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Pusunka ctm MyJrimpyeTt npomMmbIlLINEeHHOCTb

Jlazepwt o 1954 rona na paspaboTKy Ma3epa, KOTOPBIH SBUJICS MPEIIECTBEHHH-
KOM Jiazepa, aMepUKaHCKHE MPAaBUTENbCTBEHHBIE (OHIBI BhaeTiIn okoio 30,0008.
Otu paboThl BeIHCh MO pyKOBOACTBOM (u3uka Yapnp3a Taynca. Cerogns B oTpac-
JISIX TIPOMBIIIJICHHOCTH, B KOTOPBIX HE 000HTHCH 0€3 J1a3epoB, 00bEMbI MPOU3BOICTBA
COCTaBJISIIOT JECITKH MUJUIMAPIOB JOJUTapoB. Jazephl MPUMEHSIOTCS B CaMbIX pa3HO-
00pa3HbIX 00JACTSIX: OT XUPYPTHH 10 MIPOUTPHIBATENEH KOMIAKT-ANCKOB U CKaHEPOB
ITPUX-KOJOB Ha OakaleilHbIX ckiagax. OTKpeITHE, 0 KOTOPOM CHaudaia JyMajH, 4To
OHO HE HaWJeT MPaKTUYECKOTO MPUMEHEHHUs, CIENajao Hally MOBCEIHEBHYIO KU3Hb
dydie ¥ yaobHee. B pe3ynbraTe npoaoinKarouMxcs UCCIeI0BaHUM, TPOBOAUMBIX B
YHMBEPCUTETAX, MPOMBIIUIEHHBIX M TOCYAAPCTBEHHBIX JIA0OPATOPUSIX, YUCIO pas-
JIMYHBIX TUIIOB Ja3€pPOB U KOJIMYECTBO UX MPUMEHEHUH MOCTOSHHO PacTeT.

JNNASEPHASA PE3KA

* JIazepbl NpUMEHSAIOTCA 1J11 CBAPKU, CBEPJICHUS U
pe3aHus pa3IUYHBIX MaTEpPHUAIOB — OT Oymaru u
TKaHU J0 aJiMa3a U CBEPXTBEP/IBIX CILIABOB.

* Ha aBTomoOune "Kamummak" cBapka ceMmHasIa-
TU Pa3JIMYHBIX MaHEIbHBIX COOPOK BBHIMIOJIHEHA C
MTOMOILBIO JIa3epa.

« Jlazepnl MO3BOJISAIOT 00OJIe€ TOYHO MPOU3BOAUTD
CBEpJICHUE U CBapKy, MPUUYEM MHCTPYMEHT — JIy4 Jla3epa — HUKOTrJa HE U3HAIMBAET-
csl.

* [IepBbie uccnegoBaHus B 00JIaCTH JTa3epHOI pe3KU MaTepuasIoB npoBeeHsl B 1950-
€ TOIbI M0 3aKa3y BOEHHO-MOPCKUX U Bo3aylIHbIx cuit CHIA.

OMNTUYECKUU METOO XPAHEHUA UHOOPMALIMU
e Jlazepnl MCMOJIB3YIOTCA ISl UTCHUS W 3alKMCU JTaHHBIX
Ha onThYeckux auckax. [I[pumeHeHue nazepoB MPUBEIO
K CO3/IaHHMI0 CUCTEM XpaHEHUs MHPOPMAIMH OYCHb BHI-
COKOM MJIOTHOCTH.
* B 1995 r. MUpOBOI PBIHOK ONITUYECKUX CUCTEM XpaHE-
HUs UHPOPMAIIMU COCTAaBIII 3.5 MUJUIHAp/Ia 10JUIapOB.

NA3EPHASA XUPYPIUsA

e » JIazepbl NpUMEHSIFOTCS ISl KOPPEKLIMY 3PECHMS,
yIaJeHUsl OIyXoJiel U KOPOHAPHBIX TPOMOOB, AJIs
32)KMBJICHUS PaH.

* JlazepHble 0(pTaIbMOIOTUYECKUE ONIEPALIMU 3aHU-
MalOT HECKOJIbKO MUHYT U HE TPEOYIOT AJIUTEIBHOTO
npeObIBaHMsI B OOJIBHUIIE.

* MeToab! na3epHON XUPYPrUu NO3BOJINIIN YMEHD-
LIUTH CJIENIOTY, BbI3BaHHYIO AnaderoM, Ha 60 %.

Foboamatix Lid




Jlazepbl: 0T HAyYHBIX Pa3padoTOK 10 OBLITOBOI0 MCIOJIb30BAHUSA

LASER = Light Amplification by Stimulated Emission of Radiation

U3roTOBJIEHUE NOJIOFPAMM
* ['onorpaMmel, CACIAHHBIE C IIOMOIIBIO Ja3€pa, MHUPOKO UCIIOJIb-
3yIOTCSl KaK CpEACTBO OOecreyeHus] O€30MaCHOCTH U 3alUThl OT
IIOJIJIEJIOK.

* B Oynyuiem, Bcst mHdopmanus o6ubdauoreku kourpecca CIIA
CMOXET YMECTUTHCS Ha ToJorpauueckoM HocUTele HHpopMaIuu
pa3MepoM C KyCOoueKk caxapa.

NA3EPHbIA CKAHEP
hd Ha3epHBIe CKAaHCPbI IMIPUMCHAIOTCA HA CKJIaAdaX W B MdradnmHax
AJIA CHUTBIBAHUA IOTPUX-KOJOB, B KAYCCTBC HATYUKOB IIPH HC-
CJICIOBAHUU OKPY’KAIOWIEW Cpelbl, B padapHbIX YCTPOWCTBAaX, B
JIOTEPENHBIX MAIMHAX, AaHAIM3ATOPaX KPOBU U B KacCax Ha CKO-
pOCTHbIX aBTOILOpOFaX.

BOJIOKOHHAA OMNTUKA
* ONTOBOJIOKOHHBIN Kabelb IeMCTBYET KaK MPOBOJIHUK JIa3epHO-
ro usnydenus. [1o ogHOMY ONTOBOJIOKHY MOKHO OJJHOBPEMEHHO
nepenaBath 80,000 TeaedOHHBIX pa3roBOPOB.
* ONTOBOJIOKHO SIBJISIETCS OCHOBOW BCEMHUPHOM TEIEKOMMYHUKA-
UOHHOM WHIYCTPUHM, CTOMMOCTb KOTOPOIl OLICHMBAETCS BEJIH-
yrHOU nopsiaka 100 MusIMap/10B 10J71apOB.

YOANEHUE MUTMEHTHbIX NATEH U POOAUHOK

« CpencrBamMu JIa3epHOM XUPYPrUU ONEPALMHU BBINOJHSAIOTCS
HAMHOTO ObICTpee U TOYHEEe, YeM cKaibleneMm. B nmazepHoit xu-
pypruy MEHbIIIE NMOTEPU KPOBU IPH orepauuu. B psae ciiyyaes
OKAa3bIBACTCS HEHYKHBIM IIEPEIIMBAHUE KPOBHU.

e JlazepHbIil Jy4 ynpollaeT yJajJeHHE IPaMOB, POJAUHOK U Ta-
TYHUPOBOK.
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Ha mensn ynan 6E/IUKOJICNHBIU C8em

(Anb0epT JMHIITEHH 00 OTKPBITHH J1a3¢PHOT0 MEXaHU3Ma).

1860 — JIx. MakcBem chopmyInpoBal
yYpaBHEHHUsS, OIMCHIBAIOIIUEC DIJIEKTPO-
MarHuTHbIE (B TOM YHCJIE CBETOBBIE)
BOJIHEI.

1900 — M. Ilitank OTKpHLT "KBaHT" CBe-
Ta.

1917 — A. DiinmiTeiiH npoBen  (yHaa-
MCHTAJIbHOE HCCJICJIOBAHUE IPHUPOIBI
CBETa, OTKPBLI MPUHIIMITBI CIIOHTAHHOTO
Y BBIHYKJICHHOTO H3JTyUYCHHUS.

1953 — ®usuk Y. TayHc B pesysbTare
HUCCIIeJOBAHUM IO CO3JaHUI0 UCTOUHHKA
MUKPOBOJHOBOTO HU3IY4YCHHS JISI KOM-
MYHHKAIIHOHHBIX CHCTEM CO3/all Tiep-
Beii  Mmazep (HoOGeneBckas mnpemus,
1964 r.).

1958 — U. Tayuc u A. lllasnos (JIabGo-
patopusa benna) npuctynuiam K cospa-
HUIO "ONTHUYECKOTro Maszepa', KOTOpbId
NI03KE HA30BYT JIA3€POM.

1960 — T. MoiimaH ucnosb3yer pyowu-
HOBBIM KPUCTAJLI Il CO3/[aHHUs TIEPBOTO
paboTatoiero yazepa.

1961-65 — A. [llaBnoB pa3aenun HoOe-
JIEBCKYTO MIPEMUIO (1981 r.) c
H. biiomGeprenom 3a paboThl B 00acTu
Ja3epHOM CIEKTPOCKOIUU, KOTopas Mo-
3BOJIMJIA TMPOBOJUTH XMMHYECKUN aHa-
JIN3 TaKUX BEIIECTB, KAK BO3AYIIHBIC a3-
pozomu. A. Jlxaan, [I. Xeppuor u
B. beHHETT BIiepBBIE UCHONIB3YIOT JIa3ep
B TEJIICKOMMYHHUKAITMOHHBIX TPHUIIOKE-
ausix. Kopmopauun General Electric,
IBM u ¢unancupyemasi mpaBUTEIbCT-
BoM JlaGoparopus JIuHkonbHa OOBSIBU-
AU O CO3JIaHUU TOJYIPOBOJHUKOBOIO
nazepa. C. Ilaten pa3pabotan nazep Ha

YTJIEKHUCIIOM Ta3e, KOTOPhIN cerlvac Iu-
POKO MPUMEHSETCSI B MPOMBIIIJIEHHOCTH
JUISl CBAPKH, PE3KH U CBEPJICHUSL.

1968-69 — ArentctBo NASA 3amycka-
€T TEepBbId CIYTHHK, OOOPYIOBAaHHBIH
JIETEKTOPOM Ja3epHoro maiyueHus. Te-
1Iepb MOXKHO C IOMOIIBI0 Ha3eMHBIX Jia-
3epoB mepenaBaTh HHPOPMALIUIO Ha Op-
OUTaNbHBIC CIyTHUKU. ACTPOHABTBI
pa3MeNIalT Ja3epHbIe OTpa)KaTelid Ha
Jlyne.

1982 — B oTBeT Ha 3HAYMTEIIBHOE YBE-
JWYEHUE TOJICIIOK KPEAWTHBIX KapTo-
yek VISA HaumHaeT MCHoJib30BaTh Jia-
3epPHBIC TOJIOIPAMMBI.

1980-e-90-e — Jlazepnl COCTaBJISIFOT
OCHOBY MHOTOMHJUTHAPIHON ITPOMBIIII-
neHHocTH. OHM UCTIOIB3YIOTCS B XUPYP-
THH, TCIICKOMMYHHKAIIUN, HABUTAIIWH,
CBapKe W pe3Ke MaTepHalioB, B TOPTOBIIC
JUTSL CAUTHIBAHMS IITPUX-KOJIOB, B IPUH-
Tepax, JUIS 3alllUThl OT MOJICIOK, B
IPOUTPBIBATEIIAX KOMIIAKT-JIUCKOB M B
BOCHHBIX CHCTEMaX.



dus3uka cosgaeT paboune mecTta

Komnwviomepur 'ocynapcTBeHHbIE POTrpaMMbl MOAJEPKKU HCCIe0BaHUM B obsactu ¢u-
3WKH TUTa3Mbl, (PU3UKH TOIYTPOBOJHUKOB M MAarHUTHBIX MAaTEpHUajoOB TO3BOJIIN CO3IATh
OJIHY M3 CaMbIX OOJBIIMX OTpacieil MpOMBINUIEHHOCTH B Amepuke. [IpaButenscTBo mpo-
JIOJDKAeT MOAJNEPKUBATH JUIMPYIOLIYIO POJIb 3TOM MPOMBILUIEHHOCTH U ceroans. Ha noimto
AJIEKTPOHHOM U MOIYIPOBOJIHUKOBOW MPOMBIIUIEHHOCTH MPUXOAUTCS OKOJIo 6,5% BanoBo-
ro npousBojactea CIIA (400 muwimumapnoB pomiapoB M 2,6 MUJUIMOHOB pabouyux
MecT). CeroaHs KOMIBIOTEPH U MUKPOTIPOLIECCOPHI HCIIOIB3YIOTCS MTOBCIOY: B IIEPCOHAIIb-
HBIX KOMITBIOTEPAX, B aBTOMOOWJISIX, COTOBBIX Tele(oHaX, TeIeBU30paX, AJs yHpPaBICHUS
IBW)KCHUEM TPAHCIIOPTA, IS YIPABICHUS MEPEKAaYKod He(TEempoAayKTOB U ra3a, B CHUCTe-
Max 1QpoBoi TeneoHHOI cBsI3HU. BiusHNe KOMIBIOTEPOB M MUKPOIIPOIIECCOPOB HA HAIITy
MOBCETHEBHYIO KM3Hb CTOJIb BEIMKO, YTO TPYJHO JIaXKe NepeYUCIUTh BCe 00JacTH UX MpH-
MEHEHHS.

o Ou3NYECKUe HCCJICAOBAHUS B 00J1aCTH MarHUTHBIX MAaTCpUaJIOB, TOHKUX IIJICHOK U
QJICKTPOHUKHU IIPUBCIIN K CO3AAHNIO KOMIIBIOTCPHBIX YCTpOI;'ICTB ¢ 00JBIIMM 00BEMOM
IHaMsITH.

e OIMH XECTKUU NUCK nuameTpoMm 3,5" MOXKET XpaHWUTh WH-
dbopmanuu B 1000 pa3 6omblie, 4emM NEepPBbIN KECTKUM TUCK.

e O0bEM MPOU3BOACTBA MATHUTHBIX YCTPOMCTB MaMATH COCTaB-
asier 60 MWIIHapI0B 10JUIApOB, TOTJa Kak 00bEM ITPOU3BOJICT-
Ba BUJICO- U ayauokacceT meHee 40 MuiuMapaosB.

e bosbmive 00beMbl TAMATH HEOOXOAMMBI B PA3IMYHBIX MPH-
KJIQJHBIX O0JAaCTSIX, HAPUMEP B CHUCTEME 3IPaBOOXPAHCHUS
JUISL XpaHEHUsT TUarHOCTUYECKUX U300paKeHUIA.

The first hard disk (1956)
compared with the newest
3.5 inch 1 gigabyte disk.

UHTEIPAJIbHBIE CXEMbI

Uccnenosanus B 061acTy GU3UKH MJ1a3MBbl, TIOJIYIIPOBOAHUKOB, JIUTOTpaduu U Ja3e-
POB IIPUBEJIN K CO3IAHUIO UHTETPAIBHBIX CXEM U MUKPOIIPOLIECCOPOB.

¢ B 1995 roxy 06beM MUPOBOTO ITPOU3BOJICTBA
MOJYyIPOBOAHUKOB cocTtaBuil 150 mumuap-
JIOB JIOJUTAPOB, B ATOM ITPOU3BOCTBE OBLIO
3anATo 250 000 amepukaHUEB.

e CTOMMOCTH OJTHOrO Meradaiira mamMmsaTu
ymeHnbimiack ¢ 550 000$ 25 ner nazazg o
1,5% ceromus.

e Yun Mukpomnpoueccopa coaep>kut okosio 30 MUJUTMOHOB TPAH3UCTOPOB U MOXKET
coBepmiath 500 MHJIJTMOHOB ONE€palii B CEKYHIY.




HHEPCOHAJIBHBIE KOMIIBIOTEPBI

° HCCJ’IGI{OB&HI/IH (I)I/ISI/IKOB B 00JIACTH MarHUTHBIX MaTe-
puaaioB, TOHKHX INICHOK W ITOJYIIPOBOAHHUKOB IIPUBCIIN

Eourtasy|of Carrjing Inc
1

K CO3/JaHHI0 KOMITAKTHBIX W HEJOPOTHUX IEPCOHAIBHBIX
KOMITbIOTEPOB.

¢ B npoussoactee komnprotepoB B CLIIA 3aHsTO CBBILLIE
| MUIITMOHA YENOBEK, €XKETOAHBIN 10XO0 ATOM OTPaCind —
cBbilie 100 MUIIIMApI0B 10IIAPOB.

e Komnanuu CIIA exerogHo mpoaaroT 9 MUIMOHOB
[IK. KomMmnbrorepsl ecTh B 32% aMEepUKaHCKUX CEMEN

e [IpoM3BOAUTENBHOCTE MUKPOIPOLECCOPA HA OCHOBE
KpeMmHus 3a 25 net yBenuuwiack B 25 000 pas.

B oyoywiem xomnwvromepuvt 0yoym ee-
cumsb ne ooavuie 1,5 monun. (Kypuan
"Popular Mechanics', 1949)

1940-0 — IIpesunent ¢pupmer IBM To-
Mac YOTCOH NpeacKasall, 4To ''MUpO-
BOM pBIHOK MOTpedyeT He Oosee MiTH
kommnbioTepoB". IlepBas 1udposas
AJIEKTPOHHAS BBIYMCIHUTENbHAS Mallu-
Ha Obula pa3paboTaHa MccienoBaTes-
MU B FOCYJAapCTBEHHOM KOJuIe/Ke A-
oBa. JHUAK — nepBas 6omnbiias 9BM,
oHa ObuTa pa3paboTaHa MO 3aKaszy ap-
mun CIIA. Yuensle wu3 maboparo-
pun bemta — Jlx. bapaun, Y. bparein,
V. loknu wu300penu mnoJrynpoBOJHU-
koBbI  Tpan3uctop (HoOenesckas
npemus, 1956).

1950-01 — B 1956 r. 8 CIIIA 6su10 10
OBM. IlepBbiii KOMIIBIOTEpP, TOCTY-
nuBmmid B npojaxy — HIOHHMBAK.
Pa3zpaboTan nepBbIii MATHUTHBIHN KECT-
KUl IUCK W MepBasi MHTErpajibHas cxe-
Ma. BniepBbie B paanonpueMHUKax Hc-
MIOJIb30BaHbI TPAH3UCTOPBL.

1960-1 — 70-0 — K. Oacon, ocHOBAaTEIb
u npesuneHt ¢upmbl DEC  3asgBuin:
"Her npuuuH, KOTOpBIE MPENATCTBOBA-
a1 OBl TOSIBJIIGHUIO KOMIIBIOTEpA B Ka-
xaoM gome". TlosBUIMCH TI€pBBIi
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MUKPOTIPOIIECCOp, THOKME MarHUTHBIC
JUCKU U TMEPCOHAIbHbIE KOMIIBIOTEPHI.
B ydacax ucnosib30BaHbl HHTETPaAIbHBIC
CXEMBI.

1980-0 — 90-1 — Ha pbiHKE MOSIBUIINCH
NEepCOHANIbHBIE KOMIBIOTEPHl (UPMBI
Apple Macintosh u IBM PC. O6pa3o-
BaH KOHCOPLIMYM KOMIAHUN MOJTYMHpo-
BOJHUKOBOM MPOMBIIIJIEHHOCTH U Ipa-
ButenscTBa CIIIA — SEMATECH, ko-
TOpPBI OMOI BOCCTAHOBHUTH JIMJIU-
pytomiee nojoxenue CIIA B 3Toi OT-
pacinu. MHKpOIpoIecCopbl MCHOJb3Y-
I0TCS B cHCTeMax HHU(POBOM CBs3HU, B
COTOBBIX TeJle(hOHAX U ABTOMOOMIISIX.

0000000 — JIasepsl MCHOJIB3YIOTCSA IS
nepegayr OoJIbIINX 00BEMOB HHOP-
MalHH, IPOU3BOUTEIIBHOCTh KOMIIBIO-
TEpOB pacTteT. BO3MOXHO XpaHEHHE
uH(pOopMaIK HAa MOJIEKYJISIPHOM YPOB-
HE (HAHOTEXHOJIOTUH), YTO MPUBEIET K
YMEHBIICHUIO pa3MepoB Bce Ooree
MOIIHBIX KOMIbIOTEPOB. [lomynpoBoa-
HUKOBBIM PBIHOK CTaHET JIMJAUPYIOIIEH
OTPACIIbI0 MPOMBIIIIEHHOCTH, YCTyIas
TOJIKO CEJIbCKOXO3SIICTBEHHOMY IpO-
U3BO/ICTBY.



Ot HAaY4YHbIX pa3p360TOK a0 OBLITOBOI'0 MICIOJIb30BAHMSA

(000000000

EMAC-ULE. famy Photo

MuHuaTopu3anus

e DHUAK — nepBblii koMibtoTep, Becui 30 T, 3aHuMan 1iomaas cpaime 100 M U
coaepxain 19 000 »1eKTpOHHBIX BAKYYMHBIX JIaMII.

e [lepBblil kpemHUEBBI MuKpomnponeccop (1971) pazmepom 5,5x5,5 MM OblT MOIII-
Hee DHUAKa. B coBpemennnix [1K ucnons3yrorcs emie 0osee MOITHBIE MUKPO-
IIPOLIECCOPHI.

HOBCCI[HCBHLIG BN

¢ MUHHKOMIBIOTEPHI YIPABISAIOT MaMATHIO U MPEJOCTABISIOT BO3MOXKHOCTH IPO-
rpaMMHUPOBaHUA B TelePOHAX, aBBTOMOOMIISIX, TEIEBU30pax, Becax U T.I.

Muxkponpoueccop IlleaTuym®
e B 1978 r. mukponpoueccop 8086 crom 3608$.

e B 1996 romy mukpormnporieccop cromwr 321$, HO ero mpous-
BOAUTEILHOCTH OblIa B 150 pa3 BeIIe.

intel Corp.

DJIEKTPOHUKA B ABTOMOOMJISIX

e MUKpPOKOMITBIOTEPHI B aBTOMOOMIIE COOMPAIOT JaHHBIE OT MHOKECTBA JIaTYUKOB,
YTO TMO3BOJIAIET ONTHMU3UPOBATH pabOTy  JBHUrarTess,
YMEHBIIUTH IIIyM aBTOMOOWJISL U BBIOPOC T'a30B B aTMOCheEpY.

e CTOMMOCTH JJICKTPOHUKH aBTOMOOWJISI Oojiee 4YeM BIBOE
IIPEBBIIAET CTOMMOCTB 'Kene3a'.
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du3nka oobegnHAET YenoBeyecTBo

Tenekommynukayuu

TenekoOMMyHUKAIIMOHHAsT WMHAYyCTpusi, B KoTopoi 3aHsaThl 360 000 amMepukaHIEB,
eXerogaHo 3apabarbiBaromiasi 1,5 TpuuinoHa 0JIapOB, CBOMM POXKIACHUEM 00s13aHa
UCCJIeIOBaHUSAM (U3MKK B 00JIACTU 3JIEKTPOJMHAMUKH, PACIPOCTPAHEHUS PaTUO-
BOJIH M TIOBEJICHUS dIeKTpudeckux nerneid. CoBpeMeHHbI MpUMep CBSI3H (QU3UKU U
TeJIeKOMMYyHHUKanuii: IHTepHeT, cHavaia CO3JaHHbIi (pu3uKamMu, pabOTaBIIMMHU HaJ
U3YYCHUEM DJIEMEHTAPHBIX YAaCTHII, KAK CIIOCOO HAYyYHOTO OOIICHHMs, a Teneph odec-
neyuBarouui cBbie 50 MIIH. YEJIOBEK CBA3bIO, HAUYMHAS OT MOMOILIU IIPU 3EMJIETPS-
CEHMSIX JI0 3aKa30B MPOAYKTOB. McciaenoBanusi (U3MKOB B YHUBEPCHUTETAX, TOCYyIap-
CTBEHHBIX ¥ TTPOMBIIIUICHHBIX JTA00PATOPHUSIX MO3BOJISIOT YEJI0BEUYECTBY OOMEHUBATH-
cst uHopMaIei co Bce O0JbIICH CKOPOCTHIO.

BOJIOKOHHAS OIITUKA HMHTEPHET
-'1 House of Representatives’ WWW Services
The
© U.S. House of
: il . Representatives
. =u-||i!l,|;g- : Educational
T e TRl Hasn|ieas

Cortegy of e LS, Houss of Papresenlstives
* Undopmanusi B 371EKTPOHHOM BHJIE
nepenaeTcs 1Mo BCEMY MHUPY C ITOMO-
IIbI0 CIIyTHUKOB, BOJJOKOHHOW ONTHKE
Y MOIIHBIX KOMIIBIOTEPOB.
* Cerp ARPAnet, npeaumecTBeHHUK
WNurepnera, npeacrasisiyia coO0i CETh
KOMIIBIOTEPOB, KOTOpasi CO31aBAJIACh

¢ CTOUMOCTDb TPAHCATIAHTHYCCKOI'O TC- AT obecredeHus yCTOUMBOM CB3H B

J’IC(bOHHOFO KaHajla YMCHBIIMJIACh C ciyqac H'HepHOﬁ BOUHBL.
60 000 I[OJIH./FOI[ B 1956 r. 0 60 * B 1971 1. BIICPBBLIC CCTHIO ARPAnet

ObUTH CcBs3aHbl 23 kommbioTepa. Cero-
nHs ceTh HTepHeT 00beINHSIET COTHU
MUJITHOHOB KOMITHIOTEPOB.

* Hayunsie uccnenoBanus: 1960-70-bie
rr.: DARPA

« @u3nuKu pa3paboTajii HOBBIE MaTe-
pHalbl, YIEKTPOHHUKY U JIa3epbl, KOTO-
pBIe clenaiyd ONTOBOJOKOHHBIE JIMHUU
CBsI3U Oosiee OBICTpBIMU, OOJiee jere-
BBIMU U C MEHBIIMM YpPOBHEM IIyMOB
110 CPABHEHMIO C MEIHBIM ITPOBOJIOM.

JOJUL/TOI.

* PBIHOK JUIS JIOKAJbHBIX TEJIEKOMMY-
HUKAMOHHBIX yciyr — 100 mummap-
JOB/TO/.

* Hayunsie wucciegoBanus (Jia3epsl, _
TEOpHUs ONTUYECKUX BOJOKOH): 1950- HpHKHaH'HI’Ie uccnenosanus:  1980-
60 rr. JlaGopatopun apmun CIIIA, 1990 rr.: DARPA, NSF, DOE, NIH,

AEC (teneps DOE) NASA

* [Ipuknanueie uccnegoanus: 1980-90
rr.: DARPA, NSF, NIST
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PAKC

Coznianue COBpPEMEHHOTO CpeACTBa CBs3M — (pakca crajo
BO3MOXXHBIM B pe€3yJIbTaTe UCIOJIb30BaHUS JTOCTHKEHUH B
00J1acTH BBICOKOYACTOTHOM DJIEKTPOHUKH, BOJOKOHHOM
OTNITUKH U TEJIEKOMMYHHUKAIUH.

OO6nacTh MPOMBIIIEHHOCTH, CBSI3aHHAS C MPOU3BOJCTBOM
U SKCIUTyaTanued (pakcoB MPUHOCUT OKOJIO 3 MIIpPJA. J0JI-

JIapOB €XKErOJHO.
Hayunsbie uccnenoanusa: 1940-1970 rr.: DARPA, NASA.

ITpuknagusie uccnenoBanus: 1970-1990 rr.. DARPA,
NASA

OT Hay4YHBIX Pa3padoOTOK 10 OBITOBOI0 UCNOJIb30BAHUA

Ny

CnyTHUKH

CerteBoii npuHTEp

* B ocHOBE CIlyTHUKO-
BOW CBSA3U JIEXKAT HC-
clieZIoBaHUs (PU3UKOB B
00J1acTh 3JIEKTPOHUKH,
pacmpocTpaHeHHsl pa-

AMOBOJIH, KOCMOCA W o CozmaHue BBICOKOCKOPOCTHBIX IIPHH-
aTMOC(epn 3emiTH. TEPOB, pabOTAONIMX B CETH, CTA0 BO3-
« CrIyTHHKOBAas CBA3b MOXKHBIM B PE3yJIbTaTe MCCIICIOBAHHMN B
MO3BONISIET  OHOBpE- OOJIACTH BBICOKOYACTOTHOM 3JIEKTPOHH-
MEHHO  OCYIIECTBHTH KH M BOJOKOHHOM OITHKH.

n0 100000 Temedon- o foxon mPOMBILLIEHHOCTH O TIPOU3-
HBIX pasroBopa. BOJICTBY II€YATAIONINX YCTPOWUCTB CO-
crasisier B CIIA 10 mapa. nosmapoB B
TO/I.

e Co3ganue paauo- u

COTOBBIX  TEJIE(POHOB

CTajl0 BO3MOXXHBIM B Ieiixkepbl
pe3ynbTaTe HCCIeNo-
BaHU B  00jacTu
QJIEKTPOHUKH, HCTOY-

IHopraTuBHbIE Teae¢OHBI

» PaGora meimpkepa OCHO-
BaHa Ha [JOCTH)KEHHUSIX B
obactu HCCJIEIOBAHU

HHUKOB IIMTaHHUA U CHC- PaIdOBOJIH U MMKPOIJIEK-
TCM IIpUCMa U IICpcaa- TPOHUKH

941 paaruOBOJIH.
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Tesedon umMeeT CIAUIIKOM MHOIO He-
AOCTATKOB, KOTOpPble HE MO3BOJSIOT
paccMaTpuBaTh €ro KakK CpeacTBO
CBSI3M. YCTPOWCTBO OINpeIeJIeCHHO He
HMeeT ISl HAC HUKAKOHW IEeHHOCTH.
(Banagubiii Coro3, ciayxeOHas1 3amuc-
Ka, 1876)

1838 — C. Mop3e BrepBbIe MPOIEMOH-
cTpupoBan Tenerpad.

1876 — Anexcanap ['paxem bemn Bmep-
BbIC pa3roBapuBal 1o Teaedony.

1909 — HobGenesckas npemus mo Gusu-
Ke npucyxaeHa 1. MapkoHu 3a ero
BKJIaJ] B CO3JJaHUM PAJHOCBA3H.

1910-00 — TuTaHWK MOCNIE CTOJKHOBE-
HUS C alicOeproM MOChUTAeT CUTHANT Oe/I-
ctBusi 1o paauo. [IpaBurenscrBa pas-
JUYHBIX TOCYJapCTB CTajdd BbIJABATh
JUIEH3UU Ha HCIOJIb30BaHHE OecIpo-
BOJIOYHBIX KOMMYHUKAIIHH.

1930-00 — [IpuHAT 3aKOH 0 KOMMYyHHKa-
X, co3mpana denepaibHass KOMUCCHUS
cBs3u (CIIA). Hauanucek nepBeie pery-
JISIPHBIC TeJeTepeaadn.

1947 — dusuku B McCIeI0BaTEIbCKUX
JabopaTtopusix H300pend TBEPAOTEIb-
HbI Tpan3ucTop (HoOGeneBckas npemusi,
1956), ¢ KoTOpOro BEAET OTCUET KOM-
NBIOTEPHAS W TEICKOMMYHHKAIIMOHHAS
PEBOJIIOLIHSL.

1960-pie — ArentctBo NASA u mabo-
paTopus bana 3anycTuiiv nepBblii KOM-
MEPUYECKUH CITyTHUK CBSI3U. ATEHTCTBO
DARPA nHauano paboTy Haj MPOEKTOM,
KOTOpBIN TpuBen K co3aanuto Hurtep-
HeT. Co37aHbl EpBbIE KOMMEpPYECKHUE
nazepbl. CiioBa actponaBta Heiina ApMm-
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cTtpoHra ¢ Jlyna Ha 3eMii0 mepenaHsl ¢
MOMOIIIBIO PAJIUOCUTHAIIOB.

1970-00 — WccnenoBarenun B (upme
Corning Glass paszpabotanu mepBoe
KOMMEPUYECKH JIOCTYITHOE OINTHYECKOe
BOJIOKHO.

1980-p1c — ®oTorpaduu CatypHa mpo-
XOIT MO JIMHUSAM CBs3U | Musumapn
MuiIb a0 3emun. Haunnaercs pa3zpabot-
ka MutepHer. Dakchl MOTYT OBIThH IO-
ClaHbl MO OOBIYHBIM TeNe(HOHHBIM JIU-
HusM. Pa3pabaTeiBatoTcs repeHOCHbIC U
COTOBBIE TEIE(POHBDI.

1990-10 — B ynuBepcutere mrara M-
JUHOMC pa3paboTaHa mnporpamma Mo-
saic, KOTOpasi MCIOJb3yeTcs Ul ObICT-
poro pasMelleHus AOKYMEHTOB B IH-
TEPHET.

0000000 — Ycenyru MHTEpHETA MOTYT CTO-
UTh OKoJIO 13.5 wupa.nonnapoB K
2000 r. baHkOBCKHME OIepanuu, MOKYII-
KM B MaraswHax, OIuiata HaJoroB OyayT
BBITIOJTHATCS C TTOMOIIBIO DJIEKTPOHUKHU.
BynyTt cKoOHCTpyHpOBaHBI BOJOKOHHO-
ONTHYECKUE  TEJICKOMMYHUKAIIMH  C
OOJBIION TPOMYCKAIIIeH CrnocoOHO-
cTh0. "MHTemiekTyanbHoe" mporpamm-
HOe o0ecrieyeHue npuoIn3uT K Ham UH-
TEpPHET U 00eCIeYnT HAC MHPOPMAIIUCH,
JOCTYNOM K OaHKOBCKHM Cu€TaM, HOBO-
CTSIM, pa3BJICKATEIbHBIM CTPAaHUIIAM U
T.10.



dPusuKa cnneria BCEMUPHYIO NayTUHY
WWW

Humepnem

Pa6oter no coznanuto Mutepuera nayanucy B CIIA B 1960-x rr. IlepBoHauanbHO
WNHTepHeT mpoekTUpoBayicsi Kak KOMITBIOTEpHAsl CETh, CIOCOOHAas 00ecreuuTh Ha-
NEAKHYIO0 IPAaBUTEIIbCTBEHHYIO CBSI3b B YCIOBUSIX BOCHHBIX JercTBuil. C Tex nop MH-
TEpPHET OBICTPO BHIPOC B II00ATBHYI0 MUPOBYIO CETh, KOTOPask PEBOJIIOIIMOHHBIM 00-
pa3oM M3MEHMJIA MpeJCTaBiIeHUss 0 KoMMyHukanusx. B 80-x rogax ¢usuku, pado-
TaBIIIME B 00JIACTH AJIEMEHTAPHBIX YACTHUII, B PE3yJIbTaTE MOUCKOB HAWIYUIIHX CIIO-
co0oB mepenayud MH(OpPMAIMM CBOMM KoJjuleraMm, u3o0penu BcemupHyro mayTuHy
(World Wide Web, WWW) — cioco6 coBmecTHOM niepeiauu rpaduuecKkoil 1 TeKCTO-
Boil mH(popManuu yepe3 MHTepHeT. MUIUIHOHBI JTIO/ICH, HE BBIXOAS U3 JI0Ma, €Xe-
JTHEBHO MOJb3yOTCI WWW 1 mpocMoTpa 3IEKTPOHHOM MOYTHI, U1 MOMCKa pas-
JUYHBIX JIOKYMEHTOB U CTaTe, 111 HOKYIOK B CETEBbIX Mara3uHax.

HUHTEPHET

o KoMmnoHeHTHI r106abHON HHPPACTPYKTYPHI
WNuTtepHeTa — opOUTAIBHBIE CITyTHUKH, ONITOBO-
JIOKOHHBIE JIMHUH CBSI3H, CYNIEPKOMIBIOTEPHI U
MOJIEMBI — pa3pabOTaHbl HA OCHOBE (PyHIaMEH-
TaTBHBIX (PU3UUECKUX UCCIICTOBAHUM.

e B 1998 r. UnTepHer 00beANHSAT B €AUHYIO CETh
30 MuImmoHOB cepBepoB u 102 MwunoHa
ITOJIb30BATEIICH.

WORLD WIDE WEB - WWW

e WWW (Web) — 310 cTanmapt, onucsI-
BAIOLIUII CTIOCOOBI Nepeiay runepTeK- : DEfE HEELINK
cToBoii nundopmaiuu yepe3 MuTepHer. [
B MHTepHeT 10CTyNHBI MMILIMOHBI KOM-
MBIOTEPOB (CalTOB), Co/iepkKalIUe J10-
KyMeHTBl WWW.

o Du3uKu U3 MEXKIYHAPOTHOM J1Tabopato- ' L w2 e
puu LIEPH, paGoTaBuiue B o01acTu uc-
CJIEI0OBAHUS DJIEMEHTAPHBIX YacTHULl, 3aayMbiBand WWW kak cpencTBo s yIi-
pOIIEHUS TIepeaaun HayqyHOU HH(OPMALIUK MEXy YIaCTHUKAMH Hay4HBIX MPO-
€KTOB B pa3HbIX CTPAHAX.
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e Ceronns ceppuc WWW —3T0 0JTHO U3 camMBbIX MOIYJISPHBIX MpuMeHeHun HTep-
Heta: ToJbko B CIIA 6osee 60 MumiroHoB nosibzoBaTesneit WWW.

HAIIMOHAJIBHBINA HEHTP IO IPUMEHEHUIO CYNEPKOMITBIOTE-
POB

e B nayuynom nentpe NCSA Obuia pa3zpaboTa-
Ha iporpamma Mosaic — nepBeIil rpadude-
ckuii 6pay3ep MHtepHera. Jta oOenoc-
TyMHas IporpaMMa OTKpbUIa MyTh B IHTEp-
HET MUJIJINOHAM HOBBIX IOJIb30BATENECH.

e Jlupextop NCSA (pusuk u3 yHuBepcuTeTa
mrata MimHoiic) BO3IIaBuil IBUKEHUE 32
npeocrapieHue yepe3 MHTepHeT 1ocTyna K

CYIIEpKOMITIBIOTEPAM HCCIICIOBATENISAM M3 aKaJIEMUUECKUX U MPOMBIIIJICHHBIX Op-

raHu3aIuim.

e Ceroans pabOTHI IO CO3TaHKMIO HHAPACTPYKTYPBI KOMITBIOTEPHOM ceTh 21-To Beka
MIPOJI0JDKAIOTCS MpH (PMHAHCOBOM Toiep kke HarmoHanpHOT0 HaygHOTO (QoHIA
CIIA (NSF), nentpa NCSA u psiga Apyrux opraHu3aiuu.

MHTepHeT: OT Hay4HbIX pa3paboTok 40 ObLITOBOro UCNOSbL30-
BaHUS

COBMECTHAA PABOTA HA PACCTOAHUA

e VYyeHble, )KUBYIIUE B PA3HBIX CTPAHAX U rOpoAax, Mo-
T'yT co3aaBath "padoune rpymnibl” u 3hPexTuBHO 00-
MEHHMBATHCS BUJI€0-, 3BYKOBOM M TEKCTOBOM HHGOP-
MaIei mpu NOMOIIU OBICTPOACHCTBYIOIEH KOMITBIO-
TEPHOM CBSI3H.

e B03MOXXHOCTb NPUBJIEUECHUS IIUPOKOTO Kpyra YUYEHBIX
K pa0oTe HaJ McCIea0BaTENbCKUMU IIPOEKTAMU CO-
KpalllaeT BpeMsl MEK1y OTKPBITUSIMU U UX IPUMEHEHUSMH.

NnyYBNNKAUNN B UHTEPHET

e B 1998 r. B Unutepuer 66110 pazmenieno 320 MUILTHOHOB Online Joural & "';...:L
= E—2 AR
Web-cTpanuil. T

Mmare. AIP Teasulition [oumals ¥

BESEEE

e Pasmemenue nokymenTtoB B Web nemienie nedaru Ha Oy- !! ; ;I . !E
B e
=

e B ominuune oT NeYaTHBIX JOKYMEHTOB, JJIEKTPOHHBIE 10- = ~ "= = == =
£ Sodiety pournals W FOTaETE
KyMeHTbl Web MOTyT COAepKaTh TUIIEPCCHIIKA HA yTOU- G
HSIONIUE TEMY TOKyMEHTA CTaThH, TOTIOJTHUTEIbHBIC N30~
OpakeHus1, BUJIeO- U 3ByKOBbIe (haitsibl. Kpome Toro, Web obecrieunBaeT Mryo-
BEHHYIO O0paTHYIO CBSI3b.

16



WHTEPHET-BU3HEC

e VYcinyramu MuTepHET A morcka nH(pOpMaIuy 0 TOBapax u
yciayrax (0T MOKYNKHA KOMIBIOTEPOB /10 3aKa3a nulibl) B 1997
BOCIIOJIb30BAIMCH 28 MUJLINOHOB YEJIOBEK.

e OO0bem npoaax yepe3 Uurepuer B 1998 roay cocraBui npu-
MEpHO 6,2 MUJIJTHAP/IA 10IIAPOB.

OBPA30OBAHUE

e MakcumanbHOE KOJUYECTBO OOpalleHui K CalTy ¢
nocieaHel uH@popmarmed o wmapcoxone Mars
Pathfinder — 46 MUJIMOHOB B I€Hb.

e VHTEpHET MpenoCTaBIIACT JIOJAIM CaMyH akTy-
aTbHYI0 YueOHYI0 HWH(OpMAIMIO, KOTOPYIO OBLIO
OBl 3aTPyIHUTETHLHO TMOJYYUTh IPYTUMHU CIOCO0a-

TenekoMmMyHMKaLumw: 00000000 000000000000 0000

1876 — A.Il. benm nemoHcTpHpyeT mep-
BB TeIedOoH.

1946 — Ilo 3aka3y BOOPYKEHHBIX CHII
CHIA co3nana nepBasi B MUpe OoJibIas
AICKTPOHHO-BBIYUCIUTEIbHAS  MallliHA
o6mero HasHauenus DOHNAK.

1947 — JlaGoparopust bemra coobmaer
00 wm3o00perenun Tpan3ucropa (HoOe-
JeBcKas mpeMus mo gusuke 3a 1956 1.).

1957 —Ilocne  3amycka  CoBeTCKHM
Coro30M  MEpPBOTO  HMCKYCCTBEHHOTO
cytauka B CIIIA nns obecrnieueHust Jiu-
JIEpCTBa B HAYKE U BOCHHBIX TEXHOJIOTH-
X C€O3/aeTcsi ATEHTCTBO IEpPCIEKTUB-
HbIX Hay4dHbIX uccienoBannii (ARPA,

BIIOCJICACTBUHA IICPCUMCHOBAHO B
DARPA).

1965 — ArentctBo ARPA ¢dunancupyet
paboThI 1O CO3aHUIO "CETH KOJUICKTHB-
HOTO UCIOJIb30BaHUS ISl CBSI3H KOMITh-
I0TE€POB, PA0OTAIOIIMNX B PEKUME paszfie-
JIEHHS BpeMeHu. "
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1969 — MunucrepctBo o6oponsr CIIIA
3aKa3zalio co3/laHue (PU3UYECKON CeTH B
pamkax npoexkta ARPANET. Ilepenano
MepBOE COOOIIEHNE MEXKIY JBYMS IOJI-
KITFOUEHHBIMU K CETH KOMITBIOTEPaAMH.

1970-0-90-0 00. — PazauyHble KOMIIbIO-
TEPHBIC CETH CO3AI0TCS cuiaMu MuHH-

crepctBa  000poHBI, MUHHUCTEpPCTBA
JHEPreTHKH, KOCMHYECKOTO arcHTCTBa
NASA u ¢ponna NSF.

1983 — Ilociie npuHATHS CETEBBIX IMPO-
tokosioB TCP/IP (mpotokon ynpasneHus
nepenayei/mporokon MHTEpHET) B Ka-
YecTBE  YHUBEPCAJIbHOTO  CTaHAAPTa
MEKCETEBOr0 OOMEHA CTajla BO3MOXKHON
nepesadya JaHHBIX MEXIy pa3IndHbIMU
KOMIIBIOTEPHBIMU ceTsIMU. B pesynbrare
nosisuiics HTepHer.

1985 — B ynuBepcurere mrara Mmm-
HoMC co3naH Hammonanensi LlenTp mo
PUMEHEHHUIO CYNEPKOMIIBIOTEPOB
(NCSA).



1988 — B orBeT Ha mosBIEHUE CETEBOTO
BHUpYyca-"uepBs", KOTOpBIA BBIBEI W3
ctpost okosno 10% HMuTepHeT-cepBepoB,
arentctBO DARPA co3nmaer noapasne-
JICHUE KOMITBIOTEPHOU O€30MacHOCTH.
[IponoxeH mnepBbId TpaHCATIAHTHYE-
CKUI ONITOBOJIOHHBIN KaOelb.

1990 - B I[IEPHe co3nan skcmnepumen-
TanbHbIA 00pazen; World Wide Web.

1993 — [leutp NCSA BeImyckaeT mpo-

JNOTBpPATUTh psia mpectymieHud. donn
NSF mpenocraBun MHOTMM OpraHu3a-
UM JTOCTYIl K CAMBIM BBICOKOCKOPOCT-
HBIM CETSIM, COCTAaBIAIOIIMX OCHOBY
HNuTepHer.

1997 — ®onn NSF mpencraBun mep-
CHEKTUBHBIE MPOEKTHl Pa3pabOTKH BBI-
YUCIUTENBHON CETeBOM HMH(PACTPYKTY-
PBI IS CIEAYOLIErO CTOJIETHS.

0000000 — TenedoHHAsT CBSI3b M TEJEBUJIE-

rpammy Mosaic — nepBbIit rpaduueckuii  HUe 4depe3 HTepHeTr, dJIeKTpOHHAas
opayzep WWW. K HHTEpHET MOAKIIO-  KOMMEpLHs, IIOBCEMECTHOE BHEIPEHUE
yensl benwiit nom 1 OOH. BBICOKOCKOPOCTHBIX KaHAaJOB CBSI3M IS

1995 — BriepBbie o(uIHATEHO 00BSIB- 1Y @B HrepHer.

JICHO, YTO TIepexBaT NaHHBIX B WHTep-
HET TMO3BOJIMJI KOHTPpa3BEIKEe U arcHT-
CTBYy Mo 0Oopb0€ C HApPKOTHMKAMH IIpe-

Pusuka coxpaHsaeT Bawum peHbrun

I pexmusnoe ucnonvzosanue Inepzuu

Hoctikenus GU3UKU TO3BOJIHIIN CIIEIaTh HAIIK JIoMa 0oJiee TEIUIbIMU, 0UCH Ooee
OCBEIICHHBIMH, C3KOHOMUB P 3TOM MWLIMApAbI J0ju1apoB. HOBbIE TOHKOIIEHOU-
HbI€ MOKPHITUS HA OKHAaX MpeNoTBpalaloT HoTepro Teruia. JlocTkeHus (Qpu3uku
I1a3Mbl MPUBENN K CO3JaHHUIO HOBBIX SKOHOMMYHBIX MCTOYHUKOB cBeta. B CIIIA B
1995 r. cymmapubie (hHAHCOBBIE BIOXKEHHUSA 110 3aKOHOMPOEKTaM, CBSI3aHHBIM C TPO-
U3BOJICTBOM M NOTPEOJIEHUEM SHEPIHH, cOCcTaBWiIM Okoyio 500 muumapaoB goJuia-
poB (2000 momnapoB Ha KaXa0ro aMmepukasia). IIlpumeHnenue sHeprocoeperaromumx
TEXHOJIOTUNA 00X0auTCs 0oJiee 2 MUIIJTMAPIOB JI0JJIAPOB €XKETOJHO, MPU 3TOM SKOHO-
MUS1 SHEPTUU COCTABIISIET Oosee 5 MUIUIMAPIOB 10JJIapOB.

IKOHOMUWYHOE OCBEIIEHHUE

e @du3MyUecKue MCCIEIOBAHNUA HOBBIX HCTOYHHKOB
CBETa, IIpeoOpa3oBaTeiel YHEPruM U TOHKHX ILIe-
HOK TMpHUBEIM K co3JaHuio Oosiee 3(PPEeKTUBHBIX
JaMII ¥ CIOCOOOB MX KPEIJICHUS.

e DIIeKTpOHHBIE MpeoOpazoBaTenu yayummwim 3¢-
(EeKTUBHOCTh JIFOMHUHECIIEHTHOTO OCBEIIEHUS [0

30%. JItoMUHECIIEHTHBIC JIaMIIbl 3aHMMAIOT Ha PBIHKE UCTOYHUKOB CBETA OKOJIO
25%.

e Ha ocBenieHne NpoU3BOACTBEHHBIX MTOMEIICHUN, 30aHUM, PEKIIaMy U OCBEILICHUE
yIUI[ pacxoyercs He MeHee 25% Bcero oobema notpedssiemoit B CIIIA snektpu-
YECKOU YHEPIUHu.
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OHEPT'OCBEPEI'AIOIIUE OKHA
o UccnenoBanuss B 00J1aCTU TOHKUX IJICHOK, TUIA3MEHHBIX MCTOYHHUKOB CBETA,
BaKyYMHOM TEXHOJIOTMH, ONTUKA M HOBBIX MaTEPUAJIOB MPHUBEIU K CO3JIaHUIO dHEP-
rocOeperamImx OKOHHBIX MOKPBITUH, W30JUPYIOIIUX CIOEB U "KOMIEHCUPYIOMHX"
OKOH, KOTOPbIE€ CTAHOBSTCS TEMHBIMU WJIH OTPAKAIOIIMMH B TETUIYIO MTOTOTY.

IIpu cTpoutenscrBe 3nanuii B CIIIA 3arpatsl, CB-
3aHHBIE C PHEprocOeperarouMu OKHaMH, COCTaB-
ast0T 60s1ee 20 MIJLTUAPIOB B TOJ.

C momomipio 3HEpProcOEeperaroImux OKOH MOKHO

, AR IPCIOTBPATUTE J10 35% HexenaTeabHOro yBeJInye-

LotingHest ComservisgHeat  Mfaserial HUS TeMIIepaTypbl BHYTPU TOMEIICHHWHA (WU, Ha-

000poT, motepu Teria). Exxeroausiii o0beM npojax moao0HbIX OKOH — 630 Musu-

apJioB JI0JUIapOB, a CyMMapHoe cOepekKeHUe PSHEPTUH COCTABISIET 0K0I0 760 MUILIH-
apJi0B J0JIJIapOB.

HAI'PEB U OXJIAKJIEHUE
TeruoBbie HACOCHI M XOJOAUIBHUKHN, OCHOBAHHbBIE HA pe3yJIbTaTax
MOCJIETHUX UCCIIEIOBaHUN (PU3NYECKUX IMPOIIECCOB B KOMIIPECCO-
pax U XOJOAWIbHUKAX, IPUMEHSIOTCS JJIsI HArPEBA U OXJIAKICHUS
MOMELIEHUM, I PeryJIupoBaHus BIaxHOCTU. Pacxo sHepruu no
CPaBHEHMIO C MEPBBIMHU MOJICIIIMU CHUXEH Ha 35-45%.

TeruoBbie Hacochl padoTaioT B 3-8 pa3 addeKTuBHEE IEKTPUUECKUX HarpeBaTesen
u B 3-14 pa3 a(pdexkTruBHEE ra30BBIX HarpeBaTEIICH.

e B CIIA exeronnble pacxojibl Ha HarpeB M OXJaxJeHUE cocTaBistoT 6osee 100
MUJUTMAPAOB 10JUIApOB, U3 HUX 42% NpUXOIUTCS Ha BCEBO3MOKHBIE 3JaHNUS.

AHeprocbepexeHne: oT Hay4YHbIX pa3paboTok A0 ObLITOBOro
MCNOJNIb30BaHMUA

AJPOIENN

e (0l U3 HOBOI'O CBEPXJIETKOTO MaTepuaia — a’dporeis — ToJI-
mUHONW 2,5 cM 00Ja/aeT TaKUMH K€ TEIUIOU30JIUPYIOIIUMHU
CBOMCTBaMH, KaK M CTEKJIOBOJIOKHO TOJIIMHON 25 CM MJIM OKHO
C TIAKETOM M3 JIECATH OOBIYHBIX CTEKOJL.

e MeToabl KOMIBIOTEPHOTO IMPOEKTUPOBAHUA 3JAHUN IIO-
3BOJISIIOT TOYHO paccuuTaTh HEOOXOAMMOE KOJIUYECTBO
CBETa, TEIJIa W BOJBI, OMPENCIUTh MyTH 3P(PEKTUBHOTO
COXpaHEHMs dHepruu. B 1enom, aBTOMaru3anus IMpPOEK-
TUPOBAHMS B apXUTEKTYpE IMO3BOJISIET COKPATUTh Pacxojl
noTpebasiemoil suepruu Ha 20% Mo CpaBHEHHUIO C Tpau-
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IMUOHHBIMU MCTOJaMHU IPOCKTUPOBAHUA. E)KCFOI[H&H 9KOHOMHUA CPCIACTB 3a CUCT
HUCIIOJIb30BAHUA KOMIIBIOTCPHBIX TEXHOJOTUH B APXUTCKTYpPE COCTABJIACT MMWJI-
JIMOHBI JOJIJIapPOB.

9KOHOMUWYHOE OCBELLUEHUE

UccnenoBanus B 001acTH PU3MKHU TUIa3Mbl U MUKPOBOJI-
HOBBIX TEXHOJIOTHUH TMPUBEIN K CO3AAHUI0 OCBETHTEIb-
HBIX JIaMII, KOTOpble NOTpeONsitoT sHepruun Ha 66%
MEHbIIIE, YeM OOBIYHBIC JIAMITbI HAKAJTUBAHUS.

CBEPXMNMPOBOAMMOCTDb B JINMHUAX SNNIEKTPO-
NEPEOAYU

e Pa3zpaboTku B 061aCTH BHICOKOTEMIIEPATYPHBIX CBEPXITPO-
BOJHUKOB HAIPABJICHBI HA CO3JaHUE JIMHUN AJIEKTPOIIepe-
Jla49¥ C MAJIBIMH TTOTEPSIMHU, YTO TIpUBEACT K 3P HEKTUBHOM
paboTe DIEKTPOCTAHIIMA ¥ YMEHBIICHUIO CTOUMOCTH
AIEKTPOIHEPTHH.

e ExeromHslil pacxo AMEKTPOIHEPTUH B MPOMBIILICHHOCTH
CHIA — 800 MWImrMap10B 10JIaPOB.
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1700-1800-00 — [TapaymiensHO ~ pa3Bu-
BAIOTCSl MCCIIEJJOBAHMsI B O0OJacTH Tep-
MOJMHAMHUKU U pa3paboTka 3¢ HeKTUB-
HBIX TApOBBIX [BUTATENEH W MOIIHBIX
MexaHu3MoB. M3o00pereHa u npexacras-
JIEHa Ha PBIHKE JJIEKTpUYECKasl JIaMIIa.

1930-00 — N3o0peTensl adsporenu, HO UX
MaccOBO€ TPOM3BOJCTBO CTAIKHBACTCS
C TpymHOCTSMHU. Pa3paboTaHbl JrOMU-
HECIICHTHBIC JIAMITBI U DJICKTPHYECKHE
TETJIOBbIC HACOCHI.

1950-60-00 — DnekTpuveckor dHEprUei
nonb3dyerca  98% nHacenenus CIIA.
Poct morpebnenus anekTpuyuecTna J0c-
TUTAeT MaKCUMaJIbHOTO 3HaueHus — 8 %
B roJ. HoBble BBICOKOBOJIBTHBIE JTUHUU
AJIEKTPOIIEPEAAUN NIEPEAAOT IHEPTUIO K
ropojackuM nentpam. Haunnaerca mac-
coBasi BBIPAOOTKA D3JIEKTPOIHEPTUU Ha
ATOMHBIX 3JIEKTPOCTAHIUAX.

1970-00 — biimxHeBoCcTOUHOE HE(DTAHOE
SMOApro NpUBOAUT K YETHIPEXKPATHOMY
poCTy IIeH Ha He(PTh U IEMOHCTPUPYET,
YTO SHEPTHUS MOKET OBITh UCIIOJIb30BAHA
B KAaueCTBE IMOJUTUYECKOTO OPYKHUS.
HccnenoBanust B 00JaCTH aJIbTE€PHATUB-
HBIX HWCTOYHUKOB OHHEPTrUU TOIYYaIOT
3HAYUTEIBHYIO0 (PMHAHCOBYIO MOJJIEPXK-
Ky. BriepBrle Ha KOocMUYeCKOM Kopabie
UCHOJBb3YIOTCS  COJIHEUHblEe  OaTapeu.
Bo3Hukaer nuckyccusi o 06€30MmacHOCTH
anepHoi sHepruu. duznueckue uccie-
JIOBaHUS MO3BOJWIN cO3JaTh Oosee 3¢-
(eKTUBHbIE HCTOYHUKH OCBEIICHUS U
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""Mul coenaem Inekmpuuecmeo Ha-
CMOJILKO OeutedbiM, Ymo moJibKo 00-

2amuwlii Oyoem xceuv ceeuu'’
(Tomac Daucon, B oTBeT Ha Bonpoc: "Kak ero
JIaMIOYKA MOBJIMsAET HA POU3BOACTBO cBeveii?')

sHEprocOeperaronre OKOHHBIC ITOKPHI-
THSL.

1980-00 — OtkpeiTa TmTEpBas dJICKTPO-
CTaHIIMS Ha COJHEYHBIX Oarapesx. Pasz-
paboTaHbl HOBBIC MaTepHAIIbI JIJISI PEaK-
TUBHBIX JIBUTATEJICH, KOTOPHIE TO3BOJIH-
M CcAeNaTh JBUTATENN OOJee HaIexK-
HeIMA. [locTynmuiu B MpoJaxy OKHa ¢
TEIUIO3aITUTHBIMU TTOKPBITUAMH, K KOH-
1y AecATHIEeTUs 00beM MPOAAX MOoa00-
HBIX OKOH coctaBuil 17 %.

1990-00 — Pa3paboranbl P PeKTHBHBIC
CrocoObl TPOU3BOJACTBA a3POreNei, 4To
OTKPBUIO MyTh K UX MPUMEHEHHUIO B Ka-
YECTBE CTCHOBBIX U30JSATOPOB, U3OJISTO-
POB 3ByKa M B XOJOJWJIBHUKAX. DJIEK-
TPOHHBIE CXEMbl YIpPaBJIEHHUS OCBEIIlEe-
HueM 3aHuMaroT 25% peiaka (B CIIA
€XKEroJAHO TmpoAarTcs 24 MWUIMOHA
mtyk). [loTrpeburenu ¢ momouip0 HO-
BbIX OCBETUTEJIbHBIX YCTPOMCTB 3KOHO-
MaT 10 400 MUJUTMOHOB JI0JJIAPOB B TO/I.
Hcnonp30BaHuEe CBETOJIUOIHBIX M3Tyda-
TeNIe! B pa3lIMUHbIX yKa3aTeJsiX MPUBO-
JUT K CHUKEHUIO €XKErOJIHBIX PacxoJiOB
¢ 80 nmo 5 ponnapoB (IO CpaBHEHHUIO C
pacxojamMu Ha OJHY JIaMIly HaKajJuBa-
Hus). OOmass SKOHOMHS DHEPruM 3a
cyeT npuMeHeHHUs A(P(PEKTUBHBIX TeX-
Hosorud kK 2015 r. Oyner BeIpakaThCs
BEJIMYMHON TMOPSIKA JIECATKOB MUJLIU-
apJl0B J0JIapOB.



dusuka n POEKTUpyeT 6y.u,yu.|,ee
Hoeblie Mamepuarnsbi

duHaHCHpYyEeMBbIEC TOCYIapCTBOM HMCCIICIOBAHUS B 001acTH (DU3UKH MaTEPHAIIOB, KO-
TOpBIC HEOOXOAMMBI I IIeJIeii 000POHBI, MPUBEIN K CO3JAHUIO PA3IMYHBIX TOTPE-
OWTENbCKUX TOBApPOB, KOTOPHIE M3MCHUIIM HAIy >KU3Hb M CO3/Iajld HOBBIC OTPACIH
IIPOMBITINICHHOCTH € JOXOJ0M B MIULIHApABI nosuiapoB. Hampumep, Ttedmaon, koto-
pBIil TEleph UCIOJIb3YETCS, HAUUHAs, OT CKOBOPOJOK U MOJIHOM OJICXkK/IbI A0 Mepeca-
KM OPraHOB B MEJIMIIMHE, CHavaJla UCMOJb30BAJICS BOCHHBIMU B T'OJIbI BTOPOW MUPO-
BOii BoliHBI B KauecTBE BBICOKOTEMIIEPATYpPHBIX YIIOTHUTEIBHBIX KoJjell. Kowmrmo-
3UTHBIE MaTEpHUasbl, KOTOPHIE JIETUe aJfOMUHUS, HO NMPOYHEE CTaIHU, UCIIOJIB3YIOTCH,
YTOOBI ISl YMEHBIICHUSI Pa3pYLICHUN MPU 3eMJICTPACCHUSX U TPU CTPOUTEIHCTBE
CaMOJICTOB, B CIIOPTUBHOM OOOPYJIOBAaHMHM M B MY3BIKaJIbHBIX MHCTpyMeHTax. 1 Bce
9TO — TOJIbKO Hayajo PEBOJIIOLMM MaTepUajoB MaTephaioBelcHUHU. "VHTENIeKTy-
anpHBIe" MaTepuaibl B Hayaje 21-ro Beka OyayT OJWH ACHb YUYUThCA "qymaTh' miis
TOTO, YTOOBI 3aT€M M3MEHSTh CBOM CBOMCTBA B PA3JIMUHBIX H3JICTUIX U COOPYNKEHH-
X, HAYMHAs OT 3/IaHWH M KOHYas TEJICBHU30pAaMH. U OTBETUTHh HAa MX COOCTBEHHBIM,
U3MEHSIS BCE OT 3[]aHUs MPOEKTa K TEJIEBUICHHUIO.

MHOJIUMEPBI INTABSMEHHOE TEPMHYECKOE
HAIIBIJIEHUE ITOKPBITUHU

e
Ry |

e

L

* JIBUraTeIM BOCHHBIX U TPAXKIAHCKHUX
CaMOJIETOB HCIHOJb3YIOTCS MOKPBITHS
U3 HOBBIX MarepuajoB, KOTOpbIE UMe-
IOT BBICOKYIO M3HOCOCTOMKOCTH M YC-
TOWYUBBI TIPU BBICOKUX TEMIIEpATypax.
* PpIHOK MJIa3MEHHOTO HaNbLIECHUS MO-
KPBITUII COCTaBJISIET OKOJO 1-2 MIp.
JOJIJIApOB.

* [lna3mMeHHbIE MOKPBITHS HCHOJb3Y-
I0OTCS B MOJIOYHBIX OYTBUIKaxX Hjisi Jie-
Tel, TernnoBor pacubUISIOT IMTOKPBITHS,
UCIIOJIB3YIOTCSl B OyTBUIKaX MIIajcHIIA,
BEJIOCUIIEIaX U UTPYLIKAX.

* Hayunsle nccinenosanus: 1960-70 rr.
* [pukmanupie ncenenosanys: 1950- * Ilpuknagueie ucciaenoBanus: 1980-
90 rr. 90 rr.

* Onexa 11 N0KapHUKOB, ClICJIaHHAS
Ha OCHOBE HAIPSKEHHOIO IOJMMEpPa
TeyioHa, NIUTETLHO U CTOMKO 3aIiu-
II1aeT OT OTHS.

» ®opma miig Boenubix CIIA nnsa neu-
CTBUH B YCJIOBUAX XOJOIHOI'O KJMMa-
Ta.

* Hcnonw3yrTcs Oosee, uem B 3,5
MHJUTMOHAX MEIUIMHCKUX IMPOLeaypax
¥ Olepalusix, BKJIOYas HCKYCCTBCH-
HbI€ KPOBEHOCHBIC COCY/Ibl, XHUPYpPIH-
YECKUE BBl U TKAHU IS IEPECATKH.

* Hayunslie uccnenoanus: 1930-40 rr.
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MATEPHAUJIBI IJ151 MEIUITUHbI

» du3uKa NOJMMEPOB TIPUBEIa K pa3pabOTKe HCKYCCTBEH-
HBIX CYCTaBOB, KOXH, KOCTE€H, CEpACYHBIX KJalaHOB, U
XPSAIIEBBIX TKAHEH.

