIKUTENLHOCTEI0 He 6onee 45 c,
TaK YTO W 3Ta CUCTEMA HEeMnpurogHa AN ronorpadpuue-
CKOrO KUHO.

[Opyras cuctema, paspaboTaHHas COBCEM He[aBHO B
CLWA n Cosetrckom Coro3e, XOTS M MO3BONSET PETUCTPU-
poBaTb 60nee NPOAO/MKUTENbHbIE [JENCTBUSA, MOKa He
nonyymna LUMPOKOro pacnpoCTpaHeHWs W©3-3a OrpaHu-
YeHHbIX pa3MepoB «OKHa». B 3Toii cucTeme nocnefosa-



Te/IbHOCTb  FO/IOrpaMM  3anucbiBaeTcs B BUge MPAMO-
YrOfbHbIX KafpOB Ha [JIMHHYIO MJIEHKY LUMPUHOWA 7 CM.
Mpy  NpocMOTpe M/IeHKa HEeMpepbIBHO MPOKPY4YMBaeTCA
nepes 3puteneM. Korga ouepefHas rosorpaMma Mpoxo-
ANT 4epe3 «CMOTPOBOE OKHO», OHa Ha MrHOBeHWe nona-
[aeT noj BCrbIUKY CBeTa OT WMMY/IbCHOrO Nla3epa; Kax-
[yl CeKyHZy Moc/efjoBaTe/lbHO OCBeLLAOTCA Tpuauathb
ronorpamm. Tnafs B «OKHO», 3pUTeNb CNEAUT 3a [BUXKe-
HUEM pa3/IMYHbIX MNPEeSMETOB Ha MNOUCTUHE O06bLEMHOM
cueHe. [MepBoil Npo6OV Tako CUCTEMbI SBWCS KOPO-
TEHbKUA (UM MPOSOIKUTENIbHOCTBIO MEHbLUE MUHYTHI,
B KOTOpOM Oblna 3acHATa nnasatolias B akBapuyme 30-
notas pbloka (HAkobcoH, 1969).

Mpy  perucTpaumMn Ha MeHKY MocnesoBaTe/lbHoCTH
ronorpauyeckmx KagpoB W OMOPHbIA My4oK (Hanpasns-
eMbli Ha MAEeHKY), U Ny4YoK, KOTOPbIM OCBELLAKT 0ObEK-
Tbl, CO3JAKOTCA WUMMY/bCHbIM N1a3epoM. Jla3epHblin  nyy
cTpobupyetca ¢ yactoto 30 pa3 B CeKyHAy, Noka nneH-
Ka HerpepbiBHO [BWKeTCA M03aAu CLEeHbl, M0 KOTOpOi
nepemeLLaeTcsa CHUMaeMblii 06bekT (puc. 52). B npo-
[O/DKEHME  4Ype3BblYaliHO KOPOTKMX WMMY/bCOB  Nlasep-
HOrO W3/ly4YeHUs MfeHKa MPakTUYeCKW He CLBUraeTcs, U
KaXXAbIi  roforpauyecknin  Kagp PerucTpupyeTcs OYeHb
4eTKO 6€3 KaKuX-Mbo «nomMapok» B WHTeP(EpPeHLMOH-
HOM KapTuHe. TakMMm 06pasoM, Kaxayr CeKyHLy B CTpo-
ro  MocnefoBaTe/lbHOCTU  HA  MNJIEHKY  3anucbiBaeTcs
TpUALUaTh ronorpamm.

XOTA NPOAO/MKUTENBHOCTL TaKMX KMHO(UIBMOB Orpa-
HUYeHa /LWL [A/MHOM MNIEHKW, MOKa OHa He npeBbiCWa
HECKO/IbKMUX MWHYT. [MOCKOMbKY LUMPUHA NPAMOYTO/bHbIX
rofiorpamm, 3anucaHHbIX Ha M/IeHKEe, COCTaB/seT BCero
7 CM, «OKHO», Yepe3 KOTOpOe MOXHO Habnojatb Cue-
HY, OKa3blBaeTCs MasleHbKUM, U (OUNbM YL0OHO CMOTPETb
MWL OAHOMY YenioBeky. [lpegnonaraeTcd, 4Tto 3Ty
TPYLHOCTb YAacTCsi NPeofoneTb, €CN HEnpepbiBHO Npo-
nyckaTb M/IEHKY OT OAHOro MPOCMOTPOBOro npuéopa K
cnegyrowemy. Kpome TOro, BO3MOXHOCTW  OMWCAHHOIO
MeTofa CyLLEeCTBEHHO BO3pacTyT, ec/M WCMo/b30BaTh 60-
nee LUIMPOKYH nneHKy. Korpa-Hubydb B Oygyllem ypact-
CA WM3roTOBUTbL MJIEHKN LUMPUHOM MO KpawuHell Mepe B
METP, 4TO MO3BO/MT C€O3[aTb roforpaguyeckre KnHo-
(hWUbMbI C «MPOCMOTPOBLIM OKHOM», O0OJIbLUVM 06bIYHOrO



MneHka,

[ABUXYLLAsicA
32 «OKHOM»

OnopHbIi
ny4yoK (Mm- OcBeLLatoLnin ny4ok
Ny/IbCHbIIA) (MMMYNbCHBIN)

/

Puc. 52. Cxema ronorpauyeckoii 0ObEMHON KWHOCHEMKW; Takoro

TMMa Cxema YXe WCno/b3oBanach A1 CO3AaHWs MPOCTbIX rosorpa-

(hryecknx O06BLEMHBLIX (rnbMOB. pU  BOCCTAHOBNEHUM W300PaXKEHMSA

3puTeNb CMOTPUT B OKHO, OrFpaHMYeHHOe pasMepamn ABWKYLUelics

MNeHKW, W BUAUT NO3aJW Hee 3anuCaHHYK CLEHY C MepemeLLatoLy-

mucs obbekTamu. Pa3paboTaHbl HekoTopble 60fee COBEPLUEHHbIE Ba-
pvaHTbl 3TOW MPOCTENLLe CUCTEMBI.

TENEBM3NOHHOTO 3KpaHa. 3TO 3HauNUTEeNbHO YCUIWUT ad-
(heKT 06BEMHOCTU U OAHOBPEMEHHO YBENUUYUT 3PUTENb-
CKyl0 ayauTopuio. MOXHO HafiesTbCs, YTO B KOHEUHOM
UTOre Mbl CyMeeM fieNnaTb HAacTOMbKO LUMPOKME MNEHKMU,
YTO MPOCMOTPOBOE OKHO [OCTUFHET PasMepoB OGbIYHOIO
MNOCKOro KuHo3KpaHa. CylLecTBYeT W Apyroii BapuaHT:
nepes, «OKHOM», 4epe3 KOTOpOe CMOTPSAT ronorpadguye-
CKYI KUHOMMEHKY, YCTaHaBMMBAlOT 6OMbLUYID  JIMH3Y,



bnarogaps 4emy un300pakeHWe YBeNNYMBAETCH U €ro
MOXET BUAETb OOJIbLLEE YNACNO 3pUTENEN.

Moka ronorpagunyeckme  KMHOMUIbMbI  06nagatoT
TeMU e HefocTaTKamu, 4YTO W rosorpapuyeckme «Ha-
TIOPMOPTLI»  (XYLOXeCTBEHHble  rosiorpammbl).  Bo-
nepBblX, (OWIbM HEOOXOAMMO 3anucbiBaTb B 3aTeMHEH-
HOM MOMeLLEeHUM, TaK 4ToObl CLeHa OCBeLlanacb TOMbKO
KOTepeHTHbIM f1a3epHbIM CBETOM. BO-BTOpbIX, M306paxe-
HUE MUMEET 3epHUCTYHO CTPYKTYpPY, KaK U Y XY[0XKeCTBeH-
HbIX rosiorpaMMm. W HakoOHel, MpPOMAET eLle Hemano Bpe-
MeHW, npexzje Yem ronorpaguyeckne ¢uUIbMbl AaHHOTO
TWNa CMOryT AOCTaTOYHO TOYHO BOCMPOU3BOAUTL €cTe-
CTBEHHbIA LIBET 0OBEKTOB. Bce 3TO 03Ha4aeT, 4TO eLlle
[0BO/IbHO HECKOPO rosorpauyeckoe KUHO M0  CBOEMY
KauyecTBy CMOXET KOHKYpupoBaTb C O0ObIYHbIM KUHEMA-
Torpaom C ero nnaockum un3obpaxeHvem. Bepetcs He-
Masio WCCNefoBaHWUM, KOTOpble, BO3MOXHO, MOMOryT pas-
PeLUTb Ha3BaHHble MPO6MEMbl, WU HE WUCK/IKYEHO, 4TO
K KOHLY HbIHELLHEro CTOMeTMs ronorpauyeckoe KuHO
MOy4YUT MaccoBOe pacrnpocTpaHeHue.

Ha nepBblii B3rnag MOXET MokasaTbCs, 4TO ronorpa-
(hMYeCKoe KWHO He CrMOCOGHO BOCMPOWM3BOAUTL  CLEHDI,
rhe y4yacTBYHOT akTepbl W MCMOMb3YKTCA [eKopaumu, Ko-
TOpble [AO/MKHbI  BbIFNAAETb Ha 3KpaHe OObEMHbIMU.
OfHaKo MHOrorpaHHocTb rosiorpagum  Kak un3o6pasu-
TeNIbHOr0 CpefcTBa BCENSieT HafeXAy, YTO CO BpeMeHeM
OHa CMOXEeT BOCMPOU3BOAUTL OKpYXXatolmniA mup 6osee
peasibHO, 4YeM O00blYHble K306pa3nTe/bHble CPeSCTBa.
Korga-Hnbyab cTaHeT BO3MOXHbIM CHUMAaTb rosorpagu-
yeckve (WUNbMbl «Ha HaType»: Ha (JOKe HacCTOALMX
30aHUA N nelisaxei. B KOHLE KOHLOB HacTynuT Bpems,
KOrfla MCKYCCTBEHHble 0ObEMHble CLeHbl OyAyT OKpy»XaTb
3puTens co BCeX CTOPOH, W Torja OH BGYKBa/lbHO OKaXeT-
CA «B LEHTpPe CO6bITUIA», MNPOMCXOAALLMX Ha 3KpaHe.
Kagpbl B ronorpagmyeckom (unbMe MOXHO OyaeT 3a-
MEHATb APYrMW WM BbIpe3aTb CTO/Mb XKe Jerko, Kak
B 006bIY4HOM. YTOObI YCUAUTL WANKO3MIO PeaslbHOCTW Mpo-
UCXOZALLEro, ronorpauyeckyto KuHoannapatypy MOXHO
OyfeT coyeTaTb CO C/IOXKHBLIMW CTePeOPOHUYECKUMMN 3BY-
KOBbIMW CUCTEMaMU.

Torga no6UTENN BECTEPHOB MOTYT  «MEPEHECTUCH,
CKaXeM, B MyCTbIHIO, a BOKPYr HWX O6yayT pas3BepTbl-



BaTbCA  3axBaTblBalolme cobbiTua.  [onorpaguyeckue
(hnbMbI, CLefaHHble ¢ MoMoweto OBM, OTKPOHT CoBep-
LLIEHHO HOBbIA C€nocob Bu3yanusauMnm 06pas3oB, POXKAEH-
HbIX WrpoOiA BOOGPaXKeHWs, W MO3BONAT CO34aBaTb MCKYC-
CTBEHHble (CUHTETUYECKME) O6bEMHbIE KAapPTUHBI.

Ho BmecTe C TeM MPMBOAWT B YXAac MbIC/lb O TOM,
YTO «KWU3HENoAo6HbIe» 06bEMHbIE ronorpaduyeckne K3o-
OpaxxkeHns B Oygywiem MOryT OblTb WCMOMb30BaHbl A1
MCUXONOTNYECKOM 00paboTKM YenioBeKa — TaK HasblBae-
MOr0 «MPOMbIBaHUA MO3rOB».



naBa 8

NENAATE TONOrPAMMbI CAMU

Mo3HaKOMMBLUMCL C rosiorpanein B npegblayLmx
rnaBax Hawei KHWUrW, Bbl, BO3MOXHO, 3ax0TUTE CcaMm
nomnbITaTtbCAd  WM3rOTOBUTL ronorpamMmMbl. 3a Te  [eHbrW,
KOTOpble CTOUT 0Obl4Haa (oTorpaduueckas annapaTypa
XOpOLLEro KayecTsa, Bbl (DaKTUYeCKu npuobpeTeTe BCe
HeobXoa4MMOe [A/19 MOMYYeHWUs BaluMX COBCTBEHHbIX TO-
Nnorpamm; npu 3T0M A/19 ronorpagyposBaHvs BrOAHE [0-
CTATOYHO TEXHWYECKMX HaBbIKOB W MacTepcTsa (hoTo-
rpaga-nobutens. LenaTb ronorpaMmmbl — NpocTo U YB-
NeKaTtenbHo.

Ana 3anucy MHOrMX NPOCTEMWMX ronorpaMm CoBep-
LLEHHO HEe Hy)XHa Takasf C/NoXHasd W TFPOMO3[Kas rono-
rpatmyeckass annapatypa, KoTopas M300paxeHa Ha
puc. 25. Pa3mbllWNAg Haf TeM, Kakoro Tuna rosorpagu-
YeCKYl0 YCTaHOBKY WCMO/Mb30BaThb, Bbl MPeXae BCEro
[O/DKHbI PeLnTb, MOKynaTb N TOTOBYHK «rojorpaguye-
CKyl0 nabopaTopuio», C MOMOLLbKO KOTOPOA Bbl 3a 4ac
CMOXeTe 3anucaTb Bally MepByt0 ronorpammy, nv6o 3a-
TPaTUTb Kakoe-TO BpemMd W ycuiMs U caMUM  W3roTo-
BUTb OTAeNbHble 3/IeMeHTbl W 06opyfoBaHve ANf Cob-
CTBEHHOMW ronorpagmyeckoin ycTaHoBKMU.

Hackonbko A 3Haw, B AHIMU Mpou3BOAATCH [Ba
BMZA rOTOBbLIX ronorpauyeckmx cuctem; obe OHWM nNpo-
Jarotcs 6e3 nasepa, W ero criefyet NoKynaTb OTAEbHO
(cm. panblue, pasg. 1 aToil rnaebl, rae 6onee Noapo6HO
roBOpuUTCA 0O Nasepax).

