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levb thusmnku

3ToT nepBHIH HAll paccKa3 He O HOBOM Npa3fHHKe, TAKOM, CKa-
xKeM, Kak Jlenp aBuauud uid [eHb waxrepa. 1o pacckad o 6yn-
HUYHOM, pSIZOBOM COGBITHH — O TpaiHUHOHHOH ceccun OtneneHus
obwell ¢usuku u acrpoHomud Akagemuu Hayk CCCP. Bor yxe
MHOTO JIeT TaKHe CeCCHH NPOXOAST B KOHIe MOYTH KaKAOro Mecsua
B KOH(epeHu-3aie BceMHpHOo H3BectHoro P AHa — ®usuueckoro
uncruryta uMm. Il. H. Jle6eneBa Axkanemuu Hayk CCCP.

Ecau cocraButh 6ananc pabouero BpeMeHH YUYEHOTO, TO AaJieKo
He mocjefHee MecTO B 3TOM OGajiaHce 3afiMyT pacXofbl Ha <«JEMO-
KpaTHIO» — yuacTue B pasjMyHOro poja KOHdepeHUHUSIX, CHMIO3HY-
Max, CecCHsix, CEMHHapaX, B OOCYX/EeHHH CBOUX H YYXKHX MNJAHOB,
CBOMX U UyXKHX pa6GoT. MOXKHO CIOPHUTb O KOJHUECTBEHHOH CTOpPOHe
JeJia, HO B MPUHIKIIEe NOLOGHBIA pacxo/ BpeMeHH He MPOCTO HyXKeH —
OH XH3HEHHO Heo6xoAMM. BoT suiub 1Ba W3 MHOTHX «3a».

IlepBoe: n06asi uccaenoBatenbckas pabora, Laxe camasi Kpyn-
Hasi, faxe camasi o6iasi,— 3TO TOJbKO (parMeHT eAHHOro HacTyIJe-
nust Hayku Ha HeusBecTHOCTb, HACTYIJIEHH S, KOTOpPOe TpebyeT 4eTKO#
KoopIaHHaUHU. Bropoe: poxKieHHe HOBbIX HAel NPOUCXOLKT B OCTPBIX
Cnopax, KOrja Mbl 3alliHliiaeMcsi, Hanajxaem, MbITAeMCs KOHKYPHDO-
BaTb C KOJJIEraMu.

Temartuka HayuHblx ceccuit Otaenenuss obuie#t GU3UKU H aCTPOHO-
MHH pa3HooGpa3Ha, ypOBeHb NOKJAJ0B, KaK NPaBUJO, BeCbMa BbICOK,
06CTaHOBKA AeMOKpaTHuHas, HenpuHyxaeHHas. Ceccusi, 0 KOTOpoH
noigeT peyb, NPOXOJHJA HECKOJbKO JeT Ha3al, OHa BbiGpaHa maJsi
Hallero paccka3a B OCHOBHOM TMOTOMY, YTO [0 MHOTHM BaXHbIM
NoKasaTeJssIM MOXeT CYHUTaTbCA THIIHUHONH. KoHeuHo xe, ¢ Toro Bpeme-
HH, KOT[la NMPOXOAUJIa CecCusl, B MOHUMAaHHH HEKOTOPbLIX U3 06CYyXKaaB-
uHXcst mpo6JieM NPOHU3OLLJIH H3MEeHeHUs!, GblJIH BblsiBJeHbl HOBblE (haK-
Tbl, MPOBEAEHbl LOMOJNHHTENbHBIE HeceqoBaHUusl. O HEKOTOPBIX TaKUX
«U3MeHEeHHSIX M AOMOJHEHUSIX» KOPOTKO PacCKasaHO B KOHIlE HALIero
NIOBECTBOBAHHUSI.

Chenas 310 mnpeaynpexkieHde, NpHrJjallaeM Bac Ha OTKpbITHe
CECCHHU.

[lepBuiii ee noksan 6bla nocBsilieH npo6Jjeme, KOTopasi B TO BpeMsl
BbI3BaJla OIPOMHBIA HHTEPEC y CaMbIX Pa3HbIX CIELHAJUCTOB — 3Hep-
TeTHKOB, Bpaueli, GHOJIOrOB, METEOPOJIOTOB, XHMHKOB, MOTOMY 4YTO
npobJjemMa 3Ta Kacajacb BeLIECTBA, KOTOPOe HUrpaeT BaXKHEHIIYIO
poJib U B TeXHUKe, U B NMPUPOJe, OCOGEHHO B MpOLECccax KHU3Hemes-
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TeJbHOCTH. DTO BelleCTBO — BoAa. UJseH-KoppecnoHaeHT AkageMuu
Hayk b. B. [lepsrun pacckasaJ, Kak Gbljia oOHapy»KeHa pasHOBH/-
HOCTb BOABl € HEKOTOPbIMH COBepLUEHHO HeOOGBIYHBIMH CBOHCT-
BaMH.

Bblio o6HapyKeHo, YTO B TOHYaANILEM CTEKJISHHOM KamnuJjspe ¢
BOJO# MOSIBJISIIOTCA CaMOCTOSITeJbHble CTOJNOHUKH — B JaJibHeHIleM HX
Has3BaJH JI0YePHHUMHU,— KOTOpPble MOCTENEHHO PacTyT 3a CYeT OCHOBHO-
ro cronbuka. OTOT YAUBHTEJNbHBIA POCT MOT CBHAETEIbCTBOBATD JHIUb
TONbKO 06 OJHOM: HaBJIeHHe NapoB BOJAbl B HOUEPHHUX CTOJOHKAX
MeHbllle, 4eM [JaBJEeHHE NMapoB BOIbl B OCHOBHOM cToqGuKe. A oTClOna
cjefoBaj U Gosee O6IIHHA BHIBOJA: B JOUEPHUX CTOJOHKAX cobUpaeTcs
BOJAa C KaKHMH-TO OCOGBIMH CBOHCTBaMH, aHOMaJibHasi (HeoObluHas),
HJIM, KaK NPHUHSTO ee Ha3blBaTh, MoauduuUpoBaHHas Boxa. Hekoro-
pble cBOWCTBA MOAU(HILHPOBAHHOU BOABI YAAJ0Ch H3YUUTh. B yacTHo-
CTH, ee MJIOTHOCTb OKasaJsacb Ha 40 %/, Bblllle, BA3KOCTb U TeMmmepa-

TYPHbI KO3 OHUUHEHT pacIlUPeHHsl B HECKOJBbKO pa3 GoJblie, yem y
06blYHOH BOBI.

Hecmotpsa Ha GoJbliyio 3KCnepUMeHTaJbHYO paboTy, ee aBTOpPHI
He COWIH BO3MOXKHBIM Npeljarath Kakyio-JHOO TeOpHIO aHOMAaJbHOM
BoAbl. M1 KOHeYHO Ke, TaKOH «TeOopeTHUeCKHH BaKyyM» 3aMeTHO aKTH-
BU3HpOBaJ HHTepec K pabore, 0COGEHHO CO CTOPOHBl TEOPETHKOB.
[ oK/IafAuiKy NMPHILJIOCh OTBETHTb Ha GOJIbLIOE YHUCJAO BOMPOCOB, BHI-
cJayliaTb MHOFO HieH, peKOMeHIaUHH, BO3paKeHHH.

— O yeM roBOpSIT CINEKTPbl MOLHGUIHUPOBAHHOU BOJIbI?

— Jra yactb paGoThl He 3aKOHUYeHa. Macc-CneKTpaJbHbIH aHAJU3
HOBO# Boabl nmpoBomuTcss B MHCTUTYyTE XUMHYECKOH (GUIUKH.

— Kak Bener ce6s aHomasnbHasi BOAA BHE KanWJIspOB?

— Tak Xe, Kak 4 B HHX.

— CKOJIBKO HYXKHO BpPeMeHH, UTOObI MOJYYHUTh OJUH rpaMM TaKoH
BOJABI?..

— B Hepenio Mbl nmoJsyyaem NpUMepPHO OOHMH MHUJJHUIPAMM...

— 3Hauur, AJ4 NOJyYeHHs] TpaMMa BaM HY»>KHa ThiCAYa 3THX eu-
HHUIl BpEMEHH, Thicsiua Helesib?

— He nymaer v IOK/IaAUuHK, YTO HYXKHO ObLIO Gbl pexae BCEro
M3MEPHUTb HOUMOJbHBII MOMEHT MOJIEKYJ?

— He kaxeTcs1 i1 BaM, UTO Bbl BCTpeyaeTechb ¢ aBTOKAaTa/JH30M,
npuyeM ¢ HeOObIUHbIM aBTOKATaJH3OM?..

PoBHBII pUTM <«BOMPOC — OTBET» CMEHSIeTCS KAKHM-TO CJOXXHBIM
nepeJieTeHHeM BbICKAa3bIBaHHUI, 3aMeUyaHH i, BONIPOCOB, NMpeAJoXKeHHUH.
B 3ase BO3HMKaeT HECKOJbKO LEHTPOB OOCYXIEHHS, H AOKJad4YHUK
NepHOHYECKH BKJOYAeTCs TO B OLWH, TO B Apyro#. O61Luil AyX BbI-
CKa3biBaHHH, HECOMHEHHO, Jo6poXKenaTelbHbIH, HO B 3TOH ayAHTODHH
He TPHHSITO CrJIAXHUBATbh YIJbl, MPpeyMeHbIaTh TPYAHOCTH, CKPbIBATb
comHeHHsi. OueBHIHO, MO3TOMY C OOJbIIMM HHTEpecOM OblIO BbIC/IY-
waHo coofuieHHe 06 3KcnepUMeHTax, nposeneHHbix B MHcTuTyTe U~
3UKH BbICOKMX maaBJjeHuii. Mcxons u3 Toro 4ro MOAMGUUMPOBAH-
Hasi Boma o6Jagaer MOBBLILEHHOH TJIOTHOCTbIO, OXHAAJOCH, UTO
ee MOXHO IOJIyUHThb, CHJIBHO CXuMasi npoctyio Boxy. OmHako na-
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)Ke 1npd aaBjJeHHH, npesblmaouieM armochepHoe B 60000 pas, u
teMmnepatype 1o 1000 °C moauduuupoBaHHasi BOAa He NOSBJSANACD.

B TpamvuHOHHOM 3aKJIOUHTEJbHOM CJIOBe [OKJaJUHK CKasaJ:

— He cuuras uesecoo6pasHbiM H CBOEBPEMEHHBIM OTKPbIBATb
JUCKYCCHIO MO CYLIEeCTBY MPOBELEHHOTO 3KCIEPHUMEHTa, 51 XoTesa G6bl
OrpaHUYHUTHCS JIHIIb OLHOH o6ulefl pekomeHaauueil — GyabTe OuYeHb
OCTOPOXHBI C OTpPHIATeJbHBIMU pe3dyJ/bTatraMu. Omubka npu o6Cyx-
eHUH TOJI0XKHUTEJNBbHOrO pe3yJbTaTa HeNpUsiTHA, HO He TparuyHa.
Hcruna B urtore Bcerpa Gyner o6HapyxeHa. Ho omnbka npu oueHke
OTPULATENBHOrO pe3yJbTaTa MOXEeT HaJOJT'0 3aKPbITh NePCHeKTHBHbIH
NyTb HCCJELOBaHUH.

Tema cnemylomero nokiaaga — cBepxmnpoBoauMocTb. OHa 6Ghisia
oTkpeita B 1911 r., HO mpouio Gosbuie 20 Jjer, npexie ueM GblIo
YCTAHOBJIEHO, UTO CHJIbHOE MATHUTHOE MOoJie paspyliaeT CBEPXIPOBO-
JHMOCTb, BO3BpalllaeT MeTay 3JeKTPHUECKOEe CONPOTHBJEHHE.

MoxHo Ju cKasarb, YTO MarHUTHOE MoJle U CBEPXIPOBOAMMOCTD
BCerja UCKAYaloT APYr Apyra? DTO OAHH U3 BONPOCOB, Ha KOTOPbIE
IOJKHB OblIM OTBETHTb JKCIEePHMEeHThl, NpoBeneHHble B MHcTuTyTE
¢dusnueckux npobsem. O HHUX pacckasalj PYKOBOAHUTENb 3TOH PaGoOThl
LoKTOp (¢Hu3uKo-MaTematuyeckux HaykK lO. B. lllapBuH, HbiHe uJieH-
koppecnonaeHT AH CCCP. On oTMetuJ, 4TO Nepexon U3 cBepXNnpoBoO-
JOALEro COCTOAHHWSI B HOpPMaJsibHOe MOJ, AeACTBHEM MAaTHUTHOTO HOJs
B OOJIbILMHCTBE CJy4yaeB OKasblBaeTcsi MmocreneHHbiM. M B KakoMm-To
HHTepBaJle 3HaUeHHH MArHUTHOH HHAYKIHH CBEPXMpOBOjsiliiee Belle-
CTBO OKa3blBaercsi B HEKOTOPOM 0COOOM COCTOSIHHH, KOTOpPOe MOJIyuH-
JIO OueHb eCTeCTBEHHOe Ha3BaHHe — MPOMEXYTOUHOe COCTOSIHHE.
B 1946 r. A. M. llanbHUKOB OCTPOYMHBIMH 3KCHEPHUMEHTAMH H0KAa3aJl,
4YTO MPOMEXKYTOUHOE COCTOsIHHE SIBJISIETCS MPOCTO CMecbio o6JacTeii
CBEePXINPOBOAAILETO M HOPMAJbHOTO (NMPOBOASILEr0) COCTOSIHHUS.
K sromy Bpemenu JI. II. Jlanmay co3nas KOJHYECTBEHHYIO TEOPHIO
CTPOEHHUSI BElLECTBA B NPOMEXYTOYHOM COCTOSIHHH, COMVIACHO KOTOPOH
obpasell pa3fessieTcs Ha udepedylOliHecsl CBEPXNPOBOASIILINE H HOP-
MaJsbHble ciod. Eme yepe3 Heckosibko Jjet B MHcTuTyTe usuueckux
npo6JjemM ypajoch pa3paboraTh HEOXKHIAHHO MPOCTYIO METOAHKY, C
NOMOUIBIO KOTOPOH CTPYKTYPY MPOMEXYTOUYHOTO COCTOSIHHSI MOXKHO
6blJI0 YBHAETHb MPOCTO, KAK FOBOPHTCS, HEBOOPYKeHHbIM IylaszoM. Han
06pa3uoM pacnblisiiidi TOHKUHA JXeJe3HblH WM HHUKeJieBblH NMOPOLLIOK,
KOTODPBIY MPHTSATHBAJICA HOPMAJbHBIMH OOJACTSIMH, OCTaBJSIS YUHCTHI-
MH CBepxmpoBoisiide o6Gsactd. Ilepen yueHbIMH OTKpBLIOCH 6ecCKo-
HeyHoe pa3Hoo6pa3He Y30pOB, COCTOSILIMX H3 3Hr3aroBs, BeTOYEK,
NSATHBILIEK, OYeHb KPaCHBBIX, HO CJIHUIKOM CJOXHBIX HJ5 COMOCTaBJe-
HUS C Teopueil.

B To BpeMms, Korpa pesajach 3Ta paGoTa, H BCTAJ BONPOC: KAKOH
BUI OyneT HMeTb NPOMEXKYTOUHOE COCTOSIHHe, eCJH yepe3 obpasel
NPOMYCTUTb 3JeKTpHueckuit Tok? [lpole Bcero 6b10 NPEANOJOKHTD,
4YTO BO3HHKHET KaKoe-TO HOBOe, eille GoJjee 3anyTaHHOe pacroJioxe-
Hue caoeB. [onnanackuit ¢pusuxk [oprep ykaszan u Ha Gosiee HHTepec-
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HYI0O BO3MOXHOCTb. [IpH omnpeneseHHbBIX YyCJAOBHSIX, CUHUTAJ OH,
CBEpXIIPOBOJSALLIHE CJOH AOJIKHBI IBHraTbcsl MO 006pasly, TakK Kak
3JIEKTPUYECKHUH TOK OyNeT KOHUEHTPHPOBATHCSI B CBEPXIPOBOISIIHUX
«KHJIKaX», W OHH, STH CBEePXNMPOBOJHHKH B IPOBOAHHKE, HAUHYT
IBHraTbCsl B MarHHTHOM TMoJie, TMOXOGHO pOTOPY 3JEKTPOMOTOpA.

[Ipeanosoxenue Foprepa 6bly10 NPOBEPEHO HA OMBITE, H OKA3AJ0Ch,
YTO CJIOH JBHTraThCsl «He XoTsAT». OHH pacnoJiarajuch nomnepek Ha-
npaBJieHHsi TOKa H OCTaBaJiMCh HemoABHXXHbIMH. Ho BoT B MHcTuTyTe
dusnyeckux npobjemM HCHpoOOBaJH HOBBHIH MeTOH, OCHOBAHHBIH Ha
TOM, YTO JBH)KEHHe CJoeB BOJH3H KOHTAKTA TOHKOH NPOBOJOYKH C
06pa3lLoM NMPUBOAHUT K KOJeOAHUAM CONMPOTHBJIEHHS, a HX HETPYIHO
H3MepuTb. C NMOMOILBIO 3TOrO MeToAa GBbLJIO ropasfio Jierde 3aMeTHTb
IBHXKEHHE CJIOEB, YeM C IIOMOLUbI0O MATrHHTHOIO MOPOLUKA.

HccnepoBanus, npoBeleHHble 3THM METOLOM, NOKa3aJjd, YTO eCJd
obpasel JOCTAaTOYHO UHCT W OJHOPOMAEH, TO ABHXXEHHe CBePXIPOBO-
JSILIHX COEeB CKOpee sIBJsIeTCS] IPaBUJIOM, UeM HCKJoueHHeM. MOXKHO
pacno/ioKMTh Ha NOBEPXHOCTH 0o6pa3sla JBa MHUKPOKOHTAKTa Ha He-
60JIbLIIOM PACCTOSAHUH APYT OT ApPYyra M TakuM o6pasoM OmnperesdTb
HanpaBJ/eHHe W CKOpPOCTb ABHXXeHHs cjoeB. CKOpPOCTb 3Ta HOBOJIb-
HO MaJia — OOGblYHO JIHLIb ThICIYHbIE NOJH CaHTHMeTpa B CEeKyHAY,
NPUMEPHO C TAKOH CKOPOCTbIO [ABHXKETCH KOHel, MHHYTHOH CTpeJKH
Hapy4HbiX 4acoB. M Bcerma cyuiecTByeT OLHO HCKJIOUHTeNbHOE Ha-
npaBJjieHHe CJI0eB, NMPH KOTOPOM OHHM CTOAT Ha mecte. Ecan obpasern
HEe0CTAaTOYHO OJAHOPOJIEH, TO CJOH «3aleMISIOTCS» 32 3TH HEOLHOPOL-
HOCTH, NOBOPAYMUBAIOTCS M BBHITATHBAIOTCA, KaK GJar mno BeTpy.

Tak O6bla BblsicHeHa ele OfHA HHTepecHasl JeTajb BO B3aUMO-
JeHCTBUM MAarHUTHOI'O TOJS M CBEPXIPOBOLUMOCTH,— TOH caMoil
CBEPXMPOBOJHMOCTH, KOTOPYIO HPHUCTAJbHO H3ydyaeT PU3HKA U C KO-
TOPOHA CcBfi3aHbl GoJbLIHE HaLeXAbl TEXHUKH.

IIpo6nemam ¢H3UKY TBEPAOro Tena Ha CeCcCUH OblIO MOCBSALLEHO
ellle HEeCKOJIbKO J0K/JafoB. B 0o1HOM M3 HUX NMOABOAHJIHCH HTOTH HHTe-
pecHbiM pabGoTaM, BbINOJHEHHBIM (H3HKaMu MocKoBCKoOro rocyaap-
cTBEHHOTro yHuBepcutera uM. M. B. Jlomonocosa.

Hapsiny ¢ po6biBaHHeM 3Heprud M HHGPOpPMalLHH OCHOBOH Mare-
pHuaJbHOrOo nporpecca siBjasietcsl u npeo6pasoBanue BeuectBa. Ciona
Npexjae BCEro OTHOCHATCA XHMHYecKHe Npeo6pa3oBaHusl — CO3[1aHHE
HOBBIX MOJIEKYJl W3 CTaHAapTHOro HaGopa aTOMOB, H3MeHeHHe apXH-
TEeKTYpbl MOJIEKYJ/, H3MEHEeHHe MOJIeKYJSIPDHOr0 COCTaBa BelllecTBa.
Tak Mbl nosiyyaeM HeHJIOH U3 HedTH WJIH CUpTbl U3 ra3oB. Ho xu-
MHSI — 3TO JaJleKO He MOCJejHsiss CTylleHb Ha HepapXHuecKoH JecT-
HULEe coTBOpeHHs BeulectBa. Hawajo Beka 03HaMeHOBAJOCh Te€M, YTO
(GU3HKH HayyHJIMCh TepenesblBaTb aTOMHOE SIApO, MpeBpalasi, Ha-
npuMep, a30oT B yrjepoi WJH ypaH B mayTonuil. Pabota, o KoTopo#
Ja pedb, Gblia MOCBslleHa Npeo6pa3oBaHUIO BelleCcTBa MyTeM H3Me-
HEHHs1 JIEKTPOHHOH CTPYKTYpbl €ro aTOMOB.

CaoifictBa mob6oro atoMa, Kak H3BE€CTHO, ONpPeessioTCSI He TOJbKO
YHCJOM 3JEKTPOHOB Ha opburtax, HO H uX 3Heprueil. Uem Guauxe
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3JIEKTPOH K SIIPY, TeM CHJIbHee OH CBS3daH C siLPOM, TeM HHXKe, KaK
NPHHSITO TOBOPUTb, SHEPTreTHUEeCKHH YPOBEHb 3TOrO 3JIeKTpPOHA. DHep-
reTHYeCKHH CIeKTP 3JeKTPOHOB — 3TO, €CAH MOXKHO TaK CKasarb,
Habop 3HepreTHYeCKUX YpPOBHed BCceX 3JEeKTPOHOB aToMa: H3MeHHTb
3TOT CMeKTp — 3HAUUT NMEePEeKOHCTPYHPOBATb 3JEKTPOHHblE O6OJOYKH
aTOMOB BeleCTBa, U3MEHHUTb €ro CBOHCTBA.

OcHoBHOli MeTOl, NPHUMEHSABIUHHCA B 3THX HCCJIELOBAHHSX,—
KOMIIJIEKCHOe BO3JeHCTBHe Ha BelllecTBO. He npocTo cBepXHU3KHE TEM-
nepatypsl, He MPOCTO CBEPXCHJbHbE MATHUTHBIE MOJISI HJH CBEPXBbI-
COKHe [aBJieHHSsl, a pas3JjiduHble KOMOUHAUHUU 3THX (PAaKTOPOB.

[Ipu 3TOM ynasnoch OGHapyXKHTb HEMaJO HHTEPEeCHbIX (HaKTOB.
Tak, Hanpumep, npu pasjeHud 30 MIla 6Gbiia OTKpbITA CBEPXIPOBO-
auMoctb ¢docdopa. Bolin BbISICHEHB! NPHUHHBI 3arafOYHOr0 HCUYE3HO-
BeHHUS] MPUMECH TNMPH CO3JaHUH HEKOTOpPhIX cmiaBoB. OKa3ajoch, 4TO
B BelleCTBe MOI'yT BO3HHKATb TOHYAHILINe NJ1aCTHHKH HepacTBOPEHHOH
NpHUMECH.

A BOT ¥ BbIBOJ: 3JIEKTPOHHbII CIIEKTP BELLECTBA MOXKHO PagHKaJb-
HO MEHSATb U NIPU 3TOM, C OLHOH CTOPOHbI, MOXXHO CO3JaBaTb BelleCT-
Ba C HOBbIMU CBOHCTBAMH, a C APYrofl CTOPOHBl,— U 3TO OCOGEHHO
BaXXHO — HCCJIe0BaTh 061 HE 3aKOHOMEPHOCTH (GOPMHUPOBAHUS IJIEKT-
ponnoro cnekrpa. OueBHIHO, OTMETH] JOKJagUHK mpodeccop
H. b. bpanar, nHacrano BpeMs H3MeHUTb MHeHHE O He3bIGJeMbIX
CBOHCTBaX BelIeCTBa, B YaCTHOCTH 06 aGCOIIOTHOM XapaKTepe TaKuX
MOHATHH, KaK «MeTa/l1» H <«MOJYNPOBOIHUKY.

®u3uka TBepAOro Tesa — 370 obJjacTb (PyHAAMEHTaJNbHBIX HCCe-
JNIOBaHWH, C YCNeXOB KOTOPOH HAaUYHHaeTCsl COBpeMeHHasi MOJyNpOBOA-
HUKOBAasl 3JeKTpOHHKA. BoT yXXe HeCKOJbKO AecATHIETHiH BemyTcs
B 3TOH o6jactH rayb6oKHe HCCAeIOBAaHHS, HEU3MEHHO MpPHBJEKAlo-
Uiie BHHMAaHHe TEeXHUKH. DTO OTHOCHUTCH H K UCCJIEJOBAHHIO 3KCHTO-
HOB — ellle HeJlaBHO He 6oJiee uYeM IUMOTeTHUECKUX 06beKTOB HDH3UKU
TBepHoro teja. IMeHHO UM Oblid MOCBsiiileHbl IBa CJEAYIOLLHX HO-
Kaaja.

DKCHTOH (OT CJI0BA «3IKCUTEHIIH» — «BO36YXKAEHHE») — 3TO 0OCO-
60e BO30OYXIEHHOE COCTOSIHME aTOMOB KpHCTaJsaJaa, BO3HHUKalollee,
HafmpHMep, HOA [EHCTBHEM CBETOBOrO H3JYYeHHSl. IDKCHTOHbl — HX
NPUHSITO paccCMaTPUBaTb KAaK HeKHe TOABUXKHBbIE YaCTULBI — OblIH
npeznckasansl B 1931 r. u3BecTHBIM coBeTcKUM TeopeTHkoM $1. . ®pen-
KejgeM H mpumepHo 20 JeT chHycTsl 3KCIePUMEHTaJbHO OGHapyKeHbl
B NOJIYIPOBOLHUKAX TPYNNOH JeHHHIPaACKHX (PHU3HKOB.

[TpeacraBseHne 06 3KCHTOHAX NO3BOJSET MOHATb MHOTHE TOHKHE
MeXaHH3Mbl B3aHUMOJEHCTBHS CBeTa ¢ MOJYNPOBOAHHKOM. B mnepBom
U3 [OKJIaJ0B paccMaTpHBaJHUCb MEXaHH3Mbl, CBSI3aHHble C HCUE3HOBe-
HHEeM 3KCHTOHA NpU NpeBpallleHHH ero B CBETOBOH HMMYJbC (Hampu-
Mep, B 3KCHTOHOBHIX Jiazepax). Bropoit moksan Gbljl MOCBSILEH HO-
BeleHHIO 3KCHTOHOB B CHJIbHOM MarHUTHOM MoJe. ¥ 1aJoCh MOJYUYHTh
YHHKaJbHYI0 HH(OPMALHIO O CTPOEHHH MOJYNPOBOLHUKOB H H3YUYHTb
HOBbI THM 3KCUTOHOB, BO3HHKAIOUIMX B CHJbHOM MoJie. DKCHTOHHAS
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TeMaTHKa Bce GOoJiblle HHTepecyeT He TOJbKO (PU3UKOB, HO U HHXKeEHe-
poB. U BrosHe BepoOSITHO, YTO CJOBO <«3KCHTOH», KOTOPBIM CEromHsi
MOJIb3yeTCs1 CPAaBHUTENBHO Y3KHH KPYyr CIEeLHaJiCTOB, CTAHET TaKHM
’Ke OOLIEeH3BECTHBIM, KaK «aTOM» HJIH <3JEKTPOH». A pALOM C JEKT-
POHUKOH MNOSIBUTCS CaMoCTOsiTelibHAasi 06/JacTb TEeXHUKH — 3KCHTO-
HHKA.

Bce cnenaHHble Ha cecCHHM [OKJIaibl MOXKHO YCJOBHO Pa3iesuTb
Ha aBe rpynnsl — «BemiectBo» # «Kocmoc». M ceftuac nam npencro-
HT TepeiTH TPaHHLY MEXAY 3THUMHU TPYNNAaMH: C MEPBBIM AOKJIAA0M
KOCMHYeCKOH TeMaTHKH Ha CeCCHH BBICTYNHJ [IOKTOpP (PU3HKO-MaTe-
matHyeckux Hayk Hukosailt CemeHoBuuy Kappalues, HbiHe uJieH-KOp-
pecniongent AH CCCP.

B mapre 1968 r. B meuatTd MmOSIBUJIOCH CeHCALlHOHHOe COOOLieHHe
06 OTKpPLITHH Ha 3Be3ZHOM He(e ueTblpeX HCTOYHHKOB pajgHOoH3Jydye-
HHSI, OT KOTOPBIX Ha 3eMJII0 peryJasipHO HOCTYNMaJH HMIYJbCHblE CHT-
HaJibl, IPHYEM HMIYJbCHl CJIeJOBaJd LPYr 3a APYroM € MOpa3dTelb-
HOH TOYHOCTBIO. DTUM OO'BeKTaM Ha/d Ha3BaHHe <«IyJbCapbl».

CaMo OTKpbITHE NYJbCAapOB OYEeHb HAMOMHHAJNO COOBLITHS H3 H3-
BeCTHOro ¢aHTaCTHUECKOro poMaHa «AHapoMena». B stom coBmect-
HOM TIPOH3BeleHHH aHIVIHHCKoro actpodusuka npodeccopa ®. Xoina
u nucareas [. Daiauora pacckazaHo O TOM, KakK pagd0acTPOHOMBI
NPUHSJIM H3 KOCMOCa CTPaHHblE CHUTHaJbl, a 3aTeM, B CEKPeTHOM MO-
psiiKe NMPOAOJI’KAsi UCCAeOBaHUS, YCTAHOBUJIM KOHTAKT C NpeicTaBH-
TeJSIMH BHe3eMHOH LHBHJIH3ALHUH.

Anryuiickue pagnoacTpoHoMbl Miossapackoi o6cepsaTopun Kem-
GpHIKCKOrO yHHBepcuTeTa jeToM 1967 r. 3aKOHUHJIH CTPOHTE/IbCTBO
pamuoTesieckona, Ha KOTOPOM MNpeinofaraioch H3ydaTb OGbiCTpbie
M3MeHeHHs] HHTEHCHBHOCTH H3JyUeHHs] PaJAHOHCTOUHHKOB, 00YCJIOB-
JIeHHble paccesiHieM PaIHOBOJIH Ha o6GJjiaukax niaasmbl. Takue obiadyka
BoiGpaceiBalorcsi u3 CosHLA H ABHXKYTCS B MEXIJIAHETHOM Mpo-
cTpaHcTBe ¢ OOJbLIOH CKOPOCTbIO. PaaHoBOMHBI, NpUXOASlLHE OT
LaJeKHX HCTOUHHKOB, NMPeJOMJSIOTCS B 06/auKax nia3mbl, H YPOBEHb
panuou3ydyeHdsl, IPHHUMaeMoro Ha 3eMJe, W3-3a 3TOTO CJerka Ko-
gebsaercs. JlJsi perHCTpauud TaKuX KoJeGaHUH HOBHIH pafHOTENeCKON
6bls1 cHabxeH crneuUaJbHOW ammapatypoli, KoTopasi no3BoJisiia 3a-
NHCBIBaTb O4YeHb GbICTpble U3MEHEHHUS! CUrHaJa.

Cucrematuyeckde HabJofeHns Heb6a ¢ TaKOH anmapaTypod paHee
He MPOBOAMJIHCH, H B 3TOM, MEXIY NPOYHM, HET HHUEro CTPaHHOTO.
Js1 Toro 4ToGbl perdcTpUpOBaTh GHICTPO MEeHSIIOlLHeCs pafHOCHIHa-
Jbl, HY>XHO TIDHHECTH B KePTBY TaKoe KadyecTBO pajHONPHEMHOrO
yCTpO#CTBa, KaK 4YYBCTBHTeJbHOCTb. M3BecTHble KocMHueckue pa-
JHOHUCTOUHHKH [alOT [OCTATOYHO TMOCTOSIHHOE [0 HHTEHCHBHOCTH
H3JlyyeHHe, W TOITOMY He {MeJO CMbICJa yXyAuiaTb UYyBCTBHUTENb-
HOCTb paJMOTeNecKona B Hajex/Je Ha NpHeM KOPOTKHX paiHOUMITYJb-
coB. [TosiBjieHHe UX, MO-BHOHUMOMY, NPOCTO HEe CYUTANOCH BEPOSITHBIM.

M Bot ¢ Takoit anmaparypoii 6 asrycra 1967 r. mosonasi acnu-
pantka )Xakenun Benn npu HaGaioneHun cosBe3nusi JIucuuku 3ape-
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THCTPUPOBAJa OYeHb CTPAHHBIH CHrHAJ — Ha JIEHTe CKOPOCTHOrO ca-
MOMHCLA OKa3aJuCb TMePHONHYECKH MOBTOPSIOIHECS HMMOYJbChI.
Bckope 6biid HaliieHbl elle TPH aHAJOTHYHBIX MYJbCHPYIOMUX HCTOY-
HHKA PagHOH3JyUeHHS.

[lepBoHauanbHO OTKpLITHE He OBbLIO NPHHATO Bcepbe3d. [eno B
TOM, UTO PaAHOaCTPOHOMBI JOBOJILHO 4aCTO OGHAPYKHBAIOT HMITYJIbC-
Hble CHTHaJibl Ha CBOMX JeHTax. Mx malor monapalouive B paguorele-
CKON H3JyueHHsl pajllONIOKaIMOHHBIX CTAHUHH, TeJEeBH3UOHHBIX Tepe-
LaTYHKOB, CHCTEM CBSI3H CO CHYTHHKaMH H Apyrue nomexu (pasymeer-
csl, C TOUKH 3peHdHs paLuoacTpPOHOMOB), CO3[4aBaeMble 3e€MHO
uuBuau3danieii. OgHakKo, K YIWBJIEHHIO COTPYAHHKOB Miojiapackoi
o6cepBaTOPHH, CUCTEMAaTHYecKoe HabJIoLeHHe OGHApYXKEHHbIX YeThl-
peXx OO'beKTOB He MPHUBEJIO K OTOKAECTBJIEHHIO HX C KAKUM-JTHGO BHAOM
2eMHBIX NIoMeX. Bbljii OTBeprHyThl H TaKue 0O'beKThl, KaK CyTHHKH,—
KOOpIHHATHl OTKPBITHIX HCTOYHHKOB H3JyYeHUS He MEHSJIUCh HH B
TeYeHHWe CYTOK, HH HM30 JHSl B JeHb. A 3TO TOBOPHJIO O TOM, 4YTO
HUCTOYHHKH H3JyYeHHS HaXONATCA HajlekKo OT 3eMJId.

OTKpBITHE HACTOJIBKO NOPA3HJ0 Y4YeHbIX, UTO ObIIO PELIeHO CoXpa-
HUTb MOJIyUeHHble NAHHble B TalfiHe [0 BBISICHEHHS MPHPOIbl 3THX
HOBbIX 00'beKToB. [louTH nosroga HHUKTO (Haxe COTPYOHHUKH GJiH-
)Kafiwe# paguoo6eceparopuu JxKoxpen BsHK) He 3HaJu, uto B Kem6-
pUIXKe HayaTbl UCCIELOBAHHSI HOBOro THNa o6bekroB. IlepBoe c006-
LleHHe O HUX MOSIBUJIOCH JIUILb MOC/Ae TOTO, KaK aCTPOHOMbBI TMOHSJIH,
4YTO NPHUHUMAEeMble CUTHAJIBI He CBA3aHbI C BHE3eMHBIMH LIUBHJIH3AIHA-
MH, H T03TOMY HX HU3Y4YeHHe «BpSIA JIH OKaXXeTCsl BPEeIHbIM MJisl ue-
JIOBEYEeCTBA>.

Yixe mnpenBapuTesNbHble H3MEpPeHHs] M pacyeThl IOKa3aJjH, 4TO
nyJabcapbl — CPaBHUTENbHO 6/H3KHe O0beKTbl, OHH HAXOAATCH B Npe-
nejax Hawei [anakTHKA. Y acTpOHOMOB, NpaBja, CYlleCTBYeT CBOe
CO6CTBEHHOE MHEHHe O TOM, UTO TaKoe «JaJieKO» U UTO Takoe «O6Ju3-
Ko». «Jlnamerp» Hawel [anaktuku okoso 100 Tteic. cB. Jer. dro,
KOHEYHO, THTaHTCKasl BeJHYMHA [a)e MO CPaBHEHHIO C OTPOMHBIM
paccrosinuem or 3emuyu fo CosHua, KOTOpoe cocTaBjsieT 8 CB. MHH
(He roBOpS yXKe O TOoXe HeGJU3KOM paccTtosiHHu 3emus — JIyHa, Ko-
TOpoe uyTh Gosbilie cBeToBO# cekyHnl). Ho B To e Bpems panuore-
JIECKONbl NPHHAMAIOT CHTHAJbl M3 3Be3[IHbIX MHPOB, YHAJeHHBIX OT
Hawrelt [amaktuku Ha paccrossHue 10 mupa. cseroBmix Jet. Ecrecrt-
BEHHO, UTO MO CPaBHEHHIO C TAKHUMH PACCTOSIHUSIMH MyJbCapbl Ha-
XOIATCS COBCEM HeAasJeKo OoT 3eMJd; MOYTH YTO PSALOM.

BaxHoe cBOHCTBO NMyJbcapoB — CUJIbHAs JHHelHas HoJsipU3alust
H3JTyUeHHSs.

[TonHecure HaTeprylo O 1epcTb rpebGeHKy K KJoukaM OyMaru
U ybenurtecb, UTO 3JeKTpHUeCKoe IoJie HNeHCTBYyeT B OlpegeseHHOM
HanpaBieHHd. TOUHO TakK Ke CylLLeCTBYyeT HanpaBJeHHOCTb — MOJS-
pH3auusl — 3JeKTPHUEeCKOl cocTaBasioled paiHoBOJH. B 3ToM TOXe
JIeTKO YGeHHTbCSl OMBITHBIM NyTeM — MONpo6yfiTe MOCTaBUTb HHIOJb
TeJIEBU3HOHHOH aHTEHHbI He TOpPH30HTAJbHO, a BEePTHKAJbHO, Kak
KayecTBO NpuHeMa pe3ko yxyauutcsl. [Totromy urto TesnenepegaTdyuk
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MOCbLIAET CUTHAJbl C TOPU3OHTAJbHOM MOJSIPU3alHell — FOPU3OHTAb-
HOM HamnpaBJIEeHHOCTbIO 3JIEKTPUUECKOH CoCTaBJsilouLell 3JeKTpoMar-
HHTHBIX BOJIH. OGbIUHO B 0OBEKTaX, 32 KOTOPbIMU Habui0faeT paauo-
acTpPOHOMHS, H3JNy4YeHHEe CO3LAIOT 3JEKTPOHbI, XAaOTHUECKH [ABHXKY-
lIHecsd B Ppa3HbiX HanpaBjeHHsix. M1 mostoMy B H3JyuyeHHH TaKHX
06beKTOB He mnpeobJjajgaer Kakoe-HHOYAb OAHO HampaB/eHHE MOJS-
pU3auuu.

KakoB e MexaHH3M TreHepalud pandoumnyJdabcoB? UTo co6oH
NpeJCcTaBiAsieT CamMo u3Jjydaloliee TeJ0, ¢aM MHyJbcap?

s oTBeTa Ha mepBbiil BONpoc Gpu3nKa NpeAcTaBAseT OrpaHHUEH-
HOe YHCJIO0 BO3MOXKHOCTeH. MOLIHOCTb pajaHOM3JyuYeHHs MyJbcapa
CTOJIb BeJIHKa (MMIYJbCHAS MOULIHOCTL — oKoJio 1022BT), a pasmepsnl
06beKTa CTOJIb MaJibl, YTO [OsIBJIE€HHe pPaJHOUMINYJIbCOB He MOXKeT
6bITb CB3aHO C HE3aBUCHMbIM H3JyUeHHEM OTHAEJbHBIX 3JEKTPOHOB
(kaK 3TO 6bIBaeT OGbIYHO Y GOJBLIMHCTBA ACTPOHOMHYECKHX OG'beK-
ToB). Habmonaemass MOLIHOCTb H3J/yueHUS] MOXKET MOSIBUTHCS TOJIbKO
B IBYX cayyasix. JIH6o 60JIbIlIOe KOJHUECTBO JIEKTPOHOB KoJieGJeTcsi
CHHXDOHHO, MOJOGHO TOMY KakK 3TO MPOHCXOIMT B aHTEHHe Hallero
3eMHOTO paauonepenartyuka. JIu6o B myJsbcapax HNPOMCXOLHT HEUTO
II0XOXKee Ha KOrepeHTHOe U3jyuyeHue B ja3epax. M B Tom u B gpyrom
cJlydae 3JIeKTPOHbl NPH H3JY4YeHHH MOJDKHbl IBHUrAThbCS CO CKOPOCTS-
MH, GJIH3KHUMH K CKOPOCTH CBerTa.

Bonpoc o ToM, uro mpexacrasissieTr coGoil mHyJbcap Kak KOCMHue-
CKOe TeJIo, MHOTO cioXkHee. [lepBoHauasbHO 06CYKAAI0Ch HECKOJIBKO
runore3. CornacHoO OQHOH M3 HUX MyJbcapbl — 3TO GeJible KapJHKH,
T. €. caMmble MJIOTHble U3 HabJofaemMblX 3Be3]. BeluecTBo B HUX CcxKa-
TO HACTOJIbKO CHJIbHO, YTO OHO, BEPOSITHO, GOJiblle NOXOXe Ha TBep-
Joe Tejo, yeM Ha ra3, HeCMOTPs Ha TO YTO TeMmmepaTypa BHYTPH
3Be3[lbl MOXeT MOXOAHTb [0 COTeH MHJJIHOHOB rpaaycoB. Panuyc
6esoro KapjuKa — HECKOJIbKO ThICSIY KHJIOMETPOB, Macca MPUMEPHO
tTakasi xe, Kak y CoJlHIla, HWJIH HECKOJIbKO MeHbllIe.

[Touts O0AHOBpEMEHHO ¢ rUMmoTe30H GeJoro KapJuka OblIH BbICKA-
3aHbl MPEANOJOXKEHHS, UTO MYJbCapbl — 3TO HEHTPOHHbIE 3Be3[bl —
3Be3/ibl, MJIOTHOCTb KOTOPBHIX MHOrO Bbllle, yeM Y OesblX KapJHKOB,
a paguyc COCTaBJsieT HeCKOJIbKO KuiomeTpoB. Hakonew, umesncs psn
runore3, B KOTOPbIX H3Jy4yeHHe MyJbCapoB CBsI3bIBAJOCh He C palH-
aJIbHBIMH MyJbCAlMSIMH, a C BPallleHHEM KaKoro-To TeJjla BOKpYr cBOe#
OCH WM BpalleHHeM OJIHOro Teja BOKPYr Apyroro. 31ecb BeCbMd
HHTEpeCHa AaHaJOrdusl C HUMIYJbCHBIM paanou3aydyenunem lOnutepa
ITH UMMYJbCH, NMpaBia, He HUMEIT TAaKOH CTPOTOH MepUOLHUHOCTH,
KaK y MyJbCapoB, HO Bce XKe JIBHXKeHHe 10 op6uTe cnyTHuka lOmnn-
Tepa [OBOJIbHO PeryJjspHO MeHsieT HHTEHCHBHOCTb PaAHOH3/NYy4YeHHS
CaMOH NJaHeTH.

CBoeo6Gpa3HbIM [ONOJHEHHEM K JOKJIaLy CTaju COOGLIEHHS O TOM,
KaK BeJiHCb HabJloNleHUsi 3a NyJabcapaMH Ha COBETCKHX pajHoTele-
ckonax. Y cpasy ke nocje 3TUX coobuieHH# — obLias AHCKYCCHS.

[TepBbiM Gepet cioBo akagemuk $1. B. 3eappoBuu. OH MOAXOAHUT
K JOCKe, H BCKOpEe OHa MOKPbIBaeTcsl HANOJI3aIoUIUMH APYr Ha Ipyra
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dbopmysaMu. YueHblil OTMeuaeT, YTO HHKAKOH MNOJIHOH TEOpHH siBJle-
HHS TI0Ka, KOHeuHo, HeT. M XOTsl Koe-KTO CUHTaer, UTO ee HUKOrjaa He
6yneT, MOXKHO BCe e FOBOPHUTb O NYTSIX, KOTODble MpeACTaB/IsIoTCA
pPa3syMHBIMH.

Ha mocke nosiBisioTcst OPHEHTHPOBOYHBIE pACUeThl, NOATBEPIKAAI0-
lMe WM OTBepraioluiie pasidyHble runotesnl. lleab U xon Bcex pacue-
TOB MOAPOOHO MOACHAIOTCS.

CBoe «oco60e MHeHHe» O BO3MOXKHOH NMpHUpPOJLe U3Jy4YeHHUs H3Ja-
raer ropbkoBckHil paguodusuk mnpodeccop B. C. Tpouukuit. On
nojiaraer, YTO He CJelyeT HCKJIOYaTb BO3MOXKHOCTb HCKYCCTBEHHOIO
NPOUCXOXK/JAEHHUS CUTHAJNOB, U MPHBOLHUT OAHMH <CHJbHBIH HOBOMI»:
UMIYJbCH OYeHb BBHIFOAHBI HJ51 mepenauyd uHpopmauud. Mcmosbsys
onpefesieHHble CBOWCTBA Cpefbl, MOXKHO MOJYYHTb CBOEro pOfa Bpe-
MeHHYI0 (OKYCHPOBKY, «CXJIONbIBAHHE» HMITYJbCOB Ha OMNpefe/leHHOM
paccTosiHHH OT H3syvareJs. [Ipu 3ToM ypoBeHb CUIHaJjia YBeJIHUUTCS
B MHUJJHOH pas.

[To noBomy 3TOi Waed B 3aJje BCNbIXMBaeT KOPOTKAash NHCKYCCHS,
cBoeoGpa3Hblii UTOr KOTOpO#H noaBoauT akazemuk B. JI. T'mH3bypr.
OH 3aMeuyaer, 4TO HJes O BHE3eMHbIX LUHMBH/IH3ALHUAX 3aCIyXKHBaeT
BHHMAaHHS TOJBKO B CBSI3H C HacTyIlUleHHeM MepHofa JeTHUX OTIy-
CKOB, MOCKOJIbKY TEOPETHKOB 3Ta HAes 0CBOOOXKAaeT OT HeOOXOAH-
MOCTH LyMaTb H UCKaTb 6oJiee NpocToe 06bSICHEHHE OTKPLITOrO sIBJe-
Husi. A Takoe oGbsicHeHHe HaBepHsiKa MOXeT ObiTb HaHmeHo. Bor
JHUIIb OAHH H3 BO3MOXKHBIX BapHaHTOB: nNpespauleHHe 60JbIIOH
3Be3/bl B OeJiblfi KapJHK COMPOBOXKAAETCA CHJbHeHIIeH KOHLEHTpa-
I{Hell MarHUTHOrO MOJISi — OHO B COTHH ThICSIY pa3 CHJbHee MarHuT-
Horo noJss 3emuau. Takoe cuiibHOe moJie, MO CYTH JeJjia, «3allupaeT»
BCIO 3Be€3/y, OCTaBJsAS 3apsiKeHHbIM 4YacTHHAM JHLIb ABAa Y3KHX
BbIXOJA B TMOJAPHBIX ob6aacTtsix. MIMeHHO ckBO3bL 3TH OGJACTH BHI-
6pachlBalOTCSl OrPOMHble CTYCTKM IJIa3Mbl, HalOMHHAlOlHe [Be
aHTEHHBI.

Caepyowuit goknapn nocesiuled Hamemy CosHUy. 3TOT 0GBEKT
CPaBHHTE/IbHO GJU30K, HO OH TaK JKe, KaK U JaJiekHe myJibcapbl, CHa6-
JKaeT acTpO(PHU3UKOB CJOXKHbLIMH npo6Giemamd. OnHa U3 HUX — Mmar-
HutHble nosst CosHua. To, YTO CTPYKTypa 3THX MATHUTHBIX MOJIEH
ype3BblyalHO CJOXKHa, obuiensBecTHo. Ho kakoBa 3Ta crpykTypa
B netansx? Kak uameHnsiercsi? KakoBbl MHTHMHble MeXaHH3Mbl yYaCTHUSA
MarHuTHbIX noJjel B (pusnueckux npoueccax Ha Cosnue?

HaumeHbiuasi M3 caMOCTOsITeJbHbIX MarHuTHbix obaacteit CoJiH-
Ila — 9TO MAarHUTHHIH y3eJok pa3mepom okono 700 kM. Cuaenyrouuj
CTPYKTYDHBI# 3JIeMeHT — CyneprpaHyJsa pa3mepoM oKoJo 30 ThiC. KM,
cpeiHuM BpemeHeM kH3HH 20 u. HegaBHo o6GHapykeHo eme 6o-
Jlee KpYIHble 3JeMeHTbl MAarHHTHOH CTPYKTYpbl -— FMTaHTCKHE SYEHKH
pa3smepom 400 tbic. KM. Bes 3Ta cBoeo6pasHasi uepapXusi MAarHUTHBIX
obnacteil JO/MKHA 3aBepIUUTbCH CTPYKTYPHLIMHM CEKTOpPaMH, NPOCTHU-
palouiuMucst 6oJiee uyeM Ha MHJJIHOH KujomeTpoB. PaccuutaHHBIN U
3KCMIEPUMEHTAJbHO TIPpOBEPEeHHbI 6ajaHC MarHUTHbIX MOTOKOB B
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aKTUBHbIX ob6jacTtax CouHua nokasbiBaer, uto 37 %/ MarHUWTHOrO MO-
TOKa NOKHIaeT akTUBHYIO o6Jactb CoJHIa.

To, yTo MBI YacTo Ha3biBaeM MEXX3BE3JHbIM WJIH MeXIMJaHeTHbIM
BaKyyMOM,— HHKaK He MycToTa. DTO MPOCTPAHCTBO, Iie MPOUCXOAST
CJI0XKHBle (DU3HUeCKHe MPOLECCH C Yy4acTHeM 3JeKTPUYECKHX H Mar-
HUTHBIX TOJIeH, Tie ABHXKYTCH M KaK-TO B3aUMOJIEHCTBYIOT YACTHILBL.
IMocnenHnit nokJam Ha ceCCHMH MOCBsILEH HMEHHO MPOLECCAM B MeX-
3Be3[HOH cpejie H B HeM JesaeTrcs MOMbITKa NMpeACTaBHUTb cebe HeKo-
TOpPbl€ W3 3THX MPOLLECCOB, MOCTPOUTh HX MaTeMaTHUEeCKHE MOJIeJH.
Ha wuepHoii rpucdesbHON aQ0CKe NOSBJSIOTCS PHCYHKH, YpaBHEHHS,
pacueThl, OMHUCHIBAIOLIME POXKIAEHHE H CMepPTb 3BE3JHBIX MHPOB HJIH
NoBeJleHUE 3JIEKTPOHOB Ha oKpauHe BcejieHHOM.

K coxaJsieHd10, MPOCTBIMH CJIOBAMH Mepecka3aTh CMbICJ 3TOH pa-
60Tbl c0XHO. Y1 OoueHb MOXKeT ObiTh, UTO cOJepIKaHue ee GbLJIO JAO-
CTATOUYHO TJIYyGOKO MOHSITO TONBKO TEMH, KTO HEMOCPeICTBEHHO CBSA3aH
¢ npobjemaMH TeopeTHuecKoH acTpoPH3UKH. Bmecrte ¢ Tem KaXKAblH,
KTO cJayiiaJg NoKJal, JaKe MOCTOPOHHUH uesioBeK, He UMEIOIUH Tps-
MOrO OTHOLUEHHS! K (U3HKe, HaBePHSIKA HCNbITaJ] KakKoe-TO BOJIHEHHE,
NIOYYBCTBOBAB CHJY H YBEPEHHOCTb, XapaKTepHble A/l HbIHELIHero
srana no3HaHuss Bcesennoii. [loncTnHe Moryu uesoBek, cyMeBLIHH
CBOMM pa3yMOM NpPOHUKHYTb B O6eckpaiiHHe MpPOCTOPH KocMOca H
npencraButb ceGe MPOUCXOAslLIHE TaM IMPOLECChl, KOTOpble MPHPOAA,
KasaJjocb Obl, aGCOJNIOTHO HAEXHO YKpbla OT Hac.

Ceccus 3akpbita... Ho euie nosro B pasHbelx KoHUax 3aJna, B ¢oie,
Kopujgopax OyayT HATH WyMHble MHKpoauckyccud. Eure moaro po-
KJAqUHKH, MPUCTPOMBILUUCL TAe-HHOYAb Ha MNOLOKOHHHKE HJH Ha
yroJike crojia, 6yyT OTBeYaTb Ha BONPOCH KOJJEr, BBICAYIIHBATb HX
3ameuaHnus. Y emte posro 6Gyner pa6otath Ha HayKy raaBHbH 3P heKT
3TOr0 pSLOBOrO AHS (HU3UKH — 3P¢eKT oOlueHus.

A nortom npolimyTr rogbl. Ha HOBbIX HayuHbIX KOH(epeHuHsX Oy-
LyT oOOCY»KIaTbCsl HOBble 3IKCNepUMeHTasbHble pe3yJabTaTbl, HOBble
TeopeTHyeckHe UX o6bsicHenusi. [losyyar nomoJiHHTeNbHBIE NMOATBED-
JKOEeHHs, a 3HAuuT, U GoJiee HMIHPOKOe MPH3HAHHE, TEOPHH, KOTOpbIe
elle HeAaBHO OblM OOBEKTOM sI3BUTeJbHBIX Hamanok. M HeusberkHo
KaKue-TO HeH, elle HeAaBHO MpHBJeKaTeNbHble, OYIyT OTBEPrHYTHI,
KakHe-TO (akThl nocsae 6ojee TILATEIbHOH POBEPKH OYLyT NMPH3HAHb:
omH60ouHbIMH. Tak, HanmpHMmep, MOTepsieT BCEX CBOMX CTOPOHHHKOB
Hlesl HCKyCCTBEHHOTO NMPOUCXOXKACHHS! PaAHOUMIYJIbCOB, H3J1y4aeMblX
nyJbCapaMH, W yXKe HHKTO He GyJeT FOBOPHUTb O MyJbcapax Kak o
HEKHX pajuonepefaTydKax HHoMJaHeTsiH. Yepe3 HECKOJbKO JeT
focJjie OTKPBITHUS NepPBBIX YeTbipeX MyJabCcapoB OyayT OOHapy»KeHb
NEeCSITKH MOMOGHBIX OOBEKTOB, pery/sipHO H3JyYaioUWHX H pamlo-
HMIYJbCHI, H CBETOBble HMMYJIbCHl, H HMNYJIbCHl PEHTTEHOBCKHX JIyuei.
TuwarenbHoe ux HabaoJeHHe NpHBeAeT acTPpOPU3HKOB K BHIBOLY:
camasi BeposiTHasl MOAeJb MyJbCcapa — 3TO GblCTpPOBpallaloniasics
HeWTPOHHAs 3Be3/la, U3 KOTOPOH 6yarofapst ee COOCTBEHHOMY MarHuT-
HOMY MOJIIO, MOAOGHO aHTEHHE, «TOpYaT» ABA OCTPBIX MJIa3MeHHBIX
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Jyda. 3Besfa GbICTPO BpallaeTcsi, H HAYLIMA OT Hee PajHONYy Kak
6bl mepuonuuyeckd «6per» mo 3emJe. [losaTomy-To Mbl NMpHHHMaem
H3JIyyeHHe MyJ/1bCapOB B BHIE PEryJasipHO MOBTOPSIOLIUXCS HMIYJbCOB.

B menax »UTEHCKHX, KOr[a OrJsiAbIBaelllbCs Ha3aj, aHaJH3HpY-
ellb CBOU OMIMGKH HJAH 3a6JyKIEHHsi, CTAHOBUTCS, YECTHO T'OBOPH,
HEMHOTO OOH[HO: Hy mouemy Obl paHblie He 3aMeTHTb HETOYHOCTb,
He [orajflathCsi O NPaBUJIbHOM pelleHUU? B nesax HayuyHbIX, 0COGEHHO
B TAKOW CJOXHOW 06J1acTH, KaK coBpeMeHHasi (HU3HKa, peIKO MOSIB-
JISIeTCsl MOBOM AJsS MOAOGHBIX coxaJjeHu#. [ToTomy uTo myTb K HCTH-
He 3[leCb JIEXKHT He TOJIbKO H, MOXKeT GbITh, Ja)e He CTOJbKO uepes
JNOTafikH, CKOJIbKO uyepe3 60Jbiuylo paboTy, HeJerkHe CHCTEMATH-
yecKHe HCC/IelOBaHHS, uepe3 TILATEJbHO MPOAYMAaHHble H TLIATeJb-
HO BbIMOJIHEHHblE 3KCMEPHMEHTbl H TEOPeTHYECKHe MOJeJH, uepes
yecTHoOe, a6COJIOTHO OTKPOBEHHOE 06CYKAECHHE HaYUHbIX Pe3yJbTaToB.



MH)KeHepMﬂ HEBUAUMbLIX MaAllWH

dusuku u xumuku 8 mesvyalwux nodpobHocmAax npedcmaensiom cebe
ycmpoidcmeo MHo2UX MAWUH MUKDOMUPA—MOAEKYA U amomos. MU3ydeHsl,
Hanpumep, MOJEKYAbl, KOMOPbIE MEHAIm Cceo cmpykmypy u deuzaioomcs
no onpedeneHHsiM MAPWpPymamM, 6bINOAHAA 8AMHylo pabomy ,epy306UKOE“
8 #ueom opeanusme. [fenaromca noneimku 06vACHUMb, no4emy ece opaa-
HU3MbI NOCMPOEHbI MOMLKO U3 ,e66iX“ Monekyn. OmKpeimsl €COBEPUIEHHO
yOueume nbHole 0cobeHHOCMU noeedeHua MOMEKY/A Npu CEEePXHUSKUX meM-
nepamypax.

Kak u3BectHo, gokrop JIsmblosib ['yianusep nosBuicsa B CKa3ou-
Hoi Jlujaunmytdu B Te BpeMeHa, KOrja CTpaHa 3Ta elle He OueHb
[aJieKo MPOABHHYJAACh MO MyTH TeXHHYeckoro mporpecca. Bo Bcsikom
cjlyyae, caMmble I1POCBELIEHHble JUJIHIYTHl CO CTPaxOM H TperneToM
IUKapeH paccMaTpUBaJd OrpPOMHble 3araJouHble MallMHbl, OOHapy-
JKeHHble Y «yeJl0BeKa-ropbl»,— MUCTOJNET U KapMaHHble 4achl.

A nonpo6yem npencTaBUTb ceGe APYrylo KaPTHHY: NPSIMO U3 CBUG-
TOBCKOH AHrMM (MapycHbll (JIOT, NHIMKAHCHI, KPeMHEBblE DPYXKbsl
H HECKOJIbKO [eCSTHJeTHH J0 nepBoi napoBo#l mamuHbl Yarra) [ya-
JIMBep Nnonajgaer B CTPaHy JHJIWNYTOB, 'le HAYKA H T€XHHKA HAXOLSAT-
Csl y>Ke Ha COBPeMEHHOM HaM YPOBHe (CIyTHHKH, TeJeBHIEHHe, Mac-
COBOEe  TMPOM3BOACTBO aBTOMOOGUJeH, TenedOH, KHHO, KapMaHHbIe
NPUEMHHUKH, camodJieTbl). IlyTelnecTBeHHHK oiesoMJeH Gyluyouiel
BOKPYT HEro MallHHHOM BakxaHaJide#l, U TOJbKO GECKOMIIPOMHCCHBIH
pauMoOHa/u3M XHpypra ybeperaer ero or MHCTUKH: ['yjiuBep ynpsimo
BEpUT, YTO BO BCeX uyaecax JluiumyTuu Her HMKakoro uyna. bosee
TOTO, OH MBITAeTCsl HOHATH YCTPOHCTBO M NPHHLHUN AEHCTBUS JIMJIUMYT-
CKHX MAIlHH.

Ho kak 310 cresatb? Kakum o6pasoM NpOHUKHYTb B NOIOUIYIO ye-
JIOBEUECKHM TOJIOCOM YEPHEHbKYIO KOPOOOUKY pa3MepoM ¢ PHCOBOe
3€pHO WKW B HeGOJBbILIOH MeTaJIM4ecKH# KYyOHK, KOTOPBIH, TJIOTHYB
KaKOH-TO JKeJNTOBATOH XKHAKOCTH, JIHXO MUHT MHOrOMECTHble KapeThl
N0 3epKaJbHbIM JIEHTaM JUJAHNYTCKHX popor? HenoHsiTHele mpouec-
col... HeBunumble geranu... HemocTukumasi CJOXKHOCTb...

dra ¢aHTacTHUecKass KapTHHA B HEKOTOPOH CTEMeHH HJLIIOCT-
pUpyeT npobJieMbl, 3aHUMAIOLLHEe COBPEMEHHBIX YuUeHBIX, HCCJenoBa-
Tejell HeBHAMMOTO MHPa aTOMOB H MoJeKy/ad. «B Hekoropoil cre-
NeHH» NMOTOMY, YTO 3alauyd, KOTOpble CTOSAT Nepel HCCAed0BaTeIIMH
MHKpOMHpA, ObIBAIOT HAMHOTO CJOXHee, yeM, cKaxeM, pa3bopka
JIUJIMIYTCKOTO MOTOILMKJA TPyObIMH TYJJIHBEPOBBIMH PYKaMH.

W peno He TOJMBKO B upe3BbIYANHHONW MaJIOCTH MallHH-MOJIEKYJI,
He TOJIBKO B OFPOMHOM KOJIHYeCTBe aeTaJjiefl, paboTalouluXx B TaKHX
MaliuHax. Jletranu 3TH elle CJOXHBIM 006pasoM B3aHMOAEHCTBYIOT
Apyr € JAPYroMm, a rJaBHble UX XapPaKTePUCTHKH MOTYT CHJIbHO Me-
HATbCA. THNWUHBIA cay4yal: OLMHAKOBbIE aTOMbl OJHHAKOBbl TOJbKO
B H30JIUPOBAHHOM COCTOSTHHH, TONAaB B MOJeEKyJy, OHH MOTLYT CTaTb
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COBEpLIEHHO HEMOXO0XKHUMH. ATOMbI, KaK H3BECTHO, OGbeIMHSIIOTCSH
B MOJIEKYJbl OGLIUMH 3JIEKTPOHHBIMH 0GOJIOUKAMH, KOTOpble MPHTHA-
rUBalOT, NPUBSI3BIBAIOT APYr K APYry HECKOJbKO siiep. B mouekyuse,
B 3TOM KOJIJIEKTHBE, MAJIS1 MOBbLIILIEHHs] O6leld yCTOHUYHBOCTH MOXKeET
NPOU30ATH nepepacnpefesieHde JUYHOH COGCTBEHHOCTH OTHEJbHbIX
aTOMOB — WX 3apsA0BOH MJIOTHOCTH, T. €., Tpy60 roBopsi, peanbHOro
3apsila BHEIUHHUX 3JEKTPOHHbIX oboJoueKk. Tak, y aroma Bogopona
B CBOGOJHOM COCTOAHHMH 3apsij 3JeKTPOHHOH 06O0JOYKH PaBeH eIHHH-
e (BOKpYr fiipa BpallaeTcsl OAMH 3JIEKTPOH, BECb €ro 3apsiji NpPUBS-
3aH K COGCTBEHHOMY SIAPY), a B MOJIEKyJaX B 3aBUCHMOCTH OT TOTO,
C KeM U KaK CBsI3aH BOJAOPOJ, ero 3apsl MOXKeT UMeTb caMble pasHble
3gauenuss — ot 0,5 mo 1,5.

Pacnpenesenne 3apsioBoOi MJIOTHOCTH B MOJIEKYyJaX CHJIbHEHIIUM
06pa3oM BJIHSIET HA HX XUMHUYecKHe cBOHCTBa. IMeHHO cuibHefIIuM
o6pa3oM: nepepacrnpejejieHde MJIOTHOCTH 3apsiia B Npejenax BCero
JHUb HECKOJIbKHX MPOLEHTOB MOXET B JeCATKH, B COTHH ThiCAY pas
H3MEeHHTb XHMHUECKYI0 aKTHBHOCTb BeulecTBa. Y uto6bl npencraBuTh
cebGe, Kak paboTaeTr MoJieKyJia, KAK HMEHHO OHa y4acTByeT B TeX HJH
HHBIX XHMHYECKHX Mpolleccax, HY>KHO 3HaTh, 06pa3HO TroBOps, ee
3JIEKTPUUYECKYIO CXEMY.

Ho 370 eute He Bce. Elle HyXHO 3HaTb apXUTEKTYpPy MOJEKYJIb,
TOYHbIe PACCTOSTHHS MEXIAYy aTOMaMH, TOUHBbIE YIJIbl MEXNY COeLH-
HSIOLUMMH UX YCJOBHBIMH JWHUAMH. Hy»XHO 3HaTbh, Kak MpPOUCXOAAT
KOH(OpMallHOHHbIe H3MEHEHHST MOJIEKYJ -— TPaKTHUYeCKH Jio6asi MoJie-
KyJla MOXEeT CylleCTBOBaTb B HECKOJBKHX MOXOXHX apXHTEKTYPHbIX
BapHAaHTaX, Kak NPHHSATO FOBOPUTb, MOXKET HAaXOAUTbCH B HECKOJIbKHX
KOHQOpMAlKAX U NMPH 3TOM JOBOJBLHO YAaCTO [EPEXOAHTb H3 OLHOH
KoHbopmauud B Apyryio. Hy>XHO HMeTb BCe 3TH CBeleHMs 51 BCeX
TUINOB B3aUMOJEHCTBYIOUIHX MOJIEKYJ M [JIsi MOJIEKYJ Cpefibl, Tle Npo-
HCXOANAT B3auMoaelcTBUsA. HyXKHO 3HAThb, KAK 3aBUCAT XapaKTepHCTH-
KH MOJIEKYJ OT «IIPHPOLHBIX YCJOBHH», U NPEXJe BCero OT TeMmmepa-
Typbl. HyXXHO yMeTb MYXKEeCTBEHHO BCTpeYaTh HEOXHIAHHOCTH H
HEeNpPUBBLIYHOCTH, OGBACHATb (aKThl, KOTOpble MPOTHBOpeYaT KHTeH-
CKOMY OIBITY M 3APaBOMY CMbICHY, TaKHe, CKa)keM, Kak KBaHTOBble
nepexojbl JIEKTPOHOB, UX MPbIXKKH ¢ OJHOH OpOUTBHI Ha APYrylo, MH-
Hysl 1poMexyTouHble noJsoxeHuss (I'yanuBep B XHU3HM He BCTpeual
MallkHbl CJI0XKHee 4acoB, a AOJKeH pa3obpaThCsi B YCTPOHCTBeE JH-
JUIYTCKOTO [BeTHOro TejeBu3opa). OpHuUM c/10BOM, HEOO6XOXHMO
MPOUTH uepe3 MHOTHE TPYAHblE «HYXKHO», YTOObl MOHATH, KaK ycTpoe-
Hbl U KaK paboTaloT MAaLUWHbI-MOJEKYJIbI.

HecMoTps Ha Bce TPyAHOCTH, COBpeMeHHbIE I'y/JIUBEPbl OT GU3UKH
U XHMHH JOOGUJHCH MOPA3HUTEJbHBIX Pe3yJbTATOB B H3YYEHHHU CJOXK-
HBIX MOJIEKYJSIPHBIX CTPYKTYP U HX B3auMoAeHcTBHiH. BOT HecKo/bKo
TaKUX pe3y/JbTaTOB B KOPOTKOM H BOJIbHOM Ilepecka3se, HeCKOJIbKO
NPHMEPOB M3 MHOI'MX BO3MOXHBIX.

[Ipumepsl 3TH B3sTHl M3 cTaTell B HAYYHBIX XYpHaJaX, H B KOHLE
KaxJOro Halllero pacckasa Ha3BaHbl aBTOPbl paboThl U ee OpHLLHANDb-
HOe Ha3BaHHue.
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Mpumep nepsbiil — Mosekyna-camocBad. CxejleTHasi cxeMa MoO-
JIeKyJbl aHTHOMOTHKA BaJHHOMHIMHA OYeHb HANOMHHAeT LBETOK.
B uentpe —uoH Kajusi (K*), ero ymepXKHBalOT ILECTb «HATEPThIX
IIepCTbIO AHTAPHBIX MAJOUeK» — LIECTb SJMEeKTPUUECKHUX MUMOJEH, OT-
POCTKOB MOJIEKYJIbl, HA KOHIIAX KOTOPbIX CKOHLIEHTPUPOBAH HEKOTOPbIH
oTpuuaTe]bHbll 3apsA. Takas cxeMa BaJHHOMHLUHMHA COOTBETCTBYET
cJyyalo, KOTa MoJieKyJa HaXOOHTCH B Cpelile CO CPaBHUTEJbHO Bbl-
COKOH KOHLEHTpalHeHd MNOJNOXHTEJbHbIX HOHOB, B UAaCTHOCTH HOHOB
Kanus. Ho CTOUT BanMHOMULIMHY NepedTH B APYryio cpeny, C MeHblueh
KOHIIeHTpauHell 3apsnoB, KaK «LBETOK» PACKPOETCS — Y MOJIEKYJIbI
MOSIBUTCS1 BO3MOXKHOCTb 3aBsI3aTh NPOUHble BHEIUHHe CBSA3H, H M
3TOr0 OHa IMO0XEepPTBYeT HEKOTOPHIMH CBOMUMH BHYTPEHHHUMH MeX-
aTOMHBIMH CBsI3sIMH. B HTOre mpousoifier nepepacnpeseseHue 3JeKT-
pUUecKoro 3apsiia B MoOJeKyJse, HCYe3HYT IHUMOJH, YAepKUBaBLIHE
HOH KaJslusd, H OH BbipBeTcsi Ha cBoGony. Ho kKorma BaJIMHOMMUHH
BepHeTCs1 B MNpPEXHIOIO cpely, TO OH BepPHEeTCs U K CBOeH MpexkHed
KOH(OPMAlUUH H CHOBA CMOXET YIepXHBaTh HOH KaJusl, BTAHYB
€ro B UEHTP «UBETKa» NPSIMO «C YJHLbI».

Tlono6Hasi KoHpoOpMaLHOHHasi TNepecTpoiiKa BaJUHHOMHIIMHA —
3TO He MPOCTO BHUPTYO3Hble THMHACTHYECKHe ynpaxKHeHHs. BajuHo-
MHIMH — IPY30BHK, OH IEPEeBO3HUT HOHBI KaJjusl uepe3 KJAETOUHYIO
MeMOpaHy, aKTHBHO y4acTBYsl TeM CaMblM B XKHU3HeLesiTeJbHOCTH
KJIeTKH, y4aCTBYsl B TAUHCTBE XKHU3HHU. XOTA caM OH, KOHeYHo, He 60-
Jlee 4eM TPAHCIOpPTHasl MallWHa, MallHHa-moJekynaa. (Omnpenenenne
KOH(OPMaLHOHHOH nepecTpoiku BaJMHOMHLUHA. AxkaneMmuk
10. A. OBudHHHKOB ¢ coTpyaHukaMd. MHcTHTYT GuopraHnueckoil xu-
mun uM. M. M. [llemskuna AH CCCP.)

Ipumep BTOpoOii — JieBble H NpaBble MawHHbL. «KHpaJbHOCTb» —
TepPMUH CTapbiil, ONHAKO, Ka)keTcsl, elle He YCTOABIUHHACH, HHOrAA
BMECTO HEero MOJIb3YIOTCSI TePMHHAMH «CHHPAJbHOCTb», «3aKpyueH-
HOCTb», «PYYHOCTb». BBeleHbl 3TH TEepPMHHBl MAJS1 TOTO, YTOObI MOA-
YepKHYTb, UTO [IBa COBeplIeHHO OLMHAKOBBHIX, Ka3aJocb Obl, 00beK-
Ta MOTYT UMeTb oco6ble MPOCTPAHCTBEHHble pa3juuusi, ObITb KakK Obl
3epKaJIbHbIMH OTPaXKeHHsIMH APYr Apyra. MoryTt, Kak NpHHSTO TOBO-
PHTb, HMETb pAa3HYIO KHPaJbHOCTb. Y UeJOBeKa [Be OLHHAKOBblE
PYKH pa3HOH KHPaJbHOCTH — IpaBasi H JeBasi. 3L0pOBasiCh, Mbl MPO-
TATHBaeM MApyr APYry DYKH OAWHAKOBOH (MpaBof) KHPaJbHOCTH.

CoBepilIeHHO OJHHAKOBBIE 110 BCEM CTATbSIM MOJIEKYJIbl TaKXkKe MO-
TYT HMeTb PasHylo KHPaJbHOCTb, KakK, CKaxXeM, COBEpIleHHO OJHHA-
KOBble 3[JaHHSI C COBEpLUEHHO OQHHAKOBBIMH, HO HaNnpaBJeHHbLIMH B
MPOTHBOIMOJIOXKHbIE CTOPOHBI TPHCTPOHKAMHU-DJIHTeIIMH. DTH OAHHAKO-
Bble, HO, TAaK CKa3aTb, HanpaBJjieHHble B pa3Hble CTOPOHBI MOJIEKYJbl
Ha3bIBAIOT MOHATHO W TPOCTO — «JEBBIMU» H «MpaBbiMu». Kpucrasn-
Jbl U3 «JIeBBIX» HJH M3 <«IPaBbIX» MOJEKyJ ObLIH U3yueHbl elle Be-
aukum [lacrepom. Ho kak moBenyTt ce6si 3TH MOJEKYJ/bl B KHIKOH
¢ase, B pacTBope, rae OHH CMOTYT CBOGOJHO NBUTaThCsi, 00 beIHHATD-
CA WJH OTTAJKHBATbCSl, JEMOHCTPUPOBATb CBOH CHMMATHH M AHTHIA-
tiu? OTBEeTUTb Ha TAaKoO# BOMPOC yJaJoCh TOJBKO B caMoe HocjefHee
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BpeMsi,  OGHAPYKHJIOCH NPU ITOM, YTO MO HEKOTOPbIM BaXKHbIM MO-
Ka3aTejqsiM COeJHHEHUs] U3 MOJIEKYJ OJHHAKOBOH KHPAJbHOCTH HMEIOT
3aMeTHble NPEeHMYLIeCTBA Nepef TOYHO TAKHMMH XKe «J1eBO-NpaBbiIMH»
coenunenuamMu. Otcioga, moxer ObiTh, HAYHHaeTCs NyTb K oObsicHe-
HHIO HeOOG'bSICHUMOW MOKa TalHbl KHUBOH NMPHPOJBl — BCE XXHUBOE MO-
CTPOEHO B OCHOBHOM K3 MOJIEKYJ OJHOH («JeBOfi») KHPAJbHOCTH.

B To Xe BpeMsi B HEeXHBOH NpHpPOJe HH OAHH H3 ABYX BHIOB
KUPaJIbHOCTH He MMeeT NpeumyllecTBa. BrnojHe BO3MOXKHO, YTO POXK-
JleHHEe HAILUEero «JieBOro» XKHBOTO MHpa — 3TO He 6ojee 4eM pe3yJib-
TaT cjaydadiHocTH. B caMbiX mepBbIX XHMHYECKHX COeAHHEHHSX, CTaB-
IIHX OCHOBOH [JIsi 3aPOXIEHHS W PAa3BHTHSA JKHU3HH, «JIEBbIX» MoJe-
KyJ oOKasajocb 4yTb Goubiie. M 3To B uTOore onpepesiuso nobemy
«JIeBbIX» COeJMHEHHH Hall CBOMMH «NPaBbIMU» KOHKYPEHTaMHU: NMojLo6-
HO CHEXHOH JlaBuHe, pa3pacTalics MHP «JIeBblX» KHBBIX OPraHU3MOB,
He MOMNaBIUWX B rubesbHbld mpouecc 06beIHHEHHS «JeBbiX» U «Ipa-
BbIX» MoJieKyJ. (B3aumopeiicTBUSI MOJIeKYJl Pa3MUHOM KHPaJbHOCTH
B pactBopax. Akagemuk M. M. Ka6auHHK, 1OKTOp (pU3HKO-MaTeMaTH-
yeckX Hayk . WM. ®enun c corpyaHukamu. MHCTUTYT 3jleMeHTOOD-
randuyeckux coenuHennit AH CCCP.)

IMpumep TpeTHit — MALIMHBI-MOJIEKYJIbI NMPU CBepxxoJone. 3axH-
rasi ClUYKy WJIH 3aMOPa*KUBasi NMPOLYKTbl B XOJNOAUJbHHUKE, Bbl HJI-
JIOCTpUpYeTe OIHH M3 OCHOBHBIX 3aKOHOB XHMHH — 3aKOH Appe-
HHYCa, KOTOPBbIH YTBEPK/AA€T: CKOPOCTh XHMHUECKHX peaKLUHuil yBesHu-
YHBaeTcs C POCTOM TeMIepatypbl. M3 3Toro 3akoHa cjemyer, 4TO
BOsH3U aGcosioTHoro Hyass (—273,16°C) Bce XuMHYecKHe peak-
UMM BOOGLIE [OJIKHbl NpekpaTuTbcs. Ho BOT TouHas Teopusi, pac-
yeTbl, 4 3aTeM W SKCIEPUMEHTHl, CHaya/Ja KaueCTBEHHblEe W, HAKOHell,
KOJIMUECTBEHHblE, MOKAa3aJu: HUKAKOrO MpeKpallleHHsl peakudd Her;
MallUHbI-MOJIEKYJIbl, XOTSl M MeMJEHHO, HO NpPOJOJIKaloT paboTaTb
B yCJOBHSIX mpenenbHoro xosona. Ilpoposxkalor paboraTh BONpeKH
BCEM 3aKOHAM KJaCCUUeCKOH MEeXaHHKH, HO B [OJHOM COrJ1acHH C
«6e3YMHBIMH» 3aKOHaMH MEeXaHHKH KBAHTOBOH. OKCNepHUMEHTHI,
KCTaTH, I[0Ka3aJd, YTO TMPH CBEPXHHU3KHX TeMIepaTypax MOTrYT
CTPOUTBbCS OOJIbIlIHe CJOXKHBIE MOJIEKYJbl. A 3TO JaeT NMOBOX AyMaThb
0 «XOJOJLHOH NPEeAbICTOPUH MXKH3HH», O TOM, UTO B Ge3)XXKU3HEHHOM,
XOJIOJHOM KOCMOCe MHMJIIHapAbl JeT MOIJIH CO3AaBaTbcs noaydabpH-
KaThl JJs1 GYLYIIHX «TemJibiXx» XKUuBbiXx cucreM. (McciepoBaHue XHMH-
yecKHMX peakKUHH BOIH3H abCOMOTHOrO nyJsl. UseH-KOppPeCHOHLeHT
Axanemun nayk B. WM. Tosbpanckuii ¢ corpyaHukamu. HHcTtuTyT
xumuueckod ¢pusuku AH CCCP; npodeccop A. JI. AGKuH ¢ cOTpyi-
HHKaMH. PH3HKO-XuMHuecKHH uHcTUTYT uM. JI. $l. Kapnosa.)

OnHa u3 ocoGeHHOCTeH 3TUX Tpex NMPUMEpPOB XapaKTepHa H AJs
60JIbIIHHCTBA APYTHX, KOTOpble MOXKHO OblIO Gbl NMPUBECTH,— MOJY-
YeHHBIMH pe3yJbTaTaMH HCCJeJoBaTeNld BO MHOrOM 0OGsi3aHbl COBep-
IIEHCTBY COBPEMEHHBbIX NPUOOPOB M METOJOB H3YydYeHHs MOJIEKYI,
TaKMX, HallpuMep, KaK MeTO] $JepHOro MAarHuTHOrO pe3oHaHca,
KOTOpBIH 1103BOJII€T YJOBHTb H3MeHEeHHEe 3apsifOBOH IMJIOTHOCTH Ha
COTble [OJNH TIPOLEHTA.
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U eile onHa 0co6eHHOCT, ellle 0Ha oblias 4yepTa BcexX NpPUBeJIeH-
HbIX npuMepoB. UToGbl sicHee yBHIETb €e, €CTb CMbICA BepHYTbCH
K HauaJly Hallero KOPOTKOTO pacckasa, Kak rOBOPSIT XMMHKH, «3aMK-
HYTb KOJIBLIO>.

BrnosHe BeposiTHO, UTO KTO-HUOYyAb 3axoueT NOAPOGHO omucaTb
Xu3Hb ['youBepa B JIMIMNYTHH aTOMHOTO BeKa, yrayOGuTb aHaJlOTHIO
MEXIY ero HCCAeJOBaHUAMH JHJIHIYTCKOH TEXHHKH H HAWIUMH HCCJle-
IOBAHHUSAMH HEBHIMMbIX MAIUHH MHKPOMHpPA ~— aTOMOB H MOJIEKY.I.
CioxkeT HOBBIX MOXOX[EHHH 3HAMEHHTOro MyTelleCTBeHHHKAa MOXHO,
pasymeercsi, CTPOUTh [O-pa3HOMY, HO OJIHH 3JEeMEHT B HEro Hy>KHO
BBeCTH 00513aTebHO — HYXHO, uToObl cyab6a ['yaauBepa KakKHM-TO
o6pa3oM 3aBHcesa OT ero HCcIefoBaTeNbCKUX ycnexoB. Hy, ckaxewm,
tak. Ha Tl'yanuBepa rotoButcsa mnokyiieHwe, U utobbl cCOpBaTh ero,
HY2KHO JOCTATOUHO ObICTPO paso6paTbCsl B CHCTEMe MOAPbIBA MHHHBIX
noJiefl, OKpYXalolUX XKHUJHLLe NMyTeliecTBeHHHKa. ToAbKO NMoLOOGHbIH
CIOXKEeTHBIH XOJ MOXeT CAeNaTh Hally aHaJIoTHIO NpaBaoONnoOfOGHON
N0 caMOMYy BaXHOMY MOKa3aTeslo — N0 3HAYHUMOCTH pe3yJbTaTos,
MOJyYeHHBIX HCCAeNOBaTeJMH, MOTOMY 4YTO C HHXKEHEepUH MallWH-
aTOMOB W Mall{H-MOJIEKYJ HauWHaeTcsl TOYHAasl HaykKa GHOJOTHS, OT
yCrexoB KOTOPOH B OrPOMHOH CTeNeHH 3aBHUCAT HALIM ypoXKaH, Hallle
3[I0pOBbe M [OJrojeTHe, caMa Halla XH3Hb.



KoHTypbl HeBuguMKu

Tounbll  ¢u3uyeckuid Memod—peHmeeHoCmpyKmMypHold AHAAU3—NOMO-
2aem pacwugposame CmMpyKmypy CAOMHeUwuX 6uOA02U4ECKUX 00BEKMO8 —
6efIK0BbIX MONEKY .

[ne-to B cepennne XVII B. B MHpe npou3olo co6biTHe, TOUHEE,
nejas menoyka coGbITHH HCKIIOYHTEJNbHOH BaxxHOCTH. OHH, K coXa-
JIEHHIO, He BOLLIH B IIKOJbHble YUeOHUKH, XOTS, HY)KHO AyMaTb, I10-
BJIHSIJIK Ha cynbObl UHBHJAH3ALUH He MeHblle, YeM BOCbMOH KpecTo-
Bblli moxon uad BodHa DBeyoit u Asolt po3bl. [IaBHBIH yyaCTHHK 3THX
co6biTuit — AHTOHH BaH JleBeHryk u3 AMcrepaama, TOProBel H MYy-
HULUNAJbHBIHA cayXaluil (OCHOBHas mpodeccusi), ONTHK H HaTypa-
JUCT (Xx0661u). C NMOMOLIBIO OYEeHb CHJIBHBIX CaMOIE/JbHBIX JHH3 —
HeKOTOpble H3 HUX NaBaJd yBeaunueHde B 300 pa3 — OH yBHJeJ XKHUBbIE
KJIeTKH, 6aKTepHH, BOJIOKHA CTeOJIs1 MIUEHHIbl, 371eMeHTbl KpoBH. On-
HUM CJIOBOM, YBHIeJ HEBHIHMOe.

B 3Tu cioBa — «yBHIeN HEBUIHUMOE» — HYXKHO BAyMatbesi. OHU U3
TOH »Ke XapTHH 4YesJ0BeyeCcKoro MOTyLlecTBa, UYTO H <«MOAHSJICS B
BO3LyX», <«BBeJ KHHromnedaTaHue», «u3o6pes pamgHo», <«pacLLeNuJ
aToM», «Bblllesa B KocMoc». MIMeHHO 3TO «yBHIe/] HEBHIMMOE» NPOPY-
61JI0 yeslOBeKY OKHO B CKpPbITHIH OT HEro «mo YCJOBHIO» OTPOMHBIH
U YOUBHTEJbHbIA MUKpOMHp. FIMeHHO ¢ 3TOro «yBuJes HeBHIHMOE»
HayaJUCb MHOTHE BeJIHKHEe NOCTHUXKEHHsI COBpeMeHHOH MU3UKHU, XUMUH,
OGUOJIOTHH, MeIdLHHbI.

HeBoopyKeHHBIM IJ1a30M MOXHO BHUAETb MpeIMeTbl pa3MepoM [0
0,1 mm. Muxkpockon Mo3BoJsieT paccMOTpeTb AeTaJHu ¢ pasMepamu
npumepHo no 0,0002 mm, T. e. go 2000 A (anrcrpem), HO He MeHb-
1ie: ONTHYeCKUil npu6Op MPOCTO HE MOXKeT UYeTKO BOCHPOH3-
BecTd Gosee Meskue Hertasd. CBeTOBble BOJIHBI NPOCTO HE 3aMeyaloT
3Ty MeJsoub, OrufaloT ee, HOLOGHO TOMy KakK MOpCKas BoJHa Oe3
Tpyaa mepekatbiBaeTcsl yepe3 Meskue npubpexkHole KamHd. [Tostomy
JaJgbHejlllee MpOABUXKeHHe B 00641aCTb HEBHAMMOro, 3a pyb6ex
2000 A cTajo BO3MOXKHBIM TOJBKO MOTOMY, UTO HCCJENOBATeNH 3a-
MeHHUJIH cBeT GoJiee KOPOTKOBOJIHOBBIMH MOTOKaMH ([Js1 MeJNKOH psiGu
Ha BOJe W MaJileHbKHH KaMylleK — npensiTcTBHe) H paspaborand
YAUBUTEJIbHO OCTPOYMHBIE MeTOAbl MPOLLYNbIBAHUA HEBHAUMBIX 00B-
€KTOB HeBHIHMBbIM JyUOM C NMOCJAEAYIOLLHM KOJOCCANbHbBIM — B J1€CSHT-
KH M COTHH THICAY pa3 — yBeJHUEHHEM «KApPTUHKHU>.

OnuH M3 TaKUX METONOB — PEeHTTeHOCTPYKTYPHBIH aHaJlu3, co-
3[1aHHBIl TPyAaMHU MHOTHX BbIJAIOLIHXCH (DU3UKOB U NO3BOJSIOLLHH
B MeJbualllUX MOAPOOHOCTAX YBUAETb AeTanu KpucrasnoB. Cyil-
HOCTb MeTOHAa: Ha KPUCTAJI1 HanpaBJslOT PeHTTeHOBCKHE JIYUH; HeTa-
JH KpHUCTaJyla — MOJIEKYJbl, aTOMbl — PACCeHBAIOT HUX; B NPOCTPaH-
CTBe BOKPYr Kpucrajsua ofbpa3yeTcs CJ0XHAas BOJHOBAsi KapTHHA;
TaM, TJe paccessHHble BOJHbI CYMMHPYIOTCSl, MOSIBJSIOTCS Tak Ha-
3biBaeMble pedJieKChl — MYYKH C BbICOKOH PEHTTeHOBCKOH fPKOCTHIO;

19



KOOPAMHATH «peyieKCOB» W HX SIPKOCTb B HTOre 3aBHUCAT TOJBKO
OT pacIOJIOXKEHHs AeTaJsell KpUcTaa; H3MepHUB SPKOCTb U KOOPMIH-
HaTbl «pedJieKCOB», MOXHO BBIUHCJHTb CTPYKTYPY KpHCTaJsjia, MOCT-
POHTb €ro TOYHYIO MOJeJb.