* CymectByroT 6onee, ueM 5000 MEAUIIMHCKUX YCTPOMCTB
U JUArHOCTUYECKUX H3JENIUM, B KOTOPBIX MCHOJb3YIOTCS
HCKYCCTBEHHBIE.

* 3aTpaThl Ha 3/IpaBOOXPAHEHUE CHUKEHBI 32 CYET UCIOJIb-
30BaHMsI HOBOTO THIA CTEKJIA W MOKPBITUH JJIT HEOOIBITNX
1 0oJiee ACHIEBbIX XUPYPTUYECKUX UHCTPYMEHTOB. XUPYp-
TUYECKUE OMEePAIU CTau MEHEE CI0KHBIMH, COKPATUIIOChH
BpeMsi TpeObIBaHMS B OOJIBHULIE.

* Hayunsie uccienoBanus: 1960-70 rr.

* [Tpuknaaneie uccnenosanus: 1980-90 rr.

OT Hay4YHBIX Pa3padoOTOK 10 OBITOBOI0 UCNOJIb30BAHUA

Hosble MmaTepuaJibl

BricokonpoyHbie aBTOMOOHIbHBIE

MnmaHeJan

* ['ubkuit monmmep,
HCTIOJIB3YEMBIM B

aBToMoOUIIsAX (up-
ﬁ MbI Saturn, mpouHee
CTayiu, HO HE OyneT
pKaBETh.

Kommno3utsi: I'mtapa us rpadur-
3MOKCUAHOM CMOJIbI

» KoMmo3uTsl Ha ocHOBE
rpaduT AMOKCUIHOMN CMO-
JI6I BOJIOYCTOMYMUBEI, JIET-
Kue, He 71eOpMHUPYIOTCS U
HE TPECKAIOTCA.

IMosuMepsI AJ14 ciopTa

* TlogomBel  GUPMBI
NIKE cnemansl u3 1o-
“| numepa, paszpaboranHo-
1T0 U1l U3HOCOYCTOWYH-

* B 1995 r. nmpogaxu or-
THYECKOI'0 BOJIOKHA IS
KOMITO3UTHBIX MaTEepHaIOB
COCTaBHIIH

4,3 Mapa. 10JIapoB.

» Kowmmno3utsl, pa3zpabo-
TaHHBIC JUIsI BOSHHBIX TIPO-
CKTOB, TEMEpb HCIIOJIb3Y-
I0TCS B MY3bIKaJIbHBIX HH-
CTPYMEHTax, CIIOPTHUBHOM
000OpyI0BaHUHU, aBTOMO-
OMJISIX U caMoOJIeTax.

JxoHCOH,
OJIMMIINMCKAsA
30J10Tas Me-
Aajab, 1996 r.

|HOM Ha  MUJUIMOHBI

« B 1995 r. dupma
NIKE mnpogana o0yBb
Ha 4 MJIpJI. JOJLIAPOB.



Il.1ockue qucnien

* [[BeTHBIE OUCIIEH C
AKTUBHOW  MaTpULEeH
U3TOTOBJICHBI Ha 0asze
KUJKUX KPUCTAIIOB U
TOHKOTIJICHOYHBIX
KPEMHHUEBBIX TpaH3U-
CTOPOB.

* Ilmockue nucren
O0onee  MOpPTaTUBHBI,
UMEIOT JIydlllee pas-
pelieHre W 1motpeod-

JSI0T  MEHbBILE 110
CPaBHEHUIO C APYTHUMHU
JUCIUICSIMHU.

JIro0y 10CTaTOYHO NeEepeaoBYI0 TeX-
HOJIOTHI0 TPYJHO OTJHMYUTH OT BOJI-
meodcrea (Apryp K. Kuaapk, astop
HAYYHOH (PAHTACTUKH).

1909 — BriepBbie HCONB30BaHO TEPMHU-
YeCKOE HANBUICHHE IS CO3JaHHS I10-
KpPBITHI Ha METAJLIE.

1920-30-0 00. XuMuKH  HUpMBI
Dupont n300penu HeiloH u TedIIoH.

1940-0 (0. — IIlenk HE CMOT yIOBJIETBO-
pUTH BCE TMOTPEOHOCTH BOEHHOTO Bpe-
MeHd. B mapamrrorax, mamaTtkax u 00-
MYHJIUPOBaHUM CTAJIM  HCHOJIb30BaTh
HEMIOH. B BOGHHBIX caMoieTax cTajau
UCIIOJIb30BaTh KOMIIO3UTHBIE MaTepua-
JIBI HA OCHOBE CTEKJITHHOT'O BOJIOKHA.

1947 0. — JIx. bapnun, VY. bparreiin, V.
[oknu (ma6oparopus bamna) nzobpenu
TpaH3UCTOp Ha ocHoBe repmanus (Ho-
OeneBckas mpemus, 1956 r.). Mccneno-
BaHUSI KPEMHUSI U JPYTHX IMOJIYIPOBOJI-
HUKOBBIX MaTEpPUAIIOB CO3/1ajli OCHOBY
IPOMBIIIUICHHON MUKPOAJICKTPOHUKH.
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1960-0 0. — dupma Macy mnponaer
NEPBYIO KACTPIOIIO C T€(PIOHOBBIM TO-
KpbITHEM 110 1IeHe 6,94 nosutapa. Paspa-
O0O0TaHbl KOMIIO3UTHBIE MaTepuaibl Ha
OCHOBE TpaduTa JUisi BOGHHBIX CaMoJie-
TOB UM KOCMUYecKux annaparoB. Co3naH
IEPBBIM IUIA3MEHHBIM gucruien. L
Beiimap (RCA) co3gan TOHKOIJIEHOU-
HbI Tpan3uctop. HobeneBckas npemus
IPUCYKIEHA 3a HUCCIEAOBAHUE CBOICTB
BBICOKOMOJIEKYJISIPHBIX [OJIUMEPOB.

1970-0 0. — dupma Boeing HaunmHaeT
UCIIOJIb30BaTh KOMIIO3UTHl HAa OCHOBE
rpaguTa B MOJEIAX caMoieToB 727 u
737. 1lna3aMeHHOE HAIlbUIEHUE HCIIOJb-
3yeTCs CHauyajla TOJBKO I CO3JIaHUs
IIOKPBITUM HA PEAKTUBHBIX JIBUIATEISAX
U U CO3JAHUSIX H3HOCOYCTOMYMBBIX
IOKPBITHH.

1980-1 0. — Ilonmmumepsl BHEpBEBIC HC-
TOJIB3YIOTCS TIPH MEePeCcaKe KOXKU U JUIs
BBCJICHUSI JICKAPCTB THIIA HUTPOTJIUIIE-
puHa 4epe3 Koxy. Jus MIOCKuX Jwuc-
IUICEB MCIIOJIB3YIOTCS KHUKUE KPHCTA-
JIBI ¥ TOHKOIUICHOYHBIE TPAH3HCTOPHI Ha
OCHOBE aMOP(HOTO KPEMHHSI.

1990-0 00. — HoGeneBckass mpemusi IO
bu3nKe TPHUCYXKICHA 3a HCCICIOBAHMS
(GU3HKN TOJTUMEPOB U KUIKUX KPHUCTAII-
noB. Kommnosutel cocrasmsito 10% B
KOHCTpYKLIMU camoiera bounr 777, B
Tpu pasa OoJblle, 4YeM B MPEIbLAYIINX
mozessix. HoBeie OroMarepualibl U CUc-
TEMbI BBEJICHHS JIEKAPCTB CIACAIOT MHO-
rve 4eloBeuYeckue *u3Hu. PazpaboTanbl
CBETOU3JIYUYAIOIIUE TOIYNPOBOJHUKU U
MOJIMMEPBI, "MHTEIVIEKTyalbHbIE" MaTe-
puanbl U3MEHSIIOT CBOUM CBOWCTBAa MpHU
W3MEHEHUSIX Harpy3Kd WA pa3pylle-
HUU.



Punsunka ounwaet Bo3ayXx
Okpyxarouw,asi cpeda

Jloctmxenus (pU3MKK MO3BOJISAIOT pellaTh 3a7aud OXPaHbl OKPY’KaloIeH cpefibl, Ha-
YUHAsL OT Pa3pabOTKU METOJ0B OOHAPYKEHUSI 3arPA3HEHUS 10 PELICHUS] KOHKPETHBIX
3a1a4. PBIHOK TEXHOJIOTMI OXpaHbl OKPY’KAIOLIEH CpPelbl COCTABISAECT BO BCEM MHUpPE
okoiio 400 mapa. momutapoB. I[lnasmennas ¢pu3nka 3aMeHUIA TPATUITMOHHBIE METOIBI
CTOpaHHUsA YTJIsA, UCIIONIb3YETCs It O0JIee MOTHOTO U3BJICUEHUS METAIIOB U3 PYyIHBIX
uckonaembix. OyHIaMEHTAIbHBIE UCCIEIOBAaHUS B JIa3epHOU (DM3HKE U KOMIBIOTEP-
HBIX TEXHOJIOTHUSIX MPUBEIU K CO3/IaHUIO PA3NMYHBIX 3(PPEKTUBHBIX METOJOB KOH-
TPOJISL 3arpsSI3HEHUN OKPYKAIOLIEH Cpellbl, JOCTHKEHHSI B 00JIaCTU MaTepHalloBee-
HUSL U IPOEKTUPOBAHUS A HOBBIE 3(P()EKTUBHBIE METOAbI MOJYyUYEHUS YHEPTUU U
YTUIN3ALUU OTXOHOB. "J[py>KECTBEHHbIE" TEXHOJIOTMU, B OCHOBE KOTOPBIX JIEXKAT
JNOCTHXKEHUS (PU3MKH, CTAIM YacThbIO HAIIell MOBCEAHEBHOM >KM3HU, HAYMHAS OT Ha-
IpeBaeMOro COJHEUYHOM PHEpruel MmiaBaTesIbHOro 0acceilHa Ha OJIMMIMICKUX Urpax
B Atnanre (1996 r.) u aBTomoOuiis ¢ conneunbiMu 6atapesmu GM EV1.

SHEPI'US BETPA KOHTPOJIb 3ATPABHEHUS
American Wind Energy Associabon ATMOCDEPBI

e JIJIss TMCTaHIIMOHHOI'O KOHTPOJIS aT-

* bonee »ddexTuBHBIC ABUTATENH H Moc(epbl HCIONB3YIOTCS Jla3epbl U
HOBBIC JICTKHE MaTepuaibl ISl TypOuH KOMIBIOTEPbl. UyBCTBUTEIBHOCTH CO-
yMeHbIIWIN 3aTpathl Ha 90 % 1o cpas- BPEMEHHBIX METOJIOB COCTAaBIISIET OKO-
HeHuto ¢ 1981, croumocTe sHepruu 70 0,0000000001%.

MOJIy4aeMO Ha BETPOBBIX JJIEKTPO- * UccnenoBanre KOMIBIOTEPHBIX MO-
CTAaHLMSIX CTajla KOHKYPEHTOCIOCO0- neneit BeIOpoca W3 JBIMOBBIX TPYO,
HOM C TEIJIOBBIMH JIEKTPOCTAHIUSIMH. IPUMEHCHHE ANEKTPOCTATUYECKUX
* MUPOBOM PBIHOK BETPOBBIX JJIEKTPO- GuUIBTPOB IS OYMCTKH BO3JyXa OT
cranuuii B 2000 r. cocraBun okoJio 2,4 MPOAYKTOB CTOPAHMUSI.

MJIpZ. OJUIapOB, B 3TOM OTpACIH CO3- * Hayunsblie ucciengoanusi: 1960-e rr.
JTAHO JICCATKH THICSY pabOYMX MECT. * Ilpuknagueie uccieaoBanus: 1960-
* Hayunslie uccinenosanusi: 1970 rr. 90 rr.

* [Tpuknagueie uccienopanus: 1980-

90 rr.-
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YTUIN3ALOUSA OTXO10B
» Cnenyroriee MOKOJECHUE aBTOMOOMIIEH
MOET ObITh OyJeT M3rOoTaBIMBATHCS B
OCHOBHOM W3 MOBTOPHO MCIOJIb3yEMBbIX
MaTepuasnoB.
* ViydiieHue MeTol0B 00paboTKu Ma-
TEPUAJIOB U MOTPEOHOCTU PHIHKA YBEJU-
YN JIOJII0 TIepepabOTaHHBIX IJIAaCTMAcC
Ha 600% c 1987 r. mo 1993 r.
* B 1993 r. 6bu10 nepepaborano 63 %
AJTFOMUHUEBOU Taphbl.
* Hayunsle uccnenoBanusi: 1960 — 70 rr.
* [Tpuknaansie wucciaenoBanue: 1980 -
90 rr.

N3 mycopHoro
0aka — K HOBO-
MY U3JIEIIUIO

OT Hay4YHBIX Pa3padoTOK 10 OBLITOBOI0 UCNOJIb30BAHUA

Okpyxamolias cpena

BoicokorpdexTuBHbIe "uncThIE" aBTOMO-
onsn

* B 1996 r. BeimylIeH JIETKUM aBTOMO-
owip Dodge Ram Pickup, B xoTtopom
UCIOJI30BAJIOCh AJbTEPHATUBHOE TOII-
JUBO

* O0benunenne "HoBoe mMOKOJIEHHUE aB-
ToMOOMIIEH" MpeanonaraeT co3aaTh aB-
TOMOOWJIb, KOTOPBIM OyAeT B TpU paza
HSKOHOMHYHEE CyllecTByromux. s
3TOTO MOTPEOYIOTCSI HOBBIE MaTepHalIbl
U TOIUTMBHBIE CUCTEMBI.

AHTapKTHIAa — 030HOBAasl AbIpa

* CIlyTHUKHU M3 KOCMOCAa KOHTPOJIUPYIOT
cocrosiHue armocgepsl (Hampumep, co-
J€p’)KaHue 030HAa), B TO BpPEMs Kak Ha
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KOMIIBIOTEPE HCCIICAYIOT MOJEIH aTMO-
chepsl U IpeICKa3bIBAIOT U3MCHCHUS B
atMocdepe.

* TonmyHa 030HOBOTO CIJIOSI B OKTSOpE
yMeHbIIIach 6ombine, uem Ha 50% mo
cpaBHeHuto ¢ 1970 r.

YAaaneHue onacHbIX OTXO40B

* ['eopusnyeckrue MeToIbl, KOTOPHIE UC-
MOJI30BAINCH ISl KOHTPOJS pajnoak-
TUBHOCTH, IO3BOJMIM CHU3UTH CTOU-
MOCTb 3aXOPOHEHUSl PAJAMOAKTUBHBIX
OTXOJIOB.

* [Io mporpamme ATEHTCTBA IO OXpPAHE
OKpPY’Karollel CO3aHbl HOBBIE TEXHOJO-
TUU YTUIU3ALUU OTXOJI0B, KOTOPBIE IO-
3BOJIMJIM YMEHBIIUTh PAacXolibl HA COT-
HU MUJUJIMOHOB JIOJUIAPOB.



ConHeuyHast YHeprus

« MupoBoii 00beM MPOAAXK COJHEUHBIX
OaTapeil 3a MoclieIHUE JECATh JIET exkKe-
roJAHO yBeluuuBaiuch Ha 15%, B TO
BpeMsl KaK 3aTpaThl YMEHBIIUIUCH T0Y-
™™ Ha 90 %.

* DdOdEeKTUBHOCTh TOHKOTUICHOYHBIX
conHeuyHbIX Oartapeit ¢ 1978 . yBenuuu-
nack Ha 500%.

bypums ¢ noucxkax negpmu? Bwt xo-
mume Oypums 3eMJjil0 8 NOUCKAX Heqh-
mu? Bvt cymacweowui! (bypniabmu-
KN, KOTOpPbIX JaBuH JI. [Ipeik mnbI-
TaJics 3aBepOOBATH JJIs1 CBOEro Mpo-
eKkTa noucka Hegrtu. 1859)

1839 0. — Habnromanock nepBoe mpeod-
pa3oBaHHE CBETa B AJIEKTPUYECKYIO
DHEPTUI0 — Hayallo COJIHEYHOW dHepre-
THKH.

1861 [. — Ilepsiif naTeHT Ha U300peTe-
HUE MOTOpa, paboTaromero Ha COJHEY-
HOU DHEPIHUH.

1930 0. — C. Yenmen (S.Capman) co3-
Jai TIEPBYIO TEOpHUIO OOpa3oBaHUSA U
pa3IoKeHUs: aTMOC(EPHOTO 030HA.

1958 0. — ArenrctBo HACA BmepBbie
UCIIOJIb30BAJIO COJIHEYHbIE OaTaped Ha
KOCMUYECKUX CITyTHHKAaX, a 3aTeM B
npoekTax J[>keMuHu u ANoJLIO.

1970-0 00. — M. Momuna (MTH), @.C.
Poynann (Anrnus, Upsun) u I1. Kpyt-
neH (Mucturyr Makca Ilnanka) (M.
Molina (MIT), F. S. Rowland (U. C.
Irvine), P. Crutzen (Max-Planck Insti-
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tute) mpoBeNIM UCCIIEAOBAHNE TUHAMUKH
ciost o30Ha B atmocepe. Pabora Obuia
ormeueHa HoOeneBckoil mpemuenn B
1995 .

1973 0. — OMmbapro Ha MOCTaBKU HEPTH
NPUBEIO K CKEMECSIYHOMY YIBOCHHUIO
IICH Ha JHEPruio, YTO CTUMYJIHPOBAIO
UHTEPEC K aIbTCPHATHBHBIM HCTOYHH-
KaM DHEPrUH.

1977 0. — Co31aHO MUHUCTEPCTBO DHEP-
retuxu CIIIA.

1978 [. — [Ipencrasnena mnepBas TacT-
MaccoBasi Tapa JIs HallUTKOB.

1987 — [IBaguath cemb cTpaH IOJIITH-
ChIBAIOT MOHpEAIbCKUN MPOTOKOJI: CO-
[JIAllIEHUE, B COOTBETCTBUU C KOTOPBIM
JIOJDKHO TOCTENEHHO YMEHBIIATHCS HC-
MOJIb30BAHUE HEKOTOPBIX XHUMHKATOB,
pa3pylIaroiuX O30HOBBIM CJIOW 3eMIIH.
K 1994 r. sror mpoTokon noamucanv
133 crpansl.

1990 0. — ®upmsr Koka-Koia u [lerncu-
Kona HaunHaer ucnosnb3oBaTh nepepa-
OO0TaHHYIO IJIaCTMAacCy JUIsl U3rOTOBIIE-
Hus Oyteulok. B CIIIA npusATH 1O-
IpaBKU K 3aKOHY O YMCTOW armocdepe,
npeaycMaTpuBaromye Oosiee KECTKUE
TpeOOBaHMUSI K MPOU3BOJACTBY XUMHUKa-
TOB U NpPEKpallleHUE MPOU3BOJICTBA XH-
MHUKATOB, pa3pylIaloIIUX O30H.

1994 [. — Umnopt Hedtu B CLIA BHep-
Bbie TipeBbimaeT 50 % morpebHOCTH U
COCTaBJISIET TPETh HAIIMOHAIBLHOTO TOP-
TrOBOTO JeduIuTa.

1995 — Ilpomaxu comHeuHbix OaTapeit
nocruraror 1 mupa. nosnapos. Berpo-
BbIE€ DJIEKTPOCTAHIIMM 0OECHEeUYHUBaIOT
SHEPrUue MUJIJIMOHBI JIIO/EH, IIOBTOPHOE
UCIIOJIb30BAaHUE dHEPTUHU (peKyneparus)
IpuBejla K DKOHOMUU  OKOJIO 5
Mipa. nosutapos. [lmactmaccoBble mmake-
ThbI CTaJIM TOHbIIE HAa 70%, B pe3yJbrare



TEXHOJIOTHYCCKUX JOCTHKCHUM CTEK-
JsiHHbIE OYTBUIKW [JI1 HAIUTKOB CTallv
BecuTh Ha 31% wmenbiie, yem B 1970-x
rr. TexXHOJIOrHHU, CBSI3aHHBIE C OXPaHOU
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OKpPYXaUenl Ccpeabl, CTAIM HCTOYHU-
KOM MHOTOMWJUIMApAHOrO Ou3Heca u
THICS'Y HOBBIX pab0O4MX MECT.



®dun3nka obecneumBaeT Nporpecc TpaHc-
nopra

Tpancnopm

duznyueckre MCCiae0BaHMs MOMOTIIHU cliejaTh TpaHcnopTHyto unaycrputo CIIIA ca-
MO 60JBIION B MHUpE. ABTOMOOMIIbHASI MTPOMBIIIUIEHHOCTh cocTaBiisieT 4-5% Bao-
BOI'0 HaIIMOHAJIBHOTO J10X0JIa U B HEW 3aHATO 2,3 MWUIMOHA aMepukaHueB. Camore-
TOCTPOUTENIbHAS TPOMBIIIIEHHOCTh B CIEIYIONIME ABAAIATH JIET MOCTaBUT Ooree
14 000 TpaHCHIOPTHBIX CaMOJIETOB HAa CyMMY OKOJiO 1 TpuiuinoHa goiiapoB. Ouszuka
MO3BOJISIET TTEPEMENIAThCS B JTIOOYIO TOYKY 3€MHOTO II1apa 3a MEHBITYI0 CyMMy U 00-
Jee HaJeKHO, YeM KOraa-muoo npexae. Ee mocTmkeHus nCronb3yoTes, HauuHask OT
KOHTPOJISE paOOThI ABUTATEIS C TIOMOIIBIO KOMITBIOTEPA A0 MCIOJIB30BaHUS TI00ajh-
HOM cuctembl onpeneneHust Mecromnoioxenus: (GPS). ¢usuka crnenana BO3MOKHBIM
UJTH BOKPYT yIJIa U MOMEPEK MHUpA CKOpee, 3a MEHbIIIEe KOJIUYECTBO JACHET U Ooiee
0J1arornoay4yHo YeM Korjaa-in0o mpexe.

YOPEKTUBHBIE ABTOMOBH- * Pacxox tomuBa — 1 rajajaoH/46 Muib
JIN IIPUBCACT BO BCEM K MHOIOMHJIIIMAPA-
HOW SKOHOMHUH Cp€acTB HOTpG6HT€JICﬁ.

BO3YUWHBIE MEIIIKH

BE3OITACHOCTH

» CoBpeMcHHBIC aBTOMOOMIIM CO37a-
IOTCA C WCIIONB30BAaHUEM JOCTHKECHHM
(bU3UKH B UCCIEAOBAHNU 00JIee JIETKUX
KOMIIO3UTHBIX MAaTEpHAaJIOB M IOJIMME-
POB, CO3/TaHUH JIA3€POB, MPOTPAMMHO-
ro obecneuenusi, 6onee dHPEKTUBHBIX
aKKyMYJIATOPOB M TOTUIMBHBIX 3JIEMCH-
TOB.

* MUKpPOKOMITBIOTEPHI YIIPABIISIOT CHC-
TEMOW 3a)KUTaHWUS aBTOMOOWJIS IS
ONTHMH3AIIMA CTOpPaHUs TOIUIMBA B
JBUTATENIC W YBEIWYCHUS MpobOera Ha
SAMHHMITY PAcX0yeMOro TOILIMBA.

* HccnemoBanuss B 00JacTH HHTE-
TPAIBHBIX CXEM M MHUHHUATIOPHU3ALNH
MEXaHWYECKUX TepeKIIIovaTes e I1o-
3BOJIMJIM CO3/]aTh BO3IYIIHBIC MEIIKH
0€30I1aCHOCTH.

* DJIGKTPOHHBIC JATYMKHA PEArupyroT
Ha MEXaHWYECKOE BO3JCHCTBHE, U BHI-
pabaTbIBaeTCsl CUTHAJI Ha OBICTPOE Ha-
JyBaHUE MEIIKa O€30MacHOCTH.

* Ilocne mnepBo JaeMOHCTpauuu B
1980-x rr. memka 0e30IMacHOCTH, OHH

29




Obutn ycTaHoBJeHbl Ha 50 MIH. aBTO-
MoOumsix. Memku  cpabotamu B
650 000 aBapusix u cnaciau 1 500 xu3-
HEH.

CAMOJIETBI

® I/ICCJ'ICI[OBEIHI/IH B 00J1aCTH KOMITIO3UT-
HBIX MAaTCPHAJIOB, KUAKOKPUCTAIIINYC-
CKUX JHUCINICCB, JJICKTPOHUKH, KOMIIb-
IOTGpHOfI TCXHUKH, CO34aHUsA OJKOHO-

MUYHBIX TypOuH caenanu bounr 777
OIHUM U3 Hauboyiee MOIIHBIX U -
(PEeKTUBHBIX CAMOJIETOB M3 KOIAa-TM00

pa3pabaTbiBacMbIX.
e Mcnonp30Banne CUCTEMBI aBTOMAaTH-
3UPOBAHHOTO MPOEKTUPOBAHUS

YMEHBIIIWJIO CTOMMOCTh Pa3pabOTKU U
COKpaTUJIO BpeMs BBIMYCKa camoJieTa
Ha PBHIHOK.

* B 1995 r. B aBuallMOHHOM MPOMBIIII-
JIEHHOCTH ObLIO 3aHsTO 267 000 yeso-
BEK, a’pOHABTHKAa HMella MPUOBUIH B
pasMepe OKOJIO 25 MIIpA. A0JUIapOB.

OT Hay4YHBIX Pa3padoTOK 10 OLITOBOI0 HCIOJIb30BAHUS

TPAHCIOPT

Bcenoroanbie camoJieThbl

* Panapel, ucnonb3oBaHue MHQpakpac-
HOTO M3Jy4Y€HUs I TOJIyYEHHUS H30-
Opaxenus, cucrema GPS (rmobanmphas
CUCTEMA HABUTALIMKU U ONPEIECICHHUS I10-
JIOXKEHMS) TO3BOJAT CaMoJieTaM SICHO
"BUlIeTh" TpH JIIOOBIX MOTOAHBIX YCIIO-
BUSIX.

* Ou3nyuecKue uccieoBaHusl B 001acTH
CO37aHMs JeTKUX, SKOHOMUYHBIX U Iie-
pe3apspKaroIUXCsl aKKyMYJISITOPOB  T10-
3BOJIIIM  CKOHCTpyupoBaTh GM EV1 —

AIIEKTPUUECKUI aBTOMOOWIIb, KOTOPBIN
MOCJIE 3apAIKA aKKyMYJIATOPOB ITPOXO-
mut 70-90 MuiIb.

HNuTennexkryanbHas TpaHCIIOPTHAS CHC-
tema (ITS)

» llenTpanbHble KOMITBIOTEPHI MOXKHO
WCIIOJIB30BaTh ISl YIIPABICHUS JIBHKE-
HUEM Ha OCHOBE WH(MOPMAINH, IOTY-
YEHHOW OT DJJIGKTPOHHBIX JIaTYUKOB,
CMOHTHPOBaHHBIX Ha Mmocce. Cucrema
GPS moxer ncnonp3oBaThes A1 BHIOO-
pa JIydIllero BapuaHTa JABWKCHHUS aBTO-
OycoB.

* UuTemnexktyanbHas  TpaHCHOPTHAs
CHCTEMa HCIIOJIb30Bajach BO BpEeMs JIeT-



HUX OJIMMIIMACKUX WUIP B ATJIaHTE B
1996 1.

Heego3moocno cozoamv emarowiuil
MexXaHum, KOmopulil msucenee 6030y-
xa. (Jlopa Keasun, npesugent Kopo-
JIEBCKOro o01mecTBo, 1895).

1900-00 0. — Komnanus @opzaa mo mpo-
U3BOJICTBY aBTOMOOWJIEM HayWMHAET pa-
ooty, umest B mrtate 10 cimyxammx.

1910 — 20 -0 00. — TTosBHsIFOTCS TIEPBHIi
cBeToop U ckopocTHoe mmocce. Yapib3
JIuanGepr coBepIIaeT MepBbIid TpaHCaT-
JAHTHUYECKUM moJieT. JloMuHHpyronen
¢opMoil  OOIIECTBEHHOTO TpPaHCIIOPTa
CTaHOBSITCSl aBTOOYCHI.

1930 — 40 00. — 3aperucTpupoBaH ma-
TEHT Ha "HaJyBHOE 3aIIUTHOE YCTPOM-
CTBO, cpalarbIBaroiiee Mnpu aBapusx'.
OTtkpblBaeTcsi TEpBbIA KUHOTEATp 'HE
BbIXOJsl U3 aBTroMoOwmis". Hopmuposa-
HHUE TOIUIMBA BO Bpemsi Bropon mupo-
BOM BOWHBI IIPUBEJIO K YBEIWYEHHUIO J10-
a1 OOIIECTBEHHOIO TpaHCIOpTa [0
65 %.

1950 — 60 00. — MccnemoBaTenu moka-
3aJIi, YTO BO3HUKHOBEHHWE CMOra dYac-
TUYHO CBSI3aHO C BBIXJIOIHBIMHU Ta3aMu
aBromoOuneit. [loctpoeHsl nepBbie nac-
CAXUPCKUE  PEAKTHBHBIE  CAMOJIETHI.
Co3lano  MUHHCTEPCTBO  TpaHCIOPTa
CIIA. BrepBble uCIOIb30BaHa JIBYX-
CTOPOHHSISI PAJMOCBAI3b MEXKIY IOe3/1a-
MU METPO W aBTOOycamul JUIsi KOHTPOJIS
U YOpaBJICHUS TPAHCIIOPTHBIMH TOTO-
KaMH.

1970-00 0. — 3ak0H O YHCTOM BO3AYXE
HOPUHAT C LEJbI0 YMEHBIICHHS 3arpsi3-
HeHus arMocdepsl. Pa3paboTka MuHHA-
TIOPHBIX TOIUIMBHBIX HACOCOB IO3BOJIS-
€T CO3/1aTh BO3AYIIHBIE MEIIKH 0€30-
nacHocTd. bimxHeBocTOUHOE HEPTSIHOE
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AMOApPro MPHUBEIIO K MOBBIIICHUIO 1IEH Ha
TOTUITMBO W TIOKAa3aJl0 HEOOXOAMMOCTH B
pa3paboTKe HOBOT'O THUMA TOILJIMBA U 0O-
gee  A3(PQPEeKTUBHBIX  TPAHCHOPTHBIX
CpeACTB.  ABTOMOOWJIM  CTAHOBSITCS
"KOMIIbIOTEpaMU Ha KoJiecax', MOCKOJIb-
Ky DJIEKTPOHHBIE YCTPOWCTBA HCIOJIb-
3YIOTCSl JJI YIpPaBJIEHUSl JBUTATEISIMU;
KOMITBIOTEPHl HAYUHAIOT HCIIOIb30BATh-
Ci B JUArHOCTUKE IMPHU PEMOHTE aBTO-
MOOWJISE ¥ TIPH TIPOCKTHUPOBAHUU TPAHC-
MOPTHBIX CPELICTB.

1980-10 — MwuHHCTEpCTBO TpaHCIOPTA
CIIA noTtpeboBajio UCIOIB30BaTh B aB-
TOMOOUJISIX BO3AYILIHBIE MENIKU 0e30-
NacHOCTH. MarHuThl Ha OCHOBE PEIIKO-
3eMEJIbHBIX 3JIEMEHTOB, CO3/laHHbIE (Pu-
3UKaMd B (PyHIaMEHTaIbHBIX HCCIIEIO-
BaHUAX B 1960-pIX IT. Ha4aJIM HUCIOJIb-
30BaThCAd B TOPMO3HBIX CHUCTEMaX, JBU-
raTenisx, JaTyukax W CPeACTBax yIpaB-
JeHus mosetaMu. B aBToOycax u MeTpo
HayaJdul HUCIOJb30BaThCA  KUIAKOKPH-
CTAJUIMYECKUE JIUCIUICH U YHpPaBIIsIEMbIE
JJIEKTPOHUKOM  yCTPOMCTBA KOHTPOJIA
OIIaThl MPOE3/A.

1990-2000 — KamudopHus mnpuHsIa
MIOCTAHOBJICHHE O MHUHUMAJIbHOU [0Jie
HOBBIX aBTOMOOWJIECH. KOTOpHIE HE 3a-
TPSI3HSIIOT OKPYXaIIIyl cpeay. Ame-
puKaHIbl Ha cBoUX 150 MiH. aBTOMOOH-
JE€d TPOE3KAT €XKEroAHO MOoYTH 2
TPWLINOHA MUJTb. ABTOMOOWIHHBIC BBI-
xsionbl B CIJA ymenbiiens! Ha 70-90%.
PanapHble aTyuKku, yCTAHOBJICHHBIE B
aBTOMOOMJISIX MOTYT MOJACPKUBATH IMO-
CTOSTHHYIO JUCTAHIIUIO MEX]y aBTOMO-
OWsiMH, yNpaBiisis JBUTATENEM U TOp-
Mo3aMu. ONTOBOJIOKOHHBIE JTUHUU CBSI-
31 TepenaroT MHGOPMAIMIO B IEHTP
yIpaBJICHUs JABMKEHUEM i Oosiee d¢-
(GEeKTUBHOTO yIpaBJICHUS] TPAHCIOPT-
HBIMH TTOTOKaMHU.



dusuka 3anonHsaet Baw aom

TOdebl NO0BCEOHEBHO20 cnpoca

dusnueckue uccienoBanus, puHaHcupyemble npasurensctBoMm CIIA, nmo3Bosnuio
IIOBCE/IHEBHBIE BEUIM CeNaTh ele 0ojiee NpocThiMu U ya0O0HbIMU. Co3/1aHNE COBpe-
MEHHBIX OpPUTBEHHBIX MPUOOPOB CTAJO BO3MOXHBIM Ha OCHOBE HCIOJB30BaHUS
OONBIINX TOCTHXKEHHUI B (DU3UKE IUIa3Mbl U JIa3epHON 00paboTke maTtepuaion, CD-
JUCKU C OOJIBIIUM BPEMEHEM 3ByUYaHUs OTPeOOBaIN CO3/JaHHsI HOBBIX MaTEPUAJIOB U
nazepoB. M300peTreHune mosiympoBOAHUKOBOrO TpaH3uctopa B 1947 r. HaBceraa us-
MEHWJIO HAIy KU3Hb: KPOLIEYHbIE MUKPOKOMITBIOTEPEI MOKHO HAUTH BO MHOTHX I10-
BCEIHEBHBIX BEIIaxX: OT Tele(oHa, paaHoNpPHUEMHHIKA TEJIEBU30Pa A0 XOIOAMIbHUKA,
MHUKpPOBOJIHOBOM Meuu U aBTOMOOWIIA. bbiToBas anexkrponuka cocrasiser 11% Bano-
Boil npoaykuuu B CIIA, B 370l oTpaciv NpOMBIINIJIEHHOCTH PabOTal0T MUJIMOHBI
aMepHUKaHLEB. YIIyUIIEHUE KAayecTBa KM3HHU HACTOJBKO Pa3HOOOpPAa3HO, YTO €ro He-
BO3MOKHO PacCUYUTATh.

MUKPOBOJIHOBBIE IIEUYH TEXHOJIOTI'Us
KOMIIAKT-IUCKOB

Ganeral Electric Ca.

» Pa3paboTka pajgapa B ToJibl BOWHbBI U \ ; _
MHUHHATIOpU3alusA  3JICKTPOHUKA  [IPH- * Pa3zpaboTKa KOMIIaKT-JUCKOB CBsA3aHa

BEJIM K CO3/IaHWI0 MUKPOBOJHOBBIX TIe- C (U3HYECKUMH WCCICIOBAaHUSIMHA B
yeil. Mcnonb3yroTcs HarpeB B uH(pa- ANICKTPOHUKE, BBIPATUBAHUA MOHO-
KpPAacCHBIX JydYaxX M JaTYMKU BIIAKHOCTH KPUCTAJVIOB TIOJYTPOBOAHUKOB, TOH-
JUTSI ©3yYCHUSI METOJIOB Harpena. KMX MarHUTHBIX TIJIEHOK U JIa3€POB

* Hayunsie uccnenoanus: 1940-60 rr. * Hayunsie uccnenoanusi: 1940-60 rr.
* Ilpuknagueie ucciaegoBanus: 1960- * Ilpuknagueie ucciaegoanus: 1970-
90 rr. ExxerogHo aMepUKaHCKHUE KOM- 90 rr.

MaHUM TPOJAIOT OKOJIO 6 MIIH. MHUKPO- » PazpaboTrka B yHHMBEpcUTETax, Ha-
BOJIHOBBIX IT€U€H. IIMOHAJBHBIX JTA00OPAaTOPHUSAX M KOMIIa-

HUSIX TOJYIMPOBOJHUKOBBIX J1a3€POB C
CUHUM HW3JIyYEHUEM IO3BOJIUT CO3/1ATh
KOMITaKT-TUCKH C OOJIBIIUM OOBEMOM
ayio- v BUACOMH(OpMAaInu.
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bPUTBbI

o Jlnst TOKPBITHS JIE3BHI OPHUTBBI HO-
BbIMM TOHKOIUIEHOYHBIMH Marepuaa-
MU HCTOJB3YIOTCSI METOJbI, pa3pabdo-

TaHHbIE (QU3MKAMU TIpU  U3YUCHUHU
IJIa3Mbl. UCIOJIB3YIOTCS JIa3epHbIE Me-
TOABl YINPOUYHEHUS MaTepuajia U CHC-
TEMbl KOMIIBIOTEPHOTO 3pEHUs ISt
KOHTPOJIS 38 KAYECTBOM U3JEIINM.

* Hayunsbie uccnenpoanus: 1960-80 rr.
* IIpuknagueie ucciuenoBanus: 1980-
90 rr: Ilpomaxku upmer Gillette B
1995 r. coctaBunm 1.1 mnpa. momna-
POB.

OT Hay4YHBIX Pa3padoTOK 10 OBLITOBOI0 UCNOJIb30BAHUA

NOTPEBUTEJIbCKUE TOBAPbDI

Henpuroparwmasi nocyaa

h 1

» Teduon, pazpaboTanHblil B pe3yibTare
HCCJIE0BAHUI MOJIUMEPOB, HCIOJIb3YET-
Cs KakK TOKPBITUE B KYXOHHOM MOCYJeE,
IIPX U3TOTOBJIEHUH KOBPOB CO CTOMKOM
OKpPACKOM, OHEkKIbl U MATEPHUAJIOB IS
nepecaiky B MEAUIMHE.

7
8
R

P PexkTUBHOE OCBEIIEHHE

Fusisn Lighting

 duzuka IMmiIa3Mbl U MHUKPOBOJIHOBAS
TEXHOJIOTHS MPUBEIU K CO3/IaHHI0 Ooee
MOIIHBIX JIaMI OCBEIIEHHUS C OOJIbIIUM
CPOKOM CIIy’KObl U MEHBIIUM HOTpeodIIe-
HUEM DHEpPruHu IO CPAaBHEHHIO C OObIU-
HBIMH JIAMITAMH HAKaJTHBAHU.
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 JIBa nammbl pa3MepoM Msidya s TOJIb-
da 3amenwnn 240 namn HaKaJWBaHUS
MOIIHOCTBIO 175 Barr B cTposIiemMcs
TOPrOBOM KOMILJIEKCE.

KocmeTuka u COJIHIE3AIIMTHBIC Kp€E-

o [mage Bank

R
ot

* l3ydeHrne HAHOKPUCTAILIIOB, pa3Mep
KOTOPBIX COCTaBIISIET OKOJIO OJHON MUJI-
JMApJIHOW JI0JM METpa IO3BOJIMIIO CO3-
nath Oonee dS(QexkTuBHBIC COJHIIE3A-
MIUTHBIC KpEMa U JTYUIITYI0 KOCMETHKY.



Hudposoe TeneBuIeHUE

* IludpoBoe TeneBupeHNE OCHOBAHO Ha
(dbyHIaMEHTAbHBIX HUCCIIEIOBAHUSIX BO-
JJOKOHHOW ONTHUKE W B AJIIEKTPOHUKE, KO-
TOpbIE OOECTICUMSIM TIOJyYCHHE H300pa-
KEHUS C BBICOKUM pPa3peIIeHUeM U Tele-
BU3UOHHBIN A0CTYI B IHTEpHET.

« B CIIJA exerogno mponaercst OoJiee
10 muH. TENEBU30POB.

Her HMKAaKMX NPUYMH, N0 KOTOPHIM
KaXKAblii X0TeJ1 ObI MMETh JIOMa KOM-
npoTep. (Ken OJuicoH, mnpe3uaeHT,
npejacenaTesib U OCHOBaTeJb KOPIO-
pauuu Digital Equipment Corp., 1977)
1870-80-10 0[0. M300pereHbl W cranu
MPOJIaBaThCsl DJICKTPUICCKUE JIAMITH Ha-
KaJIUBaHMUS.

1920-1930-0 0. — Ha ¢upme [lromon
XUMUKA HW300peny HEWIoH u TedIioH.
[TosiBUIICST MEPBBIA TEPMETUYHBIN XOJIO-
TVITHHUK.

1940-00 — Mccnenoatenu B abopato-
pun bsna u3o00peraroT TBEpPAOTENbHbBIN
tpausuctop (HoOeneBckas  mpemus,
1956 1.), dopmMupys OCHOBY HPOMBIIII-
JICHHOCTU MO BBIITYCKY OBITOBBIX 3JIEK-
TpoHuku. [Ipu pabore Haa MpoekToM pa-
napa st Mopckoro ¢uora CIIA
I1. Cnencep (P. Spencer, Raytheon Co.)
OoOHapyXuJl, 9YTO MHUKPOBOJIHOBAs JHEP-
TUsl MOXET HarpeBaTh mwuiry. M3o0peTte-
Ha TIEpBasi MOJIHOCTHIO aBTOMATHYECKas
CTUpAJIbHASI MAIIIUHA.

1950-00 (0. — MuUKpPOBOJIHOBBIC TEYU BE-
cat 750 ¢ynToB u crost 3000. gosmapos.
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Y. Tayac (mrat KomymOus) cozman ma-
3ep, MPOEKT KOTOPOTO (hPMHAHCHUPOBAICS
BoeHHbIMM  (HoOeneBckass — mpemus,
1964 r.). OTta pabora mpuBena K paspa-
00TKe MOJYNPOBOJAHUKOBOTO Jia3epa, Uc-
M0JIb3yeMOr0 B IPOUTPHIBATENSAX KOM-
MaKT-JUCKOB.

1960-70-00 0. — dupma Mac npomaer
NEPBYI0 KACTPIONIO C TE(IOHOBBIM IIO-
KkpeiTieM 3a 6.94 nomnapa. HACA u na-
Ooopatopusi bana 3amyckaroT mepBbId
clyTHUK cBsA3U. [IpexncraBiieH mepBbIid
MHUKpPOIIPOLIECCOP, MHUKPOBOJIHOBBIE [Ty-
XOBKM HAMHOT'O MEHBIIIE U JICIIEBIIE.
1980-00 I0. — KoMnakT-IuCcKi HAYMHAIOT
3aMEHATh BUHUJIOBBIE T'PaMIUIACTUHKU U
MarHuTHbIE JIEHTBL. MHUKpPOIPOLIECCOPHI
HAYMHAIOT MPUMEHSTHCS B aBTOMOOMIIAX,
TEJIEBU30paX, MUKPOBOJHOBBIX I€Yax U
nopratuBHbIX TenedoHax. Haumnarorcs
UCCIIeIOBaHUs B 00J1aCTH "HaHOKPUCTAI-
J0B" MOSBISETCA HOBBIA KJIACC MaTepHua-
JIOB.

1990-00 0. — Pa3paboraHHbBIC TIO TPaHTY
HanmonansHOro MHCTUTYTa CTaHAAPTOB
(CIIA) HaHOKpHUCTAJIBI, KOTOpPBIE HC-
N0JIb30BAIMCHh B COJIHLIE3AIUTHBIX Kpe-
Max, CTajd CTOUTh 3HAYUTEIHLHO MEHb-
me: 10 uentoB — 1 rpamm, 10 pa3padoT-
ku 1 rpamm — 1000 nommapos. Chopmu-
poBan '"Bemuknit Coro3" kommnaHuil B
00JIaCTH 3JIEKTPOHUKU U TEIEKOMMYHH-
Kalui Juisi pa3pabOTKU CTaHJapTa TeJje-
BUJICHUSI BBICOKOTO KadecTBa (CTaHIapT
HDTV). B CIIA npomano 6ornee dem
100 MmunmmonoB CD-muiaiiepoB U THCKOB
C BBICOKOW IIJIOTHOCTBIO 3aIIMCH, B KOTO-
pPBIX HCIOJNB3YIOTCS CUHUE Jia3epbl. Ta-
KH€ JUCKU XpaHAT OoblIee KOJIUYECTBO
MY3BIKH U KHHOGUIbMOB. "WHTEmeKTy-
albHBIE" MaTepualibl U JIEKTPOHHUKA TO-
3BOJISIT CO3JaTh JOMAILIHUE TPUOOpHI,
KOTOpbIE YMPAaBIAIOTCS PEUYEBBIMU KO-
MaHJaMHu.



dun3sunkKa 3adboTnTCA 0 300pPOBLE

Meouuunckan gpuzuka

denepalibHOE MPABUTEIBCTBO (PUHAHCHPYET (DHU3MUECKUE HCCIICIOBAHHS, KOTOPBIC
HaIpaBJIeHbl Ha Pa3pabOTKy HOBBIX METOJIOB JICYCHHS W HOBBIX CIIOCOOOB OBICTPOIA
JTUATHOCTUKH. TOJIBKO 3a JIBa T'0Jia UCIOJIb30BAHUE CYTIEPKOMITBIOTEPOB YMEHBITHIIH
BpeMsi, HEOOXOIMMOE TSl M3yYCHHsI MOJICTTN TCUCHHUSI KPOBH B BEHAX M apTEPHSX, C
HEJCNIb WM MECSIIEB 10 HECKOIbKUX MUHYT. [IydKku 4acTuil U TaTYuKH, UCIIONIb3ye-
MbI€ B B (PM3MKE BBHICOKMX SHEPTHMA, IPUBEIIH K Pa3BUTHIO HOBBIX MPOTOHHBIX U HEH-
TPOHHBIX TEPANEBTUYECKUX METOJIOB JICUCHHS PAKOBBIX 3a0ojeBaHuii. ONTOBOJIO-
KOHHAsl OTNTHKA W CPEJCTBA TEICKOMMYHHUKAIIMA TIO3BOJIMIIA HCITOJIB30BAaTh HOBBIC
METOJIBI B XUPYPTUH M METOABI OOHAPYKEHHUS PAKOBBIX 3a0oJieBaHMid. DU3NUYECKUEC
UCCJIEIOBAHUS TIOMOTAIOT HaM >KHUTh 3JJOPOBBIMH U JIOJIBIIIE.

TPEXMEPHBIE YJIBTPA3BYKO-
BBIE U3OBPAKEHUA

=
-
-
i -
=
2
5
=1

« Jlnsg TmonydeHHs yIbTPa3BYKOBBIX
TPEXMEPHBIX U300paXKEHUN Pa3TUUHBIX
OpraHoOB, HAapUMEp CEpAlLd, B >KHUBOM
OpraHu3Me HCHOJb3YITCS  (u3MKa
YJIBTPa3BYKOBBIX BOJIH, CJIOKHBIE BBI-
YUCIUTEIbHBIE METOJBl M camas Co-
BPEMEHHAs1 MUKPOJJIEKTPOHHMKA.

* Hayunslie uccnenoanus: 1940-pie rr.
* IIpuknagueie uccnenosanus: 1960 -
90 rr.

* YIbTpa3ByKOBbIE M300paKEHUS M-
POKO HCIOJB3YKOTCA B THHEKOJIOTHH,
JUisi OOHapy’>KeHUs OIyXoJed u cep-
JICYHBIX 3200JIEBAHUM.
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KOMIBIOTEPHOE MO/IEJIU-
POBAHUE KPOBEHOCHBIX
COCYJIOB

Stanford Univarsity

* C nOMOIIBIO KOMIIBIOTEPOB MOJEIH-
pytotcst (U3MYECKUE TMPOIECChl TIPHU
MPOTEKAaHUM KPOBHU B BEHAX U COCYJIaxX.
HccnenoBannss Mozaened NPUBEIO K
HOBOMY MOHUMAHHUIO COCYAMCTBIX 3a-
00JIeBaHUN M POJIU HEYHOPSATOUCHHOTO
JIBIKEHUS KpoBU. Takue wuccienona-
HUSI HEBO3MOYKHO OBLIIO TIPOBECTH DKC-
MEPUMEHTAIIBHO.

* Hayunsle nccnenosanus: 1960-80 rr.
* IIpuknagueie uccneposanusa: 1980-
90 rr.

* CHIDKEHHME DJJIACTUYHOCTH apTepuid,
KOTOpPO€ BEJET K CEepACYHBIM IPHUCTY-
naMm Y yjapam — T[JlaBHas NpUYUHA
CMepTH B 3araJiHOM MHUPE.




OU3UKA YACTHUI]
B TEPAIIUU PAKOBBIX 3ABO-
JJEBAHUU

* YcKkopuTenu 4acTull, co3faHHbie (pu-
3WKaMU JUIsl UCCIIEIOBAHUSA B OOJAcTH
(GU3UKN BBICOKUX DHEPTUM, WCIIOJIB3Y-

FOTCS JAJs JICUYCHUS 3J10KAaYSCTBEHHBIX
OIyXO0JIEH, HA KOTOpBIE HE NEUCTBYIOT
TPaAUIMOHHBIE METOJIbI Jy4eBOM Te-
paruu.

* Hayunsie uccnenoanus: 1930-40 rr.
* Ilpuknagueie uccienoBanus: 1960-
90 rr.

* HelitpoHHas tepanus JUIUMTCS Ha OX-
HY TPEThb BPEMEHU MEHBIIE, YEM Tpa-
JTUIMOHHASA JIyuyeBas Tepaluu; Kypc
JICYCHUS JUIMTCS OKOJIO 2 HEJIEb.

OT HayuYHBIX pPa3padoToK A0 OLITOBOI0 MCIOJIb30BAHUS

3A0POBbBE
AMP-Tomorpadus

Limivarpaty of BManssotaisl Laba
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SEEING IMAGES REMEMBERING
IMAGES

* MemunuHckas (u3HKa C MOMOIIBIO
METOJIa SIEPHOTO0 MAarHUTHOTO PE30-
HaHCa MO3BOJIAET M3y4YaTh MO3T JKHBO-
ro opranusma — SAMP-tomorpadus.

CBerl'lpOBOI[HI/IKI/I pA U3y4Y€CHUN
MO3ra

* JlaT4MKM HA OCHOBE CBEPXIPOBOIHHM-
KOB ITO3BOJISIFOT TOYHO OMPEICIUTh I10-
JIO)KCHUE aKTHBHBIE IIEHTPHI JIHUJICI-
THYECKUX OOJIE3HEH, ImoMoras uccie-
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JOBaTeNIsIM pa3pabaThiBaTh HOBHIE Me-
TOJIbI JICUCHUE.

O0Hap

JKCHHUE 0CTECOIOPOo3a

HILALTHY
VERTEDEA
Lirpmemsy O Wishengion o

* JlocTmkenus pU3UKU 3BYKOBBIX BOJH
¥ BUOpanuii UCTIONB3YIOTCS A Ooliee
IIPOCTOI0 U AOCTYITHOI'O IO CPAaBHEHUIO
C PEHTTeHOCKOINUEel MeTojga OOHapy-
KEHUSI OCTEOIOPO3a.

* be3 HOBBIX JOCTHKEHUW (PU3UKH TIO-
JIOBUHA BCEX MCHILUWH POXKICHHBIX B
CHIA Oyner nomaTh KOCTH M3-3a OC-
TEOIOPO3a.



CD-ROM TexHoJi0orus
o0OHapy:KeHHEe paKa KOXKH

* Komnakr-gucku CD-ROM  wMoryt
3¢ ()EKTUBHO U HEAOPOTO XPAHUTH U30-
OpaXeHHsI MCXOIHOTO COCTOSIHHSI KO-
xu. [Ipyn cpaBHEHMH C KOXKEHN MalMEH-
Ta OHU MOTYT IIOKa3aTh W3MEHEHUS,
NO3BOJISIIOLIME JIMATHOCTUPOBATH 3JI0-
KayeCTBEHHbIE 3a00J€BaHUsI B PaHHEH,
NOTEHLMAIBHO U3JIEYMMON CTAIUU.

* B 1996 r. B CIIIA oxunanuce 38 000
cityyaeB 3a00JIeBaHUsI MEJIaHOMOM.

Teopus Jlyn Ilacrepa o cymecrBo-
BAHUM MHUKPOOOB — cMmelnHasi OeJi-
jgerpuctuka. (II. Ilame, nmpodeccop
¢pusunosornu B Tyny3e, 1872)

1930-bie rr. Cop dxeiiMmc UsaBuK OT-
kpbu1 HelTpoHn (HobGeneBckas mpemus,
1935 r.). IlepBoe ucCnoib30BaHUE IUK-
JOTPOHOB ISl JIEYEHUS] paka C MOMO-
IIbI0 HEWTPOHOB B YHHMBEPCHUTETE B
bepxin. Hccnenoanust Obuin  mpe-
KpalleHbl B CBSI3U C TE€M, YTO LHUKIIO-
TPOH MOTpeOoBajCs JUisl BOCHHBIX Iie-
JeN.

1940-p1e rr. — Lukinorpon B ['apBapae
OCTPOEH JJI MCClieOBaHUi B o0Jac-
] siaepHoi ¢usuku. [lo3zxe oH OyaeT
YaCTHUYHO MCIOJb30BaThCs ISl Jieye-
HUSL paka C TMOMONIbIO MPOTOHHOTO
my4Ka.

1950-p1e IT.- VY7IBTPa3BYKOBBIE YCT-
POMCTBA, TIOCTPOEHHBIE B T'OJIBI BTOPOU
MHPOBOW BOWHBI HCITOJIb30BaHbI ISt
nosiydeHusi u3ooOpaxenus cepamna. [lo-
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CTPOEHA MOIIHBIE YCKOPUTEIU IIPO-
TOHHBIX ITYYKOB JIJI1 TEPANEBTUUYECKO-
ro JICYEHHUs paKa.

1960-p1e rT. — VYIIBTpa3sByK BIEPBBIC
WCIIOJIb30BAaH ISl  JUArHOCTHUYECKHUX
uesient. [lokazaHo, 4TO IMy4OK HEUTpPO-
HOB MOKET OBbITh MCIOJB30BaH IS Jie-
YeHHUs] HEKOTOPBIX PaKoBbIX 3a0oeBa-
Hu. HEUTpOHHOE JIeUeHuEe NPUILIO B
KJINHUKU.

1970-w1e rT. — Ilocne pa3paboTku Tex-
HUKHA BBICOKOTO pa3pelieHus yIbTpa-
3BYKOBBIE€ METOJbl HCHOJB3YIOTCS BO
MHOTUX MEIUIIMHCKUX MPUMEHEHUSX.
JuarnoctupoBarh 3a00JIEBaHUS CTaJIO
JielIeBie U MeHee O0JIE3HEHHO IS Ta-
ueHTa. Pa3zpaboTan mepBwIli UCKYCCT-
BEHHBIA CyCTaB, UMUTHPYIOIINAN CIIOXK-
HO€ €CTEeCTBEHHOE JBIKeHue. B mabo-
patopun depmu co3maHO OTIEIICHUE
HEHUTPOHHOM Tepanuu A padboThl C
HaIeHTaMU.

1980-90 rr. — Hcnonp3yroTcss MeTOAbI
MOJIyYeHHs] M300paKeHUsI BHYTPEHHUX
OpraHoOB >KMBOTO OpPTraHU3Ma C UCIOJb-
30BaHHMEM U3ITyYEHUs TTO3UTPOHOB U HA
OCHOBE SIIEPHOTO MAarHUTHOTO pe30-
Hanca (SIMP-tomorpadus). Tpexmep-
HBIA yJIBTPa3ByK JaeT BO3MOKHOCTb
ObICTpee MW TOYHEE TUArHOCTHPOBAThH
ormyxoiu u 3aboneBanus cepamna. Kom-
IOBIOTEPHOE MOJICTUPOBAHUE TTOMOTAET
B JIMarHOCTHKE 3a00JIeBaHMiA, TUIaHU-
POBaHHMM OTEPALNN, JOSUPOBAHUU Jie-
KapcTB, xona jeueHus. [Ipeanonaraer-
Csl, UTO TEOpHUs Xaoca MOXKET ObITh UC-
M0JIb30BaHAa VISl JICYCHUS SIUJICTICUU U
peryiaupoBaHusi putMa paboThl cepla,
JUIsl ocyIiecTBieHust 6osiee AhPeKTruB-
HBIX CTpaTeruil NMPUBUBOK, YyMEHbIIIE-
HUS paclpoCTpaHEeHUsl MH(EKIIMOHHBIX
Oose3Heil.



du3uka cosgaeTtr HoBbIU OU3HEC

I'nooanvnasn cucmema nasuzayuu — GPS

Cucrema u3 24 cnyTHUKOB I100anbHOM cuctembl HaBuranuu — GPS nepenaet mo pa-
MO0 Ha CHelUaJbHbIE MPUEMHUKH KOOPJAWHATHI MECTOIIOJOKEHUS B JIFOOOM MECTe
3emuin. Cuctema GPS nomorna Boopy:xeHHbIM cwiiaMm B [lepcuackom 3aiuBe nepe-
ce4b HOYBIO MYCTHIHIO. ABTOMOOUJIECTpOUTENN pa3BuBatoT cucreMbl GPS miis BbI-
BOJA Ha JIucIUied aBToMoOuist Kapthl aopor, GPS ucnonbs3yercs, 4ToObl KOHTPOJIH-
pOBaTh 30HBI 3€MJIETPSICEHUSI M HAOJI0AaTh U3MEHEHHS B IE€OJIOTMUECKHX IJIacTax
3emuin. GPS MokeT momMoraTh Hax0JIUTh MOTEPSABLIMXCS JIOACH WM NOMaBIIKX B Oe-
1y, HalpuMmep, B ropax WM B Iemepax. OTO HUCCIEAOBAHUE, MPOBEIECHHOE MHUHU-
crepctBOM 000poHbl CIIA, 3aKOHYMIIOCH CO3AaHMEM MOIIHOI'O MHCTPYMEHTa IUIs
BOCHHBIX II€JIEH U NIPHUBEJIO K POKICHUIO MHOTOMWUIMAPAHOW MPOMBIIIIEHHOCTH,
paccUMTaHHONW Ha OOBIYHOTO TMOoTpeduTens. PazpaboTka 3TOM CHCTEMBI CcTalla BO3-
MO’KHOM TOCJ€ CO3/1aHusl aTOMHBIX 4acOB, KOTOpO€ (PMHAHCHPOBAJIOCH aMEpUKaH-
CKUM TPaBUTEIHCTBOM B 1940-bIX TT., KOTOpBIC OBLIM HEOOXOIUMBI JIJISi MPOBEPKU
oO1Iel TeOpur OTHOCUTENBHOCTH DifHIuTeHA. B 1995 r. MupoBoii peiHok GPS orie-
HUBAJICS B 2.3 MIIpA. 10JU1ApOB, exxeMecssuHbli Beimyck — 70 000 cucrem GPS.

BOCXOKJIEHUE HA DBEPECT HABULALUA

* ['appu [I)x00COH 1 ero KoMaHa B CO-

* Cucrema GPS Obu1a ucnosnb3oBaHa B PCBHOBaHMSIX Ha KyOOK AMEpPHKH IMPO-
1993 1. B 40-10 TOIOBIIMHY NEPBOTO BEJIM CBOIO XTY 4Yepe3 MpoiuB Marej-
BOCXOXJICHHS Ha DBEPECT. naHa ¢ nomouipio GPS.

« K 2000 r. ObUIO CO37@aHO OKOJIO * Boennwie npumenenuss GPS Bxiro-
100 000 pabGouux MecCT, CBSI3aHHBIX C 4aroT cOOp CBEJEHUM, yNpaBlIeHUE MO-
ungyctpueit GPS. CaKOW CaMOJICTOB, yIpaBJeHUE aH-
* To4HOCTB OmnpeaeneHus] KOOPAUHAT C TEHHAMMU U paJlapaMH.

nomoupto GPS cocrasnser 15-30 ¢y- * GPS ucnoabp3yercs B HEKOTOPHIX aB-
TOB. TOMOOWJISIX, BBIIABAEMbIX HAIpPOKaT,

JJIAA TOTO, YTOOBI ITOMOYb TypucTtam B
HC3HAKOMBIX I'OpOJax.
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CIIYTHUKHU GPS

« Ha kaxxJioM CIlyTHUKE YCTaHOBJICHBI
aTOMHBIE Yachl — 4 HK3EMILISApA.

* To4HOCTh aTOMHBIX YaCOB YBEIUYH-
BaeTCs B JIECATH pa3 3a JECATUIIETHE.

* 24 cnyTHUKaA, BpalAIOIINECs BOKPYT
3emiM, MOCHUIAIOT JIBaXJbl B JICHb
CUTHAJIBI TOYHOT'O BPEMEHHU Ha pacrio-
JIO’KEHHBIE Ha 3eMJIe TPUEMHUKHU.
Hayunsie uccnenosanus: 1930-40 rr.
[Ipuknanasle  uccnepoBanus: 1950-
90 rr.
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OT Hay4YHBIX Pa3padoTOK 10 OLITOBOI0 HCIOJIb30BAHUS

I''IOBAJIBHASI CHCTEMA HABHUI'A-

TAML, Tam Trssw, 159

ITocaaxa camoJieToB
* B Hexotopbsix asponoprax GPS wc-
IOJIB3YETCS ISl HAaBUTallUM, U B HEKO-
TOPBIX NOpPTaxX IpPHU CIEKEHUU 3a pas-

MEILIEHUEM TPY30B.

MoOHJIBHOCTD M TOCTYIIHOCTH

-4

* Ilepsoiii mpuemHuk GPS mmpokoro
npuMenenuss B 1984 r. croun 150 000
nojuiapoB. s ero mepeHocKu ObuIo
HY>KHO J[Ba YEJIOBEKA.

* CerogHs mNOpPTAaTUBHBIE MPUEMHUKU
crost 200 goyutapos.
OTabix

* GPS wucnonp3yercs mjisi HaBUTalUH,
Typu3Ma, aBTOTYpU3Ma, OXOTBI, JUIS
MapKHPOBKHU JIYHOK IIPH JIOBJIE PBHIOBI U
MapKHPOBKH JYHOK TSI TOIb(a.
Jlyumue aromubie yacbl: NIST-7

Loal Samaadards o orid
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* Yem TOYHEE 4YaChl. TEM TOYHEE OIpe-
JEJISIFOTCS. KOOPINHATHI.

* Ommbka B OJIHY MWUIMAPJIHYIO Ce-
KyHJbl JTa€T OLIMOKY B HM3MEPEHHH KO-
OpAMHAT B OAUH QYT

Maura, koTopoii ObL1 oTMedeH HO:xk-
HbI MOJIIOC, Yepe3 MHOro JierT ObLIa
NepeHeceHa B HCTHHHYI TOYKy HOuk-
Horo moJjmca. (Ctarbst 00 MCIO0Jb30-
Banun GPS B "/Diliim Tenerpad',
2/6/96).

1930-0000. A.A. Paou (IlItar Komym-
Ous) OOHAPYKUJT TOTJIONICHUE aTOMaMH
AJICKTPOMArHUTHBIX BOJIH MHKPOBOJIHO-
BOW YaCTOTBI, YTO MPHUBEJIO K CO3/IAHUIO

aToMHbIx yacoB (HoOeneBckas npemus,
1944 r.).

1940-00 00. — H. Pam3eili ynydmaer To4-
HOCTh HACTPOWKM 4YacTOT M3Iy4YeHHUS,
NpOKJIaAbIBas MyTh K OoJiee TOYHOMY
crangapty Bpemenu (HoGeneBckas
npemus, 1989 r.).

