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NMPEAHCJIOBHE

CgetoBoit syu! C naBHUX BpeMeH 4esIOBeK B CBO-
HUX MeuTaX BMJeJ B HEM HaJEXHOrO W MOrydyero IOMOLIHMKA,
cBOGONHO NMPOHHUKAIOIIETO B TEMHHIBI, CIIOCOGHOTO Pa3pyLIUThb
Jofble Tperpaubl W SalUTHTL OT JoGoro Bpara. K Bcemory-
eMy CBETOBOMY Jydy OGpalliaJuch U MHOTHe nucaresu-(aH-
TacThl. BeceMupHO M3BecTHB! poMaHbl «BofiHa mupos» I'epbepra
Yannca u «[unepGosoun uHXKeHepa ['apuna» Ausexkces Toa-
croro. IlpaBna, B 3THX poMaHaXx TemJOBOH HJH CBETOBOH JIyU
OKasbIBaJIC B PyKax CHJ 3J1a, KOTOPble HCIOJb30BAJIH JIyUH
I/ paspyuleHHus, JJa NpHoGpeTeHHs BJIACTH HaJ YeslOBedecT-
BOM. JIofH ke MeuTaJ/lH O Jyde-TPYKeHUKe, Jyue-NOMOILHUKE,
Jyue-cosujartesie. DTOH MeuTe CYKIEHO ObLIO COBITbCS B Hallle
yIUBHTeJbHOE BpeMs. PeasbHOCTBIO cTanu He 9yJOBHIIHLIH
MapCHaHCKUH TIeHepaTOp TeIVIOBBIX JiydeH HJH THIepGOJIOH]
OIlep3KHUMOr0 Heefl MHPOBOI'O FOCIIOACTBA UesI0BeKa — HeHaBHCT-
HHKa, a Jas3epbl, KOTOpble CETOIHSl YCHEUIHO (TPYLATCS» B
KJIMHHKaX, Ha 3aBOZIAaX, CTPOUTENBHBIX IJIOMALKAX, B HAY4HO-
HCCJIeJOBATENbCKUX J1a60paTOpPHAX.

H3o6peTenHe lazepa CTOMT B OAHOM PSINY ¢ HauGoJjee BbIAA-
IOLUMHCSA JOCTHKEHHAMHU HayKH U TeXHUKU X X BeKa. [lepBblit
sasep nosiudics B 1960 r., ¥ cpa3y ke Haganoch 6ypHOe pa3BH-
THe JIa3epHOH TeXHHKH. B KOpoTKOe BpeMs GblIM CO3[aHBl pas-
HOOGpasHble THIIB! JIa3ePOB M JIa3epHBIX YCTPOHACTB, NpelHa3Ha-
YeHHBIX JJISl PElIeHHs] KOHKPETHHIX HayUYHBIX H TEXHHYECKHX
3anay. JlasepHO# TeXHHKe BCEro 4eTBEPTh BeKa, OLHAKO Jase-
pbl yKe ycHesJH 3aBOEBaTb NPOYHbIE HOSHIHM BO MHOTHX OT-
pacjsXx HapoOXZHOro Xo3fAHcTBa.

Kak samernn akagemuk A. Il. AnekcaHmpoB, «BCAKHI
MaJibuHIllKa Telephb 3HaeT CJOBO J a 3 € p». [ Bce xe, 4To Ta-
Koe Jlasep, ueM OH HHTepeceH M noseseH? OXHH U3 OCHOBOIIO-
JIOXKHHKOB HayKH O Ja3epaXx — KBaHTOBOH 3JIEKTPOHHKH —
akazeMuk H. I'. Bacos orBeuaeT Ha 3TOT BOIpOC TakK: «/lazep —
3TO YCTPOHCTBO, B KOTOPOM 3HEPTHs, HAIPUMep TelloBasi, XH-
MHuecKasi, JIeKTpHUecKas, NpeoGpasyeTcss B SHEPTHIO 3JIEKT-
pPOMarHUTHOrO NoJsist — JasepHbld Jay4. Ilpu takoMm mpeoGpaso-
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BaHHUM YacTh HePTHH HeH36eXHO TepseTcsl, HO BaXKHO TO, UTO
NoJIyueHHasi B pes3yJbTaTe Ja3epHas SHEPrusl o6/nafaer He-
CpaBHeHHO 0oJiee BBHICOKHM KauecTBOM. KauecTBO* JlasepHOH
SHEPTHU ONpeJesifieTcsl ee BLICOKOH KOHIEHTpanuell 1 BO3MOXK-
HOCTBIO Mepeflaudl Ha 3HAUYMTEJbHOe pacCTofHHe. JlazepHBIH
JIy4 MOXKHO c()OKyCHPOBATh B KPOXOTHOE NMATHHIIIKO AHaMeTpa
NOpSIKA IJIMHBI CBETOBOH BOJIHEI H IIOJIYYHTb IJIOTHOCTH SHep-
TUH, IpPeBLIIAIOIIYIO YXKe Ha CelONHSALIHUH JeHb IIOTHOCTb
9HEPTUH fANepHOro B3phBa... C MOMOIIBIO JIa3€PHOTO H3Jyue-
HHS1 yKe YIal0ch JOCTHUb CaMblX BHICOKHX 3HaUeHHH TeMIepa-
TYpBI, JaBJIeHHs, HANIPS:KEHHOCTH MarHuTHoro noJsis. Hakowern,
JlasepHBIH J1y4 SIBJSIETCS CAMBIM eMKHM HOocuTeJleM HHpOpMaLuH
W B 3TOH pOJH — NPHHIHUNHANBLHO HOBHIM CPEICTBOM ee Mepe-
Jaud U 06pabOTKHY.

Jlasepsl okasasluch ropasfo Gosnee MHTEPEeCHBIMH YCTpPOHCT-
BaMH, 4eM NOPOXKAeHHEe BOOOpaKeHHeM IucaTeeii-(paHTacToOB
«rUnepGOJIOUy UM «TeHepaTOp TEeIJIOBOTO Jiyda», NpefHa3Ha-
uaBIIMecs, M0 CYTH [eJa, TOAbKO IJs paspyumenus. eficTBu-
TeJbHOCTb OKa3aslach 3HAUHTEJNbHO sipue U GOraue ¢paHTa3uH.
B Hamm fHM Jlasepnl yCIEMHO TPYAATCS Ha COBPEMEHHOM IIpo-
H3BOJICTBE, CIIPABJSAACH C CAMBIMH Pa3HOOGPA3HBIMU 3alauaMH.
JlasepHBIM JYUOM pacKpaHBalOT TKaHH M PeXyT CTaJbHbIE JHC-
THI, CBAPUBAIOT Ky30Bbl aBTOMOOHU/IeHl ¥ IpUBAPUBAIOT Mesbyai-
IIMe JeTald B paiMO3JeKTPOHHOH anmapaType, NpoGHBalOT OT-
BEpCTHS B XPYNKHUX U CBepPXTBepAHIX MaTepuanax. B pykax xu-
pypra JiasepHbI# J1y4 IPeBPaTUICA B CKaJblesb, 06/1afaomuk
PSIIOM YIHBUTEJbHBIX CBOHCTB. JIasephbl MUPOKO UCIIOAB3YIOTCH
B COBPEMEHHBIX KOHTPOJbHO-H3MepHTeJbHBIX YCTpOHCTBaX,
BBIUMCJIMTENbHBIX KOMILJIEKCcaX, CHCTeMax JIOKalUMH U cBsA3H. Jla-
3epbl MO3BOJIAIOT OBICTPO M HaleXKHO KOHTPOJHPOBATh 3arpss-
HEHHOCTb aTMocdepbl M IOBEPXHOCTH MOpS, BBHISBJIATH Haubo-
Jiee HarpyseHHblE YUYaCTKH feTaslefl PasMUHBIX MeXaHH3MOB,
onpefensTb BHyTpeHHHe NedeKThl B HHMX. JlasepHbIH JIyy cra-
HOBHUTCHl HAJEXKHHIM IOMOIIHHKOM CTpPOHUTeJIeH, KapTorpados,
apXeoJloroB,  KpuMuHaJucTOB. HenpepriBHO pacmupsercs
o6JiacTb TpPHUMEHEHHS Ja3epOB B HAYYHBIX MCCJENOBaHHSAX —
(hU3NUUECKUX, XHUMHYECKHX, GHOJIOTHUECKHX.

Hano ocofo OTMETHTb, YTO OCBOEHHe Ja3epHHIX MeTONOB
HJIM, HHaue TOBOPSH, Ja3epHBIX TeXHOJIOTUI 3HAYUTEJBHO TOBbI-
maeT 3¢¢heKTUBHOCTL COBPEMEHHOrO NPOU3BOACTBA. JlasepHhle
TeXHOJIOTHH T03BOJISIIOT OCYIIECTBJATh HauGosee NONHYIO aBTO=
MaTH3alH{I0 IPOH3BOACTBEHHLIX NporeccoB. OMHOBPEMEHHO NPH
5TOM 5KOHOMHUTCS Cblpbe U pabouee BpeM$l, INOBLILIAETCS Ka-
4yecTBO INponyknud. Hanpumep, npakTHYeCKH MTHOBeHHas
npoGuBKa OTBEPCTHH J1asepHLIM H3Jy4eHHeM BO MHOTO pas
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yBeJNYNBaeT NPOM3BOAUTENBHOCT PaGOThl CBEPJIOBIIMKA U K
TOMY 3Ke CYIIeCTBEHHO MOBBIIIAeT KauyeCTBO 3TOH paGoTwl. Jla-
3epHOe HM3rOTOBJIEHHE MHKPOCXEM OTJIMYaeTCsl BHICOKOH NpOH3-
BOJIUTEJEHOCTBIO M BLICOKMM KadecTBOM. B ofoux npuMepax
IPOU3BONCTBEHHbIE ONEepaluy JEerko MOANAIOTCS ABTOMATH3a-
IIMY; yIpaBJeHHe Ja3epHbIM JIyUOM MOXKET B3sITh Ha cebst crie-
UaJbHOe BBIYMC/JIUTENBHOE YCTPOHCTBO. MOMXKHO YBepeHHO
yTBepXKIaTb, 4TO BHEAPEHHe U COBEpIIEHCTBOBaHHE Ja3epPHBIX
TEXHOJOTHH NpUBENeT K KaYeCTBEHHOMY H3MeHeHHIO BCero oG-
JIUKA COBDEMEHHOrO MPOH3BOJCTBA.

OrpoMHBl U BNeUaTJISIONH JOCTHKEHUS JNa3ePHOH TeXHUKH
CerofHAIIHEro OHA. 3aBTpPallHUH HeHb ofellaeT elle GoJiee
rpaHfno3Hble cBeplueHus. C JlasepaMu CBA3BIBAIOT MHOTHE Ha-
IeXIBl: OT CO3[AaHUsl O6BEMHOTO KHHO 1O DelleHHs TaKUX IJIO-
6asbHBIX Ipo6JIeM, KaK yCTaHOBJIEHHe CBepXJa/ibHel HaseMHOH
U NOIBONHOH ONTHYeCKOH CBSI3W, pasraaky TaliH (OTOCHHTe3a,
OCYIIEeCTBJIEHHE YIPaBJfeMOHl TePMOSIEPHON peakIHH.

JlanHas KHHra — 3TO NONBITKA NONYJSPHO paccKasaTb O
pOJIH J1a3epOB B COBPeMeHHOM Mupe. Mbl pacckaxkeM Kak 06
yXKe NOCTMIHYTHIX ychnexax Ja3epHOH TeXHUKH, TaK H O Mep-
CIIEKTHBaX, O TeX HalexnaX, KOTOpble CBS3BLIBAIOTCS C €e pas-
ButHeM. Tem GoJiee, 4TO NeHCTBUTENBHOCTh W HANEeXKAbl Hepe-
IJIeTAIOTCS 3JleCh YAUBUTEbHBIM O0pa3oM.

ABtop BhIpaxKaeT IJyGOKyio mpusHaTedbHOcTh JI. I'. Ac-
J1aMasOBy 3a 3aMeyaHusl M [OXKeJaHHs, CIOCOGCTBOBAaBILME
ynyumenno KHurd, B. TI'. Omurpueny, M. H. Komnanny,
J. JI. TapacoBy 3a ofCyxIeHHe OTIENbHBIX Pa3lesoB KHHUTH,
A. H. Tapacosoii u T. JI. HoBuKkoBoii 3a nomomips B paGote Haj
PYKOMUCEIO.

Asmop



[TEPBbIM1 PACCKA3

YTO TAKOE JIA3EP
U YEM 3AMEYATEJIBHO
JIASEPHOE HM3JIYYEHHUE

Kak cBer B3aumojeicTByeT € aToMaMm M MO-
aekyaamu?- AnpGepT DfiHmITEHH H3BecTeH KaK OAMH H3 CO3ja-
TeJleH TEOPHH OTHOCHTeJbHOCTH. Ho, BO3MOXHO, He Bce 3HAIOT,
uTO €ro nepy NpHHaLJIeXaT TaKxe PabGOTH, KOTOpble CeroiH#
CTEelHAaNUCThl 10 KBAHTOBOH 3/IeKTPOHHKE Has3blBalOT OCHOBOIO-
JaralomuMi. Mel IMeeM B BHAY ABe paboTHl DHHIUTEeHHa, Onmy6-
aukoBaHHble B 1916 r. [lepBasi HasbiBaetcs «McnmycKaHue H 1o-
IVIOIeHHe W3Jy4eHHA N0 KBaHTOBOH TeopHM», a BTOpasg —
«K KBaHTOBOH TE€OPHH H3JIyUeHH».

Mor 71 KTO-HUOYIb NPEIIONOKUTL TOA, YTO H3/I0XKeHHble
B 9TUX paborax (pU3HYecKHe HIeH JIATYT BIOCJAEJICTBHH B OC-
HOBY KBAHTOBOH 2JIEKTPOHHKH H NPHBEAYT, B KOHEYHOM CHUeTe,
K CO3ZaHHIO Jasepar

DAHIITEHH [TOKa3aJ, YTO CYLIECTBYIOT JBa Pas/IMYHEIX IIPO-
Hecca MCNYCKaHHSI SHEPTHM MOJIEKyJaMH BelllecTBa. Hapsany
¢ «OGBIYHBIM» MPOLECCOM HCIYCKaHHsl, M3BECTHBIM KaK CIIOH-
TaHHOe (CaMOIPOH3BOJIbHOE) HCNyCKaHHe, NOJKeH HabmoxaThb-
¢, KaK ToJsiarai DUHIUTeHH, Npolece HCIyCKaHHs, IPOUCX O~
KA He CaMONpPOM3BOJbHO, a MO BO3AeHCTBHEM H3JIyYeHH s
OKpyKaiollefl MOJeKyJibl Cpefpl. JDHHIUTeHH HasBa/ld 3TOT
npolecCc HHAYIUPOBAHHBIM (BbIHYKIEHHBIM) H3JTyYeHHEM.

[Npouty fecATHJETHS, TIPeXkK/Ie 4eM yueHble YOeIHJIHCh, 9TO
«OpHAYMaHHOe» OHHINTEHHOM BHHYXKIEGHHOE H3JIyYeHHe He
TOJIbKO JeHCTBHTEJIBHO CYILIeCTBYeT, HO, 6ojiee TOro, IPH Olpe-
JeJleHHBIX YCJIOBHSX MOXET HIpaThb BaxHY0 posb. FMenHo
5TOT NPOLECC H JIEXKHT B OCHOBe paGoThl Jasepa. CaMo CJIOBO
«J1asep» COCTaBJEHO H3 HayaJbHbIX OyKB aHIJIMACKOrO CJIOBO-
coueranus Light Amplification by Stimulated Emission of
Radiation, uro B mepeBome Ha PycCKHUH A3bIK O3HAYaeT «yCH-
JIEHHe CBeTa BLIHYKIEHHBIM H3Jy4eHHeM».

EcTecTBeHHO HauaTb PasroBOP O Jlasdepe C OOCYKIEHHS TEX
¢yHIaMeHTaIbHBIX (DU3HUECKHX HIell, KOTOpble BIepBble ObLIH
H3JI0KeHbl B YIOMSHYTHIX pa6orax Dfixmrefina. KHaue roso-
psi, Mbl HayHeM c O6CyXJeHHsI BOIPOCOB O TOM, Kak CBeT B3aM-
MOZIEeHACTBYeT C aTOMaMH H MOJIeKYJIaMH BeIecTBa U B 4eM IIpo-
ABJSIOTCS OCOOEHHOCTH BbIHYXKIEHHOTO HCIYCKaHUS CBeETa.
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Ilpexne Bcero HaNOMHHUM YHTaTeNio, YTO SHEPTHsl aTOMa,
KaK M SHEpPTHs MOJEeKYJbl, K8aHMyemcs — HHBIMH CJIOBAMH,
SHEPrHs He H3MeHseTcsl HelPephIBHO, a NPHHHMaeT JIMIIbL He-
KOTOphIe OlpeleieHHble 3HAayeHUd. DTUM 3HAYCHHAM 5HepriH
COOTBETCTBYIOT TaK HasblBaeMble JHepeemuuecKue YposHil.
Tak u roBopAT: aTOM (MOJIEKYJ/1a) HaXONUTCS Ha TaKOM-TO 3Hep-
reTHueckoM yposHe. Ilepexon atoma W/M MOJIEKYJB C OLHOTO
SHEPreTHYeCKOTO YPOBHS Ha APYroH coBepIIaeTcs CKauKoM;
TPH 3TOM TOTJIOLIAETCS WJIM, HAOPOTHB, HCIYCKaeTcs COOTBeT-
CTByIOI[asl TOPUUS H3JyYeHHS — KBAaHT CBeTa, WJHM, HHade,
¢omon. Tlpmt nepexone atoMa Ha GoJiee BBLICOKHH 3HepreTHyYec-
KHil ypoBeHb (DOTOH NOTVIOIIAeTcs; pU Mepexofie XKe aToMa Ha
Gosiee HHU3KHH YyPOBeHb NPOHCXOAHT HCNycKaHHe (OTOHA.
DHeprus TOIJIOIaeMOTO MJIM HCNycKaeMoro (OTOHa paBHa
PasHOCTH 3HepPrHH ypOBHeH aroMa, MeXIy KOTOPLIMH COBep-
maercs mepexox. HamomumM, uro sueprus ¢ortoHa ecTb Av,
rlie v — yacTota M3JyueHusi, h — nocrossunas [lnanka (h=
=6,6-10"%* JIx-c).

PaccMotpuM npocTyio  (u3HueCKyio MOAeab, B KOTOPOH
BelLlleCTBO COCTOHT M3 aTOMOB, HMEIOIHX TOJbKO JBa 3HepreTH-
uecKUX ypoBHA. OGO3HAUNM 3HEPTHIO 5THX YypoBHel uepes Ej
u E,, npuuyeM nyctb Ej MeHblue, ueM E,. Bynem o6nydaTh Be-
mecTBO GOTOHAMH ¢ 9Hepruelt, pasHoll E,—FE;. HacToTa Takoro
cBera pasHa (E,—Eq)/h.

IlpennosoxuM, YTo aToM HaXORUTCHA Ha HHXKHEM SHepreTH-
ueckoM ypoBHe (ypoBHe E;). OH MOXeT NOIVIOTHTb (OTOH C
sHepruedl E;—E; U COBepUIUTh CKauoK ¢ ypoBHA E;j Ha ypo-
Benb E; (puc. 1, @). 210 eCTb €IHHHUHBIH aKT M02AOWEHUS
céema BEIeCTBOM.

UTo cTaHeT ¢ aTOMOM, KOTOPBIH OKa3aJicsi Ha BEPXHEM YpOB-
He E,? $IcHO, YTO 3TOT aTOM He MOKET MOTJIOTUTDL (pOoTOHA. 3aTo
OH MOXKET NoA Bo3felcTBHeM (OTOHA TNepeldTH OOpPaTHO Ha
ypoeenb ;. Ilpu atoM nosABuTCcS elne onuH GOTOH, HMEIOIMIHN
suepruio E,—FE; (puc. 1, 6). DTO 1 eCTb NPOLECC 8bIHYKHOEHHO020
ucnyckanua ceema. Ero «BLIHYXKIAeT» HJH, Jyuile CKa3aTb,
HHULOUHDPYET (POTOH, Hrpalomuil B JaHHOM cJiyyae poJib CBOeOO-
Pa3HOI'0 «CIYCKOBOTO MeXaHH3May, KOTOPHIH «CTaJKHBAaeT»
aTOM C BepXHero SHePreTHYecKOro ypoBHA Ha HHxHuH. Cy-
IleCTBEHHO, YTO HNOABJSAOMWIKHCA HOBHIH (OTOH (Ha3oBeM ero
BTOPHYHBIM) GyJleT TOYHOH KomHell mepBHYHOrO (hOTOHA, HHU-
HUHPOBABILEro Nepexof aToMa C ypoeHA E, Ha ypoBeHb FEj.
O6a ¢hoToHa HMelOoT He TONBKO ONHY H Ty K€ SHEepruio, HO H Of-
HO H TO JKe HallpaBJIeHHe JBHIKEHHS.

MoxHo npelcTaBuTb cefe KapTHHY, KOTJa NepBHYHBIH (o-
TOH HHMIHHpYeT NepeXxoX c ypoBHa L, Ha yposeHb Ej cpasy
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BO MHOTHX aroMax. B pesysbTate mosiBUTCA He OZMH BTODHUY-
HblA (DOTOH, a HeJslast JlaBMHA TaKUX (oToHOB. Bee oHH GymyT
HMeTb OJMHAKOBYIO 3HEPTHIO; BCe OHU OYIYT ABUraThcsl B OLHOM
HanpaBJ/IeHHH — B HaNpaBJEHHH [BMKEHHS NEePBHYHOTO (ho-
TOHA.

Koneuno, okasaBuuiics Ha ypoBHe E; aTOM MOXeT BO3-
BPaTHTLCA Ha ypoBeHb Ej CaMOIPOU3BOMBHO (CROHMAHHOE uc-
nyckanue cgema; cM. puc. 1, 6). Poxparomuiicst mpu 3ToM dotor

CIreG)’

Puc, 1. a) Ilornomenue csera, 6) BHHYXAEHHOE MCIOYCKAaHHE CBeTa.
6) CroHTaHHOE MCIYCKaHHE CBETa.

HMeeT 3Hepruio, paBHyW E,—FE;; Hanpap/eHHe e ero JABHU-
JKEHHSI IPOU3BOJBHO.

Takum o6pasoM, UMeIOTCS ABa THIIA IPOIECCOB HCIYCKAaHUA
CBeTa aTOMaMH U MOJIEKYJaMH: BBIHYKAEHHOe HCIIyCKaHHe H
CIIOHTaHHOe HcnycKaHHe. [lepBBifi Ipomecc ynpas/sieMblH —-
€ro HHUIHKPYET NepBUUYHBIA (DOTOH, KOTOPHIH He TOJIbKO BbI3bI-
BaeT Iepexoj aToMa ¢ ypoBHs E,; Ha ypoBeHb Ey, HO H Olpele-
JISieT HallpaBJieHYe JBIXXKEHHS POAMBLIErocs NPH 3TOM Iepexofie
¢ortona, Bropoit mpoluecc uMeeT APKO BbIpaXKeHHbIH CJIydaldHBIH
XapakTep; CJaydYaeH MOMEHT IepeXxoja, cJy4yafiHO Hanpas-
AeHHe IBMIKEHHS popuBuierocs ¢orona. Eciu npu BHIHYXKIeH-
HOM HCIYCKaHHH BO3HHKaeT JIaBHHA ()OTOHOB, APYIKHO JeTs-
IIHX B OXHOM HanpaBJeHHH, TO NpPH CIIOHTAHHOM HCITyCKaHHH
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(oToHB! passeTaroTcsl KTO KyAa, K TOMY 3Ke MOMEHTHl HX pOX-
JIeHUs] cJydJafHBl, He COrJIacOBaHbl APYT C APYTOM.

MoxeT Jid BELIeCTBO YCHJIMBATH NMPOXOAsiIiee CKBO3b HEro
usjydeHue? Bce Xopomo 3HalOT, YTO BellleCTBO OcCJaabiaser
H3JIyYeHHe. A BO3MOXKHA JIM CHTyauusl, KOrJa BEIIeCTBO He
ocJjiabJisieT, a YCHIMBaeT NPOXOJsllee CKBO3b HEr0 U3JydeHHe?
Han stuM BompocoM 3amymadca B 1939 r. cosetckuit ¢usmk
B. A. ®ab6puxaHT.

JleficTBUTEILHO, NPENNOJIOKHUM, YTO CKBO3b MHOKECTBO
aTOMOB, YacTh KOTOPBIX HAXOIMTCS HA YDOBHE E;, a yactbh Ha
ypoBHe E,, pacnpocrpaHﬂeTCH CBETOBOH NMYUYOK, COCTOAMIMH U3
(oToHOB ¢ sHeprue# E,—FE;. AToMbI, HaxO#AlKeCs Ha YPOBHE
E,, 6ynyt norJomaTth 3TH (OTOHLI U [epeXOAHTh Ha YPOBEHb
E., B pe3ysbTate cBeTOBOH MydoK 6yzeT oc/aa6sATbcs. ATOMBI
e, HaxoAsmuecs Ha ypoBHe E,, 6YAYT mon BosnelcTBHeM ¢o-
TOHOB HEepPeXOINTh Ha YpOBeHb E;; IIPH 3TOM NMOSIBATCS BTOPHY-
Hble (pOTOHBI M, 3HAUHT, CBETOBOH NYYOK GYIeT YCHIMBATHCH.
Kaxoii e npouecc okaxercs npeobianaionyM — ocaableHne
CBETOBOTO IyYKa 3a CYeT NOrJOeHHs (OTOHOB aTOMaM{ HJIH
ycuJieHue NydKa 3a cYeT BBIHYKIEHHOTO UCITyCKaHUs (HOTOHOB?
H3BecTHO, YTO BEpOATHOCTL NOTJIOMIEHUS (POTOHA aTOMOM, Ha-
XoasfmuMcsl Ha ypoBHe E;, paBHa BepOSITHOCTH TOTO, YTO 3TOT
(OTOH BBI3OBET BHIHYXKJEHHOe HCIyCKaHWe B aToMe, Haxolf-
meMcs Ha ypoBHe E,. 310 6BIJIO NMOKa3aHo yxe B paborax DUH-
mreiiHa. 3Hauut, paccyxknan B. A. ®abpuxaHT, BCe IesO B
TOM, KaKMX aTOMOB 6o0Jblle — TeX, KOTOpble HaXOmsATCA Ha
ypoBHe E;, WM Xe TeX, KOTOpPHle HaxXOHATCH Ha ypoBHe E,.
Ecnu aromoB Gosbiie Ha ypoBHe Ey, TO 4ame GynyT IpPOUCXO-
IWTh AKTHl TOIJIOMEHHA (QOTOHOB aTOMaMM — CBETOBOM NYYOK
Gyner ocaabnATbes. Ecau Xe GOMBIIMHCTBO aTOMOB OKaxeTcsl
Ha ypoBHe E,, TO yame O6YIYT NPOMCXOOUTH AKTHl BHIHYIKIEH-
HOro HCcNyCKaHus (QOTOHOB; B 5TOM CJIyUae BLIHYKIEHHOE HCIYC-
KaHHe cBeTa JOJIKHO peob/IafaTh Hajl MOTJIONIEHHEM CBeTa U B
pesyJsbTaTe CBeTOBOH MNydoK ycuautcs. OOGbIYHO, YeM BhILIE
YpOBeHb 3HEPTUH, TeM MeHbllle Ha HeM aTOMOB (MoJekyJw). Ilo-
9TOMY-TO OOBIYHO CBEeTOBOH Iy4oK ocJaab/isgercs, IPOXOns
CKBO3b BellecTBO. C/e0oBaTesIbHO, NJS YCUJIEHHS MydYKa Hajo
co3naTh HeOGLIUHYIO CHTYAIMIO — KOTIa YHCJIO0 aTOMOB HUJIH MO-
JIeKyJ1 Ha GoJlee BLICOKOM YDOBHe 5HepTHH GoJjblie, YeM Ha
numkHeM. Kak Tenepp roBOpsT, Halo CO3MATh UHBEPCHYI,
HHBIME CJIOBAMH, 00paUjeHHYI0, HAaCeJeHHOCTb SHEPTeTHUeCKUX
YPOBHell B BeILEeCTBE.

VtaK, BO3MOXKHOCTb YCH/IEHHS CBETa B BellleCTBe Gblia Hali-
neHal Ha)m MPOIYCKAaTh CBETOBOH MYy4OK uepes cpely ¢ MHBepC-
HOH HaceJIEeHHOCTBIO SHEpreTHYecKUX ypoBHeH. [l mpHroros-
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JIeHHSI TaKOH cpelbl MOXKHO BOCIOJb3OBAaTbCH, HampuMep,
BCIIOMOTATe/bHBIM H3Jy4YeHHeM, KOTOpPOe IMpelBapHTEJ]bHO Ile-
peOpOCHT 3HAYHTENbHYI0 YacTh aTOMOB C HHKHHX 3HeprerTH-
yeCKHX YpOBHeHl Ha BepXHue. BO3MOXKHEI M HHble NYTH BO3-
Oy:KIeHHS aTOMOB, CKameM, 3JeKTPHUYeCKHH paspsil B rase.

Kasanoch, ocraBasnoch cfieslaTh COBCEM HEMHOTO — M BOT
oH: ycuauTeab u3aydeHusi. Ho mauanmach Besnnkas Oreuect-
BeHHas1 BoHHa. HayuHble uccienoBanusi, He MMeBLINE HeEIO-
CPeLCTBEHHOTO OTHOIIEHHS K OGOpPOHE CTpaHHl, MPHILIOCH OT-
JOXHTb N0 Nobensl Han BparoM. Ilocse Boiinn B. A. ®a6-
PHKaHT BMeCTe CO CBOMMH cOTpYAHMKamu M. M. ByibHCKEM H
®. A. DyTaeBo#i BepHYJHCh K HCCJIEIOBaHHSIM, IpepBAaHHBIM
BOHHOH. DTH HUCCJIENOBAHUSI IPOBOLHINCH B MOCKOBCKOM 3HeEp-
rerudeckoM uHctutyTe. M1 Bor B 1951 r. B. A. ®a6pukanrtc
COTPYIHHKaMH NOAAIOT 3aABKY Ha H30GpeTeHHe crnocoba ycuie-
HUS H3JIYYeHHS IIPH IIOMOIIM BBIHYXKIEHHOrO HCIYCKaHHSA.
Ha 5Ty 3asiBKy GBIJIO BBIIAHO CBHIETENBCTBO, IJiE MOL PYGPUKOH
«IpeIMeT M300peTeHu» 3anucano: «Crnoco6 ycuaeHus 3JeKTpo-
MarHHTHHIX H3Jay4YeHHH (yJbTpaduONeTOBOro, BHAMMOrO, HH-
(pakpacHOro U PaiHOAMANa3OHOB BOJH), OT/IHYAIOLINNCH TeM,
UTO YCHJIHBaeMOe H3Jy4yeHHe IPONYyCKaloT depe3 Cpeny, B KO-
TOPOH ¢ MOMOMLIBIO BCIIOMOTaTebHOrO M3Jy4YeHHs HJH IPYTHM
MyTeM CO3[aI0T H36LITOYHYIO 110 CPAaBHEHHIO C PABHOBECHOH KOH-
[EHTPAINIO ATOMOB, IPYTHX YaCTHII MJIM HX CHCTeM Ha BEPXHHX
SHEPreTHYECKHX YPOBHSAX, COOTBETCTBYIOIIMX BO30YKIEHHBIM
COCTOSTHHSIMY.

TakoBBI GbLIM NepBble IIAarW Ha IMYTH CO3JaHUsT KBaHTOBOTO
yCH/IMTENST CBeTa, a 3aTeM M reHepaTopa cBeta — Jasepa. [lo-
cJleflyIolIye [Aark CBSA3aHkl, Npexe BCero, ¢ MMeHaMH BbIAIO-
IIUMXCS COBETCKHUX (hM3MKOB — akaneMukoB A. M. IIpoxoposa
u H. T'. BacoBa. Bosbuioil BK1an B pa3BuTHE KBAaHTOBOH 3JIEKT-
POHMKH BHeCJH TaKxe amepHkaHckue ¢usuku Y. Taync,
A. IMasnos, T. MeiivMaH, coBerckue ¢usuku KO. M. Ilonos,
O. H. Kpoxun, b. M. Bya u npyrue. boJsee noapo6so 06 sToM
HAIUCAHO B HCTOPHYECKOH CIpaBKe, KOTOPYIO uHTaTe/b Hai-
IeT B KOHIIe HalIero INepBOro pacckasa. [loka xe MBI OTBJIe-
yeMcsl OT MCTOPHH CO3IaHHS YCHJHTEJEl 1 reHepaToOpOB CBeTa
¢ TeM, 4TOOBl MOGJIHKE MO3HAKOMUTECS C (DM3HUKOH MPOLECCOoB,
NPOHCXONAIINX B Jasepe.

Y10 NPOMCXOINMT B AKTUBHOM aneMeHTe jasepa? «Cepiie»
Nasepa — 3TO ero axkmusnoill saemenm. OTAaNeHHO OH MOXO0XK
Ha KeKC C H3I0MOM. «/ISIOMHHKaMu» SIBJSIIOTCSI aTOMBI HJIH MO-
JIeKyJbl, 06Jajaiolye OYeHb BaxKHBIM B JaHHOM cJydae CBOH-
ctBoM. OKasaBIUHCh Ha OJHOM H3 CBOMX BEPXHHX 3HepreTudec-
KUX yPOBHelH, OHH MOryT OTHOCHTeJbHO [OJrO OCTaBaThci Ha
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HeM, He TOPOISICh CaMONIPOH3BOJIBLHO (CIIOHTAHHO) BO3BPATHTECS
Ha HUXHHe ypOBHH. [ToaTOMYy MOXKHO «HaKONHTB® LOCTATOUHO
MHOTO aTOMOB (MOJIEKYJ) Ha TaKOM YPOBHe — TakK, 4TO HX CTa-
HeT 3HauyuTeJbHO GoJibllle, YeM Ha HHIKHHX YpOBHAX. B pe-
syqapraTe GyleT CO3JaHa HMHBepPCHas HaceJeHHOCTb ypOBHeH,
4TO, KaK MBI yKe 3HaeM, HeOOXOIMMO LJifl NpeobJafaHus Npo-
[eCCcOB BEIHYKIEHHOTO HCIYCKaHHS CBeTa Hal NpoleccaMH Mo-
TJIOIEHHS CBeTa. Y POBeHb, HA KOTOPOM MOXKHO HAKONMTBH M3-
OLITOK aTOMOB HJIM MOJIEKYJI, Ha3hlBAIOT AOJTOKUBYIIHM, a Ca-
MU aTOMbl M MOJIEKYJIBl (CM3IOMHHKH» aKTHBHOTO 3JIeMeHTa) —
aKmMUBHoLMY TenmpamiL. ’

Jas npuMepa pacCMOTPHM KOHKDETHBIH aKTHBHEIH 3Je-
MeHT — 2paxam ¢ HeoOumom. I'paHaT (TouHee TOBOpS, UTTpHe-
BO-aJIIOMHUHHEBBI TpaHaT) NpeICTaB/isieT cOGOH Npo3pauHbIi

Dmpawamem

] N Samne -
‘ ocGemume.
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Puc. 2. a) CxeMa ypoBHei# HOHA HEOAHMAa H KBaHTOBble Nepexofbl. 6) Jlasep
Ha rpaHarte ¢ HeofMMOM. 8) DOKYCHPOBKA CBETOBBIX JyueH Ha aKTHBHHIH
9JIEMEHT IIPH TOMOIILH OTpaKaTess.

KPHUCTaJlJI; ¢M3IOMUHKaMU», WJIH, HHBEIMH CJIOBAMH, aKTHBHBIMH
LeHTpaMH, BJSIOTCA HOHBI HEONHMa, KOTOPhle BBOASATCS B KPH-
CTa/lJl rpaHaTa B IIPOIeCCe H3TOTOBJIEHHS aKTHBHOIO 3JeMeHTa.
Ha puc. 2, a noxasaHa B ynpolIeHHOM BHJie CHCTeMa SHEPTeTH-
YeCKHX ypOBHell HOHA HeolluMa B rpaHarte. [lorsonas u3myueHne
CrenyaJbHOH JIaMIbl-OCBETHTENSl, HOHBl HeomuMa BO30YKAAIOT-
csl: mepeXOoNAT Ha BepXHHe YPOBHH, 0G03HAUeHHEIE HA PUCYHKe
nudpoit 3. 3aTeM oueHb CKOPO OHH «CBAJHBAIOTCS» C 9TUX YPOB-
Hell M HaKaNJMBAlOTCA Ha YPOBHe 2, pacXonys U3CHITOK SHep-
THM Ha HarpeBaHHe KpHCTa/ljla TpaHaTa. ¥YpoBeHb 2 U eCTb
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TOT CaMbli JIOJTOXKUBYIIUH yPOBEHb, O KOTOPOM MHI YK€ T'OBO-
punu. AKTHBHEIA 3JieMeHT GyJeT FOTOB K paGoTe TOraa, Koraa
Ha ypOBHE 2 HAKONMHTCS 3HAYUTENBHO GOJIbIe MOHOB HEOLHMA,
yeM HX HMeeTcss Ha ypoBHe I. Temeph JOCTAaTOUHO «CHTHaJa»,
pOJIb KOTOPOTO ChIrpaeT (GOTOH ¢ Hepruei, paBHOH PasHOCTH
SHepru#l ypoHed 2 u I, 4TOGH! NPOH3OLIEN APYKHBIA NEpexoxn
HOHOB HEOIHMa C YPOBHSA 2 Ha ypoBeHb /. B pesysbrare aT0ro
nepexoja BO3HHKHeET JIaBHHA (DOTOHOB, KOTOpasi H GYyZeT mpel-
CTaBJIATh COOOH J1a3epHOe H3JydYeHHe.

Ha puc. 2, 6 cxemaTHyeCKH IOKa3aHO, KaK Ha NPaKTHKe
OCYILIECTBJIAIOT BO30Y3KIEHHe aKTUBHLIX LIEHTPOB B Jlasepe Ha
rpaHare ¢ HeoguMoM. M akTHUBHEIN 3/IeMeHT, H JaMma-OCBETH-
TeJb HMeIT HHJIMHApHYecKylo dopmy. HMx moMermaior BHYTPb
oTpaxaTtesss TaK#M 06pa3oM, YTOOBI HNPAKTHUECKH BCSI CBETO-
Basi SHePrHs, HCIycKaeMas JaMIIOH-OCBETHTeNEeM, KOHIEHTpPH-
poBaJiacb Ha aKTHBHOM 3JieMeHTe (pHuc. 2, 6).

Korga roBopAT 0 BO3CYKIEHHU aKTHBHBIX IIEHTPOB, HpH-
MEeHSIOT BLIPA3HTENbHLIH TePMHH «HaKauyka» — HUMEIOT B BHLY,
9TO aKTHBHbLIE UEHTPH KaK Obl HAKAuHBAIOTCSA SHepruel, Hakal-
JMBasch Ha JOJNTOXKHBYIIEM YpoBHe. B HameM mnpuMmepe
HCIOJb3YeTCA ONMUMECKAS HAKAYKA — HaKauKa CBETOM CIelH-
aJbHOH rasopaspsagHod Jamnbl. BosMoxHa Hakayka IIpH
IIOMOIIIM MOLIHEIX CBETOBBIX HMIYJIBCOB, FeHEPHPYEMBIX JIaMIIOfi-
BCNBIIKOH (UmnyasvcHas HakKauka). [Ipw sroM B OTBeT Ha
KaxkIblfl HMMIYJbC HaKayKd BO3HHKAeT HMIYJIbC JIa3epHOTrO
u3JyueHHs1. BO3MOXKHO TaKike HelpepulBHOE OGJMyueHHe AKTHB-
HOr'0 3JIeMeHTa JIaMIIOH-OCBETHTENEM (HenpepsiHas HaKauka).
B sToM ciydae J1lasepHOe HM3JyyeHHe MOMKET BO3BHHKATb KaK B
BHJle HEIIPEPLIBHOI'O CBETOBOrO J1y4Ya, TaK U B BUE PEryJ/IsipHOH
II0CJIeI0BAaTeILHOCTH CBETOBBIX HMIYJbCOB. BrpoueM, He 6y-
IeM 3aberaTb Brepel; 060 BCeM 3TOM MBI IIOT'OBOPHM BO BTOPOM
pacckase.

"Urak, Hakauka o6ecrieddBaeT HHBEPCHYIO 3ace/]eHHOCTb
SHEePreTHYeCKHX YPOBHeH aKTHBHBIX LEHTPOB. MBI yxKe 3HaeM,
UTO €CJIH TeNepb HaIPaBUThb Yepe3 aKTHBHBIH 3JeMEHT CBETOBOH
IIy4OK COOTBETCTBYIOLIEH YacTOTE, TO OH GyleT He O0cnabaAThCA,
a YCHJIHBAThCS (IOCKOJBKY BBIHYXKIEHHOe HCITyCKaHHe GyJer
npeoGnaziaTh Hall MOTJIOLIeHHeM cBeTa). Bce Tak M HPOHUCXOIUT
B npubopax, HasblBaeMBIX KBAHTOBBIMH YCHJIMTe/ISIMH CBeTa.
Jlagep Xe SBJSIETCA He YCUJIHTENEM, a 2eHEpamopoM CBeTa;
3leCh HeT [ePBHYHOTO CBETOBOTO NMyuka. IlostoMy BaskHO mo-
HfITb, KaK Xe HauuHaeTCs HJH, TOYHee FOBOPH, 3apondaemcs
reHepaiys JasepHOro H3JyYeHHS.

3nech HalO0 BCIOMHHTb O CIIOHTAHHOM HCIIYCKaHHH CBeTa.
C Hero-to Bce ¥ HauyHHaeTcsl. Posib mepBUYHBIX (POTOHOB, MHH-
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IUUPYIOLKX BbIHY KI€HHOE HCTyCKaHKe HOBbIX (BTOPHYHLIX) (o-
TOHOB H TeM CaMbIM JIAIOIIHX Hauaso Npoleccy JiasepHOH reHe-
pauuu, urpamot (OTOHH, KOTOPhHle PONMJHCH B pe3yJibTaTe
CIIOHTAHHLIX [ePeXO0B aKTHUBHBIX LEHTPOB ¢ ypoBHA 2 Ha
ypoBeHb I (MBI HCIIOJIb3yeM CHCTeMy ypOBHeH Ha puc. 2, a).
Kaxblil CoHTaHHO PONUBLUMACA (POTOH MOKET 3aTeM HHHIHU-
poBaTh NOSIBJEHHE LeJOH JaBHHLI BTOPHYHLIX (POTOHOB, JIETS-
XX B TOM K€ HalpapJeHHH, YTO U NepPBUYHLIH (OTOH.

Ho nosBoabre, MOXKET 3aMeTHTh BHUMAaTE/LHBIH YHUTaTEJb,
Bellb CHOHTAHHO poOXKpamlivecsg (OTOHBl HCIYCKAIOTCH aKTHB-
HBIMH [EHTpaMHu HeCOrJIaCOBaHHO BO BPeMEHH U IIPUTOM B ca-
MBIX PasHLIX HalpaBJeHHAX. 3HAUHT, B pa3HbIX HalpaBJeHHAX
«0GeryT» ¥ COOTBETCTBYIOILINE JIaBHHBI BTOPHYHBIX (DOTOHOB.
Kakum ke o6pasoM BO3HHKAeT Ja3epHHH Jyu?

HenoymMenune uuratens cOBepLIEHHO MOHATHO. UTOGH! moJy-
YHTH Jla3ePHBIH JIyY, HEOGXONMMO KaK-TO ynopAdouums OMH-
CaHHYIO Bbille KapTHHY. DTO JeJlaeT OnMmu4ecKul pesoHamop.

Tl uero HyxeH onTuuecKuil pesonatop? B mpocreiimem
clyuyae ONTHYECKHI pe30oHATOp — 3TO JBa 3epKanaa c obme#
ONTHYECKOH OCBIO, KOTOpas (PUKCHPYeT B NPOCTPAHCTBE Ha-
npaBJieHHe JIa3epHOro Jyda. AKTUBHLIH 3/eMeHT HaXOnuTcs
MeXJy 3epKaJjaMi, T. €. BHYTpH pe3oHaTopa. CxeMaTHYeCKH
9T0 nokasaHo Ha puc. 3. Hampasienue nasepHofl reHepanuu
o6osHaueHo Ha pucyHke kak OO. CrioHTaHHble (BOTOHDI, CJy-
yafiHo poxmBmMecs B HampasienuH OO, GyLyT NPOXONHTH
BHYTPH AKTHBHOTO 3JIeMEHTa OTHOCHTE/JbHO IJHHHBIH NyTh,
KOTOPBIH, K TOMY K€, MHOTOKPAaTHO YBeJHYHBAeTCs BCJIEICTBHE
OTpaXKeHUs H3JyUeHHs OT 3epKaJs pe3oHaTopa. Bsaumoneiict-
Bys C BO30yXIeHHbLIMH AaKTUBHLIMH LEHTPaMH, 3TH (DOTOHLI
HHALMUPYIOT, B KOHEYHOM cyeTe, MOIIHYIO JIABUHY BBHIHYXKIEH-
HO HCNyIeHHBIX (POTOHOB, KOTOpas u o0pasyeT JazepHLIA Jyd.
YTo Xe KacaeTcs TeX CIOHTAHHLIX (DOTOHOB, KOTOpLIE PONUJIHCE
B MHBIX HalpaB/eHHSX, TO OHH (PaBHO KaK U COOTBETCTBYIOLIHE
MM JIaBHHBl BTOPUYHLIX (DOTOHOB) NMPOHAYT BHYTPH AKTHBHOLO
sJIeMeHTa CPaBHUTENLHO KOPOTKHH MyTh U OYeHb GBICTPO «BbIH-
IyT M3 urpbl». Bee 3T0 Xopowmo BunHO Ha pHuc. 3.

Takum of6pasoM, 3epKaja ONTHUECKOrO pe30HATOpa 66ide-
ASIOM 8 NpPOCMpaHcmee ONpelesleHHOe HalpasJeHHe, BIOJb
KOTOPOr'O peasiu3yioTcs Haubosee 6A020npusmHele YCIOBUS N5
pa3BuTHA (GOTOHHLIX JIaBHH. DTO U €CTb HaNpaBJeHHe Ja3epHOTo
Jyda, KOTODHIH BLIXOOMT M3 De30HaTOpa uepe3 ONHO M3 €ro
3epKaJl (Tak HasbiBaeMoe 6b(x00HOe 3ePKaJjlo; OHO sIBJsieTcs ua-
CTHYHO IPO3PAYHLIM 1Jif JlazepHOro uajydenus). Iloguepkuem:
(bOTOHHBlE JIaBHUHLI 32POXKIAIOTCA OT CIOHTAHHLIX (POTOHOB H
pasBUBalOTCA B ONpPe/leleHHOM HalpaBJeHUH BCJEACTBHE Ipe-
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o6JlaflaHisl BbIHYXKIEHHOrO  MCNyCKaHWA Hajl MOTJoLieHHeM
cBeTa. BriosHe moHsAiTHAa NPHHIMOMAJbHO BaxcHag pOJb ONTH-
4ecKOro pesoHaropa. MOXHO CKasaTb, YTO OH yNOPSALOYHBAET
6ypHO pasBHBalOLHecs] B aKTHBHOM 3JleMeHTe NpOLecCh Bbl-
HYKJIEHHOIO0 HCNYCKaHMsl, HHHOHMPOBAaHHBlE CHOHTAHHO PO-
IuBIIUMHCS (doToHaMu. OH Kak Obl Hanpas/sieT 5TH NPOLECCH

Beprana pesoHunope

\ K =7 =
E}‘_E__gi;:.? Ok ) % /g %
W% —

AnauGnsid aqeneqmr

Puc. 3. Passutne (oTOHHOHN JaBHHEI BIOAL ocH  pesoHatopa 0O0.

B «HY2KHO€ PYCJIO» H B HTOTe (opmupyem AasepHoe Usayderue,
obJiazaioliee yAUBUTEJbHBIMU CBOHCTBAMH.

Kakue ObiBalOT Jasepbi? an/IHHHHHaJII:Haﬂ cxema Jasepa
npocra. OHa BK/IO4aeT B ce6 aKTUBHEIA 37eMeHT (AKTHBHYIO
cpely), YCTPOHCTBO [Jifi HaKaYKH aKTHBHOI'O 3JeMeHTa M 3ep-

KaJia ONTHYeCKOTO pe3oHaTopa (puc. 4). HeCMOTpH Ha IPOCTOTY
NPUHUHMNINAIBHON CXeMBI, J1ase-

pBl OTJIHYAIOTCA GOBLLIHM pas- Pesonamop
HooGpasueM. CyuiecTByeT OueHb -~ A —
MHOrO pPAa3JIHYHBIX THIIOB Jia-

sepoB. OHHM OTIIMHalOTCA APYT A;},’,;’f,’,f[,’,‘,’,";

OT Jpyra BHEIUHHUM BHIOM, pas-

MepaMH, KoHCTpyKuue#t. Haps- i’ T_ t Boxoinoe
Ly C la3epaMU-MaJIlOTKaMH, CBO- cmpodombo | searnana

60[HO yMeLIAIIUMHCS Ha JIafo-
HH, UMEIOTCA Jiasepbl-TUraHThl, Puc. 4. IlpuHuunuansHas cxeMa
IJIMHA KOTOPBIX JIOCTHraeT He- Jnasepa.
CKOJIbKHX JeCATKOB MeTpOB, a

Macca U3MepsieTcs TOHHaMH. 3HAKOMSICh Ha ypoKe B KaGuHeTe
(hM3UKH C reJIMH-HEOHOBBIM JIa3epOM, IIKOJbHUK Ge36053HEHHO
NOACTaBJIAeT PYKY nop JasepHuidt ay4. IIpuas B coBpeMeHHBIH
mex MeTaaioo6paboTKH, OH MOMXKET BHIETb KaK MOIIHBIH
CO,-n1a3ep JeTKO U OBICTPO paspe3aeT CTajibHbIE JHCTHL.

~ PasnooOpasue s1asepoB OODBSICHSITCS NDHMeHEHHeM B HHX
pa3HBIX THIIOB AKTHBHBIX CpPell H PasHbIX cNoco60B HAaKadyKH.
B KkauecTBe aKTHBHBIX CpeJi HCHOJb3YIOT NUSJEKTPUUECKHe
KPUCTaJIbl, ClelMajbHble CTekJa, MOJYIPOBOLHUKH, KHIKHE
pacTBOpbI KpacuTeJieil, rasobble CMecH.
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B nasepax Ha QU3NEeKTPHUYECKUX KPHCTa/IaX M CTeKJax Hc-
NoJb3yeTcs ONTHUecKas Hakayka. Cpefd OrpOMHOTO MHOXKeCT-
Ba TaKUX Ja3epoB BBIIEJHM TPH Jasepa: Ha rpaHaTe ¢ HEOQH-
MOM, Ha CTeKJie ¢ HeoIuMOoM, Ha py6une. O Jasepe Ha rpaHare
C HeOJUMOM MHl yKe paccKasbiBaju. J[06aBHUM JHILIb, YTO 3TOT
Jasep reHepupyeT H3JydyeHue B HHDpaKpacHOH 06/1acTH CIeEKT-
pa Ha HeCKOJbKHX JJMHAX BOJIH; HauOoJiee HHTEHCHBHA reHe-
pauus Ha JiuHe BoJHB 1,06 MkM. Takywo e HJMHY BOJIHBI
TeHepPHPYIOT Jasepbl Ha CTeK/e, aKTHBUPOBAHHOM HEOXHUMOM.
Py6un mpencrasiasger coG0H OKHCh a/IOMHHHS C HeGOJbILION
MPHMEChIO HOHOB Xpoma, COOGIIAIOUIUX PYOUHY XapaKTepHbIH
PO3OBBIH UJIM KpacHbIf 1Ber. VIOHBI XpoMa SABJSIOTCH aKTHB-
HbIMU LeHTpaMu. Jlasep Ha pyGHHe reHepHpyeT H3JydeHHe Ha
AnuHe BosHBl 0,69 MKM (KpacHasl JIMHHUSA).

I HaKaykKy J1a3epOB.Ha ra3oBbIX cMecsX yalle BCero Hce-
nose3yercd sJeKTpuyeckuit paspsan. Ha npakruke wmHpPOKO
ODUMEHSIIOT YNOMMHABIIHeC Bhllle TI'eJHH-HEOHOBHIH Jiasep
n CO,-nazep. B renui-HeOHOBOM Jlasepe aKTHBHas cpefa Co-
CTOUT U3 aTOMOB resIUsi U HEOHA; POJIb aKTUBHBIX LEHTPOB BhbI-
_TIONIHAT aToMbl HeoHa. OHH BO30YXKIAOTCS NPH CTOJKHOBE-
HUAX C BO3GYXKIEHHBIMH aTOMaMH reJusl M OBICTPBIMH CBOGOI-
HBIMH 3JIEKTPOHAMH, OGPasyOIIUMHCA B 3JeKTPHYECKOM pas-
psille, KOTOPBIH NMOJKHUTaeTCs B Ie/IHi-HEOHOBOH ra30BOM CMeCH.
[enuii-HeOHOBBIH Ja3ep MOKeT reHepUpOBaTb Ha IJMHAX BOJIH
3,39, 1,15, 0,63 mxm. HauGosnee uHTEpecHa reHepanus Ha AJH-
He BoJIHBEL 0,63 MKM (KpacHas suuus). B CO,-asepe akTUBHAs
cpefa COCTOMT B OCHOBHOM M3 MOJIEKyJ a30Ta M YIJIEKHCJIOro
rasa. AKTUBHBIMH LIEHTPaMH SIBJISIOTCA MOJIEKYJBI yIJIEKHCJIO-
ro rasa (CO,). Onu B0306y:x1aloTcsd NPH BK/IOYEHHH 3JIEKTPH-
YeCKOT'0 paspsiza B ra30BOH CMecH 3a CUeT CTOJNKHOBEHHH ¢ BO3-
Gy*IEeHHBIMH MOJIEKYJIaMU a30Ta M CBOGOINHBIMH 3JeKTPOHAMH.
CO;-ntasep reHepupyeT HHOpaKpacHOe H3JydeHHe Ha IJIHHAX
Boad 9,6 u 10,6 MKM.

Mbl OTMETHJIH BCEro JIUIIb HECKOJbKO THIOB Jasepo. OHH
6ynyt HauGoJlee YacTo BCTpeyaTbCsl B MOCJENYIOIHMX paccKa-
3ax. KpoMme HUX MBI IIO3HAKOMHMCH B CBOE BpeMsl ¢ HEKOTOPBIMH
JPYTHMH THIIAMH JIa3epOB.

B 3ak/oueHue MOZYEpKHEM, YTO NMPH BCeM MHOTrO0OpasHH
Jlasepbl BHIIONHSIOT OJHY H Ty Xe (QYHKUHIO — BCe OHH $IB-
JII0TCS TeHepaTOpaMH CBeTa, NPHYeM He IPOCTO cBeTa, a Ko-
2epeHmm020 CBeTa.

Yro takoe KorepeHTHblii cBeT? OObIYHble JaMMbl HaKaJH-
BaHHd, a TaK¥e JIaMIIbl JHEBHOTO CBeTa MCIYCKAalT CIIOHTAHHO
ponusiunecss GoToHbl. Takue (HOTOHBI POMKIAIOTCS HECOTsAAaco-
BaHHO W pasJieTaloTCsl B pasHble CTOPOHH. KpoMe Toro, oHu
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3aMeTHO pasJiMyaloTcs M Mo yactore. KoHeuHo, KaxKabli Takoit
(OTOH MOXeT HHHLUHHMPOBATb POXKIEHHe BTOPHUHBIX (DOTOHOB
H TeM CaMBIM [OPOIUTL HEKOTOpYIo GoToHHYIO JaBuny. OnHako
BCe 3TH JIaBHHBI OKasblBAlOTCA B JaHHOM cJiyyae B3aHMHO He
COIVIaCOBaHHBIMH, PacHPOCTPAHAIOTCS B pasHBIX HampabJe-
HMAX, TaK YTO B LeJIOM KapTHHA Xaoca coxpaHsercs. Ha pazauo-
TeXHHYeCKOM sI3blKe TaKOH cBeT MOr' Obl GbITb Ha3BaH «OMTH-
YeCKHM IIYMOM». B onTHKe HCHOJNB3YIOT TePMHH ¢HEKOrepeHT-
HBIH CBeT».

Huoe nesno nasepHbliil yd. OH COCTOMT B OCHOBHOM U3 (O-
TOHOB, POIMBIIHXCS [PH BLIHYXKIeHHOM HCNycKaHuu. Bce sti
(oToHbl 06pa3yloT eIMHYIO JIaBHHY, XapaKTepH3YIOILYIOCH, B
4aCTHOCTH, ONpefe/ieHHLIM HanpaBJeHHeM IBHKeHHS. DTO eCThb
KOrepeHTHLIH cBer. ToYyHee roBOpS, 3TO €CTh CBET C BBICOKOM

| I
- ANNNAN
R N T PR N
AAAAALALT M fv\/\,f\/\f»fvvvm
NNNNAN >

Q)
Puc. 5. a) HekorepentHniit ceer. 6) KorepenTHsiii cBeT.

CTelleHbI0 KOrepPeHTHOCTH, MOCKOJbKY HIeasbHbIX CUTYyalH# B
JKHU3HY He OblBaeT — B JIIOGOH (DOTOHHOH JaBHHE MOXKHO OGHa-
PYXHUTb HEKOTOPHIH pas6poc U MO YacToTe, U IO HanpasJieHHIO
IBUKEHHS COCTABJSIONIUX BTy JaBHHY (OTOHOB.

IlonsiTe KOrepeHTHOCTH B ONTHKe fBJISETCSH BecbMa Ba-
HbIM. MBl TI0npoGOBaJM MOACHHTL 3TO MOHATHe, paccMaTpuBas
CBeT Kak INOTOK ¢oroHOB. DBosee yno6Ho, omxHako, BOCHO/b-
30BaTbCsl B JAHHOM CJydYae BOJIHOBBIMH IIpeACTaBJIEHHSIMH.
Ha puc. 5 usnyuenne wnso6paxkeHO B BHAE «3JeMEHTapHBIX
BOJIH», 3apOXK/JAIOIUXCA B aKTHBHOH cpefe; UX OOBIYHO Ha3bl-
BalOT BOJIHOBbIMH myraMH. Curyauuss Ha pHc. b, @ OTBeyaer
HEKOTepeHTHOMY CBeTYy, TOrZla Kak Ha pHC. 5, 6 CBET HIeallbHO
korepeHTeH. O6partuTe BHHMaHHe Ha TO, YTO B HOCJELHEM CJy-
yae BCe BOJIHOBBIE IL[yI'H PAcHPOCTPAHAIOTCSA B OLHOM H TOM Ke
HarnpaBJ/IeHHH, HMEeIOT ONMHAKOBYIO JJIMHY BOJIHBI U HaXOIATCH
B dase Apyr ¢ IpyroM. Bce 210 ecTh clencTBHe BHIHYKIEHHOTO
Hcnyckanus cBera. IIpH BBIHYXIEHHOM HCHYCKAaHWH BTOPHY-
HBIH YT TOYHO KONMHDYeT MepBHYHBIA LYr — MO HANpaBJIeHHIO
pacnpocTpaHeHHsi, HO AJIMHe BOJHEI, mo ¢ase. Ha puc. 5,6
IITPUXOBOH NPAMOH MOKa3aHa IOBePXHOCTb ONHHAKOBOH (haskl
(BostHOBOH (poHT). TmeTHO 6bINO GBI NBITATHCA H306PA3UTh MO-
noOHyl0 NOBEpXHOCTb B CJydyae Ha pHC. 5, a.
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KoneuHo, B nefiCTBHTe/IbHOCTH He GbIBAET CBETOBBIX ITYYKOB
C MJeaJbHO MJIOCKHM BOJIHOBBIM (PPOHTOM M CO CTPOTrO ONpese-
JIEHHOH J/uHOHA BosMHbl. ONHAKO MOXKHO YTBEPXKIATh, YTO IO
CBOHMM KOTEDeHTHBIM CBOHCTBAM H3JyYeHHe Jasepa Tropasio
6/MKe K KapTHHE Ha pHC. b, 6, 4eM Ha puc. 5, a.

Axanemur AITH CCCP B. A. ®aGpukaHT oueHb 06pasHO
nHcas O TOM, KaK MOXKHO IpeicTaBUTh cefe ONTHYECKYIO KOore-
peHTHOCTDb: «B packajeHHOH HHMTH JIaMIBl HaKaJHBaHHSI, B sp-
KOM CBeTslleMcsl IIHYPe PTYTHOH JIAMIIBI MAPHUT IOJHBIH Xaoc.
To 3nech, TO TaM BCHBIXHBAIOT BO36GYXKIEHHBIE ATOMBI, HCITYC-
KalOIl[Me IyT'H €BETOBLIX BOJIH. DTH BCIBILKH OTAEIbHBIX aTOMOB

1203

Puc. 6. a) ®okycHpoBKa HEKOTepeHTHOr'o cBeTa, 6) POKYCHPOBKA KOTEPEeHT-
HOTO CBeTa.

HHKaK He COrJIacOBaHbl Mexny co6od. CBeueHHEe TAaKHX HCTOY-
HUKOB HallOMHMHAeT TYJ HEOpPraHH30BAaHHOH, 4eM-TO BO30YK-
IeHHOH Tonnbl. CoBceM MHasi KapTHHA B Jasepe. 3/iech Bce MO-
XOXKe Ha CTPOHHBIE XOp — CHayasa BCTYNAIOT OJHHM XOPHUCTHI,
3aTeM IpYTHE, U CHJIa 3BYYaHUS MOrydye HapacTaeT. Xop rpaH-
JIM03€H II0 YHUCJIY YYacTHHUKOB, KaK 3TO OBIBAET Ha pa3iHHKaX
necuu B IIpuGantuke. PaccTossHuUSI MeKLY OTAEJNbHBIMU TpyIIa-
MH XOPHUCTOB HACTOJBKO BEJHKH, UTO CJIOBA IECHH JOJETAIOT C
3aMeTHBIM 3aI103[JaHHeM OT ONHOH r'pyImbl K Apyroi. [Jupuxkepa
HeT, HO 3TO He MelllaeT CTPOMHOCTH OGLIEro 3BYyYaHHS, TaK Kak
XOpPHCTHl CaMH IIOLXBATHIBAIOT MNECHIO B HYXKHble MOMEHTHI.
To e IPOUCXOIUT U C aTOMaMH TreHepaTopa cBeTa (HMeIOTCH B
BUIY aKTUBHBIE LEHTPbl B aKTHBHOM 3JeMeHTe Jasepa — [1pu-
mey. asmopa). Llyru BoJH, HCIYCKaeMble OTAeJbHBIMH aTOMaMH,
COTJIaCOBAHBl IPYT C APYroM OJaroiaps SBJEHHIO HHAYIHUPO-
BaHHOTO H3JydeHHs. Kaxpelli Bo3GY:KNeHHBIH aTOM HAYMHAET
CBOIO «IIECHIO» B YHHCOH C IOLIeNINed 10 Hero «necHed» Apyroro
aToMa. BOT 3TO U ecTb KOTepeHTHOCTBY.

Yem 3ameuaTesbHO Ja3epHoe uaayueHue? OHO 3aMeyaTesb-
HO, TIpexKJe BCero, cBoell KorepeHTHOcThi0. KorepeHTHOCTE Ja-
3epHOr'O Jyda IpOsIBJSAETCH, B YaCTHOCTH, B HCKJ/IOGUTENbHO
BLICOKOH CTENeHH ero MOHOXpoMaTuuHocTH. OTHolleHHe Av/v,
rae Av — pas6poc 9acTOTBE CBETOBOI'O NydYKa, a v — CpejlHee
3HaueHUe YacToTHl, cocTaBaseT Bcero 107%—107% u MoxeT 6bITH
JIOBEleHO 3a cueT CIelHa/JbHO NpPHHUMaeMbIX Mep 10 1071,
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Beicokasi cTenmeHb KOTePEHTHOCTH IPOSIBJSETCH TaKkKe B
OueHb MaJIOH PacXORMMOCTH JIa3epHOro JIyda. Y TOJI pacXOLUMO-
CTH JIy4a MOKeT ObITb NIOBeleH N0 HauMEHbIIEero‘BO3MOKHOTO
3HaYeHUs, ompelejseMoro Audpakuuedl cBera; 3TO 3HaucHHe
(usmepsieMoe B pafiiaHax) paBHO OTHOLIEHUIO IJIHHBE! BOJIHEI U3-
JYYeHHUs K JUaMeTpy anepTypbl CBETOBOrO nyuka. [JjuHa BOJ-
Hbl W3JIyYyeHHS H3MepsdeTcsl MHKpOMeTpaMH, a IMaMeTp anep-
TYpel DYYKa — MUJUIMMeTpaMH; CJefOoBaTesNbHO, YKa3aHHBIH
yroJl pacXOXMMOCTH cOCTaBJsieT npuMepHo 1072 paj, 4TO COOT-
BETCTBYeT NpPUGAH3UTENBHO YIJIOBOH MHHYTE.

HekorepeHTHBI CBETOBOH NYYOK NPUHIUIHMANBLHO HeJb3sl
Xopomo cOKyCHpOBaTb. DTO JIETKO NOHATb, €CJIH, BCIOMHHB
puc. 5, @, NpeICTaBUTL TaKOH NYYOK B BHJIE COBOKYMHOCTH CBe-
TOBHIX JIy4Uell, ODHEHTHPOBAHHBIX MOJ PasHBIMU YIJIaMH K ONTH-
yecko!l ocH Qokycupyoomeil JuH3e (puc. 6, a). B nmyuke xe
C BbICOKOH CTeieHbI0 KOTePEHTHOCTH BCe 9T JIYUYH NpPaKTHYeCKH
napajelbHbl M, KpoMe TOr0, MOHOXPOMATHYHbI (HanOMHHM
puc. 5, 6). Takue cBeTOBbIE JIyUH MOXKHO CHOKYCHPOBAThH MpaK-
THYeCKH B TOUKY, YTO M NOKas3aHO Ha puc. 6, 6. 3aMeTHM, 4TO
5TOT PHCYHOK HallOMHHAeT KapTHHKY M3 IIKOJBHOrO y4eCHHKA.
Hano npusHaTh, 4TO 10 M300peTeHHUs J1a3epOB CTPAHULE! yuel-
HMKOB OblH (haKTHUECKU e[MHCTBEHHEIM MeCTOM, Tl Mbl UMeJIH
JeJIo ¢ KorepeHTHBIM cBetoM. [IpaBia, a10 nukanTHOe 06CTOSA-
TeJIbCTBO He BCerjila OroBapuBaljoCh.

Hrak, KOrepeHTHBIH /Ma3epHblil Jyd MOkeT OBITH BeCbMa XO-
pomo chokycupoBaH. KoHeuHo, o ¢oKycHpPOBKe B TOYKY Ha
npakTHKe He MOXKeT ObiThb U peud. Ho 3aTo MOXHO peasnnsoBaTh
(OKYCHPOBKY B CBeTOBOe MNATHO JMAMeTPOM MOPAAKA BCETO
JIMIIb JJIMHBI CBETOBOH BOJIHBL, T. e. mopagka 1—10 MEM.

JlasepHoe H3JyyeHHe 3aMeyaTesJbHO He TOJBKO KOTEpPeHT-
HOCTBIO, HO ¥ BO3MOXKHOCTBIO HEOGbIYaIHO CUJIbHOH KOHLIEHTpa-
MM CBETOBOH 3HepPruM B NpoctpaHctBe. Hapsany ¢ maJsomorn-
HBIMM TeJIMi-HEOHOBBIMU JladepaMu (CBeTOBas MOLIHOCTb 3THX
nasepos nopfaka cero 1072—10~2 BT) cyIecTByIOT MOIIHble
CO,-1a3ephl, HENpephIBHO TeHepPUPYIOLINe CBETOBYIO MOLIHOCTh
nopsizka 1 kBT u naxe Gonpbure. [lonycTum, uto CBETOBO# My-
YOK TAKOTO MOIIHOTO Jasepa HMeer AuaMeTp MOpAAKa 1 MM.
Torga WHTEHCHBHOCTb JlazepHOro Jyya OyldeT COCTaBJATh
105 Br/em?. TlogoOHasi MHTEHCHBHOCTb JOCTaTOYHA [JIf TOTO,
qTo6K! [IJIaBUTh MHOTHE MeTaJuibl. [1J1 cpaBHEHUS 3aMeTHM, 4TO
cpefHee 3HaUeHHe HHTEHCHBHOCTH COJIHEYHOTO CBeTa BOJIH3H
3eMHOH ITOBepXHOCTH cocTaBasier Bcero 0,1 Br/cm2.

Hcnonb3ysi GOKyCHPOBKY, MOMKHO ellle CUJIbHee IOBBLICHTb
MHTEHCHBHOCTb JasepHOro HaJjydeHus. Kax yxe OTMeyaJsoch,
BLICOKAsl CTeNeHb KOTEPEeHTHOCTH II03BOJAeT C(OKyCHpOBaTh
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JlazepHBIH JIyd B CBETOBOe NATHO IHAMETPOM MOPSAKA JJIHHBL
BOJIHEI cBeTa. IIpu cBeToBO# MomuoctH 1 KBT M nmpu GokycH-
pPOBKe Jyya B NATHO AHaMeTPOM, cKaxeM, 30 MKM IOJydaeM
MHTEHCHBHOCTb mopsiaka 10 Br/cm?, Takue HHTEHCHBHOCTH
INeHCTBUTENIBHO PeaN3yloTcsl NPH HCIOJIb30BAaHHH MOIIHEIX
COBPEMEHHEIX HelPepEIBHO IeHepHpPYIOIHX JasepoB. DTH HH-
TCHCHBHOCTH OTPOMHBI: OHH MO3BOJIAIOT He .-TOJbKO IJIaBUTh,
HO M HCHapsTh Jo0ble MaTepHaJbl.

CnpaBxga. K ucropuu cospauns masepa. Croco6 yCHIEHHS H3JTY-
YeHHs 3a CYeT MCIOJb30BAHHS BLIHYXKIEHHOTO HCIyCKaHHsi OB CHa-
yajla peaJu30BaH B pajHOAMANla30He, a TOYHee, B LHANA30HE CBEPX-
BbicoKMX uyactoT (CBU-zmanasone). B mae 1952 r. na OGuiecorosHoit
KoHpepeHIMH o paguocneKTpocKomuu coBerckue ¢usukn A. M. Ilpoxo-
pou H.T. BacoB coo6muan 0 NMpHHUMIHAABHON BO3MOMKHOCTH CO3JaHHS
reHeparopa uanydenust B CBU-nnanasone. OHu Ha3BaJIH €ro <MOJIEKYJIS PHBIM
T'eHepaTOpOM», ITOCKOJBKY HpERNOJaraloch HCIOJb30BATh NYYOK MOJEKYJ
amMmuaka. OfHOBPEMEHHO NpeIoxKeHHe 06 HCIOJNb30BAHUH BHIHYKAEHHOIO
UCIYCKAHUA LJIsI YCHJEHHS U I'eHeDHPOBaHHS MUJUIHMETPOBEIX BOJH GBLIO
Bbicka3aHo B Kosym6uiickom yauBepcutere B CIIIA amepukaHCKUM (DH3MKOM
Y. Tayncom. '

B 1954 r. MosTeKyJIsipHBI reHepaTop, Ha3BaHHLIH BCKOpPe Ma3epoM, CTall
peanbHocTbi0. OH GblT pa3paboTaH M CO3/laH HE3aBHCHMO H OXHOBPEMEHHO
B ®usuyeckom uncrutyre umenu I1. H. JleGenesa Axkanemuu uayk CCCP
(rpynmoit nox pykosoxctsoM H. I'. BacoBa n A. M. IIpoxoposa) u B Korym-
6uiickom yausepcurere B CHIA (rpynmoit mox pykosozcrsom Y. Taymuca).

BrocnenctBun OT TepMHMHA «Masep» M MPOH30LIE] TEPMHH «JIasep» B
pe3yJabrare 3amenbl G6yKBbl M (HauaabHas GyKBa cioBa Microwave — mu-
Kposoarnosol) 6yksoit L (Hauanbuas GykBa ciosa Light — ceem). B ocrHoBe
paboThl KaK Masepa, TaK H J1asepa JIeXUT OAMH U TOT K€ NPHHIMI — IIPHH-
un, cpopmynupoBannsii B 1951 r. B. A. ®abpukanrom. [TosBienre Masepa
03Hayaso, YTO POAUIOCH HOBOE HANpaBjieHHe B HayKe U TexHuKe. Ero mas-
BaJli «KBAaHTOBOH pamuodusukoi». [losnHee cran ucno/sib30BaThCd TePMUH
«KBAaHTOBasl SJEKTPOHUKa». 3a MHOHEPCKUE MCCIE0BaHNsI B KBAHTOBOH 3JIeK-
TPOHHKE, YBEHUYaBIIHECS CO3JaHUEM Masepa, a 3areM u jsasepa H. I'. Bacos,
A. M. Ilpoxopos u amepukanel Y. Tayuc 6butn yrocroens B 1964 r. HoGe-
JIEBCKOH mpeMunu Mo ¢usuke, B cBoefl peun Ha IepeMOHHH, IOCBSAIIEHHOH
Bpyuenuto HoGeneBckoil npemun, A. M. Ilpoxopos ckasan: «Kasanock Gbl,
YTO IOCJIE CO3LAHK S Ma3epOB B PaAHORKANa30He BCKOpe 6yAyT CO3LaHbI KBaH-
TOBEIE TeHepaTophl B ONTHYECKOM Auana3oHe. OXHAKO 5TOTO HE CIYyYHJIOCh.
Ony GbUTH CO3LAHBI TOJMBKO Uepes IIecTb JieT. UeM 570 o6bscHIeTCA? 3aech
Gt nBe TpyxHocTH. IlepBasi TpyAHOCTb 3aKJiouajack B TOM, 4TO TOTAa He
GbLIM IPEJTIONKEHbl PE30HATOPHI IJI ONTHYECKOro AHAlma3oHa JJMH BOJIH, H
BTOpasg — He GbIM IPENTOXKEeHbl KOHKPETHBIE CHCTEMEl  METOJBI [IOMTY4EHH s
HHBEPCHOH 3aCe/eHHOCTH B ONTHYECKOM JAMAaIa3oHe».

nomsinyThie A. M. IIpOXOpOBEIM IiecTb JieT AeHCTBHTENbHO GLUIM 3a
MOJHEHBl TEMH HCCIENOBAHUSIMH, KOTOpHIE ITO3BOJIMJIH NIpeofioJeTh yKasaH-
Hble BBILIEe TPYAHOCTH U IepefiTH B KOHEYHOM cyeTe OT Ma3epa K Jasepy.
B 1955 r. H. I'. Bacos u A. M. IIpoxopoB 060cHOBa/IM NPUMEHEHHE METOAA
ONTHYECKOH HAaKauKu JIJsi CO3JaHMS MHBEPCHH 3aCeJeHHOCTH YPOBHeH.
B 1957 r. H. I'. BacoB BhIABHHYJ HIEIO HCMOJb30BaHUSA NOJYIPOBOJHHKOB
IJIs CO3XaHUSI KBAHTOBBHIX reHepaTopoB. IIpu 3TOM OH NpeNIOKHJ HCIIOJb-
30BaTh B KauyeCTBE pe30HATOPA CIIENMANbHO OGpaGOTaHHbIE MOBEPXHOCTH
CaMoro MoJIyIPOBOXHMKOBOrO o6pasiia. B Tom xe 1957 r. B. A. ®abpukanr
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u ®. A. Byraesa nabmonann sggeKT ONTHYECKOr0 KBAHTOBOI'O YCHJEHHS B
ONBITax C 3JEKTPHUECKHM Pa3psloM B CMECH, COCTOAUIEH H3 NapoB PTYTH;,
Bofoposia, requs. B 1958 r. A. M. IlpoxopoB u HE3aBHCHMO OT HEro aMepH-
xanckue ¢pusnkn A, Illasnos u Y. TayHc TeopeTHuecku 060CHOBAIH BO3MOXK-
HOCTb NPaKTHYECKOTO NpPHMeHeHHs SBJIEHHUs BHIHYXKAEHHOrO HCIYCKaHHS B
ONTHYECKOM AnanadoHe. OHH BEABHHYJH HIEI0 TIPUMEHEHHS B ONTHYECKOM
nuanasone He 06beMHEIX (Kak B CBU-nnanasone), a OTKPHITEIX PE30HATOPOB.
3aMeTuM, YTO KOHCTPYKTHBHO OTKDHITHIl pe30HATOp OTJIHYaeTcs OT 06beM-
HOTO TeM, 4TO y6paHbl 60KOBLIE CTEHKH (COXpaHEHB TOPLOBLIE OTPaXKaTelH;
(GuKCHpYIOLIHEe B TPOCTPAHCTBE OCh Pe30HATOPA) M JIHHEHHbIe pa3Meprl pe3o-
HaTopa BHIGp aHsl OOJIBIIAMHA 1O CPaBHEHHIO C IJIMHOH BOJHBI H3/TyYeHHS,

B 1959 r. Brmma B cBeT pa6ota H. I'. Bacosa, B. M. Byna u 10. M. Io-
NIOBa C TeOPeTHYeCKHM OOGOCHOBaHHEM HIEH MONYIPOBOIAHHKOBBHIX J1a3epOB H
ycnoBui uX cosfanud. Haxoren, B 1960 r. mosBumach o6CTOsITeNBbHAs
cratest H. I'. BacoBa, O. H. Kpoxnua n 0. M. INonoBa, B KoTOpoit Gb1IH Bee-
CTOPOHHE PacCMOTPEeHbI NPHHIKILI CO3JaHUS ¥ T€OPHS KBAHTOBBIX YCHJIHTE-
Jielf ¥ reHepaTopoB B HHppPaKpacHOM M BHIMMOM JAHana3oHax. B KoHlle cTaTei
aBTOpe nucany: «OTCyTCTBHE NPHHNUNHANBHBIX OrpaHHYEHHH NO3BOJAET
HajiesaThCAd Ha TO, YTO B Gnmxaliiiee BpeMs GyAyT CO3MaHEI TeHEpPaTOPHl H
YCUNHTENU B UHGPAKPACHOM H BHIHMOM IHAa3oHaX BOJIHY.

Taknam 06pasoM, MHTEHCHBHble TeOpeTHYECKHE H dKCIepHMEHTaJlbHbIe
uccnenoBanust, nposopubmuecs B CCCP u CUIA, BnjoTHYIO NOABeNH yye-
HBIX H HHXEHepOB B caMoM KouIe 50-X rojioB K CO3JlaHHIO Jia3epa. Y clex Bl
najn Ha JOJIO aMepHKaHcKoro ¢pusuka T. Meiimana, B 1960 r. nossusock ero
cooluieHne O TOM, UTO OH MOJIYYHJ Ha PyGuHE I'eHepalHio H3JYYeHHs B Ol-
THYeCKOM HHManasoHe. Tak MHp y3Hal O POXKIEHUH IEPBOTO ONTHYECKOTO
Masepa — Jlasepa_Ha pyOHHe. B ToM ke rony amepuKaHCKHM (u3HKaM
A. Ixasany, B. Bennery u Jl. Dppuoty ynanoch NoJyuynTh reHepalHio Ol-
THYECKOTO H3JIyUeHHS B SJIEKTPHUECKOM paspsijiie B CMeCH HeOHa H Tesusl.
Tar ponuics NepBhlif rasoBI Jasep (IIMPOKO HCNONb3yeMbll CErONHA Te-
JINH-HEOHOBRIH J1a3ep).

Haunnas ¢ 1961 r. s1aseps! pasHbIX THNOB (TBEpLOTeNbHbIE H Ia30BbIe)
3aHMMAIOT NPOYHOE MeCTO B ONTHUECKHX JaBoparopusax. OcpauBaioTcsi HO-
Bble aKTHBHBIE Cpeflbl, pa3paGaThiBAETC M COBEPINEHCTBYETCSA TeXHOJOTUS
H3rOTOBJEHHS JadepoB. B 1962—1963 rr. 8 CCCP u CIIA onzOBpeMeHHO
CO31aI0TCSL TIOJYTIPOBONHUKOBEIE JIA3€pHI.

Tak HauauCcs HOBBIH, «1a3epHEI», IeDPHOJ ONTHKH,



BTOPOUN PACCKA3

KAK YNPABJSIOT
U3JTYYEHHEM JIASEPA

Kakum GbiBaeT fiaszepHblit ayy? Bofinem B 3aTeM-
HeHHYy10 JaGoparoputo, rje pabGoTaeTr reJuil-HeOHOBEHIH Jasep.
B mosyMpake oueHb KPacHBO BBIIEJISIETCS €r0 COUHBIA KpacHBIH
ayd. OH NouTH He pacuiMpseTcs U Be3je MMeeT NPaKTHUYeCKH
OIIMHAKOBY!O MHTEHCHBHOCTb. MOXHO NOCTaBHTb Ha NyTH Jyda
pAI 3epKaJ M 3aCTaBHTb €r0 OINHCATh CJAOXKHYIO H3JOMaHHYIO
TPaeKTOPHIO B IPOCTpaHCTBe JaGopaTopuu. B pesyabrare BO3-
HUKHeT 3Q(peKTHOe 3peJiHile — KOMHATa, Kak Obl «Iepedepk-
HyTad» B PasHbIX HalpaBJeHHAX APKUMU KPaCHBIMH IIPAMBIMH
HHUTSAMH. ) -

OnHako Jia3epHBIH J1yd JajleKO He Bcerja BBITJISIHT CTOJb
appextHo. Hanpumep, ayu CO,-1asepa BooOlle HEBHIHM.
Benp ero nJiuHa BOJIHBI NONanaeT B HHppaxpacHyio o6JacTb
cnekrpa. Kpome Toro, He Hajo AyMaTh, YTO Jla3epHBbIH Jyd —
9T0 00513aTe/IbHO HENPEpBIBHBIN MOTOK CBETOBOH sHepruu. Ta-
KOA JIyu JAlOT JHIIb HENpephIBHO TeHepHpYIOIIHe Ja3ephl.
B GosbLIMHCTBE Xe ciaydaeB Ja3ephl TeHepHPYIOT He HellpephiB-
HBIH CBETOBOH MYUOK, a CBETOBble HMMIYJIbCHI.

PaccmoTpuM asig npuMepa Jiasep Ha py6ure. 1 Bo3Gyx-
JIeHHs1 aKTHBHBIX LEHTPOB (MOHOB XpOMa) HCIIOJIb3YyeTcs Traso-
paspsjHas JaMIa, Jaollad spKHe BCHBILKHU CBeTa, KOTOpbIe
(OKycHpYIOTCS Ha aKTHBHBLIH 3JIeMEHT NPH IIOMOILM OTpaxare-
Jis. BenblKY C/AEAYIOT APYT 32 APYTOM C HHTepBaJaMH, KOTO-
pble H3MepfIOTCS JAeCATHIMH AOJSAMH CEKYHIBI, HO MOTYT CO-
CTAaBJATh JECATKH CEKYHJ U Jaxe MHHYTHI. JIJHTEJbHOCTH OT-
JeJbHOH BCIBIIKKA Topsaaka MusuucekyHusl (107%c). Kaxnas
BCIIBIIIKA JIaMIIbI-OCBETHTENs POXKAAeT MMIYJbC JA3€PHOTO
U3JIyYeHHA, UMelomHUH OCLIYHO NPUMEPHO TaKylo XKe HJIHTe/b-
HOCTh. XapaKrepHble 3HAUEHMS SHEPTHH Ja3epHOTO HMMIYJb-
ca 10—100 Ix, a MmakcuMaJibHas MommHocTh 104—10% Br.

MoIIHOCTb JIa3€PHOT'O HMIIyJbCa MOXHO 3HQUUTE/BbHO IIO-
BBICHTb, OJ(HOBPEMEHHO YMEHBIIUB ero AJUTeNbHOCTD. 15 5T0r0
CHelHaJbHBIM 00pa30M Ynpasifiom nomepamy A3aydeHus: BHYT-
p¥ pe3oHaTOpa Jasepa. B pesyJbTare moJydaroT TaK HasblBae-
Mble «THTaHTCKHE» JIa3epHble MMIYJIbChl; OHH HUMEIOT IJIUTE/b-
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pocth 10~% ¢, a ux momgHocTh nocturaer 10°® Br. Oxun ruranr-
CKHH HMMOYJbC BLICBEUHBAETCS HA OAHY BCHBIIKY JIaMIB-
OCBETHTEJIA.

MoxHO clieslaTh ¥ TaK, YTO BMECTO TMIaHTCKOTO HUMIIYJIbCa
6yneT reHepHpOBATHCH PeEryJspHas IMOCJAEeLOBATEIbHOCTD ellle
6oslee KOPOTKUX H ellle 6oJiee MOIIHBIX Ja3epHbIX HMIYJLCOB;
IUIMTENBHOCTD KaXKIOro TAKOrO HMMYJbCa MOPSAAKa MUKOCEKYH-
st (10712 ¢), a MomHocTb jocTHraer 102 Br. OtH HMIYJbCH
HA3bIBAIOT CEEPXKOPOMKUMU, WU nukocekyHOHoimu. OHH cJe-
IyIOT ApYT 32 APYIOM C MHTepBajoM nopsake 107° c.

[Tonpo6yiite mpeicTaBuUTb cebGe, Ha YTO INOXOX TaKoi Ja-
3epHbldl y4. Jlasep Kak Obl «CTpeJisieTs CJIELYIOMUMH APYT 3a
IPYroM KOPOTKHMHU «IIyJIeMeTHBIMH ouepensiMu». Kaxkueléi or-
JIeJIbHBIH BEICTPEJI B TAKOH «OYepein» — 3TO CBETOBOH UMMYJIBC.
TMomuoxuB ero paurenbHoctb (10712 ¢) Ha cKopocTb cBera
(3-108 m/c), moayuum paccrosiHue 3-107¢ M, T.e. 0,3 MM.
D10 paccTosiHue NMPUMEPHO B JeCATh pas3 MeHbllle IIHPHUHLI CBe-
toBoro Jayda. Ilosmyuyaercst, 9to Jiasep «CTpessieTs B JAaHHOM
cJlyuae 3TAKHMU CBETOBBIMH JIENEIIKAMH»; THAMETD «JIEMeLIKH»
okosmo 1mmM, a rtommuuHa 0,1 MM. Uro e KacaeTcsl CBETOBOH
MOIHOCTH KaxKIOH TakoH «IeNelKHu», TO OHa B COTHH pas Ipe-
BOCXOZHUT MouiHocth 3HaMmeHUTOH KpacHospckoit I'SC. Bor
KaKMM HeOOLIYHBIM MOKET OKa3aThbCs Jas3epHbld Jyul

Jlaxke Mpu HenpepblBHOH HaKayke JydY Jiaszepa 4acTo IIpel-
craJsieT cOG0OH He HeNpephiBHbLIK CBETOBOH MYYOK, a MOCJeNo-
BaTeJbHOCTb CBETOBBIX HMMOYJbCOB. [IpH COOTBETCTBYIONIEM
yIpaBJeHUH INOTePAMH B DPe30HATOpPe HeNpepelBHO HaKauH-
BaeMble J1a3epbl TeHepUPYIOT PeryJsipHble NOCJEL0BATENbHOCTH
HUMIYJILCOB C XapaKTepHOH YacTOTOH CJeLOBAHHA HMMIYJ/bCOB
10 k' (mecATh THICAY MMIYJBCOB B ceKyHAY). JlJHTesNbHOCTD
OTIEJIbHOTO MMIyJbca cocTaBiaser npu stoM 107—107% ¢, a
MowHocTs pocturaer 10¢ Br.

Ha npakTHKe BajKHO yMeTb PeryJHpPOBATh JJIHUTENbHOCTb U
SHEPrHI0 JIa3epPHLIX HMNyJbcoB. Hano Takxke yMeTb peryJiu-
pOBaTh YacTOTy CJIENOBAHHs HMIYJbCOB, Bellb OT 3TOTO 3aBH-
CHT CpelHsAs MOIIHOCTb M3JIy4eHHS.

Y10 3HAUNT «YNPaBAATb» JasepubiM Jayyom? [lourn Ha-
BepHSKA YHTaTe/b OTBETHT, YTO 3TO 3HAUMT OTKJIOHATH HYX--
HBIM 06pa30M J1a3epHbIH JIyd B NPOCTPAHCTBE, PACLIEMJIATb ero
Ha HeCKOJbKO MYYKOB, (POKYCHPOBATh H3/yueHHE HA MHIIEHb.
Bce 310 Tak. OnHaKo ynpaBieHHe JasepHbIM JYyU4OM 3THM OT-
HIOAb He HCYepIbIBaercs.

Korna perynupyoT AJUTEJNbHOCTb, SHEPTHIO, YACTOTY CJle-
NOBAHMS JIa3ePHBIX HMOYJbCOB, TO TeM CaMbIM TaKke OCY-
IeCTBJSIOT YIpaBJeHHe JasepHbIM H3JyueHHeM. DriBaeT He-
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06XOIUMO YBeJUYHTb, HANPHMepP YABOHTb, YaCTOTY JIa3epHOTO
H37yYeHHS] HJH Xe IJIaBHO ee H3MeHATh (IJaBHO mepecTpau-
BaTh). DTO TOXKeE eCTh yNpaBJ/eHHe JasepHbIM ayduoM. Hakowerr,
MOKeT [OoTpe6oBaThcA AONONHUTENBHOE YBeJHYeHHe CTeNeHH
MOHOXPOMATHYHOCTH H3JIyUeHHs, NONOJHUTENbHAd CTaGHIH-
3anus ero yactorel. M 310 ecTh ynpasJieHue Jla3epHEIM JYUYOM.
Takum o6pasoM, NOHATHE «yNpaBJieHHe H3JyuyeHHeM Jasepar
OKasblBaeTCsl 3HAYMTEJNbHO HIHpe, YeEM 3TO MOXKET MOKa3aThCH
Ha TNepBblil B3rJAL.

YHpaBJIHIb JIa3epPHBIM JIYYOM MOXKHO [O-pasHoMy. MoxkHO
BO3JeHCTBOBATh Ha Ja3epHBIH JIyd yxe IOCJAE TOro, KaK OH
BBILIEJT H3 pe30HAaTOpa Jlasepa (6Hepe3oHamopHoe yrpaBieHHe).
MoXHO Takxe YyIpaBJATb H3JYyUYeHHeM, BO3LeHCTBYSI ompele-
JIleHHBIM 00pa3oM Ha caM IIpollece Ja3epHoH reHepaluH (6Hym- -
pupesorHamoproe ynpasJeHue). BHepe3aoHaTOpHOe ymnpaBieHHe
HCIIOJB3YIOT OGBIYHO M OTKJIOHEHHS, pacilenyeHus, ¢o-
KyCHpPOBKH Jy4a, a TaKie H3MeHEHHS e€ro yacToThl. BHyTpH-
pe30HaTOpHOe yhpaBJeHHe NPHUMEHSIOT 1151 W3MeHeHHsl Napa-
METpOB J1a3epHBIX UMIYJbCOB.

Kax nosy4aroT rHraHTCKHe Ja3epHbie umMnyJbcenl? las atoro
BHYTpPb pe30HAaTOpa IOMEIIAOT onmudeckutl 3ameop — cle-
IMaabHOE YCTPOHCTBO, KOTOPOe [0 CHIHAAy MOMXKET NepexOIuTh
U3 «3aKPBEITOTO» COCTOSIHHSI B «OTKPBITOe» H HaoGopor. B or-
KPBITOM COCTOSTHMH 3aTBOP NPONYCKaeT CKBO3b cebs JasepHOe
H3JyyeHHe; B 3aKPHITOM COCTOSIHHM OH IOTJIOIAeT H3JIyUeHHe
HJH OTKJOHfiET ero B CTOpPOHY. [lepekmouast 3aTBOp U3 Of-
HOTO COCTOSIHHA B IPYroe, Mbl TeM CaMbIM H3MeHsIeM (IepeKJIo-
yaeM) NOTepH B pe3oHatope. Korma 3aTBOp 3akphiT, HOTepH
BeJIUKH; KOTAa 3aTBOP OTKPBIBAETCH, NOTEPH CYIIECTBEHHO
CHIKAIOTCH .

