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Kax nawa npoxcuna 6
naaHema,
Kax niodu sxcuru 6ot
Ha Hell
Bes mennomvt, maznuma,
ceema
U snexmpuveckux nyweii?

AMuyxeeuy

B 3THX KODOTKHX CTHUXOTBOPHBIX CTPOY-
KaX, CJIOBHO B KaIljle BOAbI, OTpa’)kaeTcs BCA
KHHUTA.

Cynure camu.

Kakaprii oTnesibHBINM YeJIOBEK U BCEe UeJIioBe-
YeCTBO BMECTEe CTPEMSTCA BHIXKHUTDL U JKUTh. BEI-
JKUTh — YAOBJIETBOPUTH CaMble IIPOCTHIE IIO-
TpebHOCTU: B muIlle, Temue, cBeTe. Kak m uem
9TO caenaTh?

Cra)xuTe 4ecTHO, IpeiCTaBJIAeTe JU BHI cebs
Ha MeCTe IIelllepHOro 4YeJIOBeKa, IOJA PYKOH y
KOTOpOro ObLIM TONBKO AyOuHa na KameHb? Ily-
Malo, 4YTO HeT...

CerogHs, 4TOGBI, CKa)XeM, II0€CTh, BEI
BOo3pMeTe KacTpiosio (!) uau ckoBopoxaky (!),
HaJpeTe BOoAbl u3-nox KpaHa (!) uau macia
u3 OyTeinku (1), saxkxkere cnuukoi (!) raso-
BYIO ropeJsiKy (!) uam BoTKHeTe miTerncesas (1)
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suaekrpornnuTku (!) B poserky (!). 3arem or-
KpoeTe XouonuiabHUK (!)...

DTo JUINb HAYAJO BalIUX MAEMCTBHH, a CO
CKOJIbKMMHM HM300peTeHUSIMU 4YeJIOBEUEeCKOro pa-
3ymMa BBl yXKe YyCIleJIM He 3aJyMBIBasiChb CTOJIK-
HYTbCS — MBI KX CIEIMaJbHO IIOMETHUJIH BOCK-
JIAIIATeJIbHBIMHM 3HAKaMu.

BcnmomHuM-Ka emnje. BaM X0JI0OQHO — BKJIIO-
yaere asekTpoKkamuH (l) uam KkmMetech K Oara-
pee neHTpasbHOoro oromuenus (!). Mapko —
sanyckaere BeHTUJATODP (!) MJIM KOHAUIIUOHED

(1). TeMmHO — B3a)kuraere 3JIEKTPUUYECKHI (o-
HapukK (!), spKoe COJIHIIe — HajeBaeTe TeMHEIE
ouku (!)...

Yro ke Takoe? Heyixenu MBI camu Tak Oec-
IIOMOIIIHEI, UTO HY IIAry He MOYeM CTYIUTEL 0e3
KaKoro-Huly/ b MEXaHUYECKOro HJIHU 3JIeKTpUYe-
ckoro nomomrHuka? A, Mo)XeT ObITh, MBI Tak
MOT'YIIIeCTBEeHHBI, 4TO Jilo00oe IIpocTeiiliee »xKeJa-
HUe HAYUYWJIKWCh Telleph HCIIOJHATH OYKBaJIBLHO
He cxonxsa ¢ mecta?

W 370 — TOJMBKO 4YTOOBI IIOECTH Ja IIOIUTH,
IIOCBETUTH JIa MOI'PETHCSI. BBIXKUTD.

A uTO TaKoe XKUTb?

Ox... Hy, cnecTs He a06JI0KO ¢ BETKH, a, CKa-
¥KeM, MOpoKkeHoe. HanmuTscsi He IIPOCTOM BOABI
M3 pyuybs, a nemcu-koJbl. IIokaraTecsi He Bep-
XOM Ha IIaJIoYKe, a, HalpuMep, Ha BeJiocuIiezne,
HeT, Ha MoIleZie, a JIydIllle — Ha MOTOI[MKJIe, a
elle MHTepeCHee — Ha I'OHOYHOM MAaIluHe, BOMA-
HBIX JIBIXKaX, CKOPOCTHOM KaTepe, BO3NYIIHOM
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mape, camMoJieTe CIIOPTUBHOM, BepTOJIeTeé BOEH-
HOM, paKeTe KOCMHYECKOH...

Wnu — noHBIPATH ¢ aKBaJIAaHIOM, IIOIJIABATh
Ha NOABOAHOMU JIOJKe, MOTPY3UTHCA Ha JHO OKe-
aHa B Oartuckade...

Her, nyume mourpaTh Ha AUCILJIee WJIA UT-
pOBOM aBTOMAaTe, OOMEHATH KACCeTy WJIU Jia3ep-
HBI OUCK U IIOCMOTPETHh IO «BUAUKY» 3aHAT-
HBIII MYJIbTHUK WJIU <«IIOKPYTHUTb» HAa MAarHuTo-
(boHe HOBYIO necHIO. VI KHUMKKY «KJIACCHYIO»
MOYMUTATh. A IIOTOM — IO3BOHUTH II0 TeJe(hOHY
4 pacckas3aTb 000 BCeM APY3bAM...

Bor aT0 Ku3Hb!

Winu emge... Ilorogure, HaM He XBAaTUT HUKA-
KHUX BOCKJIMIIATEJbHLIX 3HAKOB, BeJb IIOUTH BCe
nepeuyrcIeHHOe — OIIATh-TaKU HPUOOPBI, YCT-
poiicTBa, MalINHBI, IIPUAYMAaHHbIE U CAEJAHHbIE
yeJIOBEKOM. U y»ke BOBCe He JJIs IPUMUTHUBHBIX
HYK[I, a 4TOOHI...

Yrobel uT0?

C maBHUX-IAaBHUX IIOp JIIOABMU ABHUIrajia Be-
JIMKAsA cuja — Ji0003HATeJbHOCTh. M1 He o0ja-
Jail OHK €10 — MHOTOe M3 TOr'0, UTO OKPYy>KaeT
Bac, co3naHo OnI He ObL10. Ham, cpexau mpouero,
CBOJCTBEHHO CTpPEeMJIEHHE Y3HAaTh, MKCILITATD,
OTKPBITH, U300pecTU. A KOe-KOMY CTPacCTh Kak
X0UeTCsaA B IOJYYEHHBIX 3HAHUAX HABECTHU IIO-
DPAIOK.

Tak nmosBisieTcss HAYyKa — HE CBAJIKA CBefe-
HUY ¥ (PaKTOB, LOMBICJIOB ¥ (paHTA3U, a JOCTO-
BepHbIE U yNOpPAAOYeHHble 3HaHUA. TaKk pas3Bu-
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BaeTCsd TeXHHKA — YAUBUTEJIbHBIE MEeXaHU3MBbI
U coopyxkeHus. TaK pPOXKIAIOTCA yUeHbIe U MH-
JKeHephl — Te, KTO AOOLIBAeT M IIPUMEHSET 9THU
3HAHUMA.

B 5TOoii KHUre U MOHAET pedyb O IMOUCKaX (U
ONyKOAHUAX) HAYYHOM MBICJIHM, IBLITAIOLIENCA
BBEIACHUTL II00OJIbIIE... O TEIJIOTe, MAarHuTe,
cBeTe, 00 3JIEKTPUYECKHX JIydaX M elle O MHO-
TOM-MHOI'OM JIPYTOM.

WupiMu cioBaMu — O (hM3UKe U TeXHUKeE, O
JIOAAX, KOTOpble UMU 3aHUMAIOTCSH.

KAR YCTPOEHA HAYKA?

C He3anaMATHBIX BPpeMeH YeJIOBEK IIBITAJICH
00'BbACHUTH BCE, UTO IIPOUCXOLUT BOKPYT HEro
1 ¢ HUM camuM. [lo moABJIEeHUA HAYKU eMy
«IIOMOTaJiu» B 3TOM MH(DHBI u peaurus. IIpo-
BEepUTb, yOeAUTHCI B NPABHJIBHOCTH CBOHUX
IpeAcCTaBJIEHUH 4YeJIOBEKY 3a4acTyi He OBLIO
nano. CkaeMm, JpeBHHE TI'PeKH NBITAJNUCHL IO
HaOJIOeHuAM, a YaCTO TOJHBKO YMOM — M 3TQ
UM YHZaBaJIoCb — OOBJACHUTL OUYEHb MHOTrHE
ABJeHUsA B mpuponme. Ho mo Taxkoro cmocoba
KOHTPOJISI CBOUX MBICJIEH, KAaK ONLIT, JKCIe-
PHMMEHT, OHU He AoayMaJuchk. VI3-3a 3TOro Bo3-
HHUKaAJO0 HeMaJyio OIUOOYHBIX HUJei, KOTOpble
YZAaJIOCh MCIPABUTh UJIK ONPOBEPrHYTH JUIIb
cuycTs crosnetusa. Toasko B Havase XVII Bexa
3HAMEHUTHIA wuTadbsaHeln Ilanuieo Ianuaei
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BBeJI B IPAKTUKY ONBITHBIN METOX, C IIOMOIILIO
KOTOPOI'0 MOYXHO OBLJIO IPOBEPUTH PA3JINUHEIE
Joraiky, HalIlpuMep, O TOM, KaK JBUIKYTCS OK-
py:Kalmiue Hac TeJja.

IlocTeneHHO BTOT — HAYYHBIN# — CII0CO0 TO-
3HAHUA Haxomujl Bce O0JbIlle CTOPOHHUKOB.
Ceifyac MBI MOYKEM IIPOCJIEAHUTH B OOIMX Uep-
Tax, KaKk «paboTaeT» MBICJIb YYEHOI'0-eCTeCTBO-
UcHbITaTeJsI. BrIcTpaMBaeTcs IIEIIOYKA: ONBIT
(sxcnepumeHT) — o0AyMBIBAaHME €r0 pe3yJibTa-
TOB — POKJeHUe NOragKu (rMmore3bl) — BHOBb
IIPOBEPKA OMNBITOM -— BBIBOJ HOBBLIX 3aKOHOB
npupoas! (CO3TaHUE TEOPUH) — IIPUMEHEHUNEe UX
Ha NpaKTHKe (IIocTpoiika MpubOpOB U MAIIKH).
HWuorpa 3BeHbs 3TOM IIEIIOYKH MEHSIIOTCS Mec-
TaMHU — JOTAQJIKa OIEepe’KaeT OIBIT, OMBIT OIPO-




H.3.) — JApCBHerpevyeckuit pu-
Jiocod), OXBATUBIIUNA CBOMMM
TPyAaMH TOUTH Bce o6JacTH
3HaHWH ApeBHero mupa. Oka- &
3aJ1 OTPOMHOE BJIMSIHHME Ha pa3-
BUTHe Haykd. IIpoBoaryaien-
Hhle UM TEOPUH TPOCYILECTBO-
BaJI4 MHOTHe crosieTHsi. OfHa-
kO (HU3UKa NpeacTaeT y Hero
BO MHOT'OM YMO3PHTEJLHOM.
KanoHM3MpoBaHHOE I€pPKOBLIO
yueHHe ApUCTOTeNs BOILIO B
cpeiHKe Beka B NIPOTHBOpeuue
C ONLITHLIMU (paKTaMH U B
JlaJibHeHIIeM He MOJYYHJIO pa3-
BHTHSA.

Bepraet gaoraaky. IHorza mouck uzer BCJEMYIO,
nyTeM poarux npobd u omuboxk. Ho B mesom 6e3
9THUX 3BEHbEB He 000HTHCH, €CJU MBI I'OBOPHM
O Cepbe3HOl COBpEMEHHON HayKe.

KoneuHo, ucTOpuM M3BECTHHI U COBEPIIECH-
HO cJyuaiHble OTKpbITUsi. HO Hemapom ke ro-
BopaT: «Cuydyait »xaeT u3OpaHHBIX», TO €CTh
TOTOBBIX €ro «IoimaTb». BOT BaM KJaccuue-
CKUU TIpuMep.

Brigaroniuiicsa AQHTJHUNCKUN busuk
Jx.MakcBess TeopeTuuecKku (IIpoBes pacue-
Tel Ha OyMmare) mpeacKasajl CyI[eCTBOBaHUE
9JIEKTPOMArHUTHBIX BOJIH. HeMeUuKuil yueHBIN
I'.Tepn yxe cnenuanabHO MCKAJ U O0HADPYIKUII
3aTeM 9THU BOJIHBI ONBITHBIM NyTeM. M mpomijo
COBCEM HEMHOI'O BpeMeHM, KaK B KOHIIe IIpo-
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1JIoro Beka Hair cooteduecTBeHHUK A.C.IIonos
A UTAJNbAHCKUN nHIKeHep I'.MapKkoHU cyMenan
KCIOJIB30BATh 9TH BOJIHBI JJIs Iepenadu pa-
IUOCHUIHAJIOB HA PacCCTOAHUH. A yX Teleps
0e3 paagmo HaM, KaK IOBODUTCH, HUKyJa He
IeThCs.

Yxe 3mech, KCTATH, IPOCJIEXKUBAETCA CTAB-
Imee CerogHs OUYEBUAHBIM Das3/ieJleHHe TpyAaa
MeXXJy CAMUMHU YYEHBIMH, MEXXJAYy YYeHbIMU U
MH)XeHepaMM, MeXJIy HHYKeHepaMHu M TeXHHU-
kamMu. TeopeTuku numyT HOPMYJIBl U YKa3bl-
BAIOT JOPOTY HOBBIM OIIBITaM, B3KCIE€PHUMeHTa-
TOPHLI MPOBOASIT OIBLITHI U CTABAT HOBBIE BOII-
pocel Imepen TeopeTukamMu. VIHXKeHepHl ¥ KOH-
CTPYKTOPBI, ONMHUPAsiCh HA NOCTUXKEHUS TeX U
IpYyrux, BOILJIOIIAIOT HJAEH M pacyeThl B MPO-
€KTHl U MOJEJIU, U OIPOMHOE UUCJIO TeXHUKOB
1 paboyux cO3JAIOT IO 3THM IIPOEKTaM MAallu-
HBl M COOPYKeHUH.

Hayka nponukJa BO Bce o0ylacTu Hamiewu
JKM3HU U TPYAHO HAUTHU celiyac XOTb UTO-JIUOO0
HOBOe, U300peTeHHOe YeJIOBEKOM, rje Obl He ObI-
JIO ee BKJIAJA.

9TO YYEHOMY
HYMKHO OJId PABOTBI?

Emie B cpegHue BeKa NOMOIHUKAMU yYE€HOI'O
B IIPOBEJEHUM OITLITOB 3a4acTyi0 OBLIM caMble
OOBIYHBIE OKPY2Kalolllye ero ImpeaMeTsl. Biaro-
lapsi O4eHb IPOCTHIM NpubopaM U IPUCIOCOOD-
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JIeHUAM yJaBaJioCch ¥ TOTAA AeJIaTh 10Pa3uTesb-
HBIe OTKPBITUSA ¥ CTPOUTH (heHOMeHaJIbHbIE Ma-
munsl. Ho yeM gaspme, Tem 0oJibliie KCCJIELO-
BaTeJAM NPUXOANJIOCH «BOOPYYKATHCHA», UTOOBI
NPOHUKHYTb B INIYOMEBI CTPOEHUSA BeIecTBa
WJIM 3aTJIAHYTh B KOCMUYECKHE JaJI.

B ux obuxoze NosBUIUCH MUKDPOCKONBI M Te-
JIECKOIIBI, MCTOUHUKHU 3JEKTPUYECKOr0 TOKa U
TOYyHBIe Yacbl./l XOoTs elme OYeHb MHOTOe IIpH-
XOAUJIOCH JeJjlaTh C IIOMOIIbIO, KaK I'OBOPHUTCA,
«Cypry4ya ¥ BepeBOYKH», yUEeHBbI€ HCIIBLITHIBAJIU
Bce OOJIBIIYI0O HYXXAY B TOYHBIX H3MEPEHHAX U
cnenuaJbHbIX npubopax. JlabopaTopuu ¢usu-
KOB IIOCTENeHHO HauMHAJU IOXOAUTH Ha Mac-
TepCKHe UM MaJieHbKHue (habpuKu. YUeHbIM
TpeboBasiuCh «moaMacTepbsa». Tak BbIpacTaja
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1eJiad OTpacjdb IIPOM3BOACTBA, IJie CO3MaBaU
ocobeHHOe, HayuYHOe, 000pyAOBaHUeE.

W uto ke cerogua? IIpakTHYeCKH HEBO3MOXK-
HO IIPeACTaBHUTH, UTO YUEHBIH MOMKeT 000UTHCH
6e3 kommnsloTepa. IlocTpoeHBI OrPOMHEBIE YCKO-
pUTeJM, B KOTODBIX pPAa3rOHAKT M U3Yy4YaOT
MeJibYANIINE YaCTUYKKU MaTepuu. Takoit «mpu-
6op» HaAmoMuHaeT OOJBIIONH 3aBOJA, HAITUYKAH-
HBIH CJIOMKHeHIIeil ammapaTypoil, u ero obciy-
JKMBAIOT COTHHU M TBHICSAYM JIIOJEM.

T'uraaTcKkue paauoTeNeCKonbl, pa3dpocaH-
HpbIe II0 BCéM KOHTHMHEHTaM, YYTKO YJaBJHBAIOT
uaymue Ha 3eMJII0 CO BCeX CTOPOH KOCMUUYECKUe
cUrHajbl. ABTOMaTU4YE€CKHUE CTAHIIUM — HUCTHH-
HOe YYyJO COBPEMEHHOH HAayKM U TeXHUKH, Ha-
cToAlLiMe JeTawinue JsabopaTopuu — OOPO3IAT
IIPOCTOPBHI KOCMOCa, cobupasd HOBBIE (PAKTHI €
APYruX ILUIaHET W WX CHYTHUKOB. Bce 3T0 —
apceHaJl HbIHEIIHUX YUYEHBIX.

HeysnaBaemo uamMeHWJICA OOGJUK HAYKH H
TexHMKH. CoBceM JpPYyruM cTajJ HHCTPYMEHTA-
puii ucciaenosatend. Ho HeM3MEeHHBIMM OCTa-
JIACh BaXXHble ero CIYTHHUKHN — HabJI0faTeNhb-
HBIJ B3TJIAK, NBITJUBLINA yM u Goraroe BooGpa-
JKeHue,

KAK YYEHBIE
BEAYT PACUYETBI?

Kakas ke mayka 6e3 pacueror? Korpma-to
CUnTaJM, Nepe/IBUrasd KaMyIIKY, 3aTeM u3odpe-
Jgu cueTtel. B XIX Beke noaBuics npoo6pas HbI-
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HeIIHero KaJbKyJsaTOpa — apupmomMerp —
CJIOYKHOEe MeXaHWYeCcKoe YCTPOMCTBO ¢ 3y0UaThl-
MM KOJIECUKaMH{ U DYYKOH, KaK y MACOPYOKH.
Ilonroe BpeMsA ydeHble M MHYKEHepbl IOUUTAIH
Jorapu(MmuUYecKy0 JIMHEWKY, YCKODPHUBIIYIO
NpoBeeHNEe XUTPOYMHBIX pacueToB. VM Bce e
MHOT'He COTHH JieT Oymara, pydka, JHUHEHKa Hu
KapaHgam OblIvM He3aMeHUMBIMH IJIA HUCCJEHO-
BaTeJIsd M IIPOEKTHPOBIIMKA. Bce pe3yabTaThI
OMNBITOB, 3aIIUCU I'POMO3AKUX (HOPMYJ, TAOJIUIILI
nu(dp, YepTEeKU MAIINH U 3JAHUN JIOKUJIUCH HA
CTpaHUIbl TeTpajeil MU JIUCTHI BaTMaHa.
HacTosmyo peBOJIOINI0, KOTOPYIO MBI BCe
MOXXeM HaOJIAaTh BOOUYMIO HA TPOTIAXKEHUU
TMOCJEeAHUX NEeCATUJIETUH, COBEPIIUJIO ITOSBJIE-
Hue komneoTepa. OH He mMor OBITH co3mar Oe3
BBIJAIOIINXCA NOCTHIKEHUH KAK MATEeMAaTHUKOB,

Tepor AJiexcaBApHHCKMIK
(npumepno I—II Beka H.D.) —
JipeBHErpeuecKui yuyeHhli, no-
IyJISIPU3ATOP HAyKH, TaJaHT-
JIUBLIA u3o6peraTeb (IOXKap-
HbI# Hacoc, nepBasi napoBsast
MAIlIMHA, ABTOMAT AJIST TIPoJia-
KU «CBSIILIEHHO! BOJALI» M

ap.). IIpocaaBuics kak cospa-
TeJib TPYAOB IO IPUKJIAJHOMK
MexaHuHKe U ONTHKEe, KOTOpble
NOCTaBHJIM €r0 B Psif| OCHOBaTe- :
Jie!l 5TMX HAYUHLIX AUCIUII- :
JauH. TepoH CBS3LIBAJ HAYKY C
HY>XJ1aMU YeJIOBEKAa M CITYCTHJ i
ee «c HeGec Ha 3eMJIIO». Z




TaK ¥ (PU3UKOB — B 0COOEHHOCTH B oOJyiacTu
3JIEKTPUUECTBA U CTPOeHUA BemiecTBa. IlepBhie
HEYKJIIOXKHe 9JIEKTPOHHO-BLIYMCJIUTEIbHBIE
MAIINHBLI, XOTA U B3aHUMAJHU II0 HECKOJBLKY
KOMHAT, CUJIbHO HArpeBaJIUCh M YaCTO BHIXO-
OUJIU U3 CTPOA, TeM He MeHee Cpa3y Haualu
NPUMEHATHCA AJA HAayUYHBIX pacueToB. IX ObI-
CTPOAEHCTBUE CTAHOBUJIOCH HECPABHUMBIM HU
¢ KakuMHU apupmMmomerpaMu M Jorapudpmude-
CKUMM JUHENKaMU.

IIporpecc a/IeKTPOHHOU TeXHUKHU IIIEJ CTpe-
MHUTEJIbHBIMM TeMnaMu. MamiuHbBl CTAaHOBH-
JUCh BCe MEHBbIIle, a CUUTAJHU Bce ObICTpee U
TouHee. OKa3ayioCh, YTO OHU MOT'YT HEe TOJBLKO
BBIYUCJIATH, HO U PUCOBATh 'Pa@UKU, YEPTHUTH
CXeMBbl, IBUraTh U300parkeHne HA SKPaHe JTUC-
njaes, BepTeTb, YMEHbIIATh M YBEJUYUBATH

Ponxep Bakon (1214—
1294) — aurauiickuit puio-
cod ¥ yueHLI-3HIUKIIOIE-
auct. IlniTasics kaaccupunm-
poBaTh HayKH, NOAUYEPKUBAI B
CBOMX pabGoTax 3HaYeHHe BKC-
NnepHMEeHTAIbHBLIX 3HAHUM U
TIPAKTHYECKYIO BaXKHOCThL Hayu
HEIX MccaenoBaHui. Ilpenna-
raJj pe¢opMUpOBaThL HAyKY Ha
6asze MaTeMaTHUYECKHX Jl0Ka3a-
TeJLCTB U oNLITOB. IIponos-
SKUThb 3Ty PEBOJIIOLIMOHHYIO
nporpaMMmy Gbljio cyskzaeHo I'a-
JIUIIEI0.




ero. ¥ yuYeHBIX IIOABHJIaCh BO3MOYXHOCTH MO-
IeJupPoBaTh (MMUTHPOBATH) IIPOLIECCHI, ITPOUC-
XOAAIMEe He TOJbKO B CO3JAaHHBIX HWJIHM 3any-
MAaHHBIX UMM YCTAHOBKAX, HO U B HEJOCTHIKHU-
MBIX JJISI HAC MeCcTax.

Hanpumep, ¢ NIOMOIIBI0 KOMITLIOTEPHBIX MO-
JIeJieil yAajioch IIPENCTAaBUTH ITOCJIEACTBUA MHU-
pOBOM sepHOM BOMHBI (IIOCJIé TUTAHTCKHUX IIO-
JKapoB HacTymnuJa Obl BcertaHeTHas 3uMa). Yiu
paccuuTaTh 00pa3oBaHME 3Be3[ M TFaJIakKTUK Ha
MPOTSAYKEHHN MHOTMX MHJIJIMOHOB JieT. Takum
obpaszom, HeumsMmepuMo oboraTuniach CIocoo-
HOCTB YeJIOBeKa IPOHUKATh MBICJEHHBIM B30POM
B HEJOCTYIIHBIE€ TAlHBI IPUPOABI WJIM Ipenyra-
JaTh pe3yabTaThl CBOEU JEATEJILHOCTH.

MuKpOKaNbKyJATOPp U INepcoHaJbHass OBM
BXOAAT B HAIY ’KHU3Hb IIOYTH TaK e, KaK Te-
nedoH, paguMONIPUEMHUK, TejaeBusop. OHHU yiKe
IOCTYIHBI IIKOJBLHUKY, M 0€3yCJIOBHO, 3aBTpa
OyAyT HANAEKHBIMH M HEOOXOAMMBLIMM IIOMOII-
HUKaMM IIPDAaKTUYECKHU B JII0OOM JeJie.

A yxx Tem 0Oosiee, ecsii Bbl HaJyMaeTe CTATh
YY€HBIM, KOHCTPYKTOPOM HJIK HMHIKEHEPOM.

I'TE BCE ITPOUCXOOHUT?

OxuH U3 BOIpPOCOB, KOTOPBLIE MBI UAaIl[e BCEro
3aJlaeM — TIJie 3TO HaXOAUTCS WJHU TI'Je 3TO IIPO-
usourno? 1 orBeuaem: B Amepuke, B Taraupore,
Ha cocellHel yJuIle, MOA CTOJIOM, Ha JIyHe U Tak
nanee. Beakuil pa3 mbl 6oJiee MM MeHee TOUHO
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cTapaeMcs yKas3aThb MECTO ITpefMeTa MJIHN COObI-
Tuda. MHOrza 3T0Oro BriosiHe JOCTATOYHO, HO €CJIH
pasroBOp MIET O TOUHBIX HAYYHELIX U3MEPEHUAX,
TO yKa3aHue MeCTa CTAHOBUTCA JOBOJBLHO He-
IIPOCTOM NpobiseMoii. TO M MOOYKIAAIO JIOHEH
Cepbe3HO PA3MBIIJIATL O TOM, UTO e TaKoe
NPOCTPAHCTBO. ‘

Mo2XHO CcKasaTb, YTO 3TO — BMECTHJIHILE
BCeX M3BECTHBLIX HAM Bellleil, IIpeIMETOB M CO-
6piTHUH. 3anyMaiiTech, Belb KaXKIblii pa3, OTBe-
yasd Ha BOIPOC «Trfe?», MBI OTCUMTHIBAEM IIOJIO-
JKeHUe IIpeAMeTa WUJIM IIPOUCIIECTBUSA OT KaKo-
ro-jaubo u3BecTHOro HaM Mecra. Hanmpumep, ec-
JIX MBI TOBOPHM, UYTO GQYTOOJBHBIN UeMIIMOHAT
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mpoxXonuT B AMepHKe, TO TYT e BooOpaxkaeM
reorpauuecKyio KapTy MU raobyc, rae y Kax-
JIOr0 KOHTHHEHTA, CTPAHbI UJIK IOPOZAa €CTh CBOE
yeTKoe mojokeHue. Miau, Korma Mbul CJIBIIIUM
coo0lIeHre 0 Paguo O CTHIKOBKE KOCMUYECKUX
KopalJieif, Mbl HarJAZHO IpexncTaBiiseM (MU
HaAM IIOMOraeT TeJIeBU30p), KaK BOKpPYTr 3eMJId
KpyTaATCcA, Npubnikasch ApYyr K APYTY, 9TH KO-
pabsu. A B lLeHTpe ymnpaBJIeHUSA IIOJIETOM BaM
MOTI'JIX ObI COOOIUTHL TOYHOE PACCTOAHHE OT Ka-
KOM-J1100 TOYKH HA IIOBEPXHOCTH 3eMJIHU IO TOU-
KM, I'Jle ITPOMU3O0IIJIA CTHIKOBKA.

ITonyuaeTcda, 4TO AJIs BeJeHUS DACUYETOB B
npocrpaHcTBe (TO ecTh AJIA OTBETa HAa BOIIPOC
«rpe?»), HaM IPUXOAUTCA BOOOPA3UTH €ro, KaK
0ecuncJIeHHOe MHOXKECTBO TOYEeK, B KOTOPBIX
yoKe HaXOAATCS WJIU IONajaloT TyJa, ABUTAACH,
HHTepecyiolue Hac npeameTsl. Y1 Torga Mel Mo-
)KeM yKasaThb PacCTOSHHE MEXAYy TouKamMu. A
JaJIbIlle IyMaTh O TOM, YeM M KaK 3TH DPAacCTO-
AHUSA ynoO0Hee U3MEPHUTH. .

Tax ’xe MBI ompejessieM pa3Mepbl CaMHUX
pegMeTOB, UX AJIMHY, IMIUPUHY U BEicoTy. [lis
IIpuMepa BO3bMUTE CAHTUMETPOBYIO JIEHTY U 00-
MepbTe €10, CKa)XeM, IIMCBMEeHHBIM cToJ. 3a-
MeTbTe, Bl BHOBb UCKAJIX U HAUIJIU PACCTOSHHE
MEXXJYy TOUYKAMH, KOTOPbIE «3aCEeKJIH» HA Kpasax
cToJsa.
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KOTIA
BCE IIPOMCXO/IUT?

Eme oaus oyeHb BakHBIM Bompoc. IIpaBzaa,
MBI IIPEKPACHO HAy4YMJIMCh HA HEro OTBEYaTh,
ecau IIOA PYKOH (MM HAa PYKe) eCTh 4achl —
MexXaHUUYeCKHe (IPYyKUHHbIe UJIU XOAUKU) JU00
3JIeKTpOHHBbIe. HO Beab Yachl-TO IOKA3BIBAIOT
JUIIb BpeMs CYTOK. A ecJu HaM HaJl0 YKa3aThb
BpeMs KaKoro-jgu60o HCTOPUYECKOro CoOBITHA,
IpujeTcA Ha3BaTh I'oJl, MecAl u yuciao. Hanpu-
Mep: OAVH U3 OO0JIOMKOB KOMETHI yIlaj Ha ImJa-
"Hery Onurtep 16 utonsa 1994 roxga. Baymarirecs
B IIPUBOAUMBIE LH(PHI: BeAb B HUX YKA3bIBAETCA
BpeMd, npomrenmee ot PoxxaecTsa XpucToBa IO
Ba'XHBIX HaM coObITH#. HWHBIMH cJIOBAMH —
TIIPOMEXKYTOK BpeMeHU. M yachl TOBOPAT HAM O
TOM, CKOJIbKO BpeMeHH (4acoB, MUHYT M CEKYHI)
IPOIILJIO OT IOJYHOUM WJIU noayaus. Omsars —
BPEMEHHOM INPOMEKYTOK.

Bor u BBIXOZAMT, YTO OTBeYasA HA BOIIPOC
«KOrza?», Mbl BCEro JIMIIb OTCUUTHIBAEM OT Ka-
KOro-TO yAo0OHOro MOMeHTa Yy ke IIPOTeKIlIee Bpe-
MA. WUnu, roBopa 0 ToOM, 4YTO IIpOM30iizeT B Oy-
LyleM, K IIDUMEPY, KOrJa IIOKaXXyT IO TeJe-
BH30pPYy MHTEPECHBIN (UJIbM, YKAa3bIBaeM BpeMs,
KOTOpOe IIPOTeYeT IO HOBOrO COOBITHA.

A pa3 Tak, TO ¥ MepUThb BpeMs HaAM IIPHUXO-
JAUTCA KAaKUMU-TO «KYCOUKAMH», IIPOMEKYTKAa-
MU, CIOAPYYHBIMH B TOU UJH WHOU CUTYaIlUH.
OTkyna Takue «Kycouku» Gepyrcsi? A 3T0 MOryT
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ObITh KauaHMe MASATHHKA (Hampumep, OfHA ce-
KyHHa), BpamjeHue 3eMJM BOKDYr CBOoei ocu
(riosiHBIM 060POT — 3a OXHU CYTKH), ABUIKEHUE
3emau mo opburte Bokpyr CosHna (oxzuH 06O-
poTr — 3a oxuH rox). MoyxHO BHIOpaTh M Ka-
Kue-1ub0 xpyrue ynoOHbIe IJIs HAC IIPOMEXKYT-
KM ¥ IPOMEXYTOUKU. UeM MeHbIIe TAKOM IIpO-
MEXYTOK, T€M TOYHEee MM MOYKHO H3MEPHUTh
TepPHUOALl BpeMeHHU (He M3MepATh Ke B rokax
MIPOAOJIXKUTEIbHOCTE ypoKal). Ceromus nuas
CBEPXTOUYHBLIX U3MEPEHUI yUeHbIe UCITOJB3YIOT
KojebaHMsI aTOMOB B KPHCTAJJIaX TBEPABIX
TeJI, KaXJ0€e M3 KOTOPHIX IMPOUCXOAUT 3a HHU-
YTOXKHO MaJible MI'HOBEHHsA. JTO TAK HA3bLIBa-
eMble aTOMHBIE YaCBI.

KAK USMEPATDH?

A uto m3mepars? Jla YTO YyromHo — pac-
CTOAHUS, IPOMEXYTKM BpPEeMEHH, eMKOCThL OY-
TBLJIKH, IJIOIIaAb KBAapTUPHI... [lJIA 9TOro Ml
NOJIb3yeMcsa pPYJIeTKOM, CEeKYHIAOMEpoOM, ApPY-
roi OYTBIJIKOM M MHOXECTBOM BCAKHX HHBIX
«npubopoB». Ho uTo MBI fleJlaeM KaXXKJbIil pas,
Korga usmepsiem? He uTo MHOe, KaK CpaBHH-
BaeM.

Bor npumep. Bel xoTuTe 00MEHATH CBOIO
KBapTUPy Ha PaBHOLIEHHYIO MO Iomanu. M3-
MepsAeTe NAOWAAbL CBoeil KBapTupbl. OHA OKa-
3BIBaeTCs pPaBHOM, cKaxkeM, 50 KBagpaTHBIM
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MeTpaM. A mJomanb APyroi KBapTupsl — 48
KBaJpaTHBIX MeTpoB. Temepb MBI MX MOXEM
cpaBHUTb. Ho mnpexxae, u3Mepasa KaXIyIio
KBapTHUpPy, MHl CPA6HUBA U €€ NJIONAAb C OJ-
HUM KBaJpaTHBIM MeTPOM. SHAUUT, 3TOT KBaJ-
PATHBIA METD MIOCJIY»XKHMJI HAM TeM, YTO Ha3bl-
BaeTCA «eAUHHIEH u3MepeHua». Y1 4yTo ObI MBI
HM 3aXO0TeJIM M3MEPHUTh, MBI KaxKJIbli pa3 Oy-
IeM CpaBHMBATh H3MEPSIEMYI0 BeJHYHHY C
TeM, YTO BeIOpasiu 3a eIUHHUIY UBMEPEeHUudA —
C 3TAJIOHOM.

Croubko B cyTKax uyacoB? Orser: 24. YUto
9T0 3HAUuT? A TO, UTO €JUHUIIA U3BMEPEHUA —
ONHH 4Yac, M TAKUX YaCOB yMell[aeTCs B CYTKax
24 mTyku.

IIsep Cumon Jlanuac (1749—
1827) — dpannysckuit yue-
Hui. Bclo sxM3HL MHTEpecoBaJI-
csl aCTPOHOMHMEH, MaTeMaTH-
kol M ¢pusukoh. J[o6rics BhI-
JlAl0MMXCsl pe3yJbTaTOB B He-
GecHoM Mexauuke, OOLACHUB
naBukeHune Tes CoJsiHeuHO# cHc-
TeMLl Ha OCHOBE 3aKOHA Bce-
MMPpHOro TArorenusi. B 1790
TOAly BO3IJIaBHJI IAPHXKCKYIO
ITanaTy Mep U BecoB, AKTHBHO
BHEJPSLJ B 3KU3HL MeTpUue-
CKYIO CHCTEMY MED.




YyTh-uyTh IIOAYMaB, Bbl BCIIOMHHUTE OTDOM-
HOe MHOXeCTBO Takux eaumHul. Hy, ckraxem,
MeTpBl, MHJH, (PyTbl, AIONMBI, ITyAbl, CaXeHU
(«B meyax — Kocasd Ca)KeHb»), BePCTHI, BepII-
KM («OT ropiika /Ba Bepuika»), QPyHTHI, rpam-
MBI, IIeHTHEPbI, aMIIepbl, BOJILTHI, BATThI... JTOT
CIIMCOK MOXKHO ITpojoJikaTh 6e3 KoHmIa. Ho
yZOOHO JIM JKHUTH C TAKUM TF'MTaHTCKUM KOJIAYe-
CTBOM emUHUIL?

Co BpeMeHeM JIIOOAM CTaJI0 ICHO, UTO Iopa
Opl HaBeCTH 3JeCh IIOPANOK. Pa3Hble rocynap-
CTBa CTaJld JOOroBapUBaTHCA MeXAYy Co000i
NMPUMEHATh OAHU M Te Ke eJUHHIbI. A 4yTh
oossiie 200 jer Haszax Bo PpaHI MM OblIa U30-
OpeTeHa MeTpUUECKAsI CUCTeMa U3MEPeHUs, Ha
KOTOPYIO CEerogHsA INepellJid IIOYTH BCe CTpa-
HBI. BBIJIM BBeNEeHBI 3TAJIOHBI AJISI U3MEepeHHusA
CaMbIX Pa3HBIX BEJIMUUH — [AJIMHBI, BPEMEHH,
Macchl U TaK jgaJiee.

Hemuorum 6osiee 30 yieT Haszax ydyeHble BCEro
MUpa INPUHAJNU pelleHUe I10JIb30BAThCA OMHOM
cucremoii mep. Ee Tak u HazBasiu — VHTepHa-
IYOHaJIbHAA. B IKOJIbHBIX yyeOHUKAX BaM IIpU-
JeTcA IMO3HAKOMUTBHCA M II0JIb30BATHCA MMEHHO
9TOU CHCTEMOW eIVHUI] U3MEepeHusd.
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KAK ®U3UKH
INOJAEJINJIN MUP

Henunu ero, KOHEYHO, He TOJHBKO (DU3HMKHU.
HenAaT ero yueHble JIOOLIX CIEIMAJILHOCTEMU.
IIpaBpa, AesaAT MUPHO, HO HE OT XOPOIIeN XKu3-
HuU. IIpocTo Hamn Mup HACTOJNBKO BRJIUK U CJIO-
JKeH, UYTO HM OJlHa, JaKke caMasd reHMasbHAasd ro-
JIOBa, HU OJWH, Ja’Ke CaMblii CBEPXMOILIHBIA
KOMIIBIOTED, He CIIOCOOHBI TOKAa BMECTUTH B cedsa
Bce 3HAHUA O HEM.

Hcropuku nessaT UCTOPUIO MO 3fI0XaM, Ieo-
JIOTM Y TIAJIEOHTOJIOTH AEJAT TOJINY 3e€MJIU II0
CJIOAM, 300JIOTH HEJIST BeCh YKUBOTHBIM MUD IO
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BHZIaM, poxaM u cemelicTBaM. W naxe uesioBeka
QHATOMBI U MEIUKHU «JeJAT» Ha KOCTH, OPraHbI
M TKaHHU.

Bor 1 @M3MKaAM ¥ TeXHUKAM IIPUXOAUTCA Jie-
JUATHL pasdHoOOpa3Hble ABJEHUSA €CTECTBEHHOH U
WCKYCCTBEHHOM MPUPOALI HA MHOXKECTBO YacTeM.
BearymaiTech B Ha3BaHUA HEKOTOPBIX pa3zielioB
HayKH: 9JIEKTPOTEXHMKA, KopabJyecTpoeHue,
OKEaHOJIOTHMA, KOCMOHABTHKA, CTPOUTEJIbHAS
MEXaHMKa, ONTHKA, MaTepHaJioBeJeHHe U Tak
nanee. B Ka)XJIoM U3 HUX, Kak B 0OJILIIOM JioMe,

ele HEMaJI0O «KBapTUP», 4 B T€X — «KOMHAaT»,
rpge u3y4armT KaKue-TO OTAeJIbHbIe 9 (HeK T 11U
cBoricTBa. Hayka m TexHHMKa pa3pocyiich TakK,

dpsnacuc Bakon (1561 —
1626) — anrjuiickuit puJo-
co¢. Ero HasbIBaNM «OJHHM U3 :
PeAKUX YMOB, HPOKJIAALIBAIO-
IIMX HOBLIe IYTH B 06JacTH Ha
yuHOro uccJjefoBanuss. IIpo-
BO3TJIACHJI 11eJIbI0 HAYKHU pac-
NpoCTpaHeHHe TOCNOJACTBA Ye-
JioBeka Haa npupoaoit. IIpusmn-
BaJl OYUCTUTHL HayKy OT cyeBe-
pui#i ¥ npeapaccyAkoB. Cuu- :
Taj, YTO B OCHOBY Ka>kK[oil Hay
KM HaJl0 NOJIOMUTh OMBIT, UC-
XOAA U3 HabGJlofeHuil U TpOBO-
Ast SKCIiepUMeHTHI. IIniTancs
0o6bATHL Bece obsiacTu uesoBeye-
CKOI'o 3HAHUS Y NOKAa3aTh B3a-
MMHYIO CBSI3h Mex ]y HUMH.




YTO HAIIOMUHAIOT TUTAaHTCKUE JepeBbd CO MHO-
JKEeCTBOM IIepeIlJIETeHHBIX BeTBei, IPYTUKOB U
JINCTHEB.

MoXHO JIM CODHMEHTHPOBAThHCHA, He 3abiy-
IUTBCA B 3TOM cJOXXKHOM Jjabupunre? Kak HU
CTPaHHO, BIIOJIHE BO3MOYKHO, X 3aYaCTyI0 MMEH-
HO TakoOe pasziejieHue JaeT NYyTeBOAHYIO HUTh.
ITonenus, nerue pasobparvca. IloMHUTE BEHUK
u3 ogHOM cka3ku? llesuKOM ero He CJIOMATh, a
pa3o0paB Ha IIPYTHKH, IEPEJOMHUTH KaXKIbIi
IIpOCTO.

IlogymaiiTe, UTO TPOUCXOLUT, KOIZA MBI
BKJIIOUaeM HacToJbHYI0 Jamiy. Illenknyna
KHOIIKa, KOMHaTa o3apujack cBerom. 11 Bce? A
BOT (UMK CKaXKeT: II0J [AaBJeHHEeM Baliero
Majbla ITPOM3OILIJI0 MEeXaHWYeCKoe IepeMelie-
HHE KOHTaKTa, 3aMKHyJIaCh 3JJIEKTpUUeCKasa
IieNlb, 10 IPOBOJAM IOTEK 3JIEKTPUYECKUU TOK,
ITOJ AeMCTBHEM TOKa Harpejach CIUpaJibKa JiaM-
bl ¥ aTOMBI MeTaJlIa, 13 KOTOPOI'O OHAa cAeJaHa,
CTAMW H3JIy4aTh YacTHUUKH CBeTa, a MAaTOBBIH
map, OKPYKAIOUMIl JIaMIly, paccesy ero II0o
KOMHATe...

®dus3uk, NoBepbTe, CTapajcsa CKa3aTh IIOKO-
poue u mormpoiie. Ho Bce-TaKu BbI YK€ CMOIJIH
IIpeNCTaBUTh, YTO PA3TOBOP MJET O MEXaHUYe-
CKUX, TEILJIOBBIX, BJEKTPUYECKUX, CBETOBBIX
U aTOMHBIX SBJIEHUSIX, KaxXJ0e U3 KOTOPBIX
IaBHO CTaJI U3y4aTh 10 OTHAEJBHOCTH. A ecJiu
He 3a0yzeM, KaK LIeJKHYJI BBIKJIIOUATENb, TO
nob6aBuUM — ¥ O 3BYKOBBIX. Buaurte, Kak 4yTh
JI¥ He Bed IOJeJeHHAsdA Ha 4acTu GuU3MKa «3a-
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pafoTajia» OT OJHOTO ILIeBeJIEHUs Ballero Inajb-
ma! A BoT uTOOBI CKOHCTPYHPOBATh TY 2Ke JIaM-
Iy, KOHEYHO, BCe 3TH pasiesibl AOJIKHBI ObLIN
«IIOMOYb» APYT APYrYy BHOBBL COOpaThLCsI BMeCTeE.

Tak uMHOrJZA Ha OJHO M TO e COOBITHE HJIN
ABJICHUE IIPUXOAUTCA CMOTPETH C Pa3JUUHBIX
cTOpPOH. EnuHEIN MUp, K COXAJIEHUIO, paclajaa-
eTcsi, HO IIOTOM «CKJIQJBIBAeTCA», K CYACTHIO,
CHOBa, Japs HaM TO YAUBJIEHHE, TO PafOCTb, TO
HOBBIe 3a00THI...
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Jeuscenvs nem, — ckasan

Mydpey 6padamplil.

Jpyeoit cmoavan — u cman

nped Hum xo0ums.

Cunvree oH He MOz Obl
803pasuns.

Xeanunu ece omeem
3amvicao6amulil.
AC.JTywxun

Yro Takoe aBuratbca? Uaru, OGexarts, pas-
Max¥BaTh pyKaMH, INIpHcCenaTh, CKakaTb, Bep-
TeTh I'OJIOBOM — Bce 3TO ABMiKeHHMA. Ho mouemy
MBI TOJBKO O cebe? IlepeaBuraroTcs *KUBOTHEIE,
IIepeMeIalTcsa Pal3JIMYHbie MaIIMHBI, HECYTCA
B KOCMOCe ILJIaHEeThl U cHyTHUKH. U ecsu mpu-
IJIAAEThCA, TO OKAYKETCA, UTO BCe IBUKEHUA He-
BePOATHO Pa3HO0OPAa3HbI: YTO-TO ABUXKETCSA BPO-
Jle IIOCTOAHHO B OJHY CTOPOHY, HallpuMep, UAeT
moesn, 4TO-TO KPYTUTCA, CKakeM, KoJieca aBTO-
MaIluHBl MJIA BeTpAHAs MeJbHUIA, & YTO-TO
«APBITAETCA» HA MECTe — KaK MasgTHUK YacoB.

MosxkHO 1 pasobpaThCss B 9TOM HArpoMOXK-
IeHUHu nBUKeHUi? BoT 1 HacTynaeT BpeMsd yue-
HOro, KOTOPBI BHMMATEJBLHO 3a HUMHU HAOJIIO-
JlaeT, CHCTEeMAaTHU3UPYyeT U IILITAeTCA HAWTH B
HUX HeuTo oliiee.
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Hasepnoe, mpouTs ¢ppasdy «J[BurxkeHue — 3TO
U3MeHeHUe MOJIOXKEeHUS TeJla B IIPOCTPAHCTBE»,
BBl ckaxkeTe: «Jla aTo u Tak sicHol» Ho mo aToit
ACHOCTH Joau pobupanuce TeicauesneTus. Co-
IJIaCUTECh, YTO U B CBOEH JKM3HU BBl CAMU OYEHb
YacTO AOXOAMJU IO IPOCTHIX UCTUH (« Mol pyKu
nepex exnoi!») poaroe BpemMsa. A BOT C OTMEYEH-
HOM HMCTHHBI ¥ HAUMHAETCA HayKa O ABUIKEHUU
TeJ — MeXaHMKa, BJIUBIIASCA MOrydyeill DeKou
B OI'POMHBIN OKeaH DPUUKHU.

YTO BOKPYT YET0?

CkaXuTe OTKPOBEHHO, MOXXeTe JIU BBl OT-
BETUTh Ha BOIIPOC, YTO BOKPYTI UEro ABHUIKET-
csi — CoaHue BOKpPYr 3eMJix UJIU 3eMJIA BOK-
pyr Cosuna? Ecau Bbl fymMaeTe, UTO BaM HU3-
BECTE€H OTBET, He CIlemuTe ¢ HuUM. JleidcTBU-
TeJbHO, HAXOAsCh Ha 3eMJie, Mbl BUAUM, UTO
CosHIle BCcTaeT, mepegBUraeTcsa o HEOOCKJIO-
Hy u 3axoxuT. PasBe CoiHIle He ABUXKETCHA
BOKpyr Hac? JIBuixercs!

OpHako ecym ObI HAM YZAJIOCh «BOCIIAPUTH»
Hax CoJsiHeyHOM cucTemMoi, MBI OBl 3aMeTHJIH,
yTo 3eMJIsd, 1a U BCe OCTAJIbHBIE MJIAHETHI JPYIK-
Ho ofpaniaiorcsa BOKpyr CoJiHIIa, a K TOMY e —
eure u BOKpyr camux cedsi. B Tom-To u meso! He
BepTUCh 3eMJIA BOKPYT CBOEIl OCH, «IJIANU» OHA
OZHOU U TOI ke cTopoHOi Ha CoJiHIle, HUKAKUX
Tebe BOCXOZOB M 3aXO[OB U B IIOMHHE OBl He
o110, 3aTo Bokpyr Coanna 3eMJys KpPYTHJIACh
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OBl IO-IIPE’KHEMY — HY TOYb-B-TOYb, Kak JlyHa
BOKDYT 3eMJIH.

9ToT mpumMep BoOpas B ce0sA BeJUKHH CIIOD,
KOTOPBI JOJITMe CTOJIETHS BeJIX JIIOAU. ¥YUYeHUe
npeBHero rpexka KimaBaus IITosemesi, paspabo-
raBuero reoueHrpuueckyio ('eo — 3emus) cu-
cTeMy, OBLIO IOAAEPIKAHO ILIepKOBBIO. W JjuInb
CIIYCTA THICAUY JIeT Bo300Jiaffa NHOM B3TJIAL —
ero oopMuJI B CBOUX TPYZAaX MOJbCKUN yUEHBIN
Huxkomnait KonnepHUK, ITOCTaBUB B IIEHTD Hallei
mIaHeTHoM cucreMbl CoJIHIIE. ITOT CIIOP MOYKHO
ObL10 OBI HA3BaTh CIIOPOM 00 OTHOCHUTEJIBHOCTU
IBHIKEHUA.

BcermomHuTE paccessHHOro ¢ yaunsl bBacceii-
HOI. CKOJIBKO OH HM BO3MYIIAJICA, €r0 OTIeI-
JIECHHBIM BaroH Tak ¥ He MOT CTPOHYTBHCS C Me-
cra. To ecTb pacceAHHBIII BMeCTe C BaroHOM
OBLT HEITOABUIKEH — HAXOIHJICA B MOKOE — OT-
HOCHUTEJIbHO 3eMHO# TBepau. Ho B TO ke Bpems
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Huxonait Konepank (1473-
1543) — nosLCKUHA acTPOHOM, i
CO3AATENb FeJMONEHTPHYECKON
cucTeMb Mupa. OGBLACHUI NpH-
YHHBLI BUAMMOTO NlepeMeIeHust
naaseT. Ero kuura «O Bpame-
HUAX HebecHLIX cdeps Onlia :
3ampenieHa KATOJHYECKOH mep- :
KoBblo. OaHako oTkpuiTHE Ko-
nepHHKa GbLJIO MOAXBAaYEHO BhI-
JIAIOIMMHUCS YUEHLIMH H Jier-
JIO B OCHOBY HOBOT'O €CTECTBO-
3HaAHMSA.

OH BpAIIlaJIC BMECTe C BATOHOM BOKDYT 3€MHOH
ocu, obOpamasicss Bmecte ¢ 3emJyeit Bokpyr Cour-
HIa, a ecgu mobasuTh, uTo U CosHile (BMecTe
CO BCEMH ILJIAaHETAMH, a YK TeM 0ojiee ¢ BArTOHOM
M pacCessHHBIM) MUYMTCH HEBEZOMO KyJa...

Bor ckonbko asmkeHuii! 1 Bce oHM — OT-
HocuTesbHBI. He cyiecTByeT B mpupojge abco-
JIIOTHOT'O ABUKEHUS, He 00HADPYKMUJIM €ro IoKa,
KaK HU HCKaJIA.

KAK ITATAIOT TEJIA?

HaBaiiTe mpozesiaeM npocToii onelT. BodpMu-
Te JIUCT OyMaru 1 OTHYCTHUTE €r0 C BBICOTHI CBO-
€ro pocTta. 3aTeM TOT K€ JHUCTHUK CKOMKaWTe U
CHOBA OTITYCTUTE C TOM K€ BBICOTBHI. UTO BHI 3a-
metusin? Koneuno e, BaM OpocuJioch B rJjiasa,
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YTO B IEPBOM cJiyuae Oymara najgaer MejJieHHee,
YeM BO BTOPOM.

Herpynno noranmatbcsi, 4TO «BHMHOBHHUKOM»
TOPMOXKEHHUS JincTa OyMaru ObLI BO3AyX. A ecau
OyayT majgaTh MephIMKO ¥ cBUHIOBLIN map? Co
BpeMeH APHCTOTEeNs CUNTAJIOCH, YTO BCerjga Td-
JKeJIble ITpeaMeThl majgamoT ObicTpee Jierkux. Y
Toapko I'.T'anunero, mpoBexiiemMy B cBoeit jabo-
PATOPUM MHOXKECTBO OITBITOB C NAJAIOIIUMH Te-
JlaMH, YAAJ0Ch BBIICHUTB, YTO €CJIM ObI He OBLJIO
BO31yXa, BCe TeJlJa — U TsKeJIble, U JIeTKHUEe —
nagagu O0bl oguHakoBo. To ecTh B OTCyTCTBHE
BO3yXa HAIl IJIOCKHMU JIMCTHK M CMATHIIA Oy-
MaKHBI KOMOK, NMYIIMHKA ¥ MACCHUBHAA TUPA
ynaau Obl Ha 3€MJII0 C OJHOM M TOM K€ BBICOTHI
3a ONHO M TO Ke BpeMs. OTH NOOLITBIE OITBITOM
¢darTer Taauaeir 0600-
IUJI B 3aKOHe cBoOOJ-
HOI'O TMafieHusd.

Ho kaxoe e oHO
cBoboOmHOE, €CJu OT
BO3AyXa HUKyIa He
nerbesa? Ha stor BoOII-
pPOC OKOHYATeJIbHO OT-
BETHJI BeJIMYaNIIuiu
QHIJIMACKUN  yUYeHBIH
HU.Hsroron. OH nposes
9KCIIEPHUMEHT C I1afalo-
\ UMM TeJIaMH B TpYO-

Ke, M3 KOTOpoOil ObLI
OTKaYaH BoO3nyx. Bce
NOATBEPAUJIOCH!
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Tannneo Tanuaeit (1564-
1642) — uraabsHCKUM pU3MK
M ACTPOHOM. YCTAHOBHJI 3aKO-
Hbl JIBUKEHMS, IPOBOASI MHOIO
YHCJIEHHbIE ONBLITHI. OTKPLLI
3aKOH KoJIeGaHUH MasiTHUKa,
cO3/iaJ1 TEOPHIO NPOCTHIX MeXa-
HusmMoB. HaGuonas B noasop-
Hylo TpyOy JIyHYy ¥ IJIAHETHI,
o6Hapy>KuJI cCIyTHHUKH IOnuTe-
pa, naTHa Ha CoJiHne M ¢askl
Benepnl. Ilogaep>kuBan u pas-
BUBaJI eJIMOLIEHTPHYECKYIO Te-
opuio Konepuuka, 3a uto npe-
cJiefloBaJICS HHKBU3HIIMEH.
CyuTaeTcsi «OTLIOM» 3KCIIEPH-
MCHTAJIbHON (PUBHKHU.

3aMeThTe, UTO CKOPOCTHL Hajaloiiero B 6es-
BO3IYIIHOM IIPOCTPAHCTBE IpeaMeTa He OCTaeT-
CA IOCTOAHHOMN, 3eMJIs NMPUTATUBAET BCe TeJa,
U TIOA NeMCTBUEM CHJIBI IIPUTAMKEHUS OHU pas-
roHsiorcsi. Hanpumep, ecau 66 B MyCTOTE MBI
OTHYCTHJIM TEJ0 C BBICOTHI 5 METPOB, TO OHO
yZapuoch ObI 0 3eMJIIO C TAaKOM 2Ke CKOPOCTHIO,
C KaKoi (pMHUIINDYET PeKOpACMEH mupa mo Oe-
ry Ha CTOMETDPOBOM AUCTAHIIUU.

OryimuHasa nabopaTopus AJISA NPOBENEHUS Ta-
KUX ONBITOB — IOBepxXHOCTh Jlynsl. Ha mHamei
CIyTHHIEe HeT aTMochepsbl, ¥, CKa)keM, MOMIagu
Tanuneit u HploToH HaA JIyHy, UM He IIPUIILIOCH
OB [OJIMO MOKAa3bIBATHh CIIPABENJIMBOCTH 3aKOHA
cBOOOIHOrO MajieHusd.
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KTO TAJIBIIE BBICTPEJIUT?

Kak panexo mbl Mo)Kem 3a0pocHUTh, HamnpHu-
- Mep, TeHHUCHBIA MA4YuK? Eciu 6pocaTe B BBI-
COTYy, TO TYT BpOZEe BC€ MOHATHO — CKOJIBKO
XBaTUT HAIIUX CUJ. A ecjd B JUIMHY?

Ilonaboionaem 3a cmopTcMeHaMH — MeTaTe-
JSAMM MOJIOTA, KOIIbsl, AApa, Aucka. Iloxoxxe,
4YTO NAJBHOCTH IOJIeTA BCeX 3TUX CHAPHANOB 3a-
BHUCHUT He TOJIKO OT CHJIBI MeTrartenei. IM Hano
ellle KaK-TO OYeHb TOYHO yrajgaTh HAKJIOH Opo-
cka. Jla u Kawnaelii m3 Bac ybOeaurcs, Opocas
TEHHUCHBIA MsAY, YTO OBIBAIOT «HEJOJIEThI», KAK
OBl CUJIBHO MBI HM CTapaJIuCh METHYTb.

dra 3azava oKas3ajach KpaiiHe BasKHOU IJIs
0QJUTMCTMKH — HAyKM, U3ydYalouieid ABHIKeHUe
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O6pomenHoro tena B atMochepe 3emuu. Byaste
CHUCXOAMTEJILHBI K HAIIMM IIpPEJKaM, KOTOpbIe
MoJIarajii, 4YTO BBUIETEBIINNA U3 MYIIKU CHAPAL
cIiepBa JIETUT IO IIPAMOIi, a IIOTOM OTBECHO Ba-
autcsa BHU3, OnATh-TaKM HayKa IIO3BOJIUJIA BBI-
SICHUTBh, KaK RAJbHOGOHHOCTH ODYAMHA 3aBHCUT
OT TOT'0, C KAKOI CKOPOCTHIO ¥ KyAa MBI HAIIpaB-
JsieM CHapsan.

A ecau 6bI MBI CTPEJISAJIM U3 YEero YrogHo —
IMHUCTOJNIeTa, JIYKa, MyIIKH, CTeKJIAHHONU TPpybOou-
KM C )KeBaHOU Oymakkoit — Ha JlyHe? MbI ObI-
cTpo OBl y3HAJIM, UTO BCe HAIIM CTpPEJIbl M CHa-
pAnBI mMosieTesu ObI JaJIbIlle BCEro MPH HAKJIOHE
opyauit B 45° K ropusonry. Ha 3emie compo-
THUBJICHME BO3QyXa, KOHEYHO, UCKAXKAET TOUHYIO
TPAaeKTOPHIO ITOJIeTA ¥ HAMHOI'O YMEHBIIIAeT ero

Jleomapx Jitxep (1707—

1783) — mBeiinapckuii Mare-
MAaTHK, MEXaHHK, (GU3UK M ac-
TPOHOM. YCTAHOBMJI 3aKOHKI
ABHIKEHHUS BpAIaloIUXCs
TeJ. 3aHUMAJICS TeopHuel Tel-
JIOTHI, 3JIEKTPHUYECTBA, MarHe-
TH3Ma. B onTuke cosnan cober
BEHHYIO BOJIHOBYIO TEOPHIO CBE
Ta, CYUMTAJ, YTO IBET TEJ 3aBU
CHT OT YaCTOTHI CBETOBOI'O JIy-
ya, OUH U3 OCHOBaTeJei Me-
XAHUKH SKHUJKOCTEH M rasos.
Buec BrJIaJi B My3LIKAJILHYIO
aKyCTHUKY, GAJJIMCTHKY, TeO-
PHI0 YCTOWUHMBOCTH Kopabiisi.
IIniTajncs NOCTPOUTL EANHYIO
KAPTHHY MHUpa M (pU3HUECKHUX
TIpoLleCCOB.




aJIbHOCTh., JTO UHTYUTHBHO YYHUTBIBAIOT CIIOPT-
cMeHbI-MeTaTeNu, a OaJUIMCTHKU COCTABJIAIOT
1eJible TabJIKIbI IOPABOK JJIsA CcTPeJbOBI U3 ap-
TUJIJIEPUHACKUX OPYAMiA.

IIpaBzpa, ecyiu CTPENATH C OYE€HB OOJIBIION Ha-
YaJILHOM CKOPOCTHIO M IIOJ OIpeZeJIeHHBIM yrI-
JIOM, MOKHO JIOCTHYb BBhIXOJA CHapsAna B paspe-
JKeHHBIe cJion aTMoceprl. Toraa fajibHOCTL €ro
IIojeTa BHOBbL BO3pacTaeT. JTOrO0 CyMeJH JO-
OUTHCA HEMelKMe apTHUJIJIEPUCThI, obcTpeanBas
B KoHIle I MupoBoii BoitHbI Ilapuak ¢ pacCTOAHUA
115 KujaoMeTpoB U3 OrPOMHOH, BecoM 750 TOHH,
MyIIKH.

Bo03MOKHO, BbI CJBIIIAJIU U O OANIUCTHYE-
CKOH 3XCIepTHse, KOTOPYIO IPOBOAAT KPUMUHA-
JIUCTHI, pacclienys npecrtymieHue. ITopoit oHu
YAUBUTEJNHLHO TOYHO MOT'YT PACCUUTATH ITOJIOMKE-
HHUE CTPeJIKA M TPAaeKTOPHIO BHINYIIEHHOH MM
myJIu.

Bor eme smo0onbITHBIA (M 0COOEHHO NMPUSAT-
HBIM JieTOM) onblT. Korza BaM nmpujercsi IIOJid-
BaTh OrOPOJ MJIM CBOUX Apy3eil BOAOA M3 IMIJIaH-
ra, nomnpoOyiiTe, 3a)kuMas IaJbI[aMH OTBep-
CTHe, M3MEHHUTb CKOPOCTH CTPYH, a TaK)Ke ee
HaKJIOH K TOPHU30HTY. Jlyumeil NPaKTHUKH IJIA
HAYMHAIOIIEro CTPeJIKa He MPUAYMATh!
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KAK OBJIETETbH
BOKPYT 3EMJIN?

Yro, ecau Obl MbI 00Jiaflajii HCHOJHHCKOM
cunoin? Kaxk nmanexo torma cmorJyu ObI MBI 3a-
OpOoCHUTH, CKAXKeM, CIIOPTUBHYIO rpaHaTty? Merasa
ee pa3 3a pa3oOM BCe CHJIbHEH U CUJIbLHEH, MBI
rmomnaJix Obl, ITOJIOXKUM, BO JBOP COCEHEr0 A0OMA,
3aTeM B OJIMIKAMINIUII TOPOJ, IOTOM, INIAAWIIb,
3a Ypansckuit xpeber, MOTOM B OCTPOB B Tuxom
OKeaHe, IIOTOM...

IIpencraBbTe Tenephb cebe, UTO BBl HIBLIPHY-
JU T'paHaATy C TaKOil HEBEePOATHON CHJIOH, UTO
OHA JjIeTeJia-JieTeJla U B KOHIIE KOHIIOB IIPUJIETe-
Jia K BaM ... ¢ Apyroi cropousl 3emyu. Kak Hu
3aHSATEH 9TOT IIPUMED, OH COBEPIIEHHO BEPHO
yKa3bIBaeT Ha BO3MOXKHOCTb objieTra 3eMJiu 3a-
MyILIeHHBIM BJOJIb €e IIOBEPXHOCTH TeJioM. Tak
nyman u U.HeroToH, BooOpakas BBICOKYIO IOpY,
¢ KOTOPOM TI'OpM3OHTAJILHO Opocasii KaMeHb C
Or'pOMHOI cKopocTbio. Kak u Bce Tesia, OH Maaa
ObI Ha 3eMJII0, HO Ha CKOJIBKO OH ONyCKaJCs
BHU3, Ha CTOJIBKO JKe 3aKPYyrJgnlasaca 3emia
yxoauaa Obl M3-II0J Hero.

Hy u Kak ke Ha3BaTh Telepb 9TOT KaAMEHb?
Bel poragmannck — MCKYCCTBEHHBI CHYTHHK
3emMau. A CKOpOCTh, KOTOpasi eMy HYXKHA IJIs
TAaKOI'0 II0JIeTa, CEerofAHs JIETKO PACCUUTHIBAETCS
MexaHuKoi. BOyu3um moBepxHocT 3emyu (HO
0e3 Bo3znyxa!) oHa OKa3bIBAETCS PABHOM MpuMep-
HO 8 KujIoMeTpaMm B ceKyHAy. Huuero ce6Ge cko-
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pocrs, mpaBna? IloaTomy-TO ee Ha3BaJIM XOTb
TOJILKO IIEPBOI, HO y»Ke KOCMUYECKOH.

Temeps sCHO, YTO JJIs BHIBOJIAa MCKYCCTBEH-
HOro CIIYTHHKA Ha OpPOMTY BOKDPYr 3eMJH HaZLo0
IOAHATH €ro IOBBIIIE — HaJ aTMochepord — u
«TOJKHYTB» C HYKHOH CKOpocThblO. Tak OH u
OyZeT TaM KPYTUTHCSA XOTh BEeKH-BEUHbIE — KaK
KpyTurca JIlyHa, Hall eCTEeCTBEHHBIM CIIYTHHK.

A BOT 4TOOBI BHIPBATHCA U3 LENKUX YT 3€M-
HOT'0 TATOTeHHUsd, TOTpebyeTcs CKOPOCTH MOBOJIL-
me — OKoJio 11 KuysoMeTpoB B cekyHAay. Ho u
TOrZa HaIl KOCMHYECKMI ammapaTr He O0CBo0o-
OUTCS COBCEM — Tellepb OH CTAHET CIIyTHUKOM
Cosnna. A y»x or CosHIIA «yApaTb» COBCEM He-
JIeTKO, HY»KHa emle OoJibIiasg — TPEThbs KOCMU-
YeCcKad — CKOPOCTh, OHa mpubjukaerca K 17
KHJIOMeTpaM B CeKyHAY. Takme CKOpPOCTH yKe
AOCTHXXUMEBI: IIpomjo 0oJiee HeCATH JieT, Kak
aMepHMKaHCKad  aBTOMAaTHYeCKasd  CTaHIHUA,
IPOUAA MHMO HECKOJBKHX IIJIAHEeT, HaBCerja
yuuia 3a npenenbl COTHEUHOM CHCTEMBI.
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3EMJIA —
BOJIBITIAA KAPYCEJIb

OTKyZna MBI 3HaeM, 4TO 3eMJIsd KPYTHUTCS BOK-
pyr cBoeil ocu? KoHeuyHO Ke, MO ABUIKEHHIO
Cosinnza Ha HebockioHe. A ecsu 01 BaApyr Cou-
HIe KTO-HUOYAb Ha BpeMsa «BBIKJIIOUMI»? OcBe-
TUTL-TO 3€eMJIIO MbI, IIOJIOKHUM, CMOIJIM OBbI, HO
KaK Tellepb 3aMETUTHL €€ BpalieHue?

B Cauxkr-IleTepbypre B McaakueBckoM cobo-
pe ObLNI IOABEIIEH K KYIIOJY T'MTaHTCKUU MaAT-
HMK, u300peTeHHBIN Ppanuysom JI.dyko. Ilona-
OJI0aB 3a HUM, MOYXHO OBLJIIO 3aMEeTUTh, UYTO
ero KoJyiebaHuA He ITPOXOAAT B OJHOM IIJIOCKO-
ctu. Ecau mocTtaBuTh JepeBAHHBIM OPYCOK He-
MHOT'0 B CTOPOHE OT Kaualollerocs rpysa, TO BhI-

2P
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SACHUTCA, YTO Yepe3 HEeCKOJbKO Pa3MaxoB Ipy-
3UK Kak Obl pasBepHeTca M clnuber OpyCOK.
OkaspiBaeTcs, MasATHUK o0Jyiafgaer yAUBUTEJIb-
HO# CII0OCOOHOCTBIO COXPAHATH IIJIOCKOCTh CBOMX
KosebDaHuM HemsMeHHoOU. W mnosyyaercs, 4YTO
3emiia Kak OBl IPOBOPAYMBAETCH «IOA HUM» H
IepeceKaeT 3Ty IJIOCKOCTh, UTO U «BBIAET» HAM
cOuThIit OpPyCOK.

«BKjrounM» Halle COJNHBINIKO ONATH M IIO-
TASAMM Ha BCAKHE Kaydalonueca BOKPYr Hac
MpeAMeThl — MAATHUK YaCOB-«KYKYIIKH» HJIKA
KayeJid Ha NEeTCKOM romanke. Pasymeercs, 1o
HUM BBIICHUTH 4YTO-JIMOO O BpamleHUHd 3eMJIU
TPYAHO — BCe 9THM MAATHUKU TaK MJIM HMHaye
OrpaHWYeHBl B CBOMX ABMKeHUsax. Ho ecsm MbI
caMu coopyAuau Obl mpubGop U3 AJMHHON HUTH
M TPUBA3AHHOIO K Heil I'pys3uKa, IOXOMXHUM Ha
MasasTHUK DPyKo, TO Hake He pacKauuBasg ero
MorJyix 661 OOHAPYIKUTH HEOOBIKHOBEHHBIN (DaKT.
B pasubix MecTax 3eMJiM HUTh BUCAIIEr0 MasaT-
HUKa OyzeT BOBce He BCErja «CMOTPETh» B LIEHTD
miaHeTsl. Ha mosroce oHa CTaHET CTPOro BepTH-
KaJIbHOM, a IIPU CMEI[eHUN MAaATHHKA OT ITOJIIO-
ca Oyzmer oTKJIOHATHCA. IIpaBma, 4yToOBI 3ame-
TUTb 9TH OTKJIOHEHUS, HYXKHBI JOBOJIBLHO TOY-
Hble U3MEPEeHUs, II03TOMY CTPOUTEJH IIPHU KJIaz-
Ke CTeH II0-IPEeKHEMY MOTYT CIIOKOMHO MCIIOJIb-
30BaTh Haml «Ipubop» B KauecTBe orBeca. Ho
AOTOIIHBIA MCCJIeN0BATE b II0 3TUM HUUTOXHBIM
OTKJIOHEHMSAM C/ieJIJaeT BBIBOZ, 4YTO MASTHHUK
«oTOpaceIBaeTCA» OT 3eMHOM OCH MMEHHO H3-3a
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TOro, uTo 3eMJis Bpauiaercs. Iloxoxxee oTKJO-
HeHHe BLI HaBePHAKA 3aMeudajud, KOrjga Kpy-
THUJIMCh CUAS Ha IIOJBECHON CKaMeedKe Kapy-
cesu.

BOJIYKH HEBECHBIE 1 3EMHBIE

Kak BBl mymaere, uTo OOIEro MexKay Bpa-
meHueM 3eMJIM U QUIrypPHBIM KaTaHuem?
Muorue u3 Bac, 0COOEHHO 3HAKOMBIE C (Do-
TOC'EMKOI, MOT'yT IIPOBECTH OILIT, eIle pas Jo-
Ka3bIBAIOIUK, UYTO 3eMJIA BEPTUTCSI BOKPYT
cBoeit ocu. [ly1a sToro Hazo BLIOPATH OYEHH TEM-
HYI0 3Be3JHYI0 HOYb ¥ OTKPBITH 3aTBOP (hoTo-
anmapara Ha Ilojlyaca WJM Jydile Ha 4dac, Ha-
npaBuB 0O'BEKTUB Ha He00. POTOCHUMOK, KOTO-
pBIi BBl 3aTe€M MOJYUYHUTE, IIOKAXKET, YTO IIOKA
3aTBOpP OBII OT-
KDBIT, 3Be3I0YKHU
COBEPIINJIN He-
0oJiblIIOE MyTelIle-
P cTBue 1o Heby, oc-
TaBUB cJeAbl HAa
IIJIEHKE B BHUJE Ma-
JIEHbKUX OyTr. MbI-
TO IIOHMMAEM, YTO
eocKon ° B JAaHHOM CJIydae
He 3Be3Obl IIepe-
MeCTHUJIUCH, a 3eM-
Js IIOBEepHyJach
OTHOCHUTEJIbHO
HUX.

I
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BceMoTpuMes BHUMATENBHO B CHUMOK U yYBHU-
I¥M, UTO OJHA U3 3Be3J04YEK OCTaJIaCh HA MecCTe.
9TO rOBOPUT O TOM, YTO OHA JIE)KUT Ha TOH I'u-
raHTCKOM BOOOpa’XaeMoif ocH, BOKPYI KOTOPOH
¥ IIPOUCXOAUT BpauieHne 3eMJin. Ty 3Be31y BBl
JIETKO Haiizere HA HeOOCKJIOHe, ee 30BYT Ilonap-
Ho#i. B sr060e BpeMs roga Mbl OOHapPysKUM, 4YTO
MIOJIOKEHHUEe 3TOM 3Be3/bl He MeHsercA. Orcroga
MBI MOXX€M, KaK pPaHbIle 3TO CHeJad y4yeHble,
3aKJIIOUHTH, YTO 3€MHAsA OCh TaK)Ke He MeHseT
CBOEro HaIpaBJIEHUS B IIPOCTPAHCTBE.

ITonabamogaTs 3a mogoOHBIM 2 (hEeKTOM MBI
MOTJIM, 3allycKas B JIeTCTBe BOJIYOK HJIU I0JY.
JIOBOJILHO OJITOE BpPeMsI OHM BPAIAIOTCH, CO-
XpaHAs CBOIO OCh BepTUKaJNbHOU. Takoe xe
sIBJICHWE IIPOMCXOAUT IIPY BPAIIEHUU (DUTYPU-
CTKM Ha JIbAY, ¥ JIMIIL TPEHHE O Jiel, KaK U
BOJIYKA — O II0JI, TOPDMO3UT BpallleHue u cOu-
BaeT ero och.

Ho BoTt, B orsinume ot 3emiu, puUrypucTra
MOXKeT MEHATb CKOPOCTh CBOEro Bpall[eHuA. Bul
HaBepHsAKA 9TO BUJAEJHU — KaK OHA OoTOpachIBaeT
PYKHY B CTOPOHBI UJIU, HA000OPOT, ITPUMXKUMAET UX
K cefe ¥ DU 9TOM KPYTUTCA TO MeJAJIeHHee, TO
OnIcTpee.

9TH 0cOOEHHOCTH BPAI[AIOIIUXCA TeJ aKTHUB-
HO HUCHOJIL3YIOT, HaIpuMep, B HaBurauuu. W3-
TOTAaBJMBAIOT CHEIHAJIbHbIE, TaK HAa3bIBaeMbIe
Kap/JaHOBBI IOJBECHI, B KOTOPBIX TAMKEJILIN BOJI-
YOK-TMPOCKOII, DACKPYTHBIINCH, MOXKET Bpa-
IaTbCHA, He MeHAA HallpaBJIeHUst cBoelt ocu. Tem
CaMbIM OH, ITIOZOOHO KoMmacy, Kak OBl 3azaer
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OIIpeJleJIeHHbIA KypC, 10 KOTOPOMY BHUAHO, Ha-
CKOJILKO MBI OTKJIOHSIEMCS OT HYYKHOro HaM IIy-
Tu. Takue CHCTEMBI CTABAT Ha KOPAaOJIAX M IOJK-
BOAHBIX JIOAKAX, HA HCKYCCTBEHHBIX CIYTHUKAX
¥ KOCMMUYECKHUX CTAaHIUAX, IOMOTas BEPHO OpH-
eHTHPOBATh UX B IIPOCTPAHCTBE.

A BOT Kpy)KeHUe (QUI'YPDUCTKH <«IIOBTOPA-
IOT»... 3Be3/ibl. MOXKeT CIIYYUTHCA TaK, UTO 3BE3-
la CYKHMMaeTCs, YMEHbIIAACh BJOJIb pajguyca
TIIPUMEPHO B CTO ThICSAY pa3. BO CTOJILKO K€ BO3-
pacTaeT CKOpPOCTh BpallleHUus BOKPYTr ocu. Takue
3Be3/bI-IIYJIbCAPHI OLLJIX HE CTOJIb JAaBHO OTKPbI-
THI ACTPOHOMAMHM.

IIOYEMY YCTONYHNB
BEJIOCUIIE/L?

3aayMbIBAJIMCh JIU BBl O TOM, YTO IIOMOraeT
YIAEpXKUBATLCS B Celljie IIPHM e3¢ Ha BeJIOCHUIIe-
ne? Benwb ecou BBl 3abepeTech Ha CTOAILIUNA Be-
JIOCHIIEN], TO OCTATHLCSA B PABHOBECHHM BaM He yza-
¢TCsA, 3HAYUT, [IPUUUHA — B ABHIKEHHUH.

ITonrpoOyiiTe, mepka 3a OCh, IIOBEPHYTH KO-
Jleco BeJIOCUIIEeNa, CHSATOe, HAIIpHMep, BO BpeMs
pemoHTa. Ilonyumsiocs? A Temnepwb craeyaiiTe TO
JKe caMoe, IIpeBapUTEJbHO PACKDPYTHUB KOJIeCo.
Hy xak, snerxko? Bce nmeso B TOM, YTO BepTslie-
ecs KOJiecO TaK e, KaK M BOJIYOK, CTPEMHUTCHA
COXPaHUTh IOJIOXKEHHE CBOEl OCHM B IIPOCTPAH-
cTBe. BOT B 3TOM u KpoeTcs 0{HO U3 O0'bACHeHUN

42



YCTOHYMBOCTH BeJIOCHUIIeZa BO Bpems e3nsl. U
€CJIX BBl XOTHUTE IIOBEPHYThH, TO HOJIXKHEI BO3Jeii-
CTBOBATh Ha OCh KoOJIeca C IIOMOIIBLIO PyJid.

OueHb MHTEpPeCHA HCTOPUA CO3LAHUS BeJIO-
cunena. EcTe cBUJETEJIBCTBO, UTO eIlfe Y APEB-
HUX eTUINTAH ObLIM KaKue-TO JBYXKOJIeCHbIE Me-
XaHU3MBI, KOTOpble, IIDaBia, IIPUBOAUJIUCH B
ABUIXKEHUE TOJUKAMU HOr e3ZoKa o 3emJio. Ilep-
Bble MOJEJIY BEJIOCHUIIEZIOB, XOTh B UEM-TO IIOXO-
JK1e Ha COBPEMEeHHBbIe, ITOABUINCH B Havase XIX
BeKa. Buimike K cepefiMHe IIPOIIJIOIO CTOJNETUA
BeJiocuriesi oOpeJi mefaiv, ¥ Ha HEM yXKe MOYKHO
Obl7I0 pa3BMBATH 3aMETHYI0 CKOPOCTb. 3aTeM
BOIIJIM B ymnoTpeOJjieHHMe Kojeca C MeTajljdye-
CKMMHU CUIIaMu U 00070M, a TaK)Ke Pe3UHOBBI-
MU IIMHAMU.
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PasinuHpIX Mozesieil BeJIOCUIIEOB KOHCTPY-
MPOBAJIM BeJIMKOe MHOXXecTBO. VI BOT 4yTh GOJIb-
me 100 jsier Has3ax OBLI NIOCTPOEH BEJIOCHUIIEH,
OCHOBHBIE UEpPThl KOTOPOr0 COXPAHUJINCHL M II0
CHI0 TOpy. JTO JBa KoJieca OJHOrO pas3mepa,
1IenHasA nepexava, 3ybuaroe K0oJIECHKO Ha Teja-
JISIX, HAMHOro OoJibIliee, 4eM Ha 3afHell BTYJIKe,
cujeHne, cMeleHHoe Has3an. Komewno, ycosep-
IIeHCTBOBAHME BEJOCUNEN0B He 3aKOHYUJIOCh, 1
B 9TOM BEHI JierKO ybOeaurech, HabJuiomas 3a Be-
JIOTOHIIIMKAMHU HJIM IPUAS HA BLICTABKY HUJIU B
My3eil UCTOpUM BEJOTPAHCIIOPTA.

KARK ITPUPYYHUTDb UHEPIIUIO?

ITouemy, pa3orHaBIINCH HAa CaHKax C Jiexs-
HOIf TOPKH, MBI MOYKeM JOBOJIBHO JOJITO MYaThCHA
no npsamou? Ilouemy, pacKpyTuB Ienaju BeJiO-
curnesa, Mbl MOXEM KaTUTbCS ONATb-TAKU JO-
BOJIBHO JOJITO U, €CJIM He BepTeTh pyJieM, TOXe
npamo? Ilouemy, pPe3KO OCTAHOBHUBIIUCH, MBI
MOXXeM BbLIeTeTh u3 cexja?

Bce aTo — niposiByieHus o6I1ero Qs Bcex TeJl
CBOICTBA, Ha3bIBaeMoro uHepuuei. Eciu BbI X0-
THUTE CABUHYTH C MeCTa CTOJI, BAM HAJI0 IIPUJIO-
JKUTh K HEMY CHJIy, a CTOJ KaK Obl COIIPOTHUB-
JIsieTCA BAlllUM CTAPAHUAM. ITO — HHEPIUS I10-
KOosA. Eciiy BB XOTHUTE OCTAHOBUTH Te YK€ CAaHKU
WJIM BeJIOCUIE]N, BaM OIATHL-TAKM HAZLO0 IIPUJIO-
JKUTB CHJIy, TOJBKO Temepb TopMo3samyio. U
ABHOKYIIeecss TeJo He MOAUMHHUTCA BaM MTHO-
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BEHHO — TOXe OyZeT CJIOBHO COITPOTUBJIATHCH.
9TO — UWHEepUUsa ABUKEHUI.

MO>XHO NPUBECTH OECATKH XOPOUIO M3BECT-
HBIX IIPHMEPOB, I'Zle BBl CTAJKUBaeTeCh C MHeP-
nueit. Enje He ymesi IpOU3HOCUTDH 9TO CJIOBO, BbI
Habuu cebe HEMAJIO IIKUINEK, 3HAKOMSAChH ¢ HUM,
Korja HauyuHaJau xoauTb. OKa3pIBaeTcA, KaK HU
CBOGHpPaBHA WHEpPIUsA, OHA IOABJIACTHA CTPOrUM
3aKOHaAM. OTH 3aKOHBI — OJIHM M3 I'JIABHBLIX B
mexanuke. Mx ycramoBus Bequkuit Hcaak
HproTOH, ¥, MIOJB3YyACH STHMHM 3aKOHAMH,
WHEPIMIO MOYKHO He TOJIBKO O0BbACHUTH, HO U
«IIPUPYUYUTH» .

Hamnpuwmep, IpH TOPMOKEHUM I10€3/0B HIIH
aBTOMOOHMJIE!I MBI MOXXE€M He IIPOCTO PaCTePATH
BCI0 HAKOILJIECHHYI0O MMU WHEPILUIO, a TepenaTh

Hcaak Hsrorom (1643— i
1727) — aHrauicKUil yueHbIH, i
CO3/IaTe/Ib COBPEMEHHOTO ecTe- &
CTBO3HAHMSA, TIPOCJIABUJIICS TPY-
aMH TI0 MEeXaHHKe, ONTHKe,
acTPOHOMHUM, MaTeMaTHKe.

Jlas onpejaesieHHe TPEM OCHOB-
HbIM OPMHIMIIAM MEXaHUKH,
OTKPbLJI 38KOH BCEMMPHOTO Tsi-
roTeHUs U Ha ero Gase paspabo-
TaJl TEOPUIO ABHXKEHUS ILIA-
HeT. BHec OrpoMHbLI# BKJIaJi B
ONTHKY, BIEPBLIEe PA3JIOMKUI
Gesblil cBeT Ha ceMb I1BETOB
npusmoit. Hayunoe TBopuecT-
Bo Hrl0TOHA ChIrpaJio HCKJIO-
YMUTEJbHYIO POJIb B Pa3BHTHH
(UBUKH.
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€e YKpeIlJIEHHBIM BHYTPHY BaroHa OrpOMHBIM KO-
JecaM-maxoBukam. Iloe3n ocraHOBUJICA, 4 BHYT-
pu Hero ¢ GOJIBIION CKOPOCTBHIO BpaljaeTcs Mac-
CUBHBIM JHCK. 3aXOTeJM MO0eXaThb JMAaJbllle —
NIPUBOAUM B 3allellJIeHHEe 3TOT MaXOBUK C KoJe-
caMU Ioe3fla U OH IIOMOraeT JABUTaTeJI0 CIBU-
HYTb II0e3Z] ¢ MeCTa M 3aTeM pa30rHarth.

CrpeMJyieHHME Tesl NBUTaThCA IO MHEPIUU HUC-
MOJIL3YIOT IPH MMHUTAIIUKA NMeperpy3oK Ha Tpe-
HUPOBKAX JIETUYMKOB M KOCMOHABTOB. [[J1a 3aToro
UX Ca’XaloT B CHEIUaJbHYI0 KaOuHYy, YKpPeIJjeH-
HYI0 Ha KOHIIe NJMHHOrO phiyara. Pwniuar mpu-
BOJASAT BO BpallleHUe C OIPOMHOM CKOPOCTHIO BOK-
Pyr oCH, IPOXONAIIEH Uepe3 NPYroil ero KoHell.
HcHoe meso, yesloBeK KaK M KabwHa, CTPEMUTCS
BBLJIETETh, KAK KaMeHb u3 npamu. Ho peiuar He
«IIO3BOJIAET» MM 3TOr'0, YAEPKUBAET HA OKPYIK-
HOCTH M 4yeM ObICTpee BpallaeTcsA, TeM CHUJIbHEe
3aCTaBJIsIeT NPMXKKUMATHCA 4YEJOBEKA K CTEHKE
Kabunabl. Tak UMHUTHUDYETCA CHJIA, KOTOPYIO HC-
ObITHIBAET, CKAaYKeM, KOCMOHABT IIPDU CTapTe pa-
KeThI.

KTO HUCIIBITBIBAET BEC?

KoneuHo, BaM NpUXOAUJIOCH CJIBIMIATD TaAKHe
BBIPAXKEeHUA: IITAaHTUCT-TAMXKeJI0BeC, OOKcep Ha-
uierdaiimeir BecoBO# KaTreropuu. Miam korza
HajJO 3aIlOJIHUTh MEJUIIMHCKYIO0 KapTy, 00s3a-
TeJIbHO YKa3bIBAIOT Bec uejioBeKa. Ham Heobxo-
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IUMO 3HATh BeC PA3JIMYHBIX IIPEJMETOB, YTOOBI
MepeTalluTh UX UM NOAHATE. Tak uTo Takoe Bec?
Brl cka)keTe: HaNO MOJIOKUTH TEJIO HA BEChI
U B3BeCHUTH ero. Ho Beap Tak MBI JHIIb IIPO-
BeJIM M3MepeHHe TOro, 4YTO IT0OKa MHTYUTHUBHO
cunTaeM BecoM. UTo iKe BCe-TAKU MbI H3Me-
psaem? JlaBaiiTe-Ka IpOBeJEeM MBICJIEHHBIH
ombIT (HaM yacTo npuperca npuberaTe K He-
My). «Brikaouum» npuraskeAue 3emiuau. By-
IyT Ju Temeph Tesa BecuThb? OUeBHAHO, UTO
ecau 3eMJs IlepecTajia KOro-to HJM YTO-TO
IPUTATUBATh K cebe, TO «OHO» He CTAaHET H
IJAaBUTh HA Hee HUJIK Ha JIIOOYI0 OIOpY.
3HAUYHUT, BeC — 3JTO CHJIA, C KOTOPOM OLHU
TeJIa NABAT HA Apyrue Ioh HeHCTBUEM IIPUTA-
JKeHus 3eMJu (UM, CKaXKeM, KaKoi-JIub0 MHOU
nyaHeTsl). Ho ecsim 3eMHOe TArOoTeHHE MBI MO-
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Tenpu Kapenmum (1731-

1810) — auriMiAcCKU# UMK U i
XHMHK, O/IUH M3 CAMBIX U3BECT-
Huix yyeHbix XVIII Beka. Ot-
KPphLJ COCTAB BO3/lyXa U BOAHI,
MOJIYUHJI B YHCTOM BHJE BOJO-
poa. C noMo1bio co6CTBEHHO-
PYUYHO M3rOTOBJIEHHLIX NpHUGO-

POB M3Y4YaJ 3JIEKTPHUECKHE SB-
sienus1. [IpuMeHsiss KpyTHIbLHbLIE
BeChl, MOATBEPAUJ 3aKOH Bce-
MMPHOTO TATOTEHHUS, oNpe/ie-

JIMJI Maccy M IUIOTHOCTL 3eMJIH.
YacTo B CBOMX HCCJIEJOBaHUSIX
HAMHOIO ONEpeXKas COBpEMeH-
HYI0 €My HayKy.

JKeM YCTPaHUTH JIMIIb MBICJIEHHO, TO BeC Teja,
OKa3bIBaeTCsI, MOYKHO KaK YBEJIMYUBATH, TaK U
YMEHBIIATh — XOTH A0 HYJIA.

Hamnpumep, nogHuMas KaKue-TO I'py3bl, KOH-
CTPYKTOPHI MOJIPKHBI YUYUTHIBATH, YTO BO BpeMs
PEe3KHX PBIBKOB Tpoca BeC rpysa BO3pacTaeT, U
TPOC MOXKEeT He BBIEePKaTh BO3MOXKHOI'O HAIIPSA-
skeHusa. Wnu, cros Ha miardhopMe MeTUIIMHCKUX
aub0 HANOJILHBIX AOMAIIHUX BECOB, MBI 3aMe-
THM, KaK MEHSAITCA HUX IMOKa3aHUSA, €CJIH MBI
HaYHEM MIPUCEeNATh UM ABUTaTh BBEPX-BHU3 PY-
KaMu.

TakuM 00pa3oM, BeC HCILITHIBAIOT T€ IIpej-
MeThbl, Ha KOTOPbIe YTO-TO ZABUT — IIOJI, IO KO-
TOPOMY MBI XOAWUM, CTYyJ, HAa KOTOPOM CHAUM,
BepeBKa, 3a KOTOPYIO MBI yIeNuauch. Bce aTu
TeJIA BBINOJHAIOT OAHY (PYHKI[MIO: MEIIal0T HaM
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MIPOBAJIUTHCA BHU3 UJIM CBAJIUTHCA C UEro-To, 3a
YTO U «PACIJIAUMUBAIOTCA » IPUHATOMN Ha ceba Ha-
rpy3KOu.

HEBECOMOCTb —
OCBOBOKJIEHHE OT BECA

Kak uszbaButbcsa ot Beca? Ecaum Bec — 3TO
JaBJIeHHEe Ha OIIOPY, TO IMOCTYIIUTH IIPOCTO: OIIO-
py yopars.

Ax!.. B 2XxUBOTHUKE UYTO-TO OOPBIBAETCHA, ¥ MBI
gerum BHu3. Omopsl HeT, Beca, 3HAYUT, HET, UTO
sKe oro Torga? Huuero He ocTaercsi, Kak Ha3BaTh
3mMo HEeBeCOMOCTBIO.

Beixogut, 4To J000e majeHWe NPUBOLUT K
"HeBecomocTu? Koneuno, Het. ToJIbKO cCBOOOIHOE
najgeAue, Korga OTCyTCTByeT Bo3ayX. OnHako B
HavaJe HAIIUX
NPLIKKOB, K IIPH-
Mepy, C Iapalrio-
TOM HJIU C BHIIIKHU
B OacceifHe OH He
OueHb MellaeT
OBH)KEHHUIO, U OHO
0JIM3KO K cBODOOJ-
HOMY majieHuio. A
Yy Tem OoJee
OBUKEHHE CIIyT-
HHUKa BOKPYT 3eM-
Ju — cBoDOOmHOE
nazeHue B YNCTOM
Bune. Jla, na,
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MMEHHO NajzeHue, BeAb He OyAb NPUTAKEHHA
3eMyH, CHYTHUK yMdYaJIica OBl IIO0 HHEPIUH
BIOJIb HECKOHUYAeMOM mpsamMoii. A Tak U OH, M
BCe HaXOAsIMecA B HEM IpeaMeThl, XOTb M KDYy-
TATCA BOKPYr 3eMJIM, HO BCe BpeMs OAMHAKOBO
najaimoT, IIpuYeM cBOOOAHO. A pa3 ImajjaloT BMecTe,
TO IIePEeCTAIOT JABUTH APYT HA Apyra — He BeCAT.

Bce 9T0 00BsACHAET YAUBUTEIbHBIE SABJICHUA,
HalOJoaeMble Ha OpOUTANLHON cTAaHIUM, MadAT-
HHUKOBBIE Uachbl 3aMHPAIOT, KallJIM BOABLI He ma-
[aloT, a MeIJIEHHO «IIJIaBalOT» BHYTPU KaOUHBI,
KapaHjall, 3aKpydYyeHHBLIN PYKOHl KOCMOHAaBTa,
MPOJZOJIYMKAET BEePTETHCA HA MeECTe «B BO3AYXE».
Boobmie Mcuye3aroT MOHATHA II0JIa M IOTOJIKA,
«Bepxa» M «HHU3a».

A Temeps 3azyMaiiTech BOT Hajx uyeM: OyayT
JU B HEBECOMOCTH [AeHCTBOBATH KaKue-J1ubo
Bechl? Eciu BLI oTBeTHTE HA 3TOT BOIIPOC, TO
moiimMere, YTO B HEBECOMOCTH IIPOIAnaiT
JUIIL CHJIBI JIaBJICHUSI TeJI APYr Ha apyra, HO
NpPUTsAXKEeHHue 3eMJIH IPOAO0JIKAET AelCTBOBATh
Ha Bce TeJIa.

W eme omuH 3aHATHBIA Bompoc. MOXKHO Ju
IaTh o0bABJeHUE: «/30aBJiII0 OT JHIIHErOo Beca
IIyTeM OTIIPABKKU B HEBECOMOCTb» ?

IIOYEMY ITPOTHBAIOTCA CTYJbA?

«Bor ato ctyn — Ha HeM cupaT. BoTr aTo
CTOJI — 3a HUM eAsAT». Bbl MIOMHUTE, KOHEYHO,
atu ctuxu C.Mapmraka? A naBaiiTe Teneps CIpo-
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cuM cebs, YTO IPOMCXOAHUT CO CTYJIOM, KOrza Ha
HeM KTO-TO CHUIHUT?

Ecau aTor cTyn ciesnaH M3 TBepAOro nepe-
Ba, — a BaM H3BECTHHI M MeTAJJIMYECKHEe, H
ILJIaCTMAacCOBBIe TBepAble CTYJIbA, — TO HA IJja3
HHUYEro He 3aMeTHTh. HO ecJH 3TO IJIeTeHBIA
CTyJI, a elle Jyudlle — ¢ Ope3eHTOBBIM HMJIH Ma-
TepPUYaThIM CHAEHHEM, TO CPA3y MOXKHO YBHIETbD,
KakK OHO mporubaercsa moj HamuM BecoM. Bcera-
eM — u nporub ucuyes.

Teneps npexacTaBuM cebsi Ha IeCYaHOM
nasxe. Ecoiu Mbl IJIIOXHYJUCh HA MOKDBIX IIe-
COK, TO, NOAHABIINCh, OOHAPYXHUM KOHTYPHI
CBOEro TeJia, ormevaTraBmiuecs Ha Oepery. To
JKe caMoe IIPOU30UZeT M ¢ BOCKOM, T'JIMHOM,
MATKHAM T'HIICOM WJIH NJAaCTHJIMHOM — BCe OHH
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«OTKJMKHYTCSA» Ha Hamu ycuauda (Bec Jsubo
IaBJeHHe) U 3amedaTieloT ux. Biaroxapa aro-
MY MOYKHO JIEIIUTDb U3 TJIMHBI CKYJIBIITYDHI X
IOCYAY, HAJIOXKUTh TUIIC HA CJIOMaHHYIO PYKY,
cleJIaTh CBeYy M3 pacCIJIaBJIEHHOI'0 BOCKa WJH
napaduHa.

BreIxozuT, Kakaoe TeJIO II0-CBOEMY OT3LIBA-
eTcs Ha JAeicTBue Apyrux Tej. OgHU JIerko Boc-
CTAHABJHUBAIOT CBOI0 M3MEeHEHHYIO (opmy, ApY-
rme Tak M «3aCTLIBAIOT» B TOM BHJE, KAKON UM
npuganu. Takue HapyumeHuAa HPOPMBI TeJl B Ha-
yKe HaswBaloT nedopmanuamu. B nepBom ciy-
yae MX HMEHYIOT YNpyrusMu, a BO BTOPOM —
NJIACTUYECKUMM,

O medopmanusax upe3BbIUafHO Ba>KHO 3HATh,
KOrjla H3roTaBJIMBaeTcs, Hampumep, MeOesb
WJIA CTPOSAT 3JaHUs, BO3BOAST MOCTHI MJIHX JIBIOT
MeTtaJui. Boobpasure, 4TO BaM NPENJIOKUIIHN CECTh
Ha CTyJI M3 MSATKOM I'JIMHBI JINOO €CTh IJIACTHJIH-
HOBOM BMJIKOH. Mym, HaoOOPOT, IIOIIPOCHJIM BEI-
JIeIUTh (UTrypy M3 KYCKa aJIIOMUHUA.

He ymeit yesioBeKk paccuuTaTh JedopManui,
OH He cMOr' OBl IIOCTPOUTHL BBICOUYEHHBIE TeJe-
0alrHy, PaCKMHYTh B KOCMOCe aXXypPHBIE MeTaJl-
JUYeCKne KOHCTPYKIMM, 3aCTAaBUTh JIeTATh Ca-
MOJIETBI U TLJIBITh — KOpalJIu.

A ecau BaM 3ax0ueTcsi IO9KCIIEPUMEHTHUPO-
BaTh ¢ gedopmanusiMi, UYTO Ha3bIBaeTCs, He Ha-
npArasach, 3aCyHbTE B POT ILJIACTUHKY YKeBaTeJb-
HOU pesuHKu. IlogymaiiTe, ¢ KAKHUMH BUIAMH
AedopmManyuu Bbl Teepb MOXKETE CTOJKHYTHCS?
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KAK PACTATUBAIOTCA
IIPYXKHUHBI?

HaBepHsika BamM monajgaju B PyKH CHMIIa-
THYHBbIE UTPYIIKH U3 IIPYKUHOK. KaKuX TOJIbKO
(oKycoB Heab3a npuaymarth ¢ Humu! ITonabuio-
[aB 3a KaKOH-HUOyAb M3 TAaKUX IPYXKHUHOK,
MOXXHO 3aMETHUTh, KaK 9TO BBIACHUJHU Y)Ke MHO-
ro JieT Ha3ajl, YTO PACTATUBAIOTCA MM CHUMA-
IOTCS IPYKUHKM TeM 3aMeTHee, YeM CHJIbHee
MX TSAHYT WJIHA CHABJIMUBAIOT.

Taxkyio 0co0eHHOCTh YIPYIruX NPYKHH OYEHDb
TIIATEeJbHO M3y4aJl aHTJIMKCKUUA eCTeCTBOMCIIBI-
Tatenb Pobept I'yk 6osiee 300 ser nHasaxn. Ero
ONBITHI TIO3BOJIMJIM YCTAHOBUTHL 3aKOH, BOIIEH-
Uil B HCTOPHIO II0J ero uMeHeM. Jlyuie Bcero

3TOT 3aKOH MOXKHO NPOJEMOHCTPHPOBATH C IIO-
MOIIbI0 NPYXUHHBIX BecoB. IlogBecusin K HUM

PoGept I'yk (1635-1703) — an-

TVIMACKUM PU3UK, U3BECTHHIN
TPyAaMH IO TEILIOTe, ONITHKeE,
HebecHOM MexaHUKe. OTKpPBLI

3aKOH YNIPYTrOCTH TBEPALIX Ma-
TepuajoB. YCOBEpPIIEHCTBOBAJ
MMKPOCKOII, NIEPBLIM C €ro Imo-
MOIILIO ONTMCAJ KJIETKH pacTe-
Huii. Mso6pen 6apoMerp, no-

K ileMep, BaTeprnac, OAMH U3 BH-
JI0B TEJIECKOTIOB.




rpys B 1 KujiorpaMM — IPYXXHUHA BeCOB PacCTH-
HyJIach, CKa)keM, Ha 1 cantumertp. IloxBecum 2
KujorpaMmma — Ha 2 CaHTHMMeTpa U Tak jpalee,
noKa He obopBeTcs.

ITocmoTpuTE, @ BeAb BTOT 3aKOH IIO3BOJISET
CPaBHUBATH MeXJAy co00il pas3juuyHble TeJja IIO
OYeHb BalKXHOMY HMX CBOHCTBY — Macce.

Ha 3emye npyxmHa naeT HaM 3HATh O TOM,
HACKOJILKO CMJIBHO HAllla IJIaHeTa NPUTATUBAET
B3BelIMBaeMoe TeJio. Beagb UMEHHO NPYyyKHUHA He
IaeT TeJly ymacThb, yAepxuBaeT ero. I ¢ tem
OoJIbIIIell CHMJION, UeM MacCHBHEE TeJIO, TO €CTh
yeM 0OJIbIlle OHO CTPEMHUTCSA K 3eMJie.

A moruiz OBl Te Ke BeChl ONpedeJIUTh MacCcy
Tesa B HeBecomocTH? OOGbIYHBIM crocobOoM, Ha-
XOJsCh B MOKoe — HeT. Ho ecau OBI MBI CTaau
TAHYTHh HAIlle TEJIO C IIOMOIILIO IIPYKUHKH, TO
ObICTPO OBl BBIACHHJIM, YTO OoJiee MAaCCUBHBIE
TeJia TPyJAHee MOAAAI0OTCA Pa3roHy U 3aCTaBJIAIOT
MPYXXUHKY PacTATUBATHCSA CUJILHEE.

MbI onucaJid IIPEBOCXOAHEBIN CIIOCO0 y3HATBH,
YCKOpPsSETCA HJM HeT KaKaA-HuOyab MalluHa:
pakera, Wiam, K NIpuMepy, aBTOMOOuUJIb. ¥YcTa-
HOBJICHHBbIe B HMX MAaCCHBHBIE HIIapPUKH, IIPHU-
KpeIlIeHHble K CTeHKaM IIpYKMHaMH, CBOUMHU
nepeMeIleHUAMHA KaK OBl YKa3bIBAIOT HA PA3rOH
WJIX TOPMOXKeHHe MaIlluHbl. X ¥ Ha3bIBAalOT —
aKceJepoMeTpbl, WU NPUOODPHI AJisA U3MEpEeHUs
yckopeHuii. Takue npubopbsl OUeHb BAXXHBI JJISA
HaBUTraluu.
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YTO «AEPJKHUT» HAC
HA BHUPAE?

JlaBaiiTe IOpasMBIILIAeM HajZ HEKOTOPLIMH
npuMepaM# KPYroBbIX ABM)KeHHUM. CnyTHUK He-
ceTcs IO opOMTe BOKDPYr 3eMJIM, BEJIOCUIIETUCT
JieJjlaeT IJIAaBHBINM IIOBOPOT IO JOPOXKKE BeJIOTpe-
Ka, BB, IIDUBSA3aB PE3UHKY K JIACTHUKY, PACKDPY-
THJIM ero HaJ I'oJioBoii. ByneM uccienoBaTesIsiMu
M II0CTApaeMCA OTBETHUTH HA BOIIPOC: YTO YAep-
JKMBaeT BCe 9TH TeJjla Ha OKpy)KHocTu? U Kak
HaCTOSIIHe YYeHbIe, MBI JOJIKHEI OyZeM IIpUATHA
K BBIBOAY — YbM-TO YCHJIMA. A MMEHHO: TArc-
TeHHe 3eMJiM, TPpeHHe O AOPOXKKY, yIIpyroe Ha-
TSOKEHHE DPEe3UHKU.

dra obmias OCOOEHHOCTH IBMIKEHMU IO 3a-
KPYIVIEHHBIM TPAaeKTOPUAM IIO3BOJISIET [eJaTh
pacueThl BO BCEX CJOyd4asiX, KOrZJa 4YTO-TO HAJMO0
IIOBEPHYTH: TPAaMBaW U I0e3[a, KaTAIL[Uecs II0
peJibcaM; aBTOMOOMJIM ¥ MOTOIIMKJIBLI, MUallue-
cA 1o achaybTy; KOHBKOOEXIla Ha JeASHOM
KOJIbIIe; CaMOJIeT Ha BUpake... Bedne HeoOxo-
IUMO HAWTH elje U «yYaCTHUKOB» ABHIKEHU,
KOTOpBIE IIOMOIJIX ObI HAIIMM TeJIaM COBEPIINTH
nosopoT. HeTpyaHO O0OHApPYKHUTh, YTO UX YCH-
ausa OyAyT TeM MeHbIlle, UeM MeJJIeHHee IBU-
YKeTCA TeJI0O UJIM YeM IIOBOPOT ILJIaBHEE.

OkaseIBaeTCsi, YTO B THTaHTCKUX «MHKPO-
CKOIIaX» COBPEMEHHOM (QU3UKU — YCKOPHUTEIAX
YaCTHUI[ — YYEHBIM IPUXOAUTCS CTAJIKHBATHCA
C IIOXO)KeH 3azmaueil. MeJspyalmine 4YacTHUKK
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MaTepUM PA3rOHSAIT N0 TAKUX OTPOMHBIX CKO-
pocTei, 4TO JJisi IIOBOPOTA MM HYXKHBI O4YE€Hb
miaaBHele ayru. VI3-3a 9TOro KoJsiblja yCKOpure-
Jeii NMPUXOAUTCA JeJlaTh OUYeHb OOJIbIIMMHU —
JEeCATKHA KHJIOMETPOB II0 OKpPYyKHocTU. Koe-rae
TaKHe YCKOPHUTEJNU IIPOXOAAT AaKe 110 TePPHUTO-
pUAM ABYX CTpaH.

ITockoabKy NMOROOHBIA YCKOPUTENb — UpEe3-
BBIYAHHO I'DOMO3AKOE COOpPYyXKeHHe, ero B HeKOo-
TOPBIX CJIyYasAX PEIIaloT... yIPATATH II0OJ 3eMJIIO.
s 3TOro NPUMEHSAIOT CHelHaJIbHbIe IIPOXOJ-
YyeCKMe MAalIWHBI, CXOAHbIE C TeMHU, UTO IIPOKJIa-
ABLIBAIOT TYHHEJb AJIA 110e340B MeTpo. TOYHOCTSD,
C KOTOpPOM paboTalioT 3THU MeXaHU3MbI, HEOOBIK-
HOBEHHO BBICOKa. Hanmpumep, nIpoxonsd TyHHeJb
C IBYX CTOPOH, OHU CIIOCOOHBI COCTHIKOBATHLCH,
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OTKJIOHUBIINCH JAPYr OT Apyra OyKBaJbHO Ha
MUJIJIMMETPHI.

BoT npuMep, Kak Ha pemieHue OAHON BaXKHOU
3ajlayy NIPUXOAUTCA cOOMPATh CUJIBLI CAMBIX pa3-
HBIX pas3ZleJIOB HAYKU ¥ TEeXHUKH.

KAK CAEJIATDH
«MEPTBYIO IIETJIIO»?

PackpyTum JsacTHMK, IpUBA3aHHBIM Ha pe-
3MHKEe TaK, 4TOObI OH JABUIraJICsd HA ONHOH U TOM
sKe BpIicoTe. MHBIMU CJIOBAMU — B I'OPHU30HTAJIb-
HOH IIJIOCKOCTH.

Temepp IJIABHO HAaYHEM pPa3BOPAauYUBaATL 3Ty
IIJIOCKOCTB, ITOKA OHA He CTaHEeT BePTHUKAJIbHOM.
Hama pyka mouyBCTBYeT, UTO B OTJIMUKE OT IIep-
BOT'O CJIy4Yas, CHJIa HATAKEHUS PEe3UHKU Tenephb
HemocTosiHHA. Hy-Ka, mocjaeuM BMeCTe: JIACTHUK
IIOIlIeJI BBEPX — pe3uHKa ocJjiabeBaer, ycTpe-
MMJICSI BHU3 — HATATUBAETCsA CHUJIbHEE.

A uTOo ecsm MBI camMHu Bce cJiabee cTaHeM
HATATUBATHh pe3uHKY? YBBI, — JIACTHK B Ka-
KOM-TO MOMEHT «He AOTSHET» JO BbICIIEel TOdY-
KM ¥ cBajuTcsa BHU3. Kak rosopurcs, couuer
C OUCTAHIMU.

Y0 ke HY»¥HO JIJaCTUKY, YTOOBLI HE CPHIBATh-
ca? U eMy, 1 ruMHacCTy Ha IepeKJaguHe, U IIa-
PHUKY, KaTAIIEMYCs 10 U30THYTOMY IMETJIeH iKe-
100y, U caMoJIeTy, BXOLAIEMY B « MEPTBYIO IIET-
JI0», HY)KEH 3amac ckopoctu. MIHaue rosops,
Hale TeJI0 Heo0OX0AUMO pa30orHaTh, IIOTOMY UYTO,
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KaK TOJIbKO OHO HAYHeT IIOJHUMAThCSA BBEPX,
CKOPOCTBL €r0 CTaHEeT yOBIBATh.

9Ty cBA3b MOXKHO YCTAaHOBHUTBH, PacKayuBas
MaATHMK UJIH Kaueau. UeM cujbHee BBl UX TOJI-
KaeTe, TeM BHIIIEe OHU MNOoAHUMAIOTcA. VI mpu
KaKOM-TO, HOCTATOYHO CHJILHOM TOJYKEe, — pP-
pa3! — «IlepeBepHYTCA uepe3 r'oJOBY». TOUYHO
TaK JKe JJIS COBePLIEHUS «MePTBOM METJIH» JIeT-
YMK Pa3roHsieT CBOM caMoJieT KO OOJbIIOH CKO-
POCTH ¥ B3MbIBaeT BBepX. [{J1s1 TOro 4Tobhl OBITH
YBEPEHHBIM B yciexe, He00X0JMM O4eHb TOUHBIH
pacuer. ViIMeHHO 3HAHWS, IOMHMO CMEJIOCTH M
OTBaru, IO3BOJIUJIN POCCUUCKOMY JieTuuKy Iler-
py HecrepoBy coBepmuts B 1913 rogy nepsyio
«MEpPTBYIO TETJIIO» HA CaMoOJIeTe.

Ecuiu ke JIeTUNK IPOJOJIXKUT CBOE KPYKEHUe
B «IIeTJie», TO, KAaK M JIACTUK Ha DPE3HMHKe, OH
OyzmeT omyIiaTh TO yMeHbIneHue (mmpu Habope
BBICOTBI), TO yBeJudyeHHe (IIpH CIIyCKE) CBOEro
BeCa, TO eCTh MHOTOKPATHHIE Neperpy3KH.

HYXHO JIH H3BABJISTBCSA
OT TPEHHUA?

Ob6paTumcs emre pa3 K IOMOIIM MBICJIEHHOT'O
sKkcnepumenra. BooOpasuMm, 4TO BO BCEM MUpe
HEKOMY BOJIIIEOHUKY YJaJIOCh «BBIKJIIOYUTD»
TpeHHe. A Teneps mogymaiiTe, K KAKUM HeIpes-
BUJEHHBIM IIOCJIEACTBUAM 3TO IIPHUBEJIO OBI.

Bo-nepBuIX, BBI, pasymeeTcs, BHIACHUIU OBI,
YTO TpeHue ObIBAeT OTHIONb HE BCErJa BPeOHBIM,
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XOTA UMEHHO OT Hero B ThICAYAX CUTyal[ui cTpe-
maTca udbaBuTtbca. Hanpumep, cMa3bIBaIoOT fe-
TAJIX MEXaHN3MOB U MalllWH, YTOOB! YMEHBIIUTH
UX U3HOC U HE TePAThb BIIYCTYIO SHEPTHUIO0, yXO-
nAmyoo Ha Oecrosie3Hblii HarpeB. OxHako 0e3
TPEHUA MBI He MOI'JIX OBl XOOUTh, KOJIeCa MallNH
6e3 TOJIKY KpyTWJuch ObI Ha MecTe, OejbeBble
NPUIIENNKHA HUYEro He cMorju Obl yIepKaThb, U
Tak najee...

Bo-BTOpBIX, IpojoOJ/IXKaA Tenepb BMeCTe Ha-
mu paHTa3uu, MBI B KOHIle KOHIIOB J0OOpaJiuCh
OBl 0 MPUYMH, IIOPOXKAAIIKUX Tperue. V1 3nech
OTKPBLIBAETCS caMoe WHTepecHoe. Bo BpeMsa
CKOJIBbKeHMS OJHOro IIpeaMeTa II0 IPyromMy mnpo-
MCXOOUT CJIOBHO OBbI 3aleIlJIeHMEe MHKPOCKOIIH-
yeckux OyropxkoB apyr 3a apyra. Ho eciau Ov1
3THUX OYrOpKOB He ObLJIO, TO 9TO He 3HAUUJIO ObI,
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YTO CABMHYTH IIPEJMET MJIM TAIlUTh €ro CTaJIOo
05l Jerde. Bo3HUK ObI TaK Ha3bIBaeMbId 3 HEKT
NPUJINNAHKWA, KOTOPBIN BB JIETKO OOHapy»Kure,
OBITAsACh, CKaMXeM, CABUHYTH CTONKY KHHUI B
TIAHIEBOM O0JIOXKKE BJOJIb IIOBEPXHOCTH IIOJIH-
POBAaHHOI'O CTOJIA.

3HauuT, He OyAb TpeHUs, He ObLJIO OBl 3TUX
KPOIIIEUHBLIX ITOMBITOK Ka)XJO0il YaCTHYKH Be-
mecTBa yaep:Karts nonye cebs cocemox. Ho
TOrga Kak BOOOIe 9TH YAaCTHUYKHU AEePIKAJUCh
6n1 BMecTe? UHBIMU CJIOBAMU, BHYTPH pPa3JIinu-
HBIX TeJI MCUe3JI0 Obl CTPEMJIEHUE «XKHUTh KOM-
nauuei». To ecTh BeliecTBO pas3BaJIMJIOCH ObI
IO MeJbUANIINX JAeTajleK, KaK pacChInajca Obl
Ha YacCTH OT COTPSACEHUS NOMUK M3 JEeTCKOro
KOHCTDPYKTOpA.

Bor K KaKOMY HEOXKUIAHHOMY BBLIBOLY MOYXK-
HO IIPUJTH, €CJIH AOIYCTHUTh OTCYTCTBUE TPEHUA.
Kak u co Bcem, uTO HaM MemiaeT, ¢ HUM HaIo
6opoThCs, HO abCONIIOTHO U30ABUTHLCS OT HEro He
MOJIYYUTCA, Ja U He HamIo.

KAKHE BbIBAIOT ITPHJINBBI?

Kaxk BbBI ymMaeTe, MOKHO Ha3BaTh Bac HEIOA-
BMI)KHBIM, €CJIM BbI I[eJIbI€ CYTKH IIPOCHIUTE Ha
OOHOM M TOM e MeCTe, He IIeJOXHYBIIUCH?
YMyapeHHBIe OIIBITOM OTHOCHUTEJIBHOCTH, BEI Ha-
YHeTe NPUBOLUTHL IIPUMEPHI BalllUX Pa3HooOpas-
HBIX JABUXKeHUA — B COJIHEeUHOH cHucTeMe, BO
Bcenenuoi...
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Horann Kenaep (1571-
1630) — HeMenku# yuyeHbIH,
O/IMH M3 TBOPLOB HeGecHOH Me- :
XaHUKH. YCTAHOBMJI TPH HEO- i
GLIKHOBEHHO Ba*KHBIX 3aKOHA
ABHXKEHHS IUTaHeT. OHU CTaIU
OCHOBOM ISl OTKPBITHSA
N.HbloTOHOM 3aKOHa BCEMHp-
Horo TaroTeHusi. Co3aa Teo-
PHIO ONTHYECKOr'o H306paxke-
HHUS U MeXaHH3Ma BHJEHUs 3
rsasoM. Mayuan Xof CBETOBRIX
JIyyeil B IIOA30PHO# TpyGe U i
yCOBEpILIEHCTBOBAJ ee.

Hy, a ecsu otHocutesbHO 3emuu? IlouecaB
B 3aTBLJIKE, BBl COIJIACUTECh: Za, HAXOXKYyCh B
nokoe. Ho, xax Bcerza, HOBBII BOIIPOC 3aCTaB-
JISIET BaC COMHEBAThCs, Ka3aJIoCh ObI, B OUEBHUJ-
HOM. U mpaBna, «IIOKOH HAM TOJBKO CHUTCS»...