1950-00 00.- UccnenoBatenu m3o00peTa-
0T ONTHYECKUE METOAbl HACTPOUKHU
ATOMHBIX YacOB. JTH METOJbI HCIIOJIb-
3ytorcst U cerogns B CIIIA — moctpoe-
HbI yackl NIST-7, nanboJiee TouHbIE Ya-
ChI B MUDE.

1958 0.

CITyTHHK.

1964 0. — Boenno-mopckoit ¢pmor CIIA
NPEUIOKIIT TI00ATbHYI0 CHUCTEMY Ha-
Burauun — GPS, cocrosuryto u3 coyt-
HUKOB, 00OPY/IOBaHHBIX aTOMHBIMHU Ya-
CaMH.

1970-80 0. PazButuem GPS ympaBiis-
10T Bo3aywHble cuibl CHIA. Viydme-
HBl CIIyTHUKOBBIE TEXHOJIOTUH, TEXHO-
Jaorusi O0pabOTKH JaHHBIX M MHKpPO-
anekTpoHuka. IlepBbiii onbITHBIA 00Opa-
3en 3anyuieH B 1978 r.

3amyiieH aMepuKaHCKUN



1983 0. [locne BBIHYXICHHOW IMOCAJKU
kopeiickoro camonera 007 Ilpe3maeHt
Peiiran pacnopsimuics TNpeaoCTaBUThH
GPS 7151 rpaxaaHCKUX LIEJIEH.

1993 0. VYcranomiieHa cerb u3 24-x
cnytHukoB GPS, koropas oxBaThIBacT
BCE YaCOBBIE MMOSCA 3EMIIH.

1995 [. — Kanuran Cxort O'T'paau, ru-
JOT BOEHHO-BO3AymHBIX cui CIIA,
Obu1 cout B BocHMM W cmaceH crenu-
aJTbHOM KOMaHI0M Ojaromaps MpueMHHU-
Ky GPS, koTopblii ObLT Ha €TO 3aIACThE.

1996 0. Yuciio rpax1aHCKUX MPUEMHH-
koB GPS mnpesbinaer BoeHHsie B 10 pas.
B 2000-m roxy o0peM mpojax CHCTEM
GPS cocrasut 11,6 mupa. nomnapos, B
ATOW OTPACIIH MPOMBIIIIJICHHOCTH 3aHATO
100 000 yenosek.
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du3uka cosgaeTt gucnrnen

Kuokue kpucmannw

Kupakue KpucTaiibl — MaTepUaibl, KOTOPbIE UMEIOT CBOKMCTBA KPUCTAJUIOB U KUJIKO-
CTH, SIBJISIFOTCS] KJIFOUEBBIM KOMIIOHEHTOM B COBPEMEHHOW TEXHHUKE, TaK KaK YTO OHH
00J1aJJal0T YHUKAJIbHBIMUA ONTUYECKUMU CcBOMCTBaMH. CeroiHs — 3T0 €UHCTBEHHBIC
Marepuaibl, KOTOPbIE MOTYT HCHOJIb30BaThCS IS MAJIOMOIIHBIX, MIOCKUX, MOPTa-
TUBHBIX AucIUieeB. Pa3paboTka 3Tux marepuanoB (UHAHCUpOBaiach ¢eaepaibHbIM
PaBUTEILCTBOM, OT BOE€HHO-MoOpckoro d¢uora no areHtctBa HACA. Esxeromnsiii
MUPOBOM PBIHOK JIJI XKUJKUX KPUCTAUIOB B KOMIIBIOTEPHBIX HU3JEIUSIX COCTABISET
10 mupa. nommapoB. HoBblE TEXHOJOTMM BKJIFOYAKOT MaJOMOILHBIE TEJIEBU30PHI,
LBETHBIE JUCILIEU, IEPE3ANUCHIBAEMbBIE ONITUYECKUE TUCKH.

"YMHBIE" OKHA
HA OCHOBE KNAKHUX
KPUCTAJIJIOB B ITIOJIMMEPE.

* OKHa MEHSIOT CBOIO IPO3PayHOCTb,
€CJIM Ha HUX MOJAETCs AIEKTPUUECKOE
HaIpsKEHUE, KOTOPOE HCIOJIb3YETCs B
OOBIYHBIX OBITOBBIX MPUOOpaxX.

* B OCHOBE TEXHOJIOTUU MEHSIOIINX
PO3pPaYHOCTh OKOH JIEKH HCIOJIB30-
BaHUE TMOJMMEPOB C JIUCHEPTUPOBAH-
HBIMH JKUJKUMH KPUCTAIIJIAMHU.
* Hayunsle wuccnenoBanus:
1985 rr.

* Ilpuknagueie uccieaoBaHus: 1986-
1990 rr.

1982-
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"KUJKOKPUCTAJJINYECKUE
JUCILJIEU 1J151 CACTEM HA-
BUTALIUU

« JKuakoKkpucTalInuecKkue IUCIUICH -
LCD parot ueTkoe M300paKkeHHE JaKe
IIpA COJIHEUHOM OCBECIICHUU U MOTYT
U3MEHSTH SIPKOCTh CBEUCHUSI B HOUHBIX
ycnoBusx. Jlucruiem Oe30macHBl TIpU
CJIOKHBIX TMOTOJHBIX U MOPCKHUX YCIIO-
BUSX.

* B [BETHBIX XUAKOKPUCTAITUYECKHUX
TUCIIIESX  HWCIOJB3YeTCsl  TOHKOILIE-
HOYHAs TPAH3UCTOPHAS TEXHOJOTHS.
OHU UCHONB3YIOTCS MPU JIOBJE PHIOHI,
B HAaBUTallMU U JJISI BBIBOJIA KapT U KO-
opauHat B cucreme HaBurauuu GPS.




INEPEHOCHBIE KOMIIBIOTEPBI

* J)Kuakue KpucTayibl MO3BOJUIUA CO3-
JaTh I[BETHBIC JUCILIEH BBICOKOTO pas-
pelIeHus TSt MIEPEHOCHBIX -
"HaKOJEHHBIX" KOMITBIOTEPOB.

* B 1999 1. XnakokpuCTauIM4ECKHE
JIUCIUIEM YCTAHOBJIEHBI B 27-W MIIH.
KOMIIBIOTEPAX.

* Hayunsle wuccnegoBanus: 1970-
1980 rr.

* IIpuknagueie ucciuenoanus: 1980-
90 rr.
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OT Hay4YHBbIX Pa3padoTOK 10 OLITOBOI0 HCIOJIb30BAHUS

KUIKOKPUCTAVIMYECKHUE JIUC-
IVIEN

- Ha ocHOBe XuUaxumx
KPUCTAJLJIOB MO>KHO
co3/1aTh TOPTaTUBHbIE,
MUHHUATIOPHBIE ~ KOM-
NBIOTEPHBIC  JTUCILICH,
KOTOPbIE MOXHO HO-

CHUTb Ha rOJIOBE.
* [IporpamMHOe obecriedeHre O3BOJIUT
KOMITBIOTEPY IIOJydYaTh HH(POpMAIUIO
u3 VHTEpHET ¢ MOMOIIBK COTOBOTO TE-
nedoHa.

YhnpasJjieHne CBeTOBbIM MOTOKOM
. DddexTuBHOE
YCTPONCTBO  yIpaBlie-
HUS SAPKUMHU
CBETOBBIMH  ITyYKaMu
SIBIIICTCS ~ OCHOBHBIM
SJIEMEHTOM TEJICBU3U-
OHHBIX U AJICKTPOHHBIX MPOECKTOPOB.
» Pa3BuBaroTCA HOBBIE MOXOJBI HA OCHO-
B€ NPUMEHEHHS >KUJKUX KPHUCTAJLIOB
JUISL PELICHUS 3TOU 3aJa4U.

I'mOxue nucniien

e Jlucrmen  BBICOKOTO
pa3penieHusl Ha TIacTu-
KOBOM OCHOBE MOXHO
nepkaTb B pPYyKe, OHHU
HAMEIOT MaJIbli BeC U
n3rudaroTcs MoJI00HO
Oymare.
* HekoTopsie TUIIBI AUCIIJIEEB CO3/1AI0T-
Cs Ha OCHOBE JIETKO JIOCTYIHBIX U HEJO-
POTrUX YCTOMYMBBIX IIJICHOK M SIBJISIFOTCS
aJbTEPHATUBOM  JTUCIUICSIM,  HUCHOJIb-
3YIOIIUM CTEKJIO.

Jlucmniien 1151 BOEH-
HbIX LeJeH

e Jl;si BOGHHBIX MEIEH
CIIA TtpeGyetcst 60b-
moe koinuectso LCD
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JIACIIJIEEB C AKTUBHOM MaTPHUILIEH.

e LCD nuciuien 3aHAMAOT HEMHOTO
MecTa, 00€CIICYNBAIOT BBICOKOE KayecT-
BO pabOThl M yHUBEPCAIbHBI JIJII MHO-
TOYMCJIEHHBIX BOCHHBIX TPUMEHEHHU.

1988 0. ABcrpuiickuii 6otanuk dpene-
puk Peiinutuep BnepBble HabIr01aT
KHJIKAE KPUCTAJLIbI, OHU HEMHOTO OBLITH
M3y4eHbl yYEHBIMH Ha MOpOre JBajla-
TOTO BEKa.

1958 [. — JIx. X. bpayn omyb6nukoBan B
xypHaie Chem.l Reviews crarpio o
KHUJIKUX KpPHUCTaUIaX, KOTopask MHUIINH-
poBajla HMHTEpPEC K HCCIIEOBAaHUIO BO
BCEM MUpE.

1965 [.- [IpoBenena mepBass MexIyHA-
pomHas KOH(EPEHIHS 110 JKUJIKUM KpPH-
crtaiuiam ( Kent mrara Oraiio), BTopas
— B 1968 r. C tex mop koH(pepeHIn
MIPOBOSATCS Yepe3 Kaxkble /1Ba Troja.

1967 — Pa3paboTan quciuieii Ha OCHOBE
HEMATUYECKUX JKUJKUX KPHUCTALIOB C
twist-3JIeMEHTapHOU sYeiikoi. 3anaTeH-
ToBaH B 1971 r., u3MeHun Hamu npea-
CTaBJICHUsI O Hapy4HBIX Yacax W MpoJio-
KU MYyTh K CO3JaHUIO KUJIKOKPHUCTA-
JUYECKUX JIUCIUIeE ISl KaJIbKYJISTOPOB
Y MHOTHX JIPyTHX YCTPOMCTB.

1970-000. — JKugkokpucTamuinyecKue
IHUCIUICH TOSIBIAIOTCS B TEPMOMETpaXx,
yacax, KaJbKynaropax. Pa3paboTaHsl
CETHETORJIEKTPUYECKUE KHUJKUE KpH-
CTaJUIbl, OBICTPO pearupyroume Ha
JIEKTPUUYECKOE MOJIE.

1980 0. — [TosBiArOTCA OUCIUIENM HA OC-
HOBE HCIIOJIb30BaHUS KHIKUX KPHUCTaJ-
J0B ¢ "supertwist" siIeMKON U aKTUBHOM
MaTpuiibl. OHH HCIONB3YIOTCS B KOM-
MBIOTEPaX, MHHUATIOPHBIX TEJICBU30paAX
Y TICPEHOCHBIX KOMIThIOTEpaX.



1990-00 — IlepBast memoHcTpaIusi KOH-
HCMIMK 3JIEKTPOHHON Ta3eThl, B KOTO-
PO HCIOJb30BaHA TEXHOJOTHUS OTpa-
YKAIOIIEro AUCILIES.

1991 — IIrep XKene momydaer HOOENEB-
CKYI0 MPEMHIO, B YAaCTHOCTU 3a U3yue-
HHUC paccesHUsl CBeTa OT JKUIKUX KpH-
CTaJLJIOB.

0000000 — 2KuAKOKPUCTAIIMYECKUE JUC-
IUIEW TIO3BOJISIT CJAENaTh JOCTYN K HH-
dbopMan TOBCEMECTHO JOCTYIHBIM,
oOecrieunBas TMOJb30BATENST HU300paxke-
HUSIMH B JII0O0OM MecTe 3emMiid B Jit00oe
Bpems. "DnekTpoHHas Oymara" 3aMEHHT
TPaIUIIMOHHYIO Oymary, OyIeT HMETh
Majayl CTOMMOCTb, OyJeT JIerKo J0C-
TYyMHOW W MCHBIIE BIUATH Ha OKpY-
KAIOLIYIO Cpeny.

45



du3uka 3awmuwiaeT nogen

Hayuonanvnas ooopona

Ousnueckue uccnenoBanusi B CIIA momoraroT nojaiaep:kuBaTh aMEpUKAHCKOE TEX-
HOJIOTMYECKOE MPEBOCXOJICTBO, TApaHTUPYs O€30MaCHOCTh U CHOCOOHOCTH 3alUTHI
OT BOCHHOW WJIM TEPPOPUCTUUECKOM yrpo3bl. Hanpumep, siepHbie MeTobl (HU3UKU
UCIIOJIB3YIOTCS 11 KOHTPOJIS 32 HEPACIIPOCTPAHEHUEM SIIEPHOTO OPY KUl U OOHApY-
JKEHUSI B3PBIBUATHIX BEIIECTB M HAPKOTUKOB. DH3MKa MOMOraer COXpaHsITh MUDP H
oOecrieynBaeT Hairy 6€30MacHOCTb, HAUMHAS OT KOHTPOJIA 32 COTJIAIICHUSIMU O SIIEP-
HOM OPY>KUHU JI0 TOCAJKU CAMOJIETOB B TJIOXH MOTOJIHBIX YCIOBUSIX.

HEPACITPOCTPAHEHUE
AAEPHOI'O OPYKUA

* OU3MKKM U aCTPOHOMBI pa3paboTaiu
METOJIbI TOJYYEHHUS HU300paKeHHsI B
raMma-iaydax. OTOT MeToA ObUl yiIyd-
IIEH HAa OCHOBE YYBCTBUTEJIbHOW AJIEK-

TPOHUKUA W ONTHUKH U TENEPb HCIIOJb-
3yercs s OOHapy>KeHUs M WJEHTH-
¢ukanMu pagMoOaKTUBHBIX MaTepua-
aoB. Meron wucnonb3yercs uisi Opo-
BEPKU COIVIALIEHUM O SAEpHOM OpY-
KHUM, NPETOTBPALICHUH KOHTpaOaHIbI
AJIEPHBIX MaTEpUAJIOB, OUUCTKU OKpPY-
KAIOWEN Cpenbl, s MOJIyYeHHUs U30-
OpaxeHu B MEITUIIMHE.

* Hayunslie uccnenosanusi: 1960-70 rr.
* IIpuknagueie uccneposanusa: 1980-
90 rr.

* N300paxxenne B ramma-iydax Hauoo-
nee O€30MaCHBIA METOJ IPU OYUCTKE
OKpY>Xarolen cpeabl, T.K. MO3BOJISIET
OBICTPO M TOYHO OIpPEAENATh TOYHOE
MECTOMOJIOKEHHUE SIEPHBIX MaTrepua-
JIOB.
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AHTUTEPPOPU3M

—

* B3pbiBuaThie BeliecTBa, MUHBI U Hap-
KOTUKH MOTYT OBbITb OOHApy>EHBI C
OYEHb BBICOKOW TOYHOCTBIO C IIOMO-
IIbI0 METOJA AJIEPHOIO KBaAPYIOIbHO-
ro pe30HaHCa, METOJa MOXOXKEro Ha
nonyyenue SIMP-nuzobpaxkenuit B me-
JTULIAHE.

* Hayunsie uccnenosanusi: 1940-70 rr.
* Ilpuknagueie ucciaeaoBanus: 1980-
90 rr.

* B CIIIA mexay 1990 u 1994 rr. ObI-
70 3apeructpupoBanbl 3196 ciyyaes
MIPUMEHEHUSI WM TOMBITOK MpPUMEHE-
Husi 60MO, KoTopwie mnpuBenu Kk 306
CMEpPTHBIM CITy4asiMd U MaTepHUaIbHO-

My yuiepOy B 1 MiipA. 10J11apoB.

"HEBUJ

i

BE. TS 3o |
* "Hounoit sctpe6" — Nighthawk yk-
JIOHSIETCSI OT CUTHAJIOB PajlapoB U OT




paKkeT C HaBEICHHWEM IO TEIUIOBOMY
Omaromapsi pa3pabOTaHHOW HA KOMIIh-
10Tepe GopMe U UCTIOIB30BAHUSI HOBBIX
KOMIIO3UTHBIX MaTepUalOB M IOKPHI-
THUH.

* bopTOBBIE KOMITBIOTEPHI KAXKIYIO Ce-
KyH/Iy JIENal0T THICAYU ONEpanui pe-
TYJIUPOBAHUS, B TO BpeMsl KaK HOBBIE
ONTUYECKUE TEXHOJOTHUU OOeCIeunBa-
IOT TOYHYIO HaBHTAITHIO.

* IIpuknagueie ucciaegoanus: 1970-
90 rr.
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OT Hay4YHBbIX Pa3padoTOK 10 OBLITOBOI0 HCIOJIb30BAHUS

HAIIUOHAJIBHASA OBOPOHA
HoBble maTepuabl

. MuUKpOBOJIHOBBIE
METOJbI 00pabOTKHU Mate-
puanoB, U3y4YCHHbIE B
IJ1a3MEHHOU busuku
HCMOJIb3YIOTCSA JUTSt
U3TOTOBJICHUS BBICOKOTEMIIEPATYPHBIX U
CTOMKON KepaMuKH il OPOHH U peak-
TUBHBIX JIBUTATENICH, B TO BpeMs KakK HO-
BbI€ TOJIUMEpPHbIC COCAUMHEHUS MOTYT
nexaTh KomMnoHeHTHsl 10 40 % jerde.

IToaBoaHbIE JOAKH

» Jlns oOHapy>KeHUs IIeJIed HMCIOJb3Y-
IOTCSI IOCTHKEHUSI aKyCTUKU W (pU3UKH

pacrpocTpaHeHuUs PaauOBOIH.
* SlnepHble peakTOpbl MO3BOJSIOT MOJ-
BOAHBIM JIOJKaM paldoTaTh HeE3aME4eH-
HBIMM Ha MaKCHUMaJbHOW MOIIHOCTU
JUTUTENILHOE BpPEMS.
KomnbrorepHoe MoaeimpoBanue

* MogenupoBanue Ha

CYyNEPKOMITbIOTEpPaX
UCIIOIb3YIOT JUTSt
U3YYCHUS buzuku
B3pbIBa C LEJbIO
MOJIy4eHHs] METO/1I0B 0€30MacHON yTHIIH-
3al[Uy yCTapeBIIErO OPYKHUSI.
* MojaenupoBaHue UCHOIb3YETCS s
OIICHKH HAJIEKHOCTU U O€30MaCHOCTU
CYIIECTBYIOILIETO OPY>KUSI U JI€JaeT He-
HYKHBIM TIPOBEJCHUE SJIEPHBIX B3PHI-
BOB.
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e CucrteMbl HOYHOTO U BCEMOTOJHOIO
BUJICHUSI TIPEOOpa3yloT U YCHIIUBAIOT
uH(]pakpacHOE H3IYUYEHHUE C HCMOJb30-
BaHHEM JKUJIKOKPUCTAJUIMYECKUX JIHC-
IJIEEB U AJIEKTPOJFOMUHECIIEHTHBIX JIUC-
IJICMHBIX TEXHOJIOTHH.

Camonemsr — unmepecHvle UZPYUWIKU,
HO He npeocmaegnAlm HUKAKOU 60CH-
Houl yennocmu (Mapmaa ®epauHaHg
®ou, npodeccop crpareruu ppaniys-
CKO#l BOEHHOH MIKO0JIbI, 1911).
1930-40 0. — BbICOKOYACTOTHBIE YIBT-
Pa3BYKOBBIE BOJHBI HCIOJIB3YIOTCS BO
BTOPOM MUPOBOM BOMHE JjIsi OOHApYKe-
HUS TOJBOJHBIX JIOJOK. B mpoekre co3-
TaHUsA aTOMHOI OOMOBI OBUIM 3aHATHI
MHOTO (m3ukoB. Co3aHWe aTOMHOM
OOMOBI BO3BECTHJIO HA4ajao sJICPHOTO
BEKa.

1950-00 0. — dusuk Y. Taync (Komym-
Oust) co3mall epBBId Ma3ep MPHU TMOIbIT-
K€ CO3JIaHUsl HICTOYHUKA MUKPOBOJH JISI
neneit kommyHukarui  (HoGeneBckas
npemus, 1964 r.). Ora pabora npuBena K
Pa3BUTHIO JIa3€POB, KOTOPHIE HCIIOIb3Y-
I0OTCA B CHUCTEMax KOMMYHUKAIMi U B
BOCHHBIX IensixX. 3amuThl. [locTpoena
nepBasi aTOMHasl TOJJIOKA, CITOCOOHAs
6e3 nozanpasku mpoita 50 000 MU,

1960-70 0. — CnyTHUKM MCTIONB3YIOTCS
Uit mostyueHus pororpaduii B pa3Beibl-
BaTebHBIX Lesix. Havanace pabota Hax
CHCTEMOM CBSA3M Ha Cllyyad SIIAEPHOIO
HaIlaJICHNsI, KOTOpasi MOTOM IIPEBPATHUT-
ca B MHrepHer. TexXHOIOrUsST HOYHOIO
BHJICHMS BIIEPBBIE MCIOJIB30BaHA BO
BretHame. SnepHblii  KBaApynOJIBHBIN
PE30HAHC BIEPBBIE HCIIOIB30BAH JUIS
O0OHapyXEHUSI MUH.

1980-90-00 (0. — NHTerpanbHbIE CXEMBI
CTaHOBSATCS BCe 00jIee BaKHBIMU JIJISI BO-
€HHOro 00opyaoBaHWH, obecreunBas



BBICOKOTOYHOE HaBEJEHUE, IJIaHUPOBa-
HUE ¥ MOoTydeHue n3oopaxenus. Mcrpe-
outenu CTelic UCIOJIB3YIOT BBICOKOTEX-
HOJIOTMYECKOe 000pyJ0BaHUE ISl TOTO,
YTOOBI YKJIOHUTBCS OT MPAKCKUX paja-
poB B BoitHe B Ilepcuackom 3anupe. Co-
[VIAIIEHUE O HEpPACIpPOCTPAHEHUH SJEep-
HOTO OpYXKHs IPOJJIEHO HAa HEompese-
JIEHHBIA CPOK, B HEM y4acTBYIOT 173 ro-
cynapcrtBa. Heobxomumbl Gosee cCinox-
HbIE TEXHOJIOTMH JUIS ONPENEICHUS BO3-
MOKHBIX yTpO3 M HApyLIECHWI corjalie-
HUM. MeToabl HIEeHTU(PUKALNY roJI0ca U
U300pKEHUN U3YYarOTCS NI BO3MOX-
HOTO CO3JaHHs ''MHTEJUIEKTYaJbHBIX '
BOEHHBIX U I'PAXIAHCKUX TPUMEHEHUH.
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Pun3nkKa coxpaHseT XU3Hb

H3zo0pasicenusn 6 meouyune

denepanbHOe (PMHAHCUPOBAHWE UCCIEAOBAaHUN (DH3UKH TBEPAOTO Tella, B aTOMHOU H
sIEpHON (pU3HUKE MPUBEJIO K pa3pabOTKe YaCTHOU MPOMBIIIJIEHHOCTHIO COBPEMEHHBIX
MEJUIIMHCKUX YCTPOMUCTB MOJyueHUs n300pakeHuil. @yHaaMeHTaIbHbIE 3HAHUS TO-
ro, 9YTO MPOUCXOJUT Ha MUKPOCKOIHUYECKOM YPOBHE — B LIAPCTBE (PUBHKU DJIECMEH-
TapHBIX YaCTHIl, 1aJid YYCHBIM MOIIHBIE MHCTPYMEHTHI JJI O€3011aCHOTO U3yYCHHS
yenoBeueckoro opranuzMa. K 1996 r. MenuimHckas nNpoOMBIIICHHOCTh MOJIYy4YeHUS
U300paKEHUN TTPOU3BEICT, MO KpailHeW Mepe, u3Aenuid Ha 6 MIIp/. TOJUIapOB U TIpe-

noctaButT 33 000 pabounx MecT.

KOMIIBIOTEPHASA OCEBAS
TOMOI'PA®USA - CAT
NV \

of ¥Wisconsin

Z
O
=

N3o0pakenue Ta3oBoii 0061acTy,
nosryueHHoe MeronoMm CAT.

« Jlnsa monmydeHuss M300paKeHUU WC-
N0JIB3YFOTCSI PEHTT€HOBCKHE JIyUH.

* Hayunsle uccnenoBanusi: 1960-pie rr.
* IIpuknagueie uccneposanusa: 1970-
80 rr. IIponaxxu CAT-0060pynoBanus B
CHIA B 1995 r. 500 MH. A0JIapOB.

* PeHTreHoBckue Jy4d MPOCBEYMBAIOT
OpraHu3M TMOJl Pa3IuYHBIMU YIJIAMH,
00paboTKa JaHHBIX Ha KOMIIbIOTEpE
MO3BOJISIET TMOJy4YaTh H300paKeHUs B
MNONIEPEYHOM CEUECHUHU.

AMP-TOMOI' PADUSA

"y

AMP-u300pakeHus: 60JIBHBIX MAa3yX HOCA
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« OToOpakaeT BHYTPEHHUE CTPYKTYPBI

Tena.

* PaGoTa ocHOBaHa Ha aHalu3€ MOBe-
JICHUSl Pa3jIUYHbIX aTOMOB B CHJIBHBIX
MarHUTHBIX TIOJISIX.

* lcnonb30oBaHne MOCTOSHHBIX MarHu-
TOB YMEHBIIIAET CTOMMOCTH 00O0PY/IO0-
BaHus Ooublire, ueM Ha 50%.

* Hayunsle uccnenoanus: 1940-pie rr.
* [Ipuknagueie uccnenoanusa: 1970-
90 rr.

HO3UTPOH-OMUCCHOHHASA
TOMOI'PA®US — PET

T,

IEARBG

;I:"I".?:KIHE .-h:.'.t' HERATING

WORDS WIRDS

Pabora mosra: PET
« MI3mepsieT akTUBHOCTh pabOTHI MO3ra
JUISl TWarHOCTUKYU HAPYIIECHUM.
* Hayunsie uccinenoBanus: 1950-bie IT.
* Ilpuknagueie uccieaoBanus: 1960-
90 rr.
» OOnHapyXuBaeT pacmajbl paguoak-
TUBHBIX MEUEHBIX aTOMOB B IIOTOKE
KpoBU ISl (POPMHUPOBAaHUS H300paxe-

HUMU.




OT Hay4YHBIX Pa3padoTOK 10 OLITOBOI0 HCIOJIb30BAHUS

N30BPAXXEHUS B MEJULIUHE

PET-ckanupoBanue mo3ra

* Meron PET ucnons3dyercss mns nuar-
HOCTUKHM HU3MEHEHHH aKTUBHOCTH pado-
Thl MO3ra MpU MCUXUYECKUX 3aboseBa-
HUSIX, YNOTPEOJIEHUH HAPKOTHUKOB, MPH
oose3nu AnbireiiMepa winu Ilapkunco-
Ha.

MammMmorpadgus

Mammogram of Breast Tumor

D ot N i, s, |, o iy

e Jlns oOHapyKeHHs pakKa Tpyad HC-
HOJIB3YIOTCS MaMMOTPaMMBbI, IOJIy4eH-
HbIE IIPH MaJIbIX J103aX PEHTIEHA.

* Pak rpyau — ofHa W3 OCHOBHBIX IPH-
YUH CMEpPTEH, CBSI3aHHBIX C PaKOBBIMHU
3a00JIEBAHUSIMU.

AMP-ckaHupoBaHue MO3ra

[FTEaE—

* EXerogHo mnpoBOIUTCS HECKOIBKO
MWILIHOHOB JAMP-ckanupoBanuii mo3ra.

AMP-u300paxeHue Jerkux

* [TomoBuna Bcex AIMP-tomorpados yc-
taHoBiieHO B CIIIA.
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* Ilepas AMP-tomorpamma, mnokassi-
Barotas padory serkux (1995 r.)
bprownasa nonocms, 2pyov u mo3se oy-
Oym Haecez0a 3aKpvlmvl Om 6mopoice-
HUA MyoOp0o20 U 2YMAHHO20 XUpyp2a
(Cop Ax.E. DpuxkcoH, Xupypr Kopo-
JeBbl Bukropuu, 1873).

1895 0. — B. Pentren nomyuunn nepBoe
MEIMIIMHCKOE H300paXeHHEe B PEHTIe-
HOBCKHX JIy4aX — HW300paXCHHE DPYKH
»enbl (Hobenerckas mpemus, 1901 r.)

1938 0. — N.U. Pabu (mrar KomymoOus)
npenckasai, 4yTo uHQopmaius od ato-
Max MOKET OBbITh OJy4Y€Ha BHYTPEHHUX
MAarHuTHBIX MOJSX Ha MPOTOHAX. DTOT
MPEANOJIOKEHNE SBUIOCh (yHIaMEH-
TaJIbHOM OCHOBOM COBPEMEHHOU TEXHMU-
KU TOJY4YEHUS U300paKEHUUA METOJ0M

SAIEPHOIO0 MAarHUTHOIO pPE30HAHCa
SAMP.

1946 0. — ®usuku E. INapcemn (Iap-
Bapa) u ®@. brnox (Crendopna) obuHapy-
KWW SICPHBIA MarHATHBIA PE30HAHC —
AMP (HoGenesckas npemusi, 1952 r.)

1970-00 [0 IT1. Jlayrepoyp (P.
Lauterbur (SUNY-Stony Brook) u apy-
rue npuMmenwin meron SAMP mis nomy-
YeHUS M300paKCeHUH BHYTPEHHHUX Opra-
HOB YE€JIOBEKa.

1972 0. — T'. Xayncdenn nomyunn nep-
BOE H300paK€HUE METOJIOM KOMIIbIO-
TEPHOM AaKCHUAIBHOW PEHTTEHOBCKOMN
tomorpadguu — CAT u paznenun HoOe-
neBckyro npemuto 1979 r. ¢ A. Kopma-
KOM.

1970-80-10 0. — IIpoBenmeHbl TEpBEIC
HKCIIEPUMEHTHI o MO3UTPOH-
sMuccuoHHoM Tomorpaguu — PET.



1980-90-00 (0. — BeicTpo pacmpocTpa-
usercst SIMP-tomorpadus. Csepxrmpo-
BOJSIIME MAarHUThl, OBICTPbIE KOMIIbIO-
TEPbl U HOBBIE JCTEKTOPHI IMO3BOJUIH
npu  denaeparbHOM  (PUHAHCUPOBAHUH
co3gath OwicTponeiicTByomme AMP-
TomMorpadbl ¢ BBICOKUM pa3pericHUEM.
Pa3BuBaroTCs (yHKIMOHATBHBIE BO3-
MoxkHocTH SIMP-tomorpadoB: moiyde-
HUE U300paKE€HUU MO3ra C BBICOKUM
pasperieHneM, n300paXeHue aKTUBHBIX
IIECHTPOB MPHU 3a00JICBAHUAX, HAIIPUMED,
ATIHUIICTICUH.

ooooo0 — JMoctuxkenuss B obmactu SIMP
(P.Opucer, HoGeneBckas mpemus, 1991
r.) MOryT MPUBECTH K BO3MOXKHOCTH
OpsIMOrOo  HAOJIIOACHUS XUMHYECKOIO
JCUCTBUS JIEKAPCTB B KUBOM OPraHU3-
Me.

52



dun3unka pacwmpsieT npeacraBrieHne o
3ByKe

AKycmuka

AKycTHKa — 3TO HayKa O 3ByK€. YUEHbIE B O0JIACTH aKyCTUKH [IOMOTAIOT YBEIUYUTh
YUCTOTY MY3bIKH B KOHIEPTHBIX 3aJIaX, YIAYUYIIUTh CIyXOBBIC allllapaThl, YMEHBIIUTh
IIyM OT IIocce U camoseTa. McciaenoBanusi BO BpeMsi BTOpOl MUPOBOI BOWMHBI B 00-
JACTU TOJABOJHOW CBSI3U B JUIMHHOBOJIHOBOM JIMANa30HE NPUBEIU K CO3JaHUIO YJIbT-
Pa3BYKOBBIX JIOKATOPOB U YJbTPa3BYKOBOM TEXHUKH CBSI3U, KOTOPBIE CEYac pacmpo-
CTpaHEHbl OYEHb IIMPOKO. B TEXHUKE yIbTpa3BYyKOBBIE JIOKATOPHI MCIOJIb3YIOTCS B
po0oTax JJis OnpeaesieHrs UX MOJ0KEHUS U TTOJIOKEHUS Pa3InIHbBIX 00beKTOB. Bpa-
g B CIIA Tenepp MCCIEMYIOT ¢ MOMOIMIBIO YIbTPAa3ByKa MOUYTH KKy OepemMeH-

HOCTb

AKYCTHUKA B OKEAHE

« C moMomipio 3ByKa KOpadiu "BUAAT"
Apyrue Kopabiu, THO OKeaHa, HaXOJIT
MUHBI U OIpPENEISIIOT TOYHOE TOJI0XKe-
HUE TSTEH Ha MOBEPXHOCTH JJISl TIOMC-
Ka He()TU B OKEaHe.

» 3mepenune CKOpOCTH pachpocTpaHe-
HUS 3BYKOBBIX BOJIH B OK€aHe IMOMOra-
€T KOHTPOJHUPOBATh TEMIIEpaTypy BO-
76l B OK€aHEe U TI100aIbHbIE N3MEHEHUS
B OKpY’KaroIe cpee.

53

KOHTPOJIb ITYMA

m
* 3ByKOBBIE Oapbepbl YMEHBILAIOT YPO-
BEHb IIIyMa B OKPECTHOCTH HI0CCe, 3(h-
(eKTUBHO yMEHbIIAsl IIyM TPAHCIIOPT-
HBIX CPEJICTB.
* [llymoBbIe Oapbepbl yCTAHOBJIEHBI B
CHOJA npumepHo Baosib 1400 mMuib.
Tonpko Ha (enepabHBIX JOpOrax
€XKerogHo Oapbepbl yCTaHABIMBAIOTCS
Ha npoTsokeHun 90-100 Mub.




* YIpTpa3ByKOBbIE METOABI MCIIOJIb3Y-
IOTCS  BBICOKOYACTOTHBIE  3BYKOBBIE
BOJIHBI M UX OTPa)K€HUE JJIs TOro, 4To-
ob1 "yBuaerp" wu3o0pakeHHE BHYTPHU
Tela, OHU MCHOJB3YIOTCS A pas3py-
LIEHUS] TOYEYHBIX KaAMHEN U OCTAaHOBKHU
BHYTPEHHETO KPOBOTECUEHUSI.

* B 1996 r. B CIIIA 6bUI0 MPOBEACHO
oYTH 15 MIIH. yabTpa3BYKOBBIX JKC-
EepTHU3.

* YCTaHOBKA AJIEKTPOHHOI'O UMILIAHTA-
Ta — "yIUTKU" B yXO TJIyXOTo 4eJIOBeKa
YaCTUYHO BOCCTAHABJIMBAECT CIyX U
CTUMYJIUPYET CIIyXOBOM HEPB.
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OT Hay4YHBIX Pa3padoTOK 10 OLITOBOI0 HCIOJIb30BAHUS

AKYCTHKA
"YabTpasBykoBasi' xumusi
*  3BYKOBBIE  BOJIHBI
MOryT co3JaBaTb B

KUIKOCTSIX IY3BIpH C
BBICOKOW YHEPTHUEH.
* lHTEeHCUBHBIN Harpes
U OBICTPOE OXJIAXKICHUE
TUX y3bIpen
YBEIIMYUBACTCS
CKOpPOCTb XUMHYECKUX PEAKLHM, KOTO-
pble HCHONB3YHOTCS B (apmaleBTHye-
CKOU IIPOMBIIUIEHHOCTH.

AKYCTHKA KOHIIEPTHBIX 32JI0B

* Jlmg co3maHMs 3aj0B C HaWIydlIen
AKyCTUKOM HCIOJIb3YIOTCSl BBIJABUTIAEMbIE
HABECHI, 3aHABECU W OTIEJIbHBIEC JIOXKH,
KOTOPbIE MOKHO pa3MellaTh CIeUaibHO
JUTSL KQXKJ10T0 MPEACTaBICHHUS.

Hepaspymawimmii KOHTPOJIb MaTe-
pHaJIOB
* C nmomMmompo 3BYy-
KOBBIX BOJIH MOYHO
oOHapyXuBaThb  Jie-
dbekThl B camolieTax,
MoOCTax, TpyOorpo-
BOJAX.
* "AKyCTHYECKHE MHUKPOCKOMBI" IMO3BO-
JSI0T OOHAPYXUTH Ne(PEKTHI TOHBIIE Ye-
JIOBEYECKOT0 BOJIOCA.
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TepmokaycTuka

* Tak KaK 3ByKOBBIE BOJHBI MOTYT M3Me-
HATH B razax TeMIlepaTypy U JaBIICHHE,
NEPCTIEKTUBHBIE B OyayIieM '"TepMoaKy-
CTUYECKUE XOJOAWIBHUKHU'" CMOTYT OX-
JaXKIaTh pa3IudHble OOBEKTHI Oe3 3a-
IPSI3BHEHUST OKPY>KaIOLEl Cpe/ibl.

""Bce eonpocwl, ceA3aAHHbBIE C IMUM
npeomemom 00J1cHbl Oblmb 6 KOHeu-
HOM UmMO2e C6A3AHbBL C YXOM, KAK op2a-
HOM CIIyXa, a NOMOMY He Modcem Oblmb
ouenv npueiekamenvuvim.' (Jlopa Pe-
Jeil B kuure "Teopus 3Byka', 1877 r.)
1826 0. — /Ix. 1. Komnagon u JIxx. K. @.
[ItypM wu3Mepwin CKOpPOCTh 3ByKa B
J’Kenesckom o3zepe.

1880-1881 0. — /Ix. 1. Kropu oTkphLI
E302IEKTPUIECKUi 2P (DHEKT.

1900 00. — MarHuTOCTPUKIIMOHHBIE H
MbE30DJICKTPUUECKUE yCTpPOMCTBAa  HC-
HOJIB3YIOTCS JUISl TIOJYYCHHS YIbTPa3BYy-
KOBBIX BOJIH Ha OTPECICHHBIX 3aJlaBac-
MBIX 4aCTOTaXx.

1915 0. — II. JlamxkeBeH HCHONB3yETCS
CHayaja MarHUTOCTPHKIIMOHHBIM, a 3a-
TEM KBapICBBIA W3JIydaTellb I TOJTY-
YCHHS YJIbTPA3BYKOBBIX BOJH B BOJIC.
CTaHOBHUTCS BO3MOXKHBIM OOHApyKCHHE
IIOJIBOTHBIX JIOJIOK.

1925-1950 0. — I'. beke3u ucmnonb3yer-
csi (pU3MUECKUE METOMAbI B JUIUTCIHHOM
OKCICPUMEHTAIBHOM HCCJICIOBAHUN pa-
6otel yxa. (HobGeneBckas mpemus, 1961

r.).
1940-45-00 0. — OtkpeitTue "SOFAR"-
KaHalla, B KOTOPOM 3BYKOBBIC BOJIHBI



pacnpoCTPAHSAIOTCA TOHKOM CJIO€ OKEaHa,
YTO CJeJIaJJ0 BO3MOXKHBIM  CO3JaHHE
KOMMYHHUKAIIMM B OKEaHE Ha 3BYKOBBIX
BOJIHAX OOJIBIION JJIMHBI BOJIHEL.

1958 0. — JIx. MakBukap, A. JloHanba u
T.I'. bpayH wucnonp3oBanu yJIbTpa3ByK
JUTSI MCCJIEIOBAHUS TUIOJa TIpU OepeMeH-
HOCTH.

1960-00 (0. — IepBbie UMIUTAHTHI AJIS yXa
(A.C. Hayc u @.b. CummoHnc). Iupoko
UCTIONIB3YIOTCSL TPAcCUPOBKA Jydel W
Apyrue CIOXHBIE METOAbl 00paboTKH
CUTHAJIOB.

1975 — Illupoko pacnpocTpaHsSETCs HC-
II0JIb30BaHUE YJIBTPA3ByKa JUIS TMOJIydYe-
HUS M300paKEHUH IJ10/1a, MOYEK, MO3T U
JAPYTUX BHYTPESHHUX OPraHOB.

1985 — lcnonb3oBanne cokycupoBaH-
HBIX YJapHBIX BOJIH IS pPa3pylICHUS
MIOYCYHBIX U KaMHEH B MOUYEBOM ITy3bIpE.

1990 — JleranpHOE M3yUYeHHE MEXaHU3Ma
TIOJTYYCHUS PEUYH U BOCTIPHSITHS PEUH.

1997 — Pa3zpaGorana TeXHOJOTHS TIOTY-
YCHHUSI CBEPXMOIIHBIX 3BYKOBBIX BOJIH,
KOTOpas MO3BOJICT 3aMCHUTh MEXaHUYEC-
CKHE Y3JIbl B HEKOTOPBIX MEXaHH3MaX.
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AcCTpo(pU13nKn co3aaroT HOBble TeEXHOSO-
rmu

Acmponomus

AcTpoQu3UKHN CTpEeMSITCS TIOIYYUTh OTBETHI Ha (yHIaMEHTAIbHBIE BOMPOCH 0 Bce-
JICHHOW: O TIPOUCXOXKIeHUU BceenenHoit B pesynbprate bonbiioro B3peiBa, hopMupo-
BaHUM IJIAHET, BOSHUKHOBEHUHM KU3HU HA 3eMJie ¥, BOBMOXKHO, HAa APYTUX IJIaHETaXx.
TexHonoruu, KOTOphle OBLIM pa3paboTaHbl (U3MKAMU ISl MCCienoBaHus Bcenen-
HOM, MPUBEIIA K PEBOJIOIMOHHBIM JOCTHUKEHUSAM B CAMBIX pa3HbIX 00JACTAX HAYKHU U
TEXHUKH, BKJIIOYasi 6 MUJUIMAPAOB J0OJUIAPOB JJIS BBIMYCKAa MEIUIIMHCKUX MPpUOOPOB
nostyueHust uzoopaxenuit, 400 MuIMapI0B 10UIAPOB B MOJIYHPOBOJIHUKOBOM MPO-
MBIIIUIEHHOCTH U 1,5 TpUJUIMOHA B TEIEKOMMYHHUKAITMOHHON OTPACIIH.

IHonynpoBogHuKoBas
NPOMBINLJIEHHOCTH

* ACTpOHOMEBI pa3paboTaiu «ONTHUKY
JUI PEHTTCHOBCKHUX M YJIBTPadHUOIETO-
BBIX JIydeHd, KOTOpas IMOMOIJIa 3Hauu-
TEJIBHO YIYyYIIUTh TEXHUKY JIUTOrpa-
(UM UHTErpaIbHBIX CXEM — YHIIOB.

* [IpousBoAMTENM MTOITYIIPOBOAHUKOBBIX
npuOOpPOB HUCHOJIB3YIOT CUCTEMBbl KOH-
TPOJsI KayecTBa, KOTOPHIE BKIIOYAIOT
uH(ppakpacHble JETEKTOpbl, pa3pado-
TaHHBIC aCTPOHOMAaMH.

* CHeKTpOMETpHI ISl PEHTTEHOBCKOTO
nuaria3oHa, KOTopble ObLIM pa3pabora-
HBI JJI OTpeeNIEeHUs] XUMUYECKOTO CO-
CTaBa KOCMHYECKOW IIJIa3Mbl, TeIeph
UCTIOJNB3YIOTCS ISl OTPEJCIICHUsT TPH-
Meceil B IMpolecce M3rOTOBICHHUS KOM-
IbIOTEPHBIX YHUIIOB.
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Oob0ecnieuenue 0€30MACHOCTH
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* B camom pacripocTpaHeHHOM THIIE
CKaHEpOB JOCMOTpa Oaraka MpuMeHs-
IOTCSI IETEKTOPBI, IEPBOHAYAIILHO Pa3-
paboTaHHBIE I ACTPOHOMUYECKUX Ha-
OJIFOICHHI B PEHTTEHOBCKOM JHama3o0-
HE.
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TexHUKa CIIEKEHUS, COCTOSIIAS U3 TE-
JIECKOTIOB U 00CEpBATOPHIA, IEPBOHA-
yajbHO ObLIa co3/jaHa JjIsl 00CITyKUBa-
HUS BOCHHBIX CITyTHUKOB, KOTOPBIC
KOHTPOJIMPOBAJIM BOCHHBIC JICHCTBUS Ha
3eMIie.

* ACTpOHOMHYECKHE METO/IbI aHATTN3a
N300pakKeHHI TENePh UCTIOIB3YIOTCS
1t 00paboTku pororpaduii B moJu-
LEUCKOU MPAKTHUKE.



Ionyuyenue n3o0pakeHnii B MeIMINHE

General Electric

NASA Photo

* [Ipubopsl ¢ 3apsnoBoit cBs3pio — [13C mst ynbpTpaduoneToBoro quana3zona, KOTo-
pbie pa3pabaThIBAIMCh ISl KOCMHUYECKOrO Tejeckomna Xab0ma, Ternepb BKIIOUYEHBI B
WHCTPYMEHTHI TPYAHON XUPypruu (OUOTICHH), YTO YMEHBIITIIO XUPYyPTHIECKOE BME-
IaTEIHLCTBO U CTOMMOCTD orepanuu 6osee, uem Ha 75%.

* YyBCTBUTENbHBIE MPHOOPHI C 3apsAI0BOM CBS3BIO Ui PEHTTCHOBCKOTO JHMAana3oHa
3aMEHUJIM PEHTICHOBCKYIO TUICHKY B CTOMATOJOTHU U COKpaTtuiu 3(pdext odmyue-
HUSL.

* AanTuBHas ONTHKA, pa3paboTaHHas JJiI COBPEMEHHBIX TEJIECKOIMOB, IPUMEHSETCS
B XUPYPIUH IJ1a3a U CO3/IaHUH KOPPEKTUPYIOMINX JIUH3.
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OT HAYYHBIX PABPABOTOK 10 MNIOBCEAHEBHOI'O TIPUMEHEHUSA
KomnbrorepHbie pemieHus

* S3b1k nporpammupoBanust @OPT, pazpaboTanHble 115
pPaaroacTpOHOMUYECKON 00CEepBATOPUHU, TETIEPh UCIOJIb-
3yercs JUisl pa3pabOTKU MPOrpamMM MOPTATUBHBIX KOMITBIO-
TepoB B ciyx0e ®BP, n1s aBTOMaTHYECKUX aHAIM3ATO-
poB, 1715t Ipou3BoicTBa eHkH B pupme KOJAK.

IlepeHOCHOM PEeHTIreHOBCKHI anmapar

| i ; s
@b LIXI, Inc.

* [lepeHOCHON PEHTTEHOBCKUU amnmapar ¢ MAJIOUHTEHCHB-
HBIM HUCTOYHUKOM pEHTreHOBCcKOTO m3ydenwus (Lixiscope) —
BTOpOl MO 00BEMY HMCTOYHHK JIMIIEH3HMOHHBIX IJIaTeKeH
NASA. Jrtor annmapar Bce yalle NpUMEHSETCS IIPU aBapHU-
AX, B CIIOPTE U APYTUX 00JaCTAX, i€ ObICTpOE MOJyUYEeHHE
PEHTIEHOBCKOTO M300pa)KEHUsI SIBISETCSI HEOOXOUMBIM.

BbicokokauecTBeHHas rpaduka

o
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) F:"‘ t-:_“‘:

* [Tomynsapusiii rpadguaeckuii naket ¢ uatepdeiicom IDL —
Interface Definition Language OepeT cBoe Hayano U3 rpa-
¢udeckoro mpoOrpaMMHOrO OOecreyeHus, HaMMCaHHOTO
JUIS KOCMHUYECKOro ammaparta Mariner, HCCIeI0BaBIIETO
IOBEpXHOCTh Mapca.

* UndpakpacHbie n300pakeHusi, OJTyYCHHbIE acTPOPU3UKA-
MU, IOMOTAIOT JOKYMEHTHUPOBATh COCTOSTHUE 3BE€3]1 U CIICTUTh
3a UX BOJIIOIUEN.

* N300paxeHust 3eMIIH, OJTYyYEHHbIE CITyTHUKaMH, [IOMOTatOT
apxeoJioram, MCCJIEAYIOINUM JOUCTOPHUYECKHE TOpoaa, KOTO-
pBI€ 3aXOPOHEHBI MO/ IECKAMH ITyCTHIHU.
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“Acmponomusn 3acmasnsem Oyuity CMOmMpems 86epx
u 6edem Hac om IMO20 Mupa K opy2020”
ILnaton (428 10 H. 3. — 348 10 H. 3.)

10 0000000000 000 00 0.0. — "Bonsimoit BapeB" npuBoauT Beenennyro B IBHKEHUE.
1543 — Komnepuuk pa3pabaThiBacT I'eIMOICHTPUICCKYIO MOJe)Ib COJTHEUHOM CHCTe-
MBI.

1687 — Heroton uznaer ero " Principia Mathematica ".

1800 — Yubsam [epmiens oOHapyxuBaeT HHPPAKPACHOE H3ITYICHHE.

1910-00 — B monerax Ha BO3AYLIHBIX IIapax OOHApPY>XEHO CYIIECTBOBaHHE BHE3EM-
HOTO M3Y4YeHHsI (KOCMUYECKHE JTyUH ).

1916 — Kapn [lIBapumiba npeackaspiBaeT CyIIeCTBOBAHUE YSPHBIX JIBIP. DUHIITESHH
Oy OIMKOBA OOIIYI0 TEOPHUIO OTHOCUTEIHLHOCTH.

1927 — DnBun Xab06:1 oOHapyKUBaeT pacIIMPEHUE BCEIICHHOM.

1932 — Kapn fucku oOHapyUBaeT paaron3TydeHue U3 IeHTpa MIIEYHOTO My TH.
1949 - [Ipubop, co3manublii B BoeHHO-MOPCKOW HayYHO-HCCIIEIOBATEILCKOM J1a00-
paTopuu U yCTaHOBJICHHBIN Ha OOpPTYy pakeThl V2, 00HAPYKUBACT PEHTTEHOBCKOE U3-
nyuenne ConHua.

1940-00 — /[xopmx 'amoB co3maet moensb "bonbmoro BapeiBa'.

1960-00 — B skcniepumenTax, npopeieHHbIX ¢ momoribio paker BBC CIIIA Aerobee
150, oOHapy>keHbl KOCMUYECKOE PEHTT€HOBCKOE U3NydyeHue, TMPQPy3HOe PEHTI€HOB-
ckoe (POHOBOE U3IIyUYEHHUE, TUCKPETHBIA PEHTTeHOBCKUI ucTouHuK Cygnus X-1.
1963 — OGHapykeHbI KBa3aphl.

1965 — OOHapykeH KOCMHYECKII MUKPOBOIIHOBBIN ()OH.

1969 — Ilepras «mporynka» yenoseka Ha JlyHe.

1976 — Cawmplii 601b11101 HHTEphEpOMETpHUYECKUI panuoTeneckon B HoBoit Mekcu-
K€ HAYMHAET COOMpaTh TaHHBIC.

1978 — Kocmuueckwii anmapat Pioneer nocturaer Benepsi. Pesynbrats natu cean-
COB HCCIIeZIOBaHUS aTMOC(ephl MPH JBIKEHUU B atMocdepe BeHepbl mepenansl Ha
3emuto.

1985 — MexmyHapoaHblii kocMudeckuit ammapat Explorer — mepBblii amnmapar, mpo-
JICTEBIINN Yepe3 XBOCT KOMETHI.

1990-00 — 3anymen kocmuueckuii Teneckon Hubble — (HST). Kocmuueckuii ammapat
Ui uccnenoBaHus GoHoBoro kocmuueckoro usnydeHus — (COBE) maer mzoOpaxe-
HUE KOCMHUYECKOT'0 MHUKPOBOJIHOBBIN (DOHOBBIN M3ITyUEHUS U MO3BOJISET TIOHATH MPO-
ucxoxaenue Beenennoit. OOHapysxeHbl T1aHeThl BHE COTHEYHOM CUCTEMBI.

1994 — Kocmuyeckwii Teneckon Xa00m MoATBEpANI CYIIECTBOBAHUE YEPHOM IBIPHI B
rajgaktuke M87.

2000 — HaOnrogenus B MUKPOBOJHOBOM JIMAIa30HE, POBEJCHHBIE HA BO3IYIIHBIX
mapax (mpoekT bymepanra) moarBepawiM 4To 00IIee UCKpUBIeHUE BeeneHHol paB-
HO HYJIIO U UTO paclinpeHue BeeneHHo yckopseTcs.
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CTpykTypa matepum

MaTepwnanbl canta HobeneBckoro komuTteTa
http://www.nobel.se/physics/educational/matter/12.html

1. Cmpykmypa mamepuu

ATOMBI COCTOSIT U3 SJIEP, COJEPKAIIUX MPOTOHBI U HEUTPOHBI, U JIEKTPOHHOTO 00-
JaKa. DJIEKTPOHbI HAXOJATCS B MOCTOSIHHOM JABMKEHUHU BOKPYT SApa, a IPOTOHBI U
HEUTPOHBI JIBUTAlOTCSl BHYTpH siipa. Kaxaplii HEUTPOH M MPOTOH COCTOST U3 TPEX
kBapkoB. C COBpPEMEHHOW TOYKU 3PEHUSI KBAPKU UM AJIEKTPOHBI SIBIAIOTCS Hauboiiee
dbyHIaMeHTaTbHBIMU (hOpMaMU MaTEPHH.
Atom 10" m

PazmepB Pasmep B

aToMax

MeTpax

The Atom 10°10 meters

size in atoms

size in meters

the nucleus 1
/ 10000
proton

1

1p-14

10-15

100 000
quark

\.eem

electron

alfi]

2. Peeonrouyuonnsie uoeu

B Hayke ecTb mepuopbl, KOrja AalbHEWIIUN IPOTPECC
MOET OBITh JOCTUTHYT TOJIBKO HAa OCHOBE PEBOIIOLMOH-
HBIX UJEH.

Huxkonain KonepHuk caenan MMEHHO TakoOW LIAr B HEU3-
BECTHOCTb, KOrja npeanoyioxkuwi, 4ro CoJHIe sBIIIETCS
1eHTpoM COJIHEUHON CUCTEMBI.

Annbept Oinmreiin (HobGeneBckas mpemusi mo ¢usuke,
1921 r.) coBepumi Takou ke I1ar, Korjaa noBeai MUpPY O
TOM, YTO CKOPOCTb CBETa HE MOXKET ObITh MPEBbIIICHA, U
OITyOJIMKOBAJ CBOIO TEOPUIO OTHOCUTEIbHOCTH.

KBapku Takxe TpeOoBaIu peBOIIOLNH B MBIIUICHHUH.

3. Bonpoc, ocmaguwiuiica 6e3 omeema

K 1930 romy npencraBieHue o0 aroMax JOCTUTIO KpUTHYE-
ckoil craauu. CUUTanoCh, YTO aTOMBI COCTOAT U3 SAJIEP, COAEP-
XKaux IpoToHbl U HeWTpousl ([Ixeitmc Usnuk, HobeneBckast
npemus o ¢usuke, 1935 r.), u BHemHero odjaka 31€KTPOHOB

) (xozed [xon Tomcon, HoGeneBckass mpemusi mno (Qusuke,
1906 1.). CunTanoch, 4TO 3TH TPU YACTHUIIBI SIBISIOTCS (DyHIIA-
MEHTaJIbHBIMH COCTABIISIOIIUMHU BCEH MaTepUU.
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Ho ocraBancs Bompoc: Kak BHYTPHM flIpa YJIEpPKUBAKOTCA BMECTE BCE IPOTOHBI,
KOTOpbIE OTTAJIKUBAIOTCA ApyT oT apyra? Ilouemy siapo ctabuiibHO?

OTH BONPOCHI MPUBENH K SKCIIEPUMEHTAM Ha YCKOPUTEISIX 3apsKEHHBIX YACTHUIL JUIS
U3y4EeHUsl B3aUMOJEUCTBUSA HEUTPOHOB M IPOTOHOB. HO, MomMuMo OTBETOB Ha IO-
CTaBJICHHBIE BOIPOCHI, B 3TUX 3KCIEPUMEHTaX ObLJIO OOHAPYKEHO MHOTO APYTUX TH-
[IOB YaCTHIl. DTO HOPOJIMIIO B CBOK OYEPEb OOJIBIIOE YHUCIO HOBBIX BOIIPOCOB, KO-
TOpbIE B KOHEYHOM UTOIE MPUBEIN K COBEPIICHHO HOBOMY ITOHMMAaHMIO (PyHIaMeH-
TaJbHON CTPYKTYPHI A1pa.

Taxue mpubOpHI, Kak My3sIppKOBbIe Kamepsl (onanba ['na-
3ep, Hobenesckas npemus no ¢usuke, 1960 r.) urpanu pe-
HIAIOUIYI0 POJIb B pa3pabOTKE HOBOI'O B3IJIsSIIa HA CTPOEHUE
matepud. [IpuHuun paGoTsl My3bIPbKOBOM KaMepbl COCTOUT
B TOM, YTO, KOTZla BbI HANPABIISIETE 3aPSKEHHBIEC YACTUIIBI B
XKUJKOCTb, KOTOpasi Harpera BBIIIE €€ TEeMIIepaTypbl KHUIIe-
HUs (meperperas >KUJIKOCTb), 3@ IPOJIETAIOIIEH YacTULEH
ocraercsi ciefl (Tpek) B BUJE My3bIpbKoB. B kamepe Jierko
3apErucTpUPOBATh TPEKU YACTHULl U 3aTEM pacCUUTATh TAKUE
Ba)KHbIE XapaKTEPUCTUKHU, KAK 3aps] U MacCy 4acTHUL.

C moMOIIpI0 TaKUX PETUCTPUPYIOMIUX MPUOOPOB OBLIU OT-
KPBITBI MHOTHE HOBBIE YacThlbl. [lepen gusukamu ObLT mMO-
craBiieH Bonpoc: "Kak 3T 4acTUIBI CBA3aHBI C IPOTOHAMH,
HEUTPOHAMH U 3JIEKTpoHaMu?".

5. Cnun: ceoiicmeo uacmuy

C noMoIipo mMy3bIpbKOBOM KaMephl U JPYTUX NpuOOPOB OBLIM OT-
KpBIThl coTHU HOBBIX yactull (JIyuc AnbBapec, HobeneBckas mpe-
mus o ¢usnke, 1968 r.). CymecTBoBaHue Tpex QpyHIaMEHTaIbHBIX
YacTHUI] MaTEpUM Ka3aJloCh MpaBAoNoJ00HbIM, HO coTteH? Bce 3To
HAITOMUHAJIO MO3auKy, MOTOMY YTO MPEATOJaraercsi, YTo mpupoaa
YCTPOEHA MPOCTO U AJETAHTHO, a HE CIIOKHO U YPOIJIUBO.

[TerTasics pasragath 3Ty NPOCTOTY MPHUPOILI, (DU3UKHA HAYAIH Kilac-
CU(UIIUPOBATH BCE YACTHIBI B COOTBETCTBUU C MX XapPaKTEPHUCTH-
kamu (cBoricTBamu). OQHOM U3 TaKUX XapaKTEPUCTUK ObLI CITUH.
CnuH — 3HaYeHue YIJIIOBOro MOMEHTa (MOMEHTa HUMITyJbca), KOTO-
pBIM 00J1a/1aloT Bce yacTuiibl. Hanpumep, eciu BOJYOK Bpaliaercs,
TO OH UMEET OINpeeNIeHHbII MOMEHT uMITyJibca. YeM ObicTpee Bpa-
IIaeTcsl BOJUOK, TeM OO0JbIlle MOMEHT uMiTysbca. Ousuku oOHapy-
UM, YTO 9T Ues CIpaBeIIMBA U JIsl YaCTHUII, HO CTIMH YaCTHUIIbI —
€e BHYTPEHHsIs, HEM3MEHseMas xapakrtepuctuka. Hampumep, snek-
TPOH MMeEET U Bceraa OyeT UMETh CIIMH, paBHbIN 1/2 h.

B KBaHTOBBIX TEOPHUAX MOMEHT UMITYJIbCA U3MEPSCTCA B EAMHHUIIAX
h=h/27n=1,05 x 10 Jlx'c (Makc Ilmank, HoGeneBckas mpemus
no ¢usuke, 1918 r.).

(JIx'c mpousHocuTcs kak J[xoynb-cexkyHaa, a h = "am ¢ yeproit"
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6. Momenm umnynpca. 3aKoH COXPAHEHUA MOMEHMA UMNYJIbCA.

CnuH — MOMEHT MMIIYJIbCa, KOTOPBIM SBIIAETCS XapaKTEPUCTHKOU
gactull. Ho MOMEHT umiysnbca MOKeT ObITh CBSI3aH U C BpallleHuEM
OJIHOrO 00BEKTa OTHOCHUTENBbHO Apyroro. Hampumep, 3emust Bpama-
ercst BOKpyr ConHIla: OHa UMEET MOMEHT MMITYJibca, 00YyCIIOBJIEH-
HBII ee "COOCTBEHHBIM' BpalIEeHUEM U UMEET OpOUTATbHBI MOMEHT
UMITyJIbCA BCIIEACTBUE BpameHus BOKpyr CoiHua.

OOmuMii MOMEHT UMITYJIbCA, CBSI3aHHBIA CO CIIMHOM M BpPAILlaTE€IbHBIM JIBHXKEHHEM,
SABJISIETCA TOJIE3HOM BEIMYMHOW, IIOCKOJIBKY Ta BEJIMYMHA BCET/IA OCTAETCS IMOCTOSH-
HOH. B yckopuTesne npu COyJapeHUH 4acTHUIl BO3HUKAIOT Apyrue dactuusl. Ho cym-
MapHbli MOMEHT HMMIIYJIbCa OCTaeTCA IMOCTOSHHBIM 1O CTOJKHOBEHMS, BO BpeMs
CTOJIKHOBEHMS U IIOCJIE CTOJIKHOBEHHUsS. 3HaYEHUE YTIIOBOIO MOMEHTA BCEraa AOJKHO
OBITh OJTHU U TEM XKE.

OTO YyTBEPKIAEHUE HA3bIBACTCS 3aKOHOM COXPAHEHMSI MOMEHTA UMITYJIbCA.

CoxpaHeHue MOMeHmMa umnyjibca

pian-[T7=1 '0
'0 — -— 0 zpini0 -~

positron e+ electron e- b pion+[mT+] =

spin: 1/2 spin: 1/2 spin: 0 0

JIBe uyactuupl (mo- | [Ipu annurwisiiuu | Ha  stom  stane | MoOMEHT uMITyJib-
3UTPOH M DJIEK- | YaCTHUIl BO3HMKAIOT | MOKHO IIPEAIOJIO- | ca TEM HE MEHee
TPOH) C HEBEPOST- | IBE HOBBIE YaCTHU- | KUTh, YTO JBE 4YaC- | OCTAETCA  IOCTO-

HO OOJIBIION 3HEP- | LBl TUIBI CO CIMHOM | SHHBIM, HO H3Me-
THEH CTaJIKUBAIOTCS 1/2 nupuBemyT K | HSET CBOIO GopMmy.
APYT ¢ APYroM co3mannto vactuil | CHavasa oH ObLI B
CO CIMHOM, paB- | BHJE CIIMHA, a Te-
HBIM HYJTIO. nepr B (Qopme

Ho «kyzma gmeincs | BpamareabHOTO
MOMEHT UMITyJIbCa? | MOMEHTa HMITYJIb-
MomeHT ummymbca | ca.

HE coXpaHsieTcs? [Tonobno  Tomy,
kak 3emis u JlyHa,
3TH YaCTHIIbI
UMEIOT  MOMEHT
UMITyJIbCa  M3-32
JIBH)KCHUS  OTHO-
CUTEIBHO  TOYKH
CTOJIKHOBEHHS.