YcrtaHoBka Holex Holographic BmecTe ¢ dotonneH-
KO 1 COOTBETCTBYHOLLMMU XUMUKanusmu ctout 100 dyH-
T0B (180 ponn.) wm npousBoguTcs upmoi  «Ironorpas-
(MK OMBENaNM3HT3» WM aMepUKaHCKOW  KOMMaHuew
«[onekc», ®upma «lonorpauk  AnBEN3anMaHT3» nNpo-



Puc. 53. [onorpagmyeckass CTyAusi. YCTaHOBKOM TakKoro Tuna /o6u-
TeNb MOXET NOMb30BaTbCA A1 3anwucu ronorpaMm. [lauta BUGPO-
YCTOMUMBOrO CTOMA cAenaHa M3 6GETOHHOro 6/10Ka; YCTaHOBKa Npef-
Ha3HauyeHa [NA MOMyYeHWs OTpaXKaTeNbHbIX ronorpamM, Mo3BONSIO-
LUMX BOCCTaHaBNMBaTb W306paxeHWe B 6enoM  CBeTe, — BEPOSTHO,
fenatb WX Hanbonee MpoCTO, Of|HAKO OHU OCOBEHHO YYBCTBUTE/IbHbI
K Maneimm BuGpaunam. Ha monke, MoABELUEHHOW Hafg CTOMAoM, pac-
MONOXEHbI KOe-Kakue KOMMOHEHTbl CXeMbl, MpU UCMO/b30BaHWUK KOTO-
PbiX MOXHO PerucTpupoBaTh MPOMYCKatoLLMe roforpamMmbl, OnmcaHHbIe
B HacTosllen rnase. Liudppamn 0603HaUeHbl Criglytolime 3MeMeHTbl
CxeMmbl: 1 — nasep C /MH30K, paccemBatoLLeii NMy4oK (3aKpbiBaeTcs 3a-
TBOpOM 3); 2—no,q|<n+0L|eHv|e K UCTOYHUKY MWUTaHUA nasepa; 3 — 3a-
TBOP M3 YEPHOTO KAapTOHA, 3aKPbIBAIOLIMA BbIXOHOE OTBEPCTWE fa-
3epa; 4 — GeTOHHas MauTa BUOPOYCTORYMBOTO CTONA; 5— Cnabo Ha-
KayaHHblE MOTOLIMKNETHbIE KaMepbl, 6 — MacCMBHBLIA MPOYHbIA CcTON,
YCTAHOB/IEHHBI Ha KPEMKUX HOXKax; 7 — AepKaTenb qoomrpacpmqe-
CKOM NNacTUHKM — KycOK fepeBa U- 06pa3H0v| (hopmbl; 8 — ronorpa-
vpyemblii  NpeAMET — LUECTUIPaHHbIA  CTONOMK; 9 — dhoTorpadmye-
CKas nnacTvHka; 10 — HenpospauHble 3epkana (He WCNOoNb3YyHTCH);
11 — pacwenuTens nyyka (He Wcnonb3yetcs); 12— winyp BbIKIOYa-
Tena ceeta; 13 — xumukanuu fns o6paboTkM (hoTonnacTuHKM (npo-
ABUTENb U 3aKpenuTensb); 14 — obpaboTaHHble MMAACTUHKMW, YCTaHOB-
NeHHble ANs NpOCYLIKW; 15— pakoBuMHA ANs NPOMbIBKWA MIACTUHOK;
16 — KIO0BETbI C XUMMUKaINAMM, 17 — dachl CO CBETALMMKCA CTpen-
Kamu U UumcepbnaTom, 18—Ta6ypeT 19 — TBepAbIii Mon — npeano-
YTUTENbHO OETOHHbIA; 20 — MeH3ypka écum OTMEPVBAHUS XUMUKaINIA;
21—c3eT0Henp0Hmu,aemaﬂ Kopobka Ans (POTOMNACTUHOK.

[aeT TaKXe roTOBble FOA0rpaMMbl BMECTE C WUCTOYHU-
Kamn CBeTa, HEeOoOXOAUMbIMU ANS WX HabMOAEHNS.
HecKo/bKO TWUMOB FOTOBLIX FONOrPagMuecknx ycTaHo-
BOK BbIMYCKaeT aMepuKaHcKas upma «MeTponoguk
Nazep», NPOAYKUMIO KOTOPO/ B AHIIIMW peann3yeT KoM-
naHus «MnuHr OnTtukan», Hanbonee [elleBoi U3 HUX



AB/IETCA YCTaHOBKA ANA 3anucy LWIUHAPUYECKWUX rOoMo-
rpamm; B 1977 r. ee UeHa cocTtasnana 67,5 gyHTa
(okono 120 ponn.). CyulecTByeT 60/ee pacLUMpeHHas
MoAM(UKaLMA TakMX YCTaHOBOK (roj Ha3BaHuem Advan-
ced Holography Laboratory), kotopaa no3sonseT
MPOM3BOAUTL PSAZA  FONOrPaPUUecKMX 3KCMEPUMEHTOB, B
TOM uuc/ie UHTeptepomeTpuyecknx. Ob6e CUCTEMbI CHab-
XEHbI MOMHLIM KOMMNEKTOM [eTanei.

MpeumyulecTBa crocoba «chenaiite YCTaHOBKY CaMu»
3aK/IloyatoTCd B TOM, YTO OH ropasfo fellesne W [o-
MyCKaeT pas/inyHble M3MEHeHUs B KOHCTPyKuuun. Mopo6-
Hasa TMOKOCTb BeCbMa LieHHa, MOCKO/bKY MpyY 3TOM Ka-
YeCTBO BalMX rONOrpamMM W YyBCTBO Y[OB/IETBOPEHNS,
KOTOpOEe MPUHOCUT BaM WX W3rOTOB/EHWE, B KOHEYHOM
cyeTe 3aBUCAT OT Balleii COBGCTBEHHOM CrOCOGHOCTU YTO-
TO npuaymbiBaTb U K306peTaTb, HEMPEPbIBHO COBEPLUEH-
CTBYS CBOIO YCTaHOBKY.

Hawmn coseTbl NoO npakTWYeckol ronorpaduu agpe-
COBaHbl rNaBHbIM 06pa3oM TeM, KTO XOYeT W3roTOBUTH
ronorpagMyeckyto  yCTaHOBKYy CBOMMMW — CW/IaMK,  XOTH
MHOrve getanu OyayT nonesHbl U ANA Tex, K10 npej-
noynTaeT paboTtaTb C roToBbIMM cuUCTeMamu. B pasg. 1
3TON rnaBbl Mbl pacCKaem O HeobxoaMmoM 060pyAoBa-
HAM UM [afUM KOEe-Kakume pPeKOMeHZauuu no ero ycTaHoB-
Ke. B pasg. 2 OyfeT pacCMOTPEHO HEeCKO/bKO MPOCTbIX
METOZ0B MOJlyYeHVsi MNPOMYCKAKLWMX W OTpaxaTe/lbHbIX
rosorpaMm, Mo3BOMAIOWMX — BOCCTaHaB/MBaTb M306pa-
XeHue B 6enom cBeTe. W HakoHel, B pas3f. 3 Mbl npej-
NOXWUM  CNocobbl YCOBEPLUEHCTBOBAHUSA YCTaHOBKU, a Tak-
e HECKONIbKO WHTEPECHbIX 3KCMEPUMEHTOB, KOTOpble
BaM, BO3MOXHO, 3aX04eTcsi OCYLLEeCTBMB.

Ecnm >xe Bbl CTpemMWUTECh COBEpPLUEHCTBOBaTb CBOE
MacTepcTBO WM )kenaete 6onee NOAPOGHO 0O3HAKO-
MUTLCA C METOZOM rosiorpatuu, TO MOXeTe 06paTUTbCS
K CNWUCKY nuTepaTypbl — CrieunanbHOn 1M NonynspHoi,—
MPUBELEHHOMY B KOHLIE KHUTW.

Pazpen 1. TemHas kOMHaTa U 06opyaoBaHue

Kak yxe oTmevasniocb B r/. 4, 3anucb roforpaMmbl
MpoM3BOAUTCA CrefytoLimM o6pa3om: CBeT nasepa, OTpa-
XKEHHbIA OT npeaMeTa (WM NpPeLMeTOB), B3aUMOfel-
CTBYET C OMOPHbIM Jla3epHbIM MYYKOM, (QOPMUPYA WH-



Tep(hepeHUMOHHYIO  KapTWUHY, KOTopas peructpupyercs
Ha CrneunaibHbIX (OTONMACTUHKAX WM  NeHke. Ecim
3aTemM TMOMECTWUTb [OfiorpaMMy B OMOPHbIA  My4YoK, TO
BCMEACTBME AM(PaKLMM  BOCCTaHABNMBAETCS  BOIHOBOM
(DPOHT cBeTa, OTPaXeHHOro OT npeameta. OCHOBOW NtO-
0oli ronorpaMyeckon yCTaHOBKM SBMSKOTCH  YCTPOWA-
CTBa, KOTOpble PacLUMPSAIOT Y3KWUA Nlyd nasepa U pasge-
NAIOT MYyYOK TaK, YTO OfHA 4acTb ero nagaeT Ha rono-
rpaupyemMblii  npeameT, OCBellas ero, Torja Kak gpyras
yacTb (OMOPHbLIA My4OK) HENOCPeACTBEHHO Hamnpas/seTca
Ha (POTONNMACTUHKY.

Mpy WM3roTOBNEHUM TONOrpamMM BO3HWMKAKOT [Be BaX-
Hble nNpob6siembl. Bo-nepsbiX, HEOOXOAMMO MOHOCTLIO W3-
6aBUTbCA OT Manedwmx BubpauuMni annapaTypbl, MNO-
CKO/IbKY 3TO MPUBOAWT K CMasblBaHWKO 3arnvcaHHOW WH-
Tep(hepeHLMOHHOM KapTWHbl, B pe3ynbTaTe 4Yero Wu3o-
OpakeHne OKa3blBaeTCA HEeACHbIM WM BOOOLUE KCYesaeT.
N BO-BTOpbIX, TaK Kak WHTep(epeHLUMOHHas KapTuHa
COLEPXMT 4Ype3BblyaliHO TOHKWE feTanu, ANis rosnorpa-
v TpebyroTcA cneuuanbHble QoTorpauyeckme MnneHKu
WM NNaCTUHKN — C BbICOKUM pa3peLleHUneMm.

TeMHass KOMHaTa

TemMHOl KOMHATOW MOXET CAYXWTb /1060e nomeLe-
HVe B [OMe, eC/i ero MNoAHOCTbIO WM30KMpoBaTh OT Mpo-
HUKHOBEHUS MOCTOPOHHErO CBeTa. JTO YC/OBME HEOOXO-
OMMO Kak [nd 3anucy rosorpaMm  (Ha MnacTUHKY Aon-
XeH najfaTb TOMbKO KOrepeHTHbI CBET nasepa), Tak u
ans  0bpaboTkM nnactuHku, CTporo creguTe 3a  Tewm,
4ToBbl B KOMHATE He O6bl1I0 CWU/bHbIX CKBO3HSKOB, KOTO-
pble MOrM Obl 4TO-TO CABWMHYTb B Balleil YCTaHOBKe
BO BpemMs 3kcrosvuuu. Tlon [o/mKeH 6biTb BO3MOXHO
Gonee TBepAbIM, NPEANOYTUTENBHO  GETOHHBLIM,  Kak,
CKaXeM, (yHZaMeHT B MOAB&/IbHOM [OMELLEHUN WK
rapaxe; ntobble BMOpauuM B [OMe, MOPOXAEHHbIE, Ha-
npuMep, Lwaramyv WM NpoedKarowmM MUMO TpaHcnop-
TOM, MOryT norybutb Bawy ronorpamMmmsl. Kpome Toro,
npy 3anucy ronorpaMM B KOMHaTe HYXXHO cob6sofaTb
MOMHYIO TUWMHY W MOKOW — HUKAKMX XOXAEHWA win
pasroBopoB,— MO0 3BYK TaKXe MOXEeT BbI3BaTb Kofe-
6aHus ycTaHOBKM. 10 BO3MOXHOCTW criefyeT u3beratb
W U3MeHeHU/ B TemnepaTtype, MOCKO/bKY pacLUMpeHume



WM CXaTWe KakUX-TO KOMMOHEHTOB CXeMbl TakXe Mo-
XKET MPUBECTM K UX CMelleHuto. Ecim B kOMHaTe cauw-
KOM XO/I0A4HO, TaK YTO BaM HeylTHO OyfdeT B Hell pa-
6oTaTb 6e3 oborpesatens, TO BK/IOUMTE €ro Mo KpaviHel
Mepe 3a 4ac [0 TOro, Kak MpUCTYnuTe K W3rOTOBNEHMIO
ronorpamm, U 3Toro GyAeT [OCTATO4HO, 4TOGbI BCe
YCTPOWCTBA BMOMHE Mporpenuch. He cnegyeT Takxke OT-
KpblBaTb [Bepb Mepes Tem, Kak Bbl HayHeTe 3anucb
ronorpaMmbl,— 3TO MPUHECET MOTOK XONIOAHOr0 BO3A4yXa.

Na3zep

Nasep, pasymeeTcs, ABNAETCA BaXHENLIWUM 3/1eMeH-
TOM YCTaHOBKW. [nf rosorpapupoBaHnWsi MOXHO BOC-
Monb30BaTbCA  re/N-HEOHOBLIM  /1a3epOM € BbIXOLHOM
MoLLHoCcTLHO nopsAgka 05—1 mBT. Kak Mbl yXe roso-
puan B rN. 3, ero CBeT COBepLleHHO 6e3onaceH [Ans
KOXW; HO OyabTe Ha NPOTSHXKeHWW Bceli paboTbl Npefesb-
HO OCTOPOXHbl W OCTeperanTecb, 4TO6bl OH HW B KOEM
Cnydyae He nonagan BaMm MpsMO B rnasa, uMbo 3To MoXxeT
MPUBECTWN K HeobpaTUMOMY MOBPEXAEHUIO ceTyaTku. Che-
[yeT TaKXe 3aMeTUTb, YTO MpU HabMAeHUW Tro/orpaMm
CBET BOCCTAHOB/IEHHOr0 BOJIHOBOTO (PPOHTA, KOTOPBIiA
pacnpocTpaHseTcs nof YrioM K OrMOpPHOMY MyuYKy, COB-
CEM He onaceH, OJHaKO Bbl BCe Bpems [O/MKHbI M3berarb
CMOTPETb NPAMO B OMOPHBIA MYy4OK.

Tunbl NasepoB, MPUrOAHbLIX
AN AOMAalIHero ronorpaupoBaHus™

**
Nasep M"”ﬁ{g"”"' (H%eﬂ?n r.) M3roToBuTenb
Metrologic M-600 0,5 121 GyHT «nuHr - OnTukan»
(220 ponn.) (AHrnnga):  «Me-
TPONOAXMNK»
(CWA)
Metrologic ML-620 0,9 137 tyHTOB ToT xe
(250 ponn.)
Spectra-Physics-155 0,5 109 dyHTOB «CrnekTpa-(Qusnke»
(200 ponn.)

* Ons 3TOl  Lenu MOXHO MCMOnb30BaTb OTEYeCTBEHHble Tenunii-HeoHOBbIe
nasepsl Tuna J-52, /ir-79 n Hekotopble apyrue. —Tpum. pea.

** LleHbl B AOnnapax yKasaHbl B COOTBETCTBMM C O(ULMANbHLIM BantOTHbIM
KYpCOM; Ha caMOM fene CTOMMOCTb 3Tux nasepos B CLLUA HecKoNbKO HUXe.