JleficTBUTEJIPHO, €CTh ellle OLHO, HY COBep-
IIIeHHO He3aMeTHOoe AJIA Hac ABUXKEHHEe, KOTOPOoe
MBI COBepIlIaeM BMeECTE C IIOBEPXHOCTHIO 3eMJIH,
HO Tenepb — OTHOCHUTEJBHO €€ IleHTpa. BrIi3Ba-
HO OHO... npuTakenueMm JIyusl. Tem, KTO ycoMm-
HUWJICA B 3TOM, COBeTyeM IIOObIBaThL Ha Oepery
OKeaHa. YK TOrZa-TO MOPCKYVE NPHIMUBBI U OT-
JUBBI HATJIAAHO ITPOAEMOHCTPUDPYIOT BaM 3TO
asnenue. IIpocTo Tekydasi Boga Jierue OTKJINKA-
€TCA HO «30B» JIYHHOT'O TATOTEeHUsi. A TBepaas
000I0uKa 3eMHOI CyIIM pearupyeT Ha IIPUTS-
skenue JIyHel caabee. Ho uyBCTBUTEJIBLHBIMH
npubopaMu ObLIN 3apPErMCTPUPOBAHLI ILJIABHLIE
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KoJyieOaHUs 3€MHOIl TBEpAU BBEPX-BHHU3 B He-
CKOJIBKO IeCATKOB CAaHTUMeTpPOB. Ilouemy xoJe-
6anua? Ila moromy, uro JlyHa, obpamasick BOK-
pyr 3emyd, MEHsIET CBO€ IIOJIOKEHUE, TO TOSAB:
JASICh HaJ IOJIOBOM, TO yXOHAs 3a F'OPHU30HT.

IroT 3dderT — oxHO M3 IPOSBJIEHUII BCe-
MHPHOIO TArOTeHHA. 3aKOH, KOTOPOMY OHO II0OA-
YUHSAETCS, OLIJI OTKPBIT 3HAMEHHUTHIM aHIJIAUa-
HuHoMm Mcaaxom HeioTonom. CorJsiacHo Jjeresze,
MOATONKHYJ0 HBIOTOHA K OTKPBITHIO s0JI0KO,
ynaBiiee B cazly eMy Ha roJioBy. 3aJyMaBIINChH
HaJ{ CBSA3BI0 MEXAY NPUTSAKEeHueM AO0JIOKA K
3eMJyie M ABUXKEHUEM ILIaHeT, HBIOTOH M HIpU-
I1eJI K BEIBOAY O BCEITPOHUKAIOIIEH cI1ocoOHOCTH
TAroreHusa. Y xora coBpeMeHHas Gu3uka pac-
cMaTpHUBaeT TATOTEHHE KAaK caMylo cyiabyio mpu-
PONHYIO CHJY, B MacHiTadax KOCMHUECKHX TeJl
OHO CIIOCOOHO BBI3BATh TaKue 3D deKTHLIE sBJe-
HUS, KaK NPHJIUBBIL.

YTO TAKOE PABHOBECHE?

IIpomenaem mpocroit ombiT. IlosoKuM Ha
Kpail cTOoJIa JEPeBAHHYI0O MJIM ILJIACTMACCOBYIO
JUHENKY U MeIJIECHHO HauHeM ee BbIABUTraThb. B
KaKOM-TO MOMEHT JIMHEeHKa IepeBaJINTCS uepes
Kpaii u ynageT Ha moJi. J{o ¢CBoero «KyBBIDKa»
B KaXKJOM IIOJIO}KEeHUH JIMHeHKa, KaK I'OBOPAT,
Haxonujach B paBHOBecHH. Beaymaemcsa B 31O
cioBo. KaxoB ero cmeicn? PaBHBINM Bec, ypas-
HoBecuThb. To ecTh KaKue-TO Beca, TO JIM PA3HEIX
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TeJ, TO JIXM YacTeil OLHOro Teja, CAeJaThb OLHU-
HakKoBeIMU. Hapymunu pasHoBecue — ¥ TeJO
BBIIIJIO M3 IOKOA.

Eme ogun onsiT. YT0OBI B3BECUTH KAKOU-JIH-
00 rpys, MBI MOYKEM BOCIIOJIb30BATHCS DHIYAXK-
HbIMU BecaMu. OHM HaBepHsAKa BaM XOpOIIO
3HAKOMBI KaK KODPOMBICJIO C ABYMs IIOABEMIEH-
HBIMHU uamieykamu. ['py3 KJaAyT Ha OLHY UaIl-
Ky, TUPDBKM — Ha APYry0, ¥ JOOMBAIOTCS TOrO,
YT0OBI KOPOMBICJIO CTAJIO TOPU30HTAJIBLHEIM, DOB-
HeIM. OTCIONa — ¥ paBHOBECHE.

OTuyero MBI BCe-TaKH CYUTAEM, YTO BeC I'pysa
paBeH Becy rupu? Beasr Ha MEAUIIMHCKUX Becax
' TMPBKH, IepeMeliaeMble II0 BePXHUM DPbIUAMXK-
KaM, HAMHOrO MeHbIle, YeM B3TPOMO3AUBIIUII-
cdA, Hampumep, Ha IIATGOPMY THAMKEJI0ATJIET.
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Bce nmeno B Tom, uTo
IJIS TIOJITHOTO PAaBeH-
CTBa BE€COB HEOOXOMU-
MO BBIIIOJIHEHHE eIre
OIHOTO YCJIOBUS: I'PY-

yro PHWAr 3Bl JOJIKHBI pacIrioja-
e raTbCs Ha OAWHAKO-

o Dbt
o 4 BHIX DACCTOAHHAX OT
[ﬁ OCH, Ha KOTOPOM Ka-

YaeTcss KOPOMBICJIO.

Ecau atu paccrosi-
HUS, a UX elle Ha3bl-
BAIOT «ILJIeYaMMu » ,

T4y 0‘\0@0\ OKa3bIBAIOTCA Pa3HbI-

Mu, TO Ham npubop

IpUIET B paBHOBeCHE Yy K€ IIPA Pa3HBIX, HE PaB-

HBIX JpPYyr APYyry rpys3ax. 9TO HarJISIZHO IIOKa-

3LIBAIOT CaMble NPOCTBHIe Kaueaum — U3 JOCKH,

MOJIOYKEHHOM Ha OpeBHO. Ecyin HA OfUH UX Kpal

ceJl KTo-HuOy b moJierue, To 6oJiee TAMKeEJIBIN Ue-

JIOBEK JJIs1 PABHOBECUSA HOJI’KEH IIOABUHYTHCS OT
CBOEro Kpasi K cepefuHe Kauejieli-pspryara.

Bce 3TH HexUTpPBIE ONBITHI M PACCYIKIEHUS
MOATBEPIKAAIOT NABHO HM3BECTHOE B MeEXaHUKe
npaBuyio. OHO fake OBIIO HA3BAHO «30JIOTHBIM».
Ecsiz BBI emie 0 HeM He CJIBIIIAJIW, TO HUKAK He
oboiinere ero, mayuas (pu3uKy. A 3BYyUHUT OHO
Tak: «CKOJBKO BBIMTI'PBIBAEM B BecCe, CTOJIBKO
TepseM B PACCTOSHUM».
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CKOJIBKO BCEI'O «ITPOCTBIX»
MEXAHU3MOB?

Bompoc, KoTOpHIM OMHUM M3 MEPBBIX IIPUXO-
JHUT B I'OJIOBY IIDU B3IJIsfe HA nmupaMugsl J[pes-
Hero Erunrta, — «Kak e MOIIM HX IOCTPO-
uTh?» Hu nmogbeMHBIX KPAaHOB, HM MOIIHBIX Ca-
MOCBAJIOB TOrzia, pasymeercs, He 6bp110. OgHAKO
TOJIbKO MYCKYJIBHON CHJIBI JIIOZeM, KOHEYHO, He
XBaTUJIO JJIsT BO3BEJEHUSA 3TUX IIUKJIOIMUUYECKUX
COOpyKeHui. 3HAYUT, JIIOAU KaK-TO YMYIApPH-
JIUCh MHOIOKPATHO YBEJUYUTH CBOM YCHJIUA.
W3BecTHO, UTO APEBHUM ErWMIETCKUM MeXaHWU-
KaM ObLIM 3HAKOMBI TaKue IIPUCIIOCOOJIeHUS,
Kak psryar ¥ KiauH. («KiauH kauHOM BuImIuba-
10T»). A BoT B [peBHeil I'peruu sjieMeHTaMu
PasJIMYHbIX, WHOM pa3 OuYeHb OCTPOYMHO cHe-
JIAaHHBIX MalIuH ObI-

JU emie GJOK ¥ Ha- PABHOBECHUE ¢

KJIOHHAA  IJOCKO- R,

CTh. ~ ;f
2

ié

Y nusureanHo,
YTO CKOJIBKO HHU
NPUAYMBIBAJIHA JIIO-
IU Pa3JINYHBIX Me-
XaHU3MOB-yCHUJIUTE
Jeil, B OCHOBY WUX &7\
yCTPOMCTBA BCernaa of o
3aJI0YKEHBl JIMIIL 2
THIIA: pbIYar ¥ Ha-

KJIOHHAsA  IIJIOCKO-
ctb. OxaswIBaercs,
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BCE OCTAJILHOE MOXKHO NMOJYYUTH, TOJIBKO KOM-
Ounupys aTH ABa ycTpolictBa. HeoOBIKHGBEHHO
u3odperaTesieH 4eJl0BeK — BBl MOXKeTe 00Hapy-
KUTHL HCIOJb30BaHNE 3TUX, TaK HaA3bIBAeMBIX
NPOCTHIX MEXaHM3MOB Ha KaKJoM mary. B
MNOABEMHOM KpaHe Mbl BUAUM, I'py3 Ha OZHOM
KOHIle CTpeJIkl YPaBHOBEIIMBAETCHA, KaK B PHI-
yare, TAMKEJBLIMH OCTOHHBIMH OJIOKAMM Ha JIpPY-
roM; BBOpauuBasi B CTE€HKY IIYypPyIl, MBI «OIIH-
paeMcsi» Ha BBIUTDBHIII B CHJIe, KOTODHIM JHaer
HAKJIOHHAsl ILJIOCKOCTb, «O00epHyTasi» BOKPYT
ocu mypyna. M pake cazoBadg Tauka — TOXKe
npocTas MaIllnHa, 00Jieryaroniad Hallul YCUJInd,
Haitngure, KcTaTu, B HEM pHIYAar.

Koneuno, co BpemeHeM, Korjga IorpeboBa-
JIOCH YJAYYIIUTE PaboTy moZoOHBIX MEXaHU3MOB,
NPHUIILJIOCh CEPbe3HO H3y4YaTh NPUHIUIBI HUX
neiictBusi. Hauajo Takux HCCIIeLOBAaHUMA HUIET
OT 3HAMEHHUTOTO APEeBHErpeYecKoro yuesHoro Ap-
xumena. JlanpHeiniee ux pas3BUTHE IIO3BOJIAJIO
0DOpPMUTHCS CTAaTMKE — pasliesly MeXaHUKH,
M3yYyalollleMy paBHOBeCHE TeJ.

Korza BBl KoJieTe opexu, TO He AYMaeTe O
Kakoi-aubo Hayke. Ho mnpuriasigurech, M BBI
YBUAUTE, UTO B BAIIUX PYKax — IIPOCTOH Me-
xaHu3M. IlonpoOyiiTe OOHADPYKHUTH €Ie TaKue
MEXaHU3MbI BOKPYT BaC — 3TO IIOCJIYIKHUT XOPO-
mieil IPakTUKON 110 MeXaHHUKe.
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KYZIA IIPOITAJAET
IBUKEHHE?

OueBUIHO, BBl BUJEJN HEMaJ0 PUJIBMOB O
BoiiHax — Jyubo HacroAlmux, JubO ¢anTacCTH-
YeCKUX. Be3le, Kak M IOJOXKEHO BO BpeMd
BOMHBI, 4YTO-HUOYAb B3peIBaercs. He ycneemsb
¥ I'JIa30M MODPTHYTh, KaK CHapAX MJIM rpaHaTa
pasjeTalOTCsA Ha MeJIKHe OCKOJIKHM BO BCe CTO-
POHBEI.

B3pelB — HACTOJBKO XOpPOHmMIO 3HAKOMOe
(xopomro, YTO TOJBKO IO (puIbMaM) SBJIEHUeE,
YTO MBI He BCerja 3ajaeMcs BOIIPOCOM, a OT-
KyZa B3AJIOCh ABMKEHHE 3THUX OCKOJKOB? A
ecJid M 3alaeMcCs, TO OBICTPEHBKO U OTBEYAEM:
TaKk 9TO B3pbIBUAaTKa (IIOPOX HJIM IUHAMUT)
packuzaia Mx.

JaBaiiTe monmpobyeM IIJIEHKY € 3aCHSTHEIM
B3PBIBOM MBICJIEHHO IIPOKPYTHUTHL B OOpaTHYIO
CTOPOHY, A ellle B 3aMeAJIEHHOM TeMmme. Boa-
HUKHeT 3a6aBHas cuUTyalus: PAaCKUAAHHBIE OC-
KOJIKY, ABIM U IIbLJIb HAYHYT KaK OBl CIKMMAaTh-
ca, cobupasch B OLHO MeCTO, Ije, B KOHIe KOH-
LIOB, «CJIOKHUTCS» LIeJIbIi cHapam. Y ecau oH 10
B3pbLIBA NOKOMJICS, KaK, CKa)kKeM, MHHA, TO M
Ha Hallei IJIEHKe OH Tellephb OyZeT Jie)kaTh Ie-
JILIM ¥ HeBPEJUMBIM.

IIpumep, neiicTBUTEeNbHO, 3a0aBHBI — Ta-
Koro ObiTh He MoxkeT. Ho ecam 6Bl BADYr 3TO
MIPOM30MIJIO, CpeAu MPOYUX BCTasia OBI 3arazka:
a Kyza Jnejyock aBMskeHue?
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Cmopenupyem nomo0HYIO CHTyalUi0, KOTO-
pad yKe BIIOJIHE peasbHa. J[Ba OOMHAKOBBIX
MJIACTUJIMHOBBIX IIapUKa KaTATCA HABCTPEUY
APYyr ApPYry C paBHOIl CKOPOCTHI. UTO Ipo-
M30HAEeT, KOIJa OHU CTOJKHYTCA? Bpax jiu BeI
zoaro Oynmere MCKAThL OTBET, BOT OH: IMAPUKH
CJensTca M... OCTAHYTCA Ha MecTe. Pa3zBe 3TO
He TI0XOKe Ha B3DbIB «Haobopor»? Kynma xe
ZeJIoCh ABUIXKeHue?

ITlopasutensHass CcHoCOOHOCTL JBUMKEHUS
BO3HHMKATh U HCUE3aTh AaBaJja O0OraTyrmo nuuly
LJIs pasMbIllJIeHUU BeJuKuM ymaMm. Ilnoxom
9THUX Da3AyMHUI CTaJI0 TOHATHE KOJIUYECTBA
nBukeHusA, BBegeHHoe B XVII Bexke. Ha ero
OCHOBe BO3HMK OJWH U3 CaMbIX I'JIABHBIX 3a-
KOHOB NIPUPOALI — 3aKOH COXPaHEHUA KOJIHU-
YeCTBA ABUXKEHUA.
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(paunysckuit pusocod, ¢pu-
3uk U MaTeMaTuK. Chopm™mynu-
poBaJ 3aKOH COXpaHEeHHA JBH-
JKeHHUsi, 3aKOH MHEepLMH, Hce- i
JlefloBaJ 3aKOHH yaapa. IToso- i
SKHMJI HavaJlo OIITHKE KaK Hay-
Ke, AaJ o0’bsicCHeHue pafnyre.
ABTOp TEOPHH MarseTuama.
CrpeMuJicsl IOCTPOUThH OOIIYIO
KapTHHY NPHPOJLI, HCXOAA M3
JIBUKEHHS GOJILLLIMX M MaJIbIX
YacTHIl.

Kak e OHO COXpaHsieTCs, CIIPOCHTE BEI, €C-
JIA TOJIBKO YTO BO3HHKAJO U mucueszayno? Ieso B
TOM, 4YTO KOJIMUECTBO ABUIKEHUS MOYKET OBITH
Pa3HOHANPABJEHHLIM U, KaK IpU B3pPbIBE, pas-
Hble ero 4YacTH KOMIIEHCHDYIOT IPyr JApyra.
Bcenomuute «Tapakanuiie» K.9ykoBckoro —
«BOJIKM CKYyII&Ju ApyTr apyra». Heuro momobuOe
TIPOUCXOAUT U 3J€eCh.

KAK PABOTAET PAKETA?

HeonsITHEIN CTpeOK, 3a0bIB IIPUIKATh NIPHU-
KJIaJ Py»KbsA UJIM BUHTOBKHU K ILJedy, ITOJy4aer
IpM BBICTpEJIE€ pe3Kuil yxap. TeM caMbIM OH HC-
NBITHIBAET JeiicTBME 3aKOHA COXPAaHEHUA KOJH-
4ecTBa ABMYKEHHUA WJIM, APDYT'MMH CJIOBAMU, HM-
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KoHCTAHTHE J1yapaoBHy
Inoaxosckuit (1857-1935) —
POCCHHCKHUM yueHbIH M H300pe-
Tare]b. PaGoran B o6iactH 3
A9p0- U PAKETOJAMHAMHKH, Teo-
pUH caMoJieTa M AHpHXKabid. i
Brniepshie 060CHOBAJ BO3MOK-
HOCTb IPUMEHEHHAS PaKeT A
MEXXILIAHETHRIX COOGIIeHKH.
PaspaGoTas TeopHio ABHKE- i
HHUSI COCTABHLIX paKeT WM pa- i
KeTHHIX noesfos. IIpepnoxkun
CTaGMJIN3NPOBATL PAKETH! B IO- i
JieTe ¢ IOMOINbIO BOJYKOB-TH-
POCKOTIOB.

nyasca. CKOJNBKO ABMYKEHUS IiepelaeT 3apAn
BBLJIETEBINEH ITyJie, CTOJLKO e, HO B APYrylO
CTOPOHY, OH 00si3aH IepenaTh pPyXbi0. Eme aTo
fAIBJICHWE HA3bLIBAETCHA OTHAUYEH. )

Ornauy uCHBITBIBaeT BOJA IIPU JABHUIKEHUHU
KopabJisa, Bo3nyXx ITpHu IoJjieTe camoJjyera. 1 na-
ke Bca (1) Hama 3emJsdA, Korga Mbl, OTTaJKH-
BadAcCh OT Hee, uAeM no Hei. TOJIBKO B mocJyen-
HeM cJiyuyae 3aMeTUTh €€ pPeaKIMI0 Ha Halme
OBUXKEHHEe HEBO3MOYXHO — TaK OHa BeJIMKa.
Ho ecsu BBl BcTaHeTe Ha 0OJBIION MeTaJJIH-
YeCKHUI HJIM JAepeBAHHLIN O0apabaH, yKpenJeH-
HBIA Ha JEeTCKOM IIomaJgKe, TO CTOUT BaM
CABUHYTHCS C MeCTa, KAK OH HAYHET BpalllaTh-
ca B oOpaTHyIo cTopoHy. nu BciomHUTE O€JI-
Ky, Oerymiyio B KoJiece.

Bce aT0 — mpuMepnl peakTHMBHOro ABHIKE-
HUSA, KOrja IJisg CMeIleHus KaKOoro-TO TeJjia B
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ONHY CTOPOHY Heo6X0oZuMO, 4TOOBI APYroe ABH-
rajiocb B IIPOTUBOIOJIOMKHYIO. PeaKTHUBHBINI
NPUHIUI ObLI U3BECTEH OUEeHb NaBHO. KuTanisl
oosiee 800 JsieT Hasan HMCIIOJL3OBAJIM €ro B pa-
KeTax s (eiiepBepKOB. 3aTeM pPaKeThl CTaIU
NPUMEHSATh B BOEHHBLIX IeJsiXx. M3BecTHO JH
BaM, YTO UMH cTpeJsiaau B 6utBe mnox Jleimiu-
rom, Korga Hamosieon morepres nopakenue? A
"Hamu «Karomu» xoporro 3HaioT Bee!

KocMuueckast 3pa 3aCTaBUJIa YyYE€HbIX U KOH-
CTPYKTOPOB HCKaTh HauboJiee NOAXONAIUMN ABU-
raTeJyib JJIs pakeTHOI TexHuku. OKaszajaoch, 4TO
TOJNLKO PEaKTHUBHBIN JABUraTeJL OTBeuas Tpedo-
BaHUAM, KOTODBLI€ CTABUJIA YCJIOBUS IIOJIETOB.
T'azoBass cTpys, BO3HHMKAIOIIAS NPU CropaHUH
TOILJIMBA, BBIPLIBAETCA C OI'POMHOM CKOPOCTHIO
B OJHY CTODOHY, 3aCTaBJIAS PAKETy ABUTATHLCS
B IIPOTHBOIIOJIOXXHOM HAIIPABJICHUH.

W B aBmanmum pocruubs GOJNBIIUX BBLICOT H
CKOpOCTEeH yAAJOCh JIMIIL C HAYAJIOM MIpUMe-
HeHHUJ PEaKTHUBHOTIO ABUTaTesNisl. A eCJH BBl XO-
THUTEe MOCTPOUTH TAKOM ABUraTeJb JOMa, TO B
CcaMOM IIDOCTOM BapHaHTE BaM MOHAJLOOHTCHA
TOJBKO ... BO3AYIIHBIA mapuk. [lorazanucs,
YTO HAJAO CHeJaTh, UTOOBI MO KBAapTHPE MOHEC-
Jach «pakera»?
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OT T'YCEHHUIBI —
K BEYHHOMY ABHXKXEHUIO

IIouemy KoJsieca aBTOMOOUJIST 3aCTABJAAIOT €TI0
asuratbea Brnepen? Korpa aBromoOuib 3actpe-
BaeT B HEIIOT'OAY B IPA3HOM JIy)Ke UJIHM B CHETY,
ero KoJjieca OyKCyIOoT, a MalllMHA JIUIIB TPACETCA
Ha MecTe. BpIpydamT BeTKH, Cydbsd, IIOPOM —
M OZIeXKa, KOTOpPhIe ITOAKJIAABIBAIOT IO KoJjeca,
4yTOOBI YJYYIIUTH UX CIEINJIeHHE C JOPOTroi.

OueHp XOpOIIO 3TO MOKHO YBHUZAETH, KOrza
MBI HabylomaeM 3a JBUXKEHHEM T'YyCEHUYHOTO
TpaKkToOpa HWJM TaHKAa B KMHOMUJIbBME O BOIHE.
BrIcTynbl Ha ryceHMIax aa’ke OCTABJIAIOT BMS-
THHBI Ha JOpOre, HArJIAAHO AeMOHCTPUDPYS, KaK
IJIsT OBUMKEHUST ITPUXOAUTCS OTTAJIKUBATHCA OT

IIOBEPXHOCTH.
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A rge BaM ele IIPpUXOAUJIOCH BHUAETH TaKoe
IBUIKEHHUE, MOoX0)Kee Ha ryceHuuHsli xoxn? Ilo-
JKaJIyii, BBI JIETKO BCIIOMHUTE 3CKAJIaTOP B METPO
WM KOHBelep IUiA yOOPKHY MOCYABI B IIIKOJbHOM
crosoBoii. CMOTpUTE, KaK 3aHUMATEJbHO: B OX-
HUX CJIy4adaX IyCeHMIbI UJIU JIEHTHl MO3BOJAIOT
ImepeMeIaThCA MallluHe IIeJINKOM, B IPYTruX, OC-
TaBasCh Ha MeCTe, IIePEeIBUTAIOT 1O cebe rpyssl.

Taxue BO3BpaTHbIe MEXaHU3MBI IIOPOH Ha-
TAJKUBAJIMA HA MBICJIb O BO3MOXXHOCTHU CYIIEeCT-
BOBAaHMUS BEYHOrO [BMIKeHHs. B MHOrouHucCJ]eH-
HBEIX IIPOEKTaX «BEYHBIX JIBHraTeJieH» OJHUM M3
OCHOBHBIX 3JIEMEHTOB ObljIa IIOX0XKad KOHBeWep-
Has JeHTa. Ho ee mpuBOguMJ B JBH)KeHHe He
KaKoi-Hubynp nsurartesib u3BHe. OHa cama J10JI-
’KHa OBbLJIa YaCTh IOTEPAHHOIO C OLHOM CTOPOHBI
IBHI)KEeHUs BEepPHYTb Ha oOpaTHOM IyTH. A Koe-
KTO CYMTAaJ, YTO MOXXHO BEpHYTb He CTOJIBKO
JKe, a YYTh-UyTh MOOOJIBIIIE.

K coxxaneHuio, Takue KapoBble CAMOJBHUIKY-
Imyecs MalUIMHbI HUKOTIA He YAaBaJoch IIOCTPO-
HUTh Ha MPAKTHKe. 3aKOHBI IPUPOBI 3AIIPEIAIOT
CYIIleCTBOBaHME TAKOTr'0O JBUTraTEJIA.

KAKA{ BBIBAET OHEPTHUA?

A uro 3710 Taxkoe? Korpga, Hampumep, roBo-
PAT — «BHEPrudYHBIM YeJIOBEK», TO UMEIOT B BH-
Ay Hemoceny uju JIesATeJILHOro 4ejoBeKa, ycie-
BAIOIIer'0 MHOroe clejiaTb. B KaKOM-TO CMBICJIE
dHepPrud Kak (uauyecKoe MOHATHE O3HAYAET TO

73



HOanyc PoGept Maiiep
(1814—1878) — HeMCUKHHI
Bpau. Bnepsnie copmyupo-
BaJl 3aKOH COXPAHEHHUS BHep-
rud. OCHOBLIBAJ CBO€ OTKPLI-
THe Ha MEJUIIHHCKHUX Habuno-
Aenusix. TeopeTHUEeCKHU Bbl-
YUCJINJ MEXaHHUECKYIO pas-
HO3HAYHOCTL TEIUIOThI, A0TY-
CKasi, YTO TEIUIOTa U MEeXaHHU-
yeckasi paboTa MOTYT Iepexo-
JAMTb APYT B Apyra.

e — CII0cOOHOCTH BBITIOJIHUTH KaKyI0-J1ub0 pa-
o6ory. CkarxeMm, mneperamuTb, MepeBe3TH WM
NOAHATL TPy3bI, II0 YEeMY-TO YAAPUTb, YTO-TO
paspymuTb. IIoaTromy npu coBepuieHuH pabOThI
MBI BCerjla rOBOPHM O 3aTpaTaxX 3HEPTrHuH.
OHeprua — OYEHb MHOTOJHKOE IIOHATHE.
Het U oxHOro paszgena Gu3UKHU, fa ¥ HE TOJIBKO
ee, rje Obl HU IPUILJIOCH C HEH CTOJKHYTHCH.
B mexaHHKe Xe paccMaTPUBAIOT TOJIBKO JIBa ee
BHJla — NMOTEHUMAJNBHYI0 1 KMHETHYECKYI0. MEbI
NOAHANN, K npumepy, ctyha. IIpociegum, uTo
MBI IPH 9TOM cenaiu. [IpuiIokuIn ycuansa —
pa3, coBepmiuau pabdoTy — [ABa, 3aTPaTUIU
aHepruio — Tpu. Temepb, Jlep)Ka CTYJ Ha BBI-
coTe, MBI MOXXEM CKa3aTh, YTO OH 00JiazaeT 3a-
MacoM NOTEeHUHUAJbHON JHEPruH, UJIU 3HEPruH
nonoxkenuda. Onycrtum cryna. Ilagas, To ecTb Te-
pAs BBICOTY, OH OyJeT TepATh U CBOIO IIOTEHI[H-

74



aJbHYIO BHEPriio, HO OHA DU 9TOM «IIepeTedeT»
B SHEPTrUI0 ABUXKEHUS — KHHETHYECKYI0, KOTO-
poii obyamaer y000e ABUMKYIleeCA TeJO.

CBUIETeJLCTBOM TOI'0, YTO Y CTyJia AeiCTBHU-
TeJBLHO ObIJI 3aIac 9HEePruu, MOCJTYIKUT BMATHHA
B IIOJIy, KOTOPYIO IIPY MaAE€HWU OCTABHUT CTYJI.
Bpsapg v KOMy IOHPaBATCS Takue 3KCIIePpUMEH-
ThI, IIO3TOMY O0paTUMCA K IJIOTHHE I'MAPOCTaH-
muu. Y uyto xe? Bce TO Ke camoe — HAKOIJIECH-
Hasd B BOJAOXPAHUJIMIIE PeyHas BOZA, CPbIBAsCH
BHU3, «MEHseT» 3aIac NOTeHINaJbHON HEePIruu
Ha KMHETHUYECKYIO M BpallaeT KoJieca TypOuH,
NPOU3BOAAIINX JJIEKTPHUECKHiT TOK. MHBIMHU
cJIOBaMH, CoBepIiiaeT padory.

YauBuTeIbHA CHOCOOHOCTHL YHEPrUU COXpa-
HATHCA. OHA MOXKeT ITepexXoquTh U3 OLHOI0 BUJA
B IPYroi, KaK MBI TOJILKO YTO BUAEJU HA IPHU-
Mepe CTyJla U IaJallneil BOAbI, a B II€JIOM He
W3MEHATH CBOM O0m[HUIl 00beM. JTO €e Ka4eCTBO
HAIIIJIO OTPa’KeHHEe B 3aKOHE COXPaHEHUA BHep-
T — OJHOM K3 CaMbIX BEJIMKKUX 3aKOHOB IIpH-

POXBI.

JAEVICTBUS ITOJIE3HBIE
N BECIIOJIESHBIE

Yro MBI genaemM, ecau 3amepaii pyku? Tpem
UX ApYyr O Apyra. OHEPruyHO NIOTepJu — Ha-
rpeau pyku. Ho Beas MBI coBepiiuyiu pabory,
WHTEeHCUBHO ABUTras JagoHaAMu. W Ha 4yTo Ke
IOIIIM HAamM ycunua? S3bIK caM IPOCUT CKa-
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3aTh — mepeuntu B Teryo. Emie mpumep. Paso-
rgaBuUIkiicsa 0 OOJIBIION CKOPOCTHM aBTOMOOUJIbL
PE3KO 3aTOPMO3MJI HA IIePEKPeCcTKe Y cBeTodopa
M OCTAHOBMJICA. A 3aTpaThl Ha €ro ABMIKEHUE
KyZza ucuednn? 31ech y)Ke He o0orTuch 6e3 npu-
MEHEHUS IOHATUA «dHeprus». C HUM OTBETUTH
IIPOCTO: KHHETHYECKAsa JHepPrusa aBTOMOOUJIA IIe-
peutyia B Temno. IIpy TOpMOXXeHUM HArpeJuch
KoJjieca M Jpyrue 4acTd MAIIUHBI, acGajbT U
Iajke OKpPyJKalouuii Bo3ayx. Beab MBI XOpOILIO
3HaeM, 4TO JJIsI Harpesa TeJl, CKa)keM, CKOBO-
POAKHY HA ILIUTE, HY)KHO I'Zie-TO B3ATh M Iepe-
IaThb UM TeILIO.

3HAUWT, ¥ B 3TUX CJIyYasAX SHEPrus B IeJIOM
He TepAeTcA, a JUIIbL MeHseT 00JIMK, COBepIIaeT
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mepexonsl U3 oxHoro Buza B apyroi. Ho mis
HYKHOTO HaM, MHBIMH CJIOBAMM — IIOJIE3HOIO
JeMCTBUA IIOAXOAAT TOJBKO OIpefie/ieHHbIe BU-
bl BHEPTUH, APYTHe e OKaXKYTCA AJIA HaAC «II0-
TepAHHBIMKU» . KOrzia MBI KUIIATHM BOAY B Yaii-
HUKe, TQ MCIOJb3yeM JJIsI 3TOH LeJU JIHIIb
YyacTh 9HEPruM, BBIJEJUBIIENCA IPU CrOPaAHHUH
rasa MJIM CIIMPAJbIo 3JIeKTpoIIuTKU. Korma Mel
C IIOMOIIbI0O HAKJOHHOI JOCKHU BTACKMBAaeM B Ky-
30B aBTOMOOMJIA AIIMK, MBI coBepmiaeM 00Jib-
myio pabory, uam 3aTpayuBaeM OoJiblle sHEP-
THHM, 4YeM HY>XHO INIPH HEIIOCPEACTBEHHOM €ro
moabeMe Ha 9Ty BBICOTY.

ITosToMy Bce MeXaHM3MEBI ¥ YCTPOMCTBA, IIpe-
obpasyoniue sHEPTUi0, UMEIOT TaK Ha3bIBaeMblil
K03(h dHIHeHT moixe3Horo aeicTeud (k.m.41.). On
MOKa3bIBAET NOJII0 HYXKHOM, IIOJIE3HOM HAM pa-
60Tl B OOmIMX 3aTpaTax SHEPruM NAHHOM Ma-
muHbl. Hanpumep, Ta ke HAKJIOHHAS JOCKA MO-
)KeT uMeTh K.m.A. 50 mpoueHToB. UTo 3TO 3Ha-
yuT? A TO, YTO IIOJIOBMHA BCeM 3aTpadyeHHOM
9HEPruM NeHCTBUTEJbHO MOIIJIa HA MOABEM I'PY-
3a, a Apyras IOJIOBUHA «pacTepdAJiachb» IO JI0-
pore Ha HarpeB KaK rpys3a, TaKk ¥ OKPYIKAIOIIUX
ero Te.
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MOJKHO JIM HAPYIIUTH
3AKOHBI ITPHPOBI?

YTO NpUHECIO YeJIOBEKY 3HaAHUE 3aKOHOB Me-
xanuku? C omHOI CTOPOHEI, GJlarogaps UM OH
CMOT COBEPIIEeHCTBOBATh CBOM MAIIHMHBI UJIX H30-
OpecTu HOBbIE, HEMBICJIIIMbIE IO IIOPHI JO Bpe-
meHM Jub0 BooOparkaeMble mUcaTeJNAMU-(DaHTA-
cramu. C gpyroii, Kak 9TO HU I'PYCTHO, OH IIO-
HsJI, 4YTO KaKue-TO ero (aHTa3uu, IIO-BUAUMO-
My, He ocyulecTBsTcsa HuUKorjaa. CaMblii SpKHUA
IIpUMep — HUCTOPUS CO3LAHUA «BEYHOrO ABHUra-
TEeJA».

Hcnonp3ysa nonsitTue Koddgduiumuenara mojes-
HOr0 JeHCTBUSA, MBI BBIHYKJAEHBl YTBEpPIKIaTh,
YTO OH JOCTUT OBl WJIM JajKe NMPEBBICUJ ¥ «Bed-
Horo asuraress» 100 mpomenToB. MHaue roso-
ps, noykHa Obla OBl M3 «HUUYEro» IIPOU3BO-
IUTHLCS 9Heprus. A 5TO KaK pa3 M 3amnpeniaer
3aKOH €e COXPAaHEHUs.

KoneuHno, Jonu, mbeITalOmiuecs CO3JaTh
«BE€UYHBIN IBUTATEJb», UCXOLUJIHUA U O CUX IIOP
ucxoxaTt ud 6iarux nody:xkaenuit. IIpocTo 3a-
MeuaTeJbHO, ecJid Obl, OAHAXJbI IIOCTPOEH-
Hble, TAKHE NBUTATEJIX TOJHKO M JeJajihx, UTO
cHaO)xkamu Obnl Hac oHeprueir. Becenasa Obl
JKU2Hb HacTymnujal

Ho Benws He 3psi roBopaAT — «0e3 Tpynma He
BBLJIOBUINIIb ¥ PHIOKY U3 npyAa». Ham Hamo cMu-
PUTHCA C TeM, UTO HAZe’KHO YCTAHOBJIGHHBIN 3a-
KOH NPHMPOIXBLI CTOUT BbIIIE JIIOOBIX caMbIX OJja-
rMX Hamux mnokenaHui. W ecsu HaM XoudeTcs
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yTO-TO IPUOOPECTH, TO BCerja HaJ0 IIOMHUTL O
TOM, UTO NPUIETCA YTO-TO U ITOTEPATH.

Hayxa yxe 6osee 200 jer Kak OTKas3aJjach
OT TIONJEPKKM HIeH «BeYHOro aBuratens». V1
9TUM IIpEIofHecsa BAXKHBIA YPOK — INYTh IIO-
3HAHUA He MOXKeT IIpuBecTH K 0e3yZep’KHO pa-
JIOCTHBEIM OTKpPBITHAM. Ha HeM momazaioTcs He
TOJIbKO «PO3bI», HO U «IIUNBI» — CTpPOrue 3a-
MpeThl 3aKOHOB IIPUPOAHI.

IIABAIITE
IIOPA3MBICJIHM

9 O Karxom sasnenuu udem pewb 6 nocrosuye: «llo-
* cmompu cke6osb nepuna mocma, U mol Yyeuduulb,
KaK Mocm navléem no HenodBuicHoll eode»?

@ Umo umerom 6 eudy, kozda zoeopam: «Ilowno deno,
* kax no macay»?

9 ITouemy pircasoll uznoii mpydHo wumov?

L]

9 Sauem s3asasviearom yszavi? Kozda oHu npounee?

L]

® IIpasdy au z06opum nocaosuya: «Om mozo, umo
* 6ydeurv Gezamob 63a0 u eneped no nodke, pasee nod-

Ka Gbvicmpell docmuzrnem Gepeza?»

9 Kozda ssaenue omdayu nonesno? A rkozda npuseo-
L]
dum Kk HenpusmHocmsam?

9 ITouemy «8emku ugvl nod Maxcecmvio cHeza He J0-
L]
marwmes»?

9 BepHo au, umo «Ha o0HOM KoJece He Yedeurb»?
L]
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©® Omuezo npu 6paujeHuu cmakaHa ¢ 6000l Ha ee
* nosepxnocmu obpasyemcs 6oponka?

© Kax ysname, cvipoe siiyo unu éaperoe, He pasbueas
* ckopaynwvi?

 ITouemy npu Gvicmpom 6paujeHuu eedpa ¢ 6000l
° ona us Hezo He 8viLruBaemcA?

& I'de mbL mascenee — Ha noalce UIU HA 3K6amope?
L]

& ITouwemy, npoxodsa kpymoii no6opom HaA a8momolbu-
* Jne, HYNCHO npumopmosums?

9 Kakoil 3aKOH JeHUm 8 0CHOB8e NOCAOBUYbL:
* «dmo mpamuws, nodrumasce 6 zopy, 6epHeuLs Ha
cnycke»?



MUP JABYX CTUXUM




U3 uero caesnaH momaaBok?
MooxHO JU mJaBaTh IoJ BOJOH? .
Kaxk nuaBaer nogBogHas Joaka? .
Yro BHITAJIKHMBaeT Hac M3 BOALI? .
ITouemy B Mope mjaBaTh Jierye? .
Oruero onpokKHJbIBalOTCA Kopadan?
Kakue GriBaror kopabau? .

Kax pgeiicTeyloT mutossi?

T'e Hago BO3BOAMTH IJIOTHHBI?
Kak geuratbca B Boje OwicTpee? .
ITox mapycom m Ha JockKe .
ITouemy °kugkKocTh Teuer?

Kak pbl6a B BoJle, KaK IITHLIa B BO3ayXe .

JaBUT JH BO3AYX Ha 3eMiio?
Benuko squ gaBieHue Bosxyxa?
Kax paBaT Bo3xyx M Boma?

Yro mogHMMaeT B Bo3ayx miap?
Kak Baseraer camouier?

OTuero caMoJieT JeTUT? .
ITouemy BepTOJIeT 3aBHUCaET?
Kak mpeiraTh ¢ napamioTom?
«Berep, BeTep,Thl MOTYY...» .
T'me nosasasirorcs cmepun?

Kak B Mope poskJgaroTcs BOJHBI?
YeM omoJieTh rposy?

Tax nu TBepma semyaa? . . . . . . . .
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B neGecax pasvitzpasiaca 6ypa,
H3 yuweauil 2ydam zoroca;
Onanaun mue quyo Moe eemep,
Pacmpenan on mou eonoca...

H zynanu mozywue 802HbL,

A Had HuMu Becenblit CKONMLIUL,

H c sepwiun ux no neHucmulm cKamam
I'ay6oko, zny6oxo yxodun.

K.K.Cayuescruii

OxHM M3 caMbBIX CJIOKHBIX BHUIOB ABUIKEHUSA
BCerja OKPYXKajd M OKPYIKaloT Hac. ITO Be-
Tep — IMepeMelleHre MacC BO3AyXa — H Tede-
Hue Boxbl. Ho nasxe HaxoxsAach B IIOKOE, IBE CTH-
XHUH IIOCTOAHHO 3aCTaBJISAJIM YeJIOBeKa pas3raibl-
BaTh 3arajiKu.

IIouemy maBaioT priObI? OTUyero He MagaioT
Ha semuaw ntunel? Kaxk mocTpouTh KopabJb,
4T00BI OH He nepeBepHyJca? MOXHO iU cheaTh
MaluHy, BUCAIIYIO B Bo3xyxe?

IIpITasick OTBETHTH HA 3TH BOIIPOCHI, JIIOLH
CO31aJM HeMaJo HayK. A HAaYMHAIOTCA MX Ha-
3BaHUA C ABYX CJIOB: 89P0 — BO3JYX U I'MpO —
Boza. BesaymaiiTtech — rusppocTaTHKa U a3ponu-
- HAMUKA, TUAPOJIOTUS ¥ a’POHABTHKA. A ecju
CJIO’KUTDH MX BCEX BMeECTe, IOJYYUTCS IPeorpoM-
Hasg HayKa — THUAPOa’pPOMexaHUKa.
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Bor oHa u 3aHMMaeTcAd HU3yYEeHHEM CaMBIX
Pa3HOOOPa3HBIX ABMMKEHHN KaK BO3Jyxa ¥ BO-
Ibl, TAK ¥ BCE€X HAXONAIIUXCA B HUX Tel —
YeJIOBEKA ¥ JKUBOTHBIX, NOABOAHBLIX JIOJOK H
CTPEMUTEJIBHBIX TJINCCEPOB, BO3AYIIHBIX 3MeeB
¥ IIIapOB, BEPTOJIETOB M CAMOJIETOB.

O ueMm oKe moBeZaeT HAM 3Ta MeXaHUKA —
HAyKa O JABYX CTHUXUAX?

N3 9YET0 CAEJIAH IIOIIJIABOK?

Brl cobupaerecy Ha pribanky. Ilomumo yau-
JIAINA, JIECKH, KPIOYKa M, KOHEUHO, HAXKUBKH,
BaM moTpedyeTcs momyaBoK. M3 dero ero maro-
ToBUTH? Pa3 mominaBoK — 3HAYHUT JOJIXKEH ILjia-
BaTh. OrnsiHeMcs BOKpyr ceb6s. Ckopee Bcero,
MepBOM BaM IIOIAQJEeT Ha rJyas3a mpoOKa.

ITouemy mpobxa mniaBaetr? Ila moromy, 4YTO
OHa ropaszo Jierue Bonbl. IIpoOKy mesaioT u3
KOpPBI MpoOKoBOro ayda. Ec/ii B ee BHUMATEJIb-
HO DAacCMOTpPHTE, TO 3aMEeTHUTe B Heil OoJIbIIoe
KOJIMUECTBO NIYCTOT. BoJa NMPaKTHUUECKH B HUX
He IPOHUKAeT, U MOXXHO CKa3aTh, YTO IIPOOKY
Ha BOJIe «AeP¥XKUT» Bo3aAyX. CrtocoOHOCTh TPOOKH
IJIaBaTh M3BECTHA C HE3alaMATHBIX BpEMEH.
Yoaxe TeICAUM JIeT Ha3ajJ KCHIOJIb30BAJM CIlaca-
TeJIbHBIe MPUCIIOCO0JIEHUSA, HM3TOTOBJIEHHbIE H3
Hee. U ceifuac nJid cracaTeJIbHBIX KPYroB, JKH-
JIETOB, IIJIOTOB 3a4YacTyI0 NPUMEHSAIOT IIPOOKY.

Ho pasBe TosIbKO IIpoOKa cocofHa IIaBaTh?
IlnaBaror OpeBHA M AOCKM, ILIaBaeT Jex, obpa-
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30BaBIIMUCA U3 TOH ke BOABLI. YTOOBI BEISICHUTD,
OyaeT JIM KaKOe-TO TeJIO IJIaBaTh B JKUAKOCTH,
HAJI0 CPABHUTH UX IJIOTHOCTH. ITO — XapakTe-
pHCTHKa Bel[eCTBA, IIOKa3BLIBAIOI[As, CKOJIBKO
ero Macchl ymelaercsa B efuHuIe oomema. Bor,
CKa’XkeM, B OHOM KyOuuecKOM MeTpe YMeCTHUTCS
OZlHA TOHHA YMCTOU BOJBI, a JIbJA — IIPUMEPHO
900 xunorpammoB. OTBeT cpasy sICeH: Jiel B BO-
e BCILJIBIBET.

TakiKe Ha MOBEPXHOCTH BOALI OYAYT IJIaBaTh
MAacCJIsTHbIe ¥4 HeQTAHBIE IATHA. A KalleJbKH PTY-
TH, IMaJaloN[ue B BOAY, MOMAYT HAa THO — Belb
PTYTh — MeTaJIJI ¥ OHA HAMHOrO ILJIOTHEE BOJBLI.

Brin npoBeseH onbIT (He ONBITAMTECH ITOBTO-
PHUTH €ro Ao0Ma — PTYTh onacHal), Korga B PTyTh
TIIOTPYKAJMM pPas3JnuHble MeTaJlIbl. OHU BCILIBI-
BaJIM B Hei, KaK IpobKa B BoJle — BOT HACKOJIb-

KO IIJIOTHA PTYTh.
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A MOXXHO JIM 3aCTAaBUTh Kakoe-JIHu0O0 BellecT-
BO He BCILIBIBaTh B uzakoctu? [la, ecau, Ha-
IpuMep, OCTOPOXXHO BBECTH B CMeCh BONLI H
CIIMPTa KAaIlJII0 pacTuTeJbHOro macja. OHa He-
MMOABUKHO ITIOBUCHET BHYTPH KUJAKOCTH, KaK ec-
Ju OBl HAXOZUJIACh B HEBECOMOCTHM.

MOSKHO JIA IIJIABATD
10/, BOJOM?

Bor cmemnoi Bompoc, ckaxere BbI. HbIp-
HyJ, ¥ bIBU. Hy, ¥ n0JTr0 Jiu TaKk BBl CMOXKeTe
naelTe? HaBepHoe, MMUHYTY, OT CHJBI — JBe.
OueHb ONBITHBIE HBIPAJBITUKY MOTYT IPOAJIUTH
3TO BpeMs, HO BCE PABHO OHO MCUHUCJISIETCS MHU-
HyTamu. Kak Ke yBeJIMUUTL CPOK IIpeOLIBAaHUSA
Iox Bomoii?

3necs He 000HTHUCHL 0e3 KAaKMX-HUOYAbL H30-
OpereHuii. [Ina mmpoBereHUs NONBOAHBIX paboT
Ha IJIyOMHY ONyCKAaJId TSAMXKEJIBbIA KOJIOKOJI, ITOX
KYIIOJIOM KOTOPOT0 OocTaBaJics Bo3ayx. Torga ue-
JIOBEK, HaXOAAIIUICA IIOL KOJOKOJIOM, MOTI' JblI-
maTh — ¥ paborarsb. Ho 3TO OBlNIA OUEHL rpo-
MO3AKaA KOHCTPYKIUA.

3aTteM ObLI CO3aH BOAOJIA3HBIN KOCTIOM. B
HEeM 4YeJIOBEK MOT' IIepeJBUTaThCS II0 JHY U €ro
BO3MOXKHOCTH 3HAUYUTEJbHO Bo3pociu. Ho mo-
IpeXHEeMy BOAOJIa3a CBA3BIBAJIA C Kopabiem
«IIyIOBHHa» — CHUTHAJIbHBIE M BO3LYyXOIIPOBOJ-
Hble mulaHru. Eme oxua mpobjseMa, ¢ KOTOpPOM
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CTONKHYJHUCh NOABOAHUKU — C POCTOM IJIybOu-
HBI YBEJIMUMBAJIOCH AaBJjeHue Bonbl. IIpu norpy-
skeHud Ha 10 MeTpoB OHO BoO3pacTaeT Ha BeJIH-
YyuHY, PaBHYI0 arMochepHOMY IaBJEHHIO BO3-
nyxa. Ha moBepxHOCTH 3€MJIM MBI 3TO JaBJIEHHUE
MPUBLIKJN He 3amMeuaTh. Ho B BOZie ¢ HUM IIYT-
Km 1mimoxu. Hanpumep, eciu OBICTPO IOAHSATH
BOZOJIa3a C OOJBINOI IJIyOMHBI, TO €ro KpOBb
MOXKeT OYKBaJIbHO 3aKHUIEeThb. TaK «3aKHUIIaeT»
rasupoBaHHAas BOJA NMPH OTKPLIBAHUM OYTHIJIKH,
TO €CThb IPH PEe3KOM MaJIeHWH NaBJIEHUA. ITO
TaK Ha3LIBaeMasi KeCCOHHAA 00JIe3Hb.

YTo K, Tak ¥ He NOILJIABATHL ITOJA BOJOH IIO-
noary u 6e3 mpuBssu? J[a HeTr, moueMy xe. B
1943 roay dpaunnysckuii kanuran JKax s Ky-
cTto u3o0pes akBajxaHr. Temeph HBLIPAJBIIUK,
cHaO)XeHHBIM 3alacoM BO3AYyXa, CYKATOrO0 IIOJK
IaBJieHHEeM B 0ajlJIoHaX, MOT JIOJITO OCTAaBaThCH
mox Bomou. CrienuayibHbIE PEryJaATOPHI MOAAIOT
BO3AYX KO PTY, a BBIJIOX ITIO3BOJIAIOT CHEJIATH B
Bogy. C akBaJIaHT'OM MOYKHO CBOOOIHO Ilepeme-
IAThCSA MOJ BOMOM M HAXOAUTHCA TAM JECATKU
munyT. K cOXKaJleHUI0, MPUYUHBI, CBSI3aHHEIE C
KeCCOHHOM 00JIe3HBIO, HE II03BOJISIOT IIOrpy-
¥KaTbCA CJHMIIKOM rJy0oko. [lyia aToro Bce-Taku
IIPUXOAUTCSA IPUOEraTh K KEeCTKUM BOLOJIa3HBIM
KOCTIOMaM.
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KAK IIJIABAET
IIOABOTHAS JIOMKA?

KoHeuHO, BBl BUAeaH, XOTsI ObI IO TeJIeBU-
30py, COBpeMEeHHBbIe ITOABOAHEIE JIOAKH. OTO Or-
pOMHBIe Kopabusu ¢ KOMaHAONU M3 NECSATKOB ue-
JIOBEK, CIIOCOOHBIE MeCSIlaMHM HAXOLUTHLCH IIOA
Bozoii. Kopnyca aTUX JIOZOK CHeJIaHBI U3 IIPOY-
HOI'o MeTaJljla, MHAUe MM He BBIJIEPXKATh 4YyHo-
BHII[HOE AaBJIeHHEe BOAbLI Ha raybune. Ilouemy
’Ke aToT, Oojiee IJIOTHBIM, YeM BojJla, METaJIJI He
ToHeT B Heil? OTBeT OUEeBHAEH: JIOJKA CHeJaHa
He M3 CILJIOIIHOI'0 MeTaJljla, B Hell eCTh ITyCTOTHI.
B xaxoM-To cMBICJIe ITOABOAHAA JIOAKA ITOXO0MKA
Ha IIpOOKY, CTPEMSIIYIOCsS BCILILITH HA IIOBEp-
XHOCTBH BOJBI.

Kaxk ke Torpa ysiogka nmorpyskaerca? Bee neio
B TOM, YTO BHYTpPh ee o0beMa 3aKauuBaIOT 3a-
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6opTHYIO Bony. «O0Iiasa» IJIOTHOCTH JIOAKY CTa-
HOBUTCA OOJIBIIE IIJIOTHOCTH OKPYIKAIOIIEi BOXBI
U JIOAKA «TOHET».

IlepBOMy HOKYMEHTAJBHOMY CBHETEJIbLCTBY
o nogBoxHOM cynHe OoJsiee 400 ser. Ho mepBeH-
CTBO B COOPYKE€HHH IIEPBOM IIOABOAHOM JIOAKHU
NPUHAAJIEKUT TOJUIAHACKOMY H300peTaTesIio
K. Ban [IpeO6esio, ucneiTeiBaBmemy B 1620 ro-
Iy CBOI0O KOHCTPYKIMIO Ha pexe Temse.

HMHTEepec K MCHOJIb30BAHUIO IOABOAHBLIX JIO-
IOK B BOGHHBIX IieJIAX OB OYeHb BeJIUK. B Ka-
yecTBe 00€BOM TeXHUKHU OHU BIEePBHIE IIPUMEHe-
HBI BO BpeMs aMepPHUKAaHCKOM IpaXJTaHCKOM BOM-
HEI B XIX Bexe.

B panpHe#meM KOHCTPYKIHMM IIOABOAHBIX
JIOAOK IIpPeTepIeJu MHOro uaMeHeHuit. Jlyumue
NOCTHIXKEHHUS HAYKH M TeXHUKHU OBLIM HCIIOJb-
30BaHBI JUISI UX YCOBEPIIEHCTBOBAHUS, BILIOTH
IO YCTAHOBKM HA HUX aTOMHBIX Asurareneii. K
COMKAJIEHHIO, 3TO OJHO M3 CaAMBIX APKUX U300pe-
TEeHHUM YeJIOBEKa 0 CHUX IIOp NIPUMEHAETCS B OC-
HOBHOM BOEHHBIMH.

Y9TO BBITAJIKHUBAET
HAC U3 BOJbI?

Jlogku u KopalbJiu JIIOAM HAYYUJINCh CTPOUTH
ele B ipeBHelinIe BpeMeHa. Bonpockl, CBsA3aH-
HbIe C MOpeIlJIaBaHWEeM, BOJHOBAJIM UX Bce 00JIb-
e u OoJyinlle, OCOOGHHO KOrja pedyb 3axoauja
0 JaJIbHUX IyTellecTBUsxX. HeyauBuTeabHO, UTO
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Apxumen (ox. 287—212 po
H.3.) — ApeBHerpeueckui yue-
HbIf. 3aHUMAJIC MATEMAaTH-
Koif, MexaHMKOM, PU3HKOH U
acTporoMHEeit, PaszpaGoras Ha-
Y4YHbI€ OCHOBLI CTATHKH, BhI-
BeJI 3aKOHBLI phIYara. SajJ0oKHJI
¢yHAaMEeHT THAPOCTATHKH,
€My NIPUHAJJIEXKHT ee OCHOB-
HON 3aKOH (3aKOH ApXHMefa).
Hccaeposasn ycjioBHS ILIABa-
HHSA Ten. Usobpes MalmmHL
AJIS1 OPOINIEHHSA IOoJIeH, HCIIOJIb-
30BaJ BUHT, phivyar # GJIok
AJisl oA'beMa GOJILITHX I'PY30B
M B BOEHHHLIX METATEJbHHIX Ma-

M JpeBHUE TIPEeKH YAeJsJ i MHOrO BHUMAHUA
npobyieMaM IJIaBaHUS TeJl.

BeiscHuTh, UTO K€ MMEHHO BJIMAET HA IIO-
IPyXe€HHOE B JKHIKOCTH TEJIO, YAAJIOCHh 3HAMe-
HUTOMY Apxumenxy. YUToObl TOHATb, B UYeM
CMBICJI €r0 M3BECTHOI'0 3aKOHA, IIPOBEAUTE He:-
CIOXHBIA onbIT. OmyCTHTE B Ta3MK C BOAOH MK
BaHHY UTO YTrOAHO, XOTA GBI COGCTBEHHYIO PYKY.
Bo-niepBBIX, BBl 3aMETHTE, YTO OHA CJIOBHO CTAJIA
Jerde. Bo-BTOpHIX, 0O0OHApY!KHTE, YTO BOJA B
BaHHEe WM Ta3WKe IIOAHAJNACh, BHITECHUJIACH.
Bor Apxumen u chopmysMpoBas IO 3TUM Ha-
OJII0ZIeHUAM CBOI 3aKOH: HA BCSKOe TeJIO, IO-
IrPY’KeHHOe B JKUAKOCTB (M B rase — TO XKe ca-
MoOe), KeHCTByeT BRITAJKHUBAIONAs CUJIA, PAaBHAA
BeCy BHITECHEHHOH MM JKHUIKOCTH.

Kcratn, cpady M0XHO pasodpaThbCs ¢ JII00O-
NBITHBIM BolpocoM: OyzeTr Jin paboTaTh 9TOT 3a-

90



KOH B HeBecomocTu? Pasymeercs, BO BpeMeHa
ApxuMena Takoil BOIIPOC BPAXN JIX MOI' IPUATH
KOMY-HUOYZb B royioBy. CerogHsi sxe Mbl Ha HETO
JIeETKO oTBeTUM. Pa3 HeT Beca, TO XU BHITAJIKUBATH
MIOTPYKEHHOe TeJIo OyzeT HeueMmy.

A BOT AJia 3eMHBIX HYMXKJ IIPUMEHEHHE 9TOr0
«0e3 ycranm» JeHCTBYIOIIEro 3aKOHA KpaiiHe
BaXXHO. C ero momombpio0 IIPOBOSATCA PacyeThl
IUIsT BCEX MIOABOAHBIX M HAJBOAHBIX CYZOB.

O0'BbACHUTH ero fielicTBUE MOYKHO, 3Had, UTO
IaBJIeHWE >KUAKOCTH pacTeT ¢ raybunoit. Torga
MOHATHO, YTO HA JHUIE, CKAXKEM, IIOJHOCTHIO
MOTrPY>KEeHHOM! B BOAY NONJIOAKH AeHCTBYyeT 00JIb-
miee AaBJI€HHWE, YEM HA BEPXHIOI YacTh ee KOp-
nyca. PasHOCTh 9TUX JaBJIEHHH U CO3XAEeT Ha-
MIPaBJIEHHYIO BBEPX BHITAJKUBAOMYyI0 cuiay. Or-
TOT0-TO U BO3HMKAET 3G GeKT NPpUIHNAHUA, KOT-
Jla JIOZKa CafUTCA Ha MJKUCTOe AHO. JlaBieHue
BOIBI CBEPXY €CThb, a CHU3Y — HeT. Jlogka mpu-
JKaTa KO AHY U eil 0e3 celMaJbHLIX YCHJIUIM He
BCILJIBITD.

IIOYEMY B MOPE
IIJTABATD JIETYE?

3aMeuasy JIM Bbl Ha PEYHBIX M MOPCKHUX Cy-
llax KpacHYI0 rOpHU30OHTAJBHYIO JuHUI0? Hasep-
HOe, BBl Jla)Ke BCIIOMHHTE, KaK OHA Ha3bLIBaeT-
¢A — BaTepJauHUdA. [[J1a yero ee INpoOBOAAT?

Ecan cyano morpyskeHo B BOAY TaK, 4YTO
BaTepJIMHUSA XOPOLIO BHUAHA, TO 9TO 3HAUMUT,
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YTO €ro MOXKHO ellje ZOrpy3uTh. A ecJid Boza
MmojomJia K 9TOM JUHUU HJIU INpEeBLICHIIA ee,
TO 3TO yXXe OIIaCHO — CyZHO neperpyxeHo. To
€CTh BBITAJKMBAKOUIEH CHJBI BOALI BOT-BOT HeE
XBaTUT, YTOOBI YPABHOBECUTH CYAHO BMeCTe C
rpy3om.

A BOT Kako#l mHTepecHBIN (PaxkT HabJIIOZAIOT
Te, KTO ILIBIBET Ha Kopaljie ¥ IlepexoxuT Ha
HeM u3 peKu B Mope. Buepa eme, miawsiBA 1O
peke, MOXXHO OBLJIO BHIETh, KaK BaTePJIUMHUSA
MOYTH KacaJlaCh ITOBEPXHOCTH BOJABI. A yTPOM,
IIpU BBIXOJZl€ M3 PEKU B OTKPHITOE MOpPE, BBHIAC-
HUJIOCH, YTO PACCTOSIHVE OT BATEPJUHHUH O BO-

OBl 3aMETHO YBEJINYUJIOCH.
Yro xe cayumsochk? Heyxxemu ¢ kKopabisa
y10-TO BbIOpOCHMIN? My, mMoiKeT OBITH, HOUBLIO
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¢ Hero COILIJIU Bce ITaccakupsl ¢ 6araxxom? Bosce
HeT, BeCc Kopabuisi ocTajicsi HeM3MeHHBIM. 3Ha-
YUT, U YPABHOBEIIMBAKIIASA €ro BLITAJIKHBAIO-
maa cuJjia TakXKe He nepeMeHuiach. Hy, Tak B
yeM ke neso?

IToxkanyii, BbI IOHAJM, YTO BCA «COJIb» 3TO-
ro BOIIpOCa — B MOPCKOM Boge. I3BecTHO, 4YTO
€é IJOTHOCTHh ITPEBLINIAET IJIOTHOCTHL PEYHOM
BOZBI 32 CUET PACTBOPEHHOI B Hed coyu. A B
6oJiee MJIOTHON KHUAKOCTH TEJIO IIOTPYKAeTCH
MeHBIIIE.

BbI MoXKeTe ya0CTOBEPUTHCS B 3TOM, IPOBEA
JAOMa OMBIT C JEeTCKUM Kopabiukom, IjaBalo-
MM B KacTpIOJie C BOAOM, TOJBKO He JKaJjeiTe
coJii. A eclM IPUXOAUJIOCHL B TEeUEHHE OLHUX
KaHUKYJI IIOILJIaBaTh M B peKe, ¥ B MOpe, TO BaM
IOKa3aTeJbCTBA He HYMKHBEI,

OTYEI'O OITPOKHUABIBAIOTCA
KOPABJIN?

BriBaer, uTo mpu nepexoxme JOAEH B JOAKe
C MecTa Ha MeCTO OHA pacKauaercs, YepraHeT
BOJLI, a IMTOPOM MOYKET U TEePEeBEepPHYTLCs. BoJb-
muM Kopabiam, Kasanoch Obl, TAKOE He I'PO3HUT.
Hy, urTo ocobeHHOro, ecjau mo HUM HAYHYT XO-
AUTh Wau OeraTh XOTb BCEe ITaCCAXKUPHI BMeECTe
¢ KoMaHmou?

JeiicTBUTEIILHO, MACCUBHOMY CYAHY IIPAKTH-
YeCKH He3aMeTHO, UTO II0 HeMY ITepeMeIaloTCA
JIOAU, BeC KOTOPBIX HAMHOro Meubmre. OxgHako,
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Anexceit Hukonaeenyu
Kpninos (1863—1945) —
poccuiickuil KopaGecTpou-
Tesb, MEXaHUK M MaTeMa-
THK. CO31aJ1 TEOPHIO KAUKH
KopalJisi, TEOPHIO HEIOTOI-
JISIEMOCTH CY/HA, BBeJ MHO-
SKECTBO HOBILIECTB B KOHCT-
PYKLHIO KopabJeit. 3aHu-
MaJicsl IPOEKTHPOBAHHUEM CY-
JIOBLIX KOMIIaCOB ¥ apTHJLIE-
puitckux npu6Gopos. IIpu
ero yyacTud GLLJIM mocTpoe-
HiuI IepBhle PyCCKHUe JIMHKO-
PBl — KpYIHbIe BOEHHbIE KO-

€CJIM Pa3roBOp IIOHJET O IEepeBO3UMBIX CyAaMU
rpysax, TO CUTyalus pe3KO MEHseTCH.

ITogymaiiTe, Kakoii kKopabyib Oojiee ycTOI-
yuB? ToT, y KOTOpPOro ImoOKJia)ka OIlyIleHa B
Tpiom? Wnu ToT, nanyba KOTOpOro 3acraBiieHa,
HaIlpuMep, TAMKEJLIMU KOHTeliHepaMu? A TpioM
IyCT WJIM 3aIl0JIHeH 4YeM-TO JIETKMM BpOXAE TIy-
MaHUTAPHOM ITOMOINY M3 MyXOoBBIX KypToK? He-
JOJITO PasMBIILIsASA, Bbl OTAALUTE IIPEAIIOYTEHHE
nepBoMy KopabJiio. [laske ecsu rpy3sl y BTOPOTo
HaJIe’KHO 3aKpelJeHbl ¥ CaMH He PAaCKauMBaiOT
CYAHO, IepeABHUrasAch IO najgybe, TO Hake He-
OoJibIIOe BOJIHEHHE CIocoOHO OymeT Tak packa-
YaTh KOpadjb, YTO HEMUHYEMO OIIDOKHHET €ro.
ITosToMy onbITHBIE KAIMTAHBI BCETZa CTPEMATCA
IIPH IOrpy3Ke B IOPTY CaMyIO TSXKeEJIYIO IOKJa-
Ky DPa3MECTHUTh KaK MOXKHO HUXKE.

IIpo6ysieMa yCTOHYMBOCTH ILJIABAIOIIUX TeJ
nopoAamJa IeJiblii pasznes Hayku. Deiium paspa-
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60TaHLI, CKaXKeM, TaKue CIIOCOOBI CIIACEHUs KO-
padns, KaK pasjesieHue ero Kopiyca Ha OTCeKH.
Ecnu xopabnp nmosyuusa npoOGouHy, TO Boja 3a-
MOJIHWJIA JINIIb ONUH, TYT e IepeKpPHIBaeMBIH
OTCeK. A JIJisA BBHIIPABJIEHUs KPEHA B IIPOTHUBO-
MOJIOYKHBINA OTCEK yiKe CIIeIMaJIbHO 3aKauYuBaIOT
BOAY.

ITonabuomaiiTe, mycTh fake B BaHHE, 3a yC-
TOMYHUBOCTHIO JETCKOrO JEPEeBAHHOrO MJH ILJIa-
ctMaccoBoro kKopabauka. IlompobyiiTe MeHATH
ee, IPUKPEIIASA K JHUINY KYCOUKH ILJIAaCTHJIU-
Ha. TosbKO He mepecrapaiTech, a TO IIEperpy-
JKEeHHBIN «KOopabisb» IMOMIeT KO IHY.

KAKHE BbIBAIOT KOPABJIN?

Kakux Tonpko KopabJyieit He IMOCTPOMJI YeJIO-
Bek! Ho ecsiu Bac cnpocuTh, UTO 0OJIbIIIE BCETrO
M3 HUX 3allOMHMJIOCH, BHI, IOXKAJIYyiH, Ha3oBeTe
JIEOKOJI MJIM aBHAHOCEII.

JIeOKOJIBI IIPOCJIAaBUIMCH CBOMMM IIOABHUIra-
MU B IOJAPHBIX JbAaxXx. OcofeHHO BaXKHA OBljia
HMX MOCTPOMKA IJIA Hamei cTpaHbl. JIIogu JaBHO
Me4YTaJIX OCBOUTH MODCKON IIyTh, ITPOXONAMINIA
BAOJb nobepexknbsi CeBepHOro JlemoBuToro oxea-
Ha. OgHaKO MOIIHBIE JIbABI OOJBIIYIO YACTh IoJa
He IyCKaJu Tyha oObIuHble Kopabiu. CKOJIbKO
M3 3acTpeBaJio U Aaxke rubJio Bo gpaax! U gums
C IOABJIEHMEM TaKWUX CHEIMUAJBbHBIX, 0C000
IIPOYHBIX CYZAOB, KaK JIEIOKOJbLI, OBLJI IMPOTOpPEH
CeBepHEBIT MOpCKO# nyTh. Biaromaps emy Ha-
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BHranua B IMOJAPHBIX HIINPOTAX 3HAYHUTEJIBHO

MIPOJJIAIACE.

Kaxk pa6oraer jienokon? ToHKui nen oH OyK-
BaJIbHO PEXKEeT YKPEILJIEHHONH OOIIMBKOI HOCOBOM
yacTu. Eciu e Jieq ycies1 HapacTH 10 00JIbIIoMi
TOJILIUHBI, TO JIENOKOJI «B30WpaeTcsi» HA HEro u
pyliuT cBoei Tsxecthio. Ilo oOpaszoBaBmemycs
3a JIeJOKOJIOM CBOOOJHOMY OTO JIbJia ITPOCTPAH-
CTBY ABMIKYTCS, KaK I10 IOPOre, KapaBaHbI I'Py-
30BBIX HWJIY ITacCaKUpPCKux cynoB. O moigu co-
BPEMEHHBIX JIEJOKOJIOB MOXKXHO CYJUTH 110 TAKO-
My npumepy. B 1977 rony aTOMHBIN JI€ZOKOJI
«ApKTHKa», B3JIOMaB TOJICTEHHBIE JIbALI, BIIEDP-
Bble B MCTOPUK MopeIiaBaHusa nocTur CeBepHO-
ro IoJoca.

ABuaHocel] — KpyIHEHIIXN HAABOLHEIM KO-
pabiub, HamoMuHAKOLMK Leabli ropox. Ieiicrt-
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BUTEJIBHO, BeJb 9TO ILIaBaomuil aspoapom. Ko-
HEYHO, OH CUJIBHO OTJIMYAETCA OT 3eMHBIX ad9pOox-
pOMOB, HalpUMeDp, TeM, UTO y B3JIETAIOIIUX U
caZAlIMXCA CaMOJIETOB JIOJKHA OLITH BecbMa KO-
poTKaa moJioca IJia pas3bera M TOPMOXKEHUA.
Yr00BI IIEepeBO3UTH OKOJIO COTHH 0OEBBIX CaMO-
JIETOB, UX PasMeNlaloT B TPIOME, OIIYCKas U IOx-
HUMAas Ha naayo0y cruenuaabHbIMu JqudTamu. Ce-
roaus 0e3 aBHaHOCIEB He MOXKeT OOOMTHUCH HH
opHa 6oeBas (uroTmiaus.

KAK JEVCTBYIOT HILJIIO3bI?

Eciu y Bac n[omMa eCTh B€ CTEKJAHHBIE MM
MpO3pavyHbIe IJIACTMACCOBHIE TPYOOUKH Ja IIOJX-
XOAsAINas pe3uHOoBasi TPyOKa, BbI MOXKeTe che-
JIaTh UHTEPECHEIN sKcIepuMeHT. BeTaBeTe B pe-
3UHOBYIO TPYOKY JBe CTEeKJsIHHBLIE ¢ 00euX CTO-
POH ¥ COTHHUTE Ballly KOHCTPYKIIHMIO B Bue OyK-
Bel U. HaJeiiTe B Tpy6ouku Bogsl. Kak 6bI BaM
Telnepb HHU IIPUINJIOCH IIOAHUMATH M OIIYCKaThb
TpyOOUYKHM, BOZA B HUX BCErja OCTAHETCA HA OJ-
HOM ypoBHe. Takue TpyOOYKM HA3BIBAIOT €O00-
LIAIOIMMHACA COCYTaMM.

CKOJIBKO TOJOOHBIX HAOJJIOAEeHUNH MBI MOT-
au Ovl cxesaTh BOKpPyr cebsa!l Bor, Hanpumep,
y30eKCKHil KpeCThAHUH ITPOKJIANBIBAET MOTHI-
roii myth Bose n3 apuika. OH JIOBKO BO3BOLHUT
M pa3pymiaeT 3eMJIsSHbIe IIeperopogku, Ha-
IpaBJaAA BOAY TO B ONHY BBIEMKY, TO B JpY-
ryio. U Bcakuit pa3 Boma OymeT Teub IO TeX
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Iop, MOKA ee IIOBEPXHOCTH B COCEAHUX BHIEM-
KaX He BBIPOBHSAIOTCH.

OTnUYHBIM NpUMeEp COOOIIAIIIUXCA COCY-
OB — HLII03bl. KciM BaM mpUXOAUIIOCH ILJIA-
BaTh Ha PEYHOM KopabJje 11o 60JIbIINM peKaM —
Boare, lony, [uenpy, — TO BbI, KOHEYHO, C
WHTEepecoM Bhiberaysu Ha nany0y, Korga KxopabJb
3aXOAMJI B NLJIIO3. 3AaKPBLIBAIOTCSA OrPOMHBIE BO-
pora. IIpu mogbeMe MOII{HBIE HACOCHI 3aKaYUBa-
IOT B LIJIIO30BYIO KamMepy BOJAY, IIOKA €e YPOBEHb
He COBIIQJIeT C YPOBHEM BojgoxpaHmauia. Hazxo
OIIYCTUTHCS — BOAY cOpPAcHIBAIOT B HUIKHEE Te-
YyeHUe PeKH, ¥ KopabJb IIJIAaBHO CHHYKAETCS BMe-
cTe ¢ Heil. Bopora oTKpbLIMCH, BOJA HA OLHOM
ypoBHEe — BHepen!

OueHb UACTO NMPHUHIUII COODIAIOIMUXCS CO-
CYZIOB MCIOJBL3YIOT B hoHTaHax. Eciu 6ak ¢ Bo-
IOM HAaXOAUTCS BBIIIE OTBEPCTUSA IMPUCOEIUHEH-
HOTO K HEMy IIJaHra WJd TPyORl, TO BOAA H3
oTBepcTusa Oyaer 6uTh BBepx. I TeM cUJbLHee,
yeM OoJibIlle Pa3HOCTH YPOBHEH BOALI B Oake u
y orBepctusi. IlorrpobyiiTe caMu caeJIaTh IIOXO-
OHBIN (pOHTaH.

TIIE HAZIO BO3BOJIUTD IIJIOTHHEI?

Kyna tekyr pexu? Koneuno, B o3epa, MO-
pd, oxkeanbl. HO MOXHO OTBETHTH IIO-APYro-
MYy — OHH TEeKYT TyZa, I'Zle Hu)Ke YPOBEeHb II0-
BEPXHOCTH 3eMJIM. 3HAUHUT, €CJH MBI XOTHM
HaKOMHTL BOALI, CO3JaTh BOZOXPaHMAMIIE, TO
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HYXHO PEKY IeperopoguThb. ITUM JIOAU 3aHHU-
MaJIuCh H3JApeBJe, CTPOos pAamMObl, HACHINH,
maotuHbel. Co BpeMeHeM BO3HHUKJIA LieJlad Ha-
YKa, 3aHUMAIOIIAsCA IHIPOEKTHPOBAHHEM U
pacueTaMu T'HAPOCOOPYIKEHHH.

OT camoii ApeBHEH IIJIOTHUHBI, BO3BEAECHHOM
B Erunte npumepno 4500 Jser Hasaxm, Jo co-
BPEMEHHBIX IIUKJIONMUYECKUX IIJIOTHH, IIepe-
KPBIBIIMX caMble KPYINHbLIE pEKH MHpa, — Or-
poMHas auctaHuuA. IIpocTo 3eMJIsTHONH Bajl —
¥ THTaHTCKas Keje300eTOHHAA IepeMbluKa. B
HBIHEIIHUX HJIOTHHAX IPEeAYCMOTPEHHI 3JIeKT-
POCTaHI{HH, BOJOCJIMBHbIE TYHHEJIH, peryJu-
pyollfue YpOBEHBb BOALI, 4 TAK)Ke NIIIO3BI JJISA
CYZOXOACTBA.

He Bcerpa mecrta AJs IOCTPOMKM ILJIOTHH
BeIOMpanucek ynauHo. Ha paBHMHHBIX peKax
NPUXOAUJIOCH 3aTAaNJUBATh BOJXOH OrPOMHEIE
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IJIOIIAM IIJIOJOPOAHBIX YrOAMii, 3aJIMBAThH Jie-
ca U Ja)ke MEePeHOCUTH ceJia M ropoxa. Hamuo-
ro BBIFOJHEE CTPOUTH IJIOTHHBI AJIsA TUAPO-
CTAaHIMI Ha BBICOKOTOPHBIX pekax. Ha HuX
yAaeTcsa NOJYYUTH OOJBLIOH HANOpP BOABI AJISA
BpanieHus TypOMH, a 3ajuBaeMble ILJIOINa-
IM — HAMHOIO MeHbIIe,

IIpaBna, orpoMHbBIe MacChl CKOIMBIIEHCA B
yIIeJbAX BOALI 'PO3AT BO3AEHCTBOBATh HA IPOU-
HOCThb IM'OPHBIX ITopoA. Bce atu mpo6JieMsl Jium-
HUIl pa3 CBHUIETEJLCTBYIOT O TOM, HACKOJBLKO
BaXKHO 3apaHee BC€ TOYHO PACCUMTATh. UTOOBI
npexyrajaTth, Kakue MOTYT OBITH IIOCJIE€ACTBUA
TaKUX IOCTPOEK, YUeHbIe 1 MHIKEHEePHI U3rOTOB-
JIAIOT MOZEJIX YUACTKOB PEK ¥ Ha HUX ITPOBOJAT
9KCIIEPUMEHTBHI.

B mocnexHue necATHUJIETHS IIOABHJINCH TaK
HasbIBaeMble IIPUJIWBHBIEe ruapocTanmuu. Jnsa
UX paboThl IIeperopakWBalOT ILJIOTHHON y3Kue
3ayiuBel Ha Oepery oxeana. Bo Bpems mpuamnsa
4 OTJIMBA BOZA, IIPOXOAsA dUepe3 IJIOTHHY, 3a-
CTaBJIAET BpalaTbCcAd TYPOUHBI, IIPOM3BOASAIINAE
9JIEKTPOSHEPTHIO.

KAK IBUTATHCH
B BOJIE BBICTPEE?

OTKpoiiTe BOAONPOBOAHBIN KpaH, HAIIpUMeD,
B Bame# BaHHOI. Ecyii Bo#a BBEITEKaeT U3 HEro
TOHEHBKON CTpYHKOH, TO TeueHHe ee O4YEeHb
IJIaBHOe. A BOT YCHUJIUB HAIIOp BOALI, BBl YBH-
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HNasnuna Bepryman (1700—
1782) — wiBeiinapckuit MaTe-
MaTHK ¥ ¢usuk. OcHOBHAS pa-
6ota nmo ¢pusuxke — «I'uaposu-
HAMHKas, B KOTOPOH H3JI0MKe-
Hbl OCHOBbI MEXaHHKH KHAKO-
cTd. B Hell oH dpopmysiupyer
3aKOH JBHXKEHHSI KUJAKOCTH,

0 CHX [Op MMEIOLHH BaskHOe
NpakTHYECKoe IpUMeHEeHHe.
3aHHMaJICA HCCJIEeJOBAHHSIMYU
TEIUIOBLIX, JIEKTPUUECKUX H
MArHHUTHLIX SBJIEHUH.

IuTe, 4YTO OHA cTajla OypJyuTh, IIePEKPYyYUBATh-
cda, B obmeM, BecTH cebs1 «HEOPTraHM30BAHHO».
OxasbIBaeTcs, HAEeHCTBUTEJFHO BO3MOXKHEI [Ba
THUIIA TEYEHUA XKUAKOCTH. B ofHOM ciiyyae, KOr-
Ja CKOPOCTh MaJia, CTPYHKHU KUAKOCTH BBITATHU-
BAIOTCSA B OUEHb IJIaBHBIE, cjiabouarubaronquecs
JuHuU. B Jpyrom, ecsu CKOPOCTb KHAKOCTHU
CTaHOBUTCs OOJibllle, OHA HAYWHAET 3aBUXPSAThb-
¢, KPYKUTHCHA, CJIOBHO €Ille U IepeMelInuBaThb-
cA.

BrisicHEMIIOCH, UTO 9TH ABa Pa3HBIX TEYEHUS
JKUAKOCTHM OYeHb CHJIBHO BJIMSIOT IIPH pacdeTax
(opMel mBHKymuUXCcsa B Heil Tes. Corjacurecs,
YTO BPAJ JIM BBITOJHO CTPOUTH TYIIOPHLILIE KO-
pa6siu. HaoGopor, uM cTpeMATCA MPUAAThL 00Te-
Kaemyio ¢opmy. OT 3TOro 3aBHCHUT CKOPOCTH
ABM)KeHUs cynHa. HaubGoJsiee BHITOZHBIE KOHTY-
PBl HaNOMWHAIOT BBITAHYTYI0 KAaILIO, TOrga
MeHbIle 3aBUXPeHUH, cyabee CONPOTHBJIEHHE.
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OOpaTuTe BHUMaHUe Ha PHI0O M BOJOIIIABAIOIMX
JKHUBOTHBIX U CPABHUTE UX C (OPMOI MOABOAHOM
JIOOKH.

KoHCTpYKTOPBI JaBHO 3aAyMBIBAJIUCh HAJ
TeM, 4TOObl BOOOIe BBLIHECTH OOJIBIIYIO YacCTh
CyAHA B MeHee IUJIOTHYIO CpeAy — B BO3AYX.
Torpa ¥ CONPOTHUBJIEHHE IBUIKEHHIO CTAJIO OBI
menbme. Tak poauack mzes xopabns Ha 104-
BOAHBIX KPBUIbAX. OTO — 3aMeyaTeJbHAsA Ma-
muHa., YacTUYHO OHA ITOrPy)KeHa B BOAY, a BCA
nepeaHsass 4acThb KOPIyca BO BpeMsA ILJIaBAHUA
BBICOBBIBaeTCcs Hapysky. JIunip rpebGHOM BUHT U
KPBLIBA IIOJ BOZOM, a 00BEBaeMoe BETePKOM «TY-
JIOBHINE» — HAJ BOJHOM IJIaAbIO.

IO/ IIAPYCOM ¥ HA JOCKE

Bospmue nmapycHble Kopabyiu Tenepb, MOXKa-
JIyi1, MOXXHO YBUJETb Pa3Be YTO B HCTOPUUECKUX
dunsmax. Kakoe GoraToe y HuX «omepeHue»! B
ONHUX HA3BAaHUAX ITAPYCOB JIETKO 3aIyTaThCS.
A BOT AXT ¥ ceiluac JOBOJBHO MHOTO, M €CJIH
Ja'ke Bbl Ha HUX He KaTaJIuCh, TO HABEPHIKA
HaOonany 3a HUMHU. IlapycHoe ocHaIeHHe Ha
AxTe He Takoe Oosbmioe. Pasobpatbca ¢ Tem,
KaK «JIOBAT» SAXTCMEHBLI BeTep, B OOIMIEM-TO He-
ca0xXHo. Ho caMUM «NOPYJIUTh» HA SAXTe, OKa-
3bIBaeTCA, HE TaK JIETKO.

CkaxeM, HAM HY)XHO IIPOBECTH AXTY HA APY-
rox Oeper pexm, a Ayer BCTpeuHbli Berep. TyT
yKe HeoOXORUM OMBITHBIN pyJieBoii. Pacronaras
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KOPITYC SXThI IO YIJIOM K HYKHOMY HaM Kypcy,
1mapyc pa3BOpAuYMBAIOT IIOA JAPYTHMM YIJIOM K
Kopnycy. Biarogapakuiaio, Kak Obl onuparomnie-
Mycs Ha BOAY, AXTY He CHocUT o Berpy. OHa,
XOTh M MEAJIEHHO, ABHIKETCs BOOK ... M BIEpe..
3areM pyJib M Napyc IepeKJIaZbIBalOT TaK, UTO
MaHeBp COBeplIaeTcs B APYrylo CTOpPOHY. B pe-
3yJbTaTe, IyCTh 3UT3aroM, AXTa JOOUpaeTcsa KO
HYKHOI'0O MecTa IIPOTHB BeTpa.

OmyTUTh BCe IpeJieCTH IJIaBaHWS IIOA Ia-
pycoM MOKHO Ha OoJiee IIDOCTOM YCTPOMCT-
Be — BHHJcepdepe. ITO crenuaJbHasa JOCKA,
OCHAIleHHAas IIapycOM, KOTOPBLIM YIIPaBJIAIOT
pyxamu u TesoMm. IloxcraBiasa mapyc Iop Be-
Tep, Harubas ero cBoeil TAXKECThIO, JIIOAU MO-
IyT BBIAEJBIBATH yAUBUTEJNbHBIE (QUIYpPHI HA
MOBEPXHOCTH BOJLOEMA.
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B ofoux cayuasix, Ha sIXTe M Ha BHHIcCepde-
pe, — «aBurareseM» OblI BeTep. A BOT BOXHO-
JBDKHUK MCHOJIB3YyeT TATY Karepa. Termepb OH
He 3aBHCHUT OT BETPA M MOXKET COBEpIIATHL Ma-
HEeBPHI B CaMbIX pa3HbIX HampaBJieHUaAX. [le-
P°KHUT €ro Ha BOJe MOAbEMHasA CHJa, ITOofoOHaA
TOM, YTO BBLITAJKUBAET BO BpeMs ABUYKEHUS
BBEPX CYAHO Ha MOABOAHBIX KPbLIbAX. Ho cTouT
BBIIIYCTHUTH U3 PYK TATOBHIM TPOC, KAK TYT XKe
CONPOTHBJICHHE BOABI «ChelaeT» CKOPOCTh H
JBIXKHUK YXOOUT B BOZAY.

3axBaTpIBalOllee 3pesuille — KaTaHUe Ha
cepdepe. ITO yKe JIUIIb OfHA JocKa. IloAroHATH
ee MOT'YT TOJIbKO BOJIHBI, a yrpasJjisgeT OajlaHcH-
pylomuii Ha Heil 4ejoBek. Hayuurncsa BepHO
PacCUNTHIBATH CBOU JBUXKEHUS, YTOOBI ¥ IIPOCTO
CKOJIB3HUTD 110 IIOBEPXHOCTH, U TeM Oojiee MUaTh-
ca mox rpebHem HalOeraroleir Ha Oeper BOJIHEI,
BecbMa HeJierko. OBJIafieTh 3TUM HCKYCCTBOM,
KaK M B JPYrUX BUJAX CIIOPTA, MHOI'MM IIOMO-
raeT 3HaHWE 3aKOHOB MEXaHHKH.

IIOYEMY JKHUAKOCTDb TEYET?

HeicTBUTEILHO, MOYeMY KaMHU, JAepeBsAMI-
KU, ¥KeJe3sgKU He MEHAIT cBoell ¢opMsl (ecsu,
KOHEYHO, 10 HUM ueM-HUOyab He CTYKHYTh)? A
J00bIe JKMAKOCTH IIOTOMY TaK M Ha3bIBAIOTCH,
YTO OHM XKHUJKHE, TO €CTh MOT'YT Teub.

Buaumo, OHM Kak-TO II0-pa3HOMY YCTPOEHBI
BHYTpPU. MoxkeT 6bITH, YaCTHUUKM, M3 KOTOPBIX
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«CHeJIaHBI» TBepAble TeJjia, Kpemnue Aepskarcs
Ipyr 3a apyra? A BOT B dKHUAKOCTAX — «HE JIpPY-
skat». Y BipaBny, nonpobyem criepsa caTh Ka-
MEeHb MJIU «OPBISTAJIKY» C BOZOM, TOJBKO 3a)KaB
ee oTBepcTHe. U B TOM, M B APyroM cjaydae Halu
MCIILITYEMBbIE TeJIa OUYeHb CHJIBHO COIIPOTHUBJIA-
I0TCA CXKaTHI0. A BOT «pa3opBaThb» KaMeHb Ha-
MHOIr'oO TPpyJHee, UeM pas3feJIUTh HA YaCTH YKUJ-
KocThb. Tak, HaBepHOe, X MOJIy4aeTcd, UTO B
KHUIKOCTAX YACTUUYKM JIEKO CMeImarTca Apyr
OTHOCHUTEJBHO Jpyra, mo3ToMy-TO OHH M TEKYyT,
epeJIUBAIOTCA, Pa3dUBAIOTCA HA KaIlJH.

K npumepy, Bo BpeMsi NBHUXKEHHS TeJia B
BOZle cCaMbIii OJM3KUN K HeMy BOJAAHOMN CJIOH
Kak Obl mpusunaet. Ciaenyomui cjaoii CJIOBHO
CKOJIB3UT IO IIEPBOMY, TPETUH — II0 BTOPOMY
1 Tak gajuee. To ecTh CJIOU KHUIAKOCTH TEKYT
ADPYr OTHOCHUTEJILHO
apyra. Takoe aBie-
HHEe MOXXHO HaO0JIIo-
AaTb, CTOSA y PEKH.
Tne Gosbuie Bcero i 14
ee ckxopoctb? Ko-
HEYHO, Ha cepeau-
He, Ha CTPEeMHUHE.
Bawxe x Geperam u
KO JHY CKOpPOCThH
BOJAbI YMEHBIIIACTCS
M najzaer IpaKTH-
YECKHU IO HYJ4.

A wussectHo iu
BaM, 4YTO CYIECTBY-

(BEPXTERY ECry |

REpcrERYYER,

TTAEHK A ¢
e Aug
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IOT cBepxTeKyume KuaKoctu? Eciu Takyio xuj-
KOCTb HQJIUTh B CTaKaH, TO OHa «IepedepeTcs»
yepe3 ero CTeHKY U crTedeT HapyKy. IIpasna,
Takue «(hOKYyChI» MOXXHO OOHAPYIKHUTH JIMIMIb B
9K30THYECKHUX YCJIOBUAX — IIPH OUYEHb HU3KUX
TeMIlepaTypax, AOCTHIKHMBIX TOJBKO B CIEI[H-
aJbHBIX JJabopaTopusx.

KAK PbIGA B BOJIE,
KARK IITHIOA B BO3JYXE

Kro xuBer u Ha cymie 4 B Boge? Ha cyme —
H B Bo3ayxe? B Boge — u B Bo3xyxe?

Ha nepBbIit BOIPOC MBI MOXX€M OTBETHUTH TOY-
HO: 3eMHOBOZAHEbIe. [{J174 HUX NpUrogHsl obe cpe-
Abl obuTaHms. A BOT Ha JBa APYrux BOIpoca
MBI OTBETHM, UYTh-UyTb CJIYKABUB: 3TO IITHIIHI
M JIeTy4YHe PBIOKM. A JIYKaBUJIXA MbI IIOTOMY, UTO
Ha CaMOM JieJie MOXXHO OBIJIO OBI HA3BaTh U HEJIb-
¢uHOB, M MenBeneit. Bexpb apImar u Te, ¥ Apyrue
BO3AYXOM, Trze ObI HU HAaXOOUJINCH.

KoneuHO, MBI UMeU B BUAY CIIOCOOHOCTH He
CTOJIBKO HOBIMIATh, CKOJILKO HaXOOUTHCA B TOH
WJIM WHOM cpele. A BOT IpPO MallMHBI, NPANY-
MaHHBI€ YEJIOBEKOM, MOYKHO CKasaThb omnpeje-
JeHHee. Hanmpumep, aBTOMOOMIb-ambpuona. On
MOJKET €3IUTh II0 3eMJie U OTHOBPEMEHHO IIJjIa-
BaTh. M1 ruxpocamosieTsl, 119 KOTOPBIX B3JIET-
HO-TIIOCaJIOYHOM ITOJIOCOM CJIY)KUT BOASHAA IIO-
BE€PXHOCTB.
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Taxue KOMOMHUPOBAHHBIE MAIIUHBI BO MHO-
X CcJydadX O4YeHb yAOOHBI. A BOT MOXKHO JIH
cleyiaTb. aBTOMOOUJIb-CAMOJIET, KOTOPHIA IIOKa-
3BIBAIOT B GaHTacTHuYecKuX puabmax? XoTeaoch
OBl CKa3aTh «Jia», BCIIOMHUB a3pOCaHU, CKOJIb-
3dAmue II0 CHery IoJ JeMCTBHEM Ipomneiepa.
Ho, yBHI, KaKk HU cTapaiics, a MOAHATH B BO3AYX
aspocaHu He BuIMeT. [la ¥ HY)KHO JIU HaM, Ye-
CTHO TroBOps, IOXOOHOe CpPeAcTBO IiepeMele-
Hua? Ecou Bel cuMTaeTe, 4YTO TAKOM «aBTOJIET»
Heo0XoxuM, TO TOrjza Mbl IPEAJIOMKHMM BaM IIO-
Pa3MBIMIJIATH €Ile ¥ HaJl KOHCTPYKIMEH «CcaMo-
JieTa-IoABOAHOM JIOAKU» .
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IABHT JIM BO3AYX
HA 3EMJIIO?

Omymaete Ji Bbl BO3AYyX BOKpPYT cebs? Eciom
MBI He INeBeJHMMCH, TO IPAKTUUECKM €ro He UyB-
crByeM. Jladke Halle AbIXaHME HACTOJIBKO HaAM
IIPUBBLIYHO, YTO MBI HE 3aMeUaeM, KaK BTATMBAEM
¥ BBITAJIKMBAEM JIErKMMHK BO3AYyX, OyATO HaACOC.

Ho crout HamM xoTA OBl IMOMaxaTb PyKaMH
uIu 1mobexkaTh, Kak cpa3y CONPOTHBJIEHHE BO3-
Iyxa CTAaHOBUTCA ocsasaeMbIM. Korga ke, K rmpu-
Mepy, Mbl MUMMCS B aBTOMOOUJIE€ C OTKPBITHIMHU
OKHaMH, TO ObIOIIMII B JIUIIO0 BETEp HAIIOMUHAET
MPYXUHAIIYIO CTPYIO KUTKOCTH.

3HayuT, BO3AYX 00JaZlaeT YHNPYrocrThlo,
IJIOTHOCTBIO M, BRIXOJUT, MOXKET CO3/IaBaTh AaB-
Jaenue. Ho Torma u noxkosaiuiica Bo3ayx OKasbl-
BaeT JaBJeHHNE HA BCE «IIOI'PY’XKE€HHEIe» B HEro
IpeaMeThl, a TaKKe
JaBHT Ha MMOBEPXHOCTH
3emau. 9Ta, KasajgoCh
ObI, SICHAsA MBICJb HOJI- "‘7"“‘"
roe BpeMs He IIPHUXO-

IuJIa B TOJIOBY Haxke %

MHOI'MM BBIZAIOIIUMCS 3 \
J —

yuyeHbIM. B cyiecTso- 3 :%

BaHUU aTMochepHOoro ; x

aBJIEHUSA COMHeBAaJICA % N

A v < K

naxxe TIammaeir, xorsa
MMEHHO OH TIePBbIM
IIDUKHUHYJI, KaKoBa
IJIOTHOCTBh BO3AyXa.
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Jsagnxenncra Toppuuenan
(1608-1647) — uTaIbAHCKUIH
(PHU3UK ¥ MaTEeMaTHK, YUYCHHK
Tanunes. ®opmyauposan

CBOHM B3TJISALI TOJLKO HA OCHO-
Be onbITa. OTKPLLI aT™Mocdep-
Hoe naBJjieHue. CKOHCTPYHpO-
BaJl IepBLIA PTYTHHLIM Gapo-
METp, ONpeAeJHJI BLICOTY CTOJI-
6a PTYTH B 3aKpLITLIX TPYO6-
Kax. 3aHuUMaJscs GaJlJIMCTH-
KOM, onmy6/IMKOBAJ NIEPBYIO pa-
GoTy mo ruapoaMHaMuKe, chop-
MYJHPOBAJ 3aKOH BLITEKAHUS
JKH/KOCTH U3 OTBEPCTHSA B CO-
cyne. IIpeBocxofHO Aefas MMK-
pockonbl M HLIHGOBAS JHUHILI
TeJIeCKOIIOB.

JloKa3aTeJbCTBOM pPeaJibHOCTH AABJIEHUA aT-
MocdepHOro Bo3ayxa ObLI ONBIT yueHHUKA [aiu-
Jless — HTaJbsHCKOro yueHoro 9.Toppuuesin.
B sToM ombiTe maBjieHNEe BO3AyXa YPAaBHOBEIIH-
BaJIOCh AABJIEHUEM CTOJOMKA PTYTH B CTEKJISAH-
HOM TpyOKe, 3amasdHHON € BepPXHEro KOHIA M
OIIyI[eHHOM HUYKXHUM B COCYJ C PTYThIO. BricoTa
CTOJIOMKA COCTaBJIAET Ha YPOBHE MOPA IIPUMeED-
Ho 760 mmunumerpoB. Korma BbI ciblmiuTe IO
Paguo CBOAKY IIOTOJbl, MMEHHO B 3THX CIUHH-
IIaX — B MHJUJIMMETpPax PTYTHOrO CTOJI0Aa — BaM
coobujaoT 06 atMochepHOM HaBJIEHHMHM. A IIpH-
Oop, npumenennsii J.Toppuyein, MOXHO OBI-
JI0 OBI McIIONIb30BaTh U cerogusa. Ho 3a mpomen-
mue 350 jeT u306pesd MHOMKECTBO APYTrHUX yC-
TPOMCTB AJIsI UBMEPEHUSA AABJICHUA, XOTS HA3BA-
HUue «DapomMeTp» COXPAHMJOCH C TE€X IOP.
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IToHATHO, YTO YeM BBIIIE MBI IIOJHUMAEMCH,
TeM MeHBIIeH TOJIUHBI OKAMeTCA HaJ HaMH
cJI0i1 aTMOC(epHOro BO3Ayxa — M JaBJeHUE ero
CTaHeT MEHbIIe. OTO CTAHOBUTCA OCOOEHHO 3a-
METHBLIM BBLICOKO B ropax, Ijie Majble JaBJeHHue
¥ IUIOTHOCTH BO3JyXa y>Xe He II03BOJISAIOT IbI-
maTh 6e3 KHCJIOPOAHOI MacKH.

BEJINKO JIN
JABJIEHHUE BO3/1YXA?

Ecou Bo3nyx naBuT, M 9TO JaBJEHHE MOXKHO
M3MEepHUTh, TO TOrJa JIETKO Y3HATh, HACKOJbLKO
OHO BeJIMKO wju MaJjo. Kak BaM mOHpaBHTCH,
HaIpuMep, TOT GaKT, YTO CYMMapHas CHJIa JaB-
JICHHS BO3JyXa HA HAIlle TeJIO CpaBHHMA C AaB-

110



Otro ¢on I'epuxe (1602—
1686) — HeMenkHit PHUIHK,
6ypromuctp MarpeGypra. M3o-
6pes1 BO3AYIIHLIA Hacoc H C
€ro MoMolbI0 OCYIIEeCTBHI
ONbITHI, ICMOHCTPHPYIOIIHE
naBJieHMe Boaayxa. Onpeaean
ero ILIOTHOCTh, 00'bSICHAJI MHO-
rue aTMocepHhle sIBJEeHHS.
IlocTpous OfHY M3 NEPBLIX
3JIeKTPHUECKHX MAIIMH, BOJs-
Hoit 6apoMeTp, BO3XYIIHbLIA
TepMOMeTp, H306peJl THIpo-
MeTp — OpuGop, A3MepsIo-
M BJAXKHOCTL BO3ayXa.

JleHHeM rIpys3a Maccoil B ogHY TOHHY. VI Huue-
r0 — MBI IPUBBIKJIU!

Y1068l HATJISAAHO IPOJEMOHCTPUPOBATH 3TO
IaBJyeHue, B 1654 rony Obla npoBeneH 3HaMe-
HUTHINX ONBIT ¢ MargeOyprcKUMU IOJYyIIapusd-
MH. B HeM U3 NJIOTHO MPUMKATHIX APYT K APYTY
MeTaJJIudecKux mnojsychep ObII OTKayaH BO3-
ayx. ArtmocdepHoe pmaBieHHMe HACTOJBKO
CHUJIBHO CXKMMAJIO UX CHAPY¥XKH, YTO CHOBA pas-
JIeJIUTH MOJYIIapUA He MOIJIM JaXKe HECKOJIBKO
Iap Jomajeil, TAIHyI[UX MOoJyIIapusa B pa3HbIe
CTODOHHI.

Kax BumuTe, cBOI0O OrpPOMHYI0 CHJIy aTMOC-
depHOe naBiieHMEe IIOKAa3bIBaeT, KOTAa pPAAOM
JaBJIeHUS HET WJIYM OHO Oo4YeHb MaJyo. Craxem,
ecau OOBIYHBIM IIOPIIHEBHIM HACOCOM IIOAHU-
MaTh BOAY B TPyOKe, ONYIIEHHOM B OTKPBITHIH
BOZI0EM, TO MMEHHO JaBJIeHHE BO3JyXa «3aToJ-
KHeT» BoAy B TpyOKYy. Ho KaK TOJBKO NMOpPIIEHb
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Hacoca JOCTUTHET BHI-
COTHI 4yTh GoJsipie 10
MEeTPOB, HaJIbHEWITUU
MIOA'’beM BOABI IPeKpa-
TurcA. W Teneps,
CKOJBKO OBI MBI HH
TIOAHUMAJIN IIOPIIEHb,
0 HUM JO BOABI HE
Oyzer HUUYEro — Iyc-
TOTa, BAKyyM.

ITO, KOHEUHO, He
OUYeHb «4YHCTBLIH» Ba-
KYyM, IOJ IIOPIIHEM
OCTAIOTCS Mapbl BOAHI.
Ho ux npaBienue Tak MaJjio, YTO HECPAaBHUMO C
armocdhepHbIM. IIoTOMY-TO BO3AYX U yAep KuBa-
eT CTOJIb BBICOKHI CTOJIO BOJBI.

A BOT ecsii MBI UI3BMEPHUM JaBJIEHUE BO3AyXa,
co3zaBaeMoe KOMIIpecCoOpaMHu JJisi OTOOMHBIX
MOJIOTKOB HMJIM HEOOXOAMMBIX IJIA HaKaUMBaHUA
aBTOMOOMJIBHBIX IIHWH, TO Y3HAEM, UTO OHO MHO-
FOKpaTHO npeBHIIIaeT armochepHoe. Eme mnpu-
Mep AJIs CpPaBHEHUS: NaBJIeHHE B IIyOMHAaX OKe-
aHa oxkaseiBaercs OoJiee uem B 1000 pa3s Gosblire
atMmocepHoro. Ilosromy 6Gatuckadrl, B KOTO-
PHIX aKBAaHABTHI IIOrPY’KAOTCA Ha TIJIyOUHY,
JOJIXKHBI OBITH CBEpPXIIPOYHBIMH. IHAUe UM He
BBIZIEDYKATh OI'POMHOM Pa3HUIILI JaBJIEeHUNA BHYT-
P¥ — BO3AyxXa M CHAPYXKHM — BOXHI.
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KAR JTABJIT BO3AYX U BOJA?

HapgyiiTe BO3NYIIHBIN IAPDUK U OIIYCTUTE €T0
nox Boxy. Eciiu BaM yzpacTes cesiath 3TOT ONBIT,
«3aTOJIKaB» MIAPDUK Ha 06OJbIIyI0 TJIyOMHY, TO,
MOKeT OBITh, BBI JJa’Ke 3aMeTHUTe ero CyKaTHe.
Kax ero cpaBiuBaer Boma? MeI Ke He BUIUM,
YTO B KAKOM-TO MecTe 00pas3yloTcsa BMATHHEI, a
B APYrOM — HeT. 3HAUHUT, IIPUIETCHA CUYUTATh,
YTO BOZA «O00KMMaeT» MIAPDUK CO BCEX CTOPOH
OOUHAKOBO. Emie ropopsAT, 4TO NPOU3OIILJIO BCe-
CTOpOHHEe, 00'beMHOEe CiKaTHe.

" Tyr 6B BCIOMHHUTH, YTO IIPU HAAYBaHUU
mapukK (ecju 3TO AEUCTBUTEJNBHO ObLJI IIapHK,
a He «COCHCKa») PacIIUPSJICA TaK¥Ke BO BCe CTO-
ponbl. Ho Bens MBI BoyBaJu B HErO BO3AYX TOJIb-
KO C OJHO¥ CTOPOHBI — yepe3 oTBepcTue. Ilosy-

Baes ITackaas (1623 —

1662) — ¢paHny3CKH# MaTe-
MATHK, QU3HK H pHUI0oCOD.
IlepBulit HayYHKI# TpaKTaT Ha-
nucaJs B 16 ser. U3o6pe cuer-
Hylo mamuHy. IlgofgoTBopHO
3aHUMAJICS THAPOCTATHKOM, OT-
KPbIB 3aK0H, IIOJYUMBIIUHU ero
MMs, YCTAHOBHJI OIPHHOMI Jei-
CTBHS THAPABJIUYECKOIO Ipec-

ca. IToaTBepau.I cylliecTBOBa-
HHe aTMocGepHOTo AaBJICHHS,
JiokasaJjl, UTO BO3AYX HMeeT 3
Bec, BRICKA3AJ MBIC/b, YTO A4B- :
JIeHWe BO3[lyXa YMEHBIIAeTesi ¢ &
BbICOTOH.




YyaeTcs, 4TO U BOAA,
M BO3LYX «YMEIOT»
COKMMATLCA ¥ pas-
JKHMaThCA B PAaBHOU
Mepe BO BCe CTOPO-
HBl. [lelicTBUTEND-
HO, Kak MBI HH IIO-
BOpauyMBaeM Ha OJ-
HOM M TOH Ke IJy-
O6uHe npubop, u3Me-
PAOIIUA IaBJIeHUE
BOJIbI, OH Jae€T OJHU
M Te JKe IIOKa3aHud.

OcobenHocTh
JKHIKOCTE M ra3oB pPaBHOMEPHO IIepeaaBaTh
JaBJIeHHE 3aMeTUJIM JOBOJIbHO JXaBHO. Ho cdop-
MYJIHPOBAaTh €e B BUJE 3aKOHA YZaJIOCh (hpaH-
my3ckomy yueHomy Buiesy Ilackanro. 9TOT 3aK0H
CTAJI OCHOBHBIM B T'MAPOCTATHKE — DasJiejie Me-
XaHUKH JKHIKOCTEl, B KOTOPOM H3y4aeTcs ee
PaBHOBeECHE. )

HUcnons3oBanue 3akona Ilackansa o0'bsCHUAIIO
MHOrO IPHPOAHBIX SABJIEHUW H MNeHCTBHE YiKe
n300peTeHHBIX ycTpoiicTB.TakKe OH IIO3BOJIHJI
YCTAHOBHUTH IPHUHIIUI JEMCTBUSA HOBBIX IPHUCIIO-
coOJseHunit, CKakeM, I'HJpaBJIUUYECKHUX Iepenad.

OueHb MHTEpECeH ONIBIT, MOATBEDKAAIOIIUMA
9TOT 3aKOH, KOrjga HacoCOM, 3aIOJJHEHHBIM BO-
IO, HAKAYMBAIOT METAJUIMYECKHUMH Imap ¢ He-
OonbmuMHu ABIpOYKAMU. JlaBjeHNEe ITOPHIHA IIe-
penaercs XKUAKOCTH B IIIape IO BceM HampasJie-
HHSM, ¥ BOJa TOHKMMH CTPYHKaMHu ObeT U3 ALl
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poueK BOKDYT. A ele NPUIOMHHUTE, KaK JeMCT-
BYIOT IIJIACTMAcCCOBbIe «OPBISTaJIKH», KOTOPHIMH
BBl IIOJIMBaeTe APYr Apyra.

9TO0 NIOAHHUMAET
B BO31yX IIAP?

To, YTO TeILILII BO3AYX NOAHUMAETCSA BBEPX,
a XOJIOLHBI — omycKaeTcA BHH3, ObLJIO H3Be-
CTHO, HAaBepHOe, C TeX IIOp, KaK YeJIOBEK Ha-
GJona 3a JIECHBIMH IIOKapaMU KM HAydHJICH
PasBOAUTH KOCTPHI. BCIOMHHTE: A3LIKM ILIaMe-
HU YCTPEMJISIIOTCA BBBICH, JbIM KJIy0aMu yXOqUT
BCe BBIIIE M BHIIIE.

A HeJIb3sA JIM 3aCTaBUTh TEILJIBIA BO3AYX IIOA-
HATH 4TO-HUOYJAb BMecTe ¢ coboit? Tak Korpa-to
BO3HHKJIA HJAes BO3QyIIHOro mapa. Bmoepssle,
IIpaB/a, OCYILIECTBUTH ITIOJIET HA HEM YAAJIOCH He
cTonb gaBHO. B 1783 rogy 6patoa Mouroashne
MOAHAJNUCH B BO3yX HA 3AIIOJJHEHHOM TOPSAYUM
aeiMoMm mape B Ilapuxke.

Ha nnasaromuit B BO3ayxe Imap AeUCTBYeT
Takas e BHITAJKMBAIONIAs CHJIA, KaK ¥ HA PbI-
0y B Boze. Ho uTOoOBI 3Ta cUJia ypaBHOBEIINBAJIA
CHJIy TSIKEeCTHM IIapa cO BCeM ero o0opyAoBaHH-
eM, ¢ T'OHJO0JIOH M JIIOAbMU, a3 BHYTPHU mIapa
JoJKeH OBITH Jierye OKPY2KAIOIlero BO3AyXa.
IloaToMy u sanosHsioT map Jubo TeM Ke BO3-
AYXOM, TOJBLKO TEILJILIM, JIU00 MeHee IJIOTHBIMH,
YeM BO3JYyX, radaMu. OTO MOTYT OBITH BOZOPOX
WJIH T'eJInA.
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YrupaBaaTh BO3AYIIHBIM IIApPOM IIpaKTHUe-
CKH HEBO3MOXKHO, Ha BbICOTE OH ITOJTHOCTBIO ITOJ-
BiacTeH BeTpaM. lIIpaBna, MOMHO O00JIErYUTH
map, cOpaceiBaa 0aJyijiacT, ¥ TOrAa OH IIOAHU-
MeTcs eme Bblmie. Ecau 3aXOTHTE ONYCTHUTH
Imap, HY»XHO CTPaBUTh a3 4yepe3 KJAIlaH B ero
obosnouke. Ceituac «Ha OOpT» BO3AYIIHOrO IIapa
6epyT ropeskKu, IIOAAYBAIOIIXE B HEro TEILJIbIM
BO3IYyX M NOAJEDKUBAIONME €r0 NMJIABYYeCTh.

Ho Bce e OT BO3AYIUIHOrO HIapa MaJIO HOJIb-
36l KaK OT TpaHcCmopTHoro cpexactsa. Ckopee,
9TO IpeKpacHbId crocod pa3BieueHusA (a BHI,
BO3MOYKHO, BHJIeJIM, KaK HEeOOBIKHOBEHHO Kpa-
CUBBI CErOAHsA TaKue Iapel). Miam UX HCIIOJb-
3YIOT IJIA MCCJIENOBAHUS BEPXHHUX CJIOEB aTMOC-
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¢epsl, oOcHaIlasdg pas-
JINYHBIMHA H3MEPUTEJIb-
HBIMM 11pubopamu.

A BOT myas BO3QyII-
HOH TPaHCIOPTHUPOBKU
Ipy30B  IIPUTOLUJIUCH
IVpUKabJIu — B IIPUH-
IUIIe Te K€ BO3AYIIHbIe
Iapel, TOJLKO BBEITSAHY-
TOX ()OPMEI, C METAJIJIU-
YeCKOM ODOJIOUKON ™|
cHab)KeHHBIE JBUTaTe-
geM. Qupuxabuu ObLIn
oueHb nonyaapHsl 1o 11
MHPOBOM BOMHBI, 3aTE€M UX BBITECHUJIA aBHAIIH.
Ho maes macimrabHoOro mpuMeHEeHUs AUPHIKAO-
Jieid He yMepJia, 4, BO3BMOXKHO, K Hell eIe Bep-
HYTCH.

KAK B3JIETAET CAMOJIET?

Ecnu Bo3ayx o0JiaziaeT NIOTHOCTHIO B MOYKET
CO3aBaTh JaBJIeHHE, TO HEJIb3A JIX HA HEro ome-
petbea? Y xoTsa HameMy JaJIeKOMY IIPEAKY HHU-
4ero He OBLJIO HM3BECTHO 00 ONBITaX, JOKAa3bIBa-
IOIMUX CYIIecTBOBaHKe aTmocdepHOro xasJiie-
HHSA, UHTYUTUBHO OH IMOHUMAJI, YTO €CJIM OYEHb
CHJIBHO 3aMaXaTh PYKaMH TO, INIAAUIIb, OT BO3-
AyXa ymacTcs OTTOJKHYTBLCs, KaK IITHILE.

MeuTra 0 moJsieTe COIIPOBOXKAAJIa YeJIOBEKA,
CKOJIbLKO OH ce0sa moMHuT. O6 3TOM rOBOPHUT M3-
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1519) — uTaNLAHCKUM XYROXK-
HHK, HHXXeHep W yueHnI#. IIpo-
SABUJ ceGS IpaKTHYECKH BO
BcexX 06JIACTAX eCTeCTBO3HA-
HHsl, BO MHOTOM omnepeskasi
cBOe BpeMsi. DhlJ NOKJOHHH-
KOM DKCIIEPHMEHTAJbLHLIX HCC-
neposanuii. IInTayucst mocTpo-
WUTh JieTaTesbHble alnaparhi,
HabJuo0as 3a 0JIETOM OTHIL.
CpejiH ero 3ckM30B HaliieHbl
PUCYHKHU TAapamIioTa ¥ BepToJe-
Ta. Msyuas BOJHOBbIE Ipollec-
Chl, TpeHHE, CBETOBLIE siBJie-
uus. KoHCTpyHpoBaJI TKankHe
CTaHKH, NeYaTHhIe MAIITWHLI,
1puGOPHI A NITHGOBKH CTEK-
Jia. 11poekTHpoBaJ r'HAPOTEX-
HHUUYECKHE COOPY>KEHHUSI U Me-
TaJUlyprudeckue neud. Cuu-
TaJl, UTO «BEUHLI{ ABUTraTe by
HEBO3MOXKEH.

BecTHeMmaa Jjeresna o6 Wkape. Muorue u3so-
OperaTesi MBITAJTNCH B3JIETETh, MPHUMEJILIBAA K
pykam 1mnojgobue KpbLibeB. Benukwuit Jleomapmo
axa Buaum mHabpocas IPOEKT JIeTaTeJILHOr'o ail-
nmapara, paboTamwInero TOJLKO HA MYCKYJIbHOHR
cmjie ueJyioBeKa. Hpueeil aspomiaHa TIpe3nIn
BILIOTHh n0 XIX Beka.

OpHako MpupoAa He ITO3BOJINJIA YEJIOBEKY Jie-
TaTh noxgob6uo nruite. Ho oHa Harpaamia ero pa-
3YMOM, KOTODHIM IIOMOT M300pecTH ammapar Ts-
JKeJiee BO3AyXa, CIIOCOOHBINA OTOPBATHCS OT 3€M-
JIA ¥ IOAHUMATH He TOJILKO cebs, HO ¥ YeJIOBEeKa
C rpys3amu.
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Kak e yjajioch cozgaTh TaKyl0 MAaIInHy?
Benb raana faxke Ha BO3AYIIHOrO 3Mesi, MOXXHO
3aMETUTb, UTO ITPU OOAYBAHUM €I'0 BETPOM BO3-
HHAKaeT CHMJa, TAHYyNOIas ero BBepX. A Tenepb
«IIOMEeHAEeM» 3Mes U BeTep mecTaMu. IIycTh BO3-
IyX CTaHeT HENOABMIKHBIM, a 3Mei yCTpeMJIs-
eTcsd BIepel, Kak ecju Obl K HEMY IIpHAeJaINA
nBurartesb. Jla, coOCTBEHHO, BHI COBepIIaeTe TO
e camoe, Koraa Oexute, HaTsarusas Oe4yeBKY,
MMPUBA3AHHYIO K 3Me0. YTO MpoucxonuT? 3men
B3MBLIBAE€T BBBLICH.

Tar BOT, ecJiu cresiaTh OOJBIIOro 3Mes, IIpa-
BMJILHO PACCUYMUTATH €ro HAKJIOH K TI'OPU3OHTY,
TO IIPM Pas3roHe C IOMOIIbI0O ABUraTeJsi BO3HU-
KaeT moabeMHasa cuiaa. IIpM JOCTaTOUHOI CKO-
pOCTH OHA OTOPBET HAII amnmapaTr oT 3emJu!
VmenHo Osiaromaps oToM cuJie ¥ B3JIETAIOT ca-
MOJIETHI.

OTYETO
CAMOVJIET JIETHUT?

Yro mepkuT camosier B Bo3ayxe? Kpouibsa,
OTBeTHTEe Bbl. BEpHO, a UTO ZEPIKUT KPBLIbA?

Eciu mocMoTpeTh Ha KPBIJIO caMoJieTa B ce-
4YeHIU, TO MOYXHO HAiiTH ero CXOACTBO C KPBLJIOM
nTvusl. Bnepegu — yToJieHue, KOTOPoe IIOTOM
cxoxutT nmouTu Ha Hetr. [IpuueMm aTa dopma KphI-
Jla, KaK I'OBOPSAT, HECUMMETPHUYHA, TO €CThb AJIH-
Ha KpbLaa cBepxy Oosabmie, yuem cHu3y. HabGera-
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IOIM IIOTOK BO3AYyXa NPOXOAUT Pa3HbIA NYTh
npu oOTeKaHUHU KpbLIA C ABYX cTOpoH. Orubasa
BBIMTYKJIOCTh HAa BEPXHEW CTOpPOHE, BO3LYX BBI-
HYXKJEH IBUraThCsa ObICTpee, 4eM IIPU JIBHUIKe-
HHUHU CHU3Y. A B 9TOM cyiyuae 00KOBOe ZaBJIeHHE
BO37lyXa YMEHBIIIAETCHA. ITO JIETKO 3aMETUTh, €C-
JI1 BBl BO3bMETE B PYKH JBa JIUCTHKA OyMaru u
noayere MexAy HUMU. JIMCTHKU NPUTAHYTCSA
IPYT K APYTrY, UTO CKaXKeT HaM 00 yMeHBbIIeHUH
IaBJIEHUsST BHYTPU HUX.

