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NPEAUCNIOBUE

®dusuka — Hayka, MNOJ 3HAMeHEM KoTopoll NpoH30ILIa
nayuno-Texunueckasi pesoaiouuss XX Bera. Ee ycnexu u cerofus omnpe-
LeNsiiOT HanmpaBieHKs JaJbHelllero fiporpecca desoBedecTsa. SIpKHM iIpH-
MEPOM TOMY MOMKET CIYHTh COBCeM HellaBHee OTKpPBITHE BEICOKOTeMIIe-
paTypHOl CBEpXIpPOBOIKMMOCTH, KOTOpOe, BO3MOXHO, B Gnmkaiiliee Bpemst
KOPEHHBIM 06pa30M H3MeHMT OOGJIHK COBpeMeHHOH TeXHMKH.

Onnako yray6assace B TalHBl MaKpOKOCMOCa H MHKpOMHpa, YYEHEE
BCE Janblie M faJbllie YXOAAT OT Toff TpaiHUHOHHO-IIKOJABHOM (HIHKH
TpaHCHOPMaTOpPOB H TeJ, OpOMEHHEIX MOJ YIJIOM K FOpH3OHTY, 3HAKOM-
CTBOM C KOTOPOil H OrpaHuuuBaercsi GoapiumucTBO Jionefi. Cokparhis
3TOT pa3pbiB, NOKA3aTh HMHTEPECYIOLIEMYCH YHTATeNIO KpacOTy COBpeMeH-
HOH (PH3HKH, MPOJCMOHCTPHPOBATL €€ OCHOBHBIE NOCTHIKEHHS H NpH3BaHA
HayuHO-NIONyJAsipHasi JuTepatypa. Jleqo 370 HeJerkoe, He Tephsinee
JUNeTaHTH3Ma,

Hama sayyso-nonyisipuas <¢uauyecKasl JuTeparypa Oorata TakHME
umenamu, kag . H. Ilepeaeman, M. Il. Bponureiin.., Ilpencrasisemas
MHOIO KHMTa NpONOMKaeT Jyullle Tpaiuuud 3Toif muteparyphl. Hanucau-
Hasl (PU3MKaMH-TeOpeTHKaMH, MHOTHE TOIE 3aHMMAIOLIMMHCH MONYJaspH3a«
uMel HayuHBIX 3HaHMi, OHAa B YBJeKaTeJbHOH H JOCTYNHOH ¢opme 3Ha-
KOMHT YHTaTeJii C CaMBIMM COBPEMEHHBIMH JOCTHIKECHHSMH KBaHTOBO
(pM3PKH TBEpHOro Tend, obbAcHACT; KaK paboTaioT (pu3HUeCKHE 3aKOHHI 8
npupone, B OGBIIEHHEIX Ha Mepeoifl B3rasy sBICHHAX. A riapHoe — IO
KAasblBaeT UHTATEI0 OKPYMaIomHil €ro Mup IJa3aMH yYeHOro, CrnocobHoro
«NOBEpUTH ajare6poli TapMOHHIO.

K coxaneuuio, OJMH U3 aBTOPOB KHMIMHM — H3BECTHHIH YueHBIH, clie-
UMAaNHNCT B TEOpUH CBepXmpoBofumoctd, npodeccop JI. . Acnamasos,
Ha MPOTAKEHHH MHOTHX JeT paGOTaBIUMH Y4eHEIM ceKpeTapeM «Bu6auo-
Teuks «KpaHT» M 3aMecTHTENEM IJIABHOIO pPeJlakTopa ypHatda «KsauTs,
HE JOXUJ [0 €e BHIXOJa 8 CBET.

Hapetock, uTo 378 KHMIE, OTJHYaOWafcs IIMpOTOH Kpyra OGCYX-
JAaeMEIX B Helt BODPOCOB, JOCTaBHT YIOBOJBCTBHE CAMBIM PA3JHYHEIM 9H<
TaTeJsaM OT MIKOJBHHKOB [0 MpO(eCCHOHANBLHBLIX (DH3HKOB.

Unen-goppecnonnenr AH CCCP A. A. AGpurocos



OT ABTOPA

STa KUHra HanuMcaHa Ha OCHOBe ctaTell, ONyGAHKOBaHHBIX
aBTOpaMK B TeUeHHe psfa JeT Ha cTpaHullax xypuana «Ksant». Ilpu
o76ope MaTepHala U3 HalHCAHHOTO paHee HaM XOTENOCh NMOKa3aTh UHTa-
TeJI0 KpacoTy M YHHBepCaJbHOCTb JeHCTBHA 3aKOHOB (PH3KKH B OKpY-
maromeM Hac Mupe. @PH3WKH, OTKpHBaiomell TalHBl MHpPOSZaHUA H
ofbsicHsIomel 3arajiky NPUBHYEBIX C IeTCTBA siBNeHull. PH3KKH, BOSHUK-
et B He3aNaMATHHE BpeMena M Jomllexmiell Jo Hac B TpyZax Apucro-
Tens M [lnatoma, M (H3KKM Ceroiusimmefl, crapiell MomHOH HayuHol
HHAyCTpHeil.

Korpa crpyktypa Oynymed KHuru Obla yixe siCHa, a 4aCThb MaTe-
pUaJOB NepepaboTana M MOATOTOBJECHA K NeuaTH, TparnyeckH iIorué opHH
uz ee aBTOpoB — mpodeccop Jles IpuropeeBHy AcnaMasoB, KOTOpPOMY,
xpome Goaemielt 4acTh cTaTel, NpHHALJIexana caMa HIEd ee HanucaHud.
INeaToMy saBepuiath paoTy Hall KHHrOH Miue npuIiocs onHoMy. Hape-
10Cb, YTO B OROHYaTEJLHOM BHJe KHHra NOJyuuaach Takofl, Kakoll ee
xoten Bugers Jles I'puropresny.

Xouy uckpense no6aaronaputs A. A. AGpukocosa (va.), A. U. Byanu-
pa, B. B. Jlopuna u M. B. @ucryns, B3sBWEX H2 ce6sf TPyA NPOuUH-
TaTh PYKONHCH KHHIH, 332 ICHHEIC 3aMeuaHMs, COBETHl, OGCYMJIcHHs, a
1axxxe A. M. Mansposckoroc u A. M. Illanupo, paBmmx corsacue na
HCMOJb3CBaHHE NPH HamucaHud 3TOH KHHTH cTateli, ONyG/IHKOBaHHBIX
paHee ¢ HuMEH B coapropctBe *). CuMTalo CBOMM JOATOM BHIPasuTh LJIy-
Gokylo GnarojapHoCIs peleH3eHTy KHuri npogeccopy I, Sl. Msikumesy
84 KOHCTPYKTHBHBIE 3aMEUaHMs M TNpelJoxeHHs.

A. A. Bapramos

*) Bapaamos A. A., Manapoeckuti A. H. Tleperosopuas tpyGka
LTHHOH B 3KBatop.— Ksaut, 1985, Ne 2.

Bapramos A. A., Hlanupo A. H. B roay6om npocrope.— KsanT,
1982, Ne 3.

Bapranos A. A., Hlanupo A. H. Tloka ualiHHK He 3aKumej.—
Ksaut, 1987, Ne 8.



BBEJEHHE

Qu3KKa — HEOOLIKHOBEHHO HHTEpecHas HayKa.
Ona 3aHuMaeT ocofoe MeCTO Cpei APYTUX Hayk. Maremarnxa,
HanpuMep, u3y4yaeT CBOHCTBA MHpa abCTPAKTHOTO, CYHIEETBYIO-
1lero AMmb Gnarojaps denoBedecKoMy BooGpawermo. Ilpas-
12, paspaCoTaHHBlE MaTeMaTHKOH MeTOIbl C YCTeXOM MCIO/b-
3yloTcl B JPYTHX Haykax JUIfl ONMCaHusi DeanbHOTO MHPa,
OHaKO CaMa MaTeMarHKa Takoil 3ajayn nepej codoii He CTaBHT.
Oranune (GU3UKH OT BCEX APYTHX HAyK 3aK./T0UAeTCH B TOM, UTO
OHa M3y4aeT Cavble OCHOBHEIE, (DYHIAMEHTANbHbIE 3aKOHBl Ha-
mwero mupa. Mayuaer He TOMBKO KaueCTBEHHO, HO M KOJHYECT-
BEHHO, OMNNCHIBasi HX S3BIKOM MaTeMaTHKH.
3axonnl ¢u3uky yHusepcanbHel. OHH C ycnexom oObsic-
HSTEOT CBOFICTBA 3BE3J] ¥ aTOMOB, KPHCTA/II0B M XHBBIX KJETOK,
noJieT pakerkl U paboTy TeseBH30pa. DTH 3aKOHEl HEW3MEHHL! B
npocrpaHcTBe: Ha Haulell 3emusie JeHCTBYIOT TOUHO Takhe ke
(u3HUECKHe 3aKOHBI, KaK U Ha JaNieKnX 3Be3ax. 3aKOHBI (pH3u-
KN HeH3MEHHBl BO BpeMeHH. HammM noToMKam He MpHAETCS
OTKPHIBaTh HX 3aHOBO — Yepe3 ThicAUy JieT OyayT AeHCTBOBaTh
TOYHO TaKHe 3Ke 3aKOHbl, KaK H cefluac M KaK THICAYY JeT Hasayl.
HoBele orkpeiTHs B (H3HKe He OTMEHSIOT CTapble, a TO/ABKO
JOTIOJHSIIOT, YIyGASIOT HallH NpeCcTaBieH s 06 OKpYrKatoulem
MHpE.
3axons! (pU3UKKH OOYCJAOBHIN TEeXHHUECKN# IMporpecc 4eo-
BeuecTea. Karkjoe oTKpEITHE HOBOTO ()YHAAMEHTANBHOIO 3aKOHa
IPHPOJE 00A32Te/IbHO NPUBOAWIO K TEXHHYECKOH PEBOMIOHH.
3axoHE! HpioTOHA MO3BOJIMIN CO3JATh CJAOKHEHIIHe MeXaHNu3-
Mbl. TlosHaHuE 3aKOHOB TEPMOJAHHAMUKH LAn0 YeJOBEKY BO3-
MOXHOCTb OBJI2JIETh TEIJoBoil 3Hepruedl. OTKPHITHE 3aKOHOB
3JeKTPOMarHeTHsMa B KOPOTKHE CPoK GyKBaslbHO mpeobpasuiio
Hami Mup. CoBpeMeHHO¥M 3/€EKTPOHHKH, Ja3ePoB, AaroMHOMH
SHePreTHKH Henb3sl Obuio Ol jake cebe mpeAcTaBHTh — 0e3
OTKPEITHSI 3aKOHOB KBaHTOBOH MeXaHHKH.
du3MKa janexa oT 3aBeplUeHHs — OHa MPOJomKaeT OypHO
pasBuBaTbesl. JIIOAM XOTAT 3HaTh O MpHpofie Bee Gonblue H
Gonblie. Y4YeHbie NbITAIOTCS MOHATh, YTO MPOMCXOAUT Ha OYeHb
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MANBIX PACCTOSHUSIX, TE aTOMHOE PO «BLIPACTaETY JIO0 pasMe-
pos CoJHEeUHO! CHCTEMBI, H Ha OueHb Gonbmux — rae ConHue
Beero MMIIb «TecuuHKa» B Hamell orpomHoli Beesennoii. Ham
NPEACTOMT HAayuHTHCH NPEACKasblBaTh CBOHCTBA HOBBIX Mare-
pHanoB, OOBACHHUTL YCTPOKCTBO 6HOJIOI:H‘1€CI§I/IX 00BEKTOB,
OGLENMHUTE BCE H3BECTHBIE THIIBI B3aUMOJIEHCTBHI B €IMHYIO Teo-
pmo. Henanek 10T ieHs, Korja 3apabortaer nepeas cBepxOBM,
KOTOpasi 1O MOINHOCTH CPaBHHTCH C YeJOBEYeCKMM MO3TOM.
A nns STOTO TOXKE HyKHa (PU3HKA.

dusnKa — HayKa Moaonbpix. M npuobmarkcs K He#l Hajno
HauMHarh paHo. [Ipu 3TOM BaKHO He NPOCTO BHEIYYHUTH (pu3Hue-
CKHE 3aKOHBI, HO HayuUHMThCH IMOJb30BATECA HMH, MOCTAPATHCS
NOHATE, KaK GU3HKH fyMaioT. «[IpaBiia Hrpbl» B (PU3UKE CJIOXK-
HEIe, ¥ NO-HAaCTOSIIEMY OBNaJieTh MH MOXKHO TOJBKO B PE3YJib-
TaTe NOJITOro M BayMuHBOro Tpyza. IlomMoub TyT MoXKeT Xopo-
WHH yYuTeap M ... Xopowlas KHHra.




i YACTD 1

-

OUSUKA NPUPOAHBIX SABJIEHUH

B 37108 yacTu KHHTH uMTaTENL Y3HAET O TOM, IO-
yeMy NeTIAIOT PeKH M KakK OHM pasMblpaioT Oepera, royemy
HeGO ronyGoe, a Mope cuHee. Mpl pacckaxkeM O cBOHCTBax
OKeaHa, O BeTPaX M BJIMAHHMH Ha HUX BpaiteHus 3emnn. Cro-
BOM, Ha HeCKOMBKHX MNpHMEpaX MOMLTaeMcsl OOBACHHTH, Kak
«paboraer» (U3NKa B 3eMHBIX MacmTabaX.
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MEAHJAPSHlI PEK

O, Kama, 6yprix BOJ CBOHX He noaseft]!
Kormawmu yepnaf ux u B Boary nepedseft,
YT06 Hac Mecuanbie He SafiePKaNH MeJH.

ITayab Presmune. «<Ha cnusHue Boiru u
Kambl B Bajiuate Beperax or CaMapoie

Bupnen nu kro-HuOYAL PEKY, TEKYULYIO NpamMo, Ge3
u3ruboe? Kakoil-To yuacTok pekw, KOHEUHO, MOXeT GHITb mpsi-
MBEIM, HO PeK, TEeKYLIHX COBCeM 0e3 M3rHOOB, HE CyllecTBYeT.
Jlaxce ecinm peka Teuer N0 paBHHHE, OHA OCBIYHO «IIeTJSET,
1 4acTo M3IHOBl PEK MOBTOPSIOTCS C ONPEEIEHHBIM MepHOOM.
A Ha nsrubax onuH Geper pek, KaK NPaBuUo, KPYTOil, a Apy-
roii — nonorufi. Kak oGBSCHMTL 9TH OCOGEHHOCTH MOBEfe-
HHfl peK?

TunponunaMuka — paspen (pU3HKH, U3YYAOUIHE ABHIKEHHE
JKHUJKOCTH, — B Hallie BPeMsl oueHb pa3BUTasl CTPOHHAas Hayka.
Ho B npuMeneHnn K TaKuM CJIOKHBIX €CTeCTBeHHBIM obbexTam,
KaK peKH, Jiazke OHa He B COCTOSTHHH OOBACHHTL BCEe OCOGEHHO-
CTH UX Teyenus. M TeM He MeHee Ha MHOrHe BONPOCH OTBETHI
JlaTh MOKHO.

Borpocom o npuunne ofpaszoBaHysi M3BHAMH B PYC/IaX pex
3anuMarncs A. Jitnwreiin. B cBoeM foknaze «[Tpuunna oGpaso-
EaHMs M3BWIHH B PYC/IaX PeK ¥ TaK Ha3bIBaeMEIH 3akoH Bapay,
cienanHoM B 1926 r. na 3acenanum Ilpycckoll akafemun Hayx,
OVHIITEHH CPaBHMA JBIDKEeHHe Bpaulaloulefics BOAsl B CTaKaHe
H B pyC/ie PEKH. JTa aHANorus No3BOAMIA OOBACHHTH TEHEH-
IMIO pycesl PeK K NMPHOOPETeHHI0 M3BHIHMCTOH (hOPMEIL.

IlonpoGyem pasoOparecsi B 9TOM fIBAEHHH XOTSi Gbl KauecT-
BeHHo. M HauHeM co crakana uas.

Kak JIBMKYTCH YauHKHM B CTakane

Bospmute crakad ¢ uaeM, X0OPOoWo pasMentaite
wafl noXKKOH, a 3aTeM BbIHBTE €e. Boja mocreneHHO OCTaHO-
BHTCS, a YauHKH colepyTcs B LEHTpe AHa crakada. Uto 3a-
cTaBnsier MX «cOeratbcs» K HeHTPY? UTo6bl oTBeTHTh HA 3TOT
BONpOC, BEIACHHM CHayasla, Kakyio (JOpMy RpHHHMAaer nepepx-
HOCTh BOJBI, Bpamjatmoulefics B CTaKaHe.

V3 onbita BHAHO, YTO MOBEPXHOCTH MKMIAKOCTH HMCKPHBJIS-
ercsi. JIerko NOHATH, NOYeMY 3TO NPOUCXOAHUT. JI/ig TOro utobel
YaCTHYKH BOJBI COBEPLIANM BpallaTeNbHOE JBUKEHHE, PaBHO-
LefiCTBYIOIasl BCeX CHM, [efiCTBYIOUINX HA KaXAyi0 YacTHUKYy,
AOMKHa CO3/iaBaTh LEHTPOCTPEMHUTENIBHOE YCKOperHe. Briaennm
MEICTIEHHO BHYTPH XMAKOCTH Ha PacCTOSIHHH 7 OT OCH Bpallle-
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s Ky6ux maceel Am (em. puc. 1, a). Tlpu yraosoit cropocty
BpallleHNss o LEeHTPOCTPEMHTENbHOe YCKOpeHHe KyOHKa PaBHO
2. Oro YCKOpeHHe CO3JlaeTcsi PasHOCTBIO CHJI JaBJieHils,
JlelicTRYIOmHX Ha OOKOBBIE TIDaHH .

(neyio u mpasytwo) kyouka. Cre- 0> wr<]>

ﬂOBaTeJ]bHO, .
Amw2r=F1_‘Fg=(P1‘_P2)AS, t \
14| hg

rne AS — momane GOKOBOH rpa- |
nu KyOuka. Jaenenns Pi u P, [fTF !
onpeesAoTCsl paccToAHUAMH fiy U 0 |
{
5

h, no cBoGOJHOH MNOBEPXHOCTH r

-

JKHJIKOCTH: a

Puc. 1
Ps=pgh;, P,=pghs, 5

rfie © — IJIOTHOCTb IKHAKOCTH, g — YCKOopeHHe CBOGOIHOIO
najenus. Tak Kak cuna Fiy noJixHa Obite 60Jblie CHIBL [,
To, CJeoBaTeNbHo, W Fy MO/MKHO ObiTh GoJbine H, TO €CTh
cBoCOJHAA TNOBEPXHOCTh JKHAKOCTH MpPH BpailleHHH J[OJKHa
IICKPHBHUTBCS TaK, Kak MoKazaHo Ha puc. 1. Uem Gosablie cKo-
pPOCTL BpalileHHsl, TeM CHJbHee HCKDHBJAETCS IIOBEPXHOCTb.

MoxHo HaliTd (OpMy HMCKPHBJIEHHOH NOBEPXHOCTH 2KHAKO-
cti. OHa oKasplBaercsl napaboJIOHOM, TO €CTh NOBEPXHOCTHIO,
paspe3  Koropoit — napabona. ([Iokaxkure sT0 CamocTos-
TebHO.)

Iloka MEI MeliaeM yait JIOXKKOH, Mbl IOJUIEPIKMBaeM BpalleHne
xuaxoctd. Ho ecyiv BEIHYTH JIOXKKY M3 CTaKaHa, TO BCJIENCTBHE
TPEHHS] MEXJY OTHEeJbHBIMH CJOSIMH KHIKOCTH (BA3KOCTH) H
TPeHHs O CTEHKH M JIHO CTaKaHa KHHETHuYecKasi SHeprus Oyner
NePEeXOANTh B TEIJIO, M 2KHAKOCTb NOCTeNeHHO OCTAHOBUTCSI.

I'lo Mepe yMeHbLIEHHST YACTOTHI BPAIEHHS [IOBEPXHOCTD XK HUJ-
KocTH BeIpsMisiercsd. [Ipy 3ToM BHYTPH XKHAKOCTH BO3HHKAIOT
BHXPEBBIE OTOKH, HanpapJieHHe KOTOPEIX NIoKa3aHo Ha pHe. 1,6.
IlponcxoxieHHe BUXPEBBIX NOTOKOB CBA32HO C HEORAHHAKOBEIM
TOPMOXKEHHEM JKHIKOCTH Y iHa CTakaHa ¥ y cBOGORHOH MoBepx-
HoctH. Ha rayOuHe, BejiefcTBHe GOJIBLIOTO TPEHHSI O JIIO CTa-
KaHa, XKUAKOCTh TOPMO3WTCH CHJIbHEE, YeM Yy MOBEPXHOCTH.
IosTomy y yacTHUeR 3KHIKOCTH, HaXOAAU\MXCA Ha OJHHAKOBBIX
PaccToAHHMSAX OT OCH BpalleHHs, OKa3BIBAIOTCS pPasHEE CKO-
poctH — yem OJiiKe K AHY CTaKaHa, TeEM MeHbIle CKOpocTb. A
PaBHOJICHCTBYIONAS CHN «OOKOBOr'O» JABJEHUS, NEHCTBYIOLIHX
Ha TaKHe YaCTHUKH, OfHa H Ta 3Ke. DTa CHJa YIKe He MOXKeT
no Beell IJiyGuiie BEI3BATh HEOOXOAMMOE IEHTPOCTpPEeMHTENbHOe
ycKopeiiHe (¥ak B ciyyae BpalleHHs BceH MAacChl KUIKOCTH €
OIHOH H TOi e YIJIOBOH CKOPOCTBIO). ¥ MNOBEPXHOCTH YIJIO-
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Bas CKOpOCTH CJHMIIKOM GoJiblias, M YaCTHIL! BOJbI oTOpacH-
BaioTCsl K CTEHKaM CTaKaHa; y AHa yIJIoBasi CKOPOCTh Mana, H
pe3yMBTHPYIOIAs CHJI JIaBJIeHHs 3aCTaBJIsieT BONy ABUraTees K

LEHTDY.

Puc, 2

Teneps NOHSATHO, NMoYeMYy YaHMHKH COOMPANOTCA B LEHTpe Ha
JiHe cTakaHa (puc. 2) — OHH YBJIEKaOTCA BO3HMKAIOUHMH NPH
TOPMOXKeHHH BHXPeBEIMH floToKamu. KoHeuHo, Takoe paccMors
peHre — JIOBOABHO YAPOIEHHOE, HO OHO MNpaBWILHO OTPas
JKaeT CyTb SBJIEHHS.

Kak meHsiiorcs pycia pek

Japaiite pasfepeM XapakTep ABHKEHMs BOIH B
peKe fIpH MOBOPOTe Pychia. 31ech BOSHHKAET KapTHHA, AOXO-
Xasl Ha JBIDKeHHe BoJbl B crakane. [IoBepXHOCTL BOABI HaKJIO-
HseTCH B CTOPOHY MOBOPOTA TaK, YTOOLI Pa3HOCTL CHJT JlaBJIeHN
cooGIana Heob6XoAHMoe TIEHTPO-
cTpeMuTe/NbHOE YCKOpeHHe (Ha
puc. 3 NoKa3aHo BepTHKAJIBHOE
ceyeHHe pEeKH Ha [OBOPOTE).
Tak ke, Kak U B cTakaHe c 4a-
€M, CKOPOCTb BOIB! Y JiHA BCJIef-
CTBHE TPEHHH MeEHbUIE, YeM Y
NIOBEPXHOCTH PeKH (pacnpenesie-
HUe cKopocTeil no rayouHe no-
KasaHo Ha puc. 3). Ilosromy y
NOBEPXHOCTH PE3YJIBTHPYIOUIAs CHJl JaBJjieHHsl He B COCTOSHHHU
obecneunTs JBYXeNNe YacTHI BOJR! 110 OKPYIKHOCTH C GOMbIHION
CKOPOCTLIO, M Boja «or0pachiBaercsi» K JajibHeMy (OT IeHTpa
noBopora) Gepery. ¥ JHa, Ha060POT, CKOPOCTE JBHXEHHA Masa,
U Bozia ycTpemsisiercsa K GiikHeMy Gepery (k LeHTPY NOBOpOTa).
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TakuM 06pa3oM, NONOJHHTEJIHLHO K OCHOBHOMY TEYEHHIO BO3-
HHKaeT LUPKYJsIIMS BOMH; Ha puc. 3 NMOKasaHo HanpaBsieHHe
LEPKYJSIIME B MJOCKOCTH CeueHHs PeKH.

Tagast [UPKYISLHs] BOIbI NPHBOLHUT K 3PO3UH (Pa3pyILEHHIO)
nouskl. B pesynbTare nalekuit or IeHTpa NOBOpoTa Geper
paspyluaercsi (noaMeIBaeTcst), a y 6a1KH3KRoro Gepera nocTenelHo
ocaykaetcs BCe GOJIBIIMH CJOH TOYBE! (BCIOMHHTE YaHMHKH B
crarane!). ®opma pycya MeHsilercss W nproGperaer Takodl BHJ,
Kak Ha puc. 4 *). HHrepecHo npocneuTs 3a TeM, KaK MeHsieTcs

bauneruld Aonsiud
Jepee ospee

\’f(:..q....--.._
RN

Pacemosirue, M
Puc. 4

CKOpPOCTb BOJIHI TI0 LIKpUHE peKH (0T Gepera K Gepery). Ha mpsi-
MOJIMHEHHEIX yuacTKaX pycJia MakcuMajibHasi CKOPOCTh Tede-
nusi nocepenuie pexy. Ilpu w3rube pycna JuHHS TOKa, COOT-
BETCTBYIOLlAsi MaKCHMalbHOH CKOPOCTH, CMeIllaercsl K jajbHe-
My OT LIeHTpa noBopoTta 6epery. IT0 NPOUCXOAUT MOTOMY, YTO
NOBepHYTh OHICTPHIE YacTHLE! BOAB TPYy/AHee, TaK Kak Jisl
5TOr0 HeoGXoiuMO co3liaTh OGoJiblliee IEHTPOCTPeMUTENbHOE
ycropenue. Ho tam, raie GoJiblle CKOPOCTh TeueHHsl, BO3HHKAET
u GoJiee CHIbHAS LMPKYJSILKS BOMBI, ¥ COOTBETCTBEHHO 6OJIb-
111451 3po3Ks TIOUBEL. Bor moueMy camoe GLICTPOE MECTO B pyciie
peKy OGBIYHO OKasbiBaeTcsi ¥ CaMbM TJIYGOKHM. ITO NPaBHIO
XOpOIIO 3HAIOT PEedHMKH, OCYLIECTBASAIOUME HaBHTaIHIO.

3Sposusi NOYPH y AAJBHErO Gepera M ee ocaxkIeHue y GamK-
HEro NMPHUBOIAUT K MOCTENEHHOMY CMeIHHIO BCero pycJja PeKH
B CTOPOHY OT IleHTpPa NOBOPOTA M, TeM CaMblM, K yBeJIU4eHHIO
uaruba pexu. Ha puc. 4 noxasann! 1popuy aHa B ONHOM H TOM
e Mecte pyc/ia peasibHOfl peKM B PasHble rofpl. SICHO BHIHO,
KaK NPOUCXOWIO MOCTENEHHOe NiepeMellieH e pycJa 1 yBeJinye-
HHe Wu3ruba.

*) Taras e HUPKYJALHS BOJH MOXKeT BOSHHKHYTH H MPH MPAMO-
NHHEHHOM TeyeHMM DEKH BCMeNCTBHe BpameHHs 3emaH. B pesyabTare
PEKH B CEBEPHOM MOAYILADHH DAa3MBIBAIOT IJIaBHBIM 0OpasoOM MpaBblif
Geper, a B 103XHOM — JI€BHIi (8TO H eCTh 3aKoH Bspa, KOTOpHIt Mbl 0G-
CYIHM NO3Ke).
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Takum 06pa3oM, Aaxe HeCOJBLIONH HaualbHLIA M3THO, Bo3-
HuKIINE 10 cay4aiHol npuuuHe (HanpuMmep, BCJEACTBHE ofBa-
Jia, majieHus fepeBa U 1. I1.), 6YieT co BpeMeHeM YBe/HUHBaTECH.
[psiMosiuHeiiHOe TedeHHe peKMl IO OJHOPOJHON PaBHUHE sik-
JisieTcsl HeyCTOHYHBEHIM.

Kak o6pa3yrnTca MeaHaphi pex

dopma pycia peKH BO MHOTOM OIpefefsieTcs
peabedoM MecTHocTH. Peka, Tekyinasi no HepoBHOI MeCTHOCTH,
U3BHBAETCs TaKUM O6pa3oM, 4TOOBE! M30eXkKarb BHICOKHX MeCT H
3aMNOJIHUTD HH3UHEI, BEIOHpaeT NyTh C MAKCUMAJIBLHBIM YKJIOHOM.

A xar Teryrt pexu no pasHuHaM? Kak Bnusiet Ha dopmy pyc-
Jla onucaHHas BbIle HEYCTOHUMBOCTH NPSMOJIHHEHHOro Teue-
HUSA PeKW MO OTHOLUeHMIO K K3rubaM? Takas HeyCTOWUHMBOCTD
NPUBOAUT K YBeJHYeHHIO JUIMHBI PeKW, U PeKa HauHHaeT H3Bil-
Barbcsi. EcTectBeHHO Aymarb, YTO B
WJleaJbHOM clyuae (COBepIIeHHO POBHAA
OJHOPOZiHasi MECTHOCTB) JIOJI2KHA BO3HEK-
HyTb Nepuojandeckass Kpusasi. Kaxoaa
ee dopma?

TeoJiory BEICKa3anu NPEZNOJIOKEHES,
YTO pycJa peK, TeKYIHX 1o paBHHHAM,
Ha H3rubaX JAOJKHBI NPUHHMAaTh (hop-
MY . .. H3OTHYTOH JHHEHKH.

BosbMmure cTaJbHYIO JIHHEHKY U NOMLI-

Puc. 5 TaliTech CKarb JHHEHKY BJIOJIb €e JTHHEL
(yMeHBIINTL pacCTOsSIHHE MEXIY ee KOoll-
namu). JIuHefika msoruercs (Kak Ha puc. 5), Takoll ynpyruit
U3rH6 HA3BLIBAIOT SHJEPOBHIM HAruOoM (Mo HMEHH 3aMeyaTeiis-
HOro yueHoro, nerepGyprckoro arajieMuka Jleonappa diiyepa
(1707—1783), TeopeTHyecKN pacCMOTpEBIIEro 3TO sIBJEHHE).
®dopma U3OTHYTOH JIMHEHKM ONHUCHIBaeTCsl OCOOOH KpHUBOI.
Sra sHnepoBa KpuBas o6JafaeT 3aMeyaTesbHBIM CBOHCTBOM:
U3 BCEX KPHUBBIX 3ajlaHHOM JINHBI, COeJIMHAIONINX TOYKH, Ola
B CpejlHeM HauMeHee W3OTHyTa. Ec/u MaMepuwTh YIVIOBBIE OTi-
JoHenus O (cMm. puc. b) yepes paBHBE pACCTOSIHHS BAOJD JJRHLI
KPHBOH K NPOCYMMHPOBATh KBafpPaThl YIJIOBLIX OTKJIOHEHHH, TO
Jnisl 311epoBOi KPHBOIL 5Ta cymma 6y/ieT MunuManbHoi. Takoil
«3KOHOMHBIH» M3THG 5ilJIepoBOil KPHBOH M MOCAYXKHJ OCHOBA-
HHeM Ji1s THHOTe3Bl O (opme pycea pek.

Teosiory MojieTMpOBaii NpPOLECC W3MEHEHHs! pycJa PeKH B
HCKYCCTBEHHOM KaHane, NPOJOXEHHOM B OAHOPOAHOL cpeje,
KOTOpasl NPUrOTOBJIsIIach M3 MeJIKHX YacTHil, ¢1a60 CKpeleH-
HBIX MeX/y cOGOH H NOTOMY HOBOJIBHO JIETKO NOABEPTAFOULHXCS
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aposiB. OueHb CKOpo NpsIMOJHHEliHbIH KaHAT HauuHas H3BH-
BaThCs, Npuuem (opMa HITHOOB ONHCHIBAnach MMEHHO 3filepo-
zoit Kpusoii (puc. 6). KoneuHo, B peanbHBIX YCNOBHSIX TaKOro
coBeplieHcTBa B opMe pyces peK He Habaxonaercs (Hanpuep,
113-32 HEOIHOpoAHOCTH nouskbl). Ho Ha paBHUHAX peKH OOBIYHO
3rubaloTes B 06pasyloT NeprojnYecKyio cTpykTypy. Ha puc. 7
[I0Ka3aHO PYCJo peanbHofi PeKH M INTPHXOM OGOSHAYEHH Bii-
JepOBH KpHBE, HauGojee GnuskKue K ero ¢opwe.

Puc. 6 Pue. 7

Ilepuonrueckue U3THOBI pycsa Ha3HIBAIOT MeaHOpaMUl.
[1poucxox/eHne STOr0 TepMHHa CBSI3aHO C JipeBHErpedecKuM
Ka3BaHHeM «MeaHp» W3BECTHOH CBOMMH H3rH6aMM PEKH B
Typuun (coBpeMenHoe Ha3BaiHe pekn — Boabluoil Menzepec).
Meanipamy cefiuac Ha3HBaIOT H IepPHOAMYECKHE M3THOBI OKea-
HHYeCKUX TeUeHHH, a TakKe PydbeB, 06pasyIoHXcs Ha pOBHO#H
NOBEPXHOCTH JIeAHUKOB. BO BCeX STHX sIBJIEHHSIX B OIHOPOJHBIX
cpefiax cJiydaf{Hble MpoLecchl IPHBOAST K 06pa3oBaHHi0 Nepuo-
JUA9eCKOfi CTPYKTYPEI, ¥ XOTsl NPHYHHE!, BHISHIBAIOUIKE H3IHOHL,
MOryT GbITb pa3HBEIMH, (popMa OOpa3yIOIHXCsl NMepHOAHYSCKHX
KPHBBIX OKa3blBaeTcsl OJMHAKOROH. :

0 PEKAX M O3EPAX

... Y Goratmps Balikaja Obin0 GONEE TPEXCOT CHIHOBEH # TOJNBKO
OflHA JIoub ~= KpacaBMua AHrapa...
CrapuHHasn Jeresza

Ecnm ckenTuuecKH HaCTPOEHHEI 4YHTaTeNb He

nosepur snurpady ¥ yrayGurcs B reorpapuuecKue a1achl U
KapThl, TO OH OGHapy¥XHr, 4T0 B Dafikal JeHCTBHTENHLHO BTe-
KatloT 336 pek, a BHITeKaeT TONMbKO ofiHa — Amnrapa. Okasbl-
BaeTcsi, 5THM cJaBeH He ToabkO Bafikaj. Ckoabko Obl pek HH
BTEKAJIO B 03epo, BHITEKaeT U3 HEro, Kak NpaBujo, BCETro OIHa.
Hanpuvep, mMuoro pek Brekaer B Jlajoxckoe 03epo, a Bbl-
TeKaeT U3 Hero tonbKo Hesa; 3 OHeXCKOro o3epa BHITEKAET
omHa Ceupb ¥ T. 1. 310 siBJIeHHEe MOXHO 00bscHuTH. Bona
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BbITEKaeT M0 CaMOMy Ti1yGOKOMY pyciy, a JAPYTHE BO3MOXKHbHIE
MCTOKH OKa3blBaloTCsl JIEKallUMH BBILe YPOBHsI BOIHL B 03epe.
ManoBeposiTHO, 4TO BO3MOXKHLIE PYCla PeK B MecTaX HCTOKA
CyayT TOYHO Ha OfHHaKoBoil BelcoTe. Ecau osepo socTarouno
TOJTHOBOJIHOE (B HEro BTeKaeT MHOTO BOALI), TO H3 03ePa MOTYT
BHITERaTh u jiBe peku. OHAKO TaKas CHTyanusi HeyCTOHUMBa U
BO3MOXKHA y CPABHHTENbHO HeJaBHO 06GPa3oBaBIUmXCS (MOJO-
mplx) osep. Co BpeMeHeM peka ¢ Gosiee TAyGOKHM PYCJIOM, B
KOTOpOoii CKOpOCTh TeueHusl Gonbluasi, GyJeT pa3MbIBaThCsl, UTO
TIOBJIeYeT yBeJIMUeHHe pacXofla M TNOHIDKEHHe YpPOBHSI BOAGI B
osepe. CTOK BOJIbI Yepes MeJKYIO peKy Gy[eT YMeHbIIAThCs, H
OHAa TNOCTENeHHO 3auiurcs. TakuM 06pasoM, <BEDKHBAeTs»
TOJBKO CaMasl IJIyboKasi H3 BBITEKAIOUUX DEK.

Ins Toro uto6b! M3 03epa MOIVIH BEITEKATH OJIHOBpPeMeHHO
JBe peKH, HeoGXOfuMO, YToGhl MX pycia y HCTOKA OKa3anuch
TOYHO Ha OJIMHAKOBOi EbicoTe. B TakoMm ciyuae roeopsT, YTO
NPOUCXOANT GudhypKayus (3TOT TePMEH cefidac IHMPOKO HCNOb-
3YI0T MaTeMarHKH JUisl 0603HaYeHHs! Y/IBOGHUs YHCAA pellleH il
ypaBHeunii). bBubypkauus — peixoe sBneHue, u [I03TOMY
OCBIYHO M3 03epa BITEKaeT TOJMBKO OfHa peKa.

Ananorvunele siBleHWsl TPOMCXONSIT NPH TeYeHHwU pex.
HsBectHo, 4To peku 0XOTHO CIHBAIOTCS, 3 BOT pasfiBoeHie peKu
HabJIIofiaeTcs cpaBHHUTENBHO pefro. IJocientiee — onsTh npu-
Mep Oudypxanun. Peka B KaxioM Mecte Teuer 1o KpUBOH
MaKCHMaJIbHOrO YKJIOHA, H MaJIOBEPOSITHO, YTOGBI B KaKOH-TO
TOUKe NMPOM3OLLTO Pa3fiBOEHME STOH KpuBoil. B Jesbte peru
ChTyanusi, oiHako, Mensiercsi. Ilopymaiite camu, nouemy 310
IPOHCXOMHUT.

TNEPErTOBOPHASI TPYBKA
AJIMHO! B 3KBATOP?

A yun y cTeH K B caMoM fiente Obinu, Bepree, ofiHo yxo; Kpyrnas
ABIPK3, OT KOTOpoH ma TpyGa — HeuTo BpPOJe CeKPEeTHOro Tesics
¢oua, nepenaparurero Bee, YTO rOBOPHIOCH B NOA3eMelIbe, npsiMes
XOHBKO B KOMHATy KapaJiepa Homuzopa.

Hoc. Podapu,_ellpukmiouennss Unnonnuuos

CpaBHutenbHO HeJIaBHO, OKOJIO COPOKa JIeT Hadafl,
yuensle CCCP u CIIA ofHapyxunH yauBHTENHHOE sIBJICHMHE.
Pacnpoctpansiioniiecs B oOKeaHe SBYKOBHIE BOJHEl MHOTJA
yAaBanoch 3aperucTpHpOBaTh 3a THICAYH KHJIOMETPOB OT HX
HCTOYRKKa. TaK, B ONHOM K3 HauGoJee yauHEIX SKCIePUMEHTOR
SBYK OT NOJBOJHOTO B3PEIBA, NPOH3BEJEHHOrO YYEeHLIMH Yy Ge-
Peros ABcTpasiu, o6oLUe/ NONOBHRY 3eMHOTO IIapa K GBI 3a-
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pEeruCTpHPOBAH APYroil TPYyNIoi uccaesioBareneli 'y Bepmyz-
CKHX OCTpoBOB Ha pacctosiHuu 19600 kM or Ascrpanuu (pe-
PeKOpJl JaJbHOCTH PacnpocTpaleRusi HMMYJLCHBIX 3BYKOBBIX
curnanon). Kaxos ke MeXaHH3M Takoro, cBepXjanibHero, pac-
NpoCTpaHeHus 3BYKa?
JInst Toro 4TOGBE! OTBETHTH Ha STOT BOMPOC, BCIOMHHM, 4TO
o cJIyuasiMi HeOXHIaHHO JlafeKoro pacnpoctpaHeHHsi 3BYKOB
| (pHXOAMTCS CTAlKMBAaThCs He TOJBKO MEXIy Geperamu As-
cTpasiny ¥ BepMyJICKuM TPeyToJbHHKOM, HO ¥ B NOBCEIHEBHOH
susHu. Tak, cu/i Ha KyXHe 3a 3aBTPaKOM, YaCTO MOXKHO YCJIbI-
[marb He CJHIIKOM MPHUSTHOE fipefesxkaHue, KOTOpoe KaKoH-1o
IIyTHUK Ha3Ball <eHHeM BOJOMPOBOAHEIX TPYG». IlperparuTh
5T0 KOMMYyHaJIbHOE MY3MLUHpOBaHHe» WHOTAA YyHaercs, OT-
KpHIB BOJIONPOBOJHEI KPaH B cBoefl KBapTHpe *). BoJblnHCTBO
JIofieli NocJle 3TOro 06JIerYeHHO BO3BpalllatoTesl K MPepBaHHOMY
3aBTPaKy, He OCOGEHHO 3aIyMBIBasCh Hajl (PH3HYECKOH CYLIHO-
CTBIO NMpOWCILIEAUero siBjeHHs. A sanymarncst crour. Ilouemy
3BYK, BO36y:K/laeMbili CTpyedl BOJBI B HEHCNPaBHOM KpaHe B
oJiHOl M3 KBapTHP, He JlaeT NoKosi oOUTaTe/IsIM BCero noAnesia,
CBSI3aHHOIO OJHHM BOJONPOBOIHEIM CTOsiKoM? Benb eciu B TO#
JKe KBapTHpe CBHCTHYTb B CBHCTOK, TO 3TO YCJbIIIaT pasBe
yTO CcocelM B GamKafiEX KpapTupaXx. «[leHue» e BOJONpO-
BOJHBLIX TPYO CJBILHO Be3fie, ¢ NePBOro A0 MOCJEHEro sraxa.
Takoe pasniue o6yeIOBJIeHO ABYMs TpHuuHamu, [lepBasi—
5TO 3BYKOH3OJMPYIOLlee JeficTBHe CTeH M MePeKpPbITHH, KOTO-
phle OTPAKAIOT H TOTVIOLLAIOT 3BYKH CBHCTKa. A 3ByKOBasi BOJIHA,
pacnpocTpaHsiolasicss N0 BOAONPOEOAHOH TpyGe, MPOXORHUT C
3Taka Ha 3TaX GecnpensTCTBeHHO. Tenepb 0 BTOpoil MPHUYHHE.
Ilpu 3ByuaHuH CBHCTKa BO3HMKalOllash aKyCTHUeCKasi BOJHA
pacnpocTpaHsieTcsi B IPOCTPAHCTBE MO BCeM HanpaBlleHHsM, H
ee BOJIHOBOH (hpoHT MMeer hopmy cdeprl. Ilnomaas 9ol cheprt
pacrer mo Mepe ylaseHHs OT HCTOUHHMKA 3BYyKa, W HHTEHCHB-
HOCTb 3RYKOBOH BOJIHEl — TO €CTh 3HEpTHsi, NPOXoAsLas Yyepes
eIMHUIY TJIOUIa¥ BOJHOBOTO (ppoHTa B €AHHHLY BPEMEHH,—
1o Mepe yaajieHusi OT UCTOUHHKA NajaeT (HalauTe CaMH, 1O Ka-
KOMY 3aKOHy). A 3ByKoBasi Bo/Ha, Bo3HHUKaloLlasi BHYTPH BOJIO-
NPOBOHON TPYOH, «OJHOMEpHay: OTPaKasCh OT CTEHOK TPYObI,
OHA He PacXOAMTCsl BO BCe CTOPOHBI B MPOCTPAHCTBe, a pacmpo-
cTpansiercs B OJHOM HampasJieHWH — BJOJb caMOd TPYyObl —
0e3 paciuupenusi BOJHOBOIO (PPOHTA; TaK YTO HHTEHCHBHOCTb
3ByKa no Mepe YHaJieHusi OT HCTOYHMKA NPAKTHYECKH He H3Me-

*) O npuyHHAax «NeHHs» BONONPOBOAHEIX TPY6 cM. cTaThh E. M. Bo-
unoBa u E. H. [Taapunkosa (Ksant, 1984, Ne 7).
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HsieTcs. B 3TOM CMBIc/ie BOAONPOBOAHAsi TPybGa nNpejcraBiisfer
coBoii aKyCTHUECKHE BOJHOBOJ — KaHal, B KOTOPOM 3BYKOBEbIE
BOJIHBl PACTIPOCTPAHAIOTCA NpaKTHUeCKH 6e3 ocnabienws.

Jpyrofi npumMep aKyCTHYECKONO BOJIHOBOLA — NEPEroBop-
Hble TpYO6hI, C MOMOLIBIO KOTOPHIX € IaBHUX BPEMeH U 110 CeH JeHb
Ha CyJaX nepejaloTcsi KOMaHJbl € KaNHUTAHCKOTO MOCTHKa B
MallMHHOE OTAeJeHHe. 3aMeTuM, YTo 3aTyXaHWe SBYKa B BO3-
JyXe NpH DPaclpoCTpaHeHHH MO BOJHOBOLY OKasblBaeTcsl Ha-
CTOJIbKO MaJIbIM, 4TO ecJii Obl yJlanoch CHeNaTh TaKyko TPYGKY
naunoll B 700 KM, TO oHa cMOIJIa Gl CJIYKUTH CBOEOOPA3HBIM
«TesiepOHOMY JJIA TIePefiauk pasroBopa, Hanpumep, u3 MOCKBEI
B Jlenunrpan u obparno. OJHAKO BecTH PasroBop MO TaKOMY
Tesiehony OblIo Gbl KpaliHe 3aTpPyAHHTENBHO, NMOCKOJIBKY cobe-
Ce/IHUK CJIblaJl Obl CKa3aHHOEe BaMH NMPUMEPHO Yepes noJdaca.

IlojuepxneM, ut0 OTpameHHe pacnpocTpaHsomefics B
EOJIHOBOJIE BOJIHBI OT €r0 TPaHHUI SIBASIETCS ONpeieJisioLliM
CBOHCTEOM BOJTHOBOJA ~— HMEHHO 6JIarofapsi eMy 3Heprusi BoJ-
HBl pacnpocTpansieTcsi He BO BCE CTOPOHBI B NMPOCTPaHCTBE, a
nepejiaeTcsl B 3aJaHHOM HaNpPaBJCHHH.,

IlpuBesiennble npuMepsl HABOIAT Ha MEICJb, YTO H CBEPX-
AaJlbHee pacnpocTPaHEHWe 3BYKa B OKeaHe, ¢ KOTOPOTO Mbl
HajyaJu 3T0T pasjiesi, 06YCJIOBJIEHO BOJHOBOAHBIM MeXaHH3MOM.
Onnako kak e ofpasyercsi TakoHl THTaHTCKHE BOJHOBOJ?
Ilpy KaKuMX YCNOBHSIX OH MOMET BOSHHKHYTb M 4TO B 5TOM
Cly4ae CJIYXKHT €ro OTPaKaWHMH TPAHHUNAME, 3aCTaBJsIO-
IAMH 3BYKOBBIE BOJIHEI PACNPOCTPAHATLCS Ha CTOJIb OTPOMHLIC
pPacCTOsiHHSA?

B kauecTse BepxHel IpaHWUIbl MOXKET CYKHPb NOBEPXHOCTh
OKeaHa, KOTOpasi JOCTATOYHO XOpoWo oTpaxaeT sBYK. Coot-
HOIUEHWe MeXIY MHTEHCHBHOCTSIMH OTPaKeHHOH M npolleilei
CKBO3b I'DaHMIY pPasfiesa IBYX CPefi 3BYKOBOH EOJHEI CYINecT-
BEHHO 3aBHCHT OT NIOTHOCTEH 3THX Cpejl M 3HaueHuH CKopocreil
3ByKa B KaxJoll u3 HuMX. Ecnw cpempl pasnmgarorcsi cuibHO
(manpumep, 1 BOJB! ¥ BO3/lyXa IVIOTHOCTH OTJIHYAIOTCS NOYTH
B THICAYY Pas, a CKOPOCTH 3BYKa B 4,5 pasa), 10 Jaxe npH Hop-
MaJIbHOM (TIepIIeH/IMKYAsIPHO K NOBePXHOCTH) NafleHHH SBYKO-
BO# BOJIHBI Ha TJIOCKYIO TPaHMIly pasjiesla MEX/y BOJOH M BO3-
LYXOM NpaKTH4eCKH BCsl BOJHA OTPa3wIcsi o6paTHO B BOLYy —
WHTEHCHBHOCTD Npolllefilliell B BO3/lyX 3BYKOBOH BOJIHEI COCTABUT
Beero b 0,01 % naparomeii. ITpyu HaKJIOREOM najeHuY BOJHA
OTpaxkaercst ele cunbHee. OHAKO NOBEPXHOCTh OKeaHa PelKo
CbiaeT pOBHOH W3-3a NMOCTOSIHHOTO BOJIHEHWS!; 4 3TO TPHBOAUT
K XaOTHYeCKOMY pacCesiHHIO Ha Hel 3BYKOBERIX BOJIH M, TaKHM
ofpa3oM, X HapyIUEHHIO POJHOBOAHOTO XapaKTepa MX pac-
IIPOCTPaHEHHMH.
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He ayuwie oGCTOUT J€JO H ¢ OTpANKEHHEM OoT IHA OKeaHa.
[17OTHCCTH JIOHHBIX OCAiKOB OOLMHO JEXHT B ipefenax
1,24—2,0 r/cv®, @ CKOPOCTb PpacnpoCipancHus 3ByKa B HHX
peero 1a 2—3 % MeHblle, YeM B BOJE. ITostoMy, B OTJIMUHE OT
rpaHHIbl  «BOjA — BO3LyX», 3SHaumTesbHasi Jons SHEPruu
najarcuiefl B3 BOIBl Ha JHO 3BYKOBOH BOJHBI MOTJIOLLAETCS! B
[OHHOM TpYHTe.

Taxkum o6pa3oM, JHO OTpaXKaeT SBYK cnao, U CIYXKUTh
HpKHell rpanurell BOJHOBOLA HHKaK He MOXET.

VraK, rpaHuilbl BOJIHOBOJA B OKeaHe CJIeJIoBaJIo HCKATh rie-
10 MEXAy IHOM H OOBEPXHOCTBO. W omu GblaM HaHIEHEL
STUMH TpaHMIlAaMH OKasaJHCh cl2)
cfoW ROAM Ha ONpelleNieHHBIX [
rayGuHaX OKeaHa.

Kak ke NpOHCXOQUT OTpa-
JkeHHe 3PYKOBBIX BOJIH OT «CTe- Zm
HOK» TOJBOJIHOTO 3BYKOBOTO Ka-
nana (TI3K)? UrtoGbl OTBETHTH
Ha 3TOT Bonpoc, HaM MPHAETCS
paccMoTpeTh, Kak BooGiie npo-
HCXOIHT pacnpocTpaHeHvie 3BY-
Ka B OKeaHe.

Jo cHX nop Mbl TOBOPHJIH O
BOJIHOBOJaX, MOJYATHBO NpEN-
rosiarasi, 4to CKOPOCTb pPacnpocTpaHeHus 8ByKa B HUX TO-
CcTOsiHHA. MeXny TeM HSPecTHO, YTO CKOPOCTb 3BYKa B OKCAHHE
kone@aercs ot 1450 no 1540 m/c. Ona cBsi3aHa ¢ TemMneparypoi
POJIbI, €€ CONEHOCTHIO, € BeJIHUMHOH FHPOCTATHIECKOro AaB-
NeHus U ¢ ApyrHMu dakropami. PocT rupocTaTHieckoro 1ae-
JIeHHs] IPUEOLMT K TOMY, UTO NIPH NMOTPY2KEHHH Ha KAK/BIC 100 m
CKOpPOCTb 3BYKa yBEJHYMBAETCsl MPHMEPHO Ha 1,6 m/c. C poc-
TOM TeMreparyphl CKOPOCTb 3BYKa TaKxke BO3PacTaer. Onnako B
OKeaHe TeMnepaTypa BOIH, KaK NPaBHJIO, I0BOJILHO PESKO yOuI-
BaeT N0 Mepe yHaleHus B3 BepXHHX, XOpOLIO IPOTPETEIX CJI0SB
BOJibl B I1yGHHY, TJle OHa BBIXOAMT NPaKTHIECKH Ha MOCTOSIHHOE
3naueHue. JleficTBYe STHX JBYX MeXaHM3MOB IPUBOAMT K TaroH
3aBHCHMOCTH CKOPOCTH 3BYKa OT TJIyOHHDI, KaK STO IOKasaHo
ua puc. 1. BOnu3u TOBEPXHOCTH npeo6sajaroiliee BJIHAHLE
OKa3blBaeT GHICTpoE TNajieHne Temnepatypbl — B STHX CJOsX
CKOpPOCTb 3BYKa YMEHBIIaeTcsi € POCTOM ray6unet. Tlo mepe
norpy KeHHsl TeMiiepaTypa MeHsercsl MejJIeHHee, a THApoCTa:
THUECKOe faBJieHHe NpOJosikaer Boapactarb. Ha HEKOTOpOii
rnyGuHe BAMSHHE 3THX IBYX (aKTOPOB «ypaBHOBEILUBAETCS» —
3/lech CKOPOCTb 3BYKa OKa3blBa€rCsl MHUHMMAJBHOH; a JaJjblle
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OHa HauuHAeT BO3PACTaTh C YBeIHUeHHeM TJIyGUHEL 38 cyer poc-
T4 THIPOCTATHYECKOTO JlaBJEHHs!.
Wrtar, CKOpPOCTb pacnpocTpaHeHHsl 3BYyKa B OKeaHe 3aBHCHT
ot ry6unbl. 1 5T0 cKasbiBaeTcsl Ha XapaKrepe pacnpocTpaue-
HUA 3BYKa. JIJsl TOro utolh!
}  OOHATb, YeM OIpeflessiercs
7>C9 XOJI 3BYKOBBHIX Jlyuell B OKe-
aHe, MBI 06paTHUMCsl K OITH-
Yo YECKOHl aHaloTHMH: NOCMOT-
i/ 2 717%  pum, KaK pacnpocTpansier-
Csl CBETOBO! JyY B CTONKe
H3  NJOCKoNapajiefibHHX
2 &y | Dy, TUIACTHHOK C  Pa3fiMYHBIMU
7 NOKazaTessiMil  NpeJsioMile-
i}
I

0

e, c, HHA, @ 3aTeM o606LHM Halll

9173 pesysbrar Ha cayuait cpenibl

Puc. 2 C NJVIaBHO MeHSIIOIMMCS No-

KasaresieM MpesoMAeHus.

PaccmotpuM cronky M3 miocKonapa/JleNbHEIX MAACTHH C
P a3HbIMH NOKA3aTe/IAMH NIPEIOMIIEHHUS] N, Hiy. - «y Hpy. - .y OPH-
ueM ne<lm<<. . <np<<...(puc. 2). Jlyu, nagawomuii u3 camoi
BepXHeH NJAaCTHHKH Ha NJACTHHKY [ TOA YIJIOM O, NOC/e
TnipeJioMAenus Ha Tpanune 0—J cocTaBUT YroJi ¢; C HOpMabio K
9T0f TpaHuIe; NOJ TAaKHM YIJIOM OH yNazeT Ha rpanuny [—2;
nocJte mpeJioMJieHus Ha 3TOH TpaHune JIyd, NPofijs naacTuy 2,
ynazier Ha rpanuny 2—3 noj YIJIOM .;, BHOBb TpPEJOMHTCH U

7. 1. CorjlacHo 3aKOHY NpeJIoMJICHHS
sineg  ng sin og ng sinop_1 _ ng

sin o, ny ? sin oy, ng_i

sin oy ng

g wes

BcrnoMuHasi, 4TO OTHOIIEHHe KO3()QHIHEHTOB MpPesoMIIeHNs

JABYX cpe/l o6parHO OTHOIUIEHHIO CKOpOCTell paclpoCTpaHeHHs!

CcBeta B 3THX Cpe/iaX, NepemulleM BCEe COOTHOIIEHHS B BHe
Sincy ¢ siney ¢ sinop_y _ cp_y
sinoy; o =

N =

sin ol 3’ sin o cp,

3 # o

(co>c>. . .>cp>...). llepemHok#B nociefoBaTeNlbHC 3TH
paBeHcTBa Jpyr Ha Jpyra, IOJYYHUM COOTHOIIEHHE

sinoy ¢

sinay, ¢ °

Yerpemasisi TOMWMRY Kax/0f NJACTHHKY K HYJIO, a YHCJO
NJACTHHOK K GeCKOHEYHOCTH, MBI NPHJEM K OGOCLIEHHOMY 3a-
KOHY [1pe/IOMJIeHHs], KOTOPBIH ONHCHIBAET XOJl CBETOBOro Jyuad B
CpeJie C IJIaBHO MeHsIIOIHMCS TIOKa3aTteJleM npeJsioMienus (3107
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3aKOH HA3HIBAIOT OGOGLIEHHBIM 3akoHoM CHeamyca):
¢(?) sine (0) =¢(0) sina (2), (=)

rne ¢ (0) — CKOpOCTb CBeTa B MecTe BXO/a Jiyda B Cpeny, ¢ (2) —
CKOpOCTh CBeTa Ha DPacCTOsIHHH Z OT rpaHumbl cpefl. [Tpu Ta-
KOM TpeJleibHOM Nepexojie JoMaHas JHHMSA, NOKasblBaoLias
XOZ lyya, npeBpallaeTcs B MJIaBHYIO KpUBYIO. Takum o6pasoM,
NpH pacnpoCTPaHEHHH CBETOBOrO jyya B ONTHYECKM HEOJHO-
POAHOI cpejie 1o Mepe yBeJIHueHusi CKOPOCTH cBeta (yMeHblle-
HHsl NOKa3aTess NpesJoMAeHws)) 3TOT Jyd Bce 6ofblue OTKJIO-
HsieTcs OT BepTHKaJM H «NPHKHMaeTcsy K rpaiule pasjefa.

SiBneHHe MCKPHBJEHHS CBETOBEIX Jyuel mpH pacnpoctpa-
HeHHH CBeTa B CpeJie C HenpepEIBHO MEHSIIOLIUMCS IOKa3aTeNIeM
ripeJIOMJIeHHsT Ha3bIBAlOT pedpaknHed.

3Hasn, KaK MeHsieTcsl CKOpOCTh CBeTa B Cpefie, Mbl MOXKeM,
nosb3ysick 0Go6ieHHbM 3akoHoM CHequlnyca, yKasarb, KakKHM

GyJieT XOZ TOro H.ZI/I pmor;) ny4a, ety G Cl2)
nonaBlliero B  HEOHOPOJHYIO T 7 _
cpeny. ToUHO TaK e NPOHCXO- H 2l
JWAT HCKDHBJIEHHE M 3BYKOBBIX I 7 i =
Ayuyel NpH PacnpocTPaHEHHH z, |-~
3BYKa B HEOJHOPOAHOH Cpere, \\ -
T/ic U3MeHsIeTCsl CKOpOCTh 3BYKa. - ===
Yacrueld cny4ail Takoil Cpejibl S
U npencTapisieT coOGOH OKeaH. \

Tenepn BepHeMcs K BONPOCY (7777777777777 77 ?
0 TOM, KaK paclpocTpaHsieTcsl 4 Ao
spyK B [13K. IpeactaBum cebe, Puc. 3

UTO HCTOYHHK 3BYKa HaXOLHUTCS

Ha TNyGUHE 2Zp,, COOTBETCTBYIOLEH MHHUMYMY CKOPOCTH 3BYyKa
(puc. 3). Kakop 6yner XoJ 3BYKOBBIX Jiyuei, BBIXOJSLIUX H3
ucToyHmKa? JIyd, WAYIIKE BJOJB TOPW3OHTANH 2==2p,, OYHET
NPSMOJHHEHHBIM. A T€ JIydH, KOTOPbIE BHIXOJAT MO/ HEKOTOPHIM
YoM K 3T0fl TOpU30HTANH, GYAYT MCKPHBJAsATECA. 10 aHaoruu
3TO siBJIeHNe Has3hlBaloT pedpakiyell 3ByKa. [T0CKONBKY U BHILLE,
¥ HIXKE YPOBHS 2, CKOPOCTh 3BYyKa BO3pacTaer, 3BYKOBBIE JTYUH
6VIyT HCKPMBJAATLCS B HanpabjeHHH TOPH3OHTANH 2==2pm;
B KaKOI-TO MOMEHT JIyY CTaHeT «NnapaJJeJbHbIM» 3TOH TOpH30H-
TANH M, <OTPA3UBIIKChY, [IOPEPHET K Hell (cM. pue. 3).

Urax, pedpaknus 3ByKa B OKeaHe NPHBOAHT K TOMY, YTO
YACTh 3BYKOBOH SHEPTHH, H3JIy4yaeMOH HCTOYHHKOM, MOXKET
pacnpocrpaHsThCs, HE BBIXO/s Ha NOBEPXHOCTHL BOJB! M He JO-
Xo[sl 0 gHa. A 3TO W O3HaYaeT, YTO B TaKOH Cpelie peanusy-
€TCHl BOJHOBOAHBIH MeXaHH3M pachpocTpaHeHHs 3ByKa — MOJ-
BOZIHGLIH 3BYKOBOI KaHaJl. PoJib «CTEHOK» 3TOrO BOJIHOBOAA Bbl-



NOJHAIT CJOHM BOJH Ha TeX MyGHHAX, THE NPOHCXOIHT KMOBO-
pOT» 3BYKOBOrO Jyua.

Yposenb TIYGHHE! 2, Ha KOTOpOH CKOPOCTb 3ByKa MHHH-
MaJsibHa, HasbiBaoT ockbio II3K. O6buHO BeNWUHHH 7, JeKaT B
nuanasone 1000—1200 M; ofHako B TpONMHYECKMX IIMpOTaX,
r7le Bojia porpeeaercst Ha Gospllyio ray6uny, ocs II3K Mmoxer

Ly g o) onycKatbcsl H J0 TIJayGuH B

1 2000 M. HaoGopot, B BLICOKHX

. IIMPOTaX BAHHUE TeMnepaTy-
o pBl Ha pacnpefieselilie CKOpo-
} CTH 3BYKa CKa3bIBAETCS TOJBKO
i B NPUIIOBEPXHOCTHOM CJ0€, H
oce 13K nogrumaercs no ray-
6un 200—500 M, a B noAsipHBLIX

Znp——

7 . Z777; IUpOTax — eule GJmke K Mo-
7 AHo BEPXHOCTH.
Puc. 4 B OKeane Moryt cyiuecrBo-

BaTh iBa pa3nuunbX THna [13K.
Kanan nepeoro tuna ofpasyercs B Tom cityuae, Korjia cKOpoCTh
3BYKa y NMOBEPXHOCTH BOJEI (C;) MeHblle, ueM y AHa (c,). Sror
C1y4Yalf OGbIMHO HMMeeT MeCTO B TJIYGOKOBOAHEIX pafioHax, Ize
AZBfienNMe y jHa JOCTHraeT cotel arMmochep. Kak Mol yxe
TOBOPW/IH, 3BYK, HIYIIHA M3 BOAbI B BO3ZyX, XOPOLIO OTpa-
HACTCS OT MOBEPXHOCTH UX Pasjienia, H ec/ii MOBEPXHOCTh OKea-
Ha rnajikasi (LUTHJIB), TO OHa CJYKHT PE3KOH BepXHeil IpanHmeil
BOJHOBOJA, H KaHa/ 3aHUMaeT Bech C/IOH BOJBI OT NOBepXHOCTH
Io nHa (puc. 4).
[ocmoTpuM, Kakas 4acTh SBYKOBLIX Jiyyell «3aXpaThiBa-
ercst» B I13K. [lnst storo nepenmmem coorromenue Cresyca
B TaKoM BHjle:

€ (2) cos @i =0, cos @ (2),
Tie @i ¥ @(2) — yriel, ofpasyeMble 3BYKOBBIM JIy4OM C TOpH-

3CHTAJbHOH MJIOCKOCTBIO Ha I‘JIY6I/IH3X Zi U 2 COOTBETCTBeHHO.
U yrJibl Ha3BIBAlOT YIJIaMH CKOJIbXKeHHUs (HOHHTHO, q10

(_rl:%_al, (p(z):%—-a(z)). Ecnu ucrounux 3Byka Ha.

xoputes Ha ock 13K, 10 ¢=¢y,; KaHan 3axXBartblBaer Jyu, fisl
KOTOPBIX YTOJl CKOJbXeHusl y fHa paBeH @ (2)=0. Tak uto Bce
JIyYH, KOTOpBIE BHIXONSIT K3 MCTOYHWKA, IIOJ YTJIaMH CKOJbXkKe-
HHsl @, YJOBJCTEOPSIIOUIMMHE  YCJAOBHIO (cM. puc. 4)

c
COS @y = _C’f-'

nonangaior B II3K.
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IIpu HepoBHOI MOBEPXHOCTH BOAH SBYKOBBIC Jayqaa Gynyr
pacceuBarbes Ha Heii; Te JIy4H, KOTOpEe YALYT OT [OBEPXHOCTH
[IOf JOCTATOHHO GOJBLIMMH YTJIaMH CKOJIbM(CHHA, JOUAyT IO
qua # Tam norsoratea, OHAKO M B 3TOM C/lyuae KaHaj MOXET
saxpaThbiBaTh BCE TE JiydH, Kotopble Gnarofapst pedparuus
yyTh-4yTh HE JOXOAAT JO BOJ-
nylolleficsi OBEPXHOCTH (puc.
5). Kanas npu 3ToM OpocTHpa-
eTCsl OT IOBEPXHOCTH JO TJy-
Gumbl 2y, KOTOpas ONpeieaer- Zm
¢ w3 yCJoBHA € (23)=Co. llo-
HSTHO, UTO TAKOH KaHaJl 3aXBa-
THIBAET BCE 3BYKOBHIE JIYUH C 24
yrjaMH CKOJbIKEHHS

@ Nz A
p, < arccos - z Ano
0

Puc. 5

Kanan Broporo THIIa Xapak-
Tepen JJis1 MEJIKOBOAHBIX palo-
HOB H o6pasyercA B CJyuae, KOTJAa CKOPOCTb 3ByKa BOIH3H
MOBEPXIOCTH OKasblBaeTcsi Gobilied, ueM y JHa (puc. 6).
OH 3aHHMaeT CJoil Bojpl OT JHA JO TNyGHHBI 2p, Takoi, 410
c{zr)=Cc,. D10 Kak Obl mepeBepHyTLII KaHa/] NEpPBOro THla B
cyyae BOJHYIOUIEHCS INOBEPX-
HOCTH.

Eciau HCTOUHHMK 3BYKa pac-
nosioxken g6ausu ocu [IBK, 10
B TOYKY [pHeMa CurHaJa [IpHxo-
T, KaK [PABHJIO, MHOMXKECTBO
3BYKOBBLIX JIyueH, NpHUEM Bpe-
Ms1 IPOXQKICHHS 3BYKa I10 HUM
pasnuUHO H OKashlBaeTcsl Mak-
CUMaNbHBIM JI1A OCEBOro Jiy4a A
(ckopocts  pacmpoctpaHennst  ZY AH
3ByKa Ha 3TOH riyCHHe MHHH- Puc. 6
MajipHa). VIHTEHCHBHOCTH KO-

POTKOro HMIYJILCHOTO CHTHANA,

PervcTpupyeMoro B TOUKE MpHeMa, pacTer OT Hayajia npHeMa K
KOHIly, IOCKOMLKY PasHOCTb MeXJy BpeMeHaMM NpHXofa HM-
NyJILCOB [10 PasHBIM JiydaM K KOHIY NpueMa cCHrHajia yMeHbLia-
ercsl, ¥ OHM HAUMHAIOT HAaKJaIblBaTbCsl OAHMH Ha ApYroH, 41o H
IPHBOIKT K yBe/MeHK0 HHTeHcHBHOCTH. [lociennuM npuxonu®
3BYKOEOH Jiyy, pacmpoctpansiomuiics Broib ocu [I3K
(C HyneBBIM yriioM CKOJIbIKEHHS), MOC/e Yero CHrHajl pesko
O6phIBaeTCA.
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Jlns onpeneseHHBIX THIOB 3aBHCHMOCTH CKOPOCTH 3BYKa OT
rayGunsl TI3K jeficTByer Ha 3BYKOBble JyuH NopoGHO QoOKy-
cHpyolel JHH3e: ecyid HaJyuaTenh pacnoJioxker Ha ocu 113K,
70 JyuH, BHILIEILIHE [0/l Pa3JHYHBIMH YTIaMH CKOMbyKeHHs, By-
LyT NepHOANYECKH ONHOBPEMEHHO CXOIHTLCH Ha OCH KaHalia B
TOuKaX, HasbiBaeMblX (okycamu II3K. Takr, mns kamana, B
KOTOPOM CKOPOCTb 3ByKa MeHseTcsi ¢ IMyGHHOH IO 3aKoHy,

GnuskoMy K rapaGosmdeckoMy — ¢ (2) =c,, (l + %bzz“‘) 5

(oKycHl 151 Jiydel, BHINEAUIHX MO, MAJIbLIMH YIJIaMH CKOJIbIKe-
HHf, OYIYT HaXONMTbCS B TOUKAX X,=X,tann/b, rme n=I,
: of2) 2,..., ab—HexoTOpHII K03}-
£ buuvent, HMelomui  pasmep-
HOCTE, 0OGpaTHyo AJuHe (pHc. 7).
Takoii npoduias xpusoit c(2)
2 GU30K K peasibHOMY pacrnpefie-
"> JIEHHIO CKOPOCTH 3ByKa B IJIy-
6unneix [13K. Orkionenus ot
TOYHON napaboJiMyecKOH 34BH-
CHMOCTH B ¢ (2) NIPUBOJST K Pas-
» MBITHIO (hoKycos Ha ocu [13K.
J LK Hy, a moxno nu 3aCTaBHTb
BBYK, pacnpocTpaHAIONIHHCS [0
Pue.-7 13K, coeepuinuts KpyroceeTHOE

’
nyTtelllecTBe — OCOTHYTL TOJ
BOJIOif Bech 8eMHOH Wlap M BepHYTHCS K CEOEMY HCTOUHHKY?
Her, nennss. Ieproit u camoft HenpeononHMoi nperpafoil ciy-
ar MaTepuKyl W 3Ha4uTesibHbIE Nepenaiu! B riyGuHax Mupo-
Boro okeaHa. [1lostoMy Henbast BRIGpaTh Takoil MyTh, BIOJL KO-
TOoporo cyuiectBoeas Gol enuHbil [1SK, BOKpyr Beero semuoro
mapa. Ho 310 He enuncrBeHHas npuuuHa. 3ByKOBasi BOJIHa,
pacnpocrpansiomtasics: B [I3K, ominuaercs ot 3ByKoBEIX BoJIH B
BOJONpOBONHOH TPyGe ¥ mneperosopHoit Tpybke. Kak yxe
TOBOPHJIOCH, MNPH pacnpocTpaHeHHy B STHX BOJIHOBOJAX 3By-
KOBasi BOJIHa OJHOMEPHa, IJIOWafp ee BOJHOBOrO (PPOHTA Mo-
CTOSTHHA Ha Jiro0OM pacCTOSHHM OT HCTOUHMKA 3BYKa, H Clle-
JloBaTeJIbHO, HHTEHCHBHOCTb 3BYKa (€3 yuera TeIJIOBHIX mo-
Teph) TakxKe GyJeT NOCTOsIHHA B /I06OM ceuenHH TpyOuL. B noj-
BOJHOM 3BYKOBOM KaHajie 3BYKOBasi BOJIHA pacnpocTpaHsercs
He BJIOJIb [IPSIMOH, a 1O BCeM HallpaBJIeHHSIM B MJIOCKOCTH 2==2,,,.
[lostomy Bo/THOBBIM (hpoHTOM SIBMSieTCS NHAMHAPHYECKAs Iio-
BEPXHOCTE, M ViK€ H3-3a 3TOr0 HHTEHCHBHOCTE 3BYKa MafiaeT no
Mepe yIaneHus: OT HCTOYHMKa NponopiuonassHo 1/R, tie R —
paccTosinyie OT UCTOUHHKA 3BYKa JI0 MecTa HaGsoneHus (mosy-
UYHTE 3Ty 3aBHCHMOCTh M CpPaBHHTe ee C IOJy4eHHBHIM BaMH
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raHee 3aKOHOM yOBIBaHHA HHTEHC HBHOCTH ISl cheprueckoit
BYKOBOH BOJNHBL B TpEXMEpHOM IpOCTPAHCTBE).

Jpyroil npuuuHOii oc/iaGJieHHsl 3ByKa CIYXKHT 3aTyXatHe
3BYKOBOi BOJIHEI IPH ee pacnpocTpPaHeHHH B MOPCKOH BOJE.
Sueprusi BOJHBL MEPEXOLHT B TEIJIO H3-3a BASKOCTH BOJbI, 4
raKe JPYTHX HeoOpaTHMbIX npoueccoB. Kpome Toro, 3sByKOBasi
BOJIHA PACCEHBAETCs B OKeaHe Ha Pa3/IHYHBIX HEOJHOPOAHOCTAX,
KOTOPBIMH MOTYT CJYXHTh B3BElCHH»ie B BOJ@ HaCTHIEI,
ny3LIpbKH BO3JlyXa, IVIAHKTOH H JiaXe rasoBble ny3eipH phib,

B 3aK/IOUCHHE 3aMeTHM, YTO ONHCAHHLIH IOJBOAHBIH 3By
KOBOA KaHa/l — OTHIONb He eIHHCTBEHHbIH NpHMep BOJIHOBOAA,
CyIlleCTBYIOILEr0 B NPHPOAL. Tak, janbree panuobellanie @
HaseMHBIX pajHocTaHIMi BOSMOXHO TOJBKO Grnarofapst pac-
NPOCTPAHEHHIO PATHOBOJH B atMoc(epe N0 THraHTCKHM BOJIHO-
pofiaM. B onpeneseHHBIX YCJIOBHAX B atMocdepe MOTyT obpaso-
BBIBATLCS BOJTHOBOZHBIE KaHaJb! M J/151 3JIeKTPOMarHUTHbIX BOJH
cReTOBOrOc JjHanascHa. Torha, B pesysbrare CBepXIalbHHX
MHpaeil, B LlEHTPe MYCTBIHH MOMHO YBHJIETb BEIHYABO I~
ByLIHI MOpCKO#l KopaGJb, a CPeiy OKeaHa BAPYT NOAHNMAETCst
TOpof.

