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bl XKHBEM B YIMBUTEJbHOE BPeMs, KOTJa HayKa M TeXHHKa

JocTuryin HeBuaaHHoro pacusera. lltypm Kocmoca u mokope-
HHME aroMa, YyCIeXH PeaKTHBHOH aBHAaLUM H KHOePHETHKH, AaBTOMATH-
KH U TejleMeXaHHKH—/IHIIb HEKOTOPhIE U3 JOCTHKEHHH MOCje HHX
Jger. OHH He HCUeDNBIBAIOT BCEX HANpaBJeHHil HayYHO-TEXHHYe-
cKoro mporpecca. IIporpamMma mocTpoeHHsi KOMMYHH3Ma, MPHHSA-
ras XXII cbesnoM, npeaycMaTpHBaeT BCECTOPOHHEE M IapMOHHU-
HOe pa3BUTHe HapojHoro xossicrea. M oaHolt u3 BaxHeHmux ot-
pacjieil TeXHHKH, MPHU3BAHHBIX CHIFPaThb OTPOMHYIO POJIb B Hayu-
HBIX HCCJAEJOBAHMAX, TEXHHUECKOM TIporpecce H AajbHeliieM
nogbeMe MPOH3BOACTBA, fABJAAETCH NPUOOPOCTPOEHHE.

Be3 npubopor ocranuch Gbl HeOCYLIECTBJAEHHBIMY MHOTHE Ha-
iy MeuThl. ToJibKO 671aronapss UM MBI CMOIVIM Y3HATh O COCEAsix
no HeOy — 3Be3/laX, OT KOTOPHIX HAC OTAENSIOT MHJJHOHBI CBETO-
BBHIX JleT. Mbl IPOHUKJIY B3IJISI0M B MUKPOMHD, YBHEJNU B CBEpX-
MHKDOCKOIIe MOJIEKYJy U JaxKe OTAeJbHbIl atoM. [Jsi Hac cTaHo-
BHUTCS H3BECTHBIM TO, YTO NPOHCXOJAHT B THICAUHbIE, MUJJIHOHHBIE
WM MUJJIHApIHble JOJH CeKYHABl: PAaCKPbIBAIOTCH TAaHHBI IMoJe-
Ta MyJaH, BCHLILUKY MOJHHH, MTHOBEHHO HPOHCXOAsAlIEH XuMHue-
CKOH peakUHHM U MHOTMX APYTHX SBJCHHH.

Ilpubopsbl 3aMeualoT, KaszaJjsochb Obl, HeyJOBUMOE — CJeJbl Yac-
THII, KOTOpble OecchyieH 3aMeTuTb raa3. OHHM NO3BOJSIOT H3Me-
PUTb BpeMs C TOYHOCTbIO A0 Meabuadliux nojeii cekyHAabl. OHu
CHUTHAJIM3UPYIOT O NIPHUCYTCTBHM BellleCTBA B TAaKOM KOJHUECTBeE,
KOTOpoe TPYyLHO cebe NpENCTaBUTD.

Ha nepBwifi B3raisig, 310 NpeicTaBasieTcsl HayuyHbIM (hOKycom,
JIUIIb HCKYCCTBOM TOHualmero skcnepuMeHTa. OJHakKo 3TO He
tak. CoBpeMeHHas TeXHHKa U B 3HAUMTEJbHOH Mepe COBpPEeMEHHOe
HPOM3BOACTBO Tpe6GyiOT MOBBILIEHHOH TOYHOCTH HM3MepeHu#. OT
HMX 3aBHCHT yClex HCCJAeNOBAHHiI M 3a4acTyl0 NPOH3BOLCTBEH-
Horo mpouecca. OT HUX 3aBHCAT — 6€3 BCAKOrO NpeyBeIHYeHHsT —
HOBBIE LIATH HA TNYTH OBJANEHHs ellle HePAaCKPLITBIMH TalHaMH
npupoan. Tax, TOuHOe H3MeDeHHe BPeMeHM AaJi0 BO3MOXKHOCTh
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co3patb papuonoxkanumio. OHA nomoraer HblHe pas3raigbiBaTth 3a-
ragku JIyHbl H mjaHeT, BOXMTb MODCKHE U BO3JyLIHBIe KOpa6JiH,
CleNUTh 3a NOJeTOM KocMHuyeckux paker. IlpuGophl, oTMeualo-
L{He CJaeAbl MeJNbYaHIIMX YacTHL, He3aMEHHUMbI B fiepHOH (PH3H-
Ke, 2 OHa — OCHOBa aTOMHOIl HepreTHKH, Bce 0oJjiee MHPOKO BXO-
Jsuedl B XKu3Hb Hauero Beka. [1puGoOpbI — MOMOLHUKH YYeHbIX-
XMMHKOB W IPOH3BOJCTBEHHHUKOB, CO3/aIOLIUX BCe OTPOMHOE MHO-
roo6pasue CHHTEeTHYECKHX MarepHaJoB. CBepxckopoctHas (oTo-
¥ KHHOCBEMKA — 3aMeuaTesbHOe OpYAHe B pyKax HccaefoBaTess
GHICTPOTIPOTEKAIOILHX NPOLECCOB, CKOPOCTHBIX MALIKH, 3JeKTpHUe-
CKHX pa3psioB, B3DLIBOB H AP.

ITo o6pa3Homy BbIpaXKeHHIO, TPHGOPHI — IJIa3a HayKH, U3yya-
fowed Mup. OHU CJIOBHO 0OOCTPSIIOT yesoBeueckHe uysctBa. O
TOM, KaK DacLIMPSIIOTCS HallM BO3MOXHOCTH Gjarojapsi npu6o-
paM, Kakoe HPaKTHYeCKOe NPHMEHEeHHe 3TO HaXOAHT, PacCKa3sbl-
BaeT Hama Opounopa. B Heil, KOHeUHO, HEBO3MOXKHO OBLIO ONH-
caTh BeCb COBpPeMeHHbIl «NpHOOPHBIH apcenans. Ho Ha pazxe ua-
TepeCcHbIX HPUMEPOB MBI CTPEMHMCS NOKa3aTb, KAKHE YiKe MOJY-
YeHbl NMOpPA3HTeNbHblE Pe3yJbTaThl, KaKue CO3TaHbl HOBbie Cpef-
CTBA AJIS1 TOTO, YTOOB! PAacKpbIBATH TAHHHI NPHUPOABI B HHTEPECAX
HayKH, MPaKTHKH, Ha GJaro uejoseka.

HEOBBIYAWHBIN MHUP

T BICAYENETHSMH He NepecTaroT BOCNeBAThb MMO3ThI KPACOTY OKpPYy-
)atoiero Hac mupa. Kaxneiii yenoBek — rae 6ni OH HU pO-
Judcs, Tae Obl HH KHJE, 4yeM Obf HH 3aHHMAJICA — HO-CBOEMY BOC-
XHIAeTCs TeM, YTO BHUAHT H CJBILIHT BOKPYT,

Mol so6yemcsi GeCKOHeYyHBIM pa3HooOpa3HeM KpacoK ‘B Na«
JIUTpe BEJHUKOro XYyHOMHHKAa — mpHpoasl. He Hano maxe cosep-
Liath JajiekHe HyTellleCTBHS, UTOOBl YBHIETb KPacoTy Mupa —
CTOUT TOJIBKO TIOCMOTPETh H IOCAYHWIAThb, YTO TBOPHTCS BOKPYT.

[Tocaymiats meHHe MOTHU, IHYM JepPeBbEB, CTPEKOTaHHe Ky3-
HEeYHKOB — roJioca noJiedl, yros, JiecoB. ITouyBcTBOBaTh HEXHBIR
apoMar LBeroB, 3aMaX CBEXECKOIUEHHOTO CeHa, BJAXKHYI0 CBe-
xecTb oT peku... )Kusub Bcroay. M Bcrony, Kyna Hu nponukas ue-
JIOBEK, MOXHO yBHIETh HENOBTOPHMHIE, NO-CBOEMY IMpPEKpacHbHIe
TBOPEHHS] MPHPOJHL.

OpnHnako Halle 3peHHe H CJlyX, BCe HAllH YyBCTBA CYHIECTBYIOT
He TOJBLKO OJis JII0GOBAHUS NPHPOMOH WM TPOM3BEIEHHAMH ue-
JoBeueckux pyk. He Bupmets, He cubliaTh, He UYYBCTBOBATH —
3HAuUT He XKHUThb, He paborartb, He cyuiecTBoBaTthb. IIsiTb opranos
YyBCTB JEJal0T HEU3MEePHMO MHOT0: 6e3 HHX 4YejoBeK He OBl OBl
TeM, YTO OH eCTb — OTKphIBaTesieM TaiH HAPHPOAbI, PaGOTHHKOM,
TBODLOM B €€ MacTepCKOH.

Ho, okasniBaercsi, MHp, B KOTOPOM MBI JXHBEM, JaJIeKO He BeCh
OTKPHIT Ang Hac. [To cyuiecTBy Mbl XKHBeM B MHpe, NHIIb HHUTOXK-
Heilluas [0Sl KOTOPOTO NOCTYMHA HaliMM OprasHamM 4yBCTB.
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A 3a 3TMMM npesenaMu CBOM 3aKOHBI, CBOM MephI: He CeKyH/a,
a ee THICAYHASI M JaKe MHJJIMOHHAS N0Js, He CAHTHUMETP HJIH
MHJJIAMETP, & MUKDOHBI H JOJNHU MHKPOHA, He 'paMMbl, a MHJJIH-
rpamMMbl, He KHJIOMETPHl H METPHI, a CBETOBble ['OJbI — PacCTOf-
HHUSl, KOTOPble OTKa3blBaeTcfl HMpelcTaBUTh cefe Halue BooGpaxke-
HHe. DTO MHp GeCKOHEYHO MaJoro U 6GeCKOHeyHO G6OJIbIIOro, MUP
HEeBHIHMMBIX Jyuefl W HeCJBIUHMbIX 3BYKOB, HEOLIYTUMBIX TeMIe-
paTyp ¥ CBepXBLICOKHX CKOpOCTeil.

I'me ke 3TOT NOUCTHHE U3YMHUTeNbHBIH MUP? OH — He BBIIYM-
Ka, OH CyLIeCTBYeT, H Mbl NPOHHUK/IHU B HEro, XOTSl OH 3aKpPHIT AJA
HalIHX OpPraHOB YyBCTB. MBI 3arJsiHy/Jd BHYTPb UYE€JI0BEYECKOTO
TeJla U B TOJILY MeTallia, YNOBHJHK cl1abble H3Jy4YeHHS] MPUPOL-
HBIX PajHOCTAHLUHA — TJaHeT H JajeKux 3Be3f. Msl cymenu yc-
KODHTb BpeMS$, H YBHUIETb, KaK Ha HAIIUX IJIa3aX pacnyckaercs
IIBETOK, MbI CYMeJH OCTaHOBHUTb €ro — U 3aMeTHJH, KakK JeTHT
nyJiss. MBI NPOHUKAH B IM1yOb aTOMa, H 3HAKOMHMCS C CeMeAcTBOM
MenbyafIuX 4acTHI, KHPNHUYKKAMH MaTepud. MBI HayyHJHCh U3-
MepsATb KpaTyaiiline NpOMeXKyTKH BPEMEHH, HHYTOXKHel e 1oJu
rpamMa, caHTuMeTpa, rpaayca, atmocdepnl. Mbl npoHHKaeM Bce
riy6xe B MUpP, Ka3aJoch 6bl, HelOCTyNHLIA HAM, OXOTHMCA 3a, Ka-
3ajock 6bl, HEYJIOBHUMBIM.

IlyremecTBre B 3TOT MHP Hawastoch yxe pmaBHo. Hcropusa
MHKPOCKOIA HAaCUUTHIBAET MHOMKECTBO JeT. PeHTIreHOBH! Jyun Gbi-
JH OTKDHITHL ellle B KOHLE INPOULIOro BeKa, pororpadus u KuHO
Toxe jeruina XIX croserusi. Ho Kak HENMOXOXH COBPeMEHHbIE
ToyHble npubopsr Ha cBoux npeakos! Mukpockonm 6e3 creko.,
NaoUIfi yBenuueHHe B ABeCTH ThicsAu paas... Yacel 6e3 MaATHH-
KOB H NPYXKHUH, U3MepSIOIHe THICAUHbIE U MUJIJTHOHHbIE NOMH ce-
KYHIEBL.. TepMOMeTp, KOTOPbIi «3aMeuaeT» HM3MEHEHHE TeMiepa-
TYpPbl B MUNJTHOHHYIO OJIIO Fpajyca...

CrpeMsich NOAYYHTh HaHOOMBIIYIO TOYHOCTb H YYBCTBHTE/L-
HOCTh, MpHGOpOCTPOUTENH HCKAAM HeusBenaHHble nytd. Mm Ha
HOMOUIb TPHIIJA 3JeKTPOHHKA — OHA M3 CAMBIX 3aMeyaTeNbHbIX
BeTBell HOBOi TeXHHUKH. [I0OTOKH 3JIeKTPOHOB, KOTOPLIE CTANU MOA-
BJIACTHBI Y€JIOBEKY, 3aMEHUJIM CBETOBLIE JyYyd B MHKPOCKONE.
AaekTpoHHBlEe NpeobpPa30BaTENH CHENANH BHIUMBIM HEBUAUMOE H
CJIBIIIAMBIM HECJBIIIMMOE, DJIEKTPOHHKA Jlala HAM CBepXTOuHLIe
yachl, CBEPXUYYBCTBHTEJbHbIH (OTOIJIEMEHT, CBEPXCKOPOCTHYIO
peHTreHoBckylo dororpaduio.

[Toronst 3a HeyJOBUMEIM — He PEKOPACMEHCTBO, He Gecrioses-
Hble yXHIIpeHusa H3obperatesabcKoit Meiciu. TouHOCTH U UyBETBH-
TeABHOCTH TpebGyer oT TpubGOpoB coBpemeHHast HayKa. Hosote
CpeACTBA — HOBble Pe3yJbTaThl. YCIIEXH PHOOPOCTPOCHHS roches-
HHX JECATHJETHH JaJii BO3MOMKHOCTb NPOHUKHYTH elue rjay6xe B
MHp, HE JOCTYNHBLH YeJOBeUeCKHM UyBCTBaM L.

1 O6 ucropun pasBHTHA NPUGOPOCTPOSHUA PACCKA3AHO B KHHrax, CIHCOK
KOTODHX NpHBEAeH B KOHIe GPOMLIOPH,
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C OO HOIO SI3bIKA HA APYron

aK clejaTb HEBUIHMOE BUIHUMbBIM, HECJBILIHMOE — CJIBILIHMbBIM,

HeJllocTynmHoe — poctynHeiM? Hapmo o6patutbess X npuGopaw,
KOTOpble MepeBelyT C SI3blKa HE3HAKOMOI'O Ha f3blK BCeM 3HAKO-
MBIl U NOHSATHBIH.

ITepeBomunkuH B TeXHHKe He peJKOCTb. BoT mpumepnl BceM
HM3BEeCTHHIX «mepeBofoB». TenedoH: 3BYyK — KosieGaHUs TOKa B
MHKpO(OoHe—CHOBA KoJeGaHHs TOKA U ONsATh 3ByK. Panno: 3ByK—
3JIEKTPOMArHHTHBIE BOJIHBI — 3BYK. TesleBuIeHUE: CBET — paIHo-
BosiHbl — cBeT. Celiuac cosgaH 6ecrpoBOJIOUHBIN TeseOH — 3BYK
YIpaBJsieT NPOXOXKIeHUeM NyuyKa HH(ppaKpacHLIX Jyueil, BLI3bIBA-
I01UX nepeMeHHbIH TOK. CBs3b OCYyIIeCTBJsSETCA HEe MO NPOBOAAM,
He 110 PaJHo, a C NMOMOLUBIO TEMJIOBHIX Jyueii-HeBHIHMOK.

B pasnuuHbix npubopax 4acTo NPHUXOMMTCS- BCTPEUATHCS C
npeo6pa3oBaHueM OJHUX SIBJIEHHH B JPyrue, He JOCTYIHbIX HaM
B JOCTYNHBIe, KOTODbIE UeJIOBEK JIETKO MOMKET 3aMeTHTb.

Ilorac cBer, u rjasa nMocTeneHHO NMPHUBHLIKAIOT K TeMHoTe, CHa-
yaJjla HAYero He BHJHO, MOTOM CMYTHO BBIPHCOBLIBAIOTCS OUEPTa-
HHMA KaKuX-To npeamertoB. M BApYr BO3HHKaeT HeXKHOE CBeueHHE
pasHbix 1BeToB. I1po6upKy, CTOSIBLUINE HA CTOJIE, OXKUJIH, 3aCHSJII
panyroil kpacox. Bor po3oBbiii CTONI0UK, TONyG6Oi, KEATOBATHIH...
Creksa U NOACTABKH He3aMeTHBHI, Kaxercs, 6YATO pa3HOLBETHHIE
NATHBIIKH CaMH COG0H ropsiT B TEMHOTe,

W nmeno He B ofHON KpacoTe 3TOro 3pesnuina. Bemiectsa, KoTo-
pule GblIH B MPOOUPKAX, CBETATCS NOX JeHCTBHEM HEeBUAUMEIX YJIb-
TpaduoNeTOBBIX JIyuell, OHHM CAYXKAT NepeBOJYMKAMH HEeBHUIMMO-
I'0 Ha NOHSTHBIN /151 HAC «CBETOBOH f3bIK»., Bo MHorux mpuGopax
6e3 HUX Hesb3st oOoliTuchb. EcTh BelllecTBa, CBeTsILMECS HE TOJIb-
Ko noj JeficrBueM y/abTPa(HONETOBLIX, HO M HHOPaKPaCHLIX,
PEHTreHOBBIX, TaMMa-Jyueil, TOTOKOB 3JeKTPOHOB.

DJIeKTPOHHBIN JIyY UePTHT HA SKPaHe KPHBYIO: 3TO 3HAUHT, UTO
KaKue-TO SIBJeHHsI PacCKa3blBAIOT O cebe 3JIeKTPHUYECKHM SI3BIKOM,
a HEBHIMMKH-3JEeKTPOHE! B CBOIO O4Yepelb NepeBOAsT HX pacckas
B CBETOBYI0O KapTUHY. PeHTIeHOBHl JIyuH JaJjd YBeJHUEHHOE B
MHJIJIHOHBI Pa3 H300pakKeHHe aTOMOB KPHCTaJsla, B CTPOroMm Io-
psilKe pa3MellleHHbIX BHYTPH HEro, — M Mbl YBHAENH PaCloJoKe-
HHe aTOMOB B KpHCTaJjle Ha CBeTslleMCs 3KpaHe.