HuxkHaa Ke IJIOCKOCTh KpbLIa HaKJIOHEHA
II0 OTHOLIEHMIO K Halerarlmneil cTpye BO3Ayxa.
W, xak y BO3AYLIHOro 3Mes, OBIOIINHE B KPHLIO
BO3AYX NIOATAJKHBAET €ro BBepX. OTH JIBe IPH-
YUHBI I10-CBOEMY O0BACHAIT 3h(hEeKT moabeM-
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Huxkonaii EropoBuy

JKykoBcknii (1847—1921) —
poccuiickuil yueHsit. OCHOBO-
TI0JI0XKHMK COBPEMEHHO#M aspo-
AVHAMHKH, «OTell PYCCKOM
asuanuus. [TocTponsa B Haua-

Jie BeKa a3poJAMHAMHUYECKYIO
TpyGy, OCHOBAJI NEepBLIA B MU-

pPe HHCTHTYT AJISI HccJiefioBa-
HUI BH)KeHHA B Bo3jyxe. Pa3-
paGoTas TeOpHIO KphlJjia CaMO-
JleTa, HalleJ MCTOYHHK NOAJep-
>KuBalole# ero cuibl, Jloka-

3aJ1 BOBMOYXHOCTb ¢MEpPTBOM
NCeTJIH» Ha aspoIlliaHe.

HO# CHJIBI, YAEP)XUBAIOIeil caMoJIieT BO BpeMs

mojiera.

KoneuHno, ¢OpMBI KPBLIJIBLEB Y COBPEMEHHBIX
PeaKTHBHBIX CaMOJIETOB pas3judaloTcsa. ABua-
KOHCTPYKTOpPaM IPHUIIJIOCH CTOJKHYTHCA C pPas-
HBIMU HEOKUIAHHBIMU 3(P(peKTaMu, BOZHUKAIO-
UMY IIPU CBEPX3BYKOBBIX CKOpocTax. Orcoxa
U HeOOBIYHBIM NOPOH BUJ BO3AYIIHBIX KOpaod-
Jlei: KPBLIbS «OTrubailoTcA» Hasaj, NpULaBas
MM BHJ[ CTpeJibl; BBITAHYTOE€ M3 HOCA caMoJieTa
OCTpHe HJIHM CIPATAHHbLIE B KOPIYC ABUTATEJIHA
TIO3BOJISIIOT CJIOBHO pe3aTh BO3AYX.

Omna M3 Ba)XKHBIX IPUYUH, BJIUAIONIAS Ha
¢opmy camoIeTOB — COBEPIIEHHO MHOE II0BEJe-
HHe BO3Ayxa npu OoabImnx CKOpocTax. M3yue-
HUEeM 3TUX 0co0eHHOCTeil 3aHMMAaIOTCA COBpe-
MEHHbIe HAYK! — adpOoaAMHAMHKA ¥ ra30auHAa-
MHEKa.
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Tymnoues (1888—1972) — poc-
CHHUCKHI aBHaKOHCTPYKTOP,
yuernuk H.E.¥yxosckoro.
ITon ero pykoBOACTBOM cO3/a-
Ho cBhime 100 THIOB BOEHHKIX
H IPa’kJaHCKHX CaMOJIeTOB, B i
TOM YHcCJIe NIepBLIf peakTHB-
Hblil naccaskapckuit TY-104.
Ha ero camoJsierax ycTaHoBJIe-
HLI IeCATKH MMPOBLIX pPeKop-
JI0B, COBeplleHbl YHHKAJILHLIe
nepeJieThl, HanpuMep, B CIITA
yepe3 CeBepHLIH moJioc B
1937 rony. B KOHCTPYKTOD-
ckoM Giopo A.H.TymnoJsieBa
GblJ1 CIPOEKTHPOBAH M Iacca- i
JKMPCKHI CBEPX3BYKOBOM caMo-
ser TV-144. i

IIOYEMY BEPTOJIET 3ABUCAET?

Meic/Ib 0 CO3ZAaHUU allapaTta, CIIOCOOHOro
MOAHATHCA B BO3AYX BEPTHUKAJNBHO U IIAPUTH HA
MecTe, HaBepHOe, BO3HUKJIA TOT/Zia ¥Ke, KOr/ia po-
Iunacek unesa o camosiere. M3obperarenbHblii Jle-
oHapao na Bunuu oxoJsio 500 yseT Hazax pucoBaJI
yepTexKu orpoMHoro seprosiera. A B XIX Beke
KOHCTPYHPOBAHUEM BEPTOJIETOB 3aHHUMAJIHUChH
yoKe O4YeHb MHOrue Joaud. Kakum-To MOmensam
Jake CyIeHo ObLIo B3yereTb. OQHAKO Bce mpo-
0JieMBl ynupaJuCh B OTCYTCTBHE MOIIHOI'O, HO
B TO Ke BpeMd JIEFKOro ABUrareysa. Takoi aBm-
raTeJp NOABUJICA JIMIIL KO BpeMeHH I MUpOBOI
BOMHEI,
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(1889—1972) — poccuitckuit
aBuakoHcTpykTop. IlocTpona
TaKHe caMoJIeThl, kak «Pyc-
CKUH BUTS3bs U CBEPXTSIXKE-
ani «HAiabs Mypomens — mpo-
TOTUIK BceX AaJILHEHIIHX BO-
eHHLIX ¥ TPAKJAHCKHX caMoJie-
TOB. CKOHCTpYHpOBaJI 'HApoca-
MoJieThl, y4acTBOBaBlMe B Goe-
BbIX JeHCTBHAX B I MApoBOit
BoiiHe. B najbHeitimem cospna-
BaJI NAaCCAXKUPCKHE B BOECHHLIE
camoJieth! B CIIIA, TaM ke mo-
CTPOHJI BEPTOJIET.

B 1910 roay Ham cooTedecTBeHHUK Hrops
CHKOpPCKMiIT CKOHCTPYHUPOBAJI BEPTOJIET, CIIOCO0-
HBIM IIOAHATH COOCTBeHHBIN Bec. JlajbpHeunmiue
JEeCATHJIETHA IIOUCKOB He IMPUBOAUIM K yCIEXY.
Hwu ogHa u3 MamuH He opaBAajia HaLeXxJ KOH-
cTpykTopoB. Y Tonbko B 1940 roxy Tomy ke
CuKOpCcKOMy, HAaKOHEIl, II0CYACTINBUIOCH IIOKAa-
3aTh CBOM IIEPBBIX JieliCTBYOIIUI BepToJyeT. Ye-
pe3 ABa roza STOT BEPTOJIET Y)Ke OBLI IIPUHAT
Ha BOOPYKEHHE aMEPUKAaHCKON apMuei.

Hrak, mouemy ke BEPTOJIET MOXKET «BUCETb»
B Bo3xyxe? I'poMajHbIii BHMHT, YKpeIJIEHHBIHA
Hajx xkabuHOM, Bpamiasch, OTOpPachIBaeT BO3AYX
BHHU3. U, KaK mponeasep camoJjieta, orbpacriBas
BO3AYX Ha3all, TOHUT CAMOJIET BIePeJ, TaK Bep-
TOJIETHBIA BHHT CO3J1a€T CHIIYy TATM, HAIIpaBJICH-
HYI0O BBEpX.

IlogymaiiTe, 4YTO HPOUCXOAUT C OTOPOIIEH-
HBEIM BepTOJIETHBIM BHHTOM Bo3ayxom. OH, B
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KOHIle KOHIIOB, IIepeJlaeT BeC BEpToJieTa 3eMJe.
Tak uTo, ecyiid OBITH TOYHBIM, «IEPYKUT» BEPTO-
JleT B KOHEYHOM uTore 3emJs. Jla u gpyrue Ha-
XOAAIIMEeCA HAa Held UJIU B BO3AyXe TeJa.

Ho Benps HaM HeoOXonuM He TOJIBKO 3aBUCA-
IOIIM, HO M ABMIKYIIHiicsa BepToseT. MeHss Ha-
KJIOH IIJIOCKOCTH BpAIlleHUsA BUHTA M YUCJIO 000-
POTOB IBUTraTeJid, MOYXHO 3aCTaBUTb BEPTOJIET
mepeMelaThCsA B JI0O0M HAIlpaBJIeHMHU — BIIe-
pexn, BOOK, BBepX, BHM3. A UTOOBI KODIIyC Bep-
TOJIETA He Pa3BOPauMBAaJICA U3-3a OTAAYM, HA €r0
XBOCTE CTaBAT €llle OAUH MaJIeHbKUIl BUHT, KO-
TOPBI MOYKET KOMIIEHCHUPOBATH BPAIllleHHE BOK-
PYT BEePTHKAJIBLHON ocu. dbdeKT nmomodHOHU OT-
Jayu BBl MOJKeTe IIOHAOJII0NaTh, IIOABECHB 3a
KOpIyc BKJIIOUEHHYI0 KodeMmoyaky. OHa craHeT
IIOBOPAYMUBATHCSA B CTOPOHY, OOpaTHyIO Bpaime-
HUIO 3JIEKTPOMOTOPA.

Ob6paTuTe BHUMaHue HAa KOHCTPYKIIMH COBpe-
MEHHBIX BepToJyieTOB. Temepb BbI HaBEPHAKA
pasbepeTech B IIPUHIIMIIAX MX YCTPOICTBA.

KAK IIPBITATDH C ITAPAIIIOTOM?

Kax Ba)XHO IIpu moJjieTaXx CaMOJIETOB YYHUTHI-
BaTh CONPOTHBJIEHHE BO3ayxa! JX, ecyiu ObI ero
B0O0OIIIe He OBLIIO, 3TOI'0 COITPOTUBJIEHUA... ¥ BHI,
TOrla, KaK MBI IOHKUMaeM, He ObLJIO OBl 1 caMOro
BO3ZlyXa M HeueMy ObLi0 ObI BCe IIOANEPYKUBATH
«Ha Becy». He Jertasm Ol HM camMoJieTbl, HH
BEPTOJIETHI.
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U Bce e COIIPOTUBJIEHHE BO3AYXa CTPEMATCA
creysaTh KakKk MOXXHO MeHbIIe. A BOT 3ajaua,
KOTJZla 9TO COIIPOTUBJIEHUE XOTEJOCh OBl CAeJIaTh
1no0oJIbIlle — MPBIKOK C MapallloTOM.

BrInprIrHyB ¢ camoJsieTa Ha O0JIBIIOM BRICOTE,
NapammoTHCT AOBOJLHO CKOPO AOMAET A0 TaK Ha-
3bIBAEMOr0 YCTAHOBUBINErocs ImazeHus. Ilpm
3TOM YCTPEMJIAIOIIASA €ro K 3eMJIe CHJIA TAMKECTH
YPaBHOBEIIMBAETCA CONPOTHUBJIEHHEM BO3AyXa.
Ho CKOpOCTh Takoro IafeHusA, K COXKAJIEHHUIO,
OyzeT uepecuyp BesiMKa. J[Burasicb Tak o 3eM-
JIA, TAPAIIIOTUCT IIPU yAape BPAL JH OCTaJICH
661 meJsi. Yto ke mermats? HaBepHoe, Kak B My-
JbT(hUIbMaX, PACKPLITH 0OOJBIION 30HTHUK, YTO-
OBI COIIPOTHBJIEHNWE BO3AyXa YBEJUUYUTD.

CoOcTBeHHO, IMapalloT He YTO MHOe, KaK Or-
POMHBI# 30HT. Bompoc Jsuiiib B TOM, YTOOBI OH
OBLJI HOCTATOYHO KPENKUM M YIPaBJIAeMBIM BO
BpeMs NIPbIXKKA. Belb IIpBIraTh C caMoJieTa ¢pa-
8y C PpaCKpPBLITHIM TAPAIIIOTOM HEBO3MOXKHO.
3HauuT, BHaYaje OH JOJYKEeH OLITH KOMIIAKTHO
VJIOXKeH, a 3aTeM JIeTKO BBICBOOOXKHaTbcsA. IIo-
TOM, BO BpeMd II0JIETa, HEOOXOAMMO TaK HAaT-
r'MBaTh CTPONBI — BEPEBKM, KpENsIIue Bac K
KynoJy, — 4TOOBI YJaUHO ITPU3EMJIUTHCSH.

Onucanusi MapallioTOB IIOABHUJINCH JAaBHO.
Ho gumsb uyyts 6osee 200 jeT Ha3aa mapamoT
NPUMEHHWJIN HAa NMPaKTHUKe, KOrZa ¢ BO3AYIIHOIO
mapa cbpocunu cobaky B KOp3UHE C IIPUKpPEMN-
JIEHHBIM K Hell mapamrioroMm. Uepe3 3 roma mc-
TIOJTHATCA ABYXCOTJIETHUI I00UJIelt IepBOMYy IIa-
PallIOTHOMY NPBIKKY YeJIOBEKa. OTO ITPOM3OIII-
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Jgo B ITapu:xe, xkorpa ¢panuys sK.I'apuepu 6sa-
rOIIOJIYYHO NPBITHYJI ¢ BhICOTHI OoJsiee 600 mert-
pOB. A mapamOTHBIA IPHIXKOK C CAaMOJIeTa BIIEp-
Bble ObLJI ycremHo coBepmied B 1912 ropy. 3a-
TeM JOJITO LIJN AUCKycCHMM 00 HMCIOJIB30BAHUU
napamioToOB AJIA CIaceHHs JIETYMKOB M Iacca-
JKHPOB.

Bo Bpemsa II MmupoBoii BOMHBI MapamioT CIac
JKU3HBL OUeHb MHOruM. C ero noMomsio, IIpaBja,
s3abpaceiBasiu 4 puBepcaHToB. CerogHsa mapa-
INIOT MCIOJIL3YIOT U B CHACATENbHBIX, U B CIIOP-
TUBHBIX, 1 B BOGHHBIX 1IeJIsiX. ECTh mapaniioTsl,
HA KOTOPBIX YAAETCS «CIYCTHTH ¢ He0ec» TsaKe-
JIOBECHYIO TE€XHUKY M TI'POMO3AKOe 000opyZoBa-
Hue. OHM TaKKe IIOMOralT TOPMO3UTH CaMoJie-
THI M BO3BpallaeMble KOCMHUYECKHE allllapaThl

P TOCajKe.
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«BETEP, BETEP,TbI MOI'y4...»

«BeTep ceBepHBIN, YMEPEHHBIN IO CUJIBHOI'O» .
Bbl, KOHEYHO, Y3HAJM CJIOBA M3 METEOCBOAKH. A
KaK M3MEePHUTh CUJIy U HalpaBjieHHe BeTpa?

Ha BTopyio uacTh 9TOro BOIpOca JIOAU Hay-
YMJIMCh OTBeuaTh naBHO. IIpomino Gosee 1000
JIeT, KaK Ha MIMUIAX IIePKBel cTalu YKPenaaTh
dJrorepsl, NOKa3LIBAWINME, KyAa AyeT BeTep. A
BOT mnpubop AJMA HU3MepeHUs CKOPOCTH BeTpa
BrepBble Obl m300pereH HemHorum Gosee 300
Jer Haszanx B Aurauu. HaszBanu ero aHemomer-
pom. HauGosiee pacnpoCTpaHEeHHBIA ero BHUJ B
YeM-TO CXOJIeH C JeTcKoii BepTymKoii. Toinbko
3aKPEeIlISIIOT €ro He B BEePTUKAJIbHOM, a B I'OPHU-
30HTAJBHOM IIJIOCKOCTH, M POJIb JIOHAaCTell Bep-
TYIIKH BBIIIOJHSAIOT JIeTKUe MeTaJlJINuecKue 4da-
meuku. OHU pacCHoJIOKEHBI M0 KPyry Tak, 4TO
C OHOM CTOpPOHBEI BeTep o0TeKaeT UX, a C APY-
roi — JaBHUT HA UX IIOJIOCTH. UeM CHUJIbHEe Be-
Tep, TeM OBICTpee KPYTATCA Ha OCH YallleYKU.
ITo uucay 060pOTOB 32 €IMHUILY BPEMEHH MOXKHO
ONpeAeJUTL CKOPOCTL BETpA.

3HaHMEe HANpaBJeHUA ¥ CKOPOCTH BeTpa
OueHb BAYKHO A MpEACKAa3aHUSA NOTOALI, IJIfA
IBUYKEHUA caMoJeToB U KopaOsei. Hanpumep,
CaMoJIeTHl BCErga B3JIETAIOT M CALATCA IIPH
BCTPEYHOM, a He IOIYyTHOM BeTpe, MHAUe UM He
XBaTHUT AJIUHBI OETOHHOM ITIOJIOCHI.

H3MepHTH CKOPOCTh BETpa Ha PA3HBIX BEICO-
TaX IOMOralT BO3AYyIIHBIe mape. [[JiA 3Toro
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HaOJIIOAIOT 32 HUMU C IIOMOIIBLIO CIIEIMAJIBHBIX
onTuyecKux npubopos. A Korza He6O 3aKpbIBa-
eTcs TydaMH, 3a HUMU CJIEAAT paJapHLIMH yC-
TaHOBKaMU.

Jlromu mM3naBHA HAXOOUJIXA MeECTa, I'le AYIOT
TMOCTOAHHBIE BeTpPbl. MM 9TO OBLIO HYXKHO HJIsA
YCTAaHOBKM BETPAHBIX MeJbHUI] U BeTPAKOB, Na-
IOI[UX JEIIEBYI0 SHEPTHUI0, CKAXEM, IJs IONb-
eMa Bojabl U3 Kosoxues. Ceifuac, B IIOUCKax ZO-
TIOJIHUTEJIbHBIX UCTOYHNKOB SHEPTHUU, MBI CHOBA
obpaijaeMcsi K BeTpy. B MHBEIX paiioHaxX BeTpPOJ-
BUTaTeJH PaclojiaraloTcsA TaK 4acTo, YTO HAIo-
MHHAIOT BBICAXKEHHBIN YEJIOBEKOM JIEC.

I'TE IIOABJIAIOTCA
CMEPYN?

Bo3M0)XHO, BaM IIPpUXOAHUJIOCH BHUIETh, KaK
OIBITHBIE KYPHUJIBIIUKH BBIITYCKAIOT PTOM B BO3-
IyX IBIMOBBLI€ KOJblla. Be3yCJIOBHO, MBI He CO-
BEeTyeM BaM cCJiefjoBaTh X npumepy. Ho paso-
6paThCsAd ¢ BOBHUKHOBEHHEM TaKHX KOJIEI[ PeKOo-
MeHayeM. oA 3aTOro, KCTaTH, BOBce He 00s3a-
TeJIbHO o0Opamarhess K TabauHBIM H3LEeJIUAM.
MO’KHO IIPOBECTH OMBIT C SAINIUKOM, B OTHOU M3
CTE€HOK KOTOPOTO ClIeJIAHO OTBEPCTHE AUaMETPOM
caHTuMeTpoB 10. IIpOTUBOIOJIOKHYIO CTEHKY
HAaJZl0 CHATH M 3aTAHYTH YIPYrol mnjaeHkoi. Ecau
Tellepb HAMOJHUTHL SIIUK «IBIMOM», CKAaXKeM,
OT «CYXOro JibZ]a», U I[eJKHYTh IO IJIEHKE, TO
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M3 OTBEPCTUS BBHIPBETCS Bpallalolieecss TyMaH-
HO€ KOJIBIIO.

Ob6pasyloTcss TaKue KOJbI[a OT 3aBUXpe-
HHUH BO3AyXa y KpaeB OTBepcTHs. BO3HUKA-
IoIasa «3aKpyTKa» crnoco0Ha 3aMeTHOe Bpe-
MdA COXpaHATL (Qopmy Koabuma. HanoBuus-
MUCh, MOXHO AOOUTHCA TOro, YTO KOJbIlA
OyAyT HOTOHATH, YAAPATH HUJIHU IIPOXOLUTH
Ipyr CKBO3b JApyra.

B npupone 3aBuxpeHusi, IIpaBza, yKe He

KOJIbIIEBBIE, IIOPOXKAAIOTCH, K IIPUMEPY, BOCXO-
OAUIMME IOTOKAMU HArpeToro Bo3xyxa. ITO sB-
JIeHUe 4aCTO BCTpedaeTcsa B MYyCThbIHAX. IlogHU-
Masch BBBICh, BO3YX 3aKPyUyHBaeTcs, BTATUBAST
B ce0d IIeCOK ¥ IbLIb, KOTOPBLIE BHIJAIOT pa3Me-
pPBl 3TUX BpAIIAIOIIUXCA BO3AYIIHBIX CTOJIOOB.
Hx nHaswiBaloT «cmepuu». BeIBaeT, UTO OHH JO-
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CTHUTAIOT JEeCATKOB METPOB B IIUPUHY U COTEH —
B BbeIcOTy. TaKme OrpoMHBIE CMEpYH, UMeHye-
meie B CeBepHOII AMepHKe «TOpPHAA0», CrOCOD-
HBl BBI3BATh HeMaJible pa3pyumieHusA. MUX CHJIIBI
XBAaTaeT, YTOOBI IIEPEHOCHTH JAOMA.

Ho ects u puckoBble j00uTeNH cMepuend —
nyiaHepucTel. M yzaeTca TaK MCHIOJIb30BATh
BHXpEBO€ BpamieHHe BO3AyXa, YTO OHO IOAHH-
MaeT IJIaHephl Ha 0OJIBIIYIO BBICOTY.

Be Mo)XeTe M caMH YCTPOUTH HEGOJIBIIOH
NBUTLHBIM CMepY, €CJM TOKPYTHTE JOIEeYKOMH
BOJIM3M HArpeToro yyacTKa 3eMJIM WIH acdasbra.

KAK B MOPE POKITAIOTCA BOJIHBI?

«BeTep 1o Mopio rynaser...» 3Iech MBI Jaxe
He CKaYXeM, KTO aBTOpP 9TUX CTHUXOB, OH JNOJIXKEH
OBITH XOpOIIIO BaM 3HAKOM. A BOT Kak HPOHC-
XOOUT BCTpPeYa ABYX CTHXMH — BOAAHOM M BO3-
nyurHoi? OHa He Bcerpa ObIBaeT 0e300J1auHOM.
IlonubBIid WITHAB, KOTJla BOAHAA IJIaJAb HAIIOMIH-
H2eT 3epKaJjio, CMEHAETCs JIerkoi padbio. 3aTeM
IO BOAE HAUMHAKIOT 0e)xkaTh HeOOJIbIINe BOJIHBI.
Berep ycuiuBaeTcs — X CKOPO MBI 3aMedyaeM
MeHucThe OypyHBI. A y»X KOrja BOJIHEI JAOCTH-
raloT BBICOTHI B HECKOJIBKO METPOB, MBI TI'OBO-
PUM — WITOPM.

IIoraTHO, YTO BOJIHBI 00PA3yIOTCA M PacTyT
OT mepeMelleHUs] BO3AYLIHBIX Macc — BeTpa.
Ho meno He TogBKO B ero cuye, HO ¥ B IIPOJOJI-
KHUTEJILHOCTH, a TaK)Ke B TOM, HACKOJILKO MHOI'O
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npocTopa IJis BOJH. MOXXHO, KOHEYHO, YCTPO-
uThL U «0ypo» B crakaHe Boxel. Ho BBI, pasy-
MeeTCsI, JAoragbiBaeTech, 4YTO camoe OOoJbIIoe
BOJIHEHHE JOCTUTaeTCA B OTKPLITOM OKeaHe.
3HaTb OCOOEHHOCTH B3aUMOJEMCTBUS BeTpa U
BOABI — 3HAYUT NPAaBUJBHO PAaCCUMTATHL KOHCT-
PYKIIHIO KopabJieii 1 BepHO IPOJIOMKUTH MOPCKUE
nyt4. TaMm, rae ITOPMUT IIOMEHBIIEe U IIOpeXKe.

Kazajyocsr 6b1, Ha Oepery 3HauuTEeJIbHO 0e3-
omacHee, 4YeM B OTKpbITOM Mope. M Jerue yxk-
PBITHCA OT IITOPMA, ¥ IIOTOHYTHL-TO Bpoze ObI
Herge. OQHAKO IpUpoJa NPENOZHOCUT KaBep3-
Hble cIopnpusbl. B riiyOuHe OKeaHa u3-3a IOJ-
BOJHBIX 3eMJIETPSACEHW HJIM M3BEePXKEeHUH BYyJI-
KaHOB MOryT 00pa30BaThCs 'MI'AHTCKHE OJUHOY-
Hble BoJIHBI. C OenieHO CKOPOCTHIO HECYTCA OHU
B OKeaHe, CIIepBa He3aMeTHO JJs rias3. Ho no-
MUYaBHIINCH A0 Oepera, OHU BbIPACTAIOT A0 OrPOM-
HOI BeJMYUHBI U O0pyHINBAIOTCA HA CyIly, CMe-
Tasg BCe HA CBOEM NIyTH. OTH camble OoJbIIve u
CTpPANIHBIE BOJIHBI, POXKJEHHbIE OKEAaHOM, HA3BI-
BAIOTCA «I(YHAMH»,

JHoJyirce BpeMsi CIIAaCeHUSA OT 3TOM OMACHOCTHU
He CyImecTBOBaJIO. MOXXHO OBLJI0O B KaKHX-TO
cJIydasixX JIMIIb YCIeTh y0eKaTs B ropbl. OgHaKO
HayKa HIeT CIocoOLI MOMOYb JIIOAAM. ¥ HaJIOCh
BBIIEJUTL HA Iobepe)xXbsix HauboJsiee omacHbIe
30HBI. A ceifuac UAYT MMOMCKHU METOAOB IPeRyII-
PEeXJEeHUsT O HANBUTAIOIEMCS IIyHaMH, UTOOBI
OCTAaBaJIOCh JOCTATOUHO BPEMEHU JIJIsI 3BaKya-
IV IPUMOPCKUX >KUTEJIEH.
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YEM OJOJIETDb I'PO3yY?

Bam, 0e3ycJI0OBHO, XOpOIIO 3HAKOMO TaKoe
HeNIpUATHOE SBJIEHWE IIPUPOALI, KaK rpax. Ia
H rpo3a, KOTOPYIO OH COIIPOBOMKAAET, TOMe, Obl-
BaeT, IPHHOCHT MHOro HeB3rojx. CKOJIBKO IIO-
MHUT ce0s 4YeJIoBeK, CTOJIBKO OH MEYTAJI O Ka-
KOM-HuUOyAb YyJeCHOM CpelcTBe, CIIOCOOHOM 3a-
IMUTHTL €r0 OT ITUX CTUXUMHBIX OeICTBHIA.

XX Bek IIpUHEC eMy, IIOMHMO IIpOUYero, u
TAKyI0 BO3MOXXHOCTH. Temeps, B IIPHUHIUIIE,
MOXKHO OJI0JIETh I'PO3Y C I'PaioM He TOJILKO 3a-
KJUHAHUAMU ¥ ™MoJuTBaMu. Ho npas storo
TMPHUOIJIOCH IIOCTABUTH U BECTH A0 CHUX IOP MIH-
poxkoMaciuTabHble MEeTeOpPOJIOTHYEeCKHe 3JKcIIe-
PHUMEHTEHI.

IIpencraBbTe cebe a3pogpoOM B OZHOM U3 I0XK-
HBIX PafOHOB CTPaHbI, B Kpae, I'jie BLIpAaIIUBaIOT
BUHOrpan. CHMHONTHKU IIpelfcKas3ajd BO3MOMK-
HOCTb I'PO3BI BO BTOpOIl MOJOBHMHe AHs. Hauwu-
HaeTcs pabora. CrepBa nmogHUMAaeTCsa B BO3AYX
Oosabmiol camoJieT-JabopaTopusi, 3aIOJIHEHHBIHN
0 TIpejesia HAy4YHOII ammapaTypoi. 34ech —
JAaTYMKU NABJIEHUS, TEMIEePaTyphl, BJAXKHOCTH
1 ele MHOTMX BAXHBIX [JIS ONbITa BEJIUYUH.
IlpunpHyBIINE K HJIJIIOMHHATOPAM HCCJIELOBA-
TeJIA, IMOCTOSHHO JIep>Ka CBA3Bb C 3eMJIei, «0Xo-
TATCA» 3a rpo3oomacHbIM obiakom. Ha aspon-
poMe MM IIOMOraloT, UCIIOJb3YsI PafHOJIOKATOpP,
HACTPOEHHBLIH HA IIOMCK 0YaroB OOpPa30BaHHA
rpaza. Y Bor «XeprBa» BeiOpana. 3To, KaK mpa-
BHJIO, T'MTAaHTCKOE KyueBoe 00JIaK0, JOCTHUralo-
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mee BbIcOTHI 10 10 KuiomerpoB. Bepxyuika ero
OyKBaJIbHO Ha IJjas3ax KJyOuTcs, yKasblBasg Ha
MHTEHCUBHBIM poOcT. HavajpHMK 3SKCHeZUIINU
JaeT KOMaHAY Ha B3JIET BTOPOMY CAaMOJIETY —
6oeBoMy OOMOApAMPOBIUKY, IepeleIaHHOMY
mox c6poc MUDHBIX cHapsxoB. Kpyro Habupas
BBICOTY, O0MOApAMPOBIMK BBIXOMHUT HA IEJIb.
IIo curnasny ¢ mepBoro caMoJieTa BTOpPOM IIpo-
M3BOAUT CcOpPOC CIIEI[MAJIBLHOrO BeIlleCTBa B ca-
MYyI0 BepxXywmKy obsaka. 11 ecau Bce ObLIO pac-
CUMTAHO IIPAaBUJILHO, 00JIAKO HAUMHAET pacca-
ceiBaThesl. OmacHocTh rpaza muHOBaJial Bunor-
pazapb, MOXKeT ObITh CIIOKOEH.
BombapaupoBmuk uzaer Ha nocaaky. Jleraro-
mast jabopaTopus elne NOJIr0 KPYKHUT y «00e3-
BpPEXEeHHOro» o0JiaKka, poBoAsA GoTo- U KHUHO-
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cpeMKy. HeobxonuMo cpesiaTh M3MepeHUs IS
aHAJIM3a pe3yJIbTAaTOB M IIOATOTOBKH K CJIEAYIO-
muM onsiTaM. Bopr6a ¢ rpazoM BO MHOr'uX CJY-
yasix IIPUHOCHUT YyCIeInHble ILIoAbl. Ilomumo
0oMb6apaAupPOBOK 00JIAaKOB C BO3AyXa, €lle IpH-
MEHSAIOTCA rpano0oiiHble OpYAUs, IOCTaBJISIIO-
IMHe TIPOTUBOTIPAJIOBBLIA 3apsn BHYTpL «TI0JI0-
3pHUTEJILHOrO» O0J1aKa.

TAK JIM TBEPJA 3EMJIA?

Mel He 3aJlyMBIBasicCb TOBOPHM — «3€MHad
TBepAb». HOo Tak Jiu MBI yBEpPEHHI B TOM, 4YTO
Hallla poxHas 3eMJia — TBepAas IO CaMoii ce-
penuHbI?

B03MO0XXHO, BBI CJLIIIIAINA, YTO BHYTPH 3eMJIsA
Kuakasg. Ho y»X ee BHelrHssi 000JIouKa — KO-
pa — TBepAa Io-HacrosileMmy. Tak-To OHO Tak,
HO IapajloKC B TOM, UTO BEI[eCTBO 3€MJIH CIIO-
co0HO... Teub. KOHEUHO, TaKMe TeUYEHUs IIpaK-
THYECKHM HE3aMeTHBI JJIA HAaC, NOCKOJIbBKY HX
CKOpPOCTb paBHA HECKOJbKHM CAHTHMETPaM B
rox. CkakeM, Ha pacCTOAHUE, PAaBHOE JHUAMETDPY
3eMHOrO IlIapa, ¢ TAKOM CKOPOCTBHIO MOYKHO Iie-
peMecTHThCA 3a MOJMUJIMAPAA JeT. 3eMJis, Cy-
IA IO pacyeTaM YYeHBIX, crapme pa3 B 10, u
3a 3TOT CPOK ee IOBEPXHOCTb MOIJIa 3HAUHUTEJIb-
HO ITePEMEHUTHLCA.

Bor, ¥ npumepy, Ha JIyne BUIHBI IIOJIyCTEP-
ThIe OCTATKHM I'DOMAJHLIX KpaTepoB. JTO CBHUAE-
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TeJLCTBO JPEeBHENIINX
cOOBITHH — TaJeHuil
KPYIHLIX METEOPHTOB.
TaxuM oOpa3oBaHUAM
3—4 MuiInapna Jer.
ITouemy ke Ha 3emJie
He COXPaHHJIOCh MOJO-
O6ubIx ciaenoB? O mpwu-
YMHE MBI y)XKe CKa3sa-
JU — Hama IJaHeTa
MOYKEeT Te4b, MOJOOHO
OUeHb TI'yCTOH CMeTa-
He, «pa3Ma3bpIBas»
HEPOBHOCTH.

Eme oxunu npumep.
Okoso 10 TeICAY JeT Ha3aZh, Korjga Ha 3eMJe
IIOTEILIeJIO, PacTasiiu OOIIUPHEHIINe JeNHUKH,
noxkpeiBaBimrue CeepHoe mosymapue. OcBobo-
OUBIINCH OT HABJIEHUS CJIOA JIbJa BHICOTOH B 2
KUJIOMETPAa, 3€eMHAas KOopa CTajla MOAHUMATHLCS.
W ceituac 3TOT noabeM IPOAOJIMKAETCS B CEBEp-
HBIX CTpaHaX MO0 HECKOJbKY MHMJLIMMETPOB B
rog. OTO TOXKe 00'bACHACTCS TEUEHUEM BeI[ecTBa
3emuu. .

JlobaBuM, 4TO KaMeHHAsA Kopa 3eMJIH COCTO-
UT U3 KOJIOCCAJBbHBIX OTHENBHBIX ILIUT. OHU
OYEHb MEAJIEHHO NepeMeIllaloTCA APYr OTHOCH-
TeJIbHO Apyra. B MecTax ux nepeceueHuit 3emMmas
HecnokoiHa. TaM uacTo ITPOUCXONAT 3eMJIETPA-
CeHUs U M3BEPIXKEHUs BYJIKAHOB.
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JABAUTE IIOPA3MBICJIUM

9 O uem zosopum nocaosuya: «IIpasda, umo macno,
* gesde nasepx ecnnvieaem»?

9 ITouemy Ope6Ha NAABAIOM He «CMOA», @ «JeHar»?
.

& Tornywuil yenosex, 63bl6ai 0 NOMOWU, noOHUMaem
* pyxu. Bepno nu on nocmynaem?

9 Omuezo 6a0dye niasaem, ecau onycmume ez0 8
* 600y OHOM, U MoOHem, ecau onycmumb ezo pe6pom?

& ITouemy «100Ka moHem u om JUULHe20 nepvlulKka»?
L]

9 Kakoe ceolicmeo 600vL. umerom 6 6udy, xozda 2060-
* pam, umo y Hee «zubkas cnuna»?

© ITouemy nod meduyunckumu 6anrkamu esdyeaemea
* koxma?

€ Omuezo «3axkaadviéaem» Yywu npu 63neme U no-
* cadke camoaema?

9 Kax mbul nvem uepes cONOMUHKY?

© ITouemy mennuCHbL WAPUK «BUCUM» 6 CMPYe 603-
* dyxa om neirecoca?

9 Kozda us HadyeHozo mampaca Gvicmpee 6bliidem
* yepes omeepcmue 6030yx — ecau Mmv. 6ydem Ha
Hem Jexcams unu cmoamv? Ilowemy?

9 ITouemy cnpasgedauea nocaosuya: «H cuavHbli e-
L]
mep He Moxem nodHAMb 60NH 6 Koaodye»?
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Yro BHYTpPH BellecTBa? .
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C mpecKoM JIONHYA KYBWUH;
Houvlo 600a 6 HeM 3amepana,
J npo6ydunca edpyz

Bace

Bor Te pas! B 3arosoBke — Tenjao, a B 31H-
rpade — MOpO3, AIOHCKHUM II03TOM U300paKeH-
Heii. HeyBsA30uka Kakada-To...

A BCIIOMHMTE, OTYEro BHI, CJiy4aeTcs, IIPO-
ceinaeTech HOUubI0. Onesio CIoJI3JI0 — XOJIOAHO
CTajio, TOBOPUM, 3aMep3Ju, Kak Jjexablmika. Ilo-
JIydaeTcsi, X0J0d — HeJocTada WJIA IIOTepA Tell-
Ja, Kak Obl oOpaTHas ero cropoHa. Tak 4uTo Ox-
Horo 6e3 apyroro He ObIBaeT.

W3yuaTs TemyioBble NpOILECEhl 3aCTaBUJIO Ye-
JIOBEKa BeYHOe CTpeMJieHue K Temuy. Y omexny
OH IIWJI, ¥ JAOMAa CTPOMJ, YTOOBI TEIJIO COXpa-
HUTHb, YAEP>KaTb. A IOTOM IIPHCIIOCOOMJI TEILIo
ABUTATh MAIIMHBI — TaK 0 CHUX IIOP OHO TaM
Ha Hac u paboraer.

Yro6bpl MAIIMHBI JIyYIle JABUTAJIUCh, ITPH-
IIJIOCh pa3dHUpaThCs, U3 UEero TEMJiO «COCTOUT».
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HJemokpHuT (ok. 460—370 o
H.3.) — ApeBHerpeyecKuit yue- :
Hul# ¥ duaocod. Cyurai, uTo
Bce Ge3rpaHUUHOEe paszHoobpa-
31e BeIIeCTB B NIPUPOJE COCTO-
MT U3 MHOXKECTBA MeJbyaili-
IMHUX HeJeJUMBIX YacTHIl —
aroMoB. OHH OTJIHYAIOTCS HO
¢dopMe ¥ BeJIMUMHE, HO CaMH
1o ceGe BEUHKLI ¥ HEU3MEHHHI.
Taxk>ke moJsiaras, yto Bo Bee-
JIEHHOM CYINeCTBYeT GecumcJeH- |
HOe MHOXKeCTBO MMpPOB, BO3HH-
KaloIHUX U THOHYIIHX.

Briscuuiocs — u3 aBuskeHus. Kak ke Tak? [la,
emje apeBHUEe rpeku o6 arom aymanu. I[Be ThI-
cAYM JIeT IIOHAAOO0MJIOCh, UYTOOBI JO HAC 3TO
OKOHYAaTeJILHO AOILJIO. A KaK [OINJIO, TaK Te-

nepb KajkeTcsl, UTO IO-APYroMy O TeIJjie M AOy-
MaTb-TO HEJb34.

JlaBaiiTe-ka U MBI B3rJIAHEM Ha MHD TeILia
C pPa3HBIX, IIOPO HEOXKUAAHHBIX cTOPOH. Co cTO-
POHBI IJIABJIEHMA M 3aMep3aHUA, MCNIAPEHMA U
KOHJIeHCall¥, TENJIOIIPOBOAHOCTHA M H3TyYECHH .
IIocMoTpuM Ha Hero ¢ 00JIAKOB M ¢ PaKeThbl, U3
IapoBO3a M M3 XOJIOAUJIBHUKA.

Ho mpexxne Bcero 3arasiHeM BHYTpb... Be-
1iecTBa.
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YTO BHYTPH BEIIECTBA?

O kakux OBl TeJaX Mbl HA I'OBOPUJIM, IIOUTHU
BCErJa CUUTAJM UX CIUIOIIHBIMH. OTO CJIUTOK
MeTaJjljla, KalJigd BOAbI, I'JIOTOK BO3AyXa. XOTdA
BCe Ha3BaHHOE — 9TO YACTH 4Uero-To 0OJIbIIero,
MBI He Bceryla obpargaeM BHUMAaHHe Ha TO, UTO
OHH CaMHU U3 Yero-To cocToAT. OMQHAKO ¢ JaJIeKoi
IPEBHOCTH BO3MOXKHOCTH JIeJICHUS BellleCTBA Ha
YacTH MOATAJKMBAJIA K UJee, YTO MOXKHO JTOMTH
0 KaKUX-TO OYE€Hb MAJICHBKUX €ro KPYIIHWHOK,
IEJUTh KOTOpPBbIe JaJjibllie y)Ke HeKyha.

9TO — rumoTe3a 0 APOOHOM CTPOEHUHU Belle-
CTBa, OJHA U3 CaAMBIX CTapblX B HCTOPUHU UeJIO-
BeuecKoi mbicau. IlogTBepauiacey aTa rumore3a
cuycrsa 6osee uem 2000 Jyer. Y Hee Bce 3TO Bpe-
MsdA ObIJIO HEMaJI0O KaK CTOPOHHUKOB, TaK U APO-
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coB (1711—1765) — poccuii-
CKHH YYEHLIH-SHIMKJIONIEUCT,
OcHoBares, MockoBckoro yuu- .
BEPCHTETa, ABTOP YYeOHHUKOB H
03N, CO3/ATeJb WIKOJI. OTCTa-
HBAJ YUeHWe O NPEPLIBUCTOM
CTPOEHHH BellleCTBa, ONEpPeNuB- :
llee HAyKy TOTO BpeMeHH Ha  :
croserue. ChopMyimpoBas 3a-
KOH COXPAHEHHsI MaTEepHUH U
[ABMIKEHHSI. 3aHHUMAaJICST HccJe-
NOBaHHSIMU aTMoc¢epHOro
3JIEKTPHUECTBA, CKOHCTPYHPO-
BaJl onTHYeckue OpUGOpH /st
aCTPOHOMHYECKHUX Habumoae-
HU#K. OTKpLI aTMocdepy Ha
Benepe. CTpouJ1 cTekoJibHbIE
3aBOJILI, LIAXTHI, IJIABHJIbHbLIE
ne4yy, BHeJpHUJA GHU3HUECKHUe
METOALI B XUMHIO.

CTHBIX TIPOTUBHUKOB. M TOJNBKO OMBIT, KaK Ya-
cTo OBIBaJIO, IIOCTABMJI BCe HA CBOW MeCTA.

Koneuno, ybenqurncsa rjasaMd B TOM, YTO
BEIIECTBO COCTOHUT M3 KAKHUX-TO KPOXOTHBIX
YacTHUL, HEeBO3MOXHO. CKOJbKO OBl MBI HU
ApoOuiu, CKakeM, KMPIW4Y, HU pa3OpbI3rUBa-
JU Ha KalleJIbKU BOJYy, Bcerjja oKas3bIBaeTcH,
YTO MNBIJIMHKH W KaleJlbKH MOXHO IeJIUTh
nanbsire. Jla Heuem!

W nums 3a mocaexgrue 100 jJeT HaKOIUJIOCH
IOCTATOYHO JOKAa3aTeJbCTB CYIIEeCTBOBAHUSA
TAKUX «3epHBIIMIEK» BelnecTBa. Ceronus cre-
IMaJIbHbIe MMKPOCKONBI, I'Jle BOBCE HET CTEK-
JBIIIEeK, TIOMOralT HaM OyKBaJILHO pasrJs-
JeTb ux. U BnpaBny, BHYTPH BeiIeCTBO OKa-
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3aJI0Ch YCTPOEHO O4YeHb OJM3KO K TOMY, UTO O
HEM AyMaJiu emie JpeBHUEe I'peKu. Brl, HaBep-
HOe, CJBINIAJIX O HA3BAHUAX 3THUX YACTHUIL] —
aTOMBI U MOJIEKYJIBI.

¥Y3HaTh 00 UX HAJIUYUHU OBLJIO BAYKHO HE TOJIb-
KO, ‘UTOOBI YIOBJIETBOPUTEL Hallle JIIOGOIILITCTBO.
OrpoMHOe KOJIMYEeCTBO ABJIEHUM, IIpe)KJe BCEro
TENJIOBBIX, YyZaJioch OOBACHUTH C IIOMOIILIO
npeAcTaBJIeHUsT 0 MoJieKyJax. Teopusa mporec-
COB, ITPOUCXOAAIINX B BEI[ECTBE, OMUPAIOMIAACS
Ha TaKoe 3HaHUE ero CTPOeHUA, Ha3bIBAaeTCA MO-
JIEKYJIIPDHO-KUHETUUYECKON TeopUeu.

SEPHBINNIKHU-ATOMBI
A ATOAKHU-MOJIEKY JIbI

A nouemy MeJsbuaInye YaCTUUYKHU BeIleCTBA
Ha3bIBAIOT TO aTOMaMH, TO MoJieKyJiaMmu? Moxker
OBITH, UX IIPOCTO BCErO ABa pa3HbIX COPTa, CKa-
JKeM, 9TO uepHble U Oesbie mapuku. Her,- neyo
obctouT uyTh ciaoxkHee. Kakue-To BelecTsa sei-
CTBUTEJIBHO COCTOAT KaK Obl 3 cOOpaHHBLIX BMe-
CTe MeJbUYAWIIUX INAPUKOB («3€PHBIMIEK») Of-
HOro BHJa. OTO, HAIIpMMep, MeTaJlJIbl UJHU ras
HEOH, KOTOPBIM 3aNOJIHAIOT PEKJIAMHbBIE TPYOKH.
B npyrux BemiecTBax 3TH IMIAPUKHU OXHOIO MJIU
Pa3HBIX COPTOB I'PYHIUPYIOTCS, KPEIIKO CIeTUB-
IIUCH, TAK YTO IIOJIy4aeTcs CJIOBHO HOBHIHM, CO-
CTaBHOM mmIApUK («sroxka»). BoT oTmenbHEIE
KPOXOTHbIE IIAPDUKH HA3bIBAIOT aTOMaMH, a HX
00'beJUHEHUs, TPYNIEl — MOJICKYJIaMH.
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Ameneo ABoraapo (1776—
1856) — uTanbaHCKHN PHUBHK
M XHMHK. Brickasan rumoresy
O CTPOEHHHM MOJIEKYJI r'a3zoB M3
OJIHOTO MJIM HECKOJbKHX aTo-
MoB. IToJlyuns OAMH M3 OCHOB-
HBIX Ia30BLIX 3aKOHOB, Ha Ga-
3e KOTOpOro B AajbHeHIeM
Pa3BHBAJIOCh ATOMHO-MOJIEKY-
JsipHOe yueHHe. PaspaGoTan
MeTO/Ji ONPefieJIEHHSI MOJIEKY-
JISIPHOT'O ¥ ATOMHOTO BECOB.

BoanmemMm, K mpumepy, ABa raza — BOIXOPOJX
U Kucaopoa. Bo3MoKHO, BBl BUJZEJU IIPOUHBIE
MeTaJIIuyecKue OaJIJIOHBI IJIsi IIePEeBO3KHU 3THUX
ra3oB B CXAaTOM COCTOSHHMU. BHyTpuM TOro, Ha
KOTOPOM HAIIMCAHO «BOJOPOX», 3TOT ra3 IIpej-
craBjigeT co0Oil «IIapOYKH» CUEMUBIIMXCHA ca-
MBIX MaJIeHbKMX aTOMOB B IIPUPOJle — aTOMOB
Bomoposa. B 6ajoHe »Ke ¢ HAANUCBLIO «KHUCJIO-
poa» MBI MOrJIE Obl OOHAPYXKHUTH TOXKE IApLI-
MOJIEKYJIBI, COCTOAIME, B CBOIO OUepeab, U3 aTo-
MOB KHCJIOpPOJia — IIIapDUKOB, pa3 B BOCEMb Mac-
CUBHee BOINOPOJHBIX.

YIUBUTENBHO, YTO MMEHHO M3 3THX ra3oB
MOXKeT IIOJIYYUTHhCA... Bofa. CoeIUMHUB BONOPOX
U KUCJIOPOJ B OITpe/ieJIEHHOA NpPONOpPIUU, B Jia-
f6opaTopusix o0pa3yioT BOAY, KaKaasd 4YaCTHUUKA-
MOJIEKYJIa KOTOPOM COCTOUT y>Ke U3 Tpex IIapHu-
KOB — JIByX aTOMOB BOZOpPOZAa U OAHOI'0 — KHC-
Jopoja.
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ATOMOB 1O CBOEMY BHAY B IPUPOAE BCETO
oxkosio 100 coproB. Ho mx KomMOMHAIMU-MOJIE-
KYJIBI CO3JAIOT TO OIPOMHOE MHOrooopasue Be-
1IeCTB, KOTOPOe OKpyxkaeT Hac. IIpumuem He
TOJIBKO Ha 3eMJie, HO, HABepHOe, U BO Bceil Bee-
JdeHHOM BooOme. HuuToKHO csabble CUI'HAJIHI,
KOTOpPBIE aTOMBI MU MOJIEKYJIbI, OKa3bIBaeTCs, I10-
CHLIAIOT U3 KOCMUUYECKHMX Jajieil, JeJIOBeK Ha-
JIOBUMJICA perucTpupoBaTh Ha 3emie. Takwme
CUTHAJIbl JOHOCAT IO HAC CBUIETEJILCTBA TOTO,
yTo Mup, KakuM OBl OH HU BBITJISAZIeJ] PA3HBIM,
IIOCTPOEH Be3/ie M3 ONHUX M TeX JKe «3epPHBbI-
IIeK»-aTOMOB. ’

MOJIERY JIBI-HEITIOCE/IbI

Ecau BemecTBO yCTpOEHO uM3 MeJIbYaMHIuUX
YacTHll, TO KaKk OHU cebsa BenyT? MokeT ObITH,
OHU HENOABMIKHBLI JPYr OTHOCHUTEJBbHO aApyra?
Wnu xe Kak-TO EBUKYTCA? 3aMeTUTh HEIlOCpe-
CTBEHHO TO WJU MHOe MBI He MOoeMm. Ho Bor
noACcKa3aTh HAM, UTO IIPOMCXOAUT BHYTPH Be-
1I1eCTBA, OKAa3bIBAETCs, €CTh UYeMY.

B HauaJjie IIpomijioro BeKa aHrJIMMCKuM O6ora-
HUK P.Bpoyn Obli OueHb yAUBJIEH, B3TJIAHYJ B
OOBIYHBIA MHKPOCKON HA I[BETOUHYIO MBLIbLILY,
HACBINIAHHYIO B BOAY. HaCTUUYKU NBLIBILI CJIOB-
HO ILIACAJH B BoZe. XOTA caMH OHU HeoObIYaiiHO
MaJibl — WX pa3Mephbl OKOJIO TBICAYHBIX IOJIeH
MMJIJIUMETPa, — TI'OBOPHUTH O HUX KaK O CaMbIX
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MeJbUaimMX YacTHIIaX BellecTBa elle HeJb3d.
Ho ecau mpeACcTaBUTh, UTO «ILIACKA» NbLJIBIBI
BBI3BIBAETCA yAapaMu ele OoJsiee MaJbIX dYac-
TUI] — MOJIEKYJl BOAbl, — TO €e IIOBeJeHue
BIIOJIHE OO'BSCHMMO.

MoxeT OBITH, BbI BHJAENH, KAK BO BpeMs
KOHIIEPTOB CO ClleHBI OpocaloT B 3ay Gosbinue
HaJyBHEIE NIapbl. 3PUTEJNH CTPEMSATCA yAa-
PHTH IIO IIAapy, HO HUKTO He MOXKeT IIpeJiCKa-
3aTh, KyZla B KAXABII MOMEHT OH HaIpaBUTCH.
B pesyabTare MbI HaOI0KaeM ero 6ecriopsanod-
HOe, MJIN, KaK ellle TOBOPAT, XaOTUYeCKOe JABH-
JKeHHe 110 BceMy 3any. IIOHATHO, YTO OHO OII-
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penensieTci TaKHMU
Ke OecropAnOUYHBIMU
TOJYUKAMHU 3puUTeaei.
3aMeHUTE Temepb KX
Ha  MOJIEKYJIBI, a
map — Ha 4YaCTUUYKY
NBLJIbLBI, ¥ BOT y Bac
MOJZeNIb  ABHIKEHUSA
MOJIEKYJIBI.

HUrak, BHyTpDH Be-
IecTBa ero MeJjbuyai-
mue KPpyInuHKU-MOJIe-
KYyJbl  HEINpPEepBLIBHO,
XO0TsA ¥ 6ecropsAnoOYHO,
IOBMIKYTCA. ITO IBUIKEHUEe OyeT TeM UHTEeHCHUB-
Hee, YeM CHJIbHee HarpeTo BeIlecTBO, ero II03-
TOMY Ha3BIBAIOT TEILIOBLIM. Takas CBsA3b II03BO-
JIMJIA B JaJibHEeNWIeM O0bACHUTD, YTO TAKO€e TeM-

neparypa.

TPH IIAPCTBA
COCTOSIHHI BEIIECTBA

B KakuxX COCTOAHHAX MOXeT ObITh BeIeCT-
Bo? Hy, TyT [IOCTATOYHO €ro «IOLIYNaTh».
JTO — IyCTh OYEHb IIPOCTOH, HO TOXKE OIBIT.
Kaxossl sxe pesyabraTei? MBI TOBOPpUM: BCe TeJia
MoryT ObITH B TBEPAOM, KUAKOM H rasoobpas-
HOM COCTOAHUAX. VIX emje Ha3bIBAIOT arperar-
HbIMHM. VIHTEpECHO, UTO OZHO BEIIeCTBO MOXKET
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ObIBATH B KaXKJIOM M3 9TUX COCTOSHUI, ITpHUUYEM,
CJIYYaeTCcsi, ¥ OLXHOBPEMEHHO.

Hy, BoT Bozsa. Eciiu BB BeITaluTe M3 MOpPO-
3UJIBHUKA KYCOYEK JIbjla U ONYCTHTE B CTAKaH
¢ COIOM, TO cpa3dy OOHApyIKHUTE BCe 3 COCTOAHUS
OZHOT'O M TOro ke BelecTBa. Jlex — 3TO «TBEp-
Iasi», 3aMepamad Boga. IlimaBaeTr oH B BoJie »KUJI-
KO#. A HaJ CTAaKAaHOM BOJIa HAXOAUTCA B HEBU-
IUMOM, ra3000pa3HOM COCTOAHUU, 3TO €€ Maphl.
BelABUTH mapsl HETPYAHO: HA XOJOZHOM 3ep-
KaJiblle, IIOAHECEHHOM K CTaKaHy, BBl CKOPO 3a-
MEeTHTe TYMAaHHBIA HaJIeT, COCTOAIIUN H3 KpO-
XOTHBIX KalejieK. 9TO He YTO HMHOe, KaK Cry-
CTUBINNECS, UJU CKOHACHCUPOBAHHBLIE M3 BO3-
oyxa BOLSHBIE IIaphbl.

YeM OTIHMYAIOTCA STH COCTOSHUS BeIlleCTBa
npyr ot apyra? O6patumcs 3a O0'bsICHEHUAMHU
K MOJIEKYJISPHO-KHHeTHUYecKo Teopuu. OHa
CKaXXeT HaM, YTO OAHU M Te e «II0 COPTYy»
MOJIEKYJIbl, HAIIPDUMEDP, BOABI, IIPOCTO I1O-PA3HO-
MYy B3aMMOJIEMCTBYIOT MEXAY CO0Oi.

B TBepaOM TENIE — JIbJe — OHHU OUYEHb ILJIOT-
HO «YIIaKOBaHBI», OCTPO «OINYLIAIOT» IPHUCYT-
CTBUE COCEleil M B CBOMX [ABUIKEHUSAX CHJIBLHO
orpanuyeHbl. II0osTOMYy U IBUraThCA OHHU MOTYT,
NpaKTHUUYEeCKU He CXOAA C MeCcTa, TO eCTh Koyeb-
JIOTCsA. BoT moueMy TBepAOe TEJO XOpPOIIOo COo-
XpaHsAeT CBOI0 GopMy U 00beM.

B kuakocTAX MOJIEKYJIBI UYYBCTBYIOT cebs
cBobonHee. [Tomumo KoyebaHmil, OHU €lle OUeHb
YacTO IepecKaKMBalOT C MeCTa Ha MeCTO. YII-
JIOTHATH UX ITPAKTUUYECKH HEJb3s, a BOT Iepe-
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MelmaTh — Jierko. VI3-3a 9TOro KUAKOCTH TEKYT
M OPUHUMAIOT GOPMYy cOCyZa, B KOTOPBIA MBI
UX HaJIbeM.

A BOT B razax CBS3M MeXAY MOJIEKyJIaMU
CTAHOBSATCH HACTOJBKO CJIa0bIMH, UTO OHHU Te-
nepb MOTYT HOCHUTBHCA C OI'POMHBIMH — COTHH
METPOB B CEKYHJY — CKOpPOCTAMH U Ha 0OJIb-
IINX PACCTOSIHUAX APYr oT aApyra. Iloaromy ra-
3Bl ¥ 3aHUMAIOT BeCh IIPEJIOCTABJIEHHBIN UM 00b-
€M, XOTsS MOTYT OBITh JIETKO CXKAaThI.

KAK ITPOHHKAIOT BEIIECTBA
IIPYT B IPYTA?

ITocTtaBbTe TakoOil 9KcrepuMeHT. B TeMHYyIO
KOMHATy, TAe Bbl CUJUTE CIIMHOM K JBEepHU U
3aTKHYB YIII¥, IIOIPOCUTE BOWUTH II0 OuUepenu
IByX uejoBeK. IIycTs 3T0 OyayT Balmu mpusATe-
JU — MaJBbYUK M AeBouKa. OxHO ycsoBue: ne-
BOYKA AOJI’KHA ObITh HapymieHa. Yepe3 HECKOJIb-
KO MUHYT IIOCJIe IPUXO0ZAA KaXKJ0ro BHI yrajaere,
KTO MMEHHO BOIIEJI.

Hy, 1 uTo0 Xe TyT 0c0OGeHHOr'0, CIIPOCUTE BHI?
Koneuno, n1eBouky «Bblgasu» ayxu. Ho BoT BoII-
poc: KaKk oHM jpobOpasuchk no Bamrero Hoca? Ilo-
JKaJyid, 3HaA O MOJIEKYJIADHOM CTPOEHUH Bellle-
CTBa, U TYT OTBETUTH HeTPYAHO. MosexkyasnI 1y-
XOB, BbLJIETasA B BO3AYX, YMYAPAIOTCA OUeHb ObI-
CTPO HIPOCKOUUTH MEXAY ero MOJIEKYJIaMU H
pPacnpoCTpaHUTHCSA II0 Bceil KomHaTe. Paspe-
JKEeHHOCTDb I'a30B M 0OJIbIINE CKOPOCTH MOJIEKYJI
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obecrieunBalOT dTO sAIBJIEHUE, Ha3biBaemoe aup-
dysueit.

A MoXeT JM OHa HAOJIOAATHCH B YKUIKO-
ctsax? Ilouemy OBl 4 HeT, Beib B HUX MOJIEKYJIbI,
XOTsl PAacCIIOJIOMKEHBI M IIJIOTHO, HO BeChbMa IIO-
IBVMXKHBI. BOT, CKa)XeM, OCbMHHOT, ILITAACH Y-
paTh OT IIpecJieloBaTe)Is, BEITyCKaeT B BOAY 00-
JIAaKO YepHUJIBbHOM Kugkoctu. OHO oueHb OBICT-
po pacreTt, co3zaBas OyATO ABIMOBYIO 3aBecy. A
BeJlb OHO — Kak pa3 npuMep audpdysuu, To ecTb
B3aMMHOr'0 NMPOHUKHOBEHUS JKHUIKOCTEH Ipyr B
Apyra.

YausButeabHo, HO AUPPyYy3uA MOXKeET ITPOHUC-
XOIUTH U B TBEPABIX TeJaX. XOTA HAMHOrO MeJ-
JIEHHee, YeM B JKHJKOCTAX U rasax. Ee MoXkHO,
npaszia, YOBICTPUTHL, IIOBBHIIIAA TEMIIEPATYPY.
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NmenHo nuddy3usa obecrneynuBaeT cCoOefUHEHUE
METaJJIOB NpU maiike uiau cBapke. OOHAKO U
npu OOBIYHOM TeMIepaType TenjJoBOe IBHIKe-
HHE MOJIEKYJ] NPUBOAUT K HX IepeMeInunBa-
uuio. Ho gauTennrHOCTH 3TOrO mpoiecca He mMo-
3BOJIAJIA €70 OOHAPYIKUTDH, U TaKyI0 fudDDy3uio
BIIePBbIE€ HAOIIOAAIY JIMIIL B KOHIIE ITPOMIJIOTO
BeKa.

OTYEI'O «PASBYXAIOT» TEJIA?

HaBepHoe, BaM 4yTh JIU HE C JETCKOI'O cajza
M3BECTHO, UTO IIPM HArpeBaHUM TeJIa PACIIUPS-
I0OTCs, 4 TIPU OXJIAXKAEHUU — CIKMMAIOTCH. ITY
CIIOCOOHOCTH TEJI MEHATH CBOM pPa3Mephl B 3aBU-
CHUMOCTH OT TEMIIePATYPHI JIOAU HAYUYUJIUCH HC-
MM0JIL30BaTh WJIM YYHUTHIBATh faBHO. Hampumep,
JKeJIe3HYIO IINHY HAaca)KMBaJIM Ha KOJIECO TeJie-
rd, Korjga oHa ObLia packaJieHa. Illuua, ocThI-
Basi, TYro craruBaja Kojseco. Yliim mocmoTpure
Ha KOJIEIO »KeJIe3HO# moporu. Mexay OTaebHbI-
MU OTPE3KaMU PEeJIbCOB OCTABJSIOT IPOMEXKYTKHU
JUIsI UX BO3MOKHOT'O TEIJIOBOr0 pPaCIIMPEeHHA.

9TO SABJIEHHE 0Xa3aJIOCh OYEHb ITOJIE3HBIM
npu U3MepeHuHu TemmnepaTtypsl. Eciiu K KOHILY
MeTaJINYecKOl MIACTUHKM MPHUAEJIATh CTPeJI-
Ky, TO OHA, MEHss CBOE ITOJIOKEeHUEe ITpU Ha-
rpeBe U OXJIAXKJIE€HUU MJIACTUHKHU, YKAXKET, Ka-
KOBa ee Temnepartypa. A Mo)XeT ObITh, B Ay-
XOBKAaX BaNIUX KYXOHHBIX NIJHUT €CTh TEpPMO-
MeTp, CHEJaHHBIA M3 MeTaJJIMYeCKUuX TIpy-
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KkuH? Eciu OH BBIHUMAaeTCd, pPacCMOTpHUTE,
KaK OH YCTDOE€H.

Bosee ynoOHBIMM IJIA 9TOM I€JIM OKAa3aJaUCh
skuakoctu. CKka)keM, B MEIUIIMHCKUX U KOMHAT-
HBIX TEPMOMETPAaX NPUMEHSIOT NOJKpPAaIIeHHbBIH
COUDPT HJM PTYTh. Pacmupsasch IIpu HarpeBa-
HUM, OHU IOJHMMAIOTCSA BBEPX II0 Y3KUM TpY-
00uYKaM, BIOJIb KOTOPBLIX HAHOCAT JEJIEHUS TeM-
IIepaTypHOM WIKAJIBI.

EcTtp u rasoBble TepMOMETDbI, HMCIIOJIbB3YIO-
mue ToT Ke apdexT. Ho Bo Bcex ciyuaax pac-
IIUPEHUsT TeJ Mbl MOXKeM o0paTuThCa 3a IIO-
MOIIIBI0O K MOJIEKYJIIDHOM Teopuu, 4TOOBLI pas3o-
OpaTbCsl ¢ 3TUM sBJeHHeM. M 31ech MBI IIOJy-
YHUM IIOYTH OUYeBHIHBIK oTBeT. C pocTOM TeMIre-
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paTyphsl MOJIEKYJIBI CTAHOBSATCS 0OoJjiee ITOBUXK-
HBIMH, U UM Tpebyercs Oosbine mMecTa. Paccro-
SIHUE MEXKJy MOJIEKYJIaMM pacTeT, a MBI 3TO 3a-
MedyaeM KaK yBeJIMueHue 00Iiero oomema Tesa.

IIpencraBpTe cebe TaHIEBAJLHBIN  3aJ.
CKOJIBKO B HEM MOET YMEeCTHUTHCS UeJIOBEK?
Ecyiu 3anycKaTh UX B 3aJI 110 OAHOMY ¥ ILJIOTHO
IIPUCTABJAThL APYr K APYry, TO TyZa HabbeTcs
Joneil, Kak «ceyapneii B 6ouke». Ho ecau BbI
IIOITPOCHUTE UX MOTAHIEBATh, TO BPAJ JIU B TAKOH
TEeCHOTe UTO-HUOYAb BbIZET. YeM 3aKurareiib-
Hee TaHell, TeM MeHbIlle HapoAy OCTAHETCA B
3ajie — OCTAJIbHBIM IIPUAETCSA MOKHUHYTH IIOMe-
menue. IIpousomno Kak Obl «TenjoBoe paciIiu-
peHune» TAHNYyIed myOJMKM, ¥ YacTh €€ BBI-
TECHUJIACh HAPYKY.

KAK IIJIABATCA METAJIJIBI
N 3AMEP3AET BOJA?

YT0 NpOMCXOAUT, KOrAa ILJIABUTCA MeTasa?
IlepBoe, 0 ueM MBI MOXKEM CKa3aTh, OUeHb Ha-
rassgHo. BBl TBepAbI KyCOYeK, a MpeBPaTUJICA
B XHIKOCTh. HO Belb 3TO — OZHO U TO Ke Be-
IIeCTBO, CKaXeM, o0JioBo. Ero, KcTtatu, OUYeHb
JIETKO «PaCTOIUTL», HarpeBas B KeJIe3HOH JIOXK-
K€ WJIA NafgJbHUKOM. YTO Ke BCe-TaKH ITPUBEJIO
K TaKoil BHeNIHe#d mepeMeHe B MeTaje?

Eciin o0paTUTbCA K ulIee O «3€PHUCTOM»
CTPYKType€ BellleCTBa, TO MOXKHO OyZEeT OTBETUTH
TaK. IIJIOTHO IpPUrHaHHBIE APYT K APYry MeJb-

153



yafinue 4YaCTUUKU — aTOMBI OJIOBa — ITPpU Ha-
rpeBaHMM Bce MHTEHCHBHEE ABUrajiuch. B Ka-
KOI-TO MOMEHT (y Ka’XZOro BeliecTBa CBOM) UM
y’Ke He XBaTUJIO MeCTa IJIA «CYEeThbI» APYT OKOJIO
npyra. Haue roBopsAT, YTO TECHBEIE CBA3U MEXK-
Iy aToOMaMH pa30pBaJINCh. ATOMBI ITOJIYYHJINA
BO3MOXKHOCTBb He TOJIBKO KoJiebaThCcA Ha MecTax,
HO ¥ KPYXXHUTBHCA APYr OTHOCHUTEJBHO Apyra. A
9TO — YyiKe IIOBeJleHHe MeJIbYANIIUX YaCTUUYeK
JKUIAKOCTH.

B KakoM-TO CMbICJIE 3TO SIBJIEHHE TIOXOOUT
Ha B3BOJ COJIIAT, CTOANIUMA II0 CTOHMKE «CMUP-
HO». KakpIii U3 BOMHOB HE MEHSET CBOEro IT0-
JIOXKEHUS OTHOCHUTEJBHO COCeZeil, HO Begb NpPHU
9TOM OH JBIIINUT, MOpraeTr rjla3aM M, €CJIA 3a-
X04YeT, MOXKeT ImomeBeJuTh ymamu. Corsacu-
TeCh, YTO OT TAKUX ABUIKEHHUH CTPOU HE HApPY-
muTtcs. IIpo3Byyasa KomMaHZa «BOJIbBHO». Coul-
JaThbl CTaJM IIepPeMH-
HATBhCS C HOT'U HA HOTY,
MOBOpAYMBAThHCA, Me-
HATbCA MecTamu. Pas-
Be 9TO He HAIIOMHHAET
MoBeJleHUe aTOMOB IIPU
NJaBJIeHUH MeTasa?

ITopo6HBIM mpoOIECC
'CF%WW MIPOUCXOAMT, KOrza
Pewgrka 5’ B3BOAY (MJIH OJIOBY)
KFruomioq cott NIPUKAXyT BHOBb CTaTh

IO CTOWKE «CMHPHO».
TonbKO TaKoi IpPHUKa3
«IIPO3BYYHUT» IJIS aTO-
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I'espu Beccemep (1813—
1898) — anrJauiickuit n3obpe-
TaTesn. I[Ipeanoku ycosep- i
LIEHCTBOBATD TSKEJLIH apTHI-
JiepHHCKHHi CHapsad, A 4ero
norpeGoBaJicst Gosiee GLICTPRIK

A JemeBbld cnoco6 noJsyyeHus
auro# cranu. Cospan Meron, i
10 KOTOPOMY CTajIb MepeAenabl- i
BaeTcs H3 YyT'yHa IPOJYBKOi
BO3/lyXa, YeM CHH3HJ CTO-
HMOCThL METaJIa B HECKOJILKO
pas.

MOB TOrJla, KOr/la paclJIaBJIEHHBI MeTaJlJl Ha-
YHYT OXJIAXKAaTh. OCOGEHHOCTH II€PECTPONKH
ATOMOB IIPH ILJIABJIEHHMHA M KPHCTAJJIH3ALMH —
BO3BpAIlleHUH B TBepJO€ COCTOsiHHE — HeobXo-
JIUMO YUYHUTHIBATH, CKa>XeM, IIPU JIUThEe METal-
noB. Kak mpasuno, 00beM TBepJOro BelleCTBa
MEHBIIIe, YEM ero Ke B JKHUJKOM COCTOAHUU. ITO
HaJ0 3HATH IIPU TMOATOTOBKE (HOPM IS JINTHA.

A BoT y Bogsl — Haobopor. IIpeBpamasick B
Jen, oHa pacmupsiercsa. IIpexcraBbre, 4YTO ObI
05110, ecau OBI Jie He BCILJIBIBAJ, a TOHYJ. Bce
JIeJI0 B TOM, YTO IPH KPUCTAJIM3AIUYM BOXIBI
ITPOMCXOAUT HeoOBIYHAA IeperpyIninupoBKa ee
mosieKyJs. I XoTA cTpoeHMe Jibja BHIMJIAZUT 00-
Jiee YIIOPAAOYEHHBIM, ero o0'beM BO3pacTaeT, OH
craHoBUTCA OoJiee «pbIXJbIM». IIpu sToMm, ecam
JIbIY NIPEeIATCTBOBATh DU PACIIMPEHUH, BOZHU-
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KaloT OrpomMHble cuibl. Taxk pa3pbIBaloTCA 3a-
Mep3uiue TPyObl BOOSAHOIO OTOILJIEHUS WJIU Tpe-
CKaeTcs CTeKJAHHAA OYTHLIbL ¢ BOJLOM, OCTABJIEH-
Has Ha Mopoae.

OTYEr'O, UCITAPAACD,
BOJA XOJIOAHUT?

YTo BBl YYBCTBYeTE, KOrJa Za’ke B JKapKUil
JIeHb BBIXOAUTE, MCKYNaBIIUCh, U3 BOAbI? BrI-
BaeT, OCOOEHHO B BETPEHYIO IIOroAy, 4YTO, Kak
TFOBOPAT, MOPO3 II0 KOXKe, HaKe MYIbIPbIIIKaAMU
noKpbIBaeMcsi. UYToOsl pa3orpeTnbcs, Hazo mobe-
raThb WJIKX pacTepeThbCca MmojioTeHieM. Ilouemy ke
MBI Mep3HeM?
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Eme manocenbKkmit onelT. KanHuTe Ha Ja-
JIOHb BOABI M mopyiTe Ha Hee. OIYTHJIHA XO0JIO-
nok? §icHO, uTO mesi0 B Mcmaperum Boxbl. Ilpe-
Bpamasch B IIap, OHa OTOMpaeT y HAC TeIJo.
IIoxo)Kue Bem TBOPATCA B YalHUKE C KHIIA-
mei Bozoii. Beap ecoin OB MBI IIOCTOSIHHO €€ He
noAorpeBaiv, odOpasymoumuica nap oTHAJX Obl y
BOJBI TEILJIOTY M oxJianuj Obl ee.

ITH IpUMepHI ITOKA3LIBAIOT, YTO Ha HCIIape-
HUe Tpebyerca smeprusa. IIpeBpamiasick B ras,
KUAKOCTD JUOO0 OxXJrakaaercs, Jubo moagepIKu-
BaeT CBOIO TeMIIepaTypy, OTOMpasA 9HEepruio-Terl-
JIOTY Y OKPYKAIOIUX TeJI.

O6paTHbIif mpomecc — KOHAEGHCAUMA —
IOJIXKeH Torja, HallpOTHUB, IPUBOAUTH K BbIZE-
JeHuo TerioThl. Tak, cKakeMm, HarpeBaeTCH
3epKaJiblie, MOJACTABJEHHOE IIOA CTPYIO Ilapa
U3 HOCMKAa uvaiHuka. OceBimIme Ha 3epKaJble
KamneJIbKM BOALI IIPUBEAYT K ero Harpey. Ilo-
XOXKHH Imporecc Mbl HabJomaeM, Korjga BuIna-
Iaet nmepBbli cHer. Kak mmpaBuJio, B 3TO BpeMsd
TNIPOUCXOAUT IOTEIJIeHUE.

A Kak 00BsCHAET 3TH ABJIEHUA MOJEKY-
JApPHO-KMHeTHYecKasa teopusa? Ouma Hapucy-
€T KapTHUHY, B KOTOPOM HCIapeHUeEe IIpeAicTa-
HeT KaK YyXOJX CaMbIX OBICTDBIX MOJIEKYJ M3
KHUJAKOCTH B Bo3ayx. OcraBmimecs e, ecJu
He mepelaTh 9HEPruu M3BHE, OYAYT ABUraTh-
csa BCce MeJJieHHee.

Heob6xonumMo NOMHUTD, YTO UCIIAPEHHE U KH-
IIeHue — BOBCE He oxHo ¥ TO Ke. 00 aTom ro-
BOpPUT XOTs OBI TO, YTO MCIApeHHe, HalpuMep,
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BOJBI IIPOUCXOAUT NTpM J1t060it TemnepaTtype. Hc-
napsiTbCsa MOXKET AaKe Jel, nHaue Oejibe He CO-
xJi0 6B HA MOpO3e. A BOT KMIIUT BOJA, KAK BHI
s3Haere, Jjguimrb npu 100 rpaaycax. Ilpuuem y
KaKI0H JKUAKOCTH KHIIEHHE, TO eCTh OypHOe
BBIJIeJICHHE ITy3bIPbKOB, HAUMHAETCS IPH CBOEM
onpeneJyieHHOM Temmneparype. WM 1maBJieHue,
KCTaTH, TaK)Xe IIPOUCXOAHUT Yy KaXKJOro BellecT-
Ba B CBO CPOK — JIMIIb KOTZa €ro TeMIliepaTypa
JOCTUT'HET OIpefieJIeHHON BeJUUYMNHBI.

IIOYEMY BBIITATAET POCA?

IloueMy B cBOZKAax IOroabl, IOMHUMO JaBJie-
HHA U TEeMIepaTypbl, HAM €IIe 4acTO COO0mIaoT
0 BJAXHOCTH? MHoOrue JIlonu MOpPOM HOa)ke Iie-
pees3’KalT U3 OLHOI0 paiioHa B IPYroi, MKaIysICh
Ha O4YeHb CHIPOH, 60, HA06OPOT, OUEHDL CYXOM
kjguMmaTt. I BbI, HaBepHOe, 3aMedasy, KaKk Me-
HSETCS Balle CaMOYYBCTBHE, €CJIM BO3AYX CyX
WJIU BJIAYKEH.

BiasKHOCTh — 3TO HaJIMUKE B BO3JyXe IIapOB
Boabl. BoasiHOi map, Kak M BO3JyX, HEeBUIUM,
M HA IJjia3 ONpeleIUTh, MHOTO €ro TaM HJIM Ma-
J0, Hesb3sA. Ho BOT ecyid BBI IOJIOXKHUTE PALOM
IIBa TepMoOMeTpa, OAUH U3 KOTODPBIX HANOJIOBUHY
MIPUKPBIT MOKPOM TPAMOYKOM, TO 3aMEeTUTE, UYTO
yepe3 HEKOTOPOe BpeMs IOKAa3aHUS «MOKPOro»
TepMoOoMeTpa cTaju MeHbmme. Hexosro nymas, Bbl
CKa)xeTe, YTO ITPUYMHA ITOr0 B UCHApPAOINEHCA
Boze. OnHako mouabuofaiiTe MOAOABIIE 32 TEP-
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MOMeTpaM# K BBl O0HApy»KUTe MHTEPECHYIO 3a-
BHCHUMOCTbD.

B Te nHu, xorza BO3AyX HACHIIIEH BJIArOM,
O4YeHb ChIPOM, TEPMOMETDHI MMOKAXKYT IMOYTH OX-
HY U Ty Xe TeMIIepaTypy. A BOT KOrja momojry
He JIBIOT JOYKAH, U BO3AYX CYX, HCIIapeHUe BOAbI
UZeT UHTEHCHUBHEE M «MOKPBIif» TepMOMETp IIO-
KaXkeT 3HAYMUTEJbHO MEHBIIYI0O TeMIepaTrypy,
YyeM CyXoii. 3HAUUT, AEJI0 B TOM, YTO BJIAXKHBIA
BO3yX, KaK roBopAT, OoJiee HACHIIEH MapamMu
BoAbl. 1 Korpa aTo HachIlleHUE JOCTUTHET IIpe-
IeJia, CBOEro JJIsi KaXXA0M TeMIepaTyphl, Hachl-
maThCsA eMy gaibiie Oyzer Hekyza. Uro ke Tor-
Ia mpousoiaer? Bel mpaBel, HAYHETCS 00paTHBINA
Ipouecc — KOHIEHCALUA.

Bor mouemy, KcTaTH, y 00JaKOB OBIBAIOT
IJIOCKUE «AHuIa». Ternblit BO3AyX, IIOAHUMA-
fCh BBEPX, YHOCHUT C c0DOM HeBUAUMBIE IIaphI
Boxbl. IIo Mepe mogbeMa TeMIilepaTypa Ianaer,
Ha KaKoO#-TO BBICOTE NAapbl CTAHOBATSA HACHI-
IMEeHHBIMM ¥ HAUYMHAIOT KOHJEHCUPOBATLCSA B Ka-
neabKu. OTcloa U «HAUYMHaeTCA» 00JIaKo.

Wnu eme npumep, y:ke Ha 3emJie. Korjga BbI-
nagaer poca? Torma, korga TemmnepaTrypa BO3-
Iyxa majaeT, a 3TO IPOUCXOAUT B caMOe XOJIOJ-
HOe BpeMsA CYTOK — HOYBI0O MJIK paHO yTpoMm. B
S9TOT MOMEHT IIapbl CTAHOBATCA HACHLIIM[EHHBIMH,
U Ha TIOYBE, HA JIMCTHAX PAaCTeHUM, Ha IEepHJax
JIECTHUI[ MBI OOHApYy’XKMM KameJbKH — pOCY.
9TO COCTOSIHME HA3bIBAIOT CTOIIPOIEHTHOM
BJIAXKHOCTHIO. IIOHATHO, YTO NpH NOTEILJIEHUHU
poca HMCIIapUTCH, a4 BJIAKHOCTHL CTAHET MEHBIIE.
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Yro6bI MOANEPIKATH B AOMAaX HMJIM IPU IIYy-
TemecTBUAX — B aBToOycax M BaroHax —
KOM(MOpTHBIE TEMNepaTypy ¥ BJIAXXHOCTb, Ue-
JIOBEK HU300pes1 KOHTMIHOHEPHI M YBJIAXKHUTE-
JIX BO3AyXa.

MOJKHO JI1 BOAY HOCHUTH
B PEIIETE?

Onuu u3 Bac, BCIIOMHMWB K3BECTHYIO IIOCJIO-
BUILY, TYT JKe CKayT: HeT, Hexb3sa! [pyrue,
BCIIOMHMB M3BECTHLIN ONBIT, CPa3y BOCKJIUKHYT:
Ia, moxKHo! YTo e 3TO 3a OOBIT?

HaBepHoe, y KaXIOro Ha KyXHe HauaeTcA
CUTO JJis IIpoceuBaHusA MyKu. IlonpoOyiiTe um
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3a4yepIHYTb BOALI. IcHOe nesi0, HUUero He BBIii-
IeT — Ha TO OHO M CHUTO-pemieTo. A BOT ecju
Ha MIHOBEHHE IIOrDY3UTh €ro B XXMAKHUI mapa-
(p¥H OT CBeYH, TOJIBKO TaK, YTOOBLI mapauH He
3aTAHYJ ABIPOYKU HACOBCEM, TO TAaKO€ CHUTO HO-
CUTHL BOAY CMOXeT. HajmBaTh ee B CHTO HAJO0
OueHb AaKKypaTHO, U TOTZa MOXXHO II€PEHECTH
3aMeTHOe ee KOJIMYECTBO.

ITouemy »ke Tenmepsb Boza He BulIuBaercsa? Ec-
JIM TIOCMOTPETh CHM3Y HA HAllle CUTO, TO MOXXHO
3aMeTUTh, UTO B KaXKXJOH IBIPOUYKE CJIOBHO Ha-
OyxJa Kamis, BoJa «BbITHyJIack». He Hamomu-
HAaeT JIX 3TO BaM KaIlJIl0, BUCAL[YI0 HA KOHUUKE
nunetku? B o6oux cirydyasix KalkeTcs, UTO BOJA
HaXoouTCs Kak Obl B MeIIOUKe, B ILIeHKe. Eie
TaKyi0 ILJIEHKY MOXXHO OOHapy»KHUTh, KOrJa BEI
o Karmie f1ob6aBJisieTe BOAY B YK€ HAIIOJHEHHbBIN
IOBEPXY CTaKaH.
Bona cioBHO B306Yy-
XaeT, «BbIrubaeTrcs»
BBEpPX, HO JOBOJILHO
JOJITO uepe3 Kpai He
ImepeJyinBaeTcs.

Eme oguH ombIT.
IToBpamas mMexzay
najpllaMu MaJleHb-
KYI0 CTAJIbHYIO
UT'OJIKY, OCTOPOXKHO
IIOJIOKMTE ee Ha IOo-
BEPXHOCTHL BOJBI —
He motoHeT! Barus-
HYB COOKYy, MOJXKHO
3aMeTHUThb nporub
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BOAAHOM IINIEHKM mox urJoid. Eime Bogomepku
CKOJIB3AT IO JIy’KaM U He TOHYT. Emre... Cromn!

Oxas3ayioch, YTO ONLITOB M HAOJIOZEeHUM HaN
BOJNAHOU IJIEHKOM — MHOXKECTBO. UTO »Ke 3TO
3a cBOMCTBO BOALI? MosieKyJisspHOe CTpOeHue Be-
IIecTBa IIOACKAaXKeT HaM, UYTO Ha ITOBEPXHOCTH
He TOJIbKO BOJBI, HO U BCAKOU KUAKOCTU MEJIb-
yaiue MX YaCTUUYKM B3aMMOAEHCTBYIOT IIO-
WHOMY, HexXesiu BHYTpU. OHU KaK ObI cTpeMATCA
YUTH B cepequHY, IIPUAATh IOBePXHOCTH (hopmy
c caMoifi MaJIeHbKOH IUIOMIaAbl0, HATAHYTH HA
JKHUJIKOCTb «ILJIEHKY». BOT mmoueMy B HeBeCOMO-
CTH Boza cobupaercs B mapuku. Takas ¢opma
JKMJIKOCTH COOTBETCTBYET MHHMMAJIBHOM ILJIO-
Ay ee MOBEPXHOCTH.

YTO TAHET BOJAY BBEPX?

Br1 He pa3 3aMedasiv, KaK B TOHEHbBKUX «CO-
JIOMMHKAaxX» — IIJIACTMACCOBBIX TpybOOUKax, M3
KOTODBIX BBI TAHETE KOKTEWJIM UM COKH, — 3a-
CTpeBaeT YKUAKOCTb. VI uTOOBI OT Hee OCBOOO-
OUTbCS, HANO «COJIOMUHKY» BCTPAXHYTh WJIHU
nmpoayTh ee. UTO Ke MeIlaeT COKY HJIM BOJe
CaMOCTOATEJILHO BBIT€Ub M3 COJIOMUHKHU?

Ecim oueHbr BHHMATEJIBHO IIOCMOTPETH Ha
Kpafd IIOBEPXHOCTH BOABI B HEIIOJIHOM CTaKaHe,
TO MOXKHO CKa3aTh, YTO OHU, N30TrHYBIINCH, OYA-
TO HATAHYJUCHh Ha cTeHKHU. OMHAKO, €CJIM BHYT-
PEeHHMe CTeHKM CTaKaHa CMa3aThb YKUPOM, TO II0-
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BEePXHOCTbH Y KpaeB CTaHET He¢ BOTHYTOH, a BBI-
MMyKJIOH, CJIOBHO NONOXKMETCSH.

Otuero Tak Beger ceds Boma? Bupumo, ee
MOJIEKYJIBl B ONHUX CJyYasX CUJIbHEee TAHYTCA
K MOJIEKyJiaM BellleCTBa CTEHKH, 4eM APYT K
APYTy, a B ApyroM — Haob6opoT, KakK ObI OT-
TAJKUBAIOTCA OT CTEHKH. ITO XOpOIIO 3aMeT-
HO, KOrjla MUIIeTKON BBIZABJMBAIOT OJHY Kal-
JIIO BOABLI HAa YMCTOE CTEKJIO, a APYTryl — Ha
3arpA3HeHHoe, MacJysaHoe. IlepBasa KameJsbKa
OyKBaJbHO pAacmjacTaeTcs II0 CTEKJY, «IIPH-
TAHETCA»; BTOpPas — «IOJOXXMeTCA», COXpa-
HAA ¢opmy, Onu3kyw K mapuky. 'osBopsar,
YTO YHCTOE CTEKJIO CMauMBaeTCd BOJNOH, a 3a-
rpsi3HEHHOE — HeT.

BoT u nosryuaercsi, 4TO cMauMBalwIas CTeH-
KM y3KOH TPYOOUYKM BOJA IIOTSIHETCS 110 HUM
BBepX. A, CKa)XeM, He CMauUMBAIONIAA CTEKJISAH-
HYI0 TPYyOOYKY PTYTh OITYCTUTCS B HeMl BHU3 IPHU
OOrPYyXKeHUU TPYOOYKHU B COCYZ CO PTYTHIO.

Takue ABJIEHUS MOJYYUIN HazBaHME KAIIUJ-
AapHbIX. 1I0 TOHKMM TPYyOOYKaM-KaNUJJIsIpaM
MOAHMUMAIOTCA U3 3€MJIM «COKH» B JIepeBbax. I1o
KalnujigpaM IIpOCauMBaeTCsl HAPYKy BOAa H3
nouBsl. U nake 6ymara mpoMoOKaeT moToMy, 4TO
B ee MeJIbUaine NOphI-KaNMJIIAPUUKYA BIUTHI-
BaeTCA-BTATMBAETCA BOAA.
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T'IE TEIJIO,
A TJIE — TEMIIEPATYPA?

YeM TeIsioTa OTJIMYAETCS OT TeMIepaTyphl?
Ecniu MBI rOBOpHMM, UTO y OAZHOro Teja OoJsee
BBICOKAs TeMIlepaTypa, YeM y APYroro, TO 4aIre
IIOHMMAaeM 3TO KaK pasjIMuHble 3aTpaThl TeIlia,
rnmoulenIne Ha ux Harpes. IlosaToMy HepenKo aTH
MOHATHUA NMYTAIOTCA HMJM UX CUYUTAIOT OJHMM U
TeM Ke. Ho aTO He Tak.

JeiicTBUTENILHO, UTOOBI pacKaJluTb, HAIPHU-
Mep, YKeJIe3HBII I'BO3Jb, HAM HAJI0 IPVBECTHU €TI0
B COIIDUKOCHOBEHHE C 0ojiee ropsyuM TeJIOM.
CkaxeMm, moMecTHTh B IL1aMa ropenku. Ho pas-
Be IJIaMJ MepeziaeT I'BO3AI0 CBOIO TeMIlepaTypy?
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IOxelimc Ixoyas (1818—
1889) — aHriuiickui QHU3UK.
3aHuMaJsIc KCCJe/JOBAHHSIMU
TEIJIOThl, r'a30B, BJEKTpOMAr-
HETH3MAa. YCTAHOBMJ 3aKOH O
BLIJEJICHMH Terula B NPOBOJHHU-
Ke C 3JIESKTPHUECKHM TOKOM. :
BLIYHCJIKJ CKOPOCTb JiBHXKE-

HUSL MOJIEKYJI rasa, IOCTPOUI
OIHY M3 TEeMIIepaTypPHbIX

mcasn. Boues B ucTopuio Hay-
KU KaK OJHUH M3 IIePBOOTKPbI-
BaTeJiei 3aKOHA COXPAaHEHHd
JHEpPruM, laB eMy ONLITHOe

M0 TBEP>K ACHHUE.

OHO oTAaeT eMy YaCThb CBOEd JIHEpPruM, MHaUe
TrOBOp#A, IepeflaeT TEMmJIoTy. A BOT Iojydas ee,

rBO3Ab HAIPEBAeTCH, TO eCTh YBEJIMYUBAET CBOIO
TeMIepaTypy.

9to pasnuuue O6bLI0 66 0COOEHHO 3aMETHO,
€CJIX MBI NBITAJIUCH OB HAKAJIUTDH I'BO3Ab ABYMSI
cnocobaMu: OJMH pa3 — MNAaAJbHOM JIAMIIOH,
APYroi — CHUYKAMHU C TOH Ke TeMIIepaTypoi
niaamenn. OueBMAHO, YTO B IIEPBOM CJydae
IrBO3Jb zouiesa OBl 0 TeMIlepaTyphl «0eJioro ka-
JeHusi» ObICTpee, YeM BO BTOPOM. SHAUMT, IIPU
OIIHOM M TOM JKe TeMIlepaType B IJIAMEeHU JIAaMIIbI
M CIMYKHU eMy JoJblie ObI mepesaBasioch He0O-
XOIuMOe IJis HarpeBa KOJIMYECTBO TEILJIOTHI.

ObGpamasicb K MOJIEKYJISIDHOM TEOPUH, MOXK-
HO CKa3aTh, YTO IIPU HarpeBaHWUYW YBEJUUYUBAET-
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CA 9Heprus ABUIKEHUS MOJIEKYJI. A IIpu OXJaXx-
IeHUuu OHa TepsdAeTcda, neperaercs IAPYyruM Te-
jgam. TemnepaTtypa ke rOBOPDUT O TOM, HaCKOJIb-
KO BeJIMKa dHEeprusd He BCeX BMeCTe, a Ka Ao
MOJIEKYJIBI.

ITosTomMy nBa ropAYux Teja, UMes OOHY U Ty
’Ke TeMIlepaTypy, llepeJlaBaTh TEIJIO APYT APYTY
He Oyayr. To ke caMoe nmpom3oizeT M ¢ OAUHA-
KOBO HarpeTsIMHu, HO 6ojiee XOJIOAHBIMYU TeJIaMH.
ITpo HuMX TOrga roBOpPAT, UTO OHM HAXOAATCHA B
TENJIOBOM PABHOBECHH.

Xopomuid npuMep, IMNOACHAOIMNA CKa3aH-
Hoe — Habop BOABI B BaHHY. BHI mopJyinBaeTe TO
XOJIOTHOM, TO ropAdYeil BOAbI, HOOMBAACH HYK-
HOM BaM TemmnepaTypbl. IIpu 3TOM BBI KaKAbIi
pa3 mepenaeTe BOJe B BaHHE IIOPIIUIO TEIJIOBOM
9Hepruu, To 6OJIBIIYI0, TO MEHBIIYIO IIO BeJIH-
yuHe. A TeMIepaTypa BOAbl B BaHHE IIDM 3TOM
MOKeT TO pacTH, TO yObIBaTh. SHAUUT, DHEPTUA
B BHUJe IlepefauM TeIlsla BaHHE TOJBKO pacTer,
a TeMIlepaTypa BOJbl MOXKET «ILJIsICATh» BBEPX-
BHHU3. Tak 4UTO, KaK BUAUTE, TEILJIOTA M TeMIle-
paTtypa — OTHIOAb He OJAMHAKOBbIE IOHATHUS.

CKOJIBKO BCEI'O TEMIIEPATYP?

IIpencraBbTe, UTO TEPMOMETP, KOTOPHIM BHI
XOTHUTE M3MEDHUTh CBOIO TEMIIEPATYDPY, OKa3aJICA
TaKUM Ke 110 pa3dMepaM, KakK ¥ BBl CaMHU. Bric-
TPO JIM TOrja BBl MOJKeTe HNoJydyuTh oTBeT? Ha-
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BepHoe, morpebyercs
He 5 MUWHYT, Kax
00BIYHO, &, MOXKET
ObITh, uYackl. Benb
4yTOOBl JaTh BEPHBIE
MOKa3aHUs, TepMo-
MeTpy HeobXoauMo
MIpOrpeTnLes.

Wnu eme npumep.
IlonpoGyiiTe usame-
PUTHL  TeMIIepaTypy
KareJbKH TEIJIOX BO-
OBl Ball¥MM JOMAaIi-
UM MeAUIIMHCKHUM
TepmomerpoMm. Iloka
OH, HArpeBasCh, NOCTUI'HET IIOCTOSHHBIX ITOKAa-
8aHUM, KaIJIA BOABI HACTOJIBKO OXJIAMUTCS, YTO
MBI (paKTUYECKU H3MEepHMM COBCEM He TO, 4YTO
HaM HYKHO.

Ilonyuaercsa, 4TO M3MepeHHE TeMIIePaTypbI
MMeeT CMBICJ JIMIIb TOrJa, KOrAa Teja repecTa-
g1 06MEeHUBATHCSA TerJIoM. ['OBOPAT elfe Mmo-apy-
reMy: OHUM IIPDHIIJIM B TEIJIOBOEe pPaBHOBECHE.
Korpa BbI, HanpuMep, CJy4aifHO CXBATHUJIH TO-
PAYYIO CKOBOPOAY, CTOAILYIO Ha ILJIUTE, TO CPA3y
IIOYYBCTBOBAJIM Pa3HUIly B TeMmIepaTrypax. A
BOT, OIIyCKasA PYKY B TEILIYIO BOAY, MMEIOLIYIO
Ty e TeMIepaTypy, UTO M Ballleé TeJ0, BhLI ee
TIIPOCTO He 3aMEeTHTE.

Hagsepnoe, Teneps sicHO, IoueMy TepPMOMeET-
PBI Takue pa3Hble. MajeHbKHe, MeIUIIUH-
CKHe — JUIsi M3MEPEHUs TeMIlepaTyphl HAIIEro
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Tesia. AIM OrpOMHBIE — JJIA M3MEPEHUS TeM-
mepaTypsl BO3lyXa Ha yJaunax Jimbo Boas! B 6ac-
ceilHaxX.

A B KaKUX eJUHUIAX MEPAIOT TeMIIepaTypy?
Camasa npuBBIYHAA AJiA Hac — mKaaa Ieascus,
rjie OAWH rpaxyc O3HayaeT COTYIO JOJIIO OT pa3-
HUIBI TEMIIEPATYP MEXKAY TAaALIUM JILIOM U KH-
nsei Boxoii. Ho ecTh ¥ npyrue mkajiasl, 1 Apy-
rue rpaaychbl. Bol, BOBMOYXHO, CJBIIIAJY O LIKA-
ae dapenreiita, KoTopoii moasayiorcss B CIIIA.
ITo s7Poii mIKaJie Bojga 3aMep3aaer npu 32 rpanay-
cax, a xunut npu 212. Korga-to y Hac ObLia
nomny/ssipHa mkaixa Peomiopa, rpaayc KOTOpou
«morojie», uem y Ilenscusa. B Hayke sxe ce-
rOAHA OCHOBHOM sABJseTcs mkaika KeabnBuHa,
uiau abcosIoTHAS IIKaJa TeMmieparyp. Ee rpagyc
paBeH rpazaycy lleabcusi, HO oTcueT IO Heil Ha-
YMHAeTCs 3HAYUTEJbHO HUXKE TeMIlepaTyphl 3a-
Mep3amwllei BOAbI.

YTO TAKOE U3JIYYEHHUE
N KOHBEKIIUA?

IlepenaTe Temyso APYr APYry OKpYy°Kaloliue
Hac IIpefMeThl MOTYT He TOJIBKO IIPM IPAMOM
knHTaKTe. EcTh U mocpenHuku. K npumepy, 3a-
CTOABIINNCS B HEIIDOBETPEHHOM M HeOTaIlJIUBa-
eMO KOMHATe BO3AYX PACIIOJOXKUTCA KakK Obl
cioaMu. BHU3Yy — caMblii XOJIOHHBIM CJIOH,
BBepXy — caMbli Terblii. 1 uTOOBI IlepeHeCTH
TEILJIO OT MOTOJIKA K IIOJNy, HYXHO BO3AYX IIe-
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pememaTth. A eCsiM IOCTaBUTh HarpesaTellb, TO
BO3AYX Ha4YHET IMPKYJUPOBATh, MEHATh MeCTa-
MM, CMEIINBATh TEIlJIble U XOJOAHBbIE CJIOU. OTO
sIBJICHUE HA3BIBAETCSA KOHBEKI[HEWH.

A Kaxk BBI [ymMaeTe, oueMy YaiHUKY JeJaI0T
OessiMu mitu cepebpucTbiMu? OKas3piBaeTCs, UTO
C I(BETOM TeJia CBA3aHA €ro CIocOOHOCTH NpPH-
HUMATh WJIM OTAABaTh Terio. TOJMbKO Teneps
POJIb IIOCPEAHUKA BO3bMET Ha ce0s TaK HAa3bI-
BaeMoe TeluioBoe M3jaydyenue. Jlerom, BeI oOpa-
TUJAA BHHUMAHHUE, IIPEANOYUTAIOT HOCUTH CBET-
aymo opexay. Oua cnabee ImorJioniaeT TenjgoBbIe
gyuu. Ho BOT YTO MHTEPECHO — CBETJIbIE IIpeJ-
MeTHI TaK¥e HeOXOTHO UX uciyckaior. Iloaromy
yaHUK Oejioro msera OyzaeT menJieHHee OCTbI-
BaTh, YeM TE€MHBIM.

9TH TeIIOBBIE JIYUM MOTYT PaCIpPOCTPAHATh-
CA M B IIyCTOTE€ — TaK BMECTe CO CBEeTOM HaM
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Jlioneur Boasoman (1844 —
1906) — aBcTpHMiCKUH PUIUK-
TeopeTHk. Ero paGoThl nocssi-
IEHhl MAaTEMATHKE, MEXAHM-

Ke, ONTMKE, 3JIEKTPOMArHeTH3-
MYy. AKTHBHLIX CTOPOHHHMK ATO-
MHUCTHUECKUX B3TJISINOB, BHEC
OrpOMHLIH BKJIAJ B TEOPHIO ra-
30B ¥ TepMOAMHAMHUKY. OT-
KPhLLJI 3aKOH TEIJIOBOTO M3JYy-
YeHHUsl, IKCTIEPUMEHTAJILHO YyC-
TAHOBJIEHHKIN noaxke. Unen
3TOr0 3aKOHA 3ATE€M UCIIOJbL30-
BAJINCh NIPH CO3aHUHM KBAHTO-
BO#M TeopuH. BeiBes cymiecTso-
BaHMe JaBJieHus cBera. IlpoTu- i
BOCTOSIJI THIIOTE3€ TEMJIOBOH £
cMepTy BceesennHoi.

nepenaet terio ConHie. IX BBl MOXKeTe MOYYB-
CTBOBATH Jla)Ke B OTCYTCTBHE cBeTa. Biaromaps
TaKOMY CBOMCTBY TEILIOBOE M3JIYUEeHMNE «JIOBAT»
OT HEeBUJAMMBIX IJIa30M npeameTroB. Tak OblLiu
o0Hapy KeHbl HEKOTOPHLIe HecBeTAI[MecA Ha Hebe
3Be3bl, a HA 3eMJie IMOCTPOEHbLI NMPUHOOPBI HOY-
Horo BuaeHusa. C MX IOMOIIBIO MOXXHO pasJiu-
YUTH IIPEIMETHI, TEMIIepaTypa KOTOPHIX PA3HMT-
cs C OKpYJKalollei cpenoii. ITO MOryT OBITH Ha-
rpeTble 4acTH ABUTATeJied MAaIIWH WU JIIOAH,
npAYylecss B TEMHOTe.

EcTh ¥ cnenquasibHbIE paKeThl, CIIOCO0OHbIE Ha-
BOAUTHCS Ha MCTOUYHMKM Tema. Takue paxeThl
MOBTOPAIOT BCe MaHEBPHI IIPeCJIelyeMOi IIeJu,
HalpuMep, caMoJjieTa, BepToJieTa HWJIM APYyroi
pakersl. Ux, nmpaBaa, MOXXHO o0OMaHyTb, OTOPO-
CHB B CTOPOHY JIOXKHYIO 1ieJib, CHa0KeHHYIO TeIl-
JIOBBIM HCTOUYHHKOM.
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KAK YIAEPXKATD
HJIH «CBPOCHTb» TEILJIO?

Kaxk 6wicTpo Tesia Moryt o6MeHMBaTbCS Tell-
aom? Ecoiu B IpoXJIafHYIO MOroAY BhI JIETKO Ofie-
TBHIMM BBIifleTe yTPOM Ha 0aJIKOH, TO BCKOpE IO-
YyyBCTBYyeTe, YTO 0310/11. OueBUAHO, YTO TENEPb,
cobupasch, B IIKOJy, Bbl HaJileHeTe 4YTO-HUOyAb
notemnyee. Yro Bel chaenasu? He uTo nHOE, KaK
npenoxpaHusu ceb6s o0 U3JIMINHENH IIOTepH Tem-
aa. Y uem xoJsiomHee BOKpyT, TeM OoJiee TenJyio
one)Xay BaM mpuzerca HocuTh. Ho Benb oxexa
Ha caMOM Jejie He OLIBaeT «TeILJIOW» HUJIA «XO-
JIOMHOM». 9TO — JIMIIb HAIOW OLIyL]eHUdA, IO-
BOpAILIIME O TOM, HACKOJIbKO OHA IPENsITCTBYET
YXOAYy WJIH IIPUTOKY K HaM Temja. UHBEIMHU CJIO-
BaMHM, XyKe WJIM Jiydlle IPOBOAUT TEIJIO.

OueHb IJIOX0M ITPOBOAHUK TEINJa — BO3AYX.
ITosTOoMy Tak MONMyJIAPHEI 3UMOM MeX M IIEepPCTh.
Meskly X BOPCMHKAMHM M BOJIOCKAMH BO3AYX
3aJIep’KUBaeTCA, ¥ MBI CJIOBHO HOCHMM Ha cebe
BO3NYIIHYI0 Imy0y, MeIIAKIMyI0 HAM TepATh
rernyio. IlocMoTpuTe Ha 3TO ¢ APYroi CTOPOHHI.
Ecnu B mMex 3aBepHYTh KyCOYE€K JibJia, TO OH B
TENJIOH KOMHATe pacTaeT MeJyieHHee, YeM Ha OT-
KPBLITOM Bo3Zyxe. Mex «CoxpaHsAeT» X0JIOX, KaK
paHbIIe xpaHua Temyio. Ho Teneps sicHO, 4YTO OH
MIPOCTO ILJIOXO IlepesaeT TEIJIo B 000MX Hampas-
JEeHUAX.

Bce Teyla pasimuaioTcs 10 CBOEH TENMJIOMPO-
BOAHOCTH. XOpOIIO NepefaloT TeIJI0 MEeTaJJbI.
W3-3a asToro cepebpsaHas JIOKKa, ONYIIeHHAs B
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ropAYni yai, oGXkuUraeT Bac B OTJIMUYME OT ILJIa-
CTMAcCCOBOH MJIM JiepeBsAHHOM. J[0BOJIbLHO XOpO-
WA TEnJIOM30JATOP — oObIuHaA Bojxa. Hampu-
Mep, aKBAJAHTHUCTHl HAZEBAIOT IIepeJ] IOorpyxe-
HHEM YBJIQXKHeHHBIN U3HYTPHU KocTioM. CJoii BO-
OBl MEXKAY HHUM M TeJIOM He JaeT OpraHusMmy
YEeJIOBEKA CJIHMIIKOM CHUJIBHO OXJIAAUTBHCH.

Bonpochkl TENJOU3ONAUMM OYEHL BAaYKHBI B
TeXHUKe ¥ ObITy. MHOrMM MalIMHaM HeJIb3d Ie-
perpeBaTbCcs, U OT HHX HaJL0 OBICTPO OTBOAUTH
MU3JIUIIKY TENJa. ITOro NOOUBAIOTCS ¢ IIOMOIIbIO
BOAAHBIX WJIM BO3AYIIHBIX paguaTopoB. Haimn
JloMa 3UMOI1, HAIIPOTHUB, HEOOXOAUMO YTEIJIUTh,
TO €CTh IPUMEHATh TAKWE MAaTepPHUaJbl, KaK IIy-
CTOTEJIbIi KHUPIIUY, JepPeBO, IIOPUCTHIN OeTOH.

OueHb MHTEPECHBINA IIPUMEP — KOCMOHABT B
OTKPBITOM KOCMOCE MJIM HA MOBEPXHOCTH JIYHBI.
CHapyxu — nenssHoit xoson. OT Hero uejioBeKa
3amnumaerT BHeIMHUE KocTioM. C Apyroi cropo-
HBI, €CJI1 COBCEM He OTBOAUTH TEIJIO, OPTaHU3M
BHYTpH CKadaHapa neperpeercsa. M306bITouHOE
TEMJIO YAAJNAET BHYTPEHHUH KOCTIOM C BOOAHBIM
OXJIAXKJEHUEM.

KAKOBBI TEMIIEPATYPHBIE
PEKOP/IBI?

Jl0 KaKUX IOp MOYKHO IIOHU3UTH TEeMIIepaTy-
py? VI3BeCTHBI PeKOPABI, «IIOCTaBJIE€HHbLIE» IIPH-
ponoi Ha 3emue. B SIKyTuM Ha TaKk Ha3bIBAeMOM
NnoJiroce Xojoxa UiaM B AHTApPKTHUIE TEMIIepaTy-
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pa nagana noutd no 90 rpapycoB HHUXKe HYJIA
no mkaxe Ileascus. Ho abGConMOTHBIM JIU 3TO
pexopn? KakoBa, Hampumep, TemiepaTrypa Ha
Jlyue? .
IlockosBbKY HayKa CcBsA3ajia IOHATHE TeMIIe-
pPaTyphl ¢ ABUXKEHHEM MeJIbYaWIINX YacTHl] Be-
IecTBa — MOJIEKYJI, TO Hamo Obl CKa3aTh TaK.
EcTbh BelecTBo, eCTh BHYTPU HErO ABHIKEHHE —
eCTh U TeMnepatrypa. A HeT BellleCTBa, HEUEMY

JBUTATHCA WJIM MOJIEKYJIBI «3aCThLJIBI» Ha MecC-
Te — B3HAYUT TeMIlepaTypbl HeT. A 4TO Takoe,
ecJau 4Yero-to HeT, OHO otcyrcTByer? Ilycro,
HYJb, IPDUYEM — aOCOJIIOTHBINU.

Wnea cBsA3aTh OTCUET TeMIlepaTyphsl ¢ OyATO
OBl TTOACKA3aHHBIM IPUPOAOI CaMBIM HUXXKHUM
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Yuasam Tomcon
(sopa Kexseun) (1824—

1907) — aursamiickuit GU3UK.
PaGoTan o MHOTHX oBjacTax
HayKH, HO GoJiee Bcero mase-
CTeH BBefleHHeM abCcoJIoTHOM
TeMnepaTyphbl U LUKaJLl TeMne-
patyp (wwkana Keansuna). Ye- i
TAHOBMJI U3MEHEHUe TeMIiepa-
TYPHI ra3a P UCTEUYEHUH,

YTO MCNOJIL30BAJIOCHL MPH TOJI-
YUYE€HHH HU3KHUX TEeMMepaTyp.
H3yuan MarHuTHble cBOHCTBa
KPHUCTAJIJIOB, CKOHCTPYHPOBaJ
M3MEepUTesbHbLIe TPUGOPLI BbI-
COKO¥# UYBCTBHTEJILHOCTH M
yHUBepcaJIbHhl#i komnac. Pac-
CYUMTAJ napaMeTpsl koJsieGa-
TeJibHOrO KOHTYpa. Ero uccne- i
JOBAHMS U H306peTeHHs copeit-
CTBOBAJIM PA3BUTHIO TeJerpap-
HO# CBSI3H. i

€e YPOBHEM IIPUHAJIEIKUT AHTJIHKUCKOMY (u3u-
Ky Yunbamy Tomcony (nopny KeasBumy). Tak
MOABMJIACh Ha3BaHHAsA abCOJIIOTHOM IIKAJIa TeM-
nmeparyp. Hynb sToi miKaasl paBeH 273 rpany-
caM HuXKe Hyda no mkase Ienscusa. Ilpu Taxoit
TeMIepaType ABU)KEHHE MOJIEKYJI ITpeKpalaer-
cA, «3aMupaeT». BOoT KakoB abCOJIIOTHBIN pe-
KOPJZ «XOJOAHBIX» TeMIepaTyp!

A KakoB pPEeKOpI TeMIepaTyp «TIOpadYux»?
Teneps MBI JOJKHBI CKa3aTh, UTO HMCKAThL €ro
HaJ0 TaM, rjue ObICTpee BCEro ABUIKYTCSA YaCTHUY-
KM BemiectBa. M Ham B3rjasan obpaturcs... K
3Be3nam. JleiiCTBUTESILHO, B HEKOTOPBHIX M3 HUX
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BEIIIeCTBO CXKAaTO M pa-
30T'peTo A0 TaKOH crermne-
HH, YTO B CAMOM <«HYT-
pe» TeMmIepaTypa JHo-
CTUTAET NECATKOB MMJI-
JMOHOB I'PaZyCOB. )
Tak KaKoOBa Ke TeM- E
neparypa Ha JIyue? flc-
HO TeIlepb, YTO MOYKHO §
o

=
2

AN

TOBOPHUTH JIUIIB O Belle-

SN

N

CTBe Ha ee IIOBEPXHO- i
cru. Ha cosHeuHo# cro- 21315 0

pOHe ero TeMuepaTrypa

MOXKeT gocturath mirioc 125 rpagycoB no Ilesns-
CHIO, a JIYHHOM HOYBI0 — IOHHUIYKAETCHA J0 MUHYC
160 rpanycos.

YTO JOJBHIE BCETO
XPAHHUT TEIIJIO?

Bo3aMo)kHO, BaM HIPHUXOAMJIOCH CJIBIIIATH O
TOM, YTO B IIPUMOpPhE KJUMAT HAMHOrO MsTrue,
YyeM B IIEHTPEe KOHTHHCHTA. A €CJIM BbI KUBETE
B paiioHax, OJIM3KHX K OOJIBIIIMM BOJZOEMAaM, TO
MorJii Obl M CaMHU 3TO IIOYYBCTBOBaThb. B uem
npuuuHa?

OrpoMHEBIe MacChl BOABI IIOTJIOIIAIOT TEMJIO U
HarpeBalTCs 3aMEeTHO MeJJIeHHee, UeEM TBeDJbIe
BelllecTBa, BxoxAliue B cocraB cyuin. Ho Tak
’Ke goisro Boja Gyzer U pacxomoBaTh, OTHABaTh
CBO€ TemJjo, He NO3BOJIAA NPUOPEKHLIM peruo-
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HAM CJMIIKOM OBICTPO BCTynaTh B 3uMy. To ecThb
BOJA CJYXXHUT KaK Obl TeIJIOBEIM TOPMO30M,
CrJIaXKMBas pe3KHe Neperajgbl TeMIepaTryp. dTa
0COOEHHOCTh BOHIbI, KaK BHUJAHO, CHUJbHEHUIINM
o0pa3oM BJIMSET HAa KJIMMAT Bceil 3emuiu.

Boua BBesieHa cenuajibHaA (pusuyecKas Be-
JIMYWHA, OTPa)Xamwlnas CBOUCTBO TeJ HAKAIJIu-
BaTh ¥ XPaHUTH Telo. Ee Ha3zBaHUe T'OBOPUT
caMo 3a ceb0sa — TemiaoeMKocTh., OueBUIHO, UTO
TaKue BelecTBa, KaK MeTaJlJIbl, OCTHIBAIOT 1 Ha-
rpeBarTCcsa ObICTpee, UeM, CKaKeM, CTEKJIO UJIU
pe3uHa. TennoeMKOCTb, KOHEUHO, CBsI3aHa C
BHYTPEHHHUM CTPOEHMEM pPa3JIMYHBIX TeJ. Tak,
y JIerKUX MEeTAJIJIOB OHA, KaK IIPaBUJIO, BEJIUKA,
a y TSXKeJIBIX CPaBHUTEJBHO MaJia.

A BOT y rasoB crmoco0HOCTB IIOTJIOIATD TEILIO
BOOOIIe, OKa3bIBAETCHA, 3aBUCHUT OT TOr'0, KAKOBBI
ycJIOBUA HarpeBaHus. Eciu, Hanpumep, OAUH U
TOT ’Ke ra3 HarpeBaTh CIIepBa B 3aKPBITOM CO-
cyne, a B IpyroMm cjiyuae AaThb €My PacIIUupPATh-
¢, TO JJIs TOBBINIEHUS €ro TeMIlepaTyphbl Ha
OnuH rpaxyc norpebyeTrcsi pa3Hoe KOJUUYECTBO
TernJaoTbl. UHBIMH CJIOBAMH — €ro TeIJIOeM-
KOCTb OymeT pas3yjiM4yHa.

3HaHHEe 9JTON XapaKTEepPUCTHKHU BeIlecTBa,
0e3yCJI0BHO, OYE€Hb BAYKHO IIPU ITPOEKTUPOBAHUU
U NOCTPOMKE caMbIX Pa3HOOOpPa3HBIX TEILJIOBBIX
MallluH, XWJbIX 3TAaHUN U IIPEAIIPUSITUH.
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AKKYMYJATOPLI TEILJIA

MoxxeT s COXPaHATHCA TEIMJO0 B XOJIOLHBIX
resnax? Bompoc TONBKO Ha HepBBLIM B3IJIAM IIO-
Ka)keTcsd cTpaHHBIM. IlopasmbliisaB, BBl Jora-
laeTech: peub IMOUAET O TOM, YTO HA3bLIBAIOT TOI-
auBoM. Belb cIMUKM MOXKHO 3a)Kedb M Ha MO-
pose. Benaun, KepocuH, He(pThH, YyroJb U ra3 ro-
PAT IPHU caMbIX Pa3HBIX TeMilepatypax. Kakum
e o0pa3oM «XpaHsT» OHU BHYTPH cebsa Termo,
BBICBOOOKIAOIIeeCA MPU TOpeHUuun?

MbI ¢ TIOJIHBIM ITPABOM MOXKE€M Ha3BaTb 9THU
HaKOIJIEHUSA BHYTpPeHHel 3Heprueii rTena. Kor-
la-TO, B He3aIaMsATHbIE BpeMeHa, MOrJIOIeHHAad
3eMyeil COJIHEYHAs JHEPrus «BIMUTAJACh» pac-
TYLIUMHA Ha Heil pacTreHusMu. IlorpeGeHHBIe B
IanbHENIeM TOJ TOJICTHIMH CJIOSMM ITO3JHUX
IIOpOJ, 3TH paCTeHWs TpaHCHOPMUPOBAJIUCH B
JKUJKOEe WJIM TBepioe TOIINBO. Temepnb yesoBe-
Ky IpUXOOUTCA B OYKBAJIbHOM CMBICJIE JIE€3Th
IOJ 3eMJII0O, UTOOBI €ro OTTyAa BBIUEPIIATh WK
BBIKOBBIDATH. [lo Bcell mnaHeTe pas3bpocaHbl
He(dTsAHBIe BBIIIKU, NPOOYPEHBI CKBAXXHUHBLI Ha
cylie ¥ Ha Mope. 3eMHasi TBepAb MCIeEI[peHa
MHOTOKMJIOMETPOBBLIMM  XOJaMH  YTOJIbHBIX
maxT. J[aBHBIM-ZIAaBHO, W 4YeM JaJibllie, TeM
Oosbllte, yesioOBeK AOOBLIBAaeT roproyee AJjs obor-
peBa uyuul ¥ paboThl MaIIWH.

Buaper TomsuBa pasnuualoTCA IO BbIAENSE-
MOIf IIpDX CroOpaHMU HAKOIJIeHHOH sHeprun. CKa-
JKeM, IIPU CrOpaHUM KUJIOrpaMMa KePOCHHA BbI-
ZeJsieTcss moYTH B 5 pa3 GoJbllie Telsa, 4eM y
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ZIiepesa. BoT yeJIOBEK U IPUAYMBIBAJI Pa3/IMYHEIe
yCTpO#CTBa, UTOOBI NMEPEedTH K MCIIOJH30BAHHUIO
HauboJiee TEIJIOTBOPDHBEIX BemiecTB. K mpumepy,
ONHU U3 CaMBIX YAAUYHBIX KOHCTPYKIMI peak-
TUBHBIX ABUTaTeJied ObLIM cO3JaHBI OJlaromaps
NIPUMEHEHUIO KUAKOro TOILJIHMBA.

