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IMpenucaoBue

B nporiecce 00yueHHs y IIKOJIBHUKOB, a TAK)KE y UX yUHUTElel, BCeria BO3HUKAIOT BONPOCchl. OTBEThI HA MHOTHE U3
HHUX yJaeTcsi NpuayMarh WM HallTH B nutepaType. Ho MHOTAa OTBET Ha BOMPOC MOJYYUTh HE yhaaercs. Bor Tyr-to u
TpedyeTcs KOHCYIbTaus podeccuonarna.

Xoporo, eciii HyKHBIH CIEIHAIICT PAIOM — HYXHO TOJIBKO JOTOBOPHUTHECS IO Teie(oHy O BCTpede U 3a4aTh
BOTpoc. Bormpoc MoxHO 3a1aTh 10 TeseOoHy U U3 IPYyroro ropoaa, HO 3TO JOporo. Bompoc MOKHO O0TOCIATh THCEMOM,
nmpaBaa, MUchMa HAYT HeObicTpo. C mosBieHHeM VHTepHETa W 3JIEKTPOHHOW ITOYTHI MOXKHO OIEPATHBHO W OYEHBb
JIETIIEBO CBA3ATHCS C IIOOBIM HY)KHBIM CIICITHATTICTOM.

C centsaops 1998 r. B HuHTepHeTe OTKPHIT «J/IMCTAaHIMOHHBIA KOHCYJIHTA-IIMOHHBIA ITYHKT», B KOTOPOM
KOHCY/IbTallMM  JIAIOT ~ Y4eHble — COTPYJAHHUKH HayYHO-HUCCIICHAOBATEILCKMX  HHCTUTYTOB  HOBOCHOHPCKOTO
AkaneMropojka.

OcHoBHOW 3amaueil  «J/IUCTAHIIMOHHOTO KOHCYJLTAIMOHHOTO TIYHKTa» SBJISAETCS OKa3aHWe OecmaTHO
HHPOPMALMOHHOI MOAICPKKH:

*  YKazauue mouHbIX CCHIIOK HA KHUZU U JICYPHAIbL, B KOTOPBIX HAXOJUTCA OTBET Ha 3aJJaHHBIN BOIPOC,

. nepecovlIKa peKoMeHO08AHHOU Tumepamypul (8 I1eKMPOHHOM 6Ude) B ClTydac HEOOXOIUMOCTH,

*  nmpedocmasnieHue HeoOXOOUMBIX PA3bACHEHUN U KOMMEHMApuee CCIU TPU YTCHHH PEKOMEHIOBAHHOM
JUTEPATYPhl BOZHUKAIOT TPYTHOCTH.

Cetiuac pa60Ta10T JABa OTACJICHUA «I[I/ICTaHIII/IOHHOFO KOHCYJIbTAIIMOHHOT'O ITYHKTa» — IO (1)I/I3I/IKC " 110 6I/IOJ'IOI‘I/II/I,
KOTOpBIC 3a IMOJroAa paGOTLI MOJY4YWJIN CBBILIC 500 BOIIPOCOB OT CTAPUHICKIACCHHUKOB U npenoz[aBaTenei/'I CpeaHux
MIKOJI, UMCIOIINX OOCTYII K BHCKTPOHHOﬁ II04T¢E.

st ool myOnMKanuy Mbl 0TOOpanu HanboJlee YacTo BCTpedaBIuecs BOpockl o ¢usuke. Ctuis n opdorpadus
BOIIPOCOB COXPAHEHBI B OPUTMHAJIBHOM BHUJE. ABTOPBI OPUTUHAIBHOIO OTBETA yKa3aHHI Iocie oTBeTa. Ecnu oTBeT Ha
BOIIPOC JIaH MO JINTEPAaTypHBIM HCTOYHHKAM, ()aMHJIMH COCTaBHTENICH OTBETa He yKasaHbl. EciM mpu cocTaBieHHH
OTBETa MCIOJIb30BaHbl ()PArMEHTHI 3 KHUT MJIM CTaTeH, 3TO yKa3aHO B KOHIIE OTBETA.

Mzur 6yH€M OYCHb MPU3HATCJIbHBI 3a YKa3aHUS Ha OIIMOKH M HETOYHOCTH B OTBETAX.

Kak BocnoJsib30BaThcsl yCJIyraMmu
«JIMCTAHIMOHHOT0 KOHCYJIbTAIIHOHHOIO IYHKTA)

JTro0oit CTAapUICKIIACCHUK WJIU MpenoJaBaTeiib cpeuHeﬁ IIKOJIbI, HHTepeconmHﬁCﬂ HayKOﬁ, MOXCT II0CJIaTh HaM
CBOU BOIIPOCHI:

. o ¢usuke no agpecy phys@ssl.nsu.ru,

. o 6uooruu 1o anpecy biol@ssl.nsu.ru .

Hamm OKCIICPTHI NOCTAPAIOTCA OTBECTUTL HA 00kIe BOIIPOCHI, KpOME BOIIPOCOB:

* 1o "anbTepHATHBHOM" Hayke — IUI T€X, KOTO MHTEPECYIOT "albTepHATUBHBIE" HJEU, HE MPUHUMAEMBIE LIHPOKOMH
Hay4YHOH 0OIIECTBEHHOCTHIO, CYILIECTBYET MHOTO CIELHAIBHBIX NEWSZroups,

° OOBABICHHBIX B 3a0YHBIX KOHKYpCax, oJiuMnuajaax v T.11., 10 UCTCUCHUA CPOKa OTHPABJICHUA pemeHI/Ii/i.

CMeno mummMTe HaMm, HO MOMHHUTE, YTO, BO3MOXHO, BaM eImie MpeacTOUT 3aTpaTuTh YCHIUS IS TOTO, YTOOBI
pa3o0paThcsi B MOMYYCHHBIX OTBETaX M YOCTUTHCSA B WX MpaBoTe. YBakaiire (akrel! MHEHHS MOTYT OTIMYATHCS, HO
¢axter — Het. [losTomy, eciim Bam kaxkeTcs, 9TO OTBET SKCHEPTOB HEBEPEH M MOXKHO JaTh APYTOi OTBET — eImie pa3
B3BECHTE JIOBOJBI IKCIIEPTOB.

CrapaiiTech Tarxke He ITOCHUIATh 3a/1a4d ¥ BOMPOCHI, IOJIyYeHHBIE OT CBOMX TIPETIoiaBaTelNel, B HaleKqe Ha TO, 9TO
KTO-TO ciernaeT 3a Bac nomamiaioro paboty. Crenaiite cBOI0 COOCTBEHHYIO JOMAIIHIOI pabOTy caMu — 3TO OyAeT OYeHb
mone3Ho. C Ipyroil CTOPOHBI, MBI TOTOBEI OTBETUTH HA JIFOOBIC BOIPOCHI, KOTOPBIC BO3HUKIM y Bac mpu BEIONTHECHUH
JIOMAIITHeH padoTEHI.

Ecnm oTBeT Hamero skcrepTa Ha Bam Borpoc moueMy-iubo He yIoBiIeTBOpUT Bac — HamummTte HaMm o0 3ToM. B
TeperucKe, oOmasch ¢ yYCHBIMH, BBl CMOXeTe Jydile MOHATH CTHIb M METOIBl PAaCCYXIEHHS NMPO(EeCcCHOHANIOB H
MPUOIN3NUTHCA K HAYIHOU UCTHHE.
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Bonpochl 1 0TBETHI

BOITPOC Nel: Ectb yrBepxacHue: «CyObeKTHBHASI XapaKTEPUCTUKA 3BYKa IPOMKOCTb COOTBETCTBYET OOBEKTUBHON XapaKTEPUCTHKE 3BYKa
MHTCHCHBHOCTH». S Dymalo, 4To 3TO yTBEpXKJECHHE HE BEPHO, TaK KaK CyOBEKTHBHAs TPOMKOCTh 3aBHCHT TaK e OT 4acToTel. Ho Mo
Hpero/aBaTellb CYMTACT, YTO OHa BepHa. KTo u3 Hac mnpas?

OTBET: B «®usuueckoii snnukiaoneaun» 1.1 (Mocksa, «CoBerckas sHuukinoneaus, 1988) ua ctp. 539 — 540 nanucauno: «I'poMKOCTb 3ByKa
3aBHCHUT ITIaBHBIM 00pPa30M OT MHTCHCHBHOCTH 3BYKa, HO TaKXKe U OT PACcIpe/eNeHHs YHEPTHH IO IIKaje 9acToT... B ompeneneHHbIX npenenax mpu
OZIMHAKOBOH YaCTOTE U MHTCHCHBHOCTH JIBYX 3BYKOB 00jiee KOPOTKHUI Ka)KeTCsi MeHee TPOMKHUM....» TaM ke NpuBeeHbI KPUBBIC PABHOH IPOMKOCTH
B 3aBHCHMOCTH OT 9aCTOTEI, HCIIOIb3yeMbIe IPH PaboTe IIyMOMEPOB.

B sTOM Bompoce TecHo mepemnyTaHbl Gusnka U ¢pusznonorus. B ¢usmke Bce akKypaTHO: 3ByKOBOE JaBIICHHE, HHTEHCHBHOCTb 3ByKa U T.A. Bce
MepsieTcs. B Gusnonornu Bo3HHKAIOT CyObEKTUBHBIC OITYIICHUS.

Ouenb noxpoOHO mpo 3To HanmcaHo B «CnpaBounuke no akycruke» (Mode, Koponbkos, CanoxkoB, Mocksa, Ces3b, 1979). Hampumep, Ha
cTp.31: «YCcnoBHIUCH 32 ypOBEHb TPOMKOCTH JIFOOOT0 3ByKa (HIM IIyMa) IPHHAMATH YPOBEHb B JEIMOEIUIaX PaBHOTPOMKOIO ¢ HUM YHCTOTO TOHA
1000 I'p.» TIpy 3TOM TPOMKOCTH HETOYHO XapaKTepu3yeT CyOBbEKTHBHOE OIIYIICHHE, T.K. €CTh Macca 0COOCHHOCTEIT BOCIIPHATHS COCTABHBIX 3BYKOB,
ITyMOB, UMITYJIbCHBIX 3ByKOB H T.J. H T.IL

IpuBeneM HECKONIBKO IPUMEPOB, B3STBIX U3 3THX KHHT':

* HpH TUIAaBHOM YBEJIMYCHHUH MHTCHCUBHOCTU 3BYKa CJIYXOBOC OINYHICHUE HApAacCTacT CKadykKaMHu IO MEPE YBCIMYCHHUA 4YUCTIA B036y)KI[eHHI>IX
HCPBHBIX OKOHYAHHH.
* B YCIOBUAX TULIWHBI CIBIITHO TUKAHBE YaCOB, a B YCJIOBUAX LIIyMa MOXXHO HE YCJIBIIIATh JaXKE l"pOMKI/If/'I pasrosop.

. IIpu npocIymUBaHUH CIOXKHOTO 3ByKa €r0 TPOMKOCTh MEHBIIIE CyMMBI TPOMKOCTEH BCEX COCTAaBIAIOMIUX (3TO IIPU HE OYECHb MIUPOKOM CIEKTpe
3BYKa).

. IIpu npocymuBaHUH UMITYIECHOTO 3ByKa €r0 TPOMKOCTH OIIpEAeIIIeTCs IPOU3BeIeHIEM HHTEHCHBHOCTH UMITYIIbCA Ha €r0 AIUTEIHHOCTD (3TO
10 100 T'y).

. B rpomkoii nepenaue pake mocie OTGUIBTPOBEIBAHUS BCEX YaCTOTHBIX cocTaBitomux Hipke 1000 ' gyenoBex BOCHPHHHMAET («CIIBIIIUTY)

HHU3KO4YaCTOTHBIC COCTABJIAIOIIUE C JOCTATOYHO BBICOKUM YPOBHEM OLIYIICHUS.

Tem He MEHEC, NOHATHUEC T'POMKOCTH 4aCTO OKa3bIBACTCA yﬂOﬁHLIM.

BOIIPOC Ne2: V MeHsl BOIIPOC OTHOCUTEIIBHO TOT0, HOYEMY I'YSAT BHICOKOBOJIBTHBIE MPOBOA. YEro TOJIbKO HE YUTal: y AciaMas3oBa, YyTo 3TO
CBsI3aHO ¢ BeTpoM, y TapacoBa, 4To ¢ KOPOHHBIMH pa3psIaMH, TaK Xe O B3aHMOJCHCTBUH C MarHUTHBIM ITosieM 3eMit. B dem sxe npuanHa?

OTBET: CmoTps 0 3ByKe Kakoil 4yacToTsl uaeT peus. Eciu ects Betep, To f = kv/d, rae f — yacrora 3Byka, v — ckopocTsb Berpa, d — quamerp
npoBoaa, k — xoadduiment, onpenensieMsli sKkcIepuMeHTanbHo. D10 3akoH Crpyxana, k okono 0,2 (JL.I . Jlo#nsauckui, «MexaHUKa XKUAKOCTH H
raza», 1987).

Koponnslii paspsn ects mourd Bceraa. OH TOPUT BOKPYT OCTPBIX dYacTedl Tel (HAapuMep, OTHH «CBSTOTO DIbMay): BOMH3H HMOBEPXHOCTH
MPOBOJIA AOCTHTAETCs NMPOOOIHAs HANPSHKEHHOCTh 3JICKTPHYECKOro oI (poboii MPOUCXOAUT B BO3yXe). M3-3a KOPOHHOTrO pa3psijia Ha OOBIYHBIX
BBICOKOBOJIBTHBIX TpOBoAax uactora 3Byka 100 I'm, xoTs MoxkeT ObITh M BbICOKOUAcTOTHas cocraBisatomas ot 10000 I'm mo paguouactor
(FO.I1.Paiizep, «Dusmka ra3zoBoro paspsaa», 1987). MarautHoe mone 3eMid TYT HH IPH YeM: MO MPOBOAAM TEYET MEPEMEHHBIH TOK, KOTOPBIH
B3aHMOJIEHCTBYET C MATHUTHBIM II0JIeM 3eMIIH, HO 3(eKT 04eHb MaJ, T.K. MarHuTHas HHAyKiws 3emuu Mensnre 0,0001 To.

BOITPOC Ne3: Penran 51 3a1a4ku 1o u3MKe, a B BOIPOCE TaKKUe JaHHBIE — |MA TOCTAaTOYHO /IS YeNIOBEKa, YTOObI TOYyBCTBOBATh TOK, 5 MA
— Oyzer GombHO, BBIIIE 15 MA — YenmoBek TepseT KOHTPONb Hax MeimmaMy, 70 mA ... C cyxoil Koxell COIPOTHBICHHE Tella OT OXHOH PyKHU IO
apyroii pasro 10010° Om, ¢ Mokpoit — 500° Om. IpaBuibHb! 1 91U yncna? Eciau Het, To HHTEpecHO Obl y3HATH IPABUIIbHBIE.

OTBET: B monorpadun B.E.ManoiinoBa «OcHOBBI 3ekTpobe3onacHocTi» (DHeproaromuszaar, 1991) npuBosITCS Cleaylomue 3HauCHUsI
3IEKTPHUECKOTO COMPOTHBICHHS Te/a UeI0BEKa OT TaJOHH K TafOHH (ILIOMaIh TOBEPXHOCTH KOHTAKTA OKOMIO 10 cv?):

ITpu nanpsbkenun cetu o 65 B 4400 Om
IIpu HanpsbxeHuu cetu 1o 220 B 1600 Om
Ipu nanpsbkenuu cetu cebime 220 B 1200 Om

MesxayHapoaHas aneKTpoTexHuueckas komuccus (MOK) pekomMeHnyeT ciaeayronme 3HaueHns: CONPOTUBIICHUH (pyKa — HOTH) mpu yactote 50
T

UB 25 50 250 >250
R Om 2500 2000 1000 650

CornacHo yueOHHKY «OCHOBBI TEXHUKH 0€30IIaCHOCTHU B dJIeKTpoycTaHoBKax» [1.A.JlonmuHa (DHeproarommusaat, 1984) yBnakHeHHE CyXUX PyK
CHJILHO ITOJICOJIEHHOH BOJIOM CHIKaeT cornpoTunieHue tena Ha 30 — 50 %. TaM jxe npuBOSATCS CIIeAyOLNe JaHHbIE O AEHCTBUM TOKA Ha YeNIOBEKa:

MIEPEMEHHBIN TOK | MOCTOSHHOM
50 T'ny TOK
Tlopor 4yBCTBUTEIIBHOCTH 1,1 MA 6 MA
Heormyckaromuii Tox (BO3HUKAIOT HEMPEOJOIIMBIC 15 MA 50 — 80 MA
CYIOPOKHBIE COKPAILLICHHS MBIIIIII)
OUOPUIAIIMOHHBII TOK (MOXET BBI3BATh OCTAHOBKY CEp/la) S50MA-5A 300MA -5 A

BOITPOC Ne4: 51 ciplnran npo HOHHBIC ABUraTend. Mcnomb3yroTes JIM OHH Ha pakeTax?

OTBET: B sunmknonenuu "Kocmonaptuka" (MockBa, 1985) HanucaHo, YTO JIETHBIC UCIIBITAHUS HOHHBIX PAKETHBIX JBUTaTeNel POBOIUINCH
B CCCP no nporpamme Anraps B 1966—70 rr, B CILIA no nporpamme CEPT B 1964 u 1970 rr, no nporpamme CHamor — B 1965 1.

Ha crenaax ucneitansl ABUraTenan ¢ MomHocThio 50 Br, Taroii 4,45 MH, yaensHbIM ummnysbcom Tsru 12,2 km/c, kg 50%.

B knure "Kocmuueckue nBuratenu: cocrtosHue W nepcrektuBbl" (Mup, 1988) Ha ctp. 185 ykaszaHo, 4TO BCIEACTBUE MPUHLMITHANBHBIX
OrpaHHYEHHII [0 INIOTHOCTH HOHHOTO TOKA MaKCHMalbHas TATa OJHOIO MOYIISI HOHHOTO ABUTaTels CpaBHUTENbHO HeBenuka (o1 5 MH go 1 H).



BOITIPOC NeS: Uro Takoe Teopema Bupuana?

OTBET: Teopemoli Bupualla Ha3bIBa€TCS COOTHOIUEHHE, CBA3BIBAIOIIEE CPEIHIO KHHETHYECKYIO SHEpPIruI0 CHCTEMbl YacTHUL[ C
JIeHCTBYIOIMMHY B HEHl cHaMu.

JIis KilaccHMuYecKoi cucTeMbl MaTepUalIbHbIX TOYEK TeopeMma BupHaia jpokazaHa B 1870 r. Kmaysuycom. Ecim K — cpennss kuHernueckas
SHEPrusi CUCTEeMBI YacTull, U — cpemHssi MOTeHIMAaNbHast YHEPIHsl CUCTEMBI YaCTHII, TO TEOPEMa BUPHaa BBITJIAIUT KaK:

K =U - a1 rapMOHHYECKHX KOICOAHUIA,

K =-U/2 = nnst rpaBUTAIIMOHHOTO WM 3JIEKTPOCTATHYECKOTO B3aUMOICHCTBUSI.

Teopema BUpHaa 3alUChIBACTCS KaK AJsi KBAHTOBO-MEXaHUUECKUX CUCTEM, TaK U B CTATUCTUYECKON MEXaHMKE.

HUctounuk: "®usnyeckas sHuukinoneaus", 1 rom (M., 1988.).

Jloka3aTensCTBO TEOPEMBI AaHO, HanpuMmep, B 1-om Tome "O6miero kypca ¢usuku" J[.B.CuByxuna (M., Hayka, 1989), ctp.152.

BOIIPOC Ne6: VMHorna Ha HeOe BUAHO JBa CONHIA. SI HE 3HAO, KAKOBAa 3aKOHOMEPHOCTb ATOrO siBjeHHA. CUMTaro, 4TO 3TO ONTHYECKHUN
obman. Ecnu — 12, To B ueM OH 3akitouaercs?

OTBET: 5¢dodexr asoiinoro Conxna omucan B kaure M.Munnapta «CBeT u 1BeT B npupone», (Mocksa, 1958), ctp. 255, 257. 1o MEeHHUIO
MuHHapTa 3TO SBJICHHUE, MO-BUIUMOMY, BBI3BIBACTCS MECTHBIMU M3MEHEHHUSMH SPKOCTH CBETOBOTO CTOJI0A M3-32 HEPABHOMEPHOCTH PaCIpeICICHUsI
obsiakoB. CBETOBOI CTONO BO3HMKAET OOBIYHO MpHU Bocxone win 3axone ConHIA, ecay Ha Jiyde 3peHHs HaXOOHUTCS 00JaKO JISHSHBIX IUIACTHHOK,
KOTOpBIC OYEHb MEUICHHO MaJaloT, COXPAHss CBOO IJIOCKOCTD MapalieNbHOI HOBEPXHOCTH 3EMJIH.

BOITPOC Ne7: IToyemy co3pmaercst 3¢ dexT 00paTHOTro BpaleHHs Kojieca PH ObICTPOM ABIDKEHHH (HAPpUMeEp, KapeTbl)?

OTBET: Ecnu peub uzer o kapere, KoTopyro Bbl HaOmtojaete Ha TeledKpaHe WM B KMHO, TO 00paTHOE BPAllleHHE KOJIEC BO3HUKAET, €CIIN 3a
BpeMsI MeXIy KaJpaMH KOJIeco MOBEPHYIIOCh Ha YTOJI, KOTOPBIi, HAIIpHMep, MEHBIIE YeM IIOJOBHHA YTJIa MEXIY CIIUIAMU.

Hcrounuk: I1.B.Makoseukuit «Cmotpu B kopeHb», Hayka, 1976, ctp.182.

BOITPOC Ne8: B bu6nuu 6put0 Hanucano o BecemupHOM noTorie. Y4uTeNbHUNA (DU3UKK BBIYUTHIBAIA, YTO TAKHX MOTOIMOB OBLIO OKOJIO IISITH,
u3-3a cMemenus ocu 3emmu. Tak mu 910?

OTBET: CornmacHo Teopun M.MuIaHKOBHYA HACTYIUICHHE JICTHUKOBBIX IEPUOAOB MOXKHO OOBSICHHTH COBMECCTHBIM YUCTOM H3MCHCHUS
9KCIEHTpHcHTeTa opouThl 3emin Bokpyr ConHIa U npereccrer ocu BpameHus 3emin. IIpu yMeHbIIeHHH oe/icHeHNs (TassHUM JISAHHKOB) YPOBEHb
OKeaHa INoBbImaeTcss Ha 85 — 120 M, 4TO MOTJI0 OBITH HHTEPIPETHPOBAHO Kak «BcemupHbld motom». Tonbko 3a MOCHEIHUN MUIUIHOH JET TaKHUX
notomnos 6b110 Oonee 10.

Hcrounuku:

A.B.bsanxo «Hama nanera — 3emisy», bubnmoreuxa «KBanra» Ne29, 1989, ctp.222,
A.C.Monnn «lomymspuas uctopus 3emnm», Hayxa, 1980, ri.10.

BOITPOC Ne9: [Touemy, Korja pakeTa CTapTyeT, CropaeT CTOJIBKO KHCIOPOAa, CKOJIBKO ero BeIpabaTtsiBaet 3a 20 et 6ombioii tec?
OTBET: I1o umeromumMcs y HaC JaHHBIM:

e  @pu cTapTe pakeTsl pacxoxyercs oT 100 go 1000 1 sxuaxoro xucnopona (Sunuxinonenus «Kocmonastuka», M., 1985),
o pacrenus exerozHo npoussoast 300" T kucnopona (A.W.Ilepensman «eoxumus», w3, «Bbicimas mxona», 1989, ctp. 245).

Ecnu U1 OLIEHKH HPEIIoIOKHUTh, YTO PACTEHUS PABHOMEPHO PACHpEIENIeHbl 110 MOBEPXHOCTH 3eMiu (OKOJIO 108 I(Mz), TO TOJIy4aercs, uro 1
KBaJIpaTHBIA KUJIOMETP Jieca Ipou3BoAMT B rox 6osee 1000 T KucIopoaa, 4ero XBaTaeT Ha OJUH CTapT PaKEThI.
Bunumo, y Bac HeTouHble qaHHbIE.
Lllenecm B.U.

BOITPOC Nel0: TTouemy Boza B ABCTpalli CTEKaeT B BOAOIPOBOJ II0 YaCOBOH cTpenke, a B Poccun — mpoTuB 4acoBoit?

OTBET: INoxpoOHslil paccka3 06 dToi 3amade Ber Moxkere nmpountats B kuure S.b.Ilepenmsmana «3Haere mu Ber dusuxy?» (bubmnoreuxa
«KBanTa» Beimyck 82, Hayka, 1992 r., ctp. 91-94). KopoTko MOXHO OTBETUTH Tak: NMPEACKa3aTh HANPABICHHE BPAILICHUS 3apaHee HEBO3MOXKHO.
Hampasnenue BparmieHust BUXPsI IPH CTOKE XKUAKOCTU 3aBHCUT OT MHOTHX OOCTOATENBCTB: (JOPMOH AHA pe3epByapa, HEPOBHOCTIMH U T.A. Buxpw,
KOTOpbIE MOTJIM OBl OBITH OOYCIJIOBJICHBI BpAlleHUEM 3eMiIM (ICHCTBHEM TaK Ha3blBaeMOH cuibl Kopuonmca) JOJKHBI MMETh ropasfo OOJbIIHit
JMaMeTp, YeM MalleHbKHE BOZOBOPOTHI B BAaHHE.

Asopckuii H.H.

BOITIPOC Nell: Kak ABoraJpo OTKpbUI YUCIIO 600072
OTBET: B 1814 r. ABoraapo caenain yTBep)KACHUE: PaBHbIE 00BEMBbI ra3000pa3HbIX BEIIECTB NPU OAWHAKOBBIX IABICHUHM U TEMIIEPAType
COZieprKaT OIHO U TO XK€ YHCIIO MOIEKYIL.

+ B 1865 r. JIOIIMHAT PaCCUMTAN THCIIO MONEKYII, COIepIKaIIkXcs mpu i.y. B 1 eM® , — oxomo 107!,

* B nauvane 20 Beka, 00BbsICHsS roay0oii 1IBET HeOa, BpUIUTIO9H HOMYYHI KOJIUYECTBO MOJICKYJI B MOJIC PAaBHBIM 60107,
« B 1901 r. [l1ank, 06BACHsA H3TyUCHHE YePHOro Tena, moxyumt Na = 6,1600%,

e B 1908 r. Pesepdopn u I'eiirep, onupasics Ha yncino Papazest, noaydrwiu Ny = 6,200%.

+ B 1908 r. [leppeH, 06BsACHss GPOYHOBCKOE ABIIKEHME, Moyt Na = 6,8500%.

e CaMmblil TOYHBIH METO/] Ha CEroAHs — U(pPaKLUUsI PEHTTCHOBCKUX JIyuel — naeT Ny = 6,022136700%.

HUcrounuk: M.JIsornuu «ctopust ¢pmsukm», M., «Mup», 1970, ctp. 343-351.

BOITPOC Nel2: CxonbKo 3Be31 Ha Hebe?

