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1. Bcmynnenue.

OfHHUM U3 caMbIX 3aMeyaTeNbHbIX JOCTM)KEHUN (DU3MKU BTOPOU IMOJIOBUHBI
JIBaIIaTOr0 B€Ka OBLIO OTKPHITUE (U3UUECKUX SBICHUM, MOCITYKUBLIUX
OCHOBOM JJIi CO3JaHMsl yIMBUTEIBHOIO MPUOOpa -ONTHYECKOIO0 KBAHTOBOTO

reHepaTopa, Wiu ja3epa.

B nacrosiee BpeMs cloBO «J1azepy» CTajio oOieynoTpeouTenbHbpM. Benb
ATO YCTPOMCTBO HCIMOJB3YETCS BO BceX cdepax AesTENbHOCTH YeJIOBeKa:
IIPOMBILUIEHHOCTH, HayKe, MeIuIMHEe U T.I. Ho He KaXIplil 3HaeT 4To 3TO
takoe. Ha camom Jniene omnucanue jaszepa 3akiIl04eHO B ero HazBaHuu. CioBO
«J1a3zep» COCTaBJIICHO W3 MEpBbIX OYKB AaHIJIMKWCKOW (pa3bl, O3HAYAOLIEH:
«YCWJIEHHE CBETa IPU IOMOIIHM BBIHYKIECHHOTO H3Iy4deHUs». OH MOXET
BBUICYUTh HAJBUTAIOLIYIOCS CJIEINOTY U HA JIETY MOPA3UTh BPAKECKAM CAMOJIET,
MTHOBEHHO NIPOCBEPJIUTh OTBEPCTHE B ajlMa3e M PACKPOUTh TOHYAMIIYIO
HIEJIKOBYIO TKaHb. OH 0€300JIe3HEHHO 3aMEHSIET CBEPJIO B CTOMATOJIOTUYECKOM
kabuHeTe, co3maét rosorpaduueckue 3P EKTh, PaACCEKAET YEIOBEUECKYIO

IJI0Th 0€3 MPOJIUTHS KPOBU U MHOTOE-MHOTOE JIPYTOE.

2. Umo makoe nasep.

2.1 IlepBbiii 1a3ep

PaboTts! o nazepam B naboparopuu gomuHectieHnnn ®AH Bo3HuUKIM 110
naunuatuee H. I'. bacoBa, BEI3BaHHOM TEM, 4TO, HauuMHasg ¢ 1958 roma ObLM
ONMyOJIMKOBAIM CTaThU O TIEPCICKTUBHOCTH TIOJIYYEHHUS TEHEpaluu B
ONTUYECKOW 00JacTH CHeKTpa C  MCHOJb30BAHUEM  HHIYLHMPOBAHHOIO
U3IIy4YEHHs. A 3aTEM aMEpUKaHCKUMU yuyeHbIMHU (MeilimanoM u aqpyrumu) B 1960
rogy ObUIM TIOJy4YeHbl OOHA/IEKMBAIONIME PE3yibTaThl C  PYOHMHOM.

A.M. JleontoBuu, M.JI. 'ananun, 3.A. UnmkukoBa 3aHSIIUCH 3TON TPOOIEMOH.

Becnoii 1961 r. sta rpynna y4é€HbIX co3jaia Ja3epHYI0 YCTaHOBKY, B

KOTOpoil oOpazeny pyouHa c koHueHtpauueit xpoma 0,05% u giuHON 4cm



HaKayuBaJCsi 2 WMIYJIbCHBIMU JIAMIIAMU B KOXyXxe c HambuieHuem MgO. Ha

ATOM YCTAaHOBKE OHU JOOMIHMCH TeHeparuu 18 centsops 1961 roxa.

Torma Obul KakoH-TO mpeapaccylok HacueT (opmbl 00pas3lloB — Bce
nepBbie pyOuHBI ObUTM B (popMe MapaliiesienuIe/IoB, 1 aMepUKaHCKUE, U HalllH.
[lo3zxe OBUIO MOHATO, YTO 3TO HE WIPAET POJU, YTO BAXKHA TOJBKO
NapajuleIbHOCTh TOPLOB KPUCTAJJIOB, HA KOTOpPbIE TOTJAa WU HAHOCUIIHCH
3epkaiia. [loTom nosiBuiIKMch 00pa3ibl UUIUHAPUYECKON (POPMBI, M TaKkKe, KOraa

CTaJI IPUMEHATh BHEIITHUE 3epKajla — ¢ OPIOCTEPOBCKUMH TOPIIAMH.

2.2 OnTr4yecKkuii KBAHTOBBIN IreHePaTOP UM Jia3ep.

Jlazep Takke Ha3bIBa€TCS ONTUYECKUN KBAHTOBBIM TE€HEPATOpP WIIH
reHepaTop KOTepeHTHOro u3iyueHus. Pazdepem ero ycrpoilcTBO Ha mpumepe

cbopa oHOM MOJeNH Ja3epa.

Bo3pMEM cCTEpkKEHb WIM IUIACTUHKY, CACIAHHYI0 M3 Marepuajia, OT
KOTOPOTO MBI XOTHM JOOWUThCA U3My4deHUs. Marepuan JOKEH OBITh
OpO3pavyHbIM, 4YTOOBI ~ CBET  MpPOHU3bIBA1  €ro  HackBo3b.  Camble
pacipocTpaH€HHBIE MaTepuaibl A CTEP>KHEH — MUCKYCCTBEHHO BBIPAIICHHBIC
KpUCTAJUIBl pyOMHAa WM TpaHata (WJIM CTEKJIO, B KOTOpOE€ J100aBIIEHO
HEOONbIIOE KOJMYECTBO PEIKOro 3jeMeHTa Heoauma). CTepKHH OOBIYHO
ObIBatOT auameTpoM oT 6 1o 20 mwmuMeTpoB W JiuHHOW ot 10 mo 60
cantTuMmeTpoB. Cam Ja3ep 4acTO MMEHyeTCsl MO Marepuainy cTepxkHs. Tak,
BBIPAKEHUE «PYOMHOBBIM Jla3ep» COBCEM HE O3HAYaeT, YTO BECh HPHUOOP
cleNlaH M3 3TOr0 JparoleHHOro kaMHsA. [IpocTo BHYTpHM HEro HaxoIuTCs

KPHUCTAJJI UICKYCCTBEHHOT'O pyOUHa.