HecmoTpsa Ha monryio ucropuio yrorpebJie-
HUS MOJIE3HBIX HCKOMAaeMBIX B KaueCTBe I'OpIO-
Yero, JIIOAU IIPUIILJINA K BBIBOAY, UTO JIy4Ille X
He CXKHUraTh, a nepepabaTeiBaTh B HY)KHBI€ HaM
BemgectBa. Ho Torga Hamo mckaTh MHBLIE HMCTOY-
HUKU dHepruu. U aTo ceifyuac — omgHa M3 rJiaB-
HBIX HAImuXx npobjeM.

KAK 3ACTABHJIN
PABOTATD ITAP?

Bbel mocraBusiM Ha WJIUTY YaWHUK C BOXOIA.
IIpomso 10—15 MmuHyT, 1 yaiiHUK 3aKumnea. Ec-
JIX KaKOe-TO BpeMdA He BBIKJIOYATH ILJIUTY, TO
BOJAa B YaWHHUKE OKOHYATEJILHO «PaCCepAUTCH»
U OyZeT cO CBHCTOM BBITAJIKMBATH M3 €ro HOCHKAa
CTPYIO ropAuero mnapa. OHeprus, ¢ KOTOPOi BHI-
JleTaeT I1ap, NJaBHO HaBeJia JIIOJeil HA MBICJb O
CO3laHUM MAIIWHBI, IPUBOJUMON UM B JABHIKE-
HUe. JTO JeHCTBUTEJbHO APEBHAA HIedA, ee HC-
NONb30BAHUIO OKOJIO ABYX ThicAY JeT. OQHAKO
ceyaTh Tap peajibHOM ABMIKYIIEl CHJIOH, Bpa-
Imamnei Kojieca pa3JIMYHbIX MAalllMH U CTAHKOB,
yaanocs jgumb B Havase XVIII Bexka. ITapoBas
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Hxeiimc Yarr (1736-1819) —
LIOTJAHACKMI H306peTaTesb.
HccaeaoBan cBoicTBa BOAALO-
ro mapa. Buecsi MHorue ycosep- -
ILCHCTBOBAHMS B yCTpoiicTBa
CBOMX INpeALIECTBEHHUKOB, CO-
30aJ1 YHHBEPCAJbLHLIH NapoBOH
JIBUTaTesb ¢ HeTpepbiBHLIM
ppaujeHueM. CKOHCTPYUpOBAL
psiA NPUGOPOR — PTYTHEIA Ma- :
HOMETpP, BOAOMEPHOE CTEKJIO,
MHAMKATOD AABJIEHUS, M30-

6peJi KONUPOBAJIbHbIE UEDHH-

na. BeeJs nepByio eAMHULY
MOLIHOCTH — JIOIIAZAUHYIO CH-
ny. CoBpeMeHHast elMHUIA
MOLU[HOCTH HOCHT ero uMs —
BATT.

MalliHa, YCOBEPIIEHCTBOBAHHAA NIOTJIAHJ-
ckuMm wusobperarenem J[»xeiimcoM ¥YarrToMm,
MHOJIHOCTHI0O mpeoOpasmjia IIPOMBIMIJIEHHOCTb.
Yxe B 1782 rogy onHa Takasa malnuHa Oblja
crrocobHa NMPpUBOAUTH B ABM)KeHUe 0 40 TKarr-
KHUX CTaHKOB.

B nanpHeiineM, IOCTaBUB MapOBYIO0 MAIIUHY
Ha KoJjieca, 4YeJIOBeK MocTpouJ maposo3. Korma
rmapoBas MalllMHa OKasajlachb Ha KopabJe, po-
JUJICSI TEePBBIA NMapoXox. 3aTeM Iap CTaJd HC-
I10JIb30BaTh He TOJIBLKO JJIsI TOI'0, YTOOBI TOJIKATh
UM TOpIIeHb B IIMJMHIApax. VI mepenaBaTh 3TO
BO3BpaTHOE JBUXKeHUE C IIOMOIbI0 XUTPOYMHBIX
ycTpoiicTB K KojdecaMm. Okazajoch, 4TO sddex-
THBHEEe HAITPABJATHL TI'OPSAYUMA ITap HEIMOCPEeACT-
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BEHHO Ha KoJieca C JIONACTAMHU, YeM-TO HAallOMHU-
HaAOUIUMHU nponejyepsl. Takue arperaThl ucC-
NMOJIB3YIOT AJA IIOJYYEeHUs JHEePruu Ha TeIlIo-
3JIEKTPOCTAHLIUAX.

XoTs1 HarpeBaHHe BOAbI, IIpeBpaljaeMoii B
map, BO Bcex cyiyuyasax TpebyeT 3aTpaT Kako-
ro-TO TOILJIUBA, XOTS IIPU HECKOJIBKUX IIepexo-
Iax SHEePruu M3 OAHOr0 BHJAA B APYrol HeMH-
HyeMBbl II0TepHU, NIapoBble TYPOMHBI O CHX IIOP
UrpalT BaXHYIO poJb B 9HepreTuke. Ho B 00-
eM-TO0 HU3KasaA 3(P(PeKTUBHOCTH, HCIOJIHL30Ba-
HUA [1apa AAaBHO y>Ke 3aCTaBJAET JIOJEeU UCKATh
UHBIe CcII0COOBI IpeBpalleHUusA TEIJIOBOM BSHep-
ruy B MEXaHUYECKYIO.
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Jxopax Credencon (1781 —
1848) — aurumiickuii u3o6pe-
TaTaTeJab. [10oJI0XKHJI HaYasIo i
NapOBOMY >KeJIe3HOJAOPOXKHOMY
TpaHcnopry. Coanaj neppbie :
NpPaKTHYECKH NMpPUToAHbie MoJe-
JIX TAapOBO30B, B TOM UMCJIE B
3HAMeHHuTYy10 «Pakety» c yco-
BEpPIIIEHCTBOBAHHLIM NapOBLIM
KOT/IOM. ITIoCcTpOMJI HECKOJLKO
sKeJIe3HLIX JI0pOr, H3MEHUB i
PCJLCOBLIN MYTh NP Nepexoje :
Ha JIOKOMOTHBHYIO TATY, & TaK-
’Ke TepBYI0 Jopory obmjecTBeH-
HOTO MOJIL30OBAHHUS. i

OT BOAAHOTI'O ITAPA — K T'A3Y

MOKHO JM KCHOJNIL30BATh AJA pabOTHI Tell-
JIOBBIX MAIIWH KaKOHi-HUOYAb APYroi ras nmoMu-
MO BogsAHoro mapa? A mouemy BooOIe B 3TOM
cjJydae MbI BeIEM pas3roBop Jiumib O rasax? Bce
ZeJIO B TOM, YTO TBepJAble Tejla U KUIKOCTH, He
obnamas Takoi CmocOOHOCTHIO PaCHIMPATHCA U
COKUMAaThCA, KaK rasbl, He TOAWJIUCH OBl mjida
NIpuMeHeHMss B NONOOHBIX MamuHax. Iloaromy
TaK Ha3bIBaeMBIM pabOdYyMM TEJIOM JIyuIlle BCEro
B TaKMX MalIMHaX ¥ ABUraTessx ObLIO creaThb
caMu rasel, obOpasymwoliueca IIpyU CrOpaHUU TOI-
JIUBA,
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Oco0oe BHUMaHHUE B CBA3H C 3THUM oO0Opalia-
JIOCh Ha M3yYeHHe TeIlJIOBBIX CBOMCTB pa3Jjuy-
HBIX raszoB U HUx cMmeceil. TepmogumamMuka —
HayKa O IIpoleccax, IPOUCXOAANINX B TEIIJIOBBIX
MamIiMHax, — IIpeXkJe BCero 3aHMMAaJach BOII-
pocamMu, CBSI3aHHBIMM C BO3MOXXHOCTBIO IIepexo-
la TemjaoThl B paboTy. A 3TO M COBEpIIAJIOCH B
TEILJIOBBIX MamIMHAaX, Ije KJIIOYEeBYIO0 POJIb Hr-
panu rassl.

3aKOHBI, YITPaBJSAION[ME IIOBEJeHHEM ra3oB,
OBLIM JOCTATOYHO TBEPJO YCTAHOBJIEHBI KO Bpe-
MEHM HMX MAaCCOBOH «3dKCILIyaTallMu» B TEILIO-
BbIXx MamuHax. Ho crpeMieHue caenraTs 9TH Ma-
muHB 0oJiee MOIIHBIMU, HAJEKHBIMH, 3hdex-
THUBHBIMH CJIOBHO IIOATAJKUBAJIO HAYKY K OoJiee
rnyb0KOMYy H3YUYEeHHUI0 HX CBOHCTB. BhIsCHU-
JIOCh, UTO AJISI IIOJIHOTO OIIMCAHUSA ra30oBBIX IIPO-
IIeCCOB HYXKHO KaK cjiefyerT pa3obOpaThCsa C Ta-
KUMH BeJIMUMHAMM, KaK UX JaBJeHHe, 00beM U
TeMneparypa. Pasiuunble UX cOueTaHUA CJIOBHO
pHCOBaJIM KapTUHY, KOTOPas OYeHb TOYHO MOTJIa
TI0Ka3aTh, 4TO OyZeT IIpOMCXOAUTH BHYTPH Ma-
muHbl. TeM caMbBIM HCCJIELOBATEJSIM U IIPAKTH-
KaM CJIOBHO BPYUYMJIM 3aBETHbIE KJIIOYU OT IIOYTHU
HeHcyepnaeMbIX KJIAQOBBIX TEIJIOBOM SHEPTHUH.
TpuymbanbHOe HIECTBHE OT IAPOBLIX KOTJIOB JIO
PEaKTUBHBLIX JBUTraTeJieil IpPomIo PaKTHUECKH
3a IocJjiefHUEe TPH COTHHU JIeT.
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KAK IIPEBPATUTH TEILJIO
B PABOTY?

YeMm 2Ke MOMOIJIa HayKa CTPOMTEJNISIM TEILIO-
BbIX MalIuH?

B 1824 rogy ¢paHLY3CKUI QUMK M HHIXKe-
Hep Camzum Kapmo ony06smKoBas couyuMHEeHHe, B
KOTOPOM BBISICHHUJI, KAKOBa MOYKeT ObITh MaKCH-
ManbHadg 39(OGEeKTHUBHOCTH TEILJIOBOM MAaIIMHBI.
Mousonoii, a emy Terga OsLt0 iumsb 28 ser, yde-
HBIM, IIOKAa3aJi, 4YTO IIOJIe3HYI0 PpaboTy MOXKHO
IOJIYYUTh TOJILKO TOrZ[a, KOTJa TeILJI0 IIepexo-
OUT OT Harperoro Teja K 0oJjiee XOJOZHOMY.
VMeHHO HA 3TOM NYTH MOXKHO «OTHATH» 4YaCTh
TEeILJIOBOM SHEPruu M IpeodpPas3oBaTh ee B Mexa-
HUYECKYI0O — B JBMIKEHMe NMOPIIHA MU Bpalie-
HUe KoJieca. Yem Oosbllie pa3HOCTh TeMIIePaATypP
MEXKAy HarpeThIM U XOJIOAHBIM TEeJIOM, TeM 60JIb-
IIYI0 4aCTh TEILJIOBON SHEPTHMM MOXKHO IiepeBe-
cTH B pabory.

Crajio IIOHATHO, YTO HAZI0 KAaK MOYKXHO BBIIIE
JeJjlaTh TeMIepaTypy CropaHus TONJMBA M KaK
MOXXHO HHMXKE — OKDYJKaIoI[eid cpeanl, UTIpalo-
e poJib XOJIOAMJIBbHHUKA. ITO ObLI pemruTesb-
HbI} IIIar Ha OYTH NOBbIMIEHUS K03GdduiueHTa
NOJIE3HOr0 MEeMCTBHA TeIIcBbIX MamuH. [Ipu-
YeM COBEPIIEeHHO He OBLIO Ba)XHO, KaKOBa KOH-
CTPYKIIMA MAIIMHBI ¥ YTO IIPUMEHAIOT B Kade-
cTBe ee pabouero Teia.

C npyroii CTOPOHBI, 35TH PA3MBIIIJICHUA
C.Kapuo npuBOAMIM K HEyTeIIMTEeJIbHOMY BbI-
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Canu Kapro (1796—1832) —
¢ paHIly3CKHH (PU3UK H HHXKe-
Hep. OAMH U3 cospaTeneil Tep-
MOAMHAMUKH, YCTAHOBMUBIIHUIHA
BTOpO# ee 3akoH. CuMTA) He-
BO3MOXXHOH NOCTPOHKY «¢Beu-
HOTO JBHTaTessi», yKa3al Ha
npefebl Niepexoja Temia B Me-
XaHHuecKylo pabory. Chopmy-
JIMPOB&J NMPUHUHUI paGoOTH ra-
30BLIX TEIUIOBLIX MaluuH. Ero
YHMCTO MaTeMaTHYeCKHe pac-
Cy>XJeHHs] UMEJI OTPOMHOE
IpakTHYecKoe ¥ BKOHOMHUe-
ckoe sHaueHHe. PaGoTh Kapuo
MpPUBEJIH K YJYYIIEHHIO T1apo-
BbIX MALUMH U TEMJOBbLIX [BH-
ratenei.

Bony. Kak OBl XOpOIIO HHM CKOHCTPYHUPOBAJIH
u3o0peTaTesid M HHYKEHEPhI TeIJIOBYIO MAaIIUHY,
Kak Obl ee HM UMCTHJIM M HM CMa3bIBaju, HU-
KOrja B Heil He yZacTcsa Bce OTOOpaHHOe y Ha-
TPeToro Teja TelJO NPEeBPaTHTL B padory.

A kak 0wl aTOro xorenocn! Benr Mexauuue-
cKkas paboTra MOXKET MOJIHOCTBLIO IepeiTH B TeIl-
JIOBYIO, BHYTPEHHIOI0 3HEPTrHI0 OKDY’KaIOIUX
Tes! BcmoMHUTE, KaK BEI TpeTe, COrpeBasiCh, Jia-
IOHH M YIIM, KaK JPEBHUN UYeJIOBEK TpPEeHUeM
IoOBIBAJI OrOHBb, KaK HarpeBaeT cebsa u acaybT
TOPMO3SIIIUA aBTOMOOMJIb, Tepsisi ABUMKEHHE.
ITouemy ke HeBO3MOIKEH OOpATHBIA MOJIHBIN -
pexon?
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¥YBBI, U 3eCh IPUPOJA ONMyCTHUJIA HIjJarbaym
3ampeTra, KOTOPbIM HM 00BLexarb, HU OOOUTH.
IIpaBna, ¥ B paspemieHHBIX €10 Mpejeiax 4deJio-
BEK YMYZApPHJICA Hau3obpeTaTsh ele MHOI'O JUKO-
BHUHHOTIO.

ITIAPOBO3 — XOPOIIIO,
A TEIIJIOBO3 — JIYYIIIE

YeM mapoxon OTJIMYAETCA OT TEMmJI0X0Hxa, a
nmaposo3 — OT TemyjaoBo3a? B ongHux, siCHO yxKe
10 HAa3BAHMUIO, MCIIOJIL3YIOT I1ap, a4 B APYTUX —
rassl, IOJyYalonidecs IIPHM CrOPaHUM TONJIMBA.
W To, u npyroe — TemiIoBbieé MAIIMHBI, OJTHAKO
BTOPO¥M HMX THUII OKA3aJiCsI HAMHOTO BBITOJHEE.
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Pynoasp Auzeas (1858—
1913) — Hemenkui uHKeHep
u usobperatesb. Co3nal nopi-
HEeBOM ABHraresh BHYTPEHHErO
CropaHus ¢ BOCILIAMEHEHHEM
OT CKATHS, HA3BAHHLIN ero i
MMeHeM. DKOHOMHYHOCTb M Ha-
JieXkHOCTh 0GecnieUMsId ABUraTe- :
JII0 IPUMEHeHHe Ha aBTOMOGu-
JISIX H TeIUIOX0JaX, TEeIIoBO-
3aX M TpaKTopax, NOABOAHBIX
JIOAKAX H 3JIEKTPOCTAHIUAX.

HeiicTBuTeIbHO, uTOOLI paboTan ImapoBoit
JABUTraTeNb, HY)KHO Be3TH Ha cebe ITPOYHBIN KO-
TeJI ¢ BOAOM sl co3naHusa napa. Y emje Bmecre
C HUM TOIIKY, I'ie OJXKHO CTOPaTh TOILIMBO JIJISA
nozorpeBa BoAbl. Tsikesass, rpOMO3AKAsA U Ma-
noaddexTBHaA KOHCTpyKuua! Temnmoxoxsl xe
M TeILIOBO3bl MMEIOT ABUTaTeJId, CPaly BHYTPU
KOTOPHIX IIPOMCXOAUT CropaHHUe TOILJIMBA, a BbI-
IeJIUBIIMECSA IIPH 9TOM ropsiuvie ra3bl TOJKAIOT
NMOPIIHHU, IIepefaole ABUKEHNe pblyaram, Ko-
JjecaM, rpeOHBIM BMHTAM.

IloneITKHM cO3aTh YCTPOHCTBO, ABUIKYIEECA
1o cyiue 0e3 peJyibCOB, UMEIOT LABHIOI MCTOPHUIO.
Boiee 200 seT nasax Bo PpaHuuu ObLI IIOCTPOEH
TPEeXKOJIECHBLIN 9KHIMAaXX C IIaPOBLIM ABUTraTeJIeM
4 KOTJIOM OrpOMHBIX pa3MepoB. IloHsaTHO, uTO
TOJIKY OT TAKOH MAaIIMHBI OBLJIO MAJI0 — €e JIETKO
oOrousan mnemexoy. HaKoHell, B BOCbMHIECATHIX
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rozax IIPOILJIOro BeKa
OBLIM CcHeJIaHBI  JBa
n300peTeHus, IIPpUBEN-
mue K CO3JaHHUIO TOro,
4YTO MOXXHO Ha3BaTh aB-
Tomo0miIeM. 910 —
ABMraTeJib BHyTPEHHErO
CrOpaHMsa ¥ ITHEBMAaTH-
yeckasg muHa. OcHa-
LIIeHHbIE HOBBIMH YCT-
poiicTBaMu, aBTOMOOU-
JIX CTAJIX 3aBOEBLIBATH
cTpaHy 3a cTpaHoil. Bo-
Jee 100 yieT coBepIIeHCTBOBAHUSA IIPUBEJIH K TO-
MY, UTO Telepb UX B MUPE NECATKU MUJIJIHMOHOB.
JlBUrareysu, HeIIOCPEACTBEHHO BHYTPH KOTOPBIX
CropaeT TOIJIMBO, Ha CErOAHS BBLITECHUJIM Be3le
TIapOBbI€ M CTAJM OCHOBHBIMHM CPEIH TEILJIOBBIX
MallIVH.

YTO BYJAET B TEPMOCE...
C 3EMIJIEA?

Ecau Temo camo mo cebe MoXKeT repeiaBaTh-
Cs TOJILKO OT I'OPAYHMX TeJ K XOJOLHBIM, TO II0-
YyeMy e 3a JOJITYI0 MCTOPHIO 3eMJIM BCe rops-
yKe Teja He oxJiaguauck? UHBIMM ciioBaMu, IIO-
yeMy He CpaBHAJACh TEMIIEepaTypa BCceX M3BECT-
HbIx HaMm Tea? Boobpasure, KakuMm Torzga Obl
CTaJl HAIl MHDP — TeILI0 HUKYyJa HUOTKyZAa Obl
He TepenaBajioch U BCe BCKPYT CJIOBHO OBl oOIle-
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IeHeJI0, «3aCThIB» IIPY OAHOM M TOH Ke TeMmIie-
parype.

KoneuHo, Mbl 3HaeM, 4TO MeEIIAeT 3TOMY —
namie poxHoe CosHbIKo. HermpepsIBHO IIOCHI-
JlaeT OHO Ha 3eMJII0 ITOTOKHW TeIljla, IoJorpe-
Basg TO OAMH, TO Apyroi ee 6ouox. Koneuno,
cama 3emasa «cOpachiBaeT» HUIJHUIIKU TeEIa,
usayuasi ero B Kxocmoc, Ho CosiHIle BMecTe ¢
M3BJIEUEHHON M3 3eMHBIX HEIp YeJOBEKOM
9Heprueu 3acTaBJIAEeT BCE BpeMsA TeNJo LUD-
KYyJINPOBATh IIO ILJIAHETE.

BoT ecau ObI MBI 3aKJIOUHIH 3eMJII0O B Or-
POMHBIA TEPMOC, TO PAaHO MJIH MO3QHO TEIJI000-
MeH Ha Hel JeUCTBUTEJbHO IIPEKpPaTHJICA Obl.
Bce npumio 651 B Tensiopoe paBHoBecue. OnHa-
KO, JIMIIb TOJILKO YeM-TO M3BHE CO3IAIOTCsA Iie-
pemnaznsl TeMmnepaTyphbl, Kak BO3HUKAIOT IIOTOKH
Teria. Bce cHOBa IepeMeIIuBaeTCsA, ABUIKETCH,
JKMBET.

YT006BI HMCIOJIB30BATHh TEILJIOBYI0 3SHEPTHIO
IJIsi cOBeplIeHusA paboThl, YEJIOBEK HAYUYHJICS
MCKYCCTBEHHO CO3aBaTh TaKHe Iepenanbl TeM-
nepatyp. Bce TensioBble MalIMHBI OCHOBAHBI Ha
saTroM. I XOTs Bce TeILJIO IlepeBecTH B paboTry
eMy 3alpeTHJIM 3aKOHbI TePMOAMHAMMKH, OH U
37leCh MBITAJICSA IIOCTPOUTHL «BEUHBIM JBUTaA-
Teab». Ho Kak MeXxaHUYeCKHe, TaK ¥ TENJIOBBIE
IOBUTATeJNH IIONOOHOTO poJa OKa3aJIUCh HEBO3-
MOYKHBIMHU.

Eme omua uaesi, TOJIbKO y’Ke COBCCM II€CCH-
MHUCTHYECKasi, Obljla «IOJCcKa3aHa» TepPMOIUHA-
MHUKOHA B IIPONIJIOM BeKe. A He MOXKET JIM BCA
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BcenenHas cO BpeMeHeM, IIyCTh OYeHb 0O0JIb-
UM, IPUATA B MEPTBOE COCTOSHUE TEIJIOBOTO
paBHoBecusi? HoBble uccienoBaHus, MOJYYHUB-
II¥e Ha3BaHMe HEPABHOBECHOH TepMOAMHAMM-
KM, OTBEYAIOT CerofHsa Ha 3TOT BOIPOC OTPHIIA-
resqbHO. Ilo-BMAMMOMY, KO Bceil BcesieHHOI
HeJb3sA MPHUMEHATH 3aKOHbI, rojgdAuuecs AJIs
IIPOILIECCOB, IIPOMCXOAAIIUX B TepMoce.

KAK XOJIOMUJIBHHUK «XOJIOIUT»?

Xopoiio, NyCTh XOJIOAHBIE TeJla TOJbKO U
«MeuTaloT», YTOOBI HarpeThCsd, a ropsayne — OX-
aaautbesi. Ho Kak »ke Torga paboTaeT X0J0aHIIb-
HuK? U mpaBna, OTKJIIOYUB e€ro OT CeTH M OT-
KPBIB JBepIly, MBI CIIEpPBA IIOUYBCTBYeM HeNOJI-
r'yio IMpoxJiaZy, HO B CKOPOM BDE€MEHHU Bech Jie[
pacTtaeT, a IPOAYKTHI M3 OXJIaXKJeHHBIX MJIV 3a-
MODPO’KEeHHBIX ITPEeBPATATCA B OOBIKHOBEHHbIE —
¢ KOMHATHOM TeMnepaTypoi. UTo Ke mo3BojigeTr
9THUM IIPOILIeCCAM HATH He eCTeCTBEHHBIM IODPAN-
KoM, a Haobopor?

BcnmomHEuM 00 McnmapeHuM, CKaXeMm, CIIUpTa,
KOrja BaTKOH, CMOYEHHOH MM, BaM IIPOTHUPAIOT
KOXKy mnepen yxosioM. UYto mbl omymiaem? Ilpa-
BUJIbHO, X0JIOAOK. Tak BOT, B XOJIOAUJIbHUKE HC-
apAKLIIASCS dKUAKOCTh OTHUMAET TEILJIO OT BCe-
ro, 4TO BHYTpM Hero Haxoxutcs. Ho uToObI 0Ox-
JIaXIeHUe MIJI0 IOCTOSHHO, ee HaZ0 3aCTaBUTh
9TO JeJIaTh MHOT'OKDATHO.
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BoT moueMy MBI CJBIIIMM, KaK YpPYUT JBHU-
raTejb XOJIOOUJIILHUKA, NPHUBOASA B ABHIKEHUE
MOPUIIHH, OTCACHIBAIOIIIHUE MTAPBI 3TOM KUIKOCTH.
3aTeM HX INPOTOHAIOT 4Yepe3 KOHAEHCATOP, VK-
peIJIeHHBIM Ha 3aJHedl CTeHKe XOJIONUJIbLHUKA.
ITomynas ero Bo BpeMsi paboThl ABUTraTessi, BbI
omyTuTe... Tero. OTKkyna oHo B3sAIoch? A 21O
KOHJEHCUDPYIOTCA Maphbl dKUAKOCTH M, KaK U II0-
JIOKE€HO MM B 3TOM CJiydae, BBIZEJAIOT HaAPYXKY
Terno. CrycTUBIINCH U3 ITAPOB, dXUIKOCTH BHOBb
IIOCTYIAeT BHYTPb XOJOAUJIbHUKA, YTOOBI, CHO-
Ba MCIApUBUINCH, OTHATH TaM IIOPLUIO TeILIA.

ITonryuaeTcs, YTO XOJOOUJIBHHUK — 3TO TemN-
JIOBOJ ABHUraTeyb HaoOopoT. K TemioBoit aHep-
T4, OTOOPAHHOM Yy NIPOAYKTOB, MOTOP X00aB-
JIIeT 3HEpPrUui0, IOJIYUYEHHYI0O U3 3JEKTPOCEeTH.
W Bce aTO BMecTe «BbIOpachliBaeT» B KOMHATY.
BLIX0auT, BKIIOUEHHBIH XOJONUIbHUK CIYIKHT
HaM elje W JONOJHMUTEJbHBIM HarpesaTejieM
BO3AyXa B KBapTHupe.

YTO BEPET B ITIOJIET PAKETA?

To, YTO peakTHMBHBIMH JBHMraTeJb KocMUue-
CKOM pakeThl paboTaeT Ha INPUHIUIE OTAAYM,
BaM XOpOIIO M3BECTHO. B OfHY CTOPOHY BHLIE-
TalOT, OTTOJKHYBIINCH OT PaKeThl, pacKaJieH-
HbIe rasel. B 1pyryio, OTTOJKHYBIINCH OT ra3oB,
JIETUT paKeTa. A UTO Ke IIPOMCXOJUT BHYTPHU
TAKOro ABUraTesas?
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9TO — TOXe TelyioBag MaluMHA. B Heii,
npasjia, HET HU NOPIUHeH, HA PhIYAroB, HU KO-
nec. Tem He MeHee, ee yCTPOWCTBO OTHIOAbL HE
TaK IIPOCTO. B oT/IMyme oT xBUraTesieit BHyTpeH-
Hero CropaHMd ¥ IIapOBLIX MAIIWH, I'/leé TOILJIXBO
TOPHUT B BO3/yXe, 3/1eCh B KAMEpPY CropaHus IOJ-
al0OTCA ONHOBPEMEHHO roprouyee, CKakeM, Kepo-
CHH, ¥ OKHCJIUTEJb. Beab B 6€3BO3AYIIHOM ITPO-
CTPAHCTBE «3a4YepPIIHYTh» BO3AYX HeOoTKyaa. U
€ro pOJIb B IIOJIETE HOJIXKEH B3AThH Ha cebs1 KTO-TO
ZDYro#, K IpuMepy, XKAAKUNA Kucaopona. Bor ero
¥ NPUXOJUTCA BO3UTH ¢ c000if B pakeTe BMeCTe
C TOPIOYUM.
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Cepreit ITasnosny Kopoaen
(1907—1966) — poccuiickuit
yueHHI# ¥ KoHCTpykTOp. OCHO
BOIIOJIOXKHUK NpaKTHYeCKO#
KocMOHAaBTHKH. Iloa ero pyko-:
BO/ICTBOM GLLIH CO3AaHHI IEp-
Bl HCKYCCTBEHHLIN CITYTHHK
3eMJIM M KOCMHUYecKne kopab- :
JI¥, HA KOTOPLIX YeJOBEK BIep-;
Bble 06JeTes 3eMJI0 M BLIIIEN
B OTKPBITHI KOocMoc. 3aHH- &
MaJICsl KOHCTPYMPOBAHUEM M
NMOCTPONKON MeXITaHETHBIX
cTAaHOUH,

TemnepaTypa ropeHusi JOCTUraeT B KaMepe
HECKOJLKUX ThICSAY rpanycoB. /laBienne Tak
BEJIMKO, YTO ra3bl C O'POMHON CKOPOCTBIO BHI-
PHIBAIOTCS M3 KaMephbl B pacHIUpsIOleecs OT-
BepcTHEe HA KOHIle paKeThl, Ha3bIBaeMoe CO-
I1JIOM.

Mmu pacckasdaju O KUAKOCTHOM DaKeTHOM
zsurarteye. ECTh elje ¥ TBEPAOTOIJIUBHEBIE, UX
BBl MOrJX OBl YBUJETH NPU CTApTE KOCMUUe-
ckoro kopabus «IIIaTTia». OHU NPUCTHIKOBAHBI
K KOpPIyCy OCHOBHOW DaKeThl M IO3BOJAIOT
YBEJIMUYMBATL TATY Ha IIEPBOM OTpe3Ke B3JeTa.
Ho Bo BCcex cayuasix, uToObl paboranu Takue
ABUrarTesu, norpeboBasocs co3JaThb OcoObBIE
JKaponpoyHble MaTepuajbl. OHU NOJKHBI BBI-
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Ilep’KUBaTh, He ILJIaBfACh, T€ I'’MIMAHTCKHE TeMIle-
paTypbl, KOTOpble BO3HHMKAIOT BHYTPU TaKHUX
JBUTaTeJIeH.

BxoBb, Kak 3TO OBIBaeT uame ¥ Uaiie,
co3naHue ONHOM MaIllMHbI 3aCTABUJIO COTPY/-
HHUYaTh CaMble PAa3HbI€ OTPACJN HAYKU U TeX-
HUKH.

IIABAUTE
IIOPA3MBICJINM

O ITouemy «HAPe3AHHbLL AYK CUNbHee naxHem»?

? B rakoe epems zoda cunvree nposucarom npogoda?
? MoskcrHo au pa3bume MOLOMKOM PEeSUHOBbLLIL MA4L?
9 H3 uezo «cOenamnbl» cHeMcUHKU?

9 O KaKoMm NPuUpPoOHOM SABNEHUU 2060pUMCA 6 3a2a0-
* ke: «Mocmumeces mocmok Ges docok, Ges monopa,

Ge3 Kauna»?

9 [Tpagda au, umo «nodo abOom mendaoii 600bL He
* 6vieaem»?

& MoscHo au sckunamumes 600y 8 OYMANCHOM Kyley-
* xe?

& ITouemy zosopam: «Bemep cHez csedaem»? Umo
* amo sa sasreHue?

 CoznacHbl U 8bL ¢ meM, YUMo «BONbULYI0 20108Y
° mManenvkas wankxa He cozpeem»?
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€ MoxHO AU 3aMopo3umb 600y ucnaperuem?
L]

® Omuezo CMOYEHHLIM 6000l MbLLIOM MONHO nod-
° name mapeary?

9 O KaKoMm seaeHuu zaacum nocaosuya: «Emy u Ge-
° da, umo c zyca 60da»?

o ITovemy nodnumaemcs 20plouee no GuUmMURI0 cnup-
° moexu uau kepocunosoil namnvi?

©® Ymo moakaem nopuieHb 6 napo6oii MauluHne u 8
* deuzamene 8nympenHezo c20panua?
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H 6 wyme HAKNOHHOZO NUBHA,
CoMKHY8WE20 36M 10 U BbICh,
Hieunruna ecnvixnysa OAUHHO,
Kak 6yomo zuzanmcexas moic.av,

A.Ilpaconos

IlpaBny rosopsar: «I'pom He rpsiHeT — My-
KUK He IlepeKpecTuTCA». A KaKoii ke rpom 6e3
mosiHuu? CKOJIBKO Ke MHJIJIMOHOB pa3 JOJIXKHA
ObLIa CBEePKHYTh MOJIHHSA, YTOOBI MY)KUK, IIepe-
KPeCTHMBIIUCH, HAKOHEII-TO 3aJyMaJIiCs: a UTO JKe
3TO Takoe?

Mexxny HaTepTHIMM KYCOYKAMH SHTapH,
TNPUTATUBAIONIMMH NpEeAMEThHI, U MOJHUEH, Ka-
3aJyioch ObI, HUYero obmiero. A BeIb BCE 3TO —
9JIEKTPUYECKHE ABJIEHUA. VI CIIOBO-TO «3JIEKTPH-
YecTBO» OT «AHTapsA» mnouyio. Ho urobsl yiio-
BUTb DPOJCTBEHHOCTh CTOJIb HEIOXOXKUX SBJIE-
HU, MOTPeGOBANIKCH ONATH-TAKN THICSIYEIETH.

Yro i, uesmoBek Takoil Tyromym? Ila Her,
CIVIIIKOM «TOHKOI MaTepHueii» 0Ka3aJoCh 3JIeK-
TpuuecTBo. Ho y’X Korga EBIICHHJIOCH, YTO B
HEM K 4yeMy, JIIOAU TaK KPEIKO «3alpArJu» ero,
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TaK IPHUCIIOCOOMJIM, YTO BCEro 3a JBECTH JIET
M3MEHHMJIM C ero IoOMOILI0 OOJHMK BCeil cBOeM
KH3HU.

OJIEKTPOTEXHUKA, 3JJEKTPOHHKA, 3JIEeKTpOo-
9Heprus, 3JeKTPOBO3, 3JIEKTPOCBAPKa, 3JI€KTPO-
CTaHIIUA, JJIEKTPOMY3bIKaJbHEIE HHCTPYMEH-
Tel... Hy, HM mary 06e3 aJIeKTpUUYeCTBA.

A He Hazo HUKyZxa 1raraTtek. OHO 3z€ch, Ips-
Mo Ha Bac. Ctrour cTAHYTHL ¢ cebsa cBuUTED,
KaK...

OTYEIO BOJOJIASKH
«TPEIIAT»?

3uma. Tennas, cyxaa kBaptupa. Beuep. Mu1
roToBUMcA KO cHy. CTATMBaeM uepes3 rojioBy BO-
IOJIAa3Ky HJIM CBHUTEp, M BAPYT B THUINIWHE Dpas-
naercsa tpeck. OTryzna Ba3siiuck aTu 3ByKu? Ecin
CHMMATL IIEPCTSHYI HWJIM CHHTETUYECKYIO
ONEXKAYy B TE€MHOTE, TO MOXXHO 3aMETHUTb, KaK
9TOT TPECK CONPOBOKJAETCA MCKOpKamu. Tpe-
IIUT U UCKPHUTCA Halla OJeXXJa, ¥ JIMIIb TOTrAa,
KOrjga Mbl, CHMMas ee, 3aCTaBJIAeM TepeThCHd,
CKOJIB3UTH IO TeJy.

YyTh-uyTh BHUMAHUA, U OOHAPYIKUTCA, UTO
CTAHYTash KopTa INPUTACMBAETCA K OCTaBIIEHCH
Ha Hac pyOamke. YTo )Ke UX TAHET APYT K ApYy-
ry? COnpHMKOCHYBIINCh, OHM CJIOBHO H306aBJs-
IOTCA OT 3TOH CHJBI M 00BHcalOT. A GhIBaeT, YTO
HaZl0AT0 NPUJIHNAKIOT APYT K Apyry. Ilouemy?
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Enje OQUH OIBIT, KOTOPBIX BBl IIPOSCIAbIBAL-
Te, IMIOPOM HEOXOTHO, KaMKJbIM NeHb — IIpuye-
ceiBaHre. Kak MHOrga npuxoauTcs MYYUTHCHA C
HAIIXMH BOJIOCAMH, KOTOpbie OYKBAJILHO TAHYT-
cs 3a pacyeckoii, JUmHyT K Hei. OnaTe He-
MHOXKO Ha0JII01aTeiIbHOCTH, M BBIICHUTCS, YTO
9TO IPOHCXOAHUT C IJIACTMAaCCOBBIMH HJIM JAepe-
BSIHHBIMM TrpefelikaMu, a ¢ MeTAJLIMYeCKHMU,
KaK IpaBuJo, — HeT.

ITonBenem HeOoJbUION HTOr. BO Bpemsa co-
IIPUKOCHOBEHUs, a TPEeHMEe JININb yBEJUUWBAET
€ro IJjouanb MeXAY TeJaMH, YTO-TO ITPOMCXO-
AUT. ITO «UTO-TO» CTAJNM HA3BIBaTh Iepenadei
3JIeKTpHYecKoro 3apsana. Ero nossjeHue Ha pas-
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Yuapam T'nasbepr (1544 —
1603) — anrnxiickuit ¢u-
3UK H Bpau. OCHOBOTIOJIOK-
HMK HayKH 06 DJEKTpHYECT-
Be. BepHblit skcnepumen-
TANLHOMY METOAY, NpoBes :
MHOXX€CTBO OIILITOB II0 O6HA- :
PYKEHHIO BJEeKTPHYECKHX :
CBOMCTB pa3/IMUHLIX TeJ.
— O6oraTui aTy 06JacTh psi-
JiOM OTKPHITHIN ¥ NpUGOPOB.
W \) Mccnepopan MaruurHhle s1B-
JIEHUs!, YCTAHOBHJI, UTO BeM- i
51 — GOJNBILOH MATHHUT.
Buls1 nepBLIM CTOPOHHHKOM
Huzeil reJIMoLEeHTPHYECKO M
cuctembl Konepunka B AHr-
JIMH.

bl

JUYHBIX TeJaX TPUBOAUT HE TOJBLKO K HUX IPHU-
TSOKEHHNI0, HO, OLIBAET, ¥ K OTTaJKUBaHUO. Ilo-
9TOMY 3apsAbl PEIINJM CHAOAUTH IMaMSATKAMH-
sHakamu. Y1 Tenepp roBOpPAT, UTO IIPUTIATUBA-
I0TCA APYr K JPYry Teja ¢ 3apsilaMH Pa3HbIX
3HAKOB, WJM PA3HOMMEHHBIMH 3apAJaMHU:
«IIIOC» K «MHUHYCY» — U «MHHYC» K «IIJIIOCVY».
A OTTaJIKMBAIOTCS ONHOWMMEHHBIE: <«ILJIIOC» OT
«ILJIIOCa» — «MHHYC» OT «MHHYyCa».
«ITpunenuTb», KOHEYHO K€, MBICJIEHHO, TOT
WJIX WHOW 3HAK 3apdANa K TOMY WUJIU UHOMY TeJy
Joau poropopuinchk maBHo. Ceifuac, IOKymas
SJIEKTpUUYECKYIO OaTapeiKky, BBl Cpa3y e Haiu-
JeTe Ha Hell 9T 0003HAUYEHUsA. ITO IIOMOXKET
BaM NIPAaBUJILHO BCTABUTHL €€ B KAKOM-Jau00 mpu-
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Y/ /77774 6op, rae TOKe UMEITCS
-~N| 4, ~TaKme OTMETKH. A Te-
N \ é neps nomnpodyiiTe emge
N , '3 Dpas nmobaJioBaThCS C 3a-
) ) 2 pARaMM Da3HBIX 3HA-
5 kos. Ilorpure mracr-
o0

MAacCCOBYIO PpPacC4ecKy O
cyxHe BOJIOCHI U TIOJHE-
cuTe K pa3bpocaHHBIM
II0 CTOJly MeJKuM Oy-
MaXXHBIM  JIEHTOYKaM
uanm obpeiBKam. Hy,
uyTo mpousouger?

IIOYEMY BBET MOJIHHUS?

CriocOOHOCTh PA3JIMUHEIX TeJ 3apAKaThCs
Jonu odHapyxuau xasHo. Ho gonroe BpeMs atu
HOBBIE BJIEKTPUUYECKHNE CUJIbI YeJIOBEK He 3HaJ
KaK HCIOJIb30BaTh. HayumBIIMCHL CO3xaBaTh C
IIOMOLIBI0 TPEHMS BHYTPHU 3JEKTPUUYECKUX Ma-
IIKH JXOBOJBLHO 3aMeTHHIE 3apAAbl, HaxKe HcCCie-
JI0BaTeJ M NMPUMEHSAJIM MX IJIA pas3BiiedeHudA. B
XVII—XVIII Bexax OblIM OYEHb ITONMYJISAPHBI
SJIeKTprYecKue GoKychl, 0COOEHHO TaKOM, Korja
Y 3apsAXXeHHOr0 4YeJjIOBeKa BOJIOCHI OyKBaJbHO
BCTaBaJid ALIOOM.

9TO sAByieHMe OOBACHAETCA IIPOCTO. Pacrex-
IIUHACA 10 ITOBEPXHOCTH UeJIOBEKA 3aPsAJ OQHOI'0
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3HAKa CTPEMUTCH PA3aBUHYTH, OTTOJKHYTH BCE,
Ha uyTo OH nonaj. IloaToMy ¥ BOJIOCHI IOAHUMA-
JIUCh, PACXOAACH APYT OT APyra B pasHbIe CTO-
ponsl. Korza e 1o6au3ocT OKa3bIBAJIUCh Pas-
HOMMEHHBIE 3apAAbI, TO, CTPEMSACHL NPUTAHYThb-
cf, COeIUHUTHCHA, OHM IIOPOM BBISLIBAJIN DJICKT-
PHUUYECKYI0 HMCKpPYy. MHaue 3TO ele Ha3bIBAIOT
BJIEKTPHYECKHM IIpoOoeM BO3AyXa.

He Hy»XHO nymaTh, IIpaBAa, YTO 3JIeKTpUYe-
CTBO CJYXXHUJIO TOJIBKO MAJIA IIOTeXH ITPa3qHOM
ny6uKu. CX0ICTBO MEXKY UCKYCCTBEHHO MOJIY-
YEeHHBIMH 3JIEKTPUUYECKUMU MCKPaMH M HaOJIO-
JaeMoO¥l IIpM TIpo3axX MOJHHEH HABOAHWJIO HA
MbICJb 00 OAMHAKOBOM uX mpupoxe. IleiicTBu-
TEJILHO, BO BPeMsA ABMIKEHMUA BO3AYIIHBLIX IOTO-
KOB M3-3a TPEHHS TMPOUCXOLUT pasjesieHue
9JICKTPUYECKUX 3aPAJOB M HAKOILJIEHUE UX B 00-
JnaKax ¥ Ha MoBepxHocTu 3SemiHu. Jlocruras




6OJBIION  BEJIUYUHBI,
3TU 3apAALl CIIOCOOHBI
npo0UTh BO3AYX, UTO U
MIPUBOAUT K THUraHT-
CKOM MCKpe — MOJI-
Huu. XVIII Bek Onia
cJIaBeH T€M, YTO IIPOBO-
IVJIOCH Y K€ JOBOJILHO
MHOTI'0 9KCII€DUMEHTOB,
CBsA3aHHBIX C IIOMCKOM
3al(UTBl OT MOJIHUH.
OnpITH ¢ aTMOC(HEPHBIM
SJIEKTPUYECTBOM ObLIN
BeCbMa DPHCKOBAaHHBI U
KOe-KOMY JAake CTOUJIU
JKU3HU.

ITocTenneHHO HaKaNMJIMBAJIMCH HAOJIIOAEHUA U
haxkTBl, KOTOpble NO3BOJUJIN YYEHLIM 00BscC-
HUTHL JJIEKTPUUECKHEe sABJIeHMsA. VI oT yBeceJie-
HUU NepeiTH K TOMY, 4YTOOBI IMOCTABUTL MX Ha
cJyK0y UesIOBEKRY.

KAKHM 3AKOHAM
INOAYHUHAKOTCA 3APANBI?

Kak omucaTs ¥ paccuuTaTh B3auMOJEHCTBHE
3apanoB? 9Tty 3ajadyy INOCTaBHJI Iiepex co0oit
3HaMeHUTHIA paHnya3ckuit yueHslil lllapas Ky-
aoH. U300peTa crenuajibHble, TAK Ha3bIBaeMbie
KPYTHJILHEIE BeChl, OH CTaJl HCCJIEeZOBATH IIPU-
TsAYKEeHHEe U OTTAJIKMBaHHE MaJICHbKUX 3apAKEH-
HBIX IIAPHUKOB.
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3aKO0H, KOTOPBIA OH
OTKDPBLJI HeMHOTHUM 060-
saee 200 ser Ha3aja, OKa-
3aJICA OYEeHb ITOXOMKUM
Ha YCTAHOBJIEHHBIH
HeroToHOM 3akKoH BCe-
MMPHOTO TATOTEHHU.
Kak u B TomM 3akoHe, y
Kynona B3aumojeicTt-
- 4 BHe IIapUKOB ocnabesa-
JIO C yBeJIMUYeHHEeM pac-
CTOSAHUS MEMXJAy HUMH.
A posp TPUTATUBAIO-
IIUXCA MAcCC CTAJIM UTPATh 3apsAAbl HIAPUKOB, U
yeMm OoJibllle OHM CTAHOBHJIUCH, TeM 3aMeTHee
pocia anekTpudeckas cua. OTianyanuce, Ipas-
Jla, 9TH 3aKOHBI T€M, YTO MACChl MOTJIX TOJILKO
TMIPUTATUBATLCHA, a 3apsAlbl, KAK W3BECTHO, eIle
1 OTTAJKHBAKOTCH.

WNurepecHo, kak Kyinor penun 3apsanabi. OH
IIPUBOJMJ B COIIPUKOCHOBEHUE JIBA OAUHAKOBBLIX
IO pa3MepaM InapukKa u3 Oy3uHBI, OQUH U3 KO-
TCpBIX OBLN 3apsAXKeH, a Apyroi — Her. Kyion
oJlIaraj, 4To B 3TOM cJyudae 3apsj «pacTeKaer-
csi» nopoBHy. Ho Torma BO3HHKaeT BOIIPOC: UTO,
ecJIi ApYr Apyra KOCHYTCs [Ba IIapuMKa C pas-
HBIMM II0 BeJIMYMHE, HO Pa3HOMMEHHBIMU 3apsd-
namu? OIBIT IIOKa3bIBAET, YTO 9JIEKTPUUYECTBO...
Kak Obl ucuesao. Iloxoxuil cayyaid Mbl HaGJIIO-
laeM, KOrjla CTAHYTBIA ¢ ce0s 3apsaauBIIUACA
CBUTEP BHOBBb ITDWJIOKUM K Teyy. Ilocyie atoro
3apsAn CJIOBHO TIpomazaert.
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Ilapas Kyxom (1736—

1806) — ¢panuy3ckuil Gpusuk

M BOEHHRIH nmkenep., Chopmy-
JIMpoBaJ 3akoinl Tpenus. ITo-
CTPOMJI KPYTHJILHKIE BEChl —
YyBCTBHTENbHLIM nIpuGop, ¢ 10- .
MOIILI0 KOTOPOr'0 YCTAHOBH.I
OCHOBHOM 3aKOH 3JIEKTPHYCCT-
Ba (3akoH KyJsona). 3aHumai-
CS1 UCCJEA0BAHUEM YHNPYIUX
CBONCTB TeJ M MATHHUTHBIX AB-
JIeHH#.

Bor sTa 0CO0EHHOCTL 3JIEKTPUUYECKUX 3apsi-
JIOB KOMIIEHCHPOBATH APYr ApPyra JIeXKHUT B OC-
HOBe eIlle OAHOTI'0 3aKOHA coxpaHeHusa. Ecuu,
CKaXkeM, OJHO TeJI0 IOHAuajJdy OBLJIO BOBCE HeE
3apAKEHO, TO IOTEpPeB ero 4acTu JAPYT O Apyra,
MBI IIOJIYUYMJIA B OZHOM MECTE€ POBHO CTOJBKO
MOJIOKUTEJILHOIO 3apsifia, CKOJIBKO B IPYIOM —
oTpunaTeJbHOro. COeIUHUBIINCDH, 9TH «ILJIIOCHI»
U «MUHYCBHI» BHOBb JAaAyT HOJIb, OTCYTCTBHE 3a-
pana Boobmre. Takum oOpa3oM, CKOJBKO OBLIO
3apsana, CTOJBKO K€ U OCTAJIOCh. ITOT 3aKOH He
MeHee Ba)KeH, YeM W JAPYrue BeJIMKUe 3aKOHBI
COXpaHeHud.
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YTO TAKOE 3JIEKTPHYECKHUN
KOHJIEHCATOP?

Y10 BRI IpEANIPUMUTE, €CIIN 3aXOTHUTE, YTOOBI
BalIa ofexaa «He crpeasana»? JIubo mobaBurte
IIpU ee CTUPKE B BOAY TaK HA3bIBaeMBLIA aHTH-
CTATHK, Ju00 noOpbI3raeTe UM Ha ONEXKAY U3
CHeUHaJIbHBIX OaJIIOHYUKOB, WMEIONUXCA B
npoaaxe. Ilonyuaercda, 4TO B OAHUX COCTOSAHH-
SIX KaKHe-TO TeJIa XOpOIIO «JepKaT» 3apdan, a
B APYTHX — JIETKO C HUM «pacCTaloTcA». Bor
Ha 3Ty BO3MOYXHOCTh HAKAaIlJIMBATh, COXPAHATH
KaKoe-TO BpeMsaA 3apsAn obpaliaju BHUMaHHE,
KOrZla 3JIEKTPUYECTBOM HYXKHO OBIJIO BOCITIOJIB-
30BaThCA He Cpasdy IOCJIe ero IOJIy4eHHs.
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B 1745 rony ronnauackomy ¢usury Il.Ban
My1iieHOpYKY yaanoch m300pecTu MmepBLIA KOH-
neHcatop. B ucropuio aTor npuGop Bommes IOX
Ha3BaHUEM JIEHIeHCKOM O0aHKM. B maanHeinieM
KOHJIEHCATOPBl — HAKOMHUTEJH 3JIEKTPUUYECKUX
3apAN0OB — CUJIBbHO HM3MEHMJIM CBOIO «BHeEII-
HocTb». HO ryiaBHOM MX 3ajjaueil IO-TIPEKHEMY
OBLIIO yAep:KaHue PAAOM OOJIBIIKMX 3apANOB pas-
HBIX 3HaKOB. OCOOEHHO IIMPOKO OHH CTAJIH IIPH-
MEHSATHCA C PAa3BUTUEM PANUOTEXHUKH.

ITouemy onacHoO 3aJjie3aTh BHYTPb IPUEMHUKA
WJIK TeJIeBU30pa Ja)ke B TOM cJydae, KOra OHHU
OTKJIIOUeHbI OT ceTu? Cay4dailHO KOCHYBIIVCH
KOHTAKTOB OT ABYX PA3HOMMEHHO 3aPAYKEHHBIX
00KJIalOK KaKoro-1ubo KOHAeHCATOpa, BBl MO-
JKeTe TMOJYYUTHh OLUIYTHMBIA JJEKTPHYECKHH
yaap. 3apAnbl, CTpeMsCh COETUHHUTHCS, ITpobe-
ryT uepes Bac. Tak UTO IOpyuyuTe BCE K€ PEMOHT
CIIEeIUAJIUCTY.

B npunnue MOXXHO MCIIOJIbL30BATh OOJIbIINE
KOHJIEHCATOPBl JJIsi XPaHEHUsS OJJIEKTPHYECKOM
aHepruu. Ho, K coKaJieHnI0, Ha0JIro UX He XBa-
TaeT. EcJM BO3AYX XOTh HEMHOTO BJIAXKEH, TO
OH CHOCOOCTBYEeT NYCTh ¥ MEJJIEHHOM, OJHAKO
NOCTOAHHOM yTeuKe 3apsana. KouxeHcaTop B Ta-
KOM cJjiyyae HeoOXOauMo BpeMs OT BpeMeHH I10[1-
3apAKaTh.
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KAK BbITJIAOAUT 3APA/L?

CnocoGHOCTH 3JIEKTPUYECKUX 3aPANOB Iepe-
MellaTbCsA BHYTPU OAHOIO TeJia, [IePeTeKaTh NI
IepecKakKUBaTh HA JAPyroe KasajaCh OYEHb JIIO-
OonbiTHOM. MoXeT OBITH, 3TO KaKasg-HUOYIb
¥uarkocTs? OHA HeBUAMMAa M HeBecoMa, HO 3a-
paxkeHa. Ilo mHenuio Benpxxamuua PpaHkian-
Ha, aMepPHUKAHCKOro (pu3uKa, 3aHUMAaBIIEroCs
UCCJIEIOBAHUSIMHU 3JIEKTPUUYECKUX ABJIEHUM, BCe
BEIIeCTBA B IIPUPOJZE COJEPYKAT «dJEeKTpuue-
CKYIO KUAKOCTb». IlepesuBasach U3 OAHOTO TeJia
B IIpyroe, oHa Kak Obl nmobaBiisieT uau ybasiisieT
UX 3apAAbL

Koneuno, Takue Aoragku, XOTs IOHAYANY U
MHOI'0 MOIJIM O0BACHUTH, HE BBIAEPIKAJIU ITPO-
BepPKH BpemeHeM. eu o0 «3epHUCTOM» CTpOe-
HUHU BellecTBa KOCHYJIMCh U 3dJIeKTpudecTBa. K

BeanxamMue PpaHKIHE
(1706—1790) — aMepukaH-
CKUH QUMK M NOJIMTUUYECKHH
aesiTesb. OCHOBHBIC HayuyHble
UccJle[loBaHUSI IPOBOAUI B 00-
JIACTH 3JeKTpuUecTBa. O6bsC-
HHUJI AcHCTBHUE «JIeiCHCKOHN
GaHKH», TIOCTPOUJI NIEPBLIA
TJIOCKHH KOHJEHCATOp, U30-
6pes1 MOJIHHEOTBOA, AOKABAJ
DJIEKTPUUECKYIO NIPUPOAY MOJI-
HuM. IIpuMeHns seKTpuye-
CKYIO MCKPY AUIS1 B3pbIBa NOPO-
xa. PaapaboTas TEOPHIO BACKT-
PHUYECKHX SIBJICHMI, B KOTO-

poit coyeprkancss 3aKOH coxpa-
Helusa 3apsiaa.
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MBICJIM O IPOOHOCTH 3apsAja BeJia €ro BO3MOXK-
HOCTb JeJINTBCA MEXJAY TeJlaMHu. A KOorja B KOH-
1le TPOIIJIOro BeKa — BOT-BOT 3TOMY COOBITHUIO
«ctykHeT» 100 JeT — ObLiIa OOHApY)KeHA MeJIb-
yainiasg OTPUIIATEJbHO 3apAKEHHAs YacTUYKa,
CTaJio ACHO, UTO BCE 3apAnbl — COCTaBHBbIE. 3a-
Pl 3JIEKTPOHA, a TaK HA3BaJI1 HOBYIO YaCTHU-
Ky, OKasajici CaMbIM MaJIeHBKMM B IIPHUpPOJE.
OH TaKk KPOXOTEH, YTO HYXXHBI THICAYN MUJLJIHU-
apioB 3JIEKTPOHOB, 4YTOObLI IOJYYUTH 3apPSAAbI
IIapUKOB, 3aMeTHO BJIMAIOUIUX APYr HA Apyra,
Kak B onbiTe Kynona.

JJIEKTPOHBI TaK JIerKH, YTO OYeHb CBOOOJ-
HO, OTPOMHBIMH «IIAPTHUAMU» UJIU «CTAAMU»,
MOTYT IBUTaThCA, MepeHocsa ¢ coboil 3apsAn.
Bor 3TO M co3zaeT BHeuaTJieHHME TeKyHlel
«3JIeKTPOHHOM XKUIAKOCTU». Temeps e, roOBO-
ps 0 3apsAje, UMeT B BUAY HU30BITOK (OTpH-
LIATEJbHOCTh) HJIHU HEZOCTATOK (IIOJIOXKHUTEJb-
HOCTb) 3JIEKTPOHOB B TeJie.

T'IE JIETYE «BETATb» 3APANY?

Ecyu 3apsi; — 3TO MHOYKECTBO MHUKPOCKOITH-
YeCKM 3apsrKeHHBIX YACTUYEK, TO KaK OHU JBU-
KyTes1? Beap Ha macTMaccoBOM pacuecKe, MBI
9TO BUJENU, 3apAd CIocob0eH, XOTb HeIO0JTOo,
VAep)KUBAThbCA. A HA MeETAJJIMUYeCKHUX, KAKUMU
YacTO IOJIb3YIOTCS MapUKMaxephbl, 3apaAy «He
CUIUTCHA», IIO3TOMY BOJIOCHI K HUM HE€ IMPUTATH-
BaoTcsa. Ha cyxux Ouyskax sapansl Kakoe-To
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BpeMs COXPaHAITCA, C TDECKOM M MCKPAMH BHI-
JlaBasi 3aTe€M CBO€ IPUCYTCTBHE, 4 CO CMOYEHHBIX
AHTHCTATHKOM KY/a-TO Cpa3dy «yAUpPAIOT».

JJIEKTpUYECKasd MCKpa, IIPOCKAKUBAIOIad
MeXXJay OOKJIaikaMH KOHJEHCATOpa, — TaKKe
CBHJETEJbCTBO TOI'0, UTO JO IIOPHI «CHAEBIIHE»
B IIOKO€ 3apsXeHHble YaCTUUYKHU BAPYr PUHY-
JIUCh HAaBCTpeuy APYr APyry. YTo ke mo3BoJIAeT
3apAagUKaM Ha ONHUX TeJlaX NOKOUTHCA, a IO
apyruM Oexartn?

JlaBHO OBLIIO 3aMeUYE€HO, YTO BCE TeJia B NIPH-
poZie MOYKHO pa30MUTh HA ABa «Jareps»: XOPOIIO
M ILIOXO IIponycKamouue uepe3 cebsa 3JIeKTpH-
yeckue 3apaznbl. IlepBole Ha3BaJ NPOBOTHMKA-
MH, a BTOpPLIe — H30JATOpPAMHM, UM, KAK elle
TOBOPAT B HayKe, NUIJEKTPUKAMH.
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HaBepHOe, HET HYMXJABI NEPEUYMUCJATH IIpe-
KpaCHO BaM M3BeCTHbIE ITPOBOAHHMKH. BBl caMu
cpa3y Ha3oBeTe MeTaJUIbl, U3 KOTOPBIX JEJIAIOT
MpOBOAA M CIIAWBAIOT KOHTAKThI. A UyTh IIOAY-
Maz, Zo0aBUTEe K HUM M KHUIKOCTH, KOTOPHIE BhI
3amMeyanu B OaTapedkax HJIM aKKyMyJATOPaX.
M30ATOPHI TOXKE JIETKO YKa3aTh — 3TO AepPeBo,
CTeKJIO, ILjlacTMacchl, gapodop.

A BOT BO3ayx? BeaycioBHO, KOrja OH CyX,
TO ABJISIETCS OTJIUYHBLIM H30JaTOpoM. Ho yXK ec-
JI¥ 4yepe3 HEero IpOCKOUYHJIA 3JeKTpUUYEeCKasd HUC-
Kpa, TO B 3TOT MOMEHT OH, pa3yMmeercs, CTall
IIPOBOAHUKOM.

OTRYJA «BBET» HCTOYHHUK TOKA?

Bo3bMuTE B PYKH OOBIYHYIO 3JIEKTPHUYECKYIO
Oarapeiiky u paccMoTpuTe ee. Bbl, KOHEUYHO,
HaleTe HA HEM «IJIIOC» B «MHUHYC» — 3HAUKH,
oTMeyalol[re ee IMoJiroca. EciIM NpUCOeAUHUTDH
MX K JIaMIIOYKe, CKa)>XeM, OT KapMaHHOro ¢o-
HapuKa, TO OHa 3a)KerTcA. UTO 3aCTaBUJIO ee
ropetb? SlcHO, UTO MO He#l MOOEXKANH OT OLHOI'O
noJioca 6arapeu K ApPyromMy 3JIeKTpUYECKHe 3a-
pansl. Uu eme MbI TOBOPUM, UTO IOTEK JJIEK-
TPHUYECKHH TOK.

IIoueMy ke OH He TeueT BHYTPHU camoii Oa-
TapefKH, KOrna OHa HHU K YeMy He IIPHUCOeIH-
HeHa? 3apAABI-TO HA ee IOJII0CAX Pa3HOMMEH-
Hble ¥ XOTeJH Obl MPUTAHYTHCA APYT K APYTY.
3HAYHUT, BHYTPH OaTapeiKy UM UTO-TO MeIIaeT
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COeNMUHUTLCA, KAaKaA-TO CUJIa pa3gBUraeT uX.
A BOT uepe3 JIAMIIOUKY U IPOBOAKH — Oerure
cebe, 3apanbl, moxanayicra. Ho Jqumb TOIbKO
nepeberyT OHM OT OZHOTO IMOJIIOCA K APyromy,
TOJILKO BCTPETATCA, KaK OIMATH 9Ta CHUJIA Pas-
JIYYUT UX, Pa3BeET I10 MoJII0caM, YTOOBI CHOBA
[IOMYAaJIUCh OHM Yepe3 JJaMIo4YKy. Tak u Teuer
0e3 ImepepniBa 3JEKTPpUUECKAA peyKa II0 3aM-
KHYTOMY KpPYry, CKOJIBKO CHJl y Oarapeiku
XBATHUT.

OOHapyKHUJI0CH TOAO00HOE SIBJICHUE B ONBITAX
uragbaHcKore yuyenoro Jl.F'ansBann. Coenuusas
MBIIIIBI ¥ HEPBHI IIPENapUPOBAHHON JIATYIIKH
NMPOBOAHHUKOM, COCTOSIINM U3 ’Kejie3a U MeJH,
OH 3aMeTHJI COKpalleHue, aepranue mbimi. To
€CTh B MeTajlaX, KaK B Oynymeit Garapeiike,
3apAAsLl nepederayid Apyr K APYry 4Yepes JIANKY
aarymku. I[IpaBpa, I'anpBanu nosaraj, 4To B
KaX/JI0M KUBOTHOM e€CTh CBO€ CODCTBEHHOE, 0CO-
0oe anexTpuuectBo. [lo3:Ke ero cooTeyecTBEH-
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Jlynnxu Fanssamu (1737-—
1798) — uranbsHCKUN PUINK

H ¢usuosior. OfUH U3 OCHOBO-
TIOJIOXKHUKOB YUCHHUSI 00 DJIEKT-
puuecTBe, 06HAPY>XUBUIHH CO-
KpallleHHe MLILIIL JSITYIIKH

noJ| IeHCTBHEM BJIEKTPUUECKO-
ro Toxa. Ero onuITel ¢ «>XHUBO-
THBLIM# 3JIEKTPUUECTBOM JICIVIH

B ()YHAAMEHT HOBOI'0 HAay4yHOI'0
HAINpAaBJCHUS — BJIEKTPODHUIH-
OJIOTHU. :

HUK AJteccanapo BosibTa ucmrpaBus aTy onrubKy,
IOKa3aB, YTO 3JIEKTPUYECTBO II0 CBOEH IIpupoae
Be3Zle ONHO M TO Ke. EMy Takoke yaasoch Io-
crpouth B 1800 roay mepBblili HICTOYHHUK DJIEKT-
PHUUYECKOr'0 TOKA — BOJIBTOB CTOJIO, COCTOSIIHMI
U3 4YepenyIoluxcs MeIHBIX W IMHKOBBIX ILJAa-
ctuHOK. C aTOoro m3obpereHusi HAYMHAETCHA HC-
TOPUS KPOITOTJIMBLIX HMCCJIEAOBAHUI 3JIEKTpHUYE-
CKOT'O TOKa.

BET IIO KPYTY

Kakue 66l MCTOUYHUKY 3JEKTPHYECKOT0 TOKA
MBI HM HCIOJIL30BaJIM, 3aCTaBUTh UX paboTaTh
CMOXKEM JIMIIb TOrja, KOrga COeAUHUM HX IIO-
Jioca npoBogamMu u npubGopamu. MiHaue rosops,
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Aneccanapo Boapra (1745—
1827) — uranbsaucKUA PUIKK

U xuMHK. IToa BAUsIHHEM Ha-
6mopennit F'anpBanu sausyica |
HCCJIeIOBAHUEM DJIEKTPHUYECKO-
ro Toka. Mizo6pes H nocTpoxJ
nepBLIf JIHTEJLHO AelicTBy0-
U MCTOYHHUK TOKA — BOJIk-
TOB CT0JIG. DTO YCTPOHCTBO :
NMPOTOPHJIO AOPOTY JajibHeMlile- *
My SKCIEDPHMEHTAJLHOMY M3y-
YeHHIO dJIeKTpHuYecTBa. ABTOp
MHOTHX NpUGOPOB U NMpOEKTA
TeJerpada.

MBI JOJXKHBEI 00pa3oBaTh JJIEKTPHYECKYIO IEIMb.,
B orauuue or 00bIYHON PEUKH, TEKYHIIEH TOJHKO
CBePXYy BHHU3, 3JIEKTPUUYECKHH TOK JOJIKEH Tedb
JIUOIb 10 3aMKHYTHIM nyTaM. Poss Hacoca, 1mre-
PeKauyHBaIOIero BOAY M3 HUXKHEro TeUeHUs pe-
KM Ha3aJl, Ha BLICOTY, UT'PAIOT UCTOYHUKH TOKA,
«IIepeKaynBaIoONIe» BHYTPHU ceds 3apAAbI ¢ OX-
HOro IoJioca Ha Apyrowu.

IToHnsiTHO, YTO BOJILTOBEI CTOJIOBI UJIH TE Ma-
JIeHbKHE 3JIeKTPHUYecKue 6aTapeKkH, KOTOPLI MU
MBI IIOJIb3YEMCS CEerofHA, — He CJIHUIIKOM MOII-
Hble UCTOYHUKHM TOKa. IloucK HOBEIX, O0Jiee «co-
JIUAHBIX », TIPONOJIKAETCA YXKEe OKOJI0 ABYX CTO-
nerui. Ho nns ycraHoBjeHHMsA 3aKOHOB, KOTO-
PHIM NOAUYMHAETCHA 3JIEKTPUUECKHUM TOK, Ha nep-
BBIX IIOpax OblJIO ZOCTATOYHO M IPOCTEMINHUX €ro
MCTOYHHKOB.
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Amnpe Mapu Aumep (1775--
1835) — ¢panuyzckuil pu-
3UK, MATEMATUK U XUMHUK. OT-
KDbIJI 3aKOH B3aUMOJIeHCTBASA
3JIEKTPHYECKHX TOKOB, cop-
MYJIMPOBAJ NIPABHJIO /IS OIpe- i
NeJieHUs1 AelCTBUST TOKA Ha E
MATHHUTHYIO cTpeJiky. TecHo
CBSI3bLIBAJI BJIEKTPHYECKHE U
MAarHUTHBIE SIBJIEHHS, TIPEATIO-
JIOXKHB, UTO MarHeTHU3M oGbsic-
HAIETCS MUKPOCKOTIHYECKHUMH
TOKaMH BHYTDH BelllecTBa.
H3o6pes MHOKeCTBO Npu6o-
POB, B TOM YHCJIE DJEKTPOMAr-
HUTHBIA TeAerpad.

Hauano XIX Bexka 03HaMEHOBAJIOCH IIHPO-

KHUM HACTVILJIECHHEM YYEHBIX HA BHISICHEHUE 3THX
3aKOHOMepHOCcTed. BBomsATCA TaKue BaYKHLIE
(busnuecKkre BeJMUYMHBI, KAK CHJIa TOKA U Ha-
npsaxenne. Ileppas BesnynHa nNoxobHA pacxony
BOJBI B PEKe, a BTOpasi — HAIIOpPy, CO37aBaeMo-
MYy ILIOTHHOM. YCTAHABJIMBAETCsS HAIPAaBJICHUE
TOKa B 3aMKHYTO! LIENH.

IIpaBna, ¢ HUM BeImEJ HeOOJBINONH Ka3syc.
Ionauayy CYHMTANOCh, YTO IO 3JEKTPHUUYECKOH
Henyd U3 MEeTAJIMYECKHX IPOBOAHUKOB IUPKY-
JUDPYIOT IOJIOXKHUTEJIbHBIEe 3apsaabl. Ceromusa xe
JOCTOBEPHO M3BECTHO, YTO TEKYT-TO II0 HUM OT-
pHULIaTeJIbHO 3aps)KeHHBIe 3JeKTpoHbl. U, KO-
HEYHO, B IPOTHUBOIIOJIO}KHOM HAIPaBJIEHUU.

A BOT exMHEHIBI H3MEPEHHA CIJIBI TOKA ¥ HA-
NpAXKEHUA NpeTepIesiH JINIMb KOJUYECTBEHHBIe
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usMeHeHusi. CerofHs OHU XOPOIIC BAM 3HAKOMBI
M YKa3aHbl MPAKTHYECKU Ha KaXKAOM 9JIEKTPHU-
yecKoM npudope. Barusauure, Hanpumep, Ha po-
3CTKY, JIAMIIOYKY MJIM IuTenceab. Ha HuX BbI
HaliieTe HAMMEHOBAHUA 9TUX €JUHHII, TIPHUCBO-
€HHBIX B YeCTh BEJIMKUX YUYEHBIX, — JTO aMIiie-
pbI ¥ BOJIBTHI.

KAK COENJUHATDH
ITPOBOJJHHUKH B IIEIIN?

Ecsu cocTaBUTH 3JIeKTPUYECKYIO enb 13 0a-
TapeiKyu UM HeOOJBIIOro akKyMyJiaTopa, Ipo-
BOJIOB, BHIKJIIQUATEJISI 1 HECKOJBbKUX JIAMIIOYEK,
TO MOXXHO IIPOBECTH Tako#il onblT. CoenuuAsA
JJAMIIOYKH OAHY 3a APYroi, KaKk B €JIOYHOH TuUp-
JSAHJIe, MBI 3aMETUM, UTO OHU T'OPST HE CJIUII-
KOM SPKO. A ecJii COeIUHHUTh MX TaK, YTOOBI
TOK pas3BeTBJIAJICA U TE€K II0 HUM, KaK BOJa B
pyKaBax pPeKH, TO HaKaJl JIAMIIOYEK 3HAUUTEJb-
HO Bo3pacteT. Ilouemy? Beab HMCTOYHHMK TOKAa
ONWH U TOT JKe, 1a U JJAMIIOYKHN He MEHSJIHA BPO-
e CBOUX CBoMcTB. Bce meso, mo-BUAMMOMY, B
OCOOEHHOCTSIX X COeJUHEHUS.

Kak BBI fymaere, B KAaKOM cJjiydyae TOKY ObLIO
nerdye Teub 1o nenu? HaseprHoe, Bo BTopoM. Tak
KaK Mbl JaJi1 eMy BO3MOKHOCTh, XOTh M pasje-
JUBUIXNCH, NIPOUTH JHIIL IO ONHOH JIAMIIOYKE.
A B mepBOM — 3acTaBUJIN «IiepebpaThb» BCE JIaM-
TIOYKYW TIOCJIEZIOBATEJIbHO. OTO KaK B Tpybe —
CKBO3b Y3KYI0 IJUHHYIO TPYOKY BoJe NIpoTeub
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TpyIHEe, 4eM ecJiu Obl ee Hape3aysyd Ha KYCOUKH
1 caoxuau Obl Tax, YTOOBI BOZa TeKJa uepes
00JIBIIIOE AUYEUCTOE OTBEPCTHE.

ITH HEXUTpPhIe JKCIIEPUMEHTHI IIOACKa3bIBa-
10T, KaK COeJUHATH B PA3HBIX CJyUYadX MPOBCH-
HUKU. Korza Hy»XHO yBEJIMUYUTL HUX CONPOTHB-
JIeHHEe BJIEKTPUUYECKOMY TOKY, UX CTaBAT B «3a-
TBLJIOYEK» APYr APYry — IIOCJEAOBATEJbHO. A
€CJIX XOTAT YMEHBIIUTb 3TO COIIPOTUBJICHHE, TO
pasMemanT MX, KAaK BOMHOB B CTPOI0 — BCEX
«JULJaMHA» B OOHY CTOPOHY, WJIM IIapaJljejibHO.

Pagbupasick ¢ pa3sjUUYHBIMU 3JIEKTPUUECKH-
MM CXeMaMU, BBl Bcerja OOHAPYIKHTE TOT HJIH
MHOM BUJI COEIMHEHUSA He TOJLKO MPOBOLHUKOB,
HO U CaMBbIX Pa3HBIX JJIEMEHTOB IIeNu. Y UeT IIpa-
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BUJI MOCJETOBATEIHHOr0 U NapaJIeJHHOr0 coe-
JIMHEHHH 3aMeTHO obsieruyaeT pacuyeTsl. CKaxeM,
B HAIIMX KBapTHpax Bce NPHOOPHI ITOAKJIIOYA-
IOTCA K 3JIEKTPUUECKOH CeTH IapasiieJILHO.

BonpocaMu CONpoOTHBJIEHHS IIPOBOAHUKOB
3aHUMAJIUCh MHOTUE M3BECTHBIE YueHble. Brlsc-
HUJIOCh, YTO OHO 3aBHCHUT KaK OT pa3MepoB IIpO-
BOJIHUKA, TAK U OT BelecTBa, U3 KOTOPOrO OH
cienaH. 3HAHUE 3TUX XapaKTEPUCTHK II03BOJA-
eT nmoxoOpaTh Hy)XKHBIe MaTepHaJibl KaK IIPHU IIe-
penade 3JIEKTPO3HEPruM IO IIPOBOJAM, TaK H
IPpU H3rOTOBJIEHUM pPaguo- U 3JIEKTPOHHBIX
CXeM.

OT YEro 3ABHUCHUT TOK?

OrpoMHy10 poJib B INOHMMAaHWHU 3JIEKTpHUYE-
CKUX SABJIEHHH CBIrpajJl 3aKOH, OTKPBITHIU
CKPOMHBIM HEMEUKHM Yyuurtejgem I'eoprom
Omom. Ero mnpepimecTBeHHUKHM OBIM BechbMa
OJIM3KHM K YCTAHOBJIEHUIO 3TOrO 3aKOHA, OJHAKO
He cmoryu ero cdopmyaupoBartb. IlocTaBHB
MHOI'OYMCJIEHHbIE ONBITHI, OM YJIOBHJI BaXXHYIO
cBa3b. Cuila TOKA, TEKYIEro yepe3 MpPOBOJHHK,
OyzeT TeM OoJibine, yeM OOJIbIliee HAIIPSIKEHUE
CO37IaCT HA ero KOHIAX MCTOYHMK TOKa. C npy-
TOil CTOPOHBI, €CJIM MBI HAYHEM YBEJUYHUBATH
CONPOTHBJICHHE IIPOBONHHKA, OCTABHB B IIOKOE
HaIpPsAXKEHUe, TO 3aMEeTHM, KaK TOK TYT JKe
YMEHBIIUTCS.

218



I'eopr Om (1787—1854) — ne-
MenKH#l GU3UK. DKCIIEPHMEH- &
TaJLHO OTKPLLI OCHOBHOM 3a-
KOH B5JIEKTPHYECKOM 1enu, Bbl- i
BeJI ero Teoperuuyeck. I'y6o-
KO M3YUMJI SIBJIEHHE SJIEKTPH-
YeCKOro CONpOTHBJIEHHs, BBEJI
BaXKHble [JISl 3JE€KTPOTEXHUKH
TIOHSITUSI. YCTAHOBHJI Pa3niu-

yHe MeXXJly OCHOBHLIM TOHOM i
3ByKa ¥ 106aBOVHLIMU — 06ep- :
ToRaMM. Takike NPOBOAWS MCC-
JIe\OBAHUSA B OGJACTH ONTHKU.

ITOT 3aKOH JIeT B OCHOBY BCeX ITOCJIEAYIOIIUX
pacueToB JJIEKTPUMUYECKHX Ilemneil. Bor, Hampwu-
Mep, B HEKOTOPHIX TeaTpax CBET racAT He MI'HO-
BEHHO, a NOCTeneHHO. J[00uBalOTCsA 3TOro TeM,
YTO MEJJIEHHO YBEJUYUBAIOT COIIPOTHUBJIEHUE,
BKJIIOUEHHOE IIOCJIeI0BATEeJIbHO € JIaMIIaMH.
Wnorpa Mel 3aMeuyaeM, YTO B HAIIIMX KBapTHpax
PE3KO BCHBIXMBAIOT WJIHM YracalT 3JIEKTDPOJIaM-
nbl. A MBI y)Ke aBTOMAaTHYECKH TI'OBOPHUM: Ha-
NpsXeHue BO3POCJIO MM ynao. Bece aTto — geii-
cTBUe 3akoHa Oma.

Yrob6bl B HAaMIMX AOMAax MJIHU npubopax He
BO3HHKJIO II0XKaPOB OT KOPOTKOIrO 3aMbIKaHMU A,
Ha BXOJe B KBapTHPY BCTaBJAIOT B 3JEKTPHU-
YeCKYIO Ilellb npenoxpanutenu. ix conporus-
JieHue NMOAOHPAIOT TaK, 4TO Npu GOJLIIOM TOKEe
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OHM, HAI'PEBIIUCH, MOIJIH ObI PA3OMKHYTH IIEIlb.
W Ha BpeMs «00eCTOUUTH» KBAPTHUPY WJIMA MPU-
oop.

A BOT 3acJsiyru B HCCJIEJOBAHUHU 3JIEKTpHUUE-
CcTBa U HEOOLIKHOBEHHOE TPYAOJI00ME NMPUHECIH
Omy ciaBy ¥ IIO3BOJIMJIM, B KOHIIE KOHIIOB, IT0JI-
HOCTBIO ITIOCBATUTH cebsi HayuHO#l pabore. Ero
MMJ ITOJIYYHNJIa eMUHUIIA U3MEPEHUS dJIeKTpUYe-
cKoro compotuBjeHuss — 1 Om.

YEM I'PEIOT HBIHE BOJ1Y
B CAMOBAPE?

B cBoux omelTax I'OM mMCIoab30Bas HMHTE-
PECHBIM HCTOYHHMK TOKA. [[Be IIPOBOJIOYKU —
MeIHasd M BHUCMYTOBasg — MeCTaMH CBOEro co-
IIPUKOCHOBEHHUSA IMOrpy’KajiiCh B KHUIISATOK U B
gen. Co Bpemen I'asibBaHM OBLIIO M3BECTHO, UTO
NIPHX KOHTAKTaX Pa3HOPOAHBIX METAJIJIOB MOXKET
MMOSIBUTHCA BJIEKTPUUECTBO. A eCJid, KaK 3TO Jie-
agan OM, moamep’KHUBaTh ABA TAaKMX KOHTAKTa
TIPU MIOCTOSTHHBIX, HO PA3HBLIX TeMIlepaTypax, TO
0 IIPOBOJIOYKAM IIOTE€YEeT PaBHOMEPHBLIN TOK.
BoT Takoit UCTOYHUK, a HAa3LIBAeTCA OH TEPMO-
3JIEMEeHT, OoueHb rmomor Omy.

9 peKTUBHOCTH 3TOr0 IJIEMEHTA, K COXaJe-
HUIO, TOBOJIbHO MaJia. OHAKO BO3MOXKXHOCTD IIe-
PEBECTH TENJOBYI0 3HEPruI0 B 3JIEKTPUUECKYIO
MoZcKa3aJjia U Ipyrue, Kak Obl BCTPEUHBIE HJIEH.

Ceifuac mOKaYKeTCs OUEBUJIHBIM, UTO 3JIEKT-
pHUYECTBO IOCTABJISET HAM B IOMA NMPAKTUYECKH
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BCI HEOOXOAMMYIO 9HEPruio. A Hy-Ka, IIpoigeM-
cs 1o cBoel KBapTtupe. Kpome Garapeit neHT-
PaJILHOT'O OTOILJIEHUHA, MOMKAJYH, BCe OCTAJILHbBIE
HarpeBaTeJIbHbIe NPUOODPHI «IHUTAIOTCHA» JJIEKT-
pHYECTBOM. ¥ MHOTMX Ha KYXHSAX CTOAT 3JIEK-
TporuTH. ITOKOrpeTs BOAY 3aYacTyiO IIPEZIIO-
YUTAIOT B 3JIEKTPUYECKOM YaWHHUKE U 3JIEKTPO-
camoBape. BrIBaeT, 4TO B XOJIOAHBIE JHU, KOT/a
OTKJIIOYAIOT Ha PEMOHT BOAAHOE OTOILJIEHHE, BBI
NpU3LIBaeTEe HA IIOMOIIL 3JIEKTPOKAMMHBI.

He yausnsaiiTech, ecnu BbI, Ha’Xe BKJIOUHUB
cBeT, He OOHAPYXXKHTe B JOMEe eIle HECKOJBKO
ACTOYHHMKOB TeILIa, IOTPEOIAIOIINX dJIEKTPUYe-
crBo. Ho BBI cpasdy jporazaerech, 0 Ye€M pPeuUb,
KOrJia NOCHEIINTe BRIKPYTHUTh M3 IIATPOHA Iiepe-
ropeBiyio JamMnouky. O6oxxriauces? Tak uTo xKe,
pa3Be JIaMIIOYKAa — He MCTOYHMK Teria? YBbI,
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Ballle IIPeAoJIOKeHHe O TOM, YTO OHA — HCTOY-
HHK CBeTa, BePHO JXUImb oTyacTH. Ha uainyuenune
cBeTa JIAMIIOM TPATHTCH JIMIIb HECKOJBKO IIPO-
IIEHTOB 3JIEKTPO3HEeprun. Bce ocTrannrHOe — Tel-
JIOBBIE IIOTEpH.

Takum 00pa3oM, BO3MOXKHOCTb Ilepexoja
3JIEKTPUUYECKOM SHEPruM B TEMJIOBYI0 OKa3a-
JIach IJIss Hac o4YeHb Ba)XKHOM. MIHOorzma, xak B
HarpeBaTeJiiX, XOTEJIOCh OBl TeIlJjia MOJYYUTH
noboJibmie, a BOT B IIpUMepe C JIAMIOYKOH —
TIIOMeHbIIe.

9JEKTPOIITPUBOP HOMEP OJJUH

Kakoii caMblif BaKHBIN JIEKTPUUECKUIM IIPHU-
6op B Bameit KBapTupe? Inektporura? Her.
onexkrtpodhen? Her. AuexTponamna? OAJIEKTpo-
6purBa? dnekrpokamuu? Her, u eme pa3 HeT.

PasymeeTcsi, BbI MOXKeTe He COIJIAIIaTLCs, HO
caMbIi TJIaBHBIM IpPUOOp, Uepe3 KOTOPBIi ITpOo-
XOLUT 3JIEKTPUUECKHUM TOK KO BCEM yIKe Ha3BaH-
HBIM, — 9TO JJIEKTPHYEeCKHii cueTuyHK. Beayc-
JIOBHO, paboTaTh HaIIu NPHOOPHI MO OH 1 0e3
Hero. Ho ecsiu ero He yCTaHOBSAT Y BXOAa B KBap-
THPY, TO 3JICKTPHYECTBO BAM IIPOCTO He MOAAaAyT.

Yro mesiaTh — BeIb €CJIM MBI BCEMH HAIIAMH
npubopaMu 3SHEPruio MoTpedJisgieM, TO KTO-TO
rie-TO AOJIXKEH ee NMpPOM3BOAUTHh. KOHEUHO, MEI
00 5TOM peIKO 3ayMBIBAEMCs, HO «IIPOMAA» IO
JJIEKTPUUYECKOM IIENH, BBIXOAAMEH M3 KBapTH-
PBI, MBI «II0 IPOBOZaM» 00s3aTeIbHO fobepeMcs
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710 aseKTpocTaHuuu. TyT-TO CTaHET COBEPLIEHHO
JICHO, IIOUEeMYy B HaIIMX AOMAaxX TOPUT CBET, pa-
0OTAIOT IJINTA, XOJOXAHJILHHK M TEJIEeBH30D.

3xech MBI YBUAUM, C KAKOU CHJIOM MafaeT C
IJIOTHHBI BOAA HA T'UAPOCTAHLUAX, KaK IeJible
SIIIEJIOHKI YIJIA M HeDTH «IIOKHUPAIOTCA» HA Tell-
Jocrannuax. HaMm npuaercd OIyTUTb, CKOJLKO
THAPABJIUYECKOM HMJIM TEIJIOBOM SHEPruM 3aTpa-
YMBAET NOHAYAJYy YeJIOBEK, YTOObI OT 3THX CTaH-
IMH# K HaIlEM AOMaM Io0erkasl aJIEKTPUYeCI:Mi
TOK.

A pa3 ecTh 3aTpaThl — TO HHKyZa He AE€Thb-
cA — €eCTh M NOACYETHI. ITO AOBOJIBHO CJIOXKHBIE
omepanyy, B KOTOPHIX 3aHATHI MHIKEHEPHI, OyX-
raJjTephl ¥ 9SKOHOMMCTHI, OII€HHBAIOI[HE CTO-
MMOCTb 3JIEKTPO9HEpPruu. A pe3yjbTaT HX pac-
yeTOB (M Haled pacTOYMTENILHOCTH) MBI KadX-
ObI MecsAll BUAMM Ha KBUTAHIMAX O ILjIaTe 3a
aJiekTposHepruio. Hac, npasna, Hayuusnu (a Bac
elle HeT?) 3aNOJIHATH UX CAMOCTOSTEJBHO.

Bor 1 BEHIXOAUT, YTO 3JIEKTPOCUETUYHUK, KaAK
HU KPyTHU, a npubop BaKHee MHOrux. MHBIMH
CJIOBAMHU, «XOUeIlb KATaThCA — JIIOOM M CaHOU-
KH BO3UTH».

TOK TEYET — 3APAJ COXPAHAETCA

Yo ke TpebyeTcs qJId TOr0, UTOOEI TEK dJIEK-
Tpudeckuii TOk? Kakue ycioBus 06sa3aTesbHO
JOJIXKHBI BHINOJMHATHCA? IlepBBIM zeJioM, pasy-
MeeTCs, NOJKHBI OBITh B HAJIMUUH HOCUTEJH 3a-

223



pAna — 3aps>KeHHble YaCTUYKU, K IIPUMEpY,
3JIeXTpoHBI. BTOpOE yCII0BHE: HEOOXOoAMMA CHJIA,
KoTopas OyZleT UX «TAI[UTh» BJOJb MPOBOXHH-
Ka.

Ho moueMy MBI rOBOPMM TOJILKO 00 OTpUILA-
TEJILHO 3apfAXKeHHBLIX 3JIeKTpoHax? Bexap eciu
BKJIIOUUTH TOK B 3JIEKTPUYECKOM IIEMU, TO BHI-
SICHUTCSA YTO IIOJIHBIM 3apsAJZ BCeX ee 3JIEMEHTOB
MOXKeT OBITb paBHBIM HyJl0. Torma 3akoH co-
XpaHeHHUA 3apfAfa IIOACKAaXKeT HaM, YTO Kpome
3JIEKTPOHOB B HAIlle# 1IeITOYKe CKPHIBAETCA POB-
HO CTOJIBKO K€ 3apAf0B IOJIOXKHUTEJbHBIX. U
paBAa, IPOIIJIO He TaK YK MHOIO BPEMEHH I10-
cJie OTKPBITHSI 3JIEKTPOHA, KaK ObLIu OOHApy-
JKeHBI ero TOBapUIU-HAMMapHUKU. VX HasBau
NPOTOHAMM, OHM B NTApy THICAY pa3 IIOMacCHUBHEe
9JIEKTPOHA, a BOT 3apfA] HMEKT TOYHO TaKOu
JKe, HO IIOJIOKUTEJbHBIM. KomMOuHAmuUM 3THX
IBYX BHUJOB 3apsKEeHHBIX YaCTHIL 00eCIIeunBaIoT
TMIPOTEKAaHUE TOKA BO BCEX HM3BECTHBIX CJIyUasX,
XOTHA SICHO, YTO JIETOHBKUM 3JIEKTPOHAM 3TO yAa-
eTcH JIydIe.

A BOT Apyroil 3aKOH COXPaHEHUA — IHEP-
TUM — IIO3BOJIAJI «PA3JIOMKUTH IO ITOJIOUKAM»
BCe €€ TIepexoAbl BHYTPH JJIEKTPUUECKOMN IIeIu,
KaKoi ObI CJI0OXKHOM oHa HU ObL1a. CynuTe camu.
Yro mopaer sHepruw B nenb? DBarapeiika, ak-
KyMYyJIATOP, I'€HEpaTOp TOKAa HA 3JIEKTPOCTaH-
uuu. Bce oHu coBepmaioT paboty, npeobpasys
B 3JIGKTPUYECKYI0 HMHBIE BUJBI BHEPrUH, CKa-
JKeM, XHUMHUYECKYI0 WM MexXaHHuUeCKyo. A
JaJibllle BCe IIPOWCXOAUT, KaK B JII0OOM M3BeCT-
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HOM HaM MamuHe. HacTh 3JIEKTPUYECKOH 3HEP-
MM UAeT Ha HYXKHBIM HaM Harpes, IIOJIOXKHUM,
BOALI B 3JIEKTPOCAMOBape MJIM BO3AyXa B KOM-
HaTe, JUO0 — HA MEXaHWYeCKyio paboTy, Kak
B 9JIEKTPOKO(heMoJIKe uau nelaecoce. I, Koneu-
HO, HEMHUHYEMBI IIOTEPH, KOTOpble, KaK BCEraa,
yuTeT KO3MGULMEHT I10JIe3HOr0 AeCTBUSA Hallle-
ro ycTpomcTBa.

3aKOH COXPAaHEHUs BHEePruyl B IIPUMEHEHUU
K 9JIEKTPHUYECKUM LiensaAM ObLJI yCTAHOBJIEH JBY-
ma pusukamu: aHrauckum — JDx.JKoynem u
poccuitickum — 9.X.JIlenuem HemHOrum OoJiee
150 ser Haszaxn.

JIETKO JIH U3OBPECTH
JIAMIIOYKY?

OTuero e Bce-TaKMW NPYM IIPOTEKAHUU DJIEK-
TPUUECKOr0 TOKA IIPOBOAHUKM HarpeBarorcsa? Y
Ia)ke MOT'YT M3JydaTh cBeT? MHorue pecsaTuie-
THA HarpeBaTeJIbHbIe M OCBETHUTEJbHBLIE ITPHOO-
pBI co3maBayid noxbopomM, HabOIIOAasd M OIMKCHI-
Bas JIUIIL BHemHMue 3ddexTsl. Bor, Hanpumep,
3TOT MeTaJIJ WJIX YrOJIbHBIA CTEepXKeHeK packa-
JisgeTcsA sipue, 4eM KaKoil-To Apyroit. A He 1Io-
npo0oBaTh JHM eme Kakoi-Hubyab — BApyr Oy-
net gyuine? IIoHsTHO, YTO TaKOM MeTonm — Me-
Tox Mpob U OomIMOOK — OBLI HEe OYEHb IIPOAYK-
TuBHBIM. C Apyro# cTOpoHBI, OTAAAUM JaHb
VIOPCTBY ¥ HACTONYMBOCTH JIECATKOB U300peTa-
TeJiell, KOTOpbIE IIIJIM 3TUM HEJIETKUM ITyTeM.
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Xopomasa WIIIOCTPAUUA 37eCh — HCTOPUA
CO3aHUSA BJIEKTPHUUYECKOM JIaAMIIOYKH HAKaJINBa-
auda. Pycckuit snexktporexHuxk A.H.Jloawirua
3aTpaTHJI MHOMKECTBO YCHUJIHH, nepebupas pas-
JUYHBLICE MAaTepHuaJikl JJIA HArpeBaeMoro crep-
skeHbKa. IlocTenneHHO OH AomeJs A0 MIEH HaKa-
JIATH YTrOJIbHBIA CTEP:KEHEK B 3aKYIOPEeHHOM
CTEeKJAHHOM Koya0e. IlepBble JIAMIIBEI FOPEJIK OKO-
Jo moayuyaca. OTkauaB Bo3ayx u3 KojubObi, Jlo-
ABITMH JI0OBEJI BpeMs HaKaJjia A0 HECKOJIbKUX 4a-
coB. Jla)ke TaKMMH HECOBEPIIEHHBLIMHU JIaMNIaMH
eMy yaaJjioch ocBeTuTh B 1873 roxy oxmy us
yauiy IlerepOypra.

Y3uaB 0 JOOBITMHCKOM JiamMIle, €10 3aMHTe-
pecoBajicsi aMepUKaHCKHi uaobperarens To-
mac Iaucon. IIponesas 6000 onbITOB, MCIIHCAB
200 3amuCcHBIX KHHMKEK, OH BBIACHHJ, YTO

-
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Anexcarnp Hukxonaesuy
Jlomuarum (1847—1923) — poc
CHHCKHH} 3/IeKTPOTEXHUK. 3a-
HUMaJIC H306peTeHUEM JieTa-
TeJIbHbIX MaiuH. [TocTpoun
YTOJIbHYIO JIaMITy HaKaJMBa-
HAS — npoo6pas GyAyIHX
9JIEKTPHUECKHEX JIAMIOUYEK.
OauH H3 OCHOBATEJIEH 2JIEKTPO
TEPMHH — IPHKAAAHOK HayKH
0 mpeo6pa3oBaHHH 3JIEKTpHUYE-
CKOif BHEPTHHU B TEILIOBYIO.

HYXHO IJIA NPOAOJIKHUTENBHOM paboThl TaKoi
agamnoukn. OTkauka IO HHM3KOro MaBJIEHHUS,
MaTPOH M BHIKJIKOYATENb — 3THM MBI MOJIb3Y-
eMcA OO CHX Mop. A BOT Jyumnie BCero y Onu-
COHa CBETHJINCH O0yriieHHBIe 6aMOyKOBBEIE BO-
JIOKHA. 3aTeM BHOBB JIOABITHH YCOBEpPIIEHCT-
BOBAJI JIaMIly, 3aMEeHHB BOJIOKHA Ha BOJab(ppa-
MOBYI0 HHTb. JTOT METAJJI <«IDPHXKHAJICA» B
JaMmiie u paboraeT B Heil M ceifuac.

Kak BbI gymaeTe, BBITOZHO JIM CErOAHS TaK,
OYKBaJBHO BCJIENYIO, NMOAGHPATH HYXXHBIE HaM
KadecTBa y co3xaBaeMbIXx nmpubopoB? Crpemure-
HHe TIOJYYUTH HaJeKHble OTBETHI Ha 3aIIpOChI
NPaKTHKU, Aa U, KOHEYHO, HEYTOMUMOE J1000-
TIIBITCTBO 3aCTaBJIAJIO MCCJIEAOBAaTEJIeli BHOBb 3a-
MISHYTHL B «yCTPOMCTBO» BemecTBa. Moker
ObITb, TaM KpOIOTCA PasrafiK¥ 3aMBICJIOBATHIX
TallH JJEKTPHYECKOro Toxa?
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BET I10 IEPECEYEHHOH
MECTHOCTH

Eme pa3 mocTaBHM BONIPOC: MOUEMY DJIEKT-
pHUUYECKUII TOK HarpeBaerT INPOBOAHUKU? A Te-
niepb nonpofyeM OTBETHTHL HAa HEro, OIMPasicCh
Ha JOCTUXKEHMS YYEHBIX B M3YUYEHHUH MUKPO-
CTPYKTYpHI BeliecTBa. OTkpoiTad noutu 100 et
Ha3aJ caMas MaJIeHbKas 3apsKeHHasd YacTHU-
Ka — DJJIEKTPOH — CJIOBHO B3#Jia Ha cebsa OT-
BETCTBEHHOCTDb 3a IIPOTEKAaHHE TOKA B MeTalIaX.
Ecsu MeTa/I-IIPOBOAHUK HE BKJIIOUEH B 3JIEKT-
PHUYECKYIO IIellb, TO IOPKHE JJIEKTPOHBI CHYIOT
BHYTPH HEro, Kak MOJIEKYJIbl I'a3a B KOMHare.
Ho cTouT mogKJIIOUUTh IPOBOAHUK K MCTOUHHUKY
TOKa, KaK TYT e IIOABJISIETCS CHJIa, KOTOpas
YeM-TO HAaIlOMHWHAeT NYHOBEHHE BeTpa.

BcecrmomuuTE, OBITH MOYKET, BAM HPUXOAUJIOCH
BUJETh PO MOIIKaphl, CHYIOIIe B BO3hyXe y
Ipyza, y peKu Wiu B JIeTHeM Jiecy. JlyHys Be-
Tep, U Bce 00JIAKO CJIOBHO mIoexajio, XoTda Oec-
ITOPSIOYHOE IBHXKEHHE B HEM TIIPOJOJIMKAETCS.
Taxk U «3JIEKTPUYECKHI BeTep» IIOHECET BHAOJb
MIPOBOLHNMKA CTaW BJIEKTPOHOB, U TeM CHJIbHEE,
yeM OoJiblllee HANpsAKEHHe CIOocoOeH Cco31aTh
WCTOYHUK TOKA.

ITocToiiTe, CKaXKeTe Bbl, BeAb 3JIEKTPOHBI HE-
CcyTcs He B mycToTesioi TpyOouke, 39TO XKe
crromHoi Metayr! Ho Tyt MosekynsipHas Teo-
pusa HAaIIOMHHUT BaM, YTO KaK ObI IIJIOTHO HU ObI-
JIM YIaKOBaHbI aTOMBI BeIleCTBA, MEXJYy HU-
MHA — JOBOJILHO ITOPSANOYHBIE IIEJKH. B KakoM-
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(1856 —1940) — aHryMitickui
¢uzuk. ITpocnasun cebs skc-
NEPHMEHTAJILHLIM OTKPLITHEM
aJleKkTpoHa., OGHapPYKUJ -
¢eKT ucrnapeHus DJIEKTPOHOB
HATPeTHIMM MeTasaMu. Paspa- *
6OTaJl TEOPHIO [ABHXKEHHUS 3apsi-
SKEHHBIX YACTHIL B SJICKTpHUE-
CKOM M MATHHTHOM IIOJISIX,
M3YUas 0COGEHHOCTH ITPOXOXK- i
JIEHUSI 3JIEKTPHUYECKOTO TOKA B
rasax. IIpeayoxxus oaHy M3
TIEpBBLIX MojeJieil yeTpoiicTBa :
aroMa. OUH M3 OCHOBOTIOJNIOMK-
HUKOB 3JIEKTPOHHON TEOpUU :
MeTAJJIOB.

TO CMBICJI€ ABUXKEHHE 3JIEKTPOHOB II0 METaJIJIy
HAIOMHHAeT IIpocauyMBaHUe BOJAbI, JbKOUIEHCS
U3-TI0A KpaHa CKBO3b MOPHUCTYIO MOPOJIOHOBYIO
rybky.

I9TOT NpHMep, KCTaTH, MO3BOJUT IIOHATH
HaM, YTO TaKoe 3JIEKTPUUECKOE COIIPOTUBJIE-
Hue. Be3 ry0OKu BOzE, €CTeCTBEHHO, Te€Ub JIer-
ye. BoT u syeKTpoHaM, KaK Obl OHM HU OBILIH
JIETKM ¥ NOABMXKHBI, HE TAK-TO IIPOCTO «IIPO-
AVpAaTLCSA» MEXAY 3HAuUMTeJbHO OoJiee «cCO-
JunHbIMu» aromamu. Ilosnyuaercs, 4TO 3JIeK-
TPUUYECKUU BeTep «IIOATOHAET» 3JIEKTPOHBI, a
OHH CROIO SHEPrui0 BLIHYKJEHBI OTAABATH aTO-
MaM «CTyKasich» 00 HHUX.

B sroM-TO — mpuuynHa pasorpeBaHUs IPO-
BOAHMKA TOKOM. CpaBHHUTE IIOTEPIO 9HEPTUHU IIPHU
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TOPMOXXE€HHUH aBTOMOOMJIS TPEHMEM U IIOTEPIO
SJIEKTPUYECKOM DHEPrUU IIPHU «TOPMOXKEHIIHU»
TOKa CONpPOTHUBJeHUEeM MeTajula. Kyma B ofGoux
cjaydadax nepemna sHeprusi? Bce mpaBUJIBHO: U
TaM, ¥ TYT — B TEILIO.

KAK B BOJE BOSHHKHET TOK?

A Kak npoTeKaeT TOK He B MeTaJjjaxX, a, K
npuMepy, B KUAKocTAX? BoT uHHTEpecHBIH
OIIBIT, KOTOPBLIM MOJKHO IIPOBECTHM Ha KYyXHe.
IIpucoenuuuTe K 1mosirocaM IJIOCKONH GaTapeidku
IBA IPOBOAHHWKA M OMYCTHTE UX B BOAY, HAJM-
TYI0O B CTeKJAHHYI0O 0AaHKY, TOJBKO TaK, YTCObI
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OHM He KacaJluch APYT aApyra. Mel moSy4dyuau
3JIEKTPUYECKYIO I[eIlb, 3JIEMEHTOM KOTOpPOM CTa-
Ja Boga. IloTeuer Jim Mo Heit TOK?

¥Y3HaTh 00 9TOM MOXKHO, €CJIA LIeMMOYKY «pa-
30pBaTh», TO €CTh I'Ze-TO OTCOeAUHHUTH LPYr OT
Apyra IpPOBOAOYKH, M BCTABUTH MEXKIY HUMM
JIAMIIOYKY OT KapMmaHHoro ¢onHapuka. Eciu B
0aHKe — OORIYHAA IpPecHas BOJAa, TO JAMIIOYKa
ropethr He Oyzer. MHaue rosops, Bojga B 3TOM
cJaydyae — H3O0JIATOP.

Ho BOT NOTUXOHBKY, IIENOTKAMH, NOOABJISMA-
Te B BOAY COJIb. MOXXHO 3aMeTHUTh, UTO JIAMIIOY-
Ka 3a)KUTraeTcs M IIOCTEIIeHHO HAKAJMBAETCHA BCe
sipue. UTo ke, BOJA CTajIa MPOBOTHHKOM?

Jla, MOCKOJIbKY B He#l MOABUJIUCH HOCUTEIH
3apsana. ITO yxKe 3HAKOMBbIEe HAM 3JIEKTPOHBI
M IIPOTOHBI, 00'beIUHUBIINECS B I'PYIINEI C pa3-
HOMMEHHBIMH 3HaKamu. Cyxasa COJIb TOKa He
NPOBOAUT, TO €CTh B HEM «IJIOCHI» M «MHUHY-
ChI» KpPeIIKO-HaKpenko cBsa3aHbl. OQHaKoO, I0-
nmaB B BOAY, COJIb PACTBOPSETCSA, U 3TO IIPHUBO-
AUT K TOMY, 4YTO €e MeJbualInue YaCTHUKHU-
aTOMBI, pa3BeleHHbIe MOJIEKYJIAMH BOABI, YHO-
CAT KaMJadA TO OTPUIATENBHBIN, TO ITOJIOMKH-
TeJIbHBIN 3apsn.

B Bome 3T 3apsiKeHHBIe KOMOMHAIMM 4Yac-
THUL, UX ele Ha3bIBal0T MOHAMHU, YYBCTBYIOT Ce-
64 1OBOJILHO CBOGOMHO U HEME/JIEHHO ABUHYTCH
B nyTemectBue. OTpuaTeJbHBIE MOHBI, CAMO CO-
0ol pasymeeTcss, HanmpaBATCA K IIPOBOJIOUKe,
CBJ3aHHOI € IOJIOMKHUTEJBHBIM IIOJIIOCOM Oara-
peiikn. IlosokuTeNbHBIE — B JPYTYIO.
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HWrak, B BOAE HAUAJIOCh ABUXKEHUE 3JIEKTPHU-
YeCKUX 3apALOB, MHBIMU CJIOBAMHU, IIOTEK JJIEK-
TPUUECKHH TOK.

TOKIEMCS JIA
DJIEKTPOMOBHJISA?

TIoueMy Ba’XHO 3HATh O IPOTEKAHUM TOKA
yepes JKUAKOCTH? A BaM He NPUXOAUIIOCH BH-
IeTh, Kak 0e3yCIelrHO ITBITAeTCS 3aBEeCTH IBHU-
rarejib BOAUTEJb JIErKOBOM MamiuHbI? OH oTua-
STHHO HaXXUMaeT CcTapTep, BOT-BOT [ABUTaTeJb
PacKpyTHTCsS, HO CHOBa rjioxHer. I BApyr —
ypa, 3aBesicsal Uro ke mpusbiBaeT Ha IIOMOILH
modep, IbITasACh MOHAYANY PACKPYTUTH BAJl MO-
TOpa CBOEro aBTOMOOUIIA? ITO — AKKYMYJIATOP
dJIEKTPUUECKOM sHepruu. Eciam xoture, ero
MOJKHO cuuTaTh 6arapelikoit. Kak or Bamero ¢o-
HapHWKa, TOJBKO OUEeHBL OOJIBIIOIMA.

AXKKyMyJaATOpPbl 0e3)KU3HEHHbI, IIOKA B HUX
He 3aJIbIOT CHelHaJIbHYI0 3KHUJAKOCTh. VIMeHHO
OyaromapsA el 3TO YCTPOMCTBO CIIepBa MOYKHO
3apAAUTh, NIePEerHaB yepe3 Hee 3apAfbl C OXHOU
MJIaCTUHBI IPOBOJAHHUKA HA JAPYTyIO U CHEJIaB UX
TeM caMbIM NojiocaMé. M OnATH Ke yepes3 3Ty
JKUIKOCTh 3apsafbl moberyr, Korga akKyMyJid-
TOp CTaHET HNEJUTHCA CBOEH 3Heprueil, Kaxk B
npuBefieHHOM npumepe. Ciblnanu, Kak TroBO-
pAT: «DaTapeiika cejia», «IIOCAAUIA AKKYyMyJIs-
Top»? «IlocamuTb» — 3HAUUT HU3PACXOLOBATh
WX JHEPTHIO.
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K coxkayieHuio, na)ke COBpeMeHHble aKKyMYy-
JIATOPBl — CJMIIKOM TsSXKeJibie U I'pOMO3AKUeE,
TpebyloT yacToil noasapsaaku. IlosTomy mamu-
HBI Ha 39JIEKTPUUYECKOM XOAy — TpaMBaM, JIEK-
TPOBO3BI, TPOJLIEHOYCHI, I10e3/1a METPO — <«IIPH-
BA3AHBI» K NPOBOAAM M peJibCaM, II0 KOTOPHIM
K HHUM IIOJAIOT 3JIEKTPO3HEPTHIO.

OnHAaKO 4eJIOBEK He IT0TePsiJ HaZeX bl M30-
OpecTH TaKuHe HAKOIIMTEJNHU JJIEKTPUYECTBA, YTO
IIO3BOJINJIM OBl IPUMEHUTH UX HA aBTOMOOHUIIAX.
Yixe cerofgHs CyIecTByeT AOBOJbLHO MHOrO pas-
HOBHUZHOCTe! ajieKTpomobuiet. OHu nmepeaBura-
IOTCA aBTOHOMHO, HO BpeM#A OT BPEMEHHU BCE Ke

IOJIXKHEI TTOA3aPANUTH CBOM MCTOYHHUKHU TOKA —
KakK OObIYHBIE aBTOMOOMJIM 3aNpPaBJIAIOTCS TOII-
auBoM. Ha mIMHHBIE IYTEIIECTBUS, OMHAKO, UX
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noka eme He xBaTtaer. Ho, Mo)keT OBITh, CKOPO
3JIEKTPOMOOMJIM BCE-TAKH CMOTr'YT BHITECHUTDH U3
ropoJoB YaAsilie MAIIMHB ¢ GEeH3MHOBLIMHM H
AU3EeJIbHBIMU ABHUTATEJISIMU M TIOMOYb OYMCTHUTH
TaM BO3AyXx?

BJIECTAIIAN OBMAH
DJIEKTPOJIA3A

Kak BBl ngymaeTe, M3 Uero caeJaHbI CBep-
Kalomue OaMIeps JIerKOBBIX aBTOMOOUJIei?
Heyxeau ueIHKOM — H3 OAHOI'O IIEHHOI'O Me-
ramna? OgHaKo Ha CTapbhlX MalIMHAX MOYMKHO
oBHapyuTh o KpasM GamiepoB TOHKHUe GJre-
cramue JemnecTouykn. OHM ITOXO0XKH HA MIEJy-
Mamyooca OT 3arapa KOXy, a IO HUMH 3a-
METEeH YK€ HEeKa3HCThIM, HeJOporoi marepu-
ax. Miau, ecid TOKOBBHIPATH OTJIMBAIOIIYIO
OpOH30# CTATY3TKY, BAPYT BBIICHHTCA, YTO
BHYTPH — THIIC.

IToHsATHO, YTO BO MHOI'MX CJIYy4YasiX XOTeJOCh
OBl HAHECTH Ha U3JeJiue KPaCHBOe, OPOroe Ui
3am[UTHOE IIOKPLITHE, HO — TOHKHM CJIOEM.
YT00BI YMEHBUIUTL PACX0Oh Ae(HUUMTHBIX MaTe-
puaJyioB, npuberaioT K IIOMOIY 3JIEKTPOJH3A.
Kak ero mposecTu?

B BaHHyY ¢ pacTBOPOM HEOOXOZMMOrO JAJS IO-
KPBITHSA BeIl[eCTBa OIYCKAIOT KOHIBI 3JIEKTPU-
YeCKOM Iienu. ITHM KOHIIBI HA3bIBAIOT 3JIEKTPO-
zamu. K ogHOMY M3 HUX KpeIAT Halle u3geiue,
HAIIpUMep, CTaTyi0 WJIH MeTaJLJIMYEeCKYyIo Je-
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TaJgb. VI IponycKaioT yepe3 pacTBOpP 3JIEKTDH-
YeCKHU TOK. 3apsAKeHHbIe YaCTHUKU-HOHBI, CKa-
JKeM, XpoMa UJIM HUKeJd, YCTPeMJIAITCS K U3-
JeJIMI0 U HAYHYT CO BCE€X CTOPOH «O0JIEIJIATH»
ero. JJIeKTpUUeCKHe 3apsaabl NOWAYT JajiblIe 10
LleN¥ MJIHA, HAIIPOTHB, NPHUAYT H «BRICANATCH»
Ha moHax. Ho cama MaccuBHAsA 4YacTUYKa Me-
TaJIJla OCTAHEeTCA HAa MECTe, Ha IIOBEPXHOCTH M3-
nenusi. Tak MOMXKHO, CJIOH 3a cJioeM, Hapalju-
BATh TOJIIIMHY HAHOCHMMOI'O IOKPBITHUA — XPO-
MHPOBATHh MM HUKEJIHPOBATH.

Oxkasajyioch, 3TO ABJIEHHE IMOAYMHAETCA CTPO-
ruM 3akoHaM. OHH OLLIM OTKPHITHI 3HAMEHUTHIM
aHTJIHHACKUM yueHBIM Maitkiom dapaneem B Ha-
yajle TPUALATHIX TI'OAOB IIPOILJIOro BeKa. 3Has
9T 3aKOHBI, JIIOJM HAY4YWJINCHh 3alIUIIATh Me-
TAJIJIBI OT KOPPO3UH, HAHOCUTh PUCYHKH Ha 00'b-
eMHBIE€ JeTajli, CHUMATh CJIEIIKH C Pa3JIMUYHBIX
¢uryp. OueHs BaXKHOE IPUMEHEHHE BJIEKTPOIU-
3a — TOJIyYeHHe YHUCTHIX METAJIJIOB M3 HUX pac-
TBOPOB MJIM PACILJIaBOB, a TaK¥Ke MHOTHX XHMH-
YeCKUX COeAWHEHHH, KOTOpbleé MHEIM ITyTEeM H3-
rOTaABJIMBATh HE yOaeTcs.

ITocmoTtpuTe Bokpyr cebsi. He ckpriBaeTca au
1OJ TOHKOH 000JIOUKO#f MHOrMX NPUOGOPOB U yK-
palmIeHu# Kakxkoi-HUOyAb IPOCTOM M JelleBhlii
marepuan?
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OTKYJA TOK BEPETCH
B IIYCTOTE?

BoamoxxkHbl 1 uacTuiel 6e3 3apana? Ilake
ecJIM 9TO MeJjIbYaiIIue YaCTUYKHM BeIecTBa —
aTOMBI HMJIM MOJIEKYJBI — OHH BIIOJIHE MOTYT
ObITh He3apsAKeHHBIMHU, HEUTpaJIbHBIMH. A MO-
seT OpITh 3apaAx 0e3 wacTuuku? OxaswviBaeTcs,
HeT. Hurge Ml He o0Hapy»XuUM 3apsana, «IyJjd-
IOIIero», KaK KUIIJIMHIOBCKAs KOIIKa, CaMoOI'o
no cebe. Bcerma OoH K ueMy-TO <«IIPMKOHOIIA-
YeH» — K 3JIEKTPOHY, K NPOTOHY HJIX K UX KOM-
OMHAIUAM —HOHAM.

IlomoOHBIN BOIPOC IIPHUIIIOCH OOCYXXKIATh,
KOrjZla BO3HHKJIA 33aJaya IIPOIYCTHUTb TOK 4Ye-
pes... BakyyMm. Berajia Takasa 3azada ¢ pa3BUTH-
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eM paguoTexXHUKH. MoxkeT ObITh, BAM IIPUXOAH-
JIOCh 3arJIAABIBAaTHL B «HYTPO» CTapbIX Paguo-
IIPUEMHUKOB HJIM TeJIeBU30pPOB. Bbl 3ameuasiu,
CKOJIbKO TaM pasHOOOpa3HBIX JIAMII C XUTPOYM-
HOM HAYMHKONH? A BeZlb M3 HUX OTKAuYaH BO3AYX,
M BCe 3JIEKTPUUYECKHE IIPOLECCHl IIPOTEKAIOT B
nycrore. CerogHsi JilaMIIOBble IIPHUOOPBI H3-3a
6osbmIOro noTpebJIeHuA 3HEePruy U He OYeHb BbI-
COKOM HaJe)XHOCTH BBITECHEHBI OoJiee addex-
TUBHBIMH, IIOJYIIPOBOAHHUKOBBEIMH. HO BOT OfHY
GONBIIYIO JIAMIIy BBl M IIO Ceif ZeHb BCTPETHTE
KakK B TeJIeBU30paX, TaK U B AUCILIEAX. ITO —
KHUHECKOII.

MrTak, nOCKOJIBbKY BHYTPH 3THX MAaJIbIX U I'd-
raHTCKHX JIaMII HET, MOKHO CKa3aTbh, HHUYEro,
TO 4TO e OyZeT NMepeHOCHUTh TaM BJJIeKTpHUYe-
ckuii 3apan? Tak Kak OH «OTAEJIbHO» OT YACTH-
YeK He CYIIeCTBYEeT, TO OTBET HaNpalluBaeTCs
caMm coboii. B oTkauaHHOe OT BO3AyXa IIPOCTPaH-
CTBO HEOOXOAMMO <«BIIPBLICHYTH» 3apAKEHHLIE
YacTUYKU. ITO U JeJIaIOT, Harpesas, HAIIpumep,
MeTaJlJIbl, U3 KOTOPBIX KakK OBl HCHapAoTCs
3JIEKTPOHBI.

Bor Tenepnr ecTh 4eM NHOrOHATH «3JEKTPH-
yeckoMy BeTpy». IlonaBas, ckakeM, Ha KHHe-
CKOII BBICOKOE HANpAMKEeHHEe, MOXKHO TaK Ma-
HUINYJIMPOBaTh 3JIEKTPOHAMHU, YTO OHH OyAyT
IIOCJIYIIHO BBINOJHATH JI00ble mpuKaswl. [la,
coOCTBEeHHO, BBl HaO/ofaeTe 3a 3TUM KaXXIbIH
lleHb, CMOTpA TeJieBU30p. Bexab m3obpakeHue
Ha ero sKpaHe — He YTO MHOE, KaK pe3yJbTaT
«O00MbGapAMPOBKM» 3JIEKTPOHHEIM IIyYKOM CBe-
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TSAIEerocs OT ero yAapoB BelnecTBa. A y>X KOr-
la HAUMHAEeTCs 3JeKTPOHHAS MIpa Ha AUCILIee
UJIM BaM JeMOHCTPHUPYIOT yyjeca KOMIILIOTEp-
HOM rpaHUKH, MOXKHO IIOHATH, HACKOJBLKO Be-
JIUKY BO3MOJKHOCTH 3JIEKTPOHHOIO Jyua, He-
CyIIerocsi B BaKyyMe.