B npuGope, KOTOpLIil NMO3BOJSIET BHJETb B TEMHOTE, TOKE He
oGoutoch 0e3 mepeBojunKka. Ero Tak M HasBaJH — 3J€KTPOHHO-
onTHyeckuil npeo6pasoBaresib. B HeM ecTb TOHUAHMIMi CJI0# Belile-
CTBa, H3 KOTOpPOTO HeBHAHMMble HH(pPaKpacHble Jy4Yd BLIPHIBAIOT
9JIEKTPOHBI, DHCYsT HEBHAMMOE e 3JIeKTPOHHOe H300parKeHHe,
QO6ayuast mpeaMeTH, KakK 3TO [AenaeT JIOKATOP, MOXKHO NOHMaThb
H OTpaKeHHOEe H3JyueHHe HOUblO, CKBO3b TyMaH, B Hemorony. 3a-
TeM 3JIEKTPOHBI MepeBelyT YBHIEHHYIO Jy4OM KapTUHY Ha CBeTO-
Boil «s3blK». IlpaBma, KapTuHa BblHfeT OJHOLBETHOH, GoJblie
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TOro — noxoxei Ha dotorpaduuecknit nHeratus. BenoBatoie je-
pesbs, 1oma u Tpasa... [logo6ubie CHUMKH yraeTcs menaTh ¢ pace
CTOSIHUSI JaxKe B HECKOJIbKO COTeH Kujaomerpos. Bojee Toro: ue-
CBETSIIHe, «XOJOAHBIE», OCThIBIINE 3BE3/bl MIOCHUIAIOT HE CBETOBLIE,
a TenJIoBble JIy4YH, H MOXKHO HX OOHApYXHTb, choTorpacduposas ¢
NOMOLLBIO TOrO Xe npubopa.

HecaplmuMblit 3ByK — yJbTPa3ByK — He CJAYINAIOT, a BHASAT.
CosepmieHHo HeoXUAaHHBIH nepeBoa! Kak cBsizaTh Apyr ¢ Apy«
oM 3BYK H CBeT?

Ecnu HanpaBUTb y/AbTPA3BYK Ha NOBEPXHOCTL ZKHAKOCTH, TO
Ha He# mnosBJsercs psbb, XOPOLIO BHAHAS NPU KOCOM OCBEILEHHH.
3ta psabb — BUAMMAA KapTHHA YJAbTPAa3BYKOBOrO IOJIfA. YJbTpa-
3ByK pacrnpocrpaHsercss nofoOHO CBETY — Y3KUMH NYyYKaMH, Tak
¥e, KaK CBeT, npejomasiercs M orpaxaercs. C HOMOUIbIO HCTOY-
HHK4 3BYKa M 3BYKOBOH JIHH3H — a/IIOMHUHHEBOH «uedeBHUbI» —
MOXKHO NOJIYUUTb H300paxeHue.

YaIbTpasByKkoBoe M300paKeHHe MOXKHO YBUAETh U C MOMOILbIO
3JIEKTPHYECKOro ToKa. Ilans 3TOro Ha myTH 3ByKa CTaBAT KBap-
LeBYIO TIJIACTUHKY, B KOTOPO#l noj AelicTBueM KoJieGaHu#l naBJe-
HHA (2 BCAKHI 3BYK — ¥ CJBIUIMMBIH, B HE CABILIMMBIA — €CTh Ta-
Koe KosieOaHHE) BO3HUKAET 3JeKTpHyeckuil Tok. Tenepp nosyuuts
BHAHUMYIO KaPTHHY yXe HeCJ0XHO, BOCNOJb30BABIUHChL 3JIEKTPOH«
HO-JIyYeBOH TPYOKOH.

B crexknsiHHOM cocyne, HanoMuHawOUEeM Koaby, CO31aH BakKy-
yM. PackajieHHasi HUTh — KaTOM U CUCT€Ma aHOHOB CO3JAl0T B HE#l
TIOTOK 3JIEKTPOHOB, KOTOPbIi C OTPOMHOH CKOPOCTBIO HeceTcs K
5KpaHy. DKpPaH XKe 3TOT — JHO CTEKJISHHOH TPYOKH-KOJIObL, MOKPbE~
TOoe cjioeM 0co0Ooro BewiecTBa. ¥Y/Aapul 3/JEKTPOHOB 3aCTaBJSIOT
ero cBetuthcs. Tam, Tie HEBUAMMKHU-3JIEKTPOHBl 32KOHUHJIM CBOH
NnyTh, BO3HHKAaeT cBeTsllleecss NMATHO. ITOTOK 3JIEKTPOHOB HeoObI-
yaflHO YyBCTBUTEJNEH K IepeMeHaM 3JIeKTDUUEeCKOr0 TOKa, KOTO-
pHi mocTynaer Ha OTKJOHAWWHe niaactuHb. [1yTh 3sekTponuoro
Jyya MCKDUBJSAETCH, NATHLILIKO oferaer 3KpaH U YEPTHT Ha HeM
3aMBICJIOBATYIO KPUBYIO.

Takas KpuBasi MOXKET O MHOTOM paccka3aTb: o pabore uesno-
BEUeCKoro cepaua u o paboTe MOTOPA, O NOJETe KOCMHUYECKO#H
pakeTel U yJaape MONHUU. BeAb Ha SJEKTPHUECKUIl SA3BIK MOMKHO
niepeBecTH MHOXECTBO cCaMbIX pa3HbiXx aBJeHud. [lotok snekrpo-
HOB OT3BIBYMB K TOMY, JIfl Yyero caMo MOHATHE <«BHIETb», Ka3a-
Jocb OB, JIHUIEHO BCAKONO CMbicjaa. MoOKHO Jiu BHAeTh TeMnepa-
Typy? DJyleKTpHUeCKUe MM MarHutHble moasa? Ja. ¥ npurom ysu-
IeTb HAa pPACCTOSIHHH — HeJapoM 3JIeKTPOHHasi TPyOKa CHAyXKHT
OCHOBOH TeJeBH30pa.

CoBceM HefaBHO BO3HHKJIO HOBOe CJIOBO, HOBOEe HanpaBJieHHe
B Hayke — HHTpockonus. OBGo3Hauaer OHO <«BHyTPeHHee BH[eE-
Hue». HHTpOocKomus caenaja AJd HAac BeCch OKPYXAaIOWHA MHD
npo3paypkiM, Temepb Mbl MOXKeM YBUAETb BHYTPeHHee CTPOeHHe
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KpUCT2JJ10B, Je(eKThl CTPYKTYPbl METa/JIoB, 3alISIHyThb B
pacniaBJieHHBIH MeTaJl. DTO HOBOE 3peHHe Jal0T HaM HeBUIUMbIE
Jy4Yd — HH(paKpacHble, PeHIreHOBB, FaMMa-Jydd U YJAbTPasBYK.

OHo cTano BO3MOXKHLIM GJarogaps MOSIBJAEHHIO BBICOKOYYBCT-
BUTEJIBHBIX «NEPEBOJUHKOB» — JIEKTPOHHO-ONTHYECKHX M 3JeK-
TPOHHO-aKyCTHUeCKHX npeo6pa3osaresnei. OHU-TO U JeaI0T BHAH-
MBIM HEBHJUMOE H JarKe HeCJbIUIMMOe, IPEeBpPallaloT H3JyuYeHHs U
yAbTPA3BYK B MOTOKH 3JIEKTPOHOB, KOTOPbIe CO3NAIOT CBeTsLleecsd
H306pa}KEHPIe Ha CbJHOOpeCU.[/IPYlOU.leM 3KpaHe.

OcoGoe 3HaueHWe MUMEET HHTPOCKOMHUS IJisi COBPEMEHHOro as-
TCMaTH4eCKOro HeNnpepbIBHOTO NPOU3BOJCTBZ, M03BOJSS KOHTPO-
JIHPOBaTh KAUeCTBO 3arOTOBOK, MeTa/ljia, CBapHLIX LIBOB, CJIEJUTh
33 XOLOM XHMMHUYeCKHX peakuuil. KoHTponb Moxer GbiTh Hempe-
PBHIBHLIM, @ He BHIGOPOUHBIM H He TpeGyeT OCTaHOBOK, MEPEpPLIBOB
B pabote. Bosbuioe Gyayliee uMeeT HHTPOCKONHS H B MeJHILHHE,
rie, BepoATHO, GJjarofapst el XMpypr CMOXKeT MPOBOIHUTL Omepa-
LIMIO He BCJIENylo, a BUAA BHYTPEHHee CTPOEHHE ONepHpPYyeMbIX Op-
TaHOB M TKaHep Ha 3KpaHe.

I'oe-To ecTb HCTOYHHK OMACHBIX JJISI OpPTraHU3Ma pPagHOaKTHB-
EbIX WINH DEHTIeHOBBIX H3JIyueHHH, THe-TO IPOHCXOLHT HAarpes,
TAE-TO HaXOJHUTCA CHJAbHOE 3JeKTPHUeCKOe MJIM MAaCHUTHOE IoJie.
A B naGoparopuu, Ha 5KpaHe npuGopa BHAHA BCsA KapTHHA meli-
CTBHSl BbI3BAHHBIX UY€JOBEKOM MJIH DOXK/JIEHHBIX MPHUPOMOH CHJL.

OpnHako mpekje yeM INPOUEeCTb 3aMHCh HA JEKTPHUECKOM SI3bI-
Ke, HYXKHO yJIOBHTb TO, YTO HaC MHTEpPEeCyeT, TO, 3a UeM Mhbl 0XO-
THMCS.

B npuGopax umeercs: uyBCTBUTENbLHBIH 3yaeMeHT. Ero masmiBa-
1ot natyukoM. OH nepBHI MoxaeT CHTHAJA 0 HHUTOXKHBEIX, He3aMeT-
HBIX JJd Hac nepeMeHax. M kaxoit Gbl CJOKHBEIH NpuGOp MBI HH
B35/, B HEM HENPEMEHHO OTHILETCSI OpraH «OCsI3aHMsi» — Jar-
YHK.
Toxk uper B 3/1eKTPOHHOH JlaMIle U CYETYHKe H3AyueHui, Gporo-
sJeMeHTe u TpaHcdopmarope, peocrate u Tepmucrope. M sce
HX MOXKHO CHesaTh HaTYHKaMHu. Bce oHM MOryT momoub uamepsith
MHOKECTBO He3J/IEKTPUUECKUX BeJHUHMH, MepeBelss HUX Ha H3bIK
2JIEKTPOTEXHUKH.

JaTtunk He ecTb YTO-TO TaHHCTBEHHOe W caoxHoe. Cpenan
JNaTUMKOB, HECOMHEHHO, HaflyTcs HallM cTapeie 3HakoMbie. Ha-
npuMep, HATYHKOM MOKET CAYXKHUTb JlaXKe NPOCTast IPOBOJIOUKA,
coeIMHEHHAsl C TOYHBIM 3JIeKTPOH3MEpPHTEIbHBIM IPUGOPOM.

Mensietca Temmeparypa. Otdero? OT HarpeBa WM OXJaxkKje-
HHSI, OTTOTO, UYTO OTKYJa-TO NMPHUILIH HEBUIMMbIE TEIJIOBbIE JYUH,
HWIH TENJOTa BbIIENHIACh MPH KaKUX-TO (PH3UKO-XHMHUECKHX TIPO-
neccax? Mbl xoTuMm usaMeputb ee. IlyCTb HesHauuTeJbHBEI BCe BTH
nepeMeHbl, HO HATYHK-POBOJIOYKA OT30BeTcs HA HUX. M3MmeHuTCH
€ro CONpPOTHBJIEHHE, U 9THM OH OTBETHUT, HACKOJIbKO CTaJ0 TelljIee
WM XOJIOJHee,
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JIaTunKoM MOKeT CIyKHTb (HOTOJIEMEHT. Byner MeHsThCs CBe-
TOBOji TIOTOK, NOMajnamouluid Ha (OTO3JeMeHT, H3MEHHTCS 4 CuJa
TOKa, HAYLLEero B HeM, — NPUOOpP CKa)KeT, CKOJLKO BelllecTBA B
pacrtBope, KakoBa TOJILIMHA HUTH, JAEHTHl, IJACTHHBI, HACKOJbKO
yucto ob6paboTraH MaTtepuaJ.

Ectb u npyrue patuuku. Mexnay mjacTHHAMH KOHJeHcartopa
JBHXKETCS JIeHTa IlepeMeHHOH TOJIHHbE, 0o0TauuBaeTcss BaJ Ha
CTaHKe, W KOHAEHCATOpP OTKJHKAeTCsl Ha 3TO, NOTOMY 4TO H3Me-
HSIETCSI €r0 EeMKOCTb, — H3MepHTesib TOJILHH, NUaMeTpPOB, YpPOB-
Hell yxe noayyuncs. U3aMeHUTCS HAaNPAXEHHOCTb MATHUTHOTO IO-
Jisl, €CJIM CHJIbHO CXKAaTb MAarHUT, — TdK MOXHO H3MepATb YCHJIHUS.

B uncsie naTuUMKOB — 3JIeKTPOHHAS JaMNa C MOABHXKHBIM 3JeK-
TPOAOM. DJIEKTPOHHAS JlaMIa H3MepsieT HUUTOXKHO MaJibie mepe-
MELLEHHS C TaKOH BBICOKOH TOYHOCTbIO, KOTOpas HEAOCTyIHA HHU-
KakKoMy Apyromy npubopy.

Ecau, Hanpumep, H3MEHUTb pacCTOsiHHE MeX/Jy aHOAOM H Ka-
TOAOM, Cpa3y e 3TO OT30BETCS Ha TOKe, U MPUTOM [OBOJIbHO 3a-
metHo. OcTaercss JulIb NOPHUAYMAaTbh, KaK cleaaTb B JaMmme mno-
ABHKHBI 3jexkTpod. CnpaBUTbCA ¢ 3TUM NOMOIKET... IPOTUBOTra3.
Ero pesunoBast Tpy6Ka COCTOUT KaK OYATC M3 MHOXKECTBa COENH-
HEHHEIX BMecTe KoJel. Ee Jierko pacTsinyTb WJd cxkatb. Bor ra-
Kyl0 «rapMOLIKy», HO MeTa/UIMYecKylo, KOHeuHo, Halo BNasiTh B
JlaMmy, COeLUHUTh ee C 3JeKTPOAOM, a KOHUMK BLIBECTH HAPYXKY.
Torpa obecneueHa NOJABUIKHOCTb U COXPAHHUTCA BaKyyM.

Kakum 6b MajblM HH ObT CABHI, JaMOa €ro MO4YyBCTBYET.
Ecnu paxe OH B JecATKH pa3 MeHblle Juamerpa aToMOB — BCe
paBHO TOK B Jamne u3MeHuTcs. IlycTb enBa 3aMeTHO COXMeTCH
¥ pacTsHeTcs IoJ Harpyskoil MeraaJ, 6yiaer KoaebaTbCcA Kakas-
Hubyab petadb. Bce 3TO momoxkeT 3aMeTHTb H HU3MEPHUTb paaHo-
Jamia.

YenoBeK HCCJAeLyeT NPUPOAY ThiCAYaMM OPraHOB UYBCTB, KaK
ckaszan ogHaxiabl akagemuk A. H. Hecmesnos. B stom Her mpe-
yBendueHdsd. Mpl pacckaxeMm JHIIb ( HECKOJbKHX MOMOLIHHKAax
yueHblX, KOTOpble JA4I0T BO3MOXKHOCTb OXOTHTbCA 3a HeyJOBH-
MbIM.

B rYbb MUKPOMUPA

Ba BEKa Ha3aj yBeJHWYHUTEJbHOE CTEK/JIO BIEeDPBble OTKPLLIO He-
ABHJIHMbIﬁ Mup. B Kanje BoApl uYesoBeK YBHJEA MHOMKECTBO
MeJbyailiux KUBBIX cyuecTB. C Tex mop BMeCTO OJHOro CrekJa
HoABHJACh Lesasi CUCTEMAa CTEKOJ, DOMMJCS ONTHYECKHH MHKpO-
CKOI, Jalolluil yBeJHUYeHHe 10 Tpex Thicady pas!

Yuensie paboTaloT Hajx ero coeeplieHcTBoBaHHeM. [ToMmernas
Bpallaiolileecsi MATOBOE CTEeKJO Ha IyTH Jyueii B MHKDOCKOIeE,
ontuku Iepmanckoil lemokpatuyeckoii Pecnybauku po6unuch
yBesnueHusa B 10 Toicsiu pas.

B Jlenunrpaze 6blj1a co3gaHa yCTAHOBKA JJIS TPOGKTHPOBAHHA
NoJIyuaeMoro B MHKPOCKONe H300paKeHHSl Ha KPaH TejeBH30pa.
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BTo oueHb obJyieryaer HabMOAEHUS H AeJlaeT HX JOCTYNHHIMH IJIs
MHOTHX Jilojeii onHoBpemenHo. Ha 3skpane ynaBaJjoch noayyaTb
yerkre u306pakeHus C yBesJuueHHeM B 8 Thicau pas.

Jlenaiorcss MHOFOUMCJIeHHBIEe NMONBITKH MOJYYHTb CTEPEOCKONH-
yeckoe u3o6pa)keHne B MHKpOcKone. Beap mup Medbyaidiiero,
OTKPHIBaeMbIii HAM MHKPOCKONOM, MJIOCKHH. ECTb HECKOJBKO KOH-
CTPYKIMH CTEPEOMHKPOCKONOB — C ABYMsl OOBEKTHBAMH H C JBY-
Ms1 okyasipamu. OHH MOTYT JaTh JIMIUb HeGOJbIIOe yBelHYeHHe—
o 120 pas. 600-kpaTHOrO yBesHueHHs JOOHJHCb COBETCKHE H30-
6peraTe/iu C NMOMOMLIbIO ABYX MaJleHbKHX 3epKaJel, CO34alOLIHX
napy u3o6pakeHu#, BUANMBIX I'Ia30M CTePEOCKONHUECKH, KaK OA-
HO oOBEMHOE,

Anrnuiickve yuyeHble NpPeJJIOXKHIH TPUKPEMNHTb CTEKJIO ¢ MPO-
3pauHbIM NPENapaToM U 3KPaH K ABYM CHHXDOHHO KOJIeOJIOUIHM-
cs1 KameproHaM. Uucio kKose6anuil kameptoHoB 50 pas B CeKyH-
ny. Ilpu 3TOM 32 KaXKAyl0 COTYIO AOJIIO CEKYHIBI BCe CJIOH Npemna-
paTa ycneBaloT NoObIBaTb B MJIOCKOCTH SICHOro BuuaeHusi. Ilepexn
r1a30M MHOXECTBO Pa3, KaK B KHHO, MPOXOAUT HX YETKOE H30-
6pakeHHe, U OHM CJHMBAIOTCS B OJLHO 06beMHOe H300paKeHHE.