Bbl MOxeTe npuobpecTn Ans nasepa COOTBETCTBYHO-
LY NOACTaBKY (PabpvyHOro MpoM3BOACTBA WM MPOCTO
YCTaHOBWTL €ro Ha TBepZOM Onope, Hanpumep CAenaHHow
n3 kvpnuyeid. Jlazep Metrologic ML-60 cHabxeH cne-
LMabHbIM  NPOCTPAHCTBEHHBIM  (PUILTPOM — MPUOOPOM,
KOTOpbIA NO3BONAET YybupaTb MOCTOPOHHME WHTepgepeH-
LIMOHHble KapTWHbI, BO3HMKalOWMe B Nyde N060Oro nase-
pa. B pa3g. 3 Mbl pacCKaXem, Kak W3roToBUTb TaKOM
MPOCTPaHCTBEHHbIA (UILTP CaMOCTOATENbHO.

Ecnm y Bac umeeTcs KakoW-TO OMbIT paboTbl C 3fek-
TPOHHLIMM  NpUGOpamMu, TO COOTBETCTBYHOLME PYKOBOA-
CTBa MOMOryT BaM CpfefnaTb CBOM COGCTBEHHbLIN nasep;
npy 3TOM BaM YAAacTCA C3KOHOMWUTb HEMano [JeHer.
B pykoBoAcTBax roBOPUTCH, KakOM WHCTPYMEHT TpebyeT-
CA N1 [aHHOM LUeMM W Kak Cchenatb HYXHYK CXemy,
a TrOTOBYK fla3epHyt0 TPYyOKYy MOXHO Mpuobpectn OT-
[eNbHO.

OnTnyeckne KOMMOHEHTDI

B 60/bLUMHCTBE MPOCTEALIMX Fonorpanyeckmx ycra-
HOBOK My4YOK Na3epHOro W3nyyYeHWs CHavana pacLumpsioT,
a 3aTeM pacLlennsatT Ha ABa Ny4yka, KaxAbli M3 KOTO-
PbIX HAMpaBfsfieTC B HYXKHYH CTOPOHY MpU  MOMOLLM
3epkan. B 3aBMCMMOCTM OT MCMOMb3yemMol YCTaHOBKM
HeobxoauMble ANs  ronorpagmpoBaHns  YCTPOCTBa YK-
PennAtoTCA B COOTBETCTBYIOLLMX [epXaTensx, KoTopble
OMUCaHbl HUXE.

[nsa paclwmpeHus nyyka HeobxofyMa /b BbIMyK-
nas CTeKNfHHAA NIMH3a C (POKYCHbIM PacCTOfHWEM Mo-
pagka 1cM wim MeHblle M AMAMETPOM OKono 1 cm
[B AHrnum npomssogutca  dupmoli «Odpas  CalieHTu-
(mK» (ueHa 80 nmeHcoB), a B CLUA — cmpmoii «amyHz
CavieHTnuk» (ueHa okono 2 gonn.)]. lMpoxogsa uyepes
NMH3Y, Y3KUIA My4YOK cBeTa (DOKYcupyeTcs B ee (hoKasib-
HOW M/IOCKOCTU M 3aTeM pacXoAuTCs B BUAE pacLumps-
fOLLErocs KOHyca, CO3JaBas Ha M/I0CKOM 3KpaHe OCBe-
WEHHbIA Kpyr. Ta 4acTb «CBETOBOIO KOHYyCa», KOTOpas
BbIMO/IHAET (DYHKLMM OMOPHOrO Myyka, [O/HKHA ObITb
AOCTATOYHO LUIMPOKOW, YTOObI PaBHOMEPHO OCBELLATL BCHO
MoBepPXHOCTb (OTOrpathuueckon nnacTUHKW. Ecnm nyyok
MOMYYUNCA CNNULLIKOM  Y3KUM, TO KPYr OCBELLEHHOCTM



MOXHO YBeNUuWUTb, NMbO oToABWras nasep C JIMH30M
noja/iblle OT MAACTUHKK, /IMB0 UCNoNb3ys paccevsa-
fOLLYIO JIMH3Y C MEHbLUMM (DOKYCHbIM PAacCTOSiHMEM, KO-
TOpas CWibHee pacLumpsieT My4oK.

PacliennieHne ny4yka OCYLLECTB/IAETCH HECKOMbKAMM
cnocobamu. B HeKOTOpbIX YCTaHOBKax MOXHO, CKaXeM,
MpaByt0 MOMOBMHY PaCLUMPEHHOrO MyYyka HanpaBWUTb Ha
OCBeLLaeMblil  MpeAMeT, a /eBYK — WCMONb30BaTh Kak
OMOpPHbIA MNy4oK. HO 3a4acTylo Takol MyTb Henb3s Cuu-
TaTb BMOMHE Y[OBNETBOPUTENbHLIM, MOCKO/IbKY B 3TOM
cnyyae 0ba Myyka WMEHT B CeYeHUU (opMy MNONYKpYyra,
W [OOUTbCA  PaBHOMEPHOM  OCBELLEHHOCTWM  MIAaCTUHKK
OMOPHbIM  MYyYKOM TakOM (OPMbl [0BO/ILHO TPYAHO.

lopasfo fydwe pacliennsaTb PaclUMPeHHbIA  MyYOK,
npornyckas ero 4epe3 CTEKNAHHYH MIACTUHKY, YCTaHOB-
NEHHYO MOf, HEKOTOPbIM YINIOM K HanpaeNeHWo pacnpo-
CTpaHeHus ny4yka. OCHOBHas 4acTb [My4yka MpuU 3TOM
MPOXOAMT MpPSMO Yepe3 MNNacTUHKY, HO Kakas-TO 4acCTb
OTpaXaeTcsd OT ee MOBEPXHOCTW; OTPaXKEHHYHK YacTb
CBETA MOXHO C MOMOLLBK 3epKas HarpasuTb B HY>KHOe
MecTo. K coxaneHuto, CBeT My4yka OTpaxaeTcs KakK OT
nepefHen, Tak W OT 3afHel MOBEPXHOCTU CTEK/AHHOW
MIaCTUHKKW; 3TW [Ba OTPaXEHHbIX My4yKa pacnpocTpa-
HAIOTCA B OHOM U TOM >Xe HanpasfieHUM W, B3aMMOfen-
CTBYsl, MOTyT CO3/aBaTb WHTEP(EPEHLNOHHbIE KapTUHbI.
Ecnm Tako ny4yok WCnonb3oBaTb Kak OMOPHbIA (4TO Ya-
e BCero v fenaetcs), T0 NoL06HaA MHTepdepeHLNOHHaS
KapTuHa, COCTOSALAA W3 BepTMKaNbHbIX MOMOC, HakKna-
AbIBAETCH Ha ronorpamMmy, B pesynbTaTe 4ero BCs Mo-
BEPXHOCTb MOC/efHEN OKa3blBAeTCH MO/I0CATOM.

UToObl YyMeHbLWTb B/IMSIHWE CBETa, OTPaXEHHOro OoT
3afiHeii MOBEPXHOCTU CTEKMSAHHOM MNNacTUHKKW, ee nepea-
HIOIO TOBEPXHOCTb «CepebpsaT» (BMecTo cepebpa Ans
3TO LenM 00bIYHO WCMONb3YKT antoMUHMIA). Bnarogaps
3TOMYy CBET OTpaxaeTcd OT nepefHeli MOBEPXHOCTU
CTEKNAHHOM MMAaCTUHKW 3HAYUTENIbHO CU/bHEW, YeM OT
3afiHell, 1 BMeCTe C TeM TOHKas [M/ieHKa MeTanna He
MPensTCTBYeT YaCTUYHOMY MPOXOXAEHUIO MyyKa CKBO3b
NNacTMHKY. Hawnydlime paclienuteny rydyka AenatoT
13 NNOCKOr0 OMTUYECKOro CTEK/A TO/LLMHON OKONO 6 MM.
O6blYHO pa3mep rpaHW TakoW MNaCTUHKX paBeH npu-
MepHO 13 cM. JTO CTEeK/1I0 MPOU3BOAUTCA B AHIUK (hup-
Mol «Odpas CaileHTugmk», a B CLUA — KoMnaHwel



«omyHp CaleHTU(UK», U U3 HEro MOXHO M3roTOBUTb
Monynpo3payHble NNaCTUHKN /OOLIX pa3Mepos.

My4yoK nasepHOro cBeTa MOXHO pPacLUIMpUTb MyTeM
OTpaeHus OT 3epkan. O6blYyHble 3epkana MoKpbIBaKT
METa/I/IMYeCKUM CNOeM C 3afHeil CTOpPOHbl. YacTuuHoe
OTpaXeHWe MPOUCXOAUT TakXe W OT MepefHei nosepx-
HOCTW CTeK/a; Npu 3TOM, Kak W B C/yvae C pacluernse-
HUEM My4Ka, CBET, OTPaXEHHbIA OT nepefHeli MOBEPXHO-
CTW, B3aMMOAENCTBYS CO CBETOM, OTPaKeHHbIM OT 3afiHei
MOBEPXHOCTW, CO3JaeT MeLlaloLy0 NHTep(hepeHLMOHHYO
KapTuHy. M0 3TOW MpuYMHe ropasfo Nyuylle Mob30BaTh-
CA 3epkanamu, Y KOTOpbIX C/0eM aTtOMUHWUSA MOKpPbITa
NNLWLb MepefHsAs MOBEPXHOCTb, TaK YTO CBET OTpaXkaeTcs
TONbKO OT Hee.

Heobxoammo cobnofatb MaKCMMalbHYH) — OCTOPOX-
HOCTb MPW 3aKPensieHn 3epKan ANs paclUMpeHns 1 pac-
LLeNnaeHns Myyka, MOCKOMbKY NIErko MOBPeAuTb MOKPbI-
BAlOLLMIA CTEKNO TOH4YaMWMIA cnoil MeTanna. Hukorga He
JoTparmBaiitecb pykamu [0 MeTal/IM3MpPOBaHHOW MOBepX-
HOCTW, WMHa4Ye Ha Heil OCTaHyTCs OTMeyaTKu nasbLeB.
Uepes Kakoe-TO BpeMsi MOBEPXHOCTM 3epKan  3anbl-
NAKTCA: 3TO CaMO MO CebGe He TaK YX BaXHO, HO, ecnn
Bbl 3aXOTUTE OUUCTUTbL 3epKana, TO MPOMONTe WX B Ten-
noii Bofe, [06aBMB B Hee HEMHOrO MOMOLLEr0 CpeacTsa.
He cnegyeT npoTupaTb nNepefHVe MOBEPXHOCTW 3epKar,
TaK Kak Mpy 3TOM MOXHO MOBPEAUTb METaIMYecKoe
MOKpbITYE.

BubpoycToiiumBbiii CTOS

BnbpoycToiiumBblii  cTON  ANd  roforpauyuecknx pa-
60T [OMKEH YLOBNETBOPATb CMEAYHOLLMM OCHOBHbIM Tpe-
60BaHMAM: OH [O/MKEH OblTb TSHKENbIM, COBEPLUEHHO He-
MOABWKHLIM U WMETb  AemMndupytoliee  YCTPOICTBO.
OnucaHHble Bbllle OMTWYECKME KOMMOHEHTbI YCTaHOBKM
YKPennsaTca C MOMOLLbI0 [epaTeneil, KOTopble Cre-
UManbHO pa3pabaTtbiBatOTCa ANd CTONa KaXAoro KOH-
KpeTHoro Tuna. lMpu uM3roToBneHUM [epxkaTeneil Bcerfa
HY)XXHO YYWTbIBaTb, YTO OHW [AO/DKHbl ObITb MPOYHLIMM
M MacCVBHbIMM, CMOCOGHLIMY YAEpXMBaTb OMTUYECKMe
3N1eMEHTbI YCTAHOBKWM B COBEPLUEHHO HEMOABMXHOM CO-
CTOSIHUMW.



Mo-Bngumomy, HamGonee MNpoCTO cAenatb BUOPO-
YCTONUMBbIA CTON , 3 OETOHHO MUTbI  pa3MepoMm  Mo-
pagka 60x40 cM? UM 6onblue (Hampumep, 3TO MOXeT
OblTb NAWTa A48 JOPOXHOr0 MOKPbITWS), YCTaHOB/IEHHOA
Ha OfHOMN (nyywwe ABYX) c€nabo Haka4aHHOM MOTOLMKNET-
HO Kamepe. Takue Kamepbl 3PEKTUBHO NpeAoXpaHatT
MAMTY CTOMa OT BCAYECKMX [ABWKEHWA U BUOpaumii mona.
MauTy pasmewtatoT AM60 Ha GOMbLUIOA KaMeHHOM CKaMmbe,
nnbo npamo Ha nony.

Mpn MCnonb3oBaHUM CTONMA OMUCAHHOW  KOHCTPYKLMK
3epKana MOXHO TNPUKPeNuUTb K [epeBAHHbIM 6pycKam,
3aXaB UX Mo kpasmM. COOTBETCTBYHOLME 3aXMMbl MPOCTO
cfenatb, MPONyCTVMB AepeBsHHble OONMTbl Yepe3 LUMPOKMe
[epeBsiHHble LWabbl, KOTOPbIMU 3epKano MpuXMMaeTcs
K fepeBsiHHOMY 6/10Ky. BO3MOXeH W apyroil BapvaHT —
MPUKNeNTb 3epkana K AepeBsAHHbIM 6/10KaM 3MOKCUAHBIM
KfieeM, XOTSi B TaKOM C/lydae BCH KOHCTPYKLMS, 0YeBWUA-
HO, (MKCMPYETCS «HAKPEenKo» M W3MEeHsTb pPacrosioxe-
HUe ee OTAeNbHbIX AeTaneil Henb3s.

Pacwenutenb nyyka cnefyeT 3akpennsaTb B [epeBsiH-
HO pamke U-06pasHoin (hopMbl; Takyld paMKy f1erko
BbINUNTL U3 TONICTOW (haHepb!.

®OTONNACTAHKY Nyyllle BCEro YCTaHOBUTbL B [epeBsiH-
HO pamke, MPUYEM HWKHUIA Kpail NNacTUHKWU 3aKpenns-
eTcAd B pamKe rBO3AAMU WM LIMNUAbKaMW, a BEPXHWUN —
MPY>XWUHHBIMW  32XKMamu. TlocnefHne W3roToBNATCA W3
YKECTKOW MpOBO/IOKKM, 006epTLIBAOTCSA W3ONALUMOHHON NeH-
TOA W MPUKPENNsAIOTCA K [epeBAHHON pamke. MomHuTe,
4yTo BaM NPUAETCA 3aKpennaTb MMACTUHKY B [epXaTene
B MONHOW TeMHOTe, TakK 4TO CnedyeT TWATeNbHO Npoay-
MaTb €ro KOHCTPYKuMio. Ecnn Bbl XOTUTE 3anucatb Mo-
CKMe oTpaxare/ibHble ronorpamMmmbl, M03BO/MAKOLLME BOC-
CTaHaB/NvBaTb W300pakeHVe B 6efloM CBeTe, TO AN
NNaCTUHKM  noTpebyeTcs  fepeBsHHbIA  aepxatenb U-
06pa3HOi  (hOpMbI, NO3BONSAKOWMIA MNOABOANUTL  OMOPHbIN
My4yoK C 06PaTHON CTOPOHbI MIACTUHKM.

JInH3bl, paccemBalolye Nas3epHblii  My4YoK, MOXHO
NM6o BMOHTMPOBATb HEMOCPeSCTBEHHO B fasep, /mbo
3aKpenuTb NNaCTUIMHOM BHYTPU KOPOTKOro OTpe3ka
M71acTMaccoBoii TPYOKM MOAXOAALLEro AuvameTtpa, a 3a-
TEM BCHO 3Ty KOHCTPYKUMIO MPOYHO MPUKPENnUTb K Aepe-
BAHHOMY OpYCKy.