OTBET: TouHoro umcia, €CTECTBEHHO, HUKTO HE 3HAeT. B KaTamoru BHECEHbl MHJUTHOHBI 3Be3. HEBOOPY)KEHHBIM IJIa30M B OC3IyHHYIO
SICHYIO HOYb B CEBEPHOM I10JIyIIApUH BUIHBI HaJl TOpU30HTOM 0Koj0 3000 3Be3n.

Hctounnku:



C lannon «A30yka 3Be3aHOro Hebay, M., «Mupy, 1990,
I".Peit «3Be3ap», M., «Mup», 1969.

BOITPOC Nel3: MoxHO 1 ©300pecTy BEYHBbIH ABUTATENb?
OTBET: lcxoas U3 HalIero HHIHEITHETO IOHIMAHHS IIPHPO/BL, BEYHOTO ABUraTeNsl He ObIBAaeT. JTO yTBEP KACHUE IOCTYIHPYETCS.
IMonpobHee B kKHUrax:

V.U.®pankdypT «3aKoH COXpaHEHHUS U NPEBPAICHUs dHeprun», M., Hayka, 1978,

Apryp Opa-XstoMm «Beunoe nBumxenue», M., 3nanue, 1980.

BOITPOC Nel4: B xakoM rogy v keM ObUT BBIIYILECH EPBBIN yIeOHHK MO (u3uke?

OTBET: Tepmun — ¢gpusuxa — BO3HUK B ApeBHeil I'penum, BumuMoO, B 6 Beke 10 H.D. Dusukamu Ha3bBaIUCh (GUIOCO(EI, 3aHUMAaBIIHECS
u3ydeHHeM npupoasl. Hackonbko HaM M3BECTHO, MepBblid yueOHuK «Pu3nka» B 8 ToMax ObUT HamMCaH ApPHUCTOTENIEM, OPUEHTUPOBOYHO ¢ 335 mo
323 r.r. 10 H.O.

Hcrounuku:

Juoren Jlasprekuii «O XU3HYU, YICHUSIX U U3PEUCHHUAX 3HAMEHUTHIX Gunocodosy», M., «Msicaby, 1979,
M.JIvorun «Mcropus dpusuxm», M., «Mup», 1970, ctp. 8—12.

BOITPOC Nel5: Tloyemy paananus BEIIECTB BBI3BIBACT MaJIOKpOBHE?

OTBET: Paguanus He mopoXXIaeT KaKUX-THMOO HOBBIX OMOJOTMYECKHX (DEHOMEHOB, OHA JIMIIb YBEIMYHBACT BEPOSTHOCTh BOSHUKHOBCHHUS
Pa3IMYHBIX MYTAlMHd U KJIETOYHBIX COOBITHH, KOTOpPbIE BPEMs OT BPEMEHU MPOMUCXOIAT CHOHTAHHO. MyTaluM, UHAYLUPOBAHHbIE paaualyei, o
CYIIECTBY HE OTIMYAIOTCS OT CHOHTAHHBIX MyTauui. OJHAaKO HEe BCE THUIBI CIIOHTAHHBIX MYTALMi YBEIMYMBAIOTCS B YUCIE MOJA BO3JICHCTBHEM
panuanuu.

OpuuM U3 3a00J€BaHKUN, KOTOPOE MOKET MHIYLMPOBATh PAHMalMs, SBISCTCS JICWKOMEHUS — M3-3a MOPAYKCHUSI CTBOJIOBBIX KJIETOK KOCTHOTO
MO3ra CHU)KAETCS YMCIIO JIEHKOLMTOB B KPOBH.

ManokpoBue (aHeMusi), IPU KOTOPOM YMEHBILAETCS YUCIIO SPUTPOLIMTOB B KPOBH HIIH COAEPIKAHUE TEMOTIIOOMHA B SPUTPOLIUTAX, TAKIKE MOXKET
OBITh CBSI3aHO C MOPAXKEHHEM KOCTHOI'O MO3ra pajinaluei.

Hcrounnku:

O.Dorenb «I'eneruka yenosekay, 1.2, M., «Mup», 1990, ctp. 223-260,
B.I1.MamkoBu4 «OCHOBBI paJHallioHHON Oe30macHOCTHY, M., «Heproatomusaat», 1990, ctp. 67-72,
«Dusnonorus yenoseka» nox pea. P.llImuara u I'.Tesca, 1.2, M., «Mup», 1996, ctp. 424, 430.

BOIIPOC Nel6: Bo3morkHa siu Tenenoprarus’?

OTBET: Hackonbko Ham m3BecTHO — HeT. CymiecTByeT TepMHH — Kkganmosas menenopmayus. OH He HMeeT HHUKAKOTO OTHOLICHHS K
«TPAJUILMOHHOID TEIENOPTALNH SKCTPACCHCOB.

CormacHO KBaHTOBOH MeXaHHKE, HEBOSMOXKHO TOYHO NpeE[CKa3aTh IOJIOXKEHHE YacTHIBI B IPOCTPAHCTBE, MOXKHO JHUIIb TOBOPHTH O
BEPOATHOCTH HAXOXIEHHUsS YaCTHIBI B ONpEICICHHOH TOYKe. AHAJIOTMYHO, €CIIM Yy HAac ecTh JABa (POTOHA, NPOJIETECBINME 4epe3 KPHCTALT U
MIOJTy4HBIIHE IPOTHBOIIONIOXKHBIC OISIPU3AIMHY, MBI HE 3HAeM KakKasl IoJsipu3anus y kakoro ¢gorona. Ho mocie m3MepeHus HOMSPH3AIUU OJHOTO H3
(hOTOHOB MBI Cpa3y xe (MTHOBEHHO) y3HaeM MOJApH3alui0 BToporo. IIpuuemM Hax BTOPHIM (OTOHOB HMKAKUX MU3MEPEHHI HE NPOU3BOAUTCS, U OH
MOKeT HaXOAUTHCS Ha CKOJIb YTOAHO OOJIBIIIOM PacCTOSHHUU OT IEPBOro. JToT dhdeKT obcyxaancs DinmreiiHoM, [Togonsckum u Posenom B 1935 1.
OKCNepHMEHTAIbHO KBAHTOBYIO TEJIENOPTALHIO YIaJI0Ch OCYIIECTBUTh B KOHIE IIPOILIOTO rofia.

HcTounuku:

«B mupe Hayku» 1992, Nel11-12, ctp.130-139,
«Ycnexu ¢pm3ndeckux Hayk» 1998, Nel, ctp.84,
«Ycnexu ¢pu3nueckux Hayk» 1998, No2, ctp.204.

BOIIPOC Nel7: Kak TeneBu30p BIUSET HA HEPBHYIO CUCTEMY 4eoBeka?

OTBET: B TeneBuzopax n3o0paxeHue GOpMUpPYETCS U3 KaapOB, MEHSIOIIMXCS C HEKOTOPOH YacTOTOM, MPUYEM KaXKIbIH KaIp COCTOMT H3
HEKOTOPOTO KOJIMIECTBA CTPOK.

VI3BecTHO, UTO IJ1a3 HAYMHACT Pa3INyaTh MeIbKaHUA (CMEHy KaJpoB), HauMHas ¢ 4acToTsl 41 'l (pu spkocTH ucTOYHMKa Oeroro nera 30
ka/M?). [I05TOMY 9acTOTa CMEHEI KafpoB IOJIKHA ObITh BBIMIC. B TeIeBH3HOHHOM BeIAHHH KayKIbIi Kajp MepeaaceTes 3a ABa MO, OXHO H3 KOTOPBIX
COJZIEP’KUT BCE HEYETHBIE CTPOKHU, a BTOPOE — BCE YETHBIE CTPOKH. B Mupe nelcTBYIOT B OCHOBHOM JiBa CTAaHJApTa TEIEBU3HOHHOM pa3BEPTKM:
eBpormeiickuii Ha 625 cTpok mpu 25 Kagpax B CeKyHIy M aMepHKaHcKui Ha 525 crpok mpu 30 kagpax B cekyHmy. Ilpum sToMm ucmoms3yercs
YEpPEeCcCTPOUHOE Pa3IoKeHHE C ABYMs MOJAMM B Kajpe. DTH CTaHAAPThl TEXHHYECKH M YKOHOMHUYECKH OINPaBJaHbl, OJHAKO OHU JOCTATOYHBI JIUIIb
UL TIepefaun M300paXKeHHil ¢ KpyHmHBIM IUTaHOM. [Ipm mepemade m3o0pakeHHil, COAEpIKAIIMX MENKUE NETald, YeTKOCTh M300paXKeHUi pe3ko
nagaer. K ToMy ke B 4epecCTpOUHOM pacTpe C JIByMs NOJSAMH B KaJpe MHOSBIAIOTCS MEXKCTPOYHBIE MEJIbKaHHs, OOYCIIOBIEHHbIE Pa3IMYHON
SPKOCTBIO CBEUCHHUH CTPOK IIOCIIE0BATEIEHO BOCIPOH3BOIUMBIX HOJCH.

CMOTpeHne TeleBH30pa CHJIBHO YTOMISET HEPBHYIO CHCTEMY, T.K. HH3KO€ KauyeCTBO H300paKeHHs M Pa3sHOOOpa3HbIC MEIIbKaHUs
BOCHPHHUMAIOTCS IIOJCO3HAHUEM. T.H. «3eIeHbli» cTaHmaapT 0e30MacHOro TENIeBU3HOHHOIO BEIaHMS TpeOyeT pa3BepTKy IPH YacTOTe KaJpoB HE
MeHee 90 KaJpoB B CEKyHY.

Jlpyroii IpHYMHOM BO3AEHCTBUS Ha HEPBHYIO CUCTEMY SIBIISICTCS IIIyM T€HEpaTopa CTPOYHON pa3BepTKH TeIeBU30pa. ITa 4acToTa oKono 16 xI'mg
(Ha Tmpeziene CIBIIINMOCTH YENOBEKa), OHAKO, TIPU JI0JTOM BO3/ICHCTBUY BBI3BIBACT YTOMIISIEMOCTb.

Ionpobuee B kuure:

P.E.BbeikoB, B.M.Curainos, I'.A.Diiccenrapar «Tenesunenue», M., Boiciias mkomna, 1988.
Tlomepses B.C.

BOIIPOC Nel8: MasTHUK (CTaIbHON IIAPHK Ha HUTHU) JOBOIBHO OBICTPO OCTaHAaBIHMBAacTcs. I1od cTanbHOM MIapUK IOJOXKHIM MAarHUT.
Iepuon ymensmmics. IToueMy yBenuuuBaercs BpeMs 3aTyXaHHs, U IIIOCKOCTh KoJieOaHHH MeHseTcs?
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OTBET: Bort nepBoe nprOIIrKeHHe K MOTHOMY OTBETY (KOTOPBIH OYEHB CIIOKEH M 3aBHCHT OT TAKHX BelleH, kak ¢opMa U pa3Mepbl Maruura,
pa3Mep IapHuKa U ero pacCTOSHUE OT MarHUTA ¥ OT HEOJHOPOJHOCTH HAMAaTHUYEHHOCTH MAarHHTa).

Kax Bbl HaBepHO 3HaeTe, BO3BpAILAONIas CHJA, ACHCTBYIONAsS HA MIAPHK MACAITBHOrO MasTHHKA, IPONOPLHOHATIbHA €ro OTKJIOHCHHIO OT
TIOJIOXKEHUS paBHOBecHs. VIMEHHO IO 3TOH IMpHYHMHE IEepHON KoIeOaHHil He 3aBUCUT OT UX pa3Mmaxa. CHila B3aHMOJCHCTBHS PEalbHOTO MarHMuTa ¢
IIAPUKOM OYEHb CIIOXKHBIM HEJIMHEHHBIM 00pa3oM 3aBUCHUT OT OTKJIOHEHHUs ILIapHKa OT IOJIOXCHHs paBHOBecHs. Ho MOXHO mokasatk, 4TO mpu
MajbIX OTKIOHEHUSX MAasATHHKA OT PABHOBECHS M HE OYEHb MaloM (IO CPaBHEHHUIO C Pa3MepOM MAarHHTa) PacCTOSHUHM OT MAarHWTa [0 IMIapuKa
B3aMMOJICHCTBHE C MarHMUTOM MOXXHO PacCMaTpHBaTh IPOCTO KAaK yBENHMYEHHE CHIIbI TshkecTH. [To3TOMy paccMOTpHM, Kak 3aBUCHUT TOOPOTHOCTh
KoneOaHui MassTHUKA OT CHJIBI TSDKECTH (JOOPOTHOCTH — 3TO OTHOIICHHE MOIHOM HEPIrHU MasTHUKA K IIOTEPSIM YHEPTUH 3a IepUOA KOIeOaHus).

51 Gyny omyckath Bce HOCTOSHHBIE KOI(GGUIMEHTHI B (OpMyIIax Takue Kak 2T( Ko3(p(HUIMEHT BI3KOCTH BO3yXa, Macca IIapyKa U TaK Jajee...,
T03TOMY B HAIMX (opMyIax BCIOAY CTOUT HE 3HAK PABEHCTBA =, a 3HAK IPOIOPIUOHAIBHOCTH [1

Hrak, Kak H3BECTHO NEPHOJ KoJIeOaHHil MasTHUKA ONPECISCTCS BRIPAKCHHEM:

TOWe)'?, M
I'ne | — uiMHa MasTHUKA, g — YCKOPEHHUE CBOOOIHOTO MaICHHS.
Torzma ckopocTh MasTHHKA IIPU aMIUIUTYyAE KoneOaHus A
VvV OA/T DA@@)?. ()
Ecnu xonebanus Malsl, a IEPHOA BEIHK, TO CKOPOCTh MaJla U CHJIa TPEHHS IIapruka 00 BO3AYX IPOIOPIUOHAIbHA CKOPOCTH IIApHKa:

fTP DV . (3)
Torna motepu Ha TpeHHe 3a IepHo] KoaedaHus (padoTa = Cuia Ha MyTh)
POfp A.(4)
Ho MsI moMuuM, 9TO CKOpOCTH IIponopruoHansHa A. Torna ¢ yderom (2) u (3) momydamnm:
P Cg/)! A% (5)
OHeprus MasTHUKA (MOTEHIUAIbHAS YHEPTUs IPH HOJIHOM OTKIOHECHHS HA PACCTOSHUE A OT HOJIOXKCHHS PaBHOBECHS)
E Ogh. 6)

Oto npocto npussrgHOEe mgh (M, KaK 1 0berna, s OIMyCTH, T.K. 3TO KOHCTAHTa), a h — pa3HOCTH B BBICOTAX IIAPUKA B MOJOXKCHUH PAaBHOBECHSI
Y TIPY MAaKCUMaJIbHOM OTKJIOHEHUH A. IIpocToe reomMeTpryeckoe ynpaxHeHHE MO3BOJIACT yOSAUTHCS, YTO:
h OA%L. (7
Toxacrassst (7) B (6), momydnm
E O(g/MA?. ®)
Toraa 106pOTHOCTE (XapaKTEpHOE YUCIIO IEPUOJIOB 32 KOTOPOE 3aTyXaloT KoJIeOaHHs)
QUE/P O(gH?. (9
HWrak, Mbl BUINM, 4TO 3Q(PEKTHBHOE yBEIHYECHUE CHIIBI TSHKECTH, KOTOPOE BO3HUKACT NPU B3aHMOJICHCTBUHM IIApHKa C MarHUTOM, IPUBOIHUT K
YBEINYCHHIO ROOpOTHOCTH KoneOaHuil. B pesynprare umcno KoneOaHMH MasTHHKA 10 3aTyXaHHS yBEIMYMBACTCS IIPOMOPLUOHAIEHO KOPHIO
KBaJPAaTHOMY U3 3((hEKTUBHOTO YCKOPEHHUS CBOOOJHOTO MaICHUS.
Ho 3a6aBHO, 4TO BpeMsI 3aTyXaHUs IPH 3TOM OCTaJIOCh IPeXKHUM (!):
Tsaryx OTQ = const .
OjHAKO B peanbHOIl TCOMETPUH OIBITA HENB3s IPeHeOperath HETMHEHHBIME WICHAMH B IIPEACTABICHAH Bo3Bpalaromieil cuisl. Oxu Benmuku! 1
C YUETOM HeMHEHHOCTH Bo3Bpamaromiei cuibi (f= ax + bx’ + ...) Oka3pIBaeTCA, UTO BPEMsI 3aTyXaHHUS MCHSICTCS IIPH B3aHMOJCHCTBUH C MATHHTOM.
YT0 KacaeTcsi N3MCHEHHUS INIOCKOCTH KOJIEOaHM, TO 3TO TOXKE OOBSICHICTCS HEMMHEHHOCTEI0 Kotebanuil. OOBIYHBII MasTHHK IIPU KOJIeOaHMIX
OIMCHIBACT DILIUIIC (peanbHOE KONeOaHUEe MOXKHO PacCMaTPHUBATh KaK CyMMY JBYyX HE3aBHCHMBbIX KOjeOaHMIT B OPTOrOHaIbHBIX HamnpasieHusx). Ho
JUIS HEMMHEHHOTO MAasTHHKA 3TO y)Xe He Tak. Jlaxke ecm 0Ch MarHuTa COBIIAJACT C HAIPABICHUEM HUTH MasTHHKA B MOJOXKCHHU PAaBHOBECHS (T.c.
MMeeTCs MOJIHAs 0CeBasi CHMMETPHS), TO TPACKTOPUs MasTHHKA — MO-MPEXHEMY 3JUIUIIC, HO OCh 3JUIMIICA BPAINACTCs U, B PE3yNbTaTe, TPACKTOPHS
MasTHHKA — po3erka. OTCYTCTBHE OCEBOH CHMMETPHH MAarHWTa M HEOJHOPOAHOCTH €r0 HAMAarHHMYCHHOCTH eile 0ojee YCIOKHSIOT IBHKCHHE
MasITHUKA.
Bopobwes I1.B.

BOITPOC Ne19: Yto Taxoe "mapoBast MonHus"?

OTBET: Crporo roops, 3TOro HUKTO He 3HaeT. [IpupoaHble mapoBble MOIHHN BO3HHKAIOT PEIKO B HENIPEACKAa3yeMbIX MECTaX, HCCICI0BATh
UX C OMOIIBIO NPHOOPOB He yaaBanock. HabmoneHus o4eBUALICB HEHAICKHBI: "OT CTpaxa Iiia3a BeMMKH", T.K. [JIe-TO B ITOJIOBHHE CITy4aeB MIapoBast
MOJHHS UCYe3aeT CO B3PHIBOM. B 1a00paToOpHEIX yCIOBUAX yAaBalIOCh IOIydaTh paspsiabl B rase, MOXOXKUE Ha MAPOBYIO MOJHHIO, HO YTBEPXKIATh,
YTO 3TO MMEHHO OHA, HET OCHOBAHHH.

Ha pycckoM sI3bIKe eCTh HeCKOIBKO KHUT, B KOTOPBIX ONUCAHEI HAOMIOAEHUS OYEBH/LEB U EPEUUCIITIOTCS BO3MOXKHEIE O0BICHEHUS:
W.Mmsnuros, [1.Tuxuii "3a rpaHbio 3akoHoB Hayku" M., Atomusnar, 1980,

N.I1.CraxanoB "O ¢usudeckoii npupose maposoil Moaaun" M., Dueproaromusaar, 1985,
B.M.CmupHoB "3arazka mapoBoit Monauu" M., 3Hanue, 1987.

Bce aBTOpHI CXOIATCS B TOM, YTO IPH BCTPEUe C IIAPOBOH MONHHEH HaJI0 BECTH ce0sl, Kak IIPU BCTpede ¢ OONBIION 3101 co0akoil: Bce BpeMst
CMOTpETh Ha Hee U u30erath Pe3KuX JIBUKCHUH.

C TOYKM 3pEHUS TEOPHH — OCHOBHAs IpobieMa OOBSICHHTH OONBIIOE BpEeMs JKU3HU HIapoBod MomHHu. OnHa U3 Haubonee MPOIBHHYTHIX
Teopuil mpeuioxkena B kuure 5.M.Cmupnosa "[Ipo6nema maposoii moianun" M., Hayka, 1988.

OCHOBHBIM HPEJIONOKEHUEM SBIISICTCS TO, YTO IIApoBas MONHHUA — (ppakTanbHBIA OOBEKT, 0Opa30BAHHBINA CIIy4aiHO COEIHHUBIIMMHUCS
YacTHYKaMH YIJIepoza. 3a cueT ()PaKTaIbHOCTH Y 3TOro 00BEKTa HU3KAas IUNIOTHOCTh M OYEHb OOJNBIIAS IUIOMIA/b IIOBEPXHOCTH, YTO 0OECIIeUHBaET
BO3MOXKHOCTb JIETKO IIEPEIBUTATHCS B BO3IyXE U JOITO MOANEPKUBATH YHEPTOBBIACIICHHE IPH HEHHTCHCUBHOM OKHCIJICHHH.

Llenecm B.U.

BOITPOC Ne20: [Touemy 3emJIs BpamaeTcsi BOKpYT CBOSH OcH, a He OecropsiiouHo?

OTBET: 3emis Bpaiaercs no unepiuu. Ecin Ov1 3eminst umena GopMy mapa, OZHOPOIHOTO WIIH COCTOSIIETO U3 c(HepHIECKHUX CIIOEB PaBHOM
IUIOTHOCTH, W SBIISUIACH OBl aOCONIOTHO TBEPIABIM TEIOM, TO HAIpaBiICHHE OCH U IIEPHO] €€ BpAIeHHs He MEHSUIHCh Obl Ilockombky 3emist
CIUTIOCHYTA C NOJIFOCOB, U €€ OCh BPAICHUs HE NEPIECHANKYIAPHA K IIIOCKOCTH ABIMKeHUs 3emi Bokpyr ConHua, To co croporsl Conana n JIynst
Ha 3eMiIio JeiicTByeT mapa CHII, IPUBOAAIIAS K MPELEecCHH M HyTanuu 3eMHOH ocH. B pesynbraTe mpereccuu 3eMHasi OChb, OCTaBasCh BCE BPEMs
HAKJIOHEHHO! K ITOCKOCTH JIBM)KCHHS 3EMIIM TOJ| YIJIOM OKOJIO 66 TpaaycoB 34 MHMHYTbI, MCIJICHHO OIMCHIBAET BOKPYT OCH SKJIUITUKH KOHYC C
nepuogoM oxoso 26000 mer. B pesynpTaTe HyTalMu OCh BpameHHs 3€MIH COBEpIIACT PA3JIMYHBIC MENKUE KONCOAHHS OKOJIO CBOETO CPERHEro
nonoxennsa. CaMoe TIaBHOE HyTallMOHHOE KolsiebaHue nmeer mepuop B 18,6 roma. Ctporo roBops, Ha 3eMIII0 AEHCTBYIOT M OCTalbHbIC IUIAHCTBI,
H3MEHSS TIOJ0XKEHHE B MIPOCTPAHCTBE IIOCKOCTU 3€MHOM OpPOUTHI, YTO CMENIaeT TOUKY BECCHHEr0 PaBHOACHCTBUS K BOcTOKy Ha 0,114 cekyHns B
rof.
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IIpeneccuio u HyTaIMIO MOXHO NIPOHAOIIONATH HA IPHMEPE BPALICHNs! OOBIKHOBEHHOTO BOJUKA MITH IIECTEPEHKH OT YacoB.
Hcrounuku:

J.B.Cusyxun "O6mmii kype ¢pusuxu', T.1, M., Hayka, 1989, naparpag 50,

I1.1.Bakymus, 3.B.Kononosu4, B.11.Mopo3 "Kypc obiueii actponomun", M., Hayka, 1983, naparpa¢ 72.

BOITPOC Ne21: [IpoTuBopeyar i 3akoHaM (pU3HKH MyTEIIECTBUS BO BpPEMEHH B 00OMX HANpPABICHHSIX?

OTBET: B03MOXHOCTh IyTEIIECTBUS B Oyayllee OTKPbUI M 0OOCHOBAJN DHWHIUTEHH B paMKaxX CHELMAIbHON TEOPUM OTHOCHTEIbHOCTH.
IIyremectBue B Oymymiee, Kak U3BECTHO, MOXKHO COBEpPIINTH HA PEIATUBHCTCKON pakeTe. PelsTHBHCTCKHE MIO-ME30HBI B HAIMX YCKOPHUTEIIX
COBEPIIAIOT ITyTELIECTBUE B Oy/yIlee, B THICAYH Pa3 MEPEKUBAs CBOMX IOKOANMXCSA OpaTheB. HO MOIHOIICHHBIE MTyTEIIECTBHS BO BPEMEHH TPEOYIOT
BO3MOXKHOCTH BO3BPAIEHHS HA3a[], 9YTO PABHOCUIBHO ITyTEHIECTBHSAM B IIPOILIOE.

Jlo HemaBHEro BpPEMEHH IyTCIIECTBHSA B IPOLIIOE CYMTAINCH KAaTETOPUYECKH HEBO3SMOXKHBIMH, C (M3MYECcKOil ToukM 3peHus. OnHako,
Heckonpko et Ha3ax M.HoBukoB (CCCP) u Kun Topr (CILLIA) mokasanu, 94To B paMKax oOIIell TeOpHH OTHOCHTEILHOCTH IIPU HETPHBHATHLHOH
TOIOJIOTHH TIPOCTPAHCTBA (T.€. €CIIM BO3MOXKHBI "pyuku” B THIEPIPOCTPAHCTBE, COSAMHSIONMINE ABE YAAICHHBIC 00JaCTH OOBIYHOTO NPOCTPAHCTBA),
B IPHHIIMIE, BO3MOXKHO IIOCTPOCHUE MAIINHBI BpeMeHH. Takas MaIlnHa II03BOJSIET IyTEHIECTBOBATh KaK B Oymymiee, Tak W B mpomnuioe. IIpasaa,
XapaKTepHbIH MacITad TaKOro yCTPOHCTBA — rajlakThKa (II0 Macce).

C Tex mop OIyONMKOBAaHO MHOXECTBO CTaTeH IO TEOPHH MAIIMHBI BPEeMEHU (aHAIM3HPOBANach BO3MOXKHOCTh €€ OCYIIECTBICHHS KaK C
MO3HLHI 00IEel TEOPHU OTHOCUTEIBHOCTH, TaK M MO3ULMI KBAHTOBOH (DH3UKH).

Iomuoro moHuMaHus npoOIeMbl HET U cerofgHs... OIHAKO OTBET Ha BOIPOC MHE KaXKETCs MOIOXKUTEIBHBIM B TOM CMBICIE, UTO "CEromHs He
npotuBopeyat”.

Tonpobuee B cratbe B.IL.dponosa «UepHbIe IBIPHL, «KPOTOBBIC HOPBI» U MalInHa BpeMeHm» (xypHal «[Ipupoma», Ne§, 1991, c1p.10-16).

Bopobwes I1.B.

BOITPOC Ne22: MeHst MHTEpPECYIOT MPUHIUIIBI PAOOTHI YaCTOTHOTO CMECHUTEIIS, KOTOPBIH MCIOJNB3YIOT B AAaTYHMKax ABWKeHHs. He Mornu Obl
Be1 BeICTaTh MHE cXeMy (IPUHIUNHATBHYIO) YaCTOTHOTO cMecuTels. byy oueHs 61arogapeH, ecim cxema OyeT Ha MUKPOCXEMax.