B roJ1YBOM IPOCTOPE

Korja 3Xe COJIHIIE BaC PaciyIaBHT,
CepeGpsiHble obs1axa,

U 6yneT BHIIMHA MATKa,

VY KpBUTbS THUIMHA PACHPABHT?

0. Mandesviuman

Ocrpoil npodeccrHoHaIbHOl HaG/MI0NaTebHOCTHIO
OTNIHYAIoTCA XYLOXCHHKH, 03TOMY MHD, oTpaxKeHHBIH XYIOK-
HUKaMH-PeaJIICTaMH B HX Mefi3axaX, 0COGEHHO APOK M MHOTO-
KpacoueH, a OTHeNbHbIE SIBJIEHHS NPHPOMbL NPOCTYNAIOT SB-
crBenHee. V1 npu 3TOM Jiaxke odeHp XOpoilleMy XYJOXHHKY HET
HYK/Ibl NOHHMaTh TOJ¥Aac BECBMa CJIOXHYIO CYLIHOCTL IpOMC-
XOISIHX B NpHPOJe SBJICHHH, KOTOPHIE OH peaHCTHICCKH
otoGpaxaeT Ha CBoHX nojorHax. Ho Bor usyuars OKP Y¥AIOLIHI
MUD N0 KapTHHaM XOpOLIerc XyIOXKHHKa-NIeH3aKHCTa MOXHO
Jaxe Jydiie, 4eM B Hatype, HOO B nefi3axe aBTOp Kak Obl
OCTaHABJIUBAET MCHOBEHbe, HHTYHTHBHO yCHIHBas CYLICCTBEH-
HOE W onyckas JiHIIHee, Ciay4daiHoe.

Bevmorpurech B KapTHHy Apkajus AsiekcanpoBHia PrinoBa
«Boro.nyﬁom npocropey, PENpoiyKuHs ee NpHBEJCHa Ha BTO-
poii cTpannne o6a0xKKH. «besble NTHUH, KaK U oBJiaKa, JETKO
napsaT, Kynasck B ronyGoil nasypH. W tak e miuaBHO, Kak
Gesasg nTuna, NO CHNOKOHHO KOJBIUYUIMMCS CHHHM BOJIHAM

23




Ilkana Bodopra

Bannm

Bo-

dopra

CJioBecHOe
onpeneseHne
CHJIE! BeTpa

Cpenusin
CKOPOCTH
BeTpa {M/c) Ha
Bricote 10 M

JeficTene Berpa

10

11

12

HItnas
Tuxuit

Jlerguii

Cria6riit

YmMepennbii

Ceexuii

CuabHbIR

Kpenkunii

Ouenp Kpenkunit

Iitopm

CusbHBLH 1WTOPM

JKectokyi wropm

Vparan

0+-0,2
0,3+1,5

1,6-+3,3

3,4+5,4

5,5+7,9

8,0+10,7

10,8+13,8

13,9+17,1

17,2+20,7

20,8+24,4

24,5+28,4

28,5+32,6

=32,7

3epxa.nb HO FJajKoe mMope

Ha mope serkas psicb; meHmbl
Ha rpebusix Let. Bricora BosH
a0 0,1 m

Ha mope KOpOTKHE BOJHHI C
MaKCEMaJbiOH BEICOTOH MO
0,3 M

Jlerkoe Boamenme Ha BoOZe;
¥3pefiKa 06pasyiorcsl MaJieHb-
Kue OGapamkn. Bricota BosH
50 0,6 M

Besipte Gapamxku na mope BHji-
HBI BO MHOTMX MecTax. Mak-
CHMaJibHasl BHICOTA BOJH JIO
1,5 M

Ioscrony By Genble Gaparn-
kH. CpejiHsisi BHICOTA BOSIH 2 M

Besnibie nenuctiie rpe6um 3a-
HHMAIOT 3HAYHTEJbHBIE IJIO-
maay, ofpasyercas BojasHas
ABIb. MakcuManbHash BricoTa
BOJIH 10 4 M

I'pe6un BoJIH CpriBaioTCcs BeT-
pom. MakcuManpHass BLICOTa
BOJIH JI0 5,5 M

CHJIbHOE BOJIHEHHE HA Mope.
Makcumanbnas BriCoTa BOJTH
m0 7,5 m

Ouene CHJIBHOE BOJHEHHe Ha
mope. MakcumanbHasi BLICOTA
BoJiH o 10 M

INoBepxHocTe MoOps Genas or
nenbl. CHJABHEIE TpoXoT nojo-
6en yrapam. Ouenb BLICOKHE
BOJIHBI— 10 12,5 M

Ha mope HCKJIIOUHTENBHO BHI-
COKMe BoJHHI— 70 16 M. He-
GosipllHe CYZa BPeMEHHO CKPHI-
BAIOTCS M3 BHJA
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OKeaHa CKOJIbSHT NOKPHITHI napycaMH KOpal/b», — Tak Olll-
CHIBAeT 3Ty KapTHHY H3BecTHBI!t HckycctBoenl A. A. @enopos-
Jlapoinos. JlioGyscs B TpernsKOBCKOH ranepee 3THM 3aMeua-
TebHBIM TOJIOTHOM, 3alhBaellb, 4TO CTOHUIL B 3ajie My3esl, H
owyluaells cefs y4aCTHHKOM 3TOro NpasiHHKa NPHPONbI.

A Tenepnb OTEJIENEMCS OT XKHBONKUCH H IOCMOTPHM Ha KapTUHY
ryazaMu uceaenopatess. Ilpexpe Bcero, OTKyla XYIOKHHK
nHcad meH3ax — €O CKaJIiCTOro ycTyna Gepera MM ¢ Gopra
gopabns?

Cxopee Beero, oH Obly1 Ha KopafJe,” Tak KakK Ha IepelHeM
nJjaHe KapTHHBL He BHEHO NIpuGOs, paclupeseseHHe BOJH CHM-
MeTPHYHO M He HCKaeHO GNH3KHM MpUCyTCTBHeM Oepera.

JlaBaiiTe nompiTaeMcsi OLEHHTH CKOPOCTh BeTpa, KOTODBIH
paspyBaer napyca kopabns, CKOJb3silllero Biajs. Msl ne nep-
Bble, KTO 3ajaercsl BONPOCOM OUEHKH CKOPOCTH BeTpa 1o Be-
JIFUHHe BOJH WIH MO APYTHM IPOSBJICHUAM B OKPY¥Karollell Hac
npupozne. Eme B 1806 r. amrnmiickmit agmupan @. Bodopr
paspaboras JBeHaANaTHGa/IbHYI0 KAy AJs [pHO/IHKEHHOH
OLICHKH CKOPOCTH BeTpa IO ero AeHCTBHIO Ha Ha3eMHble npel-
MeThl U [0 BOJIHEHHIO B OTKPHITOM Mope. 3ra LIKaJla NPHHATA
BeemupHofi MeTeopoJIOrHYeCKOH oOpranu3anued, € [oJb3y-
10TCST ¥ MOHBIHE.

BsriisiHyE Ha KapTHHY, BHAHM, 4TO BOJIHEHHE Ha BOJE Jier-
Koe, u3pelika Ha TPeGHSX BOJH 00pasyroTcs MalieHbKHe Gesble
GapawkH. D10, coryiacHo mKane bodopra, cootBeTCTBYET Clia-
foMy BETPY CO CKOPOCTBIO OKOJIO 5 M/c.

3amemM, YTO O CKOpPOCTH BE€TPa MOXHO CYANTE HE TOJILKO IO ILIKaJie

BodopTa, HO H N0 KOHTPACTy spKocTH He6a H mops#. Ilpu nabmioneHuy
rOpHSOHTA B OTKDHITOM MOPE, Kak NpaBuJo, BUAHA HeTKas TPaHHLA

mexay neGom ¥ mopeM. Tonbko npu

HOJIHOM IUTHJE HX SIPKOCTH CTAHOBATCS 0,51 4
ofunakoBuiMH. Koutpact B 3TOM CJhy- E

yae ucyesaer, Mope M HeGo cnuBawres 8 O4f K5
BoefiuHO. TaKkoe sABJNEHME B NpHpoie X

Hab6Jir0aeTcs JOBOJBHO PEAKO — WTHIE S g5

JUIsl 9TOTO AOJKEeH ObITh NMpaKTHYeCKH R

abconoTHHM — 0 Ganios no mkane § 0,24

Bodopra. Tlpn wmaneimem Berpe Ha g i
HOBepXHOCTH MOpsl TosBasgioTcss Boji- & G,/

ubl. KosthdulHeHT oTpaxeHus cBera oT ~ - o

HAKJIOHHBIX Y4acTKOB NIOBEPXHOCTH yKe
He paBeH €JHMHHIE — HO3TOMY M BO3-
HHKaeT KOHTPAcT MeXIy fAPKOCTBIO He-
6a B Mops, KOTOPHIE MOXKeT OHITb H3MEPEH SKCIepHMeHTanbHo. Tak,
33BHCHMOCTb KOHTPACTA SpKOCTell MOpsi M HeGa oT CKOpoCTH BeTpa Ghi-
Jla ¥3MepeHa BO BPeMsl OfHOH M3 SKCHEAHLHH HAYYHO-HCCIACNOBATENEC-
Koro cynna «[Imutpuii Menneneesy. Ha npuse/leHHOM PHCYHKE KpecTH-
KaMK TOKA3SaHLl pesyJbTathl M3MEpEeHMH, CIUIOIHOH JuHMeH — Hali-
nennas A. B, Bsanko py B. H. IlesieBuHEIM TEOPETHYECKAs 3aBUCHMOCTD.
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A gcratH, noueMy GapallkH Gedble M TaK CWIBHO OTJIHUa-
[OTCA [0 LBETy OT CHHE-3e€JICHOTO Mopa?

LlBer Mop# onpejiessiercss MHOTHMH (paKToOpaMH, Cpefn KoTo-
PLIX BayKHEHIUNMH SIBJAIOTCS NOJIOMKEHHE COJIHIlA, uBeT Heba,
pe/bed NOBEPXHOCTH MOpPS, IJyCHHA MOPS; eC/H ryyGHHa He-
BeJIHKa, TO BaKHBIM (aKkTOPOM AIB/sieTCs HANHYKE WIH OTCyT-
CTBHE B BOJIe BOZOPOC/IEH M cOjepiKaHHe B Hell B3BelNEHHBIX
TBepbIX YacTHU. Bce 31H dakTophl BimsioT Ha oTpameHHe
CBeTa OT NOBEePXHOCTH MOPs1, Ha NOTJIOLIEHHE U pacces HHe CBeTa
B rayCure. Ilostomy onHosnauHoe ofbsicHeHHe BHAUMOrO
BeTa MOPS NPOCTO HeBO3MOxHO. Ho Koe B ueM pasoSparbest
MoxHO. Tak, HanpuMep, MOXHO [OHSITh, MOYEMY LBET GIHKAi-
IIMX K XyJIOXHHKY BOJH ropasfio TeMHee ofiero (poHa Mops,
a8 K IOPH3OHTY MOpe CTAHOBHTCA CBETJee.

CrenieHp OTpaykeHHUs! CBETOBOH BOJIHEL NPH NajeHHH Ha rpa-
HHIy pa3fiesia ABYX CpeJi ¢ pasHBIMU ONTHUECKHMH NJIOTHOCTSMHE
OIPEefie/IfIeTCS YITIOM NafeHHsA ¢ H OTHOCHTE/IBHBIM NIOKA3aTe/IeM
npesov/eHns: cpes. KonuyecTBerHO ee XapakTepHsyiorT Ko3g-
(HLIEHTOM OTParKeHHs, KOTOPHI PABEH OTHOLIEHMIO HHTCHCHB-
HOCTeH OTPAXKEHHOTO H Nafaiollero ceeta *). Kosdphunnent
OTpaXCHHSl 3aBHCUT OT yrjia NajieHusi. UToGbl OGHapy«HTb
9Ty 3aBHCHMOCTh, INOHaG/OfakiTe, KaK OTPAXKAOTCA Jy4H
JHEBHOTO CBETa OT NOBEPXHOCTH IOJHPOBAHHOrO €TosIa. 3fech
OnTHYeCcKH GoJiee NJIOTHOM CPENOH CNYKHT NPO3PauHHIi CJION
naKka. Bel yBHuuTe, UTO NPH CKOJBSAMEX JiydaX OTpakKaercs
IPAaKTHIECKH BeChb CBETOBOH NOTOK, a C YMEHbILEHHEM yria
najeHus Bee GoJibliasi 4acTh CBETOBOTO MNOTOKA NPOHHKAET B
Cpeny ¢ GoJiblIell ONTHHECKOH IUIOTHOCTBIO H BCe MEHLIIAs
HaCTb OTPaKaeTC OT NOBEPXHOCTH pasfiesa. Kosapduuuent
OTpaXeHusl yOBIBA€T G yMeHBILEHHEM yriia NafeHys.

OSparmmca Tenepp K cxeMaTHIECKOMY H300pazKeH0 BOJI-
HEl, TOKasaHHOMYy Ha pue. 1 (cM. Bropyio CTp. 06/0KKH),
U3 KOTOPOro BHJIHO, 4TO YIVIb NafieHus O U O, Jiydel, moma-
AAIOLKX B rJ1a3 Ha0uofatesis OT «pPOHTa» BOJHEI H OT (CIIMHBI»,
pa3mble H 0,04, [losTomy oT ynanenHbix o6nacreit Mops B ria3
HabJuoNaTeNs Nonasaer GoJibilie OTPaXKEHHOTO CBeTa, U nepen-
HHH (DPOHT BOJIHEL BHIEH Goslee TEMHBLIM, yeMm POBHas NOBEpX-
HOCTE MOps c3ajH. B ciyuae MHOTHX BOJIH Ha MOBEPXHOCTH
MOp$1 yroJi o, BooGlile roBOpsi, MeHsIeTCs: B 3aBHCHMOCTH OT TOTO,
CMOTPHUM JI¥ MBI Ha T'peGeHb BOJIHBL WM Ha BLAJUHY BOIH3H WM
Bllanexe or ¢porTa Bonmbl. OfiHAKO ¢ yAaNeHHeM OT NePeHero

—_—

*) HuTeHCHBHOCTBIO CBeTa HA3HIBAIOT CPEAHee (O BpPEMeHM) 3Ha-
HCHHC CBETOBOTrO NMOTOKA 4epe3 €[IMHKNY NOBEPXHOCTH TJICIMAMKH, Nep-
NEHIMKYJNAPHOR K HanpaBieHuio pacnpocTpaneHus CBeTa.
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¢ppoHTa YIIIOBOH pasMep TeMHBIX rpebHefi CpIcTpO YMeRbillaeTcs,
a yroJs o, Bce paBHO ocTaercst 6osbiinM yriia . [1o mepe yza-
JieHus K TOPHSOHTY KapTHHA BOJH Kak OBl ycpennsercsi, HaG-
JIEOJIATesb Y¥Ke He BHAUT JOJHH MEXAY BOJTHAMH, U NOCTENEHHO
TeMHBIE CKJIOHBI BOJMH Hcuesaor copceM. Ilostomy ma kaprune
ofnacTk Mopsi BOGJH3HM TOpH3OHTa Kaxkercs OoJiee CBETJIOH,
gyeM Ha NepenHeM IiaHe.

Tenepp MBI MOXEM OGBSCHUTH, nodeMy Gapaillky Ha rpeb-
HAX BOAH Genble. Dypasmas Boga B OapailikaX COOCPXKHT
MHO¥ECTEC NY3LIPBKOB BO3JlyXa, KOTOpble HelpephiBHO [BH-
XKYTCS, JIONAIOTCS, MEHSIOT (hopMY. ¥ T/l OTpaxKeHHs] MEeHSIOTCs]
OT TO4KH K TOYKe M Bo BpeMenH.[losroMy B meHe Gapallika
cOJIHeYHbe JydH MOYTH IOJHOCTBIO OTpaKaroTcsi, M GapallkH
BOCIpUHHMAaIOTCH  GeJIbIMH.

Ha uper Mopsa B GoJbilioN cTeNeHH BaHseT user HebGa Hal
auM. M ecn nepBbl, Kak MBI y»ke IOBOPHJH, MNpeAcKasaTh
NpakTHIECKH HEBO3MOXHO, TO HBeT Hefa MOXKHO TNOHATH Ha
ocHOBaHHMH (PU3HYECKHX 3aKOHOB. FlcHO, uTO 1BET Heba ornpe-
JensieTcsl pacCesiHMeM COJHEHBIX Jiydell B 3eMHOE artMochepe.
Ho noyeMy paccesinuie JiyueH CoHLA, CIIEKTP KOTOPOro CILION-
HOH, TO €CTh CONEP:KHT BCe A/JHMHH BOJIH, NPHBOJHT K CHHEMY,
ronyGomy upery HeGa, a CaMO COJIHLE Mbl BUAHM xenThiM? Pa-
306parhesl B 3TOM BOIpoce HaM [OMOXeT 3aKoH Pesea jis1 pac-
ceIHUSl CBeTa.

B 1898 r. amrsmiickuii ¢pusuk Peneli cosgan TeopHio pac-
CeAHUa cBeTa Ha 4YacTHuaX, pasMepbl KOTOPHIX 3Ha4HTeNbHO
MeHbIUe JTHHEl BOJIHBI paccenBaeMoro ceera. Halmennblii mm
38KOH TJIACHT: UHIMEHCUBHOCb PACCESHHO020 C8ema tpohopyio-
HAABHA Yemeepinoti Cienesy 4acmonbl Ceemosotl 6o/HbL UL
00paMmHO RPONOPYUOHALHA emBepmotl Cmenertl OALHbL B0NHL.
Jlna obpscHenusa LBera HeGa Pesell npuMeHHS CBOH 3aKOH K
paccestHHIO CONHeYHoro ceera B atmocdepe (mosToMy HHOrja
c(hOpMyJIHPOBAHHBIH Bblille 3aKOH Ha3hIBAalOT «3aKOHOM CHHEro
neGay).

[NonpoGyeM NOHATH KauyecTBEHHO cofiepaHHe 3aKkoHa Pe-
Jesi. CBer npejicTaByisieT coCok 3EKTPOMATHHTHBIE BOJIHEL.
Mosieky bl COCTOAT U3 HEP U 3JEKTPOHOB — YACTHI 3aPIKEH-
noix, llonajas B rojie 3/eKTPOMATHHTHOEK BOJIHBI, 3TH 3aps-
JKeHHBle YacTHUB HauMHAIOT ABHraThesl, NpHYeM MOXKHO CYH-
TaThb, YTO HX ABMKEHHE MPOUCXOAUT N0 rapMOHHYECKOMY 3a-
kony: x(f)=A,sin wf, rie A, — ammiuryla KoJeGaHufi, a
 — yactoTa cBeroboit BoaHbl. IIpy TakoM JBIKEHHH 3aps-
JKeHHbIE YaCTHIBL O6IafalT YCKOpeHUueM a=x;=—~A 0 sinof.
OnHako YCKOpeHHO JIBMKYIIHecs 3apsAXEHHbE YacTHLbI
CaM{ CTAHOBATCH HCTOYHHKAMH 3J1eKTPOMATHHTHOTO HsJyde-

27



HHUSI — TaK HasLIBaeMBIX BTOPHUHSIX BOJH. AMIJHTYJa TaKoff
BIOPUYHOH BOJIHBI NPONOPHHOHaJILHA YCKOPEHHUIO MNOPOKIAI0-
uiefi ee uacTHUB! (PAaBHOMEpPHO JBHKYINHECS 3apsyKEHHbIE
YACTHIBL, KAK H3BECTHO, CO3/AI0T 3JIeKTPHUECKHI TOK, HO HE U3-
JYHalOT 31eKTPOMarHuTHeIX BOJH). COOTBETCTBEHHO HHTEHCHB-
HOCTb H3JlyYeHHS] BTOPHYHBIX BOJIH OKas3blBaeTcs -MPOIOPLHO-
HaJbHOH KBajpaTy YCKOPCHHsI JBHXKEHHSI 3JIEKTPOHOB B NOJE
lepBruHOH BOJHB (IBIDKCHHEM TSDKENBIX SIIED MOXHO Ipe-
Hebpeun), a CJeJOBaTeq-HO, YeTBepPTOH CTeneHH YacTOTLI
(I~0*~ (x7)*~0f).

Ho BepueMcsi K upery ne6a. OTHOLIEHHE ATHHBL BOJHBL Kpac-
HOTO K JJIMHE BOJIHbI CHHero cpera paBHO 650 HM/450 HM=
=1,44 (1 um (maHomerp)=107° M). BosBons 310 4HCIO B
yeTBepTyIo crenenb, nosayuum 4,3. Takum obpasoM, corsiacHo
sakonly Penesi HHTeHCHBHOCTH paccesiHHOro B atMocdepe cule-
ro cpera B YETHIPE pas3a IIpeBbIlacT MHTEHCHBHOCTH Daccesii-
HOTO KpacHOTO CBeTa, ¥ CJIOH BO3AyXa TOJIIUHOH B JECATKH
KHJIOMETPOB mpHOGpeTaeT OKPacKy ¢ 3aMeTHBIM NpeobyiajiaHreM
CHHHX H ronyGblX UBeTOB. A BHIHMBIH COJIHEUHBIH CBET, KOTO-
peiil Jomes 70 Hac CKBO3b «3acyloH» arMocdephl, B GoJsbiei
CTelleHH JIHIIeH KOPOTKOBOJIHOBOH YacTH CBOEro CIeKTpa.
ITostoMy conHpe, KOTOpoe MBI BHAHMM B NPOLICAIIHX CKBO3b
atMocdepy Jiydax, NpHHHMaeT cyalblil KEeNTHIH OTTEHOK. 2TOT
OTTEHOK MOJKET YCHJIMBAThCS, CTAaHOBHTLCA OpaHikepee o
KpacHee IO Mepe 3aXojia COJIHIA, KOTJa CONHEHHBIM Jydam
NpHXOAHTCS MpeosioNieBarh GOJBIIHH OyTh B atMocdepe (npu
BOCXOJIE COJIHIA, €CTECTBEHHO, CMeHa IBETOB IPOHCXOIMT B
o0paTHOM MOpSIZKE).

3ameruM, yTo B 3aKoHe Peses npennoJsiaraercs ToJbKO, 4TO
IJIHHA BOJIHBI PAcCenBAeMOro CBeTa HaMHOTO NpEBBIaeT pas-
Mephl pacCeHBAIOIHX YacTHL, ORHAKO caM 3T0T pasMep B BLI-
paxeHue [ HHTEHCHBHOCTH He BXonuT. Pejiell nepBoHayanbto
npeanoyiaraj, uto LBeT HeGa OOGYyCJIOBJEGH paccesiHHeM CoOJ-
HEUHOrO CBeTa Ha MeJpdafiliHX 4dacTHuax, 3albuIfIoniux at-
vocdepy. OnHaro nos:xe OH NpHIIeT K yOeXneHHio, YTO COJTHeq-
HBle JIydH DacCeHBalOTCsl Ha MOJIEKyJaX ra3oB, BXOLSILHX B
cocTap Bo3ayxa. Uepes fecats Jet, B 1908 r., nonbexuii pusux-
TeopetHk M. CMOJIyXOBCKHI BBICKa3aJ MAEIO O TOM, YTO pacces-
BaTeNAMH B ONTHYECKH OHOPONHOH Cpefie NO/KHBI BHICTYNATDH
BecbMa HEOXHUJAHHBIe OGBEKTH — HEOLHOPONHOCTH IJIOTHOCTH
yactu. C noMompio 3708 runoressl CMOJyXOBCKOMY YAAJ0Ch
OGBACHHTL H3BECTHOE 3aJI0JIT0 JI0 €ro HCCNeJOBaHHH sBJieHHE
Kpumu4eckoll onaecljeryul, — CAJBHOTO paccesHHsl CBeTa B
JKHAKOCTH WM rase BOMH3H KpuThuecKod Touku. Hawkonen,
A. Sitnurrefin B 1910 r. co3fan noc/enoBare/IbHYI0 KOIHYECT-
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BEHHYIO TEOPHIO MOJIEKYISPHOTO PaCcCesiHUs CBeTa, OCHORAHHYIO
na upee CMmonyxoeckoro. il ra3soB MHTEHCHBHOCTL paccesid-
HOTO CBETa, BRMHCHEHHAS no dopmye DiiHuTeliHa, B TOUHOCTH
coplajla ¢ pesyJsbTaToM, NOJy4eHHBIM panee Peneem.

Bce, Kazasoch Gbl, cTaso Ha ceou Mecta. Ho otkyzna Gepytea
HEOHOPOZIHOCTH B MJIOTHOCTH BO3ZAyXa? Bens oH Haxoautcsa B
COCTOSIHHH TEPMOIHHAMHYECKOrO pABHOBECHs, a €CJH JAawke
ZyeT Berep, TO CBA3aHHbIE ¢ 3THM JIBHIKEHHeM HEOLHOPOJHOCTH
HMEIOT THTaHTCKHE pa3MepH, NpeBhllaolye UHY BOJHE! CBe-
Ta B OTPOMHOE 4YHCJIO pa3, ¥ Ha paccesiHHY CBeTa CKa3blBaThCH
HHKaK He MOryT.

Jlnsi noHHMaHuS NPHPOABI HECLHOPOJHOCTEH IOKasaTess
TpeIOMJICHHsT cBeTa JaBaiite Gonee jeranbHO pasGepemcsi €
TOHSITHEM TePMOAMHAMHYECKOTO paBHoBecHs. JInsi MPOCTOTEHI
pAaccMOTPHM HEKOTODHI MaKPOCKONHYeCcKHi ofbeM rasa, Ha-
XOnSAIMHACA B 3aMKHYTOM COCYyZe.

du3rKa paccMaTpUBaeT CHCTEMBI, COCTOSIIHE H3 T'HraHT-
CKOro YHCJIA 4acTHI, IO3TOMY EIMHCTBEHHO BOSMOXKHEBI NYTh
OIHCAHHs] CBOHCTB TAKMX cHcTeM — cTaTHcThdeckuil. Crartw-
CTHUeCKHE MOAXOM 03HAUaeT, YTO MBI CJCAHM He 34 COCTOSTHHEM
KaKIOH MOJICKYJIbl B OTJEJLHOCTH, & BBIMHC/ISIEM CpelHHe
3HAueHHS COOTBETCTBYIONIHX (H3MUECKHUX BENHYHH /s BCeH
cucTeMbl B HesaoM. [IpH 3ToM BOBce He 0Gsi3aTesbHO, 4TOOH
IS BCeX MOJIEKYJ 3HaueHHe paccMaTpHBaeMOol (DH3MuecKoi
BEJIMYHHBLL PABHAJIOCHh COOTBETCTBYOMEMy cpennemy. [lpu pac-
CMOTPEHHH Halllero MaKpPOCKONHMIeCKOro ofbeMa rasa HanGoJsee
BepOSITHHIM OyZeT COCTOsHHE, B KOTOPOM MOJIEKYJIbl rasa
pacrpelieieHsl B CPeJiHeM DaBHOMEPHO Mo BCeMy OOBeMy CO-
cyna. OnHako Gnarofaps TEIUIOBOMY IBHKEHHUIO MOJIEKYJ Beer-
7la HMeeTcsl OTJIMUHAasi OT HYJISl BePOATHOCTL TOrO, YTO KOHIEHT-
panHs MOJIGKYJl B HEKOTOpOH 0GJacTH COCyla Ha HeKoTopoe
BpeMs [PEBBICHUT CPEJIHIOI KOHUEHTPAUHIO MOJIEKYJ B paccMar-
puBaeMoM ofbeMe (NPH 3TOM, €CTECTBEHHO, B APYroi ofsacTH
paccMaTpHBaeMoro o6beMa KOHUEHTPalHsi MOJIEKysl Ha 370
BpeMs TOHM3UTCS). TeopeTHYecKH BOSMOMNKHO Jlaxe Taxoe co-
CTOSIHHE, KOrjia BCe MOJIEKYJIBl rasa cobepyTcd B OfHOH I0JIO-
BHHe ofbeMa paccMaTpPHBaeMOro COCyZa, a BIOpas OKAaXEeTcs
agGcoJorHO nyctoii. Ho BepoATHOCTL TaKOro COOBITHS BbIpa-
JKaeTcsl CTOMb MaJibIM 4YHCJIOM, YTO HET HHKAaKOH HaIeXnIbl Ha
ero peanMsanHio iaxe B IIpejiesiax cylecTsopanus Beenernto,
KOTOPOE 110 COBPEMEeHHBIM NIPe/icTaBIeHuaM cocTabisier 10 ner.

Onnako HeGOJBIIHE OTKJIOHEHHs (DU3HUECKHX BEJIHUHH OT
UX CPEeJIHHX SHaueHHI BO3MOXKHEI, H He TOJIbKO BOSMOXSCHbI, HO H
[IOCTOSIHHO MNPOHCXOAAT GJarofapsi TEIUIOBOMY JABHMKEHHIO MO-
JeKyJ, OTH OTKJIOHeHHs HasbBaloTCs ayrmyayusmu (0T
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natunckoro cioba fluctuari — Konebatbesa). ViMenno onu n
NPHEOIST K TOMY, YTO B HEKOTOPEIX OG/MacTAX IJIOTHOCTH
rasa BO3pacTaeT, a B APYTHX yObIBaeT, YTO CKa3blBaeTcs Ha Be-
JyHe Ko3(xhHiHenTa NPeOMIIEHHS ¢BeTa B JaHHBIX 06/acTsIX.

Ecny MBI Tenepb BepHEMCA K pPaccMOTPEHHIO DaccesiHus
cBeTa B atMochepe, TO BCE PacCyKICHHS, NPOBENEHHBIE IJIst
orpalHyeHHOro o6beMa rasa, octTaHyTcs clipapefyiuBEIMH. Kpo-
Me TOrO, TaK KakK BO3AYX ABJAETCS CMEChI0 Pa3JHMUHBIX ra3om,
pasjuyye B TENJIOBOM IBIXKEHHH MOJIEKYJ PasHBIX [a3oB pH-
BOIUT K JONOJHUTENBHBIM BO3MOXKHOCTAM MOABJIEHHS HEOLHO-
ponHOcTeH Kos(hbHuHeHTa NPe/IOMJIEH s CBeTa B IPOCTPAHCTEE,
06y CJIOBJIEHHBIX (DAYKTYalHAMH.

XaparTepHHl pa3Mep HEOZHOPOLHOCTH Koa(xpuiiHenTa npe-
JIOMJIeHHs CBeTa (HEOLHOPOZHOCTH IUIOTHOCTH) 3aBHCHUT OT
Temneparypel. s cioeB atMoctephl, B KOTOPHIX NPOUCXOIUT
OCHOBHOE paccesiHHE CONHEYHOTO CBETa, PasMephl TaKHX HEOJ-
HOPOZHOCTEl! OKasbIBAIOTCS MHOTO MEHBIIHMH JJIMHB! BOJIHBL
BHAHMOrO CBeTa, HO 3HaYHTEJLHO NPEBLILIAIOIHUMH PasMephl
MOJIEKYJ ras30B, BXOIAIMX B cocTa Boanyxa. Ilostomy pac-
ceqHHe CBeTa NPOHCXOAHNT UMEHHO Ha HHX, a He Ha MoyieKyJnax,
Kak 370 npexnojaran Peneil.

¥ Bce xe He60 MBI BHAHM CHHHM, a He (DHOJIETOBBIM, XOTS
3akoH Penesi npenckaseBaet npeobiananie (pHONIETOBOTO IBETA,
OkasbIBaeTcs, YT0 310 PacXoxk/eHHe 00YCIIOBIIEHO JBYMsI P HUH-
Hamu. Bo-mepBHIX, B crieKTpe COMIHEUHOro CBETa TOPa3/ioc MeHblIe
(HoJIeTOBLIX Jiydell, YyeM cHHHMX. BTOpHIM BHHOBHHKOM Kaxy-
Ierocsl pacXOKIeHUs TEOpUH H NPakKTHKH ABJIAETCH Hall
«PETHCTPUPYIONIKE OpUGOP» — IJ1a3 YeJIOBEKa € HOPMAJIbHBIM
spenueM. Jeno B ToM, 4TO OCTPOTA 3PUTEJNLHOTO BOCIP HATHSA
UeJIOBEYECKOTO IJia3a CYIIECTBEHHO 3aBHCHT OT JUTMHBI BOJIHEL
cgera. Ha puc. 2 (cm. BTOpyI0 €Tp. OONOXKKH) IpHBeneHa
SKCNEepHMEHTAbHO MOCTPOEHHAS KpHBas, XapakTepH3Yomast
a1y 3aBHcuMocTb. VI3 pucyHKa BHIHO, 410 Ha (HOJIETOBBHIE
JIY4H IJla3 pearHpyeT ropasio ciabee, 4eM Ha CHHe-3eJICHBIE,
HmenHo nostoMy BOCOpUHHMAaeMble 4eJOBEMECKHM [JIa30M
paccesiHHEIE COTHEUHbIE JIYYH [PAKTHIECKH He HMEIT (pHoeTo-
BOH KOMIIOHEHTHI.

A noueMy xe Ha rosiyGom Hefe MBI SICHO BHIMM GeJible oGra-
Ka? Pa3Be npu paccessHHH CBeTa Ha COCTAB/IMIONINX UX YacTHIAX
He CIpaBe/UIHBH! BHIBOIH M3 3aKoHa Pejes?

Heno B ToM, 4TO OGJaKa COCTOAT H3 MeENBUaHIUHX Kallessb
BOABl HIH KPHCTAJJIHKOB JIbJA, PasMepbl KOTOPHIX, OJHaKo,
3HauuTeNRHO MPEBHIUAIOT JUIHHB BONH BHAuMoro cpeta. [lo-
3TOMYy NPH PaccessHUM COJHEYHOro CBeTa Ha 4acTHiax, cocras-
Jaomux obnaka, 3akoH Pesea He npHMeHHM — paccesHue
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cBeTa BCeX JJIHH BOJH B 5TOM C/yuyae NPOHCXOZMT NpHOMH3H-
TeJBHO C OBMHAKOBON HHTEHCHBHOCTEIO, M 00JiaKa BOCHPHHH-
maioTcsl OeNBIMM, YTO MBI M BHAHUM Ha KapTHHe.

Bemotputech Tenepb B GopMy obnakos. [1o kaptuHe BHIHO,
yTO XOTSl BEPXHsISl YacTb obsaka pbixnias K KnyoOsiascs (31
obJlaKa ¥ HazbIBalOT KYYeBBIMH), HIDKHSAS I'paHHLA PE3KO oyep-
yeHa. C uem 3710 cBszano? OKaspipaercs, YTo KyYeBble obJaKa
(B OTNHMYHE OT CJOHCTHIX) OOpasyloTcsi NpH KOHBEKLHOHHOM
NIObEME OT NOBEPXHOCTH 3€MJIM TEIUVIBIX, HACHILEHHBIX BJarow
cioeB Bosayxa. Ilo mepe nopbeMa HaJl MOpeM (KaK H Hajl cyluedi)
Temneparypa Bo3AyXa Nanaer. IloHsTHO, 41O Jifi BHCOT Haj
ypOBHEM MODSi, MHOFO MeHBIINX painyca 3eM/H K PacCTOsHus
10 Gnuxaiimero Gepera, NOBEpXHOCTH MOCTOSIHHOH TeMmmepa-
Typhl (H30TepMbl) OGJIH3KH K HJOCKOCTAM, Aapajise]bHBIM f0-
pepXHOCTH Mopsi. IIpH 3ToM BOMH3M NOBEPXHOCTH MOps naje-
HHE TEMIIEpaTypbl NPOUCXOAHT JOCTATOYHO OBICTPO — NPHMEPHO
OMH Tpajyc Ha COTHIO MeTpoB (BOOOLLE roBopsi, 3aBHCHMOCTH
TeMIeparypbl BO3AyXa OT BBICOTH JajeKo He JIMHeiiHa, OJiHaKo
70 BHCOT B HECKOJBKO KHJIOMETPOB HpHBeIEHHble LHQPH!
BEpHBI).

Ho BepHeMcsi K NOAHHMAIOLEMYCSl MOTOKY Bo3fyxa. Kax
TOJIBKO OH IOCTHraeT BBICOTH, TEMIIEpATypa BO3AyXa Ha KOTOpPO#
COOTBETCTBYET TOUKE POCHI IJIfl COZEPKALIErocsi B HeEM BOJASHOIO
flapa, 1ap HauHHAaeT KOHJEHCHPOBaThCsA B Me/pYalilline Kane/b-
KM BOIBl. OTOH H30TEPMOH H ONpELessieTCsl HHKHsA rpaHuua
obsiaka. YYHTBIBasl, YTO pasMepel obJiaka No FOpH3OHTaNH CO-
CTABJISIOT COTHH M THICAYM METPOB, MBI BHIMM, YTO NpejIarae-
MOe OObsiCHEHHEe MPHBOJMT K HOCTATOYHO YeTKO OYepueHHOM
HUKHeH Trpanune obJaka, TaK KaK KOHIEHCalMsi BOASIHOTO
napa GyJer NPOHCXOAHTL ¢ PasOpOCOM B HECKOJNBKO JECATKOB
MeTpOB FO BBICOTE, YTO rOpasjio MeHbIlle FOPH3OHTANIBHOTO pas-
Mepa obnaka. B nonrsepKAeHHE CKa3aHHOTO Ha 3aJiHeM IUlaHe
KapTHHEL MBI BHEMM LBl PAZ 00/1aKOB € MJIOCKHMH HIKHHMH
rpaHHIaMH, KOTOpBIE BMCAT Ha OJHOM YPOBHE Hal MOpEM.

Ho noanuMatoiuiics BO3LyX Foc/i1e O0pa3oBaHus HHKHeH
rpasHupl o6Jlaka He OCTaHaBJHBaercsl, a, OBICTPO OXJIAaXKasCh,
fpofio/zKaer NofHUMaTbesi BBepX. OcTaBlIMecsi B HEM BOJfIHbIE
napel MHTEHCHBHO KOHZEHCHPYIOTCS M BOT YyXke HauHHaioT
npeBpawaThCs He B KaneJbKH BOJB!, 8 B KPHCTAJNIHKH JIbJa, U3
KOTOPBIX OGBIYHO H COCTOMT BEepXHss FpaHHLa Kyyeporo obJaka.
[Torepsip BCIO BJary Y OXJNafMBIIHCH, BO3AYX OCTaHABJIHBAETCA
1 HayuHaer cBoe obpatHoe ABU:Kenne BHu3. OH pacTeKaercs B
CTOPOHHl H omyckaercs, oOTekasa obnako. Fs-sa onMcaHHBEIX
KOHBEKLHOHHBIX FIOTOKOB M 06pa3yioTcsi XxapakTephble 6apalliku
Ha BepXHefl rpaHupme KyyeBbIX 00/1aKOB, a H3-3a TOro, YTO
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OXJIAZIBIUMACH BO3AYX ONYCKAaeTCsi BHH3, ITH O0JaKa, Kak
fpaBuIO, HE OOPAsyIOT HENPEPEHIBHYIO Maccy, a pasfelieHit
YHCTLIMH OPOMEKYTKaMH ronyboro Heba,

Ha nepernem nnasme KapTHHBI KJIMHOM JIETHT CTasi GesbiX
nTHy. OuennM Yactory B3MaXOB KpPBUIBEE NTHIE CPEAHHX
pasMepos (maccoft m~~10 kr, ¢ nJomanbi0 Kpeiia S=~1 M%) B
ycioBusaX noJieta Oes nuiaHupoBanus. [TycTb cpeansisi CKOpoOCTs
Apwxenus kpewia v, Torzna 3a Bpems Af npu IBHXEHHH KpBlia
BHH3 NTHIA COOOIIHT Macce Bosnyxa Am=pSvA¢ (p — njot-
HOCTB BO3lyXa) CKOPOCTb U, TO €CThb NEpefaet eit uMnyJse Ap=
=pSv°AL. laa Toro utolml ATHLUA [ep:Kanach Ha 3afaHHOM
BBICOTE, 3TOT HMMNYJIbC JOJKEH KOMIEHCHPOBATh COOTBETCTBYIO-
Lee BO3elicTBYE CHIBI THkecTH: Ap=mgA{, OTciofia BaxoiuM,
4T0

mg = PS?,

H, TaKuM o0pasoM, /ISl CpelHeil CKOpOCTH [BMKEHHMSI KpbLia

uveem v=)mg/pS. A1y CKOpOCTD YK€ MOXKHO CBSI3aTh C YacTo-
TOH v B3MaxOB' KPBUIbSIMH H JUIMHOH Kpblia L cooTHOLIeHHeM

v=oL =2nvL.,

Cunrasn, wto L~V'S, uaxonmm

vz-%l?g—(—?-)mzl ¢ s, (%)

Wrak, cornacHo Hamefi oueHKe NTHUA NOJUKHA Jenath Mpu-
MepHO OIMH B3Max B CEKYHAY, YTO MO TNOPSIAKY BEJIHYHHBI
BIOJIHE Pa3yMHO.

WutepecHo uccnenoBath noyyenHyio GopMysay mnoipoGHee,
Crenaem rpyGoe npeanonoKeHne, YT0 y BCeX NTHI, HE3aBHCHMO
OT pa3aMepoB M NOpPoZ, dopMa Tefia ofHHaKoBa. Torja miowans
KpEL1a MOXKHO CBA34Th C MACCOH NTHIL! COOTHOLIEHHEM S~ s,
Ilonctapnss 310 B HalileHHOe HaMH BHIPAXKEHHE AJISl YACTOTHI
B3MAXOB KpPbUIBSIMH, HAXORHM, 4YTO

1
Vo~ t—nm-.
Takuv ofpasoM, Mbl BHAUM, YTO C YMEHbIUEHHEM DasMepoB
NTHIBL YaCcTOTa €€ B3MAXOB KPBUIBAMH BO3pacTaeT, B YEM JIETKo
yOenutbcsi Ha onsite. KoHeuno, clesansoe HaMH Npeanonoxe-
HUe O elnHCTBE (POPMBI BCEX NTHI OYEHb rpy6oe — y GOMBIINX
OTHI KPBUIbsi AaXkKe OTHOCHTE/IBHO ropasjio OoJblle, YeMm Yy Ma-
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JbIX, ORHAKO 3TOT (DaKT TOJBKO YCHIHBaeT HafJeHHYIO Hamu
TEHACHUHIO.

3ameTuM, YTO Ty K€ hopMyJy (¥) (onHaKo Ge3 CyliecTBEHHOIO
MHOXKHTENSA 27t) MOXKHO GBLIO JIEFKO HOJYYHTH APOCTO METOAOM
pasMepHocTell. JIeHCTBHTENBPHO, $ICHO, YTO YacToTa B3MaXoB
3aBHCHT TONBKO OT Beca NTHUBL, [JIOWAAH ee KpBUlbed S i
FJIOTHOCTH OKPY2KalOlero Bo3AyXap. 3anuceBad v=p"“S? (mg)?
W CpaBHUBasi pPa3MEpPHOCTH (DH3MYECKHMX BeJHUHH B JICBOH U
fpaBoil UACTSIX ITOrO PaBEHCTBa, HAXOAMM, YTO OL=—7y)=—"'/,,

p=—1, 10 ecib
o _L mg \1/2
~ Shamm

Mnr panexko He Hcyepnasn BCEX Te€X BONPOCOB U OTBETOB,
KOTOpHIE MOKHO HaiiTh B «['onyGom npoctopes. [IbitanBoMy U
HabMioaTe/IbHOMY 3PHTENIO B 9T0H KapTHHE MOTYT OTKPBITECS
u Jpyrue, Moxer ObIThb, 6osiee HHTEpecHBle siBneHns. Jla u Her
HanoGHOCTH OrpaHMYMBATBCS KapTHHOH -— HHTEpecHBlE BOHPO-
Cbl M 3aJlayM MOXKHO HallTH Be3Zie B OKPYXKaIOIEeM Hac HOBce-
JIHEBHOM MHpE.

JIYVHHLIE JOPOXXKH
A B BOJie — B PeKe, B NpyJe, B o3epax, B AiMe
PoHapsmn pasbpocasiacs JyHa.

H. Cegepanur. «Nocturne»

OrtpazkeHus caMbIX Pas/jMYHbIX HCTOYHHKOB CBeTa
OT NOBEPXHOCTH BOIbI YacTO HMEIOT BMJ AJTHHHBIX JOPOXKZK
cBeTa, HampaBJeHHBIX OT HCTOYHMKA K HauleMy rniasy. Bcmow-
HHTE XOTs1 OBl OTPaXKEeHHe COJIHIA B MOpe BO BpeMsl 3aKara Ku
OTpaxKeHHs1 OT YJWYHBIX (poHapeli HaGepexxnok B pexe. Ulu-
POKyI0 M0JIOCY CBeTa OTOpacHIBAaeT JiyHa, OTpaxasCh B Mope
WIH o3epe.

Bce 3Tu ABNEHHS] NPOHCXOZAT BCACACTBHE TOTO, YTO Kank-
Jasi MaJeHbKasi BOJIHA Ha MOBEPXHOCTH BOABL AaeT CBOE OT-
nenbpHoe H3oOpaxenwue. [Tonpobyem pasobparhesi, MoyeMy bee
OCBellEHHbE BOJIHE BMECTE 00pasyoT NPOAOIroBaryto Gurypy,
BHITSHYTYIO OT HCTOYHMKA CBeTa K HaGMONaTeio,— NOPOKKY.

Mgl y2Ke rOBOpMIIH, YTO PfGh O6pasyercsi Ha BOJE NPH BOJI-
Henun 1—3 Ganaa no mkane Bodopra. Tlpu MeHbluem Berne
NOBEPXHOCTB BOZBI OTPAXAET KaK IJIOCKOE 3€PKA/O (COCTOsIHIe
wruas). [Ipu GonblieM OHa NOKPEIBaeTcs GeJbIMH Gapauikam 1,
U cBeToBasl JOPOXKKA TepsieT peskHe oueprTanus. Pabb MOXHO
NpENCTABUTH KaK MHOMECTBO MEJKHX BOJH, PasOpOCaHHEIX 1O
NOBEePXHOCTH BOAB! a0COMIOTHO HENPABHJBHO M BO3HHKAIOHIHX
OJMHAKOBO 4aCTO BO BCEX HamnpaBnieHHAX. KpyTusHa ckiona
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BOJIH NpM 3TOM He NpeBbIlaeT HEKOTOPOTO MPENeNbHOTO 3Ha-
yennsi o/, KOTOpOe 3aBHCHT OT CHJIbI BETPA M MOXET JOCTHIATh
20—30°. ;

[Tonpo6yeM Tenepsh HaHTH IPaHHLY HOJNOCH! CBETA, HECKOMb-
KO ynpocTHB 3afady. Klmenno, GyzneM cuntath, 4TO B KamJoM
MecTe MOBEPXHOCTH HMeeTcsi OOMbIIOe YHCJIO MaleHBKHX 3ep-
KaJbHBIX BOJH, KPYTH3HA CKJIOHOB KOTOPBIX MEHSIETCsl B Npe-
Jenax or O 0 ¢, ¥ BOJHEL HMEIOT pa3HYHBEIE HANpaBJieHusl.
Kpome Toro, Assl npoctoth! OyLieM CYHTath, YTO Habmionatensb
¥ HCTOYHHK CBETa HAXOAfITCS Ha OJHOM YPOBHE Hal NOBEpPXHO-
cteio BOsBl A (puc. 1).

ManeHbKoe ropH3OHTaIbHOE 3epKajiblie GyAeT oTépachiBath
CBET B rNas Habmofatens 0 TOMBKO B TOM CJlyuae, KOrja pac-
CTOfIHUSl OT HEro Jo Habmojatesss ¥ 0 HCTOYHHKA OLMHAKOBEI
(8 Touxe M). Ecnn xXe 3epkano HakJIOHeHO NOA YIJIOM € B
CTOPOHY HaOJOAATEeNs, TO AJsl TOrO YTOOLI OTPAXKEHHBIA CBET
fionajan B Iias, OHO JOMKHO OBITb HECKOJBKO CABHHYTO OT
Habmionatess (touka N). 3epkanble, HaKJIOHEHHOE TNOJ YIJIOM
0. B IPOTHBONOJNIOKHYIO CTOPOHY, JOMKHO HAXORHTHCSA B
Toyke N'.

Haxnonnble nOJOMEHNs 3€pKaja aHAJOIHYHBI KpaiiHuM
TIONIOKEHHSM BOJIH, HPH KOTOPBIX OTPaXeHHBIH OT HUX CBeT ellle
nonanaer B Haml rsas. Ilostomy paccrosinue mexny N u N’
ONpeJesIsieT LJHUHY CBETOBOH HOpOXKH. Bo Bcex Toukax Mexny
N u N’ pafinyTcsl yyacTKY BOJH, HMEIOME JOCTATOYHBI HAK-
JIOH sl TOro, YTOOBl OTpaXath JYYH B Halll TIJjas.

Pacemotpum Temepnb yraer Mexay snyuamu ceera. Us puc. 1
BHIHO, 4TO f+o=y+6, p—a=e=§, orkyma y=a+p—(p—
—o)=20., Takum 00pa3oM, MBI IPHXOIUM K BBIBOAY, 9TO YroJl,

Puc. 2

07l KOTOPhIM MBI BUANM GOJIBLIYIO OCh CBETOBOTO NSITHA, MPOCTO
PaBeH Yriy Mexjy IByMsi HauGosiee KPYTHIMH CKJIOHAMH.
HerpynHo nocuntate M JMHeHHBi pasMep OGONBIIOH ocH
natHa NN'.

Koporkasi ock NfiTHA OTpaKEHHOrO CBETA JIETKO HAaXOAMTCS
4HAJIOTHYHBIM crnocoO0M. EC/IH CMECTHTH 3epKasible M3 TOUKH
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M B HanpaBJeHHH, NepneHAuKRyaspHoM NN’ TO I Toro
uTOGK! OTPark€eHHBI CBET MONaJl B rJia3 HaGniofatend, 3epKalo-
1ie HaJiO MOBEPHYTH Ha HEKOTOPEIH YIoJ BOKPYP OCH, Dapalie/ib-
poii NN’ (puc. 2). Cunras, 4r0 OPEACJBHEIH yroa HOBOpOTA
3epKanblia NO-MPEXHEMYy paBeH <, HaXOZMM, YTO I[IHPHHA
nonockl cpera pp’=2h tga, u chnenoBare/bHO, KOPOTKas OCh
CTATHBAET Yroa [3=—2h_.t—gi—-.
VETR
OTHOWIEHHE ABYX BHAHMBIX THoJiyocefl OsTHa OyAer paBHO
B/2c,, wnm, cuutas, Yyro NATHO HEBEIHKO U YIrOJ O MaJ, paBHO
p/2cc=sin w, rie ® — yroj, NOx KOTOPHIM MBI GMOTPHM B BOLY.
UYem MeHBIIE 3TOT yroJ, TeM Gonbille BHTAHYTO NATHO. Eciu
B3MVISII CKOJIB3UT MO MOBepXHOGTH, TO NATHO GBETa Oyjer Jo
6eCKOHEUHOCTH BEITATHBATHCA H GYXKUBATBCH.

Pug. 3. CkopocTs BeTpa (e/eBa nampasc)s 12 m/e; 12 mle; B m/c; 2 m/a,
Bricora cosrua Haj ropusonToM: 30% 20% 13% 7°

Ipn HaGnIO/IeHHN GBETOBbIX IOPOXEK Ha MOBEPXHOCTH MOpH
yros @ OObIMHO Majl — GBETOBBHIE AOPOXKKH LOGTHPAIOT POpU-
30HTa (cM. pHC. 3), TaK YTO MOXKHO FOBOPHUTE TOJIEKO O IIHPHHA
nopoxKH. M xorsl nonyyenHble HaM# (HOpMYyJibl OYKBAJIBHO He
NpHMEHHMB! B 3TOM GJIyyae, NO/b3YsiCh HMH, MOXHO He TO/IbKO
KauecTBEHHO OOBSIGHHTHL [POHCXOKIEHHE JOPOXKEK, HO H IO-
HSITh 3aBHCHUMOCTD MX IIHPHHbLI OT CHJIbI BETPA M BHICOTHI COTHIA
HaJi TOPH3OHTOM: G YBEJIHYEHHEM ¢ H A LIHpHHA JOPOXKH BO3-

pacraer.
MAATHHK ®YKO U 3AKOH B3PA

...BBLIO, OfHAaKo, B 5TOM MasnTHAKG HCYTO, 3aCTABHBLIES MeHA
BCMOTPETHCA B HEPO NOBHEMATEALHEC,
3beap Io. «Koaopen H MasiTHIKS

Muorne, HapepHoe, ObiBanu B JleHmHrpajge u
BuIeNH 3HAMEHHTBI MasTHHK B McaakueBckoM co0ope HiIH
x0T 6Bl Cablliani o Hem (pua. 1). DT0T MasATHHK He TO/bKO
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KoJieGnercsi, HO TJIOCKOCTb €ro KojeGaHHi ellle W MeIJIeHHO
nopopauvBaeicsi. Takoe HaGji0fieHHe BIEpBEHIE npoBes ¢pan-
nyackuii ydenptii @yko B 1851 r. OnbIT NIPOBOAKICSH B OFPOMHOM

)

Puc. 1. B mapte 1931 r. B spannu HcaakueBcKoro cobopa, rie Toraa
HAXOLRACH JICHHNIPAJCKMH TOCYZapCTBEHHBIl 2HTHPEJHIHC3HEI My-
S€H, COCTOsmiIcst MEPBHIH MYCK MasgTHHKA QYKO

sane [Tapmxckoro IManTeona, ap MafgTHUKA HMeJ Maccy 28 Kr,
a JnuHA HATH 6611a 67 M. C T1ex NOP TaKOH MasiTHUK Has3LIBAIOT
manTHHKOM DPyxo. Kak xe obbsicHuTh ero apmmenue?
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Ecnu 661 Ha 3emne CTPOro BBHIOHSINCH 3aKOHE! HbloTOHA,
TO, KaK M3BECTHO M3 LIKOJLHOTO Kypca (DU3MKH, MasTHHK KoJe-
Gancss Obl B ONHON MNJIOCKOCTH. 3HAYHT, B CHCTEME OTCUETa,
cBfi3aHHON ¢ 3emuefi, 3awoHel HbloToHa Hafo «HenpaBHTE».
J10 JealoT, BBOAS CHeENHANbHbIE CHJbL — CHJBI HHEPLHIL

Cunpl MHEpLHM BO Bpaiuaromeiica
CHCTEME OTcYeTa

Cuspl MHepUMM TPMXOAHTCS BBOAMTL B J06OMH
CHCTEME OTCYeTR, JBXKYyIueHcs oTHocuTeabHO CosHua (TouHee
roBOpPS, OTHOCHUTENLHO TAK HA3LIBAEMOH CHCTEMBI HENOLBIKHEIX
3Be3]1) ¢ yckopenneM. Takue cucteMsl HasHBAIOT HeHHepUHAJb-
HEIMH CHCTEMAaMU B OTJIMYHE OT HHEPLHAJIBHLIX CHCTEM, NBHKY-
Luxcsi oTHocHUTebHO COJIHIA W 3Be3i PaBHOMEPHO M NIPSIMO-
JIMHEHO.
3emnisl, CTPOTO TOBOPS, He SIBAAETCS HHEPLHAJLHOU CHGTe-
MO# 0TCyeTa, TaKk KaK OHa Bpaulaercs BOKpYT Co/HLa W BOKPYP
cBoell ocu. OfHAKO YCKOpPEHHSMH, CBF3aHHLIMH C STHMH JBH-

Puc. 2. Cuabl HHepIHH BO Bpaulaouielics CHCTeMe OTcyYeTa

JKeHUsIMH, OCHIYHO MOXHO HpeHeOpeYb H MOJB30BATHCA B CH-
creMe 3eman 3akoHamM Hetotona. Ho BoT moBopor MasiTHHKA
DYKO KakK pas OObACHACTCS AeliCTBHEM OCOGOM CUJIBI HHEPUHH—
cunsl Koproanca. TlorosopuM o Heil mozpobmee.
PaccMorpuM mpoctofl nmpHyep Bpaimaomleficss CHCTEMBI OT-
cyera, B KOTOPOH HAIISIAHO HPOABJSAIOTCS CHJbl HHEPUHH.
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Tlpenctaebre cebe, UTO YeJlOBEK Karaercs Ha Kapycenu (06os-
HayuM ee YIJOBYIO CKOpOCTh BpallleHHsl Yepes o, a Panuyc —
r). O6cynuM cJy4ail, KOrfia OH ellle flepebupaercs U3 OAHOrO
Kpecnia B Jpyroe (cM. puc. 2), TO €CTb IBUXKETCH B CHCTEME Ka-
pYCeJIH 10 OKDY2KHOCTH € HEKOTOPO# CKOPOCTBIO Uy, HAIDHMED,
B CTOpPOHY BpaiieHusl (SKCOEPHMEHT YHMCTO MBICJEHHBIH, TaK
KaK 3T0 CTpOXKalillle 3aNpelleH0 NpaBHIaMH). )

PaccMoTpHM BHAYasle BIXKEHHE YEJIOBEKA B HENOABIMKHOL
ciicreme orcyera. IlosiHasi CKOPOCTh €ro HBHMKEHHS ¢ CKAajbl-
BaeTcsl K3 JIMHEHHOH CKOPOCTH KapyceaH or H CKOPOCTH OTHO-
CHTEJIBHOTO JBUKEHHST Uy

V=0 -+ v,
LleHTpOCTPEMHUTEIBHOE YCKODEHHE ONpPEREJsieTCs H3BECT-
Holl (popMyJioHi

2
L41] 9
aucz—,— =-r—-—|-0) f+ 2000)-

Ilo BTOpoMy 3axkoHy HoioToHa
mauc=Qy

rae Q — ropHsOHTaJIbHasi COCTaBJSIOMasl CHJB  peakKiHy,

AeHCTBYIOIEll HA Ye/OBEKa CO CTOPOHBI Kpecsa KapycesH.
Tenepe paccvoTpm 970 Xe ABHKEHHE B CHCTEME KapycelH.

Tam cropocts paBHa vy, H LEHTPOCTPEMHUTELHOE yCKOpeHHe

ayc=vg/r. licnonbsys Npebiaymiye ABa paBeHCTBa, MOXHO

3amncaTh

mug

maye = = Q— mw*r— 2muy,o.
Ecny MBI XOTHM NOJIB30BATHCS 3aK0HOM HBIOTOHA U BO Bpaia-
IOLENiCSl CHCTEeMe, HAalO BBECTH CHY HHEPLHH

F = — (mo?r + 2myw) = — (F ¢+ Fy),

TI€ 3HAK «MHHYC» YKasblBaeT, YTO 3Ta CHJia HanpapjeHa OT
LeHTpa Bpailenusi. CHla MHEPUHH KaK Obl 0T6pachiBaeT yeJio-
BeKa OT LeHTpa, KOrja OH Karaercsi Ha Kapycend. Opsako
CJ10Ba «Kak Obl» CTOSIT 31eCh He cayyaiino. HHUKaKuX HOBBIX CH
B3aHMOZEIICTBHST MeXKAY TeJJaMH BO BpalLamoweficss CHCTeMe OT-
cuera He BosHMKaeT. Ha yenopeka mo-npexuemy Jeficteyer co
CTOPOHBI Kpec/1a T4 XK€ CH/la PeaKuuH, HMEIOLasl Ty Ke TopH-
SOHTA/IbHYIO COCTABJAIOMYIO (), HANPaBJEHHYIO K LEHTPY Bpa-
wennsi. Ho ecnu B HenoziBinkHOH cheteme cuia Q coslapana
TI0/1HOE LEHTPOCTPEMHTENIBHOE YCKOpEHUE @, TO BO BpaIllaio-
LIEHCs CHCTEMe BeIHYHMHA YCKOPEHHsl yMeHbIIiIack. [Tostomy n
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APHLLIOCE BBECTH CHIY MHEPUMH F,;, 4aCTHYHO KOMIEHCHPYIO-
myo cuny Q.

B namem ciyuae Cila MHEpLUN CKNalblBaeTcs U3 ABYX CHI,
COOTBETCTBYIOLIHX JBYM C/araeMblM B Bblpaxenwn mias F,.
[Neppoe — 310 LEHTpOGEKHas cuna uHepuMu F,q. OnHa Tem
Gosbllle, yem OBICTpEE BpallleHHe | YeM Jajibllle OTCTOHT TeJIO OT
nenTpa. Bropas cHia HasbiBaeTCsi KOpHOJIMCOBOH CHIOH Fx
(mo umeHH ¢paHunysckoro yyeHoro Kopuosmca, Blepebe ee
paccynraBuiero). Takyio CHIy NPHXOAHTCS BBOAMTL TOJIBKO
TOTHA, KOTja TeJo JBKETcs Bo Bpawatoulefica cucreme. Ona
He 3aBHCHT OT MOJIOKEHHS Tej1a, HO 3aBHCHT OT CKOPOCTH €ro
JBMXKEHHs] H OT CKOPOCTH BpaIleHHS CHCTEMBI OTCYETa.

Ecau Tesl0 BO BpaLlAIONIEHCs CHCTEME ABUKETCA He Mo OK-
PYXHOCTH, a, HampHMep, 0O pajMycy (cM. pHC. 2), TO OKa3bl-
BaeTcsl, M B 3TOM CJyyae Takxe HeoOXonaumo BBecTH cuny Kopu-
osnca. Ho HanpaesieHa oHa OyIeT He BOJb pajHyca, a neprel-
nuKyJasipHo emy. ¥ pooOie np# Jiio6oM ABHXKEHHH BO Bpallao-
meficsi CUCTeMe KOPHOJHCOBa CHJa HamnpaBjieHa NeprneHIuKy-
JISIPHO OCH BpALIleHHsI H CKOPOCTH TeJ1a. Y AMBHTENBHO, HO aKT:
IpH JBIDKEHUH BO BpallAlolleficsl CHCTeMe CWIa HHEpUHH He
TONBKO OTOpachBaeT TeJIO OT LEHTPa, HO M Kak OBl TOJKaeT
ero BOOK.

[TopyepkHeM, YTo NPOUCXOXKJEHHe CuJbl KopHonuca Takoe
JKe, KaK M BCeX CHJ HHEepPLHH — 37a CHJIa He CBsI3aHa ¢ HENo-
CPEACTBEHHBIM B3aHMONEHACTBHEM TeJl. Bor HarisiiHEIH TOMY
npHMEP.

[lpencraBbre cebe, YTO HA NOJIOCE YCTaHOBJEHA HYIUKa,
KOTOpasl CTPEJIsieT BJOJb MEpPHAHaHa (MOMOC B3AT JJisi HPOCTO-
TEL paccyxjeHus). Llesb HaXOAMTCsS Ha TOM e MepHAHaHe.
Mo3KeT /K CHapsiA NONACcTh B Leb? Ec/iH cMOTpeTh Ha CTpensiy
¢O CTOPOHBI (MO/IB30BATECA HMHEPUHANbHOH CHUCTEMOH OTCyera,
cBsazansol ¢ CoJHIEM), TO CUTyalus siCHasl: TPAeKTOpHs CHa-
psifia JIEKUT B HaYa/IbHOH MePHIMOHANILHON MJIOCKOCTH, a Leb
BMecTe ¢ 3emnell nosopaunBaercsi. [losToMy CHapsii HHKOIAa
He nonazeT B uenb (pasBe 4To 3eMs ycneer NOBEPHYTHCA M04
HUM Ha LeJIoe YUCJIOo CYTOK). A Kak OObSICHUTH TO XKe sIBIEHHE B
cHCTEME OTcyeTa, cBszaHHOH ¢ 3emieil? Kak 00bACHHTL addek-
1bl, OOYCJIOBJIEHHEIE <YXOZIOM» IE/H M3 MJIOCKOCTH TONETa CHa-
papa? JInsi 5T0r0 ¥ NPUXOAMTCS BBOZHTH KOPHOJHKCOBY CHIY,
HaNpaBJeHHYIO NEPHeHMKYJISIPHO CKOPOCTH Te/a H OCH Bpa-
wenusi. Toria ¥ B CHCTEME OTCYeTa, CBA3aHHOH ¢ 3emueil,
CTAHOBHTCSI HOHATHBIM, NOYEMY CHapsifi BLITAJKHBALTCH H3
MepHAHOHAMbHON NJOCKOCTH H He [0Najaer B LEb.

ToYHO TaK 2Ke OGBACHSETCS OBOPOT MIOCKOCTH KoJjieOanuii
U MasTHHKa PyKo, 0 KOTOPoM MBI TOBOPHJIN B Hayang CTaTbH.
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B unepuHanbHOH CHCTEME CoJsHIa IJI0CKOCTE KoneDanult Masat-
HUKa OcTaercsi HeusMeHHOH, a 3emJisi Bpallaercs. IMostomy
OTHOCHTE/IBHO 3€MH IJIOCKOCTh KoeOaHHil MOBOpayUBaeTcs.
(TTpotiie BCero ONsiTh NPEACTABUTL Cefe, YTO MaATHHK KOJeG/1eT-
cs Ha MOJIOCE; TOTrja MJIOCKOCTh KOseOaHuil COBEPIUHT NOJIHBIH
06OpOT KaK pas 3a CYTKH.) A BOT B CHCTEME OTCYETa, CBSI3aHHOH
¢ 3emuiell, 5TO SIBJEHHE MOXKHO OOBSICHHTB TOJIBKO C MOMOMBIO
cuel  Koprogmca.

HHTepecHbIe CNEICTBHUS

Cuna Kopuonuca, BO3HHKAIOLLAs1 BCJIESACTBHE Bpa-
HIeHUs1 3eMJTH, TPHBOAMT K LIEJIOMY pSAY BeCbMa BaXHEIX a(ex-
toB. Ho mpexkie yeM roBopurb O HHX, OOGCYAMM MNoJpoGHee
BONPOC O HampaBjeHun cuiel Kopronnca. Yaxe ObLI0 CKasaHo,
yto cuna KopHosuca Bcerja nepneHinKyJsipHa OCH BpallleHust
H CKopocTH Tena. Ho npu TakoM onpejesieHHH OCTaloTCs BO3-
MOXHBIMHE JiBa HanmpaejeHusi ciiabl Kopronuca, nokasanHele Ha
puc. 3. HanoMHuM, YTO aHalOTHYHAA CHTYaLHsl BO3HUKaeT NpU
onpeneseHuH HanpaBJeHHs cHibl JlopeHua, AelicTByromiell Ha
IBLKYIIMACS 3apsifi CO CTOPOHBI MarHuTHOTO noJs. Kak usse-
CTHO U3 IUKOJBHOTO Kypca (pH3HKH, 3Ta CHJIA NepreHAUKYISIpHa
CKOPOCTH 3apsifia W HHAYKUHH MarsuTHOrO Hoss. OJHako AJd
TOro 4TOGHl OZ|HOZHAYUHO ONpPEAEJIUTL €€ HanpaBJieHxe, Halo
BOCIIOJIB30BATHCS NPaBWJIOM JIEBOE DYKH.

Puc. 3. JlBa BosmMOXk- PuHc. 4. Hanpaeaenmwe cuasl Kopuoauca
HEIX HanpaBieHHsi cH-  OIpeNelifeTcs ¢ NOMCIbIO paBHia JeBOH
ae1 Kopuoanca PYKH

HarnpagJjieHHe KOpHOHCOBOH CHJBI TaKike MOXKHO HaHTH C
NOMOIBIO aHaJIOrHYHOro npasuia. Ero uamoctpupyer puc. 4, a.
Ilpexne Bcero BhiOepeM ONpENENICHHOE HalpaBJeHHE OCH Bpa-
LIeHHs: €CJAH CMOTPETh Ha Bpallalolleecss TeJ0 B 3TOM Ha-
OpaBJeHHH, BpalleHHe JOMKHO HPOHCXONHTE IO YacOBOH
crpenke. Tenepb pacnosioKHM JIEBYIO PYKY TaK, YTOOb! Hanpas-
JleHHe BBITAHYTHIX YeThlpeX HalbLEB COBNAfalo C HampasJe-
HHEM CKOPOCTH TeJa, a HaOpapJeHHe OCH BpalleHus IMpo-
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HU3bIBAJO OBl JIaJOHb. TOTAA OTOTHYTHIH nop yryiov $0°
Oonplioll masel MOKaKeT Hanpasjenue cuin KopuoiHca.

Iee BO3MOXHOCTH ompeneiieHHst HanpaesneHus cuiasi Ko-
prosiuca witd cHibl JIopeHLa coOTBETCTBYIOT ABYM THHAM CHM-
METpHH, BCTPEYAOIHMCH B OPHPOAEe: CHMMETPHH JIEBOrO H mpa-
Boro. Kaxnplit pa3 mas Toro, YtoGbl yKasaTh THII CHMMETDHH,
NpUXONHTCS ofpamarbess K «3TAIOHY» — OYpPaBUHKy, pyxe
U T. 0. KoHeuHo, B HefiCTBHTENbHOCTH NPHUpPORE HET HHKAKOro
Jena jo pamleit Jjiepoil pyku HJIH Oypaeunka. [IpocTo Takum
of6pasoM MOKHO C(OpMYJHPOBATb NpaBHAa JJI HAXOXKIEHHA
HanpapJeHHs] CHIILL.

Htak, Mbl noapo6Ho obcynmunu eonpoc o cujte Kopuosuca
IUIs1 ¢cAy4Yasi, KOrjia CKOpOCTh Tela BO Bpaulaiouedics cHcTeve
OTCUETa NepleHuKyJIsipHa ocH epainenns. IlpH aToM Beaudnsa
CHJIBl paBHa 2mmv,, a HANpaBJeHHe ONpENeaseTcsa NpaBuIOM
Jepoit pyku. A Kaxk GHTL B 0flieM ciy4ae?

Oxkasbiaercs, ec/IH CKOPOCTb T€JIa Uy COCTABJSAET € OChi0
BpallleHHsl NPOH3BOJIbHEL yroJ (puc. 4, 6), TO IPH HAXOXKAEHHH
cunul Koprosuca Hafo yYUTEIBATD TONBKO NPOSKIHIO CKOPOCTH
Ha MJIOCKOCTh, NEPHEHIHKYJAPHYIO OCH BpalueHus. Torza
E€JIMYMHA KOPHOJHCOBOH CHJBI BHIHCHAsSETCA 10 (opuyne

Fx = 2mwu, | = 2mau, cos 9.

Harmpagpnenye 3T0H CHIBI ONpeNensieTcsl TeM XKe NpaBu/oM Je-
BOH pYKH, HO YeTHipe BBITAHYTHIX NaJblla HYXKHO pacnoJiaratb
e BEOJIb CKOPOCTH Tefd, 4 BHOJb NEPHNEHAUKYJAPHOH K OCH
GpaleH s COCTABASAIOIEH CKOPOCTH, KaK NOKa3ano ka puc. 4, 6.

SPa — =

Puc. 5. Cuna Kopuonuca OTKJIOHSET maccaThl K sanany

Tenepsr Ham Bce U3BeCTHO mpo cuay Kopuonuca: u xax Haii-
TH e MOZYJIb, ¥ KaK Olpene/HTh HanpasJienne. Boopy K HBIIHCE
3THMH 3HAHUSIMH, NPHCTYIHM K OOBSCHEHHIO Psila HHTEPECHBIX
3 phexTOB.

3pecTHO, Hanpumep, UTO MNACCaThl — BETPHI, AYyIOWiHe OT
TPOMHKOB K SKBATOPY,— BCErAa OTKJIOHAKTCA K 3anapy. Puc. 6
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obbsicusier a10T 3ddexr. CHauana yGenurech B TOM, YTO 3TO
JIefiCTBHUTE/IDHO TaK, A/ CEBEPHOro moayiuapus, Tle NAaccaTel
IyIOT ¢ ceBepa Ha 1or. Pacnosioxure JeBylo pyKY Tak, 4TOObI
0Cb BpAllleHHs 3eMJIH BXOIH/IA B JIAJOHb, 4 YeTEIpE BLITAHYTHIX
nanblla HanpasbTe BAOJDb NEPHEHAHKYJsipa K OCH BpalleHus.
Bul yBupuTe, YTO KOPHOJNHCOBA CWJAa HamnpapJieHa Ha Bac
nepneHfuKyJIsip HO YepTexy H, ClIefopaTelbHO, Ha 3anal. B ox-
HOM ToJTyllIapHuH naccathl AyIOT, Hao6opoT, ¢ fora Ha ceeep. Ho
EH HanpaeJieHHe OcH BPAlleHHs, HH HalpaeJieHHe NeprneHiuKy-
asipa B Hefi He H3MEHSIIOTCH: CJIENOBATENbHO, HE H3MEHSIeTCs U
nanpasJsenne cunbl Koprosnnca. Takum oGpasom, 3ta cuna B
ofonxX ciyyasix HanpaBJeHa K 3anapy.

N lipabei

/:I;D\\ Rec el
e

Vo |

AN L
10y

g (P‘d CeBeproe nonywapue
Puc. 6. Cuna Kopmuo- Puc. 7. ¥ pek B ceBepHOM
JMCA OpUKUMaET BOAY nonyumapud npaeblii  Geper
B peke K npaBoMmy Ge- 6ojlee Kpyrofi @4 HOAMBITHIH,
pery B CEBepHOM [io- HeM JIeBBIH

Jyuiapud @ K JeBo-
My — B 103KHOM

Puc. 6 minocTpupyeT sakoH Bapa: y pek, Tekylux B ce-
BEpPHOM MOJTyllapyy, Npaebiii 6eper 6oJiee KPyToH H NOAMBITHIH,
yeM JieBbIH (B I0XKHOM nOJNyliapuyd — HaoGopor). B stoM cayuae
JieHCTBHE KOPHOJIHCOBOH CHIIBl NPHBOJMT K TOMY, YTO BOJA NpPH-
JKuMaercss K npasBoMmy Oepery. M3-3a TpeHusi y DOBEpXHOCTH
CKOpOCTb TeYEHHs] BCerza 6oJipllie, YeM y IIHA; COOTBETCTBEHHO
6ynet Gospiieit U cuia Koprosnuca. B pesysbrate BosHukaer
LUHPKYJIALys BOAB, NOKAa3aHHAsl CTpeJKaMH Ha puc. 7, nouea
y npaeoro 6epera NOEMBLIBAETCH, & Y JIEBOFO OCAXKHAETCH. 1O
ABJIEHHE aHAJIOMYHO pasMBHITHIO 6epera mpH NOBOPOTE peKH, O
KOTOpOM paccKasblpasioch B pasfene «Meanuphl pek». UToGH B
HeM ray6xe pasobparecs, nonpoGyHTe OLEHHTh pa3HOCTL YPOB-
Hefi BOABI HAa BOCTOYHOM H 3anajHoM GeperaX pekd Bourm.