Cama no ce6e Hzesl NONYYeHHs TMIAHTCKUX HMIYJBCOB MpH
HCIIOJIb30BAHUHM ONTHYECKOTO 3aTBOpa JXOBOJBHO npocra. CHa-
yasa, eule IO TOTO, KaK NOSIBUJCA HMIYJbC H3JIy4YeHHs HaKau-
KH, 3aTBOp NepeBOAHMTCA B 3aKpHIToe cocrosiHue. HauuHaetcs
BHICBEUHBAHHE SHEpPrHH Hakauku. [lo Mepe NOIJIOMEHHUSA
SHepPTrHM aKTHUBHBIE [EHTPH NepPeXOXAT B MacCOBOM MNOpSIKe
Ha JONTOXUBYIIME ypoBeHb. ['eHepauus ke B Ja3epe NoKa He
HauWHaeTCs — Belb 3aTBOP 3aKpHIT. B pesysabrate Ha pac-
CMaTpHBaeMOM YDOBHe HaKal/IHBaeTCs UPe3BbIYaHHO GOJIbLLIOE
YHCJIO AKTHBHBIX I[IEHTPOB — CO3JlaeTCSl OYeHb CHJIbHAS HH-
BepCHas Hace/JeHHOCTb ypoBHeH. M BOT B Kakoif-To MOMeHT
BpPEMEHH 3aTBOpP OBICTPO NepekJ/oYaloT B OTKPEITOE COCTOSTHHE.
B HeKoTOpOM OTHOLIEHHH 3TO NMOAOGHO TOMY, KakK ecJd Gbl BHI-
COKad NJIOTHHA, CO3[aBaBllasl OTPOMHBIN Nepenaj ypoBHeH Bo-
Ibl, BAPYT MTHOBEHHO Hcyessa. [Ipoucxonut apyxKHOe M OueHb
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OypHoe BhICBeYHBaHHe BO30YKIEHHBIX AKTHBHBIX LEHTPOB,
B pe3yJ/bTaTe 4ero M poxKAaeTcst KOPOTKHH M MOLIHBIH Jasep-
HbIl MMIYJbC — PHFAHTCKHI MMIOyJbc. HamoMHHM: ero jajH-
TesapHOCTh 1078 ¢, MakcHMasnbHas MomHocTb 108 Br,

Bce onncaHHEle COOBITHSI COBEpILAIOTCH B "TeYeHHE OYEHb
MaJIoro BpeMeHH. JJIMTENbHOCTh BCHBLIIKH JIAMIIEI-OCBETHTENSA
coctaBasger 1072 c. 3aTBOp OTKPHIBAIOT, KOIZia IPUMEPHO MOJIO-
BHHA SHEPIHH BCIBILIKHK y3Ke BHICBETH/IACh, IPHYEM BpeMsl Iepe-
KJ/IIOYEHHsl 3aTBOPa M3 3aKDBITOrO COCTOSIHHSI B OTKpBITOE
JOo/KHO ObITb He Gosee 1077 c. K crepyomeMy uHMIyJbcy
HaKayKM 3aTBOD MHOJIKEH CHOBa OKa3aThCsl B 3aKPHITOM CO-
CTOSTHHH.

Kakue ObiBaloT onrtHyeckue 3aTBopbl? Ha npakThke paHb-
Ile BceX CTaJH HCIOJb30BaThCHA BPALIAIOLIHECH ORMUKO-MEXa-
Huueckue 3atBopbl. IIpuHIMDI HX paGOThl HOBOJBHO IMPOCT.
OnHo H3 3epKas Jla3epHOIO Pe3oHaTopa 3acTaBJsoT ObICTPO
Bpauathcsl BOKPYT OCH, NepIeHIUKYJISPHOHA ocH pe3oHATOpa.
Takoe 3epkano pa6oTaeT KakK 3epKaj0 pe3oHaTopa JHLIb B
Te KOpDOTKHe NPOMEKYTKH BPeMeHH, KOrja ero orpaxarouas
MOBEPXHOCTh OKAa3blBAeTCS TOYHO WJIH NOYTH NEePHEeHIUKYJIAP-
HOll ocu pe3oHatopa. ToJbKO B 3TH NPOMEXKYTKH BpeMeHH
notepd B pe3oHatope OyayT MasbiMH. B ocranbHoe ke
BpeMs morepd OYIyT OIPOMHEIMH — KaK eCJH Gbl OTpaxaro-
mee 3epkajo BooOule OTCYTCTBOBasno. UTo6hl mNepek/iroyeHHe
NO0Tepb INIPOHCXONHJIO LOCTATOYHO OBICTPO, HALO OYeHb GBICTPO
Bpauate 3epkajo. OHO HOJ/IKHO COBeplIaTh NOPSLKA THICAYH
o6oporoB execeKyHAHO. IIpu sToM BpeMs mepekJ/IOYeHHS
notepb cocTaBiasger okoJgo 1077c. 3acraBuUTh 3epKasno Bpa-
marbca eme ObICTpee NPaKTHYeCKH Henb3st. [Tostomy st Go-
Jiee GBICTPOTO TEPeK/OYeHHA NOTeph NMPUMEHSIOT ONTHYECKHE
3aTBOphl 6e3 Kakux-AM60 Bpamawmuxca nerajelt. Cyrmect-
BYIOT HECKOJBKO THIOB TaKHX 3aTBOpoB. OHHM cOGpaHBl Ha
puc. 7 (A9 — axTuBHBIH 3JemeHT, O3 — MOJHOCTBIO OTpa-
}atollee 3epKaslo pesoHaTopa, B3 — BBIXOIHOe 3epKaso).

[pexne Bcero NO3HAKOMHMCH C 3AEKMPOONIMUYECKUM 32 TBO-
pom. He Bxonsa B ¢usnyecKue NOAPOGHOCTH, OTMETHM JIHIIb,
4TO B OCHOBe PabOThl TAKOTO 3aTBOpPa JIEXKHT OLICTpOe H obpa-
THMOE H3MeHeHHe MpeJOMJSIOUX CBOHCTB KPHCTAJJIOB MOJ
neficTBHEM BHEIIHero 3JeKTpuyeckoro mnoss. [Tomectum mpo-
3payHblfl KPHCTaJlJl MeXAy IABYMsl 3JIeKTPOAAMH; 3TO eCTb TaK
HasbiBaeMass sivefika IToxkesbca. Ilycte B KpHCTam1 BXOAMT
cBeTOBast BOJIHA, NOJSAPH3OBaHHAsA B IJlocKocTd S (puc. 7, a).
Aro 03HayaeT, YTO BEKTOP 3/eKTPHYECKOH HAINpSIKEHHOCTH B
Takoll BOJIHEe coBepluaeT KoJebaHus B miaockoctd S. Ecnu Ha
3JIEKTPOABl IOATh 3JEKTPHYECKOe HaNpsiKeHUe, IPesOMJISTO-
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IMe CBOHMCTBA KpPHCTa/lJIa H3MEHATCH M B pe3yJbTaTe H3Me-
HUTCS MOJISIPU3ALMs CBETOBOH BOJIHBEI, NMPOXOASIEH M0 KpPH-
cranny. MoxHo mono6paTh Takoe HalpsikeHHe (Ha MPaKTHKe
OHO OKasbiBaercsi mnopsinka 10*—10° B), uro6ul BhIXOxAmAsf
U3 KpHCTajlla CBeTOBasl BOJIHA 0OKas3ajach MOJSPH30BaHHOM
B IIOCKOCTH, NMEepNeHAUKYJASAPHOH IJIOCKOCTH S,— KaK 5TO
NOKa3aHO Ha PHUCyHKe. B 3TOM ciydae roBORST, 4TO MpPOHU30-
1leJ1 TOBOPOT IJIOCKOCTH IONspU3aliuu cBeTa Ha 90°.

Onermapdot

T R

a 0}
Y A
7
A3 7 03
53 poodhie,
” u,
Kyciiooliml
Arye n00r Zwt/e&miu punsmud
4)
A7 l:l 03 \
/
F3 Bunbmz —0—0-0—0—
—O0—0—0—0—
Jpocbemnettog
LOCImOFHUE
2) punempa

Puc. 7. a) TloBopoT mJIOCKOCTH moJsipu3anus csera Ha 90° B siuefike ITox-
KeJsbca. 6) Jlasep ¢ 3JIEKTPOONTMYECKHM 3aTBOPOM. 6) Jlasep ¢ aKyCTOONTH-
4eCKUM 3aTBOPOM. &) Jlasep ¢ mpPOCBeT/ISIOUWUMCS (DHIBTPOM.

Tenepb HeTpynHO MpencTaBuTh cefe, Kak paGoTaeT 3JIEKT-
poonTHUYeCKHH 3aTBOp ¢ sueHKod [lokkesnbca. ITOT 3aTBOP
coctouT u3 fAvedkd IloKkKesbca, NOMelIeHHOH MeXOy IBYyMS
OZMHAKOBO OPHEHTHPOBAHHLIMH JIMHEHHBIME INOJSpHU3aTOpaMU
cBeTa. 3aTBOP HAXOAWTCH BHYTPH JIasepHOI'O pe3oHATOpa
(puc. 7, 6). Korza Ha snekTponnl siveliku Iloxkkensca He no-
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IaHO HampsiKeHHe, 3aTBOP OTKPHIT. [Ipu mopmaye cOOTBETCT-
BYIOIIEr0 HalpsixeHHA sfdeHKa JIokKesbca oCyliecTBJSET IO-
BOPOT IJIOCKOCTH HOJIAPH3ALHK TPOXOLSIIEro CKBQ3b Hee CBeTa
Ha 90°, B pesyJbTaTe UYero 3aTBOP OKasbiBaeTcsl 3aKPBITHIM.
Ilpofina yepe3 ONHMH NOJNSPU3ATOP, CBET YKEe HE MOMKeT BCJel-
CTBHe MOBOPOTA IVIOCKOCTH NOJsipu3annu Ha 90° mpoliTu yepes
BTOpOH moaspusarop. BpeMs nepex/oyeHUs 32JIeKTPOONTH-
YeCKOro 3aTBOPa M3 OXHOTO COCTOSIHHSI B JAPYroe MOXKET CO-
craBssATL Beero 1077 c.

Hapsiny ¢ s/1eKTpOONTHYECKHMH B TOCJEIHUE TOIBI LIHPOKO
NPHMEHSIOT aKycmoonmuueckue 3aTBopel. Cxema Jjasepa C Ta-
KHM 3aTBOPOM IIOKa3aHa Ha pHc. 7, 6. B curyanuu, Koropas
u3obpakeHa Ha PHUCYHKe, [0 3aTBOPY B HaNpaBJIEHHH OCH Y
pacnpocTpaHsieTcsl yJbTPasBYKOBas BOJIHA, CO3Jaiolasi B Be-
IIeCTBE 3aTBOPA CHCTEMY uYepelYIOIIMXCS CKAaTHH M paspexke-
HuH. Ha 3TUX CKaTHAX U paspexeHUsX NPOUCXOTUT Ougpax-
yus CBETOBOIO NYy4YKa, BHIXOISIIErG M3 AKTHBHOTO 3JIeMeHTa
U BCTPEYaloIero Ha cBoeM NYTH 3aTBOp. BeuencTBue xudpak-
MU YacTb CBETOBOTO NyyKa HOJKHA OTKJOHHUTHCS B CTOPOHY,
YTO COOTBETCTBYET PEe3KOMY YBeJHUEHHIO0 NOTeph B paccMar-
puBaeMoM pesoHarope. Takas cUTyanusi OoTBeyaeT 3aKPHITOMY
COCTOSIHHIO aKyCTOONTHYeCKOIo 3aTBopa. Ecau reHepaTop
yJAbTPa3ByKa BHIK/IOYHTD, YJbTPa3BYKOBas BOJNHA HCYESHET
U IUGPaKIUS CBETOBOIO MyUKa IPOUCXONUTh He GYIeT — 3aTBOP
nepeffieT B OTKPHITOE COCTOSAHHe. Bpemsi mepeknioueHus aky-
CTOONTHUECKOIO 3aTBOPA M3 OLHOTO COCTOSIHUSI B IPYroe CO-
craBasier 1077—1078 c.

Mel yCc/IOBHAINCH He BXOOUTb B (hH3MUECKHE MOIPOGHOCTH.
OnHako OIHO YTOYHeHHe HeOGXOIMMO BCe Ke clenaTh, IO-
CKOJIbKY OHO SIBJIsleTcsl NPHHOUMHAJbHBIM. [leslo B TOM, UYTO
KOTJa aKyCTOONTHYeCKHH 3aTBOD 3aKpHIT, "eHepalus B Jiasepe
He TPOUCXONMT, TaK UYTO CBETOBOI'O NYuKa, HCIBITBIBAIONIETO
Iudpaknuio Ha YJAbTPa3sBYKOBOH BOJHe, (aKTHYECKH HeT.
WHbIME co10BaMH, TOKas3aHHBIE HITPUXOBBIMH JUHHUSIMH Ha pPUC.
7, 8 CBETOBble NYYKH B JEeHCTBHTENBHOCTH OTCYTCTBYIOT. ITO
Hallo TIOHUMATh TaK: ecJiM Obl CBETOBOH ITYYOK HPHCYTCTBOBAJI,
TO OH BeJl Obl ce6s MMeHHO TakUM o6pa3oM. ITockoabKy ke Ta-
KOe NOBeJeHHEe IyYKa OTBeda/o Obl Pe3KOMY MOBBHIIEHHIO IO-
Tepb B pe3OHaTope, TO NMYYOK H He BO3HHMKaeT. Boobiie roso-
pPUTb O TOM, YTO KaKOH-JM6O 3aTBOP B 3aKPLITOM COCTOSIHHH
TIOIVIOIAeT H3JIyyeHHe HJIH OTKJIOHSIET er0 B CTOPOHY, MOXKHO
JIMIIb TOT/AA, KOrJa OH HaXOJMTCS BHe pesoHaTopa. Ecium xe
3aTBOP HaXONHUTCA BHYTPH De30HATOpa, TO ero HepekJioueHHe
B 3aKpbITOE COCTOSIHHME IIONPOCTY CpBLIBAET reHepaluio B Jia-
3epe.
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Bce paccmorpenHble onTHYecKMe 3aTBOPHI IeHCTBYIOT IO
curnaay ussHe. Mx pa6ory Hajo TOYHO COTJIACOBEIBATH C MM-
NyJNbCaMH HAaKauKH; Halo B OIpeJesleHHble MOMEHTH BpeMeHU
OTKPHIBAaTh M CBOEBPEMEHHO BO3BPAILATh UX B 3aKPBITOE COCTOS-
Hye. Or 3THX 3a060T MOXHO H3GaBUTBCS, €CJAH UCIOJb3OBATH B
KauecTBe 3aTBOPA npocsemasouuiica guasvmp.

On mnpencraBfisieT CO60H HEKYIO CpPefy, OGBIYHO KHAKYIO,
COZlepXalllylo aTOMbl, CIIOCOGHbIE MOIVIOIATh H3J/IyUYeHHe Jasepa
U IIPH 3TOM OTHOCHTEJBHO JOJTO OCTaBaThCsl B BO3CYIKIEHHOM
cocrosinun.  ITo Mepe morsomwenuss uamydeHusi Bce GoJbliee
9HCJO aTOMOB B (PHJLTPe NEPEeXOAUT C HCXONHOTO HHIKHEro
ypoBHs Ha BepxXHMH. Korza Ha o6ouX ypPOBHSIX OKasbiBaeTCs
OIMHAKOBOE YHCJO aTOMOB, (UJBTP IepecTaeT MOrJIOIATh
najawollee Ha Hero M3JaydeHHe (BCJEICTBHE TOTO, YTO IIpoOLeEC-
Cbl TIOTJIOUIEHHS! CBETAa M BbIHYXKIEGHHOTO HCIyCKaHHUS Telepb
B3aHMHO KoMileHcHpyioTcs). OH CTaHOBHTCS [JISt 3TOTO H3JY-
YeHHS NPO3pPaYHbIM, HHAUe TOBOPS, NpPOCEEMAACMCA.

IlomecTuM TaKo# uABTP B pesoHaTOp Jasepa. B mcxomHoMm
COCTOSIHHH (HJLTD HempospauyeH — 3aTBOp 3aKpuT. Hauw-
Haercsl TOIVIOIIeHHe 3HEePTHH HMIYJbCa HAKaUKH B aKTHBHOM
aJleMeHTe Jla3epa, aKTHBHEIE LEHTPHl HaKallJHBAIOTCS B H3OLIT-
Ke Ha JOJTOXHUBYIIGM YPOBHE. ¥ 4allaloTcsl aKThl CIIOHTAHHO-
ro ucnyckaHus (DOTOHOB aKTHBHBIMH OeHTpamu. [lomanas B
¢HAbTP, (OTOHH HAYHHAIOT IOHEMHOTY €ro IIPOCBETJIATh.
B cBoio ouepenb HauaBlleecs MPOCBETIEHHE QHILTPA YCKOPAET
npolecchl UCIyCKaHHs (OTOHOB aKTHBHEIMH LEHTpaMH. 3arteM
HacTynaeT pasBsidka: (QUJLTP ObICTPO IPOCBETJASETCS (3aTBOP
OTKpBLIBAeTCs) — POXKAAeTCs THIaHTCKHH J1asepHBIH HMMIYJIbC,
[Tocne ero BhicBeuMBaHHA (DHJBLTP 32 CUET CHOHTAHHEIX [MPO-
[IeCCOB BO3BpAllaeTcsl B HENPOCBETJIEHHOE COCTOSIHHE. -

B nanHOM ciyuae ynpaBJ/ieHHe [IOTepSMH B PE30HATOPE OCY-
IIeCTBAsIeTC 0CO6eHHO npocTo. Hano Mumb noMecTHTh BHYTpPb
pe3oHaTopa Ja3epa KIOBETY C NPOCBETJSIOMENCH KUIKOCTDIO
(puc. 7,e). Bce nanpHefimee 6yneT coBeplIATbCH AaBTOMATH-
gecku. De3 Hallero BMelnaTe/bCTBa JKHAKOCTb B KIOBETE MPO-
CBETJIMTCSI B pe3yJibTaTe BO3JAeHCTBUSA HMIYJ/IbCa HAKAUKH HA
aKTHBHBIH 3JeMeHT, POAMTCH THTaHTCKHH HMIYJbC, IIOCJe
Yero ;KUJIKOCTh CaMa BO3BPATHTCHA B HENPOCBETJEHHOE COCTOS-
HHEe — BIJIOTh A0 OYEPeNHOTO HMNYyJbca HaKauKH.

MoXHO JH «pacTAHYTb» CBETOBOH HMIYJbC BO BpeMEHH?
CB0OGOZIHO TeHepHpPYIOIIMe Ja3ephl ¢ HMOYJAbCHON HakKaukoH
IAlOT CBETOBHE HMIYJbCH AJHTEJNbHOCTBIO 1074—1073 ¢; mpu
yInpaBJIeHHH TNOTePSAMH B Pe30HATOpe yIaercsl MoaydaTh HM-
nyJabchl AAuTeAbHOCTEI0 1078 ¢ (THraHTCKHEe HMOYJbCH). A Kak
ObITh, €C/IH HYHHbI HMIYJIbCH IJINTeNIbHOCTHIO, CKaxKeM, 107¢ ¢?
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B stoM c/aydae MOXKHO BMellaThC B NpOLECC TeHepaluHd [H-
FaHTCKOTO HMITyJIbca, 3aMe/JIUTh IPOLecC €ro pasBUTHS H TeM
caMbIM KakK Obl «pacTAHYTb» HMIYJbC BO BpeMeHH — pasyMe-
ercsl, C COOTBETCTBYIOIIUM YMeHbIUeHHeM Moumocm UM-
nyJibca.

s aTOrO0 Hajgo OcOGLHIM 06pasoM ynpaBnﬂTb noTepsAMH B
pesoHaTope Jasepa: KOrja B Ipolecce Pa3BHTHS TeHepHpye-
MOTO CBETOBOTO HMIyJIbca €ro MONIHOCTb HapacTaeT, HOTepH
JOJIIKHBI [IOCTENIEHHO YBeJHYHBATbCH, a KOTZa MOIIHOCTH CBe-
TOBOTO HMIYJIbca HAYHHAET CNafaTb, NMOTEPU JOKHLI YMEHb-
maTbes. B JaHHOM c/iyuae TOBOPAT 06 MCIOJNL3OBAHUU OMIpU-
yamenvrot obparHoit cBAsd. OHa 3aMefl/isfieT KaK HapacTaHHe
MOIIHOCTH CBETOBOIO HMIMYJbCa Ha HayaJbHOM 3Tane pas3BH-
THS, TaK U ClafaHHe ero MOIIHOCTH Ha KOHeuHOM sTane. B pe-
3yJIbTaTe MMIYJBC YAJHHACTCH BO BPEMeHH.

Ha npakruke peanu3oBaTh OTpHUIATeNbHYIO OGPATHYIO CBA3D
COBceM HeTPYAHO. JlOCTATOYHO NOMECTUTb BHYTPb Ja3epHOrO
pe3oHaTOpa MJIACTHHKY, OGJafaloULYIO CJeAyOUUM CBOACTBOM.
Korna Ha n/IacTHHKY nafaer JasepHoe U3JydyeHHe MaJOH MOLI-
HOCTH, OHa NIpO3payHa H OpPaKTHYeCKH CBOGOAHO NPOMyCKaeT
u3jyueHde. Ec/H e MOIIHOCTh NMAJAIOIIErO H3JIy4yeHUs BO3-
pacraer, TO CTeleHb NPO3PAYHOCTH IIACTHHKH yMeHbLIaercs;
JUIS. JOCTATOYHO MOIIHOT'O H3JIy4eHHS IJIaCTHHKA MOXKeT CTaTh
BooOle Henpo3payHod. DTOT HHTepecHBIHl (QU3HUYeCKHH (-
" ¢eKT HasbBalOT 3¢deKTOM 3aTeMHeHHS cpelbl (Apyroe HasBa-
Hue: 3(dekT ABYX(OTOHHOrO NOIJIOIEHHS).

ITosicauM RaHHBIH 3bdeKT Ha caenyiomell ynpouleHHoH (H-
3uuecKoit Moziesd. TTycTb aToMbl cpelbl HMEIOT BCEro 1Ba SHep-
reTHYeCKUX YPOBHA H IyCTb Ha cpely IlajaeT NOTOK (bOTOHOBs
3HEpPrHfl KOTOPHIX POBHO BJBOE MeHble PAa3HOCTH 3HeprHi
ypOBHel aToMOB. SICHO, 4TO cpefia He GyZeT HOIJIOLIATb TaKHe
(OTOHbBI; Belb 5HeprHH (HOTOHA HENOCTATOYHO AJIs «mepebpa-
CHIBAHHS» aTOMa C HHXKHero0 ypoBHsI Ha BepXHuH. UTOGH co-
crosiicsl Tepexoi aToMa, Halo NOTJIOTHTb He ONUH, a cpasy
0sa ¢oroHna. IIponecc 1BYX(OTOHHOTO MOIVIOLIEHHS MaJIoBepOsi-
TEeH; OJHAaKO ero BepOsSTHOCTb BO3pacTaeT IO Mepe yBe/Hye-
Hus yHcaa (GOTOHOB B CBETOBOM IyuKe, T. €. IO Mepe yBeJHde-
HHsI MOLIHOCTH Nyuka. OTciofla NOHATHO, 1OYeMy cpefa, Hpo-
3pauHas [Jis MaJIOMOIJHOTrO H3JiyyeHHs (KOra ABYX(OTOHHOe
NOIJIOUeHHe IIPAaKTHYeCKH OTCYTCTBYeT), YTpPauyuBaeT CBOIO
IPO3pPayHOCTb AJIS1 H3JIYUYeHHsT JOCTATOYHO GOJILLIOH MOLIHOCTH
(xorfa IBYX(OTOHHOe MOIJIOIIEHHe HAyHHAeT HrpaTh 3aMer-
HYIO DOJIb).

Hrak, BepHeMcsl K Haule#l sajave. Hapsiny c ajekrpoontu-
YyeCKUM (WJIH aKyCTOONTHYECKHM) 3aTBOPOM MOMECTHM BHYTPb
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pesoHaTopa INOJYNPOBOAHHUKOBYIO IJIaCTHHKY, B KOTOPOH Ha-
6monaercs: 3pdeKT 3aTeMHeHUS IJS H3Jy4yeHUS AaHHOTO Jase-
pa. Hampumep, B J1asepe Ha IpaHaTe C HEOIMMOM MOXKHO HC-
NOJIb30BaTh MJIaCTHHKY U3 apceHupa ranmus (GaAs). Brauase
NJIaCTHHKA HNpO3pauHa, NOITOMY IpOLecc IeHepallud THUTaHT-
CKOr'0 MMIIyJIbca HauHHaeT Pa3BUBATBHCS, KaK ecJsu Gbl MJIAaCTHH-
Ki He Gbl10. OJHAKO HO Mepe yBeJHUYeHUs MOLITHOCTH UMITyJIbca
NJIaCTHHKA HauHHaeT 3aTeMHATbCA, Bo3pacraioT norepu. [lo-
3TOMYy JaJibHelllilee pasBUTHE HMIyJbca 3aTOPMarxKHBAETCS.
B pesysbraTe MMIYJbC DACTATHBAeTCS BO BPEMEHH M OKasbl-
BaeTcsd He €ToJib MOLIHBIM. Mcmosb3aya naHHBIA MeTOX, MOJY-
YaloT CBETOBBbIE MMIYJbCH AJUTeNbHOCTBIO 1077—107¢ ¢ u ¢
MaKcuMaJbHOH MorrHocThio 10 10¢ Br,

Kak noayyaiot peryJsipHbie NOCJIef0BaTEJbHOCTH CBETOBBIX
umnyJabcoB? Yacro Tpefyercs MMeTh IOC/IEAOBATENIBHOCTh Jia-
3epHBIX MMIYJIbCOB, CJAEAYIOLIHX APYT 32 APYTOM C JOCTATOYHO
BBICOKOH uyacTOTOH. Il 3TOrO HCIOJB3YIOT JIasepel ¢ Henpe-
pbi6HOUl HaKauKoi. BHYTpb pe3oHaToOpa TaKoro Jasepa IoMe-
IIaloT, HallpuMep, aKyCTOONTHUeCKUH 3aTBOp, KOTOPLIH IepHo-
IMYECKH, ¢ ONpelesIeHHOH 4acTOTOH INepeKJIOYaloT H3 ONHOTrO
" cocTosiHMs B Apyroe. B pesysbrare BO3HMKaeT NOCJeNOBa-
TEJBHOCTh JIa3epPHBIX HMIYJbCOB C COOTBETCTBYIOIEH uacTo-
Toi caenoBaHusi. XapakTepHoe 3HauyeHHe 5TOH yacTotel 10 KL
(n1ecsITb THICAY MMIYJBCOB B CEKYHAY), AJHTENBHOCTb OTHEJb-
Horo ummysbca 1077—107¢ ¢, cpenHAA MOIIHOCTb H3Jy4YeHUS
1—10 Br.

A Henb3s JIM TOJYyuYaTb UMIYJbCH C elle 6GoJiee BBICOKOM
yacTOTOH cJiefloBaHusA? MOXKHO, ecJU YCTPaHHUTb HENOCTATOK
OObIUHBIX CXeM, TJle 3aTBOP, 3aKphIBafAch, BCAKHH pa3 obpot-
saem renepauuio. Kak 6bl 6ypHO HH pa3BHBaJjach TeHepauus
IpH OuepelHOM OTKPLIBAHMM 3aTBOpa, OHA BCe PaBHO HauH-
HaeTcsl OT TIPOIECCOB CIIOHTAHHOT'O HCIYCKaHUsI (DOTOHOB, YTO
HensGexxHO TpeGyeT HEKOTOPOH «pacKayku», TOYHee TOBOpH,
HEKOTOPOTO JIONOJHHTEJbHOTO BpeMeHH (paBHOIO INPHMEPHO
1077—10~°¢ ¢). MoxHO, ofHaKO, cleJaTb TaK, 4TOOBl 3aTBOP He
npephiBaJl IePUOLHYECKH TeHepaluio B Jlasepe, a IPOCTO NepHOo-
IMUYeCKH BBIBOJMJI M3 Jla3epHOTO pe30HaTopa 4acTb HeNpephiB-
HO reHepupyeMoro usnyuenusi. O6a sepkaja pe3oHaTOpa Je-
JIAIOT TIOJIHOCTBIO OTParKaloIIMMM; TeHepalUsa HeT He IIpeKpa-
masich, BCe BpeMsl Ppe30HATOD HENPepHIBHO «HATOJHSETCS»
usnyueHHeM. llepexJouasch IepHOAMYECKH B 3aKphITOE CO-
CTOSIHME, aKyCTOONTHYECKHUH 3aTBOP BCAKHH Pas 4yacTHYHO Kak
Gbl «pas3rpyKaeT» Pe30oHaTop, BhbIycKas Ha BOJIO OUYePeNHOH
cBeTOBO# uMITyJbc. TakKod pexuMm paGoThl Jazepa HAas3bIBAIOT
pexuMoM pasepysku pesonamopa. OH TO3BOJsIET NMOJIYYaTh HO-

32



CJIENIOBATENBHOCTH CBETOBBIX HMMIYJIbCOB C YaCTOTOMH CJ/IefOBa-
Hug po 10 MI'n.

CoBeTyeM BHHMaTelbHO paccMoTpeTh pHc. 8 (A9 — akTuB-
HBIE 57eMeHT, O3 — NMOJHOCTBIO OTpaxaroliee 3epkajio, B3 —
BBIXOJlHOe 3epKaso). Ha pucyHke cpaBHMBalOTCS JBa pexuMa
reHepaliy: pexXHuM, IIPH KOTOPOM aKYCTOONTHUECKHMH 3aTBOp
nepHoNHYecKH OOpbiBaeT TeHepalMio (@), PeXHM pasrpy3KH
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Puc. .8. a) PexuM, nps KOTOPOM 3aTBOp NEPHOAMYECKH OGDHIBAET reHepa-
nuio. 6) PexxuM pasrpysku pesaoHaTopa.

pesoHatopa (6). Iasi o6oMX peXMMOB IOKasaHHl JBE CHTya-
IHH: TeHepaToOp VJbTPasByKa BHIKJIOUEH (3aTBODP OTKPHIT),
reHepaTop yJbTPasBYKa BKJIOUYEH (3aTBOP 3aKpBHIT).

Kak noayualoT nuxocekyHjaHbie umnyiabchl? [lpexne uem
OoTBewaThb Ha 5TOT BOIPOC, Hal0 BBECTH M OGCYAUTb IOHATHE
«IPONOJILHOH MOJBI» JIa3€PHOTO H3JyYeHHS.

Kak H3BeCTHO, Ja3epHOEe H3JyueHHe BO3HHMKAaeT 3a CYeT
BLIHY2KJIEHHOTO MCHYCKAHUS IIPU Ilepexolie aKTHBHBIX LEHTPOB
MeXLy ABYMs ONpeleJeHHHIMH SHePreTHYeCKHMH yDPOBHSIMH;
_TaKOH nepexol OOGbIYHO HasblBalOT paGouuM. Jlo cuX mop Mel
MOJIYaJIMBO MpeAnoJaralu, YTo Kax[AOMy YPOBHIO OTBeyaeT
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CTPOTO ONpefie/leHHOe 3HAYEHHE SHEPTHH H TNO3TOMY JiOGOMY
pa6oueMy Iepexofy COOTBETCTBYeT H3JyueHHe CTPOro Onpeje-
JIeHHO# 4acTOTH. B JeHCTBUTENbHOCTH 1Ke SHepreTHYeCKHH ypo-
BeHb BCerja B KaKOH-TO CTENEHH «Pa3MbIT»: eMy OTBeyaeT 3Hep-
THs, HenpephIBHO H3MEHAOMAsACA B Npejie/iax HEKOTOPOro HH-
TepBaJia 3HaueHHH. [Toaromy poxnatomeecsi Ha paGoueM mepe-
XOJle JIa3epHOE M3JIydYeHHe XapaKTepH3yeTcA He OHOA KaKo#-TO
onpefie/IeHHOM YacTOTOM, & YacTOTaMH B HEKOTOPOM HHTepBalle
Av. Korza roBOpAT O 4acTore, OTBevaiolledl TOMY HJIH HHOMY
nepexony, TO MOAPasyMeBIoT cpepHiol yacrory. HaGop va-
CTOT, OTBeUalOUMH JaHHOMY MepeXORy, Ha3bIBAIOT €0 CHeKm-
pasvroil Aunued; BeJHUMHA AV ecTb IIHPHHA CIEKTPAJILHOH
aunruu. Hanpumep, A JiasepoB Ha KpHcrauiax Ava10' I'u.
Oco6eHHOo BeIMKa HpHHA Av 1JIs Jla3epoB Ha pacTBOpax Kpa-
cuteneit: 1012—10'¢ T'n.

JIJisi u3JyueHHs, TeHePHPYEMOro J1a3epoM, AOJIKHO BbINOJ-
HATbCS ONpelessieMoe pe30HAaTOPOM YCAo8ue pPe3OHAHCH —
Ha JJHHE pe3oHaTopa L NOMKHO YKJaAblBaThCs HENOE YHC/IO
q noNyBOMH A/2: L==g\/2. 1O aHANOTHYHO H3BECTHOMY aKYCTH-
yeCKOMY pPE30OHAHCYy, KOria B CTPyHe BO30yKIalOTCA JHLIb Ta-
KHe 3BYKOBble KOJIeGaHMs, A1 KOTODHIX MOJIOBHHA  IJIMHBI
3BYKOBOH BOJIHBI YKJaIblBaeTCA Ha AJIMHE CTPYHbI (Mexay ee
3aKpenJ/ieHHBIMH TOYKaMH) IleJioe YHC/IO pa3. B naHHOM ¢iydae
pOJIb CTPYHHI C 3aKpeN/ieHHBIMH KOHLAMH BBINOJIHSIET ONTHYEC-
KHii pesoHaTop; ero JAJIHHa eCTb PAacCTOSIHME MeXKAY 3epKajiaMH.
[Tepexonst OT IIMHEI BOJIHBEL A K 4acTOTe v (HamOMHEM: v=="0/A,
Tle U — CKOPOCTb CBeTa B Cpelie, 3aloJiHsOmEeH pesoHaTOp),
nepenHuileM yCJOBHe pe3OHaHca B BHIe v=qu/2L. Onpenense-
Mble 5THM YCJIOBHEM UYacTOTHl vV Ha3bIBAIOT PE3OHAHCHbIMU Y-
cmomamu. OUeBHIHO, 'UTO MOTYT peasM30BaThbCHl JHLIL Te
Pe3OHAHCHBle YaCTOThl, KOTOpble MONAfaoT B Mpelesbl LIH-
PHHBl AV CHeKTpaJibHOH JIMHMH JaHHOTO pabodyero nepe-
xoza.

C kaxkIo#l reHepupyeMoil Ha JaHHOM paGodyeM Iepexofe
B JNaHHOM pe30HATOpPe Pe30HAHCHOH 4YacTOTOH €BSA3LIBAIOT IO-
HATHE «IPOJOJpHAs MoAas. BMecTo TOro uToGbI TOBOPHTB, YTO
B HM3JIyYeHUH NaHHOTO Jas3epa IpeJACTaBJeHBl TaKHe-TO pe3o-
HaHCHbIe YacTOTHI, FOBOPAT, YTO H3JIyueHHe COCTOHT M3 TaKHX-
TO MPONONBHBIX MOA. YHC/IO OTHOBpEMEHHO I'eHepHpPYeMBIX pe-
30HAHCHBIX YacTOT (a CJefOBaTeJbHO, W TNPONGJBHEIX MOJ)
MOXHO OLEHHTb, TONEJNHB WIHPHHY AV CHeKTpajbHOH JIMHHH
paGouero nepexofia Ha pPacCTOSIHHE MeXIY COCEIHHMH De3o-
HAHCHBIMM YacTOTaMH; KaK BHIHO M3 YCJIOBHS pe3OHaHCa, 3TO
paccrosinde paBHO /2L, 4ro cocrasasier 107—108 ', Jas na-
3epOB Ha KPHCTa/IaX YHC/IO reHepHPYeMBIX NPONOJLHBIX MO

34



cocraBasier 102—108, a 15 nasepoB Ha pacTBopax Kpacureseft
oHo pocturaer 108,

Tenmepp MBI MOXEM OTBETHTb Ha BONpPOC O TOM, KakK IOJy-
"YalT NMHUKOCEKYHIHBIE Ja3epHble HMNYJbChl. [l 3TOro HeoG-
XOJMMO, BO-NIEPBHIX, YTOGH! B H3JYUYEHHH Ja3epa COLEPIKaJoCh-
" IOCTaTOYHO MHOTO NPOHNOJBHBIX MOJ H, BO-BTOPHIX, YTOGH BCE
. 3TH MOIpl POXKIAJIHCh B OIHOH U TOH Xe (hase, HHa4ye roBOPH,
uTO6bl OHU OBIJIH CUHXPOHWU308aHbL NPYT C LPYroM no dase.
Humepdgpepernyus B3a¥MHO CHHXPOHH30BAHHBIX INPOJNOJBHBIX
MOl NPHBOIUT K Pe3KOMy Ilepepacnpefie/leHHI0 SHEPTHH B Ja-
3epHOM H3JyYeHHH! B OJIHHX Y4YacTKaX HPOCTPaHCTBAa NPOHC-
XOIHUT OUYeHb CHJIbHAS KOHLEHTpalUsl CBETOBOH 3HeprHH, TOria
KaK B JPYrHX ydacTKaX BOOOlLle He OCTaeTcsi 3Hepruu. B pe-
ayJabTaTe (opMHpyeTcsl peryJsApHas IOCJeNoBaTelIbHOCTD
CBEPXKOPOTKHX CBETOBBIX MMIYJbCOB OTPOMHOH MOLIHOCTH.
JITHTeIbHOCTD KakKIOro TaKoro HMNyJbca OGpaTHO MHpPOINOp-
[IMOHAJIbHA KOJHYeCTBY CHHXPOHH30BAHHBIX MO, 8 MOLIHOCTH
NpsAMO NPOMNOPUHOHANLHA KBaJpaTy KOJNHYeCTBa MOJ; MO3TO-
My-TO ¥ BaxKHO, 4ToGHl B Jia3epHOM H3JIyueHHH COLepPIKaaoch
JIOCTaTOYHO GOJIBILIOE YHMCJO MPOROMBHEIX MOA. CBepXKOPOTKHe
CBETOBHIE HMNYJbCHl CJAELYIOT APYT 3a IPYrOM C HHTEPBAJIOM
2L/v, 1. e. c uHTepBasoM nopsnaka 10-1—10"8c. B ;asepax Ha
KpHCTa/JaX H cTeKJaX (MX OOLIYHO Ha3blBAIOT TBePAOTe/IbHBIMH
Jlasepamul) ynaeTcl peasiH30BaTb CBEPXKOPOTKHE HMITYJIBCHI
niutenpHocThio 1072'—]10"% ¢, a B JlasepaX Ha pacTBOpax
KpacuTeJefl IMOMyYalOT MMIYJbCH AJUTeNbHOCThIO 10732 c,
4TO KaK pa3 H COOTBETCTBYeT MHUKOCEKyHIE.

PaccMmatpuBaeMblft pexXMM TeHepalMid Ha3hIBAlOT PeXXUMOM
CUHXPOHUBAYUU npodorbrbix mod, NOCKONBKY TJaBHOe, UTO
3jech JeNIaeTcsl,— 5T0 CHHXPOHH3AUMs NPONOJNBHBIX MOZ MO
(ase. 1 CHHXPOHH3AIHH MOJ, IPHMEHSIOT pasHble .CIocoGH.
B uacTHOCTH, MOXeT GbIThb HCIIOJB30BAH yKe 3HAKOMBbIHl dHTa-
TeMO aKyCTOONTHYeCKUH 3aTBOp. B jnanHOM ciyuae Heo6XonH-
Mo, 4TOGHI 3aTBOP MepHOIUUECKH H3MEHAJ [I0TepPH B pe3oHaTope
¢ uacrorofl, paBHo# v/2L.
~ Kax ynpasasior uactoToit nasepHoro uaayuenus? Uacrora
H3/IyueHHs Jasepa ONpefelsieTcsl, Npexae BCero, BEIGOPOM
aKTHBHO#M cpellbl., AKTHBHBIE LIEHTPBI XapaKTePH3YIOTCA TOH HJIH
HHOM CHCTeMOHN SHepreTHYeCKHX ypoBHeld H, 3HAUHT, ONpeler
JIeHHBIMH CIeKTPaJbHBIMH JUHHAMH. Mcnonbays pasHble ax-
THBHbIE CPefbl, MOXHO NOJYYHTb KOrepeHTHOe H3JyueHHe B
npuHUMNe MoGOH YacToTsl B AHanasoHe oT 10% no 10 Tn
(B nManagoHe NIMH BOJH MpuMepHo ot 0,1 no 100 MKM),

Ho naxe nocne Toro, Kak BoipaHa KOHKpETHAA aKTHBHaA
cpenia, MOXKHO OCYUIECTBAATb YNpap/ieHHe YacTOTOH H3JyueHHHA
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Jlazepa: MOXKHO MOJABJIATL HexeaTelIbHble paGoune Nepexofsl,
JIaBHO MepecTpauBath (IVIABHO NMOACTPaHBATh) YaCTOTY, yBe-
JINYHBATh 4acCTOTYy B HECKOJIbKO pas, MPUHUMATh MepPHl K IOBHI-
ILIEHHIO CTeNleHH MOHOXPOMaTHYHOCTH H3JIyYeHHs. ¥ Ke U3 5TOr0
NepevyncJeHNs BUJHO, HACKOJIBKO IHPOK KPYT pelllaeMbIX 3J1ech
3agau. OcraHoBHUMcS TOApPOGHee XOTsi Obl HAa HEKOTOPHIX H3
HUX.

OGLIYHO aKTHBHBIE LEHTPHl HMEIOT He ONHH, a HECKOJBbKO
paGounx mnepexonoB. OIHAKO YacTO KeJaTeJbHO, YTOGLI reHe-
pauusi NpPOUCXOIMJa JIHIIb Ha KaKOM-TO ONpelesieHHOM Hepe-
XoJle; OCTasMbHblE Ke NepeXoAbl Hallo, KaK IOBOPAT, MOLaBHTh,
T. €. TpPeNOTBPAaTUTh BO3HMKHOBEHHE TeHepaldH Ha HHX.
s 3TOro MOBHINIAIOT NMOTEPH B pe30HATOpe CHEMAaJbHO Ha
TeX 4YaCTOTaX, KOTOPhle OTBEYAIOT HexeJsaTe/bHbIM MepexofaM.
B kauecTBe NpuMepa npHBelieM reluii-HeoHOBbIH JMaszep. OH uMe-
eT Tpu paGouuX nepexoia, KOTOPHIM OTBEYAIOT NJIMHBI BOJH
3,39, 1,15, 0,63 mxm. Urto6Ghl mpeioTBpaTHTh FeHepaluio Ha
InnuHax BoaH 3,39 u 1,15 MKM, Ha 3epKkaJia pe3oHaTOpa HaHO-
CAT CMelHaJIbHbIE OTpAXAIOLHe NOKPHITHS, HMEIOIIHe BRICOKHH
KO(HUUUEHT OTPaXKeHHs B BHIMMOK 06/1aCTH CNeKTpa ¥ HHS-
kuft B uHppakpacHoH. B pesyJibTaTe TeHepalHs BO3HHKAeT
TOJILKO Ha mepexoie ¢ AJauHOH BoaHB 0,63 MKM.

HOns psga nNpakTHYeCKHX MNpPUMeHEeHHH Ba)KHa IJIaBHAA
nepectpofika 4acCTOTHI JiazepHOro uanydeHusi. CyliecTByeT He-
CKOJIbKO BapHaHTOB DeLIeHHs 3TOH 3amau.

OnuH M3 HEX NpemnoJaraeT IVIaBHYIO NePeCTPOAKY 4acTOThI
B OpeleJaX JManasoHa YacTOT, ONpelessieMOr0 IIMPHHOH
crnexTpanbHOH JuHHE Av paGouero mepexona. B aTom ciyuae
NPUMEeHSIIOT Jladephbi C JOCTATOUHO IIHPOKOH CreKTpajbHON H-
HUell, HampuMmep Jiasepbl Ha KpacuTensX (HANOMHHM, , YTO
i HEX Ava10' ['m). [As oCyLIeCTBJEHHS NepecTpodKH
9acTOTHI MOXKHO BOCIIOJIb30BAaThC OOBIYHOH TpeXrpaHHON
p H3MOH.

Hpenno.nox{um CHauana, 9TO Ha NpHU3My HajaeT HaNpaBJeH-
HBI CBeTOBOH MYy4YOK, B KOTOPOM IpeJCTaBJEeHbl TOJbKO JBE
YaCTOTBI: V; U V,. 32 NMPU3MOH HaXoIuTCs OTpaxkalolliee 3epKa-
Jo. ITpoiind cKBO3b NpH3MY, CBETOBOH NMYYOK paclieNuTCs Ha
IBa myuyka (pHc. 9, @), KaKIOMy M3 KOTOPHIX OTBeYaeT CBOSI
JacToTa (AJIs ONpelleJIeHHOCTH IOJIaTaeM, 4TQ v{>v,). Mamenss
COOTBETCTBYIOIAM 06Gpa3oM OPHEHTAlMIO 3epKaJla, MOXHO J0-
GuTbes, 4TOGH! IHGO OfHH, JHGO APYTOH MydHoK OTpaxascs OT
3epKaJsla CTpPOro Hasaj H, MPOHISA CKBO3b NMPU3MY (Temepb yike
B OGpaTHOM HanpaBneHnu), COBMeIIAJICS] C HCXOXHBIM CBETOBBIM
nyykoM. B curyanuu, H3o6pakeHHOH Ha pPHCYHKe, 3epKaJso
OPHEHTHPOBaHO TaK, 4YTO CTPOrO Hasaj OTpaxkaeTcd My4yoK
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c yacrotoil vi. FiaMeHHB OpHeHTaUHIO 3epKaJia, MOKHO JOGHTb-
cs1, 9TOGHl CTPOrO Hasal OTPaKaJ/Ccs MydoK C qaCTOTon vy (cM.
IITPHXOBOE H300pakeHHe 3epKaJja).

Tenepp BHeceM NpPU3MY B De3OHATOP .nasepa H CclesaeM
TaK, 4TOGbl OJIHOCTHIO OTPaXKakollee 3epKalo Pe3oHaTOpa MOXK- .
HO G6bl10 OB cjlerka noBopaunBath (puc. 9, 6). Ilpu 3ananHO#M
OPHEHTAIMH IOBOPAUHBAIOLIEroCs 3epKana GyieT TeHepHPO-
BaThCA Ta 4aCTOTa, KOTOPYIO HMEET CBETOBOH JIy4, OTpaXKaeMbli
3epKaJ/ioM CTPOro Hasal. DTOT JIyu YAep:KHBaeTCs BHYTPHU pe-
30HaTOpa M MOXKET MHOTOKPATHO NPOMATH uyepe3 aKTHBHBIH 3Jle-
MeHT. JIyud ke c_IpPYrHMH 4YacTOTaMH IOcJe OTPaKeHHs OT

Hanyvenug
HAKAKU

SNIEMEHTT Tonnocmers
Buixoinoa ompaxaroues
86PKANT 3 mﬁapwaﬁa/wqeea?
2 o e

Puc. 9. a) Hciionb3oBanne Npu3MH JJIs pasiesieHHs CBETOBHIX Jay4defi pasHoi
4acToTH. 6) Jlasep ¢ NIaBHOH NepecTPOHKON YaCTOTH H3MYYEHH,

3epKaJja JO/KHHE GObIM OBl TYT Xe NOKHUHYTh pe30HaTop; No-
9TOMY Ha OCTaJIbHBIX YacTOTaX reHepauusl MONPOCTYy He BO3HH-
kaer. [lmaBHO mnoBopauuBas 3epKajo, MOMKHO TEM CaMbIM
NJIaBHO M3MEHATb 4YacTOTy M3JyuYeHHS, TeHepHPYeMOoro
J1a3epoM.

KoneuHo, TOJIBKO NPOCTOTHl pajii Mbl OBOPHJH BHIE 06
onpeJie/leHHOM 3HaYeHHH 4acTOTH. B neficTBHTeJIbHOCTH XKe MpPH
TOH WJIM MHOH OpHeHTalUH 3epKaJjia reHepHpYeTCs He OIHA Ya-
CTOTa, a CIEKTpa/lbHas JHHHA, WHpPHHA KoTOopoH (pasépoc
yacror) npuMepHo B 100 pa3 MeHblle MHPHHBI CHEKTPaJbHON
JaunuH pa6ouero nepexopa. IIpu M3MeHeHHHM OpHEHTalMH 3ep-
Kana BblielsieMas WM y3Kas CHEKTpajbHaf JIHHMA IJIaBHO
NepeMelmaeTcs B NpeleaX WHPOKOH CNEKTPaIbHOM JIHHHH pa-
6ouero nepexoza.-

CyluecTByeT TaKie MHOe pellleHHe 33Jjaud IJIaBHOH Depe-
CTpOMKH 4acTOTHl. BhiXozdilee U3 pe3oHaTopa Jadepa H3Jjyde-
HHe YaCTOTHl Vv TMOEHIJIAIOT B CIIENHAIbHOe YCTPOHCTBO, Ha3biBae-
Moe napamempuuecKum eeHepamopom cgéema. CBeToBas BOJIHA
4acTOThl v NpeBpallaeTcs TaM B JiBe €BETOBble BOJIHEI, OAHA H3
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KOTOPBHIX HMEET YacToTy v*, a Apyras — gacToTy v—v’, ¥Ynpas-
Jsil napaMeTPHYeCKHM TeHepaTOpPOM CBeTa, MOXKHO IIJIABHO
nepecTpauBaTh 4acTOTy v' B JOBOJIbHO LIHPOKOM HHTepBaJje
sHayeHu#i. O60 BceM 3TOM MBI IIOFOBOPHM HOApOGHee I03J-
Hee — B paccKase, IOCBSILIEHHOM Heaurelinol onmuxe. TaMm xe
MEI IIOTOBOPHM H O TOM, KaK NPH MOMOIIH MeTOXOB HeJIHHeHHOH
ONTHKH MOXHO YABOHTb (YTPOHTb, YUeTBEDHTb H T. A.) 49acTo-
Ty JIasepHOro Jyua.

Kak mMoxHO GbICTPO OTKJOHHTb na3epubiit ayy? Koueumno,
OTKJIOHHTb, JIa3ePHBIH JIyd HEeCJOXHO. T0 MOXKHO clle/laTh NPH
TIOMOIIH, OGHIYHEIX 3epKaJsl W NPH3M, COOTBETCTBYIOMHM 006pa-
30M IIOMEINeHHHIX Ha nyTd Jyda. OZHAKO Ha IPakTHKE 4acTo
Tpebyercs He NMPOCTO OTKJIOHMTB Jla3epHBIA JIy4, HO OTKJIOHHTb
ero oueHb GBICTPO H NPH 5TOM BecbMa TOYHO. TpeGyeMoe BpeMs
H3MeHeHHsl OPHeHTAlMH HJIH NOJIOXKEHHSs Jyya B IIpOCTPaHCTBE
MOXKET COCTABJIATH BCEro JIHIIb MHJIJIHOHHble AOJMH CeKyHAbl!
3mech 0oOblYHOe (MeXaHHYeCKOe) MOBOpauMBaHHe 3epKajl HJIH
NpHU3M He TOIMTCH, OHO MPOHCXOMHT CJHILIKOM MelJleHHO. B mo-
JOGHBIX CJyYasfiX NMPHMEHSIOT HeMeXaHHYeCKHe MeTOoAbl yIpaB-
JIeHHs JIa3epHBIM JIYU4OM B IPOCTPaHCTBE.

Ha ocHOBe 3THX MeTOf0B paGOTaioT cellHaJbHble YCTPOHCT-
Ba IJI1 OTKJIOHEHHS CBETOBOIO JIy4Ya, HX Ha3blBaIOT ONMUH1ECKU-
mu Oepprexmopamu (ot natuHckoro deflecto — «oTKIIOHSION).
Onny fedsIeKTOpbl OCYLIECTBJAIOT IVIaBHOE, HeNPEpPHIBHOE H3-
MeHeHHe HanpaBJIeHHS Jia3epHOro Jyda, JpyrHe H3MeHSIOT Ha-
npaBJieHHe JIyYa HJIH ero NojoKeHHe B NPOCTPAHCTBE JHCKPET-

‘ HbIM 06pa3oM. Hlupoko Hcnodp-

A PL p ByioTed JedJieKTOphl  9JIEKTPO-

|/ *2 £ 1 aKyCTOONTHIECKOrO THIIOB.
" i B kauectBe mnpHMepa pac-
<L L2 X g CMOTpEM  saexmpoonmudeckuil
H EyZER Oeghaexmop, MO3BOMTIOMWHEH LH-
oo LS AL # | A cKpeTHO HSMeHATH  MOJIONKe-
% #| == |# # | _ Hue cBeroBoro Jyda B MPOCT-

paHCTBe, He MeHSs [PH 3TOM

Puc. 10. iggﬁgpoonm‘}fcmﬁ Ae-  ero HanpaB/eHusi. ITOT Jed-
€KTOp, -

S:g K10p, 108 ng;?)f{‘e’imf’f"lfgg_ JeKTOp INOKa3aH CXeMaTHdec-

CTPaHCTBE CBETOBOTO JIyda. ki Ha puc. 10. On cocrout

s 1Byx sueek [lokkesbca

(II;y w II) ® H§BYX KpH-

cramnoB Kambuura CaCOs (Ki u K,). 3nech ucnombayercs siB-

TeHHe 060UH020 AyHenperOMAeHUs, OTKPLITOe NAaTCKHM YYeHbIM

T. Baptonunom eme B 1669 r. CseTopoit Jy4, ‘manaomuii Ha

KPHCTaJII Ka/lbLUTa NEPNEHANKYNISPHO ero rPaHHt, MOXKeT NPOi-

TH CKBO3b KPHCTa/lI, He OTK/IOHAACH, HO MOXKET ¢IOCTYIHTb»
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HeOOBIYHO: NPOXOAA MO KPHCTaM1y, JIY4Y OTKJOHSeTCs, a 1o
BBIXOJle M3 KpHCTa/l/la NMpHOGpeTaeT HCXONHOE HampaBJ/eHHe.
B ofmem ciyyae cBeTOBOH Jiyy, monajfasi B KPHCTa/JI KasblH-
Ta, paclienviseTcs Ha JBa Jyda, OIUH U3 KOTOPHIX BeZeT ce6s
OGLIYHBIM 06pa3oM (He OTKJIOHSeTCs), a Apyroi Bener cebs He-
06bIYHO (oTKJIOHAeTcs1). OTClofa ¥ IPOHUCXOAUT TEPMHH «IBOM-
Hoe JyuemnpesomieHHe». Kak Obuio BBISICHEHO yKe B Hauane
XIX Beka, XapakTep NOBeleHHS CBETOBOI'O Jyua B ABYJyue-
IPeJIOMJIAIONEM KPUCTaJlJle 3aBUCHT OT nOAApuU3ayuy jyda WiH,
TOYHee, OT TOr0, KaK OPHEHTHPOBAH KPUCTAJII MO OTHOLIEHHIO
K IJIOCKOCTH TOJfApH3alMH Najamollero csera. Mel emme Bep-
HeMCSl K 3TOMY BONpOCY TO3IHee (B paccKase, IOCBSILIEHHOM
He/MHHEHHON ONTHKe), 8 MOKa 3aMeTHM JIUIIb, YTO B CHTYalHH,
nso6paxkeHHoH Ha puc. 10, cBeTOBO# J1y4, KOTOPHIH MONSAPHU30-
BaH NepPNeHIHKYJIAPHO IJIOCKOCTH PHCYHKa, NPOXONHT Yepe3
KpUCTaJ/Jl KaJblHTa, He OTKJOHAACh, a Jyd4, KOTOPHIH moJjs-
pU3OBaH B INIOCKOCTH DPHCYHKa, OTKJOHsieTcl. Ha pHCyHKe
JJIMHHBIME CTpeJIKaMH II0Ka3aHbl CBETOBHlE ITYUKH; KOpOT-
KHe CTPeJKH YKasblBalOT Ha TO, YTO JaHHHIH CBEeTOBOH MyHOK
NOJsIpH30BaH B IJIOCKOCTH PpHCYHKa, -a KPYXKOUKM — Ha
TO, YTO OH MOJISIPU30BAH MePNEHAHKYJSPHO IJIOCKOCTH pH-
CYHKa.

IlocJie Bcex 3THX 3aMeyaHH# MOXKXHO NepeliTH K 06CY KIeHHIO
TOro, Kak paGotaer faHHHH neduekrop. Bynem uMmers B BHIY,
YTo NpH Tofjaue HanpsKeHus Kaxlas Adeiika Ilokkenbca mo-
BOpAuHBaeT MJIOCKOCTb NOJISAPH3ALMH NPOXOASAIIEr0 CKBO3b Hee
ceroporo mnyuka Ha 90°. Kpome Toro, GyneMm mnoJarath,
YTO HCXOIHBIH CBETOBOH NYYOK NOJNSPH30BaH MepreHAHKYasp-
HO mJockocTd pucyHKa. Ilycth oGe auefiku Ilokkeabca BhI-
KJIOYeHbl (Ha HUX He TOJAHO 3JIEKTPUUeCKOe HampsKeHHe).
B sToM cayuae CBeTOBOH Hy4OK NpoFifieT CKBO3b 00a KpHCTa/lIa
KaJbluTa, He OTKJOHASCh, W BHIHJET U3 JediieKTOpa B TIOJO-
eHHH, 0003HaueHHOM Ha pucyHKe GykBoit A. Ilpeamosioxum
Tenepb, 4TO fAYeliKa [I; BKMOYeHa, a siueika /I, BBIK/IOYEHa.
Torza Jyu OTKJIOHHTCS B OGOMX KPHCTa/lJIaX KaJbLHTa U IO-
KHHeT JedeKTop B NOJOMXKEeHHH, oGo3HaueHHOM OykBoH [
IpennonoxuM, 4to obe sueiiku Ilokkenbca BKJIOYEHBI; TOrAa
Jy4 OTKJOHHUTCS B KpHCTale K; M He OTKJIOHMTCA B K,; OH
6yleT UMeTb KOHeYHoe noJsoxenne 5. Hakowen, mycTb siefika
I1; BeIKIOYeHa, a [1, BKJIIOYEHA; J1yY He OTKJIOHHTCS B KPHCTaJl-
Je K; U OTKNOHHTCH B KpHucTa/ie K,; OH OyleT HMMeThb KO-
Heunoe nosoxenue B. Takum o6pasoM, BK/OYas BCAKHH pa3s
Ty WJIM MHYIO KOMOMHanuio siveek Iloxkesbca, MOXKHO ompeje-
JeHHEIM 006pasoM MeHATb NHCKPETHO IOJIOXMEHHe JasepHOro
Jyya B TPOCTPAHCTBE NPH HEH3MeHHOM ero HampasJjeHiH. Ms-
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MeHeHHe INOJIOKEeHUs Jyya nponsaonmca OYeHb OBICTPO — 32
Bpems, MeHbllee, yeM 1078 c.

JI/1S IpOCTOTHI MBI PaccCMOTpeJId cXeMy HedJieKTopa BCEro
U3 JIBYX KacKajOB; TaKas cXeMa IpefycMaTpPHBaeT TOJLKO Ye-
ThIpe NOJIOXKEHHSA Jydya Ha BbeIXofe. Ecau Obl B cXeMe HMeJIOCh
n KacKaJioB, TO UHCJO KOHEYHBIX NOJIOXKEHHH Jyda paBHAJOCH
61 2. B coBpeMeHHBIX fe(/ieKTOpax yBepeHHO peaJsM3yloTcH,
HanpuMmep, 1024 moJyioxeHMH Jydya, YTO COOTBETCTBYeT IECATH
KackaznaMm (21°=1024).

Cnpasxka. Ilapamerpsl HeKOTOPHIX THIOB OTEYECTBEHHBIX Ja3epoB.
CoBerckasi MPUOOPOCTPOMTENbHAS MPOMBILIJIEHHOCTh OCBOMWJIA CepHiHBI
BLINYCK MHOTHX THIOB JazepoB. Huike NpHBefieHHI B KauecTBe INpHMepa
HEKOTOPhIE THIIBI OTEUECTBEHHBIX JIa3epoB.

Henpepoigro eenepupyroujue 2a3o0paspadtvie rasepsl

Pacxoau- Hnuua
Tun AKTHBHAsA JAnuna | Momuoctb MOCTb rasopas-
nasepa cpena BOJIHHI, Hanyue- Hanyve- pAAHOR
MKM HufA, Br HHSA, TpYy6KH,
Mpax cM
OKT-14 He—Ne 0,63 0,003 3 45
JIT"-56 He—Ne 0,63 0,002 "3 25
JI-65 He— Ne 1,15 0,02 4 95
JII'-38 He—Ne 0,63 0,05 0,5 200
JIT'-30 CO, 10,6 5 7 100.
JII'-25 COq 10,6 25 10 130
JII'-43 CO, 10,6 40 5 " 200

C80600H0 eerepupyioujue mseepdomensrsie AasepoL
C UMRYALCHOU HAKAUKOU

Tun ,3: eprus JAnurenbHocTb| Pacxonu-
nasepa AKTHBHHIR 3JIeMeHT HM:}I,):S;; Jla3epHOro MOCTb,

. Tix HMIyJIbCa, C Mpaz
rOP-100M | Py6un 100 1.10-8 40
TOP-300 Py6un 300 5.10-¢ 30
roC-301 CrekJio ¢ HEeOIHMMOM 300 8.10-¢ 5
T'OC-1000 | Crekyio ¢ HeoxuMoOM 1000 2.10—2 3
JITH-4 Tpanar ¢ HeopumoM 0,1 4.10-% . 5
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TeepdomebHble AQ3epbl ¢ UMNYAbCHOL HAKA4KOU,
2eHepupyoUjue 2u2QHMCKUE UMNYAbCbL

Hanrens- | MouHocTs

<
Tun AKTHBHBHIH 53 HOCTb | HMIYJbCa Tun
nasepa BJIeMeHT EE& | ummysbca, | B MaKcH- | onTHUECKOrO
S8 He MyMe, 3aTBOpa
§E g b
z s KBT
loR:1=9

OrM-20 |Py6un

0,42 20 2.10* | Duekrpoon-
) THYeCKHH
JITUTIY-1 {Crekyo c He-| 2 15 1.108 ITpoceer-
OJIIMOM Jasomuics
- GuIbLTP
JITU-5 |TIpanar c ne-| 0,05 10 5.10% SuekTpOOI-
OJIUMOM THYeCKHi

Jlasepst Ha epaname ¢ HeoOUMOM C HenpepbisHol HAKA4KOU,
eeHepupyloujue. pecyraprole nocredosamesbHOCMU UMNYAbCO8

YacroTa Cpenusas
Tun cJeOBaHus momuocts | PACXORHMOCTD Tun
Jnasepa MMMYJIbCOB, H3NyueHMs, H3JIydenus, ONTHYECKOro
KI'n Br Mpag 3aTBopa
JITU-501 5—50 8 1’ Agycroontu-
. yecKu it
JITU-502 8<—50 16 2 To xe
JITU-504 5—25 4 2 »

Hen pepbisrio eenepupylowjue 103eps. HQ 2PAHAME C HEOOUMOM

Tun nasepa ,U,nnah:K;onHu, HanMy%ll%::gTbB'r naﬁ;z’ézﬁnnr:mr:;:n
JITH-101 1,06 63 10
TITH-103 1,06 250 12
TITH-401B 0.53 2 10

Mpumeuanne jianHa Boaen 0,53 MKM B Jasepe JITH-401 B
reHepupyercss B pesyJbTaTe HeJHHeHHO-ONTHYECKOTO YABOGHHS YaCTOTHI
BHYTpHM pe3OHaTOpa Jasepa.
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TPETHH PACCKA3

OBPABOTKA MATEPHAJIOB
JIASEPHBIM JIYYOM

Kak peiicTByeT Ha BeleCTBO MOIIHBIH Jasep-
Heiii ayy? HanpaBuMm Ha moBepXHOCTH KaKOro-TO MarepHasa,
HampuMep MeTaJssa, Jyd MOIIHOTO Jiasepa. Boo6pasuM, 4to
MHTEHCHBHOCTb JIyya IOCTENeHHO pacTeT (3a cUeT yBeJHUYeHHs
MOII[HOCTH Jlasepa HJIH 3a cYeT (OKYCHPOBKH Hu3myuenHus). Ilo-
npo6yeM npeiactaBUTh cefe (H3MYeCKHe NpOLeECCH, KOTOphe
6yayT IpPH 3TOM NPOHCXOAHTH.
Korpa MHTEHCHBHOCTb Jyya, BO3pacras, JOCTHIHET 3Hauye-
Hua mnopsnka 10° B1/cM?, HauHeTcs HJIaBJIEHHE MeTasla.
B6au3n noBepXHOCTH, HENOCPEACTBEHHO NOJ, CBETOBbIM MAT-

lloGepxuocnte pacinaba

“:)%: -

a) 7)
Puc. 11. a) IlnaBnenue MmeTanna mox AefCTBHEM JIa3ePHOTO H3MYYEHHA,
6) HuTencuBHOe Hcnapefine Merasia. 8) O6pasoBaHue NJIa3MEL.

HOM, BO3HHKHeT 00J1aCTb XHJAKOro (pacnJaB/leHHOr0) MeTallia.
IloBepxHOCTb, OTrpaHHYHBaIOMIasl 3Ty 06/aCTb OT TBEPLOTO
MeTa//a (ee Ha3bBAlOT MOBEPXHOCTHIO paciviaBa), MOCTENEHHO
nepeMelniaeTcss B riy6b MaTepHasa MO Mepe MNOIVIOLIEHHS HM
cBetoBo# sHepruu. Ilpu sToM miomanb NOBEpXHOCTH paciJiaBa
yBeJIMUNBaeTCA H, CJeJOBaTeJbHO, TENJIOTa HauuHaeT GoJee
HHTEHCHBHO OTBOAMTLCH B TVIyGHHHBIE 0GJAacTH MaTepHasa 3a
cueT TeIJIONPOBOAHOCTH. B pesysbraTe ycraHaBiuBaeTcsi He-
H3MeHHas (NS JaHHOM HHTEHCHBHOCTH H3JyYeHHs) IOBepX-
HOCTb pacmiaBa (puc. 11, a).

ToBBICHM HHTEHCHBHOCTD JIa3epHOTro Ty4a a0 10°—107Br/cMm2,
Tenepb OofHOBpeMEeHHO C MJIaBJieHHeM GYIeT NMPOUCXONUTH HH-
TEHCHBHOe HCTapeHHe (KureHHe) MaTepuana. YacTb BellecTBa
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npeBpaTHTCSA B Map, BCJAEACTBHE Yero Ha MOBEPXHOCTH MeTa/lia
BO3HHKHET JIyHKa, HaqHercd npouecc ¢opMupoOBanus oTBEp-
cTHA WM paspesa (pHe. 11,

Korzaa HHTeHCHBHOCTD Jy4a ,I[OCTHFHeT npumepHo 10° Br/cm?,
CBEeT HaYHeT CHJIbHO HOHH30BaTh INaphl BellecTBa, IpeBpauias
HX B IJIa3My. BOSHUKHYB, N/1a3Ma NperpajuT AaJbHeAIINHA 10~
CTYI JIa3epHOI'0 H3JIyYeHHs K NOBePXHOCTH MaTepHasa — Belb
CBET HHTEHCHMBHO INorJioniaercs miasmoil (puc. 11, 6). Ilpu 06-
paGoTKe MaTepHAJIOB Ja3epHBIM JIY4OM BaXKHO, YTOOEI He BO3-
HHKaJa IJa3Ma. 3HaYUT, HHTEHCHBHOCTD Jy4a He JOJIKHA ObITh
ype3MepHO 6OJBIIOH.

ToBopsi 0 meHicTBHM JyYa Ha BeleCTBO, Mhl II0Ka HMeJH B
BHIy KOHLEHTPAHHIO CBETOBOH MOLIHOCTH JIHIIb 8 NPOCHpaHCcM-
e (BeIb MHTEHCHBHOCTD Jy4a ecTb MOIIHOCTb, OTHECEHHAS K e H-
Hulle IUIOWaAM ero cevyenus). Hamo, omHako, Y4HTHIBATh
H KOHIEHTPALHIO MOLIHOCTH 80 apemeru. Ee MOXHO perynampo-
BaTh, U3MEHsA% JJIUTeJbHOCTh OLHHOYHEIX JIa3epHbIX HMIIYJIbCOB
HJIM 4acTOTy CJe[OBaHHf HMITYJbCOB (ec/H reHepHpyeTcs IO-
CJIel0BaTeIbHOCTb HMIYJIbcOB). IIpennosioxkuM, 4T0 HHTEHCHB-
HOCTb JOCTAaTOYHA JJIAA TOTO, YTOOH MeTa/l/] He TOJbLKO IJIaBHJI-
¢, HO M KHIleJ; IpPH 5TOM H3JyueHHe Jasepa IpeiCTaBJjser
co6ofi OfHHOYHBIE HMITYJIbChl AJTHTeIbHOCTEIO 1072 ¢. B naHHOM
clyyae B MartepHase MOIVIOMaeTcsl 3HAYHTENbHASA CBETOBAA
SHEPrHA 3a OUYeHb KODOTKOe BpeMs. 3a Takoe BPeMsl NOBepX-
HOCTb paciliaBa IONPOCTY He yCIeBaeT NepeMeCTHTLCA B IVIY6b
MaTepHa/a; B pe3y/bTake ellle IO TOrO, KakK pacIaBHTCA
CKOJMIBKO-HHOYIb 3aMeTHasl Macca BelllecTBa, HAYHETCH €ro HH-
TeHCHBHOe HcnapeHHe. MHBIMM CJIOBaMH, OCHOBHAfl 4acTb IIO-
IJIOIAaeMO# BeIleCTBOM CBETOBOH 3HEpPrHH J1asepHOTO HMIYJIb-
ca pacxonyercs B OJOGHBIX YCJOBHSX He Ha IlJIaBJIeHHe, a Ha
ucnapeHde. Ha npakTHke NpH 3ajaHHON 3HEPTHH JIa3epPHOrO
" IMIyJIbca 4acTo OblBaeT Lesec0oOGpasHO 103ab0THThES 06 yBe-
JIHYEHHH ero IJIMTEJbHOCTH, YTOGh 06ecleYHTh JOCTaTOYHOE
BpeMs I NepeMelleHHs noaepxnocm pacmiaBa B IyG5b o6-
pasua.

B 3aBucHMOCTH OT BHIAa 06paGOTKH H CBOHCTB MaTepHala
HaJ0 HCIOJb30BAaTh U3JIyueHHe C BIOJHE onpefle/leHHLIMH 3Hep-
reTHUYeCKHMH H BpEMEHHHIMH XapakTepHUcTHKaMH. EciH, Ha-
npuMep, A5 CBAPKH NMOAXOAAT OTHOCHTeIHO MeHee HHTEHCHB-
Hble, H B TO Xe BpeMs GoJjiee JJIUTe/IbHblE UMIYJIbCH (IIHTE/b-
HocThio 10~2—1072 ¢), To J151 NpOoGHBaHKS OTBEPCTHH, Ile Bax-
HO HHTEHCHBHOe HCIapeHHe MaTepHasa, NOAXOAAT Gojee HH-
TeHCHBHbIEe H 6oJiee KOpOTKHe uMmyJbchl (10~¢—1078 c).

Yem 3ameyaTenbHbl Ja3epHbie cepaa? Ha nudepbaare pyu-
ueix yacoB «[Toser» MMeercss Hamgnuch «23 KaMHsA». [TopoOHble
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VIOMHMHAHUSA O YHCJe KaMHeH MOXKHO BHIeTh M Ha IHdepOia-
TaXx IPYTHX MeXaHHYeCKH 3aBOAALIMXcs 4acoB. UTO 3T0 32
KaMHH? Peub HgeT 0 pyGMHOBBIX KaMHSIX, HCIOJIb3yeMBIX B 4a-
COBOM MeXaHH3Me B KauecTBe IOJUIMIHHUKOB CKOJIbXKeHHs.
Ilpu UWSroTOBJIEHHM TaKHX INONILIMIHHKOB TpeGyerTcsl BHICBEp-
JUTh B py6GHHe (MaTepHaJie BecbMa TBepPAOM H B TO Ke BpeMs
XPYIKOM) OTBEpPCTHSA CTPOro LUJIHHAPHUecKOH (OpMBI AHaMeT-
pom Bcero 0,1—0,05 MM. MHorue rofpl 5Ta onepanysl BHIION-
HslJIacb MeXaHHYeCKHM CrocoGOM C HCHOJIb30BaHUEM CBepJl, H3-
TOTOBJIEHHEIX W3 TOHKOMH . pOA/IbHOH MPOBOJIOKH JHaMeTpOM
40—50 Mrm. Takoe cBepso nenano B Munyty no 30 000 o6o-
pOTOB U OIHOBpPEMEHHO COBepIlaJso NpH 3ToM oKoso 100 BO3-
BpaTHO-NIOCTyNAaTeJbHbIX MNepeMelleHui. Jina cBepJeHus Of-
HOro KaMHsl Tpe6oBajoch 1o 10—15 muH.

Hauunas ¢ 1964 r. MasonpoHsBoiuTesIbHOE MeXaHHYecKoe
CBepJieHiHe OTBEPCTHH B YacOBBIX KaMHAX CTajlO Besjle 3ame-
HATbCS AQ3epHoIM céepaeruem. PasyMeercs, TepMHH «1asep-
HOe CBepJleHHe» He CJleflyeT IOHUMaTh GyKBaJbHO. JlasepHbilt
Jly4 He CBEPJIMT OTBepCTHE — OH €ro npobusaem sa CYeT HH-
TEHCHBHOTO HCIapeHHs] MaTepHasa. B Hacrosilee BpeMs Jia-
sepHas npobGHBKa OTBepCTHH B PYOGHHOBBIX YAaCOBBIX KaMHSX
siBsiercsl OGBIYHBIM JiesioM. JIisi 5TOH mesu npHMeHSIOTCS HM-
NyJIbCHBIE TBePAOTebHbIE JIa3ephl, HAIPHMep Jiasephl Ha CTeKJe
¢ seonumoM. OtBepcTHe B KamHe (NIPH TOJIIMHE SarOTOBKH
0,5—1 MM) npo6uBaercs cepHell U3 HECKOJBKHX JasepHBIX HUM-
ny/ibcoB, HMelomux sxepruio 0,1—0,5 Ik H AJHTeNbHOCTD M0-
panka 10~¢ c. IlpousBoxHTeNBHOCTL PaGOTHI .Jla3epHOH ycTa-
HOBKM B aBTOMaTHUECKOM pexHMe — KaMeHb B CEKYHAY.
OT0 NPUMEPHO B THICAUY pa3 BhILIE [IPOH3BOLUTENBHOCTH MeXa-
'HHYeCKOrO cBepJieHHs!

YTo6el HOMYYUTb TOHKYIO H TOHYAHIIYIO NPOBOJNOKY U3 Me-
1M, GpoHsbl, BoJbdpaMa H APYTHX MeTa/VIOB, IPHMEHSIOT TeX-
HOJIOTHIO TPOTATHBAHHS (BOJIOYEHHS) MPOBOJIOKH CKBO3b OT-
BEePCTHSI OYeHb Masoro JHaMeTpa. ODTH OTBepCTHs (KaHaJbl
Bo.noqenna) BBICBEPJHBAIOT B MaTepHalaX, o6JalaomuXx oco6o
BBICOKOH TBepIOCTbIO, HAalpUMep B CBEPXTBepIbIX CIJaBax.
HauGosnee TBepH, Kak-HsBecTHO, anMas. [losTomy syuire Bcero
IPOTATMBAaTh TOHKYIO NPOBOJIOKY CKBO3b OTBEPCTHE B ajiMase
(cKBO3b TaK HasbiBaeMble ajMasHble ¢uabephl). ToMbKO anMas-
Hele ¢GUIbePHl NMO3BOJSIOT NOJNyYaTb HPOBOJOKY IHAMeTPOM
Bcero 10 mxM. Ho Kak nmpocBepJUTh TOHKOE OTBEPCTHE B TAKOM
CBepXTBEpIOM MaTepualie, KakUM sfBjisercss aaMas? MexaHu-
YeCKH 3TO CIeJaTh JOBOJNBHO TPYAHO. [Ins cBepsieHHst OXHOro
OTBEPCTHS B anMa3HO# ¢uavepe TpeGyerca 1o 10 wacos. 3ato
COBCEM HETPYAHO NPOGHTb 5TO OTBEpCTHE CepHel H3 HeCKO/b-
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KHX MOIIHBIX JIa3epHbIX UMIyJbcoB. Kak ¥ mpo6uBaHue OTBep-
CTHH B YaCOBBIX KaMHAX, 9Ta Olepalys BLINOJHSETCA MPH I0-
MOIIM HMITYJIbCHEIX TBepAOTeNbHBIX Ja3epoB.

Kanan BoJIOUeHHS B a/Ma3HOH (uJbepe HMeeT HeNpPOCTOH
npoguas. OH noKasaH Ha puc. 12, a. JlasepHbIMH EMIyJIbCaMH
npoGHMBalOT UeDHOBOH KaHal B ajMasHO 3aroTOBKe. 3areM,
ofpabaTbiBasi KaHal YJAbTPa3ByKOM, LIIHGYS U NOMUPYH, NPH-
Jal0T eMy HeOOXOIMMBbIH IPODHIIb.

JlasepHoe cBepJleHHe IUHPOKO NPHUMEHSIOT IJIf MOJYYeHUs
OTBepCTHH He TOJIBKO B TBEPAbIX M CBEPXTBEpIbIX MaTepHanax,
HO M B MaTepHaJiaX, OTJIMYAIOUINXCS MOBLILEHHON XPYMKOCTBIO.

T
L 4 .
v . .
L] []
1
L ®
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Puc. 12. a) Ipoduab KaHata BOJMOUEHHS B alMasHOi ¢uavepe: | — BXOA-

Hoe oTBepcTHe, 2 — pabouass yacTb KaHasla, 3 — BHIXOJAHOE OTBEPCTHE.

6) OrpepcTusi, MPOGHTEIE Ja3ePHLIM H3JIyueHHEM B IIaCTHHE IVIMHO3EMHOH
KepaMuKH,

B kauecTBe mpuMepa yKaxeM Ha NOMJOXKH MHKpOCXeM, H3ro-
TaBJMBaeMble M3 TJIMHO3eMHOH KepaMuKu. l3-3a BHICOKO#M
XPYNKOCTH KepaMHKH MeXaHMYeCcKoe CBepJieHHe OTBEpPCTHH B
Hefl BHLINOJHSIOT, KaK IpaBHJIO, Ha «bIpoM» MartepHale. OG-
JKHUTaloT. KePaMHKY YiKe mocse cBepJenus. IIpu stom mpowuc-
XOIHUT HeKoTopas nedopMalys usnenns, HCKaxKaeTcss B3aUMHOe
pacHoJIOKeHHe BhICBepJIeHHEIX oTBepcTHit. [Ipu Hcmosb3oBa-
HHM «JJa3epHBIX CBepJI» MOXKHO CINOKOHHO paforaTh ¢ KepaMu-
yeCKHMH MOLJIOKKAMH, KOTOpbIe yKe NPOLLIH OGXKHT; I03TOMY
yKaszaHHasi Bbllle mpoGJeMa 3lech He BO3HHKaeT. C IOMOLIbIO
JazepoB TPOCHBAIOT OUYeHb TOHKHE OTBEPCTHS B KepaMHKe —
nuamerpoM Bcero 10 MKM. MeXaHHUYeCKHM CBepJieHHEM TaKue
OTBepCTHs MOJYYHTb NONPOCTY Hesb3s. [lJ1s asepHO# NpoGHB-
"KH OTBepCTHH B KepaMHUeCKMX MNOMJIOXKaX NPHUMEHSIOT M-
nyascuble CO,-asepel (IpH JHaMeTpe OTBEPCTHSA MNOPANKa
0,1 mMM. 1 GoJibIlie) U MMIYJIbCHbIE Jlasepbl Ha pyOGHHE MM Tpa-
HaTe C HeONMMOM .(1Jsi OTBEePCTHH MeHbILIEro JHaMeTpa).
Ha puc. 12, 6 mokasaHsl C LIECTHKPaTHBIM YBeJHYEHHEM OT-
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pepctua MuaMerpoM 0,3 MM, Dpo6uUThle B NJIaCTHHE TJIHHO3eM-
HOi Kepamuku TtoiuuHOH 0,7 MM ¢ momompio CO,-sasepa.

IlpuBeneHHble NpPHMepPHl HATVIAAHO JAEMOHCTPHPYIOT mpe-
HMYINECTBa JIa3ePHOrO CBEPJIeHHs. DTO Npexkze BCero BO3MOXK-
HOCTb TIOJNTy4YeHHsI OTBEepCTHH B OYeHb TBEpAHIX HJH OUYEHB
XpYNKHX MaTepHajaX, a TaKKe BO3MOXKHOCTb TIONTydeHHsI OUeHb
TOHKHX OTBepcTHH (zmamerpoM g0 10 MkrM). OTHolueHHe rJy-
6uHBl TPOGHBaeMEIX Jla3epOM TOHKHX OTBEPCTHH K HX AHaMeTpy
IOCTHUTaeT PeKOPAHO GOJIBIINX 3HaueHUH (110 CPaBHEHHIO C ApY-
THMH MeTQIaMH CBepJleHHd); TJy6HHA OTBEPCTHA MOXKeT Ipe-
phiath ero auamerp B 10—50 pas. Bo Bcex cayuasix JlasepHoe
CBepJIeHHe OTJIHUaeTcs BBICOKOH NMPOH3BOAUTENbHOCThIO. Hako-
Hell, B OTJIMYHe OT OOBIUHBIX CBepJI «J1a3epHble cBepJia» He JO-
MaloTcsl M He H3HAIUMBAIOTCA.

MoOXHO JM NPOU3BOJUTbL CBAPKY 4epe3 CTEKISHHYIO nepe-
ropoaky? Ilpenmosoxum, 4YTO BHYTPH 3JIEKTPOHHO-Ty4eBOH
TPpYGKH NpOM3OLLIA aBapud — Neperopel HJau o6opsajcsd Ka-
KOH-TO MPOBOJ, HapyIIHUJICs KOHTakKT. Tpy6Ka BHIIJIA U3 CTPOS.
KasaJjiocs 6bl, 6efia HelmonpasuMa — Be[b MOJOMKa NMPOH30ILIA
B BaKyyMe, BHYTPH CTeKJIHHOro 6ajljioHa, H HHKaKOMy CBap-
INUKY TylIa He NpOoHHKHYTb. OIHAKO B Hero MOXKeT IPOHHK-
HYTb JasepHsiil ay4. Hanpasnsasa nAyd B HYKHYIO TOUKY CKBO3b
CTEKJI0O BaKyyMHOro G6a/lioHa H JOJKHHM 06pasoM (OKycH-
Pyf, MOXKHO OCYINECTBHTb HeOOGXOAHMBIH CBapO4YHBIH DPEMOHT.
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Prc. 13. a) JlasepHas cBapKa B TpyZHOAOCTYNHOM Mecre. 6) Jlasepuas cpap-
Xa B KaMepe, 3aNOJHeHHOH! HHEPTHBIM rasoM.

Saech oOHapyKHBaeTcsl OIHA M3 YHHKaJbHEIX OcOGeHHOCTeH
JIa3epHOro Jy4a — BO3MOXKHOCTb NPOH3BOIUTH CBapKy dYepes
NIPO3payHYIo JJISl CBeTa NePeropojiky, B BAKYyMHPOBaHHOM 06b-
eMe 1 BooGLIe B Pa3/HYHBIX TPYIHOLOCTYNHBIX MecTax. Jlasep-
HYIO CBapKy depes IPO3payHyI0 NePeropofKy NPHMEHAIOT He
TOJMBKO AN BOCCTAHOBHTEABHOTO PEMOHTA 3JIEKTPOBAKYYMHLIX
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npubopoB. DBouanwmofi npakTHuecKuii HHTepec NpEICTaBIsieT
CBapHBaHHe TeX HJH MHBIX 3/1eMEHTOB MUKDO3JEKTPOHHKH B
KaMepe, 3alOJHEHHOH HHEpPTHHIM ra3oM. B 3toM ciyuae mpe-
LOTBpalllaloTCs peaKlMH OKHcIeHUud. Puc. 13 cxematnuecku mo-
siCHAeT, KakKHM 00pa3soM OCYIIECTBJSIOT Ja3epHYi0 CBapKy B
TPYAHOROCTYITHOM MecTe (@) HJIH B Kamepe, 3alONHEHHON HHEpT-
HBIM razoM (6).

Kax HCroab3yloTcst Ja3epnl NPH U3rOTOBJEHUH MHKDPOCXEM?
PasBuTHe MHKPO3/JIEKTPOHHKH OpPraHHYeCKH CBA3aHO C COBep-
IIEHCTBOBaHYeM TeXHOJOTMH H3TOTOBJEHHS MHKpocXeM. Boib-
IIyI0 TMOMOIIb MOXeT OKasaTh 3[iech (H OKashlBaeT) Ja3epHbLIH
Jyd.

BHauase /1asepel NPHMEHSJIM JIMIIb JJ MHKPOCBapKH.
Tak, npu nomoinu py6HHOBOrO Jasepa NPHBapHBAJIHCh BBOJLI
K KOHTaKTaM Ha KpeMHHEeBHIX IIaCTUHKAaX, [pHBapUBAJKCh
TOHKHe OPOBOJA K TOHKHM IIJIeHKaM. 3aTeM HayajH TNpHMe-
BATH CO,-1a3ephl A1 Npo6GUBaHNS OTBEPCTHH B KepaMHYeCKHX
NOMJIOKKaX I MHKpocXeM (0O yeM MBI YyKe PaccKasblBaJIH).

B HacTosmee BpeMs Ja3epHBIX JIy4 BCe Yallle HCIOJBL3YIOT
J1s1 MOATOHKH [apaMeTpoB TOHKOIIEHOYHBIX CXeM H A H3-
TOTOBJIEHHS OTAEJBHBIX 3JeMeHTOB cXeMbl. C MOMOLIBIO Ja3epa
MOXHO LEJIHKOM H3TOTOBHTH IJIEHOYHYI® CXEMY — CO BCEMH
BXOLSIIUMH B Hee PE3HCTOpPaMH, KOHIeHCAaTOpaMH, HHIYKTUB-
HocTaMH. [IpuMenss ayd sasepa, MOXHO H3TOTOBHTh (hoTomac-
JIOH, IpefHa3HaYalOmKACA IJs TpaB/JeHHA MHKPOCXeM, HJIH
wab/IoH JJ1s HanblJIeHHsl KOMIIOHEHTOB MHKpOCXeMBl Ha MOA-
JOXKY. Bo Bcex aTUX ciaydasix ucnodib3yercst apeKr ucnape-
HHMS MaTepHajia [OX ReHCTBHEM MOLIHOTO Ja3epHOro H3Jy-
YeHHA.

[IpenmosoxkuM, 4TO Ha AHVIEKTPHYECKYIO MOANTOKKY MHKPO-
CXeMbl HaHeCceHa HalblIeHHeM TOHKas MeTasWIHYecKasl ILJIEHKaA.
[lepememas BIOJIb NMOBEPXHOCTH INIEHKH C(PQKYCHPOBAHHOE HA
Hee JlasepHOe [ATHO, MOXKHO HCHAapPHTDL ONpelesieHHble YYacTKH
IJIEHKH H TeM CaMbIM CO31aTh HYXHBIH «PUCYHOK» MUKDPOCX€EMEL,
B kauecTBe npuMepa IpuBeleM KOHKPeTHYIO J1a3epHYIO ycTa-
HOBKY Ha OCHOBe HellPepBIBHO HaKauWBaeMOro Jasepa Ha rpa-
Hate ¢ HeONUMOM. Jlasep reHepHpoOBaJ PeryJ/SAPHYIO MOCAENO-
BaTeNbHOCTh CBETOBBIX HMITyJIbcOB ¢ wactorofi 400 mmm/c.
JuTebHOCTh  OTAENbHOrO HMnyJdbca 1071 ¢, MOIIHOCTL B
MakcuMyMe 1 KBrt. JlasepHblt 7y4 (GOKyCHpOBaJH B MSATHO
" muamerpoM 10 MxMm. Ilpu mnepeMelneHMH My4YKa NPOHMCXOIHIO
HCIapeHHe Y3KOH IIOJIOCEI MeTa/lIM4ecKOH IJIEHKH; CKOPOCTb
nepeMelleHHs] JIasepHOro NydYka cocTaBasiia 2 MM/c. ITosocst
Ha TOBEPXHOCTH MONJIOKKH OKashiBaJUCh NPaKTHYCCKH MOJ--
HOCTbIO OYHIIEHHBIMH OT MeTaJslia,
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Yro MOXKHO pe3aThb JjiasepHbIM JyuoM? JlasepHBIM JyuyoM
MOXHO pe3aTb NpaKTHUecKH JoGoi MaTepHas: TKaHb, Gymary,
" IepeBo, (haHepy, pesHHy, MJIAaCTMaccy, KepaMHKY, JHCTOBOMH
acbecT, CTEK/O, JHCTH MeTajJa. [Ipu 3ToM MOXKHO moOJydaTh
aKKypaTHBIe paspesbl IO CJIOXKHBIM npodunsM. IIpu nasepHoi
pe3Ke BO3rOpAIOIIUXCSA. MaTepHaJOB MOMKHO OGLYBaTh MeCTO
paspesa cTpyeHl HHepTHOrO ra-
3a; B 3TOM CJydae MoJyuaercs
rafKuii, HeoO0XKKEeHHbIA Kpail
cpesa. B kauecTBe npuMepa Ha
puc. 14, a nokasaH npouecc Bbl-
pe3aHHus KBaJpaTHLIX OTBepCTHH
B JINCTe HepIKaBelolled CTalH
rommubolt 0,5 MM ¢ mo-
mompblo COg-nasepa. Ha puc.
14, 6 npuBefeH BbINOJHEHHHIH
JIa3epHBIM JIyYoM paspe3 ClIo-
ISHOTO JIMCTa TOJLIMHON 3 MM;
paspes BHIIOJHEH IO AOCTAaTOY-
HO CJIOXKHOMY NpOdUdIo.

Jns pe3kH HCMONB3YIOTCH
HE[pepLIBHO  eHepHpYIOIHe
Jlasephl JIKGO Jlasephl, reHepH-
pylolye IOCJeN0BaTebHOCT
CBETOBHIX MMIYJILCOB C BEICOKOM
gacToTol cnenoBaHus. TpeGye-
Masi MOLIHOCTb H3JyYeHHsl 3a-
BHCHT OT Pa3pe3aeMOro MaTepH-
ajla ¥ TOJIIMHLI 3aroToBKH. Ha-

L) . NpHMep, AJI151 Pe3KH AOCOK TOJ-

Puc. 14. a) Tlpouece Bmpesanus WHHOA 50 MM npHuMeHsJCA

manpamuxeﬁogngcmﬁ ngmggﬁ CO,-nasep Mownocthio 200 Br;

HEpaKaBEIOlleH CTaln ¢ IIMpHHA paspesa COCTaBJANA

€O, g‘;,?,;{,i"',,as?pﬂfl;ﬂ’,‘;im{‘““a 0,7 MM. [ln pesku aucToB da-

Hephl ToJLMHOA 25 MM npume-

Hajca CO,-asep MowHOCThIO 8 KBT;, CKOpPOCTb . pe3aHus

1,5 M/MuH. Pe3ka crekna npu tonmuHe 10 MM TpeGyer Gonee
BBHICOKOH MOIIHOCTH H3JydeHHs — 1o 20 KBT.