OTBET: [lo-BuauMOMYy, BOIIPOC OTHOCHUTCS K, TaK HAa3bIBAGMbIM, JOILIEPOBCKHM JaTdukaM. [IpuHINI AeficTBUS TaKOTO HAaTYHKA 3aKIIOYACTCS
B TOM, YTO IIPU OTPAXXEHHHU 3JICKTPOMATHUTHOH BOJIHBI OT JBIDKYIICHCS 1N ee 4acToTa caBuraercs Ha BenmuuHy f = 2Fgv/c, rae Fo — wactora
JJIEKTPOMATHUTHOH BOJHEL, V — IPOEKIHS CKOPOCTH IIeJIH Ha HAIPaBJICHUE LEIb-IOKATOP, C — CKOPOCTh cBeTa. OTciofa BUAHO, YTO HyXKHA OYCHD
BBICOKAsl 4aCTOTA M3/Ty4acMOr0 CUTHAJIA, TaK KaK CJBUT YaCTOTHI (TO, 4TO HECET MH(OPMALIMIO O IE]TH) MPONOPLHOHANCH V/C U oueHb Man. Ecmu v =
3 M/ceK, TO OTHOCHTENbHEIA caBHT dacToTsl Beero 107 u mpu wactore mamywenns 10 I (10" I'm) f = 200 I'm. Kpome Toro, Tomsko B CBY
(CBEpXBBICOKOYACTOTHOM) JINANIa30HE MOXKHO CO3/[aTh KOMIIAKTHBIC HAIPABJICHHBIC AHTCHHBI.

Jloxartop obmy4aer nens HermpepsiBHEIM CBU curnamom. OTpaXeHHBIH LEIbI0 CHUTHAI BO3BpAINAcTCs 0OpaTHO, MPUHHUMAETCS JIOKATOPOM U
CMEIINBACTCS HA CMECHTENE C MaJloi Joleil n3iydaemoro curHaina. CMecuTenb — HEJIMHEHHBIH 3JICKTPUYECKHIl 3JEMEHT (B IpOCTEHIIeM ciydae
obbrunelii CBY mmox). Ilpu oQHOBpEeMEHHOM B3aHMOJACHCTBHH IBYX JJICKTPOMATHUTHBIX KoIeO0aHWMI ¢ pasnuuHbIME 4acToTamu f; um f, Ha
HEJIMHEITHOM 3JIEMEHTE BBIACIAIOTCS KOJIeOaHHs ¢ KOMOMHAILIMOHHBIMH YaCTOTaMU

fi=fi—-H u fu=fi+6.

OOBIYHO HIKHSAS YacToTa fi BhIACHACTCS (PUIBTPOM U HCIOIB3YETCs JUIS PErMCTPAallMi HANTHYMS ABIKYIIEroCs 00beKTa M (€CIM HYKHO) JUIS
HU3MEPEHUsI €T0 CKOPOCTH.

dakTHYECKH BCE TAKUE JAaTYHMKH, 3TO paxuonokaropsl CBY nuanasona, kotopele paboTaior Ha yactotax oT 10 o 40 I'T'y (uHa BonHb! OT 3
10 0.8 cM). JIaT4nKH TaKOro THUIA HCIOIb3yIOTCS:

* I OIpeJeNeHus CKOPOCTU CaMOJIETOB;
* U1 M3MEpEHHsI CKOPOCTU aBToMoOmIell. P Mapok aBToMOOMIel HMeeT B KauecTBe CIHMAOMETpa AOIUICPOBCKUIl PaNOIOKAIHOHHBIH AaTINK
ckopocTH. JlaTunk paboTtaer Ha JUIMHE BOJHBI 8 MM, PACIIOIOKEH IOJ] CHACHHEM BOAUTENS U 00JydaeT JOPOry Yepes paJuonpo3payHoe OKHO;
* IS KOHTPOIISL CKOPOCTH aBTOMOOMIIA (JaTUYMKH, KOTOphIe Hcronb3yer I'AN);
*  KaK OXpaHHBIC JAaTUYHKH (PETHCTPALUs JABHXKXYIIMXCS OOBEKTOB B MOMEIICHHH).
TIpocreiimmii faTYMK ABMKEHHS MPEICTABISAET COOOM /IBa Kycka BOJHOBOAA (ckaxkeM 23%10), cloeHHbIE
> BJIOJIb y3KOii cTeHKH. C OJJHOIT CTOPOHBI, BOJTHOBOIBI 3aKOPOYEHBI U C OMOIIBIO JuadparM B HUX OpPraHH30BaHbI
1 pe30oHATOpPhI, HACTpoeHHbIe Ha dYacToTy Fo. CBY MomHOCTh HM3mTydaercs (HOmamacT) B PE30HATOPHI depes
+ OTBepcTHE CBA3M B Auadparme. B onHoM pesonarope nomenieH auox I'anna (G) (MM TaBUHHO MPOJIETHBIA AMOJ
44— — JIII1J). Ilpu momaue ompeneneHHOrO HANpPSDKGHHMS Ha JHOJ Takas CHCTeMa HauuHaeT reHepupoBath CBY
I koseOanus Ha yactore Fy. Bo BTopoM pesonaTope pa3menier cMecutenbHbli auon (M) — 910 npuemHuk. Yacth
MOIIHOCTH H3Ty9aeMOr0 CUTHAla 4epe3 OTBEPCTUE CBA3M B 0OMIIeil y3KOil CTEHKE BOJHOBOJA IPOHUKAET B
BOJIHOBOJl IIPHEMHHKA M Jajlee B PE30HATOP CMECUTENs. DTa MOLIHOCTh CMEIIMBAETCS C CUTHAJIOM, OTPaKEHHBIM LIeJbI0 Ha JHoJe-cMecuTene. B
pe3ynbTaTe, Ha AUOAC BO3HUKACT HU3KOYACTOTHBIH CHTHAN C PAa3HOCTHOH YacTOTOH. DTOT CHUTHAN UCIONB3YeTCs IS M3MEPEHUs] CKOPOCTH LENH
(u3mepsercs uactora f1). Ecim TpeGyercs TONbKO perucTpanys HaIM4us ABIKYIIErocst 00bEKTa, TO IPOCTO aHAMM3UPYETCS, €CTh JIU B HAIPSHKCHUU
Ha JAUOZEC ITEpeMEHHas YacTh C AMIUIUTYAOH BBINIE HEKOTOporo mopora. CmcreMa Ha JBYX BOJHOBOZAax (0e3 pYNOpHOI aHTEHHBI) HMeEET
YyBCTBHTEIIBHOCTh B KOHYCE C pacKpbITHEM mopsijika 70 rpaaycoB (BA0Ib OCH BOIHOBOJIOB).

Kaxk s roBopun, mpocteiimmii cmecurens — CBUY nuon (mampumep, 2A102A, 2A107A ...). B GamaHCHBIX cXeMaxX HCHONB3YIOTCA 2 IHOAA.

CMecHTENbHBIX MUKPOCXEM JUIs pabOTHI B Iana3oHe 3 CM HET.

Bopobwes I1.B

BOIIPOC Ne23: KakuM crmocoOOM MOXKHO PACCUMTATh CPEAHHH INPOMEXKYTOK BPEMEHH MEXAy 2-Ms CTOJNKHOBCHUSMH MOJICKYI B
ra3000pa3HOM aTOMapHOM BOJIOPOJIE, €CIIM CKOPOCTh JBMKCHUSI aTOMOB Hem3BecTHa? M3BeCTHBI: paamyc aToMa BOAOPOAA, TEMIEpaTypa, JUIMHA
CBOOOAHOrO Mpobera MexKLy 2-Msl CTONKHOBEHHSIMH.

OTBET: OneHuM BpeMst MEXIy CTOJIKHOBEHHSAMH II0 MOPSAKY BEIMUHHBL. XapaKTepHas CKOPOCTh V YaCTHIBI ra3a (B JaHHOM CIydae aToMa
BOJZIOPOJIa) TAKOBA, UTO ee KMHeTH4YecKkas sHeprus nopsiaka kT, roe k = 1.38010° JI/K — nocrosizuas Bonbiumana, a T — Temrieparypa ra3a. Takum
o6pasom, (mv?)/2 OkT wma v O (kKT/m)"?. 3xecs m — macca gacTuupr. 15 XapakTepPHOTO BPEMEHH t MEYKIY CTONKHOBEHHSAMH OHOH aACTHIBI C
OCTAJIBHBIMH 110 MOPSIAKY BeanuuHbl uMeeM: t A/v, rae A — mnuHa cBoGoHOrO npobera MoseKyibl. Eciti Hac HHTepecyeT BpeMst Mexy JIF0ObIMH
CTOJIKHOBCHUSIMH MOJIEKyI B Trase ty (N — HOIHOe YHCIO 94acTHIl B Trase), TO 3a BpeMs t mpoucxoauT N/2 cromkHOBeHHuil (kodddurment 1/2
BO3HUKAET M3-3a TOTO, YTO COYJapCHHE YACTHIIbI O] HOMEPOM i C YaCTHLEH j U cOyAapeHue j C 1 — OJHO M TO ke coyaapeHue). Ilockoibky
CTOJIKHOBEHHSI IPOMCXO/ST CIIy4aitHo, To tn J2A/(VN).

B Gornee akkypaTHOI MOJIENH, YHUTBIBAIOIIECH pactpeieieHie MOJIEKYJI ra3a 10 CKOPOCTSIM, MOXHO TTOJTy4HTh:

tn = Amm/kT) P/ 2N) .
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BuzaHo, 9TO 3TOT KOHEYHBIH OTBET OTIMYACTCS OT NPEABAPHTEILHOH ONECHKH Ha KOI()OHIUEHT IOpsIKa eAUHUNBI, KOTOPBIH JTOCTaTOYHO
YCIIOBEH (OH 3aBHUCHUT OT TOYHOT'O ONPE/IENICHUS MOHSTHS JUIMHBI CBOOOAHOTO Ipobera).
Tonpo6ree: JI.B.CuByxun «O6muii kypce ¢usukn», Tom 2, M., Hayka, 1990, naparpad 86.
Cmenanoe M.I".

BOITPOC Ne24: Koraa cBer magaerT Ha KakoH-TMOO MpeaMeT, YacTh CBeTa OTpaxkaeTcs. B aToM ciydae (OTOH Ha OYEHB-OYCHb KOPOTKOE
BpeMsI KOHTaKTUpyeT ¢ npeaMeroM. CTaHOBUTCS JIM HA 3TO OYCHb KOPOTKOE BpeMsi CKOPOCTh (poToHA paBHOH Hymio? Yckopsiercs 11 (GOTOH mocie
3TOr0?

OTBET: OtpaxeHue cBeTa MOXKHO OOBSICHATh Ha JIBYX SI3bIKaX: BOJIHOBOM M KOPITYCKYJISIPDHOM.

* [Ilpu KOHTaKTe CBETa C MOBEPXHOCTHIO IPEAMETa Majalolas dIeKTPOMAarHUTHAS BOJIHA HHAYIHUPYeT B IpeAMeTe IepeMeHHbIe TOKH, pacKauuBast
HEPEMEHHBIM 2JIEKTPUYECKUM I10JIEM 3JI€KTPOHBI B aToMaX. MHAyIHpoBaHHBIE TOKM BO3HHKAIOT HE TOJIBKO HAa MOBEPXHOCTH IpEIMETa, HO U B
riy6use ero. OHH caMM H3JTy9al0T BTOPUYHEIE JICKTPOMATHUTHEBIC BOJIHBI BO BCEX HAIPABICHUSAX. DTH BOJNHBI, HHTEphEpUpPYs MEXIy OO0,
CO3/1al0T MPOXOJALIYI0O M OTpPaKEHHYIO BOJHBL. BuaHo, 4To pa3MazaHHas B IPOCTPaHCTBE (IO KpailiHed Mepe, Ha JJIMHY BOJHBI)
DJIEKTPOMArHUTHAS BOJIHA KOHTAKTHPYET C IPEIMETOM, HUTE He JIOKAIU3YSCh U HE OCTaHABIIUBASCh.

*  DOTOH, JOCTUTIIHIT TOBEPXHOCTH IPEIMETa, IPOHUKAET BHYTPh ero. [Ipoiins 1imHy nornomeHns, GOTOH MOIJIOMAETCs aTOMOM, TIEPEBOJI €T0 B
BO30YKIeHHOE cocTosiHUe. Uepe3 HEeKOTOpoe BpeMsl aTOM BO3BPAIIACTCsl B OCHOBHOE COCTOSHHME, HcIyckas ¢otoH. Bumno, uto xorma ¢oron
CYIIECTBYET, €0 CKOPOCTh PaBHA CKOPOCTH CBETA, a KOrAa ()OTOH HE CYIIECTBYET, HE MIMEET CMBICIIA MOHATHE CKOPOCTh (POTOHAY.

Llenecm B.1.

BOITPOC Ne25: Tlouemy Bosa KaMeHb TOYHT?

OTBET: IlonpoGyem pa3obparbcsi, 4TO MIPOUCXOIHUT C Karuiei, Naaalomiell Ha TBEpAYIO MOBEpXHOCTh. BHavane — o cuiie ynapa wi, Jiydiie, o
JaBICHUH Ha IIOBEPXHOCTh, BOSHHUKAIONIEM BCIIEACTBHE yAapa Kamii o Hee. YTOOBI 3TO AaBIICHHE OLECHHUTH, yIOOHO MPEACTaBUTh ceOe He JICTSIIYIO
Kaluio, a LHIMHAPUYECKYI0 CTPYIO, KOTOpas Ha CBOEM ITyTH BCTpPEYacT MOBEPXHOCTh TBEPIOro Tena. B oleHke, KOTOPYIO MbI HOIy4HM,
XapaKTePUCTHKH (GOPMBI CTPYH HET, I0ITOMY OHa OyIeT TOfHA U IS KaIllu.

Ilpu BHE3aITHOM CTOJKHOBEHHH CTPYH C TIpErpajioil MOCIENHAS MCIHBITHIBACT Ha cebe AeHCTBHE, TaK HAa3bIBAEMOTrO, THIPOJHMHAMUYECKOTO
yaapa. 3a THM TEPMHHOM CTOHT, B CYIIHOCTH, IpocToe (H3MYecKoe SBICHHE: B MOMEHT CTOJKHOBEHHS CTPyH C IIPErpajoil B CIpye, B
HAaIpaBJICHUH, IPOTUBOIOIOKHOM €€ JIBIKCHHIO, HAUMHACT PAcIPOCTPAHATHCS BOJIHA TOPMOXKEHHs. HarmsqHy 0 MILTIOCTpAIMIo 3TOMY Aall mpodec-
cop I'.M.ITokpoBckuii B kaure « napoguHaMHIecKue MexaHu3Mbl». OH 00paTHI BHUMaHKE Ha BHEIIHIOO aHAJIOTHIO MEXTy 3aTOPMOXKCHHOU CTpyel
U TOTOKOM aBTOMAILIMH, BHE3aIIHO OCTaHOBJICHHBIM BCIIBIIIKOH KPAacHOTO cBeTa: y cBeTo)opa BO3HHMKAET CKOIUICHHE MAIMH, KOTopoe Oyzer
PacIpOCTPaHATHECS IIPOUb OT cBETO(Opa HABCTPEUY 3aTOPMOKEHHOMY IOTOKY. ClieyeT HOJ4epKHYTh, YTO CUTHAI O TOM, YTO OTOK aBTOMOOMIIEH
3aTOPMOXKEH, JBIKETCS CO CKOPOCTBIO, MEHBIIEH CKOPOCTH MX JIBHM)KCHHs, a BOJHA TOPMOXKCHHS B CTPYE JBHXKETCSA CO CKOPOCTBIO 3BYKa B BOJE,
KoTopas pasua ¢ = ,5000° cm/cek 1, KOHEUHO e, GOTIbIIE CKOPOCTH KAIUIH, TAAIONIEH C KPBIIIIL

BenomuuM 0 TOM, uTO coriacHo 3akoHy HetoroHa cuna (F) — ecTh mpousBeneHne maccsl (m) Ha yCKOpeHHE (@), KOTOpOe, KaK H3BECTHO,
SBJIICTCS. OTHOIICHUEM H3MEHEHHUs cKopocTH (Av) k BpeMeHH (T), B TeUCHHE KOTOPOTO OHO IPOHM30LII0. DTOT 3aKOH MOXKHO 3alUcaTh B BHUJIE
¢dopmyns: FT=mAv .

Macca cTpyu, 3aTOpMOKeHHas 3a BpeMs T, OYeBUIHO, PaBHA m = cTsP, IJIe S — CEUCHHUE CTPYH, a P — INIOTHOCTH XKUAKOCTU. Tak Kak n3MeHeHue
CKOPOCTH OCTAQHOBIICHHOI CTPYH PaBHO CKOPOCTH €€ JIBUKCHHS, TO 3akoH HbroTOHa MOXHO nepemnucath B popMe, onpeaerstomeii nasnenue P = F/s,
KOTOpoe Ml HimeM: P = pve.

Kax n 656110 06emmano, nomy4denHast GopMyra He COAEPKUT HU JUIMHBI, HU CEYCHUS CTPYH U €10 MOXKHO MOJIb30BAaThCsl IPUMEHUTEIBHO K Karlie.
B momy4ennoit ¢popMyne P H ¢ U3BECTHBI, a BEIMUHHY V ClIeAyeT 00CyIuTh. VIHTYHIHS OACKA3bIBACT, YTO, KOT/la CKOPOCTh KAIlIM Masa, OH3Ka K
HYJTIO, THIPOJMHAMUYECKOTO y/iapa B IIOJHOM Mepe He Mmpou3oiiaeT. Kams pacutomurces, pactedercs o HOBEPXHOCTH, HE YIapuB ee.

MO’KHO OLICHUTh HAMMEHBIIYIO CKOPOCTB, IIPU KOTOPOH Impou3oiaeT yaap. st aToro, BUANMO, HEOOXOAUMO, YTOOBI 32 BpeMsl yaapa KaIls He
ycIielna CyIIECTBEHHO PaCIUTIOMNTBCsA. UTOOB! Karuis B MOMEHT IaJIcHHsl Ha KaMeHb Bella ceOs MOJ00HO TBEpAOMY IIAPUKY, HEOOXOIUMO, YTOOBI
BpeMs ee pacIuromuBaHus (Tp) ObUIO GONBIIE BPEMEHH, B T€YEHHE KOTOPOTO MPOMCXOMUT yaap (Ty) : T, > Ty . Bpems T, 61u3ko k BpeMeHH, B
TEYEHHE KOTOPOro COBEPIIACTCS OJHO KoebaHue CBOOOHO JIETAIIEH KaIlli MIIK BO3YIIHOTO Ty3bIpbKa, BCILTbIBatOLIEro B Boze: T, JRN/0, rue 0 —
K03((PHUINEHT TOBEPXHOCTHOTO HATSKEHUS BOJBI, I — BA3KOCTH BOABI. A Bpems Ty MOXKHO OLIEHHTH KaK OTHONICHHE pajyyca Kaluld K CKOPOCTH e
HoJieTa B MOMEHT IaJICHUs Ha MOBEPXHOCTh KaMmHs: Ty U R/v. IlpnbmusurensHo 3a 3T0 BpeMs BEpXHssA TOYKA KaIlIM MOXET JOJETeTh [0 KaMHs,
TI0CJIE TOTO KaK HIDKHSAS TOUKA €r0 y)ke KOCHYIach.

Tenepp u3 ycnous Tp = Ty JIETKO OLICHUTh BEJIMYHHY CKOPOCTH MaJCHHUs KaIlIH, TIPU KOTOPOIl OHA CMOXET «I0JIOMTh KaMEHb». JTa CKOPOCTh
JIOJDKHA yIOBIETBOPSTH yclIoBuio v = 0/N. IIpu Tako# ckOpocTH AaBlIeHHE, BO3HUKAIOIIEE B MOMEHT ynapa, Oynetr P = pco/n. IloacTtasmss nudpsl,
nonyanm P = 107 Tla. MHOTOKpaTHO IIPHK/IaBIBAEMOE TAKOE AABICHHE CIIOCOBHO Pa3pyIINTh XPYIIKHil KAMCHb.

Uctounuk: S.E.I'ery3un «Karus», M., Hayka, 1977, ctp. 70-79.

Ilonpobuee B cOopHuKe cTateil «po3usi», M., Mup, 1982.

BOIIPOC Ne26: Yro npousoiizer ecinu 3eMiIi0 NpOCBEPINTh HACKBO3b U OPOCUTH TY/la KaMeHb, 4TO OyIeT ¢ KaMHeM?

OTBET: OueBunHo, 4To KaMeHb OyIeT maiath. ECiM cuWTaTh, 4TO M3 LIAXThl OTKAyajid BO3AYyX, TO KaMeHb, HAOpaB IOCEpEeAMHE ITyTH
MaKCHUMAJIbHYI0 CKOPOCTb, MOJICTHT JabIIe II0 HHEPIUH U JOCTHIHET IIPOTHBOMONIOXKHOH CTOPOHBI 3eMIIH, IIPUYEM €ro KOHEUHask CKOPOCTh OyIeT
paBHa HauaiabHOW. ITockonbKy yckopeHHe CBOOOAHOTO MajeHUs BHYTPH 3eMIM HPOMOPLMOHAIBHO PACCTOSHHIO JO ILEHTPa 3eMiH, TO XapakTep
JBIDKEHUS KAMHS COBIAJaeT ¢ IBIKCHHEM I'py3a Ha MpYXKHUHKe, HOMUUHsIomelcs 3akoHy ['yka. UTo HHTepecHO, ecly HadaldbHas CKOPOCTh KaMHS
paBHA HYIIIO, TO MEPUOJ KoJeOaHHUs KaMHs B IIaXTe PAaBEH MEPUOLY OOpaIlCHUS CITyTHHKAa BOIM3M NMOBEPXHOCTH 3EMIIH, NPUYEM HE3aBUCHUMO OT
TOro, KaK IIPOPHITa MpsMas IIaXTa: Yepe3 MeHTp 3eMIIH I 110 JIIo00ii xope.

AKKypaTHbIE J0Ka3aTEIbCTBA B KHUTaX:

H.J.T'onsadap6 «COOpHUK BOIPOCOB U 3324 1o usukey, M., Beicmas mxomna, 1973, 3agaun 7.6, 7.7,
B.b.ByxoBues, B.J].Kpusuenkos u ap. «COOpHUK 3a/1a4 10 3neMeHTapHO# ¢u3uke», M., Hayka, 1974, 3anaua 663,
E.W.Byrukos, A.A.bsikoB, A.C.KonnparseB «du3uka B mpuMepax u 3agadax», M., Hayka, 1989, ctp.75-80.

BOITPOC Ne27: B ueM 3aKiII09aeTCs TEOPUS BOSMYIICHHS?

OTBET: Teopust BO3MyIIEHHI TT03BOJSET UCCICAOBATh CIOXKHYIO CHCTEMY, SCIIH H3BECTHA OIM3Kas K Heil cucTeMa, KOTopasi XOpOIIo U3ydeHa
(BUIMMO TIOTOMY, YTO OHA HAMHOTO IPOIIIE).

B mmpoxoM cMEICHIE 3TOTO CIIOBA, TEOPHS BO3MYILICHHII €CTh COBOKYITHOCTH METOJOB Pa3JIOXKeHUs B psix Teifopa mo KakoMy-HHOYIb MaIOMy
napametpy. Psin Teitnopa ¢yHkimu f(X) B OKpECTHOCTH TOUKHU X( €CTh
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f(x) = f(x0) + f(x0) (x-X0) + "(x0) (x-x0)*/2 + ... + f (x0) (x-x0)¥n! + ...

rae f'(xo) — mepBas npousBognas f(x) B Touke Xo, f' — BTOpas npousBoaHas, ™ — n-as npousBoaHas ¢pyHkuuu f(x) B Touke Xo. Pasznoxkenue B psan
Teiinopa MO3BOIAET HAXOAUTH 3HAYCHUS (PYHKIHU B TOUKE X, €CIM H3BECTHO €€ JOKAIBHOE MOBEACHHE BOIM3M TOYKHU X (T.€. M3BECTHBI 3HAYCHUE
¢dynkuun f(X) B Xo U ee MPOM3BOAHEIE). DTOT PsiJi — €CTh Pa3NIOKECHUE IO MapaMeTpy X-Xo. Ecim 3ToT mapamerp Main (T.e. OTKIOHEHHE X OT X
HEBEJINKO), TO KKIBIH WICH Psifa Mal [0 CPABHEHHUIO C MPEABIAYIIUM U UL BBIYHCICHHS f(X) MOXXHO OrpaHMYUTHCS HEOOJBIIMM KOJIHYECTBOM
YJICHOB Psija.

pumep: psin Teiinopa mis GyHKmK sin(x) BOmm3w Toukn x=0 UMeeT BUA sin(x) = X — x°/6 + x°/120 — ... BEUHCITAM C TIOMOIIBIO STOTO psia
sin(30°%) = sin(16) = 1/2. Hynepoe npubmmkenne paet sin(T06)y, = 0 (GpyHKIHA B34Ta B TOYKE X=X(). ITO HAC, ECTECTBEHHO, HE YIOBICTBOPSCT, HAM
Hy’)KHA IIepBasi HEUCYE3AIONIasl MIONpPaBKa K 3HAYCHUIO PAaBHOMY HYyII0. B mepBoM mpuOmmKeHuH, y4uThIBas IIEPBOE ciaraeMoe psiaa, umeeM sin(Tt
/6)p= TU6 = 0.5236..., 4T0 yxe ropas3ao ay4me. Eciu ke Mbl ydTeM BTOpOE KyOMUYECKOE CllaraeMoe, TO MOIyduM sin(Tv6)m,= TU6 — (116)*/6 =
0.4997...

Ecim Xx-Xo BENMKO, TO PAJ MOXET CXOIMThCS MEMJICHHO (M TOrJa OT HEro Majo IONb3bl), a MOXKET M BooOmie pacxoautses. T.e., Teopus
BO3MYILEHHI paboTaeT, KOrja OTKJIOHCHHE OT M3BECTHOIO 3HAYCHHSI (OTKJIOHCHHE — 9TO M €CTh BO3MYIICHNE) HEBEIIHKO.

KoHkpeTHass cxema TeopHH BO3MYILICHMII CHIIBHO 3aBHCHT OT 3aJaud, KOTOPYIO HajO periaTth, ¥ METOAbl TEOPHH BO3MYILICHHI OYCHb
Pa3HOOOPA3HbL.

IMonpobHee B KHUrax:
J1.A.Jlannay, E.M.JIndmmr «Mexanukay», ToM 1 kypca Teoperudeckoit pusuku, M.: Hayka, 1988,
A.Haiids, «Metozpl Bo3amymieHui», M: Mup.

Cmenarog M.T".

BOITPOC Ne28: IIpaBna nu, 4To y IIaHETHl 3eMJISL €CTh JBOMHUK U €r0 He BUAHO, IIOTOMY YTO OH HAXOAUTCS B IpoTuBOdaze?