Ilopymatite, 6yner Jsim Habmopathesi 3TOT 3bheKT, ecaH
peKka TeueT BHOJL NapalliesH?

Uro npowusoiiger, ecan peka nepeceyer SKBATOP?
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KoproJsucoea cuna NPHBORHT K OTKJOHEHHIO NaJaioliuX
Te]l K Boctoky. (O6bsacHHTL STOT 8ddeKT monpobyiiTe camH.)
B 1833 r. wemenkuii ¢usuk PepauHann Pailx nposen oyeHb
TOYHEIE SKCIIEpUMEHTEl B OpelOyprckoi Wlaxte W NOJyYH,
YTO NPpH cBOGOZHOM NafeHHH Teu ¢ BhIcOTH 168 M ux oTknoHeHHe
8 cpennem (o 106 ombitam) cocTasisier 28,3 MM. 310 mOCTy-
JKHJIO OHMM H3 NEepPBbIX SKCOEPMMEHTAJNbLHEIX JIOKa3aTeJlbCTB
TeopuH Kopuosnca.

JYHHBIA TOPMO3

... B ucTopum 3emsn ObiBajin, HaBepHOE, THICAYENETHS, KOTa Ipex-
nue JIyHel OPHTACMBANKCH K Mell cOBCeM GJIMSKO H HOCHJINCEL BOK-
pyr 3eMJn ¢ wyROoBMILHON cKopocThio, H, Tak e Kak ceropus JIyHa
TsiHeT 3a coGol NPHJIHBHYIO BOJIHY BRICOTOH B MeTp HJIH JiBa, TOrna
OHa, Kpya HaJ 3emJell,"Bosiounsia 3a coGOH ropy BOAH H HJIa Wbl-
coTolt ¢ KakoU-uHOyaL OrpoMupill xpeber...

P. Mysuae. «Henopek Ges CBOHCTE

TlpuunuHOli MpPOHCXOXEEHNS NPHJIHBOB JIOEH C
JIABHHX Nop cyHTasu JIyHy. JIyHa npuTsATHBaEeT BOLY MHPOBOIO
OKeaHa, H B Pe3yJibTaTe B OKeaHe 06pasyercss BOLSHOH «ropb».
310t rop6 CTOAT HA MecTe HanpoTHE JIyHEl, a 3eMJIs Bpallaercs
BOKpyr ceoelt ocu. Hacrynas
Ha Oeper, MONHABILUAACHA BOZA g Sy
BHI3EIBAET [PHJIHBE],, a OTCTY- 4 N
nas — OTJIMBbL. Takas Teopus
OPWIHBOB BHIVIAAHT JIOBOJIb=
HO EeCTeCTBEHHO, HO OHa NpH-
BOAMT K TpOTHBOpeunio. BhI-
XOJIUT, YTO MNPHJIHBEl HOJDKHEL
HabJsonatkCd ONHH pas B cyT-

————
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KH, a B JeHCTBHTeHHOCTH OHHU N S
GuBaloT Kaxapie 12 wacoe. N s
ITepByio TeopHIO NPH/IHBOB, Pre. 1

OOBSACHAIOIYIO ST0 fIBJEHHE,
cosfas HEeloToH BcKope mocsieé OTKPBLITHS 3aKOHA BCEMHPHOTO
TArotenus. [y HaydeHHa TOr0 BONPOCA HCROJb3YeM NOHATHE
cun uHepuHd. Kag MEl yixe o6cy2kzianiy B PEARAYILEM pasfiede,
i BO BpalIOLIeHics CHCTEME OTCYETa MOMKHO NOJIb30BATHCA 3a-
koHamMu HrpioTOHa, eciM K culaM B3auMOJEHCTBHA MeEXAY
TeJaMH JOGABHTH CHJIBI HHEDIIHH.

3emJist Bpaiiaercs BOKPYr cBoeii ocH, Bokpyr CosHua H. . .
BOKpYT JIyHel. XoTsi 00 5TOM BpalleHHHd OOLIYHO 3a6LIBAIOT,
HMEHHO OHO NO3BOJISIET NOCTPOHTH NPABHJIbHYIO TEOPHIO IpH-
nuBoe. llpencrasrre ceGe ppa 1apHKa: TsXKeNbIH H JIETKHH,
COEJHHEHHbIE HHTBIO M HaxXoZsllHecs Ha TOPH3OHTAILHOH
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ryankoi nyockoctH (puc. 1). Takue maprk# SOMKHEL BpalLaTh-
€A COIVIACOBAHHO — KAXKJIBIH H3 HUX JBMKETCH MO OKPYKHOCTH
CBOEr0 pajuyca, HO ¢ oOLIMM IIeHTPOM, COBNAJAIOKM C LEHT-
pPOM HHEPUMH CHCTEME]. DBoJbIoH HIap UK BpallaeTcs no OKpyx-
HOCTH MaJIoro pajuyca, HO OH He HenozmsixeH! TouHo Tak ke
3emnss u JlyHa, npHTATHBAasACh APYT K APYTry IO 3aKOHY BCe-
MHpPHOIO TSIFOTEHHsi, BPAULAIOTCS B NPOCTPAHCTBE BOKPYT 00-
ero nentpa urepunn C (puc. 2). BesenctBue Gosbliiol Macen
3eMJIH 3TOT LEHTP HAXOOHTCH BHYTPH 3EMHOrO 1apa, HO OH

KR
SRRRK
5305558
0%t

Syra

Puc. 2

CMEIIleH N0 OTHOWIEEHIO K neHTPpy 3emia 0. YTJIoBEE CKOpOoCTH
o BpalleHHus BOKpyr ToukH C 3emn H JIyHEI, OYEBHIHO, OFU-
HaKOBEI.

[NepefineM Tenepb B CHCTEMY OTCYeTd, BpaILAOMYIOC C
YIJIOBOH CKOPOCTBIO . Torza B Helt 3emist 1 JIyHa HEnomBumiK-
Hbl OTHocHMTENbHO Apyr jpyra. Ho mockonsky 3t1a cHcTema
HeHHEpUHANbHAas, TO Ha KaKOEH SJEMEHT Macchl HeHCTBYCT
He TOJIbKO CHJIA TATOTEHHs, HO H IIeHTPOGeKHAas CHIId, KOTOpLs
TeM 6oJiblile, TeM Nabile OTCTOUT YACTHIA OT EHTPA BpalleHHs.

Jlnsi mpOCTOTEI ApeAcTasuM ce6e, YTO BOJA ONHOPOIHBLIM
cJioeM NMOKPBIBAET BCIO NMOBEPXHOCTh 3eMuin. Moxer s1u OHa npu
3TOM HaXopuThess B paBHoBecHu? OueBHIHO, YTO HeT. JIyHa Ha-
PYUINT TaKOe paBHOBECHE, TaK KaK INOSBATCSH NONOJHHUTEIbHHIE
CHJIEl NpuTs?KeHHsi K JIyHe H LeHTpoGekHble CHJIBI HHEpLMH.
Y noeepxHoCTH, OOpAILEHHOH K JIyHe, cHJla IpHTSXKeHHs K JIyHe
H LEHTpoGeKHas CHia HanpaeJeHbl OT LeHTpa 3eMiid; B pe-
syabTate ob6pasyetcsi BoisiHo# rop6 A (puc. 2). Ho u y nanbued
[IOBEPXHOCTH BOXBl BO3HUKAeT AHAJOTHYHAs CHTyanusi. 37ech
VBeJIHYMBAETCH CHJIA HHEPUHH (BO3pAacTaeT pacCTOsiHHE Lo
uenTpa BpaileHus C), a cuiia DpUTSKeHHs K JIyHe CTaHOBHTCSI
MeHbluell. PaBHopmeficTByIOIAR STHX CHJI ONSITh HANpPaBJieHa or
IeHTpa 3€MJIH H NPHUBOJHT K 06pa3soBaHHIO ellle OHOro rop6a
B. PaBHOBeCHIO COOTBETCTBYET KapTHHA, NOKA3aHHAS LITPHXOM
Ha puc. 2.

KoneuHo, Takoe oGbsICHEHHe TPHAHBOB SIBJSETCS BECbMA
ynpomenneiM, OHO He YYHTHIBAe€T HePaBHOMEPHOCTH pacipe-
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JIeJIEHHs] BOJIEL 110 [IOBEDXHOCTH 3eMJIH, BJIHSHHS CHJ NPHTAXKe-
uug K ConHny ¥ MHOTHX Apyrux ¢akTopoB, CHOCOGHBIX CYIIe-
CTBEHHO -H3MEHHTh ONHCAHHYIO KapTuHy. OAHAKO OTBET Ha
IVIaBHBIH Bompoc TeopHst Aaer. Tak Kak rop6bl HENOJBHXKHEL, a
3eMJIsi BpalAeTcss OTHOCHTE b~
HO CBOel OcH, TO IpHUJIHBH U
OTJIUBHL JHOJIKHBI HAGJIONATHCS
IBAXKIEl B CYTKH.

Hy, a Tenepp camoe Bpems
OOBSACHHTD NPHUHUUN JAeHCTBHA .
JIYHHOTO TOpMO3a. Okxasbleaet- i
Cfl, YTO B IeHCTBUTENILHOCTH TOp- Puc. 3 y
6bl HAXOFATCA HE Ha JIHHHH,

COeJIHHSAIONIE]l LIeHTPH 3eMJTH H

JIyHHE (KaK 3TO /151 IPOCTOTH NOKA3aEO Ha pHC. 2), a HECKOJIBKO
CMelleHb! B cTopoHy (pHc. 3). IIpoHCXOAHT 3TO MO CJIeyroilek
npHYuHe. 3eMJTs, Bpalllasich BOKPYT CBOCH OcH, YBJIEKAeT BCJlel-
cTBHE TpeHHs 3a coboii Bomy B okeare. Ilostomy mo mepe
HOBOPOTA 3€MJIH B NPHJIHBHEIE TOPOE!I JOJIKHBI BOBJEKATLCSH
BCe HoBBIE M HOBBIE Macchl Bofibl. Jledopmanys, onHaKo, Bcerna
3anasJLBaeT NO OTHOIIEHHIO K BRIBBIBAIOIIEH ee cuile (Belb CHIla
CO3/laeT YCKOPEHHe H JIOJZKHO NPOHTH KaKoe-TO BpeMs, YTOOHI
YacTHIH IPHOOPENH CKOPOCThE H CMECTHIHCh Ha HEKOTOpOoe
paccrosinne). [103TOMy TOYKa MaKCHMAaJbHOrO NORHATHA BOALL
(BepiurHa rop6a) H TOYKa Ha JIMHHH [IEHTPOB, TAE HA BOLY Jei-
CTBYET MaKcHMaJIbHasl cuiia NpUTsKeHus K JIyHe, He coenapa-
to1. O6pasopanue rop6a NpPOHUCXONHT ¢ HEKOTOPLIM 3aiia3fibl-
BaHMEM, ¥ OH CMEIAeTCs B CTOPOHY BpallleHus 3eMaH. A B rta-
KOM CJydae, KaK 3TO BUAHO U3 pHC. 3, CHJIa NPHTKeHus JIyHEl
ViK€ He NPOXOLHT Yepe3 LEeHTP 3eMJIH U CO3HaeT MOMEHT, TOPMO-
asuui ee Bpauerde. JLuTeNbHOCTh CYTOK KaxKIONHEBHO yBe-
gugupaercs! Brieperie 3T0 NoHsAJ 3ameyaTtesbHBIH aHIVIMHCKHH
¢usuk Jopn KesbsuH.

«JlyHHEIR TOpMO3» 0€30TKasHO paGoTaerT y»Ke MHOrHe MHII-
JIHOHEL JIET H CIloco6GeH CYIEeCTBEHHO M3MEHHTb JJIHTENLHOCTh
3eMHBIX CYTOK. ¥ OKaMeHEeBUIHX KOPAJJIOB, XHUBILHX B OKeaHe
okoJio 400 MIJIJTHOHOB JIET Ha3ajl, y4eHble OORaAPYKHIIH CTPYK-
TYpH, HAa3BaHHBIE (CYTOYHLIMH» H «FORHIHEBIMHY KOJIBL@MH,
Korza «cyTouHEIE» KOJbIA BOACYNTAIY, TO OKa3aloch, 4TO Ha
KaxkAbl rog ux npuxoputcst 395! Ilpono/nkHTENLHOCTE TOfA —
neplojid, B TeYEHHe KOTOPOro 3eMJsi COBEpIIAeT MOJHMbIE 06o-
por Bokpyr CoJjHua,— C TéX Nop, NO-BHAHMOMY, HE H3MEHH-
Jlach. 3HAUuT, TOrFA B CyTKax Gwuio TOJBKO 22 yacal

JlynrbIft TOpMO3 NPOJO/KAET paboTarTh M ceifvac, yBejHyH-
Bas JJIHTENLHOCTb CYTOK. B KOHIlE KOHIOB, BpeMs 06palleHHs
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3emsH BOKPYT CBOEH OCH CpaBHSIETCH CO BPEMEHEM OOpallleHHs
JlyHel BOKDYF 3eMJH, M TOorza TOPMOXKEHHE IpPeKpaTuTcs.
3emnst Gyzer obpamena K JIyne Bcerna ofHOH CTOPOHOH, TOYHO
TaK e, KaK OOpalleHa K Ham ofHoH cToponoit Jlyna (mompo-
6y#Te camu 00BSCHHTH, IIOYEMY 3TO npousowwio). Jurens-
HOCTb CyTOK Ha 3eMye YBEIHUHTCS H B pe3yJ/bTaTe MOXeE?
M3MEHHThLCH KiuMmaT. 3emist GyzieT JOJITO OcTapatbesi oOpamieH-
Ho#i K COJIHIly OXHOH CTOPOHOH, a Ha JAPYFOH CTOpOHE B 3TO
BpeMst GyIeT JoJirast HO4b. ['opsiumil BOSAYX ¢ Harperolt cTopo-
HEL C OPPOMHOI CKOPOCTBIO YCTPEMHTCS K XOJIONHOH, Ha 3eme
3aJylOT CHJbHbIE BETPHl, NOIHHMYTCS TNecyaHele OypH . ..
Ho npousofizer 310 OYeHp He CKOpPO, M JIOAH 00s13aTesibHO
npuiyMalT, Kak MNpefoTBpaTHTh TaKoe OenciBHe.




YACTDb II

NPOCTASl ®U3UKA CJIO)KHBIX SIBJIEHUH

MBI HACTOJILKO NP UBBIKJIH K OKPYKAIOIEMY MUY,
YTO YacTO HE 3a[yMbIBaeMCSi Haj, NpHYMHAMH MHOCHX SIBJICHHH,
OHH HE KAXKYTCS HAaM YAHBHTEJbHEIMH. A NPH BHHUMATENHHOM
HaGMIONEHNH MOXKHO HaHTH MHOXKECTBO TOBOJOB Jy1si PasMbILilLie-
nuit. «bpocast B BOLy KaMeIIKH, CMOTPH Ha KPYrH, HMH o6pa-
ayeMble; uHAue Takoe GpocaHue GYAeT nyctoli 3abasoow, —
nucan Kosema I[IpyTroB. Camble HeoObITHBIE fIBJIEHHS OKPY KO-
1ero Hac MHpa OObsicHsIeT OObIKHOBEHHAs (pU3HKa.




MOYEMY 3BYYUT CKPUITKA

... A cKpuIKa upeTa He HMeJa,
OHa HMeJla TOJbKO 3BYK.
H. [Manvenko. «CTHXH O CKPHITKE®

[Ipu fBIXEHAH Tea B KaKOf-1H0O cpejie BOHH-
KAIOT CMJIBI CONPOTHBJIEHHS IBIMEHHIO, CTPeMsILHecs 3aMes-
uTH ero. MexaHuyecKOMY [BIKEHHIO OJHOIO TBEPJOro Tena
110 IOBEPXHOCTH APYTOro NPENATCTBYIOT CHJIbI CyXOrO TPEHHS; B
MHAKOCTH HJIM Fase NOsIBJIAIOTCS BA3KOE TPEHHE H a3pOoJHMHaMH-
yecKoe CONPOTHBJEHHE H T. W.

BaauMonelicTBHE Tela €O cpeJioil — JOBOJBHO CJIOXKHBIA
npotece, NPHBOAAUKE OCHYHO K TOMY, YTO SHEPTHS TeJd CO
BpEMEHEM TePEeXOfHT B TEMJO. OpHAaKO CONpOTHRJIEHHE CPENB
MOXKET Hrpatb H 00paTHyI0 POJIb — YBENHYHBATH SHEPTHIO
tena. [IpH 2TOM, Kak NpaBH/IO, BO3HHKAIOT Konebanus. Ha-
IpEMEp, CHJIA CYXOro TPEHHs MeX Ny NePeBHraeMbIM HIKajoM H
TI0JIOM TOPMO3HT €ro JIBHXKEHNe, H 9Ta Xe CH/a, JeHCTByIollas
MKy CMBIYKOM H CTDYHO#H, BBHISHIBAeT KOJNEOaHHS CTPYHEL
Kak BE YBHAWTE Jajblile, NPHIHHOH BO3HHKHOBEHHs Koneba-
uHl ABJseTcs Najaiouas 3aBHCHMOCTb CHJBI TPEHHSI OT CKO-
poctu apmxkeHnsi. KoneGaHusi BOSHHKAIOT 1OTJa, KOLKA cH/a
TpeHHs] YMEHBIIAETCs! HPH YBeJHYEHHH CKOPOCTH.

PaccmoTpuM mpolece BO3HHKHOBEHHs] MEXaHHYECKHX KoJie-
GaHuli Ha npHMepe CKPHIKH. 3By4anue CKPHIIKH BLISEIBAETCS
JIBMKeHMeM cMblaKa. HeBo3MOXHO, KOHEUHO, OOBSICHUTD 3JI€Ch
BCE CJIOXKHEIE SIBJICHHSA, CBS3aHHEE ¢ OCOOEHHOCTAMH 3BYYaAHYsE
ckpunkd. OpHako nonpoGyeM B NpHHLHIE pasobpatkcs, no-
yeMy BO3HHKAIOT KOJIeGAHHs! CKP HIHYHOH CTPYHBI, KOrAa No Heil
paBHOMEDHO BERYT CMBIYKOM.

CHJIbL TPEHHSt MEXJY CMBIMKOM H CTPYHOH — 3TO CHJIBL CY-
xoro TpeHus. MOXXHO TOBOPHMTb O CHJIAX TPEHHs NOKoA H
Tpenust ckoybxkenns. IlepBas cuna BO3HHKaeT MEXAY CO-
NpYKACAOMUMHCH, HO HENOABIKHBIMH JIDYT OTHOCHTEJBHO
Jpyra TeaaMm#, BTOpas — HPH CKOJILXKEHHH OIHOTO Tejd no
NOBEPXHOCTH JPYroro.

Cujla Tpenmsi TOKOsl, KaK H3BECTHO, MOXET NpHHHMATb
JIoGEle 3HaueHNs (B 3aBHCHMOCTH OT BHeIUIHEH CHJIBI) OT RyJIA
JIO MakcuManbHOTO Fi), NPH 5TOM OHA BCerZa pPaBHa No BejH-
yuHe M [POTHBOIOJOXKHA 10 HANPaBJEHHIO BHEILHEH CHJIe.

Cruta TpeHHsl CKOJIbIKEHHs] 32BHCHT OT MarepHaja Tel H OT
COCTOSIHHS TPYiUMXCHA HOBepxHocTell, a8 TaK¥Ke OT OTHOCHTEJb-
EOH ckopocTH 3THX TesI. O nocjenHeit Mbl GyAe TOBOPHUTH GoJied
nopipo6uo. Xapakrtep 3aBHCHMOCTH CHJIBI TPCHHA CKOJIBXKEHHs]
OT CKOPOCTH JJISi pas3jHuHBIX Te&J pasJiteH; HepelKo npii
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yBEJIMYEHHH CKOPOCTH CKOJIbXEHHS BHa4aJie NPOHCXONHUT YMEHb-
LIEHHE CHJIB TPEHHS CKOJILXKEHHS, d 3aTeM OHa HayHHaeT BO3-
pacrare. [padux 3apHCHMOCTH a6COJIOTHOH BEJHYHHBI CHJIBI
CYXOro TpPeHusi OT CKOPOCTH B 3TOM CJIydae NoKasaH Ha puc. 1.
Cunpl TpeHnst MEXIY CKPHITHYHBIM CMBIYKOM H CTPYHO#! Kak pa3
H HMEIT TaKoil xapakrep. BepTuxaapHblfl y4actok npH v=0
COOTBEICTBYET CHJIAM TPeHHsI MOKosi. Ec/iH OTHOCHTENIbHAS CKO-
pOCTh CTPYHH! H CMBI4Ka U COOTBETCTBYET NAAadiolleMy YYacTKy

fip TF,
F,ﬁ”\ 4
Fp-a0)=N o
(0 - - \4\
Frp U+4Y) ;\T_/’ NP 20 N
= i e - R
. A
V-Av v AV Uy [} L]

Puc. 1 Puc. 2

0<<v<<vy, TO YBEJHUYEHHIO OTHOCHTEJbHOH CKOPOCTH Ha HEKO-
TOPYIO Malyio BeJHUHHY AU COOTBETCTBYET YMEHBIlIEHHE CHJIBL
TpPeHHs, H Hao0OpOT, NMpPH YMEHbIIEHHH CKOPOCTH COOTBEICT-
ByIOlllee H3MEHEHHe CHJBl TPEHHS NOJIOXKHTeNbHO (eM. puc. ).
Kak BHI cefiuac yeHinTe, HMEHHO GJarofiaps 3TOH 0COGEHHOCTH
MOXKET YBEeJHYHBATBCH SHEprHs CTPYHHl 32 CYeT paGoThl CHI
CYXOr0o TPEHHA.

[Npu HayanbHOM HBIXKEHHH CMBIYKA CTPYHAa OTKJIOHSIETCH
BMecTe ¢ HUM. [1pu 3ToM cHila TpeHHSA NOKOS YPABHOBEIIHBAETCS
CHJIaMH HaTAXEHHs! CTpyHH (prc. 2). PasHopeiicTByioman F
CHMJI HATsXKeHHs] TPONOPHHOHAJIEHA OTKJIOHEHHIO CTPYHBI X
OT NOJIOXKEHHS PABHOBECHS:

F=2Tusinoc=i4—lz°—x,
rie I — gnupa cIpyHe,, a To-— cujia HaTsKEeHUs CTPYHHI,
KOTOPYIO NP H 18/IX OTKJIOHERHSA X MOKHO CHHTaTh IOCTOSTHHOH.
[TosTOMy NpH JBHXEHHH CTPYHBI BMECTe CO cMbMKOM cuna F
OyHeT pacTH, u B TOT MOMEHT, KOTJA OHa CTaHeT PABHOH Mak-
cuManbHOH Cmite TpeHust Loxos Ff), HadHeTcss NPOCKaslb3bl-
BAHHe.

Bylem noka aJisi NpocTOTHl CUHTATH, YTO B MOMEHT Hauaia
CKOJIbIKEHHsT H3MeHeHne CRibl TPEeHHS] NPOHCXORHT CKadKOoM:
olla VMEHbIllaeTcss OT MAKCHMaJMbHOIC 3HaueHHsi CHJBI TpEHH:
nokos JO HeGosblIoil CHBL TPeHHsl CKojabKerusa. HubiMn
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cII0BaMH, ToC/Ie Hauana CKOJIbKEHHs IBIKECHHE CTPYHBI MOAKHO
cypTaTh TNOYTH CBOGOIHBIM.

B MOMEHT CPuIBA CKOPOCTb CTPYHBI PABHAJNACH CKOPOCTH
cMblYKa, ¥ BHaYaje CTpyHa GyJieT NPONOMKaTh OTKJIOHATLCS B
CTOPOHY JBHIKEHHS CMBIMKa. Ho Tenepp paBHOIEHCTBYHOMIAS
cula HATSIKEHHS HHYEM He CKOMIEHCHPOBaHa, I0STOMY OHa
GyneT TOpMO3HTh JBIXKEHHE CTPYHBI, 3aME/Ifs ero. B Kako#-To
MOMEHT CKOPOCTb CTPYHEI YNajieT Jo HyJsIfi, 3aTeM CTpyHa Had-
HeT JBUrarbcsl 06pPAaTHO; MOC/e MAKCHMAJIbHOIO OTKJIOHEHHs OT
TOJIOKEHHS PABHOBECHsS B NPOTHBONOJIOXKHYIO HAYaJbHOH CTO-
poHy CTpyHa omsith GYneT JABHIarbCf B CTOPOHY IBHMKCHH:
cMBIUKA. A CMBMOK TNPOROKAeT IBHrarbCsi PABHOMEPHO CO
CKOpOCTBIO 4. B HEKOTOpEIH MOMEHT CKOPOCTH CTPYHbI H CMBIY-
Ka cpaBHAIOTCS. IIpH 3TOM MeXIYy CTPYHOH H CMBLIMKOM IIPO-
CKaJb3blBAHHUA YXKe HeT, H Io-

_:;__ /\ fBNIETCA CHA TPEeHHs MOKOf,
! pasHas pagHORECTBYIOWEH Cull
14 21 AT —  HATSKEHHs.

3 u Tpu panbHefilleM ABHKEHHH
g  CTPYHBl JIO TIOJIOXEHHS DaBHO-
BECHS! CHJIEI HATSI2KeHHs yMeHb-
@ HIAloTeA, H  COOTBETCTBEHHO
. yMEeHbIIAeTCs CHIA TPEHHs Ho-
! Kos1. I'locJe IpOXOXKACHHS CTPY-
,_g — L e - HOH IOJIOXKEHHR PAaBHOBECHs

I \_}/ - npolecc IOBTOPSETCS.

CooTBeTCTBYIOUHE  TpapHK

Puc. 3 3aBHCHMOCTH OTKJIOHEHHSA CTPY-

HBI OT BpEMEHH TI0Ka3aH Ha pHC.

3, a. JlpmXeHne CTpYHHl ne-

pHOAHuECKOe, IPHYEM B KaXKJIOM MepHOJe HMEIOTCs iBa PasHbIX

yuactka. Haupumep, Ha yuactke 0<{¢<lf; cTpyHa ABHMKETCS CO

CMBIYKOM C MNOCTOSIHHOH CKOpOCTBIO U, TaK YTO OTKJIOHEHHE X

JIMHEeHO 3aeHcHT OT BpemenH (tg a=u). B moMeHT # mpoucxo-

IIMT CPBIB, H IpH {;<]|{<{f, H3MEHEHHE X CO BPEMEHEM IPOHCXO-

JIMT [0 CHHYCOHIAJbHOMY 3akoHy. B MoMeHT f,, KOrja Kaca-

TeqbHAs K CHHYCOHJie MMeeT TOT XK€ HAKJIOH, YTO H Haya/bHbiH

npsAMONMHEHHBIH  yuacToK (yc/nOBHE paBeHCTBA cKopocTedi),
CTPyHa BHOBb 3aXBATHIBAETCS CMBIYKOM.

Puc. 3, a coOTBETCTBYeT HIeaJbHOMY CJydalo, KOrjia cuna
TpeHUsi CKOJIbXKEHHs1 OTCYTCTBYET, H [03TOMy HET HOTephb
SHepruy NpH cBOGOAHOM Xoze cTpyHHL [lomnasi pabora chimb
TPEHHsl NOKOSl Ha JIMHEHBIX Y4acTKaX 3a MepHOA NpH SToM
TaKxKe pPaBHa HYJO, TaK KaK MNpH OTPHUATENBHBIX X COBEpIIA-
ercsl OTpHuaTesibHasA pa6oTa (cuia TpeHusl HalpasieHa HPOTHE
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IBHXKeHHs), a npH x>0 cosepuiaeTcs Takas xe 10 BeIHIHHE,
HO NOJIOXKKHTeNbHAs pabora.

Uro e NPOMCXONHT B CJyyae, KOrZa CH/Ia TPEHHs CKOJb-
JKEHHsT OTJHYEA OT HyJsi? TpeHHe CKOJNBXKEHHS NPHBOAHT K
norepsiv sHepru. JlBizkeHne CTPYHL! IPH  NPOCKA/b3bIBAHHH
Tenepb ONHCHIBaeTCss TpapuKoM, NOKAasaHHEIM HAa pHC. 3, 6.
Ipu oTpHuATebHBIX OTKJIOHEHHSX 5Ta KpHBas GoJiee noJoras,
yeM npu nonoxure bHelX. [losroMy 3sallensieHHe CTPYHEL
CMBEIYKOM NPOHCXOJHT NPH MeHbLIEM [0 BeJHYHHe OTpHUAaTe/b-
HOM OTKJIOHEHHH — X3, UEM ROJIOXXHTEIbHOE OTKJ/OHEHHE Xi,
COOTBETCTBYIOIlee CphIBY. B pesyJsibTare cuija TPEHHS MOKOs
BO BpeMsd CLelJIeHHss CTPYHBI CO CMBEIYKOM COBEpPLIaeT 3a IHe-
puOJ NOJIOKHTENbHYIO pabory

2 2
A L k (xI; X2)’

rie k=4T,/l — KosppuIHeHT NPONOPUHOHANILHOCTH — MEXKAY
BE/JHYMHOH CHJIBI TPEHHSI NOKOS M OTKJIOHEHHEM CTDYHEL.

Sra pabora KaK pas i KOMIEHCHPYET fI0TepH SHEPTHH 32 CUer
cual Tpenus cKosbkeHHAl. KoneGaHusi €TpyHbl SIBASIOTCH He-
34Ty XaAKOLUMH.

Boo6iie rosopsi, LS NONOJHEHHs] SHEPrHH CTPYHEI 32 CYel
CH TpeHusl He 00s13aTe/bHO, YTOOLI MPOHCXONHIO CLENJIeHHE
CTpyHBI CO CMBIYKOM. JlocTaToyHoO, 4ytoOBl OTHOCHTE/IbHAS CKO-
pOCTb CMBIYKA M CTPYHLI NPH KOJEeOAHHAX CTPYHB HAXONM/IACh
B IpeiefaXx NAJAIOLEro yyacTKa SaBHCHMOCTH CHJIBI TPEHHA
CKOMb3KeHust o7 ckopoetd. Paccmorpum Gonee HOApOOHO siBJe:
HHe BO30YxeHHs] KosieOaHHH CTPYHBI B 3TOM eJyuae.

[TycTb CMBIYOK ONSATH JIBIZKETCS @ HEKOTOPOH NOCTOSIHHOM
CKOpOCTBIO I, a CTPYHA OTKJOHEHA OF NOJIOXKeHHS PABHOBECHA
Ha X, TaK, 4To0bI paBHozeiicTBYyouas F (x,) GHJl ynpyrocTH ypas-
HOBelIHBaNa CHAY TpeHHsl cKoiwxkenua Fp,(¢). Eenn erpyHa
cJ1yyaiiHO OTKJIOHHTCSI B CTOPOHY JABHMEHHs CMBIYKA, TO OTHO-
cHTe/bHAsl CKOPOCTb yMeHbLINTCA. B pesysbrare ch/la TPEHHS
BO3pacTaeT (OTHOCHTE/NbHAs GKOPOCTH COOTBETCTBYET Malaio-
memy yyactky!), H CTpyHa OTKJOHHTES €ile Gonbuie, [lpn
JanbHeHIIeM OTKJOHEHHH YIpyrasa ci/ia B KakKOH-TO MOMEHT
06s13aTe/IbHO IPEBBICHT CHLTY TpeHus (ynpyrasi CHia nponopuyo-
HaJbHA BeJIMYHHE OTKJOHEHHS, a CHJa TPEHHs CKOJIbXKEeHHs He
MOKET [peB30HTH MaKCHMAJbHOFO 3HAYeHHs GHJIbI TPEHHS
MoKosi), H CTPyHa HAyHeT JBHrarbcsi B OOpPaTHYIO CTOpOHY.
Ona npofiier noJioxeHHe PaBHOBECHS, CHOBA CTKJOHHTCH,
ocTaHoBHTCS H T. 4. TakuM o6pasom BO3OYAATCS KoseGaHus
CTPYHEL
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Baxkno, uTO 3TH KosebaHHs OyLyT HesaTyxaromiumu. B ca-
MOM Jiesie, TIPH JABHXKEHHH CTPYHEI CO CKOPOCTbIO Av B cropony
cMBUKa CHIA TPeHHs COBeplIaeT HOJOXKHTEJbHYyIO pabory, a
npH OGPATHOM JIBIXXEHHH — OTPHUATEbHYIO. Ho otHocHTeN b~
Hasi CKOpOCTb U;=u4—AU B NepBOM Cllyyae MeHblIe, YeM CKO-
pocTh U,=Ut-+Av BO BTOPOM Clyyae, a CJefoBaTe/lbHO, CHia
Tpenuss Fop(u—Av), HaoGopor, Gonblue, yeM Fi (u+Av).
Takum 0Opas3oM, MOJNOKHTeNbHASA pabora cHl TpeHus IpH
JBHKEHHH CTPYHBI B CTOPOHY CMBMKA OOJiblie, 4eM OTpHIA-
tenbHass pabora MpH ee BOSBPATHOM JBIXKEHHH, H B LEJOM
CHJIbI TPEHHSI COBEPILIAIOT NOJOXHTe/bHYI0 paGoty. Ammnry/a
kosieGanuit Gyner ysearumBarbes. OQHAKO JiMIb [0 ONpefe-
nexsoro npefena. Ilpu v>v, (cM. puc. 1) cKOPOCTb BLIXOIMT
3a npejessl Majialoliero y4acTka, ¥ Torja oTpHuaresnbHas pa-
60T CHJIBI TPEHHS y3Ke MOXKeT cTaTh GOJblie, YeM MOJIOKHTE b
Hasi. DHeprusi, a 3HAYNT H aMIUIHTY/ia KoJleGanuil OyayT yMeHb-
LIATbCS. )

B pesyibTare YCTAHOBMTCS TaKasi aMIIATyna KoseGaHHE,
MpH KOTOPOii No/Has paGoTa CHJl TPeHHs! PaBHA HyJIO (roBOPsI
TOuHee, 3Ta paboTa KOMIEHCHPYET NOTepH SHEPTHH BCAEJCTBHE
COTpPOTHBJIEHHS] BO3/lyXa, HEYNPYroro xapakrepa Aeopmaruii
u 7. 1.). C 570l NOCTOSIHHOM aMIVINTYIOd ¥ OYAYT NPOHCXOLNTD
HesaTyXarolye KoJeCaHusi CTPYHEL

Bos6yxaeHne 3BYKOBEIX KOsie0aHHH NPH ABHKEHHH OAHOTO
TBEPIOro Teja NO MNOBEPXHOCTH APYTOro NPOHCXOIHT OYeHb
yacto. CyXoe TpeHHe B IBepHOH IeTyie MOXKeT BBI3SBATL CKPHII
asepu. CKpunsT nososHik;, 00yBb. CKpHUN MOXKHO NPOH3BECTH
npocTo NasblieM, NpOBens UM 110 KaKo#-HUOyIb TJaZKoil no-
BEpXHOCTH. $IBJIEHHS, NPOHMCXOASIHE NpH 3TOM, BO MHOTOM
AHANOTHYHBI BO3OYIKIEHHUIO KoJe-
GaHuil CKpHNHYHOA cTpyHul. Bua-
/1€ NPOCcKaNb3biBAHNS HET, H BO3-
HHUKaeT ynpyras jegopmanus. 3a-
TeM NPOHMCXOJUT CPEIB, H BO3OYK-
JawTes Kojebauusa tena. Koneba-
HHs He 3aTyXaloT, TaKk Kak 6jaro-
Japsl najawiell XapaKTepHCTHKe
CHJI CyXOrO TPEHHS IOCTABJIsIeTCH
HeoOXonmumasi 3Heprus 3a cyer
paboTbl 3THX CHIIL.

[lpy u3MeHeHHH XapaKTepa 3aBHCHMOCTH CHJI TPEHHS OT
CKOpOCTH CKpHN Hcyesaet. F3pecTHo, HanpuMep, 4To [JIsT 5TOTO
JOCTATOYHO cMAas3ath Tpyluecss nopepxHocti. CHia KHIKOTO
TpeHusl (IpH MajblX CKOpOCTSX) IpOINOpIilHOHANbHA CKOPOCTH,
M YCJIOBHH, HeoOXOAUMBLIX ISl BO3OYKJeHHs KoJeOaHHH, HET.
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HaoCopor, korza Xorsit BO3OYIMTh KoseGaHHsi, MOBEPXHOCTH
00pabaTeIBAIOT CIIElHANBHEIM 00pa3oM, yTo6bl ROGHTLCS GoJee
Pe3KOro yMeHbIIIeHHsI CHJI TPEHHSI NPH YBENHYEHHH CKOPOCTH.
CMBLIYOK CKPHIIKH, HANPHMED, A/ 9TOr0 HATHPAIOT KAHU(OJIBO.

3uaHHe 3aKOHOB TPeHHsi IOMOraeT peliaTh BayKHbIe NPaKTH-
ueckne sanaud. [lpn o6paborke Merasna Ha TOKapHOM CTaHKe
HHOT[lda BO3HHKaeT BHOpanusl pe3la. DTH KoJeOAHHS BEI3LIBa-
IOTCSI CHJIAMH CYXOrO TPEHHSI MEXKIY PE3LOM H MeTaJlJIHYecKOol
CTPY?KKOH, CKOMb3silllell N0 ero NOBEPXHOCTH NPH OOTOYKE Me-
Tasuia (puc. 4). 3aBHCHMOCTb CHJIBI TPEHHS OT CKOPOCTH CTPY K-
KH (cKopocTd 00paboTKY) JJist psa BHICOKOKAYECTBEHHBIX Cra-
Jiefl OKasLiBaercsl Najaromiefl. STUM, KaK MEI y3Ke 3HaeM, MOXKHO
o6BsicHUTh KosiebaHus pesua. Has GopuObl ¢ BuGpanueil uc-
noJb3yercs, HampuMep, CIeNHAIbHAst 3aTOYKA pesila, MNpH
KOTOPOH HeT CKOJIbXKEHMS CTPYXKH. TeM caMemM ycrpaHsercs
IpHYHHA BO3HHKHOBEHHS KoOJeOaHHH.

NCWIHUE H BESMOJIBCTBYIO[uidE BOKAJibl

Kapera 6bi1a nofo6Ha OTKPHITOH PaKOBHHE U3 CBEPKAIOLIEro XPj c-
Tansi, FBa GONBIIHX KoJleca, Kas3asoch, ObUIH CAENaHBl U3 TOIQ ie
BemecTBa. Korjia oHu Bpaljajiuch, BOSHHKAJNH AHBHEHE 3BYKH...
TTosHble, Bee YCHIHBAOLMECs M NPpubIMKAOLMecs aKKOPAb GLITH
NOROGHB! 3BYKAM CTEKJISIHHOH rapMOHHKY, HO TOJLKO HECABXaHUCH
BEJHYMHB M CHIB ...
8. T. A. I'opaan,
«Kpomka Ilaxec, 1o npo3BaHuIo LluHEoGep»

To, yto V3 CTEKNSHHEIX OOKalOB MOMKHO H3BJC-
KaTtb 3BYKH, He HOBO. OJIHAKO OKAa3LIBAETCS, YTO MYSEIKAJbHLIS
3BYKH M3 HHX MOXXHO H3BJIeKaTb BecbMa CBOeOOPA3HBIM CITOCO-
fom. Bnpouem, cynure camH.

Ecnu ofMakdyTh Najel B BOAY H aKKypaTHO BOLHTb MM [0
Kpaiwo 60Kana, NOCTOSSHHO cMayHhBast BOZOH, TO CHayasa GOKaJ
OyIer HM3/laBaTh CKPHIAILMH 3BYK, HO 3ateM, KOrga Kpasi Xopo-
1110 06OTPyTCH, 3BYKH CTAaHYT MeslofguuHee. MeHss cuny HaxniMa
manblia, MOXHO MeHSITb H TOH H3BJeKaeMoro 3pyka. Kpome
TOFO, BBICOTA TOHA 3aBHCHT ellle W OT pasMepoB OoKasna, TCI-
IHHBL €0 CTEHOK H KOJIMYecTBa KUJIKOCTH B HEM.

3ameruy, 410 He JI060i1 60Kan crnocobGed H3aBaTh NPHATHEE
NooIHe 3BYKH, NO3TOMY NOHCK NOAXOAALero GoKana MoXKer
OKa3aThCd JIONTHM H XJONOTIHBEIM. Jlyuiie Bcero riowr (a Ie
CKPHIAT) 0YeHb TOHKHe OOKaJbl, HMEKILIe (opMy napadosona
BpaLlelusi, Ha ANUHHON H TOHKOH HoxKe. TOH 3ByuaHHsi MOXHO
MeHsiTb, nojnuBas B Gokan Bomy: ueM Gogblie B GoKaJse Oyler
BOJIBL, T€M HizKe OH 3By4HT. Korfa yposeHb BOABI NOOHHMETCs
J0 cepenHHbl OOKana, HAa ee MNOBEPXHOCTH INOSABATCA BOJIHLL
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BO3HHKAIOLIHE H3-38 COTPSICEHHsT CTEHOK 6okana. CHiibHee BCEro
poHeHre GyeT B TOM MeCTe, TAie B JAHHLIH MOMEHT HAXOOUTCS

nasen, H3BJeKaiomuii H3 OOKana 3ByK.
Ha OCHOBE ONHCAHHOTO SBJIEHHsT 3HAMEHHUTHIH aMep HKaHCK Hi

yuenblii DenmxameH PpaHKIAH (OTKPEIBIUMHA, B YacTHOCTH,
aTMocepHOe 5/IEKTPHYECTBO) CO3jiasl BeChbMa OpHrHHAJbHBIH
My3bIKaJIbHBIEl HHCTPYMEHT, HanoMuHaomui onucauublii F'od-
MapoM B ckaske «Kpouka Ilaxec, no npossanuio LlnnHOGep».
Henwiii psAA  XOPOLIO OTIIHGOBAHHLIX CTEKISHHBIX Yallek,
NpoCBepIIEHHEIX B Cepefidie, Ha OJMHAKOBbIX PaCCTOSHHAX
Zpyr OT Ipyra NPHKPEnIsANHCh K oznuoi obineit ocd. [lop sAmu-
KoM, B KOTOpOM HAXOJHWJach 3Ta CHcreMa, Obwla NpHAenaHa
nejianb {(kaK y LIBeHHOH MalllHHbL), NPHBOASALIASA OCh BO Bpalle-
ure. OT NPOCTOrO NPHKOCHOBEHHST MOKPEIX NANbUEB HCHOJHH-
TesIs K BPALAIOIIMMCS YalikaM 3BYKH yCHIHBANHCh [0 ¢opTHC-
cuUMO WJIH Nafajd 10 LIenora.

Cefiyac TPyZHO NpencTaBHTbL cefe 3TOT yAHBHTENbHBIE My-
3bIKAJIbHBIH HHCTPYMEHT, HO JIIOJH, CJIBILIABLINE €10, YBEPSJIH,
Gyaro Obl rapMOHHSI €ro 3BYKOB NOTPSICAOLLIHM ofpasoM 1efi-
cIBOBA/ia KAK HA CAMOTO HCTIOJIHHTEJIS, TAK H HA ClyLIaTesed.
B 1763 r. cBOH 3K3eMIJISip 3TOr0 MHCTPyMeHTa PpaHKJIMH
nofapun auranuadke mucc [lssuc. B TeuenHe HECKOJILKHX
JeT oHA NEMOHCTPMpOBAJa €ro BO MHOrMX crpaHax Espomsi,
2 3aTeM 5TOT YIMBHTEIbHEIN HHCTPYMEHT GecClleiHO HCyes. Bos-
MOKHO, YTO BOCHOMHHAHHSA O HEM BROCJIEACTBHH JIOLLIH 10 Spu-
cra Teonopa Amanesi FopmaHa, B OH HCHOJB30BAT STOT obpas B
«Kpomke Ilaxece».

KoJib CKOpo pedb 3a1ia 0 6oKanax, TO CTOHT YIIOMSIHYTb H
70T MHTEPeCHEHI (aKT, YTO YOKarbCst GOKalaMH C IAMIAHCKHM
He npuHATo. BHAMMO, B OCHOBE 5TOH TpamHIuH JIEKHT TaKoe
yicTo (pH3HIECKOe OGCTOATENbCTBO, UTO 3BYK NPH COyJapeHHH
Jaxe XpycraJbHBIX GOKasloB, HANOJNHEHHBIX IIAMNAHCKHM
(4B MUHEpATbHOH BOJOH), OKA3bIBAETCS TVIYXHM. B yem xe TyT
neno? [Toyemy OOKanbl ¢ LIAMIIAHCKHM He 3BEHAT?

MesonIHYHOCTb, «XPYCTAJTbHYIO» OKPACKy 3BOHY IPHAAIOT
BO30yKIaeMble B PE30OHATOPe, KOTOPBIM SIBJIAETCA 6okan ¢
(hM3HUeCcKO TOYKH 3PEHHs!, BBICOKOYACTOTHEIE S8BYKOBBIC (v~
~10—20 k') u naxke yabrpassykKosere (v=>20 kI'1) Konebanus.
[TpH coynapeHny NycTeiX GOKaIOB MK COKaJioB, 3aNOJHEeHHBIX
HerasHpOBAHHBIMU HANHTKAMH, 5TH KoJleGaHHs BO30YKIAI0TCH H
3Byuar NOBOJIbHO Jonro. [TosroMy B KauecTBe NpHIHHLL OTCYT-
CTBHS 3BOHA NPH cOyJapeHHH GOKaioB C LIAMIAHCKHM Cpasy
JKe HanpaliiBaloTC NYy3BIPbKH YIVIEKHCIOro rasa, 06H/IbHO
BEIIC/ISIIOLLAECS B HEM NOC/Ie BCKpHITHS GyThITKH. MoxkeT OBITh,
OHH NPHBOJAT K CHJIbHOMY paccesiHHIO KOPOTKOBOJHOBBIX 3BY-
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KOBEIX KosieGaHHH B GoKalje, NOZOGHO TOMY Kak (DJIYKTyalMH
IJIOTHOCTH MOJIEKYJI B aTMOCQEpe CHJIbHO pAaCCEHBAOT Jy4H
KOpPOTKOBO/MHOBOH YacTH CIIEKTPA COMHEUHOro cBera (CM. paszel
«B rony6om mpoctope»)?

Jaxxe 1151 3BYKOB € 4aCTOTAMH, HAXOAAIMMHCS Ha BepXHeH
rpamuIe CAHIINMOCTH YesoBeyeckoro yxa (v~20 kI'n), miuuna
BOJIHBI B BOZe cocrtaBiasier A=c/v ~ 10 oM (¢=1450 m/c —
CKOpOCTh 3BYKa B BOJE), YTO 3aBeOMO HaMHOIO NpPEBHIILIAET
pasMepbl NY3BIPbKOB YIJIEKHCIOTO rasa B INAMNAHCKOM (7~
~ 1 mMM), nosTOMy paccesiHue 3BYKOBHX BOJIH 110 PeJIEEBCKOMY
THNY Ha HHX, Ka3ajoch Obl, BIOJIHe BO3MOXKHO. OfiHaKo naBaii-
Te BAyMaeMmcs, YTO O3HauyaeT NOAydyeHHAs HAaMH OLEeHKa st
Amin- J1s TpocToTH 320yAEM O- CJIOKHQH (opMe DeasnbHoro
6oKana W pacCMOTPHM €ro B BHJe RPSMOYTOJbHOrO SILIKA.
Ilycth B HeM HMeeTcsi IJIOCKAA 3BYKOBAas BOJIHA, [IPEACTAEJsI0-
mas coGofi BOMHY CKaTHsl H paspexkeHusi. [36uimouHoe Jiapnie-
HHe B cpelle NPH pacnpocTpaHeHHMH NJOCKOH BOJHBEI MOXCHO
3anucatb B BUJIE

e =i (Ber),

rie Py — amMnunryza KosnebGaHuil JaBieHHs], @ — 4acToTa 3By-
Ka, A — IJI1HA COOTBETCTBYIOIIEH 3BYKOBOH BOJIHEI, X — KOOp-
IMHATa PaccMaTpPHBaeMOfi TOYKH BJIOJbL HANPAaB/JCHHS pacnpo-
CTPaHEHHS] BOJIHHL

[Tockonbky aame Ay, NpeBbIIaer pasMeps 6oKana, TO A
H3JyYyaeMbIX HM 3BYKOBBIX BoOJH QyHkuua P, (x, §) (o
KOTOPOH TOBOPAT KaK O NOJIe AaBJieHHs) B 3aJaHHbIi MOMEHT
EpeMeHH B Npenenax ofbema Gokasia MeHsieTcsi cabo, TO €CTh
NepBOE CJlaraeMoe B aprymeHTe KOCHHyca B (%) OKasbiBaercs
HEeCyILleCTBEHHBIM (TaK Kak x<&A). ['MaBHYyIO posib B H3MeHeHMH
H30BITOYHOTO  fiaBlieHHsl BHyTpH Ookasa, TakaM ofpasoM,
KIpaeT BTOpPOE C/laraeMoe B apryMeHTe KOCHHYyca, KOTOpOe
yKa3blBaeT Ha TOT (aKT, 4To BHYTpH GOKana yCTaHABIHBAETCS
NPaKTHYeCKH OJHOPOAHOe (B Mepy MasocTH x<&A), HO GBICTPO
MEHSIIOIIeecsl CO BpeMeHeM nojie H3CBITOYHOTO JABJIEHHS:

P o6 (£) = P, cos of. (%)

[TonuepkHeM oriHYMe STOrO nOJsl JaBJEHHS OT cCrosiyefi
BOJIHBL. B crosiyefl BoHE JiaByeHne MEHSETCs] OT TOYKH K TOYKE
U HE 3aBHCHT OT BpeMeHH. B noJje (xx) entyanus obparHas —
OHO OIHOPOIHO (He MEHSIeTCA OF TOYKH K TOYyKe), HO ObICTPO
MeHsieTcss €O BpemeHeM. Crosuag BoJHAa He MOXKeT 00paso-
BaTbCsl B OOKang H3-3a Ma/JOCTH €r0 pasMepa 1o CPABHEHHIO
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¢ JiuMHAMH BO3CYXKJA€MbIX 3BYKOBBIX BOJIH. D1y BOJIHEL
npocTo He [OMEIATes B Gokane.

Vitak, NOJIHOe [aBjieHHe B XKHIKOCTH BHYTpH GoKana, Ta-
kuM o6pasom, onpenensieTcsi cymMoil Py (f) 1 armocheproro
JIABJIEHUS:

P (§) =P,y + Pycosof.

Ham ocrajioch ¢Aearh BCero OfMH LIar Ha NyTH K NOHHMa-
HHIO NPHYHH GEICTPOTO 3aTyXaHHsl 3BOHA GOKaJOB C IUaMnaH-
ckuM. Jleno, oKasniBaercsi, B TOM, YTO HACBHIIlEHHAS 1a30M
JKUIKOCTb SIBJIeTcsl «HeNVHeHHOH aKyCTH4eCKOH cpejon».
3a 5THMHM «HAYYHEIMH CJOBaMH» CKDEIBAETCS Clelyromiee.
PactBOpUMOCTb Ta3a B KXHIKOCTH 3aBHCHT OT AaBJleHHsi —
yem Gosiblile JaBeHHe, TeM GoJblle rasa «sMelllaer B cefe»
enuuHIa obbema Kuakoctd. Ho, Kak Mbl yxKe yOeIHJHCh, NTPH
uanyyeHHu GOKaJaMH 3ByKa BHYTPH HEro BOSHHKAeT NepeMeH-
Hoe noJe JaBieHHs. B MOMeHTEHI, KOrja HaBjieHHe B KHIKOCTH
fiafiaeT HUXe aTMOC(EPHOTO, B Hell NPOHCXOLHT YCHIIEHHOE BhI-
neneHne NyseEIpbKoB. KOHEYHO e, BBbUIeJEHHE rasa H3MeHser
HafileHIbll HAMH MPOCTOfl rapMOHHYeCKHil 3aKOH H3MEHEHHS
JIABJIEHHS] B XMIKOCTH CO BPEMEHEM; H MMEHHO B 3TOM CMBICJIE
O TaKOH »KHIKOCTH, HACHIIIEHHOH rasoM, CJeLyeT OBOPHTb Kak
0 HeJMHEHHO!H aKyCTHUECKOH Cpele.

Ha Bbijie/ieHHe ra3a pacXofyercs 3Heprusi Konebauuii 1 OHH
GricTpo 3aryxawr. [IpH coyaapeHrHd GOKaloB B HHX NepBOHa-
yasbHO BO30YKAAOTCS KOoJieOaHusl pas/HYHBX 4acTtoT, OHAKO
Gnarofapsi ONHCAHHOMY MeXaHH3My BLICOKOMACTOTIIble KOJIe6a-
HES 3aTyXaloT ropasfgo GbiCTpee, YeM HH3KOYACTOTHblE (nOmy-
MaliTe, TIO4eMy?), H B pe3yJbTare Mbl CJBIIINM JHIIb TJIYXOH,
JIMIIEHEBIH CBOell BRICOKOYACTOTHOH «XpPYCTaJbHOH» OKPAacKH
3BYK.

Onuako Ny3bIpbKH B XHAKOCTH MOTYT HE TOJIBKO TacHThb
3BYKOBEIE BOJIHEL, HO H HA000POT, B ONPENeNEHHbIX YCJIOBHAX HX
Hanyyath. Tak, HeJaBHO ObLIO OOHAPYXKEHO, YTO NOA BO3[ei-
CTBHEM HHTEHCHBHOIO JIA3€PHOTO H3JIyYeHHS MENKUe NYy3bIPbKH
BO3lyXa, HAXOASLMecs B BOJe, HAYHHAIOT reHepHpOBaThb
3BYKOBEIE BOJIHBL TOT 3ipeKT 00yC/I0BJIEH KynapoM» JasepHOro
Jlyua O NOBEPXHOCTH Ny3bIpbKa, OT KOTOpOi, BGJEICTBHE fBJIE-
HHS NOJIHOTO BHYTPEHHENO OTPAaXEHHsl, OH MOMKET OTPaKaThesl.
B pesynbrate 3TOTO «yJapa» NMy3HIPEK HeKOTOpoe BpeMsi BHO-
pupyer (10 saTyxaHust Ko.deGaHuil), Bo30yxJas B OKpYy:aro-
IIeil ero cpeme 3BYKOBbe BOJHBL ONEHMM HX 4acToTy.

CyliecTByer LeJbiii psiZi BaXKHBIX fIBJIEHHH, KOTOpHIe, He-
CMOTPSI Ha CBOIO KAXKYILYIOCS HECXOMKECTb, OIIHCHIBAIOTCS OHEM
U TeM e ypaBHeHHeM — ypaBHeHHeM rapMOHHYECKOro OCIHJI-
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JsTOpa. D10 pas/iMyHOro pona KosebartesbHble NPOLECCH —
Kone0aHus rpy3dKa Ha DpYyXKHHKE, aTOMOB B MOJIEKyJaX H
KpHcTajlaX, 3apsffia Ha RJacTHHaX KoHjeHcatopa B LC-
KOHTYpe M MHOroe Jipyroe. Bce sTH siBleHusi OObeIUHAET Ha/H-
YHe JIMHeHHO 3aBHCSIiell OT CMellleHHMS! BO3BpAILAOIEeH CHJIBL,
KOTOpasi BCErJa CTPEMHTCH BEPHYTh CHCTEMY B MOJIOXKEHHE
pPaBHOBeCHS] 1OCJIE €€ BLIBOJA M3 3TOrO MOJIOKEHHS KaKHM-
JIHOO BHEUIHUM BO3fleiicTBHeM. Takol konebatenbHOH CHCTEMOM
SIBNSeTCS U BOSAYLIHBIA Ny3hIpeK B KUAKOCTH. CoGcTBeHHYIO
4acToTy €ro KosieGaHui MOXHO OLIEHHTb 110 H3BeCTHOM (hopmyJie
Zis1 4acToThl KoJieOaHWil Ipy3sHKa Ha NpPYXKHHKe, coobpasus,
yr6 GyAeT urpath poJib Ko3(puIMeHTa XKECTKOCTH 370 mpy-
JKHUHBI B pacCMaTpHBaeMOM CJiydae.

IlepBEIM KaHAuZaTOM Ha pPoJb KOS((HIHEHTA KECTKOCTH
npepctTapsisiercss KO3(DGhHIHEHT ROBEPXHOCTHOTO HATSKeHHS
KHJKOCTH O — OH uMeeT Ty e pasmepHoctb (H/M). Bmecto
Macchl IpysHKa B GOpMyJy AJisi COOCTBEHHOH YacToTh! KoJle-
GaHui, ecTecTBEHHO, CJeNyeT NOACTABHTL MACCY MKHIKOCTH,
BOBJIEYCHHYI0 B KosiebaHuss NysbippbKa. [loHATHO, yto 3t1a
BeJIMUMHA OKasbiBaeTcsl NOpSAIKa OOBEMA NY3BIPbKa, YMHOMEH-
HOr0 Ha IJIOTHOCTb BOIBLL #~pry. TakuMm o6pasomM, coGcTBeH-
Hasi 4acToTa KoJie0aHuWii BO3MYIUHOrO NysLIPbKa B BOZE Onpe-
nenutces: ¢opmydoit *)

R
Va— ]/ —_~ 91/2,3/2'

Ho 270 He eZHCTBEHHO BO3MOKHOE pellleHre. ¥ Hac OCTascs
HHK4K He 3a/leficTBOBAaHHBIM ellle OfMH BAXKHEIH napamerp —
JiaBJieHHe BO3nyXa B nysbipbKe P,. EcnH ero ymHOXKHTL Ha
paznyc nyselpbKa, TO Mbl TAKXKe€ NOJYYHM BeTHYHHY, HMEIOLLYIO
pasmepHOCTh KO3(puineHTa »KecTkoctH. [loxpcrasnsisi 3ty Ho-
BYIO ZKECTKOCTb B (JOpMYJy AS1 COOCTBEHHO! YACTOTHI KoJieGa-
HHil, NOJNYy4YHM COBCEM JAPYTYIO YacTOTy

=1t _ 5"
(it p Yrg

Kakas ke U3 ABYX HalieHHeIX wactor HeruuHa? Obe. Ouu
IIPOCTO COOTBETCTBYIOT PA3JIMYHEIM THIAM KoJieGaHHH BOSYIL-
HOro nyseipbka. IlepBbilt — 310 KoOJeGaHusl, KOTOpPEHIE COBEp-
LI4eT NysBIpEeK [ocje €ro [NepBoHayaJbHOro CIJIIOLLHBAHHUS

*} O xone6anyusx BO3AYIUHEX NY3HPHLKOE B BOJIE MOXKHO NPOYHTATE
TaKkxe B kuure: leeysun §. E. Tlysupu.— M.; Hayka, 1985.— Bu6-
snuoTedka «Kpaunt», BHI. 46.
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(ckareM, B pesy/ibTare yiapa JiasepHbM ay4yom). B nponecce
TaKuX KoJeOGaHuil MeHsieTcst ero ¢opma, a C Heit H DJOmans
IOBEPXHOCTH, HO OCTaeTcsl HeH3MeHHbIM O00beM Uy3EIpbKa.
B 5ToM C/lyyae BO3BpALIAIONIAS CHIA ONpenensieTcsl IedCTBi-
TeJIbHO KOXpHIIHEHTOM TOBEPXHOCTHOrO HatsixKeHus *). OfHaKo
BO3MOXKEH H Apyroil THR KosebGauuil. Tak, ecqn BOSAYLIHBII
nysbIpeK B KHAKOCTH DABHOMEDHO CHaTh CO BCeX CTOPOH, 2
TI0TOM OTIIYCTHTh, TO KoNeGarbcsl OH OyJIeT yKe 3a cuer CHJ iaB-
neuusi. TakuM — pajHajbHEIM — KOJeOaHusIM H COOTBETCT-
ByeT BTOpasl M3 HafJleHHbIX HaMH YacToT.

B paccMmaTpHBaeMOM HaMH cjlydae BO3OYxIeHHs KoseOaHui
Jia3epHBIM JIyyoM BHelIHee BO3jeHcTBHE HECHMMETPHYHO, H,
No-BMAMMOMY, THIl KoseGaHHil nysbIpbKOB OyneT ckopee G-
30K K [epBOMY H3 paccMOTpeHHEIX. Ecnd 3Hath pasmepsl ny-
3HIPbKOB, TO O THIle BO30yxKaaeMblX KoJieOaHWH MOXHO CyIHTb
110 YacTOTE FreHepHPyeMoro HMH 3ByKa. B 06CyXAaeMbIX ONBITAX
5Ta wacrtota coctapgsyia 3-10* ', pasMmephl xe MeJbyaiiiuX
BO3ZAYLIHEIX Ny3bIPbKOB B BOZE HAM TOYHO He H3BECTHBI. SICHO
TOMbKO, YTO OHH HOpsiaxa poneii MuaauMerpa. Iloacrasnsst B
cootBeTcTBYIOmEE (popMysibl  Vo=3-10¢ TI'm, 0=0,07 H/wm,
P,=10° I'1a, p=10% kr/M®, HaX0o[uM, YTO XapaKTepHble pasMe-
Dbl Ny3bIPbKOB, FEHEPHPYIOIIUX 3BYK B Mpouecce KosebaHui
[IepBOrO HJIH BTOPOrO THIIOB, €CTb

gl/3
ry NW=O,O5 MM,
P 03
o ~ =VU,0 MM,
PR

Kak Bujiure, 3TH pa3Mepbl pas/dyaloTcs He OYeHb CHJIBHO, H
ompesieuTh [0 HUM THN KoJebaHHiH, peanHsyeMbiil B fAeACTBH-
TeJbHOCTH B YCJOBUAX OOCYXIAeMOro SKCIepHMeHTa, He
npejicrasiisiercds Bo3MOXHbIM. Onnako HafifileHHble pa3sMepel
NySEIPHKOB OKa3aJliCh HMEHHO TAKMMH, KAKHMH OHH NPEJCTaB-
JISJIACh HAM H3 [OBCEAHEBHOrO ONKITA.

*) HyxHO OTMETHTB, 4YTO KoJsieGaHusl, B IIPOLECCe KOTODPEIX o0BeM
NysEIPbKa OCTaeTCs HEHSMEHHLIM, BOSMOXKHEI CAMBIX Das/HYHEIX THIOB —
OT OOBIYHOLO NMEPHOMMYECKOrO CIVIIOUIHBAHMSA NYSHPPKA MONEPEMEHHO B
pasJMYHEX HalpaBlCHMsX BIJIOTb [0 €0 NpeBpalleHHs 4yThb JIH He B
6y6neK. YacTOTH HX NpH 3T0M MOI'YT OTJIHYaTBCSH /JIHI.LII: YHCIeHHO, 10

0.1 2

MOPSZKY BENHUMA OCTABAsCH PABHEIMH Vi==——rc o
o Ty
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Ny3bIPb U KATJIA

Tlyckasi U3 TPOCTHHKH ITy3HIpH

W BHps, Kak BaJeTaoulasi NeHa

Bapyr paciseraeT njameHeM sapH,

Manbin HAa HHX TVISAHT camo3aGBeHHo.
CrapuK, CTyneHT, Manbim — Jio6olt TBOPH?
Ha nenul maliu *) puBHBE BHIeHbS,

Tlo cyluecTBy AHINEHHEIE 3HAYCHDbS.

Ho yepes HHX HaM BeYHBIf My Th OTKPWIT,

A OH, OTKPHIBIIKCH, PAafOCTHE! TOPHT.

Tepmarn Tecce. «Hrpa B Gucep»

YIUBATENbHO DPa3HOOGPA3HBI TPOSBJEHHS TIO-
BEPXHOCTHOTO HATS>KEHHS XK HIKOCTH B TPHpOJE 1 TexHuKe. OHo
coOHpaer BOAY B Kaliu, 6/1arofiapsi eMy MBI MOXeM BBULYTb
MBLUIbHEIH 1y3HIPb H HHcaTh pyukoii. [ToBepxuocTHoe HaTs:Ke-
HHe Hrpaer BaXHYIO posb B (PH3HOJIOTHH HANIETO OPraHH3Ma.
Ero ucno/ibsyior H B KOcMHYecKofi Texnuke. [Touemy ke no-
BEpXHOCTb XKHAKOCTH BeZleT celsl NOJ0GHO PacTAHYTOl yNpyroi
IJIeHKe?

MonekyJibl, pacnosnoxeHHble B TOHKOM CJI0€ 3XHAKOCTH BOIH-
30 NOBEPXHOCTH, HAXOAATCH B OCOGHIX ycioBHsaX. OHH HMewoT
OIMHAKOBBIX € HHMH COCeJieil TONLKO ¢ OJTHOH CTOPOHBI NOBEPX-
HOCTH, B OTJIHYHE OT MOJIEKYJ1 BHYTPH XKUIKOCTH, OKPY3KeHHbIX
CO BCEX CTOPOH TAaKHMH 2K€ MOJIEKYJaMH.

IlockonbKy B3aMMOAEHCTBHE MOJIEKYJI HA HE CJAHIIKOM Ma-
JIBIX PACCTOSTHHMAX HOCHT XapaKTep NpHTSKEHHSl, TO MOTeHLH-
ajbHAS SHEPrHs Kax[OH W3 MOJIeKyJ oTpuiareibHa. [lo a6-
COJIIOTHOH e BeJINYKHE, B MEePBOM NPHOJIHAKEHHH, €€ MOXKHO
CYHTATh MPONOPLHOHANbHOH yHcay OamKkafmux cocenefi. [To-
STOMY SICHO, YTO y MOJIEKYJ, HAXOASIIMXCS B MOBEPXHOCTHOM
c/oe (YHCJIO cocellel JUIsl KOTOPHIX MeHblie, yeM B OGbeMe),
NOTEeHIHAbHAS] SHEPTHS BbIllie, YeM y MOJIEKYJl BHYTPH ¥KH]-
koctH. Eme opHuM daktopoM yBesimueHHs NOTEHI{HAJIbHOH
SHEPTrUH MOJIEKYJl B I0BEPXHOCTHOM CJI0e SIBJSIeTCs TO, YTO IO
Mepe TPHOJMKEHHS K [OBEPXHOCTH H3 INIYOHHEI KHAKOCTH
KOHIIEHTPALKs MOJIeKyJ Najaet.

Pasymeercsi, MOJNEKYJIbl JKHIKOCTH HAXOLSTCS B HENPEPHIB-
HOM TEIVIOBOM JIBHX€HHH — OJIHH MOJIEKYJIBI YXOIAT C NOBEpX-
HOCTH, Ipyrde, HaoGopor, MmonagalT Ha Hee. Ho MOXHO roso-
DHTb O cpejHell 100ABOYHO!H NOTEHIHANBLHON SHEPTHH MOBepX-
HOCTHOTQ CJIOsi 2KHIKOCTH.

IlpuBenennbie coofpamkenusi NOKAasHIBAIOT, 4TO, Il TOrO
uToGBl V3B/I€Yb MOJIEKYJy HA NOBEPXHOCTb, CTOPOHHHM CHJIaM

*) Mafis — nomsTHe IpeBrefl H CpeHEBEKOBOH MEIHACKOH (HIO-
codud, 0603HAYAIONIEH HIUIIOSOPHOCTD BCET0 BOCHPHEEMAEMOIO MHpa.
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HEOGXOAMMO COBEPLIHTb HEKOTOPYIO NOJOKHTE/IbHYIO pabory.
M36b10K MOTENLHATLHOH SHEPTHH MOJIEKYJl, HAXOMSILUXCS Ha
yyacTKe NOBEPXHOCTH e[MHMYHOH NJIOLaJH, 1O CPABHEHHIO C
OTEHIMa/IbHOI SHeprHeil, KOTOpo# obnananu Ovl 9TH 2Ke MoJe-
KyJBl B TOJIE MKHIKOCTH, HA3HIBAETCH KO3(XpHI[HEHTOM [0
3EPXHOCTHOTO HATSKEHHs O M SBJIACTCH YHC/IEHHOHM XapaKre-
PHCTUKOII 3T0i paGOTEL.

Vl2pecTHO, YTO H3 BCEX BO3MOXKHBEIX COCTOSIHHH CHCTEMBI
YCTOHUMBBIM SIBJISETCS TO, B KOTOPOM €e SHEPTHsl MHHHMAbHA.
B yactiocTH, W NOBEPXHOCTb MKHMAKOCTH CTPEMHTCS DPHHSITDH
TAKyI0 (POPMY, NPH KOTOpOHl ee NOBEPXHOCTHAA SHEPrHs B 3a-
JAHHBIX YCJIOBMsSiX OyeT MHHHManbHa. [IMEeHHO nOsTOMY XKUA-
KocTh M 06JajiaeT NOBEPXHOCTHBIM HATSXKEHHEM, CTPEMSIHHIMCS
COKPATHTb, YMEHbIIHTb €¢ NOBEPXHOCTb.

MbpisibHbIE NY3bIPH

«BrinyiiTe MELIBHEI MY3BIpb H CMOTPHTE HAa HETo:
BbI MOXKeTe 3aHUMATHLCS BCIO XKH3Hb €r0 H3yueHHeM, He nepecTa-
Basl H3BJeKaTb M3 HEro ypoKH (PU3MKH»,— IHCAN BeJHKHH aH-
raniickuit Gusuk jopa KeabBuH. B yacTHOCTH, MBUIbHAS NJISH-
Ka fIBJSeTCsl MpeKpacHbM OOBeKTOM il H3YYEeHHs IOBEpXHO-
cTHOro HarskeHds. CHia TSKeCTH S[ECh NPAKTHYECKH POJiH
He WIpaeT, TaK KaK MBUIbHbIE IVIEHKH YPe3BblYaiHO TOHKH H HX
Macca cOBepIlieHHO HHUTOXHa. [103TOMy- OCHOBHYIO pOJb HI-
PaIOT CHJIEL NOBEPXHOCTHOTO HATSXKEHHs!, 6/1arofaps KOTOphiM
¢opMa IVIEHKH BCEria OKasbiBaeTcsl TAKOH, Yro ee NJIOomajs
MHHHMaJIbHO BO3MOXKHASl B JAHHEIX YCIOBHSAX.

OzxHako noueMy RJIEHKH 00si3atesbHO MbuibHbie? [louemy
6bl He H3yyaTh IUIEHKY W3 IHCTHIJINPOBAHHOH BOJbI, BElb ee
KO3(DUI{MEHT IOBEPXHOCTHOrO HATSKEHHS B HECKOJbKO pa3
npepbiiaer KO3(PMHIHEHT NOBEPXHOCTHOIO HATSMKEHHS MblJb-
HOTO pacTBopa.

JHeno, OKasLIBaeTcsi, BOBCE HE B BeIMYHHE KO3(h(hHIHeHTa
NOBEDXHOCTHOrO HATSXEHHsl, a B CTPYKTYpPe MBUIbHOI ILIEHKH.
MbL1o 6Gorato TaK Ha3LIBAEMBIMH [OBEPXHOCTHO-AKTHBHBIMHU
BElIeCTBAMH, KOHIBI JVIHHHBIX MOJIEKYJl KOTOPHIX MO-PasHOMY
OTHCCATCS K BOJE: OJMH KOHEIl OXOTHO COEIHHAETCS C MOJEKY-
J0il BOABI, APYyrofi K Bome Gespasnuued. [losTomMy MbLibHas
njenka o6najaeT CJAOKHOH CTPYKTypof: ofpasylomuit ee
MBIJILHBIH pacTBOp Kak OBl «apMHPOBaH» YACTOKOJIOM YHOPSIIO-
YCHHO PACIONOKEHHBIX MOJIEKYJ [10BEPXHOCTHO-AaKTHBHOIO Bé-
IecTBa, BXOJsiero B coctas Mewia *) (puc. 1).

*) CM. kawry: [Teeysun f. E. Tlysmpu.— M.: Hayka, 1985.—
bubnuoreuka «KBaut», BHIN. 406,
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BepueMcst Kk MBLTBHEIM NysbipsiM. HasepHoe, KamaoMy [o-
BOJMJIOCH HE TONMBKO HAbJIOAaTh 3TH YAHBUTENBHO KPacHBhHIE
TBOPEHHS1, HO U NyCKath UX. OHH chepHIHB! 110 hopme H JOJrO
MOTYT CBOGOAHO NapuThk B Bosayxe. JlapJjenue BHYTPH My3HIps
OKaspiBaercsi OoJblue atMochepHoro. Ms6eitouHoe naBjenue

HEREDO0LDEE
R A
IRRERRERRE

Puc. 1 Puc. 2

4
[

o0ycnoBeHo TeM OOCTOATENBCTBOM, UYTO MbIIbHAS ILIEHKa,
CTpemsich eule GOMbIIe YMEHBIINTD CBOIO NOBEPXHOCTh, CIABJH-
BaeT BO3AYX BHYTPH My3bIpsi, PHYEM 4eM MEHBILE €10 PajyHyc
R, Tem GO/bIIMM OKa3HIBaeTCs H3GBITOMHOE LABJEHHE BHYTPH
nyseipsi. OnpefenuM BeJIHYUHY 3TOF0 H3CHITOYHOIO JHABJICHHS

cd-

rdf’OCTaBHM MBICIeHHBIH onbiT. TycTh moBepXHOCTHOE HaTs-
XKeHue MIEHKH Ty3BIPs 4yTh-uyTh 0c/abesio, B pesyabTaTe 4ero
€ro papuyc yeeauumicss Ha BeanmuuHy OR<ZR (puc. 2). Ilpu
3TOM €r0 BHEIIHSSI HOBEPXHOCTH BO3PACTAET Ha

68 =4n (R - 6R)*—4nR? ~ 8aROR

(S=4nR* — noeBepxHOCTL CepHl), a CAEIOBATE/LHO, yBenu-
YHBAETCS W TOBEPXHOCTHAS 5HEPTUSl MY3bIPS:

OE =0-(26S) = 16n06R6R (%)

(nockobKy OF yike MPONOPLMOHANBEHO MAJOH BeluduHE OR,
TO MU3MEHEeHHeM KO3(phHIlieHTa NOBEPXHOCTHOIO HATSIZKEH U
3[1€Ch MOXKHO TIpeHe0peub).