Mocne 3TOro AepXatesM MOXHO NPOCTO MNOCTaBUTb
Ha O6ETOHHYIO MAMTY. TOYHO ONpejenvs BCE MOJOXe-
H/SA  [epXKaTeneil nepes Hayanom  3anucu  ronorpam-
Mbl, 3aKpenuTe WX Ha CToNne 60fiee MPOYHO C MOMOLLBIO
pacnniaBfieHHOro BOCKa WM  Kakoro-Hubyap cnaboro
Knes.

Ecnm y Bac uMeeTcs Takas BO3MOXHOCTb, Jlydlle
U3roTOBWUTL JepXaTenn fAns 3epkan, (OTOnIacTUHOK W
[pYruX KOMMOHEHTOB M3 cTann. OHM OyayT npoyHee K
TXKeNee, YeM [epeBfHHblE, W, CefoBaTe/lbHO, 3Hauu-
TeNbHO YCTORUMBEN.

UTtobbl MpefoTBPaTUTL  HeXenaTeNbHOe OTPaxXeHue
cBeTa OT pa3/IMyHbIX YacTel YCTaHOBKW, MOKPONTE WX
YEepHOW KPaCKOWA.

Bo3moXHO, Bam 3axoyeTcsa nonpo6osatb W [Apyroin
BapuaHT BMOPOYCTOMNYMBOM CUCTEMbI — TaK Ha3blBaeMyto
«NecoYHuLy». Bo3bMUTE Kpenkuii  AepeBsHHbIA  AWMK
rnyobuHol Mno KpaiHeil Mepe 15 CM, BbICTENUTE €ro u3-
HYTPU TOHKUM N1aCTUKOM, YCTaHOBUTE Ha OfHOA WK
[BYX €nabo HakayaHHbIX Kamepax W 3arofiHATe MEeCcKOM.
Bce onTuyeckve KOMMOHEHTbI B TakOW CUCTeMe YCTaHa-
BNMBAIOTCA Ha KOPOTKMX [epeBAHHbIX CTONMOMKax, of-
H/M KOHLOM TMOTPY>eHHbIX B Mecok. OHW [0CTaTOuYHO
MPOYHO Y/AEPXKMBAIOTCA B MeCcKe, 06eCrneymBatoLLEM HYX-
Hblli BEC CTO/Ma, U BMECTe C TeM MNpu Heob6XoauMOCTU KX
Nerko  nepeMewiatb € Mecta Ha MecTo. [logobHas
cuCTEMAa 4pe3BblYaliHO TMbKa M 0Co6eHHO Lenecoobpas-
Ha [/19 HauMHAIOLWMX, MOCKO/bKY M03BOMISET CcAenatb
[OCTAaTOYHO 60MbLIOM W MacCcuBHBLIA CTONM. Hanpumep,
npnuous OGOKOBblE CTEHKM K KpasMm CTapoi Asepu (pasy-
MEeTCsl, CHATOM C NeTeNb W MOMOXEHHON Ha non), Bbl
Mo/slyynTe MECOYHbIN AWMK Kak pa3 MoAXOAALero pas-
mepa (34ecb, MpaBAa, B KayecTBe OMop noTpedyeTtca yxe
YeTblpe Kamepbl). KOMMOHEHTbI CXeMbl MOXHO YCTaHO-
BUTb Ha onopax, MNOAO6HbIX TeM, 4TO WCMO/b30BAINCH
Ha CTofle C OETOHHOW MAWUTOR, HO CHAaBGXEHHbIX [AepeBsiH-
HbIM/ WM METaIIMYeCKUMU WmMnamMn (419 3aKperneHns
B Necke).

MposiBMB HEKOTOPYHD W300peTaTeNnbHOCTb, Bbl HaBep-
HAKa CyMmeeTe MNpUCNOCOOUTL MacTMaccoBble TPYOKWM
OLHOBPEMEHHO B KayeCcTBe W [epxaTtefel, U OMOPHbIX
cTonbukoB. Ecnm no pnvHe TpybKM npopesaTh  Lieu



TOM Ke LWMPWHBI, 4YTO W  TONWMHA  3epKai WK
paccenBatoLLMX IMH3, TO 3TN ONTUYECKUNE 3/IEMEHTbI MOXHO
BCTaBUTb B LUE/N, 3aKPenuWB WX TeM CaMblM [OBOJIbHO
npoyHo. Mocne 3Toro TPyOKy 3apbiBaldT B MECOK. Ecnu
Bbl OMnacaeTecb, YTO MPWY 3TOM 3HAYUTENbHAsA 4acTb 3ep-
Kana WM paccevBatOLLeli /MH3bl OKaXeTcA 3aKpbiTa
Tpy6Koi, noabepuTe 3epKasio HECKOMbKO 60/blIero pas-
Mepa, M TOrfa 4acTb €ro, 3aKpbiTyt) TPYOKOR, MOXHO
He 6paTb B pacuyeT. Bce CTONOUKM HY)KHO 3apbiTb B Me-
COK KaK MOXHO rnybxe — gaxe yTtpambylite MecoK,
4TOObl CBECTU [0 MWUHMMYyMa /06ble cABuru. JepxaTenu
(hoTOMNACTUHKK, MO-BUAMMOMY, MpOLe chenatb M3 fe-
peBa; HO, BEPOATHO, Bbl Camu peLuMTe, Kakoi Martepuan
BaM 60/blle MOAXOAMT. B MecoyHuLe Bbl MOXETE TakXxe
MOMECTUTb KaKyto-HWOyAb M/MTY, Ha KOTOpPOM pasme-
LalTea npeMeTbl, MpefHa3HayeHHble Ans ronorpagpu-
poBaHuA. OnATb >Xe PeKOMEHAYH BaM CAenaTb Takyto
nuTy u3 fepeBa. B KayecTBe [pyroro BapvaHTa MOXHO
YCTaHOBWTb  rofiorpaupyemMble  MNpeamMeTbl  NPAMO  Ha
necke. (Mpy 3TOM HYXHO noJoOXAaTb OKoMo 20 MuH,
4ToObI MECOK Ocen.)

MycTb Bac OCOGEHHO He BOJSIHYET, YTO BMOPOYCTON-
UMBbIA CTONM ManoBaT M Ha HEM He XBaTaeT MecTa [AnA
nasepa u fJpyroro o6opynosaHus. Bbl BnonHe MoxeTe
pasmMecTUTb nasep MO0 B [PYroi 4actm ckambu (ecim
CTON pacrosfioXXeH Ha cKambe), nMbo npsaMo Ha nony.
OfHako, ecm Bbl paboTaeTe B KOMHaTe, Bcerga npeg-
noyTUTe/lbHEe MOMECTWUTb flazep Ha cTon. Korga e na-
3ep YCTaHOB/IEH Ha BWMOPOYCTOMYMBOM CTOJE, MOC/eLHEMY
MOryT repefaBaTbCA KoflebaHUA Yepe3 3NeKTPUYECKuii
Kabenb nasepa, 4TO BecbMa HexenaTtenbHo. (Ecnn Bu6-
pauuu  AencTBUTENbHO — OBGHapy»kaTcs,  nocTapaiTtechb
MpPOBeCTU 3TOT Kabeslb Mo MOTOSIKY.)

Ho ecnu, HecMOTps Ha BCe Baly YCUIWs, CTON BCe
Xe OyJeT HefoCcTaTOuyHO YCTOMUMBLIM A/ 3anucK rono-
rpamMm, TO NOMbITaiTeCcb cAenarb ero 60nee MacCUBHbIM
M Nonyylle M301MpyiTe OT BUOpauuiA. STOr0 MOXHO [O-
OUTbCH, 3apblB HOXKW CTOMa B BeApa C Neckom.

Ecnv Bbl BMeCTO oTorpagmyeckoii nNaacTUHKM 3axo-
TUTE WCMONb30BaTb TMOKYHD (DOTOMMEHKY (CM. dablue),
TO ee MOXHO [O0CTaTOYHO HALEeXHO Y[epXmBaTb, 3aXKaB
MeXAy [ABYMSA CTEKNSAHHbIMU NNaCTUHKaMK.



CDOTOFpaCt)I/I‘-IeCKVIe NAaCTUHKN U TMJ1IEHKWU;
nposasneHme, akcnosnuna

[ng 3anucy rosorpaMM  HeO6XOAUMbI  MNACTUHKN 1
MJEHKKW, MNO3BONAIOWME paspeLllaTb TOHYaWluve AeTanut
MHTEP(EPEHLMOHHON  KapTUHbLI Ha ronorpamme*. [pw
UCMO/Mb30BaHUM B KayecTBe WCTOYHUKOB CBeTa refnit-
HEOHOBbLIX /1a3ePOB PEKOMEHAYH 3anucbiBaTb ro/iorpam-
Mbl Ha nnacTuHKax Tuna Holotest, BbinyckaeMbIx (up-
Mol «Arda-Iesépt» (L0E75 — gna nponyckawowmx ro-
norpamm © 8E75 — ans oTpaxKkaTeSlbHbIX T[ON0rpamm).

Bce 3T NNacTVHKM MOXHO NpUvo6pecTn NmMbo 4yepes
MECTHOro TOProBoro npeacTasutens upmbl  «Ardga-
[eBépT», MO0 uepe3 KomnaHWio «MnuHr  OnTuKan».
[na Havana Bam /yylle WCMOMb30BaTb MIACTUHKM He-
60NbLUMX pa3mMepoB.

lonorpaguueckne nNNacTMHKM U MNNeHKU 06pabaThl-
BAlOTCA TOYHO TaK >Ke, KaK W 00bl4Hble (hoTorpadmue-
CKMe u4epHo-6enble MNIACTUHKM W MAEHKU (Npy  3TOM
He TpebyeTcA HMKaKMX OCOObIX XMMUYECKUX npenapa-
TOB). [N HWX rogmTcs Nto60M YHMBEpPCaNbHbIA MNPOSBM-
Teflb U CTaHLAPTHbIA 3aKpenuTeslb, KOTOPble WMEHTCS B
marasmHax (oTonpuHagNeXxHOCTeN.

[anee Mbl BKpaTue onuwem cnocob o6paboTku nna-
CTUHOK; 6oniee AeTa/lbHble WHCTPYKUMKW, B YaCTHOCTU Ka-
caloLmecs CMeLIMBaHUA XUMUYECKWUX npenaparos W T. A.,
Bbl MOXETe MOYepnHyTb B /1O60OM 3/1EMEHTAPHOM PYKO-
BOACTBE MO NOOUTENbCKOM hoTorpadum. Bam notpeby-
IOTCA TPU MEeNKME KHOBETbI: ANA MPOSABUTENSA, MPOMbIBaA-
IOLLIEro CpeAcTsa WM BOAbl M 3aKpenuTens. B Kaxayto
KIOBETY HY)XXHO Ha/UTb CTO/IbKO >KWAKOCTW, 4TOObl OHa
MO/IHOCTLIO MOKPbIBaNa NAaCTUHKY WM MNeHKy; paboyas
Temnepartypa >kugkoctn 20°C. Kpome TOro, Bam mnotpe-
OylOTCA Yacbl CO CBETAWMMMUCA CTpenkamy u uudgep-
6natom (Tak Kak B nomelyeHun, rge Bbl OyneTte pabo-
TaTb, [AO/MKHO ObITb COBEPLUEHHO TEMHO), WM MPOCTO
MPUAETCA MOMNPOCUTL NPUATENA B HYXXHOE BpPems CTy4aTb
CHapy>xu B [Bepb. Bo3MoxeH u fpyroi crnocob — 3apa-
Hee  chenanTe  COOTBETCTBYIOLLYHD — MarHWTO(OHHYHO

* B CoBeTckom Co3e MMEETCS LUMPOKUIA BbIGOP PErUcTpupyto-
WWX MaTepuanos fAna ronorpadmmn  (CM. LOMOMHWUTENBbHYHO NUTepaTypy
K rn. 8). — Mpum. pes.



3anncb, TakK 4YTOObl B HYXHbI MOMEHT, Harpumep, fpo-
3BYy4asno: «BblHbTe NNACTUHKY W3 MPOABUTENS».

3aKOHUYMB 3KCMO3WLMIO, MOMECTUTE MNACTUHKY (rono-
rpaMMy) B CBETOHeMpOHWLAeMyto KOpobky (unu, Hanpu-
Mep, B YepHbI MAOTHbLIA OYMaXHbI MakeT), nocne Yero
BK/OUYMTE CBET W HanelTe B KIOBETbl XUMUKaNUU [Ns
06paboTKM NNacTUHKW. 3aTeM CHOBa BbIK/IHOYWTE CBET
M NOMOXWTe TrosorpaMmy B MPOSIBUTElb — 3MY/bCUEN
KBepxy. OTIMUMTb MOKPLITYHO 3MY/bCWEA CTOPOHY na-
CTUHKW OYeHb fIerko, TaK Kak OHa MeHee rfiafikas, 4em
uncTad CTopoHa. llogepxaB NIACTUHKY B MposBUTENE
MONOXEHHOe BpeMs, BaM CNeAyeT BbiHYTb €€, NPOMbITb
B BOZE W MOMOXWTb B 3akpenutenb. llocne npossieHus
BK/IKOUNTE CBET W PaccMOTpUTE roforpamMmy, Kotopas —
Mpu YCMOBUM MNPaBUIbHON  3KCMO3ULUWM — [O/DKHA  Ka-
3aTbCA OLHOPOAHO Cepoid. [lanee B TeuyeHue nosyyaca ee
HY)XHO NpOMbIBaTb B CTpye BOAbl. [lepes TeM Kak Bbl-
HYyTb MAACTUHKY W3  BOAbl, OCTOPOXHO  NanbLamu
CMaXbTe ee MOBEPXHOCTb HECKO/IbKUMU  Kanismy  MOto-
Lero cpefcTsa, 3aTeM CMONTe ero W fAaiTe NAacTUHKe
BbICOXHYTb. Ternepb rosorpaMma rotosa Ans Habnwoge-
HUA.

B Lensax aKOHOMWM MNACTUHOK WU M/IEHOK, YTO UMe-
€T CMbIC/I OCOGEHHO NpW MepBbIX 3KCMepyMeHTax, WX
MOXHO paspesaTb noronam. C MAeHKON 3TO O4YeHb fierko
npogenaTb NPOCTO C MOMOLLBIO HOXHWLL; HO MOCKOJ/IbKY
pesaTb MPUAETCA B MOJHOW TEMHOTe, A/19 Havana noTpe-
HUpYyWTeCb Ha nucte Bymarn. [na paspe3aHus MnacTUH-
KW Bam MOHAfoOWTCA anMasHblil pesak [fns CcTekna W
NHelika. 3Ta npouejypa [OCTaTOYHO CNOXHA, TaK 4To
ONATb Bam HYXHO OyfeT npeABapuTelbHO MOTPEHUPO-
BaTbCA B TEMHOTE Ha MPOCTbIX CTEKNAHHbIX MNIACTUHKAX
TOro e pasMepa. [Ns YCTaHOBKM TaKMX YKOPOYEHHbIX
NNaCTUHOK Bbl MOXeTe /60 MPMCrocoBUTL UMEHOLLMIACS
y Bac [epxatefb, IM60 CreumansHO U3roTOBUTh HOBBINA.