Takum oOpa3oM, MOMEHT uMIyJibca coxpaHsercs. CIHHOBBI MOMEHT HMITYJIbCA
npeoOpa3yeTcsl BO BpallaTeabHbIii MOMEHT UMITYJIbCa, HO OOLIasi BEJIMYMHA MOMEHTA
MMITYJIbCA OCTAETC HEU3MEHHOM.
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7. Knaccuguxayua wacmuy,

B du3ndeckux s3KcriepuMeHTax CTOJKHOBEHHE YaCTHI] C U3BECTHBIM CITMHOM HCIIOJb-
3yeTcsl JUIs MOJy4YeHUs APYruX 4dacTuil. T.K. PU3MKW 3HAIM CyMMapHBIH CITMH Yac-
THIIl, YIACTBYIOIINX B CTOJIKHOBEHHUSX, TO OHU HMCIIOJIH30BATIN 3aKOH COXPAHECHHS MO-
MEHTa UMITYJIbCa JIJIsI ONPECIICHHsI CITMHA YaCTHUII, TIOTYYCHHBIX TIPU CTOJIKHOBEHUH.
@U3NKN YCTAaHOBWJIM, YTO CITUH YACTHII MOXET ObITh 1eabiM uuciaom h (Oh, 1h, 2h,
3h, ...) wm nomyuensim uncioM h (1/2h, 3/2h, 5/2h,...).

BOABIIMHCTBO BHOBH OTKPBITHIX YaCTHI] OTHOCUTCS K U3BECTHOMY KJIACCY YacTHII,
KOTOPbIE Ha3bIBAIOTCS aIpOHAMU. AJIPOHBI OBbLIU KJIACCU(ULIUPOBAHBI INOO KaK Me-
30HBI C MOJTYIEIBIM 3HAYCHUEM CITUHA, JIN00 KaK OAPHOHBI C IICJIBIM 3HAUYEHUEM CITH-
HA.

Me30oHbI bapuronsl
Py 4
i —
Nl E!J
f.";i:.;r'l i.Il{-:-:'=+
% > +
) P
f ‘\1 ;;.F
o T

8. Alpyzaa xapakmepucmuka....Cmpannocmso

[To3xe Obula OTKpBHITA Jpyrasi BaXKHash XapaKTEPUCTHUKA.
[Ipu CTOJIKHOBEHUSIX YACTUILl C BBICOKUMH SHEPTUSAMH ObLIO
OOHapy»XEHO POXKJEHHUE OOJIBIIIOTO0 KOJWYECTBA YaCTHII,
KOTOpble Mmonyumin HazBaHue K-meszonsl. Ho oOHapyxu-
JIOCh HEYTO CTpaHHOE C 3THUMM 4YacTuiiamu. HabGmonenue
MOKa3aJio, YTO UMEIOT JOCTATOUYHO OOJIBIIOE BPEMsI KU3HHU.
MOXHO TIPEANoI0KUTh CYyIIECTBOBAaHUE HEKOTOPOTO 3aKO-
Ha, KOTOpbId 3anpemaer K-me3onam pacnagaTthcsi Ha Jpy-
TU€ YaCTHUIbI.
Mioppeit 'enn-Mann (HoGeneBckas mpemusi o (usuke,
1969 r.) npennonoxwui, uro K-me30HbI U HEKOTOpPBIE APY-
Mroppeii ['eui-ManH, | THE 9aCcTULBI MIMEIOT HEU3BECTHOE paHEE CBOMCTBO (Xapak-
HoGeneBckas mpeMusi | TEPUCTHKY), KOTOPOE IOJIyYHIO Ha3BaHHE "CTPAHHOCTH'.
1o ¢usmke, 1969 r. | 3aTeM OH MICHTU(PHULUPOBAI ITU CBOMCTBA M MOJEIU KaK
4acThb HEKOTOPOM MaTeMaTH4yecKOM KiacCU(UKAIMOHHOU
CXEMBI.
Opnako, 3Ta cxeMa Kaszajach HE BIOJIHE PaOOTaIOILEH.
Cxema mpejckasbiBajia CyIIECTBOBaHHE €Ill€ HE OOHapy-
KEHHOU yacTuipl — Q° (omera-munyc). Ho 3To He ocTaHo-
BUJIO Gu3uKOB. Bckope oHM OOHapyKHUIIM YacTHUILy C Mac-
coil, kotopas Obuia mpeackazaHa [emn-ManHOM. DTO H
MOATBEPUIIO BCIO MOJIETh KIACCH(PUKAIMKA YACTHI, KOTO-
pasi OblJIa MM CO3J/IaHA.
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9. Iloaenaemcsa keapk

Hecmotps Ha co3zmannyro ['esur-MaHHOM MoAEnb U
KJ1accu(UKAIIMI0 TaKUX YacTHI] JIMOO Kak Oapuo-
HOB, JTUOO Kak MeE30HOB, (Gu3MKU "3acTpsuu" ¢
coTHEH "(hyHIaMEHTATBHBIX ' YACTHII.

Jns toro ytoObl M30exaTh '"300Mapka YacTuil',
CJICYIOIIUM I11aroM ObLIO BBIICHEHHE TOT'O, MOTYT
JI OTU MOJIENIA OOBSICHATHCS, €CIIM MOCTYIMPOBaTh, YTO OAPUOHBI U ME30HBI COCTOSIT
U3 JIPYTHX YaCTHUIl. DTU YaCTHUIIbI ObLIN HAa3BaHBI KBAPKaMH.

Mioppeii 'enni-Mann u ['eopr L[Belr npeanonoxuiam, 4To 0apuoHbl — 3TO YaCTHUIIHI,
COCTOSIIIINE U3 TPEX KBAPKOB (¢gq), @ ME30HBI — YACTHUIIbl, COCTOAIINE U3 KBapKa U
aHTUKBapka (qq ).

(up-xBapk (BepxHUH KBapk) oOo3HauvaeTcst OykBoul u, down-KBapk (HUKHUM KBapK) -
OykBoii d. CnoBa up 1 down — IpoCTO UMEHA KBAPKOB W HUKAKOT'O OTHOIICHUS K TIO-
HATUIO "BepX" miM "HU3" HE UMEIOT).

10. /Ipoonwiii 3apad u Henaodnwoaemocms K8apKoe

OnHako KBapKM HE Ka3aJIUCh BIIOJHE COBEPLIEHHBIM OTBETOM. ['emn-Mann u LlBeir
IpU3HAIHU, YTO UX UJEd UMEET cepbe3Hble Mpodaembl. OHa U3 HUX CBsI3aHa C HEOO-
XOJUMOCTBIO JPOOHOrO 3apsiia KBapKOB, KOTOPBIN JOJKEH OBITh CBSI3aH C HU3BECT-
HBIMU 3apsaMH ME30HOB U 0apnoHOB. OHAKO, YACTULIBI C TAKUM JPOOHBIM 3apsAI0M
HUKOI/a paHee He HaOJII01auCh.

[Tepen I'enn-MannoMm u [[Belirom cTOsUIM JIBE APYTHE CEPbE3HBIE MPOOIEMBI, KOTO-
pbIe HY’KHO OBLIO Pa3pelinuTh 10 NPUHATUS UX T€OpHUH. Bo-miepBbIX, KBApDKH HE Ha-
0JIF0JaTUCh, U HUKTO HE MOT OOBSICHUTBH ATOT (PakT. Bo-BTOPHIX, MOKHO OBLIO Mpe/I-
MOJIOKUTh PA3IMYHbIe KOMOMHAIIMK KBApPKOB, HO 3TH JAPyTrHMe KOMOMHALIMM HUKOI/IA
He ObUIM 0OHAPYKEHbI SKCIEPUMEHTAIIBHO.

the proton the neutron the pion
up gquark up quark - down anti quark: .
charge = ﬁaﬂ charge = g& charge= %
+ 2 o +2 o 1 '
down quark down gquark up quark .
charge = '% charge = -% charge=+-%
©Woe-@ 0060-@ @©@©-@
B G St ez)= o e

11. IJeemmnoit 3apsao

HyxHo Ob110 00BACHUTH, HALIPUMEP, TTOUYEMYy HAOJIOJAIOTCS TOJIBKO Takhue KOMOU-
HallUM KBapKOB M aHTHKBAPKOB, KOTOPHIE MMEIOT LENbIA 3aps, U MOYEMY HET, Ha-
npuMep, Takux KOMOWHALMM, KaK ¢, qq, qqqq , WIA HEUCUYUCIMMO MHOTO JPYTUX

KOMOWHAIAH.
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X 3 (°9) %E (O

quark quark, quark quark, antiquark quark, quark, quark, quark,
antiquark quark

I'enn-MaHH U Apyrue McclieIoBaTeld IMoJjiarajiy, 4To OTBET JICKUT B MPUPOJAE CHUJI,
CBSI3BIBAIONIMX KBAPKU. JTa CUJIA HA3bIBACTCS "AIEpPHOU" U SBIAETCS MEpOM 'CHUIib-
HOTO'" B3aMMOJEHCTBUS, U HOBBIE 3apsi/ibl, KOTOPHIE YYBCTBUTEIbHBI K SAECPHBIM CH-
7aM, ObUTM Ha3BaHbI "LIBETHBIMU'" 3apsiiaMH, XOTS K OOBIYHOMY LIBETY 3TO HE UMEIOT
HUKAKOr0 OTHOLICHUS. YUEHbIE MPEANOI0KUIN, YTO KBAPKA UMEIOT TPU IIBETOBBIX
3apsiia. ITOT THII 3apsja ObUT Ha3BaH "IIBETOM'", T.K. HEKOTOpPbIe KOMOMHAIIUU IIBE-
TOB KBapKOB OyAyT "HEHTpaJIbHHIMU'" 1O aHAJOTUU C KOMOWHAIMEH OOBIYHBIX IIBE-
TOB, KOTOPBIE MOTYT JIaTh OCIIbIH, T.€. HEUTPAIbHBIN IBET.

[Tono6Ho TOMY, KaKk KOMOMHAIIKS KPACHOTO U CHHETO IIBETA aeT
NypIypHBIA IBET, KOMOUHAIUS ONPEACIEHHBIX [IBETOB (KPacHbIH,
3€JICHBIN, CHHUI) JaeT OelbIi 1BET.

- MoryT cymecTBoOBaTh TOJBKO T€ YACTULIBI, KOTOPbIE UMEIOT HEM-
TpaJbHBIN LBET, T.€. TOJIBKO qqq U qqq .

12. Keapxu yoepycusaiomca émecme unu "'keapku naxooamces 6 3akiwuenuu'’

SnepHas cuiia CylIECTBEHHO OTJIMYAETCS OT IPaBUTALIMOH-
HBIX M 3JIEKTPOMArHUTHBIX CUJI. ['paBUTALIMOHHBIE U BJIEK-
TPOMAarHUTHBIE CWJIBI II0 MEPE YBEIUYEHHUS] PaCCTOSHUS
distance MeXAy OObeKTaMU WM 3apsaaMu ociiabeBaroT. OpHaxo,
JUISL IIEPHBIX CUJI PACCTOSIHUE HE UMeeT 3HaueHus. VHren-
Strang force CHUBHOCTb CHJIBHOTO B3aUMOJCHCTBUS MEXAY KBAPKAMU OC-
- TaeTCs MMOCTOSTHHOM.
gistance | JJouemy BO3HUKAIOT TOJIBKO YaCTULBI C HEUTPAIBHBIM LIBE-
TOM?
YTOo nmpom3onzeT, ecam KBapK MCHBITAET CUIIBHOE COyaape-
HUE U TIPUMET YUYaCTHUE B SIACPHBIX PEAKIUAX, 00YCIOBICHHBIX SIIEPHBIM B3aUMOJCH-
CTBUEM.
KBapku yaepxxuBaroTcs BMecTe
Uto npou30MIET, €CIU MOMBITAThCS Pa3AEIUTh JIBa KBapKa?
Ecnu xBapk kakum-1n0o oOpa3oM CIABUHYThH OT €ro coce-
e @ 71a, TO PHEPTHUS MOJIS SIAEPHOM CUIIBI OYJIET YBEJIIMYUBATHCS.
[Tono6HO TOMY, KaK MpU PACTSHKEHUM PE3UHOBOM JICHTHI,
o Mepe yJaJeHUs KBapKOB JPYr OT JApyra Bce OoJbliee
KOJIMYECTBO JHEPrUM OyNeT MnpeoOpa3oBHIBATHCS B JHEP-
THIO TIOJIS SIIEPHOTO B3aWMOJICUCTBUSL.
Ecnu sHeprust mosis JOCTUTHET OMpPEAEIEHHOTO 3HAYEHUSs, MMPOU30UAET Mpeodpa3o-
BaHUE YHEPTUU B HOBYIO Mapy KBAPK/aHTUKBAPK — ¢( .

foree

click ta start animation [ [B=)
—r

zeparate two quarks i\[}_.'
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DHeprus Moysi COXPaHUTCS W3-3a MPeoOpa3oBaHUS SHEPTUU MOJSL B MAcCy HOBBIX
KBapKOB.

Kpowme Toro, nose ssqepHOi CUIIbI BEPHETCSI B UCXOIHOE COCTOSIHUE.

ITo 3T0i NMpUYMHEe KBAapPKH HeJb3s1 HA0JII01aTh B CBOOOHOM BH/Ie MO OTAEJIbHO-
CTH.

farce| |
o Gravity
-

distance
& «

Strang farce

hS

farce

distance

©r

© © © ©
separate two quarks () e®

13. Macca, wacmuuybvl u Keapxu

B3aumnoe ynepxanue — koHGaWHMEHT KBApKOB JEMOHCT-
PUPYET B3aMMO3aBUCUMOCTh MACChl U DHEPIUU, OTKPBITYIO
OWHImTeHHOM. Macca 4acTullbl, COCTOSIIEH W3 KBapKOB,
ONIPEIEIISIETCS. HE TOJIBKO MAacCOM OTHEIbHBIX KBAPKOB, HO U
X KHHETUYECKON SHEPTUEH.

Hns mpotona, Tonsko 1,3% ero maccel onpenensieTcs Mac-
COM TpeX KBApKOB. ITO CWJIHBHO OTJIMYAETCS OT SJIep, Macca KOTOPOTO MEHBIIIE MaCChl
COCTaBJISAIOIIUX €70 HYKJIOHOB.

o

profon mass .
0,938 Gev/e’

[TockonpKy KBapKu B MPOTOHE WM HEUTPOHE MMEIOT OYCHH OOJBIIYI0 KHHETHYE-
CKYIO DHEPTHUIO, TO KaK OHHM CBs3aHbl BMecTe? [loueMy OHM HE MOTYT BBUICTETH U3
nporoHa? Tak kak saepHas cuia (B OTJIMYHE OT TPABHTAIIMOHHON) OCTAeTCS MOCTO-
SITHHOM, TO JUIsl yAQJICHUS] KBapKa HYXHO COBEPUINTH OCCKOHEUHO OOJIBIIYIO PadoTy
(pabotra = cumna x paccrosnue). [loaToMy KBapK HHMKOTJA HEIb3S YBHIETH CBOOO-
HBIM.

DT0 OblIa PEBOJIIOIIMOHHAS UJIES.

14. Hocumenw a0epHoii cuivl

C OTKpBITHEM SJIEPHON CHJIBI, HAKOHEII, CTaJI0 BOBMOXHBIM OOBSICHHUTD, SIAPO HE pa3-
JIETAETCA.
Xuneku IOkaBa (HoOeneBckass mpemuss 1no (usuke,

The nucleus o @ 1949 r.) npenmonoxui, 4YTO SAEPHOE B3aUMOJECHCTBUE
MEX1y MPOTOHAMH U HEUTPOHAMH B SIIpE BOSHUKAET M3-32
) @ oOMeHa MU-Me30HaMu (IU-ME30H COCTOUT W3 KBapKa U aH-

TU-KBapka). Ho, ¢ Gosiee COBpeMEHHOW TOUKHU 3PEHUSI OC-
Taercs npodiiema. SaepHas cuia IEUCTBYET TOIBKO MEX-
Iy 4acTHUIIAMH C LIBETHBIM 3apsiIOM, a MPOTOHBI U HEUTPOHBI UMEIOT HEUTpPaIbHBIM
LIBETOBOM 3apsl.

Pi Meson Exchange
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The nucleus OuU3NKUA NPEANOI0XKIIN, YTO ME30HBI U OApPUOHBI, TaKUE

@%a KaK TPOTOHBI M HEUTPOHBKI B SIAPE MOTYT MEPEKPHIBATHCS.

. © [TosToMy, XOTS TPOTOHBI U HEUTPOHBI C HEHUTPaTbHBIM

IIBETOM HE B3aMMOJICHCTBYIOT JIPYT C IPYTOM, TO JICJIAIOT

UX KBapKHu. SAnepHoe B3aMMOJEUCTBUE BO3ZHUKAET 3a CUET

oOMeHa TIII00HAMU MEXIy KBapKaMH COCEHUX TPOTOHOB

1 HeHUTpoHOB. DTOT nporece "ckienBaet” ("glues") sapo. IIporecc oueHb TOX0XK Ha
TOT, KOTOPBIN YAEPKUBAET BMECTE HEUTPATIbHBIE ATOMbI B MOJIEKYJ1aX.

Gluon Exchange

15. Moscno nu yeuoemsv keapku?

XOTS KBapKH M HEJb3sl MOJy4YUTh B CBOOOAHOM BHJE, (DU3UKHU HALLIM cOco0 "yBu-
neTh" KBapKd BHYTpU sjapa. OxcrepumeHT JIxepoma M. ®dpunmana (Jerome 1.
Friedman), I'eapu V. Kennanna (Henry W, Kendall) u Puuapna E. Teiinopa (Richard
E. Taylor) (HoGeneBckas npemus no ¢puzuke, 1990 r.) oueHb MOX0K Ha IKCIIEPUMEHT
OpHcra Pesepdopna (Hobenerckas npemus mo xumun, 1908 r.). OnHako, B MX 3KC-
NepUMEHTaX MUIIEHSMU OBLIU MPOTOHBI M HEUTPOHBI, @ MYYOK COCTOSII U3 IEKTPO-
HOB C DHEPTrUsIMU B TBHICSYM pa3 OoJIbIlle, YeM DHEPrusi anb(a-4acTull B MyYKax, HC-
noip30BaHHBIX Pesepdopaom. U cHOBa, u3ydast yribl paccestHUsI 4acTHll, yAajJoch
BBIITH HAa HOBBII YPOBEHb MOHMMAHMS MaTepuu. I TyOOKO BHYTpH MPOTOHOB U HEM-
TPOHOB, OHH HAIUIM 3KCHEPUMEHTAIBHO (PU3MUECKOE J0KA3aTeIbCTBO CYLIECTBOBA-
HUS KBapKOB.

"CmoTpuM" BHYTpb IPOTOHA

Hcnonb3ysi 3NEKTPOHbI, YCKOPEHHBIE 10
BBICOKMX DJHEpPruil, (QU3HKK CMOIJIH
"yBUAETh" KBApKK BHYTPHU MIPOTOHA.

Ecnmu mpoton — ¢yHmameHTanpHas dac-
Tula 0€3 BHYTPEHHEH CTPYKTYphl, TO
AIIEKTPOHHBIN MyYOK JTOJKEH PacceBaTh-
Csl Ha HEOOJIBIINE YIJIbL.

OpHako, T.K. IPOTOH HMMEET BHYTpPEH-
HIOIO CTPYKTYpY (OH COCTOMT M3 KBap-
KOB), DJIEKTPOHHBIM My4ok Oyaer pac-
CEeMBATHCS Ha OOJIBIINE YTJIbI.

16. Umo morucno ckazams 0 OpooHbIX 3apadax?

Yepes HECKONBKO JIET, ApyTrue PU3NKU-IKCIIEPUMEHTATOPI U3yYalll paccessHUue Heu-
TPUHO HA NMPOTOHAX M HEUTPOHAX M M3y4alu MHTECHCUBHOCTH CTOJKHOBEHWU. Hen-
TPUHO KpalHE JIETKHE YaCTHIIbI, KOTOPhIE YYaCTBYIOT B ClaObIX B3aUMOJACHCTBUSX,
HO HE Y4YaCTBYIOT B AJIEKTPOMAarHUTHBIX B3auMOJeHCTBUSX. CpaBHEHHE CEUEHUS
CTOJIKHOBEHHSI HEUTPUHO U AJIEKTPOHOB J1AJI0 JI0KA3aTEIbCTBO CYIIECTBOBAHUS JAPOO-
HOTO 3apsija.
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Electron Scattering Meutrino Scattering

h

D i
o -

)

17. /lasice keapxu pacnaoaomcs

Pa3zBuTne Hayku xapakTepuszyercs TEM, YTO CTAapbI€ NMPEICTABICHUS U HJEU JOCTa-
TOYHO PEAKO MOJHOCTHIO 3aMEHSIOTCS, IPU ATOM UX 001aCTh TPUMEHEHHSI CTAHOBUT-
Cs OrpaHUYECHHOM. IMEHHO Tak ITPOM30IILIO U C TEOPUEHN pacliaia HEUTPOHA.

Neutron Beta Decay

n —=pe’ 1,

Decay 'f[:))

Hentpon pacnamaercsa Ha IPOTOH, 3JEKTPOH M HeuTpuHo. Ho,
KaK MPEeANOI0KUIN (PU3MKH, TaK KaK HEUTPOH COCTOUT U3 KBap-
KOB, OJTHOTO BEPXHETO U ABYX HMKHUX KBapKOB, TO CaM HEUTPOH
pacnagarbCcsi He MOXeT. OU3UKHU MPEANIOIOKNIIM, YTO paclaja-
€TCsl OJIMH U3 KBApKOB.

Wrak kBapku "mpoawian" CBET Ha JAEUCTBUTENBHYIO MPUPOLY B3aUMOJEUCTBHS Yac-
THUL, KOTOPYIO PAHbILE CYUTAIOCHh HEBO3MOKHO OOBSCHUTD.

[Ipu Gera-pacmane HeiTpoHa (udd) oOpa3yroTcs mpoToH (uud),
JJIEKTPOH U AHTUHEUTPHUHO.

HeunTpoH He umeer 3apsiia ¥ COCTOUT U3 OJHOTO BEPXHEIrO KBap-
Ka (4-KBapK) U ABYX HUKHUX KBAPKOB (d-KBapK)

Ecnn HeNTpOH pacnamaercs, TO OOUH U3 HIXKHUX KBapKOB IIpe-
oOpa3yeTcsi B BEpXHUN KBapK. Tak Kak HIDKHHM KBapK UMEET 3a-
psn -1/3, a BepxHUW KBapK UMeeT 3apsan +2/3, To HeoOX0oAuMO
BBITIOJTHEHUE 3aKOHA COXpaHEHHUs 3apsiga. DTOT 3aKOH Oyner
BBITIOJTHEH, €CJIU MIPU pacrajie MOosBUTCS BUPTyalbHAs YacTUIA —
IIPOMEKYTOUHBII BEKTOPHBIA 0030H W™ 3apsi KOTOPOro paBeH
-1.

.‘If"_.-"
A
@ﬂ ©

Ternepb HEUTPOH CTAHOBUTCS IIPOTOHOM
Kak Tonpko BupTyanpHas W-yacTua OTTAJIKUBAETCS OT IPOTO-
Ha, OHa Npeo0pa3yeTcs B MEKTPOH U aHTUHENUTPUHO.

antineutrino

»)
electron Q

HakoHel, NpoTOH, 3JIEKTPOH U aHTUHEUTPUHO YIAISIOTCA JPYyT
OT ApyTa.

B aeiicTBUTENBHOCTH BECh MPOLECC JIUTCS MULUIMAPAHYIO J0-
JIF0 MEJLTHAPJIHOI JIoymH cekyHbl, T.e. 107'° ¢.

18. Ilponasuiee ouapoeanue

NEl

u (up)
€ [charm]?

2 L
2
d (down)

5 [strange)

Hcnonb3yst Bce oTKpbIThie yacTulbl [mamoy, Canam u Beiin-
oepr coznanu CTaHAApTHYIO MOJIeNh, TEOPHIO, KOTOpas 0ObsC-
HWIa (yHIaMEHTAIbHbIE YaCTULIBI U CHUJIbl B3aUMOJEUCTBUA. B
CraHgapTHOW MOJEIM MMEETCS TpU KBapKa, BEPXHUU KBapK,
HWDKHUM KBapK M CTPAaHHbIA KBapk (u-, d- u s-kBapku). Ctpan-
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HBIN KBapK (S-KBapK) — 4YacCTHUIla, UMEIOIasi CBOMCTBO CTPAaHHOCTH.

OnHako Tpex KBapKOB 0Ka3aJOCh HENOCTATOYHO.
MaremaTtuueckass T€Opusi, KOTOpas JIEKUT B OC-
HOBe CTaHAapTHOM MOJENH, MPEICKA3bIBAET CYy-
IIECTBOBAHUE YETBEPTOI'O KBApKa, MOJIYYUBILETO
Ha3BaHUE O4YapoBaHHBIN KBapk (charm). OmHako,
HUA OJHOW YaCTHULbI, COAEPKAIIUNA TaKOM KBapK,
He OBbLIO OOHAPYKEHO.

Samuel Chao Burton Richter
Chung Ting

ITozxe, B 1974 r., B sKcriepuMeHTax, npoBeaeHHbIXx Camyasnem Tunrom (Samuel
Ting) u bapronom Puxtepom (Burton Richter) (HobGeneBckass mpemusi mo Qusuke,
1976 r.) omHOBpeMEeHHO OblJIa Hali/IeHa YacTUIla, KOTOpas cojlieprkKajia HeOCTaIOIINN
o4apoBaHHBIM KBapK. OQuH U3 UccieaoBaTeneil Ha3Bal ee J- yactuueit, agpyroit — ‘P.
Teneps ona uzBectHas kak J/ ¥ -wactua.

19. Ewe xeapku?

C OTKpbITUEM OYAapPOBAaHHOrO KBapka, (M3HMKHU 3ajaBaju cede BO-
IpoC, a HET JIM elle KBapKOB, KpoMe ATHX YeTbipex. OueHb CKOpO
Ha WX BOIPOC TMOSBUJICS OTBET Iociie Toro, kak Jleon Jlemepman
(HoGeneBckast mpemus mo ¢uszuke, 1988 r.) u ero rpymnmna ooHapy-
KWK TIAThIN kBapK. OH ObLT Ha3BaH bottom (OCHOBHBIM) KBapKOM
— b-kBapkom u umen 3apsn -1/3.

DuU3KNKU 0XKUITATH, UYTO CKOPO OYJIET HaliJIeH HEIOCTAIOIINN KBApK
c 3apsnioM +2/3. K coxkanenuro, mpouuio moutu 20 jet, npexe,
yeM ObLT OTKPBIT TOAXOSIIUNA KBAPK.

20 Bozmosxrcnocmu Cmanoapmuoii mooenu

The 1993 Nobal Prize in physice  VICTIOJIB3Ysl MaTeMaTHYeCKui anmnapar CTaHaapTHOH MO-
NI U JaHHBIE C HEBEPOSTHO OOJIBIION TOYHOCTBIO U3
MHOTHX TMEPCHEKTUBHBIX HKCIEPUMEHTOB, OKa3aJIOCh
BO3MOHBIM pacCUUTaTh MacCy HEJIOCTAIOUIEr0 KBapKa.
Hcnonb3yss MeTONMKYy pacyera, paspabortanHyro Jlxe-
papaycom Xodtom (Gerardus't Hooft) u Maptunycom
.'\ Jx. I'. Benbtmanom (Martinus J. G. Veltman) (HoOGe-
Gerardus Martinne 1.6, aeBckas npemus no ¢usuke, 1999 r.), ¢puszuku cmoriu
* Hooft Veltran paccuuTath KOCBeHHBIC Y(P(EKThI BIUSHUS tOp-KBapKa (7-
KBAapKa) Ha UX OJKCIIEpUMEHTaJbHbIE H3MepeHus. OHu OOHApYyXWIH, YTO f-KBApK
JIOJIKEH OBITh MHOTO MacCHUBHEH JIpYTruX KBapkoB, mpuMmepHo B 20-30 pa3 MaccuBHEH
CaMoro M3 MaCCUBHBIX U3BECTHBIX KBApPKOB — b-KBapKa.

OTH MeTOAbl ObUIM Ba)KHBI HE TOJIBKO JJII OIEHOK MAacCChl /-KBapKa, HO OHHU JaJIH
KJII0Y K TIOHUMAHHIO TIOJTHOM CTPYKTYPBI U HEMMPOTHBOPEYUBOCTH CTaHIAPTHOU MO-
nenu. Jlo pabotel Xodrta u Benbrmana B 1971 u 1972 rr. HUKTO HE 3HAMI, KaK MOYKHO
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IIPOBOJIUThH pacueTbl Ha OcHOBe CTaHIapTHOM MOJENH, MoJydyasi HE TOJIbKO IpHOIu-
3UTEJIbHBIE OTBETHI.

21. OmKkpvimue mon-keapka

! 1 Tonbko k Havanmy 1990-x rogoB yaanoch JOOUTHCS TOUHOCTH DKC-
+ = -

3 B nepuMeHTa, HEOOXOAMMOW Il pacyeTa Macchl TOM-KBapka. B

Y | e o 1995 1. sBa skcmepuMenTa B DepMU-1abOpaTOPHH ITOATBEPIMITH
tizp) ? | bibottom)  CyIIIECTBOBAHME TOI-KBapKa W TMOKa3alld, MOYEMY €ro ObLJIO Tak
TPYAHO OOHAPYX HUTh. TOM-KBapK UMETI HEOOBIYHO OOJIBIIYIO Mac-

cy 175 I'aB/c?, Gonee, yem B 30 pa3 Gobire Macchl b-kBapka! Takoe Gosbioe Bpe-
Msi, TOTpeboBaBIIeecs A €ro OTKPBITHS MO TOW MPUYHHE, YTO Ui OOHAPYKECHHS

TaKOW YaCTHIIBI HEOOXOAMMO OBLITIO UMETH 00JIE€ MOIIHBIE YCKOPUTEIH.

IIpumeuanmue. [IepeBos TEKCTa K HUXKECIIEAYIOIIEH XPOHOJIOTUU.

berarpon nauan pa6otats B 1954 1., u B 1955 1. ObUT OTKPHIT aHTUIIPOTOH.

B 1969 r. 6p11a OTKpBITA BHYTPEHHSISI CTPYKTYpa HYKIIOHOB (IIPOTOHOB M HEUTPOHOB)
Ha yckoputene B Crendopae — SLAC.

Otkpeitre J/Y — yacTuiel, MOCTPOSHHON U3 OYapPOBAHHBIX KBAPKOB, B bpyk-XsBeHe
u SLACB 1974 1.

B 1976 r. B SLAC ObLI OTKPBIT Tay-JEOTOH.

B 1983 r. Obutn oTKpBITEL W 1 Z-9aCTUIBI HA YCKOPHUTE HAa BCTPEUYHBIX My4yKax (Tmpo-
TOH-aHTUIIPOTOHHOM KOJUIaiaepe).

B 1995 r. 00bsBIEHO O MEpBOM IpsIMOM JoKazarenbcTBe Ha TeBarpoHe B Depmu-
n1abopaTopuu CyIIECTBOBAHUS tOp-KBapKa.

1950
The Bevatron began to operate in The Mobel Prize
. 1954 and the antiproton was n Physics 1959 |
discovered in 1955.
1960 Segré  Chamberlain
The inner structure of nucleons The Mobel Prize |,
{protons and neutrons) was n Physics 1990 f"
discovered at SLAC in 1969,
) :
- 1870 Friedman Kendall Taylor
Discovery of 3/ particle (composed The Mobel Prize 77—
- of charm quarks) was discovered at  in Physics 1976
Brook-haven and SLAC in 1974. L
-

-
Richter Ting

1980 The tau lepten was discovered at The Nobel Prize
SLAC in 1976, in Physics 1995

The W and Z particles were The Nobel Prize
1890 giscovered at the proton-antiproton  in Physics 1984
collider at CERN in 1983.

The first direct evidence for the
top quark was announced at the
2000 Tevatron at Fermilab in 1995,
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22. @ynoamenmanvHvl U Keapku?

Ha cerogusiiineM moKoJICHUU YCKOPUTEIEH Mbl HE HAILIU JOKa3aTEIbCTB TOTO, YTO
KBapKH UMEIOT BHYTPEHHIOIO CTPYKTYPY WJIM COCTOSIT M3 APYrux yactul. s Toro,
YTOOBI MCCIIEIOBATh KBAPKH HY>KHbI YCKOPUTEIH BCTPEUHBIX MYYKOB MPOTOHOB JKC-
TpeMaJIbHOW BBHICOKUX 3HAYeHUH >Hepruu. Ecnu Obl KBapku MMeNnn BHYTpHU cels co-
CTaBJIAIOUIME MEHBIIETO pa3Mepa, TO MOJYUYHBIIMECS B PE3YJIbTAaTE€ CTOJKHOBEHHS
YaCTHI[BI PA3JIETAIUCh ObI TI0J1 3HAUUTEIHLHO OOJBIIUMHE YTIIAMH.

[Toka u3yueHue 3TUX CTOIKHOBEHHI yCTaHABIMBAET, UTO KBApK sBIsieTcs (pyHAaMEH-
. . -19
TaJdbHOM YacTuleH A0 KpolieyHoro Macmraba 107 M.

Ho HukTo He 3HaeT, AEMCTBUTENBHO JIM KBAPKHU SIBISIIOTCS (DyHIaMEHTaIbHBIMH Yac-
turaMu. ToJbKo OyIyIIre uCClIeJOBaHUSI HA HOBBIX YCKOPUTEISX BCTPEUHBIX MTy4-
KOB BBICOKOM DHEPIUHU — KOJUIaAepax NOMOTYT OTKPBITh 3TOT cekpeT [Ipupobl.

oo £¥ B

73



O6 aTomax — nonynsapHO!
Al Abowt RAtoms

Umo makoe amomui?

Steve Gagnon.

ATOMBI — 3T0 "cTpouTe/ibHBIE 0JIOKH' BeliecTBa, U3 KOTOPOI0 COCTOST OKPY-
skaromme Hac 00bekThl. CT0J1, BO3AYX M Jake Bbl caMu cOCTOAT U3 ATOMOB.

B npupone Berpeuarorcs 90 pa3iu4HbIX BUAOB ATOMOB. Y4eHbIe B JIa0opaTopu-
SIX CMOIJIY MOJIyYUTh ele 0oJiee 25 HOBBIX AaTOMOB.

ATOMBI COCTOSIT U3 TP€X OCHOBHBIX YaCTHII:

IPOTOHbLI — HMEIOT MOJIOKMTEIbHBIN 3apsaia

HEUTPOHBI — 3apsAa He UMEIOT

NPOTOHBI M HEMTPOHBI, COCANHASACH BMeCTe, 00pa3yIoT SIAPO —
HEHTPAJbHYIO YACTh ATOMA.

KpYT fiapa

AJIEKTPOHbI — UMECIOT OTpHHaTeJILHBIﬁ 3apsii 1 IBUT'al0TCsH BO-

VYueHble 1yMaiu, 4TO IPOTOH SIBJISIETCSA
CaMOM MaJIEHbKOW YaCTHUILIEH B SIAPE aTOMa.

B 1968 roay yuenble 0OHapy>KUJIM BHYTPH
MPOTOHA HOBBIC YACTHUIIBI. DTU YACTHUIIBI
ObLIM Ha3BaHbI KBapkamu. J{Jist uzydeHus
KBapKOB BHYTPH sAJIep aTOMOB ObLjia T0-
cTpoeHa tadbopatopus Jxeddepcona.

B xaxx10M npoToHE CyHIECTBYIOT TPU
KBapka. KBapku B3aUMOICHCTBYIOT JIPYT C
JIPYyroM C IOMOIIBIO APYTUX YACTHII, KOTO-
pbI€ Ha3bIBAOTCS IIF0OHaMu. B3anmonen-
CTBUE HOCUT XapaKTep MPUTSIKCHUS.
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Heiitpon 6bu1 OTKpHIT B 1932 romy. Yue-
HbIE JyMaJIl, YTO HEUTPOH SIBIISIETCS DJIe-
MEHTAapHOM YaCTULEH B siApe aTroMa. beuun
JI1 OHU TIPaBbI?

B 1968 rony y4uenbie 0OHapy U BHYTPU
HEHUTPOHA HOBBIE YACTHUIIbI. DTH YaCTUIIBI
ObLITM Ha3BaHbBI KBapkamu. J{7is uzydeHus
KBapKOB BHYTPH SAJIepP aTOMOB ObLJIa T0-
cTpoena aboparopus J[xeddepcona.

B ka)xq0M nIpoTOHE CYyHIECTBYIOT TPH
kBapka. KBapku B3auMOAENCTBYIOT APYT C
JIPYTOM C ITOMOIUIBIO IPYTHX YACTHUIL, KOTO-
pble Ha3bIBAIOTCS IIIIOOHAMU. B3aumoen-
CTBHUE HOCHUT XapaKTep NPUTHKCHUS

S npo sBisieTcs MaCCUBHBIM LIEHTPOM aTO-
Ma. OHo Obu1O OTKPBITO B 1911 rony. Yue-
HBIM TTOTPEOOBAIOCH MPOBECTH IKCIIEPH-
MEHTHBI B TeueHue 21 roja a1t TOro, YTOObI
ONPEAECTUTh U3 KAaKUX YACTHUIl COCTOUT SIJ-

po.

DNEeKTPOHBI OYEHb MaJIbl U OYEHB JIETKHE.
Nx ouens sierko "oTopBaTh'" OT aToMa U
3aTeM UCI0JIb30BaTh, HAIPUMED, IJIA Tie-
pelayn IEKTPUUECKON SHEPTUM WU B
YCTPOMCTBAX TUIA TEJIEBU3NOHHBIX MPHU-
€MHUKOB.

DNEeKTPOHBI MOKHO UCIOJIb30BaTh B Kaue-
cTBe "30HJa" NIpY U3yYEHUHN BHYTPEHHETO
CTPOEHUSI aTOMOB. DJIEKTPOHBI BEICOKOU
HHEPTUU MOTYT AETEKTUPOBATh HEOOIbIIIHE
00JIaCTH BHYTPU aTOMOB. Y U€HBIC Y3HAIOT
O CTPOEHUH aTOMOB MO PE3yJIbTaTaM pac-
CESIHUSI DJIEKTPOHOB BHYTPH aTOMOB.
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Humepecnuie ghaxmeot.

- Eciu Obl 2JIEKTPOH BECHJI KaK
- MoHeTa B 10 neHTOB, TO IPOTOH
2000 electrons | [UNSIROIl | pecpr OBl KaK YETHIPE JIUTPA MO-
Jo0Ka!
e HeWTpoHbl 1 IPOTOHBI UMEIOT

IIPUMEPHO OJIMHAKOBYIO Maccy.

| neutron | proton

ATOMBI UMEIOT OJITUHAKOBOE
YHUCJIO AJIEKTPOHOB U MTPOTOHOB.

OOBIYHO aTOMBI UMEIOT OJHHa-
KOBOC YHCJIO ITIPOTOHOB U HEH-

TPOHOB.
1 proton 2 protons 6 protons

1 electron 2 electrons 6 electrons
0 neuirons 2 neuirons & neutrons HpI/I I[06aBJ]eHI/II/I IIPOTOHA I10-
Jy4aeTcsl HOBbIM TuUIl aToMa!

[Ipu nobaBieHnn HEUTpOHA TTO-
Jy4aeTcsi U30TOI TOTO K€ aToMa,
T.e. 60Jee TsoKenbIi "BapuaHT”
TOTO € aToma!

Ecnu atot atom Bogopoia Hapu-
1 72 mile 1 72 mile COBaTh B MacuITabe, TO HyKeH
¢ o y 9KpaH Ha PACCTOSHUU IPUMEPHO
1 kM, 9T00OBI "yBHIETH" DIICK-
TPOH Ha opOuTe

Nearest Electron Nearest Electron

Nearest Electron Nearest Eleciron KBapKH HACTOJIBKO MaJIBI 110
500 miles 500 miles CpaBHEHHUIO C aTOMOM BOJOPOJIa,

E . ; YTO €ro pa3Mep AO0KEeH ObITh

oko11o 2 000 kM, 4TOOBI KBapK
OBLI TaKKMM, KaK IOKa3aHo Ha
pPHUCYHKE.
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Kak paboTaroT nonynpoBoa-
HUKWN

How Semiconductors Work
Marshall Brain

[ToynpoBOIHUKHM UIPAIOT PELIAOUIYI0 POJIb B )KM3HU COBPEMEHHOI'O 00LIECTBA. Bl
HalJeTe MOJYNPOBOJHUKU U B "cepaue" MHKPONPOIECCOPHBIX YMIIOB, U B TPAaH3U-
ctope. JItoboe ycTpoicTBO, CBSI3aHHOE C KOMIIBIOTEPOM WJIM MCIIONIB3YIOIIEE Paano-
BOJIHBI, IPSIMO CBSI3aHO C MPUMEHEHUEM MOJTYyIPOBOJHUKOB.

CeronHsi, GOJIBITMHCTBO MOJYIMPOBOJHUKOBBIX YUIIOB M TPAH3HCTOPOB CHIETAHBI Ha
OCHOBE KpeMHUs. Bbl, BO3MOXKHO, CIIBIIIATN TaKhe BbIpakeHUs, Kak "KpemHueBas
nonuHa ", "KpemHHeBas d3KoHOMHKA', "Bek kpeMHus'". M Bce 3TO MO TOW NMpPUYMHE,
YTO KPEMHHH SBJISICTCSI OCHOBOM JTFOOOTO 3JIEKTPOHHOTO YCTPOMCTBA.

— T

(2 MOB36KK
§ LmM324N

- -

Ha pucyHke noka3anbl (110 4aCOBOM CTPEIKE CBEPXY):
YUI, CBETOAMOJ U TPAH3UCTOP — BCE OHM CHACIIAHBI U3
MIOJTYITPOBOTHUKOBOT'O MaTepraja — KpeMHHSI.

CambIM IPOCTBIM 3JIEKTPOHHBIM YCTPOUCTBOM siBiIgeTcs Auoa. [loaTtomy nuom Mox-
HO paccMaTpHBaTh KaK HCXOJHYIO TOUYKY, e€cii Bbl XoTUTE MOHATH, Kak paboTaroT
noJynpoBoHUKH. B 3T0it cTaThe caiita HowStuffWorks Bbl y3HaeTe, 4To Takoe mo-
JyIPOBOJIHUK, KaK BIUSIOT HA €r0 CBOWCTBA MPUMECU U KaK MOXHO, UCTOJIb3Ys TO-
JyIPOBOJIHUKHU, CO3/1aTh TUO]I.

OmKpoem maiinvl KpemMHus

KpeMHuuit — oueHb pacripocTpaHeHHbIN 35ieMeHT. Hanpumep, OH ABIsS€TCS OCHOBHBIM
3JIEMEHTOM B COCTaBe Mecka U kBapia. Ecnu Bel mocMOTpUTe Ha MOJTOKEHUE KPEM-
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C

Hus — Si B mepuonudeckoit tadsmie /.M. MenneneeBa, To yBuauTe, 4TO OH HAXO-
nuTcs 3a amoMuaneM — Al, Hke yriiepoaa — C u Beime repmanus — Ge.

N
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Kpemunii — Si Haxoautcs 3a amoMuareMm — Al, Huxe
yriepoaa — C u Beiie repmanus — Ge.

DJIEKTpOHHAs CTPYKTypa yriepoja, KpeMHHUs U repMaHus (repMaHuid, KaKk U Kpem-
HUU, SBJISETCA MOJYIMPOBOJHUKOM) UMEET YHUKAIHHOE CBOMCTBO — KAl U3 HUX
MMEET YeThbIpe JJIEKTPOHA HA BHEIIHEH JJIEKTPOHHOW 000J104Ke. JTO CBOMCTBO
ONpPENENIAET BO3MOKHOCTh MOJTYYEHHS MPEKPACHBIX MOHOKPUCTAIIIOB 3TUX 3JIEMEH-
TOB. YeTbIpe 3JIeKTpoHA (POPMUPYIOT COBEPILICHHBIE KOBAJIEHTHBIE CBA3U C YETHIPbMSI
COCETHNMHU aTOMaMHU, CO3/1aBasl pelIeTKy. YTJIEpO/l, KaK Mbl 3HA€M, UMEET KPUCTAJI-
audeckyro GopMmy, U3BECTHYIO Kak anmas. Kpucramn kpemHHss — 3TO cepedpucroe,
IIOX0KEE HAa METAJI, TBEPIOE TEIO.

—O0—90

O—O0—0

0—O

& 2001 HowStufwarks

=i

B xpucramnmyeckoll pelieTke KPEMHHUS BCE aTOMBI
KpEMHHUS 00pa3yloT XWMUYECKHE CBSI3H C YETHIPhMS
coceHUMU atomaMi. [Ipu 3TOM B KpucTayie KpeMHUs
HET CBOOOJHBIX DJIEKTPOHOB U AJIEKTPUUECKHUI TOK Ye-
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pe3 KpUCTAJI MPOTEKaTh HE MOXET, OCOOEHHO NpH
HU3KUX Temmeparypax. [1o3aToMy Kpucrtamn KpeMHHUs
0O0JIbIIIE OXO0K HA U30JISATOp, @ HE HAa MMPOBOJIHMUK.

Meranbl, Kak MPaBWIO, SIBISIOTCS XOPOIIMMHU MPOBOJHUKAMH 3JIEKTPUYECTBA, I10-
TOMY YTO OHU OOBIYHO MMEIOT "CBOOOJHBIC IEKTPOHBI", KOTOPHIE MOTYT JIETKO Tie-
peMelaTbcsi MEXAY aTOMaMH, a AJIEKTPUUYECKUN TOK B 3TOM CIly4yae MpPeACTaBISET
co0Ol TMOTOK AJEKTPOHOB. B TO Bpems, Kak MOHOKPHUCTAJLJIbI KPEMHUS, BHEIIIHE
OYEHb MOXO0XKM Ha METaNIbl, HA CaMOM JIeJie OHU HE SBISAIOTCA MeTaiiaMu. Bce
BHEIIIHUE AJICKTPOHBI B KPHUCTaNIE KPEMHHUSI 00pa3yrOT COBepIIeHHbIe KOBAJIEHT-
Hbl€ CBSI3M C COCEJIHMMH KpHUCTajlaMH, a MOTOMY He MOTyT nepememarbes. Kpu-
CTaJUT KPEMHHUS C MAJIbIM KOJIMYECTBOM MPUMECEH MO CYLIECTBY MPEICTABISIET CO00it
U30JISITOP — Yepe3 HEero Mnpu KOMHATHOM TeMmIlepaType MOXKET MPOoTeKaTh OUYECHb Ma-
JIEHbKUU TOK.

/lobaenenue npumeceil ¢ KpemMHUIl — OORUPOBAHUE KDEMHUS

Ecau B KpUCTalll KpEMHHA BHCCTH NMPHMECH — NONMUPOBATH KpGMHHfI, TO MOZXKHO
W3MEHUTh CBOMCTBA KpEMHUA U MPEBPATUTL €TI0 B IIPOBOJJHHK. HpI/I AOIINPOBAHUU
KpEMHUA B KPUCTAJIJI BHOCUTCA HeOOJIBIIIOE KOJTMYSCTBO IMPpUMCCH.
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CylecTBYIOT Ba TUIIA IPUMECEH:

n-Tun — Ilpu BHeceHUU mHpuMeced n-Tuna B KPUCTAI KPEMHHUs J00aBisieTcsl He-
6ompIoe konudecTBO Gocdopa — P wim mpimbsika — As. Ha BHemHeld o6omouke ¢oc-
(dopa U MbIIIbsIKA HAXOAATCS IMSATh 3JEKTPOHOB, KOTOPbIE 3aHUMAIOT OOJIbIIE MECTa,
9YeM 3JIEKTPOHBI aToMa KpeMHUs. [IATbIil 37eKTpoH He 00pa3yeT CBsI3U C COCEAHUMHU
aTOMaMH KPEMHUS U MO3TOMY MOXET CBOOOJHO JBHUIatbcs B Kpucramie. [{ns Toro,
9TOOBI CO3/1aTh JOCTATOYHOE KOJIWYECTBO CBOOOJHBIX AIIEKTPOHOB, HEOOXOAMMBIX
JUISL TIPOTEKAHUs 3JIEKTPUYECKOr0 TOKAa, HY)KHO COBCEM HEOOJIBIIOE KOJUYECTBO
npuMecH. Kpemuuii n -tuna siBiaseTcs XOpOIIUM IMPOBOAHUKOM. Tak Kak 3JIEKTPOHBI
UMEIOT OTPULIATENIbHBIN 3apsia — negative charge, TO KpucTaml KpeMHHUsI C TaKUMH
IPUMECSIMU U HA3bIBAETCS KDEMHUEM 71 -THUIIA.
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p-tun — llpyu BHECEHUM NpHUMECE p-Tulla B KPUCTAT KPEMHHs J00aBISETCS He-
Oosbiioe konuuecTBo 6opa — B wnm ramus -Ga. Ha BHemHel 3aekTpoHHON 000J1049-
Ke 0opa W rajIusl HaXOJATCS TOJIBKO TpH AnekTpoHa. Korma 3Tu mpumecH BXOJST B
KPUCTAJI KPEMHHUS, OHU 00pa3yro "IbIpKU" B pelIeTKE, B KOTOPBIX HET JIEKTPOHOB.
OTcyTCcTBHE OIHOIO 3JIEKTPOHA AKBHBAJIEHTHO HAJIMYHUIO OJHOTO IOJIOXKUTEIBHOIO
3apsiia — positive charge. (JleicTBUTEbHO, MOKHO MPEIACTABUThL cebe, uyTO "HEHUTpa-
Au3anuu” OJTHOTO 3JEKTPOHA, B KPUCTAILI ClIeAyeT J00aBUTh OJUH IMOJOKHUTEIbHBIN
3apsan). HanpaBneHHoOe IBH)KEHHE JIBIPOK MOYKHO pacCMaTpHUBaTh KaK JIEKTPHUUECKUIA
TOK. JIpIpKa COOTBETCTBYIOLIUM 00pa3oM '"3axBaThIBaeT" 3JEKTPOH COCEAHETO aTOMa
U, CIE€0BATEIBHO, IbIPKA IEpeMENIacTcs B Kpucramie. KpemMHui p-tumna — Xopomuin
IIPOBO/IHUK.

Wrak, HeOoJIbIII0E KOJMYECTBO NMPUMECEH n-TUIA WM p-TUIA MPEBpaIaeT KPUCTAILI
KPEMHHS U3 XOPOUIET0 U30JIATOPa B IOCTATOYHO XOPOIIUA MPOBOAHUK (XOTS U C Ma-
JIO¥ MPOBOJIMMOCTBIO) — 3TO CBOMCTBO U J1aJI0 HA3BaHUE ''MTOTYNPOBOTHUK".
CBoiicTBa KpeMHUS 1-TUTIA WU p-TUTIA HE TIPEJICTABIISIOT COO0M HUUEro 0COOCHHO
yauBUTENbHOTO. "Uy 10" 1 OUE€Hb HHTEPECHBIE CBOMCTBA BO3HUKAIOT TOTJA, KOT/a CO-
eUHsETE

BMECTE KPEMHHU p-THUIIA 1-TUTIA, T.€. TP 00pPa30BaHUHU p — N-TIEPEX0]Ia.

Co3oanue ouooa

JAMox — 0J1HO M3 cambIX MPOCTHIX IEKTPOHHBIX YCTPOUCTB, KOTOPOE MOXKHO U3IOTO-
BUTb U3 IOJYIIPOBOJHMKA. JIMOJ IPOMYCKAET TOK TOJBKO B OJHOM HAIIPABJICHUU, B
JIPYTOM HaIIPABJICHUU TOK YEPE3 AUOJ HE IMPOXOAUT. BbI, KOHEUHO, BUJEIU TYpPHUKE-
Thl Ha CTAIMOHE WU B METPO, YEpe3 KOTOPHIE JIOJAU MOTYT MPOXOAUTH TOJIBKO BOJ-
HOM HampasiieHnd. OOpa3HO TOBOpPS, AMOJ — 3TO OJHOCTOPOHHUUN TYPHUKET IS
3JIEKTPOHOB.

Ecnu BBl COEIMHUTE BMECTE KPEMHHUN p-THUIA U N-TUIIA TaK, KaK IMOKa3aHO Ha PUCYH-
K€, TO MPOU30MAET "yyn0" — MOJYy4YUTCS OHOJ C €r0 YHUKAIbHBIM CBOWCTBOM IIPO-
IIyCKaTh TOK TOJIBKO B OJJHOM HAIIPaBJICHUH.

AvoAa

P-tun N-Tun

O | e

Oblpka |k OnekTpoH
> Tok yepes
nepexon He NPOXoAMT

— +

© 2001 HowStufaarks

HecMoTpst Ha TO, 4TO 1O OTJAENBHOCTU U KPEMHUH n-THUIA, U KPEMHUHN p-THUIIA HETLIO-
X0 TIPOBOJAT TOK, T.€. SIBJSIOTCS "TUIOXMMU MPOBOJHUKAMU", UX KOMOWHAIIUS, TTOKa-
3aHHAas Ha CXEME, HE MPOBOAUT BJEKTpUUECKUU TOK. OTpHUIATEIBHO 3apsiKEHHBIE
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AIIEKTPOHBI B KPEMHUH A-THIA MPUTITUBAIOTCS K MOJIOKUTEIBHOMY IOJIIOCY OaTapeu.
[TonoxxutenpbHO 3apsHKEHHBIC JBIPKU MPUTITUBAIOTCS K OTPUIIATEILHOMY IOJIIOCY Oa-
Tapeu. Uepes nepexon Mexay KpEMHUEM PA3JIUYHOTO THUIA — p-71 — IEPEXOJ IPH Ta-
KOM TOJKJIIOYEHUH OaTtapeu TOK He MPOTEKaeT, IOTOMY YTO U JIEKTPOHBI, U JBIPKH
NEPEMEIIAIOTCS B "HEMPABWIBHOM ' HANPABICHUU .

Eciiu Bbl m3MeHHTe MOJSIPHOCTH TOJKIIOUEHUS Oaraped, AWOJ OyaeT MpeKpacHo
IIPOBOJIUTH JJIEKTPUIECCKH TOK. CBOOOIHBIC JIEKTPOHBI B KPEMHHUU A-THMA OYyIyT
OTTaJIKUBATHCS OT OTPHIIATEIHHOIO Tooca OaTapen. JpIpku B KpeMHHH p-TUTIA OY-
YT OTTAJIKHBATHLCS OT MOJIOKHUTEIIBHOTO ToItoca Oatapen. B obmactu p — n — nepe-
X0/1a MEXJy KPEMHHEM p— THIA U KPEMHHUEM 7 — THIA CBOOOJHBIC 3JICKTPOHBI U
JBIPKA BCTPEYAIOTCS. DJIEKTPOHBI 3aIOTHSIIOT JIBIPKH, T.€. IPOUCXOINT SIBJICHHE, KO-
TOpPOE Ha3bIBACTCS PEKOMOWHAIUSA. DJICKTPOHBI U JIBIPKU MPEKPAIIA0T CBOE CYIIECT-
BOBaHHE, HO Ha MX MECTO IMPHUXOJAT HOBBIC AJICKTPOHBI U JBIPKH. B pesyibTare pe-
KOMOMHAIIUU Yepe3 p — 1 -NIEPEeX0]l IPOTEKaeT IEKTPHIECKHl TOK.

AOuopn

P-tun N-Tun

© | O

Ablpka |k 3nekTpoH

> Tok yepes
nepexoa npoxoauT

L ] —

& 2001 HowStuffskarks

Y CeTponCTBO, KOTOPOE MPOMYCKAET TOK TOJIBKO B OJHOM HAIIpaBJICHWE, HO HE IPO-
NyCcKaeT B 0OpaTHOM HalpaBJI€HUH, Ha3bIBAET AMOAOM. /[M0/bl UCIIONB3YIOTCS B ca-
MBIX pa3HOOOpa3HBIX YCTPOMCTBAaX U cxemax. Hampumep, ycTpoiicTBa, KOTOphIE HUC-
NOJIb3YIOT OaTaper B KaueCTBE MCTOYHMKA MUTAHUs, COAEP)KAT AMOJ, KOTOPBIA 3a-
MIMIIAET YCTPOMCTBO MPH HENMPaBUILHOM MOAKIIOYEHUH OaTapeil. J(Moa mpocto He
IPOIYyCKaeT TOK, eclii OaTapes MOJAKIOYEHa HEMPAaBUIBHO, T.€. OH 3alllUIIAeT B YCT-
POMCTBE UyBCTBUTEIBHYIO DIIEKTPOHHUKY .

KoHeuHo, noBeieHne peasbHOro IUoAa OTIIMYAETCs OT MACAIBHOIO JUO0/a, KOTOPBIE
MBI pacCMaTpUBAJIX BbIlIe. Ha ciaeayronieM pucyHKe IOKa3aHa BOJIbT-aMIIEpHAs Xa-
PAKTEPUCTUKA PEABHOIO THOJA:

© 2001 HawStuffWarks Toxk

Hanpsxenne

0,7B
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B upeanbHOM Auojie npyu 0OPpaTHOM BKJIYEHUM OaTapew TOK HE MpoxXoauT. B pe-
QIBHOM JHOJIe TMPU OOpaTHOM MOJKIIOYEHHH OaTaped MPOXOIUT HEOONBIION TOK
0k0Ji0 10 MKA — 3TO, KOHEYHO, HEMHOT'0, HO JIUOJI y>KE€ HE SIBJISIETCA HacanbHbIM. U,
ecnu Bbl npuinoxxure Kk AMOLY JOCTATOYHO BHICOKOE 0OpAaTHOE HAIpPSKEHUE, TO MPO-
U30MIeT Mpo0oil [ruosa U AUOJ BHIMAET U3 cTpos. OOBIYHO, HANpsKEHUE Mpodos Ha-
MHOI'O TPEBBIIIAET HANPSHKEHUE, KOTOPOE €CTh B JJIEKTPUYECKOW LEMH, MOITOMY
BCTPETUTH MPOOOIi TM0/Ia B peaabHOM cXeMe MaJOBEPOSATHO.

Ecnu x nuony npukiaapiBaeTcsl NpsiMoOe HANpsiKeHHe, TO He00X0IUMMO, YTOOBI OHO
IPEBBIIIATIO HEKOTOPYIO BEIMYMHY, YTOOBI Yepe3 AMOJ MoIIe TOK. J[Jiss KpeMHUEBBIX
JMOJI0B 3TO HampspKeHue paBHO mpubiausutensHo 0,7 B. Takoe HanpsixeHne HE00X0-
JMMO JJI Havajia Impoliecca peKOMOUHAIIMY 3JIEKTPOHOB U JIBIPOK B p -7 -TIEPEXOJIE.

Tpansucmopul u uunsi

TpaH3ucTop co3maercsi HA OCHOBE HCIIOIB30BAHMS TPEX CJI10€B TOIYIPOBOTHUKOB, a
HE JIBYX, HCTOJB3YEeMbIX B uoje. Bpl MOkeTe co3/aTh TPaH3UCTOP B BUJE npn WIH
pnp "0ytepopoaa". TpaH3ucTop MOXKET paboTaTh KaK BBIKJIKYATENb WA KaK yCH-
JIUTEJb.

TpaH3uCTOp HAIOMUHAET JBa AUOJA, KOTOPHIE BKJIIOUECHBI HABCTPEUY APYT JPYTY.
Torma MOXHO MOyMaTh, YTO TPAH3UCTOP HE OYAET MPOBOIUTH AIEKTPUUECKUI TOK,
TaK Kak JIBa BCTPEUYHO BKJIIOUYEHHBIX JMOJia HE MPOMYCKAIOT TOK HA B OJHOM, HHU B
npyrom Harpaienuu. M 3to — npaBaa! OxaHako koraa Bel mponyctute HEOOMBIION
TOK uepe3 IEHTPaJIbHbIN CI0W TpaH3UCTOpA, HAMHOTO OOJIBIIUM TOK MPOMACT depe3
TpaH3ucTop B 1eioM. CreoBaTeIbHO, TPAH3UCTOP MOXKET BECTH Ce0sl KaK BBIKJIIO-
yaTeb. HeOoJIbIIoN TOK MOYKET BKJIIOYATh U BBIKJIIOYATh HAMHOI'O OOJIBIINHI TOK!

KpemHuueBblii unn — HeOOIbIIas TUIACTUHKA U3 KPEMHHUS, HA KOTOPOI M3TOTOBICHO
00JIBIIOE KOJINYECTBO TPAH3UCTOPOB — HECKOJIBKO JECSITKOB MWIIMOHOB. C TpaH3u-
CTOpaMH, JIEHWCTBYIOIIMMH KAaK BBIKIIOYATENH, BBl MOKETEe cO3/1aBaTh JIOTUYECKHE
CXEMBI, HA OCHOBE KOTOPBIX CO3JAI0TCSI MUKPOIIPOLIECCOPHBIE YHIIBI.

EcrecTBeHHBIN nTpoLiecC pa3BUTHS: KPEMHUN — KPEMHUN C IPUMECSIMU — TPAH3UCTOP
— YWI MPUBEI K TOMY, YTO MHUKPOIIPOLIECCOPBI U JIPYrUe€ IEKTPOHHBIE YCTPOMCTBA
CTAIA HEJOPOTHMMH W MIMPOKO PACTPOCTPAHCHHBIMA B COBPEMEHHOM OOIIECTBE.
dyHAaMeHTaIbHbIE HAay4YHbIE MPUHIUIIBI, KOTOPHIE JIEXKAT B OCHOBE paOOTHI MOIY-
MPOBOAHUKOBBIX TPUOOPOB YAUBUTEIBHO MPOCTHL. Uy JOM MOKHO CUUTATh MOCTOSH-
HOE€ MHKEHEPHOE M TEXHOJOTMYECKUE NMPUMEHECHUE ATUX MPHUHIUIIOB JJI1 TOTO, YTO-
OBl CEroHsI HEJIOPOro CO3AaTh JECATKH MUJUTMOHOB TPAH3UCTOPOB B OJHOM YMIIE.
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CBeTuT Gonblue — rpeeT MeHblLue
A.JI IOHOBHMY

JIOKTOp (PU3UKO-MaTeMaTH4YeCKNX HayK, mpodeccop MI'Y um M.B. Jlomonocoga,
Copocosckuii mpodeccop

I'noﬁaﬁbnbie npobaembl

S Hav00emator
«CBETVIOE OYIVIIEE»

Harmn sxypuan oOpatmancs kK mpo6iieMe HCTOIb30BaHMs BO30OHOBIIIEMBIX UCTOYHHUKOB
sHepruu (BUD) kak ambrepHaTUBBI OECKOHTPOJIBLHOMY CKUTAHUIO HEBOCTIOIHUMBIX
3armacoB HePTH U ra3a Ha muaHeTe. CIUIIKOM CUIBHO 3aBUCHT COCTOSIHUE HPUPOJIBI
Ha 3emiie OT €€ pelIeHHs], OT TOro, Kak OyJIeT BBITJIAACTh dHEpreTHKa Oyaymiero, oT-
TOT0, HaWJIET JIN YEeJIOBEUYECTBO B ceOe CHUJIBI CHENaTh YHEProcOepekeHue OHUM U3
TJIaBHBIX PUOPUTETOB CBOETO paszBuTHi. [loaToMy BcTpeda MUHUCTPOB «OKpyKaro-
mas cpena s EBpomsi», mporneninas B KoHIe Mas B KueBe u Hemalio BHUMaHUs
yAeNuBIIas NpobiieMaM SHEPreTUKH U SHEProcOepekeHUsl, a TaKKe HelIaBHEe IMpu-
CYXKJIEHUE MEXIyHapoaHOU npemun «['1nobaibHass sHEprUs» amMepuKaHCKOMY, OpH-
TAHCKOMY U POCCHUMCKOMY YYE€HBIM 3a IUKJ paboT Mo 3HeprocOepeKeHUI0, BHOBb
NPUBJICKIN BHUMaHKE OOIIECTBEHHOCTH K CyZb0aM MUPOBOM IHEPTETUKH.