B npuHuMne npoucxoouT NPUMEPHO TO Ke, YTO U Npu o6Gpaso-
BaHUM H306pakeHHsi B MHKpockomne. M 3pmech, U TaM eCTb HCTOUHHK
H3JIy4eHHs1 — B OJHOM cJyyae CBeT, B [pPyroM — PeHTTeHOBCKHe
ayud. M 3pech, u Tam H306paxkeHHe CTPOUTCH U3 Jydell, KOTOpble
paccenBaer Habaiojgaembli 06bekT. HO B MHKpOCKONe <«KapTHHKY>»
CTPOSIT JIMH3bl, 4 [JI PEHTreHOBCKHUX Jyuell JIMH3 He CYLIeCTBYeT, d
HX poJb Geper Ha cebs BbIUMCJAUTENbHAst MalluHa. Baarogapsi oueHb
KODOTKOH MAJIHHE BOJIHBI PEHTT€HOBCKOTO H3JyueHHsl — OKojio | A —
3TOT MeTOA TI03BOJsieT YBHJAETb [a)e OTAenpHble atoMmbl. Bo-
Jiee TOro, C NMOMOULBIO PEHTIEHOCTPYKTYPHOTO aHaJH3a MOXHO MOJIy-
YHUTh He MJOCKYIO, a8 TPEXMEPHYIO KapTHHY, BOCIPOM3BECTH MPOCTPaH-
CTBEHHYIO CTPYKTYpPy KpHCTasJa.

Hacrosimuum TpHyM@OM pEHTreHOCTPYKTYPHOro aHaJjiu3a craJa
pacuiudpoBKa CTPYKTypbl 6eNKOB, U3 KOTOPBIX MpPeJBAPHTENbHO Bbi-
paliluBanud KpUCTaJIbl (AJsi TOTO, YTOObl MOXKHO OblJIO NPUMEHHUTH
PEHTreHOCTPYKTYpHbIH MeTon). KpHCTasibl 3TH upe3BbUANHO CJI0XK-
Hbl, HOO CJIOXKHBI caMH GeJIKOBble MOJIEKYJbl, OHH COCTOSIT U3 ThICSY
U [eCSTKOB ThiCiY pasiuyHbIX aromoB. [lepBble pa6oTbl Mo pacilu-
¢ poBKe CTPYKTYpbl 6esKa MHOIMOGHHA BBINOJHHJIHM oKojJo 30 Jer
Hasan aHraufickue 6Guodusuku M. Ilepyru u [dx. Kenmpeio. dtu
pabotsl 6bl1H oTMedeHbl HobeseBcko# nmpeMueil, OHH OTKPBIJIU HOBYIO
CTpPaHULY B MOJIEKYJSIDHOH OHOJOrHH. YXKe uepe3 HECKOJbKO JeT
B Ja6opaTopHsiX MHpPa pPEHTTeHOCTPYKTYPHBIMH MeTOZaMH  GblI
H3yueH U psAA APYrux GesKOBBIX MOJEKYI.

B Hucruryre kpucramjaorpaduu um. A. B. [lly6uukosa AH CCCP
BNepBbie Obll NPOBeJeH PEeHTTeHOCTPYKTYPHBbI aHalH3 U MOCTpPOeHa
NPOCTPAHCTBEHHAs MOJeJb JerreMorjo6HHa — GejKa ¢ HeH3BeCTHOM
paHee cTpyKTypoil. Pa6ory BhIMOMHKJIA TPYyNNa, KOTOPYIO BO3TJIABHJ
akagemuxk b. K. Bafinwrefin. Mbl nonpocunu ucciaemnoBatesieif pac-
CKa3aTb O BHINMOJHEHHOH pa6oTe, ee 3HaUeHHH, O IIaHaX Ha Oyayliee.
B ny6Gaukyemo#i HuKe KpaTKo# 3amucd Geceabl OTHeJNbHble OTBETHI,
BbICKA3bIBAHHS, MOSICHEHUS ee YUYAaCTHUKOB CYMMHPOBaHH (pa3ymeer-
csl, C WX COMVIacHsi), H paccka3 BeleTcs OT HMEHH KOJJIEKTHBHOTrO
aBTOpa, OT UMEHH BCell TPyINNbl UcCcCJaegoBaTesed.

KoppecnouneHr. BHauaJse, ecid MOXKHO, XOTs1 66l HECKOJBKO
cJIOB O caMoM JerremorJo6uHe... ['ne oH BcTpeuaercs? Yro pemaer?
YT0o 0 HeMm 6blJIO H3BECTHO paHblle?

MccnenoBarTtesud. Berok 3ToT oTHOCHTCS K TOMY Ke KJjaccy,
4YTO U XOPOILO BCEM H3BeCTHble reMorJo6uH U muoraobuH. Ho B or-
JIMYHe OT BCeX [PYTruX NoJ06HHIX 6eNKOB OH HMeeT He XKHBOTHOeE,
a pacTHTe/JbHOE NPOUCXOXKJEeHHe, CHHTe3upyeTcss U paboTaer B pac-
TEHHUSIX, @ He B OpPraHH3Me >XHBOTHOTO.

Mounekyna Jserremorsio6UHa CpaBHHTE/NbHO HeBeJIHKa — ee OTHO-
CHTeJbHAsl MOJeKyJasipHass Macca okosao 16000, T. e. mpumepHO B
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8 Tbic. pa3 GoJbllle OTHOCHTENbHOH MOJIEKYJSpHOH Macchl BOLOPOAA
WJIH B ThlcAuy pa3 GoJblie MOJeKyJAsipHOH Macchl Kucjaopopa. Mo-
JieKyJisipHasi Macca Jierremoriio6uHa B HeCKOJIbKO pa3 6oJiblie, 4eM
y HEKOTOpbIX «MaJieHbKHX» (epPMEHTOB, HO BO MHOro pa3 MeHblle,
yeM Yy KpPYNHbIX GeJKOB.

Jlerremorso6uH 1Moka OOHapy»KeH TOJNbKO B KODHEBOH cHCTeMe
6060BBIX pacTeHHl, W MOsIBJAsSETCs OH TaM JHIIb [OCJe TOro, Kak
B KOpHSIX mocessilorcsi 6aKTepuH, yuacTBYylOLlHe B CBA3bIBAHHH a30Ta
Bo3ayxa. Posib aHajoruyHeix GeKOB B KH3HM JKHBOTHOI'O H3ydeHa
[leTajJibHO — OHM YYacTBYIOT B TPAHCIOPTHPOBKE M XpaHEHHH KHUCJO-
poia, B CJOXKHBIX XHMMHUECKHX MNpeBpalleHUsX, CHaGXaloulux opra-
HU3M 3Hepruell. Hanpumep, remorsio6uH, COCpelOTOUEHHBIH B KPaCHbIX
KPOBSIHBIX IlIApMKaX Halled KPOBH, <«3arpyxaercsi» KHCJIOPOAOM B
JIerKuX, Pa3HOCHT ero 1o BceMy OpraHu3aMmy, ABHrascb BMecTe C
KpoBoTOKOM. Muorno6uH 3amacaer KHCJOPOA B Mbliilax. B kaxinom
3 3THX GEeJKOB ecTb TaK Ha3blBaeMasi reMorpynna (COKpalleHHO
reM) — CJOXHOe€ MHOrOaTOMHOE COeJHHEeHHe C aTOMOM XKeJje3a B
nentpe. 'em ocyuiecTBiasier o6paTHMOe CBSI3bIBAHHE KHCJIOPOAA: Jer-
KO TPHUCOEIWHSIET €ro U B HYXXHbli MOMeHT Jierko oraaer. Mwmeercs
rem U B JerremorJjobuHe.

KoppecnoHpeHT. B Kakoli nocjiefoBaTesibHOCTH BeJleTCsl pac-
i poBKa NMPOCTPAHCTBEHHOH CTPYKTYphl 6eska? KakoBbl OCHOBHble
sTansl 370 paGoThI?

UccanenoBatenu. Takux 3TanoB [ABa: MOJyuyeHHe BBICOKO-
KayeCTBEHHBbIX KPHCTAJJIOB OeJKa H C€aM pPeHTreHOCTPYKTYPHBbIH
anaJju3. O6a sTana JOCTAaTOYHO TPYAOEMKH, 3aHUMAIOT MHOTHE Mecs-
ubl, 06a OHH, 0OCOOEHHO TOJIydeHHe KPUCTaJJIa, BKIIOYAIOT MHOXKECTBO
OueHb OTBETCTBEHHbIX BCIIOMOTraTeNbHbIX paboT, NJHHHbIE UENOYKH
TOHKHX H TOUHBIX MOATOTOBHTENbHBIX Onepauuil. DTO, KCTAaTH, Xapak-
TePHO NpPaKTHYEeCKH IJs BCeX COBPEMEHHbIX OHOXHUMHUECKHX H OHO-
(pU3MUECKUX HCCJIeIOBAHUH...

Koppecnonnenrt Ha3osure, noxaiyiicra, HekoTopble 3BeHbsl
OJHOH TakoH NNIHHHOH uenoukH... YTo6bl MOXKHO 6bl10 XOTHA 6Bl CXe-
MAaTHYHO NpPENCTaBUTb cebe, «KaK 3TO JeJaeTcsi»...

MccanenoBarenu Bo3sbMem, K npuMepy, nojyueHHe KpHUCTaJ-
na. Pa6ora Hauasnach B noJie, Hauasnach co c60opa KiyGeHbKOB KeJTo-
ro JjionuHa. Kcrarh, serreMorio6uH cyuiecTByeT B Kiay6GeHbKax BCEro
HEeCKOJIbKO JHe#: KOrjga pacTeHHe OTIBeTaeT, OH OYeHb OBICTPO
paspyuiaercs. Kny6eHbku cpa3y e, IpsiMO B NoJie, 3aMOPaXKHBaJUCh
CYyXHM JbJIOM H B [10APOBbIX COCYAaX LOCTaBJSJNUCL B 1aGOPaTOPHIO.
3aTeM HauaJcs UMK BbIAEJNEHHS caMoro Jerremorno6una. Bce one-
paunuy 3TOro UHUKJa MepPevyHCJUTb U TO TPYAHO. BOT ML HECKOJIBKO:
H3MeJlbueHHe Kay6eHbKOB, LeHTpudyrHpoBaHHe, NpeaBapuUTesbHast
OUHCTKA pacTBOpa, OYHCTKA PacTBOPa OT HU3KOMOJIEKYJISIPHBIX COe[H-
HeHHH C MNOMOLUbIO MOJIEKYJSIPHOrO CHTa, pasjejeHde GeJKOB Ha
HECKOJIbKO (pakUHi C MOMOULIbIO UEJJIIONO3HbIX HOHOOGMEHHHKOB,
3J1eKTpodope3 oAHOH U3 dpaKUUA C IPHUMEHEHHEM MOJIEKYJISPHbIX CHT
[JIS OTAeJIeHUs JerreMorJio6uHa oT noxoxux 6esqkoB. Bee 3t pa6oroi
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BKJIOYAIOT BCHOMOTaTeJbHble XHMHYECKHe peakKIlHd, KOHTPOJIbHbIe
onepauud. Bce oHu mnposomsTcs npu Temneparype 4 °C, urtoGbl
y6epeub 6ellOK OT TeMaOBOro paspyiueHus. B urore 6bljO noJsyuyeHo
2 r yucroro JerreMorjo6HHa, U3 PacCTBOPOB KOTOPOro BblpallHBaJHUCh
KPUCTAMIHKU LJHHOK o 0,5 n maxe mo 1 mm.

Yr1o6bl BHIPACTHTbL XOPOLUHH KPHCTAJL1, HYXHbl MeCslbl, H 3[ecCb
TOXe eCTb Macca TOHKOCTell W cAoxHocreli. Ho Bce 3To, KOHeuHO,
TaK Ke KaK U XHMHYecKas ouucTka 6esiKa, JHIlb MOATOTOBKA K IJaB-
HOMY — K CaMOMY pEHTreHOCTPYKTYPHOMY aHaJ/u3y...

Koppecnoupgent. [loutd Kak Ha KocMoApoMme — yiima BTO-
pocTeneHHoH, Ka3aJjioch Obl, pa6oTel, a mejoueit HeT... Hy a nocje
TOTO, KaK KpUCTa/sIMuyecKHil OeJOK TMOJIyueH M Ha Hero, HaKoHell,
HanpaBJieHbl PEeHTIeHOBCKHE J1y4H, MOCJe 3TOTO JeJO HAET CNOKOiHee,
npoiue?

HccaemgoBarteaun. K coxasenuo, Her. Ha 3toM 3tane toxe
BBIMOJIHSIETCSI MHOI'O OTBETCTBEHHbIX onepauuii. Bo-nepBbiX, 370 Mno-
JyueHHe CaMOH PeHTreHorpaMMbl KpHcCTaJsaa.

Pentrenorpamma kpucraJja B Buae gotorpaduu ¢ GOJbIIHM YH-
CJIOM CHMMETPHYHBIX SIPKHX TOUEK — 3TO JIHHIb BCIIOMOTaTesbHbIH
JOKYMEHT, HHOTAa KOHTPUJbHBIH, 8 HHOTAA NMPOCTO HJIOCTPATHBHBIA.
CaMmo ke peHTreHorpaduueckoe uccjeloBaHHe KPHCTaJJa OCYIIECT-
BJsieTcsl 6e3 «MocpeJHUKOB», 6e3 BUAMMOH KapTHUHKH. [lesaercs 310
tak. Cueruuk [efirepa c oyeHb MaJibiM BXOAHBIM OTBEPCTHEM TLA-
TeJbHO MCCJeLyeT TNPOCTPAHCTBO BOJH3H KpHcTaJna, ONpepessier
HHTEHCHBHOCTb pPACCEeSAHHbIX KPUCTAJJIOM pPEHTT€HOBCKHX ITyUKOB.

C nomolbio NMPELUH3HOHHOIO MeXaHH3Ma CUETUHK MepeMellaeTcs
H «TIpOLUYMbIBAeT» KaxKAblil «pedeKc», H3MepseT ero peHTreHOBCKYIo
sipKocTb. Peayabrarel U3MepeHHH cpa3y »Ke BBOAATCA B BBIYUCIH-
TeJbHYyI0 MauiMHy. OHa e, KCTaTH, ynpaB/seT CUETUYHKOM, HABOIHUT
ero Ha «pedJekchl», Mpeacka3blBaeT WX KoopAuHaTel. H3mepeHus
NPOBOASATCA TMPH Pa3HbIX MOJOXKEHHUSIX KpHCTaJlla, KOrjga PeHTreHOB-
CKHe JIy4d NajaloT Ha Hero noJ pasHbIMH yrjaMmu. BeimosHeHHas
HaMu paboTa — 3TO mepBasi ouepelb ONpelNeJeHHsI CTPYKTYypbl Jier-
reMorjobuHa, KOTOopasi INpefycMaTpHBajia aHaJjJu3 OKOJO ThICSUH
«pe(eKcoB» OT CaMOro HCXOJHOr0O KpucTaJlia.

[Tocne wuccienoBaHUsi «YHCTOrO» KPHUCTAMJIa B HEKOTOPbIe €ro
YUaCTKH 006513aTeJbHO BKJIIOUAIOTCA AaTOMbl TSDKEJNbIX 3JeMEeHTOB
(ypaH, pTyTb), H BCe HauHHaeTcs CHauyaJjJa. B urore Gblia u3aMepeHa
HHTeHCUBHOCTb OKoJio 20 000 «pediiekcoB». PeHtreHorpamma Kpuc-
Talja ¢ TSXKeJbIMH aTOMaMd [aeT [ONOJHHTENbHYIO HHPOPMAaLHIO,
COBepLUEHHO HEeOOXOAHWMYIO AJiS MOCJAeYIOUlero BbIYHCJEHHS CTPYK-
Typbl 6enka. Bk/ioueHHe TsKenblX aTOMOB — [JOBOJIbBHO TOHKasl ole-
pauusi. Kpucrana norpyxalot B onpefesieHHble PACTBOPbI COJIel U Bbl-
JlepKHUBAIOT B HUX JOBOJBLHO JOJTO.

U eute ogHa 0coGeHHOCTb: MOJ AEeHCTBHEM DPEHTTEHOBCKHX Jydyel
KpUCTaMJl MNOpPTHTCA, pasdpywaercs. [lostomy, HauaB pa6orath ¢
KakKUM-HUOYb KPHUCTAJJIOM H JKeJasl BbI)KATb H3 HEro Kak MOXHO
6osibllie MHPOPMALHH, NMPHXOLUTCS B TeUeHHe MHOTHX CYTOK BeCTH
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HM3MepeHHUs] HeNpephiBHO, B TPH CMeHbl, KaK, HampHMep, Ha MPOH3-
BOACTBE C HeNpepbiBHbIM TEXHOJOTHYECKHM IPOILECCOM.

KoppecnoHaeHnrt. Bol Ha3Ba/u BHIIOJNHEHHYI0 paGoTy nepBOH
ouepenblo HccaenoBaHui. Uto mosKHaA npeacraB’siTb co60# BTOopas
ouepenb? Tperbs?

MccnenoBartenu. Ilepas ouepenp paboTsl no3Bosuga onpe-
AeJUTb CTPYKTYPY Jierremoriobuna ¢ paspewendem 5 A. Tlpu stom
30CIpOH3BefeHa 0611asi apXUTEKTypa MOJIeKyJbl, KOHbuUrypauus ee
6e71KOBOH LenH, pacnoJioXkeHHe reMa H JPYTHX OCHOBHBIX OJIOKOB.
Jleranun ¢ paamepamu Menee 5 A mbl noka He Bugum. Bropasi ouepenp
pa6oTbl ZOJKHA yAyuwWdTh padpeuieHude 10 2,8 A, Tperbst ouepenb —
10 2 A u menee. B 3TOM nocsenHem ciyuae MOXKHO GyHeT BOCCO-
3aTb CTPYKTYPY MOJIEKYJbl BILUIOTb [0 OTHeJbHbiX aToMOB. B Benmy-
HUX JgabopaTopUsix MHpPa HeCKOJNbKO 6eNKOB yXKe H3yUeHO CO CTOJb
BBICOKMM paspellleHHeM, H, AyMaeTcsl, HaM YyLacTCAd pellUTb 3Ty 3a-
nayy AJs JlerreMorJio6uHa.

Koppecnounnmeur. A uro mas 3toro HyxHO? UeM uHMeHHO
onpenessieTcst TOYHOCTb AeTaJU3allid MOJEJH?

MccaenoBareau. TouHocTs Monenau omnpenensiercs 06beMOM
H3MepeHH# NU(PAKIHOHHOTO NOJSI KPUCTAJIA, T. €. KOJHYeCTBOM Mpo-
MepeHHBIX «pedaekcoB». Tak, Hanpumep, 4To6bl MOJYUHUTh paspelle-
HHe 2 A, HYXHO H3MepUTb UHTEHCHBHOCTb He MeHee 100000 «ped-
JIEKCOB».

Koppecnonpnenrt. Jlerremornio6un — Baill nepBuiit 6esok. Ka-
KHe MBICJIH U UyBCTBA BbI3bIBA€T HMEHHO 3TO 0GCTOATENBbCTBO, HMEHHO
(aKT «NmepBOCTH»?

MccanenoBartenu. Camble pasHble. Mbl XOpOLIO [TOHUMAaeEM,
YTO PEHTTeHOCTPYKTYPHBIH aHaJiu3 6eJIKOB — yXKe NaBHO TNPH3HAH-
Hasl MeToiuKa. M Bce Ke mnosiyueHHbI pe3yJabTaT [HOCTABUJ HaM
60JbLIYI0 PAJlOCTb. 34eChb MOXKHO MPOJOJIKHTb aHAJIOTHIO ¢ KOCMOJPO-
moM. BeccriopHo, camble nepBble KOCMHUECKHE CBepLUEHHSI 3aHUMAIOT
coBepileHHO ocoboe MecTo. MeHHO MoToMY, UTO OHU NepBble, IOTOMY,
4TO 3TO LIArd B HeW3BecTHOCTb. Ho u Kaxiawl#l mocjeayoniuii wmiar,
Ka>XAblf MOCJeAYIOUIHH 3aMyCK — BTOPOH, NECHATbIHd, NATHAECATHIH —
3TO TOXe HempocToe, HeJerkoe jesno. M ycneirHoe ero 3aBepilieHre He
MOXeT He pafoBaTb. M emle: KaxIbif TaKOH 3amycK HMeeT CBOe
CO6CTBEHHOE, CaMOCTOsITeNIbHOE 3HaueHHe. Tak Xke, KCTaTH, Kak UMeer
CBOe COOGCTBEHHOE HayyHOe 3Ha4yeHHe H paciiuppoBKa CTPYKTyphl
JerremMorJyio6uHa.

[Ty6nukyst 3anich 3TOH Oecenbl, XOUeTcsl CAejaTb ABa NMpHMeya-
Husi. OLHO YacTHOe — uepe3 HECKOJNbKO MecCsileB Noc/e BbIMOJHEHHUs
NepBOro UMKJAa paboT HCCaedoBaTe/H MOJHOCTbIO 3dBeplial paboTy
no paciiudpoBKe CTPYKTYPbl JierreMorjo6HHa «C TOYHOCTBIO [0
aTOMOB» — yHAJOCh U3YUUTb YCTPONCTBO MOJIEKYJIbl C pa3pelieHHeM
2 A.

Bropoe npumeuaHde OTHOCHTCH K OOGLIWM BONPOCAM, CBSA3aHHBIM
C H3yuyeHHeM CTPYKTypbl GeJKOBBIX MOJEKYJ, M B YaCTHOCTH JIer-
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remMoryio6uHa. Dta pabora 3aTpardBaer psif GpyHaaMeHTaJbHBIX 6HO-
JorHueckux npo6aem. Hanpumep, npo6GJieMbl 3BOJIOLHH KHBOTO.
DBOJIIOUHUS], BUAMMO, HEJErKO CO3/JaBajla TaKue CJOXKHble arperarsl,
Kak MoJieKyJa reMorso0MHa HJH MHOIJIOGHHA, AOJT0 Haja)KuBaJja
HX cepuiiHOe MPOH3BOACTBO B XXHBOM opraHusdMme. Hemano mpuisoch
NOBO3UTHCS NPUPOJE, YTOObI CBHUPENBbIf XHMHYECKHH XHIIHHK — KHC-
JIOpoJ, — MO BJHSIHUEM remMa U caMoil 6eJKOBOH HHTH CTaJ IPeccHpo-
BAHHBIM, PyuHbIM. UTO6 OH BCAKMH pa3 He CXBAaThlBajJCcsl HaMepTBO
C KeJsle30M, KaK 3TO [eJaloT aTOMbl KHCJAOpPOa B CBOGOJHOM COCTOSI-
HUH, a Jerko npucoeanHsacsa 6u K xene3y. M utobel jerko, no nepso-
MYy TpeGOBAaHHIO YXOAMJ, KOrja, CKa)KeMm, TIeMOIVIOOHH Mnomafaer
B TKaHb, I'le HECKOJbKO MOHH3HJIOCh NapLHajJbHOe AaBJeHHe KHCJO-
popa. Mau Korma MHOrJO6MH moJiyyaeT CHrHaJ, 4YTO MbILLIIAM He-
06XOAMMO TOMJIMBO, HEOO6XONUMbl HOBblE MOPLHUH KHCJIOpPOAA MJIsl BbI-
NOJNHEHUA TOH HJIM UHOH paboThI.

Jns yero HyXXHbl 3TH AeTaNH B TMTAaHTCKHUX OHOXMMHYECKHX Ma-
LMIHHAX »XHMBOTHOTO — MOHATHO. Ho uTo OHM penaloT B pacTeHUsX?
Kak tyma momanu? M korpa? Moxer GObiTb, GeJIKOBble MOJIEKYJIbI,
uMewiHe reM, 6bH eule y obuiero npeaka pacTeHHH U >KHUBOTHBIX?
M nonanu B 6060Bble pacTeHUs] «B NMOPSIIKE HUCKJIIOYEHHS», HJs BbI-
MOJIHEHUS] KaKo#-TO 0coGoM, HeM3BeCTHOH MOKa (GyHKUHH? A MoxKer
6bITb, PAaCTUTEJIbHbBIH GeJOK JIerreMorJio6HH MOSIBUJICH CAMOCTOSITEJb-
HO Ha MO3[HHX CTAIHSIX 3BOJIOUHH PacTeHUH? A MOXO0XK OH HA reMo-
rio6uH B NPUHUHKIE MO TeM Ke NPUUYHHAM, N0 KaKuM GbIBAIOT MOXO-
XKHMH NpeHa3HadyeHHble A5 OJHOH M TOH »Ke LleJIH MallUHHBI, COBep-
IUIEHHO He3aBHCHMO pa3paboTaHHble B DAa3HbIX KOHCTPYKTOPCKHX
61opo.

[IpumeuyaTesnbHO, HaBepHoe, eule W TO, 4TO pabora, B NpHUHLHIE
6HoJIorHYecKasi, BbIOJHEHA B HHCTHUTYTe, MpPEACTaBJ/SIOLIEM TOYHbIE
Haykd,— B MHcTUTYyTe KpucTajnorpadguu. 1o siBJeHHe TUINHYHO JIs
Hallero BpeMeHd. MOXHO CMeJi0 CKa3aTb, YTO B MOCJeJHHE HeCSTH-
JIeTHs1 OueHb 6OJIbLLIOe YHCJIO OTKPBITHH B 06J1acTH GHOJIOTHH, @ MOXKeT
6biTh, maxe GOJIbIIHHCTBO 3THX OTKPHLITHH, ciesaHo 6naronaps ycrne-
XaM TOUHBIX HayK, TNpexAe Bcero (U3UKH, XUMHH, MaTeMaTHKH.
Or ¢u3ukoB, Hanpumep, GUOJNOTH MNOJYUYHJIH TaKOH COBepILIEHHBbIH
M YHHBepCaJibHbId MeTOJ, KaK HCcaeOBaHHe TOHKHX OHOJIOrHYecKHX
npeBpalleHHii C MOMOLLbI0O PafAMOAKTHBHBIX METOK: B KaKoe-JqH0O Be-
L1eCTBO MOAMELIHBAIOT He6OJbIIOEe KOJHYECTBO ero paiHOaKTHBHOIO
H30TONa H, PerucTpupysi GpuanuecKUMH npubopaMu H3JydeHHE 3TOTO
M30TONAa, CIEASIT 32 NepeMelleHHeM NaHHOTO BellecTBa, 3a ero BKJIO-
YeHHEM B Te WJM HHble KJeTouHble CTPYKTYphl. MiH, ckakeMm, Takue
MeTOAbl, KaK 3JEeKTPOHHBbIi NapaMarHATHbI# pe30HaHC U sLEPHBIN
maruutHblil pesoHanc — I[P u AMP. C nomoubio ycraHoBok JIMP
u DIIP Bo3pmeficTBYIOT HA HccaeLyeMOe BellecTBO W NPH 3TOM OUeHb
TOYHO [JO3UPYIOT 3HEPTHIO BO3JeHCTBHUS, ONpefeNsil YCJOBHe pe3o-
HaHCa — CoBNajeHue BHEIIHeH 3HEPrHH C 3Heprued CBSI3H 3JEKTPO-
HOB B MOJIEKyJlax H aToMax. ITO NO3BOJSIET C OYeHb BBICOKOH TOU-
HOCTBIO OMNpefessiTb CTPYKTYPY MOJEKYyJ, B YacTHOCTH, MOJIEKYJ
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Guosioruyeckux. B obuieM Xe MOXKHO cKasaTb, 4TO HCCJAeJ0BaHHE
CTPYKTYPbl GEJKOBBIX MOJIEKYJ METOLAaMH pPeHTTeHOCTPYKTYPHOro
aHa/iu3a, B YaCTHOCTH HCCJeJOBaHHE CTPYKTYPbl JierreMorJo6uHa,—
3TO JIHILb OAHH U3 MHOTHX BKJIAAOB (U3UKH B YCHeXH GHOJOrHUECKHX
Hayk.

PacuugpoBka cTpyKTypbl Jerremorjgo6uHa MorJga 6bl, HaBepHoe,
NpeICTaBUTb HHTEpeC MAJsi CIeLHaJUCTOB, H3yualoUlUX CBSI3bIBaHHE
atMocdepHoro aszora B mnoyBe. A30T — kjloueBas npobiaema s
3emJiefieniusl, [JIsi KHBOTHOBOACTBA. JlOoCTaTOYHO BCINOMHHTb, YTO
BHeCeHHe B II0YBY a30THbIX YAOOpeHHH MOXKeT BO MHOro pas Moa-
HATb YPOXXaHHOCTb 3ePHOBBIX KYyJbTyp: I0Jie, KOTOpoe [aBaJjio
5—10 u xJeba c¢ rexrapa, nocje BHeceHUs yNOOpeHHH MOXKET HaTb
40—50 u!

Asor B mouBe — 310 xJsie6, KOpMa, 3TO M300MJHE MHILH U PaACTH-
TEJNBHOTO CHIpbsi. DJIEMEHT, KU3HEHHO HeOGXOOUMBIH aJsi pa3BHTUSA
BCEro >XHBOTO, a30T He MOXeT NMPSAMO H3 aTMocdepbl monacTb B pac-
TeHHe, B XKHUBOH opraHu3M. A30T NOnajfaer B HHUX CJIOXKHBIM HyTeM
H TOJIbKO 4epe3 MOUBY, Tle CBS3bIBAHHEM aTMOC(pepHOro a3ora 3aHs-
Thl HEKOTOpble BHAbI GakTepui. TeM W3 HHX, UTO MOCEJSIOTCH B KOp-
HAX 6000BBHIX, AJs paboTbl Mo NOObIBaHHIO a30Ta HEOOXOAHM Jier-
remorao6uH. Ho camMu Gakrepuu ero He NMPOU3BOAAT, OHH MOJNY4YalOT
3ToT 6eJIOK H3 pacTeHHsl. A OHO B CBOIO ouepelb HauWHaeT Bbipaba-
THIBaTb JIETTE€MOTJOGHH JIMLIb N0CJe TOTO, KaK B KOPHSIX MOSIBJSIIOTCS
6akTepuH.

Tonkas, TOuHO oT/a)keHHast GuHoJOruyecKasl MalldHa, OLUH U3
MHOXEeCTBa llefeBPOB, CO3JaHHBIX XHUBOH npuponoii... [lowsaTe ycr-
pPOHCTBO TaKOH MalUHHBI, C TeéM YTOGbl, MOXeT ObiTb, YJIYUYIIUTDH €e,
3TO INpeXxJe BCero 3HauYuWT B [eTaJsiX BBbISIBUTb [JIHHHble LENOYKH
B3aHMOCBSI3aHHbIX XHMMHYECKUX NpeBpallleHHH, BbIICHUTb YCTPOHCTBO
M (YHKUHH OTHEJbHBIX HX yYaCTKOB, OTJEJbHbIX MOJEKYJ H Jaxke
MOJIEKYJ/SIPHBIX (PparMeHTOB.

OpHa W3 cryneHeil BbICOKOH KPYTOH JIeCTHHIBI, BeAyuied K Ta-
KOMY MOHHMaHHIO,— paciiipoBKa CTPYKTYpbl JierreMorjo6HHa.
[Tocse ycnewiHoro 3aBepiieHdsi 3T0# paGoThl B Pa3JIMUHBIX MHCTHUTY-
Tax CTPaHbl, B TOM uucje U B caMoM MHctutyTe Kpucraanaorpacduu,
PEHTreHOCTPYKTYPHBIMH MeTOAAaMM paciiddpoBaHa CTPYKTypa MHO-
THX APYTHX CJOXKHBIX OGHOJOTHUECKHX MOJIEKYJI.



KomnbloTep cMOTpUT B MUKpOCKON

AHanu3 MuKpockonuyeckux 00BEKMO8 C NOMOWbIO 3NeKMPOHHOU 6bi4uU-
caumenbHOU mMawuHel nomozaem Go6bieames KA4€CMEEHHO HOBYI0 UHGHOPMAYUIO
0 #ueol npupode.

Hakonen, HacTynusa AeHb, KOorga rpy3 Obli AOCTaBJeH ajgpecary.
Ha HaknapHO# pSIZOM C «MOJYYHJI» U «CHAJM» MOCTABJEHbl MOAMHCH,
H ¢ orpoMHoro rpysoBuka «CoBTpaHCaBTO» CHHMAIOT Ha acdanbT, a
3aTeM BHOCSIT B BeCTHOIOJIb HHCTHTYTA HECKOJbKO IepeBSIHHBIX SILIH-
KOB, aKKypaTHO CTAIHYTBIX CTaJbHOW JieHToH. Ha XenroBaTbix creH-
Kax KpynmHbIMH OykBamu o6o3HaueHo: «[loamyuartesp — CCCP, Ily-
wuHo-Ha-Oke, UnHcturyr 6uodpusuka AH CCCP... OrnpaBurenb —
[P, Mlena, HaponHoe npeanpusitue «Kapa Lleiic Menas... U ussiu-
HbIli KOHTYp 60KaJjla Ha TOHKOH HOXKe, HAaIOMHHAIOUIHHA: B SILHKAX
HaXOJAHUTCS HEYTO TakKoe, K YeMy HYXKHO OTHOCHTBCSI KpaiHe OCTOPOXK-
HO. DTO «HeYTO» — NepBble OTNPAaBJieHHble B Hallly CTpaHy cepuiiHble
o6pasupl npubopa «MopdokBaHT», pa3pabOTAaHHOTO COBMECTHO CO-
BeTCKHMH crneudajucraMu v crnepdanucramu [I'JIP.

«Mop}oKBaHT» OTHOCHUTCA K CKaHMpylOUlUM npubopam LJsl aBTO-
MAaTHYeCKOro aHa/jh3a MHKPOOO'BEKTOB, Mpolle roBopsi, K npubopam,
KOTOpbIE CAMH HCCJEAYIOT KAPTUHKY B NOJie 3peHHs MHKPOCKOMNa U BhI-
JaloT pe3ynbTaT B BHAE rpaUKoB HJAH KOJOHOK Uudbp. Hanpumep,
Takol: «B mnosie 3peHHsI CTONBKO-TO UYacTHL TAaKOro-TO pa3Mepa,
CTOJIBKO-TO KPACHBbIX YacCTHL, CTOJbKO-TO CepbiX, TAaKOH-TO MPOLEHT
KPYrJbIX HJIH MPOLOJrOBaTHIX...» B HEKOTOPBIX HayuHBIX HCCJaeL0Ba-
HHUSIX aBTOMAaTHYeCKHe aHaJu3aTopbl MOTYT AaTh 60.blloi 3¢ deKr,
NIpHYeM He TOJbKO KOJHYEeCTBEHHbIH, HO U KauecTBeHHHH. To, Ha uTO
Ja6opaHT 3aTpaTuJ Obl HECKOJbKO TOMHTEJbHBIX JHeH, neJjaercs
B HECKOJIbKO MHHYT, W MOSIBJSETC BO3MOXHOCTb aHaAJH3HPOBATb
OTPOMHble, HEJOCTYMHble paHee MacCHBbI HHbOPMALUH, H3BJEKass U3
Xxaoca «GOoJbILIMX YHCeT» eBa YJIOBHMble 3aKOHOMePHOCTH. ABTOMa-
THYECKHe aHaJM3aTOpbl HAUWMHAIOT MPHUMEHATb [JIs1 pelleHUs] MPaKTU-
yecKHX 3ajauy, B YaCTHOCTH B MeJHLIUHE, MHKPO3JEeKTPOHHKe, reo-
JIOTHH, MeTasjorpadun U, KOHEYHO Ke, B GHOJNOrHH — 1151 U3yUeHHS
¢ aHTacTHUECKOro MHOroo6pa3usi KJIeTOuHbIX cTpyKTyp. Han cosmanu-
eM Takux npu6bopoB paboraioT MHorue ¢upmbl BeaukobpuraHuu,
®pannuu, CHUIA, SInonuu, OPT.

B Haiwefi ctpaHe pa6oTbl B 3TOM HanpasJieHHHM Ha4aJduCb MHOro
JeTr HasajJ No HHHUWaTHBe akajemuka I'. M. ®paHka u raaBHBIM
o6pasom B MHcruTyre 6H0U3UKH, KOTOPLIM OH pyKOoBOAHJ. B ckopom
BpeMeHH B paboTy BKJOYHIHCH HCCJAELOBATeNH U KOHCTPYKTOPbI
HEKOTOPbIX HHCTHUTYTOB W 3aBojoB Puru, Jlenunrpana, Hosropona,
MockBbl. Bbut npofiieH Hesnerkudi NyTh NMOHMCKOB M cO3[aHa LeJas
nocJe0BaTeNbHOCTb NPHGOPOB, KOTOPYIO cerofHsl 3aBepiuaer «Mop-
¢dokBaHT». OpuruHajJbHble WAEH H TEXHHYECKHE peLIeHHs — HX HO-
BH3HY MOATBEPXKAAIOT JECSATKH aBTOPCKUX CBHAETENbCTB H IAaTEHTOB,
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MOJIyUeHHBIX 3a TpaHHUel,— caedanau «MoppoKBaHT» HPHOOPOM,
€CJIH MOXKHO TaK CKa3aTb, BBHICOKOH KBaJubHKaLMHU, N0 POy NMOKa3a-
TeJedl NMoOKa elue HHKeM He JOCTHIHYTOH.

dusiekTpoHHbIH rna3d «MopdokBaHTa» — POTOYMHOXKHTENb — pac-
CMaTpHBaeT HCCJefyeMbll TpemapaTt, TOYKY 3a TOUKOH; HJs 3TOro
IBYXCTyNMeHYaTasi CHCTeMa NPeLlU3HOHHbIX LIaroBblX ABUraTes el nepe-
MellaeT NpeIMeTHOe CTEeKJO U YacTb ONTHYECKOH CHCTEMbl MHKPOCKO-
na ¢ warom or 0,1 no 3,2 mkm. PaccmarpuBasi, Hanpumep, deTaJu
KJIeTKH MO IBYM ONTHYECKHM KaHaJjaM C pa3HbIMH AHadparmamu, yaa-
eTcsl aBTOMATHYeCKH OCYIeCTBHTb OUeHb TOYHYI0 (OKYCHPOBKY MHK-
pockona. [lono6HbiM ke 06pa3oM MOXKHO HaumlymaTb MpaHHLy 00b-
eKTa, O60HTH ero KOHTYP MU OYeHb KOHOMHO 3anucaTb KOOPIHHATHI
KOHTypa B naMmsiTb yHuUBepcanabHoit DBM, kotopas Bxogutr B «Mop-
¢okBaHT». Kcratu, O9BM cama ynpasaser onepauueil o6xona KOHTY-
pa, a B fajbHeiillleM aHaJH3UpPyeT reOMeTpHUYECKHe HIIH HHble Xapak-
TEPUCTHKU OOBEKTa, Mpe[CTaBJeHHble CEePUSIMH MEKTPHUECKHX CHT-
HaJoB.

Maiinna MoXKeT paccopTHpPOBaTh 00beKTHl (T. €. COOOUIUTL KaKUX
CKOJIbKO) 1o uX pa3Mmepam Ha 120 rpymnn. B vactHocTH, MaluuWHa
MOXeT paccopTHpoBaTh OOBEKTb MO HX ONTHYECKOH MJIOTHOCTH; MO
IJIMHe MepuMeTpa; Mo Ko3b@HUHeHTY (opMbl — OTHOLLEHUIO Mapa-
MeTpa K MJOUlafH; OLEHHTb CTeleHb H3BHJIHCTOCTH KOHTypa; raba-
pUTHble pa3mepbl 00beKTa — HAaubGOJbILYIO AJHHY MW BBICOTY; oOlle-
HUTb €ro BHYTPEHHIOIO CTPYKTYPY, BHISIBUB W 3aMepuB 06JacTH pas-
JIHYHOH ONTHUECKOH TMJOTHOCTH; OMNpeNeJqHTb IMJolans 06BbeKTOB
pa3Horo UBeTa; UCcCaelOBaTh CTPYKTYPY B pa3HbIX yuacTKaX CBETOBO-
ro CHeKTpa, T. €. CBsI3aTb CTPYKTYpPy C LIBETOM, a 3HAYUT B HTOTre
C XUMHYECKHMMH M (H3HUECKUMH XapakrepuctHkamu. Bce atu onepa-
UUU npu6op BHINOJHSIET 4YeTKo, 6bICTpO (OIHMGKA NpU H3MePEeHHH
nJoiann o6bwektToB He mpeBoiiaer 0,5 %y, ONTHYECKON MIOTHOCTH —
1 %,) — 3a Kakux-HHOYIb yeTBepTb yaca. «MOpPOKBAHT» MOXKeET MO
JIOBOJIbHO NOJAPOOHOH mporpamMme HcciaenoBaTbh 2—3 ThiC. 00'bEKTOB.

Co3gaHue cOBpeMeHHOro HayyHoro npu6opa u teM 6oJjiee OpraHu-
3alMdsi ero CepUHHOro BbIMYCKA — J€JI0 HEMpOCTOe U, CKaXkeM MpsIMO,
He OueHb-TO 3aMeTHOe LUHPOKOo# ny6.auke. B TO Ke BpeMs MMEHHO
npu6op, pabouuii UHCTPYMEHT HCCJefOBaTessl, HepelKO OTKpbIBaer
NyThb K Ba)XHOMY Hay4HOMY pe3yJbTaTy.

«MopdoKkBaHT», KaK H psA €ro NpeJllecTBEHHHKOB, CO3JIaHHbIX
B Halluell cTpaHe, y)e 3afnucaj B CBOH aKTHB HeMaJO HHTePeCHBIX
NpaKTHYECKUX pe3y/]bTaTOB, B YACTHOCTH B OHKOJIOTHH, reMaTOJNOrHH,
a TakXXe B UCCIeOBAHUH XPOMOCOM, HMEIOLEM OUeHb BaXKHOe 3Haye-
HHe A/ MeIHKOB U ceJieKUHOHepoB. M1 KoHeuHO Ke, y 3TOro cepuii-
Horo npu6opa, B KOTOPOM B BBICOKOH Mepe peasu3dyercsi Tpe6oBaHHe
BeKa «aBTOMATH3WPOBATb HCCJeNOBaHHUsI!», Brepend Gosbluasi U HH-
TepecHasi HayyHasi Guorpadus.



P aHTacTuyeckan 3/IEKTPOHUKA

Powdennan ¢u3urkod meepfo2o mesna COBPEMEHHAA MEXHOAO2UA NOAY-
NPOBOGHUKOBbLIX UHMEZPANbHLIX CXEeM NO03BOAAEm PA3MECMUMb 8 MUHUAMIOD-
Hom Kpucmanne Oecamku meicay Oemaneld 8b/4UCAUMENLHOU MAUWUHSI.

EcTb HemMasno TBOpeHWH TEeXHHKH, KOTOPBIM BhiaJja CcYacTIHBAS
cynbba HenocpeaCTBEHHO CJYXHUTb MUIJHOHAM Jiofed. [ToutH Bcerpa
OHHM BXOASIT B Hally XKH3Hb POGKO, HO MOTOM CTAHOBSITCA HE MPOCTO
NPHUBBIYHBIMH — CTAHOBSITCSI HEOGXOMUMbBIMHM, H yXKe HEMOHATHO, Kak
3TO paHblile MOXHO 6bl10 00X0aHTbcA 6e3 HHUX.

[Ipbiraiomue Kaapsl CTapUHHON KHHOXPOHHKH HAamOMHHAIOT O mep-
BbIX CaMOJIeTax — HeYyKJIOXKHX 3Ta)KepKax H3 TKaHHW u nepeBa. B Ha-
yaJjie BeKa MOJIeT Ha a3poIliaHe GblJl reporyecKUM cobbiTHeM, coGUpal
orpomuble Toanbl 3pHTenel. Cefiuac TONbKO A3podJiOT MepeBO3UT
100 msiH. macca)KUpPOB €XKerojHO, H MHOTHE JIIOAH NPOCTO He MNpei-
craBasioT cebe, Kak oHM OyayT mobupaTtbess 3 MockBel B Xa6apoBcK
uad paxe B Coun moe3gom. [pyroi#i mpumep — TeneBuaeHue. Berno-
MHHaeTcs, KaK JieT TPUALATb Ha3aj B BUTPUHAX MarasuHOB CTOSJIH
nepBble HallW TeJeBH30pbl H HX LleHa Obl1a HHXKe ce6eCTOUMOCTH —
HYXKHO OblJI0O MOMOYb MOKYaTeJqsIM CeaTh TPYIHbIH 11ar B HEU3BECT-
Hoe. Ho BcKope y»Ke MPUXOAUJIOCH MeCsilaMd XKAAaTb o4epelH, YTO6bl
KYNHTb TeJeBU30p, a cefiuac B CTpaHe AECATKH MHJJHOHOB TeJIeBH30-
POB, OHH eCTb MpPaKTHUECKH B KaxJI0M ceMbe.

CerosiHsi B CNUCKe TEXHHKH [/l MUJIIMOHOB — «...TeJie(hOH, aBTO-
MOGHJIM, Yachkl, pajuo, KHuromeyaraHue, ¢oroamnnapatbhl U KHHOKa-
Mepbl, 3JEKTPUUYECKOe OCBelleHHe...» — MOSIBHJIACh elle OJHa CTPO-
Ka — «...3JIeKTPOHHAsl BBIUUC/HTEJbHAs TexXHuKa...». Her, Her, 3TO
He Gousibuine DBM a/is HayuHbIX HCCAENOBAHUH W ynpaBJeHHs NPOH3-
BOJACTBOM, a MaJible, KapMaHHble BbIYHCJHTENbHbIE YCTPOHCTBA, Te,
4T MNPUHATO Ha3blBaTb MHKPOKaabKyasrtopamu. [is mepBoro 3Ha-
KOMCTBA C HUMH Mbl oTnpaBJisieMcsi B marasuH Ne 61 MockyabTTopra
(MockBa, [lymkdHckas yia., nom 23/ 8), rae B mMUPOKOH Npoaake Mo-
J€JH OTeYeCTBEHHBIX MHKPOKAJbKYJISTOPOB.

Ha npaBax mokynarteneii 3arisinpiBaeM B HHCTPYKUHH 110 MOJ1b30-
BAHUIO 3THMH MUHHATIOPHLIMH KOMIbIOTEpPaMH, The, Kak OObIUHO,
CYyXOBAaTO, OIHAKO Ke JO0CTAaTOYHO NMOAPOOGHO paccKasblBaeTCs O CAMHX
MOZEJNAX, WX BO3MOXKHOCTSIX U HEKOTOPbIX TE€XHHUYECKHX XapaKTepH-
CTHKaX, NPHUBOASTCS MHOTOUYUCJIEHHble TPUMEpbl peLIeHHs TeX HJH
MHBIX BHIOB BBIUHC/JHUTEJNbHbIX 3a1au. MUKPOKAJIBKYJSATOP «DJIEKTPO-
HuKa B3-18» ¥ OTHOCHTCS K TaK Ha3blBaeMbIM HHXKEHEPHbIM BbIUHCJHU-
TeJIbHBIM ycTpoiicTBaM. MailliHa BLIMOJHAET YeTbipe AeHcTBHS apud-
METHKH HaJ BOCbMHPA3PSANHBIMH YHCJIAMHU, T. €. Ha ee LMppoBOM Tab-
JIO MOXET MNOSBJAATbCH BOCBMUPA3pPSANHBIH pe3yabTaT — YHCJIO [0
100 maH. (Tounee, mo 99999 999). Onepauuu ¢ AeCATHYHBIMU IPO-
6sIMH BeAyTCS ¢ TaK HasblBaeMoH MJjaBalollell 3amsiToOd: NpH BBOJE
JEeCATHYHOH APO6GH Bbl CTaBHTe B HYXXHOM MeCTe 3amsaTylo, a 3aTeM
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KaJbKyJSITOD YXKe caM CJAeJHT 3a ee MOJOXeHHeM W MocJe KaxXAoro
OouepeHOTO BBIUHCJEHHS pacnojaraer 3ansiTyld B HYXHOM MecTe.

Cam BBOJ HHpOpMaUUd B KaJbKyJasiTop npeaeabHo npocr. Ha
nepenHell NMaHeJd MMelOTCS HeGoJsblliHe KHOMKH ¢ nudbpamu or 0 go 9
U 3HaKaMd apudmerdueckux nelictBuil. [locsenoBarespHo Haxkumas
Ha HHUX, BBl JaeTe yKa3aHdhe, ¢ KaKHUMH YHCJaMH KaKoe IelCTBHe
HYXHO IIPOU3BECTH, H 3aTeM, HaXaB KHOIMKY CO 3HAKOM « = », Npak-
THYECKH MTHOBEHHO MOJy4aeTe pe3yJbTar.

Ho stor kauabkyastop nepeiien Py6ukoH apudmerukH, ero ma-
TeMaTHyecKoe 06pa3oBaHHe IIATHYJO B TPUTOHOMETDHIO H aJrebpy.
«daektpoHdka B3-18» ymeer MTrHOBEHHO BO3BOAMTb B KBajApaT H
U3BJIeKaTb KBaJpaTHbIH KopeHb, B ABa NpHeMa BO3BOAHUTb B JIOGYIO
CTeneHb B MpelesiaXx BOCbMH pa3psiioB, BBIUHCJATb OOpaTHble BeJiH-
YHHbI, BEIUUCJAATD JOrapudMbl U aHTHJIorapudMbl (IeCSATHUHbIE H Ha-
TypaJbHble), TPUTOHOMeTpHuecKe PyHkuuu. Bece 3To He obpalieHHe
K TMaMsATH, He BOCIpOHU3BeJeHHe CMpaBOYHBIX NaHHbIX. Tak, cKaxkem,
IJIS BBIYMCJEHUSI CHHYCa KaJbKYJSITOp CaM [0 CBOed BHyTpeHHeH
nporpaMme NPOU3BOIUT HECATKH apHPMeTHUeCKHX onepauuii, MoJb-
3ysiCb U3BECTHbIM pasJjioKeHdeM B psapn Teinopa.

KocBenHsifi mokasaresb TOTO, YTO HEKOTODblEe 3aJayH, peliaeMmble
HHXKeHEePHBbIM KaJIbKYyJsITOPOM, LOBOJIBHO CJIOXKHBI,— 3TO BpeMs, KO-
TOpPO€ OH 3aTpaydBaeT Ha BblYHCAeHHs1. Tak, Ha CJAOXKEHHe HJIH BblUH-
TaHHe [BYX BOCbMHPa3PSIAHBIX YdcesJ YXoZUT okoso 50 mc (0,05 c¢),
a Ha X yMHOXKeHHe WJIM HeJleHHe 3aTpaunBaercs yxke okoso 300 mc,
Ha BO3BeJleHHe B CTeleHb C BBLICOKHM TMoKasarejeM — | ¢, a Ha BbI-
yucaeHue apkraHreHca — 3 c. Korga Buauiub, Kak MalldHa, KOTO-
pasi TOJbKO YTO MTHOBEHHO CKJaJblBaja OrpOMHble UYHCJIA, TPATHT
HEeCKOJIbKO CeKyHJ, YTOObl BBHINMOMHHTb KaKylo-l1H60 aJjreGpauueckylo
WJIH TPUTOHOMETPHYECKYIO Ofepaldio, HeBOJbHO 3aiyMbIBaellbCs
o Toit 60sbLION paboTe, KOTOpas HIeT BHYTPH MaJleHbKOH KOPOGOUKH,
npexjie yeM Ha ee HHAMKATOpe 3aCBETHTCS pe3y.bTart.

Ho 06 3tom uyTh no3xke. A noka OTMETHM, UTO Ha HHIHUKaTOpe
«dniekTpoHukd B3-18» cBersTcst sipkue 3eseHOBaTble UHPPBI. DTOT
HHIUKATOP — HeKOTOopoe mnonobue TesNeBU3UOHHOH TpyOKH, H306pa-
XKeHHe Ha HeM CO3[IaI0T 3JeKTPOHbl, 6oMbapaHpyIOLLHe JTIOMHHECIIEHT-
HBlli 3kpaH. Ilpu mponoskurespHOH paboTe ¢ MHKPOKAJbKYJISTOPOM
NO/Nb3YIOTCA HeGOJbIIUM, Pa3MepoM CO CIHYEUHYIO KOpPOOGKYy, BHe-
IIHUM BLIAPSIMHTEJEM, KOTOPbIH, KCTaTd, Noa3apsixKaeT BHYyTpPeHHHe
aKKyMYJISITOPHI.

B namsiTH KaJbKyJasiTopa NOMeLlaeTcsl YHCJAO 71, W JOCTATOUHO
HaXaTHsl OHHOH KHOMNKH, uTOObl BBECTH 3TO YHUCJIO B Kakoe-Ju6o
BbIUHC/IEHHE, CKa)XeM, YMHOXHTb Ha 71 HJH pas3feuTb. B namstu
XPaHATCA ¥ ABa APYTHX BOCbMHPa3PsiIHBIX YHCJa, NMPUYEM OLHO M3
HUX MOXHO XpPaHHTb KaK YrogHO [LOJITO, H3BJeKass ero B HYKHbIH
MOMEHT.

VH)XeHepHble MHUKPOKAJBKYJISATOPHl HPOIMIIH OTJIHYHYIO ILKOJY
MaTeMaTHYeCKOro CepBHCA, OHH HCMOJB3YIOT JMIOOYI0 BO3MOXKHOCTbD,
4yTOGbl NMPENOCTABUTb CBOEMY BJAMeJblly HONMOJHUTENbHble yHOGCTBA.

29



Tak, B «9nekrponnke B3-18» npu BbIYHCAEHHH TPHFOHOMETPHUYECKHX
GYHKUHHA MOXHO 3ajaBaThb Yroj B rpajycax HJH B paguaHax, Kak
yno6Hee,-— i1 Mepexoja OT OLHOHM YrJOBOH Mephl K IPYrofl Hy»KHO
JHUIIb MepeABUHYTb HeOOJbIIOH mnepekaioyaTesb; MPH H3BJIEUECHHH
KaKoro-u6o 4uc/ja M3 MaMsTH TaM OCTaeTcsl KOMHs 3TOro Ydc/ia Ha
cjlyyaif, eclid OHO TNOHano0HUTCA elle pas3; B cjaydyae HaAoOGHOCTH
MOXXHO MTHOBEHHO HM3BJieub M3 NaMATH TaK Ha3blBaeMbll Npenbimy-
IUA ONepaHT, HaNpUMep pe3yJbTaT NMpeAblLYyLIer0 BbIUKCAEHHS, a 3a-
TeM BEepHYTb €ro Ha MeCTO; BBIMOJIHSISI CEepPHIO omepauuil ¢ MOCTOSIH-
HbIM KO3(P(HLHEHTOM, COBCEM He HYXHO KaKAbli pa3 BBOAHTb €ro
3HauyeHHe, MOBTOpPeHHe 3ITOTO Ko3(p(PHULHEHTA MOXKeT MPOUCXOAUTH
aBTOMATHYeCKH; B cjaydae, €C/H KaJbKYJSITOP He MOXKeT MPOHU3BECTH
JedCTBHE HajJ BBeJCHHBIMH YHCJaMH, Ha HHIUKATOpe 3a’KHraercs
0CcOObIfi MpefynpeKAalOUH CUTHAJ «lepenoJHEeHHe»; KaJbKyJasTOp
MOXeT CyMMHPOBATb Pe3yJbTaT HECKOJbKHX BblUHCJEHHH, NPOU3BO-
IUTb HaKOIJIeHHe TPOU3BENEHHH W YAaCTHBbIX; MOXeT 0 JOBOJBHO
NpoCTO# Mmpoueaype BLIUHCAATb CPefHHE 3HAUEHHUS] HECKOJIbKHX BeJH-
4YMH, AMCHEepPCHIO, CpeJHeKBaJpaTHYHOe OTKJIOHEeHHe W MOrpelHOCTb
CpelHEeKBAAPATHYHOTO OTKJIOHEHHS!; yMeeT HaXOMuTb TulepGosnYe-
CKHe (YHKLHH, BBIYHCJAATH CJOXKHblE NMPOLEHTH, NMpeo6pa3oBbIBATH
NpPSIMOYTOJIbHBIE KOOPAMHATHL B MOJSIPHBIE...

MaremaTHueckne cocoGHOCTH HHAKEHEePHOIO MHKPOKAJbKYJAATOPa
B KakoH-TO Mepe OTpaKaloT YAUBHUTEJbHble HOCTHXKEHHSI COBpEeMeH-
HOH GOJIbIIOH BBIYUCJIHTENbHON TeXHHKU. [loKa Ha cTpaHHIIaX HEKO-
TOPBIX H3JAaHHHA IUJIH YTOMUTENbHbiE AUCKYCCHH O TOM, MOXeET JH
MalllyHa MbICJHHTb, HHXEHepbl U MaTteMaTHKH paboTaJud, co3naBaJid
KOHKpETHble 3JIeKTPOHHble CHCTEMBI, YMeIOlllHe pelllaTb CJOXKHbIE JO-
ruyeckue W MaTeMaTHueckue 3aiaud. TOPKeECTBEHHBIM CJIOBOM «MbIC-
JIMTb» HeJb3sl, KOHeyHo, pa3bpachiBaThCs HaAmpaBO U HaJleBO, HO Ta
paboTa, KOTOpYlO yXKe CEerofiHsl HayuyuJauch jejatb DBM, GeccnopHo,
paHbwe O6blia MoHonodueir YesoBeka [lymalouero.

Bce, uto nenaer OBM, oHa penaer, onmepupys 3JeKTPHUECKHMH
CHTHaJaMH, ONMepUpysl CJAOXKHBIMH KOMOUHALHSIMH HMIYJbCOB TOKa,
KOTOpble HalOMHHAIOT TeJjerpadHble TOYKH U THpe. B Bume KoMOuHa-
UHA 3JeKTPUYECKHX HMIYJbCOB XXHBYT B MalliuHe UHGPHl, KOMaHMIbI,
npaBuja paborel. KoM6uHaLUH 3/1eKTPHUECKHX UMIYJIbCOB POXKAAIOT-
csl, KOT/la Bbl HaXKHMaeTe KHOMKH BBOJA JaHHBIX; KOMOHHALHH 3JIEKT-
pPHYECKHX HMIYJbCOB ynpasJsioT pa6oToii WHAWKATOpa BbIBOAA NaH-
HBIX, 3a)KHMrasi Ha HeM 3eJileHble NaJOYKH-CerMeHThl, H3 KOTOPBIX
COCTaBJISIIOTCH HYXXHble HHGPB. A MeXIy 3THMH ABYMs COGRITUAMH —
BBOJIOM U BBIBOJAOM — CTOSIT 3JE€KTPOHHbIe CX€Mbl, KOTOpble MPOH3BO-
ISIT C 2JeKTPHUECKHUMH CHTHaJaMH pas3Hble Onepaldd: CKJAaiblBalOT
HX U pasfessiioT, NepechlyialoT U3 OHOTO 3JIeKTPOHHOTo 6JoKa B ApY-
rO#, COMOCTaBJSAIOT C CHTHa/JaMH, 3alHCAHHbIMH B namsaTb. M B atux
IeHCTBUAX POXKIAIOTCH HOBBIE 3JIeKTPHUECKHEe CHTHAJbl, POXKAAIOTCS
pe3y/bTaThl BbIUUCJ/EHHH, NMOAOGHO TOMY KaK OHH MOSIBJISIIOTCH MpPH
nepe6GpacbiBaHHH KOCTOYEK Ha cyeTaX. XOTS, KOHEUHO, 3JeKTPOHHbIE
BBIUUCJIUTEJbHBIE MAlHHbI, 1aXe caMble MPOCThle, HACTOIbKO CJOXKHH
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H COBepIIeHHbl, YTO HX CPaBHEHHe CO cueTaMHd TpeGyeT He NPOCTO
OrOBOPOK, HO W U3BHHEHHH.

JleranpHoe 3HAKOMCTBO C YCTPOHCTBOM OT/IEJbHBIX Y3JIOB CXEeMbl
«DJeKTpoHUKH DB3-18» — nesio ciioxHoe W 31ech BPSIL JH yMECTHOeE.
MOXHO JIUIIb MONBITATHCS HECKOJIbKUMH LUITPUXAMU OGPHUCOBATH YIPO-
HleHHYIO 6JI0K-CXeMy KaJbKyJasitopa (puc. 1, 2 Ha uBeTHO# BKJeike,
npumblkawomeii Kk c. 112), ¢ tem uro6bl moJy4uTbh camoe obuiee
npefcTaBJeHHe O Ha3HAUYeHHH ero y3JOB M HX B3aHMOJeHACTBHH.

Kaxpass undpa BOCBMHUPa3psiHOrO 4YHUCJa H KaxXIbli CHMBOJ
KOMAaH/bl NpeLCcTaBJdeHbl B KaJbKyJasiTope KOMOHHauHell H3 ueTbipex
3JIeKTPUYECKHX HMMYJbCOB WK nay3. CkaxeMm, KOMOUHALHA <«HM-
MyJibC — Hay3a — UMIYJbC — NMay3a» COOTBETCTBYET HEBSITKE, a KOM-
GuHalUMsl «lay3a — fnmay3a — HMIYJbC — HUMIYJbC» — Tpolike. [e-
Hepatop onopHo# wuactorel ['OU pgaer HempephiBHYIO ouepenb
UMINYJbCOB, HEKOTOpble M3 HHX 34aTeM TracfiTcsl, U TakuM obpasom
GhOpMHPYIOTCSI HYXKHble KOMOHHALHK H3 MMIYJbCOB U nays. PopmH-
PYIOTCSl OHHM MpeX[Ae BCEero NpH HaXXaTHH TeX HJH HHbIX KHOMOK
BBoJga — GJIOK ynpaBJjeHUs] BBOLOM-BbiBogoM YBB perynasipHo ompa-
ILHBAeT KHOMKH, CJAEIUT 33 TeM, Kakasl U3 HHX Haxara.

Bce BBeneHHble yucsaa npexie BCEro MomnagalT B ONepATHBHYIO
namsite, B O3Y — onepaTHBHOe 3amnoMuHaiollee ycrpoiictBo. B Hem
TOXE JIEKTPOHHbIE CXEMbl, HX JI€EMEHTbl MOTYT HaXOLHUTbCS B OJHOM
H3 ABYX COCTOSIHMH — MPONyCKaTb TOK HJH He MPOMYCKaTh; 3TO Kak
pa3 H COOTBETCTBYeT [BYM 3HAKaM MAaIIUHHOTO s3blKA — HMIYJbCY
i nay3e. U3 O3Y uucsaa nocrynalorT Ha HHIMKATOP — TaK OCYHIECTB-
JISIeTCsl KOHTPOJIb 32 NPaBHJBbHOCTbIO BBOLA. YKa3aHHe O HYXHOK
omepaiun, KOTOpPOe TaKXe BBOJIUTCS Ha)KaTHeM KHOMKH, B HTOTe
nonajaer B MOCTOSIHHYIO MaMsITb — NMOCTOSIHHOE 3aMOMHUHAIOLIEe YCT-
poiictreo T13¥Y, rhe ompenesieHHBIMH 3JeKTPUYECKHMH COeNHHEHHSI-
MH HaBEKH 3alucaHo, UTO HYXKHO HesaTb HJ51 BbINIOJHEHHS TOH HJH
HHOH onepauud. DTO «uyTo Aenatb» W3 [13Y B Bume AJMUHHON cepuud
CHTHAJIOB, AJHHHOH TeJierpaMMbl, MOCTYNaeT B yNpasJsiiolliee yCTPOii-
ctBOo YV, rnme ¢popmupyercss pyKOBOAsILlee YKA3aHHE «KAK [JeJaTb».
Hanpumep, takoe: «IIpountats B nepsom cekrope O3Y uucgao; camy
3aNKCh YKCa cTepeTh; NpUGaBUTb K HEMY UHCJIO, 3allHCAHHOE BO BTO-
pom cekrope O3Y, camy 3anmucb YHcJIa OCTABHTb; Pe3yJbTaT CJOXKe-
HUsl 3amdcatbh B ocBoGoxuBliuiica cekrop O3Y; pesyabTaT nmepegarb
TakXke Ha HHAMKaTop..» Takas Tejerpamma nomnajgaer B apudmeTu-
Ko-Jlornueckoe ycTpoiictBo AJIY, rme yxe u peanusyercs «Ykasa-
HHe PYKOBOACTBA» — MPOU3BOIAATCS HEOOXOAHMBIE ONMEPalUu C SJEKT-
pHUECKHMH CHrHajJaMu, T. €. HeoOXOLHMble BBIUHCJEHHS.

Haie yabrpakopoTkoe onucanue GJOK-CXeMbl KaJbKyJsiTopa He
IOJKHO CO3[aBaTh HJIIO3MI0 ee MPOCTOThl. BOT Heckosbko uudp,
KOTOpble B KaKOH-TO CTeNMeHH OTPaxKaloT CJOXKHOCTb COOBITHH, Mpo-
HCXOASILIMX B CXeMe: mporpammbl, 3anucaHHbie B I13Y, cocrosit u3
1152 «cnoB» mo 8 «BykB», a Kaxnas «OykBa» Komupyercss KOoMmOH-
Haldel U3 YyeTblpeXx UMIYJbCOB-Nay3; 6J10K YY MOXeT pa3ocjaTb APYy-
ruM Gjokam fo 105 pasHbIXx KOMaH[; NMPH BBIMOJHEHHH Nae Tako#
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NPOCTOH omepauMH, KaK YyMHOXKEHHE IBYX BOCbMHUPAa3psAHBIX YHCEJ,
OTAesIbHble OJIOKH KaJ/lbKyJasiTopa OOMEeHHBAIOTCSl «TejJerpamMMaMu»
B obulei caoxHocTd U3 10000 «cjoB».

A BoT apyrue LHbpPbI: 3JEKTPOHHASA CXEeMA KaJbKyJdaTopa «JeKT-
ponuka b3-18» comepxkur npumepHo 10 Tbic. TpaH3UCTOPOB, 8 THIC.
pe3ucTtopoB, | ThIC. KOHIEHCATOPOB W 25 THIC. COEAHHUTEbHBIX MPO-
BOJAHHKOB. [l cpaBHeHHs 3aMeTHM, YTO B TPaH3HCTOPHOM MpHEM-
HuKe okoso 100 sneMeHTOB, B TeNeBH30pe OKOJO THICSYH.

Kak ’Ke pa3MecTH/]OCh Takoe OrpOMHOE YHCJO KOMIOHEHTOB —
0KoJIO 45 ThiC.— B MaJieHbKOM, pa3MepoM C 3alHCHYIO KHHXKY, KOp-
nyce? Kak ynaercst ynpsitath B Hero COTHH TNPUEMHHKOB WJIH JECHT-
KH TeJeBU30POB?

OrBeT Ha 3TH Bompochl B KopoTkom cioBe «BHMC» — tak cokpa-
L1€HHO HAa3blBAlOT GOJIbLLIHE HHTErpaJibHble CXeMbl, 3TO COBEpLIEHHO
yXe (aHTaCTHYECKOe TBOpPEHHE COBPEMEHHOH 3JeKTPOHUKH.

Heckoabko JieT Hasajg aBTOPY 3THX CTPOK CJydyalHO NPHILIOCH
6bITb CBUIETeNEeM TOro, Kak ABa OblBaJiblX pagHOWHXKeHepa, U3 TeX,
KOTOPbIX OObeMHBIM TeJeBHACHHEM, HaBePHOe, He YIHBHUIb, BIIepBHe
paccmartpuBasu 60JiblyI0 HHTErpalbHYO CXeMy H MOBTOPSJIH MpH
3ToM ofHO cjaoBo: «®PaHractuka... PanTacTukal..» IJT0 CJ0BO, Ha-
BepHOe, Jiyullle BCEro BbIPA3UT W BallW YYyBCTBA, KOrjaa, 3arjsiHyB
BHYTPb MHKPOKaJbKyJsiTOpa «DJaeKTpoHuka B3-18», Bbl yBuanTe Tam
JULIb HeCKOJbKO jeraJseli. M y3naere, uto Bce ocTajbHOe, BCe 3TH
«0K0J10 45000 TpaH3UCTOPOB, PE3HCTOPOB, KOHAEHCATOPOB, MPOBOL-
HHKOB» Da3MeCTHJIUCb HA TOHEHbKOH KpeMHHeBOH MNlacCTHHKe pa3me-
poMm 53X 5,2 mM. Baymafitech — noJicOTHH TeleBH30pPOB B OJHOH Kie-
TOYKe apudmeruuyeckoir terpaau. PaHracrtukal

[Tpexne yuem roBoputh 0 bHMCax, Hecko/bKo CJIOB MpocTO 06 HH-
TerpajibHbIX cXemax M jaxke, noxaJjyi, BooOile O TOM, 4TO €CTb
cxeMa B NMOHMMaHWH CNELHaJUCTOB MO paanosiekTpoHuke. Cxema —
3TO MHUp, € XHBYT 3JeKTPHUECKHe CHTHaJbl, 3JeKTpHUecKas Uelb,
rie OHH POXKIAIOTC W YMHUPAIOT, YCHUJHBAIOTCS HAH ocnabJsiorTcs,
CYMMHUPYIOTCSl HJIH Pa3fefisiioTcs, CJIOBOM, NMPOXOASIT CaMbie pasJjinu-
Hble BUAbl 06paboTKH. [lesaloT BCe 3TO 3JeMeHTbl CXeMbl H UX KOMII-
JIeKCbl: TPAH3UCTOPbl YCHJIHBAIOT CHTHAJ, PE3UCTOPbI 0CAa6JSIOT HIH
BbIIEJSIOT, KOHIEHCATOP peardipyeT Ha CKOPOCTb U3MEHEeHHs CHTHaJa,
IBYXTPAH3UCTOPHBIA KOMIIEKC — TPUTTEP — AEJUT YHUCJIO CHUTHAJOB
Ha nBa. HecMoTpsi Ha upe3BblualiHYI0 CJI0KHOCTb H OTPOMHOE Pa3Ho-
o6pa3de, MHOTHE M3 CXeM, H Tpe’K/Je BCero CxeMbl BbIYHCJIHUTENbHBIX
YCTPOHCTB, COGHPAIOTCH BCEro M3 HECKOJIbKHX THIIOB 3JIEMEHTOB, CKa-
JKeM, U3 [ecATKa THIOB TPAH3UCTOPOB, ABYX-TPeX AECSITKOB THIIOB
KOHJEHCAaTOPOB U PE3HCTOPOB, ABYX-TPeX THIIOB AMOAOB. DTO NepBas
peasibHOCTb, cHe/aBlllas BO3MOXHbBIM CO3JlaHHe HHTerpajbHbIX CXeM.

A Bor u BTOpAas.

CoBepliIeHHO HelBYCMbICIEHHOE, Ka3aJ0Ch Obl, BBIpaXKeHUe «...H3-
TOTOBHTb 3JIeKTPOHHBIH NPHOOP...» C HEKOTOPOro BpeMeHH npuHobpeso
JBa COBEpLIEHHO pa3HbIX 3HaueHHs. Ellle HeJAaBHO OHO 03HAUaJO, YTO
H3roTaBJHMBAIOTCH KaKHe-TO [eTajli, CKaxXeM, AeTajH 3JEeKTPOHHOH
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JIaMIbl — MeTalJHyecKue UHJIHHIPBI, CIHPAJH, CETKH, TPYOKH, CTeK-
JSAHHBIA 6aJl10H, LOKOJIb, H 3aTeM 3TH AeTaau coOHpaloT, COeHHSIOT,
npeepauialorT B eguHoe uesoe. Ho BoT Jer Tpuauarb Hadal ¢pu3uka
TBepAOro Teja, akajeMuueckas B o0OOLLeM-TO HayKa, Ha OCHOBe
ri1y60KOro ucciaefoBaHusi (PU3HYECKHX TPOLLECCOB B MOJYNPOBOAHH-
Kax NpeaJoXKH/ia NpakTHKe HOBbIA BUJ YCHJIHTENBbHOTO 3JE€KTPOHHOTO
npubopa — TPaH3UCTOP, AaHAJOr TPEX3JEeKTPOAHOH YCHJHTENbHON
JlaMIIb.

CnpaBensuBocTb Tpebyer, uTo6bl, 3aayMbiBasiCh 06 HCTOPHH
CO3[aHUS TPaH3UCTOpPA, Mbl NEePBbIM BCIOMHHAJNH HHIKETOPOACKOTO
panuonHxkeHepa Ouera JloceBa, koropwlit emie B 1926 r., npuMepHo
3a 20 jeT [0 NOSIBJIEHUs TPAH3HCTOPOB, MOCTPOMJ MeEPBbIA NOJYyNpO-
BOLHHKOBBIH YCHJAUTeJNbHbIA NpU6op — KpuctaguH. OIHH U3 aMepH-
KaHCKHX paJHOTeXHUUECKHX XXYpHaJoB mHcaks o pab6ore Osera Jlo-
ceBa: «..TeHepHPYIOLIHH KPUCTaJJ, Kak ero Ha3paJa JloceB, nNpuU3BaH
coBepllaTb BCe TO, YTO B HACTOsllllee BpPeMsl COBepllaeTcs KaTOLHOH
gammoukoit». K coxanenuio, pa6orsl O. JloceBa He MoOJy4YHJIH pa3BH-
THs, (U3HKa eie He Oblia roToBa K TOMY, 4TOObI MOHSATb NMPOLECCH
B MOJIYyPOBOLHHKOBOM YCHJIUTEJE.

C TOUKH 3peHHs] KOHCTPYKTOpPa, OCHOBA TPaH3HCTOpPA — 3TO TOJb-
KO OlHa JeTaJsb — MOJYNPOBOAHUKOBBIA KpucTama. M iuib TexHosor
3HaeT, YTO B 3TOM OJHOM KpHCTaJJe (aKTHUECKH eCTb TPH pasHble
yacT: 3MHUTTEp, 6a3a U KOJJIEKTOP, WJIH B TaK Ha3blBaeMbIX MoJe-
BbIX TPAH3UCTOPaxX — HCTOK, 3aTBOP W CTOK. YacTu 3TH MOryt cosna-
BaTbCsl Pa3HbIMU Ccroco6aMH, KOTOpble, OJHAKO, HAIOT OAHH H TOT Xe
pe3ysbTaT — B NOJYNPOBOAHHKOBBIH KPHCTAJJ BBOASITCH NMPUMECH, H
B HeM MOSAIBJSIIOTCSA OTHeJbHble YYACTKH C PA3JIHYHBbIMH JIEKTPHUECKH-
MU cBoicTBamMH. Hanpumep, nosiBjstioTcsl 30Hbl ¢ Pa3HOH KOHLEHTpa-
Hell CBOOGOAHBIX 3/EKTPHUECKUX 3apsioB — OTPHUATENbHBIX (3TO
30Ha n OT cjoBa negativus — oTpuuaTesbHbli) H MOJOXKUTEJTbHBIX
(310 30Ha p OT cjoBa positivus — MOMOKUTENbHBIH). DTH 30HHI (ak-
THYECKH NPeACTaBJAIT CO60H AeTaJd noJynpoBOLHHKOBOro npubopa,
IeTaJsi, CO3llaHHble B 1leJIOM, B OJIHOM KpHcTaJJe, 6e3 ero paspyiue-
Husl, Ge3 pa3jesieHUsi Ha yacTd. BOT TaK Bblpa)KeHHe «H3TOTOBUTH
3JIEKTPOHHBIH NMPUOOP» MOJYUHJIO HOBOE 3HAueHHe.

Bupryo3Hass TexHOJIOTHSI, KOTOpPOH TOCTENeHHO BOOpYyKaJach
3JIeKTPOHHAsl NMPOMBILIJNIEHHOCTb, CETOAHA MO03BOJsIeT POpPMUpPOBATH B
KpUCTaJIe MOYTH BCe BHIbl 3J€MEHTOB 3JEeKTPOHHBIX CXe€M — JHOMbI,
TPaH3UCTOPHl, NTPOBOAHHKH, KOHAEHCATOPH (IBe NMPHMBIKAIONIHE OPYT
K ApYry 30HBl n U p, €CJd NMOAAaTb Ha HUX OMNpelesieHHOe Hampsixke-
HHe, CTaHOBATCH OOKJagKaMH KOHJeHcaTopa), pe3HCTOpbl (TOUHO
NO3HPYSl KOJIMYECTBO NpHMeceH U pa3Mepbl TOH 006JaCTH, KyZa OHH
BBOJASITCS, MOXXHO CO3[@aBaTb PE3UCTOPb!I C CAMbIM Pa3HbIM CONPOTHB-
JeHHeM). DTO U eCTb Ta BTOpasl peajbHOCTb, HA OCHOBe KOTOPOH Bbl-
pocsa HHTerpajibHasi 3JeKTPOHHUKA.

Teneppr o0 Tex mnpuUHMHAX, KOTOpble 3aCTaBHJIH MEPEXOAUTh K
HHTEerpaJ/JbHbIM CXeMaM, BIOXHOBUJH HAyKy M NPOMBILIJEHHOCTb Ha
pelieHHe 3TOH uYpe3BbIYAHHO CJA0XKHOH 3amauM. [IpuuuH HemaJso0, HO
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GOJIbLIMHCTBO U3 HHX CBA3aHO C T€M, UTO B PaJHO3JEKTPOHHKE 4acTo
Ha3bIBAIOT «THpPaHHeH KoJHuecTB». B ABajauartbie roibl, KOrjaa JAeTeK-
TOPHbI TPUEMHHK CUHMTAJICSl lIeJeBpOM paJHOTEeXHHKH, HaHboJjee
CJIOKHBIE 3JEKTPOHHBbIE CXeMbl COCTOSIIH U3 [eCSATKOB, MAKCHMYM CO-
TeH »3JemeHToB. Ho mnocreneHHo panHo3/eKTpOHHasi amnmapartypa
YCJIOXKHSJ1aCh U YHCJIO 3MEMEHTOB B OfHOM allapare pe3KO yBeJHYH-
Bajocb — B cpegHem B 10 pas kaxnele 10 jger. Oco6eHHO 6BICTPO
CTaJ0 PacTH YMCJO JEMEHTOB C MOSIBJ€HHEM BBIYHCJIUTEJNbHbIX Ma-
IIHH, U cerofHsi cxeMmbl GoJsibiinx DBM comepaT MHOrHe MHJIJIHOHBI
3JIEMEHTOB.

YBesuueHHe YHUCJIa 3JEMEHTOB, €CJIH OHH TNpeACTaBJeHbl B 3JEKT-
poHHOM mnpuGope OTHeJNbHLIMH AeTajsMH, BJjeyeT 3a co06OH Hemalo
TparuyecKHX MocjeacTBuii. V3-3a HeHameKHOCTH MeXK3JeMeHTHbIX
coelHHEHUH pe3Ko MafaeT HalexHOCTb Bcero npubopa. Pacrer mac-
ca, OKa3blBaeTcsl, HanpuMep, YTO rpy30NOAbeMHOCTH caMoJsieTa HPoCTo
MOXKeT He XBaTHThb, YTOObI NOJAHSITb BCe HEOOXOAHMOE eMy COBpeMeH-
HOe 3JIeKTPOHHOe 060pynoBaHHe, coOpaHHOe H3 JHCKPeTHBIX 3Jje-
MEHTOB — 3JIEKTPOHHBIX JaMIl, Pe3HCTOPOB, KoHAeHcatopoB. Pactyr
pa3mepbl U mnorpebiasieMasi MOLLHOCTb, CTPALUHO YCJOXHSETCSl KOH-
CTPYKUMsT annapartypbl. OQZHUM CJIOBOM, eCsid, ONYCTHB MOAPOGHOCTH,
NMOCMOTPeTh Ha KOHEUHBbIH pe3y/bTaT, TO OKaXKeTcs, YTO «THpaHHs
KOJIHUECTB> — 3TO HeNpeofOoJUMOe MpeNnsiTCTBHe Ha NMyTH Hporpecca
PaNHO3JIEKTPOHHKH, a BMecCTe ¢ Hell H Ha MyTH mporpecca MHOTHX
o6aacTteil COBpeMEHHOH TeXHHKH.

[IpeonoseTs 3TO NpensiTCTBHE HWJM MO KpaliHei Mepe 3aMeTHO
ero OTOABHHYTb MO3BOJIHJIH HHTErpaJjibHble CXeMbl.

HiHTerpanbHasi cxeMa, KakK roBOPUT CaMO Ha3BaHHe,— 3TO HeUTO
060011leHHOe, MPOCYMMHPOBAHHOE. A KOHKDETHO — 3TO MHOFO3Je-
MEHTHBIH 3JeKTPOHHBIA GJIOK, BBHINOJHEHHBIH B BHJe €AHHOrO I11eJoro.
B uacrtHOocTH, B BHUAe HOJYNPOBOAHHKOBOIO KpHUCTaJja, Tie Mocjaeno-
BaTeJNbHBIMH TEXHOJOTMUYECKUMH OfNepalUsIMH CO3[aHbl MU COeJHHEeHb
LPYr C IPYroM pasJ/iMuHble 3JeMEeHTbl CXeMbl.

Ha pucyHke 3 uBeTHO#l BKJEHKH OYeHb YNPOLLEHHO MOKa3aHa
yacTtb Tako# cxembl. B Hee Bxomsit TpaHaucrop T2, nBa pe3sucropa
R1 u R2, xoumeHcatrop C ¥ HECKOJNBKO COeIHHHTEJbHBIX JHHHH.

Hekoropble 3Tanel H3roTOBJEHHS] HHTErPaJbHONH CXeMbl HIJIIOCTPHU-
pyloTcsl ynpolleHHbIM pHcyHKOM 4, I—15. Tlocne paspaborku camoi
3JIeKTpUHecKOH cxembl (puc. 4, 1) cJjeayer co3faHUe TOMOJNOTHH
(puc. 4, 2), T. e. onpeneneHue Bcex KOH(pHUrypauuil 1 B3aMMHOro pac-
MOJIOXKEHHS] TeX 30H KpHCTaJjla, U3 KOTopbix 6yayT oGpa3oBaHbl fe-
TaJldi UHTErpajibHOH CXeMbl, a TaKXKe KOHQHUTYpalHH COeqHMHUTENbHbBIX
ueneii. PaGora sta BecbMa C/l0XHa, W BeleTCcsl OHa C MOMOLLbIO
3BM. Be3 DBM He 06X0muTCH K CIe[LyOHIHN 3Tan — co3faHue Goro-
wa6JoHOB (puc. 4, 3), ¢ NOMOILbLIO KOTOPBIX pa3paboTaHHasl TOMO-
JIOTHS1 BOIJIOLLAeTCsl B KpUCTasjie Metogamu ¢oroaurorpaduu. ®oro-
mabJIoH co3faeTcsi cpa3y Ha G0JibllIOe YHCAO OAHHAKOBBIX HHTETpaJlb-
HblXx cxeM (puc. 4, 4),T. e. ero nesalOT MHOrosjeMeHTHbIM. A 3arem
Ha OJHOM KpPHCTaJljie ¢ MOMOLIbIO TAKUX MHOrO3/eMeHTHBIX (oToab-
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JIOHOB CO03aetcs 60J/blI0e YHCJIO OJHHAKOBBIX «PHCYHKOB» — OJHHA-
KOBBIX HHTEerpaJibHbiXx cxeM. B 3ak/oueHHe KpHCTaJ1 pa3pe3aior
(puc. 4, 15) ¥ KaXXAYIO OTAEJbHYIO HHTErpaJbHYI0 CXeMy TUIATeNbHO
NpOBePSIOT.

O6pa3oBaHue OTHEJNbHBIX HeTajell HHTerpajJbHONH cXeMbl B OOLIHX
yepTax ocylliecTBJaseTcss Tak. Ha KpucTadJg HAHOCAT CBETOUYBCTBHU-
TeJbHBIH CJI0H, Tak Ha3biBaeMblii otopesuct (puc. 4, 5), 3areMm ero
3acBeyuBaloT yepe3 ¢otowabaod (puc. 4, 6), NPOSIBJISAIOT, YAAJSIOT
3acBeyeHHble yyacTKH (puc. 4, 7) ¥ B oO6pas3oBaBluuecsi OKHa JHGO
BBOAAT npumecu (puc. 4, 9), qu6o y6upalor B raybuHe 3THX OKOH
KaKo#-HUOYAb HEHYXKHBI# CJIOH U B HEM TOXeE€ BCKPbIBAIOT OKHa
(puc. 4, 8), 1u60, HaKOHel, yOUPAIOT YYACTKH AJIOMHHHEBOTO MOKPHI-
THs, (popMupys TakuM o6pasoM COeJHHUTeJbHble LENH CJAOKHON
KoHdurypauud (puc. 4, 11, 12).

BoT # onATb CAMILIKOM KOPOTKOE ONHCaHHe CO3LaeT, MO-BUAHMOMY,
HJLJTIO3HIO 3TAKOH HPOCTOTHl HJIH, MOXKeT ObiTh, HaXe MPUMUTHBHO-
CTH TeXHoJIoTHYecKoro mnpouecca. Ho 3To, KoHeuyHo, He Gosee yeM
Hino3usi. B noarBepXKieHHe — HECKOJIbKO LHGP H (PaKToB.

Ecsu B nepBbIX HHTErpaJibHbBIX CXeMaX B OLHOM KpHCTaJljie CO3Ma-
BaJl BCEro HECKOJIbKO 3J1eMEeHTOB, TO Telepb CTeleHb HHTerpauuu
pe3ko BO3pocsaa, CO3JAIOTCA CXEeMbl, KOTOpble COAepxKAaT ThICAUYH H
JeCSITKH ThiCcsy 3jaeMeHToB. D10 u ectb DBHMChbl — Gosbliine HHTe-
rpaJjibHble cXeMbl: B HHX Ha | MM? MOBEPXHOCTH (3TO MOBEPXHOCTb
6y/1aBOYHOH TOJIOBKH) MOXeT NPUXOAUTbCS Gosiee THICSYH 3JeMeH-
ToB. Pasmepnl oraenbHOro sjieMeHTa NpH 3TOM H3MEPSIOTCH ThICAU-
HbIMH OOJSIMH MHJJHMETpPa, UX, eCTECTBEHHO, MOXHO Obl10 Obl yBH-
IeTb TOJIbKO B XOPOLIHH MHKPOCKOI.

JlonycTuMble MOTPEIIHOCTH NPH CO3LAHHHU OMNpelLeJeHHBIX 30H B
KpHcTa/dje — 3T0 BOOOLEe aHICTPeMbl, eAHHHUBbl H3MepeHHus, A0 He-
JaBHEro BpeMeHH NOYTH He TNpUMEHsBIUHeCS] B TeXHUKe. A KOJiM-
YeCTBO BBOJHMBIX INpHMeced B 3THX Mmpoleccax HO3UpyeTcsl C TOodY-
HOCTBIO [0 MHJJIMAPOHBIX AOJel MpOoleHTa; 3[AeCb YyXe CuerT Haer
Ha atoMbl. C TOYHOCTBIO [O COTBIX HOJiell MpOLEHTa MOLAepXKH-
BalOTC TemJoBble pexumbl. Madefimass omwnbka 3mech upeBara
Cepbe3HbIMH TNOCJEeACTBUAIMH, MOTOMY YTO HHTErpaJjibHble CXeMbl He
[eJ1al0T 1O OJHOH, Ha KpeMHHEeBOH MJIaCTHHE HX MOXET Pa3MeCTHTbCS
HECKOJIbKO JeCSITKOB.

[lo OKOHYAaHHH TEXHOJOTHYEeCKOro UMKAa AJS1 KaxJO0H CXeMbl
NPOU3BOAAT COTHH KOHTPOJbHBIX 3aMmepoB. [lpuBegem eiie oaHYy
U py: Ha NMPOU3BOACTBEHHBIX ydacTKax (oroautorpaduu Aomycka-
ercsi cojepxaHue B | m® Bo3gyxa He Gosee yeM 3—4 MNbIIHHOK
auamerpom a0 0,5 MKM.

JIOCTOWHCTBA HHTerpaJibHbIX CXeM He TpeOyloT, NO-BUAHMOMY,
NOSICHEHHH: 3TO BBICOKAsi Ha/eXHOCTb, MaJjble raGapuTel U Macca,
maJgasi norpebsasieMast MolLHOCTb. W ellle ofHO mapagokcaJjibHOe Ha
nepBblil B3TJsL JOCTOWHCTBO HHTErpaJsibHbIX CXeM: 3TH yHHKaJbHble
M0 CBOEH CJIOXKHOCTH, MO CYTH, HEBHIUMble U3[eJUs1 KaK Obl CHELHAJb-
HO CO3/aHbl AJisT aBTOMaTH3HUPOBAHHOTO NPOM3BOJCTBA.
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B Hauwe#i crpaHe cepuiiHO BbITyCKaeTCsl ILHPOKUH acCOPTHMEHT
MHTerpaJjbHbiX cXeM, B ToM uucie BHCol. Bece GonblunMu THpaXKaMu
BLIMYCKAIOTCSI U CO3JaHHBIe HAa HX OCHOBe pa3HooOpa3Hble MHUKpO-
KaJbKyasropsl. HeMHoro, HaBepHoe, nmpoiier BpeMeHH, H MHJJIHOHbBI
3THX 3JIEKTPOHHBIX MOMOILHHKOB HHXKeHepa, HccJjefoBaressi, IKOHO-
MHCTa BLIALYT Ha CKPOMHYIO CBOIO TPYHOBYIO BaxTy, He3aMeTHO
NPUBHOCSA B HallW [eJa W IVIaHbl TOYHOCTb, YeTKOCTb, NMOPALOK, 3¢-
(eKTHBHOCTb. MBI NPUBBIKHEM K HUM, 3abyneM, 4TO KOTAa-TO HCIH-
CbIBaJH BBHIYACJACHHSAMH JUCTBl OymMard, Tepsiii MHJIHOHBI H3-3a
KaKOH-TO apudMeTHUYecKOH OLIMGKH HJH M3-32 TOTO, YTO NPHKHIABIBA-
JIM Ha [/1a30K TaM, Tde HaAo CUHUTATb TOUHO...