494TO POJHUT MOJIHHUIO
U CBAPOYHBIN AIIIIAPAT?

OTuero cBeTATCS Pa3HLIMH IIBETAMM PEKJIaM-
Hble TpyOKu? IlouemMy ropsit JIIOMHHHUCHEHTHEIE
JIaMITbl, MJIM, KaK UX ele Ha3LIBAIOT, JIAMIIBI
nHeBHoro cmsera? Ilouemy cBepxaer MoJEUSA?
IToueMy ropuT sJeKTpHYECKasi Ayra, CKakem,
npu cBapke? OkasbIBaeTCA, BCe 3TH, HA IIePBBIA
B3IMJIAN, pa3JIMuYHbIe
IpUMEpPLl  CBEYEHUA
o0 beIuHAEST ONHO —
9TO 3JIEKTPUUECKHH
pas3psn B rasax.

T'a3sl — HemOXHUE
M30JIATOPHI, TaK KakK
B «YHCTOM» BHIE —
3TO HEUTpPAJILHBIE MO-
JIEKYJIbI. IToaTomy,
4yT0o0BI Uepe3 ras mpo-
meJyl 3JEeKTPHYCCKHH
TOK, 3apsAbl B HEM
KaKHM-TO obpasoMm
HaZ0 CO34AaTh. ¥ XHII-
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PeHu Qs 9TOrO0 IIPUAYMaau MHOro. Mo)XHo ras
o0syuaTsh, IOAOrpeBaTh, «BIPLICKUBATH» B HETO
3apAKeHHBbIe 4YacTHYKH. Ho caMblili BaKHBIA

MpPOLIECC IIPH paspsfe — KOraa dJIEKTPOHHI,
MOATOHsAEMble HANPAKEHHEM, CMOI'YT TAK pa3o-
FHATBCSHA, YTO MPH yAape O HEATPAJbHYIO MOJie-
KyJly rasa BHIOBIOT M3 Hee HOBBIA 9JIEKTPOH.

Yro ocTaHerca Toraa or Mmojaekyansi? ITo mac-
ce OHA MOYTH HUYEro He MOTepseT — 3JJIEKTPOH
CJHMIIKOM JIETOK. A BOT €CJIH OT ee HYJIEBOTO
3apsafa 3JIEKTPOH, OTOPBABIIUCH, «YTAIIUT» C
co6oit orpunaTeabHbli 3apan? Koseuno, B f0-
rafjajlnch — MOJIEKyJiIa rasa 3apAAUTCA II0JIO-
SKUTEJILHO — M CTAHET MOHOM.

Bor kak rasbl-gM3JIEKTPHKH, BBHIIEDXXUBAIO-
I¥e BLICOKOE HAINPSYKEeHHUE, B KAKOi-TO MOMEHT
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Iasex Hukonaesny S610uKoB
(1847—1894) — poccuifckuit
sjexTpoTexHuK. HccaenosBa
3JIEKTPHYECTBO KAK HCTOUHUK
cBera. YI3o6pes ayrosyio jgam-
ny — «cseuy S6aouxosas. ITo- |
JIOXHJI HAYAJIO TIEPBOM MpuMe-
HMMO}! Ha TMIPAKTHKe CHCTEMe
3JIEKTPHUECKOTO OCBELIeHMST.
3aHMMAJICA CO3JJaHHEM BJIEKT-
PHYECKHX MAUIMH M BONpOCA-

MU TIOJIyUEHHS 3JIEKTPUUECTBA
HeNoCpeACTBEHHO U3 XHMHYe-
CKOM 3HEpruu yris.

CTAHOBSATCA NPEKPACHLIMUA NPOBOXHUKaAMH. [Ipu
IMIPOTEKAHUHU II0 HUM 3JIEKTPHUYECKOI'0 TOKA MO-
JIeKyJIbl ra30oB H3-3a BJJEKTPOHHOU Oombapau-
POBKH OKAa3bIBAIOTCA CIOCOOHBLIMH U3JIY4YaTh
CBEeT. 9TO UX KAUeCTBO aKTUBHO WCIIOJIb3YeTCs
ceifyac B CaMbIX Pa3HBLIX OTPACJAX HAYKH, TeX-
HUKH U ObITa. OTMETUM JIMIITL OOHO U300peTeHue,
chbIrpaBiliee B JAJILHEHUIIIEM OI'POMHYIO POJib.

B 1802 romy pycckmii yuensiii B.B.IleTpos
BIIePBBIE M3YUYWJI SABJIEHHE, Ha3BaHHOE UM 3JJIEK-
TPHUYECKOM nayroi. BnocnexcTBuu ero craau
NPUMEHsATh IIPHM CBapMBAHHUU METAJIIMYECKUX
Jerayei. JIBa sJIeKTpoZa, HOAKJIOUYEHHBIE K
MOIITHOMY MCTOYHHKY TOKa, CIIOCOOHBI BBHI3BATH
MeXXJy co0Oil OCJIEIHUTEJbHOE CBEeUYEeHHE Trasa.
HaBepHsaKa Bbl HAOJMIOAATH 3a 3JEKTPOCBAPKOM
4 3HaeTe, UTO APKOCTh BCIBIIIEK TaK BeJHUKA,
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yTOo OT Hee HaAo 3amuimate riasa. CBapky c¢
IIOMOIIBIO BJIEKTPUYECKOr0 TOKA M300pesiu pyc-
ckne uHkeHepsl H.H.Bemappoc u H.I'.CiaBs-
HOB. U rZie TOJIBKO Tellepb OHA He IPUMEHAETCH —
OT IIOCTPOMKHM MOCTOB JI0 CBapKH KOPITyCOB aBTO-
MAaIluH.

B mpomioM ke BeKe 3JIEeKTPHUYECKYIO AYTY
«IIOAPAAUIIN» OCBelaTh yaunbsl. M cerogus ox-
HU U3 CAMBIX MOIIHBIX OCBETHTEJBbHBLIX IPHUOO-
pOB — JIYrOBbI€ JIAMIIHI,

MUHHUATIOPHBIHA,
*  HAJIEXKHBIN? — B KOCMOC!

Bbl, KOHEUYHO, MOJIL30BAJUCh TPAH3UCTOP-
HBIMHA NpUeMHUKaMu. IX MHOrZa NIpPOCTO Ha-
3BIBAIOT «TPaH3UCTOpP». OXHAKO 3TO — IIYCTh
Baj)KHasd, HO TOJIbKO OJlHA JeTaJlb IPUEeMHUKA,
IIOCTPOEHHOr0 Ha IOJIYIIPOBOAHUKOBBIX 3Jie-
MEeHTaX.

A 4TO Takoe MONYNPOBOAHHK? ITO KpUCTAT-
JINKM TBEPABbIX BEUIECTB, CKAYKEeM, KDEeMHUs, 00-
JIAJAQIONUX OCOOBIMH 3JIEKTPUUYECKUMHU CBOMCT-
Bamu. Hampumep, B OTIMUME OT METAJLJIOB, CO-
NPOTHRBJIEHHE TIOJIYIIPOBOAHUKOB C YBEJIUUYCHH-
eM TeMIepaTyphl yMmMeHblnaetrcsa. Ha ux mposo-
AMMOCTb MOXKET BJIUATH 00JIydeHHe CBeTOM. A
caMoOe MHTEpPEeCcHOe, UTO MBI MOXXeM MEHSATb UX
CIIOCOOHOCTH, ITPOBOAUTL JJIEKTPUYECKUH TOK
BKpaIlJIeHUeM IIpUMeceil pa3HbIX XUMHUYECKHUX
BeIecTs.
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IlonynpoBOAHUKH, KaK NOACKA3bIBAaE€T UX Ha-
3BaHUE, 3aHUMAIOT IIPOMEKYTOUHOE MECTO MeXX-
Iy NPOBOAHHKAMH M H30JAATOpaMH. Bo3MOXK-
HOCTb MEHSATh HUX JJIEKTPUYECKHE CBOMCTBA B
MIMPOKOM AuanasoHe ofecrneumya UM IIHPOKOE
IIPUMEHEHUE B JJIEKTPOTEXHHKE, pazuonpudo-
pax u ajnekTpoHuke. CkaxeM, ¢(poTOIJI€MeHT,
crocoOHBIA 3aMBIKATh ¥ Pa3MbIKAaTh 3JIEKTPHUYE-
CKYIO lLiellb MO/ AeWCTBHEM CBeTa, IIOCTPOEH Ha
OCHOBe TIIOJIYIIPOBOAHUKOB. YYBCTBUTEJIbHBIA
TEPMOMETD, 3aMeUaIONIUi HUYTOXKHO MaJible 1e-
peragbl TeMIepaTyp — TOXe ero nNpuMeHeHue.
CoenuHeHne pas3jIMYHBIX IIOJYIIPOBOAHUKOB 00-
pasyer OuoA — npubOp, IPONYCKAKIOUUA TOK
TOJILKO B OJHY CTOPOHY. A no6aBjIeHUe TPEThero
MOJIYIIPOBOOHUKA B 3TY «KOMIIAHUIO» ITO3BOJISAET
cJa0bIMKM M3MEHEHUAMHU TOKA YIIPABJIATH TOKOM
6osbmiuM. BOT 3TO M eCTh yCHJIMTENb — TPaH-
3UCTOD.

Bnaromapa pacnpocTpaHEHHIO IIOJYIIPOBOJ-
HHUKOBBIX 3JIEMEHTOB CTAJI0 BO3MOXKXHBIM Ilepeii-
TH OT 'POMO3JKHMX BBIYMCJIHUTEJIbHBIX MAIIWH K
MUHHUATIOPHBIM, YMEI[AIOIN[MMCA MOpoii B o0be-
Me 3allMCHOM KHMXKKH. MajleHbKHe pa3MepHl,
OosbuIoi 00beM naMATHA U ObICTPOAEMCTBUE IIO-
3BOJIAIOT NIPUMEHATh, Takue IBM Ha OGopTy KoC-
MHUUYECKUX KopabJieii.

Eme ouenns Ba)kHasA 00sacTh, rae IOJyHpo-
BOAHHUKHM JOJIKHBI CKa3aTh CBOE BECOMOE CJIO-
BO — COJIHeYHaA 3HepreTuka. Iloka ycTpoiicT-
Ba, npeo0pas3yiomue COJHEYHLIA CBET B 3JIEKT-
POSHEPrul, He O4YeHb 3((GeKTUBHHI U BeCHMa
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nmoporu. Ho ux yxxe ucnosn3yioT pus obecreue-
HUSA dHEprueil KOCMHYECKHX KoMILIeKcoB. CoJ-
HeuHble OaTapeH pa3mMemaloT, KaK Bbl, HaBep-
HOe, BHJEJH, HA «KDPBLIbAX»-NaHEJAX opOu-
TAJbHBIX amIapaToB. A He TaKk JaBHO CMOr ca-
MOCTOSATEJIHO ABUTaThCSA IEPBBIA aBTOMOOWJIB
Ha COJIHEYHBIX GaTapesx.

BE3 IIOTEPH 110 ITPOBOJAM

B MexaHuuyeCcKHX YyCTpOMCTBaX, KaKk HHU CTa-
paiics, a coBceM M30aBUTHLCA OT TPEHUSA HEJIb3dA.
HasepHoe, To ke camMoe M C 3JIEKTPUYECKUM CO-
nporuByieHneM? Ha To OHO M COIpPOTHBJIEHUE,
yTo0OBI MeNmIaTh 3JIEKTPHUUYECKOMY TOKY Tedb IIO
IIPOBOAAM, TEepATH SHEPrui0 M BBIAEJIATH €€ B
Buae Teria. J{o mopsl A0 BpEMEHH TaK M CYH-
Tanu. OgHAKO OKa3ajioCh, UTO IMPHUPOAA M 37IeCh
TIIOATOTOBMJIA HAM CIOPIIPH3.

B 1911 romy ronmnanackuii yueneit X.Ka-
MepauHr-OHHeC OOHAPYXMJI YOAUBUTEALHOE SB-
Jenue. IIpu oueHb HU3KUX TEeMIIepaTypax, Ou3-
KHX K a6COMIOTHOMY HYJII0, HEKOTOPHIE METaJLJIbI
Pe3K0, CKauKOM, TEPHAIOT CBO€ COIPOTHUBJICHHE.
9TO siBJIeHME IOJIYYMJIO Ha3BaHUE CBEPXIIPOBO-
aumoctu. K coxkajleHHI0, TAKON «MOAAPOK», KO-
TOpPBIHA obOecrieumJ ObI mepefady dJEeKTPUUECKOM
3Hepruu no nposoxam 6e3 moreps, NIPUHATH JIIO-
AAM ObLIO TpyAHO. Benpb uTOOBI CO3JaTh TaKue
HH3KHWe, HeCyI[eCTBYIOIMEe Ha 3eMJie, TeMIepa-
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TYypbl, IPHXOAWJIOCh, KaK B XOJOAWJIbHHUKE,
SHepruo 3aTpaymBaTh. IlosTOMY HAUaIKCH MHO-
roJieTHuE IIOMCKU HOBBIX, BBICOKOTEMIIEPATyp-
HBIX CBEPXITPOBOJAHUKOB.

Iau pecaTunerusi. JIMIMbL B IATHAECCATHIX
rozax dTO SsBJE€HHE IIOJYYHJIO TEOPETHUECKOoe
o0bsacHenre. OQHAKO TEeMIIEPATYPy HEOOLIUHOIrO
COCTOAHUSA YHAJOCh MONHATH TOJbKO Ha Iapy
IeCATKOB I'pagycoB. Yero TOJILKO He u300peTanu
uccyaenosareau! M1 sor B 1986 roxy mBeiiiap-
CKHUM YUYEHBIM yJaJIOCh HAWTH TaKue KOMIIO3U-

I[U¥ BEIEeCTB, B KOTOPHIX CBEPXIPOBOAMMOCTD
BO3HHMKAJIAa y)Ke IPH COTHe I'paJyCcoB BbIle al-
COJIIOTHOTO HYJIA.

244



9T0, KOHEYHO, elle JaJIeKOBAaTO A0 HalMX
00BIUHBIX TeMIepaTyp. TeM He MeHee, JOCTHUIKe-
HUE CBEePXIIPOBOAMMOCTH ympocTuiioch. Cenuac
ee HCIIOJB3YIOT BO Bce Oojiee ITMPOKMUX MAaCII-
Tabax TpHU NpOBeJeHUMN (DUBUUYECKUX IKCIEpH-
MeHTOB. A eme 6s1aroapa 3TOMy OTKPBITHIO YK-
perujach Haje)XJa, YTO B CKOPOM BPEMEHM OHa
OyneT MOCTUTHYTA U IIPU OOBIYHBIX, KOMHATHBIX
Temrieparypax. IlogymaiiTe, K KaKUM DEBOJIIO-
IIMOHHBLIM IIGCJIEACTBUAM MOXKET IIPUBECTH IIO-
sIBJICHUE MAaTepHaJioB C HYJIEBHIM 3JJIeKTpuUye-
CKHUM COIIPOTHUBJIEHHEM.

KAK 3APAOIUTBHCA JTABJIEHHEM?

Kaxue 3axxurasikm Bbel 3Haere? MoxxeT ObITS,
KOMY-HUOYZb BCTpe4YaJUCh CTapble — C Gu-
TARBKOM, IIPOIMMMTAHHBEIM OeH3uHoM. WMiu HoO-
Bbl€, Ia30Bble, KOTrZAa KOJIECUKOM BBICEKAIOT MC-
KDY, IOJXKHUTAIOUIYI0 CTPYHKY BBIPBIBAKILET0CH
cokaToro raza. Ha KyxHsX, rfe CTOAT ra3oBble
IIJIUTHI, MIONB3YVIOTCA ITOACOeANHEHHBIMH K CeTH
SJIEKTPUUYECKUMH 3aXKUrajIkaMU, B KOTOPBIX
MIPOCKAKUBAET MCKPA, CO3JaHHAsA BHICOKUM Ha-
NpsiKeHNeM. A He TIONMafaJIUCh JUM BaM 3aXKu-
raJku 0e3 BCAKHMX IIPOBOZOB, HO TaK Ke BHICe-
Kali[ie MCKPHI IPU HAXKATUU HA KHONKY?

HelicTBUTEIBHO, OTKyZa B HuUXx Oepercsa
sHeprusa? Ecau Bel pasbepeTe TaKyIO 3a)KuUral-
Ky B Iouckax OaTapedKu HUJIHU ras3oBoro OaJ-
JIOHYM KA, TO HUUero rnogobHoro He O0HAPYKU-
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Te. A HalizieTe BHYTPH HeOOJbMIONA KPUCTAJLI
C TOACOEAMHEHHBIMHM K HEMY IPOBOJOYKaMH.
9TO — KpHUCTAJIJI KBaplua, KOTOPHIAH KaK BbI-
AcHuJoch 6osee 100 ner Haszaxn, obiaagaeT H-
TepeCHbIMHA cBo¥cTBaMu. IIpu cxkaTuum ero ¢
IBYX CTOPOH Ha JPYrux TIpaHAX BO3HHKAIOT
3JIEKTPUUYECKHE 3apALBl IBYX Pa3HbIX 3HAKOB,
TO €CTh CO3[AeTCs 3JJIEKTPHUUECKOEe HaIpsiKe-
Hue. IMeHHO ero MCHnoJb3ylOT B 3aXXUrajikax
IJIA CO3MAHUSA MCKPBHI.

Takoe Js000ONBITHOE SABJIEHHE, HAa3BaHHOE
NIbE303JIEKTPUYECTBOM, CTAJM IIPUMEHSATH yiKe
BO BpeMsa I MupoBO# BOUHHBI AJsA oOHapy:Ke-
HUdA... NOABOAHBIX JIOAOK. J[BUrasicb B BoOJe,
BHUHT JIOAKH CO3JaeT IOIIePEeMEeHHbIe CXKATHUS M
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paspe)xkeHus BOABI, Oe-
ryuiue oT JIOJAKH B BUJe
posid. Eciu Ha ux nmyTtu
Pa3MeCTUTh IILe303JIeK-

N - «A“)BV"
TPUUYECKUMH  KPHCTAJLI, Pt
TO OH Ha4YHeT Koyebath- &
Csi IO TeCTBHEM Iepe- ((“
MEHHOTO JAaBJIeHHS W p
€ro TPaHHU CTAHYT 3aps- 015303“'(1-”\
JKATHCA. BosHukHeT YECTRo

9JIEKTPUYECKHUM CUTHAJI,
KOTODPBIM IO3BOJIUT Ta-
KM 00pasoM yJIOBUTH
mym or IaJIeKOl moz- W

BOIHOM JIOAKH.

IIbe3oaseKTpuueckuit 3pheKT cerogHsa mu-
POKO NpUMEHAIT B MUKpPOpOHAX U Tesedo-
HaX, IJIA CO3JaHMUA YIbTPAa3BYKOBBIX BOJIH, 00-
HapyKeHUdA Ae(dDeKTOB BHYTPH METAJJIOB U AJIs
M3MEepeHUA MeXaHUUYECKHX HaNPAMEeHUH u
BubOpanui.

IIOJIE — CTPEMHUTEJILHBIN I'OHEI]

HaBaiiTe 3agymMaeMca HaJ BOT KAKKUM BOIIPO-
coMm. IlycTs HaM MOHANOOUTCS BKIIOYUTH KAKOM-
TO MOINHBLIM 3JIEKTPHUYECKHH npubop, XOCTYI K
KOTOpOMY 3aTpyaHeH. Hy 4TO K, AJA 3TOr0 MbI
IIPOTAHEM K HEeMYy IIPOBOJA, & KHOIKY WJIU pPy-
OMNMBHMK pasMecTUM B yaoOHOM HaMm mecte. Te-
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Codbyg Jur2

—

7nepb OAHUM JABHIKEHUEM IIajiblia IeJIKaeM
KHONIKOIf, 3aMBIKaeM Ilellb, U YTO-TO TaM BJa-
JIeKe 3a’KTIJIOCh, 3aBPAaIllajiOoCh, 3aIrPOXOTAJIO, I10-
exajo...

Kak BbI cunuTaere, Korga Mbl 3aMKHYJIN 1I€Tb,
3apAAbBl OT HAC cpady NoMuaJ uch K mpubopy?
MoMeHTaJIbHO J00eKalu [0 HEero M BepPHYJIUCH
obpatHo? 3akpyxuauch no nenu? Ja, 3axkpy-
JKUJINCh, HO He TaK CKOPO, KaK HaM MOIJIO IIO-
Ka3aThCs.

OxkaswIBaeTcs, IIPA BKJIIOUEHUH LENMH 3aps-
IbI, IIEPEHOCSIHe TOK, NPHUILIA B JABHXKEHUE
Bce oxHoBpeMeHHO. CoOcTBeHHAs CKOpPOCTb, C
KOTOpPOM OHU TEKYT, YAUBHUTEJILHO MaJjla — Ka-
KHe-TO AOJHM MUJIJIUMETpa B CeKyHAy. Ilouemy
%Ke Torza npudop IIOYTH MI'HOBEHHO OTPearupoBall
Ha Hallle Ha’XaThe KHOMKHU M cpaldy 3apaborai?

A neso B TOM, 4TO HEe caMu 3apsanabl 1mobe-
JKaJIM 110 IIeNH TaK OBICTPO, OHH TOJIBKO IIepe-
JajJyd APYr APYrYy CHUTHAJN — «Iopa JABUraTh-
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cal» BOT 3TOT-TO CUrHaAJ U HeCceTCA C OrpoM-
HOM — TPHUCTA ThICAY KUJIOMETPOB B CEKYH-
Iy — CKOPOCTBHIO. UTO 3Ke 3TO 3a CKOPOCTH Ta-
xasa? Ee Ha3bIBAalOT CKOPOCTHIO paclIpoCcTpaHe-
HUA 3JIEKTPUYECKOTO IIOJIsI ¥ pPaBHA OHA CKO-
POCTH CBeTa.

Wpess 0 TOM, YTO BOKPYT 3JIEKTPUUECKHUX 3a-
PALOB MEHSIOTCA CBOMCTBA NPOCTPAHCTBA, UHBI-
MU CJIOBAMH, CO3AETCSA 3JIEKTPUUECKOoe IIoJe,
BO3HHMKJIO B paboTax BEJMKOr0 aHIJIMICKOro
yueHoro Maiikja Dapagesda. B ganbHeimem oHa
OJiecTsile OATBEePAUIIACH U JerJia B GyHAaMEeHT
TEOpUH 3JIeKTPOMarHeTH3Ma.

Bor u B Hamem npumMepe 3apsaamM He ObLIO
HYXXJIBI MYATLCA «BO BeCh Ayx» o unenu. m
OBLJIO DOCTATOYHO <«IIEeBEeJILHYTHCA» IIPU ee 3a-
MBIKAHUM, a UHGopMaLuio 06 3TOM 3JIeKTpuye-
CKOe TI0JIe JOHEeCJIO 0 BCeX «3aKOYJIKOB» IIeIlH,
3aCTaBUB Be3lie TeYb TOK.

IABANTE
IIOPA3MBICJIIM

9 ITouemy k¥ mpybe noirecoca 60 6pems pabomost npu-
* aunaem nwiav?

9 Ha kakoe sgaenue namerxaem nozoeopka: «Kawx co-
L]
JOMUHKAQ U SHmMapb»?

©® Omuezo Hamepmulil zazemoll 6030YULHbLE ULAD MO-
* sem donzo eucemv y nomoara?

9 3auem 3asemasom GeHI0603bL?
o
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© ITouemy nposoda npu KOPOMKOM 3AMbLKAHUU UCK-
® pam?

9 Kozda 6030yx cmanosumcs npoBoOHUKOM 3aeKm-
L
puuecxkozo moxa?

€ Omuezo cnpasedauea nocrosuya: «Moanusa ydaps-
° em 6 ebicokoe depeor?

® Kakx «3arxoHcepsupoéambo» 3aeKmposnepzuio?
L]

9 IMovemy nazpesaemcs 6amapeiika, ecau coedurUMb
° ee noawca?

® Kakxoe Oelicmeue moxa ucnoas3yemcsa 6 snexmpu-
° yeckom nasnvHure?

© Omuezo Hazpesaemcs aaeKmponramna?
L]

9 Bydem au pabomamb 8 OMKpPbLMOM KOCMOCe pas-
* 6umas paduoramna?
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..Cecmbv Ha sHcene3nvliL Kpy2

H, 8346 Gonvwioit mazHun,

Ezo0 3a6pocumv eeepx 6vicox0,
Joxyda 6ydem eudemd oxo;

OH 3a co6oil KHene30 nPUMAHUN!...

d.Pocman

3HaeTe, 4TO ormucaHo B 3ToM ctuxe? Tak 3Ha-
MeHuTHIH repoit 9.Pocrana, most u ¢anTasep
Cupano ne Bepsxkepak mpezJiaraj mnoJieTetb... Ha
Jlyny. IlonymaiiTe, KCTaTH, BO3MOXXHO JIA IIOA-
HUMATBhCA IGAOOHBEIM MaHEPOM.

Ham ke ceiluac BaXeH JIMIIb OOMH U3 yua-
CTHHKOB 3TOr0 <«II0JIeTa» — MAarfuT. 3HAJIU O
HeM, KaK BUJHO, ucctapu. U kommacel npuny-
MaJiv, ¥ AJIA BCSAKUX Pa3BJIEYEHUH U YCTPONCTB
npucnocabsauBayu. [la 1 BeI, KOHEeUHO, OayioBa-
JACh C MarHUTaMHU, 3aCTABJIASA MMHU «ILJIACATH»
TBO3JMKU U CTaJbHBIE CKPENKH.

Ho BOT kKorzpa yeyioBeK Hay4dwuJICA YIPaBJIATH
«MaTrHUTHOU CWJIOM» M Jajke CO3AaBaTh MarHu-
Tl HCKYCCTBEHHBIE, OH CyMeJl BOILIOTHUTL B
JKM3Hb CBOU JaBHVIE U 3aBeTHbIE MEUTHI.
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MoskHO JI¥ TOBOPHTH APYT C APYyroM Ha Or-
poMHOM paccTrosiHuu? BriBaeT i cBsi3b Oe3 mpo-
BozoB? Kak mocMmorpers ¢pyTbos B AMepHKe, CH-
Is Ha nquBaHe B MockBe?

Bce 3To okasasock ocymectBumo. Teae-
rpad, TenedonH, paguo, TeJeBHIAEHHE, NaXKe
TPAHCJALUN C APYrUX IIJIaHET — pa3Be HaAM
3TO B AUKOBMHKY? A HAYMHAJOCH MyTEIIeCT-
BHE B OrPOMHBIX M BOJIMEOHBIH MHUDP Marse-
TH3Ma ¢ HaOJIOOeHHi 3a MaJIeHbKOM APOXKa-
mieil CTpeJIKOM KoMIaca.

3AYEM HYKEH KOMIIAC?

Cample mpocThie OOBITHI II0 MAarHeTU3My —
onbITHI ¢ KommacoMm. Hy-ka, paccmorpure ero
noBHuMaTeJbHee. CTpeJIka KOMIaca OKpalleHa
IBYM#A IIBETAMH: OOMH KOHEI] CHHUH WJIH TOJIy-
6oit, a npyroifi — KpacHmi. CresaHa oHa U3 Ky-
COYKA jKeJie3a M YKpeIUIeHa TaK, YTO MOMKET CBO-
60xHO BpamaThCsa Ha KOHUMKe urijnl. CuHuii ee
KOHell YKa3biBaeT Ha ceBep, KPacHbI# — HAa IOr.
C moMoOmpBI0 3TOM CTPEJKH MBI MOXKXEM OPHEH-
THPOBATHLCS B CTOPOHAX CBETA.

TakuM CBOMCTBOM — IIOBOPAYUBATHCA B
IPOCTPAaHCTBe — OOJIaal0T MHOrue HaMarHu-
yeHHBIe NpeaMeTnl. lloxBemeHHBIE HA HUTKeE
JKeJIe3HBI I'BO3Jb, €CJIM OH OblJI HaMarLuueH,
TaK¥Ke CTAHOBUTCH «KOMIIaCOM», TO €CTh IIOBO-
pauMBaeTCA MO HAIPABJIEHHIO «CEBEp-IOT».
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TpyzHO CKa3aTh,
Korga Jiogu obHapy-
SKUJIA TaKOe SIBJIEHUE
M CTaJld €ro IpuMme-
HATB. BO BCAKOM
ciaydae, eme Oosee
4000 ser Hazaxm aTO
OTKPBITHE OBLJIO U3BE-
CTHO KHuTannam. Ye-
pe3 apabCKuX KyIIIOB
¢ NPUHIUIOM JAEHCT-
BUA KOMIIaca IO3Ha-
Komujacs 1 EBpona,
u B TeueHue XII Beka
OH IDMPOKO PACIPOCTPAHUJICA IO HeMH.

Co BpemMeHeM KoMIac CTaad CTaBUTh HA KO-
pabiu, 6paTh ¢ co00¥ B myTeniecTBUA, UCIOJIb-
30BaTh IIPHM COCTABJIEHUHU reorpaguyecKux Kapr.
B coueraHMM C OpHEHTHMPOBAHHEM IIO0 3Be3gaM
KOMIIaC IIpeBpaTHJICA B He3aMEHHMOe HaBHUTa-
IIMOHHOE CPEeACTBO.

JlnAa TOYHBIX MOKA3aHUM KOMIIaca HaJo cJe-
JIUTH 3a TeM, 4YTOOBI €ro CTpeJjiKa He pa3MarHu-
YuBajach, TO €CTh He IIOMEIATh ero BOJIU3HU Ke-
JIe3HBIX IIpeaMeToB. Tak ke HaZO JaTh CTPEJIKe
BO3MOXKHOCTb BpamaThCs 6e3 TpeHus. ITOro BHI,
KCTaTH, MOXeTe NOOUTHCA TEM, YTO IIOMECTHTE
HaMarHU4YeHHYIO CTPEJIKY Ha AePEeBAHHYIO IIaH-
Ky MJIM KyCcO4YeK IIeHOILIacTa, IjIaBalomue B BO-
ne. ITocnenure, KaK BCAKUM pa3 «IIOTPEBOXKEH-
HBIM» KOMIac OyZeT BO3BpamIaTHCA B ONHO H TO
e IOJIOXKEHHeE.
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KAK BPOJAT IIOJIIOCA?

B 060 s TOYKe HA MOBEPXHOCTH 3eMJIH
KOMIIac faeT BepHbIe nNokaszauua? OxaswiBaeTcs,
HeT. U neso He B camom npubope, a B ToM, rjae
€ro HCIIOJIL3YIOT.

Korpa-To B crapuHy CKaHAMHAaBHI, IJaBa-
IOL[Me 0 apDKTUYECKUM MODPAM B palioHe I'peH-
JaHAuN, OOHADPYXKUJIN, YTO KOe-Ije CUHHUHN KO-
Hell CTPeJKM YKa3bslBaJ mouTu Ha 3amaxg. C
9THUM PaCXOXXJEeHNEM CTAaJIKMBaJHNCh BCe Ualle
II0 Mepe OCBOEHHUS CeBEePHHBIX Teppuropuii. B
yeMm Ke neso?

JIpeBHHM HapozmaM ObLIO HEeBIOMEK, YTO ce-
BEePHBIX IIOJIIOCOB — ABa. HeobOxoamMo pasiiu-
yaTh reorpaduuyecKkme mOJIOCA — YCJIOBHBIE
TOYKH, rfe Kak Obl IPOXOAUT OCh BpAIIEHUSA
3eman, 1 marHuTHbele. CeBepHBIH MArHMTHBIM
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noJIIoC, Tak e, Kaxk u IOxkHbIt B AHTapKTHAE,
CMeIeH OT 9TOM TOUYKM HA COTHH KHUJIOMETPOB.
¥ sKBaTOpa U B CPeIHHUX IIIHPOTAX TAKOE «pas-
ABOeHHe» He3ameTHO. Ho uem Osmike K ceBepy,
TeM OoJsibllle KoMITac OymeT Hac «0OMaHBIBATH».

Bosee Toro, pacmosokeHne MarHUTHBIX IO-
JIIOCOB OTHOCHUTEJIBHO reorpauyecKux HeIoCTO-
AHHO. XOTA ¥ MeJJIeHHO, HO 3TH II0JII0CA «Ipeii-
(y0oT», BLIIKUCHEIBAsi HA 3¢MHOM ITOBEPXHOCTH 3a-
MBICJIOBaThIe TpaeKTopuu. CoBpeMeHHbIe HCCJIe-
JOBAaHUS HAMArHWYEHHOCTH APEBHHUX IOPOJA IIO0-
KasaJjiv, YTO ObIBAJIM CJIy4au, KOTrJAa MarHUTHbIE
MOJII0CA BOOOIIe MEHSAJUCHL MECTAMMU.

Tak 4TO, MOJMBL3YACHh KOMIIACOM, HAZ0 yMeJO
BHOCHUTD B €ro IIOKa3aHUs IIOIPABKU. ITO U IIPHU-
XONUTCSA J[eJIaTh IOJSAPHBIM MOpPSKaM, JIeTUHU-
KaM U YYEeHBIM.

HA CEBEPE JIK
CEBEPHBIN ITOJIFOC?

A mouyeMy MarHuTHas CTPeJKAa KPYTUTCA HA
noBepxHocTu 3emuu? Benb ecsu MBI momHeceM
K Heil KaKoi-HuOyap» HaMarHMYeHHbIH IpeMerT,
TO MOX(eM 3aCTaBUTb €e IOBEPHYThCA KyAa 3a-
XOTHM. 3HAYUT, B OTCYTCTBYE ITOOJIM30CTH Mar-
HUTOB CTPeJIKO# pacnopsxaerca 3emua? Ilomy-
YaeTcdA, YTO OHA — cama OoJIbIIOi MarHuT?

OTHIOAL He BCe MJIaHEeTHhl, KaK 9TO BHIACHUIU
He Tax JaBHO MCCJIeJOBATeJIH, IPECTABJIAIOT CO-
6oii marsuTel. Crakem, Ha Benepe npu6opsl,
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JOCTaBJICHHbIE HA Hee PaKeToM, MarfeTu3Ma He
Hautu. A BOT 3eMJIA MarHUTHBIMU CBOMCTBaMH
obnanaer. OHa B3aMMOAEMCTBYeT C JPYrUMH
MarsuTaMu, K IIpUMepy, C KOMIIaCHOH cTpeJ-
KO, Tak e, KaK u Jiobble ABa MarHUTA y HacC
Ha cTOJIE.

Kakx e BJIMAIOT Ba MAarHuTa APyr Ha apyra?
JlaBHO OBLJIO 3aMeUYEHO, YTO CEBEPHLIM II0JIIOC
IPUTATHBAETCA K I0KHOMY, 4 OMHOUMEHHBbIE I10-
JI0Ca — OTTAJIKMBAIOTCA. IJTO MOYKHO JIerKo
NPOBEPUTH € IIOMOINBIO JBYX HaMarHUYeHHBIX
cTpeJioOK uau reoszeii. He nmpasma sm, moxoixe
Ha B3aMMOJEHCTBHE 3JEKTPHUUECKUX 3apanoB?

Ho ecsin Hama nyanera — 60JIBIION MarHur,
TO CUHUM CeBEPHBIA KOHEI] KOMIIACHOM CTPEJIKN
JOJIKEH OBLI ObI TAHYTHCA K IOMKHOMY IIOJIOCY
3emuu! 1 3710 — BepHO. A CeBepHHIM €ro CYM-
TAIOT M3-3a COCEACTBA C ONMHOMMEHHBIM reorpa-
(pMIeCKHM NOJIIOCOM.

C uem cBs3aH MarfeTusMm 3emyu? ITO HEHIpO-
croii Bompoc. 1Io Bcelr BUAMMOCTH, OH OIIpenesis-
eTCs ABM)KEHHEM 3apsKeHHBIX YaCTHll, TEepeHOo-
CHUMBIX JKHUJKUM BEIIeCTBOM BHYTPM ILJIAHETHI.

BECTH C MATHUTHBIX ITIOJIEHA

He npuxoauiock ¥ BaM 3a4aBaTLCA BOIIPO-
COM: a uepe3 4YTO IepeAaeTcsa AeHCTBHE OLHOI'0
marHuTa Ha apyroi? Kak, manpumep, 3emis
3aCTaBJIAET <«YYBCTBOBAaTb» CBOM MATHETH3M
cTpesky komnaca? Uro ABJIsETCS IMOCPEAHNKOM
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1879) — anramitckuit GU3NK.
OauH H3 OCHOBATE/IeH KUHETH- *
YecKON TEOpHH ra3oB, H3y4al

nxX aucddysunio, TEIUIONPOBOA-
HOCTbh M BHYTpPEHHee TpPeHHe. i
Camoe riaBHOe HAYUHOE NOCTH-
JKeHUe — CO3ZlaHHEe TEOPHHU i
3JICKTPOMATHHTHOIO II0JIS.
CyuTas CBET OJJHUM M3 BHJOB
BJICKTPOMATHHUTHOIO M3JIyye-
H$1, UTO GiecTsAlle NOATBEpAH-
JIOCh, TEOPETHUECKH PACCYH-
TaJ paBjeHde cBeTa. OCTaBUJI
cBoli cien Bo MHOTHX 06sa-
cTsX GA3UKH, CKOHCTPYHPO-
BAJI PSAA BAXKHLIX NpHGOPOB.

npu nepexaue storo peicrBusa? KoHeuHo, Bce
3T BOIIPOCHI MOJKHO OBLJIO NMOCTABUTH U AJIA
3JIEKTPUUYECKUX 3apAnoB. Benb oHM TOXKe BiIM-

AIOT APYr Ha Apyra Ha PacCTOSHUMU.

JJsa orBeTa Ha moAo0HBIE BONPOCHI OKasa-
Jlach O4eHb yno0HOU unesa moaxd. Ee Hauayn pas-
pabaTeiBaTh aHTMJIUACKUY yuyeHbI Maiika Papa-
Iei. A IpomOJXKUJI — €ero BBIAAIOUIUICA cOoOoTe-
yecTBeHHUK [[oxeitmc MakcBeas. Biaronapsa ero
yeuauaM Oblla co3maHa CTpPOMHAs cucTeMa
IpeJCcTaBJIeHUM, B paMKaX KOTOPO# HAIIJI0 00b-
sSiCHeHHe OOJIBIMMHCTBO JJIEKTPUYECKHUX M Mar-
HUTHBIX SIBJICHUH.

Ilosie HeBUAUMO, HECJBIIIMMO U HEOCA3aeMO.
Ho ero MoxHO 06HApPY»XHUTb C IIOMOII[bI0 BHOCH-
MBIX B HEro 3apfAfi0oB ¥ MarHUToB. BoT, ckaxkem,
K Ha3JIEKTPU30BAHHOHN pacuecKe IbITaeTCsA MpPHU-

259



TAHYTbCA OyMa’kHas JIeHTOYKa. MOMKHO CKa-
3aTh, YTO DACUYECKY OKPYKaeT 3JIeKTPHMUYecKoe
noye, obpazoBaHHOe ee 3apsimamu. Ilomazas B
Hero, 3apsAbl Ha JICHTOYKE PearupyioT Ha ero
MIPUCYTCTBUE XU HAYUHAIOT ABUTraThCcsA. Eme rpu-
mep. IIoBOpOT CTpes KM KoMIaca MbI MOXKEM HC-
TOJIKOBATh BJIUSHHUEM HAa Hee MATHHUTHOrO IOJA
3eMJIM WX NOJIA IIOXHECEeHHOTrO0 K Hel KeJies-
HOT'0 T'BO3JA.

OJIeKTpUUYECKOe M MAarHUTHOE I10JIs HauboJee
CHJIbHBI BOJIM3M 3apAMKEHHBIX WJIM MarHUTHBIX
Tesl ¥ ocyabeBalOT IO Mepe YAAJEeHUSA OT HUX.
Kcratu, upes nonsa BIIOJIHE IpUMEHHMMa K JIIO-
ObIM B3auMoAeicTBYIOIUM TesiaM. [IpuTsaikenue
mnaHer K CoOJIHIy, COYTHHKOB K IIJIaHETaM H
najieHye A0JI0Ka Ha 3eMJIIO BIIOJIHE MOYKHO OIIH-
caTh, ONHUpasACh HA IpPEACTABJI€HHE O IIOJIEe Td-
TOT€HUA, U IPABHTAIMOHHOE MOJIeE.

KAK «BBITJISIAT» ITOJII?

Yrobbl cHesaTh IMOHATHE MOJA HATJISAAHBLIM,
YUYeHBIM HIPHUIILJIO0 B rojioBy m300pakaTh ero Ha
KapTUHKax — B BUJe TaK Ha3LIBAeMBIX CHMJO-
BBIX JuHMMK. TaM, rae sTH JIUHUM PACIIOJIOKEHBI
ryiie, HallpuMep, y 3apAKEHHBIX HIAPUKOB UJIHN
y IIOJIIOCOB Mar€HMTOB, CYUTAIOT, UTO IT0JI€ CHUJIb-
Hee. A Tam, rie pacxomsTcA APYr OT JApyra,
nosie cjabeet. OTH KaPTUHKHU JIIOAU HAYUYUIHUCH
co3zlaBaTh, BHOCA B JJIEKTPHYECKHE ¥ MATHHT-
HBIE MO0Js1 KPOXOTHBIE JKeJIe3HbIe OIMUJIKH. JJIeK-
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TPU3YSACh UJIM HAMarHM4nBasich, TAKME OMUIKH,
KaK Ha ()OTOCHUMKeE, «IIPOABJAJIU» KAPTUHY CH-
JIOBBIX JIMHUH IIOJIEH.

Ckarkem, HACBINIAB ONMJIOYKHM BOKPYI AJIMH-
HOr0 Mar”HuTa, MOXKHO OBLIO pasrjisafeTh, Kak
CHUJIOBBIE JIMHUU «BBIXONAT» M3 OXHOTO €ero IIo-
JI0Ca, «pacXomsiTCs» BeepoM, «00TEeKawT» ero
U BHOBb «COOUMpaloTcA» y Apyroro nojaimoca. UH-
TEpECHO, YTO TOYHO TaK e, KaK M OITUJIKH,
Bean OBl ce0si BOKpPYr MarHMTa ¥ MaJIeHbKHeE
KOMITacHbIe cTpesouKu. OHU TOXKEe «BBIAAJIN» OBbI
HaM KapTUHY paclpelesieHus MariuTHOrO IOJIs
B IIPOCTPAHCTBE, BBICTPOMUBIIUCH «B 3aTBHIJIOK»
IPYr K APYyry BIOJb CHJIOBHIX JUHMHK. U Korpa
MBI OIIpejiesisieM HaIlpaBJIeHWe Ha ceBep C IIO-
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MOII[LI0 KOMIIaca, MBI CJIOBHO 0003HAUYaeM B JaH-
HOM MeCTe, KaK HallpaBJIeHO MAarHHTHOE MoJIe
3eMIIu.

Banarogapa TakoMy MeTOAY YAAJIOCh KaK OBl
BOOUMIO IPEACTAaBUTh cebe CIO0KHBIe KOHPUry-
DaIMK PJEKTPMULSHER ¥ MATHUTHEIX IIOJeH.
Hanpumep, B nmpubopax M 3KCIEePUMEHTAJb-
HBIX YCTaHOBKax (u3ukKoB, BOKpyr CoxHua u
3Be3M, B OIMIKAUIITINX OKPECTHOCTAX U BHAJIEKE
OT IIJIaHEeT.

IIOJIE... C KATYIIEK COIIJIO

Bo03MOXHOCT, «HapuCOBaTh» MarHUTHOE IIO-
Jie MO3BOJIAET HATOJKHYTbCS HA YAUBUTEJIbHBIN
¢axr. Eciu AIMHHYIO IIPDOBOJIOKY CKPYTHUTH B
BUJle CIIMPAJHU M IIPOIIYCTUTH II0 HEH IOCTOSH-
HBIY 9JIGKTPUYECKHUM TOK, TO BOKPYTr TAKOH «Ka-
TYIIKN» OOHapy:KuBaeTcss MarHuTHoe noJje. Ilo-
Pa3uTEJILHBIM K€ OKa3bIBA€TCA TO, YTO ITO IOJIe
CHAPY’KM KATYMIKKU BBITNJIALUT TOYHO TaK IKe,
KaK M ToJie IIOCTOSIHHOrO AJIMHHOIO MarHuTa.
IIponeMOHCTPUPOBATh 3TO MOTYT HAaCHIIAHHBIE
BOKPYT 000uX IpuOOPOB KeJie3HbIe OMUJIKH.

ITopasMbImisieM HaJ pe3yJbTaTaMU OIBITA.
Bo-nepBhix, 3jIeKTPUYECKUN TOK IOPOAMJ BOK-
pyr cebsi MaruuTHOe moJie. Terepb MBI MOXEM
CBA3BLIBATL MOSBJICHUE IOJS C ABUIKYIIUMHCSH
3apSKEHHBIMU YaCTUYKaMH. Bo-BTOpPBIX, BHJ
9TOro 110151 aOCOJIIOTHO COBIIAJI C II0JIEM MarHuT-
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Xanc Kpucthan 9pcren
(1777—1851) — narckuil ¢pu-
3MK. OGHapy>KuUJI fieHcTBUE
BJIEGKTPHYECKOr0 TOKA Ha Mar-
HHTHYIO CTPEJIKY. OTO OTKPhI-
THE NPUBEJIO K NOSIBJIEHUIO HO-
BOM 06/MaCTH (PUBHKH — DJEKT-
poMarnetuamy. IlocTpous nep- @
BBLI# TEpMODJIEMEHT. 3aHUMAJ-
cs1 MCCJIEAJOBAHHSIMH CBOMCTB :
SKMAKOCTEH M rasoB, AKYCTHUE-
CKHMHM ONbITaMH. OHUM H3 i
NEePBLIX BLICKA3aJ] MLICJb O
cBeTe kKaK 06 3JIEeKTPOMATHUT-
HOM SIBJIEHHH.

HBIX TeJI, U3BECTHHIX 3a ThICAYEJIETUSA L0 TOrO,
KaK 4YeJIOBEK CTaJl coOMpaTh dJIEKTPUUECKUE Iie-
N{ ¥ IIPOIycCKaTh II0 HUM TOKH. 3HAYUT, Ka-

TymIiKa ¢ TOKOM — He
YTO UHOE, KaK 3JIEKTpPO-
MArHHT.

ITocnencTBus Ha-
HIMX  pa3MBbIIIJEeHUH,
KOTOpbIE€ MbI 371eCh ITPO-
BeJIX BCJIEJ 3a H3BECT-
HBIMH YYEHBIMH, IIO-
‘ UCTUHE TI'PAaHAUO3HEI.
W 5 I/INfeHHO OHU NIPUBEJH K

P‘”"‘w' TOX PpPEBOJIOIMH, UTO
MPOX30IIJa B IIPOIIJIOM
BeKe 1mocJjie O6yieCTaniux
OTKPHITHH B obOJacTu
3JIEKTpOMarHetuama. A
HavyaJoch Bce C HeDOJIb-
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moit GpOmIIOPKM, HAIIMCAHHOM M3BECTHBHIM JaT-
cKuM ydyeHBIM X.J9pcremoMm. B Hell oH BmepBbIe
coo0IUa O AEeHCTBMM HA MATHUTHYIO CTPEJKY
TOKAa, TEKYIIEero Io IpPOBOJIOKE.

BE3 IIOCTOAHHBIX MATHHUTOB

ITonrpoGyiiTe mpoBecTH TaKoit onbIT. Chenaii-
Te U3 TOJICTOM IIPOBOJIOKM KOJIBIIO, & K €ro He-
3aMKHYTBIM KOHIIAM IIPUKPYTUTE AJUHHBIE TOH-
KHe IIPOBOAKH B M30JHUPYIOIIEH 060s0uKe. ITH
IIPDOBOAKHU ynorpebaAroT B Teae@OHHBIX Kabe-
asx. Ecau Terepb cBOOOAHBIE KOHIIBI IIPOBOAKA
MIOJICOeAUHUTD K ITOJII0CAM DJIEKTPpUUYECKOoM OaTa-
peH, a KOJBIIO IMOABECUTH 32 HHUX TaK, UTOOBI
OHO MOIJIO BpamiaThCA, TO MBI 3aMETHM CJIeAY-
omee. IlogHoca K
KOJIbIy, II0 KOTOpPOMY
TeUeT 3SJeKTPHUYECKHUH
TOK, MAarHuT 158071
CTPEJIKYy KOMIIaca, MbI
3aCTaBUM KOJIBIIO KpY-
TUTbCH, a CTPEJKYy —
noBopauyuBaThca. Hy
npAMO, KakK JelcTBUe
APYyr Ha Jpyra ZABYX
OOBIYHBIX MarHMUTOB.

Hemynpeno, Benp
Ternepb KOJIEYKO — TO-
Ke MAar"HuT, XOTd Hu
anekTpuueckmuit. C ero

264



IIOMOIIIbI0, KaK MarHUTHO¥Y CTPEJIKOM, MOYKHO
o0Hapy’»KMBaTh M HCCJENOBATH JApPyrue I0Jd.
Wnu HabmomaTh ero B3auMoOZeiicTBUEe ¢ TAKUMH
JKe KOJIeYKaMM M KaTyIIKaMH ¢ TOKOM. To ecTb
Ipy U3yYeHWM MarfeTH3Ma MOYKHO BooOIIe
oboiiTuCch, 6e3 IOCTOAHHEIX MarHuToB, a pabo-
TaTh TOJIBKO C TOKaMH.

3HaMEeHUTHIM (QpPaHIy3CKUM Gusuk AHIpe
AmMnep u3yuas B3auMOAEUCTBHE 3JIEKTPUUECKUX
TOKOB M BBEIBEJI JUISI HEro CBOif 3akoH. OH TakIxKe
YCTaHOBWJI, YTO IlapajiyieJIbHble ITPOBOAHUKH C
TOKaMH, TEKYIU[MMH B OJHOM HAaIIpaBJIEeHUH,
NPUTATUBAIOTCS, a4 B IIPOTHBOIMOJIOXKHOM — OT-
TAJKUBAIOTCH.

ITosiBieHMe MaAr{HuUTHOrO TOJIs BOKPYr IIPO-
BOOJHUKOB C TOKOM IIOKas3ajioch AmIepy Ha-
CTOJIBKO eCTEeCTBEHHBIM, UTO OH 3aJ[yMaJics O IIo-
IOOHOM Ke MpUpOoAe MarHeTU3Ma y IMOCTOSIHHBIX
MmarguToB. Ero runoresa o ToM, 4TO MarHeTU3M,
CKa)XeM, JKeJIe3HOr0 CTEPIKHA IOPOKAAeTCs
BHYTPH HEro KPOXOTHBIMU BUXPEBLIMU TOKaAMH,
OsecTsame MOATBEPAMJIACH CHYCTS MHOTO JIECsT-
KOB JIET.

BUXPEBBIE ITAPA/IBI U BYHTbBI

Ilouemy Tesia BOKpPYr HacC OTJIMYAIOTCA IIO
CBOMM MarHUTHBIM cBoiicTBamM? Bor u3 Kejesa
MOJIYyYalOTCA XOpPOIIne MarHuThl, a U3 JePeBsIll-
KM, CKOJIBKO HaJ Hell HU Oeiicsi, HUYero He BBIM-
net. Ecan cienoBaThk npeamonoxeHuio A.Amme-
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Pa O KpPOXOTHBIX MATHUTHKAX, «CHASIINX»
BHYTPHY BemeCTBa, TO HaZO OBI pacCcysKaaTh TaK.

B Tex BemecTBax, rge 3T MHKPOCKOIHUE-
CKHe MArHMTHKH BBICTPAMBAIOTCH, KaK IIOJK
coJifaT Ha mapaje, BCe MX MACHMTHBIE IOJHA
CKJIAABIBAIOTCA, yCHJHBaIOTCA. Hy Kak BUTKH
NIPOBOJIOKH KAaTYIIKH, 10 KOTOPOMA HPONYCKAIOT
ToK. OIHH BUTOK, OMHO KOJIEYKO — MATHUTHUK
cnabeHbKHHA. A BOT KOTJja HAMOTAJIM UX PAAKOM
C HECKOJIBKO IECATKOB, a TO U COTEH, II0Jie 3Ha-
YHUTEJbHO BO3POCJIO. B Apyrux ke BelecTBax,
KaK HM cTapaics «o0paTUTh» MX B MarHUTHYIO
BepY, MaJIIOCEHbKNE MAarHUTUKU BBHICTPAUBATHLCS
He XOoTAT. CMOTPSAT OHM II0 Pa3HBIM CTOPOHAaM,
KTO «JIUIIOM» CTOUT APYT K APYry, KTO — «CIIH-
HO¥»... B oburem, mosHbIN OecriopsAoKk, HUKa-
KOM KOJIJIEKTUBHOM OpHeHTanuu. Bce MaXOHBb-
KHe MarHUTHBIE ITOJIA CJIOBHO IIO€AAIOT, MHAUe
roBOpsi, — KOMIIEHCUPYIOT APYT Apyra.

BemecTsa, crocof0HBIE XOPOIIO HAMarHU4YH-
BaThbCs OJlarofapsi COBMECTHBIM UETKHUM «JeicT-
BHUsSM» BUXPEBBIX MHKDPOTOKOB, HA3LIBAIOT (hep-
POMarHeTHKaMH. JTO IIPeXKJe BCero »kejae3o, He-
KOTOpbIE COpPTa CTaJ ¥, KODAJbT, HUKeJb. A Te
BeIecTBa, BHYTPU KOTOPBHIX MATHUTHUKH pPacIIo-
JIO}KEHBI XaO0THYECKH, OUeHb CJIa00 OTKJIMKAIOT-
cs Ha JieficTBHe BHEIIHMX MarHuTHBIX nojseu. K
HHUM OTHOCSTCA AJIIOMUHMH, MeIb, IJIaCTMAaCChHI,
ZlepeBo.

MHorue MeTaJLIbl, ABJIASICH XOPOIIUMHU IIPO-
BOAHUKAMH, B TO K€ BpeMs — BeChbMa CKBeEp-
HbIe MarHuTbl. BOoT moyemy, CKa)eM, KOpIIyC
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KOpabeJIbHOrO KoOMmaca MOXKHO CHAeJaThb U3
OPOH3HI MJIM JIATYHM — BJIUATH HA IIOKa3aHUA
CTPEJIKM OH OOYTH He OyzeT.

KAK MATHUT
«IIEPEKOJITTIAKOBATDH»?

Kasxapiit u3 Hac MOXeT chejlaTb MAarHuT y
cebst moma. [ aTOro HajO B3ATH AJIMHHBINA JKe-
JIEBHBIH I'BO3AL WJIM HOXKHUIBI M IOJIOXKUTH UX
BJIOJIb HAlpaBJIEeHUs, YKa3aHHOI'O KOMIIaCOM, TO
€CThb II0 JIMHWU «CceBep-lor». IloHamobuTcs He-
CKOJIBKO JHE#, ¥ BOT I'BO3Jb CTaHET HIPOSBJIATH
MarHUTHBIE CBOMCTBA — IIPUTATUBATH CTAMb-
HbIe CKPENKH WM KHOIKH.

Ho BoT mpozesnaeM oOpaTHBIM OIBIT — pas-
MArHATUM IBO31b. O4eBHUAHO, YTO JJISI 3TOTO MbI
IIPOCTO IIepeBEPHEM €ro KOHIIEl H IIOJIOKUM €ro
«IOKHBIM » TIOJIIOCOM Ha ceBep. Temeph KayKablil
ZleHb OyZieM ITPOBEPATH er0 « MAaTHUTHYIO CHJIY».
Oxaxxercsa, 4TO OHA CO BpeMeHeM ocjabeBaeT, B
KaKo#-TO ZeHb I'BO3b BOOOINEe pasMarHUTHUTCS,
a 3aTeM BHOBb HayHET ee «HabmpaTb», HO yxKe
IIOMEHSAB IIOJIIOCA MECTaMH.

OTOT OUBIT ITOKA3HIBAET HAM, UTO IIPUXOLMUT-
CA 3aTPAYMBATh KAKHE-TO BHEITHHE YCUJIVA AJIA
«IIepeCTPOMKH» MarHuTa. BHyTpeHHUE KpOXOT-
HbIe MarHUTHKHU BemecTBa HeOOXOAMMO pas3Bep-
HYTb B 0OOPaTHOM HalpaBJieHWHU. BHITIOIHSAET 3Ty
pabory marsMTHOe moje 3emau. Ho, Moxer
ObITH, 9TO MOJIe caaboBaTo?
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Ecyiu 3acyHYTb I'BO3JIb BHYTPb ITIPOBOJIOUHOM
KaTyUIKd C TOKOM, TO HAMarHuTUTh U pasMar-
HHATUTH €ro yZaeTcs ropasno owicrpee. BoJee To-
ro, Mbl MOYET PeryJIMpoBaTh 3TO BpeM#dA, YCH-
JUBadg WJIKX YMEHbIIasd MarHUTHOEe II0Jie KaTyIl-
KM C IIOMOIIBIO TEKYIIEero o Heil Toka. [leicT-
BUTEJbHO, OBLIO OOHAPYXEHO, YTO CHJIA TOKA
NpAMO BJIMAET Ha BEJHUYUHY BO3HUKAIOIIETO
BOKPYTr IPOBOAHMKA MarHUTHOIO IIOJISA.

Takum 06pa3oM, OKa3aJIOCh BO3MOXKHBIM Ma-
HUIIYJIUPOBATh BEJUYUHOM MArHUTHOrO IOJA,
YIpaBJasad UMHU C IIOMOLIBIO TOKA, TO €CTh IIOJY-
YUTh IIePEMEHHBIN II0 CuJie MarHur.

MoxHO IIOBJIMATL HA MAarHUTHOE IOJIe Belle-
cTtBa M Apyrum cnocobom. Ecim Harpers, Ha-
IIpUMep, TOT Ke IKeJEe3HBIA I'BO3Ab N0 HECKOJIb-
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Ierp Jleonxnony KanxHna
(1894—1984) — poccuiickuit
¢usuk, yueHuk Pesepdopaa.
OauH U3 ocHoBaTeJedl GUIUKHU
CHJILHBIX MArHUTHLIX NOJIEH.
IlonyuuB pexkopAHble 3Haye-
HHS NOJsI, U3Y4aJ ero BJHS-
HHe Ha ¢Hu3uYecKUe cBoHCTBA
BenecTB. IIpU3HAHHLIH aBTO-
puTeT B QU3HKe HU3KUX TeM-
nepatyp. PazpaGoTan TeXHHUKY
TOJIYYEHHUs] KUJKHUX IasoB, OT-
KPpLLJ SIBJICHHE CBEpXTEKyue-
CTH. 3aHMMaJICS BJIEKTPOHH-
Koit GOJILIIAX MOII[HOCTEMH, BhI-
JBUHYJI THIIOTE3Y O MpHUpoje
1IaPOBO# MOJIHUM.

KHMX COT I'paZlycoB, TO €ro MarHUTHLIE CBOMCTBA
ucue3HyT. IIpy BBICOKOII TeMmepaType HMHTEH-
_CHBHOE TeIJIOBOE IABUWI)KEHHE aTOMOB He IO03BO-
JIUT MUKPOCKOTNYECKUM BHYTPEHHUM MarHuTH-
KaM BBICTPAMBATLCA II0 IIOPAAKY, YCHJIUBaAA
Apyr ppyra.

MOKET JIK MOCBKA
YIIPABJIATH CJIOHOM?

He npomio u fByXcoT JIeT, KaK y 4YeJIOBeKa
MOABHUJIOCH B PyKax MHorooOemjamoIiree n3zobpe-
T€HHE — 3JIeKTPOMArHuT. Bo3MOXXHOCTL OOHUM
Haj)KaTWeM Ha BBIKJIIOUATEJIb IYCTUTH TOK IO Iie-
14, B KOTOPYIO BKJIIOUEHA ITPOBOJIOYHAs KATyIII-
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Ka, «0’KUBHUThL» B HEHl MarHUTHOE II0JIe, CHeJIaTh
ero 1o6osibIle MJIM IIOMEHbIe, a 3aTEM U BOBCE
BBIKJIIOUNTh — ObLIA OYEeHb COOJIA3HUTEJIHLHOM.
Korpa xe B KaTYImIKy BCTaBJISAJJN JKEJE3HBIA
CTep>KeHb, €6 MarHUTHHIE CBOMCTBA MHOIOKpAT-
HO BO3pacTaJsu.

He npuxopuyioce gy BaM HaOJIIOAATh, KakK
OTPOMHBIE CTaJIbHBIE JETaNU JIETKO IOAXBATHI-
BaJI, «IIpUJeIIsad» K cebe, a 3aTeM IIePEHOCHJI
NIOA'bEMHBIM KpaH 6e3 BCAKMX KpIOKOB? Takue
KpaHbI cefyac IMUPOKO IPUMEHAIOTCS Ha MeTaJl-
JIyprudyecKMX 3aBOAaxX M IPY30BBIX ABOpax. A
Bellb 9TO — IIPOCTO MOIHBINX 3JIEKTPOMArHWUT.
CmoTpuTe, Kak yaoOHO: BKJIIOUMJ TOK — IIPH-
TAHYJI TPY3, BBIKJIIOYUJ — OTBAJIUJICH.
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Hy passe He Mmoria
B CBSI3H C 9THUM IIPUATHU
Qf‘a\“”'" Ar”b B T'OJIOBY eIlle ofgHa 3a-
")T'O“ T  MaHuuBad unea?
s ‘ Brioyass MM BBIKJIIO-
yasg TOK, MBI MOJKEM
«BKJIIOYaTb» HJIHM «BBHI-
KJIIOUaTh» MarHurT.
Tor, B cBOIO ouepenb,
NPUTATABAET UJIHM OTIIY-
CKaeT JKeJIe3HbIM KOH-
TaKT, CIOCOOHBIN 3aMK-
HYTb WJHA Pa3OMKHYTHb
yoKe IPYrylo 3JIEKTPpHUECKYIO 1ieloYKy. To ecThb
MaJICHBKUM TOKOM MOJYKHO IIPMBOJAUTL B JieiCT-
BUE IIENH, COCTOAIIME M3 MOIIHBIX IIOTpedOuTe-
Jiell 3JIeKTPO3HEPruM. ITO HA3LIBAETCS peJie.
Croco0HOCTL 3JIEKTPOMATHUTOB 3aMBIKATh
U pa3MBIKATh dJIEKTPUUECKHE IeIIOUYKH HAaIlJja
IIpUMeHeHUe B 3JIEKTPUUECKUX 3BOHKaX, AHUC-
TAHIIUOHHBIX II€PEKJIIOYATEeNAX, Sal[UTHBIX
CHMCTEMAX ¥ B CAMBIX DPa3HEIX 3JEKTPOTEXHMH-
YEeCKHX CPEICTBAX YNPABJICHUS U CBA3U.

KOT'TA 3AITHIITAJIA «MOP3STHKA»?

JaBHO MeuTaJ yeJIOBEK, YTOOBI KaKoOe-HH-
Oyzne Ba)kHOe ero coobmeHue OLIJIO KAK MOYKHO
ObicTpee nocraBieHO ajpecaTy. Korpa-to arty
POJIL BBIMOJIHAJNY NeIllue I'OHI(bI, 3aTeM IIHUCh-
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MeHHBIe IIOCJIAaHUA nepenaBaau BcagHuku. Ilo-
sIBMJIACh I10YTA — IIeJlasi CUCTeMa pa3BeTBJIEH-
HOM CBA3H, IJe CKOPOCTH IlepelauHu coobiie-
HUH omnpenessaach BO3MOXHOCTAMM TpaHC-
nopta. Ho MbICJBL 00 YCKOpPEHMH 3TOH CBA3H
He JaBajla IIOKOA.

Ecium BBl uymranmu pomaH A.llioma «I'pad
MouTe-Kpucro», TO, BO3MO:KHO, oOpaTuiu B
HeM BHUMaHHE Ha MeXaHWYeCKMi Texerpad. B
YeM-TO II0 IIPDUHIIMITY CBOEro IeiCTBUA OH IIO-
X0K Ha mnepefayy CUTHAJIOB (Ja’KKaMHu C KO-
pabsis Ha KopabJjb. TO KAk pasroBop rJIyXoHe-
MbIX. Takue croco0Obl AEUCTBYIOT JIMIIL B IIpe-
Iesiax npamou BugumocTu. Kak ke mepenaBaTh
cursHais! ObICTPO M Ha OosbIilloe paccTosHuUe?

IIpumMeHeHMUE 3JIEKTPOMArHUTa IIPOU3BEJIO B
CpelcTBaxX CBA3M HACTOAILYIO peBoJOnuio. B
TPUALATHIX TOJlaX ITPOIIJIOro BeKa ObLI IIPUIY-
MaH IepBbI TederpacdHBIH ammapar. Amepu-
KaHcKui n3obperarenn C.Mopae co3nan cBoeod-
pa3Hyi0 a30yKy, Has3BaHHYI0 ero mmeHeMm. Te-
nepnL TeJierpaducT, HaXKUMadA HA KJKOY, 3aMbI-
KaJI ¥ Pa3MBIKAJI 3JIEKTPUYECKYIO 1ellb, Ha KOH-
1Ie KOTOPOil NPUBOAMJICA B JEUCTBUE 3JIEKTPO-
MarauT. K BKJIIOUeHHOMY MarHuTy IIPUTATHBAI-
cA pblYar, CBOMM KOHIIOM yJapsIOn[uii 1o IBU-
Kylnencsa OyMasKHOU JieHTe. B 3aBUCUMOCTH OT
IJIUTEJbHOCTH CHUIr'Hajla Ha JIEHTe BBICTYKMBA-
JIUCh KOPOTKHE W IJUHHBIE YEPTOUKH-TOUYKH U
Tupe. KoMOMHAIIMKU 3TUX 3HAKOB IIPEACTABJIANIA
co00if OYKBBI M 3HAKW NpEeNUHAHUA. SHAUUT,
CTaJI0 BO3MOXKHBLIM II€peJaBaTh IIC IIPOBOJAM
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TEKCTHI C HEBEPOATHO OOJILIIION CKOPOCTHIO — C
KaKoil OeXXHUT II0 HUM OJJICKTPUUECKHUM CHUT-
HaJ — M Ha CKOJIb YroAHO 0OJIbIINE DPacCTOA-
HuA. Hy, Ha CKOJIbKO ITPOBOZOB XBATHUT.

TenerpatHas cBA3b, CJIOBHO NAayTUHA, OILJIe-
Jia BCi0 3eMui0. MMJIJIMOHEI KUJIOMETPOB IIPOBO-
OB ObLIM IOABENIEHHI HA CTOJ0ax MJN IIPOJIO-
JKEeHBI IIOJ 3eMJiei, II0 JHY PEeK M Jake OKea-
HOB — MeXXJy KOHTHMHEHTaMH.

«¥Y MEHS 3A3BOHHUJI TEJIE®OH...»

- A MOXXHO JiM IepefaTh Ha pacCTOAHME I'0JIoc?
IlaBaiiTe mogymaeM, Belb B TeJerpa)EOM anmna-
paTe SJIEKTPUYECKHUH CUTHAJ BO3HUKAET IIOX
IaBJIEHWEM IIaJiblla Ha KJII0Y. A HeJb3s JU IaB-
JIEHHEM TI'0JI0Ca IPOU3BOAUTH TaKHe 3aMBIKAHUA
nian pas3MbIKaHusa nenu? Yrtobwel peasn3oBaTh
3Ty MJel0, IMOHaZo0MJIOCh IPOMTH OT HU300peTe-
Hus Teyerpada LesbIM COPOKa rofaM.

TeneoH, a MMEHHO TaK CTaJl HA3LIBATHCH
HOBBIN amnmapar, B IPUHIIUIIE IIPEJCTABJISAET CO-
60ii HeOoJIbIION mpeoOpas3oBaTeNb S9HEPrUM Ha-
IIero roJioca B 3JeKTpUUecKylo u oopatHo. Kor-
Ja MBI I'OBOPUM, BUODUDYIOT HAIlX TOJIOCOBBIE
CBA3KU. JTa BUOpauus nepenaeTrcsa 4yepe3 BO3-
AyX ¥ YJIaBJIMBAETCA METAJIJIUYECKUM IHUCKOM-
meMOpaHoit B muxkpogone. MemOpaHa, Koje0-
JSCHh IIOA BJIMAHUEM ro0JIOCa, AABUT Ha IIPOBO-
OAIIUHA IIOPOILIOK ITON HEM M MEHSEeT €ro 3JIeKT-
pUYeCKOe COIIPOTHBJIEeHUEe. SHAUUT, B IIPOBOAAX,
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MOAKJIIOUYEHHbIX K TOPOLIKY, 3JIeKTPHUECKUH
TOK CTAHET MEHSATHCS B TAKT ¢ KoJeOaHUAMH
rojoca. Eciu Ha KOHIE JMHUM YCTAHOBUTBH
3JIEKTPOMArHuT, TO IPOXOASAIIUIMA Yyepes Hero Me-
HAOIUKCA TOK 34aCTABUT «INYJLCHDPOBATL» B
HEM MAarHUTHOEe IIojie. YKpeIlJIeHHas pAIOoM
cTaJIbHAA MeMOpaHKa TaK sKe «3alJIAlIeT», IoA-

YUHASACh MarHUTy, M HauyHET HU3JaBaThb 3BYKH,
BOCIIPOM3BOJISAIIIMEe HAII I'oJIOC.

ITepBas mepenaua ¢passl, IPO3ByYaBIIE IO
HacroameMy teixedony, mpousomia mouytu 120
JIeT Has3all. OTO YAAJIOCh CLeJIaTh aMEePUKAHCKO-
my usobperaresio A.Besny. HeysuaBaemo usme-
HUJICA C T€X IOp BUJ TesiehOHHOrO amrapara u
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BCs cucTeMa TesedOHHOU cBasu. CorJiacurech,
yTo Teneps 6e3 TesleoHA IMPOCTO HEBO3MOXKHO
MIPeJCTABUThL HAIY YXKU3Hb.

CKOJIBKO ¥ TOKA «POJIUTEJIEN»?

Kak BbI fymaeTre, MOMXKET JIM JIETAIHUHA CaMO-
JIeT CTATh MCTOYHMKOM TOKa? MpbI He MMeeM B
BHJy HHMKAKOe 3JIeKTpPoo0OpynoBaHHe, HaXonsd-
Imeeca y HEro BHYTPH, a TOJILKO €ro KOpIyc.
Tax BOT, OKa3bIBaeTCs, YTO ¥ CaMOJIET, U JII000it
KyCOUeK IIPOBOJIOUKH CTAHOBATCA KaK ObI OarTa-
peiKoif, IoJioca KOTOpOi 00pasyloTca Ha X
KOHIaX, IPHA ABUIKEHHH B MATHUTHOM IIOJIE.

JeJyio B TOM, 4TO 3aps’KEHHbI€ YACTUYKH, Ha-
XOAsAIHUecd BHYTPU BelleCTBa, MHCHIBITHIBAIOT
IIPX CBOEM JBHIKEHUH CHUJIY CO CTOPOHLI MArHUT-
HOro IoJisi. JTa CHJIa HAIIpaBJieHa IIOIEepeK UX
CKOPOCTH, OHA-TO ¥ Pa3rOHAET, Pa3BOAUT 3aps-
Obl TI0 KOHIIAM IIPOBOAHMKA. B TakoM Marsur-
HOM II0JIe, KaK ITojie 3eMJiH, 9TOT 9hDdeKT ma-
JoszameTeH. Ho ecsiu co3zmaTh MOJIA IOCUJIBHEE,
OHM BBLISOBYT 3HAUUTEJbHOE DJIEKTPUYECKOe Ha-
Nps’KeHHe B IBI)KYINEMCS IIPOBOJAHHUKE,

BrisicHus0Cch, 4TO nMomoOHOe HaNpsIKEHUE
M, KOHEUHO, IIOATOHAEMbBIH UM 3JIEKTPUYECKU I
TOK «BO30y)XIalOTCs» NPH JIIOOBIX ITepeMeHax
MarHuTHOrO TIIOJIsi, IIepeceKalolero CBOMMHU
JUHUAMHU 3aMKHYThle IPOBOAHUKU. Hampu-
Mep, €CJIM BABUTATh MOJOCOBOM MArHMT B IIOJ-
BeIIeHHOe Ha HUTH MeTaJlJInuecKoe KOJIbIl0, TO
MOYXHO 3aMETUTh, KAK OHO OTTAJKHBAETCHA OT

275



Maiika ®apaneit (1791 —
1867) — aurymiickuit pusnk.
ABTOp MHO>KECTB& BhIJalOII{HX-
cs1 oTkpuITH#. Co3aas nepBylo
N1aGOPATOPHYIO MOJEJDb 3JIEKT-
POABHUIaTesl, OTKPLLI SIBJie-
HHEe JJIEKTPOMArHUTHON HWHAYK-
[MH M YCTAHOBHMJ €r0 3aKOHHI,
c)OpMYJIHPOBAJ 3aKOHKI DJIEK- i
TpoJu3a. Bees HoBLIe pH3HAYE-
CKHe NOHSITHS, IJIABHLIMH H3
KOTOPLIX fABJIsIETCA TMOHSATHE
110J151, ONMMCLIBAEMOTO DJIEKTPH- |
YEeCKHMH M MArHHTHBLIMH CHJIO-
BLIMHY JUHHAMH. Jlokasan Ha
OIILITE 3aKOH COXpPaHEHUS
9JIEKTPUUECKOTO 3apsifia, GLlJI
GJM30K K OTKPLITHIO 3aKOHA
COXPAaHEeHUsl SHEpPruHu.

marauta. O0bACHAETCA 9TO TeM, UTO IPH IIe-
peMeneHM MarHuTa B KOJbIlE BO3HHUKAaeT
9JIEKTPUUECKHUH TOK, a 3TO, KaK U3BECTHO, Je-
JlaeT caMO KOJBIO HeOOJBLIIMM MArHUTHKOM.
Bor gBa MarHuTa — IIOCTOAHHEIA M KOJbIE-
BOM — CTaJIM B3aMMOJEMCTBOBATh.

SBineHue, KOTOPOE MBI OIMKUCAJIN, HA3LIBACTCA
3JIEKTPOMATrHUTHOH HHAYKUHeH. OTKDPBLITO OHO
o610 B 1831 rogy M.®apaneem. UToObl Jierko
€ro 3alOMHHTbH, cCHOPMYJIMPYEM €ro Tak: u3Me-
HAKIeeCsA MArHHUTHOE TI0JIe TOPOYKIAeT 3JIEKT-
pUYECKUH TOK.
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OTKYJA B TEHEPATOPE
BEPETCS TOK?

Kak-1o nmpoBesim Takoit onelT. CriepBa OTIy-
CKaJI¥ I10JIOCOBOM MarHuT, ¥ OH Iaziaj, IpOX0o4sd
CKBO3b IIPOBOJIOYHYIO KaTYIIKy C PAa30MKHYTHI-
MM KOHIaMU., BO BTOpOM cyiyuae MarHUT IIpO-
JleTaJl CKBO3b Ty K€ KaTYIIKy, HO TeIlepb ee
KOHIIBI yoKe coequHUIN, OKa3aaoch, UTO IIEePBHIA
pa3 MarHuT JIETUT ObICTpee, CJIOBHO BO BTOPOM
OIIBITE er'o UTO-TO IpUTOpMaKuBajyio. OTuero Tak
npou3ouao?

O0bsicHeHHEe KDPBLIOCH B SABJIEHHUH 3JIEKTPO-
MarauTHOM HHAYKNMM. IIposeras CcKBO3b Ka-
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Omuamit XpHcTiaHOBHY
Jlenn (1804—1865) — poccuii-
ckui pusuk. Hayunyio ussecr-
HOCTb MOJYy4HJ 6aronapsi uce-
JIel0BAaHHSAM 5JIEKTPOMATHETH3-
Ma. IToapo6HO paspaboTan sB-
JIeHKe SnexTnoMarudTuok un.
JAYKLHHA, YCTAHOBHJ 3aKOH Tell-
JIOBOTO AeHCTBHUS dJIEKTPHUE-
ckoro Toka. Koncrpyuposan
3JICKTPHUYECKHE MAIAHLI, OT-
KpbIB HX 06paTHMOCTb, Paccuu-
THIBAJI 3JIEKTPOMATHUTEI, U3Y-
YaJI 3aBHCHMOCTL CONIPOTHBJIE-
HHS METaJlJIOB OT TeMIlepaTy-
PHI.

TYLUIKY, MAarHuT Kak Obl IPOTACKUBAaET Yepe3 Hee
CBOe MarHuTHOe mnoJie. BxoguT — mnojse Hapa-
CTaeT, BLICKAKUBaeT BHU3 — 1oJie yoriBaer. Ta-
KHe IIepeMeHbl MarHUTHOI'O IIOJIA JNOJIXKHBI BbI-
3BaTh B KaTyIlnkKe ToK. Ho roka oHa pa3sOMKHYTa,
Teub €My HeKyZa. A BOT KOrjja ee KOHIILI 3aM-
KHYJIU, «BO30YAUBIINICA» B KaTYIIKe TOK, KaK
€My ¥ IIOJIO}KE€HO, HEMHOI'0 HarpeJj IIPOBOJIOKY.
OTkyza B3anach s sToro sHeprua? Temeps He-
TPYAHO JOTaiaThCA — €€ «II03aMMCTBOBAJIV» Y
nazammero maraura. IlIoromy-To ero u npuTop-
Ma’KHUBaJIO.

Huxkakux BUAMMBIX CHJI B 9TOM OIILITE Ha
MarHuT He neiicTBoBayio. OTHAKO OHHM BIIOJIHE
peaJibHBI, CJIOBHO MAarHUTHOE «TpeHHe». Jla-
BaliTe moaymMaeM BMeCTE, a HEJIb3s JIU II0JO0-
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6ubIM 00pa3oM OTOMPATH OT ABUXKYIIUXCA TeEJ
MX MEeXaHHUUYECKYIO SHEpruio M NepeBOJUTH ee
B 9JIEKTPUUYECKYI0? OTa MBICJIb, KOHEUYHO, IIO-
KPYTUBIIHUCH HE OJUH I'OJ M He B OAHOH roJo-
Be, IIpUBEJIa K CO3NAHUIO reHepaTopa 3JIeKT-
PHYECKOro TOKa.

Ins aToro, mpasia, NIPUIIJIOCHL BpamaTh B
MarHUTHOM II0jie NMIPOBOJIOYHBIE paMKH. JIubo
Hao00OpOT, BHYTPH PAMOK KPYTHTb MarsLur. B
ofoux cyiyuasX Ha KOHI[AX PaAaMOK BO3HHMKAJIO
IMepeMeHHOe 3JIEKTPUUYECKOe HANPAKEHHE, TO
eCTh MOJIyYaJIiCsd MCTOYHHK ToKa. K KoHIly mIpo-
IIIJIOr0 BeKa TaKue reHepaTophl HAauaJu MIHPO-
KO BHEIPATHCA B TeXHUKY. Ternepp Ke OHU —
OCHOBHBIE YCTpPOHCTBA, IIPOU3BOAAIINE IJIEKT-
POSHEPrHuI0 HAa THAPO-, TEMJO- M AaTOMHBIX
CTAHI[UAX.

KAK TOK 3ACTABJIAET
BPAIIIATBCA MOTOP?

MO’KHO JIM IIepEeBECTH JEKTPHUUYECKHUI TOK B
KaKoe-TO MexaHudecKoe aABmykeHue? Bens ecsu
BpaliaTh IIPOBOJIOYHYI0O PAMKY B MATHUTHOM IIO-
Je, MO Heil moTedeT TOK. A 4TO, ecau Haobo-
pOT, — HaAM CaMHM «3aIlyCTUTH» TOK II0 paMKe?
He mauner su Torma oHa Bpamatbesi? Kak ke
9TO II0OXO0XKe Ha OIBIT, KOTJla uepe3 II0BelIeHHOe
KOJIBLIO IIPONYCKAJIX TOK M OHO CaMO CTAHOBH-
Jock MarHuToM. Tak ke U pamMKa — JIMIIb IIO-
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feryrT mo He# 3apAnbl, OHA CJIOBHO OKPY’KaeTr
ce0s1 MAarHATHBIM IIOJIEM M HAuYWMHAET B3aUMO-
JleficTBOBATh C MarHUTOM, BHYTPH KOTOPOI'O Ha-
xonuTca. To eCTh — KPYTUTHCA.

Tenepr mosiomaiTe rojioBy, I'Zieé B BalieM Jo-
Me BBl cMOrJiM OBI ceifyac ke IoHaOJIOmaTh 3a
IeiicTBHMEM ITOLOOHBIX ycTpoicTB? BermomHMIN?
Hy, pasymeercsi, 5T0 — BC€ 3JE€KTPOMOTOPBI.
OH¥M BpamialT HaM CTHPAJBHYIO MAlIWHY, IIPHU-
BOIAT B NeHCTBUE NIBLIECOC, KOPEMOJIKY, APEb,
(heH IJIA CYIIKM BOJIOC, MHUKCED, 3JIEKTPOMSACO-
PYOKY, 3JIEKTPOOPHUTBY, XOJIOAUJBHHUK... A YK
KOJIX MBIl BBITJISHEM B OKHO Ju0O noiizeM 10
CTPOMKH WJH 3aBOJA, TO IAJILIIEB HE XBATHUT,
yToOBl IIEPECUMTATh BCE IIOMABIIME Ha TIJjasa
SJIEKTPOJBUTATEJIH,

IdToT THUN ABUraTesd obJiamaeT HECOMHEH-
HBIMH IIPEMMYIEeCTBAMU Iepeln, CKakeM, Tell-
agoBeIMH. OH He «BOHAET», B HEro He HYXKHO
HeIlpepPBIBHO ITONaBaTh TOIJHUBO, JUIIb ObI ObI-
Jla BO3MOYKHOCTD IMOJAKJIOYUTLCA K dJIEKTpUUE-
CKOH ceTH.

C TakMMHM MOTOPUMKAMH BaM HaBEPHSIKA
MIPUXOAUJIOCH UMETH JeJIO C JEeTCTBAa, €CJIM BHI
JIO0OMJIM UrpaTh ¢ MANIMHKAMHU HA JJIEKTpUUe-
CKOM Xo0onay. A y:X TeM, KTO 3aBeJl JjoMa Je-
TCKYIO KeJIE3HYIO JOpOory — U IofaBHO. B Heil
BCe ITaPOBO3UKH, 3JIEKTPOBO3UKHN, MOTOBO3UKM
paboTaT ¢ MOMONIIbI0 MHUHUATIOPHBIX 3JJIEKT-
POMOTOPOB.
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CHHU3HUTDb HAIIPSIKEHHUE? —
TMOKAJIYHCTA!

Ber He oOpamiany BHUMaHMUsS Ha HebOOJIbIINE
IOMHUKH, CTOSAILIME B KaXKJOM MHKpOpaioHe ro-
pozia, B KOTOPBIX uTo-TO ryauT? Ha nBepAx aTux
IOMHUKOB CTpaHHBIe Hagnucu — «Tp-p Nel» u
«Tp-p Ne2». YUto sT0 3a «THIPHI-NILIPBI»? Pac-
mPOBLIBAETCA 3aragoyHoe 0003HauUeHUE KaK
«tpanctopmarop». A-a, CKaXkete Bhl, 3TO YyXKe
YyTO-TO 3HaKoMoe. U, MoKeT OBITb, BCIIOMHHUTE
IoMalllHHMe TpaHchOpMaTOphl, 4Yepe3 KOTOphIe
MOAKJIIOUAIOT K CeTH CTapble 3JEeKTPOIpubopsI,
Hanpumep, xogomuabHUKH «3WUJI». Ina uero
JKe HY)KHBI 9TH ycTpoiicTBa?

Yrobbsl mepesaTh 3JIEKTPOIHEPTHIO OT «IIPO-
U3BOAUTEJNSA», CKAY¥KEM, IMAPOCTAHIINH, K «IIO-
TpeOuTEN I0», TO €CTh B HAIIM J0OMa U Ha Ipej-
NPUATHS, HYXXHO IIPOTAHYTH NPOBOAA. XOPOIIO
OBl B HUX IO IIyTH TEPAJIOCH KAaK MOXKXHO MEHbIIIe
sHepruu! BhelsicHMIIOCH, UTO €CJIM BECTH ee Iie-
penauyy npu NOCTOSHHOM TOKe (Kak ot OaTapeii-
K{M WJIHU aKKyMyJIATOpa), TO MoTepb, — Oojblme.
A npu mepeMeHHOM TOKe, KOTODBIN BhIpaGaTHI-
BaeT reHepaTop — MeHbuIe. TOJBKO HAIpsKe-
HHUe JOJIKHO OBITh OueHb OosibiuM. BoT TpaHc-
(opmaTops! U caAyKAT IJIA TOro, YTOOLI IIepeBo-
IUTh HU3KOE HAIPsS)KeHHe I'eHepaTopa B BHICO-
Koe. HaBepHoe, BbI CJIIBINIAJIN, KAK F'OBOPAT: BEI-
COKOBOJIbTHAA JIMHHA.

IIpoiixsa nopoii TeICAYM KMJIOMETPOB, TOK BbI-
COKOro HamIpSAMeHusa 3aTeM «TpebyeT», UTOOBI
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JvuTpHii AlekcaBAPOBHY B
Jlauumos (1842—1902) — poc-;
CHHCKHH! DU3UK M DJIEKTPOTEX-
HukK. IIpoBoaMs MCC/eNOBAHNS
B 06J1aCTH 5/IeKTPOMATHETH3-
Ma ¥ onTHkH. Ilokazan Bo3- i
MOYXHOCTb IEPeJiau’ SJEKTPO-
SHEpruH Ha 60JLIOMEe PACCTOSA-
HHUSA [0 TPOBOJaM. YCTaHO-
BMJI, UTO yBeJIAUEHHE HATIps-
9KeHHS NPUBOJHT K YMeHbINe-
HHIO NIOTepb. BLIACHUJ mpe-
HMMYMECTBO NapaljeJbHOTO CO-
eMHeHHs JaMi. ABTOp psja
BA&XKHBIX TEXHMUYECKHX H306pe-
TEeHUH.

ero ciu3uau. K npumepy, no Hauiero KOMHaT-
Horo HanpsikeHus 220 BoiasT. I TYyT BHOBB
BCTYHAalOT B ZieJI0 TpaHcGHOPMATOPLI, MOHUXKASA
CTYyNEeHAMHU, CJIOBHO HIJIIO3BI, BHICOKOE HAMps-
JKeHHe 0 HYKHOro HaM.

IIpunnun geiicTBus 3TOro mpubopa MpOCT.
Ha onHy IIpOBOJIOYHYIO KaTYHIKY IOZAIOT, CKa-
’KeM, BBICOKOe HallpsKeHHe. IlepeMeHHBINH TOK,
NyJbCUPYsI 1O KaTyUIKe, CO3ZaeT BOKDPYr cebs
IepeMeHHOe MarHuTHoe noJjie. Bropas karynika,
B KOTOPOH MeHbIIIe BUTKOB, cobepeT ¢ 9TOro mno-
JIA MEHBITHUM «yporkaii» XU Ha ee KOHIlaX BO3-
HUKHeT Oojiee HM3Koe HamnpsxeHue. Tak pabo-
TaeT MOHMMKAIOIUIA TpaHCGOpMaTOp, a MOBHIIIA-
Uit — HaobopOoT.

HaBepHoe, MOHATHO, YTO 3TO YCTPOMUCTBO IO-
JUTCA JHUMIb AJIA IepeMeHHoro toka. Ilpu 1mo-
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CTOSAHHOM TOKE 3JIEKTPOMATHWUTHONH HHIYKIIMHM
He BO3HHMKaeT, TpaHchopmarop paborats He Oy-
JeT ¥ MOXEeT Jake IeperopeThb.

PA3OTHATDH U IIOBEPHYTH!

Kak 3/1eKTPOHHBIN JIyd B KMHECKOIIe HAIIEero
TeJIeBK30pa «pHCyeT» IO 3KpaHy? BoaMmoxuo,
BBl 3aMeYaJid, YTO ITPHU BBIKJIIOYEHUH TEJIE€BU30-
pa KaKoe-TO BpeMs B cepejiHe 9KpaHa CBeTUTCS
IIATHBINIKO. OTO MOACKA3bIBaeT HAM, YTO pPaso-
THaHHbIEe B TOPJIOBMHE KHWHECKOIIA 3JEKTPOHEI
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Xenapuk Jlopern (1853 —

1928) — rosnaHAcKuil PUBMK-
Teoperuk. Coafai KJaccuue-
CKYIO 3JIEKTPOHHYIO TEOPHIO

KAaK TEOPHIO PasJHUuHLIX

CBOMCTB BEILECTBA U 3JIEKTPO-
MarHUTHHIX SIBJeHHH. Bpen cu- |
J1y, AeACTBYIONIYIO HA ABHIRY: &

1IIYIOCH 3apsAXKEeHHYI0 YacTUuly

B 3JIEKTPHYECKOM M MarHur-
HoM noJisix. CBOMMHM pacuera-
MM TMOATOTOBHJI NEepexoAa K uje-
SIM TEOPUH OTHOCHTEJIbLHOCTH

¥ KBaHTOBOH MeXaHHMKH.

«beryT» poBHO 1o npaMmoii. Uro ke 3arubaer ux
TPAEeKTOPUIO U 3aCTaBJSET IIONANATh B caMble
pa3HbBle TOYKH dKpaHa?

Ha B3apsiokeHHBIe YaCTHUYKH, IIONABIIVE B
9JIEKTPHUYECKOEe I0Jie, NEUCTBYeT — JIBUIKYTCHA
OHHU WJIM HET — JJIEKTPHUEeCKas »Ke cuja. A BOT
CO CTOPOHBI MArHUTHOIO IIOJIA Ha ITOKOAIIYIOCS
4acTULy He ecTByeT Hu4Yero. M Jumb TOJIBKO
B IBUKEHUU OHA «IIOYYBCTBYET», YTO €€ Ha4u-
HaeT CHOCHUTH... TAKUM XHUTPHIM 00pa3oM IIpo-
ABJsAET cebA MarHUTHAs CUJa.

9TO 3aBOpAUYMBAIOIIEE YACTUILY HEHCTBUE CY-
MeJI4 <«[IPUPYYUTH» M MCIIOJB30BATH B CAMBIX
pasHbIX npubopax. Bor B HanieM npumepe ¢ Te-
JIEBU30POM JJIEKTPOHHBIM JYYHKOM BO MHOTHX
caydasx yhnpapJisieT UMEHHO MarHMTHas CHJIA.

Jns pasneseHUd MajO PA3IMYAIOUIUXCA II0
Macce aTOMOB-POJCTBEHHHUKOB IPUMEHSIOT TaK
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Ha3bIBaeMEIe Macc-
cIeKTporpagesl. B
HUX 3apsKeHHbIE
aTOMBI CIepBa paas-
TOHAIOT 3JIEKTpHUYe-
CKHM IIOJIEM, a 3a-
TeM MOBOpa4YMNBa-
I0T — MAarHHUTHBIM.
PasnuuHpie Mo Mac-
cé YaCTHUYKHU OITUCHI-
BAlOT B MoJie AYTH
Pa3HBIX pa3MepoB.
ITO U IO3BOJISET OT-
JUYUTH UX CJIeAbl HA
JacTHHKaX, KOTO-
pble OHHM IIOTOM «3a-
CBEUMBAIOT».

IIpuHuun pa3roHa ¥ IMOBOPOTA 3apAMKEH-
HbIX YaCTHI[ C ITOMOIIBIO II0JIeif Jier B OCHOBY
YCKOpHUTEJIeH — OIHUX M3 CaAMBIX CJIOMKHBIX
COBPEMEHHBIX YCTAaHOBOK, NpeAHA3HAUEHHBIX
IJisl U3YUYEHUS CTPYKTYPHI BellecTBa.

JKHUBOIINCEILl CEBEPHOI'O HEBA

Kak kpacuBbsl mosnspHble cuauus! Passe He
WHTEPEeCHO, KAKOH XYJNOXKHUK DHCYeT B ceBep-
HOM Hebe sTu KapTuHbl? MoKeT OBITH, OTBET
IMOKAXXeTCHd CKYYHBIM, HO 3TO — MAarHHMTHOE II0-
e 3eMJH M INpHJETeBIINE K HAM M3 KOCMOCA
3apsKeHHbIe YACTUUKH.
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Xorsa 3emyas — OOJBIION MarHuT, I0JIe BOK-
pyr Hee BBINIAAUT He TaK, KaK II0Jieé IIPOCTO
HaMarHW4eHHOro mapa. Eciau uzo6pa3uTs ero ¢
TIIOMOIIIBIO CHJIOBBIX MArHUTHBIX JIMHHUI, TO OHU
OKa)XyTcsa Kak Obl ckocoboueHHBIMH. COo cTOpO-
Hbl CoJIHIIA T10JI€ CJIOBHO ObI IMPHUILJIIOCHYTO, a C
TIIPOTHBOIOJIOYKHON — HEOOBIKHOBEHHO CHJIbHO
BEITAHYTO. VICKa)XaeT CTPOMHYIO KapTUHY JIU-
HUH COOCTBEHHOI'0O MAarHUTHOTIO MOJIA 3eMJIM TaK
Ha3bIBAEMbIil COJIHEUHBIN BeTep. ITO — IIOTOK
3apsAKEHHBIX YaCTHUI[, UCITYCKAeMEIX BO BCE CTO-
poubl CoJsiHIIEM.

TeM He MeHee y MOJIIOCOB 3eMJIM MarHUTHOE
roJie CUJbHee, 4eM B Ipyrux obJsactax. I korga
3apsKeHHbIe YaCTHIbl, 3aXBaueHHble MATrHUT-
HBIM IIOJIEM, HAYUHAIOT <«KPYTUTHLCA» BOKPYT
ero JUHMUMH, UX IIOCTENEeHHO CHOCUT B 30HY CHJIb-
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HOro moJjii — K nojyirocaM. TamM 3TH 4aCTHIIBI
IIOCTHraIOT TAKMX CKOpPOCTei, uTo, 6oMOapaupyd
BO3YyX B BEePXHHUX CJIOAX aTMoc(depnl, 3acTas-
JIAIOT €ro CBETHUTBLCS. OTOT IepeJiXBaIoIIuiicsH
Pa3HBLIMM KPACKaMM CBET U HA3BAJIV NMOJSAPHBIM
CHAHHEM.

ITotrox BemecTBa oT CoOJIHIIA HEIIOCTOSHEH.
BriBalor roxel aktuBHoro CousiHila, OBIBAlOT M
yacTeIe HeperyJsipHele BCIBIMIKK. 3eMHas Mar-
HuTOcepa pearmpyeT Ha HUX, M B Heil BO3HHU-
KAlOT MarEMTHBIE OypH.

PacTeT MHTEHCUBHOCTDL IOJAPHBIX CUSHUMH,
IepeMeHbl B MATHUTHOM IToJie 3eMJIX OTMEdaioT
npu6Gopsl U, KaK Telepb MBI 3HaeM, K HUM BeCh-
Ma YYBCTBUTEJbHEI Jiroxu. IlosaTomy Hapsany c
OOBIYHBEIMHM CBOJKAMM IIOTOALI HAM COOOIIAIOT O
«He0JIarOMOoJYYHBIX» MarHMTHHIX NHAX.

JABYJIHKHU SIHYC
3JIEKTPOMATHETU3MA

HecmoTpsa Ha usobperenue Teaerpadga u Te-
nedona, 4eJIOBEKY TPYAHO OBLIJIO OTKA3aThCA OT
MeIcaiu 0 OecripoBoxHol cBa3u. Hy, mogymaiire,
3a4YeM TPATUTh CTOJBKO MeTaJljIa IJIA IIPOBOJOB
U fepeBa Ansa crTonboB? 3auem mpopybaTh AJA
JIMHUH CBSA3U IMPOCEKH B JiecaX UM BLIKAMIBIBATh
IJisi TmporJanku Kabesest roper 3emum? Ha-
CKOJBKO 6b1710 6B yo6HEEe HCITYCKATh B KAKOM-
TO MECTe CUTHAJI, KOTOPbI# Heccs ObI 6e3 BCAKHUX
IIOCPEAHUKOB B IIPOCTPAHCTBE, a 3aTeM HPHUHH-
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Tespux Iepn (1857—1894) —
HEMeNKUH GU3UK. DKCIEepH-
MEHTAJILHO JIOKA3AJ CYIeCTBO-
BaHHe 3JCKTPOMATHUTHLIX §
BOJIH, IIpeACKa3aHHLIX Makc-
BEJUIOM. YCTaHOBHJ, UTO CKO-
POCTh MX paclpoCTpaHeHUs
PABHA CKOPOCTH CBETA, CUMTAJ
BO3MOXKHLIM MX Iiepefiauy Ha
paccrosiuue. JlopaboTas Teo-
puioc Makcsesia 06 3J1€KTpo-
marueruame. HaGmionan siie-
Hue ¢orosdpdexra.

MaTh €ro Tam, r'je HaM Hy»XHO. Y BOT K meJsoi
CepuH OTKPLITHI B 00JIaCTH 3JIEKTPOMArHETHU3-
Ma, CHEJIAHHBIX BO BTOPOM ITOJIOBUHE IIPOIIJIOTO
BeKa, N00aBUJIOCH eIle OIHO.

CriepBa 0b1JI0 TIPEACKA3aHO CYIIIeCTBOBAHUE
9JIECKTPOMArHUTHBLIX BOJIH. ITO OBLJIO CHeJIaHO
arauyanuaoM Jlk.Makcseasiom. Bxpartie
ues 3aKJIIO4ajJach B TOM, YTO HE TOJBLKO 3JIeK-
TPUUECKOE II0JIe, KAK B KaTylIKe C TOKOM, MO-
JKeT co3xaBaTh MaruutTHoe. Ho u mepemenHoe
MarHUTHOE NOoJIeé CIIOCOOHO MOPOXKOATh 3JIEKT-
pHUYecKkoe, KaK B ONbIT€é C MarHMTOM, IaJaro-
UM CKBO3b KaTymky. Ilonyuaercsa, urto cy-
H[eCTBYeT KaK OBl OQHO — 3JIEKTPOMAarHuT-
HOe — IIoJie, KOTOpOe IIPpeACTaeT Iepes HaMH
TO B BHJE TOJbKO MAarHUTHOro, TO — 3JIEKT-
puudeckoro. Ha camMmoMm ke JeJjie 3TO BCero ABe
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€ro CTOPOHBI, JlBa €ro «Julia», Hepas3pHIBHO
CBA3aHHBIE APYT C APYroMm.

N BoT ecnu co3zpaTh ycioBus, Korga OBICTPO
MEeHSeTCA OAHO M3 3TUX IOJIeH, TYT JKe PSAAbIII-
KOM TaK e ObICTPO HAYMHAeT MEeHATHLCA JPYyroe.
dra acradera mepeMeHHBIX IIOJIeli 3aXBaThIBAeT
ONHY 3a APYroi obsacTH IMPOCTPAHCTBA C CAMOU
OosbLION B MHpPE CKOPOCTBIO — CO CKOPOCTBIO
ceera. IHaue roBopAT, 4TO noberxkajia 3JeKTPO-
MarHATHas BOJIHA.

Ilpenckazanue [Isx.MakcBeana ObLIO TOA-
TBepKAeHO B 1888 rogy 3HaMeHUTHIM HEMEIKUM
¢dusukom I'enpuxom I'epuem. B cBoux ombiTax
OH JIOKa3aJjl, YTO TaKUe BOJIHbI JEUCTBUTEJBHO
CYIIEeCTBYIOT.

KAK 3ATOBOPHJIO PATHO?

JJIeKTPOMAarHMTHas BOJIHA — 3JTO Iepexada
CI'YCTOUKOB 9JIEKTPUYECKOH U MArHUTHOM sHep-
ruu yepe3d npoctpaHcTBo. OHa MOKeT pacIpo-
CTPaAHATBCSA B BO3AyXe, B MeTajlie, a caMmoe
IrJIaBHOe — B IIyCTOTEe, B Bakyyme. 1 ecau ee
HUCIYCKATh KaK Obl MOPIUAMHU, UMIIYJIbCAMH, TO
OosibIneif, TO MEHbIIEH BeJIHWYUHEI, He BBIAAET
JIA TaK, YTO T€M CaMbIM MEI NepenaguM HHGOp-
Manuio?

Ilocne ob6Hapy:xkenus I'.I'epuieM Takux BOJH
IIPOLIJIO BCEr0 HECKOJIBKO JIeT, KaK UX «BIIPAT-
Ju» B paboTy no nepenaude cursaios. Pycckuii
yuenslii A.C.ITonmoB u uranbaHCKUN pajguoTex-
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T'yasenasmo Mapkonn (1874—
1937) — uranpAHCKEA PUIHK
H MiKeHep. OAWH M3 co3paaTe- :
neit paguo. PazpaGoTan npu6o-;
pHI 6eCITPOBOJIOYHOTO TeJIerpa-
¢a. OcymecTBHA PajiHOCBA3b

3

yepe3 ATJaHTHYECKHH oKkeaH. i
Cnoco6cTBOBAJ MHPOKOMY PAC:

NPOCTPaHEHHIO PAJIHO KaK
CpeiCTBa CBS3H.

HuK I''Mapkonu cymesn n300pecTy yCTPOMCTBO,
cnoco0HOe H3JIy4YaTh 3JEKTPOMAarHMUTHBIE BOJI-
Hbel. OHOrO Takoro ycrpoiicrsa ObLJI0 MaJio, HY-
JKeH emje X npuemHHMK. Korzma mosisuiucs oba

Anexcarnp CrenaHOBHY
Ilonos (1859—1906) — poc-
culickuil GU3HK U 3JEKTPOTEX-
uuk. IToBTopuJ onuitnl 'epna
1O NOJIYYeHHIO DJIEKTPOMATHHT
HBIX BOJIH, CO3/aJl PHGOPLI
JAJISI Iepe/iayM ¥ NIpHeMa UX Ha
paccTosiHHe, TO €CTb Pajino.
OGHAPY>KHJI OTPakeHHe BOJIH
OT NpeiMeTOB, 4YTOo GhlJIO ImoJIo-
5KEHO B OCHOBY PAJIHOJIOKA-
nud. ITposesn cepuio sKcnepu-
MEHTOB 110 pajuoTejerpadpun,
B TOM YHCJe s CIacaTesb-
HHIX LleJeid.




aTUX Ipubopa, CTAJI0O BO3MOMKHLIM BOJIHBI «IIe-
pexnaBatb». C 1895 roza uesoBeuecTBO MOJIL3YeET-
csl 9TUM BeJIWYaMINUM u300peTeHHeM — Paauo.

IIpuHnun pedcTBUA M3JydaTeasd COCTOUT B
TOM, YTO HYXXHO 3aCTaBUTh O4YeHb OBLICTPO «Oe-
raTh» 3apsaj Ha OQHOM MeCTe, TO eCTh IPUBECTH
ero B KosieOanue. Takoe aABMIKeHHMe 3apAga —
YCJIOBHE HCIYCKAHUS 3JIEKTPOMArHUTHOM BOJI-
HEI. AHTEHHBI pajguo- H TeJlellepefaTYUKOB
yJAYYIIAIOT U3JIyYEeHKe BOJIH. BhI )Ke 3HaeTe, Kak
BBEICOKO CTapaloTCs MX PasMECTHUTh, CKaXKeM, Ha
TaKou OalrHe, KAK OCTAHKHHCKAadA.

IIpoiinss orpoMHBIE PACCTOAHUS, BOJIHA IIO-
najgaeT Ha IPUEMHYIO aHTEeHHY. 3apsAbl B TOU
HAUMHAIOT TaKMe KoJyebaThCs, ¥ HOaJIbllle BCH
3aflaua IPUEMHHKA COCTOHUT B TOM, UTOOBI 3TH
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curtansl pacuiudpoBatb. VX, Kak B a30yke
Mop3se, MOXXKHO IlepeBecTH B 3BYKOBHIe KoJieba-
HUAA — U MBI YCJBIIINM MY3BIKY X peub. Mx
MOXKHO cHeJiaTh BUIUMBIMM — M MBI CTaHEM
CMOTPETh TeJIEBU30P.

KAK HACTPOUTH ITPHEMHHK?

3aueM MBI KDYTUM DYYKY HAaCTPOUKHU Paguo-
npuemuuka? fcHoe nmeso, orBeTUTE BB, — XO-
THUM INOMMAaTh Ty WJIU UHYIO PAJUOCTAHIINIO. A
KaK 3TO IPOUCXORUT?

Ceiiyac Ha Halllei IJIAHETE BEIAIOT ThICAYU
paxguocTaHI M. Bo3MOXHO, BBl CJHBIIIANHN, KaK
WHOrAa HAKJAAbIBAIOTCA APYr HA Apyra UX ro-
Joca B nmpueMHuke. YtoObl m30aBUTHLCA OT He-
pa3bepuxu B sbupe, KAKAOW CTAHI[UU <«BbIJe-
JSIIOT» CBOIO YAaCTOTy. OTO He YTO WHOe, KaK
O6pIicTpoTa KONMeGaHUi 3apAf0B B HCIIYCKAalOIIlei
antenHe. Ho Benp Ha Hally, IPUEeMHYIO AHTEHHY
MIPUXOMAT Cpa3y BCE BOJIHBI, CO BCEMU YaCTOTA-
MH, oT Bcex ctaHuumit! IToueMy »Ke MBI Bce-TaKu
He CJBIIIMM ONHOBPEMEHHO IUKOW KaKohoHUU
3BYKOB BCEI 3TOI Pa3HOsS3BIKOH MHOIOr0JIOCHUIIBI?

«IIOKOBBIpSBIINCHE» B PagUONPUEMHUKE, B
HEM BCerja MOMXHO OOHAPYXXUTH CaMyIO IJIaB-
HYI0 ero 4acThb. OTO IIPOBOJIOYHAA KaTyIIKa M
aJieKTpuuecKuii kKomgencatop. OHu ob6pasyoT
TaK Ha3bIBaeMbIi Kojie0aTeIbHBIA KOHTYD. ¥ IU-
BUTEJILHO, YTO B HEM MOT'YT IPOUCXOAUTH KOJe-
0aHUS 3JIEKTPUUECKOro 3apsAga, TOKa ¥ Hanpd-
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JKeHHS  TOYb-B-TOUbL
TaKk e, KaKk IIapuka
Ha IIPYyXXUHKE, MaAT-
HHKA YaCOB WJIH Ka-
yeJiei.

Bor «moakpyumu-
Basgi» KATYIIKy WJIU
KOHJI€HCATOP, MBI MO- ad
K€M MEHSATH YaCTOTY
KoJsiebaHMII 3apsAnga B
KOoHType. W Jumsp
KOrJla «BHYTPEHHSI»
YacToTa COBHOAZET C = Cxgp o
yacToToit mnpuberxas- P"’Jongp + -

. nky  PEAAR,

mel K HaM, HaOpu-
Mep, u3 AMepuKH, BOJIHBI, IPDUEMHUK 3aroBoO-
PUT Ha A3bIKE 3TOU paguocTaHnuu. Bee nfpyrue
roJIoca OH B 9TO BPeMs «He CJLIIIUT», €ro «pac-
KauyuBaeT» JIMNIb OJHA BOJIHA.

B TeneBu3ope BHeIIHE [EJI0O 0OCTOUT HEMHOIO
no-uHOMy. TaM MBI BpaljaeMm IepeKJoYaTesb
Jau60 HaXKUMaeM Ha KHOIIKY ¢ HOMEPOM HYXKHO-
ro HaMm kKaHajia. To ecTb HacTpoiiKa HAET Kak
661 cxauxkamu. OZHAKO €CTh BO3MOXKHOCTL U
IJIaBHO, NOAO0HO paguo, IOACTPOUTHLCA IIOA Iie-
penalonIyo CTaHINIO, YTOOBI KauecTBO M300pa-
JKeHUHA U 3ByKa ObLIO HAMJIYUIINM.
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MOJKHO JIA «YCJIBIIITIATD»
PATH09XO0?

He cnyuasocs in BaM mpoes3kaTh Ha JIETKO-
BOM MamIuHe, B KOTOPOM BKJIIOUEHO PALHUO0, IIOK
moctom? HaBepHska Torza Bbl CJObLINIAJHN, KaK
B IIpDHEMHHKe pasfaeTcs Tpeck. Eille roBopAr,
YTO B NPHEMHHKE BO3HUKJHU momexu. OTKynxa
OHY B3AJHUCH?

Ecnau MoCT MeTa/iMuecKMii Mu Keje3dole-
TOHHBIHN, TO JIeJIO B TOM, YTO OH CO3JAJ IIPENAT-
CTBUE JIJIA PAXHOBOJIHBI, Oeryiieii K aHTeHHe
NPUEMHHUKA. ITO CBOMCTBO METAJIJIOB OTpPaXXaTh

QJIEKTPOMArHUTHBIE BOJIHBI HAIIJIO IDUMEHEHHUE
B paguvoOJIOKAallMX M B CBA3HM 4Yepe3 CIIYTHHKHU.
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PaguonoKaTop IIOCHLJIAET BOJHOBOW MMIIYJLC,
pacnpoCTPAHAIOMUNWCA B ONpefeJIeHHOM HA-
npaBjeHuu. Ecjau Ha TyTHM 3TOro HMITYJILCA
BCTPETUTCA CaMOJIET, TO €ro MeTAJJIMYeCKMii
KOPITyC OTPas3uT cur"aj. Temepb JOKATOpP UIrpa-
€T YK€ pOJIb IIpUEeMHHUKA., VI XOTsI MMIIyJIbC OC-
JabeBaeT ¢ PacCTOSIHUEM, MOIIHOCTA HAYaJbHO-
ro0 MMITyJibca OBIBA€T AOCTATOYHO, UTOOBI YJIO-
BUTH €ro ¥ IIOCJIe OTPAXKEHUA.

IIpuHuMaeMble CUTHAJILI BLIBOAATCA HA K-
paH B BUZIe CBETAIIMXCS TOYeK. PagmosiokaTo-
PHI ceidyac MCIOJBb3YIOT He TOJbKO B BOCHHBIX
HeJAXx — AN OOHapy)KeHUsI IIPOTHUBHHKA.
HMu ocHaleHsI a3pofpoOMbl, UX CTaBAT Ha ca-
MoJIeThl M Kopalbiix, YTOOBI JIETUYMKU M Kamlu-
TaHbl MOTJIM OPHMEHTHPOBATHCA M B TEMHOTeE,
U B IJIOXYIO IIOTOAY.

B cnyTHHKAaX CBA3M HCIIOJBL3YIOT HE TOJIBKO
CBOMCTBO OTpakeHusA BoJH. Ha HuUX ele u ycH-
JIUBAIOT TeJie- ¥ PaJUOCUTHAJIBI ¥ IePeIIPaBIAIOT
nx Ha 3emuio. C IIOMOIIBI0 TAKHUX CIYTHHKOB
MOXXHO 3HAYUTEJbHO PACHIMPUTHL TEPPUTOPHUIO
BeIlaHUsA W JayKe BECTH Ilepefavyd Ha APYTIYI0
CTOPOHY IIJIAHETHI.

HexoToprle pasMoOBOJIHBI CIIOCOOHBLI OTpa-
JKAThCS ¥ BO3BPAIATHCA HA 3eMJII0 6e3 BCAKUX
CITYyTHUKOB. [les0 B ToM, 4TO B atrmMocdepe Ha
GosibmIOl BBICOTE PACIIOJIOMKEH CJIOH 3apsiKeH-
HBIX YaCTHUIl, KOTOPBLIH HI'paeT pPoJb OTpa’kaTte-
Js, — uoHochepa. Biarogaps emMy yKe NaBHO
NOABUJIACh BO3MOYKHOCThL IIepPefaBaTh cooOIIe-
HHJA «3a Kpail 3emun». IlepBas pasuomepenada
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yepe3 ATIaHTUYECKUI OKeaH cocrosayach B 1901
rony.

CeronHsa pafuoJIOKAIUI0 IPUMEHSIOT JaXKe B
actpoHoMuu. C ee IOMOIBIO YTOUHUINA PACCTO-
SIHUA A0 HAIIUX IJIAHEeT-COCEJOK ¢ BBIABUJIU
0c00eHHOCTH HX JABUKEHHUA.

PAIJUOIIPUBETBI H3 KOCMOCA

Bcio cBOIO ZOJIryI0 MCTOPHIO UYEJOBEUECTBO
HabJII01aJ10 3a HeOOM TOJIBKO IJIa3aMH, Jake ec-
JIM UX YeM-TO U BoopysKayo. Y Jume OTKpBITHE
9JICKTPOMATHHTHBIX BOJIH Pa3JBUHYJIO AHAaTla-
30H HAIIlero BOCIIpUATHUSA Kocmoca. IIperxxne Bce-
ro JIIOAU HAYYUJINCHh YJIABJIUBATL HUAYIIHE OTO-
BCIOAY Ha 3eMJI0 PagHOCHTHAJBI. YiKe B TpHUI-
IlaThIe TOABLI 3TOrO CTOJIETHA OBLJIIO OTKPHITO pa-
IOUOHU3JIyUYeHue Hallneyd rajakTuku. Bo3HUK Ie-
JIBI pasziesl aCTPOHOMHMH, u3ydawmuil HeGo C
TIOMOIIIBI0 HeBUAUMEIX Jiyueii. Ero Tak u Hassa-
JH — PpaaHoacCTPOHOMMS.

Bbl, HaBepHOE, CJBIIIAIU O OOJIBIITUX OIITH-
YeCKUX Tejeckonax. MX «rjiaza» cTpeMsATCS
PAaCKpPHITh KaK MOXKHO IIWpe, UTOOBLI YJIOBUTH
ciaboe cBeueHHe JAJIEKUX TaJlaKTUK M 3BE3[.
Ecau ke cuuMTaTh, YTO paguOTEJIECKONbBI «IIOA-
CJYIIWBAIOT» KU3HbL BCeJIeHHOW B AuUana3oHe
PaaMOBOJIH, TO MX «YIIH» CJIEAYeT TOXKe «pac-
TONBIPUTEH» IIOMIUpPE. BBISCHUJIOCH, YTO MOYKHO
CO31aBaTh He TOJBKO OTHAEJIbHBIe 'MI'aHTCKUE pa-
IUOTeJIeCKOITLI, HO U IleJible uX cuctembl. Torga
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UX HYKHO PacCCTaBJATH II0 OOJIBIION TeppHUuTO-
puu, a TO ¥ pa3MellaTh Ha Pa3HbIX KOHTHUHEH-
Tax. YUem OoJibIlle OXBaThIBaeMasdg UMHU ILJION[aAb,
TeM YyT4e TAaKOe «pPaJuoyXo».

YyBCTBUTEJBLHOCT, HOBLIX IPUOOPOB OKa3a-
Jlach HACTOJIBKO OOJIBIIIO, YTO OHU YJIOBHUJIH IIO-
pasuTesibHbIe curHagsl. Hanpumep, o OypHBIX
B3PBLIBHBIX MpOIleCCaX B HEBUAMMBIX HaAMHU ra-
JaKTHKax. VIM yzajgoch «IOHMAaThb» M3JIydeHUe
XOJIOZHOT'O MEXX3BEe3J[HOro raza M HeoOBIKHOBEH-
HBIX 00pas3oBaHMil — HEWTPOHHBIX 3Be3J. JTHU
3Be3Abl COCTOAT M3 MeJbUAMIINX He3apsaKeH-
HBIX YaCTHYEeK — HEeWTPOHOB, C)XKATHIX BMeECTE
YyNOBHUINHBLIM JaBJeHHeM. PaJIuoacTpOHOMUS
TI03BOJINJIA OTKPBLITh TaK Ha3bIBA€MOE€ PEeJIMKTO-
Boe usnyuenue Becenennoit. OHO foHECHO 0 HaAC
CBEJIEHUSI O COCTOSAHHM BeIeCTBa, KAaKUM OHO
ObLTIO OKOJIO 15 MuIMapAOB JieT Ha3ax.

JKUBOH DYJIEKTPOMATHETHU3M

Kaxk snekTpHyecTBO 1 MAarHeTH3M BJIMSIIOT Ha
yesioBeka? Ecou MBI COCTOMM M3 TeX JKe YaCTH-
4eK, M3 KOTOPHIX IIOCTPOEHA BCS MaTepPUs BOK-
PYT, TO MBI JOJI>KHBI IIPU3HATHL: B HAC TOXKE IIPO-
TEKAIOT 3JIEKTPOMArHUTHBIE ITPOIIECCHI.

Hy, ckaxem, Korzma BbI 3a7ieJid UTO-HUOYIb
JIOKTeM, pyKa Ha BpeMs Kak Onl Hemeer. Mim
Hac «aepraer», «0beT» 3JIEKTPUUYECKUIl TOK, ecC-
JIA MBI CJIy4allHO KOCHYJIUCh OTOJIEHHBIX IIPOBO-
noB. Ml cTaHOBUTCA KHMCJIO BO PTY, KOT[a BBI
JIU3HYJIV AI3BIKOM II0JIIOCA 3JIEKTPUYECKOi 6arTa-
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peiiku. i marHuTHbIN Opaciier, peKoMeHAaye-
MBI BPavyOM, IIOMOT KOMY-TO «OT JaBJICHUS».