[lepBoii B ucropun npemun «l mo0anbHas SHEPTU», YIPEKACHHON MO WHUIIUATHBE
naypeara Hobenesckoit npemun XX.M. AndepoBa caMbIMH COMUIHBIMA POCCUACKHUMHU
OM3HEC-CTPYKTYpaMH U, TI0O MHEHHUIO y4YpenuTeNel, COoCOOHONW KOHKYpHUpOBaTh B
MEXIYHAPOJAHOM Hay4YHOM COOOLIECTBE MO 3HAYMMOCTH U npecTuxky ¢ HobeneBckoil,
yaoctoeHsl B 3ToM rogy Huk Xomnosbsk, npodeccop MIIMHOMCKOro yHUBEpCUTETA
(CIIIA) «3a ocHOBOMOJIAraloIINil BKJIAJ B CO3/IaHUE CHJIOBOM AJIEKTPOHUKHU U CO3/a-
HUE TIEPBBIX CBETOAMOIOB B BUJIMMOM 00JIaCTH CieKTpay», a Takxke ['.A. Mecsil, Bulie-
npesuseHT PAH (Poccust), u anrnuyanud Sl CMuT, cTapiiuii HaydHbIN COTPYIHUK
Hay4YHO-HcclenoBarebckoi kommanuu Titan Pulse Sciences Division (CILA), «3a
(yHIaMEeHTalIbHbIE UCCIIEJOBAHMUS B O0JIACTH MOIIHON HMITYJIbCHOM IHEPreTUKH.
PaboThl, ynocToeHHbIE 3TOM BBHICOKOW Harpajbl, TaK WJIA MHAY€ CBSA3aHBI C SHEPTO-
cOepexeHneM, KOTOpoe JIS)KUT B OCHOBE BCEX IOKA €Il€ YTOMUYECKUX yCTPEMIICHUN
YeJI0BEYECTBA K YCTOMYMBOMY pa3BUTHIO. CeroaHsANIHUN pa3roBop o0 sHeprocoepe-
KEHNH HAYMHAET CTAaThsl OJHOTO M3 KPYNHEMIIMX CHEHHUAINCTOB IO CBETOAMOAAM
AJL. IOHoBHua, GONBIIOrO 3HTY3WACTa WX NPUMEHEHHUS ISl PElIeHUs MpolieM
sHEeprocOepeKeHUs B HAIIEH CTpaHe, I/ie Ha OCBEILEHUE, YBBI, BCE €IIe PACXOyeTCs
CJIMIIIKOM MHOTO DHEPTHH.
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A9, 0nomy,

JHOKTOP DHIAKO- MATEMATHIECKHK HAYK,
mpodeccop MY vM M.B. JloMoHOCORS,
‘Copocoscknii npodecc:

At
anas
i

B ==

CeeTHT 0O/IbITIE - IPEET MEHbIIe
A

Onnu u3 Haubosee SPKUX MPUMEPOB NPEOOpa30BaHUN B TEXHHUKE, M3MEHHUBIIMX
KU3Hb JII0IEH, — N300peTeHNE TPAaH3UCTOPOB, PA3BUTHUE MOJIYIPOBOJAHUKOBOM AJIEK-
TPOHMKH U CO3JIaHHE KOMIBIOTEPOB. KoMmmbroTepusanus KapauHaJIbHO U3MEHUIIA Xa-
paKkTep NPOU3BOJACTB, OPraHU3ALMIO TPyJda U YKJIaJ >KU3HHU, CTajga OCHOBOM COBpE-
MEHHBIX CPEJICTB CBS3H.

CormnocraBuMbIE 10 3HAYEHUIO MEPCHEKTUBBI HECKOJIBKO IM03KE€ BO3HUKIU U Y TOU
obnactu GU3UKH, KOTOpasi U3ydaeT JIIOMUHECIEHIIUIO, B CBSI3U C CO3/JaHUEM HOBBIX
MOJIYTIPOBOJHUKOBBIX HCTOYHUKOB CBETA — CBETO/IUOIOB.

ITepBoie oTKpBITHS 37ech ObUIH caenansl eme B 1923 r. O.B. JloceBpiM B JIeHWH-
IpajickoM (PU3UKO-TEXHHYECKOM MHCTUTYTE M HUXKEeropoJckon paaroTeXHUYECKOM
naboparopuu. OgHAKO peaanu3oBaTh 3TH HJACH YJaloch JIMIIb 4depe3 40 yer, koraa
MTOSIBUJTUCH TIEPBBIE CBETOINOIBI, U OBLT 3aJI0KEH (DYHIAMEHT HOBOW OTPACIN TEXHU-
KU — ONTORJICKTPOHUKH.

Henb3s He ynoMsHyTh O BKJIaJIe B 3TO HAYYHOE HAIIPABICHUE BUIIE-IPE3UCHTA
PAH, nupektopa ®uznuko-texauueckoro nacruryra um. A.d. Nodde, naypeara Jle-
HUHCKOM npemuH, akagemuka XK.U. Andeposa, momyuusiiero emie B 70-x rogax XX
B. 30JI0TYI0 MeZjalib AMEPUKAaHCKOTO (PU3MYECKOro 0OIEeCTBA 3a UCCIEAOBAHUS TeTe-
POCTPYKTYp (MHOTOCIOWHBIX MOJYIPOBOJHUKOBBIX CTPYKTYp, CJIOH KOTOPBIX 00Opa-
30BaHbl U3 MAaTEPUAIOB PA3HOI0 XMMUYECKOI'0 COCTaBa) HA OCHOBE apCEHU/Ia raJuIusl.
B 2000 r., korma crajgo sSICHO MPaKTUYECKOe 3HAYCHHE ITHX PabOT, OH MOJYUYHI 3a
Hux HobGeneBckyo nmpemMuio.

B 1990-x Hama npoMbIIUIEHHOCTh BbITyCKasa cBeimie 100 MuIH. CBETOAMONOB B
roJl, MUpOBasi — IE€CATKH MHJUIMApI0B. CBETOAMOBI YK€ B TO BpEMsl Ha4allu IpUMe-
HATH JJIs IEpejauy U BU3yalIu3aluy UHPOpPMAILMK: B CBETOBBIX HHIUKATOpaXx, Tad1o,
NpUOOPHBIX NAHESAX ABTOMOOUIIEH U CaMOJIETOB, PEKJIAMHBIX SKpaHax.

D¢ PexTHBHOCTD M3IIydaTessl CBETa XapaKTEPU3yeTCs CBETOOTIAaYe — OTHOILICHH-
€M CBETOBOI'0 IOTOKA (B JIOMEHAX) K MOTPEOIsIeMOIl 3IEKTPUUYECKON MOIIHOCTH (B
BaTTax). ¥ CBETOJAMOJOB OHA rOpa3[0 BbILIE, YEM Yy JIaMIl HaKaJMBAaHMS, JUIsl BCEX
LIBETOB BUAMMOIO THANA30HA.
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CBeToAnoibl 0YEHb NEPCHEKTUBHBI ISl OOBIYHOIO OCBEIIEHUSI, TOCKOIBKY B COYe-
TaHUU ¢ JoMuHO(pOpamMu maroT Oenblii CBET. DIEKTPOIHEPTUU OHU MOTPEOISIOT
MEHbIIIE, YeM OOBIYHBIC JIAMITbl HAKAJIMBAHUS U JTIOMUHECIIEHTHBIC JIAMITbl, KDOME TO-
ro, OHU Hajie)kHee u Oe3ornacHee. Bo3aMmoxHo, uto k 2007 T. B psifiec CTpaH CBETOUO-
JIbI TOJTHOCTBIO 3aMEHSIT JJaMIbl HakaauBaHus, a K 2012 r. — JIOMUHECIICHTHBIC J1aM-
TIBI.

Oxkosio 20% Bcell IEKTPOIHEPTUU B MUPE PACXOAYETCS Ha OCBEILIECHHUE, TO3ITOMY
SHEProcOEpeKeHNEe B CBETOTEXHUKE — OJJHA U3 BAXXKHEUIINUX MpPOOJIeM, KaK SKOHOMU-
YECKMX, TaK U DKOJOrnYecKux. I1o mporuosam, cBETOAMOIBI YMEHBIAT PACXO JIEK-
TPOPHEPTHUH JJIsl OCBEIIECHHUS IPUMEPHO BIBOE, YTO ykKe B Onmmxaiimue 20 JeT mo3Bo-
JUT COKOHOMHUTH 10 120 mupa. moii. AMepHKaHCKasi mporpaMMa dHeprocoepeske-
Husl, paccuntanHas 10 2010 r., mpeanosiaraet TOJbBKO 3a CUET MEPEX0Jia HAa OCBEIlIe-
HUE C MOMOILIBIO CBETOAUOJ0B COKOHOMUTB CTOJIBKO JIEKTPOIHEPIUH, CKOIBKO IPO-
u3BoaaT 100 cpennux ADC.

Kak oeitcmeyem ceemoouoo

CBeTomoa — MOTYNPOBOJHUKOBBIN KPUCTAIUT C JBYMS JIEKTPUYECKUMHU KOHTAKTa-
MU, PEOOPa3YIOIIHA SHEPTHUIO FTEKTPUIECKOTO TOKAa B CBeTOBYI0. Hampumep, B p-n
nepexojie, T. €. Ha TPAHUIE MEXAY IBIPOYHOU (p) U AAEKTPOHHOU (71) MPOBOIUMO-
CTBIO, TIPU OOBIYHOMN MOJISIPHOCTH BHEIITHETO UCTOYHHUKA TOKA («IUTIOC» HAa KOHTAKTE Y
p-00JIacT U «MHUHYC» — y n-00JIACTH) DJEKTPOHBI U3 1-00JACTH MOCTYIAKT B p-
00J1acTh, a JbIPKU (BaKaHCUM DJIEKTPOHOB, T. €. T€ MECTa, /i€ JOJKHBI ObUIH OBITH
3JIEKTPOHBI, HO UX HET) U3 p-00J1acTU — B n-00J1aCTh.

[TonaBmue B 3T 00J1aCTH MAPBI «ITEKTPOH — JABIPKA» PEKOMOUHUPYIOT (BXOISIINE
B HUX YaCTHI[bl «CHAPHUBAIOTCSI» W UCUE3AIOT), U3JIy4yas KBaHThl CBETA (M3Jy4daTelib-
Hasi peKOMOWHAIINS) WIH TIepeIaBasi CBOIO SHEPTHI0 KPUCTAILNTUYECKOH pereTke (0e-
3bI3JTyvyaTeNbHasl pekoMOuHainus). M3inyueHue TeM BeposSiTHEE, YeM BBIIIE KOHIICH-
Tpauus p-n nap, COCpeJoOTOYeHHBIX B objactu pekomOunaimu. Ho, kak mpaBuiio, ee
TOJIIIMHA OKA3bIBAETCS CIUIIKOM BEJIMKA U ONPEIEISETCS CPEAHUM PACCTOSIHUEM, HA
KOTOpOE MEePEMEIAIOTCS B KPUCTAIIE HOCUTEIN 3apsAa A0 PEKOMOMHAIMU, TaK YTO
KOHIICHTpAIMsl TIap B 00JACTH PEKOMOUHAIIMU HEBEJIMKA M, CTAJIO ObITh, OOBIYHBIN
NOJIyIPOBOJHUKOBBIN KPUCTAJI CBETUT cl1a00 — OO0JIbIlIas 4acTh «3aKayaHHOI» B He-
ro DHEPrUM pacxoAyercs Ha Oe3bI3IydyaTelbHYI0 PEKOMOMHAIMIO, HUHBIMUA CIIOBAMU,
Ha Harpes.

Opnako B 1960-x XK.N. AndepoBy ¢ cOTpyIHUKAMH YIAIOCh PE3KO YMEHBIIUTH
TOJIIIMHY 3TON 00JACTH B T€TEPOCTPYKTYpPax, MHOTOKPATHO MOBBICHB TEM CaMbIM Be-
POSTHOCTD U3ITy4YCHHUS.

Ilpeumywecmea c6emoouooos

Jlnst appexTuBHOTO M3MTyUEHHs CBETa B KPUCTAJIE B HEM JIOJDKHO OBITH KaK MOKHO
MEHBIIIE TaK HA3bIBAEMbIX Ne(EKTOB (JIIOOBIX HEOAHOPOJHOCTEH), MOCKOJIBKY OHHU
3aMETHO YCUJIMBAIOT 0€3bI3yyaTeNIbHYI0 pEKOMOMHALINIO — SHEPTHSI PACXOyeTCs He
Ha CBEYECHHE, a Ha Harpes. J{is npakTuku HanOosiee BaXKHO OTHOLICHHE YHCIIA U3ITy-
YaeMbIX KBAaHTOB K YUCIIY 3JIEKTPOHHO-ABIPOYHBIX Map B 30HE pekoMOuHauuu. OHO U
onpexaenseT 3PPeKTUBHOCTh MPEOOPa30BAHMS IJICKTPUUECKON SHEPTUN B CBETOBYIO.
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KII/l n3nyyarens orpaHAYeH €€ U NOTEPSIMU Ha HATPEB BCEX JJIEMEHTOB LIENH, I10-
ATOMY HUX DJIEKTPUYECKOE COMPOTUBICHHE NOJDKHO OBITh MHUHHMAalbHBIM. Bocmpu-
ATHE K€ U3IIyYCHHUs YEJIOBEKOM, IJ1a3 KOTOPOro IO0-pa3HOMY pearupyer Ha pasiind-
HbI€ YYaCTKH CHEKTpa, JUKTYET IOMOJHUTEIbHbIE TpeOOBaHUA K u3iayyaTensm. W3-
JTy4aeMblii CBETOBOI MTOTOK JOJKEH OBITh COCPENOTOUYEH B ONPEACIECHHOM TEJIECHOM
yTJle ¥ KaK MOYKHO MEHBIIIE ITOIVIONIAThCS BHYTPHU YCTPOKCTBA.

Marnsbie pa3mepsl CBETOIMOI0B BBITOJIHO OTJIMYAIOT UX OT JIaMIl HaKaJMBaHUsS, O
— IIOYTHU TOYEYHBIM HMCTOYHHUK CBETA C INIOMIAABIO0 OKOJIO 1072 MM, Nznyuarommin
KPUCTAJIJT TMIOKPHIBAETCS BBIMYKJIBIM WJIM IIOCKUM IJIACTMACCOBBIM KOJMAYKOM pas-
MEpPOM B HECKOJIbKO MHJLTUMETPOB. [lokazarens nperoMieHusl 1 KOHCTPYKIIHS KOJI-
nmadka moAgOUparoTcsi Tak, 4TOObl C(HOKYyCHpPOBATh M3IYYCHHE B HYKHOM TEJIECCHOM
yrae 5-45°. Ceroauol noTpedIsieT MUHUMYM SHEpruu: Ipu Hanpsbkenuu 2—4 B u
Toke 10-30 MA ero snekrpudeckas MomHoOCTh coctasiser 20—120 mBT. Ilpu KIIJ
5-25% wnznmyvaemas MoutHOCTh nocturaer 1-30 MBT, a cooTBeTCTBYIOIIAas cuia CBe-
ta 1-30 k1 (kaHaena, ik cBeva — eauHuna cuisl ceeta CH). Camas MUHHATIOpHAS
JaMIla HakajJuBaHUs paboTaeT Npu HamnpspkeHun okosio 12 B m toke 50-100 MA,
UHBIMH CJIOBaMU, MOTpeOIIieMast €10 dJIEKTPUUYECcKas MOIIHOCTh B JIECSITKU pa3 00Jib-
1€, YTO HEMYAPEHO — B JIaMIaX HaKaJWBaHUs OOJIbIAsl 4acTh MOTPEOIIEMON YHEP-
MU TPATUTCS HE HA OCBELICHUE, a Ha HarpeB. CBETOOTIaya COBPEMEHHBIX CBETOUO-
noB gocturia 50 nm/Bt (TeopeTudeckuil mpeaen cBEeTOOTAaun OENbIX CBETOIUOIOB
cocraBisieT okono 300 nm/Bt). [lns monydeHus OOJBIIMX CBETOBBIX MOTOKOB COTHU
CBETOAMOJI0B OOBEAUHSIOT B CBETOBBIE MTAHEIH.

3aMeHa JlaMIl HaKaJMBAaHMS CBETOJAMOAAMH OCOOEHHO 3((EeKTHBHA B CBETOCHUT-
HaJbHOW ammapaTtype. Jlammam HY>KHBI IIBETHBIE€ CBETO(PWIBTPBI, YTO YMEHBIIAET
KITJI — yacTe uznydyeHus noriomaercs ¢puiabTpamu. L[BeT U3nydeHus cBETOa1MO0/10B
MOKET OBITH JIIOOBIM, (PUIBTPHI UM HE HYKHBI.

P680J1101{u}l 6 ceemomexHukKe

CBeToanoapl MUPOKO NPUMEHSIOTCA YKe noBcroay. B 2002 r. ux BBITYCTHIIN YK€ Ha
80 MiH. 01, a, mo mnporHo3aM, B 2007 r. o6bem mpou3sBojicTBa mpeBbicut 500
MJIH. J1OJUI.

B 1998 r. oquHHAAIIATh KPYTTHEUIIUX ATMOHCKUX KOMIAHUHN pa3paboTain mporpaMmmy
«Cset B XXI Beke» ¢ ¢uHaHCHpOBaHUEM HaA 4 Toja, HO TUTAHHUPOBAHUEM 337a4 J0
2010 r. Ee rnaBHas uenb — K 3TOMY MOMEHTY MOJHOCTBIO 3aMEHUTh TPAJAUIIMOHHBIE
JamMibl HAKAJIMBAHUS U JIFOMUHECLEHTHBIE JIAMIIbI CBETHJIbBHMKAMU HOBOT'O THIIA Ha
ocHOBe Oenbix cBeToanoa0B. Benen 3a atum u B CLLIA Obiia mpuHsTa HalMOHAIBHAS
nporpamMma pa3BuTHs ocBellleHHs «HoBoe MOKOJIEHHE OCBETUTEIBHBIX YCTPONCTBY,
paccuutanHas 10 2020 r. Ota nmporpaMmma ObUla BHECEHA KaK 3aKOHOMPOEKT B CEHAT
CIIA B 2001 r. Ona npomwna 3xcrieptusy u npeacrasieHa B 2002 r. msg yTBepxkae-
HUsl ceHaToM UM KoHrpeccoM. [Iporpamma npexycmarpuBaer g0 2011 r. ¢punancupo-
BaHUE UCCIIEIOBAHUMN, pa3pabOTOK U MPOU3BOJICTBA CBETOJUOIHBIX HCTOYHUKOB CBE-
Ta Ha ypoBHE 50 MJIH. JOJUI. B TOA. ABTOpBI NMPOrPaMMbl CPAaBHHUBAIOT €€ 3HAUEHUE
st CLIA co 3HaMeHUThIM «MaHX3TTEHCKUM MPOEKTOMY (MPOTpaMMOM SIIEPHBIX UC-
CJIeIOBaHUM U pa3paboTKH aTOMHOTO opyxHus B 40-X rogax mpoiuioro BeKa).
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Bo Bcem Mupe crienmanu3nupoBaHHbIe KOMIAHUH MOSIBISIOTCS, KaK TPUOBI OCTE J10-
xag. Tak, KpymHEWIINEe YYaCTHHKH PBIHKA AJIEKTPOOBITOBBIX NMPUOOPOB U OCBETH-
TenbHbIX ycTpoiicTB — Hewlett-Packard u Philips — o6pazoBanu komnanuto
LumilLeds; ux He MeHee 3HaUMTEIbHbIE KOHKYPEHTHI Siemens 1 Osram — KOMIaHUIO
Osram Optosemiconductors; General Electric u Emcore — komnanuto Gelcore u T. a.
CTOMMOCTB «CBSITasl CBATHIX» CBETOJMO/Ia — €T0 MOJIyIPOBOJAHUKOBOIO «UHUIIA» — 32
HOCJIEAHUE HECKOJIBKO JIeT cHU3miIachk ot 1 10 0,2 1ol U, o BCEM MPOrHo3am, 0y-
JeT CTPEMUTENIBHO NaAaTh, YTO, KOHEYHO, YCKOPUT BBITECHEHHE JIaMIl CBETOAMOA-
MHU.

Hy, a gto e y Hac? JlocTmkenus moka CKpOMHBI. MOXHO YIIOMSHYTh (JOHTaH Ha
miomanu EBponsl B MockBe (y KueBckoro Bok3ana), nojceunBaeMbiii 960 cBero-
IO aMH, MEHSIFOIIMMH LBET COTJIACOBAHHO C MY3BIKAJIIbHBIM COIMPOBOXAeHUEM. Ha
nepekpectkax MockBbl k 850-netuto ropoaa ycranoswin 1000 ceetodopoB Ha cBe-
roauonax. Ha MaHexHOM IIoniaay yCTaHOBJIEH IOJHOLBETHBIM DKpPaH, COCTOALINN
Y3 MUJUJIMOHOB CBETOAMOJOB — YMEHBILICHHBIN aHAJOr TOrO, YTO CMOHTHUPOBAH Ha
oaHOM H3 HeOockpeOoB Taiimc-CkBep, 1EHTpaIbHOW ILIOIIAAH Hbm-ﬁopxa. Ilocte-
MIEHHO Y HAaC BHEIPSIOTCS U JKEJIE3HOJOPOKHBIE CBETO(POPHI Ha CBETOMOAAaX C y3KOM
HAIIPaBJICHHOCTBIO M3JIYYEHHUSI, KOTOPHIE TOJIB3YIOTCS BCE OOJIBIICH MOITYJISPHOCTHIO
B MUpE.

Bo Bcex ciywasx, korga nHGOpMAIMIO HAIO MepeaaTh CBETOBBIMUA CUTHAJIAMU OTIpe-
JICJICHHOTO IIBETa: B aBTOJOPOXKHBIX M JKEJIE3HOIOPOKHBIX CBEeTO(Opax, MaHEeIsIX
YIPABJICHHUSI BCEX BHUIOB TPAHCIIOPTA, CHTHAJIBHBIX OTHSIX HA TOM € TPAHCIOPTE,
JOPOKHBIX CBETOBBIX TabJI0, (DOHAPSAX adPOJPOMHBIX TOJOC U T. JI. — CBETOIAHMOIBI
UMEIOT OTPOMHBIE MPEUMYIECTBA Mepea OOblYHbIMM JamnaMu. OHU HE TpeOyroT
[BETHBIX CBETOMUIIBTPOB, JyUle PAa3IUYUMBbI I1a30M, IMOCKOJIbKY OJIM3KH K MOHO-
XpPOMAaTUYECKUM MCTOYHUKAM CBETa. YK€ MPOEKTUPYIOTCSA TEIEBU30PhI C Pa3MepoM
sKpaHa 1o auaronanu 6omnee 70 cMm, B KOTopbiX Kaxaas u3 100 ThIC. CBETAIIUXCS TO-
4ek, popMupyromux u3odpaxenue, 00pasoBaHa CBETOANOIaMHU TPEX IBETOB — CHHE-
o, 36JIECHOTO ¥ KPacHOro.

Ynomsaytas komnanus Osram Optosemiconductors, cienain3upyromascss Ha mpo-
W3BOJICTBE CBETOIMOJIOB, M3TOTOBMIIA TTOTOJOYHBIN M1adoH u3 14 ThIC. TOMYOBIX, 3e-
JICHBIX, JKEJNIThIX, KPACHBIX M O€JbIX CBETOAMO0/I0B. PexxuM nx paboThl ycTaHABIUBA-
€TCs IPOLIECCOPOM, IMTOATOMY MPOCTHIM BHIOOPOM TOKA JIETKO 33JaTh OCBEIIEHUE TOTO
WIM MHOTO THUIMA: OT TEIUIOTro, OJU3KOro K CBETY JIaMIl HaKaJIMBaHUS, 10 XOJIOJHOTO,
KaK y JJFOMUHECIICHTHBIX Jami. M3nyuenue cBeToanonoB B miadone chokycupoBaHo
TaK, 4YTO CBET UAET BHHU3, HE PACCEUBA’Ch K CTeHaM. Brpouem, 17 MaccoBOTO mpu-
MEHEHHUSI CBETOAMOJIOB B OOBIYHOM OCBEIIICHUM €Ie MOHAN00ATCS Cephe3HbIE TICH-
XO(PU3HUOJOTUIECKUE HCCIEOBAHUS 3PUTEIBHOTO BOCTIPUATHS YEIIOBEKOM H3ITyde-
HUS CBETOAMO/IOB PA3IMYHBIX IIBETOB.
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Pa3BuTHE NOJTyNPOBOIHUKOBBIX HCTOYHHKOB CBeTa (M0 aMePUKAHCKOH MPo-

rpamme)
Cretoaumon, 2007 2012 2020 Nlamna JTIOMUHECLIEHTHaS
2002 HAKANWMBAHMS namna

Ceetoorgaya, nm/Br 25 5 150 200 16 85

Cpok Ciyx0bl, ThIG, 4 20 >50 >100 >100 1 10

CBeeToBOMH NOTOK, M 25 200 1000 1500 1200 3400

BxogHan MowHoCTs, BT 1 2,7 6,7 7.5 75 40

CroumocTb 1 niomena, fonn. 200 20 <5 <2 0,4 1,5

Croumocte 1 namnsl, gonn, 5 4 3 <3 0,5 5

Bhixop, Ha peIHOK Cnafioe 3amena namn 3amena NioBele

1 KOHKYPEHTOCMOCOGHOCTL OCBELLEHVE HAKaMMBaHWs | MIOMMHECLEHTHBIX NaMn | NPYUMEHeHUA

Ceeroanon 2007 2012 2020 Jlamna | Jlromunec-
2002 Haka- LEHTHAs
JBa- JamIia

Ceerootaaua, im/Br 25 75 150 200 16 85
Cpox city0bl, ThIC. U 20 >50 >100 >100 1 10
CBETOBOI MOTOK, JIM 25 200 1000 1500 1200 3400
Bxopanas MmouiHocts, BT 1 2,7 6,7 7,5 75 40
CroumocTh 1 mroMeHa, JOJII. 200 20 <5 <2 0,4 1,5
CtouMocCTh 1 J1aMIIbI, TOJLI. 5 4 3 <3 0,5 5
Brixos Ha pHIHOK U KOH- Crnaboe oc- | 3amena yamn | 3ameHa JitoMuHecleHT- | JIroOble mpu-
KypPEHTOCIIOCOOHOCTH BEIlICHHE HaKaJMBaHUS HBIX JIaMII MEHEHUs

CBeToanoabpl HE3aMEHUMBI ISl AEKOPATUBHOTO OCBEIICHUS apXUTEKTYpPHBIX OOBEK-
TOB, YTO HarJsiAHO MpoAeMoHcTpupoBaHo B JyicOypre (I'epmanus) npu noacBeTke
MOCTa CBETHJIbHUKAMU, CMOHTUPOBAHHBIMU B CTOJI0AX Orpajbl.

[Ipou3BOICTBO CBETOAMOJOB B MOCJIEAHUE TOAbI OMEPEKAET BCE CaMble ONTHMHU-
ctuuHble TTPorHo3bl Ha 20—30%. BoJBIIMHCTBO SKCIEPTOB CXOASTCS BO MHEHMH,
yT0 J1eT yepe3 10 JamMmbl HaKaTuBaHUs CTAaHYT aHAXPOHU3MOM U MEPECTAHYT UCTIOJIb-
30BaThCs IS OCBEmIeHU. X 3ameHsT ropa3mo 0osiee SKOHOMUYHBIE U (DYHKITHO-
HaJIbHBIE CBETOIUOIBI.

Bo3moxkHo Jau «cBeTs10e Oyayuiee» B Poccun?

Ha3zpena neobxooumocms 8 00120CPOYHOL OMeUeCmE8eHHOU npocpamme UcCciedosa-
HUL U paspabomox 0l CO30aHUsL UCTOYHUKOB C8ema HA C8eMOOU0Oax.

Ha ee HavaiibHOM 9Tare 1moHago0saTCs KPYITHbIE KalIMTAIOBIIOKEHUS, KOTOPhIE MHO-
TOKpaTHO OKYIIITCS B manbHeumeM. [lorpedyercs u koopauHanus (BO3MOXKHO, Jaxe
00beIMHCHUE) TPESANPHUATHN IICKTPOHHON M CBETOTEXHUYECKOW MPOMBIIIICHHOCTH,
BBEJICHUE HOBBIX CICIIUAIBHOCTEH B BBICIIUX W CPEIHUX CTCIIMAIBHBIX YICOHBIX 3a-
BEJICHUAX IS TOJrOTOBKM HOBBIX KaJpPOB, PACIHIMPEHUE MEXKIYHAPOIHBIX HAYUYHBIX,
TEXHUYECKUX M MPOMBINIJICHHO — SKOHOMUYECKUX CBs3eil B AToM oOmactu. st du-
HAHCHUPOBAHUS TIPOTPaMMBbl MPUETCS MPUBJICUb CPEJICTBA Kak (eepaabHOro, Tak 1
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pPErHOHANIBHBIX OHOJIKETOB, a TAKXKE OTEUECTBEHHBIX U 3apyO€’KHBIX YACTHBIX MHBE-
CTOPOB.

UToOBI OCYIIECTBUTH TaKylH MPOTpaMMmy, TPEACTOUT CO37aTh MPOMBIIIICHHOE
MPOU3BOJCTBO CBETOJMOJ0B HOBOI'O MOKOJICHUSI U3 CaMbIX COBPEMEHHBIX MaTepua-
JIOB, APYTOM CBETOTEXHUYECKOM ammapaTypbl HA OCHOBE MOJIYIIPOBOJHUKOBBIX ITPHU-
6opoB. Ho Bce T 3aTparhl OKYISITCS cTopulieid. Beap HeocrmopuMble IpEeuMyIIecTBa
CBETOJIMOJOB OOYCJIOBIICHBI HE TOJBKO THTAaHTCKUM OJHEpProcOepexeHueM, HO H
YMEHBIICHUEM 3arpsi3HEHUS OKPYKAIOWIEH CPeAbl, YIYUIIEHUEM BOCIHPUSITUS CBETa
(B KOHEUHOM HUTOT€ — YJYYIIIEHHUEM 3J0POBbsSI HACENCHUSI), HEBUJIAHHOW KOHOMUEH
JUTSI TIOTpeOuTemNeH.

VBB, TOKa CBETOAMOAbI B POCCHU BBINYCKAIOT HA UMIIOPTHBIX unnax. s ux mpo-
W3BOJICTBA HEOOXOJMMO J0pOroe MMIIOpTHOE obopyaoBanue. KoHcTpynpoBanue u
IIPOU3BOJICTBO OTEUECTBEHHOTO O0OPYIOBaHMS — JaJIeKas MEPCIEKTUBA, XOTS OMpe-
JICJICHHBIN 33J1€J1 B HAlIEW 3JIEKTPOHHOU ITPOMBIIILIEHHOCTH €CTb.

Ilybonuxkayua noocomoenena Ha ocCHoge cmameil a6mopa

6 ycypuanax «Ilpupooa» u «Ceemomexnuxa»

Jueprus, Ne4(33)'2003
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CBeT 3 reteponepexonoB

(kak paboTaloT cBeToaAMOAbI)

A.D.1OHOBHY
IIpupona, Ne 6, 2001 r.

Anexcandp Ommanyunosuy IOnosuu, nOKTOp (UBUKO-MATEMATHYECKUX HAYK,
npodeccop ¢uszndeckoro ¢gakynaprera MI'Y um. M.B. JlomoHocoBa.

Ecnu roBoputh 0 yTH OT (hyHAAMEHTANIbHBIX HAYYHBIX MJI€H, OCHOBAHHBIX Ha CIIOXK-
HBIX TEOPETUYECKUX MOHATUAX, 10 N300pETEHUN, PEBOIIOLNOHU3UPYIOIUX TEXHUKY
U IPOMBILUIEHHOCTb, TO U1 (PU3UKU MOJIYIPOBOJAHUKOB 3TOT IMYTh, NOXKAIYH, Hau-
6onee kpaTok. Camble sIpKHe MPUMEPBI TaKUX NMpeoOpa30oBaHU B TEXHUKE, KOTOPHIE
Ka4eCTBEHHO MOJHSIM YPOBEHb KU3HU JIIOJIEH, — U300peTeHre TPaH3UCTOPOB, IO-
CIIEAYIOLIEE Pa3BUTHE ITOIYIIPOBOJHUKOBOM JJIEKTPOHUKHU U CO3/1aHUE KOMIIBIOTEPOB
BO BTOpoM nonoBuHe XX B. Komnbprorepusanus KapAuHAJIbHO U3MEHWIA XAPAKTED
BBICOKO TEXHOJIOTUYHBIX IIPOU3BOJICTB, OPraHU3aIMIO TPyJa Ha BCEX YPOBHAX yIPAB-
JIEHWS, CTaJIa OCHOBOM COBPEMEHHBIX CPEICTB CBS3H.

IToxokue 1o cBoeil 3HaYMMOCTH MEPCIEKTUBBI BO3HUKIM B TOM obnactu pu3nku mo-
JTYIPOBOAHUKOB, KOTOpasi U3ydaeT JIIOMUHECLEHIUIO — U3Ty4aTeNIbHYyI0 peKOMOUHa-
LIUIO 3JIEKTPOHOB U JIBIPOK. DTO SIBJIEHHWE MO3BOJIMIO CO3JaTh IOJYIPOBOJIHUKOBBIC
VICTOYHUKH CBETA — CBETOAUO/AbI U NHKEKLIIMOHHBIE JIa3€PhI.

IlepBble OTKpBITHS 34€ch ObUIM CHAENaHbl B Hameld cTpaHe enle B 1923 r.
O.B.JloceBbiM, paboTaBmiuM B JIGHUHTpaJCKOM (PUBHKO-TEXHUYECKOM HWHCTUTYTE U
Huxeroponckoit pagmorexuuueckon nadoparopuu. Jloce nucan: “V xpucmannos
KapoopyHoa (NOIYNpoO3PAYHbIX) MONCHO HAOII00AMb (8 Mecme KOHMAKmMA) 3eleHo-
samoe ceeyeHue npu moke uepez konmakm ecezo 0.4 mA... Ceemawuiicsi oemexkmop
Modcem ObiMb NPU20OeH 8 Kauecmse c8emosoco peie KaK Oe3blHepmHblll UCOYHUK
ceema’” [1].

OpnHako peayiM30BaHbI HA IPAKTUKE 3TH Haen ObutH Jmib B 60-70-e robl, mocie 00-
Hapy)eHus 3PPEKTUBHON JTFOMUHECIICHITUN TTOTYTPOBOTHIUKOBBIX COSTUHEHUN THIIA
A"BY — dochuna u apcenna ramims 1 UX TBEPIABIX PaCTBOPOB. B mTOre Ha MX OC-
HOBE OBLIM CO3/IaHbl CBETOUOBI U TAaKUM 00pa3oM 3ajioxkeH (yHIaMEHT HOBOW OT-
paciii TEXHUKHU — ONTORJIEKTPOHUKH [2].

CoBeTckne ydeHbIe BHECIH B Pa3BUTHE JAHHOW OOJACTH CYIIECTBEHHBIA BKJIAJ.
KU Anbépo (akamemuk, aupekTop DUBHMKO-TEXHUYECKOTO WHCTUTYTa WM.
A.®.Nodde, maypear JIeHHHCKON MPEeMUN) MOTYyUUIT 30JI0TYI0 Meaib AMEpUKaH-
ckoro (u3myeckoro oOmecTBa 3a HUCCICAOBAHHS TETEPOCTPYKTYpP Ha OCHOBE
Ga; AliAs eme B 70-x rogax. B 2000 r., korna crajo SCHO, KaKk BEJIHMKO 3HAYCHHE
ATUX palbOT AJisl pa3BUTHUSI HAYKM U TEXHUKH, HACKOJIBKO BaXKHBI UX MPAKTUYECKHUE
IPUMEHEHHUS JJIsl UeJlIoBeuecTBa, eMy Oblia mpucysxkaeHa Hobenesckast npemust [3, 4].
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Ha py6exe 90-x rogoB Hala NpoOMBIIUIEHHOCTh BbilTyckasia 6oxee 100 muH cBeTo-
JIMOJIOB B TOJ; MUPOBAsi — IECATKU MUUIMAPAOB. /[MOIbl HAIUITM TPUMEHEHHUE B MEPE-
Jadye U BU3yalu3aluu uHGOpMaIliU: B CBETOBBIX HHIUKATOpax, Ta0ja0, B MPUOOPHBIX
MaHeJsIX aBTOMOOUJIEH M caMOJIETOB, B peKJIaMHBIX dKkpaHaX. DG (PEeKTUBHOCT U3IY-
yaTessl CBeTa XapaKTEePU3YyeTCsl OTHOIICHUEM CBETOBOTO MOTOKA (B JIOMEHAaX) K IO-
TpeOIsieMOM 3JIEKTPUUYECKON MOITHOCTHU (B BaTTax). JTa BEJIMYMHA, Ha3bIBacMas CBe-
TOOT/Auei, /ISt cBeToMo0B 3 Matepuanos tnna A'"'BY cranma Gonblue, ueM y J1ami
HaKaJIMBaHUS BO BCEX OCHOBHBIX uBeTaX BUJIUMOTO AuanasoHa [S].

WOOO .
xpmaaﬂ HYBCTBMTENBHOCTH

4enoBeHeckoro rasa
HaTpK1eBan NaMna BLICOKOro AasneHua (1kBT)
—
AlGalnP

100 | NIOMUHECLEHTHaA namna (40BT) 4
InGalN — >
—_—

pTyTHas namna (1 kBT)

ranoreqHaa namna (30 Br)

—

namna HakanueaHusa (60 BT)

AIGaAs

ITT‘F

Namna HakanueaHwa
C KpacHbIM hunsTpom (60 Br)
—_—

cseTooTAaya, nm/Br

400 500 600 700 800 900

ONyHa BOMHbl B MakCHAMYyMe, Hi

CgeTooTHa4a nNpuOOPOB HA OCHOBE TeTEPOCTPYKTYP € AKTHBHBIMHU CJOSIMHU
InGaN u AllnGaP Ha qmMHax BOJIH, OTBEYAKIIUX MAKCUMYMY H3JIy4eHHUS.
Crpesiku cnpaBa NMOKa3bIBAKT CBETOOTAAYy BAKYYMHBIX M Ta30HAINOJHEHHbIX
JIAMII; KPUBasl — CIIEKTPAJIbHYI0 YyBCTBUTEIbHOCTD I1a32a (Kpuseasa euonocmu).
Odenb mpuUBJIEKaTeIbHA WS UCIIONIB30BATh CBETOIMOABI JIJIsl OOBIYHOTO OCBEIICHHUS,
MOCKOJIBKY COYETaHWe MX C JIOMUHOGMOpPAMH MO3BOJISET MOMYYUuTh Oenbiit cBeT. [lo-
TpeOJieHne JEKTPOIHEPTUU Y HUX MEHbIIIE, YeM Y OOBIUHBIX JIaMIT, KpOME TOT0, OHU
JI0JITOBEYHEe, HaJle’KHee M Oe30macHee M JIaMIl HaKaJWBaHMS, U JIFOMHUHECIICHTHBIX.
AMepuKaHCKasi MporpaMMa HCCIIeIOBaHUM, pa3padOTOK M MIPOMBIIIUIEHHOTO BBIITyCKa
CBETOM3IIyYaIOIIUX MPHUOOPOB U YCTPOUCTB C UX UCIOJIB30BAaHUEM, pPacCUMTaHHAs JI0
2010 r., mpeamonaraer B pe3yiabTaTe MOJIYyYUTh IKOHOMHUIO TAKOTO KOJIUYECTBA JJICK-
TPOdHEPIrur, KOTopoe Mpou3BoaiIT 100 aTOMHBIX 3JIEKTPOCTAHITUH.

Kak ycTpoen u paGoraer cBeroauon?

Ceroano — 3TO NOJIYNPOBOJHUKOBBIM MPUOOP C ABYMsI KOHTAKTaMu, Ipeodpas3yro-
IIUH SHEPTUIO ATEKTPUUYECKOro TOKa B cBeTOBYI0. Hanpumep, ecnu B oOpasiie co3aan
p-n TIepexo/l, T.. TPaHMIIA MKy O0JaCTSIMU C JABIPOYHOM (p-) U DIEKTPOHHOMU (71-)
MIPOBOJIMMOCTBIO, TO MPHU MOJOKUTEIBHON MOJSPHOCTH BHEIIHEIO0 MCTOYHHMKA TOKA
Ha KOHTAKTe K p-00JiacTH (U OTPUIATEIbHON — HA KOHTAKTE K N-00JacTH) MOTEHIU-
aJbHBIN Oapbep B p-n Mepexoje MOHMKAETCS U AJIEKTPOHBI U3 N-00JIaCTH WHIKEKTH-
pyIOTCs B p-0071acTh, a ABIPKHU U3 p-00J1aCTH — B n-00J1aCTh.

NHkxekTupoBaHHbBIE JIEKTPOHBI U JBIPKH PEKOMOWHHUPYIOT, IepeaBas CBOIO dHEp-
ruro 100 KBaHTaM CBeTa /v (M3IydarenbHas pekoMOuHaius), oo, yepe3 AePeKThI
U IPUMECH, — TETVIOBBIM KOJICOaHHSIM peleTKu (Oe3bI3ydareabHas peKoOMOUHAIH).
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BeposiTHOCTh W3iIy4yaTeIbHOM pPEKOMOWMHALMKM TPONOPLHMOHAIBHA KOHIEHTPALUH
3JIEKTPOHHO-ABIPOYHBIX Map, MO3TOMY HapsiAy C MOBBIMIEHHEM KOHLEHTpaluil oc-
HOBHBIX HOCHUTEJIEH B p- U n-00JacTsIX KeJIaTeIbHO YMEHbIIATh TOJIIIMHY aKTHBHOM
o0nacTu, B KOTOpoil uaer pexkomoOuHanus. Ho B oObIYHBIX p-n mepexonax 3Ta TOJ-
[IMHA HE MOXXET ObITh MEHbIE NU(PPY3MOHHON JJIMHBI — CPETHETO PACCTOSHUSA, HA
KOTOpoe AUPPYHIUPYIOT MHKEKTHPOBAHHBIE HOCUTENIN 3apsija, MOKa HE pPEeKOMOM-
HUPYIOT.

JHepreTuyeckass AuarpaMma OObIYHOI0 (rOMOTrE€HHOIO0) p-n IepexoAa B IOJIy-
NMPOBOJAHUKEe NMpU NpaAMoM cMemeHun U. UepHbIMH CTpeJKAMH MOKA3aHA MH-
JKeKIUS 3JIEKTPOHOB M AbIPOK; BETHHIMH — PEKOMOMHALUSA 3JIEKTPOHA U AbIP-
ku. B orcyrcrBue cmemenusi (U = 0) ypoBenb @epmu (IUTPUXOBBIE NMPSIMbIE)
OlMHAKOB BO BceMm mepexone F, = F,, u 0apbepbl JJIsi OCHOBHBIX HOCHTEJIEH
BbIlIIe, YeM MPH NPAMOM BKJIIOYEHHH p-1 NePexoaa, KOraa ypOBHHU Pa3ABUIal0T-
¢ Ha Beauuuny eU = F, — F,,.

3ajada orpaHUYEHUS aKTUBHOM 00JaCcTH peKOMOWHAIMY pelieHa B KoHie 60-X roaos
AndEpoBBIM U €ro COTpYIHUKAMHU. BbUIM MpeIoKeHbl U MPAKTUYECKU U3TOTOBIICHBI
TETEPOCTPYKTYphI, CHadajga Ha ocHOBe (GaAs W €ro TBEpPIbIX pacTBOPOB THUNA
AlGaAs, a 3aTeM M Ha OCHOBE JPYTUX IMOJYHPOBOJHUKOBHIX coeauHeHuit [3, 4]. B
reTEPOCTPYKTYpax TOJIIMHA aKTHUBHOM 00JaCTH PEKOMOMHAIIMU MOXKET OBITH MHOTO
MeHbIIe TU(PHY3UOHHOMN ITUHBI.

PaccMoTpuM sHEpreTHuecKkyro auarpaMmy TETEPOCTPYKTYPBI, B KOTOPOH MEXIY
BHEIIIHUMU p- U N-00JIaCTSIMU TOJYTIPOBOJHUKA C OOJBITUMU BEJIMUYMHAMU HTUPUHBI
3alpEIIEHHON 30HbI Eg, Ey3 paclonoXeH TOHKUU CIIOW ¢ MEHBINEH IMMPUHOU Fg.
TonuuHy 3TOro €105 d MOXKHO C/iefIaTh OYEHb MAJIOH, MOPSAKA COTEH WIN JaXKe Je-
CSITKOB aTOMHBIX CJ10eB. [loMMMO MOTEHIIMaIBLHOTO Gapbepa OOBIUHOTO p-1 Mepexoia
Ha TeTePOTPaHUIIaX CJI0s 00pa3yrOTCs MOTEHIIMATBHBIE Oapbephl s AIEKTPOHOB AE,
U OpIpok AE,. Ecinu NpuiioxKUTh K NMEPEX0y NPsSMOE CMENICHUE, BOSHUKHET MHXKEK-
Ul DJIEKTPOHOB U JBIPOK C 00EUX CTOPOH B Y3KO30HHBIM CIOW. DIIEKTPOHBI OYyIyT
CTPEMUTHCS 3aHATH MOJ0KEHUS C HAUMEHBIIIEH dHEPruei, CIyCKasCch Ha THO MOTEH-
[[UaJIbHOM SIMBI B CJIO€, JBIPKU YCTPEMSITCSI BBEPX — K KpPar0 BAJICHTHOW 30HBI B CIIOE,
I71e MUHUMAJIbHBI UX SHEPTHUHU.

upoko30HHBIE BHEIIHKWE YACTH T€TEPOIIEPEX0/1a MOXKHO CHIIBHO JIETUPOBATH € 00e-
UX CTOPOH, TOOMBAsICh OOJIBIIMX KOHUEHTpAIMil B HUX PaBHOBECHBIX HocuTenei. U
TOTJIa, 1ayK€ HE JIETUPYs aKTHUBHYIO Y3KO30HHYIO 00JacTh MPUMECSIMH, YAAETCs J10C-
TAYb MPU HHKEKIWHU 3HAYUTEIBHBIX KOHILIEHTPAlU HEPABHOBECHBIX A3JIEKTPOHHO-
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JIBIPOYHBIX Tap B cioe. OTKa3 OT JIETUPOBAHMS aKTUBHOW 00JIACTH MPUHITUIIAATIBLHO
BaYK€H, TTOCKOJIBKY aTOMBI IPUMECH, KaK YK€ TOBOPUIIOCH, MOTYT CITY’KUTh IICHTPAMU
Oe3bI3TyuaTenbHOM pekoMOuHaruu. [lomaB B sIMy, MH)KEKTHPOBAHHBIE 3JIEKTPOHBI
HATAJKUBAIOTCS HA MOTEHIMABbHBIN Oapbep AE., NbIpku — Ha 6apeep AE,, TO3TOMY H
TE, U JIpyrue nepectarot 1upPyHaupoBaTh Jajiblie 1 PEKOMOMHUPYIOT B TOHKOM aK-
TUBHOM CJIO€ C UCITyCKaHueM (POTOHOB.

3aJauyHNK JJI51 KOHCTPYKTOpa

[ToabITOXKMM: YTOOBI JOCTUYh MaKCUMalbHON 3(hPEKTUBHOCTU U3TYyUYEHUs CBETa, He-
00X0JIMMO BBITIOJHUTH cienytoue ycnoBus [6]. Ilpu onTtudyeckux mepexonax dJek-
TPOHOB U3 30HBI IPOBOAUMOCTH MOJYTPOBOAHUKA B BAJICHTHYIO JIOJDKEH COOMIOIATh-
Cs 3aKOH COoXpaHeHHs >Hepruu. IlodToMy mmpuHa 3anpernieHHon 30Hbl £, B aKTHB-
HOU 00JacTH AMoMa OJDKHA OBITh OJIM3KAa K HY)KHOW DHEPTHUH KBAaHTOB W3ITyYCHHSI.
OIHOBPEMEHHO JTOJKEH COOJI0IaThCsl 3aKOH COXPaHEHMsI UMITyJibca. TouHee — KBa-
3UUMITYJIbCA, TaK KaK 3JEKTPOH (U JbIpKa) B KPUCTAJUIE YK€ HE CBOOOIHAS YacTULIA —
OH JIBIDKETCSI B MOJIE€ MIEPUOUYECKH YIOPSIIOUYEHHBIX HOHHBIX OCTOBOB, MIPEACTABIISS
co0o0ii (pakTHUeCKH BO30YKJICHHOE COCTOSIHUE TBEPJOro Teia. J[BMKeHUE 3TUX BO3-
Oy>XJIeHUM (PJIEKTPOHHBIX U JILIPOYHBIX) OU€Hb HAIIOMUHAET CBOOOIHOE pacmnpocTpa-
HEHUE 3apsSHKEHHBIX YaCTHIl, MMOATOMY MX Ha3bIBAIOT KBazuuyactuiiamu. U sHepruum e
OTIIEJIbHBIX KBAa3MUYACTHUI] CBA3aHBI C UX KBa3WHMITyJIbCAMHU p TaK K€, KaKk y cBOOO-
HBIX: € = p°/2m, TOIBKO BMECTO MAcChl MIEKTPoHa nty ~ 107" kr durypupyror s3¢ddex-
TUBHBIE MACCHI My, M, DJIEKTPOHOB U IBIPOK B TAHHOM IIOJIYIIPOBOJHUKE, KOTOPBIE IO
BEJIMYMHE MOTYT 3HAYUTEIBHO OTJIMYATHCS OT MACCHI AJIEKTPOHA.

aKTmeHaa obnacte
In,Ga, N

MHXEKLMA INEKTPOHOB

m

p-GaN:Mg

Eq:
n-GaN:Si 83

Y

MHXEKLNA OBIDOK

JHeprernyeckasi auarpamma p-n rerepoctpykrypbl tuna InGaN/AlGaN/GaN
npu npsaMoM cMmemeHun U. YepHbIMH CTPeJKAMHU NMOKA3aHA MHYKEKIHA JJICK-
TPOHOB M JIBIPOK B aKTHBHYIO 00JI1aCTh p-n rerepocTpyKTypshl. [lonagas B y3kue
U JOCTATOYHO I1y0OKHE MBI, 3JIEKTPOHbI U IBIPKH 0KA3bIBAIOTCS 3allePTHIMHU B
HHUX. EciM aKTMBHBIN CJI0MH (€ Y3KOM 3anpenenHoi 30u0i Ey ) cogepxur maoe
KOJIN4eCTBO 1e(QeKTOB, 3JIEKTPOHHO-IbIPOYHbIE NAPbI PEKOMOMHUPYIOT € U3JIY-
yeHHeM KBaHTa E,; (iBeTHas CTpeJIKa).
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HMiyiibc py, YHOCUMBIHM M3IIy4eHHBIM (DOTOHOM, IIPEHEOPEKUMO MaJl [I0 CPABHEHUIO
C KBa3MHMMITYJIbCAMHU PEKOMOMHUPYIOIIMX KBazuyacTuil. B camom nene, mis portona
Do = Eg/c, s pnekTpona npu pekomMOuHanuu p = 2mykE,; ux ornomenue <<1. Ilo-
ATOMY MPHU U3Ty4YaTEIbHOM PEKOMOMHALIMY KBA3UUMITYJIbC 3JIEKTPOHOB HE MEHSIETCH,
a 3TO BO3MOXHO TOJIbKO Y MPSIMO30HHBIX MOJYIPOBOJHUKOB, Y KOTOPBIX MAaKCUMYM
BAJICHTHOW 30HBI U MUHUMYM 30HBI TPOBOAMMOCTH PACIOJIATAKOTCS B MPOCTPAHCTBE
KBa3WKMITYJILCOB B IIEHTPE 30HbI bpuiiitosHa (00JacTH 0JJHO3HAYHOTO 3aJaHusl KBa-
3UMMITYJIbca B kpuctaiie). Kpome TOro, Kpucramil MOJIympOBOJHUKA JOJIKEH OBITH
10 BO3MOXKHOCTH 0Oe€37e(pEeKTHbIM, KaK M TPaHUIbl MEXAY pa3HbIMHU CIOSMHU, TO-
CKOJIbKY J1e(peKThl Ha HUX (JIMCIIOKALUM, HAIIPUMEP) TOXKE MOPOKIAIOT Oe3bI3Tyda-
TeNbHYI0 pexomOuHarmio. [loaToMy ocoboro BHUMaHus TpeOyeT Moa0op map mare-
pHAJIOB C TOYKHM 3PEHMS COIVIACOBAHMS MApaMETPOB MX 3JIEMEHTApHBIX SYEEK — Ha
IPaHUIIE HECOIVIACOBAHHBIX PEIIETOK BO3ZHUKHET MHOI'O JucioKanui. PaboTsl rpyn-
bl AEpOBA TOKA3alH, 4TO B TETEPOCTPYKTypax coexunennii tuma A"BY moryt
OBITH CO3JaHbl MPAKTUYECKU UcalbHbIe TpaHullbl [4, 7].

Hackonbko ycnemHo y1anoch pemuTh BCE 3TH 3a/1a4i, MOKHO CYJAUTh IO 3HAYECHUSIM
psna mapamerpoB. O BEpOSITHOCTU HU3NydaTeIbHOM PEKOMOMHAIMK B Y3KO30HHOM
CJIO€ TOBOPHUT BHYTPEHHHI KBAHTOBBIA BBIXOJ W3JIYYEHHS T1); (YUCIO HM3Iy4aeMbIX
(OTOHOB Ha OJIHY 3JIEKTPOHHO-JILIPOYHYIO Mapy). B rerepocTpykTypax BeIMYHMHA T);
MOeT ObITh Onn3ka K 100%. it mpakTuku, OJHAKO, Ba)KHEE BHEIIHUM KBAHTOBBIM
BBIXOJ] U3JTyYEHHUS T — OTHOLIEHUE YHCIIA U3JIy4YaeMbIX BO BHEIIHIOIO CPEy KBAHTOB
CBETa K YUCILY 3JIEKTPOHHO-IBIPOYHBIX Iap, NepeceKarlux p-n nepexon. OH xapak-
TEPU3yeT NPeoOpa3oBaHUE JIIEKTPUUYECKOW SHEPTUHM B CBETOBYIO M, IOMHUMO BHYT-
PEHHEro KBaHTOBOT'O BBIXOJAA (1);), YUMTHIBAET KOAIDPUIIMEHT MHKEKIMU Tap B aK-
TUBHYIO 00acTh (y) U KO3 (PHUIIMEHT BBIBOA CBETA BO BHEIIHIOW Cpeny (Mo): Me =

YMNiNo-

p=hk
>

et
” \
3aBHCHMMOCTD JHEPIUM JICKTPOHOB 0T KBasHUMMIIYJIbCa NJA IPAMO30HHBIX II0-

JIyIpOBOAHMKOB. CTpesiKkoii MOKa3aH mepexo/ 3J1eKTPOHOB U3 30HbI POBOIMMO-
CTH B BAJIEHTHYI0, CONIPOBOKIAIIMIACA U3JIyYeHUeM KBAHTA.



Koadduiment monesHoro AEHCTBUS CBETOM3IYYAIOLIETO MPUOOpa OrpaHUIHBACTCS
elle M TMOTEepPSMU Ha JIKOYJEBO TEIJIO, MO3TOMY CONPOTHBJICHHE BceX oOiactei
CTPYKTYpPBHl 1 OMUYECKHUX KOHTAKTOB Ha BBIBOAAX JOJKHO OBITH MajbiM. Bocmpusitue
Ke HM3IYYCHHs YEJIOBEKOM, TJia3 KOTOPOTO IMO-Pa3HOMY BOCIHPHHHMAET Pa3THYHBIC
YYaCTKH ONTHYECKOTO CIHEKTpa (B COOTBETCTBHM C KPHUBOW BUIHOCTH), BBIJBUTACT
CBOU TpeOOBaHUS K CBETOBBIM U CIIEKTPAJIbHBIM XapaKTEPUCTUKAM U3TydaTesei.

N3nyyaembie CBETOBBIE KBAaHThI JOJKHBI BBIXOJUTHh BO BHELIHIOK CPE/ly B 3aJaHHOM
TEJIECHOM YTJieé C MUHUMAJIbHBIM UX TMOIJIOIIEHHEM BHYTpH npudopa. Maeie pa3me-
PBI TOJYIPOBOJAHUKOBBIX CBETOJMOOB OTJIMYAIOT UX OT JaMIl HaKaJIuBaHUS, B MPO-
THUBOIIOJIOKHOCTh JIaMIIaM JIUOJ] — MOYTH TOYEYHBIM MCTOYHHMK CBETa C IUIOIIAJIbIO
kpucramia (0,25x0,25)-(0,5%0,5) Mm°.

Kpucrann nokpbeiBaeTcs BBIMYKIBIM WIH MJIOCKUM TJIACTMACCOBBIM KOJIITAYKOM pa3-
mepamu 3-10 mMm. Tlokazarenb mpenoMieHUs! TIACTMACChl BHIOMpAETCS TaK, YTOOBI
YBEIMYUTH KOA(P(HUIUECHT BBIBOJIA M3IIYICHUS 1), KOHCTpYKIIHS KOJmadyka o0ecreyn-
BaeT (OKYCHPOBKY HM3IyYCHHUSI B HYKHOM TeJecHOM yrie 5-45°. Jlepxarenb Kpu-
CTaJljla OTBOJIUT TEIUIO OT AaKTUBHOM 00JIacTH.

Paboras, oquHOYHBIM CBETOAMO/ MOTPEOISICT OUCHh HEOOJBIIYIO YHEPTHUIO: TIPH Ha-
npsokeHud 2-4 B u toke 10-30 MA, anekTpuueckas MOIIHOCTh BapbupyeT ot 20 1o
120 MBrT. ITpu KIIJ B 5-25% B Buae cBera uznyyaercs 1-30 mBt (cuna ceera 1-30
kn). s cpaBHEHUS — MUHUATIOpHAS JIaMIla HaKaJuBaHUS pabOTaeT MpH HampshKe-
HuM okoyio 12 B u Toke 50-100 MA. [Inst momydeHus: GOJIBIIMX CBETOBBIX MOTOKOB
JIECSITKA ¥ COTHU CBETOJHUOOB OOBEIMHSAIOT B CBETOBBIE MaHeIn. Bo3MoxHOCTH (ho-
KYCHUPOBKH U3IIYYEHUS B KaXKJIOM AJIEMEHTE MO3BOJISIET CO3/IaBaTh CBETOBBIC MAHEINH C
HaIPaBJICHHBIM U3Ty4YCHUEM.
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NONYNPOBOAHAKOBbIA
KOHTAKTHLIE LrpucTann

nposoncHKA_|  Kpucrannoaepxatent

BhISQOb

KoncTpykuus (cie6a) u BHEIIHUIA BU/I CBETOMOI0B.

3ameHa JaMmIl HaKaJIMBaHUS TUOJaMU OCOOEHHO A(P(peKTHBHA B LIBETHON CBETOCHT-
HaJbHOW ammapaTtype. Jlamnbl JOJMKHBI UMETh LBETHbIE (DUIBTPHI, YTO YMEHBIIAET
KIIJI — gacte u3nyuyenus nornomnaercs guiabrpamu. L{BeT onTuueckoro u3mydeHus
HOJyTIPOBOJHUKOBBIX NMPUOOPOB 3a7aeTcs SJHEPIUEN KBAaHTOB B Y3KOM 001acTH CIieK-
Tpa, GUIBTPEI UM HE HyXHbl. Ha 11BeTOBOI 1uarpamme mokasaHo, Kak U3 “UUCTBIX
[[BETOB, PACIOJIO)KEHHBIX HAa BHEIIHEM I1OJKOBOOOPAa3HOM KOHTYpPE, MOXKHO IOJTY-
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YUTH 000U cMeraHHbiA. [leHTp nuarpaMmbl COOTBETCTBYET OeoMy IBETY, Ha Kpa-
SIX OTMEYEHBI KPY>KKH JJIS1 Pa3HbIX TUOJIOB.
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IBeToBoii rpadux MexayHAPOAHOII KOMUCCHM MO OCBellleHUI0. B nenTpe — 00-
JacTbh 0eJIoro 1BeTa, mepecekaeMasi 1yroi, COOTBEeTCTBYIOIIEH IBETY YEePHOIo
TeJia MPHU pa3HbIX Temnepatrypax. Kpyxkkammu orMedeHbl IIBETOBbIE KOOPAMHA-
ThI PA3HBIX CBETOAHO/0B.

B xome pa3paboTok cBETOAMOIOB 3a MOCIEAHUE ACCITHICTUS TIEPSUUCIICHHBIC BBIIIIE
CJIOKHBIE YCJIOBUS BBINOJIHSUIMCH MOCIIEIOBATENIBHO JUISl pa3HbIX JUIMH BOJIH, U BOT C
KakuMH pe3ynbTaTaMu. KpacHble AMOAbI HA OCHOBE TBEPIBIX PACTBOPOB APCEHUIOB
rajumsi-amroMuans AlyGa; xAs TOCTUTIM BHEIIHETO KBAHTOBOT'O BBIXOJIa M3TyYCHUS
Ne 0onee 15%. Jduonsl uz dochuaa rammms GaP, cBersmimecs XelIToBaTO-3€JE€HBIM
I[BETOM, UMEIOT N ~ 0.1%, HO OIU30CTh CHIEKTpa U3TYyUYEHUS K MAKCUMYMY YyBCTBH-
TenbHOCTH Tha3a (I= 555 um) obecrneunna um B 70-90-x rogax mmpoxroe mprMeHe-
Hue. KIIJl npomblnieHHBIX 00pa3loB KpacHBIX, OPAHXKEBO-KENTHIX U IKENITO-
3€JIEHBIX CBETOJHO/0B Ha OCHOBE FE€TEPOCTPYKTYpP U3 TBEpABIX pacTBopoB In,AlyGa,_
xyP OBUIN TOBEJEHBI K KOHIlY 90-X To10B 110 M = 25-55% [5].

CBeToAnOIbl B OTJIMYKE OT JIA3€POB — UCTOYHUKHA CIOHTAHHOTO U3JYyUYEHUS, UX CIIEK-
TpaJIbHbIE “JTMHUM MUMEIOT 3aMETHYIO IIMPUHY: Ha YPOBHE IMOJIOBUHBI MAKCUMAIbHOU
MHTEHCUBHOCTHA OHa cocTaBisieT 20-50 HM, 4TO COOTBETCTBYET CPEIHEW TEILTOBOU
SHEPI'UU JJIEKTPOHOB.

A BOT 3(peKTHUBHBIE CBETOANOIBI JIJIsl 3€JICHOBATO-TOy00M, TOIyOoi, cuHel u ¢huo-
JIETOBOM YacTe creKkTpa ObUIM co3aHbl TOJIbKO B 90-¢ roapl. CrenaTh UX MOXKHO Ha
OCHOBE TMOJYMPOBOAHUKOB C OOJIBIION MIMPUHON 3ampenieHHOW 30HBI: KapOwma
kpemuns SiC, coenunennii rpynmst A'BY, uurpunos rpynmst A"BY. V usnyuareneit
Ha OCHOBe ZnSe (AHBVI) 0OJBIION KBAHTOBBIM BBIXOJ, HO OHU HEIOJITOBEYHBLI U
UMEIOT OOJIBIIIOE AIEKTPUIECKOE COMPOTUBIICHUE. Y KapOHWI-KPEeMHHUEBBIX H3TydaTe-
neit ouenb Man KIIJI, Tak kak SiC — HempsIMO30HHBIH MOJIYIPOBOJIHUK.

B nocnegnue roapl ObUT cliesiaH HACTOSIIMIA MPOPHIB B pazpaboTKax roilyobIX U 3eme-
HBIX CBETOAMOJ0B. B mpubopax Ha OCHOBE HUTpHUJA TajuIMsl U €r0 TBEPJbIX PacTBO-
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poB GaN, In,Ga; \N, Al,Ga; \N BHeUIHUI1 KBAHTOBBIN BBIXOJ YBEIUYEH JI0 M. = 9-16
% [8-10]. CBerooTnaya AMOAHBIX M3JIydaTesel U3 pa3HbIX MAaTEPUAIOB JJIsl BCEX OC-
HOBHBIX I[BETOB IMPEBBICHIIA CBETOOTAuy JIaMI HakKaJuBaHus. [noasl cranu npudo-
pPaMHU U ONITOAJIEKTPOHUKH, U CBETOTEXHUKH.