OTBET: 3agaua onpeneneHus IBUKeHUS 4-X U Oosee Tel moj JeHCTBUEM CHIT TATOTSHUS (2 MMEHHO TakoBoH siBysiercsi CoNHEeYHas cucTeMa) B
obuieM ciiydae 10 CHX Iop He pemeHa. Eciu B cucteme 3 Tena, TO €CTh HECKOIBKO YaCTHBIX CIIy4acB, Ul KOTOPBIX €CTh TOYHOE pellieHue. Briepsbie
oHU ObUIM HaligeHsl Jlarpamkem B 1772 . CyTb ero paboThl CBOAUTCS K TOMY, YTO €CIIU 3a/IaHbl MACChI TEJI U MOJIOKEHHE 2-X TEeN Ha IJIOCKOCTH, TO
CYILLECTBYET 5 TOUEK, B KOTOPBIX MOXKET OBITh PACIIOJIOKEHO TPEThE TEIIO, U CHCTEMa MpU 9ToM Oyzet yctoiunBa. Takum oOpa3om:

a) eCIIM TPH Tella PACIIOJIOKEHBI Ha OHOM MPSIMOM, TO OHHM OOPAILAOTCS, OCTABASACH HA HEil BOKPYT OOIIETO LIEHTPa Macc;
6) ecnu TpH Tela PACIOJOKEHbI B BEPLIMHAX PABHOCTOPOHHErO TPEYroJbHHKA, TO OHHM OOpALIAIOTCsl BOKPYr OOLIEro LIEHTpa Macc TakK, 4TO
TPEYrOJIbHUK OCTA€TCS BCE BPEMsI PABHOCTOPOHHHM.

Ecnm 6b1 B Hamelr ConHeyHoll cucteme Obuto Bcero Tpu Tena: ConHie, 3eMis M ABOWHUK 3eMIIM B MPOTHUBOdA3e, TO B COOTBETCTBHU C
peuienuem Jlarpamxka (a) cucrema Obuta Obl ycroiumBoi. Ho mockonmbky B CONHEYHOM cucTeMe HEOSCHBIX TEl 3HAYMTENBHO OONbIIe TPeX, TO
HECHMMETPUYHBIC BO3MYLICHHS [UIAHETHBIX OPOUT HEM30EKHO MPHBEIYT K HAPYIICHUSIM KOH(HIYpAlMd CHCTEMBbl U HAPYLICHHUIO YCTOHYHBOCTH
TJTAHETHBIX OpOMT.

Kaxk mblI ceifyac moHuMaemM, JBOMHHKA 3eMJIM, HaXOAAIIErocs B MpoTHBOdase, He MOKET OBITh (XOTsI COOOLICHHS O CYIECTBOBAHHH JBOHHUKA
3eMiu IepUOMYECKH MOSBISIOTCS B «OyIbBapHOI) Ipecce).

Ho, Tem He MeHee, Bo Beex 5 Toukax Jlarpamka, MOCYUTAHHBIX IS cUCTEMbI «3eMiIsi-COJTHIE U TPEThE TEN0», 0OHAPYKEHBI CKOTUICHUSI IIBUTH U
rasa.

IlonpobHee MOXKHO IPOYHUTATD:

I1.1.bakynun, 3.B.Kononosuy, B.11.Mopo3 " Kypc o6uieii actponomun”, M., 1977,
Y.AnbBeH, . Appenuyc " ooy CosnneuHoit cucrems!”, M., 1979,
A.Jl.bprono" Orpanndennas 3agada Tpex ten'", M., 1990.
Kupuuenxo H.A.

BOITPOC Ne29: MeHst HHTEpECyeT, Kak MOXHO NPEICTaBUTh AIEKTPOHbI? Kak BOJIIHY MIIM KaK KBaHTBI U 3JIEMEHTapHbIE YAaCTULIBI?

OTBET: O0bI9HO OTBEYAIOT, YTO HJIEKTPOH — 3TO BOIHA U YACTHIA OZHOBPEMEHHO, HO TAaKOH OTBET MaJlo MOMOraeT MoHuMaHuIo. [loxamyi,
TPOIIE BCETO MPEJCTABIATH ceOe CBOOOHBIC 3IEKTPOHBI KAK BOJHOBOH MaKeT — HaOOp BOJH, KOTOPbIE CKJIa/IbIBAsCh, KOMIICHCHPYIOT JIPYT JPyra BO
BCEM IIPOCTPAHCTBE, 3a UCKIIOYEHHEM HEOONbIIOro odobeMa. VIMEHHO BHYTpH 3TOTO 00beMa H «CYIIECTBYeT» DIEKTpoH. s Hac 3TOT 00beM
MHKPOCKOIMYECKH MaJl, TI03TOMY MBI BOCIIPHHHMAEM 3JIEKTPOH KaK OTAENbHYIO YacTHILy. DTH CJIOBA, KOHEYHO, HE OOBSCHAIOT Ha CAMOM JIejIe, YTO
JKE TaKoe DIEKTPOH, U3 Uero OH CJHeNaH, HO OHH JAlOT BO3MOXKHOCTH HAILITHO NPEACTAaBHTH ceOe DIEKTPOH, MO3BOJIIOT YBUICTH CBA3b MEXKIY
BOJIHAMH ¥ 4aCTHLIAMHU.

Bonee neranbHOe pa3bsICHEHHE TOTO, KaK BBINIISAT MHKPOCKOIIMYECKHE OOBEKTHI M KaK OHU BeAyT ceOsl, MOXKHO HaiiTi B kHure «[lox 3Hakom
KBaHTa».

Hsanoes HU.11.

BOITPOC Ne30: Kaxosa Oyner npuMepHas popma 0ombinoil Measenunsl uepes 50000 net u mouemy?

OTBET: U13-3a npenieccuu 3eMHOI OCH MONIOCHI MHUPa OIUCHIBAIOT BOKPYT HOIIOCOB SKIUITHKH Maible KPYTH PaIiycoM OKoJlo 23,5 rpagycos
3a nepuo okosio 26000 sier. Dro o3HavaeT, yto yepe3 50000 yer momroc Mupa OyAeT HampasieH B Ty k€ TOuky, yto u 2000 ner Haszan. Oto
HEJIaJIeKo OT 3Be3/Ibl anb(a B co3Be3auu Jpakona. CMmeHa "MOJISIPHOI 3Be3bl" HE PUBEACT K U3MeHeHUI0 GopMbl bonbimoit Measeauust: 50000 ner
CIIMIIIKOM MaJIblif CPOK IS TOTO, YTOOBI CTAIIH 3aMETHBI OTHOCHTENIBHBIC CMEILICHUS CHIIBHO yIAJICHHBIX 3BE3I.

Hcrounuk:

I1.1.Bakymus, 3.B.Kononosu4, B.11.Mopo3 "Kypc obiueii actponomun", M., Hayka, 1983, naparpa¢ 73.

BOITPOC Ne31: IToueMy MMEHHO KpacHBIH LIBET O3HAYaeT OCTAHOBKY, a He KaKoi-HUOyap npyroi (y cBetodopa)?

OTBET: B cBeroBoii curHaau3aluu, NPUMEHAEMOW Ha BCEX BUAAX TPAHCIIOPTA, LIMPOKO HMCHOJB3YIOTCS B KayeCTBE YCIOBHBIX 3HAKOB
LIBETOBBIC cUTHaNBI. Hambosee MMPOKO MCHONB3yEeMBIMU SIBISIOTCS LBETA: KPACHBIM, 3€JICHBIN, )KENThIH, CHHUI 1 Oenblif. [ BOCIIPOU3BEICHUS
9THX IIBETOB IPUMEHSIIOTCS LIBETHBIE CBETOQUIBTPEI. OCHOBHBIM TpeOOBaHUEM, IPEIBSIBISEMBIM K TAKUM CBETOQUIBTPAM, ABIsIETCS 6e30MnO0Hast
OIO3HABAaEMOCTh CHTHaNOB. Hambosee pa3nMyHBIMU IO OIIYHICHHIO I[BETHOCTH JOJDKHBI OBITh KPACHBIA M 3€JCHBII CUTHAJBI, 3alpelialouui 1
pa3peluaronuii ABUKEHHE B JOPOXKHON CUTHAITU3ALHN.

TlonpoGuee B kHHTE:

B.B.MemkoB, A.b.MarBeeB «OCHOBBI CBETOTEXHUKH», M., DHeproaromusiar, 1989, ctp.361-363.

YenoBevecKuii r1a3 CBET pa3HbIX JUIMH BOJH (LIBETOB) BOCIIPHHUMAET MO-pa3HoMy. Hamrydiyro 4yBCTBUTENLHOCTD CPEIHUN HOPMAJIbHBIN TJ1a3

IpY THEBHOM 3PEHHHM MMEET B JKENTO-3€NCHON 4acTd crektpa 555 uM. [Ipu cymepedHOM 3peHHHM MaKCHMyM YyBCTBHTEIBHOCTH CMELIAeTCs B
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KOPOTKOBOIMHOBYI0 00macts — 510 mm. Ilpm Bocmpustum kpacHoro msera 650—700 HM dWyBCTBUTeNbHOCTH ria3za cocrasmter 0,04-0,1 ot

MakcUMallbHOW mpu jaHeBHOM 3peHun U 0,00002—0,0007 — npu cymepedHoM 3peHuu. I[Ipu Bocmpusatuu 3eneHoro ugera 500-550 HM

YYBCTBUTEIBHOCTh IMa3a coctaBiser 0,3— 0,99 or makcumanbHOW mpu nHeBHOM 3penuu u 0,5-0,98 — mpu cymepeuHom 3peHuu. BumHo, uTto

HpeenbHOe PACCTOSHUE, ¢ KOTOPOTO 1Ie MOXKHO Pa3IyIsAAeTh KPacHbIH IBET, FrOpa3ao MEHBIIE, YeM NpeaeIbHOE PACCTOSHHE IS 3€JICHOTO [{BETA.
TlonpoGHee B KHHTE:

B.B.MemkoB, A.b.MarBeeB «OCHOBBI CBETOTEXHUKN», M., DHeproaromusnar, 1989, crp.55-60.

PacnpocTpanenue cBeta B atMocdepe ompeneiseTcs MoKa3aTesiMU MOTJIOIICHUS U paccessHus. B BUIMMON 00NacTh CreKTpa MOITIOLICHUE
OYEeHb MaJo M UM OOBIMHO TNpeHeOperaiorT. PaccesHue pas3iensioT Ha MOJCKYISIpHOE M a’po3osibHOe. PaccesHue cBerta XapakTepusyercs
ko dunmenTom ocnadieHus cBera O, KOTOPbIi 3aaeT SKCIOHEHIANbHOE ocnabienne ocsenieHHocTd E ncrounnka ceera I Ha paccrosuuu r: E =
lea/r%.

s MonexysspHOro paccestams o(A) = 0,0119 (550/A)* km™!, rie A — qymHa BOTHEI B HM.

JI71st a3pO30IBHOTO PACCESHIS, CHITBHO 3aBHCAIIIEro OT MyTHOCTH atMochepkl, A(A) = (3,9/s — 0,012) (550/A)™ km™!, rae A — [IHHA BOTHbBI B HM;
m=0,92+0,25; 3nadeHue s OepeTcs B 3aBUCUMOCTH OT COCTOSIHUS aTMOc(ephl: IPH JITKOM TyMaHe s=1 KM, IIpH JbIMKe s=4 KM, OpH SCHOM Hebe
5=20 KM.

Tlonpo6uee B kuure: JI.C.Jonun, 1.M.JIeBun «CrpaBOYHUK O TEOPUH MOJBOAHOTO BUACHU», JI., Tunpomereonsnat, 1991, ctp.197-198.

Buano, uro a(700) / a(550) = 0,4 mns moiekymspHoro paccesnusi, 1 0(700) / a(550) = 0,8 mist aspozonpHOro paccesuus. [lockombky
XapaKTePHBIC PACcCTOSHHS, Ha KOTOPBIX yObIBaeT OCBEHIEHHOCTH, 1/0 [1100 kM, TO He3HAYHTENbHBIH BEIUTPHII B KOG (UIHNCHTE OCTa0IeHUS It
KPacHOT0 CBETa NPHHLIUIUAIBHO HE MCHSIET CHTYALHIO JUIsl aBTOTPAHCIIOPTA.

Kaxnplii 1BeT onpenencHHbIM 00pa3oM BO3ICHCTBYET Ha uelioBeKa. JlefiCTBUE LIBETOB OOYCIIOBICHO, C OIHOI CTOPOHBI, HEMOCPEACTBEHHBIM
(HH3MONOTNYECKUM BIMSIHHEM HX HA OPraHu3M, a ¢ JPYrod — acCOLMALHsMH, KOTOPbIC IIBETA BBI3BIBAIOT Ha OCHOBE MPEIICCTBOBABILETO OIBITA.
HexoTopsie 1BeTa BO30YKAAIOT, APYTUE, HAPOTHUB, YCIIOKAUBAIOT HEPBHYIO CUCTEMY.

Eme W.-B.I'ete oTMevan paeiicTBHE LBETOB Ha HACTPOCHHE M JEIWI C TOW TOYKHM 3pEHHs LBETa HA: a) BO30OY)KIAIOIIWE, OXXHBISIOLIHE,
Oozpsimie ¥ 0) MOPOXKIAIOUINE IeYaNIbHO-0eCOKOWHOe HacTpoeHue. K mepBbIM, OH OTHOCHIJI KPAacHO-)KENThIE, KO BTOPBIM — (PUOJIETOBBIC.
IIpoMexxyTouHOE MECTO OH OTBOAMJI 3CJCHOMY LIBETY, KOTOPBIH CIIOCOOCTBYET, IO MHEHHIO I'eTe, COCTOSIHHIO CIOKOHHOI YMHPOTBOPEHHOCTH.
M3BecTHYIO POJIb B 9TOM SMOIMOHAIFHOM BO3JCHCTBUU I[BETOB UIPAIOT, MO-BUAUMOMY, U aCCOLMAIMU: TOMYOOW LIBET acCOLHMUPYETCS C I[BETOM
ronyboro HeOa, 3eNCHBIH — C 3€NeHbIO, TONy00-3eJCHBI — C BOJOIO, OPAHXXEBBIH — C IUIAMEHeM M T.A. l[Bera MpOM3BOAAT OmpeneneHHOe
(usnonornuecKoe BO3ACUCTBHE Ha ueloBeueckuid opraHmsM. @Dpaniysckuii HeBpomatonor Y.depe OTMETHI, YTO TOKa3aHUS IUHAMOMETpA,
OIPENEISIONIEr0 CKATUEM PYKH MYCKYJIBHYIO CHITY, H3MEHSIOTCS NPU PA3IUYHBIX YCIOBUIX ocBelleHus. [Ipu kpaTkoBpeMeHHOI paboTe mpous-
BOJUTENBHOCTh TPyda YBEIMYHMBACTCS NMPU KPACHOM CBETE M YMEHBLIACTCS INPU CHHEM; NPH JUIMTEIBHOMW pabOTe MPOM3BOAUTENBLHOCTH Tpyla
YBEJIMYMBACTCS TIPH 3€JICHOM LIBETE U CHIDKACTCS IPH CHHEM M (DHOJIETOBOM. DKCIiepuMeHTaNbHbIe ncenenosanus B.M.bextepera, 1.H.CniupToBa u
IPYrUX YCTAHOBHJIHM BO30Y)KAAIOIlee M yrHETawooulee ICHCTBUE pa3IMYHBIX IIBETOB, B CBA3M C 4YeM bexTepeBbIM OblIa IOCTaBJICHA 3agada
HCIIONB30BAHKS TEPAeBTHYECKOT0 SMOLMOHATIBFHOIO BO3ACHCTBHS LIBETOB HA MICHXUYECKOE COCTOSTHUE AYIICBHOOOIbHBIX.

®.Credanecky-I'oaHra ycTaHOBWII, 4TO NMpPH JIEHCTBUU IyPIypHOrO, KPACHOTO, OPAH)KEBOTO, JKEJITOrO IIBETOB y4allaeTcs M yriayonsercs
IbIXaHHUE M IYJbC, a MPH ACHCTBUH 3€IEHOro, royooro, CHHero u (HOJIETOBOrO LIBETOB BO3HUKAaeT obOpaTHoe aeiicTBUe. ClenoBaTeNbHO, MepBast
Tpymma IBETOB SBISIETCS BO30OYXKAAIOIIEH, a BTOpas — ycrnokauparomei. [1o 3aMeuaHusM XyIOXXHUKOB M HCKYCCTBOBEIOB, KPAaCHBIM IBET —
BO30YXKJAIOIIMI, COrPEBAIOIINI, O)KUBIIIOIINN, AKTUBHBIN, SJHEPTHYHBII, OYeHb OOraT acCOLMALMIMU; OPAHXKEBBIN — BECEIBIil, JKM3HEPaTOCTHBIH,
IUTAMEHHBIH, COCIUHSIOIINI PaJOCTHOCTh JKEIATOTO C BO30YXKICHHEM KPAaCHOTO; KENThIH — TEIUIbId, OOAPSIIM, BECENblid, MPHBICKATECIbHBIN,
HECKOJIBKO KOKETJIMBBIN; 3€NICHBI — CIIOKOWHBIN, CO3JaeT MPUATHOE (YIOTHOE) HACTPOCHHE, OYCHb OOraT acCOLHALMAMU; CHHHH — CIIOKOMHBI,
CEpbE3HBIH, HEXHBIN, MEYaNIbHBIN, TOCKIUBBIA, MUPHBIA, CCHTUMEHTAJIbHBIN; (DHOJIETOBBIM LBET COCAMHSIECT SMOLMOHAIBHBIA 3(PEKT KPacHOro U
CHHETO [[BETOB — OJJHOBPEMEHHO NPUTATHBAIOIINH 1 OTTAIKHBAIOLIMI, TIOJIHBII )KU3HU U BO30Y)KAAIOLINIT TOCKY U IPYCTb.

IlBeTam CBOICTBEHHA ONpEeNeHHAas BBIPA3UTENbHOCTh. BBIPA3UTENBHOCT 1[BETA HE €CTh PE3yJbTaT aCcCOLMAIMU U HE MEPEHOC CUMBOIHMKH
LBETa, a KaueCTBO, MPUHAJICKALIEE CAMOMY LIBETY. BEIpa3UTENbHOCTD B 3HAYUTEILHON CTEIICHH 3aBUCUT OT YCTAHOBKHU HUCIIBITYEMBIX.

TlonpoGuee B KHHTE:

C.JI.Pyounmreitn «OcHOBBI 001ei ncuxonorun», M., Ilenaroruka, 1989, ctp.253-265.

Taxum 00pa3om, CKJIabpIBACTCS BIICUATICHHE, YTO KPACHBII LIBET B CBETO(OpE BHIOPAH s CUTHAIM3ALMH 3aMpeTa, HCXOIs He U3 QU3MUECKUX

apryMEHTOB, a U3 MICUXO()U3HOIOTHIECKHX.

Llenecm B.U.
BOITPOC Ne32: Kaxk Boirmsiaut F-o6maxo?
OTBET: BeposTHOCT HaX0XKICHHS JIEKTPOHA B aTOME OIPEeIICTCSI HECKOJIBKIMH IIEIBIMU YHCIIAMH 1, 1, m.
* N — IJIABHOE KBAHTOBOE YKCIIO, XapaKTepU3yollee 3Ha4eHUe SHEPTHU CTAI[HOHAPHBIX COCTOSIHUM aToMa, mpuyeM n=1,2, ... .
e |- opbuTanpHOE KBAHTOBOE YHCIIO, XapaKTEPU3yIOIlee OpOUTAIBHBI MOMEHT KOJIMYECTBA ABMKCHHS 3JIeKTpoHa, nmpuaem 1 =0, 1, ..., n—1.
e JIns COCTOSIHUM C pa3MYHBIMHE | IpHHsATa ccTeMa OyKBeHHBIX 00o3Hauenuid: 1=0 1 2 3 4
s pdf g

* M — MarHUTHOE KBaHTOBOE YHCJIO, XapaKTEpH3yIollee MPOSKLIHI0 OpOUTAIEHOIO MOMEHTA KOJIMYECTBA ABM)KCHHS JJICKTPOHA HAa BHIOPAHHYIO
ock, mpudeM m = —1, —1+1, 142, ..., -1, L.
IIpu 3aaHHbIX YKcnax n, |, 1 m cpenHee pacmpeneacHue MIEKTPOHHOrO 3apsiaa 3axaercs: GopMoii dJeKTpoHHoro obnaka. Ha pucyHke mokasana
3aBUCHMOCTh PACHPEICIICHUS OT YIJIOB JIEKTPOHHOH TUIOTHOCTH B AJICKTPOHHOM 00JIaKe aToMa Bojiopoja uis coctosiHuii ¢ 1=3  (f — oOnako).

Hctounnku:
Ouuukionenus «Puznka mukpomupa», M., 1980, crates "Atom",
S.Brandt, H.D.Dahmen «Mechanika kwantowa w obrazachy», Warszawa, 1989, ctp.151, 209-211.




12

BOITPOC Ne33: MeHst HHTEpeCyeT BOIPOC: paclpeeIeHHE SIEKTPOHOB BOKPYT SIIpa M KaK ONPEACIISIOTCS TPACKTOPUH JIEKTPOHOB?
OTBET: Bcst TpyAHOCTh B ONUCAHUM DJICKTPOHOB B aTOME COCTOMT B TOM, YTO JJISl HUX HE CYIIECTBYET IHOHSATHS TPACKTOPHH. BbIIO OBI
COBEPLICHHO HEMPABUIIBHO MPEACTABILITL ceOe, YTO ANEKTPOHBI KPYTATCSA BOKPYT sApa MO KaKMM-TO OINPEAEICHHBIM TpaekTopusM. ['opazno Tounee
MIPEACTABIATH ce0e, YTO AEKTPOH B aTOME — ITO CHEHUPUIECKOE BO30YKICHUE «ANIEKTPOHHOU MAaTEPHN», KOTOPOE MOXKET YCTOWYHBO CYIIECTBOBATH
B IOJIC s7Apa. AHAIOr U3 MOBCCIHEBHOH JXM3HHM — KOJICONIOLIAsiCs CTpyHa, B HEil TOXE JKMBET BIOJIHE OmpeleneHHoe Koiebanue. I1ockonbKy
TpPEXMEpPHOE MPOCTPAHCTBO rOpasao «doraue» OJAHOMEPHOW CTPYHBI, HEYJAMBUTEIBHO, YTO THIIOB DJICKTPOHHBIX KOH(UIypauuii B aTOME HaMHOTO
6ousbiie. YTo Kacaercs pacnpeleseHUi JIeKTPOHOB B IOJIE sJIpa, TO OHU IOJIy4aeTcsl U3 PEIeHUS YPaBHEHUH Ul 3JIEKTPOHOB M MX SIBHBIA BUJ
MOYKHO HAWTH B JII000# CEpbe3HON KHUTE 110 KBAHTOBOI MEXaHUKE.
Hsanoes U.I1.

BOIIPOC Ne34: [Touemy yenoBek He nmajaer ¢ Beaocunena’?

OTBET: Haunem ¢ TOro, 4to 0OBIKHOBEHHOE KOJIECO KATHTCSI CaMo IO cede OCTATOYHO YCTOHYMBO: IIPU HAKIIOHE B KaKyIO-THOO CTOPOHY OHO
HE MaJIaeT O/ ICHCTBHEM CHIIBI TSHKECTH, a IOBOPAYMBAECT B CTOPOHY HAKJIOHA U €JIET 10 Ayre. DTOT 3()(EeKT Ha3bIBACTCS TUPOCKOTUYECKIM.

IlonpoGHee B kHHTE:

Kin.9.Cyop1 «HeoObikHOBeHHas (prznKa OOBIKHOBEHHBIX sIBJICHHI», ToM 1, M., Hayka, 1986, rnaBa 8.

Cy1ecTByeT MHOTO THIIOTE3, OOBSACHSIIONINX YCTOHYUBOCTD JBHIKCHHUS CHCTEMBI TOHIIMK- Benocunea. OCTaHOBHMCS Ha HEKOTOPBIX U3 HHX.

. T'unoresa 1. ['mnoTe3a npexanonaraer odecneYyeHUe YCTOMYUBOCTH ABHKEHHS TOJIBKO 32 CYET MPUHYAUTEIFHOTO MEPEMEIICHUs LIEHTpa Macc
CHCTEMbl ITyTEM HM3MEHEHMs MOJIOKEHHs Tella IOHIIMKA OTHOCHTEIbHO TOYEK ONOpbl Kojec. TUIMUYHBIMU HPUMEPaMM, MOATBEP)KAAIOIIUMU 3TY
THIIOTE3Y, CIyXaT €37]a Ha BEJIOCUIIEAC, C 3aKIMHEHHOH pYyJeBOW KOJOHKOW WM LHPKOBOM TPIOK €371 HAa BEJIOCHIIENE MO IKECTKOMY
OPSAMOJUHEHHOMY NPOMMII0 IMOA KYyHNOJIOM LHUpKa C NPUMEHEHHEM MONEPeYHO-PACHONIOKEHHOrO IecTa, TaHTeldedl M JIPYTHMX MACCHBHBIX
BCIIOMOTaTEJIbHBIX CPE/ICTB.

HauGonee nocToBepHO MOATBEPKIAIOT JAHHYIO I'MIIOTE3Y IPUEMBbI 00ECIICUEHUS YCTOMYMBOCTU NPU JBMXKEHUM BEJIOCHIIE]A B Y3KOW Koisee
pa3duToi JOpOrH WM MpHU HOMaJaHUM KOJIEC BEJIOCHUIENa BO BPEMs TOHKH B )kelo0 TpamBaifHOro penbca. IIpu 3TOM cucTeMa BBIXOJHUT U3 PaB-
HOBECHS U OTKJIOHSIETCS OT BEPTHKAIBHON IIOCKOCTH. JIJ1sl BO3BpAIllEHHs] CUCTEMbI B PABHOBECHE M 00ECIIEUEHUSI YCTOMYMBOCTH JIBU)KEHUS TOHIIMK
BBINIOJIHSCT MAaHEBP, COCTOSIIMN B TOM, YTO OH NMPEIHAMEPEHHO OTTAJIKUBACTCS OT BEJOCHUIEA B CTOPOHY, MPOTHUBOIOJIOKHYIO MEPBOHAYALHOMY
OTKJIOHEHMIO, NIEPEHOCS LIEHTP Macc B INIOCKOCTb, B KOTOPOH PacIOI0KEeHA TOYKa ONOpHI.

. T'umore3a 2. Dta rumoresa mpeayaraeT oOpaTHOE NCHCTBUE, T. €. M3MCHEHHE IOJIOKEHUS TOUEK OMOpPBI CHCTEMbI TOHIIMK-BENOCHIIC] Ha
MOBEPXHOCTH JI0POTH.