JlasepHast pe3ka MeTa/lJIOB MOXKET NPOM3BOAHTHLCS H3Jyue-
HHeM MomHocTblo Bcero 100—500 B, ecnmn mpu stoM obny-
BaTh paspesaeMblil MaTepHaJs cTpyed Kucjopona. B stom ciy-
Hae HCMOJLSYIOT TePMHH «rasosasepHas peska». CxeMa pesaka
ANl TakOH pe3KH NMOKasaHa Ha puc. 15. 3HauuTenbHas 4acThb
SHEpPruM, 3aTpayHBaeMOH- Ha MNpoUECC pesaHHs, MNOJydaeTcs
8lleCh 32 CUET SK30TEPMUYGCKHX peakUHii, B KOTQphe BCTY-
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NaloT MeTaJJ H KHCJIOPOX; HHaye rOBOPS, 3a CUeT TEIIOTH, KO-

TOpas BhbINEJAETCS NPH TOPEHHH MeTalia.B CTPye KHCJIOPOAa.

Kpome Toro, crpys KHcJIOpoia COyBaeT U YHOCHT U3 SOHHI pe-

3aHHS pacnyiaB U NPORYKTH CTOPAHHS MeTallila, & TaKke OX-

JaXaaeT y4acTKH MeTaslla, NpHJeEraioiue K 30He pe3aHus.

Hcnonp3opanne CTPyH KHCIOPOAA INpH JasepHOH pesKe He

TOJNbKO CHHXKaeT TpeGOBaHHS K MOLI-

HOCTH J1azepa, HO OJHOBPEMEHHO yBe-

JIMYHMBaeT TyGHHY M CKOPOCTH pesa-

HH#, [I03BOJISIET MOJIyYaTh KayeCTBeH- —

HYI0 KDOMKY. »
Urto6bl pONEMOHCTPHPOBATh, Ha-

CKOJIbKO LIHPOKO HCIOJMb3YeTCs Cero--

IHA JasepHas pes3Ka, NPHBENEM JBa :

NPAaKTHYECKHX MpPHMepa, HMeoIuX

OTHOIIEHHe K COBEPIUEHHO PasHBIM  °

obnacTAM HapogHOrOo Xo3siictBa.  Hutnopod

IlepBrift npuMep — JlasepHast pesKa -—

H pacKpo#l TKaHeli Ha COBpeMeHHOH i
TKaukok gabpuxe. YCTpoHCTBO BKIIIO- \

yaeT B cebs HeNpephHIBHO TIeHepH-

pylomu#i  COg-Masep  MOIIHOCTHIO AN
100 BT, cucreMy OKyCHPOBKH M Ie- Puc, 15. T'asonasepnas
peMellleHHs JiasepHOro Jyua, 9BM peska,

H CHCTEMY /i1 HaTAXeHHs H Ie-

-peMelleHHs TKaHH. B nponecce pesaHus .nasepnmﬂ ayy
-mepeMeIaeTcst o MOBePXHOCTH TKaHH CO CKOPOCTBIO 10 1 M/c.
Juamerp coKycHPOBaHHOrO CBETOBOTO HsiTHAa paBeH 0,2 MM.
TlepeMelieHMAMH JasepHOro Jyda M TKaHH ynpasiser DBM.
ITono6Hoe ycTpoOHCTBO MO3BOJsAET, HaNpUMep, B TeueHHe daca
packpouth Martepuan s 50 koctiomoB. Pagkpo#i mpous-
BOIMTCS He TOJBKO OBICTPO, HO M C OHeHb BLICOKOH TOYHO-
creio. Ilpu stoM o6ecrmeunBaercsi Xopolnee KauyeCTBO KpaeB
paspesa.

Jlpyro#t mpuMep — nmpHMeHeHHe Ja3epHOH Pe3KH B aBHa-
[HOHHOH NPOMBIILJIEHHOCTH H, B YaCTHOCTH, NIPH NPOM3BOACTBE
KOCMHUYECKHX JieTaTeJbHBIX anmnapaToB. C IOMOLIBIO Jia3epoB
OCYILECTBJSAIOT aBTOMaTH3HPOBaHHOe paspe3aHHe JHCTOB TH-
TaHa, CTajd, amoMuHus. HenpepriBHO reHepupymwomuii CQO,-
Jiasep MOLIHOCTbIO 3 KBT paspesaeT JIUCT THTaHa COCKOPOCTBIO
3,5 M/MUH IpH TOMIIKHE JHCTa 5 MM H €O cKopocThio 0,5 M/MuH
npu rommuuHe 50 mMM. Hcnonbsys kuchaopomHylo CTpyio (B Me-
TOJIe ra30/1a3epHOfl pe3KH), MOXKHO NOJIYYHTh NPHMEPHO TOT XKe
pe3yJbTaT INpH CYIIECTBEHHO MeHbINEH MOLIHOCTH Jlasepa:
100—300 Br.
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Yro npeacraBaser co6oil coBpemeHHas JasepHasi TEXHOJO-
rus? PaHee Mbl NO3HAKOMHJ/IHCb C HEKOTOPHIMH HPHMEHEHH IMH
JIa3epHOrO H3Jy4YeHHs, HMeLUMH YHHKaJbHBIA XapakTep:
NpoGHBKA TOHKHX OTBEPCTHH B TBEPIbIX W XPYIKHX MaTepHa-
JlaX, MHKpOCBapKa MHHHATIOPHBIX JeTajielf, cBapKa Yepe3 IIpo-
3payHylo nperpagy H B TPYAHONOCTYHHBIX MecTaX. EcrecTBeH-
HO, YTO B NMOAOCHBIX CydYafiX Yy Ja3epHOTO JydYa (aKTHUECKH
HeT KOHKYpeHTOB. OfHAKO M B OGLIYHHIX CHTyauUM#X, rie noka
ellle TOCIOACTBYIOT TPaAMIHOHHEIE TeXHOJOTHH OGpabOTKH Ma-
TepHaJoB, JlasepHH Jyd HayHHaeT 3aBOeBbIBATh MPOYHbIE IIO-
sumud. Tak 4TO yiKe CerofHs MOXHO FOBOPHTb O BO3HHKHOBe-
HHUH U DasBHTHH AQ3ePHOU MEXHOA02UU.

«Mcropusi TeXHMKHM,— numer akajeMux H. I'. Baco,—
CBHETeJIbCTBYET O TOM, YTO MaccoBOe BHeJpeHHe HOBHIX TeX-
HOJIOTHYECKHX [POLECCOB BCErAa OKashiBajlo PEeBOJIOLHOHH3H-
pyiolliee BO3JEeHCTBHEe Ha NPOMBIIIJIEHHOCTb. Tak OBLIO NpH
HOfIBJIEHHH MeTOJl0B CKOPOCTHOIO De3aHHsi, XOJONHOH IITaM-
MOBKH, TOYHOTO JIMTbSl, 3JIeKTPOAYTOBOH CBapKH — HepeyeHb
IIPEMEpPOB JIeTKO NPOJOIKHTh. B HacToslllee BpeMs NpOMBILI-
JIeHHas1 TeXHOJIOTHfl BO BCeM MHpe, HO-BHIMMOMY, HaXOIUTCH
B NpeJBEPHH HOBOTO Ka4eCTBEHHOI'O CKauka, 0GYyCJ/IOBJEHHOrO
IUMPOKHM BHeLPeHHeM JIa3epoB».

OT MHOTHX HOBBIX H HOBEHIUHX NPOMBILLIEHHBIX TeXHOJOTHI
JlasepHas TeXHOJIOTHS BBIFOAHO OTJIHYaeTCH IBYMS KayecTBaMH.
Bo-nepBbIX, OHa HeoGblYaHHO MHOTOIpaHHa, OXBaThIBaeT caMble
pasHoo6pa3Hble Inpoliecchl 06paGOTKH MaTepHaloB. Bo-Bro-
PHIX, OHA HCKJIIOYHMTEJbHO NepclieKTHBHAa. Mbl fB/feMcs CBH-
JeTesISIMH [IOKA ellle TOJNIBKO IIePBHIX IIaroB Jia3epHOH TeXHOJO-
rui. Ho mard 3Td BecbMa BHeYaTJfIOIIH, 3TO 1Iard pefeHKa,
KOTOPOMY CY2KIEeHO CTaTb THI'aHTOM.

CoBpeMeHHas Jla3epHas TeXHOJOTHS BKJIIOYAeT B ceGsl pe3Ky
MaTepHaJsoB, NPOOHBaHMe OTBePCTHH, CBapKY, pas/iMyHble BHJBL
TepMoo6paboTKH, CKpali6HpoBanHe, MapKHPOBKY H psl ApY-
THX IHponeccoB 06paGOTKH MaTepHajoB. Blieyarsisier HCKJHO-
yUTeNIbHOE pa3H00bpasue He TOJBKO NPOLECCOB 06pabGOTKH,
HO H oOpabaTbiBaeMBIX MaTepHaJsoB. JlazepHBIM JIy4YOM MOIKHO
o6pa6aTelBaTh NpPaKTHYECKH 060 MaTepHall.

O nasepHOi pe3Ke U J1a3ePHOM CBepJIeHUH MBI pacCKasbIBaJIH
JocTaToyHo mnozxpoGHo. IlostoMy mepeiifieM cpasy K Jpyrum
npoueccaM Ja3epHOH 06paGOTKH. )

JlasepHas cBapka. PasBurue nasepHoft cBapKH
NpoLLTO dYepe3 IBa STana. BHayasle pasBHBasach MO4e4HAS
céapxa — Ha OCHOBe HMIYJIbCHBIX TBePAOTe/bHBIX Jla3epOB Ha
pyOHHe U Ha cTekse ¢ HeonuMoM. C nosiBnenHeM MomHbIX CO,-
J1a3epOB M Jla3epPOB Ha IpaHgTe C HEOAHMOM, JAIOLIMX Helpe-
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PHIBHOE H3JIyUeHHe MJIH MOCJeN0BaTeNbHOCTb YacTO MOBTOPSIO-
IUXCSl UMIYJIBCOB, CTalla PasBUBATBCS WIOBHAA CBAPKA C TJy-
6GUHOH IIpONJIaBJNEHUS 10 HECKOJIBbKHX MHJIJIHMeTpOB (1 naxe
canTUMeTpoB). [IpuMepsl TOueuHO# JasepHOH CBapKU: COENH-
HeHHe HHKEJIeBOTO KOHTAKTa C KJeMMO# H3 HHKeJIeBOro CIlJlaBa
Ha OCHOBaHHMH TPaH3HCTOpa, NPHUBapHUBaHHE TOHKHX MEIHBLIX
IpPOBOJOB IPYT K APYTY HJH K KJleMMaM, B3alMHOe COeJMHeHHe
MHKPO3JIEKTPOHHBIX KoMnoHeHToB. IlloBHas sasepHasi cBapka
C HCHOJb30BAHHEM HETIPEPHIBHOTO H3JYUeHHS MOLIHOCTBHIO IIO-
psazka 100 Bt npuMeHsieTcs 1715 repMeTH3alUH KODPIIYCOB IIPH-
GopoB, TIPHBapUBAHHMS HAKOHEUHHKOB K JIONMACTAM Ta30BEIX
TypOHH, NIPHBaPKH PeXYIIMX KPOMOK M3 3aKaJeHHOH CTalH K
TIOJIOTHAM METaJJIOpeXYIIUX Oua U T. 1. CKOPOCTh CBapKH 10-
cTHrae? HeCKOJNbKUX METPOB B MHHYTY; upuHa mBa 0,5 MM,

B HacTofIIIee BpeMs HauWHAeT NPUMeHATLCSA IOBHAA CBapKa
n3jayueHdeM MomHocTbio 1—10 kBr. Ilpu sTOM npouHOCTH
CBapHEBIX COefiMHEHUH (IIMPHHA LIBA COCTABJAET HECKOJBKO MHJI-
JIUMETPOB) JOCTHUTAeT YPOBHSI MPOYHOCTH CBAPHUBAEMOrO Mare-
puana. OcymecTsiseTcsl aBTOMaTHUecKasl JlasepHas CBapKa
Ky30BOB aBTOMOOHJIeH, CBapKa JIACTOB THTaHA H aJIOMHHHSA Ha
CYROCTPOHTENbHBIX Bepdsx, cBapka rasonposonoB. Ha Asro-
saBone uMeHH M. A. JluxaueBa B Mockee npu nomouu CO,-
Jlasepa MOITHOCTHIO 5 KBT mpousBozAT aBTOMarHyecKyloo Ja-
3epHYIO CBaPKy KapJaHHBIX BaJOB aBTOMOOHJe#. CpPOK CJ1yKObl
BaJIOB NOBHICHJICA B TPH pasa. PasBuBaeTcsl Takxke JasepHas
cBapKa HeMeTa/lJIHYeCKHX MarepuasoB. Jljs cBapku Jeraselt
U3 OGBIYHOTO CTeKJIa HCHOMb3YIOTCA Jasephl MomHocThio 100 Br,
IV cBapKH KBapua — MomHocteio 300 Br.

JlasepHas cBapKa YCHeIIHO KOHKYpPHPYyeT C XOpOLIO H3-
BECTHBIMH CIOCOOAaMH CBapKH — 9JIeKTPOAYIOBOH, COIPOTHB-
JieHyeM, IIPH MOMOIIM 3JeKTpoHHOro nyuka. OHa o6/anaer ps-
AOM MPEHMYIIECTB, KOTOpHie NeNaloT ee BO MHOTHX CIyuasix
MpEANOYTHTENIBHON UM JaXke elMHCTBEHHO BO3MOXHOH. O He-
KOTOPBIX YHHKAJBHBIX OCOOCHHOCTSX JlasepHOM CBAPKH Mbl yiKe
rOBOPHUJIK. JIONOJIHATEIbHO 3aMETHM, UTO IIPH JiasePHO! cBapKe
HeT KOHTaKTa CO CBapHBaeMbIM 00pasIioM, a II09TOMY HeT omnac-
HOCTH €r0 3arps3HeHHs] KaKUMH-JUG0 NpHMecAMH. B orynune
OT 3JIeKTPOHHOH CBapKH, IJs KOTOPOH HYXeH BaKyyM, Jasep-
Hasi cBapKa MPOU3BOAUTCS B atMocdepe. JlasepHas cBapka mo-
3BOJISIET OCYHIECTBJATH GHICTPO M C BHICOKOH TOYHOCTBIO JIO-
KaJIbHOe NPOIJIaBJeHHe B JAHHOM TOUKe HJIM BIOJb 3aJaHHOM
aunud. Tloxseprawomascs TeNJOBOMY BO3IeHCTBHIO 30HA MMeEET
oyeHb MaJible pasMephl, UTO Ba)KHO, B YaCTHOCTH, B TeX CJ]y-
yasix, KOrja cBapKa NPOM3BOIUTCS B HENOCPeNCTBEHHOH 6id-
30CTH OT YYBCTBUTeJNBHHIX K HarpeBy 9/IeMeHTOB,
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HHTepecHO cOMOCTaBUTDL JaHHbIE, OTHOCSIINECS K 3JeKTPO-
IyroBo#l W Jia3epHOH CBapKe OJHOIO TOTOHHOTO MeTpa CTaju
tosuuHON 20 MM (3TH JaHHBIe NOJyYeHb! B JlaGopaTopuu Jasep-
Hofi o6paGorku ABT03aBoia uMeHH I. A. JIuxauesa. COBMECTHO
¢ MI'Y u MucturyroM atoMHoll sHepruu umenu U. B. Kypua-
toBa). CKOpPOCTb 3JIEKTPOAYToBO# cBapku 15 M/4, Torna Kak
JMasepHas CBapKa XapakTepHU3yeTcsl CKOPOCTBbIO IHOpsIKa
100 m/4. Tpu 3TOM A5 MOMydYeHHS MPOYHOrO LIBA NPH SJMEKT-
poxyroBoi cBapKe HeOGXOMMMO BEINOIHHTE OT 5 10 8 MPOX0A0B,
a mpu Jia3epHOH CBapKe JOCTaTOYHO BCETrO0 ONHOT'O NPOXOXA.
[Mlupuna MBa npH 3JeKTpORyrosoii cBapke 20 mMM. JlazepHas
cBapKa JaeT 6oJjlee aKKypaTHBIH LIOB — LIHPHHOH BCEro 5 M.

Tepmoo6pab6orka. Korna nasepHsii Jyu namaer
Ha MOBEPXHOCTb MeTaJjia, OBICTPO HarpeBaeTcsl TOHKUH MpHIo-
BEPXHOCTHBIH CJIOH B TOM MecTe, KyJa HanpasJeH ayd. ITo Mepe
nepeMelIeHHs Jyya Ha ApYTHe YYacTKH NOBEPXHOCTH NPOHUCXO-
JIuT GHICTPOE OCTbIBAHHE HATPETOTO y4acTKa. DTO HCHOJb3YIOT
ISl 3aKaJIKH NOBEPXHOCTHBIX CJIOEB, MPHBONSLIEH K CYIIECT-
BEHHOMY TMOBBILIEHHIO HX NPOYHOCTH. Jla3epHas 3akaixka moO-
3BOJIsieT M30HpaTeJbHO YBEJHUYHMBATH NPOYHOCTH HMEHHO TeX
y4YacTKOB NOBepXHOCTH, HMEHHO TeX JeTasielf, KOTOpHle B Hau-
GoJsbllel Mepe nofBepraioTcs H3Hocy. Tak, JasepHYIO 3aKajKy
MPHUMEHSIOT B aBTOMOGHJIbHOH NPQMBIIJIEHHOCTH — JJIS1 YIIPOY-
HeHHS TOJIOBOK IUWJIMHAPOB IBHrartesiell, HampapJsIOIUX KJa-
MaHOB, LIECTePeH, paclpefe/uTeNbHEIX Basos H T. A. Ha Mo-
CKOBCKOM aBTO3aBOJe MMeHH JIeHHHCKOrO KOMCOMOJA MPOH3-
BOJMTCS TNOBEPXHOCTHAs! 3aKajKa KOpHyca 3aJHero Mocra as-
tomo6uJist «MockBHu» npu noMouu CO,-nasepa.

J1ji1 MOBBILIEHH S TBEPAOCTH MOBEPXHOCTH PUMEHSIOT TaKKe
Aa3epHoe aeeuposarue. Jlerupyiompe NpUcaiky B BUJE MOPOLIKa
npeJiBAPHTENIBHO HAHOCAT Ha 0GpaGaThiBaeMyIO MOBEPXHOCT,
Tlpx 0GaydYeHHH J1a3epOM MPOHCXONHMT MJIABJIEHHE W B3aUMHOE
nepeMellMBaHHe MNOPOIIKAa M MaTepHasia JeTald B Npelenax
TOHKOTO TPHIIOBEPXHOCTHOTO CJIOS.

TepMo0Gpa6OTKY OOGBIYHO MPOU3BOAAT HENMpepLIBHO TeHe-
pupyiomuM CO.-nasepoM MoOIHOCTBIO nopsiika 1 kBT,

B mocjieiHue roibl NMOSIBUJIHCH HOBBLIE JIa3epHBIE TEXHOJO-
THYeCKHe IpPOLECCH, OTHOcAIHecss K TepMooGpaborke. OnuH
H3 TaKHUX IPOLECCOB — AA3EPHOE OCMEKA0BbIBAHUE Memannos.
Eca oyeHb GHICTPO OXJIALHUTh HArPETYIO J1a3epPHBIM Jy4oM MO-
BEpXHOCTb MeTaJ/lla, TO BO3HHKHET TOHKHMH NMpHUNOBepPXHOCTHBIH
aMop¢HBIH (CTeK1006pasHblfl) O, OTIHYAOMUACA BBICOKOH
HIPOYHOCTBIO W KOPPO3HOHHOH CTOHKOCTBIO. OXJakIeHHe IO-
BEPXHOCTH MeTaslsla JOKHO NMPOHUCXOIHTH CO CKOpocThio 108
rpaxycoB B ceKyHAY. Ilpyroil npumep — nosepxHociiroe ynpos-
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HeHue Memannos8 YOapHoIMU 60AHAMU TIPH HCIOJb30BaHHM Ja-
3epoB, T'eHEPHPYIOWUX MOC/Ie0BaTeIbHOCTH HMIYJbcoB. [lpu
MHTEHCHBHOCTH H3iayueHus J0°—10'° B1/cM? y noBepXHOCTH
MeTa/lsla ofpasyercst cJio# miasMel. Ilnasma pacmpocTpaHser-
Csl HaBCTPeUy Jia3epHOMY JIydy; B pe3yJ/ibTaTe poxJaeTcs yaap-
Hasi BosHa. ITockKo/MBKY /yu npelcraB/sieT cOG0H mociefoBa-
TEJbHOCTb HMMITyJIbCOB, BO3HHKAeT IIOC/eL0BaTeIbHOCTb Yaap-
HBIX BOMH. ITMKOBBIE NaBJieHUs] Ha NOBEPXHOCTb AOCTHIAIOT
coTeH arMochep. BosgmeficTBHe Ha MeTa/IMUeCKylO JeTasb
OKasblBaeTcsl B JAHHOM CJIyYae TaKuM e, Kak IPH XOJOZHOM
o6pa6oTKe MeTa//a AaBJeHHeM. -

dpyrue nponecch o6pa6orku. Ilpu o06-
pa6oTke XPYNKHX MaTepHasoB (KepaMHKH, CTeKJa, KpeMHHS)
IUMPOKO NpPHMEHSIOT CcKpaiibuposarue — HaHeCeHHe Ha IO-
BEpDXHOCTH MaTepHa/la KaHaBKH WJM NpoGHBKa psija GIH3KO
PacroJIoKeHHBIX OTBEPCTHH, IOC/e 4ero MaTepHaJ JIeTKO Haj-
JlaMbIBa€TCsl ¥ pacCKaJblBaeTcsl BIOJb JIMHHH CKpaHGupoBaHuS.
Xopoio u3BeCTHHIH BceM NMpuMep cKpa#GHpOBaHHS — HCIIOJb-
30BaHHe aJMasa NpH pa3pesaHHH OKOHHOTrO ¢Teksaa. B Hacros-
1ee BpeMs IUPOKO Pa3BHBaeTCs Jla3epHOe CKpaiiGupoBaHue Ha
ocHoBe npuMmeHeHHs: CO,-7a3epoB, paGoTalolUX B HeNpephB-
HOM pexyuMe JHGO pexuMe IIOBTOPSIIOWMXCS HMITYJIbCOB.

Jlazepbl HaxomAT LIMPOKOe NpPHMeHeHHe NPH MAPKUpPOsKe
pPas/MYHBIX NPOMBILLIEHHHIX H3JleMd B TeX caydasxX, Korja
H3JleNIUsl UMEIOT MaJjible pasMephl HJIM OYeHb XPYIKH, a TaKke
Korja TpeGyeTcsl BHICOKasi CKOPOCTh MapKHpPOBKH.

- OrMerUM TaKXKe OTJIHYAIOLIYIOCS BHICOKOH HaJleXXHOCTBIO
AQ3EPHYIO 3a4UCMKY npos0do8 B aBHALMOHHOH NPOMBILITEHHO-
cti. 3jech Hcmoabsyercss Tor ¢akr, uro uaayueHue CO,-na-
3epa XOpOLIO NOIJIOmaeTcsi OPraHu4eCKMM MaTepHaJsIOM (U3075-
nHell MPOBOZA) M OTpaXkaeTcsl OT NOBEPXHOCTH MeraJa. Jlasep
ofecnieyBaeT BBHICOKYIO YHCTOTY TMOBEPXHOCTH H He OKashiBaeT
BPENHOrO BO3JeHCTBHS Ha MeTaJ NPOBOJNIOKH (He o6pasyrorcs
«3a/lApbl», He MNPOHCXONHT OCPLIB IPOBOJAA).

Yem HHTepecHA W HNEPCNEKTHBHA Ja3epHasi TEXHOJOIHS?
Ha stor Bonpoc Mbl (haKTHUECKH y2e OTBETHJIH, KOTAa paccKa-
3bIBAJIM paHee O NpeUMYINeCTBaX NpHMeHeHHs Jla3epOB B pas-
JUYHBIX IIpomeccax ofpa6orku MarepuasnoB. Ham ocraercs
JIMIIb TIONBECTH HUTOTH, NOAYEPKHYTh IIaBHOE.

[Npexze Bcero mpenocraBuM cjoBo akanemuky H. T. Ba-
coBy. «JlasepHBIHl Jy4,— nNMIIeT OH B CTaThe, NOCBSIIEHHOA
Jla3epHOH TEXHOJIOTHH,— 5TO YHMKaJbHBI# TeIJIOBOH HCTOU-
HHK, CIIOCOOHBIA Harperb OG/ydaeMblfl y4aCTOK JieTasiH JO BhI-
COKUX TeMIlepaTyp 3a CTO/b MaJjioe BpeMsl, B TedeHHe KOTOPOre
TEIVIO He ycreBaeT «pacTeKaTbcs»., HarpepaeMblft y4acToK Mo-
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®eT GbITh NIPH STOM Pa3MAryeH, PeKPHCTaJM3OBaH, pacIliaB-
JieH, HaKOHeIl ero MOXHO Hcnaputh. Jl03Upys TemJioBble Ha-
TPYSKH NyTeM peryJMpOBKH MOLIHOCTH H NpPOIOJ/KHTENbHOCTH
J1a3epHOro oﬁ.nytxemm MOKHO 06eClIeYHTh NPaKTHUECKH JI0G0H
TeMIIEPaTyPHBIH peXXMM H peasNu30BaTh Pas3/HYHEIE BHABI TEp-
Mo06pa6oTKH. JlasepHHIfi HarpeB HCHOJb3yeTcs NJs MOBEpPX-
HOCTHOH 3aKaJIKH H JIETHPOBAaHHSl MeTajVIOB, IJIS IIaBJIEHHS
IpH CBapKe, LIS ILIaBJEHUS] M HCHapeHHs ¢ BHIGPOCOM NapoB
IIPU pe3Ke H CBepJICHUH».

Hrar, nonpobyeM nepeydc/HTb OCHOBHBIE NpPEHMYILECTBA
naaepnoﬁ 06pa6GoTKH MaTepHaJoB. ¥ Hac MOJNYUYHTCH CJAeLylo-
IMUH nepeyeHb:

1) pasHooGpa3ne BO3MOXKHEIX HpoLeccoB 06paGOTKH H pas3-
HooGpasHe o6pabaThiBaeMbIX MaTepHaJoB (BK/IOYas MaTepHa-
JIbl, KOTOpble BOOOLIE He MOANAI0TCS MeXaHuuecKo# 06paboTKe);

~ 2) BHICOKasi CKOPOCTb BHIIOJIHEHHS onepauuit o o6padorke
MaTepHaJsa; '

3) BO3MOXKHOCTb aBTOMaTH3alMH onepanuit M, Kak CJeiCT-
BHe (C Y4YeTOM npelbLyLIero NYHKTA), CYIIECTBEHHOE NOBBI-
IIieHHe NPOU3BOIUTENLHOCTH TPYIa;

4) BHICOKOE Ka4ecTBO 06paGOTKH (IpOYHOCTb CBaPHBIX LIBOB,
IVIaJKOCTh CPe30B, OTCYTCTBHe 3arpssHeHUH o6pabaTbiBaeMoi
TIOBEPXHOCTH);

5) BO3MOXKHOCTb BBICOKOTOYHOH NpenH3HOHHOH 06paGoTKH;

6) cesJeKTHBHOCTb (M36MpaTeNIbHOCTb) BO3JeACTBHSA, KOria
o6pa6aTbBalOTCA JHIIb ONpefie/leHHble YYacTKH MOBEPXHOCTH,
a cocefHHe y4YacTKH He TOIBepraloTCsi MPH 3TOM KaKHM-JHG0
BO3AeHCTBHAM;

7) BO3MOXHOCTb OCYLIECTBJIEHHs AHCTaHUHOHHOM (Ha pac-
CcTOAIHHH) 06paGOTKH MaTepHala;

8) BO3MOXKHOCTD BBIIONIHEHHS PALa YHUKAJIbHEIX ONepanui.

He npaBna /M, BecbMa BHYIIHTe/NLHBIH NepedeHb J0-
CTOHHCTB?

OnHaxo, TOBOPSl O NePCNEKTHBHOCTH J1a3epHON TeXHOJIOTHH,
cjefyer o6paTUTh BHUMaHHe He TOJNBKO HAa JOCTOMHCTBA, HO H
Ha HeJOCTATKH 3TOM TeXHOJNOTrHH. TaKoBEle, KOHEYHO, HMEIOTCS.
T'aBHBIMH H3 HHX SIBJASIOTCA CPABHUTEJNbHO HH3KHH Koaddu-
IMEHT [OJIe3HOTO NEHCTBHSI H BCE ellle HeJ0CTAaTOYHAas Halexk-
HOCTh MOLIHEIX JIa3epOB, BEICOKASl CTOMMOCTDb Ja3epHHIX yCTa-
HOBOK. [lanbHefiliee pa3BuTHe Ja3epHOH TeXHOJOIMH B 3HayM-
TeJIbHOH CTeleHH 3aBHCHT OT TOrO, HACKOJBKO GBICTPO yAacTcs
npeofoJieTh 3TH HeNOCTaTKH.

Meutbl uau AeACTBHTENLHOCTh 3aBTPALIHETO AHS? OB
UHTATENSM, [JIsi KOTOPHIX MHUIIETCS 3Ta KHHUTa, NPEICTOUT KHTh
U TPyAuTbes He TobKO B XX, HO B XXI Beke. Onu Gynyr
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cBHIeTeasAMH (a HeKOTOphle, BO3MOXKHO, H YYaCTHHKaMH) Ipo-
mecca HpOYakiero MPOHUKHOBEHHS Jla3epHOH TEXHOJIOTHH B
caMble Pa3JIHUHble OTPAC/H NPOMBILIIEHHOCTH. MOXHO He COM-
HeBaTbCS, UTO IIHPOKOE BHEIPEHHe Jla3epOB PellUTeNbHBIM 06-
pasoM H3MeHHT Bechb OGJHK oGpaGaThiBaromiedl MpPOMBILIIEHHO-
cTH. 3aHsB HpOYHbIE NMO3UIMH B 00pabomKe mamepuaros, ja-
3epHasl TEXHOJIOTHS PAcMpOCTPAHHTCA H Ha npoussodcmeo ma-
mepuas08 — BOHHKHET AA3EPHASR MEMAANYPeUs.

ITonpo6yeM HeMHOro nodaHTasHpOBaTh, MBICJIEHHO 3ariis-
HYB B 3aBTpamHHi JeHb. He ToNbKO Ha 06pabaThiBaIOIIUX 3a-
BOJlaX, HO GYKBaJIbHO Be3lle MbI BCTpPeUaeMcsl ¢ yIHBHTEJbHBIM
TPY }KeHHKOM — MOIIHEIM Jla3ePHBIM J1yyoM. OH JIerKo U GLICTPO
OYHIIaeT MOBEPXHOCTh 3JaHUH OT IpSA3H, BHITECHASA CTapOMOZ-
HBIH MECKOCTPYHHBIH CMOCOG.OYUCTKH, TOYHO H BHPTYO3HO 06-
paGaTeiBaeT 06paslbl MPHPONHBIX KaMHefl, paspyliaeT TBepisle
Mopozpl, MOMOrasl MPOKJalbiBaTh TOHHEJNH B ropax, PHTh [JIy-
GoKMe MIaXTHl.

Moxer GHITb, OIHAKO, NMPOXONKA TOPHLIX MOPOX Ja3epPHBIM
JIyuoM BBITVIAIUT CJMIUKOM (banTacTHuHOH? OTKpOoeM XKypHaJ
AH CCCP «KsanroBas sjektpoHukas (1975, sem. 1, c. 37).
TaM MOXKHO NPOYHTaTh, YTO KPAaTKOBPEMEHHOe MpelBapuTellb-
HOe OOJNyyeHHe TOPHBEIX IOPOJ H3JydeHHeM HeNpPepLIBHOTO
CO,-n1asepa NpHU HHTEHCHBHOCTH wuanyueHus 10° Br/cm® Mo-
3KeT YMeHBLIMTb NPOYHOCTh nopof B 10 pas, 4TO 3aMeTHO yBe-
JIMYHBAeT CKOPOCTb MPOXONKH CKaJbHBIX YYaCTKOB OGBIYHBIMH
MeTONaMH MeXaHWyecKoro paspyueHus. )KypHan coo6uiaer,
yro CO,-nasep MomHocteio 200 BT crnocoGeH npakTHYecKu
MrHOBEHHO pacKaJsblBaTh 00pasupl TOPHOTO XpycTals 06beMOoM
100 cm?. Tlpu meficTBUM Jy4Ya Ha GoJlee KpYITHBle 06pasiub! Hab-
JIIOJlaeTCsl WHTEHCHBHOE BbIKAJBIBaHHE ILTACTHHOK, BBIGpACH-
BaeMBIX B CTOPOHY Ha HeCKOJBKO MeTpOB. DT0T 3ekT 06BsAC-
HAeTcs GHICTPBHIM TENJIOBBHIM PacIIHPeHHeM YYacTKOB XpycTaJs,
HarpeThlX Jyd4oM Jasepa.

Oxc¢nepuMeHTs! ¢ MOmHBIM CO,-1a3epoM, BHIIIONHEHHBIE B
Hucrutyre atoMmHO# sHepruu umenu M. B. Kypuarosa, nokasa-
JI¥, YTO 3HEPrOEMKOCTb PaspylLIeHHs 06pasmoB KBapIHTa, alb-
6uHHTa, rpaHuTa, MpaMopa cocrasasier 100 Ix/cm?. CoBpeMeH-
Hble 3apyGexHble HeNpephBHO IeHepHpYIOIIHe Jiasephl HMEOT
momHocTs 10 100 kBT. Koneuno, 310 He npezen. Ko 3Haer, Ka-
KUMH 6YLyT CBepXMOLIHbEIe Jlasephbl 3aBTpallHero AHsA? Bnosne
BO3MOXKHO, YTO 3TH Jia3ephl CJHEeJNalOT peaJbHOH BHICOKO-
IIPOM3BOAHUTENBHYIO NIPOXOAKY TOPHBIX NMOPOX CBETOBEIM JIYYOM.

Cnp as K a. lipaMepnl oTeYeCTBEHHMLIX Ja3epHEIX YCTAHOBOK A 06-
pa6otku marepuanos. IlepBrie OTeueCTBEHHbIE TEXHONOTMYECKHE YCTaHOBKH
Grun cosfannl B 1964 r, D10 6evin ycranoBky THna CY-1 u K-3, B teuenne
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pslla JIeT OHH SKCILIYaTHPOBAIHCh B NPOM3BOXCTBEHHBIX YCJOBHSX, BHINIOJ-
HSIS ONEpAIMH CBEpJIeHHsI OTBEPCTHH, CBApKH, IIOATOHKH HOMHHAJIOB CONPO-~
tuBienusi. Ilo3fHee mosABHIHCH Gosee coBeplueHHBIe ycTaHOBKH K-3M,
«KBant-3», ¥JI-20M u 1p., KoTophle He TOJBLKO YCIEIIHO 3KCIJIyaTHpOBa-
JIMCh B TIPOMBILIIEHHOCTH, HO M SKCIOHHPOBAJIHCh Ha MEXAYHapONHHIX BHI-
cTaBKax. B HacTosiiee BpeMsi OTeYeCTBEHHAs IIPOMBILULIEHHOCTb OCBOMJIA
BHIIYCK MHOTHX THIIOB YCOBEpLICHCTBOBAHHHIX JIa3ePHBIX YCTAHOBOK, Ipef-
Ha3HauYeHHHIX JJIS BBIUIOJIHEHHS CaMbIX Pas/HYHBIX oneparuii mo o6paGoTke
MarepHaioB. HeKOTOpHIE THIIBI Jia3ePHEIX YCTAHOBOK OIHCAHBI HHXE.

«KBant-9». [I1s CBepJieHHSI OTBEpPCTHH NPaKTHYECKH B JIOGHIX MaTe-
pHanax H NPEX]e BCEro JUIs CBEPJeHHA YePHOBLIX OTBEPCTHH B alMasHBIX
¢unbepax. Hcnonbsyercs HMIyJIbCHEIN Jasep Ha CTeKJe C HEOJAMMOM, le-
HepUPYIOILKI HMITYJIbCHI ¢ SHepTiedt Ko 10 [Ix; InuTensHoCTs HMIyJibca 0,2—
0,8 mc. IlpeaycMoTpeHo aBTOMaTHUeCKOe yrnpaBJeHHe (B peXKHMe OJMH Jia-
sepHBIM HMIyJIbC B ceKyHay). [lotpebasemas momuocTb 2 KBT. ['aGapuTHsie
pasmepsr 115X 70X 120 cm, macca 200 xr.

«Kpucramn-6». [ia cBepieHHs H (pe3epoBaHHS MeTa/JIoOB H He-
MeTaJlIoB (GeppHTa, KepaMHKH, CHTa/1a, pyOHHa H Ap.). Jluamerp oTBepCTHi
0,1—0,6 mM; ray6una ao 3 mM. Illupuna o6paGarhiBaemoro nasa 0,05—
0,2 MM; TOYHOCTb 06paboTKn 3—4-To Kiacca. HcnosbsyeTcs MMIyJIbCHEIR
Ja3ep Ha CTeKJe C HeoXMMOM. Dueprus uMmnyabca ot 0,5 1o 4 Ix, uacrora
caenoBanHs umnyabcoB oT 0,5 1o 20 I'u. ITorpe6iasemas MownocTs 4,5 KBT.
[a6aputHbie pasmepsl 125X 95X 130 cm. ‘ ’ .

«KBant-12». /19 mIOBHOH CBapKHM C BBICOKOH JIOKaJbHOCTBIO Harpe-
Ba. KauecTBO CBapHOro COeJHHEHHS KOHTPOJHPYETCS B Hmpollecce CBapKH
IIp¥ NMOMOIIYM CelHaTbHOM onTHyecKol ciucTeMbl. CKOPOCTh CBapKH He HHXKe
15 cm/muH, r1y6una npomiasiaenus go 0,3 Mm. Mcnosb3yeTest Jasep Ha rpa-
HaTe C HeoJHMOM, I'€HepHPYIOUMH peryJIsipHYI0 NOCAeN0BaTeJbHOCTbh HM-
NyJIBCOB C uacToTol cefoBanus Ao 20 . neprus mmnyabea okoso 5 Ik,
aiurenbHocth 1—4 mc. IToTpebasieMast momHocTs 6 KBT. I'aGaputhble pas-
MepBI cBAapOYHOro cTanka 100X 95X 123 cm, macca 250 kr.

«KBaHT-15». [lJi CBapKH, ra3ojia3epHOH pe3KH, TepMOOGpaGOTKH M
npo6uBanus oTBepeThit. Hcrmosb3yercst Jlasep Ha IpaHaTe C HEOLMMOM, Te-
HepHPYIOWHH NOCMel0BaTENbHOCTE HMIYJILCOB C YaCTOTOH CJAENOBAaHHA JAQ
20 I'm. dueprus ummyiasca A0 15 JIX, cpelHss MOMHOCTb H3JIyYeHHT HE
uuxe 100 Br. JnuTenpHocTs umMnyJibca 1,5—4 Mc. MakcuMasbHas ToAKHA
paspesa IO YePHbIM MeTa/liaM K0 5 MM; CKOPOCTh PesKH 10 35 cm/mun. Lay-
GuHa MpOIUIABJEHHS IIPH CB3PKE YEPHBIX MeTa/LIoB | MM; CKOPOCTb CBapKH
1o 35 cM/mun. MakcuManbHas riy6uHa otBepeTiii fo 10 mM. INoTpebasemasn
momuocTs He Bmme 12 kBr. TaGaputaere pasmepst 100X 96X 120 cw,
macca 200 Kr.

«KBanT-20». [IJis1 pe3KH JHCTOB TepMHYECKH NMOJHPOBAHHOTO CTeKJa
Ha 3arOTOBKH B NIPOH3BOJICTBE H3JleJIHIi 3JIeKTPOHHOM TeXHHKH. Mcnosb3syer-
¢s1 Jia3ep Ha rpaHaTe ¢ HeOJUMOM MomHOCThIo 60 BT B HenpepeIBHOM pexuMe.
CxopocTb pe3ku 10 36 cv/MuH. PasMeph HCXONHBIX JIMCTOB CTeKJaa oT 10X
% 5% 0,1 cm mo 65X50X0,3 cm. INorpebasemas momuocts 10 kBT. I'aba-
putHble pasMephr 145X 85X 140 cM, macca-400 xr.

«KBant-50». IIasa mailKi HaBeCHBIX 3/IEMEHTOB Ha MeyaTHHIE IVIaTHI,
Pe3KH JHU3JEKTPHYECKHX H MeTa/VIHYeCKHX MaTepHaJIOB, CBaDKH H TepMO-
YIpOUYEHHsT MeTa/IHIecKHX JeTajell. IIpexycMoTpeHa BO3MOXKHOCTb HCIIOJb-
30BaHHsl YCTPOMHCTB C NMPOrpaMMHEIM ynpabJenueM. [Ipumensercs Jiasep Ha
rpaHate C HeOIVMOM B pexKHMe HelpephIBHOM IeHepallHHt; MOIHOCTb H3JIyde-
HHA peryjupyercs B npefeiax oT Hyas jgo 125 Br. TlorpeGiasemas mormr-
H%:'rb He omre 15 xBt, TaGaputnbie pasmephr 155X 144X 127 cM, Macca
470 xr, .



YETBEPTBIA PACCKA3

JIASEPbl B MEJUUHUHE

Kakue ckaabnmeau npuUMEHSIIOTCS B XHUPYprum?
OGes6oaBanue onepanud, Goppba ¢ KpOBOTeYeHHeM, Npeny-
npexzeHne UHGEKUMH — 3TH TPH CONMYTCTBYIOULHE NPOOJIEMb
BCerfa BOJIHOBA/JAM XHpPyproB. DojibHOMYy B cpeiHHe BeKa
yrpoxkasa OoacHOCTb yMepeTb BO BpeMsl ollepauuH OT 60JeBOro
woka. Ecsii oH 1 nepenocus 60J1b, TO MOT YMepeTb OT GOJIbIIOH
noTepH KpoBU. B nasbHefileM emy elne NpeACTOSAIO0 MOGERUTh
uHpeKIHIo, pas3BuBaBlIyiocsi B paHe. Urto6el ociaGuTh Goie-
Bble OILYIIEHHS, XHPYPrH NpPOMJILIX BEKOB CTapajuch JelaTh
onepauuio noéeictpee. [asi aTOro, npexnue BCEro, Hy:KeH ObLI
OYEHb OCTPBIH CKaJblesb. BuuIo moaMedeHo, 4TO MPHKOCHOBe-
HHMe K paHe pacKaJeHHbIM IIPefMeTOM OCTaHaBJHBaeT KpPOBO-
TeueHHe, K TOMYy 3Ke paHa B TaKHX cJydasX, KaK IpaBHJIO, He
Harnaupaercsi. [loaToMy BpauM cTa/ju ONEpPHPOBATh ClELHAb-
HO HarpeTbiMH M Jaxe pacKaJleHHbIMH XHPYpPrHYeCKHMH HO-
xKamu. [losgHee [/1s1 OCTAHOBKH KPOBOTEUEHHSl CTa/lM IepeBsi-
3bIBaTh HUTKOH KPOBEHOCHBIE COCYIBbl U NPUMEHSATb CHeLHalIb-
Hble 3a3kUMbl. OIHOBPEMEHHO C COBEPIUEHCTBOBaHMEM TEXHHKH
XUPYpTUyecKofl onlepanyH COBepIIEHCTBOBAJICS H, CKaJbllelb.
Ha cmeHy BbIUYPHBIM CpeIHEBEKOBBIM HOXKaM CJIOXKHOH KOH(H-
rypauuu (puc. 16, @) NpHOUIM CcOBpeMeHHble CKaJbleNH H3
HepiKaBelolleH CTaliH, HMeolHe npoCTyIo. ¢dopmy, onpereise-
MYI0 XapaKTepoM TOH MJIM HHOH KOHKPETHO#H onepaumd Hekorto-
pble U3 HUX MOKa3aHel Ha pHc. 16, 6.

HoBbIM 3TanoM B pPasBHUTHH XHPYpruueckoidl TeXxHuku XX
BeKa CTaJlo MOSBJEHHE 3JIeKTPUYECKOTO CKaJsbless (3JeKTpo-
HOXa), B KOTOPOM HCIOJIb3YyeTcs TOK BBICOKOH 4acTOThl. Eciau
NpU NpUMeHeHUH OCBIYHOro (MeXaHHYeCKOro) CKaJbliessl IpH-
XOJMTCSl OCTaHABJHBATb KPOBOTeYeHHe MOCJe KaxKAOro paspe-
3a, TO NpH NPUMEHEHHH 3JeKTPOHOXKA 3TOTO JeNaTh yxKe He
Hajfo. DJEKTPCL 3JeKTPOHOXKA OJHCBDEMEHHO U paccekaeT GUO-
JIOTHYECKYIO TKaHb, H «3aBapuBaeT» (KaK roBOPST MeOUKH, KO-
aryJaupyet) Kpasi paspesa. lIpu xoarynsuuu oGpasyercst Kpo-
BAHOM CTYCTOK, CTEHKH KpPOBEHOCHOTO cOcyZa COJHMMKAIOTCH,
KpOBOTeYeHHe ocTaHaBJuBaeTcsi. IIpaBia, cocyn He JLOMKeE
ObITb KPYMHBIM.
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Haunnas co Bropolt mosioBunbl 60-X roioB B XHPYPrHM B
KauecTBe CBOEOGPA3HOrO CKaJsbless CTajJ MCMOJb30BaThCH Ja-
seprm JIy4. MoxHO CKasaTb, YTO IIOABHJICS €lle OIHWH THII
CKaJIbNeNs — AQ3epHbiLl CKAAbNEAb.
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Puc. 16. a) CpenHeBeKOBbIE XHPYPrHUYECKHE HHCTPYMEHTHL. 6) CkaJbmenn

u3 Hepxapefoulefl cTamu: I — GOJBIIOH aMNyTalHOHHBIA HOX, 2 — Gpio-

IIMCTHIH CKaIblesb, 3 — CKaJbIe/b CO CHEMHBIM JIE3BHEM (BBEPXY ITOKAa3aHB

JIe3BHS PasHOM tpopmm) 4 — cKaJbneJb OJHOPa30BOT'O HCHOJbL30BAHHA,
5 — cranbnesab LIS MHKPOXHPYPTHH.

, Yro Taxkoe JasepHbiii CKaJbneJb M YeM OH HHTepeceH?
B onepanuoHHOH KOMHaTe pSiOM C ONEPalUOHHBIM CTOJIOM
NOMEILAIOT JlasepHYl0 ycTaHOBKY. OOGLIYHO HCHOMNB3YeTcs
CO;-n1a3ep HENpepHIBHOFO NEfCTBUS MOIJHOCTBIO B HECKOJBKO
IeCSITKOB BaTT. VssiyueHue nasepa moctynaeT B LIapHHPHBIR
CBETOBOJ, — CHCTeMY NOJIbIX PAa3ABUTAIOMUXCSA TPYOOK, 110 KOTO-
poil cBeT pacnpocTpaHseTcs, OTpaxasach OT 3epKaJ. [lo ceero-
BOJy H3JyueHHe IIONaJaeT B ONTHYECKYIO TOJOBKY, a4 3aTeM
B BBIXOHYIO TPYOKY, U3 KOTOPOH H BHIPHIBAETCH HApYKy B BHIE
JIOCTaTOYHO MHTEHCHBHOTO CBETOBOTO Jyya. Bo BpeMs onepanuu
XUPYPT AePKHUT B PYKe BBIXONHYIO TPYOKY ¥ MOXKeT IlepeMelaTh
ee B NPOCTPAHCTBe, CBOOONHO NMOBOpPayuBasi B pPasHbIX HaNpaB-
JIEHHSIX U TeM CaMBIM IOChlIasl Ja3epHBIH Y4 B HYKHOE MeCTO.

Ha puc. 17, a cxematuyeckd H3obpaxeHa JasepHas MelH-
HMHCKadA ycTaHoBKa «Ckasblesnb-1». CTpesKaMu NOKasaH XOX
cBeTOBBIX Jyueli. Ha puc. 17, 6 npeicTaB/ieH MOMEHT ONepanyH,
BBHINOJHSAAEMOH ¢ TNpUMeHeHHeM YycTaHOBKH «CKasbnesb-1».
Ha puc: 17, 6 KpynHBIM N1aHOM H306paeH JasepHbIH «CKaJlb-
nejb» B pyKe XHpypra. Xopowo BUIHA YKa3Ka Ha KOHIUE BHI-
XonHO#H TpyGKH. OHa CHAYKHT LS HaBeleHUH Jyua, Belb caM
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Ay4 HeBHAHM. JIy4u QokycHpyercs B TOYKe, KOTOpas HaXOAHT-
cfl Ha PacCTOSIHHM 3 MM OT KOHIA YKasKH.

B ¢okyce J1a3epHOro Jiyya KOHUEHTPHPYETCH 9HepPrHs, 10-
CTaToyHas AJA TOro, YToGH GbICTPO HArpeTb H HCNAapHTbh GHO-
JIOTHUeCKyl0 TKaHb. IlocTemeHHO mepeMemas «ia3epHbIH

J
fy B}

Puc. 17. a) Jlagepnas ycranoska «Ckambmeiib-1y: I — CO,-asep Hempe-

PBIBHOTO feficTBHs (MOMHOCT H3JydeHHs Jo 20 BT), 2 — mapHHpHLIH cBes

TOBOA, 3 — 3epKana, 4 — ONTHYeCKas IOJOBKa, 5 — BHIXOAHAs TPy6Ka,

6 — dokycHpyiomas JHH3a, CTpeJKaMH IIOKa3aH XOJ CBEeTOBLHIX Jyudef,
6) MoMeHT omepaluy. 6) JlasepHBIH «CKaJblieNb» B PyKe XHpYypra,

CKaJIblesiby, XUPYPr pacceKaeT TKaHb. ['y6HHa paspesa 3a-
BHCHT OT CKOPOCTH Pe3aHHsl W OT CTeNeHH KpOBEHAIOJHEHHS
TKaHu. B cpenneM oHa paBHa 2—3 MM. HacTo pacceueHne TKa-
Hell BRIOJIHAIOT He B OJMH, a B HECKOJILKO NPHEMOB, pacceKas
Kak-6bl [IOCJIOHHO.

‘B KauecTBe XUPYPTHUYECKOrO CKaJibleis JasepHblll Jyd o6-
JiaJlaeT UeJIbIM PALOM NOCTOMHCTB., Bo-mepBbiX, OH MpPOU3BOAMT
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OTHOCHTEJIbHO GeCKpPOBHBIH pa3pe3, TaK KaK ONXHOBPEMEHHO C
pacceyeHHeM TKaHell KoaryJHpyeT Kpasi paHbl, «3aBapHBas»
. He CJIMIIKOM KpyIHBle KPOBEHOCHHIe cocylbl. B sToM oTHOmIe-
HHH Jla3epHBIH CKasblleslb CXONeH C 3JIEKTPOHOMKOM.

Bo-BTOpHIX, JlasepHBIH CKaJsbllesb OTJIHYaeTCs MOCTOSHCT-
BOM peXyIIUX CBOHCTB, HalexHOCThio B pabGore. Ecau ciay-
yafiHOe MoNajaHue Ha TBepIbIH NpeaMeT, HalpuUMep KOCTh, MO-
JKET BBIBECTH MeXaHHYeCKHH CKaJblesb H3 CTPOs, TO AJf Ja-
3epHOTO CKaJlblesisl TakoH onacHocTd HeT. JlasepHBIM J1yyoM
MOKHO JlaMe PaspyllaTh KAMHH B IOYKaX U XKeJYHBIX IPOTOKaX.

B-TpetbHX, JasepHLIH Jy4 B CHJIy CBOeH NPO3PayHOCTH HO-
3BOJIIET XHMPYPry XOpOIUO BHIETb ONEePHPYeMHIH YYacTOK.
JleaBHe ke OOLIYHOTO CKaJlbIlelisl, PaBHO KaK H 3JeKTPOJ 3JeKT-
pOHOXa, BCerja B KaKOH-TO CTelleHH 3aropax<HBalT OT XH-
pypra pabouee moJe.

B-uerBepTHIX, Ja3epHHIH JyY paccekaetT TKaHb Ha paccTos-
HHH, He OKashbiBasl Ha Hee KakKOro-1u6o MeXaHHYecKoro jJaBJie-
Hus. B ornnude oT onepanyuy OGBIYHEIM CKaJlbIeJieM HJIH 3J1eKT-
POHOXKOM, XHDYPT B JaHHOM cllydae MOMKeT He NpPHIEPKUBATh
TKaHb PYKOH HJH HHCTPYMEHTOM.

B-nmATEIX, J1a3epHEI CKajbrens o6ecreunBaeT aGCOMOTHYIO
CTEPUJIbHQCTb. Bellb ¢ TKaHbBIO B3aNMOAEHCTBYET 31ieCh TOJNBKO
usnyueHne. K ToMy ke B 06J1acTH pacceueHHs TKaHHM BO3HHKaeT
BLICOKAasl TeMIleparypa.

B-mecgbix, Jyu Jazepa JelfictByeT JIOKalbHO, HCHapeHHe
TKaHM TNPOHUCXOAMT TOJAbKO B Touke ¢okyca. IIpumeraiomue
YYacTKH TKaHH TOBpeXKAaloTcA NPH TOM 3HAUHTEJbHO MeHb-
e, YeM NpPH TPHMeHEHHH 3JeKTPOHOXKAa H Jlaxke MeXaHHyec-
KOro CKaJbIeJs.

B-cenpMbIX, Kak NOKasaja K/JAMHHYecKas NpaKTHKa, B OT-
JHure OT OGHIYHHIX paH paHa OT Ja3epHOr0 CKaJbless MOYTH
He GOJIMT H OTHOCHUTENBHO OBICTPO 3aXKMBJIsleTCS.

Kaxue xupypraueckne onepauuu BHINOIHSIOT NPH NOMOIH
aasepHoro Jayuya? IIpakrtHuecKoe HCNOJB30BaHHE J1a3epPOB B
xupypruu Hayasock B CCCP B 1966 r. B MHCTHTYTe XHpPYPrHH
uvMenrn A. B. BummeBckoro (mof pyKOBOICTBOM aKaleMHKa
A. A. Buwmmuesckoro). JlasepHelfi cKanablenb OBl DpHMeHEH
B ONepaluaX Ha BHYTPeHHHX opraHax rpyJHOH M OpIOIIHOH
nonoctell. B Hacroslee BpeMs JIa3epHHIM JIYYOM JeJaloT KOXK-
HO-IJIaCTHYEeCKHe ONepalyy, ONEePHPYIOT MNHINEBOA, XKeJYyHOK,
KHILEYHHK, NTOYKH, TevYeHb, cesle3eHKY H JApyrde BHYTpDeHHHe
oprannl. Jlesalorcss mepBHe LIard MO ONEPHPOBAHHIO cepAla.
OueHb 3aMaHYMBO HCHOJIB30BATH JladePHBIA CKajblleslb B OIle-
pauusix Ha opraHax, rie oco6eHHO MHOT'O KPOBEHOCHBHIX COCY-.
I0B, HanpHMep, Ha IeYeHH, cejiedeHKe, cepale.
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BosbMeM HHTepecHYI0 MOHOTpaduio «/lasepel B KJIHHHYe-
CKOH MeluuHMHe». Ee BBIIYCTHJIO B CBET M3NATENbCTBO «Me-
qunusa» B 1981 r. Dro Tpyn GoJBLIOTO KOJIEKTHBA COBETCKUX
yuenbix. Ha c¢. 150 MBI HaxoMM JJaKOHHYHOE OMHCaHHe Pe3yJib-
TAaTOB ONeparuii, BoINOJHeHHBIX B 1970 r. noi pyKOBOACTBOM
npocdeccopa C. JI. IlnerneBa. Ilpusesem 3T0 omucaHue B"Ka-
YecTBE OJHOTO M3 KOHKPETHBIX IPHMEPOB, MOKAa3bIBAIOUIUX, YTO
NpHUMeHeHHe JIa3epPHOTO CKaJblesNs B MENUIUHCKOH NpaKTHKe
CTaHOBWTCH OOBIYHBIM JesioM. HMrak, uuraem: «C moMoIbio
CO;-n1asepa BHINOMHUAN 13 pa3NHUHBIX BMEINATEIbCTB Ha Ke-
JAyAKe ¥ KULIeYHUKe (paspes, pesekuus). s paspe3oB TOH-
KOM M TOJICTOH KUIIKH NP BBIXOJHOH MOIIHOCTH Jasepa 9—
11 Bt mocTaToyHo GBIIO MPOBECTH JIYUOM ONHH pas, pexke IBa
pa3a (ajf TOJCTOH KHIUKH), a I/ XKeJdyLKa ABa-TPH pasa.
CreHKa KHLIKH Jy4OM Jasepa pacceKaniach JIerko, Kpasi pas-
pe3a GbIIM POBHBIMM M CYXHMMH, NMOKPBITHI NJIEHKOH KOpHYHe-
BOro IBeTa. KpOBOTeUeHHS U3 CTEHOK KUIUIKH HH pasy He OTMe-
uajoch., CTeHKa 3KelylIKa TaKKe JIETKO pacceKasach JydoM
Nazepa. HUKaKUX OC/NOXKHEHMH, CBSI3aHHBIX C IpPUMEHEHHeM
Jlasepa, He Ha6Mmojanoch. 3axHUBJeAHe Pa3pe30B CTEHKH Ke-
JyJAKa U KHIIeYHHKa 3aKaHYHMBaloch K 25—30-M cyTKaM ¢ 06- -
pasoBaHHEM POBHBIX, GesiecOBaThbIX PYOILOB, MalO OTIHYUMBIX
OT OKPYXKAIOIIUX TKaHeM».

JlasepHBIfl CKAJbMeNb HCHOMB3YIOT He TOJBKO MJISI pacce-
weHus TKaHel, HO TaKKe M IJs UX cuuganus (ansi Guosoru-
qecKOH caapxn)

Pacceuenne npousBoisAT CcokycupoBaHHEIM JydoM. Ilpu
MomHocTH uanydenus 20 Bt u nuamerpe coKycHPOBaHHOTO Jia-
3epHOro NATHa | MM JOCTHFaeTcs HHTEHCHBHOCTH 2,5 KBr/cME,
HanyyeHue nNpPOHHKaeT B TKaHb INPHUMEPHO Ha TJAyOHHY
50 Mkm. CrenoBare/ibHO, OGBEMHast IJIOTHOCTb MOLIHOCTH
H3JyueHusl, HAyLasl Ha HarpeB TKaHH, focturaer 500 kBr/cm?,
Jna GuonoruuecKHUX TKaHeH 3TO orpoMHas Beju4MHa. Ecre-
CTBEHHO, IPOMUCXOAAT OBICTPOe pasorpeBaHHe M HCHapeHHe
TKaHH — HaMuno 3ddexkr pacceueHuss TKaHH JasepHHIM Jy-
yoMm. Ec/iu ke JasepHBlil Jyd pachOKycHpOBaTb U TeM CaMbiM
CHH3UTb MHTEHCHBHOCTb N0 25 BT/cM2, T. €. YMEHBIIHUTH ee N0
CPaBHEHHUIO C NpelBAyIMM cJaydaeM B CTO pa3, TO TKaHb HC-
napAThcs He Oyner, a OyleT NPOHUCXOAHMTb IMOBEPXHOCTHAsS
Koary/asnusi («3aBapuBaHme»). Bor 3ToT-TO MNpomecc M Hc-
NOJML3YIOT ISl CLIMBaHUS paspe3aHHOll TKaHU. BuoJoruge-
CKasl cBapKa OCYLIeCTBJfeTCS 3a CHeT KOaryJsiluM XKHULKO-
CTH, CONepailieHcsi B pacceKaeMbIX CTeHKaX ONepHUpyeMoro
OpraHa ¥ CHenHasibHO BbIIABJUBAEMOH B NPOMEXKYTOK MeXAY
COEIHMHAEMBIMH YYaCTKaMH TKaKd.,
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Onepanuu Ha cepAue IO NpaBy OTHOCAT K 4HC]y HauGosee
CJIOXKHEIX M OTBETCTBeHHBIX. [IpHBelleM OfMH KOHKDETHBHIHA MpH-
Mep TOro, KaK MOXKHO HUCIOJIb30BaTh B TaKHX ONepanusax Ja-
3epHbIH cKaJbnenb. CTBOPKH KjanaHa Ceplua MOXOXKH Ha JBa
nenectka. OOHHUM KpaeM JleNeCTKH IIPHKpeIJIeHbl K BHYTpeH-
Hell cTeHKe cepaua. CBOGOAHBIMHE KPasiMd OHH B COOTBETCTBYIO-
IMe OUKJIB paGoThl Cepilla HJH IJIOTHO, CMBIKAIOTCS APYT* ¢
IPYroM, MOJIHOCTBIO 3aKpHIBasfi OTBEpPCTHE, HJH DPacXONATCH,
OTKpbIBasi OTBEPCTHE M NpPONYyCKas#s KPOBb TOJIbKO B OJHOM Ha-
npaeyeHnd. TIpu HekOTOpHX 3a60/eBaHHAX cepAla cBOGOXHbIE
Kpasl «JIeneCTKOB» YaCTHYHO CPacTalOTC#, OTHero cyxKaeTcsl OT-
‘ BepCTHe, IPONycKarolee KPOBb.
Tpebyercsi Xupypruuecku pas-
IeJHTb CTBOPKH CepIedYHOro
K/lalaHa M IPUTOM CTPOro o
JIMHMH HX cpaieHus (Kak roBO~
PAT MeIMKH, IO KOMHCCYpe).
Bor nna srofi-ro onmepamuu H
YA0BHO BOCIIOJNB30BAThLCA Ja3ep-
HBIM cKasbnesneM. Ha puc. 18
CXeMaTH4eCKH H300pazKeHa oIe-
pauusi pasfieleHHsl KJIalaHOB
cepilla IO KOMHCCYpe Jy4oM

Puc. 18. Onepaums paspenemus ‘raocpa. Jlyd ToOKasaH wWTpH-

KJIaNaHoB cepAma 1o Kommccype, XOBOH HPSMOH.
B ycranoBke «Ckanbnesb-1»

H MHOTHMX NMOJOGHHIX eff cBeToO-
Basl SHEPrHsl Mepelaercsl OT Jiasepa K ONEpUpYeMOMY OpTaHy
[0 CHCTEME KECTKHX NOJIBIX Tpy6oK. Bmecto cHcTeMbl TPYGOK
MOXKHO HCIIO/Ib30BaTh 2ubKue c8emosods. U3 NHANEKTPHUECKHX
BONOKOH., OOBIYHO BOJIOKHA KOMHOHYIOT B XKryT. [uaMerp
NONepeyHOTO CeUeHHs KIYyTa MopsAnka | MM, nuaMeTp OTIEJNb-
HOro BOJIOKHa B xryre nopsaka 10—100 mxm. Hcnoawsys
THOKHI CBETOBOJ,, XHPYPT MOXKET 3HAHHTENLHO CBOGOJHee Ma-
HUIYJHPOBATh JlasePHBIM cKasbheseM. 'ylaBHOe ke, Mepenaya
3HAUUTEJbHOH CBETOBOH MOIIHOCTH 110 TOHKOMY BOJIOKOHHOMY
KIYTy JHeNaeT BO3MOXHHIM BBHIONHEHHe XHPYPTHYECKHX Olle-
pauuii NpHHUKHNHANBLHO HOBOro THna. OGHIUHO NpPH ONepaLyy,
HanmpHMep Ha KeJyJAKe, HeOGXONHMO TIpeiBapHUTEIBLHO CleNaTh
BCKPHITHE GPIOIHON NOJOCTH. Mcnomnb3ys ke TOHKUH BOMOKOH-
HBIH KTYT, MOXKHO (IPH HEKOTOPHIX 3a60/ieBaHHAX KesaylKa)
o6o¥ituch Ges BCKPHITHSA MOJNOCTH, a NPOCTO BBECTH THOKHH H
TOHKHH «JIas3epHHIH cKaJ/bllesib» Yepe3 pPOT U NHIIEBOJ BHYTPb
}KeNyAKa U NPOUSBOAUTEL Ollepallio Ha XKeJaylKe, TaK CKasaTh,
usuyTpH, IlonoGHas TeXHUE3 omepaluli y:xke DpHMeHACTCH Ha
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npakrtuke. Tak, HanpuMep, ee ¢ YcIexoM IPUMEHSIOT ISl OCTa-
HOBKH (IIOCPeJCTBOM KOaryJIsiiHH) KPOBOTeUeHHH M3 SI3B B IH-
meBapuTenbHOM Tpakre. Ilpn sToM Hcnonbsyercs HanyueHHe
rasopaspsilHoOro Jasepa Ha aproHe. OH reHepuUpyeT B 3eJ/IeHO-
roayGoit 06/1acTH CNeKTpa; AJHHA BOJHBI H3/ydYeHHs 0,5 MKM.
Kakoe npuveHeHHe HaxoifiT Jjas3epbl B OQTaAbMOJOTHH?
KpaTkuil oTBeT TaKOB: HCK/IOYHTeJbHO Gosbmioe. Hamo cka-
3aTh, YTO 0(TaNbMOJOTHA (061aCTh MEIHIMHBI, HMeloLas Aes0
C r/asHBIMH 3a60/IeBAHHAMH) HCTOPHYECKH SIBHJach NepBOM
06/1acTBI0 KJAHHHYeCKOH Menu-
IHHBEI, B KOTOPOH Jiasephl IO-
Jyuuad Haubomee MIMPOKOe
npuMeHeHue. B HacTosmee Bpe-
MfA HHTEHCHBHO DPasBHBaeTCH
HOBOe HampaBJleHHe B MejH-
HUMHE — 1Q3epHAS MUKpOXUpYp-
eusn enasa. HccnenoBanus, B
3TOM HalpaBJeHHH BeIyTCs B
OnecckoM HHCTPIT}éTeHl‘JIaSHbIX
6onesneil umenu B. I1. duna- )
toBa, B Mocropckom HHH ria- 5,';3;1“1(9‘ lzca:&efux,a,sa' ,fp,‘pf,‘}fg’ﬁ
3HbIX GosesHeR uMeHHI'.JI. @. jpposikoBmnykaan Jaumsa), 2 —
leapMronbna, B MOCKOBCKOM pOFOBﬂua.OTBi -:ngﬁyzl;ﬂ:gm;?-
HWI mukpoxupyprau riasa fxg:'fge,c‘!—- Ifo.nbnenaxp MbII.ﬂllaB,
M BO MHOTHX JIPYTHX (V83"  yparupgiomas XpYCTAIHK, 5 —
HelX neHTpax» CCCP. BHYTpH[JasHasi KHIKOCTb, 6 —
HanomurnM, 4ro mnpencras- CTeKnongzmoe Ten0, 7 — cocynu-
J7eT cooit yesioBeeckuli ras.  Te% m‘lﬂ‘;""“?;éa COE;‘(’)’:;;"C Wt
Paspes rnasa CXeMaTH4eCKH cocynos, 8 — ceraatka  (cBeto-
NnokasaH Ha pHc. 19. UyBCTBHTEIbHEE cJ0k), 9 — 3pu-
U3 nan6osee cepre3HbIX Iia- TeNbHEI HEpB.
3HBIX 3a6oJieBaHMH, KOTOphle
MOI'YT NPHBECTH K cCJeloTe, BBHIAEAMM IMfATb. D10 IVIayKOMa,
KaTapakTa, OTC/IOeHHe CeT4aTKH, AHabeTHdecKasi PeTHHONATHS,
3/I0KadyecTBeHHas ONYyXOJb COCYRHCTOH 06osoukH. UTo Takoe
rnaykoMa? YroGbl OTBETHTb Ha 3TOT BONPOC, BCIIOMHHM, YTO
IpPOCTPAHCTBO MeXKIY POroBHLieH H XPYCTaJHKOM 3alOJHSeT
BHYTpHIJIa3Hasi XMAKOCTb (cM. pHc. 19). Ee npoussomur Ma-
JieHbKasl KeJse3a, Haxofsumasca y Kpas panyKHOH 0GOJIOUKH.
JKHIKOCTh OMBIBaeT MepefHIOn YacTh XPYCTaJHKA M 3aTeM BHI-
BOIMTCS M3 IJ/1a3a Yepe3 CBOeOOPasHYIO IpPeHaXKHYIO CHCTeMY
pany:xHo# 060JOYKH. BHYTpHUIr/Ia3HAsl KHAKOCTH HENpPephIBHO
IPOU3BOLUTCA 3KeJle30H M HeNpephlBHO BHIBOZHTCS H3 IJ1a3a
yepes panyxHyro o6010uky. Eciu IpeHaxKHas cucTeMa panyx-
Ho#l OGOJIOYKH HapyHiaeTcsl, NPOHCXOUT 3aJepiKKa M HAaKOIl-
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JieHNie BHYTPHIJIa3HOH MXHUIKOCTH B IJ71a3y, BO3pacTaeT ee AaB-
JieHHe, TIOABJAIOTCS ocTphle 60/, pa3sBHBaeTCs IJayKoMa. 3a-
GoJieBaHHe CONPOBOXKJAeTCA CHauyasla YXYAILeHHeM 3peHHs
(ouepTaHHS TNpPEeAMETOB CTAHOBATCH TYMaHHBIMH, BO3HHKAIOT
panyXHble OpeosHl), a 3aTeM NPHBOLUT K cJjenote. Jlpyroe
cepbe3Hoe TJla3HOe 3a6ojeBaHHe — KaTapakra. OHO NpoOfB-
JIfeTCs B IOMYTHEHHH H Jaxe NOJHOH HeNpo3pauyHOCTH XpycTa-
JINKa BCJIEJCTBHE HADYLIEHUS NUTAaHUSA TKAHEH, IJa3HbIX TPaBM
u apyrux npuyuH. [Ipu TpaBMax rsaza MoxeT NPOHUCXOIHTb
OTC/IOEHHE CETYATKH — OTJe/IeHHe CeTdaToil OGONOYKH OT CO-
CynucTol 060JIOYKM, YCTHIamomel riasHoe nxo. Ilpu stom
CyKaercd 1OJie 3peHHs,” CHHIKAeTC OCTPOTA 3DEHHH, MOXKeT
HacTynuTh cJjenora. [lnabetvyeckas peTHHONaTHs — MoOpaxe-
HME CeTUYaTKH (IO JIATHIHH «PETHHbI») Ija3a, a TaKxKe COCYIH-
cToil OGOJIOUKH B CBA3H C COCYAUCTHIMH U OCGMeHHBIMH Hapylle-
HHSAIMH, BO3HHUKAIOWUMH Yy OOJIBHEIX CaXapHEIM JHaGeToM.

[lepBhle mMpuMeHeHHS J1a3epOB B ODTaNbMOJIOTHH OblIH CBS-
3aHBl C JIeYeHHeM OTCJOeHHs ceTYaTKH. BHyTpp rsasa uepes
3pauoK IOCHIJIAIOTCA CBETOBblE HMITYJILCHI OT PYGHHOBOTO Jlasepa
(oueprus umnyasca 0,01—0,1 [Ix, AJHTeNnbHOCTD HOpPALKA
0,1 c¢). OHu cBO6ONHO NPOXOAAT CKBO3b NPO3PAYHOE CTEKJIOBH]-
HOe TeJsIO M TOIJIOWIAIOTCA ceTdaTKoH. POKycHpys H3JyyeHHe
Ha OTCJIOMBIUHECS] YYaCTKH CeTHaTKH, NPOUSBOAAT «IPUBAPH-
BaHHe» CEeTYATKH K IJ1a3HOMY IHY 3a cder KoaryJasanuu. Onepa-
1A NPOXOINUT OLICTPO H coBeplleHHO 6e3bosesneHHo. Boabroit
NpPOCTO «He YCIeBaeT» NOUYBCTBOBAaTb GOJH.

Han6osb1iee 9HcI0 crydaeB NOTepH 3peHHs CBA3AHO C Tay-
KoMoii. D10 3a6osieBaHHe nopaxaer 2—3% Jozeil B Bo3pacre
crapiie 40 ser. TpaIuIyuOHHBIE XUPYPrUYeCKHe METObI Jjeye-
HHSA TJIayKOMH KpafiHe CJIOKHBI, CHJIBHO TPaBMHPYIOT TJa3 H
K TOMYy e HeHallexXHEHl. [lpeicrtaBisiercss ecTecTBeHHBIM BOC-
NoJIb30BaThCS B JAaHHOM cJjyudae Ja3epHbHIM JIYYOM -— «IIpO-
Jeub» OTBEPCTHA (IIPOTOKH) B Pally KHO# 0GOJIOUKE M TEM CaMbIM
BOCCTAHOBUTDL €e .JipeHaXKHble CBOHCTBA, CO3[aTh HOPMaJbHbLIH
OTTOK BHYTPHIJIa3HON xKunKocTH. OueHb CKOPO, OIHAKO, BLISAC-
HHUJIOCh, UTO NPOXKUTAHKE PajyIKHOH 0GOJIOUKH BBI3BIBAET BOC-
naJjieHue, KOTOpoe NOBOJBHO OLICTPO JIHKBHAHPYET CleJaHHBIe
nporoxku. McciiefioBaHHS COBETCKHX MeAMKOB BO IJlaBe C aKa-
JemMukoM M. M. KpacHOBBIM NOKasa/H, YTO Hajo He NPOXKH-
raTb, a npobugsamb NPOTOKH B pajy:KHOH oGonoyke. Knaue ro-
BOD#, JlazepHble HMITYJIbCHl JIOJIKHBI OKa3bIBaTh Ha 060JIOUKY He
TellJIOBOe, a MeXaHHYecKoe Bo3leficTBHe (3a cueT o6pa3oBaHHUS
yJAapro# BOJIHBL). [I/151 5TOTO HY2KHO, YTO6bI J1a3ePHLEIA HMITYJIbC
6Ll upe3BLIYAHO KOPOTKMM. B npuMeHsieMOH AJjs JledeHHs
TJIay KOMBl COBETCKOH Jla3epHOH ycTaHOBKe «$ItaraH» HCHoJb-
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3YIOTCHl Jla3epHble HMMIYJIbCHI IJIHTENBbHOCTRIO Bcero 1077 c.
BospeiicTBHe TaKUX HMIYJbCOB Ha IJa3Hble TKAHH AaeT MU-
HHMaJIbHBEIE KOaryJISIMOHHbIE H BOCHAJHTENbHBIE 3((eKTH.
Bce ke nopasure/bHO, HACKONBKO Ja3ep YIPOCTHJ Omepa-
HHI0 N0 M3JIeYeHHIO TJayKoMbl. Bcsl omepanust 3sanumaer
10—15 Munyr, nposoautca ambynaTopHo. DosmpHO# mpwuiueds,
nocuiies Mepej amnaparoM, IOTOM BCTal H IOIIEJ JOMOI.

Puc, 20. MoMEHT Omepauny MO HW3JIEHEHHIO [VIaYKOMbI.

Ha puc. 20 mpeicTaBsieH MOMEHT TaKOH onepamm ¢ HCHOJb-
30BaHMEM YCTaHOBKH «§lTaram».

B uacrosiiiee BpeMst JlasepHAsi MUKPOXHPYPTHUSA NPHUMEHSIET-
cs AJA JieueHHs BCeX NEePeUHC/IeHHBIX paHee TVIa3HBIX 3a6oJe-
Bauuit. [Ipu jeueHun nuaGeTHYecKOH PeTHHONATHH MPUMEHAIOT
KOaryJisiiiio CeTYaTKH 3e/IeHO-TOIyObIM JIy4OM aproHoBOro Jia-
sepa. JlasepokoaryssLus HCNOJb3yeTcs TaKke IJf JiedeHHs
KarapakTel M paspylleHHs BHYTPHIVIa3HBIX ONyXoJeii.

MOXHO JIH M3JIEYMBATH Ja3epPHbIM JY4OM 3JI0KaueCTBEHHbIE
onyxoau? Jla, MoxHo. JlasepHoe M3JayuyeHHe KaK HOBOE Cpei-
cTBO JieueHus paka ucrnoan3dyerca B CCCP Bo MHorux JseueG-
HBIX 3aBefeHusax. McciienoBanue BO3MOMKHOCTEH TaKOrO Jede-
HHS BelleTCs B TeUeHHe BOT YiKe JBYX JecSTKOB Jier B MOCKOB-
.CKOM Hay4YHO-HCCJIe/[0BATe/bCKOM OHKOJIOTHYECKOM HHCTHTY-
te umenu II. A.Tepuena, UHcTUTYyTE mnpOoG/aIeM OHKONOrHH
AH VCCP, JleHHHrpafCKOM WHCTHTYTE OHKOJIOTHH HMEHH
H. H. IlerpoBa ¥ IpyruX OHKOJOTHYECKHX IEHTpAX.
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B oHKOJIOTHUECKHUX HCCJEeNOBaHUAX M KJIMHMYECKOH Mpak-
THKe HCHOJIB3YIOTCA Jasepnl pasubiXx tHnos: CO,-nlasep B He-
NpepbiBHOM pexuMe (A1MHa BoJHB 10,6 MKM, MOLIHOCTH JO
100 Brt), rejufi-HeOHOBBIH Jazep B HeNPePLIBHOM pexHMe
(0,63 MM, MomHocth f0 30 MBT), re/mii-KagMHueBbld Jiazep B
HenpephiBHOM pexuMe (0,44 MKM, moiHocTs 10 40 MBT), HM-
nyJbcHbIH Jlasep Ha asore (0,34 MKM, MOIIHOCTb HMMITyJbCa
1,5 kBt, cperHsis MougHocTh uaiaydenus 10 mBt). PaspaGora-
Hbl U NPHMEHSAIOTCA TPH MeTOLa BO3IelCTBUA JIa3ePHOrO H3JY-
YeHHsl Ha ONMyXOJIH: 1) saseproe obayuerue — o6GIydYeHHE ONY-
Xoau pachoKycHPOBaHHBEIM Jla3epHBIM JYy4OM, NPHBOLsAIIEEe K
ruGeii PaKOBHIX KJETOK, K MOTepe CIIOCOGHOCTH PasMHOMXaTb-
cs; 2) sasepoKkoaeyaayus — paspylieHne ONYXOJH yMepeHHO
cOKYCHPOBaHHEIM Jy4OM; 3) sa3epras xupypaua — Hccede-
HHUe ONYyXOJIH BMeCTe C NPHJEraloidMu TKAHAMH CPOKYCHPO-
BaHHBLIM Jla3ePHBIM JIy4OM. YJaeTcs H3JeuyuBaTb PaK KOXH,
CJIM3KCThIX 060JI0UEK, PA3JIMYHBIX BHYTPEHHHX opraHoB. Yucio
6GOJIbHBIX, H3JeYeHHBIX Ja3epHBIM JIy4OM, HCYHCHASIeTCsl ThICH-
UAMH.

KoHeuno, MexaHH3M BO3JeHCTBHA Ha ONYXOJb JIa3epHOro
H3JyyeHUs] (OCOGEHHO H3JYYeHHs MaJjofl MHTEHCHBHOCTH) BO
MHOTHX OTHOIUEHHSX elie HesiceH. MHOTOYHCJ/IEHHble 3KCIepH-
MeHTH NOKa3ajH, 4To 3(peKT BO3AeHCTBHA Ha OMYXOJb HH3KO-
HHTEHCHBHOTO JIa3epHOro Jyda CYLIECTBEHHO 3aBHCHT KaK OT
Xapakrepa ONYXOJIH, TaK H OT NapaMeTPOB H3Jy4eHHS (IJIHHBI
BOJIHBI, MOUWIHOCTY U T. 1.). OIHa 1 Ta e ONyX0Jb PasyIAYHO
pearupyeT Ha H3JyuyeHHe pasHHIX J1a3epoB. Tak, Hanpumep, us-
JIlydeHHe reJui-HEOHOBOTO M a30THOTO J1a3epoB YCKOpSeT, a U3-
JyyeHHe TeJIUfl-KaIMUeBOTO Jiazepa TOPMO3HT POCT OmyXoJei.

3ameHuT M Jasep Gopmamnay? ['oBopsiT, HHYero Het GoJee
HeNnpHusITHOrO, YeM ocTpas 3y6Has Gojb. M1 TeM He MeHee MHO-
THe OTKJaJblBalOT CBOH BH3MT K CTOMATOJIOI'Y M3-3a CTpaxa Ie-
pen GopmawMHOH. B03MOXHO, UYTO HelasleKO BpeMsi, KOria
GopMalIMHY 3aMeHHMT NpPAaKTHYeCKH He NpHUUYMHSAOLWMHA Gomd u
He NPOU3BOJAINMH YTHETAIOLIero XKYXIKaHHS Ja3epHbI Jyu.
HccnenoBanusi noKasanau, 4YTo Jia3epHOe H3JyuyeHHe feHCTBYeT
Ha GOJIbHOH 3y6 H36HpaTesibHO: OHO MOTJIOLIAETCS [OTEMHEB-
wuMH (60JIbHBEIMH) yYacTKaMH 3y6a M OTpaxKaeTcs OT 3J10POBHIX.
VIHBIMH cj10BaMH, H3/1ydYeHHe Jla3epa pas3pyllaeT MOpPaXKeHHYIO
KapuecoM 3y6HYIO TKaHb M He pa3pyllaer IIPYU 5TOM (B OTJIHUHe
OT GOpPMALIHHBI) COCEJHHX 3JOPOBBIX y4acTKOB 3y6a. Boamox-
HO, YTO Jia3epsl GYIyT NPHUMEHATHCS HE TOJbKO AJIS JIEUeHHS
60/IbHBEIX 3y60B, HO M s NpelynpexkneHHsi 3YGHbIX 3a6oue-
BaHHU. BrisicHeHo, 4TO B pe3ysbraTe 06/ydeHHsi HHpPaKpaCHBIM
JIyuyoM sMaJib 3yGoB HesaeTcs Gosiee CTOMKOH K Kapuecy. ITpo-
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HCXOIHT HEUTO BpOje TepMooGpaGOTKH, HOBHIMAOImEH Mpoy-
HOCTb NOBEPXHOCTH 3y0a. ‘

Ho Bce s10 B GyaymeM, XOTsl, BOSMOXHO, H He CJ/IHLIKOM
JaJieKoM. A ToOKa CTOMAaTOJIOTH HCIOJL3YIOT JiasepHoe U3Jydye-
HHe s JleueHHs1 3a6oJieBaHHH CNHU3HCTOH OGOJIOUKH IIOJIOCTH
pra. [as aToM LeJH OPHMEHSIOT reJUfi-HEOHOBBIH Jiasep
(0,63 mxm). Okasasock, YTO H3JIyyeHHe 3TOrO Jiasepa OCTaHaB-
JIHBAeT BOCHAJIHTENLHEIE H B TO JKe BPeMst CTUMYJIHpYeT BocCTa-
HOBHTeJIbHBle nponecchl. OHO HHHOUHPYET pasMHOXKEHHE Kile-,
TOK CJIM3HCTOH 0GOIOUKH, aKTHBH3HPYET B OpraHuaMe GOJILHOTO
BHYTPEHHHE 3alUTHbIE MEXaHH3MBI.

Yem o06bsicHSIETCA MHTEPeC TepaneBToB K Ja3epam? Tepares-
TOB IIpexKIe BCEro IVIeHsleT He MOHATOe JO CEro BpeMeHH, HO
onHako BechMa 3hdeKTHBHOe AeficTBHe KPacHOrO H3JyYeHHHA
reJHH-HEOHOBOrO Jiasepa Ha GHOJIOTHUECKHE MPOIECCH B opra-
HH3Me YesoBeKa. TOJMBKO 4TO MBI TOBOPHJIH O JieueHHH 3a6oJte-
BaHHH cJIH3UCTOH OGONOYKM moJocTH pra. «UynecHoe» deHcr-
BHe KPaCHOrO JIa3ePHOro Jiy4a STHM [ajleKO He HcUepnbiBaeTcs.

Cepbe3HoOlt mpo6GaeMoll 1 Bpadeil W3xaBHa Gbiia npoGue-
Ma cpallMBaHHA KocTe#l Iocse mepesioMoB. BhisicHHJIOCH, 4TO
H3JlyueHUe TeJHi-HEOHOBOrO Jia3epa CYILIECTBEHHO YCKOpSET
npouecc cpamuBaHUA KocTefi. Bce JleueHHe B JaHHOM clydae

oxuTCs K JECATKY-APYroMy ceaHCOB OGJyYeHHs MecTa Iiepe-
JOMa rejiMH-HEOHOBLIM J1a3epOM MOLIHOCTBIO MOpPSITKAa BCETO
jume 10 MBrT.

3a6osieBanHsl BeH HepeIKO NPUBOAAT K 00pa30BaHHIO TakK
Ha3hbIBaEMBIX TPOPHUECKHX £3B (IPEeHMYIIECTBEHHO Ha roJe-
HH). Koxa HOTH KpacHeeT, 3YIHT, HauHHaeT KPOBOTOYHTb.
TpanumuoHHbBle TepaleBTHYeCKHe H XHPYpPrUuecKHe MeTOAb! Jie-
YeHHs] TaKHX f3B CJIOXHEI H MaJiosbhdekTHBHE. U 3lech HeoxH-
IaHHO NMpULIe] Ha TIOMOLIb reJuH-HeOHOBHIH Jaszep. Kypce Je-
uenusi, cocrosiimuii u3 20—25 NEeCATHMHHYTHBIX CEaHCOB O6-
JiyueHHs] TPoHUYeCKOH $3BB MAJIOMOLIHBIM JIa3epoM, 3aKaH-
gHBaeTcsl, KaK MPaBUJO, NOJHbIM ee 3axHBJeHHeM. Takoil xe
uynecHbll agdeKT HabioJaercd Npu 06JNydeHHH TreJHH-Heo-
HOBBIM JIa3epOM ROJIrO He 3aXKHBAIOMIUX TPaBMaTHUeCKHX H MOcC-
JIEOKOT'OBBIX PaH.

OrnasieHHble MOCJENCTBHS Jla3epHOH TepanuH IIPH TPO(H-
4eCKHMX $13BaX W JIOJIMO He 3a:KHBAIOIIUX paHaX NpOBepsAJIHCh Ha
GOJILIIOM KOJIMYeCTBEe H3JeUeHHBIX GOJBbHBIX B CPOKH OT IBYX
IO ceMH JeT. B Tedenue 3THX cpokoB Y 97 % GBIBIIHX GOMLHBLIX
A13Bbl M paHB GoJlee He OTKPHIBANHCh M MWL y 3% Habmona-
JINCh PEUUAHBH 3aGOJIeBaHHA

Bce 5T0 MO3BOJIAIET TOBOPHTH O TOM, YTO KPaCHBIA JIyd re-
JIM{i-HEOHOBOTO JIasepa KaKHM-TO 006pasoM cmumyaupyem 6uo- -
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JA02uHecKue npoyeccs: B YeJlOBeYeCKOM OpraHuaMe, ueM U JOCTH-
raercst usseuenve. [losBuics cneumanbHEN TEPMHH «JlasepHas
6uocTUMyNANMA». MexaHu3M GHOCTHMYJIAIMH B HAacTOsLIee Bpe-
Msl ellle He BIOJHe fCeH. .

HHTepec TepanmeBTOB K Ja3zepaM CBsI3aH He TOJNBKO ¢ GHO-
ctumynsuueid. He MeHee HMHTepeCHEIM OKas3aJjoch BO3LeHCTBHE
H3JIydeHUeM MaJIOMOLIHOrO Jlasepa Ha GMONIOrHMYeCKH aKTHBHEE
TOYKH MOBEPXHOCTH Tesa yesoBeKa. MOKHO FOBOPHTB O Cgerno-
yKabiéaruy — CBoeoGpPasHOM BapHaHTe H3BECTHOrO cnoco6a
JleueHUsi HIJIOYKaJbIBAHHEM. CBeToyxanbmaHneM JleyaT pas-
NHuHBle 3360/eBaHHs, CBSASAHHBIE C PAacCTPOMCTBAMH HepBHOH
¥ COCYIMCTOH CHCTeMBl, CHHMAIOT GOJIM NpH paguMKyJHuTe H Io-
JIOBHble G6OJIM, pEryJUpYIOT KPOBSIHOE JaBJieHHe.

Yro Moryt aath Jasepbl Meaunune 3aBTpa? Mbl npusenn
NlaJleKO He MNOJIHBIA, HO TeM He MeHee BecbMa BHYIIMTEJbHBIR
nepeueHb NPAKTHYECKHX NPHMeHeHHH J1a3epOBB COBPeMeHHOH
KIuHUYecKoW MennuyHe. CerofHsa yiKe TPYAHO TNPeICTaBHUTb,
KakK 3TO BCero IBaAlaTh JieT Has3al Bpayd 06XOnHaHCh Ge3
J1asepoB? YcCNeXH KaK /4a3epHol xupypeuu _ (ocoﬁeHHo MHK-
POXMDYPTHH TJ1a3a), TaK W /Aa3epHoli mepanuy AeHCTBHTENBHO
orpoMubl. M Bce e 3TO TONBLKO NepBble Imaru, nepsble NpH-
KHIKH, NepBble npo0bl, KOTOPble YacTO HeJaloTcA HayTal.

IpencrosiT cephe3Hble HUCCAENOBAZHHS MeXaHU3MOB JelcT-
BUSl JIa3ePHOTO H3JNyueHUs] Ha OGuoJiornueckue oGbekTH. Ko-
HEYHO, TemJoBOe M YAapHOe BO3JeHCTBHS M3JYYeHHS Ha TKaHb
MOXKHO NOHSATb, HCXONSl M3 HM3BECTHHIX 3aKOHOB (u3uku. On-
HaKO 3THX 3aKOHOB HEJOCTATOYHO, YTOGBHl OGBSACHHUTH pPas3fiHy-
Hble fIBJIEHVS, KOTOpPble PasBMBAIOTCS B XMBHIX TKaHfAX moclie
o6/yueHHsl, ‘HanpuMep OTeK M BochajeHue. IToka eme Mbl He
3HaeM, KakKasi HMMEHHO [JIMHA BOJIHBI JIa3ePHOTO H3JyYeHHS
HauboJiee MOAXOLHT IJS1 TeX WM HMHBIX KJIHHUYECKUX IeJjel,
KaKkoO#l HMMEHHO peXHM reHepallMM M KaKasfi SHePrHs H3Jy-
YeHHs ABJAIOTCA HaWJAYYIIMMH B TOM HJIM MHOM KOHKDETHOM
ciydae. Bce 510 mpeacTout uccnenoBaTh ¥ NOHATL B GJvKaii-
IIHe JecCsATHJIEeTHUs.

$lcno, yTO noOnmOGHBIE HCC/EXOBAaHUA 3HAUUTENBHO NOBBICAT
3(p(peKTHBHOCTD MeIMUHMHCKHX NPHMeHeHH# JasepoB. Mul cMo-
EeM HaMHOro ToJiHee HCNO/b30BaTh NPH JeyeHHH GOJBHBIX
Te NpeuMyllecTBa Jas3epHOro Jyuya, KOTOPble OUeBHAHBI AJs
Hac yxe ceroaHsi. XHpypru OyLyT yBepeHHee o6paiiarbcs
C JlasepHbIM CKaJbliesieM, TepaneBTHl GYyAyT cMesee M vallle
Ha3HavaTb JasepHOe OOJyyeHHe, OHKOJIOTH OynyT GoJee
06OCHOBaHHO BHIGHpaTh HauGosee 9(ppeKTHBHEIA MeTOR Jie-
YeHUsl. A 3TO 03HayaeT, B KOHEYHOM CYeTe, 4TO Jiazephl GYAYyT
NPUMEHATbCS B ME[MIHMHCKOH NpaKTHKe 3HAYMTEJbHO LIHpe;
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HX HAYHYT HCIIOJb30BATb noscemécmuo. B Kamxmofl KIHHUKe
NOSIBATCS CIeHANU3UPOBAHHbIE KAaOGHHEThl, HA JBepHAX KOTO-
pbIX GYIYT, BO3MOXHO, TakHe TabJu4ykH: «/IazepHasi MHKpO-
XHpyprusi rjasa», «JlasepHasi onepanuonHas», «CseToyKaJbl-
BaHHe», «KaOuHer J/a3epHOH GHOCTHUMYJNSUHH» U 1p. ITH
KaOHHeTbl OYIyT OCHALIeHBl pa3HOOOpasHHIMH M GoJiee coBep-
[IEHHBIMH Jla3epHBLIMH YyCTaHOBKaMH. Be3 comHeHus, Jazepbl
H3MeHAT CaMblii XapaKrep JiedyeGHoro npouecca. OHH clenaloT
ero 6oJiee OLICTPLIM, NMpakTHYecku Ge300/ie3sHeHHBIM, GeCKpOB-
" HBIM, a TIJiaBHOe, 60Jlee Pe3yJIbTaTHBHBIM. .