A Benp BCe 3TO — CBHIETEJILCTBA KAKHX-TO
HAIIUX 9JIeKTPUUYECKHX HMJM MArHUTHBIX peak-
1y, 3HAYUT, YeJIOBeK, KaK U KUBOTHEIE, ¥ pac-
TeHUs, — BCE YXUBOe — IIOABEPIKEH BO3JeicT-
BHUIO 3JeKTpoMarHetuama. OHO MoOXKeT OBITH M
nary0HbIM, 1 6J1aroOTBOPHBIM. MeIUKH U yUYeHbIe
IaBHO MCCJIEAYIOT BO3MOXKHOCTH OCJa0UTH mep-
BO€ M YCHJIHUTH BTOpOE.

B kiuHMKax Ha BOOpy KeHHe B3ATHI CIIOCOOBI
OUArHOCTHKH Pa3JIMYHBIX 3a00jieBaHHUM C IIO-
MOIIbIO 3JIEKTPOM3MEPHUTEJIbHOM annapaTyphsl. A
Tennepb BCIIOMHHUTE Ha3BaHUA IPOLEAYpP, Has3Ha-
yaeMbIX B (pu3HoOTepaneBTHUYECKOM KabOuHere:
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¥YBY — yJabTpaBHICOKHME YaCTOTHI, 3JIEKTpOdO-
pes, aJeKTpoMaccax... louim obpaTruTe BHUMaHHUe
Ha cocTaB JieueOHON MHMHepaJbHOM BOABI — €ro
MHOIZa NMUIIYT HA 9THKETKaxX. 3aueM TaM yKa-
3aHBI BCAKME KATHOHHI U aHUOHBI? A BeZlb 3TO —
3apsKEeHHbIE YACTUUYKH, aKTUBHO BINAIONINE HA
pOIeCcChl ITHIeBAPEHUS.

Koneuno, aTo snuinb HeOONBIIOH IIepedyeHb
9JIEKTPOMArHUTHBIX BO3JelicTBUiT Ha Hac. [lo-
0aBbTe K HEMy MAarHuTHOe Mojie 3eMJiHd, Hecy-
mueca or CoJiHIIA BOJIHBI ¥ YaCTHIILI, OCTHUTA-
0lee Hac KocMHUYecKoe uajiyueHue. Y1 Bam cra-
HET FCHO, B KAKOM IIepeIlJieTeHUH 3JIeKTpoMar-
HUTHBIX ITOJIeHl MBI "KMBEM W HACKOJIBKO Ba’XHO
3HATh UX 0ocoObIe CBOMCTBA.

IABANTE
IIOPA3MBICJIHM

9 B karxom mecme 3emau xomnac ykasvieaem moab-
* Ko na 102?

9 O karxom seneHuu udem peib 8 NnozoBOpKe: «KAK
* mMazHum ¢ uznoiin?

© ITouemy HECKONLKO NOJBEULOHHbIX HA HUMSX U20-
JloK pacxodamcsa Opyz om Opyza npu nodHeceHuu
K mazHumy?

9 Karx evimawjumes cmanvnymo ckpenky co OHa sa-
L]
NOJIHeHH020 6000ii cmakana, HUYezo0 8 Hez0 He ony-
ckas?
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© Ha numouke nodsecunu 0yz006pasnbiii maznum, a
° nod num cmaau epaujame xenesnvlii ouck. ITowemy
MAZHUM MaKie npuulen 60 epaujeHue?

9 MoJjcHO AU noayuumes omoesibHO CeBePHbLLIL U H0XHC-
* Hblil nonlca mMazHuma, paspesas ezo nonoaam?

©® Omuezo cmpenxka Komnaca noeopaiueaemci K
* HuxcHell wacmu xHenesHoil O8epHOIl PYYKU OOHUM
KOHUOM, @& K 6epXHeli — Opyzum?

© Kaxue cuavl epawalom asnexmpomomop?

L]

9 3avem HYyxwHa anmeHnHHa?

L]

9 Kax paduogoanbvl docmuzaiom o6pamHoil cmoporsl
* Bemau?

9 ITouemy paduonorxamop pabomaem umnyrvcamu?
L]

9 Kaxoe Habaiwodaemoe Ha CeBepe s8leHue onucaHo
* 8 nocnosuye: «Cnoaox xpacueo uzpaem, 0a He zpe-
em»?
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MUP 3BYKA




Kakx cosgars 3BYK? .

3BYK «BBIJAIOT» BOJIHHI .

To BmOJB, TO — IIONEPEK . . . . .
Yeii cayx ocrpee?

Yro Takoe 3ByKOBOM AMamnasoH? .
HNHppasByk — mnpegBecTHHK Oelbl .
VJIBTPasByK «LIymaeT» JHO .

Kaxk rosopsar geandpuHH? .
YiabpTpa3sBykKH — MacTepa Ha Bce DYKH .
«Ay, Kamajior, OTKJHKHHUCH!» . .

Kak «ycawlmars» mojgseMHble Oypu? .
Kyna ucuesaer 3Byk? . . . . . . AN
«Bepymu» — Geperure ymm! . . . . .
3BYKH JaZHble U HeJaHBIE . . . . . .
3BYKH BBICTPAUBAIOTCH 110 HOTAM

Kak BoiiTu B pesoHanc? . . . . . .

ITuano m popTe . . « « . ¢ v v v v o o« .

Yro Takoe mojsoca 4actor? . . . .
Kak «sakoHcepBHpoOBaTb» 3BYK? . . .
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Huxmo ezo He sudviéan,

A caviwame — 6CAKUL CAbLXU-
ean,

Be3 mena, a ¥ueem oHo,

Be3s asvixa — xpuwum,

H.A.Hexpacog

«A-y!» — KpuuuM MBI, 3a0JIyAUBIIUCH B Jie-
cy. «Yro HazpbiBaembsca?» — OTBeUaeT HaM
axo. He moxxer Takoro ObITh, CKaKeTe BBI. A
nmouemy? BoT BaM M mepBhIil BOIIPOC O 3BYKe.

A CKOJIBKO UX emie, TaKuX Borpocos! MoxxkHO
Ju neperoBapuBaThca Ha JlyHe? CablimHO Jim
mox Boxoii? A Kak nepenaTh 3BYK IIO ITpoBojam?
A kax — 06e3 npoBozoB? Kakue 3ByKH HU3JAIOT
M CJABIIIAT KUBOTHBIe? BHIBAIOT JIM HECJBINIH-
mble 3ByKu? M BOOOIIE, UTO K€ 9TO TaKoe —
3BYK?

Jlronu maBHO cTasIM AOrafLIBATLCS O TOM, KakK
3BYKHU DOXKJIAIOTCH, NEPefalTCsa U «yMUPAIOT».
CraxeM, apesHerpedyeckuil pusocod u y4yeHbIid
ApHcTOoTens NOBOJIBHO BEPHO IIpeCcTaBIsn cebe
npupony 3Byka. HeoOBIKHOBEHHO MCKYCHEI ObI-
JU MacTepa, M3TOTABJIMBAaBIINE MY3bIKaJbHbBIE
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MHCTPYMEHTbI, ¥ MY3BIKAHTHI, WrpaBIIME Ha
HuUX. A ctpourTesu u apxurTekTopnl? Moxxer
ObITh, BaM JOBOAUJIOCH CJyIIAaTh OpPraH B CTa-
puHHOM cobope? HacKoJIBbKO 3Ke XOPOIIO HYKHO
OBL7I0, IOPOI1 BOBCe He 00Jiafiasd HAYYHLIMM 3Ha-
HUAMH, pa3bupaTscAd B MCTOYHMKAX M IIPOBOJ-
HUKax 3ByKa!

Ho BOT KoOrza BcTalOT 3aau¥l IIOCTPOUTH
CBEPX3BYKOBOW CaMOJIET WJIM CO3JAaTh KaydecT-
BEeHHYIO 3ByKO3anuch — 0e3 HayKH HUKYZA.

OpmHako mepex BaMHU 9TH 3aJa4yM, BEPOSTHO,
BCTAHYT He CKOpOo. Mup Ke OOBIYHBIX 3BYKOB
OKDYy’KaeT HaAC ceifyac ¥ CO BceX CTOPoH. [la u
caMU MBI, YTO Ipexa TauTbh, JIIOOUM MONIYMETh.

Hy-ka, nocaymaem, Kak 3TO AeJsiaercd...

KAK CO3JATH 3BYK?

Jla oueHr IpPOCTO — KPUKHYTH, BOT U BCE
nena! Hy, KoHeUHO, MOXKHO elfe 4eM-HUOyab I10-
CTY4aTh, HaIIpUMEP, MOJIOTKOM II0 I'BO3ZAI0 MJIK
KYJIJaKOM B JBepb. VMM raeuHbIM KJIIOUOM IIO
6aTapee OTOIJIEHUS — Bech AOM YyCJbIMIUT. Ho-
raMu NIoOTONaTh, MSAYOM IIOXJIONaTh. IIPOKOJIOTH
WIOJIKOM BO3AYIIHBIM HIADUK — BOT T'DOMKO
gomnHeT! ITocBucrersh, B TPyOy moayneTb. A eme
BOT YUYMTEJILHUILY BBIBECTH U3 cebAa — JIMHe-
KoM moapebe3:kaTh. MUHYTOUKY...

Ha npumepe JauHENKM MOXHO OyKBaJbLHO
rjaasaMy yBHJETb, KaK poXjaeTcsa 3BYK. Kakoe
ABMXXEHHUE COBepIIaeT JMHEWKa, KOorja Mbl 3a-
KpemnuM OAMH ee KOHeIl, OTTSIHEeM APYroid u OT-
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nyctum ero? Mul 3amMeTHM, 4YTO OH OyATO OBl
sarpeneray, 3akojebancsa. Y ecau Temepp MBI
BHUMATeJILHO IiepebepeM Bce IepeuucJIeHHbIe
IIpUMeEPHI, TO BCAKUI pa3 00HApPYyKUM: 3BYK CO-
31aeTcsl KOPOTKUM HMJIM NOJI'MM KoJieOaHueM Ka-
KHX-TO IIPeIMETOB.

CTyKHYJIM B Bepb — OHA AEPHyJach U IO-
cjajla B BO3AYX TJIyXOBaThblii 3BYK. I'aeuHBIi
KJIIOU 3aCTaBUJ 3aBHOpMpOBaTh TPyOBI U Oarta-
peu. A Hanl «BeceJIbIi, 3BOHKUI MAY» CoKUMAJI-
¢Ad ¥ PpAacCIpaBJIsAJICA IIOL yAapaMU DPYKH U 00
noyi. Korma ske BO3AYIIHBIN ITApPUK «JIOIHYJI,
XJIOMMHYJI — BOT ¥ Bcel», TO OH IIOCJIAJI IIO BO3-
AYXY PE3KHMH CKAuYOK JaBJIECHUSA.

Teneps MBI MOXXEM CKa3aTh, 4YTO KoJiebJio-
IIUecsa TeJia CO3Jal0T BOKPYr cebsa 30HBI paspe-
JKeHHA M CoKaTuUA. YIIJIOTHEHUs Bo3ayxa pasbe-
FyTCA OT MCTOYHHKA BO BCe CTOPOHHI. A Kak

305



1862) — ¢paHnyskuii GpusukK.
OGHapy>KuJ1 ABOWHOM 3BYK
NpH yAape IO KeJie3HO# Tpy6-
K€ MOJIOTKOM, YTO HO3BOJHJIO
€My OMNpefileIiTh CKOPOCThL 3BY- &
Ka B xeJiese. IloMuMO akycTH-
YeCcKHMX HMCCJEA0BaHUM, H3yuan
OHTHYECKYI0O AKTMBHOCTb Be-
INECTB, I/ie OTKPLLN psij 3aMe-
yaTeJbHLIX ABJeHHH. OAUH U3
aBTOPOB 3aKOHA, OLPEAeJIsIo-
111er0 MArHUTHOE MOJIE TOKa.

obcTouT neJyio, Harmpumep, B Boxe? Ila, B o6meM-
TO, moxoxke. TOJNBKO BoZa IJIOTHEe BO3AyXa H
ee YaCTHYKH CKOpee IepesamyT CXKaTHe U pas-
peskeHue cBOHM cocenraM. To ecTh 3ByK mobe-
JKUT mo Boge OwicTpee. HeTpyaHo nmoramaTbes,
UTO caMyl OOJIBIIYI0O CKODPOCTh 3BYK Oyzer
VMETh B TBEPABIX TeJIaX, I'l€ BCC YACTHYKH yIIa-
KoBaHBI emfe TecHee. CKa)keM, B BO3LyXe CKO-
pocTh 3ByKa HemHOrum 6osree 300 meTpoB B ce-
KYHAY, B MOpcKoit Boge — 1500, a B HEKOTOPBIX
MeTaJlJIaX OHA JOCTUraeT HECKONbKHX THICAY
METPOB B CEKYHAY.

HcrouHnKaMu 3ByKa MOTYT ObITH He TOJIBKO
Bubpupyomue rnpeagmersl. CBUCT NyJIb WU CHa-
PANOB B IIOJieTe, 3aBLIBAaHHE BeTpPa, PEB peak-
THBHOIO ABUTaTeJ]s POMKIAAIOTCA OT Pa3pbIBOB B
IIOTOKE BO3/yXa, IPM KOTOPHIX TAK)Ke BO3HUKA-
IOT €r0 Pa3peXKeHUus M COKATHUA.
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3BYK «BBIJAIOT» BOJIHbI

A MOMHO JIM YBUJETb, KaK 3BYK «0exuT»?
B nmpo3pauHOM BO3AyXe MM BoAe KojebaHUA ya-
CTHUEeK camu 1o cebe HezameTHb!. Ho Jsierko Haii-
JleTcA MIpUMep, KOTOPBIX IIOACKAMKeT, UTO IIPO-
MCXOOUT IIPY PacnpoCTPaHEHMM 3BYKA.

OnycTHuTe B BOAY IOILJIABOK. OTO MOXKET OBbITh
Jaxe OyMaKHBIM KopabJsMK, CIIMYEUHBIM KOPO-
00K MM KyCOUeK IIeHomjacTta. Ecau HenajieKo
OT Hero GPOCUTH B BOAY KaMyIIeK, TO U3 TOYKU
mormajgaHus Kpyramu mnoixyr Bosubl. Ilocmor-
puM Ha Ham nomiaasBok. OH Oyxer kosebaThcsa
BBEpX-BHM3, IIOKa3bIBas, KaK BeAyT cebsa uac-
TUYKM BOJLI HA IIOBEDPXHOCTH.

Hrak, BosiHa Oe)XuT, a mepenamoniue ee 4ac-
THIIBI «TONMYYTCA» HA MecTe., JTO — IIPU3HAK
J000r0 BOJIHOOOPA3HOrO ABHIKEHHUS. DBITH MO-
JKeT, BBl BHJAEJU, KaK Ha TpubyHax Oojbmux
CTAAMOHOB O0OJIEJIBIITUKY ITYyCKAIOT II0 KpPYyry
«BOJIHY». KakabIii U3 HUX JIMIIL MOAHUMAETCS
M BHOBB CQJIUTCS HA CBOE MECTO BCJIEX 3a coce-
IIOM, CKa)keM, cjeBa. VI U3 TaKMX IIOIEpeMeH-
HBIX TIpHcelaHuii o0pa3yeTcsa KpyKamasica Io
TpubyHaM BOJIHA. A Befb HU OJUH U3 3pUTEJIed
caM He 0e)xaJl BOKPYTr CTagNOHA.

B 3aBucmmocT OT (hOpPMBI MCTOUHHUKA 3BYKa
BOJIHBI MOTYT OBITH, HAIIPUMEP, IIJIOCKHMHU WJIU
chepuyeckumu. Bor ecoim 3aBubpupyeT, K CJO-
BY, B BozAe OOJBIION MeTaJIM4eCKUil JUCT, TO
BOJIHA MOiJeT B 00e CTOPOHBI OT HETro, Kak Gbl
MIOBTOPASA U IE€PEHOCsT B IPOCTPAHCTBE €ro ILJIO-
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CKOCTh. A ecJqu B BO3-
Iyxe cTaj OBl MyJIbCHU-

poBaTh yHnpyruii M-
/-\ YUK, TO BOJIHA OT HEro
moija Osl 10 BCeM Ha-

MIpaBJIEHUSAM, IIOBTO-
paa ero d¢opmy, HO
CJIOBHO  Da3ayBascCh.
ITogo6HBIM MaHepoM
pacxoguTcA 3BYKOBasd
BOJIHA OT MeCTa B3PHI-
oy et Ba CHaps#Azaa.
BDA;’ ot *“‘f&w““ Taxkum obpasom,
XOTSI 3BYK U HEBUJUM,
pacrpocTpaHeHue ero B BHUJie BOJIH OUEHb XOPO-
110 M3Y4YeHO. OTUM 3aHUMaeTcd OOIIMPHBIN pas-
nes GU3NKK, HA3LIBAEMBINM aKyCTUKOM,

TO BA0JIb, TO — IIOITEPEK

OnMHAKOBO JIM ABMXKYTCSA YaCTUYKH, Iepesa-
omue 3BYKOBYIO BoaHy? Jlnsi oTBeTa Ha 3TOT
BOIIPOC IIOCJIEAUM 3a KoJieDaHUEeM HCTOYHUKA
3ByKa. Bor, K nmpumepy, rHTapHas cTpyHa. Bbl
IepHyJIU, YIIUIHYJIN €e, U OHa 3aTpereTasa.
Bce ee yacTUYKU HayaJu COBEPIIATH KOJeOaHUSA
B IIOIIEPEYHOM K CTpyHe HanpaBjeHuu. Ilogxsa-
TSAT 9TH KojeDaHMA M YACTUUKU BO3AyXa, TO
ecTh OyAyT cMemaThCsa «TyAa-cioma». Ho, 3a-
MeTbTe, yKe BAOJIb JIMHUYU, II0 KOTOPOM pacIipo-
CTPAHUTCA BOJIHA.
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Konebanus cTpyHBI B 9TOM CJy4dae Ha3bIBa-
IOTCSI TIOIIePeYHBIMHU, 4 BO3yXa — HPOAOJbHBI-
mu. Ilonepeunsle BOJHBI €lle MOXXHO YBUIETH
Ha ITOBEePXHOCTU BOAbLI. HO BOT BHYTpPHU KakK BO3-
Iyxa, TaK ¥ BOJBLI, U BooOlle — BHYTpH pas-
JIMYHBIX ra30B U KUJAKOCTEH, BOSHUKATH MOI'yT
JIMIIIb TIPOJOJILHEIE BOJIHEI. B TBepALIX Ke, KPU-
CTAJJIMYECKMX TeJIaX 3BYKOBbIe BOJHBI Iepeja-
BaTbCSA MOTYT ¥ IIOIIEPEYHBIMU U ITPOJOJbHLIMU
Kose0aHUAMU YaCTHII.

JTO CBSA3AHO C TEM, YTO ras3bl M JKUIKOCTH
JIETKO OTKJIMKAIOTCS Ha YIIJIOTHEHUE U pPas3perke-
HUe, HO NIOYTH HE 2aMeYalT, KOorja HUX CJIOu
CABUTralOT APYr OTHOCUTEJBHO Apyra. A B KpHu-
cTajjaax, e YaCTUYKU CJIOBHO OBI CILJIETEHBHI B
OrPOMHYI0 O0BEMHYIO CEeTb, CIABUI' ONHOM U3
HUX, 4YTO BAOJb, UTO IIONEPEK, TYT JKe OIlyIa-
eTCs COoCcensiMu.

Ecyu cpaBHHUTBH 3ByKOBBEIE BOJIHEI C 3JIEKTPO-
MarHuTHHEIMM, TO MOXXHO OTMETHUTh CepbLEe3HOoe
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Jleonun H
wraMm (1879—1944) — poccwmit-
ckuit pusuk. OnUH B3 cosjaTe-
JNlel HOBOTO HANpPABMNEHUS —
TEOPUHN HEJHHEHHLIX KoJscha-
HHH. OGOGILMI MOHSITHE Pe3o-
HaHca. PaspaGoTas HoBble cuc-
TEMBI pajHoTeJierpadHoit M pa
JuoTeseOHHON CBS3U, METOA
TeHepanHH dJEeKTPOMArHUTHOM
sHeprud. IIpepyoskun Teopuio
paccestHHs CBETa, HEMAJIO ILIO-
JOTBOPHLIX HAeH BHeC B KBaH-
TOBYI0 Teopuio. MHoroe cjpe-
Jan AN pasbsSCHEHHS TEOPHH

OTHOCHUTEJILHOCTH.

OTJIMUMEe HUX APYr OT JApyra. 3BYKOBbI€ BOJIHBI
OBIBAIOT ABYX COPTOB, a 9JIEKTPOMarHUTHBIE —
TOJILKO monepeunsle. CKa)keM, IIPHUEMHYIO aH-
TeHHY TeJIeBH30pa pacIloJiaraioT IOIepeK HAY-
me K Hed OT CTAHIMH BOJHBI. JIMIIL B 5TOM
caydyae pmomenmas A0 AHTEeHHBI IMOIepedvHas
BOJIHA IIPUBEJET B HEM B JABUIKEHHUE dJIEKTpUYe-
CKHe 3apAAbl U HAWJYYIIUM 00pa3oM mmepenacTt
HaM TeJIeCUT'HAJI.

YEN CJI¥YX OCTPEE?

ITouemy Mol cabimmuM? IlpencraBbTe, YTO BB
rIy0OKO BIOXHYJIM, 3a/epPXKajii ALIXaHUue W Ha
MHUHYTKY OKa3aauch Ha JIyHe. YCABIMIUM JIU MBI
4yTo-HUOY b Ha Hei? Psimom morsu Owl B3JIeTaTh

310



paKeThl, NafaTh MEeTEOPHTHI, Urpay Obl LEJbIA
cuM(POHUUECKUIN ODKECTDP, a HAIIM YT — HOJb
BHUMAaHUA.

OTBeT Ha 5Ty 3arajiky, KaKk roBODPSAT, JIEIKUT
Ha noBepxHocTH. IToBepXHOCTH... TOH ke JIyHBI.
BepHee, B orcyTcTBUM Ha Hed atmocdepsl. Her
BO37yXa, HeueM 3BYK IlepeZlaBaTh, U yIIaM BOC-
[IPUHUMAThL Hedero. 3HAUMT, Hallle yXO pearu-
pyeT Ha Te TOJYKH, KOTOpble JOHOCHUT /O HEro
BO3AYIIHAsA cpeza.

A B Boze? Jla To ke camMoe, nHa4Ye Mbl HUYEro
He cJbInIajgu Obl ox Bomoii. 1 B TBepAbIX Tesax
noxokasi KapruHa. Hanpumep, ecjom MBI IIPH-
JIO}KMM YXO K PeJIbCY Ha ’KeJIe3HOH nopore, TO
PaCCHBIINIKM IIEPECTYK KoJieC AAJeK0 HAYIero
nmoe3fa. A Kak JaBHBIM-JAaBHO y3HaBaJIM O IIpU-
OnvokeHMM KOHHoOro BcaxHuka? Jla, MMeHHO
MIPUKJIAABIBAJIM YXO0 K 3eMJIe.

Koneuno, 3ByK IIpM pacpoCTPaHEHHUHU 3aTy-
xaer. 'poM OT MOJIHMHM, yaapuBlleil mobimszo-
CTH, MOYKET orJymuTb. Ero »ke packarbl, JOHO-
cAlIuecs OT rpo3bl, CBepKaloIleil Ha rOPU30HTeE,
eJie CJBIINIHEI. Y1 TeM He MeHee HaIl CJyX BecbMa
yyBCTBUTEJIEH. [[0CcTaTOYHO COBCEM HEDOOJIbHIMX
mepenajzoB AaBJIEHUS BO3AYyXa, AOCTABJIAEMBIX
3BYKOBOM BOJIHOI, YTOOBI DapabaHHasA IeperoH-
Ka BHYTPHU yXa IpHILIa B KojieDaHHe U IIPOCUT-
HaJu3upoBajia Obl HAIIEMy MO3Ty O «IIpHeMe»
3BYKa.

BesycnoBHO, ciryx HEKOTOPBIX KHUBOTHBIX
HaMHOI'0O OCTpee, 4eM y 4deJjioBeKa. Bbl, pagyme-
eTcs, He pa3 3aMeuajii, KaKk KOIIKa «HAaBOCTPU-
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Jla» yIIu, VJIOBUB IlapallaHKe MBIIIY, KOT/a HaM
He CJIBIIIHO a0COJIIOTHO HUYEero.

YTO TAKOE
3BYKOBOU TUAIIA30H?

A MoryT siu OBITH 3BYKH, KOTODPBIE HE YCJIBI-
muT ¥ Komka? Ila, TaKkMe 3BYKH CYIIECTBYIOT.
Korpa BeIsicHHIIOCH, UTO 3BYK IIPEJCTABJISAET CO-
00i1 BOJTHOBOE SIBJIEHHE, €r0 CTAJIX OIMHCHIBATH C
IIOMOIIIbI0 ABYX NOHATHA — IJIHHBI BOJHBI H
yacToThl. CMOTPS HA peYHble UJIK MOPCKHE BOJI-
HBIl, BBl O0Opalajii BHUMaHWe HA UX Pa3IUUYHBIN
BUJ. ¥ OOHUX PACCTOTHUE MEXKAY 'peOHAMU UIIU
BnaguHaMu — OoJsibIlioe, a Yy MeEJIKOH psabu —
MaJjleHbKOe. MBI M T'OBODHM: HAJIMHHAsA BOJIHA
UJIM KOPOTKAasd BOJIHA.

A Temepp B3rJIAHEM Ha NOIJIABOK y Oepera,
Ha KOTODHIII HaberarmoT 3TH BOJHBI. Eciam oHU




KpyHnHbBIe, € O00JbIIOH

«IJUHOA BOJIHBI», IIO-

IIJIGBOK XOAWUT BBEpPX-

BHU3 MEJJIEHHO, PeAKO. s BOAHYY
A Gerymas psabn 3a- -
CTaBJIfAeT ero OyKBaJb-
HO «TPSCTHCH» HA MecC-
Te, TO €CTh KojebaThCs
O6vI1cTpO, uacto. Hy-Ka,
COCPEenoTOUbLTE cBoe
BHUMaHMue:  Oosblias
IJIMHA BOJHBI — YacTo-
Ta HU3Kasd, a KOPOTKAsdA
BOJIHA — YAaCTOTA BBLICOKAA.

JdTa yAUBUTEJbHAS OCOOEHHOCTH IIPHUCYIIA
BCEM BOJIHOBBIM IIporieccaM. Ho BepHeMCA K
3ByKy. C yBeJquueHHMEeM IJIMHBI BOJIHBI OH CTa-
HOBUTCS «TOJIIE», HAXKE, eIlle 'OBOPSAT: HU3KO-
4yacTOTHBIN 3BYK. Korzma »ke yactora KojebaHUMK
BO3pacTaeT, TO AJIMHA BOJIHBI yMEHBIIIaeTcCd, a
3BYK BOCIHpMHMMAETCs Kak 0oJjiee TOHKHWIA, BBI-
COKUMA.

TakuM o06pa3oM, uacToTa KosebaHuit — oxHa
U3 CaMBIX Ba’XHBIX XapaKTEePUCTUK 3ByKa. M3-
MepAIT ee B repuax. ITa eJMHUIA, Ha3BaHHAA
B YeCTh HeMenKoro (usuka, IMTOKa3bIBaeT,
CKOJIBKO KoJje0aHWil coBepIIaeTcsi B CEKYHAY.
Tax BOT, y KaXXAOT'0 YKUBOTO CYII[ECTBA €CTh CBOM
AMana3oH, CBOM I'DaHHMIBI MCIYCKAaeMbIX U BOC-
NPpUHUMAEMBIX 3BYKOB. ¥ UeJIOBeKa AUAIa30H
CJIBIIIMMOCTH IIPOCTHPAETCs IpUMepHO ot 16 o
20000 repir.
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HNHSPA3BYK — IIPEABECTHHK BEJDbI

Mo2XHO JIH Ha3BaTh 3BYKOM TO, UTO MbI CO-
BceM He cabimuM? Hy u uTO, ecyiv He CJIBIIMINM
mbl? PasBe 9TH 3BYKHM HeNOCTYITHBI OOJIbIlle HU-
KOMY MJIM HUUYEMY?

CraXeMm, 3BYKM ¢ 4aCTOTOM HMKe 16 repn
Ha3bIBAIOT MH(pPa3ByKoM. VI XOTA HamM YUIA
TaKkue KoJieDaHMA He «yJIaBJIMBAIOT», HO KAKUM-
TO 00pa3soM UeJIOBEK BCe-TaKM UX BOCIIPUHUMA-
eT. IIpu 3TOM y Hac BOSHUKAIOT HEIPUATHLIE, a
MOPOIf TPEBOYKHBIE OLIYIEHU.

JaBHO OBLIO 3aMeUeHO, YTO HEKOTOpbIE KH-
BOTHbIe HAMHOT'O PaHbIIe YeJIOBEKA MUCIIBITHIBA-
JOT 4yBCTBO onacHocT. OHU 3apaHee pearupyioT
Ha JaJIeKuil yparal WM HaJBUTralolleecs 3eM-
aerpacenne. C Apyroif CTOPOHBI, yUeHbIe O0OHA-
PYKMJIH, YTO IIPH KATACTPODHUUECKUX COOBITUAX
B IIpUpOJie BO3HMKAET MHPpaA3ByK — HU3KOUA-
CTOTHBIE KOJIE0AHUS BO3AYyXa. OTO M IIOPOLHUJIO
TUIIOTe3y O TOM, 4YTO JKMBOTHEIE OJjiaromapsi oc-
TPOMY YyThIO BOCHPUHMMAIOT TaK¥e CHUTIHAJIBI
paHbIlle, YeM 4YeJIOBEK.

K cokanenuio, mH(ppasByK CO37aeTCsT MHO-
FMMH MAaIIMHAMM ¥ [IPOMBIIIJIEHHBIMHM YCTaHOB-
Kamu. Ecyin, cKa)xeM, OH BO3HMKAaeT B aBTOMO-
Ouse Uau camoJjieTe, TO Uyepe3 Kakoe-TO BpeMsa
JIETYNKOB MJIH BOAUTEJIeH OXBaTbIBaeT Oecrio-
KOMCTBO, OHU OBICTpEe YTOMJIAIOTCH, 4 3TO MO-
KeT OBITH NPUYUHON aBapuu.

IITymsaT B uHPa3ByKOBOM AMAIIa30HE Bpaina-
IOIHECS NETAJH HEKOTOPBIX CTAHKOB, U TOTZAA TH-
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skesiee paboraTh Ha HuX. Jla ¥ BCeM, KTO BOKDYT,
npusercsa Hecaanko. HuUuyTe He sy4ine, eciau «ry-
IUT» UHQPa3BYKOM BEHTHJIALMS B JKUJIOM JIOME.
Bpozne Ob1 He CIBIIHO, a JIIOAW PA3APasKaAIOTCS U
naxxke moryt 3aboners. M3baBuThHCS OT MHPPA3BY-
KOBBIX HEB3rOJ ITO3BOJISIET CIIEIHAJILHBIM «TECT»,
KOTOPHIN JOJIYKHO IMpoTH Jtoboe ycTpoitcTBo. Ec-
Ji1 OHO «(OHHMT» B 30HEe NH(GPA3BYKa, TO IPOITYCKA
K JIIOOSAM HE IIOJIYYMT.

YJIBTPA3BYK «II[YIIAET» JTHO

A xak Ha3bIBaeTCsa OUEHb BLICOKHII 3BYK? Ta-
KOM BOT NIKUCK, KOTOPBHIM AJIS HAIUEro yxa Hexao-
cTyneH? 9T0O — YJAbLTPa3BYK, KoJieOaHUSA ¢ yac-
Toroi BeIIIe 20000 repir.

Yes0BEK K yJbTpa-
3BYKY HY COBEPIIEHHO
rayx. OgHAKO MHOrue
JKUBOTHBIE CBODOIHO
€ro  BOCIPHUHHUMAIOT.
91O, B TOM 4YHCJIe, TaK
XOpOIIO 3HAKOMBIE
HaM cobakm. Ho «ia-
SATb»  YJbTPA3BYKOM
cobaku, yBBHI, HE MO-
ryr. A BOT Jeryume
MBI U AeJIbOUHBI
00J1a1aI0T YAUBUTEIb-
HOU CHOCOOHOCTBIO M
HCIIyCKaTh WU TIPUHH-
MaTh YJbTPa3BYK.
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Ioas JlanxeBen (1872—
1946) — ¢paHuy3cKuit Ppu-
3uK. PaspaGoTas MeTOAbI NOJ-
YUEHMS YJIbTPA3BYKOBLIX BOJH i
TIPK TIOMOIIH TThe30KBAapIa. :
IlepBLIM NMPUMEHHUJI 3TOT Me-
TOA B NMOABOAHOM CHTHAJIM3a-
IUH ¥ YJLTPAaaKyCTHYECKOM
9X0J10Te. 3HAUUTEJIbLHLIH
BKJIaJ, BHEC B TEODHIO MarHe- &
TH3Ma, 3JIEKTPOAUHAMUKY. AK-
THBHO YYaCTBOBAJ B Pa3BHTHHU
KBaHTOBOI MeXaHHUKH M Teo-
PHHM OTHOCHTEJILHOCTH.

JleTyuass MbIlIb BBITJIANUT AOBOJILHO HEIIPH-
ATHO. He yKpamaloT ee ¥ OrpoOMHBIe, IO CpaB-
HEHHIO C TeJIoM, yuiH. A HeoOXOAMMBI OHU e
IJIA yJIaBJIUBAHUSA 3BYKa, KOTOPBIM OHa caMa ke
usnaer. Hecymuiics ¢ Takoil ke, KaKk ¥ OObIU-
HBIH 3BYK, CKOpocThio — Oojsee 300 MeTpoB B
CEeKYyHJy, — YJbTPa3BYK 3a MI'HOBEHUE YyCIIE€Ba-
eT JIOMTH J0 IPEINsATCTBUA M BEPHYTHCHA, KaK
9x0, o0paTHO K MbImIM. Tak OHA «IIPOIYNbIBA-
€T» 9TUMHM CHUTHAJIaMH IIPOCTPAHCTBO BOKPYT ce-’
051 — CJIOBHO IIPOYKEKTOPOM CBETHT B TEMHOTE
M BUIUT OTPa’XeHHBIH OT IPEAMETOB CBET.

PasBe He moxoKa «paboTa» JeTyuell MbIIIU
Ha JeiicTBHe paauoyioxkaropa? Bompoc He mmpas-
IHBIM, Belb CErofHsA JIIOAU HAYYHJIUCh JeJlaTh
UCKYCCTBEHHYIO «JIETYUYYIO MBIIIb» . ITO 3XOJOT,
WX YJbTPa3BYKOBOM ruaposoxarop. IloceLiasa
¢ JHMINA KOopalbJisi CUrHAJBI B TOJIIY BOABI, Ta-
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KOM IpubOp MOXKET «MPOILIYyIIaTh» MOPCKOEe HJIH
OoKeaHCKoe AHO. Bce HepoBHOCTH OyAyT 3ameue-
HbI, ¥ OTPAXEeHHBIA CUTHAJI COOOIUT O HUX ITPU-
eMHHKY Ha KopabJie. YJIbTpa3ByKOBYIO HH(MOD-
MaIyIo HelIpephsIBHO npeobpasyior. X oHa nipex-
CTaeT B BHUJE JIMHUM HA OyMa)XHO# JIeHTe, BHI-
YepuuBaWIne KOHTYpP JAHA IIPSAMO B KaIlMTaH-
CKOil pyOke.

KAK I'OBOPAT AEJIb®HUHBI?

MosxHo g1 roBopuTh nox Bopoi? Hawm, ko-
HEYHO, 3TO He yJacTCi — MBI He ITPUBBIKJIHA K
TOMY, YTO POT M HOC 3amlOJIHeHBI BOAOu. [[bI-
1IATHL-TO HEBO3MOXXHO. A BOT Aeab(HHBI BIIOJIHE
MOr'yT OOMEHUBATBCSA MEXAY co00il cUrHaJlaMu,
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HecyIiuMH HeoOXoAMMyI0 uM WHGOpPMAIMIO.
IIpu 5TOM OHHM HCIIOJIL3YIOT KaK OOBIYHBINM, TaK
¥ YJIbTPa3BYK.

Heyio B TOM, 4TO AJIA OOHADY KE€HUS IIPEIsaT-
CTBUA HYXXHBI BBICOKOUYACTOTHbIEe KoJiebaHUA.
OHH XOpOIIO OTPAXKAIOTCA OT PAa3JIMUHLIX IIpPeJ-
METOB M BO3BpalaloTcA K NpueMHuUKy. Tak, je-
Ty4yas MBIIIb, HCIIYCKaA YJIBTPA3BYK C YaCTOTOMK
30000 repm, co3zaerT KoJieGaHMS C OYEHb Ma-
JIEHBbKOM, KOpoue CaHTHMETpa, NJIUHON BOJIHBI.
Jla Takoro 3BykKa y:Ke M MomKa Oyzer 3amer-
HBIM NPENATCTBMEM M OTpPas3suT curHaj. OObIu-
Hble e, «CJLININMBIC» BOJIHBI MMEIOT IJUHY
OKOJIO OgHOro merpa. Takas BOJIHA MOIIKH <«HE
3aMETHUT» M PACIIPOCTPAHUTCHA HaJIbIIE.

Bor u menbduHBI Iy CBA3M MEXAYy COOOH
MOJIBL3YIOTCS HU3KOYACTOTHBIMM MJIM JJIMHHO-
BOJIHOBBEIMHM 3ByKamu. Te, jierko orubasi mpe-
MATCTBUS, MOI'YT pPa30MTHUCh AOBOJIBHO IaJIEKO
M OBITH yCJHBIIIAHBI. A IJIA OIpeneJIeHUs pac-
CTOAHUM, HAIIpUMEP, A0 IIPHUOPEKHOH CKAaJIbI,
crtau peI60 MJIM copoxMYa, AEJbGHH HCIIYCKAaeT
BBICOKOYACTOTHBIN YJIBTPAa3BYK M JEHCTBYeT B
9TOM cJiyuae KaK IHAPOJIOKATOP.

Oco0eHHOCThL YyJABTPa3BYKa 3aKJIOUYaeTcHd
elme M B TOM, YTO €ro Jieruye, yeM OOBIUHBIHN
3BYK, corycupoBaTb. Bbl, MOxeT OBITH, 3a-
MedaJii, KaK YCUJIMBAeTCA 3BYK, KOrja IOJIb-
3yloTcss pymnopoMm. Tak M yJIbTPasBYK MOJKHO
clesaTh MOIHee, ecJu «co0upaThb» ero B y3-
KM JYYMK, KaK CBET OT ITIPOKEKTOPAa UJIH Kap-
MaHHOro (poHapuka.
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YJIbBTPA3SBYKH — MACTEPA
HA BCE PYKH

I'me npuroxuica yesnoBeky yarTpa3Byk? Bos-
MOJKHOCTD €I'0 ¢Cr'yImleHHA», KOHIeHTparuy 1o-
3BOJIAET JOCTHUYb TAKOH MOIIHOCTH, YTO OH CMO-
JKeT IIPOJeJIaTh OTBEPCTHE JaKe B MeTajLyie. ITO
TaK Ha3KIBAEMOE€ YJILTPA3BYKOBOE CBEpJIO. BHI-
3BIBasd B Pa3JIMYHBIX IIPEAMETaX BBICOKOYACTOT-
HYI0 BHOpamnuio, OH MOXKeT OYHCTHTH MX OT 3a-
rpsisHeHU#. YJbTPas3BYK CIIOCOOEH Jake «Co-
CKOOJIMTH» PIKABUMHY C MeTaJlyIa MJIM TOHKUM
U POBHBIM CJIOEM, JIydIie Jio00ii KUCTH, HAHECTH
Ha IIOBEPXHOCTH KPACKY.

ITonpoOyiiTe cMemaTh ABe KUAKOCTH, KOTO-
phle He CMa4YMBaIOT APYT Apyra, HalIlpuMep, Mac-
JIo ¢ Bojoii. MoXHO, pasdymMeeTcs, BCTPAXUBATH
COCYyZ ¢ HUMM pyKaMu. Tak roToBsAT B LIEHKepe
KOKTEHJIN — BB, HaBepHOE, BHUJEJIM, KAK 3TO
nenaioT OapmeHbl. Hy, MHKCED MOXXHO BKJIIO-
yuTh. HO HUYTO He BLINIOJHUT 3Ty 3alaudy Jyd-
me, yeM yJabTpas3ByK. OH OnIicTpo pasmgpoOuT
SKMIKOCTU HA MeJIbYaWInme KaleJbKH M Iepe-
MemIaeT HX.

YabpTpasByK, KaK BBISICHHJIOCH, 00pabaTeiBas
pacTBOpPHI, YHHUYTOXaeT B HUX MUKpoOoB. He
MOTYT OHH, OeZHbBIE, BEIHECTH TAKUX BUOpaIuii.
9To Xopomras NMOAMOra MeJuKaM — Ae3uHDH-
LUPOBaTh BOAY 6e3 Kakux-J1u60 XUMHUECKUX J[0-
0aBOK U 0e3 KUNIAUeHUA.

Hammes cBoe MecTo yibTpasByK B Tepanuu u
AuarfHoctTuke. OTIIMYHEIX pe3yJbTATOB A0OHMBa-
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I0TCS, IIPUMEHAA YJbTPa3BYKOBOM maccak. He
CTOJIb JABHO y Bpauyeil MOABUJIOCH MOII{HOE CpeX-
CTBO MHCCJENOBAHMA BHYTPEHHHUX OpPraHOB —
Y3U. Ilopbupas yacToTy u3jaydaTessi, HalIpas-
JIsiA ero C pa3HBIX CTOPOH Ha HAIl OPraHW3M,
MOXHO OyZATO BBICBETUTb U Pa3rJIAZeTh MOYKH,
Ie4YeHb, YKEJUHBIA Ny3bIPb U JPYyrue OpraHhl,
«He 3aJjie3asi» BHYTPb. OTH YJIbTPa3BYKOBHIE
KapTUHBI CTAJM celyac He MEHBIIUMH IIOMOIII-
HUKaMHU Bpaueil, 4eM PEHTreHOBCKUE CHUMKM.

«AY, KAIITAJIOT, OTKJIUKHHCBH!»

Mouruat siu Mmopckue ray6unsi? Koneuno, ec-
JIM BBl HBIPSJIM B PEeKe, KOrJa He OUEeHb HAJIEKO
IBHIKETCHA TEILJIOXOJ MJIX MOTOPHAsA JIOAKA, 3BYK
UX OBUTraTeJIell OTYETJIMBO CJIBIIIEH. A BOT HBI-
psas B Mope, B TUXOK OyxTe, Bbl 3aMedaid —
CJIOBHO YIIHM 3aJIOKUJIO BaToii. IlogBonmuoe Oes-
MosaBue... He oOMaHYUBO JI1 OHO?

Harmre yxo Bce-Taku He CJIMIIKOM IIPUCIIOCO0-
JIEHO K TOMY, UTOOBI XOPOIIO CJIBIIIATEL IIOA BO-
moit. OgHAKO ¢ MOMOIIbLI0O MPUOOPOB, Ha3LIBae-
MBIX TUAPOGOHAMHU, OKEAHOJIOTH YJIOBUJIU HEBe-
POSITHO Pa3HOTOJIOCHIM HIyM, LAPANIUNA IIOA BO-
Joi. MOXHO pas3JIMUUTh U 3BYKH OTHAJIEHHOI'O
mTopMa, U «0OOJTOBHIO» DBLIOOK, M IMeJKaHUe
KJIEHIHAMU KPEBETOK.

HenaBHo B MoOpcKo#l nyumHe OOHApy»KHJIHA
WHTEepeCcHoe siBjieHne. Bo Bcex OKeaHax Ha IJy-
O1He B HECKOJILKO COT METPOB PACIIOJIOXKEH 3BY-
KONPOBOXAIIMH CJIOH. ITO UTO-TO BpoJe IIepero-
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BOPHO#I TpPYOKH, BHYTPHM KOTOpOM 3BYK, OTpa-
JKasICh OT CTEHOK, MOYKET PacIpOCTPaHATHCS HO-
BOJIBHO JlJaJIeKO, He O4YeHb 3aTyxasi. Ho oT uero
OoTpakaeTcs 3BYK B Boje?

Bona Ha pasHbIx raybuHax obJiasaeT pasand-
HOM NJIOTHOCTHIO. BOT 9TH nmepenaabl MJIOTHOCTHA
M CO3AAIOT AJISA 3BYKA HEBUAUMYIO OTPAXKAIOI[YIO
cTeHKy. IlomaB B 3ByKOIPOBOAANINI CJIOM, MJIK
BOJIHOBOJI, MOJKHO YCJIBINIATH I'0JIOCA, MAYIIHE
OyYKBaJILHO C APYTrOro KOHIIA CBeTa, TO OMIIb OKe-
aHa. BeposaTHO, JIIOAM HAy4yaTCA HMCIOJL30BAThH
3TOT CJIOH, YTOOBI CIILIIIATE I'YJI OT JAaJIEKUX ITOA-
BOAHBLIX 3€eMJIETPACEHMH, TO €CTh 3apaHee MOoJIy-
YaTh CBEAEHUS O NMPUOJIMIKEHUH I[YHAMH.

EcTp npeanosiosxenue, 4ToO 3TUM CJIOEM JaB-
HO IOJb3YIOTCA... KUTHI. [[eHCTBUTEJBHO, KaK
MOT'YT OHM HaXOOWUTh APYT APYTra 3a THICAYU KH-
JomeTpoB? Bo3MOXKHO, ymess HBIPATH Ha 0OJIb-
my0 rayOuHy, OHH «IIeperoBapuBalOTCA» M CO-
o0IjaloT COPOAUYAM O CBOEM IIOJIOXKEHHH I10 OKe-
QHCKOMY BOJIHOBOZAY.

KAK «YCJIBIIIATD»
IIOA3EMHBIE BYPU?

Brr xJeTe y KeJIe3BHONOPOIKHOIO mepeesza,
KOraa MHMO Bac IIpoHeceTcs mmoesf. He kakercs
JIX BaM, YTO 3eMJIA APOKUT mox Horamu? Takoe
APOXKaHMe ele 3aMeTHee B OJIM3JIEMKAI[UX HO-
Max — B HHX HaYWHAIOT Apebe3KaTh CTeKJia.
Ho uero cTouT 3T0 coTpsiceHue MOYBHI IO CpPaB-
HEHMIO C TOJYKAMH, ITepefaloIUMHCS 110 3eMJIe
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OT 3HAYMUTEJbHO 6OJiee MOry4yero MCTOUHMKa —
3eMJIeTPACEHUS.

3eMHasA TBepAb criocoOHA MPOBOAUTH KoJieba-
HUA HA OYeHb OoJyibmiue pacCTOAHUA. B mpuH-
LIAIIe, MOYKHO 3aperucTpupoBaTh NOA3EMHBIE
TOJYKH, UAYIIHE C IPYr'UX KOHTHHEeHTOB. IIpas-
Jla, IUIA 3TOr0 HeoOXOAMMO CIIYyCTHTBCSA B IJIy-
OOKYyI0 IIIaXTy XM BOCIIOJIb30BATHCS HEBEPOSATHO
yyTKUM npubopom — ceiicmorpagom. Ilpoursa
ero NoxKas3aHus, 3aNucaHHble HA OyMaXXHOI1 JIeH-
Te ¥ HANOMHHAION[ME KapAuorpamMmy, clelua-
JIACT OIpEeNEJIuT, I'Ze IIPOU3OILJIO 3eMJeTpsce-
HUE U Jla)Ke CMOYKeT OLIeHHUTh ero cuiy B bannax.
OTH npuGOpHI KPYrJIOCYTOYHO HECYT CIYXKO0y Ha
celiCMOMeTpHUYeCKHUX CTAHIUAX.

Ceiicmorpadsl TakKe criocoOHBI 3aUKCHUPO-
BaThb COTPACEHMA, BO3HHMKAION[ME IIPH B3PHIBE
sAfepHOl 60MOLI M 3amycKe pakersl. TakuM 00-
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pa3oM, B Pa3HBEIX CTPaHAaX MOXKHO CJIEJHUTh 3a
TeM, He HapyluaeTr JIM KTO AOrOBOP O 3alpelle-
HUY HCIBITAHUM MOIIJHOTO ODYKHA.

Tomsarcsa ceiicmorpadnl U B TOM cjiyyae, KOr-
Ia HY'KHO pa3BeflaThb IIOJIe3HBIE HMCKOIaeMble.
YcrpanBaoT B KoJiofue HeOOJbIIO B3pPHIB, a
Ipu6GOpOM (PUKCHDPYIOT IpOmIeAInue uepe3 TOJI-
my 3eMJiu Kosebanusa. Ilo ux BUAY MOYKHO CKa-
3aTh, T'Zle ¥ KaKkue 3ajeramT nopoxabl. CpaBHuTe
9TO C TeM, Kak Bpad HPOCTYKHUBAeT TI'PYAHYIO
KJeTKY, IIDUCTAaBUB YXO K CIIMHe OOJILHOrO.

BcomoMuuTe eije, Kak NpoOBepPAIOT B MarasuHe
nocyny. Eciu B Tapesike eCTh TPEIIUHBI, TO IIPU
MOCTYKMBAHUM OHa 3ajapebe3xut. IlomoOHBIM
00pa3oM BBIABJISIIOT CKPBITHIE Ae(PeKTHI B AeTa-
Jaax mamuH. ToJBKO IPOCHYIIMBAIOT HX NPHU
9TOM C IIOMOIIbI0 TPUOGOPOB, CXOAHBIX C celic-
Mmorpadamu.

KYJA HCUYE3AET 3BYK?

ITouemy B OAHMX INOMEIEHUAX HAII roJIOC
3BYYHT I'yJKO? A B APYIrHX KaMeTcs, UTO OH
YXOIHUT OT Hac, He BO3Bpauasch. Ilo-BugumMomy,
JIeJIO B TOM, KaK OTPa’XalOT MJIM IIOTJIOIIAIOT ero
OKpYyJKaloll[ie Hac IIpeJMeTHI.

Bb1, HaBepHOE, CJILIIIAJIN CJIOBO «3BYKOHM30-
aauusa». B nomax, B KOTOPHIX O HEH He mo3a-
60THJINCh, CJABIIMMOCTL OBIBAET TaKOH, UTO
MOXXHO Dpa3o0paTh CeKpeTHbIe PasroBOpHI coce-
Zei. A BOT, CKa)keM, B cpefHHEe BeKa IIPUMEHs-
JIachk NMBITKA — 4YeJIOBeKa CaXaJl B Kamepy C
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1894) — HeMenKH ecTeCTBO-
HCHLITaTe/b, 3aHHMAJICA QHIH-
OJIOTHYECKOH akycTHKOM, IIpea-
JIOXKHJI PE30HAHCHYIO TEOPHIO
cJyxa, TIOCTPOMJI MOJIEJH yXa.
Coapnan KoneGaTeILHLIN KOH-
TYp, DIPHMEHEHHKI}H BrOCJEACT-
BUH B paauo. U3o6peJ psaa us- <
MepHTeJbHLIX OpHbGopoB, 3a-
TPOHYJ B CBOMX TpyJax Ipak-
THYECKH Bce 06JIaCTH coBpe-
MeHHOH! eMy ¢pu3uKH. OGOCHO-
BaJl BCeOGIIIHOCTL 3aKOHA CO-
XpaHeHHs] HHEprHH.

TaKMMH TOJICTLIMH CTeHAaMH, YTO B Hee He MOT
IMIPOHUKHYTb HU OOUH 3BYK. OT MepTBOil THIMIH-
HBl HAUMHAJINUCH MaJIIIOIUHALIMA X MOYXHO ObLIO
COMTH C yMa.

Kak u cBer, 3BykK HamM HeoOXOAuM, HO OH
IOoJKeH ObITh pasiuyumbiM. AHOH pa3 MBI He
MOXKEM pacciblmaTh coo0IIeHne 10 paaguo 1u3-3a
OXXHMBJIGHHOrO pa3roBOopa HAMIMX pPOJCTBEHHH-
K0B. C Ipyroi CTOPOHBI, MBI YAUBUTEJIHLHO TOYHO
BBIZIEJIAEM TOJIOC IIeBlia Ha (oHe aKKOMIIaHUDY-
omero eMmy opkecrpa. Hamre yxo, BBIXOAUT, MO-
KeT OBITh U30MpaTEeILHBEIM, HO 1 3TOMY, KaK MBI
BUAUM, €CTh IIpefeJl.

Bor, K mpumepy, Ha KOHIlepTe, rae cobpa-
JIOCb MHOr0 IyOJIMKH, 3BYK CO CII€Hbl HEILJIOXO
CJBIIIEH U B JaJbHEM yrojike 3ajua. Ogexna spu-
TeJieif ero XOpoIIo IIOTJIOIIaeT, He JOaeT JOHO-
CUTBCA JO BaC CO BCeX CTOPOH. A ecJH BHI OC-
TAJIUCh B 3ajie OfUH, I'OJIOC apPTHCTA CTAHET Ka-
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3aTbCs I'yaKuM. Ero cjioBa, MHOrOKpaTHO OTpa-
sKAsCHh ellle M OT 10Jia, OT KpeceJs, CJIOBHO OBl
HaJIoKaTcdA APYyr Ha Apyra.

ITorsmomenue ¥ OTPaKeHHe 3BYKa Pa3IMYHbBI-
MH MaTepHMajaMHM HYXXHO YUHUTHIBATH KAaK IIPH
ITOCTPOMKE KHUJIBIX JOMOB, TaK M IIDH COODYIKe-
HUM TEaTPOB M KOHIIEDPTHBIX 3aJI0B. ITUMH BOII-
pocaMM 3aHMMAaeTCs APXHTEKTYPHAs aKyCTHMKa,
“MelOIas ThicAueJeTHUH onblT. OOpaTHTe BHH-
MaHHMe, KaK 3ByYaT BAIIM I'0OJIOCA B CTaphbIX Iiep-
KBfAX, M BBl IIOMMeTe, KAKOI'o COBEepIIEeHCTBA
CMOI' [OCTHYb 37eCh UeJIOBEK.

«BEPYIIIN» — BEPEI'UTE YIIN!

3axymaiTech, CKOJIbKO BOKPYTI HAC MUCTOYHH-
KoB 3ByKa! BoH Ha eTCKOH ILJIOIMIAZKE «CTOHYT»
HeCMa3aHHEIEe KaueJd, KPUYaT DPeOATHUIIKU BO
JIBOpe, 3BEHUT BOJIHOOJILHBIN MAY, KTO-TO CTY-
YUT, BCTABJAA cTekJo. Ilo yyuie, ypya MOTO-
paM#, IIPOHOCATCS aBTOMOOHMJIM, M3 COCeIHUX
OKOH 3BYYHT MY3BIKA, XJIONaeT BHIOWBaeMHbIil KO-
Bep, 3aCBUCTEJI YAUHNK HA KyYXHe, HEIIPepBLIBHO
THKAIOT Yachl, CKDUITHYJIA ABEPb...

N stro — Ttoapko moma. Ilporyska ke 1o
6oJIbIMIOMY I'OPOAY HepeAKO 3aKaHYHWBAETCS Tro-
JIOBHOM 60JIBI0 — TaK JeHCTBYyeT HA Hac pa3Ho-
obpasHulit myMm. He cpaBHUTEL C THIIMHOMR Yy pe-
KH, KOTr/Jla CJIBLIOIHO JIMIIb JKypYaHUe BOAHI, IIIe-
JIECT JINCTHEB MJIM CTPEKOT KY3HEUHKOB.

Bce meHbmIe sioneil oKa3elBaeTCA B TaKHMX
«YHCTHIX» 3BYKOBHIX ycJioBHsAX. Ilepecenssch B
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ropozna, 4eJOBEeK NOJIKEH IIPMBLIKATH K HOBOIA,
«3arpA3HeHHOW» ImMyMaMu cpefe. Bpauu naBHO
ObIOT TPEeBOTr'Yy, IPUBOAA CBHIETEJbCTBA YaCTHY-
HOM WJIX NOJIHOM IIOTEpH CJyXa, a TaKyKe Hapy-
IIeHU# HepBHO! CHCTEMBI, CBA3aHHLIX C M30LIT-
KOM OOpYIIMBIIMXCA HA HAIIM YIIH 3BYKOB.

Boprba ¢ mymamMu BeneTcA He IepBBIA I'ojx:
BBIHOCAT 34 4YepTy ropofa ’KeJie3HbIe JOPOTH M
CKOPOCTHBI€ aBTOCTPAAbl, 3aNlpemialoOT II0JIb30-
BaThCA 3BYKOBBIMH CHUI'HAJIaMH, OTBOLAT B CTO-
POHY OT JKHJIBIX PA#OHOB MapHIPYTHI CAMOJIETOB.
K coxasneHu1o, TOJIKYy OT 9THX Mep He TaK Y
MHOTO.

Brl BUzeI, BEPOSATHO, KAaK MY3BIKAHTHI Ha-
YIIHMKAMM 3al[UIIaIOTCA OT IIymMa, KOTOPBIA
caMH Xe M IIPpOMU3BOAAT. IIoXO)KHe HAYIIHUKHU

U3 3BYKOM3OJIMDYIOIIUX MATEpHAJIOB Ha/ZeBaIOT
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Ha ce0s pabouue B rpoxouymnux mexax. A 4ToOsl
Jiydynle CIIaTh, Telepb B alTeKax IIPeAJaraioT
«Oepymmm» — Oesble M BOJIOKHHCTHIE, CJIOBHO
BaTa, KBaJPAaTUKHU IJIs 3aThHIKaHMA ymei. WUx
He TaK YK JaBHO NPUAYMAJIM YUeHEIe.

BoamooxkHO, M3o06peTaTenaM yaacTCA yMeHb-
MUATh BHOpPAIMI0 MAIIWH, YCOBEPIIEHCTBOBATH
PJIYIDUTEJIN MM HAWTH HOBBIE CPEACTBA 3BYKO-
n3onsauuu. Ho, BuaguMoO, pemenue npodjeMbr —
B CO3JAaHMM KAKHUX-TO NPUHIMIHNAIBHO HOBBIX
IBUTAaTeJIeH, M3HAYAJIBHO NIPOM3BOAAN[MX MUHH-
MyM myma. M B HalleM NHOBEAEHUH...

3BYKH JIATHBIE U HEJIATHBIE

A Kak MBI OTJINYAaEM ONPUATHLIA 3BYK OT IIPO-
THBHOro, pasapakaiomiero? Ha cayx, koHeuHo,
HpaBUTCA — He HpaButTcsa. Ho, MoxeT OBITSH,
aKyCTHMKA HAaM IIOCKaXXeT, YeM pa3IM4aroTcCsd,
HalpuMep, CKPUI HEeCMa3aHHOU TeJilerH OT Me-
aonguu «ABe Mapusi»?

TponrTe rurapayio crpyHy. Ee dopma npu
3BYYaHMM HANIOMUHAET BaM BHJ BOJHBI HA IO-
BepxHOCTH BoAbl. I ucnyckaeMslit e 3ByK, ec-
Ju OBl ero MOXKHO ObLIO M306pa3uTh, GBLI GBI
IIOX0X Ha IJIABHO BOJIHYIOIIYIOCS BOAY. 9TO —
TaK Ha3bIBAeMBLIM UHMCTBIA TOH.

Y pasHBIX My3BIKAJbHBIX WHCTPYMEHTOB, Y
roJjioca ImnomwiImero yejioseka oH obpacraer «obep-
TOHaMM». ByATo Ha Me/JIeHHBEIX MOPCKHMX BajaxX
nosiBUJIACH eme u Menkas pabb. OHAa He MeHseT
4YacTOThl OCHOBHOI'O TOHA, a CJIOBHO oforamaer
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HUJIM, KaK rOBOPAT MY3BIKAHTHI, OKPAIIXBAET €ro
csouM TemOpom. IloaTomy, Korma Bech OPKECTp
6epeT OLHY HOTY, CKa)XeM, «JIi», MEI TeM He
MeHee OTJIMUaeM 3By4YaHHe, TeMOD KaXJA0ro MH-
cTpyMeHTa. I BOT IeHHE CMEIIaHHOI'0 AyaJTa.
Jaxke ecqu mapa IOeT B YHHMCOH II0 OJHHUM H
TeM e HOTaM, MHI pasbepemcd, rge >KeHCKH
roJioc, a rae — MyKckKoii. TemOpoBasi oKkpacka
JIejlaeT MUpP FapMOHMYHBLIX 3BYKOB padHooOpas-
HBIM, U300MJILHBIM.

Korpa ke ckpexemer MeTasi, apebesixar
CTeKJIa, CKDUIIUT ABEpb, UX 3BYK MOXKHO CpPaB-
HUTH C Xa0COM, TBOPAILIUMCSI HA MOpe BO BpeMsd
O0ypu. Hukakoil perynspHOCTH, IJIABHOCTH —
CILJIOIIHBIE BCIJIECKHM M OOPBIBUCTBHIE IAJEHUS.

XoTuTe B CBOEM KJIacCe BOCIIPOM3BECTH KJiac-
cuuyeckuit mrym? Jlns 3TOro He HAJAO KpUUATh,
TOIIATh HOraM# M OUTH JIMHEHMKAMH IIO CTOJIAM.
3amoMHHTE BCEro JUImb OAHY ¢pasdy: «Uro ro-
BOPHUTB, KOrZla 'OBOPUTh Heuero». Temeps cobe-
pHUTeCh BMECTe U CTaHbTE BCE e€e IMOBTOPSATH, Ha-
JKe He OYeHb I'POMKO. TOJIBKO OJHO yCJIOBHE —
rOBOPUTh HE XOpOM, a Bpa3HOOOH, KTO Korpa
HauyHeT. To, 4YTO Temeph BBl yCJBIIIUTE, OyzeT
NIPEKPACHLIM NIPUMEPOM IIIyMa, IIOJIHOM 3BYKO-
BOoi Hepasbepuxu.

3BYKH BBICTPAUBAIOTCA I1IO0 HOTAM

Bel Bce mpekpacHO 3HaeTe, UTO OIEpHEIE
apUHU MCHOJHSIOT IIeBIBI C PA3HLIMUA I'OJIOCAMH.
Huxorga pexxuccep CieKTakJjs He IOPYYHUT IIap-
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Tuio JleHcKOro u3 onepul «EBrennit Onerun» 6a-
puToHy. Ee 06sA3aTeIbHO OTAAAYT apTHCTY C BHI-
COKHM roJjiocoM — TeHopy. Eme, HaBepHoe, BB
CJHBIIMAJIA O TAKUX TroJIocaX, KAaK COIIpaHo,
KOHTpasbTO U Oac. Bce oHM pasnuuarTcs II0
BBICOTE TOHA, XOTA BOBCE He NOXOAAT N0 Kpai-
HUX IIpeJieJIOB B AHANa30He CJBIIINMBIX YeJIo-
BEKOM 3BYKOB.

3aTo II0 3THM I0JIOCAM MOYKHO BBHICTPOHUTDH
«MY3HIKAJILHYIO JIECEHKY» — OT CaMbIX HU3KHX
3BYKOB, KOTOpble 6epyTCA 4YeJIOBEKOM M MY3BI-
KaJLHBIMM HMHCTPYMEHTaMH, A0 CaMBIX BBICO-
Kux. Kaxabiii U3 3THUX 3BYKOB, KaK M3BECTHO,
Ha3bIBaeTCA HOTOM.

OTKpoeM KpHIIIKY poAJisi. Bo BpeMs HUIpHI
Ha HeM MBI 3aMeTHUM, KaK yZap naJjblia II0 KJa-
BUIIle IIepefaeTcid MOJIOTOUKY, ObIOIeMy II0
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crpyne. CTpyHa-TO, COGCTBEHHO, M M3a€eT 3BYK.
YacroTa 3TOro 3ByKa — He NpPOM3BOJibHAsdA. Ec-
JI BBICTPOUTH BCe YACTOTHI II0 Mepe BO3pacTa-
HHAS UX YHMCJIOBLIX 3HAYEHWUH, TO MOMKHO OOHA-
PYXHUTb CTPOTHE 3aKOHOMEPHOCTH ¥ OIIpeJeJIeH-
HYIO IIOBTOPSEMOCTbD.

IToaToMy BCe HOTHI IEPUOANUYECKH BCTPETAT-
cA HaM Ha KJjaBuarype. IloHauany HU3KOe, Ts-
JKeJIioe «JIA» elle HEeCKOJIbKO pa3 (uepe3 OKTaBy)
IIPO3BYYUT HA pOsijie, CTAHOBSJCH BCE BHIMIE U
Boime. Ho aTo Oyzer oxHa M Ta Ke HOTA.

Kaxxnoit yacTore COOTBETCTBYET BIIOJIHE OII-
pefeJieHHadA HAJHMHA CTPYHBI HJIM BO3AYIIHOrO
cTonba B Tpybe. T My3bIKAJIbHBIE 3aKOHEI pa-
00TalOT BO BCeX 3ByYANIMX HHCTPYMEHTaX — B
CTPYHHBIX, NYXOBBIX U JakKe yAapHBIX. Beab BhI
BHJIeJIN, CKOJIbKO 6apabaHOB OKpY:KaeT yaapHHU-
ka? Emy ux TpebyeTcsi TaK MHOrO, IIOCKOJIBKY
KaXabplii Oapaban u OapabaHUYMK H3naeT 3BYK
TOJIBKO CBOEro TOHA, 3aBHUCAIILEr0 Ha 3TOT pas3
OT BeJIMUUHBI U YIPYTOCTH HATAHYTOM IJIEHKH.

KAK BOIUTH B PEBOHAHC?

B ¢uipMax o BHIAAIONIUXCS MEBIaxX OBLI ITO-
nyasiped Takou snuson. HabpaB nmoJiHeIe JieTKHe
BO3/yXa, apTUCT BBIZABAJI TAKYI0 I'DOMKYIO HO-
Ty, YTO HAUMHAJIa 3BeHETh IT0CyZa WUJIHN CTEKJISAH-
Hasa Joctpa. OTyero ke roJIocOM MOXKHO 3acTa-
BUTH 3By4YaThb KaKHe-TO IIPeMETHl Ha PacCTOsA-
HUHU?
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Korga aToT BOnpoc 3aMHTEpPECOBAJI YUEHBIX,
OHHM BBIACHHJH, 4YTO 3JHEPrusA, NEepeHOCHMasd
00BIUHEIM 3BYKOM, BechbMa maJia. TeM He MeHee,
KaK IIOKa3bIBAIOT OIIBITHI, Ja)Ke HerpoMKHUi
3BYK MOJKET «BKJIIOUUTH» U JPYTHe ero MCTOo4-
Huku. HaBepHsika BBl BUJeJIM KAMEPTOH — Ta-
KYIO METAJLINYeCKyI0 poraTky. IM monn3yroTca
HACTPOMIMKU MY3BIKAJbHBIX MHCTPYMEHTOB.
Kaxaerit u3 HUX clejlaH TaK, YTO MOXKET KoJie-
6aTeCA CO CTpPOro omnpenesieHHoi uacroroi. U
€CJIM CHUJIbHO YAAPUTH IO BCEM KJIaBHINAM DOd-
Jsi, TO KaKasd-HUOyJhr M3 CTPYH 3aCTaBUT 3BY-
4YaTh M OTJEJIbHO CTOSAIINI KaMepTOH.

Emre npumep. JIBa OZMHAKOBBIX (C OAHOH ua-
CTOTOI) KaMepTOHA TaKike OyAyT IepenaBaTh
ONWH APYroMy 3BYKOBYIO sHepruio. Ilouemy ke
Tak rpoucxoauT? BCIOMHMM, KaK JIETKUMHM TOJ-
YKaM#4 Mbl MOXKE€M 3aMEeTHO pacKauaTh KaueJid.
HNin kax ycuiausaer

3ByuaHHe IIPUEMHUK, N’ JA\

HAaCTPOEHHBIA Ha OII- ) ( _

penesIeHHYI0  BOJIHY. : r
N\ N

IT0 — cJay4yad Mexa-

HHUYECKOr'O ¥ 3JeKTPH-
YEeCKOro0 pe30HaHca.
Mz ke ceifuac uMeeM
JeJI0O C Ppe30HAHCOM

3BYKOBBIM, aKyCTHUe- \«yp\,\
CKHM. Q

Bce atu mpumepst
obbenuHAEeT ONHO —
9HEpPrusa K KaudejasaM,
K NPHEMHHKY, K Ka-
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P

1827) — Hemenkuit GU3MK.
OCHOBOMNIOJIOXKHHK 3KCIIEepHUMEH-
TaJLHOH aKyCTHKH. OTKpLLI
TIpoJi0ILHLIEe KoJleGaHusT

CTPYH, CTepXKHel, ILIaCTHH,
KAMEpPTOHOB, KOJIOKOJIOB. Omu-
caJl ¢«aKyCTHYecKHe PUTryphls,
BO3HHKaloIMe Ha KoJsebo-
meiica IWiacTHHe, NMOCLINaHHOK
neckoM. IlepBLIM mpoBes Tou-
HLle H3MEPEHHUs1 CKOPOCTH 3BY-
Ka B pa3/IMYHLIX rasax, Aoka-
3aJl, UTO B TBEPALIX TeJax
3BYK DACIIPOCTPAHSIETCS C KO- i
HEYHOM CKOPOCTbI0. OGBACHUI |
3X0, HA ONLITE ONpefeJHa Bep- i
XHUH TIOPOT CJALIIIMMOCTH 3BY-
ka. M306peTas My3LIKaJbHLE |
HMHCTPYMEHTHI.

MEpPTOHY IlepefnaeTcd HeOOJbIIMMHU IOPLMUIAMH,
HO TaK, YTO CJIOBHO IIOAXJIECTHIBAeT KOJIeOJIIO-
mylocsa cucteMmy. Emje roBopAT — KoJjebsoTcsa
B (paze. M0O)XHO cKa3aTh U TaK: CBOs COOCTBEH-
Has, BHYTPEHHsAs YacTOTAa TOrO K€ KaMepTOHA,
C KOTOpPO# OH caM «XoTeJsi» Obl KosebaTnCs, COB-
nazaeT ¢ BHEIIHEN YaCTOTOM, C KAKOM ITPHIILIA
K HeMy 3BYKOBasA BoJIHa. MM ele: BOIIJIXA B
pe30HaHC.

Torpa sicHo, moueMy MHOTJa HEOXKUTAHHO Ha-
YWHAIOT BUOpHpPOBaATh MM Apebe3rKaThr KaKue-
aunbo npeametsl. IX mpuBes B KoJsiebaHue JO-
HECIIUMCA OTKYZa-TO 3BYK, BBI3BABIIMU pe3o-
HAHC. OTO ¥ MPOM3OIIJIO B CJIydYae C IIEBIOM.
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ITHAHO H ®0OPTE

A ueM OTJIMYAETCs 'POMKHM 3BYK OT THXOT0?
BoT BBl CHMJIBHO HLJIENHYJH IO MAYY, a BOT —
Jeroupko. Y1 3ByK, IOHATHOe nejyo, OyzeT pas-
HbIM. A B ueM pasHeiM? Benb u TaM, ¥ TaM MBI
He omubaeMcA B ONIpefieJIeHUN UCTOYHUKA 3BYKa
Ha CJyX, OTJIMYaThCsA OyZeT Jumb rPOMKOCTHL
3ByYaHUS.

Tenepr MY3BIKAJbHBIN onbIT. JlepHeM IIO-
CUJIbHEee TUTAPHYIO CTPYHY, a 3aTeM YIIUIIHEM
ee mocaabee. BeaymaiTech caMu B TO, YTO MBI
00 3TOM TrOBOPHMM: 3BYK TOT K€ CaMBIi, TOJIBKO
IIepBLIi pa3 — IorpomMuye, BTOPOM — IIOTHIIE.

A BBl 3ameTHsIM, Kak Besa ce0a rurapHas
crpyHa? B mepBoM cayuyae pasmax ee KoyieGaHUA

JOCTUT'AJI HECKOJILKMX MHUJIJINMETPOB, BO BTOPOM
JKe OLIN esie 3aMeTeH Ha IJjaas.
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Paseit) (1842—1919) — aur-
nuinckuit pusuk. Tpyanl no-
CBSILIeHbl TEOPUHU KoJebGaHuii,
OIHUM M3 OCHOBOIIOJIOXKHHKOB
KOTOpoil oH siBasieTcs. HUccae-
JOBaJI KosieOaHUsl yNpyrux
TeJI, H3yuas paccesitHUe ¥ IC-
TJIOIIleHNE BOJIH, OTKPLLI 0CO-
6Ll X BUA. OGLACHUI rosy-
6oii nBer HeGa, BLIBEJI 3aKOH
M3JTYYEeHHs] HarpeToro TeJa.
H306pesn npubop pasi u3amMepe-
HHSA CHJILI 3BYKA.

BoT u BEIXOAUT, UTO 'POMKOCTb 3BYyKa 3aBH-
cuT orT MacmTaba KoysebaHMI 3Bydaliero TeJia.
Tak xe 1 Hama 6apabaHHAA MepenoHKA pearu-
pyeT Ha pa3dMmax KojsebaHMI ZOCTHUTrIIEl ee 3BY-
KOBO# BOJIHEI. I yeM cuyibHee 3aBUOPHUDYET OHA
B yxe, TeM rpomue OyzeT HaM Kas3aTbCS 3BYK.

Kcratu, UMEHHO ¢ 3THM cCBs3aHH OoJieBbIe

OILIYII[eHUs, BOZHUKAIOIIUE DU OUeHb 'DOMKOM
3ByKe. Kak BbI cebsa ImouyBCTByeTe, KOrja Bac
CUJIBHO IIOTSHYT 3a PYKM B pa3HbIEe CTOPOHBI?
Tak u 6apabaHHas mMeperoHKa — MPH CIAUIIKOM
CUJILHOM pa3Maxe KoJjieOaHUI OHa pacTATUBaeT-
ca no 0osm. BeITH MOJKET, BBI CJBLIIIAJIHA O KOH-
Ty3uUAX M Ja)ke IIoTepe CJyxXxa — Dpa3phiBe Iie-
PENOHKH — Yy BOMHOB, OKa3aBUIMXCA M0OOJIH30-
CTH OT B30PBABUIMXCA CHAPANOB.

Pazmax xoysie0aHUM B cCaMBIX Pa3JIMUHBIX CH-
cTeMax — MeXaHWYEeCKUX, aKyCTUUEeCKUX,
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3JIEKTPOMAarHMTHBIX — HAa3BIBAETCSA AMILIHTY-
oM. Ta BeJIMYMHA ITOKA3LIBAET, KaK JaJIeKO OT-
KJIOHAETCS CHCTeMA OT IOJIOKEeHUsI paBHOBECHH,
MOKOsA. B3rnsaHuTe Ha MAaATHUK YaCOB-XOAUKOB.
CMoxkeTe M BBl HAWTH aMILIUTYAy €ro KoJe-
6auuii?

KcraTn, moueMy NHaHUHO ¥ POSIJIb HA3bIBAIOT
eme ¥ poprenbsaHo? ITO ABA UTAIBAHCKUX CJIO-
Ba: opre — I'pOMKO, MHMAHO — THUXO.

Y9TO TAKOE ITIOJIOCA YACTOT?

He O6pocaJyiuch Jiu BaM B IJjia3a CTpaHHbIE Kap-
TUHKY Ha MarHuTo®OHHBIX Kaccetax? C oxHoO#
HMX CTOPOHBI, KaK IIPaBMJIO, M300pakeHO Ha3Ba-
HHUe GUPMBI UJIM IIOPTPET IIeBlia, a BOT ¢ obpar-
HOM IIOPO¥M HApHMCOBAaHBLI KAaKMe-TO JIMHUM U ITH-
¢bupku. IlpurnspeBmuch, BBl HaiAeTe Cpexu
HHUX y¥Ke 3HaKOoMoOe 0003HaueHHe — reprbl UK
KHJIOTepIbl. JTO — TAaK Ha3blBaeMas 4aCTOTHAA
XapaKTepPHCTHKA IIJIEHKH.

Hpyroi npumep. He kaketrcs i1 BaM, 4TO
roJioc BAIIero TOBapuIma Mo TejJedOHY 3BYYHUT
He COBCEM TaK, KaK BbI IPUBLIKJIMA €r0 CJLIIIATE
«XXuBbeM»? nu eme roBopsT: BHEICOKOKAUYECT-
BeHHasA annaparypa, HU3KOKa4eCTBEHHOE BOCII-
pou3sBezieHUeE.

Bo Bcex aTuX ciyyasx NPpUHUUNIHNAJIBEHO BaX-
HBIM OKa3blBaeTCd, MOTYT HJIA HET 3alHucaTh,
mnepeiaTh M BOCCO3ZATh I'0JIOCA MJIM MY3BIKAJb-
Hble 3BYKM pasJIMuHBIe ycTpoucTBa. Benr ka-
KHe-TO 4YaCTOThl, KaK 3TO CJIYy4YaJioCh paHbIIe,
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ObLIM «HE NOJ CHUJIY» NPHUMHUTHBHOMY 006OpyHO-
BaHHuO. 'ojloca M 3BYKH HCKaMKaJIUCh N0 HEy3-
HaBaeMoCTH. Teneph Ke COBpEeMEHHEIE YCTPO¥H-
CTBA JOCTHUIJIA TAKOI'O COBEPIIEHCTBA, YTO MOTYT
IOHECTH JHO HAaC IpaKTHUYeCKH Bce OorarTcTeo
KPacOK 3BYKOBOH NAaJIUTDBHI.

Ob6paTuTe BHUMaHHE HAa JUHAMHUK IIPUEMHU-
Ka, paboTaiomero oT TPaHCJIAIMOHHON CEeTH, U
CPaBHHUTE ero ¢ TE€MH, UTO HCHOJb3yIOT MY3bI-
KaHTHI Ha cieHe. IlepBhIil B OMMHOYKY HOJIXKEH
YIIPaBJIATLCSA CO BCEMH IepellaBaeMLIMHU 3BYyKa-
MM, a BO BTODOM cJy4yae NJMHAMHKOB ObIBaeT IO
Tpu BMecTe. I Kaxablii paboTaeT, KAaK IOBOPSAT,
B CBO€il IT0OJIOCE YaCTOT — BBLICOKHUX, CPEIHUX,
HU3KUX. KOHEeYHO, KaueCcTBO 3ByYaHUA WUHOE.

M Takux cucreM yYCTaHaBJIWBAX'OT IIO He-
CKOJIBKY IITYK. 3BYK npuobpetraer o0beMHEIe,
OJM3KHe K peajibHbBIM, CBOMCTBA. JTO yXKe CTe-
Peo3ByK. A ecJii Bbl BHAEJIH CTYAUH 3BYKO3a-
IUCH MJIM yIIPaBJieHHE 3BYKOM Ha TeJIeCTYAUAX,
TO MOrJI4 ObI CPABHHUTL MX CJIOXKHeHIIee o60py-
noBaHMe ¢ ITpubOOPHON ZIOCKOMH, K IIpUMepy, Ha
COBPEMEHHOM CaMoJIeTe.

KAK «3AKOHCEPBHPOBATbH» 3BYK?

A Kak zamucbIBaeTcsd, CKa)KeM, Haml roJoc?
9TO Belb TOXKE OJHO U3 CAMBIX NABHUX JKeJIAaHUMH
YyeJI0BeKa — COXPAHHUTH 3BYK. Kak, K npumepy,
asyuas roJsioc I{unepona? Kak nmesu Hamm na-
JeKue npeaku? YBbI, 3aIIMCHIBATL U BOCIIPOHU3-
BOJMTBL 3BYK JIIOAU HAy4YUJIUCH HE CTOJH JABHO.
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IlepBmit ¢omorpad — npuGop, ciyRaUIUH
MMEHHO IJI 3TOH Iuenu, — Obla u300peTeH
T.9aucosoM B 1877 rony.

IIpeacraBasn oH coboif BaJMK, HA KOTOPBIHK
KoJieOJronieifca B TAKT CO 3BYKOM HIJIOH HaHO-
cusach 6oposxka. Moxkere cebe mpencTaBuTh,
KaKHM IO KauvecTBy OwnliI 3TOT 3BYK? OmHaAKO
MMeHHO Osiaronapsa doHorpady CoxXpaHUJICS NJIs
noroMkKoB rosioc JIesa Tosictoro.

3aTeM npuaAyMaJu rpaMModoH, B IIepeHOC-
HOM BapHaHTe ero Haa3bIiBaqu natredponom. Ilo-
HayaJly 3T0 OBLIM JOBOJILHO I'DOMO3JKHE aIllia-
paTel ¢ OOJILIIMM PYIIOPOM M PYYKOH, KOTOPOM
ero «3aBoauyn», Oyaro uacel. I'st1aBHOe — Ha
HeM MOXXHO ObLJIO IPOUTPHIBATH IJIACTHHKHU. UM
e — HeMHorum Gosiee 100 ser. 3ByKoBasa no-
PO’KKA HAHOCUTCA UIJIOH HA IJIACTUHKY IO CIIM-
pasu. A MarepuasioM IJIs IJIACTHHOK CJIYXKaT
IJIAaCTMAaCCHhI.
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Tomac Inucon (1847—1931) —
aMepHKaHCKHH# M306peTaTensb.
3anatenrosan Gosee 1000 u3o-
6perenuit. IIpuayman dosor-
pad® — npubop, 3anmACLIBalO-
mui ¥ BoCIpOM3BOAAIIHI
3BYK. YCOBEpIUIEHCTBOBAJ TeJe- :
®OH, YyCTpaHHUB B 3BYYaHUH TO- |
Jioca MOCTOPOHHHKE IDYMBLI, YTO
MO3BOJIMJIO YAJIMHHUTL TesiedoH-
Hy10 cBfidb. Briepsrnie nocrpo-
MJI ¢3JIEKTPHUKYS, CBEPXMOII|-
Hble 3JIEKTPOreHEePaTOPHI, 3aIy-
CTHJI TEILUIOBYIO 3JIEKTPOCTAH-
410, H306pes aKKYMYJASITO-
Pbl, 3KeJIE3HOAOPOXKHLIH TOp-
MO3, CHCTEMY 3JICKTPHUYECKOI0
OCBEILeHUsI # MHOroe-MHOroe
Apyroe.

Bup nnacTHHKM coxXpaHMJICA O CHX IIOp, a
BOT rpammodonsl Jier 40 Hasajx cTajiu BHITEC-
HATHCA 3SJIEKTPOIPOUTPHIBATENIAMU, TAE POJIb
MeXaHMUYEeCKOro 3aBojia B3sAJI Ha cebA 2JIeKTpO-
MOTOp, a pynopa — AMHAMUK.

He ycnienn pacnpocTpaHUTBCS 3TH YCTPOKMCT-
Ba, KaK UX CTaJ TeCHUTH MarHurodox. Ha mien-
Ky, IIPOKPYYMBAEeMyi0 B HeM, 3aHOCHJIACh WH-
dopmanuma B BuAe IyJIbCAUMHA MArHUTHOrO IIO-
JIsl, HAYIIUX B TaKT CO 3BYKOBLIMH KoJieOaHMA-
MH. OcoOeHHOCTh TAKOM 3alHCH 3aKJII0YaJach B
TOM, UTO €€ «3alIOMMHAJIM» MarHUTHLIEe YaCTHY-
KM B ILTeHKe. IX MOXXHO ObLJIO He TOJBKO YIIO-
PALOYHUTH B COOTBETCTBHH CO 3BYKOM, HO U pas-
MarHUTUTL — TO €CTh CTepPeTh MH(POpPMAIHIO.

Hrime pnsa sanucu ¥ XpaHeHMA 3BYKa MHC-
NOJIB3YIOT U CBeT. Bbl, KOHEUHO K€, CJIBIIIAJIA
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0 JlazepHBIX AWCKaxX. 3ByKoBas HMHpopmanud,
nepeiodKeHHas Ha fA3BIK CBETa, TaK HEXHO M
aKKypaTHO HAHOCUTCA U CUUTHLIBAETCHA C JUCKOB
JIa3epOM, UYTO MOXKET BOCIPOMU3BOAUTHCA OGec-
CUeTHOe KOJIMYEeCTBO Paa.

3AYEM YEJIOBERY JIBA YXA?

HeiicTBUTENILHO, pa3Be HeJab3sd OblI0 OBI
oboiitucy oxuuM? OmHAKO IIpUpoZa IIOYEMY-TO
nosaboTusach 31ech 00 U30BITKE U CHAOAMIA HAC
M JKHUBOTHBIX BCe-TaKu mnapou ymei. 3auem?

H3BecTen MHTEpPECHBIN OIILIT, KOTOPHINA, BO3-
MOXHO, BaM HEBOJILHO ITPMXOAUJIOCH IIPOAEJIbI-
BaTh. IIpITasick HAWTH Ky3HEYMKaA B TpaBe IIO
€ro CTPeKOTY, Mbl MHOI DPa3 MOTIJIM ABUHYTHCH
B IIPOTHUBOIIOJIOXKHOM OT HEro HaIlpaBJIEHUM.
Ilonyyanoch 3TO MOTOMY, YUTO Ky3HEYHMK HaXo-
OUJICA HA ONMHAKOBOM DPACCTOAHHHM OT HAIIMX
ymeit. Torga ucnyckaeMblii UM 3BYK JOCTHTAJI
X OZHOBPEMEHHO. A 3TO MOXKeT IIPOM30UTHU
IBaKJBI — €CJIM OH HaXOAUTCA KaK clepenu,
Tak ¥ no3aau Hac. Ho cToMT HaM 4yTs moBep-
HYTb IrOJIOBY, KaK HeOOJIbIIIOe H3MEHEeHHEe B pac-
CTOAHMHU OT UCTOYHMKA 3BYKa [0 HAIIHUX yIIeH
JacT HaM BO3MOXKHOCTb «3alleJIEHI'OBaTh» €ro.

Ecnmu Bl cmotpenun ¢uiasm «CeMHamuaTs
MI'HOBEHUN BeCHBLI», TO JMJOJIXKHBI BCIIOMHUTDH
9IIM30J O MOMCKe pajxuonepenaruuka. [as omn-
penieJIeHUs ero MecTa HY»KHO ObLIO 3aduKCHPO-
BaTh C NIOMOIOLIO DAJMOIEJIEHTaTOPOB ABA Ha-
NpaBJIeHUA HA HEro ¢ ABYX pa3HBIX ToueK. Ha
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ImepeceyeHUM ISTUX JIMHUN M HaxXoAuJIach pyc-
cKas pPajuCTKa.

ITopo6HBIM 006pPa30M NPOBOAAT MeEJIEHTALHIO
u B akyctuke. Cka)keM, ¢ IByX pasHbIX KopaO-
Jei 3amMeTHsd TUApPoGOHAMHU IIYyM JABUTrATEJIEH
noxBoxHoi joxku. Ilepenas aApyr apyry uHbOp-
MAaIuIo 110 paguo, IITYPMaHbI HAHECJH HA KapTy
JIMHUU M HAUIJIYM TOYKY, B KOTOPOH pacIioJioxe-
Ha JIogKa. BrmpoueM, 3TO MOMKHO cHAejIaTh U C
OIHOrO KOpalbjsas — ABYMS <«yIIaMH»-ruapogdo-
HaMH.

YToOBI «ITeJIEHralusa» HAIIUMHM yInaMu ObLIa
6oJiee TOUHOI, HEOOXOAMMO He IMOBOPAYUBATHCA
Ha MHTepeCyIOIuil Hac 3ByK, a Haobopor. Tak
MBI MHTYATHUBHO U IIOCTyIIaeM, KOrja HaKJIOHA-
€M TOJIOBY, IIPHUCJYHINBAACH.

KAK YCJIBIIIATD HEBUJITUMOE?

Kaxk BuI nmosraraeTe, najieKo JIX YXOOUT BBBICH
Bam rojyioc? Bel, KOHeYHO, ITOAYMaeTe O 3aTyxa-
HUU 3ByKa. Ho ecsiu OBl BbI KpUYAJIM JaKe TaK
I'POMKO, KaK peBeT ABUTaTe/Ib PEaKTHBHOrO Ca-
MOJIETa, TO Ha BBICOTE OKOJIO 3 KHJIOMETPOB Bac
IPpaKTUYECKHU He ObLJIO OBl CABIIIHO. A BOT BIOJIb
IIOBEPXHOCTH 3eMJIM TOT K€ PEeB CaMOJIETHBIX
ABUTATEJIEH ¢ a3POAPOMA JOHOCUTCA 3HAUMUTEJIb-
HO pajsiie. B uem peso?

BcmoMHuTe, KaK MeHsieTCs ¢ BBICOTOM IIJIOT-
HOCTBb aTMoc(epHOro Bo3xyxa. Uem BbIlle —
TeM oHA MeHbIne. OKa3bpIBaeTcs, 3ByKOBbIE BOJI-
HbI, IOAHUMAACH U IIEPEXONA B CJIOM C MEHbINEeH
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IIJIOTHOCTBIO, IIOCTEIIEHHO 3arubarorca M Jake
MOT'YT «OTPa3HTLCA» U BEPHYTHCA K 3eMJie. ITO
siBJIeHMe Ha3bIBaeTcsa pedpakuueit 3Byka. Bia-
romapsA e, KcTaTH, K HaM MOXXeT JOHEeCTHCH
3BYK OT JaJICKUX B3PBLIBOB MJIM YOAPOB MOJIHUH,
Kak OBl mepemnpeIruBasi yepe3 BBICOKHE IIPEIIAT-
CTBUSA.

He npuxoauyiock Jix BaM CJILIIIATh Pa3roBOP,
TIPOUCXONAIIUIN B cOCETHEH KOMHAaTe, €CJIH UYyTh
npuoTkpeiTa aBepb? CobecefHMKOB BhHI HE BU-
IUTe, HO CJILIIMINTE BCe IpekpacHo. Kak »ke 3BYK
moxonuT no Bac? KoHeuHO, OH MOKET OTPa3UTh-
CA OT CTEHOK M JOCTHYb Ballero yxa, HO eImje
OH crnocobeH M OOOrHyThL ABepb, «He KOCHYB-
IIUCh» CTEH KBAPTHUPHI.

3BYKH MOryT, HakJIaAbIBasCh APYT Ha Apyra,
YCUJIMBATBCA ¥ OCJAOJATHCSA, MEHATH HAIpPaB-
JIeHWe CBOEro pacIIpOCTpaHEeHHUA B cpefie C Iiepe-
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MEeHHOH IIJIOTHOCTBIO, oOrubaTtsh npenATCTBUAA.
Bce aT0 — mnpu3Haku, Kak T'OBOPAT, THIINYHO
BOJIHOBOT'O ABJIEHUWA.

HUTPBHI C HEBECHO XJIOIIYHIIKOM

YTo 3a B3pBLIBBLI Pa3lalOTCA MOPOI HaBepxy?
B3pocsble Bar: NOACHAT, YTO 3TO PEAKTHBHBLIN
caMoJIeT Iepelnes «3ByKoBo# Gapbep». 11 npas-
Ila, B 9TO BpeMA MOYKHO HMHOTZAa 3aMEeTHUThb BbI-
COKO-BBLICOKO B Hebe OeJiblil cjiey camoJsieTa ¢ Ma-
JIEHbKOI TO4YKOM B Hauase. Ho HeyXesu camo-
JIeTy HeHCTBUTEJIbHO IIPUXOAUTCS depe3 YTO-TO
TaM IepenphIrMBaTh, KaK CIOPTCMEHY B 0aphb-
epHOM Gere?

Paszymeercs, HuUKakKux 6apbepoB B Hebe HeT.
Ho camosreTy u BIpsAMb HEOOXOQMMO ITPEOSOJIETH
npensitTcTtBue. Bo3HMKaeT OHO B Tex cJlyyafXx,

KOrJla OH JBHXKETCHA CO
CKOPOCTbIO, TIpUOJIH-
JKalIeica K CKoOpo-

CTH 3BYKa B BO3JAyXe.

Ha BoicoTe B 11 runo-
MEeTPOB OHa paBHa

1000 xwmiomeTpoB B

yac. Ilosmyuaercs, uTo

3BYK, HCIIyCKaeMbIi

~z~‘5 OBUTATEJeM caMoJle-
YA oot Ta, He yCIeBaeT «0TOe-
KaTb» OT Hero. YII-

JIOTHEHUA BO3ZyXa

Kak OBl HaKJIQJIbIBa-

2 Wﬁ,?o‘
c%et N X3
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I0TCA APYT Ha JApyra, CamMoOJIeT CJIOBHO CIIPecCo-
BBIBAeT HX.

Pa3BuB CKOpOCTH 6GOJbIIIE CKOPOCTH 3BYKA,
camoJieT OYATO NPOPHIBaeT, NMPOKAJLIBAeT 3TOT
ckauok yrmrorHeHus. O6pasyercss Tak HasbIBae-
Mas yaapHas BOJHA, Oplomas 1o Kopmycy ca-
moJieta. A JI0 HAC 3Ta BOJIHA NOXOAUT B BHJE
XJIOIIKa OT I'DOMKOI'0 B3DHIBA.

YueHBle M KOHCTPYKTODHI H3y4Yuau OCOOeH-
HOCTH IIPOXOXKJIEHUA UYepe3 «3BYKOBOI Oapbep».
OHM cMOrJIM pacCcUuMTaTh HeOoOXOZUMBIN 3arac
NPOYHOCTH AJIA CAMOJIETA M HYIKHYIO IUIS HEro
B aTuX cayuaax ¢dopmy. Ceituac ckopocTs, -O-
CTUraloIas BeJUYUHBI B 3 pas3a OoJipIiei CKO-
POCTH 3BYKAa, AOCTYIIHA CEPHHAHBLIM CAMOJIETAM.
OnHako aBMAIMA YK€ CTOMT HA IIOpore cosza-
HUSA CaMOJIETOB, JIETAIUX OBICTpee 3BYKa pa3 B
10. 9T0 — obJsiacTh rurep3ByKOBLIX CKOPOCTEH.

«TO KAK 3BEPb OHA 3ABOET...»

He cayuasiocs 1 BaM CTOATH HA IIaTdopme,
KOrJla MUMO IIPOHOCUTCA TYAAIAA 3JIEKTPUUKA
unu TeroBo3? Brl, BeposATHO, 3amMeyasid, KaK
MEHSAIOTCA WX 3aBBIBAHUS INPU JBUXKEHUHU K
BaM — M OT Bac. JJIEKTPUUKA NPULIHIKAETCA —
3BYK CTAHOBUTCA BCe€ BBIIIE, YAAJNAETCA — HHU-
e, UTo sKe MeHseT ero BBHICOTY?

IIpu nBM)KEHUM MCTOYHMKA 3BYKa K HAM OH
Kak Obl JOrOHsEeT, CMHHAET, leJiaeT IIJIOTHEE BCIO
Oeryugyro oT Hero BIiepe]; BOJIHOBYIO «IIEIIOUKY».
9TO MOKHO HATJIALHO NPEACTaBHUTh, KOTAA BBI
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C)KMMaeTe IIPpYKHMHKY. PaccTosHume Mexay ee
BUTKaMM YMEHbINIAeTCA — M TaK Ke CABUTaoT-
CcA IPOMEXYTKH MeXXny ropbaMu ¥ BIaJMHaAMHU
3BYKOBOI BOJIHBI. A yXO BOCIIPHHHMAaET TaKoe
«CXKaTHe» BOJIHBI, KaK yBeJIMUEHHEe YaCTOTHI ee
KoJieOaHMi.

IIpu ymaneHMH OT Hac MCTOYHHK 3BYKAa
KakK OBl yZupaeT OT HCHYLIeHHBIX UM Ha3aj
3BYKOBBIX BOJIH. «llenmouka» pacraruBaercd,
IJIMHA BOJIHBI pacTeT, a 4aCTOTa, KaK el u
IIOJIOXKE€HO, CTAHOBUTCA MeHbmie. TOH 3ByKa

JeJlaeTCsa HUXKeE,

Ha cymrecTBoBaHue atoro agderTa yrasan
aBcTpulickuii Gu3uk u acrpoHom Kpucruan Jlo-
niaep uyth Gosiee 150 ser Hasax. HasBaHHBIN
ero uMeHeM, 3TOT d3(p(eKT nIpexae BCero CTajau

344



1853) — aBcTpuiickuit GU3HK
H acTpoHOM. PaGoraJs B o6na-
CTH aKYCTHKH H onTHkH. O6oc-
HOBA&JI 3aBHCHMOCThL 3BYKOBBIX
H CBETOBLIX KoJieGaHHH OT CKO-
pocTH aBHXKeHHSI Habmonate-
JIS1 ¥ HCTOYHHKA KoJseGaHMH.
O6GHAapY>KeHHLI! BIOOCNAEACTBUH
3¢ GEeXT mOSYUHJ ero HMs. E
Takske ero HCCJIeN0OBAHUSA MO-
CBSAII[eHkl TEOPHH MHKPOCKOIIa
H TEODHHU I|BETOB. i

u3yuyaTh B akycruke. Onuako cam Jlomiep mep-
BOHAYAJILHO TIOJIaraj, 4YTO IIPOSIBUTLCA OH NOJI-
KeH B ONTHYECKMX ABJIeHUsaX. IlopasuresbHo,
YTO 3TO NpeACKa3aHue ObIJIO TIOATBEPIKAECHO CITy-
CTS CTOJIETHE MMEHHO IJIs CBeTa. A HaM Ba)XHO
ceJIaTh OTCIOZa BEIBOJ, YTO Y IIPOIIECCOB OIHOIL,
BOJIHOBOM, NpHMpPOABI — ¥ 3BYKa, U CBeTa —
OYeHb MHOI'O POACTBEHHOIO.

JABANUTE IIOPA3MBICJIUM

9 ITouemy ne samyxarom korebanus MaASmMHUKA Ya-
L
cos-xoduros?

? Yeaviwum au mor 63pois, npoucwedwuii na Jyne?

? 3avem caabocaviuwiawjue nwdu npuxnadviéarom k
yxy pynop?
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9 ITouemy 3syuawuil kamepmou Ovicmpee 3amyxaem,
* ecau ezo HoXKKYy nocmasumb Ha cmor?

9 Bepno au, umo «aemyuas Muiwbs U € memHome
L
eudum»? Ilouemy?

® Ymo danvwe pacnpocmpansemcs 6 nrecy — 06bly-
* Mol 38YK UAU YabMPA3eyK?

9 Kmo Gvicmpee mauwem KpbiAblWKAMU — ULMeNb
* uau xomap?

9 O kaxux 3eyxax udem peub 8 nocaosuye: «Ommozo
* meneza sanena, umo daeno dezmio He enar?

9 Yem pasauuaemcs 3eéyuanue cmpyw CKpunku u
* konmpabaca?

® Ymo npousoiidem co 38yvanuem nAACMUHKU, No-
* cmaenennoil Ha Gonvuee yucao o6opomos?

9 ITouemy gpyndamenm ceiicmozpaga naomHo yrpen-
* namom na semae?

© Cnpasedauea au nocaosuya: «He ycaviwuuty 6bt-
* empeaa, komopvim Gydews youm»?
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MUP CBETA




KakoBa cTpesika Yy COJIHEUHEIX 4YacoB?
OTyero NnoJy4aroTcs 3aTMeHHs?

Yeii cBeT oTpakaeT JyHa?

Br1 6niBasin B ¢KOMHaTe cMexa»?
«CBeT MoO#i, 3epKaJiblle, CKa*XH...»
«Heua Ha 3epkaJyio IEHATH...» .
Kak yBuzeTs IHO peKH... Ham I'oJIOBoOii?
Oryero pacceuBaercsd cBeT?

«A HbIHYE... TIOIJISAAH B OKHO...» .
IToueMy «BcIUIBIBaeT» MOHeTKa? .
Kak nyuyux Mo’kHO NOBEpHYTH?
ITouemy cBepkalorT ajMasm? .

Kyna oTKJIOHAT JMUH3H Jy4?

Kak cHuMaer doroannapat? .

Ha yeM oTmevyaTtaTs QoTorpacdpmuio?
BepHo 1 MH BHAUM MHD?

«HeT 04YKOB y TeTH BaJH...» .
ITosnakoMbTech ¢ GakTepHeii!

Kak cmenaTh 3Be3ghl OaHxke K HaM?
Manesbxkuii IpUHIMI —

GoJIpLIIME ITOCJIeACTBUSA

CBeT — BOJIHA U CBeT — YacTHIa
Kak ncuesaer cger?

K10 «oTBeuaer» 3a nser?

ITouemy HeGo rosyGoe?

Yro Takoe paxyra? .

Kax 6nicTpo Geraer cer? .

MoskHO JIM YCHJIUTH CBeT?

KapTUHKH HecyTcsi cO CKOPOCTBIO CBeTa
Mupaku KoCMHYeCcKHe U 3eMHEIe
Yro 0o6I1ero y MeELIBHOH IUVIEHKH

M roJyorpapuu?

HaBaiiTe IOpasMBICIHM

. 350
. 352
. 853
. 355
. 356
. 358
. 360
. 361
. 363
. 364
. 367
. 368
. 369
. 371
. 372
. 874
. 376
. 378
. 380

. 382
. 384
. 386
. 388
. 390
. 392
. 395
. 397
. 400
. 402

. 403
. 405



A 8 noadenv ayxu nod oKHOM
Tax pasausarwomeca u 6rewym,
Ymo ApKuUM CONHEYHLIM NAMHOM
ITo 3any ¢3aiivuku» mpenewym.

H.A.Byrun

YTo camoe mepBoe, C YeM CTAJIKHBAETCHA
TOJIBKO UTO ponuBIIMiicsa yesoBek? KoHeuHOo, HA
Hero HaBaJIMJIACh MacCa HOBHIX BIIeUATJIEHUH —
M XOJIOOHO €My CTaJlo, ¥ IIYMHO BOKPYT, M 3a-
naxJjo dem-tro. Ho, moxer OBITH, caMoe IJIaB-
HO€ — 9TO XJILIHYBIIMM B rJjia3a IIOTOK CBeTa,
KOTOPBIM Cpa3y 3aCTaBJISAET €ro ¥KMYPHUTHCH.

Bcio cBoo manbHelmyio KU3Hb YeJIOBEK Oy-
IeT OPMEeHTHPOBAThHCSA B IIPOCTPAHCTBE, BOCIIPH-
HHUMaTb MUp, OyATO OIyILIBasdA ero rjaasaMu, TO
€CTb — YyJIaBJIMBas OTOBCIOAY CBeT. 3aMeThbTe,
KakK 3a00TJIMBO HAIl sI3bIK OTPa3UJI BCe, UYTO CBA-
3aHO cOo 3peHMeM: «Oeperu, Kak 3eHHUIly OKa»,
«He B OpoBb, a B ria3», «BHAUT OKO, Aa 3y0
HeliMeT», «MCKDPHI M3 IJia3 IOCHIIIAJINCH», «CBET
oueil MOMX»...

ITocnenHee BeIpaXkeHHMe, KCTATH, I'OBOPHUT O
TOM, UTO B CBO€ BPEMJ JIIOAHU IIPEACTABJAIN CBET
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HMCXOAAIMM M3 IJIa3, CJOBHO mmynanbra. OxHa-
KO Tellephb HAIIM 3HAHUA O CBETe CTAJU He
TOJLKO 4yTh 0OJiee BEepHBIMHM, HO M TAaKUMHU
HeOo0O3pMMEIMH, YTO COCTABJAIOT HE OAHY, a
HECKOJIbKO HayK.

O0benuHAET UX OZHO Ha3BaHHE — OITHKA.
B Heit MOXXHO OJIYYHUTH OTBETHI HA THICAYM BOII-
POCOB — O TOM, KaK BHJIUT IJia3, KaK YCTPOEH
¢oroanmapar, Kak paboTal0OT MUKPOCKOIILL ¥ Te-
JIECKOIIBI, KAK CBETAT 3BEe3AbI M ILJIaHETHI, KaK,
KyZla 4 3aueM OeXHT caM CBeT.

A nnsa HayaJia KaBaiTe IMOTJIAUM BOKPYT ce-
01 um BcMOTpMMCA XOTsA OBl B COOCTBEHHYIO
TeHb...

KAKOBA CTPEJIKA
Y COJIHEYHBIX YACOB?

Mo:KHO JI1 3aropOAUTECS OT COJTHEYHOro CBe-
Ta? KoHeuHOo, — HeT HuuYero mnpome. Hampwu-
Mep, IPUKPLITH IJ1a3a JIAJOMIKON UJIX PACKPHITH
30HTHUK HaJ roJIoBOM. A 4YTO MBI AiejlaeM ¢ BaMU
B atux cayuaax? Mexay CoyiHneM M HamuMm
IJ1a3oM MBI CTaBUM mnpensaTcTBue. Y Torpa col-
HeuYHbIe JIYYMKHU JIU60 OTpaKaloTCA OT HEro, JIu-
00 morJIoIaOTCs MM U B HaNI I'Jia3 He ITONaJaloT.

3HauuT, cBer GexxuT K HaM ot CosHIA 1O
npsamoi JnuHUM? BBIXOAUT, TAK, M 3TO JIETKO
ITPOBEPUTH, CKAXKeM, B TaKOM omnkbiTe. JlaBaiiTe
oInpeaeJuM, HAaCKOJbKO BBICOKO COJIHIIE TONHS-
JIOCh HaJx ropu3oHTOM. IlocTaBUM Ajia 3TOro Ha
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POBHOM acdaysbTOBOM MM 3eMJISHON ILJIOI[aLKe
BEPTUKAJbHYIO ITAJIOUKY — HY, HallpUMep, JIH-
HEHKY MM KYCOK MEeTaJLJInYecKoi TpyOrl. B sic-
HBI neHb CoJIHIIEe 3aCTABUT HAIIy IAJIOYKY OT-
OpocuTtsh TeHb. IloHATHO, uTO yeM Brime CoOJHILE,
TeM TeHb y NaJIOYKH KOopode. ITOT, IIyCTh OYEHb
IIPOCTO¥, MpubOp BeCcbMa CTPOro yKasbIBaeT Ha
BeicoTy CoOyIHLIa, M Ja)Xe II03BOJIAET IIPOBECTH
IOBOJIbHO TOYHBIE PacyeThl.

KcraTtu, BHI, HaBepHOe, AOrajajuch, Ha 4TO
emle NMOX0XK Ham npubop. Beas TeHb OT mayloOuKHU
MeHseT He TOJILKO CBOIO JJIMHY, HO U HaIIpaB-
nenue. IloaToMy B TeueHHe CBETOBOI'O JHS MEI
MOXXeM OTMETHUTH Pa3JIMYHOe II0JIOXKE€HHE TEeHU
M CBA3aTh 3TO CO BpEMEHEM CYTOK. BOT BaM u
COJIHEYHbI€ YaChl,

Sakpeutu CosHLE Tyym, 3aTAHYJIO He6o 00-
JakaMu. ByayT squ Teneps paboTaTh HAIIM 4Ya-
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cei? KoHeuHO, TeHb OT IAJIOUKM Pa3MbIBaeTCH,
a B COBCeM NAaCMYpPHHIX JeHb OYyATO mcue3aer.
Takoe MOXXHO HabJI0ZaTh BeuepaMu Ha OTKPHI-
TBIX CTAAMOHAaX, KOrAa Mrpa Ha IoJie UAeT IpHU
MCKYCCTBEHHOM ocBeleHuu. IIpokeKkTOpHI CBe-
TAT HA CIIOPTCMEHOB CO BCE€X CTOPOH, ¥ UX TE€HU
Kak OBl CKpaJbIBAIOTCH.

Tenepb MBI MOK€M CKa3aTh, UTO AeHCTBHE Ha-
mero npubopa OOBACHAETCA MNPAMOJIUHEMHBIM
pacrnpocTpaHeHueM cBeTa. A 4TOObI OH JaBaJl YeT-
KJe TIOKa3aHUs, KaK U COJIHeUHbIe YaChl, HYXKHO,
yTOOBLI CBET Iajajl TOJBLKO C OXHON CTODOHHI.

OTYEI'O INTIOJIYIYAIOTCA SATMEHHUA?

HaBaiiTe moHabsionaeM 3a TEeHbBIO OT O4YE€Hb
OJIMHHOM ITAJIOYKM MJIA, CKaxXeM, OT GOHApPHOro
cronba. Jlaxke B O4eHb SICHYIO IIOTOAY MBI MOXKEM
3aMEeTUTh, YTO OUEPTAHUS TE€HU BBITJIALAT Y OC-
HOBaHMUA NaJOYKU Oojiee 4eTKO, 4eM B CaMOM
Bepxy. IlouemMy ke TaM TeHb pa3MbIBaeTCs?

Hesno B ToM, uTto CoslHLle — He CBeTALIAACH
TOuKa. MBI ero BUAUM Ha HeOOCKJIOHE ITOX0XKUM,
Kak rosopus Heanaiika, Ha Onun. U xaxnpasa
TOYKa 3TOr0 PACKAJIEHHOro «OJIMHAa» IIOCBHLJIAET
CBOM JIYYH BO BCe CTOPOHBI. BoT M mosydaercs,
YTO COJIHBINIKO CBOMMH Pa3HBIMHA MeCTaMH OC-
BelaeT OAHOBPEMEHHO C PAa3HBIX CTOPOH KaiK-
IBIA IIpeaMeT M CO34aeT MHOXKECTBO €ro TeHew.
Korma TeHr KOpOTKas, 3TO HE3aMeTHO, a BOT
KOrja JJIMHHAas, TeHHU-TO M HAYMHAIOT «Pa3bes-
KATBCA» .
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ITocmoTpuM Ha cBeT oT MaToBOro GoHaps.
Ecsu Ha nyTu ero syueil 1O CTeHBI IIOMECTHTH
KaKoe-TO IPensTCTBUE, HAIIPUMep, TeHHUCHBIHI
MSAYUK, TO MBI OOHApYy»>XUM, YTO OZHON YEeTKOM
TeHU He OyzeT. B KaKOM-TO MecTe HaA CTeHEe MbI
OyzeM BHUIETh TEMHOE HNATHHIINIKO, a BOKpPYT
Hero — Cepulil OpeoJi, UK, KaK emje roBOpAT,

IIOJIYTEHb.
A Temeph 3aMEHHTE MBICJIEHHO CBETAIUICA
maToBelii map Ha CoJyiHLE, CTEHY — Ha 3eM-

JII0, a TEeHHUCHBIH MSAYHUK... AOrafajuCh Ha
yT0? KoHeuHo ke, Ha JIyny. X BoT nepex BaMu
OTJIMYHAS MOJEJIb COJIHeYHOro 3armeHus. Ilo-
BULUMOMY, SICHO, IIOUEeMYy B OZHHX MeCTax Ha
3eMmJie HaOJOJaeTcs IIOJHOE 3aTMeHHEe, a B
apyrux — wuvactuunoe. IIpocTo rpe-to Jlyna
LEeJIUKOM 3aKpPBIBAeT COJIHEYHBIH NUCK, M MBI
KaKoe-TO BpeMs HaXOAUMCS B 30HE ee IIOJIHOM
TeHH. A B cocengHuXx paionHax JlyHa Jaumsb
«uupkKaeT» 1o Juky CosHua, Torja HaM BUEH
ero 60oJbIMIMK MM MEHBIIUN Kpaelek, II0XO-
KUY Ha JIYHHBIA cepil. 9TO — 30HA IOJYTEHH,
HeIoJIHOTO 3aTMEeHHs.

YEU CBET OTPAYKAET JIYHA?

ITouemy Mu1 Bugum JIyny? Ham ke usBecTHoO,
4TO Ha Hell HeT armocdepsl; HabsoxaA B Tee-
CKOII, JIIOAY JaBHO YBUJIEJIX MeDPTBLIE IPOCTPAaH-
CTBa, MCIIENIPEHHbIE yAapaMy METeOPUTOB. ¥YiKe
M aCTPOHABTHI BHICAYKUBAJIMCH M NyTEIIECTBOBA-
JIA 110 IIOBEPXHOCTH JIYHBI 1 HUKAKUX MUCTOYHHU-

12 A nosnaw mup: Puamka 353



KOB cBeTa Ha Heil He oOHapyxuau. To ecTs JIyna
cama 1o cebe, Kak JIaMIIOYKa, He CBETHUTCAH.
Ocraerca oxHa mpuumHa. JIyHa, Kak Hebec-
HOE 3epKaJiblie, OTPAXKaeT JIy4d eJUHCTBEHHOTI'O
HCTOYHHMKA CBeTa B Halleil NJIaHETApPHOM cucTe-
Me, uHaue roBopa — ConHua. Y Bce IJIaHeTHI,
Kpy)Kamuecss BOKPYr HEro, IPeACTAlOT Iepen
HaMH B OTpPa)XKeHHOM cBere. IIpuuem 3TOT cBeT
MOXKET OBITH OBOJILHO APKHM H 3aTMEBaTh CBET
3Be3JZ, KaK, Hanpumep, y BeHepHl.
IIoBopauuBasick K COJMHIY TO OMHUM CBOMM
0oukom, TO ApyruM, JlyHa, B 3aBUCHMOCTH OT
Halero Mecra Ha 3emJie, BUAUTCA HaAM II0-paas-
HOMY OcCBellleHHOH1. To aT0 — moamoaynme, Jly-
Ha TIJIAAAT Ha HAC BCEM CBOUM KDYIJIBIM «JIH-
IOM», TO — OT Hee OCTAaeTCdA Y3eHbKHH cepir,
WJI¥M, KaK M3JaBHA ero Ha3hwBaloT, mecdAl,. Pas-
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JIMYHBIE, HO IIOBTOPAKINUECHA N peobpakeHUs
JIyHBI UMEHYIOT ee dazamu.

MooxeT ObITh, BAM IIPUXOAUIIOCH CJIEAUTH HA
HOYHOM HeDe 3a JOBOJILHO OBLICTPO JIETALIUMU
3Be3noukamu. Het, 9T0 He caMOJIeThl, Yy TeX OTHHU
IBeTHBIE, M, KaK IPaBHJIO, MHUTraloIINe, Ja U
HalpaBJIEHUSA II0JIETOB caMble pas3Hble. A 3Be3-
IOYKH, O KOTOPLIX MBI TOBOPHM, IBHXKYTCS BCET-
Jla Ha BOCTOK M CBETAT, KaK OObIYHBIE JIAMIIOY-
KA. ITO, KOHEYHO, MCKYCCTBEHHbIe CIYTHHKH
3eMum, JieTAIIUe TaK BEICOKO, YTO UM eIe «BUJ-
HO» CosiHne. Ero-to orpakeHHBIN CBET U IIOMA-
JaeT HaM B rJiasa.

BbI BBIBAJIM B «<KOMHATE CMEXA»?

A uTO0, pa3Be OTpPa’KeHHBIA CBET MOYKHO Ha-
6srrozaTh Juinb oT HebecHBIX Tesi? IIpeaBkymias
VAOBOJILCTBME M BHIHUMAasA M3 KapMaHa HUJIH Cy-
MOUYKH 3epPKaJiblie, BBl TYT K€ OTBETHTE Ha BOII-
poc nesioM. SIpKU COJITHEUHBIH «3aWUUK», Ha-
MpaBJIEHHBLIA B IJjia3 TOBApUINY HUJIA B 3aTHLIOK
y4uUTeN 0, NMUIOIYIIeMy Ha JOCKe, CTaHET Jyd-
MM JOKAa3aTeJbCTBOM.

Mosxer OwITH, BCe-TaKH CTOHUT, I06asIOBaB-
IHNChL, HEMHOrO ¥ ITOPa3MbIILIATE. Korga-ro Ha-
OJIIOIeHUA 32 NONOOHLIMH «3aMUYMKaMU» HaBeJIU
Ha OTKPHITHE 3aKOHA OTPA*XeHUA CBeTa. 3BYUUT
9TOT 3aKOH JOBOJILHO IIPOCTO: ITOX KAKHUM YTJIOM
JYYUK Ha 3epKaJIO ITajZiaeT, o[ TaKUM M OTpa-
skaerca. Hy, neicTBUTESIbHO, CMOTPUTE — €CJIH
Jy4 majzaeT Ha 3ePKaJI0 OTBECHO, TO TaK e OT-
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BECHO ¥ OTPa3UTCHA, YHIeT Ha3aJ K MCTOUYHUKY
cBeta. A YyTh HAKJIOHMM 3epKaJI0 — UM OTpa-
JKEHHBIH JIYYUK TaK )Ke OTKJOHUTCA B CTOPOHY.

Biarozapsa TakuM CBOMCTBAM OTPaXKeHUSA MBI
MO’KeM yBHUJZeTh cebs B 3epkane. IIpuuem, ecin
3epKaJI0 pPOBHOE, TO Hallle u300pa)keHue B HEM
OyZleT TaKHM Ke, KaKk MBI, TO €CTh HeHMCKaXXeH-
HbIM. HO BCIIOMHHUTE «KOMHATy cMeXa» — CTOUT
M30THYTh IIOBEPXHOCTHL 3epKaJjia, KaK u3obpake-
HUS TIPeAMETOB B HEM HPUOOPETAIOT HEBEPOAT-
Hble ouepTaHusa. YTo, HAPYUIMJICA 3aKOH OTpa-
keHusa? Huuero noxobuHoro. B mosHom coorsert-
CTBMU C HUM Pa3HbIC YYACTKHM KPUBOTrO 3epKajia
CO3AIOT KaXKIbIi cBOe u300parKeHue, X CTAHO-
BHUTCS MHOT'O, ¥ OHU NIPpUYYAJUBEIM 00pa3oM Ha-
KJIAABIBAIOTCA APYr Ha JApyra.