AHanoroB mogoOHOrO JAEHCTBHS B TpaKTHKE MOBCEJHEBHOI JKU3HM BCTpedaeTcsi Hemano. Hampumep, s oOecnedeHHsl YCTOWYHMBOCTH

KapaHJaila, BEPTUKAIBHO CTOSIICTO HAa KOHYHMKE Maiblia, IOCTATOYHO CMECTUTh TOYKY ero omopsl. OOecnedyeHune YCTOWYHBOCTH TaKOro
BEPTHKAJIBHO CTOSIIETO CTEPIKHS SBIISICTCS TIOJHOM aHAJIOTHEH CIOpILIsLca, KOraa 3a CUeT pa3BOpOTa MEPEeIHEro Kojeca FOHIIMKY YIAeTCsl HaXOAUTh
Ul HETO TaKoeE IOJIOKEHHE Ha TOJIOTHE TPEKa, YTO LIEHTP MAcC CUCTEMbl OCTAETCs B BEPTUKAIBHOM IUIOCKOCTH, MTPOXOAAIIEH Yepe3 TOUKH KOHTAaKTa
TIEPEIHETO U 3a/IHETO KOJIEC C IIOBEPXHOCTHIO TPEKa.
. T'unoresa 3. Dta rumoTe3a cBsA3aHa ¢ OCOOCHHOCTHIO KOHCTPYKTHBHOTO PEIICHHS y371a MepeIHeil BUIKH BEIOCHIIEa U AUAMETPOM MEPEIHEro
Koseca. [IpakTuueckre UCIbITaHNUS PA3TMYHBIX KOHCTPYKLUI MOKA3alli, YTO U3 BCEr0 MX MHOr000pa3us MOKHO BBIACIUTH TAKHE PEIICHNUS, KOTOPBIE
OINPEAENAIT YCTOHUMBOCTh HAIPABJIEHHOIO JIBU)KEHHS CHUCTEMbl TOHIIMK-BeNOCUIEeA. IIpUMHIMIMANBHO BaXKHBIM JUIi KOHCTPYKLHMH paMmsbl
BEJIOCHIIE/IA SIBJISICTCS YIOJl HAKJIOHA OCH PYJICBOM KOJOHKH U M3TH0 MepeTHEH BUIKH.

YCTOWYMBOCTh CUCTEMBI JOCTHIaeTCs IMOYTH BO BCEX CIIydasX, 3a MCKIIOYEHHEM TeX, KOIZa COBIAJAIOT TOYKA IMEPECEUeHMs OCH PYJIEBOMH
KOJIOHKU C TIOBEPXHOCTBIO J0OpOrU (TouKa A) M TOYKA MEPECeHYCHUs IUIOCKOCTU JAOPOTH W BEPTHKAJIH, MPOXOISIICH uepe3 OCh MEepeiHero Kojeca
(Touxa B), nnu Touka B HaxomuTes ciepeny TOYKH A 1O HAIPaBJICHUIO €316l BEIOCHIICAA.

Ezna 6e3 pyk Ha TakOM BEJOCHUIIEE HEBO3MOXKHA, a HOpMaJlbHasl yIpaBisieMasi pyJieM e3/la KpailHe 3aTpyJHUTeIbHA. MUHIMaNbHOE BHELIHEE

BO3/ICICTBHE BBIBOAUT CUCTEMY U3 PABHOBECHSI, M OBICTPO HAapaCTAIOIIN AeCTAOMIN3UPYIOIINI MOMEHT IPUBOIUT K MAJICHUIO.
. T'umores3a 4. YcTOWYMBOCTH CUCTEMBI o0OecrieurBaeTcs rupockonudeckum sddexrom. I[leproe nmpaBuiao npu 0O0ydeHHH €3¢ Ha BEJIOCHUIEIE
TJIACHT: TIOJICPXKHBail CKOPOCTh JBIDKCHHS U TIOBOPAUMBAi PyJb B CTOPOHY MajeHus. JTOT 3(dekT HabmogaeTcss IpH e3¢ Ha BeloCHIee, Koraa
PYKH yOpaHBbI C pyJisi, 0COOCHHO 3TO CTAHOBUTCS OYEBHUIHBIM IIPH CITyCKE 110 M3BUIIMCTOM JJOpOTe, KOr/ia Ul BXOJa B OYEPEAHON BHUPaX JOCTATOYHO
HAaKJIOHUTh KOPITYC B CTOPOHY LIEHTpa KPUBU3HBI BUpa)xka — M Belocuiel OydeT JIBUraThCs MO KPUBOJIMHEHHOM TPAaeKTOPUM, COOTBETCTBYIOLLEH
CKOPOCTH JIBU)KCHHUS M HAKJIOHY BEJIOCHUIICA.

O06001mast, MOXKHO CKa3aTh, YTO €CJIU IOJ MOHATHEM «yCTOWYMBOCTb JBIDKCHHS» UMETh B BUAY CIOCOOHOCTH CHCTEMBI FOHIIMK-BEIOCHIEH
COXpaHATh 3aJaHHYI (OpMY ABHXKEHHS, TO pacCMaTpHBacMas CHUCTEMa HEYCTOHYMBA B CTAaTHKE, a €€ aOCOJIOTHO NPSMOJIMHEHHOE IBIKCHUE
HEBO3MOXKHO. TpaeKTOpHH IBIIKEHUS TOYEK ONOPBI (TOYEK KOHTAKTa KOJNEC C MOBEPXHOCTHIO JOPOTH) KOJEOIIOTCS OTHOCHUTENIBHO HEKOTOPOU
MPSIMOW JIMHWY, BBIOPAHHOW B KayeCTBE OCHOBHOTO HANpPAaBJICHHS IBHXKCHHS CHCTEMBI. XOPOIIO MOATBEPKIAIOT 3TO IOJIOKEHHE Oe3yCIEIIHbIC
HOMBITKH €3[bI C 3AKJIMHCHHOH pYNeBOH KOJOHKOH, XOTs, Ka3aloch Obl, HMEHHO NpPU 3aKIMHEHHOI KOJOHKE BENOCUIIEA JODKEH ABUraThCs
TIPSIMOJIMHEITHO.

HNctounuk: B.I1.JIro6oBuLKHI «I OHOUHBIE Benocuneas», JI., MammHoctpoenue, 1989, rnasa 8.

BOITPOC Ne35: Yto Takoe NMpHHIMIT HEOIPEAEICHHOCTH?

OTBET: B omimune OT KJIACCHYECKOH MEXaHHWKH, IJIe COCTOSHHE YacTHIbI (MM MaTepUalbHON TOYKH) 3aIaeTCs €ro MOJIOKEHHEM X H
HMIIYJIECOM P, KBAHTOBAsI MEXaHHMKA OMNMCBHIBACT YAaCTHILy C IIOMOLIBIO, TAK HA3bIBAEMOIl BOJIHOBOM 1
¢dynkuun W(x). Henp3st cka3ath, 4TO yacTHLA HAXOJUTCSA B TAKOH-TO TOYKE X, OHA HAXOAUTCS Kak
ObI Besze, rae He paBHA Hymo BonHoBas ¢ynknus W(x). Tam, roe W(x) Oompire, Tam Oonbine u
BEPOATHOCTb OOHAPYKUTh YacTHIly. CKOPOCTb K€ YaCTHIBI CBSI3aHA CO CKOPOCTbIO M3MeHeHus W
(x) B mpocTpaHcTBe. Tunu4Has BoNHOBas (GyHKIHs dacTHIb! W(X) IMOKazaHa HA PHCYHKE CIIpaBa:
YacTHLA HAXOAUTCS B LIGHTPE, € UMITYJIC 00PAaTHO MPOIOPLIMOHANICH JTHHE BOJHBL A,

p=h/A,

rae h — nocrosinnas ITnanka, h = 6.63[]]0"34Z[>KIB. YeM MeHBILE ATHHA BOJIHBL, TeM OOJIBIIE HMITYIbC
YaCTHIBL.
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HeOHpeHCHCHHOCTL TIOJIOKCHHUA YaCTHIIbI Ax — 310 mupuHa I‘Op6I/IKa B BOJIHOBOM q)yHKI_II/II/I HCOHpCZ[eJ'IeHHOCTL UMITyJIbCa Ap CBsA3aHa C

HEOIPE/IETIEHHOCTBIO IUTHHBI BOJIHBI (MBI HE MOXKEM M3 BOJHOBOH QyHkimu W(X) onpenenurs 1y
BOJIHEI TOYHO). UeM MEHbIIE JUIMH BOJH YKIAIBIBAETCA Ha TopOuke W(X), TEM XykKe MBI MOKEM

BoiGepem Kakyro-HHOYb AHuHY L nopsiaka mupuasl rop6uka AX U IIOCUATAEM, CKOJIBKO IUTHH aah .'.I'l"M M
BOJIH A Ha HEH YIOKHUIOCH: v uuu w

ONpPEIENUTD JUTMHY BOJHBI A (CM. PHUCYHKH).
|1 " |r| Apo,
e
N = L/A. ECTeCTBEHHO, MbI HE MOYKEM OJHO3HAYHO YTBEPIKIAATh, YTO TAM YIOKUIOCH HMEHHO ~ — 4  — 2 3
N BoiH, a He N+1 (un zHe N-1). Bo-nepBbIX, MOKET yJIOXKHTHCS HELETI0E KOINIECTBO BOJH, a, BO-
BTOPBIX, U3MECHCHUE YHCJIa BOJIH Ha CAUHHUIY MOXET OBITH CBSI3aHO TIPOCTO C UBMEHECHUEM (bOpMBI
0r146a}0111€171. Takum 06pa30M, HEONPEACICHHOCTD MIMHBI BOJIHBI UMECT MOPAOK BEJINYINHBI -1

AN mopsiika A/N = AL opsizIKa A/Ax .

HeomnpeeneHHOCTh UMITYIIbCA TIPH ATOM
Ap = hAMA? iopsiaxa h /Ax .
Taxum 00pa3oM, Mbl [OJy4aeM U3BECTHOE COOTHOIICHUE HEOMPEAETICHHOCTEH

Ax Ap Uh,
OTKPBITOE BEeMUKUM HeMelkuM ¢usukoM ['aizenoeprom (W.Heisenberg).
Ilonpobuee B crathe B.I1.KpaitHoBa «COOTHOIICHUSI HEONMPENEICHHOCTH Uil dHEPTHM M BpeMeHH» B «COpOCOBCKOM 00pa3oBaTeIbHOM
xkypHane» Ne5, 1998, ctp.77- 82.
Cmenanoe M.I".

BOITPOC Ne36: Yto Takoe kBazap?

OTBET: KBa3aps! — KBa3u3Be3IHbIC PATUONCTOUYHHKY, BHETAIAKTHIECKHE OOBEKTH! YHUKATEHO BEICOKOI CBETHMOCTH.

Ilepeoiii kBasap (3C48) Obut oTkpeIT B 1961 romy. B pesynpTaTe TOYHOrO H3MEPEHHUsT KOOPAMHAT KOMIIAKTHOIO PaJHOUCTOYHHKA,
BBINOJHEHHBIX B 1961 rojy, HCTOUYHHK OBLI OTOKAECTBIICH C YHUKAIBHBIM 3BE3I0MOA00HBIM 00BEKTOM 16 3BE3HON BETMYMHBI, UMEIOIINUM CIa0bIit
KpacHbIl BBIOPOC, HAIPaBJICHHBIN OT MCTOYHMKA. Heckonbko mMo3ke ObLIM IONYYeHBI CHEKTPHI 3TOTO KBa3apa M BBIACHHIOCH, YTO OH HMEET
3HAYUTEIBHOE KPACHOE CMEIIEHUE CHEKTPaNbHBIX IUHMI. DTO yKa3bIBaIO Ha BEICOKYIO CKOPOCTh yIaleHUs KBa3apa oT Hac. Korma ObIIO OTKpBITO
6oJIbIIIOE YHCIIO KBAa3apOB, BBIACHUIOCH, YTO BCE OHM MMEIOT 3HAYHTEIbHBIC KPACHBIE CMEIICHHSA. DTO TOBOPHIO O TOM, YTO MPHPOJA KPAaCHOTO
CMeEIICHHs. UMeeT KOCMOJIOTHUCCKUH XapaKTep U CBA3aHA C pacIIupeHreM BcelneHHOl, a KBa3aphl HAXOAATCS HA KOCMOJIOTMYECKUX PACCTOSHUAX OT
Hac.

BrnocnencTBuu HabMONCHNUS Ha HOBBIX OOIBIINX TEIECKONAX UM, 0COOCHHO, Ha KOCMUYECKOM Teneckomne Xa00ia moATBepJHiIo, 9TO KBa3aphl —
BHETaJaKTHYeCKue 00BEKThl. KBa3aphl BBIACISAIOT YyJAOBHIIHYIO HEPIUI0 BO BCEX CINEKTPAIBHBIX AWAIA30HAX OT PAAHOBOIH JIO CBEPXIKECTKOTO
raMma m3ydenus. JJOCTATOYHO CKa3aTh, YTO NETEKTOPHI HA 3eMIe PErHCTPHPYIOT TaMMa KBaHTHI C dHeprueil mopsaka 10'7 3nekTpoHBONBT OT
KBa3apa, yJIaJICHHOT0 OT Hac Ha paccrosiHue 500 meranapcek (paccTosHue a0 Okaiiieil 3Be3/bl MopsiiKa OHOro mapceka).

Ilo coBpeMeHHBIM HpeCTaBICHUSIM KBa3ap — 3TO YepHas AbIpa B aKTUBHOM sIpe TalakTUKH. Bo BcSkOM cilydae, HUKakas Jpyras MOJETb HE
MOXeT OGBACHHTb, KAK OOBEKT Pa3sMepOM IOPAAKA OIHOTO CBETOBOrO Yaca MOXET H3myuarh MomHocth 10%73pr/cek, coorercrryromyio
AQHHUTHIIINAH TOPSAAKA OJHOU Macchl 3eMIH B CEKYHITY.

bnaronmaps orpoMHO# SpKOCTH, KBa3apbl BHIHBI HAa OTPOMHBIX PAacCTOSHUAX. MaKCHMalbHOE KPAacHOE CMEIIEHHE, KOTOpoe HabII0AaIoch y
KBa3apa, OKOJIO 5. DTO 3HaYHT, YTO MBI BUIUM OOBEKT B MOMEHT, Korja Bcenennas ObL1a BABOE MOJIOXKE, UEM CETOMHS.

HccnenoBanus, NpoOBEACHHBIC TenecKornoM XaO0ma, Mokasaid, 4To (paKTUYECKH BCE 3BE3/ONOAOOHBIE OOBEKTHI Ha HeGE CO 3BE3IHOMN
BEJIMYHMHOI HIDKe 23 — KBa3aphl.

Ionpo6uee B kuure: «dusuka kocmoca», M., Coerckast sHImKIoNeaus, 1986, c1p.295-296.

Bopobves I1.B.

BOIIPOC Ne37: Kak cpenats caMoMy U3 HOJIPYYHBIX MaTepHUaoB (€CIIH OYEHb 3aXOTETh M MMETh BO3MOXKHOCTH JOCTaTh BCE HEOOXOMMMBIC
KOMIIOHEHTBI) J1a3ep JT000ro THma (He yKaska, a CIIOCOOHBIN BEDKEUb ClIel, XOTs Obl Ha Oymare WM OIUIaBUTH)?

OTBET: Ilpu omnpeneieHHOH CHOPOBKE M OMbBITE, UMEsI TOTOBBIC MHTEP(EPCHIIMOHHBIC 3epKaa, MOKHO CIENaTh ra30BbIH IeIHH-HEOHOBBIH
nazep. OZHAKO MOIIHOCT €r0 CIMIIKOM HU3KA JUIS TOTO, YTOOBI MM MOXHO OBLIO YTO-TO >XKe€4b. MOIIHBIA J1a3ep MOCTPOUTH Oe3 CHEIHaIbHOrO
000pynOBaHHs HEBO3MOXKHO.

MoO’KHO BOCIIONB30BATBCS CXEMOH caMOJENbHOTO JIa3epa Ha XJIOPUAE MeAH, IPeaIokKeHHoi B cTaTbe [].Yonkepa B xypHane «B Mupe HayKm»
Ne6, 1990, cTp.84-87.

Bopobwes I1.B.

BOITPOC Ne38: 3auem noesn, mepes TeM Kak TPOHYTHCS, CaeT Ha3a?
OTBET: Paz6epeM cirydaii pa3roHa moes3ga Ha TOPH30HTANBHBIX IMyTsx. [loe3n mBimnkeTcs 3a
0.7 CYeT CHMJIbl TPEHMs TOKOsl, BO3HUKAIOMIEH MeXIy BeIyIIMMH KOJECaMH JIOKOMOTUBA U PEIbCAMH.
o Ha xormeca BaroHoB M BeIOMBIE KOJeca JOKOMOTHBA JCUCTBYIOT CHIIBI TPEHHS CO CTOPOHEI OCEH,
) KOTOpBIE «XOTAT» 3aCTaBUTh KOJleca CKOJIB3HTh 110 pebcaM BIepesl. 3HauuT, CO CTOPOHBI PENLCOB
/\ID 25 r/-\\ Ha KoJleca HAYMHAIOT [CHCTBOBATH CHIIBI TPEHUS IIOKOS B IIPOTHUBOINOIOXKHYIO CTOPOHY,
—_— — MPENATCTBYsl BO3HUKHOBEHHUIO CKOJIbKeHMs. IIpudeM cuibl TpeHHs MOKOSl BCErjJa HPHHHUMAIOT
-3 -z 5 z 3 TaKHe 3HAYCHHS, YTOObI CKONIBKECHHS HE BO3HHUKIIO, T.C. UM OONbIIEe TPEHHE B OCSIX KOIEC — TeM
oL s OosblIe TpeHHE MOKOs. BuaHO, 4YTO CHIBI TPeHWs IIOKOS, PacKpyduBas KOJECA, YMEHbBIIAIOT
YCKOpEHHe pasroHa Imoes3fa. bonbre Toro, ecim Bce CHENKU MEXKIy BarOHaMH IIepel] HadaaoM
—0¥is5 JIBHKEHUS] HATAHYTBI, TO MOXKET OKa3aThCsl, YTO CyMMapHasi Cujla TPEHHMs IOKOosl, JefcTByoImas Ha
KOJIeca BarOHOB M BEJJOMBIC KoJIeca TOKOMOTHBA, OOJBIIE CHIIBI TPEHHS IIOKOsI, ACHCTBYIONIEH Ha BeAyIIue Kojeca JJOKOMOTHBA, U [0e3]] BOOOIIe He
CIBHHETCS ¢ MecTa. I10CKOJIBKY CHiIa TPEHHs CKOJIBKECHHS YOBIBAET C POCTOM CKOPOCTH JBHIKEHHS, TO [0 MEPE PasrOHa BaroHa CHJa TPEHHs B OCAX
Konec ymeHbmraercsa. Ecam TOKOMOTHB HauyHeT cIaBaTh Ha3af, TO OH JIETKO CMOXKET CABHHYTh BHa4ajle OJMH BAaroH, 3aT€M BTOPOU U T.H., OCIaOHB
HATsDKEHHME CLENIOK MEKIy BaroHaMu. Terepb JJOKOMOTHB MOXKET HayaTh JABM)KEHHE BIIEpE]], MOCIEI0BATENBHO PA3rOHss OJMH BAaroH 3a JPYIHM.
Pasrony noesna Taroke MEIIAIOT CHIIBI TPEHHS KaUCHHS, HO OHU FOPa3o MEHBIIE CHII TPEHUS IOKOSL.
Hcrounuk:
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C.5.Xatixkun «du3nuecKue OCHOBBI MexaHUKM», M., Hayka, 1971, maparpad 98.

BOITPOC Ne39: Tlouemy B roxy 365 nueit?

OTBET: YtoO65! HaiiTH YucIO JHEH B TOAy HaAO0 mepuoj odpamenus 3emian Bokpyr ConHIa HOASIHTH Ha IEePUO oOpameHns 3eMIu BOKPYT
cobcTBeHHOH ocu. TTockonbKy MBI BeieM HaOJOJICHUs ¢ 3eMITH, Y4acTBYIOIIEH B HECKOJIBKHX HEPABHOMEPHBIX BPAIICHUSX, TO SKCIICPUMEHTAIIBHO
OIPeNeNUTh NIEPHOBI 00paIeHHIT HEIPOCTO, OOJBIIE TOTO, OHU OYIYT HEIOCTOSHHEIMH.

IonpoGHee B kHUTE:

I1.11.baxymun, O.B.Kononosud, B.M1.Mopo3 «Kypc obmieit actponomum», M., Hayxa, 1983.

Ha cerogusmnuii 1eHb MpONOIKUTENTBHOCTD 3BE3/JHOIO rojia paBHa 365,256 cpeTHUX COIHEYHBIX CYTOK.

JnuTensHOCTh TOoga MEHSeTCsl H3-3a BIMSHHS Ha 3eMIIO APYTHX IUIaHET CONHEYHOH cHcTeMbl. TOYHBIE pacyeTsl MOKa3bIBAaIOT, UTO
9KCHECHTPHCHUTET OPOUTHI 3eMIIM MEHSETCS HE IEPHOANYECKH, HO C XapaKTEPHbIM BPEMEHEM, PaBHBIM CTa THICSAYAM JICT.

Ionpobuee B kuure:

A.B.Bsuko «Harma nnanera — 3emunsiy, bubnnoreuka «Ksaut» Beimyck 29, M., Hayka, 1989, ctp.37- 40.

JnuTensHOCTh CYTOK HenmocTosiHHA. OHa CHCTeMaTHYecKu pacTeT (T.H. BEKOBBIE H3MEHEHHs) U3-3a TopMoxkeHus npunusamu Ha 0,0023 ¢ B 100
1er. B To jxe BpeMs CyIIECTBYIOT CKa4KOOOpa3HbIC M3MEHEHHs Ha TBHICAYHBIC JOJNH CEKYHAIBI 3a BPeMs B HECKOJBKO MecsieB. JlocToBepHO MX
[IPUYUHA HEe YCTAaHOBNIEHA. Takoke IPHCYTCTBYIOT CE30HHBIC N3MEHEHNUS U3-3a IepepacIipe/ieNieHys BO3AYLIHBIX B BOAHBIX Macc 3emiu Ha 0,001 ¢ 3a
ToJ.

Ionpobuee B kuure:

I1.1.Bakymun, 3.B.Kononosu4, B.1.Mopo3 «Kypc obmieit actponomum», M., Hayka, 1983, maparpad 75.

Takum o6pasom, gucno aHeil B roxy HemoctosHHO. Hampumep, 380 miH. 1eT Hazax B rogy Obuto okomno 400 mHeil. DTOT pe3ynbTaT MOIydeH
TOCJIC MCCIIEIOBAaHUS TOAMYHBIX U CYTOYHBIX KOJIEIl POCTA HCKOITAeMBIX KOPAJUIOB.

Ionpobuee B kuure:

A.C.MonuH «IlonynsipHas ucropus 3eman», M., Hayka, 1980, ctp.193-197.

BOITPOC Ne40: TTouemy npreMHUK HHPPAKPACHBIX H3TyUCHHI Ha TENEBU30pPE IUI0XO0 MPUHUMAET 3TH curHaisl ¢ [IJ1Y mpu spkom cBere?

OTBET: JI1060if HCTOYHHK OCBEIICHUS U3ITyJacT B HH(ppaKpacHoil obmacTu crekrpa. K ToMy ke MpUeMHUK H3Ty4deHHs, TOTJIONIas [1aIaromiee
Ha HEro U3IydeHHe, HarpeBaercs. Bce 3TO MPHBOAMT K TOMY, YTO YXyAIIaeTcs OTHOIICHHE CUTHAN-IIYM Ha IpueMHHKE. T.e., CTporo romops,
JIOTIOJTHUTEIBHBII HCTOYHHK OCBEIIEHHS JOJDKEH yXyamaTth nprueM curHanos ¢ I[11Y. Jlpyroe neno — Hackonbko. ClenaeM OLEeHKH.

W3mygaemas momuocts I1/IY B anamasone pmuH BomH 0,8—1,2 MKM cOCTaBIIsieT HECKOIBKO MHJUIMBATT. M3mydeHne uaeT B KOHyCE C YIJIOM
pactBopa oxono 10° 1 majaer ¢ pPacCTOSHMS HECKONBKO METPOB HA MPHEMHHK W3IYYCHHS HAMETPOM OKOJO 3 MM. JTO 03HAUACT, UTO MPHEMHHK
pearupyer Ha IPUXOIANIYIO MOIIHOCTb H3yderns okoio 107 Br.

Bce okpysxatonue Hac Texa uMeroT Temrneparypy okono 300 K. IIpu 3Tom oHM cBeTST HH(pPaKPaCHBIM M3JIy4CHHEM, C MAKCUMYMOM Ha JUIMHE
BomHbl 9-10 MKM ¥ MomHOCTBIO 0koo 0,1 Br/cM’. B Iuama3zoHe [IMH BOJH UyBCTBHTEIBHOCTH MPHEMHHKA W3TYUEHHsS MAAIONIas MOIIHOCTH
cocrasut Menee 10712 B, uto He Memaer pa6ore I1/1Y. ITosTOMY HE3HAUNTEBbHBIN HArPEB IPUEMHMKA M3IIyYE€HHS HE YXYALIUT €ro paboThl.

OObIuHas JIaMIIa HaKaJINBaHUs, KMEIONIas K.IL.A. okoso 5% u Temmeparypy crnupanu 6oree 2000 K, m3mydaer ¢ MAKCHMyMOM HA JUTMHE BOJIHBI
OKOJIO | MKM M MOIIHOCTBIO OKOJIO 5 BT. Cunras, 4To M3IydeHHe paBHOMEPHO MJCT BO BCE CTOPOHBI M MAJAaeT C PACCTOSHUS HECKOIBKO METPOB,
Majaomas Ha IPHEMHHK H3TYYCHHS MOIIHOCTH cOCTaBHT 0kono 51077 Br. ILIOTHOCTS MOTOKA CONHEYHOrO M3IYUCHHS COCTABIACT B HAIIHX
muporax okoiso 500 Br/™. Ha HY)KHBI HaM HH(paKpacHbIH Anana3oH NPUXOIUTCS OKOJ0 15% sHepruu. 3HaYHUT, HA NPHEMHHK H3JTy4CHUS MagaeT
107 Br.

Ha nepBeiii B3rmsiz kaxercs, 4to jamma 1 CONHIEe JODKHBI CYIIECTBEHHO YXYAUINTh NPUEM TeleBu30poM curHanos I1J1Y. Onnako 3To He Tak.
JIMCTaHIIMOHHBIN MyIbT PabOTaeT Ha MOMYISIIMI CUTHANA HHPPAKPACHOH 9acTOTHI (IPSMOYTOIbHBIC UMITYIbCHl PA3INIHON IIIHHBI JUIS PA3IHIHBIX
KaHAJIOB), ¥ JaTYMK pearupyeT He CTOJIbKO Ha BEIMYMHY CHTHANA, CKOJIBKO Ha JUIMHY MOAYIsiuu. IIpueMHUK n3imydeHus — (OTOAMON — MMeEeT
XapaKTEePUCTHKY, CBA3BIBAIOIIYIO BEIPAOATHIBAIONIEECs HA HEM HAIPSDKCHUE C OCBEIICHHOCTHIO0. XapaKTepHCTHKA UMeeT IMHEHHBIN yJacTOK POCTa, a
3aTeM BBIXOAMT Ha HacklmleHue. Llenb (oroguona MMeeT KOHACHCATOpP, OTCEKAIOMIMH IOCTOSHHYIO COCTABIIONIYIO TOKa. Iloka ocBemeHHOCTh
COOTBETCTBYET JIMHEHHON YacTH XapaKTePUCTUKH, IPOOIEM HeT, fake Koraa oH coNoCcTaBUM MM CIIIBHO IpeBbimaeT curaan [1J1Y.