Mbl npuBbiKHEM K CBOHM KapMaHHbIM KOMIblOTepaM, Kak IMpH-
BBIKIM K TesqedOHy, K yacaM Ha pyKe, K SIDKOMY 3J€KTPHUECKOMY
cBery B kBaptupe. [IpuBbikHeM K nepecraHeM 3ameuarb... M 310 6y-
JeT HecnpaBeIUBO. JI106ysicb KpackaMH Ha 3KpaHe LIBETHOTO TeJe-
BH30pa, HJH 3a yac noJjera MOKPbIBasl THICAYY KHJIOMETPOB Ha Jecs-
THKWJIOMETPOBOH BbICOTE, HJIM HaXHUMas KJIABHUIUK 3JEKTPOHHOTO
MHKDPOKaJbKyJATOPA, Mbl JOJKHBI XOTs Obl H3peldKa BCIIOMHHATbD,
KaKasl M3yMHUTe/JbHasl TeXHHKa M Kakoi 60JiblIOH TpPyA CTOAT 3a
BceM 3TUM. M no/mxkHB MbicieHHO ropauTbesi: «Beauk uenosek!»



TPYXEHUKN ,HYNEBOTO LMKNA“,

UnU PACCKA3 O MOM, KaK U36/AEKAU U3 ¥udKO20 a30ma nosynpoeodHUKOBbIe
Aa3epobl, 3ACMAGUAU UX HENPEPLIBHO U3Y4amb NPU KOMHAMHOU memnepamype
u nepemecmunu Yacmomy u3JfyveHus 6 Auand3oH eudumozo ceema.

CiioBa «HYJIeBOH IIHKJ» — Yy3aKOHEHHbI CTPOUTE/JbHBIH TepMHH,
OH OTHOCHTCSI K COODYXKEHHIO TOH uYacTH 3HaHHsl, KOTopas JeXHT
HUXKe YPOBHS 3eMJIH, HHXKe HyJeBoit oTMeTKH. [1polie rosops, «HyJe-
BOM LHKJI» — 3TO 3akjaajgka ¢yHnameHTa. VIMeHHO ¢ Hero, ¢ 3TOro
ILHKJa, C 3TOr0 KOMIJIEKCA CJOXKHBIX H TPYAOEMKHX paboT, Hauu-
HaeTcs CTPOMTENbCTBO Jo6oro o6bekra. [ToTom BeipacTaloT Ha Npoy-
HOM (yHIaMeHTe 3TaXH, NOABJSAIOTCA HAPSLHbIE HHTEPbEPDl, YIOTHbIE
KBapTHPbl, GBICTPOXOAHble JH(TH, H yXKe MajJo KTO 3afyMblBaeTcs
0 TOM, C Yero HayHWHaJCs JOM.

Bo BCSIKOM jeJjie HMelTCs CBOH «HYJIeBble IUKJbI», CBOH HEBHIHU-
Mble MHpPY (yHIaMmeHTasbHble paboOTbl, HCTHHHOE 3HauyeHHe KOTOPBIX
3a4acTylo MOHUMAIOT JHUIUb crniendanudcTel. Cefiluac HamM NMPeACTOUT HH-
TepecHasi BCTpeua C TPYANOH YyuyeHbIX, KOTOpble ceroaHsi paboTaior
Ha nepeiaHeM Kpae (U3UKH MOJYNPOBOAHHKOB, CO3LAIOT (PyHAAMEHT
JJIsT 3JIeKTPOHHUKH 3aBTpallHero gHs. DTo Jaypearsl npemuu JIeHuH-
ckoro koMmcomosa 1976 r. MBan Apcenrbes, Ilerp Konees, Bs-
yecnaB Muwypublit 41 Basepuit PymsinueB. Jljist BcTpeud ¢ HUMH Mbl
ornpaBJsieMcsi B JleHuHrpan, B opaeHa JleHuHa PU3HKO-TeXHHUECKH i
uHceruryT uM. A. ®. HModde Akamemuu nayk CCCP, uau, kak ero
MHOrJla KOpOTKO HasbiBaloT, Pu3rtex. Ham koHeuHbl#i nyHKT —
JabopaTOpUsi KOHTAKTHBIX SABJEHHH B TNOJYNPOBOAHHKAxX. PyKoBo-
aut e Jaypeat JlenuHckoit npemun akangeMuk YKopec HBaHoBHu
Andepos.

HM3BecTHO, 4TO BCe BellecTBa MOXKHO pa3fejuTh Ha [Be PYIIbl —
NPOBOJHUKH M AHINEKTPUKH (H30JSTOPHI): B NMPOBOZHUKAX €CTb CBO-
601 Hble 3JIeKTPHUEeCKHe 3apsfibl, a B AU3JEKTPHKaX CBOGOIHBIX 3apsi-
OB HeT. MexLy NPOBOLHHKAMH W AUIJEKTPHKAMH HAXOILHUTCS eliie
OfHa G6oJbliass Tpylna BeLleCTB, KOTOpble HAa3biBAlOT MOJYHPOBO/-
HHKaMH. B mosynpoBoaHHKax ecTb CBOGOAHBIE 3apsiibl, HO HX BO
MHOTO ThiCAY pa3 MeHblle, yem, CKaKeM, B MeId HJH XKejese,
[TosTromMy nosynpoBOJHHKH caMH MO cefe NMPOBOAST TOK 3HAUUTEJILHO
XyXe, yeM KJacCHueCKHe MPOBOLHUKH — MeTaJlJbl.

O6paTuTe BHUMaHHe Ha OrOBOPKY «caMd Mo ce6Ge» — OT Hee
HauuHaeTcsl MNyTb K YAWBUTENbHbIM SIBJEHUSIM, KOTOphble KakK pas
H ONpeleJuJd HHTepeC COBPEMEeHHOH TeXHUKH K MOJYNPOBOIHHUKOBBIM
Marepuanam.

®u3UKH ¢ BUPTYO3HOH TOYHOCTBIO HAYUHJHCh APOU3BOIAHTbL C MO-
JIYNIPOBOJHUKAMHU pa3JidyHble Onepaluu, KOTOpble MOXHO 00'beIUHUTD
OLHUM TOHSITHEM — «JIerMpoBaHue». JIerHpoBaHHe €CTb HE YTO HHOE,
KaK BBeleHHe Da3JIMYHbIX NpUMecell B UHUCTHIH MOJYNPOBOLHUKOBBIH
MatepuasJ. ODTH NPUMECH, Haxe eCcJd OHH B HHUTOXKHBIX KOJIHYECT-
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BaX — MUJIJIHOHHblE W MMJLIMapAHble JOJNH MPOLeHTa,— PagHKaJ/abHO
MeHSIIOT CBOHCTBa «caMmoro no ce6e» MoJyNnpOBOAHHKA.

JleifictBue npuMeceii B caMOM YNPOLIEHHOM BHJe MOXHO ONHCAThb
Tak: OHH 3aHUMAIOT MeCTa B KpHCTaJJIH4YecKoH pellieTKe OCHOBHOIO
BellleCTBA; B pe3y/abTaTe TaKOH 3aMeHbl B MOJYNPOBOAHHKE pe3KO
BO3pacTaeT KOJU4eCTBO CBOOOAHBIX 3apsiOB, H 1O CBOHM CBOHCTBaM
OH 3aMeTHO NpHOJMUKAaeTCs K MeTaIHYeCKOMY NPOBOJIHHKY.

[Tocne BBefeHHSI HEKOTOPBIX MNpHMecel — WX Ha3bBAlOT [IOHO-
pamMu — B TNOJIYNIPOBOAHHKE NOSBJAAIOTCA CBOGOIHbIE 3JMEKTPOHBI; Ha
pPHCYHKax B MONyJsipHBIX 6poiiopax UX oObIYHO H306pakaloT B BHIE
3TaKHX MaJieHbKHX OeralolliX LIapHKOB HJH KPYXKKOB C «MHHYCOM>»
B cepenuHe. Jlpyrde npuMecH — MX Ha3blBalOT aKIeNTOpaMH —
CO3Jal0T B MOJYNPOBOAHHKE CBOGOIHBIE MOJIOXKHTEJNbHBIE 3apsijibl;
Ha DHUCYHKax HX H306pa)kaioT TOXe B BHIE LIAPUKOB MJHU KPYXKKOB,
HO yXe, KOHEeYHO, C «IJII0COM» B cepeiuHe. [IpiueM B TakoM pHCYHKe
3HauYUTeJbHO GOJIbllIe HCKaXKaeTcsl UCTHHA, YeM TaMm, rle B BHIeE lua-
PHKOB H306pa)KajquCb CBOOOJHble 3JeKTPOHH. Jleso B TOM, uTO
CBOGOIHBIX, MTOABHMKHBIX YaCTHL C NIOJOXKHUTEJIbHBIM 3aPAL0M, C IJIIO-
COM», B MOJYNPOBOLHHKOBOM Martephane Boo6uie Het. MIX poJib BbI-
MOJIHAIOT TA4K HAa3blBaeMble «IbIPKH» — MOJOXHUTeJNbHble 3apsibl He-
NONBUXKHBIX aTOMOB C HeIOCTAIOLIUMH 3JieKTpoHamu Ha opbure. Ta-
KON aToM MOXKeT MepeXBaTHTb 3/JeKTPOH y CBOero coceia, U Tenephb
y>Ke TOT CTaHeT HOCHTeJeM NOJIOXKHUTeJbHOro 3apsna. B pesyJabrare
6bICTPOro MepecKakWBaHHs 3JEKTPOHA H3 aToMa B aroM B MOJY-
NPOBOJLHHKE, MO CYyTH Hena, nepeMelllaercsl «AblpKa», T. €., MO CYTH
Iena, IBHXKETCS MOJOXHTeJNbHbI 3aps.

[TonynpoBOAHHKOBbIE MaTepHaJbl C AOHOPHBIMH NMPHMECSMH Ha-
3bIBAIOT MOJYIPOBOLHUKAMH n-TUNA, a C AKLEeNTOPHBIMU MPHMeECIMH—
NOJIyNPOBOAHUKAMHU p-tTuna. ['1aBHOe BosLeGCTBO HAuHHAeTCsl TaM,
rie B ONHOM KpDHCTa/Jjie CONPHKAcCaloTCs YYaCTKH C 3JeKTPHYECKOH
NPOBOIMMOCTbIO pa3Horo tuna. Takas 06J1acTb COMPHKOCHOBEHHS Ha-
3biBaercs p—n-nepexonom (puc. 1).

Y>Ke ONHHOUHBIH p—n-Nepexoj ecTb OCHOBA BMOJHe 3aKOHYEH-
HOT'O 3JeKTPOHHOro npu6Gopa — AMOAA, KOTOPHI MNPOMYyCcKaeT TOK
TOJIBKO B ONHYy CTOPOHY: TOJbKO OT 30HBl p K 30He n. OH nmenaer
TO, YTO paHbllle NOPYYaau 3JeKTPOBaAKyYYMHOMY AHOAY — pafuHosamie
C IBYMSl META/VIHUECKHMH 3JEeKTPOLAMH. A TpPexcJOHHBIH «MHpOr» —
KPHCTaJ ¢ [ABYMSI NepexoiaMH, T. €. CO CTPYKTYpoH p—n—p HJIH
n—p—n —3T0 yXe YCHJIHTeNbHbIH NpUOOp, TPAH3HUCTOP.

OcHoBOH TpaZHLHOHHBIX MOJNYNPOBOAHHKOBBIX HHOLOB HJIH TPaH-
3HCTOPOB Bcerga Oblyl OLHOPOJAHBIH MOJYNPOBOAHUKOBBIH KPUCTAJT —
repManuil und KpeMHui. B camMom KpucraJie, Kak y»e TOBOPHJIOCH,
UMenuch 06/1aCTH ¢ pa3HbIMH NPUMeCSIMH, HO OCHOBHOH MaTepHaJ
octaBaJjcsl HeuameHHoiM. Ho cyuiecTByloT emnie Tak Ha3biBaeMbie
reTepOCTPYKTYPbl, B KOTOPBIX He TOJbKO CO34al0T 06J1aCTH C pa3HbIMH
CBOOONHBIMU 3apSIIaMH — 3JIEKTPOHAMH U «AbIPKAMH», HO U MO Mepe
BLIpAIMBAHHSl KPHCTAJ//la MEHSIIOT caMy ero OCHOBY, CaMO BelllecTBO,
H3 KOTOpOro CTPOHTCSl KpHCTasJuyecKas peulerka. Hauunalor, Ha-
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npumep, BblpallMBaTh KPHCTAJJl H3 OAHOrO pacTBOpa, H3 apceHHAa
rasaus GaAs, a MPOAOJIKAIOT BblpallldBaHHe, 3aMeHsIsl YaCTUYHO HJIH
MNOJHOCTbIO 4TOMbl TaJJiis Ha aToMbl aJIOMUHUSI (puc. b, 7). Takum
06pa3oM, reTeponepexon — 3TO KOHTAKT pa3J/H4yHbIX NO XHMHUYeC-
KOMY COCTaBy TMNOJYNPOBOAHHKOB, OCYLIECTBJEHHBIE B OJHOM KpH-
craJgJe.

[ast yero 3to HyxKHO? [Ins yero npocToit OLHOPOAHBIH KpHCTaJ
3aMeHsITb CJOXKHBIMH reTtepocTpykrypamu? KoHeuHo e, menaertcs
3TO palHd ONpejieseHHbIX NPaKTHUeCKUX BblUrpbiileili. Co3faHue rere-
POCTPYKTYp €CTb NMPUHLUNIHAJbHO HOBBIH Cnoco6 ynpasJyieHHss (H3H-
YeCKUMHU TMpollecCaMu, NMPOUCXOASIIHME B MMOJYNPOBOAHHUKOBOM IIpH-
6ope. Ouenb OTAAJIEHHO 3TO HANOMHHAET CO3JaHHe CJOXKHbIX MHOTO-
,JEKTPOJOHBIX pajuo/iamMn: 4Tobbl ynpaB/sATb NBHXKEHHeM 3apsloB B
JamMre, yJyyiiaTh ee YCHJIHTeNbHble COCOGHOCTH, B 6aJJIOH BBOAHJH
JOTIOJIHHUTEJIbHble 3JIEKTPOLbl — CTAaBHJIM JOMOJHHUTEJNbHblE CIIHPAJH
H CEeTKH Ha NYTH OSJCKTPOHHOrO Jyda, TOPMO3HJH HJH YCKOPSIJIH
3JIEKTPOHBl 3/EKTPHUECKHMH MOJASAMH, CXKHMAaJH 3JEKTPOHHBIH MOTOK
CBOEro pojfa OTPa)KallMMH TNJIacTHHaMH. B nosynpoBoaHHKOBbI
KPHCTAJJIHK He BJe3ellb, uTOObl KaK-TO MOBJHSTb Ha JBHXXKEHHE 3a-
panoB B HeM. Ho 3aTO TOHKMMM TEXHOJOTHYECKMMH [pHEMAaMH, CO-
3IaHHEM TeTepOCTPYKTYpP, MOXKHO BJIHATb Ha (PU3HUeCKHe CBOHCTBA
KPHUCTAJIMKA B ONpe/e/eHHbIX ero yyacTKax H UMEHHO TaKHM CIOCO-
60M N0GHBaTbCS HYXKHBIX XapakTepucTHK 6yayuiero npubopa.

Yxe ¢ NepBbIX CBOUX (1AroB (pusm(a MoJynpoBOAHUKOB BCTyNHUJ/4d
B CO103 C OﬂTl/lKOﬁ, W B HallXW JHH 6Jlal‘0,£l2lpﬂ 3TOMY COlO3Yy TE€XHH-
Ka mnoJiy4nja HeMaJJo TINpeKpacHblX TOJAapKoB, TakKHX, Hamnpumep,
KakK MnoJynpoBOJHHKOBbLI€ q30T03J'l(:‘MeHTbl, fnpespainaouide CBETOBYIO
JHEPTHUIO B 3JIEKTPHUUYECKYIO,— H3 HHX, B HACTHOCTH, C06paHbl nmaHeJ/dd
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COJIHeUHbIX 6arapeli, KOTOpble KOPMSAT 3JeKTPO3HEeprHell KOCMUYecKue
Kopa6au. WUmu takux, Kak cBeTOAMOAbl, H3 KOTOPbIX coGHpalOT LHU-
poBble Ta6Ji0 MHOTHX MUKpoKommbioTepoB. Muu, HakoHeu, mosaynpo-
BOJIHHKOBblEe Ja3epbl — MpeAMeT HUCCJAeLOBAHUH Halledl 4YeTBepKH
MOJIOABIX (DH3HKOB.

[TonynpoBogHUKOBBIH Ja3ep — 3TO TOT Ke nuox. Mau, ecau rtou-
Hee, ONpeJle/IeHHOr0 THIMa MOJNYNPOBOLHUKOBBIA NIHOA NMPU ONpejeJieH-
HBIX YCJOBHSIX MOXeT HaBaTb Ja3epHoe u3aJydyeHHe. Korpma nauon
BKJIOUEH B NMPSIMOM HAaMpaBJeHUHd U NPONMYCKaeT TOK, TO K p—n-ne-
pexony c o6eHux CTOPOH ABHXKYTCS 3apsifibl: U3 30HBI 11 — 3JEKTPOHHI,
U3 30HB p — «IbIpKU». B y3ko#t ob.jacTu p — n-nepexoga OHH pe-
KOMOHHUPYIOT, OOBEeNUHSIOTCS — CBOOOJHBIE 3JIEKTPOHbl 3aHHMAIOT
MecTa B aToMax C HelOCTalollUMH 3JekTpoHaMd. M kaxaeiii Takoi
aKT peKOMOWHALWH COMPOBOXHAeTcs BblAeJeHHeM MOPLUHU 3HepTHH,
4acTo HM3Jy4YeHHEeM KBaHTa B BHAWMOH HJH HHPPaKpacHoO# o6JacTH
cnektpa. Yacrora (AJMHa BOJHBI) HU3JyUeHHS 3aBHCHUT OT TaK Hasbl-
BaeMOH LIMPHHBI 3aNpelleHHON 30HBI JAHHOrO MOJYNPOBOAHHKA. DTO
HaCTOJbKO Ba)KHasi XapaKTepUCTHKa, YTO O HeH CTOUT CKa3aTb He-
CKOJIBKO CJIOB 0c060.

DJieKTPOHBI Ha Op6HTaX aToMa MOryT o6/afath CTPOro OnpeneseH-
HbIMH 3anacaMH 3HeprHH, HJH, HHBIMH CJIOBAaMH, MOTYT UMeTb CTPOro
omnpeleJsieHHble 3HepreTHueckde ypoBHH. MXx mnpuHsto otobpaxarb
TOPU30HTAJbHBIMU JHHUSIMH Ha JAHarpaMMe ypOBHeill: ueM G6oJblie
3Heprus 3J1eKTPOHA, TeM Bblllle pacnosoxeHa JuHust (puc. 2). Camble
BBICOKHE — YPOBHH BHEIIHHX, BaJIEHTHBIX 3JEeKTPOHOB, KOMIJIEKT
3THX ypOBHeH Ha3bIBAIOT BaJIEHTHOH 30HOH. 31ech CJAOBO «30Ha»
He HMeeT HuUYero obuiero ¢ paloHaMH KpHCTaJJia, C €ro 30HaMHu
n ¥ p; NPOCTO JBa pa3HbiX NMOHATHS Ha3BaHbl OAHHM H TeM Xe CJO-
BOM «30Ha». MOXHO KakuM-To o6pa3oM ewie 6oJbllie YBEJIHUHTb
3HEpPTHI0 3JIeKTPOHa, HO NMPH 3TOM OH yXe YHAeT U3 aTtoma, CTaHeT
cBOo6OHON yactuleli. Takue 3/7eKTPOHbl KaK pa3 H yyacTBYIOT B CO-
3JaHHM TOKA, MX HA3bIBAIOT 3/1EKTPOHAMH MPOBOAUMOCTH. A KOMIJIEKT
HepreTHYECKHX ypPOBHeH 3THX 3J1eKTPOHOB 06pa3yeT TaK Ha3blBaeMylo
30Hy npoBopumocTH. OHa, KOHeyHo, Bblllie, 4YeM BaJleHTHas 30Ha.
U He mpocro BbIlle — MeXIy BaJeHTHOH 30HOH M 30HOH NMPOBOAUMO-
CTH BCErJa CYLIeCTBYeT CKauOK; HMeeTCsl HEKOTOphIH [Hana3oH 3Hep-
TeTHUECKHX COCTOSIHHHA, B KOTOPBIX 3JEKTPOH B NPUHUHUIE He MOXKeT
HaxoauTbcs. MMeHHO «B mnpHHULHUNE» — 3TO 3anpelieHO0 3aKOHaMH
KBAHTOBOH MeXaHHKU. BOT 3TOT nHanasoH 3amnpeuleHHbIX COCTOSIHUH,
3amnpelleHHblX YPOBHEH H Ha3blBAlOT 3anpelieHHOH 30HOH.

OHeprusi 3MeKTPOHOB, UX 3HepreTHUeCKHH ypOBeHb, H3MepsieTcs
B 3JeKTPOHBO/MbTaX. B 3THX »Ke elHHHLAX H3MepseTcs M LIMPHHA
3anpelieHHON 30Hbl, T. €. pa3/iHyke 3HepreTHyecKUx yposHeH. llupu-
Ha 3amnpelleHHOH 30HBI ONpefessieTcss CaMHM MHOJYNPOBOLHHKOBLIM
BEILECTBOM, €r0 XHMHYECKHM COCTaBOM H CTPYKTYPOH.

PekoMGHHALMSI Mapbl JEKTPOH — «IbIpKa» — 3TO, MO CYTH [eJa,
nepexol 3JeKTPOHA H3 30Hbl TNMPOBOLUMOCTH B BaJEHTHYIO 30HY.
Dtieprusi, KOTOPYIC TepsieT 3JEeKTPOH, KaK pa3 U pacxolyercss Ha
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ussnyueHue. Ml oHa, 3Ta 3Heprusi, ectecTBEHHO, TeM GoJiblie, UEM Bhiilie
IHepreTHYeCcKasi CTyleHbKa, C KOTOPOH «CHPBITHYJ» 3JeKTPOoH. A uem
GoJiblliasi SHEPrdsi BJOXKEHA B KBAHT H3JyueHHs, TeM Bblllle ero ya-
CTOTa, KOpoue [JHHA BOJIHHL.

B 30He MpPOBOAMMOCTH, TaK Xe KakK H B BaJieHTHOH, MHOTO G6JiH3-
KHX YypOBHeH, W H3 06/acTH p—n-nepexofa, rie peKOMOHHHUPYIOT
3JIEKTPOHBl H «IBIPKH», HAET H3JyuyeHHe pPas3HblX, XOTS U AOBOJBHO
6s1u3KuX, yactoT. M3myueHue, pasymeercsi, NOsIBJAsieTCs JHLIb TOTHA,
KOrjia 4yepe3 p—n-nepexofi HAET TOK, H PACXOAUTCS OHO MO KpHCTAJ-
Jay Bo Bce ctopoHbl. [loka 3To eile He sa3ep; Tak paboraer, CKaxem,
CBETOMHOML: CO3[JaJl TOK, MOJNyuuJ cBeT. UToObl MONy4uThb Ja3epHblil
Jyd4, T. €. MOHOXPOMAaTHUYeCKOe, KOrepeHTHOe H3JyuyeHHe, HY)KHO Bbi-
NOJIHUTb [eJIblH psif 0cOObIX ycsoBui. [1aBHOe U3 HUX — HeoOXOOHu-
MO HOOHTBHCS, UTOGbl MHOTHE 3JIEKTPOHBI OLHOBPEMEHHO H3Jyyasau Ha
6au3kux yactorax. Ha oueHp 6iu3KUX. A 1J51 3TOTO B CBOIO ouepeib
HY2KHO, YTOGbl GOJbIIOE KOJHYECTBO 3J€KTPOHOB MOAHSAJIOCH Ha OYeHb
6/1M3KHe 3HepreTHYecKHe CTyNeHbKH B 30He mpoBogumoctu. W uror,
K COXAaJIeHHI0, He OuYeHb pPaZOCTHBIH — [/l TOJIydeHUs] J1a3epPHOTO
H3JIyYeHHUS U3 p—n-Nepexofa Hy>KHO NPONYCTHTb uepe3 Hero 60JIbIIOoH
TOK (pHc. 3). DTOT TOK He UTO HHOe, KaK TOK HaKauyKud, OH MOCTaBJIsI-
€T B p—n-TNiepexofi CaMd H3JydyaTresu, MOCTABJSET 3JEKTPOHB H
«IBIPKU>.

B orpomHOM ceMelicTBe Jia3epoB MNOJYNPOBOLHUKOBbIE Ja3ephbl
BbIIEJSIOTCA HECKOJbKHMH HENOBTOPUMBIMH OCOOGEHHOCTAMH. B HuX,
HanpuMep, Jerko YyNpaBJsiTh HHTEHCHBHOCTBIO H3JYUeHHS, MOAYJIH PO-
BaTh €ro, AJs1 3TOr0 JOCTATOYHO MPOCTO MEHSITb CHJY TOKa uepe3
nepexol; 3TH Jiadepbl MMUHHATIOPHBI, TOJbKO OHU MOKa MOTyT Ha pas-
HblX BOHTH B COBPEMEHHYIO 3/IeKTPOHHUKY, rje pa3Mepnl AeTaJneil HaMe-
PSAIOTCSH MUIJIUMETPaMH M MHKPOHaMHU.

Wpess noJsynpoBOLHUKOBBIX Ja3epoB MOSIBUIACH JeT [BaAuaTh
Hasall, Ha 3ape KBaHTOBOH 3/1eKTPOHHKH, OTPOMHBIH BKJIAJ B €€ peaJi-
3aldl0 BHeCJH COBeTCKHe (U3HKH, TJaBHBIM o6pa3zom B Mockse,
B ®usuueckom uHctuTyTe M. Il. H. JleGeneBa, u B JleHuHrpane,
B ®usrexe. B TeueHne cpaBHUTENBHO KOPOTKOTO BpeMeHH OblJd Halise-
Hbl IECSATKH MOJYNPOBOLHUKOBBIX MaTepHaJOB AJIS1 J1a3epoB, CO3LaHbl
KOHKpeTHble npu6Gopbl. OfHAaKO HOJTHe Tofbl OCTaBaJICs NpaKTHye-
CKH HeYCTpPaHHMBIM TJIABHBI HEJOCTATOK NPUGOPOB — HEOOXOLUMOCTb
6osblIoro ToKka Hakauykd. M3-3a 3toro, B yacTHOCTH, Ja3epnl, pa6o-
Talolide B HEMpepbIBHOM peXXHUMe, NMPUXOAHUIOCh CHJIbHO OXJIaXXAaTb,
06bIYHO 10 TemNepaTyphl xkuaKoro azora (—196 °C). Y umeHHo unes
reTeponepexoioB OTKPblNa NYTh K PE3KOMY CHHXKEHHUIO TOKA HAKaYKH.

B mosynpoBoIHHKOBOM Ja3epe € NMpOCTeHlled reTepoCTPYKTYpoOH
olHa U3 obsacTeli KpHCTaJJia, CKaXkeM 30Ha p, o6pa3oBaHa W3 ABYX
pa3Hblx BeugectB (pHc. 5). Ilpuuem BellecTBO, KOTOpOe HaXOZHUTCH
faJjbliie OT p—n-Nepexona, uMeeT GOJbLIYIO IIHPUHY 3anpelieHHOH
30Hbl. W1 Guaromaps 3TOMy OHO KakK Obl OTTAJKHBaeT B CTOPOHY
p—n-niepexofia 3JeKTPOHbl, KOTOpble 3a cueT AUDGy3ud Heu36eXHO
NpoJie3aloT Ha UYyXKylo TeppuTopHio. B GoJiee cJI0KHOU CTpyKType
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ellle U BellleCTBO 30Hbl 1 MOAOHPAIOT C TAKHM pacyeToM, utobbl B Hee
3a cuer nuddysud He nporekasnu <«AbIpKM». B pesysabraTte B y3KOH
o6siacTd caMoro nepexopa «6ecmjaTHO» MOBbILIAETCS KOHUEHTpauus
3JIEKTPOHOB H «JBIPOK», @ 3HAUUT, YKe HyXKeH MeHbLUHH TOK AJs Ha-
Kauku Jasepa. VM rnosiBasiiorcst rerepoJiasepsl, nalolide HellpepblBHOE
H3JlyyeHde TMPU CPaBHUTEJNbHO BHICOKOH TeMmnepaType, BJIOTb JO KOM-
HaTHOR W Bblile. BnepBble B MHpe Takue Ja3epbl OblJIH CO3AaHbI
B ®usrexe B 1969 r.

DTO TOJBKO MPOCTO TOBOPUTCA <«KpHCTaAn 06pa3soBaH H3 ABYX
pasHbiX BellecTB». B NEACTBHTENbHOCTH XK€ CTHIKOBKA [JBYX BellleCTB
B OLHOM KpHCTaJJe AJsi Ja3epa — AeJ0 oueHb cuaoxHoe. Ilpexne
BCETO HYXXHO C BBICOKOH TOYHOCTBIO COIJIACOBATH NMOCTOSIHHYIO pellleT-
KH — pacCTOsIHHEe MeXJy AaTOMaMH HCXOJHblX BelllecTB (puc. 4).
EcJsii noctosiHHast pelieTKd 6yaeT pa3iuyaTbCsl XoTs 6bl Ha HECKOJNbKO
COTBIX [IOJIeH aHrCTpeMa, TO HUKAKOTO Jia3epa He MOJNYUHTCS, BCe H3JY-
yeHde NMOTUGHET BHYTPH KpHCTasJja, Ha ero BHYTPEHHHX JedekTax.
Kpome Toro, mosxHbl 6bITh NO06paHbl TeMIIepaTypHble U ONTHYECKHE
XapaKTepUCTUKH MartepuaJsoB. [lepexox ot ofHOro marepuaja K Apy-
rOMYy [IOJ2KE€H CONMPOBOXKAATbCS OlNpefeseHHbIM H3MEHeHHeM LUHPHUHbI
3anpeuleHHOH 30HbBl — B 3TOM-TO M CMbICJ retepomnepexona. [Ipuuem
3anpeilleHHas1 30Ha aKTHUBHOH 06J/1aCcTH JOJKHA obecrneyuBaTh 3afaH-
HYI0 AJWHY BOJIHB H3jayueHds. KcraTH, HMeHHO 3Ta CTOpPOHa [eJja
6bljla TpeIMEeTOM HCCJAEHOBAHWH TrepoeB Halero MOBECTBOBAHHUS.

Jlejo B TOM, YTO MepBble rerepoJasepbl H3Jaydajiu B HHPpa-
KpPacHOH M KpacHo# o6JiacTX — 3anpelleHHass 30HA HU3Jyuyaroulero
BelLIeCTBa, KaK MpaBuJO, MoJyyaJach AOBOJbHO y3ko#i. M 3apmaua
cTaBWJach TakK: CO3JaTb TeTepOCTPYKTYpYy ¢ OGoJiee IIMPOKO3OHHOM
H3Jayuyatwouel obaactpio. PaboThl BeJHCb ¢ TPEXKOMIIOHEHTHBIMH TBeD-
IbIMH pacTBOpaMH coeidHeHu#t A B, B To Bpemsi yXe TpalHIHOH-
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HbIMH; 0603HaueHHe A; B rOBOPHT O TOM, UTO B COeJHHEHHE BXOIAT
3JIeMeHThl TpeThel W MsATOH rpynn tabauubl MeHgesneeBa, HanpuUMep
docpop u unau# (InP) wau rannuit u mbiubsk (GaAs). Teepabld
pacTBop — 3TO, MO CyTH HAena, rHGPUL ABYX KPHCTaJIOB; OH BbIpa-
L1HBaeTCsl U3 pacijiaBa, B KOTOPOM €CTb KOMIIOHEHTH! H OHOTO, U [pY-
roro. A xapakTepUCTHKH THOPHAA 3aBUCAT OT COOTHOIUEHHS 3TUX
KOMIOHeHTOB (puc. 6).

[TorckH HOBBIX MaTepHasoB AJISI TeTePOCTPYKTYP — 4pe3BbluaiHO
TpyZOeMKasl 3KcnepuMeHTasbHass pabora. Bemercs ona, pasymeercs,
He BCJENylo, Ka>KAblii HOBBIH pe3y/ibTaT aHaJU3UpyeTcsl € MO3ULHUH
TOHKOH TEOpHH MNOJIYNPOBOJHHUKOB, M3 HEro H3BJIEKAlOTCS KaKHe-To
noJie3Hble BHIBOJBl AJIS1 CJAeLYIOIHX Npo6.

HcciienoBaHne ClOXHBIX TPEXKOMIOHEHTHBIX PacTBOPOB MNPHBeEJO
K MapafoKcalbHOMY, Ka3ajocb Gbl, BBIBOLY: HYXHO elle OoJblie
YCJIOXKHHTD CHCTEMY, OT TpeX BellecTB MepeHTH K yeTnipeM. Pa6o-
TaTh C YeTbIPEXKOMIIOHEHTHOH CHCTeMOH, KOHEeuHO, CJOXHeil, ueM
C TPeXKOMIOHEHTHOH,— pe3Ko BO3pacTaeT YHUCJI0 BO3MOXHBIX KOM-
6uHanui ucxogHblx BeulectB. Ho ogHoBpeMeHHO H 6oJiblie BO3MOXK-
HocTe#l [Jisl COrJIaCOBaHHUsl Pa3yIUYHbIX 06JacTell CJ0XKHOHU rerepo-
cTpyktypbl. UIMeHHO cpenaB TPYAHBIH 1Al K YeTbIPEXKOMIIOHEHTHBIM
TBEPABbIM pacTBOpPam M HauaB, MO CYTH [eJia, HOBbIH payHA HCKaHHH,
MoJsiofible (PU3HUKH B HTOre NOGHIHCHL yClexa — CcO3JaHHble HMH rere-
POCTPYKTYpbl AaJu Jla3depHoe H3JyuyeHHe H CABHHYJacb, HaKOHell,
BBEPX caMa 4YacCToTa H3JY4YeHHS — yIajocb MOJYYUTb OpaHXKeBbli
Ja3epHbIH Jyd H Jake 3eseHblil.

M ewe onuH pesyabTaT — 0 HeMm pacckasbiBaeT )Kopec HBa-
HoBHY AandepoB:

— Pab6ora, ynocroeHHasi npeMdd JIeHHHCKOro KomcomoJia, He
NPOCTO HAXOAMTCA Ha MNepeloBHIX py6eax MHPOBOH HaykH, pe-
3yJabraThl paGoTbl Ha psiie yyacTKOB [aJjieKo MPOABHHYJHCH 33 3TH
py6exu. BrinojHeHHble B YCJOBHSIX XKeCTKOH KOHKYPEeHLUHH C Kpyn-
HbiMH HayuHbiMd neHTpamd CUHIA u SInoHWu, 3TH HccleoBaHUS Haju
Hallel crTpaHe JUAUpYIOLLee MOJOXKeHHe B OLHOH M3 BaXHbix 06Ja-
cTefl GU3HUKH H TEXHOJIOTHH NMOJYNPOBOAHHKOBBIX NpH6OpOB. Xouercs
0c060 OTMETHTb, YTO METO[bl HCCICAOBAHHH M TEXHOJOTMYECKHE IPH-
eMbl GbUIH MOJy4eHbl CAMHMH MOJIOABIMU (H3UKAMH, a8 He UX CTapllH-
MU ToBapHuiaMu. M TakiM 06pasom, BaXKHLIM Pe3y/IbTaTOM BCeH 3TOH
paboThl HYXXHO, HaBepHOe, CUMTAThb pPOXKAEeHHe 4YeThipeX Cepbe3HBIX
HccienoBareJied co CBOMM Hay4yHbIM MOYepKOM — HCcJefoBaredei,
yMeLUX NMPHHUMATb CaMOCTOSITeNbHbIE pelleHHss U 6paTb Ha cebs
OTBETCTBEHHOCTb 32 HX pe3yJbTaThl.



2:0 B nonb3y TeneBusopa

Yenexu MuKpoanexkmpoHuKu no3gonuau co3dame NpuCmaexy K meneeu-
30py, Komopas npeepawjaem e20 3KPAH 8 C80e20 podd CnOPMUBHYIO NAO-
wadky u no3gossem eam, He 66ix00A U3 KOMHAMbI, uUZpamb 6 ,,XOKKeud“,
»MEHHUC U Opyaue menesu3UOHHbIE UZpb.

OuyeHb MOXOXe, YTO TEJEBH30P — 3TO PaA3MHOXKEHHOe MHUJTHOH-
HbIMH THPa)XaMd 4YyAO PAaLHOTEXHHKH H 3JEKTPOHHUKH — OCBaHBaeT
HOBBI pa3B/ieKaTeNbHbIH XKaHP W TeM CaMblM BbIMTPLIBAET elle OLHH
payHn B 6opbbe 3a Hail gocyr. Peub HeT 0 AOMalIHUX TeJNeBU3HOH-
HbIX HTPax, B KOTOPbIX 3KPaH TeJeBH30pa, MOJHOCTbIO OTKJIOUHBIIUCH
OT mporpamm, npubbLIBAOUIUX H3 3dupa, CTAHOBHUTCS apeHOH OueHb
3a6aBHBIX COCTSI3aHHH, TAKHX, HaNpUMep, KaK «TEHHHC», «XOKKeW»,
«dyr6oas». Mrpaere Bbl B HHX CO CBOUM CHASILIUM DPAAOM INapTHe-
pOM, W 3TO pasBjedyeHHe UYeM-TO HANMOMHHAeT HACTOSIUHH TEHHHC
Hau Hacrosiuliii xokke#d. C ToH, KOHEYHO, pa3HHIlel, UTO He HYXKHO
GeraTb M TpbHIraTh, yLapsATb KJIOLWIKOH WJIH PaKeTKOH, He HYXHO
NpeojiosieBaTh YCTAJNOCTb, YyTHPATh COJEHbIA MOT ¢ JHLa H B 6opbbe
3a noGeny BbIKJaAblBaThb CBOM (uanueckue cuibl. Bece aTpubyThl
TeJIeBU3HOHHOH WIrpbl — XOKKefiHble BOpPOTa HWJAM TEHHHCHasd CeTKa,
Ms4, wWaii6a, KAOWKA, paKeTKH, FPaHUIbl N0Js — B BHJe HEKOTOPbLIX
YCJIOBHBIX (DUIYPOK W JIHHUH TMOSIBASIIOTCS Ha TeJeBH3HOHHOM 3K-
paHe, W, cpaxasicb C MNPOTHBHHKOM, Bbl YyjaapsieTe <«paKkeTKOH»
N0 «Msiuy», [BUrasi JJIsi 3TOCO pbUAXXKH WJAH [OBOpavyHBast
PYUKH.

Uto6bl yuTaTe 10 Jerde OblJIO MNpencrtaBuTh cebe, 4TO Takoe
JoMalllHie TeJIeBU3HOHHbIE HTpbl, monpobyem GoJsiee WM MeHee MOJK-
poGHO onucaTbh OAHY H3 HUX — NPOCTEHINHHA TeHHuC. (Mbl, noxasnyi,
6osblie He OyneM YHOTpeGJsATb KaBbIUKW, HHAUE OHHU MPOCTO 3allo-
JIOHSIT 3TH CTPaHHLbl; BCe Ha3blBaeMble [aJbllie CHOPTHBHbIE HIPHI
M IpeAMEeTH CHOPTHBHOTO HHBEHTaps — 3TO He 6Gojiee uyeM YyCJOB-
HOCTb.)

Hrpa ocyuecTBasercss ¢ noMoLblo HeGOJbILOH, PA3MEPOM C KHHU-
Ty, NPUCTaBKH, OT KOTOPOH HAET KyCOK KabeJsisi CO ILUTEKEPOM Ha
KOHLe. DTOT IUTeKep BKJIOYAeTC B aHTeHHOEe THE3L0 TeNeBH30pa;
camMa TeJleBU3HOHHAsl aHTEHHA NPH 3TOM, KOHEUHO, BbIHUMAeTCsi H3
rHe3ga. Ha npucraBke HecKoJibKO pydeK ynpaBJieHHsi, B TOM YHCJIe
IBe DYUYKH, NIOBOPOTOM KOTODBIX HMIPOKH [BHTaloT MO 3IKpaHy CBOH
paKeTKH.

TesieBU30p BKJIIOUEH, HAXKAaTa KJAABHILA BKIIOYEHHS TPUCTABKH, H
Ha 3KpaHe cpa3y e MOSBJSAIOTCA [Be TOPH3OHTAJbHble TOHKHE JIH-
HUM — FpaHulLlbl HTPOBOH mJowlaaku (puc. 2,a). B cepeamne mio-
LlafIKH MPOXOAHUT BepTHKaJbHas JHHUA — 3TO cetka. CnpaBa, y ca-
MOro Kpasi mJomaikd, HeGosblloH, AJUHOH 3—4 cM, BePTHKAJbHBIH
NPSIMOYTOJIBHUK — 3TO Halla pakeTkKa. A y JIeBOTO Kpasi MJIoLllagKd
TakKasl XKe pakeTKa NPOTHBHHKA.
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BBepxy no o6e cTOpOHBI OT ceTKH ABe Uuppbl — 310 cuet. [Toka,
KoHeuHo, cuer 0:0, urpa eile He Hauarta.

Hy uto X, HauHeM, noxasyi... Haxumaem cooTBeTcTByOLLYIO
KJaBUUIY TPUCTaBKH, U Ha 3KpaH BbILJIbIBaeT sipkasi Gejqasi TOUKa —
Msid. OH GbICTPO JIETHUT 1O APSIMOH JIMHUH CJeBa HampaBo, lepeJe-
TaeT CeTKy (TOuHee, MPOXOIHUT CKBO3b Hee — BCE Belb NPOHCXOMHT
Ha IJIOCKOCTH) M [BHKeTCsl yXKe IO Hallell MOJOBHHe MOJsI KyAa-To
BNpaBo-BHU3... HaM HyXHO GbicTpee MOBEpPHYTb PYUYKY, MEPEMECTHTh
CBOIO pakeTKy BHH3 H OTOUTb Msiu (pHc. 2, 6)... Kaxercs, ycnenu —
Ms14 OTOHT H JIeTUT B CTOPOHY NPOTHBHHUKa (pHc. 2,8)... Tenepp yxe
€My, NPOTUBHHKY, HYXXHO BOBPEMSI NepeMeCTHTb PaKkeTKy B Npenno-
JlaraeMy10 TOYKY BCTPeuHd ¢ MsiYoM... Ho npoTuBHHK mepecrapaJjicst —
OH CJHILIKOM BBICOKO MOJHSIJI PaKeTKy, Msi4 MPOCKOUHJ MHMO Hee,
ylles 3a Npefejbl NJAOMWAAKH (pHC. 2,2), H MHIAHKATOP cyeTa cpasy
nokasaJa |:0 B Hawy mosab3y. Ypa!

Msy cHoBa B Hrpe, OH BJeTaeT Ha IUIOUIAAKY B HanpaBJIeHHU
npourpasuiero... Ha 3tor pa3s nmpoTuBHHK ycneBaer, orGHBaeT Msd,
H TOT ONfATb JIETHT Ha Hac, JeTHT BhpaBo-BBepX. Curyauusi 3HaKo-
Mast — ObICTpO NMojHHMaeM paketky (puc. 2,0)... Ho uro 3to? My,
OKa3blBaeTcsl, MPOCUUTAJHCH — HE YWJH, UYTO MSAY LieJ MOj OueHb
60JIbIIMM YIJIOM H H3-3a2 3TOTO YAApHJCS O BEPXHIOW TpaHHIy
NJIOLIAJKHY. ..

[To mpaBusiaM paHHOW MIpbl MSIY OTPaXKaercsl, OTJETAET OT ro-
PH30HTAJIbHBIX 'PAHHLL 10Js1 (0OOBIUHO BEPTHKAJbHBIX TPAaHULL BOOOIILEe
HeT, U M4 MOXeT JIerkKo YATH, HO TOJbKO BJIEBO HJIH BIPAaBO, a BBEPX
HJIH BHHM3 He MOXET), Pe3KO NMOBOPAYHBAET BHU3, U Mbl yXKe He ycle-
BaeM NOJACTaBUTb PaKeTKy (puc. 2,e)... Huuero He nomenaewp — 1:1.
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CoBpeMeHHOr0 YeJoBeKa OKPy»KaeT OrPOMHOE MHOMKECTBO CaMbIX
pasHooOpa3HbIX MallWH, NMPUOOPOB, annaparoB, H, KOHEYHO Xe, He-
BO3MOJKHO 3HaTh, KaK BCe OHH yCTpOeHbl, Kak paboraior. HeBo3mox-
HO U He o6si3atesbHO. EcTb HeMaJsio poTtorpados-mobureneit, KoTopbie
[eJaloT NpeKpacHble caalfpl, XOTs M He 3HAlOT, Kak obpasyercd
BeTHoe H300paxkeHHe Ha o6GpaTumoli niaeHke. M Hemaso wodepos-
Jo6uTenel, KOTOpble NPeKpacHo BOAAT MaWlMHY H NPH 3TOM 3HATh
He XOTSIT, UTO MNPOHCXOAMT, KOTZA HOra Ha)KHMaeT Mejpalb clemnJe-
Hus. Hy a 6e3 3HaHWs1 3a3KpaHHBIX CEKPETOB TeJEBH3MOHHOH HIpbI
HaBepHsIKa MOXHO NMPOXKHTb: YyTOO6bl TOYHO IBHUraTh PaKeTKy, COBCEM
He 00513aTe/bHO MOHHMAaTb, Kak HMEHHO 3Ta pakKeTKa HapHCOBaHa
Ha 3KpaHe M Kak MepeMelllaercsi, KakK JABHraeTcs Ms4, BeJeTcs
cyer, 3aXKHUrawTcs LUPPHL.

M Bce xe B pacuere Ha NbITJIHBOrO YHTATeNsl, HA BO3MOXHbIE
BCNBIILKH JIOGOMBITCTBA Mbl YJ€JUM 3THM NpOLleCCaM HEMHOTO0 BHH-
maHusi. CoBceM HeMHOro. A NONMYTHO 3aMeTHM: B TeJIeBH ‘MOHHBIX
Hrpax JeKTPOHHKA HCMOJb3yeT CBOH KJAaCCHYECKHe METOAbl 1 CACMbl,
3HAKOMCTBO C HHMH MOXET NPHUTOLHTHCS NPH BCTpeue C TCXHIKOH,
JlajileKkol OT pa3BJiedyeHHUH.

HauneM ¢ onucaHusi AByX npocteHinux onsiToB. OIMH U3 HUX BHI,
HaBepHoe, yXe HabJoNa/l HJIH JarKe HenpegHaMepPeHHO Npoie/blBa-
JU caMu: ecad BOJH3H TeJieBH30pa BKJIOUHTb 3JEKTPOODHTBY C
MOTOPUYHKOM, HanpuMmep «XapbKOB», TO Ha 3KpaHe 3aMelbKaeT MHO-
JKECTBO UepHbIX H GeJibiX NMSTeH W NATHbIeK. Bropoit onbiT crepyer
nponesaTb CrHelHanbHO — OH OueHb MNpPOCT H COBepllieHHO 6e3omna-
ceH. BecraBbTe B aHTeHHOe THe3/l0 TeJleBH30pa Kycok nposoja (puc. 1)
1 HabpocbTe €ro Ha BKJIIOUEHHBIH TPAH3UCTOPHbIH NPHEMHHK — Ha
3KpaHe NOSBATCH 3aMbICIOBAaTbie Y30DPbl, IPAAMble 1 BOJHHCTHIE JHHHH,
TeMHble U cBeTJible NsATHA. Ecau noBopauyuBaTh Mepek/aioyaTenu Aua-
Ma30HOB WJIM BpallaTh PYYKy HACTPOHKH MPHEMHHKA, TO Y30pbl 3TH
NPUAYT B JABHXKEHHE, a NPH HEKOTOPBIX MOJNOMKEHHAX PYUKH HaACTpOH-
KH OHH OCTAHOBATCS U GYyAYT OCTaBaThCH B CPAaBHUTENbHO YCTOHYH-
BOM COCTOSIHHH.

Tenepp BbIBOA: NMOCTOPOHHUH 3JeKTPUYECKHH cHrHAJ, NMONaB B
TeJeBH30p, MOXeT CO3[aBaTh Ha JKpaHe KaKHe-TO 3JeMEeHTHhl Kap-
THHKU. [louemy MesbKaer 3KkpaH, kKorjga psinoM paboraer GpuUTBa?
[ToroMy, 4TO MCKPHT KOJJIEKTOp e€e MOTOPYHKAa, B NpoLecce HUCKpe-
HUSI B LlefIH Pe3KO MEHSIeTCS TOK, pe3KHe 3JeKTPHUYEeCKHe BCIJIeCKH
TOKA KaKHM-TO 06pa3oM NMPOHHKAIOT B TeJieBU30p (JHOO uepe3 ceTb,
JH60 NPSAMO yepe3 aHTEHHY) W HUMEHHO OHH, 3TH He3BaHble 3JEeKTPH-
yecKHe CHTHaJIbl, T0OYepeHO CO3JAal0T Ha 3KpaHe OeccueTHble GJHKH.
[IpuMepHO TO XKe caMoOe NPOUCXOLHMT H B ONBITE C NPHEMHHUKOM.
[TpakTudecku Bce coBpeMeHHble NPHEMHHKH — 3TO CYyMepreTepoauHb,
Yy HUX BHYTPH HMeeTcsl COOCTBEHHBIH BCIIOMOTaTeNbHBIH reHepaTop —
MaJIOMOUIHbIA rerepoauH. Ecau npubaus3uTh NPHEMHUK K aHTeHHe
TeJeBH30pa, TO B Hee TNOMajeT CHrHaJ rerepoinHa — caabbiii Me-
Hsowuica Tok. [lono6Ho TpamBaliHOMy «3afily», oH nobepeTcsl AO
KOHEUHOH CTaHUMH — [0 YNpaB/SIOUIero 3JeKTPoja KHHeckona, a
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BCSIKHH CHTHAJ Ha YNpaBJsOUIeM 3JeKTpode — 3TO CBeTJOe WJH
TeMHOe MSATHBILIKO Ha 3KpaHe; HMEHHO Ha 3TOM OCHOBAHO CO3JaHue
KapTHHKH NpU HOpMaJbHOH Tesenepepnaue.

PucoBanue Ha TeJleBU3HOHHOM 3KpaHe € MOMOHLIbIO CHHTETHYe-
CKHX CHTHAJIOB H3BeCTHO KaBHO. BcnomuHaercs, Kak Jer 10 Hasap
B XypHaJe «Panuo» 6bij1a onucaHa NpUCTaBKa, KOTopasi, HCMOJb3Yst
OpUTHHAJBbHBIA CMOCO6 3JIEKTPUYECKOrOo PHCOBAHHUA Ha 3KpaHe, Ipe-
BpallaJja TeJeBH30p B ocuusiorpad. B 3Tofi mpucraBke, KcTaTd,
yKe B TOTOBOM BHIe OblJIH CXeMHble pelleHHsl, KOTopble cefuac
BCTPeYaloTCcsl BO BCeX TeJeBU3HOHHbIX Urpax. pyro#t npumep. Teie-
LLEeHTPbl B MNaysax nepenaioT B 3(QHp HENOARHKHble KapTUHKH, Ha-
npuMmep 3anepHyThli 3aHaBec. MHorna rtakoit 3aHaBec nepepaercs
TPAaAHUHOHHBIM CHOCOOOM (TejleKaMepa CMOTPHT Ha HacTOSILIUH 3a-
HaBec W MOChHJIaeT ero H3o6paxKeHue HaM), a HHOTAA — OT CHelHalb-
HOro «reHepartopa 3aHaBeca». OH BblpabaTbiBaeT onpefiejieHHble ce-
PHH 3JIeKTPHUYECKHX CHI'HAJIOB, KOTOpble uepe3 TeJenepefaTudK MpH-
XONSIT B TEeJEBU30p U PUCYIOT Ha ero akpaHe. Hukakoro Hacrosiero
3aHaBeca ¥ B I[OMHHE HeT, Mbl BHAMM <IOJOTHHIUlE», CO3LaHHOe
BUPTyo30M-reHepatopoM. M HaKoHel, eule OAMH MpeaCTaBHTEJNb
3JIEKTPOHHOH XKHBOINUCH — AHCIIEH, YCTPOHCTBO, I€ Ha TeJeBH3HOH-
HOM 3KpaHe C MOMOIUILbIO CEepPHH 3JEeKTPUUECKHX HMMYJbCOB pHCyeT
M MHlIeT KOMIbloTep, coobuiasi pe3yJabTaTbhl CBOMX pPa3MbILIJIEHHH.

OT nponenaHHbIX MPOCTEHIIUX ONMBITOB JO NMPUHILHKIOB PUCOBAHHS
B TeJeBU3HOHHOH HUrpe ocraercsl 6YKBaJbHO HECKOJbKO wiaros. [1pe-
JKJAe Bcero nornpo6yeM MOHSITb, YeM ONpenessieTcsl MeCTO MOSBJAEHUs
CBETJILIX HJIM TEMHBIX TOUEK Ha 3KpaHe. DJIEKTPOHHBIH Jydy KHHECKOMNa
6bICTPO MpPOUEpPUHBAET 3KPAH FOPU3OHTAJNBHBIMH CTPOKAMH H, MeJeH-
HO cMelllasicb BHU3, 3aMOJIHIET B UTOre Becb Kalp. [IBUXKeHHeEM Jiyua
yApaBJSAOT ABa NUJA006Pa3HbIX HANDSXKEHHsI — CTPOUHOE H KaJApOBOe
(puc. 3). OHH MeHSIIOTCS paBHOMEpHO, JIHHEHHO H MOCTENEeHHO MOJ-
TACHBAIOT PHUCYIOLIUH Jyd K CBOMM OTKJOHSIIOIIHM IJacTHHaMm (Ka-
rywkam). [lorom nuna o6peiBaeTcsl U Jyy BO3BpalLLaeTCss B HCXOJHOE
COCTOSIHHE.

A eule ecTb B KHHECKONE yNpaBJsIOLLHH JeKTPOX, OH ynpasJsieT
HHTEHCUBHOCTBIO 3JIEKTPOHHOTO Jyua, T. €. sipKOCThlo 3kpaHa. Ecau
Ha yNpaBJsliOUIMA 3JEKTPOA Ha MrTHOBeHHe MOonaTh «MHHYC», T. €.
nonaTh HMIYJbC OTPULATEJNbHOrO HAMNpsiXKeHHsl, TO OHO KaK Obl OT-
TOJIKHET 3JIEKTPOHBI, OCJabUT Jyd M Ha 3KpaHe NOSABUTCH TeMHasi
Touka. KpaTkoBpeMmeHHbIH «maoC», Ha060pPOT, YCKOPHUT 3JEKTPOHBI,
3JIeKTPOHHBIA JIyU CTAHeT MHTEHCHBHEee, W TOSIBUTCS CBeTJiasl TOUKA.
B kakom Mecre 3KpaHa BCHBIXHET TOUKa? DTO 3aBHUCHT OT TOro, B
KaKo#i MOMEHT MOSIBUTCSI UMMyJabC. EcC/H BBIMYCTHTb €ro Ha apeHy
B HayaJjle KaAPOBOH NHJBl, TO Mbl YBUIHM TOUKY BBEpXY, a ecJu
B KOHIE NHUJIbl — BHU3Y; €CJH UMIYJbC MOSIBHTCS B HauaJie CTPOYHOH
NUJbl, TOYKa OyleT cJeBa, eCJd B KOHIe CTPOYHOH MHJBI — CHpaBa.

CrenyomHi War — AOCMOTPHM, KaK MOXHO MOCTaBHUTb TOUKY B
HyXHOM HaM Mecre. [IpeanosoxuM, UTo y Hac ecTb reHepaTop UM-
NyJbCOB, KOTOPbIM Ha PaBHBIX YNPaBJASIOT Cpa3y ABa PYKOBOAUTEJS,
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NPOTHBOAEHCTBYIOIUX APYr APYrY (B 3JEKTPOHHBIX CXEMax 370 OCy-
LlecTBJASIETC O4YeHb MNpPOCTO M Mporekaer 6e3 3skcueccoB). OpnuH
U3 HUX — NUWJI000pa3Hoe HalpsiKeHHe CTPOYHOH pasBepTkd [
(puc. 4), mpyroit — mocTOsiHHOe HamnpsiKeHWe /,, KOTOpoe MOXKHO
MeHSITb TMOBOPOTOM pYUKH TlePeMEHHOro pe3ucropa (peocrara).
CxeMa nocTpoeHa TaK, YTO HMIYJbC MOSIBJISIETCS B MOMEHT, KOria
06a «pyKOBOIAHTeJNsI» NAlOT ONHHAKOBble YKa3aHHUs — KOrja MeHsIo-
uieecss HanpsiXXeHHe CTPOUYHOH muJbl U, CTAHOBUTCA PaBHbIM YCTaHOB-
JIeHHOMY HaMH [OBOPOTOM pYYKH TIOCTOSIHHOMY HanpsixeHuio U;.
[Tpu atoM, KoHeuHO, ueM 6oJiee BBICOKHIH MOPOr MOCTOSHHOTO Hamps-
KeHust U; Mbl YCTAHOBHUM, TeM Mo3xe mnujaa (/, JOCTHCHET 3TOTO
nopora, TeM No3)Ke MOSIBHUTCS MMIYJbC H TeM MpaBee OKaXKeTcsd Ha
3KkpaHe Touka. Pa6oTy 3Toll cXeMbl MOXHO TPOHJJIIOCTPUPOBATDH
Tako# aHaJorueii. Ha oaHON yallue BecoB CTOHT rUpbKa, Ha BTOPOH —
CTaKaH, KOTOpLIil MeNJeHHO HanoJHseTcss Bogoid. Hactynur momeHr,
KOrfia BeC BOJbI NMpPEBBLICHT BeC THPbKH H Bechl «cpaboraioTr». M Ko-
HeyHo, yeM GoJibliie BeC THPbKH, TeM MO03XKe MPOH30HAeT Takoe cpa-
6aTbiBaHue.

[Munoo6pasHoe HanpsixKeHHe, KOTOpPOe MOMOraeT B HYXHbI MoO-
MEHT BBIIATb HUMNYyJbC (MOA0GHO TOMY KakK GyAHJIbHHK <BbIIAET»
3BOHOK), MOXeT GbITb B3SITO MPSIMO OT TFeHEpaTOpPOB Pa3BEPTKHU HJIH
Ke JOJDKHO OblTb KECTKO ¢ HHMH CHHXPOHH3HUPOBAHO — TOJbKO B
ITHX CJydyasix TOUKa Ha 3dKpaHe He OyHer meprartbcsl. YToGbl MOXKHO
6blJI0 pa3MecTHTb TOYKY B JIOOOM MecTe 3KpaHa, OGBIYHO CO3AAlOT
IBa MMNYJdbCca — OAHH OT CTPOYHOH MNHJbBl, APYrod OT KaApoBOH.
MimMnysibcel 3TH TMpONMyCKAaioT yepe3 CXeMy COBMAajeHHH, U TOUKa TNo-
AABJSeTC KakK Obl Ha MepeceueHHH [BYX JHUHHH — BepTUKAJbHOH H
ropusoHrasbHoi. PakeTKn B HalleM TeHHHCe [BHTalOTC TOJIbKO
BBEpPX-BHHU3, H MO3TOMY K CTPOYHOH NHJIE€ OHH HaMepPTBO NPHUBS3aHbI
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B ofHOM MecTe. Uro6bl ynpaBJsTb paKeTKaMu, HOCTATOYHO MEHSITb
BpeMsl HX MOSIBJIE€HHs], OTCUHTAHHOE [0 KaJApOBOH MuJE, T. €. OLHUM
nepeMeHHbIM PEe3UCTOPOM MEHSTb TOJIbKO OJHO MOCTOSIHHOE Hamps-
JKeHue.

HamHoro cioXHee ynpaBJsiTb NMOJETOM Msiua, KakK NPaBUJIO, €ro
HYXHO TNepeMellaTb H BBepX-BHU3, U BJeBo-BnpaBo. M npu stom
c/egdTb, 4ToObl, MOMAaB B TOUKY, CONPHUKACAWOILYIOCS C PaKeTKOoH,
MsAY He nowea fanblue. UTo6bl OH OTCKOUMJI OT pakeTkd. M mputom
noa onpejeseHHbIM yraoM. M uToGbl OH OTCKaKHBaJ TaKXe OT To-
PH30HTAJBHBIX TpaHHl, Miomanku. M1 He oTckakuBas oT BepTHKaJb-
HBIX TpaHui. UToObl OH MPOXOAWJ Yepe3 HHX 3a Mpefebl MJIOILAIKH.
A norom Bo3Bpamiascsi. M onsite nmon onpenesieHHbBIM YTJIOM...

Hy u 3apauu.. Kro Moxer ux pewuts? M kakum oGpasom?

Ho nosBosbre: KTo BoOGie nBHraer Ms4 fo miaoiiagke? Benb
CaMH HTPOKH yNPaB/sOT TOJBKO paKeTKaMH...

JlBuxkeHHe Msya, BCe €ro OTCKOKH, HCUE3HOBEHHS, MHOSIBJIEHHS,
KaK U MHOXECTBO JPYTHX BAa)XXHbIX JeJ, OCYLIeCTBJSIET CaMblil TJiaB-
Hbli OJIOK TeJIeBU3WOHHOH Urpbl — BBIYHCSIOLLEE YCTPOHCTBO
(puc. 5). Ero paGory B mpenesbHO YNpPOlLIEeHHOM BHIE MOXHO OIH-
catb Tak. B 3TOoM 6/i0Ke Bce HauMHaeTcsl ¢ AUPHKepa. DTO BCHOMO-
raTeJibHbli TaKTOBbI reHepaTop, OH BbliaeT GeCKOHeUHble MyJeMeT-
Hble oYyepeld HUMIYJbCOB BBICOKOH UYaCTOTHl — OGBIUHO MHUJJIMOH HM-
nyJbCOB B ceKyHAy. Ecau Obl Bce OHHM MONaJu Ha YNpaBJsSIIOUIHH
3JIeKTPOL KHHEeCKONa, TO Ha 3KpaHe NOsIBUJICS Obl MOHOTOHHBIH «ro-
poLleK» — ThICIUH TOYeK, PAacMoJOXeHHbIX poBHbIMH psimamu. (Ilpu
cyulecTByIolleM cTaHzapte — 625 cTPOK — Ha 3KpaHe B NPUHIUIE
MOKHO noctaBuTb okoso 300000 Toyek, HO B mpocTeiilleli TejeBH-
3UOHHOH Hrpe Takasl [HeTa/u3alusl KapTHHKU He HyxHa.) Ha nyru
K KHHECKONYy TAaKTOBble HMMYJbCbl MPOXOASIT uYepe3 OCHOBHblE 3Jie-
MEHTBl BBIUHCJSIOULETO YCTPOHCTBA — CUETUHKH HMIYJbCOB, coOpaH-
Hble W3 [eNoYeK TPUITEPOB, H JIOTHUECKHE 3JEMEHTHl, yMelolUlHe pac-
CYXJaTb TAKMM NpUMepHO o6pa3oM: «Ecau ko MHe Ha BXOL MPHUIYT
ofHOBpeMeHHO 573-fi u 826-f uMnyJabcbl, 3aXry TOuKy...» MHuiu:
«Ecau 128-# umnysbc nosiBuTcst BMecTe ¢ 2593-M, He 3aXKTy TOUKY...»
CUeTYyUKH W JIOTMYECKHE 3JIEMEHTbl COeJHHeHbl MeXAy co00¥ cTporo
onpeneneHHbIM 06pa3oM, oHH paboTaloT MO 3aJaHHOH Nporpamme.
B urTore H3 pOBHOrO YacToOKOJNa HMHOYJbCOB OCTAIOTCA TOJBKO Te,
KOTOpble B COOTBETCTBUH C MPaBUJIAMH HTPbl U HIPOBOH OOGCTAHOBKOH
B HYXKHOM MecCTe KpaHa BLICBEYMBAIOT MAYUK. A B CJAeAYIOLHH MO-
MEHT C yUYeTOM TOro, KakHe TOUKH CBETHJIUCb PaHblie, MSYHUK nepe-
JNBUTaeTcs B CJAEAYIOLLYIO TOUKY TpaeKTopHH. Briuncasiioniee ycTpoii-
¢TBO, chopMHpPOBaB HeoO6XoaHMble Habopbl HMMYJbCOB, pPHCYeT rpa-
HULB TJIOLLAJKH, BeleT CYer.

O6o BceM 3TOM, KOHEYHO, JIMIIb pacckasbiBaTh NpocTo. UToGBI
BECTH [laXKe NMpOCTEALIYI0 HTPY, HYXXHbl BbIUUC/SIOUIHE yCTPOHCTBA ¢
COTHSIMH CXeMHBIX Y3JIOB, COCTOSIILIHE H3 ThICSY 3JeMEHTOB — KOH-
J€HCATOPOB, TPAH3UCTOPOB, pe3UCTOpPOB, AHOAOB. Ecau 6bl Takoh
BblUHCASIOUIHH 6JIOK CcO3AaBaJjcsl JeT ABaAlUaTb Hasaa M cobupaJcs
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M3 OTHeJbHbIX JeTajed, TO OH 3aHan Obl GoJbluoh iwkad. Toabko
HHTerpasbHble CXeMbl CIeNaJ/i TeleBU3HOHHYIO TPy PeasbHOCThIO —
BCE ee YyNpaBJsiiollee YCTPOACTBO BMelllaeTcsl cefyac B KpeMHHeBOM
NJ1IaCTHHe pa3MepoM C KJIeTOYKY apudMeTHUeCKOH TeTpalH.

Bbluncasiioniee yCTpOHCTBO TeJeBU3HOHHOW HIPbl — 3TO CaMbliid
HACTOSIMHA KOMIIbIOTEP, XOTSl €ro U He MPUHATO TaK HasblBaTh. He
NPUHATO CKOpee BCEro MOTOMY, YTO yXKe POAHJIOCh HOBOe TMOKOJeHHe
MTp, B KOTOPHIX HMeeTcsl MporpaMMHUpyeMblHl Mpoleccop — rJaBHbIA
Boludcasiomni 6710k DBM. [lpoueccop no3poJisieT pe3ko paclUpHTb
aCCOPTUMEHT pa3BJeYeHHH, YCJIOXHUTb YCJIOBHSI HTPbl H HaXe Bbi-
MOJIHUTb HEKOTOpble mnoJie3Hbie pabotel. Tak, B OHOH H3 Mogesei
Apoueccop LaeT BO3MOXHOCTb PHCOBATb HA 3KPaHe LBETHBIMH «Ka-
paHialiaMH» U Ja)e caM pUCyeT OpHAMEHTHl U HEeCJIOXKHble MYJbTHU-
niukauud. B npyro#i mMomenu mnpoueccop BHYHCASIET M 3aMUCbiBaeT
Ha 3KpaHe ONTUMAJIbHYIO IHETy C YueTOM Balllero Beca — >KeJaeMoro
1 peasbHoro. MHorna nporpamMma BBOAHUTCS B UIpy (Temepb ee yxke
H He OueHb yNOGHO TaK Ha3blBaTb) C MArHUTHOH IVIEHKH, CO CTaH-
LapTHOH MarHuTooHHOH Kaccerbl. Ilpuuem mporpamMm Moxer 6bITb
OTPOMHOE MHOXXeCTBO, KaK TOBOpPSIT, BCe 3aBHCHT OT (aHTa3uH
paspaboruuka. Ha cMeHy mnpocrefiliemMy TeHHHUCY YyXKe TNPUXOISAT
aBTOMOGHJ/IbHBlE TOHKH, TAHKOBblE H MOpPCKHe cpaxkeHusi. B Boseii6ose
MSIU JIETHT MO CJOXXHOW KpUBOH H, MOAOOGHO HacTosiuleMy Ms4y,
MeHsIeT CKOpPOCTb B MNpollecce MNoJieTa; MOSIBJASIETCS BO3MOXKHOCTb
IaBaTb TNMPOTHBHHKY ¢GOpy, yMeHbluasi, HanpHMep, pa3Mepbl cBoei
paketkd. [IpaBma, U mpocTedlIHH TEHHUC MOXHO HECKOJbKO pa3Ho-
0o6pa3uTh: yMeHblIaTb 06Ge pPaKeTKH, YBeJHUYHMBATb CKOPOCTb Msua,
MEHSITb YroJl ero OTpaXKeHHs.

TeneBu3HOHHBIE UIPbI yXKe BBITYCKAIOTCS, H KaXXAblil MOXeT MpH-
OGLUTBCA K AOMAlIHEMY TeJeBU3HOHHOMY CMOPTY. XOYeTCs BEPUTh,
He B yulep6 HacTosllleMy TEHHUCY HJH BoJeibosy, He B yluepO
o6l1eHHIO ¢ NPUpoOoi U APYT ¢ apyroM. Tak ckasatb, HaTypaJbHOMY
o6uieHHIo, 6e3 y4acTHsl 3JEeKTPOHHKH...



OtanyHbidn mactep TMO

B npupode u e mawunax eaxHyo posb uepamM npoyeccel menaoobmeHa
u maccoobmena, ux OemanvHoe u3y4eHue HepeOKO OmMKpbieaem HoBble
803MOMHHOCMU MEXHUYECKO20 npozpeccd.

[lo-pa3HoMy uenoBek ocBauBaJ, cTaBHJ ceb6e Ha cayxkOy npu-
poaHble siBieHUs, ¢HH3HUecKHe mnpouecchl. B pazHoe BpeMs HaTtaJsKu-
BaJiCi HAa HHX, MO-pa3HOMY pearupoBaJs Ha CBOM OTKpbITHA. Bo3b-
MeM, HanpumMep, 3JeKTpuuecTBo. BoamoxHo, uro ®Pajnec Muaerckui
IeHCTBUTENbHO OBl MEepPBbIM, KTO 3aMeTHJ ero, M, 3HauydT, BCEro
KaKUX-TO [IB€ THICSUH JleT Ha3al COCTOSJacCh Halila BCTpPeua C «sIHTa-
puYeckoil cuJofi». A BOT HCNO/NB30BAHHE PHEPrUy NMafalollell Macchl,
B YaCTHOCTH Majaiuiedl BOAbl, HAaCUUIblBaeT AECSTKH ThICAY JieT.
W HakoHel, ropeHde, XHBHUTEJbHBIH Kap OrHS U3BECTHbI JIOLSIM Ha-
CTOJIbKO [aBHO, YTO HX BMOJHE MOXKHO OTHeCTH K Hadajy 4eJo-
Beueckoit ucropuu. CioBo mucartemo Ponu Crapluemy — HeCKOJbKO
CTPOK H3 ero npexkpacHOW KHUrHM «Bopbba 3a OroHb»:

«Ilaemsa Yanampos cnacanoch 6ercrBoM... O6esymeBiine oT cTpa-
JaHW# JIoAM He YyBCTBOBaJH 00JM, He 3aMeyasy yCTaJoCTH — OrOHb
yMep, H BCe MepKJO Mnepef JHLUOM 3TOr0 CTPAILHOTO HeCcyacTbsl.
YnaMpbel XpaHMJIM OrOHb B Tpex HBOBBIX [JeTe€HKaX, 06Ma3aHHBIX
rJAHHOH. Yerbipe »KeHIIMHbl U [ABa BOMHAa JEHHO H HOILLHO CTeperyiu
M Kopmuau ero. M BoT oroHb Ynampos ymep. Bparu yHHUTOXXHJIH
IBe IJIeTeHKH, B TpPeThbedl BO BpeMs CTPeMHTeJbHOT0 0Oera OroHb
3axvpesa U nobJjek, oH O6bia Tak cjaab, 4TO He MOT CBecTb [axKe
KPOXOTHOH cyxofi GulHHKH... [ToTOM OH npeBpaTnics B MaJjieHbKYIO
KPacHyIo TOUuKy... A notom ucued ToJsbKO Tenepb YnaMmpbl OLLYTHJIH
BCIO TSXeCTb OGDYIUHUBILIErOCH Ha HHUX HECUacTbs».

IHnu roapt. OT orus, cayuaiiHO HalA€HHOTO HJIH 3aBOEBAHHOTO,
OT orua cbeperaemMoro uejOBeK Mnepelues K AOOGBIBAHHIO OTHS, CHe-
JaB OJHO W3 BeJHualiInX cBOMX H306pereHWH (cmpaBka: B 1960 r.
MHOrOMecsiYHasi 3KCHePUMEHTaJbHasi apXeoJoruyecKas 3KCheddUust
B Kapesnio He cMorja BOCNPOH3BECTH BbICEKAHHE OTHSI U3 MECTHbIX
NnopoA), H nepBast TeM10BasA MAlIHHA — KOCTEP — OCBOHJIA MHOXECT-
BO HOBbIX mnpodeccuii. K Tomy BpemeHH, Korjga ApeBHerpeueckue
MBICJIHTEJIH eHle TOJbKO yAHUBJSIJIHCH CIOCOGHOCTH HATepPTOro sIHTaps
NMPUTATHBATb KyCOUKH LUIeJIKa, MPHPYUYEHHbIH OTOHb yXKe CBETHJ, rped,
KapuJa, o6XHuraja Mocyay, BapuJ crekJo, o6pabaTtbiBaj KaMeHb H
JepeBo, MJaBUJ U 3aKanuBas Meras: paboTawoollas TemjioTa Ha MHO-
rHe ThicsueseTuss obornajsa pabotawoilee 3jgekTpuuectBo. U Bce-
TakKH...

M Bce-Taku riaBHyio cBowo pa6GoTy B Gpurajie NOMOUIHHKOB 4YeJio-
BeKa OHM HavaJld NMpaKTHYeCKH OJHOBpeMeHHo. Hauanu B Te ymuBH-
TeJbHble BPeMeHa, KOTOpble Mbl cefyac Ha3biBaeM 3MOXOH MepBbIX
HayyHbIX W TNPOMBILLJIEHHBIX peBoJiolui. Korna, ocBoGOAMBIIHCEL OT
NYT CPeIHEBEKOBbs, OT MYT CXOJAaCTHKH WU HeBeXeCTBa, YeJOBEeK Kak
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HUKOrJa paHblle OLYTHJI CHJIY palHOHaJIu3Ma, HeU3MEeHSIeMOCTb
UCTHHBI, MOYYBCTBOBAJ BKYC K HOGbLIBAHHIO (PAKTOB, K HX MNIy6OKOMY
anaausy. Ml cran ¢ snTy3ua3Mom, 6e3 JHUTHAX COMHEHHH MpeBpallaTh
3HaHusl B paboTaiollie MalldHbl. DTO GblJa JaBHHA, LeNHas peakuHs
Hel, OTKPBITHH, H306peTeHHH, U YeJOBEeYECTBO, KOTOPOE elll€ TOJIbKO
4TO KOPMHJIOCh MOZASTHUSIMH NPHPOABI, BCTYMHJO C Heid B aKTHBHbIE
JleJIOBble OTHOLUEHHS.

[To-unomy 3apa6oras W BeTepaH TpyAa — OroHb. DyKBaJsbHO 3a
HeCKOJIbKO HeCATHJIeTHH OBblJIM 10 TOHKOCTEH H3yueHbl MHOTrHe MO-
BaJKu paboraiouledl TemJIOTh, POLUJIUCH COBEPLIEHHO HOBble 06J1aCTH
HayKH W HHXXeHepHH — TenodU3uKa, TENMJOTEeXHHKa, TePMOXUMHS,
TeMJIOSHEepreTHKa, TePMOJHHAMUKA. A ¢ HHX MOIIH THICSIUYH HOBBIX
TeMJIOBBIX MAaIIHH — OT JAOMAaulHero XOJOAWJbHHKA [0 THTaHTCKUX
KOTJIOB, TIe 3a CeKyHAy NpeBpaiiaercss B Hap YyTb JH He TOHHA
BOJbl; OT BEJOCHNEIHOr0 MOTOPYHMKA O PaKeTHbIX ABHratesed u ma-
POBLIX TYpOWH MOULIHOCTbIO B MHJJIMOH KHJIOBATT, Ka)aas M3 KOTO-
pLIX, eClH MOCTaBUTb ee Ha cymepaBTo6Gyc, cBOGONHO MoBe3Jja Okl
MOJMUJIIMOHA maccaxupoB. M BoT uro 3HameHaTenbHO: Hayka o
TeljoTe U He MOMBILISIET O MeMyapax, OHa BCSl ycTpemJieHa B 6yny-
ulee. B nosHo# Mepe 3TO OTHOCHTCSI K OZHOMY U3 IVIaBHBIX pa3fiesioB
TEeMJIOTEXHUKHU — TelIoO06MeHy.

Hucturyr temno- u maccoo6mena um. A. B. JIsikoBa Benopyc-
ckoit akagemun Hayk — UTMO AH BCCP — Benyuiasi uccienoBa-
TeJIbCKasl OpraHu3alisl cTpaHbl Mo 3Tol npobieMe, UMeIOILAast K TOMY
JKe NpHU3HAHHBIH MexXIyHapomaHblii aBroputer. OCHOBHOe BHHMaHHe
B WHHCTHUTYTe YAeJsieTCsl CMIOXKHOMY KOMIIEKCY sIBJeHHH, I'ie nepenaya
TelJsa CONPOBOXJAAeTcsl MNepeMellleHHeM Macchl WJIH TepeMelieHHe
Macchl CO3/laercsl CleuHalJbHO IS TOro, YTo6bl MOJTY4YHTh HeoGXO0IH-
MBI Temyoo6MmeH. Y Temsomaccoo6MeHa — ero, HaBepHoe, IJsi KpaT-
KOCTH MOXKHO Ha3biBaTb TMO — mHoro HHTepecHbIx npodeccuii. C He-
KOTOPBIMH K3 HHUX Mbl ceHyaC MO3HAKOMHMCSl, TepeMeCTHBLIHCh B
LeHTp GeJIOPYCCKOH CTOJIHULbI U COBEPLIMB KpaTKoe NyTelleCTBHE IO
HHCTUTYTY, Gecelysl C DYKOBOILHUTEJNSIMH Psiia HCCJefOBaTeJlbCKHX
aa6oparopuii. O6 onHoll U3 HOBHIX npocdeccuii TMO pacckaseiBaer
PYKOBOJHTENb J1ab0OpaTOpPUH 3HepromepeHoca, AOKTOP TeXHHUECKHX
Hayk Oser IpuropbeBuy MapTb HeHKO:

— HauneM c¢ ¢dakra, K coxajeHHI0, NOCTOBEPHOTO — MOIIHBIH
JasepHbIdl Jiyy nomajgaer B JHH3Y, KOTOpasli HOJIKHa ero coKycHu-
poBaTh, H JIHH3a MCHOBEHHO passieraerTcss Ha Kycku. Cuyya#iHOCTB?
[ToBTopsieM 3KcnepuMeHT — pe3yJbTaT TOT »Ke... Bpsim /M CTOHUT
[aJjibliie NOPTHTb Ka3eHHOe HMYL1eCTBO, CJAYUHBIIEMYCs] MOXKHO HalTH
npocroe OGbsSICHEHHE: [JIs1 MOLIHBIX CBETOBBIX MOTOKOB CTEKJO —
CJIMIIKOM TUIOTHBIA MaTepHaJs, OHO OTGHPaeT y cBeTa CJAUILIKOM 60Jb-
IIYIO MOPLHIO SHEPTHH U B HTOTE GBICTPO pa3orpeBaercs H paspyluaer-
csi. A orciona BbIBOL — /151 MOLIHBIX HCTOUHHKOB CBeTa CTeKJ/sHHas
ONTHKa HenpurofHa. JIMH3bl M3 XXHIKOCTEH TOXKe. He TrolsATCs, HX
MJIOTHOCTb He Ha MHOTO MeHblue. OcraeTcsi TOMbKO ra30Bas ONTHKA —
MJIOTHOCTb ra30B B ThICAYM pa3 MeHbllle, 4eM ILIOTHOCTb TBePAOTo
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tesa. OgHako e, co3gaBasi JHMH3y, ra3 Hejb3sl NMOMECTHUTb B MpPO-
3pauHylo 060JI0UKy omnpepneseHHOH ¢opmbl, TBepaas o6oJouka cama
CTaHeT 4acTblo JIMH3bI, H BCe HENPHUATHOCTH HauHyTcs cHavagaa. Ofn-
HHM CJIOBOM, HYJXKHbl JIHH3bl W3 YHCTOrO rasa, 3Takue IBOSIKOBOTHY-
Thle WJH NBOSIKOBbINYKJble o6jaka. Ho Bo3MoxHO su 3TO?
IMpencraBbre cebe Meraaauyeckyio Tpy6y, BO3AyX B KOTOPOH
onpeneseHHbIM 06pa3oM pa3orper, CO3LAHO ONpeleJeHHOe ero [IBH-
)KeHHe H B dTore B obGbeMe TPyGbl NMOJYUYEHO CTPOro onpereseHHOe
H3MeHeHHe IUIOTHOCTH Bo3fyxa. Hampumep, Takoe, npu KOTOpoMm
cBeT, Mpoxoass no Tpybe, doKycupyercss HJH, Hao6OpPOT, pacceuBa-
eTcsl: Belb UME@HHO H3MEHEeHHe MJIOTHOCTH Cpelbl H3rnbaer, MpesoM-
JasieT cBeToBO# syu. M BblBOA: ynpaBJisisi npoueccaMud TemJo- U Mac-
coo6MeHa, MOXXHO CO3[aTh JHH3bI M3 UYKCTOTO rasa, JUH3bl NPaKTH-
yecki O6e3 mnorepp (puc. 1). OHHU-TO H SBJAAIOTCA OOBEKTOM
HccjefoBaHH# U pa3paboOTOK a3pPOTEPMOONTUKH. «Aspo», Bxoasiuiee
B 3TO JJIMHHOE CJOBO, FOBOPHT O TOM, UTO ONTHKA MNpHBJEKJIa Ha
NOMOLIb [BU)KEHHE Ta3a, a’pOAUHAMHKY, a «TepMO» HAaNOMHUHAeT o
TOH pOJIM, KOTOpasi AOocTaJjsacb TemjooOMeHy.
AsporepMOONTHKA — 3TO yXe peajbHocTy. OHa mnoka, npaBna,
HeJsiaeT mepBble IIard, npeojoJeBaeT pa3Hoo6pasHble TPYLHOCTH (BOT
JUIb TPH U3 HHX: CaM CBETOBOH Jyu, HarpeBas ras, MeHsieT Hep-
BOHAYAaJIbHYIO €ro MJIOTHOCTb; HA ra3oBYIO JHH3Y MOKYIIAaeTCsl U rpa-
BHTAllMOHHOE TnoJle 3eMJH; NpH GbICTPOM [ABHXKEHHH Trasa JHH3Y
MOrYT HCHOPTHTb 3aBUXPEHHs), OIHAKO YK€ BbISIBUJIOCH HeMaJlo
norpeburesiedl ra3oBbIX ONTHYECKUX CHUCTEM. DTO, HANpUMED, CBETO-
BOJHble JIMHHH [daJbHeH CBSI3H, KOTOpble MOIJIH OBl TMPOJIOXKUTH
NPAKTHUYeCKH HeOrpaHUUYEeHHOe UYHUCJIO TeqeOHHBIX U TeJIeBU3HOHHBIX
KaHaJ/oB MeXIy ropoaamu u crpaHamu. B 3Tux aunusix uHdopmaunus
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nepefaercss C MOMOULbIO CBETOBBIX CHI'HAJNOB, a He C NOMOUIBIO
3JIEKTPUUECKHX, KaK B TeJe(DOHHBIX HUJIH TeserpadHblX JHHHAX CBSI3H.
Cser upmer no Tpy6am, 3anoOJHEHHbIM ra3oM, HJH O IJIacTMacco-
BBIM CBETOBOJAM, BBIMOJHSIOLUM Ty Xe PpOJib, 4YTO TeJedhOHHbIe
HJId TejerpadHble NMPOBOIA.

VHTepechl a3poTepMOONTUKH He OrpaHHYeHbl Ta30BBIMH JHUH3aMH,
M BOT OLHO M3 MOATBep:KAeHui. HegaBHO B mewyatu omyGJaHKOBaHBI
pacueTbl TaK Ha3biBaeMOW «BeHepHUaHCKOH MalllMHbI»: ecad K BeHepe
oL OfNpefeJeHHbHIM YIJIOM HampaBUTb OCTPBIA Jy4 Jasepa, TO OH,
npeJoMJIsisicb B aTMocdepe MJaHeThl, MOXeT CO3LaTb BOKPYr Hee
«BEYHOE» CBETOBOE KOJIblL[O, B KOTOPOe MOXHO BOTHaTb GOJbLUIYIO
sHepruio. [losyunTcsi cBoero poga sasep ¢ KoJbLEeBbIM PE30HATOPOM,
T. €. HaKONHUTeNb CBeTa, aHaJoOT KOHAEHCATopa, KOTOpbl HaKamiu-
BaeT 3JeKTpHuecKue 3apsiibl. «BeHepuaHcKasi MaulMHa» HallOMHHAeET:
Yy a3pOTepMOONTHKH HelJIOXHe MEepPCNeKTHBbl B YaCTH MPHHUHIHAALHO
HOBBIX NPUOGOPOB H MPOLECCOB.

A remepb or 3TOH 3K30THuUecKoH mnpodeccudn TMO — sk3oTHYe-
CKOH XOoTs Obl NMOTOMY, YTO TBOPEHHSl a3POTEPMOONTHKHU HMEIT Ty
’Ke (H3HUecKylo MPUPOLY, YTO H MHpPaX B NMyCThiHe,— Mbl HepeljieM
K [eay, Ha mepBblil B3rJIsSIL OYeHb NPOCTOMY H MNPO3aHvyecKoOMy —
K cywke. M cpasy ke o6HapyXuM OrpoMHblil JHana3oH obnaacteii
TeXHUKH U TEXHOJIOrHH, Tlle TMpHMeHsleTcs cyllka. B mpouecce npous-
BOJCTBA CYyILUKe MOLBEepPratoTcsi MHOTHe MHIleBble NPOAYKTHI, ApeBecH-
Ha, JeKapcTBeHHble TfpenapaTtbl, MHKPOCKONHYECKHE 3JeKTPOHHbIe
npu6opbl, aBTOMOOWJIM, KepaMHKa, XHMHYECKHe BOJIOKHA, pe3HHa,
CTPOUTEJIbHBIE MaTepHaJbl, Xene3o0eToOHHble H3Aenausi, TKaHH. Ha-
KOHell, CylIKa BXOIHT Ba’KHbIM 3J€MEHTOM B TEXHOJIOTHIO MPOAYKTa,
K KOTOpPOMY BCe€ Mbl OTHOCHMCSI C OCOGbIM BHHUMaHHEM H MUMSI KOTO-
pomy Xsie6 (cnpaBka: mocje o6MOJIOTa 3ePHO HMeeT BJIaxKHOCTb 24 %/,
a npd HeGJAronpHSATHBIX KJIHMATHYECKHX YCJOBHSIX — ellle 6oJblile;
B XpPaHWJMUlA AOJXKHO MOCTYNaTh 3€PHO C BJaxKHocTbio 149, a
3HauuT, HeoOXOMMa CYLIKa 3epHa; macliTabbl 3TOH onepandH He-
TPYAHO NpPeACTaBUTb, BCIIOMHMB, UTO TOAOBOE NPOU3BOACTBO 3epHa
B CTpaHe cOCTaBJ/sieT MHOTHe MHJIJIHOHBl TOHH; €XXEroJHO 3epHOCY-
LIHJIKH AOJKHbL y6paTb H3 3epHAa CTOJNBKO BOMABI, YTO €10 MOXKHO
6bl10 Obl 3aMOJHUTL fJlaBaTeNbHBIN Gacceltn naomanbsio 10 kmM2).
C0BO HMMeeT pYKOBOIHUTEJb CYLIHIbHO-TEPMHUECKOH JiaGopaTopuu
[TaBea CremanHoBuuy Kyu:

— HbiHemHHe MeTOBl CYIIKH COBCeM He MOXO0XHU HA NPHUBBLIYHYIO
JIJs1 Bcex Hac omepaunuio «Ksaau Ha COJHBIILKO, NMYCTb COXHET».
CoBpeMeHHas1 CylIKa — 3TO NpeXJe BCEro H3yuyeHHe TOHKHX MeXa-
HH3MOB TeIJO- H MacconepeHoca, pa3paboTka TeopuH cylkd. Tosabko
Ha 3TOH OCHOBe CO3JaeTcsl COBPeMeHHasl CYyIUHJIbHasi TeXHHUKa.