Tako#t mpexcraBasiercss HaM KapTuHa OynyieH JasepHo
MeJUUUHBl B OOUHX depraX. [IpH 3TOM MOKHO, KOHEYHO, YKa-
3aTb M HeKOTOpble OTAeJbHble 3a[a4d, KOTOpble, MO-BHAHMOMY,
6yAyT pelleHbl B-3TOH 06JacTH B GuKkaiineM OyLyleM.

HauHeTcs mMpoOKoe npHMeHeHHe J1a3epoB LI OUABHOCMUKY
(anage roBops, IS pacloO3HABAHHA) Pa3/IMUHLIX 3a60/IeBaHHH.
Y3Ke ceronHs ¢ MOMOLIBIO resHH-HEOHOBOrO J1adepa MOIIHOCThIO
0,1 Bt noaygaioT (OTOCHHMKH KPOBEHOCHBIX COCYHOB PYKH.
3ameTuM, 4TO NPH [OMOIIM pPEHTreHOBCKHX Jydell Takue
CHUMKH MOJNYYUTb Hesb3f. BO3MOXHO, YTO C MOMOIILIO Ja3e-
POB MOKHO GyIeT NPOCBEYHBAThb BCH CHCTEMY KPOBEHOCHBIX
COCYIIOB 4YesIOBeKa H BbIIBJAATb pas3/IMYHble GOJe3HeHHEIe
usMeHeHHs B HuX. [IpuBezeM eme omuu npumep us objacTu
JazepHofl AMarHocTHKH Oynyinero. MssectHo, uto nsa ycneur-
HOrO JleYeHHsl DaKa BayKHO paHHee OCHapy:KeHHe 3JI0KayecT-
BeHHbIX onyxoJsel. JIa sTo#f Ue/MM MOXHO, B NPUHUHUNE, BOC-
MOJIb30BATHCA  YJALTPadHOMEeTOBLIM Ja3epHbIM JydoM. J[leso
B TOM, 4TO NOJ JeHCTBHEM TaKOro Jyda HEKOTOpble XHMHUeCKHe
COeIMHeHHUs, HaKallJiuBalolmuecs B OONbHBIX TKAHAX, HauH-
HatoT cBeTHThcA. [To Xapakrepy sTOro cBeuyeHHS MOXKHO OM-
pefleIMTh He TOJNBKO caM ()aKT BO3HHKHOBEHUS H BHJ ONYXOJH,
HO M ee pa3Mepbl H Jlaxe NMPHMepHOe BpeMs 3apOXKIeHHS.

Hosblfl 3Tan B pa3sBUTHU JlasepHOA XMPYpPruM HauHeTcd B
pesyJibTaTe [UHPOKOTO BHeAPEHUs! THOKUX TOHKHX BOJOKOHHBIX
CBETOBOJIOB, MO3BOJIAIOUIMX Je/iaTh BHYTPHUIONOCTHBIE Onepa-
uud Ges BCKpLITUS. B dacTHOCTH, MCHO/Nb30BaHHE TaKHX cBe-
TOBOJOB II0O3BOJIHT, HAaKOHell, 3aMeHHUTb GOPMAILUHHY Jia3ePHBLIM
JIY4YOM. :

JlasepHblil cKasbliesib OylieT [MHPOKO HCIOJ/Nb30BATHCA B
omepauusix MPaKTHYECKH Ha BceX opraHax. B wactHOCTH, OH
[OJNYYUT IUMPOKOe MPHUMeHeHHe B OlepaiHAX Ha cepile, B
HeHpOXHPyPrHH.

Byner MoHAT MeXaHH3M BO3JEHCTBUS JIa3ePHOrO H3JyUEeHHS
HU3KOH MHTEHCHBHOCTH Ha 3JI0KaYeCTBEHHBIE OMYXOJH. ¥ Ke
ceifyac HaOJIOMAIOT H3GHPaTeNbHOe JeHeTBHe JIagepHOro JIyda
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AuaMeTpoM 1 MKM Ha pasinuHble KJeTKH. O6Hapy:xeHo, 4TO
B 3aBHCHMOCTH OT IJIMHBI BOJIHBI JlasepHBIH JIyY MO-pasHOMY
ZieficTBYeT Ha JKHBble HOPMaJIbHble H paKoBble KJETKH, Ha yiKe
MepTBbie KJETKH. B pesysbrate MOLOGHBIX HCCJIeI0BaHHI
JlazepHasl Tepamusl CTaHeT, BO3MOXKHO, OCHOBHHIM METOLOM
JieyeHHs paka.

Byner wucciefioBaHo jeHcTBHMe Jia3zepPHOrO HM3JIyYeHHs Ha
COCTaB KPOBM H Ha INpOLECC KPOBETBOPEHHA. YKe ceidac
HMeloTcA O4YeHbh HHTepecHble JIaHHbIE O BJIHAHMM HHTEHCHBHBIX
HHpPaKpacHBIX Jla3epPHBHIX MMIYJIbCOB Ha KPOBEHOCHYIO CH-
cTeMy H RocTHBIH Mo3r. OrTMeueHO, B YacTHOCTH, 3aMETHOe
NOBHILIEHHe B KPOBH reMOIJIOOHMHA, SPHUTPOLHUTOB, KPOBSHBIX
NJacTHHOK. .

ByayT BbISIBJIEHB HOBble BO3MOMKHOCTH JiagepHOH GHOCTH-
MmyJasiuui. C MOMOIIBIO JIa3€PHOTO H3JIyYeHMs ylaacTcs aKTH-
BM3HpOBATh ‘DHEPTeTHYECKHe Ipollecchl B HEPBHOH CHCTEME,
eme GoJiee pPasBHTh 3alUTHHIE H BOCCTAHOBHTEJIbHEIE CIIO-
COGHOCTH YeJIoBeuecKoro opranuaMa. CoBpeMeHHBIH YeJIOBEK
TJ0TaeT CJIHLIKOM MHOrO TabJIeTOK — «OT HepBOB», OT IPO-
CTYabI, TMPH paccTPOACTBaX TeX MJH HHBIX opraHoB. OH IJO-
TaeT WX, KOrla eMy GOJIbHO HJIM CTPAILHO, KOTJa eMy He CIIHT-
_cfl, KOTJa OH B3BOJIHOBaH WJIH yIpyueH. Tax MoxeT GbiTb,
neNUTeNbHBI JIasepHEI JIyd IOMOXKET €My OCBOGOILHTHCS,
HaKOHell, OT 3TOH BpPefHOH NPHBBIYKHP

Cnp aBKk a. [IpuMepsl 0Te4eCTBEHHBIX Ja3epHLIX MEAHIHHCKHX yCTa-
HOBOK.

Jlasepnasi xupypruueckas yctanoska «Ckaibneib-1» . IlpuMensercs
npu anepanHAxX Ha OpraHax »KeJyJIOuYHO-KHIIEeYHOTo TPAKTa, NPH OCTAHOBKE
KPOBOTeYeHHH M3 OCTPHIX 3B KeJYJOYHO-KHIIEYHOrO TPAaKTa, NPH KOXKHO-
JIaCTHYECKHX OIlepalHusX, NPH JedeHHH THOHHRIX paH, NPH THHEKOJOrH-
yecKHX ONepanusax. B ycraHOBKe HCIOMb3yeTCs HellpephLIBHOrEHEPHPYIO-
muit COy-1asep MOMIHOCTBIO (Ha BhIXofle cBetompoBofa) 20 Br. Inamerp
Jla3epHOTO TSITHA MOXeT H3MeHATbed oT 20 no 1 MM; IMaMeTp nsATHa
peryJjupyercs TNpHOJHKEHHeM WIH yAajleHHeM HaXoJdulefca Ha KOHIE Bbl-
XOIHOI TPYOKH YKa3KH OTHOCHTE/IbHO GHoJslornueckodl TKanu. [Torpe6nsiemasn
momnocts 1,4 KBT. TaGapuTHeie pasmeprsr 60X 80X 180 cm. Macca 250 kr.

Jlasepnas xmpypruuyeckas ycraHoska «Casupi-MT» . Ilpumensercs B
ofuell XMPypruu, OHKOJNOTHH, TNPOKTOJOrHH. B ycraHoBKe wHcmosb3yercs
nenpepbiBHO-TeHepHpytomuii CO,-1asep MOmHOCTBIO (Ha BHIXOZE CBETONpO-
Bofia) 35 Br. IlnameTp s1asepHoro nsATHa MoxeT H3MeHaTbesd oT 0,5 1o
0,1 M. IMorpe6asiemast momuocts 1,7 kBr. T'aGapurhbie pasmepn 217X
220 50 cm. Macca 350 xr.

Jlazepnas 9HAOCKONHYECKAst MEIHUMHCKAs ycraHoBKa. Boarofapa namm-
uHI0 THOKOTO BOJIOKOHHOI'O CBETOBOJA M SHIOCKONA YCTaHOBKA MOXeET NpH-
-MEHATBCS AJIA BHYTPHIIOJOCTHBIX omepaunuii u ocMoTpoB. ChabxeHa sHMO-
CKONaMM PasHHIX THIIOB, NO3BOJSIOUMMH MCIIOJb30BATh YCTaHOBKY B JHar-
HOCTHKE H JICUeHHH IHIIEBONa, XeJyIKa, NeUeHH, JBeHaANaTHIepCcTHOH
KMIIKH, O60JOYHOH KMIIKH, TOJIOCOBEIX CBSI30K, GPOHXOB, Cepalla, Mouek.
B ycTaHOBKY BXOANT aprOHOBEI J1a3ep HeNpepbIBHOTO JeHCTBUS MOLLHOCTbIO
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7 Br. VIHTeHCHBHOCTb J1a3ePHOrO H3JYyYeHHs Ha BHIXORe SHAocKoma 150—
250 Br/cm?. CBETOBOL MpeNCTaBJSeT CO60H T'HGKHIH BOJOKOHHBIH XKIYT IH-
ametpoM 1,6 MM; fauHa cBeToBOAa 2,25 M, JUaMeTp OTAENbHONO BOJOKHA 5—
10 mxM. C OZHOro KOHI@ CBETOBOX ONTHYECKH COIVIACOBaH C J1a3epoM, IpY-
roff KOHel CBETOBOIA MPONYIIEH B KaHaJd SHIOCKONA. DHIOCKON ONTHUECKH
CBSI3aH C BHIEOKaMepOH, KOTOpas B COBOKYMHOCTH C BHAEOMAarHHTODOHOM H
TeJIeBH3HOHHOH CHCTeMOH OGeCrneuHBaeT 3alHCh M BOCIPOH3BeleHHe H306-
paxeHHs] BHYTpeHHeH CTeHKH oprasa. [a6apuTHble pasMephl YCTaHOB-
ku 150X 75X 140 cm. Macca 400 xr.,

Jlazepuas odranibmosiornueckas ycranoska «Sfrtaram» . Ilpexnasnaue-
Ha J/Is IPOBefeHHsT MHKDOXHPY PrHYeCKHX ONepauyi nepeXHero oTiena ria-
3a. [ITo3BoJisieT JleUHTh IVIAYKOMY M KaTapakTy, He Hapywas LeJOCTHOCTH
HAPYXKHBIX 060JI0ueK IV1a3a. B ycranoBke mcnosb3yercs MMOYJIbCHBIH Ja-
8ep Ha pyOHHe. DHeprus H3JyueHHs, COZepKamascsd B CEPHH U3 HECKOJb-
KHX CBETOBBIX HMNYJbCOB, coctaBaser 0,1—0,2 Ix. JIIuTenbHOCTb OTAENb-
HOro mMnyJbca 50—70 Hc, WHTepBaJ MEXKAY MMNYJAbCaMH B cepHH 15—
20 mxc. Juamerp saseproro nsraa 0,3—0,5 mm. :

INpumeduanue. YcramoBka «SITaran» He HMeeT 3apyOeKHHIX aHa-
goroB. Ona 3anarentoBana B CIIA, Bemuxo6puraumuu, Kauape, ®PT;
®pauuun, Vrtannu u gpyrux crpasax.

Jlasepnas ¢u3norepanesTHueckas ycraHoska YPJI-1. INpexnasnauena
LJIS JleyeHHsi OCTPHIX M XPOHHUECKHX 3a60sieBaHHI YeMIOCTHO-JHIEBOH 06-
JIACTH; MOXET HCHOJb30BATHCS IJIS ‘JIEUEHHS JUINTENbHO He SaXKHBAOMHUX
sI3B 4 paH, a TaKXe B TPaBMaTOJIOTHH, THHEKOJIOTHH, XHPYPruy (Mmocjeone-
panuoHHbIH nepuon). Mcnone3yercss Guonoruueckas akTHBHOCTb KPacHOro
Jiyda reJiHii-HeOHOBOTO Jiazepa (MOLIHOCTH u3aydyeHus 20 MBrt, uHTeHCHB-
HOCTh H3JIy4eHHs Ha MOBepXHOCTH oGbekTa 50—150 mMB1/cm?), TabaputHsble
pa3mepst 50X 51X 142 cm. Macca 110 «kr,



[IATBIT PACCKA3

JIASEPbI B JIOKALUHWH
u W3MEPUTEJIbHOH TEXHUKE

Kax ocymecrsuin nasepHyio Jokaumuio JIyHbI?
Ocenbto 1965 r. rpynna COBETCKHX YU€HbIX BHINOJHH/IA YHH-
Ka/JbHBIH 3KCNEPHMEHT, NO3BOJNIMBIIME ONpENeJHTh paccTos-
Hue 1o JIyHel ¢ TouHOCThIO 0 200 M. YueHble HCHOJIb30OBAIH
Jasep Ha pyOHHe, TIeHepHPOBaBHIMA T'HTaHTCKHE HMIYJbChI
paureabHocTeio 51078 ¢ (50 nc). /s NOCBIIKH JasepHBIX
HUMIYJbCOB K JlyHe W nocsenywollero npHeMa HMIYJbCOB,
OTPaKEHHBIX JYHHOH IIOBEPXHOCTbIO, IPHMEHSJICS ONTHYE-
ckuil teseckon KpeiMcKo#i ofcepBaTopuu. JluaMeTp rJIaBHOTO
3epkaJsa Tejeckona cocraBiaaa 260 cM.

[Tosznee, B 1969 r., Ha noBepxHOCTb JIYHBI BBICAJHJIHCH
aMepHKaHCKHe acTPOHaBTHI ¢ «Amnossona-11», a B 1970 r.
Ha JIYHHYIO NOBEPXHOCTb ONYCTHJICS YyNpaB/fieMbll ¢ 3eMJn
COBeTCKHH KocMHYecKHil anmapar «JIyHoXox-1». AcTpoHaBTHI
M JIyHOXOH JOCTaBHAM Ha JIyHy cheuuasbHble CBETOOT-
paxareny — Katagotbl. Kamagom (ero Ha3bBalOT TaKxke
Y20AK08bLM OMmpascamenem) peiHasHaueH 4Jisi TOro, 4ToObl BO3-
BpalaTh Najaloliyii Ha Hero CBeTOBOH JIyY Has3al — B Hampas-
JIEHHH, CTPOro napaJjeJbHOM INepPBOHAYaJbHOMY Hampasie-
Huo ayda. Tako#i cnocoGHOCThIO 06/1aflaeT «yroJoK», 06paso-
BaHHbIA TpeMs MJIOCKHMHM 3epKasaMH, OpPHEHTHPOBaHHHIMU
noi nNpsMBIMH yraaMu ApYyr X apyry (puc. 21, a). Kakoso
66l HM 6bLIO HampaBJeHHe NONaJaloLIero B 3TOT KYrOJOK» CBe-
TOBOrO Jiyya, BCE PaBHO IOC/Je TpeX OTPa)KeHHH OT CTEHOK
(sepkan) «yrojxa» Jyd GyjeT MMeTb HanpaBJseHHe, Napai-
Jle/IbHOe MCXOAHOMY. Ha npakTHKe BMecTO Tpex sepKas Hc-
NOJb3YIOT OCBIYHO TNPH3MY, TPH TIpPaHH KOTOPOH 06pasyioT
IpYyT ¢ ApyroM npsmbie yrasl. Ilanaromuit syu, npesomasscs, |
NPOXONUT BHYTPb IPH3MBI, HCHBLITHIBAET INOJHOE BHYTpeHHee
OTpaxeHHe MOOYePENHO OT TPeX YKa3aHHBIX rpaHedl U BEIXOAUT
H3 TNpU3Mbl NapaJjuiesibHO majawolieMy Jsyuy. Ilpesnomsenne
B aHHOM cJlyuae He fIBJIsileTCSl IOMeXOH; Benb ofa Jiyda (BXO-
ISIMA B NPU3MY M BBIXOASIIHMI M3 Hee) NPeJSOMISIOTCS OLH-
HaKoBD.

Hcrnionbays oTpameHMe NOCHIaeMbIX ¢ 3eMJH KOPOTKHX
Jia3epHbIX HMIYJIbCOB OT YTrOJKOBLIX OTpaxareseil, Haxons-
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MMXCA Ha MOBepPXHOCTH JIyHBI, yUeHBIe CMOIVIE ONpPelesNUThb
paccrosinve or 3eMad 10 JIyHel (TOuHee roBOpf, OT 3epKaja
3eMHOT0 TeJIeCKOIa 110 JYHHOr'0 OTpaykaTesisl) ¢ MOrPelliHOCTbIO,
He TpeBbIILALIeH HECKOJIbKUX JECATKOB CaHTUMeTpOB. UTOGHL
npeicTaBUThL ceGe, HACKOJAbKO BBICOKA TaKasi TOYHOCTb, HaJO
BCIIOMHHTb, 4YTo JIyHa Haxomutcsl Ha paccrosnuu 380 000 km
or” 3emsu. IlorpeliHocT H3MepeHHsl JalbHOCTH, paBHaf,
ckaxeM, 40 cM, B 10° pa3s MeHblne yKasaHHOrO paccrosinus!

B wnacrosiiee BpeMsi B MHpe CYLIECTBYeT ‘HECKONBKO Je-
CATKOB AQ3ePHO-A0OKAYUOHHBIX CUCMEM KOCMUMECKO20 HA3HAYe-
ruf. OHYM OCYIIECTBJASAIOT JoKauMio JIyHE H reojne3nyeckux

|

200cm

Puc. 21 a) XoA CBETOBHIX Jyuell B YTOJKOBOM OTpaxarene. 6) Ympouien-
Hasg CXeMa Ja3epHO-JIOKAIlHOHHOH CHCTeMHl KOCMHYECKOTO Ha3HAYeHHS:
1 — nasep Ha pyGHHE C SJIEKTPOONTHUECKHM 3aTBOPOM (T€HEPUPYET HMIIYJlb=
cbl zuTeabHOCTb0 10 HC), 2 — KBAaHTOBBIA YCHJHTENh, NOBLIAMIAN
SHEPTHIO JIa3epHOro uMnyabca 1o 3 JK (MOUIHOCTb TAaKOroO MMNyJbca NpH
nurensHoctd 10 ae pocturaer 3.108 Br), 3 — ruasHoe sepkano Teseckona.

HCKYCCTBEHHBIX CIyTHMKOB 3eMaH. B KauecTse npumepa yka-
JKeM Jla3epHO-JIOKAIMOHHYI0 cHCTeMy (PH3MYeCKOTO MHCTUTYTA
umenn I1. H. Jle6enesa AH CCCP, npennasnaueHHyo A7
aokanud JIyHel. JlaszepHas anmapaTtypa CMOHTHpOBaHAa Ha
260-caHTHMEeTPOBOM TeJeckone KprmMckoit oGcepBaTopuu. Y-
pomeHHas cXeMa CHCTeMbl NOKasaHa Ha puc. 21, 6. Cucrema
M03BOJISET #13MEPATh PACCTOSIHHE [0 JIYHHBIX OTpa)kaTesedl ¢
tounocTeld 10 90 cM. B panbHeilliemM 3a cyeT cokpaienis
JJIUTEJILHOCTH JIa3ePHOTO MMIyJibCa A0 2 HC NpeanoJaraercs
YMeHbIIUTh HOTPEIIHOCTh H3MepeHHsl AajbHOCTH 10 25 cM.

Ho 3auem usMepsTh paccrosnye 10 JIyHbE cO CTOMbL OrpOM-
HOM TOYHOCTBIO? Heyxean nojo6GHwe NOBOIBHO TPYLOEMKHe
¥3MepeHHs [eJIaloTCsl JIULIb U3  «CHOPTHBHOIO HHTepecas?
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Konenno xe, Her. IIpoBenieHne Takux u3MepeHUH OpraHH3YIOT
He JJiA TOro, 4ToOBl MOTOYHee Y3HAThb PacCTOSIHME OT 3€MHOro
TeJleCKOlla [0 JIYHHOTO OTpaxaressd, a AJsd TOro, 4TOOH I0-
TOYHee ONpeNeUTb USMEHEHUs STOTO PACCTOSHHS B TeyeHHe
HEKOTOpPOrO MpOMeXXYTKa BpeMeHH, HampuMep, B TedyeHHe
HelesH, Mecfina, roja. Kccienys rpadmku, onMchBaiomue
H3MeHeHHe PacCTOSIHUS CO BpeMeHeM, yuUeHble MOJY4YaloT HH-
tdopManyio AJa OTBeTa Ha PAl BOINPOCOB, UMEIOMUX GOJBIIYIO
HaYUHYIO BaXXHOCTb: KaK pacrnpejesieHa Macca B Hepax JIyHbr?
C Kako# LKOpOCTbIO JpelipyloT (cONMUKAIOTCA HJIH Pacxo-
ISTCA) 3eMHble KOHTHHEHThI? Kak H3MeHsieTCs €O BpeMeHeM
nojioxeHne mnomocoB 3eMau? HeusmeHHa Ju NOCTOSIHHAS
TATOTEHHS WJIH 3Ke OHAa MeJlIeHHO YMeHBIAeTcsl CO BpeMeHeM?

e npumensiroTcs Ja3epHble JokaTopwl? I[Ipemmosoxum,
4TO COJIMIKAIOTCA ABa KOCMHYECKMX annapaTa, NPeiacTOUT HX
aBTOMaTHYecKas CTHIKOBKa. Heo6XOmZuMO. TOYHO KOHTPOJHUPO-
BaTb B3aHMHOe II0JIOXKEHHe alnapaToB, TOYHO U3MepATb pac-
CTOAHHe MeXIy HHMH. 17 3TOoro Ha OJHOM M3 CTHIKYIOIIUXCA
annapaToB YCTaHaBJIHBAIOT JasepHblii JokaTtop. Paccmorpum
KOHKpeTHbIH JioKatop Ha ocHoBe CO,-s1asepa, reHepHpYIOLIErO
peryJisapHyI0 II0C/Ae0oBaTebHOCTh CBETOBHIX HMIYJBCOB C
yactoTo#l caepoBaHus 50 kI'm. JlasepHelil Jyd. ckaHupyeTcH
MOCTPOYHO (MOZOGHO 3JEKTPOHHOMY JIy4y "B TesleBU3HOHHOH
TpyGKe) B Ipeletax TeseCcHOro yria 5°X5°; BpeMs o63opa
JlydoM 3TOrO CeKTopa MPOCTPAHCTBA COCTABJACT 10 c. Jlasep-
HbIfl JIOKATOP OCYILECTBJISieT NMOHCK U ONO3HaBaHHE CTBHIKY-
eMoro ammapara B ceKTope 5°X5°, HenpepbiBHOE H3MepeHHe
€ro yrJIOBBIX KOODAHHAT W JaJIbHOCTH, OGecleuuBaeT TOYHOE
MaHeBpHpOBaHHe BIIIOTh JO MOMEHTa CTHIKOBKH. Bcemu ome-
panusMH JIoOKaTopa ympasiaseT GoproBasd DBM.

Hmnyabcrole  1a3epHble  A0KAMOPsL CETONHS HCIOMb3YIOT
He TOJbKO B KOCMOHABTHKe, HO M B aBHaUuH. B uacTHOCTH,
OHH MOTYT BBINOJHATH POJb TOYHRIX H3MepHTeJeHd BHICOTHI.
3ameTuM, YTO JasepHBIH BBHICOTOMEpD IpUMEHSJICS TaKke B
KOCMHYeCKHX KOopab/iax «ANosyioH» AJs KapTorpadupoBaHHS
[OBEPXHOCTH JRyHHI.

OcHOBHOE Ha3HaYeHHe JIa3epHBIX JIOKATOPOB — TaKoe Ke,
KaK W pPajMOJIOKaTOpOB: OGHapy:KeHHe U ONO3HaBaHHe YaJieH-
HBIX OT HabmonateNiss OOBEKTOB, CJIEXKEHHe 3a NepeMelleHHeM
5THX 0GBEKTOB, MOJNydYeHHe HHOOPMALHU O XapaKTepe OObek-
TOB M HX IBHXeHHH. Kak U B pajuosioKanuu, B ONTHYECKOH
JIOKallUU [J51 OOGHapymKeHHS OGBeKTa W IMOJydYeHHS HH(OP-
MafU¥ O HeM HCIHOJB3YIOTCA HMIYJIbCHl M3JIyYeHHs, OTpameH-
Hele o6bekToM. Ilpum 3TOM oOnTHyeckas Jokanua obJanaer
pAZOM MNpeHMYIIeCTB [O CPaBHEHHMIO ¢ pajguosokauueil. Jla-
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S€pHBIAl JIOKATOpP IMO3BOJsAET GOJlee TOYHO ONpPENeNsiTh KOOp-
IMHATEL U CKOPOCTh 06bekTa. Bosee TOro, OH jJaer BOSMOXK-
HOCTb BHISIBJIAAITb pasMepsl OGbeKTa, €ro qwopmy, OpHeHTalHIo
B npoctpaHcTBe. Ha skpaHne JnasepHoro .noxaTopa MOXeT GbITb
HOJTy YeHO Bnneovxsoépameﬂﬂe o0BeKTa.

[TpenmyiecTBa Jla3epHOH JIOKaLMH CBSA3aHbI C BO3MOXKHO-
CTbio ()OPMHDOBAHHS OCTPOHANPABJIEHHBIX CBETOBHIX IYYKOB,
BLICOKOH YacTOTOH ONTHYECKOrO H3JyYeHHS, HCK/IIOUMTENBLHO
MaJiOH JJIMTEJbHOCTBIO CBETOBHIX HMIYJLCOB (H3MepsieMOoi
HaHOCeKyBJIaMH M Jaxe MHKOCeKyHIaMH). [leidcTBHTebHO,
OCTPOHANPaBJIEHHHIM JIYYOM MOMKHO OYKBaJIbHO <OLIYIAaTh»
06BbeKT, «IIpOCMOTPeTh» pasHble YYacTKH ero MOBepXHOCTH.
Bricokas bacroTa ONTHYECKOTO H3JyYeHHS [03BOJIsAeT GoJsee
TOYHO H3MepHUTb CKOPOCTb 0ObeKTa. HanmoMHuM, 4YTO ecsd 0Gb-
" eKT JIBHKeTc Ha HabmojaTtenas (or Ha6/ojaTensi), TO OTpa-
JKeHHBIH UM CBETOBOH HMMYJIbC GyIeT HMeThb yiKe He HCXOLHYIO
4acTOTy Vo, a Oosiee BBICOKYIO (Gosiee HHM3KYIO) HacTOTy V;
OHa ompezeJsiercss 1o ¢opMyne v=vy(1+2u/c), rae u — cxo-
pocTb JIBHXKEHHSI OObeKTa, ¢ — CKOPOCTb CBeTa, 3HaK «-»
OTHOCHMTCA K CJIydYalo, KOria o0beKT IBHKeTCs Ha Ha6Joja-
Tess, a «—» — OT Habmoznartesasi. OT0 XOPOIIO H3BECTHHIH 3gh-
exm [onaepa. V3 npuseleHHoN GOpPMYyJIBI BHIHO, UTO JAOIJjeE-
POBCKOe CMellleHHe 49acToThl Av (T. e. pasHOcTb |[v—v,l) pasHo
2vou/c. UeM Bhllle 4acToTa Vo, TeM GOJbille H3MEpsieMOe BO
BpeMs JIOKaIHH IOINJIEPOBCKOe CMellleHHe 4acTOTH Av H, cJe-
JIOBaTeJIbHO, TeM TOUYHEe MOxKeT ObiTh ONpeleJieHa CKOpOCTb
oOovekta. HakoHeln, OTMETHM BaXHOCTb HCNOJbL30BaHUA B
JIOKaUUH JOCTATOYHO KOPOTKHX MMNYJICOB H3JydeHus. Benb
H3MepseMOe NMpH IOMOIIH JIOKaToOpa pacCTOsiHHe 10 00beKTa
ectb ¢Al/2, rie At — npoMexXyTOK BpeMeHH OT OTNpPaBJeHHS
30HIMPYIOLIETO HMNyJbca 0 NMpHeMa OTPaKeHHOrO UMHYJIbCa.
$lcHO, UTO 4eM KOopode caM HMMYJIbC, TeM 6GoJiee TOYHO MOXKHO
ONpefie/INTh 3TOT INIPOMEXYTOK BpeMeHH, a CJeoBaTeJbHO,
U paccTosiHHe 1O OOBeKTa.

BrpoueM, y ONTHYeCKMX JIOKALMOHHBIX CHCTEM €CTb H
cBoM cJalble cTopoHbl. KOHeuHO, NOBOILHO YAOGHO «OCMAaT-
puBaTh» OGBEKT NpPH MOMOLIM Y3KOTO *.0CTPOHANPABJEHHOro
Jayua Jasepa. OIHaKO He TaK-TO NPOCTO NpPH IOMOIIM TaKOro
Jyya OGHapYXHTb OOBEKT; BpeMs 00630pa KOHTPOJHpPYeMoii
06/1aCcTH NMPOCTPAHCTBA OKasLIBaeTcsl B JAHHOM CJlyyae OTHO-
cuTenbHo GoabumM. ITosToMy onTHueckHe JIOKauMOHHBIE CH-
CTeMbl YacTO HCHOJB3YIOT B KOMILIEKCe ¢ paAHOJOKAIHOHHBIMH.
INocnennue o6ecneunBatoT GLICTPHIA 0630p MpocTpaHCTBa, 06-
HapyXUBAIOT LeJb, a ONTHYECKHEe CHCTeMBbl 3aTeM H3MepsIoT
HapaMeTpbl OGHapYXEHHOH NeJiH, OCYLIECTBJIAIOT CJIeXKeHHe
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3a menbio. Kpome TOro, npu NMPOXOXKAEHHH ONTHYECKOro H3-
JyueHHsl uepe3 eCTeCTBEHHYIO cpeny (atMoctepy, BOLy) BO3-
HUKAIOT NPo6/eMbl; CBA3aHHble ¢ BO3JeHCcTBHEM CPellbl Ha CBe-
TOBOU JIy4. Bo-nepBuIx, CBeT MOrJomiaercs B cpene. Bo-BTophix,
MO0 Mepe pacHpPOCTPaHEHHs H3Jy4YeHHs IO Tpacce NPOHCXONHUT
HapacTalolee HCKa)KCHHe BOJHOBOrO (PpOHTA CBETOBOIO My4Ka
BCJeJCTBHe TYpPOYJIeHTHOCTH CPellbl, a TaKKe paccesiHUfl cBeTa
Ha YacTHUax cpeibl. Bce 5T0 orpaHuuMBaeT JasibHOCTb Hefl-
CTBHA Ha3eMHbIX M IOABOAHBLIX ONTHYECKHUX JIOKAIMOHHbIX
CHCTEM M CTaBHT HX pa6oTy B 3aBHCHMOCTb OT COCTOSTHHUS
CpémBl M, B 4acTHOCTH, OT MNOTOAHBIX ycnaoBui. Kasanoce 6,
'C 3THM HHMKakK Hesb3si 60poTbcfi. OIHAKO B NOCJENHHME TOAbI
OTKPBIJIH BO3MOXKHOCTb LieJIeHANPABJIEHHOTO HCHpaBJEHHs HC-
Ka)XeHHH BOJIHOBOTO (DPOHTA CBETOBOrO MydyKa, paclmpocTpa-
HAoUlerocst B atMochepe HJH MO MOBEPXHOCTHIO BOABL. ITY
BO3MOXHOCTbh HCCJIENyeT CleliHajbHOe HalpasJieHHe B COBpe-
MeHHOH ONTHKe, HasbiBaeMoe adanmugnold onmuxotd. O6 anamn-
THBHOH ONTHKE Mbl IOFOBOPHM MO3/HEe — B paccKase, MOCBS-
IIEHHOM HEJHHeHHOH ONTHKe.

Kak paGoTtaioT JasepHeie AANbHOMEPLI? Bosmo;xno, He BCe
3HAIOT, YTO OINMH M3 KpyMHeHAIUMX B MHpe YCKOpHTeseHl dYa-
cTUl, — CHHXPOTPOH B CepmyXxoBe — MMeeT KOJIbIEBYIO Ba-
KYYMHYIO KaMepy- MIHHOH npumepHo 1,5 KM. B nomepeunom
JKe ceyeHHH KaMepa uMeeT dopMy aanumnca c ocamu 17 u 11,5 e,
BHyTpH KaMepbl MyaTcsl MOCTENEHHO YCKOPSIOIIHECS CTYCTKH
POTOHOB, OMHCHIBASl OKPYKHOCTH AHaMeTpoM OKoso 0,5 k.
Mbl mpuUBENH CHHXPOTPOH KaK I[pHMEP COOPYIKeHHS, The
OorpoMHble raGapuThl COUYETAIOTCA C HCKIIOUHTENbHO BbICO-
KOH TOYHOCTbIO KOMIOHOBKHM Yy3J0B. B Hamm IOHH Takux
COOpYMKeHH#l cTaHOBHTCA Bce Gosbile M GoJblie. DTO KPYMHO-
raGapuTHble ONTHYECKHE CHCTEMBl (HAOpUMEp, CHCTEMBI /A
JIa3epHOr0 TepMOSIIEPHOr0 CHHTe3a), THTFAHTCKHE paluoTeie-
CKONbI C aHTeHHaMH JHaMeTpOM [0 COTeH MeTpOB, CTalejH
LJs COBpeMeHHBIX aBHasaliHepoB M MOpcKHX cynoB. Cioxa
e HaJlo0 OTHECTH H MHOTOYHCJEHHble CJOXHbIE HHIKEHEpHble
COOPYKEHHMS — MOCTbI, TOHHeJIH, BBICOTHble 3fauusa. [lpu
CTPOHUTENIbCTBE MONOGHBIX COOpPY:KEHHH, a TaKike Mpu pelre-
HHM pas/HYHBIX TeOle3HYeCKHX 3ajayu Tpe6Gyercsi H3MepsTh
M KOHTPOJHPOBATb PAaCCTOAHHSA OT JECATKOB METPOB IO He-
CKOJIbKHX KHJIOMETPOB C TOYHOCTBIO IO MHJIJIUMETPOB W JaiKe
none#t Munnumerpa. C atoRt 3afaveli nmpekpacHO CHpaBJsOTCS
nrasepHele 0aabHOMEpb. ¢ HenpepbiBHoim usayueruem. OBGBIYHO
. HX Ha3bIBAIOT 2000e3UHeCKUMU OarbHOMEPAMU.

Jlasep B TakoM JAaJibHOMepe TeHepHPYeT HelpephiBHOE H3-
Jy4yeHHe, HHTeHCHUBHOCTb KOTOPOrO MOLYJHUPYIOT .BO BpeMeHH
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10 3aKOHY CHHYyca ¢ HexkOTOpOH dactoroil f (B mpenesax npu.
mepro ot 100 kI'm no 500 MI'm). ITpomonymupoBanHOe H3JY-
YyeHHe TpeJcTaBJseT co6oH cBeTOBOe moJjie, aMIIUTYAa KOTO-
poro (ana mo6oro (GHKCHPOBAHHOTO MOMeHTa BpEMeHH) ne-
PHONHMYECKH H3MeHseTCsl BIOJb HampaB/eHHs paclpocTpaHe-
HHSI CBETOBOTO NYYKa B COOTBETCTBHH C CHHYCOMIAJbHOH OTH-
Garoweil, UMetolelt npocTpaHcTBeHHbIN nepuon c¢/f (puc. 22,a).
Hsnyuerne npoXomuT nyTh, LJIHHY KOTOpOro TpeGyercs H3Me-
pPHTb, OTpaxaeTcs Hasal, NPOXOXUT 5TOT NYThb BTOPHYHO H
nomnajgaeT Ha HCXOAHOM KOHIle Tpacch B Npu6op, HasblBaeMBIi
¢dasomerpoM. [lBoiiHOH npoxox mo Tpacce (Tyza B o6parTHO)

Puc. 22. a) [lpomonyiupoBannoe uanyuenuc, 6) Cusur ¢asel orubarwomei
OTpaXKeHHOI'0 CBETOBOrO NYydKa.

Tpe6yeT ONpeleNleHHOTO BPeMeHH; B pe3yJ/bTaTe BO3HHKaeT
COOTBETCTBYIOIMA CHBUr (3amasibiBaHue) pasbl” orubatolneii
OTpaxXeHHOrO CBETUBOTO Ny4ykKa MO OTHOIIEHHIO K (ase Oru-
Gatomeil ucxonHoro myuka (puc. 22, 6). Pasomerp HaMepser
3TO 3anasjbliBaHHe (a3bl; 110 HEMY H PaCCUHUTHIBAETCAIHCKOMOE
paccTosinye.

B kauecTBe NpHMepa OTMETHM COBETCKHH reoje3ndecKHi
JanbHoMmep «KBapuy Ha ocHOBe resiMii-HEOHOBOTO Jlasepa MOLl-
Hocthio 2 MBT. Hacrora monyasuuu f passa 753 MI'u. Hasb-
HOCTb HeHcTBHA IO 1 KM; NOrpeirHOCTb H3MepeHHsl paccrosi-
nua cocrasisier 0,2 mMM. Hapany c requii-HeOHOBHIMH Jase-
paMH B reole3HUeCKHX JaJbHOMepaXx NPHMEHSIOT TaKke WH-
KeKUHOHHBIE Ja3epbl Ha apCeHHie TaJJHs.

Kak nasep nomoraet NOBBLICHTb TOYHOCTH PaGoThl compe-
" meHHOro (pesepHoro craHka? dpesepoBanve — OJUH M3 HaH-
Goslee pacrnpoCTpaHEHHHIX MPOLECCOB MeTas006paGoTku. Ero
CYIIHOCTb TNOsCHAET puc. 23. 3arotoBka YCTaHaBJIUBAETCH
(3agpenifiercsl) Ha NOIBHIKHOM CTOJIe, KOTOPBIH MOCTymnateJib-
HO TlepeMellaeTcsl OTHOCHTeNIbHO Bpaliawoiuefica ¢pesbl, Kak
5TO I10Ka3aHO Ha PUCYHKe cTpeskoi. CyIlecTBYIOT TaKxKe HHble
BapHaHTLl — KOIJa 3arOTOBKAa HEMOIBMKHA, a MOCTYNaTe/bHC
nepeMelaeTcsi CynmopT ¢ Bpamaiomeiicsa ¢pesoi. Ilpu ¢:pese-
POBaHUM Ba)KHa BLICOKas TUYHOCIH YCTAHOBKH 3arOTOBKH Ha
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CTOJIe CTaHKa ¥ BHICOKAdg TOYHOCTb MepeMelleHHH cTOMA HJIH
cynnopra ¢ ¢pe3ofi. 10 0coGeHHO BaxKHO NpPH (pe3epOBAHUH
tbacOHHPIX MNOBepXHOCTeH (KOTAa CTOJA HJIH CYNIOPT COBEp-
WAIOT NepeMelieHUss He B ONHOM, a B TPeX H3MepeHHSX) H
nosepxHocTedl GospIOH naomanu. B kadecTBe mnpHMepa
OTMETHM, YTO B aBHALMOHHOH MPOMBIILIEHHOCTH MOPH H3ro-
TOBJIEHHH JIOHXKEPOHOB (OCHOBHBIX «CHJIOBHIX» 3/JIEMEHTOB Kap-
Kaca KpBIIbeB H (rosessika) TpeGyeTcsl NpenH3HOHHOE (acoH-
Hoe (pe3epoBaHHe NO GOJBIIOH MJIOLWIALH; NPU ITOM CyOIOPT

Puc. 23. ®pesepoBanne: i — Bpamaiomasics $pesa, 2 — obpabaThiBaeMasn
MeTa/lIHuecKas 3aroToBKa, 3 — MOABUIKHBIA CTOJ.

(hpesepHOro CTaHKa COBepllaeT MepeMelleHHsl Ha PacCTOAHHA
10 40 wm. .

B TaKHX yc/JI0OBHUSIX HEOOXOAMMO HM3MepATb M KOHTPOJHPO-
BATb PAaCCTOSIHHS C HCKJIOUMTENbHO BBICOKOH TOYHOCTBIO — JO
HeCKOJIbKHX MHKpOMeTpoB. KOHTpo/siMpyeMble pacCTOSHUA Ha-
¥00ATCS B MHTepBaJie MPUMEPHO OT CAaHTHUMeTPa 0 HECKONbKHX
JIeCATKOB MeTpoB. 3jech YLOOHO NPUMeHSTh UHmepgepomem-
puseckuti memod H3MepeHHsl PacCTOSHHH C MHCMOJb30BaHHEM
Jlazepa, dalle BCero rejui-HeoHosoro. [IpuHHMaloTcs Mephl,
yToOHl Jiasep TeHepUpPOBaJ JHIIb [EHTPAJbHYIO NPONQJBHYIO
Mony M 4To6bl ee uYacToTa Oblla HaleXHO CTaGHJIM3MPOBAHA.

Ha puc. 24, a npuBeleHa KOHKpeTHasi cxXeMa, HJIJIOCTPH-
pyiouias JaHHBIH MeTOl H3MepeHHs paccTOsSHHH. ODra cxeMma
[03BOJIsSieT, B YaCTHOCTH, KOHTPOJHPOBATh NepeMellleHHs CYII-
nopra (pesepHOro craHKa (WM 3aTOTOBKH, 3aKpeNJeHHOHN Ha
MOIBUKHOM CcTOJIe CTaHKa). Jlyd, BuiIXonsmu#d u3 Jsasepa,
paciienysieTcsi MOJYNPO3pa4yHblM 3epKajJoM Ha JBa Jyda —
OMOpHLIA M M3MepHTeNbHBIH. ONMOpHBIE JIyy HampaBJjsercs Ha
HEeMOIBHIKHOE OTpakaioliee 3epKajo, OPOXONUT NyTb L, H
oTpaxkaeTcss Haszal. M3MepureanHulft Jyu HanpasJjsieTcsi Ha
YrOJIKOBLIH OTpaaTesb, 3aKpelJieHHbIH Ha cynmopTe ¢pesb
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(um Ha ABMKYIIeHcs 3arOTOBKE), MPOXOAUT NyTh L, U TOke
orpaxaercss Haszal. O6Ga OTpakKeHHBIX Jyya TONANAIOT, B KO-
HEYHOM cueTe, Ha (POTONPHEMHHK, Tl€ NMPOHCXONUT HX HHTEp-
tdepennuns. PesyabTHpylomas MHTEHCHBHOCTb CBeTa, DPETHCT-
pupyeMass (OTONPHEMHHKOM, 3aBHCHT OT pasHocTH ¢as A
HHTepdepUPYIOIINX CBETOBBIX Jyueil, Koropasi, B CBOK Oue-
penb, 3aBHCHT OT pa3HOCTH nytelt AL, npoiiieHHBIX H3MepH-
TeJIbHBIM H ONOPHEIM syuaMu: A@=2nAL/A (3nech A — mInHA
BOJIHBI JiasepHoro usmayvenus). Ecnmu AL=FM, roe & — moGoe
1eJIoe MOJIOKHUTENbHOE YHCHIO, TO (OTONPHEMHHK 3aperhcTpH-
PYeT MaKCHMaJbHYI0 HMHTEHCHBHOCTb, a ecau AL = (2k41)A/2,

Henodbuwroe
3EpKGA0
| eses——— {

1

Yeonrobent
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Puc. 24. a) CxeMa, mimocTpHpyomas MHTep(epOMETPHUECKHA METON H3-
MepeHHs! pacCTosiHHi, 6) V3aMeHeHMs WHTEHCHBHOCTH CBeTa, perucTpHpye-
Moii (POTONPHEMHHKOM.

]

To MHHHMaJbHy10. Tak Kak AL=|L,—L,|, To mo Mepe mepe-
MellleHNsl oTpaxkaress Oyfer H3MeHATbcA AL. 3aMeTuM, 4YTO
AL=2Al, rne Al — nepeMeilienrie yTOJKOBOTO OTpaxaress.
[lo mepe usmeHenus AL 6yner u3MeHATbCSH H p~THCTpHpyeMast
¢oTONpPHEeMHHKOM HMHTEHCHBHOCTb CBeTa. OTH H3MEHeHHs IO-
KasaHbl Ha pHc. 24, 6, Ille N0 TOPH3OHTAJbHOH OCH OTJIOKEHB!
Kak 3HaueHHst AL, Tak u npoMexyTkH BpeMeHH Al (AL=2Al=
=2uAt, rlie 4 — CKOpOCTh nepeMemeHusi orpaxaresnsi). Ilpen-
HOJIOKHM, YTO INPH MNepeMelleHHH OTpaxarejs H3 OIHOrO
KpaflHero mOJIOKEeHHs1 B IPYyroe MaKCHMyMbBl H MHHHMYMBI
MHTEHCHBHOCTH CBeTa B (OTONpHEMHHKE cMeHHJHCh N pa3. 1o
03H4YyaeT, YTO CYNNOPT ¢pe3bl (MM 3arOTOBKA) NepeMecTUJICH
Ha paccrosinne Al=NM2. Jlquna BOMHBI CBeTa MH3BeCTHA;
Hano JHIIb noxcuuTath uHeao N. OHO, KOHEYHO, OTPOMHO,
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TAK YTO MOACYMTHIBATH €ro «Ha [J1a30K» HeJab3f. Jasa sroro
UCTIONB3YeTCA  3JIeKTPOHHOE  YyCTpolicTBO  00paGoTKH  HaH-
HBIX. :

Ha npaxruke sasepHelfi uHTepdepomerp paboTaer OGBIYHO
B KOMIJIEKCE € YCTPOHCTBOM HPOrpaMMHOrQ yrpaBJeHHs
cradkoM. [losToMy OZHOBpeMeHHO ¢ KOHTpOJieM NepeMelleHH
cynnopra (3aroToBKH) BO3MOXKHA aBTOMATHYeCKas KOPPEKLHUSA
9THX NepeMelleHUR ¢ TeM, 4TOOBI CKOMIEHCHPOBATH MOrpell-
HOCTH, CBAI3aHHblE, HamnpuMep, C HETOYHOCTBIO YCTaHOBKH 3a-
FOTOBKH WJIM C H3HOCOM pPexyLIero HHCTPyMeHTa B Mpolecce
paboThl CTaHKa. .

_CyurecTByeT IOCTaTOYHO MHOTO PasHOBHIHOCTeH .aa3eproix
unmepgpepomempos. M1 UCIONB3YIOT HX, KOHEYHO, HE TOJBKO
LJs TIOBbILIEHHA TOYHOCTH DPaGoThl (pe3epHBIX CTaHKOB. Jla-
3epHBle HHTeP(hEPOMETpPHl IWHMPOKO HDHUMEHSIOT B COBPEMEH-
HOH HM3MepHTeJIbHOH TeXHHKe Besle, rie TpeGyeTcs U3MEpHATDH
M KOHTPOJUPOBATb pACCTOAHHS IO HECKOJbKHX JeCATKOB
MeTPOB C TOUYHOCTBIO 0 MUKPOMETPOB. '

' Kak uameputh TOMHY Bosoca? Bpsip JiM KoMy MOHano-
6uTcA M3MepATb TOJLIMHY BOJMOCAa. A BOT M3MepATb U KOHT-
ponupoBath AHaMeTp TOHUYaHuell MPOBOJIOKH B DpOLecce ee
H3rOTOBJIEHUSA IelCTBUTEb-
HO HY¥XHO. Peub uger o mpo-

fpobonzia BOJIOKaxX JuaMeTpoM TmopsaKa
10 MKM H MeHbllle, KOTOpHIE,
KCTaTH roBOpfA, 3HAYUTEJHHO
Jlazen TOHBIIIE YeJIOBEYeCKOro  BO-

Joca (TOJIMHA BOJIOCA OKOJIO
Puc. 25. Usmepenne jguamerpa D0 MKM).
TOHKOH MPOBOJIOKH. Jna u3mepeHHs CTONb Ma-
JbIX OJMH (HaBepHOe, Jyuile
TOBOPUTH TOJIIMH) HCHOJb3YIOT fBJeHUe Ju@pakyuu ceema.
Y3kuifi JazepHbId Jy4 OT reJIMA-HEOHOBOrO Jla3epa HampaB-
JSIOT Ha U3MepfeMyI0 MPOBOJIOKY NephneHAHKYAAPHO K Hell
¥ HaGMIOKAIOT Ha 5KpaHe CHCTeMYy CBETOBBIX MATeH, BO3HUKAIO-
ulyio B pesyJibTaTe IH(GPaKUKU CBeTa Ha MPOBOJIOKe (pHc. 25).
Yecnosue nudpakuun uMmeer BHA sin @,=nM/d, roe d — au-
HefiHele pasMepbl MPeNATCTBHA, Ha KOTOPOM MPOHUCXONMT
anpakuua cseTa (B JAHHOM clydyae 5TO eCTh JHaMeTP MPOBO-
JIOKH), A — JJIHHA BOJIHBI JIa3epPHOTO H3JYYEHHs, 1 — MOPAL-
KOBbifl HOMep IMGbPaKLHOHHOrO CBETOBOTO MfATHA, ¢, — CO-
oTBeTCTBYIOUMHA eMy yroa nudpakuuu. Mamepsas paccrosiHus
MeXIy AUGPAaKUHOHHBIMH NATHAMH Ha 5KpaHe H PACCTOSHHE
OT 3KpaHa IO MNPOBONOKH, MOMKHO PacCY4TaTb U3 YCJAOBHSA
nupakmUM JuamMeTp [POBOJIOKH. ‘
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JlanHbifl MeTON N03BOJISIET NPOHM3BOAMTL HENPephIBHOE H3-
MepeHHe AHaMeTpa MPOBOJIOKM B IpoLecce ee MPOTATHBAHHSA
yepes ¢uapepy. Iloka nmamerp npoTsruBaeMoii NPOBOJOKH
HeH3MeHeH, COXPAHSAITCA H PacCTOSHUS Mexny AH(pPaKUHOH-
HbIMH NATHaMH. [IpH yMeHbIUeHHUH AMaMeTpa NPOBOJIOKH 5TH

' pacCTOsHUS BO3PACTalOT, a NPH YyBeJHYEHHH YMEHbILAIOTCH.

Ha npakrHke ynaercs onpelefHTb JuaMeTp TPOBOJIOKH C
norpentHocTbio o 1% (mpH 3HaueHHH KMaMeTpa NPHMEPHO
or 2 no 10 MKM).

Kak nasepsi H3MEpSIOT CKOPOCTb YacTHI, B TOTOKE KHI-
KocTd mau rasa? OfHa U3 OCHOBHBIX MpoGJieM a3pOAHUHaMHKH

' THAPOAMHAMHKH COCTOHT B HCCJIEAOBAHHHU KapPTHHbI ofTeKa-

HUA TeJ pasau4yHOH (opMBI GLICTPHIM MOTOKOM rasa HJIH KHA-
KOCTH. JlJ1f 5TOro Hallo yMeTb 3KCIepHMeHTaJbHO ONpeNestsiTh
MOAYJb ‘M HanpaB/ieHHe CKOPOCTH MOTOKa rasa (KHAKOCTH)
B pa3HBIX TOUKax notoka. OGBIYHO A8 OHpelesleHHsl CKOPOCTH
rasa BHOCAIT B HCCJeyeMOe MeCTO INOTOKa TaK Ha3biBaeMYlo
Tpy6Ky IluTO, M3MepfIOmYyIO NaBJieHHe rasa B JaHHOM MecCTe.
[IpumeHSIIOT TaKkKe TepPMOaHEMOMETpHI, MO3BOJSAIOLIHE CYIAHUTb
0 CKOpPOCTH NOTOKa [0 HHTEHCHBHOCTH TENJIOOTAA4H MpPOBO-
JIOUKH, HarpeBaeMoi sneKTpHuecKuM TOKOM. B oBoux Merodax
B NOTOK BHOCHTCA 30HA (B BHIe TPyOKkH [IuTO Mam Harperoit
POBOJIOYKH), KOTOPbIH, €CTeCTBEHHO, BO3MYyLIlaeT NOToK. B 3ToM
60JIbIION HENOCTATOK AAHHBIX METOHOB.

Yro6sl He BO3MyWIaTh HCCJAEAyeMblH [OTOK, MPHUMEHSIOT
onTHUeCKHe MeTOAbl H3MepeHHHl. B mpospauHbifl OTOK BBOAAT
B KauecTBe HeGOJIbIIONH DpHUMecH MeJIKHe YacTHIB!, NOCTaTOYHO
XOpOWIO pa3iuuuMble B Horoke. s BOABI 5TO MOLYT ObITh
MOJNIUCTUPOJIOBbIE LIAPHKH AWaMeTpoM | MKM, AJs rasos —
YaCcTHIB! ObiMa. 3aTeM HcCJelyeMble YYacTKH IOTOKa ¢ororpa-
¢upyioT (C yBeJqHYeHHeM) H H3MepSIOT IJIHHY H HanpasJieHHe
3aMKCHPOBAaHHBIX Ha (oTorpaduu TPeKoB, MNPeACTAaBJAOMMX
co6oil cMasaHHble M300paKeHHUA YacTHll, BBEIEHHBbIX B IOTOK.
[Ipu NaHHOM BpeMeHH 3KCHO3HMUMH JUIMHA TpeKa TeM GoJblle,
yeM Bblllle CKOPOCTb dYacTHubl. PaccmarpuBaeMblfl MeTon OT-

JIM4yaeTrcss HaArJIgIHOCTBIO, OAHAKO OH OYeHb TPYHOEMOK H K

TOMy e TMO03BOJIfieT BHIABHTb paclpelefieHHe CKOpPOCTed B
[OTOKe JIMIIb JJIS HEKOTOPOro (MJIH HeKOTOPBbIX) MOMEHTa Bpe-
MeHH.

BoJee mnpeamouTHTeNieH MeTOA, B KOTOPOM HCHOJb3yeTcs
paccesiHMe J1a3epHOrO M3JIyYeHHs! YaCTHIAMM, BBEJEHHBLIMH B
noToK rasa (kujakoctu). PaHee Mbl yxe roBOpPHJIM O TOM, YTO
B pesysabsrare sddexra Jonsepa u3MeHseTcss 4acroTa cBeTa
npu OTpaKeHHH OT IBHXKYyIeHcs mosepxHocTH. Ddexr Hon-
Jiepa MposiBJIAETCS TaKke B M3MEHEHHH 4acTOThl CBeTa MPH ero,
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paccesiHMHM IBHXKYIIUMHCSA B IOTOKe dacTHIamHu. H3sMenenue
YacTOThl CBeTa IPONMOPIHOHAJNBHO CKOpPOcTH MOoToKa. Ha
3TOM W OCHOBAHO JeHCTBHE JiasepHBIX H3MepUTeJeH CKOPOCTH
noroka. VX HasHBaIOT 4a3epHbimu OONAEPOSCKUMU QHEMOMEM:-
pamu.

CyiiecTBYIOT pas/iiyHble ONTHYECKHEe CXeMbl TaKHX aHEMO-
MeTpos. OfHa U3 HUX MOKa3aHa Ha puc. 26. 3xech paccMaTpu-
BaeTcsl NPOCTOH ciydal, KOTJla BCe YaCTHUB! NOTOKA ABHIKYTCH .
B OIHOM OINpelesleHHOM HampaBJieHHH; KX CKOPOCTb MOXeT
pas/nHuathCsl, TOJIBKO N0 Moxyso. CBeTOBOH Jyd, reHepHpy-
eMblii Jla3epoM (3TO MOKeT ObiTb, HalpuMep, resni-HEOHOBLIH

V/EL

” PomohpueHHUR:

L1

it

Momox

Puc. 26. CxeMa J1a3epHOTO JOIVIEPOBCKOTO aHEMOMETpa.

Jlazep HenpepbIBHOro AeficTBus MomHocTeio 10 MBT), mpeoGpa-
ayeTcsl CHCTeMOH 3epKal B J[iBa B3aHMHO [epeceKalolmuXxcs
JydYa, pacIpPOCTPaHSAIOMHUXCS MOA YTIJAOM o JAPYr K HIpYry
(nyun 1 u 2). Annapatypa ycTaHaBJHBaeTC TaKMM 06pasoM,
yTOGHl 3TH JIYYH NepeceKajHuchb APYT ¢ APYTOM B TOM MecTe
NOTOKa, rle TpeGyeTcs M3MepHTb CKOPOCTb; B NAaHHOM CJydae
3T0 ecTh 06JtacTh I0TOKa B6/MM3H TOUKH A. B paccmarpusaeMoit
cxeMe GOTONPHEMHUK YJIABJUBAeT Ty YacTb H3Jy4eHHs, pac-
cestHHOro BOJM3M TOYKH A, KOTOpas pacHpocTpaHsiercs
neprneHAVKYJNSIPHO INOTOKY. ¥YJaBjuBaeMoe (pOTONPHUEMHHKOM
U3JIyueHHe CONEePIKUT IBe paccesiHHbe CBeTOBble BOJHbHL. OlHa
BO3HMKaeT B pe3yJbTaTe paccesiHUsl CBETOBOTO MNydka I;
ee yactora ecTb v;=v [l—sin(a/2)u/v], rne v — wacrora Ja-
3ePHOr0 M3JyueHHsl, ¥ — CKOPOCTb.MOTOKa B TOuke A, v —
CKOPOCTb CBeTa B cpele NOTOKa. Jlpyras BOJHa BO3HHKaeT
B pesyJsibTaTe paccesiHHsl CBETOBOTO NydKa Z; ee 4acTOTa eCTb
vy=vl14sin(a/2)u/v]. PaccMarpuBaeMble BOJIHBI HHTepdepH-
pyioT; B pe3yJibTaTe (GOTONPHEMHHK DerHCTPHUPYET KoJieGaHusl
MHTEHCHBHOCTH CBeTa, HMeIOllHe 4acToTy, PaBHYIO PasHOCTH
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4acTOT HHTepGepUPYIOMUX BOJNH (TaK Ha3bIBAEMYIO 4acmomy
6uenutl): f=v,—v;=2v sin(0/2)u/v. B cooTBeTcTBYIOIIEM YyCT-
poficTBe Ko/eGaHHs CBETOBOH HMHTEHCHBHOCTH INpeofpasylorcs
B 3JIEKTPHYECKHH CHTHaJ, MOLYJHMPOBaHHBIH ¢ 4YacTOTOH OHe-
uull f. Mamepssi 9acToTy MOLYJIHPOBAHHOTO 3JEKTPHYECKOTO
CHTHaJa ¥ HCNOJb3ysl TpHBENEHHOe BHILlE COOTHOLUEHHE,
PacCUMTBHIBAIOT CKOPOCTb NOTOKA # B TOuke A.

JlasepHble [ONJIepOBCKHE aHEMOMETpPHl 06/afaloT psaoM
IpeUMylIecTB. B npouecce uaMepeHHsl OHH He BHOCAT B IOTOK
KaKuX-1M00 UCKaXKeHUH; U3/yyeHHe Jlasepa HMeeT B AaHHOM
clydae MaJylo MOIIHOCTh M MO3TOMY IpaKTHY9ecKH He Harpe-
Baer MNOTOK. HeoOblwafiHO mMHpPOK J1HanasoH H3MepseMbIX
CKOpOCTell — OT HHYTOXKHBIX CKOpOCTeH MopsiKa HoJedl MHK-
poMerpa B CeKyHAY (C Tako# CKOpOCTBIO pAacTyT pacTeHHs
U IBAXKYTCA JIENIHHKH) 0 cKopocteHl mopsinka 10 kM/c (Takue
CKOPOCTH B JECATKH pas HpeBbIIAOT CKOPOCTh 3BYKa). s
H3MepeHMH XapaKTepHa BHICOKAasl JIOKaJbHOCTb: HX MOXHO
BHIIOJIHATD B NpefiesiaX 06JacTH nuamerpoM Bcero 10 MKM (B
npenesnax 067aCTH, OXBaThbiBaeMOH C(OKYCHpOBAaHHBIM Jasep-
HBIM NATHOM). B03MOXKHEIE TeMIepaTyphbl HOTOKA NPAKTHUECKU
He OrpaHWYeHbl, OHH JieXaT B OuYeHb IUHPOKOM JHANa3oHe
3HAYeHHH — OT TeMIepaTyp KPHOTEHHBIX XKUAKOCTEH IO TeM-
nepatyp ropsideli miasmbl. Hakonen, JiasepHblif Meron H3Me-
peHHs] CKOPOCTH OTJIMYaeTCsl BBLICOKHM OBICTPONEHCTBHEM, YTO
103BOJISIET HCCJeNOBaTh OHICTPONpPOTEKAloNHe IpOHecchl B
rasax M JKHAKOCTHAX.

Buiarozapsi BceM 3THM JOCTOHMHCTBAM Jia3epHble NOIJIEPOB-
CKHe aHeMOMeTphl HAlIM HeOoObYaHHO MIHPOKOe NpUMeHEeHHe.
OHH HCHOJB3YIOTCH TPH H3YYEHHHM OCOGeHHOCTeH KOHBEKIHH
KHIKOCTH, TYpOYJNeHTHBIX TeUeHHH B PasJHYHBIX MKHIKOCTAX
H rasax, YHapHbIX BOJIH, BO3HHKAIOI[HX B CBEPX3BYKOBhIX
norokax rasa. VX INpHMeHSIOT Takke ~JJIA HCCJENOBAHHSA
BBICOKOTEMIIEPATY PHBIX ITOTOKOB I1J1a3Mbl B CBEPXOXJIaxKIeHHBIX
[IOTOKOB KPHMOTE€HHBIX MKHAKOCTeH, NPH aHa/M3e JBHKEeHHS
KPOBH 110 KPOBEHOCHBIM COCYIaM H TPH H3YYeHHH JBHXKEHHS
JIe[HUKOB. JlasepHble NOMJEpOBCKHE aHEMOMETPHl C MOJHBIM
OCHOBaHHEeM MOryT ObITh Ha3BaHH YHHBepCaJIbHbIMH H3MepH-
TeJNSIMH CKOPOCTH.

Yro Takoe Ja3epHbii rMPOCKON H 4YeM OH HHTepecen? Jla-
3epHBIH THPOCKON COBCeM He MOXOX Ha OOLIYHBIH T'HPOCKOI,
KOTOpHIAl TpencTaBsseT coOOH Teso, ObICTPO Bpalaoreecs
BOKPYT cBoeki ocH. OOflee MexXAy 3THMH TMPOCKONAMHM JIHIIb
B TeX 3alauaX, KOTOpble OHH BhIMOJIHSIOT.

JlasepHouti eupockon — 3TO Jd3ep ¢ KOJbLEBBIM Pe30HATO-
pom. Takoii pesoHaTop cofepKHT TPH HJH OoJee 3epKad,
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pacnooKeHHBIX B ONHOH IJIOCKOCTH TaKMM 06pa3oM, 4TOOBI
H3JlyuYeHHe LHUPKYJIMPOBAJO MO 3aMKHYTOMY KOHTYpy. Ha
puc. 27, a cXemaTHdYeCKH IIOKasaH JasepHbIH THPOCKON G
TpeX3epKaJlbHbIM Pe30HAaTOPOM. ~TpaekTopHs H3JydYeHUs B
pesoHaTope COOTBETCTBYeT NMepHMETPY pPaBHOCTOPOHHErO Tpe-
yronbHHKa. B Jlasepe ¢ KoOJbLEBLIM pPe30HATOPOM TeHepH-
pyiotcs e Geryuie CBeTOBble BOJIHBHI, PacnpoCTpaHSIOIMeC
BHYTPH pe3OHaTOpa HaBcTpeuy Apyr Apyry. OmHa o6eraer:
pesoHaTOp B HanpaBJieHHMH MO 4YacOBOH cTpeske, a Apyrasd —
B oOpaTHOM” HanpasjeHHHu. IlycTb v — wyacToTa 3THX BOJH.

INpennosoxum Tenepsb, 4YTO Jia3epPHbIH THPOCKON HAXOAUTCA
Ha naaTgopMe, KOTOpasi Bpalaercsi ¢ yr/I0BOH CKOpOCThiO €2

Jee yybembuy—~

MENHOCY Seprana

Awod

A3

@) 4 &

Puc. 27. a) Cxema J1a3epHOro rmpockona ¢ Tpex3epKaJbHbIM PE3OHATOpPOM,
6) Jlasepnblil THPOCKOD Ha Bpamaiomweics niaatdopme. 6) Paspes npumense-
MO Ha NpaKTHKe KOHCTPYKIHH J1a3€pHOTO TI'MpPOCKOIa.

BOKPYT OCH, NepHeHIHKYJSpHOH MJIOCKOCTH pesoHaTopa —
€e HasbIBAIOT OChIO YYBCTBHTEJNbHOCTH JIa3ePHOTQ THPCCKONa
(puc. 27, 6). B stom ciyuae gacToThl Geryiiux BOJH, TeliepH-
pyeMbIX B JIa3eDHOM THPOCKONE, OKa3blBalOTCH pasilLIMH.
Bosna, Koropas oGeraer pe3oHaTOp B HampaBJ/ieHHH, COBMNaja-
IOLleM C HalpaBJieHHeM BpalleHus NaThopMbl, HMeeT 4iCTOTY
vi=v (1—2QS/cL), a BcTpeuHas BOJHa HMeeT YaCTOTy vy=
=v (1+2QS/cE). 3nech- S — nuomane MHOTOYrosbiiuKka (B
JaHHOM CJIydyae TPeyroJbHHKa), Mo NepUMeTpy KOTOpOro pac-
npocTpaHsercs HajayueHue, a L — nauna mepumerpa. Crsur
4acTOTBl BOJIH BO BPALIAIOMIEMCS KOJbIEBOM Pe30HaTope MOXKHO
paccMaTpuBaTb KaK MpOsiBJIEHHE YXKe HeOAHOKPATHO YMNOMH-
HaBulerocs paHee sddexra HonJepa.

W3 npuBeneHHBIX COOTHOLIEHHH CJIeAyeT, YTO PasHOCTb
YaCTOT BCTPEUHBIX GETYIUX CBETOBLIX BOJH paBHA f=v,—v,;=
=4vQS/cL. DTH BOJHB BBLIBOASTCH H3 pe3oHaTOpa, COBMe-
Ial0Tca IPYr ¢ APYyroM H nonajarT B ¢oronpueMuuk. B pe-
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syJbTaTe HMHTepdepeHUUH BOJH (HOTONPHEMHHK PETHCTPHPYET
KoJie6aHMSl CBETOBOH MHTEHCHBHOCTH ¢ Yactoroi f (sT0 ecrth
yXKe YNOMHHaBlIasics paHee uvacrora Ouenuil). Vsmepsas f,
MOXKHO PacCyuTaThb YTJIOBYIO CKOPOCTH Q.

Takum 06pasoM, JasepHble T'HPOCKONBI MOT'YT HCIOJb30-
BaTbCA (M JeHCTBUTEJbHO MHPOKO HCIOJB3YIOTCS) B KauecTBe
u3mepuTeNiedl YTJIOBOH CKOPOCTH Bpamamomuxca Ttena. ua-
Na30H H3MepsieMbIX HMH YTJIOBBIX CKOPOCTell BeChbMa LIHPOK —
npuMepHo of 107¢ no 10 pap/c; MOrpemIHOCTs H3MepeHHs —
no 1078 pan/c. JlasepHble THPOCKOMNBI MOTYT H3MepSTh axKe
yIJIOBYIO CKODPOCTb BpalleHHs 3eMJIH. .

- B coBpeMeHHEIX KOHCTPYKUHfX Ja3epHBIX THPOCKONOB
OGBIYHO MpPHMeHsIeTCA TpPeX3epKaJbHBIH pe3oHaTop; B Kade-
CTBe AKTHBHOH Cpefbl HCMOJb3YIOT CMeCb TeJUfi ¥ HeoHa.
Tupockon H3roTaB/IHBAIOT B CIVIOUIHOM KyCKe KBapla, BHITa-
yyBasi BHYTPH COOTBETCTBYIOLMe KaHaJbl M/ CBETOBBIX JIyuei
M TOJIOCTH LJfA pasMellleHHs B HUX 3jekTponoB. K o6pa6o-
TAaHHOH KBapLeBOH 3arotoBke MOCJAe MOHTa)a 3JeKTPOLOB
NPUKPENJIAIOT B COOTBETCTBYIOLIMX MecTaX 3epKaja pe3oHa-
TOpa, 3a4TeM OTKAYHBAIOT BHYTPEHHHE NOJOCTH H 3aMOJHSIOT
HX CMecChIO reJiust 4 HeoHa. Ha puc. 27, 8 B ynpouieHHOM BHie
IaH pa3pe3 TaKOM KOHCTPYKUHH Ja3epHOro rupockona. On
OYeHb KOMIIAKTeH W HajexeH B paGoTe, YMeLIaeTCH HA JIAJOHH,

JlasepHble T'MPOCKONBI HaXOAST Pa3HOOOpPasHble MpUMEHe-
uus. OHM HCNONB3YIOTCA, HANpHUMep, B KauyeCcTBe THPOKOMMNA-
COB — HABHT'aMOHHBIX NPHOOPOB, MO3BOJSIONMX, B 4YacT-
HOCTH, OmNpeleJATh HampabBjeHHe Ha cesep. CylecTByoT
pasHble NpaKTHYeCKHe CXeMbl Jla3epHbIX rupokomnacos. Ilpo-
crefiuuéi BapHaHT TakoB. OpHEHTHPYIOT IJIOCKOCTb KOJbIe-
~BOTO pe3oHAaTopa TaKUM 06pas3oM, YyToObl ero Ooch YyBCTBH-
TEJBHOCTH OKas3asjach B IJIOCKOCTH FOPH30HTa, H H3MepsIoT
COOTBETCTBYIOILYIO COCTaBJSIOLIYI0 YTIJIOBOH CKOPOCTH Bpa-
menda 3emyd. 3aTeM MOCTENEHHO IOBOPAYHBAIOT THPOCKOMN
Tak, 4TOGhl OCh YyBCTBUTEJBHOCTH, H3MEHSfl HalpaBieHHe,
Bce BpeMsl OCTaBajlach B FOPH30HTaJIbHOM miockocTd. Haxonsar
“TaKoe TMOJIOMKEHHe, KOIJa perucTpHpyeMas -HPOCKOMOM CO-
CTaBJAIOWIAS YIVIOBOH CKOPOCTH BpallleHHs 3eMJIH OKa3biBa-
ercs HauGoJibiuell (MO CPaBHEHHIO C APYTHMH MOJIOKEHHSAMH).
HamnpaBjeHne OCH YyBCTBHTeJNBHOCTH THPOCKOMA B JaHHOM
moJIojKeHHH H OyJeT HampaBJieHHeM Ha ceBep.

Jlio6oit Haxonsuuiica B nosere anmapat (caMoJIeT, paKera,
MCKYCCTBEHHBIH COYTHHK 3eMJIM) NMPU OTKJIOHEHHSX OT nps-
MOJIHHEHHOH TPaeKTOPHH COBepIIaeT BpallaTe/bHble JBHKEHHS
B TOH WJM MHOH nuiocKocTH. KOHTPOMMpPYSA YIVIOBYIO CKOPOCTh
H yrasl [OBOPOTa NPH BCeX STHX [BHKEHHAX, MOMXKHO TeM
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caMbIM KOHTPOJIUPOBATh KaK TPaeKTOPHIO INoJeTa anmapara,
TaK U €0 OPHEHTALMIO B POCTPaHCTBe. BOT moyeMy JasepHbie
THPOCKOIbI IHPOKO HCIOJIB3YIOTCS B KauecTBe GoproBo#l ar-
napaTypel OpHeHTalMH H HaBelleHHsl B COBPeMEeHHOH aBHalliH
H B KocMoHaBTHKe. IIpu 3TOM nmpuUMeHSIOT TpeXMepHbie THpO-
CKOMbl — T'UPOCKONBl C TPEMS KOJbLUEBLIMM Pe30HATOpaMH,
IJIOCKOCTH KOTOPBIX B3aWMHO INepHeHIUKYApHE. OHH BbI-
MOJHSAIOTCA B CIJIOIIHOM KBapueBoM G6JIOKe B BHje Liapa, B
KOTOPOM BHICBepJINBAIOTCA KaHaJbBl [Jf CBETOBBIX JydYed B
TpeX B3aUMHO NepNeHAUKYJSPHBIX IJIOCKOCTAX. VIMeHHO Ta-
KHe JIa3epHble THPOCKONBI MOSBOJISIIOT KOHTPOJHPOBATH MOBO-
pOTHL annapaTta BO BCeX TPeX H3MepeHHsX.

CnpaBka. [pumepsl oTeuecTBEHHWX M 3apyGeXHBIX Ja3epHHIX
JIOKAUMOHHBIX M JaJbHOMEPHBIX YCTPOICTB.

J]aaepnolxtorcauuonubte CUCMEMbL KOCMUUYECK020 HA3HAYEHUR

Hantens- | IMorpew-
Crpana, Hasnaue- | Axtupnmit |OHEPrual ““yoery HOCTB
opraHH3anus HHE syement | HMOVJAB|  ympyne- | namepe-
ca, k| ‘ca, He HHsl, CM
CCCP, ®wusuuecknit| Jlyna | Py6un 2,5 10 90
uHcrutyT AH CCCP
CCCP, To xe Jlyna | Py6un 3 2 25
CIUA, Kocmuueckuii | HC3 Py6un 0,25 4 8
LEeHTP .
r P, Hucruryr ¢u-| HC3 Py6un 1—2 15—25 | 80—120
3HKHM 3eMJiH
®panuus, Hamuwo-| HC3 Py6un 1 12 40
HaJIbHBIA LEeHTD ’ .

Jlaseprvie 0QAbHOMEPbLL C HENPEPLIBHBIM UBAYHEHUEM
(2eo0e3uueckue OaibHoMepoL)

, H
S | £ |gs | g8
Tm(]h]_?ﬁ:éépa AxTuBHas cpefia s :E g % E i‘g
= . H e 52 e
=8 | #5 |48z St
CCCP, KOT-3 Apcenun rannus 0,91 1 2 20
CCCP, «Kpapu» Tennit — Heon 0,63 5 30 10
CCCP, » lesnii — Heon 0,63 2 1 0,2
CIIA Teanit — Heon 0,63 5 60 0,5
Ppanuns Tennii — HeoH 0,63 5 60 5
Isenus Apcenna ranaug 0,91 1 1,71 5




IECTON PACCKA3

YTO TAKOE
ONTHYECKAS TrOJIOrPA®US

MoxHO /M «3aMOPO3HTb» CBETOBYIO BOJHY?
Uro6bl MOROJBbILE COXPAHUTb SArOAbl, HX 3aMOPaXKHBAIOT.
B TakoM BHZIe OHHM MOTYT JOJIrO XPaHUTbCH B XOJOAHJIbHHUKE.
UYepes HeKOTOpOe BpeMsl HX JOCTalOT M3 XOJOAWJIbHHKA H
BOCCTAHABJIMBAIOT, WJIH, BhIpaxasdchb NpOIle, Pa3sMOPaxKHBAIOT.
Tak nocrynator ¢ srogamu. Ho MoxHO JiM mponenatb HedTo
noqo6GHoe CO CBETOBbIMH BOJIHAMH?

3anymaeMcs Haj TeM, 9TO O3HA4aeT CJOBO «BHAETb». Mkl
8u0um XKaKOH-TO OOBEKT — 5TO O3HAaYaeT, 4YTO HAIUM TrJas3a
yJIaBJIMBAIOT CBETOBble BOJIHBI, Hecyllve B ceGe HH(bOpMaUHUIO
0 BHelHeM BHIe o0bekTa. Kak BosHHKaT 5TH BOJHBI? Kasa-
Joch Obl, 3aueM 06 3TOM cIpaliuBaThb. Belb fCHO, YTO 3TO
CBETOBble BOJIHBI, OTpa)aeMble MOBEPXHOCTbIO OGbeKTa. CeT
OT KaKOro-HHGYAb OCBeTHTeJIs NalaeT Ha MOBEPXHOCTb 0Gb-
eKTa W YaCTHYHO OTpamaeTcsl OT Hee. IloKa HCTOYHHK cBera
He BBIKJIOUeH, NMPOMCXOIMUT HeNpephlBHBIH NpOlecCc BO3HHKHO-
BeHHSl OTPaKeHHBIX OOBEKTOM CBETOBHIX BOJH. Bce onH moO-
BTOPSIIOT OfHA IPYTyi0, BCe OHH HMelOT OXHY H Ty e (opmy
BOJIHOBOTO (pOHTA. ¥YJiaB/iMBaeMble [J1a3aMM HabJonartens,
OHH W TOPOXKIAIOT 3pHTeNbHBEIH 06pa3 oObekTa.

Hrak, urobbl «BupeTb» OOBEKT, HANO BOCIPUHUMATH (IpH
MOMOIIM OPraHOB 3peHHs]) MOTOK CBETOBBIX BOJIH C COOTBET-
cTBytomlefi IaHHOMY O0O6BeKTy (OpMOH BOJMHOBOro (poHTA.
OGBIYHO 1/ 3TOTO Tpebyercs, 4TOOB caM OGBEKT HaXORMJCH
nepes, HaGmopateseM. Onnako ofs3are/ibHO JiM 3707 Heusbss
JId BOCIIPOU3BOIUTbL TaKHe CBETOBble BOJHBI B OTCYTCTBHE O0B-
eKra?

OxasniBaeTcsl, 9T0 BosMoxHO. Kak pas aTuUM U 3aHMMaeTtesi
OnmMuU“ecKan  20A02pagus — HOBOE HayUHO-TeXHHYeCKoe Ha-
npaBJieHHe COBPeMeHHOH ONTHKH, AaKTHBHO HCIOJb3YIOLIee
KOTepPeHTHOCTb J1a3epHOTO H3JIyyeHHs.

O6uiass unes takoBa. CHayasa H3roTaB/HBaeTCs «yCTPOH-
CTBO», B KOTOpOM (UKcHpYeTcss M coXpaHsieTcss BCf HHGOp-
Malus O BHellIHeM Bule 00beKTa, COLEpXKaBlIasfcs B OTpaxKeH-
HOK OT of6beKkTa cBeToBOH BosiHe. (TepMun «roJiorpadus»
TepeBOLUTC KaK (MOJHas samuch»: OT rpedeckux holos —
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secb, noaroui n grapho — nuwy.) Takoe «ycTpoAcTBO» Ha3bl-
BalOT 20a02pammoll JaHHOrO ob6beKTa. BrociencTBuu, Korza
HaM TOHaJOCHTCH, yxKe B OTCYTCTBHe OOBEKTa, 3TO «YyCTPOH-
CTBO» (TOJIOrpPaMMa) HCHOJb3YIOT - A/ BOCHPOH3BENEHHS HO-
TOKa CBETOBBIX BOJIH, B TOYHOCTH KOHHPYIOIIUX TY CBETOBYIO
BOJIHY, KOTOpasi B CBOe BpeMsl OTpasHJiach oT obekra. Ilosy-
yaeTcsl, YTO BHauaJle Mbl KaK Obl «3aMODO3HJIH» OTpaKeHHYIO
00BEKTOM CBETOBYIO BOJIHY, a BIOCJENCTBHUH, yKe He IMOJb-
3yfiCb OGBEKTOM, - BOCCTAHOBHJIH (KaK Obl «pPa3sMOPO3HJIHY)
5Ty BoJHY. BrpoueM, 3nech Tpe6yercss HeGOJMbILIOE YTOUHEHHE.
Mb! «3aMOpaKuBaeM» CBETOBYIO BOJIHY, OTPa:KeHHYI OT 06b-
€KTa B KaKOH-TO omnpejiejieHHbIH MOMEHT BpeMeHH, a BIOCJE]-
CTBHH BOCIIPOHM3BOJAMM (TaK JOJro, KakK 5T0 IOTpeGyercs)
HeNpepsIBHbIA NOTOK CBETOBBIX BOJIH, KONHPYIOLUIUX BOJHY,
KOTOPYIO «3aMOPO3MJIH». TaK 9TO aHANOrMH C 3aMOparKHBa-
HHEM-pa3MOpaXKMBaHHeM frOf, 3fech, MO CYTH JeJsa, HeT.

Kak yxe OTMeYaJoch, «3aMOpaKHBaHHe» BOJIHBI W IIOCJe-
Lyiolllee BOCHPOH3BeJleHHe ee TOUHBIX KOMHWH OCYIIECTBJSAIOT
Ha NpaKTHKe NPH NOMOIUH «YCTPOMCTBA», Ha3blBaeEMOIo To0JIO-
rpammoli. IlpaBia, Kak-To HeJIOBKO TOBOPHTH O TOJIOTpaMMe
KakK 06 ycTpoiicTBe. Belb B CYIHOCTH 3TO BCEro JMlib HeKO-
TOpas - «<KapTHHKa», 3aHKCHpPOBaHHasA Ha (OTOMJIACTHHKE.
PasrasiapiBasi rosorpaMMy HOJ MUKDOCKOIOM, Mbl OGHapy UM
CJIOKHYIO KaPTHHY M3 TOHKHX NOJIOC. DTO UHMEPHeperyuonHbie
noaocet. OHU 06Pa3yIOTCs BCAEICTBHE HHTep(hepeHIMH BOJIHHI,
OTpaxkeHHOH 00DBeKTOM (ee Ha3biBAIOT 00BeKMHOL BOJIHOM),
¥ BCIIOMOTaTeJIbHOH (0nopHoi) CBEeTOBOH BOJIHBI. «3aMOpaXKH-
BaHHe» OGBHEKTHOH BOJIHBI NPOHCXONHT B MOMEHT OGpasoBaHHsA
vHTeppepeHIUOHHBIX ToJoc. B HX cJ0KHOM DepenseTeHHH
U 3ak/oueHa uHpopManus o ¢GopMe (GPOHTA «3aMOPOKEHHOM»
soJnbl. [lponecc cosfaHMa ¥ 3aKpelyleHHsi HHTepdepeHIOH-
HOH KapTHHBbI Ha3BbIBAIOT I[IPOLECCOM «3aMHCH TOJIOrPaMMbl»,
@daKTHYeCKH 3TO €CTb Ipolecc CO3JaHHA -TOJNOTPaMMbl, IIO-
CKOJIBKY IO HEro roJiorpaMMbl IPOCTO He GblIO, a Gbiia JIHILb
HEHCNOJIb30BaHHAsA (OTONNACTHHKA.

BHelutie rosorpaMma NoXo’Ka Ha 3acBedeHHBIH HeraTHB H
He uMeeT HHYero o6mero ¢ QororpaduuecKkuM HU306paKeHHEM
o6bekTa. Ho moctaBuM ee noa HyXXHBIM YIJIOM B ClelHaJbHO
paclIMpeHHbIH Jla3epHBI NMYYOK (HampHMep, B MyYOK OT rejuii-
HEOHOBOTO J1a3epa), M Mbl YBWIHM, KaK B Hell NPOCBET/IHTCS
CBOeOOpasHOe «OKOMIKO», BHYTPH KOTOPOTO BO3HUKHET OOD-
€KT, NIpHYEM OH NpeICTaHeT COBEPIIEHHO PeaslCTHYHBIM, 0Gb-'
eMHBIM, TaKUM, KakKiM OH MNpeACTaBJASJCH HaM, KOria Mbl
pasrJsibiBa/d HENoCPeNCTBEHHO €aM OGbEKT. D10 10 Henpas-
IONOoAOGHsl PEaNUCTHYHOE BHAEHWE BO3HHKAeT B YNOMAHYTOM
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«OKOHIKe» TJe-TO Mo3ajiu rojorpammbl. Camoro of6bekTa TaMm,
€CTEeCTBEHHO, HeT. Mbl BOCIpPHHHMaeM 3pHUTEJIbHO JHUIbL CBe-
TOBble BOJIHBI, SIBJISIIOIMECS KOMHUSIMH BOJIHBI, «3alHCaHHOMN»
Ha ronorpamme. [lpomecc Bocco3naHHsi 9THX CBETOBBIX BOJIH
Ha3bIBAlOT MPOLIECCOM «BOCCTAHOBJIEHHUS] TOJIOIPaMMbl», HWJIH,
WHaye, CYUTHIB2HHS TOJIOTPAMMELY.

Mbl BHAKM, YTO IJ1S1 CUMTBIBAHHSA TOJIOTPAMMBI TOHANOOMIICSA
JgaszepHbiit Jgyu. Eme 6osee BaxHylo, Gojiee NPUHUHUIHAIBHYIO
poJib Ja3epHbIf JIyu UrpaeT Ha 3Tale 3alHCH TOJOTrPaMMbL.
IlosnHee MBI y3HaeM, YTO CYLIECTBYIOT TOJIOTPAaMMbl, CUHTHIBA-
eMble B COJIHEUHOM CBeTe M Ja)ke cBeTe OObIYHON JiaMIbl HakKa-
JIMBaHHA. 3anuch e TOJOTpaMM BceTla INPOUSBONUTCH C
HCMONb30BAHUEM JIa3ePHOIO M3Jy4YeHHs.

[lepeiineM Tenepb K KOHKPETHOMY pPacCMOTPEHHIO Mpomec-
COB 3alHCH H CUHTHIBAHHUSA TOJOrPAMMBI. IJTO INOMOXKET HaM
MOHSITh OCHOBHBIE NPHHUUIBI ONTHYECKOH rosorpadpuu.

* KakoBbl OCHOBHbie NpPHHUMNBI ONTHYECKOH rosorpadmn?
Ham mocTaTouHO paccMOTpeTh NPOCTYIO (MIeasu3HpOBaHHYIO)
CHUTyalui0 — Koria o6wvekT moweynoii. Ha puc. 28, a moxa-
3aHa OfHAa M3 CXeM 3alHuCcH roJorpamMebl storo obwekra. Ha
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Puc. 28. a) Cxema 3anucn rosorpammel. 6) Bux rosorpammbl Toueunoro
obbeKTa. 6) [Noscuslomuii pucyHox.

(OTONJIaCTHHKY MNajaloT JBe CBETOBBIX BOJHBI — OTPaKeHHas
or obbekta A coepuueckas BojHa 2 (0GbeKTHas BOJIHA) U
BCIIOMOTaTesbHas MJocKas BoiHa [ (omopHas BOJHA). 3aMe-
THM, YTO BOJIHA HAasblBaeTcs MJIOGKOH MM cdepHUecKOH B
COOTBETCTBHH ¢ (POPMO# ee (DPOHTA; CeUEHHS BOJHOBHIX (BPOH-
TOB NOKa3aHbl Ha PUCYHKe IUTPHXOBBIMH JIMHHAMH. B pesyiin-
TaTe MHTEp(hepeHLUH BOJH [ M 2 Ha ¢oTonNacTHHKe o6pasyer-
cs cucmema uxnmeppepeHyUOHHbIX NoAOC; OHAa INOKasaHa (c
yBesnyeHHeM) Ha puc. 28, 6. D10 eCTh roJorpamMma TOYEYHOrO
o6beKkTa. PaccTOSTHUA MeX1y COCEIHMMH NOJOCaMH Pas/IMYHbI
B pasHbIX MeCTaX FOJOrPaMMbl; B KaXKAOM MecCTe 3TO paccrosi-
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HHE PaBHO OTHOLIEHHIO JJIMHBI BOJNHBEI CBeTa K CHHYCY YrIJa,
KOTOpbif 06pasyloT APYr ¢ APYroM OGBEKTHBIH H OMNOPHHIH
CBETOBBIE JIYYH, BCTPedalolyecss B AaHHOH TOYKe MOBEPXHO-
CTH TOJIOTPaMMBbl (B 3TOM MOXKHO yGeIuTbes, OGpaTHUBIIMCH K
gcnomorarenbHomy puc. 28,6). Ha puc. 28, a shizesens
Bcero ABa OOBeKTHBIX Jyua (nyun AB u AC) M 1Ba coorBer-
CTBYIOIMX UM ONOPHBIX Jyua (ayun DB u EC); yrisl mexny
JyyaMu (yriel HHTepdepeHIHH) 0GO3HaueHbl KaK O U 0O.
[l yuaCcTKOB IOBEPXHOCTH TOJIOTPAMMBI BGJIN3H Touek B u C
PAcCTOSIHUA MEXNY COCeLHHMH HHTep(epeHUHMOHHEIMH I0J0-
caMH paBHBI COOTBETCTBEHHO d;=MA/sin o, u d,=A/sin o,, rae
)\ — InMHa BOJIHHL cBeTa (puc. 28, 6).

Tenepb paccMOTpPHMM 3Tall CUHTBIBAHUA IIOJYYEHHOH TIoJIO-
rpaMMmel; OH MOKasaH Ha puc. 29. Hanpasum Ha romorpammy
CHUMObIBAIOU4NO CBETOBYIO BOJIHY (BosIHA I), KoTopas HoJKHA
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Puc. 29, CunTeiBaHHe roJiorpammsl.

6bITb TOYHOH KONHeH ONOpPHOH BOJIHBI, HCIOJb30BaBLIeHCA
Ha 3Talle 3aluCH rojorpaMMel. YacTHYHO CUMTHIBAIOAs BOJIHA
NPOHIeT CKBO3b rojiorpaMMy G6e3 H3MeHeHHH, a YaCTHUHO
ucneimaem Ougpaxyurd Ha CTPYKTYpe HuHTepdhepeHIHOHHbIX
nosoc, 3aMKCUPOBaHHOH Ha roJjiorpamMMme,— BO3HHKHYT IBe
OJugpazuposarubie cBeroBble BOJHBL. BriIeJuM B CUHTHIBa-
olie#l BoJIHe ABa cBeTOBBIX Jay4a: DB u EC. Jlyu DB nanaer
Ha y4YaCTOK TFOJIOTPaMMEl, [lie pPacCTOsIHHE MeXIy uvHTepdepeH-
IHOHHBLIMH [I0JI0CaMH ecTb d;; OH GyleT Audpar#poBaTb MOL
yrjaom Aubdpakuuu B, onpenessieMbIM U3 YCJIOBHS AHGPaKUUH!
sin B;=>MA/d; (HanmoMHMM, YTO yc/nOBHEe IH(PpPAKUMH YkKe HC-
N0JIb30BAJIOCh paHee: CM. MNATHIH pacckas, NyHKT «Kak u3-
MepHTb TOJLIMHY Bosoca?»). Tak Kak dy=AM/sin oy, TO, Clle-
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noBatesibHO, Pi=a;. CoorBercTBenHo ais ayuya EC HaxonuMm,
uto P,=0,. 3xech npossagercs ofllee NpPaBHIQ: Yroa IH-
¢dpaKuuu B KaxInoH TOUKe roJiorpaMMbl paBeH Yryy HHTepde-
peHuuu 115 stoft ToukH. IdudpparnpoBanuele ayud BF n CG
npHHanIexar AudparupoBaHHol Bosne 2, a syun BH n CK —
BoaHe 3 (cM. puc. 29). Mcnonbsys sTH Jyud, Mbl HAXOIUM JiBa
H306paKeHHsl TOYeYHOro OOBeKTa, BOCCTAHABJMBAaeMble C TO-
JorpamMmbl — Mrumoe (nsobpakenne A;) u Oedicmsumenvroe
(usobpaxkenue A,).

Ha puc. 29 Boinenena nudparupoBaHHasi CBETOBas BOJHa 2.
Jlerko BHAETb, UTO OHa fIBJIAeTCA TOYHOH Konued OGBEKTHOH
BOJIHBl 2, HCNOJb30BaBlIeficss Ha 3Tane 3alUCH TOJIOTPaMMEL.
Takum o6pasoM, Mel y6exnaeMcs, 4TO B pesyJbTaTe AUG-
pakuMM CYMTHIBaIOLIe# BOMHBI Ha rOJIOrPaMMé paccMaTpuBa-
eMoro oGbeKTa JAeHCTBHUTENBHO BOCIPOM3BOAUTCH BOJHA, SB-
adowascsad Konued oO6beKTHOH BOJHBL. B JaHHOM cayuae
»Ta BOJIHa (OpMHpYeT MHHMOe H300paxKeHHe OGBEKTa.