IIpoGnembl HauMHAIOTCS MPH BBIXOAE HA HACHIIICHUE B XapaKTepUCTHKE. BO3MOXkHO, mpu paboTe TeNeBH30pa Ha YIHIIE B SIPKUI COTHEUHBIN
JICHB, TIPY TIOIBITKE BOCIOIb30BATHCS JUCTAHI[HOHHBIM ITyJIFTOM HUYETO HE TOTyIHTCS.

B kBapTHpe U3ITydeHHe C YIHIBI PE3KO MaJaeT ¢ yaaleHueM oT okHa. Ecii Ha mogokoHHUKe ocBeleHHOCTh 100%, To Ha pacCTOSIHUM OT Hero 5
M — ocBemieHHOCTh 10%.

ITo HameMy OmBITY HET CyILIeCTBEHHOW pa3HuLBI B pabote I1JIY qHEM npH conHEYHOM CBeTe, Be4epOM IPHU BKIIFOYCHHOH JIFOCTPE MM HOYBIO.

Tonpobuee B kHUTAX:

A.I' brox, 10.A.Xypasunes, JI.H.PepkkoB «Termnooomen uznydennem. CnpaBounuk», M., Dueproaromusaat, 1991, ctp.44,
J.C.I'ypneB «CnpaBounuk no ¢ortorpadun (cBeToTeXHHKa U MaTepraisl)», Kues, Texauka, 1986, ri. 1,
H.M.Boponosa, 10.B.Osunnnukosa, H.B.Lpi0yns "KomuatHoe nBeroBoacto", HoBocubupcek, 1992, crp.6.
Tlomepses B.C.

BOITPOC Ne41: Kakue xumudeckue 1eMeHTHL, kpome Ca-Str, Fe-Mn MUTpupyYIOT B IPUPOAHBIX Cpeax B IMapHOH 3aBUCHMOCTH?

OTBET: KonnuecTBeHHYIO pacIpOCTPAHEHHOCTh B 3eMHOI Kope BrepBble ycTaHoBun @.Y. Kmapk. B ero wects A.E. ®epcman B 1923 T.
IpeJIOKHI TEPMUHOM «KJIApK» 0003Ha4YaTh CpelHee COAEpKaHUEe XMMHUYECKOTO 2J1eMEHTa B 3€MHOI Kope, Kakoi-116o ee yacTH, B 3emile B LIEJIOM,
Ha [UIAHETaxX U JPYTHX KOCMUYECKUX O0OBEKTax.

Knapku caMbIX pacripocTpaHEHHbBIX H3BEPIKEHHBIX KHCIIBIX MOPOJ] YCTAHOBIIEHBI JOCTATOUHO TOYHO, MHOTO JaHHBIX U O KJIapKaX 0a3ajabToB U
JIPYTUX OCHOBHBIX IIOPOJ, 0CaJOYHEIX HopoA. Hinke npuBeneHs! Knapku B % CaMbIX PACIPOCTPAHCHHBIX JIIEMEHTOB:

0O —46,0; Si—26,1; Al-8,1; Fe — 6,7, Mg — 3,0; Mn— 0,1; Ca—5,1; Na—2,4; K- 1,4; Ti— 0,7, H-0,1; P - 0,1; npoune — 0,2.

OCHOBHOH BOIIPOC TE€OXUMUH — O0BSICHEHHE IPHIHUH CTOIb HEPABHOMEPHOT'O PACIIPOCTPAHEHHS DIEMEHTOB.

Oka3anock, 4TO B 3eMHOH KOpe MpeoOnajaroT JEerkhe aToMbl, 3aHMMAIOIINE HavyalbHbIC KJICTKU MEPUOJUYECKOH CHCTEMBI, Apa KOTOPBIX
coziepkaT HeOOIbIIOEe KOIMYECTBO HMPOTOHOB U HEHTpoHOB. Taroke mpeoOmafaroT JJIEMEHTHI ¢ YSTHBIMH IOPSIKOBHIMH HOMEPAMH M aTOMHBIMU
MacCaMH.

PoncTBeHHBIE IO IEPUOAMYECKON CHCTEME JIEMEHTHI BEAyT ce0sl B 3eMHOI Kope aaneko He onuHakoBo. Tak, K u Na, Fe u Ni, Cl u I, Cr u Mo
— aHaJIOTM B XMMHH, HO B 36€MHOI KOpe MHIPHPYIOT HO-pa3sHOMY. DTO CBA3aHO C TEM, YTO Jji F€OXMMHH 4acTO OCHOBHOE 3Hau€HHE UMEIOT TaKHe
CBOMCTBa JJIEMEHTOB, KOTOPBIE ¢ OONIEXMMHYECCKUX MO3HIHN BTOPOCTENICHHBI: OOpPAaTHMOCTh MM HEOOpaTUMOCTb MUTPAlUH, PaJHOAKTHBHOCTD,
CIOCOOHOCTH JaBaTh MUHEPAJIBI U T.II.
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MHorue 31MeMeHThl ¢ OAMHAKOBBIMH KJIapKaMu BeAyT ceds B 3eMHOH kope pe3ko paznuuno (Ga, N u Co, Sn u U u T.n.), a DIEMEHTHI C
pasnuuHbBIMK Kiapkamu — cxoxHo (S u Se, Ca u Sr u T.1.). Takum 0o0pa3oM, MUrpaiys 3JEMEHTOB B 3€MHOH KOpE 3aBMCUT HE TOJIBKO OT MX
XHUMHYECKHX CBOMCTB, HO U OT KJIIapPKOB.

XUMHYECKHE JJIEMEHTBI, HOHBI U COSOUHEHHs, ONpPENEISIONINe YCIOBUS MUTPALMU B JAHHOH CHCTEMe, MMEHYIOTCS BeayluMu. Yucmo ux
HeBeNMKo. HampumMep, reoXxumus THAPOTEpMATbHEIX CHCTEM BO MHOTOM ompezensercs S, SiO,, F, C1, CO,, H' u OH™ — uonamu. I'eoxumuyeckoe
cBoecoBpasue okeaHoB onpeaensercs O, pacTBopeHHbIM B Bosie, C17, Na' i HeGONBIINM YHCIOM APYTHX 2IEMEHTOB. B TaeKHBIX 60IOTAX BEAYILIUMH
seisorest Fe?', HY, Mn?" 1 1.1, XuMIUecKie 2MeMEHTH ¢ HU3KHMHE KIAPKAMU HE MOTYT GBITh BEIYIIMMI H3-32 MATBIX KOHICHTPALHH B CHCTEMAX —
OHH BBIHYXXJCHBI MHUTPHPOBATh B TOH 0OCTAHOBKE, KOTOPYIO CO3JAIOT BEAYIIHE JJIEMEHThI. Paznuuus B KiIapkax ONPEeNsioT BEAyLIYIO POJib S U
Bropoctenennyio Te, Bemymiee 3Hadenme Na u e Bemymee Rb, Li, Cs. Penkwe srmeMeHTBI B MeCTaX WX KOHIIEHTpanuw (HAmpumep, B
MECTOPOXKICHHAX) cTaHoBsATcs Bexymumu (Hg, U, Mo u T.1.).

Benymiee 3HaueHMe dNIeMEHTa 3aBHCUT HE TOJBKO OT €ro Kiapka M KOHIECHTPAIMU B JaHHOW cucTeMe. Ba)xHO, YTOOBI 3JIEMEHT MUTPHPOBAI 1
HaKaIUIMBAJICS B CHCTeMe. PacmpocTpaHeHHbIe, HO Cl1ab0 MUIPHPYIOIINE dJIEMEHTBI HE SBISIOTCS BeAyIUMH. OJUH M TOT XK€ 3JIEMEHT B Pa3HBIX
CHCTeMaX MOXET OBbITh U BEAYLIMM, M BTOpocTeneHHbIM. Hanpumep, Fe nMeer Benyliee 3Ha4eHUEe BO MHOTUX THIPOTEPMAIBHBIX CHCTEMax, HO €ro
pOJIb HEBENMKa B MOYBAX IMYCTBHIHB, BOAAX OKeaHa. HakoHel, eciii 3JeMEHT SHEPIrHYHO MUTPHPYET, HO HE HAKAIIMBAETCS, OH TaK)Ke HE SBJISETCS
BeaymuM. Tak, Na u C1 sHepruyHO BBIILIEIAUYUBAFOTCS M3 KUCIIOH KOPHI BHIBETPUBAHMS U HE SBIISIFOTCS TaM BEIYIIMMH. TOIBKO B CONSIHBIX 03€pax,
rae Na u C1 MUrpHPYIOT U HAKaIUTHBAIOTCSI, OHH CTAHOBSITCS BEAYLLIMMH.

Tousitre o maparenesuce dmeMenToB BBel B 1909 r. B.M.Bepuajckuii, Mest B BHIy UX COBMECTHYIO KOHIEHTparwmio. [laparennas accoruanms
JJIEMEHTOB OOYCJIOBJICHA €IMHBIM IPOLIECCOM, OHA MOXKET OBbITh KaK OJHOBPEMCHHOH, Tak M HEOJHOBPEMEHHOM, CBSA3aHHOH, HampuMep, ¢
TOCJIC0BATENBHBIM OCAXKICHHEM DJIEMEHTOB IPU MOCTCIICHHOM OXJIAXIICHUH pacIljlaBa WM pacTBOpa. B panpHelIieM maparcHe3ucy 3JIEMEHTOB
yaemsuioch MHoro BHuUManust B Tpymax B.M.lompammunra, A.E. ®epcmana, A.A.Caykosa, B.B.lllepounsi, A.C.Yknonckoro, K.A.BrnacoBa u
IPYrUX TEOXHMMHUKOB, TaK KakK OJJHa W3 TJIaBHBIX 3aJad TCOXMMHUU M COCTOMT B M3YYCHHUHM IaparcHHbIX acCOLMALUi 31eMeHTOB. Yucro
NPOCTPAHCTBEHHYIO aCCOLMALMIO 3JEMEHTOB M MHHEPANIOB, HE CBs3aHHYIO0 reHetndecku, B.U. JleGemeB mmenyer mapactepesucoM. HaumGonee
M3y4YCHBl TaparcHHbIC acCOIMAIlMK JJEMEHTOB B MuHepaiax. [lapareHe3wc TIJIaBHBIX 3JEMEHTOB, KaK IPAaBHJIO, OOBICHSIECTCS 3aKOHAMH
KpHCTaJUIOXUMHHK (Hanpumep, Fe u S B mupure, Fe, Mg, Si, O B onuBuHE U T.1.).

Bonee cioxHBI U pa3HOOOpPA3HBI MAPAreHE3UCHl AIEMEHTOB — IpuMecei. Tak, i onuBHHA XapakTepHa npumech Ni, Co, Ui XalnbKOnupuTa —
yacto Re, In, Se, Te, Ge, An, Ni, Co, Ag, Cd, Tl, As, Sb, Pt, Pd, st moneBbix mmaroB — Rb, Cs, Li, T, Be, Ca, Ba, Sr u ap., ans ypanunuta — Pb,
Ra, He. Ilprunnbl 00pa3oBaHus MOJOOHBIX aCCOLMAIMI Pa3INYHBL: OJM30CTh HOHHBIX PAJMyCOB, PAJMOAKTHBHBIN pacmai, copOuus u T.1. X0opouo
U3YUYCHBI TAKOKE MaparcHHbIC aCCOLMALMH dJIEMEHTOB B TOPHBIX MOPOAAX U pyaax. Hanmpumep, st yIbTpaOCHOBHBIX MOPOJ XapaKTepHa aCCOLMALIHS
Mg, Cr, Ni, Co, Fe, Mn, Pd, Pt, nns nermaruros — K, Rb, Li, Cs, Be, TR, Zr, Nb, Ta, F, B u ap., 111 MHOTHX 9K30T€HHBIX YPaHOBBIX pya — Mo, Se,
V, Re.

Kpome napareHHbIX, pa3iMyuaroT 3alpenieHHbIC aCCOLUALUK JICMEHTOB (OTPHULIATENIBHBII MaparcHe3uc), T.e. aCCOIMAIMU, HEBO3MOXKHBIC B J1aH-
HOIT cucteme. [Ipumepom otpunarensHOro naparenesuca ciayxat Ni u Ba B munepanax, Cr u U B pyaax, Cu u Mn B ocaJjouHbIX (HOpMarIysx.

Hcrounnk:

A.WN.Ilepenbman «I"eoxumus», M., Beicias mxkona, 1989.

BOIIPOC Ne42: CxosbKO IUTAHET B COJHEYHOM cucTeMe uMeroT konbla? Kak u nouemy onu obpasoBanuch? Kakoe 3HaUeHUE OHU UMEIOT VISt
miaHer?

OTBET: Otxpertsie B XVII B. kombpra CaTypHa HOCTOSHHO OyITOpaXuiIii BOOOpaskeHHe HCClIeoBaTeNnel cBoell yHuKanbHoi popmoii. Kombia
CarypHa HCCIEIOBaNN TaKHe OJECTSIINE aCTPOHOMBI, MEXaHUKH M MareMaTukd, kak ['.Iammneii, X. I'toiirenc, JK.JI.Kaccunn, I1.C. ne Jlamnac,
Jlx.K.Maxcemn, A.Ilyankape. Kant ObU1 mepBEIM, KTO IpefcKa3all CyINIeCTBOBaHHE TOHKOW CTPYKTypsl koiner. Cartypna. Ilome3ysick cBoedl Mo-
JICNBIO  TIPOTOIIAHETHOTO 00JIaKa, OH MpEACTABIsI ceOe KONbIO B BHAE IUIOCKOrO JAMCKA W3 CTAIKHBAIOIIMXCS YaCTHL, BPAIIAIONIMXCS
muddepeHaIbH0 BOKPYr IUIaHeThl Ho 3akoHy Kemmepa. Mmenno auddepeHnnansHoe BpamieHue, coryiacHo KaHTy, sBmsercs HpHYMHOM
paccioeHHsl Aucka Ha cepuio ToHkHX konedek. ITosmnee INI.C. ne Jlammac mokasan HEyCTOMYMBOCTH TBEPJOIo IIMPOKOro Kojbla. B cepemune
mpourIoro Beka MHorue acTpoHomsl (Buxa B Pume, bounx B CILLJI, CtpyBe B Poccun, Jloyec u Jlaccens B AHriImu) oOHApYKUIH BCETO AECATH
koseuek BOKpyr CatypHa. Belnarouuiicss Bknaa B HcciieoBaHue ycToiuuBocTd kojen CartypHa BHec B 310 ke Bpems JDx.K. Maxkcsenn,
MOTYYMBINNY IPeMHI0 AZlamMca 3a TPyJ, B KOTOPOM OH MOKa3al, YTO TaKHe y3KHe KOJbIa TaKKe HeyCTOMYUBEI U OyIyT IManaTh Ha IuaHeTy. U xots
BbIBOJ, MakcBellIa O NMaJeHHH TUIOTETHYECKOro CIUIOIIHOTO JICJOBOrO KONbLA HA IUIAHETY OBbUI HENMpPaBMIIBHBIM (TaKOE KOJBIIO IOPa3io paHbIIe
JIOJDKHO Pa3BalIUThCA HA KYCKHM), CIEACTBUE U3 HETO — O METEOPHOM CTpoeHHH KoneH CaTypHa — oka3anoch BepHbIM. Tak, k koHIy XIX B. rumotesa
MeTeopHOro crpoenus koney CartypHa, BbickasaHHas Brepsblie JK.J[.Kaccunu, momy4mna teoperndeckoe, a B 1893 r. — HabmrogartensHoe
noaTBepxkaeHue B paborax [x.Kunepa u A.A benononsckoro, M3MEpHBIINX CKOPOCTH U (hepeHIIHaNIbHOIO BPAICHHUS KOIeIl.

B Teuenne XX B., IIUIO MOCTENEHHOE HAKOIUIEHHE HOBBIX JAHHBIX O IUIAHETHBIX KOJBIIAX: MONYYEHbl OLEHKHM Pa3sMEPOB U KOHLEHTPALMU
gacTu1l B Kombrax CaTypHa, CIEKTPaTbHBIM aHAIM30M YCTaHOBIECHO, YTO KOIbIA — JICASHBIC, OTKPBITO 3araJl0qHOE SBICHUE a3UMYTalbHOH mepe-
MEHHOCTH sipKocTH Kounen, CaTypHa. Pa3MepeHHbIH TeMI Hay4HOH JEsATEeNbHOCTH CMEHHICS OYpHBIM MOIBEMOM BCEOOIIEro HHTEpeca K INIAHETHBIM
KOJIbIIaM B KOHIIE CEMHAECATHIX ToJ10B, koraa 10 mapra 1977 r. HECKONBKIME HCCIEI0BATEIbCKIMH IPYIIIAMHI HE3aBHCHMO OBLIM OTKPBITHI Y3KHE U
JIa7IeKo OTCTOSIHUE APYT OT APYyra YrolbHO-4epHble Koabla YpaHa. OTKpbITHE OBUIO CAENAHO COBEPIIEHHO CIIy4aiHO, KOrJa, FTOTOBs anmnapaTypy AJs
HCCIIEI0BaHUS ITapaMeTpoB aTMocepsl YpaHa METOAOM IOKPHITUS 3BE3/bI U 3apaHee HACTPOHB IPHOOPEI, HCCIECAOBATEIN OOHAPYKHIN KOPOTKUE
3aTMEHHs IPH MOAXO0/E 3BE3/IbI K IIaHETE M NPH ee yAaneHnu. Hannydmune cHUMKM HOMyYHIMCh € TIOMOILBIO TelecKona Jietaomei Kolnepopckoit
o0cepBaTOpUH.

Yepes nBa roga — 4 mapra 1979 r. amepukaHCKMI MEXIUIAaHETHBIN anmnapat «Bosmpkep-1» o0HapyXul Ipo3padHble KaMEHHBIE KOJIbLIa U BOKPYT
IOnurepa. B nagane 80-x ronos xonblia CaTypHa HCCIeAOBAIICH Hanbonee HHTCHCHBHO. B nX oxpecTHOCTH paboTana cepHs aMepHKaHCKUX KOC-
mudeckux ammapartoB: «[Inonep-11» (okrs6pe 1979 r.), «Bosmxep-1» (Hosi6pe 1980 r.), «Bosmxep-2» (aBryct 1981 r.). B suBape 1986 r.
«Bosmxep-2» uccnenoBan konbla Ypana. B asrycre 1989 r. sTor ammapar BeTpermics ¢ HenTyHOM, BOKPYT KOTOPOTO HECKOIBKO JET Hasak
METOZIOM MOKPBITHS 3BE3[bl ObLIM OOHAPYXKEHBI HE3aMKHYThIE KOJblA (MM «Iyrn»). «Bosypkep-2» yTOYHMI 3eMHbIC HAONFONCHUSA: «IyTH»
OKa3aIHuch Oolee INIOTHBIMU YaCTSAMH 3aMKHYTHIX KOJICI.

Ha ceromusinuii 1eHb U3 ylaJeHHbIX IUIaHeT TobKo y IlmyToHa He oOHapyeHsl Konblia. Kak HU cTpaHHO, 310Xa «BENUKUX reorpaduyeckux
OoTKpbITHI» B COIHEYHOH cHCTeMe emle JaleKka OT 3aBepIICHHs: COBCEM HEJABHO OBUIM OTKPHITHI HOBBIC CIIyTHHKH YpaHa, a C IOMOIIBIO
«Teneckona Xad61a» ynanaock MoIy4IuTh 4eTkyto ¢otorpaduro Ilnyrona.

dakTHUecKH, 3a IOCICIHUE TOABI ObI OTKPHIT M HM3ydeH HOBBIH Kiacc o0bekToB ComHeuHOW cHcTeMbl. [lnaHeTHbIe Konblla OKa3alHCh
00s3aTC/IbHBIM ~ 3JIEMCHTOM M 3aKOHOMEPHBIM SIBICHHEM B CIYTHUKOBBIX CHCTEMaX IUIAHET-TUTAHTOB, CCTECTBCHHO, 4YTO OOMIHe
JKCIIEPHMEHTAIBHOIO MaTepHaja He MOITIO HE BI3BaTh HMHTCHCHBHOTO PAa3BUTUS TEOPETHUECKHX Mofeneil. DTo He MPOCTO HHTEpeC K HOBBIM
aCTPOHOMUYECKNM 00beKkTaM. Bee Oonbliiee pacnpocTpaHeHHe MOTy4aeT MHEHHE, YTO IUIaHETHBIC KOJbLa — KIIFOY K TOHUMAaHHI0 KOCMOTOHHH BCE
Comnueqnoii cucteMsl. Bep kombIia Ha CETOMHAMIHUN ACHb SBISIIOTCS €IMHCTBCHHBIMH, JOCTYIHBIMH UL ACTAIBHOIO H3ydEHHUS, IPEACTaBUTEIIMU
¢ depeHmanbHO-BPAIAIOIIMXCS AUCKOB HEYNPYrHX 4acTull. MccienoBaHne TakMX AMCKOBBIX CHCTEM MMEET HMPHMHIMIHMAIBHYIO BaXXHOCTH IUIs
KOCMOTOHHH, TaK KaK Ha IPOTOCTAAUH TO CaMblil pacCIpOCTPaHEHHBII TUII THHAMHYIECKOH CHCTEMSEI (IIPOTOILUIAHETHOE 00IaK0, IPOTOCITyTHUKOBBIE
JIMCKH, MPOTOKONbLA miaHeT). K 3ToMy e Kiaccy 0O0BbEKTOB HY)KHO OTHECTH M IPOTOILIAHETHbIE 00NaKa BOKPYT APYTHX 3BE3Jl, aKKPCI[HOHHBIC
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IUCKH B CHCTEMaxX [BOHHBIX 3Be3Z, TaJaKTHYECKHe U IIPOTOTANAaKTHYCCKHE AUCKH. TakuM o00pa3oM, IUIAaHETHBIE KOJNbIA HPEJOCTaBIAIOT
YHHKaJIbHYI0 BO3MOXKHOCTh MOJYYHTh BaXKHEHIIYI0 MH(POPMAIMIO O KOJUICKTHBHBIX M JPYIHMX NpOILECcCaX, MPOTEKaBIINX HAa CTAaAUU 00pa3oBaHHs
mnaneT 1 CONHEYHOH CHCTEMBL.

Iepeuncianm ocHOBHBIE IPOOIEMBI (PU3MKH ITAHETHBIX KOJIELL:

1. Ilogemy cymiecTBYIOT IIaHeTHBIE Koabla? Kimaccudeckue Mozmenu popMUpOBaHUS KOJIEI IPEAIoIarail, 9To KoIblia — 3T0 00JIacTb IPHIKB-
HOTO pa3pylueHust KpymHbix Ten. Ho mocie moneroB «BosipkepoB» cTano sICHO, 4TO JUIS paspyLICHUs YacTHI[ HaOMogaeMbIX pasmepos (<10 m)
MIPUINBHBIC CHIBI CIMIIKOM CIa0bl. Bompoc o mpuymHax CymecTBOBAaHHMS KOJEIl OKA3aycs MPSIMO CBSI3aH C MEXaHHYECKHMH XapaKTEPUCTUKAMH
TUIUYHON YaCTUIIBL.

2. Yto BBI3BanmO paccinoeHme komer CarypHa? HaOmomaemass nepapxmdeckas CTpykTypa Koierm CaTypHa COCTaBICHA IO IPHHIUILY
«vatpemkn»: mupokre 1000 kM KoibIa cocTosT U3 cucTeMsl 6onee y3kux (100 kM komen u T.1. PacmpocTtpaHeHHOE MHEHHE, YTO PAacCIOCHHE
xoner CaTypHa CBSI3aHO TOJIBKO C HEYCTOMYMBOCTBIO OTPHIATENbHOH Au(Gdy3Hn, IPOTUBOPEUNT HAOMIOACHHAM — TAaHHAS HEYCTOHYHBOCTH MOXKET
BBI3bIBaTh 00PA30BaHNE TOIBKO CAMBIX Y3KUX (B COTHH METPOB) KOJIEUEK B JOCTATOYHO IUIOTHBIX YACTSAX JIHCKA.

3. Kak obpa3oBanuch u moueMy He paspymaroTcs Koubla Ypana? Hambonee momymsipHa THUIIOTe3a O TOM, 4TO y3KHE, DJUIUNTHYCCKHE KOIbIA
VYpaHa chopMUPOBANICH M COXPAHSAIOT CTAOMIIBHOCTB, Onarojaps ABYM CITyTHHKaM-«I1acTyXaM» MO KpasM Kaaoro koiubla. OnHako «Bosmkep-2»
B 1986 1. HE 0OHAPYXKIIT MEXIY KOIbIAMH YPaHa CTOIb HEOOXOAUMBIX IS 9TOH THIIOTE3bI CIIyTHUKOB-«IIacTyX0B». [Ipu 3ToM nanusre «Bosmkepa-
2» NOJTBEPINIIH AIbTEPHATUBHYIO THIIOTE3y O PE30HAHCHOW Npupoze Koien YpaHa. B HacTosiee BpeMs B (M3HKE IUIAHETHBIX KOJEI[ CYIIECTBYET
Oonpmroe 4HUCIO Mofeneil M THUIOTE3, YacTO B3aMMOMCKIIIOUAIOMUX APYr Apyra. I[103ToMy HpeAcTaBUTh €AUHYI0 KapTHHY HPOHCXOXKIACHHSA U
JIMHAMUKHM TUTAHETHBIX KOJIEL] I0BONIBHO TpyaHo. Hanpumep, pan ucciaenoBaTenell yCTONUMBOCTH IUIAHETHBIX KOJIELl HCXOAUT U3 MOJENH TJIaJKOH
BECbMa YIPYTOi JIeISTHOM YaCTUIBL, HE 3aTPparuBas Ipy STOM IIPOOIIEMBI CYIECTBOBAHNUS Kojel. KocMOTOHHCTEL, B CBOIO 04epe/ib, pACCMATPUBAIOT B
KayecTBE THIHMYHON YaCTHIIBI KOJIELl Ype3BbIYaiiHO 3¢emepHOe oOpasoBanue (B 10 ThicAY pa3 MeHee MPOYHOE, YeM CKOILUICHHE CaMOro IYIIHCTOrOo
3eMHOT'0 CHETa), He 3aIyMBIBasICh O TOM, Kak OyJeT «paboTaTh» TaKas HeMPOYHas YaCTHIA B IPYTUX TEOPETHIECKUX MOJCIIAX.

Jlns Toro, 4yToOBI 1aTh (GU3MYECKU LEIbHYIO KAPTHHY IUIAHETHBIX KOJEL, KPHTHYECKH MCCIeAys U allbTePHATUBHBIC PEIICHUS psjfa IpodieM,
MIPUXOAUTCS 00pamaThesl K CaMbIM Pa3IMYHBIM METOJaM M 007acTsM HayKu: K HeOeCHOU MeXaHHKe, K (H3MKe IbJa M CHera, K TeOpPUH yaapa, K
KHHETHYECKOH TEOPHH Ta30B, K TECOPUH HEYCTOHUMBOCTEH M (PU3MKE IITa3MBI.

HcTounuk:

H.H.I'opbkoBatbiii, A.M.®puaman «Camooprau3anys B KoJlblax 1iaHeT, xkypHai «[Ipupona», 1991, Nel, ctp.56-68.