3aMeTbTe, YTO B BHIpAXKEHMH (%) NMOSBUIACH ABOMiKA, KOTO-
pO¥#i HET B ONpeJEe/eHHH NMOBEPXHOCTHOH 2Hepruu. Eio Mbl yunp
TOT GaKT, YTO Y MBUIBHOTO MY3BIPS UMEETCS] ABE NOBEPXHOCTH —
BHEIlHsISI ¥ BHYTPEHHsISl; NPH YBEJHYEHUH €ro paguyca Ha OR
nJjoulajk KaxKfAo# U3 HUX Bo3pacraer Ha SnROR.

YBe/ndernre MOBEPXHOCTHOH 3HEPIHH MySbIpsl MPOH3OLILIO
3a cuer paboThl C:KATOTO B HEM Bozjnyxa. Cuntasi, 4TO JaBJeHIe
B HEM [IPH CTO/Ib MaJiOM M3MEHEHHH O0bema HE MEHSIETCs, MO-
KeM 3anucarthb

8305 =AP,, -8V — .,
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Mamenenne oOBbeMa My3blps onpefesisieTcss OCGBEMOM TOHKO-
crennoil cepul (pHC. 2):

% =.§_n(R + 6R)3—-§—nR3 ~ 4nR* OR,

otkyfa Ansi OF HaXO[uM
8E =4qR? AP - 6R.

CpasHuBasi 5T0 BBHIPaKEHHE O HafienHOH panee (OPMyYJIOi
(%), moaydaeM, 4TO 0GyC/I0BJIEHHOE [OBEPXHOCTHLIM HATANKE-
HHEM H3OBITOUHOE faB/eHHe BHYTPH C(epHIECKOro MBLILHOTO
ny3bIps

40 20’ ’
APC¢=—R—=—'R—'=2GP.

Uepes ¢'=20 Mbl 0603HATMIH yIBOeHHbIH KO3((hHIIHENT [o0-
BEPXHOCTHOTO HATSKEHHUA KHAKOCTH. [MousiTHO, 4TO €cyH Obl
peub 1u1a 06 H3OBITOYHOM [aBJEHHU MOL OJuHapHOH HCKpHB-
JIHHOH MOBEPXHOCTBIO (HanpHMep, BHYTpH cepHyecKoil Kamin
JKUAKOCTH), TO OHO ONpene/sJioch 661 BoipaxkenHeM AP =
—=9¢/R. Bxonsiiasi B 3TO BbIpaXeHHe BEIHIHHA, obparHas
pamuycy chepel, HasHBAETCS KpUBH3HOH Ceprl p=1/R.
Litak, MBI NPHILIH K BaXHOMY 3aKJIOUEHHIO O TOM, HTO HS-
SLITOUHOE JaBJeHHE NPONOPLHOHAJIBHO KPHBHSHE cpepet. Op-
Hako cepa — He eMHETBeHHas (opMa, KOTOPYIO MOXKHO npu-
jaTh MBUIbHOMY ny3eipio. Eean nomectHts NY3BIph MEXKLY
ABYMSI KO/IBLIaMH, TO ero MOXHO pacTArusarh, foxa OH He NpH-
MeT (hopMy LHTHEAPA €O CHepHUECKHMH «ILarKaMin (pue. 3).
Uemy paBHO M3OLITOUHOE AaBJiCHHE BHYTPH TaKOTro My3bIPA?
Y UuIHEApPHUECKO! TOBEPXHOCTH KpHBM3HA B PA3JIHIHBIX Ha-
npasieHusiX pasnuuHa. Bronb oBpa3yrolllell LUIHHIPA KPHUBU3-
Ha papHa HyJio (ofpasyioulas — npsaMas aunps) *), a B ce-
yeHHH, NepNeHANKYIAPHOM OCH LIWIHH/PA, €ro KPUBH3HA paBHa
I/R, roe R — paguyc LuIHHApA. Kagoe xe 3HaueHHE O Ml
JIO/DKHEL NOACTaBHTh B NPEIBIIYLLYIO dopmyay? OkassiBaetcs,
pasHOCTb JiaB/eHHi o pasHbie CTOPOHEI JioGo#l NOBEPXHOCTH
onpejie/sieTcs ee cpeaHei kpuBu3HOil. HUT0 xKe 370 32 Be/UYHHA?

*) Uro TAaKOe KPHBH3HA MJIOCKOH KpuBoii? KpuBH3HA OKDYIKHO-
CTH OmpejiesifieTcs TaK e, KaK i KpHBUSHA cdephl: Ooxp™= VR, rpe R —
panuyc OKpyxHOCTH. Ecim e Kpupas He fABJSETCH OKpY2KHOCTbIO, TO,
TeM HE MEHEe, ee OTJE/bHbe MaJeHbKHe yHIacTKH MOXKHO PG HKEHHO
CUMTaTL AyraMH OKDY2KHOGTEH ONpeieNIeHHEIX paliycOB. Besn#4uHbl,
OoSpaTHLIe 5THM pajHMycaM, i HA3HIBAIOTCHA KPUBHSHAMH IJIOCKOE KPHBOH
B Pas/iMugLIX ‘€8 TOYKaX.
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[TpoBeneM uepe3 HOpMaab K MOBEPXHOCTH B Touke A mJjoc-
kocTH. CeueHusl NHIHHAPHUECKOH MNOBEPXHOCTH STHMH ILIOC-
KOCTSIMH (OHH HaSBIBAIOTCS HOPMANBHBIMH CEUEHHSIMH) MOTYT
ObITh OKPYKHOCTBIO, 3JMHNCOM WiH npsiMod (puc. 4). Jlerko

Puc. 3

BHZETE, YTO KPHBM3HBI 3THX CEUeHMil B TouKe A pasJjuuHbL
MaKCUMalbHOH KpUBH3HOH 00JajaeT MonepeyHoe cCeueHHe —
OKPYKHOCTh, @ MUHMMAJIBHOH, PaBHOH HY/I0,— npsMas (npo-
JOJBHOE CEUeHHE). Cpe,llHHH KPHBH3HA (., ONMPEENAETCS Kak
NoJycyMMa MaKCHMajJbHOH M MHHHMAalbHOH KPHBH3HBI HOp-
MaJbHBIX CEUEHMIL:

N Pmax - Pmin
Pep =5 =+

D10 onpeseneHne TOLUTCS HE TOJNbKO JUISl IMNHHAPE; Tak
MOKHO ONpene/sith CPENHIOI KPHBH3HY B JAHHOH TOUKE JIOGOH
HOBEPXHOCTH.

Y UHIHHAPUUIECKOH NOBEPXHOCTH B JIOGOH TOUKEe MaKCH-
MalbHasi KPHBH3HA Ppa.x=1/R, rne R — paauyc nonepeusoro
CeueHHs] NUIHHIPA, 8 Ppi,=0. [lo3TOMy CpefHsIsi KpHUBH3Ha
uunuHApa p,=1/2R, a H36LITOUHOE [iaBleHHe BHYTPH LHIHHI-
puueckoro nyseipsi AP, =0'/R.

Kak BuzHo, y U.HJIHH,lequCKOI‘O 0y36ipsA H3GBITOYHOE Jap-
JIEHHE TaKoe e, KaK y CepHuecKoro mysmps BABOE GONBILErO
papuyca. [TosToMy pafHyc chepHUECKHX (IIANOK» Y WHAHHAPH-
4ecKoro nyseips Oyner BABoe fosblle, 4eM pajHyc HHJIHHAPA,
H OHU ABMSIOTCH CepHIeCKHMH CeIMEHTaMH, a He loJycde-
pammu.

A uto eciu BooOLle YHHUTOXKHTH H3OBITOUHOE JIaB/IeHlE B Ta-
KoM Ny3bIpe, 3acTaBHB, HalpuMep, JIONHYTb «lIanku»? Kasa-
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70ch Gbl, TaK KaK BHYTPH MY3BIP HET HHKAKOTO H30BITOYHOTO
JlaBJcHusl, NOBEPXHOCTb €ro He JO/KHA HMETb KPHBH3HBI.
A Tem He MEHEE CTeHKH MY3BIPsi H3THOAIOTCS BHYTPD, H NySbIPb
npuHHMaeT Gopmy xamerouoa (OT JIATHHCKOTO CJIOBA «Kare-

Hay — IleNb; 3Ty NOBEPX-
HOCTH MOXKHO [OJYYHIb
BpallleHHeM BOKPYT oOcCH
KpHBO#, HMeroLiell hopmy
[OBEIEHHOH  TOPH30Il-
TaJIbHO 32 KOHI[B! LelH —
uensol JauHuM). B yeM ke
TYT [€es0?

[TpucMoTpHTECH K ITOMH
noeepxHoctH (puc. 5). O-
patMTe BHHMaHHE Ha €€
y3KOe MEeCTO — MEePEeXBaT.

Puc. 5 Jlerko BHAETb, 4YTO 3TOT

nepexsar SIBJASETCS OAHO-

BPEMEHHO H BBIIYKJIBIM, U

porHyThiM. EFo nonepedtoe ceqerHne — OKPYKHOCTb, & IPOLO/IL-

Hoe — renHas auHus. KpHBH3Ha HanpaeJjiedus BHYTPb JIO/K-

Ha yBeJHYMBATb J@BJEHHE BHYTPH Iy3BIpsi, KPHBH3HA XKe Ha-

NpaBJeHnsi HAapYXy JO/DKHA yMEHbLIaTh ero. (HdaBnenue nop

BOTHYTO!l MOBEPXHOCTBIO Gosblite, deM Hall Heii.) B cayuae ka-

TEeHOWJa STH KPHUBH3HBl OJMHAKOBHl NO BEJHUMHE, H TdK KaK

HaNpaBJeHsl OHH B NPOTHBONOJOXHEIE CTOPOHBI, CPEMEsisl KpH-

Bu3Ha pasHa Hymo. CienosatenbHO, BHYTPH TaKOro MysIps
HeT M3GLITOYHOIO [ABJIEHHS.

CylecTByeT MHOMKECTBO JPYTHX HOBEPXHOCTEH, KOTOPBIE
Ka)XXyTcs KPHBBIMH BO BCEX HalpaB/eHHsiX, HO TEM HE MeHee
HX CpefHss KpHBM3HAa paBHa HyJO, M 3TH NOBEPXHOCTH He
pOU3BOLAT HUKAKOIO JaBJCHHS. Uto6El MOJYYHTh HX, JOCTA-
TOYHO B3SITH JI0GYI0 THYTYIO POBONOYHYIO PaMKy H NOTPY3HTb
ee B MBLIBHYIO BOJy. BblHUMMas pamMKy, MOXHO YBHIETH PasHoO-
o6pastele MOBEPXHOCTH C HYJEBOH cpeHeit KpUBH3HOH, (GopMa
KOTOPHIX 3aBHCHT OT (hOPMEI PaMKH. OpHako KaTeHOHJ, — eHH-
CTBEHHAs, KpoMe [JIOCKOCTH, MOBEPXHOCTb BpAllleHHs C HyJie-
BOfl Cpe/lHeil KPHBH3HOM.

Oguofi U3 3azay ChelHaJbHOH MaTeMaTHJYeCKoll HayKH —
audrhepernHaibHOH TeOMETPHH — FBJACTCH OTBICKaHHE TaKHX
noBepXHOCTell ¢ HyJeBoi cpefHeil KPHBH3HOH, HaTSHYTBIX HA
3avMKHyThI€ MPOCTPAHCTBEHHbIE KPHBBIE. CyliecTByeT TOYHAA
MaTeMaTHuecKasi TeopeMma, YTBepXjaiollas, 4ro MJollanh Ta-
KHX LOBEPXHOCTEH CPEH NPOYMX MOBEPXHOCTEH, HATAHYTHIX
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Ha TY e KpHBYIO, BCerlia MUHHMa/bHa, 1 OHA HaM MOKaXKeTcs
Terepb OYEBHIHOI.

MBiIbHBIE TY3BIPH MOTYT COEIHHATLCH APYF € JpyroM, 06-
pasys nexy. HecMOTpsl Ha KaXyILyioCsl XaOTHYHOCTb B Pacro-
JIOXKEHHH MBIBLHBIX [IIEHOK B [I€He, BCETAa BHIIOJHSAECTCHA TaKoil
3aKOH: MJIEHKH I[e€peceKaloT APYr Jpyra JHUb MO PaBHEIMU
yrnamn (cM. pue. 6).

Puc. 6

PaccMorpuM, HanpuMep, ABa NMY3bIPS, HAXOASIHXCS B KOH-
TaKTe JPYr ¢ APYroM H HMEIOLIUX O6ILyI0 Neperopolky (puc. 7).
Us6erroursie (M0 CpaBHEHHIO C
aTMochepHBIM) [aBJeHHs BHYT-
PH Oy3bIpefl pasjHYHEL H Onpe-
Iensitorcs (opmyJoil Jlannaca:

20" 20"
AP, = Rr AP, — VRt
IMo3toMy neperopofika mONKHa
OLITL Tako#, 4YTOOH CO3LaBaTth :
JONOJIHUTENLHOS JlaBeHHE BHY- Puc. 7
TpH ny3bipell. CaenoBareskbHo,
OHa [ioMKHa obGnafarh onpeneneHHol RpusuzHoil. Pammyc Rj

KPHUBU3HLI NEPETOPOLKH ONPeNensieTcd H3 COOTHOLIGHHA
2 2" 2

g R Rt
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Ha puc. 7 uso6paen paspes Ny3LIPell B MIOCKOCTH, NPOXO.si-
uiefi yepes X LEHTPbl. TOYKH A u B npencrasisior coboi Tod-
KH Tlepecedenyst C MI0CKOCTBIO YepTexa OKPYXHOCTH, 10 KOTO-
poli conpHKacaroTcsi iba MysbIps. B Jt06oit TouKe 310l OKPYHK-
HOCTH BCTPEUYalOTCsl TPH MJeHKH. Tak KakK HX NOBEPXHOCTHOE
HATSIKEHHE OJHHAKOBO, TO CHJBI HX TNOBEPXHOCTHOTO HaTsi¥Ke-
HHS MOTYT «yPaBHOBECHTb» APYT Jpyra JiHIIb B TOM Clyyae,
KOIJla yIJibl, TIOJ KOTOPEIMH OHH ME€PeCEKaloTCs], PaBHbI MEXAY
COBOH, M CJAEJIOBATENbHO, KaXIbIH paBeH 120°.

Kakue ObiBAIOT Kamnau

CioxHee o6CTOHT AeJo ¢ opMmott Kanenb, CrpeM-
JIEHHIO TIOBEPXHOCTHOIO HAaTAXEHHs] YMEHBIUHTb [OBEPXHOCTb
JKMIKOCTH 3JeCh OOBIUHO NpPOTHBOAGHCTBYIOT JIpYTHE CHJIBL
Hanpumep, Kanjsi XHAKOCTH NOYTH HHKOFJA He fIBJAETCS Lia-
pOM, XOT#l LUap UMEET HaUMEHBIIYIO H3 BCeX (PHIYp NOBEPXHOCTH
npu 3azanHoM obbeme. Korfa Kansisi NOKOHMTCS Ha HENOBIK-
HOJl FOPH3OHTAJbHOH MOBEPXHOCTH, OHA OKa3bIBAETCS CIJIO-
menHoi. CnoxkHyo (OpMY HMEET H Najalolllasi B BO3LyX€E Kall-
nsi. Y TonbKo Kanjsi, Haxondllasicsd B HeBECOMOCTH, MpHHHMa-
€T COBEpLIEHHYIO chepHUecKyo (opMy.

Yerpanure I€HCTBHE CHJIBI TSXKECTH NPH H3Y4YeHHH [O-
BEPXHOCTHOTO HaTsXKEHHsl XKMAKOCTEH BIEpBHIE JiOrazajcs B
cepefHHe MPOLLIOTO BeKa GenbrHACKHI yuennni K. [lnato.
Pasymeercsi, B To BpeMsl H He MeUTaqH O HACTOsILIEH HeBecoMoc-
tH, ¥ [11aT0 NPOCTO NPEIJIOKHU yPABHOBECHTb CHJTY TSXKECTH
apXuMeJioBoil BHITaJKuBaomedl cusioii. OH NOMECTHT Hecyenye-
MYyI0 KHJIKOCTb (MAacjio) B pacTBop, OGnajiaioiluil Takoil e
MJIOTHOCTLIO, M, KaK MHILIET ero GHorpad, «C yAHBIEHHEM YBH-
Je1, 4TO MacJio MPHHAIO0 chepHuecKyio (opMy; OH TOTHacC Ke
PHMEHH/ CBOE NPaBHJIO «BOBPEMS YIHMBJIATBCH», H STO fABJE-
HHE TOCTYKHJIO 3aTeM A/ HEro NPEeAMETOM JIOJITHX pasMblillie-
HH.

Ceoit Merof, I1naro mpuMeHH I/l HCCJEIOBa&HHSA pasJnd-
HBEIX siBJeHHi. Hanpumep, OH H3y4HnJ npolecc o6pasoBanus H
OTpHIBa KarJiH HIKOCTH Ha KOHIe TPYOKH.

O6buHO, Kak OBl MeJIEHHO MBl HH YBEIHYHBAIH Kamjo, OHa
orpuiBaercss OT TPYOKH Tak OBHICTPO, YTO P/ia3 He MOXKeET ycJe-
IOMTb 3a JeTansiMH 3Toro npouecca. Ilgaro nomeutan KoHen
TPYOGKH B XHIKOCTb, NJOTHOCTH KOTOPOH Oblnd TOJBKO He-
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MHOTO MeHblIE€ MJIOTHOCTH Kannu. [leHcTBHe CHJBL TAMKECTH
np 3104 0CNa6/IEHO, TIOSTOMY MOXHO BEIPACTHTH OYeHb 60J1b-
1ylo Kaljlo M yBHJIETb, KaK OHA OTPBIBAETCS OT TPYOKH.

Ha puc. 8 nokasaHe! pasJHyHbIe CTAJHH KPACHBOTO [pOLec-
ca ofpasoBaHHsl U OoTpEIBa KamH ((ororpaduy nonydeHs! CoB-
peMeHHBM MeTOOM — € MOMOLIBIO CKOPOCTHOH KHHOCHEMKH).
[TonpoSyem o6BACHHTL 9TO fiBJeHMe. [Toka Kanjs pacrer Mef-

Puc. 8

JIEHHO, MOXHO CYMTaTh, YTO B KaXKJBIH MOMEHT BPEMEHH OHa
HaxojHTCs B paBHOBecud. Torja npH 3alaHHOM o0beMe Kam/H
ee (opMa ONPEENSeTCs U3 YCIOBHSA, UTO CYyMMa [I0BEPXHOCTHON
SHEpPrHH H NOTEHIHAIbLHOH SHEPTHH KalljH, 06YCTOBIEHHOM CH-
JIOH TSPKECTH, MHHHManbHA. [IOBEPXHOCTHOE HATSIXKEHHE BbI-
3blBaeT COKpallleHHe NOBEPXHOCTH KalllH, OHO CTPEMHTCS Mpi-
nath Kanse chepuueckyio dopmy. Cuna Tskectd, HaoBopor,
CTPEMHTCS] PaCMONOXKHUTh IIEHTP MacC Kam/H KaK MOXHO HIDKe.
B pe3ynbrare Kamns OKa3bBaeTCs BHITSHYTOM.

Uem Gonblie Kaljs, TeM OOJBIIYIO POJIb HIPaeT NOTEHLE-
anbHas SHEPrusi Cuibl TsxectH. OCHOBHAasi Macca o Mepe pocra
Kanjii coSHpaeTcs BHH3Y, W Y KalH ofpasyercsi Welika (Bro-
pas Qororpadusi Ha puc. 8). Cuna N0BEPXHOCTHONO HATSKEHH:
HanpasJieHa BePTHKAaIbHO 1o KacaTe/bHol K wefike. OHa ypas-
HOBEIIHBAET CHJIY TSXKECTH, AefiCTBYIOMLYIo Ha Kamo. Teneps
JIOCTATOYHO Kalje COBCEM HEMHOIO YBEAHYHMTBCs, H CHIBL IO-
BEPXHOCTHOIO HAaTSKEHHs] Y2Ke He CMOTYT YPAaBHOBECHTb CHUJIY
sukectH. lefika Kanu 6HCTpoO cyxkaercs (TpeThsl GoTorpagri
Ha puc. 8), U B pesyabTare KaiJjs OTpLBaeTcs! (deTBepras (oro-
rpapusi). I1pH 3TOM OT LiefiKM OTHE/ISETCS MajeHbKas Kale/b-
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Ka, Kotopasi TajiaeT BCJe]l 3 Gonplinoil. BropuyHas Kanejibxa
obpasyeTcsl BCErJa (ee Ha3HIBAIOT 1WAPHKOM [Tnato), HO TaK
Kak MpoLEecC OTPLIBA KarJik OY€Hb OLICTPEIE, OOBINHO MEl 3TOH
BTOPHUHO!N Kale/JbKH HE 3aMedacM.

Mbl He OGyfieM 3Jlechb B[aBatbCi B MPHYHHEL o6GpasoBaHus
MaJieHbKOH KanelbKH — 3T0 JOBOJLHO TOHKHH BOHIpPOC. Ho
nonpo6yeM oOBSCHHTL (QopMy [ajato-
uleli Kanau., MrHoBeHHBIE (oTOrpadpuH
nafalolux Kaneab [OKasBIBalOT, 4YTO
MaJeHbKHE KalJH NoYTH chepuyeckue,
a GoJbllHe MOXOXKH Ha cA0OHYO Oy./04-
Ky. JlaBsaiiTe npexjie BCero OIEHHM pa-
JMyc Kalid, MPH KOTOpOM OHa Tepsier
CBOIO C(hepHYHOCTD.

[Ipu paBHOMEPHOM ABHMEHHH KaMJaH

Puc. 9 CHJ1a TSKECTH, IEACTBYIOLLast, HalpuMep,

Ha LeHTpaiabHBIl cronGuK Kannu AB

(puc. 9), nomxHa OBITH ypaBHOBEUIEHA CHIAMH TOBEPXHOCT-

HOTO HATsKEHMsl. A [/ 3T0r0 HeoOXONHMO, YTOOBl pajuyChHl

KpPHBH3HE! Kaniu B Toukax A W B Gbutu pasuemMu. [efictau-

TeJIbHO, MOBEPXHOCTHOE HATSEHHE CO3[aeT H30bITOYHOE JaB-

seHue, onpesesemoe popmydoh Jlannaca: APp=0'/R, u ecnu

KPHBH3HA NMOBEPXHOCTH KamJH B Touke A OyZer GoJblueil, YeMm

B TOUKe B, TO pasHOCTb JANIaCcOBCKHX JiaBJeHHl CMOKET ypas-
HOBECHThL THAPOCTATHYECKOE JaBJeHHE XKHAKOCTH:

r s

G G

=" g

CyllecTBeHHO Jin pasiinane R, U Rp? Jlns ManeHbKuX Kanesb
panuycom nopsinka I MM (107° M) Bennunna pgh~2-1072 Ila,
a penuuuna APjp=c¢'/R=~1,6-105I1a! B stom cayuae ruppo-
CTATHUECKOE [ABJCHHE HACTOABKO Majo, 0 CPABHEHHIO C JaIl-
JIACOBCKHM, YTO MM M BOBCE MOXKHO npeHebpeub. Takas kanus
MOMKET CUUTATLCS STANOHOM CHEpPHYHOCTH.

HHoe nenio 15 KallJlk J{HaMeTpoM, cKaxkeM, 4 mm. Jlns Hee
rufipocratiyeckoe napnenne pgh~40 Ila, a nannacosckoe
AP;=78 [la. ITH BeJMYHHB OJHOIO [OpSiiKa, Y Hapylle-
HuA  CcePHYHOCTH JUIsl TakoH Kamiu Oosiee CylleCTBEeHHH.
[lonarass Rp=R,+6R u R,+Rp=h=4 Mm, HafiieM, uro
SR~ h( l/(-A—PfI—)” 1——%) ~ 1 mM. PasHocTb paiuy-

pgh
COB KpUBH3HHI B TOuKaXx A ¥ B B 3TOM C/Jyyae OKa3HIBAETCH

yKe Mopsifika CaMOro pasMepa KalllH.
Hai pacuer nokaskiBaer, sl KaKHX KalleJb MOXHO OXH-
Jath HapyweHus cepHYHOCTH, HO (opMa Najaioliell Kaniu
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roaydaercs o0paruoit HabmoznasMoit B skcnepumente (Ha dhoTo-
rpadHn Kall/iH CIIOLLEHE cHu3y). B uem xe meno? A B ToM,
YTO MBI CUNTAEM JlABJIEHHE BO3/lyXa Hall Kaljeil u mox Hell onu-
H#aKoBHM. [IpH MENNEHHOM JBHXEHHH Kalld Tak U OBIBAeT.
Ho ecny Kanssi ABHKETCH B BO3AYXe @ NOCTATOYHO GOJBILOH
CKOpOCTEIO, TO BO3AYX He yCHeBaeT MJaBHO OOTEKATh Kallio:
nepel Helo cosfaerc oGnacThb MOBHIIIEHHOTO [aBJEHHs, a 3a
HEi0 — MOHMKEHHOTO (TaM 06pasyioTesi BUxpH). Pa3nocthb fae-
JIEHHil BO3JyXa MOxKeT ObiTh Oosbllle, 4eM THIPOCTATHYECKOE
JlaBjieHue, U JaliacoBckoe JaBieHye Tenephb JOMKHO CKOMIIEH-
CHPOBATb HMEHHO STy PasHOCTb. B TtakoM ciyuae BenMuuHa

JlaBJeHus RLA—— R, CTaHOBHTCA OTPHULATEJbHOH H, clefoBa-
TeJblo, paguyc R, Oyher Gosblue, yem Rp. O6 510M H CBHAE-
TeNBCTBYIOT (hoTOr pacuu.

A Buniesd BH KOrla-HHOYAB odenb GoJibiiue Kanau? B obby-
HBIX YCJIOBHSIX TaKHUX Kaneab HeT. K 310 He cnydaliHo — Kanin
GOJIBILIOr0 THAMETPa HEYCTOHYHBEL M Pa3phIBAIOTCA Ha MafeHb-
kue. CoxpaHHOCTH (hOPME! KallJH HA HeCMauylBaeMOH NOBEPX-
HOCTH ofecneyrBaeT NOBePXHOCTHOE HaTskeHHe. OJIHaKO Korza
THIPOCTATHYECKOE JIABJIeHHEe CTaHOBUTCSI OGoJibllie Janjiacos-
CKOro, KanJisi pacTeKaercsl H ApoGurcs Ha Gosee meskue. Ote-
HHMTB [pelesbHO BO3MOMKHEI! pa3Mep KamJHd NO3BOJSAET Hepa-
BeHcTBO pghz20’/R, rae h~2R. Otciona noaydaem

GI
Rnpeu a

pg *

Ina somel, HanpuMep, Ryp.,~0,3 cm (pasymeercsi, 310 JHIIb
NnopsiikoBasi OllEHKa MaKCHMaJbHOrO pasMepa KamiH). Bor
No4yeMy BBl He YBHIHTE Ha JIHCTBAX JEpEBbEB H APYTHX [MO-
BEPXHOCTSIX, HE CMA4YHBAEMHIX BOAOH, CJ/IHIIKOM KpYIHHIX
Kanesb.

TAAHBI BOJMEBHON JAMIIbI

.. .«CHMMETpHAIL NOSBIAIOTCH BHe3anHo. Hx ofpasopamue Hano«
MuBaeT usBepikenusi, OKeaH BADYP HauuHaeT GliecTeTs, Kak 6ynro
HECKOJIbKO JECATKOB KBaAPATHHX KHJIOMETPOB €ro MOBEPXHOCTH
TNOKPBITLI CTEKJIOM. Uepes HEKOTOPOe BPeMs CTeKIIHUCTas 060J/104-
Ka BbIGPACKBAETCS BBEPXR B BHJE 1y JOBHIHOIO IyS3HIPH, B KOTOPOM,
HCK2KasiCh 1 NPEJOMIISIACh, OTPaXKaercs Bech HeGOCKAOH, COMHIE,
TY4H, FOPH3OHT ,..

Crarucaae Jlem. «Coaspucs

Pan dortorpacduil, noMeleHHBIX Ha TpeTbed Mo-
noce OGNOXKKH, cliefad He Ha ConfipHce, He H3 KOCMHYECKOTO
Kopabnsi, NOrpyXaiolerocss B MpayHble TIYOHHBI atMochepb
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IOnurepa, ¥ He H3 HANOMHHATOPA fatuckaha, PHUCKHYBIIETO
riofioBpaThesl K HM3BEpraioileMycs NOLBOAHOMY BYJIKAHY. Ha
HUX CHST paboTaiowuil CBeTWIbHHK «Pajyra, KOTOPEIi (xots
1 He BCeraa) MOXHO Kymuth B MarasuHax ([lojapkm». OH taur
B cebe MHOXKECTBO HEMPOCTBIX M KPACHBBLIX sBJiE-
HHI.

YcrpoficTBO CBETHNBHHKA BEChbMa HECJIOXKHO.
OH npeacTabB/sieT co0ol Npo3pauynyio HHIHHAPH-
YeCKyIo KoJify, B OCHOBaHHE KOTOPOH, IOJ CTEK-
JISIHHEIM JIHOM, BMOHTHpPOBaHA OOBIYHasi 3JleK-
Tpuueckasi Jnamna. CTekno y JH& TNOKPHITO
IBETHHIM CBETO(HIBTPOM, & 0 ero MepUMETpy
uier Meraiannueckas crnupanb (puc. 1). Koaba
npumepHo Ha 1/6 gacTh cBoero o6beMa 3aN0/HEHa
BOCKOOGPA3HEIM BelllecTBOM (0 KOTOpOM MBI B
nanbHefilleM GyleM FOBOPDHUTL K@K O «BELLECTBE
Av), a 3areM NOYTH NOBEPXY 3a/IMTa NPO3padHCH
JKHAKOCTBIO (0 Heli MBI OyfeM TOBOPHTB Kak O
«settiecTse b»). U3 kakux coobpaxkenuii BHOHPa-
IOTCSi STH BELIECTBA M KAKUMH CBOHCTBAMH OHH
JIOMKHBl 06J1afaTh, Mbl BHISICHHM 4yTh NO3JHEE,
- usy4asi sIBJI€HHUs!, IPOHCXOAALLHE B CBETH/IbHHKE.

P Ha6monenus Jjyylie BCEro MNPOBOAUTE B TEM-

HoTe, Korna «Papyra» COYXKHT €IHHCTBEHHBIM
HCTOYHHMKOM CBeTa. BKIOunM K€ €€ B CeThb M 3anacemcsl Tep-
nepueM. Kak Mbl YBHANM, COOLITHS, [IPOHCXOASILIHE B CBE-
TUJBHHKE, MOXHO pasGuTb Ha HeckosbKo (pas. IlepByio u3
HHX MBl YCJIOBHO HasoBeM «(asofi NOKOsl H HaKOIJIEHHs CHI.

Bemecrso A amopdHO, TO €CTb HE HMEET CTPOro YNopsijo-
yerHOH cTpYRTYpPHL. C MOBBILIEHHEM TEMIEPATyphl OHO PasMsr-
yaeTcsi U MOCTENEHHO MEPEXOAHT B XKHAKoe cocTosinue. Hanom-
HUM BasKHOE pas/JH4He MEXAY NEePEeXoJioM B XKHAKOCTb KpHCTa-
JYecKoro M amopdHoro Bellects. JIjsi nepBOro STOT NEPEXON
NMPOMCXOAMT JIMIIEb NPH ONpele/]eHHOH Temnepatype H Tpebyer
3aTpaThl 3HEPrHH — TENJIOTH IJaBJIEHHsI, KOTOpasi Pacxomy-
eTcsl Ha paspylueHHe KPHCTaJl/JNYeCKOH CTPYKTYpBI BELIECTBA.
JIns aMopdHOrO e BELIECTBAa TBEPAOE H MKHAKOE COCTOSIHHE
NpUELMIMATEHO He pasjudaiorcsi. [Ipocto ¢ noBbillenHeM
TeMneparypsl BI3KOCTb aMOP(HOIO BELIECTBA YMEHbIIAETCH,
¥ OHO CTAHOBUTCS BCe GoJiee H OoJiee TEKYUHM.

BrouernHas B ceTh JIaMIIOUKa, OCBELLaioiasi CHH3Y, CKBO3b
cBeTODUILTP, KPaCHOBATO-3€/€HbIM CBETOM BHYTPEHHOCTDH
LWIMBAPA, CAYKHT TaKxe H HCToYHHKOM Tenja. Ha fiHe BosJe
JlaMnbl  ofpasyercss «ropsidee nsTHO» (061aCTh MOBBILEHHON
Temnepatypel). B s710fl 06aacT BellecTBO A HauMHaeT pas-
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MAr4aTecs, B TO BPeMsl KK HH BePXHsAsl KOpKa, HH, TeM Goulee,
HAKOCTE B Nporperbcsl ellle He YCNEBAIOT M MOKa OCTAIOTCS
xosiofHEMH. T10 Mepe Harpesanus Bce 6OuibIas yacth Beluect-
Ba A pasmmKaercs, ero TBepJasi KOPKa CTaHOBHTCH BCE TOHb-
e U TOHbIUE, BesencTBue TenvyioBoro paciimpenns oonem pac-
n/IZBUBLIMXCS HWXHHX C/loeB BelliecTBa A cTpemurest Boapac-
TH, A2BJIEHHE NOJ KOPKOH YBEJHYHBAETCHA, H B KAKOH-TO MOMEHT
KHIKOCTb A nposambiBaeT TBEPLYIO KOPKY U My3bIPAMH BHIpI-
Baercs BBepX. Ha nne Kak Gbl 3apa6oran ByJxaH. «Pasa nokos
H HaKOIIEHHS CHJI» 3aBepllieHa — ee CMeHsieT «(Pasa BYJKaHH-
4eCKOll JeATebHOCTHY (CM. pHC. 2 Ha TpeTbell CTp. OBJIOMKH).

Beutectea A u 5 nono6paHbl Tak, YTO MJOTHOCTh pasorpe-
TOTO XKHAKOTO BellecTBa A, BHPBIBAIOINETOCH H3 TPELIHHB B
KOpKe, OKa3bIBAETCS HECKOJILKO MEHBIIIE MIOTHOCTH ellie XOJ0/-
Horo BewjectBa 5. [osroMy nopuuu BetectBa A onwa 3a jpy-
roif BCIJIBIBalOT BBepX *). [10 NyTH OHH OCTHIBAIOT B XOJIONHOM
HHUIKOCTH b U, JocTHras NOBEPXHOCTH, OTBEpEBAIOT, NpH-
HHUMasi camble mpHuyyAauBble (opmbl. Ilpu 3acteiBaHuM ILIOT-
HOCTh BelllectBa A CTAHOBHTCSA HECKONLKO Goblie MJOTHOCTH
KHIKOCTH B, M «OCKOJNIKH» HAUHHAKOT MEJIEHHO ONMycKaThCd.
OnHako HexoTophle H3 HUX HAJONTO 3aBUCAKOT Y TOBEPXHOCTH.
Ipuunnol njiaBannsa MeNKHX OCKOJIKOB Ha OBEPXHOCTH MOZKET
CIyHUTh CHJIa MOBEPXHOCTHOTO HarsixkeHus. [leio B ToM, 4to
EHUAKOCTb b He cMa4yMBaeT BelliecTBO A, mO3TOMY feHcTByioias
Ha NOJIy3aTOliJIeHHble OCKOJIKH CHJia NMOBEPXHOCTHOTO HaTfKe-
HHfl HallpaBlieHa BBEPX H CTPEMHTCH BBITOJIKHYTb HX H3 XUJ-
KoctH. Daarogapa stoMy e s(dekTy yaepmHBaIOTCH Ha No-
BePXHOCTH BOJbI BOJIOMEPKH, NJIaBaeT CMa3aHHash }UPOM CTalb-
Hasi WrJia.

Mexny Tem u3GHITOUHOE faBJieHHe B HWXKHEH YacTH cocya,
O]l KOPKOif, yxke cOpolLIeHo, Kpas TPEWHHB ONJIaBWIHCh, H
CKBO3b 3ITOT Kparep ¢ HEOOMBILOH CKOPOCTBEO NPOLOJRKAIOT
BHITEKATH OYEpENHble NMOPHHH pAaCHJIaBJIEHHOTO BelllecTBa A.
OnHako Tenepb OHH He OTPHIBAIOTCA OT JIHA, @ MENIEHHO BHI-
TATHBAKOTC H3 Kpateépa B (popMe YAIHHAKLEHCA BBepX
crpyH. [ToBepXHOCTb 3TOH CTPyH, CONPHKACAsACh G XOJOLHOH
XKujkocreto b, GbICTpo oTBepeBaer, obpa3ys nofoGHe CTBOJIA.
TlocMoTpeB Ha 3TOT CTBOM «Ha NPOCBET, BBl HABEPHAKA YAHBH-
TeCh: OH TOHKOCTCHHBIH M 32TI0JIHEH BHYTPH ... RUIKOCTBIO 5.
Heno B ToM, 4TO, KOTna CTPys paciiaBleHHOTO BeliecTBa A

*) B sToM cMbic/Ie MAEI0 CBETHABHMKA MOHO PACCMATPUBATH KAaK
Pa3BUTHE H3BECTHOrO onmita Jlap.iuxra, B KOTOPOM Kamjisi aHHIHHA Ha-
rpepalach B BHICOKOM cTakaHe BoAu. IIpumepro npu 70 °C naioTnocTh
aHUJIHHA CTAHOBMACh MeHbIUeH NJOTHOCTH BOAHW H KaIjlg BCIJBIBAMA.
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BLIXOIHT W3 Kparepa M yCTpemJsiercsi BBepX, B KaKol-TO M®-
MeHT 7151 JajbHEeHIIEro pocTa eil He JlocTaeT Beliectea A. Buyr-
pu CTPYH CO3JIaeTcsi paspeeHHte, W IIe-T0 Ha rpaHule o6pa-
SYIOLEeTocs CTBOJIA H KpaTepa BOSHHKAET Pa3lioM, B KOTODLIA
yCTpemIsfiercss XoJIoAHas KHIKOCTb 5. Bepxnasa xe vacrth
CTPYH €llie MPOJIOJIKAET CBOE JIBIDKEHHUE BBEDX. Tak xuIKoCcTE
B 3anoHAET CTBOJ H3HYTPH, OXJaxaas H (popMHDPYA ero BHYT-
peHHlie CTEHKH, TOC/]E YeT0 OHH OKOHYaTeIbHO OTBEPIeBAIOT.

B uimxHell YacTH CBeTHILHHKA TeéM BpEMeHeM [Oo-IIpeKHeMY
HAeT MpoIece MJaBleHHsl, H OuepelHOH Iuap pacriaBIeHHOTo
BelllecTBa A BhIXOAHUT K3 Kparepa. OH NOAHHMaeTCA BBEPX yikKe
BHYTpH 0Opasosaplliefica TpyOku. Ilofussiinck 0 ee Bepxue-
FO KOHII2, OH 3a CYET CBOEH ellle pa3orperofl MacChl yUIHHAET
ee. C Kax /ol HOBOI nopiuel Belilectea A TpyOKa yIJHHsercs,
o0pa3ys pacTyiiuil BBepX roppHpOBaHHBIH CTBOJ (cM. pHC. 3
Ha TpeThell crp. o6noXkH). PajgoM ¢ HuM, pas[BHHYB onas-
LIHE OCKOJIKH «BYIKaHUUECKOH JIesiTEIbHOCTHY, Yepe3 HEKOTOpoe
BpeMsl MOKET BEIPACTH elle OJIHH WM HECKOJIbKO TaKHX CTBO-
JioB. CTBOMBI MPHUYIJIHBO MEPENIETAOTCA, NOJOOHO cTebasM
3K3OTHYECKHX pPACTEHHH, Cpelll YCEeHBalolUX IHO KaMeHHbIX
TIBI6 H nPOJIOJBKAIOIIHX OMNYCKAaThCs MO Mepe HarpeBaHhsi X Uf-
Koctit B ockonkoB. Kaptira Ha BpeMs 3amupaeT. 1y (hasy
MOZKHO HaspaThb «}a30l KaMeHHOTO Jecay.

Eciu B 5T0T MOMEHT BBIKJIOYHTH CBETHIBHHK, TO «OKaMe-
HEBIIHH J1eC» OCTaHeTcsl B HeM HeH3MEeHHbIM — K IepBOHayalib-
HOMY COCTOSIHHIO CBETHJIBHHK CaM BEPHYThCA HE CMOKET.
OnHako, HecMOTpPs Ha (eftepBepK MpOHCILENIHX COOHITHEH, IO
paGoyero pexmuMa Mbl ellle He JOOULIH, [O3TOMY OCTaBHM CBE-
TUJLHHK BKJIOYEHHbIM ¥ NPOLOIKHM HaGJIONeHHS.

Bpems uger, xuAKocTh b 1porpesaeTcs, Jexalllie Ha JiHe
OCKOJIKH HauYHHaIOT ONJABJSITBCA, & YXONALlHe BBEPX CTBOJIEI
ocTeneHHo ocefator BHH3. OHAKO cpend OBBIIMX OCKOJIKOB
Bbl He YBHIHTE PaCIJICIIEHHEIX Kaneb — BCe OHH NOCTENeHHO
npHEuUMaoT ceprueckyio ¢opMy. B 0OBMHEIX YCIOBHSIX
paciuolBaHHe KanesJbh Ha HecMayuBaeMoil NOBEPXHOCTH [1po-
ucxoiur Gaarojaps cuie TAxecTH. OHa nOpoTHBO#eHCTBYeT
¢UnaM TOBEPXHOCTHOTO HATSKEHHA, CTpeMsillUMcs NpHIaTh
Karie (opMy Liapa — Teja, NOBEPXHOCTb KOTOPOrO npH 3a-
LaHHOM o0beMe MHHHMMaNbHA. B CBETH/IBHHKE Ha Kaniio, KpoMme
CWIbl TAXKECTH H [OBEPXHOCTHOIO HATAXKeHHA, AeHCTBYeT CHa
Apxumena, Xotopasi MOYTH NOMHOCTBIO KOMIEHCHDYET CHJY
TxKecTH. [103TOMY Kamjifi OKasblBaeTcsi Kak Obl B COCTOSTHHH
HEBECOMOCTH, H YK€ HHYTO He MellaeT el NPHHATL chepuyec-
KYio )(bopmy (srot BOmpOC yiKe obcyxAancd B NPeAbIIYyILeM pas-
zeJe).
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Ilnsa onuoii Kannn cheprueckast (opma B COCTOSTHHH IIeBe-
COMOCTH ABJIAI€TCH SHEPreTHYecKH HauGonee BhIropHoH. Jlas
JBYX K€ HJIM HECKOJIBKHX JIEKAIHX PsJIoM H Kacalolluxcs ApyT
Apyra Kanesb BHITOJHee GbUI0 Gbl CIHTHCSI BOEHHO — MOBEpX-
HOCTb O[IHOTO GOJIBIIOrO Ilapa MeHblile, YeM OCliasi [OBepX-
HOCTb HECKOJIBKHX MaJIbIX € TOH 2Ke NoJIHOH Maccoli (nposepbre
3TO CaMOCTOAITENIBHO), H C/IElOBATENNbHO, NOBEPXHOCTHAR 3HEp-
rus y onHok Gosbllio# Kanii MeHblle. Ho B3rasnys Ha cBeTHIIB-
HUK, Bbl yOefiuTech, 4TO TaM BCe €llle CHOKOHHO COCYLIeCTBY-
0T HECKOJBKO MOYTH Chep HYECKUX Kaneb BellectBa A, H noka,
KaeTCs, OHM BOBCE He coGHpAIOTCs CNIHBAThCS B OfIHY. A Belib
BB, HABEPHOE, He pa3 Habmoja-
JIM, KaK PTYTHBIE H BOJSIHEIE Kall-
JH Ha HecMauHBaeMOH [OBepXHo-
CTH CJIHBAKOTCS TIOYTH MTHOBEHHO.
Otyero Xe 3aBHCHT BpeMs ClHs-
HUA JIBYX Kanenb?

Hap »stHM BOmpocoM y4eHbI® B, 4L

3ayMbIBAJINCE [IOBOJBHO JIABHO.
Tem Gosiee, uTo OH COBCEM He Mpa3jHbii, 4, KaK OKAas3asoch,
HMEET OrPOMHOE [PaKTHYECKOe 3HaYeHHe Ji151 NOHUMaHHs (PU3H-
YECKHX NPOLECCOB, NPOHCXOAALHX, HApHMED, B NOPOILKOBOH
METaJMypruu, TJe CHPecCOBaHHbIE METANJHYECKHE 3€DHA B
pesyabrate TepMHUECKOll 0OpalGOTKH «CHEKalT» B BEINECTBA,
ofsafiaroliie YHUKaJBHEIMH cBoficTBamu. B 1944 r. 3ameua-
TeJbHbIH coeTcKul (u3uK f. M. ®penkenb Npefnokun npoc-
TEHINYI0 MOJieIb TaKOTO IpoLecca, B Pe3yJbTare Yero HOsiBH-
Jiach €r0 NHOHepcKas paboTa, 3a/10KHBIIasA (PH3HIECKHE OCHOBBL
nopoukoBoii Metannypruu. Miesa, Jjiexamas B ocHOBe 3TOH
paboThl, T03BOJIHT HAM OLEHHTH BPEMS CIAHIHUS.

IlyeTh [iBe onHHaKOBBIE KHAKHE KanjH HayHHAIOT CONpH-
Kacatbca. B mecre Kacamus oOpasyercsi mepeiueek (puc. 4),
KOTOpBIH OOCTENEeHHO, 0O Mepe CIHSIHMA Kanelb, pacter. s
OLIEHKH BpPEMEHHW CJIHAHHS T TpPOLIe BCETO BOCHOJb30BATHCH
SHepPTreTHYeCKMMH cooOpaxkeHusMH. Bcero B «axTtuBe» y cu-
cTeMbl [IBYX Kamnesjb umeetcss 3Heprus AE,, paBHas pasHOCTH
NOBEPXHOCTHRIX 3HePruil HauyajhHOTO H KOHEYHOTO COCTOSHMII
(To ecth OBYX OTHENBHBIX Kanejib C PalycaMy 7o H OLHOMH
«ofley paauyca r):

AE,, = 8nori— 4sor2,

Tax Kax npu c/AUSHUY Kanelb HX MOJHKIH ofbeM He MEHsIeIcs,
Y =

TO Y/ynr®=2.%mry, OTRYmA r=r, 1/2. Takum obBpasom,

AE, =4no (2— 22/%) r2. Cornacuo unee ®@peHKest 3TOT H3GHITOK

SHEpTHH JIOJiXKeH ObITh H3pacXofioBaH Ha PaboTy NpOTHB CHJ
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BASKOTO TPEHWS, BOHMKAIOLIHX B 11porecce MepeMellenns! Be-
IecTBa Kanejab H OKPYXKaloLledl Cpesibl IPH HX C/IHAHHH. Ounes-
Ky 9701 paGOThI Mbl IPOBEJIEM N0 NOPSI/IKY BETHIHHSL. Jnst eunet
BASKOTO TPEHHS] Mbl BOCIOJB3YEMCH BhIpAaXKEHHeM Crokcea,
cripaBeUTHBEIM JIIst CTydasi 1llapa pajuyca R, mBuxyierocs
CO CKOPOCTBIO U B MHIKOCTH C BA3KOCTHIO 1! F=6mmRv *).
Bynem cuuTaTh, UTO BASKOCTD 14 BELIECTBA, M3 KOTOPOTrO COC-
TOAT KanJH, ropasio GoJiblle BASKOCTH OKPYHarollei cpelsl,
nostomy B Qopmyry Crokca MOACTaBHM HMEHHO 1) ,. Hanee,
BMecTOo R TOACTaBHM ry. JTa iKe BEIHYHHA XapaKTepHIYET H
MaciTab nepemellleHHst Macchl XKMIKOCTH NpH CIHAHHH Ka-
nenb: Ax~r,. TakuMm ofpasoM, /i paGoThl CHJI BA3KOTO Tpe-
HHUS HaXOAUM
AA ~ ban prv.

Busino, uTo yem GbicTpee Kalliii CIHBAlOTCA, TeM GoJibilie SHep-
T'HH Ha 370 TpeGyeTcs (H3-32 BO3PACTAHHUs CHJl BASKOTO TPEHHS).
Ho sanac sHepruu y Hac orpammyen: AE,=4mno (2—22/°)rg.
STHM M onmpefie]sieTcss HCKOMOe Bpemsl CIMAHHA Kanenib To
(TaK HasmBaemoe (DpeHKeseBcKoe BpeMs causHusi). OleHHBasA
CKOPOCTBb Mporecca Kak U~ry/To, HaXORAHM

AA ~ 6 13T ~ 400 (2—2%/°) 1,

OTKYyZa
Tp ~ ralo.

Jlnist Kanesib Bofibi ¢ Fo~1 eM, 6~0,1 H/M un~10~2 kr/(m-c)
310 BpeMsi cocrasinsier Beero Jjuub 107 c. OfgHako Ajs
sHaunTeNibHO Gosee BfAsKoro riuuepuna (npu 20 °C Oy~
~0,01 H/M, a Mp,~1 Kr/(M-c)) cooTBeTCTBYIOLIEE BPEMS Tg COC-
TaBHT yxe ~1 ¢. [Ins pas/uuHbIX XMHUAKOCTEH, B 3aBHCHMOCTH
OT HX BA3KOCTH H NOBEPXHOCTHOTO HATAXKEHHSA, Top MOXKET Me-
HATLCH B BeChMa IUHPOKHX NpejenaXx.

BaskHo, 4to Gnarofaps CHAbHOH 3aBHCHMOCTH BAI3BKOCTH OT
TeMrepaTyphl 3T0 BPEMsA MOMKET CYLIECTBEHHO MEHATBCA H JIf
CHHON W TOH e KHUAKOCTH. Tak, BA3SKOCTh IJIHHEpHHA NpH
nsmenenun Temneparyphl ot 20 go 30 °C ymenpluaercs B 2,5

*) Koneuno, ¢popmyna CTokca BHBEJCHA COBCEM JJsi APYroro ciuy-
uas — ABUIKEHHS mapa B BA3KoH xuikocTH. OfHaKO MOHATHO, YTO U
B PaccMaTpUB4eMOM CJyuae CHJIa BASKOTO TPEHHS TaKKe MOMET 3aBH-
CETh JINIIb OT BASKOCTH, JHHEHHOrO pasMepa Kamiad ¥ CKOPOCTH MpoTe-
Kanus npouecca v. ITosToMy, COAacHO TeOPHH pasMEpHOCTEH, U3 STHX
BOJIHUMH HAM HE yIacTcA CKOMGMHHMPOBATb HHOTO BHIPAXEHHsH, 9eM (dop-
myna CroKca, HMEIOLLero pasMepHoCTb CHIBL (OTAHUME MoXKeT GHIThb TOJb-
X0 B Kosdoduumente, ofjHaKo, MB Bocrmoabayemcs Qopumynol Crokca
JI8Mb JJISi OUeHKH MO MOPAAKY BEJMUMHE).
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paza. IlOBeDXHOCTHOE HaTsMKEHHE OT TeMilepaTyphl 3aBHCHT
ropasjio cnabee (B yxasaHHOM JMaNiasoHe TEMIEPATYDP Opy
yMERbUIAETCA BCEro JIMIIb Ha HECKOJbKO NpoueHTos). ITostomy
MOKHO CYHTaTh, YTO 3aBUCHMOCTL (DPEHKENIEBCKOTO BpeMeHH
C/MAHHA OT TEMIEpaTyphl ONpeleJifAercs HMEHHO TeMreparyp-
HOH 38BHCHMOCTBIO BSI3KOCTH,

Bepremcs Telleph K 1miapam, JiexallluM Ha JHE CBeTHIbHHKA.
Tloka Temneparypa xuakoct# 5 He BEICOKa, BA3KOCTb aMopd-
Horo Belectsa A eile Gosibluasi. Tellepb NOHATHO, YTO HMEHHO
No 3TOH NpHYHHE IIaphl 4 HE CJAHBAIOTCA. TOYHO TaK XKe He
COJIBIOTCSI JIB2 BOCKOBBIX ILApHKa, €CJAH HX OPH KOMHATHOMH
TEMNEPaTYpe NPHUBECTH B CONPHUKOCHOBEHHE HJIH 3KE CHABUTH.
Onnako CTOMT uX NOAOrpeTh, KaK BA3KOCTh BOCKA Pe3KO YMeHb-
MIUTCA, H XHJIKHE LIaphl COMBIOTCA AOBOJBHO GbicTpo. OTMeTHM
H BRXXHYIO POJib COCTOSIHHSI MOBEPXHOCTH ILAPOB: €CIH OHA
HEpOBHAst M CH/bHO 3arpfi3HeHa, TO HepeMBbluKe Mexay Hiapa-
MH 00pasoBaThCs TPYHLHO.

Causnne Kanenb HeOGXOAUMO I/l JanbHeHnIero (pyHKIHO-
HUPOBAHHUA CBeTHUJIbHMKA, H B €T'0 KOHCTPYKILHH [1PEyCMOTPEH
CrienHaJbHLIH MeXaHH3M «IEpeHBay Bemectsa A U3 oTenbHEX
KarneJsib B YiKe PaclliaBHBLIYIOCH OCHOBHYIO Maccy. D10 — YIo-
MUH2BLIARICSl BBILE MeTaNNHYECKas CHOHpasb, HAyLlas [o
nepuMeTpy AHa cBeTHbHMKa, OHa Xopollo pasorpera, H IpH
COIPHKOCHOBEHHH C HeH Kalliu BelliectBa A mnporpesatorcs,
BSISKOCTb HMX MAjla€T M OHH OXOTHO» BJHBAIOTCS B OCHOBHYIO
Mmaccy.

Hrak, Ha nHe cocyfia ofpasoBasiach eiMHas XXHUAKAs Macca
Beilectsa A. Onnako Gnarofapsl MpoOROJIKalOLleMyCs HarpeBy
CIIOKOITHOH OHa ocTaBaThesl He MoXeT. HaunHaercs «pasa npo-
TyGepaHieBy.

Oropeasmniics OT roBepXHOCTH mpoTyGepaHel, nNof Jedi-
CTBHEM BbITAJKHBAIOINEH CHJB MEJJIEHHO YXONHT BBepX (cm.
puc. 5 Ha TpeTheli cTp. OGNOMKKH), NOCTENEHHO NPHHUMAS
(bopmy wapa. [NogHsBLINC B BEpXHIOH YacTh CBETHIBHHKA, THe
KHUIKOCTb 5 H3-3a CBoell HU3KOH TENJIONPOBOJHOCTH JI0 CHX IiCP
He nporpesiack, 3TOT 1ap HECKOJIbKO OXnaxkaaercs (ocTaBasich
BCe 3Ke XHAKHM) B MeJLIeHHO ONYCKaercs BHHU3, HA B3y BaIOLLYI0-
cs2 noBepxHocTb. OJHAKO, KaK Mbl y¥Ke BBICHHUJIH, BJIHTECH B
llee eMy He TaK-TO NPOCTO, ¥ OH JOBOJIBHO JIOJITO NOAMPHITEBAET
Ha HEil, NOCTElleHHO CKaThiBasich K MepH(epHH; 31ech CHpab
¢BCKPBIBA€T» €ro NOBEPXHOCTh, M OhIBIIHH OporybepaHen 3a-
BepIIaeT CBOe INyTeIleCTBHe, BO3BPATHBIUHUCH B MNOPOAMBIIYIO
€r0 CTHUXHIO.

JlaMnoyka B OCHOBaHUH LHIHHApA TPOJOJIKAET I'PETh CHe-
TeMY, H NPOLIECC POXJeHHs NPOTYOepaHIEB NpPONo/KaeTcd.
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Tlo Mepe MOBBILICHHS TeMIepaTyphl TEMIl ero Hapacraer. Or-
phIBasicb OT HOBEPXHOCTH, npoTyGepaHIpbl OCTABJISIIOT BHCETH
«vexcay HEGOM H 3eMJiei» OJMHOKHe Kamiii, KOTopble HHK2K He
pemar — TO JIH WM YC1PEMHTHCS BIOTOHKY 32 nporyGepaHilem,
To JI1 BepHYTBCA B POMHYIO cTHXHIO. M BOT yXe B LuIHHADE
OJIHOBPEMEHHO HaXOJHTCSl HO NECATKa MKHAKHX 11apoB, OLHH
HX KOTOpHIX MOJHHMAIOTCS BBEpX, Apyrue OlycKaloTcs BHHS
/  (cv. puc. 6 Ha Tpereefl cTp. OBGJIOXKKH):
HayHHaercsl «pa3a CTOAKHOBEHHH M Kara-
crpodw. MMenno sta, Hauboliee ANHTENB-
Has W 3peiuinHas ¢asa, paccMarpHBaer-
¢ coslaresiAaMH Kak paGouHil pexKHM CBe-
THJIBHHKA.
apst B cBeTHIBHUKE CTANK®BAIOTCH,
Puc. 7 MEHSIIOT HanpabjieHue CBOerc JBIDKEHHS,
HO BaM He yaactcs Had/Iofarh HX ClAusHHe
B TIpoiecce TaKoro coyfapenus. Kak Myl yzKe BBISCHHIH, LapaM
BBITOJIHEE (C SHepreTHYecKoil TOUKH 3peHHs1) CIHTBCS BOEAHHO.
Ho na 310 HyXHO Bpems. [IoHATHO, YTO BpeMs, KOTOpPOE WM
«OTIYILIEHOY,— 3T0 BpeMsl coypapenus f. Eciu to 3aMeTHO
npesbIlAET £, MIapsl He YCHEioT CIHThCs M pasoinyTes. Hewm xe
onpernesisiercss Bpems coylapenus? B cBeTH/IbHHKe B OCHOBHOM
NPOMCXOST KOCHe yHape! (puc. 7), MPH KOTOPBIX pasMsrye-
HBle LIaphl, JIeTKO AeGOPMHPYSACh, CKOMB3AT OAHH MO JPYromy.
B 5TOM ciiyyae XapaKTepHoe BpeMmsi coyfaperus i~ro/v. Cko-
poCTh 1iapOB B CBETHJbHHKE BCETO HECKOJBKO CaHTHMETPOB B
CeKyHJy, pajHychl WIAPOB — HECKONbKO CaHTHMeTpoB. Tak
yto i~1 ¢, 1 32 TaKOe BpeMs IIaphl CIAUTHCS He ycneBaioT. Bot
Y NpUXONUTCS MM «GPOJMTHY B CBETHNBHHKE, Ha BpeMms 3aje-
ras Ha JiHEe, MOBHCAs BBEPXY, CTajlKHBasiCh, HO He CIHBafCE.
«®2a3a CTOMKHOBEHHIT H KaTacTpod» AIHTCA OUeHb JI0NT0, 5—7
yacoB. I1o MpOIIECTBHH 3TOT0 BPEMEHH HHCTPYKHHS DPEKOMEH-
JyeT BBHIKMIOYUTE CBETHILHHK., ONHAKO MNpH ONpPEIENeHHBIX
(nocTaTOMHO BBICOKHX) TemmepaTypaX OKPYXKalollero Bos3/lyXa
sta (pasa MOXKeT oKasaTbcs He MocnefHedd. Ilocsie Toro Kak B
CBeTH/JbHHKe YCTaNaBIHBAETCA CTalHOHApHOE pacnpefeeHye
TemrepaTypbl O BEICOTE (BCSA MHUAKOCTE b OKOHUATeNbHO MpPo-
rpesaercs), NJIOTHOCTH BellecTB A ¥ b MpakTHYeCKH CpaBHHU-
patotcsi. Bee Bemlecteo A cobupaercss B OfHH GOJbIIOH 1Iap,
KOTOpHIH 3aBHCAeT y [Ha, OTOJIHB CBETO(HIBTP. Co Bpemenem
3T0T I1ap, u3-3a@ KacaHHs CO CTeHKaMH LUAMHADA, HECKOJBKO
OCTBIBAET, €70 MJOTHOCTD HEMHOTO YBEJHYMBAETCS U OH MeJJIeH-
HO onyckaercd Ha AHo. KocHyslluck nHa, LIap NOJy4Yaer J0-
DOJHUTENbHYIO MOPUHIO Terjia U BO3BPAIaercs Ha NpexHee i
MeCTO. 35eCh OH 3aMHpaeT JI0 TeX Hop, f0Ka CHOBA HE OCTHIHET,
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nocie Yero ONHMCAHHEBI Mpouece MoBTOpsETCs. JTy, He Npeny-
CMOTPEHHYIO MHCTPYKHHeH, (hasy MOKHO Has3BaTh «(pasoll 6o/b-
1oro wapa» (cM. puc. 8 Ha TpeTbeH cTp. OOJIOKKH).

JlagaiiTe Tenepb, pa3oOpaBLINCh BO MHOTHX AeTalAX IOBe-
NeHHs CBETHJbHHUKA, B3TJITHEM Ha 3TO AIBJEHHe B nejaoM. Ha-
npalBaeTcss BOIpOC: foyeMy BoOOLle BOSHHKAIOT 3TH, Henpe-
PBIBHO CMEHSIOLIHE JPYT JApYra, NOBTOPSIOUIHECH HPOLECCHI
POMKEHUs!, CTONKHOBeHHH u THOenn wapos? [loHaTHO, uTO
ECS «IBIXKYINAs CHNIa» MpoIecca 3aKiioyeHa B pasHOCTH TeM-
nepaTyp MexJy BePXHHM M HHXKHHM KOHLAMH JiaMmbl (¢Harpe-
BaTeeEM» H «XONOAHJIbHHKOM»). Eciiu npefnonoXuTs, YT0 NOTOK
Tenna pacnpoctpaHserca OJarofaps TENJONPOBOAHOCTH HKMHJ-
kocTH b, 10 ee Temmeparypa GyleT NpOCTO NJIaBHO MEHATLCA
HO BHICOTE ¥ HHYEro HEOOBIYHOrO B CHCTEME NPOHCXOAHTH He
Oyrer. [losBnenne MapoB, TaK 3Ke KaK U KOHBEKLHR, ABJRETCA
CNEfCTBHEM HEYCTOHYHBOCTE!l, BO3HHUKAIOIHX NPH OllpefelieH-
HBIX YCJIOBHAX B CHCTEMaX, B KOTOpPBIX H3-32 PA3HOCTH TeMIle-
paryp Ha rpaHHIaX pacnpoCTpaHsIoTCsA MOTOKH Tenjya. Hay-
uYeHHEM OOLIHX 32KOHOMEPHOCTeH B MOBEJIEHHH TAKHX CHCTEM
3aHHMaeTcss HOBaR, OypHO pasBHBAOLIAfCA HAyKa — CHHEp-
reTdKa.

NMOKA YAHHHMK HE 3AKHIEJL...

TyT AJHCY OCEHRJIO!

- I103TOMY 37IeCh B HAKPHTO K Yalo? — CMPOCHNA OHA.

» Jla,— oTBeyanl BONBARUIHK €O B3JIOKOM,~ S7IeCh BCerfa fopa
nuTh Yyatl. Mbl He ycnepaeM faxe nocyAy BHIMBITh.,

Jlvtouc Kspposs. «ANHca B CTpane UyRecs

Puryany vaenutua MOCBSIIEHB! BOCTOYHEIE
TpaKkTaThl W TJaBkl B ChoelHaibHbIX KHurax. M Bce e,
NOCMOTPEB HA 3TOT NPOLECC NOJ HECKOJBKO HHBIM YIVIOM 3pe-
HHsl, B HeM MOXKHO HaHTH MHOMKECTBO HHTEPECHBIX (PHU3HYECKHX
sIBJIEHHH, OOBSCHEHHA KOTOpbIM HET Jiaxke B CaMOM TOJCTOM
KYJIHHapHOM PYKOBOJCTBE.

Jns Hauana npopenaeM chenyrouuil ofbit. [loctasum apa
COBEPIIEHHO OJHHAKOBHIX YaHMHMKA C PaBHbIMH KOJHYECTBAMH
XOJIOZHOH BOJBI Ha KOHGQOPKH ofitHaKOBoH MolnHocTH. OnHH 13
HUX 3aKpOeM KPHBILIKOH, a BTOpoi ocTaBHM OTKPRITEIM. Kaxkoi
M3 HHX 3aKHIHUT paHblie?

Oteer Ha 3TOT BOMpOC 3Haer JioOas OMNBITHAR X03AHKa.
JKenasi BCKUNSATHTE BoLy HOOBICTpee, OHA, HE 3aLyMBIBAsICh,
HaKphIBaeT KaCTpPIOJIi0 KPHILKOH, U Ha MOCTaBJEHHBI BONpoc
cpady e OTBETHT, YTO CKOpee 3aKUNUT YaMHUK, HaKDHITHIA
kpoikofi. Hy, 4to e, yGenumcss B ee npaBoTe€ — BHauane
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ONBITHEIM yTeM, NOMKJIABIINCH KUNEHHWs HallMX YafiHHKOB, 3
noToM OBOCHYeM pe3yJbTaT [OCTaBIEHHOTO OIBITA € TOYKH
3pennsT MOJIEKYJsiPHOH (PH3HKH.

Tloka uYafiHUKH HarpeBaloTcs, MOCTaBHM Ha TPEThIO KOH-
()OpKY ILIUTHI elile OfHH TOYHO TaKO# XKe YalHUK C TeM e KO-
JIMYECTBOM XOJIOJHOM BOJBI, YTO H B NEPBBIX JIBYX, H MONpodyeM
er0 BCKHMATHTh ObicTpee (NPH TOH K€ MOLIHOCTH KOH(ODKH).
Il 3TOTO HYXKHO KaKMM-JIHOO criocofoM ObICTPO MOBBICHTB
TeMOepaTypy BOJbl B HeM, OOOTHAB €€ Harpes B JBYX NepBbIX
yafinukaX. Harpumep, CYHyTb B CTOAIIMEH Ha NJHTe TPETHH
YalHHK elle U KUnaTuibHUK. Hy, a2 ecis KHOSTHIBHHKA HET?

BcnoMuEM, YTO A/1S1 TOrO 4ToOB! NOBBICHTL TEMIIEpATypy BO-
N6l B KaKOH-JHO0 eMKOCTH, B Hee JOCTAaTOMHO J0GaBHTh 6oJiee
ropsuell Bospl. Moker ObITh, TAKOH NpHeM YCKOPHT 3aKHIIaHHe
BOIBI B TpeTheM valinuke? OTHIONb HeT. He TOMBKO He ycKOpHT,
HO eifle U 3amenuT. UTo0el YOEIUTECR B STOM, MPEACTaBHM
cebe, YTO BOJa Maccof myj, HAXOASINascA [epBoHAYaJBHO B
yafiHuKe npu Temneparype Ti, He cMellanack H He craja oOMe-
HHUBaThCH TEIJIOM C AOJIUTOH ropsauell BOOH Maccod m, M TeM-
neparypoii T';. Tenio, kKoTopoe He0OXOAUMO OBLIO flepBOHAY AT~
HO [epenath BOJE /A JIOBENEHUs €e [0 KHNEHHsA, COCTaBJIAET
Q,=cmi (T «—T1). Tenepb ke, KpoMe Harpepa [0 TeMileparyphl
kunenus (Ty) Toro 3Xe KONHUeCTBA BOJBI M, NPHIETCS paso-
rpetb oT T, Jo Ty elie U JONUTYIO TOPAYYIO BOLY Macco ms.
[TostoMy MMoJHOE KOJIHYECTBO TENJIOTH COCTABHT

Q=cm; (Ty—T,) +em, (Ty—T,).

Jlaxe ecqiM B YaHHMK JONHBaThb KHIATOK, TO B NPOHECCE
nepesiBaHUs OH YcIeeT HEecKOJIbKO OXIaluThesl, M TeMIlepary-
pa T, okamxercs HecKonbKo HIpKe Ty. [IoHATHO, uTO Hatile «ab-
CYPIHOe» NpEeAIosoxReHne 0 TOM, YTO MOPLHH BOJBl OCTANHCh
HernepemMellaHHbIME, HUKAK He NOBJHAJO Ha 3aKOH COXpaHEHUs
SHEPTHH B CHCTEME, a JIHILUb [O3BOJIMAO HaM PacCcMOTPeTh fB-
JieHHe npolie u OhicTpee.

I'loka mMp! Ge3ycrellHo BO3HJIHUCh G TPETHEM YaHHHKOM, Iep-
Bhlil, C 3aKpBITOH KPBILIKOH, y2Ke HaunHaer nyMethb. [lonpoGyem
BHISICHHTh NPHYHHY 5TOTO SHAKOMOTO BCceM LIyMa U OLEHUTHb
€r0 XapakTepHYIO YacTOTy.

IlepBofi npuunHOil 3TOTO IIyMa MOXKHO NPEANONOXUTh KO-
Jie0aHHS KMAKOCTH, BO3SHHUKAIOLIHE IpH OTPHIBE MY3EIPLKOB
Napa OT IHZ U CTEHOK COCYAd. DTH MIy3hIPbKH Yallle BCETO 3a-
POXNI2I0TCA Ha HEONHOPOAHOCTAX M MHKPOTpeIHHKaX MOBepX-
HOCTH. XapakrepHble UX pasMepel 0 3aKHMaHuA YaliHHKA 1o-
pAxka 1 mMm (IPH KHMEHHH OHH 3HAYUTEJIBHO BO3PACTAIOT H
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MOTYT HOXORHTB 10 1 cn). [ins onenky yacToThi BO3SHHKAIOLIErO
g yailHVKe 3BYK2 HaM HYJXKHO HalTH BpeMs OTPhLIBA NY3bIPHKOB
¢ or JHa. VIMeHHO 3To BpeMsi XapaKTepH3yeT NJIHTENLHOCTh
TOJYKA, KOTOPHIH NOJyYaeT 3KHAKOCTh B MPOLECCE OTPHIBA I1y-
3HIpbKa, & CJIEJIOBATENbHO, U NEPHOL BOSHUKAKLINX B HHKOC-
tu konebanuit, COOTBETCTBEHHO 4acToTa MeHepHPYeMOoro 3ByKa
onpeneyuTC BETUYHHOH, 00paTHON 3TOMY Bpe-
MEHH: V~T L, O

IToka nmyselpeKk npeOblBaer Ha JHe B IOKOE,
ya Hero JeHCTBYIOT IBe CHJBL BBITAJKHBaIO-
mas ero Beepx cuna Apxumena Fo=p,gV, O
(V, — ofbeM MnysbIpbKa) U yIAepxuBaioulas Ha
JiHe CHJia TNOBEPXHOCTHOrO HarskeHua Fy=0l —-O-’—Q—
(! — nuBa rpaHHLEl CONPUKOCHOBEHHA MY3bIPb-
Ka C MOBEPXHOCTBIO JAHa uaiiHpka) *). Ilo me-
pe yBesquyeHusi obbeMa MysblpbKa cuia ApXu-
Mefla BO3PACTAET M B HEKOTOPHIA MOMEHT MPEBHIIAET CHIY NO-
BepPXHOCTHOTO HaTsxkeHHsA. I1ysbIpEK HaYHHaeT CBOe ABIKEHHE
BeepX (puc. 1). TlonsTHO, YTO nosHas cuna, NeHCTBYIOMWaA Ha
My3bipeK B NPOLIECCE €T0 OTPEIBA OT JIHA, MO NOPAIKY BEJJHUHHEL
pasua F . Macca 3xe ny3sIpbKa [pH €ro IBHXEHHH B XK HIKOCTH
onpese/siercs He ero cOGCTBEHHOH HHYTOXKHO MajioH Maccoit
(Maccoii 3aK/IOUeHHOTO B HEM BO3JlyXa W napa), a TaK HasblBae-
MOH «IPHCOEIHHEHHOM» MaccoH, KoTopast A/ C(epHYecKoro
NysBlphKa COCTaBJsIeT m*=2/pyry (B sroii dopmyne pg —
NJIOTHOCTE BOJIBI, @ 7y — pajuyc my3blpbKa). Ona (pakTHyeckH
onpelleNisieT Ty Maccy XHAKOCTH BOKPYD NySBIpbKa, KoTOpas
OKAa3LIBAeTCsl BOBJIEUEHHOH B [IBIDKEHHE HPH ero mnepeMelieHnH
BBEpX.

Takum 06pazom, yCKOpeHHe My3HIPbKa HAa HAYATbHOM STane
JBIIKeHHsA Oyner

Puc. 1

Fa
m%

a~ =2g.

Bpems oTphiBa MYy3bIpEKa OT [IH2 MOXHO Tellepb OLEHHTh,
CUHTas1 ero JBHXKEHHE paBHOYCKopeHHbIM. Ha BhicoTy nopsjika
CBOEro pasMepa OH NOJHHMAETCS 32 BPeMs

Ty~ % ~ 1072 c. (%)

CooTBeTCTBYIOLIAs XapaKTepHasi 4acTota TeHepHpPYeMoro npu
OTphIBE My3LIPKOB 3BYKa cocrasisier vi~T;'~100 I'n, uTo,
NO-BHAMMOMY, Ha NMOPSNOK MEHbIIE YACTOTh TOTO 3BYKa, KOTO-

*) 3zech Mbl npenefperaeM SaBeOMO MO CHAOH TAIKECTH.
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pblif CJIBIIIEH NpH HArpese yaitguka (OIHAKO ellle 3afoJiro J1O
3agHNaHus BOIBI B HeM) *).

CyllecTByeT U Bropas NpHYHHA IIymMa, BOSHHKAIOLIEro B
yafiiKke npH ero HarpesanuH. Jlis Toro 4roGsl foGpatkest 1O
Hee, MpocJieiuM cy;u:ﬁy nysbipbKa napa mnocjie ero orpblBa OT
qua. OTopBaBLIKCE OT ropsYero AHa, TE AaB-
JIEHHE Mapa B My3bIpbKe ObIIO MPHMEPHO PaB-
Ho atMochepHOMy (HHaYe OH He MoOT OFl JOcTa-
TOYHO PaCIIHPHThEA JJIf BCIJIBITHA), My3H-
peK, BCIJIBIBas, MONajaeT B BepXHHe, eille
He J0CTATOYHO MPOTPETHIE CJIOM BOABL 3a-
MOJIHSOMME Ny3bIpeK HaChIeHHHH nap [pH

Puc. 2 ITOM OXJaXJaercs, ero JapJjeHHe MaflaeT H

y¥e He MOXKET KOMIIEHCHPOBATb BHEIIHEro

JlaBJieHHs1 Ha [y3BIpeK CO CTOPOHBI BOZEL

B pesyabratre myseipek OBICTPO cXJionbiaercsl (pue. 2) uaH

OpOCTO CHIARHO CXKuMaerca (ecid B HeM, MOMHMO BOJIZHOTO

napa, cofiepasnoch TakxKe HEKOTOPOe KOJHUeCTBO BO3yXa) —

B JKUJKOCTH pacnpocTpaHsercs sBYKoBoH ummysbe. Cxyonkl-

BaHHeE OJIHOBPEMEHHO OOJIBIIOTO YHCIA TaKHX My3bIPhKOB, THO-

HYIHX B BEPXHHX CJIOSX BOMBl, BOCHPHHHMAETCA KakK IIyM.
OlueHHM ero XapakTEpHYIO 4acTory.