3ameuaTeabHbI HUTPU/

MRV
Hutpua ramnmus GaN, npeacraButenb TpynnslA B, B oTiinune 0T KyOM4eCKUX KpH-
ctaiioB GaAs, InP, AlAs kpuctamnusyercs B rekcaroHalbHOM pelieTke TUIla BIOp-

) o]
1uTa (mocTostHHbIe pemeTku a = 3,18 A, ¢ = 5,18 A) u umeeT MUPHUHY 3anpeIcH-
HOM 30HBI £, = 3,5 5B. BeIpamuBanyie MOHOKPUCTAIUIOB 3TOrO MOIYIIPOBOIHUKA HeE-
npocrtas 3ajada, Tak kak temmneparypa miasieHuss GaN ~2000°C, a paBHOBeCHOE
JaBJICHHWE MapoOB a30Ta JOJKHO OBITH 40 aTM.

GaN — npsIMO30HHBIN TMOJYIIPOBOJIHUK;, HEJIErupoBaHHbIE KpucTtauibl GaN uMeroT
OOJIBIIIYI0O KOHIIEHTPALMIO JOHOPOB, OOYCIOBJIMBAIOIIMX MPOBOJUMOCTh A-THUMA M
KOHIIEHTPAIIUIO 3JICKTPOHOB 1 = 10"-10" em™ [11].

KpucTanibl aHaJTOTHYHBIX COSAMHEHUN — HUTPUIOB amtoMuHus u uHausS AIN u InN —
TaKXK€ TEKCaroHaJbHbIE C CHJIBHO Pa3JIMYAIOIINMUCS TOCTOSHHBIMU PEMIETOK

o o

(a=3,11; 3,54 A u c =498; 5,70 A ); 5T0O — NPAMO30HHBIC MOJYIPOBOAHUKH C
E~6,5 n 1,8 5B coorBeTcTBEHHO. brHAapHBIE COEIMHEHUS AOIYCKAlOT 00pa3oBaHUE
TpOMHBIX TBepAbIX pacTBopoB Ga; (InN, Ga; (ALLN. B psaay Ga, (In,N MoxHO Tak
1oA00paTk MmapaMeTp X, 4To dHeprusa E, Oyner orsedaTh (PHOIETOBOM, TOIyOOH MK
3€JICHOM 001acTH CIIEeKTpa.

Eme B 70-x romax rpymnma XK. IlankoBa u3 nmabopatopuu kommnanuu IBM coznana
¢duosieToBbIe U TONYOBIE TUOJBI HA OCHOBE dMHUTaKCcHUaIbHBIX MIeHOK GaN. Kanto-
BBIM BBIXOJI OBLI JOCTATOUYEH ISl MPAKTUKU (107U %), HO CPOK UX CIIY>KOBI ObLT OT-
panudeH. B p-o0nacTtu p-n nepexoja KOHIIEHTpAIUs IIPOK ObLTa Mayia, ¥ COMPOTHB-
JIEHUE JUOJ0B OKA3aJI0Ch CIIMUIIKOM OOJBIIUM, OHU JOBOJIBHO OBICTPO NEPETPEBAIHCH
Y BBIXOJIWJIU U3 CTPOSL.

B nauane 80-x rogos I'.B. Canmapun u M.B. UyknueB B MOCKOBCKOM TOCyAapCTBEH-
HOM yHUuBepcuteTe uM. M.B. JlomoHOCOBa 00HapYXWUIIK, YTO TIOCIIE AEUCTBUS DJICK-
TPOHHOTO Tyuka oOpasen; GaN, JerupoBaHHBIA Zn, JIOKaJTbHO CTAaHOBUTCSA SPKUM
JTtOMUHO(DOPOM. BbUTH TIPeIo’KeHbI YCTPOUCTBA ONTHYECKOW MaMSATH C TPOCTPAHCT-
BeHHbIM pazpemieHueM 1-10 MxM. Ho mpuunHy sIpKOro CBEYEHHs — aKTHBALUIO aK-
LENTOPOB Zn MO/ BIUSHUEM ITyUYKa JIEKTPOHOB — TOT1a MOHATh HE YIAJIOCH.

Oty npuunHy packpeuin M. Axacaku nm X. AmanHo n3 Horalickoro yHuBepcuteTa
[10]. [emo oka3anochk B TOM, 4TO IIPUMECHBIE aTOMBbI Zn IIPU pOCTE KpHUCTAILIA pea-
TUPOBAIN ¢ HEM30€KHO MPUCYTCTBYIOIMMHU aTOMAMH BOJ0pPO/1a, 00pa30BbIBAIN HEMl-
TpasibHBI KoMIUlekc Zn-H u mepecraBanu paboTaTh akuentopamu. O6paboTka
3JIEKTPOHHBIM Iy4KOM paspymana cBs3u Zn-H' u BosBpamiama aTomMam Zn akIier-
TOPHYIO poJib. [IoHAB 3TO, ANOHCKME yUEHBbIE CAEHAIN NIPUHIMIINAIBHBIN 1Iar B CO3-
nanuu p-n nepexonoB u3 GaN. s anamoruyHoro akmentopa — Mg — OblIO MOKa3a-
HO, 4TO 00pabOTKOW CKaHUPYIOIIUM 3JIEKTPOHHBIM IyYKOM MOXXHO p-cioit GaN c
npuMecblo Mg caenarb SpKO JIOMHHECHUPYIOIIUM, UMEIOIIHUM OOJBIIYI0 KOHIICH-
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TPaLUIO JBIPOK, KOTOpas HeoOxoauma it 3(PpPEeKTUBHON HHKEKUUHU ABIPOK B p-K
nepexo1. ABTOPHI 3asiBIIIM NTATEHT Ha 3¢ dekTuBHOE erupoBanue GaN p-tumna.

B 1989 r. IlI. Hakamypa (xomnanus “Huuus Kemukan) Hayan viccienoBaHus ILie-
HOK HUTPUJIOB 3J1IeMEHTOB I rpymnmsl, BBIpalIEeHHBIX METOJAOM ra30BOM AMUTAKCUU U3
MeTaJNIOpraHnyeckux coenuHennii. OH momien fanpiie AKacakd — 3aMeHUI oOpa-
OO0TKY AJIEKTPOHHBIM Iy4yKOM HarpeBoM B atMmocdepe N,. Bogoposa B3aumopeiicTo-
Baj ¢ a30ToM, 00pazyst NHj, u He mpensitcTBoBai aromaM Mg paboraTh akienropa-
mu. [TogoOpaHHBIME peXUMaMU JITUPOBAHUS U TEPMOOOPAOOTKH OBLIM TOTYUYCHBI
3¢ ()EKTUBHO WHKEKTUPYIONIUE CJIOW p-THMA C OOJBIIONW KOHIICHTpAIlMed IHIPOK B
GaN-rerepoctpykrypax [8, 9]. B TexHonoruu ObulM y4TE€HBI OCOOEHHOCTH JIETUPO-
BaHUS npumecsiMu Mg u Zn. bpuin BeIpalieHbl IPU CPABHUTEIBHO HU3KUX TeMIepa-
Typax cTpykrypel GaN/Ga;_,AlyN, GaN/Ga,_InN, Ga, InxN/Ga,_yAl,N ¢ Tommuu-
HOM aKTHUBHBIX CJ0€B 10 10-2 HM M MEPOXOBATOCTHIO F€TEPOrPaHUL] OPSAKA OJHOTO
atomMHoro cios [8, 9]. CHavana ObLIM CO3/1aHBI CBETOAMOJIBI U3 JBOMHBIX IeTepPOCT-
pykryp Ga;_IniN/Ga;_yAyN ¢ aktuBHbM cioeM Ga;_InyN:Zn. MakcumyMsl roiy-
0oro m 3eJ1eHOro cBeTa ¢ spkocTsIMU 1 u 2 kA npuxomamwiuck Ha 460 u 520 HM, a
BHEIIHUN KBAHTOBBIA BBIXOJ cOCTaBUI 3 U 2%.
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CrnexTpbl 3J1eKTPOJTIOMHHECIHEHIIUH CBETOHOJ0B HA OCHOBE TIeTEePOCTPYKTYP
InGaN/AlGaN/GaN (cnaownste nunuu) u AllnGaP/GaP (uumpuxoevie). Buano,
YTO OHM MEPEKPHLIBAIOT BCI 00,1aCTh BUMMOI0 CIIEKTPa.

CBeTSIT KBAHTOBBIE SIMbI

Ha cnenyromem srtame pa3paOOTOK IMEpEIuid K MHOTOCIOWHBIM TE€TePOCTPYKTYypam
GaN/ /Ga; xInyN ¢ HenerupoBaHHbIM akTUBHBIM clioeM Ga; In,N TommunHou 10 2-3
oM. Ou3nyeckue MPUHIUIEI, paHee WCIOJb30BaHHBIC MPHU CO3JaHUU NMPHOOPOB HA
ocHoBe GaAs/Ga;_AliAs n GaAs/In,Al,Ga, P, mociayxuinu NpuMEHUTEIBHO K HO-
BbIM CTpyKTypam [8-10].

B cBepXTOHKHX CIIOSX CKa3bIBaloOTCS d(DQPEKThl pa3MepHOrOo KBAaHTOBAHUS — 3aBUCH-
MOCTH DHEPTETUYECKOTO CIIEKTPa JIEKTPOHOB U JBIPOK OT TOJIIUHBI CJIOS, KOTJa T0-
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CIIeTHSSl CpaBHMMA C JAIUHOW BonHBI Ae bpoitnsa. Takum oOpa3oM, OTKpbLUIACh BO3-
MOXHOCTh PEryJMPOBaTh LBET CBEYECHHUS, U3MEHSS HE COCTaB NOJYNPOBOJHHUKA, a
TOJIIIUHY MTOTEHIUATBHOU SIMbI, HA3bIBAEMOU B 3TUX YCJIOBUAX KBAHTOBOM.

Bbulo OueHb Ba)XXHO Takke pa3paboTaTh TEXHOJIOTHIO BBIPAIMBAHUS HOBBIX CTPYK-
Typ, oOecrieuynBas Ha TpaHUIIAX MUHUMAaJIbHOE uucio aedektos. [Tomormo To, uTo B
CBEPXTOHKHX CJIOAX HECOOTBETCTBHE IAPAMETPOB PELIETKH B ONPEIEIEHHBIX Cilyda-
SX BBI3BIBACT Ha TETEPOTPAHUIAX JHUIIb YIOPYTYIO TedhopMaIuio pacTsHKeHUs WU
ckatus. A 4mucTo ympyras aedopMaiusi He CONPOBOXKAAECTCA 00pa3oBaHUEM IHCIIO-
Kaluii U 1e()eKTOB — HEHTPOB O€3bI3ITy4aTeIbHON pEKOMOUHALIMH.

CTpykTypa CBETOAMO/Ia ¢ MHOKECTBEHHBIMU KBAHTOBBIMU SIMAMH MPEJCTABISET CO-
0011 OBOJIBHO CIOXHBIA “‘tupor”. Ha candupoBoit moaioxke, mocie OydepHoro
cinost AIN (tomuruuoit 30 HM), BhIpAIlleH OTHOCHUTEIBHO TOJICTBINA (4 MKM) CIIOH n-
GaN:Si. 3arem uaeT aKTUBHBIM HEJIETUPOBAHHBIN CJIOM, COCTOSIIIUN M3 TATH 4epe-
nyrommxcs KBaHToBbIX M In,Ga; (N (3-4 um) u OapeepoB GaN (4-5 um). Dddek-
THUBHAsl NIMPUHA 3aMpPELICeHHONW 30HbI KBaHTOBBIX sIM InyGa; 1N cooTBeTCTBYET M3IIYy-
YeHUIO OT Toiy0o# 10 xentoit obmactu (450-580 HM), eciiu cOCTaB aKTUBHOTO CIOS
MeHsieTcst B peaenax x = 0,2-0,4; oHa 3aBUCUT U OT TOJIIUHBI d. PacmonoXxeHHbIi
BbIIlIE OapbepHBI IMIHUPOKO30HHBIN ciloil p-Aly;GaygoN:Mg (100 HM) MHKEKTHpYET
IBIPKH M COIIACYET PELIETKY C peleTkoi BepxHero cios p-GaN:Mg (0.5 Mxm), Ha
KOTOPBII HAaHECEH METAJUITMYECKUI KOHTAaKT Ni-Au. BTopoit MeTaminueckuil KOHTaKT
(Ti-Al) ¢ amxaUM cnoeM n-GaN co3aeTcs mociie CTPaBIMBAHUS YaCTH CTPYKTYPHI.

m
A

P+ 3NeKTROR

Cxema cBeroamona Ha ocHoBe rerepocTpykryp tuma InGaN/AlGaN/GaN c
MHOKeCTBEHHbIMH KBAHTOBBIMHU SIMAMM.

Cger B 10Me U HA yJIHIIE
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B 1999 r. kommanun “Huums Kemukan”, “Touonma I'ocen”, “Xproserr-llakkapn”,
“Kpun” BBIITYCKaJIM 110 HECKOJIBKY JECSITKOB MUJIJIMOHOB TOJTYOBIX M 3€JIEHBIX CBETO-
nuoaoB B Mecsil. B utone 1999 r. Hakamypa cooO1imi, 4To CBETOOTAa4a 3TUX MPH-
6opoB nocturaer 60 am/BT, a MoiHOCTB kenThix Ha ocHoBe InGaN — 6 MBT [8]. Ec-
71 TO1yOOM AMOJ TOKPBITh JKEJITHIM JTIOMHUHO(POPOM, B KOTOPOM CBET BO30YKIaeTCs
rojlyObIM H3JIy4eHHEM, TO CII0KEHHE IIBETOB JaeT Oesioe cBeueHue. benpie cBeToauo-
Il BbIMycKaloT “Huuusa” u “Ocpam™; moka UX CBETOOTJaya MEHBIIIE, YeM JiaMIl Ha-
KaJlMBaHUsI, HO B MPOEKTaX pa3pabOTOK Ha OJmkailllive rojbl CTOUT 1eIb BHIBECTU
OeJibie MOTYyNPOBOAHUKOBBIE HICTOYHUKH CBETA BIEPE/I.

[Ipumepsl MaccoBOro MPUMEHEHHUs CBETOJIMOJOB MOXHO HalTH yxe moBcrony. Ha
nepekpectkax MockBbl K 850-yeTHeMy roOusero ropoga Owuio ycranosiaeHo 1000
CBETOJAMOHBIX CBETO(OPOB; sl 3€JIEHOTO CBETa MPUMEHEHbI 3JIEMEHThl HA OCHOBE
HUTpU0B. CeNaHbl EpBble CBETOAMOIHBIE JKEJIE3HOIOPOKHBIE CBETOPOPHI C Y3KOM
HANPaBICHHOCTHIO M3TydeHnsa. Ha oxgHom m3 HeGockpeGor Huro-Hopka, Ha Taiimc-
CkBep, YCTAHOBIIEH IOJHOLIBETHBIM CBETOAMOIHBIA 3KpaH IUIONIAJbI0 HECKOJBKO
KBaJpPATHBIX METPOB, CMOHTHUPOBAHHBIN U3 16 MIIH. 31eMEHTOB; B MOCKBE MEpPBBIii
9KpaH (MEHBIIUX pa3MepoB) Hauan pabortaTh Ha ManexxHo# riomaau. [IpoekTupy-
IOTCSI TEJIEBU30PHI C AKpaHaMmu 6ojiee 70 cM 1o [uaroHajau, B KOTOPIX Kaxaas u3z 100
TBIC. CBETALIUXCA TOYEK, (HOPMUPYIOIIUX H300pa)xkeHHe, clielaHa U3 CBETOAMOOB
TPEX LIBETOB — CUHETO, 3€JIEHOT0 U KPacHOTO.

Komnanusa “OcpamM-OnTOCEMUKOHAAKTOPC”, CIELHUAIBHO OPraHU30BAHHAS JBYMS
IPOMBINIIEHHBIMA rurantaMu “Ocpam” u “CuMeHC” I MPOU3BOJACTBA CBETOIUO-
JI0B, TIPOJIEMOHCTPUPOBAJIA CIIyKEOHOE MOMeEIIeHUE ¢ MIahoHOM Ha MOToJIKe U3 14
TBIC. TOJIYOBIX, 3€JIEHBIX, JKEIThIX, KPACHBIX M OEJIbIX CBETOAMOIOB. Pexum paboThI
YCTaHABJIMBAETCS MPOILECCOPOM, MMOATOMY HPOCTHIM BHIOOPOM TOKA JIETKO 337aTh OC-
BEIIEHUE TOTO WJIA MHOTO TUIIA OT TEIJIOTr0, OJU3KOT0 K CBETY JIaMIT HAKAJIUBAHUs, 10
XOJIOJHOTO, KaK y JIOMUHECIEHTHBIX JIaMIil. M3i1ydeHue cBeTOIuON0B B IjadoHe
c(OKyCHpPOBAHO TaK, YTO CBET HJET BHHU3, HE pacceuBasich K creHam. CBETOAMOIbI
HaliAyT OIPUMEHEHUE U B JICKOPATUBHOM OCBEIIEHMHM apXUTEKTYPHBIX AETalIed, Kak
3TO yke ocymecTBiaeHo B JlylicOypre (I'epmanusi), mpy OCBELIEHUU MOCTa MOJTYIpPO-
BOJHUKOBBIMHU CBETUIIBHUKAMH, CMOHTUPOBAHHBIMH B CTOJ0AaX OTpPabl.
[Ipon3BoACTBO CBETOAMOIOB HA OCHOBE HUTPHUIOB 3a MOCHEAHUE MATh JET ONEpPEIn-
JO BCE CaMble ONTUMUCTUYHBIE MPOTHO3bI Ha 20-30%. [IpuObUIM MPOU3BOIAIINX
komnanuii B 1999 r. cocraBunu 420 MiH. aMep. I0JUI. U IUIAHUPYIOTCS HA OTMETKE
4,5 mupa B 2009 1.

PazpaboTka moiynpoBOJHUKOBBIX U3TydyaTeNel ele pa3 rnmokasajia, 4YTo HayKa O IO-
JTYNpPOBOJHUKAX Aayieko He ucuepnana. HoOeneBckas npemusa X.M.Andépory u
I''Kpémepy — 3TO0 mpu3HaHUWE BaXXKHOCTU MCCIEJOBAHUN TETEPONEpPEXOo]0B JUIsl Ha-
CTOSIILIETO U OyyIEero, UCCAEAOBAHUM, KOTOPBIE MOPOXKIAIOT TEXHUKY, KApJUHAIBHO
YIIYYIIAIOIIYO HAIY JKU3Hb.
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Jlazep: BonweOHbIN Ny

Ipyaur, Ne21 Maii 2004 roga

Jlazep — nmoxkayyld, OJHO U3 CaMbIX IVIABHBIX OTKpbITUW 20 Beka. I'e Tonbko nasep-
HbIE YCTPOMCTBA HE UCNOJB3YIOTCA! Y B IPOMBIIIUIEHHOCTH, U B MEAULIMHE, U B Hay-
Ke. JIa3epHBIM JIy4OM PEXYT METAILI, C €r0 NOMOIIBIO BBINOJIHSIOT CIOKHEUIIINE XU-
pyprudeckue ornepanuu. [1o onToBOJIOKOHHBIM KaOelsiM ¢ OFPOMHOM CKOPOCTBIO Tie-
penarTCs KOMIIBIOTEPHBIE JaHHBIE — B BHUJAC HMIIYJIbCOB JIA3€PHBIX HU3IydaTesei.
bnaromaps nazepy Mbl MOXEM paccMaTpUBaTh IOJIOIPaMMbl — TPEXMEPHbIE, O0BEM-
HbI€ CHUMKH JIIOOBIX NMpeAMETOB. Jlake B OBCEITHEBHOM KU3HU MbI 4aCTO CTaJIKMBa-
emcsi ¢ paboTol 3TOro HEOOBIYHOTO MCTOYHMKA CBeTa. Jla3epHBIH Jyd CUMTHIBAET
KOMITAKT-JUCKH B KOMIIBIOTE€pPAX, My3bIKAJIbHBIX LIEHTPaX M KapMaHHBIX Iuieepax. B
0O0JIBIIKMX Mara3uHax Jja3epHbIi CKaHep MOMOTaeT MPOYUTATh IITPUX-KOAbI U 3aBECTU
B KacCOBBIN anmnapat uHpopMaiuio o ToBape. Jlaxxe na3epHble YKa3Ku ecTb!

Yem xe Tak xopoul ja3zepHblil 1y4d? Tem, 4To 3T0 0OYEeHb MOLIHBIN, COOpAaHHBIN B y3-
KHMM ITy4OK IOTOK CBETOBOM 3Hepruu. Mnm, TouHee, NOTOK CBEPXMUKPOCKOITUYECKUX
yacTul] cBeTa — (OTOHOB. B oTinume oT cBeTa 0OBIUHOTO (hoHaAps, JA3epHBIN JIyd
NIOYTH HE PACCEMBAETCS U MOXKET, COXPaHAsS CBOIO DHEPTHUIO, MPOXOAHUTH OOJbIINE
PAcCTOSIHUS M 1a’Ke MPOOMBATH MPEMATCTBHS HA CBOEM ITyTH.

JJist moJTy4eHus Ja3epHOTOo Jyda HY>KHO 0c000€ YCTPOHUCTBO — JIa3epHBIN reHeparop,
KOTOPBIM MHOTZA JJi1 MPOCTOTHI HA3bIBAETCA MPOCTO JazepoM. Haxo ckaszaTe, 4TO
STUM MOJIE3HBIM U300pPETEHUEM MUP BO MHOTOM 00s13aH Hailel ctpaHe. 3a pa3padboT-
Ky JIa3epHOTo TreHeparopa jaypeatamu HoGeneBckoil npemun no ¢usmuke craiu co-
BeTckue yudenble Anekcanap I[IpoxopoB m Hukomnaii bacoB, a Takke amepHKaHell
Yapnz Taync. A mepByro paboTamoIIyt0 MOJENb PyOWHOBOTO Jiazepa MOCTPOUI CO-
TPYAHUK aMepHKaHCKOM kopmopauuu "Xpro3 Diipkpadt" Teogop Mboitman. Ciyun-
jock 310 B 1960 roxy. C Tex mop mossBUIOCH MHOXKECTBO Pa3HBIX THIIOB JIA3€PHBIX
TE€HEPATOPOB, HO OT TOrO NEPBOr0, PyOMHOBOIO Ja3epa, 00 yCTPOHCTBE KOTOPOTO MBI
CEroJiHsl pacCKakeM, OHU HE OTJIMYAKOTCS IVIABHBIM MPUHUMUIIOM paboThl. UTO 3TO 32
npuHIUN? YToObI NOHATH €r0 HaM MPUETCS COBEPIINUTD MMyTEIIECTBUE B MUKPOMHUD.

B ocHoBe Bcero, 4To €cTh B HallleM MHPE, HAXOAATCS MEIbYalIlie YaCTUYKU MaTe-
pun — arombl. OHHM HACTOJIBKO MaJlbl, YTO JIaXKe B KaIlJie BOJBI MX MHOTHE TPUILIHO-
Hbl. KommyecTBO aToMOB BO BceesieHHOM M BOBCE U3MEPSETCS YMCIOM, TPYAHO IO-
naromumMcst Booopaxkenuto. Ho 1 Ha 3emie, 1 BoO BceM 0e3rpaHMYHOM KOCMOCE Pa3-
HOBHJIHOCTEH aTOMOB HE TaK YK M MHOT'O — BCEro 4yTh OoJbIle coTHU. He Tak MHO-
ro, He npapaa au? OJIHAKO, COSAUHSICH PA3HBIMH CIIOCOOAMHU M B Pa3HBIX COUYCTAHU-
SX, 9Ta 3aMevaTeIbHas COTHS JacT HaM OECKOHEYHOE pa3HOoOpa3nue MHUpa. 30J0TOC
KOJIBIIO COCTOUT M3 aTOMOB 30JI0Ta, aJiMa3 U rpaduT B KapaHaaIle — U3 aTOMOB yTJIe-
pona. A BOT B BOJIe, HAIIPUMEP, €CTh aTOMBI JIBYX THIIOB — KHCIIOPOJa ¥ BOJIOPOA.
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Ho, uro xe takoe cam aroM? [IpocTo HeBHAMMAs riaa3oM KpolleyHas rnecyuHka? O
HeT! ¥V aToMa OYeHb CJIO0KHOE CTPOCHUE, U YUYEHBIM IMOHAJOOWINCH JOJTUE TOJIbI,
yTOOBI y3HATh, YTO BHYTPH y KPOIIECUHOTO Kycouka MUpo3aaHus. B nenTpe atoma —
SIPO, COCTosIIee U3 00JIee MEJTKUX YaCTUI] — TPOTOHOB U HEUTPOHOB. SAIpo OKpyKe-
HO AJICKTPOHHBIM 00JIAKOM — TO €CTh 00JIAKOM BPAIAOIIUXCSl BOKPYT siipa YacTHI] —
AJEKTpOHOB. PaHplie atoMm pucoBaiv moxokuMm Ha Hamry ConHedHyro cuctemy. B
neHTpe — sjpo (ComHile), a BOKPYT Mo opoOuTaM — OJTU3KKUM U JaJTbHUM — BpaIlaroTCs
AJEKTPOHBI (TUTaHeThl). M XOTs cerogHst yueHbIe MPEACTABIAIOT ceOe CTPOCHHUE aToMa
ropaszao 0oJiee CI0XKHBIM, JIsl OOBICHEHUS IPUHIIUIIA JEHCTBUS Jia3epa MOKHO BOC-
MOJIL30BATHCS ATOM YIPOIIEHHON MOJEIBIO.

ATOMBI HAXOJIATCSA B MOCTOSTHHOM JIBIbKeHUH. OHU BUOPUPYIOT U BpamarTcs. B aTo
TPYJHO TIOBEPUTH, HO AK€ BHYTPU TBEPJBIX MPEIMETOB, HATPUMED, YYTYHHON TUPH
i papdopoBoii Hammky aTOMbI HU HA MTHOBEHHE HE TIPEPHIBAIOT CBOMX MUKPOCKO-
MAYECKUX TIEPEIIBIKCHUNA. A €CJIM K aTOMy MPUJIOKUTH OOJIBIITOE KOJUIECTBO dHEP-
TYH, HAl[pUMEP, HArpeTh WM HANPaBUTh Ha HETO MOIIHBIN MOTOK CBETa, C HUM TIPO-
UCXOJMUT OJHO BaXXHOE TMpeBpalleHHe. DIEKTPOHBI TIEpeMeNIaroTcs ¢ 6oiee HU3KHUX,
TO €CcTh OoJiee OJU3KUX K Py OpOUT (Wiid, IpaBUiIbHEE, OpOUTaieil), Ha 0oJiee BbI-
cokue. Tak aTOM MOTJIOMIAET PHEPTHIO U MEPEXOIUT, KaK TOBOPSIT YUCHBIE, U3 OCHOB-
HOTO COCTOSIHUS B BO30Y)KICHHOE COCTOSIHHE.

Opnnako moyiro B BO30YKJIEHHOM COCTOSIHUM aToOM IpeOniBaTh HEe MoxkeT. OH cTpe-
MUTCSI OTJAATh MOTJIOMIEHHYIO SHEPTHI0. DIIEKTPOH, "BHITSHYTHIN" Ha 00Jiee BHICOKYIO
opOuTy, pBEeTCsS CHOBa BHU3, OJMXKe K sA7Apy. B MOMEHT mepexoaa oOpaTHO B OCHOB-
HOE COCTOSIHHE, DJICKTPOH BBIOPACHIBAET YaCTUYKY, WIIH, TO-IPYTrOMY, KBAaHT CBETa —
¢doTOoH.

Ecnu kT0o-TO MOAyMa, eciu BCe 3TU MPUKIIOYCHUS aTOMOB, JJICKTPOHOB M (DOTOHOB
IIPOUCXOMIAT B HEJIpaxX KaKUX-HUOYAb PEaKTOPOB WM CUHXPO(HAa30TPOHOB, TO OH WIIH
OHa CWJIbHO ommubaercs. BriOpoc ¢oToHA mocie mepexoja aroMa B OCHOBHOE CO-
CTOSIHME MBI HaOJIfO1aeM €XKEIHEBHO. BOT MBI BKIIOUMIIH JIEKTPOTOCTEP, U BCKOPE
€ro MeTaJNInYecKasi CUpalib 3aCBETUIIACh KPACHBIM CBETOM. DTO B aTOMax IOJ JeH-
CTBHEM jKapa JJIEKTPOHBI MEPECKOYMIIM Ha BEPXHIOI0 OpOUTY, 3aTeM BEpHYJIHUCH Ha-
3a]] 1 BBIOPOCWIM (POTOHBI KPACHOTO IBeTa. T0O K€ MPOUCXOANT B OOBITHOHN JIaMIIOY-
K€ HaKaJIUBaHUSI.

Wnu, nanpumep, Ha dKpaHe TEIEBU30pa KaKJ0€ MTHOBEHHE aTOMbI (ocdopa mepe-

XOJST B BO30YKJIEHHOE COCTOSIHHME, a MOTOM BO3BPAILAOTCS B OCHOBHOE, OTIIPABIISS
B IIyTh (DOTOHBI Pa3HBIX L[BETOB.
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A 4eM Ke Torja Jiyd CBeTa OT JIaMIIOYKH OTJIMYaeTcs OT JiazepHoro ayda? Hy, BOT
NEPBBIX, T€M, YTO (OTOHBI, U3IIyHaeMble CIHUPAIBIO JIAMIIOYKM HaKaJuBaHUS OyK-
BaJIbHO ''pazneTraroTcs B pa3Hble CTOPOHBI, paccenBaroTcs. Jlazep BbIIaeT y3KHid
TOYHO HAMpPABJICHHBIN JIyY.

Bo-BTOphIX, (DOTOHBI OOBIYHOIO JyYa CBETA — OT JIAMIIOYKHU WJIH OT COJHIIA — UMEIOT
pa3Hble cBoicTBa. B ueM-To cBeTOBbIE YacTULIbI MOJOOHBI BoJIHaM. Tak BOT y ¢oTo-
HOB, UCITyCKaeMbIX (DOHAPUKOM, BOJHBI 3TH pa3Hble. O Ha JIMHHEE, Apyras Kopoye.
Me1 B 3TOM yOexkaaemMcs Kaxablid pa3, Korja B HeOe nospisieTcs paayra. [lonagas B
KaIIio BOJbI WM B NMPU3MY, (POTOHBI C Pa3HOM IJIUHON BOJHBI PACXOISATCS B CTOPO-
HBbl U MBI BUJUM, HallpUMep, OTIEIbHO KPACHBIA CBET (IJIMHHASI BOJIHA) M OTIEIBHO
3eJIeHBIM (KOpOTKasi BoJiHA). JlazepHbIN JIyd COCTOUT U3 (POTOHOB C OJHOM IJIMHOMU
BOJIHBI, a 3HAYUT y HETO Bceraa oauH 1BeT. Kakoit? 3To 3aBUCUT OT BUJa Ja3epa.

N eme. Bonupl POoTOHOB OOBIYHOrO CBETa JBUTAOTCS Kak Obl "He B HOry'"'. OmHa
BOJIHA TOJILKO €Ille HaObupaeT Cuily, a Ipyras yxke npocturia rpedns. Konebanus cBe-
TOBBIX YaCTHI] B JIJA3EPHOM CBETE MPOUCXOASIT CHHXPOHHO, KaK TI0 KOMaH/IE.

@oT1oHbI U3 (poHApHKa NOJOO0HBI MPA3IHO TYJSAOWEN pazonerol Toamne. Kro-To ma-
raeT NpyXUHUCTON MOXOAKOM, KTO-TO UAET Bpa3BaJIOUKy, KTO-TO HAJEJN MJIalll, a KTO-
TO CIIOPTUBHYIO KYPTKY, KTO-TO JABUTAETCS MPSAMO MO OyJbBapy, a KTO-TO CBEPHYJ B
nepeysiok. @OTOHBI B JIA3EPHOM JIyde IIOXOKU Ha COJAAT B BOMHCKOM KojoHHE. OHHU
MapIIUpPYIOT B HOTY, OJIEThIE B OJJUHAKOBYIO ()OpPMY, B TOUHO 3a/laHHOM KOMaHIAUPOM
HampaBJIeHUHU. DTO HacTosLas cuial

Kak >xe KoHCTpyKTOpam jasepa yJaanoch 3acTaBUTh (OTOHBI "MapimpoBats' B "Ooe-
BoM cTporo"? IlpencraBb cebe, 4TO MEXIY ABYyMSI KPYTJIbIMU 3€pKajlaMd BCTaBJICH
pPyOMHOBBIN cTepKeHb. PyOuH, KaKk THI 3HaEIb, 3TO TAKOM JparoleHHbIM KaMEeHb, KO-
TOPBIM MOYKHO YBUIETH JAXE B KOPOHAX KOPOJEHU W IpHUHIEB. B na3epax, KOHEUHO,
UCTIOJIb3yETCsl HEe MPHUPOAHBIN pyOUH, a HCKYCCTBEHHBIH, BBIpAILlIEHHBINA B Jabopato-
pun. OIHAKO MO COCTAaBY CBOEMY OH MPAKTHUUYECKH HUYEM HE OTIMYAETCSA OT JT0OBI-
BAa€MOI'0 B MPUPOJIE PEAKOTO MUHEpana. B OCHOBHOM KpHCTajul pyOMHA COCTOUT U3
aTOMOB QJIIOMHUHMS U KUCJIOPOAA U HEKOTOPOI'O KOJUYECTBA aTOMOB XpoMa. IMEHHO
aTOMBI XpOMa CHITPAIOT B HAILIEM '"JTa3€pHOM IIOY" TJIaBHYIO POJIb.
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Hrak, y Hac ecTh pyOMHOBBIN ITUIMHIP, 00a KOHIIA KOTOPOI'0 YIUPAIOTCS B 3epKala.
Onmno 3epkasio mosyrnpo3payHoe. Ciaa0biii MOTOK (POTOHOB OHO OTpPa)kaeT, HO €CIIU
MIOTOK MOIIHBINA, 9acTh (POTOHOB MPOXOJIUT CKBO3b 3€pPKAJIO. 3a4eM 3TO HYKHO, ThI
CKOPO y3HaeIllb.

Bokpyr pyOMHOBOTO MUIUHAPA 3MEUTCS CTEKJISTHHAS CTIHPajih. DTO HAMOJIHEHHAs Ta-
30M Jamna. [Ipyu mpoxXoKJIeHUH CKBO3b HEE JIEKTPUUYECKOI0 paspsia JaeT MOIIHYIO
BCTIBIIIKY cBeTa. OT 3TOM BCHBIIMIKKM aTOMBI XpoMa B pyOMHOBOM IWJIMHAPE MEPEX0-
JST B BO3OYXKIECHHOE COCTOSTHUE. DJIEKTPOHBI OJHUMAIOTCS Ha BEPXHHE OPOUTHI, a
3aTeM OITyCKArOTCsl BHU3 U BhIOpachiBatoT (OTOHBI. 1 BOT Teneph NPOUCXOAUT caMOe
uHTEpecHoe. YacTp BBIMYIIEHHBIX ()OTOHOB PACCEMBAETCSl CKBO3b CTEHKH IIMJIMHJIPA,
HO JIpyras 4acTh OKa3bIBaeTCs B 3amajHe. JTU (POTOHBI MOMAJAIOT B OJHO 3€pKalo,
OTpa)xaroTcs OT HEro, 3aTeéM HECYTCs K JPYyroMy, TO OTOpachiBaeT MX Haszald, K mep-
BOMYy, 1 Tak gainee. Co CKOPOCTBIO CBeTa (a Kak ke WHaye?) OHM HOCATCA MO abco-
JIOTHO MPSMOW JIMHUM MEXKIY IBYMsI 3€pKaIaMHU.

@) (@

Ho sroro mano! Ha cBoeM mmyTn OT 3epkana K 3epKainy yaapsroTcs B aTOMbI, KOTOPbIE
Jamna TpoJoJDKaeT MmoaAKadnBaTh sHepruei. [Ipu yaape goroHa, 37eKTpoH mepexo-
TUT Ha OoJiee HU3KYIO0 OpOUTY U BBHIOpAchIBaeT (POTOH — TOYHO TAKOM K€, UTO yIapuiI
B aTOM, M HECYIIUICS MO TOM K€ caMOi MpsSMON BIIOJIL pyOnHOBOro nuiaunapa! He-
TPYAHO JIOTaAaThCs, YTO C KaXKJbIM MTHOBEHHEM (POTOHOB B MOTOKE MEXK]Y 3€pKaja-
MU CTAaHOBUTCS Bce U Ooibine. HakoHelr 3TOT moToK "mpoOuBaeT" moyIynpo3payHoe
3€pKajo U CKBO3b HETO MPOPBIBACTCS JIyd. TOT CaMblil JIA3EPHBIN JIy4, COCTOSIIAN U3
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IMIOTOKa COBCPIICHHO OJMHAKOBBLIX CBCTOBLIX YaCTHII, ABHUI'aOIINXCA CTPOIO0 B OJJHOM
HalpaBJICHUU.

Ty
1r | ." -fH

‘ : *- j
VY atoro nyuya mouctuHe BojmieOHbIe cBoiicTBa. Hampumep, mydy iasepa XBaTUT CH-
ael "mobuts" no JlyHBl M, ynapuB B CleMAIbHBIE 3epKaia-OTpaskaTelu, OCTaBJICH-
HbIE TaM KOI'/Ia-TO aMEPUKAHCKMMHU acCTpOHAaBTaMH U coBeTckuM "JlyHoxomom", Bep-

HyThCs Ha 3emunto. KoHeuHo, ISl 3TOTr0 Hy»EH Jia3ep NOMOIIHEE, YEM TOT, KOTOPBIH
CTOMT B JlazepHbIX "yka3zkax" nian CD-npourpsiBaresnsx.
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JlazepHas yka3ka
«Hayka u xu3Hb», 9, 2003. 39-40

kN

Jlazep, NOABUBIIMICS JIET COPOK HA3aJ KaK HEKMW TaAWHCTBEHHBIN, SK30TUYECKUH Jia-
O6opaTopHbIi IPUOOP, CEroIHS CTajl HACTOJIBKO MPUBBIYHBIM HHCTPYMEHTOM, YTO €TO0,
B BUJIE JIA3EPHOM yKa3KH, CACIAHHON HAa OCHOBE IMOIYNPOBOJHUKOBOTO JIa3epa, MOXK-
HO KyIUTh JaXK€ B JApbKaX, TOPTYIOLIUX Pa3HON MEIOYEBKON — UTPAIbHBIMU KapTa-
MU, Openokamu i KIItouel, ra3eTaMu M rOpocKoraMu Ha Tekymuil rog. Ho, He-
CMOTpPS Ha CTOJIb COMHUTEIFHOE COCE/ICTBO, JIa3€p OCTAETCS Pe3yIbTaTOM TITyOOKOTO
OCMBICJICHHS] TEOPUH CTPOCHUS BELIECTBA U MPOJYKTOM BBICOKUX TEXHOJIOTHM.
ITonynpoBOIHUKOBBIN Ja3ep npuayManu B 1962-m He3aBUCHMO UM OTHOBPEMEHHO HeE-
CKOJIbKO amepukaHnckux uccienonateneit (P. Xomn, M. U. Heiiren, T. KBuct u ap.),
XOTsl TeopeThueckoe obocHoBaHue ero pabotsl aan H. I'. bacoB ¢ corpynnukamu
emnie B 1958 rony. Haubosnee pacnpocTpaHEHHBIM JIa3€pHBIM TOJIYNPOBOJHUKOBBIM
MaTepuajoM J0JIroe BpeMs octaBaics apceHu raums GaAr. Ho B mocnegnee Bpems
BCE Halle JCNAI0T Ja3epbl HA F€TEPOCTPYKTYPaX — TOHKUX CJIOAX Pa3JIMYHBIX MO CO-
CTaBy MOJIyPOBOJHUKOB. OTpPOMHBIN BKJIaJ B UX CO3JaHUE BHECIU pabOTHI akaje-
muka XK. M. Andeposa u ero corpyaaukoB (cMm. «Hayka u xu3zab» Ne 4, 2001 1.).
[TocmoTpuM, Kak pabOTaET aKTUBHOE BELIECTBO MOJYHIPOBOAHUKOBOTO J1a3epa.

£

3oHa
NpoOBOAMMOCTH

JanpeleHHan
30Ha

BaneHTHaR
30Ha

=

AxmueHas nouynpoBoOHUKO8Asl cpeda umeem 30HY NPOoBOOUMOCU C U3ObIMOYHBIM
KOIUYECmMBOM C80000HBIX INEKMPOHO8 U BAJICHMHYIO 30HY, 20e Hedocmarwue dJ1eK-
MpOoHbL 3aMeHenbl Obipramu. [Ipu pekombuHayuu 21eKmpoHo8 ¢ ObIPKAMU 803HUKAEM
Kocepenmmuoe u3yieHue.
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DJIEKTPOHBI B TBEPJOM TEJE 3aHUMAIOT IIMPOKUE SHEPreTUUYECKHUE MOJIOCHI, COCTOS-
IIME U3 MHOXECTBA HEMPEPHIBHO PACIOJIOKEHHBIX YpoBHEW. HuKHss mosioca, Ha3bl-
BaeMasi BaJICHTHOM 30HOM, OT/I€JIEHa OT BEPXHEW — 30HBI TPOBOJIUMOCTH — TaK Ha3bl-
BAEMOM 3alPEIIEHHON 30HOM, B KOTOPOW DHEPreTHUYECKUE YPOBHU OTCYTCTBYIOT. B
MOJIYTIPOBOHUKE JIEKTPOHOB MPOBOIUMOCTH

Majo, MOJBUKHOCTh MX OrpPaHMYEHA, HO TOJ JACUCTBUEM TEIUIOBOTO JIBHXKEHUS OT-
JIEJIbHBIC DJIEKTPOHBI MOTYT MEPECKAKMUBATh U3 BaJICHTHOM 30HBI B 30HY MPOBOJIUMO-
CTH, OCTaBJISISI MTyCTOE€ MECTO — NbIpKY. M ecnu 35eKTpoH ¢ sHeprueit £, caMocTos-
TEIbHO (CIIOHTAHHO) BO3BpAIllaeTCst 0OpaTHO B 30HY MPOBOJAUMOCTHU, TPOUCXOAUT €T0
pPEKOMOUMHAIUS C JBIPKO, UMEIoIIIeH sHepruto E,. [Ipu 5ToM IpoucXoIuT U3ydeHue
U3 3anpenieHHo 30HbI poroHa yactoron v = (E, — E,)/h. [lockonbKy mupuHa 3a-
MPENICHHON 30HbI HEBEJMKA, MOJYIPOBOJHUKOBBIN Ja3€p MU3JIy4aeT B CPABHUTEIHHO
y3KOM HHTEpBAJIC€ YacTOT. A MPUMEHEHUE PA3TUYHBIX MOJYIPOBOJIHUKOBBIX MaTe-
pHUAJIOB MO3BOJIACT MOTy4YaTh U3MYyUYCHHUE B IUAMA30HE OT OJMIMKHEro yibTpaduosera
(A = 300 HM) nmo wuH(}ppaKpacHOro cBeTa JIMHOW BOJHBI Oonee 40 MKM
(1 MmxM=1000 HM).

AKTHUBHBINA 3JIEMEHT MOJYIPOBOJIHUKOBOIO Jiazepa MpeaAcTaBisieT co0oil Opycok Mo-
HOKpHCTaJIJIa 00bEMOM HECKOJIBKO JECATKOB KyOUUECKUX MUJTUMETPOB, a €ro U3iy-
yaromas 4yactb — nojocky jaiauHout ot 100 qo 300 mukpoHn. M3-3a upe3BbiyaiiHO Ma-
JIOW JUTMHBI U3ITydaTess Ja3epHbIi Tyd CUIIBHO pacXoauTcs — Ha yrod o 40°.

1 2 3 4

15 hﬁx‘“-hi \ /s /
| i
T '\ li D //

Yempoticmeo nazepnou ykasxku. Mcmounuxkom numanus (1) cnyscam mpu coeounen-
Hble nocledosamenvHo MuHuammwophvle damapetxu c¢ 3/C 1,2 eonvma radicoas.
Onexmpornnas cxema (2) ¢ KHONKOU 8KIIOYEHUS CMOHMUPOBAHA 8 CepeOuHe KOpnyca u
NOOKNIOYEHA K Jla3epHoUl 2onoeke (3). JlazepHoe uznyuenue umeem ONUHY BOJIHbL OM
630 0o 680 nHanomempos (Hm) u MOWHOCMb MeHee 00H020 muiiusamma. Jlunza (4)
@oxycupyem e2o 8 MOHKULL VY.

Hakauky nogynpoBOJHMKOBOIO Jiazepa 4Yalle BCEro OCYIIECTBISIOT MOCTOSHHBIM
AJIEKTPUYECKUM TOKOM HampsikeHueM He Ooiiee 3 BoJbT (rmpu 3ToM 10 50% ero sHep-
UM MPEBpAIIACTCs B U3NYUYCHUE); PE30HATOPOM OOBIUHO CIIyXaT 3€pKajbHbIE TPaHU
KpUCTAJIJIa TOJYIIPOBOAHUKA (MX HE MOJIUPYIOT, a MOIY4YalOT, pacKaJlblBasi MOHOKPH-
CTaJLI).

MuHuaTiOpHbIE pa3Mepbl MOJYNPOBOAHUKOBBIX JIa3€pOB, J0JroBeYHOCTH (10 100
TBHICSIY YaCOB 0€30TKa3HOUM pabOThI) U IOBOJIBHO BBHICOKASI MOITHOCTh M3imyueHus (1-3
MBT) nenarotT ux He3aMEHUMBIMU B YCTPONCTBAX ONTHYECKOW 3aMMCU U CUUTHIBAHMS
uH(OpMaIiK, CUCTEeMaX ONMTOBOJIOKOHHOW CBS3H, F€0AC3UUECKO ammaparype u apy-
rux obnactsx TexHUKU. Ho TONBbKO ja3epHasl yka3ka JAaeT BO3MOXKHOCTH JIOOOMY
B3SITh B PYKH 3TO YAUBUTEIBHOE YCTPOUCTBO — MOJYIPOBOIHUKOBBIN Ja3ep.
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B nmazepHo#i yka3ke HEpeaKo UMEIOTCS JBa MOIYITPOBOIHUKOBBIX JUOJIA: CaM Jia3ep H
cBeTo-n1uoj. OHM CMOHTHPOBAHBI B €MHBINA OJIOK C TPeMsI BBIBOJIAMU — OT KaTO/1a Jia-
3epHOT0 JM0Ja, aHojAa cBeToauoAa u obmwmil. doToanoa co3gaer OTPULATENbHYIO
oOpaTHYIO CBS3b B IIETHM MUTAHUS Ja3epa, MOAePKUBasi TOCTOSHHONW WHTEHCUBHOCTD
ero m3nyyeHus. CBs3b 3Ta OCYIIECTBISAETCA ONTUYECKH: JIA3€PHBIA JIyd OCBEIIAET
dboToaMO0, KOTOPHIM BhIpaOATHIBAET TOK CMEICHHUS, YIPABISIONINN TPAH3UCTOPOM B
Lenu NMUTaHus ja3epa. Eciu MHTEHCHBHOCTD Jiyda BO3pPACTaeT, YCTPOWCTBO YMEHb-
[IaeT CUITy TOKa, MPOXOSAIIET0 Yepes Ja3ep, €cliv MaJacT — YBEJIUYUBAET €e.
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NA3EPHBIW Nyy
Jlasepuas eonoeka. B Heli, Kak npasuio, Kpome camozo noiynpo8oOHUK08020 1asepa
umeemcsi ewe u pomoouood, KOmopwlil 8blpabamvleaem CUSHAL OMPUYAMenbHOl 00-
PAMHOU C8A3U U CMadUIU3Upyem UHMeHCUBHOCb U3JIYYEHUs.
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Oona u3 B803MOJCHBIX cXem JazepHou ykasku. OHa Ovlla npugedena Ha caiime
http://zpselectronics.com/.

Ha BbIXOJ€ Jyya CTOMT JMH3a, KOMIIEHCUPYIOLIAasi €ro pacxoJuMOCTb, TIOITOMY Ha
paccrosiHuu 10—15 MeTpoB pa3mep CBETOBOTO MATHA OKAa3bIBAETCS MOPSIIKA CaHTU-
METpa.

JlazepHble yKa3Ku MOT'YT IPUTOAMTHCS HE TOJBKO JIEKTOpaM M AoKiIaguukaM. Mx uc-
HOJIB3YIOT JI JEMOHCTpAllMM ONBITOB MO MHTEPPEPEHLUUU W AUPPAKIUHU CBETA,
IPUMEHSIOT B CAMOJEIIBHBIX OXPAHHBIX YCTPOWCTBAX M JIMHUSX ONTUYECKOHN CBSI3U. ..
WIN TIPOCTO UTPAIOT C KOIIKOM, KOTOpas a3apTHO JIOBUT CBETOBOM 3aitunk. Ho 00s3a-
TEIbHO HYXXHO TIOMHHTb, YTO 3TO BCE-TAKW HE WUrpylika. JlazepHsblil Iyd HU B KOEM
CJIy4ae HeJb3sl HaIlpaBJIsATh B IJ1a3a — MOKHO CUJIbHO UCIIOPTUTH 3pEHUE.
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KBaHTOBbLIN CBEeTOM

HcTopust oqHOTO M3 CaMbIX BaKHBIX U300peTeHnil XX Beka — j1azepa

Anekceii Jlesud Uroun 2006

B 1902 roay ¢ppanuysckuii xumuk Kopx Kiaox usodpes, a B 1910 roay nokazau
ny0JiuKe HEeOHOBYIO Jiamimy. Uepe3 mapy JieT Kakoii—HUOYAb JI0003HATEIbHBIN
yMeJiell y:Ke BIIOJIHE MOT Obl NMPHUIEIaTh K Hell 00KOBbIe 3epKaJia U npu 00J1b-
IIOM Be€3eHNH MEeTOA0M NMpod M OMMUOOK U3rOTOBUTH NMPUMUTHUBHBIN Ja3ep. To-
I/1a MICTOPHUA TEXHUKH MOIJIA Obl CJIOKUTHCS MHAYE.

[TyTh oT gemoncTpanuu «cetsumxcs Tpyook» XKopxka Knona na Ilapuxckoii aB-
TOBBICTABKE JI0 TEJIMI-HEOHOBOTO Jiazepa 3aHsi poBHO S0 Jer.

B namm nHM TpyAHO HAWTH TaKyro 00JaCTh HAYKU U TEXHUKH, TJi¢ Obl HE PUMEHSI-
JIMCH JIazepbl. ITO n300peTeHrne XX Beka HaBCEr/1a U3MEHWIO HaIly KU3Hb.

Ho wmbicnp uccienoBarh ra3oBbie pa3psabl pajau HAOIIOEHUS BBIHYKICHHOTO U3IIY-
YEHHS B T€ BpPEMEHA HUKOMY HE MPHUIILIA B TOJIOBY — BE/Ib YUEHBIC JaXE HE MOJ03pe-
BaJI O €T0 CyIIECTBOBAHUH.

A B 1913 rogy AnpbeptT DUHINTENHH BhICKA3aJl TMIOTE3Yy, YTO B HEJPax 3BE3]l U3IIY-
YeHUE MOKET TeHEepUpPOBaThCs MOJ ACHCTBUEM BBIHYKIaromux GoroHoB. B kiaccu-
yeckoil crtathe «KBaHTOBas Teopusi H3IyudeHUs», onyoOiukoBaHHou B 1917 rony,
OWHILITENH HE TOJBKO BBIBEN CYIIECTBOBAHHE TAKOT'O U3TYyUYEHHUS U3 OOUIUX MPHUHIIH-
II0B KBAHTOBOM MEXAHUKHU M TEPMOIAMHAMHUKHU, HO U JIOKA3aJ, YTO OHO KOI€PEHTHO
BBIHYKJIAIOIIEMY U3TyYEHUIO (TO €CTh UMEET OJUHAKOBOE HAIPABICHUE, JUIMHY BOJI-
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HBI, a3y u nmosspu3anuio). A cmycts aecsts jet [lonp upak ctporo o6ocHOBaN U
0000IINIT 3TH BBIBOJIBI.

IlepBble IKCIEPHUMEHTHI

PaboThel TeopeTnkoB He octanuch HedameueHHbIMH. B 1928 romy Pymonsd Jlagen-
Oypr, MTUPEeKTOp OTaeia aToMHON ¢Gu3uku MHcTUTyTa (QU3MYECKOM XUMHHU U JJICK-
tpoxumun OO1miecTBa Kaitzepa Bunbrensma, u ero yuenuk ['anc Kondepmann sxcme-
pUMEHTAIBLHO HAOJI0Ia T MHBEPCUIO HaceleHHOCTel (cM. Bpe3ky «KBaHTOBOE ycH-
JICHUE CBETa»), MPUYEM UMEHHO B OIBITaX ¢ HEOHOBBIMU TpyOkamu. Ho BeIHYXIeH-
HOE M3JIy4eHHE ObUIO OYeHBb CIA0BIM, M Pa3IUYHTh €r0 Ha ()OHE CTIOHTAHHOTO U3ITY-
YyeHus ObUTO clIokHO. Jlo nazepa ocTaBalics JIMID IIAr: YTOObl YCUIIUTh BBIHYKJICH-
HOE M3JTy4YeHHUE, B CPeAy HEOOXOJIUMO BBECTU IMOJOXKUTEIbHYIO OOpAaTHYIO CBSA3b, TO
€CTh [IOMECTUTH €€ B pe3oHartop. Ho s aToi uaen Bpems elie He HacTallo.

Maso KTo 3aHUMAJICSl YCUJIEHUEM ONTHYECKUX CUTHAJIOB C IOMOILBIO BBIHYXJIEHHOTO
uznydenuss 1 B 1930—e roapl. Hanbonee cepre3Hoit paboTOi 1o 3TOM TeMe Oblia
JIOKTOpCKasi aucceprauus MockBuua Banentuna ®abpukaHTta, omyOJIMKOBaHHAsI B
1940 rony. B 1951 rony B.A. ®abpukant, ®.A. byraeea u M.M. Bynunckuii noga-
JM 3as1BKY Ha M300pETeHHE HOBOT'O METOJAa YCWJICHHS 3JIEKTPOMATHUTHOIO H3IyYe-
HYsI, OCHOBAaHHOI'O HA HCIIOJB30BAaHUU CpEpl C MHBEpCUEN HaceneHHocTer. K coxa-
JIeHUI0, 3Ta paboTa OblUIa OMyOJIMKOBaHA JIUIIb Yepe3 8 JIET U Majlo KeM 3aMeueHa, a
HOMBITKU MOCTPOUTH JEHCTBYIOUIUN ONTUYECKUM YCHUIUTENb OKa3aJIuCh OECIIOIHbI-
MU — OIATB-TAKH U3-3a OTCYTCTBHS pe3oHaTopa. B 1957 rony ®abpukant u byraesa
Ja’ke HaOJIIo/1ajy KBAHTOBOE YCUJIEHME CBETOBBIX BOJH B ONBITAaX C MPOIYCKaHHEM
NEKTPUUECKUX PA3PSAA0B Yepe3 PTYTHBIE MAPBI, OJHAKO 3TO TaK M OCTAJIIOCH UX JINY-
HBIM JTOCTH>KCHHEM.

[Iyth Kk co3maHuio ja3epa ObUT HalIeH HE ONTHKaMH, a paauodu3nKaMu, KOTOpbIE
U3JIaBHA YMEJIM CTPOUTHh I'€HEPATOPbl U YCUIIUTENIH 3JIEKTPOMAarHUTHBIX KOJEOaHU,
UCIOJIB3YIOIINE PE30HATOPbl U OOpaTHYI CBSA3b. MIM-TO M OBUIO CY>KJIEHO CKOHCT-
pYHpOBaTh NEPBBIE KBAHTOBBIE I'€HEPATOPHI KOT€PEHTHOTO H3IYYEHHUs, TOJIBKO HE
CBETOBOT'0, @ MUKPOBOJIHOBOTO.

Masepbl

Bo3MOXHOCTh cO3AaHMSI TaKOro reHeparopa MepBbIM OCO3HaN Mpodeccop Ppu3nKu
KonymoOuiickoro yuusepcurera Yapaps3 TayHc. Ota MbIcib oceHusia ero BecHoi 1951
rojila BO BpeMsl nporyjiku no ®paHkiIMH-ckBepy B LeHTpe Bammurrona. (Kcratw,
ATOMY HEOOJBIIIOMY TIApKy camMoil Cyap00i OBLIO MpeaHa3HAYECHO BOWTH B MCTOPHUIO
buszudeckorr ontuku. MmenHo tam 3 wutoHs 1880 roma mzoOperatens Tenedona
Anekcannp benn BrepBble HCHBITAN YCTPOWCTBO, KOTOPOE OH CUMTAJ CBOUM TIJaB-
HbIM n300perenuemM. [Ipubop, kortopsiii bemn HazBan ¢oTodoHOM, mepenaBan 3BYK
HE TI0 MpPOBOJiaM, a Mo cBeToBoMy Jayudy. Cerognsi 6emioBckuii poTodoH cuutaroT
npeareyeil ONTOBOJIOKOHHBIX CUCTEM CBSI3H. )

TayHC OHSII, YTO MOXHO ITOCTPOUTH MUKPOBOJIHOBOM I'€HEPATOP C IIOMOILBIO ITy4YKa
MOJIEKYJI, UMEIOIIHUX HECKOJIBKO YPOBHEM 3HEPIrUM. [l 3TOrO MX HYKHO pa3AeiIUTh
AIEKTPOCTATUYECKUMHU MOJSIMU U 3arHaTh Iy4OK BO30Y>KIE€HHBIX MOJIEKYJ] B MeTaJ-
JUYECKYIO IIOJIOCTh, T/I€ OHHU NEPEUIyT Ha HUKHUN YPOBEHb, U3JIydas dJIEKTpOMAr-
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HUTHBIE BOJHBL. YTOOBI 3Ta MOJIOCTH paboTalia Kak pe30HaTop, €e JIMHEWHbIE pa3Mephl
JIOJKHBI PABHATHCS JUIMHE U3JIy4aeMbIX BOJH. TayHC MOAENIUICS 3TOM MBICIBIO C ac-
nupanToM Jxeiimcom ['opaoHoM U HayyHbIM coTpyaHukoMm ['epbeprom Llaiirepom.
Ha poib cpenpl oHM M30pain aMMuUak, MOJIEKYJIbl KOTOPOTO IIPH MEPEX0Jie ¢ BO30YXk-
JIEHHOT'0 KOJIe0aTeIbHOI0 YPOBHS HA OCHOBHOW UCITYCKAIOT BOJIHBI JUIMHOUW 12,6 MM.
N3roToBuTh BHICOKOKAUYE€CTBEHHBIH OOBEMHBIN PE30HATOP TAKOW BEJIMYMHBI ObLIO HE
CJIMIIIKOM TIPOCTO, HO BCE k€ BO3MOXHO. B anpene 1954-ro Tayuc u ['opnon (Iafirep
TOTJIa YK€ YIIeJd W3 YHHBEPCHUTETa) 3alyCTHUJIM TMEpPBbIA B MUPE MHKPOBOJIHOBOM
KBaHTOBBIN reneparop. Jtot npubop TayHc Hazpan mazepom (MASER — Microwave
Amplification by Stimulated Emission of Radiation).

B JlaGopaTtopuu konebanuit dusnueckoro nnctutyra AH CCCP stoii sxe Temoit 3a-
HUMAJIUCh CTApLIMI HAay4yHbIM cOTpyaHUK Ajexcaniap IIpoxopoB u ero acnupast
Huxomnait bacos. B mae 1952 roaa na O61iecoro3Hoi KOH(EPEHIIMU IO paIUOCIICK-
TPOCKOIIMHA OHM CHENAIM JOKJIAZ O BO3MOXHOCTH CO3/IaHUS KBAHTOBOI'O YCHJIUTEIS
CBY-—u3nydenusi, paboTaroero Ha Imy4yke MOJIEKYJ Bce TOro ke ammuaka. B 1954
rojy, BCKope mociie Beixojaa padotsl TayHca, ['opnona u Ilaiirepa, [IpoxopoB u yxe
«ocrerneHuBIIncs» bacoB omyOIMKOBaIM CTaThIO, I/I€ ObUIA MPUBEJIEHBI TEOPETHUYE-
ckue 000ocHOBaHMs pabOThl Takoro npudopa. B 1964 ronxy Taync, bacos u [Ipoxopos
3a 9TU uccienoBanus ObuH yaoctoensl HobeneBckoi mpemun.

OT MHUKPOBOJIH K CBETY

He Oyner npeyBenuyenuem ckazaTh, 4yTo B cepeaune 1950-x rooB npuspak onruye-
CKOT0 (B OTJIMYME OT MMKPOBOJIHOBOIO) KBAaHTOBOI'O I'€HEpAaTOpa Masuuil B rojoBax
MHOTHUX (PU3MKOB — CIMIIKOM MHOTHX, 4TOOBI paccka3arb 000 Bcex. PakTHUYECKU HE
ObUIa pelIeHa JIMIIb 337a4a YCWICHUS BBIHYKJIEHHOTO H3JIyYEHHUS C MOMOIIBIO IO-
JIOXKUTENBbHON 00paTHON CBsA3H. [10CKONIBKY JJIMHBI CBETOBBIX BOJH U3MEPSIOT JECs-
TBIMU JIOJIIMU MUKPOHA, U3TOTOBJIEHHE O0BEMHOIO pe30HATOpa TaKUX pa3MepoB Obl-
JI0 1€JIOM HepeabHbIM. BEposATHO, BO3MOKHOCTh I'€HEpALMU CBETA C IIOMOILIBI MAK-
POCKOIIMYECKUX OTKPBITHIX 3E€PKAJIBHBIX PE30HATOPOB IEPBBIM OCO3HAJI AMEPUKAH-
ckuit gusuk Pobept Juke, koTopsiii B Mae 1956 roga opopmun 3Ty U0 B MaTEHT-
Hoi 3asaBKe. B centsabpe 1957 roga Taync nHabpocan B 3aIMCHON KHMXKKE TUIaH CO3-
JaHUs TAKOrO I€HEPaTopa U Ha3Ball €ro onTudeckuM MasepoM. Uepes rox TayHe co
CBOMM CTapbplM IpyroM W mypuHoM Aprypom IlIaBIOBBIM M HE3aBUCHMO OT HUX
[IpoxopoB BBICTYNHMJIM CO CTaThSIMU, COJEPXKAILIUMH TEOPETUYECKHE OOOCHOBAaHUS
JTOr0 METOJIa TEHEPALUXA KOTEPEHTHOTO CBETA.

Cam TepMuH «1a3ep» BO3HUK Ja)e paHble. ITy aHIIIHICKYI0 ab0peBuarypy, Light
Amplification by Stimulated Emission of Radiation (B 10c10BHOM MepeBojie «yCHiIe-
HUE CBETA C MOMOILbIO CTUMYJIIMPOBAHHOTO UCITYCKAHUS U3ITyYEHUs», XOTs Ja3epaMu
BCE )K€ MPUHATO HA3bIBaTh HE YCUJIUTEIH, a T€HEPATOPhl U3IIyYEHUs, 3aMEHA CJIOBa
amplification Ha generation gaeT HEMPOWU3HOCHMOE 3ByKOcoueTaHue lgser), mpuuy-
Mman acniupanT KomymOulickoro ynusepcuteta ['opion 'ynj1, KOTOpBI COBEPILIEHHO
CaMOCTOATENILHO MPOBEN JI€TAJIbHBIN aHAIU3 METOAOB MOIYYEHUsI CTUMYJIUPOBAHHO-
ro U3JIy4eHUs ONTUYECKOro nuanaszona. [lozaueit ocensro 1957 roga 3to cioBo mos-
BUJIOCHh HA CTpaHUIaX OJIOKHOTA, /1€ OH 3aIMChIBAJ CBOM PAa3MbILIUICHHS U BbIYUCIIE-
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Husa. B To Bpems ['yna Hu4ero He myOiauKOBal M MO3TOMY HE MOJIYYWJ IMPU3HAHUS,
KoTopoe, OeccriopHo, 3acinyxui. [IpaBaa, B 1970-1980-x oH noOuics yTBep:KICHUS
CBOMX IMAaTEHTHBIX 3as8BOK W HAKOHEI—TO CTaJ KyIaThCs €CIU HE B ClaBe, TO B J0JIJIa-
pax.