TlpencraBuM Tenephb, 4TO BMECTO TOYEYHOTO OGHEKTa HMeeT-
csl pealibHbIH mpexmepuoid 06beKT. OTpaKeHHYIO 3THM 00b-
€KTOM BOJIHY Mbl MOXeM paccMaTpHBaTb KakK CyMMy (cymep-
No3unHMi0) cepHuecKHX BOJH, MNOPOXKIEHHBIX PasJIHUHBIMHU
TOYKaMH OTpaxarolllefi moBepXHocTH o6vekTa. [osorpamma
BOCCTaHABJIHBaeT KaxAylo M3 3THX chepUueCcKHX BOJIH; CJle-
JIOBaTesIbHO, OHAa BOCCTaHaBJMBaeT OOBEKTHYIO BOJIHY, OTpa-
JKEHHYIO TpeXMepHLIM 06beKTOM. [IpH cUHTHIBAHMHY rOJIOTPaMMBb
Ha6monaresnb OYyIeT BOCIPHHHMATb 3Ty CBETOBYIO BOJHY,
SIBJISIOILYIOCS TOYHOM KomMell OGBEKTHOH BOJHBI; B pe3yJb-
TaTe OH YBHIUT 00%eMHOe MHUMOe H300pa)keHHe OOBEKTA.
IlockonbKky Ha6monatesNb BOCIHPHHUMAET TOYHO TaKYIO IKe
CBETOBYIO BOJIHY, KaKasi OTpamaJsach Obl HENOCPEeNCTBEHHO
oT caMoro o0beKTa, TO HalJiofaeMoe MHHMOe H306GpakeHue
o6beKTa OKa3blBaeTcsl He NPOCcTO 0O6beMHbIM. OHO Gyner Bbl-
IJISIeTh TaKUM K€ pPearucmudnsim, Kak U caM o6beKT. MeHss
TOYKY HaOJ/IoleH!s, MOXHO YBHIETb, KaK OOBEKT MeHseT
CBOIO OpPHEHTALHIO, «IIOBOPAaYHBasicky K HaM TOH WM HHOH
CTOPOHOM, KaK BLICTYNAalOT HOBble NeTasH, KOTOphle A0 3TOro
3aropaKUBajiuCch OGBEKTOM.

3aMeTyM, 49TO BCeMH MPH3HAKaMH peajbHOTO 00BbeKTa
o6najaer B JaHHOM cJy4ae TOJbKO MHHMOe H300paKeHue.
Benr 1¥MeHHO OHO (hOpMHpPYeTCS CBETOBOH BOJIHOH, SsIBJSIO-
meicss KomHeH OGBbeKTHOH BOJHBL. JleficTBHTeNbHOE 3Ke H30-
Gpa)eHHe BBITVIIIUT KaK Obl «BBIBEPHYTHIM HaH3HAHKY» — T€
TOYKH OOBEKTa, KOTOpble HaXOIMJMCh JaJjbllle OT Ha6Jona-
Tensi, OYAyT NpeiCTaBASITbCH Telepb PaCMONOXKEHHBIMH GJH-
xe. Takoe wn3o6paxkeHHe Ha3blBAIOT ncesdocKonuyHbim. Ecan
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H3MEHHTb CXEeMY CUMTBIBAHUS TOJIOTPAMMEI, IOChIJIas CYUTHIBAIO-
IYIO BOJIHY B HANPaBJIeHHH, 06pamHOM HaNpaBJIEHHIO OIOPHOH
BOJIHBI (HAZO OCBeLaTb TOJOrPaMMy ¢ OOpaTHOH CTOPOHBI),
TO TOrJa JeHCTBUTENbHOE H300paKeHHe CTAHET PeasUCTHUHbIM,
a MHHUMOe GyIeT IMCeBLOCKONUYHBIM. :
Muorna MOXKHO ycJbIlaTh: TOJOrpPaMMa BOCCTaHABJIHBAeT
obbemHOe H3o6paxeHHe o0bekra. Ywdrarenb, BHHUMAaTeJbHO
cIeMUBIIMA 32 HALIUMH DacCyXIeHHAMH, Cpa3y ke IOUyB-
crByer GeJHOCTb TaKOro 3akJouenus. [osorpamma BoccTa-
HaB/JMBAae] He MNPOCTO OGBeMHOe H300paKeHHe OObeKTa, a
HeuTo0 ropasfgo OoJjiee CYIIECTBEHHOE — 0OBEKMHYI0 COCMOBYH
8oany. Yl mostoMy H3o6paxeHHe OObeKTa (MHHMOe HJH JeH-
CTBUTEJbHOE) OKasblBaeTc He NPOCTO OOBEMHBIM, a peau-
CHIUYHbIM. :
paCCMOfI'EeHHbIﬁ NpHUMep XOpOWO JEeMOHCTPHPYeT HABYX-
CTyneHYaTHIH (IBYXSTalHBIH) XapakTep rosorpaguyeckoro Me-
TOla MOJMyuYeHHs H300paxeHu#. Ha nepsom stane rojorpammy
sandceiBanT. Miso6paxkeHne ke OObeKTa MOJNY4YAlOT JHUIb Ha
BTOPOM 3Tane — NP CYUTHIBAHHH TOJOTpaMMbl. 3alHch ro-
JOrpaMMsl OCHOBaHA Ha HCNOJNb30BaHHH SABJEHHS uHmepge-
peHyuy CBETOBBIX BOJIH, a CYMThIBaHMe — Ha fIBJIeHHH Ou-
¢pakyuu cera. Jns uHTepdepeHUHH CBETOBbIX BOJH INPHH-
[MOHAJBLHO BaxKHO, 4TOGbI STH BOJIHBI 0GJajatH IOCTaTOYHO
BBICOKOH Koeepermruocmow. TlosToMy A/ 3aIlkCH TOJOrPaMMbl
HeoGXOIMMO HU3JIy4eHHe Jazepa. JIydyoM Jasepa OCBeIalOT
rosiorpadpupyeMbelii  O6BbeKT, STOT XKe JIy4 HCIONb3YIOT U B
KauecTBe OMOPHOro. Brlme MBI rOBOPHJIH, YTO CYMTHIBAIOLIAf
cBeToBasi BOJIHA HOJIKHA ObITh Komue#d omopHo#t BosHHEL. Or-
cI0fa CJefdyeT, YTo Jyd Ja3epa HeoOXOAHM TaKxe H HJf CUH-
THIBAHHMSL [OJIOTPaMMbl. DTOT BHIBOL, OJHAKO, He sBJsercs
KareropuynbiM. CyIIECTBYIOT TONOrpaMMBl, KOTOPbIE MOMKHO
CUHTBHIBATh COJNHEYHBEIM CBETOM HJIH Ja)e CBeTOM 3JIeKTpHue-
CKOHM JiaMnbl. DTO TaK HasblBaeMble 06BeMHbie OTPaXKkaTe/bHbIe
rosorpaMMbl. OHH CYyLIECTBEHHO OTJMYAIOTCA OT HCIOJb30-
BaBIIHXCA B NPEIbIIYIIUX PacCyXISHHAX NAOCKUX TOJOrPaMM.
YeM OTJIMYAIOTCH OODBEMHBIE TIOJOrpaMMbl OT MJOCKHX?
Oum OTIMYAIOTCS TOMIHUHOA (DOTOUYBCTBHTENBHOTO CJIOSI, B
KoTopoMm (puKcHpyeTcsi HHTepdepeHIHOHHas KapTHHa. Ecau
TOALMHA CJIOS MOpSAKa AJHMHBI CBETOBOH BOJIHBI, TOJNIOrPaMMy
Ha3bIBAIOT IJIOCKOH, a ecaHM CYyLecTBeHHO O6oJblue JJIHHbI
BOJIHB — OOBeMHOH. XapakTepHasi TOJIIHHA cJos Y 0OBeM-
HHX roJorpamMM okosmo 20 MM, 4ro B 30 pa3 GoJblue IJHHBI
BOJIHBI T'eJIHi-HEOHOBOTO Jasepa. ’
Ilnockas rosorpaMma &uKcHpyeT pe3yJabraT. HHTepde-
peHLuH O0BeKTHOH U ONOPHOH BOJIH HQ naocKocmu, a 06beMHas
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ronorpaMma — 8 obveme. IloaToMy, ecqum B IUIOCKOH roJo-
rpaMMe peaJiu3yeTcsi IJIOCKas KapTHHA UHMEpPHepeHyUOHHbLY
noaoc, T0 B 06beMHOH TOMOrpaMMe MBI HMeeM JeJIO C TPOCT-
paHCTBEHHOH CTPYKTYPOH, cocrosulell M3 unmepgepenyuon-
Holx caoes. TIpu 5TOM Halo UMeTh B BHALY, 4TO caMa (OTO3MYJIb-
CHSl NPaKTHYECKH COBEPLIEHHO MpPO3pavHa.

Jubpakuus cBera Ha OGBeMHOH CJIONCTOH CTPYKType
HMeeT KauyeCTBEHHbie OTJIMYHA OT AH(pPaKUHH Ha IVIOCKOH
cTpykrype u3 mojoc. Ocof6eHHO SIpKO OHM TNpOABJSIOTCS B
cllyuae 0mpasamenbHolx OGBEMHBIX TOJNIOTPaMM — KOTAA IH-
¢parupoBaHHas CBeTOBasl BOJIHA OKa3blBaeTCs BOJHOH, OTpa-
JKEHHOH OT rOJIOTPaMMBI.

dro orpaxenHe ocoleHHOe, TaK Kak sABJIAeTCA, NO CYTH
Iiesla, He OTpaxkeHHeM, a NHbpakuueld. Mbl yxke BcTpedajHCh
C HUM, KOrja BO BTOPOM pacckase roBOpWJIH 06 aKycTOOMN-
THYeCKOM 3aTBOpe. TaMm mnpoMcxomusa mudpakius cseTa Ha
CJIOUCTOH CTPYKType H3 YIJIOTHEHHH H paspexkeHuil cpendl,
BO3HHUKaIOLIeH NpH pacHpPOCTpaHEHHH B cpefle yJbTPasByKOBOH
BOJIHEI. DTO eCTb TaK HasbiBaeMoe 06p3ce08CKoe Ompasierue.
OHO Ha3BaHO N0 HMeHM aHrAuHckoro ¢usuka Y. JI. Bparra,
KOTODBIH - YCTaHOBHJI YCJOBHE BO3HHKHOBEHUS paccMaTpHBa-
eMOro «OTpameHus» (HezaBHcHMO OT Bparra 310 ycJioBue GbLIO
noaydyeHo pycckuM yueHsiM I'. B. Byabsdom): sin 6=M2d.
3peck 0 — yroa Mexay najaloLIHM CBETOBBIM JYYOM H ILIO-
CKOCThIO ¢JIOAl (2 TaKKe Mex-

Ay OTPAMEHHHIM AYWOM i M0~ o l 2
CKOCTBIO ¢Jiod), d — paccros:

HHe MeXIy COCEIHHMH C/osl- o~ 2
MH, A — JJIMHAQ BOJIHBI H3JY-

yeHHs1. DBparroeckoe orpaxe- <
HHe HJcTpupyet puc. 30, rie
CJIOH, LJIS MPOCTOTH, BHIOPaHHI I

naocKuMH. B o6bemuod roo- Puc. 30. Bparroesckoe oTpaxeHnc
rpaMMe  HHTep(ePeHUHOHHAR  (pera: | — najaiomas (CYnTHBE-
CTPYKTypPa COCTOMT M3 HCKPM- lomas) cBeToBas BOJHA, 2 — OT-
BJIEHHBIX CJIOEB. paxeHnHasa (chblTaBmaﬂ zmcppax-

¥YcnoBue GparroBcKOro oOt- LHI0) BOJHA.

paxeHHWsl CBA3LIBaeT Yroa oT- :
KJIOHEHHs CBETOBOrO nyuka (yrol 20) H ero AJHHY BOJHB ¢
paccTosHHEM MexKny cyaoamu. [Ipeanostoxum, 4TO B NajaomeM
CBETOBOM IyuKe IpeiCTaB/JeHbl pas3jIdyHble IJIMHBI BOJH.
flcHO, 4TO B OTpaMKeHHOM (HM(pParHpoBaHHOM) myure Oyner
npejicTaBJdeHa JIHIIb Ta JAHHA BOJHBI, KOTOpas COOTBETCTBYET
paccTosiHuio Mexay caosmu. Iloayuaercs, uto caoucras
CTPYKTypa asmomamuyecku «oTOMPaeT» H3 COBOKYIHOCTH na-
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" pamoumyx Jydedl Jydu ¢ HyxHOH NJuHOH BOJHBL. Takoll «aB-
TOMaTH3M» SIBJIsleTCsl 3aMedaTeJbHOH OCOGEHHOCTBbIO OTpaxka-
TeJbHBIX 06beMHBIX rojorpaMM. OH HO3BOJISIET CUHTHIBATH 3TH
rOJIOTPaMMBEl B COJIHEYHOM CBeTe WJM CBeTe OT OOBIYHBIX OC-
BetuTeseli. M3 majaiomero Ha Hee cBeTa roJorpaMma cama
«oT6HpaeT» JY4H Cc TOH NJUHOH BOJHBI, KaKasl HCIIOJNb30BaJNach
Ha B3Tame samucH rojorpammbl. Hano gmmb mosaGoruthed,
4yro6bl (PPOHT CUHTHIBAIOIIEH BOJHBEI He CJHIIKOM CHJIBHO OT-
JuyYancss or miaockoro. KpoMe cosHeuHBIX Jydell aToMy Tpe-
60BaHHIO «XOPOILUO YIOBJETBOPAIOT TaKxkKe JYUYH OGBLIYHOTO
IPOEKIMOHHOr0 anmnapara.

O6beMHBIE TOJIOTPAMMbl OBIIR [pelJIOXKeHb! COBETCKHM
yuensiM 1O. H. [enuciokoM. IlosToMy HX HaseIBalOT TaKiKe
eonoepammanu Henucioka. OHY HaXONSAT IIHPOKOE IPHUMEHEHHE
B H300pasuTesbHOM rojorpaduu. VMess B BHIY Ipeskie Bcero
HayyHble NpHUMeHeHHMs roJorpajuy, Mbl OrpaHMYHMMCS JaJjiee
pPacCMOTPeHHEM TOJBKO IVIOCKHX TOJIOTPaMM.

Kax BbIMISJUT OnTHYECKasi rosorpaduyeckas jaGopaTopus?
Uro6bl cHesaThb TOJOrpaMMy KaKOro-HUOYAb OGBeKTa, Hauo
UMeTh Jla3ep, MaTepHaJl A/ 3alMCH [OJIOrPaMMbI H ClelHalb-
HBIi roJjiorpadudecKuii CTeHn ¢ pa3MelleHHBHIMH Ha HeM B
ompefieleHHBIX MOJIOXKEHHSAX ONTHYECKMMH JieMeHTaMH (3ep-
KaJlaMH, CBeTOAeJIUTeNIAMHU, JTHuH3aMHu). [onorpadudeckufi cTeHn
OObIYHO IpefACTaB/sfAeT COGOH MaCCHBHYIO CTaJbHYIO INVIUTY
ROCTATOYHOH mJowWany (Hampumep, 2X2 wm), Yame Bcero
MCIIONB3YIOT HeNpephiBHO TeHepUPYIOIMH re/HiA-HEeOHOBBIA
Jiazep, MOLIHOCTb KOTOPOro M3MepsieTcsl MUJJIMBaTTaMH. B cre-
UHAJIBHBIX CAydYasX MPUMEHSIOT UMOYJIbCHBIN Jlasep Ha pyGuHe.

[lpy  HCOONBL30BAaHHM MaJIOMOIIHOIO  resUi-HEOHOBOI'O
Jlasepa BpeMs SKCHO3MIWM (BpeMsi SallMCH TOJIOTPaMMEI) OKa-
3bIBA€TCA OTHOCHTeJNbHO GosbmuM. [103TOMy HOMKHBI BBHIITOJ-
HAThCS BecbMa KeCTKHe TpeGOBaHUS B OTHOLIEHHH HeNO.-
BHJKHOCTH BCeX 3JeMEHTOB CXeMbl B TedeHHe 3KCIO3HMIHH.
duxcupoBaHHbIE IOJOXKEHHS 2JEMEHTOB JOJKHBI BhIAEPKH-
BaTbCA C TOYHOCTBIO [0 UeTBePTH AJIMHH BOJIHBEI CBeTa, T. €,
¢ Tourocthio 10 0,1\MKM. Ecau ato yc/ioBHe He BBIOJHSETCH,
TO HHTeppepeHIHOHHAs KapTHHa Ha TroJOrpaMMe pasMasbl-
BaeTcsl, IIOJIOCH B3aUMHO nepekpbiBalorc. Kasajoch 6bl,
HUYTO He HapyllaeT HENONBHXKHOCTH OGbeKTa, sepKaJji, JIH3,
paccTaBleHHBIX Ha crasibHO#i nuute. Ho.sto He Tak. Henox-
BHXKHOCTb HapylUaioT BUOpaluM cTeH M 1osa JaGopaTopuy,
¢yHnnameHTa 3nanusg. B so6GoM ropone 6Gosiee 4eM AOCTaTOYHO
NPUYMH [JIsi MOSIBJICHHS] 3THX BHOpalUHil — JBHXeHHME TPaH-
crnopTa, pa6oTa NpOMBIIJIEHHBIX YCTaHOBOK M T. I. OGbIYHO
Mbl He OLIyIlaeM 3THX BHOpanuf. TeM He MeHee OHH cYlue-
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CTBYIOT M, HECMOTPA Ha KaxyIylocsl He3HaUHTeJbHOCTb, CIIO-
co6HEl MIOMemaTh S8alicH rojorpaMmel. UTo6bl H36aBHTHCS
or BUGpauui, cTeH] HesalioT JOCTaTOYHO MAacCHBHEIM H Npeny-
CMaTpPUBAIOT XOPOWIYI0 aMOpPTH3aLHIo, HaOpHuMep, KJAagyT
CTa/NbHYIO TJIMTY Ha HalyThle aBTOMOOMJIbHBIE KaMepbl.
OnrHyecKHe CXeMbl 3allHCH TOJOrpaMM pasHooGpasHbl. OHH
3aBHCAT, B YaCTHOCTH, OT TOrO, Kakofi OGBEKT WJIH KaKylo
CUeHY HaA0 samHcaTh Ha rosorpammy. OfHa M3 THIHYHBIX

“Puc. 31. IpakTHueckas cxeMa 3anHCH roJorpammbl: | — Jjasep, 2 — roJo-
rpaMma, 8 — OOBEKT, 4 — MOAYNPO3PayHEe SepKajda (CBETOAEJHTENH),
5 — MOJHOCTRIO OTpaXKAlOUIMe 3epKajla, 6 — OMOpHas CBETOBas BOJHA.

cXeM 3allMCHM TOJIOTpaMMbl NOKasaHa Ha puc. 31. Jlasep sB-
JsieTcsl MCTOYHMKOM BCeX MHCIOJNBb3yeMBIX B CXeMe CBeTOBHIX
Ny4KOB.

Kakue maTepuajbl HCIONBb3YIOTCH MJsi 3aMHCH roJorpamm?
duxcupyemasi Ha TroJorpaMme HHTephepeHIMOHHAsi KapTHHA
AMeeT OYeHb TOHKYIO CTPYKTYDY; DPAacCTOAHMs MeXLy I0JIo-
camu MoryT GeITb mopsifka Bcero 1 MkM. [lostomy HeoGxomnmel
MaTepHaJIbl C 04eHb BbICOKUM NPOCIPAHCIMBEHHbLM PASPELUEHUEM.
[Mon mocneiHMM MOHMMaeTcss MaKCHMaJbHOE YHCJIO mNapal-
JIeNIbHBIX JIMHUE Ha elMHMLE AJHHB (OGBIYHO Ha MHJIJIUMETPE),
KOTOpOe I103BOJISIeT DAa3JHUMTb JNaHHbIH MaTepuan. Ilpoct-
PAHCTBEHHOE paspelleHHe MaTepHalioB, HCTOJb3YeMBIX IJIs
3aMUCH TOJIOTPAMM, HOMKHO OBITb MOPSIIKA THICAYM JMHHEA Ha
MUJITMMETPE HJIH JaxKe BhIILE.

B rosorpadunu HUCHOJB3YIOT ¢homomamepuaisi, 0061anaio-
[{¥e HeoGXONMMBIM IPOCTPAHCTBEHHEIM paspeimlenveM. Ha-
MIOMHHM, YTO (DOTOSMYJBbCHSI COCTOMT M3 MeJKHX 3epeH Gpo-
MHCTOrO cepefpa, BKpallJieHHHX B IPO3PayHyIO XKeJaTHHOBYIO
maccy. [IlosToMy nposiBleHHOe H306paKeHHe COCTOMT W3
OTHENbHBIX «NSTeH» (CBOeOOpPA3HEIX «KHMPMNHYMKOB» H300pa-
enus). Eciu netann u3o0paxeHHs MeHblle pasMepoB 3THX
«siTeH», TO TaKHe IeTaJlH OKa3blBAIOTCS HepasJHYUMBIME. SIcHO,
yTO AJIfi MOBbIIIEHHS 'paspelleHHss Hal0 H3TOTaB/JMBaTh (oOTO-

98



MaTepHaJibl ¢ GoJiee MeJKOH 3epHHCTOH cTpyKTypo#. OnHako
yMEHbIIIEHUE 3epPeH Bcerfa CBSI3aHO C NOHHKEHHeM CBETOYYB-
CTBUTEJbHOCTH MaTepuasia (Belb MNOIVIOMAeMBIH (HOTOIMYJIb-
cuedl QOTOH BO3JEHCTBYET Ha BCe 3ePHO Kak Iiesioe; 4eM KpyI-
Hee 3epHa, TEM MeHblIee KOJHYeCTBO (POTOHOB TpeOyeTcss AJs
nosiyueHust Bcero usobpaxkenusi). CosgaHHe HeEOGXOAHMBIX
A roJjorpapuu  (poroMatepuasios, 0O0JgaNAOMMX BBICOKUM
paspelieHieM ¥ B TO e BpPeMs JOCTATOYHO XOpOIUeH cBeTo-
YyBCTBHTEJbHOCTBIO,— Cepbe3Hasi TeXHHYecKasd mpoGseMa.
B Hacroguiee BpeMsi LIMPOKO HCHOJNB3YIOTCA (DOTOIJICHKH C
paspemrerueM 1500—2000 MM~*. OHH HMEIOT CBETOYYBCT-
BuTeJbHOCTh 1072 JIx/cM2 (TakoBa JOJKHA ObITH MUHUMAJIbHAS
MHTEHCHBHOCTb CBeTa Ha 3acBEYHBAEeMBIX YYacTKaX IOBepX-
HocTH rojiorpaMmsl). [lpumensitor Takike OTOpPe3HCTOPH —
opraHuueckue (oToMaTepHasbl, MO3BOJSIOLIME IIPH CBETO-
yyBcTBHTEbHOCTH 1072 JI3K/cM? peasn30BaTh paspellieHie
3000 mm~t. CyliecTBYIOT 3KCIlepHMeHTaJIbHble (hOTOMaTepHasbl
¢ 0c060 MeJIKOH CTPYKTYpo#, o6Jajaioliie paspelieHHeM
Beire 5000 MM ™Y,

Bce ¢ortomarepuasbl HMeIOT, ORHAKO, OOUIMHA HENOCTATOK.
Henb3st cTepeTh 3anMcaHHy0 Ha JaHHOH (POTOIVIACTHHKE WJH
¢doTonseHKe roJorpaMMy M 3aTeM 3alHcaThb Ha He#l HOBYIO.
dotoMaTepHasbl ABJISIOTCS HEOOPAMUMbIMY PETUCTPUPYIOUIUMU
cpenaMy’ WJIYM, MHBIMH CJIOBaMH, CpefaMH OOHOKDAMHO20 npu-
MEHEHUSL. . )

CyuwiecTBYIOT TaKxKe o06pamumole PerucCTPUPYIOIHE CPens,
IONYyCKAIOLIMe CMupanue U HOBMOPHYN 3aNUCo TOJOTPAMM.
Takux cpen Hemasto. K HMM OTHOCSATCS MarHUTHbIE MJIEHKH,
H3MEHSIIoMe HaMarHu4eAHOCTh MON JeHcTBHEM cBeTa, (POTO-
XpOMHBIE MaTepua/bl H IKHAKHE KPHCTA/JIbl, H3MEHSIomue
o JeHCTBHeM CBeTa CBOI0 NPO3PAayHOCTb, IVIEHKH H3 TEPMO-
nJ1aCcTHKA, U3MeHSIomHe NOE JeficTBHEM CBeTa CBOIO TOJIIMHY,
U psan ApyruX MarepuajoB. MIX npumeHeHHe OCHOBAHO Ha HC-
NOJIb30BAHUM Pa3JUYHBIX (U3NUECKUX sBJeHUA. B orinume or
doToMaTepHaJiOB BCE OHH MO3BOJSAIOT CTHPATh 3aMHCAHHYIO
uHTep(epeHIMOHHYI0 KapTHHY H, KpPOMe TOro, He TpeGyoT
AJIHTeNbHOH 00paboTKH. 31ech HeT JIJIHTENBHOrO I[polecca
NPOSIBAEHHS] M 3aKpelyieHHsl H300paKeHHS, HeH3GeKHOro
npu pabote ¢ (oTOMaTepHaIaMH.

B kavecTBe NpHMepa pacCMOTPUM MNoApoOHee, KaK 3all-
CHIBAIOT TOJIOTPaMMbl Ha TepMOIVIaCTUKaX. TepmoniacmuKi —
crnequduyeckne Npo3payHble AUIEKTPHKH, PasMsrdaroiiecs
UPH OTHOCHTEJIbHO HEBHICOKMX TeMmepaTrypax (HampuMep mpd
50 °C). TosorpamMma ¢UKCHpyeTCS Ha TEPMOIUIACTHKE B BHJe
COOTBETCTBYIOIEH Kapmunel pesvegpa ero mosepxHoctu. Tep-
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MOIIACTHK HAHOCAT Ha CJIOH W3 MOJYNPOBOAHHKA H MPOBOLA-
mero Marepasa. UepenoBanHue CJOeB MOKasaHO Ha puc. 32.
Bee ciion, BKOYas ¥ MpOBOAALIMH, MPaKTHUECKH MOJHOCTBIO
Ipo3payuHkl.

3anuch TOJMOrpaMMBl NPOHU3BOAAT rak. CHauyala NOBepX-
HOCTb TepMOIlJIaCTHKa paBHOMEPHO 3aps¥kaloT B TeMHOTe MpH
NOMOLIM KOPOHHOTO paspsja — TOro
caMoro paspsia, KOTOpPHH HH3KUM 7. 2 3 4
Y IKKAHAEM HAIOMHUHAJ BaM O CBOEM Eﬁ {
CyIlleCTBOBAHUM BCAKHH pas, Koria

Y/ A 4
BaM CJy4YaJochb NPOXONMTH MO Npo- 3/ Vi z A 7 Y v 2
BOLaMH BBICOKOBOJIbTHOM JIMHHH. Bos- =01
GpasHbll KOHIEHCATO A e aapE STPYKHY”

HHKaeT CBOEOOpa P»  pu romorpammsl na Tepmo-
IJIaCTHHaMH KOTOpPOI'o cJyXKaT 3a- mactuke: I — cioft TepMo-
psixKeHHash MOBEPXHOCTh TepMOINJIac-  IMJacTuka, 2 — ciod moay-
THKa W TpOBOXAWHUE CJIOH (puc. MPOBOAHHKA, 3 — mpoBo-
33 3 RSMi caok, 4 — CTeKJsH-

, @). 3areMm TEPMOIIACTHK  OCBe- 1as OCHOBA.
LIAIOT ONOPHOH M OGBEKTHOH CBeTO-
BLIMH BoJiHamu. Ha ocBelieHHBIX y4acTKaX pe3Ko BO3pacTaeT
NpOBOAMMOCTD MOJYNIPOBONHHKA (sABJIeHHe (POTONPOBOAUMOCTH),
B pe3yJbTaTe PacCTOSHHE MeXAy MJaCTHHAMH HaLIero «KOH-
IeHcaTopa» Ha 3THX yuyacTKaX YyMeHbliaercss (puc. 33, 6).
3ameTUM, YTO HANPAKEHHOCTb 3JEKTPHUECKOrO MOJS BHYTPH

FEE YRR TRRRTeT +++++++++++iliiﬂilf+++
$
a) 4
LBem
(NESEEEENEY dettd
a) ( g

Puc, 33. Dranw samucu rosorpaMMbl Ha TEPMOMJACTHKE,

KOHJIEHCAaTOpa MNpH 5TOM He MeHserTcs (OHa omnpenessercs
JUIb MJOTHOCTBIO MOBEPXHOCTHBIX 3apfloB). YMeHblIeHHE
e paccTOfHHA MeXIy NJIacTHHAMH KOHJeHcaropa NpH He-
H3MEHHOH HANpPAXKEHHOCTH MOJS NPHBOLUT K YMeHBLICHHIO
pasHOCTH MOTEHIHANI0B MeXiy mMiactuHaMH. ClieloBaTelbHO,
MoTeHIHaJ OCBEIEHHbIX YYacTKOB MOBEPXHOCTH TepMOilia-
cTHKa NOHHKaercA. Jlajee MOBTOPHO 3apsikKaroT MoBePXHOlIL
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TepMOIJIACTHKA, B pe3yJ/bTaTe Yero ee NoTeHIMal Besle MNpH-
HEMaeT NepBoHaYa/JbHOe 3HaueHHe. [Ipu 3TOM Ha OCBElIEHHBIX
yuacTKaX NOBEPXHOCTH TepMOIJIaCTHKa KOHUEHTPUPYIOTCA NO-
MOJIHUTe bHEIe 3apsinbl (puc. 33, 8). Hakonern, TepMonJacTHK
HarpeBaioT 10 ero pasmsaruenus. Ilon neficTBueM KyJOHOBCKHX
"CHJl OTTaJKHBaHHS (OPMHpPYETCs onpenesieHHBIH pesbed mo-
BEPXHOCTH PasMSArYeHHOTO TepPMOIJIACTHKA, KOTOPBIH 3aKpem-
nsieTcss Tocke oXJaxpaeHus (puc. 33, e).

lFomorpaMMa Ha TepMOIJIaCTHKE MPO3payHa KakK CTeKJO.
Omnako cBOGOIHO NPOXONSIME CKBO3b Hee CUHMTHIBAIOMIME
CBETOBOM“IIyUOK MpeKpacHO «OLlyllaeT» BCe HEPOBHOCTH pellb-
eba, MOCKONLKY B 3aBMCHMOCTH OT TOJUIMHBEI TOJIOTPaMMbl
H3MeHseTCs JUIMHA ONTHYeCKOTO NMyTH Jyda, a CJIefoBaTesbHO,
u dasa cpeToBoff BONMHBEI. TaKHe rojiorpaMMbl HasblBaloT ¢ha-
306eiMu. B oTJMYHME OT HUX roOJIOrpaMMbl Ha ¢oToMaTepHalax
MOT'YT ObITE Ha3BaHbl aMNAUMYOHOLMU.

[TpocTpaHcTBeHHOE paspellieHde TePMOIJIACTHKA NOCTHraer
1000 MM~! mpH HOCTaTOYHO XOpoLIeH CBETOUYBCTBUTENBHOCTH
(10-% x/cm?). [lis crupanus 3amHMCaHHOTO Ha TepMonJa-
CTHKe peJsbea ero Haao Harperb, mocje 3TOrO Ha TepMomJa-
CTHK MOXHO 3alMChIBATb HOBYIO TOJIOTpaMMy.

Uem uMHTEpecHa M MepPCneKTHBHA ONTHYecKas rogorpagus?
Ha nepsulfi Barssn dororpadusi npeanoyruresibHee roJo-
rpaMMbl. Benb Ha dortorpadum Bce BHIHO, TOrLa Kak YTOGH
yBUIeTb YTO-TO Ha TOJIOTpaMMe, e Halo OCBETHThH JIa3epHBIM
Ny4oM {peub HAET O NJIOCKHX roJorpamMmax). MoxHO cKasaTb,
yTo Ha roJiorpaMMe (GUKCHPYeTCS Saulugposarroe H300paxe-
HHe, KOTOpoe TpeGyeTcsl NpH NOMOLIM Jasepa paclikdpoBath.
Dro Kaxkyileecss HeyIOGCTBO C JHXBOH OKymnaeTcsl TeMH BO3-
MOMKHOCTSIMH, KOTOpBIE OTKpBIBaeT roJjorpadus nepei Hc-
cJlelloBaTesieM U HHKeHepOM. BoJlee Toro, uMeHHO yHNOMSIHyTas
«3aIIM(POBAHHOCTbY 3aNHCAHHOIO HM300paxkeHHs H 06YyCJOB-
nuBaeT GoraTble BO3MOXKHOCTH TroJorpacguu.

[TosBoNfii BOCCTaHAB/IMBATL peasibHble CBETOBble BOJHBI,
rojorpaMMa TeM CaMbIM JaeT HaM BO3MOXKHOCTb YNpasAAmo
ONMUHECKUMU NOAAMU (BO3MOXKHOCTb, COBEpIIEHHO HENOCTYIH-
nyio 1js dororpadun). EcTectBeHHO, uYTO H300paxeHHe,
CUHTBIBAEMOE C TOJIOrPaMMBl, OTIH4aercsl OT (ororpaduyeckoro
cBoell 06BbEMHOCTBIO, PEaUCTHYHOCTBIO, KHU3HEHHOCTBIO.

ITpenmosioxuM, 4YTO Kakasg-to rpymnna Jofed, xejas
COXPaHHUThb NMaMATb O BCTPede, CHAJAch CHayaslda Ha ¢oTorpa-
¢ui0, a MOTOM Ha TOJNOTPaMMy (/i 3allHCH TOJOrPaMMBl HC-
mosb3oBaJcsl UMNyJabcHbIH nasep). [loroM cayumics noxap,
BO BpeMSI KOTOpPOTO y OGOHX CHHMKOB BEITOpPEJNIO OKOJO Uer-
pepTH miowanud. Yepes HeKkoTopoe BpeMs MOTpeGOBaANOCh
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OTO3HAaTb OAHOro M3 Qororpaduposaswuxcs. Koraa B3sH
¢ororpaduio, TO BEIACHUIOCH, YTO 3TO JIULO TaM OTCYTCTBYET;
OHO TIONaJI0 Ha CrOPEBLIYI0 YacThb CHUMKA. Torxa o6paTHaHCh
K rosiorpaMMe. OCBEeTH/IH ee JIy4oM Jasepa M YBHIETH BCIO
rpymmy Jin, BKModas U TO JMIO, KOTOpoe TPeGoBasoCh OMO-
sHaTh. ['osorpamMma okasajach HamexHee ¢oTorpadpui.

Ora cuTyauus NpUAYMaHa IJsi TOTO, YTOGbl MPOHJLIIOCT-
pHpOBaThb CJeAYIOWMH (aKT: ecqM YHHUTORKEHHE YacTH [0-
BepXHOCTH (oTorpaduy (UM, HampuMep, CTPAHHILl KHHIH)
00513aTeJIbHO TPHBOIUT K MOTepe KaKoH-TO HH(pOpMaluH, TO
VHUYTOXKEHHe YacTH IOBEPXHOCTH TOJIorpaMMbl K 3TOMY He
npuBofuT. Beap undopmanus o mo6oi Touke oGbeKTa «3allH-
cblBaeTcsl» Ha BCeH IJIOLIafH TOJOrPaMMBbl, YTO, KCTATH rOBOp,
X0powo BHAHO Ha pHuc. 28, a. I'osmorpamma BoccTaHaB/IHBaeT
O06BEKTHYIO CBETOBYIO BOJIHY, II0O3TOMY pasMepsl paGoTaromuieit
IJIOIAAH ToJIorpaMMbl GYAYT OIpene/siTh pasMepsl IJIOMALH
BOCCTaHaBJ/IMBAeMOro BOJHOBOTO ¢poHTa. CoKpalneHHe paGo-
TalomEed IJOMmAiH TOIOrPaMMBl HPHBOAUT K  COKpALIEHHIO
nJowany BOJHOBOTO (POHTAa — NPHMEPHO KaK ecldH Obl Mul
CMOTpeJIH Ha HeKYIO YIaJIeHHYIO CIIeHy uepe3 IIOCTEIleHHO CY-
Katoieecsi OKOIWKO. CpaBHHUTENBHO HeGOJBINME COKPAlIeHHS
IIoIWany BOCCTaHABJMBAEMOro BOJMHOBOrO (poHTa BOOGIIE He
OTpa3fATCl Ha KayecTBe CUHMTLIBAEMOro H3o0paxkeHHs, GoJjee
CyLleCTBeHHbIE COKpalleHHs MNPHBeAyT K YXYNIUEHHIO YeT-
KOCTH H3006paKeHHA. B 4acTHOCTH, Ha KaueCTBO M3006paxKeHHA
He BJIMSIIOT pas/jiMuHble LapamuHbl M MSITHA, KOTOpble MOT' YT
MOSIBUTBCSt Ha TOJIOrPaMMe; IPH IIPOCBEYMBAHHUU TOJIOTPAM Mb
CUHTHIBAIOIMM CBETOBBIM IIYYKOM OHH CTaHOBSITCA IONpPOCTY
HeBUIUMBIMH. TakuMm o6pasoM, 3amuch Ha TOJNOTPaMMy OKa-
3BIBAETCH B6ECOMA HAOEIHCHOLM CHOCOGOM XPAHEHUS UHGPOpMAyUL.
BosMoxkHO, 4TO B OyAyLieM 4esoBeyecTBO OYAET XpaHUTH 0C060
[eHHYI0 MHOPManHo MMeHHO B-BHIE roJorpaMm (rosorp aMmMm
pykonuced, uYepTexxed, YHHKAJAbHBIX CKYJBNTYp H T. I.).

PaciugpoBath 3alHCaHHYIO Ha IJIOCKOH rosorpaMMe HH-
TephepeHIMOHHYI0O KapTHHY MOXeT JHLIb KOrepeHTHas .-CYH-
THIBAIONIAS] BOJHA C TOYHO TAaKHM e (PpOHTOM, Kakod HMesa
omopHasi BOJIHA, HCMO/b30BaBLIAACA HA 3Tamle 3amlucH ToJo-
rpaMMbl. 3HauuT, ¢gopMa (ppoHTa ONOPHOH BOJHBI €CThb TOT
K04, Ge3 KOTOPOro Hesb3fl IIPOYHTATh rojorpamMmy. Ecanm
¢dopma ¢poHTa ONOPHOH BOJHLHI HeM3BeCTHa (a NPH HeobGXo-
JIMMOCTH ee MOXKHO cHesaTh AOCTAaTOYHO CBOeOGpasHof), TO
Jlaxke caMble ONBLITHBIE JelH(POBaIbIIMKH He CMOTYT pacLiHgd-
poBaTh roJiorpaMMy.

MoxHo Jin Ha OfHY (OTOIIACTHHKY 3alHCcaTh HECKOJbKO
¢ororpaduueckux usobpaxeHuii? B npunnune, MoxHo. Toabko
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BPAA JIH KTO 3aXOYeT IOJb30BAThCS TAaKUMH GoTorpadusMH.
TouyHO Tak Xe He MMeeT CMbICJa NPoGOBATh COBMeLIATb APYT
¢ JIpYIOM HeCKOJBKO CTpaHHIL TeKcra. [onorpadus cHuMaeT
3TH OTpaHHYeHHs, BHOCS TeM CaMbIM OYepefHYIO MNONpaBKy
B HalmM YCTOSIBILIMecS MpeicTaBjeHus. Ha omny u Ty xe
rOJIOTPaMMy MOXHO 3aNHCaTh MHOTO ClieH (MHOTO HHTepde-
PEHUHOHHBIX KAPTHH) H CUHTHIBATH MX 3aTeM HEe3aBHCHMO JPyT
or npyra. IlycTe, AN IpOCTOTHI, ONOpHAasi BOJHA fABJseTcH
naockoi. BylleM 3anuceiBaTh Ha OXHY M TY e ToJorpaMMmy
pasHble CUeHBl, MeHAs BCAKUH pa3 yIJibl, NOJ KOTOPHIMU ONOP-
Hasl BOJIHA TajiaeT Ha rojorpammy. [L1si moc/ieRyIoero cyu-
TBIBAHUS TOH WJM MHOH cleHbl Hajao obecneduThb JHLbL COOT-
BETCTBYIOLIYIO OPHEHTAalHIO  TOJOrPaMMbl B CUHTHIBAIOLIEM
CBETOBOM TyuKe. CrelHajHCTE! _YTBEPKAAIOT, YTO HA ONHOH
rosorpaMMe miomaneio 100 cM?® Moxkuo 3amucate (IpH yc-
JIOBUM TOCJEAYIOUEro YBEPEHHOTO CUMTHIBAHHUS) NO KpafiHei
Mepe wuennlli ToM bBoabmoii CoBerckoii DuuuKIONenuy. to
TOBOPUT 06 UCKAIOUUMEAbHO 6bICOKOL UHMOpMAYUOHHOL em-
KOCMU 20202PaAMMbL.

Ha dororpadun n3obpaxkeH NpHIyH B BORY, Kak Ol 3a-
CTHIBIIMH B BO3AyXe B HECKOJBKHX MeTpaX Hax Bono#. Ha
Apyroii ¢ororpaduu Noj yBeJHYeHHEM CHSITAa JJIS HEKOTOPOro
MOMeHTa BpeMeHH ClleHa, 3aloJIHeHHasl NJ1aBalolMMH B BO3-
IyXe TbUIMHKAMM; NBUIMHKH 3aCTBUIM B IIOJNOXKEHHSIX, B KO-,
TOPBIX HMX 3acTall MOMEHT CbeMKd. Mbl rOBOpPHM, 4TO (hoTO-
rpadusi Cnoco6Ha «OCTAHOBHTbH MIHOBeHHe». [Ipeamoiloxum,
OJIHAKO, YTO MBI XOTHM 3HaTb, HanpuMep, KaK B NaHHBIH Mo-
MEHT NpPHIYH AepXKHUT JeBylo pyKy. Ho Ha ¢ororpadun sta
pyKa He BHAHa. Xotesloch OB HONOAPOGHee pasrJsiieTb Mbl-
JIMHKY Ha 3aJHeM IJlaHe CLieHBl, OIHaKO Ha (ororpaduu oHH
NOJYYH/INCh HepesKMMH. M TyT yKe, oueBHIHO, HHUero He
nonpaBuiub, Tenmepb MpeACTaBHUM, uTO BMecTo (oTorpadun
NPBITYHA M CHEHBl C MBJIMHKAMH MBI MMeeM COOTBETCTBYIOIIMe
roJIOrpaMMbl, CHsITble B HEKOTOPHI MOMeHT BpeMeHHu. Ilpu
CUUTBIBAHHH KaxKIOH M3 rollorpaMM B HeNPepLIBHOM J1a3epHOM
cBete GyZeT Bce BpeMsl BOCIPOM3BOIHTLCA CBETOBasi BOJIHA,
KOnupylonas BOJNHY, OTPaXKeHHYI0 OT o0beKTa Ha6J/ofeHHs
B MOMEHT CbeMKH. Temepb Mbl MOxeM HaG/onaTh NPHITYHA
C pPasHbIX NOJIOXKEHHH, MOXeM MeHSTh HacTPOHKY MHKPOCCKONa,
paccmatpuBas TO GJIHXKHHe, TO JaJbHHe NBIIHHKH. Ilo cpas-
HeHHMIO ¢ ¢ororpadueli rosorpamma, «oCTaHaB/IHBas MTHO-
BeHHe», IO03BOJISIeT NOJNYUUTh 3HAUHTEJbHO 6oJiee MOJHYIO HH-
dopMalio 06 06beKTe B MOMEHT ero cheMKH. OHa HenpephHIBHO
BOCIIPOH3BOAHUT CTPYKTYPY ONTHYECKHX noJjeil, B XeHCTBHUTEN b~
HOCTH CYIIeCTBOBAaBLIYIO JHIUDb -IJ5 KaKOro-TO MOMeHTa Bpe-
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MeHH. BOT B 3T0H COCOGHOCTH BOCCO3MaBaTh CBETOBbIE BOJIHHI,
KONUPYIOUIHEe HEeKOrja «3aMOpOXKEHHYI0» BOJHY, K 3aKJIo-
4aeTcsi OCHOBHOE, YeM HHTepecHa U NepcrneKTUBHA roJIorpacdusi.
Orclofia 1 BCce ee YHHKaJbHbIE BO3MOXKHOCTH. )

BrnpoueM, rosmorpadua uger naxe pganbme. OHa MoOXKeT
BOCCO3/1aBaTh ONTHYECKHE MOJA ¢ ompelefieHHONR (opMoi BOJ-
HOBOI'O (ppoHTa, He mpubGerasa K o6pasuam Anis KONMpOBaHus,
a mpocro npu nomoimd IBM.

3auem HyXHbl FOIOTPaMMBbI, CO3JaHHbie npu nomoimu IBM?
[TockonbKy rojorpaMMa ectb B KOHEUHOM cueTe HEKMH «pH-
CYHOK», TO €€, B IPUHIMIE, MOXKHO M3TOTOBUTH UCKYCCMBEHHO.
Tak Kak pDHUCYHOK 3TOT OYeHb CJOXKHBIHA, TO IJISl €ro H3TOTOB-
NeHusl HeoOXOAMMO OOpPaTHUThCHA 33 MOMOIBIO K COBpPEMEHHLIM
2BM. Takue rojorpamMMbl JeHACTBUTEJNBHO H3TOTABJHMBAIOTCH.
B aToM cayuae Bocco3laBaeMasi roJorpaMMoll cBeTOBast BOJIHA
yxe He fBJAsETCA KONHe#d BOJIHBI, HEKOTIa OTpaKeHHOH 00%b-
ektoM. OGBEKT OTCYTCTBYET He TOJNBKO Ha 3Tane CYHTHIBAHHSA
roJiorpaMMbl, HO TaKxKe M Ha 3Tane ee co3fanusa. OH BooOie
OTCYTCTBYeET. ‘

TonoGHble rojorpaMMbl M[OJE3HEl B apXHUTEKType W HpH
NPOEKTHPOBAHHH DPa3/IMUHBIX TeXHHUeCKHX YycrpoilcTB. OHH
Jal0T BO3MOXKHOCTb HarJIsiIHO MpPeICTaBUTh,-KaK GyleT BLITJIs-
JeTb paspaaTbiBaeMasi HOBas MOIe/lb HJH TNpPOEKTHpPyeMoe
snanue. [lpyroe npuMeHeHHe TaKMX TroJIOrpaMM — CO3JaHue
MJIOCKHX aHaJIOrOB  ONTHYECKHX 3JIEeMEHTOB, BBHIMOJHSIOIIX
TO WJIM MHOe npeoGpa3oBaHHe (POHTA CBeTOBOH BOJHBL. Eire
OJIHO NpHMeHeHHe — HarJIfHOe MpeiCTaBJeHHe pe3yJ/bTaToB
pas/NYHBIX PacyeToB B BHle OOBEMHbLIX (TpeXMepr]X) rpadu-
KOB.

Borpockl co3laHusl HCKYCCTBEHHBIX TOJOTpaMM MpH  MO-
momu DBM cocTaBaflOT cOlep:KaHHe CMenuHaJbHOro Hampas-
JeHuss B roJjorpacduu, HasblBaeMOro uyugposoi eorvepaguer.
BaxHOCTb 3TOrO HamnpaBJeHHs OTHIOAb He UCYepNbIBaeTcA
noJy 4eHveM ronorpa(buqecxux n3obpameHndl 0GbEKTOB, He
CYLIECTBYIOINX B JeHcTBHTeJNbHOCTH. UTOOH cOBepiueHcT-
BOBaTh KauecTBO TroJiorpaduuecKux- U3o6paKeHuH, Heob6Xo-
JIHMO ¥3Yy4YaTb MHKPOCTPYKTYPY HHTep(pepeHUHOHHOr0 «pH-
CYHKa», (DUKCHPYeMOro Ha rojorpamme, HeoOXONHUMO YMeTh
MaTeMaTHUeCKH aHa/JU3UPOBaTb U MOIAPJIHPOBATb 3Ty MHKpO-
CTPYKTYpY. BceM 3THM u 3aHuMaertcs uugppoBas ronorpatpnﬂ

Hackoabko rayGoxo NpOHHKHET rojiorpadusi B OKPYKaiGIiMii
Hac mMup? YKe CerofiHsi MeTojpl rojorpaduy IHPOKO NpHMe-
HAIOTCS Ha NPaKTHKe I/ XpaHeHHs KW 00pabGOTKH HHGpopMa-
UMM, AJIA OCYIHECTBJEHHS pasjuuHbIX ¢(opMm KoHTpoas. Q6
5TOM Mbi [0APOGHO NMOrOBOPHM B CBOE BpeMs. 3JeCh ke HaM
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X0Tes0Ch 0Ll KOCHYThCS TOH POJiH, KaKylo rojaorpagusa Hrpaer
B HaweH MOBCEIHeBHOH XH3HH.

B Jlenunrpaze npu I'ocyrapcTBeHHOM ONTHUECKOM HHCTH-
tyte uMenu C. M. BaBusoBa opranusoBan Mysefi roJjorpaduu,
B KOTOPOM HMEIOTCS OTpaartesibHble OObeMHLIe TOJIOrPaMME
¢ u3obpakeHUeM psfAla CKYJLOTYP M M3IeJUl H3 MeTasula,
Xxpausiunuxcs B Ipmuraxe. B koHue 70-x romoB B Mockse
Ha BJHX MOXHO 6blIO DPHCYTCTBOBaTH Ha OTKPLITHH He-
OObIYHOH 3Kcno3uniu. BHuManuio mocetutesiefl npeasaraluch
roJlorpaMMel NpPOU3BeleHUEl CKYJBNTYPbl, KHUBOMHCH, [OBe-
JIUPHOTO MCKyCCTBa. DblnM Tam M roJjorpaMMel HEKOTOPBIX
LparoueHHbIX KaMHell B3 Asamassoro ¢onmna CCCP.  Bce, KT0
BUIE/N TaKHe roJIOrpaMMbl, OTMEYaloT, UTO CO3/laeTcs BMedar-
JeHue, OyATO Nepel BaMH HaXOAATCA NONJIHMHHBlE OOBEKTHI.
[lonoGHble -9KCMO3ULIUHN Ha Pas/UYHBIX BLHICTaBKaX M B My3esX
ycTpaWBaloTcsl B HalIM NHHM BO MHOTHUX cTpaHaXx. BoamoxHo,
gro OJarofiapsl rojorpaMMmMaM KHTeJid Jio6Oro ropopa cCMOryT
B HelajekoM OyAylueM 3HAaKOMHTbCH C ILUefeBpaMH OTeuecT-
BEHHOrO W MHPOBOIO H306pasHTENIbHOrO HCKYCCTBa, C YHHU-
KaJbHLIMH apXeoJOTHYecKHMH HaxonkaMu. Kornma-HuGynb My-
3eH ¢ TaKMMH rojorpaMMamMu OyIOyT CO34aBaTbCsi B KaxkAOH
KOJIe.

Yxe Tenepb MNOABJAIOTCA KHHMH, B KOTOPBIX OTHeJIbHBIE
HJIIOCTPALUH TIPEICTaBAAIOT cO60H oTpaKartesbHble OOBEMHEIE
rosorpaMMel.  [lo-BHAMMOMY, TakHe rOJIOrpaMMBbI-HJIIOCT-
pauun OYLyT OcOGeHHO MOJe3HH B y4eOHbIX moco6usx. [lpen-
IPUHUMAIOTCSl HOMNBITKH HCMOJNB30BATh T'OJIOTPAMMbl B JETCKHUX
urpax, pekname, ohOpMJeHHHU HHTEPbEPOB, CHEHUUECKHX Je-
KOpalysx.

B Coeerckom Coiose ycremHo pemiaercsi npoGsema cosja-
HUA rosorpadudeckoro kuHO. Ha XII Konrpecce MexnyHa-
POIHOrO COI3a TeXHUYECKHX KHHeMatorpadHyeCKHX accolua-
unil, npoxonuseM B Mockee B OKTaGpe 1976 r., neMoHCTpH-
poBaJjica KODOTKOMeTPaxKHBIH rosorpapuueckKufi KHHODHILM.,
[lpaBna, oH AJHJICA BCero MOJIMHHYTHl M JEMOHCTPHUPOBAJICS
Ha HeGOJIbIIOM 5KpaHe pasMepamu 60X 80 cM, mepen KOTOpBLIM
MOTJIH HaXONHTbCS ONHOBPEMEHHO TOJLKO HYeTbipe 3pHUTelist
(ocra/bHBEIM roJIOrpauyeckoe H300paKeHHe He GBIIO BHAHO).
Ho Tem He MeHee 3TOT (GH/ILM NONTBEPAMJ NPAKTHYECKYIO
BO3MOXKHOCTb CO31aHMs rojorpaguueckoro KuHO. O6 5TOf
HeOOLIYHOH JeMOHCTpauuy raseta «llpapnay mucaja B Te gHu:
«...Korma mnorac ceer, 3a HeGOJILIUMM [OJYNPO3PaYHBIM 3K-
paHOM HEOXKHIAHHO MOSIBHJAch AEBYIIKa B PYCCKOM Hapsle.
He of6pamas BHuMaHMs Ha 3puTesel, OHa ABHraJach, UrpaJa
IparoueHHOCTSIMHM, MNOMellajla HX B CBepPKaloUMH cocyn.
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Hsobpaxenue GblIO HEOOBIYHBIM. Briepsble OHO CYIIECTBOBAJIO
CaMOCTOAITE/IbHO, KaK Obl BHE 9KpaHa, 3a pPacTBOPHUBIUEHCH B
TEMHOTe 3aJjla CTEKJsHHOH «meperoponkoily. M 310 Kasanoch
CKa3KoH: Ha HalUMX JIa3aX IpepblBajiach CTaBIIAS PHBLIYHON
CBSI3b H300paxKeHHS C SKPAHOM»,

®uspM, 0 KOTOPOM MBI pacCKasbiBaeM, GblI cosnaH BO Bce-
COIO3HOM HayYHO-HCCJIel0BaTeIbCKOM KHHO(MOTOUHCTUTYTE KOJ-
JIEKTHUBOM COTPYAHHKOB, BO3IJaBJsieMbIM npoeccopoM B. I, Ké-
mMapom. ®uibM 3amucaH Ha nJueHke wHpHHOM 70 MM. Kampsl
MJIEHKH TPeICTaB/JAIOT COOOH MNJIOCKHe TrOJOrpaMMbl, CMEHs-
tomide Apyr apyra c¢ wactorod 30 I'u. CreMKa npousBonusach
C HCNOMb30BaHHEM MMIYJbCHOTO Ja3epa Ha py6une. Kaxunii
rojiorpauyecKuil Kaip CHHUMAJCH ONHHM JIa3ePHBIM HMMYJIb-
COM IJIHTENbHOCTBIO 50 HC.

B Hacrosimiee BpeMA BeRyTCA HCCJIENOBaHHUA 1O AaJbHeH-
meMy PpasBUTHIO roJorpaduueckoro KuHo. PaspaGarbiBaercs
CHCTeMa C [BETHBIM H300paKeHHeM M 3KPaHOM, PaCCUMTAHHBIM
Ha 400 spurtesnedi. Bo3MOXKHO, 4YTO ellle B HBIHELIHEM BeKe
rojorpajpuueckoe KHHO NOJYYHT HIMPOKOE pacnpocTpaHeHHe.

3HauuTe/bHO COJiee CIOXKHOH mNpeicTaBasieTcs MpobieMa
co31aHusl rogorpapHyeckoro TesaeBHIeHHd. [leJo B ToM, 4To
rojaorpaMma COIepKHT B cefe NPHMEDHO B CTO THICAY pa3
6osblte HHGOPMALUH, YeM OObIYHOe H306paiKeHHe Ha TeJIeBH-
3MOHHOM . 3KpaHe. UToObl mepenartb CTOMBKO HHGMOPMAUMHU 10
TeJleBUSUOHHOMY KaHasy, TpefyeTcsl HECKOJbKO 4acoB. B To
XKe BpeMf IJ1A cO3LaHus dpdeKTa HeNpPepbIBHOTO JBHIKEHHS
HeoO6xoxuMo mepenaBatb 30 ronorpamMMm B cekyHay. Orciona
BHIIHO, YTO «B JI06» mpoG/eMa roJorpadHieckoro TeJeBUAeHHs
He petuaercs. [TosToMy aKTHBHO HINYTCS pas/nyHble 0GXOLHbIE
nytd. Byayuiee nokamxeT, HacKOJNBKO YCIELIHBIMH OKaxKyTCsH
3T [OUCKH.

Bo BcsikOM c/lydae, MOXKHO He COMHeBaTbCs, YTO B OYAyLIEM
rojiorpagusi LOCTATOYHO [VIyGOKO NMPOHMKHET B HAlly JKHU3Hb.
J1o cux nop yesioBeK NMPOSIBJSAJ CBOKO BJACTb (PaKTHUECKH JIMILIb
Hal onHo# (opMoH MaTepuy — eewecmeom. Ero oH Hay4uics
COXpaHfTh, 06pabaTbiBaTh, BHIOUSMEHATH. Hpyrasa xe ¢op-
Ma MaTepHH — noie — B CHJy CBOeH H3MEHUHBOCTH, AHHAMHY-
HOCTH, «HEYJIOBHMOCTH» OCTaBajlach B CYILEeCTBEHHOH Mepe
HemoaBJacTHOH desoBeKy. KakK 3akoHCepBHPOBaTb, XPaHUTb,
BHIOM3MEHSITh 3JIeKTPOMarHUTHOe MmoJe? OTBeT Ha 3TOT BO-
npec uesIOBeK Halles JHIIb HelaBHO. OH Hallesn ero B Npo-
necce CO3faHUsl M Pa3BUTHA MeTONOB rogorpapuu. Heynusu-
TeJIbHO, 4TO IepBOe 3HAKOMCTBO C TroJiorpacuidecKUMH H30-
GpakeHUSIMH HeH30eXXHO OCTaBJ/sieT CHJIbHOe BlleyaT/eHHe.
TloHsTHO ¥ TO, YTO MHOTrHe >(QeKThl, NoJydaeMble P IOMOILK
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rosorpaduy, KaxKyTcsl Ha NepBbIl B3rJIAA KAaKHM-TO 9yLOM.
IlpocTo MBI ellle He MPUBLIKJM, MBI €llle TOJbKO YUUMCS BJacT-
BOBAaThb HaJ 9J€KTPOMAaTHUTHBIM MOJEM.

CnpaBxka, K HcTOpMH BO3HMKHOBEHWS! W pa3BHTHS roJorpaguu.
TpuMeuarenbHO, 9TO HAH roJorpabiH, ee NPHHIMIL B METOAB! Hauaau ¢op-
MHpOBAThCS €llle J0 CO3NaHHUs Jnadepa. B npunuune uaes rosorpapuaeckoro
MeTOfa MOJyueHHsl M3006pakeHHii Obl1a BhIBHHYTA H SKCMEPHMEHTalbHO
npoBepena noJabcKuM ¢pusukomM M. Boabpke. B 1920 r. on ony6inkosan pa-
6oty «O BO3MOXXHOCTH OINTHYECKOTO H306payKeHHs] MOJIEKYJSPHOH pemer-
ku». B paGoTe 6bJI0 NOKa3aHO, YTO, HCNOML3YS AUPAKIHIO PEHTTeHOBCKHX
Jyyell Ha KPHCTa/lIe, MOXKHO NQJIYYHTh ONTHYECKOE H300paXKeHHe KpHCTal-
nugeckoll peureTku. K coxanennio, paGora M. Boabpke He Haumuia B cBOE
BpeMsi OTKJIHKA y ¢usnukos. M. Bonbdke BEICTYIHI KaK NPEIBECTHHK FOJIO-
rpabun, He NOHATHIA M He NOMNEPKAHHLIH COBPEMEHHHKaMH.

Hnen ¥ mpHHIKIL rostorpaduyu Gblix 3aHOBO chopMynHpoBaHH B-1948 r,
anruickum yueHsiM J1. I'a6opoM, He 3HaKOMBIM B To BpeMms ¢ paboToit Bouasd-
xe. JI. T'a6op npuwen K ronorpagHH, 3aHAMasch BecbMa NPaKTHIECKOH 3a-
Jauefi: OH HM3ydaJ BO3MOXHOCTH MNOBBILIEHHS paspelnaomedl CIOCOGHOCTH
3JIEKTPOHHOTO MHKPOCKona. B cBoel pa6ore, naspaunoil «<HoBbill npuunum
MHKpOcKomuu», ['aGop cdopMmysnHpoBan ABYXCTYNeHUYaThi MeTOA HOJyde-
HUS1 roJiorpapuuecKuX M300paxKeHHH H H3JIOXKHJ Pe3yJbTaThl CBOMX HCCJe-
nosauuit. OH 3Ke BBeJ TePMHH «roJiorpammas. TepMHH «rosiorpadus» nos-
BHJICS TO3/Hee; ['a6op Ha3kIBAJI OMHCAHHBIA HM METOJ «METOLOM BOCCTaHOBJIE-
HHSl BOJIHOBOI'O (DpOHTa». .

3anuce rosorpammsl o6vexra Jl. I'aGop npou3BOXKI 3/I€KTPOHHEIM Iyd-
KOM, HCIIOJIB3Ysl BOJIHOBEIE CBOHCTBA SJIEKTPOHOB. B KauecTBe 0GbeKTa OH
B35/l TOHKHMH TpaHCIapaHT. DJIEeKTPOHHBbIA NYYOK, NPOXOAsS CKBO3b TPaHC-
mapaHT, 4acTHYHO paccenBaJicsl. PaccesiHHas yacTh nydka uuTepdepupo-
BaJla C TO¥ 4acTblO ITy4Ka, KOTOpas He HCNbiTala paccesHust ([aGop Ha3bl-
Ba/l ee KOTEPEHTHHIM (HOHOM); B Pe3yJIbTaTe BO3HHKAIA HHTEPdEpEHIIHOHHAS
KapTHHA Ha rojsorpamMMe. CxeMa sanucu rosorpaMmsl no I'aGopy mokasauna
B ympolieHHOM BHfe Ha puc. 34, a. BoccraHosieHne BOMHOBOrO ¢ppoHTa
(cuuthiBanue rosorpamMmbl) I'aGop NpOM3BOAHJ ONTHYECKHM H3JNYUYEHHEM,
HCNOJIb3Ysi B KauecTBe HCTOYHHKA CBETa LYTOBYIO PTYTHYIO JIaMIly ¢ MOHO-
xpomaropoM. HecMoTpsi Ha HeBHICOKYIO CTeneHb KOTepeHTHOCTH cBeTa, Ia-
60py Bce ke ylaJoch NOJYYHTh H300parkeHHe oGbeKTa. [IpaBpa, oHO He
OTJIHYAJIOCh XOPOLIHM KauecTBOM, a [VIaBHOE, ¥ Hero GbuT JBOHHHUK.

Kaxk otMeuas I'a6op, unest MeTofa rosiorpadguu B 51€KTPOHHON MUKPO-
CKOITHH KaK JIBYXCTYII€HYaTOro Npollecca, B KOTOPOM MpPeIMeT perucTpupyer-
¢Sl C IOMOLYBIO NTYy9Ka 3JeKTPOHOB, a BOCCTAHABJIHBAETCS C MOMOUIBIO CBETO-
BOI'O NyYKa», BO3HHKJIA IO BJIHSIHHEM uleHl aHrauiickoro gusuka Y. Bpsr-
ra, H3JIOXKeHHBIX B 1942 r. B paGore «PeHTreHoBcKuli MHKpPOCKOM». B aToit
pa6oTe paccMaTpHBaach BO3MOMHOCTb BH3YaJH3allHH KPHCTAJIHYECKOH
pelIeTKH ¢ MOMOWbIo AHGbPaKIHu Ha HHTepdepeHIHOHHOH KapTHHe, MOJy-
yeHHOI B peHTIeHOBCKHUX Jyuax. Hano ckasarb, uto B 40-e u 50-e rois! ouerb
HEMHOTHE OTHECJHCh Cepbe3HO K HccaefoBaHusM ['ab6opa. Ilosmaramu, urto
€ro METOJl MOXKET HMeTh 3HAYeHHE JIHUIb JJIs JEKTPOHHON H PEeHTIeHOBCKOM
mukpockonun. Toasko B 1971 r. 1. I'a6op 6b11 yxocroey HobeneBckoii npe-
MHH MO (H3HKe 3a CBOH HCCJIENOBaHUs MO rojorpaduy.

UYepes 12 ser nocsie pa6orsr . 'aGopa «HoBbifi MPHHIHI MHKPOCKO-
TIHH» MOABHMJCS MCTOYHHK KOTepeHTHOro cBeTa — Jjasep. M cpasy xe Bospo-
IZuics uHTepec K rosnorpapuu. Tenepb He TOJBKO CUHTHIBAHWE, HO M 3allHCh
roJorpaMMbl CTalH [leJlaTh ONTHUECKHM H3JIyYeHHeM, HCTONIb3ys cxemy [a-
Gopa. HecmoTpst Ha npuMeHeHHe Ja3epa, BOCCTaHABJIMBaeMoe H306paxkeHHe
HMeJIo ABOHHHKA, OT KOTOPOr0 HHKaK He yjaBajoch usGaButhcd. B 1961 r.
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amepukaHckue ¢usuku . Jledr n 10. Ynarauekc, usyuuB raGopoBCKYIO
CXeMy; NPUUIH K BBIBOAY, YTO KOrepeHTHBIH (OH HrpaeT, MO CYTH [ena,
poJib OMOpPHOI BOMHKEL. OHH NPENTIOKHIN OTACTHTD 3Ty BOJIHY OT BOJIHBI, OT-
paeHHOH 0GBEKTOM, C TeM, uToObl yKa3aHHbIE BOJIHBEI NEPeceKaluch H HH-
TepepHpoBaln TONLKO Ha (otomnacturke. [Tpemnoxennpii 3. Jleditom u
I0. YnaTHMeKCOM ABYXJY4€BOH METOX 3alHMCH IOJOrpaMMbl (C MCNOJIL30Ba-
HHYeM 0GBEeKTHOrO H OMOPHOI'0 CBETOBBLIX-MYYKOB, PacClpOCTPaHSIOUMXCS MTOX
yrJoM APYr K APYTY) MOMYYHI IWHpoOKoe npuMeHeHne. CXeMaTHYeCKu 3TOT
MeToj nokasaH Ha puc. 34, 6. Uuratesn, HaBepHOe, AOrajfajcsi, YTO UMEHHO

- A
Ocberm- Onoprasg g
Impancnapanm Gonwa

lanvepamma

Suermponword >
TYHOK

[onospamma

Obvermuas
danua

w 3}

g
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goprar |\~ o5
onHa Goimia—
4) B

Puc. 34. Cxemul 3amucu roJjorpammer: ) no I'abopy, 6) no Jlefity u ¥Ynat-
HHeKcy, 6) 1o JleHucioky,

STOT METOJ MbI PacCMaTPHBAJM paHee, KOTAa OGCYKNaNH MPHHIMIBL ONMTH-
yecKofl rosiorpacdus.

B 1962 r. coserckuil ¢usux I0. H. Jlenuciok (HeIHE YIeH-KOPPeCHoH-
nent AH CCCP) npenyioxui 06beMHbIe FOJIOrpaMMbl Ha OCHOBE TOJICTOCJIOM-
HbIx (poTosmyJibeuit. OH e pa3paGoTal MeTOZ 3alMCH 3THX TOJOrpaMM BO
BCTPEYHBIX CBETOBBIX myykax. CxeMa 3amucu mo Mertoxy IO. H. Ienucioka
nokasaHa Ha puc. 34, 6. JlasepHsli MyuoK cHauana DPOXOAUT uepe3 (HoTO-
SMYJIbCHUIO; 5TO eCTh PSIMOI YYOK, OH HUI'PaeT PoJb OMOPHOH BosHbL. 3a do-
TOSMyJIbCHEl pacrnojaraercs o0bekT. OH OTpakaeT 4acTb MpOLIEIIEro
yepe3 (hOTOSMYJIBCHIO MydyKa Hasall, K (OTOIMYJNbCHH; 3TO €CTb BCTDEUHbIH
Iy4yoK, OH SIBNSIETCA OOBEKTHON BOJNHOH. IIpH CUMTHIBAHHH TOJIOTPaMMbI
CBeTOBOM MydOK IalaeT Ha Hee TaK e, KaK Maja OMOpPHLIA IyYoK Ha 3Tame
sanucu. B pesysbrare GpsIrroBCKOro OTpaxKeHHs 4acTh NydyKa OTpaxKaercs
Hasall, GOpMHPYs BOJHY, ABIAIOMYIOCA Komuell o6beKTHO!H BosHbL. Habmio-
Aaresb BUAMT MHHMOE H30GpaxeHHe 0ObeKTa 3a FOJOTpaMMOH — TaM, Ife
BO BpEMS 3alACH HAXORMJICS caM OOBEKT.

Orpaxaresnbubie o6bemusie rosorpammsl 10. H. Jlenncioka, cunTbiBae-
Mble B COJHEYHOM CBETE M CBETE 3JeKTPHYECKOH JIaMIbl, SBUJIHCH IIOAOM
MHOTOJIETHHX HCCJEI0BAaHUi YYeHOro, HAauaThiX HM elle X0 MOosiBjeHus pabo-
tht JI. TaGopa u 3amosro go cosfanus JjasepoB. Kak otmeuan I0. H. Ie-
HHCIOK, HCXOAHBIM MOMEHTOM IJIsl Hero MOCJAYXKHJ MeToll IBeTHOH ¢oTorpa-
¢uH, paspaborannbiil eme B 1892 r, ppanuysckum pusukom I Jiunnmanom.
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CEJIbMOI PACCKA3

YTO TAKOE HEJIMHEAHAS ONTHUKA

Hsmensaiorcs am  ¢gu3uueckue XapaKTEPUCTHKH
BEWECTBA NOJ AedlcTBHEM cBeToBOro my4ka? Ha stor Bompoc
OGbIYHO OTBEYAIOT OTPHIATeJbHO. Mbl MPHBHIKIH K TOMY, YTO
XapaKTepUCTHKH BellleCTBa He H3MEHSIOTCS, KOrjia depes 3TO
BEIIECTBO PACIPOCTPaHseTCs CBeTOBOH myuyok. B wacTHOCTH,
06LIYHO MBI ITOJIaraeM, YTO I0Ka3aTeslb NpeJoMJeHHsl Cpelbl He
3aBHCHT OT MHTEHCHUBHOCTH MpPeJOMJISIOLIErocss CBETOBOTO
nyyka.

CaeTOBBIe N0/151 OOBIYHBIX (HeJla3ePHBIX) HCTOYHHKOB CBETa
XapaKTepU3YIOTCA 3JIeKTPHYecKOH HampsiKeHHOCThbIO TOPsinKa
1—100 B/cM. DT0 HaMHOTO MeHblle HaNpsXKEHHOCTH MOJeil
B aroMaXx # MoJekynaax BemecrBa (108—10' B/cm). Bnonne
€CTeCTBEHHO, YTO MpPH TaKOM «COOTHOILEHHH CHJ» CBeTOBas
BOJIHA He MOMKeT CKOJNbKO-HWOYIb 3aMeTHO NOBJHATH Ha CBS-
3aHHble C BHYTPHAaTOMHBIMH TOJIAMHU qouanecxme Xapakrepu-
CTHKU BellecTBa.
¥ C nosiBJieHHEM Ja3ePOB CHTYyalHs, OIHAKO, Pe3KO H3Me-
HuJach. Jlaseprl MO3BOJISIOT MOJNYYaTh CBETOBble MOJIS Hamps-
xeHHocThio J0 10°—10° B/em. Tenepn HaHpH}KeHHOCTb noas
CBETOBOH BOJIHEI OKa3blBaeTcsl COMNOCTABHMOH € HampsKeH-
HOCThIO TOJIEH B aTroMax H MoJeKyJax. A 3T0 NpPUBOAUT K
TOMY, YTO NpPH INPOXOXIEHHMH TaKOH CBETOBOH BOJIHBI Yepe3
BEIIeCTBO €ro XapakKTepDUCTHKH usmensomes. Ilomuepkuew,
4TO USMeHeHHe HUMeeT o6pamumoili XapaKTep: KaK TOJbKO IHpe-
Kpauiaercsi oO/JydeHHe BelllecTBa JasepHbHIM H3JydyeHHeM, Xa-
PaKTePHCTHKH BellleCTBA CTaHOBATCH INPeXHHMH — TaKHMH,
KaKUMH OHH OBLAM A0 0GNydYeHHs.

XopowmuM npuMepoM MOXKeT CJAYXKHTh M3MeHeHMe Npo3pay-
HOCTH BeleCTBa IOJ BO3NEHCTBHEM Ja3epHOro Jyda. 310
NPOHCXONHUT, HampHuMep, B MNpOCBeTAOMHUXCA GHIBTPaAX, C
KOTODEIMH YHTaTeJb MNO3HAKOMHJIC BO BTOPOM paccKase.
HanoMHuM, 4TO non IeHcTBHEM HHTEHCHBHOI'O CBeTa HeNpo-
3pauHbi BHayaje (UJIbTP CTAHOBHTCHA NPO3payHbIM (IIPOCBET-
Jsietcs); nocse NpeKpalueHus IeficTBUs cBeTa (GUABTP GbICTPO
BO3BpallaeTcss B HCXOQHOe cOcTosiHMe. MoxkHO HabmoAaTh
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TOUCTHHE YAHBHUTEJNBbHYIO KapTHHY, KOTrJa MOLIHBIH JasepHbIH
UMIYJbC, MNafasl Ha HENPO3pPayHylo IJACTHHKY HWJH KIOBETY
¢ JXUIKOCTBIO, MNPAKTHYeCKH MOMEHTaJlbHO MpPOCBeT/sieT ee
¥ [POCKaKHBAeT HaCKBO3b, IOCTE Yero MJacTHHKAa (KHIKOCTh)
TYT e CHOBa CTaHOBHUTCS Hempo3pauHoii. DTO MOXOxe HA TO,
Kak ecJi1 Obl CBEeTOBOH HMIYJIbC OTKPBLI B CTeHKe IBepLy»,
NPOIIMEITHYJ1 B Hee M TYT e HPUKPBLI «IBepiy» 3a cOOOH.

He MeHee yIHBHTENIbHO U fIBJIeHHe 3aTeMHEHUs Cpeldbl,
TaKiKe paccMaTpuBaBllleeCss BO BTOPOM pacckase. 3Hech Bce
NPOUCXONUT HaoOOpOT: MNJacTHHKa, OblBIIas BHayaje Ipo-
3payHOlH, MyTHeeT NPH 00JgyuyeHUH ee cBeroM. Uem Gosblie
HHTEHCHBHOCTb CBeTa, TeM CHJIbHee MyTHeeT TaKas IJaCTHHKA.
Ona Moxer craThb BooOOlle HemnpospauHoii. Ho Kak Tolbko
o6/yyeHHe CBeTOM MpeKpallaercsl, MPO3PayHOCTb MJIAaCTHHKH
cpasy Ke BOCCTaHaBJIMBaeTcs.

B siBJeHHAX NOpocBersieHUs U 3aTeMHeHHA Cpelbl OOHapy-
JKHBaeT 3aBUCUMOCTb OT HWHTEHCHBHOCTH CBeTa Takas Xapak-
TepUCTHKA BellecTBa, KaK CTeleHb ero Mpo3payHOCTH HJH,
TOBOpPS CTPOXKeE, ero KoahhHuueHT norJomeHusa ceera. Gusnuky
060HX fIBIEHHH Mbl yike obcyxnau. OcTaercs JULUbL OTMETHTD,
YTO 3TH W TIONOOHBIE UM fBJEHHS (KOTIa Te UJU HHble Xapak-
TEPUCTHKH BelllecTBa OOpaTHMBIM 00pasoM H3MeHSIOTCS IOJ
IeHCTBHEM CBeTa, NMPUYEM TeM CHJIbHee, YeM BBIIlle HHTEHCHB-
HOCTh CBeTa) H3yuaeT ocOGHl pasnes COBPeMEHHOH ONTHUKH,
Ha3blBaeMbIH HEAUHELHOU OnmuKoil.

MMoyemy onTHKa MoxeT GhiTh «HeauHeiiHoW» ? Unrtarens,
HaBepHOe, IIOMHHT, YTO HOA HeHCTBHEM BHEIUHEro 3JeKTpuye-
CKOrO MOJISi JUSJIEKTPUKHU NOAAPUSYIOMCS: ToJie BbI3bIBaeT
CMellleHNe 3JIEKTPOHHBIX 060JI0UeK aTOMOB OTHOCHTEJIBHO fep,
B pesyJbTaTe 4Yero aTtoMbl NPHUOGPETAIOT 3JIeKTPHUECKHH IHu-
HoMbHbIH MoMeHT. CrTelleHb MOJSIPU3AllMH JH3JeKTPUKA OMHU-
cblBalOT (PU3HYeCKOH BeJMUYUHOM, MpeAcTaBJdlomed co6oi
5JeKTPUYECKH !l JHUIOJbHBIH MOMEHT eJMHHIB o6beMa Cpelbl,
HaBe/leHHbIH BHEIUHHAM TNoJieM,— mnoasipusauued P. OHa cBsi-
3aHa C HaNpsKEeHHOCTbI0 E MOJNsIpU3YIOLIEro 3JeKTPHYECKOro
noJisi MPOCTHIM COOTHOWeHHeM: P=aFE. 3mechb 0 — OfHa H3
(Gu3NUeCKHX XapaKTepUCTHK IU3JIeKTPHKa; ee HasblBalOT NH-
3JeKTpHUecKOH BocnpuuMumBoctbio. Ilosspusanuio P MOXHO
paccMaTpHBaTh KaK CBOeoOpasHbIH 0mKAuK cpelibl B OTBET Ha
sHewnee g030edicmeue, B KayeCTBe KOTOPOTO 3JeCh BBICTYyMaeT
BHElIHee 3JIeKTpUUecKoe mnoJie. YUrToGpl mnonsipusoBaTh XH-
9JIEKTPUK, €ro, HalpHMep, MOMEIAIOT Mex1y I[JaCTHHAMU
3apSXEHHOr0 KOHAeHcaTopa. MOXHO MNOCTYNUTh M HHaye:
NpONYCTHTb CKBO3b IUJEKTPHK CBeTOBOH MydYoK. B mocnennem
cJiydae poJib BHeLIHero BO3JeHCTBHA GYyZeT BGLINOJNHATh 3JEKT-
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puueckoe IOJie CBETOBOH BOJIHBI, pacnpocTpaHsomefics Mo
IH3MeKTPUKY. MIMEHHO 3TOT caydail Hac M HHTepecyerT.

JlormycTyM, HHTEHCHBHOCTb CBETOBOH BOJIHBI HeBeJHMKa H
MOXKHO I10JIaraTh, YTO AH3JMEKTPHYecKasd BOCIPHUMUHUBOCTD O
(kak # Japyrde ¢usnyecKHe XapaKTePHUCTHKH JH3JeKTPHKA)
He 3aBHCUT OT HHTEHCUBHOCTH cBera. B sToM ciyyae onuch-
BaeMasi COOTHOWIeHUeM P=0oFE 3aBUCHUMCCTb [OJNSPH3ALUH
IU3JIeKTPHKA OT 3JEeKTPHUYeCKOH HaNpsKeHHOCTH CBETOBOTO
HoJisl SIBJSAETCA MPAMO NPONOPYUOHAAbHOL WJH, HHade, AuU-
Helinoti. MOXKMO CcKasaTth, 4YTO ‘OTKJMK cpelbl (nongpusanud
IU3/eKTPHKa) Ha BHellHee BO3JlefiCTBHE (HA HaNpPsKEHHOCTDb
DOJif CBEeTOBOH BOJIHBI) SIBJIsieTCS: B pacCMaTpHUBaeMOM® cjydae
auneiineiM. Takasi cUTyauus XapakrepHa I/ OOGBIUHBIX (He-
JlasepHbIX) HCTOUHHKOB cBeTa. [losToMy no/a3epHYIO ONTHKY
MOXHO Obljio Obl. Ha3BaTh «IMHEHHOH ONTHKOM».

Tenepp HaNpaBUM Ha JU3JEKTPUK MOIIHBIHA JasepHbIH Jyd.
Mbl yke 3HaeM, YTO HPH 3TOM XapaKTepHCTHKH IH3JEKTPHKa
U3MeHATCA — Tellepb OHH OYAYyT 3aBHCETb OT HANpPAKEHHOCTH
NoJisl CBETOBOIl BOJHBI (a 3HAYUT, U OT MHTEHCHBHOCTH CBeTa).
B uactHOCTH, ¥ JAH3JEKTPUYeCKast BOCIPHUHMYHMBOCTb OyIeT
Tenepb He NOCTOSIHHOM LJIfi HaHHOTO NH3JEKTPHKa BeJIHUMHOH,
a HekoTopoli (yHKIMeHd HanpsikeHHOCTH noss. Bo mmormx
cyuasix 3Ty (YHKIHIO MOXHO INpeACTaBUTh OdYeHb MPOCTO:
a(E)=0a¢+o,E, rlie 0y 4 0; — HeKHe NOCTOAHHbIe NapaMeTphl.
B pesy/braTe NOJAAPH3aNMA AM3JIEKTPHUKA OKasblBaeTcs 3a-
BUCHLIEH OT HanpsXeHHOCTH CBETOBOTO NOJS HO CJeLYIOLEeMY
sakony: P=a (E)E=a,E-+0a,E? Tlepen HaMu KBagpaTH4HbIM
3aKkoH. Ho 3710 B 1aHHOM ciydae He rsiaBHoe. ['1aBHOE TO, 4TO
3aBHcHMOCTh P ot E Tenepb yike He siBjsiercsd JuHeiHoH. Ilpu
BO3JEHCTBUM Ha CpPely LOCTATOYHO MHTEHCHBHBIM CBETOBbIM
NYYKOM ee OTK/JHMK Ha 3TO BO3NeNCTBHE OKA3bIBAETCH HEAUHEl-
Howm. TTo3TOMY TOBOPAT O «HeJMHEHHOH MOJsApU3aLUU» CPenbl.
Orciofa e TNPOUCXOAAT TEePMHHBl «HeJUHelHass ONTHKay,
«HeJIMHeIHO-ONTHYeCKHe SABJEHHSY.

C HeKOTOPbIMH HEJNUHEHHO-ONTHYECKUMH fABJEHHAMH —
ABJIeHUSAIMH TPOCBETJNEHHs M 3aTeMHEHHS Cpelbl — YHMTaTeNb
yxe nosHakommaca. O APYTHX He/JUHEHHO-ONTHYECKUX SIB-
JeHHIX MBI paccKakeM HMKe. 3aMeTHM, YTO Bce OHH 06yc-
JIOBJIEHBl, B KOHEUHOM cuHeTe, HeJHHeHHOCTBIO NOJAPU3aLUH
Cpelsl, TNposABsOLIeics NpU NPOXOXKIEHUH Yepe3 Cpeny
MOLIHOTO JIa3ePHOTO H3JyyYeHHd.

MoryT Ju CBETOBbIE BOJHbI B3aUMOAEHCTBOBATL APYT C APY-
rom? XOpOIIO H3BECTHO, YTO JBa CBETOBHIX NYyYKa B BO3[yXe
¢BOGOLHO NPOXOAAT OMH CKBO3b APYTroH, KaK Obl «He 3aMeyasi»
apyr apyra. Ilpu sToM He M3MeHfIOTCHA HM HanpabJjleHHe pac-
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NpOCTpaHeHHUs NyuKa, HU ero PacXxoiHMOCTb, HH ero vacTora.
Mb! IPHBBIKJIH K TOMY, YTO TOYHO TaK 3Ke BeLyT ce0$l CBETOBbIE
NYUYKM, BCTpevasicb APYT C APYroM B TBEPAbIX U KHUAKHUX NpO-
3pauHbIX Iu3JeKTpHKax. OfHaKO 3TO BEpHO JHWb AJdA NoJa-
sepHOil (MHHeHHOH) ONTHKH. B HeNWHEHHOH ONTHKe MBI MMeeM
IeJI0 C TPHHUUNHAAbHO HHOH curyauueil. EciH HHTeHCHB-
HOCTb CBeTa JOCTaTOYHO BeJIMKa AJISi TOro, 4ToObl MPOSIBJAIACH
HeJIHHEHHOCTb TOJSIPU3AalNH epellbl, TO B TAaKOH cpele MOXKHO
HabmonaTh 63aumoleticmeue ceemosblx 6oaH. B pesynbrare
3TOr0 B3aWMOJEHCTBHA MOTYT BO3HHKaTb HOGblE CBETOBhLIE
BOJHH. HanpumMep, B3auMogeiiCTBHE CBETOBBHIX BOJH, HMelo-
[MX YaCTOTHl V; M V,, MOXET NPHUBOLAUTb K BO3HHKHOBEHHIO
CBETOBHIX BOJIH Ha 4acToTaxX 2vi, 2v,, vi-+v,, vi;—v,. [loka-
XeM 3TO, MCIIOJIb3ys MaKCHMyM YNpomeHHH.

[lycte HenuHeliHagd mnoJspH3auds Cpelbl ONHCHIBAETCS
KBaJpaTHYHbIM BbIpaXkeHHeM a,L%. B 3T0 BHpaxeHHe Hajuo
MOICTaBHTh HATPSXKEHHOCTb CBETOBOrO MOJisl, ONpeNesIsieMoro
CYMMO# IBYX CBETOBHIX BOJH — C YacTOTOH vy H v, COOTBeT-
cteenHo. [lpencTaBuM cyMMapHOe cBeTOBOe NOJie B YNpPOLIEH-
HoMm Bule: Eo(cos 2av i-+cos 2nv,f). Boseens B - xBampar
CTOfILYI0 B €KOOKaX CYMMY KOCHHYCOB M BOCHOJIb30BaB-
IUMCh TPUTOHOMEeTpHYecKUMH (opmydiamu 2cos?P=1-cos2p u
2 cos p cos y=cos (B+7y)+cos (B—y), MBIl nmOTyuHM BBIpaKeHUe
IJil IOJISIPH3ANUM CPelbl, coliepKallee caaraeMble (KOCHHYCH)
¢ YacToTaMu 2v;, 2v,, vi-+v,, v;—v,. CienoBarebHO, B cpele
BO3HHKAIOT BOJIHBI NMONAPH3alHH Ha TaKUX dactorax. Kaxnyio
BOJHY TNOJSPH3aIUM MOXKHO YyNono6uth Geryiedl no cpene
cBoeoGpa3sHOH «aHTeHHe», KOTOpas NpH ONpejesNeHHbIX yc-
JOBHAX CcMoco6HAa H3JMYyYUTh HOBYIO CBETOBYIO BOJHY — Ha
TOH e YacToTe, KaKyl HMeeT BOJIHA MoJisipusauuu. Takum
o6pasoM, Npoucxosllee B cpelie ¢ HeJMHeHHON nonspusauyei
B3aUMOJIEAICTBHE CBETOBHIX BOJH C YacTOTaMH V; H Vi, MOXeT
NPUBOIHTL K TOSIBJIEHHIO HOBHIX (TNepeH3/yuYeHHBIX) CBETOBHIX -
BOJIH HA 4acToTax 2vq, 2v,, vi+Vv,, vi—vV,.

[pennoJioxuM, 4T0 B cpele ¢ HesJHHeRHOH moJispusauned
pacmpocTpaHsieTcss OIHa CBeTOBas BOJIHA; NYCTh ee 4acToTa
ecTb v. B NaHHOM cJyyae MOXKHO FOBOPHUTb O TOM, UTO B3aH-
MOIECTBYIOT IBe BOJHB Ha OAHOI M TOH e 4YacToTe WJIH,
¢H3HYeCKH BepHee, O TOM, YTO CBeTOBaf# BOJHA YacTOTHl V
B3auMozeficTByer caMa ¢ co6oi. M3 mpenbaymux paccyx-
Jenu#l cJjelyer, YTO B pacCMaTPHBAeMOM cCJIyuae MOMKET GHIThb
" mepen3JilyyeHa CBeTOBad BOJHA Ha uacToTe 2v, T. e. MOXeT
Habmonathcsi YIBOEHHE YacTOTHl CBETOBOH BOJIHBI. DTO HeEJH-
HelHO-ONTHYeCKOe SIBJIeHHe IMHPOKO KCMOJb3yeTcs B Ja3epHOH
TeXHHlke, NO3TOMY pacCKaxeM O HeM HEeMHOro mozapoGHee.
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Kak Ha nmpakTHKe MOXHO YyIBOMTb 4acTOTy Ja3epPHOrO M3-
aydenus? UroGel mpoHcxXopmsa mepefaya SHEPTHH OT HCXOJ-
HOW CBETOBOH BOJIHBI 4acTOThl Vv K NEPeH3JyueHHOH CBETOBOMH
BOJIHE 4acTOThl 2v, TpeGyeTcs BHINOJHEHHE BIIOJIHE €CTECT-
BEHHOI'O YCJOBHSA: CKOPOCTH YKa3aHHBIX CBETOBBIX BOJIH B
JaHHOH cpelle NOJIKHBI COBNaJaTb. Mbl Ha3BaJW 3TQ YCJOBHE
€CTeCTBEHHBIM, MMesi B BHIY INPOCTYIO aHAJOTHIO: HeJIb3st Ha
Gery mnepelaBaTb HENpepLIBHO YTO-MMGO OapTHEPY, €CJHH OH
He GeXHUT ¢ TaKOH Ke, KakK U Bbl, CKOPOCThi0. HamoMHuM, 4TO
CKOPOCTb CBeTa B Cpelle pPaBHAa CKOPOCTH CBeTa B BaKyyMe,
IeJIEHHO! Ha IOKaszaTesb IpesnoMieHHs1 cpenbl. CleroBaTelb-
HO, IaHHOe YCJOBME O3Ha4YaeT, 4TO JOJKHBl COBMajaTh HOKa-
3aTeJIM NPEJIOMJIEHUS CPelbl n, U My, LJS paccMaTpHBaeMbIX
cBeTOBBIX BOJH. [lokasatenbp wOpenoMieHHS H3MeHsAETCH C
YacTOTON CBeTa; OOBIYHO OH pacTeT C yBeJHYeHHeM 4YacTOTHI.
IloatomMy ycsoBUEe n,=Mp, MOXKeET I[OKa3aTbCc Ha MepBHIH
B3rJIsi HeBeIMOMHMMBIM. OnHako 570 He TaK. OkasblBaercsl,
4YTO JaHHOE YCJOBHE MOMKET ObIThb BBINOJHEHO, €CJAH BOC-
I10JIb30BAThCA OCOGEHHOCTAMH NMPOXOXKIEHHS CBETa Uepes Kpuc-
mannot. : "

PacckaxeM Xord Obl BKpaTue 00 3THX 0COOeHHOCTSAX.
Tpexne Bcero 3aMeTHM, YTO B KPHCTaJlle CYyLIECTBYeT 0coboe
HanpaBJ/IeHHe, Ha3blBaeMoe onmuueckol ocbro Kpuctaina. Ilias
BCeX HalpaBJieHHH, COCTaBJAIOMMUX C ONTHUECKOH OChIO OAMH
U TOT e YTOJ, CBOHCTBAa KpHCTalsa OfMHaKoBbl. IlmockocTs,
NPOXOAAILYI0 Yepe3 ONTHYECKYIO0 OCb M HanpaBJIeHHe paclpo-
CTpaHEHHS CBETOBOH BOJHbI, Ha3BIBAIOT NJIOCKOCTBIO [JIaBHOI'O
ceyennsi. OcoGeHHOCTH pPaCNpPOCTPaHEHMs CBeTa BHYTPH KpH-
CTajlla COCTOAT B TOM, 4TO CBeTOBas BOJHA, [omajasd B KpH-
cTajll, fIpeBpamiaeTcss B JBeé BOJHBI, XapaKTepH3YIOLIHeCs
pasHBIMH CKOPOCTAIMH M monspusaumusaMu. OIHY U3 STHX BOJH
NPUHATO Ha3blBaTh O00bIKHOGEHHOL, a HIPYTYI — HeobbiKHO-
sennoli. Tleppass mnoJsipH30BaHa NepNeHIUKYJAAPHO K ILIO-
CKOCTH TJIABHOTO CEUeHHsl, a BTOpas NOJspH30BaHa B 3TOH
miockocTH., KcTaTH TOBOps, Mbl yiKe BCTpeYalHCh C STHMH
CBETOBLIMH BOJIHAMH, KOrJla BO BTOPOM paccKase TOBOPHUJIH
06 HCIOJb30OBAaHUM SIBJEHHS NBOHHOTO JYyYelpeJOMJIEHHS B
3JIEKTPOONTHYECKHX JHedekTopax. CBeToBble JyuH Ha puc. 10,
NPOXOASAIIHE CKBO3b KDHCTa/JIbl He OTKJIOHAACH, COOTBET-
CTBYIOT OGHIKHOBEHHOH CBeTOBOH BOJIHe, a OTKJOHSIOIHeCH
CBETOBble JIyYH OTBEYalOT HEOOLIKHOBEHHOH BOJIHE.