Mexnay TeM, myTellecTBHE B MHD HEBHAHMMOIO IO CYIIECTBY
TOJbKO Hayasoch. Kopabab Jumb otouen ot Gepera. Yixe, npae-
Jla, BCTPETHJIOCh MHOTO HOBOTO H HHTEPECHOro B 3TOM MHpe, e
OCTPOBA M HOBble 3eMJIH ellle He HaHeceHb Ha Kaprty. OmHako
CKOJIbKO Ke A0JKHO ObiTh ux Bnepenu! M xkauab, uto Kopabib He
npucnoco6Jjied AJs CAHIIKOM HaJdbHUX nepexomgoB. EMy crpamnbl
OKeaHCKHe INTOpMH. Boseli-HeBosell MpHXOAUTCS BO3BpaLaThCsd H
CTPOUTb Apyrue cyfa. Tak W B pasBejKe MHKPOMHpa: GBI HO-
CTUTHYT Npejes, U npejes ocTaBuiaa caMa npupoxa. anbine He
NMOMOTYT HH CTEKJa, HU HCKYCCTBO ONTHKH.

Ceer Belb — BoJIHBL. Ha Bome BosiHa, pazGuBasich 0 6GOAbIIOH
KaMeHb, He3aMeTHO OOXONHMT MaJIeHbKHH KaMellleK: OH el He Me-
11aeT, OHa NPOXOAHMT MHMO, He 3aMeyasl TaKOro He3HaYHTEJIbHOro
OpEnsiTCTBHA Ha CBOEM MNyTH. YTOOGBI MOXKHO OBLIO YBHAETH INpel-
MeT, CBeT HOJIXKEeH OTPa3HThCS OT HEro, NyThb ero AOJXKeH H3Me-
HUTbCH, KaK NyTb BOJHBI NpPH BcTpeue ¢ KamHeM. Ho caumkom
MaJleHbKHI NpeJMeT CBETOBas BOJIHA HE 3aMETHT.

Tem ne meHee oxa3asoch, YTO MPUPOLY MOMKHO NEPEXUTPUTE.

He nonpoGoBath Ju MPONYCTHTh Yepe3 JHH3bI MHKPOCKONA He-
BHJMMbIE YJIbTPa(HONETOBEE JIyUYH — TAKHE K€ JEeKTPOMAarHHT-
Hble BOJIHBI, TOJbKO MeHblleH HNJUHBL, YeM BHIHMHIH CBeT? BHITH
MOXKeT, TOTAa CTaHYT 3aMeTHHl «KaMeLIKH» MOMEHbIIe TeX, 4To
obHapy:xuBaeT OObLIYHBIH MHUKPOCKOIN?

Bocnoab3dyemcst yabTpadHoNeTOBEIMH JYyYaMH H BeleCTBAMH,
KOTOpble cBeTATCS noj MX fAeiictBueM. CnpoekTHpyeM H3o6paxke-
HMe Ha MOKPHITHIA TaKUM BeLleCTBOM 3KpaH — M Iepel HaMH BO3-
HUKHET sIipKasl KapTHHA.

IpolineH ele OMH yyacToOK 3a NMpefesaMu 3peHHs... H THOBA
OCTaHOBKa. JIyuH-HEBHIMMKHM OTKa3blBalOTCSl JaJjiblie NOMOTraTh.
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Mukpockon GoJsblie yxKe He rogutcsl. MOXKHO CIPOCHTb: KpoMe
yAbTpadHOIeTOBLIX €CTh U APYTHE JYUH, ellle KOpoue — peHTreHOo-
Bbl U FaMMa-jayuH, nouemy 6bl He o6paTutbcs K HUM? K coxaune-
HHIO, 3TH BOJIHBI He NpPEJOMJSIOTCSH, IPOX0Asl CKBO3b BelllecTBa.
Vinaue roBops, /1 HUX HeJb3sl CO3aTh CBOIO «ONTHKY», cob6paTh
X W HanpaBuTb, KaK CBeT uyepe3 OOLIYHBIE JIHH3HIL.

CaoiictBa, nogofHble CBETOBBIM JyuyaM, €CTb y JIyued 3Jek-
TpoHHBIX. OHH TaK¥Ke MOTYT, IPOXOJSA yepe3 NPO3pPauHylo JJs HUX
cpeny, Mo-pasHOMY MOIJIOLIATBCS, B 3aBUCUMOCTH OT TOJIUMHEL
naoTHocTH npeaMmetoB. Cefiuac 3/IeKTPOHHBIH MHUKpOCKOM B Jabo-
PaTOPHH YYEHOTO CTOMb XKe MPHUBBbIUEH, KaK HEeLaBHO OITHYECKUH.
DJieKTpOoHHAs ONTHKaA Aaer yBeaudeHue B 100, 150, 200 Thicsy pas.

CoBerckuil 2JIeKTPOHHBIH MHKpockon YIOMB-100, npusie-
KaBIMH BHUMaHHE MOCeTHTeNeH HAa MHOTHX MeXAYHapOAHLIX BBI-
CTaBKaXx, JlaeT yBeJHYeHne IO OBYXCOT ThICAY pas. A ecau moJay-
YcHHOE B HeM HM300pakeHHe paccMaTpuBaTh B OOBIYHBIN ONTHYE-
CKHIl MUKPOCKOI, TO Mbl YBHAHM OpeaMeThl yBeauueHHbIMU B 1 200
ThICSY pas!

Uro6nl n3o6paxeHue B 3JeKTPOHHOM MHKpPOCKome ObLIO 4YeT-
KHM, €ro HYXXHO spKo ocBeTuTb. Ho mpu 3ToM 0GBeKT oueHh
CHJILHO HArpeBaeTcsi — Ha HECKOJBbKO cOT rpamycos. Urobbl u3be-
*®aTb 3TOro, B MuKpockone YOMB-100 oceemaercs ToJNbKo Ta
neGosblliasi yacTb 0ObeKTa, Kotopas usyuyaercs. l3obpaxeHue
MOKeT GbiTh CHENAaHO CTEPEOCKOMHYEeCKMM — C MNOMOLULbIO CHelH-
aJIbHOW MPHCTABKH.

BHyTpH 3JeKTPOHHOI0 MHKpOCKomna — BakKyyM. MHaue oH He
Oya1er paGoTaTh: MOJIEKYJbl BO3AYyXa NMPerpaist nyTh 3JeKTPOHAM.
Ho B BakyyMe ruGHer Bce JKHMBOe, H NO3TOMY HO CHX TOD 3J€K-
TPOHHBIH MHKDPOCKOM MOT CJIYXKHTb JIMIIb A H3y4YeHHs MepTBBIX
GaxTepuil U BUPycoB. Terepb B 3JEKTPOHHBIH MHKDPOCKOI MOMe-
IAIOT IIPOYHYI0 MaJsIeHbKyl0 KaMepy (4ToOBI HEe B30pBaJach B Ba-
KyyMme!), HanoJHeHHYIO BO3AyXoM. B Heil co3iadbl yC/nOBHSA, He-
0o6XonuMBle [IJs1 Ku3HelesiTeabHOoCcTH Oakrepud. CTEHKH KaMephl
WM OKOILIEYKH B HHUX [eJal0T M3 Marepuasa, npo3payHoro AJjs
saekTpoHoB. Torma MOxHO HaOaomaTtb, Kak HNHTAlOTCS, Pa3MHO-
JKaloTCs, IBHTalOTCS XKHBble MHKPOOPraHu3Mel. B 3Ty xe MuKpo-
KaMepy MOXHO BBOIHTb ra3 u HaGJofaTh 32 XOJOM XHMHUECKHX
peakUuuH, H3MeHeHHeM CTPYKTYPHl MeTa/na NojJ BJHAHHEM Ta-
30BBIX MOJIEKyJ, o0pa3oBaHHeM HOBBIX XHMHYECKHX COeLHHe-
HUf.

Mbl NpOHMKIM NPH IIOMOLIM 3JeKTPOHHOH ONTHKH B MHKpPO-
MHp, YBHIENH KPYIHbie MOJEKy/abl. A MejKkHe MOJeKyJabl H aro-
mbl? Win nepen Humu GeccujieH Jaxke 3/JeKTPOHHBIH MHKPOCKOI?

CHuMKkH Oakrtepuil, BUPYCOB, CTDYKTyphl MeTaJja IpH Tpo-
MaIHBIX YBEJUYEHHSIX, HAKOHell, OTAeNbHLIX MOJIEKYJ — yKe He
HoBUHKa. HenaBHO mnoJsyuena 3aMeuarenbHas Qororpadusa: xKa-
KHe-TO CMyTHble MATHA Ha CBeTJIoM (oHe, KaKasg-To uepHo-Oenas
MO3aMKa BH/JHBI Ha Hel,—3TO CHHMOK yXKe He KDYIHBIX, a MeJs-
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KHX MOJIEKYJ, COCTOSILUMX M3 HeCKOJbKHX aToMOB. HepaBHO 33
py6exoM nosiBHJIOCH COOOllleHHe, YTO YAAJOCh YBHAETb Haxe OT-
JenbHbii atoM. Pasmep ke atomMa — JecATHOWIJIHOHHAsE JOJSA
cantumertpa! Ilpencraeuth ceGe 5Ty BeJHUHHY IIOMONKET Takoe
CpaBHeHHe: OHa Ha CTOJbKO MEeHbllle CAHTHMEeTPa, Ha CKOJIbKO JH-
aMeTp TPUBEHHHMKAa MeHblue pacctosiius ot Mocksbl g0 Pocrosa-
Ha-Jlowny.

Kak xe ynanocb 3toro no6utbcsi? JIHH3 B HOBOM CBepXMHKPO-
ckorne HeT. B nycroii Kosbe c packajeHHOro OCTPHSl MeTaJjHye-
CKOH MIVIBI CPHIBAIOTCSl 3JIEKTPOHBI H C OTPOMHOH  CKOPOCThIO
yerpeMasiioTcss K JAHy-3KpaHy. Ha Hem Bo3HHMKaeT usobpaxeHue
ocTpus, yBeluYeHHOe B MUJIIHOH pas3. Korja ke B xos6y nonaja-
€T HeMHOT0 MOJIeKyJ rasa, uacTb M3 HHMX ocejlaer Ha urje. MoJe-
KyJla KpailHe MaJia, HO ee «3JIeKTPOHHAaSl» TeHb BHAHA Ha 3KpaHe.

ITocTpoeHo yKe HeCcKOJbKO 06pa3LoB HOLOOHBIX NMPOEKTOPOB,
B KOTOPHIX paboTaloT MeJbuaiiiiie YaCTHYKH — 3JEKTPOHBI, HOHHI,
HpOTOHEL. BMecTo coTeH Thicsu 3aroBopusiu 06 yBeNHUEHHAX B
MUIJHOHEL pa3. IIpOTOHHBIH MHKpOCKON pasjiuyaer MpelMeThl B
OJHY AECATUTBICAYHYIO HoJi0 MuUKpoHa. Ho ocraHoBka sau 3T0?
AToM HeucueprnaeMm. BeposiTHO, H IpyTHe €ro YacCTHIBl CMOTYT CJAY~
JKHTb B MHKpocKomax. M Torma Ha skpaHax OyAyHIMX ONTHYecC-
KHX NpHOOPOB yBUJAT TaKHX NpeACTaBUTeNell MHKPOMHpaA, KOTO-
pBle 10 CUX NOp OCTaBaJHChb 3a NpejlelaMH HAllero 3peHust, BOO-
DPYXEHHOIO CBEPXMHKPOCKONAMH CErofHsILUHEero JHs.

BCEBUIASILUUE JIYUH

B noayMpake jnabopaTopHH CBETUTCS TFOJyGOBATHIM  CBETOM
sxkpad. [Tporus Hero TpyOKa, uepe3 KOTOPYIO HIeT TOK. Yye-
HBIH NPOTSAATHBAET Nepen HeHd PYKy, W BHIMT HA 3KpaHe KOCTH CKe-
jgera. OTyeTIMBO OuepYeHBl KaxKAas KOCTOUKA, KaXKIbIH CycTas.
UesioBek 3arisinyJ BHYTPb camoro ce6a! Cefiuac 370 HHKOMY He B
JUKOBMHKY, U uMs PenTreHa, OTKpBIBIIErOo TaHHCTBEHHbLIE, BCe-
BHIsILHE, BCENPOHHKAWOWIHE JyYd, H3BECTHO BCeM. PeHTreHos-
CKHif KaOuHeT eCTh B 000! MONHUKJINHUKE, H COBDeMeHHas MenH-
I[MHA He MOXeT 000iTHCh 6e3 PEeHTTeHOBHLIX JydYel.

PeHTreHoBBl JIyud CO3AIOTCS NMPH TOPMOIKEHHH MOTOKAa 3JeK-
TPOHOB. DJIEKTPOHBI BHLJIETAIOT C OTPOMHOIl CKOPOCThIO M3 KaTOHa
PEHTreHOBCKOMH TPYyOKH M ynapsiorcs 06 aHoA. AHOL OT 3THX yaa-
poOB packansiercss u Aaxke mjaButcsl. Ero oxsaxnalor Bomoll uiau
yCTPaHBAIOT MOABHXKHBEIM, UuTOOH Ty4OK He MONajgaj BCe Bpe-
M B OJHO MeCTO, He TaK CHJIbHO HarpeBan Ow Metaaa. Ilo-
CTPOEHB! Pa3Hble KOHCTPYKIHMH PEHTTEHOBCKHX TPYGOK, HO Hies B
OCHOBe Y HHX OJlHa: pa3orHaTh H BHE3aMHO OCTAHOBHUTb YaCTHIHI.

Ha cHuMKax, moJlyyeHHBIX C TIOMOLIbIO DEHTTEHOBBIX JIyueH,
BHAHLL KOCTH CKeJleTa H BHYTDEHHHE NODOKH MeTaJslia, CKPLITHIE
KOPIyCOM JieTaJli MallUH H HelpPOBapeHHbie MecTa CBapHOTo IIBa.

A Botr ¥ npyrne cuumku. Ha nienke pas6pocannl BCiogy nsT-
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Ha. O yeM Ke pacCKasnBalOT 3TH NATHHINKH, KOTOPHIE YCEUBAIOT
CcHUMOK? HMau HHON CHHMOK, Ha KOTOPOM NsTHAa — M noGoJblie,
H noMeHbille — BBICTPOMJINCh LENOYKaMH, CJIOBHO 3aNUCh MO as-
6yke Mop3e? IT0 — «cKeJeT» KpHcTajja, ero NnopTper B HEBH-
BUMLIX Jyyax. B Kpucrtanne Beab LapHT CTPOTHI NOPSALOK, ATOMB
pasMellleHbl Ha TOYHO YCTaHOBJIEHHBIX MecTaX. Kak HMeHHO —
TOBOPHT peHTreHorpamMma. boabue Toro. Bee, uto npoucxomur ¢
KPHCTaJIJIOM, HeMeJIJIEHHO OTPa3uTcs Ha cHuMKe. CaMble He3HAuH-
TeJIbHEIE CMELeHHs1 aTOMOB cpa3y o6HapyxuBaloT cebs. [loTomy-
TO M MOXKHO H3MepATb TO, UTO He NOJ CHJAy APYyruM mpubopam.

Tax, HanpuMep, B YCTAHOBKe CBEDXBBLICOKMX JaBJAeHHI CXKajH
ob6pasen. Her eie maHoMerpa, H3MepsilOLIEro JAdBJIEHHE B IeCsT-
KM ThicsiY arMocdep. BuipyuaoT peHTreHosbl JyuH. PenTreno-
rpaMMa OTMETHT, HACKOJIbKO CMECTHJIHCh aTOMBI B CXKAaThIX KpH-
craianax. Pacuer nokaxer, xakas [Jsi 3TOT0 Hy>XHa cusa. Takoit
nyTh — NOKa eIMHCTBEHHBIH 1J151 H3MepDeHHsl CTOJb BBHICOKHX [aB-
JIeHHH.

Ectb TpyOKH, nmo3BoJsidioliue IPOH3BOIHTb CHHMKH C BBHIIEPXK-
KOH Bcero B MWLIHapJHbie J0JH CeKyHAbl. Takue TpyOGKu 3are-
YaTIeBalOT Ha CHAMKaX TO, 4TO HPOMCXOIHT B HHUTOXKHO Majoe
BpeMsi. KoHzeHncaTop, BKJIOUEHHHBIH B Lenb, Bbi3biIBaeT MTHOBEH-
BB pa3psil, HMIOyJabc ToKa. CHABHBIH TOK cO3jaeT MOWIHBIH TO-
TOK Jyuel, ycneBaloluii nofeidcTBoBaTh Ha niaeHKy. Ho Tak kak
OH BO3HHKaeT JHIUb Ha HUYTOXKHO MaJjioe BPeM#, TO aHOAY He rpo-
3UT pa3pylleHHe.

CoBerckuMH H3006peTaTeNsiMH CO3JaHAa HMIyJbCHAas peHTre-
HOBCKasl yCTaAHOBKA, € MMOMOLIbIO KOTOPOI MOXHO NOJYyYaTb CHHM-
KM C BBIIEPKKOH B TPHM NECATHMHJIHOHHBIE JOJH CeKYHABL. IDTH
CHUMKH I103BOJISIIOT NPOHUKHYTh B I1yOb cranau Ha 100 muaaumer-
POB.