IMpuseny tpu npumepa. IlepBbii OTHOCHTCSI K NPOM3BOACTBY Jle-
KapcTB, K MpeBpalleHHI0 MacTooO6pa3HbIX JEeKapCTBEHHBIX cMecell B
IJIOTHBIE TPaHYJbl, H3 KOTOPBIX 3aTeM jeJsaloTcsl TabJjeTkd. Jlas 3to-
ro cayudast 6el1 pa3pa6otaH MeTol KOMOHHUPOBAHHOH CYIIKH B Naja-
IoLle-KUMSILEM CJ0e: KyCOYKH MSATKOH MacTbl, BblIaBJAEHHbBIE W3 BepX-
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Hero pesepByapa, CHauaja CBOGOJHO NajaloT BHU3 B BePTHKAJbHOWN
KOJIOHHe, a HaBCTpeuyy UM BBepX HAET NMOTOK Temnoro rasa. [loka
rpaHyJiel JOGUPAIOTCS 1O JOHHOH pelleTKH, OHH CJlerka NpocyliHBaloT-
cs1, obpacTaloT MJOTHBIM CYyXUM KapkacoMm. Tenepb yxXe B JOHHOWN
4acTH annapara MOXKHO MPOU3BOANTb HHTEHCHUBHYIO CYLUKY B TakK Ha-
3blBaeMOM KHIMSIILEM CJloe, NMepeMellBasi U MNporpeBasi rpaHyJibl Mo-
TOKaMH ropsuyero rasa (puc. 2). [lo 3toli cxeme B HHCTHTYTe GbLI
CO3/aH anmapar, KOTOpbli cefiuac BbIMYCKaeTcCss CepUHHO U yXKe pa-
6otaer Ha psnge dapmaueBTHUECKUX 3aBONOB. [IpuBeny TOJNbKO TpH
LU@pbl, NOATBEpPXKAAIOUINE, YTO H3YYEHHE TOHKHX MEXaHH3MOB CYILUKH
¢ JIMXBOH OKymaercst — anmnapar, 0 KOTOPOM TOJIbKO YTO FOBOPHJIOCH,
pa6oraer B 4—8 pa3 6nicTpee CBOHX MPEALIECTBEHHHKOB M JYUILHX
3apy6eXHbIX annapaTtoB; B HeM B 2—2,5 pa3a CHHXKEHbl NOTepH Ma-
Tepuasa U B 3,50 pasa yMeHbleHA TPYLOEMKOCTb OOGCJYKHBAHHS.

Bropoit mpumep Kacaercs CO3/laHHBIX B HHCTHTYTe [HEBMOTa3o-
BbIX 3€pPHOCYIUWJOK NPOH3BOAHTENbHOCTBIO OT 2 10 50 T B yac. B aTux
3ePHOCYLIHIKAX eCTb 30Hbl KOHTAKTHOrO BJaroo6MeHa MeXOy YiKe
MOJACYUIEHHBIM H BJIaXXHbIM 3€DHOM, HarpeB 3epHa BO B3BellleHHOM
COCTOSIHMM [JIMTC HECKOJIbKO CeKyHH, OH uepelyeTcsi C OXJaxie-
HHeM B IJIOTHOM cJoe B TeueHde npumepHo 10 muH. B urore 3epHo
BbICYLIHBaeTcsi GbICTPO, PABHOMEPHO, W, I'JIaBHOE, B MpPOLECCe CYLIKH
He CHHXKAlOTCSl ero xsebGonekapHbie KayecTBa, Kak 3TO HabJI0Lan0Ch
B CYILUHJKaX CTapblx o6pa3uos.

W naxonen, npumep rperuit. MHTepecHas uiess peajiizoBaHa B
annapate CBP (cymusaka suxpeBasi pacnbliuTesbHasi), NpelHa3Ha-
YeHHOM [Jisl CYIUKH pacTBOPOB, HalmpuUMep [Jisl TOJYUYEHHS CYXOTo
MOJIOKA. 3eCh B LLMJIHHIPHUECKOH KaMepe CO3AAI0TCS ABA BCTPEUYHBIX
KPyroBbIX MOTOKA: MOTOK C€aMoro pacTBopa M NOTOK HAarperoro
rasa. IToTokd 3Tu crajkuBaloTcs, B Kamepe o6pasylorcs BHUXpH, a
B HHUX HJeT HHTeHCHBHBbIH OTGOP BJATH Y pacTBOpa, U ee mapel GbICTPO
ynaasiiorcsa. BuxpeBas cymka no3sosser B 5—10 pas yMeHbIIHUTb
pa3Mepbl CYLIHJIbHBIX aNNapaToB, UTO AOJKHO MOHPABUTHCS He TOJb-
KO TEXHOJ0raM, HO M CTPOHMTEJSIM NMPOMbIUIJIEHHBIX TIPeANPUATUH.

B sTroM paccka3e nmpoMesbKHYJO yIIOMHHaHHE O Temjioo6MeHe B
KHUISIIEM CJ10€ H MOXKHO OblJIO 3aMeTHTb, UTO «KHIIEHME» TaM HHKakK
He OTHOCHJIOCH K MPHUBBIYHOMY MPOIECCY, C KOTOPbIM Mbl CTaJKHBaeM-
ca npu HarpeBe XuAkocTed. Jla U BooOllle HUKAKOH XKUAKOCTH B KH-
nsiuem cjaoe He 6blj10 — TaMm Oblyia JKLIb B3BeChb YacCTHL, BhICYLIHBae-
Mble rpaHyJbl, IJsAIIYLHe B MOTOKax ropsivero rasa. Ho BoT okasnl-
BaeTcsi, UTO TaKasl B3BeCb 4acTHl o6JiagaeT MHOTHMH CBOHCTBAMH
JKHAKOCTH U [la)Ke HOCHT Ha3BaHUe «MCeBAOXKUAKOCTb». [Ipuuem nces-
JNIOXXKHUAKOCTb O6GJlafaeT yIUBHTEJNbHbIMH TEHJIOTEXHHUECKHMH CBOHCT-
BaMH — TBepJble UaCTHUbl B HeH OypHO nepeMelIMBAlOTCS W BEJIHKO-
JIENTHO MEepeHOCSAT TemJo, BO MHOTO pas3 Jiyulle, YeM TakHe NpeKpacHble
IPOBOLHUKH TenJga, Kak Melb.

O HeKOTOpbIX CBOHCTBAX MCEBAOXKHIAKOCTEH U HX HCHOJNb30BaHHH
B TeIJVIOTeXHUKe paccKasasJ pPYKOBOIUTeJb JiabopaTopuu AucHepc-
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HbIX cucreM, yieH-KoppecnonaeHT AH BCCP Cepreit Crenato-
BUY 3a6poacCKHU:

— OpnuH 43 cnoco60B MOJyYeHHUS] NCeBLOXKHAKOCTEH OnmucaJ erie
Jmutpuit ViBaHoBH4Y MeHgesieeB, 0JHAKO ray6oKoe HX H3yueHHe U
NpakTHuYeCcKoe INpPHMEeHEHHe HayaJoch BCEro JieT TPUALATh Hasan.
HetpynHo B MBICJEHHOM 3KCliepUMeHTe NMPOHa6JI0AaTh 3a PO eccoM
NICEeBIOOKMKEHHUS, 32 NOJyuyeHHeM MCeBAOXKHUAKOCTH. Ha pellleTke Hin
CeTKe HaXOIUTCA CBHIMyuWd MaTepHat; CHHU3Y, H3-NOL pelleTKH, Ha-
npaeJsieM BBepX NOTOK ra3a; NOCTEeNeHHO YBeJHYUBasi HHTEHCHBHOCTb
MOTOKA, Mbl BHAMM, KakK ChiMyuyn#d MaTepuas NMPHXOLUT B ABHKeHHeE,
NOBEPXHOCTb €ro BbIPaBHHBAeTCs, HAaNOMHHas BOAHYIO IMalb, HaKO-
Hell, CKBO3b TOJIIly MaTepHasa K NMOBEPXHOCTH MPOPHIBAIOTCH raso-
Bble Mmy3blpd (puc. 3) ¥ Becb CJOH HauMHaeT OYpJUTb, CTAHOBHUTCS
KANAWUM caoeM. Bor 3td OypJisilide MOTOKH 4YacTHL, HepeMelilae-
Mble ¥ fepeMelIMBaeMble MOTOKAMH ra3a,— 3TO KakK pa3 H ecTb NCeB-
noxuakoctb. O TOM, UTO aeT CO3[aHHe NCeBIOXKUIKOCTH, 3aMoJIHe-
HHe ras3oBOro MOTOKA 4aCTHUAMH, TOBOPHT TaKOH, Hampumep, Ghakr:
NCEeBAOXKHUAKOCTb, OMBIBAWOIlAsh KaKyo-iu60 fAeTanb CO CKPOMHOK
ckopocTbio | M/ ¢, ocyliecTBasieT TEMIOOOMEH CTOJb XkKe 3P (eKTHRHO,
KaK YHCTBIA ras, IBHXKYUIUACS CO CBEPX3BYKOBOH CKOPOCTbIO, CKaXKeM
500 uau paxe 1000 wm/c.

IlceBnookHXKeHHe C PABHBIM YCIIEXOM HCIOJIb3yeTCsl U AJs Tepe-
daud Temsa, U IJIs1 nepenaud xoJona. [IpH 3ToM TemjoHOCHUTeNb MO-
XeT pa6oraTb, Tak cKa3arTb, B pa3HbIX peXHMaXx: ero MOXHO, Ha-
npuMep, GbicTpo nepebpachiBaTh Mo Tpy6aM, MOXKHO OCTaHOBHTb H
cchinaTbh B OMNpeJeJieHHOe MeCTO, eCJid 3TO NOHanoGUTCs, AJS KaKoi-
au6o mnepepaboTKH.

UTo6Bl MOHSITH MOBEJAEHHE CTOJIb CJAO0XKHOH TepMOAHHAMHUYECKOH
CHCTEMBI, KaK MCEBIOXHIKOCTb, NMPUXOIUTCA MPHUBJEKATb HE TOJBKO
TEMJIOTEXHHKY, HO U THAPOAHHAMHKY; YUHUTBIBAThb MpPOLECCH Caydai-
Hble U CTPOTO [eTepMHHHPOBAHHBIE; YAEJATH NOJKHOE BHHMAaHHe
BCeEM MeXaHH3MaM TelJonepelayd, BKJOYAsl M3JyyeHHe; HCCJIeHo-
BaThb TaKHe HEMPHUBBIYHbIE CHTYalHH, KaK HUMOYJbCHbIA Harpes HJd
IBUXKEHHE OJAHOPOLHOH KHUAKOCTH C Ta30BbIMH ITy3LIPSIMH.

Hy»kHo, ogHako, cKasaTb, 4TO BCe 3aTpaThbl Ha riayb6okoe H3yuye-
HUe MCeBAOXUIKOCTEH yxkKe ceHuyac oKymnaioTcs, a B OyAylleM, MOXHO
OXHAATh, OKYNSATCS elle B GoJiblieit creneHd. B kauecTBe nmpumepa
Ha30By npobJeMy, Haj KOTOpPO# yXKe HAaBHO AyMaloOT TeNIOTeXHUKH
BO BCeM MHpe,— HU3KOTeMIlepaTypHOe CXKHUraHHe TOIJIHBA B TOMKaXx
3JIeKTpPOCTaHUHHA. B cBoe BpeMsi Hall MHCTHTYT BBICTYNHJ ¢ OGOCHO-
BaHHBIM NpeaJiOKeHHeM: NPUMEHUB MCeBIOXKHIKOCTb, YMEHbIIHTb U
yAELUIEeBUTb NMapoBble KOTJbl TEMJIOBLIX 3JEKTPOCTAHIHH; KOTJBl 3TH
UMEIOT MOKa pa3Mepbl MHOTO3Ta)KHbIX 34aHUH. B pasnpHeliiem, yxe
IpYruMH, Obll PasBUT BapHaHT, NONOJHEHHBIH CXKHraHHEM CaMoOTO
TOMJVIMBA B MCEBLOXHAKOCTH. B 3TOM ciiyyae TOMJIHBO MOXHO Oyner
cxurath 6e3 NpeABapPHTENbHOrO TOHKOTO pa3MoJia, npuueM Oyner
roperb H HH3KOCOPTHOE TOIVIHBO, HMeloIlllee MHOTrO JIerKoNJaBKoH
3osbl. He Bce, HaBepHoe, 3HAIOT, YTO MHJIJIMOHBI TOHH TOMJIHKBA,
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CXKHraeMoro B TOMKaX OOJIbIUUX HNAapOBbIX KOTJIOB, NPOXOAAT He-
NPOCThble ONEepalld MOATOTOBKH, B YACTHOCTH H3MeJibueHHe Ha 0CoObIX
«MeJIbHHIAX». YNPOCTHTb NOATOTOBKY TOIMJIHBA — 3HAYHT IOJYUYHTb
OrpOMHBIH 3KOHOMHUYecKHi 3¢ddexkr. M ewe omuH acnekt (B HaiH
JHH OH MpHUBJEKaeT ocob6oe BHHMaHHe): TaKoe HU3KOTeMIlepaTypHoe
CXXHUraHHe TOMJIHBA MO3BOJHUT B 4—5 pa3 yMeHbIUUTb BHIGPOC B aTMO-
cepy okcuzgoB azora U B 10—20 pa3 ymeHblIUTb BbIGPOC OKCHIOB
cephl.

Y rtenjoo6MeHa € HCHOJIb30BaHHEM ICEBIOXKHUIKOCTEH eCTb yxXe
H NpH3HAHHble LOCTHXKEHWS, HANpUMep 3HaudTe/bHasi HHTeHCH(pHKaA-
LHS psAfa XMMHYECKHUX mpoueccoB. Miu co3paHue neuell A/s1 BHICOKO-
TeMIepaTypHOro HarpeBa MeTaJjsa, KOTOpble Pe3KO IOBHINAIOT Ka-
4ecTBO U 3P PeKTHBHOCTb Ky3HEUHOTrO NMPOU3BOACTBA.

KysHeuHoe pfesio, HCTOpUsI KOTOPOro HauydHaeTcss B TiyOGOKOH
JIPEBHOCTH, U B HAllM IHU He YTPATHJIO CBOero 3HaueHust. KpymHble
Ky3HeuHble [[eXa CYLLeCTBYIOT Ha GOJIbIIHHCTBE MALlHHOCTPOHTEJbHbIX
3aBOJOB, B YAaCTHOCTH Ha aBTOMOGHJBHBIX U MOTOPOCTPOHTEJbHBIX.
[IpuueM npuHUUN HarpeBa MeTasJa OoYyeHb YAaCTO OCTAETCH TAaKUM XKe,
KakK TbiCAUy JieT Ha3aj: 3aroTOBKY MOMEILAIOT B MJaMsi, B MHJaMeH-
HYIO Ieyb, KOTOpas JHIIb Mo MaclitTabaM U MO BCIOMOraTesJbHOMY
060pyAOBaHHIO, HO HHKAK He MO MPHHUHUNY HeACTBHS OTJIMYAETCs OT
ropHa [epeBeHCKOro KysHena. M Ttak ke Kak Tolca4M JeT Hasal,
6e37KaJIOCTHO pacxolyeTcsl TOMJMBO HAa HarpeB 3arOTOBKH — B TPyOy
yJeTaloT MUJUIHOHBI JxKoyJael sHepruu. M Tak ke Bbiropaer MeraJdu,
3arOTOBKa OBICTPO OKHCJSIETCS B IUIaMeHH, MOKPbIBaeTcsl OKaJlu-
HOH, KOTODPYIO NOTOM IPHXOAMUTCA YHaJsIThb TOKapsiMm H (pesepos-
IHKaM.

BblIo npeanpHHATO HeMaJo NONBITOK M30aBHTbCA OT 3THX He-
IOCTaTKOB, OCOGEHHO OT BTOPOro, HO MeYH NMOoJaydaJuchb OYeHb CJOXK-
HbIMH, TPOMO3JIKHMH HJIM HeHaldeXHbIMH. A Teuu, pOAUBIIHECS B
HUTMO, yxe uMeloT 3HaudTe/bHbIH pabGouuil cTax (cnpaBka: Ha pas-
JIHYHBIX 3aBofax paboraloT 12 Takux neueil; ofiHa H3 HHX B TedeHHe
roga KpyrJocyTouHo paboraer B Mockse Ha [lepsom T'ocymapctBeH-
HOM MOJLUHITHHKOBOM 3aBOAe; MHHHCTEPCTBO aBTOMOGHJBHOH MpO-
MBILIJIEHHOCTH NPUHSJIO pellleHHe O CEePHUHHOM BBLIYCKe HOBBIX He-
yefl), XOTf, KOHEUHO, MyTb K 3TOMY Gblg HesderkuM. O HeKOTOpPBIX
Tanax 3TOro MyTH W O CAMHX Teyax paccKa3biBaeT OAMH H3 HX
cosjaresielf, PyKOBOJAHTeNb JaGopaTOpHU TemJI00OMEHHBIX MPOLECCOB
W annapaTtoB, AOKTOp TexHuueckux Hayk Hukosmait Bacunasb-
€eBHY AHTOHWIIHH:

— YacrHas, no cytd nesa, 3agada, O KOTOPOH MHe NpeACTOUT
pacckasaTb, OTHOCHTCS K Upe3BbiuaiiHO BaXKHOH U o6ulell npobieme —
NnoBbilIeHUI0 3G (GEKTUBHOCTH HarpeBaTeJbHbIX YycrpoicTB. IlepBhoiit
liar B 3TOM BaXXHOM fiejie Obl1 ciesiaH 6e3BeCTHBIM u3obperarenem,
KOTOpPbIH orpagu/ cBOil KocTep KaMHsiMH. Kak HH CTpaHHO, HO Cy-
L1eCTBYIOT 06JIaCTH TEIVIOTEXHHKH, B KOTOPbIX BO BCe MOCJeAylolliHe
BpeMeHa He ObIIO CHENAaHO APYrHX YCOBepLIEHCTBOBAHHH Moao6HOro
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Maciuta6a. B uuciae Takux obaactell — BBICOKOTEMIEPaTYPHbIi OTHe-
BOH HarpeB MeTaJlJIHUeCKHX 3aroTOBOK. 3[eCh A0 CaMOT0 MOCJeIHEero
BpeMEHH HCMOJb3yeTcsl TPaJAHLHOHHAs cxema TennoobMeHa — uepe3
raszoo6pasHele NPOAYKTbl CrOpaHHUs K MeTalay. A ra3 ckopee MOXHO
Has3BaTb H30J5TOPOM, 4YeM NPOBOAHUKOM Temja: Ko3dpduuUeHT, Xa-
pakTepu3yloWUH ero cnoco6HOCTh NepenaBaTth Tenao, paseH 200, B TO
BpeMsl KaK y XKHAKHX MeTaJIOB WJIH paclljlaBOB coJiell 3TOT Ko3(-
¢uuuent pasen 20 000.

B HoBbix neuax, pazpa6oranusix UM'TMO coBmectrHo co Cnenualib-
HbIM KOHCTPYKTOPCKHM 610po MHHHCTepCTBa aBTOMOOUJIBLHOH MpO-
MBIIIJIEHHOCTH, TemJao0OMeH OCYILeCTBJsieTCs B KUMSHIEH TCeBO-
JKHAKOCTH — CXKHUraeMblii ra3 rnepBOHAuaJbHO OTAAET TeMJo IMecKy,
a TOT, NepeMmeulasiCb € MOTOKAMH rasa, OTAAaeT TemIo MeTajly
(puc. 4). Ha nepBbli B3rssin MOXeT I[0Ka3aTbCsd, YTO BBeJEHHE
3TOTO MOCpPeAHHKA — NecKa — HUYero He MOJXKHO [1aTh, TaK KakK caMm
NeCOK MOJIy4aeT TEMJIO BCe OT TOTO XKe TeMJIOH30JATOpd — OT rasa.
OnHako cymMMapHasi MOBEPXHOCTb NMECUHHOK OrPOMHA, U B 3HAUHTEJb-
HOil Mepe G6Jiarofapsi 3TOMY OHHM OTOHPAIOT Yy NJaMEeHH BO MHOTO
pas OoJblue Temja, yeM cymena Obl OTHSITb HarpeBaemasi 3aro-
TOBKa.

[ToyuuTtesbHa HCTOpPUA CO31aHUA HOBbIX nedei. Bce Hauagochb c
TOrO, YTO B OTBJIEUEHHBIX, MO CYTH, HCCIEIOBAHUSAX GblIK OGHADYXKEHBI
oueHb 3(d¢eKTHBHbIE TNpouecch Temioo6MeHa B MCEBIOKHAKOCTSAX
Ha OCHOBe rasoo6pa3HbiX NMPOAYKTOB ropeHusi. 3ateM Oblla HafneHa
o6Jacth, rAe 3TH Npouecchl MOrJd AaTh Goabwol 3abdekr. [Torom
HayaJsiacb NOCTPONKA medeld U UX pa3pyllieHHe — [epBble MeUd noJjayya-
JUCb HeyjlauHbIMH I HakoHel, nocjegHHe MOJAEJH — OHH MPOCTHI,
HaJleXKHbl, HarpeB HJAET B HECKOJbKO pa3 ObicTpee, yeM B OOBIYHBIX
njiaMeHHblX neuax. M rsaBHoe, He co31aeTCsl OKaJMHBI, YTO JAaeT
0c060 OLLYTHUMBbIH 3KOHOMHUYECKHH BBIUTpHIL. Besl aTa KopoTko pac-
CKa3aHHasi MCTOPUSA 3aHsJa MOYTH 15 JieT, HO OHa Bce XKe NPHUBOIAHMT
K ONTHMHCTHYECKOMY BBIBOAY — COBpPEMEHHble CHCTeMbl TelmJooOMeHa
MOTYT B KODHe NpeoOpa30BbIBaTb HEKOTOpPble TPaZHLHOHHBIE TemJo-
TeXHHUYEeCKHe MpOLecChl.

Cpeny HOBBIX TeMJOOGMEHHLIX CHCTEM BaX{HO€ MECTO 3aHUMAIOT
TemoBble TPyObl. OLUH U3 NpPOCTbIX BApHAHTOB TeMJOBOH TPY6OBl —
3TO 3aKpbITHIH MeTaJIMYecKH# UHJAWHADP (puC. D); ero BHYyTpeHHHe
CTEHKH BbLJIOXKEHB! CJI0eM MOPHCTOro MaTepHaJtia, NPONHTAHHOTO Jer-
KO Hcnapsiomeics XKUAKOCTbIo. MIMEHHO ¢ ABHXKeHHeM 3TOH XKHA-
KOCTH CBSI3aHa TEIJIONPOBOJHOCTb TPYOH — Ha TopsiueM KOHIE XKHA-
KOCTb HcnapsieTcsi H OTOHpaeT TemJo; NMapbl caMH NepeMellaioTcs K
XOJIOLHOMY KOHILY — 3TO HOpMaJbHasi KOHBEKLHsl; 31eCb Napbl KOH-
JdeHCHPYIOTCSl M OTAAIOT Tem1o; o6pa3oBaBIIasicsl XHUAKOCTb MO MO-
pUCTOMY MaTepHaJsJy Bo3Bpallaercs oO6GpPaTHO K ropsiyeMy KOHILY
TpyOHI.

D70 3aMKHYTBIH LUK, 66CKOHEUHBIH KPYrOBOPOT TelJa H MacChl —
npekpacHas TelnJjoBasl MalluHa 6e3 lecTepeHOK H pblyaroB, B Ka-
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KOM-TO CMbICJe MalliHa BeuyHasl, paboraiowiasi HaJeXHO H 3Pdek-
tuBHO. O HEKOTOpHIX NMpodeccHsiXx MalIMHbBl «TensoBas Tpyba» pac-
CKasblBaeT PYKOBOHMTeNb JaGopaTOpud HU3KHUX Temnepatyp Jleo-
Hapn JleounpgoBuu Bacuabes:

— IlepBuie TemyoBble TPyGbl OblIM 3aNaTeHTOBAHbl CPAaBHHTEJb-
HO HelaBHO, B COPOKOBBIX rOfax, H JOJIFOe BpeMsl COBeplLIeHCTBOBA-
JIMCb B OCHOBHOM KakK HellpeB30OlJeHHble NMPOBOJHHKH Tensa. MmMenHo
HenpeB30OHAeHHble, HX Ja)e Ha3BaJu CBepXNpoBoJHHKaMH. Bor TH-
NHYHBIA NpHMep, DOKa3blBAOUIMH, UTO 3TO 3BaHHe 3acjyKeHHoe:
yepes TemyoByio Tpy6y nuaMerpom | CM MOXKHO NPOTHATb TeMJOBYIO
MoiHocTh nopsinka 10 kBT mpu pa3HocTH TemmepaTyp Ha KOHIAX
Tpy6bl Bcero B 5 °C; 4TOGBl APONYCTHTb 3TY MOILHOCTb 4epe3 MeJHbIH
CTEpKEHb TAKOTO K€ AHaMeTpa, Ha ero KOHUax HyxeH 6bla Gbl nepe-
napx temnepartyp noutd 150 000 °C.

TensnoBuie Tpy6bl yKe cefiuac NMPUMEHSIOTCSH LOBOJBHO LIHPOKO,
HX MOJKHO BCTPETHTb Ha KOCMHYeCKHX annaparax, B silepHblX peak-
TOpaxX, KPHOTEHHbIX XHPYPTHYeCKHX HHCTPYMEHTaX, B CHCTeMax
OXJIaXKIeHUsl [BUTaTesNeH, yTHIN3alUH Tel1a, cBepXriay6uHHoro 6ype-
HUSl, cTaGWJH3audu TPYHTa B YCJOBHAX BeuHOH Mep3sorbl. HemaJo
HHTEpeCHbIX e/ HaMeUeHo AJIs1 TeMJIOBbHX TPYO U B TeXHHKe GYAYLLETO.
OHu, HanpuMep, CMOTYT OTGHPATb TEMJIO Y XKHAKOTO JIHTHSI B TepMO-
SiIepHbIX YCTAHOBKAaX, y4yacTBOBAaTb B NOOBIBAHHU TemJsa U3 TJIyOUH
3eMJIH.

OpHako eciu B3IVISHYTb Ha [eJO0 IIHPe, TO OKaXeTcs, YTO Tef-
JgoBasi Tpy6a — 3TO He TOJNBKO TeMJONPOBOAHHUK, YTO 3TO €CThb HEKHH
anmapar, B KOTOPOM MNOJ paeHCTBHEM HeOOJIbLUMX TeMIepaTypHbIX
nepenajgoB NMPOUCXOAHT AKTHBHOE ABHXKEHHe Macchl W npeobGpasoBa-
HHe 3HePrud — BajkHeHIIHe mpolecchl a060# paGoTaloiieil MalIHHbL.
[TosBusMCch 3TH anmmapaTbl ¢ 3aMKHYTHIMH HCIapUTEJIbHO-KOHLEHCA-
ILUOHHBIMH LHMKJAaMH HaBHO, ceMelCTBO HX IOBOJILHO BEeJUKO (B Hero,
KCTaTH, BXOJIHUT IIHPOKOH3BECTHAsl KacTPIOJ-CKOPOBapkKa), U cefiuac
3TH anmapaTbl Haya/Jd OCBaHBaTb MHOIO HOBHIX HHTEpPeCHBIX MpPO-
¢eccuit. Ha ux ocHoBe, Hanpumep, co3zpaworcsi MIJl-renepatopbl —
TeNJIOHOCHTeleM B TemJoBOH Tpy6e MOKeT ObITb XHAKHH MeTaJ,
H ecJu MNOMecTHTb TpyOy B MarHdtHoe moJie, TO B [IBHXKYHIEMCSH
MertaJjie Kak Ha KOHLAX ABHXKYLIEerocsl NpoBOAHHKA HAaBeLeTCs 3JeK-
TPOABHKYLAs cuaa HHAYKuHH. Ha ocHOBe TensoBo# Tpy6nl co3paioT-
csl HOBble THMNbI Ja3epoB; B Tpy6ax MOXKeT BBHIMOJHATbLCA MeXxa-
HUYyeckasi pa6oTa 3a cyeT 3SHEePrHH MBHIKYHIETOCS TEMJIOHOCHTES;
H3y4yeHHe MPOLECCOB B TEMJIOBOH Tpy6Ge MO3BO/SIeT NOHATH HEKOTOPHIE
(usnoNOrHUeCKHEe MeXaHU3Mbl; C TOMOMIbIO TEMJOBBIX TPY6 MOXKHO
BECTH HEKOTOpble XHMHUECKHe MNpOLecCh, KOTOpble MOKa UHCAATCS
B CIIHCKe HEeOCYLLeCTBHMbIX. DTOT CIIHCOK YXKe ceHuac MOXKHO GbLI0 Gbl
OPOAOJKHUTb, XOTSl TJIaBHble OTKPBITHS M H3006peTeHUsl, HaBepHOE,
BCe-TaKH BIepelH.

TennoBele TpyObl — OLHH H3 MPUMEPOB TOTO, KakK BHHUMaHHe K
CJIOKHOH TelJIOTeXHHYeCKOH mnpobseMe MOKeT IaTh OueHb BaKHble
HayyHble H NpaKTHYECKHe DPe3yJbTaThl.
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Ectb Hemano o6gactedl Haykd, ¢ HOCTHXKEHHSIMH KOTOPbIX Mbl
Y4acTo CTaJKUBAEMCSl, YacTO CJbIILUAM O HHX: KapMaHHbIH KOMIbIO-
Tep WU UBeTHble TeJeBHU30pbl NPEeKPacHO NPONaraHAUpYOT B MHJJIHOH-
HbIX aYyAHTODHSIX MPOTPECC 3JEKTPOHHKH. A ecTb TakHe HayuyHble
o6/1acTH, ycreXH KOTOPbIX He OYeHb 3aMeTHbl IIHPOKO#H mny6Juke:
3JleKTpUYecKass JaMrnoyka B BalleM [JOMe CBETHT, KaK H MOJCOTHH
JIeT Ha3al, U MaJio KTO 3HAeT O TeX H3MeHEeHHUsIX, KOTOpble MPOHU3O0LLIH
3a 3TO BpeMsl B CaMOM IIPOM3BOJACTBE 3JleKTpuuecTBa (CHpaBKa: B
npeABOeHHble TOAbl Map, paboTalolUil Ha TeMJI03JeKTPOCTAHLHSIX,
HMeJs Takve napamerpol: Temneparypy 400—425°C, naBienue —
2,6—3 MIla; B nocieBoeHHble TOAbl MapaMeTpbl mapa MOAHSJIH [0
500—525°C u 9 MIla; ceftluac oHM mnogHATH A0 565—580°C
u 24 MIla; oguH u3 BHHrpbimieit — skoHoMuss 25—30°/, TOm/IHUBA;
JTO 3KBHUBAJIEHTHO MOSIBJIEHHIO B TOMJIMBHOM 6asiaHce CTpaHbl JecsT-
KOB «0eCNJIaTHBIX» YrOJIbHBIX LIAXT).

Pa6oroii Gosblinx Maciita6oB, gelaMd OTPOMHON Ba’KHOCTH 3a-
HSITAa CKPOMHAasl HaykKa — TEMJOTEeXHHKA, MHOTO HHTEPECHOTO [e/alorT
M HaMeyaloT cHesaTh BCe ee rIJaBHble HanpaBJieHHsl, B TOM UHCJe
H Te, YTO 3aHSThl HCC/IeJOBAHHEM H HCIO/Jb30BAaHHEM MPOLECCOB
TenJ1006MeHa.



Hapexabl cBA3aHbl C HEWTPUHO

JnemMenmapHan vacmuya HedmpuHO, KOMOPYl, KAK KA3AA0CL paHbule,
He/b3A SHCNEPUMEHMANbHO O6HAPYWUMb, CE200HA cama Cmand MmOHKUM
UHCMpyMeHmom 8 AOePHbIX UCCAeD0BAHUAX.

Kaptuna Mmupa, KOTOpylo pucoBaau ceGe ecTecTBOMCHBITATEJNH
BCEro HeCKOJIbKO CTOJIeTHH Has3aj, OTJiMYajach 3aBUAHOH MPOCTOTOH.
Brliu, KoHeuHo, Koe-kKakde HesicHocTd. bblin. Ho Kacanuce oHM B
OCHOBHOM KOJIHYECTBEHHOH CTOPOHbI [ieJ1a, HEKOTOPbIX NOLPOGHOCTEH,
neranell. ['naBHOe ke ObLIO NPHBLIUHBIM H NO3TOMY MOHSTHBIM. IlpH-
BBIUHOE OCHOBHOE CBOHCTBO MaTepUd — Macca, NPHBbIYHbIH OCHOBHOMN
BHJ TpPOLLECCOB — MeXaHHYeCcKoe NBHIKEHHe.

[lepBble ymapnl mo yno6HOW MexaHUYecKOH Monend MHpa GblIH
HaHeCceHbl [aBHO, HO HX UCTHHHBLIA CMBIC] OCO3HAJHU JHULUIb B MPOHIJIOM
BeKe: 0Kas3ajocb, YTO eCTb y Marepud WU [ApYyrde CBOHCTBa, CTOJb
Ke (QyHIaMeHTaJbHble, KAK Macca. DTH CBOHCTBAa Ha3BaJd 3JIEKTPH-
YeCKHM 3apsiiOM H MarHeTH3MOM, HeTaJbHO H3YUUJIH HX, TOJbKO
CTaJj¥ NPUBLIKATb K I'PaBHUTALlMOHHO-3JIEKTPHUECKO-MarHHTHOMY MHUPY,
Kak MpHIIH HOBble HenpusiTHocTH. O6HapyXHJIoCh eue ofHO PyHAa-
MeHTaJlbHOe CBOWCTBO MaTepHH, KOTOPOMY IaJld CKPOMHOE HaHMeHO-
BaHHe — sifiepHble CHJIBI.

Ho u Ha simepHblX cuJax Hesno He KoHuusaocb. Mcecaepys sigpo,
¢hU3UKH OHY 3a APYro# OTKpbIBaJH TaKHe MOAPOOGHOCTH B YCTPOHCT-
Be Hallero MUpa, O KOTOPBIX YXKe PeIKO TOBOPHJH «YAHBHTENbHOE»
HJIH «HENPHBBIYHOE», a ualie — «Ge3yMHoe».

3nech 6b110 Bee. M KanefifOCKON HOBbIX CBOHCTB MaTepHH, TOJbKO
ycrneBall WM Ha3BaHUSl NMPHAYMbIBATb: «OapHOHHbBIA 3apsig», «THOEp-
3apsil», «CTPaHHOCTb», «O4apoBaHHe»... M orpomMHoe MHOXKeCTBO
HOBBIX f1I€PHBIX YACTUL — CHaydaJ/a AeCSTKH, a MOTOM yXKe H COTHH —
BMECTO ellle HeJAaBHO €IHUHCTBEHHOH TPOHKH <«3JIEKTPOH — MPOTOH —
HeHTpoH>»... 1 KaKue-TO cOBeplLIeHHO HeNOCTHXKUMbIe NMPOLECCh: POXK-
JIeHHe YacTHIL M3 <«MyCTOTHl», W3 BaKyyMma, IpeBpauieHHe OmHOM
YacCTHIBl B HECKOJIBKO NMPUMEPHO TAKHX XKe, POXKJAEHHe YacTHL, Bceraa
3aKpYy4YeHHbIX B OLHY CTOPOHY, XOTsl MO 3aKOHAM CHMMETPHH 4acTb
M3 HUX HOJIKHA BpalllaTbCsl «TyAa», a 4acTb «0OpaTHO» (He MOXer
XKe MoHeTa 6e3 BCAKHUX NPHUYWH BCeraa nmanatb rep6oM KBepxy).

CeropHsi Takux Ge3yMHbIX ()aKTOB HaKOMHJIOCH Ge3yMHOe MHO-
xectBo. UM Her Mecra B crapoil no6poii ¢uU3HKe, HO U HET AJS HHUX
noka (QU3HKH HOBOH — 1Mo 3TUM ¢(aKTaM He yaaeTcsl NpPeAcTaBHUTb
ce6e BeCb CBOJ 3aKOHOB, KOTOPBIMH KHBET MUKPOMHp, KaK, CKaxeM,
He YyHaercsi yragath CJOXHBIH PHCYHOK IO OTHAEJNbHBIM TOUKaM,
pas6bpocaHHbiM Ha Jucte Gymaru. [IpaBma, Tpyaamu BeJHKHX YMOB
CO3/1aHbl U3yMHTeNbHbIE TeOpeTHUeCKHe NOCTPOEHHS] THNA «BCe MOIJIO
6bl 6BITh Tak...». Ho oHH O6GBIYHO comepKaT OueHb MHOTO «ecsad Obl»
H DHUCYIOT K TOMY € Kakue-TO YacTd, (pparMeHTbl KapTHHbL. A KTO
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3HaeT, BO uUTO NpeBpaTATcs (parMeHThl, Korga kKaptHHa 6yneT Ha-
pUCOBaHa LEJHKOM.

UTto xe mMelaeT BbIIBUTb OCHOBHble 3aKOHbBl MUKPOMHUPpaA, TaKHe Xe
obuve M GeccrniopHble, KakK, Hampumep, 3akoH Oma? Moxer ObITb,
3THX 3aKOHOB BOOOle HeT W LApUT B MHKpomupe aHapxus? Hau
ellle He CO3[aH SI3bIK IJIS1 UX ONMUCAHHS, SI3bIK, JOCTATOUHO Ge3yMHbIH
JJis 3Toro 6e3yMHOro Mupa? (YCTpPOHCTBO LIBETHOrO TeseBH30pa HJIH
KOMMblOTepa TPYNHO ONHCATh CJOBAMH — [Jisi 3TOTO HYyXXeH S3blK
3JIeKTpUyecKux cxeM.) HMuau, Mmoxer 6biThb, A1 CO3AaHUS YNOPSLOUEH-
HOH MoJeJH MHUKPOMHpa elle HYyXXHO HAHTH YTO-TO CaMoe BaXKHoe,
nono6Ho ToMy Kak KomepHHKY HYXKHO OblI0 HaWTH MCTHHHBIH LEHTP
Hallel NJaHeTapHOH cUCTeMbl, YTOObl H36aBUTLCS OT MTOJIEMeeBbIX
HarpoMoX AeHU#?

Du3uKH (1 TEOPEeTHKH, H IKCIEPHMEHTATopbl) OXOTHO 6YyAyT 06-
cyXnaTb ¢ BaMu 3TH Bonpoch. OxoTHO U obcrositenbHo. Ho Toabko
HefoJro. ¥ HHX cefiyac IJs 3TOrO NMPOCTO OYEHb MaJlO BpeMeHH —
y HHX o4yeHp MHOro pa6otbl. B ¢u3nke MHKpomMHpa BHOBb 3aflyJ/H
BeTpol ontuMH3ama. MccaenoBatenn co3naloT HOBble CYyMepPBHPTYO3HbIE
TeopeTHuYeCKHe MOJeJH, MJIaHUPYIOT U NMPOBOAAT HOBble YJAbTPaCJIOXK-
Hble 3KCNepUMeHTbl, NbITasACbh HAHTH U OGDBSACHHTb HOBble (aKTHI,
KOTOpbIX, MOXKeT ObiTb, KaK pa3 MU He XBaTaer [Js NOCTPOEHHS,
KakK OHH TOBODSIT, KPAaCHBOH TEOPHH.

B nocsenHee BpeMsi HafeX[Ja Ha ycnex B KaKOH-TO Mepe CBf3a-
Ha C TaK Ha3blBaeMbIMH HeHTPUHHBIMH 3KcnepumeHTaMu. OHH Ipo-
BOASITCS HA HECKOJbKUX YCKOpUTessix, B TOM udciae H Ha Cepny-
XOBCKOH MallliHe — Ha BCEMHPHO H3BeCTHOM yckopurtese WMHctuTyTa
GbHU3UKH BBICOKHX 3Hepruii, Kotopblii HaxoguTcs B noceqake I1poTBuHO
nox CepnyxoBoM. B npenesibHO ynpouleHHOM BHIE 3TH 3KCIIEPUMEHTb
BBIMISIAAT TaK: aTOMHble sfapa 60MO6apAHPYIOT MOTOKOM HEHTPHHO H
perucTpUpyioT, CKOJbKO KAaKHX SIIePHBIX peakiHi NPOUCXOAHT MNOJ
HelicTBUEM 3TOH 60MOGapAUPOBKH.

Yxe B camMoM (akTe HeHTPHHHBIX 3KCNEPHUMEHTOB eCTb YTO-TO
YAUBHTENbHOE, NMapafoKcanbHoe. 3a HeHTPUHO H3[JaBHA YyKpemu/achb
penyrauusi HeyJOBHMOH YacTHLBI, Temepb e OHO €aMo CTaJo Opy-
IHeM HccaelOBaHUN, HHCTPYMEHTOM 3KclepHmeHTaTopoB. HeyJsoBu-
MOCTb HEATPHHO CBsiI3aHa C TeM, YTO y Hero HeT 3/eKTPHYEeCKOro
3apsila H, Kak MojaraloT HeKOTOpble TEOPeTHKH, HeT Macchl IOKOs
(Bompoc o Macce, nmpaBja, NMOKa OCTAETCA OTKPHITHIM, HO €CJH OHa
H ecTb, TO upe3BbluaiiHo Mmana). Ho rnaBHoe — 3TO yauBHTeJNbHAs
HHEPTHOCTb HeHTPHHO, KOTHA AeJO KacaeTcsl B3aUMOJEHCTBHH C APY-
ruMH yactuuamu. HefdATpuHo GecnpensiTCTBEHHO NMPOXOAHT yepe3 Be-
UleCTBO, He B3auMopelcTByeT ¢ HHM. TouHee, MOYTH He B3aHMO-
JefCTBYeT — paHO HJM MO3IHO HEHTPUHO BCe XKe HaThiKaeTcs Ha
AfepPHYI0 YyaCTHLY, KOTOpas Noj AeHCTBHEM yAapa yalle BCero pas-
pylaercsi, pacnajgaercsi. ATH pacnaabl 4acTHIL, BbI3BaHHble HEATPHH-
Hoii 60M6apAMpPOBKOH, NpPeACTaBJSAIOT OCOObIH HHTEpec: OHH MOTYT
JaTh HCCJefoBaTeJsIM HH(GOPMALHMIO O SIAepPHbIX Mpoueccax, KOTopylo
HUKAKUMH APYTHMH CHOCO6aMH MOJYYHTb HeJib3sl.
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HerpyaHo norapaTbesi, 4yTo AJ1s1 NpoBeleHUs] HEHTPHHHBIX KCIe-
PUMEHTOB HY)KHO CO3JaTh MOTOK HEATPHHO, HY>KHO OUHCTHTb €ro or
BCeX APYrHX YaCTHIL U HYXKHO TepHeJUBO XKAAThb «COGBITHH» — CTOJIK-
HOBEHUs] HEUTPUHO C sfepHbIMH yactuuamu. Ho or obuielt cxemnl,
OT 3THX, Ka3aJoch Obl, MPOCTHIX «HYXKHOY» JIEXKHUT TPYAHBIH U HOJTHI
NyTh 0O peaJsibHbIX YCTAHOBOK, PeasibHbIX 3KCIEPHMEHTOB.

BoT HecKOJNbKO LUTPHUXOB, JAIOUIMX MpeLCTaBJeHHe O MOATOTOBKe
K HelTpuHHBIM 3KcnepuMenTam Ha CeprnyXxoBCKoMm yckopurene. Pac-
CKa3bIBAIOT CO3JaTed HEeHTPWHHOH YCTAHOBKH, YYACTHMKH IMepPBbLIX
JKCIIePHMEHTOB Ha HeH.

JlokTop dbu3nKo-MaTeMaTHueckux Hayk AnbG6ept MBaHOBHUU
My xuH, pykoBoaureab jsaboparopud MHCTHTYTa PU3HKHM BBICOKHX
SHepruid:

— Hpewo HeATpHHHBIX 3KCIEPUMEHTOB HAa YCKOpPHTeNSIX elle B
IIeCTHIECATHIX TroAaxX BbIABHHYJH akageMukH Mouceit AjekcaHapo-
BuY MapkoB u BpyHo MakcumoBuu [ToHTekopBo. OgHako NMoOHamo-
6uauch rompl, Mpexpae ueM uaess Oblia peasnndoBaHa. OCHOBHOH
3JIeMeHT JI0G0H YCTAaHOBKH [J151 TAKHX 3SKCHEPUMEHTOB — 3TO, KO-
HeYyHO, CaM YCKODHTEJb, KOTOPbIA HaeT MydyoK MPOTOHOB BbICOKOH
3Heprud — y Hac go 70 I'sB. IlporoHsl GomM6apAHpYIOT aJIOMHHHE-
BYIO MHILIEHb, H U3 Hee BBUJIETAIOT MOTOKH pPa3HbIX YacTHIL, B 4acT-
HOCTH TIH-Me30HBI (n+) U Ka-Me3oHbl (K1). I[IposiereB HekoTOpOe pac-
CTOsIHMe, M Te W Jpyrue pacnajgarmorcsi (CM. pPHC.) HA MIO-Me30HHI
1 He#ATpHHO (ut+v ).

YacTuupl, BolJeTaBlUIHe U3 aJIOMHHUEBOH MHlIeHH, MpoberaioT Mo
mauHHo# (150 M) BakyyMHO# Kamepe, U 3a BpeMmsi 3TOro npobera
NPOMCXOJUT OUeHb MHOI'O pacnaioB, poxAalouux HedTpuHo. Tak
co3faercsi NMOTOK HEHATPHHO, HO, KOHEYHO, He B YHCTOM BHME, a B
CMeCH C OrPOMHBIM KOJIHYECTBOM APYFHX UYacTHIL.
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Ha nyTtu u3 BakyyMHO# KaMepbl K perHCTPUPYIOLLHM YCTPOHCTBaM
4acTUUbl [JOJKHBI NPEOAOJIETh KeJe3Hbll (QUIbTP TOJIHHOK 66 M.
HeliTpuHO NpOHM3BIBAIOT €T0 JIETKO W MPOCTO, IJsi BCeX XKe OCTallb-
HBIX YaCTHIL 3TOT (PUJIBLTP NPAaKTHUECKH HemnpeonoJuM. B urore Ha
BbIXOZe (UIbTPA MOJydaeTcsd NPAKTHYECKH HJeaJbHO UHCTbIH MOTOK
He#iTpuHO. Besi ycTaHOBKa OKpyXeHa XKeJe3HbIM 3KpaHoM ¢ ofulef
maccoii 20 Thic. T— 1m0 Macce 3TO 60JbLIOH OKeaHCKHUIl . 1aliHep.

JlokTop ¢u3uKo-mMaTeMaTnuecKkix Hayk Butaaui#i Cepree-
Buu KadraHnoB, pykoBoaureab jsaboparopud MHcTtuTyTa Teope-
THYeCKOH H 3KCIEepHMEHTa/JbHOH (PU3UKH:

— MuieHu, B KOTOpble HaNpaBJsAOT MOTOK HEHTPHHO,— 3TO
KBajJpaTHble CTajibHble MJIMTBHI CO CTOPOHOH 2,2 M, TOJILHHOH 12 cM.
Bcero Takux miauT Ha ycTaHoBKe 24, HEHTPHHHBIA MOTOK MOCJeI0Ba-
TeJbHO NPOHM3BIBAET HX ONHY 3a Npyrod. B mnpomexyTke mexmy
KaXXJbIMH [BYM$l COCELHMMH IJIHTAMH HaXOHSATCH AETEKTOpbl 4Ya-
CTHL, — HCKPOBble KaMephl. DT0 (HaKTHUeCKH TpeXIJIacTHHUAThle KOH-
JeHcaTopbl C BbICOKMUM Hampsikenuem (30 kB) mexnay naacTHHamH.
ITposier HEATPHHO B TAKHX NETEKTOpPaX, KOHEYHO, He PETrHCTPUPYETCS.
Ho korma B KakoH-HHGYOb CTajJbHOW NJacTHHE HEUTPHHO HAJETHT
Ha siiepHYyIo YacTHLY, TO HX B3aHMoneHcTBHe GyneT TOUHO 3aHUKCH-
POBaHO — HOBble YaCTHIbl, POXKIEHHblE 3TUM B3aUMOJeHCTBHEM, MPO-
JeTtasi MexXJy MJacTHHAMH «KOHIEHCAaTopa», Ha CBOEM MyTH HOHH-
3MPYIOT ra3, U N0 UX HeBUAUMOMY CJely NPOCKaKUBaeT TOHKas HCKpa,
Kotopasi ororpadupyercsi WJIH perucrpupyercss (HOTO3JIEKTPOHHBIM
ycrpoiicrBom. IlpumeuatenbHo BOT uTto. B JmoGHIX ApYyrux sigepHBIX
JKCIIePUMEHTaX PEeTHCTPUPYETCS OUeHb MHOT0 «COOBITHH» — CTOJKHO-
BEeHUH, pacnajgoB M T. II.— U NOTOM M3 COTeH Thicsiu (ororpaduit
OoT6HPaAETCsl HECKOJbKO HYXKHbIX. B HEATPHHHBIX 3KCHEepUMEHTax Mo-
CTOPOHHHUX «COOBITHH» HeT, perucTpHpyloulHe NMpUOOpPHl B OCHOBHOM
Bce Bpemsi mosyar. Ho xorma oHdH HaKoHel cpabaThiBalOT, TO 3TO
NOYTH BCEeTAa O3HayaeT, YTO NMPOU30LIIO HCTHHHO HEHTPUHHOE «CO-
6bITHe» — KaKoe-TO HEHTPHHO mnomajso B sApo. B mepBoM uukie
JKCIIEDUMEHTOB 3a TPH Helend OblJO 3aperdHCTPUPOBAHO HECKOJBLKO
TBICSIY TAKHUX «COOBITHH».

Jokrop ¢u3uko-MaTeMaTuueckux Hayk AJjgekcauap Ba-
cuabeBuy CamoiijgoB, pykoBoauTe b saGopatopud HcTHTYTA
(HU3HUKH BBICOKHX 3SHEPTHH:

— OnHa u3 riaBHBIX XapaKTepUCTHK YCTAHOBOK [UISL HEMTPHUHHbBIX
IKCIIEDUMEHTOB — 3TO 4ACTOTa CJedOBaHHUS «COObITUi». YKesaTesbHO,
4TOGb! «COOBITHSI» MPOHCXOAUIH KaK MOXHO Yalie — 3[1€Cb, OUEBHIHO,
nosicHeHH# He Tpebyercsi. Hactora «CoObITHH» 3aBHCHT OT MJIOTHO-
CTH HEeHTPHHHOTO IOTOKA, @ 3HAYUT, OT MHOTUX (aKTOPOB: OT IHEPTHH
IPOTOHOB, HaNpaBJeHHbIX U3 YCKOPUTEJS] Ha aJIOMHHHEBYIO MHUILEHD,
OT HMHTEHCHBHOCTH NPOTOHHoro nyuyka. M eme or KoHdurypauuu
NOTOKa MH-ME30HOB M Ka-Me30HOB, H3 KOTOPbIX B UTOre obpasyercsi
NOTOK HeUTPHHO. Ecsu cobpartb, CKOHIIEHTPHPOBATH MU-Me30HbI H Ka-
ME30Hbl, He [AaBaTb WM pasjeTaTbCsl MO CTOPOHAM, a HaNpaBUThb HX
B CTOPOHY CTa/bHBIX INIUT-MHUILEHEH, TO U MOTOK HEHATPHHO B 3TOM
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HanpaBJeHHH CTaHeT «rylile», a 3HduMr, uaile OyAyT NPOHCXOMHTD
H PEerucTpUpOBaATLCH «COOGBLITHAY.

a5 GoKycHpOBKH MOTOKA YacTUl B BaKyyMHOH Kamepe fepen
Hell yCTaHOBJIEHbl MarHUTHble napa6Gosnueckde JuH3bl. HyxHble HaM
MH-Me30Hbl H Ka-Me30Hbl HMEIOT MOJIOXKHUTEJNbHbIA JeKTpHUeCKHH 3a-
pPAll, U TMOTOK 3THX YaCTHL €CTb He YTO HHOe, KaK 3JeKTPHUeCKHil
Tok. Hy a Ha TOK MOXHO BJIMSITb MarHUTHBIM HOJIEM.

dokycupyouide JHH3bl (BCEro HX UeThlpe; 4YaCTHLBl MOCJenoBa-
TeJbHO MPOXOAAT OAHY JIMH3Y 3a [APYrod) cHefaHbl W3 TOHKOrO Me-
TaJjsaa (TOJILHHA HECKOJbKO MHJJIMMETPOB) M UYeM-TO HAMNOMHHAIOT
MECOYHBIC Yachl, MOJIOXKEHHble HAGOK,—- KaXkaas JuH3a umeer Gopmy
IBYX Mapa6oJIOnI0B BpallleHHsl, CONMPUKACAIOIUXCS CBOUMH BEPILHHA-
mu. Ecan mo rtakoil JIMH3e NPOMYCTHTb TOK, TO B HeHd BO3HHKaeT
MArHUTHOE I10JIe, CXKHUMalollee MOTOK dacTuil. HacTuusl, BbljieTeBLIHe
M3 aJIOMHUHHEBOH MHUILUEHH, WMEIOT oOueHb OO0JbIIYI0 3HEPTHIO, H,
4yToObl C(HOKYCHPOBATb HX, MO JHH3e ApomycKaloT TokK no 500 KA.
[1pu stoM Ha JIHH3Y OGpPYILIHMBAIOTCA OrPOMHbIE MeXaHHYECKHEe Ha-
rpysku (no 100 kH). ¥Yxe 3t uudpsl roBopsT o TPYAHOCTSIX
CO3[aHUs JIWH3 [JI1 HEHTPHHHOTO 3KcnepuMeHTta. OQHAKO TPYHLHOCTH
3aJayd BIIOJIHE OKynaeTrcsl pe3yJbTaTOM — CHJBHO PacXOASIUIHACS
MOTOK YaCTHIL CTAHOBUTCS MPAKTHUECKH MapaJlJieibHbIM.

Tak BoT, dokycupyloune JjuH3pl B 10 pa3 oboraTujd HEHUTPHH-
HbIH MOTOK, MJM, Npolle roBopsi, B 10 pa3 yBeqnuu/M cpejHee YHCJIO
HeHTPUHO, MOMAJaloWHX B CTaJbHble JIHCTHI-MHWeEHH. A 3HAUHT, B
10 pa3 moBBICHJIH YHCJIO «COOLITHI» B efnHuLy BpemeHu. Ho, MoxeTr
ObiTh, [da)e Baj)KHee Jpyroe: ec/iy HU3MEHUTb HaNpaBJieHHe TOKa B
o6MOTKax JIMH3bl, TO OHa Oyaer (OKyCHMpPOBATb He YaCTHLbl i+ H
K+, a yactuupl 7— ¥ K~, T. €. 4aCTHUbl C OTPULATEJNbHBIM 3JIEKTPH-
YecKMM 3apsAoM. A 3TH yYacTHUBI, pacnagasich, POXKAAIT YKe He
HelTpHHO, a aHTHHeATpUHO. M 3KCmepUMeHTaTOp Ha)KaTueM KHOIKH
(3TO, KOHEYHO, HEKOTOpOe YMpOolleHHe, HO He MPUHIHUNHAJbHOE) MO-
JKeT CMEHHTb THN HabJIofaeMbiX sjiepHbIX npeBpauleHuit. M eue:
MeHsI CHJIy TOKa B (POKYCHPYIOHIUX JIHH3aX, MOXHO B KOHEUHOM
UTOT€ MEHSTb 3HEPrHi0 HEHTPHUHO, YTO TOXKE BAXKHO [JIS KCHEpH-
MEHTATOPOB.

Jloktop ¢pusuko-maremartiHueckux HayK Kupuaa IlerpoBuu
M Bl 3HHKOB, PYKOBOAUTEJb JNabopatopun MHctuTryra QU3HKH BBHI-
COKHX 3HEeprui:

— MaludHHOe BpeMsi BCSIKOTO YCKODHTe/sl OUeHb AOPOro, TeM
GoJsiee TAaKoro, Kak cephnyXxoBCKoH ruraHt. M He TosbKo mnortomy,
4TO CTOJIb CJOXKHAas MalldHa He [OJKHA <«KPYTHTbCSI» BXOJOCTYIO.
['naBHOEe B TOM, UTO €CTh OYeHb MHOrO XKeJjalouiux paboraTb Ha Ha-
Hiefl MalldHe, NMPOBEPATb aJjreO6poil 3KCliepUMeHTa FapMOHUIO HAEH.
A cyTkH, KakK H3BECTHO, He pacTATHBAIOTCH.

BoT mouemy Bcsikasi HOBasi 3KCIIePHMEHTAJbHASL YCTAHOBKA JOJIXK-
Ha BIUCATbCs HE TOJbKO B CXeMy, HO W B DHUTM yckopurenas. Tak,
B YACTHOCTH, CTYCTKH YCKODEHHBIX NMPOTOHOB (yCKOpHTEJb, KaK H3-
BECTHO, paboTaeT B HMIYJbCHOM peXHMe) pacnpeiessiioTcss Mexny

3 P A Csopenb 65



HECKOJIbKUMH  3KCII€DUMEHTaJbHBIMH YCTAHOBKAaMH, HeCKOJbKHMH
rpynnaMi ucciaegoBaTeJiell NMPUMEPHO MO TaKOMY NPHHLHNY: «OLHH
uMmnyJabc Ttebe, npyroit — MHe, TpeTdii — emy...». [Ipakruuecku, Ko-
HeuyHo, MallliHHOe BpeMsl NleJHTCS HHaue, HO K YCKODHTEJI0 BCerna
MOJKJIIOYEHO HECKOJIbKO YCTAHOBOK, U NMPOTOHHBIH NY4YOK HEOGXOANMO
KOMMYTHPOBATh, NepeKJ/io4aTb. A 3TO He TaK-TO MPOCTO, €CJH Y4ecTb
OTPOMHYIO Hepruio NpoToHoB. Jlaxke npocTto c6pacbiBaTh 3TOT NMy4OK
C KOJblla, CIPSIMJSTb €ro, HanpapJ/sis B 3KClepUMeHTaJbHble ycTa-
HOBKH, NPHXOQUTCS B [Ba NpHEMa — KOPOTKHM CHJbHBIM <«yXapoMs
MYy4OK 3acTaBJslOT Koje6aTbcsl, a 3aTeM B YJIOOHbIA MOMEHT ero
OTrH6aIOT B HYXXHYIO CTODPOHY.

Bcesikoe ynpaBneHHe NPOTOHHBIM MYYKOM OCYLIECTBJISIETCA C MO-
MOILBIO MarHHTHBIX NOJIed, B NPHHIHIE TaK e, KaKk U ynpaBJjeHHe
3JIEKTPOHHBIM JIyUOM B TeJeBH3HOHHOM KHHeckone. Ho KoHeuHo,
Macwitabel, uHppsl Yy Hac coBceM HHble. BoT HekoTopble H3 HHX.

Ot camoro yckopuTesss [0 3KCNepUMEHTAJbHOH YCTAHOBKH MpO-
TOHHBIH My4yok npoxoauT 160 M, coBepluasi MpH 3TOM HeCKOJILKO MO-
BopoToB. Jlnamerp nyuka B ¢okyce 2 MM, B KaXKJOM MNPOTOHHOM HM-
nyJibce okosio 10'? yacTHU ¢ NOJHOH 3Hepruel, T. e. ¢ 3Hepruei
g0 70 T'3B. T1yuok oueHb KOHUEHTPHPOBAHHBIA — B OpPeoJl AHAMETPOM
okoJsio 51 cm monapaer auiub 0,1 9, wacruu. Ilotepu mpoToHOB Ha
BCEM NYTH OT YCKOPHTeJsl A0 HeATPHHHOH yCTAaHOBKH He NPEeBbIIHAIOT
0,5 %,. CTosib BbiCOKasi 3 (PeKTUBHOCTD Iepenaud nyyka HeoGXoauMa
MO pAAYy NPHUHH, B YACTHOCTH OHAa MO3BOJISIET CHHU3UTb TPeGOBaHHUA
K pajMalHOHHOH 3alluTe.

Ectb W apyras rpymnna 3ajay — BCIO HCCJ€JOBaTeIbCKylO amnmna-
paTypy Heo6XOQHMO CHHXPOHH30BaTb C MOSIBJEHHEM NPOTOHHOrO
umnyasca. HyxHo, Hanpumep, 4ToObl CHHXPOHHO BKJIOYAJHCb Mar-
HUTHbIE JIMH3bl, M01aBaJOCb HamnpsikeHHe Ha TMJAaCTUHbBl HCKPOBBIX
KaMep, BKJIOYaJHUChb perdcTpupylomue mnpubopel. Ilpuuem Bce 31O
JOKHO cpabaTbiBaTb HAJ€XHO, C MHKPOCEKYHAHOH TOuHOCTblO. U
nepekyNoyaTh Hy>KHO OrPOMHBIE MOLIHOCTH — CyMMapHasi MOLLHOCTb
HalllkX CHCTeM, paGOTaIOHIUX JHIIb HA HEHTPUHHBIA KaHaJ, JOCTHTaeT
MHUJJHOHA BaTT, annaparypa NHTaHWs, yNpaBjeHUs] MPOTOHHBIM Myy-
KOM M ero nepek/JIO4YeHHs 3aHUMaeT LeJbli Tpex3TaXHbll Kopmyc,
6yKBaJbHO HAabUTLIH caMOll COBPEMEHHOH 3/EeKTPOHHUKOH.

[TonyueHue CHUMKOB nepBbIX HEHTPHUHHBIX «COOBITHII» OBIJIO 60Jb-
IIOH pajoCTbl0 He TOJNbKO MM caMHUX (PU3UKOB, HO M [JS MHOTHUX
HHXKEeHePOB, TeXHUKOB, pabouuX, AJS1 BCeX, KTO TOTOBHJ TEXHHUYECKYIO
6a3y 3kcrnepHMeHTa.

Jlaypear JleHuHCKO#l npemud akageMdk AHaToau#t Agex-
ceeBHu JloryHoB, HayuHbli pykoBoAuTeab MHcTuTyTa GU3UKH
BBICOKHX 3HEPruii:

— Jlaxe 10O HecKOJbKHM (parMeHTapHbIM XapaKTepHCTHKaM
YCTAHOBKH MOXHO YBHJE€Tb, YTO OPraHM3auusi HeHTPUHHBIX 3KCIIe-
PHMEHTOB — [ieJI0 HempocTtoe, HebbicTpoe. M mpexie ueM HauyMHATb
Takoe [es0, BKJaAblBaTb B HEro BpeMsl, CHJIbl, CPeACTBa, HCCJeLo-
BaTeJH TLaTelbHO B3BELIMBAlOT BCE «3a» W <IPOTHB», MNbITAIOTCSA
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OlIEHHTb BO3MOXHble pe3yabraThl. HyXHo cKka3aTb, uTo HeHTpPHHHbIE
3KCMEePUMEHTBl — 3TO JIHIUb OIMH H3 YYAaCTKOB Ha AOCTATOYHO LIHPO-
KoM ¢poHTe simepHbIX HccienoBaHui. Ho yuacTok uHTepecHbIt, cynsi
0 BCceMy, HepCHeKTHBHBIH.

Bo-nepBbix, caMu HeHTPHHO — OYeHb TOHKHH HHCTpyMeHT. OHH
B3aUMOMEHCTBYIOT C sILEPHBIMH YACTHLLAMH, €CJIH MOXKHO TaK CKa3aTb,
OueHb aKKypaTHO, TOHKO. M mnosToMy HeHTPHHHBIM <«MPOILYMNbIBA-
HHEM>» MOXHO BEeCTH HCCJeJOBaHHE CTPYKTYpbl CAMHX 3J€MEHTapHBIX
YacTHL, B YACTHOCTH CTPYKTYpPbl NPOTOHOB M HEATPOHOB.

Bropoe. Bce B3aumoneilcTBHSI, CBsi3aHHble C HEHTPHHO,— 3TO
TaK Ha3biBaeMble ciabble B3auMmojaeiicTBusi. Bcero Ham noka usBecT-
Hbl YeTblpe PAa3HOBHAHOCTH B3aUMOAEHCTBUI: rpPaBUTALMOHHbIE, JIEK-
TPOMAarHuTHbIE, CHJbHbIE (siAepHble) U cjaabble B3aMMOJAEHCTBUS.
K sromy nociemHeMy KJjaccy OTHOCHTCS OTpOMHoe pa3Hoobpasue
NpOLECCOB W, B YACTHOCTH, NMOYTH BCe pacnaibl flep H OTHeJbHbIX
yactuu. B TOo XKe Bpems 3HaeM Mbl O cJjabblXx B3aMMOHEHCTBHAX
OUeHb MaJo.

HeliTpuHO — npekpacHblfi HMHCTPYMEHT [Jf H3ydyeHHsA cJaabbix
B3auMopelictBuii. OHO caMO MPOAYKT 3THX B3aUMOAEHCTBUH, MOUTH
BCe TMpOLLeCChl, Bbl3biBaeMble HeHTPHHHOH 6G0M6apAUpOBKOH,— 3TO
cjabble B3aUMOJAEHCTBHS.

Canaboe B3auMoJelicTBHe YHUBeEpCaJbHO — B HEM yuacTBYIOT Bce
M3BeCTHble yacTHUbl. Psjx uyacTHLl yyacTByeT TOJbKO B cAabblXx H
3JIEKTPOMArHUTHBIX B3aUMOMEHCTBHAX M He HCMBITHIBAeT CHJbHBIX
B3aUMOAeACTBHHA. IDTH YacTHIB HasbiBaloTcss JentoHamu. CuaGoe
B3aHMOJeHCTBHE JIENTOHOB H3YyueHO NMpPH CPaBHHUTEJNbHO MaJblX 3Hep-
TUsIX, NpHYeM YCTAHOBJIEHO, YTO C POCTOM 3Heprud cuJa cjaboro
B3aUMOIeHCTBUA pacTeT. DTO, KCTaTH, BbiAessieT cjaalble B3aUMO-
JNeHCTBUSl H3 BCeX JPYTHX HM3BEeCTHbIX siAepHbIX MNpoueccoB. Bompoc
O TOM, MOXeT Jad ciaaboe B3aUMOJEHCTBHE MPH BBICQKHX 3HEPTHAX
CTaThb CHJbHBIM,— OAMH H3 (YyHAAMeHTaJbHbIX BOMPOCOB COBpPEMEH-
HOW ¢u3uKd. OTBET Ha HEro 3aBUCHUT OT CTPYKTYphl clabblXx B3auMO-
neiictBuil. Bo3aMoxKHO, uTO nOLOGHO TOMY, KaK 3JeKTPOMarHUTHbIe
B3aUMOJleiCTBHA TepeHocsaATcss (OTOHaMH, cjabble B3aUMOAEHCTBHSA
TOXKE TNMEePeHOCATCS HEKOTOPOH YacTHlleld, KOTOPYIO NpeaBapUTENbHO,
«330YHO», Ha3BaJH MPOMEXKYTOUHHIM BEKTOPHHIM Go030HOM. [loucku
3TOH 4YacTHIbl MOKa He [aJjH INOJIOXKHTeNbHbIX pe3yabTatoB. Ecau
NpoMeXyTouHbll 6030H Oyaer ob6HapyxXeH, TO 3TO0 6yaeT O3HauaTh,
4yTO cnabbple B3aUMOAEHACTBHUSI B NMPHHLHUIE He MOTYT CTATh CHJbHBIMH.

EcTb ocHOBaHHsI HAalesATbCSl, YTO HEHTPHUHHbIE 3KCIIEPUMEHTbI CMO-
TYT [aTh AOMNOJHUTENbHYIO HHTEPECHYI0 HHPOpPMALHIO O cIabbiX B3au-
MOIEHCTBHSX U T€M CaMbIM NMPUOIU3AT HAC K NOHHMAHHIO 3TOTO KJac-
ca NpOLEcCoB.

HeiiTpuHHble SKCHEepUMEHTbl UMEIOT OTHOLUEHHEe M K [IPYrdM upe-
3BblYAaHHO BaXXHbIM NpobJjeMaM, B TOM uHucJe K npobiemam cucrema-
THKH 3JIeMEeHTApPHBIX YacCTHL. 31eCb B KauecTBe NpHUMepa MOXKHO Ha-
3BaTh MOUCK TSIXKEJbIX JIENTOHOB (MOKa HaM HW3BeCTHHI JIHIlb JIETKHE
JIeNTOHbl — 3JEKTPOH, MIO-Me30H H HelTpuHo). Uiu ele Takyio 3a-
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fayy — M3yyeHue CYUIHOCTH pa3H4yHi MeXIQy 3JeKTPOHOM H MIO-
Me30HOM. [lesio B TOM, uTo 06e 3TH YaCTHIB COBEPLIEHHO OJHMHAKOBO
y4acTBYIOT B cabblX U 3JEKTPOMATHHTHBIX B3aUMOLEHCTBUSIX, XOTH
macca Mlo-Me30Ha npuMepHo B 200 pa3 6oJblie, yeM Macca 3JeK-
TPOHA.

Paccka3biBasg o npoGJseMe enHHON TeOpUU siZepPHBIX MPOIECCOB,
($U3HKM B KayecTBe aHAJOrMH YacTO NMPHBOASIT CO3naHHyl0 MakcBed-
JIOM TeOpHIO 3JieKTpomarHetusma. KM peiictBuTeNbHO, 3Ta Teopusd
copmyanpoBaia ob6iiHe 3aKOHBI, KOTOPbIM MOJYHHAETCS OTPOMHBIH
KJacc pasHbiX, Kak Ka3aJjocb, sBjeHuii. Ho He crout 3a6biBath,
yTo BeJukas MakcBesJsioBa nobefa HauuHaJachb C JOBOJIBHO MPOCTHIX
skcnepuMentoB dpcrena, buo u CaBappa, @apanes, Amnepa, JleH-
112, C KCMEPHMEHTOB, YCTAHOBUBIIHX IJIaBHOE — eIHHCTBO, B3aUMO-
CBsI3b 3JIEKTPUYECTBA M MarHeTHama. Bekamu CUHTA/NOCh, YTO 3J€K-
TPHYECTBO — 3TO OJIHO, a MarHeTusM — coBceM apyroe. Ho Bot 06-
Hapy»KHUBaeTcs,, YTO €CJHM TNOJAHECTH MATHHUTHYIO CTpesikKy K NpOBOA-
HUKY C TOKOM, TO CTpeJiKa noBopauuBaercs. [IpuTsaruBaior uau or-
TaJKHBAIOT JIPYyr Apyra JBa NPOBOJHHKA, MO KOTOPbIM TeYeT TOK.
Eciad B MarHMTHOM 1noJie OBHTATh NPOBOLHHK, TO B HeM HAaBOAHMTCS
3JIEKTPOABHKYLIAA CUJa. BhisicHAeTCs, UTO MarHeTH3M BO3HHKaeT NMpHU
JI06GOM [BHKEHHH 3JEeKTPUYECKOro 3apsijia, UTO NpPH BCIKOM H3MeHe-
HHH 3JIEKTPHYECKOTrO MOJs1 MOSIBJASETCS MarHuTHOe, NMpH HM3MeHeHHH
MAarHUTHOTO — 3JeKTpHueckoe. OLHHUM CJIOBOM, B MpOCTEHIIUX ONBITAX
BBISICHSIETCS: HeT He3aBHCHMBbIX 3JIEKTPHUYECKUX U MAarHUTHBIX SIBJEHUH,
€CTb He4TO eJHHOe — 3JIEeKTPOMarHeTH3M.

Bort Takue xe o6benuusiiomiue GakThl HILYT CETOJHSA HCCIefoBaTe-
ad Mukpomupa. Mumyr d¢akrtel, KOoTopble NOMOryT Kak-TO CBfI3aTb
6e3yMHOe MHOXECTBO sIJlepHbIX XapaKTepUCTHK H mpoueccoB. Halitu
3TH (aKTbl, KOHEYHO, HECKOJNBKO CJOXKHee, ueM OOHapyXHTb MArHuT-
Hoe moJsie ToKa. Ho W MHCTPpYMEHT HblHEIIHHX 3KCIepHMEHTaTopoB —
3TO He CTpejKa KoMmmaca, He Me[JHasi MPOBOJIOYKA, MOAKJIIOUEHHAs K
rajbBaHHYeCKOMY 3JeMEeHTY.

B Hemonro# ucropuu siaepHo# GU3KUKH OblIH NMEpPHOIbI ONTHMH3MA,
OblJid TEepPHOJAbl MEecCCHMH3Ma, HO HHUKOTLAa He 3HaJja OHAa MNepPHONOB
Ge3pesiTebHOCTH. M1 ceronHs uccienoBaTe/d MUKPOMHpPA He OMYCTHJIH
PYKH mepeJ CJOXKHOCTbIO Npo6JeMbl. Boopy:keHHble MOryllecTBeHHOH,
COBEpILIEHHOH TeXHUKOH, TOHKUMH TEOPETHYECKHMH THIIOTe3aMH, BHP-
TYO3HBIMH 3KCHEePHMEHTAJbHbIMH METOLAMH, TAaKHMMH, B YaCTHOCTH,
KaK MeTOJbl HeHTPHHHBIX KCNEePUMEHTOB, PHU3HKH HILYT KOHTYDPHl 3a-
BepLIeHHOH, KpacuBOU Moaenn MUKpomupa. Myt ¢ Hagex o HalTH.



Mpobutbca k uextpy ConHua

HayyHo-peanucmuyeckoe nosecmeoearue ¢ deeamu dedcmeuAax ¢ nposo-
20M U 3NUAO2OM.

[Tposor. AcTpoHOMBI U acTpodHU3UKH YXOAAT B TOPhI, 3aTaCKH-
BAlOT TYa CBOM TEJIECKOMBI, crieKTporpadul, HHTephepoMeTprl, HCXOAS
M3 UHCTO [eJIOBBIX COOOpaKeHHii: B ropax npospauHeii atMocdepa,
TaMm GoJibllie SICHBIX AHEH, MeHbllle MeIlaloT HOUHble OCTPOBA JIEKTPH-
yeckoro cBera. OfHUM CJIOBOM, B ropax Jjyuiine He6o.

Ho Heyxead TOJbBKO 3TO?

HagepHoe, Bce e, OCTaBHB BHH3Y ILIYM H CyeTy FTOPOIOB, YeJOBEK
elie ¥ COBCEM MO-HHOMY BHJHMT 3TOT Ge3[LOHHbIH UepHbIf OKeaH c pac-
CbIMTAaHHBIMH B HeM MHpUHanaMd OPUJIJTHAHTOBBIX MBUIMHOK. M 3Be3mwl,
HaBepHOe, CTAHOBSITCS 3HAUUTENbHO OJIHKe, KOHEYHO, He B MeTpax, He
B CBETOBBIX TOaX, a B He NPUAYMaHHbIX OKa €HHUIIAX YeJOBeyecKoH
NpPUBA3AHHOCTH, 3Be3/bl CTAHOBATCS GJIHXKE K TeM, KTO BCMaTPUBaeTCsl
B HHUX ¢ ropHbeix BepwuH [lamupa, Kpeima, Casin, KaBka3sa.

KaBka3 M0OXHO cMesno Ha3BaThb GOPNOCTOM Hallel acTpodH3HKH,
3[ieCb HaxOHSATCS ueThipe KpyNHble 06cepBaTOPUM MHUPOBOTO KJacca
(puc. 1 Ha BTOpPOM JHCTe LBETHOH BKJEHKH): TPH H3 HHX —
B AGacrymaHnu, Biopakane u lllemaxe — BXoasiT B coctaB pecny6Jiu-
KaHCKUX akazemuél [pysun, Apmenun u AsepbafinkaHa, a uerBep-
Tast — B palione craHdibl 3ejqeHuykckoli — CrennanbHast actpodusu-
yeckasi o6cepBatopusi AH CCCP ¢ kpynHe#luuM B MUPe ONTHYECKHM
tesieckonoM BTA u orpomubim paguoreneckonoMm PATAH (o Hux pac-
cKasbiBaetcsi B ouepke «Ha crapr BbIXoAsiT 4eMIHOHBI», . 85).
Ceituac Ha CeBepHom KaBkase, B Ka6apauHo-Basnkapuu, cospaercs
THTAaHTCKUH acTpodu3nyecKuii Komnieke MHCTUTYTa siiepHBIX Hcce-
noBauuit AH CCCP. [1ns storo Kommiekca B oTporax dub6pyca co-
OpYy’KaeTcsl TOHHe/b, KOTOPbIH [NOJI?)KEH B MTOre NMPHBECTH HCCJELOBa-
TeJieil B CKpPbITHIE OT HAC MOKa HeApa 3Be3[ U Mpexje BCero K HeHTpy
Hatell co6cTBeHHOl 3Be3nbl, K ueHTpy ConHua.

HelictBue nmepsoe. 3emas GoicTpo npubanxkaercs kK Coanny,
OIHAKO BCE ellle He BHAHBI IJIaBHbie J€TaNH 3TOH KOCMHYECKOH Temio-
Bo#H mawunbl. 3a nociaennue fecsitugaetdsi CoJHue U 3eMiist B HalleM
CO3HAHUU CHJAbHO cOau3uauchb. [ony6ast njaHeTa, KOHEUHO, XOAHT
BOKPYT OrHEHHOTO COJIHEYHOrO [apa 10 HeH3MeHHOMY CBOeMYy
MapLpyTy, HO IMpefcTaBieHHe 06 3TOM TPO3HOM «..OT 3eMJH [0
Coanna 150 MuH. KM..» cTajJo COBCeM HHBIM: MHOTO pa3 HallH
KOCMHYeCKHe anmnaparhl npuObiBadd Ha BeHepy, W Mbl faxke BHIEJH
TeJienepefauy C ee NOBEPXHOCTH; a Beib Op6utra BeHepbl sexwur
Ha noanyTtd or 3emMau K CosHny. Bosee Toro, KocMHuecKHe aBTOMAaThI
JeTAT K BeHepe no cJOXKHOH KPUBOJIHHEHHOH TPAeKTOPHH NMPOTSKEH-
Hoctblo 350—400 maH. kM. A go Couanuna Bcero 150 MJH. KM...
Pasmepsl CoaHua, ero «...noJTopa MUJJIKOHA KUJIOMETPOB B [IHAMET-
pe...» TOXe CTaJH KaK-TO MOHSITHEe — 3TO BCero 4YeTbipe OTpe3Ka
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3emis1 — JIyHa, OTMepeHHble KOCMHUECKHMMH annapaTaMmu yxe LecsiT-
Kd pas.

K Bce xe ¢ GoJbLIMM TPYLOM NMPOPHCOBBIBAETCS NpeICcTaBleHHE O
CouJiHile KaK 06 ocsi3aeMOl peaJibHOCTH, MpeicTaBJjeHne 06 MCTHHHBIX
Maciutabax MPOCTPAHCTBA U BPeMEHH, B KOTOPbIX XKUBeT Hallla 3Be3-
na. OuyeHb TPpynHO, HApPUMeEp, B NMOJHON Mepe MpeacTaBUTh cebe, UTO
TaKoe ecTb CTaGU/IBbHOCTb COJIHEUHOrO H3JYYeHHs] U HEHCTOLHMOCTb
3anacoB COJIHEUHOH SHePTrHH Ha MPOTSKEHHH MHUJIHApAOB JeT. Kakoe
CBepXTOIMJIHBO obecrneydBaer cTogb AoJqroe ropeHue? M nouyemy sto
CBEPXTOMJHMBO FOPUT TaK MeIJIEHHO, TaK POBHO, TIOUYEMY He BCIbIXHBA-
eT, Kak OGeH3HH, He B3pbiBaercs, Kak Nopox?

He#ictBue BTopoe. IlpocmarpuBass HayuyHyio JuTepartypy
pPa3HbIX JieT, Mbl CJIeIUM 3a TeM, KaK MeHsIeTCsl NPeACTaBJIeHHe O COoJ-
HeuHO#H 3HepreTHKe. MHeHHe JpeBHEHIUHX MbICJAUTe/ I KacaTeJbHO
3TOTO MpeiMeTa OTJAHYAJNOCh NMpeKpacHol mpoctortoi. Mcnewpentnie
Heporau(aMu U MPUMHTHUBHBIMH PUCYHKaMH KaMeHHble CTPaHULbI NIep-
BbIX HayYHBIX TPAKTATOB yTBep:KaaloT, 4To COoJHIE eCTb HEKOE XKUBOE
CyH1eCTBO, CKaxeM, OrHeAblllallui JPaKOH, MOCJHYUIHbIH pab uiau 106-
poe 60XKeCTBO, KOTOpOe KaxXaYIo HoUb NpobupaeTcs: yepes3 non3eMHbie
neleps K CBOEMY YTPeHHEMY CTapTy, cpa)asiCb NpH 5TOM CO CTpall-
HbIMH 4yAOBHHIAMH H AeMOHaMmHu. OHY U3 NepBbIX MOMBITOK MpeacTa-
BUTb CoJsiHue thru3nuecKHM 06'bEKTOM Mbl BCTpeuaeM B Tpynax AHakca-
ropa, JKHBILIEro NPUMepHO [Ba C MOJOBHHON ThicsueseTHsi Hadax. OH
yTBepxkKaaJ (3a uUTO, KCTaTH, NOMJATHJCH TIOPbMOH H H3rHAHHEM),
uto CoJiHlle — 3TO He 60r AmnoOJJIOH, a MPOCTO pacKaseHHb# KaMeHb
pasmepom c noayoctpoB Ilennononec, T. e. umeer KusaomerpoB 200—
300 B momepeunnke. OTCIONa HETPYLHO MOACYHTATBH, UYTO PACCTOSIHUE
po CoJiHla, oKa3biBaeTcsl, He Ha MHOro GoJiblie, yueM OT MOCKBH 10
BaapuBoctoka, 1. e. 10—15 ThiCc. KM.

K nauasy Haulero Beka Hayka MOAOLUJA C TAKHUMH IBYMSI OCHOBHBI-
MH ranore3amu: pasorpeB CoJiHIIa TPOHCXOAMUT U3-3a TOTO, UTO HA €ro
OrPOMHYIO [IOBEPXHOCTb NMaNaloT METEOPHUTHl, HJH MOTOMY, YTO IrpaBHU-
TalHOHHBbIE cHAbl cxkuMawoT CosHue. DTH THIOTe3bl, OLHAKO, ObLIH
OTBEPrHYTbl 6eclollafHol apuPMETUKON — H3 HUX He MO0Jy4asaoch H
THICAUHON NOJIM TOH 3HEpruu, Kotopyio Bbigeauso CoJiHIle 3a MHJIN-
apIbl JeT CBOEero HenpepuIBHOIO TPYHNOBOTO craka. Tak BO3HHK nep-
BbIH COJTHEYHbIH KPU3HUC, MepBbld KOHGIUKT NpaBaonofoOHbIX HAaYUHbIX
THIIOTEe3 C peaJbHOCTbIO. KpU3uC MHHOBaJ JMlLUb [OCJE TOTO, KaK
cMesiasi MbIC/b BeJIHKOTO TeopeTHKa JMHIUTelHa NpejicKasana 3Hame-
HuToe E=mc?,T. e. 3KBUBAJIEHTHOCTb Macchl m W 3Hepruu E, a B
MTOTe BO3MOXHOCTb NMOJYYEHHs IHEPTHH 33 CUET YMEHbUIEHHS] MaccChl.
[pouyio HeMHOrO BpeMeHH H NpeficKa3aHHe NMOATBEPAMIOCH: B 3aKpPO-
Max TNpHPOAbl GbLT OGHApyXKeH NPHHUHUIHAJIbHO HOBBIH HCTOUHHK
3HepPruu — siepHble peakuuu. TOJBKO NMOC/ae 3TOTO NOSIBUJIHMCh TEOPHH
COJIHEYHOH TOMKH, COTJiacOBaHHbie ¢ (haKTaMH.

HdetictBue Tpertbe. B cambix 00HX YepTAX Mbl 3HAKOMHMCS
C COJHEYHBIMH TEPMOSIAEPHbBIMH UHKJaMH. 34 MHOTHE [eCSTHJIeTHS
npucranbHoro H3yueHust CoJIHIA HAKOMMJOCh HeMaJso HOCTOBEPHBIX
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cBeeHHH 0 HeM. B yacTHOCTH, yCTAHORJIEHO, UTO TJIaBHblE COJTHEUHbIE
BelleCTBA — 3TO TeJIHH U BOAOPOJ, MO Macce UX TaM He MeHee 98 9/,.
B TO Xe BpeMmsi, uccienys siIepHble NpeBpallleHHs B CBOHX 3€MHBIX
Jnabopatopusix, GU3UKH BBISICHHJH, YTO MPH ONpeneseHHBIX YCJAOBHSX
yeThbipe aToMa BOJOPOAA MOTYT CJIHTbCS B OJHH aTOM TesIUsl H 4TO
B 3TOH silepHO peakUHH Bbliessiercss orpomMHasi sHeprusi. Ma 1 r
Bojopona mogayyaercss npuMmepHo 0,992 r rejusi mJIOC Takoe KOJIH-
YeCTBO JHEPrHH, [Js MNOJYUeHUS KOTOPOTro MNpPHILJIOCh Obl CXKedb
200 T yras;, T. e. 8—10 Xese3HONOPOKHBIX BaroHoB. A H3 Bcero
3TOTO caM co6o# HamnpalldBaeTcsi BbBIBOJ — SHEPrHIO COJHEUYHOTO
H3JyyeHHs] faeT NMpeBpallleHHe BOLOPOLA B rejuil.

3TO, KOHEYHO, TOJIBKO TaK FOBOPHTCS, «caM co60ii HanpailiBaercs
BBIBOJ...», Ha POPabOTKY BO3MOXKHbIX BADHAHTOB COJIHEUHBIX TEPMO-
SIIePHBIX peakuuH yIUlJId HecsITHIeTHsl, B 3TOH paboTe ydyaCTBOBaJIH
cuabHelde ymbl Gpu3nku. OaHa U3 TJIaBHbIX TPYXHOCTEH COCTOSlJA B
TOM, YTO YeThbipe SiApa aToMa BOJAOPOAA He MOTyT cpa3y CJAUThCS B
OIHO SIPO reJusl, H HYXHO GblI0 HAalWTH peasibHble LEMOYKH MpOMe-
JKYTOUHBIX SIIEPHBIX peakuUuil, peajJbHble COJHEYHbIE IUKJbl, OTKPbIBa-
101llie MyTh U3 BOAOPOAA B rejuii. B urore mosyudsiu npusHaHue J1Ba
TaKHX LUKJIA: YIJepPOLHbIH (TOUHee, YriiepoHO-a30THO-KHUCJIOPOAHbBIH)
1 BOLOPOAHBIH, KOTOPLIH B CBOIO Ouepesib MOXKET PAa3BHBATbCH 110 He-
CKOJIbKMM pa3HblM BeTBSIM — GOpHOH, GepHIHeBOH, JUTHEBOH U APY-
ruM. Ha3BaHusi XHMHUECKHX 3JIeMEHTOB TFOBOPSAT O TOM, YTO HMEHHO
yepe3 HUX MPOXOJIUT MHOTOCTyNeHYaTasi TepMosiiepHasi peaklisi; nNpo-
XOIUT MyTb M3 BOAOPOJA B TesHi.

PasHble nukJbl B NpUHLHKIE MOTYT A4aBaTh Pa3Hblii BKJAAJL B COJI-
HEUHYI0 3HepreTHKy — BCe 3aBHCHT OT HEH3BECTHHIX HaM IOKa KOH-
KpeTHbIX YCJOBHH, U MpexkJe BCero OT TeMiepaTypbl U AaBJEHHS B
COJIHEYHbIX Heipax. Tak, B 4aCTHOCTH, CUHTAETCs, YTO Ha YrJepOAHbI
LMKJ ceflyac MpUXOuTcsl Bcero 2— 3 %/ U3ayyaeMol 3HepPTUH, HO ero
pPOJIb Pe3KO BO3pacTeT HEMHOro nosxe, uepesd 2—3 MJpI. JeT, Korpa
temrneparypa CoJIHIAa 3aMeTHO MOBBICHTCA. A NMOKa poJib TJIaBHOTQ
NOCTaBUIMKA COJIHEUHOH SHEPrud OTBOIUTCSH BOAOPOLHOMY LHKIY, KO-
TOpPbIA BCerga HauuHaeTcsl ¢ TaK Ha3blBaeMOH pp-peakuHud — CO CJHS-
HHSl IBYX siiep BOJAOPOAA, T. €. ABYX NMPOTOHOB (OHH 0603HaualoTcs
6ykBo#l p), B sinpo neltepusi. Peakuus sra conpoBoxnaercs BhIOpa-
CblBaHUeM MO3UTPOHA H HEATPHHO.