Hcnonb3oBaHWe 3aKOHA OTPayKeHUs CBeTa
ITO3BOJINJIO JIIOAAM He TOJBKO pas3BJIEeKATh APYT
Ipyra, HO ¥ CO3/IaTh MHOI'O IIOJIE3HBIX M BAXKHBIX
npubopos. ‘

«CBET MO, 3EPKAJIBIIE, CKAXKH...»

3epkalla IOMOralT HaM paccMoOTpeTh cels,
IpUYeM C Pas3HBIX CTOPOH. BBIMycKaloT xake
TPeXCTBOpUYAThie 3epKaJia, Gjarosapsi KOTOPHIM
MBI MOXXE€M YBU/E€Tb, KaK BBITJIAAUM U COOKy.
Oco0eHHO TaKue 3epKajia HeOOXOIMMEBI aKTepaM
B 'pPUMEPHOIi. A B NapUKMaxepCcKux, OvIBaer, ¢
IIOMOIIIBI0 BTOPOro 3epKajia BaM IOKaXyT, XO-
POILIO JM HOACTPUXKEH Balll 3aTHLIOK.
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9TOT IOCJHEeAHUN NpUMep, KCTAaTH, IIOJCKAa-
3bIBaeT, KaK MOXKHO IIOATJIAALIBATH 3a KEeM-TO
MJIX 32 4YEeM-TO, OCTaBasfACh IIPAKTHYECKH He3a-
MeUYeHHBIM. B CTapMHHBIX 3aMKaxX yCTpauBaJH,
IIOMMMO BJ€JIAaHHBIX B CTE€HBI CJYXOBHIX TpYyO,
elle M IeJible CHCTEeMBI 3epKaJl, mnepeAarlux
n300pakeHus JIIoei U3 ONHOM KOMHATHI B APY-
ryo. Tak, 3a MHOrue CTOJIETHS N0 NOSABJIEHUS
MUKDPODOHOB- «)KYyYKOB» M CKPBITHIX BHJIEOKa-
Mep, IBITAJIHUCH AO0BITH WHGOpPMALUIO, HE IIOZ:
JIEXKAIIYIO OrJiacKe.

ITopcaymuBaTh ¥ noacMaTpUBaThL, KOHEYHO,
Hexopomo. Ho ciyuaercs, 4To 3T0 HEOOXOQUMO.
Kak BecTn HabamomeHue 3a noygem 0os coamary,
CUAANIEeMY B OKOIle, €CJIM NyJA CBUCTAT TakK,
YTO He BHICYHYTb U royioBei? Kak y3HaTh Kanu-
TaHy NOJJIOXKH, HEe BbIJaB €€ IPUCYTCTBUSA, UTO
IIPOMCXOAUT Ha IIOBepXHOCTH Mopsa? Pasymeer-
Ccsd, Bbl BCIIOMHMJIM TIPO NMEPHCKOI.
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9toT npuUbOp JIETKO cAeJaTh CaMHM C IIO-
MoOmbIO ABYX 3epkaJy. IlepBoe M3 HUX, OTpPa3uB
TOPU3OHTAJIBHBIA JIYYMK, CHEJAeT ero BepTH-
KaJbHBIM. BTOpOE, pacmoJiodKeHHOe BHHU3Y, Ha-
0o60poT, «IIOMMaB» OTBECHBIH JIy4, OTPA3UT €ro
TOPHU3OHTAJIBHO — IIPAMO K HAIIUM IJiasaM.

3epkajia IPUMEHAIOT IJIS AONOJHUTEJILHOM
MOACBETKH, HAIIpUMep, IpU KHHOCHeMKe. OTpa-
JKaIOI[He CBOMCTBA IJIOCKHUX 3€PKaJI HCIIOJNb3Y-
IOT B BUOUCKATENAX (hoTOANMAPATOB U C’HEMOY-
HbIX KaMmep. Ecim y Bamux pomuTesieil coxpa-
HUJICA crapblii ¢oroanmnapar «Jlroburesnb», BHI
MOJKeTe BOOUMI0 YOeaUTHCSA B eMCTBEHHOCTH Ta-
KOT'0 BUJOMCKaTeJI.

«HEYA HA 3EPKA/JIO ITEHATD,..»

Yuranu M Bb (aHTACTUYECKUN pOMaH
Anekcess Toxacroro «I'mmepGoJsions WHIKeHepa
Tapuna»? B HeM 11JIa peds O 3ePKAJILHOM YCT-
poiicTBe, CIIOCOOHOM KOHIEHTPUDPOBATH CBETO-
Bbl€ JIyYM M HAIPABJATh UX MOILIHBIM IYYKOM
TaK, 4YTO OH MOI' IIpoXXeuyb MeTa/Ll. K coxkase-
HHUIO, CO BpeMEeHeM BBbIACHUWJIOCh, YTO €CJIX ObI
TaKo¥ Npubop OBLI TOCTPOEH, OH HE IIPOMU3BOAUII
Ol nmoxobHoro atgdgexra. B 3ambicesnr mucaTens
BKpaJiach (puanueckasi omudbka.

OnHako CBOMCTBO HM3OTHYTHIX 3€pKaJl KOH-
LIeHTPUPOBaTh, (POKYyCHPOBATH, IIYCTh HE IO Ta-
KOH CTeIleHH, CBETOBHIE JIYYH, IIUPOKO MCIOJIb-
syercsa. Hanpumep, ecou u3 chepuyeckoro sep-
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Kajia M3rOTOBUTH TaK HA3bBIBAEMYIO COJIHEUHYIO
meyb, TO OHA, coOMpas JIydH, CMOXKeT MMM Ha-
rpeBaTh BeIeCTBAa O BBICOKOM TeMmepaTyphl,
CKa’XeM, KMIOATHUTL Boay. A Texeckom? PaaBe
OH He cobupaeT ¢ 60JIBLIIOH IJIOIaK CBOErO IJia-
3a-00'bEeKTHBA «ypOXKali» CBETOBRIX JIYUEH OT na-
JIeKOM-aieKoit 3Be3nni? POKYyCUPYHA MX C IT0-
MOIIBI0 BOTHYTOrO 3epKaja, OH YCHJIHBAET
CBEeTUMOCTb 3B€3AbI U IIO3BOJIIET HAM ee pas-
rIALeTh.

WNnu, waobopor, ecau B (orkyce momoOHOro
3epKaJia pa3MeCTHTh UCTOUHHUK CBETa, K IIpUMe-
Py, CBeuy HWJH JIaMIIOUKY, TO HX JIy4H, OTpa-
3UBIIUCH OT 3epPKaJjia, BbIAAYT U3 HET'O POBHBIM
¥ MOIIIHBIM nyuykoM. Hy-Ka, BCIIOMHUTE, I'Zle 3TO
npuMmeHsiercsi? BepHo, B KapMaHHBIX (oHapu-
KaxX, B IIPOYKEKTOpPaxX 3JIEKTPUUYEK U CTAaZHUOHOB,
Ha Masikax, B papax aBTOMOOHJIEN.

A ecyix HapaBUTH JIYUYd He HA BOTHYTYIO, a
Ha BBIIYKJYIO CTOPOHY 3epkayia? Jlerko mora-
JaTbCs, YTO TOrZa Jydyu OymayT He cobupaThcs
BMecCTe, a, HaIIPOTUB, paccenBaTbcsa. Kakoil mpu
3TOM moJiy4yaerca 3ddeKT, BBl MOXKeTe O0Hapy-
SKHUTb, €CJIM IOCMOTPHUTECH B GJI€CTAIUIT BEITYK-
JbI 60K caMoBapa MJM B 3ePKAJbHLIA HOBOI'OJ-
HUH HIapuK.

Brinykasie 3epkaJia, MCIIOJb3yeMble BOAUTE-
JIIMHM, IIO3BOJISIOT PAaCIIMPHUTH, KaK TIOBOPAT,
ceKTOop 0030pa — B HMX BHJAHO Oosblne mpen-
MeTOB. A, MOXeT, BaM INOIIaJaJIuCh TaKkue 3ep-
KaJla HAa MeppPOHaX CTAHIUH MeTPO y I'OJIOBHOI'O
Baroma?
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KAK YBHIETH IHO PEKH...
HAJI T'OJIOBOI1?

He 3ameyanu jix Bbl OOHO 3aHATHOE sBJIE-
Hue? OceHb, ¢ JepeBbEB onajia JiucTea. Ilpomert
IOXAb, CTYCTHJIMCHL CYMEPKH, 3aKIJIUCh YJIUY-
Hble (oHapu. M BOT ecium BBl IIOCMOTPHUTE Ha
KakKou-HuOy b M3 HUX CKBO3b J€PEBO C MOKPBLI-
MU T'OJILIMH BETKaMH, TO YBHUAUTE UHTEPECHYIO
KapTuHy. POHaApL CJIOBHO OKPYKEH CBETANIH-
MUCSI JIOMAHBIMH KOJIBI[AMH.

Eme oxHo HabaoneHwe. B JyHHYI0 HOUBL Ha
TUXOH IJIaA¥ PEKH WJU 03epa Mbl YBHAUM OT-
pajkeHHe HaIled CITyTHUIILI, ITOXO0XKee Ha IsT-
HO — KakK B INIOCKOM 3epkaJe. Ho ecoiu no Boge
nobeXuT pAdL UM HAUHETCHA BOJHEHHE, TO OT-
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pakenue JIyHBI pacTAHETCA B AJMHHYIO CBETO-
BYI0 ZOPOXXKy. OTuero ato mpoucxonut?

JIBa pasHBIX cjiy4as MMEIOT OLHO O0BLJACHE-
Hue. VI MOKpBIe BeTKH, ¥ CKaThl BOJIH IIPeACTaB-
JSI0T €000 He YTO MHOe, KaK M3OTHYThbIE€ 3ep-
Kaja. 00A3aTeJIbHO HA HUX HAWAyTCA TaKue Me-
cTa, rZe Jy4 OT HCTOYHHKA CBeTa, OTPA3UBIIHUCH,
nmonazer HaMm B rJiasa. BoT ¥ moJsiydyaeTcsi, 4TO
KaXKJasg BETOYKA M KaKJblil rop0 BOJIHBI OyATO
HaBOAAT HA HAC CBETOBOM «3aiyuK». Ho BeTOK
M BOJIH MHOr'O, «3a#4YMKOB» — TOXK€, OHU M BBI-
CTPaMBaIOTCA TO KPyraMu, TO JHOPOXKKaMH.

ITouemy GJiecTAT BO3AYUIHEIE IY3BIPH IO BO-
I0i? 9TO — TOXKe OTpa’kKeHHe CBeTa, TOJbKO Te-
nepb NMajalolero Ha Iy3bIpb CO CTOPOHBI BOJKI.
BcnnomuuTE, MOXKET OBITH, KOrZla BHI HBIPAJIU B
peke uiau OacceiiHe, BaM IPUXOAUJIOCHL BHUAETD,
rAsAAsi Ha IOBEPXHOCTH BOABLI CHU3Y, OTPAXKeH-
HOe B He#l JHO. ITO TAaKOM Ke ciiydaid, Kak u ¢
ny3sIipeM. JIy4uK cBeTa, UAS U3 BOABI, HE MOXKET
BBIPBATHCA B BO3AYX M OTpaKkaeTrcsa oOpaTHO B
BOny. Takoe sABJIeHWE HAa3LIBAETCA MOJHBIM
BHYTPEHHHM OTpPa’KeHHeM.

‘OTYET'O PACCEUBAETCH CBET?

IToueMy NMOBEPXHOCTH OAHUX IIPEIMETOB OT-
PaxXaroT CBET XOpOIOo, a APYrdX — Tak cebe?
Ilouemy opHM BBIMIAZAT 3€PKAJBLHBIMH, &
WHble — MaToBeIMU? HaBepHoe, zeio 3akjioua-
€TCS B TOM, HACKOJIBKO XOPOIIO 3TH IIOBEPXHO-
CTH OTIOJIMPOBAHEI.
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JleiiCTBUTEJILHO, IIOCMOTPHUTE BHUMATEJIBHO
Ha YCTPOMCTBO caMOro o0bIYHOro 3epkaJja. Beab
3TO HEe YTO MHOE, KaK IIJIOCKOE CTEKJIO, IIOKPHI-
TOE C OJHOU CTOPOHBI POBHOI, OYATO OTHIIMUGDO-
BaHHON MeTaJIIMYeCKOHM IIJIeHKOo#. Biaromaps
CTEKJIy, 3Ta IIOBEPXHOCTb METaJIJIa MOYKET J0JITO
COXPAHATHCA IIJIOCKOX M OTJHYHO BBINOJIHATH
POJib, KaK IOBOPSAT, NPAMOro 3epkKaja.

A Temepb B3rJITHEM Ha ILIOCKOCTb (haHEePHOH
IBepH, OKpameHHO# Oejyioit Kpackoii. IloBepx-
HOCTb ABEPH, KOHEUHO K€, Ka)KeTcd HaM CBeT-
JIOH, HO COTJIACUTECH, YTO HUKAKOIO 3€PKAJIbHO-
ro apdexTa Her.

BcemoTpeBmIucs, a emie Jydiine IIOBOAUB 1aJb-
1IEM II0 MOBEpXHOCTH (haHephl, MBI yOeauMmcs B
ee IIepoX0BaTOCTH. 3HAUUT, MaNalOIIUA Ha Hee
CBET, Pa3yMeeTCs, YACTUUYHO OTPAKAETCH, HO —
KakK II0IaJlo, B pa3Hble CTOPOHBLI. IHBIMHU CJIO-
BaMH, CBET PaCCEUBaAETCH.

Tak pacceMBalOT COJIHEYHBIN cBeT OOJaKa,
0c00eHHO B MaCMYpPHYIO IIOT'OAY, TAK PaCCEeUBaET
CBET JIAMIIBI, «CMArYasi» ero, MmaToBerid map. Ho
Io4YeMy MBI CKa3aJll — ZaCMuUiH0o OTPAXKaeTcsa?
A Hazo He 3a0BITH O TOM, UTO CBET MOXKET M
rorjiomaTbeA. J[JIg npuMepa CKa’keM O TOM, 4YTO
XOpolllee 3epKaJIo Jake B JACHBIA YKapKUUl JeHb
He HarpeeTcs, OTPa3WB IIOUTHU BCE COJIHEYHBIE
ayuu. A Oeyiasg TKaHb, HECMOTPA HA TO, YUTO pac-
ceeT, OTPAa3uUT B pa3Hble CTOPOHLI MHOTHE M3 I1a-
JaloIIUX Ha Hee JIydye#, 4acTh M3 HUX BCE Ke
NOTJIOTUT XU HEMHOrO Harpeercs. A yx IIpo TeM-
HYI0O TKaHb U T'OBOPHUTL HE IIPUXONHUTCH.
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«A HBIHYE... IIOTJAOHA B OKHO...»

JleicTBUTEJIBHO, BBHITJISHEM-KA B OKOIIKO.
Eciu crekna B HeM YuCTHIE, TO MBI MX U He
dametuM. OO6Hapy»KaTCA OHH B TOM CJIy4ae, eCJu
Ha HUX OyAyT KaKue-TO ISATHA WJIHA IapaluHBI.
Be1ABUTCA IPUCYTCTBHE OKOHHOI'O CTEKJIA M TOr-
J1a, KOrZia OHO HEKaYeCTBEHHO M3roToBJIeHO. UTO
umeercsa B Buny? IloBepXHOCTH CTEKJIa HEPOB-

Has, BOJIHUCTAas, OHO MEeCTaMH MMeeT Pa3HYIo
ToNMHY. A OpocHTCS HaM 3TO B rJja3a HM3-3a
HCKAXKeHUSA IIPEeAMETOB, PAaCCMAaTPUBAEMBIX Ye-
pes3 cTexJo.

BeixoguT Tak, 4TO ecium 00e IIOBEPXHOCTH
CTeKJIa — Ja U He TOJbKO ero, a u Jioboro npo-
3pavyHOro BeuiecTBa — ObLIM OBl UIEaJLHO POB-
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HBIMM M TOJIIIMHA Oblia OBl Be3/ie ONMHAKOBA,
TO OHO OBLJIO OBl HEBUAMMEIM. Bean ciydaercs,
4YTO JIIOAM HATBIKAIOTCA Ha IIPO3pPavyHble OKHA U
nBepu. 1 moaromy, 4TOGHI «BBIAATH» MX IIPH-
CYTCTBUE, CTOUT HA HUX HAHOCHUTb KaKue-TO pHU-
CyHKH uiau Haanucu. Ho otyero ke crexkya «uc-
ye3a10T» ?

CBer, masas Ha IIPO3PAuYHYI0 ILJIACTHHKY,
NPOXOAUT 4yepe3 Hee, BCE-TAKU «OINyIIas» ee
MIPUCYTCTBHE. B TOJICTHIX IIJIACTHHKAX MOXKHO
O0HApPY>KUTHh CMeIleHHEe CBETOBOro Jy4a, U TeM
OoJsibmiee, yeM OHM Toue. OAHAKO CMeIeHHBIH
Jy4d TPOJOJIXKAeT HATH B IIPEXKHEM HaIlpasJe-
Hun. Kak OyaTo moesn mepemies ¢ OZHOTO HYTH
Ha NapaJuleJIbHBINA IIYTh, ABUrasiCh B Ty e CTO-
poHy. MoxkeT GbITH, Bbl BUAEJIH IIONOOHYIO Kap-
TUHY Ha BOK3aJlaX — TaK, U3rubasichb, IepemnoJi-
3aeT ¢ MIYTH HA NYTh JJIEKTPHUKA.

Bnaromapsa aTomMy cBeTOBBIE JIy4Yd, UAYIIUE
K HaM OT Da3JIMYHBIX IIPDEAMETOB, IIOCJI€ TIPO-
XOKJEHUS uepe3 ILJIOCKOE CTEKJI0O YYTh-4yTh
cMecTaATcA, HO Bce BMecTe. IloaTomy u mmpeame-
Tl OyZyT Kas3aTbCsi HAM TaKUMH e, KaK M
IIpeXxze.

IIOYEMY «BCIIJIBIBAET» MOHETKA?

YTo BCce-TaKM NPOUCXOAUT CO CBETOBBLIM JIy-
YOM BHYTPH OKOHHOro ctekJa? ITouemy ayuyurn
cmemamTea? A naBaiiTe B3TJIAHEM HA TPAHUILY
MeXIy BO3ZYyXOM Hu cTekJoM. To e camoe,
KCTaTH, Mbl OyJleM BUAETh ¥ HA TPAHHUIIE MEXKIY
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BO3lyXOM HU BOAOM — BeJIb W CTEKJO, U BOJA
TIPO3PAaYHBI.

A HaOgOzaTh HAaM OPHUAETCA JIOOOIBITHBIE
Bellu. Pa3Be BaM He Ka3ajoCh, UTO JIOXKKA, OITY-
IeHHAaA B CTaKaH C BOJOM, OyaTo Obl IiepeJio-
muaacsk? «JlomamoTcsi» M IIECT, BOTKHYTHIH B
IHO DEeKM WJIM 03epa, M JaKe HAIIU PYKH, OIy-
IIeHHble B BaHHY C BOJOM.

Eme ogqun uaTepecHbli onwIT. IlonmokuTe Ha
IHO nycTod (papdopoBOM YAINKU HUJIU SMAJUPO-
BaHHOM KPYXKHU MOHeTKY. IlocTaBpTe yamky Ha
CTOJI U CAABTE TaK, YTOOBI Kpail YAIIKYU CKPLIBAJI
MOHETKY OT Bac. Ternepb TUXOHBKO IIOAJIMBAMTE
B YaIIKy BoAy. B Kakoii-TO MOMEHT MOHETKa
HAUYHET «BCILJIBIBATH». 3AIOJHUB K€ YaIIKy BO-
IOH, BBl CMOXK€Te YBHIETH €€ IIeJIMKOM.
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KaxoBa ke pasrazika 3Tux «(GokrycoB»? [le-
JIO, BHJUMO, B TOM, YTO JYYHUKH, OTPAKEHHBIE
MOHETKOM, IIPU Ilepexojie U3 BOALI B BO3AYX IIpe-
aomnsawTesa. U, monagass B rjas, co3faimoT BIle-
yaTJieHue, YTO MOHETKA HAXOAUTCS BhHINIE, UeM
Ha CaMOM JeJie.

Ho nasaiiTe mogymaem: a ecju Jy4u 1moderyr
obpaTHO, M3 BO3yXa B BOAY, pa3Be OHH He IOM-
IYT Mo ToMy e camoMy nyTu? OnbIT NOKasbl-
BaeT — Ja, nmouayT. 3HA4YMT, JIYYUK, I1azalo-
mui U3 BO3AyXa B BOAY MJIM CTEKJIO, IIpeJIo-
MHUTCA B OAHY CTOPOHY. A BHOBL BLIXOAA B
BO3ZYyX, KAK B OKOHHOM CTEKJie, IIPEJOMMUT-
csi, Ha CTOJBLKO )Xe BBIIIPAaBUB CBOIO TpaekK-
TOpPUIO, B Apyrylo. IlosaToMy-To 0OH M moizer
B IIpE)KHEeM HalpaBJIeHUH.

Cnyuait ¢ Kaxy-
muMCs OALEMOM
NnpeagMeToB B BOJE U
IeficTBUEM  IIJIOCKMX
NpO3paUHBLIX ILJIACTH-
HOK OOBsICHAETCA ¢
TIOMOIIbIO 3aKOHa
NIpeJIOMJIEHUS CBeTa.
OH cBA3BIBAET MeEX-
oy cobo# yriabl, Iojg
KOTOPBIMH JIYYH CBe-
Ta [MazaloT Ha I'PaHU-
Ly IpO3pavyHBIX TeJ,
¢ yrjijaMu, IIOX KOTO-
PBIMH OHH IIpEJIOM-
JAIOTCA.
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KAK JIYYUK MOKHO IIOBEPHYTBH?

Jlyume Bcero IpejioMJieHUe CBeTa MOYKHO Ha-
OaofaTh B TaK HA3LIBAEMOM mpuame. ITO YKe
He IJIOCKasA IIJIAaCTMHKA M3 IIPO3PAayHOro Bele-
CTBa, a cAeJIaHHAs B BHJAE KJIMHA.

ITocmoTpuTe cOOKY Ha ocTpue Tomopa. BEI
3aMeTHUTEe, UTO OHO MMeeT KJIMHO0oOpa3Hyio ¢op-
My TpeyrojibHuUKa. Takyioo ke ¢opmy Oyxaer
MMETh B CEUEHHH, CKaXeM, CTeKJITHHASA NpHu3-
Mma. Jlyuy, maparomuii Ha OAHY M3 ee I'paHeii,
IIPEJIOMHUTCA 3aTEM ABAMKJILI — HA BXOJE B CTEK-
JIO ¥ Ha BBIXOJe. BUIHO, YTO BBIXOAAIIUN JIyd
OTKJIOHUTCS OT HAa4YaJILHOrO HANPaBJEeHUs B CTO-
POHY TpeTheil 'PaHM MM, KaK eIle roBOpAT, B
CTOPOHY OCHOBAaHUWSA IPHU3MBEI.

3aKOH NpPeJOMJIEHHA CBETa IT03BOJIAET TOUYHO
paccu#ATaTh IOBEJEHHE JIyda B CAMBIX Pa3HBIX
npusMmax. JIydm MOryT oTpasuThCs OT BHYTPEH-
Hell NOBEPXHOCTH CTeKJia M IIOBEPHYTL Ha3aj,
IIOMEHATHCSA MECTaMH MJIM OTKJIOHUTBLCA HA Ka-
KOM-TO HYXXHBIA HaM yrojl. BeIACHUJIOCH, YTO
ONHM NPO3PAUYHBLIE BEINECTBA MIPEJOMJIAIOT CBET
cunbHee, Apyrue — cijabee. ITO TaKKe YUUTHI-
BaeTCs IPU KOHCTPYHPOBAHUHU OIITHUYECKUX IIPHU-
60pOB C MpHUMEHEHHEM IIPHU3M.

Hanpumep, MOXXHO ITOCTPOUTH NMEPHCKOIN He
C IIOMOIIBIO 3€pPKaJl, a MCIOJb3ysa NPU3MbI. A
KaK BBl JyMaeTe, UTO HAXOAUTCA BHYTPHU IIOJIe-
Boro OMHOKIA? Benb rusins yepe3 HEro, Mbl KaK
Obl paccraBisieM rjasa. M uToObl Jyuu cBeTa
IoNaJii B KOHIe KOHIIOB B HUX, UM BHYTpH Ou-
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HOKJIA IpUXOAUTCA 6eKaTh 110 JIOMaHOM JIMHUH.
A MeHSAIOT UX HalpaBJIeHUE OIATH JKe ITPU3MBI.

Bor eme xopomo 3HaKOMBIM BaM mpuMep —
KaTadoT, UM YroJKOBLIM OTpa)kaTesb. Ero yk-
PEILIAIOT ¢33 HA BEJIOCHIIENaX MJIM Ha CITHUIAX
KoJieca. PaccMoTpuTe ero BHUMAaTEJbHO, U BHI
YVBUANUTE MHOMECTBO MAaJIEHBKUX IIPU3MOYEK,
OTpaXKAIMUX Magalnnuii Ha KaTadoT cBeT B 00-
pPaTHOM HaINpaBJIEHUH.

IIOYEMY CBEPKAIOT AJIMA3bI?

OTuero Tak KpacuB 0JieCK AparoeHHbIX KaM-
Heii? Koneuno, Bl oOpamaju BHUMAaHHE, UTO
3TU KAMYIIKH IIpeXxJe Bcero — Ipo3payHbl, XO-
TS HMEIOT pPa3HYI0 OKpackKy. Takike obsanaioT
OoHM OOJILIIMM YMUCJIOM rpaHeil. Beaymaemcsa B
3TU CJIOBA — TrpaHb, I'PAHEHBIN, OrPaHUTb. BBI
¢pa3y BCIIOMHUTE, 4YeM OTJIMYAEeTCSA OOBIYHBINA
TOHKHMH MUJIHUHAPUUYECKHUNA CTAKaH OT I'PAaHEHOro.
Hy, u rae 6oasmme urpsl ceera?

BoIxoauT, ecau MBI XOTHM CHAeJIaTh ITpO3pad-
HBI MpeMeT BO3MOXKHO 0oJiee CBEPKAIOIUM, HAM
HAJI0 CO3/IaTh HA €ro IIOBEPXHOCTH KaK MOXKHO
OoJibilie rpaHeit. BoT Ha MpUPOAHBIX AParoeHHbIX
KaMHAX, (opMa KOTOPBIX «rpyb0a» M 3a4acTyio
NOBOJILHO HEKpacHBa, M Hape3aloT HeboJsbIimue
rpaHu. Anmas, 1o0bIBaeMbIN 0L 3eMJIei, IIpeBpa-
maercsd B OpWJIMAHT — ORHO M3 CaAMBIX II€HHBIX
IOBEJIUPHBIX H3JeJIUi, — KOrja ero II0BepXHOCTH
o0peTeT HECKOJIbKO [ecATKOB rpaseii. OrpaHke
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MOABEPraloT ¥ XpPyCTasb, YKpallas HU3AeJIusd M3
HEero MCKYCHOM I'DaBUDOBKOM.

Bo Bcex aTux ciyuadax spkas urpa cBerta co-
3laeTCA 3a CYET MHOIOKPATHBIX ITPEJIOMJIEHHH
¥ OTPaXeHHUH majalolux Ha OrpaHeHHBbIE IIPeJ-
MeThI Jiydyeil. A B KaKUX-TO CUTyalMAX 3HAHUE
3aKOHOB OTPa’eHWUsI M IPEJOMJIEHHUS CBeTa Ha
TPaHAX MO3BOJIAET CAeJaTh TOYHeWIIne u3Mepu-
TeJIbHBIE YCTPOMCTBA.

H3BecTHa emje ojHA 0COOEHHOCTH OTPAYKEHUS
OT BHYTPEHHUX I'paHell B KpUCTAJLJINKAX Aparo-
neHHbIX KaMHei. OHOo nmpoucxonuT 6oJiee MOIHO,
YeM OTpaKeHHe B CIIeIUAJILHO ITPOM3BOLUMBIX
MeTaJIINYeCKUX 3epKajiax. B mepBoM ciyuae
IPaKTUYECKH HE TepAETCA SHEePrus Nagaroliux
Jy4yei, a BO BTOPOM Bcerja HEKOTopas ee IOJA
IOTrJIOIIAEeTCS.

KYIXA OTRJIOHAT JIMH3bI JIY4?

Mzs1, 6e3yCcJI0BHO, YBEePEHBI, UTO Bbl HUKOTZIa
He 3aHMMAJIUCh TAKUM CKBEPHBIM MAEJIOM, KaK
BBIDXKMraHUe JYNOM Ha IIapKOBBIX CKaMelKax.
Benpy HenpusATHO, MpaBxa, KOrjga AepeBAHHBIE
CKaMbM HAIIOMHUHAIOT BLICTABKY MAaJIOTIPHUBJIEKa-
TeJLHBIX XyZoxecTB? A BOT noMa Ha (paHepKe
WJIM Ha IOCKe — BBIXKHUTrakTe cebe, moXKagyiicra.

9TO neMCTBUTENLHO OYEHb MHTEPECHBIM ITPO-
mecc. OTHIOAL He BCAKOE CTEKJBIIIKO TOAUTCS
IUIsL BeIKUra"Hus. [loueMy, ckakeM, AJIA 3TOTO
6epyT ayny? A Bel mocMOTpHTe Ha Hee COOKY.
IIo kpasim, rie oHa yTOHBUAETCA, OHA HAIIOMH-
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HaeT TPEYTOJBbHYIO NMPH3My. Ara, 3HaUMUT Iaja-
IoIIue Ha Hee C OXHOM CTOPOHBI JIYYHM CBeTa IIO-
cJie MpeJIOMJIEHUS OYAYT OTKJIOHATHCA K ee TOJI-
CTOM YacTH, K cepeauHKe. BoT u mosyuaercs,
YTO TaKas Jyna, WiIH, KaK elle ee Ha3bIBAIOT,
auH3a, cobeper, chorycupyet gyun. IloaTomy-
TO ¥ MOYXHO C €e IIOMOIIbI0 cOOpaTh COJTHEYHBIH
CBeT B MaJIeHbKOEe APKOe NATHBIIIKO, ZJa enle
TaK, YTO B HEM 3aropuTtcsa Oymara uiau 3aibLIMUT,
obyrimuBasicb, AepeBo.

He nmoxoxxe jsiu 3TO Ha JelcCTBHE BOTHYTOro
3epkana? KoHeuyHo, — ImpU4YeM 3aKOHBI, OITUCHI-
BaloIIue XOof Jiydeil B JIMH3e U 3epKajie, OyayT
abCOJIIOTHO ONMHAKOBEI.
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Ho Bexs 3epkaya
MOT'yT He TOJIBKO CcO0H-
paTh, HO X pacceuBaTh
cBeT. A auna3w? U cpe-
IU HUX €CTh KaK CoOH-
pamonue, THIA JYIH,
TaKk X pacceMBAalOIIMe,
Jlerko, HaBepHOe, J0-
rajaTtbCfa, 4TO y pacce-
MBAIOLINX JIMH3 cepe-
AUHKaA OyzeT TOHbIIE,
yeMm ee Kpasa. HHorzaa
9TO pa3JInuue MOXKHO
o0HAPYKHUTH HA OIYyIb, HAIIpDUMEp, IIPOBOAA C
IBYX CTOPOH NAJbIIAMM II0 CTEKJIaM OYKOB.

KAK CHUMAET ®OTOAIIIIAPAT?

Ceituac, Korjga y Ka>xzijoro ects (¢poroanmnapar,
TPYAHO NpPEACTAaBHTH, KaK JIIOAM MOI'JIH 00XO-
AuThbCA O0e3 Hero. OpHako emje okosio 1000 ser
Hasay ObLI M3BecTeH Npubop, KOTOPLIM Ha3bIBa-
eTcsd <«Kamepa-oOckypa». BmIMIgmen OH Kak
AIIMK ¢ ALIPDKOX Ha ofHOM U3 cTeHOK. Hanpasus
9TO OTBEPCTHE HA KAKOH-JINO0 XOpOIIO OCBEIeH-
HBII TIpeaMeT, Ha IIPOTHBOIIOJIOXKHOU CTEeHKe
MOYKHO OBIJIO IIOJIYYUTH €ro IIEPeBEePHYTOe U
yMeHbIOIeHHOe u3obpakenue. Takas Kamepa uc-
IoJIb30Bajiach IJIA TOro, 4ToObBI IIPOEIMPOBATH
usobpaxkeHue Ha Oymary 1 oOBOAUTH €ro KapaH-
namom. Ilonydyanack JOBOJIBHO TOYHAsd rpadu-
yeckasd KOIUSA IpeamerTa.
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B XVI Bexke B OTBepCTHE CTAJM BCTABJATH
JUH3Y — O0BeKTUB. MeHssA ee pa3aMephl U COPT
IIPO3PAavYHOro BelecTBa, fobuBanuch 0ojiee yeT-
KUX u3o0pakeHunit, OQHAKO JOJIKHO OBLJIO IIPOii-
TH €eIle TPH CTOJEeTHHA, YTOOBI MX HAYUYHUJIHUCH
(uKCHpOBATh M IMOJOJTY COXPAHATH.

B reuyenne XIX Beka mijio KpOIOTJIHBOE yCO-
BepIIeHCTBOBaHMe ¢ororpaduu. I BOT HEMHO-
rum Oosee 100 ser Hasaj moABMJIACh Kamepa
Konaka. Eo moxxHo 66110 fesnats xo 100 cEum-
KOB Ha IUIEHKY, C KOTOpPO#l 3aTeM MOoJIy4aJiu
BeCbMa HEILJIOXHE€ OTIIeYaTKH.

B coBpeMeHHBIX (DOoTOanmapaTax, KAKMMHU ObI
CJIOYKHBIMM HM OBLIM MX O0BEKTHBBI, HCIIOJb3Y-
€TCH TOT JKe CTaphblii NPUHIUII KaMephI-00CKY-
pul. Ilocsie MpOXOXKJIEHHUST CBETOBBIMM JIydaMM
OIITHYECKOM CHCTEMBbI M3 HECKOJbKHUX JIMH3, Ha
IJIEHKE «DHCYeTCs» MaJIeHbKoe u300pakeHue
npenMera, IpuueM BBepX Horamu. Bel moixere
y0efuTBCS B 3TOM, €CJIM OTKpPOETe 3aJHIOI0
KPBILIKY amnmapaTa ¥ IIOCMOTPHUTE HAa YTO-HU-
O0yap BOKpYr cebs uepe3 ero o0'LEKTHUB.

HA 9EM OTIIEYATATbD
OOTOTPAPHUIO?

Kakum ob6pasom mosiydaoT (OTOKApPTOUYKM C
3aCHATOH ¥ IPOABJIeHHON mueHKu? Ecim Bam
NPUXOAUJIOCH BHIETH YEpHO-0eJIyIo IUIEHKY, TO
BBl oOpammajy BHMMAaHHe, YTO BCe M300pa’keHO
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Ha He# B oOpaTHHIX LBeTaX. Bejioe mjaThe Ba-
el OJHOKJIACCHUIILI OyeT Ha IIJIeHKe YEePHBIM,
a OyTblJIKA C TEeMHOH MENCHU-KOJOH B pyKax y
Balllero IPUSATEJSA IOKAaXKEeTCHA Ha IIJIEHKe CBeT-
agoi «®PanToii». Temepsb, YTOOLI BEPHYTHCA K
HODMAaJILHOM pacliBeTKe, HAZ0 IPOBECTH KaK ObI
¢oTorpahupoBaHue Ha0OOPOT.

He poBopuiochs Jiu BaM UMeTh JeJio ¢ GoTo-
yBenuuuTtenem? I'slaBHaA ero yactb — 3TO CO-
ouparomana auaza. Hajx Hell moMeniaoT IJIEHKY
¥ IIPOCBEYMBAIOT €e JiydaMu OT jiaMiel. C Apyroit
CTOPOHBI, BHU3Y, KJaAyT poTrodymary, Koropas
«paboraeT», Kaxk ILIeHKa. Torga ymaBmumii Ha
Hee CBET «HApPUCYeT» TeMHBIEe MATHBIIIKH, a Me-
cTa, Ky/Zia OH He II0NaJileT, OCTAHYTCA CBETJIBIMU.
Taxkoit ABOWHOI IIPOIIECC MPUBOAUT B KOHIIE KOH-
OB K ()OTOCHUMKY, OTPAKaI0IeMy pPeaJbHOCTb.
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YTo-TO 9TO BCEe HAIIOMHUHAET, CKaYXeTe BHI.
Koneuno, Bbl IPUNOMHUIU AUAPUIBMBI, KOTO-
pele BaM IIOKa3bIBAJIM B JEeTCTBe Ha 0eJioM 3K-
paHe ¢ moMompbi0o ¢ussmMockona. Wnu B cTaj-
KHBAJMCh CO CJHAHA-IIPOEKTOPOM, paboramoimqum
o TOMy e npuHiuny. OTiuuyue JUIIL B TOM,
4yTO BMecTO (horobymaru Jiyuu magaioT Ha OTpa-
JKAIONIYIO IOBEPXHOCTH, ¥ BCe I[BeTa AuadujIbLmMa
MM cladia COXPaHAIOTCA.

IToxoBBIpABOINCH B AMATIPOEKTOPAX MUJIU BIIU-
cKomax — mnpubopax HAJis yBeJWYEHHUS U IIPO-
eMpPOBaHMA H300pa’KeHU Ha DdKpaH, — BBHI
Bcerga o0OHApPyKHUTe B HUX HAPAAY C 3epKaJlaMH
WM TIpU3MaMU YBEJIMYUTEJBHOE CTEKJO —
JINH3Y.

BEPHO JIM MBI BUITUM MUP?

IToueMy roBopAT «HaGJIOAATH HEBOOPYIKEH-
HBIM rJjia3oM»? YeM ’Ke 3TO ero BOOPYIKaloT?
ITonsaTHOE AmENO, OTBETHUTE BbI, KAKUMHU-HUOYAH
ONTHYECKUMH YCTPOMCTBAMHM, UTOOBI JIydIie
4TO-TO PA3rJAANETh UM KAaK MOXKHO JAAJIbIe YBU-
ZeThb. A 4TO, HAIll IJIa3 caM 1o cebe He Ha MHOTroe
crocoben?

Koneuno ke, rjas — BecbMa COBEPIIEHHOE
1 HempocToe ycrtpoiictBo. Hemapom OGiaromaps
3PEHHIO UeJIOBEK TIoJIydaeT OOJIbllle CBeIeHHu 00
OKpY>KalllleM MHUpEe, YeM C IIOMOIIbI0 BCeX OC-
TaJbHBIX YYBCTB, BMecTe B3ATHIX. OLHAKO eCIu
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OTHECTHCh K TIJasy,
KaK K OIITHYECKOMY
npubopy, TO paso-
OpaTtbcs ¢ HUM Oyxner
HaM, B o0meM-To, He-
TPYAHO.

XoTss BCe «JIeTa-
JI» TJIa3HOM CHCTe-
MBI Ba’yXHBI, BCE€ Ke
IIeHTpaJbHOE MECTO B
Hell 3aHUMAaeT Xpy-
cTaJiuK. A BeIb 3TO
IpoCTO cobOuparoman
auaza. Hy, He co-
BCEéM, KOHEUYHO, IpPOo-
cTas: XpyCTaJIUK CIIOCO0eH, B OTJIMYHUE OT CTEK-
JSHHOM JIMH3BLI, MEHATH IIOJ AeiCTBHEM IJIas-
HBIX MBIIII] CBOIO TOJIIHMHY. B3risHute Ha 00-
JJaka MJIM Ha JajieKuil jec. Bul yyBCcTByeTe, Kak
Bal rjas paccjabnserca? A Ternepb NPUABUHb-
Te HACKOJIbKO MOYXHO KHHM)KKY K CBOEMY HOCY.
Omyrunu, kak ria3 Hanpsarcsa? To-to, aTO neii-
CTBYIOT I'JIa3HBI€ MBIIIIIBI.

Taxum oO6pa3oM xpycTaiuk GOKycHUpyeT CBe-
TOBBIE JIYyYM, NOOMBAsICh YETKOro M300paKeHUA
B ria3y. B ¢doToannapare ke 3Ty 3ajjayy pema-
IOT, BBIBUras WJM BJBUTras JUH3Y-00beKTHB.
IlpencraBasiere, ecau 6 Hamiu rJjasa JeiicTBOBa-
au tak ke? Torza oHM «BbLIE3aNH OBI U3 Op-
6uT», KaxK y paka wiau I'poMO3eKHM U3 MYJbT-
dunema «Talina Tperseil maHeTel». OgHAKO
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npupozaa 1no3aboTusack 0 TOM, YTOOBI MBI MOTJIHM
CIIPaBJATHCA C « HABOAKOM Ha pe3KOCTh» 0e3 BbI-
NMy4YUBaHUA IJIas.

Ho B ¢oTroannapare, BCIOMHUTE BbI, u300pa-
JKeHUe IlepeBopaumBaeTcs. A y Hac B rjasy, ec-
J OH paboraeT Kak JuH3a? TouHO Tak ke, XOTs
o Jleorapgo na BuHYHM He TOJILKO IPOCTHIE JIIO-
I¥, HO ¥ YUYeHBble HUKAK He MOIJIM NPUMUPUTLCH
C TeM, UTO BUAAT MHUD IIePEBEPHYTHIM. ITO yKe
HaIll MO3r' HAYYMJICS IPAaBUJILHO «CUYUTHIBATH»
C rJjia3a CBETOBbIE CUT'HAJIBI.

«HET OYKOB ¥ TETH BA/JIN...»

3aueM uesioBeKy O4KH? CerogHsa 9TOT BOMPOC
3BYUYHUT CTPAHHO, IIOTOMY UTO YYThb JIX HE GOJIb-
Imas IOJIOBUHA JIIOMEH IMOJMIL3yeTCsA OUKAMU WU
3aMEHAKIUMHA HX KOHTAKTHBLIMH JIMH3aMH.
3HAUYUT, MbI UCIIBITHIBAEM B OUKaX OOJBINYIO I10-
TpedbHocTh. Ho mouemy?

Ecnu ryiasHBIM MBINIIIAM He XBaTaeT CHJI,
yTo0BI C(hOKYyCHPOBATH XPYyCTAJIMK Ha paccMar-
puBaeMOM IipeaMeTe, H300pakeHue B TIaa3y
rnoJiyuaercsa pasmbITeiM. Hy, Kak B ¢hoToanna-
paTe, KOTOPBIM IJIOXO HACTPOMJIX HAa PE3KOCTh.
Bauzopykue noau He BUAAT YETKO AAJIbIIe Ka-
KOr'0-TO, ITPeAEeJIbHOrO AJIA KaXJ0ro u3 HUX pac-
CTOAHUA. A [IalJbHO30PKHMM, HaobOpOT, Heno-
CTYIIHO pe3koe u3o0pakeHuUe OJU3KUX Ipeame-
TOB. 3HAYUT, K JIMH3E-XPYCTAJIUKY HYXXHO IO-
6aBUTH ITOMOIIHMKA-OYKM. 3allOMHHUTE, OHH He
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BBIJIEYUBAIOT, a4 TOJbKO BPEMEHHO, IIOKA UX HO-
CAT, MOAIIPABIAIOT Ae(deKThl 3peHusd.

BausopykoMy 4yesoBeKYy HEO6XOOMMEI B O4-
Kax pacceMBaIOIMe WJIM, KAK HMX elje Ha3bIBa-
I0OT, OTpULaTeJbHbIe JUH3BL. Ilociye mpesomie-
HUSA B HUX CBETOBBIC JIyUYH, UAYIIHE OT JaJIEKUX
NpeaMeTOB, KaXXyTCA UCXONAIUMHU U3 OJIMIKHUX
ToueK. Y rja3 BoCHpHHHUMAET UX, He Hampsara-
sack. IlogobHass kapTuHa HabJOIaeTcA B COOM-
PAIOIHMX, WJIHA IIOJOXKHUTEJbHBIX, JIMH3aX IJd
IaJbHO30PKUX. TOJNIBKO TaM OUYKHU «IIEPEKOBBI-
BAIOT» JIYYM OT OJIMBKHUX IpEeAMETOB B OyATO OBI
Uayle U3najexa.

HcTopusa co3manusa OUKOB HAYUHAETCA I'Zie-TO
B XIII—XIV Bekax. Bo Bcakom cJuyuyae, u3Be-
CTEH IOPTPET KapAMHAJIA B OUKaX, HAITMCAHHBIA

é\tSu
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B 1352 roay B Uranuu. MHTEepecHO, Kak, B
COOTBETCTBMH C MOJOH, MEHAJCS BHEMHHH
BuUJ O4KOB. JIopHET, MOHOKJIb, IIEHCHE — Ka-
KHMX TOJIBKO He Ow1io m3obOperenmit! Ho onTu-
YEeCKHH NPHUHIUN NeHCTBUSA OYKOB OCTABAJICH
HEM3MEeHHEIM.

IIO3HAKOMBTECH C BAKTEPHUEN!

A MOXHO JIM HOPDMAJILHBIM, 3J0POBBLIM IJia-
30M pasriusaneTtbh Oakrepuio? YBhI, HET, He IIpHU-
crrocob6JieHO aJist 9Toro Hamre 3peHue. Hy, a ecau
BOCIIOJIb30BaThCsA Xxopomei aymoi? Koneuno,
OHa crocoOHa maTh OOJIBIIIOE YBEJWUYEHHe, HO U
ee HeNOCTATOYHO JJsA TAKMX KPOXOTHBIX TeJl,
Kak OakTepusa. Uro ke menartn?

Korga cTaiu mosiBAATHCS XOPONIIME II0 Kaue-
CTBY M pa3HOOOpa3HbIe mo (opMe JMH3BI, a 3TO
oo oxoso 500 JieT Hasax, MOMKHO OBLIO ITO-
npo0oBaTh «IMOUIPATH» C HUMH, TOKOMOMHHPO-
BaTh. BUAUMO, KTO-TO B 3TO BpeMsA OOHAPYKUJI,
YTO CMCTeMAa M3 ABYX JIMH3 crocobHa naTh 60JIb-
Imee yBeJIMYeHNE, UeM KaXKJasd U3 HUX B OTHAEJb-
HOCTH. ABTODPCTBO 3TOI'O OTKPBLITUS OOBLIYHO IPHU-
nuceBaoT utadbauny I'.I'anunero. Muorpa «ort-
1IOM» MMKPOCKONA Ha3eIBaOT roytasgna A.Jle-
BeHryka. Ho n0ocTOBepHBIX CBEZleHUM O IePBOOT-
KpbIBaTeJie HeT.

IIpyHIMO AedCTBUA MUKPOCKONA 3aKJIOYa-
eTcsa B TOM, YTO IepBas JIMH3a, HallpaBJIEeHHAA
Ha HCCJeAyeMBIi IpeaMeT, CO3IaeT ero yBeJlH-
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yeHHoe u3o0pa)keHme. JIpyras JuH3a, CJIOBHO
IIOAXBATHIBAsA CBETOBHIE JIYYHM OT IIE€PBOM, BTO-
PHYHO yBeJMUYHBAeT 3TO H3oOpakeHue. B pe-
3yJbTaTe MAIIOCEHBKHUH IIpeAMeTHK (HeZapoM
rOBOPAT — MHKDPOCKOIIMYECKHI) BhIpAcTaeT B
CBOMX pa3Mepax B ThICAYM pa3. IIpencrasnsere,
KakuM OblIo yauBjieHHe TOoro »xe JIeBeHryka,
YBHEBOIET0 B MHUKDPOCKOII JOTOJIE HUKOMY He
HM3BECTHYIO ¥KHU3Hb, IIPOTEKAIOIIYIO0 B MUDE MeJIb-
Yyadux opraHu3mos!
Ho u onTuueCKHiI MUKPOCKOI MMeeT CBOH
npeneabl yBejauueHUss. EMy Ha momoiib B XX
- BeKe IIpUINeJI TaK HAa3bIBae€MbIA 3JIEKTPOHHBIH
MHEKpOCKoON, paboraromuii, npaBza, Ha COBep-
IMeHHO MHBIX NPUHIMUNAX. 3aTO B HEr0 MOXKHO

«pa3ryIAfeTh» JaXe OTHAeJIbHbIE MOJIEKYJIBI.
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AmnTonN BaH JleBenryk (1632—
1723) — roananackuit HaTypa-
AucT. BHec cBoe HMsI B JIeTOIIH-
CH HayKH KaK OJJHH H3 OCHOBO-
MOJIOYKHUKOB MHKPOCKOIIHH,
WsroraB/HBaJ CHJILHLIE YBEJIH-
YHTEeNbLHBIE CTeKJa, Gaarofaps
KOTOPLIM CMOT CAeJIaTh PSAA
Ba)kHeHIUX OTKPLITHH B 6HO-
JormH. BoepBrle HaGuionan :
GaKkTepHH, OGHAPYKHJ ABHKE-
HHe MeJbvyaliImaX TeJel, B Kpo-
BSIHBIX COCYAaX.

KAK CIEJIATH 3BE3/IbI
BJIMKE K HAM?

Ha panexkue HebGecHBIE Tejia UEJIOBEK JABHO
JISOUT «BOOPYYKEHHEIM» I'JIa30M. Jla ¥ He TOJIb-
Ko Ha He6o. IIniTasch pasriaafeTh yAaJIeHHBIE
npeaMeTsl, JIIOAU COTHH JIET Ha3a] O0OHApYKHUJIH,
YTO HEKOTOpPEIe KOMOMHAIIMM JIMH3 CJIOBHO IIPH-
OJIMKAIOT MX K HaM. BCTaBHB 3TH JIMH3HI B
IJIVHHYIO TPYOKY, IIOJYYHJIHA TO, YTO Ha3LIBAET-
cA non3opHoii Tpyboii. 3aTeM, COEAUHUB JBe Ta-
Kue TpyOBl, 1300pesn OMHOKJIb.

Hamnpasus noasopHyio TpyOy B He00, MOXXHO
3aMeTHTb, 4YTO 3Be3Ahl OYATO cTaJu OJHMIKe K
HaM. A B CHJIbHBIE TPYOBI Pa3JIMYAIOTCA TaKue
caabble 3BEe3OYKH, KOTOpPble OOLIYHO IJja3 He
BUAUT. BrisicHuyioch, uTO ueM OoJsibIie pasmep
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BXOMHOM JIMH3HI — O0BEKTHBA, TEM OCTpE€e CTa-
HOBUTCS «IJila3d» IOA30pPHOM TpyOml. Berasa 3a-
Jaya M3rOTOBJIEHHUs OOJBIIMX JIMH3, a TPYOBI
IJIss aCTPOHOMMYECKMX HaOJIONEeHU# crajud Ha-
3LIBAaTh TEJECKOINaMH.

WM 3roToBaATL BPYYHYIO JIMH3BI OBLIIO HeJer-
Koit 3azmadei. UToObl MOJYYUTH KadyeCTBEHHOE
uszobpasKkeHue, IOBEPXHOCTH CTEKOJI HE0OX0AMMO
TIMATeJIbHO NIIMGOBaTh. JTUM He CTECHAJIHUCH
3aHUMAThCA M BeJIMKHMe ydeHble. A.JIeBeHTryk
cOOCTBEHHOPYUYHO JieJiaJl IIPeBOCXOAHbIE MUKPO-
ckonel. I'.\'amuneit u V.HploTOH ¢ HEOOBIKHO-
BEHHBIM TepreHHeM o00pabaThIiBajiud IOBEPXHO-
CTH JIMH3 AJIA TEJIeCKOIIOB.

Ha cerogusa HauboJsiee KpynHbIE JIUH3BI, HUC-
IM0JIb3yeMbIe B TEJIECKONAaX, NJOXOAAT A0 OIHOI'O
MeTpa B AuaMeTpe. BoJbIIMX pa3sMepoB TPYAHO
IOCTUYb, ¥ IIO3TOMY BBIrOAHEe IIpuberats K BOr-
HyTHIM 3epKajam. Camblit OOJIBIION TeJIECKOII-
OTpaj’kaTeJIb M3rOTOBJIEH B Halleil cTpaHe, Aua-
MeTp ero 3epkajia paBeH 6 mMerpam.

Teseckon MM mox3opHas Tpyba, KOHEUHO,
OTJINYAIOTCA OT MUKPOCKOIIA, HO HEe TOJIBKO CBO-
MU pasdMepaMu. XOJ CBETOBBIX Jydel OT Ma-
JIOCEeHBKHUX IIPEJIMETOB B HAIll I'JIa3 uepe3 MUK-
POCKOIT HAITOMUHAET TO PACKJIaJbIBAIOIINICA, TO
CKJAAbIBAIOIUICs Beep. A Jydd, UAYIIHE OT
JajJIeKUX 3€MHBIX IIPEIMETOB MJIM OT 3Be3] M
IJIaHeT, MmoAoOHBI IapajuIeJIbHBIM DpeJIbcaM
IJINHHOI'O KeJIe3HOAOPOYKHOr0 IIyTH. OTH OCO-
0EHHOCTH pACIIPOCTPAHEHUS JIydeld y4YUTHIBAIOT-
CsA IPpY KOHCTPYMPOBAHUM TEJIECKOIIOB.
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MAJIEHbKUY IPUHITUII —
BOJIBIIHE ITOCJIEACTBHA

3aKOHBI OTPa’KeHMA H INPEJIOMJICHHMA CBETa
ciepBa OBLIM ITOJYYEHBI ONBITHBIM ITyTeM, OJia-
rofapsi OrpOMHOMY KOJIMYECTBY ITOBTOPAIOIINX-
ca HaOmomeHu#. A HeJlb3sd JIUM UX BEIBECTH Te-
opeTHuecKkH, 0e3 sxcrnepumenTa? 3auemM, MOXKe-
Te CIpoCUTh Bbi? Jlesio B TOM, UTO BCAKAA HayKa
TIIOTOMY M Ha3HIBaeTCSA HAYKOI, YTO HE CTPEMUT-
cA cTaTh apXMBOM HabuioxeHuit U ¢axkroB. OHaA
CTapaeTcs HAWTH CBA3U MEXXIY 9TUMHU (haKkTaMu,
TO €CTh YCTAHOBUTL 3aKOHEI. Y1 Xopomro Obl, ecou
3aKOHOB 3TUX OBLJIO KaK MOYXHO MEHBIIIE.

Taxkue pasMbIllJI€eHUsA, BUAUMO, M IPUBEJIH
B XVII Bexke 3HaMeHUuTOro (ppaHIy3CKOro MarTe-
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¢panny3ckali MATEMaTHK H
¢usuk. IIpeanosxkus ocHOB-
HOM DpPHHOMI reoMeTpHYe-
CKOM ONTHKH. AHAJIOTUS
MEeXAy 5THM NPUHIUIIOM H
NPUHIMNIAMY MEXaHWKH ChIT-
pasia GoJIbIITyIO poJb B AaJIb-
HelllleM pPa3BUTHH (PHU3HKH H
B TEOPHH ONTHYECKHX HHCT-
PYMEHTOB.

matuka Il.dPepma K BaKHOMYy npuHHuny. W3
3TOr0 IIPUHIIMIIA BC€ 3aKOHBI I'€OMETPHUYECKOi
OIITUKH BHIBOAWJIHUCH, KaK cjenctBusi. To ecTs
npuHUMN Obla OoJsiee OOIIMM, YeM HaWJEeHHBIE
paHee 3aKOHBI, KOTOPBIE C TeX IIOP MOYKHO OBILIO
CYMUTATh YACTHBIMU, HE YHHUBEPCAJIbHBIMU.

Wpea sroro nmpuHnuna odyeHb HHTEPECHA.
depMa npeAmoONIOKMUI, YTO BO BCeX 0e3 MCKJIIO-
YeHHUA CJIy4asiX, BCTPEUAION[MXCA B I'€OMETPH-
YeCKO OINTHKE, CBETOBhLIE JYYH UAYT 10 MyTH,
KOTOPBIN TpebyeT IJiA CBOEro INPOXOXKAEHUS Ha-
UMEHbIIer0o BpeMeHHU. IIpMMeHsiA 3TOT MPUH-
IIAII, MOXKHO Cpa3y MOJYyYUTh HeOOXOoauMEbIe IJIs
ONTHYECKUX pacueToB GQOPMYJIBI,

Hano ckasaTh, 4TO MHOr¥ME PEBOJIOIMOHHEBIE
WJIY IIapaZioKCcaJibHbIC uen He HOBEI. 1 y Pepma
TOXe OBILI NpeAmIeCTBEHHUK — JpeBHerpeue-
ckuii yueHn I'epon Anexcamapuiickuii. B cBo-
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UX TPpyAax IO OINTHKe OH yxXe (PopMyJMpOBaJ
nono0HBIe YTBEPIKACHHA.

CBET — BOJIHA
H CBET — YACTHIIA

Jns Toro 4To6b! CTPOUTH KaKHe-TO TEOPUH O
cBeTe, HaJl0 KaK-ToO BooOpa3uTh cebe, UTO Ke OH
u3 cebs npexpcraBaser. Bemukuit H.Hpiorom
CYHUTAJ, YTO CBET — 3TO IIOTOK YACTHUYEK, «KOP-
NIYCKYJI», BBICTPEJINBAEMBIX, OYATO U3 ITyJieMe-
Ta, UICTOYHUKOM cBeTa. J[pyroii TOYKM 3peHUsA
IPUAEPKUBAJICA H3BECTHEUIIHUHA TOJIAaHACKHUHA
yuenni X.lwoitrenc. O mosaraj, 4To CBET OT
MCTOYHUKA PACIIPOCTPAHAETCS B BHJE BOJIH, ITO-
IDOOHBIX TeM, UYTO MBI HaOJIIOgaeM NpPHU IaJeHUU
KamMymka B Bogy. Kcratu, uMeHHo T'oitresc o0-
paTuJ BHUMaHHe, 4TO npuHuun Pepma o mMu-
HUMAaJIbHOM BPEMEHH JBHYKEHUA CBETOBOrO JIy4a
OnMpaeTcAa Ha BOJIHOBBIE CBOMCTBa CBeTA.

KopnyckynapHas ¥ BOJHOBAsA TEOPHH CBETA
MMOHAYaJly He CMOIJIM MUPHO YKUTHCA. B KaKKUX-
TO CJIy4YadX OHM NPUBOAUIN K OAUHAKOBEIM De-
3yJbTaTaM, IIOPOH OIpOBEprajd Apyr Apyra.
Mexxay CTOpPOHHUKAMHU ABYX TOYEK 3PEHUS I
OCTpBIE, HHOTI/Ia APOCTHEIE nucKyccuu. CrakeM,
aBTopuTeT HpIOTOHA OBLI CTOJNBL BEJUK, UYTO
BILIOTh 0 Hauasa XIX Beka KOPNYCKYJAPHBIM
SI3LIKOM OINMCHIBAJIU SIBJIEHUS, IBHO IIPOTUBOPE-
yanue HbIOTOHOBCKON TEOPUH.

Hauasno npomJjoro crojseTuss O3HaMeHOBA-
JIOCh TIOPA3UTEJNLHBIMH OTKPHITUAMH. OIBITHI
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Xpucrnan INoiireac (1629— i
1695) — rosnaHACKMH QHUIHK,
MaTeMaTHK H acTpoHOM. Paspa- :
6OTAJI BOJIHOBYIO TEOPHIO CBe-
Ta, BRIABHHYJ H3BEeCTHLIN BOJI- i
HOBOM NPHMHIKI, HA3BAaHHLIN

ero ¥MeHeM, OO'bSICHHJ MHO-

rde oNTHYECKHe siBjieHus. B
MexaHHKe MCCJEOBAaJ CTOJK- i
HOBEHHeE TeJI M BbIBEJ ero 3ako- :
Hbl, CKOHCTPYHPOBAJ epBLe
MASITHHKOBBIE Yachl M CO3/aJ
HMX TEOpHI0. YCTaHOBHMJ IOCTO-
sAAHHLIE TOUKH TepMoMeTpa. Co-
BEpLIEHCTBOBAJ TEJECKOI, C
€ro IMOMOIIBLIO OTKPLII KOJIbIO
CaTypHa H ero cmyTHHK THTaH.

IEeMOHCTPUPOBAJIN, YTO CBET MOXeT orubarthb
NpeNnATCTBUs, YCUJIUBATh MJIN OCJAbIATH cebs,
KCYe3aTh B HENPEABUAEHHBLIX MECTax M BO3HU-
KaTh TaM, rae ero He xaanu. O0bsaAcHeHue Ta-
KHMM I[IepeMeHaM B €ero IOBeJeHUH OKa3aJioCh
BO3MOXKHEIM TOJIBKO B paMKaX BOJIHOBOI TeOpUH
ceeta. A K KoHny XIX Beka ObLIO IOJNIlyYeHO
HaJIe’KHOE JOKA3aTeJIbCTBO, UTO CBET — HE 4YTO
MHOE, KaK 3JIEKTPOMAarHMTHAs BOJIHA.
Kazanoce 6bl, BOJIHOBasi TeOpHUs OAep Kaja
TpuymMbaabHy0 nobeny. Ho Hauayso Hamero Be-
Ka IPUHECJI0 HOBBIE OTKPBHITUA, 3aCTaBUBIIHE
YYE€HBIX B KaKOM-TO CMBLICJI€ BEPDHYTHCA K BO3-
speHuaM HrioToHa. IIpm 00BACHEHMH HOBBIX
taxToB BOSTHOBaA Teopusi Onlya GeccHIbHA.
Tak 4TO XK€, CBET — 3TO BCE-TAKM YACTHUIILI?
CerofHs y4eHble CUMTAIOT: B KAKUX-TO CIydasx

385

13 fl noawaw map: Pu3nka



OH BefieT ce6s1 KaK IIOTOK MMKPOCK on HUeCKHX
YaCTHL-KOPIIYCKYJI, B APYI'MX - kaK BOJIHA.
HWnaue rosopsd, eMy HOpHUCYILI¥V W Te, U APyrue
CBOIiCTBA.

KAK HCYE3AET CBET?

B Kakux ciyuyasix cBeT IIOKa3bIBaeT cebsA Kak
BosHA? B KOHIIE NeCATHIX I'OIOB IIPOMIJIOr0 BeKa
¢bpaHIy3cKkue yuyeHBIe OBIIM HECKa3aHHO yJIMB-
JIeHbl, Korza Moyionoi Gusuk Oriocren Ppenenasb
IIPOBEJI HA UX IJia3ax JIIOOONBITHRIM ONbIT. Mex-
Iy MCTOYHMKOM CBeTa M 9KPAaHOM pa3MeIaJICA
Henpo3pauyHbIi Auck. Ilo 3gpaBomMy cMBICTy, Ha
9KpaHe MJOJDKHA ObLIa IIOJyYaThCA KpyrJas
TeHb. PpeHesb, TepeMemas npubopsl, 1o061BaJI-
CA TOr0, YTO B IEHTPE T€HHU MOABJIAJIOCHL CBETJIOE
OATHHIIIKO. Y HaobopoT, ecau MponycKaTh CBEeT
Yyepe3 KpPyTJjioe OTBEPCTHE, TO IIPH OIIPEIEJICH-
HBIX YCJIOBHAX B CepeqUHE CBETJIOr0 IIATHA 00-
pa30BBIBAJIaCh TeMHAA TOYKA.

O0BsACHUTH 3TH YyAeca MOrJia TOJBKO BOJI-
HOBas Teopus cBera. I1o00HO 3BYKOBBIM BOJI-
HaM, cnocoOHBIM orubaTh IIPENATCTBUS, CBETO-
Basg BOJIHA B KAaKHUX-TO CJYyYaAX MOXKeET 3aiTH
3a Kpaii, CKaXeM, [UCKAa U II0NAaCTh B 30HY TeHH.
IloueMy ke Takue ABJIEHUA HOBOJBHO YaCTO Ha-
6yr0aI0TCA JIA 3BYKa. M HAMHOrO peke — JIJIs
ceetra? Jlesi0o B TOM, YTO 3BYKOBHI€ BOJIHBI 00Jia-
JAIOT 3HAYUTEJbHO OoJbImeld AJIMHONA — paccTo-
AHUEM MeXXJy CBOHMH «ropbaMu», 3TO IIpUMep-
HO MeTphl. 3HAUHUT, HA NPENATCTBHAX TaKHUX
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Oriocren Ppeneas (1788—
1827) — ¢pannysckuit pu-
3MK. DKCIIEPMMEHTHPYS C TI0-
MOIILIO TPUMHTHBHLIX
CPeACTB, AOCTHT BeJIMKOJIeN-
HLIX pe3yJIbTaTOB B ONTHKe.
PasBuJ yueHue o cBere, JOHOJ-
HuJ npuHNAn lolrenca. Pas-
paboTas TeopHio AU PaK- g
OHH — SIBJIEHHS, IPH KOTO- &
POM cBeT oru6GaeT mpensiTcT- £
BHA. Jloka3an nonepevHocTs
CcBETOBRIX BoJH. M306Gpen psia
ONTAYECKHUX MpHGOPOB.

.......... toe ou VS

pasmepoB u Oyaer HaGumogaTbcss orubaHue 3BY-

KOBBIX BOJIH.

A BOT AJMHA CBETOBBIX BOJIH YPE3BBIYAWHO
MaJjla — OHM MEHbIlle MHJIJIMOHHBIX NOJIEH MeT-
pa. Bor Takoro pasmepa OTBepCTHA HJIHA IIpe-
ONATCTBUA ¥ IIO3BOJIAT 3aMETHUTh OTKJIOHEHHE

CBETOBBIX JIyuel OT
NIpAMOJIMHEMHON Tpa-
€KTODpUH.

Hanpumep, kinac-
CHYeCKHMH ONBIT IIPO-
Bes1 B 1802 roxy aur-
aguyaduH T.JOHTr. IIpo-
ZeJIaB B HEIPO3PAUYHOM
9KpaHe naBe OJHM3KUX
ABIDOYKH C IIOMOIIBIO
TOHKOW OyJIaBKH, OH
OCBETHJI HX COJIHEY-
HBIM CBETOM, IIPOHH-
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aHrIHicKul yyeHndt. PaGotan :
B PA3JHYHKIX 0G/IACTSIX ECTECT-
BO3HaHMSA, HO Gosiee Bcero uUs3- i
BecTeH kak ¢pusuk. OAUH U3
coajiaTesieil BOJHOBOM ONTHKH.
OGBACHU/ «HACTPOHKYs IJaza
H3MEHEHHeM TOJIHHBLI XpycTa-
JIAKA, SiBJICHHE YCHJIEHHS H OC-
Ja6JeH!sI 3BYKOBLIX M CBETO-
BHIX BoJIH. Paspa6aTniBan Teo- i
pHI0 IiBeTHOro 3peHHs. Takxke i
HMCCJIEA0BaJ ynpyTHe AedopmMa-
nHUH.

KaBIIMM B KOMHATy yepe3 MaJIeHbKOe OTBEPCTHE
B mTope. X uTo xe? BMecTO IBYX APKHUX TOUEK
3a 3KpaHOM HalJ0gaJIoCh YepefoBaHNe TEMHBIX
M CBETJIBIX KOJIell.

OOBACHUTL 3TO ABJIEHHE MOYKHO OBLIO, CUH-
Tadg, UYTO CBETOBBHIE JIy4ud, 3arubasch B ABIPOUY-
KaX, HAKJIAALIBAIOTCA APYr Ha Apyra, TO yCH-
JuBasa cebs, To ocaabusas.

KTO «OTBEYAET» 3A IIBET?

Brl HeIipHysIM B GacceiiH, a Ha ero Kpaw oc-
TaJICS Balll IIPUATEJb B KPAaCHBIX ILIaBKaxX U ro-
ay6oii KynasibHOM mamnouyke. Kakoro isera 0Oy-
IyT OHM KasaThCs BaM M3-mox Boabi? Heoxxu-
JaHHBIA Bompoc, npaBpa? Kajkercs, uTo B HeM
ecTb moABox. Ho CKOJIBKO HM HBIPAHA, BCAKUMA
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pa3 KpacHBIe IIJIAaBKU OCTAaHYTCA KPACHBIMH, ZIa
M IIaro4YyKa He U3MEHHUT cBOil mseT. UTo e TyT
BBISICHATH?

Jla zmeso B TOM, UTO €CJIM CUHUTATHL CBET BOJI-
HO#, TO xopomo Obl y3HaTh, KaKasd ero xapak-
TEepUCTUKA OTBeYaeT 3a UBeT. [[JuHA BOJHBI?
Cxopocts? Yacrora? Okasanoch, UTO IIpH Iepe-
xoze B 6ojiee IJIOTHYIO IPO3PAuYHYIO CPefly CBET
KakK OBl TOpMO3UTCA, CKOPOCTBb ero nagaer. Bme-
CTe CO CKOPOCTBHIO POBHO BO CTOJIBKO K€ pa3s
yMeHbIIaeTcs AJHHA CBETOBOM BOJIHBI. W ecuu
OBl 9THM XapaKTepPHCTUKU «B3sAJIHX Ha cebA oTBeT-
CTBEHHOCTb» 3a I[BET, TO MHUP IIpPeACTaJ ORI Iie-
pen HaMM B MCKa)XeHHBIX 1BeTtax. Hy, moagymaii-
Te, Bbl OpocaeTe B KaCTPIOJIIO C BOJAOM SIPKO-

389



KpPacHYI0O MODKOBKY IUIsi BapKH, a OHa, <«HBIP-
HYB» Ha JHO, BAPYT CTaJla CHHEH MJIM elne XyxKe,
cepo-0ypo-ManuHOBOK. 3ax0oTesock OBl CHECTH
TaKkyl0 MOPKOBKY?

Hrak, He CKOPOCTh, M He AJIHWHA BOJHEI. Oc-
TaeTcA yacTora. Jla, ”MEHHO 3Ta BOJIHOBas Be-
JUYUHA ONpeJiesIAeT IBET CBETOBHIX Jyueit. OHa
OyzeT HeM3MEeHHOM IJIsT KaKJOro IBera, rae Obl
JYYUKY HH IPHUILJIOCh IIyTENIEeCTBOBATH — B
JIMH3aX, B CTEKJaX, B NMpH3MaxX. 3aMeThbTe, 4YTO
€CJI¥ AJIMHA CBETOBBLIX BOJIH HUUTOXKHO MaJja, TO
YacToTa — HEBEepOATHO orpomHa. CocTaBiser
OHAa NPHMEPHO MWJLJIMOH MMJLJIMAPAOB Koieba-
HUA B cekyHAy. Camas Gosbmas 4yacToTa CBe-
TOBBIX BOJIH — Y (DMOJIETOBOrO I1BeTa, a caMas
MaJIeHbKad — y KpacHOro.

IIOYEMY HEBO I'OJIYBOE?

A BoT ¥ Henpasna. Ecau cMOTpeTh MpPAMO
Ha CoJHue HaJ rojoBOi, MBI B 9TOM MeECTe
BuauM ero Oexanlit cBer. OkasaBmuchr Ha 0es-
Bo3aymuoi Jlyme, M HabGuaiomanu ObI coBep-
IIeHHO 4YepHoe Hebo. 3HAYMUT, AEeJIO0O B aTMOC-
tdepe, npuueM OHa — He royyd0e CTEKJIBIIIKO;,
nHaue CKBO3b Hee CosHIIEe BHAEJNIOCH OBI TOXKe
roanyosiM. OcTaeTcs ciesaTh BBIBOJ, YTO I[BET
Heba ompezessieTcsi pacCeasHHMEM COJIHEUHBIX
Jyueil B aTMocdepe, IpUUeM JydIne BCero pac-
CeMBAIOTCA M NOIAZAIOT HAM B rjiada UMEHHO
ronybnie jgy4u.
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A mnouemy ke CoJHIlEe BHINJIAAUT Ha 3aKaTe
KpacHeIM? B 3T0M ciayuae myTh ero Jiyueit B
atmoctepe OoJsiee IIMHHBIA, uyeM naHeM. Bce
fosibIe roNyOBIX JIydyeil pacceMBaeTCA HA 3TOM
NyTH, a OCTaBIIMEeCsA CO3AAIOT BIeYaTJeHUe
OpaH)XeBO-KPACHOro IBeTa.

BuixoguT, uTo camoro mo cebe Gesoro msera
HeT. 9TO cMechb, Habop Jiyueil BceX M3BECTHHIX
HaM I[BETOB, TO €CTh JIYYHKOB C DPa3JIMYHBIMH
JMJIMHAMH BOJIH, IIONAaZAaloI{UX B CBETOBOI BUAM-
MBI quamas3oH. I[BeTa Bcex mpeaMeTOB ompeje-
JISIIOTCS TeM, KaKHue U3 3TUX JIYYHKOB pacCceloTcs
MJIX TIOTJIOTATCS, a KaKue — OTPa3ATCA UM
NPOMAYT JaJjibIle M IIONAaAyT B HANI IJas3.

Hanpumep, eciu MBI TOBODMM — CHHASA
TKaHb, TO 3TO 3HAYUT, YTO MATEepPHAJ TKAHMU II0-
TJIOTHJI BCE 1[BETa, OTPA3UB JIUIIb JYUYUKH C JJIH-
HOM BOJIHBI, COOTBETCTBYIOIIEl CHUHEMY IIBETY.
Wnu xe, rasana BOKPYT Yepe3 OYKM ¢ KPACHBEIMH
CTeKJIaMH, MBI BOCIIPMMEM IJIa30M JIUINb Te JIy-
YMKH, KaKHe CTeKJIa IIPONYCTAT, TO €CTh Kpac-
Hble. OcTaJIbHBIE I[BETA CTEKJIA OYKOB IIOIJIOTHAT.

Ham rsia3 HeImIoxo pasjinuaeT BCe OTTEHKU
IIBETOB, HO 0oJiee BCEro OH UyBCTBUTEJEH K 3e-
JeHOMy. A BOT ¢orobymara ajsi uepHO-GeJioi
neyaTd, B OTJIHUYME OT (POTONIEHKH, UYBCTBHU-
TeJIbHA KO BCEM I[BeTaM, KpoMe KpacHoro. Ilo-
aTOMYy (pOTOIJIEHKY HAJO0 3alUIaTh OT Jiroboro
obiyueHus, a npouecc GOTONEYaATH MOYKHO IPO-
BOAUTL IIPU CBETE€ KPACHOM JIaMIIBI.

Eciu Bl OniBasiM B (porosaGopaTopusax, To,
MOKeT OBITh, 3aMeYal¥, YTO BCe B HUX BHUIUTCS
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aubo B KpacHOM, Jubo B uepHoM 1BeTe. Kak BH
ayMaeTe, moyemy?

9YTO TAKOE PAIYTA?

Brl, KOHeuyHO, JI000BAJIUCH BHAOM PpaXyrH,
BO3HHKAaMWIIeH B HeOe mocie poxasa. Otyero ke
IOSABJIAETCA TaKas KpacuBas, Aa eIle I[BeTHas
KapTuHa B Bo3fiyxe? OmHAKO TYyT MBI HE COBCEM
TOYHBLI, B YUCTOM BO3[[yXe HUKAKOH# Dagyru He
6sL10 Ob1. OOpasyercs oHa Garomaps MeJb4yaii-
IIIUM KaIrleJIbKaM BOAbI, II03TOMY U ObIBAeT JIMIIL
mocJie MOXKAA. 3aMeTbTe, YTO ualne HabJoxaTh
panyry yaaercs, Korza CoJiHile HEeBBICOKO HaJ
TOPHM30HTOM, a BBl pacroJjiaraeTech CIIMHOM K He-

My M JIMIIOM K «YXONAINEMY» IOMKIIO.
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B yem npuumHa 10-
sIBJICHUS IIBETOB Ha He-
6ockyione? IIpenomisa-

QQWM} SICb B KPDOXOTHBIX IIPO-
om0 cg% 3pPavyHbIX KameJIbKax
. BOAblI, Oesblii cBeT MC-
NBITHIBAeT, KakK TIOBO-
pAT, pa3jio)KeHHe B
cnextp. I Torza craHo-
BUTCS COBEpPIIEHHO fAe€-
. \ / HO, YTO COCTOMT OH U3
W na6opa useroB. Iloxy-
YUTh Ppanyry MOXKHO,
Kak 910 caenan M.Hpi0TOH, B «JOMAIIHUX» yC-
JoBuAXx. Yepe3 MajieHbKOE OTBEPCTHE B CTaBHE
WJIM IITOPE HY’KHO IIPONYCTUTH Y3eHbKUN NMyYOK
ceera. Ecyiu Ha ero myTH NOCTaBHUTh CTEKJISIH-
HYIO TPEeYroJIbHYI0O NPU3MYy, TO IIDEeJIOMUBIINECH
B Helf JIyuM BBIHAYT y:Ke pa3/ieJIeHHbIMHU Ha IBe-
Ta. 9T0 OyZeT XOpollo 3aMeTHO Ha IPOTHBOIIO-
JIOKHOM OKHY CTEHe.
fIByienune, onmucaHHOE ceiyac, IOJYYHJIO HA-
3BaHME JUCIIEPpCHUU cBeTa. Pagy’XHas IIOJIOCKA,
MMeHyeMas CIIEKTPOM, MOKa3bIBaeT, YTO CHJIb-
Hee BCero IIPeJIOMJISIIOTCA NPU3MOM (puoJieToBEIe
JIy4M, a MeHble Bcero — KpacHsble. Ilonyuenue
CIEKTPOB OT PAa3JIMYHBIX CBETAIIUXCHA TeJI IIOPO-
IO IIeJIYIO OTPACJIb HAYKU U TEXHUKH — CHeK-
TPaNAbHBIA AHAJHM3.
BrigscHMJIOCH, UTO Ka’KJoe BEIeCTBO HCIy-
CKaeT M IIOrJIOIIaeT BIIOJIHE OIpeleJIeHHbIE IBe-
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I'ycra® Knupxrog (1824—
1887) — nemenxuit pusuk.
PaGoTas B caMBIX pasJHUHLIX
obnacTsix. OTKPLLJI 3aKOHOMEP-
HOCTH, JIET'IIHE B OCHOBY T€0- |
PHYHU 3JIEKTPHYECKUX IPOBOJHH-
KOB. ¥YKa3aJ Ha CXOJCTBO pac-
TPOCTPAHEHMS DJIEKTPHUECKHX :
H CBETOBLIX BOJH. YCTAHOBHMJA
OJMH M3 OCHOBHLIX 3aKOHOB
TEMIOBOro HaNy4yeHH:. Bak-
HOe ero JOCTH)KeHHe — paspa- :
GOTKAa METOAA CIIEKTPAJLHOIO
aHaJM3a, ¢ IIOMOIBIO KOTOPO-
IO OTKPLLI ABA HOBLIX METAN-
Jia. DTOT METOA 10 CHX IOP Hr-
paeT OrpOMHYIO poJih B HayKe

M TEeXHHKe.

TOBBIE JYYHUKH. VI eCJM MBI CDAaBHUM CIEKTD,
HaIpUMep, OT PaCKaJIeHHOro I'PDYHTAa, AOCTAaB-
JeHHOro ¢ JIyHBI, C U3BECTHBIMHU, STAJOHHLIMH
CIIEKTPaMH, TO CMOXXEM y3HATh, M3 4Yero 3TOT
rpyHT coctouT. Ilo CHmeKTpy pacijaBJI€HHOr'O
MeTajljla, KOTOPHI TOJBKO YTO «CBADHJIHU»,
MOXKHO PacIIO3HaThb, KaKHWe XMMHUYecKue Jo0aB-
KH eMy HY>XKHBI, 4 KaKUX — H30BLITOK.

CnenuanbHble TPUOOPHI — CIEKTPOCKOIBI, —
OCHOBHOM JE€TaJbI0 KOTOPHIX SBJIAETCSA IIPHU3MAa,
HAllIM IIMPOKOE IPMMEHEHHWe B CAaMBIX Pa3HBIX
obnactax. CKa)xeM, ¢ UX IIOMOIIBIO CMOIJVIM Ha
PACCTOSIHUM OIIPEJAEJIMTh XHMHYECKHHl COCTaB
3Be3n. OQHMM H3 IIOPA3UTEJBHBIX OTKPBITHHA
crriekTpockonuu ObUI0 OOHapykeHue Ha CosHue
HEHM3BECTHOr0 XWMHUYECKOro 3JIEMEHTa, KOTOPHIHA
3HAYNTEJILHO NMO3YKe Hamu Ha 3emue. Ero u Ha-
3Basi1 B yecTh CoJyiHIIA — TreJmid.
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KAK BBICTPO BET'AET CBET?

Jda Tak M 0eXXUT — CO CKOPOCTHIO CBeTa,
WHauUe BpOJAEe M He CKakelmb. A KaKOBa 9Ta CKO-
pocts? M3MepUTH ee IBITAIHCH OYEeHb AABHO.
H306peTasu OCTPOYMHEIE CIOCOOKI, IIBITAACH J1a-
JKe «BKJIOUUTH» B SKCIIEPMMEHTAJIbHBIE yCTa-
HOBKM JIpyrue IUIaHeThbl. BBIJIO SICHO, YTO CKO-
POCTH 3Ta HEBEPOATHO BEJIMKA, IIO3TOMY H3Me-
PATH ee HY)KHO Ha OOJIBIIMX DPACCTOAHUAX.

IlepBrie ke 6ojsiee MM MeHee yAadyHBIE IO-
NBITKY IIPUBEJIM K pe3yJbTaTaM, FOBOPAIIMM O
COTHAX THICAY KMUJIOMETPOB B CeKYHAY. Bce 6o-
Jiee TOYHBIE METOALI U3MEPEHHUS MMO3BOJIUJIU YyC-
TAHOBUTh HA CErOJHA 9Ty BEJIMYMHY paBHOH
300000 xunomeTpoB B cekyHay. Kak Obl HU ObI-
Jla BeJIMKA 3Ta CKOPOCTb, OHAa He OECKOHEYHO
6osbmiasi. 3HAUYUT, CBET OT AAJIEKUX HMCTOUHHU-
KOB, Halpumep, 3Be3J[, MOXXET HATH K HaM He

Kan dyko (1819—1868) —
dpasnyscKu# GUIUK-IKCIIEDH-
MeHTaTOp. PaszpaGoran Meron i
HM3MEepeHUS] CKOPOCTH CBETa H
HM3MepHJI ee B BO3AyXe M Boje,
YyeM NMOATBEPANJ BOJHOBYIO Te-
opHio ceera. IIpn noMomu Ma-
SITHUKA AOKA3aJl BpallleHue
3emJH BOKpyr cBoel ocH. U3o-
6peJ1 THPOCKOI, HAIUEAIHH|
IIHpPOKOe NpUMeHeHHEe B TEXHHU-
Ke. i




AnGepr Jiimnrreiin (1879—
1955) — BuigalonMics GPA3UK-
TEOPeTHK, OJUH U3 co3aaTeJied
cOBpeMeHHOH (pU3HKHU. 3aHH-
MaJiCsi OCHOBHLIMH NpoG.JieMa-
MH QyHAaMEHTAJLHON HayKH,
CO3AAIOLIMMHY OCHOBY AJIS pa3-
JIMYHKIX o6J1acTell 3HAHMA.
Ony6aukoBas paGoTsl no Gpoy-
HOBCKOMY [IBHXKE€HHIO, TEOPHH
tdoTospoderra. Co3aan KBaHTO-
BYIO TEODHIO CBETA, TEOPHIO
TEIJIOEMKOCTH TBEPABLIX TeJ.
BepiinHa ero TsopuecTBa —
TEOPHSI OTHOCHTEJLHOCTH, M3-
MEHMBIIIasi TPeJICTaBJIEHHA O
NPOCTPAHCTBE, BpeMEHH H Ma-
TepHH; OJMH U3 ee NMPHHNHU-
OB — TOCTOSTHCTBO CKOPOCTH
CBeTa KaK NpeAeJbHOM CKOpo-
CTH Nepejaydl CUTHAJIOB B NIPH-
pole. YCTAHOBHJ B3aMMOCBSA3bL
Macchl ¥ sHepruu. IIpeaso- :
JKHJI HOBYIO MojeJib Bcellen-
HOM.

MI'HOBEHHO, a CTOJIETUAMH, MWJIJIMOHAMH JIET.
" 1o HebO, KOTOpPpOEe MBI BHUAUM HaJ T'OJIOBOH,
BOBCE He COOTBETCTBYET PeaJIbHOMY COCTOSHWIO
nes. AuHaue roBops, KaKHUX-TO 3Be3J yKe AaB-
HBIM-JIaBHO HET Ha CBeTe.

A Bapyr u CousHne y»xe noracio? Y xo Hac
IOXOMUT NaBHBIM-AABHO HCIyIIeHHBIN cBeT? He
BOJIHYMTEeCh, oT COJIHIIa CBeT NJOHOCHUTCA A0 HAC
BCEro JIMIIb 3a 8 ¢ HeOOJILIIUM MHUHYT, TaK UYTO
IIpPO HEro MbI BCE NOBOJIBHO OBICTPO y3HaeM.

CkopocTs cBeTa, U3MEpPEeHHAasl B Pa3HBIX IIPO-
3pavyHEIX BEIIecTBaX, OKa3ajlach MEeHbIlle TOH, C
KOTOpPOi OH pacHpOCTPaHsEeTCS B BaKyymMe MJIA
BO3Jyxe. 3HaHME 9TUX CKOPOCTEIl II03BOJIMJIO YC-
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TAHOBUTHL IPUYMUHY IIDEJIOMJIEHHS CBeTa: 4YeM
MeHbIIIe CKOPOCTh CBeTa B cpene, TeM Oojbllne
OH el0 IIpeJIOMJIAeTCH.

Korpa anraumiickum ¢pusuxom JIxk.Makxcse-
JoM ObIJIO ITPeACKa3aHO CYIIeCTBOBAHHE JJIEKT-
pPOMAarHUTHHIX BOJIH, OH CUMTAJI, YTO CBET — Ofi-
Ha M3 MX pasHoBuAHOcTei. Tak OHO mOTOM M
MOATBEPAMJIIOCH B 3KcIepuMeHTax. PaxuoBoi-
HBI, TeIlJIOBhIe (MH(pPaKpacHLIE), CBETOBHIE, YJIIb-
Tpad@uONEeTOBbIE ¥ PEHTreHOBCKHE JIyuyn —
OJM3KHe POACTBEHHMKH. PacnpocTpaHAITCA
OHHM B BaKyyMe C OIHOH U TOH Ke CKOPOCTHIO —
CKOPOCTBHIO CBETA, a PA3JIMYAIOTCA JIMIIDb JJIUHOU
BOJIHBI MJIA YaCTOTOH.

MOJKHO JIH YCHJIUTD CBET?

JInu3aMu ¥ 3epKajlaMi MOXXHO, KOHE4YHO, J0-
CTATOYHO CHJIBHO CKOHIIEHTpHUpOBaTh cBeT. Ho
BCe-TaKM, Kak Obl MBI HM IIPEJIOMJISIJIM U OTpa-
¥aJM JIYY¥ ONTHYECKMMHM IpUOOpaMu, «Cry-
CTUTHL» MX B JOCTATOYHOM Mepe He yaaerca. U
JIMIIbL BO BTOPOM ITOJIOBMHE HAIIIEr0 BEKa JIIOJU
HaAy4YUJINCh YCUJIMBATH CBET, HO TONBKO COBEp-
IIEeHHO APYTUM CIIOCOOOM.

Ecim B3ATh AOBOJIBHO OOJILIION KPHUCTAJLI
pyOuHa — IIpo3payHOro MHHepajia, — TO €ro B
CIIeIIMaJIbHOM YCTPOMCTBE MOXKHO <«HaKadyaThb»
CBETOBOM 3Heprueil APKUMH BCIBIIIKAMH OCO-
60if JsamMnbel. B Kakoil-TO MOMEHT «HACBHITHB-
IIUCh», KPHUCTAJJI HAYHET CaM MCIIYyCKaThb ToO-
HeHbKHMI KDacHBIA Jiyuy. B aTOM Jyue cBeToBas
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SHEeprus OKa3bIBaeTCA OUYeHb CUJIBHO CKOHIIEHT-
pupoBauHo#i. JIyuuk cnoco6eH nporxkednb JIoObIe
MaTepHaJibl, B TOM YMCJIe U ajiMas.

Taxoit nmpubop Ha3BaJu Jla3epoM — YCHJIH-
TeJeM cBeTa. I'Ji2 TOJBKO He IIPUMEHSIOT €ero
cerogusal Belin co3maHbl pa3yIMYHbIE THNBL Jia-
3epoB Ui pas3HHIX IeJieii. Bpauam JsasepHbIi
JIyd TIDUTOAMJICSA KAaK OCTPHI M CTEePUJILHBIH
CKaJiblleJib. ['eofie3aucTaM OH IIOMOraeT 3alaBaTh
TOYHOE HaIIpaBJIeHHE ITPH ITPOBEAEHUH, CKAXKEM,
moxa3eMHBIX pabor. C nmomMompbio Jiasepa Onlia
BBIIIOJIHEHA CBEeTOBadA JioKanua JIyHel ¥ onpene-
JIEHO TOYHOEe pacCToAHHE JI0 Hee.

Jlyuu jasepa JBHIKYTCA CTPOTrO B OJJHOM Ha-
NpaBJICHUH, IIO3TOMY IIyYOK CBETa He DPACILJIHI-
BaeTCsA BIIMDH JaXKe Ha OOJIBIINX PACCTOAHUAX.
ITO TO3BOJIAET IIPUMEHSATh €ro U KaK CPeICTBO
CB#A3H, KOrZa coo0meHne MOXXHO IepefaTh XOTh
Ha APYTYIO ILJIaHeTYy.
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Ierp Huxonaenwu JieGenes
(1866—1912) — poccuitckn
¢usnk-skcnepunenraTop. IIpo- :
BeJl OIKITH HAa I'PAaHHA TEXHHYe-
CKHX BO3MOXXHOCTeH¥ cBOero
BpeMeHH, Ho GJiecTsinide Mo pe- :
ayanTaTaM. Jlokasaj CyiecTBO-
BaHHe JaBJIeHHs CBeTa Ha TBep- :
Abie TeJia H rashl, YeM NOATBEp-
JAJI 3JIEKTPOMAarHUTHYIO T€O-
puio ceeta. Cosnan ycTpo#icT-
Ba JAs reHepanuu H nNpAeMa
3JIEKTPOMATHATHLIX BOJIH H
H3yuyna Hx cBolictBa. Hccaeno-
BaJl 3eMHOM MarHeTH3M.

Ecyiz y1a3ep MOXKET IIPOXKUTATh AaXKe TBEDAbIE
MaTepHasbl, 3HAYUT, €ro JIyd IIePeHOCUT SHEPrUI0
B mpocTpaHcTBe. Torza OH AO/KEH W CABUTaTh
NpeaMeTHI, TO €CTh NMPHKJIAALIBATE K HUM CHIIY.

9T0 0CcOOEHHO XOpOoIIOo
3aMeTHO, KOr'Zla BepTH-
KaJIbHBIM JIyd Jiasepa
yOep:KHBaeT H Jaxke
IOAHUMAET JIerKue
IIapUKH.

Bexomgur, cBeT OKa-
3piBaeT AaBieHue? Jla,
npuyeM aT0 OBLIO IIO-
Kaszano nouyru 100 ser
Haszax B pabGorax pyc-
cxoro ¢usuxa IL.H.JIe-
O6emeBa. OH yBiekcs
npobyieMoii  OTKJIOHe-

CAK YCTOEN Agqpp,

et Ay,

——wae
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Ko HUSA KOMETHBIX XBOCTOB
META =~

P \ COJIHEUHBIM CBETOM.
% \ Co3zaB OpUTHHAJILHYIO
‘Aﬁ BAfHuE‘ ONBITHYI0O YCTAaHOBKY,
CRET, JlebeneB cmor wusMme-
PUTh HUUYTOXKHO MaJioe
CBETOBOE IaBJIEeHHE.
OHO OKazajiocs B TOU-
HOCTH TaKHMM, KaKoe
paHee TIIpeACKasal B
CBOE!l TeOpUM AaHTIJIUM-
ckui pusuk [ox.Maxkc-

BeJLII.

~

-nll) WERy Snumy ~
TPAEKTOPUR Sy N

-

KAPTHHKH HECYTCA
CO CKOPOCTBIO CBETA

doTorpacdua Mo3BOJHNIJIA JIOAAM «3aKOHCEP-
BHPOBATb» CBET, «OCTAHOBHUTHL MT'HOBeHue». Ho
IIOJIyYEHHBIE C ee IIOMOINLI0 M300pa’kKeHus, K
COXKaJICHUIO, HeIIOABMXKHBI. Korga nszobdpesu ku-
HOANnapar, ABMIKEeHHe, 3aCHATOe 110 KyCOUKaM,
10 KaxpaMm, 3aTeéM MOXXHO ObLIIO BOCCTaHOBHT,
npocBeuuBasa MHJIeHKY. CMeHsAeMble nepen JiaM-
o Kaapsl (pujbMa, ONATH IO YaCTAM, BOCIIPO-
M3BOAUJIN JBHIKYIIHECA HpeAMeThl. ITO Hamo-
MUHQJIO ObICTpOe uepeAOoBaHHME (HOTOCHUMKOB,
KOrjia rjia3 IpocTo He yCIeBaJl OCTAHOBUTHLCA HU
Ha OOHOM U3 HHX.

Becr kuHOMmpolecc 3akJoudaici B CheMKe,
00paboTke MJIEHKH M NMPOKPYYUBAHHU €€ KHUHO-
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anmapaToM. JTO OBLIO BeJIMKOe JOCTHXKEeHUe, HO
¥ OHO He MOIJIO JOHeCTH u300pakeHHe M3 Of-
HOT'0 MECTa B JIpyroe B TOT K€ CaMblii MOMEHT.
IInst aToro Haxo ObLI0 M306pecTH TeJieBHAECHHE.

OHO 3aMeTHO OMa3AbIBAJIO 10 CPaBHEHUIO C (O-
Torpadueit ¥ KUHO. [ ero cTraHOBJIEHUA IIOTpe-
60BaJIOCh HEMAJI0 OTKPHITHI B 006JIACTHM XWMUH,
3JIEKTpUUYECTBa ¥ ONTHUKHU. IlepBasa nMpakTU4ecKas
nepezaya u300pakeHusi 10 IIPOBOZIAM OCYIeCTBU-
Jach jgumb B 1923 roxy. 9To ObLIM ellje BeChbMa
HeCcOBepIIeHHbIe «KapTUHKH» . OqHako B 20—30-e
rogasl yaajloCch CKOHCTPYMPOBAaTh TaKHe KaMepshl,
KOTOpble MOIJIM (DMKCHUPOBATh H300pa’KeHUs
IIPeaMEeTOB ¥ 3aTeM BOCIIPOM3BOAUTH X Ha SKpaHe
3JIEKTPOHHO-JIYUEBbIX TPYOOK, M3BECTHBIX BaM
KaK KHHECKONbI TeJIeBU3OPOB.

MoMeHTaNbHBIA CHHMOK ITpeIMETa CJIOBHO
C'BEIKHBAJICS B DPAJM 3JIEKTPUUYECKUX HMITYJIbCOB,
KOTOpBIE 3aTeM, IIOJO0OHO paJMOoCHUrHaJiaM, Iepe-
JaBaJIUCh aHTEHHAMHU Ha paccrosHue. IIpueMHOe
YCTPOMCTBO pacmu(ppoBHIBAJIO HMH(POpMAIMIO,
MIPUHOCUMYIO 3JIEKTPOMAarHUTHHEIMM BOJIHAMH, U
IIePEeBOAMIIO €e B CBeTOByI0. CHUMOK 32 CHHUMKOM
C OrpPOMHOI CKODOCTBIO NE€PEHOCHJINCh B IIPO-
CTPaHCTBE, MMOBTOPSs HA 9KpaHe TeJIeBU30pa Bce,
4TO B TO JKe CaMoe BpeMs CHHMaJia KaMmepa.

CToUT JIM rOBOPHUTH, Y€M CTAJIO CErONHA IS
Hac TeJieBUJeHHME, BUJEOMArHuTo(poHbI, BUIEO-
TeJe(POHbI, BUAEOKAMEDHI. JJIEKTPOHMKA MU OIl-
THKa JaJIM BO3MOYKHOCTb UYEJIOBEKY XPAaHHUTH U
00MeHUBATHCs KaK 3BYKOBOIi, TaK U 3pUTEJIbHOMI
HMH(popManueu.
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MHUPAKH KOCMHYECKHE U 3EMHBIE

KaxeTrcs, uro 11060#1 HOUYBI0O MBI BUAUM ONHO
1 TO e He6o. Bce 3Be30uKM pacmpeniesieHBI 110
CO3Be3UAM, a BCe CO3BE3AMUsA, CJIOBHO MATEPUKH
Ha ryiobyce, HEIOABMIKHO «IIPUKOHOIIAYEHLI» K
HebockyoHy. KakoBo ke Oyner Bame yauBJie-
HUe, KOraa BHl Y3HaeTe, YTO MBI BUAUM 3Be3abl
BOBCe He TaM, rjie OHM Ha caMoM pxeie. Ilouemy,
CIIpocuTe BHI?

Byap y Hac BO3MOXKHOCTb OBICTPEHBKO B3JIe-
TeThb Ha paKeTe Ha BBICOTY 3JaK KHJIOMETDPOB
IBECTH, TO MbI OOHapy»XKuJH OBI cJiexmylomiee.
Kapruna 3Be3gHoro Heba Bpoze 66 ocTajiach TOH
JKe caMoOif, HO Bce CO3Be3qHUs CJIOBHO pa3bexa-
JUCH M0 HeOeCHOM KapTe, 3Be3MO0YKM KaK OBI
OTOABUHYJIHUCH APYT OT Apyra.

JeJyio B TOM, UTO, CTOA Ha 3eMJie, MBI OyATO
HaXOJMMCs Ha AHe BO3AYIIHOrO OKeaHa — aT-
Mmocdeprsr. HabsioneHue oTCI0fa HANOMHHAET
B3IJIAA H3-TIOJ BOALI Ha INpeAMETHI, PAacCHOJIO-
JKeHHbIe 1m0 Oeperam. Jlyum cBera, maymue OT
3Be3n, Npoxoxa armoctepy, 3armbaioTcsi, He-
MpEePLEIBHO IIPEJIOMJIAACH BO Bce OoJiee YIJIOTHSA-
IomeMcsa Bo3ayxe. A ryasy 3Be3ibl OyayT Ka-
3aThCA JIEXKAIMUMH Ha IPSAMOM JIMHUU, TO €CTh
BHIIIE CBOEr'0 MCTHHHOI'O IOJIOXMKEHUH.

TTonyuaercsi, uTo HabJII0JaeMOe HAMH 3BE3THOE
He0O B KaKOM-TO CMBICJIe — MHpax. IlomoOHbIe
MHPaYKH BO3HMKAIOT M OT 3eMHBIX IIPEIMETOB.

Hanpumep, pacKajieHHBI IECOK B ITyCTHIHE
WJIN HarpeTuld JieToM acajbT CO3JAIOT IIPU Ha-
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GIofeHUM U34aJleKa BUAMMOCTb BOAHOM ruazu. A
B HeM JaJbHUE IIPeAMEeTHl OTPaKaloTCHA, KaK B
peke. Ilosy4yaeTcs 3T0 NMOTOMY, YTO TEIUILIHA BO3-
AyX Y TMOBEPXHOCTH MMEEeT MEHbIIYIO ILUIOTHOCTD,
yeM XOJIOAHBIM HaBepxy. Berymue m3zanu cBeToO-
BBle JIy4M, HPEJIOMJIAACH, 3arubaroTcsa Ternepb
KBepxy, a IIOTOM IIONafaloT K HaM B IJasa.

YTO OBMIETO ¥ MBLJIBHOH ITJIEHKH
H T'OJIOTPA®HUN?

BrI, KOHE4YHO, OYeHb JIIOOUTE MYCKATh MbLb-
Hble ny3sipu. Kak OHM KpacuBbl, KaK B HUX
urpaer cseT BceMH mBetamu paxnyru! IToxorxkue
pany)XHble pa3BOAbl BaM HaBepHAKA IIPUXOLU-
JIOCh BHJETH M IIOCJIEe HOXKAS Ha CTOSHKAX Ma-
MWH. JTO HAa IIOBePXHOCTH JYX PaCILIBLINCH
MacJAHble UM 0eH3MHOBLIE NATHA.

ITpruwmHa 3THUX SABJIEHUN B TOM, UTO COJIHEY-
HBIe JIYyYUM OTPAKAIOTCA M IIPEJIOMJIAIOTCA Kak
Ha BHeIIHeW, TaK M HA BHYTPEHHeH IIOBEpPXHO-
CTAX TOHKHUX IUIeHOK. TyT OHM IomazaioT B yc-
JIOBHA, KOTJAa pa3IMYHBIE IBETA MOT'YT JpPYyT
ApyTa ocJabuTh UM YCHUJIUTH. BOT M BO3ZHUKAaeET
IBETHAA pajyra.

A Temephs HOroBOpMM, Ka3ajoch GBI, O COBCEM
apyrom. BcmomHuTe ¢Gororpaduu, KHHODUIbL-
MBI, MOKa3bIBaeMblie Ha dKpaHe, Ja ¥ HAIU Te-
JIEBU3MOHHBIE M300pa’keHUs — BCe OHH ILJIO-
cKue. A Beab XOTesoch OB IMONYYHUTH 0Gpasbl
OKPYJKalomMMX HAC IIPeIMETOB KaK MOKHO OoJjiee
IIOXOXXMMH HA OPHTIMHAJI, TO €CTh O00'beMHBIMH.
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Mse! ke, CMOTpsI Ha MHUP ABYMS IJla3aMH, Kak
OBl OLIynIBIBaeM BCe € ABYX CTOPOH. A Ham MO3r
HaKJaJbIBaeT APYr Ha JApyra JBa 4YyTh-UyTh HE
CXOXKHUX M300pa'KeHUs — M BO3HUKaET 3hDeKT
00'beMHOCTH.

A-a, ckaxeTe BbI, HAM 3TO YK€ H3BECTHO.
BeaycioBHO, BbI MMeeTe B BHAY HETCKYIO HI-
PYUIIKY cTepeockon. B He#l, risagAa HA KaKIbIHk
U3 ABYX CJIAlJOB CBOMM IJIa30M, BBHI IOJIy4yaeTe
oobemMHoe wM300paskeHHe 3TaHWUM, IIei3axkeii,
roze. Moxxer OBITB, KOMY-TO JOBOAMJIOCH
CMOTpETh uepe3 CIHelHaJbHble OYKH CTepeo-
GUIABMBI — TaM BO3HUWKAET MOXOXUH 3PDeKT.

Ho npu uem 3nech MBLIbHBIE IJIEHKU? A IIpH
TOM, YTO CIIOCOOHOCTH CBETOBBIX BOJIH YCHJIH-
BaTh M 0OCJNabJATHL APYr Apyra, Kak Mbl HabJIi0-
IaJ¥ 3TO B MBLIBHBIX NY3BIPsX, OblIa B3sATa HA
BOODY)KeHHe (PU3MKaAMHU IIPDU CO3JaHUH 00BEM-
HBIX u300pakeHui. Bol, BepOsATHO, Oraffajnuch,
0 UeM HJeT peuyb, — O roJiorpagumu.
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Nemmuc I'aGop (1900—

1979) — BeHrepckHi PHIHK.
H3zo6pes rosorpaduio — NpUH-
NHOMAILHO HOBLIM MeToA MoJ-
yuYeHHs 06’beMHOTr0 H306parke-
HHS, OCHOBAHHOrO Ha MHTepde-
PEHOHH — YCHJIEHHH M ocJiab-

JIEHHH CBETa IPH HAJO0XKEHHH
BoJiH. PaspaGoran Teopuio 06-

pas’oBaHHsl OOTHYECKOTO H30-
6GpakeHusi. BHec BKJaj B Tex-
HUKY CBSI3M M TEOPHIO MH(pOP-
MAaIlHH.

Ee poxnenue cTaso BOBMOMKHBIM JIMIIB C I10-
sABJIeHHEM Ja3zepa. Ero ouyeHb «OpraHu30BaH-
HBbI€» JIYYM IIDH OTPAXE€HUU OT IPEIMETOB MOT-
Ju OBITH 3amevyaTJIeHbl Ha TOJICTOCJIONHBIX (o-
TortacTuHKax. IIpu obsyyeHMHM 3THX IJIACTH-
HOK IIOCJIe MPOABKH TEM K€ CaMbIM JIa3ePHBIM
JIY4OM MOJIy4Ya/Id CJIOBHO BHCSINHE B BO3AyXe
o0bemMHBIe M300pakeHusaA npeametoB. Ceituac c
IIOMOIIBIO rojiorpad@uu MBITAIOTCSA CO3AATH 00B-
€éMHOe KMHO U TeJIeBHIEHHeE.

IABAUTE
IIOPA3MBICJIAM

? I'de ucnonvsyrom senenire, o komopom zosopum no-
caosuya: «B meuenue Ona menv ne nadaem dea
pasa Ha o0HO mecmo»?
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9 O uem cnpawueaemcs 6 nozosopke-sazadxe: «dezo
° ¢ semau e nodnumeuso»?

® MookHo au ysudembv Gezywyuii MUMO HAC c8emosoll
L[]
aAyu?

9 Kax usmensiom xo0 c6emosvix ayxeil npusmvl U
° aunavi?

9 Kpynnas xoaba, s3anonrennas 600oil, moxcem damov
° nepeseprymoe usobpaxcenue npedmemos. ITovemy?

9 UYmo npousoiidem co 36e30HbIM HEOOM, eCaU CMOM-
° pemv Ha Hezo u3-nod 60dvi?

9 ITovemy ceemumcs c6emaswok?
.

© Omuezo, «x020a CONHbIULKO Ha Hebe 8cmaem, 36e3-
° OvL Gaednerom»?

) ITouemy Mol naoxo eudum npedmemst «y cebs nod
° Hocom»?

© Kakxoe nopsdox yeemoe 6 padyze?

© C uem ceasana npumema: «Padyza — womney do-
* wdo»?

9 PucyHokx cdenan 3eneHoll kpackoil nHa Genoll 6yma-
° ze. Kaxozo yseema 6ydem on Kasamwvca, ecau no-
cMompems Ha Hezo uepe3 Jelmoe CmeKao?

9 Kakoe ssnenue nodmeueno 6 nocaosuye:
L]

9 «Boana, Habexa8 Ha 60aKY, Habupaem cuay»?
L]
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Buimb moxem, amu 31eKmpoHbl -
Mupyt, 20e namv Mamepurxos,
Hcxycemea, sHanva, 80iiHb, MPOHbL
H namamv copoka eexos!

Ewe, 6Goimb moxncem, Kaxndviil
amom —
Bcenennasa, z0e cmo naanem,
Tam ece, ymo ecmov 8 o6zeme
cocamom,
Ho makwce mo, wezo 30ecb Hem.

B.51.Bpiocos

9tu cTuxu ObLIM HamucaHbl B Hauajye 20-x
TOJIOB HAIIEro CToJIeTusA. BpeMs Ob1yi0 OypHOEe —
IporpeMeJii BOWHBI, OTOyIIeBaJi¥ PEBOJIOIUU.
A 1mnpoucXoAMJIM OHHM HE TOJBKO B KaKHX-TO
CTpaHaxX, ¢ KaKMMH-TO HapogaMu, HO M B HC-
KyCCTBe, JIATEepaType, HaykKe...

Bugumo, 370 ¥ oTpa3mnIoCh B MIPOU3BEAEHUU
BpiocoBa. 3ameTsTe, UTO IIPU BCceil cHorcuruba-
TeJHLHOCTH ero MbICJeM, CJIOBA «aTOM», «3JIEKT-
POH», «BCEJICHHAA» YIIOTPEOJIAIOTCA UM KaK IIO-
HATHA YXKe 3HAKOMble, BolleAmue B oouxox. A
BeJIb COBCEM HEe3aJI0JIr0 0 9TOT0 UMEHHO B MUpe
MeJIbYAWIIUX YacTHUI[ ¥ B MHPe OIrPOMHBIX pac-
CTOAHHUYM ¥ BpEeMEH CJYYUJIUCh (PaHTACTUUECKHE
coObiTuss. COGCTBEHHO rOBOpPA, MUPHI 3TH OCTa-
BaJIUCh IIPEKHUMHU — IIePEBOPOT IPOU3OILES B
yMax Jiofei, IIpeklie BCEero yyeHbIX.
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Hauyano Bexa — 1mopa DOMXKJAEHUSA U CTAHOB-
JIeHUs HOBOMH, HeKJIaccuuecKoi Hayku. OTciona
UCXOAAT JBe TaKHe I'PaHANO3HbBIE BETBM ITO3HA-
HUSA, KAaK KBAHTOBasg MEXaHUKA M TEOPUA OTHO-
curesbHOCTH. C HX NIOMOMIIBIO YeJIOBEK ITOIKI-
TAJICA OTBETUTDH HA OJHM U3 CAMBIX BaXXHBIX BOII-
POCOB MHUDPO3JaHUA.

Yro camoe maJyioe Ha cBere? A 4TO — camoe
6onpmoe? Kak pmoaro cymecrsyeT Ham Mup?
Yro ¢ HUM MOKeT npou3oiT B Oyaymem? Bce
Ju MBI BUAUM Ha HebOe? Kak 3arjisHyTh B IJIy-
6unbsl Kocmoca? Mo)KHO JIM nTyTemecTBOBATH BO
BpeMeHu?

OTBeTHl Ha 3TH BONPOCHI YACTO MOJIYYAJIHUCh
TaKMMH, YTO CAMH y4YeHble He MOTJIA IIOBEPUTH
B TO, YTO OTKPBHLIX. IIOTOK HEBEPOATHBIX COOBI-
T M PaKTOB, NOOBIBAEMBIX HAyKO#, He HCCH-
KaeT ¥ IO CeH JieHb.

JlaBaiiTe ¥ MBI nonpofyeM HEMHOI'O M3 HEro
3aYepIHYTh...

KAKHE JIYYH 3A KPAEM PAINYTH?

BBl BCTPETHJIM CBOEr0 TOBapHIa IIOCJe JIeT-
HMX KaHuKyJ. A yauBHJINCBH: KaK 3aropei! A
OTYero Hama Ko)Xa npuodpeTaeT TaKOH OTTe-
HOK? 3aropaeM-TO MBI, KOHE4YHO, IIOJA COJIHEY-
HBIMH JIYy4aM#, OQHAKO 3HaeM, 4YTO OHH He TOJIb-
KO ZeJIalOT HaC KOPUYHEBBIMHU, HO M IrpeloT. Paa-
JIMYHBIE AeHMCTBUA OKA3bIBAIOT HA HAC pa3HbIE
«copra» Jjyueit, 6erymue or ConHua.
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TensoBoe BoO3xeicTBHEe B OOJbIIe CTEeNneHH
HAET OT HEBHAWMBIX HH(QPAKPACHBIX JydYeil.
OHH IIOTOMY TaK M HA3BLIBAIOTCHA, UTO IIPUMBIKA-
IOT K KPaCcHOW 4YacTH BHAMMOrO CIeKTpa. A 3a-
rap 3aBHCHUT OT YJbTPa(HOJIETOBRIX JydYeil, TO
€CTb TeX, YTO PACIOJIOXKEHBI II0 IPYT'YI0 CTOPOHY
CEeMHIIBETHOI pajayru, 3a ee (hpHOJIETOBHIM Kpa-
eM. IIockogbKYy BCe 9TH JIyYH — 3JIEKTpOMAr-
HHUTHBIC BOJIHBI, TO Mbl MOYXEM BBICTPOHTH HX,
KaK 3BYKH Ha HOTHOM cTaHe. Huike OyamyT Ha-
XOOUTHLCA JIYYH ¢ OOJIBINON AJIMHON BOJIHEI, BEI-
me — ¢ KOPOTKO#. A yacTora ux, uju GbICTpOTA
KoJsiebanuit, HaoOGopoT, OGyAeT pacTH IpPH Iepe-
XoZie KO Bce 06ojiee BHICOKMM «HOTaM»-JIydaM.

Bor u yasTpadumoneroBoe uasydyeHHe COOT-
BeTCTBYeT eme 0ojiee KOPDOTKMM, 4eM Yy BHIH-
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MBIX JIyueid, AJIMHAM BOJIH. A pa3 Tak, TO €ro
IIPOHUKAKOIaA CIIOCOOHOCTh CTAHOBHUTCS BHIINIE.

C onHO#t CTODPOHBI, YABTPa(HOJIET YEJIOBEKY
HeoOxoxuMm. IToaToMy B ceBepHBIX paiioHax, I'zae
HeJOCTAaTOK COJIHIIA, AeTeil creruaJbHO 00Jy4a-
I0T KBapleBbIMH Jlamnamu. KBapueBoe CTEKJIO,
B OTJIMYHE OT OOLIYHOr0, He IIOTJIOIaeT yJbLTpa-
duoner. ITo 0bsyueHHE, MOXKET OBITH, 3HAKOMO
BaM IO IIOJHKJIMHUKE, KOrZa IPUXOAUTCH Jie-
YUTH IIPOCTYAY. JleJio B TOM, YTO €ro TepreThb
He MOTYT pa3jIMuYHble BpeAHbIe BHUPYCHI U 0ak-
TEePHUH.

Ecnu xe ynsTpadmosiera MHOro, To ¥ Ham
€ro He BbIAEP?KaTh, MOYKHO 3aboJsieTs. IIpenoxpa-
HsfET Hac OT ero u30BITKa 3eMHasA aTMocdepa, B
0CO0EHHOCTHA TaK Ha3bIBaeMblil 030HOBLIH CJIOH.
Bei, HaBepHOe, ciablmIajgy 00 030HOBBIX JABIpPaXx.
910 Te MecTa Ha 3eMJie, I'Zie 3aLUTHBIA CJIOH IO
KakHM-TO IPUYMHAM yTOHbUaeTcsa. Toraa 3gecn
Heobxoaumo m3beraTp MOJAroro nmpe6bIBAaHUSA Ha
COJIHIIE.

A BoT uTOOBl OecnpensiTCTBEHHO <«IIPUHU-
MaTh» yJIbTpaduoJieT, HY>KHO BBIATH 3a Ipene-
JBI 3eMHO# aTMocdepbl. Tyza u moMecTHIH HO-
BBIH TesecKon «Xab0Jy», Ha3BaHHBIM TaK B YECTh
HM3BECTHOr0 acrpodusuka. PasriaagbiBath HeOO
B YJBTPA(pHOJETOBBIX JIydaX OH MOXKET, KpY-
JKach 0 opOuTe BOKPYr 3eMJM Ha CIyTHHKE.
IOTHM JIeTOM, KCTATH, C IIOMOIILIO TeJIeCKOIa
oAPOOHO «PacCMOTPEJIN» YAHUBHUTEJILHOE COOBI-
THe: IaJileHrue KOMeThl Ha Hamiero cocena o CoJ-
HeYHOH cucreMe — IaHery IOmurep.
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YEM CP®OTOI'PADPHUPOBATDH
HAIII CKEJIET?

Penkuii 4ejIOBeK He IPOXOAMJ 4Yepe3 PEHT-
TeHOBCKHM KaOuHeT. A y»X CHHUMKH, CHAEJaHHbIE
B PEHTreHOBCKHX JIydYaxX, 3HAKOMBI KaXKJOMY.
ITomuHMTEe, KaK HA HUX BHAEH CKeJeT M Jake
KPOBEHOCHBIe cocyabl? UTo ke aTO 3a Jydu?

B 1995 roay mel 6yzneM oTMedaTh CTOJETHHM
o0uieil uX OTKPBITUA. TPYAHO ceifyac IpexacTa-
BHTb, KAKOH OrpOMHBIA M BceoOmIuii HHTEpec
BBI3BAJIO OHO BeK Hasaja. Hy, moaymaiiTe, Beab
B DYKax 4YeJIOBeKa OKasaJjics amnmnapar, ¢ Io-
MOIIBIO KOTOPOT'0 YAAJIOCHh YBHAETh HEeBUAUMOE.
Hemenxuit ¢usuxk Buasreasm Penrtren, oT-
KPBIBIIMHA 9TH JIy4Yd, OBLJI BBIZAION[UMCS dKCIIE-
puMeHTaTOpOM. AIMEHHO THIATEJbHOCTHL M TIPO-
AYMaHHOCTb €r'0 OITHITOB II03BOJIMJIM 00HAPYKHUTh
sIBJICHHE, KOTOpOe B Te-
yeHHUe MHOTHUX JIeT OblI- x>
J0 OYKBAJbHO «IIOX N
HOCOM» €ero KOJLJer. o

HoBele Jayum BO3-
HUKAaJ¥ B TaK Ha3bIBa- kYA
eMOi1 pa3pAaHOii TpyO-

Ke, rje IIOTOK OTpPHILa-
TEJIbHO 3apAKEeHHBIX ;
YaCcTHI] ITafgaj, TOPMO- l:(,u;@ Mb:
3dCh, Ha MHUIIEHb. pEHTFeuobtx-"”‘
YyTe 1no3pHeEe BHISAC-

HHUJIOCh, YTO 3TH 4Yac-

TALBI — 3JIEKTPOHBI.