PsimoMm co cTep)kHEeM MOMECTUM OCBETHTENb, €r0 HA3bIBAIOT JIAMITON
Hakadku. Jlamma OyJeT UMITyJIbCUBHOM, BPOJIE TEX JIaMII—BCIIBIIIEK, KOTOPHIMHU
nosb3ytoTcs ¢ororpadsl. Bece mpoiiecchl B aToMax MPOXOAT 38 MUJUIMOHHBIC
JOJIA CeKyHJbl, TaK YTO HAJOJTr0 BKIIOYaTh €€ HeT cMmbicia. OCBETUTEND

BMECTC CO CTCPIKHEM OKPYKXHM OTPaXKaATCIICM, yTOOBI HH OIHMH KBAHT CBE€Ta



HaKauyku He Tporai 3psa. Boszie TopiioB pabouero crepHsS yCTAaHOBUM JBa
3epKajia: c3aau — TIJIyX0e, OTpaKkalolllee BeCh MMAJalIIUi Ha HEro CBET,
criepeu — TMOJYNpo3padyHoe. 3epkKaja HEOO0XOJUMO YCTaHOBUTh CTPOTO
napayjieibHO JAPYT APYTY W MEPHEHAMKYJISIPHO OCU cTepxkHs. Jlazep rotos.
OcTtanoch BKJIIOYUTH JIaMITY.

K HecwacTprio yBUIETH CBOMMH TIJjla3aMH TPOIECC, MPOUCXOMSAIINNA B
Ja3epe TOocie BCIBIIIKKA JaMIbl, Mbl HE cMOXeM. OH MPOXOJUT CIMIIKOM

obicTpo. Ho mpencTaBUTh €ro MOXHO.

2.3 Jlazep B padore.

[Tocne BCHBINIKY JIaMITbl TOTOK CBETOBOM 3HEPTUU MOMAAAET HA CTEPIKEHb.
Ero aromsl ObicTpo mnepexomsiT B Bo30yxkaAEHHOE cocTosiHue. C  KaXIbIM
MTHOBEHHEM TaKWX BO30YXKICHHBIX aTOMOB CTAaHOBUTHCA BCE OOJBIIE W
oompire. {onro B Bo30yXKAEHHOM COCTOSSHUM OHHM HE YKHBYT, B CPEIHEM BCETO
OJIHY CTOMWUIMOHHYIO JIOJIFO CEKYHJbI, @ MOTOM MEPEXOJAT B HOPMaJIbHOE
COCTOSIHUE, U3JIyYUB INPU 3TOM CBeT. Jlamma Bce eii€ roput, 1 aTOMbl BHOBb
B0O30yknaroTcs. Korjia HECKOJIBKO aTOMOB CIIy4allHO M3JIy4arOT KBAaHTHI BIOJb
OCH CTEpXHs, HAaUMHAETCs Mpoliecc HakaruimBaHus sHepruu. [locnme kaxmgoro
CTOJIKHOBEHHSI C aTOMaMHM YHUCJIO KBAaHTOB YABaWBAETCSA, MOTOK W3Iy4YEHUS

JBIKETCSL BIOJIb CTEPXKHS M pacTeT, Kak JaBuHa. OTpaxasch B 3epKajax,



M3JIy4YE€HHE MHOTOKPATHO IMPOHU3BIBAET CTEP>KEHb, 3aCTaBIIsisl BCE aTOMbI 0€3
WCKJIFOYEHHUS BHECTH CBOIO JIOJKO DHEPrHMM B OOHIMKA TMOTOK cBeTta. CKBO3b
MOJYyNPO3pavyHOE 3E€PKAJI0 AITOT CBET BBIpbIBAaCTCS Hapyxky. IIpoucxomut
BCHbIKAa. E€ NIUTENbHOCTH BCETO OKOJIO OJJHOM MWJIJTMOHHOM CEeKYyHIBI. A
jJaMna BCE€ el€ TOpPUT, U Yepe3 TPU MUIIMOHHBIX JOJIM CEKYHIBl BCE
MOBTOPSIETCA CHOBA. M OIATH, U OIATH, 10 TEX MOpP, MOKA SIPKOCTU CBETA YXKE
MOTYXAIOIIEH JIaMIIbl HE CTaHET MaJio JJIs MOJAJepKaHus reHepanuu. IMeHHO

TakK ObLI cAenaH ¥ padoTaj NepBbIi J1a3ep, MOCTPOSHHBIA HAa KpUCTaJlIe pyOuHa.

He Bcs sHeprus namibl Hakauku NpeoOpasyercs B Ja3€pHYIO BCIIBIIIKY.
bonpmias e€ yacTh, K HECUACTBIO, YXOAUT Ha OECMONE3HbIM U J1aXke BPEAHBIN
HarpeB CTEpKHS M 3€pKaja. MONIIHBIE HUMITYJIbCHBIE JIA3€Phl OXJIAKIAIOT
MOTOKOM BO3/yXa, BOJAbI, & MHOT/IA M >KUJKUM a30TOM. HacToTa MOBTOpPEHUS
UMITyJIbCOB  3aBUCUT TO TOrO, HACKOJBKO XOpOILIO CTEpXKEHb Jiazepa
BBIIEP)KUBAET BBICOKYIO TemrepaTypy. HeonumoBele n pyOMHOBBIE Ja3ephbl
JAI0T OAHY — JBE BCIBIIIKKA B CEKYHJY, Ja3ep Ha I'paHaTe — HECKOJBbKO COTEH.
PekopaHas dyactoTra TreHepauMM [ HMIIYJIbCHOTO JIa3epa JIBEHAALATh
MUJJIMOHOB BCIIBIIIEK B CeKyHAY. M3myueHue Takux Jia3epoB BOCIPUHUMAETCS

y>Ke KaK HelpepbIBHOE.