Jlazepsbl

[lepBblil pabGoTaromuii j1lazep BbIIEN M3 pyK cOTpyaHuKa Koprnopauuu Hughes
Aircraft Teonopa MeiimaHa, KOTOpPbI B KaueCTBE aKTUBHOUW cpejibl BbIOpasl pyOuH.
DTOT MUHEpal NpeACTaBisieT COOOM OKCHJ aTOMHHUSL C HEOOJIbIIOW MNPUMECHIO
XpoMa, KOTOPBI U MPUIAET €My KpacHbIM LBET (YUCTHIM OKCHJ aJlOMHHHMS OecliBe-
TeH). MeliMaH MOHSI, YTO pa3JesieHHbIE OOJBIIMMHU MPOMEKYTKAMU aTOMBI Xpoma
MOTYT «CBETUTBH)» HE Xy>KE aTOMOB Ta3a. [{Jis mojiydeHuss ONTUYECKOr0 PE3OHAHCA OH
HaAIbUIWJ TOHKHUM CcJOW cepedpa Ha MOJMPOBAHHBIE NMapalljieibHble TOPLbLI UUIUHA-
pUKa U3 CUHTeTHYecKoro pyouHa. [lwmmHap mo cnenuanbHOMY 3aKa3y M3rOTOBHIIA
¢upma Union Carbide, Ha 4TO el MOHATOOMIIOCH MATH MecsAleB. MeliMaH MOMECTHII
pyOHMHOBBIN CTOJNOMK B CIHMpAIbHYIO TPYOKY, JAIOUIYIO SIPKUE CBETOBBIC BCIIBIIIKH.
[IlectHanmaroro mast 1960 roga mepBbiii B MUpE Jia3ep BbIAAT NEPBbIM Jyd. A B Jie-
kaOpe Toro sxe roaa B Jlaboparopusix bemnna 3apadoTan renunii-HEOHOBBIN J1a3ep (Ha
CMECH TeJIMsl U HeoHa), co3laHHbii Anu J[xaBanoMm, YunbsimoMm bennertom u Jlo-
HabA0M X3ppuOTOM. 110 TH00ONBITHOMY COBIAAEHUIO IPOU30LLIO 3TO POBHO Yepe3
50 ner nocne Toro, kak Knox nopasun BooOpaxenue nocerureneid [lapuxckoi as-
TOMOOUJILHOM BBICTABKM CBOMMH CBeTsIIMMHCS TpyOkamu. Jlazep JlxaBaHa u ero
KoJuter padboTtan B MH(paKpacHOM JuarazoHe, HO yepe3 JiBa roja Yait u Puraen 3a-
CTaBUJIU I'eIUN-HEOHOBBIN J1a3ep U3JIy4yaTh KPACHBIN LIBET.

Hayunast neHHOCTh M TNpakTUYEeCKasl MOJib3a JIa3epOB OBLIM HACTOJILKO OYEBU]IHBI,
YTO MMH Cpa3y 3aHSJINCh THICAYM YUYEHBIX U MHXKEHEPOB M3 pa3HbIX cTpadH. B 1961
rojly 3apa0oTasl MepBbIM Jia3ep HA HEOAMMOBOM CTEKJIC, B TEUCHHE IATU JIET ObLIH
pa3paboTaHbI MOJIYITPOBOIHUKOBBIC JIA3€PHBIE JUOIBI, JIA3€phl HA OPTaHUYECKUX Kpa-
CUTENISAX, XUMUYECKHE JIa3epbl, JIa3ephl Ha NIBYOKHUcH yriaepoaa. B 1963 romy Xopec
Andepos u I'epoept Kpemep HezaBUCcHMO Apyr OT Apyra pa3padoTaiu TEOPHIO IO-
JYyOPOBOJTHUKOBBIX TE€TEPOCTPYKTYpP, HA OCHOBE KOTOPBIX MO3/IHEE OBbUIM CO3/1aHbI
MHOTHE Ja3epsl (3a 3Ty paboTy oHHM 6 JeT Ha3aa noiayuymwin HobeneBckyro mpemMuro).
K nacrosiieMmy BpeMeHU TPYJHO HAUTH TaKyr0 00JIaCTh HAYKH U TEXHUKH, IJe Obl HE
MPUMEHSUIUCH Jia3ephl. Jaxke mpocToe mepeyucieHue pa3IndyHbIX MOAUUKAIUN J1a-
3€pOB 3aHMMAET HECKOJIbKO CTPAHUI] IMEUYaTHOrO0 TEKCTa. JTO, 0€3yCIOBHO, OJIHO W3
BOKHEUIIMX U300peTeHnil XX BeKa HaBceria M3MEHUIJIO HaIlly KU3Hb.

C roJioBbI HA HOTH

113



Bceeda nu évinysicoennoe usnyyeHue HenpemeHHo mpedyem uneepcHot cpedvi? Hem,
U 5mo OvLI0 UzsecmHo uzoopemamenim nazepa. Yapnvs Tayuc 6 Hobene8CKol eKyuu
0c000 ommemu, 4Ymo UHEepCUs HeoOX0OUMA TUUb 8 MOM ciyuae, eciu Gazvl KeaH-
MOBLIX BOJIHOBLIX (PYHKYUL USLYYAIOWUX YACUY CO8epUleHHO caydaunsl. Ecau e
MO He Mmak, eCmov CHOCOObL YCUTUMb INEKMPOMASHUMHbIE 8OJIHbL U 8 OMCYMCMBUE
ungepcuu. O maxou 8603MOHCHOCMU 00120 He 8CNOMUHAU, 00HaKko 8 1980-x eti sce-
pbe3 3auanucsy meopemuku. Ecau evinyscoarowee usnyuenue 00Ho8pemeHHo 6030)ic-
oaem HeCKOJIbKO KO2ePEeHMHbIX KOIeOaHUll ¢ ONUSKUMU YACMOMAMU, OHU MO2YM UH-
mepgepuposams Opye ¢ Opyeom. B3ae noo konmpons smy unmeppepeHyuio, MOHICHO
BBLIKNIOUUMb 83AUMOOCUCMBUE UZYUEHUS ¢ NO2NOWAIOWUMU AMOMAMU, HO NPU IMOM
COXPAHUMb BbIHYHCOCHHOE U3TYUeHUEe B030YHCOEHHbIX amoMos. B makom cnyuae u3-
JIyueHue 6yoem yCcunueamuvcs u 6e3 UuHeepcuu HaceileHHocmell (CM. cieo. 8pe3sKy).

Peanvnocmo smoco sghghexma enepsvie ovina ooxazamna ¢ 2000 200y 8 s3xcnepumen-
max ¢ amomapruimu napamu. A coscem nedasno usuxu uz Anenuu u Ilsetiyapuu
NOIYYUNIU AHATIOSUYHBLE Pe3VIbIMambl U HA NOJYAPOBOOHUKOBLIX HAHOKPUCMALLAX C
mpemsi dHepeemMuyecKUMU YpOSHAMU. B smux onvimax nacenennocms HUMNCHE20
YPOBH3L 8 Uuemblpe paza NPesvlulailda 00UYI0 HACeIeHHOCb 08YX 6ePXHUX.

KBanToBoe YCUII€HHUE CBETA

Onrtuueckasi cxema Jjlazepa

BUALI U3NTYYEHUA

I I | B cOOTRETCTBMM € 3AKOHAMW KBAHTOROR Me-
| =i | | | XAHMKM, IHEpPrua aTOMOR, HOHOB WNW Mone-
m| | I e [ KYN MOMET N Th AHLLL ONf
T I mll 1 QI | | ||| 3navenmn. YpoBeHb C CAMOR HH3IKOA IHEprH-
LT DL L ]| enwHa3sBaeTca ocHoBHLIM, Gonee Buicokke
| |/, = | IHEPrWM COOTBETCTBYIOT BO3BYMAEHHLIM Co-
| it | i | °0TOH || cTOAHMAM aToma. [pu nepexoe ¢ ocHOBHO-
| | | ro ypoaHa Ha Gonee BbicokwA snepria (Wa-
_‘_- T ] ] T »r P, B BUAE ) nornowaeTca,
a npy oBGpaTHOM Nepexone - WAMy4aeTea
(pazHvua Memay IHepruaMu yposHen Gyaer
| paBHa sxepriuv thotona). B cnyuae By
|| || mewmoro manyuenun potou Kak Bl "crpaxu-
01 [/l | Baer" avom c Bef o yp! Ha
__?___ | o “1 .t | Tpu sTom ManyuaeMbii hoTOH NONHOCTHIO
| | | PEHTEH BbiHY #, Yy = OH MMeeT
% LI | TO ME CAMOR HANPABNEHME, TY Me Camylo
o o e | IHepruio, hazy ¥ NONAPUIALMID.
TPEXYPOBHEBAS CXEMA
’
\/ [
HAKAHKL
AN~ L SAVAUSS
DCHOSHON YPORBIL, V #

B namne naxanusanus snekmpuueckuti mox Hazpesaem 80NbDPPaAMo8yio CHUPATILKY U
8030ydicOaem amomvl 801bppama, nepedopacviéas uUx 6HeUHUe 31eKMpPOHbl 8 CO-
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CMOSHUS C NOBLIULEHHBIMU 3HAYEHUAMU dHeP2UU. MU COCMOAHUSL HEYCMOUYUBDL, NO-
9MOMY IJIeKMPOHbL 8038PAWAIOMCS HA OCHOBHOU YPOBEHb, usnydas pomonsl. Huka-
KUX 0COOBIX YCUIULl OJisl 5M020 He Mpedyemcs, maxKoe 8038paujeHue npouUcxooum ca-
MONPOU3801bHO, CHOHMAHHO. [10CKOILKY ChOHmMAHHblEe 2IeKMPOHHbIE NEePexoobl HU-
KaK He CKOppenupo8anvl Medxicoy cobol, c8emogvle 80JIHbL C PAGHOL 8EPOSMHOCHbIO
UCNYCKAIOMCA 80 68CEX HANPABIEHUSX, C PASHLIMU (Da3amu, NOIAPUSAYUAMU U IHep-
UAMU.

Amombl mocym uznyuams omoHvl maxdxice noo oeucmeuem (Homona, dHepeusi Ko-
mopo2o O1usKa K pasHuye ypoeueu. Takou ¢omon kak 6bi «CmMpAXusaemy amom c
BEPXHE20 YPOBHS HA HUICHUL — NPOUCXOOUM B8bIHYICOEHHbIU nepexod. Ilpu smom u3-
Jyuaemovlii. )OMoOH OKA3bIBAEMCsl NOJTHOCMbIO KO2EPeHMeH BblHydlcoaouemy — OH
uMeem mo dice camoe HanpasieHue, my Jce camyrto SHepeuro, azy u noaapu3ayuio.

OO0Hako 6 coCmosiHUU MePMOOUHAMUYECKO20 PABHOBECUsl KOIUUECNB8O HEeB030YHC-
OEHHBIX amoMO8 20pa3z0o Ooabule, em 8030ydcoeHHbIX. Ymobdvl 6030)Y0ums amomol
(nepesecmu Ha 6epxHue YPOBHU), MpeOYemcs dHepausi — XUMUYECKAas, c8emosas uiu
mobas opyeas (3mo Haszvigaemcs Hakauka). llpuuem HydcHO yOepacamb amombl HA-
8epxy 00CMamo4Ho 0ojaeoe (N0 K8AHMOBLIM MEPKAM, KOHEUHO) 8pemsl, Umobbl HAKO-
nUMb ONpeOeNeH bl «3anacy (8 HAYUHbIX MEPMUHAX — UHBEPCUsT HaceleHHoCcmell). B
08YXYPOBHEBOU cXeme MO 3ampyOHUMENbHO (XOMSL U O3MOICHO): AMOMbL C 8epXHE-
20 YPOBHSL CIUUKOM ObICIPO CKAMBLEBAIOMCS HA OCHOBHOII.

A 6om ecnu y Hac ecmuv 8ewyecmeo ¢ mpems YPoSHAMU, KApMUHA MeHsemcs. 1akyio
cxemy 6 1955 200y npeonosxcunu Ilpoxopos u bacos. Hysxcno 3aenams amomul ¢ no-
MOWBIO HAKAYKU HA CAMbIU 8EPXHULL U3 PeX IHEPeMmUUecKux yposHel (npu nozio-
WeHuu U3yueHusl ¢ dHepeuell, COoOmeemcmeyowel. pazHocmu Mexcoy CambvlM 6epx-
HUM u camovim Hudichum). C eepxmneco «amadxca» OONbUIUHCIBO AMOMO8 ObLCMPO
CNYCKaemcsi Ha NPOMeNCYMOUHbLU YPOB8EeHb U OCMAemcs mam (8b10Uparomces aKmue-
Hble cpedbl, 0 KOMOPLIX CAMONPOU3BOJIbHYIL NEPEX00 ¢ NPOMENCYMOUHO20 VPOBHS
HA HUMCHUL 3anpeujer 3aKOHAMU K8AHMOoB0oU mexaHuku). Eciu 3anycmums 6 makyio
cpedy pomonwl ¢ dHepeueli, cCoomeemcmayroueli pasHuye mMexcoy npPoMeHCymoyHbIM
U HUICHUM YPOBHAMU, MO OHU UHUYUUPYIOM MACCOBbIU «CNYCKY AmOMO8 HA OCHOG-
HOU YPOBEHb U BLIHYHCOEHHOE U3NyYeHUe, NpuyeM 8ce 8HOBb POAXCOeHHble (OMOHbL
6yoym noaHocmuio um KozepeHmuwl. bonee moeo, dsucasicy ck8o3v cpedy, éce 3mu
Gomonsl 6YOym 6vi3vl8amb NOsAGIEHUE 8CE HOBLIX U HOBbIX 0OUHAKOBLIX COOPAMbES.
B pezynemame amniumyoa ucxo0Ho2o c8emogo2o CucHala MHO2OKPAMHO 603PAC-
mem: 29Mo U ecmb YCUleHUue c8ema GblHYHCOCHHBIM U3NLyYeHUEM, Na3ePHblil I dexm.
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OnTuveckrii KBAHTOBbIN IreHepaTop

OOHaKo HaM HYICHO U320MOBUMb He Yculumenv, a 2enepamop ceema! [[nsa smoeo
HeobXo0umo 3adepicams OONLUWUHCMBO 8MOPUYHBIX (POMOHOE 8 cpede ¢ UHBepcuell
HacenleHHOCmell U 3aCmagumys UX CHO8A U CHOBA UHOYYUPOBAMb U3NYUEHUE CEOUX
KIOHO8 8 CAMONOO0EPAHCUBAIOWEMCSL pedcUMe. MO0 MOAHCHO 00OUMbCI C NOMOUBIO
0c006020 ycmpolucmea — Onmuyecko20 peonamopa. Jlazep 6 npuebliuHOM cMbicle
C106a — 5MO COBOKYNHOCMb AKMUBHOU CPEObl, UCMOYHUKA €€ HAKAYKU U Pe30HAMO-
pa.

Ilonpobyem npespamumsv 00bIUHYIO KHEOHKY» 6 aazep. B npocmetiwem sude HeoHo-
8as 1amna npeocmasiiem coool NPAmMy0 CMeKIAHHYI0 MpYOK)Y ¢ napoti 31eKmpooos,
3ANOJIHEHHYI0 CMeChblo HeoHa u 2enus. Eciu Ha 21ekmpoosl nooams HanpsdiceHue, mo
8 eaze 603HUKHem mierowull paspso. Bviceoboouswiuecs npu uonuzayuu 2azosotl
cMecu INeKMPOHbL PA32OHAIOMCA U CMAIKUBAIOMC 8 OCHOBHOM C AMOMAMU 2elus,
HOCKONBKY UX 20paszoo 6onvuie. Bo3byscoeHHble amombl 2enus He u3basisaiomes om
U30bLIMOYHOU dHep2uU, UCNYCKASl C8emOosble KBAHMbl, d C Je2KOCMbIO OmOarm ee
amomam HeoHa, & pezyivmane 00pazyemcs cpeda ¢ uHeepcuell HaceleHHocmeu (mpu
VPOBHsL nt0C nodyposHu). Trerowuil paspsao 6 HeOHOBOU 1amne daem OKOJIO 08X Oe-
CAMKO8 CNEeKMPAIbHBIX JTUHUL, noumu éce 8 OudicHel uH@gpaxpacuou ooracmu. Ho
Ha 0OHOM U3 Nepexo008 803HUKAEM 8CeM U3BECIHOE OPAHI*CEB0-KPACHOE C8eYeHUe C
onunot eonnvl 632,8 Hm u ¢ snepeuei keaumos 1,96 3B. [Ipocmomul paou 060 écex
npouUX homMoHax 2080pumv He 6yoeMm.

Ilonsmuo, umo ceem HEOHKU 8 OCHOBHOM HeKOo2epeHmeH. Dmo 6edb He eOUHAs UH-
8EPCHAS Cpeda, Kaxcoblll amoM HeoOHa Uiyiaem He3asucumo om ecex npoyux. Ho u3z
9MO20 XA0CA MOIACHO U3BeUb CO2NLACOBAHHOE UNYUEeHUe, NPUYeM C NOMOWbIO BeCbMd
npocmozo npuemda. 3aKpoem mopyvl MpYyoOKU Cmpo2o NApailelbHbIMU 3epKaiami,
NepneHOUKYIAPHbIMU ee NPOO0OabHOU ocu. Abcontomuoe OONbUUHCIMBO CHOHMAHHO
U3TYYEeHHbIX (DOMOHOE YUdem CK803b CMeEKAAHHble CmeHKu Hapyxcy (noamomy KIIJ]
Makoeo nazepa Hegeiuxk — eOuHuybl npoyenmos). Ho ux ouensv u ouenv mnoco (1019-
1020 6 cexynoy!). 3nauum, cpeou Hux HenpemeHHo Haudymcs )OmoHbsl, Nymsb KOMo-
DbIX JIedHCUm Cmpo20 no 0Ceol TUHUU.

Ecnu maxkoti keanm becnpensimcmeeHHo 000panci 00 npagozo 3epKald, OH ompa-
3uUmcs, Oomnpasumcs 00pamHo 800.J1b MO JHce OCU U N0 NYMU 8CMPEMUmMcs ¢ 803-
0YIHCOEHHbIM amomMoM HeoHa. B pe3ynrbmame panoesy OH UHOYYUpyem usiydeHue
Gomona-konuu, u 8 OarbHeUwUli Nyms omnpagumcs yace gomountas napa. Ilo oo-
poze K 71e6OMY 3epKany OHU MO2YM HANIOOUMb euje MHONCECMB0 KIOHO8, KOMOpble
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OPYIAHCHO Ompa3samcs U O8UHYmMcs 8 oopamuom HanpaeneHuu. Llennas peakyus noti-
oem no Hapacmaroujei, U NPOCMPAHCMEO MeHCOY 3ePKAIaAMU 3aNOJHUMCA MUPUAOa-
MU KYPCUPYIOWUX 8340 U 8neped 00UHAKOBbIX (PomMOH08. 3epKania Ha KOHYAx mpyoxu
npespauiaom HeKo2epeHmHoe CHOHMAHHOe U3JYYeHUEe 8 KO2EPEeHMMHOE BbIHYIHCOEeH-
Hoe: mopyosvie peqhieKkmopvl U ecmb MOm CAMbll ONMUYECKUL Pe30HAMOop, KOMO-
Pblil He0OX00UM OJisL U320MOBIIeHUsL 1a3epa.

OoHako Kak evleecmu 3mo KocepeHmHoe usiyueHue 3a npeoeivl cpeovl? Coenaem
O0O0HO 3epKaN0 NOTHOCMbIO OMPANCAIOWUM, A 8MOpoe — NOLYNPO3PAYHbLIM. Hepe3 He-
20 KPACHbBLUL Y4 KO2EPEHMHO20 c8ema (HanoMHUM, Ymo éce (homonsbl umMerom oOUuHa-
KOBYIO 9Hepeuio, ¢hasy, Noaapuzayuro u Hanpaeiexue) noxuoaem npeoeivl cpeobi.
Jlazep 3anywen u 6yoem pabomams 00 mex nop, NOKAa He GbIKII0UAM NuUmaHue.

Koneuno, na npaxmuxe 6ce Heckonvko cioxcuee. Ymobwl unsepcus ovinia cmadbuio-
HOLUL, HYJCHO NPABUIILHO 8blOpAMb NIOMHOCMb 2A30680U CMeCU U JJleKmpuieckoe Ha-
npsicenue, a maxdce obecnedums U euje Koe-Kaxkue mexuuyeckue yciogus. Ho, xoms
8 YenomM NpUHYUn pabomvl 2e1Ue80-HeOH0B020 AA3epad He CIUUKOM CIO0MNCEeH, NYMb K
Hemy om 0ObIYHOU HEeOHOBOU NAMNbl 3aHAL POGHO NON6eKA. MO 6HOBb NOKA3bIEAEM,
Ymo HAayKa pazeueaemcsi OmH0b He No NPAMOU 80CX00auell TUHUU.

[TocTostHHBIN azpec Marepuana:
http:// www.popmech.ru/part/?articleid=393&rubricid=3
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3a0bITble oTuUbI N1a3epa

ABtop: Anekcell JleBun
Terral.ab Ony6nukoBano 01 utonsa 2006 roga

KanoHnueckasi Bepcusi HICTOPUU M300pPETCHUS Jla3epa MpOCTa, M3SIIHA W JAJIEKO HE
nosiHa. Beirnsaut ona tak. B 1916 r. Ans6ept Diinmrteiin (Albert Einstein) co3nan
TEOPUIO B3aMMOJICUCTBHS W3ITyYCHHs C BEIIECTBOM, W3 KOTOPOU BBITEKajaa MPUHITU-
nUaabHas BO3MOXHOCTh CO3/IaHHMSI KBAHTOBBIX YCHJIMTENICH W T€HEPATOPOB 3JIECKTPO-
MarHUTHBIX BOJIH.

B nepBoii nosoBune 50-X rogoB MOSBWICS NMPEAUIECTBEHHUK JIa3epa — aAMMHUAYHBIN
Masep, KBaHTOBBIA I'eHEpPaTOp MUKPOBOJHOBOTO M3JIYUYEHUS, MPAKTUYECKHA OTHOBPE-
MEHHO M300pETeHHBIN M TTOCTPOCHHBIN B HLIO-ﬁOpKe u Mockge. B CIIIA sty paboty
BeITONTHWIIM  TIpodeccop KomymOuiickoro ynuBepcutera Yapnp3d Taync (Charles
Townes) ¢ accucrenramu [xerimcom ['opaonom (James Gordon) u I'epOeprom Ilaii-
repoMm (Herbert Zeiger), B8 CCCP — nayunsie corpyaanku ®UAH Anexcanap Ilpo-
xopoB 1 Hukomnaii bacos. B 1958 r. Taync Bmecte ¢ kanaauem Aptypom lllaBnoBeim
(Arthur Schawlow) u He3zaBucuMo ot HUX IIpoXopoB janm TeopeTudeckoe 000CHO-
BaHHWE KOHCTPYKIIMU KBAHTOBOT'O TE€HEPATOpa CBETOBOTO M3IYUYCHUS, KOTOPBIM TOTIa
Ha3bIBAJICS HE JIA3€pOM, a ONTHYECKUM Mazepom. B mae 1960 r. coTpyanuk uccieno-
Batebckoro neaTpa Gupmer Hughes Teomop Meiitman (Theodore Maiman) 3amycTun
TIEPBBIA B MUPE JIa3ep Ha HCKYCCTBEHHOM pyOuHe. CIyCTs Mmoiroaa B JIa0OpaToOpHsIX
koprnoparuu IBM 3apaboTan undpakpacHslif Jiazep Ha GTOpUIE Kb ¢ T00aBKOM
HOHOB ypaHa, noctpoeHHbit [Iutepom CopoxunbiM (Peter Sorokin) m Mupekom
CruenconoM (Mirek Stevenson) (3TOT npuOop JAeHCTBOBAI JHIIB PU TEMIIEPAType
KUJKOTO BOJOPOJIa ¥ MPAKTHUYECKOTo 3HAUeHHs He npuodpen). Hakonen, B gexadpe
TOTrO K€ roga ucciegoratenu u3 Bell Laboratories Anu [[xaBan (Ali Javan), Yunbsam
bennert (William Bennett) u Honansa Xappuot (Donald Herriotte) mpoaemoHcTpu-
POBAJIM NIEPBBIN B MUPE ra30BbIN JIa3€p HA CMECH I'eiis U HEOHA, KOTOPbIM MOBCEME-
CTHO TIpUMeHsieTcs U B Hamu AHH. [locie 3Toro UMK M WHKEHEPHl BCETO MHUPA
BKJIFOUMJTUCH B TOHKY TIO CO3JJaHUIO0 BCEBO3MOXKHBIX JIa3€pOB, KOTOpAsk UJET U MO Cei
JICHb.

Bce aTu coObITHs 1EHCTBUTENBHO UMENHU MECTO, HO OJIHOBPEMEHHO C HUMH MPOUC-
xonwia U gpyrue. B 50-e roxsl Masepamu M jazepaMu IUIOJOTBOPHO 3aHUMAJIMCh
($u3MKHU, Ybs pOJIb M3BECTHA CETOJAHS JHIIb cnenuanucram. [lompoOyem xots Obl
YaCTUYHO 3aMOJIHUTH JIAKYHBI B ICTOPUH CO3/IaHUA Jla3epa.
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Kak pa6oraer sazep?

Jlo mosiBienust crarb DWiHImTeHHA "KBaHTOBast Teopus m3nydeHus" QU3NKA HE CO-
MHEBAJINCh, YTO MPOHUKAIOIINE B MaTEpUATIbHYIO cpely (DOTOHBI B3aUMOICHCTBYIOT
C DJICKTPOHHBIMU 000JIOYKAMHU aTOMOB M MOJIEKYJI JIMIIb JBYMsI MyTsIMU — JIKOO TIO-
IJIOMIAIOTCS. U MIEPEBOASIT YaCTHUIIBI Cpebl Ha 00Jiee BHICOKUN SHEPreTUUYECKUIN ypo-
BCHb, JINOO UCITYCKAIOTCS ¢ OJJHOBPEMEHHOM MOTEPEH dTUMHU YaCTUIIAMHU YaCTH CBOCH
SHEPrUM. DUHIITEHH MEPBBIM IMOHII, YTO CYLIECTBYET €Ile€ OJlHa BO3MOXKHOCTh. J[o-
MyCTUM, YaCTHUIIa BEIIECTBA YK€ HAXOUTCS B BO30YKJICHHOM COCTOSTHUU C DHEPTUEH
E,. Torna pu BcTpeye ¢ (OTOHOM, SHEPTUsl KOTOPOTO paBHA Pa3HOCTH MEXay E, H
sHepruent E; Apyroro, "HrbKenexamero' COCTOSHUS 3TOW YaCTHUIIbl, YACTUIIA U3TYyUUT
dboToH, a cama niepeiaeT B coctosHue £i. O4eHb BaXXHO, YTO HOBOPOXKJICHHBIN KBaHT
MTOJTHOCTHIO TOXKJIECTBEH IEPBOMY — y HETO Takas ke 3Heprusi E,—FE|, Takoe ke Ha-
IpaBJCHUE JBWKCHUS, TaKas e moJisipu3anusi U Takas ke ¢aza. [lomyuaercs, yTo
UCXOAHBIN (POTOH MPUHYKIACT YACTHUILY "TMOPOIUTH" ero coOcTBeHHyr0 Komuio. Ta-
KOIl_THII M3JyYeHHsI HA3bIBAETCS] BBIHYKIEHHBbIM (B 1924 1. 3TOT TepMHMH mep-
BbIM HCII0J1b30BAJ aMepukaHcknil ¢pusuk /IxxoH Ban Diek, John van Vleck).

B 0OBIYHBIX YCIIOBUSIX BO3ZHHMKHOBEHHE BBIHYXKIECHHOI'O HM3TYyYCHHUS MaJIOBEPOSTHO.
Ha »10 ectb aBe mpuunHbl. Bo-miepBbIX, SHEPrus 3aTpaBOYHBIX (HOTOHOB JOKHA
HaJJIeKauM 00pa30M COOTHOCUTBCS C IHEPTeTUYECKUM CIIEKTPOM BO3MOXHBIX CO-
CTOSIHMI YacTHI] CpEeJlbl, YTO CIy4yaeTcsi JajeKko He Bcerjga. Bo-BTOPHIX (M 3TO Bax-
Hee), B HOpMe cpefia TpeObIBaeT B TEPMOJIMHAMUYECKOM PABHOBECUH, U A0COIIOTHOE
OOJBIITMHCTBO €€ YaCTHI] HAXOJIATCA B COCTOSIHUM C MUHUMAJIbHBIM 3HAYEHHEM dHEP-
ruu (€ro Ha3pIBalOT OCHOBHBIM).

[Tagaromuii poTOH MMeeT HEM3MEPUMO OOJIbIIIE IIAHCOB BCTPETUTHCS UIMEHHO C Ta-
KOW YaCTULEH U IOTIIOTUTHCS €10, HEXKENIM I0NAaCTh B OKPECTHOCTh YACTHUIIBI, CIIO-
COOHOI B pe3yNibTaTe KOHTAKTa U3Ny4uTh (HOTOH-KOomHIO. [I03TOMY HEyAMBHUTENBHO,
YTO BBIHYKJICHHOE M3JIy4YEHHUE JOJITO€ BPEMS OCTABAJIOCH JIMIIb TEOPETHUUECKUM I10-
HATHEM. KOCBEHHBIE DKCIIEPUMEHTAIBHBIE CBHUJETENIBCTBA PEAJIBLHOCTU JTOIO SIBJE-
HUS BIEPBBIE NOSBWINCH B 1928 1., a mpsAIMbIE — NOYTH JBYMSI IECATUIETUSIMHU MO3XKE.

[TonyunTh BBIHYKIAEHHOE W3JIyYEHHE 3aMETHOM WHTEHCUBHOCTH B IPUHLMIE HE-
cinoxHo. JIlyummii (Ho, KaKk ceiluac M3BECTHO, HE €MHCTBEHHBIN) pELEnT NPeanuChI-
BaeT M3rOTOBUTH CPEAY, KOTOpasi CONEPKUT Ha BEpXHEM ypoBHe E, Oosbllie 4acTHIl,
yeM Ha HIKHeM E. B aTom ciydae y potoHa ¢ sHeprueit E,—FE| 0oJibliie IIIaHCOB 3a-
IyCTUTh TPOLECC TEHEpPAllMH BBIHYXIACHHOTO W3IyYCHHS, HEXEIU IOINIOTUTHCS.
Cpena, xoTopas OTBeYaeT 3TOMY YCIIOBHIO, HAa3bIBA€TCs WHBEPCHOW. MHBepcHbIE
Cpelbl IMOJIy4aloT UCKYCCTBEHHO, Pa3HbIMU CIIOCOOaMH, NMPUYEM BCE OHH TPEOYIOT
3aTrpaThl SHEeprud. CaMOCTOSITENIBHO TaKUE CPEbl BOSHUKAIOT OYEHb PEIKO — HAaIIpH-
MEp, 3TO MPOUCXOJUT B BEPXHHUX CIOSIX MAPCHAHCKON aTMoc(epsbl, Tae Mol JeHCTBH-
€M COJIHEYHOTO M3JIYyYEHHMs PE3KO YBEIMYMBACTCS AOJI MOJIEKYJI YITIEKHCIIOrO rasa,
HaXOASIIUXCS B BO30YKICHHOM COCTOSTHUH. JIF0OOMBITHO, YTO 3TO SIBIEHUE OBLIO OT-
KpBITO JINIIB B 1981 . — yepe3 MHOTO JIET OCIIE MOABIEHUS J1a3epa.

WNHuBepcHas cpena MOKET ObITh MCTOYHMKOM M3JIy4YEHUS, HO, KaK MPaBUIIo, (pu3nye-
CKU HEMHTepecHbIM. Takas cpefa BCEro JIMIIb CaMOIPOU3BOJIBHO (KaK roBOpAT (pu-
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3WKH, CIOHTAHHO) U3JTydaeT MO0 BCEM HaIpaBJieHUSM (DOTOHBI OAMHAKOBBIX dHEPTHMA
(MoHOXpoMaTHyeckuil cBeT). IMEHHO 3TO M MPOUCXOAUT Ha Mapce — BBIHYKICHHOE
U3JIyYEHUE MOJIEKYJI JABYOKHCH YTJIEpOJAa PAaBHOMEPHO pacCEMBAETCs IO BCEM Ha-
MIPABJICHUSM.

Curyanus pagukagbHO U3MEHUTCS, €CIIM U3 UHBEPCHOW Cpe/bl M3BJIEKATh SHEPTHUIO,
CKOHIIEHTPUPOBaHHYIO B y3KOoM Iyuke. [Ipoiie Bcero 3To cuenarb, IOMECTHB CPEy B
TpyOKy € 3epKajamMM Ha KOHIaX, HEPHEHAUKYJISPHBIMU K ocH TpyOku. Ilockonbky
CIIOHTAHHOE U3JIyYEHHUE PaCHpOCTPAHSAETCS BO BCE CTOPOHBI, KaKas-TO 4acTh €ro Ha-
IPaBUTCSA CTPOTO BAOJIb OCH TPYOKU. DTH (DOTOHBI, U TOIBKO OHH, MHOTOKPATHO OT-
pazarcs OT 3epKajl U U3BJIEKYT U3 CPEllbl CBOM MHOTOYUCIIEHHBIE KOIMU. B pe3ynbTa-
T€ MPOCTPAHCTBO MEXIY 3€pKajlaMU 3alOJIHUTCSA OJAMHAKOBBIMH (OTOHAMH, MEUy-
muMucsa B oboux HampasieHusix. [loka Bo3aeiicTBue Ha cpeny obecreuynBaeT coxpa-
HEHUE WHBEPCHUH, 3TO MOJIOKEHUE coxpaHsercs. OAHAKO €Clid XOThb OJHO 3€pKajo
cenaTh MOJMyIpPO3pPadyHbIM, TO YaCcTh (POTOHOB YHIET HAPYXKy (HETIPEPHIBHO WM HUM-
ITyJIbCAMH, B 3aBUCHUMOCTH OT TOTO, KAK IMEHHO OCYLIECTBIISIETCS HHBEpcHsl). B uro-
re BO3HUKHET JHOO CTaOMIbHBINA, TUOO MyJIbCUPYIOIIMA MOTOK (B Cilydae mapbl IO-
JYOpO3pavHbIX 3€pKajl — JIBa MOTOKAa) UACHTUYHBIX (poToHOB. [lo00HOE M3MTyUYeHHE
Ha3bIBA€TCAd KOIEpPEHTHBIM. B njeasie Bce KOorepeHTHbIE OTOHBI 00s13aHbI IBUTAaThCA
napasuieIbHO, HO Ha IPAKTHUKE JIyd BCE K€ OyAeT pacXOAUTHCS, XOTh U HE3HAUUTEb-
HO. DTO U €CTh JIa3ep, KBAaHTOBBII T'€HEPaTOp BBIHYKJIEHHOTO KOT€PEHTHOI'O CBETO-
BOT'O M3JIy4YEHHUS.

Boeixonut, uto ass paGoThI Jiazepa HEOOXOAUMBI TPU OCHOBHBIX KOMIIOHEHTA: OMTH-
YyecKkas cpena, CocoOHasi MPOIyCcKaTh U U31y4aTh (OTOHBI; (PU3MUECKHI MEXaHU3M,
NPUBOJSAIINNA €€ B COCTOSHHE MHBEPCHH (ITOT MPOIIECC HA3BIBACTCS HAKAYKOW); Ha-
KOHEII, YCTPOUCTBO JIJIsl CEJICKIIMU M YCWJICHUS] UICHTUYHBIX (POTOHOB (TaK Ha3bIBae-
MBI ONTUYECKUI pe30HATOP), B TAHHOM ClIy4yae — TOPIEBbIC 3epKaa.

Henb3s HE ynmoMsiHYTH €llie OJJHO Ba)KHOE OOCTOATENHCTBO. Jl0 CHMX MOP MOITYAIHBO
IpeaAIoiarajoch, 4Yro 3Heprusi E; oTBeYaeT OCHOBHOMY COCTOSIHMEO YaCTHUL[ CPE[bI.
OpnHako KOJIMYECTBO YACTHUIL B ’TOM COCTOSIHUM TaK BEJIHMKO, YTO CO3[1aTh MHBEPCHUIO
IPAKTUYECKU HepeaabHO. MHOrO JIydllle UMETh KaK MUHUMYM TPH 3HEPreTHUYECKUX
YPOBHSI — OCHOBHOM (£) 1 ABa BO30ykaeHHbIX (£ U E;), MEXy KOTOPHIMU BO3MOX-
Hbl nepexoibl. B OOBIYHBIX YCIIOBUSIX 3Ta Mapa ypOBHEH IOYTH IyCTYEeT, U €CiIH
SHEepreTUyYecKas MOANUTKA NEPEBOJUT ONPEIEICHHYIO JOJII0 YacTHUI] Ha YPOBEHb £,
TO MHBEPCHsI IO OTHOLIEHHWIO K YPOBHIO g; BO3HHMKAE€T aBTOMATUYECKHU, BEJlb OH-TO
noYTH He 3anoiHeH. [loaToMy, Kak mpaBuilo, Jiazepbl pabOTaIOT MO TPEX- U JaXKe ye-
TBIPEXYPOBHEBOM CXEME.

Bebep, Inxe u baomobepren

[IyTh K KBAaHTOBBIM T'€HEPATOpPaM KOTEPEHTHOTO M3IY4YECHHs 3aHS]1 HECKOJBKO Jecs-
tunetnil. B 1924 r. amepukanen Puyapn Tonman (Richard Tolman) nepseim gora-
JaJcs, 4TO SUHIITEHHOBCKAs TEOpPHUsl yKa3bIBAe€T Ha BO3MOXKHOCTh YCHJIMTH WHTEH-
CHUBHOCTD 3JIEKTPOMAarHUTHOTO M3Iy4eHHsI, 0€3 KOTOPOTo, KaK MbI cefiuac 3HaeM, Ja-
3ep HEe MOXeT 3apaboTaTh. Uepe3 HECKOIbKO JeT Hemenkue ¢usuku Pynonsd Jla-
nenoypr (Rudolph Laden-burg) u I'anc Kondepmanu (Hans Kopfer-mann) nonyunnu
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NIEPBBIE, TIOKA €Ie KOCBEHHBIC JOKA3aTeIhCTBA (PU3NMUECKON PeaTbHOCTH WHBEPCHBIX
cpen. B 1934 r. amepukanib Kimog Kinuton (Claude Cleaton) u Heitn Yunssamc (Neil
Williams) dakTtruecku HaOII01aTd UHBEPCUIO MOJICKYJI aMMHUaKa, KOTopas, KaKk u3-
BECTHO, OBbIJIa MOJIOKEHA B OCHOBY KOHCTPYKIIUU TEPBBIX MazepoB. B konme 30-x ro-
noB npodeccop BececorozHoro anekTpoTexHudeckoro UHCTUTyTa Banentun dabpu-
KaHT BBITIOJIHUJI CEPhE3HBIA TEOPETUUECKUN aHAIU3 METOJOB JOCTHKEHHSI HHBEPCUU
B razoBoMm pazpsae. B 1947 r. amepukanusl Bumwmic JIam6 (Willis Lamb) u PoGept
Pesepdopa (Robert Retherford) ¢ momoiibio BBEIHYXACHHOTO W3JIyYEHUS JTOOMIHCH
YCWJICHHSI SJIEKTPOMArHUTHBIX BOJIH, UCITYCKaE€MBIX MOJIEKYJIaMU BOJOpoAa. DTH pe-
3yJIbTaThl BKYIIE€ C PAOM JIPYTUX YACTUYHO PACKPHLIM BO3MOXKHOCTH, MpEJCKa3aH-
HbIEe Teopuel DUHIITEHA, HO B TIEPBOM MOJOBUHE JABA/LIATOTO CTOJICTHS JEI0 Jallb-
I1I€ HE IBUHYJIOCK.

Yapinp3 TayHC BCIOMHUHAIL, 4TO KOHUENINS Mas3epa MpUIia eMy B FOJIOBY 26 anpens
1951 r. On Obu1 B Bammurrone Ha KOH(pEpEeHINH, MOCBSIICHHON 00CYXIECHUIO HO-
BBIX METOJIOB F'€HEpPalMy BOJIH MHJIJIMUMETPOBOIO JTMAIa30HA ISl pau0JIOKATOPOB.

KnucTtpoHbl, MarHeTpoHsl U JIaMIbl OETyIleid BOJHBI, YCIICIIHO UCIOJIb3yEeMbIE B PO-
JIA UICTOYHUKOB CAHTUMETPOBOTO U3JIyUYECHUs, HE CIUIIKOM XOPOIIO OTBEYAIU HAME-
YEHHOM 1eNi. Pa3mbllsieHne Hal TIOUCKOM HECTAHAAPTHOTO IYTHU PELIEHUS 3TOM 3a-
Ja4M ¥ HaTOJIKHYJIO TayHca Ha ujero npudopa, KOTOPHIM MO3ke TO JU OH caM, TO JIH
€ro aCCUCTEHTHI (MHEHHUSI PACXOJIATCS) HA3BAIM MA3EPOM.

[IpumepHO B TO e BpeMsi WM YyTh paHbllle aHAJIOTMYHOE O3apeHHE MOCETUIIO U
npodeccopa snmekTpoTexHUKH Mbpapunenackoro yHuBepcuteta Jkoszeda Bebepa
(Joseph Weber). Kak pa3 Torma oH 3alMTiiI JOKTOPCKYIO JUCCEPTAIHIO O (DU3UKE,
paboTtas HajJ KOTOpPOH MPUMEHS dJeKTpoMarHuTHble BoiaHb CBY-amanazona s
WHBEpCUU Tazoo0pasHoro ammuaka. [lo xomy nmema BebGep rimyOGoko u3yuun 3iH-
IMITEHHOBCKYIO TEOPHIO U MPHUIIIEI K BEIBOAY, YTO C IIOMOIIHI0 HHBEPCUHA MOXKHO yCH-
JUTh HTHTCHCUBHOCTH M3TyUCHUS.

Jlerom 1952 r. OH U3T0KUJI CBOU COOOpaXKeHUsI HAa HayyHOU KoH(pepenuu B OTTase,
a erie yepes roj 0OHapo0Bal UX B CTaThe, KOTOpas craja NepBOMl OTKPHITOU MyOiu-
Karuel Ha 3Ty Temy. B Helt BeGep mokaszan, kak MOXHO MOCTPOUTh YCUIIUTENb MUK-
POBOJIHOBOTO M3JIyYEHHMS, UCIIOIB3YIOIIMNA TEPMOJNHAMUYECKA HEPABHOBECHBIM aM-
MHaK B Kaue€CTBE MHBEPCHOU cpeapl. OHAKO OH HE MOAYyMal O TOM, YTO 3aMKHYTasl
MeTaJNInYecKas MojJocTh (0ObEMHBINH Pe30HATOP) MPEBPALIAET ITOT YCUIUTEh B Te-
HepaTop. Kak uzBectHo, nMeHHO 3TO caenanu [Ipoxopos ¢ bacoBeiMm u rpynna Tays-
ca. bonee Toro, B OTCyTCTBUE pe30HATOpa pacueTHbIA KOIPPUIIMEHT YCUTICHUS MTPH-
Oopa moitydascsi BecbMa CKpOMHBIM, rmoceMy BeGep W pewurwi, 4To mpakTH4eCKOro
3HAUCHHUS TaKas KOHCTPYKIIMS UMETh He OyneT. Bckope oH yBiiekcs o01ieit Teopueit
OTHOCHUTEJIBHOCTH U KOHCTPYMPOBAHUEM IIEPBBIX B MUPE NETEKTOPOB I'PaBUTALMOH-
HOTO M3JIy4E€HUs, 4TO IIPUHECIO eMy B Hadane 70-X romoB MUPOBYIO M3BECTHOCTD.
Tem He menee Bebepa 6e3 coMHEHHsI MOXKHO Ha3BaTh OJTHUM U3 MIEpBOU300peTaTeNei
KBAaHTOBBIX YCWINTEIIEU U3ITy4CHUS.

3aMKHYTa$I IMOJIOCTh HE TOAWUTCA MJIA TCHCPAIlMH BBIHYXACHHOI'O OKOJIOCBECTOBOI'O H
CBCTOBOI'O HM3JIYUCHHA C JJIMHAMHKU BOJIH IOPAJKa MHKPOHA H z[oneﬁ MHKpPOHA, TYT
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HY>KEH OTKPBITBIN 3epKaibHBINA pe3onatop. [lepBeiM 00 sTOM moragaincs mpodeccop
[Tpuncronckoro ynuepcutera Pobept [uke (Robert Dicke), upesBbruaiino pasno-
CTOPOHHUU UCCIEN0BATENb, TOJTYYUBIINI MHOKECTBO BaXKHBIX PE3YJITATOB B 00Jac-
TH u3UKU U actpodusuku. B 1956 r. oH mogan naTeHTHYIO 3asBKY Ha anmapar is
reHepali KOTrepeHTHOTO MH(PaKpacHOTO CBETa, CoJepxkalui razoo0pa3Hyr0 ak-
TUBHYIO Cpelly, 0OpaMIIEHHYIO MOJynpo3pauHbiMu 3epkanamu. IlpaBna, Jluke noue-
MY-TO HE YTOYHWJI, YTO I'a3 HY>KHO IIEPEBECTH B TEPMOJUHAMUYECKHA HEPABHOBECHOE
MHBEPTUPOBAHHOE COCTOSHHUE, HO CKOpPEE BCEro JIMIIb II0TOMY, YTO CYEJl 3Ty ACTallb
HECYILECTBEHHON JuIsi bropo mateHToB. BO BCSKOM ciydae, caM OH BCErJa yTBEp-
KJ1aJl, YTO 3aciy’KMBaeT NPU3HAHMS KaK NEpBbIN N300peTaTens Jia3epa.

®daktruuecku [uke crmenan maxe O0ibIne, pa3padoTaB ¢ MOMOIIBIO CBOETO CTY/ICHTA
Bbproca Xokunca (Bruce Hawkins) ogun u3 crioco0OB MOTydeHUss MHBEPCHOM CpPEIIbI
— o0nydeHne ee CBEeTOM HY)KHOTO CIEKTpa W mojspu3anuud. IMEHHO 3TOT crmocobd —
METOJ] ONTUYECKON HAKAYKHU — MO3KE MPUMEHUIT CO3/1aTellb MEPBOTO B MUPE Jiazepa
Meiiman (1 ero »xe oaHoBpemeHHO ¢ Jluke B 1952—53 rr. He3aBUCcUMO pa3paboTanu
Ansdpen Kactnep [Alfred Kastler] ¢ komneramu Bo @paunnun). Y Jluke, mpeBOCX0/1-
HOTO SKCIIEPUMEHTATOPa U CUIILHOT'O TEOPETHKA, BPOJi€ Obl ObLIN BCE IIAHCHI MIEPBHIM
MOCTPOUTH AeUCTBYIOmMM nazep. OnHako B cepeaune S0-x J[luke 3aHscs rpaBuTa-
nuel u moaensmu Beenennoit — Becepbe3 W Hanouro. OH MOMyYMJT UCKITIOYUTEIBHO
BaYKHBIE JIJI1 KOCMOJIOTMH pe3yJbTaThl (B YaCTHOCTH, MEPEOTKPHUI JABHO 3a0BITYIO
TEOPUIO PEIIMKTOBOTO MUKPOBOJIHOBOTO M3IIyYEHHS ), HO yIlIeT U3 KBAHTOBOW MHUKPO-
AIEKTPOHUKH.

Eme onun u3 npenrey uaen nazepa — nepecenusiiuiics B CILIA rommannckuit pusmk
Hukonaac biom6epren (Nicolaas Bloembergen). B 1956 r., pabGotas B ['apBapze, on
omyOnuKkoBan ctatbio "[IpOeKT TBEpIOTENBHOIO Ma3epa HOBOTO THMA'", B KOTOPOW
pa3BUI TEOPHUIO TPEXYpPOBHEBOTO BO30YXKIEHHS WHBEPCHOW cpenbl. Brmepswle 3Ta
njiesl MOSIBWIIACH B KOPOTKOM 3ameTke bacoBa m IIpoxopoBa, HameyaTaHHOW 3UMOU
1955 r. B ZKOT®. OnHako UX cXeMa HUKOTJa He Oblla peaii30BaHa, a MpeaioKeH-
HbI BiioMGeprenomM mMasep UCHBITAIN YK€ Yepe3 HECKOJIbKO MECALEB Mocie MmyO0u-
Kaluu ero crathu. [lo3nHee oH BHIMOIHUI s GyHAAMEHTAIbHBIX UCCIEI0BAHUM 110
Ja3epHOM CIEeKTpocKonuu, 3a yto B 1981 r. 01 ynoctoen HobGeneBckoil mpemun
(Bmecte ¢ [llaBmoBBIM).

Takum ob6pazom, B 50-e roabl K pazpabOTKe Ma3epoB U JIa3epOB MPHIOKWIA PYKY
TPO€ TAJIAHTIUBEUIIUX (PU3UKOB, KOTOPHIE CO BPEMEHEM IPOCIABHIUCH COBCEM B
Ipyrux obnactsax Hayku. OJHAKO HUKTO U3 HUX HE MPOIyMall HJICIO Jla3epa B LeIoM,
Kak 3T0 4yTh no3aHee caenanu [Ipoxopos u Taync c IllaBioBsiM. Tem Gosee uHTE-
PECHO, YTO HE3aBUCHUMO OT ITUX KJIACCUKOB IPAKTUUYECKH OT Hadaya 0 KOHIIA Ja3ep
U300pesl HUKOMY HE M3BECTHBIA acnupanT KomymOMiicKOro yHHUBEpCUTETa, KOTOPBIMA
MOTOM TPUJILIATH JIeT JoOuBajics (M AoOuJCA-Taku!) mpu3HaHUs CBOErO MPUOPUTETA.
OH ¥ cTaHeT MOCIEHUM U TJIaBHBIM T€POEM ITOU CTaThHU.
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Opucces I'opaona I'ysina

I'opnon I'ynn (Gordon Gould) poauicst B 1920 r. Co cTOpOHBI OTIIa OH MPOUCXO I
OT OJJHOTO M3 MAacCaXXupoB JiereHaapHoro "Mpaiiduayspa", nocraBusuiero B Hopytro
AHITINIO NTEPBBIX KOJIOHUCTOB, a II0 MAaTEPUHCKON JTMHUM — OT (PPaHIy3CKOro MupaTa.
B 1942-M OH 3aIIUTHI MarkcTepcKyko IUCCEPTAIMIO 10 Gu3nKe B MembckoM yHH-
BEPCUTETE, NPENOJABal TaM Iapy JIET, a MOTOM IOJIYYHJI MECTO B CEKPETHOM HBIO-
HopKcKo#l naboparopun, pa3pabaTbiBaBIIe METOIbI PAa3JECHHs] M30TOINOB ypaHa
Ui MaHX3TTEHCKOTO NIpoeKkTa. B 3TO BpeMs OH yBIEKCS KOMMYHHUCTHYECKHMHU
UAeIMU M CTall MOCEIIaTh cOOpaHusi MapTsSUelKH, B pe3ysibTaTe 4Yero B Hayaie
1945 . octancs u 6e3 nomycka, u 6e3 pabotsl. [IpociyxuB yeTbipe rojga B 4aCTHOU
¢upMe, OH MOCTYNWJI B acmupantypy ¢usndeckoro Qaxynprera KomymOuiickoro
yHuBepcuteTa. Hayunblil pykoBogutens, Oyayumit Hobenesckuii naypeat [lomukapn
Ky (Polykarp Kusch), npennoxun ['ynay 3aHaTbcs CHEKTPOCKONUEN MeTacTaOuib-
HBIX aTOMOB TaJUIHSI.

JInst M3roToBIIEHUS TAKMX aTOMOB ['yJ MPUMEHWII COBEPILIEHHO HOBBIM JIJIsL TEX Bpe-
MEH METOJ ONTHYECKOW Hakauku. [locTenmeHHO OO0 HEro AOLLIO, YTO 3TUM IyTEM
MOKHO CO3/1aBaTh U MHBEPCHBIE cpelbl. Mes BbI3peBasia JOBOJIBHO J0JTO, HO B Ha-
yasie Hos0pst 1957 r. ['yna noHs1, 4To AJis MOJTy4YeHUs BUAMMOTO KOTEPEHTHOIO CBe-
Ta HYXXHO IIOABEPTHYTHh ONTHUYECKOW HAKAYKE aTOMAPHBIM WJIM MOJIEKYJISPHBIA ra3,
3aKJIIOYEHHBIN B TPYOKY C 3epkajiaMu Ha KoHIax. OH 0CO3HAJ TaKXe, 4TO JIJIsl BHIBO-
Jla U3JIy4YEHHUs] OJHO M3 3€pKajl JOJDKHO YacTh CBETA OTPAXKaTh, a YACTh IPOITYCKATh
Hapyxy. ['omom panbie 06 3Tom xe moragancs u Juke, Ho ['ynay 3To He ObUIO Be-
oMo, Beas Jluke HUdero He omyonukoBasl. OObEIMHUB HIICI0 HAKAYKU C WACCH OIl-
TUYECKOTO pe3oHaTopa, ['yia ckoHCTpyupoBal (TIOKa JIMIIh B COOCTBEHHOMN TOJIOBE)
HACTOSIIIUH JIa3ep.

A motoM oH ToBen ce0s HeoObIuHO. IHTepechl HayuHOU Kaphephbl TPEOOBAIM HEME/T-
JIEHHO HaIlMCaTh CTaThIO U MOCJIATh €€ B MEPBOKIACCHBIN XypHal. Oanako ['ynmy
ObLIO yk€ 37 JIET, OH BCE €IlEe YUCITUIICS aCIUPAHTOM U MOT OINAacaThCs, YTO CTOJIIBI
¢u3ryueckoro cooOIecTBa HE MOTOPOIATCS MPU3HATH €r0 PEBOJIIOLHUOHHOE OTKPHI-
THue. Byayun ¢ 1OHOCTH CKJIOHEH K M300peTareiabCTBY, OH UyBCTBOBAJl, YTO UMEHHO
3Ta CTe3sl CYJIUT €My MaKCHUMYyM >KU3HEHHBIX mancoB. [Toatomy ['ynn pemmn Hu4ero
He MyOJIMKOBaTh, a J00MBaThbcsa naTeHTa. OH 3aMOJHUI AEBATh OJIOKHOTHBIX CTPAHMUII
pacueTamu, OOBSICHEHUSMH U PUCYHKaMu U 13 HOsIOps 3aCBUIETENHCTBOBAN X Y HO-
tapuyca. CBoe n300peTeHrne OH Ha3Ball JIa3epoM — TaK M MOSBUJICS 3TOT TepMuH. Ha
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TeX Ke cTpaHuuax ['yia gan menslii CMCOK BO3MOYKHOCTEN MCITOJIb30BaHUS JIA3€POB
U B K&XJI0M CTPOYKE MOMaial IpsiMo B S0JI0UKO.

Oto 6buI0 nuib Havano. Ha cnenyrommit ron I'yng npuayman, 3anucain U 3aBepuil
€Ille HECKOJIBKO JIa3epHbIX U300pETEHU — B YaCTHOCTHU, METOJ HaKayku razooodpas-
HOM cpenbl 3NeKTpuyeckuMu pazpsaamu. OgHako B Bropo maTteHToB OH oOpaTuiics
mvib B anpene 1959 r. IleponavansHo ['ynn nmoyemy-To cumran, 4ro I MOIyde-
HUS TIATEHTa HAJ0 IMPEICTaBUTh HE TOJBKO ONHCAaHUE U300peTeHMs], HO U paboTaro-
IIUH IPOTOTHUI, KOTOPOI'O Y HEro, €CTECTBEHHO, He OblI10. Takoe npaBuiio U B caMOM
JieJie CyIeCTBOBaJIO, HO OblI0 oTMeHeHO eme B 1880 r., Oyayun ocTaBie€HO B Cuie
UMb A7 u3o0petareneil BeuHoro apuratensd. Kak HU cTpaHHO, 3Ta MH(OpManus
nouuia 10 l'yaga ¢ u3psAIHBIM ONO3AaHUEM, TaK YTO Y HEro IOSBWINCH CEPbE3HBIE
KOHKYypeHThl. ApTyp [1laBnoB npumen K uaee 3epKajJbHOTO pe30HATOPAa B KOHIIE 3U-
™Mbl 1958 T.; B mtone o u TayHC momanyu 3asBKy Ha HOBBIA puOOp, a B Mapte 1960-
ro MOJYYMIN NaTeHT. [’y ke TeM BpeMEHEM NOKMHYJI ACIUPAHTYpPy paau paOoThI B
¢upme TRG, koTopas peuriia 3aHATHCS HCIONIB30BAHUEM Ja3€pOB JAJsl HABEICHUS
pakeT. MUHHCTEPCTBO OOOPOHBI BBIEIHIIO MO ATOT MPOEKT MOYTH MUJUIMOH JI0JLJIa-
POB, OHAKO [’y HE CMOT MPUHATH B HEM Y4YacTHE, IOCKOJIBKY €My OTKa3aJld B BOC-
CTaHOBJICHHH JOIycKa. Yepe3 yeTbipe rofa OH MOJy4YHUIl MECTO MpenojaBarens (u-
3UKH B BpyKIMHCKOM MOJIUMTEXHUYECKOM MHCTUTYTE, IIOTOM CTaJl BULIE-IIPE3UIEHTOM
HEOONBIION KOMIaHUM, pa3padaThIBaBLICH ONTOBOJIOKOHHBIE NMPUOOPHI, a B 1985 T.
yIlIeJI Ha TIEHCHIO.

[ToxoH4MB c azepHBIM HU300peTaTENbCTBOM, [y TOMHOCTBIO OTAANICS OOphOe 3a
YTBEPKJIEHUE CBOUX IMATEHTOB, KOTOpas MPOJAOJIKANACH MOYTH TPHU JNECATUIICTUS —
cBoeoOpa3Hbiii pexops. CHavyana OH HEM3MEHHO NPOUTPHIBAJ, HO B KOHIIE KOHIIOB
nobuncst ceoero. B 1977 r. biopo mareHTOB BHepBble MPHU3HAIO €r0 MPUOPHUTET B
pa3paboTke MeToAa onTuyeckoil Hakauku. [IpaBna, 1o mareHTa Toraa /€10 He JOI-
JI0, TIOCKOJIEKY KOHKYPEHThI HEMEIJICHHO TMOJJId amneJuIanuio. 3asBka ['ymma He-
CKOJIBKO Pa3 MOJBEpraiach MOBTOPHBIM IKCIIEPTH3aM U OblIa OKOHYATEIILHO yTBEP-
JKJIeHa JIUIIL B CeHTs10pe 1986 T.

[Tocne nepBoii moGen! aAena nouutd B ropy. B 1979 r. I'ynay Obln BbIIaHBI TATEHTHI
Ha JIa3epHYI0 Pe3Ky, Ha IPUMEHEHHUE Ja3epoB B (POTOKOMHUPOBAIBHBIX MAIIMHAX U HA
Ja3epHBIA MOJHKOT TEPMOSIACPHBIX peakuuil. JJrwoonvimuo, umo I'ynd oozadanca o
makoi eo3modxcnocmu euje 6 1957 2., kocda nepcnekmuevt ynpaeniaemozo mepmo-
A0a CA3bIBAIUCH UCKTIOUUMENbHO C MAZHUMHBIM yoepicanuem naasmol. Ilpuns-
mo cuumams, YMoO NPUMEHEHUE NA3ePHO20 U3NYYeHUs 0714 Hazpeea Naa3mvl 00
mepmosaoepuvlx memnepamyp 6 1962 2. enepevie npeonoxcuau bacos u ewe 00un
o0yoywuit akademuk, Oneec Kpoxun. Kax eudoum, I'yi10 ux 3nauumenbHo onepeou.i.
B 1987 r. oH nosyuusa maTeHT Ha CO3/1aHHE MHBEPCHBIX CpPEJl C MOMOILBIO ra30BbIX
pa3psa0B, a €Le Yepe3 roj — MaTeHT Ha METOJ CHUYKEHUS IMOIJIOIIEHHs CBETa C I0-
MOILbIO 3aKoHa bprocrepa. OH HE CMOT JIMIIb TOOUTHCS MPU3HAHUS CBOETO MPUOPH-
TeTa Ha U300pETEHNE 3epPKAIBHOIO PE30HATOPA, ¥ C 3TUM IPULUIOCH TPUMHUPHUTHCS.

Onepxxannbie moOenbl caenanu ['yiaga oueHb OorarbiM 4esoBeKOM. ['OHOpaphl OT
MPOMBINIJIEHHOTO MCIOJIB30BaHUs €ro n300peTeHui B KoHile 80-X TO0B COCTABIISIIN
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HE MEHBIIE IBYX MUJUIMOHOB JIOJIIAPOB B I'OJ, & CO BPEMEHEM JOCTUIJIMU IISITU MUII-
JHOHOB. A BOT eciii Obl OH MOJTyYrJI CBOU MAaTEHTHI 0€3 3a/IeP>KKH, OHU TMPUHECTH ObI
€My MHOro MeHblie jeHer. OO0beM Jia3epHOro pbIHKAa CHayajga ObLI HEBEIUK, U K
KOHIly 70-X CpOK JeHCTBUSA MATEHTOB ycmena Obl ucTeub. IMEHHO Tak CIy4HJIOCH C
natentoM TayHca u 11laBiioBa, KOTOpPBI OTHIOJb HE 00OTATUII CBOMX JIepKaTesieid. A
B 1991 r. cynpb6a cnenana 'ynay emie ouH noJapok — ero UMsi BHec/u B peectp Ha-
nuoHanbHOro Xosna CnaBsl uzoOperareneil. Ocraercss 106aBuTh, 4To 'y CkoH-
qaJjicsl B CEHTAOpE IPOLUIOTo roja, 4yepe3 YeThIpe Mecslla IOoCIe UCTEYEHUs CPOKa
CBOETO MOCJIETHETO NIaTEHTA.

Ilo mamepuanam excenedenvruxa "Komnvromeppa"
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Kak paboTaeT nasepHbin NpUHTEP
N KCEepOKC

Kaxxnpiit u3 Bac cripiiman o ja3epHbIX MPUHTEPAX, B OOIBIIMHCTBE O(UCOB Ja3epHBIC
IPUHTEPHI UCIIOJB3YIOTCS IS [IeYaTH JTOKYMEHTOB.
MEI Bce 3HaeM O KadecTBe Me4aTH JIa3epHOro MPUHTePa, HO OYEHb HEMHOTHE CMO-
I'yT OTBETUTH Ha BOIPOCHI O IPUHIMIAX paOOTHI JIA3€PHOIO IPUHTEPA:
e Kakyto posb urpaer jgasep B J1a3€pHOM IIpUHTEPE?
e B dem pazHuna Mexay ja3epHbIM IPUHTEPOM U (DOTOKONMUPOBATILHON Mallu-
HOM (KcepoKcoMm)?
e MOKHO JIM MCHOJIb30BaTh OJHY CHCTEMY JUISl II€YaTH JOKYMEHTOB C KOMIIbIO-
Tepa U AenaTh POTOKOMHH TOKYMEHTOB?
e B uem npenmyniecTBa Ja3epHOr0 IPHUHTEpPA IO CPABHEHUIO C MaTPUYHBIM
IPUHTEPOM?
Ha crnenyromux crpaHunax Mbl JaéM OTBET HA 3TH M MOJ0OHBIE BOMPOCHI, paccMaT-
puBaeM (U3HUECKUE MPUHIUIIBI, KOTOPBIE JIEKAT B OCHOBE Pa0dOTHI Ja3€pHOro MPUH-
Tepa U KCEpOKca.
Jlazepubiii npuHTep ObLI H300peTeH Kopnopanueii Kcepoxe (Xerox) B 1972 ro-
ay. OH BHepBble JaJl BO3MOXHOCTh IOJIYYUTh C IOMOIIBIO KOMIIBIOTEPA JOKYMEHT
noJaurpaduIecKkoro KauecTna.
IIpouecc meyaru pa3duBaeTcsi Ha ABe CTAAUM:
[Tonmydyenue nHpopMaI, KOTOPYIO HY>KHO Ie€4aTaTh U Iepefada ero n300paxeHus
Ha MeyYaTaruiee yCTpoucTBO. B pa3BUTUM MedaTarommx yCTPOMCTB MOKHO BBIIAECIUTD
OCHOBHBIE ITaIbI:

ITeyararomas MalvHkKa.