Bam Takxe notpebyetcs 3aTBop 418 nasepa. Ero He
HY)XHO [efnaTb O4YeHb CNOXHbIM — BbIXO4HOE OTBEpPCTUE
nasepa MOXHO 3aKpblBaTb MPOCTO KYCKOM YepHOro Kap-
TOHa. YCTaHOBMB 3aTBOP, PacnofiokuTe MNNacTUHKY W
nneHKy B [Jepxatene. Hebonblasa pons ceeta 6Oyger
npocaumMBaTbCs Yepe3 TaKOil NPOCTOM 3aTBOP, OAHAKO
OHa He MOXeT 3aCBeTWUTb rosiorpammy. pexzie yem Ha-
yaTb 3KCMO3ULMIO, MOJOXKAMTE OAHY-[BE MWHYTbI, 4YTOObI



annapartypa «ycrnokomnacb». [locne 3Toro OCTOPOXHO,
TaK 4TOObl He KOCHYTbCA HW OfHOM [AeTain yCTaHOBKW,
ybepute NNCT KapTOHa OT BbIXOAHOrO OTBEPCTUSA Nasepa.
MpPOLO/MKNTENBHOCTL 3KCMO3ULMN MOXHO M3MepATb MO0
no uvacam, nM60 camMOMy OTCUMTbIBaTb CEKYHAbl, MO-
CKO/bKY 3[eCb He Hy)XXHa 0c06as TOYHOCTb.

[NnTeNbHOCTb  3KCNO3ULUM - 3aBUCUT  OT  MOLLHOCTM
MCMONb3YEMOro fasepa WM KOHCTPYKUMWU Balleli YCTaHOB-
Kn. Kak npasuno, oHa coctasnger 1—I10 c. YcTaHoBMB
TOYHOE BpPEMSA 3KCMO3WUMM [ [aHHOW  KOHKPETHOM
YCTaHOBKM MpU  FON0rpapoBaHUM  Kakoro-To  OfHOro
00beKTa, Bbl MOXeTe B [Ja/bHeWweM npuaepXmnBaTbCs
ero npu 3annMcy Ha TOM >Ke YCTaHOBKE rofiorpaMm Apy-
rMx NpeaMeToB.

ToyHOe  BpeMsi  3KCMO3WLMM  MOXHO  OMpefenunTb
TONIbKO METOAOM Npob ¥ OWWGOK, HO, K CYaCTblo, Kak
Mbl OTMEYasin, OHO He CTO/Ib KPUTWYHO, W Bbl [O/DKHbI
ObITb rOTOBbI K TOMY, YTO MO/y4nTe HebO/bLUOE pa3nnyue
B pe3ynbTaTax B LUMPOKOM WHTepBasie AAUTENIbHOCTel
aKcnosuumun. BriepBble 3KCNEPUMEHTUPYS C KaKOR-1mMbo
YCTaHOBKOW, MNOMbITaNTeCh NPUAEPXKMBATLCA CNEAYHOLMX
MPOJO/MKUTENBHOCTEA 3KCMO3NLMK ANA Pa3/IUYHbIX Nna-
CTUHOK: 8 ¢, 2 ¢ U T. 4. OfiHa 13 HUX HernpeMeHHO npuBse-
[eT BaC K XOpoLlemy pesynbTary.

Mpn  npaBuibHOM  06nydYeHuM  poTOrpaguyeckas
MIacTUHKA WM NJIeHKa [O0/DKHA MONYYUTCA CTONb Ke
Cepoi, Kak W 0OblUHbIi HeraTuB 4epHo-6enoit thotorpa-
(un. Ecnn oHa OKaXeTcs TeMHel, TO 3TO 3Ha4uT, 4TOo
aKcnosuums 6blna CAMLIKOM [A/MTeNbHOW, a ecnu CBeT-
Nen—cCAnWKoOM KOPOTKOW. HOo nyuywe BCEro CpaBHUTb
KayecTBO  M306paXKeHWi, CO34aBaeMblX  pPas/NYHbIMU
roforpaMMaMun M Torja peLunTb, Kakoe W3 HUX Hambosee
coBepLUeHHo. B Tom (ManioBepoATHOM) Cnydvae, Korpa
TpebyeTcqd O4YeHb KOPOTKOE BpPeMs 3KCMO3UUMM W npu-
MUTUBHbIA KapTOHHbIA 3aTBOP /la3epa He MO03BO/MSET
ero 06ecrneynTb, Bbl MOXETE YMEHbLUUTb WHTEHCUBHOCTb
Na3epHOro nyyka, yCTaHOBMB Ha ero NyTU HeWlTpasbHbIi
cepblii (hunbTp (KOTOPLIA MpofaeTcs B MarasvHax (hoTo-
TOBapoB); MPU 3TOM ONTUMAIbLHOE BPEMS 3KCMO3NLMK
YBEINYMNTCA.



Paspen 2. 3anucb rosiorpamm

HwXe Mbl OnWLIeM HECKOMbKO PasNnyHbIX YCTaHo-
BOK, KOTOpble MOXHO WCNOMb30BaTb A1 perncrpauum
Kak MponycKatoLmMX, TaK W OTpaxaTeNbHbIX [010rpamm:
3TO CfiefyeT paccmaTtpuBaTb He Kak ucyepnblBarowyin 06-
30p BCEX BO3MOXHbIX BapMaHTOB, a CKOpee KakK PeKo-
MeHJaLuKn, KOTopble MOMOryT BaM MNpUo6pecT HeobXxo-
OVMbIA ONbIT B W3rOTOB/IEHUM TONOTPaMM W MOACKaXYT
KOoe-Kakve ufen, KOTopble Bbl, BO3MOXHO, 3aX0TUTE pea-
NN30BaThb B M30OPETEHHOM BaMW YyCTaHOBKE.

K OCHOBHbIM feTansM /060 YCTaHOBKM OTHOCATCA
Te, KOTOpble O6ecrneynmBatoT CO3JaHue MNPeaMeTHOro 1
OMOPHOr0  BOJIHOBbLIX (DPOHTOB, WHTEPEPUPYIOLLMX Ha
(hoTorpagmyeckon nnacTHKe WM nneHke. Mpu 3anucu
MponycKatoLmx roforpamMMm 06a (poHTa MajaloT Ha
NNaCTUHKY C OfHOM W TOW >Ke CTOPOHbI MOA HEKOTOPbIM
yrnoMm Apyr K Apyry, fpyv 3anucu ke OTpaxaTeSibHbIX
rofiorpaMM — C NPOTMBOMONOXHbIX CTOPOH, T. €. Crie-
pean W c3aAM MMaCTUHKMW; 3TOM0 MOXHO J06UTLCA ca-
MbIMW Pa3HbIMK Croco6amm.

MpocTas nmponyckarwwasi rosiorpamma,
noslydeHHas 6e3 paclienuTens nyuka

B oOcHOBHbIX uepTax Takas YyCTaHOBKa W300paxKeHa
Ha puc. 54. Ee KOMMOHEHTbl JO/MKHbI ObITb pasmeLleHbl,
KaK NoKa3aHO Ha PUCYHKe, HO, YTOObl cfenaTb 3TO BMOA-
He Y[OBNETBOPUTENbHO, HEOOXOAMMO YYecTb psf [JeTa-
neit. Jlazep W paccevBaTe/lb Ny4yka cnegyet MOMeCTUTb
HacTOMbKO [afneko OT OCTalbHbIX YacTeid YCTaHOBKMW,
4TO6bl MYYOK OKa3ascA [OCTATOYHO LUVPOKUM W MOHO-
CTbIO OCBETWN MpeAMeT, a Takxke, OTpasuBLUMCL OT
3epkana, U BCO (oTOrpauueckyto nnacTUHKY. YTtobbl
MpoBepUTb, Kak BbINOMHAETCA 3TO TpeboBaHWe, CHavana
MOMeCTUTE B [ep>KaTeflb BMECTO MNIaCTUHKM KyCOK 6e-
NOr0 KapToHa TOro Xe pasmepa.

[pyroe BaxHOe YyC/NoBWE, KOTOPOe HeobXoAuMMOo Co-
6nopatb Kak Ans aTod, Tak M Ans Apyrux YCTaHOBOK,
COCTOMT B TOM, YTO CBET, NafaloLiMii Ha MNNACTUHKY OT
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Puc. 54. Cxema 3anmcu nNpoCTOV NpPOMyCKatoLLe roforpamMmmbi.

npeaMeTa, [OMKEH OblTb MOYTW CTO/Mb XKe SIPKWUM, Kak
M OMOPHbIA Ny4oK. MpU MCMONb30BaHWM TaKoW YCTaHOB-
KW [0BOMbHO TPYAHO OTPEryNMpoBaTb HYXXHbIM 06pasoM
OTHOCWTENbHbIE WHTEHCMBHOCTM 3TWUX [BYX WCTOYHIUKOB,
MOCKO/bKY OMOPHBIA My4YOK OKa3blBaeTCs, Kak MpaBuno,
fipye CBeTa, OTPAKEHHOro OT npeaMeTa. YTobbl yBenw-
UATb MHTEHCMBHOCTb OTPAXEHHOrO CBETa, A1 rojorpa-
(MpoBaHUs BbIGUMPAKOT MPEeAMETbl KPacHOro wm 6enoro
LBETa M YCTaHaB/MBAKOT WX KaK MOXHO 6/MXe K nna-
CTWHKE, HO TaK, YToBbl OHW HEe MepeKpbIBa/IN OMOPHOrO
nyyka. [ns OLEHKN OTHOCUTENbHOW WHTEHCMBHOCTW Myuy-
KOB CBeTa MOMECTUTE KycOK Genoro KapToHa B fepiKa-
TeNb NNACTUHKM U MepeKpoiTe YepHbIM KapTOHOM CHa-
Yasa OMOPHbIA My4OK, a 3aTeM Myu4yoK, OTPaKEHHbI OT
npeaMeToB; TakMM  CMOCOGOM  Bbl  CMOXETE Ha rnas3
CPaBHWUTb WX WHTEHCMBHOCTU. OHW [AOMKHbI ObiTb MpU-
MEPHO paBHbl, XOTS Hauny4ylwmii pe3ynbTaT MosyyaeTcs,
KOrfia CBeT OT MNPEAMETOB OKa3blBaeTCA HECKONbKO chna-
Gee cBeTa OMOPHOrO nyuyka. Kak W npu onpeaeneHum
BPEMEHM 3KCMO3ULMK, Nlyylle BCErO MO3KCMNEPUMEHTUPO-
BaTb C PAas3/IMYHbIMKA COOTHOLLEHUSMU WUHTEHCUBHOCTEA,
XOTSl X BEMMYMHBI TaKXKE HE OYeHb KPUTUYHbI.

[na ronorpagupoBaHns MOXHO WMCNO/b30BaTh JINLLb
Takne MNpegMeTbl, KOTOpble B TeYeHWe  3KCMo3nuuu
OCTaroTCH COBEPLUEHHO HEMOABMKHbIMU. OOBLEKTbI OpraHu-
YeCKOM NpUPOAbl, HamNpuUMep >XMBble PacTEHMs U [axe
MuLa, MOryT HEMHOrO CMECTUTbCA 33 BpPEMSA 3KCMO3M-
UMM, M Torga ux u3o6paxeHus nn6o 6yayT TYCK/bIMU,



nn6o coBceM He mnosnyyarca. pocTewwmii cnocob npo-
BEPUTb, CMELLAeTCA I 06bEeKT,— NOHabN4aTh 3a 3epHU-
CTOI CTPYKTYPOI Ha ero noBepxHOCTW, KOTOPas BO3HMKaET
Mof AeiCTBMEM CBeTa Nlasepa: eci OHa W3MEHSeTCH Um
ABWXeTca (B MOCNefHeM Clyyae CO3JaeTcs Brievat/ieHue,
OYATO NO MOBEPXHOCTW MOM3AKT MypaBbu), TO 3TO 3Ha-
YMT, YTO CaM OOBEKT HaxOAWTCH B ABWXKEHWUM W, ClefoBa-
Te/NbHO, ero Hesb3s rosorpagupoBaThb.

YCTaHOBMB  annapaTypy Takum 006pa3oM, 4To6bl
M1acTMHKa Oblfa XOPOLIO OCBeLLeHa, HayuHaiTe 3anuchb
rosorpaMM. 3akpblB BbIXOAHOE OTBEPCTME nasepa 3aTBO-
POM, BbIK/KOUMTE CBET B KOMHaTe, OTKpONTE KOpPOOKY C
(hoTONNaCTUHKaMW, BblHbTE OAHY M3 HUX U YCTaHOBUTE
ee TaK, 4TOObl CTOPOHA, MNOKpbITas 3aMysnbcueld, 6bina
obpalleHa K ronorpadupyembiM npegmeTam U OMOPHOMY
Myyky, a OCTaBLUMECH MNNACTUHKM OCTOPOXHO YnakyiiTe
B KOPOOKy. Terepb MOXHO MpUCTYNaTb K 3KCMO3uuum
(ybpaB 3aTBOp nasepa); Mocre ee OKOHYaHWs cregyet
MONOXWUTb NNIACTUHKY B CBETOHENPOHWLAEMbIA NakeT, a
3aTeM 06paboTaTb B COOTBETCTBUW C OMWCaHHLIMK Bbllle
npasuiamu.

O6paboTaB nnacTUHKy, ybepute cO CTONa ronorpa-
(hvpyemble NpegMeTbl, a ee YCTaHOBUTE B Aepxartenie Ha
TO )Xe MeCTo, rfe OHa Oblna BO Bpems 3KCMO3ULMUW,
BHOBb 06pAaTUB 3MY/IbCUOHHLIM C/OEM B CTOPOHY OMop-
HOro nydyka. [nsgs npu 3TOM  4epe3 MIACTUHKY, Bbl
[JOMKHbI  YBUAETb 00beMHOE W306paXkeHVe npeameTa B
TOM )€ MecTe 3a MNMIaCTUHKOW, rae OH Haxoguncs BO
BpemMs 3KCro3uumu. byabTe upe3Bbl4aliHO OCTOPOXHbI,
He MOACTaBNANTE rnasa Mof CBET OMOPHOro Jla3epHOro
nyyka, OTPaXeHHbIN OT 3epkana. UTobbl yBUAETb COMps-
XXEHHOe U300paXKeHue, pacnosioxkuTe ronorpamMy, Kak
MoKasaHo Ha pwuc. 24, U CMOTpWUTE B yKa3aHHOM Tam Ha-
npasneHun. MOXHO NOCTyNUTb U UHAYe: MOBepHYTb
NNaCTUHKY B [AepXXaTtesie 3My/IbCMOHHOW CTOPOHOM K Ce-
6e 1 CMOTpeTb Ha ronorpammy B TOM >Ke Harnpas/ieHun,
Kak npy HabniofeHnM TOYHOro mn306paxeHusd. Torga
COMPSXXEHHOE M300paXKeHNe OKaXKeTcs Brepeay MnacTuH-
K/ 1 OyfeT nCeBAOCKOMUYECKUM, MPUYEM COCPeLOTOYUTD
Ha HeM B3rNnsf4 [LOBOMbHO TPYAHO (OHO MOXET BbIris-
[leTb HeCKO/IbKO 0ONbLUMM peanibHOro npeameTa).