HetictBue yeTBepToe OOHapyxuBaeTca Ype3BbiuaiiHO BaXK-
Hasi 0Co0eHHOCTb pp-peakuus, obeperaiomass CoaHue oT B3pbiBa.
Mup, B KOTOPOM MBI KHBEM, YCTPOEH HECKOJIbKO CJOXKHEH, Yem 3TO
Kaxercsi ¢ nepBoro B3rasiga. Tak, HanpuMmep, «HeBOOPYKEHHbIM TIJia-
30M» Mbl yMeeM OIlyUlaTh TOJbKO IpaBHTAIlMOHHBIE B3auMoneHcT-
BUSI — NpPUTsDKEHHe Tes (CKa)KeM, majeHde sibjoka Ha 3emJi0), 00y-
CJI0BJIeHHOe 0COOO0H CYLIHOCTbIO, KOTOpYIO Ha3Baju Maccoid. Ho yxe
ONBbITHI C HATEPTOH Pac4yecKOH M KOMIAcOM BBOASIT HAcC B MHUP 3JeK-
TPOMATHUTHBIX B3aHMOIEeHCTBHH, O06YCJIOBJEHHBIX yXKe He Maccoi, a
COBCEM MHBIMH, He3aMeTHbIMH MOHaYaJy CBOHCTBAMH — 3JIeKTPHYECT-
BOM W HaMarHu4eHHoctblo. CBOI0 0cO6YyI10 NMPHUPOLY HMEIOT siiepHble,
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W, HHaye, CHJbHble, B3AUMOIEHCTBUS — HX He NPOHJIIOCTpUpPYellb
NpPOCTeHLINMH ONbITAMH Ha CTOJIe, HO KTO MOXeT COMHEBAaTbCs B pe-
aJIbHOCTH AIePHBIX CHJI NIOCJIE MHJIJIMOHOB KHJIOBATT ATOMHbBIX 3JIEKTPO-
cranuuit! HakoHew, euwe oauH oco6bili BHJ B3aUMOLEHCTBHH — HX
Ha3blBalOT C1abblMH — €O CBOMMH OCOOBIMH 3aKOHAaMH W MOBAAKAMH,
co cBoeil cepolt neiictBuii. Cnabble B3aUMOAEHCTBUS, B YAaCTHOCTH,
OT/JMYAIOTCA NMOPa3HUTEJbHOMH, €CJAH MOXHO TaK CKa3aTb, HHCPTHOCTLIO,
NaCCUBHOCTbIO, H 3TO OUYEHb XOPOLIO BHIHO HA Npumepe pp-peakiHH.

Hst Toro yto6bl ABa BOAOPOAHBIX si/lpa, ABA MPOTOHA, CJAHJHCH
B SIAPO resius, OHH 06513aTe/bHO OJIKHbBI CHILHO COMH3HTLCA, J0JIK Hbl
CTOJNIKHYTbCA. HO 3TOro MaJjo — ROJIKHO eule MPOH3OHTH HeKoe He
OUYeHb MOHATHOE MOKAa «HeuUTO», KOTOPOe Kak pa3 M Ha3blBAIOT CJa6biM
B3aumoaeiicteuemM. [1poHCXOAUT TaKoe «HeuTo» Upe3BblUaNHO pef-
KO — Bbl MHOI'O Pa3 CHJbHO XJOMaeTe IBePbLIO, IOKA HAKOHEeLl JIerOHbKO
cpabaTbiBaeT 3auleika 3aMKa H ABepb 3axJonbiBaeTcst. [IpuMeHuTe -
HO K COJIHEYHOH pp-peakuud BO3MOXKHbl TakHe UUGPpbl: HA KaxKible
1059 ¢cTOIKHOBEHWH [JBYX MPOTOHOB B CPeHEM APHXOLUTCS OHO POXK-
JNeHue sifpa AeHTEepHs; MPOTOH B CPeAHEM 2 MJIpPA JeT X1eT CBOero
BK/IoueHHss B aedTepuit. [lono6Hass HHEPTHOCTb c¢JabblXx B3auUMO-
NeHCTBUHA — 3TO CO3JaHHbIi NPHPOJAOI CBOEro poja 3dlIUTHLIA Me-
xaHu3am, obeperatounit CosiHue OT B3pbIBA,— MPOTOHOB MHOTO, CTaJl-
KUBAIOTCst OHH YacCTO, HO B KaXKAblH JaHHbIH MOMEHT OU€Hb MaJjlas UX
yacTb coBepliaer cjaboe B3auMOAeHCTBHE, BCTYNdeT B pp-PeaKIHIO.
U1 nostomy CosiHue He B3pbIBAaeTCH, a Kak Obi T/eeT, pacTAruBasi CBOH
3HepreTHUeCKHe pecypchbl Ha MUJIHAPAbI JeT.

B snpe nmefitepus nBe TsixKeJble YACTHILLI —— NPOTOH W HEHTPOH:
nepen pp-peakuueit OblJIO ABA 1IPOTOHA, OAMH OCTaJicst cam coboi, a
BTOPO# MpeBpaTH/ICH B HEATPOH H HMEHHO B pe3yJbTaTe ciaboro Bia-
nmoneficteus. [1pn 3TOM poausHch IBe HOBbl€ YACTHILBI - [O3HTPOH,
KOTOPbII yHEC MOJIOXKHTEJbHbIA 3apsil MPOTOHA, U HEHTPHHO. ¥ HeHT-
PHHO HET HH OULYTHMMOH MaccChl, HH 3J1eKTPHYECKOro 3apsana, OHO POX-
NEHO c/a6biMH B3aUMOACHCTBHAMH H TOJNBKO B HHX MOXeET yyacT-
BOBAaTh.

HedictBue natoe. Hacroiuuswii Pait [lesuc naer nosoa ansi
OCTPbIX CMOPOB O BTOPOM COJIHEUHOM Kpu3uce. TuiatespHo oTpabo-
TaHHble THIOTe3bl COJHEUHbIX LHKJIOB — 3TO NMOKa JHUb THI0Te3bl.
M y Hac, y 3eMJ/IsIH, MOKa €CTbh TOJbKO OJHA BO3MOXHOCTb y6eaHTbCS
B TOM, YTO FHMOTETHUECKHE SIlePHble LMKJbl 1€ACTBUTENbHO MAYT Ha
ConHue. J1a BO3MOXKHOCTb — H3y4YeHHe HEHTPHHO, POXKAEHHbIX B COJI-
HeYyHbIX TepMOSIAEPHBIX peakuusax v pobpasuiuxca no 3emad. Toabko
HeHTpHHO, Ge3pa3/iHdHble KO BCeMy, NMOYTH HHMKOrLa He BcTynawoiuue
B KOHTaKTbl C BELLECTBOM (uYacTHLbl caabblXx B3aHMOAEHCTBHI!), MOryT
BbIPBATbCSl H3 COJIHEUHBIX IYOHH, M€ KaK pa3 nojbixaeT TepMosiaep-
HOe TOIJIMBO, MIeT NpeBpalleHHe BoAopoja B reauil. Hukakue apy-
rHe H3BeCTHble HaM TOHLbl, KpOME HEHATPHHO, HH 3JIEKTPOMarHHTHbie
BOJIHbI, HHU pa3HOoo6pa3Hble aTOMHble YACTHLbI, He MOraW 6bl MPOUTH
ckBO3b Tosily CoJIHUA M NPHHECTH HAa 3eMJI0 COOGlIEeHHST O TOM, YTO
B JIeHCTBUTENBHOCTU MPOHUCXOAMT B HeApax HalleH 3Be3Jbl.
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Ho ecau HefiTpUHO Tak JierKo NMPOXOASIT CKBO3b BCe W BCS, TO KakK
MOKHO HX 06HapykHuTb Ha 3emJye? B kakue cetd nofimars? B 1946 r.
MOJIONOH B TO Bpemsi (PU3UK, HblHEe aKajleMHK, JaypeaT JIeHHHCKOH
npemun bpyHo MakcumoBuu [ToHTEKOPBO NpeaJiOKHI XJOP-aproHO-
Bblif METOA perucTpalv¥ HeHTPHHO, Ha OCHOBE KOTOPOTO Pa3BHJHUCH
HULIHELHHEe CHCTeMbl JeTeKTUPOBaHUsl (OOGHapy’KeHHs1) 3THX HeYyJOBH-
Mbix yactui. CyHUIHOCTb MeTOJa COCTOHT B CJEAYIOLleM: HeKOTOpbie
HelTpHHO, NMONaB B aTOMbl BelULeCTBA, BCe XK€ B3aHMOACHCTBYIOT € HX
siApaMHu; MpU TOM OAHMH H3 HEHTPOHOB sApa, BbIOPOCHB 3JIEKTPOH,
fipeBpallaeTcs B IPOTOH; YHUCJO MOJOXKHUTENbHbIX 3aPAI0B B sipe yBe-
JHUYMBAETCS HA eJHHHILY; aTOM NepeiBHraercs B CJACAYIOULYIO KAeTOY-
Ky Tabauibl MeHpaeneeBa; 3TO 3HAUHT, YTO I[POHCXOAHMT pOXKIEHHe
HOBOI'O XMMHYECKOTO 3JieMeHTa, T. €. HMEHHO TO, O UeM MeyTaJli cpel-
HeBeKOBble aJXHMHKHU. BoT Tak HEHTPHHO MOXKeT NpeBpaTHTb aToM
xJopa-37 B atoM aproHa-37 (puc. 6 Ha uBeTHOH BKJefike). Boiaenus
M3 XJIOpa aTOMbl aproHa H NOCUHUTAB UX, Mbl Y3HAaeM YUCJO HEHTPHHO,
NOHMAaHHbIX BEHLECTBOM.

[Toutu uepes 10 siet nmocse TOro, Kak 6bijl NPeLJIOKEH ITOT METOL,
amepukaHckuit ¢H3MK Pa3# JleBUC NOCTPOMJS IEPBYK YCTAHOBKY C
XJIOp-aprOHOBBIM JE€TeKTOPOM [JJIfl PerucTpaluy HeHTPHHO, BblJIETalo-
IIMX U3 aTOMHOro peaktopa. OCHOBOW yCcTaHOBKH Obla 6ak Ha 12 T
NepXJOPITHAEHA — XJOPHCTOTO COeAHHEeHHS, AJs KOTOporo 6blia ofT-
paboTaHa TeXHOJIOTHSI M3BJIeYeHUs1 aToMOB aproHa-37. IlepBble xe
pe3yJibTaThl, N0JyYeHHble Ha HOBO# YCTaHOBKe, 0Ka3aJiiCbh COBEpILUEeH-
HO HEOXHM/aHHbIMH — HHKAKHX HEHTPHHO BoOOIe He 6blyio 06HapyxKe-
Ho. [lo3xe, yepe3 HECKOJbKO JieT, 3TOMY Halljiid 00bsiCHEHUe — B pe-
akrope 00pa3yloTc aHTHHEHTPHHO, a He HefiTpuHo. Ho ewe no Toro,
BO BpeMEHa, KOrjla MHOTHe KOMMeTeRTHbIe JMIOJH CUNTAJH, YTO HYXKHO
6poCHTb 3TO MyCTOE XJIOP-aproHoBOe npeanpusitve, /JleBuc, mpoaeMoH-
CTPHPOBAB NpPHMeEp yAUBHTENbHOH LleseyCTPeMJIeHHOCTH, HauyaJl co3/1a-
HHE HOBOH, 3HayuTeJbHO 6oJiee KPYNMHOH ycTaHOBKH ¢ 600-TOHHBIM
MepXJOpPITHIEHOBLIM ACTEKTOPOM. YCTaHOBKA B 3TOT pa3 Obljla pac-
CYHTAaHa Ha PerucTpauMIo COJHEUHbIX HeHTPUHO, CTpPOHJaAch oHa 4 ro-
pa, u B 1968 r. nowsin nepebie pe3ysbTaTbl H3AMePeHHH. DTH pe3yJib-
TaTbl TOXe OblH OTpHUATeNbHBIMH — Npodeccop [leBHc COMHEUHBIX
HeATPHHO He OOHapyKH.JI.

Pesysnbratet [leBuca, KOHEUHO Ke, BbI3BaJd NOTOK HAeH U MHEHUH,
B TOM YHCJie M caMblX 3KCTpeMaJbHbX. Koe-KTo cuuTas, 4To HaCTymHJI
BTOPOH COJIHeYHbIH KPH3HUC, YTO HYXKHO TMOJHOCTbIO OTKa3aTbCs OT
TepMOSIJI€PHbIX LHUKJIOB W TNPH3HATh CBOIO MOJHYIO HeCOCTOSTeNb-
HOCTb — B 3Be3jax, B uacTHocTH B CoJiHIle, AeACTBYIOT KaKHe-TO He-
3HAKOMble HAM HCTOUHHKH 3SHeprud. A MoxkeT OblTb, TaM TOPHT
BakyyM... Mo nosbixaet Bpemsi... M Tieetr eule kakoe-HHOYb He-
u3BectHo uto. M npyrasi kpafiHocTb — pesysabrarbl [leBHca BooGille
HeJslb3sl IPUHHUMATh Bcepbe3d. ['ie rapaHTus, 4TO U3 AeTeKTOpa H3BJe-
Kaercs Becb aproH? Moxer OblTb, aTOMbl aproHa NPOCTO <«MPHJIH-
nalpT» K XJOPY U Mbl, TAKUM 06pa3oM, He NoJyyaeM Boobile HUKAKO#
UHGOPMALUU O JeHCTBHU HEHTPHUHO...
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YTo Kacaercsl 3KCNepUMeHTaJbHOH «rpsisu», To [leBuc, Kaxercs,
cheJjian Bce BO3MOXKHOE, 4TOObI HCKAOUYHTbL ee. OH, Hanmpumep, Mo-
IITY4YHO BBOAMJ B 6aK aTOMbl aproHa-37, a 3aTeM H3BJeKaJ HUX IOUTH
Bce no oaHoro. WMiu mpeBpaumias xjJop B aproH, HO yXe He € MO-
MOILIbIO HEATPHHO, a COBCEM [PYrHM, TILATeJbHO KOHTPOJHPYeMbIM
cnoco6oM, # ONATb-TaKH U3BJEKaJ Bce aTOMBbl, KOTOPble JOJKHbI OblJH
MOSIBUTHCH COIMIacHO pacyetaM. Koe-KTO H3 CKeNTHKOB ellle NMbITaeTcst
pasiyTbh YroJiek COMHEHHH, HO BPSIA JIH U3 ‘HEro pasropurcs mnjiams,
crnocoGHOe JNHKBUAHPOBaTh npobiemy. M1 B To e Bpems moka HuUKak
He CKaxelllb, YTO NpobJeMa COJHEUHBIX HEHTPHHO Mepepoc/ia BO BTO-
poél COTHeUHBIH KpH3HC.

HdefictBue wecrtoe. HeokupaHHbid pe3yabTaT HeHTPHHHBIX
3KCMEePHMEHTOB MOKA MOXKET NMPHUBECTH K OJAHOMY TOJbKO BbLIBOAY —
HyxHO pa6orath. Haunem c Toro, uto JleBHC, NMOBBICHB TOYHOCTb
MeToJa, Bce e OOHapyXK#j HeATPUHO, XOTSl U B UPe3BbIUaHHO MaJIOM
KOJIHUECTBE, IOKa OHO corjacyercd ¢ wmopmeasiMd CoJlHua He Ha
MHOTO Jyullle, 4yeM TIpeXxkHee «HHYero». BmecTe ¢ TeM TeopeTHKH
nepecMoOTpesd 3TH MOJEJH H 3aMeTHO CHHU3HJH CBOH TpeGOBaHHs
KacaTeJbHO HeHTPHHHBIX MOTOKOB. Hauasoch Takxke KOHCTPYKTHBHOE
06CYK/€HHEe HEKOTOPBbIX, KaK Ka3aJoCb paHblle, CJIHIIKOM CMeJblX
THIIOTe3, KOTOpble MOTJIH Obl OOBSCHHUTh HU3KHHA YpOBEHb HEHTPUHHBIX
MOTOKOB, PerHCTPUpPYeMbIX Ha 3emiie.

OnHa W3 TakUx TUMOTe3 mpepamoJsaraer, 4To B Heapax CosHHA
NepHOAHUECKH MPOHCXOAHUT pe3Koe repeMelliBaHHe BellecTBa, TeMIlle-
patypa najnaeT, HHTEHCHBHOCTb T€PMOSIepHBIX peakl Ui yMeHblIaeT-
csl, a 3HAYUT, YMeHbLIAeTCs M MOTOK HeHTpuHOo. Ecau npuHaATb 31y
runote3y, To [leBucy npocTo He MOBe3JO, He B TY 310Xy OH 3aHAJ-
Csl M3MEepeHHSIMH — Hafo OblIO B3ATbCA 3a 3TO AeJO HAa HECKOJbKO
MHJUIHOHOB JleT paHblle HJIH HAa HEeCKOJbKO MUJIIHOHOB JeT
no3xe.

CHHXKeHHe COJIHEYHOH aKTHBHOCTH MOCJe NepeMelldBaHUsl CKasbl-
BaeTcsl Ha TeMJOBOM pexKUMe MJaHeT, BO3MOXKHO, HMEHHO OHO U GblIO
NPUYHHON JIeJHUKOBBLIX NMepHonoB Ha 3emJe. [IpH 5TOM HYXKHO yuecTb,
uTO HeHTPHHO OblcTpo, Ge3 3amepxKKu npo6upaiorcsi uepe3 CouHie
(caaboie B3aumonelicTBusl!), a TemyuoBble U3Jy4eHHS ABHXKYTCS K MO-
BepxHOocTH CoJiHIIA OYeHb MeNJIeHHO.

A Bor mpyrasi runoresa, ee BolABHHYJ akajgemuk b. M. TTourekop-
Bo. Ham u3BecTHBl ABa BHAA HEHTPHHO — MX HA3bIBAIOT JIEKTPOHHBI-
MH H MIOOHHBIMH C YYeTOM peaklH#, B KOTOPbIX 3TH HEATPHHO yuacT-
BYIOT. B CONHEUHBIX UHKJIAX POXKIAAIOTCH SJEKTPOHHblE HEHTPHHO, W
TOJbKO HX yMeloT OGHapyXKHBaTb XJOP-aproHoBbie perekropbl. Ho
€CTb MOBOA MPeANoJOXKHUTh, YTO HEHTPHHO OCLHUJJIMPYET, UTO OHO Te-
PeXOAUT W3 OJHOro BHAA B JPYyro#f, MogOGHO TOMY, CKaxKeM, Kak
B 3JeKTPOMarHUTHOH BOJIHE HJIM B KoseGaTeibHOM KOHType 3Heprusi
nepeKauynBaeTCsl M3 3JIEKTPUUECKOTO MOJsi B MarHuTHOe U o6GpaTHO.
Ecnu 3to tak, To BnoJHe BeposATHO, uto BblieTeBuine u3 CoJsHia
3JIeKTPOHHbIE HEHTPUHO MO MyTH NPEBPaLIAIOTCs] B MIOOHHbIE HEHTpPH-
HO, @ HX XJOp-aproHOBblA [eTEeKTOp MPOCTO He 3ameyaert.
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Tenepb 0 camoM, moXKaJjyi, rJlaBHOM HeIOCMOTPE CTOPOHHHKOB
BTOPOFO COJTHEUHOTO KPHU3Hca: 3KCnepuMeHTHl JleBHca HH B KoeM
cjlyyae HeJsib35s1 OTHECTH KO BCEMY KOMIIEKCY COJTHEUYHbIX LHKJOB, TakK
KaK MHOTHe HEHTPHHO B 3THX 3KCIIEpHMEHTaxX B NPHHIMIE He MOTJH
6biTh OGHapyxkeHbl. CoJHEUHble HEATPHHO POXKAAIOTCA B HECKOJbKHX
slepHbIX mpeBpauleHUssX (puc. 5). OcHOBHOe H3 HHX — 3TO pp-
peakuusi. HefiTpuHO, KOTOpblEe NMOSBJASIOTCA B 3TOH peakLHH, MOTYT
HMeTb pa3Hylo 3Hepruio, Ho He Gojee 0,4 M3B. M nostomy xJop-
aproHOBBIH [ETEeKTOpP He MOXeT 3aperdcTPUpOBaTb HEHUTPHHO OT
pp-peakuiu — Mopor YyBCTBUTEJbHOCTH 3TOro aertekropa 0,816 M3B.
WMHBIMH c/IOBaMH, XJIOpP MOXET NpPeBPaTUTbCA B aproH JHLb B TOM
clyyae, ecJd 3a 3TO [eJO BO3bMeTCs HEATPUHO ¢ 3Hepruel 6o-
aee 0,816 M3B, a HeATPHHO pp-peakUHH ILJIsi 3TOrO CJAHIIKOM CJa6HI.
BoJsiee Toro, oxasbiBaercsi, UTO M3-3a CJIOMKHBIX TPOLECCOB BHYTPH
aapa 0,816 MsB — 3710, eciad MOXKHO TakK cKasaTb, Julib ¢Hop-
MaJibHbIl MOPOT; peajibHO Ke [Js1 «CpabaTblBaHHSA» XJopa HYX-
Hbl HEATPUHO C 3Heprdedl okoso 5 M»sB. A mostoMy pe3yJbTaThl
JeBuca oTHOCATCS JHILIb K IBYM BeTOUKAM COJIHEYHOrO TEPMOsifia,
3TH pe3ynabTaThl HUKAK He MPUTOBOpP, a JIMIUb NPH3bIB K Pa3Mblll-
JIEHHSIM H HCCJIeOBAHHSM.

HdetictBue ceabmoe. Mbl ornpaBasiemca Ha CesepHbiii Kas-
Ka3, Ha CTPOHTEJNbCTBO MePBOH COBETCKOH HEHTPHHHOIN 00CepBaTOPHH.
ITpu6opbl [t perucTpaiiy COJHEYHBIX HEHTPUHO W HEKOTOPbIX APY-
TUX 4YacTul, NpUOLIBAIOLIHX H3 KOCMOCA, pa3MellaloT rIy60oKO MOn
3emJjefi. 3eMHas TOJIlLA — 3TO QUJIBTP, OH 3aALLHUILAET HAETEKTOPbl OT
«JIMIITHUX» KOCMHYECKHX JyyeH, KOTOpble, B UaCTHOCTH, MOTYT BbI-
3BaTh JIOXKHOe «cpabaTbiBaHHe» aTOMOB xJjopa. JleBHC YCTaHOBHJ
CBOIO anmapatypy B crapoi 3abpoiueHHOH inaxrte ray6uHo# 1,5 KM.
Ceiiuac crpositcsi HeHTPUHHBIE TeJECKONbl B OTBETBJEHHH aBTOMO-
6uJbHOrO TOHHeJs moa MoHGJaaHOM.

OG6cyxpaetcss 1 oueHb poporoii npoekt JIOMAH]II — ykpeitas
B OKeaHe MO MHOroMeTpOBOH ToJLiedl BOABI CHCTEMa (POTOIMEKTPOH-
HbIX MPHGOPOB, KOTOPbIe KapayJsT caabble BCNBILIKA CBeTa, BHI3BAH-
Hble B CaMOH MOpPCKOH BOJe KOCMHYeCKHMH uactuiamu. [Ipoexr
o6Ccyxaaercsl yxKe MHOrO JieT, HO K ero OCYILIEeCTBJEHHIO TOKa elie
HUKTO He mnpuctynaer. OueHb BO3MOXHO, YTO MyTb OT HJEH 3TOTO
NPOeKTa K pealbHOCTH Pe3KO COKpaTHTCA 6Jarogapsi CpaBHUTENbHO
HefaBHEMY TIpelJioXKeHHI0 coBeTckux ¢u3ukoB [. AckapbsiHa H
B. Moaroweuna. OHH MpemJOXKHIH PETHCTPUPOBATL HE CBETOBBIE
BCIIBIILIKH, @ 3ByKOBble HMITYJIbCHl, COMPOBOXKAAIOLIHE POXKIEHHE JIUB-
Hell KOCMHYECKHX YacTHll B Boje. Takue JUBHH BO3HHKAIOT, KOrLa
HEeHTPHHO THUraHTCKUX 3Hepruil paspywaer sapo. PerucrpupoBaTth
3BYK 3HAauuTeJbHO yHOOHeH, yeM cBeT, B UYAaCTHOCTH, NMOTOMY, YTO
3BYKOBasi BOJIHA XOPOILO pACNpPOCTPaHsSeTCsl B BOAE H MHIMKATOPHI
3BYKa MOXHO pacrnosiaraTb Ha 3HAaYUTeJNbHO GOJiblleM pPACCTOSIHHH,
YyeM HHIMKATOPbl CBETA, YBEJHUHB TeM CaMbiM O6LIHI 06beM MOABOA-
Horo getekropa. MJd MOXKHO yMeHbIIMTb YHCJIO HHAHKATOPOB, cCle-
JaTh «ceTb» 6oJiee pedKOH NPH TOM »Ke KOHTPOJHPyeMOM oGbeme
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poabl. IMeHHO OT 3TOro 06beMa 3aBHCHT UYHMCJO MOAMAaHHBIX HeM-
TpuHO [lpennoxeHue coBeTckux (PU3HKOB BhI3BaJ0 60JbLIONR HHTEpeC,
npeanoJiaraercsi, UT0 OHO MOXKeT B COTHH M THICSUH pa3 MOBBICHTb
3 (PeKTUBHOCTb CHUCTEMbI.

YHUKaNbHOE COOpYXKeHHe HeATPHHHOH acTpodU3UKU cO3aeTcs B
Haiueit crpaHe Ha CeBepHoMm KaBkase — B poJiiHe pekd bakcaH ctpo-
UTCSl KpyNMHasi MHOroueJeBasi HeliTpuHHasi o6cepBatopust MHcTHTyTA
spepHblx nccaenoBanuit AH CCCP, maa Hee coopyKaeTcsi ueTblpex-
KHJIOMETPOBbIA FOPH3OHTAJbHBIA TOHHEJb ¢ 6OJbILHMH 1abOpaTOPHBI-
MU 3aJaMH.

Arto 6yayT 1a6opaToOpUH C Ype3BbHIYAHHO HM3KHM H Jla)Ke PeKopl-
HO HHU3KHM YPOBHeM paAualuoHHOro ¢oHa (puc. 2) — cBepXy OHHU
3aKpbIThl ThiCAYEMETPOBOA TI'DAHUTHOH KpbllleHd, a H3HYTpH OOJHIO-
BaHbl 0cO6bLIMH COPTaMH 6eTOHa C O4YeHb cjJabol coO6CTBEHHON panuo-
aKTHBHOCTBIO. A CHU)KeHHe (POHA eCTb NPSMOH NMyTb K PerucTpaldu
c1abblX «CHTHAJOB» — B THXOH KOMHAaTe MOXHO YCJbIIHATb THKaHbe
KapMaHHbIX 4acoB, HO BPsAJ JK 3TO YJLacTCsl ClesiaTb B CajioHe ca-
MoJieTa.

Haiuy skckypcuio Ha DBakcaHCKylo CTaHUHIO KOMMEHTHPYIOT AH-
pektop Mucruryra akagemuk AH I'pysunckoit CCP A. H. TaBxenu-
n3e, uieHbl-koppecnonaentst AH CCCP TI'. T. 3auenun u A. E. Uy-
[aKOB, NOKTOp (usnKo-MaTematuueckux Hayk A. A. IlomaHckuit —
$HU3HKH, OTAABILIHE HOBOMY eIy I'OJibl )KH3HH M METrajKoyJu SHePTrul.
3/1ech HaBepHsKa YMECTHO BCIIOMHUTb H KOJUIeKTHB MHcTuTyTa simep-
HbIX HCCNeJOBaHUH, B3ABIUWH Ha cebs 60JbLIOH KOMMJEKC paGoT —
OT pacuera ceueHHUHl siJepHbBIX peakUuil OO OpPraHU3alUUH CTPOUTE/b-
CTBa B FOPHBIX YCJOBHSX, C TeM 4TOObl KpPyMHeflllHe B MUpe YCTAHOB-
KH HeHATPUHHOH acTpPo(HU3HKH cTajH peasibHOCTbiO. M KOHeuHO Xe,
Korja peub 3axoauT o bakcaHckoit o6cepBaToOpUu, HENMPEMEHHO IOJIXK-
HO ObiTb Ha3BaHO HMsA cekperaps OraesneHuss siaepHodl GHU3HKH
AH CCCP akagemuka M. A. MapkoBa, KOTOpPbIH OT caMoro HauvaJjia
BIOXHOBJSIET M HampasJsieT 3TH pab6oTbl KaK B YHCTO HAy4HOM, TakK
H B OpPTraHH3alUMOHHOM ILIaHe.

OcMoTpeB BXOJHble TOHHENH H BCIIOMOrare/bHble oMenleHus1 (06-
CepBaTOPHUsl — 3TO He TOJbKO HayuHble HPUGOpPHI, 3TO ele U CHCTEMb
3HeprocHalbKeHHs,, HCKYCCTBEHHOrO XOJIOfia, OTOMJIeHHsi, BEHTHJISI-
KK, 0o0pabOTKH JAaHHbIX, TPaHCNOpTa, CBS3H, NoxapHo# 6e3omnac-
HOCTH), Mbl NONanaeM B NepBbli JaGopaTOPHBIH 3aJ. DTO BJaLeHHS
OrPOMHOH MHOTO3Ta*KHOH YCTAHOBKH IJISl PErHCTPALUUd KOCMHYECKHX
MIO-ME@30HOB BBICOKMX 3HEpPrHii U HEKOTODPbIX 3HepPrHYHbIX HEHTPHHO.
Kaxapiit u3 3200 meTekTopoB ycTaHOBKH (pHC. 3) — 3TO GaK C XKul-
KHM CUHHTH/JISTOPOM, B KOTOPBIH HEOTPLIBHO BCMATpPHBAETCS 3JeK-
TpoHHBIH raa3z @AY — doroanekrpoHHoro ymHoxurteasi. Ilox
IeficTBHeM NpOpBaBLUEHCS B JETEKTOP YAaCTULBI B HEM MOXKET IpO-
H30HTH COObITHE, TaK QU3HKH HA3LIBAIOT HHTEPECYIOLLYIO UX SILePHYIO
peakuuio. B BemiecTBe CUMHTWLIATOPA cOGBITHE BbI3OBET Ciaalylo
CBETOBYIO BCHBIIIKY, BCIIBILIKY 3aMeTHT PDY U BbIIACT 3JE€KTpHUECKHH
HUMIIyJIbC B CHCTEMY PETHCTPALUH; eCJH YaCTHIa MPOLIbeT HeCKOJbKO
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IETEKTOPOB, TO MOXXHO OyleT OmnpefesnuTb, OTKyjla OHa MpHLIJIA H C
KaKOH CKOpPOCTbIO. DTOT THTAHTCKMH CUMHTH/IJISILHOHHBIA Teseckon
6ymeT yuyacTBOBaTb B ILeJOM KOMIUJIeKCe acTpopu3HyecKHux Hc-
cnefoBaHUH.

Bo Bropoii a6opaTopHbIi 3aJ Mbl He MOHAEM 1O YBaXKUTeJNbHOH,
HaBepHOe, MPHUHHE — Ty[a elle He AO06PAJHCh CTPOUTENH, U ITOT 3aJ
CylleCTByeT MOKAa JIHIIb B BHIe uYepTexel, MJaHOB H ONBITHBIX
06pa3ioB annaparypsl. Mbl BUAHM JeHCTBYIOLLYIO MoAeJb 6yayliero
THTaHTCKOTO XJOP-aproHOBOro AeTeKTopa — 3To 6ynet 6ak BbICOTOH
C Tpex3TaxKHbll AOM W HJuHON Gosee 30 M (puc. 2,A). B 6ake —
3000 T TerpaxsopaTujeHa, B 5 pa3 OoJsbiie, yem y JleBuca; 3TO
NO3BOJIUT 60Jiee TOYHO OLIEHHTh KOJNHYEeCTBO HEKOTOPbIX Pa3HOBHUI-
HOCTeH COJIHEeUHBIX HeHTPHHO.

Ha peficTByloueli Momesd BHIHBl BCe OCHOBHBIE 3Tanbl U3BJeye-
HUs1 aTOMOB aproHa (puc. 4): TeTpaxJIOp3THJEH NMPOAYBAeTCsl TejueM
1 U3 6aKa BBIXOAHT CMeCb ra3oB; B Hee BXOAST H €IHHUUYHbIE aTOMBI
aproHa-37, obpa3oBaBliMecss M3 XJopa IMOA AeHCTBHEM HEHTPHHO;
IUIsi Hayajla CcMeCb Ta30B OXJa)KAaloT, TeTPaXJOPITHJEH KOHAeH-
chpyetcsi ¥ Bo3BpaulaeTcsl o6paTHo B 6aK; ocTaBlliHecs rasbl LOMOJ-
HUTENbHO OYHILAIOTCS, NMPOXOAA Yepe3 MOJIeKyJsipHOe CHTO; 3aTeM
BCce HHepTHble ra3bl coO6UpalOT B 6OJbLIYIO JOBYIIKY H3 aKTHBHPO-
BAHHOTO YIVIsl, CPAaBHUTEJbHO MaJieHbKHe aTOMbl rejusi Gecnpensit-
CTBEHHO NMPOXOISIT uepe3 JIOBYILIKY U BO3BpallalTcs o6paTtHo B 6ak.
1o yxe du3uKa nuoc skoHomuka. [locse HecKoJNbKHX Hexesb 3KCHO-
HHPOBAHHUsI, HECKOJIbKHX YacOB NMPOAYBKH CHCTEMY Ha KOPOTKOe BpeMs
nepekpbiBaeT 3acJOHKOHW 3; M NeperoHsloT cMechb rasoB B MaJyio
JIOBYIIKY, a ee NepeHOCSAT B APYryl0 YCTaHOBKY; 3[eCb XpOMOTOrpa-
(uyeckas KOJOHKA OTHe/sIeT aproH OT APYTHX HHEPTHBIX ra3oB, a TH-
TAaHOBBI# (HJIBTP OKOHUATEJbHO OUHLILAeT €ero; aproH-37 — 3JeMeHT
HeyCTOHUHBBIf, OH NMOCTENeHHO pacnajgaeTcsl, H KaXKAbld pacnajm peru-
CTPUPYeTCSl CBEPXUYBCTBHTENbHBIM CUETUHKOM; UTOOBI HCKJIIOUHTH
JIOKHble cpaGaTblBaHHsI CYETYHKA, ero 3allulialoT MacCHBHBIMH Me-
TaJJIHUECKHMH KpaHaMH H, KpOMe TOro, OKPY>XaloT CUHHTHJJISILHOH-
HbIMH cueTuHKamHd. Ecau oHH cpabaTbiBaloT OLHOBPEMEHHO C OCHOB-
HbIM, 3HAuydT, COObITHE BLI3BAHO KAKOW-TO BHEILHed TMOMEXOH H
UMIYJbC He 3acudTbiBaercsi. IMMyJabC 3aCUHTHIBAETCS TOJNBKO B TOM
cjayyae, ecJd NpdH cpabaTblBAHHH OCHOBHOTO CYETUHKA OCTaJIbHblE
MoJsyaT. DTO 3HAYUT, 4TO cpabaThiBaHHE BBI3BAHO He BHELIHUM, a
BHYTPEHHUM cOObITHEM — pacnajoM aproHa.

Jlaxke B 3TOM THTaHTCKOM AeTeKTOpe COJIHeuUHble HeATPHHO GYAYT
co3gaBaTb B HeAeNI0 BCETO HECKOJIbKO aToMOB aproHa-37. Urtobwbl
co6paJlocb 3aMeTHOe KOJIHYeCTBO 3THX aTOMOB, XJOP MNPHXOLUTCH
3KCMOHUPOBATh OKOJIO Mecsila (4eM MeHblle SIpKOCTb O0GbeKTa, TeM
6osblIyIO BbIOEPKKY YycraHaBjuBaer ¢otorpad). [lomcuer uyucia
aTOMOB TOX€ JJIHTCS JOBOJbHO JOJT0 — MEepUOA noJsypacfnaga apro-
Ha-37 noutu 35 AHel.

Bo Bropom n1abopaTopHoM 3ase OyAyT eule ABa HEHTPUHHBIX TeJle-
ckona (puc. 2,5,B): oguH — ¢ ranjueBO-repMaHUeBbBIM [JETEKTOPOM,
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a BTOPOH — ¢ GOJIbIUIMM CUHHTHJJISILHOHHBIM [EeTeKTOpOM, OH MO3BO-
JIUT H3y4yaTb BCHBIIIKH CBEPXHOBBIX 3Be3Jl 1O pe3KUM BCIJ/IecKam
HEATPUHHOTrO H3JyUeHHS.

B rasuueBo-repMaHHeBOM [AeTeKTOpe (ero mpemjoxuiu U oboc-
HOBAJH COBeTCKHe (M3UKH) B MPUHLHUIE NMPOUCXOAUT TO XKe, UTO U B
XJOp-aproHoBOM: HEATPHHO NpeBpallaeT arom rauaaus-71 B atom
repMmaHusi-71 OOGLIUHBIM CBOHUM NpPHEMOM — MPEeBPATHB OAHH U3 Hel-
TPOHOB aTOMHOT'O SiApa B NMPOTOH, T. €. YBEJHYHUB Ha €IHHHILYy MOJO-
JKUTeNbHbIH 3apsin siapa (puc. 6); repmaHuiéi-71 BbiaeasioT mogo6HO
TOMY, KaK paHbliie BblIeJsJIH aproH; MOACUHTHIBAIOT BCE aTOMbl rep-
MaHHA M Y3HAIOT TakKuM 0o6pasoM YHCJIO MofMaHHBIX HelTpuHo. Ho
BOT YTO OYeHb BaXKHO — MOPOT «cpabaThiBaHHSI» y Ta/lJiisl TPUMEPHO
0,2 M3B, 1. e. 3HauuTeNbBHO HUXKe, ueM y xJopa. M npakruuecku
BCe BHUJbl COJMIHEUHBIX HEATPHUHO, B TOM YHCJe H HEATPUHO OT pp-peak-
LK, MOTYT ObITb 3aperdCTPUPOBAHBI TaJlJIMeBO-TePMAHHEBbIM HeTeK-
TOPOM — JIHLIb HECKOJIbKO YeJIOBEK B MHPe MOTYT NepenpurHyTh uepes
JBYXMeTpOBbIi 6apbep, HO MepeliarHyTb yepe3 MOJYMeTPOBbLIH 6apb-
epuHKk cymeer Jio6o#t u3 Hac. OueHp MoXeT ObITb, YTO HMEHHO
3TOT UHCTPYMEHT BHeCeT SICHOCTb B HBIHEILHIOK, MSITKO rOBOpSd, 3amy-
TAHHYI0O KapTHHY COJIHEUHBIX ILHKJIOB.

Snuor. Kaxapiii, KTo Korga-Hu6y b NbITaNCs OTBEPHYTb 60JIb-
1IO¥ NMpopXKaBeBILUHH GOJT NEPOYHHHBIM HOXKHUKOM, MOHSJ, HaBepHOe,
YTO TaKoe HHCTPyMeHT. XOpOliH#, COBepllieHHbIH HHCTPYMEHT — 3TO
nepsasi mMeuta M mnepBas 3a6oTa TOKaps, MOHTaXHHKa, XUpypra.
M koHeuHo, yueHoro, HcciaefoBaTesNsi — KaK 4acToO OH BUJIUT MyThb
K BeJIMKOMY OTKPBITHIO H TOJBKO XJAeT HHCTpyMeHTa, 6€3 KOTOpOro
HEBO3MOKHO TMPOABUHYTHCS OT APAMATHUYHOrO «5 TaK LyMalio» K CHO-
KOHHOMY «sI 3TO 3HAWO».

®u3uKu CBA3LIBAIOT HEMAJIO HaJeXJ C CO3LaHHeM YHHKAJbHbIX Ha-
YUHBIX HHCTpyMeHTOB BakcaHckoit HefiTpuHHOH oGcepBaTtopuu. Bor
JIWIIb HECKOJIbKO CTPOK H3 MOCJeJHHX HayuHbIX NyGaHKaLHi:

HOBble HeHTPHHHBbIE TeJeCKONbl MOMOTYT NMOHSTb BaXXHble AeTaJlH
npoleccoB, KOTOpble mnpoucxoisat B ueHtpe CosHIa, ONpemesuThb
CTPYKTYpPY ero rJjyOuHHbIX o6JacTeidl, MNOJYy4YUTb TOYHble JaHHblE
0 JaBJIeHHH U TeMmiepaType;

MOT'YyT TNOSIBUTbCS HOBBble [aHHble [JIsl NPOTHO30B COJIHEUHOH
AKTHBHOCTH;

MOTYT BBISICHUTbCSI MNOAPOGHOCTH 3BOJIIOLHM 3Be3], TaKdHe, Ha-
npuMep, Kak oO6pa3oBaHHE MAaCCUBHOTO KeJie3HOro siipa, B3phbIB
CBEPXHOBOH HJIM KaTacTpo(uuecKoe cxxaTHe 3Be3/Jbl B <4EPHYIO AbIPY>;

CKOpee BCero TOJIbKO HeHTPHHHAsl aCTPOHOMHS TOMOXKET BbIsiC-
HUTb, OCHMJUJIMPYIOT JIM HEATPUHO: HEHTPUHO OT YCKOpHUTesaeHd CJull-
KOM O6BICTPO MONafaloT B [IeTEeKTOp, 3aMeTHble H3MeHeHHsI CBOWCTB
HeHTPHHO 3a Takoe KOPOTKOe BpeMsi, BO3MOXKHO, U He YCheloT Npo-
H30UTH;

HEeHTPUHHBIE TeJECKOMb, BO3MOXKHO, OOHapy»aT HeKOTOphIi oc-
TATOUYHBIA HEeATPHHHBIA (OH, HEeATPUHO THraHTCKUX SHeprui,
Gnyxpaamliie B KOCMOCE MHJJIMAPAbI JeT M XpaHsllHe CBeNeHHS O
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naJjekoM fipownyioM BceneHHo#t — 06 3noxe ¢opMHPOBaHHS TajlaKTHK
H 3Be3f.

UM ewe omHa BO3MOXKHOCTB, B MOCJIe[HEe BpeMs O Hell 4acTo Ha-
NOMUHAIOT 3JIOBEllHe CJIOBA «IHEPreTHYECKHH KPHU3HCH.

Ceiiuac, KaK MeIHble NATAaKH Ha JaJOHH, Mbl CUiHTaeM OCTaBIlIHeCs
Ha 3emJje 3amacbl yrasi ¥ HedTH, B TO BpeMsl KaK Te-TO B HallHUX
KapMaHax JieXXHT OaHKHOTa MHJJIMOHHOTO HOCTOMHCTBA. Bor He-
cKOJIbKO 1udp: ecau 6ol CoJsiHIE CBETHJIO 38 CUET CXKUTAHHUS XHMHU-
YeCKOT0 TOMJIHBA H LEJHKOM COCTOSIJIO M3 YHCTOTO KHCJAOPOLA W Jyu-
UIMX COPTOB YIJisl, TO BCel COJIHEUHOH Macchl XBaTWJO Obl JHULIb HA
1500 ner ropeHusi. B 1o ke Bpemsi TepMmosiiepHble peakLHH, H3pac-
X0J0BaB JHIb | %y coMHeYHON Macchl, MOTJIH Obl MOALEPXKHUBATb Hbl-
HElIHIO SIPKOCTb Halllelh 3Be3finl Ha mnpotskeHud 10 mapn. Jer.

H3yuenune cosiHeuHOro tepmMosiga, NMPOHUKHOBEHHe B Helpa ApY-
TUX 3Be3ll, B UX TePMOsIiepHble peaKkTOpbl — 3TO He TOJbKO MpOpH-
COBKa BaXXHeHlLIUX [eTaJjieii B Halllell kapTuHe mupa. Bnoane BeposiT-
HO, YTO 3TO elle U Iard K pelleHHIO NnepBeilliell XXUTeHCKOH 3agaun —
K H3BbICKAHHIO HOBBIX HCTOYHHKOB 3HEPIHH.



Jkcneanumua 3a KOPOHOIA

lpupoda Kar 6ydmo cneyuansHo no 3aKasy dacmpoHoMoe nodozHana
pazmepei Cosnya u JlyHsl, OMKPbIE MEM CAMbIM B03MOMHOCTb 6dHHbIX
uccnefoeanul 60 6pemsa CONHEYHbIX 3AMMEHUL.

Mbl Bcerga toponumcs, JIIOAM aTOMHOTO Beka. Mbl Bceraa Topo-
MHUMCsl, HAM Bcerja Hekorga. Mbl romaMu He MOXKeM BBIKPOHTb He-
CKOJIbKHX MHHYT, 4TOObl MOAHSITb TOJOBY WU B3rJSIHyTh Ha 3Be3HOe
He60 — Ha 3Ty 6ecKOHeuHyio apeHy, rae Mupbl pasbirpbiBaloT CBOH
¢ aHTacTHUECKUHA CNeKTakK/Jb, HJIH YTOGbl NPOBOAUTH B3IJSAOM yXO-
NSHIMH 3a TOPH3OHT OTHEHHBIH wWap — nbulaoulyio 3Be3ny CoJiHle,
KOoTopasi n1aeT HaM XkH3Hb. TONbKO ceHCallHOHHbIE COOGLIEHUST O IPO3-
HBIX LIYTKAaX NMPUPOLBI — O KOMETaX, O CTOJKHOBEHUH rajlaKTHK, O na-
JeHUH TUTaHTCKUX METEeOPUTOB Ha KaKoe-TO MIHOBEHHe OTO/BHUIaloT
B HallleM CO3HaHWH 3eMHble Jeja Ha BTOpPOH IUIaH H 3aCTaBJafIOT
BCIIOMHUTb O 60JIbIIOM KOCMOCe, B KOTOPOM [MeCUHHKOH HeceTcsl nJa-
Heta 3eMJsi.

Y noGHbll, BO BCSKOM cJyyae, HeOODeMEHHTeJbHbIHi TOBON A
o6pauleHHs] K KOCMUYECKO# TeMaTHKe — CoJiHe4YHble 3aTMeHus. Heob-
peMeHHUTeJbHbIH MOTOMY, UTO MOJIHOE COJIHEYHOEe 3aTMCHHE B JaHHOM
reorpaduueckoM paloHe — siBJeHHe AOBOJBHO peakoe. [laxe jns
TakoOH OrpOMHOH CTpaHbl, KaK Hallia, MepepbiBbl MeXAYy 3aTMEHH-
SIMH [JOCTaTO4YHO BeJukKH — Ha Tepputopun Coserckoro Corosa
NOJIHble 3aTMeHHs1 HabuiogaloTcs OObIUHO JHILb pPa3 B HECKOJIbKO
Jer.

Ecau pna GosblHHCTBA JIOAeH 3aTMeHHe — 3TO KPAaCHBOE 3peJid-
e 1 MOBOJA K pa3MbllJIEHHSAM, TO JJsi ACTPOHOMOB OHO XOTSl H
OU€Hb PEKHH, HO 3aTO OYEHb U OYeHb YHAUHbIH 06bEKT HCCIeL0BAHHH.
Heckosbko ¢10B 06 3TOM CaMOM «O4YeHb H OUYEHbY.

Korpa Bam mnonapo6utcsi nmpuMep MNOPasUTEIbHOrO CJydyadHOro
COBNAaJeHUsl, MoXeTe CMeJO 00paTUTbCA K CXeMe COJIHEYHOro 3arT-
MeHHs1. XOpOUIO HM3BECTHO, YTO 3aTMeHHEe NMPOUCXOMMUT TOT[a, Korjaa
JlyHa craHoBuTcs Mexnay 3emJjeil 1 COJIHLEM W 3aKpbiBaeT LI 3eM-
HOro HabJsiofaTtess COMHeUHHH NUCK. JIyHa B 3TOM cJiydyae HaNOMWHA-
eT KapTOHHYIO 3aCJOHKY, KOTOpPYIO Bbl AepXKHUTe Helaseko OT rJas
JJIs1 TOTO, YTOObl NMPHKPLITh OU€Hb NaJeKHH SPKUH MCTOYHUK CBeTa.
M BoT uto nopasutesbHO: caM 3TOT UCTOYHHK (CoJiHLE) U MPHUKPHI-
Balooulass ero kKapToHka (JlyHa) BuasTca BaM OJMHAKOBBLIMH, XOTH
B JEHCTBHTENBHOCTH OHU Pe3KO pasyii4yaloTcsl no pasMepam. Juamerp
Coanua d,_ cocrasaser npumepHo 1,4 MJaH. KM, auamerp JlyHbl
d ;—— BCEroO OKOJIO 3,5 ThIC. KM, T. €. COOTHOLIeHHE d¢ td, npUMepHO
paBuo 400. TlpH6aH3HTENbHO TaKHM »Ke TMOJydyaercsi COOTHOILEHHE
MEeXAY  CpeAHHMMH  paccTosHusaMd  3emus — CoJgHie (I
~150000000 kM) u 3emass — Jlyna (/35 <380000 km). B TOM-TO
H COCTOMUT NOPa3uTe/bHOe, MOUYTH HeNnpaBaononoGHOe COBNAleHHEe, YTO
B npouecce 3Bosouud CoJIHEUHOH CHCTeMbl Bce HepeyHCIeHHble
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BE@JIUYUHBI HEMNOHATHO TNOYEeMY OKa3aJHuCb CBSAA3aHHbIMH paBeH-
CTBOM

dc Idn =13C :[311‘

Hrak, CosnHue npumepHo B 400 pa3 6oubiue JIyHsl (o guamerpy),
HO BO CTOJIbKO Ke pa3 [aJjiblle OoT 3eMJid, U Mo3ToMy o6a oObeKra
BUJATCA HaM OfHHAKOBbIMH. MiMeHHO mostomy CoJiHue BO Bpems 3a-
TMEHHSI OYeHb M OYeHb yNauHblH 06BEKT HcciefoBaHuil: JIyHa akky-
paTHO 3akKpblBaeT ero, OCTaBjsid B UYHCTOM BHIE JHUIb KOPOHY.
(3mecp Heo6XOnHMa OroBOpKA: PACCTOSIHHUSA {3c M [37 B HEKOTOPBIX
npepesax MeHsiorcs. [loaroMy B psime ciyuaeB HaGJiogaeTcs Tak
HasblBaeMoe KoJbleo6pa3Hoe 3aTmeHue, korna CosHue 3akpeito Jly-
HOH He MOJIHOCTbIO H BHIHO y3KOe — TOJILUHON He Gosee 2 %/ or 3a-
KPBITOH YacTH — sIpKOe KOJIbIIO COJTHEYHOrO QHUCKa.)

Kak BuauTe, B OTHOILEHHH <«corjacoBaHusi» pasmepoB CoJuHua
U JIyHBl ¥ paccTOSIHUH 0O HUX TNpHPOJa HemJoxo nopaborana Ha
acrpoHomoB. Ho oHa s1BHO He [oBesa cBoero Jeja A0 KOHIA, He
COBMECTUJIA IUIOCKOCTH BpauleHHsi JlyHbl Bokpyr 3emsad U 3emud
Bokpyr CousHua. Ecan 661 3emast u JlyHa BpauiaJuce B OZHOH MmJoC-
KOCTH, TO Mbl Ha6JiofaJju Obl MOJHOE COJMHEYHOe 3aTMeHHEe Ka’KIbli
mecsi. [Toka ke ydeHble HUMEIOT BO3MOXKHOCTb HabJiofaTb 3TO HH-
TepecHoe sIBJieHWe, KaK MNpaBHJIO, C NepepbiBaMH B HECKOJbKO JIeT,
U NMPaKTHYEeCKH KaxXJoe 3aTMeHHe NpHBJAeKaeT 60Jbllioe UUCJIO Hayy-
HbIX 3KCNegHLHH.

O cBoeii pa6oTe BO BpeMsi OLHOrO U3 COJIHEUHBIX 3aTMEHHH pac-
CKa3blBaeT PYKOBOLHTeNb 3KCNMeAHUUH ['ocyrapcTBEHHOro acTpoHO-
muueckoro uHctutyra umenu I1. K. Hlrepu6epra (FAHMILI) npodec-
copI'' ®. CurHux:

— Ckaxwure, noxaayificra, I'puropuit Penoposuu, coXpaHuIu JH
CBOe 3HaueHHe HabJuofeHus1 Bo BpeMms 3aTMeHuit? He ymeHblinsach
JIU UX POJib B CBSI3H C Pa3BHTHEM TEXHHKH HAOJMIOJEHUH 32 «<HOPMAJib-
HbiM» CoJIHLIeM, He 3aKpbIThiM JIyHOH?

— B nocnennee Bpemsi B ocHOBHOM 6Jiarofapsi CO3AaHHUIO HOBOH
COBepILUEHHOH annapartypbl HeHCTBHUTENbHO MOSIBUJIHCH LOMOJHHTE/b-
Hble BO3MOXHOCTH HCcleqoBaHus He3atemHeHHoro CousHua. U cefiuac
B J1060e BpeMsi MOXKHO NMPOBOAMTb PSI Ba’KHbIX U3MepeHHE, KOTOpble
paHblle JeJaJHCh TOJNbKO BO BpeMsl 3aTMeHHH. OLHAKO 3TO HE YMeHb-
LIHJIO POJIH 3aTMEHHUt XOTS Gbl MOTOMY, YTO OHU HY2KHBI /151 KOPPEKTH-
POBKH HOBBIX NMPHOOPOB W METOMOB, a TaKXKe [Js1 ONpefeSeHUst KOM-
NIEKCOB U3MepeHHH, KOTOPble MOXKHO NMPOU3BOAUTH B NEPHOL MEXIY
3atTMeHusiMH. M elle, KOHeuHo, A/11 NPOBEPKH MOJYUEHHBIX pe3yJib-
TaToB.

Kpome Toro, 3atmeHusi pe3ko yJaydllaloT YCJOBHsI HaGJIOfeHHH,
MO3BOJISIIOT MOJYYUTb Pe3yJbTaTbl, NMPAKTHUECKH HELOCTHXKHMbIE BO
BHe3aTMeHHoe BpeMsl. 3aTMeHHe MIpexK/e BCero no3BoJsieT u36aBUThCS
OT paccesiHHOro cBera camoii ¢dotocdepnl, T. e. Toit yacru CosiHla,
KoTopast of6pa3yeT ero SIpKylo, BHIHMYIO IOBepXHOCTb, o6pa3syer
TO, YTO Mbl Ha3blBaeM COJNHEYHbIM MAHCKOM. A H306aBHBIUHCH OT
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«MOACBETKU» (oTocdepbl, Mbl MOJyyaeM BO3MOXKHOCTb NMPOU3BOLHTb
OueHb TOHKHE HCCJEIOBAHUSl COJHEUHOH aTMocdepbl, B 4aCTHOCTH
TaKHX ee CJoeB, KaK KopoHa H xpoMocdepa. [laxe Takoil momyJsip-
HblE Npu6op, KaK BHe3aTMeHHbI KopoHorpad, JUllb CHILHO ocaabJs-
eT paccesiHHbI cBeT dorocdepbl, B TO BpeMs KaK 3aTMeHHE MOJIHO-
CTbIO YCTPAHSET 3Ty NOACBETKY.

Jas GoablIOro 4ucjaa H3MepeHU#H W HCCleOBaHUH MOHOMOJHUSA
COJIHeYHBbIX 3aTMeHH I HeocropuMa. B kauecTBe npumepa, MoxeT GbITh,
He OYeHb THMHYHOIO, HO 3aTO HArJSJAHOTO, Ha30BY NMPOBEPKY TEOPHH
oTHOcHTesnbHOCTH. PoTorpadupysi onpenejeHHbl y4acTOK 3Be3JHOTO
He6a BOAM3W «npukpbitoro» CosmHua (npu spkom CoJiHLE 3Be3lbl
MpPOCTO HEe BHJAHBI) M HOUBIO, MOXKHO TNO CMEILleHHIO 3Be3Ji Ha CHHUMKax
onpeneauTb, Hackosabko COJHUE OTKJIOHSET HX JYYH — TaKoe OTKJO-
HeHHe ObWIO NpeiacKa3aHo DWHIITEHHOM B ero TEOPHH OTHOCHTEJb-
HOCTH. B 3THX HccleOBaHHAX MOJIOXKHTENbHBIH pe3yJabrar (T. €. J0-
Ka3blBAIOLUHA, YTO TEOPHS] OTHOCHTEJNbHOCTH BepHa) Obll MOJYyYeH
emle B 1922 r. u ¢ Tex mMOp HeOAHOKpaTHO moATBepxkaajcs. OgHako
He cpa3y y/[ajJocb YCTPaHWUTb 3HAuHTEJbHble KOJHYeCTBEHHbIE pac-
XOXK[EHHS, U 3TH TOHKHE U CJOXHble H3MEpPEeHHs MPOJOKAIOTCH.

Euie npumep. Yke MHOTO JIeT acCTPOHOMBI MbITAIOTCA 0GHAPYXKUTb
THIIOTETHUECKYl0 MJaHeTy ByskaH, KoTopasi, eciM OHa, KOHEuHO,
CYyIlleCTBYeT, HAXOAHUTCS HACTOJNbKO G6JH3KO K COJHIy, 4TO MOXKeT
6bITh 3aMeuyeHa TOJbKO BO BpeMsi 3aTMEHHS.

Bo3moxkHO, ecTb emnie OJHO, MOXeT ObiTb, He camoe BaXHoe,
HO, Ha Halll B3IJIsJ, CYLIeCTBEHHOe NOCTOHHCTBO 3aTMEHHbIX HabJio-
JleHH}: BO BpeMsl COJTHEYHOTO 3aTMeHHS, 0OCOGEHHO TMOCJe ero LeHT-
paJnbHO# (a3bl, HECKOJIbKO MOHHXKAeTCs TeMnepatypa 3eMJH d ociab-
JISIIOTCSl MeCTHbIe TerJioBble KosiebaHUs B 3eMHOH aTMocdepe, KOTOpble,
KaK H3BEeCTHO, CHJbHO HCKaXaloT pe3yJbTaThl aCTPOHOMHYECKHX
HabJoAeHHU .

— Pacckaxure, noxasgy#icra, Kakue H3MepeHHS NPOH3BOLATCH
BO BpeMsl 3aTMEHH W, B YaCTHOCTH, KaKHe H3MepeHHsl NMPOHU3BOAH-
Jla Ballla 3KCMefHLHS.

— Tlonnblfi CMHCOK KOHKPETHBIX HaOJIIOAEHMH H H3MEepeHUH OKa-
JKeTcs cauiukoM GosbwinM. Kaxnas rpynna uccrenosatenelt crapa-
eTcsi pasHoo6pa3uThb CBOIO MporpamMmy U paboraer Hal 3THM B Teye-
Hue poJaroro BpemeHu. O6uie Ke HanpaBJeHHs HCCJeJOBaHHH Tako-
Bbl: [eTajibHOe H3yueHHe CTPYKTYpbl U CNEKTpa pa3JIM4HbIX YdacT-
kKoB CoJiHIla, paavoacTpOHOMUYecKHe HabJI0JeHUs] M perucTpauus
Bausiiusg CoJsiHILA Ha pa3JiMyHble NMPOLECChl B OKOJO3eMHOM IPOCT-
paHcTBe.

Hawa skcneguuusi pa6oraja Jdilb B TepPBOM HaNpaBJeHHH U Bbl-
NOJIHWJIA JOBOJbHO OOILIMpHYI0 mporpaMMmy. B kauectBe mnpumepa
Ha3oBy ¢ororpadupoBaHue KOPOHBl U XpoMocdepsl uepe3 HHTepdepo-
MeTp (MHOrzZa roBopAT «3tanoH») ®Pabpu — I[lepo. OcHoBa 3TOrO NpH-
6opa — JaBe HIeanbHO 06paGoTaHHBIE H OUEHb TOUHO YCTAHOBJIEHHbIE
noJiynpo3pavyHble naacTHHKH. CBeT, PacHpoOCTPaHSIsAICh MEXAY HHMH,
MHOTOKPAaTHO OTpakaeTcs, H B WTOre Ha CHHMKe, C/leJJaHHOM yepe3
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stanon ®abpu — [lepo, okasbiBaeTcs CI0XKHAsA HHTep(epPeHLHOHHAs
KapTHHa o6beKTa, B HalleM cJyuyae KopoHbl. Ha stoit kapTHHe Xopo-
110 BHAHBI CBEeTJble W TeMHble IO0JIOCH, HaNOMHHAIOLlHe Beep,—
3TO, pa3yMeeTcsi, He KaKHe-TO HeBHJUMble Habuaiofartesio BbIGPOCHI
COJIHEUHOTO BelleCTBa. DTH MOJOCH MOSBJAIOTCA NOTOMY, YTO MOHO-
XpOMaTHYeCKHH CBeT (C MOMOLLbIO PHIbTPOB BblAe/ISIETCS TOJNbKO OLHA

cBeToBas BOJHA — 5303 A) OT HEKOTOPBIX YYaCTKOB KODOHbI KakK Gbl
ycuauBaeTcss HHTep(hEepoOMeTpoM, a OT APYTHX YHacTKOB — oc/ab-
JISeTCS.

MoxHO npeacTaBuTbh cebe, KakoW Obiia Obl 3Ta KapTHHa B
HleaJbHOM cJjyuyae, ecad Gbl BCcsi KOpOHA NpeacTaB/sija coboit BO
BCeX OTHOLIEHHSIX OJHOPOAHbIA H3jayuartenb cBerta. M nostomy, us-
yuasi peaJibHylo ¢ororpaduio, MOXKHO CyJHUTb O HEKOTOPLIX IIpoueccax
B TOM HJIH HHOM ydacTkKe KopoHbl. Hanpumep, 06 usmeHeHun cpefiHei

CKOPOCTH MOJIEKYJ, M3Jydalomux BoaHy — 5303 A, koropoe 3a cuer
s dekra Jonmjiepa npuBOJHT K HEKOTOPOMY H3MEHEHHIO CaMOl 3TOH
BoJiHbl. TakuM o6pa3om, nojgyueHHass goTorpadus no3poJsieT Kak Obl
CKaHUPOBAaTb KOPOHY, CYIHTb O (DH3HUECKHX Mpoueccax B OTHAeJb-
HBIX ee TOUKax.

— A Bce au Bawu HabaoneHHs1 OblIM ylauyHbi?

— He coBcem. Mbl, Hanpumep, He CMOIVIH NMOJYYHTb KayecTBeH-
HbIX CHHMKOB XpoMocdephl, cienaHHbiXx ¢ uHHTepdepomerpom Pab-
pu — [lepo. Ha 3Tux cHUMKax TakKxke MOJYUHJIHMCb HHTepGhepeHLHOH-
Hbie moJsiockl. ONHAKO U3-3a HeyJauHO BbIOPAHHOH 3KCMO3HILMH 110JOCH
3TH TPYAHOPA3JHYUMBl. MBl ycrneau caejaTb ABa CHUMKa — C 3KCIO-
sduueir b u 15 c. [lepBblii M3 HUX OKa3aJCs MOJHOCTbIO, @ BTOPOH
YaCTHYHO HeaojepxaHHbIM. HyXHo Obl1o Obl chenaTbh eule OJHH
CHUMOK ¢ GoJblleil 3Kcmo3uLlMed, HO Ha HEro yxe He XBaTHJO Bpe-
MEHH.

— HWHbIMH cjioBaMH, BpeMsl 3aTMeHHs1 JJIs HabJjonaTesneidl oueHb
JLOpOro...

— 3210 mnouctuHe OGecueHHoe BpeMmsi. O6 3TOM OueHb XOpOILUO
pacckasan u3BecTHbli actpoHoMm [I. Men3es B cBoeii kHure «Haure
CouHue». BoT uto on mumer: «[loaroToBKa 3kchneAulHd 3aHUMaeT
Mecsilbl Hanpsi2keHHOH pa6oTbl. UeM HenmpyuCTynHee MecTO (co3paercs
BMeyaTJeHHe, YUTO 3aTMEHUs YNOPHO BbIGUPAIOT MYCTbIHHBIE 06J1aCTH),
TeM GoJibilie HeOOXOLUMO 3aCTpPaxoBaTh cebsl OT BCAKUX BO3MOXKHBIX
cayuaiiHoctell. KoHeuyHO, MHOrHe yueHble KeJAlOT TOJbKO YBHAETHb
sIBJleHHe W eNyT ¢ HeGoJsblo#i doTokamepol. Ho mosHOCTbIO cHapsi-
JKEeHHas 3KCNeAHlIUs AOoJXKHa Be3TH ¢ cob6oit 10—20 T BceBO3MOXK-
Horo oGopyaoBaHusi. HanpsikeHHOCTb mpegBapuTebHO paboThl, He-
U36eKHble NPENsiITCTBUS, TPEBOTH [0 TOBOAY BO3MOKHOH HeMOrojsl
YCJOXKHSIOT 3anauy. B mMomeHT nosHo#t ¢asbl acTpoHOM 4acTo Ha-
CTO/MIbKO 3aHSAT, YTO XOPOULIO, €CJIH OH MOXeT ypBaTbh KakKue-HUOYIb
IBe cBOGOMHblE CEeKyH[bl, UTOObl MEJbKOM B3IJsIHYTb Ha KOPOHY.
A ecau moroma BO BpeMsi 3aTMeHHsI OKa)XeTcsi 06MauyHol, TO MeCsIbl
ycuJauH 6yayT NpoCTO moTepsHbl». [lymalo, 4To HapucoBaHHast KapTH-
Ha CcrpaBeAJHBa AJs BCeX 3KCNEXHUHH.
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— Hackonbko pe3dyabraTUBHBI ycuJus HabJuoparteneii? JlaioT Jau
HalJ/0leHHs 3aTMeHUH Kakue-iu60 pyHIaMeHTaJbHble HayuyHble pe-
3yJbTaThl?

— Takue peaysbraTel noJjyvyanucb HeoJHOKpaTHO. Tak, Hamnpu-
Mep, B CBOe BpeMsi 3aTMeHHsl MO3BOJHJH ONpeNeJHTb, UTO HalUH
3eMHble CYTKH NOCTENeHHO YAJHHSIOTCS, ApaBia, HAa HHUTOMXKHYIO
BEJMUHHY — Ha THICSIYHYIO [AOJIO CEeKyHAB B crosertue. Bo Bpems
3aTMEHHH yJaJoChb YCTAHOBHTb PSAA Ba’KHbIX 3aBHCHMOCTEH MexIy
npoueccaMd Ha CoJsiHLE U COCTOSIHHEM 3eMHOH HOHOocGepsl, KoTopas
B CHJIbHeilled CcTelneHH BJHSET Ha pacHpoCTpaHeHHe paLHOBOJH.
HecomHeHHo, U ceifuac ueHHasi HHpOpMalUHs, KOTOPYIO AAIOT COJHeY-
Hble 3aTMEHHUsl, CKJ1a[blBasiCb NO KPyAHULaM, FrOTOBUT (QYHLAMEHT MIJIs1
HOBBIX Ba)XHbIX OTKpPBITHH, Kacawomuxcss ¢udukd CoJHia.

3Be3na, mawoouias HaM Xu3Hb,— Halle CoJiHUe... MBI yXe MHOroe
3HaeM O HeM OJaropapsi u3obGperaresbHOCTH HabJiogaTelieldl U cMme-
JIOCTH TEOPETHKOB. B TO Xe BpeMsi MHOTHE COJIHEUHble MeXaHH3Mbl —
OT BTOPOCTEMNEHHBIX [0 NPHHUHNHAJIBHBIX, ONPENeNsIOLUX KH3Hb
Bceli CoJIHEUHO# CHCTeMbl,— OCTAIOTCH [JIsi Hac TalHOM.

Ho uro Takoe TaiiHa?

Kak xopomo cka3an 3ameuarteqbHblit ¢u3uk Buabam Kpyke,
TallHa — 3TO BCero JIMIIb 3ajaya, KOTOPYIO HYXXHO pelldTh.



Ha CTapT BbIXOAAT YEMNUOHbLI

Ha CeseprHom Haskase e cneyuansHol acmpogu3auyeckold obcepeamopuu
(CAO) Axalemuu Hayk pabomawom yHUKA/NbHbIE UHCMPYMEHMbl— CAMbll

Gonewol 6 mupe onmuyeckuld meneckon bTA u a2uzanmckuld paduomeneckon
PATAH-600.

HeyemHasi cTpactb no3HaHusi 3anucaHa, HaBepHOe, B HaWHUX
reHax, y ueJjoBeuecKoH MNBITJIHBOCTH, CKOpee BCero, Ta Xe NpHpoO.aa,
4TO y TOJIOAA HJH XKaXK[Abl, Y MEXAaHH3MOB COXPaHEHHS U NPOJJIeHHUs
JKH3HH. DecKopbICTHBIM «3HaTb, YTOGbl 3HaTb» HECJBLIIIHO [ABHXKeT
MYJpoe «3HaTb, YTOGH XKHTb» W LIENPO MJIATHT YeJOBeUecTBY 3a JO-
6biTble 3HAHHUS.

CeronHsi, KaK HUKOrjaa, BHHMaHue JOObITUHKOB 3HAHUSI NPHKOBAHO
K THTaHTCKOH 3Be3[HOH apeHe, K )eepHUECKHM CIIEKTAKJISIM, KOTOPble
NPOKPYYHBAET MNPHPOAA, C JIETKOCTBIO [ABHrasl LEJbIMH MHpaMH.
BcMaTpuBasich B 3Be3gHoe He60, acTPOOHU3HKH HaLelOTCs OTBETHTb Ha
BOMPOCH MHPOBO33peHUYEeCKHe, NIPOBEPHTb CBOM Mojeju Mupa. Bemar-
puBasicb B 3Be3fHoe He60, acTpo(PH3UKH HAAEIOTCS OTBETHTb H Ha
BONPOCHI NpaKTHYeCKHe — MHOrHe 3KCIIePUMEHTHI C BeleCcTBOM, MO-
JSIMH, 3Hepruei, Koropble caMd cOG0OH HAYT B KOCMHYECKHX Ja6o-
paTOpUsAX, 3eMHBIM 3KCIIEPHMEHTAaTOPaM IOKA HEeZOCTYIHBI.

OnpaBpatorcs Jd Hagexnapl? B orpomMHoit Mepe 3TO 3aBHUCHT OT
HHCTPYMEHTOB, KOTOPbIMH BOOpYyXeHbl HabJofatesnu, B YaCTHOCTH
OT pa3Mepa ONTHUECKHX TeJeCKOMOB, OT MJOULAAH UX [VIaBHOH JIHH3BI
(Teseckon-pedpakTop) MM CBETONPHEMHOro 3epkaJga (TeJecKom-pe-
¢aekrop). Apudmernka 3mech mpocrasi: ueMm GoJiblle MJOLLALb 3ep-
KaJja HWJd JUH3Bl, TeM O6oJbllie OHH COGHpAlOT CBETOBOH 3HEpTHH,
co3naBasi H3o6pakeHde 3Be3[bl (4eM GoJiblle MJIOHIAAb Mapyca, TeM
6oJjblle 3Heprud OTOHpPaeT OH Yy BeTpa), H, CJAELOBATEJNbHO, TeM
6osiee cnabble CBeTOBble HCTOUHHKH MOXXHO YBHIETb B TeJIECKOM.
A 3a 3TUM cienyer uesasi Henouyka JPYrix 3aMedartesbHbIX «MOXKHO>.
Hanpumep, Takoe: yBeiuuuBasi pa3Mepbl 3epkasa (JHH3bI), MOXKHO
BULeTb Gosee nasnekHe OGBEKTbl, OTOABHTas TeM CaMbiM BHIHMYIO
rpanuny Bcesennoii. Mun rakoe: uem Gosbilie cBera cobupaeT 3ep-
KaJao (JMH3a), TeM MEeHbllasl 5KCNO3UUUs HykKHa npH ¢ororpadupo-
BaHHH 3Be3[bl, TeM 6OJibllie IIAHCOB BHISIBHTb NePeMEHHOCTb ee CBe-
YyeHusl, 32 KOTOPOH MOTYT CTOATb Upe3BblUailHO HHTepeCHble JeTaJtlu,
BIJIOTh OO NJIAHETHBIX CHCTEM HJH <«YEPHBIX AbIP».

CtpemJsieHne acTpodU3UKOB HMeTb 6OJIblIHE TeJNeCKOMbl OTPaHHu-
YHBaeTCs peajbHbIMH BO3MOXKHOCTAMH TeJeCKONOCTPOUTeNeH, pa-
3yMHO O6OCHOBaHHOMY <«XOTeJOCb Obl...» NPOTHBOCTOHT XOJOAHOE
«CJIOKHO... IOPOTO... TeXHHYECKH HEeBO3MOXKHO...». O TOM, HACKOJBKO
BeJMKH TPYAHOCTH Ha MYTH CO3]aHHs OOJIbIIHUX TEJECKONOB, TOBOPAT,
B YACTHOCTH, Takue ¢akTbl: B 1897 r. 6bl1 NOCTPOEH Te/ecKo-
pedpakrop ¢ guamerpoMm o6bektdBa 102 cM, 10 CHX MOp OH ocCTaeTrcs
YeMIHOHOM B CBOEM KJacce; BO BCeM MHpe H3BECTHO JHIUb OKOJIO
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JllecsiTKa TeJIeCKONOB-pedIeKTOPOB € AHaMeTpoM 3epkaJja 6oJee
2,5 M, MHOrHe TeXHHYECKH Da3BUThle CTPaHbl He MepellarHyJH eile
3T0T py6ex; TeJseckon-pedraekrop KpbeiMcko# acTpodusnueckoit 06-
cepBaropun AH CCCP c¢ 3epkasoM 2,6 M mnonropa aecsiTHIAETHS
ocraBaJjcs KpynHe#dmum B EBpone; nourn 28 jer mepkaid MHpPOBOe
NepBeHCTBO pedJeKTOp C NATHMETPOBBIM 3epKaJioM, yCTaHOBJIEHHBIA
B o6GcepBatopud Mayur [lanomap (CUIA), HemocsiraeMbiii, Ka3aJioch,
HiefieBp ONTHYECKOH TeXHHKH.

Ho BOT HeckonbkKo JeT Ha3aja, a TOYHee, B KaHyH 1976 r.
B caMble Mpeanpa3fHHUHbe, MPeJHOBOTOAHHE [HH, B MHPOBOH Hayke
npousoulio cobbiTHe upe3BblyaiiHON Ba)kHOCTH — B CnennanbHOH
acrpodusuueckoit obGcepBatopun (CAO) Akapemuun Hayk CCCP
BCTYNHJI B cTpoil Teseckon-pedaektrop BTA ¢ nuamerpoM 3epkaJa
6 M. 3aBepuinsics nNATHAAULATHIETHHH TPYyL MHOTHX Hay4yHbBIX H
NPOM3BOACTBEHHBIX KOJJIEKTHBOB. ['ocynapcTBeHHasi KOMHCCHsI, BO3-
rnasJasiemasi akageMukom A. M. TlpoxopoBbiM, moamicala akT o
npuemke Bcero kommiekca BTA ¢ oueHkoi#t «oTanuHo». HoBblit Mupo-
BOW 4eMIIHOH BblILeJ Ha CTapT uccaeroBaHus BcenenHoi. O HeKoTO-
PbIX BO3MOXHOCTSIX 3TOrO YHHKaJbHONO HHCTPYMEHTa paccKa3blBaeT
aupektop CneunalsibHoii actpodusnveckoii o6cepsatopun AH CCCP
LOKTOp (pu3uko-maTematHueckux Hayk MBan MuxeeBuuy Ko-
I Bl JT O B!

— Ilopa3uTenbHble ycnexy KOCMHUYECKOH TEXHHKH TOCJAEJHHX JeT
cHesaji peajibHOCTbIO BHEATMOC(HEPHYIO aCTPOHOMHIO, T. €. H3yUeHHe
3Be3HOr0 Heb6a HHCTPYMEHTaMH, BbIHECEHHBIMH 3a Mpejesbl 3eMHOM
aTMocdepsnl. Jls1a psna yyacTKoB cnekTpa BHeaTMocdepHble Hab 10 e-
HHUSl HaBcerja COXPaHAT CBOIO MoHonoauto. Tak, HanpuMmep, peHTre-
HOBCKHe W ramMa-JydH, KOTOpble MPUXOAST OT HEKOTOPbIX 0GBEKTOB,
BooGule He nmpo6uBalOT aTMochepy, PerucTPUPOBATH 3TH H3JYyUeHHS
MOTYT JHIUb TNPUOOPLI, TONHATHE HaA [eCATKH KHJIOMETPOB HaL
3emJaelt. Hemano NOCTOMHCTB HMeEIOT BHeaTMocdepHble HaGJIOLeHUSA
B ONTHYECKOM OHana3oHe, T. €. HaGJIOIeHUS] C MOMOLILbIO TeJeCKONOB,
YCTAHOBJIEHHBIX Ha KOCMHYeCKHX Kopabusix uaud Ha JlyHe,— naxke
HeGOJIBILION TeNeCKON, ecld eMy He MellaeT 3eMHast aTMmocdepa, MO-
XKeT yBHAeTb O0Jibllie, UeM THTAHT, yCTaHOBJeHHbH Ha 3emJie. U ka-
Koe-To BpeMsi jAaxKe OBITOBAJO MHEHHe, YTO TMO3TOMY HeT CMbICJaa
BKJIAbIBaTh CPEACTBA B CJOXKHble H GOJIbLIHe Ha3eMHble TeJeCKONbI.
K cuacTbio, MHeHHe 3TO MpoAepKajiochb HENOJNr0 U He YCHesao NpH-
YUHUTH 3aMeTHOro Bpena. Cefiuac ke BceM siCHO, ytTo o6a Hampas-
JleHHs1 — BHeaTMoc(depHasi aCTPOHOMHS M Ha3eMHasi — JOJIXKHbl pas-
BHBAThCSl NapaJjliesbHO, B3aHMHO JOMOJHAS apyr Apyra. [lpu stom
pellaloHIMMH OCTAlOTCSl TPaAUIMOHHBIE [OCTOHHCTBA HA3eMHOro Te-
JIeCKOTIa — ero MOXKHO OCHaCTHTb pa3Hoo6pa3Hoi HccaegoBaTesb-
CKOH amnmapaTtypoil, OmepaTHBHO MeHSITb NporpaMMmbl HabJIOLEeHHUH,
NPeIOCTaBAATb BO3MOXKHOCTb paboTaTb Ha TeJECKONe pasJjHuHbIM
KOJUIEKTHBAM MCCJief0BaTeNell, U3yyalollUM caMmble pa3Hble acTpodu-
3uyeckde npobsembl. Ha BTA cnesnano mHoroe, yto6bl peasnu3oBathb
3TH [OCTOHHCTBA B NOJIHOH Mepe.
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Ontuueckasi cxema DBTA rnosBosiseT HCNOJbL30BAaTh HHCTPYMEHT
B HECKOJIbKHX peXHMaxX, B YACTHOCTH HMeTb MNATb «CTyNeHeK» ¢o-
KYyCHOro paccTosiHusi — oT 24 M jpo npumepHo 350 m; noJe 3peHust
npu 3Tom Mmensiercs oT | go 10 yrjoBbIX MHHYT, a OTHOCHTeJIbHOE
orBepctde —OT 1:4 nmo 1:58 Teneckon ocHailleH ueJo# rammoi
crnekTporpadoB, Ka)KIbli M3 KOTOpPbIX caM Mo cebe mnpeacrabJisieT
CJIOXKHBIA HCC/leJ0BaTeNbCKHA NPUOOP € COBEDPLIEHHOH ONTHKOH H
3JeKTpoHuKo#. A HAJOCTpauMu OTMedy, 4TO OJHO H3 3epKaJ
ocHoBHOro 3BesaHoro crnekrporpada O3CII umeer nuamerp 2,05 M;
nofgobHoe 3epKaJo camMo MOrJo 6bl MOCAYXKHUTb OCHOBOH 60JbIIOTO
TeJslecKona.

OcHoBHbie Bo3MoxHocTd BTA, KoHeuHO, onpejiesisieT ero rjaBHoe
1ecTHMeTpoBoe 3epkaso. OHO HOJIXKHO NMO3BOJAUTL HabJloOJaTelbHOH
aCTPOHOMHH 3aMETHO NMPOJABHHYTbCS BNEepel MO CPaBHEHHIO C HOCTH-
J)KeHUSIMH HeJIaBHero MHPOBOrO YEMNHOHA — NSATHMETPOBOro MmaJo-
mapckoro peduekropa. Bor HekoTopble uudpbl, nokaspiBamouiue, 4To
JNOJI)KHO [aTb yBejindeHwe auamerpa 3epkaja Ha | m. Ilaomanp
3epKaJjia Bo3pacTaeT npumepHo B 1,45 pasa, W BO CTOJBKO XKe
pa3 yBeJHudBaeTcsl yJaBJuBaeMasi M CBeTOBasi 3Heprusi. DTO 3Ha-
4uT, 4TO NpuMepHo Ha 30—40 %/, yBenHUuTCS paccTosiHie, Ha KOTOPOM
MOXHO HabmiogaTbh cjaabbie 3Be3jHble 06bekTbl. BMecTo paccTosiHui
B 5—6 MJpa. CB. JeT, KOTOpble A0 CHX mop OblJIH AOCTYNHBl ONTH-
YeCKOH aCTPOHOMHH, Mbl CMOXKEM, 1O BHAHMOMY, 3arjsiHyTb Ha pac-
ctossHuss 8—9 wmJjpa. cB. ser. JocrynHblfi HabaiogeHUssM o6beM
3Be3[IHOr0 MHPa 3aBHCHT OT Ky6a TOro pacCTOSHHUS, U MOXHO Npea-
MOJIOXKHTh, UTO YHCJO BUAMMBIX cJabbix 06beKTOB BeesieHHON yBenu-
uutess B 1,6—1,7 pasa, a moxeT GbiTbh, a)ke B 2 pa3a, MOTOMY 4TO
ycJaoBus HaGJlogeHUH, camo He0o, KaK rOBOPAT acTPOHOMBI, B 3e-
JIEHUYYKCKOM,  MO-BHAMMOMY, Jydyille, UYeM B  paloHe ropsl
[Tanomap.

IMpuBeneHHble LHGPBHl JHLUIb B HEKOTOPOH CTeNMEHH XapaKTepH-
3YIOT T€ HOBbi€ BO3MOXKHOCTH, KoTopble BTA oTKpbiBaeT nepej acTpo-
(U3MKaMH, BO3MOXXHOCTH M KOJIHUECTBEeHHble, H KauecTBeHHble. MH-
CTPYMEHT MO3BOJIMT 3HAUUTEJLHO O6oJiee TIlaTeJbHO H3YyYHTb OCO-
GeHHOCTH ABOHHBIX 3Be31 M HWHbIX 3Be3/HbIX CHCTeM, B YaCTHOCTH
CHCTEM, B KOTOPBIX MO03PEBAIOT CYIECTBOBAHHE TAKOI'0 9K30THUECKO-
ro o6beKTa, KakK «uepHas abipa». HoBble BO3MOXXHOCTH NOABATCSH
ISl H3y4YeHHs] TOHKMX MeXaHM3MOB 3Be3[HOH 3HePreTHKH, IIPOLLeCCOB
pPOXKJEHHST ¥ YMHPaHHs 3Be3[, Pa3BUTHs ranakTHK. Moxer G6biTb,
yAacTCsl MPOABHHYTbCS U B NOHHMAaHHH NPHPOAbI HauboJjiee NajeKUX
swuteneii BceseHHo# — kBa3apoB. HoBylo uHpopmauuio, no-BULH-
MOMY, yAACTCSl MOJYYHTb H O CaMblX OJIM3KHX K HAM KOCMHYECKHUX Te-
nax — miaHetrax CosHeuHOH cucTeMbl. Jlaxke B KOCMHYECKHUX IKCIEPH-
MEHTaX CMOXeT NPUHATb yuacTHe BTA, Hanpumep, KOHTPOJHDPYS MO-
JIeT MeXIJIaHeTHbIX CTaHUH#A, MoMorasi OnpegeJuTb HX 3Be3JHble
KOOPIUHATHI.

YiKe Ha NepBHIX CHUMKaX, nosydendnix Ha BTA, ynanocb yBuIeThb
06'beKThl 23,5 3Be3HOW BeJIMUHHbI, 4 BCKOpe H 25 BeJIHUHHBI.
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He xotenoch 6bl, yTo6bl 0 BTA cooxunoch npeacraBjeHue Mpo-
CTO Kak o Oosbwiom Tteneckone. BTA — 310 orpomublff, CJa0XHbIH
KOMILJIEKC, KOMILJIEKC ONTHYeCKHH, MeXxaHHUeCKHH, TelJIOTEXHHUECKHUH,
3JIeKTPHYeCKHH, 371eKTpoHHbl. Mononoit koanektuB CAO menaer Bce
BO3MOXXKHOe, UTOObl CO3JaHHbIH BCceH CTPaHOW yHHKaJbHBIA acTpodu-
3UYECKH HHCTPYMEHT BO BCIO CBOIO CHJy paboTaJ Ha HaykKy.

Bpsig Jiu HalmeTcst 4esoBeK, KOTOPOMY ynpaJoch 6bl YHTH OT Ha-
HBHBIX «MOYeMy?» KacaTeJbHO pa3MepoB TejecKkona. [leficTBHTEIbHO,
nouemy 5 M, nouemy 6? [Touemy He 10, ne 15, He 50? [louemy
Heslb35l NOCTPOUTb THTAHTCKOE 3epKaJjio pa3MepoMm co cragdon? Ha-
NpHMep, CBAPHUTb €ro U3 MOJHPOBAHHBIX METAJITHUECKHUX JIUCTOB, NO-
LO6HO TOMY KakK Mbl CBapHBaeM KOpHyca CYHepTaHKepoB?

OTBer Ha 3TH «IMOYeMy?» BO BCeX CJAydyasix [NOJIKEH HauHHATbCs
C HaNOMHHAHHS: Te/JecKonm — NpHUGOp ONTHUECKHH, ero JIHH3bl HJIH
3epKaJia AOJKHbBl CHOKycHpoBaTh, cob6paTh B TOUKY He UYTO HHOe,
KakK CBeT, T. €. 3JIeKTPOMAarHUTHble KoJieGaHusi C AJUHON BOJIHbI MEHb-
l1e CTOTBICAYHOH AOJH MHJJUMeTpa. 3HAUUT, ellle MeHblle MIOJIXKHbI
6BITh HEPOBHOCTH HA NMOBEPXHOCTH 3€pKaJja — MODPCKasi BOJHA JIErKo
nepekaTbiBaeTcsl uepe3 HeGosblliHe KaMellKH, He 3ameuasl HUX, HO
pa36uBaetrcs B 6pbI3TH, HATKHYBIUUCh HA CKaJy, COU3MEPHUMYIO C JJIH-
Hol BOJIHB. He HOJIKHBI BHIXOZMTH 3a MNpefesbl HHUTOXKHBIX [O-
JeH MHJJIMMeTpa W H3MeHeHUs] (QOopMbl 3epkasa, HanmpuMmep, H3-3a
nepepacnpeenieHdss MeXaHUUYECKOH Harpy3kd INpH MOBOpOTe TPYObl
TeJIeCKONa WJH H3-3a NepenajgoB TeMIepaTyphl.

3amaHuuBas UAes GOJbILIOrO MeTaJJIHYeCKOro 3epKaJa IpoBaJiu-
Baercsl C TPECKOM IOCJe TOro, Kak NpUKHHellb, YTO NMPH U3MEHEHHH
TeMmnepartypsl Bcero Ha 1 °©C pasmepbl NATUMETPOBOro METAJHYECKO-
ro 3epkKajla U3MEHSITCS] Ha COBepLIeHHO HEeNOMyCTHMYIO BeJHUYHHY —
Ha pmosd MusuMerpa. TemneparypHasi CTaOGUJIbHOCTb — OJAHO U3
pellaloulMX <«3a» B MOJb3y OOJBLIHX 3epKajg H3 0cobbiX COpPTOB
creksa. A Heo6XOHMMOCTb C BbicOyalillleli TOYHOCTbIO COXPaHATH
reOMeTpHIO 3epKaJjia — OLHO M3 OCHOBHBIX MPEeNnsATCTBHH Ha NMyTH CO-
3naHUsl KpyHHbIX TeseckonoB. CoOBpeMeHHBbIl TeJleCKONl — 3TO He
npocto noxszopHasi Tpy6a, 3TO BHICOKOTOUHBIH H3MepHTEJbHBIH HH-
CTPYMEHT, eMy HpeXJe BCero HyXXHO BEpHTb.

MHorue npo6JseMbl, KOTOpble NPUXOZHTCS pellaTh TeJNeCKOMNo-
CTPOHUTEJISIM, CKPBITHl 32 CIIOKOHHBIMH TEPMUHAMH UX NpodeccHOHAb-
Horo caoBapsi. Bor HekoTOopble W3 HHX.

«Pasrpy3ka 3epkana» — HyXHO CO31aTb TakHe MeXaHU3Mbl Kperl-
JIeHHsl 3epKaJsa, yToObl NMPH ero NOBOPOTE TOUHO Mepepacrpemesiyics
OTPOMHBIH BeC H He BO3HHKJO 3aMeTHBbIX MeXaHHuUecKHx maedop-
MaHuH.

«MOHTHPOBKA TeJieCKona» — 3eMJIst JBHXKeTcs Mo cBoel opbuTe H
BpaillaeTcsl BOKPYr CBOEH OCH, a MO3TOMY JABHIKeTCS U 3Be3[Hoe He6o
Hap rosioBoil Ha6umoparens. M Hy>KHO HalTH cnoco6 yCTaHOBKH TPYObl
TeJeCKONa, HaHTH TaKylo ero MOHTHPOBKY (OCHOBaHHe C CHCTeMOH
ocell), 4TOObl MOXKHO OBLIO HEOTCTYNHO CJeJOBaThb 3a 3Be3J0H,—
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ee H300parkeHHe LOJIKHO OCTaBaTbCs HENOABUIXKHBIM Ha ¢oTtomsac-
THHKe, Ha BXoje crekrtporpada WM B NoJie 3peHHs TejeBU3HOHHOI
KaMephl.