ITokasaTeab NPeJNOMJIEHHS LIS OGHIKHOBEHHO!H BOJIHBI He
3aBHCHT OT HaNpaBJIeHHUS €e PacOpPOCTPaHEHHS B KpHCTaJJe.
Bynem o6o3HauaTh 3TOT MOKasaTe/b NPeJOMJEHHS uepes n°;
HHJEKC «O» ecTb Hada/lbHas Gyksa aHIVIHHCKOro cjosa ordi-
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nary — «oGbIKHOBeHHEIH». UTo ke KacaeTcsi HeOOGHIKHOBEHHOH
CBeTOBOIl BOJIHBI, TO ee IIOKa3aTe/]b INPeJOMJIEHHS] 3aBHCHT
or yrJa 0 MexXAny HanpapJieHHeM DacNpOCTPaHEHHS BOJIHBI
U ONTHYeCKOH ocblo Kpuctasisa. [lostomy GyleM 3alHCHIBATDH
5TOT 1NOKasaTeJb INPeJOMJIeHHS1 KaK (YHKUHIO OT yria 0:
n®(0). Mnnekc «e» ectb HauanpHasd GYyKBa aHIJIMACKOTO CJIOBa
extraordinary — «HeoGbIKHOBeHHEIH». He 6yfeM BBINHCHIBATH
GopMyJBl, a NPOCTO HapucyeM TrpaduK 3aBHCHMOCTH n° OT
yrja; 3Ta 3aBHCHMOCTb H300pa)kaeTcss B BHJE 3JUIHICA, IIO-
kasaHHoro Ha puc. 35, a. 3necb OA — onruyeckasi 0Cb KpH-
crania, niauHa otpeska OA; ecTb 3HaueHHMe QYHKUHH nc(0)
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Puc. 35. YiBoenue yacTOTH cBeTa B HeJHHeHHOM KpHCTaJe,

pas yroa 0 mexny OA m OA;. Ha tom xe putyHKe H3obpa-
eHa OKPYKHOCTb pajuyca n° (115 OGBIKHOBEHHOH -BOJIHBI).
M3 pHcyHKa BHIHO, YTO B HalpaBJeHHU ONTHYECKOH OCH
(rorma 0=0) nokasatequ TpeJOMJIEHHH OCBIKHOBEHHOH H
HeOGHIKHOBEHHOH BOJIH, a 3HAYHT, H HX CKOPOCTH COBNAJaioT.
B mamnpaBJ/ieHHH 3Ke, NMepNeHAHKYIAPHOM ONTHYECKOH ocH (Kor-
aa 6=90°), nokasaTesu npeJOMJeHUs (1 CKOPOCTH) YKa3aHHBIX
BOJIH Pa3JIHYaloTCsl HauGoslee CHIBHO.

Tenepb MBI MOXEM BepHYTbCS K BONpocy o0 yIBOGHHH
-gacToThl cBeta. Ha puc. 35, 6 mokasaHbl CIJIOMIHBIME JHHHUSIMU
KpHUBBE /151 [OKa3aTteJel. MNpeJoMJeHHS OObIKHOBEHHOH M
HeoObIKHOBEHHOH BOJIH HeKoTopoH wacToTHl v. Ha TOM xe
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PHUCYHKe IUITPUXOBLIMH JIMHHSIMH IOKa3aHbl COOTBETCTBYIOIINYE
KpHBble Uil BOJH dacToTel 2v. Kak M cienoBaso OXUZATh,
C yBeJIHYeHHEM 4YaCTOTHI CBeTa IOKasaTesb IPeJIOMJIEHHs pac-
TeT. MOXHO, OlHAKO, BHAETh, YTO CYLIECTBYIOT HAllpaBJieHHs ,—
HanpuMmep HanpassieHne OB,— BIOJb KOTOPHLIX BHINOMHSIETCS
paBeHcTBO: ny=ns,(0,). HanomuuM, uro wumeHHO 3TO Yyc-
Jjosue TpebyeTrcss nJs TOro, 4ToObl NpPOMCXONHJIa Tepenaya
SHEPTHH OT HCXONHOH CBETOBOH BOJIHBI YacTOThl Vv ‘K TepeHs-
JIyYeHHOH CBeTOBOH BOJHe dacToThl 2v. PaccMarpuBaemoe
yCJIOBHE HA3pIBAIOT YCAOBUEM . BOAHO08020 CUHXpOHu3Ma. CoOT-
BETCTBEHHO TOBOPAT O HampasJjeHHH OB kak o HanpaB/eHHH
CHHXDOHH3Ma, a 06 yrje 0; (yrje Mexnay HanpaBJIeHHEM CHH-
XpOHM3Ma H ONTHYECKOH OCbI0 KpHCTasJa) Kak o6 yrie CHH-
xpoHusMa. Hrak, B HamnpaBjeHHH CHHXPOHH3Ma I[IOKa3aTelb
IpesIOMJIeHHA 715 OObIKHOBEeHHOH CBEeTOBOH BOJIHBI 4acTOThHI V
paBeH NOKa3aTeJio NPeJOMJICHHA 1/l HEOObIKHOBEHHOH BOJIHLI
4acToTHl 2v.

TNocse crenaHHBIX 3aMeyaHHH HeTpyHAHO cooépasmb KakK
MOXHO MPAKMUYECKY OCYUIECTBHTb YIBOEHHE YacTOTHI Jiasep-
Horo mu3jyueHus. [js aToro Halmo B3fiThb NONXOIALIMA KpH-
cTaJll 4 BbIpe3aTh obpasell TaKMM 0Gpa3oM, 4ToGLl NafaroLi
Ha HEro HOPMAJIbHO Jia3epHbIA JIyY YacTOThI v 0GPasoBLIBAJ
yron cHHXxpoHusMa 0; c onTHueckoi ocbio KpucTanna OA
(puc. 35, 6). Hano takxke nmos3aGOTHTbCS O MOJISIPU3ALHUH HC-
XOIHOrO JIa3eDHOTO NyYka: OH JOJMKeH ObITh NOJSAPH30BaH
MepreHANKYJISPHO NJIOCKOCTH TJIaBHOTO CeueHHsl (MepreHAH-
KyJSPHO K TIJIOCKOCTH PHCYHKa) —C TeM, 4ToGbl ChIrpaTth
B KpHCTaJijle pPoJib OOLIKHOBEHHOH cBeTOBOH BOJHBLI. Bor, co6-
CTBEHHO ToBOpA, M Bce. Biaronapa HenuHeAHOCTH NoJspH3a-
UM B KpHCTasJle BO3HHKHET CBeTOBAasA BOJNHA YacTOThl 2v,
MoJISipU30OBaHHAsl B IVIOCKOCTH TJiaBHOrO ceveHusi. CBeTOBOM
NYYOK YacTOThl 2v MOKa3aH Ha pHC. 35, 8 LITPHXOBLIMH JiH-
uusaMi. JIBofiHoe JydempesioMJieHHe MNPHBOIHT K CHOCY 3TOrO
Nyyka B IONEPEYHOM HaMNpaBJeHHH; CHOC XapaKTepH3yeTcs
yriiom f. Croc orcyteryer (fp=0), korma yron cHHXpOHH3Ma
paseH 90°.

Bor yxe Gosnee NATHAALATH JeT pa3BUBaeTCH HOBOe Ha® .
YUHO-TeXHHYECKOe HanpaBJieHHe, CBS3aHHOE C YMHOJNCEHUEM
onmuseckux wacmom (OPUMEHSIeTCA TaKiKe TePMHH «reHepalus
ONTHYECKHX T'apMOHHK»: BTODOH TapMOHHKH, TpeTbeH, uer-
BepTOl ‘M T. I.— B 3aBHCHMOCTH OT TOrO, BO CKOJBKO pa3
YMHOXKaeTcsl 9acTOTa MCXOIHOrO JiasepHOro HajyueHus). Ha-
Jla)keHO INPOMBILIEHHOe [POU3BOACTBO PAa3J/IMYHBIX THIIOB °
yIBOHTe/lel ONTHYECKHX YacTOT, MO3BOJSAIOWMX Ipeobpaso-
BbIBaTb BO BTOleO rapMoHuKy f0.30—50% MOIIHOCTH HCXOZ-
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HOTO CBeTOBOTO INyyKa. DT npeoGpasoBatesdl HCIOAB3YIOT
H3JlyueHHe Jla3epOB Ha rpaHarte ¢ HeonuMoM. ‘B kauecTme
KDHCTa/JIOB C HeJMHeHHOH mMoJsfpuzanyell NPHUMEHSIOT KpH-
crannel guruppodocdara kanua (KH,PO,), nasbiBaeMble yc-
JoBHO KpucrasnaMu KDP, nno6ata qantusi (LiNbO,), HuoGaTa
Gapus-Harpua (Ba;NaNb,Oy) u xp. Mx o6GbluHO HasbBaloT
HeJIMHelIHBIMH KDHCTaJJIaMH.

YMHOXKeHHe ONTHYeCKHX YacTOT BO3MOXKHO JIMIIb TOTAA,
KOoTZa HCNOoJb3yercsl JiasepHOe HadydeHHe. 3MeCb MNPHHIH-
IHMaJbHO BaxXKHa KOZEPEHMHOCMb WU3JydeHHA. Belb TOJBKO
6/1arofiapsl BbICOKOH KOTePEeHTHOCTH HM3JlyYeHHs JlasepOB MOXK-
HO JIOCTaTOYHO CHJIBHO CKOHUEHTPHPOBATh CBETOBYIO MOIIHOCTB
B KaKOM-TO OIpefle/leHHOM HalpaBJeHHMH B INpPOCTPAHCTBE H
NPUTOM B OYEHb Y3KOM HHTepBaje 4acToT. B cBA3H ¢ 3THM -
BaXXHO OOpaTHUTb BHMMaHHe Ha TO, 4TO YCJOBHMe CHHXPOHHM3Ma
OTHOCHTCA BCAKHH pa3 .K onpele/ieHHOH dYacToTe cBeTa H K
onpefie/leHHBIM HallPaBJEHHAM pacrnpocTpaHeHHs CBeTa B JaH-
HOM KpHcra/se. Ecimu, HanpuMep, H3MEHHTCH 4acTOTa HCXOX-
HOTO JIa3ePHOro -NyYKa, TO M3MEHHTCH H YyroJ CHHXPOHH3Ma;
pyHaye TOBOPA, CTAHYT NPYrMMH HalpaBlieHHA CHHXPOHH3Ma.
[TosToMy OuYeHb BakHO, 4TOGH! CBETOBOH MyYOK GbIT He TOJMb-
KO HHTEHCHBHBIM, HO W MpPH 3TOM OCTPOHANpaBJEHHBIM H
MOHOXPOMAaTHYeCKHM.

Kak paGotaer mapamerpuyeckuii reHeparep csera? Mol yixe
BHJIEJH, YTO NIPU B3aUMOAEHCTBHH CBETOBEIX BOJIH HA 4YacToTax
vy H Vg B Cpelle C HeAWHEHHOH moasipusanieii MoxKeT NOSBUTh-
csl, B HaCTHOCTH, CBETOBas BOJHA Ha pasHOCTHOH dYacroTe
vi—vV,. [Ipn 3TOM IO/IKHO BEIMOJHATHECH COOTBETCTBYIOLIEE
yCJIOBHE BOJIHOBOTO CHHXPOHM3Ma (MEI He OyneM ero paccMmart-
puBaTh), YTO OKa3bIBAE€TCS BO3MOXKHBIM JIMIUL JJIs1 ONpefe-
JIeHHBIX HanpaB/ieHHH B JAQHHOM HeJHHEeHHCOM KpHcTasle (Ha-
npaB/eHHH CHHXPOHH3MA).

[ToMecTHM HeJMHEHHBIH KpHUCTaAN Mexkly [BYMsl 3epKa-
JaMH, 0O6pasyiolUMH onTHYecKW# pesoHaTop. OpHEHTHDyeM
KPHCTAJJl BHYTPH pe30HaTopa Tak, YTOObl HalpaBjieHHe CHH-
XpOHK3Ma ' (AJf YacTOT Vv, M Vi—V,) COBNAal0 C OCbIO Pe3o-
naropa. BBeneM B Takoil pe3oHaTOp BJOJb €r0 OCH KOTe€PeHT-
HYIO BOJIHY Ha 4acToOTe v;, TaK HasbIBaeMyl0 BOJHY HaKauKH.
Sra cBeTOBAas BOJMHA NOMKHA ObITh NOCTATOYHO MHTEHCHBHOH,
gTO6bl MOTJIa NMPOSIBUTHCS HEJNMHEeHHOCTb MNOJApPH3aLUU KPH-
cranna. KpoMe Toro, B COOTBETCTBHH C YCJIOBHEM CHHXPOHH3Ma
BOJIHA HAKadK{ JOJKHA ObITh ONpefiesleHHbIM 06pa3oM MOJs-
pusoBaHa. Ecau Bce 3T Tpe6OBaHHsl BBINOJIHEHE!, B HeJHHeH-
HOM KpHuCTadjJe OYyLyT NPOHCXOAHTb TIPOLECCHl, KOTOpblE
MOKHO- IpEICTaBHTb cJelylolHUM o6pasoM. MomiHasa BoJHA
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HaKauKM Ha 49acToTe Vi B3aHMOAEHACTBYeT O cJ1aGbiM CHIHaJOM
HACTOTHl V,, KOTOPBIH HeH30eXKHO NPHCYTCTBYeT B IIyMe, CBS-
3aHHOM C pasJHMYHBIME CaMONpPOM3BOJBHBIMH I€peXOiaMH B
KpucTajsie (B ILIyMe IPHCYTCTBYIOT CHTHAJbl IpPaKTHYECKH
Ha JIOOBIX YacToTax). B pesysbprate 3toro B3auMozeHcCTBHA
nepensyyaeTcsl HOBasl CBETOBas BOJIHA — BOJIHA Ha PasHOCT-
HOH uacToTe v;—V,. B3auMmozeficteue BOJIHbI ‘HaKaukl C 3TOH
HOBOI BOJIHOH MPHUBOLKT, B CBOIO OUepelb, K NePEH3IYIeHHIO
BOJHEI Ha Pa3HOCTHOH HaCTOTe Vi—(Vi—Vs), T. €. Ha YacToTe
vy, Taxkum oépasoM, Jla3epHB MyYOK YacTOTH v; NpeoGpa-
3yercsl B HeJMHEHHOM KDHCTa/le B ABa CBETOBHIX ITy4YKa — Ha
4acTOTaX Vv;—V; H V. DTO €CTb SBJEHHE NapamMempu4ecKol
eenepayuu céema (TepMHH B3AT M3 paguodusuku). B cymecrt-
BYIOIYX NapaMeTPHYeCKHX TreHepaTopax CBeTa ylaeTcs IIpe-
o6pa3oBaTh B HOBHe cBeTOBble BOJHBI 10 40—50% MomHocTH
BOJIHBl HaKaykH.

OGpaTuM BHHMaHHe 4YHTaTeNs HA TO, YTO CyMMa dacToT
IBYX HOBHIX CBETOBBIX BOJIH, POXKIAIOIUXCA B INapaMeTpHue-
CKOM reHepaTope CBeTa, paBHA YacTOTe BOJIHBI HaKauKu. MOXKHO
CKasaTb, 4YTO B [aHHOM CcJydYae IPOHCXONHUT «pasGHeHHe»
HUCXOZHON YacTOTBl Vi Ha JiBe COCTaBJSIOLE: Vy H Vi—Vj.
BbiGOp KOHKPETHOro pasGHeHHs (BHIGOD KOHKPETHOH 4YacTOTHI
v,), pasymeercs, He ciydaeH. OH 3aBHCHT OT TOTO, KaK HMEHHO
OpPHEHTHPOBaH B TOM HJIHM MHOM KOHKPETHOM cJyuae BHYTPH
pesoHaTopa HeJMHeHHBIH KpHcramn. [eHepupyioTcsi Takue
YACTOTHl Vg H Vi—V,, A1 KOTOPHIX HalpaBJjieHHe CHHXPOHH3MA
cognadaem C OCbIO pe30QHaATOpa.

Orcroa BHIHO, YTO, HSMeHsISl. OPHEHTALHIO HeJUHeHHOro
KpHCTa/l/la BHYTPH Pe30HATOpa MapaMeTPHYeCKOro remeparopa
CB€Ta, MOXHO YINpPaBJATh «pa36HEHHeM» KCXONHOH YacTOTHI
(4acTOTHl BOJIHBl HaKaiKM) Ha cocTaBjsiomue 4actéTel. Tem
caMbIM MOXHO IJIABHO H UeJIeHaNpaBJeHHO NEPecnpausams
4acTOTy Vv, (@ 3HAUWT, H YacTOTy V;—V,). C MOMOIIbIO CHelH-
aJbHOTO yCTPOHCTBa ompeleseHHBIM 00pa3oM CJIeTKa nosopa-
4uearom HeNHHeHHBIH KpUCTaJJl BHYTPH pe30HaTOpa, NJaBHO
H3MeHssl yroJl MeXIy ONTHYeCKOH OChI0 KPHCTAJNIA H OCbIO
pesonatopa. IIpu KaxKIOM KOHKPETHOM 3HAa4eHHH 3TOrO yTIJa
GyzeT TreHepHpOBATbCA HMMEHHO Ta KOMOHHALMsA HYacTOT vV,
H V;—V,, 1Jis KOTOPOH HanpaBJieHHe CHHXPOHH3MAa COBNAJaeT
C HanpaBJIeHHEM OCH pe30HaTopa.

CylecTBYIOT pas/iuyHbie ONTHYeCKHe CXeMbl NapaMeTpH-
YecKHUX reHepaTopoB cBeTa. OIHa U3 HUX NpHBeJeHa Ha pHUc. 36
(ycTpoiicTBO /1 TOBOPauMBaHHMA HeJMHEHHOro KpHCTaljia
3lech He MoKasaHo). CxeMa He TpeGyeT ocOGHIX MOSCHEHHH.
3ameTuM TOJABKO, 4TO 00a 3epkaja pe3oHATOpa NPO3pPayuHbL
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H4 YyacToTe BOJIHBI HakKaukd. [Iaa Gosiee HH3KHX YacCTOT JIEBOE
3epKaJjo sBJfAETCA NOJHOCTBIO OTDPaxKaloluM, a INpaBoe Xa-
paKTepH3yeTcsl HEKOTOPOH mpospayHocTblo. B naHHO# cXxeMe
reHepHPYIOTCS ONHOBpPeMeHHO o00e CBeTOBble. BOJIHE — KakK
Ha YacToTe V,, TaK H Ha YacToTe v;—WV,. Kcrnonbsyores
TaK:Ke CXeMbl, IJie reHepupyeTcs
Tonbxg OJlHA U3 3TUX BOJIH; AJS ¥, l Yy
JPYro# BOJIHEI CllelMaJbHO CO-

3J1a10TCS BHICOKHE TNOTEPH, NMpH-

P ASY
) —, 12
BOASAILKE K CPLIBY ee TeHepa- Hemnednoni
HH rnpucmain

B HacTosIiee BpeMs J0CTa- Puc. 36. Ilapamerpuueckuil re-
TOYHO INHPOKO TPHMEHSIOT Hepatop. caerd.
napaMeTpHUecKHe TeHepaTophl
cBeTa Ha KpHCTa/le HHOGaTa JmTusi. OHH HaKauHBAIOTCS
U3NyYeHHEM Jlasepa Ha TrpaHaTe C HEOAMMOM HJH BTOPOH
rapMOHMKO# HM3JIyY4eHHsl 3TOrO Jasepa. IIpu HaKauke BTOPOH
rapMOHMKOH (IVIMHA BOJHBI H3JydeHHs Hakaukd 0,53 MKM)
ylaercd OCYLIECTBJATh IUIABHYIO NePecTPOHKY IJIMHBI BOJIHBI
KOrepeHTHOro cBeTa B JuanaspHe ot 0,55 10 npumepHO
3 MEKM. :

Yro Takoe camoiokycHpoBKa ceera? MsBecTHO; uTO mNO
Mepe paclpoCTpaHeHHs B NPO3payHOH cpelie CBETOBOH MydoK
"HIOCTeNeHHO DacCIHPAeTCs, ero UHTEHCHBHOCTD MajaeT. Takasi
KapTHHA Bcerja HaG/iofaeTcsi B JIHHEHHOH onThHke. B Hesu-
HeHHOH JKe ONTHKe KapTHHa pacOpOCTPaHEHHSI CBETOBOTO
ny4ka B cpelle MOXeT BHITJIALETh COBCeM HHaue. Ecau MHTeH-
CHBHOCTb JIa3ePHOrO NyYyKa INPEBBLICHT HEKOTOpOe OIpefiesieH-
HOe I JaHHOM cpennl sHadeHme (okoJsio 10 kBt s opra-
HUYeCKUX xHMAKocTe#, 1—10 BT mis HeKOTOPHIX KpPHCTAJJIOB.
U CTEeKOJ), TO TaKoH NMYydoK, pacopocTpaHsfch B cpele, GyIeT
He paclHpATbCs, a HaobOpOT, CmAzusamecs, TPeBpaIlasich
B OYEHb TOHKYIO CBETOBYIO HHUTbY.

D10 YIUMBHTE/NbHOE fBJEHHE Ha3bIBAIOT CAMOQOKYCUPOBKOL
cBeTd, TaK KaK OHO HamnoMHHaeT ()OKYCHDOBKY, CBETOBOTO
nyuka OOLIYHOH  JIMH30H.

B caMbix OGIIMX uepTaX CcaMO(OKYCHPOBKY CBETa MOXKHO
06BSACHHUTL NOBOJBLHO Hpocto. Jleso B TOM, YTO MOKasaTesb
IIPeJIOMJIEHHS! CPellbl C HeJIMHeHHOH moJspH3anued 3aBHCHT
OT UHTEHCHBHOCTH CBeTa, DaclpOCTPaHSAOIIErocs IO cpele.
JlonycTHM, YTO NOKa3aTeJb NPeJOMJEHHSI PacTeT C yBeJHye-
HHEM HHTEHCHBHOCTH CBeTa. lorfia BOJH3H OCH Ja3epHOro
myYka, Te HHTeHCHBHOCTb HauboJbliad, GyIeT HaHOOJLIIHM
H ToKasarejb npejomsienus. Ilo Mepe mpubamxeHuss K 6o-
KOBOH MNOBEPXHOCTH NYyYKa MOKasaTeJb MNpejoMJeHHs Oyler
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NOCTeNeHHO yMeHblaThesl. VI3BeCTHO, YTO B ONTHWECKH He-
ONHODONHOH cpezie CBETOBble JIy4H -HCKPHBIAIOTCA TaKHM
06pa3oM, 4TO HX TPAaeKTOPHs BCerla OKasblBaeTcst OGpaLleHHOH
CBOEH BBINYKJIOCTBIO B CTOPOHY C MEHBIUMM 3HaUYeHHeM ITOKa-
3aTensi mpesioMyieHHs (3THM OGBACHAIOTCS, KCTAaTH TOBOPH,

ONTHYECKHE MHpaxH). 3HaAuHT,

7 nepudepuiinble CBETOBLE JIYUH
N B JlazepHOM Nyuke 6yAyT B JaH-
I e — HOM cJydae H3rubarbcs, NpH-
[ N ST 17 6 IVYK ( Hc
—— JIH}KaBﬂCb K ocH myuka (puc.

e et .
- 37). B . pesyabTaTe CBeTOBOH
ny4ok OyneT Kak Obl (DOKyCH-
poBaTbcAd. DTO M NPHUBOLHUT, B
Puc, 37. CamodoKkycHpoBKa KOHEYHOM cueTe, K CTATHUBaA-
CBETA. HHUIO €ro B TOHKYIO CBETOBYIO

HMTb.

Kak u 3auem o6paiiaroT BOJHOBOMH (GPOHT Ja3epHOro mydka?
CylecTBYIOT Jlasephl, TeHePUPYIOLUIYe H3JyyeHHe C HOYTH
IJIOCKUM BOJIHOBHIM (ppoHTOM. K coxkasieHHIO, 9TO H3JyueHHe
HMeeT OTHOCHMTEJbHO HH3KYI0 HHTEHCHBHOCTb. Kasajoch 6bl,
6ena HeBeduKa. [/ MOBbIEHHS] MHTEHCHBHOCTH MH3Jy4eHHUs
Haj0 NpPONYCTHUTH Ja3epHBIHl Jyy CKBO3b KacCKal KBaHTOBBIX
ONTHYECKHX YCHJHTeJiell — aKTUBHBIX 3JIeMEHTOB, B KOTOPBIX
3a cueT HaKauKM ofeclleuyeHa WHBEPCHAsl HaceJEeHHOCTb YpPOB-
Hell akKTMBHBIX [eHTPoB. OIHaKO IpPHM 5TOM 3aMETHO YXYI-
[IUTCH KOrepeHTHOCTb Jy4a. [i3-3a HeOZHOPOXHOCTH CBOHCTB
MaTepHa/Na aKTHBHBIX 3JeMEHTOB, BOSHUKAIOIIUX B HUX Je-
tdopMauuil U psaga APYrHX (aKTOPOB NMPOH3OHIET HUCKaKeHHe
BOJMHOBOro (poHTa JasepHoro nyuka. Iljockuii BHadaje
BOJIHOBOH (DPOHT CTAHOBHUTCS yKe He IVIOCKHM, a IIPOHU3BOJb-
HBIM 00pa3oM HCKaxKeHHHIM. Uem Gosbllie ycuiauTeseil B Kac-
KaJle Ha NTyTH Ja3epHOro Nydka, TeM GyleT Bhlllle HHTEHCHB-
HOCThb Ny4YKa, HO 3aTO OYAYT CHJbHee W HCKaxKeHUs] BOJHOBOTO
¢ponTa. Ilepex HaMH JOBOJBHO pacnpocTpaHeHHas CUTYalus:
KOJIMYeCTBEHHBIH BBIMTPBLIII JOCTHraeTcss MEHOH NOTepH Ka-
4ecTBa. »

* OTMeTHM, 9TO MCKa:KeHHs BOJIHOBOTO (poHTA HabJronarTcs
IpH pacnpocTpaHeHHM CBETOBBHIX NYYKOB MO JIOGHIM ONTHYe-
ckuM TpakTaM. ONTHYeCKHH TPaKT MOXKET COCTOSITh U3 KacKaja
ycHJUTesIel, HO MOMKeT NpeiCTaBJsATb CO60H M NpOCTO ec-
TECTBEHHYIO Cpefly (BO3AYIUHYIO MJIM BOAHYIO), Uepe3 KOTOPYIO
mépenalT ONTHYeCKHe CHrHajbl. B mocsenHeM ciydae HcKa-
JKEHUs] BOJHOBOIO (POHTA BLISBIBAIOTCH TYPOYJEHTHOCTSMH H
HEOIHOPOIHOCTAAMH, KOTOphle Bcerfa HMeloTcsl B Ji06o# ec-
TeCTBEHHOH cpele.
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A Henb3s MU MOMYYHTh KOJMYECTBEHHHI!l BBIMTpHILI Oe3
norepu KauectBa? Hesb3sl JIH Kak-TO HCHPABJIATH HCKaXKeHUA
BOJIHOBOrO (ppOHTA, HaKalJIMBAIONUIMeCH 10 Mepe paclpocT-
paHeHHS H3JyYeHHS 10 TOMY M/ HHOMY ONTHUYECKOMY TPaKTy?
Huade roBopsl, HeMb3s JIH COOTBETCTBYIOIMM 06Pa3oM KOppeK-
muposams BOJHOBOH GpoHT wuanyuenus? IlosoxuTeNbHBIN
OTBET Ha 3TOT BOMPOC OblI HalleH HelaBHO — BCErO0 KaKHX-
HUOYAb JecATb JieT Hasal, Korija OblI0 OTKPHITO siBJIEHHE
06pawienus 80108020 (hporma B HeJMHEHHBIX cpelax. ITO
OTKpBITHE a0 Hayajo Pa3BUTHIO HOBOTO HayYHO-TeXHHUe-
CKOro HamnpaBJIeHHS — TaK HasblBaeMOH adanmusroll onmuKxu.

[Ipexne Bcero o6bsCHUM, UTO TaKoe oOpalleHHe BOJHOBOTO
¢ponta. Ilpennonoxum, 4rd CBeTOBOH HY4YOK € CHJIBHO HC-
KajKeHHBIM (PPOHTOM OTpaxKaeTcs OT OOBIUHOI'O IVIOCKOTO 3ep-
kana. Ha puc. 38, g WITPUXOBOH JIMHMeH MOKa3aHO CeUeHHe
Takoro (poHTa BOGJH3H NOBepXHOCTH 3epKana. LITpuxoBbie
CTpEJKH — 3T0 CBETOBHIE
JIyUd, COOTBETCTBYIOIIME ‘\%;»
H300paxeHHOMy  (POHTY e

(HamOMHHM, 4YTO B KaxK- / =
IO TOUKe CBeTOBOH JIyd [T
¥ IOBEPXHOCTb BOJIHOBOTO e

(poHTa B3aUMHQ IEpIEH-
nukyaspusl). Ilpu orpa-
JKeHHH OT 3epKaJja CBeTO-
Bble JIYUH H3MEHSIOT CBOe
HanpaBJieHHe B COOTBeT-
CTBHHU C 3aKOHOM OTpaxKe-
HUsl; OTpaKeHHble JIy4YH
MoKasaHbl Ha DPHCYHKe
CIJIOIIHBIMA CTpPeJIKaMH.
Teneph npeanosoxuM,

4YTO  BMECTO MJIOCKOTO Puc. 38. @) O P

HOJIB3 q Huc. . a TpaxKenue OT ©OLIYHOrOo
sepkana HeHo 6yeTC sepkana. 6) OrpaxeHue OT aXanTHBHOIO
"COBEpIIEHHO  HEOObIMHOE sepkana. 8) «Hemuneitnoe 3epxaso».
3epkaso: ¢opma ero mo-

BEPXHOCTH B TOYHOCTH KONHpyeT (OpMY MOBEPXHOCTH
BOJHOBOrO (PpPOHTa NyuKa, Maialolliero Ha IMOBEPXHOCTH 3ep-
kana (puc. 38, 6). Takoe 3epkano ¢ THOKOH MOBEPXHOCTHIO,
KOTOPYIO MOYKHO «MOACTPaHBaTh» MOA (OpMY MNajarouiero Ha
. 3epKaJio BOJIHOBOTO (ppOHTa, Ha3bBAIOT adanmueroim (OT CJI0BA
«afaNnTHPOBATbCHA», YTO O3HayaeT «NpucrnocabiauBaTbcs, MOL-
cTpauBathesy). [IpH oTpaxkeHMM OT ananTHBHOIO 3epkasa
KaxIblH CBETOBOH JIyd M3MeHfleT CBOe HanpabJeHHe TOYHO Ha
180°. B 3TOM U COCTOHT oOpatyerue 80aro8020 pponma: Obpa-
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[IeHHBIH BOJMHOBOH (PpPOHT (PPOHT, OTpazKeHHBIH OT ajalTHB-
HOrO 3epKasia) HMeeT TakKyw e (opMmy, 4To ¥ (GpOHT, maiaro-
muil fa NOBePXHOCTb 3epKaja, HO pacnpocTpaHsfercs B 00-
paTHOM HampaBJ/JeHHH — YKe He K 3epKasy, a OT 3epKaJfa.
SlcHO, UTO KaXIbld OTpaMKeHHRIH 3epKaJloM CBETOBOH JIyd
GyneT UMeTb TAaKyl0 e TPaeKTOPHIO, KaKyl0 HMeJl COOTBEeT-
CTBYIOIIMH Jy4, MAJalOUWKH Ha NOBEPXHOCTb '3epKana. Jlomy-
CTHM, Y4TO Ha aJaNTHBHOE 3epKaJslO0 NajaloT JyuH, BhILEIIINE
U3 Jlazepa W MNpOLIEJIIME Yepe3 KacKal ONTHYECKHX YCHJH-
teslell. KaxAblfi OTpaeHHBIH alaNTHBHBIM 3epKaJoM Jyd
BepHeTCs OT 3epKaJja yepe3 TOT Ke KackKal ycujureseidl 00-
paTHO K Jasepy TOYHO NO TaKOH '}Ke TPaeKTOPHM, KaKylo OH
omnucajl paHee, PacIpOCTPaHAACh OT Jazepa Yepes YCHJIUTEJNH
K 3epKady. A 3T0 03HayaeT, YTO, HPOUIA HBAXKJIbI Yepe3 Kac-
Kaj ycusnuteneil (Blepel H OGPaTHO), CBeTOBOH IyuyoK Gyrer
AMeTb B MTOre mMom ce BOJHOBOH (POHT, KaKOH OH HMel,
BeIXOAS U3 Jiazepa. O6paTHB BOJIHOBOH (DPOHT MyuKa, ajam-
TUBHOE 3€DKaJi0 BBINIOJHHJIO TeM CaMblM HEOOXOIHUMYIO KOp-
PEKTHPOBKY, YYHTHIBAIOIIYIO MCKaXKeHHs, BHOCHMEIE KacKaJoM
ycusuTesed. B pesyJbraTte Ml NOJy4aeM YCHJIEHHOE HO MOLI-
HOCTH HU3JyueHHe, HMeloliee B TO JKe BpeMsl XOpOIUIHH (mJo-
CKUll) BOJHOBOH (POHT.

OnHako, KakuM o06pa3oM MOXHO Ha INpaKTHKe CO3/1aTb
aJlaNTHBHOE 3epKaJsio, (opMa IOBEPXHOCTH KOTOPOIO YYHTHI-
Bajla 6bl MCKaXKeHUS BOJIHOBOTO ()DPOHTA, HaKalJUBAIOIIHecsH
B KOHKPETHOM onTHYecKoM Tpakte? OxashlBaeTcs, YTO CO3]aTb
TaKoe 3epKaJlo COBCeM HeTPYIHO, eClH BOCNOJb30BaThCS
HEKOTOPLIMH HeJIHHeHHO-ONTHYeCKHMH siBJeHHAMU. J[leso B
TOM, YTO HeJIMHefiHad cpeja cnoco0Ha IpPH oONpefeseHHBIX
yCJIOBHSAX O6GpallaTh BOJHOBOH ()POHT CBETOBOrO INyykKa, IO-
CblJlaeMOro B 3Ty cpeny. MHuaue rosops, HeJiHHeliHas cpena
MoxeT pabGoTaTh KaK alanTuBHOe 3epkKajo. [Ipum sToM Her
HYXIbl BHISIBJATb, KaKUM HMEHHO MCKaXKeHHAM IoiBeprcs
BOJIHOBOH (POHT INyYKa; «HeJHHEHHOe aJaNnTHUBHOE 3epKaJoy
QBMOMQMUMECKY, YIUTHIBAET STH HCKaXKEHHUs, NOCKOJbKY Kaxk-
Ibll cBETOBOH JIy4, TONaBIIMH B 0GBeM HeJMHeHHOH cpenwl,
BHIHleT U3 Hee OOGPATHO IO TOH Ke caMOH TpPaeKTOpHH, IO
Kakoil OH pacnpocTpaHsJCs, BXOAA B cpely (puc. 38, 8).
TakuMm oGpa3oM, HPOUCXOIHT He IIPOCTO KOPPEKTHPOBKA, a-
CAMOKOP PEKMIPO8Ka BOJHOBOrO (PpoHTa. 3aMeTHM, U4TO TepMHUH
«HeJIMHeHHOe 3epKaJio» YCJAOBeH, TaK KaK Ha caMOM Jele
3/lech HeT KaKOH-1u60 oTpaxaloiel TOBepXHOCTH; OTpaKeHHe»
coBepllaeTcsl B oObeMe HeJHHeHHOH cpefbl. )

"MoxxHO 6bLJIO OBl YKa3aTb HECKOJbKO HeJHHEeHHO-ONTHYe-
CKHUX fIBJIeHMH, NO3BOJAIOINX O0OpaliaTh BOJHOBOA (PPOHT.
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Tak, Bo3MOxKHO ofpalleHHe (pPOHTAa IPH B3aHMOJAEHCTBHH
CBETOBBIX BOJIH B cpefle ¢ HeJuHeHHOH mnossipusanued. ik
ofpamenns (poHTAa MONKHO BOCINOAB30BATLCS TaKMkKe paccesi-
HHeM CBETOBOH BOJIHBI Ha CXKATHAX H pa3pexeHHsX, BO3HH-
KAaIoIUX B CPeJie NPH paclpocTpaHeHHH [0 Hell 3BYKOBBIX BOJIH.
B nanHOM ciyuae OGBLIYHO FOBOPSIT O paccesiHHH CBETOBLIX BOJH
Ha 3BYKOBBIX BOJHaX. OTO paccesiHHe M3yyaJ akKaleMHK
JI. . MaHgenbluitam emfe B 20-X Tofax Halllero CTOMETHS; He-
3aBHCHMO OT Her0o B TOM XKe HallpaBJIeHHH paGoTtal (paHIy3-
ckuit pusuk JI. Bpunmosn. [TosToMy paccesHue cBeTa Ha 3BY-
KOBBIX BOJIHaX B Cpelle HasbBalOT paccesnuem Manderouima-
ma—>bpuanosna. PacckaxeM 0 HeM HeMHOro noipoGHee.

Tlonanas B cpeny, cBeTOBasi BOJHA pacCeHBaeTcsi Ha 3BY-
KOBBIX BOJIHaX, KOTOpble NOPOXKIAIOTCS TENJIOBHIM ABHKEHHEM
MoJeKyJ1 cpefsl. Eciu paccesiHMe HPOHCXOIMT Ha 3BYKOBOH
BOJIHE, PacHpOCTpaHsIOmeNcs MONYTHO CO CBETOBOH BOJHOH,
9acTOTa pAacCesiHHOIO CBeTa OKasblBaeTcsl MeHbIIe 4YacTOTHI
HCXOIHOH CBeTOBOH BOJMHHI Ha BeJHYHHY, pPaBHYIO YacToTe
3BYKa; TaKOH paccesiHHBIH CBET MPHUHATO HA3HIBATb «CTOKCOBBEIM
KOMIOHEHTOM» (IO MMeHH aHrjuickoro ¢usuka Jx. Crokca).
Ilpu paccesHHd Ha BCTPEYHOH 3BYKOBOH BOJIHE 4acTOTa pac-
CesIHHOTO CBeTa YBEJHUHBaeTcs] — BO3HHKAeT <«aHTHCTOKCOB
KOMIIOHEHT».

[Ipu mocraToyHO GOJBINOH HHTEHCHBHOCTH CBeTa, Iiajaio-
Wero Ha cpefly, HaGmojaeTcsi TAK HasbiBaeMOe BoLHYIHCOeHHOE
paccesiHne MaHfgesnblitaMa — DBpuimosHa. «BbHHYXKIEHHOE»
OHO TIOTOMY, YTO Tellepb CBeTOBasfl BOJHA pacceMBaeTcA Ha
3BYKOBHIX BOJIHaX, KOTOpPHE OHa Ke caMa H BO30yXIaeT B
cpefe. MHTeHCHBHOCTb «BO36YKAEHHBEIX» CBETOM 3BYKOBBIX
BOJIH MOXET CTaTh 3HaYHTeNbHOH; B pe3yJibTaTe GyJleT HaGmo-
JaThCsl CYIIECTBEHHOE YCHJEHMe HHTEHCHBHOCTH paccesHHOH
CBeTOBO! BOJIHE! (IO CPABHEHHIO ¢ OGBIYHBIM paccesiHHeM MaH-
JeablutaMa — Dpusmosna). Haxo 3aMeTutb, 9T0 IPH BBIHY K-
JIEHHOM pAaCCesiHHM YCHJ/IHBAaeTCHl JIUIIb CTOKCOB KOMIIOHEHT
paccesiHHOro cBeTa. IIpH HEKOTOPHIX YCJIOBHSX CTOKCOB KOM-
NOHEHT, paccestHHBIH Hasaz (Ha 180°), GynerT HMeTb BOJIHOBOH
cppOHT q)opMa KOTOpPOro coBnajaer ¢ ¢dopmoit ppoHTa HCXOx-
HOM CBETOBOJ BOJIHBI, T. €. GYAEeT HMeTh OGpalleHHbIH BOJTHOBOH
tpoHT.

KTo KoMy GoJiblue 06si3aH — HesiMHelHasl ONTHKA Ja3epHOH
TEXHHKE MJH K€ JasepHasi TEXHHKA HEJHHEHHOH ONTHKE?
Ecth Xopoluasi MOroBopKa: «IOJAr IJIaTeKOM Kpacen». Ona
KaK HeJb3s1 JIyYllle XapaKTepH3yeT «B3aUMOOTHOIIECHHA» MEXKIY
Jla3epHOH TeXHHUKO! U HesuHeHHOH onTHKOH. C OJHOM CTOPOHHI,
TOJNBKO Gaarojapsi M300peTeHHIO Jasepa CTalo IPaKTHYECKH
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BO3MOXKHBIM MOsIBJIeHHe HeJIMHeHHOH ontuku. C Apyroé cro-
pOHBI, B HacTosilliee BpeMsl MMEHHO HeJIMHeHHas ONTHKa OIl-
pellesifieT B 3HAUMTeNbHOH Mepe JasbHelllee pa3BHTHe Ja-
3epHOH TexHHKH. ByayuM cama «poxneHa Jasepom», HelHHeH-
Has ONTHKa, B CBOIO OYepelb, OTKPbIBAaeT MNepej Ja3epHOH
TeXHHKOH HOBble NepCNeKTHBBI.

Mbr yxe pacckasbiBaldi O TOM, KaK HCHOJNb3YIOTCHA JJIs
yIpaBJeHHs Jla3epHbIM HM3JIyYeHHeM pa3/IMyHble HeJHHeHHO-
ontuyeckue sisjiendsi. OHM HCIOJB3YIOTCS VIS MOJYHeHHS
FHTAHTCKUX UMIyJIbCOB (Aa3€Pbl ¢ MPOCBET/SIOUIMMCSH (DHIbT-
pOM, B KOTOpDOM «paGoTaeT» SIBJI€HHe NpPOCBETJEHHs cpesbl),

Y Magarempuqec~|v'..
S1asep Kud  2enepamop Yo6oument

2y’ 2y
coema 4acialnet

Puc. 39. Tlpumep cxeMbl st npeo6pa3oBaHHMs YaCTOTHI JIa3eDPHOrO H3Jy-
4eHHS.

IJIS1 pacTATHBaHUSA JasepHbIX UMIYJBCOB BO BpeMeHH (Jla3ephl
C OTpPHLATEeJbHOH OGPaTHOH CBH3bIO, OCYLIECTBJASEMOH 3a cuer
IBYX(OTOHHOTO MOTJIOLIEHHUS CBeTa), I YMHOMXKEHHS YacTOThI
JIa3epPHOr0 U3JIyuyeHHs (YMHOMKHTeNTH ONTHYeCKOH YacTOTHI, Ha-
3blBaeMble TaKxe reHepaTOpaMu ONTHYeCKUX TapMOHHUK), IJIS
_IJIAaBHOH IepecTPOMKH 4YacTOTH H3JIyYeHHs (lapaMeTpHuecKue
reHepaTopsl cBeTa) U T. 4. 3aMeTHM, 9TO IpPH MOMOINH reHepa-
TOPOB ONTHYeCKHX TapMOHMK yJajoch 3aMeTHO PacIUHPHUThb
OCBOEHHBIH [HMaNa30H KOTepeHTHOrO H3JyYeHHSI B CTOPOHY
MaJIblX JJIHH BOJIH — J0 0,01 MKM. .

B mpakrHyecKHX cXeMaX HepelKO HCIOJb3YIOT B eNHHOM
KOMILIeKce Jasep, llapaMeTpUuYecKHH reHepatop cBera H re-
Hepatop BTOpOH rapMoHUKH. IlpHMep TaKo# cxeMbl JaH Ha
puc. 39. B cxeMy BXOIAT Ja3ep, IeHePUPYIOUIHI H3JyueHHe
YaCcTOTHl v, MapaMeTpPHYecKHH reHepaTop cBeTa, C HOMOILIbIO
KOTOPOr'0 YacTOTa HM3JyYeHHs MOXKeT IIJIaBHO [lepecTpauBaThCs
B HEKOTOPOM JMalla3oHe — OT Vv 10 v' (fcHO, 4To v’ <v), yi-
BOUTENb YACTOTHI (reHepaTOp BTOPOH ONTHYECKOH TapMOHHMKH),
NI03BOJIAIOIIMA MONyYaTh H3JyYeHHe C YacTOTOH B JHamnasoHe
or 2v' 10 2v.

B OGbluHBIX CXeMaX YMHOXEHHS 4YacTOTHl HeJiMHeHHbIH
KpUCTa/I, B KOTOPOM pOXKAaeTcs TapMOHHKA W3JIy4eHus,
HaXOIMTCA 6He pe3oHaTopa Ja3epa. B Hacrosiiee BpeMs Ha-
pPALY € TaKHMH CXeMaMH HCHOJB3YIOTCA TaKKe KaueCTBEHHO
HHble CXeMbl — KOIJla HeJHHeHHBIH KpHUCTaJl IIOMEIaeTcst
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6HYympo JlazepHOro pesoHatopa (puc. 40). B stoM cayuae
NPHUMEHSIOT TEPMHH «BHYTPHMPE3OHAaTOpHAsi TeHepauusi rap-
MOHHMKH». Ee OOBIYHO peasiu3yloT B JiasepaX C HelpephIBHOM
HaKauko#. 3epKasia DPe30HaTOpPa IMONHOCTBIO. OTPAKAKCT H3-
JlyueHHe YacTOThl Vv, TeHEPHpPYeMoe B aKTHBHOM 3JeMeHTe, H
YaCTHYHO NPONYCKAIOT H3Jyue-

HHUe 4acTOThl 2v, poXKIaloleecs - r—-. '[ 2y
B HeJHMHeHHOM KpHCTasLIe. b S
MoxHO mNOHTH JjaJjblie H "
Armubront Mo
nonpo6oBaTh He IPOCTO IOMe- INCMENIT Henurelinesnd

CTHTb AaKTHBHbIl 3JeMEHT H Hucmann

HeJIMHeHHbIA KpHcTaJsl BHYTpp Puc. 40. Jlasep c BuyTpHpeso-
OHOrO pe3oHaTOpa, HO, Gosee  HATOPHOU re“:{gi‘;’;‘{i“ BTOpOIt rap-
TOro, BOOOILEe COBMECTHTb APYT ’ ’

¢ APYroM aKTHBHYIO H HeJHHelHyl0 cpefbl. Peub Hper o He-
JINHEHHOM KpHCTaJ/lsle, HanmpUMep HHoOaTe JIUTHSA, B KOTOPHIH
B KayecTBe NPHMECH BBeleHbl aKTHBHble [eHTphl. [lonoGHble
Jlazephbl yiKe CYLecTBYIOT. MX HasbIBaloT «/1asepaMH ¢ aKTHBHO-
HeJIMHeHHBIMH CpelaMu».

Donbliye BO3MOKHOCTH Iepell J1a3ePHOH TeXHHKOH OTKpBI-
BalOTCA B CBA3H C PasBUTHEM MeETOHOB alIaHTHBHOﬁ OINTHKH.
Hcnonb3ysa HesiMHeliHble afanTUBHbIE 3epKaJjia, MOXKHO CO3Ja-
BaTh Jiasepbl, HU3JYUYCHHE KOTOPLIX 6YIleT OIHOBPEMEHHO H
MOIIHbIM, H BbICOKOKOI'€pEHTHLIM. i

Mbl BHAMM, TakKuM o0pasoM, 4YTO HeJ/IMHelH3sl ONTHKa
IIMPOKO BTOPraercs B JIa3ePHYIO TEXHHKY, OTKPhbIBass OYTH
CO31aHHsl KA4YeCTBEHHQ HOBBIX T€HEPATOPOB KOr€pPEHTHOrO
ONTHYECKOro HU3JyUeHHd. H]I)I/I 3TOM yc'neu.mo pemarorca
3ajavyyd paclIipeHHss OCBOEHHOro JHarna3oHa 4acToT, [OBbILIEe-
HHUSl HHTEHCHBHOCTH TeHepUPYeMOro H3JIyueHHs, YJIy4lleHHd
€ro KOrepeHTHBIX CBONCTB.

CnpaBka. KHcropuy BOSHHKHOBEHHS H Pa3BUTHS HeTMHEHHOM ONTHKH.
B 1923 r. coBerckue ¢usukn C. Y. Basunos u B. JI. JleBUIHH BBIMOJTHHIH
BeChbMa HHTepeCHbIH SKcrepuMeHT. B ombITax co cBEeTOM BBICOKOI HHTEHCHB-
HOCTH (MCIOJNB30BAJICS MCKPOBOH MCTOYHMK CBETa) OHH HAGMIOfanu YMeHb-
menHe Ko3(h(pHUIUeHTa MOJIOUWEHHsT CBeTa B ypaHOBoM cTekJe. [pu o6nyye-
HHMH CTeKJia CBETOM KO3((UIHEHT MoIyomeHns yMenbmancs #a 1,5% (npu
norpewnocTd uaMepenust 0,3%). Oto Gbl1 NepBHI B MHpE HeJHHEHHO-OM-
THUeCKHIl BKCIepUMeHT. B HeM BrepBhie HaGJIONANOCH SIBJEHHe MPOCBeTIe-
HHS Cpelibl B HHTEHCHBHOM CBETOBOM IOJIE.

OfiHaKO B Te TOABI HE MPUXOAMJIOCH PACCUHTHIBATL HA pa3BepThiBaHHE
MONOGHBIX HMCCJIEOBAHUM, MOCKONBKY OTCYTCTBOBAJM HUCTOUHHKH MOLIHOTO
. xorepenTHoro cBera. Hecmorpst na sto, C. M. BaBusoB MHOTO.pasMBILIIsT O
BOSMOXKHBIX HCC/IE/IOBAHHSAX HeMUHEHHBIX ABJeHnit B onTtHKe. Ero nckmoyn-
TeJbHAS HAYYHAs UHTYUIHS, YMEHHe BUeTh HA MHOTO JIET BIepel B MOJHOMH
Mepe NpPOSBHJHCh B MOHOrpaduu «MHKDPOCTPYKTypa cBeTa», Bhillefuieil
B 1951 r. B aro#t MoHorpadun GbIIH YAUBUTENBHO TOJHO CHOPMYJIHPOBAHBI
OCHOBHbIE 3ala¥H H HaMeueHbl MPHHIUNHANLHBE IYTH Pa3BUTHS HOBOTO Ha-
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npasnenus B ontHke. C. M. BaBunoB jgan 3ToMy BanpaBieHHIO Ha3BaHHe
HeAuHelHan onmuKa.

MoxXHO cKa3aTh, YTO fIeDBOHAYANbHO HeJHHEHHass ONTHKA DPOAMIACH
«Ha KOHYHMKE nepa», B CO3HaHHH yueHoro. Ee cosfiarens akagemux C. M. Ba-
BHJIOB He JOXKHJ IO NOSIBJIEHUS J1d3€DOB, IO3BOHUBIIHX IIHPOKO Pa3BEPHYTh
HeJHHedHO-OnTHYecKHe HeenenoBanusi. OH cKonuancst B 1951 r.— 3a feBaTh
Jiet 1o u3oOpeTeHus Jasepa. .

B 50-x ronax coerckuil puank I'. C. Topennk TeoperwuecKH Hccleno-
BaJl BO3MOXHOCTb HAOJIONEHHS] HEKOTOPHIX HENMHEHHO-ONTHYECKHX sIBJIe-
HHH C NOMOLIBIO (POTOSTEKTPHYECKHX YMHOXKHTEN .

C nosB/IeHHEM Jia3epoB NIPOH3OLIIO BTOpoe (110 CyTH Aena, haKTHIeCKOe)
poxneHie HenuHediaol ontuku. B 1961 r. amepukanckuit ¢pusux I1. ®pan-
KeH HabJofan B KPHCTaJliIe KBaplia TeHepallnio BTOPOHd IapMOHHKH H3jTyde-
Hus nasepa Ha pyoune. B 1961—1963 rr. coBerckue dusuku P. B. XoxnoB
u C. A. AXMaHOB BHIBJIH YCJIOBHSI, IDH KOTOPHIX AOJ/KHBI 9(p(eKTHBHO Ha-
GIIONAThCS Pa3/IHYHbe HEMHEUHO-ONTHUECKHE AB/IEHHS, B TOM UHC/IE TeHe-
paumus ONTHYeCKHX rapMoHHK. OHH JKe BHIABHHYJIH U TEOpPEeTHUeCKH 0GOCHO-
Balu MIEI0 NapaMeTpHYecKoil renepauuu csera. B 1962 r. B MI'Y umenn
M. B. JlomonocoBa Gria co3nana JlaGoparopust HeJHHEHHOH ONTHKH, GHICT-
PO NpEBpaTHBIIASCS B ONWH H3 BEAYIIMX MHPOBHIX HaJYHEIX IEHTPOB (B
1978 r. 310l 1a6opaTopuu NpUCBoeHO uMs akalemuka P.*B. XoxsoBa). Bu-
noJiHeHHble B Hayane 60-X rofoB ¢yHAaMeHTa/lbHEIE TeOpeTHYecKue paGoThl
no HeJMHEHHOH ONTHKe Hamuik oTpaxeHnue B MoHorpapum C. A. AxmaHoBa
u P. B. XoxnoBa «IIpoGnempl HeluHelHOH ONTHKM», BhULEAUIEH B CBET B
1965 r. OnHOBpeMEHHO TeopeTHUeCKHe HCCIAENOBaHWS B 00/1acTH HeJHHeH-
HOH ONTHKH NPOBONHJIKCh TPYIIIOH aMepHKaHCKHX YYeHBIX, BO3TJIaBJseMOH
H. Bnom6eprenom.

B 1962 r. coBerckuit ¢pusuk I'. A. Ackapbsin npejcKasan siBJeHHE CaMO-
tokycHpoBKH cBeta. Ero mpeickasanne GbUIO NOATBEPKACHO SKCIEPHMEH-
Tamu coBeTckux ¢usukos H. ®. IMuaunenkoro u A. ®. PycramoBa, Brepsbie
Ha6moflaBKHX caModoKycHpoBKy cBeTa (1965 r.).

K 1965 r. mennHeliHast oNTHKa chopMHpOBanack Kak pa3BHTOE, CaMo-
CTOSITE/IbHOE HaNpaBJgHHE COBpeMeHHOH onTHKH. K 3ToMy BpeMeHH NOSIBH-
JIUCH JOCTAaTOYHO 3¢(deKTHBHbIE reHepaTOphl ONTHYECKHX [APMOHHK H I€p-
Bble apaMeTpHuecKHe TeHepaTophl CBeTa.

K unenuueiiHO# ONTHKE TeCHO NpUMbIKaeT adanmusnas onmuxa. OHa
H3yuaeT (PE3UKO-TEXHHYeCKHe NpPOGNeMBl CO3JaHHSI ONTHYECKHX CHCTEM,
napameTpsl KOTOPHIX, PeXHMbI pabOTHI H Jaxe caMa CTPYKTypa MOT'YT NpH-
crniocaGnuBaTthest (aZalTHPOBATLCS) K H3MEHSIOUIMMCSL BHEIHHUM YCJOBHAM.
Agnantanusi OCymecTBAsSETCS B UeNIsAX yJAYYlIeHHs] XapaKTePHCTHK CHCTEMEI,
ONTHMHSALUH €€ NOBEJCHHS B TeX HJIH HHBIX YCJIOBUSX. B mupoxoM cMbicie
K aflalTHBHBIM "OITHYECKHM CHCTEMaM CJIEAyeT OTHECTH BCE ONTHUECKHE CHC-
TeMBI C LLeNsIMH 06paTHOi CBSI3H, KOTOPbIe NO3BOJSIOT COOTBETCTBYIOMHM 06~
pa3oM KOPPEKTHPOBAaTh XapaKTePHCTHKH M NOBefeHHe CHcTeM. B Gosee
Y3KOM CMbIC/Ie TOJ aJanTHBHLIMH ONTHYECKHMH CHCTeMaMH IIOHHMAIOT CH-
CTeMHI, B KOTOPHIX peajiu3yeTcss KOppPeKTHPOBKA BOJHOBOI'O ()pPOHTA CBETO-
BOro Ty4Ka, MOABEPTalolIerocss KaKHM-THOO HMCKaXKAIOWMM BO3LEHCTBHSM.
U3 Takux cucTeM HauGosiee MHTEPECHB CHCTEMBI C HCHOJB30BAHHEM SIBJICHHS
obpalieHnsl BOJHOBOrO ()pOHTa B HeJMHEHHBIX cpefax.

OGpaienne BoJHOBOrO GpOHTA B HeTHHEHHBIX cpefax ObLIO OTKPHITO H
HccIefoBaHo coBeTcKMMH ydenpiMu: B. U. CrenanosmM, E. B. HBakuunm,
A. C. Py6aunosbiM B Mucrutyre dpusuku AH BCCP (1971 r.), B. 4. 3ensno-
Buuem, B. H. [NonoBuueBniM, B. B. Paryabckum, @.C. ®afi3yanosbiM B
®usuueckom uHcTHTyTe HMend I1. H. Jle6enesa AH CCCP (1972 r:).



BOCbMOV1 PACCKA3

JIASEPHASA CBS3b

MoxHo JHM pa3roBapuBaTh 1O CBETOBOMY
ayuy? C IaBHHX NOp H3BeCTeH MPOCTOH Crocob nepenayd HH-
¢opmaLiy NPH MOMOLIM CBETOBBIX BCHBILEK. Bo MHOTHX KHH-
rax omWcaHa CHTyalMs, KOrJa IJis Hepefaud COOOLIEHHS C
ofHoro Gepera MIMPOKOrO BojoeMa Ha 1pyrod Geper (WJH,
CKaxeM, C OJHOro KopalJisi Ha ApYroi) HCHOJNB3YIOT SPKHH
(oHapb, KOTOPHIH TO 3aKpHIBAIOT 4eM-HHGYIb, TO OTKPHIBAIOT.
IIpu sToM Heo6XonuMo 3HaHMe a3GykH Mopse M HYXKHa sicHast
HOUb.

B XVIII Beke 6bln H306peTeH ONTHYECKHH 3epKaJIbHBIM
testerpad (renmorpad). Torza ke NOABHIHCH CHElHAJbHbIE
CHTHaJIbHBIe ceMadopbl, OIMCAHHbIE, HaNpHMep,. B LIHPOKO
nsBecTHoM pomaHe A. [lioma «I'pap Monre-Kpucron.

TakoBe! OBIIH NMepBhe WIAarH onTHueckoi cBssu. Hano cka-
3aTbh, YTO OHH He NOJY4YHJH pa3BHTHA. 3-3a cBOell rpomosg-
KOCTH, HEHAJeXHOCTH, MEIJIMTeJpHOCTH B Iepenade HHGOP-
MalHH NepBOHayaJbHble JHHHH ONTHYeCKOH CBSA3H GBIIH BIIO-
CJIeJCTBHM IIOBCEMECTHO BBHITECHEHH 6oJiee COBEPILEHHBIMH
JMHUSIMH CBS3H — 3JIeKTPHYECKHM TeJierpadoM, a Io3JHee
3JIeKTPUUECKHM TeJlehoHOM. 3aTeM IOSIBHJIach PajHOCBS3b,
cTaBilas B HAlIM JHH HaHGoJlee BAXKHBIM H PacnpOCTpaHEHHBIM
BHIOM CBfA3H. IIpHHIHMNBI pafHOCBS3H JIexaT B OCHOBE pajguo-
BeLIaHHUs, TeJeBHAeHUS, paIHOYTPaBJeHHs, PaLHoacCTPOHO-
MHH H T. I.

PaguocBsA3b OCYIIECTBJISAETCS Ha 3JEKTPOMATHHTHBIX BOJ-
HaX B ILHPOKOM JAMana3oHe 4acToT — npumepHo ot 10* I'm
(BOJIHBI IJIMHOH B JecATKM KHuiomeTpos) o 102 I'm (cy6mmi-
JuMeTpoBEle BosHEL). IIpH 3TOM KslaccHdecKHil paguomHanasoH
npocrupaercs no 10° I'm (10 MeTpOBEIX BOJIH), a Jajiee — OT
108 mo 102 I'u — HaXoQHUTCH AMana3oH CBePXBHICOKHX YacToT,
uau, kopoue, CBU-guanasoH.

~ C n3obpeTeHHeM Ja3zepa YeJIOBeK IOJYUYHJ B CBOE Paclo-
psixeHHe HCTOYHHK HHTEHCHBHOIO KOTePEHTHOTO 3JIeKTpoMar-
HUTHOTO H3JY4eHHS B ONTHYECKOM AHala30OHe YacTOT — BILIOTh
no 10 I'm (BIJIOTH [0 BOJIH AJIMHOHM B JecfiThie JOJH MHKpPO-
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MeTpa). B cBfi3M ¢ 3THM, ecTecTBEHHO, BCTajl BOIPOC O pac-
npocTpaHeHHH NPHHIMIOB PalHOCBAI3H Ha ONTHYECKHH IHa-
nasoH. BosHMK/Ia M cTaja pasBHUBATbCS 1A3EPHAA (636 —
CBs3b, OCYIIECTBJIsieMasi NPH IOMOLIM MOAYJHPYEMOro Jasep-
HOT0 H3JIy4YeHuUs.

BosMoxkHO, He Bce YMTaTe/IH 3HAIOT, YTO BO MHOIHX TOYKax
3eMHOr0 IUapa JAeHCTBYIOT CerofHsi GecIpOBONHblE JIHHHH
TesleOHHOH CBS3H — JladepHble  TesedoHHble JunuH. OnHa
U3 TaKMX JUHUH (YHKOUOHHpPYyeT B MOCKBe; OHa CBfI3bIBaeT
ATC, naxonsafiiyecs Ha 3yGoBCKO# mIomwani # B 31aHun MI'Y
Ha JlennHckux ropax. Paccrosnue mexny stuma ATC okoio
5 xM. Ilo nasepHomy Jyuy, «cBsi3bIBaroleMy» TeseOHHbIE

flaseprerd Ay

— .~

w fpuenrrog

/M\aﬁynnm‘ap ——=___ Jompoticméd

flagep
=EUT yampaucmﬁo
= Q/aqexwﬁaf/un
Marpogon

5”;5’55%’5%}'5{’,"” Lemodynamop

YempoiicmBo
Bocnpou3be—
derus 36yra

Puc. 41. TenedonHas cBs3b 10O J1a3epPHOMY JYUY.

GTaHLMH, MOXHO OIHOBPEMEHHO BECTH HEEKOJbKQ NecATKOB
TeJleOHHBIX Pas3roBopoB. Takas e TededoHHas JUHHSA CO-
3naHa B Apmenun Mexny EpesanoMm u Bropakanckoif acrpo-
¢usuueckoll obcepBaTopHel, Haxopdlle#icss Ha rope Aparan
(amuHa JMHUKE OKOJI0 50 KM).

Puc. 41 naer npexncrasjieHHe O TOM, KaK OCYILIeCTBIseTCA
pasroBop IO JasepHOMY Jydy. O6BIHO HCIIONB3YIOT MOJY-
IPOBOJHHKOBEIH J1azep WJH Jla3ep Ha resuii-HeoHe. MsJyueHue
Jlasepa MOZLYJHpYyeTcs 3BYKOBBIMH KoJleGaHHSIMH B MOAYJfA-
Tope (MORYJATOP YINpaBJsieTcl CHTHaJaMH OT HHU3KOYacToT-
HOro 6JIOKa, CBf3aHHOTO ¢ MHKPO(OHOM) H Yepe3 YCTPOHCTBO
Halte/IMBaHUs HampaBsJ/sfercsl K aGOHEHTY, HaXOAAIEMycs Ha
NpHeMHOM KOHue JMHHH. Tam J1asepHbIl /1y4 nonanaer B mpu-
eMHOe YCTPOHCTBO, a 3areM B JeMOAYJATOP, KOTOPHIH Bhije-
JsleT 3BYKOBble KoJeGaHHdA. DTH KoseGaHUSl YCHJIMBAIOTCH H
nonajalnT B YCTPOHCTBO BOCHPOH3BEeHHSl 3BYKa.

Ilo 7nasepHoMy Jyuy IepelalOT He TOJBKO TesleOHHbIE
Pa3roBOpHl; IO HEMY MOMKHO [epefaBaTh TaKxke M TeJeBH3H-
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oHHyi0 nporpamMmy. B 1970 r. B r. TGumucu Gbur BIepBEIE
NMpOBelleH HeOGBIUHBIA CeMHYAacOBOH ceaHC Mepélaud NepBoit
nporpaMMel  pecnyGIHKaHCKOTO TeVleBUAeHHUS. JIyd Jasepa
COENIMHUJ CTYJHIO TeJIeleHTpa C Tepenaiomell craHiued,
Haxopsulefcss Ha rope MranMuHza.

Yem MHTEpPeCHA UM NMePCNEKTHBHA Jas3epHasa CBs3b? Kakx us-
BEeCTHO, VIS Mepellayd peyd, My3blKH, H300paKeHH# Hauo
COOTBETCTBYIOIHUM 00pa3oM mo0yauposams 3JMEKTPOMATHUTHYIO
BOJIHY, HalnpUMep, HaJ0 U3MEHSThb [0 ONpPEeJEHHOMY 3aKOHY
ee aMmmauTyny. Yactérel, Xapakrtepusyiouue ObICTPOTY H3-
MeHeHHH aMILIMTYZIBl BOJIHBl (4acmbmer moOyaiyuu), TOMXKHEL
ObIThb N0 KpaliHe#l Mepe B IecsATh-CTO pa3 MeHbIlle YacCTOTHI
caMoll BOJIHBI (Hecyweil wacmomet). YacTOTH MOAYJSUMHE 3a-
HHMAIOT HEKOTOPYI0 IoJIocy (noaocy wacmom mOOYAAyUU).
Ee mupuHa tem OoJjbile, 4eM Gosbiie 06beM HHGPOPMAIHH,
nepelaBaeMoil B eUHUIY BPEMEHH.

s nepenayu peuu nocratouna nosoca yacror 10—100 I,
TOTJa Kak IJs Iepelayu MysblKd Tpe6yercs Iosioca HIMPHUHOM
10¢ T'y. MiMeHHO TaKOBa IIMPUHA MOJIOCHL YaCTOT paJHOBe-
wanusg. YTto6el He Mewath IpYr IPYry, IBe pPalHOCTAHIUH
JNOJ/KHBEL paboTaTh HA HECYIIMX YacTOTaX, Pas/MyarolIuXcsl He
 menee, ueM Ha 10¢ 'y, Haa panuoBernaHUsi MPUTOIHBI BOJIHBI
¢ Hecywe# HacToToH He HHxKe npuMmepHo 10° T'm. YactorHerit
nuanasoH or 10° go 108 I'm MoxHO pas6uts Ha 10 000 «yuacrt-
KoB» mupunol 104 I'y xaxpsi# (ctporo rosops, Ha 9990 «yuacTt-
KOB»). DTO 03HayaeT, YTO B KJACCHYECKOM pajHOfHanasoHe OT
IJIMHHBIX (KHJIOMETPOBBIX) IO YJIbTPAKOPOTKUX (METPOBBIX) BOAH
MOTYT ONHOBPEMEHHO paGoTaTh, He Memwas APYr Apyry, xe Go-
Jee 10000 pa;mocmﬂunu——npu YCJIOBHH HCHOJIb30BAHUS KaXK-
IOf U3 HUX ONHOH CTPOro ONpefesleHHOH HecyineH YacTOTHI.

Jnsi mepemaudM IBIKYIIMXCS H306paxkeHUH Tpebyercs
1ojioca 4YaCTOT MOAYJSNHUH, B ThHiCAYy pas GoJee MIMpoKas,
yeM B pajuoBellaHMH. TesleBU3HOHHAS I10JOCA HYaCTOT HMeeT
IIHPHHY NOpsNKa 107 T'u. Dto 3HaUeHHE COOTBETCTBYET BEPX-
Hell rpaHUYHOM YacTOTe BHIEOCHTHa/Ja. Ee HeTPYNHO OLEHHTH.
JeAcTBATENbHO, NPERNONOKHIM, YTO KaAphl Ha 3KpaHe TeJeBH-
3opa cMeHsitorest ¢ 4acrorodf 50 I'm. Ec/aH 3JeKTPOHHBIA Jyy,
CKOJIb3SAINIMH 10 3KpaHy, KHHECKOMNa, NpoGeraeT 3a OLHH Kaip
400 cTpOK, TO 3TO O3HaYaeT, YTO «CMeHa» CTPOK JOJIKHA MHpo-
ucxoguth ¢ vactotod 50.400=2.10* I'u. Ecsu, HaKowewu, B
Kaxa0#i cTpoke BbiienuTb 400 3PUTENBHBIX «TOYEK», TO Ya-
CTOT2 MONYJISIUM HHTEHCUBHOCTH 3JIEKTPOHHOTO JydYa COCTa-
sur 2-10%.400=8-10°% T'u.

Urobsl mepelaBaTb HH(pOpManHio, TpeCyIOMYy0 MOJI0CH
gyacror MonyJaduuu wupuHod 107 I'n, HyxHa Hecymas
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yacrora He Hike 108 T'u. [as sroro Hajgo mepefity u3 KJaac-
cuyecl:oro paguornanasoHa B CBU-gumamason. B uacrorHOM
IManasoHe, COOTBETCTBYIONIEM, HAOpUMep, JeIHMETPOBBIM BOJI-
Ham (ot 108 no 10° T'm), «yMemmaercs» OKOJIO CTa TeJEeBH3HOH-
HBIX nporpaMMm, B sToM e IManasoHe 4yacToT Morau 6l pa-
Gorath okono 100 000 pazmocraHIuii.

[TpuBeseHHble TIPUMeEpHI "HIIOCTPHPYIOT obimee IpaBUJIO:
no Mepe yseauueHuUs Hecywjeldl wacmomel eospacmaent UHGOp-
MAYUOHHAS eJKOCTb KAHaA c8s3u. $ICHO, YTO HCNOJb3OBaHLE
ONTHYECKOrO KOT€PEHTHOTO H3JMYy4YeHHS C Hecyiell 4acTOTOH
10 108 T'm MorJio 66 OYeHb CYIHIECTBEHHO YBeJHUHTh HHGDOD-
MalHOHHYIO eMKOCTb KaHalja cBsi3H. HeTpynHo NoicuuTarth,
49TO B TAKOM KaHajle MOXKHO, B INPUHIHUIE, «yMecTHTby 1012
TesehOHHBIX PAsrOBOPOB, MM 101 MysbIKaJbHBIX Iepelay,
uin 10° TesleBH3UOHHBIX NpOrpaMM. DTH YHUCJA BHIIVISALAT (aH-
TaCTHYeCKH OrpoMHbIMH. OHH BO MHOTO pa3 IepeKpLIBAoT
MpaKTH4YecKHe NOTPeOHOCTH ofmecTBa HE TOJBKO CerofHs,
HO U B 0603pHMOM OYLyILIEM.

IlpaBna, naHHBle OMEHKH He YYUTHIBAIOT HEKOTOPHIX Of-
paHNYMBAOMHUX (aKTOPOB, HTPAOIIMX BaXKHYIO pOJb IIpH
TIDaKTHYeCKOM OCYLIeCTBJeHHH JiasepHOH cBS3H. Bo-mepsbix,
5TH OLEHKH CIpaBelJIMBHL JIMINb IJIs HIEaJbHO KOTePEHTHOrO
JIa3epHOr0 HU3JydeHHs. B JeHCTBHTENLHOCTH Ke B KapTHHE
. IPYXKHO JeramuX ¢(OTOHOB, O0Opa3yoIIUX JasepHBIH Jiyd,
BcerJa B TOH WJM HHOH Mepe Ha6mofawTcs «cGous, caydafiHble
OTKJIOHEHMS1 OT OOmero MOpsAKa, YXYIMUAWoIlHe CTelneHb
KOTepeHTHOCTH H3JyyeHHs. UeM Bhlllle 4acTOTa H3JIyUYeHUS,
TeM daule Ha6monarTcs NOJOGHBle «cGOH». BoO-BTOpHIX, Ha
IpaKTHKe BO3HHKAIOT Cepbe3Hble TPYLHOCTH TeXHUYECKOTO
xapakrepa. OHM CBSI3aHBl C OTCYTCTBHEM B HACTOsIIIee BpeMs
MOLYJIATOPOB, HMEIOIUX JOCTATOYHO IWIHPOKYI0 MOJOCY 4Ya-
CTOT MOJYJISILIUH, a TaKxke ObICTPONEeHCTBYIOMUX (MaJOUHepIH-
OHHBHIX) (OTONPHEeMHHKOB. Bce TH (aKTOpHl CHUXKAIOT HA He-
CKQJIBKO TOPANKOB NpHBEJeHHblE paHee OIEHKH, XapaKTe-
pHsyomMe UHPOPMAIHOHHYI0 €MKOCTh JIa3epPHOrO KaHalla
CBSI3H.

Tem He MeHee W B 3TOM cnyqae OCBOEHHE OITHYECKOTO
IManasoHa NpelCTaBJAsfeTCs BecbMa IepcrneKTHBHBIM. OHO
noMorsio Obl CBSISHCTAM PeLIATh, HaKOHEN, NpPOGJIeMy «Tec-
HOTBI B 3(Hpe», CTOML OGOCTPHUBIIYIOCA B Hamle BpeMsi. Bema-
TeJbHbIE CTaHIWH, HCMOJL3YIOUHe Ja3epPHOe H3JIyuYeHHe, CMO-
ryT pa6orath, HHCKOJBKO He Mellas APYr APYry (Iaxke npH
YCJIOBHH, YTO YMCJO CTAHLHH IPEBBICHT B COTHH, THICSYH pa3
YHCJIO HUMEIOIIHXCs Cerofinsl pajuocraHumil). JlasepHasi Tese-
¢ouHasi ceThb GOMBIIAX TOPONOB M KPYNHBIX NPOMBIIIIEHHBIX
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paioHOB MO3BOJIMJIA Gbl CYIECTBEHHO YBeJHYHTL YHCJIO a6o-
HEHTOB M IIPH 3TOM OCBOGOAMTBECH OT AOPOrocTdfimed U Tpo-
MO3AKOH CHCTeMBl MOA3eMHBIX Tese(OHHHIX KabeJef.

ToBops 0 mepcrneKTHBHOCTH Jla3epHOH CBSI3K, OTMETHM elle
ONHO JOCTOMHCTBO Ja3epPHOTO Jyda — €r0 BBICOKYIO Hanpas-
sesHocmy. OGbIYHBIE PAJHOCTAHIWH H3JYYaloT B Ipelenax
IIXPOKOTO TeJIECHOTO yrJia. IIpuMensis cnenuasibHEIE aHTEHHS!,
LIOOHBAIOTCS HanpaBJeHHOCTH .H3JydYeHHst. OIHAKO CTelleHb
HanpapJeHHOCTH PalHOM3NydeHHs1 ocTaetcsi GoJjiee HH3KOH IO
CPaBHEHHIO C HaNpaBJEeHHOCTBIO JIa3epHOTO Jyda. YTOJ pac-
XOIHMOCTH Jiy¥a O onpelensiercss orHomeHueM A/D, rae A —
IJINHA BOJHBl H3JydeHHsl, a D — nuaMerp mNepefaiomeif aH-
teHnsl. [Ipy A=1 MM B D=0,1 M 3TOT yroJ cocraBJ]seT
Bcero 107% paj, 4TO COOTBETCTBYET YIJIOBOH CEKYHIE.

Buiaronaps BLICOKOH HallpaBJIeHHOCTH J1a3epHOro JIy4a MOX-
HO OCYIIECTBJIATh HECKOJILKO KaHaJIOB CBA3H Ha OHOH HecyineH,
BEIGHpas BCAKMH pa3 pasHble HalpapleHHs B IPOCTPAHCTBE.
HanpagJjleHHOCTb H3/TyYeHHs MO3BOJISIET CYIIECTBEHHO YMEHb-
IHTh NOTpe6GleHHe 3HePrHM Ha NHTAHHE Nepelalolero ycT-
poiictBa. KpoMe TOro, yMeHbHaeTcss ONacHOCTb HexKeJsaTesb-
HOro TepexBara NepeAaBaeMol HH(OpMaUHH.

OrMeuass MNpeHMYINecTBa Ja3epHOH CBSI3H, MBI JOJIKHBI
B TO e BpeMsi YKasaTb OJHO ee ysi3BEMoe MecTo. Peup Hjer
0 BAMSHHH atMochepbl Ha JasepHbi Jayy. Tymas, JoXIb,
cHeromaj, NMbLIb, OGJa¥HOCTb — BCE 3TO, KaK H3BECTHO, Pe3KO
OrpaHHYMBAeT BHIHMOCTb, a 3HAUHT, CPHIBaeT ONTHYECKYIO
cBa3b. O6 3TOM MHI ellle IIOrOBOPUM IIO3JHee.

ByayT Ju pa3BHBAThCS CHCTEMbl KOCMHMYECKOM Ja3epHOM
cesisn? Ha mammx rnasax mnpoucxogutr OGypHOE pa3BHTHe
KOCMHYECKOH TeXHHKH, a CJeNQBaTe]bHO, H KOCMUHECKOU
ceasu, QOcyiiecTBasieTcsl ONepaTHBHASI JABYCTOPOHHSAS CBfA3b
Mex1y 3eMJell U MHJIOTHPYeMBIMH KOCMHYeCKMMH KOpaGJIsiMH,
OpOHTANBHBIMH CTaHIHSMH, [O03BOJIAIONAs MepelaBaTb He
TOJNLKO peub, HO H TeJIeBH3HOHHble H306paxenus. C 3emuu
OCYILIECTBJANIOCh YIpaBJieHHe COBETCKMM amnmnapatoM «JIyHo-
XOll», TMepeMeliaBIIIMCS MO JYHHOH MOBEPXHOCTH; Ha 3eMJlo
noctynaia HHopManus ot «JIynoxoma». Bosbuoit o6bem
BaxXHOH WH(POPMALHUH MOJYYHJH ydYeHble OT COBETCKHX aBTO-
MaTHUYeCKHX MeXKIJTAHeTHBIX CTaHUHMH c>puil «Mape» H «Be-
Hepa», HCIONb30BABIIMXCA I M3YYeHHs OMuKaflIHX K
maMm niaHeT. Cranuun «Benepa» nepenain Ha 3eMJIIO IBETHBHIE
naHOpaMEl [TOBePXHOCTH BeHephl, 1aHHEIE O COCTaBe M OCOGEH-
HOCTAX ee aTMocdepbl, O XHMHYECKOM COCTaBe TOPHBIX IOpOJ
maHeTH. AMepHKaHCKHMe MeXIJaHeTHBle cTaHnuM «IIuonep»
u «Bosmkep» nepelaly Ha 3eMi0 HHQOPMALHIO O IMJIaHeTax

127



IOnutep, CatypH, 'ux cnyTeukax. B HacTofee BpeMsi BOKPYT
3eman obpallaeTcss MHOXKECTBO CNYTHHKOB CBf3H, NPeIHA3Ha-
YeHHBIX JIJIf OCYIIleCTBJIEHHs JaJjibHeH Tese(OHHO-TeserpadHoi
CBSI3H M Tmepejad NporpamMMm TeJeBHieHHss. Cpeiu HHUX COBeT-
ckue cnyTHUKM «Moanusi», «Pangyra», «Jkpan», «I'opH30HTS,
amMepUKaHCKHe cOyTHUKM «HHTescap.

[TonuepkHeMm, 4TO pa3BHTHe NajJbHeH H cBepXla/bHeH Ha-
seMHOl cBSI3U (Tes€(OHHOH, TeserpadHol, TeJeBU3HOHHOH)
OpraHu4ecKd CBSI3aHO C pas3BUTHEM KOCMHYECKOH CBS3H —
uepe3 CHCTeM¥ CNYTHHKOB. C -NOMOLIBIO CHENHUAaJbHBIX CHYT-
‘HHKOB, a TaKXe OpOHTaJbHBIX CTAaHIUH H NHJIOTHPYEMBIX
KOCMHUeCKHX KopabJiell MPOBOASTCS! BaxkKHble JIsI HAapPOIHOIO
X03sicTBa TeoU3nUecKHe HccJeloBaHUS. PasBuTtHe KocMu-
uyecKOl CBSI3W 0CO6eHHO HEeOOXOAMMO JJ1i pasBepTbIBAHHSA HC-
cJenoBaHui GJIMKHEro M JaJbHETO KocMoca — JJIs1 M3ydeHMd
OKOJIO3EMHOTO NpocTpaHcTBa, JIyHel, miaHer Co/jHeYHOH CH-
CTeMbl, JJI OCYIIECTBJEHHS IIMPOKOH NporpamMel acTpodu-
3MYECKUX HCCHeOBaHHM.

Bce 3TH 3amauM KOCMHYeCKOH CBSI3M PeLIalOTCSl Ha cospe-
menrnom amane B CBU-nuanasone — ¢ UCNoJb30BaHUEM JIEIH-
METPOBbIX, CAaHTHMETPOBBIX, MHJIJIMMETPOBBIX BOJH. JIMHHH
AQ3EPHOL KOCMHUYECKOH CBA3H CYIUECTBYIOT IOKa (haKTHUECKH
TOJbKO B BUie NpoeKToB. [IpoBomsiTcs MUIIbL OTAEJbHBIE 3KC-
MepUMeHTHl 10 OCYIIECTBJIEHHIO Ha NPAKTHKe Ja3epHOH Koc-
MHuecKOH cBfi3H. Psill NpoekToB, pa3pabOTaHHBIX OecSATb U
GoJlee JleT Ha3gl, Bce ellle OCTAIOTCSl HepeaNH30BaHHBIMH.

YeMm 310 06BAcHSeTcsA?. KOHEYHO, mpH NpaKTHYeCKOM OC-
BOGHHHM HOBBIX METOLOB CBSI3H (HOBOTO YacTOTHOrO JAHAaa3OHa)
Heu3Ge;KHO BO3HHKAaeT MHOXKeCTBO TeXHHMYeCKHX Mpo6JeM.
O HeKOTOpHIX M3 HUX (HeOOXOIMMOCTH CO3JaHHsl NOAXOAAIHX
MOZY/ISITOPOB CBeTa ¥ (POTONPHEMHUKOB) MBI yiKe yIOMUHAJU.
['oBopst 0 mpo6ieMax pasBUTHSA Jia3epHOH KOCMHUYeCKOH CBS3H,
BbIZEJIUM CJENYIolMe IBa MOMeHTa. Bo-mepBuIX, mMpsAMas Ja-
3epHas CBSI3b MeXKIY KOCMHYeCKMM almapatoM H 3emJeil
NpaKTUUeCKH HEeBO3MOXKHA M3-3a BO3JeHcTBUS 3eMHOH aTMo-
ctheps! Ha JasepHHIH Jayd. Hano coznaBaTe «pagHOMOCT» MeXILY
3eMmJjiell U CHYTHHKOM, a 3aTeM yiKe OCYLIECTBJATH Ja3epHYO
CBSI3b MeXJIy CIYTHUKOM M KOCMMYeCKHM amnnapaToM. -Bo-
BTOPBIX, BBIF'OJHAs B ONHMX OTHOIUEHHAX BbICOKas Hampas- .
JIEHHOCTb JIa3epHOro Jyua OKas3blBaeTCsl HEBBITOLHOH B APYTHX
oTHOlLleHUAX. TPyAHO monajaTb Y3KHM Jyd4oM B (OTONpHEM-
HUK, HaXOiflIMHCA Ha YJaJeHHOM KOCMHYeCKOM amnnapare,
TPYAHO CONPOBOKIATb €0 JIy4yoM, He Tepsisi C HHUM CBA3H.
dro TeM GoJiee TPYAHO, UTO Ja3epHBIH IlepefaTYMK HAXOIUTCS
He Ha 3eMJle, a Ha CIYTHHKe HJH KOCMHYECKOM amlapare,
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M TeM He MeHee Bce 3TH TPYAHOCTH MpPHIETCA PaHO HJH
MO3IHO Tpeofo/eBaTh (BO3MOXHO, KOMOMHHpPYS Jla3epHLIG
¥ CBEPXBLICOKOYACTOTHHIe JIHHMM cBsA3M). IToka nJsA- KocMH-
yecKoH cBsgH BHoJiHe pocraToueH CBY-nnamason. OnxHak»d
20 BpeMeHeM OH YiKe He CMOXKeT «CIPaBHTBCA» C BO3POCIIHUMH
3ajlayaMH. IJTO INpousoiieT Torpa, Korga mnorpeyercs mepe-
IaBaTb Ha 3eMJIO H3 KOCMOCa WJIM OT OIHOTO KOCMMYECKOro
annaparta K ApyroMy 6Gosbmoi o6beM HH(pOpPMaUHH 32 MaJioe
Bpemda. [lolicuMraHo, uTto mJd © mepenaud HHGpOpPMaUMH H3
GJMKHEr0 KOCMOCa CO CKOPOCThIO TOpsifiKa H Bhite 108 Gut/c *)
lla’ke MHJIIAMETPOBBLIH JHanasoH yxKe He MOXeT KOHKYpPHpO-
BaTb C ONTHYECKHM (C Yy4eTOM Macchl, raGapuToOB, 5HEPIONo-
Tpeb/ieHdsi 6OpPTOBOH annapaTtypsl CBfA3H). 3/eCb-TO H Ipo-
ABSATCA MNpeHMyllecTBa Ja3epHO CBA3H — ee HCKJIOUYHTeJb-
Hasfl HH(OpPMalHOHHAas eMKOCTb H BBLICOKAsi HalpaBJIeHHOCTb.
[locnennee o6croATesbecTBO GYIET HMeTh pelalolee 3HaueHHe
L7151 yMeHbLIEHHs] MacChl M raGapHTOB anmnaparyphl, CHHXeHHA
sHepronorpelJ/eHus.

Co6CTBEHHO TOBOpPS, YK€ CErofHsi Mhbl BIIOJIHE npuﬁnw
3WJHCh K 3ajayaM, TpeOyOIIUM nepefaud HHQOpPMAIMH IO
KOCMHYECKOH CBfI3H € BBICOKOH cKopocThio. Hanpumep, B
supape 1983 r. B CHIA sanyuien cunytHur «IRAS» masa acr-
POHOMHYECKHX HCCJlelOBaHHH B HH(ppaKpacHOH 06JIaCTH CIIEKT-
pa, mnepefaiomuil Ha 3eMJi0 HHGOPMAIMIO €O CKOPOCTbIO
10¢ 6ur/c. Bricokas ckopocTb nepejayn HH(pOpMalHH Tpe-
Gyercsl, B YaCTHOCTH, AJISl ONEPAaTHBHOH CBSI3H MeXIY KOCMH-
yeCKHM KopaGjeM H DeaKTHBHLIM CaMOJIETOM, MeXIY ABYMs
KOCMHYECKHMH KOpalJsiMH, MeXIy KOCMHUYECKHM KopabiieM
M op6uTaNpHO cTaHuuefl. MIMEHHO Mis TaKuX Uesedl amepH-
kanckas ¢upma «ITT» mpoekrupyer nna HACA (Hauuorass-
HOTO yrpaBJieHHfl 10 a’pOHABTHKe M HCCJEJOBAHHIO KOCMH-
YeCKOTr'0 HPOCTPAHCTBA) JIa3epHYIO CHCTEMY CBSI3H CO CKOPOCTbIO
nepenaun uHQopmanuu 10® 6ur/c. B cucreMe Hcnodbsyercs
Jlasep Ha rpaHaTe ¢ HEOQHMMOM C BbIXOAHOH MolHocTbio 1 Br.
IanbpHOCTh NEHCTBUS JIMHHUHM CBs3H N0 50 ThIC. KM.

UeM Gosee najibHe#l OyleT KocMHuuyecKasi CBSI3b, T€M CHJlb-
Hee TPOSBSTCS INPEHMYIIECTBAa ONTHUECKOro AMamasoHa. Ha-
NpHMep, HCIOJb3ys peryJspHYyIOo MOCJAel0OBaTe]bHOCTb HAHO-
CEeKYHIHBIX Jla3epHBIX HMNYJbCOB C YacCTOTOH CJIeLOBaHHSA
10 MI'u, MOxHO NepenaBaTb -MHGOPMAIMIO CO CKOPOCTHIO
108 6ur/c ¢ op6uThl maanetsr Henryn. Ilpu stoM nosKHA npH-

) bur — ennnuna HHGbOPMAlMH; COOTBETCTBYeT HH(OPMAIHH, 'COAep-
JKauieficss B OTBeTe «Ja — HeT» B cJIyqae Korja o6e BO3MOMKHOCTH («fa»
HJIH «HET») PaBHOBEPOSITHEI.
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MEHAITbC HMIYJBCHO-KOXOBAs MOLYJAANUS U3JIyuUeHUS, OCY-
HIECTBJIIEMA st IO MPHHIMIY «BKJIOYEHO — BBIKJIIOUEHO» (KBKJIIO-
UeHO» — COOTBETCTBYIOIMH JTa3epHBEIH MUMIYJbC B HMITYJbCHOR
10CJIeIOBATeIbHOCTH COXPAaHSAETCS, «BBIKJIIOYEHO» — HMITYJIbC
OTCyTCTBYeT). MOXKHO YTBepKIaTh, YTO KOCMHUeCKHe INyTe-
mecTBHst B GyLylneM GYAYT HEBO3MOXKHBI 6e3 J1azepHOH CBA3H.

OtnaBas JaHb Hay4yHOH ¢aHTacTHKe, 3aMeTHM, 4TO Jasepbl
NeJIaloT BO3MOXKHBIM OCYILIECTBJIEHHE MEX3Be3IHOH CBf3H.
JlazepHelil uMnyJbe ¢ sHepruedt 10¢ [k, naurensHocThio 1 He,
pacxogumocTeo 1078 pan mMoxer OHITH 3aperHCTPHPOBAaH Ha
3emse ¢ paccrosanus 100 cseroBeix Jet (!). s npueMa Ta-
KOro CHriaja JOJIKEH HCIONb30BaThCS ONTHUECKHH TeNecKOI
¢ sepkajoM aumamerpoM 100 M.

KakoBbl TpPyZHOCTH peaju3allui Jia3epHoOii CBA3H B HaseM-
HbIX ycaoBHAX? .OCHOBHBIM NpeNATCTBHEM JJs CO3JaHHS Ha-
JeXHBIX JUHHH JlasepHOH CBA3H B Ha3eMHEIX YCJIOBHAX SIB-
Jsiercs BosjelicTBHe aTtMocephl Ha JasepHbIH Jayd. D10 BO3-
IefcTBHE MOMKET COpPBaTb He TOJNBKO Ja/IbHIOW, HO H OTHOCH-
TeJBHO GIHM3KYI0 CBSI3b, HaNpHUMep Ja3epHYIO0 TeldedOHHYIO
CBfI3b MeXAY IBYMS 0oOBeKTaMH B Npejflesax ropoja.

Buausuue atmocdepel Ha JasepHBIf Jy4 JBosAKoe. Bo-
IepBLIX, NPOHCXOIHUT IOCTENIEHHOE YMEHOUWIEHUE UHMEHCUS-
HOCmu Jy4Ya ¥3-3a NOIVIOLIEHHMS H paccesiHHA cBeTa rasaMy,
MapaMH BOXbI, a3po30sAMH *). Bo-BTOPEIX, NPOHCXOAAT Ha-
KalJIHBaoIMecss N0 Mepe paclpOCTPaHeHHS H3JyUeHUS IO
Tpacce UCKACeHUs 604108020 (hporma, O6YCJOBJIEHHbIE TJaB-
HbBIM 06pa3oM TypGYJeHTHOCTbIO aTMocdephl.