Ecnm ronorpamma He yganacb, TO 3TO MOXeT 06bsc-
HATBCA CNEAYOWUMA NPUYNHAMUN: [BUDKEHWEM KakKOW-TO



4aCTW YCTaHOBKWM (TOrga cnegyeT Moyuylle 3aKpenuTb
BCe ee feTanu) nmbo BMOPOYCTOMYMBOrO CTONA; Henpa-
BWMbHOM 3KCNO3ULMEN NNacTUHKW, HenpasuibHOW 06pa-
OOTKOM NMACTUHKM WAN MNNEHKWU W, HAKOHeL, Henoaxons-
UMM COOTHOLUEHMEM WHTEHCUBHOCTE CBeTa, OTPaXKeH-
HOro OT MpPeAMETOB, W CBETa OMOPHOI0 MyuKa.

Ecnm  pgna  ronorpadupoBaHus  GepyTca  GnecTawme
npeaMeTbl, OTpaXatoLlue CBET 3epKasbHO, TO MpU BOC-
CTaHOB/IEHUN BO3HWMKAET HECKO/IbKO JIOXKHbIX M3006paxe-
HWIA, NMOCKO/bKY CBET, OTPaXEHHbI OT TakMxX NpeaMeTOoB,
(hOKYCUpPYACb, CO3LAeT JIOXKHbIE OMOPHble MNyuknu. Kax-
OblA 13 3TUX MNYYKOB (HOPMUPYET OTAENbHYH ro/orpam-
My, W BCE OHW HaKNaAblBalOTCA Ha MMaCTUHKE Apyr Ha
apyra. [pu nocregytolieM  OCBELLEHUM  O10rPamMbl
TO/IbKO OfHWM OMOPHbIM MYYKOM, OTPaXEHHbIM OT 3ep-
Kana, BOCCTaHaBNMBAlOTCA W306paXKeHUs, 3anmcaHHble
Ha BCEX 3TUX MHOrOYUC/IEHHBIX [LOMOMHUTENbHBLIX [O/10-
rpaMmax, MpuY4eM HU OLHO W3 HWX He COBMNajaeT ¢
OCHOBHbIM  M306pakeHneM. [of06HbIE HeXenaTtenbHble
n306paXKeHns MOryT ObiTb OONbLUE WM MeHblue peab-
HbIX MpeaMeToB. YTO6bI HECKONbKO YNyylMTb KayecTBO
ronorpamm G1ecTAWMX NPesMeToB, MOXHO YCTaHOBUTb
nobnm3ocT OT HuX (Ha MNyTWM OCBeLlaloWero ny4ka)
KakoW-HMbyab paccevBaTe/lb CBeTa, Hanpumep 3KpaH w3
MaToBOro CTeK/a.

MpocTtas oTpaxaTesibHas ronorpamMmma,
No3BOJIAKOWAA BOCCTaHaB/MBaTb M3006paxeHue
B 6enom cBeTe

OTpaxarefnbHad ronorpaMma WMeeT elle 6Gonee TOH-
Kyt CTPYKTypy, 4Yem nponyckawowas. B cuny 3toro
OTpaXkaTe/nbHble roforpamMMbl  ropasfo 4yBCTBUTENbHee
K N060My CABUIY B YCTaHOBKE, YeM MNpOMycCKaroLme.
Bbl MOXeTe Ha COGCTBEHHOM OMblTe YOeAUTbCA, YTO
YCTOMYMBOCTb KOMIMOHEHTOB, Y[0B/METBOPUTE/IbHASA C TOY-
KN 3peHuns NponyckarwLlmx ronorpamMm, OKasblBaeTcs CO-
BEPLUEHHO HeOCTAaTOMHOM MpU 3anucu  OTpaXKaTeNbHOM
ronorpaMmoi.

MpocTelllas cxemMa perucTpauuy oTpaxareSibHbIX ro-
norpamm, rnokasaHHas Ha puc. 55, Oblna npegioxeHa
COBETCKMM YydeHbIM HO. H. [JeHWUCIOKOM, KOTOpbIn B CBOHO



Bun6poycToiiumssl
cron

=c

% A MpeameTsl

JNlnHza, pacwmpsawowas %

My4oK

doTorpadumyeckas
nnacTuHka

Puc. 55. Cxema perucTpauuy OTpaXKaTe/lbHOW roforpaMmbl, M0O3BO-
NAKOLWEH BOCCTaHaBNMBATbL U306paxeHne B 6Genom ceeTe.

oyepesb pasBuI MpY 3TOM WAen (PPaHLYy3CKOro Y4YeHoro
Mabpvensa JlunnmaHa, NPeA/IOKMBLLETO elle B Havane
Hallero Beka HOBbIA MeTof LBETHOW (hoTorpauu.
B ocHOBY 3TOro Metofa MO/IOXEHO TO 06CTOATENbCTBO,
4To (POTO3MY/IbCUA WCMOMb3YeMbIX MIACTUHOK COBEPLLEH-
HO mpo3payHa Ana ceeTa. [lpoweawnii yepes pacceu-
BalOLLYK JIMH3Y My4YOK Na3epHOro ceeta Majaer Ha
NMaCTUHKY U NPOHMKAET CKBO3b Hee, co3JaBas Takum obpa-
30M OMOPHbIA MYYOK M OCBeLlas MpeaMeTbl 3a M1acTUH-
Koli. OfHOBPEMEHHO Ha MMaCTUHKY MNajaeT 4acTb CBETa,
OTPaXeHHas OT MOBEPXHOCTW roforpapupyemMbix npea-
METOB,— 3TO MpPeAMETHbIA BOSIHOBOM (DPOHT, KOTOPbIN
B3aMMO/eNCTBYeT C OMOPHbIM MYy4YKOM W CO34aeT WUHTep-
(hepeHLMOHHYIO KapTuHy. B pesynbTate nocne npossre-
HUA Mbl MO/Tly4YaeM OTpaXKaTesIbHYH0 rosiorpaMmy, npuyem
3anncaHHOe Ha Heil M300paXkeHMe MOXHO Habnopath B
6enom ceerte.

Mpn ucnonb3oBaHUM A1 3anUCK OTpaXkaTeslbHbIX ro-
norpaMm  (OTOM/IEHOK  (Hampumep, YXe YMOMSAHYTOro
™mna 8E75) cnegyet umMeTb B BuAy, 4TO UX obpaTtHas
CTOPOHA MOXET ObITb MOKPbITa CBETOHEMPOHULAEMbIM
CNOeM, KOTOPbIA MOXHO CHATb (OCTOPOXHO W B TEMHOTE)
KYCOYKOM BaTbl, CMOYEHHON B CrvpTe.

PacnonoxwmTe BCe KOMMOHEHTbI CXEMbl — KPOME Tia-
CTMHKN — TaK, KaK MOKa3aHO Ha puc. 55; npu 3TOM He-
06x04MMo, 4TO6bI My4oK Nla3epHOro cBeTa 6bin LOCTATOY-
HO LUMPOKMM W MOJHOCTLIO OCBELlan MIaCTUHKY, Korja
OHa OyfeT ycTaHoB/eHa Ha MecTo. [pu Takoi paccra-
HOBKe 000pYy/J0BaHWs OMOPHbIA My4OK MOYTU HaBepHsKa



OK&XETC MHOro fpye MpPeAMETHOro, TaK u4TO Jydlle
BblOpaTb [Ana ronorpaguposaHns 6enble, cepebpucTble
WM KpacHble NpeaMeTbl M PasMecTUTb MX BO3MOXHO
6nmxe K nnacTvHKe. Y6eamBlIMCb, 4TO Bce AeTanut
YCTaHOBKM PacronoXeHbl NPaBWbHO W BbIXOAHOE OTBEp-
CTVie fasepa 3aKpbITO 3aTBOPOM, BbIK/IKOUWUTE CBET, MO-
CTaBbTe NNACTUHKY B [epXaTe/lb, 06paTVB MOKPbLITON
3My/ibCMelt CTOPOHOI K ronorpagupyemMbiM npegmeTam,
0bnyunTe ee n o6paboTaiiTe, KaK ykasaHO B pasfg. 1*.
OpVeHTUPOBOYHOE BPEMS  3KCMO3WLMWM  COCTaBNAET Mpu
3ToM 5 C fAnA BbIXOAHOW MOWHOCTM nasepa 1 MBT wu
10 c—pgna 0,5 mBT.

3anucaHHOe Ha Takoil ronorpamMe M306paxeHue
MOXHO Habnwogatb B 6esoOM CBeTe, OTP&XEHHOM OT ee
MOBEPXHOCTM (KOTOopas Mpy 3KCrno3vumm 6bina obpatlieHa
K nasepy). [na BOCCTAHOB/IEHUA UW306paXeHWUs oTpa-
Xatowelk  ronorpammbl - MAealbHO  MOAXOAUT  CONHEYHbIN
CBET, HO MOXHO MCMO/b30BaTb TAKXe MasleHbKyl0 naM-
nouky (C NWMH30M) WM CBET MPOEKLMOHHOIo (oHaps.
Nags Ha ronorpaMmy, Hak/OHAWTe ee B pasHble CTOPO-
Hbl, NOKa He yBWAMTE M03adu Hee m306paxeHue. Bcnep-
CTBUE Yycagku amynbcun (CM. 1. 4) OHO OKa3blBaeTcs
3eNeHbIM. Ecnm BaM Tak M He y[acTCs HW4Yero pasrns-
[eTb, MNpPeanoXxute nonbITaTb CYyacTbd NpUsATeNto, no-
CKOMbKY M306paXKeHne MOXeT ObiTb 04YeHb 6/iefHbIM.

Ecnmn e Bbl noTepneny Heygayy u 13obpaxeHue He
noay4nnocL, nonpobyiiTe 3anucaTb APYryw ronorpaMmy.
3aHOBO YKpenuTe pas/iMyHble KOMMOHEHTbI CXEMbl, MpPex-
[e BCero fepxarvesb MAaCTUHKK, BO3bMUTE [N1S TO/10-
rpajgupoBaHms  6onee sApkue npegmeTbl  (Hanpumep,
nocepebpeHHbIe) U YCTaHOBUTE KX MOGAMXKE K NIACTUH-
Ke — OHM MOryT faxke KacatbCs ee. [MonbiTalTech Takxe
U3MEHWUTb Bpems 3KCMO3WLWKW, YBENINYMB WM YMEHbLUVB
ero B 3aBMCMMOCTW OT TOr0, HACKO/IbKO TEMHOM MO/y4un-
nacb Bawa repsas ronaorpamma.

"NaBHbIN HeoCTaTOK OMUCaHHOro MeTofa rosorpagu-
POBaHUA COCTOMT B TOM, YTO OH He MO03BOJISET YMEHbLLUATb

* [pu NposiBNEHUM OTpaXKaTeNbHbIX FOAOrPaMM Jiyudlle M0/b30-
BaTbCA CreuyaibHbIMU - NPOSBUTENAMM, PeLenTbl  KOTOPbIX  MOXHO
B3Tb B PYKOBOACTBaX, MPWBEAEHHbIX B [OMO/HEHWU K /MTepaType
(k rn. 8). — Mpum. peg.



SPKOCTb  OMOPHOrO MNyyka, OCTaBMAf  HEM3MEHHOW fp-
KOCTb CBeTa, OTPaXeHHOro OoT npeAmMeToB. O3HAKOMUB-
lMCb B Cneaytollem pasjgene cO CXeMOR, B KOTOpOi
UCMONb3YeTCA pacLienuTens Myyka, Bbl MOXETe Morbl-
TaTbCA BK/OYUTL €r0 W B YCTAHOBKY [/1A 3anucu oTpa-
XareflbHbIX ron0rpamMM, 4To MO3BOMMT BaM YBENUYMBATb
OTHOCUTE/IbHYIO APKOCTb OCBELLEHWS NpesMeToB.

Ecnn Bbl paboTaete C (DOTOMMEHKOW, TO MOXeTe
CBEPHYTb ee B BMAe KOHyca, 4ToObl MOMy4nTb ro/orpam-
MYy KOHYCO06pasHOW (hopMbl; A/18 3TOr0 HY)XXHO Bblpe3aTb
(B TemHOTE) MONYKPYr W3 MNJIEHKWA C MOMOLUBIO flieKana,
a 3aTeM CBEPHYTb M/IEHKY B BUAE KOHyCa W CK/IeUTb ee
Kpas. [nNa YCTOMYMBOCTM 3aKpenuTe KWKo JNIeHTOM
OCHOBaHMWe MOJly4YeHHOro KOHyca B MAacCWMBHOM MeTau-
YeCKOM KOJbLe WM YCTaHOBUTE KOHYC Haf, ronorpagupye-
MblM OOBEKTOM, B3fB B KayeCTBE Hero, Hanpumep,
KyOuK. 3TO COOpYXXeHWe OCBELLalT CBepXy /la3epHbIM
CBETOM W  MO/y4aloT  OTpaXkaTe/lbHyH  rosiorpaMmy.
UTtobbl Ny4yoK na3epHOro cBeTa nafas Ha KOHYC CBepXy,
OH [O/DKeH OTpaxarbCa OT 3epkKana, 3aKpernieHHoro
BEPTUKANbHO HAL KOHYCOM. JTOr0 MOXHO Takxe [o-
ouTbCA, nofseluMBas nasep BEPTUKANbHO, eCiv TOJMbKO
BaM Yy[acTcs YCTOWYMBO YKPenuTb €ro B TakoM MO/oxe-
HUW. Tlocne 06pabOTKM MNEHKM KOHYC OCBELLAOT CBEPXY
APKAM  UCTOYHMKOM 6enoro cBeta, KOTOpbIA  [O/KEH
obecneynTb OCBELLEHHOCTb, [OCTATOYHYH [ANS BOCCTaHOB-
NeHVs n306paxkeHuns.

Mponyckatuiasi rosaorpamMmma,
noslyyeHHasl ¢ pacliensieHMeM ny4ka

Mbl MOXEM HECKO/IbKO YCOBEpLUEHCTBOBATb YCTaHOB-
Ky, MOKa3aHHYI Ha puc. 54, BK/HOYMB B Hee YCTPOMCTBO
AN pacluennieHns nasepHoro nyyka. bnarogaps mcnosnb-
30BaHUIO pacluenuTens oba nyvka — ocBeLlalowuii npea-
METbl U OMOPHbIA — OyayT WMMeTb KPYroBOe MonepeyHoe
ceyeHue. JTO TaKxe MO3BONT HaM PasMecTUTb KOMIO-
HEHTbl CXeMbl TakuMm 06pa3oM, 4TOObl YBENUYUTb Yron
MEXJy OMOPHbIM MYYKOM W CBETOM, MNPUXOAALMM OT
npeAMeToB, a 3TO B CBOK O4epedb LACT BO3MOXHOCTb
pacnonoXuTb ronorpagupyemble  00bEKTbI  6/IKe K
(hoTONNACTUHKE, He 3aropaXusBas MpU 3TOM OMOPHOro
Myyka, W YMeHbLUMTb OMacHOCTb C/lyYailHOro nonajaHus



B rnasa Habntojatens cBeTa OMOPHOro Myyka MNpu pac-
CMOTPEHUW BOCCTaHOB/IEHHOrO M300paXKeHNS.