UntepecHo, uto B ONHOH M3 Mozejeil MMNYJbCHBIX TPYGOK
YCTPOMJIH KUAKHH, PTYTHBHIH, aHOA. Y3Kuil Jy4 oOpyIIHBaJCA Ha
MaJsieHbKoe o3epko prytH. OHa BCKHmaJsa, McnapsJjach, naphl Ha
MUIJIJIHOHHYIO JOJI0 CeKyHAbl HarpeBaauch no 100 TeicAy rpaay-
coB. Pa6Gore Tpy6KH 3TO He Meluaso.

HMnynbcHas peHTreHOBCKasi TpyOka CTAHOBHTCS HOBLHIM MOTY-
YHM CpPEeLCTBOM H3yuyeHuss Mupa 6GoJbliMX cKopocTeil. Csepxcko-
poctHas (QoTorpadus Bo BCeBHASIHX JyuaX — HOBOE 3peHHe B
STOM MHpe, He NMOJBJAACTHOM HalIMM OPTraHaM YyBCTB.

JIOBYHIKA 1Jis1 MEJIBYAWIIHUX

8TOT HeGosbIod TIPHGOP — CUETYHK 3apsiKeHHBIX YaCTHU —
BBIJAIOIUACS NyTelieCTBeHHHK.

EMy npumsoch noGbiBaTh Ha BHICOKHX IOpax H Ha JIHe ray6o-
KHx o3ep, Ha Kpaiimem Cesepe W B jajekodl AHtapkrugme. [las
Hero NOYTH He 0CTaJjoch GesbiX MATeH Ha reorpaduyeckHx Kaprax.
OH oTnpaBAJCHd B NMOJET Ha MaJeHbKOM BO3JYLIHOM luape ¢ na-
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JyGbl TEMJOX04a, MJBIBYLIEro B TPOMHUECKHX MOPSIX, CTapTOBAJ
Ha pakeTe C PaKeTOJPOMOB B pa3HblX MecTax miaHersl. Ero ony-
«CKaJii B TAyOMHBEI MOps1 HAa TNOABOJHOH JIOJKE M B ammapare st
Tay6GOKOBOAHBIX cnyckoB — Gatucdepe. Ero nparanu 3a ToJCTOH
CTaNbHOH TBepAbiHeH GPOHH, W B IVIyGOKHX IIAaXTaX, MOA TOJLIeH
.3eMHBIX TIOPOJ.

A 3arem OH HayaJ HOBBE YJHBHTe/JbHBlE NyTeLIECTBHS —
BOKPYT CBeTa Ha HCKYCCTBEHHbIX CNyTHHKAaxX 3eMJId U KOCMHYec-
KHX paKerax.

B nocnennue rogsl MHOTO NpHOaBHIOCh MeCT, KyAa momnagaer
3toT npubop.

Metanaypruvyeckuii 3aBoJ H ONBITHOE [MOJie, HCHBITAaTeJNbHAs
CTaHUMA U XUMHYecKas jabopaTopus, — MOKaJyH, Jerye rnepeud-
CIHTb Te MeCTa, Ile ero He GbiBaeT, UX ropdsfo MeHbLIe.

[ToueMy Ke MPUXOAUTCS €My CTOJIBKO MyTeLIeCTBOBaTh? 3aps-
JKEHHble YaCTHUKH, pa3/JHyHble NPEACTABUTENH MHPA Me/bYyaHIIHuX
HenpepelBHO 60MO6apaupyloT 3emJio, NPOHUKAs He TOJbKO yepe3
TOJILY arMocdephl, HO u r1yO6oKo B 3eMHble Hexpa. OT HHUX He
cracaer Jake MHOTOMETPOBAst TOJILA BOABI, JaxKe TOJCThble 6po-
HeBble IVIMTEL. YacTHYKH HecyTcs U3 MHPOBOTO NMPOCTPAHCTBA, OHU
OPHUXOAAT U U3 3eMHBIX riyOuH. OHH — Heu3GexKHbIl CHYTHHK Ca-
MOH KDOXOTHOH KPYNHMHKH JIOOOro pagHOAKTHBHOTO BellecTBa,
nycTh TO HHUTOXHAS NPUMeCh K CBeTsALLeHCs Kpacke Ha uudep-
6naTe BalUIMX YacoB WJIM ejle 3aMeTHasi aMIyJ/Ka ¢ pajgueM B Ka-
OuHeTe Bpaua.

MHO0KeCTBO HOBBIX HCTOYHHKOB TaKuX OBLICTPLIX YaCTHIL MO-
SIBUJIOCh 3a MOCJeJHHe roAbl. DJIeKTPOCTaHIMH, B KOTOpHIX palo-
TaeT NMOKOPEHHBIN aToM; j1a60pPaTOPHH, Ile COBepIIAeTCs «Uya0»
CpelHeBEKOBbLIX aJXHUMHKOB — IPeBPaLUeHUs 3J1EMEHTOB, 3aBOJbI
aTOMHOH NpPOMBILIVIEHHOCTH; HAKOHeL[ 3KCHepHMeHTaJbHble B3PI
Bbl NPH HCNBITAHUAX $IEPHOTO OPYXKHUS, — BCE 3TO POKIAET H3-
JIyueHUs, MPOU3BOAHT YACTHILI — W 3a HUMH Hajmo ciaeauth. Cie-
JHTb, TOTOMY YTO B OOJbLIOH [03e OHHM OMACHHI JJIS YeJOBeKa U
BCero HBoro Ha 3emJje. Ciaegurb, TaK KaK OHU — BeCTHHKH U3
MHKDOMHpA U CaMble HCKYCHble, TOHKHE pa3BeJUHKH, KaKHUMHU
TOJAbKO PacroJjiaraer yejoBek.

Besnecymuit npu6op! M ouenb npocrtoil no ycrpoiictsy: Tpy6-
Ka, U3 KOTOPOH BBIKAuaH BO3JAYX, C ABYMsl 3JIEKTPOJAMH BHYTpH.
Takos cuerunx [eifrepa.

[Toutn BCe 3/1€MeHTapHble YACTHLB 06/1aJaI0T JEKTPHUECKUM
sapanoM. OH HACTOMIbKO MaJ, YTO YCKOJb3HYJA OB OT J1060r0,
€aMOro BbICOKOUYBCTBHTEJABHOTO Hpubopa, eciu Obl HE OTHO KHOY.
JBurasch upe3BbiuaitHo GbICTPO, 3aPsSKEHHAs] YACTHYKA, KaK CHa-
psidl, MPOHOCHTCA CKBO3b HEeCMEeTHble MOJuYMLIa aToMOoB. B sxpo eit
He TonacTh — OHO TOXKe 3aPAXKEHO U OTTOJKHEeT ee oT celbs, 3aTO
3JIEKTPOHBI OHA MOXKeT TNOTPEeBOXHTb M BHIGHTH U3 atoMma. Torga
3TOT PsOBOH, HHUEM He NmpHMeuaTesbHblH ATOM, CTAHOBUTCS OT-
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JIMYHLIM OT CBOMX co6paThbeB. Y Hero Jaxke Ha3BaHME Telepb Apy-
roe — HOH, 4TO B NEPEBOJle 3HAYMT «32PAMERHBII.

IlyTs Hawreil yacTUuKH GYKBANbLHO YCesiH HOHaMW, OHH BO3HH-
KamT COTHAMH ThIcAY. Jlesto Beab B TOM, UTO Hallla YaCTHYKa MO-
poAHIa HOH, KOTOPHIH, B CBOIO OuYepellb, CaM MOXKET HOHH3HPOBATL
ras. IlycTb MexAy 3JE€KTPOLaMM CO3[JaHO 3JIEKTPHUECKOe MmoJie,
pasronfwoulee yacTHyky. IToTok ux Hapactaer, Kak snaBuHa. Ecin
HanpsxeHHe BeJIHKO, paspsan Gyjaer CTolb CHJEH, Y4TO Pas3pyLIuT
npubop, ¥ MOTOMY NPHCOEJUHSIOT CONPOTHBIEHHE, Gepyliee uacTb
TOKa Ha cebs.

Hraxk, moctaToyHo BCEro OXHOH YaCTHIB, YTOGH B CUETUHKE
BG3HHKJIM COTHH THICAY gacTul. OgHa — M coTHH ThIcHY! DTO yxKe
BIIQJIHE OIIyTHMO asis1 npubopa. IloroMy-To OH W OTKJAHKaercs
Jlake Ha eNMHCTBEHHYIO YaCTHYKYy — cJiell, KOTOPHIl OHa ocTas-
JISIeT, JIETKO 3aMEeTHTh.

IToTok MOHOB, MAK HHAUe — 3JMEKTPUUECKHI TOK, eciu Heo6Xo-
JIHMO, MOXKHO YCHJIUTb, YTOOBI BKJIIOYHTb NPHOOD U 3apErHCTPH-
poBaTh nonajaHue YaCTHYKH B 3amajHIO.

C onHOJ CTOPOHBI, YYBCTBHTENBHOCTb €70 TaKOBa, UTO He 3aMe-
YeHHOH He NpoHAeT HH ofHa yacthua. C Ipyro#, eciu YacTHI
OYyeHb MHOTO, OH YCIIEBaeT HX COCYUHTATh: HaJO TOJbBKO OOpaTHTL-
cA K 9JeKTPOHHEIM npubopam. THICAYH OTCUETOB B MHHYTY 3JEK-
TPOHHBIH CUETYHK CJie/laeT OueHb JIETKO.

Uacrnyka obHapy:xuBaer cebsi poxJIeHHHIM e TokoM. He oc-
TaBJIsleT JIM OHa ellle KaKoro-Hu6yIb caepna? OkasbiBaeTcs, lia, M
RM MOKHO BOCHOJIb30BaTbhes, yToOH npociefuTth 3a Hell. Ho Jo-
BYIIKY Npuiercs cIeNaTh HHaye, H NPH3BaTh Ha TOMOLIbL He 3JIeK-
TPHYECTBO, a... TyMaH. Hacruna BjeraeT B 3aKPHITYI0 CO BCcex
CTOpPGH KaMepy, HamoJIHeHHyIo napom. He Hafo gymMaTh, uTo Tam
Genbte KNyObl: BO3AYX HACHIlleH BJaroi, OGHaKO KaneJbKH CJAHUII-
KOM MeJIKH W noka He puauMbl. [losBunach uactruua. Kaneabku
MFPHOBEHHO oceraloT Ha Hee. M ecnw pamblie nyThb ee Obil ycesH
HOHAMH, TO Tenepb ero 0603HAYHT OTYETIMBO 3aMEeTHas JOpOXKKa.
Ha cHuMKe BHJHO, KaK JIBUrajach Momnasuias B JOBYIUKY YaCTHIA.
Tak ycrpoeHa kKamepa Buabcona.

CHHMMOK MOXeT ObiTb CAeJaH aBTOMaTHYeCKH, KaK pas Torua,
KOTJa yacTHyKa nomaJja B JoBylKy. OHa cama Bk/o4aeT ¢oTo-
annapart. [lna atoro no GoKam «KaMepsl TyMaHOB» CTaBAT JBa
cyerunka Feiirepa. Kak ToibKO uactulia npoiner yepes HHX (a
cnefoBaTeJNbHO, M uepe3 Kamepy), nosieasercd tok. O ycu/inBa-
eTCA ¥ 3aTeM BKJIOYaeT BClO CheMOYHYIO annapartypy.

CKBO3b TOJICTOE CTEKJIO JIynbl BHAHO, KaKk 3aropamwoTtcsi H rac-
ByT uckopkd. Omua, npyras, TpeTbsi... Ec/H NPHCMOTPeTbCH HO-
BHUMaTeJibHeHR, MOXKHO COCYHTaTh, CKOIbKO HX BCNBIXHB2eT B MU-
nHariopuoM ¢eliepepke. MIHBIMM CROBaMH, JIETKO Y3HATb, CKOJIb-
KO 4acTHIl TIOSBWJIOCH Ha HalmMX Iia3ax. Belb Kaxpast M3 HHX,
yRapsificb 00 3KpaH, LaeT MIHOBEHHYIO BEHNHIIKY: 3KpaH HOKPHIT
CJI0EM ONHOTO M3 TeX 3aMeuaTesibHbiX BELIeCTB, KOTOPble CBeTATCS

15



non nefictBuem usayueHuil. HemaBHo y Hac mocTpoeHa takas Ka-
mepa, rie MOXKHO chororpaupoBaTh Ha MJIEHKY CJie[-BCIbIIKY
OT KaXKAOTO OTHEJNbHOro 3JeKTpPOHA. BCHBIIKH MOXeT CYHTaTh
MallldHa. A /15 3TOr0 CYETUHK COEQHHSIOT C (POTOYMHOXKHUTEIEM —
0 HeM Mbl paccKaxkeM jgaJblue. Benbliiky cBeta poxjaaior B GoTo-
YMHOXHTeNe TOK. MHOrOKPATHO YCHJIEHHBI! OH NMPHBOAUT B Aeil-
CTBHE CYeTHBe YyCTPOHCTBA.

EcTb ele ofuH perucTpaTop uacTHL — NY3bIPbKOBas Kamepa.
OH mpuMmeHsieTCs Tenepb BO BCEX YCKOPHTEIAX 3apsKEHHBIX ua-
ctuu. ITy3bIpbKoBasi KamMepa — 3aKpBITBIH COCYH C Npo3payHoil
xungkoctblo. OfHAa M3 ero CTEeHOK — 3JjacTHYHas MembpaHa, co-
eJMHeHHas Cc APYTHM COCYJOM, B KOTOPOM HaxoguTcsa noj 60Jb-
mWAM JaBjeHueM ra3. TeMmeparypa 3KHIKOCTH TaKoBa, 4YTO He
6y/Jb MOBBILIEHHOrO NaBJEHHs, XKHUAKOCTb 3aKuiiena Obl.

3apsKeHHas uacTHIla, MOMaBLUIAs B KaMepy, HOHH3HPYeT aTo-
MH xkuakoctd. [1yThb ee, Kak u B kKaMepe BusbcoHa, oTMeuaercd
BHIMMOH NOPOKKOH, HO He KameJsjek, a Ny3bPbKOB.

Ily3elpbky 3T oueHb MaJbl. Urobul ux cororpaduposarthb, Hy-
JKHO TOHH3HTb JaBjeHHe — OTKPHITb KjalnaH B COCyJe C ra3soM H
BLIIYCTHTb 4aCTb ero Hapyxy. IlaBiaeHue XUAKOCTH MHajaer, u
NYy3bIDbKH YBEIHYMBAIOTCS, CTAHOBATCS BHIHUMbBIMH.

Ho torma ckopo Bckumaer Bcsi kupakocts. Yro6Gel Kamepa
C€HOBa OblIa rotoBa K paGoTe, HYXXHO BOCCTAHOBHTh JaBJEHHE.

ITy3eIpbKOBEIE KaMephl HAMOJHSIIOT CaAMBIMH Pa3HOOGpa3HBIMU
WHUJIKOCTSAIMH, B TOM YHCJe W CXKUXKEHHbIMH Ta3aMu.

B cemeficTBe MesbuafIUX eCTb, OLHAKO, U YACTHUKH, Yy KOTO-
PBIX HeT 3apsna, HefiTpoHsl. Kak ux o6Hapyxkurb? Korga HyXHO
noiMaTbh HEHTPOHEI HAa MYTH B SIePHBIH peaKTop, MOJNb3YIOTCS Ka-
KHM-1160 BellecTBOM, KOTOPOe HX XKAaJHO IOIJIOLU[aeT W CTAHO-
BUTCS pafHOAKTHBHBIM — BBHIOpAChIBaeT 3apsSMKEHHblE YaCTHIIBL.
Ecau Hano/HUTb CUETYHK ra3o06pa3HBIM MOIJIOTHTENEeM He#dTpo-
HOB, yIaeTCsl JIOBUTb B 3aMafHIO M 3THX UYJIEHOB CEMbH MeJbyai-
uinX. JIOBYIIKH A/ BCeX HUX AeHCTBYIOT 6e30TKa3Ho!

®OTOIPAGUY CJAY)XKUT YHEHBIM

'Ha BLICTaBKaX XYyJIOXKeCTBeHHOH QoTorpaduu, Ha CTpaHHLAX
KHHUT U XYDHAJIOB MOXKHO YBH/JETb KpaCHBeHIIHe H OPUTHHAb-
Hble CHUMKH.

Ho Bpsin nim OHM MOryT CPaBHHTBCSL MO CBOEMY 3HAUYEHHIO C
JAPYTHMH CHHMKaMH, KOTOPBlE YKPAIIAIOT JHUIb CTPAHHIBI CHelH-
aJbHBIX XKYPHAJOB W HAayuyHbIX TPYAOB. HacThb HX XpaHHTCA B
«CTEKJSHHbIX GUGIHOTEKAX» — XpaHUAUIIAX PoTonaacTHHOK. OHu
3amevaryieny JaJjeKHe COJHIA — 3Be3[bl, yAaJeHHble OT Hac Ha
MHJIJIMOHBI CBETOBLIX JieT. Ha Apyrux CHHMKax KaKHe-TO HCKOPKH
pasyieTenuch B CTOPOHBI, KaK GYATO CTOJKHYJHCb H PacChinajiHCh
zpe 3pe3abl. OHaKo He CTOJIKHOBEHHe 3Be3[, a4 BCTpeua Kpolueu-
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H¥IX, HUUTOXKHO MaJIBIX YaCTHYEK W3 MHKPOMHpa 3a(pUKCHPOBaHA
Ha mJacTtuHke. BoJjibiloe BBHIXOJHT MAaJbIM, MaJjioe — GOJbUIMM.

Woroannapar 3acHsan 3emaio B KocMoce u 06paTHyIO CTOPOHY
JlyHn.

Toavko 6maronaps gororpaduu OTKPBITH MHOTHe [allakTHKH,
0 KOTORBIX paHblile Mbl He 3Hanu. M Ttonbko ¢ororpadus pas3nsu-
HyJla TP@HHUIBI MO3HAHHOTO HAMH 3Be3JHOr0 MHpa [0 (aHTacTH-
YeCKHX pPACCTOSHUH — 10 MHJJHOHOB cBeTOBBIX JeT, Ha 3emie
eille He GhLI0 YeJoBeKa, KONAA CBET Hayaj MOyThb OT CTOJb Jaje-
KHX 3BEe3[HbIX MHDOB.