«CucTeMa ynpasJsieHUsI» — KOrja-To Ha6/104aTesb BPyYHYIO NOBO-
pauMBaJs CBOH CPaBHUTEJbHO HeGOJbLLIOH TeJecKom, cjelysl 3a 3Be3-
IOoH; B TakoM ruraure, Kak BTA, TOJbKO 3JIeKTPOHHKA MOXeT clpa-
BHUTBLCSL C 3TOW 3ajauell; cucrema rHaupoBaHusi (Begenuss) BTA —
3TO BCIOMOTaTeJbHBIH TeJecKon, B KOTOPbIH BcMaTpuBaercsl mepe-
jpawounias TeJeBU3HOHHAs KaMepa; OHa HanpabjsieT HHGbOPMAlHIO
B 3JIEKTPOHHYIO BBIYHCJIHTENbHYI0 MAILHHYy, M Ta YyXe ylpaBJser
cucTeMoH 3jiekTponpusona. BoamoxeH u tako#t pexum: DBM cama
yIpaBJsieT TeJecKonoM, 0e3 THAa, BbIUNC/ISAS KOOPIHHETHI TOYKH,
KyZa HYXHO HaBeCTH TpPYOYy.

«OTJIHB 3aTOTOBKH» — TEXHOJIOTHSI OTJHBa T[JABHOTO 3epKaJja
BTA 6buia Boi6paHa U3 11 npenyioxeHHbIX BAPHAHTOB; GBI MOCTPOEH
crenyanbHblil IeX CO CJOXKHOH neyblo, MJIAaTHHOBBIMU TPy6OnpoBoOAa-
MH, MOCTOBBIMH KpPaHaMH; TEXHOJOTHUECKHH npouecc orpabarbiBancs
Ha 3IKCIepHMeHTaJbHOH OTJHBKe.

«OTXHUT' 3aTOTOBKHU» — 3TOT MpOLECC MIHJACSA 2 roga U 6 mHed,
BCe 3TO BpeMsi aBTOMAaTHKa C BbICOKOH TOUHOCTBIO BbIIEpKHUBaJa
3aJlaHHble peXHUMbl HarpeBa U OXJaXKJIeHHUsl CTeKJa; B HEKOTOpble Ie-
puoAbl oxJaxkieHHe 10 co ckopocreio 0,03 °C B uwac.

«O6paboTKka 3aroTOBKH» — OHa BeJachb aJMa3HbiM HHCTPYMEHTOM
Ha CreuuanbHO MOCTPOEHHOM KapycesabHoM ctaHke KY-158; B o6uieh
CJIOKHOCTH ObWT yAaJeH NPUIYCK Maccoit okoJo 28 T; HauboJiee CJIOXK-
HbIMM OBLTH ONEpalHd MOJHPOBAaHUA W HIIHUGPOBKH, CBSI3aHHbIE C
nosyueHdeM HY>XKHOH mapaboJiiuecKol MoBepXxHOCTH, o6paboTka 3ep-
KaJa [JHJIach HECKOJbKO JIeT, OHa MpepblBajach HJsl THIATeJbHOro
KOHTPOJ1S1 (OpPM TMOBEPXHOCTH, COBEpLIEHCTBOBAHHA OGOPYLOBAHHUS;
OTPOMHBIH TPYA KOJJIEKTHBA ONTHKOB 3aBepILUJICs B cepenudHe 1974 r.

«MmuTartop sepkana» — 310 XKelle300eTOHHBIH IHUCK C pa3MepaMu
1 Maccoil rJ1aBHOTrO 3epKaJjia; HMHTATOp HUCMOJb30BAJICS MpPH NpeaBa-
puTeJqbHOH cOOpKe TeJNeCKONOB W [JISl reHepasbHOH perneTHUUH mepe-
BO3KH IVIaBHOrO 3epkaJia ¢ JIbITKApHHCKOro 3aBOJa ONTHYECKOrO CTeK-
aa (MockoBckass obnactb) K Mecty ycraHoBkd B CAO.

«AJIOMHHHPOBAaHHE» — OTPOMHOE 1LECTHMETPOBOE CTEKJIO CTAaJjo
3epkajom BTA TosibkO mocjie TOro, Kak €ro MOKPbUIK TOHUANIIHM
cjaoem ajioMuHds. TommuHa nokpeitusi 0,0001 MM, pa3Huua B TOJ-
uiHe cjos He Gosee 0,000 008 mm. BakyymHas kKaMmepa MJisi Haflbl-
JIEHUs] MeTaJlla HaXOAUTCS MOA KyMOJIOM caMoi GalllHH TejecKona —
aJIOMHHHEBOE NOKPbLITHE NMPHUXOLHTCS NMEPHOAUYECKH OGHOBJATDH. JIi0-
6omnblTHasE NMOAPOGHOCTb, KOTOpasi, BO3MOXKHO, OCTaJjJach He3aMeueH-
HOH: aJIOMHHHDyeTCsl BepxHssi, mnapabosuuyeckass MOBEPXHOCTb
3epkaJja H, TaKiM 06pa3oM, OCHOBHOe, Ka3aJjochb Gbl, CBOHCTBO CTeK-
Jla — Mpo3payHoCTb — BooOlLe He ucnodb3yercs. CTekJO Kak mare-
puaJ 1Js1 3epKaja B JAaHHOM CJyyae BbIGpAaHO COBCEM 3a pyTHe €ero
KayecTBa, NpeXJe BCEro 3a CPaBHHUTEJbHO MaJbli TeMnepaTypHbIH
KO3(pGdULHEHT pacluHpeHHSs.
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«ATTecTauysi» — B TedeHHE HECKOJbKHX MecsiieB KOMHCCHS U3
KOMIIETEHTHBIX CMELMaJUCTOB, Ha3HaUeHHbIX AKajnemMued Hayk, 3aBO-
LaMH-U3TrOTOBUTENSIMU U pa3paboTUNKaMH TeslecKomna, TIaTeJbHO HC-
cJieloBajla BCe XapaKTePUCTHKH IVIaBHOro 3epKaJga; IJs aTTecTauud
3epkaia BTA 6wl paspaboTaH KOMIJIEKC METOAOB, B3aHUMHO [0-
MOJIHSIOWHKX APyl OpPYyra, # KOMIJIEKC BBICOKOTOUHBIX NMPH6GOpPOB, Ta-
KHX, KaK HepaBHOIJIEYHbIH Ja3epHblH HHTep(pepoMeTp, cneuralbHbie
(oTOMETpHI, KOPPEKTOPLI, TEHEBbIE NPHOOPHI; OblJIH NPOBENEHbl Teope-
THYECKHe HCCJeI0BAaHUsI METOJ0B KOHTpOJsi, pa3paboTaH MaTeMaTH-
YyecKHil anmnapaT [IJisi OUEeHKH pe3yJbTaToB.

YuukanbHblii Teseckon BTA co3naBanu MHOrue HayuHble KOJJeK-
THBbl, MHOTHe NpPeNNpHATHS CTpaHbl, rOJOBHOH opraHu3auuelt 6blJI0
JIeHHHrpaaCKOe ONTHKO-MeXxaHuuyecKoe o6benuHeHne — JIOMO.

Cospnateassm BTA npuiusiochb 3aHOBO pellaTh MHOTHE KOHCTPYK-
TOPCKHE, TEXHOJOrHYecKde, MNPOU3BOACTBEHHBbIe, OPraHU3allHOHHbIE
3alaHHsl, MHOTO Pa3 NMPHUXO/JHTOCH 1EPEXOAUTb IPAHHIy HEH3BECTHO-
ro. O HekoTOpBIX gOeTassix 3TOH OrpOMHCH paboThl paccKa3blBaeT
rJaBHBI KOHCTPYKTOP Teseckorna, jaypear JIEHUHCKOH MpeMHH, AOK-
TOp TexHHyecKuXx Hayk Barpatr KoHctanTtuHoBuu Hoan-
HUCHAHU:

— PacckasbiBass 0 pa3paborke u cosnanuu BTA, yacro npuxo-
JUTCS] MPOH3HOCHUTb CJOBO «BMEPBLIE» — MHOTHE 3a1a4Yd KOHCTPYKTO-
paM H TexHoJioraM A0 3TOro BooGlie He NMPUXOAHJIOCH pelllaTh, NMpPH-
HSITble pellleHHs] He MMeloT aHaJoroB, APYrde B MHUPOBOH NpakTHKe
pelrasuch coBceM no-wHoMy. Hy W, HakoHel, pa3mepbl HHCTPYMeHTa
npugaBajy n06o# npobsemMe HOBLE KauyecTBO.

Bo3abmem, K mpumepy, MOHTHPOBKY. Jlo cuX mop AJsl KPYMHBIX
TeJIeCKOIIOB Bceraa BblbHpasach TOJbKO 3KBATOpUAJbHAsi MOHTHPOB-
Ka, NMpH KOTOPOH OCb HHCTPYMEHTa napaJJejbHa 3eMHOH OcH, T. e.
BO BCeX CJyyasiX, JJisi BCeX MeCT YCTaHOBKH TeJieCKona, Kpome Mo-
J10CcOB 3eMJiH, ero oCcb pacrnoJjaraercsi HakJaoHHo. JlocTOHHCTBA Tako#
MOHTHPOBKH — NIPH OTCJIeXKHBAHHU 3Be3[bl Tpyba Tesjeckoma coBep-
IIaeT CPABHUTENBbHO HECJO0XKHOe BpallaTesbHoe aBuxkeHnue. [las BTA
6bl1a BbiOpaHa asuMyTalsibHasi MOHTHPOBKA, TOUHee, OfHA U3 ee pa3-
HOBHIHOCTel — ajbTaduMyTaJ/ibHasl. DTOT BbHIOOP HACTOJbKO BaKeH,
YTO CHCTeMa MOHTHPOBKM BOIJIA B HasBaHHe CaMOro TeJecKona —
BTA o3Hauaer «GoJbIIOH TeJECKON a3HMYTAJbHbIA».

[Ipu asumMyTasbHON MOHTHPOBKE PE3KO YMPOIAETCs KOHCTPYKUHS
TeJIeCKONa, Tak Kak ero oCb NeprneHAHKyJ/AsipHa 3eMHOH MOBEPXHOCTH,
HHaye TroBOPS, HHCTPYMEHT CTOWUT BEPTHKaJbHO, CTOMT Ha 3eMJe.
Ilpu sTOoM, npaBna, orcnexuBasi 3Be3ly, NPUXOIMTCH BbINOJHATD
OUeHb CJIOXKHOe nepemelleHHe TPy6bl TesecKona, OHOBPEMEHHO MOBO-
paudBasi ee BOKPYT IBYX B3aHMHO NepreHAUKYJJIAPHbIX OCed — BepTHU-
KaJbHOH H ropu3oHTanbHOH. TONbLKO cCOBpeMeHHble 3JeKTPOHHble CH-
cTeMbl, BKJIOUasi GpicTponeiicTByouiie DBM, mo3BoJHIN pPEIIUTD 3TY
3ajlayy U TeM CaMbIM CJeJajd a3sdMyTajJbHYI0 MOHTHPOBKY peaJb-
HOCThIO. A OHa B CBOIO ouepeldb CAejdaja MPOCTOH H H3SIIIHOH
KHHEMAaTHYECKYIO CXEMY TeJIeCKOMNa, ero KOHCTPYKIHUS CTajla XKeCTKOH,
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CHUMMETPHUYHOH, KOMMAKTHOH, Pe3Ko yJYyYIIHJHCh YCJIOBHS Pasrpy3ku
TJIaBHOT'O 3epKaJa.

OCHOBHYI0 Harpy3kKy IUIeCTHCOTTOHHOH MOJBHXHOH u4acTH (3TO
[0o6pHIX MOJTOpa AecsiTKa TOBADHBIX BAroHoB) B3slau Ha cebst Mac-
JsiHble noAWHUNHAKY. [lonBHKHAs uacTb HHCTpyMeHTa — Tpyba ¢
rJ1aBHBIM 3ePKaJjioM M JPYroil oCHacTKOH — Kak Obl myaaBaeT Ha Mac-
JasiHo#t nuieHke ToauiuHo# 0,15—0,18 mMm. Cucremy nojaBeca TpyObl
XapaKTepH3yloT TaKHe UH@pPb: 4TOOL MOBEPHYTh BCIO 3Ty MAaxHuHYy,
LOCTATOYHO HeGOJIbIIMX YCUJIHH OJHOro uejsoBeKa (NpH JJIMHE pblua-
ra 6 m). lasa BpameHdss Tpy6bl UCNOJb3yIOTCS YHHKaJbHble uepBsiu-
Hble Mapbl (AMaMeTp 4epBSIUHOTO KoJeca — 5,6 M), KOTOpble H IPH
ype3BblYaiiHO MaJgblx ckopocTsix (1 obopoT 3a 3 Mmecaua) obecneuu-
BalOT BBICOKYIO IJIaBHOCTb ABHKeHHs. B coueTraHuu c coBeplueHHOH
3JIEKTPOHHKOH BCe 3TO NMO3BOJSIeT aBTOMATHUECKH HaBeCTH TeJeCKOI
B 3aJaHHYI0 TOUYKY C TOYHOCTHIO 10 HECKOJIbKHX YIJOBBIX CEKYHI
H OTCJeXHuBaTb 3Be3ly ¢ TouHocTbio no 0,1 (moa Takum yriom
BHIHA Komeiika ¢ paccTtosiHusi 20 KM).

OrpomMHbl#i KOMILJIEKC CJOXHBIX 3ajay NPUILJIOCH PELIHTb, H06H-
Basicb CTabGH/IBbHOCTH OCHOBHbBIX XapaKTePUCTHK TJaBHOTO 3epKaJa.
B cucreme ero pasrpyskd HcmoJb3yercss 60 MexaHHM3MOB, KOTOpble
BXOASIT B OTBEPCTHSl, TOUYHO BbLICBEpJIEHHble B ThlIBHOH CTOPOHE
3epkaJsa. Pasrpy3ska paccuuTaHa H BHINOJNIHEHA TaK, 4TO AedopMaiui,
BbI3BaHHble nporub6aMu 3epkaja B JOO60M ero paboueM MOJOXKEHHUH,
He npesbliiaior 0,000 009 4 Mmm. MHoroe cuesnaHo, uTo6bl 06eCNeYUTh
MOCTOSIHCTBO TeMINepaTypbl B GalliHe TeJeCKona: MHOTOCJOHHbIe CTEeHbI
U KYNOJ, MHOTOC/JOHHbIe MepeKpbITHS €O 3MeeBHKaMH, MO KOTOPbIM
UJeT XJ1aJ0HOCHTe/b, CHCTeMbl NPHHYAHTEJIbHOrO BO3AYILHOTO OXJaX-
JIeHHS] TeJeCKOIa U TEPMOCTATHPOBAHUS — BCE 3TO CBOAUT K MUHHUMY-
MYy TemyoBble nedhopMallHu IJ1aBHOTO 3epKaJa.

To, uTo nenaercs BnepBbie, BCEraa COMNPSI)KEHO C PUCKOM, HO €ro,
KOHEYHO, CTapaloTCs CBeCTH K MHHHMYMY, OCOGEHHO KOrja peub
HIET O TAaKOM CJIOXKHOM M JIoporom coopykeHud, Kak BTA. [Tostomy
OCHOBHble TeXHHYECKHE pelleHHs] THlaTelbHO B3BElIHBAJNHCh, IPOCYH-
TBHIBAJMUCh, NpopabaTblBajJHChb TEOpPeTHYECKH, paccMaTpPUBAJUCh Bce
pa3yMHble X BapuaHThl. Bce, YTo MOKHO 6blJIO MpeABapHTENbHO MPO-
BEpPUTb, NPOBePsJIOCh. B uacTHOCTH, AJsi 3TOro GblJ MOCTPOEH MakKeT
BTA — nmefictByouuii Tejeckon ¢ guamerpom 3epkaJga 60 cm. Ha Hem
orpabaThiBajlach CHCTeMa YMNpaBJeHHs ¥ MNOATBEPAMJACh KHU3HEH-
HOCTb CMeJIOi, eC/IM He CKa3aTh Aep3KOH, Hieu a3uMyTaJibHOH ycTa-
HOBKH 6oJibioro tejeckona. TilaTesbHble 3KCNepUMeEHTasbHblE HC-
cJie[IOBaHKs NpeAIlecTBOBAJH caMoMy BbiGopy Mecta nocTpoiikd BTA.
Hewmano nopa6otanu WMHTaTOPH IVIaBHOTO 3epKaJfa W NpH NpeaBapH-
TeJbHOH cOOpKe Tesqeckona Ha 3aBOjJe, H NPH peNneTHIUAX NMepeBO3KHU
3epkasna u3 [logmockoBba Ha KaBka3. Hecmorpss Ha Bce 310 KoJ-
JIeKTUBH, co3aaBiire BTA, coTHH pa3 Npoxoau/iu Yepe3 HANPsAIKEHHOe
«KaK MOJYYHTCAP», H CaMOH BLICOKOH Harpaod [Jisi BCeX ydaCTHH-
KOB 3TOW MHOroJieTHell Hampsi>KeHHOH paboThl cTaj caM (akT co3ja-
HHUSl YHHKaAJbHOTO acTPOGU3HUECKOrO0 HHCTPYMEHTA.
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[IpumepHo B TO ke Bpemsi, korga Bcrynus B crpoil BTA, kpyn-
HeHIUHA B MHUpe ONTHYECKHH TesecKon B 3e/leHUyKCKOH, B TOH Xe
CrnenunansHoli actpopusuueckoit o6eepparopuun AH CCCP nauan pa-
6otaTh M apyro#i yHukaJbHblH HHcTpyMeHT — PATAH-600. HasBanue
310 pactuudpoBbiBaeTcs Tak: «PannHoreneckon AkameMud Hayk aua-
merpom 600 M». dti «600 M» OTHOCATCH K KOJIbLY, COGpPAaHHOMY H3
895 nomBHXKHBIX aNIOMHHHEBBIX OTpa)KaTejel, KaXAbli pa3MepoM
2X7,5 M. Ta ujaud HHasi YacTb OrPOMHOrO KOJIbLla («Ta HJIH HHAfA»
B 3aBHCHMOCTH OT YydyacTka He0a, Ha KOTOpPbIH HYXHO <«IOCMOT-
peTb») — 3T0 pedJIeKTOp pagHONPHEMHOH AaHTEHHBI, BBIMOJHSIOWHA
B NPUHLHIE Ty XKe paborty, uro U 3epkaso BTA. Paccuuran PATAH
Ha MpHeM paiHOBOJH (MX, TaK Xe KakK U CBeT, U3JyuyaloT HeGecHble
tesqa) andHoét or 8 MM g0 30 cm. [lo KoMmjeKkcy XapaKTepUCTHK —
YYBCTBHTE/NBHOCTH, HHana3oHy BOJH, paspelialoiledl CrnocoGHOCTH,
pa3Mepam pedieKTopa, ynpaBeHHIO ero JuarpaMMoi — 3TOT HHCTPY-
MEHT He MMeeT PaBHBbIX B MHpe.



Mukpopaccka3sl npo BoAHbl M (ha3bl, a Takxe
npo sabnoko Ha JlyHe, CBepXCBETOBbIE CKOPOCTH
n 3epkano ,boxH-bocToH-Cumens“

CoeepuwerHvie memodel paduoacmpoHoMuu No360/asiom u3yyams Gemanu
acmpogu3uyeckux o6vexmos, Haxodauwuxca HA Kpato eudumoid BceneHHod.

Bce arperaTtbl 3TO# TMraHTCKOR MallHHBI, pa3bpocaHHbie MO pas-
HbIM KOHTHHEHTaM, [OJIKHbI paboTaTb COIJIaCOBAHHO, CHHXPOHHO —
TaKoBa cBepx3ajgaua. [IpuueM CHHXPOHHOCTb HYXKHa BblcOualias,
ee [la)Ke MPeLCTaBUTh cebe TPYHHO, MOJNb3YSCh HALUUMH XKHTEHCKUMH
MepKaMHd BPEMeHH: B ONHOM W3 DPEXHMOB KaKAblH LHKJ MalIHHBI
nutcst okosio 4 - 107! ¢; 3a 370 BpeMsl CHHXpOHHU3M B pabore arpe-
ratoB — a MeXIy HHMH ThICSIUH KHJIOMETPOB — HOJIKEH NOALEPKH-
BaTbCsl C TOUHOCTHIO B cpenHeM no 107129/, no abconioTHOMY 3HaYe-
o po 10725 c.

Kak nmouyBCcTBOBaTh, UTO CTOMT 38 3THM «C TOUYHOCTBIO [0...»?
Kak cBsizatb UX ¢ yeM-HHOYAb 3HAKOMbIM? ABTOMOGUJIb, KOTOPHIi
NPOHOCHTCS MHMO Bac C HeNO3BOJIEHHOH cKopoctbio 120 km/4, 3a
10725 ¢ mpoiiner paccTosiHue (eCJH 3TO MOXKHO Ha3BaTb paccTosi-
uHeM) nopsinka 10720 MM, yro B ThiCAlYy MHJJIHAPAOB pa3 MeHbLie
pa3MepoB caMoro MajeHbkoro atoma. Jlaxke cBer (cet!) 3a 10725 ¢
npoiiger Bcero 0,000000 00000003 mm. Tenmepr O mnpoueHTax:
10™12 9/, o6bemMa A30BCKOro MOpsi — 3T0 GaHKa BOIbl; €CJH Yachl.
unyt Ha 107129/ GbicTpee, yeM HYXHO, TO 32 MOJMHUJJIHOHA JIeT OHH
yinyr Bnepen Ha | c.

Ko Bcemy eille cBepXTOYHasi MallWHa HOJXKHA OOGXOAHUTHCS Upes-
BblUafiHO MAaJIbIMH TOPUHSIMH ChIpbsi — OHA MNepepabaTbiBaeT palHo-
CHrHaJbl, 0611asi MOUIHOCTb KOTOPbIX npumepHo 10718 Bt. 310 B ThHI-
csiuy pa3 MeHblde, yeM HOCTaJjochb Obl OMHOH KBapTupe, ecau Obl Ha
OoCBellleHHe BCeX [OMOB 3eMJIH pacxonoBajach MOLLHOCTb OIHOH
ropsitiedl CNUYKH.

YnoMHHaHHe O Cbipbe B BHAE PAaAHOCHTHAJOB YKe, HaBEpHOe,
NPUMOLHAJO 3aBecy HaJl TAHHCTBEHHON MeXKOHTHHEHTaJbHOH Mallu-
Hoit. Cefiuac 310 nmesno Oyner OOBeAeHO NO KOHLA — peub HIeT 00
YHHKaJbHOM pafuoTesNecKone, TOUHee, O PafLHOACTPOHOMUYECKOM
KOMIlJIeKCce, B KOTOPbfi B pa3Hoe BPeMsi BXOLHJH PafHOTeNEeCKOIb
pasHblx crpaH. Huxxe 6yner KOpoTko coO6ileHO O TOM, AJSl 4Yero
co3faloTcsl Takde Kommekcel. Ho mpexjpe B nopsiike NOBTOPEHHS
NpOHJIEHHOTOo [ABa MHKPOCKONMHYECKHX pacckasda Ha obuide TeMbl.

Mukpopacckas nepsbiit: npo BoJdHbl. Cpeau GeccyeTHOro MHOXKe-
CTBa NpPOLECCOB, KOTOpblE MNPOUCXOASIT B TNpHUpPOAe, (PU3HKKH COUJH
HEOOXOIHUMBIM BBIEJNHTb HECKOJNBKO 0CcOGBIX rpynn. B ux wucie BOJ-
Hbl. He3aBucumMo oT (u3Hueckoll MNPHPOAB — BOJHB MOTYT OBITb
3JIEKTPOMarHWTHble, MeXaHUYeCcKHe, TPaBUTALMOHHBIE — BCE OHH
umeloT obuiue uyepTl. B uwacrHocTH, pasberasicb OT MecTa CBOEro
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POXKIEHHsl, BOJIHBI NEPEHOCAT He TOJIbKO 3HEPrHio, HO U HHPOPMALUIO
0 Tex mpoueccax, KOTopble X co3nand. MMeHHO nosTomy 3BOJIOLHA
cHab/u/a MHOTOYHCJEHHble CBOH TBOPEHHS PAa3HOOOGPA3HBIMH BOJIHO-
NpUeMHUKAMH, BOJTHOYJaBALUBATE/SIMH, BOOPY>KHB TeM CaMbiM JKHBblE
opraHuaMbl npubGopamu AN H3YuyeHHS OKpyXKawolled 06CTAHOBKH.
Henuioxasi annapatypa A0CTaJjach U 4eJIOBEKY: CBEPXUyBCTBHUTENbHbIH
NPHEMHHK CBETOBBIX BOJIH — 3p€HHE H CBEPXUYBCTBHUTEJbHBIH NPUEM-
HUK aKyCTHYeCcKHX BOJH — cayx. (Cuyx, KCTaTH, B dajJbHeHLIeM CTaJ
TeXHHYeCcKOH 6a30if 1/ A3bIKOBOTO OOUIEHUS JIoneH, A1 pa3BUTHSA
peud, a peub B CBOIO ouepejb NpHBeJd K NOPA3UTEbHOMY COBEpLIeH-
CTBOBAHHUIO HAalUero MNPHPOJHOrO KOMIbIOTEpa, K OTPaboTKe HOBOMH
CHCTEMbl MBILIIEHHUS, i€ K NpeAMeTaM U SIBJEHHAM NPHBElleHbl JaKo-
HU4YHble 6upKu-cjoBa. M Bce 3TO Hauasoch € NMPHEMHHKA 3BYKOBBIX
BOJIH...)

A Temepb, GHICTPO NEpeNHCTAB NPEKPACHYIO MOBECTb O TOM, Kak
YyeJioBeK 06OraTHJ CBOH MPHPOAHBIA apceHaJs BOJHOYJABJUBATeJeH,
MOCTPOUJ MHUKDPOCKOIBI H TeJIeCKOTNbl, Hay4YHJCS BHAETb PaLHOBOJHbI
M PEeHTreHOBCKHe Jyuu, CJblllaTh HHPPaA3BYK H YJAbTPa3BYK, Mbl 0CTa-
HOBUMCA Ha CTpaHHlUe, TJe YINOMHHAIOTCA HHTepdepoMeTpbl —
3TH NpHOOPbl He NMPOCTO YJNaBAHWBAIOT BOJHY, HO H YYHUTLIBAIOT ee
hasy.

Mukpopacckas BTopoii: npo ¢a3bl. HTo6bl MO3HAKOMUTHCSA € pabo-
TOil UHTepdepomeTpa, Jyulle Bcero Boi6paTb TENJI0e TYMaHHOE YTPO
U BbIHTH Ha Oeper mnpypa. IlosHblH MmWTHJABL, INajgkasi, Kak CTeKJo,
NOBEPXHOCTb BOAbl. K3-3a TymaHa oHa npocMaTpuBaeTcs Bhepej
meTpoB Ha 10—15, mpoTuBoOmo/0XHOrO Gepera He BHAHO COBCEM.
Tuiruna... Y sapyr npsimMo Ha Geper, rie Bbl CTOHTE, HaUHHAIOT Ha-
KaThiBaThed BoJHbl. OHM HAYT OaHA 3a [PYroffl HEeCcKOJNbKO MHHYT,
NOTOM [OCTEeIeHHO BCe 3aTHXaeT, U CHOBA IJlaJKas MOBEePXHOCTb BOJbI
Yrto MoxeTe Bbl, HabJjionaTeslb, CKa3aTb O TOM COOBITHH, KOTOpOe
BbI3BaJIO BOJIHBI Ha Bojae? Ckopee Bcero, Ha Apyro#d cTOpoHe npyna
B BOAY CBaJIWJICS] KaKOH-HHOYAb npeameT. Bosbuoi? O6 3TOM MOXKHO
CYyAUTb MO BbLICOTE BOJH, 110 MX HHTEHCHBHOCTH — OJHO JeJ0, eCcJid
ynaJ KameHb, 4 COBCeM [pyroe, ecjH, BOCIOJNb30BABIIHCL TYMaHOM,
B MPYJA CBaJHJH caMOCBaJ GUTOro KHpnuua. B kakoM mecte 310 cJjy-
YHJIOChb, OTKYJa HMEHHO MNOUIJIH BOJIHbI?

Ha stor Bompoc He oTBeTHIlUb, NPUCMATPUBASACh K OJHOH JHLIb
BLICOTE BOJIHBI.

Bce BosiHOy/1aBiMBaTe M MOXKHO pa3fesuTb Ha ABe rpynibl. OpHu
NPOCTO PerHCTPHPYIOT MOILLHOCTb, HHTEHCHBHOCTb BOJIH — TakK pabo-
TaeT rJjas, OTJHuYas SIPKYl0 TOYKYy OT TeMHOH, Tak paboTaeT yxo,
OlleHHBasi TPOMKOCTb 3BYKa. TOJIbKO Ha HHTEHCHBHOCTb BOJIHbI pearu-
PYIOT pEHTTeHOBCKAasl TMJIeHKa, PajJHONpPHEMHHUK, (POTOIKCIOHOMETP.
A BoT BOJIHOYJIaBJIWBATENH BTOPOE CPYIIbl, €CJAH MOXKHO TaK CKasaTh,
NOAXOAT K KaKA0H BOJIHE HHIMBUAYaJibHO, CJAedAT 3a TeM, KOrma
KaKasi U3 HHUX MNpHILJIA, B KaKOH MOMEHT Kakoro ypOBHS JOCTHIJA.
[Ipoite roBopsi, perucTpupyioT He TOJbKO ypOBeHb, HO elie U dasy
BOJIHBI.
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CnoBo «(asa» uMeeT BMOJHE OMpeNeJEHHbIA XUTEHCKHI CMbICJ
(«dta dasa moeii xku3Hu»). MmMeer oHO H cTporoe onpeneseHne GpU3H-
yeckoro napamerpa. He BraBasicb B TOHKOCTH, BBeJleM YIpOILEeHHOe
onpepneneHue ¢asbl — 6yaeM CUHTaTb, YTO 3TO TOT MOMEHT BPeMeHH,
KOT/1a B BOJIHOTIPHEMHHK MONagaeT aMIJIMTyAa BoJHbl. CKaxeM, Koraa
¢ GeperoM nopaBHsieTcs rpe6eHp BOJHBI, 6eryuie no Boxe, Wik Koraa
K aHTeHHe pafAuONpHeMHHKA NMOAOHAET caMblii CHJbHBIA YUaCTOK 3J€eK-
TPHUECKOTO HOJIsi, KOTOopoe Hecet panHoBosHa. Crosi Ha Gepery
npyna, Mbl CMOXEM C MOMOLLbIO TOYHOTO CeKyHOMepa oTMedaTh (asy:
«¥ sroit BosiHbl (pasa 7 yu 20 MuH 6 C-— UMEHHO B 3TOT MOMEHT ee
rpeGeHb MOpPaBHAJICA ¢ KpoMKo#i Gepera. A y 3toii BoJsiHbl ¢asa 7 u
26 mun 8 ¢, y cjenyomeid —7 y 26 mun 10 c...»

Hy a Tenepb no uHTepdepoMerpa ocTaJscs OAHH LIAT: MTOCMOTPHUTE,
B Kako#i ¢a3e NPUXOAHUT BOJHA K ABYM pa3HblM Toukam Oepera —
cJjeBa W cnpaBa oT Bac. Ecii BoJIHA NMPHXOAUT OJLHOBPEMEHHO, B Of-
HOH ¢a3e, TO, 3HAUYUT, «H3JydyaTesdb» HAXONUTCS CTPOro HANMpPOTHUB
(puc. 1), ecqu B JieByI0O TOUKY BOJHA NPHXOOUT UyTb paHblle, C
onepexeHdeM no (ase, TO, 3HAUUT, «H3JlyuaTesib» HAXOMAHUTCS CJeBa
(puc. 2), a ecau paHbllle NMPUXOAUT NpaBasi BOJHA, «H3JydaTesb»
HaXOLHUTCH Ccrpasa.

Kak Buaure, HHIMBHAYaJbHBI TNOAXOA K Haberawouleil BoJiHe,
HabaoneHHe 3a ee (Has3oii NO3BOJU/IH MOJYYHUTb COBEpPIIEHHO HOBYIO
HHpopmauuio 06 HCTOUHHKe H3JyuyeHHHA. M BoobGuie HYyXKHO cKasarth,
4TO yBaXKHUTeNbHOE OTHOlIeHHe K ase, CKaxeM, ymeHue cobupaTb
BOJIHBI B OoJbllHe KOJJIEKTHBB He NMPOCTO TakK, «aaBai! maBaiil..s,
a C yueTOM OCOGEHHOCTEH KaXAOH BOJIHBI, C yuyeToM ee ¢a3bl O3Ha-
MEHOBAJO B (pU3HUKe LeJYyI0 3MOXY BeJHKHX OTKDPbITHH.

HiMeHHO yBa)keHHe K (ha3ze MNOJApPHJIO HaAM PEHTreHOCTPYK-
TYpHbIN aHaJJu3 (comocTaBJssl Ga3bl PeHTTEHOBCKHX Jy4eld, OTpaxKeH-
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HBIX OT Pa3HbBIX TOYEK KpHCTaJ/sa, Y3HAIOT ero CTPYKTypy), rojorpa-
¢uo  (yuuTbiBasi (a3pl CBETOBBIX BOJIH, OTOGpaxaloT o6beM Ha
MJIOCKOH TMJIeHKe), KBAHTOBbIE TeHepaTopbl M, B YaCTHOCTH, Ja3epbl
(uem orTsMyaercs Jasep OT 3/MeKTpHUecKOH JamMnouku? [Ipexne Bcero
TeM, YTO B JIaMIIOYKe aTOMbl HU3Jy4yaloT CBeT KaxIblii caM mo ceGe
M BO3HHKaeT Xaoc, BaKXaHaJusl CBETOBBIX BOJIH, a B Jla3epe COBCEM
HHasi KyJbTypa H3JyueHHS] — aTOMbl BHIGPACHIBAIOT CBETOBbIE BOJIHBI
COTJIACOBAHHO, BOJIHBI 3TH KOTePeHTHBl — OHHM COBMafaloT no dase
U JeHCTBYIOT coob1ia).

HakoHern, yMeHue yBa)kaTb ¢a3y moJapd/io HaM OTPOMHBIN Kiacce
H3MePHTEJbHbIX NPUOOPOB — HHTEepdepoMeTpoB (pHc. 3), K UUCHY
KOTODBIX OTHOCHTCSI W Hall MEXKOHTHHEeHTAJbHbIA paJHOTe/eCKOI.
UToO6H Jierue pa3obpaThbCsi B ero0 BO3MOXKHOCTSAX U po6ieMax, GpocHM
npomanbHBA B3TJAL Ha 3aTAHYTHIA TYMaHOM MNpYJA, BCIOMHHM CBOH
HHTepGhepoMeTpHUeCKHe OMNBbITHl H CJle]1aeM [Ba BaXKHbIX NPUMEYaHHs:

yeM TOUHee U3MepsieTcsl pa3HOCTh (a3, TeM TOUHee MOXKHO onpe-
IeJuTb HalpaBJeHHe HAa H3JydyaTesb BOJIH,

4yeM Gousiblle 6a3a HHTepdepoMeTpa (paccTosiHie MeXAy TOUKaMH,
B KOTOpbIX H3mepsiercsl ¢dasa), Tem Oogblue casur (Haber) ¢as u
ONATb-TAKH T€M TOUHee MOXKHO ONpejeJHTb HallpaBJeHHe Ha H3Jyya-
TeJlb.

STH NpUMeYaHHs] MOMOraloT MOHATb, KAKHMU CHOCOGAMH MOXKHO
60poThbcsl 32 CaMylo BaXKHYIO XapaKTEePUCTHKY pagHoTesecKona-
uHTepdepomerpa — ero YrioBYyI0 pa3peliamouylo cnocoGHOCTb, YIJIO-
BOe paspellieHHe, T. e. CIIOCOGHOCTb C BLICOKOH TOYHOCTBIO PasJHuaThb
HCTOYHHKH HM3Jy4eHHH U HX HeTaju.

Jler TpumuaTh Ha3ap, elue Ha 3ape pagHOaCTPOHOMHH, HeJaJHCh
nepBble MOMBITKH 00'b€IHHHTL HECKOJIbKO PaJHOTEJEeCKONOB B €IHHYIO
cucremy, Ho 6a3y GoJiblile COTHH KHJIOMETPOB cle/aTh He YAaBaJocCh.
Miuorue npensitcTBust ObIIH CBA3aHbl C TeM, YTO DafUOU3Jy4yeHHS,
KOTOpble NPHHHMAIOT AHTEHHbl TEeJIECKONOB, HMEIOT O4eHb BbICOKYIO
4acTOTy, a 3HAYUT, BPeMSI MeXy COCeIHUMH «rpeOHsAMH» OYeHb MaJlo,
Mas nepuon KoseGaHuit. lJisi CAaHTHMETPOBBIX BOJIH, Ha KOTOPBIX IO
psy NpUUHH yNOGHeH Bcero NpoU3BOAMTD Ha6JI0eHHUs], OJHH NEePHOL,
T. €. ONHH pabouuit UMKJI HHTepdepoMeTpa, KakK pa3 U nonajpaer B
uurepBaa 3°10~19—3-10-"" ¢. B 3TOM HHTepBase HaXOLUTCSH
uudpa, ¢ Koropoil Mbl HauyaJu Haw paccka3. M coecem yxe man
caBur ¢a3 — pa3HHUa BO BpeMeHH, Korja K aHTeHHaM HHTepdepo-
MeTpa MPUXOAUT Tpe6GeHb BOJIHBI: YTOObl U3MEPHUTh 3TOT CABUT (a3, Bce
arperathl KOMIVIEKCa, BCE PafHOTENECKONbl JO/IKHB HAUHHATb OTCUET
¢a3pl MO BHICTPEJNy €IMHOrO CTapTOBOTO MHCTOJETa, OTOHUBAIOLLEro
BpeMst ¢ TouHocTbio 107129/, (owu6ka Ha | ¢ 3a MOJMHJIHOHA JIET).

Jlerko ckasaTb «...N0 €AHHOMY BBICTP@JY... C TOUHOCTbIO [0
10712%,», "o Kak 370 cheqaTthb? Kak 3To cHenatb, eCJd MeXIy
TeJIeCKOlaMH ThICSIUH KHJIOMETPOB?

Jlnst Hauasa nepevynucJuM TPU cnocoba, KOTOPbIe NO3BOJASIIOT MOJMY-
4uTb 6a3y OT HECKOJbKHX KHJIOMETPOB MO HECKOJIbKHX HAEeCSITKOB KH-
JIOMeTpOB. BricokouacToTHble CHTHAMbl C KaKAOH H3 aHTeHH MOXKHO
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nepefarb Ha OOULHH 3JI€KTPOHHBIA GJIOK, H3MepSIOUIUH pasHoCTh (as,
N0 BBICOKOYACTOTHOMY Kabesio (puc. 5 Ha TpeTbeM JIUCTe LBEeTHOH
BKJIeHKH). MOXHO chesiaTh TO Ke caMmoe, NpeaBapUTe/JbHO NMOHHU3UB
4yacToTy OGOHX CHIHAJIOB B HHAMBHAYaJbHBIX CMecHTeNsX, (pHc. 6), HO
C HCMOJb30BaHHeM oOO6ulero rerepomuHa. HakoHen MOXKHO cBsi3aThb
AHTEHHBl C €IHHBIM U3MEePHUTENbHBIM KOMIIJIEKCOM C NTOMOUIbIO KaHAJOB
panuocBA3d (puc. 7). Bo Bcex 3TuX ciayuasix B pasHblX y4acTKax
CHCTEeMbl BO3HHKAIOT JOMOJIHHTE/NbHbIEe CIBHTH (a3, OHU CYMMHUDYIOTCS,
UTO KaK pa3 M NpensiTCTBYeT yBeJHYeHHIO 6asbl.

HMuTepecHblit MeToA co3aHusl 60/bIIUX HHTEepdepOMeTpOB NpeaJo-
Kuau B 1963 r. coBerckue pagdodu3ukd. CYUIHOCTb METOAA COCTOHUT
B TOM, 4TO TPHHMMAaeMblii CHTHAJ NpPSIMO Ha Mecie npeo6pasyioT H
3aMUChIBAIOT HA MarHUTHYIO MJEHKY BMecCTe C CHTHaJaMd CHHXPOHHU3a-
WA, CBEePeHHbIMH MO 3TAJOHHLIM aTOMHbIM uacaM (puc. 8). Takum
0o6pa3oM mosy4yaloT KaK Obl €AHHYI0 3alHCbh CHTHAJNOB OT ABYX HJH
HECKOJIbKHX aHTEHH -— BC€ 3TH CHUTHAJbl MPUBSA3aHbl K €1UHOH TOuKe
oTcyeTra, K aTOMHbIM yacaMm, AJs KOTOPBHIX KakK pa3 H XapakrepHa
Heo6XoauMasi TOYHOCTb OTCYeTa BpeMeHH — 4To-To okoJsio 10712 0/,
[Torom Bce NJieHKH C CUTHAJaMHU, MPUBSA3aHHBIMH K aTOMHOMY BpeMeHH,
He cneula co6upaloT ¥ oO6pabaTbiBAlOT Ha BbIUMCJAHTEIbHOH MallHHe,
KOTOpasi YUMTbIBAaeT Bce, BIVIOTh IO TAKHX «MeJiouel», KaK BpallleHHe
3eMJu U CBSI3aHHOE C 5THM HelpepbhiBHOE NepeMellleHde Habmonarenen
No OTHOLUeHHIO K ¢poHTy BoaHH. Ha ocHoBe 3toro meronma yxke He
pa3 co31aBajiuCb MeXKOHTHHEHTaJbHble HHTepdepomerpnl (puc. 4),
6blJIO ClleJTaHO HeMaJlo HHTepeCHbIX OTKPbITHH. O HeKoTopbIX paboTax,
B KOTOPBIX y4aCTBOBAJH HALUK PaJHOaCTPOHOMBI, pacCKa3blBaeT PyKo-
BOAUTE/b 3TUX pabOT C COBETCKOW CTOPOHBI, PYKOBOAHTENb JlabopaTo-
puu Unceruryra kocmuueckux ueciegosauuit AH CCCP gokrop ¢pusu-
Ko-MaTemaTHueckux HayK Jleonuaq MBaHoBHY MarBeeHKO:

— B 1976 r. c yuacTueM coBeTCKUX Hcc/egoBaTesell GblI0 MPOBe-
J€HO CeMb LHKJIOB HaGJIONEeHHA Ha MEeXKOHTHHEHTAJbHbIX PamHO-
HHTepdepoMeTpax. DTO yXKe TpaAHIIMOHHbIE, JIaHOBblE PA6OThl — OHH
BeJuCb M paHbuie, 6yayT npoBoAuTbcs B Oynyuiem. IlepBas paGorta
1976 r. (oHa anuJjach HempepblBHO GoJiee CyTOK) mpolia B (espade.
B stor pa3 B uHTepdepomMeTp BXOAWJH [Ba PaiHOTEsECKONMa: B
Xaficreke (padion Bocrona, CLUA) u B Cumeunse, B Kpeimy. Takue
’Ke LHKJbl HaGMoneHUH OblJIM NMPOBeLeHbl B amlpesie H Mae, HO 3MeCh
yke paboTaju paLHOTeJeCKOIbl, pacloJ/OXKeHHble B YeTbIpeX TOUKax
naaHersl: B Tun6un6unne (Ascrpanus, padion CugHes), B Mapusenn-
[Tofinte (pafion Bawuurrona), B Bur-Tlaitn (B6ausu IlacameHsi,
CIIA) u onsitb ke B Cumense. M HakoHell, NATb LHKJIOB HA6JII0LeHHS
10 HECKOJIbKY CYTOK KaKAblf (B HIOHe, HOsIOpe U feKabpe) ¢ yuacTHeM
TeseckonoB BO6sau3W Bonna, B Xaiicreke u Cumeuse. Ceson 1977 r.
B (deBpase oTKpbia HHTepdepomerp BonHH—Cumens—Oncana (Llse-
1us).

Pexxum nabuioneHuit, HX nmporpamMma oueHb HachlllleHbl U TpeGyloT
HUCKJIIOUMTENbHOH 4eTKOCTH OT BCeX Yy4acTHHKOB pa6or. O6bIYHO Ha-
6/100eH1s1 ONHOTO O6'beKkTa mpoaoKaoTcss 20 MHH, 3aTeM NATHMHU-
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HYTHBIA TiepepbiB Ha MNepecTPOHKY TeseCcKona MW CHOBA ABajALlaTH-
MHHYTHBIH ceaHc. CHTHAJ, KaK NPaBuJo, oueHb cJab, H ero NpHXOAUT-
€5l JOJr0 «HAaKaNnJuBaTb»; OOBIUHO HEPHOJA HAKAMJIWBAHHSA, 3TOT KBAHT
u3mepenuii, cocrasiasier 300—400 c. KoHkperHble 3apaud Habaome-
HUH MHoroo6pasHbl; 06 3TOM KOCBEHHO MOXHO CYAHTb MO YHCJIY
HCCJIe10BaTeNbCKUX OpraHU3auni — ToJibKo B 1976 r. B Halux pa6o-
Tax ydactBoBasiu ABcrTpuiickas actpodu3sdueckass obcepBaTopHs,
Huctutyr Makca [lnanka (®PI'), Maccauycerckuit 1 KanudopHuii-
CKHH TexHOJOruueckrue HHCTUTYTH, CMHTCOHHaHCKas, XaHcTekckas,
Mopckas uccaepoBarenbckasi  HaunonanbHasi paguoacTpoHOMHYeC-
kast o6cepBatopuu, HACA, Henbckuit ynueepcurer (CLIA), Kpbim-
cKkasg acrpodusnueckas obGcepBatopusi M HMHCTHTYT KOCMMYeCKHX
uccienosanui AH CCCP. Bce uukabl Ha6JI0geHAH NPOLIIM YIa4yHO,
«XOJIOCTBIX BbICTPEJOB» He 6bl0. DTO O0COGEHHO pPaJOCTHO, MOTOMY
4yTO GBI BMEpBbie COBeplIeH TPYIHbIH Mepexo] Ha O4YeHb KOPOTKYIO
BOJIHY — 1,35 cM, 4TO, B UYaCTHOCTH, MO3BOJIUJO MOAHATb paspelue-
Hue uHrepdepomerpa ¢ 0,1 yrnosoit mMuiiucekyHasl go 0,05 munu-
cekyHapl. Ontuueckuit Npu6GOP C TAaKWM pa3pelleHHeM MO3BOJNHJ Obl
U3 MocKBbl yBHIETb TOpPOLUIMHY Bo BaanuBocTroke WM yBUIETb €
3emau si67a0ko Ha JlyHe.

[naBHble Hallu OG'BEKTHl — 3TO MPHPOJHbIE Ma3ephl, iipa rajnak-
THK U COBepIIEHHO 3arajoyHble 1O HeJlaBHero BpeMeHH 3Be3[Hble
0o6pa3oBaHus — KBa3aphbl.

B nmpuponHeix Ma3sepax NPOHCXOAST B NMPHHIMIME Te XKe NPOLeCcCH,
YTO M B HaUIMX 3eMHBIX Ma3epax H Jladepax; MOILIHble HCTOYHHKH
SHEePruH, CKakKeM, H3JIyueHHs, UAYyILHe W3 06/1acTH, T'ie NPOUCXOLHT
pOKIeHHe 3Be3[ibl, OCYLIECTBJSIOT «HAKAUKy» MOJIEKYJ OKpYXKalo-
1lero rasa — BOJSIHOrO Napa HWJM THAPOKCHUJA; OHH-TO U [AIOT KO-
repeHTHOe paJHOU3JyyeHHe — JOBOJIbHO OCTPLIH H MOHOXPOMATHYHBIH
ayu. o nosBiaeHus 60JblIHX paaHOUHTEPPEPOMETPOB 3TO H3JIyUeHHe
NPUNHKCHIBAIH 60JbIINM 06JacTAM NpocTpaHcTBa. Temepp ke B 3THX
o6JacTAX ynanocb OGHApyKHTb OUEHb KOMMAKTHble H3Jydyalollde
TOUYKH pa3MepoM B JleCATbie JOJNH YIrJIOBOH MHJJIHCEKYHbI.

KBasapel noJsroe BpeMsi npeicTaBJAJIHCh 3TAKAMH THTaHTCKHMH
MOJIBIXQIOIUMH IIapaMH C YrJOBBIMH pa3MepaMH B JEeCITKH U COTHH
MuanucekyHn (puc. 9). HamomuuM, uto pasmepnl, yKazaHHble B yIJO-
BBIX €IMHHIAX,— 3TO eCTb TOT TeJecCHblfi yroj, B KOTOPOM OOBEKT
BHIEH Cc 3eMJd; Tak, Hanpumep, pasmep JIyHbl — 8 yrsoBbIX rpa-
nycos, Mapca — 0,2 rpaayca. UtoGnl nepelTH OT yrJoBbIX pa3MepoB
K JIMHEHHBIM, HYXKHO 3HaTb paccTosiie N0 o6bekra. A OHO He Bceraa
M3BECTHO [OCTATOUHO TOYHO, U aCTPOHOMBl XapaKTepHU3YIOT OOBEKT
BEJMUHHON, KOTOPYIO 3HAIOT HaBepHAKa,— €ro YIrJOBbLIM pa3MepoM.

Ho BepHemcsi K kBasapawm.

Y HeKOTOpbIX KBa3apoB CTaJd OOHapyXKHUBaTbCs AeTalH, Takue,
HanpuMmep, Kak OrpoMHbi#i (yriaoBbie pasmepbl — okoso 207) BuIGpoc
MaTepuu («XBoCT») Yy kBa3dapa 3C 273. 3aTeM MeXXKOHTHHEHTaJIbHble
HHTEepdhEepOMeTpbl TO3BOJHJIH YBHAETb AOCTATOYHO MEJKHE [eTand
KBa3zapoB (puc. 9—I11). Kpome Ttoro, Habuaiomas kBa3ap c nepe-
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PbIBOM — HHOFJl@ 3TO HECKOJbKO MeCsilleB, HHOTJa HECKOJbKO He-
JeJib,— 4acTo OOHAapy»XHBaJH, 4TO ero [eTajd CMeLlaloTcsi, pasJe-
ratoTcsd. C yueTOM NMPHMEPHOrO pacCTOSHUSI 10 KBasapa MOACUHTAJH
CKOPOCTb pasJjieTa, B psje CilyyaeB OHa OKa3anacb 3HAUUTEJbHO
6oubiie ckopocTH cBeta. EcTb pasHble 00bsICHEHHS] 3THM CBepXCBe-
TOBbIM NepeMelleHHsIM. Kakoe M3 HHX OKa)KeTcsi BEpHbIM, MOKaXKYT
neTaljibHble HUCCHeNOBaHUA KBa3zapoB. OHU BXOAST B HALUH MJAaHBI...

C nomolubio rjao6ajibHbIX PagHOHHTEP(EPOMETPOB yKe CHeaHo
HeMAaJio YIMBUTENbHbIX OTKPBLITHH KacaTeNbHO CTPOEHHsI KBa3apos.
DTo jaxe npeacTaBUTh cebe TPYAHO — HCCJEAYIOTCA HeTaj]d KBasa-
pPOB, O0G'BEKTOB, KOTOpDble HAaXOUSITCA HA PACCTOAHHUAX B MHJJIHAPJIBI
CBETOBBIX JieT, Ha Kkpailo BuanMoil BcesenHoii! A o6HapyKeHHe
CBEPXCBETOBbIX JBHXXEeHHH B KBa3apaX B KakOH-TO MOMEHT Jaxe
BbI3BAJIO CHJIbHOE BOJIHEHHE B HEKOTOPBIX Kpyrax, OJIU3KHX K acTpo-
HoMud. Kak-HUKaK peub 1Ja O IMOKYIIEHHH Ha YCTOH HayKH, 4TO,
KOHEeYHO, BCerjaa BOJIHYeT — a BApYr?!

Ha stoT pa3, oaHako, NMOKYlleHHe He COCTOSIOCh H OCTaJicA Ha
CBOEM MeCTe KpaeyrosbHblfi KaMeHb B (yHIaMeHTe COBpeMeHHOM
¢bu3uKH — ckopocTb cBeta B BakyyMme ¢ = 300 000 km/c. BoJee Toro,
NpeBbllIeHHe CKOPOCTH cBeTa BooOWe He OblI0 HEOXHJAaHHOCTHIO
IJISl CNIELHaNMCTOB 110 TeOPUH OTHOcHTeabHOCTH. OHH, oKa3biBaercs,
elle «J10 TOrO» TBepPAO YCTAHOBHJN: BO3MOXHA HeKasli CBEPXCBETOBasi
«KaXXHUMOCTb» W OHa HHKAK He O3HayaeT, YTO KaKHe-TO (U3HUeCKHe
Tesa MPEeBbICHJIM CKOPOCTb CBeTa. Bblio onucaHo HeCKOJIbKO BO3MOXK-
HbIX MEXaHH3MOB «KaXXHMOCTH», H HEKOTOPble W3 HHX BIOJIHE MOTYT
00OBSACHUTDb TO, 4TO HabJiogaeTcss B KBa3apax.

OpnHo u3 o6bsicHeHHH yNOGHO MPOHJJIIOCTPUPOBATh TAKHM 3KCIe-
PHMEHTOM, pa3yMeeTcsl MbICJAEHHbIM: MyJeMeT AaeT [IJHHHYIO ouepelb
no 6esoft cTeHe W MyJIH MPOYEPUHBAIOT HA HeH NMYHKTHPHYIO JIHHHUIO.
CKopocTh MpoyepuuBaHHS ITOH JIMHUM B INPUHIMOE MOXKeT OblTb
J060#, B TOM UHCJIe MOXeT TNPeBbICHTb CKOPOCTb CBeTa —— HYXKHO
JUllb, 4TOOBl MyJeMeTuUHK JOCTATOUHO [AaJIeKO OTolle] OT CTeHbl
M JOCTaTOYHO OLICTPO MOBOpauuBaj AyJo nyJjemera. MoxHo mnpen-
CTaBUTb cebe HeUuTo MOXOXKee W B KBa3ape, rfle 10 OTPOMHOMY BHe-
IIHEMY Tra3oBOMYy 06J1aKy («CTeHa») GeXXHUT CBEPXCBETOBOH «3aHUHK»
(«caenbl myJdb»), HAPHCOBAHHbI H3HYTPH H3JyUEeHHEM pacKaJjeHHOro
d OGbICTPO Bpalulamoilerocs sapa kBadapa («nynemer»). Bor npyroi
BO3MOXHbII MeXaHM3M «KaXXHMOCTH»: JBe JeTasJu KBasapa pasJe-
TAlOTCSl B pa3Hble CTOPOHBI C OKOJIOCBETOBOH CKOPOCTbIO, a2 3€MHOH
HabJaonaTesNb BBIYHCJAUT, UTO OHM PACXOASATCSH CO CKOPOCTBIO OKO-
Jao 2c.

Bo3MoXHble NMPHYHHBI CBEPXCBETOBBIX <«KaXXKHMOCTEH» HeTasJbHO
UCcCaeNOBaHbl, ONHCAHbl B JdTepatype (CM., Hampumep, KHHUTY
B. JI. T'un36ypra «Teopernueckas ¢usuka u acrpodpusuka». Hayka,
1975), HO, KOHeUYHO, MPeACTOUT Hemanasi paboTra, uTo6bl CBA3aTh HX C
KOHKPETHBIMU PafHOaCTPOHOMHUECKHMHU (HakTaMH, NOHSATh, UTO UMEH-
HO MPOUCXOJHUT B TeX WJH MHbIX KBazapax. OCTOpOKHbIe JIIOAH, NPaB-
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[a, TOBOPSAIT, UTO ellle HYXXHO NMpoBepsATb caMH (akThl. KBaszap — 310
6ypasiLliii KOTeJ, H BIIOJHe BO3MOXHO, TaK FOBOPAT OCTOPOXHbIE JI0-
IH, YTO paAHOHHTeP(depoMeTp nocJie fepepbiBa PErHCTPUPYeT He nepe-
MellleHHe CTapoi AeTaJsd, a poXIeHHe HOBOH Ha 6OJIbIIOM paccrosi-
Huu oT craporo Mecta. Ilpoute roBopsi, BBIBOIbI O CBEPXCBETOBBIX CKO-
poCTSIX caenaHbl Ha OCHOBE JOBOJIbHO PeJKHX pPafHoacTPOHOMHUYECKHUX
«pororpacduii», NOATBEPAUTb 3TH BbIBOABI AOJKHO PafHOaCTPOHOMH-
yeckoe «KHHO».

Kcrarh, o pakrax. B cBoe BpeMms, BbINOJHUB CcepHi0 HeNmpepbiBHBIX
HabJalofeHUl 3a cHrHajaMH «BukuHra», aMepukaHckve acTpodH3UKH
TOYHO H3MEpUJIH TOHKHHA peJsITHBHCTCKMHA 3(dekr: 3anasgbiBaHHe
paguousnyueHuii nox peiicreuem macchl CousHua. IlogoGHele H3Mepe-
HUS NMPOBOJAHJIUCH paHblile, HO HA 3TOT Pa3 UX TOYHOCTb 3HAYHTEJbHO
npeBbICHJIA NPeXHHE PEKOpIHble pe3ysabTaThl H coctaBusa 19%,. Tlo-
SIBUJIOCDH ellle OJHO MOATBEPXKAeHHEe — TeOPHsI OTHOCHTEIbHOCTH OYeHb
TOYHO corJacyetrcsl ¢ (u3uuyecko# peaJspHocTblo. Ta camasi Teopus
OTHOCHTEJNIbHOCTH, KOTOpasi Obljla NpUAyMaHa H NPOAyMaHa B JeTansix
CMeJIbIM TeHHeM B BHJAE HEeKOTOpPOH THIOTe3bl OTHOCHTENbHOCTH,
«6e3yMHOll uAed», onupalollencs, OIHaKo, Ha HeOTBpaTHMble (aKThl.
Ta camas Teopusi OTHOCHTeJbHOCTH, KOTOPasi OTBepraer (BO BCSIKOM
cjyvae, NPH HbIHEUIHHX HAIUMUX MpeNCTaBJeHUSIX O NMPUPOAe Belltei)
BO3MOXHOCTb ABHXKEHHS KaKUX-JTH60 PHU3HUYECKHX TeJ CO CKOPOCTSIMH,
NpeBHIILIAIOUIHMH CKOPOCTb CBeTa B BaKyyMe.



Bcenennan npubasnser B Bece

B oxpecmnocmax mHO2uX 2aNAKMUK OGHADYMEHO HEYMO MAKOe, 4mo
MOMEM CUMbHO UBMEHUMb HAWU 6321A0bI HEe MOAbKO HA npoucxoxdeHue
38e30HbIX mMupoe, Ho u Ha Oydyuee Bcenenwod.

MHorue cnenHaJ/JHCThl TOKA ONPEAENsIOT CBOE OTHOLIEHHE KO BCEMY
3ToMy Tak: «JlesaTb BHIBOLBI NpeXIeBpeMeHHO...», «CJHIIKOM pa-
Ho...», «PaHo...», «<PaHoBaTo...». JIpyrie e, HaNPOTHB, CYATAIOT, UYTO
OTKDPBITHE COCTOSIJIOCH H AABHO YK€ NMopa 3aHeCTH ero B peecTp CeH-
cauuii Beka. EcTb eumie u TpeTbsi TOUKa 3peHHsl, HO O Hed MOTOM.
Cefiuac o cyuecTBe Aesa: MOXOXe, YTO BO BcesneHHON oGHapyXKeHbl
OTPOMHbBIe KOJIHYUECTBa BeEILECTBA, OTPOMHAsi «CKpbiTasi Mmacca». Iloka
HEH3BECTHO, YTO OHa cOOOll NpeACTaBJsieT, H TOYHO He MOACUUTAHO,
HAacKOJIbKO OHa BesHKa. [lo npenBapuTeJbHBIM [NaHHBIM, <«CKpbITast
Macca» BO MHOTO pa3 IpeBbIIaeT Maccy BCeX 3Be3[, BCeX raJaKTHK,
TyMaHHOCTeH, BMeCTe B3SIThIX, [IPEBbIIIAET MacCy BCeil H3BECTHOH HaM
no cux nop BceseHHOI.

B oTiinyne OT GOJIBLIMHCTBA APYTHX acTPOPH3HUYECKHX CIOPIPU3OB,
TaKHX, Hampumep, KakK ClyuyaHHbIH NIpHeM pajHOHMIYJbCOB NEPBOrO
nyJibCcapa, KOTOpPble OT HEOXHIAHHOCTH ObLIW NMPHHATH 32 CUCHAJBI
BBICOKOPA3BHTBHIX HHONJAHETsIH, NOSIBJIEHHE «CKPBITOH Macchl» OKasa-
JOCb, TaK CKasaTb, ceHcauuei 3amenjieHHOro aeiictBusi. Y1 uctopuky
HayKU NMPEeACTOHT HEMAJIO MOBO3UTHCS, YTOOH! B I€Ta/sIX BOCCTAHOBHTh
HCTHHY, LLeTMKOM MpPeCTaBUTb cebe ToT 6UKGOpPIOB HIHYP, O KOTOPO-
My cJabblii OroHeK JOraikKd Ao6paJjicsl JO HallHWX JHeH, MpUBes K Hbl-
HelllHeMYy B3pbIBYy HabJioneHul, pacueToB, oleHok. He nbitasich npen-
peUIuTh pe3yJbTaThl CKPYMYJe3HbIX HCTOPHUECKHX H3bICKaHHH, NpHBe-
JleM BCe XK€ HECKOJIbKO CTPOK, KOTOPBIM, BIIOJTHE BEPOSITHO, HalmeTcs
MECTO B XPOHOJIOrHUECKOH TabJidile Ha NOC/eJHUX CTpaHuLax 6yayue-
ro «Kypca ucropuu B3BewinBaHusi BcesneHHO».

1786 r. Onupasico Ha cBod HabawneHust, Bunbsm epuienb noka-
3aj (mpennoJsioXKeHUH H paHblie ObIJIO MHOrO, HO «JI0Kasalj» — 3TO,
corJacutecb, HeCKOJIbKO HHOE [eJ10), UTO TyMaHHble NSITHBILIKH Ha
He6OCBOJle He UTO HHOe, KaK CKONJIEHHe 3Be3[, rajakTHKH. B nmepBbiii
kataJjor B. Tepuwesnss Bowso 400 ramakTHK, B NMOCJeIHHH ero Karta-
Jaor — 2500.

HabnioneHuss u pacyeThl MOKa3blBalOT, UTO B BUAUMOUH Hamu Bce-
genHo# 10'° rajakTHk, B Kaxno# u3 HuUX B cpeadHem 10!'! 3Besn.
EcTbh ocHOBaHHs moJiaraTh, 4TO Macca 3Be3Jlbl B CpeHeM paBHa Mac-
ce CoJaHua, a 3HauuT, obuiass mMacca BcesenHo#t paBHa 102! macc
Counua, uau 1048 7.

1895 r. BriepBble npuMeHsiercss doTorpadupoBaHye 45 H3yyeHHS
($opMbl rajJakTHK, AOKa3aHO CYLIECTBOBAaHHE CHHUPAJbLHBIX (GOPM.

1917 r. AmepukaHnckuit actpoHoMm [I. Cnaiidep o6Hapyxkua cme-
LleHHe JHHHH B CNeKTpax HEeKOTOpHhIX 3Be3l, T. €. OGHapyXuJ, uTo
NPUXOJsIHE OT 3THX 3Be3J H3JydyeHHsl, XapaKTepHble IJsl TeX HJH
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HHBIX XHMHYECKHX 3JIeMEHTOB, MMEIOT IJIHHY BOJIHBl COBCEM He Ta-
KYIO, KaKasl XxapakTepHa [Js 3THX sjJeMeHTOB Ha 3emie. CMmellleHHe
JHHHH — CJeACTBHe JOTIIep-3¢d@eKTa, OHO BbI3bIBAeTCS IBHXKEHHEM
3pe3. [Ipomn roapl, 4 CMelleHHe CrIeKTPaJbHbIX JHHHH CTAJI0 OCHOB-
HbIM HCTOYHHKOM HHGOPMALMH O ABUXKEHWH 3Be3] W rasaktuk. Ilo
CMELLEHHIO JIHHHH H3MepHJH CKOPOCTH pa3bGeraHusi rajakTHk (kpac-
HO€ CMellleHHe), YTOYHHU/H IBH)KeHHe OTHEJbHbIX HX yacTel, 3adUKCH-
poBaJ/M BpallleHHEe TaJaKTHK-CIIyTHHKOB BOKPYr OGOJIbLIMX TajlaKTHK,
JBHXKEHHSI TaJakTHK B CJOXHbIX HX CKOIJIEHHSIX.

1939 r. Jlenunrpaackuii actpopusuk M. A. JleoHTOBCKHH onyGIH-
KOBaJ CBOM pa6oTbl o ¢ororpadupoBanuio rasakruku M31 (Tyman-
HocTb AngpoMensl). OH coBMen1as, CKaaabiBaga 60JbIli0e YHCIO0 OIHO-
BpeMeHHO CAeqaHHbX QoTorpaduil, ¢ TeM uTOGbl BHIAENUTb 06J1aCTH
MaJjioli SIpKOCTH, HeBUAMMble Ha (QoOHe cBeTsimierocsi HeGa. ABTOp
CKOMITOHOBAJl B IepeBsiHHbIX siliHKax 200 camomesnbHbIX KapTOHHBIX
¢dorokamep ¢ 06BEKTHBAMU H3 OYKOBBIX CTEKOJ, «HMEIOUIUX NpPeHMy-
1I1eCTBO 4Ype3BbIUAHON NelIeBH3HbI». YKe cyMMHpoBaHue 10 CHHMKOB
TYMaHHOCTH «BbISIBUJIO T€ UepThl ee, KOTOPbie HA OPUTHHAJNbHBIX (HOTO-
rpadusix He BUAHBI», a 80 cHUMKOB OoJjiee 4yeM BJIBOE YBEJHUHJH
BUIMMble pasMmepbl rajakriku. CTojlb MHTEPECHO HadaTbiM paboTam
M. A. JleoHTOBCKOro He CyXKJeHO Gbljio 3aBepilinThbesa: B 1942 r. oH
noru6 B ocaxkaeHHOM JleHuHrpame.

1969 r. Pesyabrarbl cBoux pabor no tpotorpadupoBaHuio ciaabo
cBeTsilMxcs obsacredl ranaktuk ny6aukyior I'. ne Bakyaep, X. Apm,
®. Beproana u ap. DaeKTpoHHas annapatypa U ocobble GoTOIMYJb-
cHH mo3BosMiH dororpadupoBaTh 06JaCTH rajakTHK, SIPKOCTb KOTO-
puix quwb Ha | %/, npesbliiaer ¢oH He6a. B nocienywouue rogs Ta-
Kue paboTbl NIPOBOASITCS HA MHOTHX 06CepBaTOPHUSX, MOSABJAETCH MHO-
ro pas3HbIX CHUMKOB. BbIsicHsieTcsl, 4TO NpakTH4YecKH Bce Habawojae-
Mble rajJaKTHKH MMEIOT OrPOMHble, HEBUAHMBIE HA OObIYHbIX CHHMKAaX
KopoHbl. OHH XOpOIIO BHIHBI Ha CleiHaJbHbIX CHHMKax, riae cjaabo
cBeTsiidecst o6JacTi LJsi yao6CTBa NpPeACTaBASIOT B BHAE Yepenylo-
LIHXCST TEMHBIX H CBeTJIbIX KoJiell (B AeACTBHTeIbHOCTH BCe 3TO CBeT-
Jible KOJiblla C Pa3HblM YpPOBHEM SIDKOCTH, MOJIyYeHHbe MPH LJIUTeNb-
HOM 3KCHOHHPOBAHHH OUeHb YYBCTBHUTENbHOH TMJIEHKH).

1974 r. 'pynna 3CTOHCKHX acTpPO(PHU3UKOB BO rjaBe C JOKTOPOM
(u3nKo-maremMaTHUeCKHX Hayk $l. DHHacTto ony6JankoBasna CBOIO
craThlo «J/lHHAMHUYeCKHe CBHAETEJbCTBA HAJHYHUSL «CKPBITOH MaccChl».

1975 r., sauBapb. Actponomuueckuii coer AH CCCP cosbBaer
B Tannune cosewmanue no npo6aeme «CKpbiThie Maccbi» Bo Bcesen-
HOH >.

Pa6oTrbl 3CTOHCKHX acTpodH3UKOB, OCOGEHHO B COYETAaHHH C aHa-
ausom ¢dororpadui ranakTHUECKHX KOPOH, KaK HHKOrJa paHee, MpH-
KOBaJli BHUMaHHe HccJejfoBaTeseil K npobieMe «CKPHITOH Macchl».
Pe3ko ycuauaach apryMeHTailusi TOro, YTO OHa CYIIeCTBYeT H CyLlecT-
BYeT HMEHHO BOKpYr rajakTtuk. [Tosydyasocb, 4To BHAMMBIE 3JJIHIICHL
HJIM CNIUpAJM TajaKTHK -— 3TO JHIIb HeGoJbliHe CBeTsILHeCs 4acCTH
KaKHX-TO OFPOMHbBIX HEBHIIHMbBIX MaCCHBOB, YTO Mbl JO CHX MOP BHAENH
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JHIIb KOCTOYKH OIPOMHbBIX MJIOLOB, 3pelolUX B GeCKpaiHUX MPOCTO-
pax KocMmoca.

Hacran mMomeHT cobpath HabJaonaTenbHble (GaKTbl H MOMBITAThCS
npeactaBuTb cebe, U3 Yero Ke COCTOSIT KOPOHbl rajlakTHK, B KaKOM
MMEHHO BHZe Morsa Obl CyllecTBOBATbh B HHX «CKpBITasi Maccas.

Ecau He BXoauTh B npoTHBOpedHe ¢ HAOMIOAATENbHbIMH JaHHBIMH
0 Macce, CBETHMOCTH H LBETe TaJlaKTHYECKHX KOPOH, TO MOXHO cle-
JaTb HECKOJbKO MPeNNoJoXKeHHH o HX cocTaBe. DTO MOT Obl ObITh
MOHHU30BAHHLIH ras, HAarpeTblil 10 HECKOJbKHX MUJIJIHOHOB FPAaAYyCOB H
co6paHHblH, BO3MOXHO, B OTiAenbHble o6saka. Hiu cpaBHHTenbHO
Jerkue 3Be3jbl, macca Kortopbix MmeHbue 30 °, or Maccet CosHua.
WMau kapaukoBble CKOMJIEHUST 3B€3[, a MOXKeT ObITb, 1axe KapJuKOBbIe
rajakTHku. Mid, HakoHell, 3TO MorJik 6bl ObITh TaK Ha3biBaeMbie yMep-
Uide 3Be3fbl — MNOTyXIlHe Oejible KapJHKH, HEHTPOHHbIE 3Be3Ibl HJH
laxe «4yepHble Ablpbl». JlaHHbIE O MATKOM PEHTT€HOBCKOM H3JYYEHHH
CBHIETEJbCTBYIOT, YTO B KOPOHaX CNHPAJbHBIX rajlaKTHK GOJbLIOTO
KOJIMYyecTBa  HOHHM30BAHHOTO rasa, MO-BHIHMOMY, HeT, a BOT Y
3JIJIMIITHYECKHX TaJJaKTHK MacCHUBHble Ta30Bbie KOPOHbI BIIOJIHE BO3-
MOXHbl. UTOo KacaeTcsi KaHAHAATypbl KapJHKOBbIX 3Be3J, TO 3/1eCh
Mor Obl BHECTH SICHOCTb TMOHCK HX B OKpecTHocTsix Haulero CoJH1A;
4TOOBl KapJHKOBble 3Be3/ibl 06eCNeyHIH PACUETHYIO «CKPBITYIO Maccy»,
MX JOJIKHO ObITb AOBOJIBHO MHOroO — MPHUMEpPHO OJHA 3Be3la Ha Ky6
co cTopoHOH 15 cB. JieT. DTH 3Be3Abl HOJKHbI ABHIaTbCsl CO CKOPO-
ctsiMu 6oJiee 100 KM/c, U, MO-BUAMMOMY, OHH OueHb GemHbI TSXKEJbIMH
saemenTamu. Halitu 3TH KapJnkoBble 3Be3ibl 6yJeT He TaK-TO MPOCTO.
Bo BcsikoM ciydae, 1oKa HesICHO, KaK HX MOXXHO GyAeT OTJMYHUTH OT
3Be3]l c1abo# CBETHMOCTH, KOTOpble BXOISIT He B KOPOHY, a B caMo
«TeJIO» TaJaKTHKH.

«CkppiTasi Macca», ecJu CylleCTBOBaHHe ee OyaeT A0KasaHo,
JNOJKHA 3aMeTHO MOBJIMATb HA HAUIW NpencTaBieHUsi 06 ycTpoiicTBe
MHupa, 06 HCTOpPHM ero pa3BWTHSI M NMPOTHO3aX Ha aaJjekoe Gyaylilee.

Bunumasi namu BceseHHasi, KaK yCTaHOBJIEHO, pacllupsieTcsi, HO
3TOMY pacLUUPEHHIO TMPENsiITCTBYIOT CHJIbl B3aAUMHOIO IIPUTSIXKEHHUS ee
«JleTaseli», rpaBUTalHOHHble CUIbl. [IpOTHBOAEHCTBHE TeM CuJbHee,
yeMm OoJiblile macca BcesneHHOH, ueM Bblllle CpelHsIsi MJOTHOCTh ee
BellecTBa. EcaM oOKaXercsi, 4YTO MJOTHOCTb mpeBbimaer 10 ~29—
10739 r/cM®— 3TO 3HaueHHe Ha3bIBAIOT KPHUTHUECKAM,— TO TPaBH-
TAIlMOHHbIE CHJIbl PAHO HJIM MO3JHO OCTAHOBAT paciuupeHue BceseH-
HOH, a 3aTeM 3acTaBAT ee cxKuMmaTbesl. M3BecTHas Ham macca Becee-
JIEHHOH [aeT CpeJHIO0 MAOTHOCTb 0KOJO 3 %/p OT KPUTHYECKOH, a 3Ha-
4YHUT, NepCrneKTHBYy 6e30CTAHOBOYHOTO paciuupeHusi. [1o HeKOTOpHIM
UMEIOLHUMCA B JIHTEpAType OLEHKAM <«CKPHITOH Macchl», OHa MOBHI-
HIaeT CPeNHIOI MJOTHOCTbL BelllecTBa Bo BceneHHolt go 20 %/, a mo
HUHBIM OLleHKaM, Aa)ke JeJsiaeT ee 6oJiblie KPUTHYECKOH.

Haure npeacraBneHue o nanekom npoujom BcesnenHo#, o ee mep-
BbIX IlIarax MaJoO 3aBHCHT OT TOro, Oyner oOHapyXeHa <«CKpbiTas
macca» Wau He OyneT: OCHOBHble MOJEJH MHpa BHauaJje BeAyT cebsi
0JUHAKOBO MpHu Jioboii Macce. Ho 3aTo oHa foJKHA CHJbHO BJIHATH
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Ha GoJsiee no3fHUe COOBLITHS, U NpeXAe BCero Ha XoA o6Gpas3oBaHHsi
ranakTuk. 11 KOHe4yHO Xe, OT TOro, eCTb «CKpHITasi Macca» WJH HeT,
a ecJqd ecTb, TO CKOJIbKO €e, CHJbHO 3aBHCHT BCe TO, UTO celuyac
HPOUCXOAUT Bo BceneHnHoii.

Bor, okasbiBaercs, ¢ KaKHMH NnpobGJeMaMH CBSI3aH MOHCK CKPHITOH
Maccei». Bo3pact u npoucxoxneHue ranaktuk... CTaGuaIbHOCTDb 3BE3 /-
HBIX cucTeM... Bynyuee BceneHHnoii, GecnpenenbHoe ee pacllHpeHHe
HJIH CXKaTHe, KOTopoe MpHAeT Ha CMeHy HabJlofaeMOMy B HallH JHH
pasberaHuio ranakTHK... HacKolbKo XKe OKOHYATEJbHBIMH MOXHO
CUMTATb HbIHEILHHe NaHHble O «CKpbliTOH Macce»? Hackosbko OHH n0-
cTtoBepHb? M1 MOXKHO JIH MOBLICHTH TOYHOCTb B3BelnuBaHus1 BceseH-
Ho#? C 3THUMH BOmpocaMH Mbl O6PaTUIHCh K NJOKTOPY PU3HKO-MaTeMa-
THYeCKHX HayK §1. . DfiHacTo.

— CHayaJna ckaxy o pa6oTrax, yxe BbINOJHeHHbIX. Ellle HeCcKoJIb-
KO JIeT Ha3al, aHaJu3UPYs CABHT CNEKTPaJbHbIX JHHHHA B ONTHYECKOM
M paluoiuana3soHe, Hallla rpynmna HcciaegoBajia CKOPOCTH IBHXKEHHS
BeTBell HEKOTOPBIX CHHPAJbHBIX TFajJakTHK. AHajlu3 3THX CKOpocTef
nokasag: B ABHXXEHHH HOJDKHB y4aCTBOBaTb Macchi, BO MHOTrO pa3s
GoJiblilHe TeX, KOTOpble MOTYT ObITh y BUAUMON uacTu ranaakrtuk. Cae-
LYIOIHM OGBEKTOM H3Y4YEHHS CTajJH O4YeHb paclpoCTpaHeHHble BO
BceseHHO# mapbl raJakTHK, Bpaljaoliliecss OTHOCHTENbHO HEKOTOPOTO
neHtpa. B nepBbiil nepuon 3To paGoThl Mbl TPOAHAJU3HPOBAJH OKOJIO
110 Takux map ¢ caMblMH Pa3HbIMH PACCTOSIHHSIMH MEXAY KOMIOHEH-
TaMmu napsl. AHanu3 cKopocTeil BpallleHHs1 MoKasaJ, uTo B TAKOM Bpa-
IIleHHH Y4acTBYIOT OTPOMHBbIE HEBHIHMBIE MAacChl, COCPENOTOYEHHbIE
B OueHb GoJbIiHX oO6beMaXx. C/I0BO «HEBUAHUMBIE» 31€Chb UCMOJb3YeT-
CSl yKe ¢ Y4eTOM IMOCJeHUX JOCTHXKeHUH doTorpaduueckoll TeXHUKH:
M0 HallWM pacyeTaM, «CKphiTasi Macca» HOJKHA ObITb 3HAYHTENbHO
6oJibllie, yeM MOrJH Obl cOfepKaTh rajakTHUecKHe c1abo cBeTsiLHecs
KOPOHBI, H 3aHHMaeT OHa 3HauHTeJbHO GoJbline o6bembl. [lo mpen-
BapUTeNbHBIM OLIEHKaM, «CKpbITasi Macca» B JBOHHBIX rajJakKTHKax
B 10 pa3 GoJblie BHAHUMOH.

MO0OXHO HaMeTHTb HeMaJlo KOHKpPeTHBIX paboT, KOTOpble MO3BOJIH-
Ju Gbl YyTOUHUTH MOJIHYI0 Maccy BceneHHo#i. B ux uucne u tmiaresn-
HOe H3yuyeHHe HaG/i0[aTe/bHbIX NAaHHbIX, YKe HMEIOLIUXCsl B MHPOBOH
JUTepaType, H Psiil HOBBIX CIEeLHaJbHHIX HaOJIONEeHHH C MOMOILBLIO
COBepLIEHHBIX YYBCTBHTEJbHBIX crieKTporpacdoB. B Hauieli cTpaHe Ta-
KHe HaOJI0eHHST MOXHO OblI0 Gbl MPOBOJUTH HA HECKOJBbKHX obcep-
BATOPHUSIX, B yacTHOCTH B Asima-Are, B Biopakane, B KpeiMy. Mbl ToXe
nJIaHUpyeM HabJilofaTesNbHble SKCIEPUMEHThI, HaJesich IJ1IaBHBIM 00pa-
30M Ha JJIMHHBlE 3HMHHE HOUH, KOI'Aa OGBIYHO XMypOe 3CTOHCKOe He6o
CcTaHOBHTCS npo3payHbiM. HoBhle uccienoBaHusi, U mpexjie Bcero
H3yueHHe JBHKEHHUS TrallakKTHK B GOJBLIHX CKOIJIEHHSIX, MOTYyT NaTb
OUeHb UHTEpeCHble pe3yJibTaThl. TakK, HallpuMep, eCTb OCHOBAHHUS Ly-
MaTb, 4TO B TAKHX CKOIMJIEHHUSIX KOJHYECTBO «CKPBITOH Macchi» B CPaB-
HEHUH C BUAMMOH 3HAUHMTENbHO GOJIbIle, YeM B JBOHHBIX TaJaKTHKaX.
C/I0KHBIX TaJJakTHUECKHX CKONJIEHHH OueHb MHOTO, H NIO3TOMY BIIOJIHE
MOXKeT ObiTh, YTO MJIOTHOCTb BceseHHOH BecbMa 6/HM3Ka K KpHTHUe-
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cko# wiu naxe GoJgbiie ee. Cyasi mo BceMy, yXKe cefiyac HeT OCHOBa-
HUH COMHEBAaTbCsi B CYUIECTBOBAHHH BO BcesieHHOH GOJ/bILIOH «CKpHI-
TOH MAacChi», XOUeTcsl BEpUTb, UTO BCKOpe ypacTtcs 6oJjee WIH MeHee
TOYHO H, KOHeYHO, 60Jjiee yBEPEHHO OTBETHTb Ha BONPOC CKOJIBKO?»

[Toxoxe, 4yTOo HacTynu/ao BpeMsi, KOria acTpo(H3HKH NepecTaloT
TOBOPHTb O «CKPBITOH Macce» B cocjlaraTeJbHOM HaKJOHeHHH, C MpPH-
MeHeHHeM yacTHUbl «6bi». He cpa3sy, a TouHee, He Bce cpa3y, HO
nepecraior. B 3Toft CBA3M yMecTHO, Kak 3To, KCTaTH, H Obl1o obe-
LLAaHO, BCIOMHHUTD ellle 06 OJHOH, TpeTbed TOUKE 3peHHsl Ha MocJen-
HUe paboThl 1Mo B3BelIHBaHHIO BeesenHoli. B nocratoyHo Bo/bHOM ne-
peckase 3Ta TOUKa 3peHHsl BLITJSAUT Tak: «OOHapyKeHHe «CKPBITOH
maccoi»? Ho, momuayiite, 3necb HeT HHKakKo# ceHcauuu!.. Ecau He
H3ob6peTaTbh NO BCSKOMY MOBOAY HOBYIO (M3HKY M He HPHAYMbIBATh
NaTOJOTHYECKUX MOJeJiel, TO NaBHO y>Ke HYXKHO OblJ1o MPH3HaTh, UTO
Macca BcesneHHo# 3HauuTeabHO GOJblIE, YEM 3TO KaXKeTCsl C MePBOro
B3rasga. ToT ¢dakr, yTto moJroe BpeMsl 3Ty Maccy He HaXOAHJH,
NPUBONUT JIHLIL K OLHOMY BBIBOLY: HYXKHO Jyulle HCKaTb. A ecJaH
«CKpbITasi Maccas» JeHCTBUTeNbHO OOHapyXHBaeTcs, TO 3TO BIOJHE
3aKOHOMEpPHO. ITO elle OJHO JOMOJHEHHE K OrpPOMHOMY CIHCKY
H3BECTHBIX yXKe IPHMEpPOB TOr0, KaK XopoliHe HaGJIONEHUS] PAaHO HJHU
NO3IHO MOATBEPXKOAIOT MPABUAbHYIO TEOPHIO».

Korpa sTa KHHra rotoBuJach K nmedaTH, NPHLILIO HHTepecHeflIee
cooOllleHHe: TPYNna COBETCKUX (PU3HKOB MOJydHJIa SKCIEPHUMEHTAaJb-
Hble JaHHble, TO3BOJISIIOLHE CYHTATDb, UTO Macca MOKOs 3J1eMeHTapHOH
YacTHIbl HEHTPUHO He paBHa HYJIO, KaK 3TO CYUHTANOCh paHblie. Hef-
TPHHO BO BceslleHHOH OueHb MHOTO — HX, B YaCTHOCTH, [OJI})KHO GHITb B
JecATKH pa3 OoJibllie, 4eM 3JeKTPOHOB. ¥ BmosiHe MOXKeT OKasaTbCs,
4TO HMEHHO HeHTPHHO CO3[al0T OTPOMHYIO CKPBITYIO Maccy BceseHHOM.



MatecoT ThicAY 6uT ¢ Bewepol

Cosemckui Kocmuyeckud annapam ,Benepa-9« omupoin Ho8yl0 cmpanuyy
8 uccaedoeanuu naarem COAHEUHOU CUCMEMbI, OCYUWECMBUE MEACBUIUOHHYIO
nepeda4y npamo ¢ noeepxHocmu BeHepsi.

Korna Mbl HasbiBaeM 3TH IKCINEPHUMEHTbl ()aHTACTHYECKHUMH, HEMNo-
CTHXXHMBIMH, TO 3JleCb CKOpee IpocTasi KOHcTaTauusi ¢dakra, 4yeMm
JutepatypHasi runep6osaa. BcriomHuTe: GoJsblllasi CpaBHHUTENbHO Ma-
IIHHA, Pa3MepOM C aBTOMOGHJb, ObICTPO yHa/sAsACh OT 3eMJH, YeTblpe
Mecsia JIeTHT B 6e3)KH3HEHHOM OKeaHe KOCMOCa, TOYHO MONajaeTr B
MABIBYULYIO N0 cBoell opOuTe Benepy. M ortyna no smHum cBs3u AaH-
Ho#i B 70 MJIH. KM FOHMT Ha 3eMJII0 pagHorpamMmbl U 3alidpoBaHHbIe
B 3JIeKTPHYECKHX CHT'HaJaXx KapTHHbI, KOTOpble Ha caMod MJjaHeTe
paccMmaTpuBaeT 6ecCTpacTHOe JeKTPOHHOE OKO...

[IpencraButh cebGe Bce 3TO TPYAHO, He XBaTaeT BOOOpaXKeHHs.
IIpupona ThicsiyeseTHsIMH cTporasna M waudoBaJsa Jyullee CBOe TBO-
peHHe — yejOBeKa, mpucnocabauBasi ero K pelleHHI0 COBCEM HHbIX
3apnad. [lecunHka Ha JafgoHH, KaMeHb pa3MepoM C KyJlak, Ha rOpH-
30HTe Jlec, IBa JHsl Nepexoja A0 OGauxaiillell pekH — BOT Te MaclUTa-
6bl, KOTOpble Mbl MOJYUHJIM B HACJAEACTBO OT CBOUX IPEAKOB, KOTO-
PBIMH NPHUBBIKJIH MbICIUTb. A TYT Ha Halll MO3r O6pPYILIMBAETCS ONHO 32
APYFHM: «..MHJIJTHAPJ CBETOBBIX JIET... 3aMIMCAHO B CTPYKTYype OeJka...
HaHOCeKyHJa... Msirkasi nocajka Ha BeHepy... JUHUS CBSI3H OAJIHHOH
70 MJIH. KM... KBQaHTOBbIi NepeXxoj...» — He ycClieBaellb OTAAaTb AaHb
BOCXHILIEHHUSI OLHOMY OTKDBITHIO WJIM CBEpLIEHHIO, KaK HYXKHO MpH-
BblKaTb K HOBBIM CJIOBOCOYETAHHSIM, M TPOCTO He XBaTaeT BpPeMeHH
OCMBICJHUTb HX, 3a0yMaTbCsl, NOHHTEPECOBATbCSl MNOAPOGHOCTSAMH.
A Benb GbiBaeT, YTO HECKOJbLKO MOAPOGHOCTEl Jiydllie BCEro APYroro
MOMOTalT HaM NPOPHCOBATb HOBbIH CJA0XKHBIA (parMeHT B KapTHHe
MHupa.

ABromarnueckast craHuusi «BeHepa-9», Gosbliasi cpaBHHTENbHO
MamnHa (macca 4936 kr), GbICTPO yaaJasieTcsi oT 3eMaH (HauyajbHasi
CKOpOCTb ynaneHusi 11 KM/ c; ABHrasicb ¢ Takoil CKOpocThbio, W3 Mock-
Bbl B JleHnHrpan moxxHo gob6patbcst 3a | MHH W 3a 3 mMuH B Taw-
KeHT). [lo storo 6blg KOCMOIpPOM, OrpoMHasi pakera, GeCKOHedHble
HPOBEPKH H HCHbITAHHS, TOPXKECTBEHHOCTb ¥ HANpPSI)KEHHOCTb CTapTa,
HECKOJIbKO MHHYT aKTHBHOIO [oJleTa, 3aBepIUHBILIErocsi BbIBOJOM
CTaHIHMH Ha OGNH3KYIO OKOJO3eMHYI opbuty. M yxe c 5T0H opOHTb
nocJie ele 0JHOTO KOMIJIEKCA NPOBEPOK, T areJbHOr0 NPHILeJHBaHHUSA
H TOYHOro BblOpa MOMEHTa — OKOHYaTeJbHbId pasroH mnocJjegHeH
CTyneHH, pewatouinii Beictpes. Ho He B BeHepy, a coBcem B npyryto
CTOPOHY.

[Touemy?