Tlonpobuee B 0630pax:

J.H.Ky3u, J1.Y Ocnosuro «Konbua Ypanay, sxypHai «B mupe Hayku», 1987, Ne9, ctp.26-33,
H.H.T'opsroBarsiii, A.M.@puaman «Du3uKa IIaHETHBIX KOJICID, XKypHal «Ycrexu ¢pu3ndeckux Hayk», 1990, Ne2, c1p.169-238,

BOITPOC Ned43: Kak 00pa3yroTcst COCyIbKH Ha KpPBIIIAX, U ¢ YeM ITO CBSI3aHO?

OTBET Cocynbku, cBHCAIONIME ¢ KapHH30B W IPOBOAOB, MOTYT HOKa3aThCs AOCTATOYHO MPOCTHIMH «KOHCTPYKIUSIMI», OZHAKO HA CAMOM
aene ux Qopma u mpouecc o0pa3oBaHHs B TEUCHHE JOJITOr0 BPEMEHM 03aJ[a4MBaly MccienoBaresneid. Ilouemy cocyibka MMeeT BHJ yCEUCHHOTO
KOHyCa C JUaMeTPOM Y BEpIINHBI He Ooiee HECKONBKHX MHIIUMETpoB? IlogeMy MO ocu cOCYNIBKH HPOXOAUT y3Kas 3alOHEHHAs JKUIKOH BOJOH
HOJIOCTh JUIMHON HECKOJIBKO CAaHTUMETPOB, OepyIlas Hayalo y KOHYHMKA COCYIIBKHU (B 3TOM BBl MOXKETE YOSIUThCS C IIOMOLIbIO 3ybouncTky)? Urto sTa
3a Oenas JIMHHMS, OTMEYAromasl NEeHTPaIbHYI0 och cocynbku? [ToueMy Ha MOBEPXHOCTH COCYIBKH OOpa3yIOTCs IONEpedHble pedpa ¢ MHTEPBAIOM
HECKOJIBKO caHTUMETpoB? IloueMy MecTaMu B COCYJIbKE JIE]] CIUIOIIHOM, a MeCTaMM — NOPHCTHINA? Kakas nmpuunHa 3aCTaBiIsIET HEKOTOPBIE COCYIbKU
HU3rubaThCs U CKPYIUBATHCS?

PuspyeckHe MpoLECCHl, HAYIIUE NPH 3aMep3aHuH BOJbI, BECbMa CIOKHBL. B paMkaX mpocToil Mozeny rpaHulLa 3aMep3aHHs, pasiessiomas
JKUAKOCTD U JIeJl, COCTOUT M3 Pa3BETBICHHBIX «IAJbIEBY, KOTOPHIC IPOHUKAIOT B XKUAKOCTh. Ha MOBEPXHOCTH THX MAIIbIEB MOJEKYIBI KHIKOCTH
MIOCTENEHHO MPHCOEIUHAIOTCS K KPUCTAJIIMYECKOH pellleTKe JIbJ1a, OTAaBasi YacTh CBOEH SHEPIMHU U Tepsis MOABMKHOCTh. IloTepsiHHAs MMM SHEprus,
Ha3bIBaeMast TEIIOTOM, IEPEHOCHTCS B APYTYIO 00IacTh, O0Iee XOTOJHYIO0, YeM IIOBEPXHOCTh 3aMepP3aHus, — 4acTO B IPHIIETaloNInil CII0i Bo3myXa.

DTOT MpOoLECC U BEJET K pOCTy cocyiabku. OnuH U3 mytel ux obpazoBanus Obu1 n3ydeH H.MaeHo u T.Takoxacu u3 YHuBepcurera X0oKKaiino.
BooOpa3sute MeaIeHHO TalOMUH CiI0i CHera Ha Kpsime. Kaxknas cBucaromas ¢ Kpast KaIllsd TaJoi BOJIbI OKpyXKeHa XOIOJHBIM Bo3xyxoM. Kornma mo
KpasM Kaluli HauMHAaeT 3amMep3aTh M 00pa3yeTcsl TOHKas 00OJIOYKa JIbJa, TEMJIOTa, BBIAEIIOINASCS B Pe3yibTaTe 3aMep3aHusl BOIbI, YXOAUT B
OKPYKAIOIIHH BO3IYX.

Ilo mepe Toro kak BoJa NpPOJOJDKAET CTEKAaTh BHHU3 IO JIEASIHOM O00OJOUKE, YacTh €€ 3aMep3aeT, U HapOJMBILAsCA COCYJIbKa HAyMHAET
pacmupsThesa. OcTanbHas Boa IPUCOSANHSCTCS K cBUcatomell kamne. [loctenenHoe 3aMep3aHie BOABI 10 KPasiM KaIUTH IPUBOAUT K PaCHIUPEHUIO
cocynbku. Eciy Kamuis cTaHOBUTCS CIHIIKOM OonbLION — Gojee 5 MM B IMaMeTpe — OHA MafaeT, OJHAKO BCKOpE Tanas BoJa 00pa3yeT HOBYIO KaIlIIO.
Ioka cymecTByeT IPHTOK TaloH BOJIBI, COCYNIbKA pacmIUpsieTcs U yauuHseTcs. KOHUHK jke cOCYIbKH, THaMeTp KOTOPOro OIMpeNesieTCsl pa3MepoM
CBHCAIOIIEH Kaliu, OCTAaeTCs Y3KHM.

I'. Xarexesma u3 Tokuiickoil Mereoponorudeckoit odcepBaropun u C.Hemora 13 MeTeopono-ruaeckoro HHCTUTYTa B TOKHO omucanu Ipyroi
MyTh 00pa30BaHus COCYIbKH. BepXHsis 4acTh HauaJbHOW KallId MOXET 3aMEP3HYTh LIEIMKOM, PH 3TOM BO3HHKACT TOPU30HTAJIbHAS OBEPXHOCTh
3aMep3aHus, KOTopas ABIDKeTcs BHU3. Eciu BoAbI mOCTymaeT Maiio, a KphIIia XOJI0[Has, BOJa MOXKET 3aMep3aTh BO BCeM 00beMe KaIlIH, a He TOIBKO
B TOHKOH JIeJsIHOH oboinouke. B pe3ynbraTe Bcs KOHCTPYKIHMS B IPOLECCE TOTO, KAK Ha KOHYMKE 00pa3yeTcst M 3aMep3aeT HOBas KaIllsd BOJIBI,
1odTanHo yanuHsercs. Ecnu xxe BOAbI MOCTyHaeT AOCTATOYHO M KAl HMOAIMMTHIBACTCS HEHNPEPHIBHO, TO Ha HEKOTOPBIX CTaJHAX POCTA COCYIBKH
BOJIa IO KpasM Karuti OyJeT 3aMep3aTh U 00pa30BhIBaTh JICISAHYI0 000I04KY B COOTBETCTBHH €O cxemoit MaeHo u Takoxacu.

Ecnu nensnas obomouka yxxe 00pa3oBanach, JKHIKOCTh BHYTPH €€ HaUMHACT 3aMep3aTh MemieHHee. CormacHo pesyabrataM Jl.MakkoHeHa U3
TexXHHYEeCKOro HCCIIeN0BATENbCKOr0 IeHTpa B 3eno (PUHISHAMA), TEIUIOTa, BBIACIAIONIAACS B IIpolEcce 3aMep3aHus BHYTPEHHEH o0iacTH,
mepenaeTcs depe3 Jei K BepXHEH 4acTU COCyIbKU (Ha3bIBaeMOH «KOPHEM»), a 3aTeM — K Kpaio KphImH. Temomepenada — MpOLECC HACTOIBKO
NIOCTENEHHBIH, YTO BHYTPEHHAS IOBEPXHOCTh 3aMEP3aHHMsl MOMKET JBUIaThCsid BHM3 IO IEHTPAlbHOW OCH COCYIBKH OYEHb MEIJIEHHO; €CiH
TIOBEPXHOCTH 3aMEP3aHHs JOCTATOYHO yAaleHa OT KOPHS, KaK 9TO HMEeT MECTO B C(hOPMHUPOBABIIEIICS COCYIIbKE, OHA MOJKET [JaXKe OCTAHOBHTHCS.

B obnacTn, MexIy NMOBEPXHOCTBIO 3aMEp3aHHs U KOHYMKOM COCYJIBKM JKHJKOCTb, 3aK/IIOU€HA B Y3KYylO JIE[sIHYIO nojocTb. HecmoTps Ha
JeHCTBHE CHIIBI TSDKECTH, JKHAKOCTh HAXOAUTCS B YCTOIYMBOM COCTOSIHUH, YTO YAaCTHYHO OOBSCHSACTCS IOBEPXHOCTHBIM HATSKECHHEM MEXIY
JKMAKOCTBIO M CTEHKaMH noJiocTd. Kpome Toro, nosiocTs 3Ta HaCTOBKO Y3Ka, YTO CiIydaifHble BOMYLICHUS HA HUJKHEH IpaHMIle CTONOUKA BOJBI MITH
B BHCSIIEH Karule ObIBAlOT OOBIYHO HEJOCTATOUHBIMH IJIS TOTO, YTOOBI HO3BOJIHUTH BO3MYXY IPOCOYHUTHCS B IOJOCTh M BBITECHHTH XKUAKOCTE. [Ipu
HOPMaJIbHBIX 3MMHHX TEMIIEPaTypax BHYTPEHHSS ITOBEPXHOCTh 3aMEP3aHMs JOCTHracT KOHYMKA COCYIIBKM (M Ta IOJHOCTBIO 3aMep3acT) TOIBKO B
TOM Clydae, eCIM BOoJa IIepecTaeT IOCTYNaTh U POCT COCYIBKH IPEKPAINacTCs.

CHapykM coCyJbKa MOKPBITa TOHKAM CJIOEM BOZBI M KaK Obl 3aKJIIOYCHA B JKHJKHE HOXHBL 3aMep3aHHME Ha BHEIIHEH MOBEPXHOCTH pasjena
JeA-KUIKOCTh IPOHCXOAUT OUCHBb OBICTPO, MIOCKONBKY TEILUIOTA, BHIACIIOMASICS IPH 3aMEeP3aHUU BOJIBI, OBICTPO IMPOXOIUT Uepe3 XKUIKYIO BOTY H
nepenaercs Bo3ayxy. (Maeno u Takoxach OOHapyXWIM, YTO >KMAKHE HOXHBI Ha aKTHBHO PAcTYIIMX cOCylbKax ObiBaroT He Tomme 0,1 mMm).
TemmepaTypa Ha TOBEPXHOCTH 3aMEP3aHIs PABHA TOUKE 3aMEP3aHHs BOIBL; mocaemmsst coctapmser 0°C s 4nCTOi BOIBI, HO MOKET OBITh HITKE,
ecau BOJAa COAEPXKUT mpuMecH. TemmepaTypa B OCTalbHOM OOBEME KUAKOCTH HECKOJIBKO HU)KE TOUKH 3aMep3aHHs (sBJIEHUE, U3BECTHOE Kak
nepeoxaxaenune). Hanbonee oxmaxaeHa Boia, CONPUKACAIONIASCS C BO3TYXOM, KOTOPBIL, pa3yMeeTcsl, MOXKeT ObITh FOpa3io XOI0JHEe, YeM BOJA.

Y.Haiit u3 HaunonaneHoro nenrtpa atMocdepHsix uccnenoanuid 8 boynnaepe, mr. Koaopano, ykassiBaeT, 4To COCYJIbKH MOTYT PacTd M TOTJa,
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KOIZla TeMIlepaTypa BO3yXa BBIIIE TOUKU 3aMeP3aHus, IIPH YCIOBUH, YTO BO3LYX COAEPKUT MAJIO0 BOISHOrO mapa. Ecim KoHIeHTpamus BOJSHOTO
napa HEBEJIMKa, C BHEIIHEH MOBEPXHOCTH XKUAKUX HOKEH COCYIbKH Boja ucnapsercs. Korna MoneKybl BBl MOKUAAIOT KUAKOCTh, OHH YHOCST C
CO00H DHEPrHIo, YTO MPUBOAUT K MEPEOXJIAKACHUIO MOBEPXHOCTHOTO CIIOS >KHAKOCTH. OXJIaXJEeHHAs BOJa WIPaeT POIb TEIUIOBOH «CBAIIKI»,
HNPUHUMAIOLIEH TENI0Ty, KOTOpast BBIAEISAETCS IIPU 3aMEP3aHUH BOJBI Y OBEPXHOCTH JIbJA.

Hcrounuk:
ctarbs [Ix.Yonkepa B xxypHase «B mupe Hayku» Ne7, 1988, ctp.74-78.

BOIIPOC Ne44: [Touemy mpu 3aKate COJHLE pa3jessieTcs MoJIocon?

OTBET: Unorna, korga ConHie HAXOIUTCS HU3KO HaJ TOPU30HTOM, MOYKHO HAOJNIOAATh CTPAHHOE MCKAKEHHE ero ouepTaHuil. YacTo yrisl
BHJMMOTO CETMEHTa 3aKPYTJICHBI, HHOT/IA Ka)KETCsl, YTO UCK COCTOMT U3 JIByX 4YacTel, COCIMHEHHBIX BMecTe; mopoil moj CONHIEM OKa3bIBaeTCs
MOJIOCKA CBETa, KOTOpasi MOJHHMAETCsl M0 Mepe TOro, Kak COJNHEYHBIH AWCK omyckaercs. bpiBaer, uro ConHLe caguTcs HE 3a TOPHU3OHT, a Ha
PacCTOSTHUU HECKOJIIBKUX MUHYT AYTH Hall HUM.

Kaxkercst, 4T0 Takue HMCKaXECHHS MOSBIAIOTCS Yallle BEYCPOM, YEM YTPOM, M OOBSICHEHHE ITOMY CICAYeT HCKAaTh B METCOPOJIOTHYCCKHX
(akTopax. B Tuxme 0e300nmauHbIe THH CIIOM BO3/IyXa C Pa3IMYHOW IIOTHOCTBIO MEHbBIIEC MEPEMEUIMBAIOTCS, TaK YTO UCKAKCHUS B OYCPTAHMAX
COJIHEYHOTO THCKA MOXKHO NPHUHATH 32 NPEA3HAMCHOBAaHUE YCTOHYMBOTO COCTOSIHUS aTMOC(HEPBI U, CIIEI0BATEIBHO, XOPOIIEH TOro/bl.

OnTuyuecKre NCKaKEHHUS, ONIMCAHHBIC BBILIE, OOBICHSIIOTCS HE YeM HHBIM, KaK OOBIYHBIM MHPaKEM.

Cayuaii 1. TOHKMH c0oi TEruoro Bo3ayxa MokpsiBaeT 3emitto. Toraa Mel BUAMM HerocpeacTBeHHO COJHIE, U B 9TO )K€ CaMoe BpeMs 10l HUM
— ero OTpakeHHe, MPUYEM TOPHU30HT JISKUT MEXKIY HUMHU. B To Bpems kak CoJHIE CaAuTCs 32 BUAUMBIA TOPU30HT, U3-3a HETO BCTACT CILTIOLICHHOE
«IPOTHUBOCOJHIE», H 00a HCKAa COCIMHSIOTCS B TOM MECTE, I/ie BOT-BOT JOJDKHO MCYe3HYTh neiictBuTenabHoe ComHue. Oba aucka Bce 0oJblie U
OOoJIBILIE CIIMBAIOTCS, TPUOOPETas OUSPTAHUS, HATOMHHAIOIIUE BO3AYILIHBIH MIap U T. II.

Cayuaii 2. Tenepb NpeAnoyoXuM, 4TO BO3IYX OKOJIO caMOi 3eMJIM XOJIOJHBIM, a BBIIIE HEro JISKUT TEIUIbIA CIION BO3dyXa (MHBEPCHUS).
Boobpa3um Terneps, 4To HaOII0AaTENb HAPaBIseT CBOM B30p Bce Oosee M 0oJiee TOPU30HTAIBLHO. B HEKOTOPOM HampaBlICHUH €T0 B3IV KacaeTcst
BepxHero kpas CoyiHI@; emie HIDKe €ro B3MIA [0 OTHOIICHHIO K ITOBEPXHOCTH pa3pbiBa CTAHOBHUTCS OoJice HAKIOHEH. B ropH30HTaIbHOM
HaIpaBJICHUH OH MaJaeT Ha JTOT CJIOW MOJA TaKMM OONBIIMM YIJIOM, YTO JIyd 3peHMs u3rubaercss W He mokupaaer 3emuo. Ecnu HaOmonarens
HAaXOJUTCS HaJl IOBEPXHOCTBIO 3eMIIH, OH CMOXKET Ja)ke 3aryIIHyTh BHU3 MOJ HEOONbLIMM yriioM. Ecnu Habmonarens CMOTPUT elie HIXKe, TO Yrol
B3IJI1a HA MOBEPXHOCTh Pa3pblBa YMEHBUIACTCS M OMATh OKA3bIBACTCS HACTOJBKO MalbIM, YTO JIyd 3pEHHs YXOIHUT 3a mpenensl 3emid. [lostomy
BHYTPU HEKOTOPOro yria mo o0e CTOPOHBI OT TOPH3OHTANBLHOIO HAIPABICHWS HU OJMH JIyd, BBIXOMSIIMH 3a Hpenensl 3eMH, He JOCTHIaeT
HaOJIOIATeNs; OH BUAUT «CIICIIYO TIOJIOCY).

PaccmatpuBast TakuM 00pa3oM cTpoeHne atMocepbl, BUAHO, 4To COJIHIE 3aXOAUT MPEXKAE, YeM OHO JOCTHraeT (paKTHYeCKOro FOPH30HTA —
KaK TOJILKO OHO IOMAJIaeT B «CJemyto nonocy». Ecnu HabmoaaTenp HaXOQUTCs HAa BEpLIMHE XOJIMa WM Ha mamyOe Kopalis, OH, BEPOSTHO, CMOXKET
YBUJICTh HIDKHUM Kpail CosTHIa, TOSBISIONMICS TT0]] «CIIENOi monocoiy. 300pakenus, KOHEUYHO, OyAyT HCKaXKEHBI B BEPTHKAILHOM HAIPABJICHUH;
HaJI «CJICTION TIOJIOCOI» CXKATHI 110 BEPTHKAJIH, TTOJ] HEil — BHITSIHYTHI.

Wuorma xpait ConHia MMEET HECKOJIbKO HEOOJNBIIMX 3a3yOpWH, KOTOpBIC, MO-BHAMMOMY, YKa3bIBalOT HA HajlW4ue Oomnee 4YeM OIHOM
TIOBEPXHOCTH pa3pbiBa B aTMochepe.

Wrounuk:

M.Mumnapt «CBet u 1BeT B mpupoze», M., 1958, c1p.91-95.

BOITPOC Ne4S: TloueMy mymst MOXKET OTPHKOIMIECTUTH OT IIOBEPXHOCTH BojoeMa?

OTBET: Muorue Habmonany, Kak KaMHH IUIOCKOH (OpMBI, KOTOPEIM COOOIIEHA CKOPOCTh C OONBINOIH TOPHU30HTATEHOH COCTABIILIONICH U
BpallleHHEe, 00eCIIeUHBaOIEe COXPAHEHHE MAJIOT0 HAKJIOHA IIOCKOCTH KaMHsS K TOPH30HTY, HPH CONPHKOCHOBEHHH C BOJOW JIETKO OTCKAKHBAIOT
BBEpPX OT BOJBI, HHOT/Ia HECKOIBKO pa3. OUeBUIHO, YTO B SBICHUH TaKOI'O BOJISHOIO PHKOIIETa TOPH30HTAIbHAS CKOPOCTh UTPAET OCHOBHYIO POJIb.
IIpu oTCYTCTBHM TOPHU3OHTAJbHOM CKOPOCTH IUIOCKMH TsDKENbIH KaMeHb HE MOXKET OTCKOYHTh OT BOJIbl. MHOrOKpaTHOE PHKOLIETHPOBaHHE
CBHICTENIBCTBYET O HEOONBIIOW IOTepe TOPU3OHTAIBHOH CKOPOCTH BO BpeMs CONPHKOCHOBEHHS C BOZOHW. XOpOIIO U3BECTHO TaKiKe
pHKOLICTUPOBaHUE CHApsOB. Tak, HanpuMep, Kpyrioe sapo auamerpoM 0,16 M ¢ HayanbHOI CKOPOCTBIO 455 M/C MOXKET COBEPILIMTH Ha Boae Oojee
22 puxonreroB. B HacTosImee BpeMs B apTHILUICPUI HHOTJa HAMEPEHHO IIPOU3BOAAT CTPEIb0y Ha PUKOIIETAX.

Puxomer Bo3HUKaeT U3-3a JEHCTBHS CUIIBI PEAKIMU BOJbBI IPU BXOJ€E Tena B BoAy. OeHuM 3Ty cuily. [l aToro nepeiaem B cUCTeMy OTCUETa,
CBsI3aHHYIO ¢ TenoM. Toraa Ha Hero HaneTaeT CTPYs BOABI INIOTHOCTH P CO CKOPOCTBIO V B HAIIPABJICHUH IOJ YIJIOM O K IIOBEPXHOCTH Tena. Tak Kak
cHJIa, IeHCTBYIONIask Ha CTPYIO CO CTOPOHBI IJIOCKOCTH, PABHA CKOPOCTH M3MEHEHMs NPOEKLIUH UMITylIbca P cTpyn Ha ock y, IEPHEHIUKYISAPHYIO K
miockocTy Tena, To F = APy/At = Psina/At. 3a Bpems At Ha MIOCKOCTH HonagaeT 00beM sxuakocTi V = SvAt ¢ maccoit M = pV u mmmynscom P = My
= pszAt, rae S — wiomanas cedenus crpyu. Ilostomy F = pszsina‘ Jly1s onMcaHHOTO BBILIE Spa, 3Ta CHJAa COCTaBJIAET OKOJIO 10° H, uto B
HECKOJIBKO THICSY pa3 OoJblIe Beca sapa.

TonpoGHee B kHUTE:

N.1I.Cnoboneuxwuii, JI.I'.Acnamasos «3agauu no ¢usuke», budbnmmoreuka «Ksant» Boimyck 5, M., Hayka, 1980, ctp.56.
Llenecm B.H.

BOIIPOC Ne46: YTo npou3oier ¢ 4eJI0BEKOM, €CIIU €ro BEIOPOCUTD B OTKPBITHIN kKocMoc??? TloxanyiicTa, OonMIIuTe.

OTBET: B onnom u3 ordyeroB HACA 0bII0 OMMCaHO M3ydEHHE ITOr0 Bompoca Ha obe3psHax. OKa3pIBaeTCs, YTO MPH PE3KOM 3aHYJICHUH
IaBJIeHus B Oapokamepe, y 4enoBeka (To ecTh 00e3bsIHbI) eCTh MPpUMEpHO 15— 20 cexyH] Ha COBEpIICHUE OCMBICICHHBIX JeHcTBHHU. Ilocie aToro o
TepsieT co3HaHue, a depe3 40-50 cexkyHI NpPOUCXOMIT HEOOpaTHMble HM3MEHEHHS B MO3Ty (CBSI3aHHBIC C OCTPOH KECCOHHOI OOJIC3HBIO).
Y1BeprkmaeTcs, 4TO B3pHIBA Tella HEe IIPOUCXOAUT. (€10 B TOM, YTO €CIIH BO3MYX U3 JIETKHX (M OCTaIbHBIX MOIOCTEH TeNa) OECIPEnsTCTBCHHO BBIIIE,
TO B OpPraHM3ME TOJIBKO JKHIKOCTb, KOTOpas BBIACIACT ITy3bIPbKH Ta3a, HO caMa cpa3dy He BCKHIAaeT. MexJIy HpOYMM, KOTrJa IPOUCXOAUT
pasrepmern3anus (Cka)keM, Ha OONBIIOH BBICOTE), TO YEIOBEK YMHPAET, HO Ha KyCKH €ro He pa3phiBacT. BCIIOMHIM HaIMX MOTHONIINX KOCMOHABTOB:
20 kM — 310 puMepHo 1/10 aTMOCcdepb! — MpaKTUYECKH BaKyyM, C HHTEPECYIOIIEH HAaC TOUKH 3PCHUSL.

Bopobwes I1.B.

BOITPOC Ne47: Tlouemy, HeCMOTpsL Ha OYEHb OOJBIIYIO TEMIIEpaTypy, SAPO 3eMIH HAXOAUTCS B TBEPAOM COCTOSHHU?

OTBET: Cornacuo reopu3u4eckuM JaHHBIM, SAPO 3eMIIH COCTOHT U3 TPEX CIIOEB.

Buennuii cnoit (Ha riyouHax 2920-4980 km o6vemoMm 15,16% u maccoit 29,8% Bceli 3emnn) nporyckaeT NpoAoIbHbIe, HO HE TONEPEYHbIe
celicMudeckue BOIHBL. [10 9TON MpUYMHE CIUTACTCS, YTO ITOT CIIOU HAXOAUTCS B PACILUIABICHHO-KHIKOM COCTOSIHUH. OO 3TOM K€ CBHICTENbCTBYIOT
JIaHHBIC: O TPWIMBHBIX KoJeOaHUsAX BHYTpH 3emin (eciu Obl Best 3emiist Oblia TBEPAOH, TO NPUIIMBHBIC KOJNEOAHNS HA €€ MOBEPXHOCTH ObLIM Obl
crabee (akTHUecKH HAOMIOACMBIX); O HYTAIMOHHBIX KOIEOAHUSIX 3eMHOI OCH C MEPHOIOM OKOJIO CYTOK (KOTOpBIe 0e3 >KHIKOTO sifipa ObLIu Obl
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HEBO3MOXKHBIMH); O TaK Ha3bIBACMBIX YAHIEPOBCKHUX KOJICOAHHAX IOMIOCOB (T.e. KOIeOaHMAX 3eMIH B IEIIOM OTHOCHTEIBHO €€ OCH BPAIICHHUS) C
neproioM okoJjo 1,2 roza.

Iepexonmslii caoi MeX Iy BHEIIHHNM U BHYTPEHHHM SIPOM HMeeT TOMIUHY okono 140 kM. BHyTpennee sapo umeer paguyc 1250 kM, 00beM
okouto 0,7% u maccy okono 1,2% Bceit 3eminu. [IpoosbHble ceCMUYECKUE BOJIHBI IPOXOAAT YEPE3 HEro ¢ OONBIIMMH CKOPOCTSIMH, 10 CBEICHUSIM
nocneanux aer cp = 11,1-11,4 km/c. B T0 e Bpemst JaHHbBIE 00 OTPaXKEHUSIX MPOJOJIBHBIX BOJTH OT IIOBEPXHOCTH BHYTPEHHEH YacTH A1pa, a TAkoke
peructpanus cecMUUECKUX BOIH AJIACKHMHCKOIO 3eMiieTpsiceHust 1964 r. mokasheiBaloT, 4To Yepe3 Hee IPOXOAAT U IMONEPEUHbIE BOIHBI (MMes 37eCh
JIOBOJIBHO Majble CKOPOCTH ¢S = 3,6 KM/C); IO 3TUM IAHHBIM BHYTPEHHSS 9YacTh sApa SBISCTCS TBEPIABIM TEIOM, MO-BUAUMOMY, OIHM3KUM K
IUIABJICHHUIO.