«CBeTonucb», 3aMUCb CBETOM HA IVIEHKY HJH MJIACTHHKY, CO-
npoBoxaaer paGoTy C TeNeCKOMOM W MHKPOCKOIOM, C PEHTTeHOB-
CKHM amnapatoM d Kamepodl BusabcoHa u c gpyrumu npubGopamu.
®DOTOCHHMOK — TOUHBI W GecnpHCTPACTHBI perucTpaTop Jio-
ObIX COGBITHH, MIOOBIX 06BEKTOB BE3J€ W BCIOAY.

«Jlnanason 3penusi» ¢ororpadun HeoObualiHO WIHPOK: (oOTO-
NJIaCTHHKH MOTYT 3aMeuaTh He TOJNbKO CBETOBBIE, HO H HeJOCTYI-
Hble yeJIOBEUECKOMY TIJ1a3y yabTpaduoJeTOBbE U MH(pPaKpacHble,
peHTreHOBH W ramma-ayuu. [as cdortorpacduu, ecin el moMoraer
3JIEKTPOHHKA, He CYLIeCTBYIOT TYyMaH H HOUb, — B TEMHOTE H
B HEMOToJy CHHMOK BBIXOJHUT He XyXe, yeM B SICHEIH neHb. Poto-
rpadusi MOXKeT chaelaTb CHAMOK OGBEMHBIM, ILBETHBIM, MOXKET,
KaK M CBEePXCKOpPOCTHAasi KHUHOKaMepa, moiMaTbh HPOHCXOAsllee B
HHUYTOXKHYIO YacTh CeKyHabl. MoxHO ororpadupoBats 6e3 ¢oro-
annapara u faxe 6e3 ¢GOTONEHKH...

@oTomnneHKa, KaK NMPHEMHHK CBETOBBIX H3JyueHHit obnanaer
3aMeuaTteJbHbIM CBOMCTBOM, KOTOPOTO HET Ja)e y Hallero rjasa:
OHa HaKomJser cBeT. ['/1a3 ycraeT cMOTpPeTh, a MJAACTHHKA CO Bpe-
MeHeM BHMAUT Jyulle: OoJblIe BhIAEDXKKA, U 6oJiee caabble 3Be3 bl
MOSIBJSIIOTCA HA HeH.

B ToHKOI XelaTHHOBOH mMJeHKe paccesHbl Meslbualilive Kpu-
cTaaauku Gpomucroro cepe6pa. Ha HuxX moman cBeT — H 3TO He
npouwio AJas Kpucraanos Geccaenno. I1pasaa, poronnacrunka oc-
Tajach TaKOH e, Kakoil Obljla, U HHKakoro us3obpaxeHHUs Ha
Heli He YBHIHLIb, KAK Obl Mbl HH CHJIHJIUCb €ro pPacCMOTPETh.
CnHaKo OHO ecTb — CKpBLITOE, 3ampsiTaHHOe B OPOMHCTOM cepeG-
pe. CBeT HOHH3UPOBAJ KPHCTAJJIHMKH, OCTABHB TeM CaMbIM CBOH
caejl, © AeHCTBOBAJ MeCTaMH cuibHee, MectaMu caabee. Ou cos-
a1 HEBUAMMYIO 1MOKa KapTHHY. Tenepb Heso 3a MposBUTENeM: O
BOCCTAHOBHT M3 COJIM YHCTOe, METaJJaHueckoe cepe6po — U Hera-
THB T'OTOB — MOJKHO IeyaTaTh C HEro CKOJIbKO YrOZHO CHHMKOB.

Yr0 X, BO BCEM 3TOM HHuero ocobennoro Her. [lag ¢oromniobu-
TeJedl 370 a3byKa, Tak Ke Kak M LiBeTHAas IleyaTb, H CTEDEOCHH-
MOK, H MHOTHe ApDyrue BHIBl CHeMOK, KOTOpble JOCTYNHH ceffuac
TeM, KTO HMeer annapar. Ho BOT uTO [OJKHO TMpPHBJeUb Halle
BHuMaHue. [IpeBpawerus B 6pomuctoM cepebpe BO3HUKAIOT 6Ja-
rogapsi MOHH3aUuu. A HOHM3UPOBATb — CBOHCTBO, NpPHCYLIee He
T0/bKO cBeTy. MM obnanaror Bce 3apsi:KeHHble yacTuupl, [lonas B
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CBETOUYBCTBHTEJbHbIR CJIOH, OHH REHCTBYIOT NOJOOHO CBeTy H
OCTaBJASIOT CBOH aBTOrpag, myTh HX Ha CHUMKE CTZHOBHTCS, BH-
anMbiM. Bot H dotorpadus G6es ¢oroannaparal Ilo atum ¢HUM-
KaM MOXHO ONpeJeJuTb 3apsiji, Maccy, CKOPOCTb YacCTHII.

IlpaBna, o6rYHO CJIO# Ha INIACTHHKe GbIBA€T TOJMUIMHOH BCETO
B AecATOK-Apyroii Mukpon. TyT uwactuue He ymaercs npoiTH 3a-
MeTHH nyTh. [loaToMy nNpHMeHSIOT 0c060 NPUTOTOBJNEHALIE, TOJ-
CTOCJIONHbBIE INIaCTHHKH, The CJ0H HMeeT TOJIUIMHY B COTHH MH-
Kpod H 06Jafaer BHICOKOH UYBCTBHTENbHOCTbIO. FIMEHHO Ha HHX
A 3aCHATH HHTepecHefIve COOBITHS, Pa3kIrpaBLIMecs] B MHKpO-
MHpe, HanpuMep, CTOJIKHOBEHHe KOCMHUECKOH YacTHUH ¢ SADOM
aroMa cepe6Gpa. Caennl, KaK JIyuH, pacXoAsTCs B CTOPOHH OT HX
CTOJNKHOBeHHSI. [N Ha Takylo «IOKYMEHTaJbHYIO» ¢oTorpa-
¢uio, noHecmylo 0 HaC CBHIETENbCTBO COOLITHI B HeApax Beliie-
€TBa, MOJKHO CYIHTb, KAKOBbl OLIJIH MX BHHOBHHKH, CAMH 4acCTH-
Kbl

OnHa Ha MUWIHApK uacTeil — CTOJNbKO BellleCTBa MOXKeT GHITh
B pactBope. Ho u atoro pmocratouHo, uroOwl npuMech Obijia 0G-
HapyXeHa CHeKTPaJbHBIM aHanu3oM. Kak? Jlumb ¢ moMouibio
¢doTonNACTHHKM: HAa HEH MOXKHO YJAOBHTb M paccMoOTpeTb Ty JH-
HHIO B CNeKTpe, KOTOPYIO JaeT KPyNHHKa, 3aTepsABIIASCA CpelH
MHJJIHapAa APYTHUX.

JecaTumuianuapaHas H0JS NMPOIEHTA — TAKOBO COHEpIKaHUe
palnOaKTHBHOTO BelleCTBa, KOTOpoe BBeleHO B pacrenue. Ecau
MEl XOTHM TIpOCJAe[uThb, Kyja NONaJH 3TH MeueHble aTPMbl — B
KOpHH, cTefeib KM JIUCTbS — HAC BBHIPYYMT PaJHOCHUMOK. ATOMEI
camu ce6s1 oTMerdT Ha HeM. Henapom 3ToT cnoco6 Hasraau aBToO-
panuorpagueii. Manyvenne moxer 6biTh croab cnabo, ¥ro 3a-
€T2BHT NOYEPHETH IUIACTHHKY JIMIUb [OCJE BRIIEPXKKH B HECKOJNBKO
mecsaies! U Bce ke 3acraBur. CHUMOK OTBETHT Ha 3aJaHHBIH BO-
npoc.

Astopaanorpaduio al0T HE TOJObKO PATHOAKTHBHHE ATOMEL
Cpe3nl pacTHTe/IbHLIX H XXHBOTHBIX TKaHeH OCTaBJSAIOT CBOH «mop-
TpeT» Ha GoTomieHKe 6e3 BCAKUX ONTHUECKHX YCTPOHCTB — Jl0CTa-
TOYHO NOJOXHTb B TEMHOTE KYCOUEK TKAaHH Ha (OTOINIEHKy, 3a-
KpHITb CTEKJIOM M TOMECTHTh B CBETOHENPOHHIIAEMYIO KOpabKy.
Yepe3 cOpPOK MHHYT INIEHKY MOXKHO NPOfBJAATL (IPOMBLIB NpeiBa-
pPUTEJbHO XOJOJLHOH BONOH B TEMHOTE) M CHHMOK rotoB. CHUMKH
NOJIYYaloTCcs OYeHb YeTKHe, BHAHBLL JETaJH CTPOEHHS TKaHel, 6o-
Jnie3geHHbie H3MeHeHHs B HuX. [loyemy Bo3HHKaer aBTOpamuerpa-
¢ua? Bo3MoXHO, TKaHH JXKHBOTHBIX HCOYCKalOT KaKHe-To JIYuH,
BO3MOXKHO, TKaHeBast MXHIKOCTb 00J1afiaeT CBOHCTBOM 3aCBeyH-
BaTb nnrenky. Iloka na 210T BOMpOC YueHble He MOTYT OTBETHTb.

Kak sennkn 6akrtepus, BHPYC, MQJEKYJa, — 3TH Mallble npej-
CTaBHTeNM XKHUBOH M HeXHBOUH npuponbl? CKOMBKO HX yMellaeTcs
B IOJie 3peHHs 3AEKTPOHHOro MuKpockona? CHAThH U OHpENENUTD
O CHHUMKY — e[IHHETBeHHbit nyTb. CHHMOK JaeT BO3MOXKHOCTb
CKa3aTh, K&K PaCHOJIOXKeHbl aTOMbL B KPHCTaJlIe, & BeAb paccTo-
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AHHS MEXAY HHMH He IDPEeBbIINAIOT HEeCKOJbKHX CTOMHJJIHOHHBIX
novieit cantumerpa. Crelbl HAa TOJCTOCAOHHBEIX IIJIACTHHKAX — HE
npocto 3deKkTHass KapTHHA, a MaTepuas AJs M3MePeHHi u pac-
YeTOoB, I103BOJSAIOUIAX «OIN03HATb» MUKDOUYACTHILI, MO3HAKOMHTDL-
Csi C HMUMHU NoOJHXKe.

Teneps — o ¢ororpaduu «MHKpouacTHl, BpeMeHu». 10 MHJIH-
OHOB CNHMKOB B CEKYHAY — peKopa uacToThl. Bcero HeckoabKko
METPOB WWIEHKH MOMellaeTcss Toria B cbeMOuHbli annapar. Tyt
He roasiTcsi oGbluHBblE 3aTBOPBI, JAMMBI-BCIBILIKY M Npoyas npo-
cTeiiiiasi TeXHHKa. DBICTPOJEHCTBYIOIIMH 3aTBOP [NaeT BBHIAEPKKY
B MUJHApPAHYIO HOJMIO CeKyHAbl. lcnbiTanHoe cpeicTBo MoJjyye-
HHUSI CBEPXBBICOKMX CKOPOCTei — 3J1eKTPOHHKA, BepOSATHO, MO3BO-
JIUT ellle YMeHbUIMTh H 3TOT KpaliHe MaJblil npomexkytok. Takue
3aTBOPBI ykKe co3patorcs. OOuUH M3 HHX JaJ BO3MOMKHOCTb IO-
JYYHTb ABa C MOJIOBHHOH MMW/JHAPAA CHHMKOB B CeKyHHy!

Ocaeienne o6bekTa NPOU3BOAHTCA HCKpoi. Kcraru, cHumas
B TEMHOTe, MOXKHO OCOHTHCL M Ge3 3arBopa. Bcembilika mnaurcs
JEeCATHMHJITMOHHYIO JOJII0 CeKYHJbl, BEIePIKKa MoJyvyaercss cama
co6oll, Ha upe3BLIYAHHO KOPOTKOE BpeMs BO3HHKaeT H300pake-
HHe, KOTOpOe ycheBaeT 3amevatierb (oTomsacTuHka. Bot u Bech
«MEXaHH3M» — 6e3 BCAKHUX MOABHXKHBIX 4yacTei!

Ectb namnbl-Benbiiky, naloune ceer sipue CosHua, He ycTy-
namouiil aTOMHOMY B3pPLIBY.

CoBeTCKHe yCTaHOBKH, faioliue a0 33 MUJIJIHOHOB CHUMKOB B
CeKyHIy, «OCTaHaBJUBAIOT» BpeMA C IOMOILBIO BpaLlAOLIKXCS
3epkad.

Mexny o6beKTHBOM H IJIEHKOH MOMellleHbl 3epKaJa, Bpaiiae-
Mble B pasHble CTOPOHBI TYpOHHOH uau 3JjekTpomMoTopoM. CKo-
pocThb BpallleHus — COTHH 060pOTOB B MHHYTY. 3epkaja orpa-
CBHIBAIOT H306paKeHHe Ha CHUCTEMY HeGOJIBLIMX JIUH3, H OHO Mepe-
MellaeTcsl BAOJb IJIEHKH TaK, YTO Ha KaKoe-TO MTHOBEHHE OC-
Taercsd HemoABMXKHBIM. Kakpas /nyuH3a HaeT OTAeNbHBII CHHMOK
MPOUCXOAsAIIero B JaHHOe MrHoBeHHe. [lneHka ocraercs Herno-
IBHXKHOH, lHTEepecHO OTMeTHTb, UYTO H306paKeHue IBHUIKETCA
BIOJb NJEHKH C OFPOMHOH CKOPOCTbIO, B HECKOJILKO KHJIOMeT-
POB B CEKYHAY.

CHHMKH 3TH MOTYyT OBITb CHeJaHbl CTEPEOCKOMHUECKHMH = C
NOMOIIIBIO MPHCTABKH, HMelollell ABa orBepctud. [losyuaercss asa
pana nzobpakeHuil, HO Ha NJIEHKY OHH NMOMafaloT OJHOBPEMEHHO,
a moTtoMy M gocruraercs adgexkr obbemuHoctH. Uacrora ¢oro-
CbEMKH CO CTEPeONPHCTAaBKOH — [0 MOJYTOPa MHJ/JHOHOB B ce-
Kyuny. IlpocMaTtpnBasg CHUMKM uepe3 OOBIUHBIH KHHONPOEKTOP,
Jaolui 24 Kajapa B CeKyHAy, MBl NoNyuyuM 3amejseHde B 60 Thi-
Csu pas.

100 MUJIIHOHOB CHMMKOB B CEKYHIY HdeT PacTpoBast CheMKa.
N3o6paxenue, kak B TUMOrpadcKoM Kiuiue, pasGuBaercs Ha Toy-
KM MHKDOCKOIHYECKHMH JMH3aMu. Ha ogHoM KBaapaTHOM caHTH-
MeTpe yMmellaeTcs 2 Thicsyn Takux auH3. ToueyHoe uzoGpaxkenue
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pas3BepThiBaeTca 3epkaJjoM. Iloayuaercs pax monoc. Korna owa
HAaYHHAIOT HAKJAAALBATLCA JPYr HAa JpYyra, CrelHadbHbli madaoH
NOMOTdeT PacCMOTPETb LeJibHOe H306pakeHHe.

CkopocTHast GOTOCHEMKA NPUMEHSAETCS B HAYUHBIX HCCIIEHOBa-
HHAX, AJS U3yUYeHHsl siBJI€HUH, HPOHUCXOASLIUX NPH BHICOKHX CKO-
poctax M temneparypax. Ona ucnosb3yercss B 3aBOJACKHX Ja6o-
PaToOpHAX pAla orpaciell — KOTJIOCTPOEHHH, PE3aHHH MeTaJljoB,
TOPHOM JeJie, BHICOKOBOJIbTHOH TeXHHKe H APYTHX.

A Bo3moxHa Ju dororpadus 6e3 dortonnenku? BosMoxkHa, HO
NOKa elo MOJAb3YIOTCS AJIsl BCIOMOTaTeJbHbIX Lesiedl. Hampumep,
HYXKHO OBICTPO M JellleBO PAa3MHOXKHTb (oTorpaduu, 3anucarb
H3o6pakeHHe Ha 3KpaHe 3JEKTPOHHO-JyueBOH TPYOKH, CHATb KO-
AHI0 C MUKPO(]HAbMA, OTIIeYaTaTh YeTKHIl DPEHTreHOBCKH}I CHHMOK.
Ha nomoub npuxoaut anexrporpadus — 3Jaexktpo, He ¢doro! Ceer
NonajaeT Ha TOHKHH 3apsKeHHHIH CJOH NOJynpoBOXHHKa. 3aps-
bl nepeMellaloTcsi, U BO3HHKAeT CKPBITOe H300paxkeHHe, «HapH-
COBaHHOE» 3JEeKTPHYECTBOM. 3aTeM IJIaCTHHKY MOKPHIBAIOT IO-
POLIKOM, KOTOPHIH IPUJUNAET B MecTax cKomieHus 3apsnos. Oc-
TAeTCsl NPUJIOKUTbL GyMmary, npojesaTh ellle HeCKOJbKO HecJox-
HbIX Onepauuil — U OTIeYaTOK rOTOB.

dotorpadust — 310 cBoeoOpasHas JIETONHCh HAYKH, XpaHAIIas
JiJISl ACTODHM NOKYMEHThl MHOTHX 3aMeuaTeslbHBIX OTKPBITHH, 3T0—
H HOBOE CPeJICTBO MCCJeNOBaHMi, Jalollee YUeHOMY BJacTh Haj
BPEMeHeM,

OCTAHOBHUCHb, MT'HOBEHHUE!

JacTb Hal BpeMeHeM JaeT M KHHoKaMmepa. OHa mo3BoJjser

BUJETh YORICTPEHHRM BO MHOTO pa3 TO, YTO Ha CaMOM JeJie
NPOUCXOJHT KpaliHe MeIJIEHHO H, HaoGOpoT, 3aMelATh OBICTPO-
uayiue npouecchl. MOXXHO 1a)ke COBCEM OCTaHOBHTb BpeMms!