3. Pa3znosuonocmu n1azepoe.

3.1 I'azoBbI€ J1a3epbl.

["a3oBBIe Ja3epbl MPEACTaBIAIOT COOOHM, TOXKamyi, Hanboyee MUPOKO
WCIIOJB3YEMbI B HACTOSIEE BpPEMSl THUIl JIa3€POB M, BO3MOXKHO, B 3TOM
OTHOILIEHUU OHU TMPEBOCXOJAT J1ake pyOMHOBBIE Jiazephl. ['a30BbIM Jiazepam
Takke, TMO-BUJAMMOMY, TIIOCBsII€Ha OoJblllas  4acThb BBITTOJIHEHHBIX
uccienoBanuii. Cpeiy pas3IMYHBIX THUIIOB Ta30BBIX JIA3€pOB BCErjJa MOXHO
HAaWTH TaKOW, KOTOPBIA OYyJEeT yJOBIETBOPSITH MOYTH JOOOMY TpeOOBAHMIO,
NpEeabIBISIEMOMY K Ja3epy, 32 HCKIIOYEHUEM OYEHb OOJIbIION MOIIHOCTH B

BUJIMMOHN OO0JIACTH CIIEKTPA B HUMITYJIbCHOM PEXKHUME.



["a3oBBIe Na3epbl OBLIM CO37aHBI MOYTH OJHOBPEMEHHO C PYOMHOBBIMH
nazepamu, B ToM ke 1960 romy. Mx pabouee BelecTBO pa3iUyHbIE Ta3bl,
3aKJIIOUEHHBIC B CTEKIISIHHbIE TPYyOKHU. J[aBieHue razoB B 3THX TPyOKax OYEHBb
HU3KOE, B COTHU pa3 MeHble arMocdepHoro. Ha koHmax TpyOKuM — OKOIIIKH,
4yepe3 KOTOPBIE JIyd CBETA BBIXOJUT HAPYXKy. TpyOKa TakxKe MOMEeNaeTcs MEXIY
3epkanamu. Bcé€, kak B UMITYJIbCHOM Jia3epe, TOIbKO JIAMIIbl HaKauKu HeT. ['a3bl
IIPU HU3KOM JABJICHUHM XOPOILIO MNPOBOIAT SJIEKTPUUYECKUUA TOK, MOATOMY HX
aTOMBI MOKHO BO30YXJaTh JIEKTPUUYECKUM pPa3psaoM. TOK MPOBOJUTCS Yepes
MPOBOJIOYKH — DJIEKTPOJBI, BMAasSHHBIE B CTEKISAHHYIO TpyOKy. TpyOka c
BO30Y>X/IEHHBIM Ta30M CBETHUTCS, a U3 €€ TOPIOB BBIXOIAT Jyuu. LIBeT myuei
3aBUCHUT OT ra3a 3aKI0YEHHOro B TpyOKy. CMech reiausi ¢ HEOHOM JAET KPacHBIM
JIy4, aQpTOH — CUHHM, KCEHOH — 3€JIEHBIN, KPUIITOH — JKENTHIN, a YIICKUCIBIN ra3
— HEBUJUMBII TemIoBOM, UHppakpacHblid ayd. EcTh maxke jazep Ha BOASHBIX
napax. M3o00peren on Obim B konme 20 Beka. Takoi nazep maér MoIIHOE
TEIJIOBOE u3NydeHue. [{nrHa ero BOJHBI 4YyTh OOJIbIIE OJHOW JECSITOU
MUWUIUMETpa. DTO camMo€ JJIMHHOBOJHOBOE W3JIy4Y€HHUE, IMOJyUYEHHOE IIpH

TTOMOIIY J1a3epa.

PazpexxenHbIii ra3 B Ja3epHONM TpPyOKE OUYEHb Majo pPACCEUBAET CBET.
Pa3Mepbl TpyOOK Ta30BBIX J1a3epOB MOXHO JI€JIaTh OYEHb OOJBIIUMU: JIa3ep
nuHOM 5—10 MeTpoB — Bellb JI0BOJBHO OObIYHAs. MOIIHOCTh €ro U3JIy4eHus

MOXCET AO0CTUI'aTh THICAYH BATT, TO €CTh OJHOI'O KMJIOBATTA.

3.2 IN'asonuHaMUUYeCKHH J1a3ep.

[Ma3omnHaMudecKuii 1a3ep MOXO0K HA PEAKTHBHBIM JBUTATENh U paboTaeT
Takke. B ero xamepe cropaHusi cxuraercs yrapHbold ra3 (OKHCh yriepoja)
n00aBKO#l ToruMBa (KepocuHa, OeH3uHa, cnupta). llomyuuBiIascs npu 3ToM
CMEChH T'a30B COCTOMT M3 YIJIEKHUCIOro ras3a, a3oTa W NapoB BOJbl. MoieKyJbl
ra3oB BO30YXKJEHbI, BEJb TEMIIEpaTypa B KaMepe CropaHusi TOXOAUT O ThICSUU
C JJUIITHUM TpajycoB, a AaBiieHue — 10 20 atMmocdep. ITu packan€HHbIE Ta3bl U3

KaMCpPbI CTOpaHHA BBITCKAIOT 4YCPC3 PACIIUPAOIICCCA PCAKTHBHOC COILIO, €TI0



emé wuHorga HaseBatoT corwioM JlaBanda. B HEM r1a3 pasronserca Ao
CBEPX3BYKOBOM CKOPOCTH, OXJIaXJasch Mouytu 1o Hysa! IIpoHocacs mexnay
3epKajaMu, MOJIEKYJbl Ta3a HAYMHAIOT OTAABaTh HHEPIUI0 B BHUJE CBETOBBIX
KBaHTOB, POXJas Ja3epHbIM Jyd, MOIIHOCTh KoToporo 150-200 xumoBarr. U
ATO MOIIHOCTh HE OTJEIbHON BCIHBIIIKH, & MOCTOSHHOTO, YCTOMYMUBOTO Jyua,

CHAOIICTO, II0KA Yy JIa3€pa HC KOHYUTHCA IOPrOYHC.