OfHako Hapafy C Ha3BaHHbIMU MpeuMyLLecTBaMu Mo-
[JOo6Has cxemMa MMeeT HEeKOTOpble HefOCTaTKW. TOHKOCTb
[eTaneid, 3aperncTpuMpoBaHHbIX B rofiorpamme, 3aBUCUT
OT BENMYMHBI Yrna Mexay npeaMeTHbIM W OMOPHbIM Myy-
KaMu, noatoMmy, 4em 6ONbLUe 3TOT Yron, Tem TecHee
pacronoXeHbl UHTEP(EPEHLMOHHbIE NOMOCbI Ha  rono-
rpaMme u Tem 60MblUe pe3y/bTaTbl 3anucu CTpajarT
OT Ma/leWwmnx BMbpaLniAi WM CMeLLeHWn  annapaTypbl.
Mpu CAMWKOM 6OMbLUMX Yrnax MeXAy Myykamum WHTep-
(hepeHLMOHHaA KapTUHA MOXET 0Ka3aTbCA HaCTO/MbKO
«TOHKOW» (cofiepXXaTb CTOMb MefIKuMe fAetanu), Yto pas-
peluatoulas CrnocobHOCTb (DOTOMMACTUHKN OKaXKeTCs He-
JoctatoyHoil. Mpu yrnax, npesblwatowmx 45°, BocCTa-
HOB/IEHHOE M306paXKeHWe MOoMy4aeTcsd OYeHb TYCK/IbIM.
Kpome TOro, B 3aBMCMMOCTU OT OCOGEHHOCTEN KOHKpeT-
HOW YCTaHOBKWM CBET, OTPaXKEHHbIA OT MNpegMeToB, B KO-
HEYHOM cueTe OyaeT MPOXOAMTb ropasfo 60MbLKA MyTb,
4eM OMOPHbIA Ny4oK. Ecnm pasHOCTb MX MyTeil OKaxeTcs
Oonblle [/IMHbI  KOTEPeHTHOCTM nasepa (KoTopas npu-
MEpPHO paBHa [/IMHe camoro nasepa), TO Ha MOA06HON
YCTaHOBKe He YJacTCs 3anucatb CKOJIbKO-HWOYAb KayecT-
BEHHbIX r0NMOrpaMM W MOXHO OyfeT YCMewHo perucTpu-
poBaTb /IMLWb CLEHbl OY4eHb Masol ry6uHbl. B ycTaHoB-
Ke, KOTOPYI Mbl 3[1eCb PacCMOTPUM, YKa3aHHas pa3HOCTb
nyTeld [OCTATOMHO Mana, W B OMpefeneHHbIX npejenax
ee MOXHO perynmpoBaTb MepemeLleHeM KOMMOHEHTOB
CXEMbL.

OcHOBHafi yCTaHOBKa Takoro Tuma MokKasaHa Ha
puc. 56. HenpospauHasa neperopogka (el0 MOXET chny-
XWUTb KYCOK YepHOro KapToHa) MNpensTCTBYET NpsMOMY
nonajaHnio Ha (HOTOMIACTUHKY CBeTa My4yka, OCBeLyato-
wero ronorpaupyemble 06beKTbl. Heobxoaumo nosabo-
TUTBCA O TOM, YTOObI BCE 3/1IEMEHTbI CXeMbl OblaM npa-
BW/bHO YCTaHOB/NEHbl. [lpexae BCEro YAOCTOBEPbTECH,
4TO MNy4YOK Jla3epHOr0 CBeTa B MeCTe pacnosoXeHus
MNaCTUHKN [OCTUraeT HY)KHOM LUMPUHBbI W PaBHOMEPHO
OCBELLaeT BCIO ee MOBEPXHOCTb (4ns MPOBEPKU MOMECTU-
Te, KaK Mbl Yy)e TOBOPWIM, B [JepxxaTtefib MIaCTUHKK
KycoK 6enoro KapToHa). YTtobbl BOCCTAHOB/EHHOE W30-
OpaxeHve 6bl10 6oniee APKUM, MOCTapaiTech, HaCKOIbKO
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Puc. 56. Cxema c pacwenuteneM Myyka A8 3anucy nporycKaroLlei
rosorpamMmmbl.

BO3MOXHO, YMEHbLWWTL Yroa Mexay npeaMeTHbIM 1
OMOPHbIM MyYKamu.

CylecTByeT MPOCTOA CMoCo6 TOYHO BbIPOBHSATb BCE
KOMMOHEHTbI CXeMbl: yOepuTe pacCcemBaloLLyt0 JIMH3Y OT
BbIXOAHOIMO OTBEPCTWS Na3epa W HanpaBbTe Y3KWA My4oK
nasepHOro cseTa 4epe3 BCO cxemy. [lyTb 3TOro nyua
XOPOLLUO BWAEH, MOCKOMbKY Ha KaXAoW MOBEPXHOCTM, Ha
KOTOPYKO OH MajaeT, co3jaeTcs MATHO cBeTa ((hakTu-
UECKM MOXHO BWAETb [Ba NapaifieflbHbIX flyya, TaK Kak
Nyd nasepa OTPaXaeTcs Kak OT  nepedHeid, Tak U
OT 3aAHen MOBEPXHOCTU paclienuTens myuka). Jlyu,
KOTOPbIN MPUXOAWT OT pacluenuTens K ronorpagpupye-
MbIM NpeAMeTaMm, AO/DKEH najatb MPUMEPHO Ha Cepeaw-
HY CLEHbI; Mpy 3TOM HYXHO Y6efuTbCs, YTO mocne ycTa-
HOBKM Ha MeCTO pacCeMBatOLLend JfIMH3bl MpeaMeTbl  He
MEePEKPOOT OMOPHBLIA My4oK, OTOpachbiBas TeHb Ha nJa-
CTUHKY. [poBepbTe TakKXXe, PaBHOMEPHO N OCBELLAEeTCH
BCA MOBEPXHOCTb M/IACTUHKM.

Tenepb MOXHO MPUCTYNUTb K PerucTpaumm rosno-
rpaMM, MofMb3yacb YKasaHWAMM, MPUMBEAEHHbIMKA B Mpe-
Ablayuiem pasgene. OnsATb-Taku  MO3KCMNEPUMEHTUPYIATE
C 3KCMO3NLMAMU PasIMYHOM MPOLO/HKUTENBHOCTU.

[na BOCCTaHOBMIEHWS  M306paXXeHUA flydlle BCEro
MPOCTO MOMECTUTb FOMIOrpaMMy B PaCLUMPAIOLLMIACA My-
YOK fa3epHOro CBeTa, Kak MoKasaHo Ha puc. 57. TMpu
3TOM MYyYOK [JO/DKeH najaTtb Ha NIaCTUHKY TOYHO MOg,
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Puc. 57. MpocTeliwas cxema Ansa HabArOAeHUs NpoMycKatowleld rono-

rpamMMmbl.

TEM € YI/IOM, YTO W MNepBOHAYa/bHbIA OMOPHbIA MYYOK.
[na HabnogeHns CONPSXKEHHOTO M306paXkeHMs Ha ro-
norpammy criegyeT CMOTPeTb, KakK MOKasaHO Ha puc. 24,
WM NOBEPHYTb €e K My4yKy fasepa CTOPOHOM, He MOKPbI-
TOW 3MY/bCUEN.

Ecnm Bbl noTeprnenn Heyjayy M ronorpaMma He no-
Nyynnacb, MOMbITaiiTeCb  BOCMONL30BATLCH  COBETaMMU,
MPeLNOXKEHHbIMU paHee, a 3aTeM MocTapanTecb YMeHb-
WNTb Pa3HOCTb MyTeiA OMOPHOr0 M MPEeAMETHOro MyYKOB.
Ee MOXHO u3MepuTb C NMOMOLLUBIO PYNETKU W, el 3TO
HeobX0aMMO, OTPErynnpoBaThb, M3MEHSS MOMOXKEHUA KOM-
MOHEHTOB CXeMbl; MepeaBuras, Hanpumep, goTorpagu-
YECKYI0 MNacTUHKY W ronorpagupyemble  npeaMeTbl
BNeBO (CM. puc. 56), Bbl yBenMuuTe AAMHY NyTW Onop-
HOTO My4yka W BMECTE C TeM YMeHbLUMTE 00Llee paccTos-
HUEe, KOTOPOE MPOXOAWT CBET, OTPaXeHHbIi OT npeame-
ToB. [lofoOHOE nepemMelleHne, €eCcTeCTBEHHO, W3MEHUT
BCO FEOMETPUIO CXeMbl, M BamM CHOBa NpWAETCA MpoBe-
PATb, HACKOMbKO TOYHO YCTaHOB/IEHbI BCE €e KOMIMO-
HEHTbI.

[pyroe npevmyLLecTBO CXeMbl C pacLLenuTeneM mnyy-
Ka COCTOMT B TOM, YTO OHa MO3BOJMISET MpY HEobxoaw-
MocTV cbanaHcMpoBaTb MHTEHCMBHOCTW OMOPHOIO U Mpea-
METHOrO MYy4yKOB, YCTAaHOBMB Ha MyTW OfHOTO W3 HUX
HelTpanbHbIA Ccepbii (MM Aaxe LBETHON) (UILTP, Kak
nokasaHo Ha puc. 56. 3T0 LenecoobpasHO cpaenaTb Mpw
ronorpagMpoBaHUM  He OYeHb APKUX MpPeameToB, Mo-
CKOMbKY B TakOM Cfyyae He TNPUXOAUTCA HaLeATbCs,
YTO CBET, OTPaXEHHbIN OT MpeAMeToB, OyfeT OcBeLlaTb
(hOTONNACTUHKY C TOW >Ke WHTEHCMBHOCTbKO, 4TO W
OMOPHbIA  My4yoK. [N CpaBHEHUS  MHTEHCWUBHOCTEW



MyYykoB [0 Hayasna 3anucu MocTaBbTe Ha MeCTO NNaCTUHKM
KycOoK 0enoro KapToHa W, Moo4YepefHO MNepeKpblBas
KaXZbI U3 MYyYKOB, OLEHUTEe APKOCTb CBeTa, NajatoLlero
Ha KapToH.

C TOYKM 3peHWUs YeTKOCTM U APKOCTU M306paKeHns
OMNMCcaHHas YCTaHOBKa, MO-BUAMMOMY, Hawnydlias u3
BCEX, O KOTOPbIX Mbl pacckasblBa/siM B HACTOALLENA rna.e.
K coxaneHuto, 3fecb Ans HabMOLeHUs ronorpaMm  He-
o06xoauM nasep WM KakoW-mbo [Apyro MCTOYHWK C
BbICOKO CTEMeHbd MOHOXPOMAaTUYHOCTW. [onpobyiTe
TEM He MeHee OCBeLaTb rO/IOrpamMMbl CBETOM MPOEKLM-
OHHOrO (poHaps [Ns NPOCMOTPa CnaiifioB, YCTaHOBMB B
OKOLUKO AN CnavifoB LBETHOA (DUNIbTP; BO3MOXHO, Bam
ypactcs yBuaeTb u306paxeHue. [Odpyrum oblienoctyn-
HbIM WCTOYHMKOM [18 MPOCMOTPA rO/IorpaMM  MOXET
CNYXXWTb HaTpueBas flamna, WCMosb3yemas A/ OCBelle-
HUA ynuL, KoTopas CO34aeT [JO0BOJIbHO YWCTbIA KENTblid
CBeT. Bbl 3ameTwTe, UTO NpU OCBELLEHWUW T[O/0rPaMMbl
UCTOYHMKAMWN Pa3/INYHbIX LiBETOB M300paXKeHWUs Mo Be/u-
UMHE OKa3blBAlOTCA 6O0MbLUE WM  MeHblUe peasibHbIX
npegmetoB. OfHaKo Nlasep OCTAeTCA HaunyylwmMm UCTOY-
HUKOM CBeTa [nA HabnogeHus rosorpaMm, obecreyu-
BalOLLMM ONTUMASIbHOE KayecTBO M306paXKeHus.

Y Bac MOXET BO3HUKHYTb XefaHue cdoTorpagupo-
BaTb rosorpammy. lpy 3TOM BpEMSA 3KCMO3NLMU LOSIKHO
COCTaBNATb HECKONIbKO CeKyHA (MM faXke MUHYT), Tak
yto (poTOANMapatT MPUAETCA YCTaHOBUTbL Ha LUTaTUBe.
lMoMHMTe, 4TO «HABOAWTL» (poToanmapar HY>XXHO Ha u30-
OpaxkeHue, NosBNAOLLEeCs M03aAu NNacTUHKW. Bbl 06Ha-
PYXWTe, 4TO MpU Ma/loM OTBEPCTUM Auadparmbl «3ep-
HUCTOCTb» M300paXKEHWA 0YeHb 3aMeTHa Ha (oTorpadum.
YBenuuuBas 0TBepCTMEe Auadparmbl, MOXHO WN36aBUTLCA
OT 3TOW «3ePHUCTOCTU», HO TOMbKO MOCTYMUBLUMCL [Ny-
OMHOWA pe3KocTU (hoTOrpaginmyeckoro M306paxeHus.

Paspen 3. [anbHelilne 3KCNepUMEHTbI

MonyyrB Ha OMUCaHHbIX YCTaHOBKAX OObIYHbIE T0/10-
rpammbl, Bbl, BO3MOXHO, 3aX0TUTE OCYLLECTBUTb Kakue-
Nn6o 6onee CNOXKHbIe ronorpauyeckne 3KCNePUMEHTI.
MpoLle BCero nonbITaTbCA 3anucatb ronorpamMmmMbl MeTo-
[OM [BOMHON 3kcrmo3vumm (cM. . 4), HO npu 3TOM
HEoOXOAMMO OblTb TBEPLO YBEPEHHbIM, YTO HU OAWH W3



KOMMOHEHTOB Ballel CXembl — W Mpexpe BCero (poTo-
rpajguyeckas nnacTMHKa — He W3MEHUTCA HU Ha MOTY,
noka Bbl MepemellaeTe MpeaMeTbl Ha rosorpagupyemMon
CueHe. Bpems KaX[oW 3KCMO3WLMW B 3TOM Cly4ae
[OMKHO 6bITb BABOE MeHbLUe, YeM MpWU MOJyYeHUn roso-
rpaMMbl  C OAHOKPATHOM 3Kcnosuumein (Npyu  TPOHOW
3KCMO3WLMN — BTPOE MeHbLUe U T. 4.).

Ha onucaHHbIX YCTaHOBKaX MOXHO Takxe cpenatb
ronorpammbl  MeTOAOM  MHTEP(EPOMETPUM  C  [ABOVHOM
akcnosuuymein (cm. rn. 6). Bblbepute npeaMeT, KOTOPbIN
MOXHO [OCTAaTOMHO HafeXHO 3aKpenuTb, U KakuM-HUOY[pb
crnocoboMm crerka ero caasute. Hanpumep, ycTaHOBUTE
TUCKM Ha BUOPOYCTOMYMBOM CTOME, 3aKpenuTe B HUX
npeaMeT W MoCMe MepBO/  3KCMO3ULMM  YyTb CU/bHEE
COXMUTE ero Tuckamu. BecbMa noaxofawym 06beKTOM
[0S 3anUcy Takoi rosiorpammMbl MOXET CNYXMWTb He60sb-
Was nnactmaccosas 6yTblnKa.