KoneuHo, MHMO Takoif BO3MOXKHOCTH HPOHTH HeJb3s: HayKa
IHPOKO noJb3yercs elo. CpaBHUTENbHO NPOCTO MOKa3aTh HA 3Kpa-
He, KaK B HECKOJIbKO CEeKYH] PACMyCKaeTcs LBETOK: CHayasa CHH-
MaTh ero, eHb 3a JIHEM, KaJp 3a KaJgpoM, OoT OyTOHa HO pacKH-
HYBUIEH JienecTKH PO3bl, MOTOM NYCTHTb JIEHTY C OGBIYHOH CKO-
POCTBIO — H BCe NPOM30iileT Ha Hamux raaszax. Ho yueHmIM HYX-
HO M JPYyroe: «Jyna BpeMeHH» — KaMepa, Be1ylllasi CBePXCKOPOCT-
HylI0 cbeMKy. Benb TosbKO Torjga ynacrtcs nmoiiMaTh MTHOBEHHE,
YBHJETb TO, YTO NMPOHMCXOAUT HeyJoBMMO Onictpo. Hassauue «ay-
na», nexanyi, HeTOUHO: HeT, He Jyna, a Mukpockon! Mrak, 3ana-
ya sicHa. A KaK ee BLIMOJHHTL?

Cpasy e BCTaeT TPyAHO ONOJHMMOe npenstcTBue. I1neHKy B
anmapate Hajfo NpojepruBaTth nepei o6bekTHBoM. Ilo cyuiecTy
KHHO — 3TO ABHXKYWascs gororpadus, KHHOQHILM — Cepust Hay-
I{MX JPYr 3a APYroM CHHMKOB. UM cHUMaIOT O6HIYHO (HIBM YHCTO
¢ororpaduueckum cnoco6om. Hano pmaTth KaxaoMy CHHMKY-
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KaJIpHKY Oflpele/IeHHYI0 BbIIEPKKY, HHAUE CBET HE YCIeeT OCTa-
BHTb CKpBITOe H30GpakeHHe Ha NJjeHke. IlycTb 3Ta BBIZEpKKA
oyeHb MaJa, Ho 6e3 Hee He OGOHTHCH.

Ilneska mnBHIKETCS NPEpPBIBUCTO, CKAauKaMH: JJisl 3TOTO ecTh
cnenuanbHblil MexaHu3M. Ho He Hafo HaxuMmaTh Ha 3aTBop. OH
CaM BBIOJHHUT CBOIO POJb: NePEKPOeT OKOIIedyko, KOrja IIeHKa
IBHXKETCSI, ¥ OTKpOeT, Korja Ta OCTaHOBHTCHA. JIMCK c BHIpe3oM,
KOTOPHIYl BpalllaeTcst CTPOTO COIVIACOBAHHO C JBHMEHHEM IJeH-
KH — BOT H BCe ero ycTpoiicTBO. OCTaHOBKA — OKOIIKO OTKPHITO,
CHUMOK CHeJlaH, U Kap JBHHYJICS HaJblie, yCTynas MecTo cieny-
loiiemy. [Toka JieHTa ueT, IUCK 3aKPHLIBAET €€ OT CBeTa. A 1aJb«
ille Bce NMOBTOpPSETCS] CHauaJsa.

Haunem npojepruBaTh NJEHKY OBICTpee = yUaCTHM CheMKY.
3actaBuTh NPOTSKHON MEeXaHH3M M IHCK-3aTBOP paboTaTh GHICT-
pee HerpyaHo. Tak MoxHO cHuMaTb He 24, a 240 xanpoB B ce-
KyHAy. 3HaUdT, TIOTOM BpeMs Ha 5KpaHe IoTeueT MeAJeHHee B
10 pa3! [as creMKH He CJAHIIKOM OBICTPBIX OBHXKEHHI 3Toi cKopo-
ctd poctatouno. Ho ecan Gbl MBI 3aXOTeNH HNOHTH JaJblie, HUYE-
FO He BLIHJET: MEeXaHU3M He BBIIEPXKHBAeT, PBET MJIEHKY,

EcrecTBeHHO, mpuaercss 0TKa3aTbCs OT HEPEABUMKEHUS IJIEHKH
CKauyKaMH: KOTJa TnepephlBOB He GYHeT, nepej 06 beKTHBOM yCMeeT
npoiitu ropasfgo GoJjbiie Kaapos. IlyTe npocroit U ynoOHHH, HO
He JIeTKO BHIMOJMHUMBIA. Mbl xe 3266111 0 BoiAepxkKe! Tloayyaer-
Csl HepaspeuruMasi TpyAHOCTb.

Ho Henb3st 1M OCTaHOBUTHL He caM NpPEIMeT, 2 ero usobpaxes
Hue? Passe 3ps cymectByeT ontuka? Ha nytu nyua cBera, mex-
LY NpPeIMEeTOM M IJIEHKOH Halo MOCTABUTb 3ePKaJbHbIH MHOTO-
rpaHHbId  oTpaxkatejb-6apaGaH M 3acTaBUTb ero OHICTPO Bpa-
mathest. Toraa oH OCTaHOBHT H300paxceHHe B OKOILIEYKe CheMOu-
HOM Kamephl. Benb eciu nieHKy H 3epKaJjlo ABHTATh He Kak Io-
fajo, a COTJacOBaHHO, 3epKaJja, Bpaulasicb, OyAYyT CJAOBHO Caes
IHTh 3a NpPEIMETOM, BCe BpPeMsl COXpaHss H300paKeHHE Hemo-
IBMKHBIM JJs OBHMXKYyulefics nyieHku. To xXe #u 3nech. 3epxana —
a ux y 6apabaHa MOXHO cllefaTb MHOrO—CTadyT JAOBUTb H306pa«
JKEeHHe, M OHO mocJefyeT 3a njeHxkod. Ilycth oHa aBuXKercsl ©
J1060i1 CKOpPOCThbio: GapabGaHbl OT Hee He OTCTaHyT. Belxox Hai-
neH!

Teneppb ycriex 3aBHCHT JIHIIb OT TOTO, KaK OHCTPO MBIl cyMeeM
NPOTAaCKUBATh MJEHKY yepe3 anmapar. 2 THCAYH KafpoB B ce-
KYHIY — TAKOBa CKODOCTb B «JyHe BpeMeHH». IT0 — 144 xujo-
MeTpa B uac, cKopocTb yueGHoro camosietra! KHHOTeXHHKH yXHT-
PAIOTCS 4AaCTOTY ChEMKH YBEJUUUTH ellie BUETBEPO ADBOJABLHO NPO-
CTHIM TpHEMOM: H3MesbueHueM Kanpa. [1neHky GepyT moyxe, a
KaXblil KaJpHK [eJNaloT MOMeHblle — TOTJa HX pasMeinaercs
3HAYATeNbHO Gosblie HA TOH Xe AauHe. JlaJjbllle Takoe XHTPO«
yMHe TepecTaeT NOMOTraTh: Ha ClleHY BBICTYNAET COBCEM APYToe
NpensTCTBHE, KOTOPOE He NMO3BOJSET MPOCTO OT «IYIbl» Nepeiitu
K «MHKpockony», C HHM He/Jb3s He CUHTATbCA: ONATbL PeYb HILT
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0 pas3pyUIeHHH IJIEHKH, TOJAbKO Ha 3TOT pa3 He OT uyepecuyp uac-
ThIX DPBIBKOB, a y2e 0T TpeHus. OHO Bo3pacTaeT HACTOJbKO, HTO
HauHHaeT HUCTHPATb JIEHTY. 8 ThHICAY KAaJpPOB B CEKYHIy — IIpeled,
K ero He NpeB3ofiTH [0 TeX MOop, NoKa He Haiiayrt 6GoJsiee MPoOYHOIl
nieHku. Jleso yxe He 3a TEeXHHKOH, — 3a (hOTOXHMHEH.

Ho pas Hesnp3st GbicTpee ABUraThb IJIEHKY, TO, ObITh MOXKET,
ynacTcs mepeMeliaTb H300paKeHHe BJOJb HENOABHIKHOHN IVIEHKH?
Ho 10 e camoe cinesaHO B CBEPXCKOPOCTHOH (poTOKamepe C Bpa-
HiarolUMucst 3epkanamu. Eciu BMecTro TOro, utoOel JenaTb OT-
neyaTKkd ¢ OTAeNbHBIX KaJpOB, MPOCMOTPETb BCIO IUIEHKY C IO-
MOILbIO KHHONIPOEKTOPA, Mbl U MOJYYHUM «JYyIy BpPeMeHH», 3aMel-
JleHHOe u300pakeHHe CBEPXCKOPOCTHOrO mpouecca. TONbKO Kaj-
poB Hajxo cresnatb noboJblile — B CKOPOCTHBIX (pOTOKaMepax HX
6biBaeT HHOTAA BCero BoceMb. A B CBepXCKOpPOCTHOH KHHOyCra-
HOBKe coBeTrckoro usobperatens CaMypoBa MOMKHO [OJNYUYHTb
416 kanpos. Yacrora cbeMKH 5 MHJJIHOHOB KaipOB B CEKYHIY.
UerkocTb ke u3obpaxkeHus, Heo6xonumas AJs KHHOCBEMKH, 10-
CTHUraeTcs NMPUMeHEHHEM HOBLIX 3JIEKTPOHHBIX JlaMI-BCIibllIeK.

IMokaswiBaercst puabM 06 apTuisepuiickoil crpenanbe. Ilepe-
IlaHa KoMaHjaa Ha 6arapeto: oronb! CHapsig BXOAHT B Kaup... [Bu-
J)KeTcsl He OblcTpee Oeryliero uesjoBeKa.. yAapsieTcs O 3eMmJlio,
OTCKaKHBaeT U TaKiKe MJIaBHO yXOJHT BBepX... dTak 6apoHy MIok-
Xay3eHy U BOpPSAMb ObLIO Obl JIETKO NoJeTeTh Ha CHapsijel

Tenepp — mpyroét ¢unabM. Ha 3xpane — Turesb ¢ TOJNCTHIMH
CTEHKaMH, HO TeM He MeHee MBI OTUET/IMBO BHIHUM, UTO NPOHCXO-
HAUT BHYTpHU Hero. Tam Kakas-TO XXMJKOCTb, B HEe BJIHBAETCS BTO-
pasi, OHM NepeMelIHBAIOTCH... 3aKHMAIOT... pacKaJeHHas Macca
ycerpemJysiercs: Hapyxy... Ilpouwto 15 cekyna. B nmeiictButenbHo-
CTH Ke 3TO NMPOJOJXKaJoCch B J1a60PaTOPHU XUMHKA BCEro OOHY
CeKyHAy. 3arjsHyTb CKBO3b MeTaJJ, YBHAETb, KaK MPOUCXOIHT
GypHasi BCIbILIKA, TOMOIJIAa CBEPXCKOPOCTHASI KHHOCHEMKA B PEHT-
renosblx Jayuax. Tawm, rie oObluHAsh KHHOCbeMKa 3aTpyldHeHa,
HalnpUMmep, H3-3a CJAHLUIKOM CHJBHOrO CBETA, PeHTreHOKHHEMaTo-
rpatusd He3aMeHHMA.

PentreHoxkunematorpadus obeuraer B 6yaylieM BO3MOXKHOCTD
CO3IaHUS YIUBHUTENbHBIX (PUIBMOB—O JBHXEHHSX U paboTe BHYT-
peHHHX OpraHOB YesJOBeKa MW JKHBOTHBIX, O paboTe ABHUTrartesed,
0 MJIaBKe CTaJd HJH CBAapKe MeTajla. YiKe CIeNaHbl MepBhie IOo-
NBITKH NPUMEHHTh KHHOCBEMKY B PEHTI'€HOBBIX JydaX [Js JH-
ardocTHKH 3aboJsieBaHUH Keayjgka, 6DOHXOB, KHLIEYHHKA U [Py~
FUX.
MoXHO CHUMAaTb TakKXe H B JPYTHX HEBUJHUMBIX Jyuax, CHU-
MaTh 3a mpenenaMu OOGBIYHOTO 3peHHsl, NMOJ MHKDOCKOIOM, CHH-
MaTbh uepe3 TeJeCKOH.

HoBrle BO3MOXKHOCTH [J1s1 HAYUHBIX HCCJIENOBAHUII OTKpHIIA
KoMOHHAUMA MHKpockoma ¢ KuHoKaMmepod. B HMucruryre xpu-
craanorpadun Akanemun Hayk CCCP MHKPOKHHOCBHEMKA IIOMO-
raeT HCC/AeJ0BATb POCT KPHCTaMiIoB. UTOGE paccMOTpPeTh moJeT
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OYJH, HYXKHO ero 3aMelJIuThb. 3Jech e, Ha0060POT, XO4 Mpouec-
ca OPHXOLHTCS NPH NPOCMOTPE NJAEHKH ycKopaATb. CheMKu pocta
KPHCTaJJIOB NIPOJIOJKAIOTCH JBOE CYTOK, a Ha dKpaHe Mbl HaG/i0-
laeM BCce MPOHCXOAsiliee B TeUeHHE MHHYTHl H OTYETJIHBO [Ipef-
CTaBJIsfIeM, KaK HAeT KPHCTaJJH3als.

Metonom MHKpOChEMKH ObIJIH NPOBefeHH HaOMIofeHus 3a pa3-
BHTHEM MHKDOOPraHH3MOB. 3aCHATH TaKxke (HIbMbI, TOKa3bIBaIO-
HiHe QMHAMHUKY MPOLECCOB Pe3aHuss MeTasjna u gepeBa., CHAT
¢uabM o kuneHun Boabl. Ha HeM BHAHO, KaK 00pasyloTc Mefb-
uaiillive NMy3bIpbKH Napa, yBeJHUHBAIOTCS B 00beMe, NBHKYTCH,

CKopocTHast KHHOChEMKa — CPELCTBO H3YueHHS pa3BHTHS
SIIePHBIX 1 TePMOSIJePHBbIX peaKLull, HCTeYeHHA Ta3oB H3 pakKer-
HbIX JBHUTraTeseH.

KnHokamepa Moxker GbiTh CO@IHHEHa M ¢ TeJecKonoM. B
KpriMckoii acTpodusnueckoll JsaGopaTopul 3acHATHl  B3PBIBH,
npoucxoausive Ha CoJHie, H3yuaJochb IBHKEHHE CepeGpHCTHIX
06/1aK0B, NyIaBaloluX Ha Bhicote 100 KHioMeTpoOB.

ApTOoMaTHyeckas KHHOKaMepa 3aneuariiea NnoBeleHHe KHBOT-
HBIX B KOcMHYecKoM moJiere. C ee MOMOIIbIO 3aCHATH TeJEBH3HU-
OHHBle ()UAbMBI BO BpeMsl NyTellecTBUs KopabJeil-CnyTHHKOB
«Boctok-1» u «BocTok-2», Ha HUX MOXKHO NMPOCJAEIUTb 34 COCTOS-
HHEeM KOCMOHaBTa.

Yecnexu kuHeMmartorpada Heocnopumsel, «Benuxuit HeMo#H» 3a-
FOBOpUJI, OH TMOJYYHJ LBET, OH BHIIIEJ Ha INHPOKHH 3KpaH, OH
Bce Oojlee U GoJlee eCTeCTBEHHO, TOUHO, BHIDA3UTENBHO Iepefaer
nsobpaxeHnune H 3BYyK. IlpencraBum cefe Ha MHHYTKY, 4UTO U
CBEPXCKOPOCTHASl CbeMKa cTaJjla 00'beMHOH, LBETHOH, 1a H HAMHO-
To BBHIPOCHA ee CKOpoCcThb. Torja Mbl YBUAHM Ha 2KpaHe NOpasu-
TeJbHble Belid. IToliMaHHOe MrHOBeHHE CTaHeT <«peabedHBIMS,
MHD CBEPXBEICOKHX CKODOCTeill NpeicTaHeT mepel HaMH elle Jy'i-
nie, ueM cefyac., A ecqiu ONTHKAa CHOBA MPHUIET 3JeCb HA NOMOIlb,
GLITh MOXET, MBI YBHAHM Koria-HuOyib Ha 3KpaHe H TO, UTO
coBepliuaercss HEYJOBHMO OBICTPO H B HEYJOBHMO MaJoM. BsiTb
MOJKEeT, BOOUHIO YBUIHM «TaHeLl» MOJIeKyJ] ¥ MHOTOe JApyroe, npo-
HCXojisiliiee B Helpax BellecTBa. KuHO, He3aMeHHMbIH IOMOLUIHUK
yueHbIX, cAesaer 3To.

TEPMOMETP-KPOILLUKA

OXKHO JIH 3aMeTHTb TEeNJIOBHE JIYUH, IPAXOASIIHE OT JaJeKoi
3pe3bl? Benb oHu CTOJIb C1abhl, 4TO BOAY B HAaNepCTKe Ha-
rpean Gbl HAa OAMH TpPaayc 3a aBa roga. MoXHO JH 3aMeTHTh
TemJio, OoTpaxeHHoe OT JIyHbnl — Benb A0 Hee moutd 400 ThICSTY
kuyaomeTpoB? CoeHHEHHBIMH YCHIHAMHU ONTHKH H 3JeKTPOHHKH
YIAaeTCsl YONeLHO OXOTHTLCH 32 TAKHMH HHUTOXHO MAAEIMH KOAH~
YyeCcTBaMH TenJja.
3epkalo cofepeT JyYd W HANpPaBUT UK Ha TOHEHBKYIO 8auep-
HEHHYIO MeTaJyIMuecKylo nojaocky. Ilosocka Harpeercss XoTsi Ol
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Bcero Ha MHJJIMOHHBle Joau rpanyca. Huxakoit oObluHBIE Tep-
MOMETD He B COCTOSIHHH YJIOBHTh TaKyl0 TeMmepartypy. A 3Tor
TOTY4C XKe oT30BeTcs1. [IpueMHHK-NOMOCKA OJHH HHYETO He clesal
Obl, HO OH CyllecTByeT He caMm 1o ceGe. OH BKJIOUEH B 3JEKTpPH-
4eCKYIO HENb H CJAYXKHT YaCThIO 3/1eKTPOU3MepHUTeNbHOro npubopa.
CTOHUT MeTassy HarperbCs — HeMEIJIEHHO HM3MEHHTCSI ero COIpo-
THBJEHHEe TOKy. Mbl Nepellsin Ha yHUBepCaJbHBIA si3blK mpHOO-
pPOB—3J/IeKTPHUECKHH f3bIK U Ha HEM NOJyuMM OTBeT. MOXKHO
LIKaJy Cpasy pa3MeTHTb He B OMaX, a B Ipalycax, H TEPMOMETP
rotoB. TepMoMeTp HeOObIUalIHO UYYBCTBUTENbHbIH, CBEepPXTOYHBIH
H3MEepHTENb, CBOETO POJa «MHKDOCKOM» JJIsl MaJblX TeMIepary).