3anumem ypasHeHue HeloToHa Jyis Macchl BOLEL #71, YCTPEM-
JISIEOLILEHCA BHYTPD MY3bIPbKa NPH €r0 CXJONBIBAHHH:

At =AF AP

3neck S=4mr? — nJoOafr MOBEPXHOCTH MY3BIPbKA, HA KOTO-
pyio nefictByer cuna pasnenus F,, AP — pasHocTh JaBieHHH
Ha €ro rpaHuue, a, — yYCKOPeHHe JBIKeHHsl IPAHHLE! NY3bIPhb-
Ka K ero nentpy. [IoHATHO, 4TO B IPOLECC TAKOTO CXJIONBIBA-
HHS BOBJeUeHA Macca, MO MOPAAKY BEJIHYHHBl DaBHAs MPOH3-
BEJICHHIO NJIOTHOCTH BOJB! Ha 00BeM Ny3hIpbKa: m~pgr?. Takium
o6pasom, ypaeHeHne HetotoHa MoXkeT ObITb MePENHCaHO B BHAE

o7, ~ r2 AP,

IlpeneGperas JfaBJjieHHeM, OOYCJIOBJEHHLIM HATAMXKEHHEM Hc-
KPHBJIEHHOH OBEPXHOCTH MY3bIPbKa, a Takke HeCoJbIIHM KO-
JINYeCTBOM BO3[yXa, KOTOPOE MOXKET B HeM cofiepxkaTtbes, Oy-

*) 3amerHM, UTO B BHIpameHHe (%) HHKaK He Bolied KO3(DpHIHEHT
MOBEPXHOCTHOTO HATSIKEHHS, MO3TOMY MOXKHO AyMarb, HTO Ny3HPEK
H3NyYaeT 3BYKOBHIE BOJHBl HE TOJABKO B NPOLECCE OTPBIBA OT JHA, HO H
B TEYeHHe BCErO CBOEr0 YCKOPEHHOTO JBHUXKEHHA — JIO TeX IOp, MoKa
CHJIA CONPOTHBJEHMS IBHIKEHHUIO My3HPbKa CO CTOPOHH! BOAB (IPOIOP-
LHOHAJbHASL CKOPOCTH €r0 [BHIKEHHS) HEe YPaBHOBECHT [eHCTBYIOLLYIO
HA HEro BHTAJKHBAIOULYIO CHAY.
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3aBUCHMOCTh LABJEHAS HACHIHMAKIMEX GapoB OT TeMueparypst
B

Teunepatypa, °C 96,18 ] 99,1 99,6 99,9‘ 100 101 | 110,8

Japnenue, xlla 88,26 98,07 100 101 ‘101,3 105 | 147

neM cuntath AP TOCTOSIHHBIM (3aBHCALLEM TOJILKO OT Tepenaja
TeMIepaTyp MEXKAY NPHIOHHEIMH H BEPXHHMH CJIOSMH BOJDI).
BenHuHHY YCKODEHHSl @,==r; OHEHHM KaK ro/t3, IJie T, — UCKO-
Moe BpeMsl CXJIOTIBIBaHMS MysbIpbKa. Torzia

2
Pp—2- ~ AP,
T2
OTKYJa

Le~n VY - (%)

B6amzu T =100 °C naejeHMe HaCHIIEHHOTO Mapa NajaeT
npuMepHo Ha 3:10° Tla npu noHMKEHHH TeMIepaTyphbl Ha I <C
(cM. Tabuuy). [TostoMy A/t OUEHKH MOXKHO TIPUHATD AP~107
I1a, mocJsie 4ero COOTBETCTBYIOIIEE BPEMS CXJIONBIBAHUS My3biph-
Ka cocTaBUT To~1073 ¢, a XapakTepHas 4acToTa BO3HHKAIOLIEro
TIPH 9TOM IIyMa v,~T3'~10% T, S1oT pesynbTar yxe Gonpiue
MIOXO02K Ha TPaBLy, 4eM NpeblAyLHii.

Elne ofHUM JOBOJIOM B TIOJIb3Y TAKOTO NMPOHCXOXKIEHHS HIy-
Ma CAYMKHT TOT (daKT, YTO [0 Mepe MOBBILUEHHS TeMmnepaTypoi
BOJBI YACTOTA XapaKTEpPHOIO BBICOKOUACTOTHOTO lHyMa IOCTe-
MEHHO MOHIKAETCA B cOrJIacHU ¢ (xx). HemocpelcTBeHHO nepex
KUMeHHeM MYy3bIPpbKH Mapa MepecTaoT CXJOMBIBaThesl Naxe B
BEPXHHX CJIOAIX BOfbl. TOrAa eIHHCTBEHHBIM MEXaHH3MOM BO3-
GyxaeHusi 3ByKa OKa3blBAaeTCsl PaCCMOTPEHHBI BBIlUE OTPHIB
My3bIPbKOB OT JiHA — 4acToTa «IeHHs» yaifHMKa 3aMeTHO [o-
gwkaercsi. [locie 3akuOaHus BOJMBI «TOJIOC» UaHHHKA MOMXKET
ClIOBA M3MEHHTHCS (OCOGEHHO €ecyi OTKPBITH KPBIIKY) — 570
Oy/IbKAIOT My3BIPH, JIONasch y»Ke HENOCPENCTBEHHO Ha [OBEPX-
HOCTH BOjpl. 3leCh OKa3bIBA€TCsl BayKHON W CTENEHb 3allO/IHeH-
HOCTH YalHMKa, M ero Qopma.

Takum o6pa3oM, MBI IPHXOMUM K BHIBOJY, YTO 1HyM YaiHHKa
mepes €ro 3aKunaHHeM CBfi3aH ¢ POXK/IEHHeM Ha ropsueM IHe,
OTpriBe OT [HAa M TIHOeJbl0 B BEDPXHHX, €ile He JOCTaTo4HO
[pOTPETHIX CJIOSIX BORBI My3BIPHKOB Napa. JTH NPOLECCh O4eHb
HHTEPECHO HaGJofaTh HeNOCPEICTBEHHO MPH HarPEBaHHH BOMbI
B CTCK/ISIHHOM uaflHHKe ¢ npo3pauHbiMu creHKamu. OjiHako He
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6yzieM 06OMBIIATBCS, YTO Mbl 3aHHTEPECOBANICH U Pa3obpanuch
B stom Bonpoce mepeelvH. Eme B XVIII peke mornannckuit
yuenutii [xxozed Busk Hayuan «meHue» HarpeTHix cOoCyIOB M
YCTaHOBHIJI, «YTO B 3TOM [I€HHH YUacTBYeT AYST: MOAHHUMAIOLIHe-
¢sl NY3BIPBKH HArpeToro BO3jyXa M BHOpAHHUs CTEHOK cocyna.

U Bor, Kak M OXMIANOCch, NEPBEIM 3aKHNAET YaHHUK MOJ
3aKpBITOl KpuILIKOf, O0 3TOM Hac H3BelaeT BHPHIBAOLLASCH U3
ero HOCHKa CTPysl napa. A KakoBa ee CKOpPOCTb?

Ity 3ajlayy HETPYAHO PEHINTb, €CJIM 3aMeTHTh, YTO B ycTa-
HOBHUBILEMCS [IPOKECCe KUMEHUS NPakTHYECKH BCH MONBOAMMAST
K YaHHUKY SHEPrusi HarpeBate/lsl PacXOAyeTcsl Ha HCmapeHHe
BOZbI. (PUJIATENHCTE 3HAIOT, YTO, KOrJA HYKHO OTIapUTh Map-
KY OT KOHBEPTa, BOAY HAJMBAIOT JIMIIb HA HO YailHUKA, YTOOBI
BeCb OOpasyrouwyiicsi map BBIXOAMA 4epes HocHK. Bypem cum-
TaTk, YTO’H B HalleM CJydae HOCHK CBOOOJEH U map BBIXOJIHUT
Hapy>Xy TONLKO uepe3 Hero. Ilycte B pesyneTate mnopsona
SHEPruM 3a BpeMs Af ucmapurcs macca Bofel AM. Ee moxHo
OMpELENUTb U3 ypaBHEHUS

rAM =95 At,

Ijle r — ypeNlbHas TemJjora napoofpa3oBaHuss, a J° — MOII-
HOCTb Harpesarensi. 3a 3710 BpeMs Af ofpasoBaBinasics Macca
napa JNOMKHA NMOKMHYTb YaHHHMK 4€Pe3 HOCHK — HHade map
crasl Obl HaKamJUBATHLCS MO KPBIKOH. EciM niowamb Bel-
XORHOrO OTBEPCTHSA HOCHKA S, MJOTHOCTH Napa MOl KPBILUKOH
uafinuka py(Tg), a HcKOMasi CKOPOCTb U, TO MOMKHO 3anHcarb

paBeHCTBO
AM =psv AL.

IlnotHocTe HaceiieHHOro nmapa mpu Ty=373 K MoxHO B3fTH
13 Tabauubl (pn(7Ty)=0,6 Kr/M3), WM, eciH TaGJMIEl HET 0OJ
pyko#, OneHHMTb M3 ypaBHeHHs MenpeneeBa — Knanefipona:

Py (T
0o (T,) =— ( R;:*Hzo =~ 0,6 kr/ve,

TakuM obpasoM, il CKOPOCTH BBITEKAHUs Napa U3 HOCHKa
nosiyqaeM OKOHYATEJbHO
PRTy

V=—p—m .
rPy(Ty) pyy, 08

INoxcraenss ciopa Aasa ouenku $=500 B, s=2 cm?, r=2,26 %
x 10% JLx/xr, P (T )=10° [1a, Haxomum, 4to v=~1 m/c.

H Bor, HakoHeU-TO, 3aKMNaeT YaHHUK ¢ OTKPBITOA KPuILI-
ko1, OH 3aMeTHO OTcTaN OT nepeoro. Keratu, cHEMaTh ¢ MIIHTHD
€0 CAEAYeT C OCTOPOMHOCTBIO — €CJIH MPOCTO CXBATHTbCH
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3a PY4KY, TO MOMHO OfKeubcst HapoM. A yTo OGKHMaeT CHIlb-
nee — map wian runsarox? [lpexne yem oreeruTh Ha STOT BO-
poe, CIENyeT ero YTOUHUTb: YTO CHibHee OGKHraet — Orpe-
JeeHHAs Macca KUNATKA MM Takast e macca napa? O6pati-
csl CHOBA K OLIEHKaM.

ITycts OGbeM, 3aHATBIH HaCHIIEHHBIM CTOrPajyCHEIM Ma-
po: (0]l KPHIUKOH YaifHHKa, COCTABJ/sET Vi=1 & u, ckaxey,
Ofilia JIECSITAs €ro 4acTh MPY OTKPLIBAHMH CKOHJAECHCHPYETCA Ha
pyke. Kak MBI y3Ke BHSICHUIIH, [JIOTHOCTb apa npH Tx=100°C
cocrapasier 0,6 kr/m?. [losromy Ha pYKe OKaxKeTcsi OKOJIO
m,~0,06 r napa. [1py KOHAEHCALMH M MOCJEAYIOLEM OXJIaXK-
neru ot 100°C po komHathO# Temneparypel To Oyner
BBUIEJIEHO KOJIMYECTBO  TEMJIOTHI AQu=rtmgt+cmy(Tx—To)-
JIerko y6enurbest, 4to AJist TOTO 3Ke TeMJIOBOro BO3AEHACTBHA O
HajoGHTCA MOYTH B JecsiTh pas Géubiuast Macca kunaTka. Kpo-
Me TOro, MPH OIKOTe MapoM 3HaUHMTeIbHO GOJbLIEll OKa3bIBaeTCs
Iomazh nopaxeHusi. Takum o6pa3oM, nap O0XKHUraeT CuJbHee
KHNSITKa, B MEPBYI0 Ouepelb M3-3a BBLIARASIOUErocs NPH KOH-
QeHCauy 3HAYUTEALHOrO TenJa.

Ho MBI OTBJICKANCH OT OOCYKIEHHs pe3y/ibTara Haliero onbl-
Ta ¢ ABYMs yaiiHHKaMu. [lodemy ke Bce-TakM OTCTas YaiHHK ¢
OTKPBITOf KpBILKOH? PasGepemcas B 3TOM NOAPOCHEe. Otger
MOYTH OYEBHIEH: B MpoHecce HarpeBaHUs BOMIBI B OTKPBITOM
yafiHuKe Hanbonee GLICTPHIC € MOJICKYJIBl HMEIOT BO3MOXKHOCTD
GecrIpensiTCTBEHHO TOKWAATh YalHHK, yHOCA € Co0Oi TaKHM
00pa30M FHEPTHIO M KaK Obl 3(PeKTHBHO OXMNaxK/as STHM OCTaB-
1ytocst B yailHUKe BORY (3TOT MPOHECC €CTb HH YTO HHOE, KaK
ucnapenue). [Tosromy Harpesarefio B 3TOM cliydae MPHXOMUT-
¢Sl He TOJIHKO JIOBECTH BOJY B YaiiHHKe JO KUMEHUsI, HO M 4acTb
ee HMCHapuTh B mpouecce Harpepanus. [IoHsTHO, yrO Ha 3TO
yXoauT GoNibiiee KOMHYECTBO SHEPTHH (a clieloBaTe1bHO, H Bpe-
MeHH), YeM NpH KUMSYeHMH BOJLI B 3aKPLITOM 4YailHHKe, TIe
BHIPBABIUAECS M3 BOJbI «OhICTPBIE» MOMIEKYJIE OY€Hb CKOPO 0C-
pasyloT B 3aMKHYTOM NPOCTPAHCTBE MOJ KPBILIKOH HachIUleH-
HBIl 0ap H, BO3BPALIasch B BORY, OTHAIOT CBOK H3GBLITOYHYIO
sHepruo ofparHo. OJHAKO MMEIOT MECTO M 1Ba biekra, Npo-
THBOMOJIOKHBIX paccCMOTpeHHOMY. Bo-mepeeiX, B mpouecce
HcrapeHust HeCKOJIbKO YMEHBLILAeTCsl Macca BOIBI, KOTOPYIO
cJeflyeT HOBOAMTH JIO KUNeHusl. Bo-BTOphiX, KHNEHUE B OTKPLI-
TOM yallHUKE MPU HOPMaJbHOM aTMOChEepPHOM JaBJEHUH HacTy-
naet npu temneparype 100 °C. B 3akpriTom ke 4ailHHRe, €C/IH
OH HAJMT TaK, YTO Maphl He MOTYT BBIXOAHTh 4epe3 HOCHK, H3-3a
HHTCHCHBHOIO HCHApPEHHsl Mepen KHMeHHeM JaB/eHHe y [0-
BEPXHOCTH TIOBBILIAETCSl, MOCKOJBLKY OHO Tenephb Onmpejensercs
CcyMMO#l MmapHHalbHBIX JaBJEHUH HaxXojsuerocs noj KPBILIKOH
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5e60/BIIOr0 KONNUeCTBa BO3[AYyXa W CaMHX BOASIHBIX MAapoB.
C pocToM BHENIHErO NaBJieHusl JOMKHa CTath U (oJiee BHICOKOH
TeMmepaTypa KHIEHHs BOJIbI, TAK KaK OHa ONpPENesifieTcs ycJo-
BHeM PaBeHCTBA JABJICHHA HACBLILIEHHOTO 1apa B 3apOXKAAIOM,eM-
cfl B JKUIKOCTH NY3bIpbKE BHEIIHEMY [aBjeHuo. Kak ke GrITh?
Kaxomy u3 adxpexToB OTHATE NPEANOUTEHHE?

B cnyyae, Korjla BO3HHKAIOT MNOAOGHOrO pola COMHEHHS,
Ha MOMOIL CEAyeT NpH3BaTh TOYHBIH Pacyer, WiH, Mo Kpai-
Heil Mepe, OLCHKY MOPSIKOB BeJIHUHH 00CyKaaeMbIX 3h(heKTOB.
BHayaJie OueHHM Maccy BOIbI, KOTOPas HMCNapsieTcsl U3 OTKpHI-
TOro YaiHUKA B MTPOLlECCe JOBENEHUSl €ro IO KHUMEHHsl.

MosiekyJiBl B KMAKOCTH JOCTATOUHO CUJILHO B3aUMOIEHCT-
BYIOT 1pyT ¢ apyrom. OfHAKO €cly B KPUCTANJE NOTEHIHAT -
Has SHEPrusi B3auUMOCHCTBHS 3HAYHTENLHO MPEBHIIACT KHHE-
THYECKYIO SHEPTHIO JIBHKEHUSl aTOMOB MJIM MOJIEKYJI, a B rase,
Hao00pOT, KHUHETUUYEeCKasi 3SHEeprusi XaoTHYECKOrO [BHMKEHHS
3HaYNTEILHO NPEBOCXOAHT HOTEHIIMAJbHYIO 3HEPIHiO B3aUMO-
ISHCTBUSL MOJIEKYJI, TO B JXMAKOCTH 3TH BeIHYMHBI OKa3LBAalOT-
cs1 ofiHoro nopaaka. [loaromy MOnEKyJibl XKUAKOCTH COBEpIIAIOT
TENJIOBBIe KONEeOAHUS OKOJIO HEKOTOPhIX MNOOKEHHIl paBHOBE-
CHsl, H3peNKa «nepenperusasy B Apyrue. «Mspenxa» — no cpas-
HEHMIO C MEPHONOM KoJeGaHUll OKOMO MOJIOKEHUST PABHOBECHS.
B npuBbluHOM ke HaM maciutale BpeMeHU OueHb AaXKe 4acTo —
32 OJHY CEKyHAy MOJIEKYJia B XKMAKOCTH MOXET MEHATb CBOE
NoJIOKeHUe paBHOBecuss MHAnuapael pas! OjiHako jaieko He
KaKJas MOJIEKYJia B IPOLECCe CBOUX NepPecKOKOB, JaxKe HaXo-
ISICh Y MOBEPXHOCTH, MOZKeT BLIpBaThcsl Ha ceofony. Jlns mpe-
OI0JIEHNSl CHJ1 B3aUMOJEHCTBUS el HEOGXOAUMO MMETh BO3MOXK-
HOCTb COBepIUHTh HEeKOoTopylo pabory. MOXHO cKasatk, 4TO
NOTEHIHANIbHAST 3HEPTUS MOJIEKYJBl B JKHIKOCTH MEHBbIUE ee
OTEHIIHANBHOM 9HeprHH B Nape Ha BEJHUYHHY, PABHYIO TEMJIO-
Te WCNapeHysi, OTHeCEHHOH K OfHoH Mosexyne. Ecnu r —
yIeJbHAs TelJsioTa HCnapeHHs, TO MOJisipHasi TeNJoTa Hcrape-
HUS parHa pr, a4 TeNJoTa HCHAPEHHs, NPUXOnAulascs Ha
ofHy MonekyJay, coctaBur Uy=pr/N,. 31y «pabory BHIXOma»
MOJIEKYJ1a MOMKET COBepIlaTh TOJbKO 32 CUeT CBOell KHHEeTHye-
CKOH 3HEpPruy TEmJIoBOro ABIKEHMsl. OJHAKO COOTBETCTBYIO-
masg BeJUYHHA CcpenHell KHHETHueckoH 3Heprun E~kT
(k=1,381072% [[;x/K) oxasblBaercsi 3HaUUTENLHO Medbiel U,.
U Bce ke corjlacHO 3aKOHaM MOJEKYJSpHOH (U3HKH B KHI-
KOCTH BCErja CYILECTBYeT HEKOTOpPOe KOJIUYECTBO CTOJIb Bhi-
COKOHEPTETHYHBLIX MOJIEKYJI, YTO OHH B COCTOSIHHH NPEONOJIeTh
CUJIBl MPHUTSIXKEHHSI W BEIPBAThCSA 3a Opefiesibl KUIKocTH, Mx
YHCJO B elHHMIIE 00beMa Onpelensiercsi BolpamKeHHeM

1=tn,e~ YeETy (%xx)
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e

e Mg — HadalbHAas KOHIEHTpaims Mmoneky., e=2,7182...—
oCHOBAaHHE HATypPaJbHBIX JOrapH(MOB.

Hy, a tenepn 3a0yneM O NepenpbirHBaHUH MOJIEKYJ KHA-
KOCTH C MecTa Ha MeCTo, a OyjieM NpeicTaB/siTh ceGe BEICOKO-
3HepreTHYHbIE MOJIEKYJIBl KaK HeKoTopblit ras. Torna 3a manoe
ppemsi Af 4yepe3 y4acTOK MOBEPXHOCTH NJjollaiy S CMOTy?
BHIPBAThCS BHICOKOSHEPTETHUHEIE MOJEKYJBl M3 ofbema AU~

~Sv At (1A OUEHKH Mbl cumTaeM, 4to 1/6 uacTb BceX STHX
MOJIEKYJl MPHOIMKAEeTcs] K MNOBEPXHOCTH CO CKOPOCTHIO U=

=V2U0/mﬂ). Bocrnonb3oBapIikch  BhIpaXKeHueM  (x#x), A
CKOPOCTH UCAapeHHs1 HaXO#UM

AN  n(SvAp U
o], g\ CL ) Y0 o~ UofkT
S e O m, &

VHocHMmasi IpH 3TOM H3 KHMAKOCTH Macca B €MHHLY BpeMEHH

COCTaBJIACT
Am AN Us o,
2~ o Bl ~ i Y G2 Se= 0T,

Sty BenuuuHY Ham GyZier yaoOHee mepecudTarh /1A MacChi
BOIBI, YHOCHMOi M3 uafiHMKa npu ero Harpesanuu Ha 1 K.
Jis 5TOr0 BOCMOJIb3YEMCsS 3aKOHOM COXPaHEHHsl 3Hepruu. 3a
BpeMsl Af galiHUK NoJiydaeT OT KOH(POPKH KOJHYECTBO TEIJIOTH
AQ=9 At (P — nonesHass MOWHOCTb KoHpopku). Ilpu 3roM
TeMnepaTypa Bozbl noBeiaercsd Ha AT, Tak 410

P At=cM AT,

rie ¢ 1 M — TenjoeMKOCTh M Macca BOJbI B yafiHUKe COOTBETCT-

BEHHO (TeMJIOEMKOCTBIO CaMOro 4YaifHHKa Mbl NpeHebperaem).
I A __CcMAT
olictaenifa B (GopMyJy AJIsi CKOPOCTH HUCNApEHUst Al == 7

HaxoguMm, 4TO

BH,0" _ T
Am _pcSMy /[ "0 TNaRT _ peSMVT .e‘Ter—
AV l Namg i P 0

[lpu HarpeBaHuH 4YafHMKA TeMIepaTypa MEHSIETCH OT KOM-
uatrol o 373 K. [lpunHumass BO BHHMaHHE, YTO OCHOBHast
noTepsl Macchl NPOHCXOXMT MPH JOCTATOYHO BBICOKHX TemIle-
paTypax, [OACTaBUM B 9SKCHOHEHTY HEKOTOPYIO CPEIHIO0
temneparypy 7=350 K. Jlns ocrajsbHEIX BeiHYHH NPHMEM
AT=T,—T,=80 K, S=~107% Mm%, p=~I10® xr/m® pn,0=
=0,018 kr/monb, c=4,19 <103 ILx/Kr, nocse gero HaXofuM, 4TO

A S -

m C o R

-—M—z%—,l/re RT (T —To) ~3%.
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Takpm 00pas3oM, B I[poiecce HarpeBaHus yvalHHKa OGe3
KPBILKH [0 TEMNeparyphl KHAEHWsl ero MOKHAAET HECKOIbKO
npolleHTOB Bcefl Macchl BOABL. Mcnapenue Beeft 3Toil macchl
BOABl MAET 3a CYCT HarpeBaTesil M, €CTeCTBEHHO, YIJIHHSET
HPOLLECC 3aKMMaHHUsl OTKPRITOrO 4alHuKa. UToOHl MOHSITH, Ha-
CKOJIbKO, JOCTAaTOYHO 3aMETHTb, 4TO TaKOe HCHapeHue s
HarpeBatesisl SKBUBAJIEHTHO NOBENEHHIO 10 KuneHus 1/4 Bceil
Macchl Bojibl B yailHuke (yGenurech B 3TOM camy).

Teneps nepeilfieM K paccMOTpeHMIO 3(DEKTOB, 3amMelisiio-
HIMX 3aKHNaHHe 3aKPBITOTO KPBILKOH gafiHuka. O nepeom u3
HHX — HEU3MEHHOCTH MacChl B IPOHEecCe HarpeBaHHsl — FOBO-
puth Heyero. TosbKO uTO GBLNO MOKa3aHO, YTO BHIKHNaHHE 3 %
Macchl SKBUBAJIEHTHO Harpepy 25 % Maccel, Tak YTo HeoOXO-
JUMOCTBIO Harpeea 3THX 3 % B 3aKPBITOM HaHHHKE MOXHO Mpe-
Hebpeyub.

Bropoit a(peKT — NOBEILEHHE JaBJieHHst MOJ 3aKPHITOH
KpBIILKOl — TaK:Ke He MOMXET COCTABHMTh KOHKYPEHUHH Bbl-
KHMAHHIO BOMBI M3 OTKPLITOro yaiHuka. JlefictBuTe/bHO, ecu
Haxe YailHUK 8a/IUT MOJHOCTBIO (Map He MOXKET BBIXOIHUTh yepes
HOCHK), TO H30BITOYHOE, MO CPABHEHHIO C ATMOCHEPHBLIM, JaB-
JieHHe HE MOXKET MPEBLICHTL BeCAa KPBILIKH, OTHECEHHOrO K €ro
niowany (B POTHBHOM CJ1yYyae KPBILIKA HAYHET MOAMNPLITUBATh,
BeMycKast nap). [punumasn, uto my,=0,3 kr, a ee naowanp
~10 cm?, nosydum

My pg 3H
AP —= = o

= 3.103 [1a.

3arnsiHye ewle pa3 B NPHBEAEHHYIO Buile TaGAMIy, BHIAM,
YTO TaKO€ MOBBIUEHHE JABJIEHHA CABHHET TeMmepatypy Kure-
HUs He Ooniee uem Ha 0T x=~0,5 °C. CooTBeTCTBEHHO Ha [OBE-
JieHHe YallHHKa 10 KHMIEHUS MPHECTCSH 3aTPATUTh HOMOJHHTE/h-
HO KojuuecTBO Temiotel 0Q=cM8T . CpaBuuBast BeSHUMHEL
eMOTy u r AM, BuaHM, YTO HEPABEHCTBO r AM>>cMETy, el
nosiHsiercs ¢ 3anacom B 30 : 1. Takum o0pasoM, M NOBHILICHUE
TeMrneparypel KHMMEHHs B 4alHHKe, MPHUKPHITOM KPBIUMIKOH 4
HaJIATOM JIOBEPXy, He MOKET BCePbe3 NPOTHBOCTOATH HCOape-
HHIO BOZIBI C OTKPHLITOH MOBEPXHOCTH B UaiiHUKe €3 KPhIuKH.

Ha onucanHoM npHHLNE NOBBILUEHYS! aBJeHHS IPY HArpe-
BaHWHM BOJbI B 8aMKHYTOM OOBEME YCTPOeHa KacTpioJisi-CKOpO-
Bapka. B Heil BMeCTo HOCHKA CHeNaHO MaJICHLKOE OTBEPCTHE
NPELOXPAHUTENLHOTO KJanaHa, KOTOPOE OTKPBIBAETCS TOJIb-
KO HayWHasdg ¢ HEKOTOPOrO HaBJEHHSl, B OCTAJbHOM JKE€ OHa
FepMeTHyHa. B pesysbrate ncnapeHust JKMAKOCTH B 3aMKHYTHIH
06beM AaBNeHHe B KACTPIONE MOBBLIIALTCA npuMepHo jio 1,4-108
I'la, korga CpabaThiBaeT KJanaH, U TEMIIEpaTypa KUIEHUSl, COr-
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jlacHO YiKe LHTHpoBaBLuefica Tabauue, casuraercs 10 Ty=
=108 °C. 210 mo3BOJSIeT IOTOBHTL MHILY ropasno OBICTPEE,
yeM B OGBIKHOBEHHOH KacTprosie. OfHaKO Nociie CHATHS C MJIHTHL
OTKpHIBATE CKOPOBAapKy CJENyeT ¢ BOMBIUOI OCTOPOKHOCTHIO:
pjocae pasrepMeTH3anMH  JaBJieHHe NajaeT W KHAKOCTH B

Hell OKasbIBaeTcsl 3aMer-
po neperperoii. [lostomy 108
macca ¥KMAKOCTH &m Ta-
gasi, uro rém=cM (T, — « 106
—T4), B3pBIBHEIM OOpa-  ° doda
S

30M HCNAPAEICS M MOXET ¥
cwibHo ofxkeub. Kup- §
KOCTb MPH 9TOM BCKHMA- & 5’5‘0550 hag |
eT cpasy BO Beem ofbeve  § 2 TogepH
KacTpIoJH. 100,400 %

Keratu, cTOMT 3ame- 100 = ”ap, T
THTB, YTO BEICOKO B ropax, 0 z R T
rie aTMocepHoe JaaBJie- Paccmonnue om nofepriocmu wazpebe, om
HUE HHSKOE, B OOBMHOM Pue. 3

KacTprosie BooOLle He yja-

ercsl CBAPUTh MSICO, MOCKOJbKY TeMIeparypa KHIEHHs BOJBL
TaM MO}eT MOHH3HThes BIJIOTh A0 70 °C (Ha BepiuuHe DBepec-
Ta paBieHMe cocTapsier Pgg,,=—3,5-10* I1a). TlosTomy anbnp-
HYCTH! 4aeTo GepyT ¢ coOoH Ha BOCXOXKICHHE CKOPOBapKy.
KpomMe BO3MOXKHOCTH HOCTHYbL B Hell 60siee BHICOKOH TeMIepary-
pBl, CKOpPOBapKa TaK:Ke SKOHOMHUT TOMJIUBO, YTO YaCTHYHO KOM-
MEHCHPYET ee BeC B PIOK3aKe.

Ho Mbl 3aroBopuHCh, a YJaHHUKH HA IJIUTE HCXOMAT MapoM.
CusiB yallHUK C 3aKPHITOA KPBILIKOH C IJIHTHI, BBl BHIUTE, YTO
KHMIIETh OH MpeKpallaeT He cpa3y — HEKOTOPOe BpeMsl M3 Cro
HOCHKA €lll¢ BhIPbIBaeTcsl cTpysA napa. Kakas e yacTh BOZBI
BBIKHIIACT NOCJIE CHATHA YaflHUKA ¢ MJIUTHL U 32 Kakoe BpeMst?

Jnst Toro utofel OTBETHTh Ha 3TH BOMPOCHl, O6paTtHMcs K
prc. 3, HAa KOTOPOM MOKa3aHO PacmpesieieHHe TeMrneparypsl
BOJBL MO BLICOTE MPH KUIEHHH €€ B cOCyle, K KOTOPOMY uepes
IHO mojpoaMrcs Temno. M3 pHcyHKa BMIHO, UTO TOHKHA MpH-
JIOHHBIH CJIOH BOJB! TOJIUIHHOH OKOJIO 5 MM CHJILHO Neperper —
Ha' €r0 MpOTsKeHMH Temneparypa nagaer or 7,=110°C
mo T, =100,5°C (T, — remneparypa nHa uaiiHuka). Tewmne-
parypa ocTanbHOM MacChl BOJbI B YallHUKE (MBI MpearnosaraeM
ypoeeb Bousl = 10 cm), coryiacHo rpapuky, CocTaBJsier
okono 100,5 °C, a y cBOGONHO! MOBEPXHOCTH FKHAKOCTH MPO-
HCXOIMT cKadok Temneparypsl Ha AT=0,4 °C.

Taxkum o6pa3om, nmocjie MPeKpalleHus Nofayy Tensa B Mac-
ce BOJBL 3amaceno H3GHITOYHOE OTHOCHTENILHO PaBHOBECHOTO
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KOJIHYECTBO TEIJIOTHI

AQ=cpS AH ( === ) + pS (H—AH) AT,

rge S — njomagb AHa 4afiHuka (KOTOpHil MBI TpeanoJiaraem
LMIHHAPEYecKOl (opmer). KpoMme Toro, neperpero u mHO uadi-
HUKa; OHAKO HETPYAHO YOGIHTHCH, YTO 3TUM 3PPEKTOM MOKHO
npeHeOpeub BBHAY OOMBIIOH TENJIOSMKOCTH BOJIEL.

Ha6errounoe konnyectso Temla AQ moiifer Ha wcnapenue
caon xKuakoetd 8H, mMacca Koroporo 6m Moxer GbITh HaiineHa
U3 ypaBHEHHSl TENJOBOro GajiaHca

rbm = pSSHr — Spe [AH (ﬂ;_TM) 1 (H—AH) AT],

otryna ayist OH nveem

Gl o [_ﬁiﬁ_(%)ﬂl_éﬁ’i)m] ~2.10-3,

Takum 06pasomM, mocsie CHATHSI C MJIMTHL M3 4afiHUKa Bbl-
kunut ewe oxkosio 0,2 % ero comepxxumoro.

X apakTepHOe BpeMsl BHIKHMIAHMs TOJHOTO YailHHKa ¢ Mac-
coit Bofiel M (cKaxkeM, 2 Kr) Ha IJINTE ¢ MOJIE3HOI MOI[HOCTHIO
%=1 kBr cocraBnser

=l a5 10

Cooreercreento 0,2 % ero maccs! BEIKHIHT 32 BpeMmsi NOpsiKa
10 ¢ (ecnn npennonarare, 4TO CKOPOCTb HCNAPEHMs MO TOPSJ-
Ky BEJIHYHMHBI HE MEHSIETCSl 1O CPABHEHHMIO CO
CTaUHOHAPHBIM PEKIMOM).

[loka mbl paccyxnanu, NpHILIO BpeMs
pasnuBath vail. KcraTn, BOCTOUHEIE HAapompl
NBIOT ero o6blMHO U3 muan. [Iuanbl, no-Bumu-
MOMY, BBeJH B YNOTPeGJeHHe KOYEBHMKH—
ux dopMa oueHb yno6HA NPU ymaKOBKe, OHH
8aHHMAlOT MaJio Mecta M NpouHel. Kpowme To-
ro, OHM HMEIOT €lie OfHO CYIIECTBEHHOE Mpe-
UMYILECTBO Nepeii OOBMHLIM cTakaHOM. Qop-
Ma nHajik! TaKOoBa, YTO BEPXHUH CJIOHl HaJIUTOH
B Hee KMIKOCTH, OJiarofiapsi GoAbLioMy 3ep-
Kajy NMOBEPXHOCTH, OCThIBAET ObICTpEE, UeM B
CTaKaHe, ¥ ero MOXHO NHUTE He 00XKHurasich. B To xe Bpems Hk-
HUil crofi, 1o KoToporo yepel JOHJET MO3XKe, JONI0 OCTAETCS
Topsiuum. B Asepfaiimkane cylnectByeT ewme Gosee cBoeoG-
Pa3HBIH COCYN Anst muThA vasg — apMysu (cM. puc. 4). B Hem
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Takyke 60JIbIIoE 3ePKA/O NOBEPXHOCTH COUETACTCH ¢ MUHHMANb-
HOil NOBEPXHOCTBIO XPAaHWIMIUA TOPSYEro yas (HIKHAS 4acTh
cocyna). CrapuHHEle PappOpPOBLIE YALIKH TaKKe Bcerpa Usro-
TOBJIAAJIMCh C GOMBIUKMM 3ePKAJIOM NOBEPXHOCTH. A CTaKaHBI KaK
cocyzibl ISl TUThsl yast BOULIH B oOuxon B XIX Beke B cBsisu
¢ JIoporoBH3HOH (haphopoBLIX YalleK. DTH NPOM3BENCHUS Jie-
KOPaTHBHOTO HCKYCCTBAa YCTYNaJIHCh JKeHLUIMHAM, a MYKYHHBL
NHJIH Yail U3 CTeKJSIHHBIX CTAKAaHOB, KOTOpBIE MOCTEHEHHO Of-
3aBeJIHCh cepeOpAHBIMU MOACTaKAHHUKAME C BeH3EIEM XO351HHA.

B saxoueHne nogymaiite, XOpoLid Ji ¢ (PU3HICCKOH TOUKH
3peHHsl cepefpo M aMIOMHHMH B KauyecTBE MaTepHAJIOB [/l H3-
TOTOBJIEHUSI MOACTAKAaHHUKOB? KakuM TpeOOBaHMAM MOJIKEH
B NIEPBYIO OYepesib YAOBJETBOPATL MaTepHas, M3 KOTOPOTO H3-
TOTOBJIACTCA NOACTAKAHHUK?

BOJASIHOM MUKPO®OH
HJIH Ob OIHOM M30BFPETEHHH
AJIEKCAHJAEPA BEJJIA

30JIOTHCTOTC Mela CTPYs M3 GYTHIKH TekJa

Tak TAryYe v foJro, YTo MCJIBHTL X03stfiKa ychena:
«3pece, B nevansnodl Taspuye, Kyna nac cynpba sanecna,
Mb coBCEM He CKYYaeMs», — M Yepes nAeuo norJsijena

0. Mandesvtuman

KTo u3 Hac He 3HaKOM ¢ MHKpodoHoM? BeL ero
BHJUTE MO TEJEBH30PY, B TeaTpe, KHHO, NOJNb3yeTech UM NpH
3alHCH Ha MarHMTOQOHHYIO MJICHKY, €ro YCTPOHCTBO OMHCAHO
B IIKOJBHHOM YuYeOHUKe no (H3UKe. A BOT O CYIECTBOBAHHH
BOISIHOIO MMKpOQOHa, HaBepHOe, 3HaiOT HemHorue. Jla, na,
He yauBisiTech, OKaspBaeTcsi, ¢ MOMOIIBIO BOASIHOH CTPYH
MOXKHO YCIEIIHO YCHIMBATL pasjuuHble 3BYKM. Crenan 3Tor
HeOoOBIYHBIH MpHOOp amepukaHew AJiekcaunep Bems, KoTopblid
GosbIle M3BecTEH MHPY Kak OJIMH M3 uzo0perareseil TeiedoHa.
ITosHakoMHMCSl TpEXnEe BCErO €O CBOHCTBAMM €I0 «yCHJHTE-
JIsi» — BONSIHOH CTPYH.

Ecau B niHe cocyna ¢ Bonoit mpoceepsuth HeGOMbILIOE KPYT-
Jloe OTBEPCTHE, TO MOXKHO 3aMeTHTh, YTO BRITEKAIOIAs CKBO3b
HEero CTPys COCTOMT U3 [ABYX PA3/HUHBIX MO CBOMM CBOHCTBaM
yactefi. BepxHAs 4acTb CTPYM IIpO3pauHa W HENOABIKHA Ha-
CTOJIbKO, 4YTO Kaxercss CTek/asHHOH. Ilo mepe ypajeHus or
HCTOKA OHAa CTAaHOBUTCSl BCE TOHbILE, H B TOUKE HAMGOJBLIErO
COKDAIUCHHs] HAYMHACTCS HIDKHSAS 4YacTh, NEPEMEHUHBas Mo
¢opme ¥ HenpospayHas. Ha nepswiii B3rvisa 3Ta 4actb CTPYH,
KaK H BEPXHAs, Kaxercs HenpepblBHOH. OIHAKo HHOrma yia-
ercs1 GRICTPO NMPOBECTH yepes Hee raseil, He 3aMOYMB €ro.
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PpaHiy3CKHi (DH3HK Dejinke Ca§ap npoBen noppoGHoe
yicesieoBaHHe CBOFCTB BOASIHBIX CTPYHl W IPHIIEN K BHIBOAY,
uToO B CAMOM Y3KOM MecTe BOJsHas CTpys mnepecraer ObITh
CIJIOMIHO M pacnalaeTcsl Ha OTAeNbHHE KameabKH. Terneps,
0O OpoIuecTBHH Oosiee 4eMm cTa JieT, B 3TOM JIETKO
yGenurbest, ChoTorpahupoBaB CTPYIO BOJBI CO BCIBILL-
KOl WIM MOCMOTPEB Ha Hee MpH CTPOBOCKOMUUEC-
KoM ocBemenud (puc. 1); B Te xKe manekue Bpeme-
Ha CBOIICTBA CTPYH M3yyalH, Halnonas ee B Te€M-
HOTe NPU BCOBIILKE 3JICKTPUYECKOH HCKPBHL.

ITocmoTputre Ha H30OpaXKeHHe HIXKHEH 4YacTH
ctpyu (pue, 1). OHa coCTOMT H3 OTHEIbHEIX Ka-
nejib — OOJNBIHMX U MalblX MeXJy HumH. Kak BU-
IyTe, B Nponecce MNapeHusi Gosbiuve Kamid MyJb-
CHPYIOT, NOC/IENOBATENbHO MeHAs1 (opMy OT 37JIHn-
COHJia, PACTSIHYTOTO MO FOPH3OHTANBHOMY Hampan-
nenuo (I v 2 kanaw), K wapy (3), a sareM nepe-
XOJNSl K SJIMUNCOUNY, PaACTSIHYTOMY MO BEPTHKAJb-
HOMy HanpaeJsieHuio (4, 5, 6). 3arem Kannis cHOBa
BO3Bparaercs K (opme mapa (7) u r. A. (Benomuus
paszen «Ilyseipb M KanJisi», NOAYMAHTE, MOUEMY KAall-
JIMB CTPye nyJbcupyior? [lyjabcupyor Ju manbie
kamnn?) Kaxpasa kamnsi, ObICTPO MyJbCHPYIOINAS
B MpOIIECCe CBOETO NajfieHHusi *), NpoHsBOJUT B pas-
JINYHBIE MOMEHTHLI BPeMEHH PasjiduHoe BO3NeHCTBHE
Ha rJia3 yeJyoBeKa, B pesysbrate M BO3HHKaeT oG-
pa3 HenpepLlBHOH MYTHOH CTPYH G YTOJICHHSIMU
B TeX MecTaX, IIe KalJM-3JJHUICOUIR PacTAHYTEI

Puc. 1  ropusoHTaJbHO, U CYXKCHHAMH TaM, TIZe OHH pac-
TSHYTbl BEPTHUKAJIBHO.

JIpyrum BaxkHBIM oTKpbITHEM CaBapa OHLIO TO, YTO Ha AJIHHY
BepxHel, NPo3payHoil YacTH CTPYM OOJbILIOe BJAHMSHNE OKa3bl-
BAiOT OKpyKaroiue 3ByKH. Ecnu BOJIM3H cTPyH BO3OYAUTH 3BY-
KOBBIe KoJieGaHUsl OnpefeeHHON 4acTOThl, MpO3pauHasi 4acTb
CTPYH MTHOBEHHO CTaHOBHTCSI MYTHOII.

CaBap oGBsicHMN 3TO Tak. KanJiun, Ha KOTOpble pacnafiaercs
BOJsiHAs CTPYS B CBOCH HIDKHEH 4acTH, 3apOXKAIOTCs elle BBep-

Oo@o@o@o@o@c@o Oo oo @o@o@

*) Yactory KoneGauuil Kaniy HETPYAHO OLCHHTh TaK 3Ke, KaK Mbl
nejany 370 B pasgene «[loomue u 6eamonsersyiomue 60KANL» 1JiF BO3-
1/2

AYOIHBIX My3BIPBKOB B JKHAKOCTH: Vo ~ . [Ilpunpmas o=

1/2 ,8/2
P ry
=0,07 H/m, p==10% xr/mM®, re=3-10-% ™, naxozmm, 410 vo=~50 I'y
{1epenoBanye KafpoB B KHHO cOCTABJAAET 24 KaZpa B CeKyHAY, A A/ Ha-
HIETO 171233 yIKe 9TOT0 OKASKLIBAETCH JOCTATOYHO AJIA CO3JAHHS HJIIOSHH
HENPEPHBHOCTH OBHIKEHHUH).
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Xy, Y CaMOro OTBEPCTHSR. I'lpencraBasinch Kak 6Bl KOJIBLEBEI-
MH BHICTYIAMH, MO Mepe YAAJCHHS OT OTBEPCTHS OHH MpPOSB-
NAIOTCA BCE YeTye M ueTHe, N0Ka HE OTHENATCA COBCEM. ITH
BLICTYIbl CJICAYIOT JPYT 3a JPYTOM HACTONBKO 4acTo, ¥To Mpo-
W3BOAAT CJalblii 3BYyK. MyskiKanbHasi HOTa, 3Byvauias B yHuH-
COH ¢ 3THM 3BYKOM, cnocobeTByet GoJiee paHHeMy pacnany CTpyu
Ha OTIEJBHBIE KalllH, TO €CThb NepeBOAUT MPO3pauHyI® YacThb
CIpyH B MYTHYIO.

Anrnviickuii usuk J:xoH THHpase NOBTOPHN B CBOEH Jia-
gopartopun onertbl CaBapa. EMy ynanoce cospate c1pyio (3ku-
1y, 10 BhIpaKeHno TunAans), npospauHas 4actTh KOTOPOH no-
crurana JumHel ogono 90 ¢yros (27,4 m). Ilox nefictBueM 3By-
Ka OpPraHHOH TPYOBI COOTBETCTBYIOWIEH YACTOTBI M YMepeHHOH
cHJIbl 3Ta MPo3pauHas Kuia npespaianack B MYTHYIO, pacha-
nasich Ha OTPOMHOE KOJHMYECTBO BOASAHBIX Kalelb.

B onnoft u3 crarefl TUHRANb TAK OIHCHIBAET CBoe HaGJIOze-
HHe 3a NafieHueM BofsiHofA ctpyu B Gacceiin ¢ Bopoi: «Korzna
HUCXOASULAf CIpys MepeceKaeT KHUIKYI0 NOBEPXHOCTh BBIIIE
TOUKH nepepbiBa (TOYKH nepexofa Of MpO3pauyHON YacTH CIPYH
K MyTHO¥), NpHYeM JapJjeHne He CHIIKOM CHIbHO, TO OHA BXO-
IMT B ¥HAKOCTH MOJYa; HO KOIAA 3T4 [OBEPXHOCTH Mepece-
KaeT CTPYI0 HIXKe TOYKH IepephiBa, 70 celuac JKe CAbIIINTCA
JKypyaHHe ¥ MOsIBJISETCS MHOKECTBO NysbIpbKoB. B nepeom
clly4yae He TOJNLKO HET CHJIBHOTO Pa3OphisTUBaHMs XKHUAKOCTH,
HO OHA BOKPYI OCHOBaHHS JKMJIBI COOMpaercs B Ky4Ky, B Bbl-
CTyN, TAe [ABHIKEHWe NPOTHBOIOJOKHO CTPye».

Onwucanble CBOACTBa BOJASHOH CTpyH ¥ OBIIH HCIIONIb30BaHb
Beanom Jif ycTpoiicTBa BOASHOTO MHKPO(OHA, KOTOPLIA Mo-
kasaH nHa puc. 2. On npencraBiser coOof MeTanTHYECKyio
TpyOKy ¢ BnasiHHBIM natpyOKOM, HA KOTOPLI Hafiera BOPOHKA.
HiKHHEM KOHIOM 3Ta TpyOKa ycTaHOBIEeHa Ha NOACTaBKe, a
BepXHHMA MPHUKPHIT KyCOYKOM 3JIACTHYHOH DE3SHHOBOH MeM-
GpaHbl, 3aKpeIIeHHOl Ha TPyOKe ¢ NOMOUIBIO HUTH.

Kak Mpl yaKe 3HaeM H3 ONBITOB THHAaJs, NpH nolafaHWH
cTpyu B GacceliH ¢ BOnOH ee HIDKHAA, pacnaBLlasicsi Ha Kallld
yacTh NPOM3BOANT IIyM. Ecan XXe B BOAY BXOIHT BEpXHsH,
LeNbHAs YacTh CIPYH, TO OHA BTeKaer B Oaccefin OGeciyMHO.
[TonoGHEI OMBIT MOMXHO NMPOBECTH H C KYCKOM KapToHa. Tak,
ec/IM JIHCT KapToHa, Ha KOTOPblH MajaeT cTpya BOJbI, NOJHH-
MaTh K €e HCTOKY, TO YAaphl Kanenb OyRyT CHBILIHE Bee clabee
u cnabee, a Korga Oyfer NOCTMrHYTa TOYKa IlepephiBa, HX He
CTaHET CJBIIIHO COBCEM.

Membpana B mugpodoHe beana urpaer poJib TOrO e JINCTa
xaptoHa. OnHaro Gnaropapsi pe30HATOpy, KOTOPLIM SBJISETCH
gpyOKa, W Pynopy KaxAulll THXH# ypap KalJiM CJblleH Io-
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pasno ayaiie. Takuv oGpasom, Manarolilie Ha PE3HHOBYIO MeM-
GpaHy Kamiu NPOUSBOAAT B KOMHATe BliedatyieHHe cJaGhX
yIapoB MOJIOTAa IO HAKOBAJNLHE.

C noMoLIbI0 ONKCAHHOTO BOLSIHOFG MHKPO(OHA MOXKHO, Ha-
npuMep, yOeAUThCS B YYBCTBHTENLHOCTH CTPYH BOXBI K My3bl-
KaJIbHbIM 3ByKaM, 0 Kotopod nucanu Casap u Tunnans. Tax,
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Puc. 2

€Cni K TpyOoYKe, M3 KOTOpOH BLITEKAeT TOHKAsl CTPYs BONBI
Ha MeMOpaHy, NPUIOKHUTE HOXKKY BHOPUpPYIOUIEro KaMepToHa,
TO CTPys TYT JKe pacnajercs Ha KamiH, KOoTopble, yaapsas no
MeMOpaHe, «3aNoloT» TaK, YTO 3aX0uercs 3aTKHYTh VIuK. B atom
ycuennH ¢naboro HCXORHOTO 3BYKA 3a CYET 3HEPTHM Najarouiel
CTpyu ¥ npossasercs JeHcTBHe BOAsHOrO MuKpodona. [Tpu-
JIOXKHB BMECTO KaMepTOHa K TPYOKe Yackl, MOKHO CHEJIATh
C/BIIIHBIM ¥X XOA AN BCEX MPHCYTCTBYICLIHX B KOMHATe.
HM3pecrneit B xonue XIX Bera nonyJApy3aTop Hay4YHBIX 3Ha-
unit b. Jlonar yreepxgan, yro, NpUNafuB K CTeKIAHHON Tpy6-
Ke, U3 KOTOPOH BoITeKana BOAA, BOPOHKY, OH MOMBITANCH nepe-
AaTh HEPE3 CIPYIO 3BYKH cBOero rosoca. Ilpu stoM cipys neii-
CTBUTE/IBHO ¢3arOBOPWJA», HO TaK HEACHO U rpy6o, M TaKuM
YKacHBIM TOJIOCOM, WIO BCe MPHCYTCTBYIOWY@ [PH 3TOM pas-
OeKanuce.
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Yurasn 3TM CTPOKH, OCTAaeTCA TONBKO PAZOBATBCSH, YTO OC-
HOBHOe nsobpertenyie Besia — 1enedor ¢ aaekTpHyeckiM MHK-
pOOHOM — 3TOr0 HEROCTATKA JIMILEHO.

KAK BOJIHb! NEPEJAIOT HHOOPMALKIO

Tepeso MHOIO BOJHE MOPS.

Hx muoro. VM HeMLICTHM cueT.
Hix Tema. OHH LyMsT B MHHOpE.
Ipnboti Kak pady UX neyer.

B. Hacmepnak. «Boanbs

Mbl HacToMbKO NPUBBIKIH BHEETH Ha SKpaHe
TeNeBH30Ppa COOBITHA, MpOYCIIENIINe HA APYLOM KOHIE CBETa,
uTO e He yaupnsieMcs atoMy. B coBpemeHHOM m¥ipe pajmo,
TeNeBU/ICHHe, Te/iepOH N03BONAIOT JOBOJIBHO NPOCTO NOAYYATH H
nepenasarb HeoOXopumyro MHpopMamuo. A Bemb eme cpas-
HHTEJIbHO HefaBHO Bce OLLIO COBCEM WHaue...

Ilna toro uto6bl nepenars 8 I[lerepGypr usBecrye o KOpo-
HalluM  umreparpuusl Enusasersl, nporcxonuiueil B Mockge,
Ha BCEM IyTH MEXAY 3THMH ropopamy Oblia BHICTPOEHa Il€Mou-
Ka conpar ¢ Qaaxkamu. B mMomeHT KOponauwu nepseifi  cou-
JlaT B3MAXHYJ (QayKKOM, 3aTeM cJemyromui u T. n. Tak us-
Béctre o0 KopoHauuu pouuvio no Ilerep6ypra, rue BeicTpesnna
nywka. Bor RKakuM cl0oXHBIM criocoGoM nosb3oBatvch Mis
neperauy HHHOPMAIHY B He CTOMb JaJeKHe BpeMeHa.

Yro ke pacnpocrpatisinock no s7off uenouxe? Kakpwiit
COJIAT OCTABAJICA CTOATH HA MeCTe, HO B HEKOTOPHI MOMEHT
BPEMEHH OH HSMEHAN CBOe COCTOSIHME (NOAHHMAN (GIAKOK).
JTO H3MEHEHVie COCTOSIHMsSI ¥ PACIpOCTPAHsJIOCh 10 lEHoyKe.
B 1arux ciyuasx roBopsit, YTO pacnpocmpaHsemcs e0iKa.

BosHBl 6LIBAIOT pasHEE B 3aBHCUMOCTH OT TOrO, Kakasi Be-
JIM9HHA M3MEHAETCS IIPH PacnpocTpaHeHHH BOJHBL. B akycru-
YeCKHX (3BYKOBBIX) BONHAX KoNeG/eTcs JIOTHOCTh BELLeCTBa, B
3JIEKTPOMACHUTHBIX (CBET, PAfHMO, TeNEBHACHYE ¥ T. 1.) KoJeb-
JUOTCA HalpPSIKEHHOCTH 3JIEKTPHUYECKOr0 U MaTHUTHOTO MoJiel.
Driator TemneparypHble BOJHBI, BOJHBI KOHUEHTPALHY MPH
XHMHUYECKHX peaKUHusiX, BOJHB 3nupemuil U 1. . OGpasno
TOBOpS, BOJIHBI IPOHYUSHIBAIOT BCE 3faHHE COBPEMEHHON HayKH.

[Ipocrefimufi TN BOJIHLI — MOHOXPOMAaTHYeCKash BOJIHA,
KOTia B KaXKJOM MecTe M3MeHeHYe COCTOfHWS MPOMCXORHT CO
EpeMeHeM MO rapMOHHYECKOMY SaKOHY € ONPENENeHHOH yacTo-
TOH (M0 3aKOHy cHHyca WM KOCHHyca). MoHOXpOMaTHuecKkHe
BBYKOBEIE BOJIHBI HasbIBAIOT MY3BIKANbHBIMH TOHaMH. HX Bos-
Gyxparor, HanpuMep, ¢ NMOMOWIBIO KamepToHoB. MoHOXpoMarH-
UYeCKHE CBETOBLIE BOJHBI [OJYYaAOT C MOMOLILIO JiasepoB. Bos-
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HBl, GJM3KHE K MOHOXPOMATHYECKHM, MOAKHO BO36Y[IHTZ:U Ha
[OBEPXHOCTH BOJEI, MEPYOJHYECKH TOTPYKas B Hee KaKoi-TO
npenver. B 1erouke COMZAT TaKyKe MOMHO MONYUHTD MOXOXHE
BOJTHBL.

ITpencraspte cefe, YT0 KaX/plil COMAAT He NPOCTO B3MaxHyJ1
(naxkoM, a coBepliaeT MM KoJeGaH¥s, NepHORMUECKH MNOj-
HuMan ¥ onyckas duaxor. Kamxawi CHERVIOULMH COMOAT IMOB-
TOPSieT 3T KOeOaHUsl, HO C HeKOTOPBLIM ONO3NAHMHeM (CHBHFOM
no ¢ase). Io nenouke connar nobexur Bonna. Heuro 1omo6-
HO€ MOXKHO YBHJIETb BO BpeMsi CNOPTHBHBIX [IPa3HUKOB, KOrna
LLeMOUKH JIIOJIell COBEPILAIOT NepHOANYecK e ABKKEHNS CO CBH-
roM 1o case,

3T0 KpacHBOe 3pesHIe PALyeT a3, HO MOTYT JIM Tlepena-
BaTh MH(QOPMALHMIO TakHe BOMHE? OueBHIHO, YTO HeT. Iepron-
HECKH NOBTOPSIIOLMEC BO BpeMeHH KoeGaHHsi He HecyT Ham
HHUUETO HOBOrO, He Nepefator uudopManmio. A BOT ¢ NOMOUBIO
€IVHUYHOIO B3MaXa MOMKHO GbLIO COOBHIMTH O Hayase KOPOHa-
nuy. HeM ke OTIMYAIOTCS 3TH BOJIHB? Ipencrasere cebe mruo-
BEHHYIO KapTHHY paclpocTpaHeHusi BONHEL B nepsom cayuae
B ABIDKCHUE BOBJICUSHb! BCE COJILATHI LENOYKH, a BO BTOPOM —
TOMbKO OfHH conpar. JIpyrumu criosamy, npu mepenaue cur-
Hana BOMHA B KaXKAbl MOMEHT BpeMeHH WMEeT OrpaHUYEHHYIO
NPOTAKEHHOCTb B NPOCTPAHCTRE.

MoxHo crenate Tak, 4TO B3MAXM B weHOuUKe OyRyT coBep-
IATH OJHOBPEMEHHO He OfIVH, a ABa, TPM WM Jarke HeCKOJNbKO
CTOAWKX psAnom cospatr. Torna nporsKeHHOCTH cHrHana yBe-
Jraures. [lonbsysick curHanamu pasHoll AIMHBL, MOXKHO nepe-
Aate HE TOJBLKO HHPOPMAIIMIO O Hauane KOPOHAIMH, HO H BOOG-
Lie Ji00y10 HEQOPMALHIO (HanpHMeP, ¢ MOMOUIBO a3byxku Mop-
3¢, 0 KOTOpOH BE, HaBepHOe, CJBIIATH; IIPAB.a, n3obpereHa
oHa Obla ropasuo TI033K€).

$1cHO, 4TO BIST MepenauN MHPOPMALHH MOIKHO HOJIE3OBATHCH
He TONBKO UENOYKOH conpar — ObIBAIOT SBYKOBBIE, CBETOBEIR
HT. 1. curHansl. Camoe MHTEPECHOE, YTO JOGOH CHIHA MOXHO
NMPENCTABUTEL KaK CyMMY MOHOXPOMATHYECKHX BOJH C PAa3HBIMH
YACTOTaMM (COCTABHTH H3 TAKHX BOJIH). 2Ty BOMOXKHOCTE [der
HaM NPHMHUMN VHTEP(EPEHIHH: NPH PACHPOCTPAHEHUH BOJH
KONeOAHHsT B KaXKIOM MecTe MpOCTPAHCTBA CKJTABIBAIOTCS.
B saBucumoctyt ot cupura gpas MEXRY KONeOaHHAMH OHH MOTYT
YCHIHTb APYT Jpyra (IpH HyJeBOH paswoctu (a3 HOJyYaroTcs
KoseGanusi ¢ JBOMHON aMIIuTyROoH (puc. 1, a)), a MoryT H oc-
Na0uTh (ec/iu KonebaHus HaXONATCS B nporyBodase, OHU o1
HOCTBIO racatT apyr Apyra (puc. 1, 6)). OkasbiBaercs, 410 am-
[IHTYNBL ¥ 9aCTOTHI CKJIANLIBAEMBIX MOHOXPOMATHYECKHX BOJIH
MOXKHO MOROOPaTh TaKMM 0GPA30M, 9TO BOJAHBI CACHT Ipyp
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jpyra NouYTH BO BCEM [POCTPAHCTBE, KpoMe OMpe/ieeHHOM
o61acTH, The, HalPOTHB, MPOHCXONHUT MX yCHJIEHHE.

Ha puc. 2 nokasaH pesy./ibTar CI0REHHs Gospioro uucna N
EOJTH OAMHAKOBOH aMILIHTYADL! A, ¢ yactoTam¥, JeXallliMU B
pebonbiuoM HHTEpBaJIC LM HHOT 2A® OKOJIO OCHOBHOH Yac-
TOTBL W JTO Kaxk Obl MTHOBeHHaA (ororpausi BOJHBL, NOKA-

z

A A " Moty
v a v AL=2n0f/bv

A\//\ [\\//— 7
VARV

a
Puc. 1 Puc. 2

LBAIOLIAS V3MEeHeHHe KOJIeGMomelicss BeTUYHHE A B PasHbIX
TOYKAX MPOCTPAHCTBA B (DUKCHPOBAHHBIE MOMEHT BpEMEHH.
HMeeTcsi LEHTPANbHEIN MaKCHMYyM C aMIUIHTY/OH NA, u vuo-
;KecTBO NOGOYHBIX ¢ BLICTPO YOBIBAIOIIHME aMILIUTYNAMH. Taxk
yTO, nefiCTBUTENbHO, B OCHOBHOM BOJHE racat Apyr Ipyra, a
X YcHeHHe [POHCXOAMT B OO/acTH LEHTPaTBHOTO MaKcH-
MyMa.

Ba’KHO OTMETHTh, YTO 3Ta 00Jactb He CTOMT Ha MECTE, a
IBIKETCR CO CKOPOCTBIO paclpocTpaneHus BoJust. Ecin cko-
POCTB € PACIpPOCTPAHEHHsl MOHOXPOMATHHECKHMX BOJH BCEX
YyACTOT OJMHAKOBa (Kay, HampuMep, MpPH pacHpOCTpAHCHHH
5/€KTPOMATHHUTHBIX BOJIH B BAKYYME), TO ¥ MAKCUMYM ABUKETCH
CO CKOPOCTBIO €, @ €ro IIMpYHA MOCTOfHHA W PpaBHa AL=
—9n¢/Aw. Tak yto JHTENbHOCTD curHana At=2m/Ao.

[losyuaercsi yAMBHTENBHO MpocToe, (yHAaMEHTANbHOe CO-
OTHOLIEHYE

Ao At = 21,

JlnuTe bHOCTH CHTHaja ¥ LUMpMHA Habopa 4acroT BOJH, H3
KOTOPBIX CHPHAN COCTOMT, CBfI3aHBI 00paTHO MPONOPIHOHAND-
1oil 3aBHCHMOCTBIO. KauyecTBeHHO 3TO COOTHOLIEHYE MOHSITHO:
ecJTH UMeeTCsl RJIMHHBIA 0OpLIBOK CHHYCOMJEL, COOTBETCTBYIOILHE
cvrHany Gonbuiofi amutensrocTH (Af BEJIHKO), TO 3TO MOYTH
MOHOXpoMaTHuecKas BonHa (Aw mano). A utofLl cOCTaBURbL
KOpOTKHIl CHTHaJl, HYXHO C/JOXHTb MHOTO BOJH C PaSHLIMH
yactoTamy. Bce, HaBepHOe, 3aMeyanH, YTO MOJIHHSA BBISBIBACT
roMexH B pajuolpHeMHHKe BO BCEX JManasoHax Yacror.

55




Hrag, Kamaplfl CHIHAJ MOXKHO COCTaBUTDH H3 MOHOXPOMATII-
yeCKHX BOJIH WIH e, TOBOPS NO-HPYTOMY, Pa3JOXKUTh HA TaKHe
BOJHBI. 3aBHCHMOCTb AMILIMTYRBl MOHOXPOMATHUECKHX BOJIH,
00pAa3yIoULYX CUTHa/l, OT MX YacTOThl Ha3bIBA€TCS CHIEKTPOM
curHana *). B paccMOTpeHHOM HaMM clyyae CHEKTP — npsi-

A
Ay A
Z 4 ) [ I I :”’n‘{
y-Aw wp wytbo 000 5902 10000
Puc. 3 Pue. 4

MOYTOJIbHHMK BBICOTOH Ao M wmupuHo# 2A0, nokasaHubi Ha
pHC. 3. JTO, KOHEYHO, MPOCTEALLIHMIl CHEKTP. CnekTphl curHanos
TaK XK€, KaK U CHTHa/I, MOTYT HMETh CaMble Pa3/IHYHbIE (JOPMEL.

Korna Mbl, HanpuMep, npowsHOoCHM 3BYKY, TO 3acTaBisieM
Onpene/leHHbIM 00pasoM KoJjeGathess BO3AYX, M 3TH KoseGaHus
PacnpocTpaHsloTcs B BUIAE SBYKOBBIX CHPHANOB Olpefie/leHHO
popmbl. CHEKTP TMX CHIHAJIOB CYLIECTBEHHO DPA3/HuAeTCsA B
3aBHCHMOCTH OT TOTO, IPOMSHOCHM MBI TJIACHYIO WJIH COTJIAC-
Hyfo. Curnan, COOTBETCTBYIOWIMI TJIACHOH, HMEeT CIeKTP ¢
ABYMsl XapaKTepHBIMH MaKCHMyMamM NpPH OMPelesNeHHBIX Yac-
T0TaX (X HaspiBaioT (hopmantamu). CnekTp coriacHofi Gosee
«pasmazam» 10 Beeit o6s1acTy yacror (Ha pHC. 4 NOKa3aH CHEKTp
cornacholl «C»). CyuiecTsyer crienHabHB METON — rapMOHH-
UECKHHl aHanu3, MO3BOMSIOUIHE HAXORWUTH CHIEKTPH CHT'HAJIOB H
BOCCTAHAB/IMBATE CHTHAMBL N0 H3BECTHEIM CIIEKTDAM.

HutepecHo, uto «kpuuath» ymeioT W TBepble Tena. Terwto-
BO€ NBIKEHHE NMPUBOAMT B KoJeGaH¥e aTOMBl B KPUCTALIHYEC-
KOfi pellleTKe, H TaKkHe Ko/IeGaHNUS UePEAAOTCA [0 TeJy B BHAE
YHpyrux BOJH. 3T0 TOXKe 3BYKOBbe BOMHBL OfHAKO HX CIeKTp
IMEET MAKCHMYM MpH OY€Hb BHICOKHMX YacToTaX, a B 06Jactu
CJBILIMMBIX YaCTOT aMILINTY/ia 3ByKa npeHeGpexknMo mana (Ha-
lipuMep, naxce Npu oueHp HH3KON temnepatype 5 K makcumym
coorsetcTByer yactoram 10*—10® I'y). Tak yto «ycnblmatsy,
O HeM «rOBOpPAT» TBEPABIE TENIA, MOXKHO TOJNBLKO ¢ MOMOLIBIO Clie-
UMaJIBHBIX  NpuGOpoB. «[ToncaymiaB» 3TH pasroBOpl (M3yuHB
X CHEKTPHI), yyeHble Y3HA/IH MHOTO BaXKHBIX «CEKPETOB» TBEp-
IBIX TEJI,

*) Mnorzna cnexTpom Ha3LIBAIOT TOJNBKO Habop 4YacTOT MOHOXpOMa-

THYeCKHMX BOJH, OOpasymomwmux curmas. Ho Hame onpeneJienue Gosee
M0JHOe, TaK Kak 3ajalorcs euie u AMILTHTY bl BOJTH.
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KakuuH JKe CHrHaJaMM OOBIYHO NMOMB3YIOTCA AJAl Nepefaun
yopanuy? [lnst CBA3H HA KOPOTKHMX pACCTOSHMAX TFOAATCH
3BYKOBbIE CHTHAJIBl — JIOJH MOJIB3YIOTCA HMH HCIOKOH BEKOB.
Onnako 3BYKOBEIE BOJHBI GbicTPO 3aTyxator. Tem He Mehee B
AdpuKe ellle IO HEAABHEr0 BPEMEHH NOJIB30BA/IMCH TaM-TAMAMH
paa nepenauyy MHQOPMALHH 10 Beel cTpane, IOBTOPASA 3ByKH
CHTHAJIOB B KaXKJIOM CEJIEHHM (TaK e, KaK [OBTOPAJH B3MaXH

UiaKKaMH COJIRATDI B Lienoy- :
ke). Takum oOpasom, CHIrHAN ‘ | t
o fopore ycunupanes (per- J-m” WMMUMU I
paHCIUPOBATICS).

B naite Bpems AJd le- Puc. 5

penaut HHGOPMaUHY OOBYHO
f10163YIOTCS 3JMEKTPOMATHUTHLIMH BOMHAMH, CIOCOOHBIMH pac-
npoctpansaTbes na Gonplune paccrostus. W3 nux opmupyior Te
WM MHBlE curransl. MokKHO, HanpHMep, «3aCTaBHUTB» 3JEKTPO-
MACHHTHYIO BOJIHY T€PEHOCHTb 3BYKOBble CHIHasbL. [lis aTOrO
YaCTOTY BOJIHBI 33/lal0T MOCTORHHOH (ee Ha3LIBAIOT HecylleH
yaCTOTO#), 4 BOT aMIJINTYRY MEHSIOT B TAKT CO 3SBYKOBBIMH KOJI€-
Ganusmu (puc. 5). Taxum o6pasom GOPMHUPYIOT NOCAENOBATE/b-
HOCTH CHIHAJIOB, Nepefaiollux HyXuylo MHpopmanmo. B npu-
eMHOM NYHKTE CHIHAIBl PaclIu(poBbIBaioT (HETEKTHPYIOT) —
BLIIENSIOT OrHMGAIOLLYI0, COOTBETCTBYIOMYIO 3BYKOBBIM Kosieba-
HHAM. DTOT METOld Ha3blBalT aMIUIUTYRHON Moxynauueid. On
LIMPOKO NPUMEHsETCs NpY nepefaye paaxo u Te/enporpamMm *).
BosHuKaeT BONPOC: a Kak MHOro MHGpopMalHH 3a eIHHMILY
BpEMeHH MOJKHO TepelaBarh ¢ NoMompio BosH? Y1o6b pasos-
paTecs B 3TOM, DAacCMOTPUM cJjelyromuil crocoG nepenauy
undopmanyy. MasecTHo, 4To MOGOE YHCIO MOXKHO 3aliucarb B
JIBOMYHON cHcTeMe B BHJe I0C/JENOBATENbHOCTH HyJseH u efu-
uui. Touno TaK ke H MoOY0 MHQOPMAIMIO MOXKHO 3aKOAHPO-
BaTh — 3alHCaTh B BHJE MNOCAENOBATENbHOCTH CHTHAMOB H HX
PONYCKOB OMNPefeNeHnolt anutenbHocTi. CHIHANB  MOXKHO
nepefapath, HCNOMb3YS AMIVIUTYAHYIO MOAYNALMIO (puc. 6).
Yenm ¢ Gosbllefl CKOPOCTBIO MBIl XOTHM IiepefaBaTtb HHpopMa-

*) KoHeuyHo, B mpolecce MOAYJsUHH pe3yJbTHPYIOMAR SJEKTpPO-
MACHHTHAS BOJHA Nepecraet OLITb MOHOXPOMAaTHYECKOH. Tak, B cliyvae
npocreiieli aMIUIATY AHOH MOZAYJISILHH, Hecylell BOJHBI C 4aCTOTOH g
H aMILTHTY AOH

A{t)=A,(1+asinet) (puc. 5),

x(£)= A (¢)-sin @gf = A sin mot+o—L2ﬁ’ [cos (e — Q) £ — cos (63 --Q) 7]

Kak BuAuM, COEKTp Aaye TaKOro mpoctefiiero MOAYJHPOBAHHOIO CHI-
HaJla COJIePIKUT B cebe yke 4acToTnl Wy—~2, (g, Wy-Q.
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ILHIO, TEM KOPOU€ ROMKHbI GEITh 9TH cHrHasbl, Ho npu nanexuof
nepenaiye HEPOPMalliy JTHTENbHOCTE CHIHANA He JOMKHA OLITh
MEHbILLE NIEPHONA Hecyiell CHHYCOHAR!. 310 u faeT OTrpaHuYeH e
Ha crRopocte nepenaun uHbopManun. Xotute YBEJTHUUTE CKO-
pocTh nepenayn MHGOPMAUHUH — yBeSpuMBaiite HECYyILyIo Yac-
T0Ty. PaKTHUECKH TYT «paboraers yxke obcyxpaBlieecsi coor-
HOLLICHHE /ISl IIMTeNIbHOCTH CHIHAJAS Atx2n/Aw, tre Ao cta-
HOBMTCA NOPARKA ©,.

1 e 1 g T
L b

Puc. 6

Hanpumep, nns nepenauu MYSBIKaNbHBIX NpOrpaMM AocTa-
TOUHO MO/Tb30BATLCA S/1EKTPOMATHUTHBIMH BOJHAMH C YACTOTOH
IOpsIiKA COTEH KHJIOTEPIL YeloBeyecKoe VX0 BOCIpUHHMaer
CHTHa/IBl ¢ yacToTol A0 20 kI, ¥ B 5TOM Glyyae WHTEpBan
Hactot, COCTABNAIOWMX CHMrHaN, Gyaer o KpaiiHeii Mepe Ha
TNOPAROK MEHbIINM Hecyuledl yactotel. Onpako Ui nepegayn
TEJCBUSHOHHBIX 1IPOrpaMM TaKHE YacToTh] Y¥e He ropgarcs.
HsobGpakenne Ha sxpane BOCIpousBonuTCs 25 pas B CEKYHAY U
B CBOIO O4€PENlb COCTOMT M3 JIeCSTKOB ThICAY OTZEJbHBIX TOYEK.
[loatomy TpeGyercst wactora MORyasuMu nopsinka 107 I'y u
COOTBCTICTBEHHO HECYIWlasi YaCTOTa LODKHA JIeXKath B obnacty
JCCATROB-COTEH Merarepn. Bor [OYEMy B TeJICBHACHUH nNpu-
LUI0CE NOJB3OBATHCS BBICOKOYACTOTHEIMH, a CIEN0BATEBHO, U
YIBTPAKOPOTKHMY BOJHAMY C JTMHON BOJHL nopsifika Metpa,
XOTS1 PACHPOCTPAHAIOTCH OHY JIMLIL B npenenax npsmol supy-
MocTH *),

Ecnu xe pis nepenaun MH(QOPMALMY BOCNIONB30BATHES! Cpe-
TOM, y KOTOPOro yacrora KoseGauuii 10% I I, TO MO¥HO OB
CHTb CKOPOCTh nepefiauit MHOPMALUMH Ha MHOro TIOPSKOB,
K xo1q cama no ceBe mnes crapa (Brepsole nepenavy 3pyka ¢

B CHJIYy yKa3aHHBIX BHlie NPHYHH OENIO CTOJIB HH3KOro KauecTBa, yrQ
Ne€pellapaemblit 06pas pacnosuasascs c GoabIuM TPy oM. D70 M notpe-
GoBaso nankHetnnnx HCCIeoBanull U Nepexoia B Auanason METPOBHIX
BOJIH C HCMOJIB30BaHHeM STEKTPOHHOM pasBepTKy.