3.3 Jlazepbl Ha KpacuTeJIAX.

HazpiBatoTcss OHM Tak MOTOMY, YTO HMX paboyas *KUAKOCTb — pacTBOP
AHWIMHOBBIX KPAacOK (BpOJE T€X, KOTOPHIMU KpPacCAT IIEPCTh U XJIOMOK) B BOJIE,
COUpPTE, KUCIOTE W JAPYTHX pacTBOpUTENSX. JKUAKOCTh HalUTa B IUIOCKYIO
BaHHOYKY — KroBeTy. KroBera, pa3dymeercs,, yCTAaHOBJIEHA MEXAY 3E€pKaJIaMH.
BMmecTo naMmbl—BCHBINIKKM Ha TMEPBBIX IMOpPaxX HUCHOJIb30BAIMCH WMITYJIbCHBIC
pyOMHOBBIE J1a3ephl, a MO3/HEe — ra3oBbie. Jlazep—Hakauky MOMEIIAIOT PSIOM,
BBO/ISI €T0 JIyd B KIOBETY uepe3 OKOIIKo B kopmyce. Ceifyac, mpasjaa, yJaanoch
NOOUTbCST TEHEepallMd CBeTa M € MMIYJbCHOM JIaMIIOM, HO HE Ha BCeX

KPaCHUTEJSIX.

PacTBOpBI MOTYT U3J1y4aTh UMITYJIBCHI CBETA PA3IMYHOMN JUTMHBI BOJIHBI — OT
ynbTpaduroneTa 10 HHGPAKPACHOTO CBETa — U MOIIHOCTHIO OT COTEH KHUJIOBATT
JI0 HECKOJIbKUX MeraBaTT (MUJUIMOHOB BAaTrT), B 3aBUCUMOCTH OT TOT'0, KaKOM

KpaCuTcCJib HAJIMT B KIOBCTY.

Jlazepbl Ha KpacUTENsX NOMOIAIOT CIEAUTHh 3a COCTOSSHUEM aTMOC(hEpHI.
CoBpeMeHHbIE TopoAa HAKPBITBI «KOJMAKOM» IMBUIBHOTO, 3aKOMYEHHOIO
Bo3yxa. O CTENEeHM ero 3arps3HEHUs MOXKHO CIEIUTh MO0 TOMY, HACKOJBKO
CUJIBHO B HEM pACCEMBAIOTCS JIA3€PHBIE JyYHW C Pa3HOW JUIMHOW BOJIHBL. B

YUCTOM BO3YXEC CBCT HC paCCCHUBACTCA, €I'0 JIy4H CTAHOBATCA HCBUIWMMBIMMH.

Taxoke OBIBAIOT KUAKOCTHBIC M ITOJIYIIPOBOAHNKOBBIC JIA3CPHI.



4. @yuxkyuu nazepnozo ayua.

OcHOBHass 00J1aCTh NPHUMEHEHUS MAJOMOILIHBIX HMITYJBCHBIX J1a3€pOB
CBSA3aHA C PE3KOW M CBAPKOW MMHHUATIOPHBIX JETAIEW B MHUKPOIJIEKTPOHUKE U
AJIEKTPOBAKYYMHON  ITPOMBINUIEHHOCTH, C MAapKHPOBKOM MUHHATIOPHBIX
JieTanei, aBTOMaTUYECKUM BbDKUTaHUEeM LHUPp, OYyKB, U300paKeHUI A1 HYX ]

MOJIUTPAPUIECKON MPOMBIIIIIEHHOCTH.

B nocnennue roapl B OAHON M3 BaXKHEUIIHUX 00J1acTel MUKPOIJIEKTPOHUKH
- (oromurorpadum, 06e3 NPUMEHEHHUS KOTOPOU MPAKTUUECKH HEBO3MOXKHO
M3TOTOBJICHUE CBEPXMHMHHUATIOPHBIX IEYATHBIX IUIAT, WHTETPAJIBHBIX CXEM U
JPYTUX 3JEMEHTOB MHUKPOAJIEKTPOHHON TEXHHKH, OOBIYHBIE MCTOYHHKHU CBETA
3ameHsAroTca Ha sna3epHble. C nmomomibio jazepa Ha XeCL (1=308 um) ynaercs

MOJIYYUTh paspeiieHue B poronutorpadudeckoit texnuke 10 0,15 - 0,2 Mxm.

JlanpHeWmuii mporpecc B CYOMUKpOHHOW mnuTorpaduud CBS3aH C
NPUMEHEHUEM B KayeCTBE  OSKCIOHHMPYIOMIETO HMCTOYHUKA CBETAa MATKOTO
PEHTTCHOBCKOTO M3TyUEHHUS U3 TUIa3Mbl, CO3/IJaBaeMOM JT1a3epHBIM JTydoM. B aTom
cllydae TMpeaen pa3pelieHus, ONpeaesieMblid TMHONW BOJIHBI PEHTICHOBCKOTO

uznydenus (1=0,01-0,001 mxm), okazbIiBaeTcsi MPOCTO (PaHTACTUUECKUM.

JlazepHblid JTyd MOXET NE€peAaBaTh CHUTHAJbI, KakK paJuOBOJHBI WU
anektpudyeckuil Tok. IlepBas B CCCP nuHMS ONTHYECKOM CBSI3M IepeaaBalia
TenedoHHBbIE PAa3roBOpel MexAy MockBoit u KpacHOropckoM mo OTKPBITOMY
ayay. OnuH U3 jna3epoB ObUT YCTAHOBJIEH Ha OalrHe BhICOTHOTO 31aHust MI'Y.
JlazepHbIi JIyd MOXET MATH MO CTEKJISIHHBIM HUTSM, KaK TOK MO MPOBOJIAM.
bnaromapss stomy mnonydaroT Gororpadud H3HYTpU BHYTPEHHHUX OPraHoOB
(HanmpuMmep, >KeTyiKa) BBOJS BOJIOKOHHBII CBETOBO/]I Yepe3 MUILEBO]] OOJIBHOTO.

JlazepHbIil Tyd C)KUTAET JIFOOOW, JAakKe CaMblii MPOYHBIM M >KapOCTOWKHIA
Marepuall. J[BMKEHHEM pEeXyIllero Jiyya ymnpasisieT OBM, Tak 4TO MOXKHO
MTHOBEHHO OIpPEAENIATh TOYHOCTh PE3aHUsl U BHOCHTHh TPeOyeMble IMOIPAaBKH.