[ToiimaTb cnaboe u3nyuyeHHe MOKHO M HHaAue, BHIGpAB He 3JieK-
TPUUECTBO, a MHOM mepeBojuuK. Ha Haw Bompoc, cKoJbKO rpany-
CcOoB (BepHee, CKOJbKO TbICSAYHBIX HJIM MUJJIMOHHBIX JoJIell ero),
OTBETSAT ra3oBble MOJIEKYJIBI.

Bor omHa U3 HUX CTOJKHYyJach ¢ MaJeHbKOH TOHEHbKON mJa-
CTHHKOM, NMOABEIIeHHOH Ha TOHIOCEHBbKOH KBapLeBO# HUTH, H OT-
Jeresa, Kak OuwauapaHblil wap ot 6opra. Bropas B To e Bpems
ynapuaach O APYTyl0 ee CTOPOHY, TOXe OTCKOYHJa Hu IoJieTesa
npoub. KoneuHo, nonobHas urpa B GUIIHAPA OLHHOUYEK-MOJIEKYJ
HH K ueMy He npuBeleT. A Korga MX MHOTO, OHH MOTYT KOe-uTo
cnenatb. C 06eHx CTOPOH CHIMJIOTCS Ha MJACTHHKY Tpaabl yna-
pOB, U B cpeJHeM C oAHHAKOBOH cuaoi. [Toka cuibl paBHbI, OHA He
TpoHercss ¢ Mecta. OJHAaKo, KaK pa3 TyT U BMeLUUBAEICS BUHOB-
HHUK Bcell 3aTeH.

PasHuua B MWIJIHOHHYIO LOJIO Tpajyca Ha OJHOH M ADPYToil
CTOpOHE NMJACTHHKY — H aTaKylollue MOJIeKy/abl OTCKaKKBaIOT No-
pasHOMY, C pas3HOl CKOPOCTbIO: TeMJo CJAOBHO MOACTETHBAeT HX,
3acTaBjsieT JBUrathesl ObicTpee. PaBHOBecHS yiKe HeT, NJIaCTHHKA
iie MoxeT GoJsblile ocTaBaThcsl B nokoe. OHA APOTHET, CABHHETCA
yyTh-4yTh H, pasymeercs, TeM OoJjblie, yem CHJIbHee Harpes. A
coefMHEeHHOe C Hell KPOXOTHOC 3epKaJblie NMEePEMECTUT CBOH «3ali-
UHK», B CRETVIOE MATHLIIIKO [0N0J3eT BAOJb LIKAJb.

Tenepp MBI y2ke MoXeM KOHCTPyHpOBaTb TEPMOMETD JJIsd
ceepxMaJibix TeMnepatyp. [ToMecTHM NO1 CTEKIO NPHEMHHK H 3ep-
KaJblie C IOJABECKOH, 0TKauaeM BO3LAYX — XBATUT U TeX TOJKaueli-
MOJIEKYJ, KOTOpPble OCTaHyTCd nocje oTkaukd. Hanpasum B mpu-
eMHHK NYYOK JydeH, OTTpaAyHpyeM LIKaay, u npubop rotros K pa-
6ore.

ITo3BosibTe, CKa)Kere BB, a NMPU 4eM 2Ke 3Jech Kpoiika, —
0 KOTOPOH HamUCaHO B 3arojioBke? 2TO Belb BCE OYEHb CJOXKHBIE
H JOBOJBHO Trpomo3nkue npubopel. O Kakofl ke MaJIOTKe HILT
peus? A BOT OHa, mocmoTpute. Bor-BoT, ciona, rae cefiyac mo-
SIBUTCS TOUKAa B KOHUe (ppassl. Takas Touka H CTaHeT NMpeiMeToM
Halllero pasroeopa. ['isiis Ha Hee, MOXKHO NpeACTaBUTb cebe, KaK
BBIVISSAHT HOBelinui tepmoMerp, u6o no pasmepam oH He 60Jb-
uie, a Ja;e MeHblue THnorpadckoil Touku. I1pubop, KoTopHl Ha-
Jlo paccMaTpuUBaTbh UyTh JM He INOA MHKDOCKOINOM H, BO BCSAKOM
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caydae, ¢ €ro IMoMoLIbl0 cobupars. Ero mms — TepMHCTOp, 4YTO
B MEPeB0Je C aHIVIMHCKOIO 3HAYMUT: TEPMOUYBCTBUTEIHHOE CONpPO-
THBJIEHUE, HHAUe T'OROPSI, CONPOTHBJEHUE, «UYBCTBYIOLIEE» TEMJIO.
HasBaHue 310 maHo He 3ps. I He 3psl CKazaHO O TepMHCTOpe
«UyIeCHBIN».

TepMuCTOp — MOJIYNPOBOJAHMK, a MOJYNPOBOAHHUKH TaAT [0+
pas3uTesbHbie BO3MOXKHOCTH. HHKakKoil Merass1 He B COCTOSIHUH
TaK UYYTKO OT3LIBATHLCS Ha MepeMeHy TeMIepaTyphl, Ha Harpes.
JocratouHo monu rpagyca, 4ToObl COMPOTHBJEHHE MONYITPOBOI-
HUKa H3MEHWI0Ch, Aa elle Kak! TakoBa yx npupoia maTepuasos,
CTOSIIMX MEeXJAY H30/ITOPaMH ¥ MPOBOAHHKaMu. B uuctom Bune
OHHU IJIOXO NPOBOAAT TOK. Ho cTOMT N06aBUTb NpPHMeCh, OLUH,
BCEro OAMH! — uyKepoJHBIH aTOM Ha CTO MUJIJIHOHOB «CBOHX», —
U UX 3JIeKTPHUECKHE CBOHCTBA MeHSIOTCS pe3KUM ckaukoMm. Crtour
TeMnepaTtype MOBLICHUTbLCS, U HEME@IJEHHO NOJYNPOBOLHUK NpeBpa-
1iaeTcsl B OTJIHUHBLI NPOBOAHUK. BoBce He 0653aTeNIbHO NPH 3TOM
IIPHEMHHK Temsa yctpauBath GoabminM. OH mpekpacHo paboraer,
Jlake ecJIH MOBEPXHOCTb ero — BCEro KBaApaTHbie MHJJIUMETPEI, a
TOJILLMHA HHOH pas BCEro MUKPOHHI.

BycunKy nomelaloT B MHHHATIOPHBIH CTeKASTHHBIH Gas/IOHYUK,
B KOTOpbIH BHasHel NMpoBoda. DTO IJaBHasA uyacTh npuGopa. Ee
nojkJoualor K 6arapee W raabBaHOMETDY, pPa3MeTHB Ha UIKaJje
TeMnepatypy. He HyXHBI HMKakue yCHAUTENN: CPa3y MOKHO
6patb oTcueT. A Tak Kak GyCHHKa OuyeHb MaJja, efi HeTPymIHO 3a-
JIe3Th KyAa YrofHo, B /11060e MeCTo, HeAOCTYNHOe s U3MepeHHH.
TepmucTop cTa/j OTHBIHE He3aMeHHM BCIOALY, I'le Hafo H3MepsTh
H peryjupoBaTh TeMIepaTypy, — BHYTPH UeJIOBEUeCKOro Teja H
B TPIOMax CylnOB, B 3eDHOXPaHH/HIIE H MapTeHOBCKoH meun. OH
BClOly, rie TpebyeTcsa u3nanu oOHADYXHUTb TEMJNO OT JETSLIEro
caMoJieTa WJH IJBIBYLIero KopabJus, 1160 oT 3Be3f, HeBOOGpasH-
MO HaJieKHX OT 3eMJIH.

Cefiuac H3roTOBJSIOTCS NMPUGOPHI, KOTOPBIE pearupyloT Ha O1-
HY MWIJIHOHHYIO mosio rpaxycal M sto BoBce He cuuTaeTcss uem-
TO HCKJIIOUHTENbHBIM, HEOOLIKHOBEHHBIM — M0A00HbBIE TEPMOMET]I
BBITYCKAIOTCS y HAaC CepHHHO.

CBepXuyBCTBUTE/IbHBI TEPMOMETP-KPOIIKA INOMOJTHUI €000l
apceHaJ HOBBIX NPHOOPOB, HEOOXOAMMBIX Telepb H yYEHOMY, H
HHIKEHEDY.

HA TPAHU HEBECOMOTIO

y YeHBIM YaCTO TMPHXOAUTCS HMETb [0 C HHYTOKHBIMH IOJSIMH
rpaMMa, KOTOpble Hesb3s B3BECHTb Ha OOBIYHBIX HAlHX Be-
cax. M He ToIbKO UM HeoOGXOOHUMBbI GBIBAIOT CBEPXUYBCTBHTE/IbHEIE
Bechl. C MHDOM <«IIOUTH HEBECOMOrO» CTAaJKHBAlOTCS Tenepb Me-
TA/UIypru: NPHMECH B MeTajliaX, COBepIUeHHO HEeYyJIOBHMBIE, HIpa-
10T, 0OKa3blBaeTcs, GOJIbIIYIO POJIb,
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Mevensre aTOMBE [aJH YYeHHIM HOBOe CPeJCTBO JJIst B3BellH-
BaHHS HUYTOXKHO MaJbIX KOJIMYEeCTB BeulecTBa, Ojaronaps HM
NpOoABHHYJIACh KaJieKo Bepel H TeXHHKa uaMepenuil. ITosiBuauch
weobbluaiinble, cBepxrouynbie Bechl. CTaso BO3MOXKHEIM He TOJBKO
3aMEeTHTb, HO H B3BECHTb CTOJIb MaJible JOJH IpaMMa, 4TO Ha3BaTh
3TOT npuOOp MPHXOQUTCH He NPOCTO MHKPO-, HO CBEPXYYBCTBH-
TeJbHBIMH MHKDOBECaMH.

MuxkpoBecsl ¥ TaK yxe TouHefiuruii npu6op. Cefiuac monamo-
6uA0Ch MOBLICHTb TOYHOCTh €ro ellle B AeCATKH pas. Jeranau npu-
6epa MHKPOCKONHYECKHX Pa3MepOB, HX HAaJ0 H3TOTOBHThb, cOGpATh
U HanafguTb, [IBiKeHHe BO31yXa, CTOJb claboe, 4TO YeNOBEK ero
He OlIyHiaeT, HeMeIJIeHHO OTPa3HTCsl HAa MOKa3aHUSAX CBepXBe-
coB. OHM JOJKHBI OBITH NMpexfie BCErO H30JHPOBAHBI, YTOOBI UM
He Mellast caMmbli JeT4alliufi BeTepPOK (BIpoyeM, TakK MOCTYNAJN#
W paHblie),

Ha ToHKoit KBapLeBOi HUTH MOABECHM YalleyKy NHAMETPOM B
HECKOJIbKO MHJIIHMETPOB U BECOM B UEThIPe CTOTLICSIYHBIX rpamMMa
(ee Hamo paccmaTpuBaTth B MHKpockon!). Konga rpys mosomxar
Ha vYalleyky, HUTb OTkJoHutcA. HampacHo G6blI0 6Bl MBITAThCA
YJOBUTb OTKJIOHEHHE [VIa30M — peub HJAeT caMoe GoJsbliee 0 ABYX
MuKpoHax! JIMINb MUKDOCKONY MOJ CHJIY HU3MEDHUTh HHUTOXKHOE
cMelileHre HUTH, a3 3HAYUT B3BECUTh HHUTOMXKHBIH IPy3.

Ocraercst ckasaTb, KaK Harpy3utb nogoGubeie Bechl. Onsith
BCTPETHMCSI CO CJIOBOM «MUKDO»! MHKPORMHUMETKON C MHKDOIIIpPU-
nem Gepercsi MHKpOKameJbKa WM MOJaeTcs Ha 4auiky Becos. I1po-
JlenaB BCe ITH MAHUIYMAALNH, HA MHKDOYCTAHOBKE yIaeTcs B3Be-
CHTb TPY3 C TOYHOCTbIO IO CTOMHJIJIMOHHBIX JoJiell rpamma. Mmen-
HO TaK HMCCJIEJ0BaJIMChb HOBble Pa/IHOAKTHUBHBIE BEILECTBA, HOBLIE
YIeHbl IepHOLAYECKONR CHCTEMbI 3JIeMEHTOB.

C noMOHIbI0 MEUEeHBIX aTOMOB YAaJoCh elne GoJibllle YBeTHYUTh
YyBCTBUTENBHOCTb MHKPOBECOB. YKPeNnHUM Ha KOPOMBIC/IE H3Jyua-
Tesb — PaAHOAKTHBHYIO (osbry. Psgom nocraBuM CUETYMK 3a-
psXKeHHbIX uactull. Hauleuka, a ¢ Hefi KODOMBICJIO OTKJIOHHJIHCH,
HO TaK' Ma/fo, 94TO 3TO He 3aMEeTHO [1a)e B CHJbHBIH MHKDOCKOI.
OnHaKo TOK B CUETYHKE M3MEHHTCS M IOKaXeT, KaKOH B3BelleH
rpy3. TouHoctb BecoB Toraa nosbimaercss B 100 pas.

He cnyuaiiHo Bo3HukNa muxkpoxumust. UyTh JH He KaXAabli
2JIEMEHT B NpPHPOJE HMEeT Hepas3JyUHbIX COYTHUKOB, GJM3HELO0R,
MOXO0XHX Ha Hero, — HeT, TYT He CKaxKellb, KaK ABe Kamiu BOAbI!
Hs3-3a Hux u Boja OblBaeT pa3Haf. EcTb, KpoMe NpPUBHIUHOM, elle
H TaXkejas BoJa, MOTOMY 4YTO B Hell «Apyro» BOZOpOX, AaxKe
UMS HOCSUWIMH Apyroe — fefitepuii. DTUX OGJU3HELOB HA3HIBAIOT
M30TONaMH, UTO 3HAUUT CTOSILIIHE HA TOM JKe MECTe», B TOH xe
KJEeTOYKe mneprognyeckoir cuctemMel. OT OOGBMYHBIX ATOMOB OHH
JIRHIb HE3HAYHUTENBHO OTVIHYAIOTCA AaTOMHLIM BecoM. Y GoJbliHH-
CTBAa 2JIEMEHTOB CYILECTBYIOT H30TONLL. Pasgenuts 6au3HenoB
TpyaHo. MHOrma OAMH H3 HMX BCTpPeuaercs B HHYTOXKHBIX KOJHue-
c1BaXx. Ho XuMuKH Hayuuw/uchb 3TO Ae/laTh U Y3HAJAH CBOHCTBa

26



BCex u30TOnoB. MHTepecHO, 4TO M 3JieCb UM Ha MOMOILb MpHULIA
3JIEKTPOHHKA.

IToTOK 3/1IeKTPOHOB HOHU3HpYeT ra3. Eciau momHecTH Mardur,
OH M3MEHHT NYTH YaCTHL — BElb OHHU 3aPAKEHb[, U TEM CHJb-
Hee, uem Jierye noH. MoHHBIH nmy4yok pas3oObercss HA CTPYHKH, MO-
JIeKyJiel Kak OBl BBICTPOSATCA IO CBOMM BecaM: BOT U pasfesHiad
n3otonsl! KoHeuHo, peub uner 06 oueHb MaJblX KOJHYECTBAX Be-
uectsa. MuaaurpamMMm — Tyt camass oObluHasg Mepka. KM crosb
)Ke OOGBIYHBIM HBEIHE CTaHOBUTCS IJI1 XMMHKOB JApyroe: Hcclaeno-
BaTh MHIJMMHKPOrpaAaMMBI H MHKPOMHKPOTPaMMBI  BeleCTBa.
Cnexrporpa H Bechbl — CBEPXTOUYHble, CBEDXUYYBCTBHTEJbHblE —
HelnpeMeHHas NPHHAAJEXKHOCTh COBPEMEHHOH XMMHUUecKoH Jsabo-
patopumu.

CBEPXTOYHBIE YACHI

CeKyHna — MHOTO 3T0 WK MaJjo? TakKylo «efHHHUKY» BpeMeHH
YeJIOBeK elle B COCTOSIHHH 3aMeTHTb, 31eCh eMy MOMOralT ca-
Mble OGbIKHOBEHHBIe Yachl. A ecd peub MOHJET O HOJNAX CeKYH-
Lbl—COTBIX, THICAYHBIX, Ja)Ke MUJIJHOHHBIX? Kak M3MepuTh HX?
st 3TOro MCHOMb3YIOT 3JEKTPOHHO-IYYeBYI0 TPyOKy, B KOTOpPOM
NYUYOK 3J1eKTPOHOB HTpaeT PoJib YaCOBOH CTPesKH.

Ha naacrunsl Tpy6KH, YCTAHOBJIEHHBIE [0 NYTH 3JEKTPOHHOIO
nyuKa, NOCTYNnaeT 3JeKTPHUeCKHH CHUrHaJ, ¥ Jyy, HauaBIUWd ABU-
rathbcs BLOJb 3KpaHa, OTKJAoHsAercs. Bropoil curHan Bosspauaer
ero o6patHo. BBepx, BHH3, cHOBa BBepX u CHOBa BHH3.. CTOHT
TOJIBKO B3TVIIHYTb, BeJIMKH JH Ha 3KpPaHe 3TH B3JIeThl W CHajhl,
CPaBHHTb C «KaJuOPOBOUYHOH» KPHBOH, urpamoleil poabp uundep-
6JaaTa, U BB y3HaeTe CKOJIbKO Mpouio fojeidl cekyHniwl. Ilpasna,
JIyuy MPUXOJUTCS MUYAThCS CTOJIb OBICTPO, YTO KPHBAsi MeJbKaeT
u He naer ce6s paccMmorperb. UTo6rl oHA Gbija UETKOM, 3JEKTPO-
Hbl Pa3roHAIOT CHJbHee, yeM 0O0buHO — fo 100 ThicAY Kuaowmer-
pos B cekyHny! Torga, ynapsifick 06 3KpaH, OHH 3aCTaBJ/SIOT €ro
CBETHTbCS OCJIeNHTEeNbHO sIPKO. Tak JIOBAT CBEpXMIHOBEHHS Bpe-
MeHH, BIJIOTb 10 MH/JIHMHKDOCEKYHJ, W, BEPOSTHO, LOCTHTHYTOE
cerojHs — JgaJjeko He npegea. Cxopo o6 H3MepeHUH OHANHOHHOI
JIOIY CEKYHIBl 3aTrOBOPSAT KaK O CBepLuIuBLieMcsl (pakre.