Qnnaxko MOCOMNEITHO, 4To Takoe «CPEJIHEBOJIHOBOE TeJIeBHEHHEY
HMEJO H CBO€ NMPEHMYILEeCTBO — 6.v1arozxap;1 JanbHemMy (no CpaBHEHHIO ¢
Y KB) PacIpoCTPAHEHHIO CpeAHnX Boay nepejiays, HAyuHe, Hallpumep,
H3 Bepuauna, 6e3 Beskux PeTPaHCasiTOPOE M CNYTHHKOB CEf3H MOXKHO
6510 NpuEEMath B MocKse.
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FIOMOIIBI0 CBETOBLIX CHI'HAJOB OCYILECTBH H306peTaTess Tese-
¢ora A. Benn ewe B 1880 r.), ona crana Texuuyeckoil peano-
HOCTBIO TOJMBKO B Halle BpeMA. [/l 3T0ro mo/mKHB! GBLTH 00si-
BHTBCS HCTOYHHKH MOHOXPOMATHUECKOTO CBeTa — J1a3epHl, clie-
1HaJbHble CBETOBOALI H3 ONTHYECKHX BOJIOKOH, Mepenaloliie
CBET C OYEHb MaJIbIMH NOTePSMY, 3IEKTPOHHOE OGOPyHOBaHHE
2051 3QEKTHBHOTO KOAHPOBAHUSA H PACKORHUPOBAHUS CHTHa-
JIOB.

Cefiuac MOXHO C ONpPERENEHHOCTBIO CKasaTh, UYTO 3IOXa
MeHBIX NPOBOJOB OTXOLHT B MNPOLLIOE M PasBUTHE CBEPXCKO-
POCTHBIX H CBepXMaciuTaOHBIX cetefl nepefayu HHpOpMAllHU
CBAI3aHO C BOJIOKOHHOI ONTHKOH.

NMOYEMY TYAST NPOBOJA

INpoxnanow pelum

Tawm perep BeuepHRH, B B JHCTHLAR LIYMHT
H peTBH KOJBLILIET

H apdy nobsaer... Ho apda moaunt...
R R e e
U papyr... #3 MOTUaHBS

HonusJics NPOTHIKHO 3alyMUMBHHA SBOH.

B. JRyxoeckuii. Donopas aphas

Eute ipeBHYe IPeKH 3aMeTHAH, YTO CEPYHA, HATs-
HyTas Ha BeTPY, HHOT[A HAYWHAET MEJNOAHTHO 3By4Yarh — II€Th.,
BoaMoxHO, YiKe TOrfa Obl1a H3BECTHA 20710Ba apda, HasBanHAast
ro uMeHu Gora Berpa Jona. Jonosa apda COCTOHT M3 paMKH,
HA KOTOPOH HATAHYTO HECKOJBKO CTPYH; €€ IMOMEIlaloT B TAKOM
Mecre, THe CTPYHBI ofpyBatotcs BeTpoM. Ecnu gaxe orpadu-
YUTBECA OAHOH CTPYHOH, MOXHO TIOJNYYUTh LENBIH PSR pas/iny-
HBIX TOHOB. Heuto mnopo6Hoe, HO ¢ ropasno MeHbIIUM PasHO-
oGpasHeM TOHOB NPOHCXOMWT, KOTAa BeTep NPHUBOAMT B [BHIKE-
Hue TeserpadHbie NPOBOAA.

JloBonBHO ROJTO 5TO SIBJIEHHE M MHOTHE APYFHe, CBSI3aHHbLIE
¢ oOreKaHHeM TeJ BO3JyXOM H BOIOH, He OBLTH OOBSICHEHHL.
Tonsko HploToH, OCHOBOTIOJOXKHUK COBPEMEHHOH MeXaHHKH,
IaJ1 TepBblii HAyYHBIA MOAXON K peLleHHI0 TaKuX 3ajad.

o 3aKOHY CONpPOTHBJIEHYS ABIZKEHMO TNl B JKHAKOCTH HITH
rase, OTKPHTOMY HBIOTOHOM, CHIa CONpPOTHBIEHHA MPONOP-
¥oHaNLHa KBaApaTy CKOPOCTH:

F = Kpu®S.

37ech v — CKOPOCTH Tenad, S ~— IJIoMIak €ro ceyeHus, nepiel-
OUKYJISIPHOrO HanpaB/JeHHIO CKOPOCTH, P — IUIOTHOCTb XKHJ-
KOCTH.

4* 89



B nanbHefilieM BBISICHWIOCh, Y70 (popMysa Helotona BepHa
pe Becerza. B ToM cJayuae, KOTAa CKOPOCTh JBUXKeHHS Tesa
MaJia [0 CPABHEHHIO CO CKOPOCTSMH TEIJIOBOTO ABIKEHMS MOJTe-
KyJ, 3aKkoH conporueienusi Helotona yxe He cnpasepnus.

Kak Mbr yxe ofcyxpanu B npe-
IBIAYIIMX pasjefaX, NPH ROCTa-
TOYHO MEJVIEHHOM [BIDKEHHMH Tes1a
CHJIA COMNPOTHUBJIEHHS MPOTNOPIIHO-
Ha/lbHA ero ckopoctH (3axoH CTok-
ca), a He ee KBajgpaty, Kak 370
[POYICXOANT MPH GLICTPOM JABHIKe-
Hyd. Taxas curyauus BosHuKaer,
HanpuMep, NOPY ABMKEHHH MeJl-
KMX Kanesb NOXAA B ofiake, pH
OCelaHH¥ OcajKa B CTakaHe, Npi
JABIEHYH Kanedb BellectBa 4 B
«Bonmebuoit namre». Opaako B
COBPEMEHHOH TeXHHKe C ee CTpe-
MUTENBHBIMH CKOPOCTSMH  OOBIMHO
CIPABEIJIMB 3aKOH CONPOTHB/ICHHS!
Hetotona.

Kasanoce Gbl, pas ussectHsl 3a-
KOHBI CONPOTHBJIEHHS, MOXHO OG-
SICHUTD TyJIeHHe NIPOBONOB MY Tle-
Hue 304080k apdu. Ho 310 He
TaK. Benb ecou Gkl cna conpors-
JieHHs Gblna NocToAHHON (MK poc-
Jia ¢ yBeJHUEHHEM CKOPOCTH), To
BETEP NPOCTO HATATHUBAJ Obl CTPY-
HY, a He BO3OYX[an ee 3ByYaHus.

B yem ke neno? Urtobsi 06%-
SICHUTD 3BYYaHME CTPYHBI, OKAa3ki-
BaeTcs HENOCTATOYHO TeX MPOCTBIX
NpeACTaBJEHHHA O CHIe CONPOTHE-
JIEHUS, KOTOpPBIE MBI TOMBKO YTO
pasobpanu. Ilasaitte obcynum Go-
Jiee HETaNbHO HEKOTOPHIE THIBI Te-
YEHHMSl MUIKOCTH BOKPYT HeNop-
BIZKHOTO Tesla (370 yhoGHee, uem
paccMatpuBath IBHXKeHMe Tena B HETNOJIBIKHON JKHUAKOCTH, &
OTBET, pasymeercss, Gyner ToT Ke).

Iocmotpure Ha puc. 1. Do cayyaii Manoll CKOpOCTH K-
KocTH. JIHHNN TOKa K unKocTH orubator UHIUEAD (HA PHCYHKe
NIOKA34HO CeYeHYE) U [IaBHO NIPONOJEKAOTCA 34 HUM. Taroii
NOTOK HasbIBACTCH Aamutapteis. Cuna COIPOTHBJICHHSA B 3TOM

100




caydae 0Gsi3aHa CBOMM NPOMCXOXJAEHHEM BHYTPEHHEMY TpPEeHHIO
B XMIKOCTH (BA3KOCTH) M NPONOPUMOHAbHA v. CKOPOCTL KU
KOCTH B JIIOGOM MeCTe, TaK Ke KaK M CHjla CONPOTHBJEHHs, He
3aBUCHT OT BpeMeHM (OTOK CrAyUOHapHbii). 10T cnyuail ajas
Hac He MpeJiCcTaBJsieT HHTepeca.

Ho ssrasinure Ha puc. 2. CKOpOCTe NOTOKAa YBENTHUYHIACH,
¥ B 05JlacTH 3a IWIMHAPOM HOSIBWIHCH BOJOBOPOTHL KHIKOC-
TH — BUXpH. TpeHHe B 3TOM ciyyae yxKe He olpefessier noJ-
HOCTBIO Xapakrtep rporecca. Bce GoMbLIYIO posib HAYHMHAIOT
HrpaTh M3MeHeHHs KOIMYECTBA [BHKEHHSs!, IPOHCXOASLIE He B
MUK POCKONMIECKOM Macllitabe, a B Maclitabe, CpaBHHMOM C pas-
mepaMu Tesa. CHia cOnpOTHBJEHMSI CTAHOBHTCA NPONOPIHO-
HaJNbHOH U2,

M, HakoHel, Ha puc. 3 CKOPOCTb MOTOKa elie OoJblie BO3-
pocJia, ¥ BUXPH BBICTPOMJIVCH B [paBHibHbIE LeloukH. Bot oH,
KJ0Y K OSBSCHEHHIO 3arajkul OTH LlenouyKH BHXpel, NepHoau-
YeCKH CpPBIBAIOLLHXCSA C MOBEPXHOCTH CTPYHBI, H BO30yxKAaroT
ee 3BydaHue, NOJOOHO TOMY, KaK BBRISHIBAIOT 3BydaHHe CTPYH
ruTaphbl NEPHOANYECKHE NPHKOCHOBEHHA K HHM OajbLeB My3bl-
KaHTa.

fIBsieHMe NpaBHJIBHOTO pacHo/OXeHUs BHXpell nosanu of-
TeKaeMOIo Tela BIEPBhe ObLIO H3YHYEHO SKCHepHMeHTasnbHO
HemenknM dusukoM benapom B Hauase Hallero Beka. Ho Tonbko
Gnarojapsi Hoc/iefoBaBIIMM Bckope paGoram Kapmana Takoe
TedeHHe, Kasapllleecsl CHayasa BecbMa CBOEOGPA3HbIM, NOMyYit-
10 ofsacHenre. [lo MMeHH 3TOrO y4YeHOIO CHCTEMa IepHOAH-
yecKHX BHXpe# cefiuac HaspiBaeTcs lopoxkkol KapmaHta.

Io Mepe AanbHeHLIero BO3pacTaHHs CKOPOCTH Y BHXped
ocTaeTcsl Bee MeHblile M MeHblUe BpeMeHH, YTOOR! pachJbIBarh-
csl Ha GoNbllyo 061acTb }KHUAKOCTH. Buxpesas 30Ha CTAHOBUT-
csl y3KOH, BHXDH NepeMellHBAIOTCs, H MOTOK CTAHOBHTCSI Xao-
THYHBIM M HeperynspHbiM (mypbysenmrom). llpasaa, npu
oueHb GOMBIINX CKOPOCTAX B SKCHepHUMeHTax NOC/IefHero Bpe-
MeHH OfHApyKeHO NOsBJEHHE KaKoHA-TO HOBOH NepHOAHYIHOC-
TH, HO JIeTAH €€ JIO CHX Nop NOKa elle He SICHEL.

MozKeT OKasaTbesd, 4TO BHXpeBasi jopoxka Kapmana —
NpoCTO KPACHBOR sSIBIEHHE MPUPOLBI, He MMEIOIlee MpaKTHYec-
koro sHaueHuss. Ho sro He Tak. [IpoBona sunui anekTpotepe-
Nagn TakKe KOJIeDoTCsl Mofi AeHCTBHEM BeTpa, AYIOMEero ¢
OCTOSIHHON CKOPOCTBIO, H3-3a OTPbiBa BUXpeil. B Mectax kper-
JIeHUsl NPOBOJIOB K ONOPaM BO3HHKAIOT 3HAYWTE/bHEIE YCHIINS,
KOTOpble MOTYT NpHBOJMTBL K paspyllenusM. [lon nHeficTBrem
BETPA PacKayHBAIOTCS BLICOKHE JILIMOBbIE TPYOHI.

OlHaKo HapboJee LIMPOKYID H3BECTHOCTh, 0e3ycroBHO,
npuoGpenu KoneGauus TakoMcKoro mocta B Ameprke. Jtor
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MOCT MPOCTOSi/i BCETO HECKONBKO MecfileB M paspyumnicsi 7
Host6pst 1940 r. Ha puc. 4 nokasaH Buj MocTa BO BpeMst Kone6a-
Hul. BUXpH OTpEIBanuch OT HecylleHl KOHCTPYKLHH npoesxet

uacti Mocta. [locne piuTensHeIX HeeeoBanuil MocT ObL1 BO3 -
BHTHYT CHOBa, TOJILKO MOBEPXHOCTH, OONyBaeMHe BETPOM, HMe-
JH Apyryio ¢opmy. Takum oBpaszom, Goiia ycTpaHeHa npHuHHa,
BBIBIBAIOIAsl KoseGaHusl MOCTa.

CJIEABI HA INECKE

Hso Beex pByxCcOT MHMIHADOB MYXKYHH, JXERNHH H feTell, KOTo«
PbI€ KOria-Jii60 NpOLLTH 00 BIAXKHOMY TIECKY C COTBOPEHKS MHDa
Ho cobpaunsi BpuTaHcko# Accounanny B AGepmune B 1885 T.y
CKOJILKO HaHJIeTCs1 TAKHX, KOTOpHIE Ha BONpoc «CaKajcs Ju NeCcoK
noA Baluel HOrolr» OTBETHJIH OB HHaye, YeM «ian!

JIopo Keavaun. BaaTumopckue neknuy, 1904 p,

A 3anymbBaiich JH BBl HaX OTBeTOM Ha 3TOF
Bonpoc? Ha nepswtii Barssig KaXercs, 4T0, YyTpamOOBHIBas
TIECOK, Mbl Beerna JieniaeM ero Goslee MIOTHEIM, 3acTaBsiem
TIECIMHKH TeCHee NPWKHMATbCA APYT K npyry. Ho B meiicTeu-
TEIBHOCTH 110 MOKeT o6CTosTh MHaue. U JOKasaTelberso
STOMY — cJle[ibl, KOTOphIE OCTAIOTCS! Ha HEKOTOpPoe BpeMms cy-
XHMH, KOT/la CTynaelllb N0 MOKPOMY MecKy y Gepera Mops wiau
pekH. Bor uto rosopun no stomy mnoBony O. Pefironbac —
YYeHBIil, H3BECTHHH cBOMMH paboramMu N0 ruIPOAMHAMNKe,
B JIoknafle Ha coOpanuu Bpuranckoii Accounannu B 1885 r.:
«Korzia Hora HaJiaBauBaeT Ha necok, mioTHLH nocsue yuleaiero
NpH/HBa, Y4acTOK, HAaXONSUIHICA BOKPYr HOTM, TOTYaC ke
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cTaHoBHTCS eyxuM... HanapnuBaHue Horu paspeiXsisieT NECOK,
U uyeM CHJIbHee OHO, TeM Gosblue BoAbl yXonuT... OHO nenaer
I€COK CYXMM N0 TeX Nop, NoKa CHH3y He Npubymer nocTarcd-
HOE@ KOJTHYECTBO BOJBI.

Tar nouemy ¥e B pe3y/ibTaTe HaJABJHUBAHHSA YBEJAHIHBAETCH
NPOCTPAHCTBO MEXKAY IeCYMHKaMH, H HMeIOLleHCst BOMBI yKe
HEJIOCTATOYHO, YTO0b! 3aNOJHUTD €r0? STOT BONPOC HE CY4aiHO
pontoBan yueHslx XIX peka. OTBeT Ha Hero HMEET caMoe
npsMOE OTHOLIEHWe K aTOMHOMY CTpoeHHIO BellecTa. JlaBaiite
¥ MBI nonpoGyeM pasofpaTbcsi B 9TOM BOIpOCe.

IlnoTHas ymakoeka mapoe

MoxHo JM 3aNOJMHHTE TBEPAbIMH Illapavu BCE
npocTpaHcTBo? Pasymeercsi, HeT — MeXJIy HHMM Bcerja oc-
taloress  cBoGoOAHbIe npoMexyTKH. Jlosisi mpocTpaHcTBa, 3a-
HHMaemasi UlapaM¥, HasblBaeTcst IUIOTHOCTBIO MX YI2KOBKH.
Uem TecHee pAcloONONKeHb! 1Iaph!, 4eM MeHblle CBOGOJHOTO
MecTa Mexkay HuMH, Tem GoJblie IJIOTHOCTb ynakoBku. Korna
e JIOCTHraeTcsi MaKCHMallbHAas IUIOTHOCTh YIaKOBKH ONHH2-
KOBBLIX TBepHbIX IapoB? OTBeT Ha 3TOT BONPOC [2eT KJIHOY
K pasrajiKke «TalHbP» CNENOB Ha MECKE.

Uccnenyem BHauane Gojiee NpPOCTOH caydait — ylnaKOBKH
ONMHAKOBLIX KPYTroB Ha MIOCKOCTH. [110THOH yaKOBKH KpYroB
MOKHO JIOCTHYb, BIHCHBas HX B MO3aHKH, COCTaBJEHHBIE H3
NpaBUIbHEIX MHOTOYTOJBHUKOB, 3aMOJHSIOMMX BCIO  MJO-
ckocTs. CylllecTBYIOT TOJMBKO TPH cnocoba HOCTpoeHus TaKHX
MO3alK — M3 [paBHIbHBIX TPEYyTOJbHHKOB, KB21paToB H Mpa-

Puc. 1. YnakoBKa papnbpix KpYroB Ha INIOCKOCTH B S14€HKM NPaBUIIBbHLIX
MO3aHK

BIJILHBIX LIECTHYTOJBHUKOB. Y NaKOBKH KPYTOB G HCHOJB30-
BaHHeM KBaJPAaTHOH H HIECTHYTOJBHOH MO3aWK MOKa3aHH Ha
puc. 1. Jaxke «Ha rnias» BHIHO, HUTO BTOpO# crnocob (6) Gosee
sxouoMuuer. Tounbli pacuer (BB BHOJIHE CMOXKETE NPOBECTH
€ro camy) NOKasbiBaeT, YTO B 3TOM CiIydae KPyramH 3ano/HeHo
90,7 % nyocKocTH, B TO BpeMsl KaK B NEPBOM ciyuae (a) —
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T0JIbKO OKOJI0 78 %. UJeCTuyEoanmﬁ cnocod ynakoBKu Ha
nJAOCKOCTH — caMblii nJiotHbld. Tlo-BHaumomy, us-3a  storo
ero # HCHOJB3YIOT NUesb! NPU HOCTPOEHHH COT.

I10THYIO YNakOBKY LIApOB B NPOCTPAHCTBE MOMKHO ocy-
HIECTBUTL CJefyloluM obpasoM. Pacnonoxkum Ha nnockoceTu
UEPBbIA CIOH LIAPOB yiKe M3BECTHEIM HaM HauGodee NJOTHBIM

5

Puc. 2. Inothas ynakoska WIApOB B NPOCTpAHCTBE (IUTPHXOM NOKA3aH
HEXKHHH CJIOH)

cnocoboM. 3areM MOXHO NOJNOKHTL Ha HHX BTOPOH TOYHO
TaKoil xe cjofi. Ecnu pacnonarars KaKIL Wap BepxXHero
/IS B TOUHOCTH Hall HWKHHM, TaK 910 BCE Waphl OKaxyTcs
BIIHCAHHBIMH B KyGHUECKHE COTBI, TO CJMLIKOM MHORO NpoCcTpan-
CTBA OKaNKeTICsi HeHCnoJb3oBaHHbIM. IlpH TakoMm  coocoGe
YKA2IKH [IapOB SanoJHseIcs TOAbKO 52 % IpoCTpaHCTBa.

SlcHo, Kak MOxHO ynakopate Lape! nJjotHee. /Ina srtoro
BeDXHMH 1Iap Halo pacnonarate B JIYHKe, 00pasoBaHHO
TPEMsI COCEIHNMH HMXHHMH Iapamu. Ho OpH 3TOM BepXHHe
HIapbl He CMOTYT 32anOJHHTh BCE JYHKH — ONHO W3 IBYX co-
CEIHUX yrnyOseHMil Bcer[a ocTaeTcs cBOGOAHBIM (pHC. 2).
[lostomy, Korna mul ykiaassaem TPeTH# cJIofl Wapos, caenars
9TO MOXEHO 6yzeT nByMsi crniocoGamu: siHGo pacnonoxute iaph
TPETBEro C/I0Si Hall TEMH yIVyGJeHHAMH B OePBOM CJIoe, KOTO-
Phbie L1apel BTOPOrO C/IOSt OCTABHIM CBOGOHEM i (zentp oaHoro
3 Wapop Ha puc. 2, 6 GyJeT HaXOIUTHCH B TOuKe A), nubo —
KaK pas Hall Wapamu NepBoro c/1osi (NpH SToM UEHTP ONHOro
U3 LapoB TpeTwero c/10s OKaMercs B TOYKe B). Ons nocie-
AYIOUHX ClI0EB NOPSNOK PachosioeHHs! IHapoB coXpaHsercs.
B pesyiistare nenyuaem npa crocoba IIOTHOH YHAaKOBKH Ia-
POB, OKa3aHHEIE B NPOCTPAHCTBE Ha puc. 3. B o6oux cayuasx
[apaMH 3amno/IHeHO oKogo 74 % IIpocTpaHcTBa.

Jlerko moncuntate, uro NpH TaKOM cHocofe YNakoBKH
Kax(fiblii miap conprkacaercs ¢ 19 COCeIHUMH 1lapamu. Touku
CONPHKOCHOBEHHsT 00pasyloT BeprvHe UeTbIPHAaTHI PaHH U-
Ka. Ero rpanu — uepenyrompuecs KBa/ipaTe! M paBHOCTOPOHHME
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tpeyronbHHKH. Tak, NpH BTOpoM crnocofe MMOTHOH yHaKOBKH
(pHc. 3, 6) nonyyaercss KyGOKTasnp, NOKasaHHBIA Ha pHC. 4.

Jo cux nop Mbl paccMaTpHBaJIH JIMIIL TaKue crnocofsl yna-
KOBKH 11apos, NPH KOTOPHIX OHH BIMCLIBAIOTCH B MepHOAHYE-
CKHe «COTBI. A MOMKHO JiM JOCTHYb NJIOTHOH YINaKOBKH, OTKa-
3aBIUKCE OT 3TOro ycjoBusi? OmuH u3 cnoco0OB NOKasaH Ha

Puc. 3. INpocTpaucTBennas KapTHHa, NOKAsHBaIOIASA B CrOoco6a miIoT-
HOil yNaKoBKH IapoB

puc. 5. Illapel B KaKIOH MNOCKOCTH PACMOJOKEHB! IO CTOPO-
HaM [paBUBHLIX OSITHYTOJBHHKOB (HeHTaroHoB). B kaxnom
NeHTarole COCEIHHE LIapbl KacaloTcd ApYr Apyra, HO wWapel,
OTHOCALIMECS] K PasHBIM NEHTaroHaM ONHOH IJIOCKOCTH, pas-
Jenedbl B npocTpaHcerBe. CTOPOHB! MEHTarOHOB YepellyoMiHX s
CJIOEB MONEPEMEHHO COJepKaT YeTHOe M HedeTHOe YHCJ/O Ina-

Puc. 4. KyGokrasznp Kemnepa Puc. 5. [Ileuraronadgvuasi yna-
KOBKa II&pOB

pos. KosgHiueHT 3anonHeHusi POCTPaHCTBA B TAKOH CTPYK-
Type paseH 72 % H JIUIIb HEMHOrO yCTYHaeT Cy4Yalo MVIOTHOH
VII2aKOBKH, IOKa3aHHOMy Ha pHc. 2. MoXHO yNaKOBHIBaTh
apsl, He o06pasysi M3 LEHTPOB pelleTKy, GoJsiee MJIOTHO, Lo-
CTUPHYB Ko3(h(HLHeHTa 3anonHedus 74 %, OHAKO CYIIECTBYIOT
Jau emle Gonee NNOTHBIE YNAKOBKH — 3TOT BONPOC OCTaeTcs
OTKPHITEIM JO CHX DOP.

105



BepHemesl K criefiav Ha necke. Ml Tenepb 3Haem, 4TO Y-
HecTBYIOT OCOOBIE YNAKOBKH LIApOB, NPH KOTOPHIX OCTaeTcst
oueHb Malio MyCTOro NPOCTpaHCTBa MexAy HuMH. Ecau Hapy-
1IHTh TAKOE PacloJIOXKeHHe, BBIBENs, HalpUMep, LIaphl OfHOTO
CA0S1 M3 JYHOK JPYTOTO CJIOsi, TO MPOMEXKYTKH MeXIy Llapamvu
yBenuyarcs. JIcHO, ONHAKo, 4TO MECYHHKH HHMKTO He YNaKOBBI-
BaeT cnelHaibHBIM o6pasoM. Kak ke mocTwub mioTHOH yna-
KOBKHU IECYHHOK?

BenomHMM KHTeHcKHH onbiT. Bam Hamo sanmonHuTE cocyn
KDPYyNoH TaK, 4TOOBl B HEro BMECTH/IOCh MAaKCHUMAJBHOE ee KO-
sugecteo. YTo Bel npH sTom Jenaere? TloTpsixuBaere cocyn
KIH NOCTYKHMBaeTe Mo HeMy, JNoOHBasich kenaeMoro sdxpekra.
Jlaxke rnocsie NJIOTHOH yTpamOOBKH KpYObl B COCYJE MOXKHO C
TOMOILIBIO TaKOro NpHeMa YMECTUTb €lle KaKOe-TO JOMNOJIHIH-
TeNbHOE ee KOJHUECTBO.

Hayunoe wccnezioBanue 3Toro Bompoca OpeMIpPHHAA B
50-x ropax adrswmiickuii yueneil I'. Ckorr. Ou 3anonHsas la-
pHKaMH OT NOMUWNOHHMKOB ChepHYecKHe OYTBUIKH pasHBIX
pasvepos. Ecau 3anonusite GyTeInKH 6€3 NOTPSXHBaHHSA Tak,
4T00B! WAPUKH pacrosiaranich ciyyaiiHeM o6pasoM, IKcneph-
MeHTa/lbHO Ha0JIofaercsl clefylomas 3aBHCHMOCTh IJIOTHOCTH
YOaKOBKH OT YHcJa IIapHKOB:

0,=0,6—0,373/N,

rne N — posHoe ywcso WapukoB. Eciu 4veno mapukoB oueHs
BeJIHKO (a B onbiTax N JOCTHIaJI0 HECKONIBKUX THICAY), TO BHAHO,
YTO MJIOTHOCTb YMAaKOBKH CTPEMHMTCS CTaTh MHOCTOSIHHOH H cO-
otBercTByroLel 3anonHeHwo 60 % npocTpaHcTBa. A BOT eciau
NoTpsAXHMBaTh OYTHIKY 0[O Mepe ee 3anoJiHEeHHsl, IJIOTHOCTD
YNaKOBKH BO3PaCTAET:

0, =0,64—0,33/3/N.

IlpaBna, U B 3TOM Clydyae OHa NOJyYaercsi TOpasfio MeHbIueit
74 %, COOTBETCTBYIOIIHX DEryJsipHOMY PpaclONOKeHMIO Lia-
PHKOB.

Crour saflymarbcsi Hajl NPHBEJEHHBIMH 3Jiech SKcIepHMeH-
Tamu. [lowemy nonmpaBka oSpaTHO mponopuuoHambHa 3/ N?
[laprku, pacrnonoxeHHEle y CTEHOK cocyfa, HAXOISTCH B OCO-
GOM MOJIOKEHUY O CPABHEHMIO C LIAPHKAMY B OGBEME H BAUSIOT
Ha NJIOTHOCTE ynakoBKH. BeawuuHa MX BKJaja HpOONOPIHO-
HaJIbHa OTHOLIEHMIO MJIOMaAN NoBepXHOCTH (~RZ%) K obbemy
cocyAa (~R?) u yGriBaeT 06paTHO NPONOPLHOHATLHO pasmepy
cucteMbl (R). Tlon 06beMoM cHCTeMs! Mbi NOHHMAeM MOJHBI
o6nEM  TPOCTPaHCTBa, 3aHUMAEMOTO WIAPMKAMH BMECTE CO
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.
cBOGONHBIMY NpOMeXyTKamH. Pasmep R ~ 1/ N, Tak Kak o0beM
cHCTeMbl NPONOpUHOHANeH NONHOMY YHMCaAy wwapukos. Takue
3aBHCHMOCTH YacTO BO3HMKAIOT B (pH3MKe, KOTNa Hall0 yUWThi-
BaTh MOBEPXHOCTHBIE 3((heKTH!.

Takum ofpasoM, TOYHBIE 3KCIEPHMEHTH HONTBEPKIAIOT
KHUTEHCKUH ONBIT H NOKAas3bIBAIOT, YTO, NOTPAXHBAs 3€DPHUCTYIO
cpely, MOXHO JiocTHYb Oosibluedl MJIOTHOCTH ynakosku. Ho
[OYEMY K€ Bce-TaKH 31O npoucxopur? Jleso B TOM, 4TO yCToli-
YHBOMY HOJIOXKEHHIO PABHOBECHS BCErJa COOTBETCTBYET MHHH-
MyM noTeHuuanbHOH sHepruu. lllapuk Moxer ycroiiuunzo
JIeXKaTh B JIOKOWHKEe, HO C BepIUHHB! TOPKH OH 00S3arelibio
ckaruresi. Heuro mofo6uoe npoucxonut u 3necs. [Hapuku npu
NOTPSAXUBAHUH CKATHIBAIOTCA B CBOGOJNHBIE MPOMENKYTKH, MIGT-
HOCTb YUAKOBKH yBeAHYUBaeTcsi, a oOluii o0heM CHCTeMb
yMeHbIIaeTesi. B pesysibTate mOHMKaeTcsi ypoBeHb 3anoJiHe-
HUSI cocylla LIapUKaMH, a CleIOBaTelbHO, ONYyCKaercsl LeHip
MACC W YMeHblIaeTcsl MOTEHIManbHas SHEepPTHsl CHCTEMBI.

Terneps, HaKoHel, MOXHO € JIOCTAaTOYHOH FICHOCTBIO Mpel-
CTaBHTb cefe, YTO OPOHCXONUT ¢ NeckoMm. JIBIKeHWe BOJH
BCTPSIXHBaeT M€COK, H B pe3ynabTare JOCTHraeTcsl MJOTHasd
ynaKkoBKka mecyuHoK. ClaBiyBasi necok HOTOH, MBI HapyliaeM
3Ty yHAaKOBKY W yBeIMYuBaeM pasmep nop. Bona U3 BepxHuX
C/I0€B MecKa YXONUT BryyOb, 3aloJHAS STH YBeJIMYHBLIHECH
NpPOMEXYTKH. B pesynbprate mecok «Beichixaers. Korna Hory
ySupator, JebopMalus ucyesaeT, NJOTHas yNaKOBKa BOCCTa-
HaBJVBAETCS, 4 BbITECHEHHasl U3 BHOBb YMEHBUIMBIIHXCH IPO-
MEXXYTKOB BOJia 3alOJIHSIeT cJlell, OCTaBleHHLIH Horok. Moxer
CNYYHTBCH W TaK, YTO HOC/JAE CHJIbHOIO HaxKarHs NJOTHad yna-
KOBKa He BoccTaHaBjHBaeTcsi. Torza cjiefl CTaHeT CHOBA MOK-
pBIM, JHIL KOTJA BOJA MNOAHHMETCS] M3 HUXKHHX CJIOeB H
3aN0JHHT YBEJIHYHBLUVECS IOPHL

JIo6oBITHO, YTO 3TO CBOHCTBO CHLIMYWYHX cpell 3HalH elle
ueauiickue (akupel. OIHH H3 TPIOKOB COCTOSI B TOM, 4TO B
COCYZl G Y3KHM TOpJIBIIKOM, HOBEPXY HANOJHEHHBIH pPHCOM,
MHOTOKPATHO BTbIKaIH JIHHHBIH ysKuii HOX. B Kakoil-1o
MOMEHT HOX 3acTpeBall B DHCE, U MOXHO Obl10, NOTAHYE HOX,
NOJHSTG COCyJl C PUCOM. $ICHO, YTO (POKYC COCTOSIT B TOM, 4TO
COCyZ MpH 3aloHEHHH PHCOM BCTPSIXMBANH, AOCTHrasi MJIOT-
HOH yNaKoBKH. BTeiKaHHe HOXa Hapyllano 3Ty YNakKOBKY
H yBenuuuBajo oOOBeM MPOCTPAHCTBA MEXKAY PHCHHKaMH.
Tak Kak o6beM cocyfla He MeHSJICs], TO BO3PacTa/lH CHIbl, C/laB-
JUBAIOIHE PHCHHKH, a C/IeIOBaTe/bHO, U TPeHHe MEXNy HHMH
H HOXOM. B KakoH-TO MOMEHT OHO OKashlBaJIOCh JOCTATOYHBIM,
uytoGBpl NOMEILATh BBHITAHYTH HOXK H3 pHCa.
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JanpHuit 1 GUIKHWE MOPSJIOK

AtoMbl, H3 KOTOPHIX COCTOSIT BCE Tena, KOHEYHO,
HeJb3sl CUMTaThb TBepbIMH Liapamu. M Tem He meHee mpocTeie
reoMeTpHYeCKHEe COOOPaXKeHH s IOMOraloT Pasobparbest B CTPOe-
HHM BelllecTBa. )

Briepsbie reoMeTpHUECKHH NOAXON HCHONMb30BaN elle B
1611 r. memenxuit yuenwli M. Kennep, Brickasapmmii npes-
IOJIOXKEHHE O CBSI3H HIECTHYTONBHOH (JOPMBI CHE}KHHOK C MJIOT-
pefiuMu ciocobamu ynakoBku Liapos. M. B. Jlomonocos pan
B 1760 r. nepBoe H30o0paXkeHue MJOTHefIIeH KyOHYecKoH Ila-
pOBOH YIaKOBKH M OOBSACHHI TaKuM oGpasoMm (opMy KpHCTasl-
JUUeCKHX MHOTOTPaHHUKOB. A ¢paHuysckuii atbar P. JK.
Taiou B 1783 r. samerus, uto MOGOH KpPUCTANLJ MOMKHO CO-

Puc. 6. Pucyukr 13 atnaca P. JK. Taron, n3naunoro B nauane XI1X Beka

CTAaBHThL M3 MHOMKECTBA NOBTOpeHHBIX yactell (puc. 6). [Ipasunb-
HYI0 TeOMeTpHuecKyIo (opMy KPHCTa/IOB OH OOBACHHI TeM,
YTO KPHUCTa/Mb! HOCTPOEHB! M3 OJHHAKOBBIX MaJeHbKHX «KHp-
nuuukos». Haxromen, B 1824 r. Hemeuxuit yuewtit A. 3uGep
OPeMJIOKI MOZENb KpHCTa/ia M3 PeryJsipHo pachnoJioxKeH-
HUIX MajieHbKHX cjep, B3auMOJEHCTBYIOIHX NOA00HO aTomam.
[l10oTHast ynakoBka Tak¥X cpep COOTBETCTBYET MHHHMYMY
OOTEHIHATbHOH SHEpPruy HX B3auMOACHCTBHS.

OnucanueM cTpyKType! KPHCTa/LJIOB 3aHUMAaeTCst cIelHa -
Had Hayka — kpuctanjorpapus. B Hallle Bpems mnepHoaH-
HeCKoe pacrnonoxenve aroMoB B KpHCTa/ljax — TBEPJO yCTa-
HOBJIHHBIH (haKT. D/eKTPOHHbIE MUKPOCKOILI 03BOJISIIOT Ham
HPOCTO YBUNETL 5TO CBOMMH Iviasamu., TeHIeHUHA K OJOTHOMH
YDAKOBKe HeCOMHEHHO wmMeercsi B aToMHoM Mupe. OKoio 35
KHMHUCCKHX  5/IEMENTOB KPUCTAILIM3YIOTCS TAKHM 00pasoM,
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yTO WX aTOMBI paclofiaraloTcsl B NpocTpaHcTBe NOJOOHO 1apa,
noKa3aHHBIM Ha puc. 3. IleHTps! atoMoB (a2 TouHee, aTOMHEI®
snpa) o0pasyloT B IPOCTPAHCTBE TaK Ha3blBaeMYI0 KpHCTas/IH-
yeCKYIO PEIIeTKY, KOTOpasi COCTOHT 3 NOBTOPSIOIMXCS yacTel.
[IpocTeiliiie pelijeTKH, KOTophle MOXKHO COCTaBHTh NMEepHOauue-
CKHM CHBUIOM B [TPOCTPaHCTBE TOJb-
KO ONHOTO aroMa, HasbIBalOTCA pe-
nieTkamu Dpase (no umerH QpaHiys-
ckoro mopckoro opuuepa O. Bpaee,
srepsole nocrpousiuero B XIX Beke
TEOPHIO NPOCTPAHCTBEHHBIX  pellle-
TOK).

Pemetok Dpase cyilectsyer He
TaKk MHoro — Bcero 14 pasHeixX TH-
110B. D10 CBSI3aHO C T€M, YTO JasieKo
He BCE 3/E€MEeHTb! CHMMETIPHM MOTYT
BCTPEUAaTbCs B IEPUOJHIECKHX pPeruer-
kax. Ome/npHel NPaBUIbHBIH NATH- Puc. 7. C nomouwsio npa-

BHJIbHBIX NATHYIOJIBHUKOB
YrOJBHUK MOXKHO, HAalPUMeD, HOBOPA-  penoamoKHO  SATIOMHHTD
ylIBaThb BOprF OCH, rIpOXO,ZxHLueﬁ ge- BCIO IJIOCKOCTh 0e3 npo-
pes LIeHTP, Y OH IIPH 3TOM 5 pas coBMe- CBETOB
cTuTcs caM ¢ cobodd. B takom ciyuae
TOBOPAT, UTO MMeeTcst och cuMMeTpuM 5-To mopsiika. Ho B
pemeTke Bpase Tako#l ocu ObiTe He MOXKeT. D10 03Hauano Obl,
yro HMeeTcsl IJIOCKOCTb, YCesiHHAas yaniamu, 00pasyrolumMu
NpaBu/ibHBIe NATHYTOMBHHKH. A LEMHKOM 3amoJiHuTh IIO0-
CKOCTh MPaBWIBHBIMU MSITHYTOJNBHHKAMH HEBO3MOXKHO (pHc.7)!

Hrak, 060 KpUCTall MOMXKHO COCTABHTD W3 NOBTOPSAIO-
WHxcs yacTedl. 310 cBOHCTBO KPHCTANJIOB Ha3hIBAIOT TpaHC/s-
LMOHHOH CcHUMMeTpHell (TpaHCAsnuA -— MepeHoc B NPocTpaH-
crBe). HMHaue ellle TOBOPAT, 4TO B KPHCTaLJaX HMeeTcs Jalib-
HHfl NMOPSNOK. 21O, NOXalyH, camoe XapaKTepHOe CBOHCTBO
KPUCTA/IIOB, KOTOPOE OT/IMMaeT MX OT BCEX NPYTHX Tes.

Ecth, OfHAKO, HEe MeHee BaXKHBIH KJace BelllecTB — aMopg-
Hble Teia, B KOTOPHIX Ja/JbHETO MOPsiika HeT. B amopdrom
COCTOSIHUM HaXONATCsl XKHUAKOCTH. Ho UM TBeproe TeJO MOMKET
6biTh amopdubiM. CaMbifi IpocToil NpHMep — 06BITHOE CTEKJO.
Ha puc. 8 nokasaHo cTpoeHHe cTek/la i KBapua, KOTOPBIH uMeeT
TOT 3Ke XUMHUYECKHH cOCTaB, 4To U cTekno. Keapuy — kpucran,
a CTeKJ0 — amopdHoe Tes0. XOTH JafbHETo NOpsAAKa B CTeK/Ie
SIBHO HeT, 9TO, OJHAKO, He O3HayaeT, 4TO B pacnoJOXKeHWH
aToMOB LapuT NoJHb Xaoc. Ornpeneiennas CTPYKTypa B
pacnoyioxkeHuH GnipKallux coceledl, KakK BHAHO U3 PHCYHKa,
COXpaHsieTcsi H B cTekne. ['OBOpAT, YTO B aMOPQHEIX Tenax
HMeeTess GIHXHME NOPSIOK.
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Anop(HBIE MaTepHabl Hallly B NOC/Ie/JHee BPeMs BaXHEE
ppUMeHenMs] B TeXHHKE. Y HHKaJIbHBIMU CBOHCTBaMH o6ajaron
aMOp(HBIE METalJIMYecKHe CIiaBbl (MeTannnqecque CTeKJsa).
Hx noay4aior, oueHb OBICTPO OXJNaXKAad MKUIKHH MEeTais —
€O CKOPOCTBIO MOpsiKa HECKONBKHX THICAY TPajiycoB B ce-
Kypy. [MHocTwub STOTO MOXKHO, HanpuMep, pasGpeisrusas

Prc. 8. Crpoenne xpapua (a) u crekna (6)

MEJIKHe KanJii MeTa1a Ha NIOBepXHOCTb GeICTpo Bpalalomerocs
XONofHOrO aMcKa. Kannsi «pasmaseiBaercsi» mo JUCKY OYeHb
TOHKHM CJioeM (TOMIMHOH B HECKOJBKO MHKPOMETPOB), H
XOpOUIMH TenN00TBOJ HO3BOJISIET METanNy OCTBITh CTOJb Obl-
€TPO, 49TO €ro aTtoMel NPOCTO HE YCHEBAIOT PAaCHONOMHTECS
npaBunbHEIM obpasoM. Okasanock, uro aMop(QHBle cnnasb!
00/1a/1210T OBBILIEHHOMN TBEPJOCTBIO, BLICOKOH KOPPO3HOHHOI
CTOHKOCTBIO, ONTHMAJBHEIM —COYETAHHEM INEeKTPHUYECKHUX U
MarHMTHBIX CBOHCTB. OB/nacTh NpHMeHeHWs! TaKHX Marepua-
J10B OHICTPO pacLikpsieTcsi.

VETepecHbIe OMBITH! N0 BbISICHEHHIO CTPYKTYPEI amopHBIX
Ten npojenan B 1959 r. anramiickuii yuensii [k, Bepuan.
Onnuakosrie [IapHKKH M3 0/acTHIHHA OblnH  GecnopsiouHo
C/IOXEHEl 1 cnpeccoBaHbl B CIVIOWHOH KoM. Korma mx notom
Pasobpany, okasanoch, uTo MHOTOrDaHHHKH, B KOTOPHIE NpeB-
PATHIHCE WapukH, o6aanaior NPEUMYIIECTBEHHO NATHYTOJb-
HBIMY rpaHsiMu. TaKue 3Ke ONBIThI IPONE/ILIBAMY H G KPYIJIBIMH
CBUHLOBbIME nynsmu. Eciu nyau fio cxartus VKJIaAbIBA/INCE
Haubosniee ynopsnouenno u IJI0THO, TO mocie pebopmanyu
06pasoBBIBafNCh HouTH TOYHBIE POMOOOJEKAs/Iphl, a eCaH uX
UIaCEIMaNu cayvaiiHo, nodyuanuchk HeNpaBuibHbLle YETHIpHA I~
THrpanuble Tena. Ipu stom BCTPeYanuCh YeTbIpexyrosbHble,
ISTHYYOABHBIE W WECTHYTO/IbHEIE TDaHH, HO npeobaanalin
OATHYTONBHEIe,
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B coBpeMEHHOH TEXHOJIOTHH JOBOJILHO 4acTo BO3HMKAET
HeoOGXOIMMOCTL IIJIOTHO YNAKOBBIBATH KOMIIOHEHTHI H3JeJus.
Ha puc. 9 nokasana Qotorpadus ceyeHHs CBEpXIpOBOASIIEro

Puc. 9. Qororpadusa ceueHns CBEpPX-
poBOAsSILEro KaGens — OAHOTO HS
NnocJeiJHUX JAOCTHKEHHN COBpPEMEH-
noii Texsojqoruu. OH COCTOMT H3
MHOXECTBA CBEPXNPOBOJAANIMX KHUJ,
PAcHOJOXKEHHBIX B MENHOH 0060104~
Ke. [lepBOHauabHO KB HMENH
MUANHAPHYECKYI0 dOpMy, HO mocje
o6XaTHs MNpeBpaTHJANCh B LIECTH-
rpasubie mpusmbl.  Yem nJotHee,
peryJisipHee YNaKOBaHbl MHJEL, TEM
6osiee MNPABUJBHBIE HIECTHYTOJBHH -
K# BMAHH B CEUEHMH. ITO — CBH-
JETeNbCTBO BBHICOKOI'O KauecTBa M3-
roropaeHus Kabens

Kabens, coCTOsLIero H3 MHOKECTBA CBEpXNPOBOUAIIMX KK,
33KJIOYEHHEIX B MeIHyIl0 o6onoury. [lepBoHayanbHO JKHJBL
pMeJIH [HJIHHAPHYECKYo GopMy, HO mocsie OGKaThA npespa-
TWINCh B ILECTHTpaHHEle Npu3MbL. YeM 1JOTHEe, perynsipHee
ynakoBaHbl XKHJBI, TeM Gonee g
PABHbHEIE INECTHYTONbHUKH
BUIHBl B CEYEHHH. DTO — CBH-
JIeTe/ILCTBO BBICOKOT'O KayecTBa
usrotoesienus Kabens. [pu Ha-
pYIIEHHH TNJIOTHOCTH YNaKOBKH
B CEYEHHH MOABJAIOTCA NATH-
YrONbHUKH.

Cuvmverpusi 5-ro nopsjika
OueHb pacmpocTpaHeHa B GHO-
noruueckux ofbpektax. Ha pue.
10 mpercrapsieHa SJIEKTPOHHO-
MHKpOCKOnuyeckasi — ¢ororpa- o :
(p¥isi KOJIOH HH BHPYCHBIX YaCTHIL. Puc. 10. Konouys BUPYCOB TaK-
He HpaBlIa JiH, HMeeTcs noJi- e obsajaerT CBOHCTBOM CHMMeT-

= pun (Qororpagus cienana ¢ no-
HOe CXOJICTBO G TEHTATOHANBHOR [’ onexTpOHOTO MHKPO-
yIaKOBKOH INapoB, MOKAa3aH- cKona)
Hoi1 Ha puo. 5? IlaneoHTonOrH
JaXKe HCTONB3YIOT HaluyHe ocel 5-ro mopsijka B HCKOTAEMBIX
ofbeKTax JUisl JOKasaTesbcrBa X 6GHOJOrHYECKOro (a He re-
OJIOrHUECKOro) MPOUCXOKJeHNs ... BuauTe, KaK JAJEKO YBeIH
Hac CJiefibl Ha TECKe.
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KAK YCTPAHSIOT 3AHOCHI

BapuXpeHH BeTPOM ropGarsle NIOHEL,
Bop B3rpoMO3JHJICH Ha BEICTYN OTKOCHBIH ..,

K. Baasbmornm. ¢JlIoHHBlE COCHED

Y4acTKH JKeNE3HBIX WJH LIOCCEHHBIX JOPOT,
npoxossiige B JOXOHHAX, 3aHOCATCA CHErOM, Ja)e €ClH HET
cueronana. [loyemy 1o npoucxonut? Ha nepsblil B3rasa orser
siCeH: cHer InepeHocHics BerpoM. OIHaKO YTOOBI JHETanbHO
pasobparbed B MeXaHH3ME
3TOro mpoiecea, norpefoBa-
JIOCh LE/710€ HCCJIENOBAHHE.,

B 1936 r. aurawmiicknil
¢usux baurosbz u3yyan ne-
pPEHOC 1eCKa BETPOM B aspo-
JuHamuyeckoll Tpy6e. Oka-
3aJ10Ch, 4YTO €CJH CKOPOCTD
BeTpa MeHbINE HeKOTOpoi
& CKOpPOCTH Ui, TO HeCOK He
{ neinkercs. [Ipu ckopocru
BeTpa Gonbluedl, ueM vy, HO
MeHbIleHt HEKOTOpO# Apyrou
CKOPOCTH U,;, HECOK TaKKe
MOJKET OCTaBaThcH B NOKOE.
Ho ecau npu stom B Henop-
BHXHYIOMACCY ecKa OTKY -
HUOY b NIaHa€ET NeCYHHKA, OT
€e yIapanoicKaKHBAET BBEPX
HECKOJILKO JIPYTHX [€CYH-
HOK. OTH NECYHHKH YBJIEKa-

Pre. 1 I0TCS1 BETPOM, NaJatoT, MPHBO-

IAT B IBIIKEHHE PYTHe Mec-
YHHKH, U B pesyJibTare NecoK NepeHocHTes 1o Berpy. [Ipu cko-
pocTu BeTpa Gosbliel, YeM Up, NECUHHKH MOJHHMAIOTCH BBEPYX,
06pa3ys necuaHo-BO3NYLIHEE MOTOK, LOBOJBHO SHAYHTENBHOI,
HO yMeHbINAolLelicsl KBepXy MNOTHOCTH. O TPAEKTOpHIX mec-
YYHOK IaeT mpepcTaBjeHHe puc. 1.

Tenepr MoxHO 0OBsicHHTB, NOYEMy CHET B BETPEHYIO [OIO-
Ly sailonHsier BEIeMKH. B mecte yriyf/eHyst NOTOK pacluipser-
csl (3TO cpasy craHOBHTCH BHAHO MO KAapTHLe JIMHHMH TOKA Ha
P¥C. 2), 1 No3TOMy CKOpOCTD €ro manaer. B pesysbrare pasHo-
BecHe mexJy ypjieKaeMBIMH BBEpPX M NaJAIOULUMH BHH3 YacTH-
LaMu vapywaercs: najaer 60Jble YaCTHI, 4eM NOAHUMAETCS,
H YIJyOnieHne NMocTeneHHO 3anosHsieTcs CHEroMm,
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AHasorpulisie Tpoileccs HPOUCXOAAT U B TOM cJiyyae, Korja
CHer, NepeHoCHMBbIH BETPOM, BCTPEYaeT Ha CBOeM NyTH KaKoe-
nudy/p NpensTCTBHe, HanpuMep Jiepeso. [lepen creosiom nepesa,
¢ TOH ero CcTOpoHbl, OTKYJa JAyeT Berep, BO3HHKaeT BOCXOAS-
uiee JBMKeHne Bo3nyxa. OHoO
{Ip MBOAHT K TOMY, YTO C Ha-
BETPEHHOH CTOPOHBE! CTBOJIA
1 ¢ OOKOB Ha NOBEPXHOCTH
cnera obpasyercsi riyGokas
puieMKa. llepen 5Toil BLIEM-
KOil ¥ HEMHOTO 1103a1H CTBO-
Ja, TJe CKOpocTh Berpa
MeHbINe, ofpasyercs, HaoGo-
pOT, BO3BBILIEHHE.

OnicanHoe sBJeHHE HC- Puc. 2

[101b3YIOT 151 32 UTE yyacT-
KOB JIOpOT, IPOXOJSILIX B JOXOHHAX, oT 3aHocd. Ha onpenenes-
HOM PACCTOSiHHH nepe/l BHIEMKOH HJIH JIOXKOHHOM ¢ TOil CTOpO-
HHl, OTKyJa HyeT Betep, YCTaHABJMBAIOT 3a60p M3 AOHIATBIX
IMMTOB. 3a LWUTaMH o0pa3yerca CHOKOHHAsA 30HA C pPaBHOMEp-
HbIM cJ1a0BIM BETPOM, B KOTOPOH MOJHOCTBIO OTJIaraercsi Bech
yBJEKaeMblll BETPOM CHET.

Taxk e obGbsScCHSETCS U JBHXKeEHHe necyaHBIX JioH. Berep
JocTaTo4uHoH CHJbl, Haberarollull Ha necyanyio JoHy, noAHHMa-
€T MecoX ¢ HapeTpeHnoil cTopoHsl. Ha nomserpetinoii cropone,
IJle CKOpOCTh BETpa Meilbllle, NeCcOK nanaet Buu3. B pesynbrare
c TeyeHHeM BPEMEHH IIOHBI MOCTENEHHO MepeMeliaiorcs B Ha-
[IpaBJeHHH BETPa — CKOUYIOT»,
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YACTDb 111

®HM3UKA KBAHTOBOI'O MHPA

B 570l uacTH KHHMIH MBl nOnpoSyeM pacckasatb O TOM, Ka-
Kie 3aKOHB YINPABJAIOT ABIXKEHHEM MeJbYyaHINHX YacTull Ma-
TepuM U B KAKHX HEOOBIYHBIX «CBEPXSIBJIEHHAX» OHH Henocpes-
CTBEHHO MPOSIBJSIOTCA NPH OYEHb HU3KHX Temneparypax. Pac-
cKa3ath 06 5TOM COBCEM HE NPOCTO, TAK KaK Cepbe3HHH pasro-
BOp Ha 3Ty TeMy MOKHO BECTH TOJIbKO Ha fI3EIKE MATEMATHKH.
VK 60NbHO HeOOGHIYEH, YIMBHTENEH JJiS HAac TOT KBAHTOBEIHA

g%m =

————
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COOTHOWEHWE HEONPEAEJNEHHOCTEN

Koop/imHaTa H HMITYJIbC NOAO0HE MHIYPKaM MYIKUHHBE H 3KEeHIH~
Hul B cTapHHHOM Oapomerpe. Ecam noasnsercs onHa dburypxa,
BTOpasi HCUE3AET.

B. Feiisenbepz

Hewmeunxnii ¢uzuk Bepuep Teiizenfepr OTKpbLI

B 1927 r. cooTHOIleHHe HeonpeneJeHHOCTel, KOTOPOE 3aKJII0-
yaeTCA B C/EJYIONIeM: eCsHd, HCCeNysi KaKOe-TO Tejo, HaM yaa-
€TCsl ONpPENeJHTh NPOEKLHUIO €r0 HMIYJbCA ¢ HEONpEe/eHHO-
cThio Ap., TOMBI HE CMOXKEM OJIHO- )
BpPEMEHHO ONpEeJieINTh  COOTBET-
CTBYIOLLYI0 KOOpIMHATY Tela ¢
TOYHOCTBIO Oonbulei, uyeM Axx
~Hh/Ap,, tiefi=1,054 -10-3¢ [k -¢
— nocrosHHas llnanka.

IMonayany 310 COOTHOIIEHHE
MOKET BHI3BATh UYBCTBO HENIOyMe-
nust. Bemb sakonsl HeloToHa, Ko-
TOpBIE H3YYalOT B IIKOJE, [03BO-
JISIIOT HAilTH 32KOH JBHMEHHS Te- Dyc. |. amepesme Koopad-
Jid, TO €CTb paCC‘{HTaTb 3dBHCH- HaTbl YaCTHIbI C TOYHOCTLIO
MOCTb KOODIMHAT OT BpeMeHH, Ax, onpejensiemMoli LIMPHHOH
3Has 3aKOH [BMXKEHHS, MOXHO LW&1H, HEPES KOTOPYIO HACTH-
@ LHa mnopoJieTaer, IPHBOAUT K
HalTH NPOEKIAH CKOPOCTH TeIA ¥  peonpeneneHuocTd  CoOTBET-
(poH3BOLHEIE OT KOOPAMHAT 0O  creymouleii NPOEKIHH HMIY b
BpPEMEHH) U NPOEKLHH €ro HMNYJib- ca uacTHlbl Ap
ca p=mv. Ilonyuaercs, 4T0 MOXK-
HO OJJHOBPEMEHHO OHpENesiTh KOOPIAMHATY M HMNYJbC, H HU-
KaKOr0 COOTHOILEHMsi HeonpeneseHHocTeldl uer. JleficTBurenn-
HO, B KJ1accHyecKoH (pH3HKe Bce NPOUCXOIUT HMEHHO TaK, a4 BOT
B MHKPOMHpe 1eno obcTont nHave (pue. 1).

Hmnyasc # xoopavHaTa

IlpenctaBum cefe, YTO HAM HAJO CJAEAMTH 32
JBIXKeHHeM 3JekTtpoHa. Kak ato cpenats? I'nas — uncrpyment
I 3THX Lenedl Henoaxopsamui. Ero paspemwaromeii cnocot-
HOCTH HEJIOCTaTOYHO, 4TOOH pasrasjerb sjektpod. Hy uro x,
MOCMOTPHM Ha 3JIEKTPOH B MHKpOcKon. Pazpemaromas crnocob-
HOCTb MHKPOCKOHA Onpefe/siercs AJHHOH BOJIHEL CBeTa, B KO-
TOpoM BefieTcs HabmopeHue. Jnsi o6BIYHOrO BHIHMOLO CBETA
3ra pesinyuHa nopsinka 100 uM (1077 M), ¥ yacTHIB MeHbIIUX
pPasmepoB B MHKPOCKOIN He PasTisiuiib, ATOMbI HMEIOT pasMe-
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pel mopsiaka 1071° M, TaK YTO HAJeATHCH PASIMYHTDL HX, & TeM
6oJlee OTAENbHEIE SJEKTPOHLI, He IPHXOIHTCS.

Ho nasaiitTe nofanrasupyem.

T1peanooxnM, Yto HaM ynanoch CKOHCTPYHPOBaTb MHKpO-
CKOII, MCHOAB3YIOLLHI He BHAUMEIA CBET, a 3JeKTPOMarHHTHEIE
BOJIHBI € MeHbILIel ITHHOH BOJHEL HANPHMEDP, PEHTIEHOBCKOE HIH
paxe y-usnyuernue. Hem Gonee xecTKoe y-H3nyyeHne Mpl OyaeMm
npUMeHsiTb, TO €CTh YeM KOpO4Ye COOTBETCTBYIOULAS JJ/IMHA BOJ-
Hbl, TeM MeHbllHe O0BEKTH MOXKHO Habmionath. Kasasoch 6,
TaKOH BOOOpakaeMbil y-MHKPOCKON Obl/ OFl HieabHBIM HHCTPY-
mettoM. C ero noMombI0 MOKHO 6bLI0 Obl H3MEPUTL KOOPIHHA-
Ty 3MEKTPOHA CKOJIb YIOAHo TouHo. [Ipy yem xe TyT cooTHolle-
HHe HeonpefleNeHHoCTeH?

Brymaemcsi riy:Ke B 3TOT MBIC/IEHHBIH 3Kcnepument. Jos
TOPG Y700l MBI TOJYYHIH HH(QOPMALHIO O NOJOKEHHH 3JIEKTPO-
Ha, OT HEro JIOJKEH OTPa3HThes XOTS Obr OJIHH Y-KBaHT — HOCH-
TeJ1b MHHUMABLHON NopLHH SHepruu fio *). UeM MenbIne A1uHa
BOJIHLIL, TeM OoJsbile MNOPLHS 3HEpPrHH, KOTOpoil obnamaer
KBalT. A UMINyJIbC KBAHTA NPOIOPIHoHANEH ero sHepruu. Craj-
KHBasiCb C 3JIEKTPOHOM, Y-KBaHT 00si3aTeJBEHO IIE€PENZET €My
4acTh CBOEro UMIyJbcd. TakuMm o0pa3oM, H3Mepsisi KOOpHAHHA-
Ty, MBI BCETl2a BHOCUM HEONPeJe/eHHOCTL B HMIYJILC 3JEKTPO-
Ha, 4 YeM TOYHee MBI XOTHM IPOBECTH H3MepeHue, TeM Gonbiied
Gyner HeonpeneneHHocTb. lonpoGHelll ananus3 storo mpouecca
[I0KA3LIBAET, YTO HPOM3BEJleHHe HEeonpene/IeHHOCTell Henbss
cliesiaTh MEHBINNM, 4eM nocrosiHHas [lnanka.

Mosxet co3/1aTeCs! BIeYATIEHHE, YTO MBIl PACCMOTPENH TOJb-
KO YaCTHBIH cayyail, NpHIyMas «IJoXoily npubop AJas HaMepe-
HHSi KOOPJIHHATEI ¥ MOXKHO [POBECTH H3MEpEHHsi Iopasjio TOHb-
11e, He «TOJIKAsi» 3JIEKTPOH, He U3Melsis ero cocrosuus. Ho yBer,
3TC He TaK.

Jlyumue ymul (cpeis HEX K A. Jiinmrefi) nelTaauch Npu-
AyMath Tako# [pHOOp, KOTOPBIN cMOr Obl H3MEPHUTb KOOpAH-
HaTy Tejla H €ro UMNYJbC OJHOBPEMEHHO, € TOYHOCTBHIO GOJb-
11el, YeM NO3BOJISieT COOTHOLIEHNE HeonpeaenenHocTe. Ho nu-
KOMy He yhajoch 310 cfenats. Chenath 3TO MpPOCTO HeJb3s.
TakoB 3akon rpupoLL

Bce 310 MozkeT MOKa3aThesi HECKOBLKO TYMaHHBIM, M TPYIHO
cpasy MoCTPOUTEL KaKYIO-TO YETKYIO MEICJEHHYIO Mojenb. Hac-
TOsillee IOHHMaHUE MPHUXOJAUT TOJILKO B PE3yJbTaTe Cephe3HOro
H3y4eHHs! KBAHTOBOH MeXaHMKH. J1Jif nepBOro 3HaKOMCTBA 3TO-
ro JOCTaTOYHO.

*) DHeprus KBaHTa E=h=Fko, roe o=2mv — yryaosas 4acTora.
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U100k OHSTh, TJie JIXKHT FPAHHIIA MKy MAKPO- ¥ MEKPO-
MHPOM, ClelaeM HeOoJbIIyIo oueHky. Hanpuvep, B onbitax no
GPOYHOBCKOMY JBHIKEHHIO HCHOJb3YIOTCS] O4YeHb MaJsieHbKHe
yaCTHYKH — pasMepoM OKO0JIO 1 MKM M Macco#i Bcero 10-° r,
Ho Bce-TaKH 3TO KYCOYKH BellECTBA, COIEPKalilHe OrPOMHOe KO-
JIHIECTBO aTOMOB. HI3 cOOTHOILIEHUSs! HeonpeneaeHHOCTel B 3ToM
cilyyae HMeeM Av, Ax~Film~10"% cv2/c. Ecan, CKa¥keM, or-
pezieNlsTh NOJIOKEHHe YacTHYKH ¢ TOYHOCTBIO JIO OJIHOI COTOH ee
pasmepa (Ax~10"%cm), T0 Av,~10711 cM/c. Tlonyuunace ouers
MaseHbKasi BeJIHYHHa, W NPHYHHA 3TOr0 — Majioe 3HAYeHHEe
nocrosinHofl I'lnanka.

Ckopoctb GPOYHOBCKOTO JBHXKEHHSl TAKOH YaCTHYKH MNpPH-
mepHo pasHa 1074 em/c. Kak BHmHO, HOrpENIHOCTL B CKOPOCTH,
CBSi3aHHAs C COOTHOIIEHHEM HeonpefeleHHocTeH, npeHefpexy-
MO Masa (ofHa JecATHMH/JIMOHHASA Jlonisl) Jake y Takoro He-
GoJibinoro tesia. Tem Gosee OHA He Wrpaer POJIH AJs GONBLUKX
Te/1 (Belb B MPABOil YacTH COOTHOIIEHHS CTOHT himl). A sor
ecsid Mbl GyJIeM YMEHbILATh MacCy YacTHUB! (BO3bMEM, HallpH-
Mep, 3J€KTPOH) H yBeJHUHBATL TOYHOCTb ONPENEJEeHHS KOOpIH-
Hatht (Ax~107% cM — aTOMHBIE Pa3MEPEHI), TO HEONpeieeH-
HOCTb B CKOPOCTH CTAHOBHTCH CPaBHHMOI C CaMOil CKOPOCTBIO
yactuusl. [Ipy onycanuy 37€eKTPOHOB B aTOME COOTHOIIEHHE He-
onpene/eHHoOcTeH y2Ke paboTaet B OJIHOH Mepe, ¢ HHM HE CYUTaThb-
csi Heab3s. M 370 NPHBONHT K YAMBHTENLHBIM CJECTBHSM.

Boaubl BEpOATHOCTH

B npocreiimeii Mofiesn atoMa — Mofienn Pesep-
(dopza — 3NeKTPOHB! Kpy:Karcsi no opburam BOKPYT A1pa 1o-
10600 TOMY, Kak nsaHersl mBiKyrtcss BOKpyr Cosnuna. Ho
3/1eKTPOHbI — 3aDPSKEHHbIE YACTHLE,, M [P HX BpanIEHHH
0653aTeNbHO CO3JAI0TCH NepeMeHHble 3JEKTPHYEeCKHe W Mar-
HHUTHLIE 110J1 — BO3HHKaeT M3Jjiy4eHue, NpHBOMsILIEE K MoTepe
sHepriu. BoT nouemy B NJIdHETAPHOI MOJIE/IH 3JIEKTPOHBI XKJET
Hesapuauas cynbba — OHH 00si3aresbHO ynaiyT Ha siipa, H
aTtom paspymnures. Ho Belib cTabu/IbHOCTD aTOMOB — 3TO TBep-
JIO YCTAHOBJISHHBIH 3KCHEPHMEHTABHEIN (DaKT.

Hyxuo 6bw0 «<nopnpasuth» Mofesb Pesepdopia, u crenan
sto Hunbe Bop B 1913 r. Snektponam B monenu Bopa paspe-
HIAeTCA BpAllaThCs TOJAbKO MO OMNpENe/eHHHIM Opbutam, rue
OHM OGJIafialoT CTPOro 3aJaHHLIMM 3Heprusmu. Mamensars sty
3HEPrHI0 3JeKTPOHBI MOTYT TOJIBKO CKauKOM, M3Jlyyasi H NOrJo-
mlas KBAHTHl IPH nepeXofie ¢ OfHOH opGHTH Ha Apyrywo. Takoe
«KBAHTOBOE» IOBEJIEHHE SJEKTPOHOB B aTOME MO3BOJsET 00bsC-
HHTb MHOTO€ — B 4aCTHOCTH, YCTOHYHBOCTb &TOMa M ATOMHBIE
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CeKTPEL. DTy MONeJb TOpOil M ceifuac HCIOJIL3YIOT s Y-
polleHHOro OOBsICHEHHs KBAHTOBBIX SBJIEHHH. Ho oHa npors-
BOPEUHMT COOTHOIIEHHIO HeonpefleseHHocteil! Benp npu mpike-
HHE JaXKe [0 KBAHTOBOH opOHTE HMNYJbC H KOOPIHHATA MOLYT
GhITh Onpe/eseHbl OJHOBPEMEHHO, a B MMKPOMHPE, KaK MBI Te-
nepb 3HaeM, TaKOro ObITb HE MOXKET.

[puiioch HCNPABUTL H 3TY, KaK €e HA3bIBAKOT, KBA3HKJac-
cHYecKy1o Moziesb atoMa. elicTBuresibHaAS KAPTHHA, ONKCHIBAIO-
a5 [OBEJEHHE 3JeKTPOHa B aTOME, OKa3ajach elle Gojee
CJIOXKHOH.

IpencraebTe cebe, yTO HaM yHaJoOCh ONPENEJIUTL MOJIOXKE-
HHe 3JIeKTPOHA B aToMe B KaKOH-To MOMeHT BpeMeHH. CMoxeM
JIF MBI TOYHO CKa3aTb, [Je OH OyJleT B CJENYIOUIHil MOMeHT (fJis
ONpeJieNIeHHOCTH, CKaXKeM, 4epes oty ceKynay)? Her, namepe-
HHE KOOPJHHATEL, KaK MBI 3HaeM; BCETIA BHOCHT HEONpeNeseH-
HOCTb B HMIYJIbC 3JIEKTPOHA, H, NOJb3YACH JaXKe CaMBIMK JIYy-
IIMMH yCTPOHCTBaMH, HeNb3sl TOYHO NpeACKasarb, Kyfa Momna-
JIET 3NIEKTPOH. UTO K€ HaM OCTAETCS B TAKOM CJy4Yae JeNath?

JlaBaiiTe oTMETHM TOYKOH TO MECTO B IIPOCTPAHCTBE, IJIE€ MBI
O0HapYXuJAH 3JEKTPOH. Pe3ysnbTar elie OJHOrO H3MepeHHs
KOOPJHHAT 3JIEKTPOHA B TOYHO TAKOM JK€ aTOMe CHOBa H3o0pa-
3UM TOYKOH B mpoctpaHctee. Elie H3MepeHHE — OnsiTh TOYKA
v 7. 1. Oxka3plBaeTcs, 410, XOTS H HeJb3fl CKa3aTh 3apaHee, Iie
ToYyHO GYIET HAXOJAWTLCA CJeIyIoliasi TOYKa, B XapakTepe pac-
[IOJIO}KEHHSI TOYEK B MPOCTPAHCTBE MMEETCS OnpenesenHas
3aKOHOMEpHOCTb. B HEKOTOpEIX 06JacTAX TOYKH pacroJiara-
oTCSH TYIle, B APYTHMX — peiKe, YKa3blBas HA TO, IJE ¢ GoJib-
wied, a e ¢ MeHbllell BEpOSiTHOCTbIO MOYKET BCTPETHTbCS 3JIEK~
TPOH.

Ham npHimiock 0TKa3aThCA OT TOYHOTO ONHCAHHSA JIBHIKEHHS
37€KTPOHA, HO MEl B COCTOSIHMH MNPEJICKAaSLIBATL INAHCH OGHa-
PYKHTb €ro B pasjHYHBIX TOYKaX npoctpaHcTea. Iloeenenue
3MIEKTPOHA B MHKpOMHpE ONHCHIBaeTcsl BeposiTHocTHO! Takas
KapTHHA NOBEJEHHS] YaCTHL B MHKPOMHDE UHTaTeNI0 MOXKeT
HE NOHPABHTLCH — VK GOJMBHO OHa HENpPHBLIYHA, YK GONLHO
NPOTHBOPEYUT Halllel WHTYHLMH, HaueMmy onbity. Ho Huyero
He nojieNiaelb — TaK yCTpOeHa npupona. B mMukpomupe neiict-
BYIOT COBCEM JIpyr'He 3aKOHBI, HEMKEJH T€, K KOTOPEIM MEI NpH-
BEIKJIH B 0ObyHOH Ku3HH. 1o 06paznoMy BeipaxkeHHI0 A. DitH-
HITefiHa, MPUXONUTCA «UTPATh B KOCTH» LJSi TOrO, YTOOHI Mpej-
CKa3blBaTh [OBEJIEHHE 3JeKTpoHOB. Be3 3rtoro, yBhH, oboil-
THCh Hesb3s *),

*) Caenyer ormeTruth, uto caMm A. Dlnwmreiis B Heo6XOAHMOCTH

TaKOH «Hrpoi» He Bepusi. J[0 KOHLIA CBOEil JKH3HK OH TaK M HE NPHHAI
KBaHTOBYIO TEOPHIO.
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Hrak, B MHKPOMHPE COCTOSIHHE 3JIEKTPOHA OHPENEe/ISeTcs
8aJlaHHEM BEDOSTHOCTH €ro OOHApYXKeHHs B pa3HbIX TOYKaXx
npoctpaHcTBa. B namlefi HarsifnHOi MOJIe/1M MepOil BepOSTHOCTH
6y[€eT NJOTHOCTb METOK, ¥ MOXKHO NpEICTaBUTL cebe, YTO 3TH
MEeTEH 00pasyloT HeKoTopoe nojobue ofnaka, onpenesioilero
o6pa3 HM3HH 3JEKTPOHA.

Kak ycTpoenbl obJiaka BeposiTHOCTH? AHAJIOTHYHO TOMY,
KaK B KJIACCHUECKOH MEXaHHKE 3aKOHBI HbIOTOHA Onpenensior
JIBHJKEHHE TeJl, B KBAHTOBOH MEXaHHKE HUMEEICsl CBOE ypaBHe-
HUE, H3 KOTOPOrO MOXXHO HaiTH «pasMasKy» 3JIEKTPOHA B Mpo-
crpaHctBe. Takoe ypasHeHue npunyman B 1925 r. aBerpuiickuit
¢usuk SpeuH llpenunrep (3amerbre, 5TO CAYYHJIOCH PAHBLLE,
uyeM OBLIO OTKPBITO COOTHOLIEHHE HEeOnpefeeHHOCTe!, T0 eCTh
paHbllie, 4eM NPOsiCHUJIACh NIPHYHHA PASMA3KH MHKPOYACT HLl,—
Takoe B (u3nKe ObBaer). Ypaewenne IllpenuHrepa xosu-
yeCTBEHHO, TOYHO H NOIPOGHO OMHUCHIBAET AaTOMHEBIE fBJAeHHA. Ho
pacckazarb 06 3ToM 6e3 CJAOKHON MaTeMaTHKH Hesbssd. Mp
NPUBEJIEM 3JIECh MPOCTO OTBETH! — IOKAXKEM TOUHEIE MOPTPETHL
pasMasKkHi 3JIEKTPOHA B HEKOTOPHIX CIyYasiX.