ToHkyro, BOJIB(QPAMOBYIO TMPOBOJIOKY JUIsI  DIEKTPUYECKUX  JIAMIIOYEK



MPOTATUBAIOT dYepe3 OTBEPCTHS B aiMas3ax, MPOOUTHIC JIA3E€PHBIM JIYYOM.
PyOGuHoBbIE MOAMIMIMHUKKA (KaMHHU i1 4acOB) 00pabaThiBalOT Ha JIa3epHBIX

CTaHKax—aBToMaTax. TOYHOCTh JIA3CPHBIX H3MepeHPII>'I O4YCHB BBICOKA.

CeronHs na3zepHasi yCTaHOBKa OTMEYAeT MajeiIine JBUKEHUS TPYyHTa MO

3HaMeHuTOoM [In3anckoil OaniHen.

Jlazeppl Tak K€ WCHOJB3YIOTCSI B CEIIbCKOM XO3SMCTBE, arpOHOMBI
o0JydaloT WM TIOCAJOYHBIA MaTepual W IOJY4YaloT  OHISIOMIISIONINE
pE3yNbTaThl, YPOXKAMHOCTh 00Jy4EHHOTO MPOAYKTA BbIlIe NpexkHen Ha 40%.

Jlazeppl MCHONIB3YIOTCA B BOCHHOUW MPOMBIIIJICHHOCTH, B JAHHBII MOMEHT
CYILIECTBYET JOCTATOYHO OOJBIIOE KOJUYECTBO JIA3EPHOTO OPYKHsI, HO OHO HE
COBEPIIICHHO, aTMOC(EpHbIC SIBJIEHUS CHUXKAIOT ero 3¢G(EKTUBHOCTh, a BOT B
KocMmoce oH He 3ameHuM. BoenHoe munuctepctBo CIIIA 3ansoch ocHalieHueM
JIa3€pHBIM OPY’>KHEM KOCMHUYECKHUX IIaTHOPM.

3axoAs Ha MOCaAKy, CaMOJIET ABUKETCS IO TMOJOrOM TPAeKTOpUU —
rinuccazae. JlazepHoe ycTpoicTBO, TOMOTaOIIEe MUIIOTY, OCOOCHHO B HEMOTO.1y,
TOXe Ha3zBaHO «l'nuccana». Ero jiydu mo3BOJSIOT TOYHO COPHUEHTUPOBATHCS B
BO3JIyIIIHOM MPOCTPAHCTBE Haja a’poApoMoM. JlazepHblid ypoBeHb Jdall
BO3MOXXHOCTh ~aBTOMATU3MPOBATh JOPOXKHBIE paboThl. A’podoTochEMKa
JA3epHBIM JIy4OM T[IO3BOJISIET TOYHO OMNPEACIUTh T'pPaHUIIbl apPKTUYECKHUX
AHTULIUKJIOHOB, KOTJa JoJiras TMOJspHas HOYh HE MO3BOJSET BECTH OTY

npouenypy. Takxe aHaJIU3 JIa3epHOTO Jy4ya HE 3aMEHUM B KapTorpaguu.




B moy Owusnece BB, HaBepHOE, HE PEAKO 3aMeyajldl WHBIE CBETOBBIC
3bdexThl MpUMEHsieMble IS yKpallleHWsl CIEH, 3TO KapTUHBI HApUCOBaHbBI
Ja3epHBIM JIy4OM, a KOrjaa — HU Oyab, BO3MOXKHO, CIEHHAIUCT IO Ja3epHOU

ONTUKE CTAaHET B TeaTpe CTOJIb K€ MPUBBIYHONW (PUTYpOid, KaKk TpUMEpP WU

JICKOPaTop.

5. Jlazep ¢ meouyune.

OCHOBHBIMH MPEUMYILECTBAMHU, CTUMYJHUPYIOIINMU MPUMEHEHUE J1a3€pOB
B MEIUILMHE, SBISAIOTCS pPAJAUKAJIbHOCTh JICYEHUS, CHUKEHHUE CPOKOB
BMENIATENILCTBA, YMEHBIICHUE YHCIIA OCIIOKHEHUW, KPOBOIOTEPHU, YIYyUIIEHUE
YCIOBHM CTEPWIBHOCTH W T. J. B MEIUMIMHCKHX UEIAX HCIIOIB3YIOTCS, B
OCHOBHOM, TBEPJIOTEIBHBIE U Ta30BbIE Ja3epbl. [lepCIeKTUBHBIM HAIPABICHUEM
MOKHO CYUTATh NPUMEHEHUE W3IYyYEHUS HHU3KOIHEPIeTUUYECKUX JIA3€pOB B
BUJIMMOW YacTH CIEKTpa JUIsl CTUMYJUPOBAHUS PENapaTUBHBIX MPOLECCOB MPH
XPOHUYECKUX JUIMTEIBHO HE 3aKHUBAIOIIMX paHaX, TPOoPUUECKUX S3Bax,
3aMeIJICHHON KOHCOJIHMIAINK TEePEIOMOB, 3a00JieBaHNI OOMEHHOTO XapakTepa

u JIp.
5.1 Jlazep B Xxupyprum.

CkanbnesieM  JeNarOT  pas3pe3, 3aKUMOM  IEPEKPBIBAIOT  KPYIHBIC
KPOBEHOCHBIE COCYJIbI, KOTOPBIE IIPUIUIOCH NEPEPE3ATh, & TAMIIOHOM yIAJISIOT
KpPOBb C OllepaloHHOro mnojis. KpoBu B opraHusmMe MHOIO; Kpome OOJIbIIUX
COCYJIOB, €CThb €II€ MHOXECTBO MEIIKUX, KaNWUIIPHBIX, KOTOpPBIE HE
nepexxmenb. Ceiluac yMEIOT OCTaHaBIMBATh KPOBb Pa3IM4HBIMU CIIOCOOAaMH, a
emé JeT CTO MATHACCAT Ha3aJ paHy NPUXOJWIOCH MPHKUTaTh, YTOOBI

«3aBapUTh» KOHIbI COCYJOB U HE JaThb UM HCTE€Yb KPOBbIO. XHUPYpPrd JAaBHO



MeYTaJId 00 UHCTPYMEHTE, JENarouM OSECKPOBHBIN pa3pe3. XopoIIo Obl TaKKe,
4TOOBl OH OBLI JIETMKATCH C TKaHSMH, BEIb CErOJHS XUPYPTU yMEIOT JeNaTh

OIcpanuru Ha CCTUATKE I'Jia3da 1 JaXC MO3IC.