ITornomenne cBera B atMocdepe OYeHb CHJIBHO 3aBHCHUT
OT JJIHHBI BOJIHBL. DTO XOpOIIO BHAHO H3 pHC. 42, rie npH-
BeleHa 3aBLCHUMOCTh Ko3ddunHeHTa NPONYCKaHHA 3eMHOH
aT™Mocdepsl OT AJIHMHBEI BOJHBI H3JMydYeHHs, NOJyYeHHas BOIU3H
MOBePXHCCTH 3eMJH (WIKala AJHH BOJH 3jech JorapuhMH-
uyeckast). PUMCKHUMH UHppaMH Ha pHCYHKe IIOMeYeHbl TaK
HasblBaeMble OKHa npbspaunocmu atMocdepsl. Bupno, uro
u3JyueHue Ja3epoB Ha rpaHate ¢ HeogumoMm (1,06, MKM) u
CO,-nasepos (10,6 MKM) Kak pas momajaeT B OKHa IIpo3pauy-
HOCTH. .

Haa GopbObl € HCKaXKEHHSIMH BOJIHOBOTO (poHTa cTpe-
MSATCA TOBBICHTh CTelleHb HAaNpaBJeHHOCTH H3J/YyYeHHs, MOJ-
cTeperaioT GJaronpHATHbIE NMOTONHbIE YCJAOBHA. Bce 3TH Mephl
He MO3BOJISIIOT, ONHAKO, YBEJWUUTH JJAMHY Ha3eMHBIX JHHUI

*) Aspo30sin — Cpefibl, COJepKallye KaneJbKH BOJBI, KPHCTANTHKH
JbJa (B BHAE TYMaHa H 00JIaKOB), MblIb, CaXy, MHKDOOPraHU3MH H T. II.
PasMepsl a3pO30JIBHBIX dYacTHI Kosebmiores ot 10~¢ g0 0,1 cm. OcoGenro
MHOT'O a3pO30JIbHBEIX YacTHIL B HHMKHHX CJ0AX aTtMocdepsl,
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cBsI3H GoJlee HECKONIBKUX JieCATKOB KproMeTpoB. ['1aBHOe e,
BCe paBHO OCTaercs 3aBHCHMOCT> KauecTsa i caMoro daxra
HaJM4Msl CBSISH OT NOTOXHBIX YCJIOBHH.

Oxupaercs, YToO cyTyalusl MOXKeT KayeCTBEHHO U3MEHUTLCS
IPH UCTIOJb30BAaHUH B JHHHSX JasepHO! CBSA3H MeTOAOB adarn-
MueHot onmuxey, TO3BOJSIONIAX HeOGXOAUMBIM 00pasoM Kop-
pekmupoéamp BOJHOBOH GPOHT HajyueHHs. ITa Halexknaa
XOpOUIO BbICKAa3aHAa aMepHKaHCKHUM HcciefoBateneM Jl. ®pu-
nom: «Tak ke, Kak O IOrofie, MHOI'Me MMeJH OOCHIKHOBEHHE
paccyxnarb 0 TYpOYJIeHTHOCTH 3eMHOH atMocteps!, HO HHKTO
He TBITAJICS C Helt Goporbesi. ONHAKO Telephb CHTyanus GhICTPO

S S

Cl

o

Appany
TOORYCKAHUS,

Ny
<

bt
472 l 413 I 79 {4,3 15 Aymrs
o9 1438 2,7

Puc. 42. 3aBucumocts Koadh¢uIEeHTa MPONYCKaHKA CBETA 3eMHOM aTMoche-
poil OT JJIMHBI BOJIHEI CBETa.

MmeHsietcsl. OnTHyeckasl TeXHHKa JOCTHIJIAa TaKOTO YPOBHS
pasBUTHs, YTO y Hee MOSIBMJIACh BO3MOXKHQCTb KaK-TO MPO-
THUBOCTOSITb BPEJHOMY BJMSHHIO TYpOYJEHTHOCTH Ha Paclpo-
CTpPaHeHHe ONTHUECKOI'O CHTHasla. JTO «KaK-TO» IOJYUHJIO
HasBaHMe «aflaliTHBHAfl ONTHKa». _

-Kaxk 6ynyT BBINISIIeTb JHHHH JiasepHOH CBf3H, MOCTPOEH-
Hble C TNPHMeHeHHeM MeTONOB ajanTHBHOH onTuku? OIHH u3
BO3MOXKHBIX BapU4HTOB TaKOH JIMHHM CBfI3H CXeMaTHYeCKH
nokasaHn Ha puc. 43. MsnyueHue or Jasepa paculemisiercs
Ha fABa nyuxka. ORMH INOCTYyIaeT B aHaJU3aTOP BOJHOBOIO
¢GpoHTa, a APYro# IochbljaeTcsl Ha MHIIEHb (OOBEKT, HaXOns-
muics Ha NPUEMHOM KOHUe Tpacchkl). CBeTOBOH MYYOK cO3jaeT
Ha MHLIEHH OTHOCHTeNbHO SIPKUM OMuK. BJIMK nosikeH 6BITH
MaJibiM, YTOGEl ero MOMXKHO OBIIO paccMaTpHBaTh KaK TOued-
. HBIF H3JlyYaTeb, NOCHLJIAIOMMHA Hasal Mo Tpacce chepHUeCKYIo
CBETOBYI0 BOJHY. PacmpocTpaHssick IO Tpacce B OGPaTHOM
HanpaBJIeHHH, 3Ta BOJHA HCIBITaeT Te e HCKaxaiolye BO3-
ne#cTBHA, YTO M BOJHa OT Jasepa, NPOXOASAMas Tpaccy B
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NpsAMOM HampaBJeHhs Ha usiyuvaiomeM KOHIEe TPacchl HC-'
KaxXCHHas BOJIHA, MNpHIlleauiasg or 6GJMKAa, CpPaBHUBaeTcs (B
aHaJ/Ii3aToOpe BOJIHOBOIO (JPOHTa) ¢ HeHCKaMKEeHHOM, T. e. cde-
puyeckoil BoiHOH. Ha ocHOBe 5TOro cpaBHeHHS YCTPOHCTBO

p memesemstm—— |
it 5 7 3
T VA cmbus paced o
=0 A S i LA e N
/l |wa Bonnoboi N
} PooHm X
Awarusa~ Yempaiic -
moo | mbo
bGonwoboao | \odpacomwuu
ZpoHma GHHOIX

Puc. 43. JIunus J1a3epHOH CBsSI3H C NpHMEHEHHeM alaNTHBHOH ONTHKH.

06paboTKH NAaHHBIX pacCUMTHIBAeT HeOOXOAHMOe MNpeJbiCKa-
JKeHHe, KOTOpOe Halo BBECTH B H3Jy4yaeMbll BOJHOBOH (POHT,
49ToOBl CKOMIIEHCHPOBAaTb HCKaxKeHHs, BHOCHMble TpAaccoi.
[ BHeceHHs 3THX MNpefbICKa)KeHHH HcHosb3yercsl YCTPOH-
CTBO BO3JeHCTBHS Ha BOJNHOBOH (PpPOHT.

Kak pacnpocTpanseTcs CBET B IHIIEKTPHYECKHX BOJIOKHAX?
YTo6bl .NOMHOCTBIO M3GaBUTLCA ~OT BJHAHHA aTMOCdepHl,
MOXKHO BOCIIOJIb30BAThCH CIelHaNbHBIME CBETOBOJAMH. Boib-
IIOe pacnpocTpaHeHHe MOJYYHJIH CBeTOBOAH B BHJE TOHKHX
IVM3JEKTPUUECKHX BOJIOKOH, B CBfI3H C 4YeM BO3HHKJO HOBOe
HanpaBJleHHe B COBDeMeHHOH OITHKe — B010KOHHAA ONMUKQA.

BBeneHHBIH BHYTpb BOJIOKHA CBETOBOH MYYOK, yllepiKHMBa-
eTcsl BHYTPH HeLO Grarofaps SIBJEHHIO NOAHO20 S8HYMpPEHHe20
ompasicenus ceema OT GOKOBOH MOBEPXHOCTH BOJIOKHA. ‘CBeT
GeKHUT MO BOJIOKHY, IIOKOPHO CJefysl BceM ero HaruGam- (puc.
44, a). Ina OGoJjiee HAIEXKHOTO YIepKaHHS CBeTa BHYTPHU
BOJIOKHA [IPHMEHSIOT ClelHasbHble BOJOKHA, Ha3biBaeMble
epaduenmnoimy. B HUX NOKasartesb NpeJIOMJIEHHST MaKCHMaJeH
BOJIM3H OCH BOJIOKHAZ M IJIaBHO YMeHbllIaeTcsl 1O HallpaBJie-
HHI0O K GOKOBOH moBepXHOCTH. TpaeKTopus CBETOBOro Jyua B
rpaiueHTHOM BOJIOKHE MOKa3aHa Ha pHc. 44, 6. .

Pasnuuator moacmoie BoJoKHa (AMaMetp nopsanka 100 Mkm)
H MOHKUe BOJIOKHA (JUaMeTp MOpfAIKAa | MKM H MeHblle).
Crporo roBopsi, H306pakaTb TpPaeKTOPHIO CBETOBOIO Jy4a
BHYTPH BOJIOKHA MOXKHO JIMIIb B CJyYae TOJCTHIX BOJIOKOH,
KOrja JJIMHA BOJIHBl CBETa MHOTrO MeHbllle IMaMeTpa BOJIOKHA.
Ilpy pacnpocTpaHeHHH cCBeTa B TOHKHX BOJIOKHAaX T[eOMert-
puHYeckad ONTHKa HENPHUrojHa, 3Jecb Hal0 IOJb30BAThCH
BOJIHOBLIMH IpefcTaBjieHusiMd. [losie cBeroBoél BoOJHBI, Ge-
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ryiei 1o TOHKOMY BOJIOKHY, 3anoJHsieT BeCb 06beM BOJIOKHA
H YaCTHYHO NpPOHHMKAeT B MNpPOCTPAHCTBO, OKpYKaiolee BO-
JIOKHO.

BaxHOll XapakTepHCTHKOH BOJIOKHA $BJfeTcs BeJMYHHA
noTepb H3JY4YeHHs] B BOJIOKHE, OTHECEHHasl K JJMHe BOJIOKHA.
[Torepr u3MepsIOT B eIWHHIAX, HasbiBaeMbIX Oeyuberamu
na kusomemp (nB/km). TlpencraBum ceGe KHJIOMETpPOBBIH
OTpe30K BosIoKHa. IlycTe Ha ero BXox mocrynaeT cBeT HHTEH-
CHBHOCTBbIO [;, a Ha BbIXOle perucTpupyercsi HHTEHCHB-
Hoctb [,. Ilorepn B BO/MOKHe H3MepsioTcsi KosaudecTBoM N
nenu6esios, onpeneasieMeiM 1o gopmyae: [,/1,=10¥/10, Ecau,
HalPHUMep, TOBOPAT, YTO MoTepH cocrasisitoT 10 1b/km (N =10),

Puc. 44. a) CseToBBIE JIYYH B NIPOCTOM BOJOKHe. 6) CBeTOBhIE JyuH B Ipa-
IHEHTHOM BOJIOKHE. 6) Ilonepeunnlli pa3pe3 BOJOKOHHOIO KTyTa.

TO 3TO O3HAYAET, YTO MPH NPOXOXKAEHHH KHJIOMETPOBOTO yyacT-
Ka BOJIOKHAa HHTEHCHBHOCTb cBeTa mnafiaer B 10 pas. {cHo,
YTO H3 TAKOro BOJOKHA Heab3si C03JaTh IJMHHYIO JIHHHIO
CBAA3H.

[Iporpecc B BOJIOKOHHOH ONTHKe CBf3aH C CO3NaHHEM B
1972—1973 rr. BOJNOKOH, NOTEPH B KOTOPHIX COCTaBJSJIH
5 nB/km. s takux BodokoH [,/1,=3,16. B wHacrosimee
BpeMsi UMeIOTCH BOJIOKHA ¢ morepsimu Beero 0,2 1B5/kM B criekT-
pajibHOM Auanasone 1,2—1,6 MKM. B takux Bonoksax [,/I,=
=1,05. YKasaHHBle BOJIOKHA, H3rOTaBJHBAIOT M3 KBapLEBOTO
cTeksa ¢ noGaBJleHHeM repMaHHus HJH 6Gopa.

Kaxue 3anaum peiuaet BOJOKOHHas onTtuka? BosmokHa ¢ Mma-
JILIMA NOTepsAMHU (Menbie 1 1B/KM) UCMONB3YIOT MJIsi CO3NAHUSA
BOJIOKOHHBEIX JINHUH CBSI3U TIPOTSKEHHOCTBIO 10 HECKOJbKHX
gujaoMeTpoB. Takue JMHMH MOryT obecneydBaTh, HAINpHUMED,
HaJlexKHYI0 TeJleOHHYIO CBsA3b B Mpejenax ropoxa. Cosnanue
TaKHX JHHUH CBSI3H INepCcrneKTHBHO, MOCKOJNLKY BOJOKOHHEIM
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KIYT CYLIECTBEHHO TOHBIIE OOBIYHOrO TeseOHHOro Kabeas H
B TO JKe BpeMs OH II03BOJISIET BECTH 3HAUHTEJNbHO GOJiblie
Te/iebOHHBIX Pa3rOBOPOB, YeM OCBLIYHBIA KaGesb. -

PagHoofpasHble W OYeHb BaXKHblE IIPHMEHEHHsI HAXOIST
OTHOCHTEJIbHO KOPOTKHE BOJIOKOHHbIE JIMHUH cBA3u. [IpuBenem
HEKOTOpble NPHMEpSI.

H3BecTHO, UTO ONHO M3 «Y3KHUX MecT» COBpeMeHHbIX DBM —
cucmemb. KOMMYHUKAYuW, TIPeIHA3HAYEHHBlE [J1s BBOLA H
BBIBOZA MHGOPMAaNMHM, LIS OCYLIECTBJIEHHS CBA3H MEXIy Hpo-
LIeCCOPOM  M<IaMATbIO, a TaKXKe CBA3H MeXK]Y HeCKOJbKHMH
OBM. 2Jrtd cucTeMbl KOMMYHMKAIMH IPENCTABJISAIOT COGOH
CJIOXKHble TepenJieTeHHs GOJbIIOrO KOJHYeCTBa INPOBOLOB, B
KOTOPbIX HABOASITCS' LIYMOBbIE 3JEKTPHYECKHe TOKH, CO3/a-
10TCS HeYCTpaHHMbIe noMexu. 37ieCb NPOSABISIETCH HEIOCTATOK,
OPUCYIIUI BCEM 3JIEKTPUUECKHM CHCTeMaM CBSI3M — IPHHIIU-
NuajbHasg HEeBO3MOXKHOCTh HIeaNbHOH pa3BA3KH MeXIy BXO-
IOM M BBIXOLOM, YYBCTBHTEJBHOCTb K BCEBO3MOXKHBIM BHeEI-
HUM HaBojKaM. [TosToMy HcHosb3OBaHHE B COBpeMeHHbIX DBM
CHCTEeM KOMMYHMKAalMH Ha OCHOBE BOJIOKOHHOH ONTHKH IIpel-
CTaBJf€TCA OYEeHb NEPCIEKTHBHBIM. IJTO OCOOEHHO BaXKHO
IpH OpPTaHW3aLUH CBA3U Mexkay OwlctponelcTByomuMia DBM.

CucreMbl ynpaBJ/ieHHsl COBPeMEHHOrO camoJieTa IepeHachl-
IEeHBl NPOBOJAMH. 3aMeHa IIPOBOJOB ONTHYECKHMH BOJIOKHA-
MU II03BOJIUT HE TOJNbKO NOBBICUTH KayeCcTBO CHCTEMEl yIpaB-
JeHHs, HO U CHHM3HTb MacCy caMoJlera.

ITo BOJIOKOHHBIM JIMHHMAM CBSI3H MOXHO INepefaBaTb JBH-
KyIuecs H300paKeHUs HENOCPeNCTBEHHO, He NPOM3BOLSA IO-
CTPOYHOT'O pasJIOKeHHs KapTHHKH Ha IOCJ/ef0BaTeJbHOCTD
curHanoB. [yis 3Toro BoMIOKHa KoMmmoHyoT B kryT. [lonepeu-
HBlfl paspe3 TaKOro KryTa C OTHOCHTeNIbHO MaJbIM YHCJIOM
BOJIOKOH NOKasaH Ha puc. 44, 6. B npuMeHseMbIX Ha NPaKTHKe
KTyTaX YHCJO BOJOKOH MOXKET NOXOAUTh 1O MUJIHOHA. [IpuH-
IIUIT Nepefayd H300paxKeHUs 1O BOJIOKOHHOMY XKIyTy JoOCTa-
TOYHO HPOCT. MOXKHO CKasaTb, YTO CBETOBbIE JIYYH, OTpPaIKeH-
Hble W/ HCNyIIeHHble TeM MJIM HHBIM 3JIEMEHTOM IlepejaBa-
€MOro H300parKeHus, YJIaBIUBAIOTCS COOTBETCTBYIOIHM BOJIOK-
HOM B KIyTe, NPOXOASIT MO Bcell NJIMHE KTyTa H Ha BHIXOJE
BOCTIPOM3BOAAT JaHHBIH 5jeMeHT M3obpamenusi. Coxpa-
HsASl Ha BBIXOJE JKryTa TaKoe e B3aHMHOE pPaClOJIOXKEHHE
BOJIOKOH, YTO U Ha BXOJ€, Mbl BOCIPOH3BOAVM Ha BHIXOLE TO
n3obpakeHue, KOTOpOe INOAaBajochk Ha BXOA. B wacTtHOCTH,
MBI MOXXEM NPHHHMMaTbh M306paxKeHHs OOBeKTOB, HaXOASIIUXCH
B, TPYIHONOCTYIHBIX MecTaX. Bpaum Moryt paccMaTpuBaTh
BHYTDEHHHe CTeHKH IIOJIEIX OPraHOB YejoBeKa (CTEHKH IIH-
HIeBOLa, XeJaylKa, KHILIOK H T. 1.).



JEBSATBHIN PACCKA3

JIASEPbI B CHCTEMAX OBPABOTKH
H XPAHEHHS WHP®OPMALMH

Yto Takoe NPOCTPAaHCTBEHHbIH  ONTHYECKMH
curnan? O6parumMca K puc. 45. JIyu or s1asepa NPOXOJHUT 4Ye-
pe3 CHCTeMy JIHH3, YBeJHYHBAIOUIYI0 €ro IonepevyHoe ceye-
HHMe, W 3aTeM IONajaeT Ha TOHKWH TpaHcmapaHr. Ilpospau-
HOCTh TPAHCNapaHTa ONpele/eHHBIM 00pa3oM H3MeHsIeTCsi Mo
ero IJIOWAAH, T. €. B IJIOCKOCTH KOOpAHHAT X, y; HalpHMep,

AN

Jun3e! \

N Toanenapania

Jasel

Puc. 45. UTo Takoe nmpoCTPaHCTBEHHBIH ONTHYECKHH CHUTHAJ.

Ha JBYKPaTHO 3alITPHXOBaHHBIX y4YacTKaX OHAa MeHblle,
yeM Ha 3allTPUXOBAHHBIX OJHOKpaTHO. B sasepHOM mnyuke,
npomeAieM CKBO3b TaKOW TPaHCHApaHT, HaMpPsIKEHHOCTb
CBETOBOrO Mojisi GyleT HEeOLHMHAKOBOH IO MONEepeyHOMY ce-
YeHHIO IyYKa — OHa GyJAeT MeHbIlle B TeX TOYKAaX amnepTyphl
ny4Ka, KOTOPEe COOTBETCTBYIOT CBETOBBIM JyYaM, IPOLIEIIIHM
yepes ABYKPAaTHO 3alITPHXOBAHHBIE YYACTKH TpPaHCIapaHTa.
. O TakoM CBETOBOM IyuKe TOBOPAT, YTO OH NPOCMPAHCITL-
6eHHO, MOOYAUposar (MOLYJNHPOBAH B IJIOCKOCTH IPOCTPAHCT-
BeHHBIX KOODAHHAT X U Yy) WJIH, MHaUe, YTO OH SIBJSETCA HO-
CHTeJIEM N POCIMPAHCIMBERHO20 ONMU4eCKo20 cuzHaara. TpaHc-
napaHT BHICTYNaeT 3/ieCb B POJNH MPOCMPAHCMBEHHO20 MOOY-
AAMOpQ JN1a3ePHOTO Tyuka. B cuTyamuu, paccMarpuBaeMoH
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Ha pHc. 45, ocyllecTBasieTcH amniumyosas NpoCTPAHCTBEHHAS
Monynsnusa. BosMoxHa Takke ¢pasosas mopynsuusi (Koria,
HanpHMep, . IPO3PAaYHOCTh TPaHCMapaHTa Be3lieé 1O ero IJo-
Wai¥ OIMHAKOBAa, HO 3aTO HM3MeHSeTCH TOJIHHA TpaHcHa-
paHra).

[Tycrb mpocTpaHCTBEHHEI CHMHAJ ONHCHIBAETCH HEKOTO-
poil dyukumed s(x, y). B cayyae aMmIMTYAHOH MOAYJSALHH
3Ta (PYHKIMS BbIPaxkaeT 3aBHCHMOCTb CTENEHH NPO3PayYHOCTH
TPaHCHapaHTa OT KOODAHMHAT X, Y; S — KOS(POHUMEHT mpo-
3pauHocTd “TpaHcnapanta. B ciyuae (asoBod MOLYJISUMH
yKasaHHasl QYHKIUS BbIPaXKaeT 3aBUCHMCCThb TOJIIIMHEL TPaHC-
napaHTa OT KOOpJAMHAT X H y; S — TOJIIHHA TPAHCNapaHTa.

Uto6bl cTaTh HOCHTEJEM NPOCTPAHCTBEHHOTO ~CHTHAJIA,
Jla3epHBIH NYYOK OOJKeH JHOO HNPOHTH CKBO3b TpaHCIapaHT-
MOZYJIATOp, JIHGO OTpasHuThcA OT Hero. [IpeasapuresnsHO mpo-
CTPaHCTBEHHBIHl CHTHaJ NOJKEH OBbITh «3alUCaH» Ha TpaHcHa-
paHTe, A1 Yero Haj0 OINpeleseHHbIM 06pasoM MPOMOLYJIH-
'poBaTh Ty HMJH HHYIO ONTHYECKYI0O XapaKTepUCTHKY TpaH-
cnapanta. CylecTBYIOT pas/iMYHbe BHAbBl TPaHCNAPaHTOB,
JONYCKaIOUIUX CTHPaHHe H NIOBTOPHYIO 3aMHCh NPOCTPAHCTBEH-
HBIX CHTHAJIOB NOJ AeHCTBHEM COOTBETCTBYIOIMX YIIPABJISAOIIMX
curnanoB. Ecau ympaBieHHe OCYIIECTBJSIETCS 3JEKTpHYe-
CKUMHU CHT'HA/laMH, TO TOBOPAT 06 3AEKMPUUECKU YNPABAALMbLX
mpancnapanmax (QY-T). Ecau ynpasieHHe OCYILECTBSAETCS
OpH TOMOIIM BCIOMOTATeJbHOI'O CBETOBOTO Jyda, TO TOBOPST
06 onmuuecku ynpagasemorx mparcnaparnmax (OY'T).

B DYT MoxHO ocyiiecTBAATb 3alUCh MPOCTPAHCTBEHHOI'O
CHIHaJia, HanpuMep MpH IOMOUIY CKAHHPYEMOro IO MOBepX-
HOCTH TpaHCMapaHTa 3JEeKTPOHHOIO MNYYKa, HHTEHCHBHOCTb
KOTOPOTO MEHSIETCA BO BpPEMEHH [0 OMNpefiesIeHHOMY 3aKOHY.
B xauecTBe MaTepHaja TpPaHCIapaHTa MOXHO HCIIOJb30BATh
TePMOIJIACTHK HJIM CJIOH JIBYJyYeNpeJOMJSIOIEro KPHCTAJLIa
(manpumep kpucraana DKDP). B nepBom ciydyae ckaHupy-
eMbIil 3JIeKTDOHHBIH Jyd (HUKCHpyeT omnpeleseHHBIH peJbed
TOBEPXHOCTH TEPMOIJIACTHKA; MPOCTPAHCTBEHHBIA CHIHAT 3a-
MHCHIBAaeTCH B BHJE ONpefiesleHHOH 3aBHCHMOCTH OT KOODAHHAT
X ¥ Y TOMUMHBE CJIOS TepMoIsiacTHka. Bo BropoM ciyuae
SJIEKTPOHHHIE J1y4Y, YNpaB/aAs HaNPSKEHHOCTBIO 3JEKTpH-
YeCKOro MOJIfi B PasHBIX TOYKAaX TpaHCMapaHTa, 3aluchiBaeT
HOPOCTPAHCTBEHHBIH CHTHAaJ B BHAE 3aBHCHMOCTH OT KOOp-
AMHAT XM Y§ PasHOCTH (a3 OObIKHOBEHHONO M HEOGBIKHOBEH-
HOrO CBETOBBIX JIy4yel, BO3HUKawued HPU HX npoxomueﬂun
cKBO3b cJoit kpucrtamia DKDP.

[Ipumenas B KauecTBe MaTepHaja TpaHCNapaHTa CJOH
JHUJKOr0o KpHcTajna, cosgalor DY T, ynpasiaseMble NpocTo 3a
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CYeT NMPHJIOKEHHS B COOTBETCTBYIOLIHX TOYKAX TPaHCHapaH1a
onpesiesieHHOH DA3HOCTH MOTeHNHaN0B. C/OH KHIKOrO KpH-
cTalyia TOMUIMHOH mopsaaka 10 MKM IOMeNIaloT MeXAy TOH-
KHUMH [IPO3Pa4HbIMH 3/1eKTPOaMH, BBIIEJSIOUIMMH Ha IOBepX-
HOCTH CJIOSl JKHIKOrO KPHCTa/sa «siueHKH» pasMepamHu, Ha-
npumep, 100X 100 MxM (uaH naxe Menblre). Ecau Ha Ty HiH
HHYIO0 «A9edKy» INOJaHO HanpsKeHHEe, TO B 3TOM MeCTe B CJIOe
XKHIKOro KpHCTasjla BO3HHKAIOT THAPOIAHHAMHYECKHE HEOIHO-
POMHOCTH, CHJbHO pacceHBalollMe CBeT; B pe3yJbTaTe Ipo-
3pavHOCTb «AYeHKH» yMeHbluaercsi. [lomaBasi HampsikeHHe
10 B, moxuo B 10 pa3 CHH3HTb HHTEHCHBHOCTb CBeTa, IPOXO-
ISALIETO CKBO3b CJOH JXKHAKOrO KpHCTaslsla TOMIUHOU 10 MKM.
Hcnonb3ysa KUIKOKpUCTaMIHuecKHH DYT, MOXKHO TaKHM
06pa3oM  OCYLIECTBJIATb AMIUIHTYAHYIO IPOCTPAHCTBEHHYIO
MONYJISILUIO J1a3epHOTO Ny4YKa.

B OYT, kak u B DYT, npuMeHsIOT pas/HuHble Mare-
pHanbl M HCHNOJb3YIOT pa3iUuHbe (U3HTECKHe SBJEHHS.
Yacto NpUMEHSIOT Te XKe MaTepHaJibl, 4To U B DY T (Hanpumep,
KUIKHe KPHCTAM/Ibl U TePMONJIACTHKH), HAaHOCS HA UX NOBEpX-
HOCTb CHelHa/bHBEIH CBeTOUYBCTBHTENbHBIA CJIOH. YIpaBieHHe
B OYT ocyiecTBisieT BCIOMOraTeJbHbIH CBETOBO# /yu C H3-
MeHsfoleicss BO BpeMeHH II0 ONpelleleHHOMY 3aKOHY WHTeH-
CHBHOCTbIO, KOTOpBIf CKaHUPYIOT NO NOBEPXHOCTH TpAaHCIHa-
paHTa.

OnHa 43 HauGosiee BaxKHBIX XapPaKTEPUCTHK IIPOCTPAHCT-
BEHHOTO MOLYJATOPA — ero NPOCTPAHCTBEHHOe paspellieHHe,
T. €. YHCJO paspelllaeMblX NapaJjiiebHbIX JIHHUH B Ipeesax
muaaumerpa. Ecay, Hanpumép, «siueilKa» KHIKOKPHCTAJIU-
yecKOro TpaHcnapanra umeeT pasMepel 100X 100 MkM, TO
5TO O3HauaeT, YTO NMPOCTPAHCTBEHHOe paspelleHHe COCTaBJifeT
B AaHHOM ciaydae 10 mMm~* (10 nuHK#E Ha MuAAUMeTp). Xapak-
TepHOe NpocTpaHcTBeHHOe paspemrene B QYT 10—100 mm~1.
B OVYT paspewerue MoxerT GbiTb Gosblue; Tak, B OYT ¢ Tep-
MoOIJIacCTHKaMH OHO pocturaer 1000 mm~t.

[lycts f — DpocTpaHCTBEHHOe paspelleHHe TpaHCMapaHTa
(8 MM~1), a S — nuomank ero paGodeil ameprypel (B MM?).
Torza N=Sf? ectb uHdOpMaIMOHHAS €MKOCTh NaHHQI'O TPaHC-
napaHTta, BelpaxeHHas B 6urax. Hanpumep, npu f—lOO MM !
1 S=1000 MM? (TpaHCmapaHT pasMepaMH HOpHMepHO 3X3 cM)
noayusaem N=107 6ur.

Jlpyrasi BakHas XapaKTepHCTHKA IPOCTPAHCTBEHHOT'O MO-

Ay JSITOpPa — MAaKCHMaJbHO BO3MOXKHAfl YaCTOTa CMEHBl «Kap-
THHOK», T. €. 3alHCAHHBIX Ha TpaHCNapaHTe IPOCTPAHCTBEH-
HBIX CHTHasMoB. Benp Inst Toro uroGel cTepeTh 3alUCAHHYIO
«KapTHHKY» H 3anucaTh HOBYIO, TpebyeTcsi KaKOoe-TO BpeMs.
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XapakTepHOe 3HaYeHHe YKa3aHHOHM WacTOTHl COCTABJSIET MJIS
HCNOJIb3YeMbIX Ha MpaKTHKe MopyJasropoB 100—1000 T
IIpocTpaHCTBEeHHBIH CHIrHAJ, NPOCTPAHCTBEHHAS MOLYJIsI-
IUsl MOTYT paccMaTpHBaTbcsl KaK ClelUbUUeCKH onmu4ecKkue
HNOHATHSI. BO3MOXKHOCTD OCYINECTBJEHHSI IIPOCTPAHCTBEHHOH
MOZLYJISIIMK — IIPHUBUJIErHsl ONTHYECKOTO AHanasoHa. B pamuo-
IManasoHe MOAYJSLHNS H3JMYyUeHHS] OCYIIECTBJSETCS BO Bpe-
MeHH (@pemenuds moOyaayus): CHayaja HOIBEpraeTcss Mo-
IyJASUEHA BP BpeMeHH TOK BBICOKOH YacTOTHI B IiepelaTUHKe,
3aTeM aHTEeHHa «npeoGpasyers MOLYJAUPOBAHHBIH TOK B MOLY-
JIHDOBAHHYIO PalIHOBOJNHY. Pasymeercsi, MOLYJSiLUsI BO Bpe-
MeHH MOXKET OCYIUIECTBJATbCS H B ONTHYECKOM JHaNasoHe.
KcraTu roBopsi, iMeHHO 06 9TOH MOLYJISIIIMH CBETOBOTO JIyya IllJ1a
peub B DpelblAyIeM paccKasde, NOCBAIMEHHOM Ja3epHOH CBSI3H.
OnHako, B OTJIHYHE OT pajlofManasoHa, B ONTHUECKOM [Ha-
[Ia30He ILIMPOKO RpPUMEeHSeTCH
2 TaK®e ¥ NPOCTPAHCTBEHHas
g i monyasuusa. OHa urpaert NpUH-
1 2 {l5| uunuasbHO BaXHYIO pPOJb B
1

7 ! ONTHYECKUX cHcTeMax obpa-
g BT EES 60TKH HH(OpPMaILHH.
Yro npexpcrasaser co6oii omn-

Puc. 46. II . THYeCKass cHcTeMa 00paboTKH
uc. 46. INpunnunuancHas cxema .
ONTHYECKOH CHCTeMBI 006pabGoTKH HH(opMANuH? I:IPHHU‘HHHaﬂb
unpopmanuu: [ — masep,, 2 — Ha# CXeMa TaKOM CHCTeMBI IO-
npocTpaHcTBeHHE!  Momyastop, KasaHa Ha pHC. 46. Ilpocrpan-
8 — ycTpoiicTBO. yIpaBieHHs Npo-  cTBeHHBIH MoxyJasaTop (Y T unu

CTPaHCTBEHHBIM MOLYJIATOPOM, 4 — .
ONTHYECKOE pellaioNiee YCTPOHCTBO OYT) cosaaer mpoctpanctsen

(nponeccop), 5 — npeoGpasosarens HO MOAYJTHPOBAHHBIM J1a3epHBEIH
BBIXOAHBIX ONTHYECKHX CHrHaloB. IYYOK, MNOCTYINAOUIUK B ONTH-

YecKoe pelliaioiiee yCTPOHCTBO,
B KOTODOM OCYLIECTBJAETCA 3aJaHHOe NpeoGpasoBaHHe BXOI-
HOrO MPOCTPAHCTBEHHOFO CHrHaja. ITO YCTPOHCTBO npen-
cTaBJIsieT co60# Ha6op Pa3/IUUHEIX 3JEMEHTOB (JIUH3, I1HadparM,
crelHaNbHbX (GHJIBTPOB, ANPPAKLUHOHHBEIX pEIIETOK, TIOJO-
rpaMM, 3epKaJ H T. 1.), PacHOJOXKeHHBIX B IpPOCTPAHCTBE
onpefeneHHEIM o6pasoM. IlpeoGpasoBaTesnb BBIXOIHBIX CHI-
HaJoB (bUKCHPYeT pe3yJibTaThl 06paGoTKH HH(oOpMaluH, Ha-
npuMep B BHAe ¢oTorpadHueckoro H3o6paxeHHs HJH TOJO-
rpaMmbl. OH MOXeT TaKxke NpeoGpa3oBBIBATH BHIXOZHOH OII-
THYeCKHH CHTHa/l B 3JIeKTPHYeCKHe CHrHaJbl (POTOYMHOKH-
TeJNb, BHIAMKOH H T. 1.). PaccMaTpuBaeMblli mpeoGpasoBaTeb
MOXKeT BBINOJHATb DPOJIb ONTHYECKOTO 3alOMHHAIOLIEro YCT-
poficTBa HJM MOXeT OBITb CBfi3aH C 3aNOMHHAIOMIAM YCTpOH-
CTBOM.
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B kxavecTBe NpHMepa pacCMOTPUM ONTHYECKYIO CHCTEMY,
MO3BOJIAIONIYIO OCYILECTBJASATb TaK Has3bBaeMYWQ) NpOCMpat-
cmeennyro  puasmpayuro. CXeMa ONTHYECKOTO PeIIAOLIEro
yCTpO¥cTBa MOKasaHa Ha pHc. 47. B cxeMe HCIOJNb3YIOTCS 1BE
coGupatomye JUH3BL ¢ GOKYyCHEIM paccrosinveM F. 3nech P; —
BXONHadA IJIOCKOCTh, P, — mjockocts ¢uiabTpauud, Pj; —
BbIXOAHAsA IJIOCKOCTb. B3anMHOe moOJOXKEeHHe 3THX IJIOCKO-
cTell M JIMH3 II0Ka3aHO Ha puUcyHKe. Eciu B fl7I0CKOCTH (DUJIBT-
pauuu P, HuYero Her, TO B BBIXOJHOH ImJockoctH P, GyJer

Py

VoL
< Py

A 1

Puc. 47. CxeMa ONTHYECKOro peIaiomiero YCTPOHCTBA, OCYLIECTBISIIOIETO
NPOCTPAHCTBEHHYIO (UIBTPAlHIO.
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Puc. 48. Uro Taroe nmpocTpaHCTBEHHEIH CIEKTP.

BOCIPOM3BOAUTLCS IlepeBepHyTast (MO OGEHM IMOMNEpPeYHBIM
KOOPJIHMHATHEIM OCfAM) «KapTMHKa», IMOCTYNHBIIAS HAa BXOLHYIO
n0cKOCcTh Py. B 3TOM coyuae cucTeMa He H3MeHsieT BXOLHOTO
MPOCTPAHCTBEHHOrO CHTHa/a (eC/IH He YUHTHIBATH YIOMSIHYTOE
nepeBOpayHBaHUe).
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HHoe festo, Korja B IJIOCKCCTH P, moMellleH HeKuit GUABTP.
[ycth, HanpuMep, «KapTHHKa» B  IJIOCKOCTH P; ecThb ceTka U3
nepecekalouxcsa TOHKHX JuHHA. Ha puc. 48 manbl 3Ta «Kap-
TUHKa», (GOPMUPYeMBIfl B IJIOCKOCTH P, IpOCTpaHCTBEHHbIH
cHriHa’ (ero HasblBAIOT MPOCMPAHCMBEHHbIM CREKMpPOM HC-.
XOIIHOIN «KapTHUHKH» *)) M «KapTHHKa» B IIocKocTH P,. Pac-
CMOTpeHBl TPH cJydasi: @) B IJIOCKOCTH ‘P, Her ¢HJIbTpa,
6) B nuockocTd P, Haxoautca GUIBTP B BHIE Y3KOH rOpH30H-
TaJbHOH IeJH, 6) B IVIOCKOCTH P, Haxomutcsl (PUJABLTP B BUIE
y3Koil BepguKaJbHOH meaw. IlpuBeleHHBI!l npuMep BecbMa
npoct. Mbl BOCNOJB30BANUCh MM JIHIIb JJISi TOTO, 4TOOBL IPO-
JIEMOHCTPUPOBaTb, KaK INPOCTPAHCTBEHHas (QUJIbTPALUs MO-
JKET HW3MeHATb BXOIHOH INPOCTPAaHCTBEHHBIH CHTHAJ.

Tenepr o6parumca K 3ajade, uMelollel 60bLIOE NPaKTHYe-
cKoe 3HaueHue. Peup moizeT o 3afaue pacnosnasanus 06pasos.
dro Moxer OblTb, HaOpHUMep, 3ajiaya IOMCKa U BbIIEJEeHUS
TOH WJW MHOH OYKBbl MJIM KaKOTO-TO CJOBa U3 HEKOTOPOro
TEKCTa.

Kak pemaercsa 3amaua pacnosHaBanus oGpasos? [lpen-
[OJIOXKUM, YTO HAZNO ONO3HaThb GYKBY «e» B TeKcre. s atoro
cHayajla MU3TOTAaBJMBAIOT TaK Has3bIBaeMBIl  C024AC08QAHHbIL
Guromp (UABTP, COTJIACOBAHHBIA CO CHEKTPOM IIPOCTpaH-
CTBEHHOT'O CHTHafa, COOTBETCTBYIOLIErO M300paKeHHIO OIlo-
3HaBaeMoil GYKBHI «e»). Ero H3roraBauBaior, HCIOJIb3YS
. ONTHYECKYIO cXeMy, NpelloxXeHHyio B 1963 r. amepukaHcKuM
yueHbiM BaH Jep -Jliorrom. Cxema BaH zep Jliorra mokasaHa
Ha puc. 49. B miockocTd P; noMemaloT TpaHCIapaHT ¢ H306-
paxeHueM OYKBbl «e». B IJIOCKOCTH rosorpammsl HHTepdepH-
PYIOT ONOpHBIA NYYOX H CBETOBasl BOJHA, CTPYKTypa moJjs

Puc. 49. Cxema Ban pnep Jliorra: 1 —

Jasep, 2— JnH3a ¢ (POKYCHBIM pac-

@3  crosuuem F, 8— cioit (OTOSMYIBCHH

’ IJIST 3aIHCH TOJIOTPaMMbI, 4 — TNpH3-

Ma, HanpaBJsIONasd Ha NOBEPXHOCTE

! TOJIOrPaMMBI BCIIOMOTaTeJbHBIH (Omop-
N HBIH) CBETOBOH MYyYOK.

KOTODPO# -COOTBETCTBYET NPOCTPAHCTBEHHOMY CIIEKTPY H300-
paxenusi Gyksbl «e». [losyvalomasics mpu 3TOM roJsorpamma
U ecTh TpeGyeMblH COrJIacOBaHHBIH (DUJIBTD.

TlomectuM 3TOT (UABTP B MJIOCKOCTH P, B cxeMe IpoCT-
paHCTBeHHOH (GUJIbTPalMH, NMOKa3aHHOH Ha puc. 47, a B ILIO-

*) He cueyer nyTaTb NPOCTPAHCTBEHHEIH CNEKTP ¢ OOBIUHBIM CIIEKTPOM
(ciekTpoM 4acToT).

140



CKOCTH P; NOMECTHM TpaHCHIAPaHT ¢ u306paxkeHHeM HCC/IeLy-
eMoro Tekcra. B mnockocTH Pj; BO3HHKHET CHJIbHO CMa3aHHOe,
NpPAKTHYECKH HepasJHuHMoe H300paikeHHe, comepiKaiiee Ap-
xue mouky. KosaudecTBO H - B3aHMHOE pPAaCHONOXKEHHE STHX
TOYeK COOTBETCTBYIOT KOJIHUECTBY H B3aUMHOMY PaCHOJIOXKEHHIO
GyKB «e» B HCCJEIYeMOM TeKCTe. YNpOLIEHHOe OObSCHEeHHE
BO3HHKHOBEHHSI SPKHX TOYeK TaKOBO. Eciu B H306paxKeHHH,

2

3

6)

Prc. 50. Onosnapanue GYKBH «€» B TEKCTe.

NOMELIEHHOM B IJIOCKOCTH P;, mpucyTcTByeT GyKBa «e», TO
pacnpocTpaHsiolleecs OT Hee CBETOBOe I10Jie, JOCTHTHYB
®UIbTPA-roJOrpaMMbl, CHIPaeT PoOJb CYMTHIBAIOLIEH BOJIHBI H
BOCCTaHOBHT TOT CaMblil ONOPHBIH CBETOBOH IyYOK, KOTOPLIH
HCIOJMB30BaJICA B cXeMe BaH fiep Jliorta Ha 3Tale 3amucH
(uabTpa-roorpaMMbl. JTOT OMOPHBIH NYy4YOK HMEET NAOCKULL,
BOJIHOBOH (DPOHT; MO3TOMY BTOpas JIMH3a B cXeMe Ha puc. 47
cokycHpyeT ero B fIPKYIO TOYKY B 3aiHeH ¢okaJbHOH mio-
CKOCTH JIMH3BI (B IJIOCKOCTH Psy).

Ha puc. 50 npuBenen njsi npuMepa pes3yJsbTaT ONO3HABA-
HUsA OYKBbl «e» B (hpase «beperu uecTb cMosony». 31ech: Q)
HCXONHBLIA NPOCTPAHCTBEHHBIA CHI'HaJM, 6) NMpPOCTPaHCTBEHHBIH
CUrHaJ, (QUKCHpYeMbll B I/IOCKOCTH P; (BUAHBI TpH sipKue
TOYKH, COOTBETCTBYIOIIHe OyKBe «e» B MCXOIHOM CHIHAJE),
6) pacnpejieJieHHe IPKOCTH B BbIXOXHOH MJIOCKOCTH P, (BUAHO,
UTO YIOMSIHYTBIM TpeM SPKHUM TOUKaM OTBevaloT HauGoJee
BLICOKME MAaKCHMYMHI B 3TOM paclpejesieHHH).
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{IpumeHsIOTCS M [pyrHe ONTHUYeCKHe CXeMbl JJIA pelleHHs
3ajlayd pacro3HaBaHus o6pa3oB. Mbl OrpaHHuMMCsl TNpHBe-
IeHHbIM Bhllle puMepoM. He 6yzeM paccMarpuBaTh W MHOTO- .
YHcJIeHHBle TIPUMepHl BHINIOJHEHUS! TeX WM HHBIX IpeoGpaso-
BaHMI TpOCTpaHCTBEHHBIX CHTHaJNOB., Bce 3TO cocraBiser
coflepaHue CIENHaJbHOTO Hay4HO-TeXHHYeCKOro Hampasile-
HUA, BO3HHKINETO B NOCJEIHHe TOABl HA CThIKe paXHOTeXHHKH
U ONTHKH M HasbBaeMOro paduoonmukod.

Kak pagoraert rosorpaguteckoe 3anoMuHaioLiee yCTpo icTBO?
PaccMOTpHM KOHKPETHHI NpHMep 3amOMHHAIOMEro YCTpoi-
CTBa, B KOTOPOM HCTOJNB3YIOTCS NPHHIHUNL roJorpapuu.
BaxXHEIM 3JIEMEHTOM TaKOT'O YCTpOHCTBA fIBJISAETCH 3ANOMUHA-
rowan 20r02paguieckas mampuya, cocTaBlenHas U3 G60IbLIOTO
yycsa roJiorpamM, kKaxnuasi auaMeTpoM 2—5 MM (puc. 51, a).

Tl e
MpaKcnaparm
1

[y
§
X
g
g
<

Boroviveamensian 2 danomuniionas Mampuya @omo—
eonoepaguyecKas BUN0BDADUYECHKAT nbuermnukos
Mampuya _ Mampyya (@omaduedol)
&} 6)
Puc. 51. a) 3anemunaromas rosorpaduueckas Marpuua. 6) Cxema rosorpa-

¢Huyeckoro samoMHHaomero ycrpo#ictsa. 6) Cxema cuMThIBaHHA HHGOpP™
MalgH, .

Ha onHo#t Tako#i rojorpaMMe MOXKHO 3alHCcaTh 3HAUHUTEJb-
HBIl Maccus HMH@opMauun — no 10* 6ur. Kaxknas rosaorpam-
Ma (GUKCHpPYeT H XPaHUT HHTepP(hEPeHIMOHHYIO KapTHHY, IO-
JYYaloIIylocs IPH CJOXKEeHHHM ONOPHOTO CBETOBOTO NyyKa
H BOJHB, IPOMONYJUPOBAaHHOH HEKOTOPHIM IIPOCTPaHCTBEH-
HBIM CHTHAJIOM.

Onrtuueckad cXeMa roJorpaguyeckoro 3alOMHHAIOLIETO
ycTpolicTBa NoKasaHa Ha puc. 51, 6. Jlyu or Jazepa nonafaet
B 3JIEKTPOONTHYECKHH HedyIeKTOp IHCKPeTHOro Tuna (Mbl pac-
cMaTpuBaJid TakoH JeduieKTop BO BTOpPOM pacckase). [ed-
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JIEKTOp N0 KOMaHJe HamnpapJsieT JasepHEHHA Jyd B Ty HIH
HHYI0 TOJOrpaMMy BO BCIIOMOTaTesIbHOH rosiorpadHuecKoH
marpuie. C Kaxnod M3 3THUX roJorpaMM BOCCTAaHABJIHBAeTCH
OpH OCBeIleHMH JIy4oM Jlasepa pacXoensinascs CBeToBaf
BoJHa. Ta 4acThb CBeTOBOro Jy4a, KOoTopas INPOXOIHUT CKBO3b
roJIoTpaMMy, He HCHBITBIBaS NUGPAKINH, OTKJIOHSETCS JHH30H
JI,, nepeceKaeTr JIMH3Y JI, B ee LeHTPaJbHOH YacTH H IIONafaer
Ha OJHY M3 roJorpaMM B 3alOMHHAlOINeH MaTpHle (3aMeTHM,
yTO JIMH3a JI, MoMelleHa B (OKaNbHOH MJIOCKOCTH JIHH3H JIy).
[lonagass Ha roJorpaMMy B 3aNOMHHAIONIEH MaTpulle, pac-
cMarpHBaeMbl ¢BeTOBOH Jyd HMHTepdepupyeT ¢ TOH CBETOBOH
BOJMHOH, KOTOpas BHauyaje Obla pacxofsmieiicss, a NOToM,
6aaronaps JuH3se JI,, cTana cxopsmeiicsd. Dta cBeToBas BOJHA
Ha CBOeM IYTH OT BCIIOMOTaTe/bHOH O 3alOMHHAIOIIEH T0J0-
rpadruyeckoii MaTpHLbl NPOXOLHT Yyepes ymnpaBJseMblil TpaHC-
napaHT ¥ CTAHOBHUTCSI HOCHTeJleM COOTBETCTBYIOIIEIO IPOCT-
paHCTBeHHOro cHrHana. CrJIOIHblE, CTPEJKU-IYUHd Ha PUCYHKe
COOTBETCTBYIOT CHTYyalHH, Koria JAedseKTop (PUKCHpYyeT Ja-
3epHBIH Jy4 B MONOMeEHHH A, a IITPHXOBble CTPENTKH-Ty4d —
Korga nediexTop (HKCHpyeT JAy4 B MONOXKEeHHH 5. MeHss
C TOMOIIpI0 HedJeKTOopa HCXOAHOE MOJIOXKEeHHe Ja3epHOTro
Jyya U OLZHOBPEMEHHO MeHfs NPOCTPAHCTBEHHBIH CHTHAJM, 3a-
NHUChIBAEMbIA BCAKHH pa3 B MaTepuale yOPaBJsieMOro TpaHc-
nmapaHTa, MOXHO IIOCTeNeHHO «3alOJHHUTb» OIpefieJIeHHOMH
uHpopManyel Bce 3/eMeHTHl (BCe roJIOrpaMMel) 3aNOMHHaroIel
MaTpHIBL.

PaccMOTpeHHass cxeMa MOXKET HCIIO/Ib30BAaThCsl IJs Bbl-
Bona uHpopMan#H H3 IBM c mnocnemyomieffi 3amHChbio 3TOH
uHpOpMallM{ B ToJOrpadHyecKoM 3aOMHHAIOIEM YCTPOKCTBe.
Hudopmanus, BoiBofuMas H3 OBM, nocrymaer B BHAe ymnpas-
JSIOMUX 3JeKTPHUeCKHX cHrHaloB B DYT (B ynpas/seMblil
TpaHcOapaHT Ha puc. 51, 6).

Ha puc. 51, 6 noxasana cxema CUHMTBIBAHHS XpaHsLIeHcs
nngpopmanun. Ilpy HanHyuu COOTBETCTBYIOUIEH KOMaHAbI He-
(JieKTOp Hamnpas/sieT CYHTLIBAIOUHH JasepHBId Jyd 'Ha OI-
pelleJIeHHYIO TOJOTPaMMy B 3alOMMHaOmed MaTpuiue; BOC-
CTAaHOBJIEHHOe H300pa)eHHe Npoenupyercss Ha MaTpumy o-
TONMPUEMHHUKOB. B pesy/bTaTe MPOCTPAHCTBEHHBIH ONTHYECKHH
CUrHaJ, 3alHCaHHBIH B JaHHOM 5JeMeHTe 3alOMHHAoLleH
MaTpHipl, npedbGpasyercsi B COBOKYNHOCTb 3J/EKTPHYECKUX
CHTHAJIOB.

Yem MHTEPECHBI H NMEPCHEKTHBHBI ONTHKO-3JIEKTPOHHbIE Bbl-
ynpcauTenbHbie cucteMbl? K TakuM cHcTeMaM  OTHOCATCS
BEIYUCJ/INTE/IBHbIE KOMIJIEKCH, B KOTOPHIX HapfRy C 3JeKT-
POHHBIMH YCTPOHCTBAMH NPHMEHSIOTCS ONTHYECKHE BJIEMEHTHI
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U ONTHYeCKHe yCTpoHcTBa, paboTaoliie C HCIOJb30BAHHEM
BLICOKOKOTE€PEHTHOr'0 Jla3epHOro M3jydeHusi. B mnpensinyiem
pacckase Mbl y2Ke FOBOPHJIH O BOJIOKOHHO-ONTHYECKHX JIHHUSAX
CBSI3M B CHCTeMaX KOMMYHHKalUH coBpeMeHHHX DBM. Itu
JIMHHU TI03BOJIAIOT YNPOCTUTb CHCTEMBl KOMMYHHKAIUH (OcC-
BoGonuB DBM ot 06GHJNS NPOBOAOB) M OCYLIECTBHUTH HIealib-
HYI0 pa3BA3Ky MeXAy BXONOM H BHIXOLOM, MeXIY PpasHbIMH
KaHanaMM Hepefjaud. K TOMy e BOJIOKOHHO-ONTHUECKHE Ka-
Ha/bl CBfI3M XapaKTepH3YIOTCH BHICOKOH HH(OPMAIMOHHON
€MKOCTBIO.

Beenenne mnpopmauuu B OBM 1o BOJIOKOHHO-ONTHYECKHUM
JIMHUSIM CBA3H — HOBBIH 3Tall B pa3BUTHH COBpeMeHHBIX DBM.
B OGuauxailmem O6ynymem OyneT clesaH CJAeNYIOMWHUN Iuar:
HHGOpMalHsa B BLIYMCJAHTEJbHYIO MalHHY OYAeT BBOXHTHLCSH
HEMOCPeICTBEHHO B BHIE «KAPTHHOK», B BHJIE IBYMEpHBIX
H300paxkeHHH H B TaKoM BHJIe Oyler o6pabaTbiBaThCsl B OI-
THYeCKHX npoueccopax. [lpum stoM Gymer peanu3oBaHa oOr-
pOMHasl CKOpPOCTb BBOAa HHGpOpMauHH. YiKe CerogHs Ipo-
CTPaHCTBEHHBIE MOAYJATOPH (POPMHPYIOT NPOCTPaHCTBEHHbIE
curHanasl eMkocTelo g0 10°—10° 6ur undopmammuu. Ilpu ua-
CTOTe CMeHBI «KapTHHOK», paBHOH 10% I'i, MOxeT GBbITh peaJs-
30BaHa CKOpOCTb BBojia HHpopMamuu 1o 102 Gur/c. Has
ONTHYECKHUX cHcTeM 06paboTKH MHGOpPMalHH XapaKTepHa Of-
HOBpeMeHHasi o6paboTKa Cpa3y MHOTHX OOJIBUIMX MacCHBOB
HHGOPMalUK (MHO2OKaHAAbHAA 06paGoTKa HHGOpPMAUUH). 210
npenonpeneaseT BHICOKOe OBHICTPOLEHCTBHE ONTHYECKHX IIPO-
neccopos. Haxowren, cnenyeT uMeTb B BHAY, YTO MHOTHE Ma-
TeMaTHYeCKHe OIepallii BHIIOJHAIOTCS ONTHYECKHMH MeTO-
IaMH ropasjio Ipoie, GLICTpee W HalexXHee, 4eM TpaiHIH-
OHHEIMH MeTOLaMHM, HCIIOJb3YIOIYMH 3JE€KTPOHHBIE YCTPOH-
CTBA. .

[lepcrieKTHBHB He TOJMLKO ONTHYECKHE CHCTEMbl KOMMYHH-
Kallud W ONTHYecKHe npoueccopel. He MeHee mnepcrnekTHBHBI
TaKKe H ONTHUeCKHe 3alOMHHAWOI[ME YCTpOHcTBa H, Ipexie
Bcero, rojorpaduieckue 3aloOMHHaIONIME YCTPOHCTBa. ¥ xKe
cymiecTByioT OBM ¢ rosorpaguuecKuMH 3aNOMHHAIOUIAMH yCT-
poficTBaMH. IJTH YCTPOHCTBA OT/IMYAOTCS BBLICOKOH HH(OP-
MalHOHHOMl eMKOCTBI0 B COYETaHHH C MaJbIM BpeMeHeM BEHI-
GOpPKH HYyxHOH uH(opmauuu u3 namard DBM. Ha puc. 52
CPaBHHBAIOTCA STH XapaKTepHCTHKH JJ/Isi 3aNOMHHAIONIHNX
ycTpolicTB pasHoro tHna. 1o rOpH3OHTaNbHOH OCH OTKJafbl-
BaeTcsl MOJHAs eMKOCTb NaMSATH, IO BepTHKalbHOH — BpeMs
BLIGOPKH JaHHBIX. MOXHO BHAETb, 4YTO, HATpHMep, MOJYIPO-
BOJIHMKOBBIE . 3aIOMHHAIOIINE YCTPOACTBA OTJIHYAIOTCS MAaJbiM
BpeMeHeM BBIGOpKM, HO 3aTO OH#l HMMEOT U Malylo eMKOCTb
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naMATH. Y 3aNOMUHAIOMHUX YCTPOHCTB HAa MarHUTHBIX JIEHTaX,
HalpOTUB, EMKOCTh NaMATH OPOMHA, HO 3aTO BeJTMKOC H BpeMs
BBIGOPKH. B 3TOM cMbiciie HanGoJiee NMepCNeKTUBHHIMH OKashl-
BalOTCH ONTHYECKHE 3aloMHHaomue yctpoiictsa. Hano umern
B BHIY TaKxke M TO, 4TO rojorpacduueckass naMaTb NO3BOMSET .
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Puc. 52, EMKOCTb maMsTH M BpeMsi BHIGOPKH JaHHBIX JJIs Pa3/INYHLIX 3aNc-
MMHAIOUHX YCTpOHCTB.

XpaHUTb M BIOCJEACTBHM BOCCTAHABJIMBATL He MPOCTO
H306paKeHHs, a peasbHble CBEeTOBblE TNOJAA (CM. IIeCTOH
pacckas). ,

ByayT JH co3JlaHbl ONTHYECKHE BBIYHCJUTEIbHbIE MALIHHbI?
B HacTosiliee BpeMs NPOCMaTpUBAOTCHA TPH OCHOBHBIX Hanpas-
JIeHUA B PasBUTHH CHCTEM ONTHUYeCKOH 06pabOTKH MHDOPMAaLHH:

1) co3zanve ONTHYECKHX YuU@posoix BHIYMCAHTE/bHEIX Ma-
LIHH C [IHPOKHM NpHMEHEeHHeM BOJIOKOHHOH ONTHKH, pasiuy-
HBIX ONTHKO-3/JIEKTPOHHBIX W ONTHYECKHX KOMIOHEHTOB, OI-
THYECKUX 3alIOMUHAIOIUX YCTPOHCTB H NPOLECCOPOB;

2) co3laHUE GHAA0206biX ONTHYECKHX CHCTeM, NpelHasHa-
YeHHEIX 119 00paGoTku HHpoOpMauuH, NpeicTaBiseMoll B BUIE
ABYMEPHHIX H300paxeHUH, ¢ IIHPOKUM IIpHMeHEeHHEeM YNpaB-
JIsieMBIX TPaHCNapaHTOB, JONYCKAOMUX NOJYTOHOBYIO 3alHCh
(3anuch, B KOTOpPOH €CTb He IIPOCTO «TeMHBbie» H «CBETJble»
yUYacTKH, a YUacTKH PasHOH CTelleHH OCBELIeHHOCTH);

3) cosnaHMe ONTHUECKHX BBIYUCJAHTENBLHEIX CHCTEM C Kap-
MUHROU /02UKOU, TAe OCYLIeCTBJAAETCA ORHOBpPeMeHHas o06-
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pa6oTka GONBUIMX MacCHBOB HH(OPMAIMH, MNpelcTaBJeHHOH
B BHJE IBYMEPHBIX H300paKeHHH.

Oxujaercsi, YTO PasBUTHe CHCTeM ONTHYECKOH 06paGOTKH
vHGbOpMAalUK I03BOJMT B OsMxadieM OyAylleM CO3KaTh
MaJloraGapuTHble YHUBepca/bHble GBICTPONEfiCTBYIOLIME BbI-
YHC/IMTENbHbe KOMIIEKCH. DTH KOMIIEKCH GYAYyT CIOCOGHEI
YIPaBATb CJHONKHBIMH IPOU3BOJCTBEHHLIMH IIPOLECCAMH, OI-
pelesisieMbIMH MHOXKECTBOM IapaMeTpoB, cO3laBaTh 3(dek-
THBHYIO CHCTEMY ydeTa, IVIAHMPOBAHHS M yIpPaBJeHHs 3KO-
HOMUKOH H T. I.

TeMmmbl PasBHTHS CHCTeM ONTHUeCKOH o6pa6onm undop-
MalHK 3aBHCAT OT psfa (GaKTOpOB:

1) pasBuTHs 2aemeHmHOl 6a3be (CO3JaHUST HOBBIX MaTepHa-
qoB 1 YT u OYT ¢ BEHICOKMM paspellleHHeM H ObICTpPOLeH-
cTBHeM, PaspaCOTKH HOBBIX ONTHYECKHX H ONTHKO-3JIEKTDOH-
HLIX KOMHOHeHTOB)

2) YCOBepIIEHCTBOBAHHS TEeXHOJIOTMH H3rOTOBJIEHHs pas-
JINUHBIX 3JIEMEHTOB ONTHUYECKHX CXeM;

3) cosmaHHsl HOBHIX, GOJlee CTAGMJIBHBIX M SKOHOMHYHBIX
JIa3epHBIX HCTOYHMKOB CBeETa;

4) paspaboTKu HOBHIX, GoJiee 3()HEKTHBHLIX CXeM H MeTo-
JI0B ONTHUeCKOH 06pabOTKH CHIHAJIOB.

KoueuHo# 1e/1bI0 PAa3BUTHSA CHCTEM ONTHYECKOH 06pabOTKH
HHPOPMAIUH C/IefyeT NPU3HATL CO3JAHHE MOAHOCMbIO ONMmi-
4ecKoil BBHIUMCJMTETHHON MamuHbl. B Takoil MallMHe Bce CHI-
HaJel (KaK MHGOPMAaLUOHHBE, TaK M ympasjsiomue) GyayT
ONTHYECKHUMH, a CHabxeHUe sHepruedl OyZeT NPOH3BOAHTHLCS
3a CYeT ONTHYECKOH HAKaiKM AaKTHUBHBIX LeHTpoB. JlocTur-
HyTHe B HACTOslllee BPeMsi yCIeXH JalOT OCHOBaHHE paccMart-
puUBaTh TaKylo 3ajiauy Kak peajaucTHyecKywo. OpHako 3T0 —
3aJlaya 3aBTPAIUHETO JIHA.

A ceronus craBurcsl moka Gosee CKpOMEas 3ajadya — CO-
3laHHe * ONTHKO-3JIEKTPOHHOH OBICTpONeHCTBYIOIEH BLIYHCIIH-
TeJbHOH MamuHbl, 3(PPeKTHBHO coueTawoiledl 2JeKTPOHHbIE
U ONTHYECKHe MeTOAbl O6paGOTKH, XpaHeHHs M Iepelayd
unpopmanyn. Oxunaercs, yto B Gauxkaimem Gyaymem OyneT
cO3JlaHa TaKasi BRIUHCJIMTe]bHas Mammea. OHa Oyler Xapak-
TePU30BAThCS CJELYIOMMMH ITapaMeTpaMu: OGblCTpofelcTBHE
nmpoieccopa (BpeMs, 3aTpaydBaeMOe Ha BHINOJHeHHe OJHOM
onepanun) 107?—10~19 ¢, 4YHCIO OJHOBPEMEHHO BBINOJHSA-
eMplx omepanuit 102—10% eMKOCTbP OHEpPaTUBHOrO 3alOMH-
Hatomiero ycrpoiictea 10—10° 6uT, eMKOCTh BHEIUHeH namsTH'
1011—10'® 6ur, cKOpocTb BBOJa H BBIBOJa HH(pOpMALUH
10° Gur/c.
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CnpaBka.

TEXHHKH.

dranbl  pasBuUTHSA

cOBpeMeHHoi
XapaKTepusys STambl PasBUTHS BHIYHCJIHTeJLHOH TeXHHKH,

BHIYMCTHTETbHOR

NPHHSITO TOBOPHTb O PA3JNHYHHIX NoKoseHnsx DBM. B nacrosmee Bpems
pasJHyaioT YeThipe NOCJEJOBaTeNbHEIX NoKoieHus DBM, roeopsT o mo-
aBiaeHun DBM nsroro nokonennsa. OGuiee npencraBiaenne o6 DBM ueTs-
pex NOKOJNEHHI JaeT clenylomasi TaGuauma:

Ta6auna
I‘;logﬁ;zegl{a:, Jlornyeckune OcHOBHBIE KOHCTPYK- Tun
ngﬂBJIeHHﬂ 3JIEeMEeHThl HHOHHBIE 3JCMEHTH namMsaTH
1-e, Hauaso| DJEKTPOHHBIE CraugaprHele . MaruutHas
50-X ronoB | Jammbl 5JIEKTP OHHbIe KOM-
TIOHEHTHI
2-e, konen | Tpausuctops Bentunbuse cxe- | To xe
50-x roxos MBI
3-e, mauaso| Hurerpanbunie | Tpynmer cxem Marunurnas, noay-
60-x romoB | CXeMbl IPOBOJHHK OBEIE
3y (TII13Y)
4-e, nauano | Cpenuue u 60ib- | Oyurnuonaibuble | MaruuTHas, HH-
70-X TONOB | HIHe MHTErpajb- | GJIOKH -(DETHCTPHI, | TerpaJibHble
HBle CXeMBI cymmartophl), MHK- | TI[13Y,  onTuue-
(BHC) pomnpoIeccopst cKas
5-e, 80-e BHUC u cBepx-| Myaptunpomnecco- | To ke, rogorpa-
TOZBI - BUC pe, MHKPODBM, | ¢duueckas
OIITHK O-3JIEKTP OH-
Hble CXeMBI
Beictpo- | EMkocThb
Tokoenne, neiicteHe | omepaTHe-
Bpems ero Maremarudeckoe obecneyeHue npouecco- | moro 3y
NnosABJIEHHA ’
. Pa, ¢ 6uT
1-e, Hauajo | MamuuHble 8HIKH, TOANpOrpammsl, | or 102 10%
50-x rofoB | yHHMBepcaJbHblE NPOrPaMMBI o 10—
‘2-e, Komen | SISHIKH BEICOKMX ypOBHeil: «AJrom», 10—-5 108
50-x romos | «Ko6Goa», «DopTpaH», MOHHTOPHI,
. MakpoacceMGJyephl,  ynpaBJslouiue
TIpOT'paMMBbl
3-¢, nauayo | Onepanuonnble CHCTeMHl, cHcTeml| ot 10=6| or 108
60-x rojoB | A3HIKOB, MaKeTH TporpamM, ssuikd| Ao 10=7| po 108
MOZEJMPOBaHHS, MOAYJbHBE TpO-
rpaMMel
4-e, nauano | Pacmupsemele f3bKH, MeraTpaHc-| ot 10=7| - or 108
70-x rojoB | JATophl, anmapatypHas peannsauus| go 10-8{ po 108
noanporpamM, GaHKH JaHHBIX, pas-
TOBODHHIH DPeXHM
5-e, 80-e To ke, peueBofi BBOX AaHHEIX o 102 | po 10°
TOnH
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U3 tabaumst BHAHO, YTO ycoBeplieHcTBoBanue DBM oT nokosenus K no-
KOJIEHHIO HIET IO JBYM HalpaBJeHHsM: a) YCOBEpILICHCTBOBAHHE MaTeMa-
THYECKOro obecreueHus (MOBbILeHHE 3(Q(GEKTUBHOCTH aJTOPHUTMOB, OINTHMH-
3alMs NpOrpaMM, BHEJpEHHe SI3BIKOB 6oJiee BEICOKOTO YpPOBHS H T. II.),
6) TEeXHHYeCKHe YCOBEpIICHCTBOBaHHs (yBeJHueHHe GHICTPOXEHCTBHS IIpO-
meccopa, MOBHIIEHHEe eMKOCTH HaMATH H T. IL.).

TlepBoe nokoneHne DBM ucno/b30Baloch JJIsi PEIUEHHs YUCTO BhIYHC-
JIUTeNIbHBIX 33/1a4 HAYYHOrO H KOMMepUecKoro xapakrepa. Bropoe moxkose-
HHe IPUMEHSIOCh (M MPHMeHseTCsT) A1 06paGoTKH GOJIbLIMX MacCHBOB JaH-
Hpix. OBM TpeTbero moKoJeHHSI pemaoT mpobJeMy MpeAcTaBIeHHsT 3THX
JaHHBIX B HH(DOPMATHBHOM BHJe; MalIMHA BHIIEJIsSET H3 Habopa NaHHBIX
HYXHYI HHGOPMALHIO K MOJBepTaeT ee onpelenenHol o6pabotke. IBM yer-
BEPTOro MOKOJIEHHS CIOCOGHDI PemaTh 3a7a4d B PeXKHME HeloCpeJICTBEHHOTO
B3aMMOJENCTBUS C MOTpeGHuTeNIeM HHDOPMALHH, B YaCTHOCTH 3aJlayH yNpaB-
Jennsl PasJHYHBIMH IpoueccaMi. IBM nsToro u mociefyiomux MOKOJeHHH
6y4yT IpOrpaMMHPOBATHCS IO IPHHIMITY «YTO ClelaTh» (a He «KaK CeNaThy);:
cnoco6 pelieHHs 3a7ayd MaiiHHa Gyfer BelOHpath cama. Ilpu KoHCTpyHpO-
Banud 3Tux OBM HalilyT npuMeHeHHe TEXHHYECKHE YCOBEpIIEHCTBOBAHHA,
Hcroab3oBanHee'B OBM yerBepTOro moxosieHusi: mepexol K GOJBIIHM HH-
TerpajibHBIM CX€MaM, YCOBepIIeHCTBOBAHHE MarHHTHOH M NOJYIPOBOAHH-
KOBO#l TaMsATH U T. . KoHeuHo, GYAYT NPHMEHSITHCS H KAYECTBEHHO HOBBIE
TeXHHYECKHE yCOBEpLIEHCTBOBAHHS.

K mnocleIHHM OTHOCSTCS YCOBEPIIEHCTBOBAHHS, CBSI3aHHbIE C HCIOJb-
30BaHHEM ONTHYECKHX METOLOB O6PabOTKH HH(OPMALUHH H IIHPOKHM IpPH-
MeHeHHEM Jia3epHOH TeXHHKH, BOJIOKOHHOH ONTHKHM, rojorpapuu AIs IO-
CTpOeHHsl YCTPOHCTB BBOJia H BbIBOKA HH(OPMAIHH, MaMATH, MPOLECCOPOB.
B nacrosuiee BpeMs: B CCCP (npexze Bcero B PH3HUeCKOM HHCTHTYTE HMEHH
I1. H. Jle6enesa AH CCCP) u 3a pyGexoM pa3BepHyTH paboThl IO CO3Ja-
HHIO ONTHKO-3J€KTPOHHBIX MHOTOKAHAJbHBIX BBIYMCJAHTEJbHBIX MALIHH, OT-
Beuauux TpeGOBaHHAM, NPelbaBasieMeM K DBM uerseproro u maToro mo-
KOJIeHHH,



JECATDBII PACCKA3

JIASEPHbIT KOHTPOJ1b

Cpasy ke nocile H306peTeHHST Jasepa CTajo
ACHO, YTO JlasepPHOe H3JIyYeHHe NOJDKHO XOPOIIO MOAXOAMTE
s poau Koutposepa. [lpasna, camble nepBhie Ward ObLIH
JIOBOJIBHO CKPOMHBIMM — JIa3epHBIH JIy4 CUHMTaJ MOJIOUHELIE
OyThlIKM Ha KoHBeHepe. OueHb cKOpO 06/acTb NPUMEHeHHs
JIa3epHOr0 KOHTPOJIA CHJBHO paciuypuiack. Ceromss Jjasep-
HbIl KOHTPOJb HCHOJB3YeTcsl B PasHOOGpasHbIX HCCJAeNO0-
BaHHAX ¥ NPOU3BOACTBEHHEIX IIpoUeccaX, B CaMbIX Pas3/HUHBIX
06J1acTAX KHU3HH M JeATeJbHOCTH mofed. B 3toM MOxmHO
y6enuThCcA, MNO3HAKOMHUBIINCH C MPUBOAMMEIMH HUXKe INpHMe-
pamu.

Kak ;asepHsblii Jyd KOHTpOJHpPYeET cocTosHue aTtMocdepnr?
IIpoGneMa 3azpasHenus 6030yxa B GONBIINX ropojax H HH-
LyCTpHaJNbHBIX pafloHaX CTAHOBHTCS B HaIlM IHH Bce 06oJee
octpoii. B BbIXJionmax aBTOMOOHJILHBEIX ABHraTesieH, peaKTHB-
HBIX JBHraTeslell COBpeMeHHBIX aBHaJaHHepOB, B BhIGpachiBa-
eMBIX B aTtMocdepy oTXogaX HpPOMBIIJIEHHOrO MIPOM3BOLCTBA
CONEPIKUTCH MHOTO COeIMHEHHH, BpeIHbIX JJs 3]0POBbsl
mopel: nByokuchb cepel (SO,), oKHchb yriepona HJM, HHade,
yrapublit ra3 (CO), yraekucieiit raz (CO,), okuch azora (NO),
metan (CH,), cepoBonopon (H,S) u np. Bospacraer comepika-
HHe B BO3JyXe YaCTHUeK CaXH M TbUIH, BOLSHBIX Kalesek
C PacTBOPEHHBIMH B HHX Pa3/IMYHbIMH XHMHYECKHMHU coemme-
HHAMH.

Jlns o6HapyxkeHHs B atMocepe TeX HJIH HHBIX 3arpssHe-
HUH TPOBOIAT XUMHYecKMH aHanu3 mpo6 Bospyxa. K coxa-
JIeHHI0, TaKoH aHanu3 TpebyeT OOBIYHO 3HAUYMTENBHOTO Bpe-
mend. K ToMy ke He Bcerfa NpoCTO B3ATb NpoGy BO3LyXa.
[lpencraBbre, HanpuMep, 49TO BaM HalO B3ATb (A NPHTOM
6eICcTPO) NpO0Y BO3LyXa MO3aid TOJBKO UYTO MPOJIETEBILErO
aBda/lallHepa Ha BLICOTe B HECKOJbKO KujoMerpos. Miu
Xorsi Obl B3SiTh OpPOGY BO3nyXa BOJM3H YCThSl 3aBOACKOH
TpyG6Hl BHICOTOH GoJlee cTa MeTPOB.

[TonoGHbBIE TPYAHOCTH He BO3HUKAIOT, €CJH BMECTO TOrO,
4TOGHl 6paTh NMPoGbl BO3NyXa, 30HAHPOBATDH aTMoc:(bepy Jazep-
HBIM Jy4oM. JlasepHBlfi KOHTPOJMb 3arpA3HeHHH aTMOChephl
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NONYyYUJl B Hacrosillee BpeMs IOMPOKOE paclpocTpaHeHHe
Kak B CCCP, TaKk u 3a pyGexoM. OH uMeeT PSIA BeCbMa CYLIeCT-
BEHHBIX JOCTOHMHCTB. BO-TIepBEIX, 3TOT MeTOJ KOHTDOJs SB-
JsieTcsl OUCMAHYUOHHbIM; OH MOMKeT JIerKO OCYIIeCTBJATHCH
Ha PAcCTOSIHUSAX JO HECKOJbKHX KHJIOMETPOB (B OTACJbHBIX
cayuafix [0 JeCATKOB KHJIOMeTPoB). Bo-BTOpHIX, JasepHBIH
KOHTPOJIb OTJIMYAETCS B8b6ICOKOL CIMENEHbI0 HYBCMBUIMENbHOCTILL.
On 1nos3BoJisieT OCHAPYXUTh 3arpsi3HEHHe aTtMocdepdl TeM
WM WHBIM COeIMHEHHMeM Jaxe B cJaydasx, KOrja JOJs 3THX
coenuHenu# B atMocdepe - Bcero 107°—1071°, B-TpeTbHuX,
aHa/M3 XHMHYECKOTO COCTaBa 3arpf3HeHHH NPOM3BOAUTCH B

f \
—1 l }
z
(B |
2 7 g
w

Puc. 53. OnTHUecKHe CXeMH JIa3epHOI'0 30HAUPOBAaHUSA aTMocdeps: | — Ja-
3ep, 2 — ¢oTonpueMHuk, 3 — OTpaxarensb.

JIIAaHHOM CJIyuae O4eHb Obicmpo, TaK YTO BO3MOMKHO OTCJIeXKH-
BaHMe U3MEHeHull 3TOr0 COCTaBa BO BPEMEHH.

Ha mpakTHKe NPHMeHSIIOT JBe ONTHYECKHX CXeMbl Jiasep-
HOTO 3OHAMPOBAaHHUS arMochepbl. B mnepBofi /asepHBIH Jyd
NOCHIAIOT N0 TOAJIexalel KOHTPOJIO Tpacce K GOTONpHeM-
HMKYy, KOTOPHIH HaXOIMTCA B KOHIe Tpacchl. Bosmoxen Ba-
pHaHT, KOTJa B KOHIE TPacChl YCTaHOBJEH OTpaxaTesb, a
(GOTONPHEMHHK COBMeIIEH C JIa3epHbIM H3JiyyaTeseM (IIpH .
5TOM JIa3epHBIH JIyY TNPOXOAUT Tpaccy JBaXIbl — Tyla H
o6patHo). O6Ga BapHaHTa [NaHHOH ONTHYECKOH CXeMbl MOKa-
3aHbl Ha puc. 53, a. Bo BTOpo# cxeMe (0Ha NMOKasaHa Ha PHC.
53, 6) NasepHbIH JTyY MOCHLI2eTCsl B KOHTPOJHPYeMyio 06/acTh
BO3AYUIHOTO TpocTpaHcTBa. DOTONPHEMHHK, COBMeILEHHBIH,
KaK MpaBWJIO, C H3JydaTeseM, YJ/aBJMBaeT U3JydyeHue, IpH-
Xonsiee Haszal M3 006aydaeMOR JasepoM O6GJAaCTH NPOCTPaH-
cTBa. B 3TOM ciyuae JlasepHYIO CHCTEMY KOHTPOJISI COCTOSIHHS
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aT™Moceprl HasblBalOT audapom. JIuzap MOXKHO paccMarpH-
BaThb KaK PasHOBUIHOCTb JIa3ePHOTO JIOKAaTOpa.

Ilpn HCrIONB30BaHUM CXeMBI, [OKasaHHOH Ha puc. 53, a,
U3MepSIOT MHTEHCHBHOCTb JIa3epPHOTO JIy4ya IIOCJe MPOXOxKje-
HHUs1 Tpacchl. CyleCTBEHHO, YTO 3TO U3MepPeHUe BhINOAHSIOT LIS
PA3AUYHbLX  YACTOT JIa3ePHOI'O H3JIyUYeHHs, IJISl 4ero HCHOJb-
3YIOT Jlasepbl C IJIaBHOH MepecTPOHKOH dacToThl (Hampumep,
Jlazepbl Ha KPACUTeJIsX) U/ Ja3ephl B COYETAHHUH C NapaMeTpH-
YeCKHM TreHepaTopoM cBeTa. Kaxjoe XuMHuecKoe cOefHHEHHe
NOrJIoIaeT CBEeT C OIpefe/leHHOH YacTOTOH (MM C HeCKOJb-
KHMH OINpefie/IeHHBIMA 4YacTOTaMH). Msmepsas wacmomuyro 3a-
BUCUMOCIT UHIMEHCUBHOCML JIA3€PHOTO H3JTy4YeHHs], PerHcTpH-
pyeMoro ()oTonpHeMHUKOM, MOKHO 0 3HaYeHHSIM YaCTOTHI, MIPH
KOTODPBIX HaOMONAIOTCs pe3KHe YMeHBIIeHUsl (IIPOBaMbly) B
HHTEHCHBHOCTH CBeTa, 3aK/IOUHTb O HaJHYUH B atMocdepe Tex
WM MHBIX XUMHYeCKHX coefMHeHHH. B pesysbTate noeioute-
HUSL AA3EPHO20 U3AY4eHUs MOJEKYJaMH 3THX COeIMHeHHIl
BO3HUKAIOT «IPOBAJbl» B MHTEHCHBHOCTH H3JYUYEHHSI HA COOT-
BETCTBYIOIIMX YacTOTax.

Hcnonbaysi cxeMy, mokasaHHYIO Ha pHc. 53, 6 (CxeMy nu-
Japa), PerucCTPHPYIOT INpH IIOMOIM (OTONPHUEMHHMKA JHOO
OTpaXKeHHOE JlasepHOe H3JydeHHe (HANpHUMep H3JYyUeHHe, OT-
paxeHHOe OT CKOIVIeHHSI a3po3oJefl), nuGO H3JIydyeHHe, pac-
CesiHHOE a3pO30JIbHBIMH YaCTHLAMH HJH OTHEJNbHBIMH MOJIEKY-
JlaMH, JIH60 H3/JydeHHe, HCHYCKaeMOe TeMH HJIH HHBIMH MOJe-
KyJlaM{ [0CJie TOIVIOUIeHHS MMH JIa3ePHOTO H3JyUYeHHS.

CyuiecTByeT HeCKOJNbKO (H3HWYeCKHX MeXaHH3MOB paccesi-
HHA cBeTa. LIS KOHTPOJIS XMMHYECKOro COCTaBa 3arpsi3HeHHH
atMocepBl HMCHONb3YIOT KOMOUHAUUOHHOE paccesnue ceema,
HOCKOABLKY IIPH 3TOM pacCesiHUMH HM3MeHsSleTCSl 4acToTa CBeTa.
HamnomuuM, 4TO aTOMEl B MOJeKyJie COBeplIatloT KoseGaHus H
4TO 3TU KOJeGaHHs XapaKTepU3YIOTCS OHPeleNeHHOMN Iiis faH-
HOTO XUMHUYECKOrO COeflMHEHHS YacTOTOH (MJIM HEeCKOJbKIMH
ompeneJieHHBIMH dactoTaMu). B mpocreiimieM cayuae, Korma
MoJieKyJia ABYyXaTOMHasl, HMeeTcsl BCero OfHa KoJseGaTesbHas
yacToTa; 0603HauMM ee depe3 v,. Ilpeanonoxum, uro Ha ras
M3 TAKHX MOJIEKYJ [ajaeT Jia3epHBIH IYy4OK 4YacToTsl v. B pe-
3yJIbTaTe paccessHHs CcBeTa Ha KOJeOJIOMHUXCSA MOJeKylax
BO3HHKAaeT H3JyuyeHUe Ha YacTOTaX v—v, M V-4v,. D10 U eCTh
KOMOHHAIIMOHHOe paccesiHHe CBeTa.

Bynem sonmupoBaTth atMoctepy Jla3epHBIM JIy4OM OINpesie-
JIEHHOH YacCTOTBl ¥ M3MePSTh CHEKTPaJabHBIH COCTAaB CBeTa, pac-
cestHHOTO Hasaj. ITo HaGmonaeMbIM B paccesIHHOM CBeTe CJIBH-
raM 4acTOThl (IJIMHBl BOJIHBI) MOXKHO CYIUTh O HaJHUUH B
at™ocdepe TeX WK HHHX coefuHeHu#. [Ipenmnonoxum, aro mc-
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MoJIb3yeTcs J1a3ep.Ha pyOHHe; ero 3JydyeHHe UMeeT AJIMHY BOJ-
uel 0,694 MxM. JlonycTuM Aasiee, YTO B pacCesiHHOM U3JyUeHHUH,
Hapsiay ¢ AJauHoH BosHb 0,694 MKM, 3aperucTpHpOBaHb! JJHHBL
BosiH 0,798 u 0,785 MxMm. Caeur AJauHbl BoJHE 0,798—0,694=
=0,104 MKM COOTBETCTBYeT YacToTe KoseGaHuil MosekyJn CO,
a casur 0,785—0,694=0,091 MkM — yacToTe .KoJIe6aHUH MoOJe-
KyJsl NO. 3Hav-mr B arMOCQ)epe IPUCYTCTBYIOT yrapHbifl ras u
OKHCh a30Ta.

3amerHM, YTO IJI5 KOHTPOJISI COCTaBa aTMOCHEPE! O KOMOH-
HALMOHHOMY PAcCesHHIO CBETa yHoGHee HCIOMB30BAaTh (1O PALY
NPUYKH) Ja3epHOe H3JMydyeHHe ¢ IJHHOH BosHBL 0K0J10 0,3 MKM.
Ha npakTuke 0OGbIYHO NPHUMEHSIOT BTOPYIO TaPMOHHKY H3Jy-
yeHusi py6uHoBoro Jasepa (0,347 MKM), a Takke YeTBEPTYIO
rapMOHHKY Jasepa Ha rpadare c¢ HeogumoM (0,266 MEKMm).

Hapsany ¢ koM6HHALMOHHBIM paccesHHeM CBeTa B JuJapax
HCIOJIb3YeTcsl  sIBNeHUe aromunecyeryuy. C. sTHM SBJeHHEM
yhTaTesb YiKe BCTpeyasicsl Ha NPHMepe CIIOHTAHHOTO HCIyCKa-
HMS CBeTa aKTHBHBIMH LIEHTPAaMH B aKTHBHOM 3J/1eMeHTe Jla3epa.
Tak, HOHBI XpoMa B pyOuHe IOIJIOMIAIOT CBET B CUHEH U XKeJTo-
3eJleHOH 06JacTAX CcHeKTpa (U3/ydeHHe HaKaukH), a 3aTeM
BLICBEUMBAIOTCA B KpacHOH 06jacTd crnekrpa. B orcyrcrBue
JIa3epHOro pe3oHaTOpa BbICBEUMBAHHE MPOMCXOIMT CIIOHTaHHO,
3TO M eCThb JIOMHHecleHIHsA. To e MOXKeT NPOMCXOAUTb U B
pas/IHYHbIX MOJIEKYJaxX. INornomas JazepHoe H3/MydeHHe HEKO-
TOPOM YaCTOTBI, OHM 3aTeM BLICBEYHBAIOT H3JyyeHHe IPYroi
(Menbiueil) yactotsl. Yactora, Ha KOTOpOH Habionaetcs Jio-
MHHECIEHIIMS, UMeeT ONpeJieJleHHOe 3HaueHHe (MU HECKOJbKO
omnpelieJIeHHBIX 3HayeHUH) 1A/A JaHHOro coeiuHeHus. Hsyuas
CIEKTpa/bHBIA COCTaB YJ/aBJMBAaeMOro NPUEMHHMKOM JIHZapa
U3JIYUeHHS JIOMHHECIIeHIIUH, MOXKHO BBISIBUTh HaJlHYHe B aTMO-
chepe TeX HJH HHBHIX XHUMHYeCKHX COEIHHEHHH,

B KauecTBe IpHMepa pacCMOTPHUM co3faHHbI! B MHcruTyTe
cnekrpockonud AH CCCP B MockBe Jiuzap A1s1 KOHTPOJIS TIPO-
MBILJIEHHBIX 3arpfA3HeHul atMocdephl, HCIOb3YOWUH KOMGHU-
HallMOHHOe paccesiHMe cBera. CxeMa JmHiapa IpHBelleHa Ha:
puc. 54. Jlasep Ha rpaHaTe ¢ HEOLMMOM reHepHPYeT H3JMyYeHHe
¢ nuudod BoaHb! 1,06 MKM. B HenuHelHOM KpHCcTaMie K; poxk-
JaeTcs BTOpasl FapMOHHKAa 3TOTO H3JyYeHHs, a 3aTeM B Kpu-
crajane K, — 4erBeprast rapMoHHKa. TakuM o6GpasoM, 30HIH-
pyolliee H3JyyeHHe HMeeT LIMHY BOJHH 0,266 MKM. JlasepHniit
Jy4 NPOXOIMT Yepe3 pacIlUpHUTesb MyYKa M MOCHIIAeTCs B HC-
caenyeMylo 06JacTb BO3AYLIHOrO IpoCTpaHcTBa. JlasbHOCTB
nelictBua AaHHOro Juiapa 100 M, HpOTSKEHHOCTb 3OHIHpYe-
moro caost atMocepsl 20 M. Jlugap MOCHLIaeT 30HAUPYIOLIHE
uUMIyJbesl ¢ 3Heprued 1 MK npu yacrore noropenus 50 I'u.
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PaccesiHHOe H3/lyueHHe YyJaBJHBaeTCs NPHEMHBIM 3epKaJoM
nuaMerpoM 80 cM M 3aTeM IOCTymaeT B cnekrtporpad.

B Hacrosimee BpeMs HCCAeyIOTCS BO3MOMKHOCTH 6oJee
IIMPOKOr0 INPHMEHeHHA Ja3epOB NI KOHTPOAS COCTOSHHSA
at™oceprl. OIMH M3 OCHOBHBIX LEHTPOB STHX HCCJIEOBAHHUH
B CCCP — HMucruryr ontuku atmocheper AH CCCP B Tomcke.

HccnenoBaHus noxasaJiu, 4To J1a3epbl MOXKHO YCIEIIHO NP H-
‘MEHAITh He TOJBKO I/ KOHTPOJIST XUMHYECKOro COCTaBa 3arpss-
HeHHUH aTMochephl. Jlunapel '
YeTKO BBHISIBJISIIOT TPaHHUILI S e
obracmeil  nosoiuenHol 3a- SN
2PA3HEHHOCMI  ammocgepot, s
HalpuMep, YACTHLAMH IbIMa et B
¥3 3aBOACKHX TPYyG; MO3BO- .
JISIOT M3YYaThb NepeMelleHus Do
5THX o6JiacTell, H3MeHeHHe ¢ !
ux ¢opmbl. B naHHBIX Hccle- Y
JIOBAHUSAX HCIOJIb3yeTCs OT- | {<
paiKeHHe Ja3epHOro Jyya ot pmwme”:":’
CKOIJIEHHS]  aspo3osefl M nY4Ka !
obbiyHoe, 6e3 H3MeHeHUs bR ::(;
YacTOTBI M3JyYeHUd, paccesi- !
HMEe CBeTa a3PO30JbHBIMH |

:
I

Cnexmpoepagy

L

yacTHIAMH. 1,
C IOMOIIBIO JIa3epoB U3-
MepfIOT TaKXKe CTaHJapTHble
MemeopoaoeuHecKue  napa-
Mempol QmMmoceepsl: Temie- \Z%ﬁ’;’}’g@
paTypy, IJIOTHOCTb, BJaX-
HOCTb, CKOpOCTb Betpa. B~ Puc. 54. Jlumap mas Kowtposs
9TOM OTHOLLEHHH Ha3epﬂoe npomx;xmneun;g;gezg[g.sisﬂeﬂHH arT-
30HAHPOBaHME MOXKET ycIIelll-
HO KOHKYPHPOBaTb € PalHO30HAAMH M METEOpOJIOrHYECKUMH
pakeTaMu.

HakoHen, BO3MOXHO Ja3epPHOe 30HIMPOBaHHe 004aK06:
TOYHOe M3MepPeHUe UX HHMKHeH rpaHMIbl, HCCJIeNOBaHUE 3aPOXK-
JEeHHSA U pa3BUTHs 06/aKa, H3yyeHHe NPOCTPAHCTBEHHOH CTPyK-
Typsl 061aKOoB. JlasepHyio JIOKaluuio OGNaYHOCTH IMPOH3BOAAT
KaK ¢ MOBEPXHOCTH 3eMJIH, TaK H CO ClelMa/IbHbIX CaMOJIETOB.
B HenasekoM GyayiieM Jupapbl 6yLyT ycTaHaBJMBaTbhCA TaKxke
Ha HCKYCCTBEHHBIX CIyTHHKaX 3eMJH.

3aueM HyXeH JeTawuil AuAap? Y CTaHOBIEHHbIA Ha 6OpPTY
camoJieTa JuAap yHaoGeH I/ H3ydeHHs (H3UYeCKHMX Ipolec-
COB, MPOUCXONAIIMX B o6MaKaX, HallpuMep MPOLECCOB, NPUBO-
ISIIMX K BOSHHKHOBEHHIO O3B B nemenbiueft creneHu Tako#
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JNUJap noJie3eH H JJ1s1 KOHTPOJS COCTaBa MOPCKOM BOIB! BOIH3H
ee TOBEPXHOCTH.