§
H
\Y)
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Buasremm Pentren (1845—
1923) — Hemenkuit PHU3HK-
akcnepuMeHTaTop. Mccaeno-
BaJ cBoiicTBa kuAKOCTeH, ra-
30B, KPHCTAJIJIOB, 3JIEKTPOMAr-
HUTHLIE siBJeHHsA. HaruspHo
NoKa3aJl, YToO MarHMTHoOE IoJe
cozaaercs ABHXKYIIMMHCS 3a-
psinaMu. I'JlaBHOe OTKpPLITHE —
JIyuM, HA3BAHHLIE €I0 MMEHeM,
M M3yueHHe HX CBOMCTB, IO3BO-
JIUBUIMX Pa3BHTb KPHCTAJIO-
rpadpuo U nePeKTOCKONHIo,
NpUMEHHTb JYUYH B MeJUNHHe.
IlepBLIM U3 PUBHUKOB NOJYUHJ
HoGesneBckylo mpeMuio.

Cam PentreH, He 3Had O CyI[eCTBOBAaHUH dJIEK-
TPOHA, IIPUPOAY OTKPBHITHIX HM Jiyueil o0bAC-
HHATH He CMOTr. A BeJlb UMEHHO KOr/la 3apfAXKeH-
Hafd YaCTHUIA PA3rOHIETCA WM TOPMO3UTCH, OHA
TIOrJIOIMIAeT MJIA MCIYCKAaeT 3JIEKTPOMATrHMTHEIE
BosHbI. Iloslyuajsioch, 4YTO pPEHTT'€HOBCKHE JIy-
Y{ — BCEro JMIIb Pa3HOBHAHOCTb TAKHUX BOJIH.
JInuHA 9THX BOJIH CTOJIb MaJjia, YTO OHU OKa-
3BIBAIOTCA €mle KOopouye YJIbTPahHOJIEeTOBHIX.
MoskHO AorafaTbCs, UTO KaK pas3 II03TOMY HX
NPOHMKAIOMAA CHOCOOHOCTH elfe BhINIe. PeHT-
FeHOBCKME JIYYH IPOCBEYHBAIOT HE TOJBKO ue-
JoBeuecKoe TeJso. IIpoXoasi CKBO3b KPHUCTAJIIBI,
OHHM BOCCO3JAIOT HAa (POTONMJIEHKAX UX BHYTPEH-
HIOI0 CTPYKTYpYy, KaK OBl CKeJIeT BelecTBa.
Eme omHO Ba)XHOe INPDUMEHEHUE pPEHTIeHO-
BCKHUX Jiyueil — B acTpoHoMu#. Perumcrpupo-
BaTh Ha 3eMJie 9TO U3JIyYE€HHE TPYAHO M3-3a IIO-
raomeHusa B atMmochepe. Ho kxorpa mpubopsl

414



CTaJIM MOAHUMATH HA PaKeTaX U CIIyTHHKaX, OHHU
3a@UKCHPOBAJIN PEHTIeHOBCKoe uadjyuenue Co-
HIa ¥ 3Be3Z. I'JlaBHOe Ke — yZajsioch MoHMaTh
TaKHe JIYYH OT BooOIne HeM3BEeCTHBIX paHee He-
6eCHBIX O0'BEKTOB — MYJILCApOB. JTO KakK OBl
PEHTreHOBCKHMEe MasKH, MUralommue HaM M3 Ja-
JIEKHX IIPOCTOPOB KOCMOCA.

KAKHE JIYYHU CAMBIE KOPOTKHE?

A ecTh s B Ipupoze Jy4dH, eme 6ojsiee mpo-
HUKammue, ueM peHTreH? MHaue Takoe H3Jy-
yeHUe Has3hIBalOT Oojee kKecTKUM. [la, OHO cy-
mecTByeT. HemHormum wmenee 100 ser Hasag
¢pannysckum ¢usuxkom A.Bekkepenem Obliu
OTKPHITHI JIYYH C HEBHAAHHOM IIPOHHKAIOINEH
cnocobHocTeio. HassaHo 3T0O siBjeHHe OBLIO pa-
IUOCAKTHBHOCTHIO. B cocTaBe MCIyCKaeMBIX He-
KOTOPBIMY IIDUPOAHLIMH BeIeCTBAMH JIydell co
BpPeMEHEM BBIJIEJIUJIA Te, YTO OKA3aJIUCh BJIEKT-
POMarHUTHHIMUA BojsiHaMu. OHHM 006J1afalOT HeBe-
POSITHO MaJIOM JJIMHOI BOJIHEI — eIIje MeHbIIeH,
YeM Yy PeHTTeHOBCKMX JIy4ei.

ITO u3JyyeHHe Ha3BaJId raMmmMa-iaydamMu. On-
HaKO BeJIM OHH ce0s TaK, UTO C TeM Ke YCIIeXOM
HX MOXXHO OBLIO cuuUTaTh yactuuamu. Ilosaromy
YU Ha3BaHUE «IraMMa-4YacCTHIBI» HCIIOJb3YIOT TaK
e yacTo. HeoObIuHOE mMOBeEeHNE 9THX BOJIH-Ya-
CTHI[ 3aCTAaBUJIO BCIIOMHHUTH JaBHHE CIIOPHI O
TOM, YTO TaKOe CBeT.

Ecau BunmMoe cBeTOBOe H3JIyUYEHHE M IaM-
Ma-JJydd — OJJIEKTPOMATrHHUTHBIE «COPOAUYHU»,
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1908) — ¢pammysckuit pu-
3uk. Pa6GoTas B 06JACTH OITH-
KH, 2JICKTPOMarseTuamMa, ¢poTo-
XHAMAHA H MeTeopoJiornu. OT- &
KPLLI HEHM3BECTHOE H3Jy4YeHHe
coJiet ypaHa, Ha3BaHHOE pa-
JAHOAKTHBHOCTLIO. OGHADYXKHA
¢pu3noJIOrHYecKoe AedcTBHE
9TOTO H3Jy4YeHHS, & TAKKE ero
cnoco6HOCT, HOHH3HPOBATD

ras.

TO OTJIMYAeT MX BCEro JIMIIb JAJIHHA BOJIHEI. Y
cBeTa OHA MaJia, y ramMma-jy4yeii — eme B ThI-
cAYy, MMJUIMOH pa3 MeHbIIe. BhICTpamBaeTcs
TaKasg 3aBUCHMOCTb: YeM MEHbIIe JAJIWHA BOJIHEI
HU3JIyUYeHHNsA, M, COOTBETCTBEHHO, ueM OoJbIne
€ro 4acrtora, TeM 0oJibIlé MPOHMKAKOMIAA CIIO-
Cco0HOCTB, TeM OoJIbIe MPOSBJISETCA UM CBOMCTB
y>Xe He BOJIHBI, & YaCTHIILI.

MoskHO CKasaTh TAK — TraMma-JIydd IIpen-
CTaBJAIOT c000# NMOTOK KaK OBI Cr'YCTKOB 3HED-
MM, OYEeHb IIOXO0XKHUX HA JIETAIIHUE CO CKOPOCTHIO
CBeTa MHKDOCKOITHYECKHE CHAPSAMILI.

C oxgHOIt CTOPOHBI, X HAYYHJIUCH IPUMEHATH
ansa obHapyKkeHuA nedeKToB B MeTajLi1ax. B-me-
RUIIAHE UX MCIIOJb3YIOT AJIsI AUATHOCTHKY M IS
JIeYeHHUs 3JI0Ka4YeCTBEHHBIX onyxoJeit. C npyroi
CTOPOHEI, 3TO M3Jy4YeHHe B OOJbIINX N03aX, KaK
BCAKAA PaAUOAKTHBHOCTb, OUYEHb OIIACHO, U JJIS
3aIMMUTH OT HEro IPUHUMAIOT CIeHALHEIe Me-
pPBI, — CKaKeM, B JlabopaTopuax (pU3MKOB X HA
ATOMHBIX 3JIEKTPOCTAHIIMAX.
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BHYTPH BOJIHBI — YACTHUIIA,
BHYTPH YACTHIIbI — BOJIHA

ToBopsAT, uTo Ha py0e)ke BEKOB uaile IIpo-
HCXONAT CTPAHHBIE M YAUBUTEJbHbIE COOBLITHA.
Bo3aMOxXHO, B 3TM BpeMeEHa M JIIOAIM B T'OJIOBY
NIPUXOASAT BCAKYE HeCTaHAAPTHEIEe uaen. Bo Bes-
KoM cJuydae, umeHHO B 1900 roxy Hemenxoro
¢usuka Maxkca IInarka moceTusa omesOMJISIO-
11ass MBICJb.

Yuenslii paszbupajics ¢ BOIIpocoM 00 wucIiy-
CKAHWM HM3JYYEeHHUS HArpeTbIMHM TeJaMu. 3aza-
ya, CTOAIIAA Ilepes HUM, CUMTAJNACh JOBOJBLHO
TPYZAHOM, HO He TaKO#, UTOOBI IIPUBECTH K pe-
BOJIIOIIMOHHEBIM IIEpeMeHaM B HayKe. BoJsee Toro,
IInanka He3agOJIrO A0 STOrO MHBITAJUCH OTI'OBO-
PUTH OT 3aHATHUN (PU3UKOI, IMOCKOJIBKY CUUTA-
JIX, UTO OHA MPAKTHYECKHU 3aBepIleHa.

OxHako, xak Ilnank Hu Onyca Hapn 3amaden,
y>Xe H3BECTHBIE METOAbl HMKAK He II03BOJISJIN
ee pemuTb. A BOT TYyT-TO OH C0o0Opasmj, UTO
H3JIyYeHHe, VCIIyCKaeMoOe TeJIOM, HJeT He He-
NIpepLIBHBIM IIOTOKOM, KaK JILEeTCSA BOXa, a pas-
Oeraercsa MaJIlOCEeHbKUMHU nopuusMu. Hassai oH
STH MOPLUUYA KBAHTAMH.

Kaszasocs 651, BO3poauiacs uness U.HoioToHa
O TOM, UYTO CBeT — 3TO IOTOK YaCTHUI[-KOPIIY-
ckyJy. Ho mIaHKOBCKHE YACTHUYKH-KBAHTEI IIpe-
cTaBaanu coboi HeuTo ocobeHHoe. OHU oOJana-
JIM Pa3JINYHONI dHeprueit, ¥ oHa 3aBUCeJIa OT Ta-
KOM BOJTHOBOM XapaKTEePUCTHUKH, KAK... YACTOTA
HU3Jy4eHHA. BOT 3TO u OBII0 HEOXKUAAHHBIM BbI-

14 A nosraio mup: Puauxa 417



Maxkc IInasx (1858—1947) —
HeMenku#l GH3UK-TEOPETHK.
Pa6oTtas B o6acTH TepMOAMHA-
MHKH, TEOPHH TEILIOBOTO U3JY-
YEeHNSH, TEOPHHN OTHOCHTENLHO- :
ctd. OcHOBHAsi HAy4YHas 3aciy- :
ra — cosjaHue KBaHTOBOW Teo- :
pMM, IIpHIlEAIEH HA CMEHY |
KJacCHYecKoi (pH3uKe, He Ja-
1o1ei 0LACHEHUH HA aTOM-
HOM H MOJIEKYJSIDHOM YPOBHE.

BOAOM, IapaZoKCcoOM — Bpoxe Obl yacTuia, a B
Hell CJIOBHO OBI 3aKJIIOUEHA BOJIHA.

Cam Ilnank ObLT IMOpa)keH cO3JaHUEM TaKOro
«KeHTaBpa». VM Hem3BecTHO, Kak Obl pmajiblie
Pa3BHBAJIHCEH COOBITHA B GHU3UKe, ecJH OBI C IIO-
MOIIIBIO 9TOM MJeH He HalULJIU O0'bACHEHUSA MHO-
rue 9KCIepuMeHTaJbHbIe haKkThl. Teopusa Ilnan-
Ka ImoJjydaJsia Bce 0oJiblile IIONTBEePXKAEeHUH 1 cTa-
Jla MMEHOBAaThCA KBAaHTOBOH Teopueii. OHa BO
MHOI'OM IIOBJIMsiJIa Ha OOJMK Hayku XX Beka.

KAK CBET «BBIIEPTHBAET»
JIEKTPOHBI?

Kak TosbKO poamiach uzes KBaHTOB — 4a-
CTHI[ U3JTy4eHH s, HCITYCKAaeMOoro ! IorJIomaeMo-
ro TeJlaM#, — €e TYT ¥Ke B3AJIM Ha BOOPYIKeHUEe
MHOTHe BhIfafomuecsa ydeHble. Hanmpumep, B
1905 ropxy uHemeuruit ¢pusur Annbepr IHHMI-
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TeHH IIPUMEHHUJI TEeOPHI0 KBAHTOB K OJLHOMY
OYeHb MHTEPECHOMY SIBJIEHUI0O — (OoT03ddeKTy.

HUccnenoBaTh 3TOT 3(QdeKT HayaJaH elle B
1887 roxy. A romom 1os:xke ABJIeHHE ObLIJIO [e-
TaabHO M3yuyeHO pycckuM ¢usuxkom A.I'.Croie-
ToBpIM. COCTOSIJIO OHO B TOM, YTO M3 METAaJLJIK-
YeCKOM IIJIAaCTUHBI IIDM OCBEIeHWH BLIJIETAH
3J1IeKTpOHBI. ONBITHBIM ITyTeM OBLLIM yCTaHOBJIE-
HBI 3aKOHBI (poTod¢d(eKTa, HO NIPUYKHEI IPOUC-
XOAAIEro BLIABUTH HE YAAJIOCH.

W nmums upesi 0 KBAHTaX CBeTa, KaK IOKa3all
OUHIITeH, ITOCTABMJIA BCe HA CBOM MecTa. 3a-
KOHBI MMOJIYYMJIU TBePAYIO Onopy. BeissicHuIOCH,
YTO KaXKJasd YaCTHUYKA CBeTAa IMPHUHOCUT C coboit
onpeseJIeHHYI0O TOPIHI0 3Hepruu. A TpaTtutcs
9Ta SHEpPrus Ha TO, YTOOBI BBLIPBATH 3JIEKTPOH
M3 MeTajlyla M COOOIUThL €My SHepPruio IABUXKe-
HUsA, TO €CTh KHHETHYECKYI0 3Hepruto. Iloaromy
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Anexcanxp I'puropreBn
Croaeron (1839-1896) — poc-
cuitickuit pusuk. Ilpeanosxxua
BaXKHble METO/JbI MardUTHLIX
M3MEpEeHNH, M3yual ra3oBuiit
pa3psii. MupoBylo nHasecT-
HOCTb NpHOGpes Kak MCCJeao-
BaTeJb poTosdderTa, ycTaHO-
BUBHINH ero 3akonnl. Cozpai
nepBui#t HOTODJEMEHT U IIpUMe-
HMJI ero Ha NpaKTHKe.

yeM OOJIbIIe YACTOTA H3JIyYeHUs, TeM OoJjiblie
9HEeprus cBeTa, TeM ObICcTpee BHIOEraloT U3 Me-
Tajjia 3JIeKTPOHEI. VI3-3a 9TOro ux sHeprus BHI-
e mpy o0JIyYeHUH TJIACTUHEI (MOJIETOBBIM CBe-
TOM, HEXeJId KPaCHBLIM.

Wayuenue cBoiicTB (¢oToaddexTa majo BO3-
MOYKHOCTBH CO3JAaTh M yCOBEPIIEHCTBOBATH (hOTO-
9JIeMEHTBI. JTO YCTPOMCTBa, Ipeodpasyiouiue
"CBETOBOIf IOTOK B SJeKTpPUUeCKuit curzan. Mx
MICIIOJIB3YIOT, KAaK BbI, BO3MOXKHO, JOrafaJiiCh,
B TYpHHKeTax MeTpo. A doToadderT, mpoucxo-
OANUE B IOJYIPOBOAHUKAX, IIPUBEJ K CO3xa-
HUIO COJIHEYHBIX OaTapem.

ITIOPTPET ®OTOHA:
AH®AC 4 B ITPOPHUJID

YacTuIbl-KBAHTEI, TEOPETUYECKU OTKPLITHIE
B 1900 rogy M.IlnmankoMm, uepe3 napy AeCATKOB
JIET CTaJIl Ha3bIBaTh (POTOHAMM, OT I'DEYECKOr0
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caoBa «cBeT». HO HmOCKONIBKY KBaHTAaMH HCIY-
CKAIOTCs BCE U3BECTHHIE HAM BUIbI U3JyUeHUS,
(OTOHBI MOTYT OBITH OTHIOAL HE TOJBLKO CBETO-
BBIMH, HO M, CKa)XeM, MHMpPaAKpPacHLIMH HJIHA
PEHTTeHOBCKHUMU.

Kaxaeiit (oTOH HeceT MaJIIOCEHBKYIO IIOp-
nuo sHepruu. Ho uX OOBIYHO TaK MHOI'O, YTO
OHA MOJXKET CTaTh 3aMETHOM BeJuUnHOI. Hampu-
Mep, MOYKHO OIIEHHUThb, CKOJIbBKO IIDUXOILUT CBe-
ToBO# sHepruu ot Cosnua Ha 3emuio. Oxassl-
BaeTcsl, UYTO HA OAWH KBaJ[PAaTHLIA MeTp 3eMHOU
IIOBEPXHOCTH 3a OAHY CEeKYHAY NaJaeT HeCKOJIb-
KO ThICAY MUJIIMOHOB (poroHOB. HecMmoTpss Ha
CTOJIb MaJIYIO 3HEPTHUI0 OTAeJIbHOro ¢)OTOHA, ero
B IIPDUHIUIIE MOYKET 3aPEerUCTPUPOBATDH JaXKe ue-
JIOBEYEeCKH M rJjas.

Pdotor — yauBuTesbHASA yacTUuka. Cymect-
BYeT OH TOJIBKO B «IIOJIETE», KOTZA IIePEHOCUTCH
B IPOCTPAHCTBE CO CKOPOCTHIO cBera. MeajeH-
Hee ABUraThCsI OH IIPOCTO HE MOXKET, Kax ObI He
CO3LaH nJia 3Toro. PoixjgaeTrcs OH, H3JIYYUB-
much, U ¥cuelaeT, mnorjomasack teaamu. OH me-
PEHOCHUT 3HEPrui0 M ABHIKEHHE, HAarpeBaeT TeJa
U BMeCTe C cOOpaThsMHM OKa3bIBAeT HA HUX JaB-
aenwue. IIpu BceMm npu 3TOM OH He 06J1afaeT Mac-
coii. ToneKko 3xecyr HazmoO OBITL OYEHBL AKKypaT-
HBIM B BBIDAXXEHUAX, TAK KAaK UMEeTCA B BUIY
Macea «OGBIUHBIX» YaCTHIL], CIIOCOOHBIX, B OTJIH-
Yye OT (pOTOHA, HAXOAUTLCS B IIOKOE.

Bor raxoit ynusureasusiit 3ot oron! Y aro
BCe HE BEIMYMKU YYEHBIX, 4 CTPOr0 MOJATBEPIK-
JOEeHHBIE OTBITOM (PaKTHI.
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49TO TAKOE PAIMOAKTHBHOCTbB?

9To siBjieHHE OBLIO OTKPHITO B KOHIE IIPO-
LIJIOTO BeKa. 3aKJIIOUaJoch OHO B TOM, uTO 6e3
BCAKOr0 BHEIIHEro BO3JeHCTBUA U3HYTPU HEKO-
TOPBIX BeIIeCTB HCIYCKAaJIUCh OUYEHb YHEpPTUY-
HbIe JIYYH., JTO IpeXxJe BCero roBOpHuJio O TOM,
YTO BHYTPHU BelIEeCTBA HAXOLATCA CBOHU COOCT-
BEHHBIE MCTOUHHKU sHepruum. C apyroit cropo-
Hbl, TAaKMMHM HHTEHCUBHBIMU JIyYaMH MOXKHO
6bLIO HAZIEATHCA «IIPOIIYNATL» Pa3JIMYHbIE TeJIa
Jydille, 4YeM La)Xe PEHTTeHOBCKHM H3JIydeHUeM.

Co BpeMeHEeM BBISICHUJIOCH, UTO PAAHOAKTHB-
HOCTH IIpeJicTaBJAeT COO0M «u3JIyueHHue» Pa3Ho-
ro copra. B ee cocTaB BXOAAT TsKeJbIe II0JIO-
JKUTENBHO 3apsKeHHbIe YACTHUIIBI, O0JIee JIerKue
OTPHUIlATEJbHEIE — 3JIEKTPOHBI — U OYEHb «XKe-
CTKUE», CUJILHO IIPOHUKAIOIIME 3JIeKTPOMATHUT-
Hble BosHBL. IlepBble Ha3Basu aanda-vacTHila-
MH, BTOpPBEIe — OeTa-4acTHMLaMH, a TPETbH —
raMmma-jiy4yamH,

Takasa KoMaHga «O6oMOapaAUpPOB» MOrJa IPO-
HHU3aThb [JOBOJIBHO TOJICTBIE CJIOM BeI[eCcTBAa.
Kcratu roBops, y:ke ¢ mepBBIX ONBITOB II0 M3Y-
YEeHUI0 PaJMOaKTMBHOCTH HAKAIJIMBAJIMCh CBe-
LEeHUSA O TOM, KaK OT Hee MOXXHO 3al[UTHUTHCH.
ORHMM u3 JYUYIINX IIOIVIOTUTEJIeH Dpaauamuu
OKazaJicsi cBuHell. MoxxeT ObITb, BBl BHUAEJIHU B
PEHTIreHOBCKOM KaOWHeTe THAXKeJble Pe3UHOBBIE
MOKPHIBAJIa, KOTOPLIMH IIPEeNOXPAHSAIOT OT 00.J1y-
YeHUA He IIpeJHAa3HAUYeHHbIe AJIA CheMKH Oopra-
Hbl. B cocTaB 3THX MOKPHLIBAJI BBOASAT CBHHEII.
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Mapn
(1867—1934) — nosabLckuit U
¢paHnysckuit UMK U XU- 3
MHK, OJMH U3 OCHOBOIIOJOKHHK- ~
KOB YUEHHS O PaJHOAKTHBHO-
cTd. BMecTre ¢ MyskeM, Ilne-
poM KlopH, oTKphLIa HOBLIE :
PANMOAKTUBHLIE SJIEMEHThl, Y-
TAHOBMJIA BJIUSIHUE UIJYUEHHS
HA XHBYIO KJETKY, NepBoil He-
N0JIb30BaJIa PAAHOAKTHBHOCTb
B MeJULHHE,

DuU3NKKU NOBOJBLHO OBICTPO cOOOpas3mImM, 4TO
€CTeCTBEHHYI0 PAAUOAKTUBHOCTL MOXKHO WC-
MoJb30BaTh B HX dKcrnepuMeHrax. C Tex mop
HAYaJNCh YCHUJIEHHBIE IIOMCKHM ¥ KPOIIOTJIHBOE
HAKaIlJIMBaHUE PACCeAHHBLIX B IPHUPOJE paAuo-
AKTUBHBIX BEI[ECTB.

KTO «CHUAUT» BHYTPU ATOMA?

Hauaso nBazilaToro CTOJIETHA CJIOBHO BCKO-
JILIXHYJIO PAABI YUEHBIX, NOOYyAUB UX BHOBL 3a-
AyMaTbCsI O TOM, 4YTO Takoe aToM. I'peueckxoe
CJIOBO, O3HAUYAIOIllee «HEJIEJMMBI», CJIOBHO I'0O-
BOPUJIO, YTO 3TU YACTHUIBI — IIOCHEAHAA I'PaHH-
ma papobnenua Teja. OOHAKO paguOaKTHE-
HOCTh — BbLJIETAHME YACTHUI[ U3HYTPHU BeEIeCT-
BA — 3aCTaBHJIO YCOMHHUTBLCS B 9TOM.

OtxkpoiTerit moutu 100 JieT Ha3ax 3JIEKTPOH,
00J1aIaBIINA OTPHULATEJBHBIM 3apAACM, HaBO-
IUJI HA MBICJIb, UTO BHYTPH BelleCTBA LOJIMKHBI
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KaK-TO pacIojlaraThCs M IIOJIOXKUTEJBHO 3apH-
SKeHHbIE YaCTUYKK. Bear aToMbl B IIEJIOM —
HeUTPaJbHbI, 3HAYUT, UTO-TO JOJIXKHO KOMIIEH-
CHUpPOBAaTh, YPAaBHOBEIIMBAThL B BEI[ECTBE OTPH-
LaTeJibHbIe 3apAAbl. TpyAHO, KOHEUHO, IIpe/cTa-
BHUTH Ceiuac, YTO BCEro CTOJIETHME Ha3aJ] nake
cephbe3Hble yuyeHble BooOpakayiu cebe aToM Kak
«TECTO» IIOJIOXKHTEJBHOI'0 3apsAfa C BKpaIlJeH-
HBIMHA B HEro «M3IOMHHKaAMU»-3JI€KTPOHAMH.
A Bor B 1911 roxy sHaMeHUTHIA aHTJIMUCKUN
yuyeHslil IpHecT Peszepdopxa, ucnons3ysa aabpa-
YacTMIBI, MCIYCKAeMble PaJMOAaKTHUBHBLIM IIpe-
rapaToMm, IIpOBeJI BaKHble 9KcuepuMeHThl. OH
obsryyas MerasimyecKyio (onbry u Habaozax
3a pacceAHHBIMHU €l0 ajibpa-uacTunamu. Oxasa-
JIOCH, YTO OOJIBIIMHCTBO 3TUX MACCHUBHBIX «CHa-
PAROB» JIETKO IPOHU3LIBAIOT MeTaJlI. Ho KaKue-




1937) — anrumiickuit UMK,
IToceaTHA cBOM paGOTHI paaHo-
aKTUBHOCTH, ATOMHOM M siaep-
HOM pu3MKe. 32JI0XKHUJ OCHO-
BLI COBPEMEHHOI0 YUYEHHUS 0
cTpoeHUH aTomMa. OAuH U3 pas-
paboTUMKOB TEODHH PafIMOaK-
TUBHOrO pacrnaja. ABTOp IUia-
HeTapHO# Moaesim atoMa. OT-
KPbLJI NPOTOH, IPEACKA3al Cy-
LiecTBOBaHMe HeWTpoHa. Ha
ONbITE JIOKA3&J CIpaBeiJiu-
BOCTh 38KOHA B3AMMOCBS3H
Macchl M SHEpPIUH B siiepHbIX
peaknusx.

TO U3 HUX OTCKaKHUBaJM TaK, OYATO BCTPETHUJIU
Ha CBOEM NYTHU KPYIIHYIO TSKEJIYI0 MHIIEHb.

ITu omuLITH IO3BONIMNIU Pesepdopay craerath
BBIBOJI O TOM, UTO IOJIOKUTEJIbHBIN 3apAd U Mac-
ca aToMa COCPEeIOTOUYEHBLI B OUEHb MAaJIOi I[eHT-
panpHOM ero obnactu. Takywo obiacts, B 100
000 pa3 meHsmuIyI0, UeM caM aToM, Pesepdopn
Ha3BaJl aTOMHBIM sapom. Mogess atoma, rje B
cepeJyHKe — AP0, a BOKPYr — Bpalialoniuecs
3JIEKTPOHBI, TTOCJY)KHIJIa OCHOBOHM MJIsA NajibHei-
11ero pa3BUTAA HAIIUX NPEACTAaBJICHUHA O CTPO-
€HUHY BeIlecTBa.

KPYSXRHUTHCA?
CTPOTO 110 ITPABUJIAM BOPA

Corsacurecn, uTo cueHb ynoOHO, KOrja Ka-
KI€-TC HOBbIe TIOHATHS MOXKHO OOBACHUTL C I10-
MOIILI0 YK€ XODOIIO OCBOEHHLIX, IIPUBBLIUHBIX.
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Bor u mozeab aTroma, mpemyiokeHHas 9.Peaep-
¢opmom, Oblyia TaKOM CUMIIATUYHOM, JIAAHOH,
TaK IIOXOAMUJIa HA 3HAKOMYIO HAM KapTHUHY IBU-
sKeHus maaHeT BoKpyr CousHua. «Y Bce OBl XO-
poIIOo, 2 YTO-TO HEXOPOIIO...»

ITouTn cpasy mocjie pOXJAEHHUS 9TAa MOZeJb
HATOJIKHYJIACh HA Cepbe3Hble IIPOTHUBOPEUUS.
Kak mnoxackaswiBajia TeopudA, KpyKamuecs
BOKPYTI fAJApa-«COJHIIA» MaJIeHbKHE 3JIEKTPO-
HBI- «IIJIAHETHI» JOJIXKHBI OBIJIM M3JIy4YaTh dHEP-
ruio. Tepsasa ee 3a KaKkWe-TO MI'HOBEHHUS, OHH
HeMHUHYeMO majaju Obl Ha AP0 — KaK CHyT-
HHK, TOpPMO3sCh B aTMoccepe, «CBaJIUBAETCH»
Ha 3emJio. Ho 3TO 3Ha4YMJIO, YTO TaKHE yCTOM-
YHBLIE MIAPUKU-ATOMBI, 13 KOTOPBIX IIOCTPOEH
BeCh OKPYJKAIOIIWi HAC MUD U MBI CaMH, MO-
MEHTaJbHO OBl «CXJONHYyJAuCh». OJHAKO MBI
aToro He HalbJuonaem!

Brixon u3 mosoxxe-
HUS IPEeAJIOKUJ BHIAA-
IOIIUMCA JaTCKUK ¢u-
suk Hwuiasc Bop. IIpas-
Jla, IJIs1 9TOTO BHOBB IIO-
TpeboBasuch  «be3ym-
Hble» upeu. Bop ocHa-
CTHJI aTOMHYIO MOJEJb
Pesepdhopzra HeCKOJIb-
KMMH® IIpaBHJIAMHU, KO-
TOpPBIE OYEHb TPYIHO
Oob10 O6I BOOOPaA3uTH B
paMKax cTapou, KJiac-
CUUYECKOI (pUBUKHU.
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Huse Bop (1885—1962) —
AaTckui (GU3UKX-TEOPETHK.
Buec orpoMHbIit BKJIaj B co3fia-
HHMe NMPAHIUIIHAILHO HOBOTO i
TNOAXO/la K H2Y.ICHHIO aTOM- i
HeIX nponeccos. ITocTpons Mo-
JC/IL aTOMa, 06ECTIeUNBAICIIYIO
06'LSICHEHHE €ro YCTOXUHBO- :
ctu. Teopusi Bopa paspemunJa
neabIH PSA CJIOMKHLIX BOIPO-
COB CTPOEHHSI BEINECTBA M
CTPYKTYpHI cBeTa. Co3aasu
CTPOHHYIO CUCTEMY pH3HUE-
CKHUX HJei KBaHTOBOH MexaHH
ku. MHoroe caenan st pa3Bu
THUS SIAEPHOA DUIUKH.

Cynure caMu. IJIEKTPOHAM «3aIIPeIaioch»
HaxXOOWUTHCA IZe Ionajgo BoKpyr saapa. CiaoBHO
IIpaBUJIa HOPOXKHOTO ABUKEHUS, HOBAA TEOPUS
paspelajga UM ABUTATLCA JIKIIb II0 CTPOrO OII-
penenenHsIM opburam. OxHAKoO, €CJIM aTOM IIO-
TJIOIIAJI 9HEPTrUI0, BJIEKTPOHY II0JIarajioch <«Iie-
PECKOUHNTHL» Ha JAJBHIOI OT siApa opbuTy, ecau
HCIIYCKAaJI, TO 3JIEKTPOHY OBLIIO IIpEeAIuCcaHo CITy-
CTUTHCS HA ONHY M3 HUXKHUX.

He B mepBuIif pa3 B HayKy BTOprajuch He-
NpPUBBIYHBIE, HE IMOANAIOIIHUECST 3APABOMY
CMBICJIY BO33peHUA. I OHM HEMHHYEMO OBIJIN
Obl oTOpOmIEeHBI, ecau OBl HE CMOrJM O00BsC-
HHATH HAKONUBIINECA 3araZlodyHble (PaKThl, pas-
pemuTs npoTuBopeuus. Tak u Teopusa bBopa
He IIPOCTO «cIacja» moxesib Pezepdopra, HO
u oboraTtuyia ee M pacTOJKOBaja MHOrOe 0
TeX IOp HEIOHSATHOE.
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PBIBAK PLIBAKA BUJIUT U3JAJIEKA

Komy serue nmoppyxutnca? Koneuno, Tem,
y koro obmue mHTepecel. Hy, BOT omuu n106aT
KHHUXKH 4YHUTaTh, JApyrue — puIOy YIUTD,
TPETbU — MYX JIOBUTL... BOT ellle, CKa)keTe BHI,
HAILJIOCh yBJIeYeHHE. A UYTO, MOXKeT OBITb, 3TH
MYXOJIOBHI CTAHYT B OyAyIeM 3HAMEHUTHIMH JH-
TOMOJIOTAaMM — HCCJIEOBATEJIAMU HACEKOMBIX?
3HAYUT, TO, YTO CErOAHsS KaKeTCS CTPAHHBIM,
HeJIeIILIM, 3aBTpa OymeT IIPUBBIYHBIM M, BO3-

MOXXHO, OUYeHb HYXKHBIM.

He Tax s1m u uynakoBaTble IIOHAYAJYy HJEU
TAHYTCA Apyr K apyry? IlonobHas MBICIB IIpH-
XOIUT B IOJIOBY, KOr/la HAET Pasrosop O BCTpeue
IBYX HeOOBIUHBIX MJleii B Hauajie HAIIero BeKa.
9T0 — «CTpaHHas» rumnore3a IliaHka O KBaH-




Tax-4acTHYKaX CBeTa ¥ JUKOBHHHAA MOJENb yC-
TpoiicTBa aroma, IpeyoxkeHHas Bopom. Kak
OHM OKa3aJIuCh HeoOXOAUMBI ApPYTr Apyry!

Temneps UCTyCKaHME U IIOTJIOLIIEHKE CBeTa, Aa
¥ MHOT'MX JPYTHX Jyded, MOXKHO ObLIO 00BsC-
HUTH, KaK IOTEpI0 UM NpuobpeTeHHE aTOMOM
nopuuu 9Hepruu. Ilepernest ajieKTPOH ¢ BepxHei
cBoeifi OpOMTHI B aToMe€ Ha HMIKHIOID — WUCIIY-
cruiaca KBaHT-QorToH. Ilorsoruica ¢orToH arto-
MOM — 3HAQUHT, 3JIEKTPOH POBHO Ha IIOPIHIO,
IPUHECEHHYI0O 3TUM KBAaHTOM, YBEJIMYUJI CBOIO
SHEPruI0 ¥ MOACKOYUJI KPYKUTHCA ITOBBIIIE.

Bnecrsamiee 06'bsicHEHNE ITPOIECCOB MCITyCKa-
HUS, PACIPOCTPAHEHUS U IOTJION[EHUS BJIEKT-
POMArHUTHOM DHEPruM HA OCHOBE OSTHUX HAEeU
CJIOBHO BOOpaJio B ce0s1 HECKOJILKO Pa3HBIX 00-
jacteil ¢usmku. Ciofa BOIINM TeOpHA CBeTa,
3JIEKTPOMArHeTH3M U CTPOeHHe BemlecTBa. BoT
moyeMy KBaHTOBas Teopusa crtajia 0a30il coBpe-
MEeHHOM (pU3UUeCcKOoil HayKH.

«HI3 YETO JKE, U3 YETO
SKE CHEJIAHBI»... APHIIIKHA?

HaBaiiTe mopaccy»xkmaeM BMmecTe. BemecTBo
COCTOHUT U3 MOJIEKYJI, MOJIEKYJIbI COCTOSAT U3 aTO-
MOB, aTOMBI COCTOSAT U3 SAZlep U IJIEKTPOHOB, SJ-
pa cocroAT u3... ? VI3 uero ke coctoAT szapa?
Moxer GbITh, KAK pa3 OHM — T€ CaMble, Heze-
JIAMBbIE YAaCTUYKH, MEHbIIIe KOTOPBIX Yy)Ke Hu4de-
ro HeT? Okazajocs, He TaKk. PaJilmoOaKTUBHOE W3-
JydeHHe, BblJIeTAlOIlee U3 HeAp BeIleCTBa, ITOJ-
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Omurtpuit ABagoBHy MeBnee-
eB (1834—1907) — poccuii-
cKkHuil yueHhl. OTKphLII O4UH ;
U3 QYHAAMEHTANTLHLIX 3AKOHOB
OPUPOALI — IEPUOJHYECK U :
3aKOH XMMMYECKHUX 2JIeMEH-
ToB. Ha ero ocHoBe mpejcka-
3aJ1 CYLIECTBOBAHHUE elle He OT-
KPLITHLIX 3JIEMEHTOB, HalijeH- :
HBIX T03e. 3aHUMAJICSI TeIIo-
BLIMH TIPOIIECCAMH, CKOHCTPYH:="
poBas 6apoMeTp, M3yyasl Ha 2
BO3AYIIIHOM Ilape BEepXHHAe

cson atMoceprnl. PazpabaThi-
BaJl TEOPHIO BECOB M TOUHHIE
TpYEMEI B3BEIIABAHKSA,

TAJIKUBAET K MBICJH, YTO U AApa — HE CaMble
MeJIKHE «JeTaJu» IIPUPOLHOI0 KOHCTPYKTOpA.

B 20-30-e rogs! y:xe Hamero croJjieTus ObLIn
OTKPBITHI ABe uacTulbl. OHU OKa3aJUCh OYEHb
OJIMBKMMHM II0 Macce, HO OTJMYAJIHNCHL TEM, YTO
OHA UMeJia MOJIOYKUTEJILHBIA 3apsM, TAaKOH Ke,
KCTaTH, KaK 3apsj 3JIeKTPOHA, a Apyras ObLia
HelTpaJibHA — BOBCE HE MMeJIA 3JIEKTPUYECKOr0
sapsna. IlepByo Ha3BaJIX NPOTOHOM, BTOPYIO —
HEHTPOHOM.

CuenJieHHBIE IPYT C IPYrOM Pa3JIMYHbIE KOM-
OMHAIMU ABYX 3THUX YaCTHUIL 00pasyIoT AApa aTo-
MOB BCEro MHOJXECTBA HM3BECTHBIX Ha CErofHs
XMMWUYECKUX BJIEMEHTOB. MHOrme M3 HUX BaM
yoKe XOpOII0 3HAKOMBI — JKeJje30, aJIIOMUHUN,
BOJOPOJZ, PTYTh, MeIb, MO, KHUCJIOPCH, 30JIOTO,
cepa, yrJuepon, docdop, 6pom, xJsop, cepedpo,
KpPeMHUH... IJIEMEHTHL 3TN COOpaHbl B 0OJIBITYIO
Tabsuiy, KOTOPYI BBl 00s3aTeJIbHO YBUAUTE B
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KHUrax mo Gu3MKe M XMMUH WJH Ha CTEHAX
ITKOJbHBIX KAOWHETOB, I'Jle U3y4aloT 3TH HAYKH.
Taxas TabJuIla HOCUT UMA ee cO3jaTesisd, Ha-
IIer0 COOTEeUEeCTBEHHUKA, 3HAMEHUTOr'0 YYEHOI0
JN.A.Menneneena.

3HaHNUe CTPOEHUA aTOMHOI'O AApa IO3BOJMJIO
PA3JIOKUTD IO IOJIOYKAM, [0 sYeiikaM Bce, U3
yero CKJIaJbIBaeTcA BeniecTBo. KosmuecTso npo-
TOHOB ¥ HEHWTDPOHOB B AZpe CTPOro YKa3LIBaeT,
KaKOi 3TO 3JIEMEHT, KAKOBHI €ro ¢pusuyecKue u
XUMUUYeCKHue cBolicTBa. MHaue roBops, Takou
«0aHK NaHHBIX» OD0JazaeT OrpOMHOM IIpeXCKa-
3aTeJIbHOU CHJIOMH.

«SIIPA — YUCTBIA U3YMPYI...»

IToueMy B KPOXOTHOM siApE Ka’KJIOro aTroma
YAEP)KUBAIOTCA BMECTe€ TaKWe 4YacTUIbl, KaK
npoToHbl? Ecjiu OHHA MOJIOKUTESBHO 3aPAKEHBI,
TO II0 BCEM 3JIEKTPUYECKUM IIPAaBUJIAM AOJIKHBI
oTTaJIKUBaThcA. IIpuueM Tak, 4YTO AAPO IIPOCTO
0bl «B30pBaJioch». OMHAKO 3TOro He ITPOMCXO-
IUT, AAPBIIIKY MHOTMX ATOMOB BIIOJIHE YCTOM-
yuBEl, cTabmabHbI. Ilouemy?

Ha Takux MaJeHbKMX PacCTOSTHUAX, Ha Ka-
KMX OKas3aJIuCh B sAApe NIPOTOHBI, AEMCTBYIOT,
IIOMUMO 3JIEKTPUYECKHUX, ele U JAPyrue CHUJIBL.
C HUMU 4YeJIOBEK CTOJIKHYJICH, JIUIIL KOTAa II0-
nblTajacA 00bsCHUTE cebe, OTKYZIA B Afipe B3AJICA
TAKOU JIUTTKUH «KJei» . HUKaKUMU M3BECTHBIMU
CHJIAaMH €ero IPOHCXOMKIAEeHUEe He O00BACHSIIOCH.
Bor M npumJiock CYUTATH, YTO 3TO OCOOBIHA,
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apepubiit BuA cuii. OHM MoIHee BCeX MHBIX, HO
«BKJIIOYAKOTCA» JIMIIb HA MHUKPOCKONNYECKUX
PacCTOAHUAX, KOrJa aAepHble YACTUYKHU OKa3bl-
BAIOTCA COBCEM DPAABIIIKOM APYr C APYroM.

Ho mouemMy MBI IOBOpMM JIMIIb O IPOTOHE?
HeiiTpoH — ero mocTOAHHBIA «cocel» IO ANPY
¥ PaBHOIPABHBIM YYACTHUK SAEPHBIX IIPOIEC-
coB. Bce ckasaHHOe ero Tak ke kKacaetcs. Or-
METHUM, YTO TPETUHl KOMIIaHbOH, BXONAIIUN B
COCTaB aTOMAa, — JJIEKTPOH — HHUKAK He BJIUAET
HA JKU3Hb BHYTPH sapa. CIUIIKOM OH OT 3TOrO
OTAAJIEH, Uepecuyp JaJeKO OT SApa KPYXKHUTCH.

KonuuecTBO IPOTOHOB M HEHUTPOHOB, BXOAA-
IIUX B COCTaB fApa, MEHAETCA OT €JUHUIIBI Yy
BOJZOPOJA — CaMOIo JIETKOT'0 XUMUUYECKOr'0 dJie-
MEHTAa, IO COTEH IITYK y TAKHUX THAMKeJIbIX 3Jie-
MEHTOB, KaK ypaH. Pasjinunble UX IrpynnupoB-
KH, «CLEIIKU», OIIPEeAENAIOT, HACKOJIbKO TOT UJIH
MHOII aTOM yCTOMUUB MJIU HET.

KAK PACITAZJAIOTCA AAPA?

YT0 MPOUCXOAUT ¢ ATOMHBIM SOPOM, KOrzaa
OHO MCITyCKaeT paauoakTHuBHoe u3jayuyenue? Oc-
TAaeTCA JIM OHO Heu3MeHHBIM? Wu, OBITH MOXKeT,
HCOBITHIBAET Kakue-To npesparnesusa? Iloucku
OTBETOB HA 3TH BOIIPOCHI, IPOJOJIMKAIOIECs He-
CKOJIBKO JIeCATUJIETHI, NIPUBEJIX YUEHBLIX K He-
OXKHIAHHOMY, HO OYE€Hb BaYKHOMY BBIBOZLY.

EcTecTBeHHasA DAAHOAKTHBHOCTB, OOHapy-
skeHHas okosio 100 jer Hasajn, najia mpeacTaB-
JIEHHE O TOM, YTO BHYTPH SIEP aTOMOB BemieCTBa

432



3araceHa OrpoMHas
sHeprua. O Taxkux
BellecTBax BHI, Ha-
BE€PHOE, CJIBIIIAJIH,
HampuMep, 3TO ypaH.
Tak HeJb3dA JIU CKOH-
IIeHTPUPOBATH  €ro,
obpaboTaB  ropHbie
MOPOAbI, B KOTOPBIX
OH paccessiH 1o 3eM-
ae? U TeM caMbIM
MOJIYYUTHL MCTOYHHUK
9HEePruu O4eHb OO0JIb-
Iou MouHocTH?
Oxkasajoch, 4TO 9Ta
3aJlauya B IPUHIIUIE perniaeMa, HO Hy»KHOT0 HaM
copTa ypaHa B INPHUPOZAE He CJUIIKOM MHOTIO.

Kponoraueeie uccaefoBaHUA, OQHAKO, IIOKAa-
3aJI, YTO MOXKHO CO3JaTh MCKYCCTBEHHYIO pa-
IMOAKTHUBHOCTh. TO €cTh KaK ObI MOATAJIKNBATH
AApa TSAXEJIbIX 3JIEMEHTOB K TOMY, UTOOBI OHU
HauaJI1 pacliaiaThbCA, BLICBOOOXKIAS CHEeDIKKBA-
€MYIO MOIIHBIMM SJAePHBIMH CHJIAMH YHEPTHUIO.

Bo Bcex cayuasix pacrnaza u3 TSKeJIOro sapa
nony4yamoTcss OoJsiee Jerkue, Takue, HaIpuMmep,
KaK s/ipa aTOMOB KeJjie3a.

K xonny 30-x romoB B HECKOJILKUX CTpaHax
yYeHBIMH OBLJIO HaMJeHO, KaK 3aCTaBUThL AApa
penureca. A B 1942 rony B CIIIA 611 3anymieH
MIepBLId B MUpe AAepHbIH peakTop. dta pabora
NIPOBOJMJIACH ITOJ PYKOBOACTBOM HTAaJbAHCKOIO
¢dusuka OHpuko Pepmu. Taxk ObLIAa OTKpLITA

4+ w o P
AAPA

"\

Q20O O

CTAAMY aEAEHHa
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Pepmu (1901 —
1954) — wranbsgHcKHH du-
3HK. PaGoTas B 06J1aCTH aTOM-
HOM M siflepHOM DH3HKH, acTpo- :
(HUIUKH, HCCAEN0BAN KOCMHYE-

} @ ﬂ ckHe Jyud. OTKpLLI HCKYyCCT-
/\L\ BEHHYIO PaJiJHOaKTHBHOCTL, IO-

JIOXKHJI Havasio HeHTPOHHOMI
\,’ ¢usuxe. Jlokasaa Bo3ZMOXK-
HOCTL IleTHOM sIAePHOM peax-
uuM feseHust ypaHa. ITocrpo-
MJ1 TIEpBBLIA SAAEepHBLIA peakTop
M OCYIIECTBUJI €ro 3alryck, i
YUYaCTBOBAJ B CO3[|aHHH AMEpH- :
KAHCKO} aTOMHON GOMGHI. i

nmepBas CTPaHUIA B HUCTOPUU HCIOJb30BAHUA
SAAePHON YHEPTHH.

IIOYEMY B3PBIBAETCS
ATOMHAA BOMBA?

Kax pacnopaauTsCsi TOH KOJIOCCAJILHOMI
9HEpruei, KOTopas CKpPBIBAETCA BHYTPH aTOM-
HbIX auep? K coxayseHuio, mepBoe NMpUMEHEHUNE
OHa HaNLJIA B OPYKHMM YYNOBUIHOM Da3pymIH-
TeJbHON CHJILI — aTOMHOM OomOe. HeBeposT-
Hble YCUJINA YUYEeHBIX, HAIIpaBJIEHHbIe Ha IIO3HAa-
HU€ CTDOEHUS BEIIeCTBA, ObBLJIM HMCIOJb30BAHBI
TaK, UTO MHOI'We M3 HHUX BIIOCJEJCTBHUHU CTAJIH
aKTUBHBIMY 60opIiaMu 3a 3anpelneHue 9TOro opy-
KU,

U Bce e, B ueM CyThb 3TOro u3odpereHus?
OunineHHoe M CKOHIEHTPUPOBAHHOE SAE€PHOE
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ropioouee, HalIpUMep, ypaH, pasMeI[al0T «J0Jb-
kamu» B cHapaze. Cam mo ceGe aToT ypaH pac-
najgaetrcsa oueHb jgoiro. Ho korma mpu momnana-
HUu OoMOBI B 1esib cpabaTeIBaeT JIeTOHATOD
«00BIUHOrO» B3PHIBA, €r'0 MOIIHOE JaBJIEHUE
COBUTAeT «IOoJbKU» BMecTe. OOpa3yercsa Tax Ha-
3pIBaeMad KPUTHYECKad Macca ypaHa, B KOTO-
PoOM peaKkuus JeJIeHUA AepP HEeBepPOsATHO yObICT-
psetrcsa. Ee emje MMeHYIOT LieIIHOH peakKI[Hei.
BryTpusnepHoi sHepPruu BbIAEIAECTCA TaK MHOTO,
YTO OHA ¥ CO3JaeT B3PHIB YYyAOBUIIIHON CHJIBI.
Bnepsrie Takoe opy:kue OBLIO IIPUMEHEHO
amepukaHiamu 6 asrycra 1945 roga, xorza Ha
AnoHckue ropoga Xupocumy u Haracaxku Ovliu
cOpomnieHs! ABe O60MOBI, HAaYWHEHHBIE ANEPHOM
B3PbLIBYATKONU. MHOrue roasl nocje 3Toro cambie
KPYIIHBIE CTPAHbI MUDPaA IPOU3BOAUJINA IOHLOOHOE
Opy’KHe B OTPOMHBIX MacmiTabax. dpa siiepHOro
NPOTUBOCTOAHUSA HENABHO, MOYKHO HaNeATHCH,




3aBepuiuyiach. IIpaBna, onacHOCTh pacIpocTpa-
HEHUS ITOr0 OPYKUS CYIIECTBYET, II09TOMY
3IPAaBOMBICJIANIINE JIIOAU, B TOM UYHCJEe U yde-
Hble, IBITAIOTCSA HAWTHU CIIOCOOBI ITOJIHOI'O ero 3a-
mnpera.

KAK PABOTAET MUPHBIA ATOM?

Cosnanue anepHOro peakTopa IIoKasajo yue-
HBIM M KOHCTPYKTOpPaM, KaK MOXHO <«IIpUDY-
YUTH» 9HEPruio, 3aKJIOUYEHHYIO B CAMBIX I'NIyOH-
Hax BelllecTBa. Peakuus neJieHUA TAMKEJbIX pa-
JIUOAKTUBHBIX sep MOXXeT OBITH HeyIIpaBJifAe-
MO, KOrJia BCs 9HEPrusi BBIAEJIAETCA OZHOBpE-
MEHHO, B3PBIBOOOPa3HO. ITO M NPOHUCXOAUT B
aTtoMHo#H 6oMOe. Ho MOXXHO U peryyjnupoBaTh uc-
NyCKaHWe 3TOU BHEepruu, ordéupasa ee y aIepHOro
TOILJINBA TIOCTEIIEHHO, HeOOJBUINMHU IOPIUAMHU.

Tax u mocTyIawoT, 3arpyskas, HanpuMmep,
yPaH B SAepHLIN peaKTop. Buimesenue sHepruu
IPOUCXONUT B TaKOM DeEXKHUMe, KOrjga MOXKHO B
J1000 MOMEHT «3arJyILIUThb» ANEPHYIO peak-
muo. 1A 9TOoro B KOTeJ € TOIJIMBOM OBICTPO
TIOTPYIKAIOT CTEP’KHU U3 CIEIMaJIbHOI'0 MaTepPH-
ajia, croco0HbIe IIOIJIOTHTL YaCTHUIBI, BHI3BLIBA-
oIe peakIuio.

IlepBasi aromuaa aaexTpoctanuua (AIC), oc-
HOBOU KOTOpPO# ABJISJICA peaKkTop, ObLia 3amyie-
Ha B 1954 roxy B Hameil cTpaHe. Brigessemoe
IIpM pacIiajie sAjep TeIUIO HarpesaJio Iap, Bpalia-
IOIUIl TypOuMHY, COeAWHEHHYI0 C TI'€HepaTopoM
DJIEKTPUYECKOI0 TOKA. XOTA CTAHIMsA Obljia He-
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(1903—1960) — poccuiickuit
¢n3uk. BHec 3aMeTHLIN BKJAN

B M3y4YeHHE 3JIEKTPHUYECKHUX
CBOWCTB KPHCTAJJIOB, TIPOBEJ
pan uccieaoBaHui o dpusuke
NOJIYITPOBOJAHUKOB. 3ARHUMAN-
csl siiepHOi PUBHKOM, npoble-
MO} JeJIEHUSI TSXKEJLIX sijep.
Bosrsiasus paGoThl mo osJiaje-
HHI0 saepHO# sHeprueit. IToa
€ro pyKoBoAcTBOM GLLi 3ammy-
LieH NepBLIA COBETCKUM ypaH-
rpadUTOBLIM PeakTop, CO3AaBa- :
JINCL COBETCKHME aTOMHasi ¥ BO-
popoaHast 6om6rl1, 6nlyia BBEAE-
Ha NepBasi B MHpe aTOMHAas
ssekTpocTaHlusd. Hauunau uc- i
cJIeioBaThL IpoGJieMy ynpasJse- ;
MOT'O TepMOSIIEPHOTO CHHTE3a.

0O0JIBIITION MOIIIHOCTH, HO YK€ IIPOJEeMOHCTPUPOBA-
Jla IIPeUMYyILeCTBa ANEPHON SHEPreTUKU. 3aTeEM U
B HAIlel M B APYTUX CTPaHaAX CTAJIX CTPOUTH pe-
aKTOpHI BCe GOJIbIIIEH MOIIIHOCTH M YCOBEPIIEHCT-
BOBAaHHBIX KOHCTPYKIUi. oA ajieKTposHepruy,
TIpOU3BOAUMOM cerogHsi B mupe Ha AIC, mocru-
raeT 3aMeTHOM BeswmuuHbI. CKa)keM, Bo PpaHIUHU
OHAa cocTaBJisgeT OK0oJi0 70 IPOILIEHTOB BCeil BbIpA-
faTbIBAaEMOI SHEPIUH.

OnuH KHUJOrpaMM SIEpHOI0 TOILJIMBA 3aMe-
HeT MUJIJIMOHBI KHMJIOTPAMMOB 00bIuHOro. B TO
BpeMsi, KOrjZa HCTOL[AIOTCA TaKHe IIPUPOJHBIE
Decypchl, Kak He(dTh, yrosp 4 ras, anepHas
OHEPreTHKa CTAHOBUTCHA CYIIEeCTBEHHBIM IIOJ-
CIIOPbEM JUIA uesioBeKa. Kpome sHepreTuyecKux
CTaHIIU, $SAJepHBIE DEaKTOPbl MCIOJB3YIOT B
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JBUraTeNAX JIeAOKOJIOB, IOABOAHLIX JIOJOK, CTA-
BAT HA MCKYCCTBEHHBIE€ CIIyTHMKHM 3EeMJIH.

Onunaxko OypHOe pasBUTHE SIEPHOU JHepre-
THKH <«IIPUTOPMO3UJIOCH» IIOCJE HECKOJbKUX
KPYIIHBIX aBapuii ¢ MOABONHBIMHU JIOAKAMU U HA
A9C. 9tu ciyyau JUMINHUNA pa3 MoKasajd, Ha-
CKOJIbKO HaZ0 ObITH OCTOPOXXHBIMU IIpU padore
CO CJIOXKHEHIUMHI u300peTeHusAMHU.

IIOYEMY CBETHUT COJIHLE?

JleCTBUTEJIPHO, KAKOB HCTOYHUK DHEPruu
Hamrero poxHoro ceeruna? Mayr roxg 3a romom,
CTOJIETHA 3a CTOJIETUSAMU, MUJIJIMOHBI JIET 3a
MHJIJIMOHAMH, a OHO BCE CBETHUT Ja CBETHT.

YueHbIe TOBOJIBHO JAaBHO CHEJIAJIN JIIOOOIBIT-
Hble pacueTsl. VI3 HUX cJefoBajIO, YTO ecJid OBl
CoaHlre cocTosAIO0 U3 J1I060ro U3BECTHOI'O TOILIH-
Ba, CKa)KeM, yIJis, TO OHO IIPH TaKO# aKTHUBHOM
CBETHMOCTH OUY€HB OBICTPO BhIropeJo O6sl. [osroe
BpeMA UCTOYHUK sHepruu CoJiHIla ocTaBaJics 3a-
raJlouHbIM.

H3yueHre SepHBIX peaKlMid IIPUBEJIO K BbI-
BOJZY, UTO 3HEePrud u3 IJIyOUH BeIllecTBa MOXKET
BBIZIEJIATHCA HE TOJIBKO NPHU AEJIEHUU TAMKEJIbIX
simep. EcTb U Ipyroi, Kak ObI BCTPEUHBIN, IIYTh.
Ecnu coequHUTEL APYTr ¢ APYTOM ALpa OYEHb Jier-
KHUX aTOMOB, Halpumep, BOAOpPOAAa, TO OHM, 00-
pasysi HOBOe, DOoJiee TsXKeJIOoe ANPO, TaK¥Ke BBI-
CBOOOAAT DHEPrUi0. OTH peaknuu o0begUuHEeHUd
JIeTKUX DJEeMEHTOB MOJIYUYWJIM Ha3BaHUE TEpPMO-
AZlePpHBIX, UJU PEeaKIUi CUHTe3a.
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Yrobbl TaKas peaklus IMOIIJIA, JEerKuM IIo-
JIO)KUTEJBbHO 3apAXKEHHBIM AApPaM HeoOXOAUMO
IIOOUTH Ha OYeHb OJIM3Koe paccTosgHue. TOJABKO
TOrJla BCTYNAIOT B NEHCTBHE MOIIHLIE ANepHbIe
CHJIBI, KOTOPHIE MO3BOJISAT 3TUM AAPAM CJIUTHCS
B 0onHO, HOBoe. Ho momnpoOyiiTe cOMM3UTL ABa
TIOJIOXKUTEJIbHBIX 3apanal 3aKoH 2JIeKTPUUYECKO-
ro B3aMMOJEMCTBUA IIONCKAXKeT, YTO YeM OHH
OJIMoKe, TeM CHUJIbHEE JIOJIKHBLI OTTAJIKHUBATHCAH.
Kak xe O6bITh?

Ha Cosnile u Ha 3Be3Zax IpUpojia CIIPABU-
Jlach ¢ 9TOM 3ajauei. J[laBjeHue M TeMIiiepaTypa
BHYTPM HHX HACTOJIBKO BEJMKH, UTO «T'OJIEHb-
KHue», 0e3 9JIEKTPOHOB, fIpa JIETKUX 3JIEMEHTOB
4acTo M. ¢ OOJBIIOI CHJION CTAJIKUBAIOTCHA APYT
¢ ApyroM. B Takux ycJIOBUAX U CO3ZAIOTCA BO3-
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MOKHOCTH JJIfl CJIUAHUSA AfepP, BeAylLero K BbI-
JIeJICHUI0O OIPOMHOM 3HEPruu.

BoT Ty sHepruio MBI M IOJIy4aeM Ha 3eMJie
ot CostHnia B Bujze udaydyenus. OT gajeKkux 3Besn
OHO, eCTeCTBEHHO, IIPUXOJUT K HaM, 3HAYUTEb-
Ho ocyiabeB. IIpaBna, Hamo cKas3aTh, YTO 3TO 00'B-
JCHEHHE CBETHMOCTH 3Be3J[ HATAJIKUBAETCA Ha
HEKOTOpble TPYAHOCTH- Hajx MX «ycTpaHEeHUEM »
ceifuac JIOMAlOT IrOJIOBY Y4YeHBLIE. '

YIOACTCA JIX YKPOTHTD «TEPMOAL»?

A moxxno sm 3axxeub CosHle Ha 3emue? Kak
OBbI IIepeHeCcTH K HaM KYCOYEK PacKaJIeHHOro J0
MHJIJIMOHOB rpaaycoB mapa? ¥YBbI, 9Ta 3ajada
II0Ka 0Ka3aJjach 4eJIOBEKy He «Io 3ybam». Bep-
Hee, U300pecTH Opy’KHue C MCIOJb30BAHUEM MO-
M peakuuii, momobHbIXx uaymum Ha CosHue,
ou cmor. OTHAKO 3TO «bSABOJIbCKOE» u300peTe-
HUe, pas3pylInuTeJbHee KOTOPOro MBI He 3HaeM,
HeympaBisgeMo. TO €CTb MOXKHO «3aIlyCTUTb»
TEePMOSIEPHYI0 PEaKIMI0, HO TOJIbKO B Oombe,
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TOJIBKO B3PDLIBOM. A BOT «JIepyKaTh €e Ha IOBOJ-
Ke» HUKaK He yJaeTcs.

«YKpPOTHUTH» TEPMOSA NpPoOYyIOT He OAUH Je-
caroxk Jer. He pas Kasajoch, 4TO BOT-BOT — U
3ajlaya y)ke peleHa. Jlake njaHUpPOBaJiv, B Ka-
Kue CPOKH OyZeT II0CTPOeHA 3JIEKTPOCTAHIIUAA C
IIpUMEHEHUEM YINPaBJAAEMOr0 TEPMOAXEPHOro
cuHTe3a. MOXKHO NMOHATH, I0YEMY TAK 3aMaHUYU-
Ba ObLia 3TO mpobJiemMa s uccaegoBaTeseid u
MHXeHepOoB. Beab ee pemenue obecrieuunsio ObI
HAM TNPAaKTHYECKHU HEHCUEepIaeMbIi MCTOYHHUK
sHepruu. «I'opouero» AJjis TepMoAga — JIETKHUX
3JIEMEHTOB — BpOJie OBl IOJIHBIM-IIOJNIHO.

Hapno cka3aTh, YTO Ha IIYTH OBJIAJIEHUS Tep-
MOALOM OBLLJIM CeJIaHBI BBIZAIONIMECHA OTKPBI-
TS, CO3JaHbl YHHKAJIbLHble (PU3HUUecKHue yCTa-
HOBKH, MHOX€eCTBO M300peTeHnI 0Ka3ajgoch I0-
JIe3HBLIM AJIA CAMBIX PA3JIMUHBIX HAIIUX HYMXA.
OxHako rJyiaBHas 3ajada 0 CUX IIOp PelIeHHIO
He TOAAAeTcs, U ceifuac TPYAHO CKa3aThb, KOrja
sKe 5TH paboThl 3aBeplIaTcs.

Co6s1a3H 110iiMaTh TepMOSJ «3a XBOCT» OBLI
TaK BeJIMK, UTO HECKOJIbKO JIeT Ha3aJ BeCh Ha-
YUYHBIM MHD BCKOJIBIXHYJIa ceHcanusa. Hexoro-
pele yUeHble 3asBUJIM, UYTO OOHApPYXXHJM peak-
I[AI0 CHHTe3a IIPpM HU3KHUX TeMIepaTypax. MHo-
TOUYMCJIeHHBIEe ONBITHI M IIPOBEPKU 3TOr'0O He II0J-
TBepAuaX. ['OBOPUTHL MOXKHO ObIJIO O JIIOOONIBIT-
HOM SBJICHWM, HO HHUKAKUX «KJIQJIOBBIX 3HEp-
rMM» 32 HUM He CKPBIBAJIOCH.

Yro K, B HayKe ObIBaeT U Takoe. Ee ucropus
foraTa He TOJIBKO JOCTUIKEHUAMM, HO MU OIIHU-
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Annpeit Imutpreny Caxa-
poB (1921—1989) — poccuii-
ckui pusuk. OgUH U3 aBTO-
POB MU O TIOJIYYEHHH YIIpaB-
JseMO# TepMOsilepHOil peak-
IlMH, BHEC OTPOMHLIN BKJIajA B
co31aHHE BOAOPOJHOMH GOMGHI.
3anuMaJics saepHoit GU3NKOMH
H TIpoGJIeMAMH 3JieMeHTapHLIX
YacTH1l, CBSI3aJ MpoIecchl B
paHHell BcesieHHO# ¢ xBapko-
BOH CTPYKTYpO# MaTEpHH.
IIpeackasays HeCTaGHJILHOCTDL
NpoToOHAa, AKTHBHO IIPOTHBO-
NeHcTBOBAJ HAKOIUIEHUIO siaep-
HOTO OpYKMS Ha ITUIaHeTe.

OOUYHBIMM HJAEAMH B MHUCTHOHKaAmmaAMH. [1aB-
HOe — CYMeThb OTJAEJHUTHL OXHO OT APYroro u He
YIYCTUTh CTPAHHOIO, HAa IMEpBbIA B3IJIAA, HO
BEPHOTI'0O IIPEAITOJIOMKEHHUS.

MACCA — 39TO 9HEPTHUA?

Kak Mo)XeT KOHIIEHTPUPOBATHLCS HEBEPCATHO
fosbIIasi 9HEPrud B HUUTOXKHO MAJIEHbKUX Ua-
ctuukax BemecTBa? Ilo Bceit BuammocTH, 3Ta
SHEPrus He IIOX0XKA HA SHEPruio ABHMKYIIErocsa
aBTOMOOHMJIS MJIM PaKeThl, TOPSIIEro TOIINBA U
HA DHEPTHI0 IIPOCTO I'CPAYEro Tesa.

Korpa ¢wmsukm Hayuywmauch AesiaTh TOHYAM-
e U3MepeHus, OH!U CMOTJId OYKBaJILHO «B3Be-
CUTh» U OTHEJBbHBLIN aTOM, M LaxKe BXOOAINUE B
€ro COCTaB YAaCTHUYKH. BEISICHHUJIOCH, UTO eCJIH
nofo0HBIM 060pa30M H3MEPHUTHL MacCy BCTYIIAKO-
MUX B AJIEPHYIO PeaKIMI0 YaCTUI[ ¥ CPAaBHUTH
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¢ Macco¥ TOoro, 4YTO
0Ka3ajiock B pe3yJib-
TaTe peakIuu, TO

[OJIy4aeTCs. ..
Bor TyrT yueHmIX
TAKAR A0 elle OJHO IIO-
(8% OVMYA,A . pPa3uTeJbHOE OTKPHI-
2 THE. HNamepenHbIE

«JI0O» U «IIOCJIe» Mac-

- mc chl OBLIM He DaBHBI.

- Kyna ke nopeBajsiach

pasuuna? A paBaiiTe

\Ado JIydIle CIIpocuMm ceods,

’b“"'“’"" OTKyJa B3sJach BBI-

nensieMasi B PEaKIMK

sHeprua? YAWBUTEIBHO, HO 9TH JBa BOIIpoca r'o-

BOpAT 00 OAHOM ¥ TOM Ke. Hazo ToJIbKO cesiaTh

mar: «yOelJIb» MacChl CBfA3aTh C «HPHUOBLIBIO»
9HEPruH.

IToT CcMeJBIM Iar OblJ coBeplIeH KakK Obl
~ 3apaHee, 10 BCAKUX u3mepenmit. Y1 caesnan ero
B HayaJie HAIIETO BEKa BEJIMKUN YUeHBIH A.JHH-
IITeHH NP CO3JAaHUM MM TaK Ha3blBaeMoOH Te-
OpHMM OTHOCHTEJbHOCTH. MEI mo3BoIEIM cebe 3a-
nucaTb GOpMyJ1y, 3aKJIIOUAION[YI0 MBICJIbL O CBS-
3M Macchl ¥ 9HEPTUU, B TAKOM, CJIOBECHOM BHJe:

«E paBHa 5M 13 KBagpaT» (9Heprusa paBHA
Macce, YMHOMEHHOM Ha KBaJApaT CKOPOCTH
cBeTa).

IIycts ceituac sta ¢pa3a 3By4YMUT AJIA Bac,
KaK KWTalcKas rpaMmora, He cTpaumrHo. Bam c
Hell 00s13aTeJILHO U He pa3 NMPUAETCS elle CTOJI-
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KHYTbCsA. JTO OLHA M3 CAaMBIX TJIABHBIX UAeH B
(u3uKe, 7a M He TOJLKO B Heil, a BooOmie B
HayKe.

BoamokHOCT, mnpeo6pa3oBaHUA MAacChl B
9HEpPruio ¥ Hao60poT, KaK NOBOPAT y4YEHbIE, UX
SKBVBAJICHTHOCTh, PABHO3HAYHOCTb — ONHUH M3
KPAaeyroJIbHbIX KaMHEH COBPEMEHHOr'0 B3rJIsAAa
Ha npupozay. IloaToMy Teopusi OTHOCHUTEIHLHOCTH
Hapsany C KBAHTOBOW Teopuei, — 06a3a coBpe-
MEeHHOH (pu3UKH.

YTO TAKOE AHHUTHJIAIINA?

Teopusa OTEOCHTEJBHOCTH, CO3MaHHAA B Ha-
yajie 3TOro BeKa A.JWHIUTEHHOM, ITPUBOAUT K
TIOpa3UTeJIbHBIM peadyabraTaM. CKa)xeM, BO3-
MOXXHOCTb «IIepexofa» MacChl B 9HEPTIUI0 M Ha-
060pOT IOACKAa3bIBAET TAKyI0 HAel0. KcJyu myc-
THUTh HABCTpeUy APYyr APYTry ABe O4YEeHL MaJleHb-
KHe, MJIK KaK HUX ellle HashbIBAIOT, 3JIeMeHTap-
HbI€ YACTHYKH, TO IIPH YAAPE «B JIOO» OHU MOTyT
YyacTh CBOEM SHEPruM ABMIKEHUS NpeoOpPasoBaTh
B ... HOBBIe YaCTUYKHU. OTU YAUBUTEJBLHEIE IIpe-
BpallleHUs HaAOJIONAIOTCA B COBPEMEHHBIX YCKO-
puTensax. Mo)XHO CKa3aTh, YTO 9TO CTAJIO OOBIY-
HBIM, OYIHUYHBIM COOBLITHEM.

Eme npumep. B 1930 roxy anrauiickum ¢Qu-
aukom I1.[lupakom BrepBbie OBIJIO NPENCKA3aHO
CyILIEeCTBOBAHME AHTHYACTUI[. ITO — RBpoAe ObI
II0 BCEM CBOMCTBAM TaKHe K€ YaCTHUbI, KaK H
U3BECTHHIE HaM, TOJIBKO C IIPDOTHBOIIOJJOXHBIM
3apsagom. Hampumep, y XOpOIIIO 3HAKOMOTO HaM
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IToas OAupak (1902—1984) —
aHrIMUCKUN PU3AK-TEOPETHK.
PaspaGarniBas MaTemaTHue-
CKHMH anmapaT KBaHTOBO# Me-
xaHUKH. IIpeanosoxun cyine-
CTBOBAHHE TIOJIOXKHUTEJILHO 3a-
PSIKEHHOI'O 3JIEKTPOHA — TIO0-
3UTPOHA, OTKPHITOTO IO3/{HEee
3KcnepuMeHTandbHO. IIpeacka-
3aJ1 CYIIECTBOBAHHE aHTHYa-
CTHIl ¥ AHHUTHJISINUIO — OJUH
M3 BHJIOB IpeBpamieHU# sJe-
MEHTapHLIX YacTHIl.

THEMHpPA — IIO3UTPOH, HJIU IIOJIOXKUTEJIbHBI
3JIeKTpoH. Tak BOT, IIPM BCTpeYe UACTUIl M aH-
THYACTHUL] JOJKHA NPOUCXOAUTH AHHUTHIA-
IUA — UX B3aUMHOE YHHUTOXKeHue. JTO, OFHA-
KO, He 3HAYUT, YTO OT HUX HE OCTaeTCA COBCEM
Huuero. Macca 1 sHeprusi 9TUX 4YaCTHUIL I1epexo-
OAT B «YUCTYIO» DHEPrHI0 — JHEPTHI0 U3Jyde-
Husa. Takume mporecchl TakKe HabiMOZarOTCA B
yCKOpHUTeJaX, 6ojiee TOro, Bce dale HUCIOJb3Y-
IOTCA IJIS KMCCJIeOBAHUSA MHKDPOMHUpA.

Hy»xHo cka3aTh emie 00 OfHOM HEOOBIKHOBEH-
HOM CJICJICTBUM M3 TEOPHUH OTHOCHUTEJILHOCTU. Pas-
TrOHseMbleé €CTeCTBEHHBIMM KOCMHUYECKUMHU II0JIs-
MM WA «DyKaMu» YCKOPHUTEJIeH YacTHUIBl IIPU
YBEJIMYEHHUH CKOPOCTH HApallWBaIOT CBOIO... Mac-
cy. Teopus cTaBUT mpezesl BCEM CKOPOCTAM B IIPHU-
pozxe. 3To — ckopocTh cBera. Ilo mepe mpubim-
JKeHUA K Hell 9Heprus, pacxoayemas Ha pa3roH
YaCTUIIbI, «BBIHYMKIE€HA» UATH He HA POCT CKGPO-
CTH, B, BBIXOJUT, Ha POCT MAacChl.
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9ToT GaKT IIPH MAJIBIX CKOPOCTSAX OKpYKa-
IOIIUX HAC IIPEeIMETOB OCTaeTCs He3aMedeH-
HBIM — TaK HUUYTOXeH adpdexT. Ho nisa sereHsn-
KHX 9JIEMEHTAPHBIX YaCTHI[ 5TO BBITJIALUT CO-
BEPIIIEHHO Mo-uHOMy. VX Macca cJIOBHO pa3fby-
XaeT B IECATKH, COTHHU pas.

Bcee ckaszaHHOe 0 «IIepexofax» MacChl B 9HEp-
rMi0 ¥ O0OpaTHO HANEKHO IIOATBEPIKIAETCSA B
onbiTax. K coxkaieHHIO, CaMBIil «ApDKHUi» u yOe-
JAUTENbHBIA M3 HUX — B3PBIB AaTOMHON MJIX BO-
JOpPONHONA 60MOBI.

MOKHO JIX IIOMMATDH KBAPK?

YTO NPOMCXORUT HA «BHIXO/IE» N3 YCKOPHTE-
aa? ATOT OrPOMHEI COBPEMeHHBIH mpubop, ciry-
JKaIuil AJA M3yYeHUsT MUKPOCKOIMYECKUX dUa-
CTHUII, TIPEXKJe BCEro pPasroHAET MX C IIOMOIIbIO
9JICKTPUYECKOI'0 M MACHUTHOI'O IIojieii. A BOT
KOrJla YacTHIBI yiKe «HabOpanu» HeoOXOZMMYIO
3HEePIr'Hi0, UX BBIBOAAT M3 YCKOPHUTEJNBHBIX KO-
JIell ¥ HaNpaBJIAIOT Ha MUIIEHU.

Yro OniBaeT, ecu OOBIYHBLIN CHApPAZ IOIAJ B
ueasb? flcHoe neso, B3puIB. Tak U sjieMeHTapHLIE
YAaCTUUYKU — 3JIEKTPOHBI, IIPOTOHEI U Jla’Ke 3a-
pAKEHHBbIE AApa aTOMOB, — YyAapUB II0 MUIIIe-
HH, BBI3BIBAIOT MAJIIOCEHbKUE «B3PLIBBI». TOJb-
KO pasJIeTaloTCs 3[eCh He OCKOJIKM MeTajljInye-
CKOr'0 CHapsaa, a POKAEHHBIE IIDU yZape HOBLIE
YaCTHILBI.

Yrobbl 3aUMKCHPOBATH pPE3YJIBTATBHI 3TOH
«0oMOapaAUPOBKU» , MHIIIEHb OKPYIKAIOT 00OJIBIINM
KOJINYeCTBOM JIETEKTOPOB. JTO IPUGOPHI, KOTOPHIE
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«JIOBAT» BBLIETEBIINE IIPU yZape O MUIIEHb Yac-
TUYKU, U3MEPAIOT UX CKOPOCTb, MACCy, SHEPTrHIO,
3apsan. Takum oOpazoM coOOMPAIOT CBeAeHUS O BCeX
IeTaIAX B3aUMOJAEHCTBHUA U YCTPOHCTBA UACTHIIL.
Kakux TOJBKO XHTPOYMHBIX H300peTeHui HU
npuayMaau uHKeHephl U ¢usuku! Becs apcenan
KJIACCHMUECKOM M COBpPEMEHHON HayKu paboraer
IIpHA CO3LZAHUM JETEKTOPOB.

He 6ynp yckopuTesieit 1 1eTeKTOpOB, He yaa-
Jock OBI eme rury6sKe 3arJIsHyTh B CTPOEHUE Ma-
Tepuu. Pa3Be 3JIeKTPOH, IIPOTOH, HEHUTPOH —
YaCTHUYKH, COCTABJIAIONINE aTOM U €ro AApo —
caMble KPOXOTHBIE «INOJIbKN» BeiectBa? Hccie-
JOBAaHUA HA YCKOPHUTEJIAX OTBETHJIH — HeT!

ITo Bceit BUAMMOCTH, 3JIeMEHTApPHBIE, IIPO-
cTeiimue YacCTHI[BI BOBCe He TaK IIpocThl. To ecTh
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Puuapn Peiiamann (1918—
1988) — amepukaHCKA# dn-
3UK-TEOPETHK. 3aHUMAaJICA
KBAHTOBOW TeopHeif, GU3NKOH
DJIEMEHTADHBIX YaCTHI, CBEpX- i
MPOBOAMMOCTLIO, TEOpHEeH TH-
roreHusi. PazpaGoran crioco6
06bSICHEHUST BO3MOKHBIX ITpe-
BpalleHuit yactun,. Ilpenso-
SKHJI COCTABHYIO MOAEJIL IPOTO
Ha M HeHTpoHa. ABTOp IIKPO-
KO H3BecTHOro Kypca «dDeitn-
MAaHOBCKMeE JIEKIIUHU 110 QH3H-
Kes.

OHU CaMH COCTOSAT u3 elne 0oJjiee MEJKHUX «Je-
TaJeK», Ha3BaHHBIX KBapkamu. IIpupoma u
3nech NperojHecsia HaM CIOPIPHU3: XOTh KBapKU
U «CHAAT» BHYTDU YACTHUIL], «BBIMAHUTBH» UX OT-
TyZa HeBO3MOXKHO. YeM-TO 3TO ITOX0XKe Ha CTPO-
UTEJHLCTBO U3 OJIOKOB — KaXKIBIA OJIOK COCTOUT
w3 Jferajiei, HO OHM TaK CLIEMEHTHPOBAHBI, UTO
YA3BEIUHUTD UX HEJb3f.

OTYETO HEYJIOBHUMbI HEUTPHUHO?

A CKOJILKO BCEro «3JIeMEHTapHBIX» 4acTuil?
3a noeneqHee CTOJIETHE UX ODHADYXKMIIM He-
CKOJILKO COTEeH, NMpUYeM OUYeHb Pa3HBIX, HEMo-
XOW¥X JpPYr Ha JApyra — uejasiit 3oonapk. 00

.
e e

DAECY W3 HUX, COBCEM YAUBUTENbHOIH, CTOUT
pacexasaTh 0co0o.

Vizyuas sflepHble DEaKIuHM, PU3UKHU CTOJIK-
(VTR ¢ JOBOJIBHO XUTPOWM 3arasikoit. B kakux-
W ogvTIagX He CXOAWUJIHNCH KOHIIBI ¢ KOHIIAMM,
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BO3HHUKAaJIa, T'OBOPA A3LIKOM TOProBIEeB, HeENO-
craua suepruu. Ho gonycturs, uro Hapymaercsa
3aKOH ee COXPaHeHUd, yuyeHble He moryu. IIpu-
OIJIOCH Ja)Ke M300pecTH, BHIAYMATh 0cOoOyio ua-
CTHYKY, KoTopas Oyaro 66 yHOCHJIA ¢ c000ii BOT
3Ty HEAOCTATOUYHYIO 9Hepruoo. Haszsanu ee Heii-
TPHHO, YTO B IIEPEBOJIe C UTAJbSIHCKOrO O3HaYa-
eT «HeMTpOHUYMK». [leJJo B TOM, UTO YACTHUKI
3Ta HEUTpaJibHA, HEe UMeeT 3apAia, U «IIOMMaTh»
ee, O0OHAPYIKHUTh OOLIYHBIMH criocof0aMu HeJb3d.

JBaguaTe ZOJITUX JIET HEUTPUHO CYIIECTBO-
BaJIO JIMIIb TEOPETUUYECKH, «B roJIOBe». BO3HU-
KaJii BIIOJIHE €CTEeCTBEHHbIE€ COMHEHUS B TOM,
4yTo oHa BOOOIIe MOXKeT Onirb. I TOJIBKO Korga
OBLIM CO3JNAaHBI AJEPHBIE PEaKTOPhI, CTAJIO BO3-
MOYKHBIM HaliTu ee cJuaenbl. IIo sTumM cienam,
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1958) — mmelfinapckuit pA3HK-
TeopeTHK. PaGoTas BO MHOTHX
pasaenax cospeMeHHo# Teope-
THYecKOH PH3HKHA, OAWH H3 CO-
apareiell KBAHTOBOM MeXaHH-
kH. ChopMysImpoBaJ OfHH H3
BakHeINMWX NPHHNATIOB CTpoe-
HHA BemiecTBa. Bhickasas ra-
IoTe3y O CYIeCTBOBAHMH HeiiT-
PHMHO H IpeAcKa3aj ee cBoHcT-
Ba. IryGoko 3aHHMMaJcs Teo-
pHeit 5JieMeHTapHLIX YacTHI, H
SiIePHLIX CHJI.

KaK JIeTeKTUBLI, YUe€HbIe BOCCTAHABJIUBAJIMA Kap-
THHY COOBITHH, B KOTOPBIX IIPUHUMAIOT y4YacTue
HEMTPUHO.

IToueMy ke Tak Ba’KHO CerogHa ee obHapy-
*KuTh? Beab HEHTPHHO, KAaK TOBOPAT YyUeHHIe,
oueHb cJIa00 B3aMMOZAEHCTBYET C BEIECTBOM.
IIpencraBeTe cebe cranbHyI0o IuTy Mexay Coi-
HueM u 3emieid. Jladke CKBO3b Hee HEHTPHUHO
nmpoiizer, Kak uepe3 macJyio. IloaTomy ans ee
¢uKcanum HeoOXOAMMO CTPOMTHL IpHUOOpPHI pas-
MEpPOM C MHOTrO3Ta’KHbIe ZJOMa.

OnHAKO CJIOKHOCTH, CBSI3AaHHBIE C «IIOUM-
Ko#» HEMTPHMHO, HMEIOT O00paTHYIO CTOPOHY.
Jlerko mpoxoas uepe3 OrpOMHBIE TOJIIIM Beme-
CTBa, HeMTPHMHO CIIOCOOHHI BHIPBAThCA M3 HeAD
CosiHIIa ¥ 3Be3] ¥ JOHECTH N0 HAC ILeHHEHIyIo
uHopmammio o Hux. CraxeMm, B 1987 roxy npo-
K30II1JI0 pepuaiimee coObITHE — B KOCMOCe
B30pBaJIaCh CBepxHoBaA 3Be3na. IlomuMo cBeTo-
BOHl BCHEIMKK M BCILIECKA 3JIEKTPOMArHUTHBHIX
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HM3JIYYEeHH caMBbIX Pa3HBIX JJIUH BOJIH, HCCJIe-
JOBaTeJAM YHaJIOCh 3apPervucTpupoBaTH <«HCIY-
‘IMeHHble» BO BpeMs B3phIBa HelTpuHO. CBexe-
HUSA, IPUHECEHHbIe HAM 3TUMH YaCTHUIIAMH, 3HA-
YHUTEJNHLHO JOMOJHUJIN KAPTHUHY IIPOMCXONAMMUX
CO 3Be3/0ii COOLITHIA.

Bo3HUK mesabIi pasnes HayKH, 3aHUMAaIO-
IMUHACA IMOMCKOM HOBHIX M3JIYyUEHUM OT He3eM-
HBIX MCTOYHUKOB, — HEHUTPUHHAS aCTPOHOMHUA.

XOTHUTE OTIIPABHTLCA B BYAYIIIEE?

He unranu siu Bel pomal I'. ¥Yayica «Mamuua
BpeMeHH» ? A mMoxxeT ObITh, BBl CMOTPEJIH IIONY-
asapHeI puasm «Hasaxg B Oyaymee»? Kaxk Bu-
AuTe, 3aMaHUYMBas uAes NyTeIIeCTBHA BO Bpe-
MEeHU He JaeT NMoKoA (aHTacTam. A pasBe caMH
BbI HE MeYTaJ O TOM, YTOGBI IIONacTh B IIPO-
[1JI0e ¥ B3IJIAHYTb, HAllpUMep, HA JKUBBIX JU-
Ho3aBpoB? Wiuu 3anereTs et sxak Ha 200-300
B Oynymiee, KaK OHO TaM Bce OyZeT BHIMIANETDH?

Oxkasajioch, yTO (GU3UKA B IPUHIIUIIE JOIY-
CKaeT BO3MOXKHOCTD IToJieTa B Oyayinee. iIMeHHO
mnmosera, MOTGMY 4YTO, COIJIACHO TEOPHH OTHOCH-
TEJBHOCTH, B ABIJKYIIEMCS TeJie TeUYeHHue Bpe-
MEHH JOJIXKHO 3aMelAThCsA. Hanpumep, ecu
3allyCTUTh KOCMHYECKHH Kopabiap ¢ O6osbInoi
CKOPOCTBLIO, TO JIET 3a IIATH €ro mnoJjieta Ha 3emJie
mookeT npoiitu no 1000 ner. BepHyBmueca no-
MO KOCMOHABTHI 3aCTaJix OB JOBOJILHO JKaJleKoe
Oynymee.

A eciau tam Ham Oynmer HeyroTHO? MOXXHO sin
TOrJla Pa3BePHYTHCS U OTIIPABUTHCA Hasdaxn? Bor
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TYyT-TO ¥ BO3HHUKAIOT Oosibmue mpobaemul. Boa-
MOXKHOCTH ITyTEIIeCTBOBATH B IPOIIJIOE MEHSAET
MeCTaMM IPDUYMHY U cjaencrBue. IlpusogsaT Ta-
KOM KeCTOKUu npumep. Brl, okazaBmucs B npo-
mJioM, yOuBaeTe CBOIO COOCTBEHHYIO MOJIOAYIO
6abymrky. Kak sxe BB TOrza Morju Ol IIOSSBUTH-
cA Ha CBeT, M BCe 3TO coTBOpUTHL? OcTaercs Mo-
NIYCTUTh, YTO CYIIECTBYIOT IlapajujieJIbHbIE MH-
PBl, B KOTOPHIX JKM3Hb «pa3bIrpbIBaeTcA» IO
pa3JIMuYHBIM cueHapusaMm. To ecTb TyT, B HallleM
MUpe, Bbl JKUBETE II0-HAIIIEHCKH, B KAaKOM-TO
IPyroM — IO-MHOMY, a elje B TpeTbeM — B000-
IIle HY I10-KaKOBCKHU: TaM Bac BOBce HeT. Hy uro,
HpaBurca?

daHTa3uil Ha 3Ty TeMy 0GECKOHEYHO MHOIrO.
Opuako 06 9TOM AYMAalOT U CEepbe3HLIe YUeHBIe.
Heckonbko JieT Ha3aZ aMepHMKaHCKHE (PUIUKHU
TEeOpPeTUYeCKH pa3paboTajji NPOEKT MANIWHbI
BpeMeHH, CIIOCOOHOM myTeniecTBOBaTh X B IIPO-
mioe. B HeM Takike MCIIOJIb30BAHbI NI €N TEOPHH
OoTHOCHTEeNbHOCTH. IIpaBaa, TeXHUUYECKH OCyIile-
CTBUTH TAKOI IIepeJieT HEBEPOSATHO CJI0XKHO. Ilo-
Ka HEU3BEeCTHO, KOrZa 4YeJIOBEK CMOXKET BOILJIO-
THUTb 3TOT IIPOEKT B PEAJILHOCTDL U TIPOBEPUTh —
JeHCTBUTENBbHO JiM 3apaboTaeT Takas MallWHA
WJIM BCe ’K€ B PaCueThl yYeHbIX BKPAJIACh OIINOKA.

YTO TAKOE YEPHASA IBIPA?

He6o Hajy HaAmuMHM roJIoBaMHM KajyKeTcs HeHu3-
MeHHBIM, BeuyHbIM. OJHAKO TaK ’Ke, KaK M JIIOJH,
Bce HeDeCHBIe TeJjla, B TOM YHCJe M 3Be3Abl, II0-
SABJISIIOTCA HA 9TOT CBET, JKUBYT U mcuesarT. Ha-
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yKa 3a MOoCJeNHUWEe NECATUICTHUA ITO3BOJIAJIA TaK
MHOTI'0 Y3HAThb O YKM3HU 3BE3J, YTO Terepb MOXKHO
OIMMCATh MCTOPUIO OYKBAJIbHO KaXXJ0il M3 HUX. A
CPeACTBa, C IOMOIBLI0 KOTOPBIX MCCJIEAYIOT KOC-
MHUYECKHe ITPOCTOPHI, IIPENOCTABMJIa aCTPOHOMAM
dusuka. Ponuiocs oTziesbHOE HAYYHOE HanpasJie-
HMe, MMeHyeMoe acTpPOHU3UKOM.

ITo-pasHoMy cCKJapbpiBaeTcs cynnb0a 3Be3p.
Oxuu u3 HuX, HeboJbIIME IO Macce, IIOCJE BBI-
ropaHHA B HMX HeJApPax #ANEPHOI'o «TIoployero»
IpEeBpPaIlalOTCA B MaJIeHbKHE Oejibie 3Be3I0UKH.
Nx Ha3bIBaIOT «0eJILIMEA KapJIHKAMU» .

3Be3Abl NOMACCHUBHEE CHJIBHO COKMMAIOTCH
TATOTeHHEM. Bpaiamwinuecs BOKPYr sifep aTo-
MOB 3JIEKTPOHBI OYKBaJIbHO BJABJUBAIOTCSI B
Hux. B pesynbraTre 00pas3yioTcs HeHUTpaJbHBIE
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YyacTULEl — HEHTPOHHI, «YIaKOBAaHHLIE» CTOJb
IJIOTHO, YTO KYCOUEK BeIIecTBAa TAKOH 3BE3ABI
CTAHOBUTCHA YYNOBHIIHO TS KeJhIM. Eciin B3ATH
€ro «C HOT'OTOK», TO TaM YMECTHUTCA OKOJIO MUJI-
JuoHA TOHH. TaKkuWe HEHNTPOHHBIE 3BE3AHI TOXKE
noMorJyia o0HapyKUTh acTpodu3UKa.

Ecau ke 3Be3zja OueHb BeJIMKA IO Macce, TO
OHA TaK CHJILHO OyJeT C:KMMAaThCHA, TaK BCe BOK-
PYT IPUTATHBATH, YTO JaXKe JIYUHMKY CBeTa He
yZaacTca BeIpBaThCA HapyKy. llosmyuaercs kak
0B KOCMHUECKas <«AbIpa», KyAa Bce BXOAUT, a
Ha3ay — xoay HeT. Ee M Ha3bIBaIOT YEPHOIL.

Ho pas Tak, T0 oHa He no/KHA OLITH BUAVMOM.
«Brijalor» ee cocenku-3Be3nsl. OHM Moryr Bpa-
IaThCA BOKPYT Y€PHOM ABIPHI, C HUX B HEE MOYKET
nepeTeKaTb, M3Jiydas BOJIHBI, BemecTBO. Taxoe
u3aydyeHue oOHaAPy:KeHO, II03TOMY y4eHble IIoJia-
raioT, YTO OHO BbI3BAHO MMEHHO YEpPHOI ALIPOM.

CymecTBOBaHME 3TOro0 HEOOEIYHOr0 KOCMMUUe-
CKOro o0'beKTa, PaCCYMTAHHOI'O C IIOMOINLIO Te-
OPHM OTHOCHTEJHLHOCTH, elne TpebyeT mpoBepKH
u OoJiee BeCOMBIX OKasaTesbcTB. HOo Kak yacTo
KpacHBYIO UJ€I0 IIPHpPOZa CJIOBHO OBI caMa ITI0f-
Iep)KuBaJjia, ¥ HeJocTalomme GaKThl paHO WJIHK
MIO3MHO HAXOAWJIUCH.

CYIECTBYET JIH «POPMYJIA MHPA»?

A Kak »XuBeT ¥ Pa3BHBAETCA Bech Ham Mwup
uenukom? Y1 MOXXHO JIM I'OBOPHUTL O HEM, KaK O
yeM-TO eguHom? Pas3Be He JONyCTHMMO, YTO 3TO
ImpocTto Habop, «Kyda» OIDOMHOr0 KOJHYECTBA
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3Be3] U UX CKOmeHui — rajgaktukr? Ho eciau
MbI OOHAPYIKMJIHA, YTO 3BE€3Abl O0'HLEAUHSAIOTCS B
LeJIble CHCTeMbl—TraJIaKTUKM — M MKUBYT TaM
BMeECTe, «CeMeHHOI» KHU3HbIO, TO IOYEeMy OBl M
raJJakTHKaM He o0pa3oBaTh CBOIO T'MT'aHTCKYIO
cembpio? Benw soau y:xe pnaam e umsa — Bcee-
JIeHHAA.

B XX Beke ueJiOBeK IIOCATHYJI Ha HM3ydeHHE
BCero HAIlero MMpa IeJUKOM. Boluiu HaliieHs! Ta-
Kue ¢GopMyJibl, B KOTOPBIX OIIMCHIBAJIOCH DOXKIe-
HUe U pa3BuTue Bceil Becenennoii. o cux mop ara
unesa oynopaxkut ymel. Corjiacurechb, O4eHb TPY/-
HO NIIPEACTABUTH, YTO KOrZa-To Bech Hall Mup 3a-
KJIIOUAJICs B KPOXOTHOM 00'beMe, U3 KOTOpOoro 15-
20 MuIMapAoB JIET Ha3aJ OH HA4yaJl CTPEeMUTEIb-
HO pacmupaThesi. CerogHs aTo ero «pasbyxanue»
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3aMEeTHO 3aMenauiaock. TeM He McHee, B KOHIIE
20-x ronoB GBLIO YCTAHOBJICHO, UTO 3BE3ALI U ra-
JIAKTHKY BCe-TaKM pa30eraroTcs APyr OT ApPyra.
Ho ecsin 3T0 Tak, TO uTO KIAET BeeseHHYIO
B rpaaymeMm? Byzer ju oHa HeOrpaHHYEHHO
pacmupatsea? Anu npouece noBepHeT o6paTHO
M Korjga-HuOyJb Bce CTAHET CTATUBATHCA? A 4TO
ObL10 Mo Hauajia pacmupenusi? Kak oGpasoBa-
Juch ramakTuku? KakoBnl ObLIM IIepBbIE MUHY-
THI CyllleCTBOBaHUA BceseHHON? ITH U MHOXKe-
CTBO JIPYTrHUX BOIIPOCOB 3aHMMAIOT KaK OOBIYHBIX
JIIoJiel, TaK U BBIJAION[UXCA yueHbIX. Ho OKOH-
YaTeJLHBIX OTBETOB BCE ellle HeT.
BrisicHnsIoCh, uYTO (U3UKaA 3JIEeMEHTAPHBIX
YaCTHI[ — CaMOro MaJioro B IIpUPOAE — M aCT-
pocdusuka, onuchiBamoIad BeCb MUD B 1IeJIOM,
TecHeldImuM obpa3oM meperienuncs. Iloxorxke, ox-
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Ppuaman (1888—1925) —
poccuiickuit GU3UK U MaTeMa-
THK. ITpoBoAMJI HcciienoBaHUS
B 06J1aCTH MEXaHHKH KHAKO-
CTH, METEOPOJIOTHH, GUIHKH
aTMocdepsl. IIepBrIM mo3Hako-
MHJ pycCcKUX (GU3UKOB C Teo-
pueil oTHocHTeabHOCTH. [lo-
TNOJIHKB pe3yabTaThl JWHMITEH!-
Ha, JOKa3aJ BOZMOXXHOCTL CY-
LIECTBOBAHKS paclLIHPSIONIei-
csi Beeslennoit, uto 6ul10 10A-
TBEPXK/JEHO OTKPLITHEM pasbe-
raHHs raJlakTHK.

HO 06e3 Jpyroro, no-OTHEJBHOCTH, HE MOXeT
O0piTb. HaBepHoOe 3TO JIMIIHUKI pa3 TOBOPUT O
TOM, YTO IIPUPOJA €MHA, U U3YyUaTh ee JOJIKHA
onHa OospIrasd HayKa.

ITpo6aem u 3amau mepes He — OYEHb MHO-
ro. 1 Hac c BaMu KJAET ellje HeMaJi0 MHTepec-
HEUIIWX OTKPBITUH.

Teoprui ArtromoBny I'amos
(1904—1968) — poccuiicko-
aAMepUKaHCKUH GU3HK-Teope-
THK. PaGoThI NIOCBSIIEHL
KBAHTOBO# MeXaHHKe, aTOM-
HOH ¥ siiepHOI PU3MKe, acTpo-
¢usuke, 6uosornu. PaccunuTh-
BaJI MOJIeJIH 3Be3Jl C TEPMO-
SlepPHLIMH MCTOUHHUKAMH SHEp-
run. Cosnan Mojiesb «ropsiyeit

BcesieHHO# s, B paMKax KOTO-
poit IpeAcKAa3as PeJIUKTOBOE
HM3JIyYeHHE M3 JIAJIeKOro npo-
1ILUIOTO, YTO NMOATBEPAUJIOCH
3KCIIEPUMEHTAJILHLIM OTKPLITH-
eM. ITepBriM nocraBuJa npobie-
My T'eHeTHUeCcKOro Koja.




IABAVTE
IIOPA3MBICJIUM

9 Omuezo ceemobie Ayuu He npoceewusalom Hac,
° kax penmzenosckue?

o ITouemy He 6cakue AYuu Mozym 6bLPEAMb U3 Me-
* maana snexmponni?

4 Kaxue paauoarcmuenbte seujecmea 8bvl 3Hnaeme?
L]

) ITouemy 0aa npomexkarus mepmosdeprovLx peaKyuil
° HyxiHbL BbicOKUE memnepamypbi?

9 Janvue au zopusonm na JyHe, wem nHa 3emane?
L]

9 O uyem zoeopum nocaosuya: «Mup — kax eemps-
* Haa menvHuya: 6es ycmaau eépawyaemca»?

9 Moscem au d6olinan 36e30a He 6pawsambca?
L]

9 [Jeiicmeumenvno au nadaom Ha 3emalo «nadaio-
* wue 38e30b1»2

'

® Bce au nabnrodaemvle Ha Hebe 38e30bL c6éemam 6
* dannsLii momenm?

9 Karoil camvlil 2aasrblil pusuiecKull 3aKOH CKpbLm
* 8 nocaosuye: «Jenosex HeyueHwlii — umo monop
HemoueHbLil»?
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IIIMJior

Hymarom unvie — me, xmo 36yxu
cavuuam,
Te, xmo eudam conrnye, 36e30vt
u Jyny:
Kax ona 6e3 3penva kpacom
y onuwem,
Kax noitmem Ges cryxa 3eyxu
u eecny!?

He umew cayxa, ne umeio 3pexns,
Ho umeio 6orvwie — uyecn
8 HUusvix npocmop:
TubKxum u NOCAYULHBIM, HeZY UM
800xHOBeHVEM
A comkana *u3Hu KpacouHbviil
ysop

0.Cxopoxodoea

CTHXOTBOpEHMEe, KOTOpPOe BHI ceifuac mpo-
Y, HAIIMCAHO He OMHUM K3 MU3BECTHHIX II03-
TOB M He OT JiuIa BooOparkaemoro reposi. Mur
NpUBEJIX €ro JHUIIb MO OXHONH IPUUYMHE: OHO’
NPUHALJIEKUT IIepy CJIETNOrJIYXOHEeMOH JKeH-
muusl. He MoeT ObIThb, BOCKJIHUKHET KTO-HH-
oynp u3 Bac. IIpencraBbTe cebe, UTO MOXKeT.
Jliofeil, JUIMIEHHBIX C POXAEHUS 3PEHUsA U
cJIyXa, CeroHs MOT'YT HE TOJbKO O0Yy4YHUTH Irpa-
MOTe, HO ¥ — IIHCATh CTHXH.

Heso He B TOM, UTO M JJIA 3TOro u306peTeHO
MHOT'O MHTEPEeCHEeHIINX yCTpPOMHCTB U NMpubOPOB.
KoneuHo, 1 TyT Hayka ¥ TEeXHHMKaA NOMOraioT
yeJjioBeKy. MEI )Ke XOTHMM CKa3aTb O APYroM —
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HACKOJIBKO JKe BeJIUK B HaC BHYTPEHHU IIOTEH-
yaJ, 3aJOKEHHBIH IIPUPOAOH, CTpeMJIEHHE K
COBEPIIEHCTBY M »Ka)kJ[a MO3HAHUs!

Ecau Te, KoMy HenocTaso crioco00B BOCIIPH-
SATHSA MHUPa, CMOIJIM IIPEBO3MOYb CBOM HEAYTH U
Ja)ke OIepefuTh B Pa3BUTHM OOBIYHBIX, 3Z[0PO-
BBIX JIIOAEH, TO YTO I'OBOPHTH O HAC, KOMY OT-
IIyIeHo NpupoAoi Bce. Bompoc TOJIBKO B TOM,
Kak 3THM 0OOraTcTBOM OIIYIIEHUH M MBICJIEH
PacnopAguTLCS.

Ha mMup MOXXHO CMOTpPETHL C Pa3HBIX CTO-
poH. Hayku namoT BO3MOMKHOCTb B3IJIAHYTb
Ha Hero mopo# ¢ HeoObIYHBLIX mo3unuii. CiaoB-
HO BoJmieOHbIe OYKH, KOTOPbIe BBl HaJesu
Ha BpeMs U yBHUJeJIU BCe BOKPYr B HeBeZO-
MBIX KpacKax.

B aTolif KHHre MBI CTapaJiuCh IIPEJCTABUTH
BaM «OYKH», CO3JaHHBIE (PM3MKOM M TEeXHUKOMU.
KoneuHo, Bcero uepes HHX yBHAETh He YyHAa-
JIOCb — He BCe ymecTuJioch B KHure. Kak xore-
Joch OBI pacckasaTh B Heif, HampuMep, O KaTe-
pax Ha BO3QYIIHOW NOAYINKE, O 3BYYaHUHM KO-
JIOKOJIa MJIM O BaKyyMe, KOTOPBIiI BOBCE He TaK
YK IIYCT, KaK Ka’keTcCsd...

Ho nyume, ecom xkHura pasdyaut Gosbime
MBICJIel, YeM cozepxkuT. Eciim BaM cTasio uHTE-
PECHO TO, O UeM 3Jiech IIleJl pa3roBOp, €CJIM BO3-
HUKJIX HOBBIE BOIIPDOCHI, COBET OOUH — HIIJUTE
OTBETHl B APYTHX, HOBBIX AJIA BaC KHM)KKax M
yyuTaiiTe ux mobosblie.

Mn1 HageeMcs, 4yTO Tak u Oyzer. A Hama
KHHUIa IOCJYIKUT JIUIIb YBEPTIOPOH, BCTYIIJIEHH-
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eM K OuYeHb JOJIrOMYy — JJIHMHON B IEJYyI0
JKU3Hb — Ipou3BefeHN0. HasgsiBaeTcss OHO —
mo3HaHue Mupa.

WKenaem ycmexos!

B 3akJoueHne aBTOP BBIPAXKAET MCKPEHHIO
IIPU3HATEJIbHOCTh IIEPBHIM CBOMM IIOMOIIHUKAM
u peneHsenTaM KHuru — Caune u Jleme Buaco-
BBIM, a4 TaKie BCEM CBOMM YYEHUKAM MJAIIIAX
KJIACCOB, OJlaromaps KOTOPBLIM M AJIA KOTOPBIX,
cobcTBeHHO, OHA M ObliIa HaIIMCaHA.
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IMPEIMETHO-UMEHHO! YKA3ATEJIb

A

a0COJIIOTHHIH HYJIb 243
aBHanusa 117
AsBorajapo A. 144
aBToMaTHYecKas CTAHIIUS 37
arperaTHoe COCTOSAHUE 147
a3byxka Mopase 292
aKBaJIaHT 87
AKKYMYJIATOD 211, 232
aKyCTHKa 327, 340, 345
aJMas 368
ajJpda-yacTuLa 422, 424
aMIlep 216
AmMrnep A. 215, 265
aMIUTUTYJa 335
amMpuousa 106
AHHUTHJIAINA 445
aHTeHHa 291, 294, 310
aHTHCTaTHK 206, 210
Apucroreiab 8, 31, 303
Apxume[ 90
apXHUTeKTypHasl aKyCTUKa 325
acTpoHusUKa 456
aTMocdepa 116, 295, 311, 353,

390, 402, 426
aToM 143, 154, 236, 409,

423, 429
aToMHasA Gomba 434, 436
aToMHad 3JeKTPOCTaHIIUA 436
aTOMHoOe SAAPO 425
a’poJMHAMHKA 121

|

GaJlTUCTHKA 33

fasncTHYecKas 3KclepTusa 35
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bapabaHHas IepenoHKa 334

6apoMeTp 109
barapelika 211, 214, 230, 232
Bekkepens A. 415, 416
Gesablit cBeT 393
Bepuyaan 1. 101
«GepymIn » 327
Beccemep T. 155
Gera-yacTHIa 422
OHHOKJIB 367
Buo K. 306
6IU30PYKOCTD 376
6J10K 65
BoasnMman JI. 170
Bop H. 426, 427
Bpoysn P. 145
Bskon P. 13
Bakon . 22
B

BakKyym 112, 236, 289, 396
BeJIOCHIIE] 42
BepToJIeT 122
Bec 52, 58, 62, 90, 93, 124
BeChl 50, 63
BETEp 119, 127, 130, 306
«BeUHBIN ABUTaTeJIb» 73, 78
BelleCTBO 140, 141, 173, 429
B3pEIB 67, 323, 342, 435
BHGpanus 319, 327
BHHT 123, 186
BJIAYKHOCTH 132, 158
BOJO0JIa3 86
BOJOPOJX 144, 432
BOJOXPaHHJHIIE 98
BOJIHA 130, 386

— npoxoJibHad 309

— IMomnepeyHas 309
BOJIHOBasl TeOpHsA CBeTa 384, 386
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BOJIBT
BoasTra A.

BOJILTOB CTOJIO
BoJIb()paMoBas HHUTH
BpallleHHe

BpeMeHHOH IPOMEXXYTOK
BpeMs

Bcenennas

BCEMHpHOE TAT'OTEeHHe
BYJIKaH
BHICOKOBOJIbTHASA JIMHHUSA
BHICOTa TOHA
BBRITAJIKMBAIOIas CHJIA

r

Ta6op II.

ras
rasofuHaMHUKa
rajJjakTuka
Canuneii T.
TansBanu JI.
raMma-Jy4u
Tamos T
TensMmroasn T
reorpaguyecKkue ImoJiroca
I'epuxe O.
T'epon Anekcangpuiickuit
Tepn T.
THAPOJOKATOP
THAPOCAaMOJIET
THApOCTATHKA
T'unsGepr V.
rurnoresa

rias
rojorpadusa
rojsoc

ropmouee

rpang

rpagyc
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216
214
213
227
38, 41
17

17

145, 189, 409, 455

62

131

281

329

92, 115

405
149, 181

121
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6, 31, 32, 108
212, 213

415, 422
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324

256, 258

111

12, 383

288, 289

316, 318

106
114
200
7
374,
404
327
177,
132
168,

380, 391

191
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rposa 132, 311

rpomM 311
rPOMKOCTBH 333
Tyk P. 53
ryceHuna 73
Troitrenc X. 384, 385
A
IaBJeHHe 52, 87, 108, 117, 120,
132, 158, 182, 192
— aTMocdepHoe 87, 109, 111, 117
JaJIbHO30PKOCTD 376
ramb6a 99
ABHUraTeJb BHyTPeHHEro
CropaHus 187, 191
JIBHKeHHe 27, 29, 67, 140, 146, 173
— PpeaKTHBHOe 70
— TemJjoBoe 151
Hekapr P. 69
IeabGHHBI 317
JdeMokpur 140
HTedopmanusa
— ynpyras 52
— IJIacTHYecKas 52
Hoxoyns . 165
IHAaNa3oH 313
Husens P. 186
Hupax II. 444, 445
JTHUCILIeH 13
Iuppy3nsa 150
AU3JIEeKTPUK 239
JJIHHA BOJIHBI 312, 391
Homrep K. 344, 345
E
e[MHHIIA U3MepeHUs 19, 215
K

JKAapOINpOYHble MaTepHAaJIbI 192
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KHIKOCTh
JKykosckuit H.

3aBUXPEHHUA
3aKOH
3aKOH

— OTpaskeHHud

— IpeJIOMJIeHUA
3aKOH ApxmuMefa
sakoH OMa
sakoH ITackanusa
3aKOH BCEMHPHOIO
TATOTEHUSA
3aKOH OTpa’KeHHs CBeTa
3aKOH IpeJIOMJIEHHUA CBeTa
3aKOH COXpaHeHUs
3aKOHHl MeXaHHKH
3aKOHBI NPUPOJKI
3aKOHBI TepMOJTUHAMHKH
3aKOHHEI oToaddeKkTa
sapan

— aToMma

— 3JIEKTPHUYECKHH
3Be3bI
3BYK
«3BYKOBOH Gaphep»
3BYKOBasd BOJIHA
3BYKOBas JOPOXKKa
3BYKOBHEIe KoJIeOaHuA
3BYKOHUBO0JIANUA
8BYKONPOBOJAIIMH CI0i
3eMJIeTpsAcCeHUEe
3emiusa
3eMHad 0OChb
3epKaJIo

— BOTHYToOe

— IIpsiMoe

— IUJIOCKOe

104, 148
121

129
7, 53

90
219
114

62, 204

355, 382
367, 382

205

45

78

188

419

201, 208, 209
425

199, 292

402

303, 304, 324
342

308, 311

337

338

323

320

313, 314, 321
28, 36, 134
39, 41

356, 362
370, 381

362

360
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— BBINYKJIOE

30JI0TO€e IMpaBUJI0O MeXaHHKH

3peHUe

H3JIy4eHHe
H3MepeHUsd
H30JIATOP
HMIIYJbC
HMHepUHd
HH}pa3BYK
HOH
HoHocepa

n

HMCKYCCTBEHHHIH CIIyTHHK

3eMan
HClapeHue
HCTOYHHK 3BYKa
HCTOYHHK CBeTa
HCTOYHHK TeILia
HCTOYHHUK TOKa

Kasengui T,
KaMepTOoH
Kamuna II.

Kapno C.
KaTagor
KBaHTOBAsl Teopus
KBaHT

KBapku

Kennep N.
KecCOHHas 00JIe3Hb
KHHoaNmnapar
Kupxrop T.
KHCJIOPOX

KJIHMAT

KJIHH

KoJebaHHe

KoJieco

359
64
374

140, 417

15, 18, 47
210, 231, 242
69

44

314

236

295

36, 355, 438
140, 157, 189
325, 343
222, 361

221

216, 220, 279

48

331

269
183, 184
368
418, 444
417, 418
448

61

87

400

394
144, 191
176

65

305, 308
42, 151, 179, 186
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KoMIiac 41, 254, 267

KOMIBIOTEp 11, 12
KOHBEKIIUSA 169
KOHJeHcaTop 190, 207, 210, 292
KOHJIeHcalus 157, 159
KOHIUIHOHED 160
Konepuur H. 30
Kopa 3eMJH 135
Kopoues C. 192
KOCMHYeCKHH KopabJib 37, 451
K03(PHIUEHT MOJIE3HOTO
neicreua (K.IM.I.) 77, 183
KpaTrep 134
KpHCTaJau3anusa 155
KPBLIO 119
Kpriios A. 94
Kynaorn I1II. 203, 205, 209
Kypuaros H. 437
Kycro K. 87
Jd

Jasep 398, 405
JaMIIOYKa HaKaJIMBaHUA 226
Jlanokesen II. 316
Jlamnac II. 19
Jlauunos [I. 282
Jle6enmen II. 399
JleBeHryK A. 378, 380
Jleni 9. 278
JleoHapao ga Bununu 118, 376
JeTy4asi MbIIIb 316
JUH3a 370, 371, 377, 378, 390

— cobuparomas 371, 373, 375, 377

— pacceuBampIas 371, 377
JlogpiruH A. 227
Jlomonocos M. 142
Jlopenn X. 284
Jlyna 29, 32, 37, 134,

253, 353, 390
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Jyna 369, 378

JYYH

— HMH}paKpacHhle 411

— yJasTpadHoJeTOBLIE 411

M

MarHeTH3M 254, 258, 265, 297
MAarHuT 253, 264, 267, 275
MarsfuTHoe IoJie 3eMJH 260, 262, 267, 285
MarsuTHoe HoJie 266, 279
MarHuTHele 6ypu 287
MarHuTHBIA I0JIIOC

— CeBepHEbI 256

— IOokHbIH 257
Maiiep P. 74
Maxcsena 1. 259, 288, 289, 397
Mangensmram JI. 310
Mapxkonu T. 290
Macca 54, 85, 442

— aToMma 425
MAaTOBBIH LIap 362
MasiTHUK 18, 28, 38, 58, 293
Menpenees ]I. 430, 431
MecHI] 354
METeOpHT 135, 311
MeTpo 56
MexXaHHKa 36, 66, 74
MeXxaHMYeCcKHil Teserpag 272
MHKPOCKOII 142, 145, 378

— 3JIEKTPOHHBIH 379
MHKpOGdOH 273
MHpaxx 402
MoJeJb aToMa 429
MoOJIEeKyJIa 143, 148, 149, 157,

173, 228, 236, 429

MOJIHM A 197, 202, 238

My3bIKaJbHEIe HHCTPpyMeHTH 327, 331
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HaKJIOHHasaA IIJIOCKOCTHb
HalpAXeHue

Hacoc
HayKka
HeBeCOMOCTh
HeUTpHUHO
HeHTpOH
HHUKeJIHpOBaHHe
HOTa

HYJIb
Hsioron 1.

obsaka
00'beKTHB
o6eM

o6'beMHOe M300parkeHue

030HOBasA ObIpa
O30HOBHIM CJIOM
Om I,
ONTHKA
OIBIT
opbura
opbuTajibHas CTaHLUA
och 3eMJH
oTBec
oTmaya
oTpa’keHHe

— 3BYKa

— cBeTa
OUKH

napoBo3
napoxof
ITackans B.
ITaynu B.

H

65

215, 228, 237, 239,
275, 279, 292
108, 111

59, 11

49, 86, 91, 162
449

430, 432, 454
235

328, 329, 330
173

31, 36, 45, 384

159

375, 381

85, 148, 153, 182
404

412

412

218, 219
350

6, 7

37, 55

50

256

39

70, 124, 190
360

325

361, 391
376

179, 185
179, 185
113, 114
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neJieHranusa 340

rneperpyska 46, 58
IlepeMeHHbIN TOK 281
IepuCcKoI 357, 367
IJIaBJIeHHe 140, 154
MMJIaBy4YecTh 116
miams 165
IJIaHEeThI 28
ITnaux M. 417, 418
IIJIOTHOCTh 85, 93, 108, 117, 321
1o aab 18, 19
IOrJiollleHHe 3BYyKa 325
NoABOAHAaA JIOAKA 357
noanreMHasg CHJA 104, 119, 120
rnoJe 259

— rpaBUTAIlUOHHOE 260

— 3JIEKTpHYecKoe 260

— MAarHHTHoOe 260
IoJie3HbIe HCKOIlaeMbIe 178
IIOJIHOe BHYTpPEHHee
oTpakeHHe 361
MMOJIHOJIYHU e 354
NOoJIYIIPOBOAHUK 241
I10JII0C 39
II0JIIOC XOoJIoha 172
NoJIApHOe CHsSHUeE 287
IlomoB A. 289, 290
IIOpHIeHb 183, 186, 190, 191
NNOCTOAHHBIA TOK 281
npubopbl HOYHOro BUAeHHsA 170
NIpUEeMHHK 290
npHU3Ma 367, 370, 390, 393
NPpUJIUB 61, 62, 100
NpUJINNnaHue 60, 91
NPUTAXKEeHHEe 47, 50, 61, 260
IIPOBOJHUK 210, 212, 218, 224, 231,

240, 242

NMpOHUKAaMIasA cnocobHocTy 414, 416
nmpolresep 107, 123, 180
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IIPOCTPAHCTBO
IIpOCThle MeXaHH3MEI
IIPOTOH

NpY>KHUHA

IIYyYOK CBeTa

pabora
paBHOBecHeE
pazap
paguo
paguoaKTHBHOEe H3JIyYeHHe
pPaguoaKTHBHOCTD
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paauoBoOJIHA
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paxuocurHall
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