A 4T0 MOXeT OBITh HEXXHEE MPUKOCHOBEHUs Jiydya cBeta? CoBpeMeHHas
TEeXHUKA TPE/I0KNIIa MHCTPYMEHT, COUETAIoONuil B cebe 00a 3Tu TpeboBaHus, -

CBETOBOM J1y4!

JlazepHBIM JIydOM MOKHO CHE€JIaTh Pa3pe3 LIMPUHOM B TBHICSYHYIO JIOJIO
MUJUIUMETpa. B 3aBUCMMOCTH OT DHEpPruu, KOTOPYIO OH HECET, U BPEMEHU €I0
BO3JICHCTBHS, OH MOXET «3aBapuTh» cocya (Kak TOBOpPAT MEAUKU —

KOaryJmpoBaTh €ro) Win, Ha000pOT, MPOOUTH B HEM OTBEPCTHE.

Jlaxxe 1BeT Jyya oka3aJicsl BaKEH B Xxupypruu. KpoBpe kpacHas moTomMy, 4To
IPOITYCKAET KPACHBIE JIy4Yd M 3aJCPKUBACT, IOIVIOLIAET JIy4Yd BCEX APYTHUX
OTTEHKOB U 1BeTOB. [loaTOMY pyOMHOBBIN Jlazep AJs «3aBapUBaHUA» COCY/IOB
HE MPUTOJUTHCA. A €CIIM HCIIOJIb30BaTh 3€JIEHBIM WIM CUHHM JIydd CBETA,
KOTOpPBIE XOPOIIO TOTJIOMAIOTCS KPOBBIO, MOXXHO TOOUTHCSI MIHOBEHHOIO

00pa3zoBaHMsI CTYCTKA KPOBH, 3aKYTIOPUBIIIETO MIEPEPE3AHHBIA COCY/I.

briBatoT citydan, korja He0OX0AUMO Pa3pyILIUTh MOBPEXKIEHHYIO TKaHb, HE
3aTparuBasi OJM3JIEKAIIMX W HA MYTH CTOSAIIMX COCYJIOB. Torna MpUMEHSIOT
IEJIMA—HEOHOBBIM WM KPUIITOHOBBIM Ja3ep; Jy4 KPAacHOTO LBETa MPOUIET
CKBO3b KPOBEHOCHBIE COCY/IbI, HE IPUHECS BPEAA, MPSIMO B HYXKHYIO TOUKY. DTO
MPUMEHSIIOT B YPOJOTUM IIPU KaMEHHOM OO0JIE3HU MOYEK, Jiazep pa3ipadiuBaet
MOYEYHbIE KaMHM, IpEeBpalnas UX B MECOK, TEM CaMbIM HE HAHOCA HE KaKUX

HOBpC)KI[CHI/Iﬁ TKaHsIM, CTOSAIOMM Ha ITYyTH.

5.2 Jlazep Ha oxpaHe 3peHuUs.

UpesBbpIuaiiHO MOJE3HBIM M YAOOHBIM OKa3ajcs Jiazep B OPTalIbMOJIOTUU —

00JIaCTH MEIMIINHBI, BEJAIOIIEH 3pEHUEM.



Bcero copok et Hazaj auarHo3 «auda0eT» o3Hadal s OOJIBHOTO
OJMM3KYI0O M BEpPHYIO CMepTh. Takoe 3a0ojieBaHHE BO3HHMKAET BCIIEJCTBUE
HEIOCTaTKa WHCyJuHA. llocne co3gaHusi MCKYCCTBEHHOTO WHCYJIMHA KU3Hb
00apHBIX ObLIa craceHa. Ho okazanock, 4To ¢ TogamMu BCIEACTBUE HapyIICHUS
oOME€Ha BEILECTB, BEI3BAHHOTO 0O0JIE3HBIO, CETYATKA IJ1a3a TSAKEIO MOPAKAETCH.
Ot1o npuBoaUT K cienote. Clol CBETOUYBCTBUTEIbHBIX KIIETOK, KOTOPOMY MbI
00s13aHbl 3pEHHUEM, MPOHMU3AH KPOBEHOCHBIMU Kamujuisipamu. Okazaioch, 4YTO
npu guabere 4yacTh UX 0O0ECKPOBIMBAETCS, @ YACTh PACTITUBACTCA M HAYMHAET
«IPOTEKaTh», 00pa3ysi MHOTOYHCIICHHbIE U3NusaHus. Haunnaercs OypHbIN pocT
JPYTUX COCYJZIOB, KOTOPBIE OTCACHIBAIOT KPOBbH U3 3J0POBOM TKaHU, JUIIAsA €€
nuranug. Kpome Toro, HOBbIE COCYAbI U3 340POBOM TKAHH HENPOYHBI U JIETKO

PBYTCAL. OT THKENBIX ITOBTOPHBIX KpOBOI/ISJII/ISIHI/Iﬁ MOJKHO IIOTCPATH BCCh I'JIas.

JlazepHblii Jyd MOXHO BBECTHM B TJla3 mpsamMo uepe3 3padok. C ero
MOMOIIBI0O MOYXHO OTpe3aTh HEHYXHbIC COCYbl, 3aBAPUTh TE, KOTOPHIC

MMpOTCKAarOT, N JIMKBUAUPOBATH CJICABI KpOBOHSHHHHHﬁ.