Puc. 2. Takas kapTHHa BO3HHKAET B ONBITE NO JM(DPAKIHH SJEKTPOHOB;
1 — snekrposnas mywKa; 2 — npenstcTeue; 3 — o6nacTe Tenw; 4 —
(ayopecuenTHbIll 9Kpan

Ha pue. 2 nokazaHa cxeMa ONBITA 0O NHPPAKIHH 31€KTPO-
HOB M (oTorpacusi cHCTEMBI NOJIOG, BOSHHKAIOILEH Ha 3KpaHe.
KaptuHa coBepiieHHO aHANOTHYHA TOH, KOTOpPAS BO3HHKAET
npyu AudpakuuH cBera. Ecau cuntarh, 4T0 371€KTPOHE! JBHAKYTCA
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110 DpSMOJIHHEHHBIM TPAEKTOPHAM, KaK HM MOJOXKEHO B JNaH-
HOM cayuae MO 3aKOHaM KJaCCHYECKOH (pH2HKH, 0OBSCHHTD
570T ONBIT HEJb3si. A BOT €C/IH OHH PasMasaHEl B IPOCTPAHCTBE,

Pue. 3. d10, KOHEUHO, HE (QOTOrPAGHH PEANbHBIX SJE€KTPOHOB, a PE3YJib-
TaThl PAcyeToB, NOKA3BIBAIOMHX, KAK «Pa3Masanbly SJEKTPOHLI B ATOME.
CHMMETpHSA 5THX KapTHHOK BO MHOI'OM OMNpeJesisieT CHMMETPHIO MOJIEKY]
H KpHCTa/yioB. MOXKHO Jame CKasaTh, 4TO 3JeCh HaXOAHTCA KIIOU K
NOHEMAHHIO KPacoThl YHOPAAOUEHHBIX (POPM KMBOH NPHPOAH

TO pe3yJibTaT OfbITa MOXXHO MOHATL. Dosee Toro, U3 onkerra cie-
nyer, 410 O0JAKO BEpOsiTHOCTH 06sajnaer BOJHOBLIMH CBOMH-
creaMi. C BOJIHAMH BEPOSITHOCTH MBI BCTpeyaeMcsl M B OOBIYHOM
JKHSHHM — HanpHMep, BOJIHBI SMHJEMHH, POXIAEMOCTH, Hpec-
TYNHOCTH M T. B. B ToM Mecre, rje amnauTyna BOJIHEI MAKCH-
MalbHa,— HauOONBINAS BEPOSATHOCTH YeMy-10 INPOH3OCHTH.
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B mamieM ciiyuae B 3THX MecTaX ¢ HauboJbliell BepOsSITHOCTBIO
MOXKHO OOHADYXKHTb 3JIEKTPOH, H TaKHe obJacTH Ha (oTorpa-
¢uu nonyyarorcst 60/iee CBETIBIMH.

Ha puc. 3 npeicrabnena pasMaska S/EKTPOHA B pasniug-
HEIX COCTOSIHHSIX aToMa BOJOpPOJa, Hal/IeHHAsl Ha OCHOBE TOY-
HBIX MATEMATHYECKHX PacyeToB. ITC aHATOr KBAHTOBEIX OpPOHT,
0 KOTOPLbIM JIBIKETCS! JIEKTPOH B MojieH atoMa bopa. Uem
cBetyiee 00/71acTh, T€M BEPOSITHEE BCTPETHTH B HEH 3JEKTPOH.
PuCYyHKH HAaNOMHHAIOT KAPTHHE! CTOSYBX BOJIH, BO3HHKAIONIHX,
KOrJla BOJIHOBOH IIpoLece NPOHCXOAMT B OrpaHHYEHHOH obJacTu
npoctpaHcTBa. KakHe yAuBHTEJbHHE (OPMBI MOT'YT MPHHH-
Matb obnaka BeposiTHocTH! M 3TH KpacuBhle aGeTpakTHbBE Kap-
THHKH JIEHCTBUTENBHO ONpEAe/]sioT NOBEJEHHE 3/EKTPOHOB B
atome H OOBSICHSIIOT, HANpHMEp, YPOBHH 3HEPrHH H Bce, 4TO
Kacaercsl XHMHYECKOH CBSI3H.

He BaBasicb B J€TanH YCTPOHCTBa OOJIAKOB BEPOSITHOCTH,
MOXKHO ¢ [OMOILIbIO COOTHOLLEHHUS! HeONpeeNeHHOCTEH OLEHHTh
UX XapakTepHbli pasmep. Ecin 00JaKO BepOSITHOCTH HMeEET
pasmep mopsiika Ax, ToO GeCCMBICTIEHHO FOBOPUTH O GOJIbILEH,
ueM Ax HeolpeleJeHHOCTH B KooplAuHaTe YacThibl, Crnefosa-
TENbHO, HEOINPELeJIeHHOCTh HMIYJibCa YacTHUB! Ap, He MOXKeT
6bITh MeHbluei, uem fi/Ax. Tlo NOPSIIKY BEJIWUHHBI 3TO K€ Bhl-
paxeHHe onpefe/sieT ¥ MHHHMaJbHOE 3HAYEHHE MMMYJbca
YacTHUB.

UeM MeHblLe pasmep o0JiaKa BEPOSITHOCTH, TeM OOJbLIHM
CTaHOBUTCS HMIYJBC, H, CJEAOBATE]bHO, TeM ObICTpee JBHIKET-
Cs yacTHLa BHYTPH ofnacTH Jokanusauud. OkasbiBaercsi, yto
yKe 3THX OOIUX pacCyxAEHHH AOCTATOYHO, YTOOB! MpaBHIILHO
OLIEHHUTbL pasMep aroma.

DJIEKTPOH B aToMe 00J/1aJlaeT KHHETHUECKOH U NOTEHIMANBHO#
sHeprusiMH. KHHeTHuecKas 3HePrusl sJeKTPOHa — 9T0 SHEpP-
rusi ero apmkeHusi. OHa cBsi3aHa ¢ MMIYJIbCOM MO H3BECTHOH
Qopmyaie E =mv*/2=p?/2m. TloTeBnnanbHas SHEPIrus sJ€KT-
POHa — 3TO SHEPrHsl KYJOHOBCKONO B3aUMOAEGHCTBHS C SIADPOM.

62
s Hee Takke umeetcs popmyna: E, =—*k — , TJIE 3HaK «MH-

HYC» COOTBETCTBYET NPUTSXKEHHIO, € — 3apsJl 3NeKTPOHa, f —
paccTosiHHE OT 3JEKTPOHa [0 sinpa, k — kos(oduuueHst, 3apu-
camuil or BeIOopa €NHHRL H3MEPEHHs.

B KaX/[0OM COCTOSIHHH Y 3JIEKTPOHA HMEETCSi Onpefie/ieHHOe
3uaueHHe noJinoii sHeprun E. CocTosinke ¢ MUHEMAJIBLHOH SHEp-
rHefl HasbiBaeTcsi OCHOBHBIM (HEBO3GYK/[EHHLIM) COCTOSIHHEM.
OueBuM pasvep atoMa B OCHOBHOM COCTOSIHHH.

[TycTe 3JIEKTPOH pasMas’al B HEKOTOPOH 00/acTH pasMepoM
ro. TlputsiKeHHe 3JIEKTPOHA K SI/IPY CTPEMHTCH YMEHBIIHTD
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fo, «CXJONHYTE» OOMAKO BEPOSITHOCTH. STOMYy COOTBETCTBYET
yﬁeﬂbmeﬂue [OTEBIUATILHON SHEPTHH 3JIEKTPOHA, KOTOpasl 1o

eZ
NopsiIKY BETHYHHB paBHA _kﬁ (npu yMEeHBLIEHHH fo pac-

TeT MOJyJIb OTPHLATEbHOH BelHyHHbl). Eciiu Obl 3neKTpOH He
obJiafa] KHHETHUECKOH SHepruei, To ol ynan 0wl Ha sapo. Ho,
Kak BBl yXKe 3HaeTe, KHHETHUeCKasi SHePTHs Y JIOKaNH30BaHHOH
yacTHIIL! BCErfid HMEETCS BCJIENCTBHE COOTHOLIEHHS Heompeje-
nennocreli. OHO H «MellaeT» 3JEKTPOHY ynacte Ha siapol [lpu
yMeHBIIEHHH ry YBEITHUHBAECTCS MUHHMAJIBHBIA HMIYJIbC YACTH-
bl po~Niry, @ clefoBaTeNbRO, PACTET KHHETHYECKAs] SHEPTHS
E~Hh2/2mr3. V3 ycliopHsi paBeHCTBa HYJIO NPOH3BOAHOH OT
NOJIHOH SHEPrHH YacTHUBI NOJyYyaeM, YTO €e MHHHUMYMY COOT-
BETCTBYeT 3HayeHHe i

2

o ~ ~———
g kme2 ?

KOTOpOE ONpefesisier XapakTepHBEl pasMep O0NacTH JiOKa-
JM34LHH 3JIEKTPOHA B OCHOBHOM COCTOSIHHH, TO €CTh pasMmep
atoma. Bemuuuna ro (ro~%2/kme?) paBsa 0,05 HM, a Mbl
3HA€M, YTO TAKOBHl MO MOPSIAKY BEJHYHHBl pasMephl ATOMOB
B JEHCTBHTEJIbHOCTH. $ICHO, YTO COOTHOIIEHHE HeompesieseH-
HOCTEH, TO3BOJISIIOILEE NPABHIBLHO ONEHHTh Pa3MEP ATOMOB,—
OJIHH H3 CAMBIX TJIYOOKHX 3aKOHOB MHKDOMHpA.

JLisl CJIOXKHBEIX aTOMOB CYMHIECTBYET Ompefe/eHHas 3aKOHO-
MEPHOCTb, TAKMKE HEMOCPEACTBEHHO BHITEKAIOHIAS] H3 COOTHOIIIE-
HHS HeompeneneHHocTelH. DKcnepHMEHTaNlbHO JOBOJLHO TOYHO
onpenessiercsi pafoTa, KOTOPYIO HALO COBEPUINTb, YTOOHI BHIp-
BaTh 3JEKTPOH H3 aroMa (OHa paBHA SHEPrHH HOHU3aUUH E,).
Tak BOT, MU caMbIX PasHBIX aToMOB npousseietne V E, Ha
pasmep atoma d ¢ TouHocThio a0 10—20 % omunakoBo. YUwra-
TeJb, HABEPHOE, IOrafafcs, B YeM TYT AEN0: HMOYJIBG SJEKTPO-

Ha p~ )/ 2mE,, a NOCTOSIHCTBO NpOH3BeeHHS pd ClEyeT M3
COOTHOLIEHHSI HeOoNpeze/eHHOCTeH,

Hyaeble koneGanus

Becbma Breuarssiroliue pe3yJIbTaThl NOJYHAIOTCS
IPH HCCJIEJOBAHUH G IIOMOIIBIO COOTHOLIEHHS! HeompeneaeHHo-
crefi Konebanufi aTOMOB B TBEPAHIX TenaxX. ATOMBI (HJIH HOHbI)
coBeplualT KoyebaHusi B y3jaX KPHCTANJIHYECKOH PEIIeTKH.
O6biyHO TaKHe KoneOaHHsi CBSI3aHbl C TENJIOBLIM JBHXKEHHEM
aToMOB — Y€EM BBIIlIE TeMneparypa, TeM CHIIbHee KosebaHus.
A uyto OyAeT, €CJH TeMmneparypy noHusuTh? C KJacCHUECKOH
TOYKH 3peHHs] aMIIHTyJna KoJieGanuid GyjgerT ymeHbLIATbCS, H
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npH aGCOMOTHOM HYJI€ aTOMbI BOBCe OcTaHoBsiTes. Ho BosMok-
HO JIH 3TO C TOYKH 3PEHHS] KBAHTOBBIX 34KOHOB?

YMeHblleHHEe AMILIUTYAL KOneGaHull Ha KBAHTOBOM SI3bIKe
OSHAUAET YMEHbIIEHHe pa3mepa o6naka BepPOSITHOCTH (0BiacTs
JIOKaJIU3anHHi !{aCTHleI). A 3a 3710, Kak MbI y¥Xe 3HaeM, npuxo-
AHICSA, B CHIy COOTHOLIEHMSI HeonpejeneHHOCTeH, pacmiayu-
BATLCS YBEJIHYCHHEM HMIYJIbCA YACTHIB! — MOMNBITKA OCTAHO-
BHTb MHKDOYACTHLYY He NPHBOAMT K ycnexy. OkaspiBaetcsi, yro
J2xe npu abCOJIOTHOM HYJIe TEMIEPATYP aTOMBI B TBEPJIOM TeJie
CoBepIIaloT Konebanust. FX HasbBaOT HyneBbivMu KoseBaHusIMy,
H IPOSBJISIIOTCS OHH B 11€JIOM Psifie KPACHBBIX (PH3HUECKUX -
(DEKTOB.

TTonpo6yem npexse Beero ouennts SHEPTHIO HYJIEBHIX KOJe-
Ganuii. B KosebarepHOl cHcTeMe OPH OTKJOHEHHH Tesla Ha
Manyo BeJIHYHHY X OT NOJIOKEHHS] PABHOBECHS HA HEro IEeHCTBY-
€T BO3Bpallarowas cuila F=-—kx (B ciyyae npyXumnl £ — ee
ZKECTKOCTD; y aToMa B TBEPJIOM Telle BeMUKHa k onpefesnsiercs
CHIIAMH MEKaTOMHOro B3auMoOfielicTBus1). COOTBETCTBEHHO y
TeJIa MOSAB/ISAETCS NOTeHUHANbHAS SHEpTHs

i kx?  me2x?

B0

rae o=} kjm — vactora xoneGanui.
Orcrona crenyer, uto amminTyna koneGans Xmax CBfI3aHa
C 3anacoM sHepruu Tena E ¢opmynod

E— MmO max | N 2E
=% i Fmax= TaE

Ho amniutypa KoneGamuii Ha KBaHTOBOM sI3bIKE KaK pas
OnpeZe/IsieT XapakTepHbl pasMep OGNACTH JIOKANH3AWHH yac-
THLBI, KOTOPLIH B CHJIY COOTHOLLEHHS! HeonpefeaeHHOCTeR CBsI-
ai € MHHHMAJIbHBIM HMOYJIbCOM YacThupl. Ilonyuaercs, ¢ og-
HOH CTODOHBI, YeM MeHblle 3HEPTHS KoJIe6anul, TeM MmeHblie
J0JDKHa OLITh aMIUIMTYJAE; ¢ IPYTOH CTODPOHBI, yMeHblueHHe
aMIJIMTY /bl IPHBOJMT K YBEJIHUEHHIO HMIYJIbCA, a CeI0BATE, b-
HO, M SHEPIHM YacTHLb. MuHHMaNbHAS SHeprus, KOTOpOH Mo-
2KeT 00s1afiaTh YacTHLa, ONPENEJISeTcsl U3 OleHKH

o h2 2 ot

~ —_— —_— s —— .

U 2m = mx(z) m Eo

CpaBuuBasi spech mepBoe u mocsenHee BBIpAXKEHHS!, HAXOJAUM
Ey~F®. Tounslii pacuer faeT BIBOE MeHbilee 3HayeHue. dHep-
THS HyneBbIX KoOJeGaHmii paBHa ho/2. OHa MaKcHManbHA y
JIETKHX aTOMOB, KOTOpBIe KONEOGMIOTCS ¢ Gosbluell uacTOTOM.
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[osany#, camoe ipkoe NposIB/IEHHE HyJIEBBIX KoneGaHuli —
570 CyIECTBOBAHHE XKHAKOCTH, KoTopasl BooBule He 3aMep3aer,
Jiayke NpU abCOMOTHOM HYJIE Teveparyp. slcHo, yTO XHAKOCTH
He 3aMep3aeT, ecl¥ KHHETHUECKOH SHepruu KoJe0aHHH aTOMOB
JIOCTATOYHO /Il TOrO, uyTofbl Pa3pyLIHTL KPHCTAJNIHYECKYIO
pererKy. [1pi 5T0M COBEPLICHHO HEBAXKHO NPOKCXOXK/IEHHEe KH-

HEeTHYECKOH >SHepruM — CBsl-
3aHa JH OHa C TeIJIOBbIM
JIBIJKEHHEM ATOMOB WJIH C
HYJIEBHIMH KBAHTOBBIMH KO-
nebanusimit. Hanbonee Bepo-
SATHHle KaHgHiaTthl B Hesa-
Mep3alOHiHe XK HAKOCTH — BO-
JIOpON U reJmii. B sTux ner-
yafiluX BEleCTBAX SHeprud
HyJIeBBIX KosieOaHHH MaKCH-
manbHa. Ho renuii K TOMY
3Ke — uHepTHEIT ras. Ero
aTOMbI B3aHMOJIEHCTBYIOT
Jpyr ¢ IpyroM oueHb ciabo,
H pacryiaBUTh KpHUCTaJlHde-
CKYIO peLieTKy TeJHsi CpaB-
HuTeJbHO Jierko. OkaspiBaeT-
¢, YTO 3HEPrHH HYJIeBHIX
KosebaHul B TEJIHH IS 3TO-
ro JOCTATOYHO, W OH He 3a-
Mep3aeT Jaxke MpH abcosior-
Puc. 4. Bosmn Ha rpanuue Mexiy HOM HyJe. A BOT BOJOPOL,
TBepAHM (cBeTsiasi 00J1acTh) H XKUA-  xors €r0 aTOMbl H 06JaJa0T

KM LR GosblLeii, YeM Y TeTHs, SHep-

rHell HyJIEBHIX KojebaHui,

Bce-TAKM 3aMep3aeT, Tak KaK B3auMojieficTBHE aTOMOB BOJOPO-
a Mexay cofoil ropasjo Gonee cuibHOE.

Bce ocTasbHBIE BELIECTBA TaKKe 3aMep3aroT mpu abcosnor-
HOM HyJe Temneparyp. Tak uro renuii — €IHHCTBEHHOE Be-
MEeCTBO, KOTOPOEe NpH HOPMaJbHOM JABJEHHH BCErJa OCTaercs
WuIKIM. MOXHO JaXke CkasaTh, YTO HMEHHO COOTHOLIEHHE He-
onpe/ieieHHOCTeH HE NI03BOJIAET eMy 3aMep3HyTh. PHBHKH Hasbl-
BAIOT XHIKHI TeJBii KBaHTOBOH ®uIkoctbio. OHa o6Gnajaer
TAKHM yAHBHTEJbHBIM CBOHCTEOM, KaK CBEpXTeKyyecTb. Aka-
nemuk J1. J1. Jlannay roBophi, YTo ¥HUAKHH PeHil — 3TO OKHO
B KBAaHTOBBIH MHP.

[pu napaenny okono 25 atMochep XKUIKUI rejui Bee-TakKHu
sarBepjieBaeT. TBepplfi reui, npaeia, TOXKe He COBCEM KpHC-
Ta1. B vem HyJsieBbie KoleOaHHsl ONPEAE/SIIOT, HanpuMep, KHHE-
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THYECKYIO SHEPTHIO aTOMOB Ha IPAHHIE MEX/Y TBEPALIM H XK HA-
KHM TeJIHeM, H BCJEACTBHE 3TOTO MOBEPXHOCTb KPHCTAJJIA MO-
JKET COBepLiaTh FHFaHTCKHe KoJeGaHusl, CJIOBHO I'PAHHIA MeX-
Iy ABYMs HellepeMeLIHBAoH UMHUCS JKHAKOCTAIMHY (pHc. 4). Teep-
JplH rejuid (H3HKH HasBalH KBAHTOBHIM KPHCTAJJIOM, K €ro
CBOHCTBa cefiyac HHTEHCHBHO HCCIEAYIOTCS.

YTO TAKOE CKRBHI?

HapcTpeuy MHe € 3alyMyHBBIM JIKIOM GBICTPO 1€ H3SINHO COrHy-
wpift JKuaH JKHakomo, 88 HUM € €r0 OrpOMEBIM NopTdesieM MOAMbILI-
KOl H C €70 TPOCTbIO0 B 8yGax CeMeHMJ FHOM. Mbl pacKJaHSIHCh.
OcTaHOBHTL €ro 5 He OCMeJI, ¥ OH NPOLIeS CKBO3b SaNepTyIo JIBephb
B cBOH KabuHeT. FHOM IpOCYHyJl eMy Bejen nopTdenib B TPOCTb.

A. u B. Cmpyeayxue. slloHeflenLHNK HauuHaeTesi B cyGGoTy»

O cBepXnpoBOAMMOCTH CJIBILLANH, HABEPHOE, BCE
UHTATENH. DTO sIBJIEHHE COCTOUT B TOM, YTO IPH HH3KHX TEMIepa-
Typax 3JIEKTPHYECKOe CONPOTHBJIEHHE PfJa YHCTBIX METaJloB
H CIVIABOB CTAHOBUTCS! PABHBIM HYJIIO, ¥ 3JEKTPHUECKHH TOK Te-
yer 6€3 BCSKHX NOTEPb.

TemnepaTypel, NpH KOTOPBIX MCUE34CT CONPOTHBJEHUE,
OYeHb HHU3KHE — OHH OJM3KH K abcOJIOTHOMY  HYyJIO
(—273,15 °C). lns oxnax/jeHusi BeIleCTBa 0 TAKOH TeMmnepa-
TYpPhI €F0 NOMEINAIT B XMUAKUH reJiHil, KOTOPHH NpH HOPMAJb-
HOM JlaBJIEHHH KMIIMT npHu temnepatype 4,2 K u ne 3amepsaer,
KaKk BBl YK€ 3HaeTe, NPH CaMblX HHU3KHX TeMIeparypax —
BIJIOTb JIC a0COJIIOTHOrO HYyJSl.

B naboparopusix Bcero Mupa (PUSHKH H XHMHKH HILYT Be-
I1eCTBa, KOTOpble OYAYT CBEPXNPOBOASIINME TPH HE CIHILKOM
HU3KHX Temnepatypax (HanpuMmep, YToObl IS HX OXJaKAeHus
MOXHO OBIJIO HCNOJIL30BATh CPABHUTEJLHO JIEIIEBHH H AOCTYI-
Hblil XKHAKHH a30T). B 3TOM HanpaBrieHHH y»Ke JOCTHTHYT 3Ha-
YHTE/IbHBIA NPOrpece — OTKPHIBAIOT Bee Golee «BBICOKOTEMIEpa-
TYPHBIE» CBEPXTNPOBOAHHKH. Ho ke cerogusimuméi pekops-
CMEeH — cnJiaB HHoOmsi ¢ repmanueM Nb,Ge — cranoBuTCs
CBEPXMPOBOJIHUKOM JIHIIBL NPH TeMneparype 23,2 K.

U 1em He MeHee yiKe celiyac cBepXIPOBOAHMOCTD «PaboTaeT.
B psine ciydaeB BOSMOXHOCTH CBEPXNPOBOAUMOCTH CTO/b yHHU-
KaNbHBl, YTO MPHXOAHTCS MHPHTbCS C 3aTpatamMy Ha OXJIaxKje-
npe. Ha ocHoBe CBEPXNPOBOAHMOCTH AEHCTBYIOT YYBCTBHTEIb-
Helllllne BOJBTMETPEBI, METEKTOPbl H YCKODHTEIH 3JI€KTPOMAr-
HUTHOTO H3JIy4YeHHsl, CO3[a€Tcsi HOBOe mokosienue DBM. Cy-
LiecTByeT uHeJass o00JAacTb 3JIEKTPOHHKH — KPHOJIEKTPOHHKA
{OT rpeueckoro «KpHOC» — XOJIO), OCHOBAHHAS HA HCHOJb30Ba-
HHMH $IBJIEHHS] CBEpXNPOBOAHMOCTH.
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Jicrob30BaHHe CBEPXTIPOBOHMOCTH B SMIEKTPORHKE OCHO-

paHO HA 3aKOHAX KBaHTOBOH MEXaHHKH. MBI pacckaxkeM 3/1ech
0 HEKOTOPEIX KBAHTOBBIX NPOAIBJICHHSIX CBEPXTIDOBOAUMOCTH, Je-
sgAmHX B OCHOBE YCTPOHCTBA IEJIOrO psia CBEPXNPOBOAILHNX
npuGopoB. OHaKO paccKas MpHeTcs Hayath u3janexa *).

KpanToBaHHE MATHHTHOIO NOTOXKA

B mMurpoMHpe — MHPE MOJEKYJ, ATOMOB, 3.Jle-
MEHTAPHLIX YACTHI — MHOTHE (QH3HUECKHE BEJIHYHHBl MOTYT
IpHHMMATE TOJBKO OMpe/eIeHHbIe JHCKPETHBIE SHAYeHHs]; KaK
roBOpAT (H3HKH, BEJIHYHHb KBaHTYyIOTCS (HanpuMep, Kak yxe
YIOMHHAJIOCh, COTJiacHo mpaBuiy DBopa, AnckpeTHa sHeprus
3J€KTPOHA B arome). B Gonblunx KoJUIEKTHBAX YaCTHLL — MaK-
POCKOMHUECKUX TejlaX — KBaHTOBbIE 3¢theKThl OOBYHO Mepe-
CT210T OBITH 3aMETHBIMH, [IOCKOJBKY H3-38 XaOTHUECKOIo Tell-
JIOBOTO JIBIZKEHHS! POHCXOIHUT yCPEAHEHHE BEIHYHHBL N0 GO
IIOMY YHCJIY €€ Pa3/IHYHBIX 3HaUeHHH H KBAHTOBBIC CKaYKH «3a-
Ma3bIBAIOTCSAY.

A uro GyjieT, ecli¥ TeJO OXJalliTb 0 OYeHb HH3KHX TEM-
neparyp? Toraa MuHpHajbl MHKPOYACTHIL MOTYT JIBHIaThCsl COI-
JIACOBAHHO H B TAKOM CJIyuae KBaHTOBaHHe MPOsBJsSeTcH B MakK-
pockonuueckHx Macirabax. Ilpuvep ToMy jlaeT 3amedare/ibHoe

*) B gonue 1986 r., Korjia PyKonHch yxe Gkliia Cllana B U3Jateln-
CTBO, HAyYHEI# MHP OBl B3GYROpaxKeH CeHCALHOHHBEIM coobuienueM o6
O6HApYIKEHHE HOBOTO pSilia CBEPXTPOBONAUIMX COEIMHEHHH C KPHTH-
yeckumu Temrneparypamu 30—40 K. 3THMU [GNTOXHAHHBIMH BEIIECTBA-
MH OKA43aJHCh BEChbMa CJIOMHBIE METaJJIOOKCHIHBIE COEJlMHEHHsl THIIA

La—Ba—Cu—0, La—Sr—Cu—0, La—Pb—Cu—O.

Buepsole coefUHEHHA OLOGHOTO THIIA OLUIM CHHTE3HPOBAHE! WIBEH-
UAPCKHMH YYeHBIMH, HO BCKOpE HX CTAlH «MeYb» BO MHOLHX nabopa-
Topuax Mupa. CBeJEHMA O HOBHIX BEICOKOT@MNEpaTypHbIX CBEpX-
NPOBOZHHKaX €O Bce Gosiee BEICOKHMH KPHTHUECKHMH TeMnepatypaMu
MOCHIMANHCE KaK M3 pora h3cOmius. ByksanbHO yepes HeCKOJBKO Me-
CALIEB 3aMEHOH JiaHTaHa Ha COCeRHHH eMy 1o Tabmuue Merjeseesa
WTTpHE B 5TOM psily Obll TOJYYeH IepBEI BEICOKOTEMIEpaTypHbH
CBEpXIIPOBOJHHK, TEepeXOAsLIHil B CBEPXTPOBOJsLIEE COCTOSIHHE TMpPH OX-
NAMIEHUH IKHIKMM a30TOM: €ro xmmuueckas ¢opmyna YBa,CugOs, a
TeMllepaTypa CBepXIpoBOAsiIEro nepexopa oxkono 95 Kl

CoeMHenus OOHAPYIKEHHOTO psAZia COBCeM HE THNMHYHEL JJIs CBEpX-
upoBosHHKOB. OHM UpeNCTABJAIOT COOOH TaKk Ha3EIBAEMYIO METANJIO-
OKCHJIHYy10O KepaMHKy. VX 1pOBOZHMOCTE B HOPMaJbHOM COCTOSIMHH
BECbMa HEBBICOKA — [0 CBOMM SJEKTPHUYECKHM CBOWCTBAM OHH fBJIfA-
[oTCS TUIOXHMH MeTaniamu. I[lpupoXa oGHapyXKeHHOH BHICOKOTEMIIe-
paTypuoil CBEPXNPOBOAHMOCTH NIOKa OCTAaeTCH HEfICHOH — CBA3aHA JH
OHA € TPaRMUHOHHEIM B328MMOEHCTBMEM SJEKTPOHOB IPYT C APYTOM
NOCPEeLCTBOM KPHCTAJUIMIECKOH pEmeTKH WM OGyC/OBJIeHa KAKHM-TO
HOBBIM, HEM3BECTHEIM HaM MEXaHH3MOM?
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sIBJIeHHe — KBAHTOBAHHE MATHHUTHONC MOTOKA B CBEPXIPOBOZ-
HHKE.

Uto Takoe MarHuTHBRE notok D, 3HAIOT Bce, KTO H3yyal
SIBJIEHHE SJIEKTPOMATHHTHOH HHAYKIUHH:

®—BS,

rie B — Mofy/p BeKTOpa MarHMTHOH HHIAYKUMH, a S —— HJO-
lilafb NOBEPXHOCTH, OXBATBHIBAEMOH KOHTYPOM ([JIsi MPOCTOTHI
Oy/eM CYHTaThb, YTO HHAYKIHS HArpaB/ieHa [0 HOpMAJIH K Mo-
BepxHocTH)., OfHako A MHOrHX 0y-
JI€T OTKPBITHEM, YTO MArHHTHBIH [MO-
TOK, CO3/1aBaAEMBIH CBEP XITPOBOJSIIUM
TOKOM, TEeKYIIHM, HalpHMep, mo Ko-
JIblY, MOXKET NPHHHMATb TOJILKO Ofl-
pene/eHHble JHCKDETHBE 3HAYEHHs.
ITonpofyem xoTst OBl yrnpoLIEHHO Mo-
HATh 310 siBJeHHe, st s10rO 3sech
Ham OyJZer J[OCTatoYHO BOCHOJB30- v
BaTbCsl MPEICTABIEHHEM O IBHMKEHHH Puc. 1
MHKPOYACTHI, NO KBAHTOBbIM OpOH-

TaM, 3aMEeHSTIOLIHM IpH YOPOLIEHHOM pacCcMOTPEHMH ofJsiaka
BEPOSITHOCTH.

JIBIpKeHHe CBEPXNPOBOASIMIMX SJEKTPOHOB B  KOJbLE
(puc. 1) noxoxe Ha ABHMKEHHE 3JEKTPOHOB B ATOME: SJIEKTPOHE!
B KOJbLE KaK Obl ABIXKYTCS N0 FHTaHTCKHM OpOHTaM paiuyca R
Ge3 Bcskux cronkHoBeHuid. Ilostomy ecrectBeHHO npennosio-
¥HTb, UYTO UX JABHIKEHHE NOJUHHSETCS TEM XK€ NPABH/IAM KBaH-
TOBAHHUS, UTO H [BHKEHHE 3JIEKTPOHOB B atome. CoryiacHo moc-
Tynary bopa B aTome TO/IBKO onpeziesieHHble OPGHTHL 3JE€KTPC-
HOB fIBJISIIOTCA CTallHOHApHBIMH, ycToiuuBbIMH. OHu ot0Hpa-
I0TCS ¢ MOMOLIBIO CTIEAYIONIETO NpaBHIa KBAHTOBAHHUSA: IPOH3BE-
JIeHIe MOAYJid HMIIyJibCca 3JeKTPOHa mu Ha pajuyc opOuthl R
(eesnunHa mMuR Ha3blBaeTCs MOMEHTOM HMMIYJbCA SJEKTPOHA)
MOXeT NpPHHHMAarhk TOJBKO JHCKDETHbIE 3HAUEHUS, TO €CTh

muR = nf.

3jiech 7 — Lle/0e NOOKUTEIBHOE UKHCIO, 4 BedHuuHa fi, orl-
penessiioliasi HaBMEHblIee BO3MOXKHOE H3MeHeHHe (KBaHT)
MOMEHTA HMIYJbca,— NocTtosiHHas [lnanka, ¢ KoTopol Mbl yxe
NO3HAKOMHIJIKCE B pasjele «COOTHOIEHHe HeonpeeneHHOCTelHy.
OxkaspiBaercsi, KBAHTOBaHHE BCeX (PH3HUECKHX BEJIHYHH ONpe-
Jlensiercsi HMEHHO 3TOH YHHBepcaJpHOH nocrosiHHoH. Haiigem
BeJJHYHHY KBaHTa MAUHHTHOTO NOTOKa. MarHMTHLIH NOTOK ve-
pe3 KoJbne cBsidaH C TOKOM [ COOTHOHIEHHEM

s [
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rae [ — MHAYKTHBHOCTb KOJIbLA. Tox I MOXHO BBIDAa3HTh
yepes CKOPOCTb SJICKTPOHOB U H HX yucsao N. HelicTBuTeNBHO,
sa ppemsi {=27R/v 3neKTPOHLI COBEpPLIAIOT HOJIHBIH  0B0OPOT;
CIeIOBATENBHO, 33 3TO Bpemsl yepes Jiofoe mofepeyHoe cede-
Hie KoJblla NPOHAYT Bce 3JIEKTPOHBI, MEPEHOCsUIHE 3apsij
g=eN (rie e — 3apsii OJHOTO snekTpoHa). [losTomy TOK B
KOJIBLE
17 S L)
¢ 2R °
Elle OIHO COOTHOLIEHHE, CBSI3BIBAIONIEE BEJIHYHHH U, N u I,
MOXKHO TOJIyYHTb, [pHPABHHBAas KHHETHUECKYIO 3HEPrHIO
CBEPXIIPOBO/SILIHX 3MEKTPOHOB K SHEPIHH KOJIbIA C TOKOM

mv®  LI®
O o
Tenepb BHpaKkeHHe /U1l MAPHHTHOPO MOTOKA MOXKHO npenr-
CTaBHTbL B BHIE

Lre 2 m® 4nR _ 2n

O=Ll =5 7 =N gy == ™R,

OTKyJZa CJeAyer, HTO MACHHTHBIA [IOTOK nponopiHOHAICH MO-
MEHTY BMIyJibca 3JeKTpoHoB. Ho, corniacHo MpaBuily KBaHTO-
BaHus Bopa, MOMEHT HUMITyJIbCa MOXKeT NPHHAMATD TOABKO JHC-
KpeTHele 3HaUeHus, [I03TOMY H MATHHTHBIH [OTOK yepes KoOJib-
110, 0 KOTOpOMY TE€YeT CBEpPXMPOBOMsLLMI TOK, TOXEe KBaury-
2TCA.

muR =nh u (D=2e—nn ;

KBauT MArHHTHOTO HOTOKA, KOTOPBIE MOXHO HaliTH K3
npenemymeli  GopMyJbl, KOHEYHO, Ou€Hb Manasi BelHIHHA
(~10~1 BG), HO Tem He MEHee COBpPEMEHHLIE npubopb! N03BO-
JSIOT HaG/IoaTh KBAHTOBAHME MarHHTHOrO notoka. Takoft
onbIT GBUI MPOJEJAAH AMEpPHKAHCKHMHK YUeHeMH JluBepom H
DefipGenkom B 1961 T., TOJIBKO BMECTO KOJblla OHH HCIIO/IB30-
BAJIH N0J1YI0 CBEPXMPOBOSILYIO TPYOKY, N0 KOTOPOi LHPKYJIH-
pOBaJli KpyroBble CBEpXNPOBOJISIIHE TOKH. B onbite b0 00-
HapY3KeHo, YTO MACHHTHHIE [OTOK Yepes Miomaie NOIepeuHoro
ceueHus1 TPyOKH MeHAJiCA NeHiCTBHTENbHO CKauKooOpasHo, Of-
HAKO BeJHUHHA KBaHTA IOTOKA OKa3ajach BABOe Menblle Mpu-
BeaeHHod peitne. OGpiacHeHHE TOMY JA€T COBPeMeHHasi TeOpHUd
CBEPXNPOBOAUMOCTH. [les0 B TOM, YTO B CBEPXLPOBOASIHIEM CO-
CIOSIHHH 3JIEKTPOHB! OGBEINHSIIOTCS B Naphl, H HMEHHO JABI2KE-
HHEM Map, HMEIOUIMX 3apsii 2e, CO3/A€TCS CBEPXIPOBOAALIMI
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oK. [losToMy npasuinbHoe 3Hauenue L, KBaHTa MATHHTHOrO
noToKa [0/1y4aeTcs], ec/u B HopMyJly KBAHTOBAHHSA IOTOKA MOA-
CTaBHTL YABOSHHBI 3apsil 3MEKTPOHA:

@, =% _9,07.10-1 Bs.

Bor Tak Halack [BoHKa, NOTEPSIHHAS HE TOJBKO HaMM, HO
¥ adrauickuM ydeHeiM JIOHZIOHOM, KOTOpBIH TeOperHyscKy
npeficka3a’ KBaHTOBAHHE MAarHHUTHOrO MOTOKA eule B 1950 r.—
341010 IO TOro, KaK Oblfia NOHATa NPHPOJA cBepXNpPOBOAsALLe-
o COCTOSIHHS .

Xouercsi TNORYEPKHYTh, UTO NPHBEAEHHBIH 37ech BbLIBOA
KBaHTOBAHMSI MATHMTHOI'O NOTOKA XOTSl H OTPaXaeT nPasu/ib-
HO GH3HYECKYIO CYLIHOCTb STOrO SIBJIEHHSI, HO CJIMIIKOM YIpO-
uieH. Jlaxe yAMBHTEIBHO, YTO TaKUM OGPA30M MOXKHO MOJIY-
9uTh [PABHJIbHOE 3HAYEHHE KBaHTa MAarHHTHOrO noroka, B
JeHCTBHTENILHOCTH CBEPXNPOBOAHMOCTE — CJIOXKHOE KBAHTOBOE
asaenne. Tem, KTO XoyeT B HeM pasofpaTbesl MO-HACTOSUIEMY,
NPeNCTOUT JONTHH 1yTh, HA KOTOPBIH NOTpedyercsi MHOIC JE€T
YIOPHOro, HO YBJEKaTeIbHOTO TPy/[d.

3pbext Dxozedcona

Pazbepem ellle ONHO CBepXmpoBOAAiliee KBAH-
TOBOE $IB/JEH4IE, KOTOpOE IMOCAYXXHIO OCHOBOH ANSI CO3RAHUSA
[eJoro psifia YHHKANBHBIX H3MEpHTeAbHBIX nputopos. Peub
noiiper o6 adherte J>ko3edcona, OTKPBITOM CPABHUTEIBHO He-
naBHo, B 1962 r., Ho 3a KoTO-
poii [I>ko3epcoHy, aHTIHACKO-
My YYEHOMY, TEOPETHUYECKH
npefickasaBlieMy 3TOT 3Qdext, gk
yxe npucyxnena Hoberesckast . o

2. 1 — MerajnnHuecKHe
npeMust. i IVIEHKH; 2 — cJOl  Iu3JEKTPH-
[IpeactaBeTe cebe, 4TO Ha Ka; 8 — UOJI0XKKA

CTEKJSTHHYIO [JIacTHHKY (Kak

FOBOPSIT, Ha MNONJIOXKKY) HaHecHH MJISHKY CBEPXMPOZOANHKA
(OBLIUHO e€ [OJYYAIoT, HANBLIAS METans B BakKyyme). 3ateM e
OKHCJIIIH, CO3/laB Ha TIOBEPXHOCTH CIOH NH3JNEKTPHKA (OKwCaa)
TOJIIHOH BCEr0 B HECKOJIBKO AHICTPEMOB, H CHOBA IOKPBUIH
IJIeHKOH CBEpPXIIPOBOAHHKA. B pesynbrare nojyuuwics raK Ha-
3pIBaeMbll C3HIBHY (B OYKBAJIBHOM CMBICJIE 3THM AHTJIMHCKHM
CJI0BOM Ha3HIBAIOT JIBa KycKa xJyefa ¢ chlpoM WM APYLIM YeM-
HHOYIb BKYCHBIM MEXAY HEUMH). B corgBHuax M Habmarojaercs
sbberr Jxozeheona (s ynoOcTBa H3MepeHHd OOLIYHO CIH-
3uY JeNal0T B BHE KpecTa, KaK NOKa3aHO Ha pHC, 2).

5 JL I. Acnamasos, A. A. Bapaamos 12%



Japaiite prauaje oficyninM cny4al, KOTHa MeTalInuyecKhe
I7IEHKH HaXOAATCS B HOPMAdbHOM (HE CBEpXNpPOBOSILER:)
COCTOSTHHH. MOTYT JIM 3J€KTPOHBl M3 OfHOH MeTa 1)l HUeCKOR
TJIEHKH (PHcC. 3, ) NepexoanTs B Apyryio? Kasanocs 661, Her —
M MELIAeT CJIOH AU3JEKTPHKA. JUIs TOTO YTOGHI BLIEITH H3 Me-
Ta/ljla, SJIEKTPOH NOMKeH obJiafaTe 3Hepruedi GoJblies, yeum
paboTa BbIXOfia, 4 NPH HU3KKX TeMueparypax 3JIEKTPOHOB C Ta-

Hoal
a | Merna.zn

ez LU 3reHmpliK a
g Memann

1% i 3
W,
W CENN
1 B§>\ 2 iw JeY W
% NEN—2 * N
AN
5 'ieU
B a X 0 a X
Puc. 3 Puc. 4

KOH 3Hepruel npaxruyecku wer. Ha puc, 3, 6 NPUBEZEH Tpa-
(uK 3aBHCHMOCTH NOTEHLMATBHON SHEPrHH 3JIEKTPOHA OT KOOp-
AuHaThl x (0cb X MepneHIUKYAfpHA K MJIOCKOCTH C3H/IBYYA).
B MeTasine s1exTpoH NBmKeTCs cBOGOAHO, 1 ero NOTeHLHATLHASA
SHeprusi paBHa Hymo. s BrIXONa B AM3IEKTPHK HaMio COBep-
WHTh paboty Beixona Wy, Kotopas Goslblue, yem KHHeTHYecKas,
4 SHA4MT, W NOJHAs, 3HEPrHsl 3JeKTpoHa W, *), Iostomy ro-
BODSIT, UTO 3/IEKTPOHB B METALIHYECKHX [JICHKAX pas/iesier
NOTEHUHKANIBHEIE Gapbep, BHICOTA KOTOPOTO paBHA We—1W,.

Ecnu 6b1 anextponsl noguussiiucs 3akonam K.J1aCCHUECKOH
MEXAHHKH, TO TaKOH Oapbep AAsS HHUX Obla Obl HENpen g0/,
Ho snextponsl — mukpouactunpr, a B MHKPOMHpE JefCTBYIOT
OCOOEIE 3AKOHBLI, KOTOPHIE MO3BOJISIOT MHOTO€, HENOCTYIIHOE
GOJIBILIMM TesaM. YHenoseky, Hanpumep, ¢ Takoii SHePrued Ha
TOPKY He B300partbest, a BOT 3JIEKTPOH MOKET NPOATH CKBOIh
iee! On Kak 6bl poer non TOPKOR TYHHEJb U NPOHHKAET B Hes,
A2XK€ €CJM ero sHeprUH He XBATAET, YTOGhI B300parbca Ha rop-
xy. Koneuno, ne CJIeNlyeT Bce 510 noHuMarb GykBasibHo. Tyn-

*) AnadoryaHo, aas Toro 497068l BEIPBATh MOJIEKY JTY M3 MKHANGLTH,
LEHA0, KaK KILLLTHO, COBEpIIUTE paGory ucnmapenus,
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HesbHEL 30(eKT (TaK HA3LBAIOT 3TO fiBJeHHEe) OOBACHAETCA
BOJIHOBEIMH CBOHCTBAMH MHKPOYACTHIL (HX «pa3MashiBaHieM» B
POCTPAHCTBE), M TO-HACTOSILEMY B HEM MOXKHO pasobparbcs,
TOJILKO CEphe3HO H3y4MB KBaHTOBYIO MexaHuKy. Ho dakr oc-
taeTcsl (haKTOM: C HEKOTOPOfl BEPOSITHOCTHIO 3JEKTPOHBI MO-
I'YT NPOHHKATh 4epe3 NHMSJEKTPHK M3 OJHON METaslIMuecKor
[UieHKH B APYIYI0. DTa BepoATHOCTb TeM (osiblle, YeM MeHblle
peicora Wy—W, Gapbepa u yeM MeHBLIE €ro IHPHHA 4.

Mrax, TouKas IJIEHKA AWJEKTPHKA OKAa3hIBAaeTCs MPOHH-
[aeMofi L5 3JEKTPOHOB -— Yepe3 Hee MOXET Teub TaK Ha3hbl-
paeMbifi TYHHeNbHBH TOK. ONHAKO cyMMapHblii TYHHEIbHbL
TOK paBeH HYJIO: CKOJbKO 3JEKTPOHOB NEPEXOIHT H3 HIKHEH
METANIHIeCKOH TJIEHKH B BEPXHIOID, CTOJAbKO XKE B CpellieM
nepexofiuT, HA00OPOT, M3 BEPXHEH MJISHKH B HIDKHION.

Kak e clenarb TYHHENbHLl TOK OTJIHYHBIM OT HyJst?
Jlnst 5T0r0 Hajo0 HAPYIUHTH CHMMETPHIO, HAIPHMEP MPHCOSNH-
HHTH MeTa/JUTHUeCKHE IUIEHKH K HCTOYHHKY TOKa C HampsxKe-
mnem U (puc. 4, a). Torna nienku GynyT urpats ponb o0Kia-
JIOK KOHJIEHCATOPa, 4 B CJI0€ JIU3JEKTPHKA BO3HHKHET 3/1EKTPH-
yeckoe noJie ¢ HampsikerHocTblo E=U/a. Pabota no nepeme-
LIEHHIO 3apsNia e Ha PACCTOSTHHE X BJIOJIb HaNpaBJ/IeH s NOJIs paB-
Ha A=Fx=e¢Fx=eUx/a, u nostomy rpabux MNotreHIHaIbHOH
SHEPrHH 3JEKTPOHAa HNpHOOpeTaer BHI, NOKa3aHHBH  Ha
puc. 4, 6. Kak BHIHO, 5N1€KTPOHAM H3 BEpXHEH IJIEHKH (x=>n)
npeofoeTs Gapbep Jerde, YeM 3eKTPOHAM H3 HIDKHeH mnJieH-
ki (x<<0), KOTOpHIM HANO MOACKOYHTL Ha GOsiee BHICOKHE ypo-
BeHb. B pesyJibrare Jaxe NPH MajlbiX HaNpPsKEHHAX HCTOYHHKA
BO3HUKAET TYHHEJBHBIH TOK.

TyHHeNbHBIE KOHTAKTH! H3 HOPMAJIBHBIX METas/I0B HCIOIb-
3yI0TCSl B HEKOTOPHIX MPHOOPaX,-HO B STOM pasjie/ie peub HIET O
pPAKTHYECKOM MPUMEHEHHH CBEPXMPOBOIMMOCTH. [Tostomy
ciesaeM cIenyoyil mar H npefictasuM cefe, YTO MeTaiiye-
cKye IUIEHKH, pa3fieeHHble TOHKHM CJI0eM H3/IeKTPHKA, HaX0-
nATcs B cBepXInposofsaulem cocrosiud., Kak Oyner BectH cebs
TYHHEIbHBIHA cBepXnpoBojsiiuil  KoHTakT?  OKasbiBaercd,
CBEpXMPOBOIHMOCTD IPHBOJHT K COBCEM HEOMHIAHHBIM pe-
3yJIbTATaM.

Kak yiKke TOBOPHIOCh, 3/MEKTPOHEI H3 BEPXHEH MJIEHKH HMe-
ot u36LTouHylo SHepriio el Mo cpaBHEHHIO ¢ 31E€KTPOHAMH
mmkneft neHkd. OKasaBLINCh B HmKHEH MJeHKe, OHH JIOJIK-
HEl COpOCHTH JIHIIHIOO SHEPTHIO H mepeiiTn B PaBHOBECHOE
cocTosinme. Ecan Obl M/eHKA Haxolmjack B HOPMAIbHOM CO-
CTOSIHYH, TO OCYILECTBHTH 5TO OBLIO OBl JIETKO: JIOCTATOYHO He-
CKOJIbKHX CTOJKHOBEHHH C KPHCTaNIHYeCKOH pellieTKOH Mertan-
J1a — ¥ JUILIHSS SHEPTHS 3J1eKTPOHOB B KOHEYHOM CueTe mnepe-
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yazuT B Tena0. Ho nieHKa HaxoinTesl B CBEpXNPOBOASILLEM CO=
TosiHIM, B MEPelaTb SHEPTHIO pelleTKe 3JEKTPCHbl HE B CO=
croannu! BoT B ocraeTcsl TOJBKO 3J1eKTPOHAM H3JYUHThH STy
31:epriio B BIJe KBAHTA SJIEKTPOMarHATHOrO H3/YUeHHs C SHER-
recii ho. Tostomy uactora U3NyucHHsl @ CBS3aHA C MPHICKEH-
puM nanpsikenneM U NpOCTHIM COOTHOLIEHHEM

fio = 2eU.

Bri 3aMeTHJIH, YTO CIpaBa HANNCAH YABOEHHLIA 3aps SNE€KTPO-
Ha — HaJo TIOMHHTh, YTO TYHHEIMPYIOT He OT/Ie/IbHbIe 3JeKTPO-
Hbl, a CBEPXMPOBOASLIHE MNapHbl.

Bor kakoil yauBHTeNbHBI 5ddekT ObL1 npenckasan Jlxo-
3ehCOHOM: (IOCTOSTHHOE HaNpsKEeHHE, MPHJIOKEHHOEe K CBepX-
NMPOBOASIIEMY TYHHEJBHOMY KOHTAKTY (€ro HasbiBaloT TaKiKe
IK03e(bCOHOBCKHM 3J1EMEHTOM), NMPHBORHT K reHepauidu 3JeKT-
POMArHUTHOTO H3JIyueHusl. DKCIepHMEHTAJIbHO STOT S(hexT
Briepebie Gbl1 o6Hapy2KkeH B X apbKOBCKOM (DH3HKO-TEXHHIECKOM
MHCTHTYTe HM3KHX Temneparyp ysenbmmu M. M. JimutpueHko,
B. M. Cpucrynopem u M. K. SIuconom B 1965 r.

[MepBoe, YTO NPHUXOAHT B TOJOBY, €C/IH TOBOPHTH O NPAKTH-
YyeCKOM HCNOJb30BaHu# 3(pekToB JlK03edcoHa,— 9T0 CO3Aa-
HUE FeHepaTopa 3JIeKTpoMariuTHoro uamyuetns. Ho B neficten-
TENBHOCTH BCe He TaK NMPOCTO: U3/1YYEHHE JIOBOJIBHO TPYIHO BBl
BECTH M3 Y3KOI Lie/H MEKIY CBEpPXIPOBOJSALIMMH NneHKaMmH,
rHe OHO reHepupyeTcsl (HMEHHO [NO3TOMY SKCIEpHMEeHTanbHOe
obuapyenne shdekra Jpxosedeona GbLI0 HENPoCTOl 3anaueii),
Jla ¥ MOM{HOCTD M3JydeHHs1 odeHb Mana. [lostomy celiuac joxoze-
()COHOBCKHE 3/IEMEHTE! HCTIO/B3YIOTCSl B OCHOBHOM B KauyecTse
JIETEKTOPOB 3JIEKTPOMATHHTHOTO H3JIy4eHHst, HO 3aT0 caMbiX
YyBCTBHTEJbHBIX B HEKOTOPHIX JIHANa30HAX 4acToT.

Taxoe npuMeHeH¥e OCHOBAHO HA SIBJEHHH Pe30HaHCa MEXIy
BHELIHHMH 3/EKTPOMATHHTHEIMH KoneGaHusIMH (B PerHcTprpy-
emMOfl BosiHe) M COGCTBEHHBIMH KOJe0aHHSMH, BO3HHKAIOMIHMH
B JKO3e(COHOBCKOM 3JeMeHTe MpH NPHJIOKEHMH K HEMY Toc-
TosiHHOTO Hanpsikexusi. CoOCTBEHHO TOBOPs, PE3OHAHC JISHKHT
B OCHOBE PaGOTHl MHOTHX MDHEMHHKOB: BOJIHY YA2eTCst «nofi-
MaThb», KOTla €€ 4acTOTa COBMAMAET € YACTOTOH MPHUEMHOTO KO-
neGaresibHOrO KOHTYpa. B KauecTBe mpHEMHOr0 KOHTYpa ya00-
HO HCIONB30BATH JKO3e(PCOHOBCK il S/1EMEHT: 4acTOTy €ro cob-
CTBEHHBIX KOseGaHuil JIErKo MoJCTPaHBaTh (H3MEHAS HanpszKe-
HME), a OC1pOTa pe3oHaHca, Olipe/iesiiomas YyBCTBHTENbHOCTD
NpHEMHNKA, OKa3BBaeTcsl OueHb BHICOKOH . [1o TakoMy npuHuy-
My y»e CO3JAHb! CaMble UYBCTBHTENbHBIE MPHEMHHKH 3.1€KTPO-
MarHUTHOTO H3JIy4eHHsl, KOTOpble HCMOJb3YIOTCS s HCCae-
joBanusl H3JydeHus BceneHHOi,
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KBauToBniii MarHuTOMETD

pdekr Ixo3edcona B COUETaHHH C FBIEHIEM
KBAHTOBAHHS MATHHTHOTO NOTOKA IOCJYMIUIM OCHOBOH AJIA
cO3aHHs] LENOT0 CEMEHCTBA CBEPXUYBCTBHTEIBHBIX H3MED HTE/Ib:
peix npubopoB. OHH HA3BIBA-

Luanesmplx X
1OTCH «CBEPXNPOBOJAIIHE KBAH- (0557 e e a0 soss
TOBBIE  HHTEpGhEpEHIHOHHbE el 73
npubope» uan «CKBHIb» (no
COYETAHHIO IMepBBIX OYKB COOT-
BETCTBYIOIHX aHIVIHACKHX CJIOB
Superconducting Quantum
Interference Devices *)). O6 o
HOM M3 HHMX — KBaHTOBOM Mar-
guromerpe (npubope A1s H3Me-
peHust c1a0BIX MArHHTHBIX [0-
Jiefl) — MBI ¥ XOTHM paccKasaTe.

[pocTeitiumnit KBaHTOBBIH
MACHHTOMETP COCTOMT M3 CBEPX-
NpoBOASILIEro KOo/bila, B Iefb
KOTOpOTO BKJIIOUEH JpKo3edco-
posekuil anement (puc. 5). Kak
Bbl Yy2Ke 3HaeTe, JYIst TOro 9100l
BO3HHK TOK B HOPMa/bHOM TYH-
HeJbHOM KOHTAKTe, K HeMy Hazo
IPUAOKHTE XOTS Ob1 He0OJbIIOE HANPHAMEHHS, A Bor B cBepx-
MpoBOASAIEM KOHTAKTe 3TO HE ofsizatensho. Ecad B Kosbue
cO3IATH CBEPXMPOBONALLHA TOK, TO OH CMOXET Teub H HEpes
J0K03e)COHOBCKHH 3JIeMEHT: CBEPXAPOBOISLLHE NaAphE OynLyT
TYHHEIHPOBaTh 4epes TOHKHE cJjiofl nuanektpHKa. Takoe fiB-
JeHAe HA3HIBAIOT CTALHOHAPHBIM ([IOCTOSHHEIM BO BpeMeH)
sppekTom Jhkosepcona, B OT/IHILE OT HeCTALHOHAPHOTO (-
theKTa, COMPOBOKIAEMOrO H3JYyICHHEM (o Hem OBLJIO PACCKA3aHO
B OpelbUyIIed pasiese). CylLecTByeT, OHAKO, MAKCHMAaJbHO
JONyCTHMOE VISl KOHTaKTa 3HAYCHHE CBEpXMpPOBOAAUIErO TOKa
(ero HA3HIBAIOT KPHTHYECKHM TOKOM KOHTAaKTa I.). Tlpu TOKe,
G0s1pIIeM KPHTHUECKOTO, CBEPXMPOBOJUMOCTD B KOHTAKTE pas-
pyliaeTcssh M Ha HeM 0GfA3aTelbHO NOAB/AETCA HanpsKeHHe
{apekt Jkosedcona CTAHOBHTCH HECTALHOHAPHEIM).

Puc. 5

*) JIio6ONBITHO, YTO €C/H B MOJIOM pyccKoM Ha3BaHH{ 3aMeHHTDb
cnopL «upHGOPH» HA CJIOBO ¢IETEKTOPLI (a 310 ToJIbBKO YTOYHHT Ha3Ba-
e, yhuXKeT HA HCNOJB30BAHHE STHX npHGOpOB KAaK PEerHcTPaTopos),

) CoKpamiesifioe Haspanne GyzieT 3ByHaTh H N0-PyCCKH, H no-anrIHHCKY
OAHIAKTB0.
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1 frax, Mpr LILCOYEHUH B CBEPXIPOBOASALLLH KOHTYD JUKO-
2rhcOED2CKOTO 3J1CYeHTa He NPOHCXOMMT NMOMHOTO paspyuleHia
( BEPXIPOBOMIAOCTH, HO B KOHTYDE MOABASETCA LECTO, B KOTO-
[OM CBEPXIIPOBOAMMOCTD Ocjiabiena (KaK TOROPAT, BUSHHUKIET
cqabast CBS3b). IMEHHO Ha 3TOM OCHOBEHO HCMOJB3OBANKE Ta-
KOrO KOHTYPA J/151 TOSHOTO H3MePeHH sl MarHHTHbIX nodeil. [loc-
TapaeMcs TIOHATb, KaK 3TO Je/aercs.

Ecan 661 KOHTYP ObLl MOJHOCTBIO CBEPXNPOBOASILHM (ue
cojiepixan cyiaboii CBA3H), TO MarHUTHbIE NOTOK Yepes €ro Iio-
maje ObL1 GBl CTPOro NOCTOSEHbM. JIeHCTBHTE/IBHO, COT/IACHO
2aKOHY 3JEKTPOMATHUTEOH MHIYKIHH BCAKOE HU3MEHEHHE BHEL-
HEero MaTHUTHOTO MOAsl OPHBOIMT K BOSHMKHOBEHHIO 3. L. C.
unnykuuH & ;=—AD,, /At a 3HaUHT, K H3MEHEHHIO TOKA B
xontype. Ho nsmeHsiomuiicsl TOK B CBOIO OYEPENb NOPOKAAET
5. 1. c. camomumyxunn &;=—LAI/AL. TlockonbKy —mnane-
Hie HanpszKeHuss B CBEPXNPOBOJSIIEM KOHTYpPE DaBHO HYJIO
(COMpOTHBJIEHHE PABHO HyJs0), anrebpanyccxas Cymma STHX

3, JI. C. TOXKE paBHA HYJIO:
£i+ éjfs=0y

HJaH

AQ@pyem Al b4
—arah by r=l0,

Orciofia c/ieflyer, Yro OpH H3MEHEHHH BHCIIHeTo MartHTHOrO
[OTOKA CBEPXNPOBOJALLHIT TOK B KOHTYPE MEHSIETCS TaK, YTOGH!
W3MeHeHHe MATHHUTHOrO MOTOKA, CO3/aBaeMOro TOKOM, KOMDEH-
CHPOBANO M3MEHEHHEe BHEIUHEro MOTOKa (NpaBHio Jlenua).
[lpu 5TOM NOAHBI MATHHTHBI MOTOK 4€pe3 KOHTYpP OCraercs
nocrosiuaeiM: D=const. MameHuTh ero, He NepeBoOJisl XOHTYP B
HOpPMA/IBHOE COCTOSIHME, HEnb3sl (TOBOPAT, YTO B CBEPXNPOBO-
JILEM KOHTYpE MATHHTHbI MOTOK «3aMOPOXKEH»).

A yTo mpou30ineT, eciii CBEpPXNPOBONSHI KOHTYP COJep-
JKHT cabyio ¢Ba3b? OKa3bIBALTCs, YTO MarHHUTHBIH OTOK uepes
TAKOH KOHTYP MOMKET MEHSThCA — dYepes cialylo CBf3b B KOH-
Typ NPOHHKAIOT KBAHTHI MOTOKA (KaK BBl YXK& 3HAETE, MATHHUT-
HEIH [OTOK CBEPXNPOBOJAILIENO TOKA KBAHTYETCA — OH paBel

enoMy uHcay KBaHTOB moToka @o).

[laBaiite npocaenuyM, KaK MEHSIOTCS MAarHHTHBLA TNOTOK
BHYTPH CBEPXIPOBOJSIIETO KOJbIA CO €1a00f CBS3BIO M BeJ-
UHMHA TOKA B KOJBLE NPH H3MEHEHHH BHEIIHErO MATHHTHOTO [10-
as1, [1yers BHAuasne BHELIHEE N0J1€ H TOK B KOHTYPE PaBHbI HY 5
(puc. 5, a). Torpa noTok BHYTPH KOHTYpa TOKE paBeH HyJIKC.
DyieM yBelHUHBATL BHEHIHEE MOJe -— B KOHType MOABHTCA
CBEPXIPOBOAANIHE TOK, MAHHTHBIA NOTOX KOTOPOTO B TOYHO-
¢TIl KOMIIGHCKPYET BOIIHME noToK, Tak OyAeT HpOIOTKaTECs
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70 TeX NOp, MOKa TOK B KOHTYPE HE AOCTHTHET KPHTHYGCKOTO
anauennst [ (puc. 5, 6). Ilpennonoxum ams O[Ipe‘ﬂe,‘[eHHOCTH'
Yro B 3TOT MOWMEHT BHELIHEE IOJE COSHAET [IOTOK, panuuii
nosiopHpe Ksauta: Oy/2 *).

Kak TOJBKO TOX CTAHET paBHBM [g, CBEPXIPOBOIHMOCTE
B MecTe cJjiaboH CBSI3H paspyliuTcsi, ¥ B KOHTYpP BOWIET KBauT
noroka @, (puc. 5, 6). Ilpu stom orowennn @y, /Dy ckay-
KOM YBEIHUHTCSl Ha eIHHHLY (KaK TOBOPSAT, CBEPXIPOBOASIILHHA
KOHTYp mepeiifieT B HOBOS KBaHTOBOE COCTOsiHHE). A UTO Ipo-
u3oiijer ¢ TokoM? Ero BesnunHA OcTaHercsl mpexHeid, HO Ha-
npapJjeHde u3MeHuTcsl Ha mnporusononoxnoe. Jleiicturens-
HO, €C/IH JIO BXOueHusl KBanta noroka @, ToK [, NONHOCTBIO
sKkpanuposan Bueminuil notok @Oy/2, 10 mocne BXOXKAEHHS OH
JOMmKen ycuauBate Brewnuil 010K @o/2 mo 3navenun @,.
TTosToMy B MOMEHT BXOXJEeHHF KBaHTA NOTOKA Hamnpap/iende
TOXKa CKauyKoM MeHsercsl Ha [POTHBOIOJONHOE.

[pi nanbHefileM yBeJHYeHHH BHEIIHEro MO/l TOK B KOJb-
e HAYHET YMEHBHIATBCS, CBEPXMPOBOAHMMOCTE B KO/BLE BOC-
CTAHOBHTCSl H NMOTOK BEYTPH KOJbLA OYIET OCTaBaThbCsl PABHBIM
@,. Tok B KOHTYpe 06paTHTCS B HyJ/b, KOTJla BHELIHHH NOTOX
takxke craier pasubim @D, (pHc. 5, &), a 3areM OH HauHeT Tedb

¢B”!m/¢20}~————— ;
|

13- |
-3f2 -2 | I I

"2|i Ii -1 |i o 12 ; 3;2 2 55,,&”
poto J $0

1 ‘r——L—L— -1

S B -2

Puc. 6

B oOparHoM HanpasaeHud (onaTb sKpaunposkal). Hakorer,
npH 3HAueHHH BHEMWHETo NoToKa 3My/2 TOK ONATH CTAHET paB-
HoiM [, CBEPXIPOBOJMMOCTD Pa3pyLIuTCsi, BOHNET CJISLYIOm i
KBaHT IOTOKA H T. I.

I'padukd 3aBUCHMOCTH MarHuTHOrO motoka O, BHYTPH
Kosblla ¥ TOKA I B HeM OT BeJiHYHH BHeiHero notoka @py,,, no-
ka3aHel Ha pHc. 6 (00a MOTOKAa H3MEPSIOTCS B €CTeCTBEHHBIX

*) Kpuruyeckuil TOK 3aBHCHT OT MHOIHX MNpHYMH, B YaCTHOCTH —
OT TOMULIMHBl CJOSI AK3IeKTPHKA. MeHsisi ee, BCerja MOXKHO JOCHTbCS
TOro, 4ToObl cO3JaBaeMblii 3TMM TOKOM MarHHTHBIH MOTOK, a 3HAYHT M
BHeLHHA MATHUTHLIT NOTOK, 61 paBen My/2. 310 ynpomzeT paccMoT-
penHe, HO Heé MeHSeT Cyu(ecTBa jeJia.
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ennnniax — xBadtax notoka @), Crynenvarsii xapakrtep 3a-
FHCHMOCTH TIO3BOJISIET «UYBCTBOBATHY OTHE/bHbIE KBaHTHI ROTO-
Ka, XOTS BeJIHYMHA HX OUEHb Mana (nopanka 10~** BG). Herpyz-
M0 MOHATH MoueMy. MAarHuUTHHIN NOTOX BHYTPH CBEpXiipOBO-
ASILEro KOHTYPA H3MEHFCTCS XOT W HA MANyl0 BeJHYHHY
AD=0,, HO CKAYKOM, TO €CTb 33 OYEHH KOPOTKHE POMEHYTOX
ppemeny Af. Tak 4TO CKOpPOCTh H3MeHEHHS] MATHHTHOTO NOTOKA
AD/Al npu 3TOM CKauKOOOPa3HOM XapaKTepe H3MEHEHUS [10-
TOKA OKa3bBaeTcsl oueHb Gosbiioil. Ee MOXKHO usmeputsb, Ha-
npuMep, Mo BeslHdyHHe 5. M. ¢. HHAYKUHH, HABOAUMOHA B CIIEI(H-
anpHOH H3MEPHTENBHOH KaTymiKe npubopa. B stoM H cocrour
OpHHUUN PAGOTEL KBAHTOBOTO MATHUTOMETPA.

YerpoiicTBo peanbHOro KBaHTOBOTO MATHHTOMETPA B JeficT-
BHT@JILHOCTH MHOTO cJoxHee. Tak, oObmuHO HCnmome3yioT He
OZiHy, a HECKOJIBKO C/1albiX CBA3eH, BKJIOUEHHBEIX MapaJsielib-
HO,— cBoeoOpasHas HHTepdepeHIHs: CBEPXNPOBOISIUIHX TOKOB
(a TOYHEe, COOTBETCTBYIOULMX HM BOJIH, ONpPENENSOMEX «pa3-
Ma3bIBAHUE» CBEPXNPOBOASLLNX S/EKTPOHOB B MPOCTPAHCTBE)
NPUBOAMT X MOBBEILIEHHIO TOYHOCTH H3MepeHHil (03TOMy TaKie
npuOOpEl M HA3BIBAKTCA HHTepdepeHUHOHHbME). UyBCTBR-
Te/IbHBIH 3MeMEHT NPuOOpa MHIYKTHBHO CBS3BIBAIOT C KATYIL-
KO KoneGatenbHOrO KOHTYpa, IJie CKauKu [OTOKa mpeolpa-
3YI0TCSl B MMIY/IbCHl HAmNpsiKeHHs, KOTOPHIE 3aTeM YCHJIHBA-
torcsl. Ho pacckas 060 Beex sTHX TOHKOCTSIX BRIXOJHT 3a pamMKH
Halell KHHH.

3ameTuM, 4TO B HAIIM AHH CBEPX4YBCTBHTE/BHBIE MATHHTO-
METPEl, H3MEpSIOliYie MATHHTHBIE [0/l € TOYHOCTBIO JIO
1072 Ta,— 310 yke NpOMBILIEHHAS MPOAYXLHSA, HAXOS-
as ApHMEeHeHne B U3MepHTe/IbHOH Texuuxe. OHH HCnoOnMb3y-
oresl ¥ B MenHuxre. Okasbisaercsi, 4to npu pa6ore ceprua,
MO3Ta, MBI B OKPYKAIOLIEM NPOCTPAHCTBE BOHHKAIOT upes-
BEIYAHHO cs1albie, HO yxe H3MepuMbie ¢ nomompbio CKBU{op
MaTHUTHbIE NOMs (T2K, HHAYKIHS MATHHTHOIO MOAs, OGyC-
JIOBIEHHOTO CEPJIEYHON JeATeNBHOCTRI, BA3-1071 Ta, uro
NPUMEPHO B CTO TBICAY Pa3 MeHblie MarlHTHOTO 1oJst 3emiy).
Peructpaunio Takux nonet Ha3LBAIOT CHSTHEM MarHUTOKapIH-
Orpammbl, MarHuTosHieDasiorpammel ¥ T. 1. CHsATHE H u3Y-
HEHHE TAKHX XapaxTEePHCTHXK YeJOBEUECKOTO OPraHM3Ma, CTaB-
M€ BOSMOXKHBIME B [OCJAEAHHE TOABl G1arofiapsi PasBUTHIO
NPaKTHYECKOH  CBEPXNPOBONUMOCTH, NPHHUMIHANBHO H3Me-
HHJIH BOSMOXHOCTH JHArHOCTHKH Pa3nHYHOTO poja 3aboJe-
BaHNil,

OKCIIEPHMEHTE B 3TOH ofnacTH Hauamnch B 70-X rojuax.
Tlpyu sTOM, AJfl CBENEHHS K MHHHMYMY BAWSIHHS MAarHHTHOTO
nosis 3eMnH, TaK¥e H3MEPeHUSl NPOBOJMINCH B CHENHANBHO
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CKOHCTPYHPOBAHHBIX SKpaHHPOBAHHEIX KOMHATaX. Takas KOW-
HaTA W3TOTaBJHBAETCS U3 TPEX CJIOEB METaNIa ¢ BBICOKOI Mar-
HUTHOH NpoHHLIAeMocTbi0 (pHC. 7), KOTOpEIE OOECHEUHBAIOT

Puc. 7

BHLICOKOE MACHHTHOE 3KpAHHPOBAHMe, M IABYX CJOE€B aMOMHHHS,
06pasyloniX 3JeKTPHUECKUl 3KpaH. ITH MPEeJOCTOPOKHOCTH
NO3BOJIM/IM HOHM3HTh MATHHUTHOE MoJe BHYTPH KOMHATH! BCETO
7I0 HECKOJMIBKHX HaHoTecH (T. €. B JeCATKH THICAY pas 1o cpas-
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pefiie ¢ marndtiem nonem 3emnd). Tonyyernas B TAKOH KOM-
1 ate Marnuiokapauorpamma (MKI) nokasana Ha puc. 8, HIDKe
;s (paBHeHusl npejcTaBjiehia OCbIYHAS 3J@KTPOKapAHOTpavMMa

(&KI).

Puc. 8

OpmHako HMeTh TaKyl KOMHATY — YyIOBOJBCTBHE He H3
JielieBplx. JlaneHelinee pasBHTHe 3TOH NepcleKTHBHOH ofna-
cra npumenenns CKBHM/loB npuseso K cyiecTBEHHOMY po-
rpeccy H YUPOIEHHIO MPOUENYPHl CHATHA MATHATOKAPIHOr-

o s e
e »%f&?"fwi-‘g?ﬁf S
o i S B e

pamaibi. Tak, CErofHf € NOMOMBK COBPEMEHHOH CBEPXIPOBO-
JAmel TEXHHKH YETKYI0 MATHHTOXAPIHOTPaMMy MOMKHO CHATH
1 B OTCYTCTBHE BCAKHX 3KpaHoB (puc. 9). Enumncrsenroe, uto
HEOOXOIMO — YCTPAHHTb METANJIHYECKHE 3ACTEKKH H COJED-
JKHMOE JIEBOTO KapMaHa pyodallxH,
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CBEPXNPOBOAA’AMMUE MATHUTE

Ho riasuoli JOCTLiIpEMEaTe/IbHOCTbIO, OT KOTU[1ofl 3aBUCHT 2V b=

6a JlanyTol, fBJXAeTICS OTPOMHBI MaruHI, Nin OpMe Hanosliiao-
ILME TKALKHH CTAHOK ... IIpH NIOMOLM 5TOr0 Mul'iliTa ocTpal MaieT
OOIRIMATLCS, OINYCKATBCS H IIEPENBHETATLSS € CAHOro Wedla Ha
A}, roe, HOGO O OTHOLUCHHIO K NIOABJACTHO:L M ZaPXy 9acTH srMHOR

MOBEPXHOCTH MarHHT oOJIaNaeT € OJM0ro KOHUA TIPHTArateli: ol
CHJIOH, & C ApYroro — OTTaJIKRBalomgei. ..
Zoc. Ceughm. «Ilyreinectsus Jlewiozan Iyniusepas

CunbHble MATHHTHHIE MOJS MOMKHO MNOJYYaTh,
npornycKasl gepe3 KarymKy cuibHpll ToK. Uewm 60ﬂbﬂlym TOK
TEYET Yepe3 KaTyHIKy, Tem OoJibllee MarHUTHOE [0J€e OH CO3/a-
er. Ho ecin KaTyllKa obnajaer 3JMeKTPHUECKHM CONPOTHBIIES-
iHEM, TO B HeH BBIessiercs Temo. [IpHXORHTCS TPATHTH Or-
POMHYIO SHEPTHIO Ha MOJJEP:KaHHE TOKA, BO3HHKAIOT Cepbes-
Hble OpPOSJEMB!, CBSI3aHHBIE C OTBOAOM TeIlia (MHaue KaTylia
MOXKeT paciyiaBurees). Tax, B 1937 r. BriepBhie ObUIO MOJYUYEHO
marusTHoe noje ¢ uHnykuueil 10 Ta. Ho noanepxipath 310
noJie yIaBajoch TOJBKO HOYBIO, KOTHa Apyrue norpebHTens
3/1EKTPOCTAHUHH, MOJAIOMEN TOK B 0OMOTKY, OBLIH OTKJ/IIOYEHEL.
BryienuBiieecsl Teljo OTBOAMJIOCH NPOTOYHOH BOJAOH, H HpH
ITOM KaxKAyio CeKyHAYy 5 JIUTPOB BOILI JOBOJMJIMCH IO KHIIE-
Husi. ViMeHHO 310 H OrpaH{uHBaeT BO3MOMKHOCTH NOJYSEHHS
CHJILHBIX MATCHHTHHIX IOnelt B OCbIMHBIX COJIEHOMAAX.