Mopckasa Boza — CJIOXHas cpela, B KOTOpPOH HaxomsTcs
pa3nuuHble MHHepalbHble H OpraHHYecKHe BeIECTBa, a TaKiKe
MeJIKMe BONOPOCTH U GHOJNOrMYecKas B3Bech, HasblBaeMhble
IJIaHKTOHOM. Hapsiny ¢ JecaMH, NJIaHKTOH, paccesiHHBIA IO
OTPOMHOY TOBEpXHOCTH OKEeaHOB, fABJSAETCH TOH eCTeCTBEHHOH
JaGopaTopuelf, TrIe coBepuiaeTcs Npouecc @Gomocunmesa —
npotecc, 6e3 KOTOPOro 6blya Gbl HEBO3MOXKHA KUSHb Ha 3eMJle.
K coxasnefuio, B Hallle BpeMsl IIOBEPXHOCTb OKEaHOB Bce GoJiee
3arpssHsieTcsl, TJaBHBIM 00pasoM Hegpmenpodykmamu. 3ar-
ps3HeHHUs OTPaBJAIOT MOPCKYIO BOLY, HapyIIaAlOT NpPOTEKaio-
IUe B Hell ecTeCcTBeHHblE NMPOLECCH ¥, B YaCTHOCTH, IIPOIECCH
torocunTesa. [IpuKpLITHI cBepXy HedTAHOMN NJIEHKO MIaHKTOH
yTpauuBaeT ‘CIOCOOHOCTH K (POTOCHHTESY. .

JlazepHoe 30HAHPOBAHHE NOBEPXHOCTH MOpPS HJIM OKeaHa C
6opra camoJieTa (JeTALIero O CKOPocThio 0KoJIo 400 KM/u Ha
BLICOTE B HECKOJILKO COTEH MEeTPOB Hajl MOBEPXHOCTHIO BOJIPBI)
II03BOJISIET JIETKO BBIIBUTH OGNACTH KHU3HECNOCOGHOTO IUIaHK-
TOHa, & TaKXe YYacTKH BOXHOH MOBEPXHOCTH, MNOKPLITHE
mJleHKo# HedTH, NO3BOJAET OGHAPYXKHUTH B MOPCKOH BOje Te
UM MHble 3arpsAsHeHus. IIpu JasepHOM 30HIMPOBAaHHH peru-
CTPHPYIOT: @) TO MecTO NOBEDXHOCTH OKeaHa, Kyla B JIaHHOM
caydae Obl1 HalpapJieH Jla3epHbIH J1yd (M OTKyJa, cJIef0BaTeb-
HO, NPHILIO H3JYYeHHe-OTKJHK), 6) HHTEHCHBHOCTb OTKJIHKA,
B) €ro CHeKTpajbHBIA cocTaB. B KauectBe 30HAMpYIOMIErO
H3JIyYeHHs NPUMEHSIOT, HanpuMep, HMIYJbChl Jasepa Ha a3o-
Te (A1nHa BOJHEI 0,34 MKM) HJIH HMIYJIbCHl BTOPOH TapMOHHKH
naszepa Ha rpasarte ¢ HeoxumoM (0,53 MrM). Hsnyuenne-oTKauK
MOXKeT NpPeJCTaBJATb COOOH H3JNydYeHHe JIOMHHECUEHIHH, BO3-
HHKaled B MOPCKOH Bole B pesyJibTaTe NOIVIOWIEHHS B Helt
Jla3epHOrO H3JydyeHusi. Ecim, HanpuMep, HajydYeHHe JIOMH-
HeCUEHIMH UMeeT JVIMHY BoaHb 0,68 MKM, TO 3TO 03HaYaeT, YTO
B JIAaHHOM MeCTe MOBEPXHOCTH OKeaHa HaXOMUTCS XKH3Heclnocos-
HbIf NJIaHKTOH. InaHKTOH, yTpatuBLIMi cnOCOGHOCTS K (hOTO-
CHHTE3y, WJIH TJeHKa He(TH JIOMHHECUHPYIOT Ha HHBIX
anvHax BOJMH. CKaHUPYsl J1a3epHEIM JIYUOM 1O BOIHOM MOBEpX-
HOCTH, TIPOCTHpAIOIIEHCs N0 GOPTOM caMoseTa, MOKHO GLICTPO
OnpeleuTh IpaHUUBl y4yacTKa, GOraToro IJIaHKTOHOM, HJIH,
HanpoOTHB, IPAHUIBl YYaCTKa, MOKPHITOrO0 HeTSHOH NJIEHKOH.
Ilpy 5TOM 1O HHTEHCHBHOCTH H3JYyYeHHS JIOMHHECLEHIUH
MOXHO CYIHUTh O IUIOTHOCTH NPUIIOBEPXHOCTHOrO CJIOS IJIaHK-
TOHAa HJIH O TOJIIMHe He(TAHOH MJIEHKH.

UYro rakoe rosmorpadpmueckas wunrtepgepomerpus? Korza
Mbpl  pacCMaTpHBasld NPHHUHUNLI rosorpaduu (CM. IecToi
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pacckas), TO NOAYePKUBAJIH, YTO MPH CUUTHIBAHHH TOJIOTPAMMBL
00BbeKTa HeNpepLIBHO BOCHPOH3BONATCS CBETOBBIE BOJIHEI, fB-
Jsouyecss KOMHAMH TOH CBeTOBOH BOJIHBI, KOTOpasi OTpasH/ach
oT 00BeKTa B MOMEHT 3allHCH roJjiorpaMMmel. Ternepb mpenmnoJio-
UM, UYTO TroJorpaMMa oOBbeKTa 3anuChiBalach JBa)Ibl —
B 1Ba pa3HBIX MOMEHTa BPeMeHH (MOMeHTHI #; U f,). Ilpu cuuTh-
BaHHMU TaKOH rosorpaMmel’ 6yLyT 00HO8PEMEHHO BOCIIPOU3BO-
IHMTbCS JBa THIIA CBETOBBIX BOJIH. BOMHEI 01HOrO THNA SABJSIOTCS
KOTHSAMH CBETOBOH BOJHEI, OTpa3HBLIEHCH OT OOBEKTa B MO-
MEHT BpeMeHH f;, a [PYroro — B MOMeHT £,. O6Ga THIa CBETOBEIX
BOJIH KOTeDEHTHHI H, cJiefoBaTesNbHO, OyRyT HHTepdepHupoBaTh
Ipyr ¢ npyroM. UHTepdepeHIUsi 3THX BOJMH H COCTaBJAET
‘TIpeIMeT H3YUeHHs 2o0a02paguueckoli unmepgepomempuu.

JomycTuM, 4TO OOBEKT ecTb NeTajb HEKOTOPOH KOHCTPYK-
UMM MJIM HEKOTOPOro mnpuGopa, MOLBEPraioliasicsi BO BpeMsl
3KCITyaTallud MeXaHHUeCKUM Harpyskam. CHHMeM 3Ty IeTab
Ha TOJIOrpaMMy ABaxJbl — B MOMEHTHI BpeMeHH #; U f,. Ilpu
5TOM NMyCTh B MOMEHT #; MeXaHHUeCKHe Harpy3KH OTCYTCTBYIOT,
a B MOMeHT !, OHH HMeIOTCSI U BBHI3BIBAIOT ONpefieIeHHYI0 nedop-
mauuio geranu. edopManus, Kak mpaBujo, HeBeJUKa H «Ha
rJ1a30K» He 3ameTHa. [IoaTOMy MpH CUHTBIBAHHYM TOJIOTPaMMBL
BOCCTAHOBHUTCA BIOJIHE 4eTKoe (OTHIOAb He IBOHHOEe) H300pa-
keHue Jetanu. OHO GyzneT, OfHAKO, HOKPHEITO CHCTEMOH XOpOIIIO
PasJIMUUMBIX HEBOODYIKEHHBIM [IVIa30M UHMEPHEPEHUUOHHOLE
nosoc. DTH TOJOCH — pe3yJbTaT HHTepdepeHIHH ABYX CBETO-
BLIX BOJIH, OJHA H3 KOTOPHIX OTPasUIach OT HeHArpy:KeHHOH
(nenedopMHPOBaHHOH) HeTand, a Ipyras — OT HarpymxKeHHOH
(medopMupoBaHHOH) gNeTanu. IlosyuuBiueecss u3o6paxeHHe
HasHIBAIOT 20a02paghuteckor unmepgepoepammoti. Ilo xapak-
Tepy pacmosioxeHHs, (opMe, MmHMPHHe HHTephepeHIHOHHBIX
noJioc Ha rojorpadudeckoii HHTepdeporpaMMe MOKHO CYIHTb
0 cTelleHH ¥ XapaKrepe HeOpMaiMy TOBEPXHOCTH JeTalH B
pasHbIX ee yuacTKax. Onpesie/iuB cTenieHb M XapakTep LepopMa-
Ui, MOXKHO 3aTeM BBISIBUTb HanboJgee «OMacHbIe» MecTa JeTalH,
nojBepraromecss HauGOMBUINM -HATPy3KaM.

B kauectBe mpuMepa Ha pHc. b5, a mpHBeleHa rojorpadu-
yeckasi MHTepdeporpamMma MeTaslJIMYeCKO BHJIKH, MOLBEPTHY-
TOH MeXaHHMYeCKHM HamnpsiKeHHSM; Ha DHUCYHKe IpeJcTaBjeH
y4acTOK BOJIM3H HPOPe3H BHJIKH.

CoBpeMeHHasl TEXHOJIOTHSI DPeNbsBJIsET Bce Goslee XKecTKHe
TpeGOBaHHS K TOYHOCTH KOHTPOJSI NapaMeTpOB pPasIMYHBIX
H3eIUil KaK Ccpasy N[O WX M3rOTOBJEHHH, TaK U BO BpeMsA
skcmyaTanud. HyXHO BHIABJASATH HaHOOJee HArpy:eHHHIE BO
BpeMsi paGOTHl Y4acTKH H3Je/Hsi, KOHTPOJNHPOBATh PasMephl H
dopMy usienuii, OGHapyKHBaTb BHYTPeHHHe JedeKThl H T. II.
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Tlpu 3TOM 4YacTO Hexe/laTeJbHO (MNMHM MOMPOCTY HEBO3MOMKHO)
pacuJeHsTb M3[ejHe HAa YaCTH MJIM Hae KacaTbCs €ro «Ily-
naMu» ¥ mabnaonaMu. Heo6xomuMo HCMOJIB30BaTh METOILEI
Hepaspywaroweeo  (6ecKORmMaKmunoe0)  KOHTPOJNSl — M3JeNuii:
Tosorpaduueckass uHTephepoMeTPH KaK pa3 H dABJasercA
OIHHMM U3 TaKHX METONOB KOHTPOJIS.

O ToM, KaK OHA IOMOTaeT BHISIBIATh BHYTPEeHHHE HalpsxKe-
HUS B JehOpMHPOBAHHOM H3JEeJHH, MBI yKe TOBOPHJIM. 3ame-
THM, 4TO HCCJeLOBaHHE BHYT--
PEHHHX HaNpsXKeHHUH BaXKHO He
TOJBbKO TOTIa, KOrla HMeIoTCs
3HAYUTEJbHblE MeXaHUYecKue
HarpysKH; HanpsixKeHHUs BO3HU-
KaloT'U IPH HAarpeBaHUH U3lle-
Jausa  (Hampumep, 43-3a HeOlH-
HAaKOBOT'O TEIJIOBOT'O paclIHpe-
HUSl pasHBIX ero netanel), u
Opd NPUIOKEHUH K HU3IETHIO
BHEIIIHETO 2JIeKTPHUECKOro Io-
Jas. MeronamMu ronorpaguuec-
KO HHTep(hepOMeTPHH MOXKHO
KOHTPOJNIUPOBAaTh  JedopManuu
(a crenoBarenbHO, M BO3HHKa-
) IOllMe MeXaHudecKue Hampsixe-
) HHA) B H3Je/HfAX CaMoOro pas-

((@ 7 JIMYHOTO XapaKTepa: B Kphle

0 camoJieTa, CTPOHTeNbHOH Gas-

\' A {@ Ke, KpIOKe MONXBEMHOTO Kpa-

) Ha, 5KpaHe KHHecKona, JeTa-
JAX TeX WX HHBIX APUGOpOB
U T I

Jlss1 ronorpaguyeckoro KoH-
TpoJs pasMepoB ¥ QOPMBL H3Je-
JUH MOKHO . HCIIO/Ib30BaTh HHTep(hepeHIHI0 ABYX CBETOBHIX
BOJIH, U3 KOTOPHIX OJlHA.OTPaXKAaeTCs Henocpe0cmeeHHo Om ucce-
Oyemozo usdeaus, a Apyrasi BOCCTAHABIUBAETCS C TOJOTPAMMBI,
rlie OblI 3alUCaH 9MAAOHHKLLI 06pasey 3TOTO usnenus. B mau-
HOM cJIyyae M3Je/He HYKHO [IOMEeCTHTb TOYHO B TO MeCTO Ipo-
CTPaHCTBa, I'le peajusyeTcsd MHUMOe H300pakeHHe 3TaJTOHHOTO
obpasua. Ilo kapTuHe nosoc Ha rosorpaduyeckoit HHTEPDepO-
rpaMMe MOXHO CYAUTb O CTelleHH M XapaKTepe OTKJIOHEHHH
TeX HJM HHBIX Y4YacTKOB MOBEPXHOCTH H3JeIHUS OT 3TaJOHHOH
TIOBepXHOCTH. MOXKHO, B YaCTHOCTH, OTCJIeXXKHBAaTh BO BpPeMeHH
uaMeHeHUs1 (OPMBl H3Zenusi, MPOHUCXONsAIE B INpouecce, Ha-
TIpHMep, €ro INOCTENeHHOro HarpeBaHus HJIHM 110 Mepe BO3pacra-
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HHSl MeXaHHYeCKHX Harpysok. MoxkHO Ha6MoAaTth, Kak MpH
3TOM Ha HAlUMX IJla3aX H3MeHseTCs KapTHHa I0JoC Ha HHTep-
¢eporpaMme. HenapoMm paHHBIE MeTop roJiorpaduyeckoil uH-
TephepOMETPHH HA3EIBAIOT METOLOM «HUBbix» 1oaoc (MJIH MeTo-
IOM HHTep)EPOMETPHH 8 DeaibHOM B8pemexu). 3aMeTHM, UTO
paccMaTpUBaBIUHHACA paHee MeTO[ roJorpaduyeckofi HHTEpde-
POMETPHHU C 3alUChIO TOJIOTPaMMBl H3JeJIUs B IBa PasHbIX Mo-
MeHTa BpEeMeHH Ha3blBAIOT METONOM OB0UHOU 9KCNO3uUYUL.

BuyTpH H3ienus MOTYT ObITh CKDPBHITHIE OT B30Pa BHYMpeH-
Hue Oeghexmbl: WIEIH, MYCTOTH, HelpOBapeHHble CTHIKH. Eciu
H3esie MeTasJIH4ecKoe, TO PEHTreHOBCKOe NpOCBeYHBaHHE
TYyT He noMoxeT. He Bcerja Moryt nomMoub H aKycTHYecKue
MeTO[b! BBISIBJEHHS BHYTpeHHHX AeeKToB. B mMomoGHBIX cay-
gagx ofbpamaiorcss K roJjorpaduyeckodl HHTephepOMeTpHH
(Merony nBOHHOH sKcnosuumu). CHHMas Ha ONHY H Ty Xe
roJIorpaMMy HeHarpyeHHoe H3flejHe H 3TO Ke H3Jelue,
NOJBEpPTHYTOE ClelHa/bHO MOAOOpaHHBIM Harpy3kaM, MOXHO
HaO/monaTh B KapTHHE NMOJIOC Ha roJorpaduueckoil HHTEpdepo-
rpaMMe XOpOLLO BbIpaK€HHble Hepeeyaaprocmuy. 1o HUM MOXHO
YCTaHOBHTH He TO/bKO caM (GaKT HaJHYHA BHYTPeHHUX Jedek-
TOB, HO M HX XapaKTep U pacnoJjioxxeHue. B KayecTBe mnpoctoro
npuMepa Ha pHuc. b5, 6 npuseneHa rosorpaduyeckas HHTEpbe-
porpaMMa H3jesusl, NMPeACTaBJAIOIEro co00H IBe CBapeHHblE
IJIaCTHHBI M3 PasHBIX MeTa/loB. BO3MOMXHBIA CKpPBHITHIA Je-
(heKT — HaJHUHe HENPOBapeHHbIX YYacTKOB Ha BHYTPEHHHX
MOBEPXHOCTAX IvlacTHH. Ha uHTepdeporpaMme OTYETJIHBO
BHAHBEI O6G/IaCTH HapyLIeHHs peryJsipHOCTH HHTepdepeHIHOH-
HOM KapTHHBI, YTO H yKa3blBaeT Ha Ha/IHUHe B 3THX MecTax
HenpoBapeHHOCTeH. :

MoxHO JM npocaeiuTb 3a nojerom nyau? Vcnosssys Bo3-
MOKHOCTH roJiorpaduueckoil HHTephepOMETPHH, 3TO CHe/IaTh
COBCEM HeTPYZAHO. BocmosnbayeMcsi ONTHYECKOH CXeMOH 3alMCH
roJiorpaMMbl, H306paxeHHO Ha puc. 56, a; CTpesiKaMu NOKa3aH
XOJ CBETOBBIX Jyuell. B 1aHHOM c/1yyae NpUMEHSIOT METOX ABOH-
HOM sKcmo3uuyu. [lepBasi 3anmuch roJorpaMMbl ITPOH3BOXHUTCS
B OTCYTCTBHE NYJIH, BTOpas — KOTrJa MyJs IpOJieTaeT uYepes
KaMepy C rasoM (IosiBJjieHHe MyJIH BHYTPH KaMepbl JOJKHO aB-
TOMaTHYeCKH 3aNycKaTh JasepHbli umnyJabc). [lpu nepsoit
SKCMO3HLHKHK Ha TOJOrpaMMy INajaer OObeKTHasA BOJHA, (asa
KOTOPO# U3MeHSeTCs IPH NMPOXOXKAEHHH o0beMa rasa, Haxons-
merocss B CIIOKOHHOM cocTosiHUH. [Ipu BTOpOH 3KCNO3HLUH
H3MeHeHHs (asbl 00beKTHOH BOJIHBI ONPeNe/soTcs YAapHLIMH
BOJIHaMH, BOHHKAIOIIKMH B ra3oBoll KaMepe BO BPeMsi IpoJeTa
nyau. [Ipu cuuThiBaHHH rosiorpaMMbl GYAYT BOCIIPOH3BOAUTHCS
OIHOBpPeMeHHO 00e OGBEeKTHHIX BOJHBL. KX nHTepdeperuus
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Iact uHTepdeporpaMmy, CTPYKTypa KOTOpo#H 6yIeT OTpaxkaTh
H3MeHEHHUs! IVIOTHOCTH CPefibl 3a BpeMsl MexAy ABYMs 3KCIO-
3UIUAMH. DTa rojorpaduyeckass HHTepheporpaMMa NpencTas-
JeHa Ha puc. 56, 6.

ITosBonsiss mnONy4aTb MOMEHTAJbHEIE CHUMKH OGBEMHOI'O
pacnpese/ieHHsl IVIOTHOCTH B Ta30BBIX cpenax, rojorpadude-
CKasl MHTep(epOMeTpHs faeT BO3MOKHOCTb JeTaJbHO HUCCIeNO-
BaTh Ovicmponpomexaioujue eazodunamueckue npoyeccol. CHIMas
TOC/Ie0BATE/IbHOCTE HHTEP(epOrpaMM, MOKHO MPOCHIENUTb 32
pa3BUTHeM BO BPeMeHH YJapHHIX BOJH B PA3jHUHBLIX Ia30BHIX
cpejiax HPH HCTOJNB30BAHUH OLICTPO ABUKYIIKXCA Tes pas3jny-

2

7 2

Puc. 56. a) CxeMa 3anucu rojorpammel: I — Jasep Ha pyOuHe, FeHEPHPYIO-

IHH THFaHTCKHE MMIYJbCH, 2 — KaMepa C rasoM, uepe3 KOTOPYIO JOJDKHA

npoJieTeTh IyJs, 3 — rojorpamma, 6) l'o,norpacpuqecxaﬂ uHTepdeporpamma
JIeTsied MyJaH.

Ho#t dopmel. Tlpu nomouy rosorpaduyeckoit uHTEpDEpOMETPHH
HCCJIEYIOT, B YaCTHOCTH, OGTeKaHue NPoduis Kphljla caMoJeTa
NOTOKOM BO3JyXa B aspoiMHaMHuecKoil TpyGe.

Tonorpaduueckass uHTepdepOMETPUsT NPHUMEHSETC TaKkKe
JUIS1 KCCJIEIOBAHUST OTHOCHUTE/ILHO IIOTHOH nAa3Mbl. DTO MOXKET
GbITb TJIa3Ma, BO3HHKamias NpH (GOKYCHPOBAHUH MOIIHOTO
JIa3eDHOTO H3JIy4eHHS Ha TOBEPXHOCTb TBEPAOH MHUILEHH,
NJ1a3Ma UMIYJbCHHIX JIaMIl, MJla3Ma 3JeKTPHUYeCKUX PaspsiloB,
njiasMeHHasd CTPYd B NJIa3MOTPOHe — ra3opaspsiHOM YCTpOii-
CTBe JJA NOJIyyeHHsl «HH3KOTeMmeparypHok» (10¢ K) unasmsr.
ITnasMOTPOHEl HCHOJB3YIOTCA ¢ IPH  TepMUYecKOH 06pabGoTKe
MeTaJlJIOB (CBapKa, pe3Ka, IJ1aBKa), IJist HAaHECEHHsI TOKPHITHI,
B CIIEKTPOCKONHH.

Hyxen Jam nasep crpontemo? COBpEMEHHOMY CTDOHUTEJIO
NPUXOAMTCH BO3BOAUTL BHICOKHE COOPYIKEHHS (BBICOTHEIE 371a-
HHA, GalllHH), COOPYKEHHS C TOPH30HTAJbHBIME IJIOCKOCTSIMH
GosbliIoN MJIOMmANN (B3JETHO-TIOCAOYHBIE MOJIOCH! B COBPEMEH-
HBIX a3ponoprax, (YHAAMeHTH NPOU3BOACTBEHHHIX I[EXOB),
6oJIbIlINE NPOJIETHBIE CTPOEHHS (MOCTHI Yepe3 IINPOKHE PeKH,
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SCTaKajbl), MON3eMHBIE COOPYKeHUs (LIaXThl, TOHHENH), KpyI-
HorabapHuTHBIE COOPYXKeHHs, TpeOyliue oco6o BBICOKOH TOU-
HOCTH MOHTaxa (cTamesu I/ COODKH COBPEMEHHBLIX aBHaJafi-
HepoB, MOIIHbIE YCKODHTENH 3apSKeHHBIX .HaCTHII, THraHTCKHe
panuoreneckonsl). IIpu npoBeneHHH MOJOGHBIX CTPOHUTEIBHBIX
pa6oT OueHb BaKHO TOUHO (DUKCHDOBATDH ONOPHbLIE HANPABACHUS
U NAOCKOCMU B TPOCTPAHCTBE (TOPHU3OHTAJIbHBEIE, BEPTHKAJb-
Hble, IOJ ONpelesleHHBIME yriamu). [asi aToro coBpeMeHHOMY
CTPOUTENIO HYKeH JlazepHBIH JyU.

B nacrosinee BpeMs B CTPOHTEJLCTBE HCNOJNB3YETCHA OTPOM-
HOe YHCJIO JIasepHBIX eeo0e3uyeckux TPHUGOPOB DasIHUHBIX
Mapok. VX HasblBalOT Ja3epHBIMH HHUBeJIHPaMH, Ja3epHBIMU
TEO0JIUTaMH, Jla3epPHbIMU 3eHUT-LEeHTpUpaMu (mpu6opaMu Bep-~
THKAJbHOI'O IPOEKTUPOBAHKA) U T. 1. Bo Bcex sTux npubopax
peasusyeTcss BO3SMOKHOCTb BH3YaJIbHOTO OGHAPYIKEHHS Jlasep-
Horo Jyda. OGBIYHO NPHMEHSIOT Ja3ephl Ha TeJHH-HEOHE.
JlasepHblll Nyd PUKCHPYET B IPOCTPAHCTBE ONOPHYIO IPSAMYIO
JIMHHUIO, YKa3blBAIOIIYI0 OChb OYAYIIEro COOPYXKeHHS, OTHOCH-
TEeJIBHO KOTOPOH IIPOM3BONATCS pasMeTKa M KOMIIOHOBKA KOH-
CTPYKUMH. BBICTPO CKaHHpYs JasepHBIH JyY B ONpefeseHHOH
IIOCKOCTH, CO3JIAIOT TeM CaMbIM XOPOIIO PasHuMMYio Omop-
HYIO CBETOBYIO IJIOCKOCTb.

JlazepHbIfl JyY TPHMEeHSAJICH, HalpHMep, NPH CTPOHUTE/b-
ctBe OCTaHKHHCKOH TeseBH3HOHHOR GamHu B Mockee. Ctpou-
TeJNH WCIOJB30BANH OTEYECTBEHHBIH J1asepHBIH 3€HHT-LEHTPHD
JI3LI-1, paGoraromuii Ha OCHOBe TIeJIMH-HEOHOBOrO Jiasepa
MomHocThi0o OKoJ0 10 MBT ¢ pacxomuMocTblo H3Jy4YeHHS
10 yra. muH. IlpuGop oGecrneunBasl HpOEKTHPOBaHHE TOUEK C
norpemiHOcThI0 10 MM (B monepeyHoM K Jydy HamnpaBJeHHH)
Ha paccrosaun 500 M. C moMompi0 HanpaBJeHHOIO BBepX
JIa3epHOro Jyda KOHTDOJHPOBasNach BepTHKaJabHOcTb OcraH-
KUHCKOH TesnebalmHU. BHIABAAMNCE OTK/IOHeHHS OGalliHH OT
BePTHKaJH KaK B pe3yJbTaTe CTPOMTEJBHHIX IOrpenHocTel,
TaK W NMOX JefCTBHeM BeTpa M OZHOCTODOHHErO HarpeBa OalllHH
COJIHEYHBIMH JIyUaMH.

B KauecTBe mpuMepa pPacCMOTPHM JasepHbIH HHBEJHD C
Bpam@omumMcs JasepHelM JydoMm «[eonnan-300» (IIeenus).
OH cxXeMaTHUeCKH MOKa3aH Ha puc. 57. JaJbHOCTb nefCTBHS
ayua okosno 200 M. Ilpum pa6ore npuGopa CTPOHTENH MOTYT
BHJIETb FOPH30HTABHYIO CBETOBYIO IIJIOCKOCTb TAKOTO pajuyca.
OHa (ukcHpyeTCs B IPOCTPAHCTBE C NOTPEITHOCTHIO Meree: lem
(Mo BepTHKaJH).

MoxHO 6blIO Obl NPHBECTH MHOTO IPHMEPOB Ja3epHHIX
' reolesHuecKux NPHGOPOB, pacCKasaThb O MHOTMX KOHKDETHBIX
INpUMeHEeHUSIX 3THX MpUGOPOB B NPaKTHKe COBPEMEHHOIO
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crpoutesnscTBa. OrpaHuuYHMCS, OAHAKO, MPHBEJEHHLIMH NpHUMe-
paMH. -

CrepyeT MOXUEpKHYTh, YTO OGBHIYHO reOJe3UUYeCKHH KOHT-
poJb — 3TO JJIHTENBHBIH M TpynoeMKuit mpouecc. - IlgaTomy
BaXKHO He TOJIBKO TO, UTO JIa3epHBIH J1y4 06ecreynBaeT BLHICOKYIO
TOYHOCTb Fe0le3HYeCcKOro KOHTPOJIA, HO H TO, UTO OH YycKopsem
mpoliecC KOHTPOJA H, 6oJiee TOro, MO3BOJSET ero agmomarmusi-
posamp. Jns aBTOMaTH3amMH CO37al0T O6GpPaTHYIO CBfA3b OT

Puc. 57. JlasepHbifi HHBENIHD C BpaIlaIOmMHAMCS

4 ayuoM: I — jlasep Ha rejuiiHeoHe, 2 — KOJ-
JIAMAToOp IJIsi YMEHbLIEHHS] PaCXOAUMOCTH Jyda,

8 — meHTanpu3Ma, NpeBpamlaKmas BepTHKAalb-

/{Z HHIl JIy4 B TOPH3OHTaMNbHBIH, 4 — NOJBIH Baj

| IBUrarens, o6ecleurBalomui eXeceKyHIHO 60-
nee 10 060pPOTOB MEHTanmpH3MBI (a8 3HAUuT, H
FOPH30HTAJBHOrO JIa3epHOro Jyua), § — ypos-
HU 1/ KOHTPOJSI NpPaBHJIBHOCTH OpHEHTaluH
. JIa3epHOH YCTAHOBKH (A1 KOHTPOJs TOPH30H-
TaJIbHOCTH IJIOCKOCTH, (HKCHPYEMOH JIydoMm).

npUeMHHKa Ja3epPHOrO H3/JydYeHHs K wuadaydatemo. [Ipeamo-
JIOXKHM, UTO H3JIyuaTeslb YCTAHOBJIEH Ha IIUTE, UCIOJIb3yeMOM
0py OPOXOILKe TOHHeJs; JiasepHBIH Jiyu DHKCHpPYeT B JaHHOM
c/aydae HanpasleHde npoxonkd. Ilo curnanay, mocrynamoiemy
OT MpHEMHHKa 3TOro Jyya, aBTOMaTHUeCKH BKJIOYaeTCsl CHCTe-
Ma, yIpaBJsiollast oOpHeHTanyell muTa ¥ cBOeBpeMeHHO HCIpaB-
JsieT CJy4yallHO BO3HUKIINE OTKJIOHEHWS IIUTa.

Kak ocymecTBasIOT Jia3epHblil KOHTPOJDb MOCAJKH caMoJsieTa?
Jas nopblineHUsi Ge30NacHOCTH TMOJIETOB .HAa COBPEMEHHBIX
peakTuBHBIX apuanalinepax B CCCP paspaGorana u cosnaHa
JlazepHasl CHCTeMa KOHTPOJS HOYHOH MOCaiKH CaMOJIeTOB —
«[nnccana». B ompenesieHHBIX TOYKAaX BGJM3W B3JIETHO-TIOCA-
JOYHOH TNOJIOCH! YCTaHABJINBAIOTCHA HElPePHIBHO TeHepHUpYIOIHe
re/nii-HeOHOBbIe Jiasephl. Hanpas/eHHble onpeneseHHbBIM 06pa-
30M JIyUH J1a3epoB (OHH XOpOIIO BHIHBl B CYMEPKH H HOUBIO)
06pasyIoT cucmemy AUHelHbLX 0pUeHmupos, Teoie3ndecKt «Ipu-
BfI3aHHYI0®» K B3JeTHO-TocafoyHo# moJoce., CucteMa 3ajaer
JIETYHKY CJIefylollyie HaBUTallHOHHble NapaMeTprl: Kypc nmocak-
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KU (Kypcosyto nAocKocmb), TIMCCAfy CHHKEHHA (2aUccadnyic
naockocmb), GOKOBBle TPaHHLbI MOJOCH, YylajleHue-OT Hee.
[TpencTaBiieHre O TOCajiKe caMoJieTa C HCIONb30BaHHEM CHCTe-
Mbl «[Jinccana» naer puc. 58; ayuu I, 2 ¥ 3 3a1ai0T KYPCOBYIKC
TJIOCKOCTb, Jyud 4 ¥ 5 3ajaioT IVIHCCaIHYIo IJockocTb. Ha

8) .

Puc. 58. CucreMa KOHTpOJSI HOYHOH mocanku camoseros — «[JHccapay,

TOM 3Ke DHCYHKe MOKasaHbl JJIsl IpUMepa TPH BHJa Ha B3JETHO-
NOCaOUHYI0 II0JIOCY, OTKphIBaiomiyecsl JeTYHKY € BO3NyXa.
Bo Bcex Tpex cJIydasx caMoJieT HJeT TOYHO mo Kypcy. [lpu
5TOM: @) OH HJeT Bblllle I'VIUCCajbl, 6) HAeT TOYHO MO IVIHCCale,
8) UIeT HHKe TIJIHCCalbl. '

Mouemy sasep 3amHTEpecoBaJ KPUMHMHAJIMCTOB? B KpumHu-
HaJUCTHUeCKOH NpaKTHKe yacTo GbiBaeT HeOGXOAMMO NOIBEPT-
HyTb aHaJH3y CJelbl KPOBH, KPacKH, JaKa, I'yGHOH IOMajpl,
TaGa4yHOro NenJsa, MeTajJa H T. II., oGHapyXeHHbIe Ha OlexkIe
[OTepIeBIIEr0 WM JHUIA, IOL03PeBaeMOr0 B COBePLICHHH
NpecTYIUIEHHS, a TaKKe Ha TeX WJHM HHBIX mpeamerax. K co-
JKaJIeHH10, KOJTHUECTBO BeLIeCTBA B TAKUX CJyyaAx, KaK NMpaBH-
JIO, CTOJNb HHUYTOXKHO, UYTO OOBLIYHBIA XHMMHYeCKHH aHasu3
OKa3blBaeTCsl HEBO3MOXKHBIM. 3aTpyAHEH HJHM HeBO3MOXeH B
NOKOGHBIX CJAyYasiX U CeKTPasbHbIH aHa/lH3 C HCNOJIb30BaHHeM

" TpaIMUMOHHBIX METOAOB (NPHIOTOBJIEHHE MPOGH C IOC/TEnyIo-
UM BO36GYKIeHHEM ee CIeKTpa HCIyCKaHHA NPH IIOMOIIH IJIa-
MeHH, 3JIeKTPHYeCKOH AYrH, HCKPBI, 3/JeKTPOHHOrO IyykKa).
31ech Ha NOMOUIb KPHMHHAJIMCTY NPHXOAMT JIasepHBIH Jyu.

JlazepHoill MUKPOCNEKMPAAbHbILL GHAALS TIPOBOIAT CJeLYIO-
muM o6pasoM. Hcnonb3ys MHKpockon, OKYCHPYIOT Ha HCCJle-
ZlyeMoe BeILEeCTBO MOILIHBIH JlasepHBIH UMIYJIbC (CBETOBOE MSATHC
uMeeT nuameTp okoso 10 MkM). BeinecTBO Ha 06/1y4yaeMOM yda-
CTKe HWCIapseTcs, B 5TOM MecCTe BO3HHKaeT IiasMa. Manyuenue
M1a3Mbl (QOKYCHPYIOT Ha BXOIHYIO LeJb clekTporpada. Cyuect-
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BEHHO, YTO JJIs1 JIa3ePHOTO MHKPOCHNEKTPaJbHOrO aHaldu3a He
TpebyeTcsl 3apaHee TOTOBHUTb KaKHe-JIMGO MNpPOOHl BellecTBa.
Jnsi ananusa pocraToyHo Bcero 107° r BelmecTBa, NPU 3TOM
HaJeXXHO BLISIBJSAIOT HajlW4He B BemlecTBe IO 60 XUMHYECKHX
3JieMeHTOB. KpUMMHAIHUCT MOXKeT paboTaTh C OUeHb CJaGbIMH
c/IeflaMH BellecTBa, Jaxke C TeMM KaneJbKaMH XKHMpa, KOTOphle
colepxarcsi B OTIeYaTKax MNajbleB Ha IOCyJe HJIM APYrHX
npenMetax. AHaju3 NPOBOIMTCH OYeHb GEICTPO, €r0 pe3yJibTa-
Thl (CIIEKTP BEIIECTBA) MOXKHO, coTorpadupoBaTh ¥ HMeTh B
KauecTBe JOKyMeHTa.

BenenctBHe HCKJIIOUUTENBHOH JIOKaJIbHOCTH BO3JeHCTBHA
Ha HcclenyeMblil obpasel, JiasepHbIH Jyd He3aMeHHM NpH
CTIIEKTPaJbHOM aHa/li3e B apXeoJIOTHH, TJe NPHXONHUTCH MMeThb
JIeJI0 C YHUKAJAbHBEIMM 00pas3unaMu. JlasepHbl#l Jyd NpaKTHYECKH
He OKasblBaeT Ha HcCJ/efyeMblfi ofpasell paspyliaiomero gef-
creug. Ilocse ero npuMeHeHHs Ha MOBEPXHOCTH oOpasiia ocTa-
eTcsi MHKDOCKOIMYeCKHH KpaTep IHMaMeTpoM OKosao 10 MKM,
KOTOpbIH HEBOOPYXKEHHBIM TIJIa30M M He YBHIHILb.

CxopocTb, OTHOCHTe/JbHAsl NpOCTOTa (HANpHMep, BO3MOXK-
HOCTb 060HATHCH 63 NPUTrOTOBJEHHS IPOG), BEICOKAs TOYHOCTh —
Bre 3TO TpefONpefe/o MIUPOKYI 06/7acTh HpUMeHeHHd
Jla3epHOTO MMKPOCIEKTPaJbHOr0 aHanu3a, B HacTosmee BpeMs
ero NMPHMeHSIOT He TOJILKO B KDUMHHA/IHCTHKE H apXeOJorHy,
HO W B pasBe/Ike MeCTOPOXKJIEHHH IMO/e3HBIX HCKONaeMblX,
B HCCJIEIOBAHHUAX COCTAaBa MeTEOPHTOB, MeTajiorpabuH, Meiu-
[yHe, GHOJIOTHYECKHX HCCJEJOBaHMAX M T. X.



OIWHHAIUATBIN PACCKA3

JIABEPHbI TEPMOSIAEPHBI CHMHTE3

3auemM HyKEH yNpaBisieMbld  TepMoOsIEpHbIi
cunres? B 1954 r. B Coserckom Cowose BCTYNH/IA B CTPOM
nepsasi B MUPe NPOMBIIIEHHAS aTOMHAs 3/J1eKTPocTaHuust. Tem
CaMbIM COBETCKHE y4eHble H HHKeHepHl I10Ka3asH BCeMy MHPY,
UTO UeJIOBEK MOXKET HCIIOJIb30BATh ATOMHYIO SHEPTHIO B MUPHBIX
uenax. B Teuenue tpuanatu mocaenyromux Jgetr B CCCP 6pLa
IIOCTPOEH LeJbIH DAL aTOMHBIX 3JIEKTPOCTAHIHH, CIYINEHH Ha
BOJY MOIIHbIE aTOMHBIE JeLOKoJsbl. [IpupyueHHasi 4eJIOBEKOM
aTOMHasl SHePTHs — 5TO OTPOMHAs 3HEPTHUSA, OCBOGONKIaeMast
OpU  JeleHHH TsXKeJblX AaTOMHBIX sjep (HaIpuMep, ypaHa
WM IUTYTOHHS).

OrpoMHasi sHeprus ocBOGOXKIAETCS TaKKe MPH COeIU-
HEHHH Jpyr c JpyroM (mpU CHHTe3e) JIErKUX aTOMHBIX
Alep — BOLOPOZAa, AeHTepus (TAXKENOrO' BOLOPONA), TPUTHS
(cBepxTaxesoro Bomopoza). Snpo neirrepusi (D) cocrour us
nporoHa H HeHTpoHa, a Tputus (T) — U3 mporoHa M IBYX
HefitpoHoB.  Ilpu B3aumoneficTBun sTHX sigep o6pasyrorcs
anpo reaus (o-gyactuua) ¥ coGomHel He#itpoH: DT —
—4He-n. flapo remus mpexcrapasieT co60H BecbMa IpPOYHOE
o6pa3oBaHNe; 5HePTHUA CBA3H YaCTHIl B HEM 3HAUHTEJBHO GOJIb-
me, 4eM B Aapax JneHtepus uaum tputuda. llostoMy B peak-
UMM CHHTe3a OCBOOOXKIaeTcsl GOJbIIOe KOJHYECTBO SHEPTHH:
17,6 MsB na kaxnyio napy BsauMozelicteytomux agep D u T.
TloMHOMXKeHHOe Ha OTPOMHOE YHCJIO B3aUMOLEHCTBYIOIHUX BOJO-
POIHBIX Anep 5TO KOJHYECTBO 3HEPTHH U JiaeT Ty (paHTacTHYe-
CKYIO 5Hepruio, Koropas ocBOOOXKIaeTcs PH B3PHIBE BOLOPOJ-
HOH GOMOEHI.

Uro6bl peann3oBaTh peaklHi0 CHHTe3a JIeTKHX ATOMHBIX
sJiep, HeOGXOAUMO Harperb BOLOPOJHYIO CMeCh 1O TeMmepary-
‘pot ceoiie 107 K (370 HYyKHO A1 TOro, YTOOHI aTOMHEIE Sijpa
MOTJIH TIPEOJIONETh KYJIOHOBCKOE PACTANKHUBAHHE H CONHM3UTHLCS
IO pPacCTOSAHUH, HAa KOTOPHIX HAYHHAIOT AEHCTBOBATH fJiEPHHIE
cusbl). ITo aTolt nprunHe noJoGHEIE peaKIMH HA3BIBAIOT MepMO-
AlepHbimy; TIDUMEHSETCST TEPMHH «TePMOSIEPHBIN CHHTE3».
B BojoponHoii GomGe Takue OrpPOMHEIE TeMIEepaTyphl CO3ja-
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IOTCSl B pe3yJibTaTe B3pbiBa aTOMHOH (YpaHOBOH) GOMOBI, HUTI-
patolell B 1aHHOM CJydYae posb B3pbiBaTesss. Ilpu 3TOM mpo-
HCXOIAT HeynpasJsieMble NPOLECCHl, NPHBOAAIIHE K KaTacTpo-
(uuecKHM paspylleHHAM. A Heab3s JIM CHeJaTh TepMosiaep-
HBIH CHHTE3 Ynpagasembim?

Hap s1oft npobiemo#i yuyenble ynopHO paboOTalOT BOT ykKe
HECKOJIbKO JecATKOB Jer. Pelilenne npoGieMbl ynpagisemoeo
mepmosdepHo2o CUHME3Q UMeeT HCKJIOYHTENbHO Ba)KHOE 3Ha-
yeHHe JJIS 4eNOBEYeCTBa, TAK KaK 3TO eCTb PellleHue JHepeernu-
weckoll npobaemvbr. Cerofs OGLECTBO YIOBJETBOPSET CBOH -
NOTPeGHOCTH B SHEPIHH, IVIABHBIM 00pa3oM, CXKUras yrodb,
Topd, ras, HepTh;. oTuacTH (mpuMepHo Ha 10%) stu norpeb-
HOCTH YJOBJIETBOPAIOTCA 3@ CUET SHEPTHH T'HJIPOJIEKTPOCTAH-
Uu# U aTOMHBIX 3JeKTpoctaHuui. K coxasenuto, NpHpojHble
3amnachl HeTH U rasa GblcTpo ucromaioTcs. IloicunTaHo, YTO
YeJI0BEUECTBY XBaTHUT UX Bcero Juumb Ha 30—50 Jger. Kpome
TOrO, C2KHraTh He(Thb HJIM ra3 IONPOCTY HepalMOHANbHO; Belb
OHU SIBJAIOTCA IIEHHBIM ChIpbeM JJIs MOJIyYeHHS LlesIoro psAjaa
XMMHUYECKHX IIPOLYKTOB, a TaK:Ke ]y NPOM3BOACTBA OesKa.
BoT moueMy Tak Ba)KHO OBJIaJeTb HOBbIM M HPUTOM NpPaKTHU-
UyeCKd HeHCUepIlaeMbIM HCTOYHHKOM 3SHEPTHH — YHPaB/sAeMbIM
TepMOSIIEDHBIM CHHTE30M.

O6 stom rosopua eue B 1959 r. BblJaomHHCA COBETCKHH
yuennii-aroMHuKk akazemuk M. B. Kypuartos: «B pesynbrare
OCYLIECTBIIEHHS yNpPaBJeHUs TepMOsJepHOH peakiuel oflie-
CTBO MOJIYYHT B CBOE pacmopsiKeHHe 3aMeyaTe/IbHBIH U Heorpa-
HHYEeHHBIH HCTOYHHK 3Hepruu. OBiajeHne TepMosiilepHOR dHep-
FeTHKOH NO3BOJHUT B Gy IyIeM SKOHOMHYeCKH GoJiee palHoOHaIb-
HO HCIIOJb30BaTh TaKHe leHHeflne BUIB ChIPbs, KakK yroJb,
He(Tb ¥ NPUPOAHbIHA ras. C npuMeHeHAEeM TePMOANEPHOH 3Hep-
reTHKH HCUYe3HET HeOOXOXMMOCTb TPaHCIIOPTHPOBKU TOIVIMBA H
nepejayd JMeKTPOSHePTHH Ha OosbliHe PacCTOSHHAD.

HccaenoBanus no ynpasiseMoOMy TepPMOsIIEPHOMY CHHTe3Y
Benytess B CCCP u 3a py6exom Bot yxe Gojee 30 Jjer. Coer-
CKHe yyeHble DElINJIM DPSJ NPHHIMOMAJbHBIX 3ajady: 3ajauy.
Harpesa IJ1asMbl 0 CBEPXBbICOKHX TeMnepaTyp, 3ajady yJaep-
JKaHMs ropsiuefl mjiasMbl BHYTPH BaKyyMHOH Kamepwl NpPH IO-
MOIIM MarHUTHOTO HOJS H Jp. DTH HCCJAeNOBAaHHA IPOBOJHU-
auck (1 mpoBogaTcsi) B MHCTUTYyTe aTOMHOH SHEPIHH HMEHH
M. B. KypuaroBa. MccaenoBanus npuBenu K CO3LaHUIO ycTa-
HOBKH «TOKaMaK», B KOTOPOH 3a CUeT NpOTeKallluX B I1a3Me
3/IEKTPHYECKHX TOKOB YJIa/l0Ch MOJYy4YdTh TeMrnepatypy 1,5X
x 107 K. Oxupnaercsi, yTo Ha 6a3e N0JOOHBIX YCTAHOBOK yAacTcs
cosgath npuMepHo ueped 10—20 JeT mepBble TepMmOsiAepHbIE
3J1eKTPOCTaHLHH.
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[TapanseqbHO BefyTCs MCCJAEJOBAHUSL IO OCYIIECTBIEHUIO
yIpaB/IsieMOro TePMOSiIEPHOTO CHHTE3a 3a CUET HarpeBa TepMo-
SIIEPHOA MMIIEHH MOLIHBIMH JIa3€DHBIMH HUMIYJbCaMH (J1asep-
HEIl TepMosepHbli cuHTe3). B CoBerckom Colose uccienoBa-
HUSl O JIa3€DHOMY TEPMOSIIEDHOMY CHHTe3y IPOBOZATCS B
Qusuyeckom uHcrutyte UMenu I1. H. JleGenesa AH CCCP u B
Unctutyte obmeit ¢usuxu AH CCCP; B 3THX HCClIENOBaHHAX
YUYacTBYIOT Takxke yueHble MHCTUTYTa npuUKIanHOH MaTeMaTHKH
uvenn M. B. Kenppma AH CCCP. i

Kak «nomxeub» TepMOSAEPHYIO PeaKkuHio JA3ePHDIM Jy4oM?
Chayana HaJ0 NPUTOTOBUTL mepmosadepuyo muuienb. Ona Mo-
KeT MPEACTaBAsATh COGOH MONBIH CTEKASHHBIH HJIH MeTaslJu-
yecku# mapux nuamerpoM Bcero 0,1—1 MM (TOJMLIMHA CTEHKH
u3MepsieTcs MUKPOMeTPaMH), HarOJHEHHBIH TIa30BOH CMeChlo
U3 JefiTepusi W TPHTHUA MNOJA JAaBJeHHEM B HECKOJbKO JeCHT-
KoB aTtMocep. Ha 3Ty mumeHbp (oKycHPYIOT OJHOBPEMEHHO

a
Puc. 59. HeiictBue JIa3epHOrO H3NyYeHHS Ha TEPMOSAEPHYIO MHILIEHb,

HeCcKOJIbKO (HampuMep, OKOJNO JECATH) Ja3ePHbIX HMIYJbCOB
nmuteabHocTbio 1—10 He ¢ cymMmmapro#t sHepruedt 100—108 k.
JlazepHble MMIYJIbCH OGCTPETHBAIOT IIADHK-MHIIEHb C Pa3HbIX
cropoH (puc. 59, a). OHH pealUsylOT HA [OBEPXHOCTH MHIUIEHH
CBEeTOBYI0 HMHTeHcHBHOCTb 10M—101 Br/em2. TIlop meficTBHEM
TAaKOH BBICOKOH MHTEHCHBHOCTH CBeTa IIPOHCXOIUT O6ypHoe
pcnapenue OGONOYKH MHIleHH. BosnukaeT Tak HasbiBaeMast
«KOPOHA», CTPEMHTEJIbHO Pa3JeTalomascsi HaBCTPeuy J1asepHbIM
myukam (puc. 59, 6). [1pu 3ToM, COIVIACHO 3aKOHY COXPaHEHHS
KOJINUeCTBa JIBHKEHHs, BHyTPeHHHE CJIOH MHIIeHH OYyAYT cTpe-
MUTEJIBbHO ABHTaThCSl K ee LEHTPY, CKHUMAsACh U HarpeBasch J0
TeMIeparypel, HeOOXOIMMOH IJIfl TepMOSIIEPHOTO CHHTe3a.
YTo HYXKHO WJsi OCYIECTBIECHAS JA3EPHOr0 TEPMOSAEPHOro
cunte3a? UroGbl CoKycHPOBaTb Ha TePMOSILEPHYIO MHIIEHb
oueHb BBICOKYIO IUIOTHOCTH CBETOBOH MOIIHOCTH, HeO6X0AMMO
HMeTb HHTEHCHBHOE H3JIyyeHHEe C JOCTAaTOYHO BHICOKHMH KOre-
PEHTHBIMH CBOMCTBaMH (IPH HENOCTATOYHOH KOTEPEHTHOCTH
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He yHaeTcsl NO/KHBIM 06pa3oM COKYCHpOBaTh H3JNyUeHHE Ha
TIOBEPXHOCTb MHIIEHH; HalOMHUM uuTateqio puc. 6). Heobxo-
JUMYIO MOLIHOCTD JIA3€PHOTO H3/TyYeHHs MOMYYalOT, BO-EPBLIX,
peanusysl peXHUM TeHepaluH THTAaHTCKHX HMIYJbCOB, M, BO-
BTOPBIX, HCIO/Ib3YS MHOTOKAaHATbHOE YCHJIEHHE STHX THIaHT-
CKHX HMIOYJbCOB. MHOroKaHa/JbHOE YCHJIEHWE O3HAYaeT, YTO
JIazepHBIA JIyy paclierviseTcs CBETONEJNUTENSMH W HarpasJs-
eTCsl T0 HECKOJNbKHUM MapajelbHBIM KaHalaM, B KaXJOM H3
KOTODBIX OH NIPOXOJHUT IIOCJIEAOBATENbHO Uepe3 PSIL YCHIHTe ek,
3areM ycujieHHble CBETOBBIE TyUKH (B BHJE KOPOTKHX MOUIHBIX
HMITyJIbCOB) (POKYCHPYIOTCS Ha TEpPMOSIJEPHYIO MHUIIEHb.

BnepBsble Jia3epHBI TepMOSIIEPHBIH CHHTE3 ObL OCYLIECTB-
JeH B 1968 r. na ycranoBke «Kajbmap» B PH3NUECKOM HHCTH-
tyte umenu [1. H. Jle6enea AH CCCP (B na6oparopun akane-
muka H. T'.” Bacosa). Hcnosmb3oBasncs Jiazep Ha cCTekJe C
HEeOJUMOM, TeHEPHUPYIOIIMH HMOYJbLCHl IJHTENBHOCTBIO 1 HC.
B pesysbraTe MHOrOKaHaJIbHOTO YCHUJIEHHS CyMMapHas SHepTHs
JIEBSATH JIa3€PHBIX HMMIYJbCOB, OJHOBPEMEHHO (OKYCHPYeEMBIX
Ha moBepxHOCTH MuineHu, gocrturia 100 JIx. Tlpu oueHb
MaJIbiX pasMepax MHLIeHHU (ee auaMetp cocrtassis Beero 0,1 mm)
5TO 0GECTeYHBANO CBETOBYIO MHTEHCHBHOCTb Ha IIOBEPXHOCTH
mumeny, pasHyio 10 Br/cm?. Takasi HHTEHCHBHOCTb OKasa-
Jlach JOCTATOYHOH MJISl Peanu3alyd peakIHd TepMOsiiePHOTO
cuHTe3a. DBbII 3aperdcTpUPOBaH MOTOK BO3HUKAIOIUX B 3TOMH
peaknun HefiTpoHOB: 10° HeATPOHOB Ha ONMH MHKPOB3DHIB
MHUILIEHH .

B nacrosiiiee Bpemsi B @usuueckom uncruryre AH CCCP
cospaercsi Gosiee MoIIHasl ycraHOBKa — «Jleabduu-2» ¢ 12 na-
3epHBIMH Ty4KaMH, GOKycHPYEeMBIMH Ha TepMOs JEPHYIO MHIIEHD.
Ilpennonaraercss MONYYUTh CYMMAapHYIO SHEPIHIO JIa3ePHOTO
umnyabca 104 k. [Ipu amuteapHocTd uMnyJsbcea 1 HC 3TO mos-
BOJIMUT JOCTHYb CBETOBOH HHTEHCHBHOCTH HA NOBEPXHOCTH MH-
wenn 10% — 10%¢ Br/cm2,

MoxHO cKa3aTh, 4TO (PU3HUECKHe SKCIEPHMEHTHl IO OCy-
HIECTBJIEHHIO JIa3epHOTO TEPMOSIEPHOTO CHHTe3a YCIIeLIHO
NpOIIIM HauyadbHYIO cTafuio. IIpencTaBasioTcs NEPCHEKTHB-
HBIMM Jla3epHble ycraHoBKH, cos3fiaBaemble B CCCP u B CIIA.
Ecau B CCCP B TakuX yCTaHOBKaxX NPHUMEHAIOTCA Jiasephl Ha
creksie ¢ Heogumom, 1o B CIIA ornaerca npemmourenue CO,-
JlasepaM. YdYeHble YBepeHbl, YTo mpobJema Ja3epHOro TepMosi-
JIEpHOTO CHHTe3a GyHeT pelueHa B TeueHue Gauxaimux 10 Jer.
Jlns1 mepexosa OT U3MYECKOTO SKCIEPHMEHTA K NMPaKTHUECKO-
MY HCIOJIb30BAHHMIO JIa3ePHOTO TEPMOSIIEPHOTO CHHTe3a Heol-
XOoUMO JOOHUTBbCS, YTOOBEI moJydyaemas OT Ja3epHOro TepMosi-
JIepHOTO peakTopa NoJiesHas 3Heprus CyLlecTBeHHO IpeBLIIlana
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9HepreTHYeCKHe 3aTpaThl, CBA3aHHbIE C paGOTOH 3TOTO peakTopa.
JIst 3TOTO HANO, MIPEXJe BCETo, MMETh Jiaseprl C 3aMeTHO Gonee
BBICOKHM K. I. A., ueM ceiiyac. [lo-BuauMOMy, TOJBKO mocJe
CO3JlaHKs MOIIHBIX MMIYJBCHBIX J1a3epoB ¢ K. . A. 10—20%
OTKpOETCS pealibHas BO3MOXHOCTb KOHCTPYHPOBaHHS IPOMBILI-
JIEHHOH Ja3epHOH TepMOsJepHOH 9JIeKTPOCTAHIIUH.

Kax oGecne4nTb xopomyio (JOKyCHPOBKY Ja3epHOro jyya Ha
TEPMOSIIEPHYI0 MHIIEHb? DTO OJMH U3 TeX BOIPOCOB, KOTOpHIE
OKa3bIBAIOTCS CYILIECTBEHHEIMH DU NPAKTHYECKOM OCYLIeCTBJIe-
HUH JIa3€PHOTO TEPMOSIAEPHOrO CHHTe3a. [leo B TOM, 4TO BEICO-
KOKOTepeHTHOe H3JyyeHue Jasepa, NpeXJe YeM I[0HacTb Ha
MHUILEHb, JOJIKHO MPOHTH yYepe3 LeJBd psl yCHIHTEIeH, MHO-
JeCTBO Pa3J/IMYHBEIX ONTHUECKHUX 3JIEMEHTOB (CBETOAENHTesell,
npusM, JUH3 U T. A.). B pesysbTare MOIMHOCTD H3/IyYeHHUS BO3-
pacTaeT, HO B TO 2Ke BpeMs YXYJIIaeTcs CTENEHb ero KOrepeHT-
HOCTH. YCHJIHTEIH, ONTHYECKHE 3JIEMEHTHl M JaXKe BO3AYINHLIE
NPOMEXKYTKH HCKaXKaloT BOJHOBOH (HPOHT JIa3epHOro H3Jy-
yeHHs. Bce 3TH HCKaXKeHHUS M0 Mepe NPOXOKAEHHUS U3JYIEHUEM
Tpacchl OT Jlasepa A0 MHUIIEHH [OCTENeHHO HaKaIJIUBAIOTCH,
YTO IPUBOAHUT, B YACTHOCTH, K YBEJHUYEHHIO PacXOAUMOCTH Ja-
3epHOro Jaydya. EcJju BHauase JasepHBIH Jy4 UMeJ pPacXOi-
MOCTb, cKaxeM, 1074 pax (okosio 10 yIJIOBEIX CEKYHA), TO BOJIU-
3H MHILIEHH er0 PacXOJAHUMOCTb MOXKET COCTaBJsATh yxke 1072 pax
(HeCKOJIBKO YIJIOBBIX MHHYT). MI3BECTHO, 4TO CBETOBOH IYYOK ¢
YTJIOM PacXOAMMOCTH ¢ HMeET B (POKaJbHOH MJIOCKOCTH JIMH3BI
¢ (OoKycHBIM paccTosiHMeM F MHHMMaJsbHBIHA Auamerp d & @F.
Mpu F=1 M n ¢=10" pax nonyuaem d =~ 1 MM, 4TO B
HECKOJbKO pPa3 MOXeT IIpeBhIIaThb AHAMETP TePMOSAEpPHOH
MHIIEHH.

Jasi obecrieyeHus1 HeoOXOAMMOH (GOKYCHPOBKH H3JYyuYeHHS
Ha MHUIIeHb NPUHHMAIOT creuyanbHbie Mepel. Hanpumep, wuc-
MOJb3YIOT JBe CO(OKYCHHIE JHUH3BI C IKPAHOM MeXKAY HUMH,
HMEIOIUM Majioe OTBepcTHe. Takoe yCTPOHCTBO yJydIIaeT Ha-
" IPaBJEHHOCTb CBETOBOTO IIYyYKa, OJAHAKO IIPH 3TOM Tepsercs
cBeToBas MOIIHOCTb. Bmecto cdeprueckux (HOKYCHPYIOMUX
JIHH3 NPUMEHSIOT JUH3bI ¢ 60Jlee CJIOKHBIMU IIOBEPXHOCTAMH.
Ko Bcem onTuyecKuM 3/eMEHTaM CX€MEBI HIPENbSBISAIOT KeCT-
Kue Tpe6OBaHHMS, Kacalomuecsl KayeCTBa MX IOBepXHOCTell,
OJHOPOJHOCTH MaTepuasa H T. I.

TpeGoBaHHS K KaueCTBY ONTHKH MOTYT OBbITh, OJHAKO,
CYILeCTBEHHO CHHIKEHBI, eCJIH KOPPeKTHPOBaTb (HUCIPAaBJISTH)
BOJIHOBOH (DPOHT Jla3epPHOTO H3JYUYeHHS, HUCIOJb3yS MeTObI
adanmusHol onmukyu. PacCMOTPHM B CBSI3H C 3THM ONTHYECKYIO
cXeMy HeJHHeHHOH aJanTHBHOH CHCTeMBbl, HPUBEJEHHYIO Ha
puc. 60, a. Jlasep mochllaeT HA HEKOTOPYIO MHIUEHb Jyd; Ha
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MUILEHH BO3HMKaeT SIpDKUHA OJIMK, SIBJISIOUUACSH HCTOYHHKOM
cepuyeckoil cBetoBod BoJiHBL Cdepuyeckasi BOJIHA IPOXOLUT
yepes YCHJIMTe/b U NONajaeT B <HeJHHelHOe 3epKasoy. [Ipoxoxs
OT MHILEHH JI0 «3epKaJjiay, cepHuecKasi BOJIHA KAK-TO MCKaxa-
ercsi. B «He/qMHEAHOM 3epxalie» BO3HMKaeT CBETOBas BOJIHA C
ofpalleHHbIM (POHTOM; OHAa pacnpocTpaHsieTcsl Hasajg — OT
«3epKajia» K MHUILIEHH. B3aumozneHAcTByst Ha 5TOM NYyTH CO cpe-
JOH, HCKaXKalolel (poHT, JaHHAsl BOJHA COPMHUPYET Ha MHU-
IIEHH HEMCKZKEeHHYIO CepHueCKyIo BOJIHY. MIHBIMH ciloBamy,
oTpakeHHasi 6JIUKOM cepHyecKasi BOJIHA, POXOJS uepe3 YCH-
JIMTe/Ib, NpEeTepreBaeT HCKAXKeHHWs, a BOJHA C OOpallleHHBIM

o Henurnetinoe?
380KaANG

Youmumens

I
T 1

5 lenurednoe”
3680raANG

Puc. 60. Ontuueckas cxema HeauHeHHOH ajanTHBHOH CHCTeMBI, KOTopas
MOKeT GBITb HCNOJIBb30BAaHA B Ja3ePHBIX YCTaHOBKAaxX YNpPaBJseMOro TepMo-
SIePHOTO CHHTe3a.

(pPOHTOM, pacnpocTpaHsisicb Mo TOA Ke Tpacce B 0OpaTHOM
HanpasJIeHHH, 5TH HCKaXKeHHUsl CHUMaeT (KOMIIeHCHpYyeT). B pe-
3yJbTaTe Ha MHILIEHb NonajaeT CBeTOBasl BOJIHA, KOTOpas MpHU
6o/IbIIOH MOIIHOCTH (OHA JBaXKIBl NMPOILIA Yepe3 YCHJHUTEND)
OyeT UMeTb U HEHCKaKeHHbIH (DPOHT. 3aMeTHM, YTO ONHCaHHAas
cxeMa aHaJOTHYHA CXeMe, NMOKa3aHHOM Ha puc. 43.

Puc. 60, 6 nokassiBaer, Kak MOXKHO HMCIIOJIb30BATh MOJAOGHEIE
CXeMbl B JIa3epHBIX YCTAaHOBKAX YIPaB/ASEMOrO TepMOSIAEPHOTrO
cHHTes3a. JIJ1s MpOCTOTH Ha pUCYHKe u306paKeH caydyal, Korga
Ha TepMOSJEPHYIO MHUILEHb (OKYCHPYIOTCS TOJNLKO [Ba Jasep-
HBIX IYYKa.

Kakum Gynet JnasepHblii TepmosinepHbiii peaktop? Co3naHbl
pas/uMyHbIe [POEKTHl TaKHUX peakTopoB. B oJHHUX mnpoekrax
paccMaTpUBaeTcsl «4HCTHIH» PeakTop, Iie HCHOMb3YeTCs TOIbKO
Ta 9HEpPrus, KOTOpasi BEICBOGOXK/AETCst B PeaKUUusX TepMosaep-
HOTO cHHTe3a. B npyrux npoekrax paspabarriBaeTcs eubpuonoil
BapHaHT peakropa. B HeM HCMO/B3YIOTCS KaK pPeakIMH CHHTe3a
BOJOPOJHBIX fIflep, TaK M peakUuH [NeJNeHUs sifiep ypaHa MO
JedCTBUEM HEHTPOHOB, O6pasylOLIUXCA B PeaKUMAX CHHTe3a:
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[To psiny npuuuH ruGpUAHBIA BapUaHT NPEACTABJAETCS Jierye
peanu3yeMblM, YeM (UHCTHIH» BapHaHT peakTopa.
PaccMoTpuM OIVH M3 NMPOEKTOB TMOPUAHOIO DPEAaKTOpa Ha
OCHOBe Jia3epHOro TepMosifiepHoro cuHresa. OH paspaboran
IPYNNOH COBETCKUX YueHHX, BoaryassasieModt JI. I1. Peok-
THCTOBBIM. [IpHHIMNKANbHAS cXeMa peakTopa JaHa B YIOIIeH-
HoM Bufie Ha puc. 61. TepmosimepHas MuUIIEHb NOMeLlAeTCs B
TIPOYHOH cepuyecKoit Kamepe Auamerpom 60 cM; Kamepa MOXKeT
6bICTPO BBOJAUTLCSI B PEaKTOpP U OBICTPO BBHIBOAMTHCS U3 HETO.
B pa6ouem nosoxeHuu Kamepa ¢ TePMOSIIEPHOM MHIICHBIO Ha-
XOIUTCA B LEHTPe TaK Ha3blBaeMOH «nmepBOH cdepel» (Luamerp

—<—— TJonubo

Kawar
ona 6600a
S1Q380H020

AYqa

JlepBas
copepa.

Karon
dna G6oda
Kameps
Kawan oy E6oda ”
NIAIEOHAZ0 Ny

——

Puc. 61. Cxema ru6pHIHOIO peakTopa Ha OCHOBE JIa3€PHOT'O TEPMOSAEPHOTO
CHHTe3a.

cepnt 2 ™). MmeeTcst Takxke u «BTOpas cdepas; B ee 060JI0UKe
HaXOAHMTCS COfiepaKalnast JIUTHH 30Ha BOCIPOU3BOJCTBA TPUTHUS.
3ameTHM, YTO B IPHPOAE TPHUTHS HET, TAK YTO €ro Hajo MpOous-
BOJUTD; 1JIST BOCIPOM3BOACTBA TPHUTHUA HCHOJb3YIOT PEAKI[HIO:
n+¢Li — T+-*He. Uepe3s npocTpaHCTBO, OrpaHHYEHHOE NePBOi
H BTOpOH cdepamy, NpPOKAdMBAeTCs BEIIECTBO, Hrpaollee B
JAaHHOM peaKTope posb TomnuBa. MM sIBJsSeTCs eCTeCTBEeHHHBIH
ypaH (***U), HaxoAAmMACA B U3METbYEHHOM TBEPAOM, XKHIKOM
uau rasoobpassoM Buje. Mexay nepsBoit M BTOpoH cdepamu
HMEIOTCS KaHaJsbl JJIs BBOJA JIa3€PHOrO Jiyya; B KaMepe HMe-
IOTCSl CrellHasbHble OKHA JJI NMPONYCKAaHUS JIa3epHBIX Jyduel
(Ha pUCYHKe OHHM He MOKa3aHbl). -~ o
Peaktop nosxeH pa6oraTb ciaefyromuMm o6pasoM. ecsiTh
pa3 B CEKYHAY B LEHTPe PeakTopa MOSIBAsSeTCS oyepefHast Ka-
Mepa C TepMOsiepHOM MHIIEHbIO, KOTopasi ToT4ac o6CTpesuBa-
eTCsI J1asepPHbIMH UMIYJbcaMu. ‘Jlecats pa3 B CEKYHIY NPOUCXO-
IWT MUKDOB3DEIB TEPMOSIIEPHOH MHLICHH. Briiensiiouuecss npu
3THX B3DbIBaX HEHTDPOHHI BRI3BLIBAIOT JieJieHue AJlep YpaHa; 4acTh
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HefiTpOHOB, nonajas B 060J0YKY BTOpPOH cdepbl, y4acTBYET B
BOCIIPOU3BOJCTBE TPUTHA. DHEPTHs, OCBOOOXKAAIOWAACH TIPH
JeJIeHUH silep YypaHa, IIOCTyNaeT B TeNJIOOOMEHHHK; B HeM
oGpa3yercsl map, NPHUBOAAIIMA B JAeHcTBHe TYpOHHY.

[MoxgcunTaHo, 4TO, H3pacxofoBaB 50 T eCTECTBEHHOIo (He-
oGoralieHHOro) ypaHa, MOXHO obecrneyuTb paboTy paccMmart-
pHBaeMOro peakTopa B Teuenue 25 Jer. Ilpu sTom npeanosa-
raercsl, 4yTo Jiasep uMeeT K. . A. 1% u momuocts 10° Br.
Mol HOCTb, BBIAEIAIOMAACA 3a CUET peakUUH JeneHHs sfep
ypaHa, KakK Oxupaercs, 6yaer pasHa 2,5-10° Br. Ecau npu-
HSTb, YTO-K. 1. A. TYpGuHE! paBeH 40 %, TO mosle3Hast MOIIHOCTD
cocraBut 10° Br. Uactb sTo#t MomHuoctu (10% Bt) 6yner 3atpa-
yeHa Ha paGoTy Jla3epHOH YCTaHOBKH, a OCTa/JbHas MOILHOCTDb
(9- 108 BT). MOXeT HCHO/Nb30BaThcsd morpeburenem. IIpumeua-
TeJbHO, YTO BOCIPOU3BOACTBO TPUTHUS B TaKOM DEAKTOpEe He
cocTaBJsieT Kakod-jnb0 mpobJeMbl. ¥YiKe yepes roj mocje Ha-
yasna paGoTHl peaKkTopa TepMOsLEpHOe roproyee GymeT BOCIpPO-
M3BOJUTHCST C H3OBLITKOM.



3AKJ/IIOUEHHUE

KPATKO O APYIrHX MNPUMEHEHHAX
JIASEPOB

MeI pacckasanu 0 MHOrHX IPOGECCHSIX J1a3epHOTO
Jiyua U BCe XK€ He CMOIJIH IIOJIHOCTBIO HcuepraThb Temy. Orpa-
HUYEHHBI 00heM KHHTH He IO3BOJIMJ NOrOBOPUTH O IEJIOM
psile BaXKHBIX M IEPCNeKTUBHBIX NPHUMEHEHHH JasepoB. 3a-
KaHYHBasg KHUTY, OTMETHM OUYeHb KpaTKO, B CaMbIX OOIIHX
yepTax, HEKOTOpBbIe M3 3THX INpHMeHeHHH.

JlasepHoe paspeneHue usoTonoB. [l pasiHYHBIX HpO-
MBILIJIEHHBIX, MEIMIMHCKHX M HaYYHEIX Liesell yacto Tpebyercs
BEIIECTBO, OGOTAlEHHOE KaKHM-THG0 OMpeJe/€HHEM H30TONOM
JIaHHOTO XHMMYECKOTO 3JieMeHTa. B CBfI3W ¢ 3THM BO3HHKaeT
3ajaua pasdesenus U30Monos, MpPeAIoJaramlas oTAeNeHUe 1
nocJieiyioliee HaKomJeHne HyxHoro usotona. Oco6eHHO BaxkHa
9Ta 3ajlaua B aTOMHOH 3HepreTuke. Peub uieT o pasfeseHHH
H30TONOB ypaHa. EcTecTBeHHBIH ypaH COZEpPKUT B OCHOBHOM
usoron *8U u T1osbko 0,7% wmsorona 25U, [ smepHBIX e
peaxkTopoB (B OTJIHYHE OT pacCMaTPUBABIIErocs B OJUHHA-
[aTOM paccKase TUOPHAHOTO peakTopa) BaXKeH KaK pas
usoron *#°U,

Paspa6GoTaHbl M HCIOJb3YIOTCS Ha NPAaKTHKE pasjHuHbIe
croco6hl pasfiesieHus: u3oronoB. OnHUM H3 HaHGOJee MepCreK-
TUBHB[X SIBJIieTCSl JIa3epHBIA Croco6, MHTEHCHBHO DPa3BHBae-
MBI B MocsiefHue rofpl. JlasepHoe paszesneHHe H30TONOB OCHO-
BAHO Ha TOM, YTO PasJjMYHBIE H30TOIMEl LAHHOI'O XHMHUYECKOIO
3JIEMEHTA TOIJIOIIAIOT ONTHYECKOe H3JYyYeHHe Ha pasHbIX 4a-
CTOTax, TOUHEe T[OBOPsi, B ONpeJeJeHHBIX MHTepBajax da-
CTOT (3TH WHTEPBaJbl HashIBAIOT HoJoCaMy morJyomenus). Jas
H36HpaTeJbHOIO MOIVIOUIEHUS CBeTa Hafo, YTOObl H3JyuyeHHe
HCTOYHHKA OBbIJIO CKOHIEHTPHPOBAHO B MpefieslaXx y3KOTro HHTep-
BaJla 4acTOT, COOTBETCTBYIOLIEr0 HOJOCE IOIVIOMIEHHST HY2KHOIO
u3oTona. BaxkHo, 4TOGH YacTOTy H3Jy4eHHS MOXKHO OblIO Obl
IJIaBHO IlepecTpauBaTh, NOACTPauBasi BCAKHH pa3 IOL COOT-
BETCTBYIOLLYIO II0JOCY IOTJIOMIEHHSI. TaKWMH HCTOYHHKaMM
cBeTa Kak pas M SIBJISIOTCS Jla3ephl C NJIaBHOH mepecTpoHKOH
4acTOTHL.
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JlonycTum, 4TO UMeeTCsl CMeCh ABYX H30TOIOB — HYXKHOTO»
¥ «HEHYXHOro». Bynem o6/1ydaTh 3Ty cMech MOLLHBIM JIa3€pHBIM
M3/JydeHHeM, ToA06paB 4acTOTy TaKoH, 4TOGH MPOHCXOAHJIO
PEe30HAHCHOE MOTJIOLIEHHE CBETa «HYXKHBIM® HM30TONOM, HO He
IPOUCXOAUJIO TIOTJIOUIEHHS! «HEeHYXKHBIM» H3oTonoM. IlorJomas
CBET, aTOMbI «HYXXHOTO» H30TONa BO30YXKIAIOTCS; aTOMBI JKe
«HEHYXHOTO» H30TOIa OCTalOTCS HEeBO36YKIEHHBIMH. Bocmnosb-
3yeMcsl Jlajiee JIONMOJNHHTENbHEIM H3JyuyeHHeM (He 06si3aTesbHO
OT J1asepa), KOTOPOe MOTYT NOIJIOUAaTh BO3CYXIEHHEIE aTOME,
HO He MOTYT TIOIJIOWAaTh HeBO36Yy»KJAeHHble aToMbl. [Ipenmnoso-
JKHM, YTO TNPH TOTJIOUIEHHH JONOJHUTENbHOTO H3JYYeHHs BO3-
OyKJIeHHbIE . aTOMBI HOHH3YIOTCS. B pesysnbrare Mbl Gynem
HUMeTb «HYXKHBIA» H30TON B BHJe HOHOB, KOTOphie JIETKO OTJe-
JUTb IIPH TIOMOLIM 3JIEKTPHYECKOro moJjsi. TakoBa CYIIHOCTB
OJIHOTO M3 METOJOB JIa3eDHOTO paslesieHHs] H30TONOB; €ro
HashIBAIOT IBYXCTYNeHYaTOH (OTOHOHHU3AUT.

B npyrom Merojie MOJIEKYJIBI C ¢<HYXHBIM» H30TOIOM, MOIJIO-
mas JlasepHoe H3/yUYeHHe, JUCCOLUMUPYIOT HAa aTOMBHI. SIBJSSCH
XMMHYECKH aKTHBHLIMH peareHTaMH, aTOMBbI BCTYNAlOT B XHMH-
4ecKyIl0 peaKIHio CO CllelHaJbHO BBOAMMBIMH B CMeCh MOJIEKY-
Jnamu. B ofpasyromuxcs npy 3ToM MoJIeKyJ1aX HOBOrO XHMHYe-
CKOTO COEIMHEHHS NPHCYTCTBYIOT aTOMBl TOJBKO «HYIKHOTO»
usorona. OTne/sss 3TO COeMHEHHE, TEM CaMbIM OCYUIECTBJSIOT
pasneneHnye H30TOIOB. -

INoxuepKHeM, YTO OTMeuYeHHble METOAbl OCHOBAaHEI Ha MPO-
neccax usbupamenvroli (CereKmusHol) uoHusayuu CTPOro
OnpeJieJIeHHBIX aTOMOB MJIH U36Upamenbroll Ouccoyuayu Ctporo
ornpeje/leHHbIX MOJIEKY. MO AeHCTBHEM JIasepPHOro H3JyYeHus
COOTBETCTBYIOIIEH YacTOTH.

JlazepHoe nosayuenue YHCTHIX BewecTB. [IpakTuueckas Bax-
HOCTb METOJNI0B M36UpPaTe/bHOrO BO3LEHCTBHS JIa3€PHBIM JYYOM
Ha BeIeCTBO' OTHIONb He OrpaHMYMBaeTCs paMKaMH HpPOGJEMB
pasznenenus usoronos. ClelyeT rOBOPHTH O BO3HUKHOBEHHH H
PasBHTHH NPHMHIMNHAJBLHO HOBOH TeXHOJNOrUH NOJYyUeHUs MaTe-
pHaNoB, KOTrfa INpPH IOMOIIM JIa3€PHOrO Jyda IIPOHU3BOIUTCS
or6upaHHe U HaKOIJIeHHe BelecTBa B GYKBaJbHOM CMBIC/IE (IO
aToMaM», «II0 MoJeKyJam». Mcnonp3yst n3GupaTenbHYIO HOHHU-
3alMI0 aTOMOB HJIH H30HpAaTeJbHYIO IHMCCOUMALHIO MOJIEKY.J
HoJ J1eHCTBHEM JIa3€PHOTO H3JYYeHHS, MOXKHO IOJydaTh 0co60
ghcThie BelljecTBa. Hampumep, MOXHO CHU3HTbL HOJIO COLEpIKa-
HUS TIpHMecell B JIaHHOM XHMHMYeCKOM 2JIeMeHTe HJIM XHMHYe-
CKoM coenrHeHHH N0 107%%. DTo Ha HeCKOJbKO MNOPSAIKOB
MeHbllle JOH NpuMeced, OCTAIOLUIMXCH NPH NPUMeHeHHH OObIY-
HBIX MeTONOB OUMCTKM BellecTBa. lsGupartesnbHas ¢oToxHcCO-
[HanHsA MOJIEKYJ YCIeUHO NpPHMeHAETCA B HAlUM JHH JIA 3¢-
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peKTHBHOM OUHCTKHM Pa3/HUHBIX T'a30BLIX' CMecell OT HeHYKHBIX
npuMecell, HanpuMep OT NpHMeceH TOKCHYHbIX BeILECTB.

JlasepHasi xumusi. JIazepHoe H3/MyyeHHe CIIOCOGHO HE TOJb-
KO OTGHpPATh «HYMKHbIE» aTOMBI HJIH MOJIEKYJIHI, HO, Goslee TOro,
OHO MOXeT H36HpaTelbHO BO3JleCTBOBATP HA Te MJH HHbBIE
BHYTPHMOJIEKY/ISIPHbIE CBSI3H, MOXeT Pa3phiBaTh 3TH CBS3H H
TeM caMbiM OIpeJe/eHHbIM 06pa3oM pas3pyuatb MOJIEKYJIH,
MOXKET BBISBIBATD U YCKOPSITb HEKOTOpble XUMHUYECKHe peak-
uud. Bee 3TO cocTaBisieT MpeiMeT HOBOTO HalpaBJ/eHHs COB-
peMeHHOH XHMHH, KOTOpPOe MOMeT ObITb Ha3BaHO AA3epHOL Xu-
mued.

Kak HM3BecTHO, XHUMHYecKas peaKuUusl NPOUCXOLHUT TOrAA,
KOrJla MOJIEKYJIbl PearupyloluX COeIMHEHHH NoJydaroT Heol-
XOIMMYIO SHEPrHI0 AKTHBALMH, I03BOJAIONIYI0 MOJEKyJ/JIaM
NpeosioNieTh CHJbl B3aHMHOIO OTTaJKMBaHHA M JOCTaTOUHO
CHJIbHO COMM3UTBCA IPYT ¢ ApyroM. OGBYHO AJis 3TOTO CMeCh
peareHTOB HarpeBaioOT, BCJEICTBHe 'Uero BO3pacTaeT CKOPOCThb
I0CTYaTeJbHOrO JABHKEHHs MOJIeKyJs. MOXHO, OlHaKO, NOHTH
o APyroMy IHyTH, YCHIHBas He MOCTynaTelbHOe JIBHKeHHe
MOJIeKyJ, a KoJeGaTe/bHble IBHMKEHHS aTOMOB BHYTPH MOJle-
Kys. Takoil nyTh HayaJ MHTEHCHBHO Pa3BHMBAThCA C NPHMeHe-
HHMeM JIa3epPHOrO H3Jy4YeHHs NI BO3OYKIEeHHS XHMHYECKHX
peakuuil. ¥YKazaHHbIH My Th G0Jlee epcrneKTHBeH (10 CPaBHEHHIO
¢ TpalHIMOHHBIM HarpeBaHHeM PeareHTOB), TAK KaK NPH 3TOM
MOXKHO BO36YKIaTh JIMIIb ONpeNe/ieHHble THIBI KoleOaHUH aTo-
MOB B JaHHOH MOJIEKyJ/le U TeM CaMblM OCYILECTBJATb ynpasie-
HUe XapaKmepom, HANPABACHUEM U CKOPOCHIbIO XUMUHECKUX
peaxyuil. abuparenbHoe BO3OYKIeHHe TeX MM MHBIX THIOB
KoJie6aHMi aTOMOB B MOJEKyJe OCYLIECTBJISAIOT NPH MOMOLIH
JlasepOB C TJIaBHOH NepecTPOHKOM 4YacTOTHI, TeHepHPYIOUIUX
B HH(paKpacHO# obnacTu crnekrpa. Hano Bcsruil pas coorser-
CTBYIOLIUM O0Gpa30OM MOACTpPaMBaTh YacTOTy JIa3ePHOrO H3Jy-
yeHHs] — 4TOGh! OHA TOYHO COBMAJaJja ¢ 4acTOTOH onpesesleHHO-
ro THma KoJeGaHHH.

TlosBoisia 1eneHanmpaBJieHHO BO3JeHCTBOBATH Ha XHMH-
yecKHe peaklHH, Ja3epHOe H3JyuyeHHe Je/aeT BO3MOXKHBEIM KaK
YHUUTOXKEHHE OTXOLOB COBPEMEHHOr0 NMPOU3BOACTBA (HalpHuMep
HCNIO/Ib30BAHHBIX MONHITH/ICHOBBIX YNAKOBOK), TaK M MNPSAMO#
CHHTe3 HOBBIX XHMHYECKHX COelHHeHHH.

Jlasepbl B ceabcKOM XO03fiicTBe. JlasepHBIH Jyu MOXKeT
n36upaTe/bHO BO3JEHCTBOBATh TaKxKe Ha pasJiM4Hble OGHOJIOTH-
yecKMe IMPOIIECChl, B ONpele/eHHbIX CJyyasX 3aMeTHO CTHMY-
JUpysl MX. MBl yKe roBOpUJIH 06 3TOM B UETBEPTOM pacckase,
KOrja OTMeYaJ/iil yCIeXH JasepHOH Tepanuu. 3ech Mbl KOCHeMCS
HCTIOJIb30BAHNSA J1a3ePHOTO H3/MydyeHHs! B CeJIbCKOM XO3fHCTBe.
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YiKe HECKOJBKO JIeT NPOBOAATCS HCCJeNOBaHHsS N0 06padoTke
CEeMSIH Pa3JIHYHBIX 3¢€DHOBBIX H OBOLIHBIX KYJBTYP MaJIOMOIIHBEIM
H3JTyueHHeM reJIii-HeOHOBOTO Jasepa. IlonydyeHbl MHTEpecHble
pe3yJbTaThl: IOcJe Jla3epHOro OOJNYUYeHHSI BCXOMKECTh CEMSH
TOMATOB M OrypLOB noBblaercst Ha 10—20%, pacTenus GbicT-
pee passHBaroTCs, NalT GoJblle miaofoB. OKasaloch TaKike,
YTO IPHU IOMOILH JIa3ePHOTO Jy4Ya MOXKHO CO3JaBaTh HOBHE H
TNIPUTOM YCTOHUHBBIE COPTA KYJBTYD.

IlopioGHble HcceoBaHUSI HAXOASATCS eme B caMOd Hayalib-
Holt cTanuu. OfHAKO yiKe CerofiHsl OUEBHAHA UX NMpaKTHUecKas
[EHHOCTb.

JlasepHas crnekrpockonusa. B TpaguIUOHHOA CIEKTPOCKO-
MTHH, UCMOJb3YIoliel OOblUHbIE (HesasepHble) UCTOUHUKH CBETa,
HanpuMep 3/eKTPHYeCKHH PaspsAl WM IJIaMfl, U3YUalOT CeKTp
HCCJIELyEMOTrO BelllecTBa, BO3HUKAIOMMI B pe3yJibTaTe KBaHTO-
BBIX [IepeXONOB MeXKJAY TPOMAaIHBIM YHCJIOM 3HEpPreTHYeCKHX
ypOBHeH aToOMOB M MOJIeKyJ BelnectBa. [Ipumensis nasepHoe
H3JIyYeHHe C BBICOKOH CTENeHBI0 MOHOXPOMATHYHOCTH, MOXKHO
HU36HpaTeIbHO HMHUUMHPOBATH KBAaHTOBbIE NEPeXOibl BCAKUH
pas MeXLY O0npeOeieHHoiMU YPOBHAMU ATOMOB H MOJEKYJI.
[TepecTpanBasd 4acTOTy Ja3epHOTO H3JYYeHHS, MOXKHO <«IpO-
CMOTpPeTb» MO OTAEJbHOCTH pa3/IMyHble KBAHTOBBIE MEePeXOfbl.
D70 NMO3BOJSAET OYEHb TOYHO UCCJIEIOBATD CIIEKTD BEIECTBA, Bhis-
BUTH JIeTa/lu, KOTOpLIe OGLIYHO He OGHAPYIKHBAIOTCS NPH MPO-
BeJleHHH TPaJHLIHOHHOTO CIIEKTPaJbHOTO aHah3a.

OnHO U3 BaKHBIX MNPaKTHYeCKUX NpUMeHeHHH JiazepHOH
CTEKTPOCKONMH — KOHTPOJIb 3arpsisHeHHH atMocdepE U MOp-
CKOM BOABY, O UeM MBI TOBOPHUJIH B JIeCSITOM pacckase. TaM ke Mbl
TOBOPHJIH U O IPYTOM NPUMEeHEHUH JIa3ePHOH ClIeKTPOCKOMUH —
Jla3epHOM MHKPOCIEKTPaJbHOM aHajuse. 3[ech MPOSIBHIOCH
€ellle OIHO JOCTOMHCTBO METOLOB JIa3epHOH CNMEKTPOCKOMHHU: OHH
N03BOJISIIOT OOXOIUTbCS HEe3HAUUTEIbHBIMH KOJHYECTBAMH HC-
caenyemoro BelecTsa. OcoGoe HanpasJyieHHe B Ja3epHOH CIeKT-
POCKOITHH CBfI3aHO C HCMONb30BaHHeM MUKOCEKYHIHBIX Jlasep-
HBIX UMIYJAbcoB. [locklmasi MOMIHEIN MUKOCEKYHIHBIN HMITYJbC
B BEIECTBO, MOJKHO MHHLIHUHPOBATL TaM Te UJH HHbE CBepXGhl-
ctpele nporecchl. C NOMOIIBIO OTHOCHTEJNbHO CJ1a6hIX MHKOCe-
KYHIHBIX HMITYJbCOB MOXKHO 3aTeM HCCJIeLOBATH 3TH HPOLECCHI.

IuKocekyHAHasi CTIEKTPOCKONMS MEPBHUHBIX MPOLEccOB ¢io-
TOCHHTe3a. POMOCUHIMe3 — COBOKYITHOCTb CJIOXKHEIX GHOJIOTH-
YeCKUX TPOLECCOB, MPOUCXONSMIAX B S3eJEHbIX JIHCTbAX pacre-
HUP, MOPCKHX BOJOPOCHAX, ONpelesleHHBIX THIaX GaKTepuil.
Iepsuuroie npoyeccst pomocurnmesa BKIOYAIOT B-ce6s: TOrJo-
LIeHHe CBeTa MOJIeKyJdaMHu xnopmpmmos H BCIIOMOTATeJIbHBIMH
NMrMeHTaMH; MePeHOC MOIVIOLEHHO! SHePriuH K TaK HasbiBae-
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MBIM «peaKIOHHBIM ILeHTpaM», TI'fie IPONCXOAHUT DaslelieHHe
3JIEKTPHUUECKHX 3apfloB; CTaGH/IM3aLUI0 pas3fiesleHHEIX 3aps-
JIOB, SIBJISIIOLILYIOCS TTOATOTOBUTEJNbHBIM 3TaNoM K IOCJIe LY OIHM
OKHC/INTEIBHO-BOCCTAHOBHTENIbHBIM ~ peaknusiM. * Ileperaua
SHEPrHU BO30YKAEHHSA B «peaKIMOHHEIE LEHTPB U NIPOMCXOAsI-
Iee B HUX pasfeseHye 3aps/0B COBePIIAOTCS KpaiHe OLICTPO—
3a Bpems ot 107° no 107** c¢. [lo mosiB/ieHHs Ja3epoB, reHepH-
PYIOIMX NHUKOCEKYHAHBle HMIYJbCHl, yUeHble He HMeJH <HH-
CTpYyMeHTa» LJs JeTaJbHOTO HCCJENOBaHUA CTOJb OBICTPBIX
nporeccoB. Tenepb TaKoH «MHCTPYMEHT» eCTh, U COOTBETCTBYIO-
IHe HcCAeflOBaHUSA NPOBOAATCS BecbMa HHTEHCHBHO (KaK B
Hale# ctpane, Tak u 3a py6exoM). B CCCP nepsrlif nuKoce-
KYHAHBIH Jla3epHBEIH CNEeKTPOGIIOOPUMETP AJSI U3YUYEeHHUs Mep-
BUYHBIX NPOIeccoB (POTOCHHTE3a cO3[aH Ha Kadenpe 6HOPUIUKH
MIY B 1975 r. IlukoceKyHIHble JasepHble UMOYJbCHl NO3BO-
JILJIA BHISIBUTb CTPYKTYPY «PEaKIMOHHBIX IEHTPOBY, IPO30HAU-
poBaTh pasJjiMuHble MPOMEXYTOUHBIE COCTOSIHUS, YTOYHHUTH
KapTUHY MpOTeKaHHsl MepBHUYHBIX IIpomeccoB (OTOCHHTE3A.

Jlasepel pelmuTeJIbHO U NPUTOM IHPOKHM (POHTOM BTOpTra-
I0TCS B Hamy neficTBUTeNbHOCTb. OHH HeOoOBIYalHO paciuipHIu
HamM BO3MOXKHOCTH B CaMBIX pPasJMYHLIX 06JacTsX — obpa-
60TKe MaTepHaJIOB, MeIMINHe, H3MepeHHAX, KOHTpoJe, obpa-
GoTKe U mnepenade uHpopMauuH, QU3NYECKHX, XUMHUYECKHX U
GHOJIOTHUECKHX HCCJEJOBAaHUAX. YiKe CErofHs JasepPHBIH Jyd
OBJIaJieJl MHOXKECTBOM TOJIe3HBIX U HHTepecHHIX mpodeccuii. Bo
MHOTHX cJydYasiX NpHUMeHeHMe JlazepHOro Jyd4a [O3BOJSEeT MO~
Jy4yaTh YHUKaJbHBE Pe3yJbTaThl. MOXKHO He COMHeBaTLCSH, UTO
B OyLyiieM Jyu Jasepa INOZAPHUT HaM HOBble BO3MOMKHOCTH,
MpeACTaBJSIONecs CerofHs (haHTaCTHYeCKHMHU.

Msnl yKe HayaslH NMPUBHIKaTb K MBICJH, UTO «jasep Bce MO-
)eT». IToguac 3T0 MelnaeT TPe3BO OLEHUTHb peasibHble BO3MOXK-
HOCTH JIa3epHOH TeXHHKH Ha COBPEMEHHOM 3Talle ee Pa3BUTHS.
HeynusureqsHO, 4TO uYpe3MepHBIE BOCTOPTH IIO IOBORY BO3-
MOXKHOCTEH Jla3epHOTO Jyda HHOTAA CMEeHSIOTCS HeKOTOPEIM
oxJlaXIeHHeM K JasepaM. Bce 370, o1HaKo, HHKaK He MOXKeT
3aMacKHpPOBaTh OCHOBHOH (haKT — ¢ H300peTeHHeM Jiasepa
4eJIOBEK TOJNYYUJ B CBOE paclopsiKeHHe KaueCTBeHHO HOBHI, B
BLICOKOH CTeNeHU YHHBepcaJbHbIH, oueHb 5(pPeKTUBHLIH «HH-
CTPYMEHT» IJIs1 IOBCELHEBHOH IPOW3BOACTBEHHOM H HayuHOH
JesitesqbHocTH. C TOfaMH 3TOT «HHCTPYMeHT» Gyner Bce GoJee
COBEpIIeHCTBOBATbCS, @ BMecTe C 3TUM OyJeT HelmpephIBHO
pacmmpsATecss M 00JacTb IPHUMEHEHHS Ja3epoB,
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