DJIeKTPOHHO-yyeBasi TPyOKa — He eIVHCTBEHHBIH H3MepHTeNb
BpeMEHHM B MHKPOMHpe. YCTPOEHbl OHH MO-DPa3HOMY, HO oblilee Y
HHX OJHO: OHM HUCIIO/Ib3YIOT TaKOe CBOHCTBO 3JeKTPOHA, KaK IO-
JIBUIKHOCTb,

DJIeKTPOHHEBI Jy4, KaK W B TPyOKe, CKOJNB3UT BHOJb 3KpaHa
1160 OOXOLUT €ro KPyroM — 3TO TOXKe HETPYAHO YCTPOHTD, ecii
BpallaTh ynpasJsiollee UM MardatHoe noJe. ITo gopore ayuy
nonajaioTcs npueMHble 371eKTpoabsl. Kak TOIbBKO OH KocHercsl on-
HOTO M3 HHX, B TPyOKe NPOTATHBAETCS He3puMas 3JeKTpHuecKas
HITb. DJIEKTPOHBI 3aMBIKAIOT COBOH LEenb, a B Hee BKJIOUEH KOH-
JleHcaTop — HakonuTeab 3apsanoB. KonpeHcartop ke cBsi3aH C OT-
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KIORSIOIHMA NAaCTUHAMU TPYOKH. Korna OH HamoNHAETCH 3JeK-
TPUUECTBOM, 3dPAbI NePeNHBAIOTCA HA NJAACTHHBI, 3apsiXKaloT HX
¢ [IEPEerOHAIOT JyY Rajblue.

OcranoBka! Ho mojocmeBLUH#t €O CTOPOHBL CHrHaJI, [PHHA-
THil TPYOKOH, monbaBiaser 3apaaoB, H Jy4 AOXOAHT A0 OuepemaHo-
ro ayiekTpofa. Tak oH H cKauer, Moka He oGolieT Bce JEKTPOLbl
ONUH 33 APYTMM M He BepHeTCs K TOMY, ¢ Koroporo Hayaa. Tor-
Jta aBTOMATHUECKH BHIKJIOuaeres KOHZeHcaTtop. MoxHO npume-
HHTb CHCTEMY M3 [LECSITH JIeKTPOAOB. [lecsAThlil e MOAKJIOUATDL
KO BTOpOiHl TO4YHO TakKoH e TPyOKe M mepefaTh CHTHAJ Ha Hee,
KO BTOpOi#l n06aBUTb TPeTblo, YeTBePTylO.. Temepb y Hac ecTb
JIEKTPHYECKHE «CUETHI».

ITocTynun KOpOTKMH CHTHaN — HUMIYJbe TOKA, 32 HHM noCJe-
JoBaau gpyrde. OHH 3acCTaBJASIOT Jy4Y 00eXaTb AECATh 3JeKTPO-
OB W TNepelaTth TOK Ha CAeRyioulylo Tpy6ky, rae ymke ee cob-
CTBEHHBIH JyY CKaKHeT M CJesnaeT NepBYI0 OCTaHOBKY. Torudac
BCITBIXHET HaJ 3THM 3JeKTPOAOM cBeTdulascs enuHuuka. Kopoge:
KaK Ha cueTax, KaX bl JeCATOK JaJiblle 03HAYaeT yiKe eXUHHLY.

IycTte 3a Bpems, KOTOpOoe Mbl H3MepsieM, IPOIIJIO MHOXeCTBO
uMIyabcoB. Ha 3KpaHax Bo3HMKaer yhcao. Mbl 3HaeM, 4To BTOpad
TpyOKa 3aMmeyaeT KaXKAbIH HECATHIH HMMYJbC, TPETbS — COTHI,
yeTBepTas — THICAUHBIA H TaK Rajee. CMOTpUTe, TiIe M KaKad
uudpa 3axriacb, # Bbl JIETKO OrpejenauTe, CKOJbKO YCHeNO CHT-
HajnoB npuiitH. M3BectHa u wacrora KoseGaHHiH, MOCHIIAEMBIX Tre-
Hepatopoy B Lenb, Tenmepb ocraercs pasfenuTb KOJHYECTBO HUM-
NMyJlbCOB Ha YUCIO KOJeOGaHHH B CEKyHAY, @ OHO HNOCTOSHHO H
CTpPOro OIpeleJeHHO, — H HyxkHOe BpeMms H3MepeHo. Takoe cuer-
HOE YCTPOHCTBO [AOBOJIBHO CJIOXHO, HO C €ro IOMOIIbIO JIOBAT
Laxe THICAUHBIE JOMH MHKDOCEKYHIHI.

IlepeiizeM ot Majabix BeJqHUHH K GoabmuM. Mbl yMmeem oxo-
THTLCA 32 HEYJIOBHMbIM, @ HOOGHTLCA TOUHOCTH OOGBLIYHEIX YacoB TO-
JKe BaxHas 3agaua. CHayasla HeoOXOHUMO 0OpPAaTHTBCA K acTpo-
HOMaM, XpaHHTENsIM TOUHOTO BpeMeHH. B HX pacnopsikeHuu Ha-
XOASITCSt TO4HeHlUWe uyacel — caMa Hawa naaHera. [of, cyTkn,
yachl, MAHYTHL B CEKYHIHl — 3TO Belb 000OPOT H uactu o00pora
3eman Bokpyr Connual

B ray6oxux noasasax, HOX CTEKASAHHBIM KOJAKOM, 3aLlHIIeH-
HBle OT MaJefilel TPSICKH U OT XOJNOAA M TEHJA, CTOST 3TH CJIOXK-
HelIIMe MeXaHH3MBl. B mocsiefHee BpeMsl B HHX DOJIb MasiTHHKA
Hayand UrpaTh 3JeKTPOMarHWTHEIe BOJIHBL. KoJsebarenbHbil KoH-
TYP BBICOKOH U4acTOTHl — BOT Y€M MOXXHO 3aMEeHHTb MasTHHK. Ha-
HAO JIMIIb CAeIHTH 33 NOCTOSIHCTBOM KoJleGaHuH (310 gesaer Kmap-
meBasl MJAacTHHKAa) H MOHU3HTH 3aTeM YacTOTY, YTOOBI ABHFaTENb
MOT BpamaTh CTDPEJKH 4acoB (3TO nesiaeT CllelHaJbHOe YCTPOil-
crBo). Ilepexon K aJeKTpoHHKe BCceraa oO0ellaeT NOBHIMIEHHYIO
TOYHOCTB. FaKk i 3[ech:. KBapleBble yYachl OMIKOGAIOTCT B CYTKH
BCEro Ha ABe-TPA AECATUTBICAUHbIE JONH CEKYH/BI.

Ho u onu ne ycrpauBaior yueHsniX. Mix cBepsioT ¢ npupomubt-
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MH, a Te, OKa3biBaeTCl... HETOUHBl. 3eMJIsl, KaK HbIHE Y3HaJIH, He
BpallaeTcs COBepUIEHHO paBHOMEpPHO. BHXoauT, a06bie HacH,
CBfAI3aHHbBIE C Heif, OYAYT IPeillHTh NPOTHB UCTHHH. B nouckax rou-
HOCTH MBl JOJIXKHBI NOKHHYTb 3eMJIIO-IJIAHETY H BHOBb OOGPaTHTh-
csl K MaJOMy — B MHD aTOMOB H MOJIEKYJI, e MOXHO HalTH Ha-
CTOSILLYIO HEM3MEHHOCTb, MOJIEKyJIbl H aTOMBI KONeGJHOTCS BCerna
H Be3Jie OIMHAKOBO — B J1060M MecTe 3eMJiH, COTHEUHOH CHCTEMU
WM Ja¥Ke TIe-HUOYAb CPeau Apyrux 3se3n. Bor K sToMy uieadb-
HOMY MasiTHHKY M HeoOXOZHMO 0O0paTHThCH.

ATOMBI M MOJIEKYJBI MOTYT CJYXKHTh H3Jy4aTessIMH 3JEeKTPoO-
MarHuTHBIX BOJIH. « Kaxblif aToM, — roBoput akaaemuk JI. Apuu-
MOBHY, — NpPeJCTaBasieT CcO60H MaJIOCEHbKYI0 paJHOCTaHIIHIO,
BeCb MEXaHM3M KOTODOH CNpATaH B €ro BHeWHeH 3JeKTPOHHOM
060J104KE>.,

Mouieky/isipHble yachl — reHepaTtop pajnHoBOJH. B AnuHHOA
Tpy6Ke, H3 KOTOPO¥ OTKAauaH BO3AYX, JeTdallue MOJIeKyJbl aMMHa-
Ka M3JyuyaloT BOJHBI.

Heonnoponuoe moJse. BhiesIsieT M3 NMyuyka MOJIeKyJ HauGoJiee
aKTHBHBIE, HMelolide HauOosbllylo sHepruio. OHU nomazaiotT B
pPajUOvYacTOTHHI pPe30HATOP M CTAHOBATCS HCTOUHHKAMH 3JiekK-
TPOMATrHUTHBIX BOJIH — H3J1y4aloT PajgHoBOJIHEL. HacTroTra ux Hens-
MeHHa, a MOTOMY uachl MoryT omn6urbcs 3a 300 ner paboThl Bce-
ro Ha 1 cexynny. Co3gaHbl Takue yachl JaypeataMu JIeHHHCKOM
npemun H. BacoseiM u A. IIpoxopoBbim.

UroGbl H3MepUTb BpPeMs, NOCTATOUHO H3MEPHTb YacTOTY KoJie-
Gaumii. Jlenmaer 3To mepecueTHas cxeMa, npeo6Gpasyioliasi BbICO-
KOYacTOTHBIEe KOJIeGaHHSI MOJIEKYJISIPHOTO reHepaTopa B KoJjeba-
M HU3KO# uyacToTel. VMU yXe MOXKHO BOCIOJB30BaThCA Jid
TOTrO, YyTOOBI NMPHBOAUTH B IBHKEHHE YaCOBOH MeXaHH3M.

Mounexyasipuble yachl — He TOJIBKO 3TaJoH BpemeHu. OHu Gy-
IyT NPHMEHATbCA B PAZHOJOKALMH M HaBHrauuu. C HX NOMOMILIO
MOXHO M3MEPHTb HepaBHOMEDHOCTb BpallleHuss 3eMJIH W MpoBe-
PHTb «NapafoKC BPeMeHH» (OJHO H3 MOJIOXKEHHH TEOPHH OTHOCH-
TEJILHOCTH), YCTAHOBJIEHHBIH MOKAa TeOPeTHUEeCKH.

U Bce e MoJIeKyJ/ISIpHBIE ¥achl OKa3alluCh TOXe He Oe3ympeu-
HBIMH... B HHX eCTh 3/IeKTPOHHBIE JIAMITbl, 2 B JIAMIAX NPOHCXORAT
HU3MeHeHus], Hapyliaiine a6CONIOTHYIO TOUHOCTb XO1a.

HpeanbHble 1 BeuHble Yachl e(Ba JIH BO3MOXHB. Ho u npu6nu-
JKEeHHe K HAeally, KOTOpOe AOCTHTHYTO Temepb, — BbiJalouiHiica
ycnex HayKH.

B MUJIJIMAPL PA3

JIEKTPOHHBIH MHKDOCKON OTKPBLI Ledblii MHp, Haxoasuuiicd
Jlajieko 3a npejfenamu Hautero 3peHus. Ecrb u gpyroit npu6op,
KOTOpBHIH TOKe OTKDBLJI HeBejOMble paHbllie MHPbl — B OGyKBaJb-
HOM cMbIC/e cioBa. Bee, uto HaM u3BecTHO 0 Bcenenno#t, npuse-
ceHo cBeToM. M cBepxuyBcTBUTENbHBIH NMPHOOP — (POTOYMHOMKH-
Tesb NO3BOJIH/I OTKPBLITh HOBble 3Be3JHble mMupbl. OH MOMOr H B
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H3yYeHHH MHKPOMHDaA, ¢ ero MOMOIUbI0 CO3AaHBl CYETYHKH BCe-
BO3MOXKHBIX M3JyuyeHHH W YaCTHL, CUTHAJU3UPYIOUIUX O cebe caa-
6oii BCHBIIIKOH NpH ynape o6 akpaH. Jlaxe camblit cjiabGeHbKHI
CHTHAJl YaCTHIl Nepectas ObIThb HEYJOBHMBIM. ¥MHOXHTeNb OTO-
JBHHYJ Npejesbl, 10 KOTOPBIX CMOTr JOHTH €ro pOACTBEHHHK,
MJaAmui 6pat — (GOTO3JEMEHT, H J0BeJ yCHJIeHHe cJ1aboro cae-
TOBOIO MOTOKA [0 MuJJIMapaa pas!

B ¢doroanemente Tok poxpaercss cBeToM. UTOOH NOTOK YCH-
JIMJCA BO MHOTO Pa3, 3JEKTPOHBI 3aCTaBJSIOT «Pa3MHOXKaTbCH»:
Ha MX NYTH CTABAT MeTaJlJIMueCKHe NMJIACTHHKH, U3 KOTOPBIX 3JeK-
TPOHHBII NMOTOK BHIOHBAeT 3/eKTPOHBL. «BTOpHUHBIX» uacTHuex
nosiyuyaercsi 6oJblie, yeM MepBHYHBIX, H NMOTOK pa3pacraercs, Kak
cHeKHas jaBHHa ¢ rop. [ToBTopsis «yMHOXKEHHES, MOXKHO HOGHTb-
cs1 oueHp 60JIbILIOr0 yCHJAEHHS TOKa—MAO0 OJHOr0 MuaAnuapna pas!
BHiTh MOXKET, KOTJa YIacTCs elle YBEJHYHTb 3TO YCHJEHHE, OT-
KpOIOTCS HOBBIE 3Be3[Bl, B3IVIfiL uYeJOBeKa TPOHUKHET Tropasfo
Jajblle — 1 BO BcesleHHyI0 U B Heipa BeLIeCcTBa.

Ho B03MOKHO /i OTOABHHYTb Hpefes YYBCTBHUTENbHOCTH HpPU-
6opa, yCTPAHUTb TIOMeXH, Mellaloulde (OTO3JeMeHTY JOBHUTb BCe
Gousee caabbiii ceer? Ilomexy — 6uy MHOrHX NprOOpPOB.

Y ¢oTo3zjieMeHTa HETOYHUK 3JEKTPOHOB JaeT HEeHYKHbIH, Me-
mawui «TeMHoBO#A» ToK. C HUM GOPIOTCS, HO OfepKaTh OKOHUA-
TelbHYI0 No6Geny He ygaeTcsl, IOTOMY YTO 3JIEKTPOHHEI U Gecrops-
JIOUHOE TeMJIOBOe JIBUXKeHHe HeoTnenuMbl. M Tak Bclony, riae nei-
CTBYET MOKOPEHHBIH 3JEKTPOH.

DJEKTPOHHKA NOAXOIUT K MOPOTYy YYBCTBUTEJNBHOCTH CBOHX
npu6opos. UTo ke, TaK U OCTAHOBHTbCA? A Belb MOHTH JaJblle—
3HayuT: (OTO3JEeMEHTYy — OCTpee BHAETb, NPHEMHHKY — Jyulle
BECTH pajMONpHUEM, MalllHe-MaTeMaTHKy — ObICTpee CUHUTaTh.
Crout nosoeBath ¢ npuponoii! HacTuuku ABUraloTcs U3-3a Temsia—
HaJ0 3aMelJINTh HX, HACKOJMbKO BO3MOXKHO, M TyyOOKOe OXJaxKje-
HME JIOJIKHO HaM B 9TOM NOMOUYb.

MoJieKysibl BCIKOTO BellecTBa HaXOAATCS B HOCTOSIHHOM [BH-
xkenun. Cnyckasich nmo wKajde TeMmepatyp, Mbl 3aMeTHM, YTO MO-
JIEKyJIbl CTAHOBSITCSI BCE MeHee MOABHIKHBIMM, MOKa y abcoJior-
HOTO HyJISl TeNJOBOe IBHXKEHHe He 3aMHPaeT BOBCE.

3HauuT, ecau KaTyUIKy paiHOMPHEMHHKA WJH 3JEeKTPOHHBI
YMHOXHUTENb OXJALNTh KUIKHM Te/iHeM, TO NMOPOT OCTaHercs Io-
3a7n4. MoxHO Gyner ycuJauBaTth elle 6ojiee cjabble CBETOBLIE CHT-
HaJibl, JOBHUTh ellle GoJsee caabuiii Tok. «lllymMoBoe compoBoxie-
HHue» yxe He GyleT cToJb cuabHO MewaTtb. OkHa B MUD pa3iBu-
HyTcs wupe!

£ *
*

Tlosuaune GesrpanuuHo. Kaxkablii HOBBIA War, cleJaHHBIH ye-
JIOBEKOM IO JOpOre OTKPHITHIH, oforamiaerT COKPOBHLIHALY HALIMX
suaumid. «OpraHbl 4YyBCTB» HAayKH CTaHOBSITCS BCe OCTpee H
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ocTpee, H MBl CErofHs JaKe He B COCTOSIHHH NpeiBHIETb, KaKue
rpaHiHO3Hble yCIeXH NpHHeceT HaM 3aBTpa.

Ho Ge3ycnoBHO MOKHO yTBepxKAaTh OoAHO. OT HOCTHIKEHHH
COBETCKOro NpHUGOPOCTPOEHHSI H Pa3BUTHA HOBeHIIHX METOoXOB
HayyHbIX HCCJIEOBAHUI BO MHOTOM 3aBHCAT yCHEXH BeLYIIUX OT-
paciaell ecrectBo3HaHus. A 3T0, KakK moxuepkusaer IIporpamma
KIICC, npesxne Bcero onpejessieT B HaCTOSIIUA MepUOJ AabHei-
1IHe MEePCHeKTUBHI MpOrpecca HayKH M TeXHUKH. Bor mouemy co-
BepUICHCTBOBAHHE CTApbIX, CO3LaHHE HOBBIX MPHOOPOB — OJHA U3
BajKHeHIUIHUX 3ajay, CTOSALMX Nepej HALUHMH YUEHBIMH H HHMKEe«
HepaMHu.
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