MarpudHsbIil IPUHTED.

JlazepHslil npuHTEp (MapauIeNbHO MOSIBUINCH CTPYHHBIE PUHTEPHI, KOTOPHIE
MBI HE Oy/IEM paccMaTpUBaTh).

1. Ilepenauya undgopManuu U3 MEYATAWINEr0 YCTPOHCTBA HA Oymary.
DOTOKONUPOBATIBLHAA MAIIUHA (KCEPOKC) U Ja3ePHbIN MPUHTEP
CymiectByet 00JbIlIOE CXOJCTBO B Mpollecce NMeYaTH HA JIa3epHOM NPUHTepe U B
(poTOKONMUPOBAIBLHOM MALIMHE — KCePOKce. B 3Tux cucremax npouecchl nepeHoca
uH(popmaly Ha Oymary oJIMHAaKOBBI, OCHOBHAsI pa3HHIA COCTOUT B CIIOCO0AX mepe-
naun uHGopMaluu Ha (OTOUYyBCTBUTENBHBIN OapabaH:

e B kcepokce — ontuyeckoe U300pakeHUE COAEpKaHUsA JOKYMEHTa CO3JaeTcs
JIMH30BOU ONTUYECKOW CUCTEMOM. JIBHMXKYyIlEeCs IPKOE OCBEIIEHUE CKAaHUPYET
JOKYMEHT M Ka)Jas 4acTh JIOKyMEHTa OToOpakaeTcs Ha (pOTOUYBCTBUTEINb-
HOM OapabaHe.
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Puc. 1. ®otokonupoBanbHas mamnHa ("kcepokc')

e B snazepnom npunTtepe — undopmaius oueHb ObBICTPO Tpeodpasyercs Ha do-
TOYYBCTBHUTEIbHBIN OapabaH Mo OJHOI TOYKe C MOMOIIBIO JIA3EPHOTO JIyya,
KOTOPBIN CKaHUPYET (POTOUYBCTBUTEIHHBIN OapabaH.

Puc. 2. JIazepHblii ipuHTEP

Hcmopuueckaa cnpagka
B pa3BuTuu nevarammmx yCTpOUCTB MOKHO BBIJEIUTh OCHOBHBIE 3Tallbl:
IleuaTaromnias ManimHKa.
Marpu4dHsbIil IPUHTED.
JlazepHblil npuHTEp (MapajuieNbHO NOSIBUINCH CTPYHHBIE MPUHTEPHI, KOTOPHIE
MBI He OyIeM paccMaTpUBaTh).
B neuararwmeii MmammMHke Kaxaas OyKBa WM CUMBOJI UMEIOT COOCTBEHHYIO KJja-
BUIY Ha KJIaBHATYypeE.
B nepBbIx MammHKax ObUT MPOCTOM MEXAHU3M CBSI3M KJIABUIIM W pbluara, KOTOPBIHA
yAapsl 10 JIGHTE ¢ YepHuiIamMu. B pesynbTaTe Ha Oymare mosiBIsICcs 3HAK TpeOyeMoit
(bopMBI.
[To3:xe MoABUINCH MAalIMHKU CO CHEIHAIbHBIM IIaPUKOM, Ha KOTOPOM ObLIIM HaHece-
HBI Bce OyKBbI M 3HaKu. [Ipu neyatu Hy»kKHOTr0 3HaKa IIapUK OBOPAYMUBAJICS HA COOT-
BETCTBUU YI'OJI M YJapsjl IO Kpacsiien jgeHTe. Takoe HOBOBBEIECHHUE IO3BOJISIIO MC-
MOJIb30BaTh 3HAKU Pa3IUYHON (HOPM M pa3MEpOB: JTOCTATOYHO OBLIO 3aMEHUTH IIa-
PHK.
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MaTtpuyHble NPUHTEPBI — MEPBbII MAaTPUUHBIN TPUHTEP ObUT MOX0XK HA MEYaTaro-
IIyI0 MammHKy. MexaHn4eckoe JaBiIeHUE Ha KPACSIIyIo JICHTY CO3/1aBajio M300pa-
»KEeHUe Ha Oymare.

Pa3nuna cocrosia B TOM, 4YTO B IPUHTEpPaAX HE OBLIO OTJAEIbHBIX 3HAKOB U CHMBOJIOB.
Tpebyemoe m3zo0OpakeHHE CO37aBajOCh COOTBETCTBYIOIIMM HabopoM Touek. CrtaH-
JApTHOE YUCJIO TOUYEK (MTOJIOK B MEYATAOUIEH IOJIOBKE) HA OJIMH CHUMBOJI COCTABJISIET
9, 18 u 24. Ka4ecTBO me4yaTu yBeJMYNBACTCH NMPH YBEJUYEHHH YHMCJIA UTOJIOK.
JIns kaxoi OyKBBI, CUMBOJIA B KOMIIBIOTEPE UMEETCSI CIIEUUANIBHBIA KO, KOTOPhIN
nepenaercs Ha npuHTep. [IpuHTEp Mpeoldpa3yeT ATOT KO B yAapbl HTOJIOK It (hop-
MHUPOBaHHUSI IO TOYKAM HY>KHOTO U300pakeHUsI.

[lepBble MaTpu4HbIC IPUHTEPHI MEYATAIA JOKYMEHT CTaHAAPTHBIM HIPU(PTOM MOCTE-
IIEHHO, CTPOYKa 3a CTpOoUYKOu. [IepBbie KOMIIBIOTEPHI IEPEAABATIN JOKYMEHT HA IPUH-
TEp TOXE MOCTENEeHHO, OyKBa 32 OyKBOM.

B nanpHenmeM npUHTEPHI CTady OCHAIIATHCS BHYTPEHHEH NaMATBIO, MI02TOMY 3a
OJIMH pa3 KOMIIBIOTEP NepeaaBa MOPIH0 HH(OPMaLUU, TPUHTEP €€ COXPAHSI U T0-
CTEIIEHHO I1eYaTal.

Ceityac MaTpUyHbIE IPUHTEPHI UMEIOT OOJIBLION 00BbEM BHYTPEHHEH MaMsATH, O3TO-
MY OHU MOTYT IleyaTaTh pa3HbIMU LIPU(PTaMU, MOTYT MeyaTaTh rpaduKu, YepPTEKU U
nuchMa pazianuHoil gpopmsl. HemoctaTok MaTpU4HOIrO MPUHTEPA COCTOUT B TOM, YTO
OHM MEYATAIT 0YeHb MEJJICHHO H 0YeHb LIIYMHO.

B Js1azepHOM mpHHTEpe CyLIECTBYET COOCTBEHHBIN MPOLECCOP, KOTOPbIA KOHTPO-
JUPYET BHYTPEHHIOIO MaMsTh NMpuHTepa. OCHOBHAs 4acTh mpeoOpa3oBaHUs UHPOP-
Mall{ B BHUJIE DJIEKTPUYECKUX HMITYJIbCOB, KOTOPBIE NPUXOIAT U3 KOMIIBIOTEPA, B
n300pakeHHe Ha Oymare BBINOJHAETCS JIa3epHBIM NPUHTEpPOM. TakuMm oOpasom,
KOMIIBIOTEP MPOCTO MOCHIIAET HYKHYIO MH()OPMALIMIO Ha IPUHTEP U 3aT€M OCBOOO-
XKJAeTCsl OT IIpoliecca MevyaTy.

IIpouecc nmepenoca uHpopmMauuu Ha OymMary B JIa3epHOM IPHHTEpe O4YeHb IO-
X0K Ha mpouecc nepeHoca uHpopmauuu B GoTOKONUPOBAILHON MALIMHE — KCe-
poxce. [IoaToMy MBI CHauasa pacCMOTPUM 3TOT IIpoLECC.

OO0bsicHeHHe epeHoca HH(popMauM Ha Oymary

[lepenoc nHpopmanuu Ha Oymary B JIa3epHOM NPUHTEPE OCYIIECTBISETCS MpOLEeC-
COM, KOTOPBIHA Ha3bIBaeTCs "dJIeKkTpodoTorpadpuein’.

D10 Ha3BaHUE 00BEIUHSET BCE MPOIECCHl CO3AAHMS N300paKEHUsI, KOTOPbIE OCHOBA-
Hbl Ha (poTO3NeKTpUIecKOM 3P dekTe. B KCepokcax B KaUeCTBE HCTOYHUKOB CBETA
UCIIOJIB3YIOTCSl JIaMITbl Pa3jIMYHbIX TUNOB. B cOBpeMEeHHBIX (HOTOKOMUPOBAIBLHBIX
MalImHax, B KOTOPbIX KOMOMHUPYIOTCSI TPOLECCHI JIa3epHOM meyatd U (POTOKOMUPO-
BaHMS, B KAUECTBE UCTOYHUKA CBETA UCIIOJIb3YETCS JIa3ep.

Tak xak Ha3zBaHue eKTpodoTorpadus BKIOYAET MHOTO MPOIECCOB, MBI PACCMOT-
pUM TOJILKO HanOoJiee 0OIINiA TPOIIECC, KOTOPHIN HA3bIBACTCS Keeporpadusi.
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ITpouecc kceporpadguu
[Tpornecc keceporpadguu co3gaet n300pakeHUe Ha Oymare 3a 5 3TaroB, KOTOpbIe 000-
3Ha4YeHBI Ha puUC. 3.

OYHUCeTHA
PUKcaLMA I-'IHI:IJOPME.LII-‘IH
Ha Evmare EEPEEEHE @ CHCTeMa

sapaga
Tepmoneyka <jf“

gapadaHa

@

MepeHoc

HMHpopMaLK @ DoTonpoEoAALLMHA -~
c GapadaHa bapabaH -—
Ha Eymary Januck
HHopMaLKi
Ha GapadaH

_'_‘_'_,_:—"r
Bymara

—_

=0

MepeHoc
LEETHBIX YacTHL,
Ha GapaGaH

Puc. 3. OcHoBHas cuctema kceporpapuu

Cucrema kceporpauu OCHOBaHA Ha KCIOJIH30BAHUN BPANIAIOIIEroCsi MeTa/Linye-
cKoro OapadaHa, KOTOpPbIi MMEET TOHKOe (POTOUYYBCTBHTEIbHOE AHIJIECKTPUYE-
CKO€ MOKPBbITHE. DTO MOKPHITUE YYBCTBUTEJIBHO K 00JIy4eHHIO CBETOM M Ha3bIBa-
ercs GOTONPOBOTHUKOM.
[Tpumepsb! (HOTOTPOBOTHUKOBBIX MaTEepUaIoB: aMOP(hHbBIN celieH, Cyab(u T KaaMusl.

e TonmuHa TOHKOro AUAJIEKTpUUecKoro ciost paBHa 20-100 Mkm

e DJIEKTPUYECKOE COMPOTUBIICHUE 3TUX MAaTEPUATIOB B TEMHOTE COCTABIISIET Be-

munny nopsiaka 10'%-10'° Om-cm.

[ToaTOMY RJIEKTpHUYECKHI 3apsia Ha 3TOM AMDJIEKTPUYECKOM CJIO€ OCTAeTCs 0 TeX
op, MoKa cJI0i He OyJeT 00JIy4eH CBETOM.

Puc. 4. ®oTtonpoBoasimue 6apadbaHbl
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IIpu o0syuyeHun cBeToM GOoTONPOBOAAILIMI CJI0i HAYNHAET NPOBOAUTH TOK. JTO
O3HAuYaeT, YTO €CJIM Mbl CHayasa 3apAauM (HOTOUYBCTBUTENbHBIN OapabaH MOIO0KH-
TEJIBHBIM 3apsIOM, a 3aTEM OCBETUM TOJIBKO OIPEIEICHHbIE yacTh OapabaHa, TO 3a-
PSJl YMEHBIIUTCA TOJIBKO B OCBEIIEHHBIX 00IACTSIX.

Cmaouu neuamu:

IIpouecc meyaTn COCTOUT U3 NMATH ITAIOB:

1. Bpamarwumuiicss (pOTOUYBCTBUTEJIbHBIN O0apadaH 3apsKaeTcsi MOJIOKH-
TeJbHO, IUNIOTHOCTh 3apsAJia Ha MOBEPXHOCTHU oJMHAaKoBa. bapabaH cBs3aH C BBICOKO-
BOJITHBIM HMCTOYHHKOM (TBICSYM BOJIBT), KOTOPBIM 0O€cleyuBaeT Mpolecc 3apsjaa.
Bricokoe HamnpsbkeHHe CO3/1aeT ANEKTPpUUYECKUil paspsii (KOpOHHBIN paspsn). B aJiek-
TPUYECKOM pa3psije IPOUCXOIUT HOHM3ALMA MOJIEKYJ BO31yXa, 3apsIKEHHBIE HO-
HBI OCE/Ial0T Ha OapabaHe.

Puc. 5. YcTpoiicTBO KOpOHHOTO pa3psiaa

2. IlepeHoc 1aHHBIX HA 0apadaH ceJIeKTMBHBIM OCBellleHHMeM 0apadaHa:

B nazepnom npuHTepe, nndopmanus nepeHocurca Ha O0apabaH ¢ MOMOIIBIO
JIa3epHOro Jy4a, KOTOPbI CKaHHpyeT o0jacTh (POTOUYBCTBHTEIHHOTO OapabaHa.
JlaHHbBIE TEPEHOCATCS JIA3ePHBIM JIy4OM B IPOLIECCE YIPABIAEMON KOMIIBIOTEPOM
MOAYJIALMY (JIETaId ATOTO Mpolecca OyAyT JIaHbI TTO3KeE).

B ¢oroxkonupoBaibHON MalIWMHE OYEHb SPKUK CBET OT TaJOT€HHOM JIAMIIbI
OCBEIIAET KONMUPYEMbIM NOKYMEHT. Konmupyemblii TOKYMEHT SBJISETCS MCTOYHUKOM
CBETa B ONTHUYECKON CHUCTEME, KOTOPasi COCTOUT U3 HECKOJbKUX JIMH3. JTa CHCTEMA
dbopmupyet u300pakeHre JOKyMeHTa Ha () OTOUYBCTBUTEILHOM Oapabane. Eciu cBeT
momnajaaeT Ha O0apabaH, IPOUCXOIUT YMEHBIIICHHE YJICSKTPUUECKOTO 3apsiaa, T.K. Oapa-
0aH B 3TOM MECTE CTAaHOBUTCS MPOBOIANTUM. [[pakTHYECKH, FJIeKTPUYECKHA 3apsa
0CTAaeTCs TOJBbKO HA HEeOCBEIIeHHbIX MecTax 0apadaHa, T.e. HA T€X MECTax, e
MCXOJIHBIN JIOKYMEHT UMEET UepHbIi 1BeT. IMEHHO 5Tu MecTa U HeCcyT UHPOPMAIUIO
Ha OesioM JMcTe Oymaru.
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Puc. 6. PaGounii cTon Kcepokca ¢ OpUruHaJIoM JOKYMEHTa

3. Co3nanue 3JIEKTPOCTATHYECKOI0 M300pakeHHsl HA Bpamjamemcs: ¢(o-
TOYYBCTBUTEJIbHOM OapadaHe.

Bpamaromasics moBepxHOCTh (POTOUYBCTBUTENHHOTO OapabaHa MPOXOIUT PSAIOM C
KOHTEHUHEPOM (KapTpHUIHKEM), KOTOPBIN COIEPKUT HBETHOM MOPOLIOK (TOHEP).
[[BeTHO! MOPOLIOK COCTOUT M3 OYEHb MEJKHMX YACTHIL, CPEIHUN NHAMETP KOTO-
pbIX paBeH 10 MKM.

OTH 4acCTULBI MOPOIIKA CMEIIUBAKOTCA ¢ MArHUTHBIM MaTEpHAIOM, KOTOPBIM MO-
KPBIT ITOIUMEPOM. MarHuTHBIM MaTeprall BBI3BIBAET NMPUTATUBAHUE ITHUX YaCTHULL
K MarHUTHOW "mieTke", KOTOpas pacroyiokeHa pAaoM ¢ (HOTOUYBCTBUTEIbHBIM
OGapabaHoM.

YacTuipl MOpoIika 3apsokaroTes (pa3imdHbIMU, OCHOBAHHBIMUA Ha TPEHUH, METO-
JaMU) 3apsoM, 3HAK KOTOPOrO MPOTHUBOMOJIOKEH 3HAKYy 3apsiaa (HOTOUYBCTBHU-
TeapHOro OapabaHa.
OTU 3apsHKEHHBIE YACTHUIHI JIEKTPOCTATHYECKH NMPUTATHUBAIOTCH K 00JacTsM,
KOTOPBIE OCTAJIUCh HA TOBEPXHOCTH OapabaHa 3apsKeHHBIMH, OCEIAIOT HA HUX.
DTOT MPOIECC MPAKTUYECKH CO3/IaeT JIEKTPOCTATHUYECKOE OTOOpakeHue MHPOp-
MaIlluu.

4. Ilepenoc n3o0paxkeHus ¢ GoTouyBCTBUTEJIHLHOIO 0apadana Ha Oymary.
Korma Gymara mpoxoaut psaom ¢ 6apadaHom (cM. puc. 3), ee oOpaTHast CTOpOHA
HaxXOJUTCS TMOJ| OY€Hb OOJIBIIIMM JJICKTPUUYECKUM IMOTEHIHAIOM. 3a CUET 3JIeK-
TPOCTATHYECKOI0 MPUTSIKEHUsI MEKIY 3apsDKCHHBIMA YacCTHUIAMHU TTOPOIIKA U
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ATOW CTOPOHOM OyMaru MpOMCXOIUT MEPEHOC IIBETHBIX YACTHIl TOHEpa ¢ Oapaba-
Ha Ha Oymary.
5. ®uxkcanusa u3o0paxkeHus: Ha Oymare.
bymara ¢ nBeTHBIMM YacTHULAMHM IMPOXOAUT 4YEpe3 "TEpPMOMNEUKY', TeMIepaTrypa
KOTOPOM COCTAaBIJIIET HECKOJIBKO IECATKOB TrpanycoB llenscusa. Ilpum BeICOKOM
TEMIEpaType YaCTHIIbI MOpoIIKa (pukcupytoTcss Ha Oymare ("BrutaBisioTcs" B 0y-
Mary).
[Ipumepom 3TOr0 Mponecca MOKET CIY>KUTh MPOXOKACHUE OyMaru yepes JiBa co-
NPUKACAIOIIMXCS BpAlAIOIINXCA UUJIMHIPA, OOUH U3 KOTOPBIX HArpPeET JI0 BBICO-
KO TEeMITepaTypPhl.
MIMeHHO 1O 3TOM NPUYMHE JUCT OyMaru nocje Ja3epHoro MpuHTEpa UIN KCEpOK-
ca BBIXOJUT TEIIbIM.
Cpazy mociie msToro 3Tana OCTaBIIMECs YacTHIIbI MTOPOIIKa OYUIaloTes ¢ 6bapabaHa
(otam 6 Ha puc. 3) u 6apabaH CHOBa BO3BPAIIAETCS K UCXOJHOMY COCTOSIHUIO, T.€. 3a-
psKaeTCs MOJIOKUTENIBHO (3Tar 1).
@OTOUYBCTBUTENbHBIA OapabaH MO3BOJIAET A0 3aMEHbI ClIeJaTh HECKOJBKO ThICSY
KOTINM.
OnucaHHbIN MpolecC UCHOIb3YEeTCsI B OOJIBIIMHCTBE (POTOKONUPOBATBHBIX MAIIHH.
OO6b1yHO 3T MamuHbl Ha3biBatoTcsa "Kceepokce", Tak kak mepBasi mMamimHa Oblia pas-
paborana kommanueir Xerox. Ceiluac Takue MallMHBI TPOU3BOASTCS MHOTUMU (Hup-
MaMH.
AHanoOruyHeI MpoIecc, B KOTOPOM HCMOJIb3yeTcss He (OTOUYBCTBUTEIBHBIN Oapa-
0aH, a (oTouyBCcTBUTENbHAA Oymara, Ha3bIBaeTcs "iekTpodakc”.
BriBoa
IIpouecc kceporpaguu — 3T0 NPOLECC CO3AAHUS IJTEKTPOCTATHYECKOr0 M300pa-
JKEHHUS CEJIEKTHBHBLIM Pa3pf/ioM NpeIBAPUTEILHO 3apsKeHHOH (OTOUYyBCTBH-
TeJIbHOW MOBEPXHOCTH.

[IposiBieHNE ATOTO AIEKTPOCTATUIECKOTO M300paKEHUSI OCHOBAHO Ha (PpU3MUECKOM
npouecce NPUTITUBAHUS 3aPSKEHHBIX [[BETHBIX YaCTHUIL (TOHED).

B oTnuuue ot mposiBiieHUs] KHHOIUJIEHOK B (DOoTOrpauyeckoM mpolecce, B mporiecce
Kceporpaduu HE HCIIONB3YIOTCS XHUMHYECKHE peaknuu. BakHo, 4To Kceporpadus
NPUHIUITHATBHO CyX0il (POTOXMMHYECKHii Mpomecc, B KOTOPOM HE H3MEHSIOTCA
CBOWCTBa ()OTOUYBCTBUTEIHHOTO OapabaHa U He TPeOYIOTCH XMMHKATHI AJsl MPO-
necca mMposiBjaeHusi. EJMHCTBEHHBIM PACXOIHBIM MAaTEPHAIIOM SIBIISIFOTCSI YaCTHUIIBI
TOHEPa, KOTOPbIE BIUIABJISAIOTCA B OyMary Ha 3aKJIIOYUTEIIbHOM dTare Harpena.
[Topo1iok ToHEepa COCTOUT U3 OKCHAA LIMHKA C J0OaBICHUEM KpaCSIIEero BEeIlecTBa.
Tak kak Bech Mpolecc OCHOBaH Ha CEJIEKTUBHOM OCBEIICHHH ()OTOTYBCTBUTEIHHOTO
Oapabana, sSICHO, YTO C MOMEHTa TMEPBOHAYAIILHOTO 3apsja OapabaHa 10 mepeHoca
gacTull Ha Oymary mporecc J0HKEeH MPOXOAUTh B MOJHON TEMHOTE, 32 NCKITIOUCHH-
€M OCBEIICHHSI Pa3psIOM.

[Tocrme ananm3a mpolecca co3JaHusl M300pa)xkeHHs HAa Oymare, KOTOPBIA SIBISIETCA
oM 1St POTOKOTTUPOBATHHBIX MAITMH M JIA3EPHBIX MPUHTEPOB, PACCMOTPUM He-
KOTOPBIE OCOOEHHOCTH PabOTHI JTA3€PHOTO MPUHTEPA.
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B nmazepHOM nmpuHTEpEe MMEETCS ONTHYECKAsl CHUCTEMAa /ISl MOCJIeJ0BATEIbHOIO
TOYEYHOIr'0 OCBelleHUsI (POTOUYBCTBUTEJIBHOr0 0apadana. MOXHO CKas3aTb, 4TO
uH(popMaIs 3aMrchbiBacTCs ""cCBeTOBOM PYYKOii'".

Cxema ONTUYECKOM CUCTEMBI JIA3CPHOTO ITPUHTCPA ITOKAa3aHa Ha PHUC. 8.

MoAyNATOp

3epkano W5
s N’ """"" T ;
: 5 3epkano

é

¥ Npusma

Bpawawwmrnca Hasep

3epKanbHbIN
MHOTOTPaHHUK

o

Puc. 8. Cxema onTHYeCKON CUCTEMBI JIA3€PHOTO MIPUHTEPA.
3anuch TaHHBIX OCYIIECTBISICTCS ABYMSI CUCTEMaMU B JIBa 3Tara:

1. Cucrema /i1 KOHTPOJISI HHTEHCUBHOCTH JIa3€PHOIO Jy4a, JJis 3alicu KOH-
KpPETHOUM MH(pOPMAILIUU B IAHHYIO TOUKH.

2. OnTnyeckasi CKAaHUPYIOLIAA CHCTEMa, KOTOpasl IepeMEIIAeT JdyY JUIs 3alUCU
uHGOpPMAIUH B KaXKI0H TOUKE CBETOYYBCTBUTEIHHOTO OapabaHa.

1. MOI[yJIﬂTOp AJI KOHTPOJISI HHTCHCUBHOCTH JTa3€PHOIo Jy4da:

JlanHbIe IS TIeYaTH XPAHITCS B KOMIIBIOTEPE W UX HYXKHO Mpeodpa3oBaTh B OI-
Tudeckuid curnai. Ilporecc npeobpa3oBaHus JaHHBIX B ONTUYECKUA CUTHAN Ha-
3pIBAaCTCS MOAYJsHuen. BaxxHo, 4TO mpu 3TOM NPOUCXOAUT U3MEHECHUE WHTEH-
CHUBHOCTHU JIa3€PHOTO Jy4ya, KOTOPBIA CKaHUPYET (POTOUYBCTBUTENbHBIN OapabaH.
HNmenno momynsTop ompezenseT MHGOpMAIMIO, KOTOpas 3alHChIBAETCS B KOH-
KpEeTHOU Touke OapadaHa.

B coBpemeHHBIX JIa3epHBIX MPUHTEPAX MCTOYHUKOM CBETA SIBJIACTCS JIa3epPHbIN
amon. Tak kak mpu M3MEHEHUH TOKA M3MEHSETCS U MHTEHCUBHOCTH HU3JIy4YECHUS
Ja3€pHOTO AUOAA, TO CIIEHUAIBHOIO MOIYJIATOpa HE TpedyeTcs.
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[IpocTeie 1 HaAEKHBIE JIa3epHble THOAbI M3JIY4YalOT B OnmkHel nHppakpacHOU
ob0nactu — 680-850 HM.
Onnako, poTOUyBCTBUTENbHBIE OapabaHbl HE UYBCTBUTENIbHBI B 3TOM CHEKTpaIbHOU
obOnactu. Jlyia Ja3epHbIX AMOJIOB ObUIM pa3palbOTaHbl CIEIHATBHBIE OPraHUYECKUe
(dboTOUyBCTBUTEIBHBIC OapabaHbI.
Tak KaKk THTEHCUBHOCTbH JIA3€PHOTO JIMOJa MOKHO MEHSTh HEMPEPBHIBHBIM CIIOCOOOM,
TO MOXKHO OCBelIaTh (POTOUYBCTBUTEJbHbIA O0apadaH JIydoM pa3jM4HONl OCBe-
meHHocTH. TakuM o0Opa3zoM, Ha JIA3€pHOM NPHUHTEPE MOKHO IE€YaTaTh pazuyHbIC
OTTEHKH Ceporo (WY MevaTaTh B pa3IuYHBIX [IBETAX).
2. OnTHyeckasi CKAaHUPYIOIIAs CHCTEMA
OnTuyeckas CKaHUPYIOIIAsl CUCTEMa YNPAaBIs€T HAIPABICHUEM JIA3€pHOTO Jyya,
KOTOPBIM JOJDKEH MOMNaJaTh B pa3iMuHble TOUKHU Bpaliaromerocs GoTouyBCTBHU-
TeapHOro Oapabana. JIyu ckaHUpyeT MOBEPXHOCTh OapabaHa TOYKY 3a TOYKOM,
JIMHUIO 32 JTUHUEH.
VYrpaBiieHHE UHTEHCUBHOCTBIO JIA3€PHOTO JIy4ya MO3BOJSET 3aMKCHIBATH HYXKHYIO
uHbopMaIuio (pa3IuyHbIC I[BETA) B ONpeeIeHHbIC TOUKH (HOTOUYBCTBUTEIHLHOTO
Oapabana.
JlazepHblil JTyd NPOXOAUT Y€pe3 JUH3BI U MOMANAET HA 3€PKAIbHYIO MPU3MY, KO-
TOpast BPAIAETCsl C TOCTOSIHHOM BBICOKOM CKOPOCTHIO (CM. pHC. 8).

OO0bsicHeHHe MeXaHU3Ma CKAHNPOBAHMA:

JlazepHbIl J1y4 pacpOCTPaHAETCS B ONPEIEICHHOM HAIIPABJICHUN.

N3-3a BpameHus npusmMel B KaXAbli MOMEHT BPEMEHU 3€PKajo0 HAXOIWUTCS Ha IIyTH
ayda. Ha kaXaoM IJIOCKOM 3epKalie JIa3epHBIN JIyd OTPAKAECTCS B KaXKAbIA MOMEHT B
pa3Hble HAIIPABJIEHUS.

B pesyinbrare, yrosn naaeHus U OTpakeHUs Jy4da HEIPEPHIBHO U3MEHSAETCS.

Kaxxmoe Bpamaromieecs mIocKOe 3epKajo MPU3MbI CO3JAET JIA3EPHBIN JTyd, KOTOPBIHA
CKaHHUPYET JINHUIO.

[Tocne ckaHWpoBaHWS OJHOW JIMHMM Ha IYTH JIA3€PHOTO JIy4a IOSBIISICTCS HOBOC
TUTOCKOE 3€pKaJio, ¥ JIyd HAYMHACT CKAaHMPOBATh HOBYIO JIMHUIO.

Jlyist Toro 94TOOBI HE OBLJIO TTOBTOPHOTO CKAHUPOBAHUS JIMHUH, ()OTOUYBCTBUTCIHHBIN
OapabaH BpaImaeTcsi Co CTPOro OMPeAeICHHON CKOPOCTHIO.

Wrak, Bpamaromieecs MIOCKOE 3epKaJio CO37acT TOPU3OHTAIBHYIO JIMHHUIO, Bpalllaro-
muiics 6apabaH oOecrieynBaeT BEPTHKAIbLHOC CKAaHMPOBaHUE (TMIEPEX0J] C JIMHUHU Ha
JIMHHUIO).

OnTuyeckas cucreMa

JlazepHblii JIyd IPOXOJUT Y€pe3 CIOKHYIO ONTUYECKYIO CUCTEMY JIMH3 W 3epKayl Ha
Bpallaromuiics GoTouyBCTBUTEIbHBIN OapadaH.

Jliist yBenmueHust pa3penieHus n300pakeHrss He0OXO0UMO TOIyYnTh Ha OapabaHe na-
3epHOE IMSITHO MUHUMAJIBHOrO pa3Mepa (pa3Mep OrpaHUYWBACTCS SBJICHHUEM -
dpaxiun). [lpu yMeHbIIeHUH pa3Mepa MATHA, MOKHO TMOJTYYUTh OOJIBIIE TOUYSK IS
dbopmupoBanusa nzoOpaxenus. B a3Ttom ciyuae Ha O6apabaH MOXKHO 3amucarh OoJiee
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MenKue aetand. IMeHHO 3TO 0OCTOSITENIbCTBO OMPEIEIIeT UCMOJIb30BaHUeE Jia3epa,
a He "00bIYHOT0" MCTOYHHUKA CBETA.

Tak KaK MHTEHCHBHOCTH JIA3€PHOT0 HU3JIYyUYEHHS] U3MEHSIETCS HENPEPBIBHO, IKCIIO3U-
nusi 6apabaHa MPOUCXOAUT C pPa3HOM MHTEHCHMBHOCTHIO W Ha Oymare MOXKHO MOJy-
YUTh Pa3JIMYHbIE OTTEHKH CEPOro LBeTa (B Ja36pHOM IPUHTEPE — PA3TUYHBIE I[BETA).

[Tocne nepenoca nunpopmManuu Ha HOTOUYBCTBUTENBHBIN OapabaH MPOUCXOIUT MPO-
1ecc kceporpaduu, KOTOPbINA OBLT PACCMOTPEH paHee.

CymiecTByeT MHOXECTBO BapHaHTOB Ipoliecca Kceporpaduu, Hanpumep, poTodys-
CTBUTEJBHBIN O0apabaH ¢ OTPULIATENBHBIM 3apPSIOM U MOJIOKHUTEIBHO 3apsHKEHHBIMU
YacTULIAMU TOHEPA.

Mp1 pPacCcMOTPCIIN TOJIBKO OCHOBHBIC IIPHUHIHUIIBI paﬁoTbI Ja3€pHOro nmpuHTEpa.

Tak xax mHQOpMaIHsI, KOTOpas MOChIIaeTCS Ha Ja3epHBINA MPUHTEp, MPEACTABICHA B
g poBoit hopme, TO €0 Jerko ynpapiasaThk. Hanpumep, nerko HameyataTh KapTHH-
Ky Kak 4YepHyro Ha 0eroM win HaoOOopoT, Kak Oenyro Ha YepHOM (''HEraTUBHOE M30-
Opaxxenue").

Byayuiee jia3epHbIX NPUHTEPOB

Kaxk MbI YKC 3HACM, IPOLHECCHI ME€YaTH B JIa3CPHOM IIPUHTCPE U KCCPOKCHI OAMHAKO-
BBbI.

Tak kak B JIa3CpHOM IHPHUHTCPC MMCCTCA ONTHYECKaAsA CKaAaHUPYOIIasi CuCreMa, 10
MOKHO OJJHY U TY K€ CUCTEMY JJIA BBIIOJHCHUS PA3JIUUYHBIX (1)YHKI_II/II\/'I

[IpakTHuecku, Bce HOBbIE OPUCHBIE MAIlIMHBI UMEIOT MHOTO (DYHKIIMIA:
1. JIazepHsIil mpUHTED.
2. ®OTOKONHUPOBAIIbHASI MALIIMHA.
3. daxkc.
4. OnTUYecKuil CKaHep.

Ecnmu Takoe ycTpoOWCTBO COEAMHEHO ¢ Telne(OHHON JMHUEH, TO MBI MMOJIyYaeM MOJ-
HYI0 OUCHYIO CUCTEMY.
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How Camera Flashes Work by Tom Harris

Kak paboTaeT namna-BcnbILWKa

Ecnu BbI 3Haere, kak padotaer doroamnmapar (cM., HarpuMep cratbio Kak pabotaet
¢oroanmnapar — How Cameras Work), To nonumaere, uto TpeOyeTcsi JOCTATOYHO
MHOTO cgema JUisl TIOTY4YEHUsl IPKOTo u300pakeHus Ha gpomonnenke. Ilpu chemke B
MOMEIIIEHUH, KOTJla OCBEIICHHE HE CIUIIKOM SIPKOE€, BbI JOJKHBI WJIH YBEIHYUTH
JUTUTENBHOCTD 3KCITO3UIIUH, T.€. YBEJIUYHUTH ''BBIACPKKY'" WU
YBEJIMYUTh OCBEIICHHOCTh Ha HEOOJIBIION MPOMEKYTOK Bpe-
MEHHU JJisi ToJydeHusi xopoiiei (ororpaduu. YBenudeHue
BBIJICPKKHA B DsijIie CIy4aeB HE JaeT XOPOIIEro pe3ysbTaTa,
HaIrpuMep, IPHU ChbEMKE IBIKYIIHUXCS 00BEKTOB. B aTOM City-
Yae MoJIy4aroTcs paciuibiBUaThie "cma3zanueie” ¢ororpadun.

DJIEeKTPOHHAsI JIAMIIA-BCNBIIIKA TPECTAaBIsIET cOO0M Mmpo-
CTOE U JICUIEBOE YCTPOMCTBO JJISI PELIEHUS 3TON XapaKTEPHON
npo6iemsl GotorpadupoBanus. E€ ennncTBennas 3amaqa co-
CTOUT B TOM, YTOOBI U3ITYYUTh KOPOTKYIO BCIIBIIIKY SIPKOTO CBETa, B TOT MOMEHT, KO-
r/1a Bbl OTKpBIBaeTE 3aTBOP (poToarmapara. ITa BCIBIIIKA CBETa OCBEHIAET KOMHATY
HAa JIOJIO CEKYHIbI, KOT/a OTKpPhITa (POTOIIIICHKA.

B sroii cratbe caitta HowStuffWorks, Mbl BbISICHUM TOYHO, KaK 3TH YCTPONCTBA BBbI-
NOJIHSIOT CBOKO BaXkKHYIO 3amady. Kpome Toro, Ha mpumepe JIamMmbl-BCHBIIMIKKA MBI
YBUIUM, KaK paOOTalOT BMECTE OCHOBHBIE JJIEKTPOHHBIC KOMIOHEHTHI B MPOCTOM
3JIEKTPOHHOM CXEME.

Kak cozoaemcsa ecnovtuuka ceema

Jlamna-BcmblllKa, KOTOPOW OCHAIIEHb! ()OTOAINMAPAThl TUIA "IIETKHYI-CHSII" COCTO-
UT U3 TPEX TJIaBHBIX YACTEH.

e Manenbkas OaTtaperika, KOTOpas sSBJISETCS UCTOYHUKOM MUTAHUS.

o Ta3opaspsgnas namma, KoTopas (aKTUYECKU U IPOU3BOJIUT BCIBIIIKY CBE-
Ta.

e DJIEKTpPOHHAs cxeMa (COCTOUT W3 psifa AJNEKTPOHHBIX KOMIIOHEHTOB — JI€-
Tajei), KOTopasi COeAMHSAET UCTOYHUK MUTAHUS C Ta30pa3psIAHON JIaMIIOM.

JIBa KOMIIOHEHTa HAa KOHIIAX CHUCTEMbI JIAMIIbI-BCIIBIIIKA O4€Hb mpocThl. Korna Bol
MOJIKJIIOYAETE JIBa MOJIIOCa OaTapeKu K AJIEKTPUUECKON IeMH, TO SJIEKTPOABUKYIIIAS
cuiia O6arapelKu BBIHYKJIAET dJIEKTPOHBI "MPOTEeKaTh" depe3 AIEKTPUUECKYIO CXeMy
OT OJHOTrO ToJtoca 10 Apyroro. I[lepeMemaronyecs 3IeKTPOHBI, IPYTUMHU CIOBAMH,
3JIEKTPUYECKUI TOK, NEPEIAIOT SHEPTUI0 PA3IUYHBIM 3JIEMEHTAM, BKIIOUYEHHBIM B
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INEKTPUUECKYIO IeTh (CM., HampuMep, ctatbio — How Batteries Work - Kak pabota-
10T OaTtapeiikn).

l'azopa3psanHas namna O4eHb MOX0XKa HA HEOHO8YI0 WU JIOMUHECYEHMHYIO JAMNY
(mammy nHeBHOTO cBeta). OHa mpencTaBiseT coOoi TpyOKy, 3alOJHEHHYIO WHEPT-
HBIM ra30M — KCeHOHOM. Ha Ka)x/10M KOHIIE J1aMIIbl UMEIOTCS 3JIEKTPOJIbl, B CEpEeau-
HE TPYOKH HaXOAUTCS METAIMYECKAs IVIACTUHKA — MOXKUTAIOIIUI JJIEKTPOI.

electrodes

© 2002 HowStuffWorks

Tunuynas TpyOKa JJaMIIBI-BCIBILIKH, KOTOPas BbITallle-
Ha U3 poToKaMepbl, HATIOMUHAECT MUHUATIOPHYIO JIIOMU-
HECLEHTHYIO JIAMILy.

electrode trigger plate

@ 2002 HowStaffWorks

Psimom ¢ razopa3psiiHoil TPyOKOM HAXOAUTCH MOMKUTAI0-
HIUH 3JIEKTPO

Jlamna HaxoaUTCsl BHYTPH OTPaKaTesIsi, KOTOPbIA HA-
NpaBJsieT CBeT JIaMIIbl BIIepe.
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JIyist osTydeHws BCTIBIIIIKKA CBETa HY)KHO, 4TOOBI uepe3 ra3 B TPyOKe MpOIen HJIeK-
TPUYECKUN TOK — JABWKYIIUECS HOCUTENH 3apsya (JIEKTPOHBI U WOHBI) OT OJHOTO
AJIEKTpo/a 0 Apyroro. Tak Kak HpuU 3TOM B TPyOKe MEpeMemaroTcsi CBOOOHBIC
AJIEKTPOHBI, TO OHU TPU CTOJKHOBEHUH MIEPEBOIAT amoMbl KCEHOHA B BO30YKIEHHOE
cocTosiHMe. 3aTeM BO30YKIEHHBIE aTOMbI KCEHOHA TIEPEXO/IST B OCHOBHOE COCTOSIHHE
U TIPY 3TOM U3TYy4aroT (OTOHBI, KOTOPHIE MbI BOCIIPHHAMAEM B JaHHOM CiIydae Kak
Oenblii cBeT (cM., Hanpumep, How Light Works — Kak paboTtaet cBer).

Ecnu ra3 HaxoauTtcst B OOBIYHOM COCTOSIHMM, TO TOK Y€pe3 HEro He MOYKET IPOTEKAaTh,
T.K. CBOOOHBIX 3JIEKTPOHOB B ra3e NpakTHYECKH HET — OHHU BCE CBSI3aHbI C aTOMa-
MU. B raze moutu Her 3apspDKEHHBIX YAacTHIl (MIPU HOPMAJBHBIX YCIOBHSX B KaXIOM
KyOM4eCcKOM caHTUMeTpe raza HaxogauTcs auib 10-20 nonos). [nst Toro, 4ToObI cie-
JaTh ra3 NpOBOASIINM, Bbl JOJIKHBI €T0 HOHU3UPOBATb.

electrodes

trigger plate

© 2002 HowSteifiWorks
Jlpyrasi KOHCTPYKUHSI JIAMNbI-BCNBIIIKUA: B 3TOH H30-
THYTOH TPyOKe MOIKHUTAKIINH 3JIEeKTPOA NMPHKPeEIUIeH
NMPSMO HA CTEKJIO TPYOKH

KakoBa poiib 310 nomxuratoiero snexkrpoga? Eciu Bel npukiagsiBaeTe UMITYJIbC-
HO€ BBICOKOE HanpsxceHue K dTON IIIACTUHE, OHA OyJeT CHUIILHO MPUTATHUBATH WIN
OTTAJIKUBATh T€ CBOOOJHBIC DJIEKTPOHBI, HEOOJBIIOE KOJUYECTBO KOTOPHIX BCErna
€CTh B ra3ze. DJIEKTPOHBI MOTYT Pa30THATHCS 10 TAKOM CKOPOCTH, YTO MPHU CTOJKHO-
BEHUU C aTOMaMHU CMOTYT WX HOHU3UPOBATH — BBHIOUTH DJICKTPOHBI. ATOM, TIOTEPSIB-
IWMHA OJMH WJIM HECKOJIBKO JIEKTPOHOB, CTAHOBUTCS MOJI0KUTEIbHBIM HOHOM.

CB00OIHBIE AIIEKTPOHBI UIMEIOT OTPULIATENbHBIN 3apsaa. Eciiu 27eKTpoHbI CBOOOIHBI,
TO OHU OYyAYT ABUTaThCS K MOJIOKHUTEIBHO 3apsXKEHHOMY AJIEKTPOY M YAAIATCS OT
OTPHUILATENFHO 3apsHKEHHOT0 3JeKTpoa. JBIKylinecs 3JE€KTPOHbI CTAIKUBAIOTCS C
APYTUMU aToMaMH, IPU 3TOM aTOMBI TEPSIIOT AJIEKTPOHBI, KOTOPbIE TaKkKe MOHU3H-
PYIOT Ta3. Y CKOPSIOUIUECS NEKTPOHBI CTAJIKUBAIOTCS C aTOMaMU KCEHOHA M TIEPEeBO-
JST UX BO30YKJIEHHOE COCTOSIHHE. 3aTeM aTOMbI KCEHOHA MEePeX0/sIT B OCHOBHOE CO-
CTOSIHME W M3JIy4aroT IPH 3TOM CBET (CM., Hanpumep, How Fluorescent Lamps Work
— Kak pabortaeT JItoMUHECIICHTHAS JIaMIia).

HJ’IH TOr0 YTOOBI 3TOT IIponeccC OCymCCTBUIICA, HYKHO OTHOCHUTCIBHO BBICOKOC Ha-
IIPSAKCHUC. HJ’IH TOrIO, YTOOBI QJICKTPOHBI ABHUIaJIMChb MCIKAY OJJICKTpOJdaMM, HYIKHO
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okoiio 200 B, HO TpeOyeTcs HECKOIBKO THICSY BOJIBT, YTOOBI TOJIYYUTH JOCTATOYHOE
YUCIIO AJIEKTPOHOB, KOTOPBIE CIEIAIOT ra3 MPOBOISAIINM.

Tunuunas Oarapelika JIaMIIbI-BCIIBIIIKKA OOECTIeUMBAaeT HampspKeHue Toiabko 1,5 B,
IIOATOMY JJIEKTPUYECKAS CXEMa JIOJDKHA CYILIECTBEHHO MOBBICUTH TO HanpshKeHue. B
CJIEAYIOLIEM Pa3/Iesi€ Mbl BBIICHUM, KaK 3TO IIPOUCXOIUT.

Hogvluuenue Hanps;dicenusn

B mpommom pasmene, Mbl TOBOPHJIM O TOM, YTO JJICKTpHUYECKAas CXeMa JIaMIIbI
BCIIBIIIIKKA JIOJDKHA MpeoOpa3oBaTh HU3KOE HANpsDKEHHE OaTapeku B BHICOKOE Ha-
NpspKEHUE TSl TOTO, YTOOBI 32Ke4h KCEHOHOBYIO Jlammy. CyIIecTByeT MHOTO CIIOCO-
00B 1711 TOTO, YTOOBI CO37aTh TaKyH) CXEMY MOBBILIEHUS] HAMPSIKEHHs, HO OO0JIb-
IIMHCTBO CXEM COJIepP)KaT OJIHU M T€ e KOMITOHEHTHI. PaboTa BCceX 3TUX KOMITOHCH-
TOB OOBSCHAIOTCS B APYTrUX cTaThsix HowStuffWorks:

o KonaeHcaTopbl — yCTpOHCTBA, KOTOPHIE XPaHAT YHEPTHIO, cOOMpast 3aps-
Ibl Ha cBouX TutactTuHax (cM. How Capacitors Work — Kak paboTatoT KOH-
JIEHCATOPBHI).

e KaTyumku MHIYKTMBHOCTH — YCTPOICTBa, KOTOPhIE HAMOTAHBI JJIMHHBIM
IPOBOJIOM, XpaHAT OJHEPrHI0, Cco3AaBasi MarHUTHoe moie (cm. How
Inductors Work — Kak paboTaroT KaTyIlIKi HHIYKTUBHOCTH).

e Jluoabl — MOTYNPOBOJHUKOBBIE YCTPOWCTBA, Y€pe3 KOTOPHIE TOK MPOXO-
JUT TOJBKO B OJHOM HampaBiieHHH (cM. see How Semiconductors Work —
Kak paboTato momynpoBOIHUKH).

e TpaH3ucropsl — NOIYIPOBOAHUKOBBIE YCTPOUCTBA, KOTOPBIE MOTYT JEH-
CTBOBAaTh KAK JIEKTPUUYECKH YIIPABJISIEMBIE BBIKJIFOYATEIN WU YCUIUTEIH
(cm. How Amplifiers Work — Kak paGoTtato ycunurenu).

Ha CJ'IG,Z[YIOH.IGﬁ CXCMC IIOKAa3aHO, KaK BCC 3TH JJICMCHTLI BKIIOYCHBI B OCHOBHYIO
QJICKTPUYCCKYIO CXCMY JIaMIIbI-BCIIBIIIIKH.

IMepBEHYHBIA
TpaHcdopMmarop

Nepeuunan | BropuyHan Being Brop
/ ]
Ealap;:n/;
1,5B
CBAIA \
A, c P
/ OBOIHAYEHWA: o

HATYLIKA HKamywka Awnoa, ./ TpaHchopMaTop
i 1A
MoaMIr arowpi
Brnouarens | anexrpog,
sapaga | 7 nasna.
‘ -2y 1 Benbuuka
T HaKoNMTE AbHbIA
Kamywra — | KOHJEHcaTop
oGparHoM
T 1
TpaHsmcTop reHepatopa  HeoHosan MyckoBoM
Tpancthopmarop Pesucrop Hongencarop  barapea Muon TpaHsucrop Knrou

Drta cxeMa MOXKET TOKa3aThCsl JJOCTATOYHO CIOKHOM, €CIIM €€ pacCMaTPUBATh MOJTHO-
CThI0. JIJ1s1 yIIpoIIeHus 3aja4i MBI Pa3eiIuM CXEMY Ha COCTABJISIONINE YacCTH M pac-
CMOTPHUM PadOTy KaKJI0U U3 HUX.
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JlaBaiiTe HauHeM c "cepaina" cxembl — rJIaBHOTO mpaHcgopmamopa, yCTpOUcTBa, Ko-
Topoe (paKTUYECKH TOBHINIACT HaMpsikeHue. TpaHchopMaTop COCTOUT M3 JIBYX Ka-
TYIIEK UHAYKTUBHOCTH, KOTOPBIE HAXOASITCS APYT OT Apyra Ha HEOOIBIIIOM PACCTOsI-
HUU (HarpuMep, MOKHO ObLIIO ObI HAMOTAaTh OJHY KaTYIIKy BOKPYT APYrod Wiu Ha-
MOTaTh 00€ KaTyIIKU BOKPYT J#Cele3H020 CEPACUHUKA).

TpaHcd opmaTop

)

i)

BropuyHaa
obMoTKa

MNepEM4HaA
obMoTKa

JITILLE

Il

et o g

QUL

feTERsTLs

T
T

((Cy

Sl

b 2
= %
== 8
= i
g
L+ ]

Ecnu Bbl 3Haere, kak paboraer snekTpoMarHut (Hampumep, How Electromagnets
Work — Kak paGoTaet 3J1IeKTpOMariur), TO Bbl IOHUMAETE, YTO TOK, TPOXOAIIUN ye-
pe3 KaTyuiky U3 MpoBOJia, cO3/1aeT MarHuTHoe mnose. Eciau Bel 3HaeTe, kak paboTaet
KaTylllka UHIYKTUBHOCTH, (HaripuMep, How Inductors Work — Kak paGoTarot karyi-
KU WHJIYKTUBHOCTH), TO BbI IMIOHUMAETE, YTO MEPEMEHHOE MArHUTHOE TOoJie, Co3ia-
BaeMO€ MEePEMEHHBIM JJIEKTPUUYECKUM TOKOM, OyJIeT cOo3/1aBaTh NMEPEeMEHHOE Hampsi-
KeHue B rnpoBoaHuke. OCHOBHasg ujes paboThl TpaHchopmaTopa COCTOMT B TOM,
9TOOBI U3MEHSTH TOK B OJTHON KaTyIIIKE WHIYKTUBHOCTHU (TIEpBHYHAsS 0OMOTKA), 4TO-
OBl M3MEHSIONMNNCA MAarHUTHBIN TIOTOK, MPOXOSIINKN Yepe3 NPYyryro KaTymiky (BTO-
puyHas 0OMOTKa), CO3/1aBajl HAIPSIKEHHUE BO BTOPOM KaTYIIIKE.

Ecnu Bo1 Oyniere MEHSITh 4HCIIO BUTKOB B KaXK/I0M KaTylike — Bel MokeTe MOBHIIATh
(WM yMEHbBIIaTh) HANPSIZKeHHe Ha BTOPUYHONW OOMOTKE OTHOCHTENIBHO MEPBUYHOM.
B noBeimaromem TpancpopmMarope, KOTOPBIN UCIIONB3YETCS B AIEKTPHUUECKOM CXeMe
JaMIIbI-BCIBIIIKY, BTOPUYHAs OOMOTKAa MMEET HAMHOTO OOJbIlleé BUTKOB, YEeM IEp-
BUYHas. B pe3ynbrare, COOTBETCTBEHHO, HANpPssKeHHe HA BTOPUYHOW OOMOTKE Ha-
MHOTO 0OJIbIlIe HANpsHKEHHUS Ha MepBUYHONW oOMoTke. Ho, cuiia Toka BO BTOpUYHOMN
0o0OMOTKe Oy/1IeT HAMHOTI'O MEHbIIIE, YEM CHJIa TOKA B IEPBUYHON OOMOTKE.

JIJisi TIOBBIIICHUS] HAMPSKEHUST TAaKUM CIIOCOOOM HaM MOTPeOyeTCs M3MEHSIOIIMICS
TOK, ITIOXO’KUH Ha MepPeMEeHHbIN TOK B 3JICKTPUUYECKOM NPOBOAKE B BameM gome. Ho,
IIPY UCIOJIb30BAaHUHU OaTapeKu B IEMU MPOTEKAET MOCTOSAHHBIN TOK, KOTOPHIA HE
U3MeHseTCs. MarHuTHOE 10JI€ B KATYIIKaX WHIYKTUBHOCTH U3MEHSETCSA TOJBKO MPHU
NEPBOHAYATILHOM MOJKIIOUEHUN OaTapelKu, KOrja MPOUCXOIAUT yCTAaHOBJIEHUE Be-
JUYUHBI TOCTOSIHHOTO TOKa. B ciieyroiieM paszjene Mbl BBIICHUM, KaK 3Ta nmpoodyiema
pelIaeTcs B JICKTPUUECKON CXEME JIaMITbI-BCIIBIIIKH.
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I'enepamop u konoencamop

B mpenpiaymem pazzaene, Mbl y3HaJIU, 4TO Il pabOTHI TpaHCHOPMATOPOB HEOOXO-
UM MEHSIIOITUICS MAarHUTHBIA TOTOK. JJIEKTpUUYECKas CXeMa JIaMITbI-BCIBIIIKH
oOecrieynBaeT N3MEHSIONINICS MarHUTHBIN MTOTOK, HEMTPEPHIBHO MPEPHIBASI TOK, MPO-
TEKAIOIINI OT OaTapeKu — OHA MPOITYCKAET YaCThle KOPOTKUE WMITYJIhChI MIOCTOSH-
HOTO TOKA ¥ MPU ATOM CO3/Ia€TCs HEMTPEPHIBHO N3MEHSIONIEECS MAarHUTHOE TOJIE.

B anexTpuueckon cxeMe Ui 3TOM LENU MCIOJIB3YETCS NMPOCTOM cenepamop. 1 'naB-
HBIE DJIEMEHTHI Te€HepaTopa — MEPBUYHBIE U BTOPUYHBIE OOMOTKH TpaHchopMaropa,
emie ogHa oOMOTKa (0OMOTKa OOpaTHOW CBSI3W) U TPAH3UCTOP, KOTOPHIN JACHCTBYET
KaK AJIEKTPUUYECKH YIPABIISIEMbIN BBIKIIFOYATENb.

MepBbiA TpaHcthopmaTop
NepBuuHas BropuuHan
obmotka | o6moTka

)

Knonka
“3ﬂpﬂnu b

\ — ’
Karywka =3 :
oBpaTHOM T _—+—§

CBA3MN — :
TpanaucTop ‘ Konnekrop | B \\ r/ §
reMepaTopa.| Bass —_— -;

‘ JIauTiep | “/ i x
r :

Korna Bel Ha)xxnmaeTe KHONKY 3apsiia, KOPOTKUH UMITYJILC TOKA MTPOXOTUT OT OaTa-
peu 4yepe3 KaTymKy oOpaTHOH CBsi3u K 0a3e TpaH3uctopa. [IpunokeHne Toka k 6aze
TPAH3UCTOPA BHI3BIBAET MPOXOXKICHUE TOKA OT KOJJIEKTOPA TPAH3UCTOPA K IMHUTTe-
PY — TpaH3uCTOp MPOBOIUT TOK (cM. How Amplifiers Work — Kak paboTtaroT ycumu-
TEJN).

Korna Tpansuctop "BkitO4eH" TaKUM 00pa3oM, UMITYJIbC TOKAa MOXKET Te4b OT Oara-
peu uepe3 nepBUUHyl0 0OMOTKY TpaHchopmaTopa. MIMmyibCc TOKa BBI3BIBAET MOSIB-
JIeHUE HaNpsDKEHHs] BO BTOPUYHON OOMOTKE MU B OOMOTKE OOpaTHOM CBSI3U. JTO Ha-
npspKeHHEe B 00MOTKEe 00paTHOM CBS3M BBI3BIBAET TOK Uepe3 0a3y TpaH3UCTOpa, TPaH-
3UCTOP CHOBAa CTAHOBHUTCSI MPOBOJAIIUM U MPOLECC MOBTOPSAETCS. DIEKTpUUEcKas
cXema IMpoJI0JDKAeT MpephIBaTh cebsi, TAKUM 00pa30M, TIOCTETICHHO TOBBIIIAs HAMpsI-
KeHue Ha TpanchopmaTope (KoHAEHCATOpE). DTOT MEPUOIUYECKUNA MPOIIECC MPOUC-
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XOAUT € BBICOKOM 4acTtoTo. Korga mpoucxomuTt 3apsi, TO Bbl MOXKETE YCIBIIIATH
3BYK BBICOKOI'O TOHA — "3aBbIBaHuUE".

e pes e
TpaHCopHAaTap

Nepaiwsian | BEiopiaias BuanpAasuiensienl  BropiyAei
HAEyLIHE _I{-m;_um Anoa, < TRAHEI TR

— ﬁt ST BN ] o

SBERAE o L Maksna-
: Y T
L-arapeA - ——
|
| ; HaHn 1 Ak
Kamra R BOHAEHEATOD
abpatHo

[
EMmATN & a -t
TRalHCTOR FEHEfaTIRs  HeQIEG DS Naknoess  Mhc ool KOHEaHT
(HHanHATaE SARALAE  (COGARANEH © 3aTR0Iom)

A Ofincuasmumn: .

Tok ¢ BBICOKOBOJIbTHOM KaTyIIKU TpaHchopmaTopa MPOXOIUT Yepe3 AUOJI, KOTOPBIH
JNEHUCTBYET KAK BBINPAMUTEb, T.€. TOK IIPOTEKAET TOJIBKO B OJHOM HAaIIPABJICHUM.
Memnsiromuiicst TOK OT TpaHcpopMaTopa rnpeodpazyercsi B IOCTOSIHHBINA TOK.

& el HweiiaTerka
Konaencarop JamMnbl-BCHbIIIKA 00bIYHOM (OTOKAMEPBHI
THNA "'IeJTKHYJI-CHSAT"

DIIEKTPUYECKAsl CXE€Ma JIAMIbI-BCIIBIIIKN XPAHUT 3TOT SJIEKTPUUECKUN 3apsii B KOH-
neHcatope OOJBIION €eMKOCTH IpH OoJibIlioM HampspbkeHuu. [lomo6HO OaTapee KOH-
JIEHCATOP COXpaHAET 3apsij A0 TE€X IOp, MOKa OH He OYyJeT MOJKIIYEH K 3aMbIKarO-
IICH 1ICMH.

Kongencatop Bce BpeMsl NOAKIIOYEH K JABYM OJJIEKTpPOJaM Ha TpPyOKe JIaMIIbl-
BCIIBIIIKK, HO TOKa KCEHOH HE MOHU3UPOBAH, JIAMIIa HE MOKET MPOBOJIUTH TOK U
KOHJICHCATOp HE paspsbkaercs. llens koHIeHcaTOpa CBs3aHA 4Yepe3 PE3UCTOp C He-
0oJp1101 HEOHOBOM Jamnoil. Korna HanpsbkeHue B KOHAEHCATOpE JOCTATOYHO BEJH-
KO, TOK MPOXOJUT YEpe3 PE3UCTOp U 3aKUraeTcs HeOOJblllas HEOHOBAs JIAMIIOUKA.
Omna paboTaer Kak CBETOBOM MHAMKATOp M coobOmaeT Bam, korja BCIBIIIKAa TOTOBA
IUISL UCTIOJIb30BaHHS.
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KonaeHcaTop B THIMYHOM cXeMe JIaMIIbI-BCIBIIIKHA MO-

’KeT XPAaHUTh J0CTATOYHO MHOT0 3Hepruu. Mbl 3apsixka-

JIK OJIMH M3 KOHJAEHCATOPOB, a 3aTeM Pa3psKaJIN, COeIN-
HHUB BMecCTe /IBa HAKOHEYHH KA.

(deTn, He mpoOyiiTe A€JIaTh 3TOT ONBIT 0MAa!)

ITyck naMIbI-BCTIBIIKH CBSI3aH € 3aTBOpOM (oTtokamepsl. Korna Bl genaer cHUMOK,
KHOIIKA 3aMBIKAeTCs, COSAMHSSI KOHJEHCATOP CO BTOPBIM TpaHCcPOpMaTopoM. IDTOT
Tpanchopmarop nossiinaet Hanpsbkenue 200 B konaencaropa 1o 1 000 — 4 000 B u
MO/IA€T BBICOKOE HANPSHKEHUE Ha MOJHKUTAIOIIMKA AJIEKTPO, KOTOPbIA HAXOAUTCS Psi-
JIOM C JIaMITIOM-BCIBIIKON. MTHOBEHHOE BBICOKOE HAMNPSKEHHWE HA TMOJHKUTAIOIIEM
ANEKTPOJIe 00ecreyrnBaeT HEOOXOIUMYIO SHEPTUI0 HOHU3AIMN KCEHOHA — ra3 CTaHo-
BUTCS MPOBOASAIIMM. BCIbIKa cBeTa IPOUCXOAUT CUHXPOHHO C OTKPBITUEM 3aTBOPA
dboTOKaMepHI.

Paznuynble 3MEKTPOHHBIE JaMIIBI-BCIBIIIKA MOTYT UMETh 0oJiee CIOXKHYIO CXEMY,
4eM PacCMOTPEHHYIO HaMH, HO OOJIBIIMHCTBO M3 HUX pabOTaeT Ha OCHOBE PACCMOT-
PEHHOrO MpUHIUIA. 3a7adya COCTOUT MPOCTO B TOM, YTOOBI MOBBICUTH HAIpsKEHUE
Oatapeiiku AJs TOro, 4YTo0bI 3aXKe4b HEOOJBIIYIO Fa30pa3pAIHYIO JaMILy.

Be,u,yu.l,aﬂ 1 BeaoMasd JiaMlbl-BCriblLLKA

MpodeccmoHanebHble doTorpadbl 4acTo yCTaHaBnMBaKOT
HEeCKONbKO flamn BOKPYr npeaMeTa CbeMKU, YTOOblI 4OCTUr-
HYTb nydwero agpdekra ocselleHus. [Npn aTom ogHa nam-
na (BegyLlasd) MOXeT 3arnyckaTbCs 3aTBOPOM (DOTOKaMephbl,
a gpyras (Begomas) 3arnyckaeTcs OT BCMbILWKN cBeTa, Uany-
Yaemoro BeayLUewn.

Begomas namna nmeet Hebonbwon OOTOINEMEHT, KOTO-
pbI 3anyckaeT Lenb NoaXura namnbl, Koraa oH obHapyXum-
BaeT BHE3amMHbI UMMNYNbC CBETA.
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Hayuno-nonynapuoe uzoanue

aBTOP-COCTABUTEIh
bozychaeckuii Anexcanop Aopamosuu

npodeccop kadeapsl Teopetudeckoin puzuku KI'TIN

OnomaniHeHHasi cOBpeMeHHasi pu3nKa

Yacts 1

Komnrerotepnas Bepctka boryciasckoro A. A.

Penakrop Kanbsipuna T. A.

Cnano B Habop

dopmart 60x84 1/16 [ToanucaHo B neyathb
Ve ned. 1. 9. Tupax 100 3k3.
bymara odcernas 3aka3 Ne

OtneyaTta”o ¢ TOTOBOTO OPUTMHAJI-MAKETa B KOIMPOBAIBHO-MHOKUTEJIBHOM LIEHTPE
'Oy BIIO MO "KI'TIN"

140410, r. Konomua, yiu. 3enenas, 1. 30. KoroMeHCKHI TOCTIEIUHCTUTYT
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