CylecTByeT MHOTO pas3HbIX MAapLIPYTOB, MO KOTOPbIM KOCMHUYe-
CKMif anmapaT MoxeT nonactb ¢ 3eMmau Ha Benepy (puc. 1-—3 Ha
L1BeTHOH BKJefike, npuMbiKaoulei k ¢. 113). EcrecTBeHHell Bcero, Ka-
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3ajsoch Obl, IPOCTO ynacTb Ha MaaHery (puc. 1). Jus 3Toro Hy»xHO
HeATpaju30BaTb CKOPOCTb V3, KOTOPyIO ammapaT HMeeT, JBHrasich
BMecTe ¢ 3em/ell (op6uTanbHas ckopocTh 3emuan — 29,76 km/c), u
OJlHOBPEMEHHO COOGIUUTh eMy cKopocTb V(B HampaBiaenud Ha Conn-
ne. Torpa anmapart, npeonoJieB 3eMHOe TMpPUTSIXKeHHe M najnasi Ha
CouiHle, BerpeTuTcsi ¢ BeHnepoit B Mecre, rae ee opbura nepeceka-
eTcsl C MPSIMOJUHEHHOH (a MOTOMYy KpaTyailiell) TpaekTopuel ammna-
pata. B sTOM BapuaHTe BpeMsi mepejieTa MOXKeET COCTaBJSITb BCEro
25 cyT, npoTskKeHHOCTh Mapiupyra — 42 maH. kM. OgHaKo Xe y Ta-
KOro KpaTuailllero MaplipyTa ecTb CBOM HENOCTaTKH, H MO KpakHeH
Mepe C OJHHM H3 HUX TPYIHO He CUMTATbCSi — anmnapaTry Heo6XOAHMO
COOGIIHTb HAauadbHYIO cKopocTb 31,8 KM/ c, a TakHe CKOPOCTH paker-
HOH TeXHHKe MOoKa HeLOCTYIHbI.

M3 Bcex c/0B, KakMMH MOJb3YIOTCS CHELHATHCTbI MPH 06CYyXKae-
HHH BapHAHTOB KOCMHYECKOrO 3KCIIeDHMEHTa, CcaMoe BecoMoe —
mMacca. 3a Maccy [M0JIe3HOTO TIpy3a IMPHUXOAHUTCH MJATHTb Maccoi
CTapTOBOH paKeTbl, MPH 3TOM lieHa 32 KMJOTPAMM 3aBHCHT U OT Bhl-
6opa KOCMHUYECKOH Tpacchl: ecJd BbIOpaTh Tpaccy, Ha KOTOpylO pa-
KeTa BbIXOAHUT C GOJbUINM pacXxoJoM TONJIHBA, TO Ha [OJI0 anmapara
NocTaHeTcsl MaJgasi foJsi obueid Macchl, ero NpHeTcsl NeJaTb He-
GONIbIIUM U JIeTKHUM. A ecsin BbI6paTh S5KOHOMHUYHYIO TPAcCy H TOIMJIUBA
NMOoHafO0UTCSI HEMHOTO, TO CIKOHOMJIEHHYIO Maccy MOXHO OyneT mepe-
naTtb B (oHA anmnapara.

[Ipn 3anycke Ha BeHepy maccy, BbIBEIeHHYIO Ha OKOJIO3€MHYIO
opOUTY, NMPHXOIUTCS NEJHUTb MeXIy CaMHM MeXXIJaHeTHbIM anmnapa-
TOM U MOCJEeIHEH CTYNEHbIO PaKeThbl, KOTOPas C OKOJO3eMHOH OpOHTH
OKOHYaTeJbHO pasronsieT annapart. Camblil BBITOJHbIH BAPUAHT TAKOTO
NocJeHero BBICTpPeaa, T. €. BapHaHT € MHHHUMAaJbHbBIM pacXonoM
TOM/IMBA, a 3HA4YUT, C MAKCHUMAJbHOH MOJEe3HOH Maccod, BBIFJISIUT
Tak: pasroHsisi annapar, ero HamnpasJ/siOT C TAaKHM pacyeToM, 4YToObl
OH He CIellla JieTeJs MO CJOXHOH KpUBOH, npubauxasich K opbure Be-
Hepbl (puc. 2), a njaHera TeM BpeMeHeM cama MOAXOLHMT K MecCTy
Bcrpeud. OcHOBHble jgaHHble mnoJeta: AJauHa 1yTH — 600 MJaH. KM,
BpeMsi moJera — 6 MecsineB. Ha npakTHKe TakiHM 3KOHOMHYHbBIM Ba-
PHaAHTOM HHKOT[Ja He I0JIb30BaJHCh — M0JeT TSHEeTCs O4YeHb [OJITO.
A u3-3a 3TOro 3aTpylHsIeTCsi TOUHOe MoMafaHHe B lleJib, BO3pacTaeT
BEPOSITHOCTh BCSIKHX NOPOXKHBIX HENPHSITHOCTEH, CKaXKeM, BCTPEUH C
MHKPOMETEOPUTAMU HJIU TOBPEXAEHHS JEeKTPOHHBIX MPHOOPOB Cay-
YalHBIMH BCIBIIIKAMH KOCMHYecKoro H3Jaydenusi. Kpome toro, B mo-
MEeHT mnocalkH anmnapata Ha BeHepy oHa 6yneT Ha pacCTOSIHHH
90 MaH. KM oT 3eMJiH, a C POCTOM PacCTOSIHMSI BCe Tpy[Hee CO37a-
BaTb HAJeXHYIO JHHHUIO pPaJHOCBSA3H.

Ckpynyje3Hoe B3BeLIHBaHHE BCeX «3a» H «IPOTHB» MPHBOILUT
K HEKOTOpPbIM KOMIIDOMHCCHBIM BapHaHTaM noseta (puc. 3), KOToO-
pble, npaBaa, GJHKe K MocaeqHeMYy, CAMOMY BbIFOJHOMY, YeM K Nep-
BOMY, caMOMYy KopoTkoMy. OCHOBHble aHHble TPOMEXYTOUHbIX Maplll-
PYTOB: BpeMsl 1o0JieTa — OKoJIo 4 MecsileB, [POTSXKEHHOCTb NMPHMep-
HO 360 MJH. KM, paccTosiHHe 3eMJisi — BeHepa B MOMEHT MOCaIKH
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okono 70 maH. kM. Ilo Takum mapuipyram seranu K BeHepe Bce
COBETCKHE MeXIJaHeTHble CTaHUHH, B TOM uHcjae U «Benepa-9»,
u «Benepa-10», BnepBble mnepenaBuive Ha 3eMJal0 H306paKeHHE
MOBEPXHOCTH MJIAHETHI.

Joarue mecsiubl nepesera IJsi aBTOMaTHYeCKOH CTaHLMH — 3TO
BOBCe He 3HMMHAA cnsuka. CTaHUHA XHBeT, paboTalOT MHOTHe ee
chcTeMbl. B yacTHocTH, MO CHrHaslaM JaTYHKOB TEMIEpPaTyphbl BKJIO-
4aloTCA H BBIKJIIOYAKTCA GOPTOBble BEHTHJSITOPH O6GAYyBa, OTKpbIBa-
IOTCA M 3aKpbIBAIOTCS 3aCJOHKH BO3LyXOBOJLOB CHCTEMBl TepMope-
TyJMpOBaHusd, NMojnep:xkuBasi Temmnepartypy okosao 20°C. OmuH wus
HenpepbiBHO BKJ/IOUEHHBbIX [EXYPHBIX NPHEMHHKOB TOTOB B JIOOYIO
MHHYTY NPHHSITb CHTHajbl ¢ 3eMJH, pacuiidpoBaTh UX, MepenaTh Ha
KOMaHIHbIA NMYHKT CTaHLHH, B GJIOK ynpaBJjeHusi. B 6JoK namsaTu
3anHCbIBAIOTCSl IMOKa3aHHSI MHOTOYHCJEHHBIX HayuyHbIX TNpUGOPOB,
JNaHHble OT CHCTeMbl acTPOHABHTALUH, CBEJEHHS] O TOM, 4YTO IMPOHC-
XOAMT Ha camoii craHuuH. Bo BpeMss oyepenHOro ceaHca CBSI3H BCS
3Ta HHopMaUHs MoxXeT ObiThb mepefaHa Ha 3emuio. B HyXxHBIH
MOMEHT 110 COGCTBEHHOH NMpOorpaMme MJIH MO KOMaHAaMm ¢ 3eMJH HayH-
HaeT [eHCTBOBaTb B OJHOM H3 CBOHMX peXHMOB CHCTeMa OpHEHTa-
uuu. BemarpuBasice nmpu6opaMH acTPOHaBHTAUMH B CBeT HeGeCHBIX
MasikoB, CTaHLHSI ONpefessieT CBOe MeCTO B 3Be3[JHOM MHpe, MOJIO-
XKeHue B npoctpaHcTBe. C IOBelMPHOH TOYHOCTbIO HPOM3BOLHTCS
KOPpeKLHUs1 OPOHTbl — CTAHUHS KPeNnKo [epKHT HEeBUIUMYIO Tpomy,
Benyulyio K BeHepe.

Euwe Buepa Takue C/10Ba, KaK «acCTPOHAaBHTrallMsi», «OPHEHTAIHUs
B KOCMOCEe», <KKOPPEKUHUsI OpOUTbI», 3ara0o4HO MNPOU3HOCUJIH JIUIIb Ca-
Mble 06pa3oBaHHble repou (aHTacTH4ecKHX poMaHoB. CerofHsl OHH
B CJOBapsiXx, pPacCUHTAHHBIX Ha IIKOJbHHKA: HYXXHO 0653aTeJbHO
UMeTb npejcras/jeHHe 060 BceM 3TOM, 4TOObl MOYYBCTBOBATb, KakKasi
rUraHTckasi pa6oTa CTOMT 32 3THM HPHBBIYHbIM Tenepb TEPMHHOM
«KOCMHYECKHH NOJIeT>.

Bor HekoTOpble THNMHYHBIE PEeXKHMBbl MeXIJAHETHOH CTaHUHH Ha
tpacce nepesera. OcuoBHoi pexuM [1CO — mocTosiHHOH coJIHEY-
HOH opHeHTaUuH (pHc. 8), pexXHM, IPH KOTOPOM COJIHEeUYHble 6aTapeu
HanpaBseHbl Ha CoJiHLle, CTAaHUUs KOPMHUTCSl ero GecrjiaTHOH 3Hep-
riedl ¥ TMOMOJIHSIET CBOM SHepreTHYecKHe 3amachl, Noa3apsi’Kaer
akkymyJsitopbl. 3a coGaionenueM pexuma [1CO cnenut natunk CoJH-
11a, ero MOXHO NpeNCcTaBUTb cefe Kak cHcTeMy (OTO3JE€MeHTOB C
06beKTHBOM (puc. 4, 5 uBeTHOH BKJeHKH), 3Takuil MHOrorsasblii
toroskcnoHomeTp. [1pu npaBUILHON OpHEHTALlUH COIHEYHBIX 6aTape#
3TOT faT4uK HampaBjaeH TouHo Ha CoJiHue, Bce ero (OTO31eMeHTHl
OJMHAKOBO XOPOILO BUASIT COJIHEYHbIH NHCK H NAIOT OJHHAKOBBHIH TOK.
Ho crout ToabKo craHuuu uyTh oTBepHYyThcs oT CoJiHLA, KaK paBeH-
CTBO TOKOB Hapyiuaercs. M TyT e B 3J1eKTPOHHOM 6JI0Ke yrpaBJjeHHus,
Ky[da CXOISITCS1 TOKH OT BceX (OTO3JeMeHTOB, 6yneT BbipaboTaH CHT-
HaJl MONpaBKH. A OH BKJIOYHT HYXKHbl€ XOJIOJHbIE PEAKTHBHbIE MHKDO-
ABHrartejqu (MX OCHOBa — HeGoJbLIOH OaJJIOH €O CXKaThiM Ta3oMm),
U OHU BEPHYT CTAHIHUIO HAa MeCTO.
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[To mepe Toro kak craHuusi yxomut ot 3emid, pexum [1CO
(opHeHTaLHsT TONBKO B OJHOH MJOCKOCTH, IO ONHOH OCH) mepecTaer
yCTpaWBaTh PaJHCTOB, UM YyXe HYXKHO, 4TOObl MepefaTudKd CTAHLHHU
MOIVIM MOJNEPXKHUBATh CBs3b C 3eMJell 4epe3 oCTpPOHANpPaBJIEHHYIO
aHTeHHy. JTa aHTeHHa He pa36a3apuBaeT pPagHOBOJHbI MO BCEMY
CBeTy, OHA H3JlyyaeT UX Y3KHM Ny4KOM, HANOMHHAIOUIUM JYy4 MPo-
’)KekTopa. A 3a 3TUM CTOHMT 3 GeKTHBHOEe HCMOJb30BaHHE MOUIHOCTH
60pTOBOro mnepenaTydka Ha OOJbIIHX PAaCCTOSIHUAX OT 3eMJH H,
3HaYUT, BO3MOXKHOCTb YMEHBLIHTh MacCy CaMoOro IepenaTuHKa,
CHCTEMbI €ro MUTAHHS.

YTo6bl pagHoyd OCTPOHANpaBJEHHOH AHTEHHBl MOMaJ TOYHO B
3emiio, cTaHUMsl MO KOMaHAe ¢ 3eMJu mepexoiuT u3 pexkuma [1CO
B pexuMm [IC30 — nocTosiHHOH CO/IHEUHO-3Be3[HOH OpHEHTALHUHU.
CosiHeuHble GaTapeH Ho-npeXxHemy HauesaeHbl Ha CoJiHIE, HO B IJIO-
CKOCTH 3THX OaTapeil CTaHUHUSI 3aHUMAaeT YXe He MPOHU3BOJIbHOE, a
CTpPOro ompejejeHHOe mojoxeHue. Ero nmonnep»xuBaeT BTOpPOH onrtu-
YeCKHH NaTYHK — JATYHUK 3Be3[bl, KOTOPbIH «IEPXKHUT» CBOIO, pasy-
MeeTcsl, 3apaHee Ha3HAuYeHHYI0 eMy 3Be310YKY, MOLOGHO TOMYy Kak
COJIHeYHbIH HaTuuK «aepKuT» auck Cosnna. ¥ pexuma [IC30 ectb
OlHA TOHKOCTb — CTaHUUsI U 3eMJsl HeNnpepbiBHO ABHUXXYTCH OTHOCH-
TesabHo CoJIHIIA, H NMPU ITOM MEHSIIOTCH YIJbl MeX1y HanpaBJeHUSIMH
Ha 3emiio, Ha CoJsHue u Ha 3Be3ny. [lpuxomurcs nmo xomy mnoJerta
NOANpPABJASTh «TOYKY 3pEHHSI» [JaTYUKOB C TAKHM pacueToM, 4YTOOHI
OCTpOHampaBJileHHasl aHTeHHa BO BCeX CJIydasiX CMOTpeJa TOYHO Ha
3emaio.

Ho BoT Hactymaer momeHT, Koraa npepbiBaercsi pexkum [1C30 u
MPOH3BOJHTCS] ONHA H3 CAMBIX OTBETCTBEHHBIX M CJOXHBIX olepa-
U — KoppeKUuUsi op6UThl. YKe TOYHO H3MEpPEHH KOOPAMHATBI CTaH-
IHH H ee CKOPOCTb, TOYHO BBIYHCJEHO, B KAKYIO CTOPOHY U Ha CKOJBKO
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HYKHO TNOATOJKHYTb CTAHLMIO, YTOOGbl OHAa He CXOAWJa C TpPOMHIL.
3a gesno Gepercsl CJOXKHbLIH KOMIIJIEKC aBTOMAaTHKH, B KOTODOM HeBH-
JHUMble HUTH PafiHOJyyell CBSI3BIBAIOT B OLHO leji0e GOPTOBYIO annapa-
TYpY 4 HazemHylo. CTaHIHIO pa3BOPAYHBAIOT B PACUETHOE MOJIOXKEHHE,
Ha pacyeTHoe BpeMsl BKJIOYAIOT MOILUHbIH pEaKTHBHbIH [IBHrartesb
H, KOHTDOJMPYsSl TNpHpallleHHe CKOPOCTH, TOYHO OTMepSIIOT pacuer-
HYI0 103y YCKOpeHHsi. A Korja KOppeKLHsi 3aKOH4YeHa, ocobasi
CHCTemMa, KOTopasi 3allOMHMJIA, B KaKOM I[0JIOXKE€HHH CTAaHLHUs HAaxo-
QHaach 10 pasBopoTa, Bo3BpauiaeT ee B pexxum [1C30.

K 3THM KpaiiHe ynpolileHHbIM OMHCAHHUSIM CTOMT, HaBepHoe, noba-
BUTb, YTO B CHCTeMaX OPHEHTAIHH, HABHUI'allUM H KOPPEKUHH UYeTKO
B3aHMOJeHCTBYIOT MHOTHe NPHOGODPBI, 3JeMeHTHI, GJOKH, 4TO MpOCTas
Ha nMepBbIH B3IJIS] ONepalHs, CKaxKeM, Nepexo] ¢ MaJoHanpaBJeHHOH
aHTeHHbl Ha OCTPOHANpPAaBJEHHYIO, BO3BpallleHHe CTAHIUH B PEeXUM
IIC30 uau ceadc cBsIsH ¢ 3eMJeldl,— 3TO JJHHHAfA LENO4YKa <«BKJIO-
YUJIACb», «BBIKJIIOUHJIACH», «NPHHATO», «CpaboTajo», IPOBEPEHO»,
KaXXJi0e H3 KOTOPbIX [OJXKHO BBIMOJHSTHCH Y€TKO, CBOEBPEMEHHO,
HanexHo. M eme: 3a Bpems nosera craHuuiét «BeHepa-9» u «Bene-
pa—10» ¢ HuMMH ObLIO NpoBefeHO GoJiee CTa CeaHCOB CBsI3H, Ha
KaXJIOH CTaHUMHM MNpOLJIH J[Be KOPPEeKUHH M B 3aNaHHBIH CpOK
CTaHUUH NpuUObLIIM B 3aJaHHbld palloH — B pailoH Benepol. O no-
CleJHUX 3Tanax InoJera MeKIUIaHeTHbIX craHuui Kk BeHepe u ux
nocajke Ha IJIaHETY paccKasbiBaeT JOKTOpP TeXHHYECKHX Hayk
B. E. HweBckuii:

— Ecan moxHo, Banentnn EBrpacdoBuuy, pacckaxkute, noxasayi-
CTa, O TOM, M3 Yero CKJaIblBaJoChb 3TO BOJIHYyOllee COObITHE — NPH-
6biTHe cTaHUMH Ha BeHepy...

— 31ecb, noxanyi, nenast ienoyka BOJHYIOUIHX COOBITHH, pacTs-
HYTbIX BO BpeMeHH Ha HeCKoJbKo IHeii. Hauanom, HaBepHOe, MOXHO
CYUTATb NMPHIVIAHETHYIO KOPPEKIHIO CO BCEMH ee CJOXHbIMH M OTBeT-
CTBEHHBIMU CJIaraeMbIMH: TOYHbIM OlpejeseHHeM HeOOXOIUMOrO HM-
nyJbca, pa3BOPOTOM CTaHUWH, ee cTabUJIU3aLHel, BKIAIOYEHHEM [BH-
rartejisi, NpoBepKOH H3MEHEHHs] BeKTOpa CKOPOCTH, BO3BpallleHHeM
craHuud B pexum [IC30. 3arem ciaenyer pasieseHHe CTaHUMH Ha
IBe CaMOCTOsITeJIbHbie YacTH: cnyckaeMmblii annapat CA u opburajb-
Heifi anmapat OA (puc. 6 uBerHoit Bkijeliku). [Ipoucxomut orcrpen
CA, o orxoaut ot OA, 1 Kakoe-To BpeMsi 0o6a arnapara JeTAT psiioM
Mo Tak HasbiBaeMoil monapaloulei Tpaekropuu. OHa BeleT K MOBEpX-
HOCTH TJIaHETHI.

Cnyckaemblil anmapar CA Tak W ocTaeTcsi Ha 3TOH TPAeKTOPHH,
a Ha op6utasbHom annaparte OA B ompefesneHHbIi MOMEHT OCHOBHOH
JIBHraTesb OCyllecTBJAsieT MaHeBp yBoaa — OA yXOoJHUT Ha MpoOJIETHYIO
TPaeKTOpHIO, T. €. TaKylo, KOTopasi WIeT MHMO MJaHeTbl. 3aTeM Ha
paccrosinuu 1500 KM OT MuIaHeThl ellle OJHO BKJIOYEHHEe IBHrares,
pasyMeercsi, Nocje pasBopoTa M TOYHOH OpPHEHTALMH B NMPOCTPAHCT-
Be, u OA, onpaBipiBasi CBoe Ha3BaHHe, MEPEXOAHT HA BBITSIHY-
Tyl0 3aauntuyeckyio op6utry HCB — HCKycCTBEHHOro CHyTHHKA
Benepsi.
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A Tem BpemeHeM crycKaeMbiii ammapar, NpoJoJ2Kasi nagaTb Ha
nJaHeTy, BXOAUT B BEPXHHE CJOH aTMocdepbl, HAYUHAETCS CAO0XKHbI
IHKA cnycka W mnocaakd. B armocdepy muanHetrst CA BXOZHT co
CKODOCTBIO 0K0J10 11 KM/C, B NMPHBBIUHBIX, XKUTEHCKHX €IHHHIIAX 3TO
nmoutn 40000 km/4. M3-3a Tako# BBICOKOH CKOPOCTH H elle H3-3a
BBICOKOH NJIOTHOCTH aTMmocdepbl Ha CNyCKaeMbli amnapar cpasy Xe
OOpYLIMBAIOTCS OrPOMHble MeXaHH4YeCKHe U TeMNJoBble HarpyskH...

— Kakue uudppl cToAT 3a 3TUM CJIOBOM <«OTPOMHbBIEY?

— Ilnasma, okpyxxaiomas annapaT BO BpeMsi €ro JBHXKEHHS B
BepXHHX cJ0sX aTmocdepbl, umeeT Temnepatypy 10000 °C... MexaHu-
yecKasl Harpyska Ha Jo6oByio uyactb CA mnpeBbiliaeT «3eMHOH» Bec
eCSITKa KeJe3HONOPOXKHbIX BaroHoB. Eule onHa uudpa: 3a cuer
€CTeCTBEHHOTO TOPMOXKeHHst B artmocdepe ckopoctb CA [n0BoJbHO
6bicTpo cHUXKaercst noutH B 50 pas... M korma ona pocruraer npu-
mepHo 900 kMm/u, GopTOBasi aBTOMaTHKa HAauHHAET BTOPOil 3Tam TOP-
MOXKEeHHs] — C TOMOIIbIO MAapaLIIOTHbIX CHCTEM.

— Bce 3TH orpoMHble HarpysKH, O4eBHAHO, CTABSAT HEMAJIO CJIOXK-
HBIX 3ajay nepel KOHCTPYKTOpPaMH.

— Koneuno... Ho sro naneko He Bce cnoxHble 3anaud. [lepsble
neperpy3kd KpaTKOBPEMeHHbl, OHH IJISITCS CEKYyHIbl. A HYXHO elile,
4yTOOBl annapar AOBOJbLHO JOJT0O U HaldeXHO paboTaJ Ha MOBEPXHOCTH
Benepbl, rne atmoctheproe nasaenue okoso 90 atm (9 MIla), moutu
KaK Ha KHJOMeTpOBO# rnybuHe B okeaHe. Takoe naBjieHHe NPOIABUT
KpBIly JIETKOBOTO aBTOMOGHJISI, €CJH [a)Ke chenaTh ee H3 JHCTa
CTajd TOJIIMHOH B HECKOJbKO CAaHTUMETPOB. A Temneparypa Ha
NnoBepXHOCTH muaHeThl okoJjo 500 °C, mpu Takoiél TeMmepaType aJjio-
MUHHUH CTQHOBUTCSI MSTKHM, KakK BOCK, M, KOHEUHO »XKe, MMJaBSTCS
CBHHEIlL U OJIOBO.

Jlast cjoxkHOH OGOpPTOBOH anmnapatypbl 3TO HeTepnuMmasi xapa.
(3arssiHUTe B PaAMOTEXHUYECKHI CNPAaBOUYHHK — [aKe KPEeMHHEeBble
MOJIYIPOBOZHHUKOBbie MPHOOPLI, KOTOPbIE CJBIBYT UYEMIHOHAMH TO
TepMOCTOHKOCTH, Gosbuie 150 °C TeprieTh He MOryT, fa 4 TO B 06J1aCTH
BBICOKHX TeMmIiepaTyp HX NMapaMeTpbl CHJABHO yXyaluiaoTrcs.) Bor no-
yemy Ha CA 3agoJsro no nocaiku HaupHaercst 6opb6a 3a TO, 4TOGH
3aMe[JIMTh HarpeBaHdHe OGOpPTOBOH amnmapaTypbl, OTOJBHHYTb, €CJH
MOXKHO TaK CKa3aTb, €e TelJOBYIO CMepTh.

Eule Bo Bpems mosera B kocMoce CA cusbHO 0XJlaX[aioT, CO3/a-
I0T MHHYCOBYI0O TeMmepatypy B npubopHom oTtceke. Ha camo#i mo-
BepXHOCTH NjaHetbl BHyTpu CA HauyMHAIOT AeHCTBOBATb BEHTHJISITO-
pHl, KOTOpble BMECTe CO CHellHaJbHbIMH TEMJIONOMJIOTHTEISIMH AesaloT
BCe BO3MOXKHOe, YTOObl OTBETCTBEHHbIC y3Jbl alnapaTypbl Harpena-
JUCb B CaMyl0 MOCJeJHIOI0 odepelb. BHellHsIst U BHYTpPeHHSS] TeMJoO-
H30JIsI11sI, KOHEYHO, TOXKe HrpaerT He mocJjefHiol posab. M Bce sto
TOJBKO OfHA CTOPOHA Jeja, ofHa rpynna 3apnad. HyxHo emle akky-
paTHO 3aTOPMO3UTb CIyCKaeMblil anmnapar, MArko nocaiuThb ero, obec-
MeyuTh YCTOHYMBOCTb Ja)e B ToM cayuae, ecad CA csiieT Ha CKJIOH
ropsi... CIIHCOK 3TOT MOXKHO MPOJOJKHTb, HO, AyMaio, Ba)KHee CKa-
3aTb APYyroe: Bce KOHCTPYKTOPCKHE 3a1a4H — TOJbKO 4acTb 6OJbLIO-
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ro KoMmJjekca NpoGJeM, pelleHHbIX CHellHaJHCTaMH MO JBHTaTeJsiM,
aCTpPOHaBHTallMH, OPHEHTALHH, KOPPEKTHPOBAHUIO OPOUT, AHHAMHKE
nosetra, pajavoCcBsi3y, GaJlIMCTHKe, OOPTOBOH aBTOMAaTHKe, MO Hayd-
HbIM HCCJEIOBAHHSAM, PafgH KOTOPbIX H OCYLIECTBJSIETCS SKCIEPUMEHT.

IIpn kKaXnoM ycnexe KOCMHYECKHX aBTOMATOB Mbl BCIOMHHAeM
TJ1aBHOI'O KOHCTPYKTOpa, uJieHa-KoppeclnoHneHTa AKajeMHH HaykK
[eoprust HukonaeBuya Ba6akuna, 'eposi Counanucruueckoro Tpyna,
naypeata JlenuHckoi mnpemuu. OH BO3IJIaBJsiI KOHCTPYKTOPCKOE
610po, rae ObLIH CO3JaHBl MHOTHE KOCMHYECKHE aBTOMAaThl, B TOM
4yHcJe M Te, yTo HcciaenoBatu Benepy. OH Bo3rsiaBisii 3TO KOHCTPYK-
TOpPCKOe GIOpPO H 3a/0XKHJ OCHOBH, COPMHPOBAJ CTHJb, TEXHHUe-
CKYIO NOJIMTHKY, HJEO0JIOTHIO — CJIOBOM BC€, YTO B HTOre [aJjio Ipe-
KpacHble DPe3yJbTaTbl B HCCJAENOBAHHH KOCMOCAa C NMOMOLIbIO aBTO-
MaToB.

B uccnenoBanusix BeHepbl mpoiigeH GoJblIOH NMyTh, HadaJo KO-
TopoMy Gbl10 nosoxeHo eme Cepreem IlaBiaoBuuem KoposeBbim,—
nepsoe mnonajnaHde B mJaHery («Benepa-3», 1966), nepsbiii napa-
IIIOTHBIH CIYyCK M HeNoCpeJCTBEHHble H3MepeHHsT B aTmocdepe
(«Benepa-4», 1967), cnyck u usmepeHust go BeicoThl 20 KM oT
noBepxHoctH («BeHnepa-5», «Benepa-6», 1969), nepBasi nmepenaua
Hay4yHo# MH(oOpMauuu ¢ MOBepPXHOCTH MiaaHeTh («BeHepa-7», 1970),
nepegaua ¢ IHeBHOM, T. e. obpaieHHoit K CoJHIY, CTOPOHBI MJIaHETbI
(«Benepa-8», 1972). V1 nakoHel, co3maHHble C YyYeTOM BCEro Ipe-
Iblnyllero omnbita craHuud «BeHepa-9» u «Benepa-10», kKoropble
MHOTHM OTJIHYAIOTCS OT CBOUX MpEeIIIECTBEHHHI, B YACTHOCTH TEXHO-
Jorueit cmycka B aTMocdepe MJaHeTHI...

— PacckaspiBast o npubeitun «Benepri-9» Ha Benepy, B nopgo-
LIJIH K TOMYy MOMEHTY, KOTla AOJKHbl BCTYNHTb B CTPO# napaulioTHbIe
CHCTEMHI...

— [lapamioToB Ha cTaHUMH HecKoJabKo. IlepBbiM mnosiBasieTcsi
He6Oo/bLIOH BCIOMOraTeJbHBIH MapaulloT — MOcJe OTCTpesa BepXHel
KpBILIKH Temno3auiuTHoi oGosouku (TO) oH yBomuT ee oT anmapara
(puc. 7 uBerHo# BkJei#iku). [lo3xke 6yner npousBeneH OTCTPEN HHXK-
Hell KpBILIKH 3TOH OGOJIOYKH..

— MHorye uxTaTeNH, HaBepHOe, 3aXOTAAT Yy3HaTb, 4YTO TakKoe
«OTCTpEJI»...

— JTO TOT CYACT/IUBBHIN cayuyail, KOT1a TepMHH He TpeOyeT mnepe-
BOJa H TOYHO OTpaxaeTr cyTb fena. i Toro 4tobbl OTAEJIHTb H
OTTOJIKHYTb OJHY YacTb anmnapara oT APYro#, KakK MpaBH/IO, HCIOJb-
3yeTcsi MHPOTEXHHYECKHH 3apsi — COKpallleHHO MHpo3apsii, 3TO MO-
JKeT ObITb HeGOJbIIOH IHUJIHHAP C HEKOTOPHIM NMofo6GHeM MOPOXOBOTO
3apsiia, ¢ nopuiHeM M ToJqkaTesneM. [lo cooTBeTcTBylollleli KOMaHIe
3JIEKTPUYECKHH HMIYJIbC 3aXKUTaeT 3apsii, CO3LAeTCs OUYeHb BLICOKOE
JlaBleHUe, CUJa [AaBJE€HHs] BbITAJKHBAaeT MOplIeHb, H OH MPOHU3BOJAHT
HeoGxomumyio paGory. Hanpumep, orneasier CA ot OA, orbpachiBaer
KpHIIKY Tenjo3aiuutel. Keratu, Ha BeicoTe 0Kos0 50 KM OoTCTpesuBa-
eTcsl OCHOBHOH mnapaiior U ckopocTb cnycka CA HauyuHaeT Hapa-
CTaTh...
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— A 1aa dero 3TO Hgesaercs?

— W3 napawioroB camoro CA nepBbIM pacKpblBaeTcsi TOPMO3-
HOH, OH CHHMXaeT CKOpoCTb cmycka g0 50 m/c, T e mo 180 km/u.
HauuHaer paGoratb G0pPTOBOH NepefaTyHkK, U C Tpacchl CHycka HJeT
HayyHasi uHpopmanusi HAa op6uTanbHeiil annapat (OA). A ¢ Hero —
npsimo Ha 3emyio. YHepe3 Kakoe-TO BpeMsl pacKpbiBaeTcsl OCHOBHOH
TPeXKynosbHbiH napawior o6ueil naowansio 180 m?2 CA coscem
yXKe Me[JEeHHO MPOXOAHUT ONHH H3 CaMbIX MHTEPECHBIX Y4acCTKOB IO-
Jera — cjoil obsakoB Ilocne aToro MensieHHbIH CrycK He NMpencTaB-
JasieT 0co60ro WHTepeca IS YUeHbIX, a JHIIHee BpeMs JeTeTb B XKap-
Koil atmocdepe — T0 3HAUHT NOAHATH TeMmnepatypy OA u rtem ca-
MBIM COKPaTHTb BO3MOXKHOe BpeMsl ero paboThl Ha MOBEPXHOCTH TMJa-
HeTel. Bor nmoueMy ocHoBHO# napaumiot orcTpenuBaer u CA HayuHaer
ONyCKaTbCsl 3HAYUTEJNbHO ObICTpPee, NPHTOPMAXKHBAsiCb TOJbKO 3a
cyeT 0COGOro KEeCTKOTO 30HTHKA, KaK MPHUHSITO TFOBOPHTb, 3a CYeT
aspoiMHaMU4YecKoro topMmoxKeHusi Becb pexum cnycka CA umeer
ellle OJHY BaXXHYI0 O0COOGEHHOCTb — OH JOJKeH ObITb CUHXPOHU3UPO-
BaH ¢ noseroM OA. Bo Bpewmsi nocagku CA opGura/ibHbIi peTpaHCIsi-
TOp, ycTaHoBJeHHbIH Ha OA, Ho/KeH HaxOQUTbCS HA TAKOM y4acTkKe
cBOelt OpOGHUTHl, C KOTOPOro MOXKHO NepeGpOCHUTb HaleXHblil panuo-
moct ot CA Ha 3emJio. Kak U3BeCTHO, HMEHHO TAKMM 4YETKHM B3aHUMO-
neiictBueM CA u OA 3aBepiiunuch noJsetrsl «BeHnepoi-9» u «Bene-
pbi-10», u oHM nepemanu Ha 3eMJIO OTPOMHOE KOJHUeCTBO HHOP-
MalHiH.

Xorst uHQOpMalUHUs U MPaBUT MHPOM, OJHAKO OHA He BOILJIA ellle
B UIKOJIbHble Y4eOHHKH, H €JMHHUIIA KOoJIHyecTBa HHPOpMaLHU — OUT —
NOKa He 3aHsijla CBOEro 3aKOHHOTO MeCTa pPsSiIOM C BaTTaMH, MeTpaMy,
amnepamu. He KTO WHOH, KaK CBSI3HCTbl, MEePBLIMH Hay4UJIHCb H3Me-
psiTb UH(OpPMALMIO, A U CAMO 3TO CJOBO B HbIHELIHEM €ro 3By4aHHH
NPUILJIO H3 TEOPHH CBSA3H. TpydHBII BOMpPOC O MOJIE3HOCTH, O LEH-
HOCTH coOOlleHHH ocTaJjcsl B CTOpOHe, 6ecCTpacTHOH MepoH HMHGOP-
MalUMH CTaJO KOJHYECTBO MPOCTEHIIUX 3JEeKTPHUYECKHX CHTHAJIOB-
HMNYJbCOB, HeOOXOAMMOe /5l MepefayH CJOB, TEKCTOB, KapTHHOK
HE3aBHCHUMO OT HX coiepxkaHusi Camasi Mejakasi mepa — OoAuH OWT,
OJHH HMIYJbC HJIH May3a, OIHO «1a» WJIH «HeT» Ecau B anadaBure
32 OykBbl, TO [Js1 NMepefayu KaxAoi M3 HHX HyXXHa OnpejeseHHas
KOMOHHaNUsi M3 5 HMOYJbCOB MJH Hay3, U3 D «Ia» HJIH <HET».
W 3Hauut, KoauuectBO UHoOpMauuu B ogHo# GykBe — 5 6uT. B cao-
Be «COH» 3 OYKBbI, T. € 15 GHUT, B CIOBe «TEIJIONPOBONHOCTh» 16 6YKB,
OHO colep:KUT HHpopmanuio 80 6ur B maxmartHoét nocke 64 6uUT —
64 uepHbiX («ma») uau Genblx («HeT») KJAeTOUKH. B cTpanuue ma-
IMHHONUCHOTO TeKcTa npubausurtenbHo 10 Thic. 6UT, B raserHoit ¢o-
Torpaduu — ThICSIY JBECTH — TPHUCTA, B MATHMHHYTHOM pa3roBope —
HECKOJIBKO MHJIJIHOHOB OHT.

M36anoBaHHble JIETKOCTBIO MOJy4YeHHs] HHPOPMALMH, KHIOGHTaMHU
H-Mera6uTamMH, KOTOpble NMPHXOAAT K HaM C TeJeBH3HOHHOTO 3KpaHa,
M3 pagvoNpHeMHHKa HJH MO TeledOHHOMY NMPOBOAY, Mbl PEKO HHTe-
pecyeMcsi 1leHOH, KOTOpPYIO MJATSAT 32 BCe 3TO CBA3HUCTbl A maartsr
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OHM HeMaJlo, Mpu4YeM ABYMSI BHAAMH BaJIOThi — CEKYHIaMH H rep-
aMH, BpeMeHeM Nepefauyd U MOJOCOH YacTOT, KOTOPYIO HYXKHO Npo-
NyCTUTh MO KaHaay cBsA3H. ([losoca yacToT TesleBU3HOHHOTO CHT'Ha-
Ja—6 MIn, nosoca 4yactoT TenedOHHOTO pasroBopa NPHMEPHO
3 kl'u. IlpencraBaeHre o mosoce 4acTOT CTAHOBHUTCS NMOHSITHEH, ec/iH
BCMIOMHUTb KJaBHATypy pOsUIsi: Urpasi B Npelnejax OJHOH cpelHed
OKTaBbl, Mbl H3JydaeM MnoJjocy yactot npuMmepHo 400 I'u, urpasi Ha
Bcell KnaBuatype — okoso 4000 T'u.) Tlpuuem BaJsoTa — repunl 4
CeKYHbl — NMpUHUMAaeTcsl B J1060# Mpomopuuu, BaxKHa Jullb obuliasi
CyMMa: 4eM MeHbllle BpeMeHH OTBOJHUTCH Ha Hepenauy HHdopmauumy,
TeM UIMpe OOJKeH ObIThb NMPOMyCKaeMbllt CHEKTP, U HAaoGOpOT, ueM
6oJiee y3kasl moJsioca repenaercsi, TeM NOJblie HAET mepefada. Tese-
rpammy B 1000 6uT MOXKHO mepenatb 3a | ¢, nmpu 3TOM JIMHUS CBSI3H
noJkHa OymerT npomycTuTb nojocy dactor B 4000 Tu. A MoxkHO
orpaHuuyHuTbcsl noJocoit B 2—3 I'u, Ho Torma mepemaBaThb TeJerpam-
MY NpHAETCs O4YeHb MeJJeHHO — YTO-TO OKOJO mnogaydaca. [locae Ta-
KOro NpeIHCJOBHS Mbl MOXeM BepHYTbCSl Ha NOBepXHOCTb BeHepwl,
Kyzna ToJbKo yto cnyctuiacst CA, u Tenepb yKe cO 3HaHHEM Jefa OT-
METHTb:

BpeMsi XKH3HH CIIyCKaeMOro amnmnapaTa Ha MOBEPXHOCTH OTrPaHH-
YeHO; MO3TOMY, uTOOBl NepefaTb € Hero 6oJiblIOH 06beM HHpOpMa-
LUK, HYXKHO NepefaBaTb ee O4yeHb OBLICTPO, @ 3HAUHT, HYXKHO, UTOOBI
JUHUs cBs3u Benepa — 3emJssi npomyckazna IUHPOKYIO MOJOCY
4acToT.

Hy>XHO-TO OHO, KOHEYHO, HY>KHO, HO TOJbKO MOXHO JIH...

[naBHOe mpensiTCTBHe 1151 pacIiHpeHHsl NMOJOCH YacTOT — OTPOM-
Hasi NPOTSIXKEHHOCTb JIMHHH KOCMHYECKOH pagHOCBS3H, 3TH GeCKOHey-
Hble MHJIJIMOHBl KHJIOMETPOB. MOIIHOCTb, KOTOpasi NPHXONUT OT
nepefaTudKa K NPHEMHHKY, yObIBaeT C KBaipaTOM PacCTOSTHHUSI MEXAY
HUMHU. VIMeHHO ¢ KBagpaToM — pacCTOsiHHe yBeJHYHBaeTcs B 2 pasa,
MOILIHOCTh CHT'HaJa, AOCTaBILerocsi MPUEMHHKY, YMeHbllaercsi B 4 pa-
3a, paccrosinue pacrer B 1000 pa3, MOLIHOCTb majgaer B MHJJIHOH
pa3. OT ogHOro W TOro Xe nepenaTtuynka ¢ BeHepbl mpuper curHana B
40 000 pas 6Gonee cnabbiii, yem ¢ JIyHbl, moToMy 4To OT 3eMJH [0
Benepol B 200 pa3 pasabuie, yeM o JIyHHIL.

MolilHoCTh MepefaTyHKa HA KOCMHYECKOM ammnapaTe OrpaHHueHa
(Bce Ta xe Maccal!), U MpakTHYeCKH MOLLHOCTb CHrHaJja, NpHHUMae-
Moro Ha 3emje H3 paloHa BeHepbl, H3MepsieTCsl TPHJIJIHADPIHBIMH
JLOJISIMH MUJLIHapAHO#A noau Barrta. [IpuHATh Tako# CHrHa NpUMEPHO
TO K€ camoe, 4TO, Haxolsicb B MocCKBe, ycabllllaTh MHCK KoMapa,
COBEpLIAIOIlEero Be4yepHIOI0 MpOryJKy rae-HuGyab B padioHe Myp-
MaHcKa. Kasajoch Gbl, HH4Eero CTPALIHOTO B 3TOM HET, JEKTPOHHKA
[laBHO yMeeT YCHJMBATh cjalble CHT'HaJbl, Ja)Ke B PSILOBOM TpaH-
3HCTOPHOM MNpHEMHHKE Ha MyTH OT aHTEHHBl N0 I'POMKOTOBOpPHTEJS
CHUTHAJ YCWJIMBaeTCsi B MUJJIMOHH pa3. KTo Xe nomeuiaer ycHJIHTb
J060#, caMblil c1abbli CUTHAJ, KOTOPBIH MPHXOAUT C MEXIJaHeTHOR
CTAHUMH Ha 3eMJio?

114



[ToMemwaloT nomexH, LIYMBbl, KaK HX Ha3blBAalOT pPaiuCThl. ITO
«paNUHOCHTHAJbI», POXKIEHHble XaOTHYECKHM [BHXKEHHEM 3JeKTPOHOB
B CaMoOii aHTeHHe NMpHeMHHKa, panHousaydyeHueM CouHua, ['anakruky,
JNlaJleKHX 3Be3J. YPOBEHb BCEX 3THX LIYMOB HeBEeJHK, Mbl HE CTaJIKH-
BaeMcCsl C HHUMH, CJayllasi 3eMHble PaJHOCTAHLUHUH HJH TeJeLeHTpH.
Ho upesBbiuaiiHo cjaGblii CHT'HA/l € JajleKoH KOCMHUECKOH CTaHLUHH
MOXeT NPOCTO YTOHYTb B HIyMax, MOTePSATbCS B HHUX, KaK LIENOT Ha
LIYMHOH yJule. YCUJeHHe B 3TOM cJyuae He HMeeT HHKaKOTro CMBbIC-
Jla — BMeCTe C CHTHaJIOM YCHJHUBAIOTCH LIYMBbI.

[Ipo6niema BbiieseHHs1 cjaabblX CHTHAJOB M3 LIymMa — OfHA U3
LeHTPaJbHbIX B COBpEMEHHOH paguoTexHHKe. B uncsae meTonos, o6Jer-
YaIKX ee pellleHHe, CaMbifl pajuKaJbHbIil — XUPYPrusi, CyKeHHe
4aCcTOTHOrO CNeKTpa cHrHaJja. YeMm yxke yacTOTHble BOpoTa KaHaJja
CBSI3H, TEM MeHbllle MOLUHOCTb MOMAaBLIHX B HEro LIYMOB H M3 HHX
Jlerye BbIAEJNHTbh MOJE3HbIH CHTHAJ.

HUrak, KOHOAUKT: C OJHOH CTOPOHBI, 4TOObI BblAEJNHTb CJabbli
CHTHaJ U3 IIYMOB, OH JOJIXKeH OBbITb y3KOMOJIOCHbIM, C APYrof CTOpO-
HBI, C MOMOILLBIO Y3KOMOJIOCHOT'O0 CHrHaJa MHOro HHpOpMalHH He nepe-
natb. M paspeuieHne KOHGJIHKTa, HeOXHIAaHHOe H cMmenoe,— op6H-
TaJibHbIH perpaHciasTop. Tenepb oT ycraHoBjeHHoro Ha CA cpaBHH-
TeJIbHO MaJIOMOIIHOTO IepefaTYHKa Ha MPHEMHHK OpPOHUTaJbHOIO
anmnapaTta NpUIET NOBOJBLHO CHJBHBIH CHTHAJ — UATH HeJaseKko, Ka-
KHe-TO Thicsiud KusomerpoB. He munnuonnl. M1 MoxHO He GosiTbest
IIYMOB, BEeCTH MNepefayy B CPaBHHTEJbHO ILIHPOKOH MOJOCE 4aCTOT.
A Ha OA cToHT yXe 3Ha4UTeJbHO 60Jiee MOUIHBIN NepelaTyuk, CHab-
XKEHHBIl K TOMY e ocTpoHanpaBjieHHOH aHTeHHo# (CA HemonBu-
x®eH, a OA MOXHO KpPYTHTb KaK YyroiHO, HampaBJsisi aHTEHHY Ha
3emii0).

[Tosromy or OA Ha 3eMii0 ONATHb-TaKH MPUXOJUT CHrHAJ 3HAYH-
TeJbHO GoJiee CHJbHBIH, yeM npuxoaus G6ul or camoro CA. Bce 3ro,
BMeCTe B35ITOe, aeT caMblii BaXXHbIH 3p(PpeKT — pe3Ko, BO MHOI'O COTEH
pa3 MoxkeT OHITb paclIMpeHa IMoJoca 4YacTOT, NMPOMyCKaeMblX KaHa-
aoMm cBs3u. (Ilpennaraercsi Takoe cpaBHeHHe: mNpsiMasi nepenava
¢ BeHepbl — 3TO B0O3MOXKHOCTb YCJBILIATh [ABEe-TPH COCeJHHE KJa-
BHILH POSJISi, @ PeTPAHC/ASILUS — MHOrO3ByYHble AKKOpPJbl, OXBaThi-
BaloLlHe HecKoabkKo okTaB.) Hy a ecau paciunpsiercss 4acToTHbI
CIIeKTp CUrHaJja, TO, 3HauyuT, Bo3pacraeT oO6beM HHPOpMAuUUH, KOTO-
pylo MoxHO mnepenatb ¢ Benepnl. Bospacraer o6bem Toro camoro
6ecleHHOro MpONYKTa, H3-3a KOTOPOT'O U 3aTeBaJiach BCSl 3Ta C0XKHas
sKcnenuIUsi Ha BeHepy.

Becp o6bem nHbOpMaLuH, KOTOPYIO MOXKHO OblJIO nepenaTth C Mo-
BePXHOCTH IJIAHETBl, Pa3ieJH/IH MeXAy HeCKOJbKHMH NOTpebuTeJsi-
MH — KOMMYTaTOp MOodYepefHO ToAKIoYas K nepenatuuky CA pas-
Hble Hay4yHble npu6opbl. Ho ocHOBHasi yacTb 3TOro 06bemMa, OCHOBHOE
BpeMsl paboThl KaHasa CBsI3H OblJIO aCCHTHOBAHO TJIABHOMY HayuHOMY
pe3yJbTaTy — INPOCTOMY uejioBeuecKOMy «yBHuAea»! O6 3Tom 3aBep-
H1al01lleM aKKOpJe BCEero 3KCIepUMeHTa paccKasbiBaeT JOKTOP TeXHH-
yeckux Hayk A. C. CenuBaHOB:
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— OQueHb xotesoch Obl, ApHosabn CepreeBHu, MpencTaBUTb ceGe
annaparypy, KoTopol Gblla foBepeHa cbeMKa BeHepbl...

— Tlpexne Bcero, HaBepHOe, HYXKHO CKa3aTb, YTO CbeMKH B 00-
IIENPHUHSITOM CMbICJI€ 3TOTO cjoBa He Obljo. MHoraa kKocmuueckue
aBTOMaThl JeHCTBHTEJbHO Mpexae Bcero ¢GororpadupylOT 0ODBEKT,
a 3aTeM yXe MO JUHHH PAJHOCBSI3H MepelaloT H3obpaxeHHe Ha 3eM-
J0. B naHHoM cayyae Takoit Heo6XxoquMocTH He Gbuto. M3o6pakenue
BOCHPHHHUMAJNOCh (OTOIJNEKTPOHHBIM NPHGOPOM, YCTAHOBJEHHBIM
Ha CA, Tyr ke npeoGpa3oBbIBaJOCh B CEPHH 3JEKTPHUECKHX CHT-
HajoB, Kortopbie uyepe3 OA cpasy e mnepefaBaJHcb Ha 3eMJIO
(puc. 9). Hy a tam y>Xe M3 3THX CHrHaJOB BOCCO3JaBajach Kap-
THHKa...

— To ectb o6biuHasi TeJeBH3HOHHAs mepenaya...

— Ckopee dotorenerpadras. Bo-nepBbix, KapTHHKa nepenaBa-
Jach Me[JIeHHO, Ha OJHH KaJp YyILJO MOYTH nosgdyaca. Bo-BTOphIX,
B CHCTeMe He Obl0 00513aTeJbHOro TeJeBH3HOHHOro aTpubyra — ne-
penampolleil 3JeKTPOHHO-NyuyeBod TpyOKH. Ee posb B3sina Ha cebs
KaMepa C MeXaHH4YeCKOH pa3BepTKOH.

Kak usBecTHo, B mepenaioleil TeJeBU3HOHHON TpyOKe H306paxe-
HHe MpOeLHpPYeTCsl Ha CBETOUYBCTBUTEJbHbIH 3KpaH Tak, Kak, CKaw
JKeM, OHO MpOeLHPYeTCs: Ha IJeHKY HJH Ha INJacTHHKY B (OTO~
annapate. CBETOUYBCTBUTENbHBI 3KPaH — 3TO OFPOMHOE MHOXKECTBO
MeJbyakilluX (OTO/MEeMEHTOB, H HAa KaXXJIOM H3 HHUX NOJ NeHCTBHeM
CBETOBOH KAapTHHKH TMOSIBJSieTCS] CBOHM 3JEKTPHYECKHH 3apsil. DTeR
3apsig TeM GoJsblile, YeM BhILIE OCBEIleHHOCTh NaHHOH TOukH. OCTpHIA
3JIEKTPOHHBIH Jyu TPyOKH mnoouepefHo obGeraeT Bce (OTOIJEMEHTHI,
«CYHTBIBAeT» 3apsili, H KApTHHKA OKa3blBaercsi 3allH(DPOBAHHOH B Men
HSIIOLEMCS] TOKe Jyya. DTO Ha3bIBaeTCsl pa3BePTKOH H300pakeHHus,
npeBpalleHHeM €ro B TeJleBH3HOHHLIH CHTHAJ.
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B kaMmepe c MexaHHYecKOH pa3BepTKOIH TOXe CO31aeTCsl 3JeKT-
pUuecKoe onucaHWe KapTHHKH, HO yXe HHbBIM crnoco6om. B rakoii
KaMepe BCero OfMH (POTOIJEMEHT, TOuHee, (POTO3IJEKTPOHHBIH YMHO-
)kutedb — @Y. Jlyy K HeMy NpHUXOOUT uepe3 OGBEKTHB H OUEHb
MaJsnoe orBepctHe B nuacparme. B urtore @Y BHAHT TONBKO OAHY
TOYKY KapTHHKH. Ho ¢ momoibio moaBuKHOro 3epkajna (ero GbICTPO
NOKauHBaeT KyJauyokK, BpalllaeMblil JBHraTejeM), yCTAHOBJEHHOro Ha
NOBOPOTHOH MNuatdopMe, Kamepa IMOCTeNEHHO, TOYKY 3a TOUKOi,
OCMaTpUBaeT BeCb OO'bEKT.

— A yTo 3acTaBHJIO OTKa3aTbCsl OT 3JEKTPOHHOrO TeJeBHIEeHHUSsI
B M0JIb3y MEXAHHYECKOro?..

— MHe 6bl He XOTeJIOCh TaK CTaBHTb Bomnpoc... CHcTeMa Bce-TakKH
B OCHOBHOM 3JIeKTpOHHasi: caM PIY, ero nuraHue, yCUJIUTENU U Tpe-
obpasoBaTe/li CHrHaJla, CHHXPOHM3alHWs BpallleHHs [NBHUraTessl Bbl-
COKOCTaOWJbHOH ONOPHOH 4YacTOTOH — BCe 3TO YHUCTAs 3JEKTPOHH-
ka. Yro Xe Kacaercsi MeXaHHUYeCKOH pas3BepTKH, TO B ee MNOJb3Yy
eCTb HeMaJjio apryMeHTOB.

— Kakue xe?..

— Cucrema ¢ MexaHHYeCKOH pa3BepTKOH — TaKHe CHCTEMbl Te-
Hiepb UacCTO Ha3bIBAIOT CKaHepaMH — 3TO MpeXKJe BCero oueHb TOUHBIH
U3MepUTeJbHbIH NMPUOOP C PABHOMEPHOH 4YyBCTBUTEJBHOCTbIO H yeT-
KOCTbIO 10O BceMy Kazapy. Becb Kagp ocmaTpuBaeTcst OIHHM H TOJILKO
OIlHUM CBETOUYBCTBHTEJbHBIM 37eMeHTOM — DY, nuadparma Beipe-
3aeT Jiyu, KOTOpbIH BCerja NpoXOAMT 4yepes 1eHTP o6bekTHBa. B Takoit
CHCTeMe OrpoMHasli nmaHopaMa MNOJy4YaeTcsl OJHHUM pOCYEPKOM Iepa,
ee He HYXHO CKJIeHBaTb U3 KyCOYKOB. A aBTOMaTHuecKasl peryJupoB-
Ka YCHJEeHHSI MO3BOJIsieT CKOMIEHCHPOBATb HEONMHAKOBYIO OCBeIlleH-
HocTb oObekTa. K TOMy »Xe mnpH MelJleHHOH nepejadye KapTHHKH
3JIeKTPOHHasl pa3BepTKa MPOCTO He HMeeT CMbICJIA — TepsieTCs TJaB-
HOe ee JOCTOMHCTBO — ee Oe3blHepIHOHHOCTbD.

B cBoe Bpems npuxoguioch AOKa3blBaTb, UTO CKaHephbl He3aMme-
HUMBl AJIST MHOTHX CHCTEM KOCMHYecKoro TtejeBuaeHusi. Ceilyac Kak
O6yaTo yxe HHKTO He crnopHT... CKaHephbl K TOMY XKe [eJIOM H0Ka3aJH
CBOM HAOCTOMHCTBA. BcmoMHHM Hamy cranuuio «JlyHa-9», Kortopas
MepBO# coBepllHsa MATKYI nmocaiky Ha JIyHy, nepegana Ha 3eMJIO
nepBble JyHHble MaHopaMbl. OHH ObIIM cHoeJlaHbl C MOMOIIBIO CKaHe-
pPOB, TaKHX e NPHMepHO, Kakue 3arteM paboTajsu Ha npyrux «Jly-
Hax», Ha «JIyHoxomax», «Mapcax» u «Beunepax». Kcratu, Hamu ame-
PHKAHCKHe KOJIIETH, KOTOpble BCeraa OTAaBaJid Mpeano4YTeHHe 4YHCTO
3JIEKTPOHHBIM annaparaM, Ha CBOHX MOCJAEJHHX MalllHHaX, Ha MapcHu-
aHCKUX «BHKHHrax», ToXKe yCTaHOBHJIH CKaHepbl C MeXaHH4YecKo# pas-
sepTtkoii. M1 BuauMo, He xaJjelT 06 3TOM — «BuUKUHTH» mepepanu
Ha 3eMJI0 MHOT'O NpPEeKpPacHbIX MapCHAHCKHX MaHOpaM.

— B cBoe BpeMsi ¢ coBeTcKoil cTaHuud «Mapc-5» 6bl1 noayueH
HBeTHOH cHUMOK Mapca. Kakoli anmapaTypoit oH cnenaH?

— BoT 3pmech neficTBUTeNbHO M1aHeTa cHauaJa (oTtorpacdupoBa-
Jach, MJeHKa Ha 6GOpTy NposiBJs1ach H 3aTeM KapTHHKa CYHTbIBA-
Jlacb CKaHepoM. Dbl OTCHATH HEeCATKH KaipOB, HEKOTODble CHHMa-
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JIUCb yepe3 pa3HOLBETHble CBETODHJBLTPHI, H U3 HHX Gbl1 CHHTE3UPO-
BaH LBeTHOH cHUMOK. Ha «Mapcax» cTosiiu H gpyrue TejeBH3HOHHBIE
cucreMbl. B yacTHocTH, ckaHep 6e3 ropH3OHTaJbHOI pa3BepTKH, ee
3aMeHHJI0O caMO [IBHXKeHHe CTaHIUH Hal mJjaHeTod. Takasi cucreMma,
KCTaTH, Oblia ycTaHOBJeHa Ha «BeHepax», oHa pmaer usob6pakeHue
06/1a4HOrO CJ1051 MJaHeThl. TeNeBH3HOHHBIH CHTHAaJ MOXeET cpasy Ke
nepefaBaTbCcsi Ha 3eMJIO, 2 MOXET 3aMUChiBAaTbCl HA MarHUTo(oH
H nepenaBaTbCsl B Apyroe, 6osee ynoGHOe BpeMsi, W/ MepelaBaThCs
noBropHo. Ha MarHutooH MOXKHO 3amucaThb TaKXKe H CHTHAJBI,
noJlyueHHble CO CIYCKaeMOro anmnapara.

— Kako# 06beM nHdopmMauun 6biy nmepenaH Ha 3eMaio AJsl BOC-
NPOU3BeNEHUsT KaXKIO0ro BeHepHaHCKoro JaHaumadra?..

— TIlpumepno 500 Tbicsty OuT...

— JloBOJIbHO MHOro... JTO 3KBHBAJEHTHO TeJerpaMme B 5—
10 ThicsY cJIOB...

— DBouabuoll o6beM HHOpMaAUHH, KOTOPbIH HyXHO mepenaTb,—
3TO naata 3a 4yeTKocTb. CKaHep Npollesg IO «KapTHHKe» GoJee
500 cTtpok, B Kaxkno# cTpoke Gbuio 128 3/emMeHTOB, BCSl KapTHHKa
caoxuaach npumepHo u3 70 000 Touek. M He npocTo yepHHIX U GenblX,
KaK Ha 4yepTexke, a UMeIOLIMX Pa3Hble TpafallHi sIPKOCTH, KaK B TeJjle-
BujeHun wian dororpacduu. bouia npenycmorpeHa nepegaua 64 sap-
KOCTHBIX rpajgauuii, ¥ TakuM o6pa3oM Ha mepefauy Ka*KAOH TOYKH
yXoauao 6 GUT MJIOC eile OQMH, TaK Ha3bIBaeMblil ClykKeOHbIH OHT
IJisi cuHxpoHusauuu. Kak BuuTe, 3a nepefnayy KapTHHKH NPHXOLUTCA
mwenpo miaatutb — 500 ThicAy GUT — lleHa HeMmaJasi. Ho u moJse3no#
uHboOpMauKu B KapTHHKaX ouyeHb MHoro. C moJyyeHHbIMH JaHauiag-
Tamu BeHepsl paGoTalOT CHeUHaNHCTbl MO TEOJIOTHH MJIaHeT, MO HX
npoucxoxaeHuio. M1 Te, KTo roToBHT cjefylollle MHOJETHl... TakuM
o6pa3oM, nosyueHHyio ¢ BeHepbl HHQOpMALUIO MOXKHO CMeJIO CYHTATD
BaXKHbIM Hay4yHbIM pe3yJbTaToM.

K BaxKHbIM Hay4yHbIM pe3yJbTaTam, KOTOpbie MPUHECHH Ha 3eMJI0
3TH THICIYH OUT TeNeBH3HOHHBIX CHTHAJIOB, HYXHO NOGaBUTH elle
ONlWH, eMy BOOOIlle HET LeHbl — Mbl BHaenun Benepy.



Anno, Aanma!

Yenexu cospemenHod paduoanekmpoHuku 0Oenawom peansHoIM npuem
cu2Hanoe ¢ 02pomHsix paccmoAarud. [lMouck eHesemHbix yueunusayud u3
YUCMo yMo3pumenbHod npobaeMbl CMAHOBUMCA HAYYHOU U Baxe mexHU4ecHol
safayed. YueHole nuimawomcAa CmMpo20 OYeHUmb 6epOoAMHOCMb 3apowdeHuA
WU3HU U NOABAGHUA yusunudayuu 6 danexux 36e30HbIX MUpax, 2ay6oKO
3adyMbI8AACL NpU 3MOM O NymMAX PA36UMUA WU3HU HA 3emie.

Heb6oubioro ¢opmara ToHeHbKasi 6polliopka — nmporpamma Hayd-
Horo cumno3uyma. Ha TuTynbHOM sHcTe, Kak Bcerjna, Ha3BaHbl ero
OpTraHU3aTophbl, CPOKH, MecTO pabGoThl H B CepelHHe CPaBHHTEJbHO
KpynHbiM mpudTOM HauMeHOBaHWe TeMbl. M1 BOT 3mech BMecCTO mpu-
BbIYHBIX CJIOBOCOYETaHHH, CINOKOHHbIX W BaXHBIX, TAKHX, CKaXkeM,
kKak «CoBelllaHHe MO 3JEKTPOHHLIM fIBJEHHSIM HAa MOBEPXHOCTH MOJY-
NPOBONHHKA» WJH, cKaxeM, «KoH(epeHuHs1 MO NpHMEHeHHIO MarTe-
MaTHYEeCKHX MeTOJ0B 0OpabOTKH pe3ylbTaTOB CIOPTHBHbIX COPEBHO-
BaHHU#», Ha Bac HeOXHJaHHO oOpylLIMBaeTcs:

Axagemus nayk CCCP
HauwonanbHan Akasemun CIIA
Akagemus nayk Apmanckoit CCP

Cumno3uym
CBA3b C BHE3EMHLIMU LWBUAH3AUKAMH

MiMeHHO Tak — 6e3 BCSIKHX OTOBOPOK, 6€3 KaKHX-J1H0Oo cMArdapo-
IHX <K BOMPOCY O...», 4eTKO W onpefeneHHo. Tema, ewe Byepa
cuMTaBIlIasiCs MOHOMOJHel (PaHTAaCTHUECKHX POMAHOB, CTaJja MNOBOJLOM
IUJISI Cepbe3HOro MeXIyHapoAHOro co6paHusi yueHblx. [Ipuuem yye-
HBIX, KaK ceffyac MPHHSTO rOBOPUTH, SKCTpakKjJacca — (U3NKOB, MaTe-
MaTHKOB, acTPOHOMOB, GHOJIOrOB, HCTOPHKOB, COLLMOJIOIOB, XHMHKOB
C MHPOBbIMH HMeHAMH YueHbIX, MpPeICTaBJAOIIMX HAayKy B CaMOM
BbICOKOM M 4YHCTOM CMbICJ€ 3TOro cJ0Ba.

Uto xe n3MeHua0ch? Urto nmpousouro? Moxer OGbiTb, MOSBHJIHCDH
Kakde-1u60 HoBble ¢aKThl? 3aperucTpupoBaHbl OGHaAeXKHBaOIIHe
curHanbl? B kKocMoce oGHapyXKeHbl TPU3HAKH KU3HEAESATEJbHOCTH?

Her, Huuyero 3Toro He Obuio. PaxkTropoM coBceM HHOro poAa
0ODBsACHSIETCS BCIJIECK ONTHMHU3Ma, HabGJI04aeMblil B MocJielHee BpeMsi
B OTHOILIEHHH K Mpo6JjeMe KOHTAKTOB C BHe3eMHbIMH [IHBHUIN3ALHSIMH,
HJIM, Kak ee uyacto HaseiBalot, K npobaeme CETI (mpensoxeHHoe
HECKOJIbKO JIeT Ha3ajJ uyeXxocJ0BaukHM yueHbiM P. [luinekom HaszBaHHe
npo6iembl Ha auraumiickom ssbike «Communication with Extra
Terrestrial Intelligens» u ero cokpaienne «CETI» — pycckoe
3ByyaHHe «CITH» — MO0Jb3YyeTCs MOMYJAsIPHOCTbIO, B YAaCTHOCTH, MOTO-
my, uto <«CETI» — 310 poauTenbHBIH mMajgex OT JATHHCKOTO
«CETUS» — «<KHT», a cpaBHUTeNbHO OJH3KYI0 K HaM 3Be3qy —
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t-Kdra crmenuanucrbl CUMTAIOT OJHUM H3 BO3MOXHBIX IIEHTPOB BHe-
3eMHOH nuBUAK3anuu). Benseck ontuMusma, nepexon ot (paHTa3upo-
BaHUs M G6GJjarux MoXKejNaHHA K peasbHOH NOCTAHOBKe MpOGJeMbI
0ObsICHSIETCS ycrieXaMH Ha LUMPOKOM (pOHTe HAaYKH, yclexaMH, KOTO-
pble MpuUBEJH K rJyGOKOMYy MOHMMAaHHIO OCHOBHbIX aCHNeKTOB MpO-
6nembl CETI.

[as1 60JbIIMHCTBA JIOAEH, NO-BUANMOMY, BONPOC O CaMOH CBSI3H
C IPYTUMH pa3yMHbBIMH MHPaMH, BONPOC O KOHTAKTAX C HHMH YXOAHT
Ha BTOpO# M/JaH, MOTOMY 4YTO IJs1 OOJbIUIHHCTBA JIOAEeH OTKPBITHIM
oCTaeTcsi IVIaBHBIH BONpPOC: a eCTb JH BOOOLLE 3TH <ADyrHe MHPHI»,
e€CTb JIH C KeM YyCTAHaBJUBAThb CBfI3b? YKe caMa MBbICJb O TOM, YTO
He TOJIbKO B BOOOGpaeHHH JHMTEpaToOpoB, HO M Ha caMOM JeJe, B
MeTaJijie H KaMHe, CYLIeCTBYIOT Ha JaJleKHX MJaHeTaX OrPOMHbIe TOpO-
Ja C BBICOTHBIMH JOMaMH ¥ UIYyMHBIMH 3aBOJaMH, 4TO XKHBYT B
3THX TOPOAax HAcCTOsilllHe, U3 MJIOTH H KPOBH pasyMHble CylLlecTBa CO
CBOMMH PafOCTSIMH M NpobJieMaMH, CO CBOUMH TFeHHSIMH H HeyLauHH-
KaMH, cama MbIcab 006 3TOM, MOZOGHO AHMCCOHMUPYIOLIEMY aKKOpLY,
BbI3biBaeT BHYTPEHHHH INpOTecT, TpebyeT [0Ka3aTeJbCTB, [OKa3a-
TeJbCTB H TOJBKO JOKA3aTeJbCTB.

OT COMHeHHH, MO-BUAUMOMY, He 3aCTPaXOBaHbl Jae ONTHMHCTHI.
He cayuyaifiHo e aHKeTa, po3naHHasi yyaCTHHKaM CHMIO3uyMa (OH
npoxoiun B ApMeHHH, BO BceMHPHO H3BecTHO#H DBiopakaHckoi obGcep-
BaTOpPUH), NpeXae BCero HHTepecoBasach: «Jlomyckaere ju Bol, uto
Halla UUBUJM3ALHUS eNHHCTBeHHasi: a) B HabJmaogaeMmoilt ob6saactu
BcenenHoii, 6) B Hawe# [anaktuke?» W XoTsl B GONbUIMHCTBE aHKET
He TOJIbKO B MYHKTE a), HO U B NYHKTe 6) GbLIO AOCTAaTOYHO TBEPIO
3asiByeHo: «He enuHCTBeHHasi...», TO He MOXKeT OBbITb NMPHHATO KakK
LNOCTOBEPHOE [0Ka3aTeJbCTBO. Bompochl He U3 TeX, KOTOpble pellaloT-
Csl TOJIOCOBAHHEM.

W Bce-taku...

B nawe#i 'anakruke okoso 10!'! (cto munnuapnoB) 3Be3n. B Ha-
6nonaemoli obsactu BceneHHo#t okono 10!° (mecsitb Muanapnos)
rajakTHk. Bcero B Bumumoilt Hamu BcesneHHON m0/1KkKHO GbIThb HpH-
Gausuteabdo 1021 1. e. 1000 000 000 000 000 000 000 3Be3n.

OrpomMHOCTb 3TOro 4HCJa NpPeACTaBHTb ceGe NOBOJBHO TPYAHO.

Yro6bl cobpaTh croabkKo — 102! — mecuuHOK, HyXeH COCyn B
1000 kM3 a 3to mo o6beMy HeckKoJbKO Dabbpycos. [lasi pasmelle-
HHUs1 GHOJHOTEKH, B KHUrax KoTopoit comgepxurcs 102! 6ykB (He cTpa-
HHL[, He CTPOYEeK, a UMeHHO GyKB!), MOHAMOGHUTCH KHHMKHBIH CTednaxX
n3 10 MaH. moJsiok, Kaxpasi giuHo# oT 3emau no JlyHbl. UToGhl
NPOCTO MepecuHTaTb Takoe KoauudectBo — 102! — npeameroB, 3atpa-
YyuBasi Ha KaXAblil auib 1 ¢ ¥ paboTasi 6e3 oTAbIXa KPyTIJbie CyTKH,
YeJIOBEKY MOHANOGHIOCH Obl UyTh JIM HE MHJJIHOH MHJIMApAOB Je&f.

Bor uto Takoe uucao 102!, nokasbiBawluee, cKoJabKO Bo Bceneh-
HOH 3Be3j, GaMKaWwWHX poAcTBeHHHKOB Hamero Cosanua. OHo, ecliu
BIyMaTbCs, NOJIKHO IPOH3BOAMTD OLLEJOMJSIIOLee BleyaTaeHHe faxe
Ha CaMbIX OCTOPOXKHBIX CKeNTHKOB. [1ycTh 0/lHa BHe3eMHasl IMBHIH3L-
IIHSl TPHXOAMTCA Ha MMJJHOH 3Besn. [lycTh omHa Ha Munnnapﬁ’.
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[lycTb, HakoHel, OfiHA Ha ThHICAYY MWJLJIHApPAOB... Jlake B 3TOM MO-
cjefHeM ciayuae BO BceseHHO# noJnKeH ObITh MHJJIMApA BHE3eMHBIX
LUBHJIHU3ALHH.

Yucao 3Be3s Bo BceesenHolt — 102'— oyenb 6GoJbllloe 4YHCJIO.
A B mupe GoJblUIMX YHCeN HajexXHOo paboTaer TeOpUsl BePOSITHOCTEH.
(ITonGpowenHasi 10 pas MoHeTa MoxeT caydafiHo Bce 10 pa3 ynactb
Ha «opJia», HO Y»Xe MOocCje HeCKOJbKHX ThiCS4 MoAOpacbiBAHHH YHCJO
«OpJIOB» H «pelleK» TMPAKTHYECKH OKaXeTcsi OJMHAKOBHIM.) A 3To
3HAUUT, YTO, €CJH IOsIBJEeHHe BHE3eMHbIX UHBHIH3aLUH — COKpa-
meHHo BLI — npouecc nocratouyHo BepOSITHbIE, TO HHTYUTHBHOE «He
eIMHCTBEHHas...» MpeBpallaeTcssi B AOCTOBEPHYIO, Hay4yHO OGOCHO-
BAaHHYIO HCTHHY.

KakoBa ke ero BepoOsITHOCTb, 3TOTO caMoro npouecca? Hackosb-
KO THNHYEH NyTb, KOTOPBHI B U3BECTHOM y4yacTKe BcesneHHo# mpouien
paspeXXeHHbId MeXX3Be3[HbIH ras, NpeBpaTHBILIUCh B HTOre B MJaHETy
¢ 500 Thic. BUOOB pacTeHHH, 2 MJIH. BUIOB HacekoMblX, ¢ 100 ThiC.
BHIOB MO3BOHOYHBIX »KHBOTHBIX U C 3TOH YAWBHTEJNbHOH «6OJbLIOH
CHCTEMOH» — 4YeJIOBeYeCKHM OOIIecTBOM?

Pa6ora cumnosuyma «CBsi3b C BHe3e€MHBbIMH LHUBHJIU3ALUSIMH» B
OCHOBHOM mpoxoauia B (opMme TemaTHyecKuX AucKyccHH. Bce ero
yYaCTHHKHU cujien 32 60Jbwium [1-06pas3HbiM CTOJIOM H NMOCJE BBICTYTI-
JIEHHS] OCHOBHBIX JIOKJaA4YHKOB («HHULHATOPHI NHCKYCCHH») CBOGOIHO
0o6CyXIaJu Ty WM HHYI0 npo6eMy. M1 HMeHHO oLleHKe BEpOSITHOCTH
BO3HHKHOBeHusi BLI 6bl10, Mo CyTH nenia, NOCBSILIEHHO MSTb H3 CEMH
TaKUX OUCKycCHH. BoT ux teMmbl:

«[1po6aema nnaHetHo#t actpoHomuu. Kocmoronusi. IlepcnekTussl
Oo6HapyXeHUsl NPYTUX MJIAHETHBIX CHCTEM>».

«Ilnanernasa Guosorusi. IIpoucxoxaeHue >XH3HH. Bo3MOXKHOCTB
CYLleCTBOBAHHS XKH3HH HA APYTHX MJIAHETaxX».

«DBOJIIOLHSA pa3dyMa U TeXHHYECKOro oOIlllecTBa Ha 3emJe».

«3aKOHOMEPHOCTH Pa3BHTHS] KOCMHYECKHUX [IHBUJIH3ALUN».

«B03MOXHOCTb CYIIECTBOBAHHSI LMUBUJIH3aUUH HA H3BECTHBIX
acrpodusuyeckux o6bekTax. AcTpouH:KeHepusi. Bo3MoxHOCTL Hc-
MOJIb30BAHHS] HEH3BECTHbIX 3aKOHOB MPHPOMIbI».

CaMbIM BepOSITHEIM OOG'BEKTOM [JIsl BOBHHKHOBEHHSI XKH3HH CUMTA-
IOTCS TJIAHEThl, T. €. CPaBHHTENbHO HeGoJsblive HeGecHble Tesa, Bpa-
lalollHecsl BOKPYT HCTOYHMKA 3Hepruu — 3Be3nnl. IlpaBna, Ha cuM-
fo3uyMe OBbIIM Ha3BaHbl M Apyrue ynoOHble IJIsi Pa3BUTHS KH3HH
06beKThl, B UX UHCJE CTapble, OCTHIBIIHE 3Be3[bl, KOMETH U [axKe
Mex3Be3nHasi cpenpa. M Bce xe HaubGoJsbllee BHHUMAaHHE YAEISJIOCH
[1aHeTaM. JTO BMOJHE OOBSCHHUMO: O TOM, 4TO nJaHeTa — ylauHoe
MECTO /15l BO3HHKHOBEHHs MH3HH, FOBOPHT He TOJIbKO TeOPeTHUECKHH
@HaJu3, HO M JOCTOBEPHBbIM, MyCTb MOKA M €IMHCTBEHHbIH «3KCIepHu-
MEHTaJIbHbI#» (akKT.

.. Tlo MHeHHIO HEKOTODHIX TeOPETHKOB, 06pa3oBaHHe IJAHET MyTeM
KOHJleHCaluH 1H((DY3HOH pa3pexkeHHOH MaTepuu — MPOUECC THMHY-
Hoid. O BBICOKOH BepOSITHOCTH CYILECTBOBAHHSI MJIAHETHBIX CHCTEM
FOBOPHT, B 4aCTHOCTH, aHa/Iu3 COGCTBEHHOTO BpallleHHs 3Be3d pas-
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Horo Bo3pacTra. Pe3koe yMeHbllIeHHE MOMEHTa BpAallleHHS] MHOTHX
3Be3]] Ha ONpelesIeHHOH CTaIWH MOXKHO OOGDBSICHHTb TOJbLKO TE€M, YTO
Yy HHX MOSIBWIHCb IJIaHEeTHble CHUCTeMbi. KcTaTu, Ha o0 Haluel
3Be3abl — CosiHIla — ceffyac mMpUXOAHUTCS JHIIb 2%/, BpallaTesbHO-
ro momeHTa COJIHEUHOH CHUCTEMBI.

K coxxanenuio, npsimoe HabJiofeHHe IJIAHET, faxe y OJHXKalILIUX
3Be3]l, BCTpPeuyaeT HENpeoJoJUMble NMOKA TeXHUYECKHe TPYILHOCTH. DTO
CBSI3aHO, B 4YaCTHOCTH, C OYeHb MaJloH SIPKOCTbIO IJIaHEeT, H3-3a
4Yero OHH MPOCTO TepsloTcA Ha ¢doHe mbliaoimuxX 3Be3fa. [loka skcme-
PUMEHTAJbHO YAAJ0Ch O6GHAPYXKHUTb NPU3HAKU IJIAHET JHIIb y NBYX-
Tpex HaJjekKux 3Be3d. [IpuyeM Bce 3TO NOKa KOCBEHHbie JaHHbIE,
JNOCTOBEPHO HHKTO He MOXXeT Ha3BaThb 3Be3ly, Kpome Hamiero CoJiHua,
y KOTOpO# €eCTb MJIaHEeTHI.

M Bce XKe MOXKHO CYHTAThb, UTO C BEPOSITHOCTBHIO CyLI€CTBOBAHHUS
NJaHETHBIX CHCTEM AesJo 0o6GCTouT GoJsiee MeHee GaarornoJydyHo. Be-
POSITHOCTb 3Ta OLIEHHBAETCS [OBOJbLHO BBICOKO, Cepbe3HbIX BO3paxe-
HUH NPOTUB TAKOH OLEHKH HeT.

J10CTaTOYHO BBICOKO OLIEHHBAETCS] TAKXKe BEPOSITHOCTb CYILEeCTBO-
BaHHsI Ha MaHeTaX OJaroNpUSITHBIX [/ BO3HUKHOBEHHSI XKH3HH
tusnyecknx ycnoBuii. Bo BcsikoM cayuyae, oguH H3 06CYKAABUIHMXCSI
acnekToB MpobJeMbl, BOMPOC O «CTPOUTEJbHOM MaTtepuase», o 060-
raTcTBe XMMHUYECKOI0o COCTAaBa He HaeT OCHOBAHMH [Jf1 NMeCCHUMHUCTH-
YeCKHUX OIlleHOK. Pe3ysbTaTbhl MHOTOUYHCJEHHBIX CIEKTPOMETPUYECKHUX
HaOJIIOIeHHA TOBOPSIT O TOM, UYTO MpaKTHYECKH BO BCeX YroJkax
BcesneHHOH accOpTHMEHT XHMHUYECKHUX 3JE€MEHTOB AOCTATOYHO 6orar
U Haule 3eMHoe H306uave — 0KoJo 100 ycTOHYHBBHIX 371€MEHTOB — He
SIBJISIETCH HCKJIOYEHHEM.

3HauyUTeJbHO XYXKe€ [eJ0 C OLEHKOH BepOSITHOCTH 3apOXAeHHs
JKU3HH Ha MJaHeTax, Aa)Ke NpU OJaronpusiTHBIX C HalleH, 3eMHO#M
TOYKH 3peHUst (HPU3HYeCKHX ycuoBHsX. JlHANa30H OLEHOK 34eCh Orpo-
MeH, W MOKa HeT NOCTATOYHbIX OCHOBAHUH OTOGpachiBaTh HU Te OLEHKH,
B KOTOPbIX BEpPOSITHOCTb 3apoxXJeHusl Xu3HHU Oauska kK 1009, Hu
Jaxe Te, B KOTOPbIX 3Ta BEPOSITHOCThL OJM3Ka K HyJ0. [Toka Mbl elle
OYeHb MaJjlo 3HaeM O TOM, KaK BO3HHKJAa XH3Hb y Hac Ha 3eM-
Jie, U COBCeM HHUero He 3HaeM O HEKOTOPBHIX 3Tamnax ee 3apoX-
JIeHHUA.

Bo mHorux snaGopaTopusix MHpa AAaBHO NMPOBeleHbl SKCIEPHMEHTHI,
B KOTOpPbIX OCHOBHble OHOXHMHYecKHe <«OJOKH» — aMHHOKHUCJOTHI,
HYKJIEOTHABl — ObLIM MOJIy4eHbl HUCKYCCTBEHHBIM TNyTeM IpH omnpeje-
JIEHHbIX (PH3HYECKHX YCJIOBHSIX B aTMocdepe ONpeae/eHHOTO COCTaBa.
Takue ycsaoBusl u Takoit coctaB atMocdepbl BNOJHE BEPOSITHBI, €CJIH
He CKas3aTh THMHYHBI, AJS1 MJaHEeT, a 3HAaYUT, BEPOSATHOCTb TOr0, 4YTO
OpUpOAa AOJKHA CAesNaTh MepBHIH LIar OT HEXXHUBOTO K XXHUBOMY, HO-
CTATOYHO BeJIHKA.

A uro pasbuie? Kakum myteM mpocreiilive GHOXHMHUYECKHE «6J10-
KH» MOTYT OGBeIHHSTLCSI B CJI0XKHble MOJIEKYJbl — OeJKH U HyKJeH-
HOBBIE KHCJIOTHI, C KOTOPbIX, COGCTBEHHO TOBOPsi, U HauyHHaeTcs Bce
KuBoe? HackosbKo BeposiTHO Takoe oObelHHeHHe?
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Ha 3Tom yuyacrke caoxHoit komniekcHo#t npoGaembl CETI kak
pa3 BO3HMKaeT camasl, NoXKajay#, HeNpuUsiTHasl [Jsi Hee THIOTe3a.
CorJyacHO 3TO# TUMoTe3e MepBble XKH3HEMONOOHbIE CHCTEMbl BO3HHK-
Jau Ha 3emse cayyaitHo. [1pocTo nepeTpsixuBajuCh, MepeTacoBbIBa-
JIUCb MOJIEKYJIbl MOJ JeHCTBHEeM BHELIHHX 3HepreTH4YecKHX (akTopoB,
H B KaKOH-TO MOMEHT OHH COBepIlIeHHO CJy4alHO OKa3aJjuch coGpaH-
HbIMH B CJOXHYI0O OHoJOruuyeckyio ctpykrypy. [laabiie Bce yikKe
nouio GLICTPO W Ie/eHanpaBJeHHO: GHOJIOTHYECKHE CTPYKTYpbl Ha-
4yaJii PasMHOXKaTbCsl, 00'beJUHATBLCS BO BCe GoJiee CJI0XKHbIE CHCTEMBI,
COBepIIIEHCTBOBAThCA NyTeM ecTeCTBeHHOro or6opa. Ho cambiii mep-
BbIfi 1IAar Ha NyTH «oT GyJbOHA 1O €CTeCTBeHHOro orGopa» — MOSIB-
JIeHHe caMoii mepBOH, CHOCOGHOH K Pa3MHOXKEHHIO CTPYKTYypbl — 3TO
LeJo cay4yasl.

UTo ke HempHSITHOro B 3TOH rumorese? A TO, YTO BEPOSITHOCTb
cJyyalHOro 3apOXKJeHHus XKHU3HU HUYTOXKHO MaJsa. [IpumepHo ¢ Takoi
JKe BEePOSITHOCTbIO OECCHCTEMHO I[epeMelllaeMble, MepeTpsiXHBaeMble
Ha OrPOMHOM KOHBeliepe MHUJJIHApAbl pa3HooOGpa3HbiX pagHojeTaseid
MOTYT Ha KaKOM-TO y4acTKe CJydyaiiHO co6paThbCs B CXe€MY CJ0XKHOTO
IBETHOro TeJleBH30pa. Ec/iM HCXONHTH M3 3TOH BEpOSTHOCTH, TO INPH-
JeTcsl MPU3HATb, YTO KHU3Hb HAa HallleH NMJaHeTe MPOCTO yHUKAaJbHOE
siBJleHHe ¥ NMpPaKTHYeCKH HeT HUKAKHX IIaHCOB BCTPETUTb MOn06HOE
siBjieHHe elje rae-HuOynb Bo BceseHnHo#.

['unore3a ciayyallHOro 3apoXKIeHHS] XKHU3HH BCTPETHJIA HA CHMIIO-
3MyMe Cepbe3HyI0 KPHTHKY, H B YaCTHOCTH CO CTOPOHbI M3BECTHOTO
aHryuickoro 6HoXUMHKa, Jaypeara HobeneBckoit npemuu, npodecco-
pa ®. Kpuka (KemGpunkckuii yuuBepcuret). [TogBoast HTOTH BTOPO#
TeMaTHYeCKOH NUCKYCCHH, Yy4eHbld OTMeTHJ, YTO ceHdyac HeT AOCTO-
BEPHBIX NAaHHBIX [JISi ONpeesieHUs BEPOSITHOCTH BO3HHKHOBEHHSI XKH3-
HH, HO OTCIOA COBCEM He CJe[lyeT, UTO HYXXHO 3apaHee CUMTaThb 3Ty
BepOSITHOCTb HU3KOH M NpHOeraTb K TaKUM MOHSITHSIM, KaK «CJydal»
H «qyﬂo».

IleficTBHTE1bHO, MOXeT ObITb, MO KpaiiHel#l Mepe NpHU onpeneseH-
HBIX (DU3HYECKHUX YCJOBHSAX, TOSIBASIIOTCS KaKHe-TO CHJBI, KOTOpble
CrnocoOCTBYIOT 06pa30BaHUI0 OOJbLIUX H CJAGKHBIX MOJIEKYJSIPHBIX
CTPYKTYyp THna GenkoB. [lono6HO TOMy, CKaxeM, KakK CYyILEeCTBYIOT
CUJIBl, oOpasyiollHe W3 Xaoca «HepenyTaHHbIX» aTOMOB yHOPSiAOUY€H-
Hble KpHCTa/lJIM4YecKHe pelIeTKH H apXUTeKTypHble lleJeBpbl OpraHu-
YECKHX COENUHEHHH. DTH CHJbl MOXHO CPaBHHUTb C Pa3JMYHbIMH Ha-
NpaBJsOUMH NPUCIOCOONEHUSIMH Ha KOHBelepe, I'le NPOUCXOAHUT
aBTOMaTHyecKasi cOOpKa CJOKHOH 3JeKTPOHHOH anmapaTtypbl.

[loka 3KCHepUMEHTAJIbHO TaKHe <HPHUCNOCOGJeHHsI» AJs1 COOPKH
JKUBBIX MOJIEKYJl B NpHpone He oOHapyxxeHbl. He npeacraBasiioT ux
ce6e MOKa U TEOPETHKH. A TeM BpeMeHeM Yy MEeCCHMHCTOB, CTOPOHHH-
KOB CJy4yalHOTO BO3HHKHOBEHHSI XH3HHM, a 3HA4YHT, O4YeHb MaJoH
BEPOSITHOCTH 3TOTO COOBLITHSI MOSIBUJIMCH HOBble apryMeHTbl — aMepH-
KaHCKHe KOCMHuecKkHe jabGopatopud «BUKHHr» He OGHapYXHJIH HHU-
KaKUX NPH3HAKOB XXHU3HU Ha Mapce, npuponHble YCJOBHSI KOTOPOIO
BIOJIHE NMPUTOJHBI A/ HEKOTOPbIX HallMX MHKpoopraHuamoB. Bompoc
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0 MeXaHH3MaXx 3apOoXKJeHHs XKU3HH [0KA OCTAETCS OTKPHITHIM, & C HUM
ocraercsi 6e3 OTBeTa BONPOC O TOM, HACKOJbKO BEPOSTHO BCTPETHTH
Bo BcenenHoii Hamux 6paTbeB 10 pasymy.

Tperbsi TemaTHyeckasi BcTpeua biopakanckoro cummosuyma, mo
CyTH JeJia, AOJMKHa 6Gbl1a 06CYAHTb BEDPOATHOCTb NMPOXOXKAEHHS MYTH
OT MPOCTEHAIINX KHBBIX OPTaHH3MOB [0 TEXHHYECKH Pa3BUTOH IMBH-
ausanud. A 370 06CyXAeHHe B CBOIO odepelb IPHBEJIO K OCTPBLIM
JNUCKYCCHSIM O CAMOH CYLIHOCTH [MBHJIH3ALHUH, O 3aKOHOMEDHOCTH HX
BO3HMKHOBEHHs M pa3BuTHs. M Tak XKe Kak Ha Npejblaylled TeMaTH-
yecKo#l BCTpeue, 31eCb OblIH CBOH CTOPOHHHKH BBICOKOH M MaJioH
BEPOSITHOCTH. BbICKa3biBasoCch, B UYAaCTHOCTH, MHeHHe, UTO pPasyM-
HOe >KHUBOTHOE MOXKEeT MOSIBUTbCS NPH PeNKOM COYeTaHHH GOJbLIOrO
4yHCJa pPassiMUHBIX BHELWIHUX H BHYTPeHHHX (PAKTOPOB, UTO MOKa HET
060CHOBAHHBIX [aHHbIX, MO3BOJSAIOIINX ONpPeLeJHTb BpeMsi, HeoOl-
X0QMMOe MJii MPeoAOJeHHs] NYTH OT KHBOTHOrO K MbICJASILLEMY CY-
1L1eCTBY.