Tax xe ¢ moMomIbIo Jlazepa OPTAIBMOJIOTH JieyaT I1ayKoMy. DTO OIacHOe
rjia3Hoe 3a00JIeBaHUE, KOTOPBIM CTPAAAeT TPHU MPOLIEHTA HACEJICHHS IJIaHETHI.
OHO BO3HHMKaeT, KOrzJa B TIJla3y NOBBIIAETCA AaBieHUE xuiakoctu. HykHa
CJIOXHAsl ¥ OnacHasi onepanus. [ MraHTCKue UMIYJIbChI JIa3epa MOTYT MPOOUTH B
3aJHEIl TMOBEPXHOCTH PAXyKHOM O000JOYKM Tja3a MHKPOCKOMUYECKHE
OTBEPCTUS, HE YCIIEB HArpeTh JKUBYIO TKaHb. OHU MOCIIYy»aT KaHAJIbLIAMU IS
OTTOKA BHYTPWIJIA3HOW KUAKOCTH. B MTOre AaBiIeHWE HOPMAIM3YETCS, Yrpo3a

CJICIIOThI OTCTYIIACT.



5.3 Jlazep B racTpO3HTEPOJIOTHH.

IIpy momMomu jasepa AENAOT OIEpaldy >KEIyAKka W KulledyHuka. Hx
CTEHKM COCTOSIT W3 MHOXECTBA CJIOEB TKaHW, MPOHU3AHHBIX KPOBEHOCHBIMU
cocynamu. [Ipu onepanuu 311 CI0M CIIUBAIOT ITOOYEPENHO, CUIIBHO TPABMUPYS
pu 3ToM TKaHb. K Tomy ke BCE Bpemsi OCTAaETCsl BEPOSTHBIM, YTO KAaKOU — TO
CJIOM OyJET Cciy4ailHO MPOKOJIOT U 3TO NPUBEAET K MEPUTOHUTY — BOCHATICHUIO
OprolIHOW MonocTH. Jla3epHbBId Jyd MOXET OAMH 3a JAPYTUM aKKypaTHO
3aBapUTh ITU CJIOU TEM CaMbIM, OCTAHOBUB KPOBOTEUECHHUE.

Jro0oi1 Xupyprudeckuii MHCTPYMEHT TIepel ONepalued HyXIaeTcs B
crepunu3aiuu. JlazepHoMy J1ydy He TOJIBKO 3TO HE HaJl0, HO U OH caM CIoco0eH
o0e33apaxuBaTh paHbl, yOMBasi MUKPOOOB U UCHIAPsIsi OTMHUPAIOIINE TKAHHU.

[lenutenpHBId JTyd MOXKHO BBECTH NPAMO B JKEIYJOK OOJBHOrO mpu
MOMOIIM THOKOTO0 CBETOBOJA U ONEPUPOBATh, HE BCKPbIBAsi OPIOIIHOMN MOJIOCTH.
Ho He TonbKO B JKEIyJOK MOXKHO BBECTH CBETOBOJ, HO U B cepaue. JlazepHsii
Jdy4 CHOCOOEH MPOBECTH OMNEPALMIO HAa CEPALE U3HYTPU, OCBOOOIUB OOJILHOTO
OT CTpaJaHHil.

5.4 Jlazep B cTOMATOJIOTHM.

B cromaronorun nazep ¢ ycmexom 3amMeHser cBepisio. lIpexzae uem
HaKJIaJbIBaTh TUIOMOY, HEOOXOAUMO YJalUTh IMOYEPHEBIIYIO, MOPAKEHHYIO
KapuecoM TKaHb 3y0a. s MHOTHX ItojIe cBepseHue 3y00B - Tpoliecc
0oJiIe3HEHHBIN U HenpUATHBIN. OIHAKO, MMOX0XKE, B CKOPOM BPEMEHH MPOOJIEM ¢
3TUM He Oyner. CBETOBOW HUMITyJbC Jla3epa XOPOIIO OTpa)kaercs oT Oeyoin
OnecTslel TMOBEPXHOCTH  3/0pOBOM 3yOHOM TKaHM U TOTJIONIAETCS
MOTEMHEBIIIEH, OOJBHON, KOTOPYIO OH pa3orpeBaeT W UCIHapseT BMECTE C
MHUKpOOamu.

5.5 Mepbl 0e30macHOCTH.

Bce Bo3pacrarommii MHTEpEC K MCIOJIb30BAHUIO JIA3€POB B MEIULIMHE
npuBed K HEOOXOJMMOCTH CO3/aHUs CIHEIUATIbHBIX JIA3€PHBIX OTIEJICHUN U

OIEpalOHHBIX, JOCTaTOYHO IMPHUCIIOCOOIEHHBIX K O€30MacCHOM IKCILTyaTal|H.



['maBHBIM BOIIPOCOM CTAHOBHTCA 3alliTa MCAUMIOHUHCKOI'O H TCXHHUYCCKOI'O

IMepCoOHaJIa OT BJIMAHUSA BPCOAHBIX q)aKTOPOB JIa3CPHOT0 U3JITYUYCHUA.

OnepalMOHHOE TOMEILIEHHE JIOJDKHO  YAOBJIETBOPATh  CIEAYIOIIUM
creluanibHbiM TPeOOBAaHUSAM: CTEHbl M TOTOJOK IMOMELIEHUS JOJKHBI OBITh
OKpAIlleHbl TEMHOW MaTOBOWM KpacKOW, a CTeKJia OKOH — OeJoll MaToBOW
KpacKoi, 4TOObl NPENOXpPaHUTh 3PEHHE Bpaya W MalHUEHTa OT MOPaKEHUs
JA3€pHBIM M3JIyYEHUEM, CIIy4YalHO OTPaXEHHbBIM OT CT€H MW IHOTOJKA
nomeneHus. B HeM HeoOxoauma xopoiiasi IPUTOYHO-BBITSKHASI BEHTUJISALMS,
BXOJIHbIE€ JIBEPU JOJIKHBI OBITH OOOpPYHOBAaHBI CBETSIIUMCS TabJI0 Ja3epHOM

OIMAaCHOCTH, 3aroparomumMcs Ipru BKIFOYCHUH YCTAHOBKH.

6.Heoasnee omkpsimue.

