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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
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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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