Kak yxe O0TMeyanocb, My4yoK CBeTa, BbIXOLALMA U3
nasepa, W My4yoK, (GOpMUpYeMmbli pacceuBaTeneM, 4acto
yXKe camu Mo cebe Co3fal0T MHTEP(EPEHUMOHHYIO KapTu-
Hy, KOTOpas, K COXa/leHWto, HakKnadblBaeTcs Ha roso-
rpammMmy. HebnaronpuaTHoe BO3AENCTBUE 3TOM0 SB/EHUS
CBOAMTCA BCEro /Wb K TOMY, 4TO A/ HabnojeHWs
1300paXKeHns MNpUAETCA CMOTPETb CKBO3b 3Ty KapTUHY,
nexawlyto B MIOCKOCTM (DOTONMACTUHKU. Bbl  MOXeTe
n36aBUTLCA OT 3TOTO  HeXenatesibHoro agekta U
«OYUCTUTb» MYYOK C MOMOLLbO TaK Ha3blBaeMOro mpo-
CTPaHCTBEHHOr0 (PW/IbTPa, KOTOPbLIA MpefcTaBnseT cobol
KpoLueyHoe OynaBOYHOe OTBEPCTME, HaxofsAlleecs TOYHO
B (hokyce nuH3bl-paccenBatens. OH OTPUILTPOBbLIBAET U3
Myyka Na3epHOro CBeTa «/ULUHME» CBETOBblE BOJIHbI,
00yCnoBvBaKoLwmMe nosiBieHNe UHTEPHEPEHLMOHHON Kap-
TWHbl. Takoi (UNbTP Bbl MOXETE W3roTOBWUTb CaMW.
Mpopfenaiite 6ynaBoYHOE OTBEPCTME B KYCKe altOMUHWMe-
BO (hONbrun, 3aKkpenute ee B KApPTOHHOM KOJbLie W yCTa-
HOBWTE TaK, 4TOObl OTBEPCTME HaxXOAWNOCb TOYHO B (hO-
Kyce NINH3bl. JTO OYeHb CNOXHAA onepauus, Tpebytoulas
MHOFO BpEMEHW W TeprieHus, HO pe3y/bTaTbl OMnpaBfbl-
BatOT 3aTpayveHHble ycunmsa. YTobbl HeCKoNbKo obner-
4ATb 3Ty onepauuto, onbry ¢ 6ynaBOYHbIM OTBEPCTUEM
M KONbLO 3aKPennsatT B PerympyeMom fepxartesne /nH-
3bl  (KOTOPbIN MOXHO MNepeMellaTb M0 TFOPU3OHTaNN W
BepTMKanun), yCTaHaBNMBAaEMOM Ha OMTUYECKOW CKaMbe.



Nazep MOXHO yCTaHOBWUTb Ha TOW >Ke CKambe. [locne
OYeHb TOHKOW  perynupoBku  6ynaBOYHOE OTBEpPCTME
[O/MKHO 3aHATb Takoe TMOJI0KeHne, B KOTOPOM OHO XO-
POLLO «OYMLLAET» MYYOK, CO3AaHHbIV paccemBatoLLeil INH-
30/ (4TOObI Y6eauTbcA B 3TOM, YCTaHOBWTE 3KpaH B
COOTBETCTBYIOLLEM MOM0XeHUU). Ha puc. 58 cpaBHMBa-
tOTCA  OT(IMNLTPOBAHHBIA U HEOT(UNLTPOBAHHBIA  MYyYKM
Nna3epHoro cseTta.

Bbl MOXeTe BHECTM HEKOTOpble YCOBEpLUEHCTBOBaHMS
M B npouecc npossneHnsa. KayecTso ronorpaMm ygaetcs
3HAYMTENIbHO MOBbLICUTL, MOMb3YACL «MENKO3EPHUCTbLIM
nposBuUTeNeM, XOTA Mpyv 3TOM HEeoOXOAMMO OMbITHLIM
nyTem noAobpaTb Hauiyuyllyto MPOAO/IKUTENBHOCTL MpPO-
Lecca npossneHus. lMonbiTaiTecb Takxe OT6eNUTb roso-
rpammbl. 310 MOXHO CfefaTb Ppas/iMyHbIMKU  Crocobamu;
OOVH M3 HUX npegoxuna upma «Arga-Ieseprt», n3no-
XWB €ero B BUAE CneunanbHOro pykKoBoAcTBa. [lonyueH-
Hble TakuMm nyTem (asoBble roforpamMmmMbl fpye 0ObIYHbIX
HeoTOeNeHHbIX, HO 3a4acTyld OHW MeHee KayeCTBEHHbI.

N3yunB pekoMeHZauMy Mo W3roTOBNEHWIO TO/0rPamm,
npuBeLieHHbIE B HACTOALLENA rnase, Bbl, BO3MOXHO, MOXe-
naeTe 03HaKOMUTbCA W C [pyruMu mMaTepuanamu o
npakTuyeckoin ronorpaduun. OHW NpeLcTaBNeHbl B NNATe-
patype K rn. 8 (B KOHUe KHWUrKu). Ecnn Bbl penctsu-
TeNbHO peLunTech MpUoBpecTV nasep, Bam MO/E3HO Mpo-
unTaTb MEPBYID W3 MEPEYUC/IEHHbIX TaM KHWF, B KOTOPOM
U3N0XeHbl pPasHO06pasHble uaen u B3rNagbl Mo AaHHOMY
BOMpOCy.

BMmecTe c Tem Bbl MOXeTe camu npuaymartb Kakue-
TO HOBble BapuaHTbl ronorpaMM W YCTaHOBOK [/ rO/0-
rpadupoBaHus. [anbHeiwve ycnexv B pasBUTUM TEXHO-
NOrMK N1a3epoB M pacLLUMPeHnN NX NPOU3BOACTBa NPUBELYT,
BEPOATHO, K CHVDKEHWIO CTOMMOCTW MPOCTEALIMX TWMOB
Na3epoB, TaK YTO OHW CTaHyT AOCTYMHbI /IOOUTENAM; TOr-
Ja B [OMAaLUHWUX YCNOBMAX YAACTCA MOAy4vaTb MHOXeCTBO
PasHOTUMHBLIX ronorpaMM. VIMnynbCHble nasepbl, Heob-
XOAWMble [NS  W3rOTOBNEHWUS ro/norpauueckux MnopTpe-
TOB, W TpexuBeTHble Nnasepbl MO3BOMAT Aenatb ronorpam-
Mbl, rMepejaloliye ecTeCTBEHHble LBeTa  MpeAMeTOB.
O6palatbca C 3TUMK fla3epamy  HYXXHO 4pe3BblyaliHo
OCTOPOXHO, MOCKO/IbKY MO MOLLHOCTM OHU 3HauUTelbHO
MPeBOCXOAAT HeboMblUMe reNnii-HeoHOBblE flasepbl. Bo



Puc. 58. BnusHMe MPOCTPAHCTBEHHOTO (WbTPA Ha My4oK CBETA, Bbl-

XOAALMIA 13 paccevBaioLLeil nnH3bl. Ha atnx doTorpadmsax nokasaHo

CBETOBOE MATHO, CO3JaBaemMoOe flasepoM Ha 6enom akpaHe: a — 6e3

OUNbTPA, 6—c OUNLTPOM.  PUMbTPALUNA YHUUTOXAET HexenaTesb-

HYI0 MHTep(EPEHLMOHHYIO KapTWUHY, KOTOpas BO3HWKaeT B pacLUMpeH-
HOM MyuYKe W HaKMafblBaeTCa Ha ronorpammy.

MHorux pavioHax CLUA Tpebyetcs BblAepxaTb cneuuab-
HbIl 3K3aMeH [/19 MONy4YeHWs paspelleHns Ha paboTy c
TakMM Na3epoM; MOAOOHbIE OrpaHUYEHUs CYLLECTBYIOT W
B ApYrux cTpaHax.



doTorpagbl-nobUTeNn,  KOTOpble camy  MNPOSABAAIOT
MNeHKM W neyataroT (oTorpagum, XOpoLlo 3HaKT, CKOJlb-
KO BpeMeHVW OTHUMaeT Takasa paborta. To Xe camoe OT-
HOCWUTCA W K W3roTOBNEHWIO ronorpamm. Ecnu, npoumTtas
HaCTOALLYIO [f1aBy, Bbl peLMTECH WCMbITaTb cebs  Ha
3TOM MOMpULLE, A XKenakw BaM BCAYECKUX yfad W npoLly
TONIbKO BCerja MOMHWTbL OCHOBHOE NpaBw/io 6e30MmacHo-
CTV npu paboTe C Na3epoM — HUKOrAa He MNOACTaBMsNTe
rnasa HemocpeACTBEHHO MOJ Na3epHbIN nyy.



BNATOOAPHOCTN

Cpegy  Tex nnL, KTO CBOMMM COBETaMW W peKoMeHAa-
UMAMU MoMoranl MHe B paboTe Hafj 3TOW KHWIOW, A C
ocoboli 6narofapHoOCTbl0 XoTen Obl OTMETUTb Crefyto-
wux: [kynuaHa Ooaiina; Tenmy HAHra u fa-pa ATKUHCA
13 BpUCTONLCKOrO YHMBEpCUTeTa; paboTHUKOB Myses
ronorpamn B Hblo-Mopke; [OxoHaTaHa beHTana; [ap-
puet KactuH-Cuneep; M-pa Kpoyyepa U3 KOMNaHum
«Arga-lesept»; Huka ®dunmnca; cOTPYAHUKOB U CTY[eH-
TOB OTAeneHus ontuknm KVmnepckoro konnemka (J10H-
[OH); pepakTopa Mons BbapHeTa; Moux Apyseid B JIOH-
AOHE W ApYryX MecTax; MO Mamy, MevaTaBLUyH0 PyKO-
MUCb 3TON KHWIW, W BCEX YNIEHOB MOEW CemMbMW, YMTaBLUUX
ee KOPPEeKTypy, a Takxke camy atMoctepy Kade «3Be3s-
fja» B Opnc-Kopt, rge a pabotan Hag KHUron. W ko-
HeyHo, Oofblle Bcero s npusHateneH JeHHucy Tabo-
py—mu306peTaTento HOBOrO MeTofa Mo/yyeHuss 0ObeM-
HbIX M306paXKeEHWA.

A TakXe BbIpaXal VCKPEHHIOW MPU3HATENbHOCTD
OTAe/bHbIM /IMLaM W OpraHu3auusamM, KoTopble /06e3HO
MpefocTasunv MHe BO3MOXHOCTb BOCMPOM3BECTU  (HOTO-
rpadum ronorpamm U Lpyrux usobpaxeHuid: naboparo-
pun  upmbl  «benn»  (puc. 12); Panbdly Yapkepy u3
KomMnaHnn «TPY Cuctems» (puc. 22, 28, 42, 44);
KoMnaHun  «Hbtonopt  Pecépu» (puc. 25, 41); Huky
dununcy n3 Jlaggbopockoro yHusepcuteta (puc. 27);
P.  PuHexapty 13 KomnaHum «MakgoHen-[yrnac»
(puc. 29); CrtmeeHy BeHTOHY M3 KomnaHuu «[lonapoug»
3a MpefoCTaBfieHHble UMM ronorpamMmbl  (puc. 31, 35);
(hotorpadpy KumHoctyamm MeTpo — FongsuH — Meliep 3a
(poTOrpauIo  rosorpaMmbl, W3roTOB/IEHHON  KOMMaHWel
«Mynbtunneke» (puc, 33); komnaHunm WBM, no3sonue-



LUeiA  BOCMPOWM3BECTW  ro/forpamMMy, cosfgaHHyio 3BM
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TexHuuecknin pepgaktop E. B. Augyk
Koppektop E.T. Jluteak

VB Ne 2353

CpaHo B. Habop 07.03.80. [MMoanucaHo K neyatn 26.09.80.
opmat 84X108'/ 2- Bymara Tunorpagckas Ne 1. FapHu-
Typa naTtuHckas. [leyaTb BbicOokas. O6bem 30 6ym. 5.
Yecn. ney. n. 1008. Yu.-uzg. n. 9,36. M3g. Ne 12/1003.
Tupax 50 000 ak3. 3ak. 585. LleHa 55 kon.

V3OATE/ILCTBO «MAP>»

129820, Mocksa, W1-110, FCn
144 Puxckuii nep., 2.
NeHuHrpagckas tunorpadua Ne 2, ronosHoe npeanpusaTue
opaeHa Tpygosoro KpacHoro 3HameHw JIeHWHrpajcKoro
o6beguHeHNs «TexHudeckas KHura» um. EsreHun Coko-
nosoi Cotosnonurpadpnpoma npu FocyaapCTBEHHOM KOMU-
Tete CCCP no genam v3gaTtenbcTs, MOAUrpaduH N KHUXK-
Holi Toprosnu. 198052, r. JleHuHrpag, /1-52, N3maiinosckuii
npocnekr, 29.



55 kon.

3a CpaBHUTE/IbHO KOPOTKOE Bpems rojorpadua u3 Hayku
6ypywero npesparuniacb B HaykKy CerofHALWHEro AHA, u, no-
BMAMMOMY, Hegasnek TOT 4ac, Korga OHa Npo4YHO BoWgeT
B Hally NOBCEHEBHYI XW3Hb.

JToli HOBOW o06nacTu nccnepoBaHWiA, KOTOpas Bbi3blBaeT BCe
60MblWNIA MHTEpec LWWPOKOW O6LWEeCTBEHHOCTU, W MNOCBATWA
CBOK KHUTY MONO0OA[ON aHrnuMincknii cunsnk. Maikkn YWHbOH
poaunca B CWA u ewe B paHHeM JeTCTBe nepeexan B AH-
rnnio. OH 3aKkoH4YMn BpuUCTONbCKWUIA YHMBeEpPCUTeT, rae cne-
umManusnposanca B o61actm pas3paboTKM M MCNOMb30BaHUA
npoctewunx ronorpacuuecknx cuctem. Ceivac M. YWHbOH
npogosixaeT C yBeYeHUemM 3aHumaTbCsa ronorpaduein B oT-
AeneHnn onTukn MMnepckoro konnepgxa B JIOHAOHe.

CBO YBNEYEHHOCTb HOBbIM, 06/1a4aloWMM OrpOMHbIMM
BO3MOXHOCTAMW MeToAOM M. YUHbOH nepegaeTr u uuta-
Ten, 3HakomMs ero ¢ pasHoob6pasHbIMW WHTEPECHBLIMU MPU-
MEHeHMAMNU ronorpaduu B Hayke, TeXHUKe, nsobpasuTenb-
HOM WCKYCCTBe, pekfame u T. [., paccka3biBass 0 NepcrnekTun-
Bax pas3BUTUA 3TOr0 MeToda M OTPOMHOM B/IMAHUW, KOTOpOe
OH MOXET OKa3aTb Ha XW3Hb YesiloBeka B Gyayuem.
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