Mues ucnosib30BaHHs CBEPXNPOBOAMMOCTH JJist CO3AaH!A
CHJIBHBIX MarHHTHBIX noneﬁ BO3HHKJla Cpasy MOCjae €e OTKpPhi-
tust. Kasanoce Ovl, Bce, uTO Tpefyercs,— 3TO HAMOTaTb H3
CBEP XM POBOAALIEH nposonoxn KATYHIKY, 3aMKHYTb €& KCHIlHI 11
NyCTUTb [0 TAKOMY KOHTYPY JOCTAaTOYHO CHABHBIA TOK. Tak
KaK 3JEKTPHUECKOE CONPOTHB/IEHHE KATYIIKH DAasHO HYJIO,
TO BEIJE/IEHHSI Tenna He npoucxonutr. M xors oxaaxaeH:de co-
JIeHOMjla JI0 TeMIIepaTyp KHIKOTO Te/usl, NPH KOTOPHIX HaCTY-
[AST CBEPXIPOBONMMOCTD, CO3JlaeT OlpeleneHHble TPYIIGCT:L,
NpeuvylmecTsa OKYNMUIH Obl HENOCTATKH, €CAH Obl... MarHur-
HO2 MOJIe CaMo He PaspyIlajio CBSPXIPOBOIHMOCTD.

Oxaszanoch, OLHAKO, UYTO BEIXOJ Bce-TakH ectb. Haiitu ero
MO3BOJMAN 3aKOHBE! KBAHTOBOH MEXaHHKH, KOTOPHIE B CBEpX-
IPOBOJHMKAX, KaK Bil yXke 3HAeTe, MOryT paforatb B Makpo-
CKON{ueckux Maciurafax.

Bphext Melicrepa

Ha puc. 1 nokasana cxema onvita Kamepaunra-
Ouniteca, KOTOprI/I 6nu1 caeqaad B 1911 r. B Jlefipene. Toanausa-
CKuMil yueHBIlf H3TOTOBHJ KATYHIKY H3 CBHHUA, MOJCOSNMHNI
ee K HCTORiHKY 3. JI. C. H, [IOMECTHB KaTyIIKY B MUK HE TeJIui,
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OXJ1afikgl €6 I0 TeMHepaTyphl KHIEHHS re/ils 4,2 K). Iipu s1om
5/leKTpHIECKOE CONPOTHBIEHHE CBHHIIA HCUE3/I0 — OH Mepeities
B CBEDXNPOBOAsiliee CcOCTORHHe. 3aTeM OH H3MEHHJ UOJO-
JKEHUe KJouell H 3aMKiHyJ KaTyulKy HAKOPOTKO —— M0 HeH
Hauas LHPKYJHPOBATh HE3aTYXaloULHi CBEPXIPOBONALLHH TOK.
S10T TOK CO344eT MACHHTHOE [OJe, HHAYKIUS XOTOPOro
npornopupoHanbHa chie Toka. Kasanoch Obl, 4eM cH/bHEE TOK
B KaTyiuke, TeM Gosblllee MAarHuTHOE [MOJI€ MOXKHO MOJIYy4YHTH
) TakuM o6pasom. Pesyub-

bamapen Tiu”%gz TaT, ONHAKO, OKA3aJcH

ol ! _i PAa304apPOBLIBAIOILHM: NPH

L Bmapod HHAYKUMH YOS B He-

. LELT CKOJIbKO COTBIX JI0JIeH Tec-

’ng’fé[{“ N J1a COJISHOHJL NEPEXOMHI B

ar -\\ HOpMaJIbHOE COCTOSIHHE (Y

/ \ ) HEro MOSIBJISVIOCH COMIPO-

'\ Y TUBJeHuE). [Ibranich le-

W\ gl JIaThb KaTYIIKH U3 JIPYTHX

Bl Lrzs CBEPXNPOBOAHHKOB, HO H

oA Sy B HUX pa3pyILIEHHE CBEPX-

777N AN, samyung  POBOJMOCTH  IPOMCXO-

i f IO MpH CPABHHUTENBHO

\ s MAJBIX  MArHUTHBIX  [O-
A Ic aax. B uem xe jeno?

g ”é’gfggﬂw Pasragky Ttakoro «mHe-

S HOMRRCa yROOHOTO» [IOBEJISHHSA

Puc. 1 CBEPXNPOBOJIHHKOB Halli-

nu B 1933r. B Depnune B

Jaaboparopun B. Meiicue-

pa. Ogasanock, 4YTO CBEPXMPOBOAUHK 001a42eT CBOMCTBOM I10J1-
HOCTHIO BBITECHSITH B3 cebsi MArHHTHOE I10JIE; B €r0 TOJIIE Hil-
IYKLHsT MATHUTHOTO Nosisi paBHa myJ/o. [IpeacraBum cee, yro
MeTa/IJIHUeCKHH LHIHHAP (KYCOK MNpPOBOJIOKH) OXJIaian JIo
HH3KOH TemOepaTypHl M NepeBe/H B CBEPXNPOBOAALLEE COCTOsI-
Hue. 3areM BK/IIOUHAY MATHUTHOE MOJe ¢ HHAYyKuHedl B .. .
[lo sakomy snekTpoMarHurHO# HHAYKUHH HA NOBEPXHOCTH
UHIHEIDA MOABATCS KpYroBBlE TOKM (pHC. 2), KOTOphIe €O3/a-
ZyT B LIMJIEHApe MAarHHTHOE MoJje ¢ MHayxuuedl B, .., DaBHOH
N0 BE&IHUNHE M MPOTHBONOJOKHOA [0 HANPABJIEHHIO HHIYKLHH
BHEIIHErO N0Js. ITH TOKN — CBEPXNPOBOJSIIME H 3aTYXaTh
ne Oynyr. Ilostomy B Tonue cBepXnpoBOAHMKA CymMaphas
HHAYKUNA pasHa Hymo: B==B, .. --B, . =0, Jlinuy upnyx-
UM MarHHTHOTO M0 B CBEDPXNDPOBOAHHK HE MPOHHKAIOT.
Hy, a 410, ecnu usMenuTp noc/enoBaTeNbHOCTD Olepa-
LU — cHaYajia HOMECTHTL META/L1 BO BHEHIHES MATHHTHOE
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nojie, a 3aTeM OXJIaJVTh €r0 JIO CBePXNPOBOMSILEr0 COSTOM M list
Kazanock 66, HHAYKINS MATHUTHOTO NOJs] IpH 3TOM He Me'm:
ercs ¥ HeT OpUYLH IS BO3HHKHOBEHHS SKpaHHp\."pL;.,;r”k 10-
BEPXHOCTHBIX TOKOB. VIMEHHO Tak W ayman Meﬁc}qep, KO fa
npoBepsaa pacuets! Jlays, OTHOcslluecss K NepBOMy CHOCORY

npoeejieHuss sxcrnepuMeHTa. [lymatb-To Iyman, HO Bce-Taku

ABup> 102 Tn

/ Hoprarstioe
coomgsue

[~}
NN

GEepxnpobudsyee
4 L cocmannue 7,
7

i} 2 4 & T,k
Puc. 2 Puc. 3

peili MpoBepuTh. Pe3ysnbTaT H3MEHEeHHOro SKcnepuMeHTa
noayduics yauBurenbHBI. OKazanoch, YTO H B 5TOM clly4ae
MarHKTHOE [0JIe MOJHOCTBIO BBITECHSETCS U3 CBepXHpPOBOJIHH-
Ka, He NIPOHMKAsI B Hero. 310 siBeHHe Ha3Baau appekToM Mei-
CHepa.

Tenepb sicHO, MOYeMy MATHHTHOE HOJI€ PaspylliaerT CBepX-
npoponuMocTh. Benmp Ha Bo30yxzieHHe nOBEpXHOCTHBIX TOKOB
TparuTcsi ONPeNe/icHHas SHeprusi. B 3ToM cmblcsie cBepXmpo-
BOJIALIlEE COCTOSTHYUE MeHee BHITONHOe, YeM HOPMaJbHOe COCTOs-
HHe, KOrjla MarHUTHOe HoJie NPOHHMKAET B MeTa/lyl H SKPaHupy-
IOIUX NOBEPXHOCTHBIX TOKOB Her. Uem Gosbllie HHAYKIIHS
BHeLIHEro noJsi, TeM Gojee CHIbHBIA TOK JIOJZKEH Te€Ys [o No-
BepXHOCTH, YTOCH obecneunTh SKpaHUpOBKY. IIpu HekotopoM
3HAYeHNH MHIYKNHH MACHMTHOTO HOJS CBEPXHpPOBOJHMOCTDH
o6s3aTeabHO Pa3pyLUHTCs, U MeTalJ lepeiijieT B HopMasibHOE cO-
crosiue, Ilose, Mpy KOTOPOM NPOMCXOAMT paspyllieHHe CBepX-
NPOBOXUMOCTH, Ha3blBaeTcs KPHTHYECKHMM MOJIEM CBepXITpo-
BOIHHKA. BayKHO HOHHMMATDH, YTO JUis pa3pylleHHs cBEpPXHpo-
BOIUMOCTH Heoff3aTe/bHO BHELIHee marauTHoe noJje. Tok, Te-
KLUl 1O CBEePXIPOBOAHHMKY, CaM CO3jiaeT MarHHTHOe IoJie.
Korjia npu onpeieleHHOM 3Ha4eHHH TOKa MHYKI(Hsl 3TOTO I10JIs
IOCTHTaeT 3HaueHHs], COOTBETCTBYIOIEro KpHTHIECKOMY IOJIO,
CEEpPXIIPOBOJHMOCTD paspyllaercs,
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PeanunHa KPUTHUECKOTO AOJISI PACTET ¢ YMEHbIIERHeM TeM-
reparypbl, HO Ja:e BOIH3H a6coMOTHOTO HYJISI KPHTHYECKOE
rojie y GMCTBIX CBEPXNPOBOJIHHKOB METAJIOB HEBEJIHKO (cm.
ppc. 8). B siyulnux cayyasX OHO COCTABJSIET BCETo JECsThie
jony Tecna. Tak 4T0, Kasajoch Obl, Hewero u Aymathb O Co3ja-
114 CHUJBHBIX MATHHTHBIX noJiell G IOMOINBIO CBEpXMPOBOAHI-
KOB.

Ho nanbreiilliee mucciaelloBaHde CBEpXNpPOBOAMMOCTH IO-
Kasajo, 9TO CUTyalusl He GesBblxofHa. Drplio obmnapysxeno,
4TO MMEeTCsl Liefiasi TPynna cBepXNPOBOIHHKOB, KOTOPHIE ki B
oueHb CHJBHBIX MATHMTHBIX LOJSX COXPaHAKT CcBEpXNpPORO-
JIIMOCTB,

AGpPHKOCOBCKHE BHXPH

B 1957 r. uspecTHBIH (usuk-reopetHk A.A. A6G-
PHKOCOB TEOPETHYECKH I[OKa3aJ, 9TO B CIUIaBaX pa3pyLHThb
CBEPXNPOBOAMMOCTD MATHUTHEIM [OJEM HE TaK-TO [POCTO.
Tax ke, Kak y UMCTHIX CBEPXNPOBOJHHMKOB, HPH HEKOTOPOM
; 3HauYeHHH MHIYKIHH MATHUTHOE IO-
\ Jle HauMHaeT NpPOHHMKAaTb BHYTPb
ceepxnpopoanka. Ho B cnouaeax
MarHuTHOE moJsie OGBMHO He cpasy
3anoJHAET Bech 00BEM CBEPXIpPOBOI-
Huka, B Ttomme ero BHauase ofpa-
\ 3yloTcs JIHIIb OTAE/bHBIE CTYCTKH
JIUHME HHLAYKOHUH MArHUTHOIO NoJis
(puc. 4). B KaxmoM TakoM crycrke
COZIEPIKMTCS CTPOTO OnpeleseHHas
4 } A nmopuwus, paBHas yKe 3HAKOMOMY HaM
Prc. 4 KBAHTY MATHUTHOIO HNOTOKa @Dy=
=2.107* B6.

UeM Gomblile BHEIIHEe MArHUTHOE NoJe, TeM Cofblle TaKHux
CTYCTKOB, a CJeJlOBATE/NbHO, ¥ KBAHTOB MarHUTHOIO IIOTOKA
NPOHHKAeT B cBepXnpoBoAHHK. [TosToMy, Kak MH yxe ybeiu-
JIUCh B NPebIylleM pasfiele, MATHHUTHBIH IIOTOK B CBEPXAPO-
BOHMKE MeHsieTCs He HeNpephiBHO, a CRayKaMM, JHCKDETHO.
34€Ch MBI CTAJKHUBAEMCA € YIHBUTEIBHEIM SBJIECHHEM ~— 3aKOHBI
KBAHTOBOM MeXxaHuKM «palOoTaloT» yXe B MaKPOCKONHYECKHX
maciuTadax.

Kamielii Ccryctox JHMHHE MHAYRIHH MarHMTHOrO Ionsl B
CBEPXMPOBOJIHMKE OKPYXKeH KOJBLEBBIMH HE3aTyXalomUMH TO-
kKamu (cM. puC. 4), KOTOpple HANOMHHAIOT BHXPH B 3KHIKOCTH
Wiy rase. Bor NOYEMY TakKHe CTYCTKHM JIMHMH, OKpY#ZKeHHble
CBEepXnpOBOAALLHMH TOKAMH, HA3HIBAIOT aGPHKOCOBCKHMH BHX-
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paMu. BHYTpH KaKj0ro BHXPs CBEPXilpOBOAMMOCTb, pa3yva-
ercd, paspywena. Ho B npocrpaHcTBe MeXJy BHXPSIMH OHA
coxpansercsi! TonbKO NIPH OYeHb CUIBHBIX NOJIAX, KOTAA BHX-
pedi cTaHOBHTCS TaK MHOIO, YTO OHM HAYHHAIOT NEePEKPLIBATHLCS,
HACTynaeT IMOJIHOE Pa3pylleHHe CBEepPXMPOBOJAMMOCTH.

Takasi HeoOblYUHAS KapTHHA fBJEHHS CBEPXNPOBOIUMOCTH
B CcnJjasax, NOMELIeHHBIX B MarHMTHOe MoJle, BOepBble Golia
OTKEpBITa «Ha KOHYMKe Iepa». OIHAKO cOBpeMeHHasi 3KchepH-
MEHTaJbHas TeXHHKa No3BoJser Ha6aonaTh abpHKOCOBCKHE
BHXpH HenocpefcTBeHHO. Jljis 3T0ro Ha HOBEPXHOCTH CBEpPX-
NpoBOfHNKKA (HAanpuUMep, NONepedyHoe cedyeHHe LMIMHApA) Ha-
HOCAIT TOHYAHIIMH MArHUTHBIH NOPOLIOK. YacTHub! NOPOLIKa
CKanJMBalOTcs B TeX obsacTaX, KyIa HPOHHKJO MarHHTHOe
none. Pasmepnl Kaxnoll obsmacTy HEBEMKH M OOBIUHO COCTAB-
JIFI0T JOJH MMKpoMeTpa. Eciy nocMoTperb Ha MNOBEpXHOCTD
B 3JIEKTPOHHEII MHKPOCKOIl, TO BHIHEI T€MHBIE AATHA.

Ha puc. 5 nokasana dororpadus cIpykTypbl aGpHKOCOB-
CKHX BUXpeil, noJyuyeHHasi TakuM crocobom. Bunno, 4to Bux-
PH pAacnosoXkeHbl epHofiuYecKy U 00pasyioT pelleTKy, aHaslo-
TMYHYIO KpHCTaJJMuYeckoil pelneTke, Buxpepas pelilerka Tpe-
yroJibHasi (ee MOXKHO COCTABHTH N3 NOBTOPSIOLIMXCS NPaBHJIb-
HBIX TPEYroJIbHHKOB),

Puc. 5

Htak, B or/iMunie OT YKCTBIX META/JIOB, CHTaRhkl HMEWT He
OIHO, a JBa KPHUTHUECKHX IOJS: HHXKHee KDPHTHYECKOE MHOJE,
pKU KOTOPOM NE€pBblii BHXPb NPOHHKAET B CBEPX[POBOAHHK, H
pepXHee KPWTHYECKOE 10J1€, NPH KOTOPOM NMPOHCLOAHMT HOTHOE
paspyllleHiie CBepXNpPOBOAHMOCTH. B npoMexyTke Mexay 3TH-
MI 3HAUEHHAMH MM0JIel CBePXNPOBOIHUK NPOIHN3aH BHUXPEBBIMiL
JIMHMSIMH ¥ HAX0UTCs1 B ocoboM cMellanHoM coctognui, Ceepx-
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NPOBOIHMK K ¢ TAKUMH CBOFCTBAaMH Telepb Ha3bBaioT CBePXnpo-
BOJAHHKaMHM BTOPOr0 pojia, B OTJHYHE OT CBEDXHPOBOIHHKOB
1epEOrO pofia, B KOTOPHIX pa3pylleHHe CBEPXIPOBOLINOCTH B
MarHMTHOM IOJie MPOMCXOIUT cpa3y, CKauKOoM.

B 50-x rofax HauaJach BACIOSILLAA OXOT4 33 CBePXNDOBO-
JSLIMMH  MaTeprnanavy, OONaNalouMy BBICOKHMH KpHTHYe-
CKHMH TONSIMH M TeMIeparypavu. KakuMi ToJbKO cnocodamu
ux Hy noaydanu! H gyroso#i cBapkofi, u ObICTPEIM OXNMKAE-
HYeM, ¥ HanblTeHHeM Ha ropsidyio NOMIOKKY. Dbl OTKDLITHL,
nanpumep, cnnasel NbSe u NbjAl, uMeronine KpHTHUECKYIO
Temnepatypy (reMnepatypy Hepexola B CBepXHPOBOAsILEC
coctosinve T,=18 K H BepxHue KpuTHYecKue nojs Gosee
20 Ta). B nocaenuue rofpt elue Gosee 3HaUHTeNbHbIA Iporpece
GbLT JOCTHTHYT B TPOUHBIX coenHHeHHsAX. Tak, Ha cerolifs pe-
KOPACMEHOM [0 3HAYeHHIO BEPXHEr0 KPHTHUECKOro HOJi
spasiercst crnas PbMo,S, (T.=15 K, B =60 Tux). (Cm. T2K-
e rpuMeyanue Ha c. 126.)

Kazajoce 6bl, npobmeMa CO3/iaHHs CBEPXHPOBOJSLLIY
MarHuTOB TeM cambiM peitena. Ho Tyr mpupona nmocrasuia Ha
NyTH HcesefoBatesieli ewe OAHy nperpaty. Benmb nis ceepx-
NPOBOIALLETO COJeHOHAa HeoOXOAMMa IPOBOJIOKA, KOTOpas
BLIlepyKHBasa Obl He TOMbKO CHJIbHOE MarHMTHOEe NOJe, HO H
CWIbHBIA TOK. A 3TO, OKa3blBaeIcsd, He OJHO H TO Ke,

Y10 TaKOe NMHHHMHI?

Hspectno, 410 HA HNPOBOAHIK C TOKOM B Mar-
HHTHOM noJie JieHCTBYeT cuja. A Kyna mpHIOXKeHa cuia npo-
THBOZeficTBHs, BO3HHKaOIas Mo TperbeMy 3akoHy Hetorona?
Ecnu, manpuvep, MarHUTHOE HOJie CO312€TCsl APYrHM NPOBOJ-
HMKOM C TOKOM, TO Ha Hero IeHACTBYeT paBHas NO BeNHYlHE U
NpOTHBONOJIOKHAS NO HANpPABJEHMO Cuia (CH/bI B3aHMOJeH-
€TBHUS MeXJly NMPOBOAHHKAMK C TOKOM ONpENeNsoTCsl 3aKOHOM
Amnepa). B naiem caydae cutyauus Gonee ClI0XKHasA.

Korza ceepxnpoBoAHHK HAXOLKTCS B CMELIAHHOM COCTOSSHHH
¥ [10 HEMY TedeT TOK, TO B TeX 06/1acTsiX, rie HMeercs MarHut-
HOe noJie (cepjileBHHH BHXpefl), BO3HUKAIOT CHJIBI B3anMOJieil-
CTBHS MEXJy TOKOM K noseM. B pesysbrare pacnpenenenne
TOKa U3MEHsieTcsl, HO M 00J1acTH, B KOTOPHIX COCPENOTOUENOo Mar-
HUTHOE FOJI€, HE OCTAIOTCS HENOABMNKHBIMH, 8 HAUHHAIOT ficpe-
velaTbes. AGPMKOCOBCKHE BUXpH HOJA JEHCTBHEM TOKa Muii
wyres!

Cuna, JeliCTByIOLas Ha TOK B MArHHTIIOM DCA2, [IEpHLiiLn-
KYJISpHA HHEAYKUUH MAarHUTHOTO [IC15 M HU!PaB/IcHiio APOBYI-
nuKa, Cuna, JeficTBYoIlas CO CTOpOE: ToKa Ha abpHEOCoE-
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CKMIl BHXDH, TOXE MepneHiuKyJsPHA HHIYKIMH MarHHTHOTO
[oJisl 1 Hanpaejieduto Toka. Ecioi, nanpuvep, B cBepXIPOBOL-
I1HKE B CMELIAHHOM COCTOAHIH, NOKA3ailHOM Ha pHc. 5, co3iaThb
TOK, MPOTEKAMLIHH cneBa HaAMPaBo, TO a0PHKOCOBCKHE BHXPH
noj JefcTBHeM TOKa HAYHYT OBHCaTbCsl CHH3Y BBEeDX WJIH CBEp-
Xy BHH3 (B 32BHCHMOCTH OT HallpapJIeHMsl HHIAYKIHH MarHUT-
Horo mnoJis). Ho zBinKeHme aOGpPHKOCOBCKONO BHXPS CKBO3b

Puc. 6

CBEPXIPOBOJIHHK — 3TO MepeMelieHHe HOpMaJbHOH, He CBepX-
npoBofsuell, cepAueBunbl. [Ipu TakoM IBrKeHMH BO3HHKaet
cBOeoGpasHoe TPeHHe, KOTOpOe MPHBOLKT K BBUIEJCHHIO TEIlJIa.
3pauut, npu NpoTeKaHHH TOKA 4Yepe3 CBepXNPOBOLHMK, HAXO-
JIAWMiCA B CMEIIAHHOM COCTOSHHM, Bce-TaKH MOSBJsAETCH
COMPOTHBJ/IEHHE, H KCHOIb30BaTh TaKHe CBEPXNPOBOAHYUKH A7
co3faHusi COJEHOMJIOB Helib3s.

B 4em xe Boixoj? Hano nomelnath BHXPAM JABUrarbcs, 3a-
KpenuB Hx Ha Mecte. Clenatb 370, OKasbIBA€TCsl, MOMKHO.
Hano TOMBKO «HCTIOPTHTHY CBEPXIIPOBOAHHK, cO3/laTh B HEM Ka-
nHe-To Jedekthl, JledeKTr OObIYHO BO3HHKAOT caMH no cefe B
[ e3y/IbTAaTE MEXaHHUYECKOH WM TepMuyeckoil ob6paCoTKn Ma-
repuana. Ha pHc. 6, nanpumep, nokasaHa 3JI€KTPOHHOMHKPO-
czonpueckas QoTorpadHs IJIEHKH HUTPHAa nuodus (KpHTH-
yecKas TeMneparypa koropoit 15 K), nosyuennoii Hanbl/ieHHEM
seTasiJla Ha CTCKJISIHHYIO HJIACTHHKY. $ICHO BHIHA 3epHICTas
(eronfuarasi) CTPYKTypa MartepHaja. Ilepeckoduts 4epes rpa-
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WY sepig BAXDIS AnBDAEHD CADHELD. B’)I‘ no_qe:Iy :“0 onpsne-
sesfiorg shauenlisi TOKa (eT0o HA3LIBAIOT KPHTHGCCKHM TOKOM)
BUXpH OCT3I0TCSA  HETONBHAHEIIE. DJIeKTPHYECKOe COMPOTHB-
Jqelse B TaxoMl caydae paBHO HYJIO. i

D0 4pdeHie HAasblBAOT NHMHHEHIOM — OT aHMJIMICcKOro
gapea pinning, uTO B NEPEBOAE Ha pyCcKHit SI3BIK O3HAYAST
¢apHNINHINBAHEEY.

BJiarogapsl MHHHHHTY MOXSHO MOJIYHATh CBePXNPOBOASIINE
M&TepHAJEl C BHICOKHM 3HAUEHHEM KaK KPUTHYECKOro MoJs, Tak
I} KpHTHUIECKOro TOKa. Hpuu 3TOM, €C/IH 3HaueHie KPHUTHYECKOro
1:0/151 ONpeneNsiercsl CBOMCTBAMM c€aMOro MaTepHaJa, 3Haue-
Lue KPHTHIECKOro TOKa (TouHee, €ro IJIOTHOCTH, TO €CTh CHJIbI
toKa, NpHXOJifileiicss HAa eAMHHLY MJONIALH CeYeHHUs) BO MHO-
rOM 3aBHCHT OT clocofa NPUroTOBJIeHlsl, METOAOB 06palboTKH
matepuana. Cejiuac paspaGorana TEXHOJOT Hs5l, MO3BOJAIONLAs
110iy4arth CBEPXOPOBOASAUIME MAaTepHasbl, HMEIoUHe BBICOKHE
3HaYeHIs BeeX KpuTHuecKux Hapamerpon. Hanpumep, Ha ocHo-
GE CII/1aBa HHOOHS C 0JI0BOM MOXKHO MOJYYHT: MaTepHall ¢ ILIOT-
HOCTBIO KPHTHYECKOTO TOKA B COTHH TBICSiY aMmmep Ha KBajpar-
HEHI CAHTHMETP, BepXHnM KpuTHYIecKuM nojeM 25 Ta u Kpuru-
yeckoli Temneparypoit 18 K.

Ho s1o eme He Bce. Banp BaXKHBI B MeXaHuueCcKHe CBOCTBa
MaTepuaia — U3 Hero npeictout clenath Karyliky. Cam 1o
cebe cnaB HHOOHS ¢ OJIOBOM XPYNKHi, U TaKyi0 DPOBOJOKY
uarubath Hesbasl. [losToMy cBepXnpOBOAsiLKE COJICHOHIBI H3-
rOTaBJKBaNN CJIeAyIonMM 06pa3oM: NOPOLIOK U3 HHOOHUS U 0J10-
Ba HaOHBa/li B HHOOHEBYIO TPYOKY. 3aTem TpPYOKY BLITSTHBATH
B IPOBOJIOKY, HaMaThlBaNM KaTyLIKy Y Harpesadll, B pesyub-
Tarte noJyyaJics TOTOBBIH coseHoua M3 cmiaBa Nb,Sn.

B npoMBIIIeHHOCTH HCHNOMB3YIOTCS 00dee TeXHOJIOTHYHbLIe
MaTepHajbl, HallpuMep chjaB HuoOusa ¢ taranom NbTi, koro-
Pl obsanaer nocTarouHol MaacthutHocthio. Ha ocnose s1oro
CIJIABA CO3Jla¥0T TAK HasblBaeMble KOMIO3HLMOHHEIE CBEPXHpPO-
BOJHUKH,

B 6pycke Menu npoceep/iMBAIOT MHOMKECTBO IBID M BBOAAT
B HHX CTepXHK CBEPXNPOBOIHHKA. 3aTeM GPYCOK BhITATr HBAKOT
B LJHMHEYIO NPOBOJIOKY. [IpoBOJIOKY paspes3aloT Ha KYCKH H
CHOBA BBOJAT B Me/IHbIH GpycoK. Ero ongre BHITATHBAOT, pas-
Pe3aoT Ha KycKM M T. . B pe3ysbrare mosnydaetcs Kabeib,
COARPIKALIME O MWIIHOHA CBEDPXMNPOBOASILLUX 2KiHJ, H3 KO-
TOPOTO M HAMATHIBAIOT KATYILKH.

BaxHoe npeumyiuecTeo Kadesiell cOCTONT B TOM, 4TO CBepX-
[POBOAALIME TOK pacnpenensiercs B HUX 0O BeeM xujam. Jiaa
CBEPXNPOBOAHKKA [a¥¢€ Melb SBJAETCS XOPOLIHM H30JSTO-
pOM — [IpH NapaieJbHCM COeMHEHHH MeHOTO H CBepXNPOBO-
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Is1iuero MpoBOJHUKOB BeCh TOK TeUeT HO CBEPXMpOBOAHKKY, 06-
JIAJlAl0ieMy HyniesbIM conpotusienueM. EcTb u eme opno npe-
nvyitectso. IlpencrariM cefe, YTO B KAKOH-TO KiJe CBEpX-
NpPOBOLHMOCTb CJYYaliHO paspylumiachk. Torga Beuessercs
TEI0, H BAJKHO OTBECTH €ro, MJIsi TOrO 4T00H HPeNoTBPATHTD
nepexon Bcero Katens B HOpMaJbHOe cOcTosiHHMe. Menb, KOTO-
pasi siBnsieTcss XOpOLLUKM NPOBOJHKKOM TeHJa, YCHELIHO CIpaB-
JisieTcsa ¢ 9TOH 3anauell, OCYIIECTBJIAS TePMUUYECKYIO CTaGuiIH-
3aumo. Kpome Toro, Melp OGECIEYMBAET XOPOLUHE MeXaHuue-
CKHe cBoficTBa Kalesef,

Cne npumensiorcs
CREepPXNPOBOAALINE CONEHORIbI?

«[Ipopeccrin» cBepXIPOBOAAIINX MArHHIOB Bech-
Ma pa3roodpasuel. OHM MrpaioT BakHYIO pOJb B (PH3HKE BBHICO-
KHX 3Hepruii, NOMOraloT MCcJIelloBaTh TBEPAble Tena, NpHMeHs-
10TCSl B SJEKTPOTeXHHKe U Jaxke na Tpancnopte. O npoekrtax
[I0€3/10B Ha MarHWUTHOH MOJAylIKe, HaBepHOe, CJBILAIH BCe YH-
tateny. CBepXIpPOBOJSINe COJIEHOH/B, YCTAHOBJIEHHEIC B Ba-
TOHe, CO3Mal0T MOIHOe MarHMTHOE HOJe, KOTOpoe HpH JBHXe-
HUH 110€31a HABOAUT HHAYKIHOHHBIE TOKH B CHelHaJbHEIX Pelib-
cax. CornacHo npaBuny JleHna MarHuWTHOE HOJIE€ STHX TOKOB
HalpasJeHo Tak, 4ToObl NPensTCTBOBATh MPHOJMMKEHMIO coJie-
HOMJIa K pesibCy, ¥ HOe3J, ... OBlHcaeT Haj HojoTHoM. B flmo-
HYH YIKe CO3[|aHa CEMHUKHJIOMETPOBas SKCIepUMEHTANbHAS JH-
Hisl, Ha KOTOpOH YcTaHOBJIEH MMPOBOH PEKOpI CKOpPOCTH —
517 km/ul B cents6pe 1982 r. na s1oM noesje GbLTH MepeBe3eHbl
nepBble Naccaupbl. A K 1988 r. nmanupyercsi co3faTh cepHii-
Hblii o6pasell TpeXBArOHHOTO NO0e3[1a, KOTOpPhIi OyJieT KypcHpo-
Bath Ha nuHnK Toxno — Ocaxka. B kaxJiom BaroHe HaXOJMTCS
CBOsl XOJIOAWJILHAS YCT2HOBKA € XKHAKHM TresieM, cOBMelleH-
HAasl CO CBEPXNPOBONALLMM COJEHOHAOM B OJHOM KOHCTPYK-
LHOHHOM MoJy.sie. B mawueii ctpane paspadoTaH TeXHUUYECKHI]
NPOEKT TPAHCIOPTHOH CHCTEMBI Ha MACHUTHOH MOMYIIKe Jisi
roposa Asmva-Ara.

B ssekTpoTeXHHKe HCHO/L30BAHNE CBEPXNPOBOJSAMNIMX MAr-
H{TOB CTaHOBHTCS LieJecooOpasHbiM NPH CO3JaHHH 3JeKTpHue-
CKHX JBHraTeseil u reHepatopoB FMTaHTCKOH MOIIHOCTH B COTHH
u Gonee Meraparr. CBepXnpoBojsiitic oOMOTKH B CTatope co3-
JI2I0T CHJIbHOE MOCTOSIHHOE MarHUTHOE HoJie, B KOTOPOM Bpalia-
eTcsl pPOTOp M3 HOpMAaJbHOrO MeTajsa. [Ipu sTtoM focTHraercs
3gaulTesbHOe YMeHblIeHHe pa3MepoB U Macchl YCTAHOBKH.
TakHe ZBHraTeny MOIIHOCTBIO B HECKOJBKO MEraBaTT yiKe CO3-
IaHbl W paspabartblBalOTCs NPOeKTHl Gosiee MOIIHBIX MAMIHH.
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Ere ((uuiiiie OPEINYIIECTBA JaeT NpliMeHentie CBepXNpoBoLs-
mesi OGYOTKH poTOpPa, HO MPH Pea3allill STOL HIeH BOSHHKAET
WMHOTO TeXHHUeCKHX MPOOJIEM. E

Nibl 3HAeM, YTO MArHHTHOE NOJe JIeicTBYeT Ha IBMIKYLIHeCs]
=apsFKeHHbIE YACTHID! (tokn) cunoti JlopeHua. Oua Hampag.ie-
Ha HepTieHIHKYJIAPHO CKOPOCTH YacTHUB! M HCKPHBIsSET ee
tpaektopmio. Hem 6oJIblle HHLY KIS MArHUTHOrO TOJs, TeM
MeHbile pafkyc OKPYMKHOCTH, [0 KOTOPOH JBMIKETCS YacTHua
B MarHuTHOM IoJ1e. FIMeHHO TaKol NPHHIEN MATHHTHOTO «yaep-
JKaHIsg» YacTHL NpHMeHsiercss B YCKOPHTesX, NY3LIPHKOBBIX
KamepaX, YCTaHOBKAX yNpaBJisieMOTO TepMOsiZIEPHOTO CHHTE3a.
[NpenmMylilecTBa HCIONB30BAHMA [Vl 3THX 11eJell cBepXnpoEo-
ISIMX MarHuTOB, CO3JAMOIIKX CHJIBHEIE MAarHHTHHIC noJis 6€3
3aTpaT OPPOMHBIX 3Hepruil, oueBmuHnl. B naiell crpane yxe
IeHicTBYET nepeasi B MHPE€ cBepXIIPOBOJIAILAS cHCTeMa 1S yc-
TAHOBKY TEPMOSIIEPHOTO cHHTe3a «Tokamak-7» H paspaborana
ycratoBka «Tokamak-15», B KoTOpoft OyneT HakanJHBaTbes
mMaruuTHasi sHeprus B 600 Muiinonos jukoyJseil. Cosnanne yct-
DOHCTB cJIelyIOIHX HOKOJIEHHH, paccuuTaHHbIX Ha GoJiee BEHI-
COXHE 5HeprHy, 6e3 WCMOJIb30BAHMS CBEPXNPOBOAUMOCTH MPO-
CTO HEBO3MOXKHO.

[pn HcenenoBaHky TBEPOBIX TeEJ, MOJIEKYJl, ATOMOB M siiep
Heo6XOIMMO CO3JaBaTh CUJIbHBIE MarHUTHBIE I0JIS1 B MAaJBbIX
ofbemax, a Takxe CU4eHb OJIHOPOJHBIE MarHuTHHeE noJjsi. Ceepx-
NpOBOAALTE MarHHThl B TAKHX CAyYadX He3aMeHHWMbl W cefi-
yac LIKWPOKO HCHOB3YIoTesl B (H3MUecKHX JabopaTopusax.
ManenbKne cBepXcHIbHEIE COJIEHOH/BI B KOMINEKTE ¢ cHCTEMOH
OXJIaKJEHHs CTaJd y3Ke MPOMBIIIJIEHHOH MpOAyKukeH, Bhl-
NyCK KOTOpO# Bce GoJiee pacliupsiercs.

OHepretuka GYAYLIEro — 3TO He TOJbKO HOBblE HCTOYHHKH
sneprud. HeoSxonnMo pas3paboTath HOBRIE IppeKTHBHbIE CIO-
cOObl XpaHeHus u nepefiaun JexTposHepruu. CeepXnpoBoaHy-
K W 3jiech Opeajaralor ceou ycayrd. PaspaboraH npoekt
CHCTeMS XPaHEHHsl 3JIEKTPOIUEPTuH, B KOTOPOM T'HraHTCKas
CBEPXIPOBOJIsLlas Karylika guamerpom 6osee 100 meTpos Gyner
YCTAHOBJIEHa B CHENMANLHOM TOHHeNe, DPOOHTOM B Topax.
B HeM ¢ nOMOIEBIO XOJIOJHIBHBIX YCTAHOBOK C XKHAKKM [eJli-
eM GyrneT nonnepxuBaThCsl TeMnepatypa, OJu3kas K abco-
JIIOTHOMY HyJo. Hesatyxatwinil cBepXnpoBOASINGH TOK B Ta-
KOll KaTyike 3amacer rHrantckyio sHepruio B 100 merapart-
YacoB,

A nepenaua suepruu Ges norepb HO CBEPXAPOBOASILIKM Ka-
ﬁeJ]HM’? Onenky noxaswBalOT, YTO TAKOH cHOco6 CTAHOBHICA
PEHTA0EIbHEIM NP mepefaue MOIHOCTH CBHIUE HECKOJbKHX
TBICHY MeraBaTT Ha paccronHusi Gosee 20 Kunomerpos. Ilporo-
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Titn KaGeaa yxe co3fad (cM. prc. 7). OIHaKko NoKa uTo MOMKHO
TOIbKG MeYTaTh O JIMHHAX 3JeKTPONeP2Lau, KOTOPHS, «KY-
nascb» B JKHAKOM TeJHH, TepeHOCHJH Obl SJIEKTPHUecTnO 523
LoTepb tia OrpoMilble paccroanus. Ho ceepxnpopozuvocts
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Puc. 7. Ha gororpagun uso6paensl B HATYpalbHYIO BEJINYHRY Kabe-

Jd, MCMOJIL3Yyerble B KPYNHBIX CBEDXMPOBOASALIHMX CHCTEMax. B ceuenun

BUJHB! TOHKHE HUTH CBEPXNDOBOAHHKA, OKPYIKEHHBIE METaJJOM C Bhl-
COKOH 3/€KTDO- K TEMAONPOBOAHOCTHIO

Bellb €ille He cKasasa MocJefHero cyioBa. Bmouie Bosmo:kHO,
YTO [GOABATCA MarepHasbl, KOTOpeie OYIAyT CTAHOBHTLCS
CBEPXUPCLCIHHKAMH DY KOMHATHBIX Temneparypax. 1 toraa
cpasy bue usmeHurcs. PaHTa3Ms CTaHeT PeanbHOCTbIO ¥),

J L. npuneyasue Ha c. 126,

L
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0 CHEXKAX, OPEXAX, NY3bIPbKAX
H ... XXUIKOM TEJIHH

£ B Jiecy, NOJ ebto GeiIKy,
Besdxad NeCCHKH NOET

U opuillku ECe IphI2eT,

A OpeulKH He MpoCThe,

Bce CKOPAYNKH 30J0THie,
Spapa — YHCTHIA HIYMPYH, —
BoT uTO YyaoM-TO 30BYT.

A. C. Hywkurn . «Crazra o nape Canzanes

TCesinili HAXOLITCS MOUTH B CaMOM Hauaje Tab-
Julsl MenpesieeBa, I TeM He MeHee C MOMeHTa OTKPAITIIS OH
focTaBhi (H3MKaM Maccy XJOHOT — HEOOBIMHOCTBIO CBOMX
cBoiicTs. IlpaBpa, 3TH XJIONOTE € JIMXBOH OKYNAOTCH Kpaco-
TOH ¥ YHMKAJLHOCTBIO fBJIEHHH, APOHMCXOAAIHX B JKKHIKOM
reJizi, a TAKXKE TEMH BO3MOXXHOCTSIMH, KOTOpbie OH OTKPBbIBaeT
Hepej HccseoBaTe/IAMH M HHXKeHepaMH /15 MOJyYeHus: OueHb
nu3Kix Temneparyp. Cpeny npuuyll 3TOi KBAHTOBOH KIAKOCTH,
HapALy CO CBEPXTEKYYecTbio *), CTOHT H 0cOOBli, He TaKoH,
KAK B JPYTHX MKHAKOCTSX, MEXaHH3M MepeHoca 3/1eKTp HIeCKOro
3apsi/ia, O KOTOPOM MBI M PAcCKaKeM HHXE.

Korpa B kKonue 50-x rofoB (pM3HKH TOJBKO NpHCTyHalu K
HCCJIeNOBAHMIO HTOr0 BOMpOCA, TO Kasanoch, YTO CaMbIMH MOJ-
XOnSIHyH KaHAKIATAMM B HOCHTENH 3apsja sIBJAITCS 3JEKT-
POHBI ¥ NOJIOXKHTEbHBIE HOHBL, KOTOpble 0Gpa3ytoTCsl HPH HOHW-
3aUuH TeqHs. IIpH 3TOM NpennoJaraioch, YTO HOJOXKHTE/b-
HEIH 3apsill NepeHOCAT He HEeNnoCPENCTBEHHO HOHbI TeJHsi (oHH
CPABHHTEAHHO TSKEAL! U TPY/HO PA3TOHAXTCS S/EKTPHIECKHM
fno.nem), a ... AbipkH. Jlns TOro 4roGEl NOHSATD, YTO TAKOE ¢[Iblp-
Ka», npencraBbre cebe, YTO SJEKTPOH, HaxoAsamuiics B aroMe
resjusi, B KaKOH-TO MOMEHT «HepelphbirHBaeTy cO CBOEro atoma
HA OKa3aBuikiics MOGJH30CTH [MOJOKHTEJAbHBIH HOH Tefns.
Ha ero ocBoGojuBlleecss MECTO <«IepelphilHBaeT» 3J€KTPOH ¢
CcOCeNHEero aroMa, Ha MeCTO 3TOro 3JIeKTpoHa — TP aTHHA, €O
caeayioliero aroma, M tak panee. Co CTOPOHH Taxas yexapza
3/1eKTPOHOB BLITAUT KaK ABIKEHHE MOJIOXHTENLHOrO 3apajia
B NPOTHBONOJIOXKHYIO CTOPOHY. A TaK KaK Ha camou jejie 37010
[OJIOXKMTENLHOTO 3apsifa HeT, a HMEeeT MECTO NpOCio OTCYTCi-
Bli€ OUEPEJHOrO 5J1eKTPOHA Ha ero «paboueM MECTEs, TO TAKOH
00DBEKT HasbIBAIOT «JIBIPKOI». STOT MEXaHH3M o6blurn ¢padoTacT»
B MOJYOPOBOJHHKAX, HO NPEICTaBJIsiJIOCh BeChMi ECPOATHDIM,
YyTO OH TOAHTCA M JUVIA KHAKCIO IeJHd.

teavsan B, C. B6ansn aGcoIOTHOTO Hyad.—
nloteska «Keant», BRIl =0,

=) Cy, KHBIN: :
M.: Hayka, 19¢5.— b
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Ilnsi wsmepenusi macc HOcHTE/ell NOJIOMKHTEILHOMO U OTPH-
UaTe/IbHOr0 3apsila HCCAENOBATHCL HX TPAEKTOPHH B JKHJKOM
refidd NpH HaJIOXKEeHHH CIHOPOJHOTO MaruutHoro nossi. Kax
H3BECTHO, NPH NONAJNAHHH 32PSIKEHHON YacTHIEI C HEKOTOPOji
HayaJbHOH CKOPOCTLIO B MAarHUTHOE MOJIE €6 TPAEKTOPHS «3a-
KpY4YHBaeTCsi» B OKPYRHOCTb WJIH Cnupab. 3Has HauyajbHYO
CKOPOCTb, BEIHYHHY MarHUTHOrO MOJISl U M3MEPHB Palluyc Kpy-
FOBOIO [BIKEHHs YaCTHLbL, MOKHO JIETKO ONPEJIe/IUTh ee Maccy.
Pesysbtatel 3THX SKCMepHUMEHTOB OKasalikCh BEChbMa HEOKIl-
J2HHEIMH: MacChl HOCHTesIeH MOJIOKHTENLHOrO i OTpHiaTe/b-
HOTO 3apsnoB B JECATKM THICAY Pa3 MpeBHIIATH Maccy CBoGo-
HOro 3jextpoHal

Koneyno, nBuxenne s1eKTPOHOB 1 JBIPOK B AKHAKOM TesluH
NPOUCXONHT B OKPYKEHHK aTOMOB, ¢ KOTOPBIMH OHH B3aUMOJeH-
CTBYIOT, U NO3TOMY HaliZieHHbIe TaKUM O6pasoM Macchl HOCHTE-
Jielf MOTYT OT/IMYAThCSl OT MAacCH CBOOOLHOIO 3JIEKTPOHA, Ofi-
HaKO OT/IM4aThCAd Ha HOATh MOPAIKOB — 3T0 VK CJIMIIKOM!
Cronb pasuTenbHOE PACXOMIEHHE TEOPETHYECKHX PACUETOB W
SKCMNEPHMEHTANbHLIX JAHHLIX HEMO3BOJIUTENLHO faMKe /IS He-
obpruHoro resus. [lostomy Heo6Xomnmo GBUIO NpERIOKHTH
4TO-TC HOBOE, KaKOH-TO O T€X MOP HEH3BECTHBI! MeXaHiH3M.

[IpasuibHOe OGBACHEHHE CTPYKTYPH HOCHTeNeHl MOJIOKH-
TeJLHOrO 3apsina B XKHUAKOM IeJHH BCKOPE GBUIO Mpejio:KeHo
amepHKaHCKnM (pusrkoM ATkurcom. K3BectHo, uto ans nepe-
BO/l2 BELIECTBA M3 KHIKOrO B TBEPIOE COCTOSIHKE HE 0053aTe b~
HO MOHIDKATh TeMNeparypy — MOMKHO [PH NOCTOSIHHOH TeMmne-
parype NOBHILATL JAaBJEHHE W 3THM 3aCTaBJSTh BeliecTBO
satBepieBatb. TO naBsieHue, NpH KOTOPOM BEILECTBO 3aTBEp-
LeBaeT, Ha3blBaeTcsl naBneHueM 3areepieBanus (Pg,). Ecre-
CTBEHHO, YTO Be/HYHHA Pyg 3aBHCHT OT TEMNEPATYPHL: UeM TeM-
neparypa Bblille, TeM TPYAHEE NYTEM NOBLILCHUS JABJIEHHS
3aCTaBHTDL KHAKOCTb NepefiTH B TBEPAYIO (asy, 70 ecTb ¢ yBe-
JiuyeHHeM Temneparypsl Py, pacrer. Orasamocb, 4to Bes
¢XUTPOCTL» B CTPYKTYPE HOCHTEJSI NOJIOKHTEJBHOrO 3apsina
3aK/li0YeHa HMEHHO B CPABHHTEJbHO MaJiOM JABJIEHHH 3aTBep-
ZeBaHKs MIAKOrO eJHsi: MPH NOCTATOYHO HH3KHX TeMrepa-
Typax P;,=25 atv. Mmenno 310T $aKkT u npusomut K BechbMa
HEeOGbIYHOH CTPYKTYpe HOCHTEJIEH MOJ0MKHUTE/IbHOIO 3apsina B
JKHIKOM TeJui.

Mbl y3Ke ynoMuHaH, 9TO 8 AHIKOM I'e/lHH MOIYT CYIIECTBO-
BaTb MNOJOKUTENbHbIE HOHEI. B3ammoiefictsie takoro roHa
¢ HefiTpa/bHLIM atoMoM He NpHBOAMT K TOMY, 4TO ero 3/1eKTpo-
Hbl YYTH-UyTh NMPHTSATUBAIOTCA K NOJOXHTEIbHOMY HOHY, a MNO-
JIOXKHTEJIbHO 3apsi>KeHHOE fJPO aToMa, Hao6OpOT, OTTaJIKH-
Baercs OT Hero. B pesysnbrate uentpsl nosoxuTenbHOro H
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oTON{ATENLHOMO 3apANOB B aToMe nepecTaroT COBMajaTh
On A ILBNIOTES] PA3HCCEHHBIMY HA HEKOTOPOE paccrosinve. TakuMm
ofipazoM, Hanuaue [1O/IOAK HTEJNLEBIX HOHOB B JKHJKOM ['€JIHH NpH-
RONT i 1OIAPH3AILIYH ero aToMOB. OTH noJIiPH3OBAHHEIE ATOMB
P g NPUTATHBAIOTCA K MOJIOKHUTENb-
A \ HOMy HOHY, YTO NPHBOAUT K IIO-
E ; BHILIEHUIO HX KOHLEHTpaluH (1O
! \ ecth K MOABJIEHHIO H36LITOYHOI
N\ P=p(r)+ Py MJICTHOCTH), a CJIe[oBaTe/IbHO, H
by K MOBHILIEHHIO NaBJEHHS NO Mepe
25 P npubnvrkenus K nony. I'paduue-
SS<e____  CKH 32BHCHMOCTb H3GBLITOYHOrO
20 - [aBJIEHMsl OT paccroslds t 10
NOJIOMKUTELHOTO HOHA MoKasana
Ha puc. l.

Kax MBI y2e FOBOpHJIH, NpH
JaBaeHiH B 25 aTM 1 HU3KHX TeMIe-
w\*‘ patypax :KHAKMii resiii saTBepyie-
_ Baet. [To3TOMY, KaK TOJILKO JaBJie-
0 67 1,2 ry v Hpe BOJIM3H NMOJIOXKKTEIbHOrO HoHa
Puc. | JIOCTUCHET 3TOro 3HadeHHsi, COOT-
BeTCTBYIOLLHIT 00beM KHIKOro re-
Jiust BOKPYT Hero sarsepieet. M3 puc. 1 BUAHO, YTO NpH MajioM
BHEILHEM JaBJeHHH 3aTBepieBaHLe NPOUCXOAUT HA PACCTOSiHUK
ro=0,7 um or uoHa. Takum 00pa3oM, MOJOXKHUTEJbHEL HOH
OKa3bIBAeTCs KAK Obl <BMEP3IILHMY B «CHEXKOK» U3 TBEPJOro reJivs.
Ecnn Mpi Tenepb NPHIOKHM BHELIHee 3JIEKTPHYecKoe rnoJje, TO
3TOT «CHEKOK» HauHer ppHratbesl. OnHAKO MNOCKOJBKY OH
sBJIsieTcsl HeHTpoM O6siacTH H3OLITOYHOI MJIOTHOCTH aTOMOB
rejiksi, TO IBMIaThCsl B 3JEKTPHIECKOM MOJE «CHEOK» OyleT
HE OZIHH, a B COMPOBOXJEHHH «TOYETHOTO 3CKOPTa® — 32 HUM
NoTSIHEeTCS Bech «XBOCT» M30bITOuHofl MuioTHocTH. Ilostomy
MOJIHAs Macca HOCHTEs MOJICMKUTENLHOro 3apsijia Onpeiesnt-
¢ cymMMmoit Tpex BKJianoB. IlepBelil H3 HHX — 3TO Macca camoro
«cHeXXKa», OHa paBHa [MPOM3BEJEHHIO MJOTHOCTH TBEPIOTO
rejiist Ha o6BeM «CHEXKay M OpH HOpMajbHOM BHELIHEM [aB-
JeHuu coctasisier 32m, (mM,=6,7+107% Kr — Macca aroma
reausi). He namporo mempbilleli OKasblBaeTcsi M COMPOBOXKJAL0-
WAs «CHEXKOK» «CBHTa» — Macca «XBOCTa» H3OBLITOYHOI NJAOT-

HOCTH, KOTOPYiO Tauiut 3a co6oil HOH, COCTaBlseT 28111,.
Kpome Toro, npu nBHKEHHH Tea B MUAKOCTH NPOHCXOLHT
nepeveliente ee ci10es, Ha sto pacxonyercs sueprusi. ITostomy
J1s TOTO YTOOB! COOOLIMTE TEJNY NPH €rc ABHKEHHH B XKHIKOCTH
HEKOTOpOE YCKOPEHHe, HeOGXOLHMMO MPHJIOKHTL K _Hemy GCib-
wIyto CIy, 4eM 3To norpebosasioch 6o B myctote. Takum obpa-
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30M, B XKHIKOCTH TeJIO IBIKETCHA TaK, KaK ecji GH ero macer
Obls1a Ha HEKOTOpYIO BeNMUKHY GoJblIe MCTHHHOH. DTy AOHOJ-
HATEJIbHYIO MacCy, CBA3AHHYIO C NEepeMelleHHeM CJIOEB KU/
KOCTH, HAa3bIBAIOT NPHCOENHHEHHON *). Jlis «cHexka», nIBH-
KYUIErocs B YKMAKOM FeqMH NpPH HOPMAaJbHOM aTMOCHEpHONM
BHELIHEM JIaB/ieHuH, NPHCOeIHHEHHAss MacCa OKasbIBaeTCsi pas-
Hou 1bmi.

Wrag, pas 00NHOH MacChl HOCHTES! MOJIOMKHUTENTHHOTO 3a-
psna, NBIZKYLIEIoCs 8 XHIKOM ejHH, PacueT NaeT 3HAYeHHe
75, UTO YK€ XOPOLIO COIJIacyeTcsi ¢ BeJTMIHHOMN, H3MepeHHOk
NpH 3KCNepHMEHTe.

Ins oObsiCHEHMS] MEXaHH3Ma MepeHoca MOJIO¥KHTEJLHOro
3apsza TakuM ofpasoM HaM NOHAZOGMIMCH JHIIL NpPEACTaBJjie-
HUSi KJaccuueckoit ¢usukn. Muaue ofcrout ey10 ¢ HOCHTE MY
oTpHlaTtenbHOro 3apsana. [Ipexne Bcero OKaswBaercsi, Yto O7-
PHUATENBHO 3apsKEHHBIX HOHOB aTOMa Te/Hsl He CYLIECTBYeT
(npasja, MOryT o0pasoBLIBATLCS OTPUUATENbHBIE MOJIEKYJIsip-
Hple HoHbl Hey, HO TakuXx HOHOB 0Opasyercsi HeMHOIo, # B
nepeHoce 3apsila IaBHYi posb Hrpaior He omnm). [lostomy
NpeTeHieHToM B HOCHTeJNH OTPHULATENLHOrO 3apaja Mo-npex-
HEMY OCTaeTCsi 3JIEKTPOH, KOTOpOMY, NpabBja, KaracTpodrye-
CKH He XBaTaeT Macchl JyIsl COTJIAacHs C 3KCMEePHMEHTaJbHEIMH
naHHpiME, TyT-TO M NPUXOAMTCS CTOJIKHYTBCS C NPUYYIaMH
KBaHTOBOIO MHpa. DKCNEPHMEHT NOKA3LIBAET, YTO 3JIEKTPOH,
KOTOPOMY Mbl YILOTOBHJIH pPOJIb HOCHTEJNSl OTPHUATEJNLHOIO
3apsajia B XKHIKOM IeJIHH, ... He MOXKeT JlaXKe GecrpensitCTBeHHO
B HEro NPOHUKHYTb.

Jis Toro utofbl B 3TOM pa3ofparbcs, HaM Npujercs cle-
Jlath HeOOJIbILIOE OTCTyNJIeHHEe M paccKasath o0 YcTpoiictee
aTOMOB, HMEIOUIHX HECKOJIbKG 3JIEKTPOHOB.

B Mukpomupe jeficTByeT BakHEHALIMII OpHHUMI, Onpese-
JISIOLIMA TIOBEJEHNEe KOJIJIEKTHBA ONMHAKOBEIX yacTthil. [Ipume-
HUTEJIbHO K 3JIEKTPOHAM €ro HashiBalT npuHuMnom [layuu,
CorsiacHo 5TOMy NMPHHIMIY HHKaKHE JiBa 3J€KTPOHA He MOTYT
OJIHOBPEMEHHO HAXOJAWTbCH B OAHHAKOBHIX KBAHTOBBIX COCTOS-
nusx. Mivenno npuuuun Ilaynu o6bsicusier «HenoGOBL» aTOMOB
rejiisi K CBOOOJAHLIM 3/IEKTPOHAM, OMNPEeNAILYI0 Te TPYLHO-
CTH, KOTODHIE 3JIEKTPOHY HYXHO MPEOJ0JIeTb, YTOOLl NPOHHK-
HyTb B KHIKHH rejuii.

SHeprusi 3/1eKTPOHa B aToMe, KaK Mbl Y3Ke He pa3 TOBOPIIH,
WPHHHMAET TOJIbKO OMnpejie/IeHHEIE KBAHTOBLIE 3Hauenusi. [1pu
5TOM Ba)KHO, YTO JA2HHOMY 3HAUEHWIO 3HEPTHH MOXKeT COOT-
BETCTBOBATb HECKOJIbKO PAas/IMYHLIX COCTOSIHHI 9JIEKTPOHa,

*}) Mer yike BCTPEUANHCh C STHM NOHSITHEM BO BTOPOH 49acTH KHHIH.
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GT/IHEalgI HECH XapaKkTepoM ero IBHKeHHsl B aTOME (Hanpumep,
shopuali OpOHTEl, & 1a KBAHTOBOM si3bike — YcTpolicTBoM oBiaka
BENOATHOCTH, ~OMNPEAEIAIOLEND pa3MasbiBaHHe 3JIEKTPOHA B
nneetpanctre). CocroAkust € OLHHAKOBLIM 3HAUCHUEM 3HEp-
r#E 00pA3yI0T 0GOJIOUKY - Cornacno npuryuny [laynu ¢ poctoM
sona SJENTPOHOB B aTOMES (NOpsIKOBONO HOMepa 3JIeMeHTa)
oHE HE CKATUIHBAIOTCSA B ONKHAKOBLIX COCTOSHHSIX, a NOCTeneH-
Hi SANAIHAIT BCE HOBbIE OGOJIOUKH.

Creuaia 3anojiHseTcs rnepsas  000JI0YKa, OTBEYalollas
nauMenbiuell BO3MOXHOH snepruu. B nefi, 86nnsu anpa, pas-
MELILZIOTCsl TONIbKO J1Ba 3/iekTpoHa. HlostoMy y renus, mMero-
Liero NOPSIKOBLI HOmep 2 B Tabnuue Menneseesa, nepsas
ofo0uKa OKA3HIBAETCS HEIMKOM 3anoJiHeHnoii. Tperbemy
5NEKTPOHY TYT YK€ MecTa HET, H OH MOMET pacnojIoXHTLCA
TONbKO Ha JOCTATOUHOM OTjaneHuH ot sipa. Hpu npuGmimke-
MUY «IHIIHETO» 3JeKTPOHA Ha paccTOosiHKe MNopsiika pasmepa
ATOMA reJilsi BO3HHKAIOT CHJIBI OTTAJIKHBAH U1, NPENATCTBYIOLHE
janbHelieMy cOMIKEHHIO.

Takum o6pa3omM, 4TOOBI 3arHath 3/1€KTPOH B TOJILLY TeJsHA
(nanprvep, 4epe3 NOBEPXHOCTD), HEOGXOJUMO COBEPLINTH He-

. KOTOpYyI0  «pafoty  BXOZar.
Hranbsinckue ¢usuku Kappe-
pu, ®azonu u I'asta npexnoJio-
WHJIH, YTO 3/IEKTPOH «pacTalKH-
BaeT» aTOMbl, K KOTODEIM OH He
pMeer upaBa NPHOIHAKATLCS
cnuukoM OJsiH3Ko, W ofpasyer
BOKpYr cefsl cepHUECKH CHM-
METPHUYHY MOJIOCTh — CBOeos-
pasupll «nysmper» (puc. 2).
Taxoit ny3bIpex BMECTe C «Meyy-
L HMEsI» B HEM 3JIEKTPOHOM H 5iB-
JIfIeTCST HOCHUTEJIEM OTpHLLaTelb-
HOMO 3apsifia B MHAKOM TeJHH.

Pasveps 3TOro MNyseIpbKa
MOYKHO OLEHHTb. XOTb Ha 6.113-
KHX pacCTOSHNSAX 3/MEKTPOH M OTTAJIKHBAETCA OT aTtOMOB ek,
OAHAKO C yBeJHIeHHEM PACCTOSIHHS CHJIbI OTTAJIKHBaHHS GHI-
cTpo najapr. B TO Ke BpeMs ¢ ynaneHHbiMH atomamu He
3€KTPOH [OCTyNaeT TOYHO TaK K€, KaK M MOJIONHTENbHbIH
110H,— OH noJisipusyet ux. [lostomy Ha GOJIbIINX PaCCTOSHUSX
B3aIMO/ICHCTBHE 3/IeKTPOHA ¢ artoMaMmi resiusi OyIeT TakuM e,
KaK # B PACCMOTPEHHOM Bhiille ciydae «cHexkKay. CienoBaTenb-
HO, MO Mepe MPUOJIHAKEHHs K «y3bIpbKY», B KOTOPOM «CHLHT»
5/1eKTpOH, N3CLITOYHOE JiaB/ienye B TejHH BO3PAcTaeT no ToMy
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e 3auouy (cu. puc. 1). Oznaxo B ciyuae Masoro BHEIIHEro
JapJieiiisl Ha rpanuie €nysupbkai OHO el DUTaercsi ropadio

1CHBIIHM 25 aTil [13-31 CPaBHHTEILHO GOALILONG ero pesyepa.
Kposme sioro [uiteiins, CBA3aHHOIO € Ha3fnTounall IN,10THO-
CTBIO MOJISIPH3OBAHHOIO TC/IHsl, HA PPAHMIE &IYSBIPhicas Aeki-

CTBYIOT CHJIbI IIOBEPXHOCTHOIO HATSMEHHS, HANDPABICHI ke Tax

K€, KaK ¥ CHJIbl U3CLITOYHOTO NABJICHUs, K LUEHTDY «HYZLiphK,
Uro ke ypapHOBEIIMBAeT 3TH CHJH H3HYTPH? Oxasupactcs,
HpOTHBOIiEI:'!CTBI/Ie nM Co3fder caM JIEKTPOH.

JleficTBHTS/IbHO, COIJIAaCHO COOTHOLUEHI) HEeoNpeleseHHo -
CTell, 0 KOTOPOM MBI NOZPOOHO FOBOPWIM B CMELHANLHOM pas-
Jiesie, NOrPeIHOCTL B H3MEPEHUH HMIYJIbCa 3JEKTPOHA CBA3aHa
C HEOMpPEeJe/eHHOCTbIO B €ro MoJOKeHHH B NPOCTPANCTBE COOT-
nowenueM Ap~h/Ax. B paccMatpHBaeMoM CJIyUae MOMOMKEHHS
BMEKTPOHA OMpPEJeJIsieTcs ¢ TOYHOCTbIO IO pasMepoB CaMoro
«nyspIpbKa», T0 ectb Ax~2R. CneloBaresjbHO, HaXOHACLH
BHYTPH «NY3bIPbKa», 3JeKTPOH HE «CHAUT Ha MECTe», KaK Ml
CunTaNy BRIIE, A HEPEpPBIBHC «MEUYETCsl» Mo HeMy, o6safas
HMilyJIbCOM mopsifika h/2R W, cjenoBateibHO, KHHETHUECKOLl
sHeprueit E =p*2m,~h*8m,R*. B pesyibrate ero coyna-
peHIit co cTeHKaMH CO3/1aeTcsi HEKOTOPOe AaBieHke (BCNICMHENTE
OCHOBHOE YPaBEEHHE MOJIEKYJIA PHO-KHHEeTHUECKOH TEOPHH, CBsI-
3BIBAOLIEE NABJAEHHE rasa €O CpefHell KHHETHYECKO!l IHepruei
XaOTHYECKOTO [BHXKEHHS €ro 4YacTHl K HX KOHUeHTpanmuei:

2 a
P:EnE x), KOTOpOE U KOMIEHCHPYET NOJIHOE AABJIEHHE Ha ¢Iy-

spipex» u3pHe. MHoIME c/I0OBaMH, 3/1€KTPOH BHYTPH «IY3bIPbKa»
BefieT ceGsl NOfOOHO rasy B 32aKPHITOM COCYZIE, HO 3TOT ra:
COCTOUT Bcero Jmiib u3 opHoll yactuupt! Konuentpaius ta-
KOro rasa, o4eBHpHo, ectb n=1/V=3/4nR?. Tloacrasnsas sty
BEJMYHHY U KUHETHYeCKyw 3Hepruo E =~h*8m,R*® 8 Brpz-
JKeHHe AIS JAaBJennsi, Haxomum, uto P ~mhi*/4m RS (tounmi
KBaHTOBOMEXAHHMYECKHH pacuyeT JA2eT JUii 5TOH  BeNHUUMEHL!
pechMa Gnuskoe snauenve P,=m2ht/4m, R%).

[loxa BHellHee naBieHHe MaJo, TO JAaB/JEHHe Ha My3Lipel
B OCHOBHOM OIpENEJSieTCsl CHIaMH [IOBEPXHOCTHOTO il sayxe-
nusi: Pp=20/R. lpupasuusas P,=Pp, naxopms, 570 panyc
VCTOIYHBOrO HY3HPbKa COCTaRJsET

Ro=( i )1/4 ~ 2 HM.

8m o

Vitak, Mbl BBISCHWIH, YTO HOCHTENSIMH GTRHIIATEIbITOrO
3apsjia B MHIKOM TeJIHH SBJSIIOTCS «Y3BIPLKHY € 31€iKT POHaM U
pHYTpH. Macca TaKMX HOCHTENEH BRIMHCASETCS TiK e, Kax
K Mmacca ¢cHexKOBy, OBHAKO Teneph COGCTBCHHON Macch] «ry-
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3pipbKa MPAKTIMECKH HET — OHA paBHa Macce SJeKTpola M
NpeHespEeUMO Majia [ CpPaBHEiMio ¢ Maccolt yBrexaemod
SKHAKOCTH (¢CBUTOI») K npucoenuHerHoil  maccoii. losromy
[OJIHAA Macca HOCHTENs 3apsaja B XUIKOM [enuH Olpene/Inercs
AMlilb NPHCOSTMHEHHOI Maccol H Maccoll «XBOCTa» yBJIeKaeMoil
M3GLITOYHOH MJIOTHOCTH, KO-
TOpas CONPOBOXKJAET «Iy-
3bIpeK» NPH €ro JBIXKEHHH;
13-3a 60JBILIOrO pasMepa «my-
3bIpbKa» OHa OKAa3bIBAeTCs
sHaYMTeNbHO OOJblle MacChl
«CHEXKKa» U  COCTaBJsieT
245m,.

Temnepb paccMOTPHM, KaK
B/JIUSIET HA CBOHCTBA HOCH-
Tesell 3apsiioB pocT BHEL-
- nero fasnenust Po. Ha puc.
0 & 15 25 Py, amM 1 nokazaHa 3aBHCHMOCTh

Pumad MOJIHOrO  JlaBneHHsi BOJIU3H
HOHA B KHAKOM rejaun (C
yyeToM BHEIIHEro JIaBJeHis) OT PAacCTosiHusl 10 HOHA JUlsl
P;=20 atm. Takasi 3aBHCHMOCTb J/1s1 IPOH3BOJIBHOTO BHEIIHErO
nasnenus Py,<(25 aTM nosy4aercsi NepeHoCOM 3aBHCHMOCTH
juist Po,=0 BRO.1b OCH Op/IHHAT. Kak Bugno u3 puc. 1, uem 6o/b-
e BHEIIHEe naBJjeHHe, TeM Ha GOJbLIeM PacCTOHHH OT HOHA
[OJIHOE naBJIEHHE CTaHoBHTCSI paBHEM 25 atm. llostomy ¢ po-
CTOM BHELIHEro JIABJIEHHS «CHEMOK» BeJleT ce6sl nojIoOHO HacTos-
(L{EMY CHEXKHOMY KOMY, CHYILEHHOMY C TOPBI BHH3: OH CIpEMU-
TeJbHO OGPACTAeT (CHEroM» — TBEPIBIM Te/neM, CTaHOBACH
sce Goublle M GoJblie. 3aBHCHMOCTb pasMepa CHEXKa r(Pg)
oT BHEIHero NABJIEHHsi NOKasaHa HAa puc. 3.

A Kak BeJleT ce6sl KIy3LIPEK» C POCTOM BHEILHEro AaBJIeHNs?
Jlo nopul mo BpeMeHH, NOAOGHO JioGOMY NYSBIPbKY B HHIKO-
CTH, NPH HApACTaHHH BHEUIHEro JAaB/eHHfl OH MNOKOPHO CXKH-
maerca. Ero papuyc R (P,) yMeHbluaercs, Kak 3TO [OKasaHO
na puc. 3. Ho sor, npu pasnennu Py=20 am, rpaukH sa-
sucumocteli r (Py) u R (Po) nepecexaiorcsi — NPH 3TOM JlaBJle-
HHH PasMephl «ly3bIpbKa» H (CHEKKa» CTaHOBATCS OXMHAKO-
geMil 1 passbpMu 1,2 nM. HUTo Gyzner Jienatbh <CHEKOK» MpH
Janbieiller yBenMueHHH J2BJEHHsi, Mbl 3HaeM — OH Oyner
CTpEMHUTE/IbHO HapaulHBath CBOH pasMepbl 3a CUeT 3aTBeple-
BAIOUIET0 HA €ro 0BepXHOCTH reJiusi. A Kak BecTH ceds «iy-
3LIPbKY? — CHHEMaTbCs Nasibile (IITPHXOBAas JIMRHS Ha pHC. 3)?
TyT-10 Ty3bIPEK» U NMPOSIBASET CBOH HOpOB — NPH JanbHeii-
ey LoBulIEHHY JABIEHHs OH, NOJOOHO «CHEXKY», HauHHAeD

ryR, M
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obpactaTh JIEASHON KOPKOi M3 TBEPROro renus. [lelcTnurets-
HO, KaK 3T0 BHIHO U3 puc. 1, npu BHemnem gasaenus P;=20 atv
NOJIHOE JaBjieHHe Ha IPaHHLe Ny3LIpbKa (Ba paccrosruil 1,2 nv
OT €ro meHTpa) CTAHOBHTCH PaBHBIM 25 aTM, TO €CTb JIOCTHI&sT
JaBJieHus s3aTBepeBaHusi xuakoro renws. «[lysmpams npiu
5TOM «OJIeBAETCSl B JIASHYIO CKOPJAyNy», BHYTPEHHIH pajguyc
KOTOpOil IpH AaTbHeilIieM NOBLILIEHNH AaBJIEHHA OCTaeTca npi-
ONU3HTENbHO HEH3MEHHBIM, a BHELIHHH B TOYHOCTH paBed pas-
MepYy <«CHEXKa» NpH COOTBETCTBYIOUIEM JaBsieHHH.

Vtak, npd BHELUHHX JiaBjenuAX Gosbine Py=20 arm «ny-
SEIPbKH» O6pACTAIOT «IElHOH CKOpAynofi» H NpeBpaaioTcs,
TakuM obpas3om, B Hekoe nolobue opexoB. OnHAKO sPEILIKO
y 3THX «OpPEXOB» BeChbMa- CBOeOOPA3HOE — 3T0 3/ieKTPOH, KO-
TOpLIfl «MEUeTcsly BHYTPH CKOPJIYMbl M3 TBEPAOro reJus.

Ocrtaercs 100aBHTb, YTO NpU P,—25 atvM BHEWIHHH paguyc
«opexa», Kark H (CHEXKa», CTPEeMHTCA K OGECKOHEUHOCTH, 4TO
COOTBETCTBYET MOJIHOMY 3aTBEPJEBAHHIO KMJAKOIO TeIHs BO
BceM ofbeMe cocypa. B TeBepioM renMH HOCHTENSMH OTpHUA-
TeJLHOrO 3apsijia OKasblBAIOTCA BMEpP3LIHE B HErO «My3bIPbKIM
¢ ‘pa3MepaMi, DaBHbIME BHYTPEHHeMy paauycy ObiBINero
«opexa»,— npumepHo 1,2 uM. HonoxuTenbHbifi 3apaj nepeHo-
CAT BMep3IlHEe HOHLI TesHs — OCTaTKu OBIBLIHX «CHEKKOBY.
Onnako Tenepb NEPEHOCHTL 3apAjibl HE TAaK-TO NPOCTO — BELb
OHH HaxojATcs B TBepuoM Beuwlectse. [TosToMy K MOABHAKHOCTL
STHX HOCHTeJell Ha MHOFO TOPSIJIKOB HUZKE, YEM Y «CHEKKOB»
H «Ny3bIPEKOB» B MKHUAKOM TeJIHH.



3AKJIFOUEHHME

Ham pacckad o ¢usuke rnojollesl K KOHUY.
Bol ysHanH, Kak C ee HOMOLIbIO MO2KHO OGBSACHUTL CaMEIE pas-
HOOOpasHble (GaKTel H SBJIEHHsl OKPY»XKalOLIero Hac MHpa -—
M3BHBHL pycea peK, ronyGusHy Heba, CAHaRUA Kanelb, LIYM
yallHuka Ha [JuTe, neHue CKpunku. Ho ¢usuka ymeer ne
TONLKO OGBACHATh SABJEHHA — OHA MOXKET INpeJCcKashBaTh
HOBbIe., D10 T03BOJISIET eff BO3IJIABJATL HAYUHO-TEXHHUECKHH
NpoOrpecc, KOTOPHI CTaj CHMBOJIOM HAIlUero BEKa.
CospeMeHHasi {pH3HKa OTKpBLIa HaM yIMBHTEJILHLIH KBaH-
TOBHI{I MHP, B KOTOPOM NJIEHHUKH NOTEHIHAIbHEIX M, nojpo6HO
rpapy MonTe- KpHCTO, BLIPHIBAIOTCS 13 CBOHX TEMHHL, HaCTHLbL
cBeTa, KaKk MHPHUECKHE KEeHTaBpEl, MpOsBJSiOT ceGs TO B 00-
pase BOJIHBI, TO B JIMKE YacTuisl, 8 MarHUTHEIE N0JA BHXPSMHU
«DBHHYMBAIOTCS» 8 CBEPXMPOBOAHHKH. DTOT KBAHTOBBIH MHD
eBO3MOXKHO cefe NpejicTaBHTh, HO €ro MOXKHO OfHcarb C I10-
MOILbI0O MATEMATHKH HaCTOJIbKO TOYHO, YTO MPEICKAa3aHHs
TeOpHUH C NOpa3uTe/IbHOI TOYHOCTBIO COBMNANYT C pe3y/bTarami
u3Mepentnii, IMEHHO B 3T0M — B BO3MOXHOCTH [PaBHJILHOTO
onucanusi siBJeHusi Ge3 ero MbICJIEHHOro o00pasa — BHIET
Boiatonpiicst (pusHK-TeopetHk axkapemuk JI. JL. Jlannay Be-
nnape TeopeTuueckoil ¢uaukH XX Bexa.
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