U Bce ke GOJILIIHHCTBO YYAaCTHHKOB AMCKYCCHH NpPHBEJH Cepbe3-
Hble apryMeHThl B MOJIb3y BbICOKOH BEPOSITHOCTH MOSIBJEHHSI pa3yma,
WHTENJIeKTa, UMBHJIH30BaHHOrO 00llecTBa, CYUTash 3TH MPOLECCH ec-
TEeCTBEHHbIM MPOAOJIKEHHEM OHOJIOTHUECKOH 3BOJIIOIUH.

[TyTsiM pasBHTHS LUBHJIH3ALHH 32 TOH OTMETKOMH, KOTOPO# HOCTHT-
JU Mbl, 3eMJIsiHe, Oblla MOCBsIlleHAa YyeTBepPTasi TeMaTH4ecKasi AMC-
Kyccusi. [IpuMeyaTesbHO, YTO BBICTYNMABIIWE HA 3TOH NUCKYCCHH, TakK
JKe, BIOpoueM, KakK M Ha NpelblayileH, yacToO OTXOLHIH OT MPob6JeMbl
CETI u roBopu/iin He CTOJIbKO O JaJieKUX OGHTaeMblXx MHpPaXx, CKOJb-
KO O HalIMX 3eMHBIX mnpobjemax.

Jpyro#i cjoXHbIH BOmpoc, 3aTPOHYTHIi Ha NHCKYCCHSIX,— BpeMsl
JKU3HH UMBHJIW3aLMH, T. e. BpeMsi OT ee 3apOXKAEHHA [0 rubesu.
CaMa nocTaHOBKa 3TOrO BONpOCa MPH NEPBOM C HeH CTOJKHOBEHHH
HaBepHsIKa Ka)KeTcsl HeNpHBBIYHOH U HenpusiTHOW. Mbl, 3eMJsiHe,
NpHy4YeHbl K MbIC/IH, YTO LHMBHJIH3ALUMS [JOJXKHA XKHUTb HeONpeLeJeHHO
JL0JITO.

Ho BoT B ofHOM W3 BBICTYMJIEeHUH NMPHBOAUTCH CIHCOK (PaKTOPOB,
KaXIbli M3 KOTOPbIX, €CJU He NMPHHUMATb Mep, MOXeT NpelCTaBUTb
IJIsl 3eMHOH UMBUJIM3aLHH CMEPTEJbHYIO Yrpo3y yxe B Oauxaiuiue
50 ser. DTo TepMosiiepHasi BolHa, 3arpsi3HeHHe Cpeabl, SKOHOMH-
YeCKHH Xaoc, HeXBaTKa peCypcoB AJIsi pacTyllero HaceJeHHs, HCTO-
LileHHe MPUPOIHBIX HCTOUHHKOB ChIPbSl.

YnoMuHaercsi 4 OMacHOCTb JPYroro poiaa — yMeHbllIeHHe HHTepe-
ca K TeXHHKe, NmpeHeOpeXeHHe K IIporpeccy, HCue3HOBeHHe TBOpue-
CKOro Hauana, yXoJ K «IOJHHe3HHCKOMY 06pa3y »KH3HH» — K CJHA-
HUIO C TPUPOAOH BMeCTO CTpPeMJIeHHsT K BJjacTu Hapn He#l. Takoi
MOAXOMJ K «CMbICJY JKH3HH» HMeJ U HMeeT CBOMX NMOKJOHHHKOB (6yn-
JLUCTHI, HeKoTopble coBpeMeHHble TeueHusi B CILIA) u ¢ nepBoro B3ras-,
la MOXeT [axe KasaTbCsl NpHBJeKaTeldbHbIM. Ho Koraa aymaelib,
O MepCHeKTHBAaX TaKOH «CAUTOH ¢ NPHPOAOH» LMBHIM3AUHMH, Ge33a-
IIUTHOH B CTOJIKHOBEHHSIX C KOBApHBIMH CTHXHSIMH, CO CTpAallHbIMH
KJIHMaTHYECKUMH H OHOJIOTHYECKUMH HEOXHIAHHOCTAMH, TO Ha yM
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HEBOJILHO NMPHXOJHUT H3BECTHAsl «TeMaTH4ecKas QUCKyccusi» MypaBbsi
co Crpeko3of.

Bonpoc o nosarosieTHH LUUBHIM3ALUH HE TOJNBKO 3aTPAarHBaeT TJy-
6okue ¢duI0CODCKHE H COLHOJOrHYecKHe npob/embl Hallero 3eMHOro
Maclitaba, HO 4 uMeeT npsiMoe oTHouieHHe K mpoGaeme CETI. Uem
NoJiblile >KHBYT LHBHJIH3ALHUH, TeM OGOJibllle LIAHCOB 32 TO, YTO OHH
«IepeceKyTCsi» BO BpeMeHH H CMOTYT YCTAaHOBHTb MexXAay co6oii
CBfI3b.

B Bonpoce 06 onpeneseHHH NPOAONKHTENbHOCTH XKH3HH LHBUJIH-
3auuil ABHO npeoGJanaJ onTHMHCTHUecKHH noaxon. IIupoko moub3o-
BaJIUCb YYACTHHKH CHMIO3HyMa yXKe KJaCCHUEeCKOH Tenepb KJacCH-
dukauueit H. C. KapnameBa, pasnenuBiero Bce BeposiTHbie BLI Ha
TPU THNA B 3aBHCHMOCTH OT HX 3HepreTHueckoro GorarcrBa. [lep-
BbIH — 3TO UHBHJIM3aLMH, aHaJOTH4YHble Hauled, 3eMmHo#H. Bropoi
THI — UUBUJIM3alLHH, OCBOUBILIHE BCIO HeprHio cBoero CoJiHua, CBO-
eii 3Be3dbl, KOTOpasi MOXeT OTHaThb MOILHOCTb okKojgo 102% Br.
(910 mpumepHo B 10!* pa3 Gosblile, 4eM MOLIHOCTb BCEX 3€MHbIX
ssekTpocTaHuMi.) ¥ HakoHew, UUBHAM3aLUHM TPETbero THIA — 3TO
Te, YTO OCBOWJIM S5HEPTHIO CBoell ranakTHKH — npumepHo 1038 Br.
EcrecTBeHHO, 4TO 17151 mepexoja BO BTOPOH H OCOGEHHO B TpeTHI
THIN UUBHJIH3aLUHA HYXKHA acTPOUHXKEHEPHAsi NesTelbHOCTb OTPOMHBIX
MacuiTaboB M, €CTECTBEHHO, 3aBHIHOE JOJIFOJeTHe.

Ecau Ha nepBbIX yeThlpeX AUCKYCCHSIX 3BydaJsH rojoca He TOJbKO
ONTHMHCTOB, HO M CKENTHKOB, TO MNsiTas TeMaTHYecKasi AHCKYCCHs
no caMof cBoell TeMaTHke Oblia ONTHMHCTHUecKo#. Ha Heil, mo cyTu
Jejia, pacCMaTPUBAJHUCh [OMOJHUTEIbHblE BO3MOXXHOCTH <IOBBILIE-
HHSI IPOLLEHTa» NPHU OLleHKEe BEPOSITHOCTH CYILEeCTBOBAHHSI BHE3€MHbBIX
uuBUIM3anuii. Peub a o TOM, YTO rae-tTo MOTYT NefCTBOBaTb HEH3-
BeCTHble HaM 3aKOHbl NMPHPOABl H YTO OHH MOTYT HUrpaTbh BaXKHYIO
poJib B 06pa30BaHUU U PA3BUTHH XKUBBIX CTPYKTYP, B XKHU3HEJesATeNb-
HOCTH LIUBHJIH3ALMH.

BricTynasi Ha 3To# QUCKyccHH, JaypeaT JIEeHHHCKOH NmpeMHUH aka-
nemuk B. JI. 'nn36ypr (Pusnveckuit nHcruryt um. I1. H. Jlebenena
AH CCCP) 3ameruJs, 4To Ha MepBbIH B3IVISiA CYLIeCTBOBaHHE HHON
¢bu3UKH Ha JajieKHX MJIaHeTaX KaXkeTCsl BIOJHE BO3MOXXHBIM — MBI
Bellb «TaM» He OblIM U He HMeeM HHKAKHX NPSMbIX JAaHHBIX O «Ta-
MourHux» ycjaoBusix. OnHakKo nonoGHOe NpennoJIoXKeHHe MPOTHBOpe-
YUT OCHOBHOMY MPHUHUHIY €CTECTBO3HAHHs: 3aKOHbl (DH3HUKH, XUMHH,
GHOJIOTMH YCTAaHaBJIUBAIOTCSl [Jsi OFPAaHHUYEHHOTO YHCaa OOBEKTOB,
a 3aTeM INepeHOCSITCS Ha BCe TakHe XKe 00beKThl, HaxonsllHecs B
aHaJIOrMYHBIX ycJaoBusix. Tak, HanmpuMep, Mbl NPHHSAJH — H TOKA He
pacKauBaeMcsi B 3TOM,— YTO BCe 3JIEKTPOHbI OJHMHAKOBbI, YTO 3aKOH
TATOTeHUs1 fdeficTByeT Ha Mapce TakK ke, Kak H Ha 3eMJe, UTO BOAA,
no6biTasi U3 apKTHUECKOro Jibaa, OyleT pas3fensiTbCsi Ha KHCJIODOX H
BOAOPOJ, Tak Xe Kak H Boxa u3 o3epa Yan.

— 3T0 HanoMuHaHWe,— roBopuT aanee B. JI. [uH36ypr,— nomax-
HO mpefocTepeub OT Ge30CHOBaTeNbHOro (haHTa3HpoOBaHHUSl, HO U3
HEro COBCEM He CJeLyeT, YTO «TaM» BCe JOJIKHO ObiTb B TOUHOCTH,
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Kak M «31ecb». Jleso B TOM, UTO 3aKOHbl NMPHPOAbI, B YaCTHOCTH
(u3nueckne 3aKOHBI, YCTAHOBJIEHbl HAMH C OFPaHHYEHHOH TOYHOCTBIO
H /151 HEKOTOPbIX OrpaHUYEeHHbIX YCJOBHI. A M3MeHeHHe TaKHX orpa-
HUYEHHH MOXKeT MNPHUBECTH K CepPbe3HbIM KauyeCTBEHHbIM CABHTaM.
MoxeTt 6bITb, «TaM» HIPaAIOT BaXKHYIO pPOJib KaKHe-J1HO60 OueHb MaJo-
BEePOSITHbIe NpPOLECCH W HMEHHO 3TO MeHsileT (PU3HYEeCKYl0 KapTHHY.
Moxer 6bITb, «TaM» CyILEeCTBYIOT He H3yueHHble HaMH MOKa COCTOS-
HHsl BellleCTBA, HalpHMep CO CBEPXBLICOKOH MJIOTHOCTbIO, GJH3KOH
K TJOTHOCTH aTOMHBLIX simep. HakoHen, na)ke Ha OCHOBe HaILHX
3€MHBIX 3aKOHOB (DU3HKH 3BOJIIOLHS MOIJla CO3[1aTh «TaM» HEH3BeCT-
Hble HaM CJIOJKHble CTPYKTYpPbl U OCHOBaHHble Ha HUX (DOPMBI >KH3HH.
MoxHo, Hanpumep, MpeAcTaBHTb cebe TOHYAHIIHe HUTEBHUIHBIE HJH
CJIOHCTHIE COEIHHEHHs, B KOTOPbIX HaGJIIOaeTCsi CBEPXNPOBOJUMOCTh
NpH «KOMHATHOH» (pa3yMeeTcsi, MO «TaMOIIHeH» MepKe) TemIepary-
pe. Takue coenmuHeHHs1 Morju Obl, B YaCTHOCTH, NMOCJHYXKHTb OCHOBOH
IUISE cBepXOHICTPOJEeACTByIOIle W CBePX3KOHOMHYHOH HEepBHOH CH-
CTEMBI.

31ech, NO-BUIHMOMY, YMECTHO 3aMeTHTb, YTO Ha JHCKYCCHUAX
CHMIIO3MyMa [OBOJIbHO 4acTo, OCOGEHHO B BBLICTYIJIEHHSIX MHOCTpPaH-
HBIX rocTeH, 3By4aJio CJ10BO «loBHHH3M». Ho pasymeercs, Hcnosib3o-
BaJIOCh OHO COBCEM He B XKHUTEHCKOM, He B 3€MHOM CMbICJIE, KOTOPbIH
nogpasymMeBaeT OTBPATHTEJbHBIH AJsi Ka*KAOT'0 4eCTHOT'O ueJoBeKa
«arpecCHBHbli OyprKyas3Hblli HalUMOHAJH3M, MNPOTHBOMNOCTABJEHHE
HHTEepecoB OJHOH HaLMH HHTepecaM BCeX APYTHX HaUHUH, pa3XKHraHue
4YyBCTBA Npe3peHHUst K JIOASIM IPYTHX pac ¥ Halu#, Bpaxibl H HeHa-
BHCTH MeXJy HapoLaMu».

CJI0BO «ILIOBHHU3M» MPHMEHSIOCh, NMpHYeM He 6Ge3 HUPOHUYECKHX
OTTEHKOB, YTOObl OCYIUTb MNpeNCTAaBJE€HHE O KH3HH [ajeKHX BHe-
3eMHBIX LHBHJIM3aLHUE KakK 06 006si3aTe/bHOH KOMHHM Halled 3eMHOH
JKU3HH. B CBfI3M ¢ 3TUM TroBOpPUJOCH O WIOBHHH3Me 3Be3] KJjacca
Connua («[louemy »KH3Hb [OMKHA CyILEeCTBOBATb JHIIb BOKPYT
3Be3Jl TOro e Kjacca, uto ¥ CosHie? OHa MojKeT BO3HHKHYTb H Ha
nyaHerax GoJiee MOJIOABIX HUAM Goslee cTapbiX 3Be3[, U Ja)Ke Ha mJa-
Hetax 6e3 3Be3f...»), 006 yraeponHom uioBuHu3Me («[louemy
CJIOXKHBle MaTpHYHble MOJIEKYJbl — 3T@ OCHOBA XH3HH — JOJIXKHBI
CTPOHUTBLCS TOJBKO Ha OCHOBe YIVIepOJHBIX coenuHeHHH? BrosHe Be-
POAITHBI U ApPYrHe «TJaBHble 3J€MEeHTbi» XKHBOI'O, HApUMep KPEMHHUH
WJIH repMaHuil...»), o6 HHTelneKTyalbHOM 1oBHHH3Me («[louyemy
HYXKHO CUMTaTb, YTO BCe 3aKOHbl MPUPOJABl YK€ OTKPbITHI HAMH, UYTO
MBI y>Ke y3Ha/a1u o6 yCTpOHCTBe MHpa eCJd H He BCe, TO, BO BCAKOM
cJaydae, rjaBHOe?..»), O MOJeKyJasipHOM woBHHH3Me («[loyemy B0OG-
e XKHM3Hb [OJXKHA OPraHH30BbLIBATHCSl Ha MOJEKYJSIPHOM YPOBHe?
Yxe cefiuac, HanpuMep, U3BeCcTHO OKoso 200 3/1eMEeHTapHBIX aTOM-
HBIX YaCTHL, H BO3MOXHO, UTO HAa HX OCHOBe MOT'YT 06Pa30BLIBAThCS
CJIOXKHble W YCTOHYHMBBle «OeJKH» H <HYK/JIEHHOBBIE KHCJOTHI»...).

Bce 3TH «I10BHHU3MBI» MOXHO B NPHHLHUIE HOBOJIBHO JIErKO MO-
HAATb U OCYJHTb. 3HAUHTENbHO TPYJHEHR OGCTOUT [€JI0 C APYTHM HALIUM
4yesloBeyeCKHM NpenybexIeHHeM, KOTOpOe MOXKHO ObLio Gbl Ha3BaThb
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«IPOCTPAaHCTBEHHO-BPEMEHHBIM [LIOBHHH3MOM». Mbl NIPUBLIK/IH K TOMY,
4TO BpeMsl BCErJa TeyeT paBHOMEDPHO, YTO MPOCTPAHCTBO «HEJEJHMO»,
4TO peasbHO CyLIecTByeT JIHIIb OJHWH — Hall COGCTBeHHbIH — MPOCT-
PaHCTBEHHO-BPEeMEHHOH MHP M TOJIbKO eMy MNpHHaIJeXHT Kaxias
TOYKa OKpyxKaloiieii Hac peasnbHocTH. ONHAKO TeOpPETHKH ceffuac
BCepbe3 MOKYLIAIOTCS Ha 3TH Hallu 6GeccropHble, KasaJjoch Obl, npej-
craBjenusi. OgHa M3 TeopeTHYECKHX MoJeJell TI'paBHTalLHOHHOIO
KOJIJIalca — CXaTusi 3Be3bl 10 OeCKOHeYHOH MJIOTHOCTH — Mpej-
nojiaraet CyllecTBOBaHHe OCOOBLIX TOYEK MPOCTPAHCTBA, TaK Ha3blBa-
€MBIX «UepHBIX Jbip», B KOTOPBIX Y>KHBAeTCsl MHOXeCTBO MPOCTPAHCT-
BEHHBIX MHPOB, pa3fieJeHHbIX GeCKOHEUHbIMH lIHTepBajJaMH BpPeMEeHH.

PacckaspiBasi 0 HHX, MAOKTOp (H3UKO-MaTeMaTHYeCKHX HaykK
H. C. Kapnames (MuHctutyT KocMuueckux uccaenosanuit AH CCCP)
NpefJoXKUJ YUaCTHHKAM CHMIO3HYMa He CJHLIKOM NPOCTYIO 115 yeso-
Be4yecKoro BooOparkeHHs 3ajauy: OH NOMbITAJICH HapucoBaTb KapTH-
HY TNyTelleCTBHS KOCMOHAaBTOB B 00.1aCTb «4epHOH AbIpbl». OKasbl-
BaeTcsl, YTO TMPH OINpeJeJeHHbIX YCJOBHSX KOCMOHABTHI MOTYT
J0JIeTeTh [0 LleHTPa Macchl 3Be3[bl U «BBIHBIPHYTb» B IPYroM Mpo-
CTpaHCTBeHHO-BpeMeHHOM Mupe. OcraBasicb HENOABHXKHBIMH ISl
BHelllHero HabJjiopaTensi, OHH CMOTYT MNyTellleCTBOBaThb B Oynylllee,
nepexosisi U3 OJLHONO MPOCTPAHCTBEHHO-BPEMEHHOI'0 MHpa B NPYro#.
He ucknio4yeHo, 4To B OHOM H3 TAaKHX MHPOB KOCMOHABTHl BCTPETSHT
IMBUJIH3ALHH, KOTOpble MPHHLUUIHAJBHO He MOTYT ObiTb 3aMeueHhl
3eMHbBIMH HaObJlI0faTeNsIMH.

dra BHOJIHE «CyMaclledlllasi HIesi» MOKa He 6Gojiee yeM MbICJEH-
HblH 3KCHepUMeHT Ha [OCTaTO4YHO CMeJOH TeopeTHYeCcKOH MopesH,
a mpoule roBopsi, yucreiasi gaHtasuss OQHaAKO 3a MOCIeNHHE Je-
CATHJIETHS JIIOASM YXKe He pa3 NPHUXOAUJIOCh MUPHUTBLCS C PeasbHOCThIO
«CyMaclle[IIHX HIAeH» H «4yUCTeHIIMX (aHTa3ui», TaKHX, CKaXKeM,
KaK HJeH TeOPHH OTHOCHTENbHOCTH HJIH KBAHTOBOH MEeXaHHKH.

Hrak, narb TeMaTH4yecKUX AUCKyccHit BlopakaHcKoro cuMnosnyma
«CBsi3b ¢ BHe3eMHBbIMH IIMBHJIH3aLUAMU», [POAHAJH3UPOBAB BCe CO-
CTaBJsIOLINEe BepOSATHOCTH cymlectBoBaHust BLI, nokasasau, uro B
NPHHLMIE BEPOSITHOCTb 3Ta MOXKeT ObITb JOCTAaTOYHO BBICOKOMH, XOTsi
CerojHsl elle HeT OCHOBAHHH [Jsi NOCTOBEPHOH ee OLEHKH.

¥Y:Ke MHOTrO BEKOB JIIONH 3a[yMbIBAIOTCSI O MHOXKECTBEHHOCTH OGH-
TaeMblX MUPOB. MeuraloT, dusocodpcrByioT, panrasupyior. Ho Tonbko
ceflyac MOSIBJSIIOTCS peaJibHble BO3MOXKHOCTH OOGHApPYXHTb H, MOXKET
ObITh, AaXKe paciiu(poBaTh CHTHA/bl BHE3€MHbIX LIHBHANH3AUHUEH, YCbI-
mlaTh U3 padoHa KakoH-HUOYAb [NajeKod 3Be3[bl MO3bIBHbIE 3arajou-
HO¥ u npekpacHoi Asautbl. Ecau, KOHe4yHO, OHa CyllleCTBYeT B JOCTH-
XKHMOM [J151 Hac ydacTke GeckpaiiHeidl BceseHHoi.



Bepcua ,furantckas cHexuHka“

TposHoe Renewnue, komopoe eowno 8 ucmopuio nod Haseawuem ,,TyHzyc-
ckud memeopum*, u no ced Oewo ocmaemcsa o6vexkmom uccaedoeanud u
ocmpbLIX HAy4HbIX GucKyccud.

KpumuHaauct pachnyTbiBaeT crapoe, cjoXxHoe geno. OyeHb cra-
poe — NpoULIN JecATHJeTHs], MHOroe 336bITO, YNMyIleHO, CBUOeTes el
He Hafigewb. M o4eHb CJI0XXHOe — COXPAHWJIOCH JIHIIb HECKOJbKO
KOCBEHHBIX YJHK, HEeCKOJbKO BTOPOCTeNeHHbiX (PakKTOB, IJaBHOE Xe
NMPUXOAUTCS BOCCTAHABJMBATh, BOCCO34aBaTh. A BOCCO3HaBaTh IO
HUMEIOILUMCA JaHHBIM MOXKHO MHOTO BCsIKOro pasHoro. Bor opHa
BepCHsl, BOT BTOpasl, TPeTbsl...

Ho Benb ucriHa MoxeT OBITh TOJNBKO OfHA... Kakasi :Ke Bepcusi
cnpaBegnuBa? Kak Bce 6bI0 Ha caMoM peJe?

C 3To# AeTeKTHBHOH CUTyauMeill MOXHO, MO-BHAUMOMY, CPaBHHUTb
MHOTOJIETHHE TNOTBbITKH BOCCTAHOBUTb HCTHHHYIO KapTHHY TaK Hasbl-
BaeMoro «najfeHusi TyHI'yCCKOTO MeTeOpHTa», COOLITHS, KOTOPO€e Mpo-
usouio B 1908 r.

Camo Has3BaHue «TYHIyCcCKHH MeTeOpHT» — 3TO JMUIb MepBas
BepcHsl, NMepBOe MpeANnoJoXKeHHe O cayduBuieMcsi. B pasHoe BpeMs
pasHble aBTOPH NO0aBJAAIM K Hell W [Apyrue, B TOH HJIH HHOH Mepe
npaBaonojoOHble BepCHH, B UYACTHOCTH, TaKdHe (XPOHOJIOTHS He
cobJogaercs) :

Bepcusi Bropas — B 3emHyl0 arMoc(epy H3 aHTHMHPOB BJeTeJ
KyCOK aHTHBellleCTBa; BCTpeua BelileCTBa aTMocdepbl C aHTHBeILeCT-
BOM, COTJIACHO 3aKOHaM (H3UKH, MpHBesa K HX aHHHUTHJSLHUH, K B3aH-
MOYHHYTOXXEHHIO, C BbleJeHHeM OrpOMHOH 3HepTHH; MNPOHU30LIe]
CUJIbHEHUINHA aHHUTHJISLHOHHBIH B3DbIB.

Bepcusi Tperbsi — W3 APYroro UMBHJIH30BAHHOTO MHpa Ha 3emJo
npubbl KOCMHYeCKH#A Kopa6/b H, MbITAsChb COBEPIUHUTb MOCAAKY, MO-
Tepres aBapHio, B30pBaJicsi, CKOpee BCEro, H3-3a HeHCNpaBHOCTeH B
SIIePHBIX JBUraTessx.

Bepcusi uetBepTasi — B 3eMJl0 momaJia MHKPOCKONMHueckasi, pas-
MepoM ¢ OyJ1aBOUHYIO TOJIOBKY, «uepHasi Jblpa», OHa CO3JaJja CHJb-
HelillHe BO3MyllleHHs1 B aTMmocpepe («uepHas Apipa» [OJXKHaA CO
CTpallHOU CHJOH BTATHBAaTh B ceOsl BelleCTBO, HalOMHHas CBepX-
MOUIHBLIH TIBIJIECOC), JIETKO MpPOH3uJa 3eMHOH wiap u, rie-to B IOx-
HOM ATJiaHTHKe BBICKOYMB M3 3eMJH, NOHecJaach aaJbliie B CBOGOX-
HBI# KOCMOC.

Bepcusi matass — Halla nyaHeTa CTOJNKHYJach ¢ He6OJbIIOH CpaB-
HUTEJbHO KOMETOH, iIPO KOTOpPOH KakK pa3 H co3aJjo Bce 3G (eKTH
najeHHsl METEOPHUTA, a OTPOMHbIH pa3peXKeHHBbIH XBOCT HOJIIO BTSATH-
BaJicsl B aTMocdepy H co3faBaj B Hell CBeyeHHe, B TeueHHe HECKOJlb-
KHX MecsiueB HabuiopaBileecsi Toraa Han Espomnoii u 3ananHo#i Cu-
6UpbI0. DTY THIIOTE3Y BHIABUHYJ U pa3pabaThiBas akageMuk B. I'. ®e-
CEHKOB, a 3aTeM ee TILaTeJbHO HCCJeNOBaJH €ro Y4eHHKH.
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BLIBAR AECA HA MECTHOCTH
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B camoe nocsegHee BpeMsi mpennosioXKeHHe O CTOJKHOBEHHH C
KOMETOH MOJIYYHJIO COBEpLIEHHO HOBOE pa3BHTHe W MOSIBHJACh ellle
OJHa, Ha cell pa3 yxe JeTajbHO NpopabOTaHHAasi BepCHS.

Bepcusi mecrass — B 3eMHy10 aTmocdepy H3 KOCMOca BJjeTeJa
rUraHTCKasi CHeXXHHKa (puc. 1), KoMmeronogoGHOoe TeslO ¢ OueHb
PBIXJIBIM SIAPOM U3 KPHCTAJJIMKOB Jbaa. [1pexxae yem ussaratb HeKo-
TOpble [eTajH 3TOH BepCHH, HECKOJIbKO CJ10B 00 HCCIelOBaHHSX,
MO3BOJIUBIIKX JOBOJBHO TOYHO OMNpPENEJHTb Ba’KHble XapaKTePHCTHKH
TyHrycckoro B3pbiBa. DKCNEJHLUHUH K MeCTy NMafeHHs1 TBEPAO yCTaHO-
BUJH cJjefyiouide GakTbl: B MecTe NMaJeHHs1 HeT KpaTepa; B MecTe
najgeHusi NMPakKTHYeCKH He OGHapYXKEHO OCTAaTKOB Tesa, BJeTeBLIEro
B arMoctepy (3TO cpasy ke ONpOBEpPIrJO BEpPCHIO O Bpe3aBLIEMCsl B
3eMJII0 METEOPHTE) ; B3PbIB MOBaJMJ JePeBbSl Ha OTPOMHOH MJOLIANH,
pa3mepom npumepHo 50X 70 km; pakloH, TIe NoBajeHbl [IepeBbs,
nMeeT xapakTepHyl (opmy «6abouku» (puUc. 2 M 4); HanmpaBJeHHs
NnajeHusi 1epeBbeB MO3BOJISIIOT ONPENeJUThb LEHTP B3pbIBaA.

Hcxonst u3 3Tux $HakToB, ObLIH BBHINOJHEHbl TEOPETHYECKHE H IKC-
nepUMeHTaslbHble PabOThl C HEJbI0 OTBETHTb HAa BOMPOCH: B KaKoOMH
TOYKe HOJIKeH OBl NMPOU30HTH B3pBIB, YTOOBI MoJy4uscs HabJaopnae-
Mblii BbiBaJs Jieca? Kako#l Gbia cusia B3pbiBa? C Kakoél CKOPOCTBIO
U B KAaKOM HaNpaBJeHUU [BUrajOCh B3OpBaBliIeecsl Tesno?

B uncne pabor, maBUIMX OTBET HAa 3TH BONPOCH, HYXXHO Ha3BaThb
pacyeThl M 3KCIEPHUMEHTHI, BbiloJIHeHHble B MIHCTUTYTe Pusnkn 3emiun
AH CCCP rpynno#t uccaenoBaTteseil Bo IjaBe ¢ KAaHAUAATOM (PU3HKO-
MaTteMaTHuecKux Hayk M. A. LlukynuHbiM. Pa3BuBasi TeopeTHueckue
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HCCJIeIOBAHHSI CBEPX3BYKOBOIO ABHXKEHHUSI TeJ H BO3HUKaIOLLeH ,MpH
5TOM YyJapHOH BOJIHBI, OKa3aJoCb BO3MOXKHBIM HPOBECTH aHAJOrHIO
MeX1y 3THM IPOLECCOM H B3pPBHIBOM, ONpPEAEJNHTb DSA BEepPOSATHBHIX
XapakTepucTHK TyHrycckoro siBjeHusi. PacueTbl OblJIM MPOBepPEHbHI
B MOJEJNbHbIX 3KCIIEPHMEHTax, Ha MakKeTe C NMPOBOJOYKAMH, HMHTH-
pylomumy pepeBbsi (puc. 3). K HUM ¢ pa3HOH CKOpPOCTbIO U NOA
pasHbIMH yrjaMu npu6aukKajad HeOOJIbIIOH NOPOXOBOH 3apsih, B3pPbl-
BaJIH ero Ha pa3HOH BBHICOTe W MOJIyyasH pa3Hble KAapTHHbl BbiBaJja
«jaecay (puc. 4), B ToM uucjge U «6abOUKy».

Ha ocHoBaHWH 3THX pacyeTOB H 5KCIEepPUMEHTOB ObIJIH CleJaHbl
BBIBObI — BCe pas3pyllieHHsi B paioHe, riae mnpousowo TyHrycckoe
coObiTHe, BEI3BAHBl TOJIbKO yIApHBIMH BOJIHAMH: NPSIMOM, HalmpaBJieH-
HOH Ha 3eMJII0, 1 OTPaKeHHOH OT 3eMJH. PacueTHyio B3pbIBHYIO BOJIHY
B NMPHHLHINE MOTJH Obl CO31aTh caMble Pa3Hble HCTOYHHKH, HX B3DhIB-
HOH 3KBHBAaJIEHT — TPOTHJIOBLIH 3apsim B 20—40 meraTtoHH, JBHraB-
WHCS N0 CUJIbHO HAKIOHEHHOH TPaeKTOpHH co cKopocThbio 30—50 Km/c
U B30pBaBILMiCA Ha BbicoTe 5—I15 kM. K aHasoruyHbiM BhIBOJgaMm
npulljia Tpynna COTPYAHHKOB MareMaTH4eCKOTO WHCTHTYyTa U Bhi-
yucaurespHoro ueHrpa AH CCCP Bo raaBe ¢ nOKTOpoM (DH3HKO-
matematndeckux Hayk B. Il. KopoGeiHHKOBLIM, MpoCYHTaB Ha Malllu-
He GOJIbLIIOE YHCJIO CaMbIX Pa3HbIX BapHAHTOB B3phIBA.

Bepcusi «TMIaHTCKOH CHEXXHHKH» COCTOMT B TOM, YTO HeOGXOJH-
Masi ynapHasi BoJIHa MOXKeT HOSIBUTbCsI H 6e3 B3pbiBa, B OOLIENPHHSA-
TOM cMbicsie 3Toro ciaoBa. Ha opHoit u3 ceccuiét Otpenenusi o6Guuei
¢Hu3uKH U acTpPOHOMHH AKajeMHH HayK aBTOp THNOTE3bl aKageMHK
I'. Y. TlerpoB paccka3an o TeopeTHUECKHX HCCJENOBAHHAX, U3 KOTO-
pHIX MOJyYHJach NPUMEPHO Takasi KapTuHa. «CHeXHHKa» Maccoi
nopsigka 100 teic. T, auamerpoM 10 300 M ¥ NMUIOTHOCTBIO BellecTBa
okoJ10 0,01 r/ cm® (310 B 5—10 pa3 MeHbllie NJOTHOCTH Hallero 3eMHO-
ro cHera) BseraeT B arMmocdepy 3emau nox yriom 20° K FOpH3OHTY
H C HadaJbHOH CKOpocThio mpuMepHo 40 km/c (6osee uem B 100 pas
BhIlLIe CKOPOCTH 3ByKa). Briepenu sTo# nanaioilei «CHeXKHHKH» GeKUT
yaapHast BoJHa, GpOHT KOTOpoH ObICTpPo paciuupsieTcsi (cM. puc. 1)
M3-32 TaK Ha3blBaeMOro HeCTALlHOHAPHOT'O MCMApPEHHS] CHEXHBIX KPH-
CTaJIIHKOB, HArpeBaIOLIMXCS NPH ABHXKeHHH B aTMochepe. «CHeXHH-
Ka» npeBpallaeTcss B OrpoMHoe 06J1aKo, KOTOpOe, paclllHpsisich, Bce
naJblie OTTaJKHBaeT OT cebsi yAapHYIO BOJIHY, CaMO HPH 3TOM Bce
CHJIbHEe TOPMO3UTCS B armocdepe H3-3a pacTyllero aspoiHHaMHuye-
CKOTO CONpOTHBJIeHHs. B uTOre ortopBaBilasica oT obaaka ynapHasi
BOJIHA OGPYLIMBAETCS Ha 3eMJI0, TPOU3BOJUT CTpalllHble pa3pyLieHus],
a camo 06s1ako KaK HH B yeM He ObIBaJIO HCye3aeT ¢ MecTa NMpecTyn-
JeHus1, pactBopsiercs B atmocdepe. Akagemuk . U. IlerpoB coBmect-
HO ¢ mokTopoMm ¢usuko-matemaTtudeckux Hayk B. I1. CTys0BBIM BHI-
MOJIHHUJIH TEOPeTHYeCKUH aHanu3 W npoBeau B HMHCTHTyTe MeXaHHKH
MTY psin 3KCcnepHMEeHTOB, MMOKa3aB, UTO TaKOH Mpouecc BIOJHe
BO3MOXKEH.

Hccnenys TOHKHE MeXaHH3Mbl CBEPX3BYKOBOTO JBHXKEHHSl «BaThl
B BaTe», yueHble HaJelOTCS MOATBEPAHTb CBOH NpenBapUTeNbHbIH Bbl-
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BOJ: «THTAHTCKasi CHeXXHHKa» — eIMHCTBeHHas1 npaBronono6Has Bep-
cusi TyHrycckoro coGhiTHsi. 3amaya 3Ta He M3 JierkuX. Xors OBl mo-
TOMY, 4TO yAapHasi BOJIHA, KaK JIOOSAT TOBOPUTb CHEUHAJHUCTH IO
B3pbiBaM, O4yeHb ObICTPO 3abblBaeT, KTO ee NMOPOAUJ, T. €. Ype3Bbluaii-
HO TMOXOXHe ynapHble BOJIHBl MOI'YT NOSIBUTBCA H NPH XUMHUECKOM
B3pbiBe, H MPHU SIAEPHOM, U NPH CBEPX3BYKOBOM BXOXKIEHHH B aTMO-
cepy Tesa MaJoOH NJIOTHOCTH.

ITo cBoe#l cnoXKHOCTH, O MAJOMY KOJHUYECTBY <YJHK» H OGHIHIO
npaBAoNoOf06HbIX TUNOTE3, TYHrycckoe cOGbiTHE B KOPHE OTJIHYaeTcsl
OT KJIaCCHUECKHMX NaJCeHHH MeTeOpHBIX Tesa. Kak mpaBuso, OCKOJKH
WM CJie[bl <«MPHUUIeNblleB H3 KOCMOCa» — METEOPHTOB — paccKa-
3BIBAIOT O TOM, YTO OHH CcOOOH mNpencTaB/siid, KaK [IBUTaJUCh B
armocdepe. Tak, miecTUIeCATHTOHHBII OCKOJIOK XKeJle3HOTO MEeTEOPHUTA,
Ha#jgeHHbll B AdpuKe, TPHAUATHTOHHBIH OCKOJIOK, HaHAEeHHHH B
['peHsanui, CTO TOHH OCKOJKOB CHXOT3-AJIMHBCKOTO MeTeOpHTa,
HalineHnnble y Hac Ha JlaapHem BocToke, o6Hapy)XeHHble Ha aMmepH-
KaHCKOM KOHTHHEHTe jJBa OTPOMHBIX KpaTepa, o6pa3oBaHHBIX yNaB-
ILMMH MeTeopHTaMd (OAMH AvamerpoM 3,6 KM, Apyro#l aHaMeTpoMm
1,2 kM u ray6uHolt okoso 200 M), maloT NpeicTaBJeHHE O TOM,
Kakie OrpoMHble Teja NPHOBLIM K HaM B CBO€ BpeMsl M3 JaJIeKOro
KocMoca. K corKaJjieHHIO0, HeT aHaJIOTHYHbIX BellleCTBEHHBIX [OOKa-
3aTeNbCTB, KOTOPble NMO3BOJWAN Gbl NMpencTaBUThb cebe TO, UTO Hasbl-
BaloT TyHI'YyCCKHM COOBLITHEM.

TyHrycckoe cobbiTHe — cTapoe, 3abblToe, KasaJjocb Obl, [eJo...
OnHako Xe HCCAeNOBaTeNd PeryJsipHO BO3BpalllaloTCs K 3TOH rpos-
HO¥ 3arajke, HajesiCb, MO-BUIHMOMY, HaHTH OTBEeTHl H Ha KaKHe-TO
o6lue, MOXeT ObIThb, Aa)Xe NPaKTHYECKH BarKHbie BOMNPOCHI.

U eine, HaBepHOe, H3-32 HHCTHHKTUBHON 4Ye/0BeYeCKOH HeNpHs3HH
K HEH3BECTHOMY.



3a ropu3soHT BceneHHoil

Paspabamsieaemca npoekm 2u2aHmckKo2o paduomeneckond, Komopoid
6yGem nocmpoeH 8 KOCMUYECKOM NpOCMpaxcmee U Pe3Ko pacwiupum 603-
momHocmu Habmwodenua 3se3dHozo Heba.

Hy uem eme Hac MOXHO YyauBHUTh, Jwoaeit XX B., CBHAeTesel
teepuyecknx nobel HayKH, TEXHHKH, HHAYCTPUH. ..MBl Bce yxe
NPHUBBLIKIH K 3TOMY HeNpepbLIBHOMY HOTOKY CeHcaluil W naxe, Ka-
JKeTcsl, HeMHOro ycranu ot Hero. Hac yxxe, BUIHMO, HHUTO He MOXKeT
Cepbe3HO B3BOJIHOBaTb, HMKaKHe NpPOeKThl H cBeplueHHs. Hukakwe.

Hukakue?

Bbl sHcTaeTe TOHKYIO TeTpaib — KCEPOKONHIO MAILHHOMHCHOTO
TEKCTa C HeCJOXXHbIMH PHCYHKaMH, oduuHaibHO uMeHyeMyio «[lpe-
apunT Ilp 373 Mucruryra Kocmuueckux uccaenosanuit AH CCCP»,
Bbl JIHCT@eTe 3Ty TeTpalb, H Y BaC MPOCTO AYX 3aXBaThbIBaeT OT Oye-
penHoit yesoBeyecKoit nep3octu. OT ¢paHTacTHuHOCTH 3aMbicsia. U ee
6oJibllie OT TOrO, YTO 3aMbICE] 3TOT YK€ CHOKOHHO paccMaTpHBAIOT
Kak Oyayllylo peanbHOCTb. [IpeBpalialoTr B TeXHUYECKHH MPOEKT.
FoToBAT yepTexXu H cTposAT Mojesu. [lnaHUPYIOT, KOrga 4TO MOXKHO
chenatb. [1OACUMTHIBAIOT, UTO CKOJBKO CTOHT, CKOJbKO HYXKHO 3a-
TpatuTh cpenctB. M1 4yto 3sto B urore nacr. Hy a 3To camoe «uto
JacT» COBCeM YXKe MopaxkaeT BOOOpaxKeHHe — HeyXeJd TaKoe BO3-
MOXKHO?

Ho Bor 3pmech — cron! 3pmech HacTal MOMEHT CMEHUTb MaHepy
H3JI0XKeHHsI: HUKaKHX 9MOUUH, [abbl He NMOTEePSJOCh B HUX HENpOCTOe
AJIsi IOHUMaHHusi cyiuecTBo gaena. Ceituac Mbl monpoGyeM paccKasaThb
0060 BceM NocJeqoBaTebHO U CYyXO, PaBHsIsICb Ha 6eCCTPaCTHbIA CTHJb
HayyHbIX COOOIIEeHHUH.

Hdea coszdanua KPT

Panunoncrounnku Bo BcesenHoi. UToGbel pa3 u HaBcermga HCKJIO-
YUTb HeaKKypaTHOe TOJKOBaHHE TAKHX CJIOB, KaK «PagHOHUCTOYHHK>,
«paauOTE/IeECKON», «PadvoacTPOHOMHS», TpojeJaiiTe camMu ¢ coboi
HeCJI0KHBI A nefjaroruyeckuit skcnepumeHT. Kak-Hubynb, ciayuias my-
3bIKy, Ha MTHOBEHHE OTBJIEKHTECb W OTMeTbTe Mpo cebsi Tako# Ipo-
3auyecKHil (akT: Bbl CJBIIIHATE PYKOTBOPHBIH 3BYK, BOCIPHHHMaeTe
3BYKOBBIE BOJIHbl, HCKYCCTBEHHO CO3JaHHble uyesoBeKoM. M TyT ke
BCIMIOMHHTE, YTO NPHPOLA U CaMa yMeeT FeHepUPOBaTh 3BYK, UTO y Hee
CBOsi My3blKa — pacKaThl rpoMa, IIyM JIeCOB, POBHble PUTMbl MOPCKO-
ro npu6osi, 3aBbiBaHHe BbIOTH. A Ternepb OT 3BYKOBBIX BOJIH Mepexo-
IuTe K paauoBosHaM. IlocnenHne u3BecTHs1 B Ball JOM NPHHOCHT
pPaAHOBOJIHA, HCKYCCTBEHHO CO3JaHHasl Ha pajuocTaHuuu (puc. 1).
M B To Xe BpeMst pagMOBOJNIHBl POXKIAIOTCS €CTECTBEHHbIM 06pa3oM,
B OTPOMHOM MHOroOGpasHU MPHPOJHBLIX SIBJE€HHH, TaKHX, CKaxKeM, Kak
paspsii MOJHHH, HIH M3MEHEHHE SHEPTHH MOJIEKYJ, HJIH TOPMOXKEHHEe
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3JIGKTPOHOB B MarHuTHbIX noJsix. IlonoGHble nmpouecchl NPOHUCXOAST
BO BceX He6GeCHBbIX TejlaX, H NMO3TOMY paJHOHM3Jy4yeHHS] NMPUXOAAT K
HaM ot njaHer, oT Jlynnl u CosHua, oT 3Be3n, rajakTHK, TYMaHHO-
ctefi. IMEHHO OHM H Ha3bIBAIOTCA KOCMHYECKHMH PafHOHUCTOYHHKAMH.

PapuoacrpoHomusn. Msyuennem KOCMHUECKHX PaJMOHCTOYHHKOB
3aHuMaeTcsi paguHoactpoHomusi. OHa 3aponunacsk B 1931 r., korma
cjayyaliHo 6bl10 oOHapyXeHO panuousnyyeHHe Mueunoro [lytu. He-
pe3 15 ser B co3Be3nuu JleGenst HalUIM nepBbIH TOUEYHbIH pagUOHC-
TOYHHK, HEBHIHUMYIO pPalHO3Be3/l04KYy, U JHIIb yepe3 BOCEMb JIET ee
yAanocb yBHIETb B MOIIHOM TejecKome. DTO, KCTATH, THIHYHAS CH-
Tyauusl — CHayaJa JajleKHd KOCMHYeCKHi 00beKT 0OHapYXKHBAIOT MO
panuOU3Jy4eHHIO, @ 3aTeM €ero yxe ynaercsl yBuaetb. A GbiBaer, uTo
U.He yJnaercs.

Pagnoreneckonbt (PT). OCHOBHOH HHCTPYMEHT paiHOaCTPOHO-
MOB — PaJIHOTEeJeCKOMN, OH COCTOMT H3 YYBCTBHUTEJbHOI'O MPUEMHHKA H
OCTpOHANpaBJieHHOH aHTeHHbl. AHTeHHa Ha3bIBaeTCsi «OCTPOHAINpaB-
JIEHHOH» TOTOMY, 4TO yJaBJHBAaeT PaJHOBOJHBI TOJbKO C OJHOTO Ha-
npaBJieHHs], a OCTaJbHble MPOCTO He 3aMeyaeT. MeHHO mosToMmy, no-
BOpauyHBasi aHTeHHY paauoTesneckona M Kak Obl oulynbiBasi elo Hebo-
CBOJ, yIaeTcsl YCTAHOBHTb, I'le HMEHHO HAaXOIUTCS PaJHOHCTOYHHK,
a WHOTAA M OLEHHUTb ero pa3Mepbl, pa3THYHTb JNeTajH.

OpnHa u3 I1aBHBIX XapaKTEePUCTHK palHOTesNecKona — ero paspe-
mapowmasi Ccnoco6HoCTb, T. €., rpybo roBopsi, yMeHHe Ppas3JHUHTh
6/1M3KO pacroJloXKeHHble HCTOYHHKH, He MPHHATb HX 3a OINHH HCTOY-
HUK (puc. 2). Paspemawomyio cnocoGHOCTb OLEHHBAIOT B YIVIOBBHIX
elHHUIAaX, B Tpajycax, MHHYTax HJM ceKyHuax. Ecau, Hanmpumep,
paspeuiaioiiasi CnocoGHOCTb Teseckona 5 (5 yrJaoBbIX MHHYT), TO OH
BHIMT 3Be3lHOe He60 KakK Obl yepe3 y3KYyl0 KOHycooOpa3Hylo TPyOKy,
MOCTENEHHO PaCUIHPSIOULYIOCS MOJ YraoM 5 U NPHKPHITYIO MJAOTHBIM
MAaTOBBIM CTEKJIOM,— HHKaKHX JAeTajlefl B NoJe 3peHHs] TPYOKH YyxKe
pasNuYuTh Hesb3s. M sicHo, 4To ueM TOHblle TPyGKa, 4eM oOCTpee
yroJ, MoJ KOTOPHIM OHa pacXomMTcs, TeM OoJiee MeJKHe [eTaJu
MOXKHO 4epe3 Hee yBHAeTb. TakK, CKaxKeM, NMpH paspeieHud ' ¢ pac-
CcTOsIHUSA | KM MOXKHO yBHIeTb CBETOBOE HSITHO pa3MepoM ¢ PyT6oJb-
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HbIH MsA4, a npu paspewenuu | (yrjoBasi cekyHma) OGHapyXHTb
B HeM 6oJjiee sIpKHe HJIM MeHee sSIpDKHE YYAaCTKH Pa3MepoM C FOPOLIHHY.

Panunoresieckonel, KoTopble Mbl Yallle BCEro BUAWM Ha (oTorpadH-
fIX, yCTPOEHbl TakK: 6oJjbllasi MeTajjJHyecKasi yauia-pedaekTop coGu-
paeT paIHOBOJIHbI H KOHLUEHTPHPYeT HX B (OKyce OObIYHO Ha BHICOTE
B Heckonbko MerpoB (40 9/, oT nuamerpa) Hajn UEHTPOM 3epKaJa.
31ech pacnosioxKeH caM BOCIPUHUMAIOUIHH 3JeMEHT, TaK HasblBaeMbli
obnyyaresnb, CBSI3aHHBIH HENOCPENCTBEHHO CO BXOAOM IPHEMHHKa
(puc. 3). Paspemaiouiasi cnocoGHOCTb TAKOTO PaAMOTENECKONa 3aBH-
CHUT OT pa3sMmepoB pedJieKTopa: 4eM OH 6oJiblie, TeM Jyyllle paspelle-
HHe, TeM MeHblle, OCTpee yros 3peHHUsl M, 3HAYUT, Oojiee MeJIKHe
IeTajd MOXHO paccmoTpeTb (puc. 4). Kpome Ttoro, uem Gousblie
pedJekrop, TeM OoJibllle 3HEPrdd OH cobupaer, TeMm Jydlle BTOpas
BaXKHeHIlasi XapaKTepHUCTHKA pajHOTeJeCKoNa — ero YyBCTBUTEJb-
HOCTb, CNOCOOHOCTb YJIaBJUBAaThb Cjaabble CHI'HAJbI.

Otciona BbIBOL: HYXKHO CTPOHTb DPaJHOTEJECKONH € GOJbLUIHMH
aHteHHaMH. Yem Oosblle, TeM Jyulie.

Pasmepnl antennnl PT. Kaxnas Haula 3eMHasi pagHoCTaHLUUS U3-
JydyaeT paJMOCHIHAJbl OLHOH YacTOTHl, T. €. C OLHOH CTPOro ompene-
JeHHOH JIJHHOA BOJHBI. A KOCMHYECKHH paJHOMCTOYHHK H3Jyyaer,
Kak NpaBHJIO, OYeHb UIMPOKUH CHEKTP YacTOT, H3JydyaeT OLHOBPEMEH-
HO Ha BCeX BOJIHaX Bcex Auamnas3oHoB. OGpa3Ho rosopsi, 6epeT akKopa,
yaapssi cpasy IO BCeM pOSIIbHBIM KJaaBHilaM. Papuoresneckon He
MOJKET yCJblllaTh BeCh 3TOT aKKOpJ, OH BBbIIEJsieT U3 Hero JHUIIb OT-
JleJibHble HOTBI: €CTh PaJHOTeNeCKONbl CPpeHeBOJHOBbIE, OHH YJaBJIH-
BaIOT KOCMHYeCKHe PaJluOU3Jy4eHHsI C AJUHOH BOJHBI B COTHH METpOB,
ecTh HHCTPYMEHTHl METPOBOTO Auanas3oHa U aeunumerposoro. Hy a
TeJleCKON ¢ yaulel-pedaeKTopoM, KakK NpaBHJIO, PacCYHTAH Ha NpHeM
CAaHTHUMETPOBbIX HJIH MHJJHMETPOBBIX BOJIH.

JKenatenbHo BecTH HaGJI0LeHHE HA BOJHAX KaK MOXHO 6oJee KO-
POTKHX, H BOT OJZHA W3 NPHYHH — MPH OJHHX H TeX XKe pasMepax
AHTEHHBI ee paspellaiollasi CoCOGHOCTb TeM Jiyyllle, yeM KOopoue MpHu-
HuMaemasi BosHa (puc. 5). Ho npu 3TOoM, 4yeM Kopoue NMpHHHMaeMmasi
BOJIHA, TeM TO4YHee NOJIKeH ObITb H3rOTOBJEH caM pedJeKkTop, TeM
MeHbllle OH JOoJKeH AeQopMHpOBATbCs HpPH noBoporax (puc. 9).
Tak, Hanpumep, mpu AJHHe BOJHB | cM nedopmauuu pedaexropa
Ja)e Ha 1 MM MOryT 3aMeTHO yXYAIUHTb XapaKTePUCTHKH AHTEHHBI.
BoT 3mechb-TO M JIeXKHT HENPUMHPUMOE NPOTHBOpeuUHe: YyTOOBl YJayd-
LUIMTh pa3pellalollylo CnocoGHOCTh pPaAUOTEeIeCKONa, HYXKHO YBeJH-
YUTb AHTeHHy W NMPHHUMATb Gojlee KOPOTKHE BOJIHBI;, YMeHbllasi IJIH-
Hy IPHHHMaeMOH BOJIHBI, HY>KHO MOBBILIATh TOYHOCTb F€OMETPHYECKHUX
$hopM aHTEHHbI, a TOYHOCTb 3TA CHHXKAETCS C yBeJHYEHHEM pa3MepoB
aHTEHHBI.

Bot ayuuiee, 4TO yaanoch cerofiHsi IOCTHrHYTb B CO3JaHHH paayo-
aCTPOHOMHUYECKHX HHCTPYMEHTOB C MOBOpavyHBalOUIUMHCH pedreKro-
pamu: paxpuoreseckon B Db denncbepre (PPI) — nuamerp pedirek-
topa D = 100 M, MuHHMaJbHas AJHHA BOJHH A — okoso 0,8 cm.
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Kpome Toro, noctpoeHsl GOJbIINHE TEJECKONbl CAHTHMETPOBOrO AHana-
30Ha C HEMOABUKHBIMH pedieKTOpaMH — B HHX HampaBJieHHe NpueMa
MOXKHO HeCKOJIbKO MeHSITh, NepeMeilasi o6Jydyaresb, HY a KpOMe TOro,
TeJIECKOTl OcMaTpHBaeT HeGo, Bpaiasich ¢ 3emseld. OQHH U3 TAKUX HH-
CTPYMEHTOB COOpYXK€H B KpaTepe MNOTyXliero ByjakaHa B Apecu6o
(ITyspto-Puko), ero nanneie: D = 300 M, . = 6 cm. [Ipyro#l rurasr
¢ MupoBbiM uMeHeM — 310 Ham PATAH-600 (c. 92). Ero peduek-
TOPOM CJIY2KaT CerMeHThl KoJabua nuametrpom D = 600 m, o6pa3oBaH-
HOTO MeTaJJIHYeCKHMMH [UTaMH BbLICOTOH 7,5 M; pabouyuit nuanasoH
Teseckona —A oT 8 MM 10 30 cM. ¥ JyyIUHX U3 3THX HHCTPYMEHTOB
paspeliamoniasi cnocoOHOCTb HeCcKOJbKO ceKyHI. Kak 6yaTo Obl He-
nJjoxo (¢ paccrosinusi | KM BHIHA TFOPOLIHHA), HO Aa)Ke NMPH TAKOM
PEKOpAHOM pa3pelleHHH yXKe Ha Kpalo Hawell [anaktuku, Ha paccro-
stHud 50— 100 ThIC. CB. JIeT, He TOBOPS yXKe O OOJbIIUX KOCMHUYECKHX
PAaCCTOSIHUSIX — MUJIJIMOHAX U MUJJIHAPAAX CBETOBBIX JIET, pafHoTeJIe-
ckon yBuaes Gbl Haumy CoJiHEUHYIO CHCTEMY CO BCEMH ee NJaHeTaMu
KaK OfHO PafUOMNSITHBILIKO.

Papuounrepdepomerpol (PHU). Ecau co6paTh nBa-Tpu paguoTeJe-
CKONa B eHHYIO CHCTEMY, TO MOXHO NMOJYYHTb 3HAYHTEJNbHO JYULIYIO
paspellaioUlyl0 COCOGHOCTb, YeM Y OTAENbHOI0 HHCTpyMeHTa. Takasi
cHcTeMa HasbiBaeTcsl HHTepdepomeTpoM (c. 96), B Hell, mo cyrtu
Iesa, ¢ Bbicoualliedl TOYHOCTBIO YYHTHIBAIOT MOMEHT MpPUXOda paguo-
BOJIH K KaX[OH aHTeHHe M MO 3aMa3AblBAHUIO OJHOrO M3 CHTHAJOB
BBIYHCJSIOT pajHou3o6paxKeHHe HCTOUHHKA, ero pa3Mmepbl. Uem 6oJib-
uie 6asa PU, T. e. uem panbiie oguH PT ot mpyroro, Tem Jjerye
yJOBHTb pPa3HOCTb XOJAa, TeM Bblllle, Jy4llle paspelleHue HHTepde-
pomerpa. Ha 3emue npeneinbHoe paccTosiHHE MeXXIy aHTEHHaMH —
12 TeIC. KM (IHaMeTp 3eMHOro Iapa), Ha paaHouHTepdepoMeTpax
¢ Takoi 6asoff, NpuHMMasi padUOBOJHbBl JJHHOH OKOJO | cM, yxe
yaajochb MOJYYHTb paspewawinylo crnocobHocts 2. 107*% yruaosoi
cekyHnHl, T. €. 0,2 MuaaucekyHabl. 3aMeyaTesabHblll pe3yabTaT: Gbila
6bl y Hac Takasi OCTPOTa 3peHHsi, Mbl yBUAeau Obl Ha JlyHe mpeamer
pa3MepoM c GOTHHOK, a Ha Mapce Morju 6bl paccMOTpeTh JAeTaJid
pesbedpa pasmMepoM B HECKOJbKO KHJIOMETPOB.

Kocmuuecknit pagnoreneckon (KPT). T'nasHblit Bpar GoJbiuux
TEJIECKONOB — CHJIa 3eMHOTO TATOTEHHsI — pe3Ko ocaabeBaer mo mepe
ynageHusi ot 3emau. M1 mosTomy B KocMoce MOXXHO CTPOUTb GoJbliiHe
aHTEHHbl, B 4YacCTHOCTH, 6oJblive pedJeKTOphl, KOTOphle He OYyayT
nedopMupoBaThcsi MoA AeficTBHeM coOcTBeHHOro Beca. MoXHO cTpo-
HTb aHTeHHBI, He PacXoLysl TOHHb MeTal/]a, Kak Mbl 3TO JAejaeMm
Ha 3eMJie, aHTEHHbl C O4YeHb TOYHOH reoMeTpuell, a 3HA4YHUT, NPUTOL-
Hble /7151 IpHeMa Ha caMblX KOPOTKHX BOJIHAX, BIJIOTb A0 MHJJHMeET-
poBbiX. OMH U3 BapHaHTOB 60/bIIOr0 KOCMHYECKOTO pafHOTe ecKona
pa3pabaTbiBalOT COBETCKHe cleunuHatuctol. BenukosenHasi ugess KPT
06 beJUHUIIA KOHCTPYKTOPOB, PAJHCTOB, CMEIHAJHCTOB MO CTPOHTEJb-
HBbIM KOHCTPYKUHSIM, MO KOCMHUYecKOH TexHHKe. PaccuuraHo: guamerp
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pedaekTopa MOXHO noBecTH o0 10 KM, a Bo3MoxkHO, u 10 20 KM;
«burypy» pedJekropa MOXHO GyfeT COXpPaHHUTb C TaKO# TOYHOCTHIO,
KOTOpasi MO3BOJIUT NMPHHHMATb PAAMOBOJHBI 4O /. = | MM.

Kocmuueckuii paguounrepdpepomerp (KPH). Mmess asa KPT,
MOXHO MOCTPOUTb PafAHOHHTep(depoMeTp ¢ orpoMHo# 6as3oii. MoxHo,
Hanpumep, yBe3TH 3TH KPT B aBe NPOTHBOMNOJIOXKHbIE TOUKH JaJeKOH
OKOJIOCOJIHEYHOH OpOHTH, Kyna-HubGyab 3a Mapc, u nyctb oHu cebe
Bpaulaiorcs Bokpyr CosHna Ha paccrosiHiu 1—1,5 mMiapa. kM gpyr ot
npyra (puc. 6). I3 ABYX TakuXx MJbIBYIIHX B KOCMOCE aHT€HH MOXET
noayuutbcss KPW ¢ rurantckoii 6asoii W ¢ coBeplIeHHO yXXe HeBe-
posiTHBIM paspelieHneM — 10 107 '%yrjoBoit cekynab (10™7 musu-
CeKyH/bl), T. €. B MHJJIHOH pa3 — B MWJIJHOH pa3! — Jiyuille HbIHELI-
HHX DeKOpAHbIX pe3y/abraToB. Mmesi onTuueckuit npuGop ¢ Takum
paspellenyem, Mbl MOIVIH Obl ¢ 3eMJId pacCMaTphUBaTh OTHeJbHbIE
NeCYHHKH B MapCHAHCKOH MyCThHIHE.

Boamomnan pearuzayus udeu

MopayabHas KOHCTpyKuHs. BaxHyio oco6eHHocTh KPT otpaxaior
IBa CJOBa, BBEJEHHbIX B ero Ha3BaHHe,— «HEOTPAaHHYEHHO Hapalllu-
Baembiii». Pedaekrop KPT moskeH co6upaThCsi U3 OTAEILHBIX MOLY-
Jlell, OHH BbIBOASITCSI HAa OPOHTY B CJIOXKEHHOM BHJE, aBTOMATHYECKH
pacKpbIBAIOTCS U CTHIKYlOTCS ApyT ¢ apyroMm (puc. 7). Ilpu sTom Mo-
LyJsIMH MOXXHO HapallluBaTh yXe pa6oTamoiuyl aHTeHHy. OcHoBa
MOLyJ/si — KapKac H3 MeTaJJIMuyecKMX Tpy6 nuameTpoM 75 MM Ipu
ToJliHe cteHok 0,5 mMM. Ha kapkace Kpenutcst axXypHasi pabGouas
MOBEPXHOCTb, H3TOTOBJEHHAast U3 6oJiee TOHKUX TPYOOK OHaMeTpoM
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menbuie 1 cM. Y1 HakoHel, Ha paGouyell MOBEPXHOCTH 3aKpeNJeH TPeTH#H
CJlI0#f mHpoTra — OoTpaxaloilasi TOBepXHOCTh, CKOpee BCero H3 TOHKOTo
MeTajIu3upoBaHHOro niacrtuka (puc. 8). TosiuHa Bceill KOHCTPYK-
WK, TOYHee, ee ray6uHa — 10 M, XoTsl 4151 pedJeKTopa JHAaMeTPOM
D = 20 kM ee, BUIUMO, IpUOETCS AesaaTb 6oJee TOJCTOH, HapalluBasi
B ray6GuHy TpyGuathiii cuyoBoi Kapkac. OcHOBHOH MoIyJb CO60PHOTO
pedJekTopa npencrasisieT co60ff PaBHOCTOPOHHHH I1IE€CTHYTOJNbHHK
co croponoii 200 M, pabouasi NOBEPXHOCTb — 3TO CeTKAa M3 TPeyroJb-
HUKOB CO CTOPOHOH 2 M, OTpa)Kalolllie 3JeMeHTbl — LIeCTHYTONbHUKH
¢ auaroHaJibio 4 M. PacueTsl mokasblBalOT, YTO aHTEHHA TaKOH KOH-
CTPYKLHH npu nuamerpe pedekropa D = 1 kM 6yneT HMeTb Maccy
250 T (3r0 12 TaKMXx KocMHyeckKMX amnnapatoB, Kak «CaJaior»),
npu D = 10 kM — 25000 1. dtu nucdpel He GynyT KasaTbCs upes-
MepHO 6OJIbLIMMH, €CJIH MOACUYHTATDb, uTo Ha | KB. M noBepxHoctH KPT
npuxogurcsi macca Bcero okoso 200—300 r.

EctectBeHHO, 4TO npu c60pKe MOLYJIbHOTO pedJieKTOpa BO3MOXKHbBI
HEKOTOpble HeTOYHOCTH. KpoMe Toro, Ha aHTeHHy OynyT AeACTBOBaTb
HeGOoJIbllIHe TPaBUTALMOHHbIE CHJIbl, CBETOBOE HAaBJeHHe, COJHEYHBIH
BeTep, HepaBHOMepHbii HarpeB. [lociie cOOpPKH aHTeHHa C KHJOMeT-
poBBHIM pedsieKTOpOM CMOXKeT paboTaTh Ha BoJHaX He Kopoue 50 cm,
a C [eCATHKUJIOMETPOBbLIM — He Kopoue 2 M. [lasi paborbt Ha GoJee
KOPOTKHX BOJIHAaX B KOHCTPYKIHH pedJeKTOpa HYKHO NMpelyCMOTPeTh
3JIeMeHThl, KOpPEKTHUPYIOlllie B3aUMHOe MOJIOXKEeHHe MOoayJel, cKopee
BCEro B Npelesiax HeCKOJbKHX MHJIHMeTpOB. KoppeKuusi HyxHa Oy-
IleT U cpasy mnocijie cOOpPKH pedJieKTopa, U B MIpoilecce ero 3KCmay-
atauuu. [lpencraButh cebe KOpPeKTHPYIOULHE 3JI€EMEHTbl HECJIOXKHO —
3TO MOryT ObITb, HampuMmep, paclnojoXXeHHble B MeCTax COUJIeHEHHSI
MOJyJell YepBSiUHble MEXaHU3MbI C PEBEPCHBHBIMH 3JIEKTPOJBHIaTeJIsl-
mu. KomaHabpl Ha 3TH ABUrarejd OyLyT MOCTYNaTb C KOCMHYECKOro
annapara, ynpaaasiouiero Bced paGoroit KPT. Ha ynpaBasioiuem
anmaparte GyleT CHCTeMa, KOTOpPAasl Jla3epHBIM JydoM ObICTPO OCMOT-
PUT pedyeKTOp H TYT XKe BbIIACT KOMAaHAbl HAa 3JEMEHTHl, KOPPEKTH-
pylolHe MOJOXeHHe MOAyJieH.

Hasepenne KPT Ha papuoucrounnkn. ®opma pedaekropa KPT
BLIOMpaeTcss C TAKUM pacyeToM, YyToObl OH Mor 6e3 mnepemelleHHS
OCMOTpeTb 3Be3fiHOe He6o B mpefenax TesnecHoro yraa 20°. B stux
npefenax MOXHO [BHraTb <«J/1y4 3peHHsi», NepeMelllass obJyuyaTelb,
BMeCTe C IPHEMHHKOM pa3MelleHHbIH Ha KOCMHUYECKOM ammnapare
(puc. 7, 10). HeckonbKo TakKux anmnapaToOB-NPHEMHHUKOB IMO3BOJST
Ha >pHoM KPT cpasy npuHMUMaTb CHrHaJjbl HeCKOJIbKHX KOCMHYECKHX
panHOUCTOUYHHKOB. [lpHHSITble NMPHEMHHKAMH CHTCHAJbl MOCJE HEKO-
TOpo# mnpenBaputesbHOH 06pabOTKH NepenaloTcsi Ha 3eMJI0 MO Ka-
HajaM paJHOCBSI3H — cefyac 3TO MOXKeT ObITb CIeJaHO CPaBHHUTENb-
HO MpPOCTO, PAajHuCTHl yXKe YMelOT NOALepKHUBaTh CBsI3b C KOCMHUe-
CKHMH anmnapaTaMH, HaXoIsillUMHcCsS naJjeko 3a lOnurepom.

MoxHo HanpaButb KPT Ha mo6yio Touky HeGecHOU cdepbl, NOBO-
pauuBasi peJeKTOp ¢ MOMOILBIO 3aKpPeNJIEHHBIX HAa HEM MaJIOMOILHBIX
peakTuUBHbIX ABHrarteneit (puc. 11). B cucreme HaBeneHusi u crabu-
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JU3alUdH MOryT paGoTaTb peaKTHBHble HOHHble [ABHraTe/d — B HHX
Tsira cosjgaeTcs BellecTBoM (pabouum TejqoM), KOTOpoe BbiOpachbiBa-
eTCsl 3a CueT 3JEeKTPHYECKOH SHeprHH; a ee MOXKHO MHOJYYHTb OT
ATOMHBIX HCTOUHHKOB HJIM OT COJIHeYHbIX Gartapei. Ilas crabuausa-
uun KPT ¢ kniomeTpoBbM pedJieKTOPOM HyXeH CyTOUHbIH pacxon
BelllecTBa 6,4 Kr U MouHOCTb 3aekrponutanusi 200 kBt; nns1 necstu-
kusomerpoBoro KPT 3Ttu 3nayenusi B 1000 pas 6oabie. Ha passopor
KHJIOMEeTPOBOH aHTeHHBl 3a cyTKH Ha 180° yiinmer 5 Kr BellecTBa;
TaKoH e pa3BOPOT AECATHKHJOMETDOBOH aHTeHHbl 3aliMeT 5 CyTOK
U notpebyer 1,5 T pabGouero Tesaa.

Co3sganne KPT. Autenubl GoJiblIMX paauoTeNecKonoB 6ynyT cobu-
paThbCsl Ha OKOJIO3€MHbIX OpOUTax U B COOPAHHOM BHJEe MepPeBO3HTLCSH
K MecTy paGoTbl, Ha HajJeKde MexIaHeTHble opOuTh. [lepeBo3uTh
KPT HyXHO OYeHb OCTOPOXKHO, Pa3rOHsIsT MX MeIJEHHO, C MaJbiM
yckopeHueM. Takasi nepeBo3ka 3aiiMeT MecCsilibl U MOTpebyeT CPaBHH-
TeJlbHO He6oJjbuioro pacxoma tomauBa — 2—7 9/, ot maccet KPT.
YT06bl yMEHBbIIHTb PACXOA TOIMJIMBA M YHPOCTHTb PasroH roTOBOTO
KPT, MoxHO co6upaTb €ro Ha CpaBHHUTEJbHO BBICOKOH OKOJIO3€MHOH
opbure, rae CHJIbl 3eMHOT'O TSITOTEHUS! HeBeJHKH. [lisl aHTeHHBl nua-
meTpoM ¢ = | KM 1ejecoo6pa3Ha - MOHTaxXHasi opOUTa He HHUXKe
1000 km, pnsi aHTeHHB auamerpoM « = 10 kM —He Huxke 30—
50 Tbic. kM. [Ipennosiaraercsi Takasi MoCJeNOBaTeJbHOCTb COOpPKH:
cHayasna G6jokd KPT BBIBO3SIT HAa HH3KYIO OKOJIO3€eMHYIO OpOHTY; 3a-
TeM UX cOOMpAIOT B MOe3/1a U NepeBO3SIT Ha MOHTAaXHYIO OPOUTY; TyAa
)Ke Ha GopT op6GHTaNbHOH cTaHUUH NMPHGHIBAIOT MOHTaXHUKH. [lpu
cTapTax TPaHCIOPTHBIX KopabGjeH ¢ HHTepBajJoM B 2—3 QHS Ha HO-
crpoiiky cpenHero KPT yinyT Mecsiubl, a GOJbLIOTO — FOAbl. IJTO
CPaBHHMO CO CPOKaMH CO3JaHHUsl OOJbIIMNX 3JaHUH, MOPCKHX CYIOB,
3JIeKTPOCTAHIHH.

Croumocts KPT. Eciu npuHATD 32 OCHOBY CTOHMOCTb
TaKOH 0OJIbLIOA KOCMHUYECKOH NpOrpaMMmhbl, Kak «AMOJJIOH», Ha KOTO-
pYylo GBLJIO 3aTpayeHO OKOJIO 25 MJpH. JOJMJIapoB, TO OKaXeTcd, uTo
KPT ¢ nuamerpamu antensnl | u 10 kM o6oiigercsi COOTBETCTBEHHO B 3
u 25—40 %/, sto#i cymmbl, T. e. 750 MuH. moanapoB (d = 1 kM) H
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6—9 mapa. goagapos (d = 10 km). DTO, KOHeYHO, O4YeHb MPUGJIH-
KeHHble oueHKH. [TonyTHo ormerum — nmoctpoitka KPT ¢ mstukumo-
MeTpPOBbIM pedJleKTOpOoM 060HIeTCsl MPHMEPHO BABOE [elleBJie, HeM
HaseMHasl CHCTeMa C aHaJorHuyHbiMH napamerpamu. M Bor eile uyto:
cpaBHHBasi GoJibllile KOCMHYECKHe MPOEKTHl, HYXXHO YyUYHTBHIBAaTb He
TOJIbKO PacXxof, HO M AOXOJ — YYUThIBATb, YTO HMEHHO TOT HJH HHOH
npoekT gact Hayke. 3aech, Buaumo, KPT BHe KOHKypeHLHH.

Bosmomnocmu KPT

Oxupaembie napamerpbl. [loMuMo y)Ke Ha3BaHHOH YHHKAaJbHOMH
paspeuiamomeil cnoco6HocTH — BIIoTh A0 10 ~'° yrioBOH ceKyHHI,
KPT 6yner uMeTb eie psif napaMeTpoB, HeJOCTHXKHMBIX Ha 3emJe.
Tak, HanpuMep, yoaauBIIHCh OT Halled MJaHeThl, OH GyNeT CAyLIaThb
KOCMHYeCKHe PaJHOHCTOUYHHKH abCOJIIOTHO Ha BCeX 4acToTax, B TO
BpeMsi KaK Ha3eMHbBIM HHCTPyMeHTaM AOCTYNHO Jjuib 8%/ panuo-
IHana3oHa: HeKOTOpble YacTOThl He NPOGHBAIOTCH K 3eMJje uepes
HoHocepy, IOpyrHe ke 3aHATH Ha3seMHbBIMH NepeflaTUHKaMH pagHo-
BelllaHUus, TeJeBUIEHHs, CBSI3H, JOKALHUH, HA (OHe KOTOPHIX cjaabblid
pPaaAHOUCTOYHHUK NpocTo Tepsiercs. Hy H, HaKoHel, 0 4yBCTBUTEJLHOCTH
6oapwux KPT. Ona, Bugumo, Gyaer noBeneHa ao 1073 Br/ (M2 - Tu).
DTO YHCJIO Ja)Ke CPaBHHTb TPYAHO C 4eM-HUOYIb NMPUBLIUHBIM, TaKasl
4YBCTBUTEJbHOCTb B MHJIJHOHBI pa3 Bbllle, 4eM y Jy4HIHX COBPEeMeH-
HBIX PagHOTE/JeCKONOB. A 4TO TaKoe UyBCTBHTEJbHOCTb COBPEMEHHOTO
panuoTesiecKona, MOXXHO NMOSICHUTb NPOCTOH aHaJjoruei: ecau Obl Ta-
KON UYyBCTBHTEJbHOCTbIO 06GJiafall CayX, TO Mbl, Haxonsicb B MockBe,
cablliany 6bl THKaHbe YacoB Ha pPyKe Yy uejoBeKa, NporyaHBaloilero-
cs1 mo yaunam Puo-pe-)Kaneiipo.

lFonorpadupoBanue BceneHnoii. [osorpadusi B ornuuue ot ¢goro-
rpaduyu perucTpHpyeT He TOJbKO HHTEHCHBHOCTb M3JyYeHHsl pas/uu-
HbIX TOYeK 06beKTa (CBeT/ble BOJIOCHI, YepHble OPOBH HJIH pyOallKy
B MeJsku# ropouiek). I'osorpacusi perucTpupyer He TOJBKO HHTEH-
CHBHOCTb, HO U (ha3y CBETOBOH BOJIHBI, T. €., NMPOILle TOBOPS, PErucT-
pHpYeT, OTKyZa BOJIHA NpHlIJa paHblile, a oTKyna nosxe. M umeHHo
no 3Toii MHOpPMalHH, MO 3THM <«paHbllle—I03XKe», NOTOM H3 ToJIo-
rpaMMBbl MOXHO BOCCO31aTh TpexmepHoe, o0'beMHOe H300parKeHHe.

®a3y BOJHBI perucTpupyer ¥ panuouHTepdepoMeTp — 3TO €ro
ocHoBHasi npocdeccusi. Y1 ¢ nomomibio panuouHtepdepomMerpa — Tpex
pa3HeCeHHBIX PalHOTENIECKONOB — MOXKHO TMOJYYHTb TOJOrPamMMmy
3Be3lHOr0 Heb6a, BOccO31aTbh O0ObeMHOe H300pa)KeHHe raJakTHK H
3Be3],, TOYHO ONpeNeNUTb paccTosiHue 10 Hux (puc. 12). Ilpasna,
sl 3eMHoro uHTepdepomerpa ¢ ero mnpeneabHoi 6asoél 12 000 km
raybuHa rosorpadupoBaHHs NoJaydaeTcss HeboJbLIOH — 6 CB. Jer.
B cdepy ¢ Takum panumycom BXOAMT Bcero 4 Gauxkaiilive 3Be3[Hl.
A Bor KPH mnokaxer Ham o6beMHYyl0 BceneHHyio coBceM Apyrux
pa3MepoB: npd 6ase 1,5 MapA. KM H NpHHHMaeMoH BosiHe ¢ A =1 M
ray6uHa rogsorpadupoBaHus noayuuress 1,5 mapn. cB. Jger, a npu

=1 mMm oHa pocturHer 15000 mapn. cB. jgetr. Bpsan au KTo-HHOY Ab
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BO3bMeT Ha cebsl CMeJIOCTb NpeNCKa3aTb, YTO Mbl YBUOHM Ha TaKoH
rojorpaMme, — CerofiHsi rpaHuina BUIUMOH BcesieHHOH npoxoauT
B 1000 pas 6G.anxe, oHa HaxonuTcs Ha paccrosiHuu 10—15 mapn. cB.
JeT. 1 koHeuHo, B 3Ty olleHKy caMa BcesleHHast BHeceT KOpPPeKTHBHI,
CBfI3aHHble C ee pacliMpeHHEM, C HCKPHBJIEHHEM MpOCTPaHCTBA-
BpEMEHH.

IMouck 3Be3a u naaHer. [lo cux mop He oGHapy:KeHbl PagHOH3JY-
YeHUsi HH OJHOH 3Be3npl Tuna Hauero CosnHua. Hy a uro kacaercs
NJaHeT, KOTOpble, MOXeT ObiTb, BpaulaloTCsl BOKPYr APYrUX 3Be3[,
TO MJIAHETHl 3TU B NPHHIIUIIE HeJb3s1 OOHAPYKUTb NPSIMbIMU HabJI0ze-
HUSIMH — OHHM CJHUIIKOM MaJibl. KocBeHHble MeTOMbl BBISIBHJIH TOJbKO
TPH MNONO3PHTEJNBHBIX CJydasi, TOJbKO Tpu 3Be3Abl (u3 10!'! 3Be3n
Hawe# anakrtuku u 102! 3Be3n BceneHHoil), y KoTopbix Kak GynaTo
6bl eCTb NMPH3HAKU MJaHeTHOH cucteMbl. Bboabuoii KPU cmoxer 06-
HapyXHUTb GoJsblIMe TJaHeThl, Takue, Kak lOnurtep, cOOTBETCTBEHHO
Ha paccrosiHusx mo 150 cB. sger (L =1 cMm) u pmo 1500 cB. Jer
(A = 1 mM), a Takue miaHeTbl, KaK 3emJs, Ha paccrossHusX 00 20
cB. jer (A =1 cm) u mo 200 cB. setr (A =1 MM); yxke B cdepe
paauycom 200 cB. set Haxonutcst npuMepHo 10 000 3Be3n, y KOTOPbIX
B NMPHHLHKIE MOTYT OBITh MJaHeTHble cucTeMbl. OGHapyXKeHHe [aJeKHX
MJaHeT MMeeT NpPsiMOe OTHOLIeHHe K TaKOH HHTpHUrylolleld npob.ieme,
KaK MOMCK BHE3eMHBIX IHBHJIH3ALHH.

Touck BHe3eMHbIX HMBHJAM3AUMi. Kaxaoro, KTo mo yTpam BKJIO-
yaeT pajMO M HajeeTcsl yC/bllaTh, YTO YXKe YCTAaHOBJIEH HaKOHel|
PaJHOKOHTAKT C HWHOIMJIAHETSHaMH, GeCCOpHO, YAMBHT CJeLYIOUIHH
pe3y/ibTaT NOBOJIBHO MPOCTbIX H HAafeXKHbIX PacyeToB: eC/H Mpe.no-
JIOXKUTb, 4YTO pagHoNepefaTUUKH MHOMJIAHETSIH MMEKT MOILHOCTh
| MBT — Takyi0 MOHIHOCTb H3Jy4alOT HallM pagHOCTAHIHH, TO OKa-
JKeTCsl, UTO HbIHelIHHe DaJHOTeJeCKONbl BOOOLle He MOryT NPHHSTb
CUTHAJIBl U3 APYTHX HaceJIeHHbIX MHDPOB. YK€ OJHO 3TO MOKa3biBaerT,
HAaCKOJIbKO CKPOMHble BO3MOXHOCTH CTOSIT NOKa 3a HAIUMMH KpacH-
BbIMH MeUTaMH O M[pHeMe pasyMHBIX CHTHaJoB U3 KocMmoca. Ecuu
JLake MPeANONOKHUTb, YTO HHOMJAHETsSIHe 3HAIOT O HAC M, UEMNOJb3ys
HanpaBJieHHble AHTEHHbl, HaleJWJH CBOH MepefaTYHKH NpsiMO Ha
3eMJ110, CKOHLIEHTPUPOBAJIH PagHOBOJIHbL, MTOAOGHO Jy4y MPOKeKTOpa,
TO YHCJIO peaJbHO NpPOBepsieMbiX 3Be3Jl He INPEBBICHT HECKOJbKHX
ThICSY.

A Bor KPT G6aaromapsi ero CBepXBbICOKOH YYBCTBHTEJIbHOCTH
MO3BOJIUT MpPOBEPUTb 3Be3[bl B «uiape» paguycom jao 100 Twic. cB.
JIeT, T. e. IPaKTHUeCKH BCe 3Be3/bl Hallel ["anakruku. M ecau B paiio-
He xotb opHoi u3 100000000000 stux 3Be3n ecTb LHUBHJIHM3ALHUSA,
MOX0XKasli Ha Hally, OHa cKopee Bcero Oyaer obHapyxkeHa (cJOBO
«eCTb» HYXXHO BOCIIPHHHMAThb C Y4eTOM KOCMHUYECKHX PaCCTOSTHHH —
pPalHOBOMHbl HAYT <«OTTYyAa» MHOTHe ThICSIYM JeT, pacckasbiBas O
JpeBHellllel HMCTOPHH MCTOYHUKA u3aydeHu#). I[lomcuutaHbl BO3-
moxHocTH KPT u B yacTn obGHapyXeHHsl LMBHJIH3ALHUH, fajeko 060-
rHaBLUMX Hally 3eMHYy10. ECiM NpeAnosioXKHTb, YTO TakKue LHBHJIH3A-
UHH CO3JAIOT BOKPYr CBOeH 3Be3ibl THIaHTCKHE HHXKeHepHHIe
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coopyXeHusi, Tak HasbiBaeMylo ctdepy Jaficona, to KPT cmoryt
OGHapyXUThb HX He TOJIbKO B HallleH, HO U B COCEJHHX TrajlakTHKax,
Ha paccTosiHusix no 1,5 MJH. cB. JeT. dta uudpa OTHOCHTCH K acTpo-
HH2KEHEPHBIM COOPYKEHHSIM, HMEIOILLHM TeMIepaTypy, 6JIH3KYIO K 3eM-
HOH. A MH)XeHepHble COOpYKeHHsI, IPUHSIBLIHE TeMNepaTypy KocMmoca
(okosmo —270°C), MOKHO OyneT OOHapyXHTb Ha PAacCTOSIHHSIX A0
10—15 mapz. cB. Jser, T. e. B JI0OO60OM MecTe BUAMMOH cerogusi Bce-
geHHo# (puc. 13). Takum o6pasom, B mpobJseMe MOHCKa BHE3EMHBIX
nuBuansanuit KPT u KPY nomoryT HakoHel| ciesnaTh pelllUTENbHBIN
mar oT CJOB K jeny.

Pe3lome (Kak npHHATO, MeyaTaercsl Ha ABYX A3biKaX, Pasjnyaio-
HIMXCA B JAHHOM cJyyae JiMiib MepOH KOHKPETHOCTH).

BnosiHe THnH4yHAst daHTacTHKA —

«3a Mapc 3a6polLleHHOH aHTEHHOH...»

BooGpasKeHusi rTHMHAcTHKA —

«... IPOHTH 3a ropu3oHT BcesnenHo#!»
Ho no nseuy Takoe meno
BesaymcTBYy cMmenbix.

OG6cyXKnaloTcs NPOeKThl GOJBbUIMX KOCMHYECKHX PaddOTeNeCKONoB
(KPT) u o6pa3oBaHHbIX U3 HUX panuouHTepdepomerpoB (KPW). Ia-
pamerpel KPT u KPW Moryr 6biTb B MHJJIHOHBI pa3 Jydile, yeMm
y JYYIHHX COBPEMEHHBbIX HHCTPYMEHTOB. DTO OTKPOET MPUHI UMK AJbHO
HOBble BO3MOKHOCTH HcciaenoBaHusi BcenenHol. C moswuuit ceron-
HsiiHero AHs npoektl KPT u KPH MoryT mokasaTbesi CJOXKHBIMH,
HO, BHAMMO, He MeHee CJIOXKHOH KasaJjach OTHpaBKa ueJOBeKa B
KOCMOC 3a HecCKOJbKO JeT Ao nogera lO. A. larapuua

JononHenne. Korna sta KHHra roToBuJach K NedyaTH, HPHILIO
cooO6LIeHHe: Ha COBETCKYIO OpOUTaJIbHYI0 cTaHuHI0 «CasioT-6» Obla
nocrapjeH kocmuueckuit papuoreseckon KPT-10 ¢ mecsaTumerpoBoi
aHteHHo#. C nomowbio KPT-10 Ha okosnosemHo#l op6ute BnepBbie B
mMupe OblJ NPOBeleH LUKJ pajHOacTPOHOMHYEeCKHX HabJsongeHud. Ta-
KHM 006pa3oM, yiKe clleslaH MepBbli peasbHbli LIar Ha NyTH K OOJbLIUM
KOCMHYECKHM pajHOTesIeCKONnaM.



Codepmanue

Jenb Gu3nkH . . . . . . . L Lo .
WHxeHepuss HeBHAMMbIX MauHH (¢dU3KMKa NOMOraer HccJel0oBaTbh Mexa-
HH3Mbl XHMHYECKHX MNpeBpallleHHH)

KoHTypbl HeBHAWMKH ((pH3HYeCKHe MeTOAbl MO3BOJSIOT AETaJbHO HCCJe-
[O0BaTh OHOJIOTHUECKHE OODBEKTHI)

KoMnbioTep CMOTPUT B MHKPOCKON (BLIYHC/IHTEIbHAs TeXHHKa He TOJbKO
0CcBOGOXK/AaeT HCCJeoBaTe]sl OT PYTHHHOH paGoTbl, HO MO3BOJSET MOJYUYHTb
NPHHUMIHANIBHO HOBYIO HHGOPMalHio 06 HCCaeLyeMblX 0OGBbEKTaX)

daHTacTHyecKas 3JeKTpOHHKa (ycrmexu (u3MKM TBEpAOro TeJa co3ia-
JIH OCHOBY AJIfl CTAHOBJIEHHS MHKDO3/JEKTPOHHKH, AJs MPOM3BOACTBA MOJY-
NPOBO/JHHKOBLIX HHTErpajbHbIX CXeM)

TpyXeHHKH «HyJNeBOro LHKJa» (GyHAaMeHTa/lbHbie HCCAefOBaHHs B 06-
nacTH (PU3MKH MOJYyNPOBOAHHKOB OTKPHIBAIOT HOBbleé BO3MOMHOCTH AJS Jja-
3epHOH TEeXHHUKH)

2:0 B moJb3y TejeBH30pa (ycrnexu MHKDOSMEKTPOHHKH CAefajH BO3-
MOXHbIM MacCOBO€ MNPOHM3BO/ACTBO AOMALIHHX TeJEeBH3HOHHBLIX WID)

Oranuneit mactep TMO  (Hccllenqyss MeXaHM3Mbl TEIJIOBbIX MNPOILECCOB,
H3NKH CTPOSIT PyHAAMEHT MHOTHMX OTpacjeil COBpeMEeHHOH TeXHHKH)

Hapexapl cBA3aHbl ¢ HeHTPHHO (4acTHLA, KOTOpas KOrAa-To CYHTanach
B MpHHIHNE HEYJOBHMOMH, cefyac perucTpupyeTcs BO MHOTHX filepHbIX 3Kcrie-
pUMeHTax)

ITpo6utbcst k ueHTpy CosiHUA (ycnexu siiepHoi (U3HKH MOMOTAIOT NPHGJIH-
3HTLCSA K MOHWMAHUIO MPOLECCOB, npoucxoasumux Ha CoJHle)

dkcneauuuss 3a KOPOHOH (BO BpeMsl 3aTMeHHH HCCJeAyIOTCS TOHKHe ¢H-
3udeckne npoiuecce Ha CoJHue)

Ha crapr BbixoaaT uemnuoHbl (Ha CeBepHom KaBkase paboTaior Kpyn-
Hefiinit B MHpe onTtuueckuid Tejeckon BTA M ruraHTckuii paguoTeseckol
PATAH-600)

Mukpopacckasbl Ipo BoJIHbI H da3bl, a TakxKe npo 1670ko Ha JlyHe, cBepX-
CBETOBble CKOPOCTH M 3epkaso «boHH—BocTroH—CHMen3» (MeXKKOHTHHEHTaJb-
Hble HHTep(epoMeTPbl NOMOTraloT acTpodu3MKaM UCCIeN0BaTh OdYeHb YAajeHHble
3Be3/Hble 06pa3oBaHHs)
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