JlroOombITHOE  OTKPBITUE  CHETAIM  CICHHAIUCTBI  Onodu3nyeckomn
naboparopun The University of Texas at Austin (CIIA). Mcnionw3yst 1azepHOe
U3ITy9CHHE HU3KOW WHTCHCUBHOCTH, YYCHBIC CMOTJIM HE TOJIHBKO 3HAYUTEIHHO
YCKOPUTHh PEreHEpalldi0 TMOBPEKIACHHBIX OTPOCTKOB HEPBHBIX KJIETOK, HO H
W3MCHHUTH HAIPABJICHUE UX POCTa.

BnepBoie umes MaHWIMyJIUpOBAaHHS HEHWPOHAMHM C TIOMOIIBIO JIA3€PHBIX
nydyed Bo3Hukia B Hawaine 2001 roma. bwpuio co3gaHo yCTpOMCTBO, KOTOPOE
MOXHO YCJIOBHO Ha3BaTh ONTHYECKHUM MAHHITYJISITOPOM, IIO3BOJISIOIIEE
nepeMenaTh KUBbBIC MHUKPOCKOITUYECKUE O0OBEKTHI, oOnagaroriue
CIOCOOHOCTBHIO MPOBOAUTH 3JEKTPUUYECKUE HMMIYIbChl. OPQGEKT Takoro
MEPEMENICHUS]  OCHOBBIBAGTCS HA  CIIOCOOHOCTH  OENMKOBBIX  MOJEKYII,
MPUHUMAIOIIMX y4YacTUE B pEreHepanuu, "MPUTATHBAThCA" K IEHTPY IydyKa
Ja3epHOro CBETA.

[loka mOAOOHBIE MAHUMYJAIMA BO3MOXHBI TOJBKO C OTJEIHHBIMH
HEPBHBIMU KJIETKaMu in vitro. Vcronb3ysi TOHYaNIIMI MyYOK JIa3epHOTO CBETA,
MCCJIEI0BATENN U3MEHSIOT O0Iee HalpaBJIeHUE poCcTa HEMPOHOB OoJee yeM Ha

90 rpamycoB U yBEJIIMUMUBAIOT CKOPOCTh UX PEre€HEpPallMy IPUMEPHO B LIECTh Pa3.



B  mnactosimee  Bpemss  ydeHble  pa3padaThIBAIOT  TEXHOJOTHUIO
OJIHOBPEMEHHOTO PAaBHOMEPHOTO BO3ACHCTBUS JIa3€pHOIO Jiydya Ha MHOXXECTBO
HelipoHoB. Ecnu ux paboTta OKakeTcsl yCHEIIHOW, BO3MOXKHO, METOJl HaujeT

IIPUMEHEHUE B KIMHUYECKOU MPAKTHUKE.



6. 3aknrouenue.

Bcero 44 rona nponuio ¢ MOMEHTa U300peTeHus Ja3epa. 3a 3TO BpeMsl OH
YCHENIHO U TIIyOOKO YKOPEHWJICS B YEJIOBEUECKOW >KM3HH. MHOrue (yHKINH
Ja3epa CTaju MpocTo He3aMeHUMBbI. [la emé B1oOaBoK Jia3ep peker, CBapuBaeT,
Ky€T, 3aKaJIMBAET, CBEPJIUT, KPOUT, MPOBEPSIET KaueCTBO 0OpabOTKHU JeTanei u
JIeIaeT MHOKECTBO JIPYTUX, HE MEHEE BaXKHBIX JIEJ, Il KOTOPBIX, Ka3aJI0Ch OFbI,
COBEPILIEHHO HE rOAUThCS Jiyd cBeTa. Ho 310 He Tak.

brnarogapst HeMy MHOTruE€ MpPOIECCHl B MPOMBIIUIEHHOCTH YNPOCTUIIUCH,
ObLIM HallIeHbl HOBBIE METO/IbI JICUCHHUSI, U3MEPEHUS, PETYJIMPOBKU U Jp. A Bellb
paHbllle HUKTO M MPEANOJIOKUTh HE MOT, YTO U3 3a0aBHOI0 MAaTeMaTHYECKOIO

KYpbE3a, IIOJIIYUHTCA TAKOC 3aMCUATCIIbHOC I/I306peTCHI/Ie, KaK JI1a3cp.
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BBenenue.

OfHHUM U3 caMbIX 3aMeyaTeNbHbIX JOCTH)KEHUN (DPU3UKU BTOPOU IMOJIOBUHBI
JIBaJIIATOr0 BEKa OBLIO OTKPHITUE (DU3UUYECKUX SBICHUM, MOCIYKUBLIIUX
OCHOBOM JJIsi CO3JaHMsl yIMBUTEIBHOIO MPUOOpa -ONTHYECKOIO0 KBAHTOBOTO
reHepaTopa, WiM jlazepa.

B Hacrosiee BpeMs CI0BO «J1a3ep» CTaIo o0IeynoTpeOuTebHbIM. Benpb
3TO YCTPOMCTBO HCHOJB3YyEeTCSI BO BceX cdepax AesTeIbHOCTH 4YeJlOBeKa:
MPOMBIIIUICHHOCTH, HayKe, MeaulMHe U T.1. Ho He KaXIplil 3HAaeT 4To 3TO
takoe. Ha camom Jniene omnmcaHue jaszepa 3aK/IFOUEHO B ero HazBaHuu. Ci0BO

«Jlazep» COCTaBJIICHO W3 TMEpBbIX OYKB AaHTJIMHACKOW (pa3bl, O3HAYAIOLIEH:



«YyCWJICHHME CBETa MpPH TMOMOINU BBIHYKJIECHHOTO W3IydeHus». OH MOXeT
BBUICYUTH HAJBUTAIOIIYIOCS CIICTIOTY M Ha JIETY MOPA3UTh BPAKECKHU CaMOJIET,
MTHOBEHHO TIPOCBEPJIUTH OTBEPCTHE B ajlMa3e W PACKPOUTh TOHYAMUIIYIO
IIEJIKOBYIO TKaHb. OH 0€300JIe3HEHHO 3aMEHSIET CBEPJIO B CTOMATOJIOTUYECKOM
kabuHeTe, co3maét rosorpaduueckue 3P EKTh, PaACCEKAET YEIOBEUECKYIO

MJI0Th 0€3 MPOJIUTHS KPOBU U MHOTOE-MHOTOE JIPYTOE.



1.4TO TAKOE JIA3EP?

1.1
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