Ionpobuee B kuure: A.C.Mounun «[lomynspuas uctopus 3emin», M., Hayxa, 1980.

To, uTO BHYTpEHHSS 4acTh AApa, HECMOTPS Ha BHICOKYIO TEMIIEPATYypy, SBIISETCS TBEPJOH, 00BACHACTCS BBICOKUM JaBICHHEM B HeJpax 3eMiu:
C POCTOM JaBIICHHs PACTET TeMIepaTypa IIaBienus. Hampumep, 1is xkenesa TemmepaTypa ILiaBienns yBemmausaercs Ha 0,03 °C mpu ysenmuenmu
nasieHus Ha 10 atm. OneHuM, npy Kakod TemrepaTrype OyAeT IUIaBUThCS Jkene3o B leHTpe 3emid. Ecim Obl oHa ObLTa JKHIKOM, TO JaBieHHE B
HeZpax cocTaBIsuIo GBI 6osee 10° aTM. DTO yBEMHUHT TeMIepaTypy ILIaBieHus 6omee, aem Ha 3000 °C. TemmepaTypa ke B spe 3eMITH OLEHHBACTCS
B 3000 — 4000 K.

HcTounuk:

A.B.bsanxo «Hama ninanera — 3emis», bubnmoreuxa «KBant» Beimyck 29, M., Hayka, 1989, ctp.88-95.

BOITPOC Ne48: Tlouemy 3Be31bl MaaatoT?

OTBET: YacTuibsl MEXITAHETHOM MBUIH, BXOIS B 3eMHYIO aTMoc(epy ¢ OOJBIINMU CKOPOCTSIMH, CTOPAIOT B HEl, MPEBPAIasch B METEOPBI —
KPaTKOBPEMEHHBIE BCIBIIIKH, KOTOPBIE IIPOHOCSITCS IO HEOy M MCUE3aI0T, OCTaBISIA HAa HECKONBKO CEKYHH y3KUH CBeTsmuiics ciaex. DTOT clie B
MPOCTOPEUHHU HA3BbIBAIOT ITANAIOIIECH 3BE30M».

3a cytku B atMocthepe 3emmu BembixuBaeT mpumepHo 108 Mereopos spue 5™. MeTeopoB, MMEIOIINX 3BE3AHYIO BEIHUMHY M, IPHMEPHO B 2,5
pa3a Gounbie, yeMm (m-1)-if 3Be31HON BETUYHHBI.

Ouenb spkue MeTeopbl — OOMMABI, MOTYT HAOMIONAThCI U JHEM. BONHABI CONPOBOXKTAIOTCS HHOTZA BEHIIAJCHHEM MeTeopuToB. Ilo
HPOUCXOKICHUIO U (U3MIECKOMY CTPOCHHIO OOJBIIME Tela, HaOmogaeMble Kak OONUIbI, MO-BUAMMOMY, CHJIBHO OTJIMYAIOTCS OT YacTHIL,
BEI3BIBAIONINX METCOPHBIE SBJICHUS.

Korna MereopHast 4acTuiia BTopraercst B 3eMHyt0 arMocdepy co ckopocthio 11-73 km/c, IPOUCXOAUT 3HEPIUYHOE B3aMMOACHCTBHE MEXIY
gacTuieil 1 atMochepoil. ITo B3auMoAelicTBHE IIPOXOIUT UL HAC HE3aMEUCHHBIM, €C/IU YacTHI[Aa HACTOIBKO MaJa, YTO e Pa3Mepbl MHOTO MEHBIIE
IUTHHBI cBOOOIHOrO mpobera Monekyn. B Bepxuell atmocdepe 3emmn dacthna pazmepoM 100 MKM W MEHBIIE HMEET PEIKHE CTOJIKHOBEHHS C
MOJICKYJIaMH BO3yXa, KOTOPBIC IMPUBOIAT K 3aMEIJICHHIO ¢ IBIDKCHUS U MOTepe KOCMHYECKOH CKOPOCTH elle Ha 3HAUYUTENbHOH BHICOTE HAZ
MOBEPXHOCTBIO 3eMJIU, TaK KaK ¢ KHHETHYeCKasl SHEPTHs HeBEINKa.

Jlpyroe neno — BTOp»keHHE Ooliee KPyITHOIO METEOpHOTro Tena, pasmepoM oT 0,1 MM mo 10 cm. Takoe Temo cnocoOHO yBIeYh BO3YLIHBIC
Macchl, HAXOAAIIMECS HA €ro IMyTH, IepeaaBas UM 4acTh CBOETO MMITYJbCAa M Tepss KHHETHYECKYIO SHEPrHIO, KaK M B IpeiplayiieM ciydae. Ho
Terepb TO MPOMCXOIUT B HECPAaBHEHHO Oojee KPyMHBIX MacmTabax. Tak kak CKOPOCTb OBIKEHUS METEOPHOTO Telda B aTMoc(epe 3HAYUTEIHHO
HPEBBILIACT CKOPOCTh 3BYKa, 00pa3yeTcs yJaapHas BOJIHA, 33 ()POHTOM KOTOPOH CHIIBHO MOBBIIIACTCS TEMIIEpaTypa — 0 MHOTHX JECSTKOB THICSY
rpagycoB, Tak YTO BO3AYX 3a JICTSIINM METCOPHBIM TEIOM CHIbHO HMOoHu3yercsa. C Ipyroif CTOpOHBI, TepseMas KHHETHIeCKas DHEPrHs BBI3BIBACT
TaKXkKe M Pa3orpeBaHHe CaMOro METEOPHOI'O Tella U MCMApEHUE MOJICKYI M aTOMOB C MOBEPXHOCTH €ro. IIporcXoauT yHOC Macchl METEOPHOrO Tena,
TaK HasplBaeMas abOminus. IIpu «caupaHum» MOIEKylT MPOHUCXOMUT CHIBHOE Pa3orpeBaHHME METEOPHOrO Tela ¢ IOBEPXHOCTH, M MBI HaOIomaeM
SBJICHHE MeTeopa. Bokpyr Hero HempepsIBHO 00pa3yeTcst pa3orperoe razoBoe 001avKo, YaCTHYHO HOHU30BaHHOE. Pasymeercs, ra3bl OTIEIAOTCS OT
METEOPHOTO TeNa H PACIIONaraloTcs BAONb €ro TPACKTOPHU B BUJIE Cliea, HA0II01aeMOro BU3yalbHBIM, (OTOrpahiIeCKUM WM PaAUOIOKAINOHHBIM
METOZIOM, €CIIM y HETO A0CTaTOYHAst IPKOCTb.

Ha xakoM-TO ydacTke IyTH SPKOCTb METeopa JOCTHraeT MAaKCHMyMa — IIIAaBHOTO MM COIPOBOXKIAEMOTO BCIIBIIIKOM, a 3aTeM IPOHCXOIUT
npobieHne MeTeopHoro Tena Ha Bbicotax 40 — 50 KM M pe3Koe 3aMeJICHHE €ro ABIKCHHS B MHTEpBaje BBICOT OT 25 1o 15 kM. 31ech U KpymHbIe
METEOPHTHI IPOOATCS, IIOCIIC YEeTO BHINAJAIOT HA IIOBEPXHOCTh 3eMIIH B BUAE METEOPHOro HOXkKIdL. [lo ApoOIeHHS MU caMble IPKUE U MEITICHHBIC
METEOpbl YCIEBAOT 3aMeNINThCA 10 50% cBoeil nepBoHavalbHOH ckopocTH. OueHb SIpKHE M ObICTpPBIC OOIMABI, HMEIOIUE 3HAYUTEIBHYIO Maccy,
MOTYT IIPOHHUKHYTH 10 YMEPEHHBIX BBICOT (MHOT/Ia BCETO JHIIb HECKOIBKO KMIOMETPOB HaJl yPOBHEM MOPS), IIOCTIE YEero UX ABIKCHHE eCTh IPOCTOe
najieHue B arMocgepe 03 3aMEeTHOH HavalbHOI CKOPOCTH.

Ho camsle kpyITHEIE METEOpHBIC Tella BECOM B COTHU TOHH JOCTHIAIOT IIOBEPXHOCTH 3€MIIM ¢ KOCMHYECKOH CKOPOCTBIO — HX HaJeHHE HOCUT
kaTacTpoduyeckuii Xxapaktep. EcTth W mpoTuBonosoxHas Bo3MokHOcTh: 10 aBrycra 1972 r. B CIIA nHaGmonmancs B AHEBHOE BpPeMs METEOp,
KOTOpBIH, KaKk IIOKa3ala IIOocieqyromas o0paboTka HaOIIOACHUI, MpoJIeTeN 4epe3 3eMHylo aTtMocdepy, HO HE yIal, a JOCTHTHYB MHHHMAaIbHOH
BBICOTHI 58 KM, yIle] B KOCMHYECKOE POCTPAHCTBO, OCTABHB B aTMocepe JIMIIb Maylo 4acTh KHHETHYECKoil sHepruu. Ero Macca oreHuBaercs B
1000 ToHH.

Merteopbl 3aropatoTcst TEM BBIIIE, YeM OBICTPEE OHU JBMXKYTCS, HO M TACHYT OHM Ha OOJIBIIEH BBICOTE, YeM MEUICHHBIE METEOPBI, TaK KaK OHU
OBICTPO MOABEPralOTCs JPOOICHHUIO.

Hcryonuku:

T1.1.bakynun, 3.B.Kononosuy, B.11.Mopo3 «Kypc obmeii actponomum», M., Hayka, 1983,
J1.51.MapteiHOB «Kypc obeii actpodusukn», M., Hayka, 1988.

BOITPOC Ne49: Yto takoe MeTeopHbIi 10x/1b Jleonun?

OTBET: MeteopHoe BEIECTBO B MEXKILUIAHETHOM IIPOCTPAHCTBE — HTO HamOoliee TUHAMHYHBIN THH BemiecTBa ComHeuHol cuctemsl. CaMbie
Majlble 4acTHLBI (paguyc MeHblIe, puMepHo, 0,5 MkM) yXoaaT u3 CoiaHeyHOH CHCTEMBI IOJ JEHCTBHEM CBETOBOIO JaBleHHs. boiee KpynHble
TOpMO3STCS B pe3ynbraTe dddexra Podbeprcona-IloiinTunra, mo cnupanbHbIM opOutaM mpubmmkarorcs K COnHIYy U magaloT Ha Hero. DddexT
PoGeprcona-TloiiHTHHra — 3TO TOPMOXKEGHME Teja, JABIKYIIEroCs B MOJE W3IydEHHUs, BO3HMKAIONIEE M3-32 TOTO, YTO B CHCTEME KOOPIHHAT,
CBSI3aHHOU C 3THM TEJIOM, BEKTOpP CHIIBI CBETOBOI'O JABJICHHS MMEET KOMIIOHEHT, HAIIPaBICHHBIN IIPOTHUB BEKTOpa CKOpocTH. YacTuma, uMeromas
auamerp 10 MKM M HaxofsIlascs Ha KPYroBoil opOute paamycom 3 a.e., B pesyinbTare 31oro 3¢dekra magaer Ha ConHIEe B TCYEHHE BPEMEHH
nopsaka 10 mer. ITockombKy MEXIIIAaHETHOE METEOPHOE BEIIECTBO B PE3yNbTaTe IIPOLECCOB, CBA3AHHBIX C JTydYEBBIM [AaBICHUEM, HEIPEPHIBHO
ynansercst u3 CONHEYHOH CHCTEMBI, TO OHO JOJDKHO HENPEPHIBHO BO30OHOBIATBCA, YTO M IMPOMCXOJUT B pe3yibTaTe paspylICHHs KOMET M
aCTEpPOHIOB.

Ipu xaxnom comnkeHnn ¢ CoNHIIEM KOMETa TepseT HEKOTOPYIO 4acTh CBOSH MAcChl B BUIE T'a3a M IbUIM, BHIOPACHIBACMBIX B TOJIOBY U B XBOCT.
IIpu >TOoM ToNOBBI KOMET HHOTJA JOCTUTAalOT Pa3MepOB, HMPEBBIMAONMMX pa3Mepbl ColHIA, a XBOCTHL MMEIOT MOpoi mmmuHy Oonbmre 1 a.e. Kak
MIOKa3bIBACT CIIEKTP KOMETHI, B HEH COAEPIKATCS M ra30Bas U MbIICBask COCTABISIONIHE, TOCICHS CBETHT TOJIBKO OTPAXKCHHBIM COJTHECYHBIM CBETOM.
To xe MOXKHO yTBEepXKJaTh OTHOCHTEIBHO CaMOU SIPKOM IIEHTPaNIbHOI YaCTH TOJIOBEI KOMETHI, KOTOPYIO HAOIIOAATeIN OOBIYHO HAa3BIBAIOT SAPOM.

Oc0oOCHHO KpYITHBIC TIOTEPH HECET KOMETa MpU 0Opa30BaHMM aHOMAJIbHBIX XBOCTOB, COCTOAIIMX M3 YaCTHUIl KpyNHOro pasmepa. KomndectBo
ra3oB, OCTAIOIIMXCS B IJIBIOAX KOMETHOW TOJOBBI, NPOTPECCHBHO YMEHBIIACTCS; OBICTPO PACCEHBACTCS B IPOCTPAHCTBE CBOOOTHAS IIBLIb.
IMeproauueckas koMera ¢ KaxapiM npuOmmkeHrneM kK CONHILy CTaHOBUTCSA Bce cliabee, MHOTHE M3 HUX «HE BBIICPIKHMBAIOT» Ooliee IBYX-Tpex
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commkennit ¢ CoIHIIEM U IEepecTaloT CyIeCTBOBATh KaK KOMETHL. JIpyrue M3BecTHHI IPH OOJNbIIEM YHCIE MOSBICHHM, HAIpHMEp, KOMeTa DHKE ¢
nepuonoM 3,3 roxa, oTkpbiTasg B 1786 T. M pery/sipHO HaOIIOABIIAsICS JO HACTOSILIEro BpeMeHH NpH 47 MOsBICHHUAX (BOCEMb OBUIO MPOIMYIICHO
HaOJIIOJaTEeNSIMH ).

Kowmera ["amnest ¢ Gonee MIMHHBIM TepuoxoM, 76 jer, Habmomaercs ¢ 466 r. 10 H. 3. 3a MUHYBIIHE ThICAUYETCTHs OHA 32 pa3a MPOXOAWIa
nepurenuid Ha paccrosauu ot Connma Beero ymmb 0,59 a.e. TpynHo cka3ats. ocimabena 1M OHA 3a 9TO BpeMs, HO KOMeTa DHKE 3a JBa CTOJICTHS
ocnabena goctoBepHo. Ee abcomoTHast 38e3/Has BEIMYNHA U3MEHHIIACH B CTOPOHY OC/abieHus He MeHee deM Ha 2™. YV MHOTHX APYTUX KOMET 9TOT
TIpoLecC UAET HECPaBHEHHO OBICTpee.

Hepenxu cityuan, korzia KOMEThI ApoOsTCs Ha HECKOJIBKO YacTeil, IEMOHCTPHPYS TEM CaMbIM MaJIyI0 CBA3aHHOCTH ee BeljecTBa. Kimaccuueckum
TIPUMEPOM sBJIseTCs kKoMeTa buanbl. Ona Obna oTkphITa B 1772 . 1 Habmoganacs B 1815, 1826 u 1832 rr. B 1845 r. pa3smephl KOMETHI OKa3aIHCh
YBEIMYCHHBIMY, a B sHBape 1846 r. HaOmomaTeny C yJAMBICHHEM OOHApYKWIH J(BE OYEHb OJM3KHE KOMETHI BMECTO ONHOM. BbuIM BBIYMCIICHBI
OTHOCHUTEIbHBIC ABIDKEHHSI 00eHX KOMET M OKa3aJoch, YTO KOMeTa buaibl paszmenuiachk Ha IBe eIie OKOJIO TOfa Ha3aj, HO BHaYale KOMIIOHEHTHI
HPOCKTUPOBAINCH OJIMH Ha APYTOii, M pa3jencHue OblIo 3aMeueHo He cpasy. Komera buaubl Habmoanack elie OAWH pa3s, IPUYEM OJHH KOMIIOHCHT
6611 MHOTO crabee Apyroro,  Ooniblle ee HAWTH He yaanoch. C TedeHHeM BPeMEHH IPaBHTAIMOHHAS CBS3b MEXIy KOMIIOHCHTaMH OclIa0eBaerT, U
oHM JBIXKYTCs BOKpYr COJNHIa KaK He3aBUCHMbIC Tella. 3aTO HEOJHOKPATHO HaOIIOalcsi METCOPHBIH MOTOK, OpOMTa KOTOPOro COBMajaga C
opOuTOii KOMEeThI buaJIbL.

Ipu paspynieHuM KOMET MHOTZAa BO3HHMKAIOT PEAKTHBHBIC CTPYHM M BBIOPOCHI, KOTOpBIE MOTYT MCKa3HTh OpOHMTHI KoMeThl. Hampumep, sapo
KOMETHI JHKE BPAIAETCs C MEPHOJOM, KOTOPHIH OLEHUBAIOT NMPUOIM3UTEILHO B OAHU CyTKH. IIpm obmydenmn ConHneM sapo HarpeBaeTcsi, HO
HanOoJIbIIas TeMIIEpaTypa HACTYHAET HE B MOJCOTHEYHON TOUKE KOMETBI, @ HECKOJIBKO MO3Xe, CKaxkeM, Ha 10—15° 1o monirore B CTOPOHY «BEdepa.
Mexy TeM BBIOPOC ra3a U IBUIM OOMIBHEE BCEro 37eCh, U IIPU BHIOPOCE BO3HUKAET PEAKTUBHOE YCKOPEHHE B HAIPABICHUH, KOTOPOE COCTABILIET C
paJuyc-BEKTOPOM KOMETHI 3aMETHBIH yrojl, Tak 4TO y PEaKTHBHOIO yCKOPEHHUs €CTh COCTaBJIAIOINAs, NEPHEHAUKYISpHAs K paauyc-BeKTOpy. JTa
COCTaBIIIOMAs] yBEIMINBACT WM YMEHBIIAET CKOPOCTh OPOUTAIBHOTO ABIKCHHS KOMETHI B 3aBHCHMOCTH OT TOTO, BPAINAETCs JIM KOMETa B IIPSIMOM
uim oOpaTHOM HampapieHHH. Hapsiay ¢ yckopeHHeM y KOMET BCTPEHaroTCsl, IPaB/ia Pexe, 3aMEUICHHS IBHKCHUSL.

IIpumepom paspymieHHs KOMET SBISIIOTCS ABE «Iapalalolux» KOMETHl, HaOmogasmuecs co cimyTtHuka «SOLWIND» B HemocpeacTBeHHOH
6mm3octn ot CosHIA € MOMOIIBI0 CBOCOOPA3HOro KOpPOHOrpada — B TEHH OT MCKYCCTBEHHOTO JHCKa, BBIJBUHYTOTO Ha MHOTO METPOB BIEpe] OT
pudopa U Co3JaBaBIIEr0 UIMUTAIUIO COTHEYHOTO 3aTMEHUS IIPH OTCYTCTBUH aTMOCc(epHBIX ToMeX. B sHBape u ntone 1981 r. komeTsI HaOIIOATHCE
Ha paccTosHHsAX oT COoJHI[A, HEMHOTO MPEBBIMIAIONIMX €r0 PaJUyC, U JaXKe B COJHEYHON KOpOHE He IPEKpaIlalld CBOE CyIIeCTBOBaHHME. MOXHO ¢
YBEPEHHOCTHIO YTBEP>KAATh, YTO BCS MBLIEBAs COCTABILIIONIAsl ITUX KOMET HCIIApPUIIach B CONHEYHOH KOPOHE, HO Oonee KpyIHbIE Tela, BXOAUBIINE B
SAPO KOMEThI (KaMEHHBIC IJIBIOBI), «IEPEKUIN» UPE3BBIYANHO BHICOKYIO TEMIIEPAaTypy B TCUEHHE HECKOIBKHMX YacOB NPEOBIBAHMS B KOPOHE M
BEIPBAJIUCE 110 IIEPBOHAYANBEHOH 0opOuTe, ynansscs oT ColHIa KaK CKOIUICHHE MaJbIX TBEPIbIX TeN H YK€ HEBHUMEIE.

Ecmu 3Ta opOura mepecekaeT 3eMHYIO OpPOUTY, TO €KErofHO, KOraa 3eMilsl IOMafaeT B TOYKY MX MEPeceHeHHs, HaONIOJAIOTCS METCOPHbIC
JIO>K/H, YCHIMBAIOIIUECS IPH OJHOBPEMEHHOM IOAXOJE K 3TOH Touke 3eMIM M OCTaTKOB KOMeThl. Ecim ske ycumineHuil He HaOnrogaeTcs, 3HAUMT,
BEIIECTBO KOMETHI OoJiee MM MEHEe PaBHOMEPHO Paccessioch 10 OpOUTE — KOMETa MOJHOCTBIO NPEKpaTHIa CBOE CYLIECTBOBaHHE Kak HeOecHoe
Temo.

Takum 0Opa3om, pacnafasch Co BpeMeHeM, KOMETa IMOPOXKAaeT METCOPHbIN MOTOK, IBUKYIIUHCS 110 ee OpOUTe, OTKY/la MOXKHO C/IEIaTh BBIBO,
9TO SIAPO KOMETHl HE €CTh SAMHOE TBEPAOE Telo, IIyCTh JaXKe aCTEPOHIHBIX Pa3MEpOB, HO COBOKYIHOCTb OTJENBHBIX TEN, pa3Mep KOTOPBIX HE
HOJAETC TOUYHOMY ONpENENEHUI0. JTa COBOKYIHOCTH B OonblIOM ynaneHuH oT CoJHIIAa COCTOMT M3 HECTOMKOIro CMEIUEHHs IJbIO, KaMHeid,
NIECYNHOK, MBUIMHOK, CIIa00 CBA3aHHBIX MEXTy co0OM, HO BCe-TakH 00pa3ylomuX J0 IOPHI 0 BPEMEHH €IUHOE LeJoe, B KOTOPOM CBSI3YIOIIUM Be-
IIECTBOM SIBJISIFOTCS JIbJIbI M3 BCSIKOTO POJIa MPOCTBIX COEMHEHUH BOIOPO/A, KHUCIOPO/a, YIIepoaa 1 a30Ta, JIErKO UCTIapsIIOIIUECs TP COMMKEHUN
xoMetsl ¢ Comanem. Toraa Bce BKIIOUEHHBIE B JIbABI TIIBIOBI M KAMHH C IOIEPEYHUKOM OT HECKOJBKUX METPOB IO CAHTHMETPOB H MHIUIUMETPOB
00HaXXaIOTCS U B CBOKO OYEPE/b BBIICIAIOT aJICOPOUPOBAHHBIC Ta3bl U MOCTABIAIOT MbUIb. OHU MOTYT 00pa3oBaTh POH CaMOCTOSTEIBHBIX IIIBIO U
KaMHEeH.

YacToTa MosABICHUS METECOPOB M MX pacIpe/ielicHHe 10 HeOy He BCer/a sIBIAIOTCA paBHOMEPHBIMU. CHCTeMaTH4eCKH HAaOI0Jal0TC METCOPHbIE
TIOTOKH, METEOPHI KOTOPBIX Ha MPOTSHKEHUH OIPEIEICHHOTO IPOMEXKYTKAa BPEMEHH (HECKOIbKO HOYE) MOSABILIOTCS PUMEPHO B ORHOH M TOH ke
obmactn HeOa. Eciu uX ciepl NPONOIDKMTE HAa3am, TO OHM HEPeceKyTcst BOIM3M OJHOM TOUYKM, HAa3bIBAEMOH PaJMaHTOM METEOPHOTO ITOTOKA.
MHorze MeTeopHbIe TIOTOKH SIBIIIOTCS IIEPHOJMIESCKIMH, IIOBTOPSIOTCS U3 TOJla B TO M Ha3BaHEI 110 CO3BE3IMSAM, B KOTOPBIX JISKAT UX PaJHAHTHL.
Tak, METCOpHBIN MOTOK, HAOMIOAeMbIi exeroqHo npumMepro ¢ 20 urons mo 20 aBrycra, Ha3BaH [lepcenamu, MOCKONBKY €ro PajdaHT JEXKHUT B
cose3auu Ilepces. Ot co3Besnuii JIups! 1 JIbBa HOMyYHIN COOTBETCTBEHHO CBOE HAa3BaHHE METEOpHEIe MoTokH JIupun (cepenuna amnpens) u Jleonun
(cepenuHa HOSOPST).

AKTUBHOCTb METEOPHBIX IIOTOKOB B pa3HbIe TOJbI Pa3H4HA. BBIBAaIOT rofbl, B KOTOPHIC YHCIO METEOPOB, NMPUHANIKANIUX MIOTOKY, OUCHb
MaJio, a B MHbBIC TOJibl (OBTOPSIOIIMECS, KaK TPABUIIO, C ONPEICICHHBIM MEPHOIOM) HACTOIBKO OOMIIBHO, YTO CaMo SIBJICHHE MOJYYHIIO Ha3BaHHE
3BE3HOTO HOXKIAA. MeHsromasics aKTHUBHOCTh METCOPHBIX IIOTOKOB OOBSICHSETCS TEM, YTO METCOpPHBIE YaCTHIBI B IIOTOKaX HEPaBHOMEPHO
pacrpe/eneHbl BIOJb JUIUINTHYECKOH OpOUTEI, HepeceKaroliel 3eMHYIO.

Tpu MereopHsIx noToka — JleoHuansl, AHApoMenuAbl U JpakoHUAB! MOKa3bIBAIN B HMCTOPHYECKHE BPEMEHA OUCHb PE3KHE BCIIBIIIKH AKTHB-
HOCTH, IPHYEM B clyyae AHIPOMENN 3TO OBUIO NPSIMO CBSA3AHO € pa3pylieHueM KoMeThl Kucibl, kotopas B 1845 r. pazaBousiack U B cleyrollee
TosiBIICHHE, B 1852 T., BUIHEI ObLIM ABE c1adble KOMETHI, pa3/ieeHHbIe PacCTOSHIEM cBbImIe 1,5 MiaH. kM. bonbnre komera buais! He Habmoxamach.
Ho B 1872 u 1885 rr., korna 3emist nepecekia opOUTy KoMeThl BUCIbI M cama KoMeTa, eciii Obl OHa ellle CyIecTBoBana, Obuta Obl OJIM3Ka K TOUKE
repecedeHys], HaOMIOAAIICh BEIUKOICHIHbIE TOXKIH MEICHHBIX METeOPOB (OHH HArOHSIM 3eMIII0 CO CKOPOCTHIO 19 KM/C) ¢ 4acOBBIM UHCIIOM HX,
noxomuBmuM 10 7500. B 1892 u 1899 rr. moroku AHIpOMEAWA ONATh YCHIMBAIUCh, HO HE3HAuuTeNbHO. [locienyromias BCIBIIIKA aKTUBHOCTH
Annpomenna HabIOAANaCh CIyCTs NATH JieT, B 1904 1., B TO BpeMs KakK nepuoj oOpaiieHus KoMeTbl Bucibl cocTaBisii 6,6 jeT. 3Ha4uT, METEOpPHOE
CKOIJIEHHE CYLIIECTBOBAJIO JIaJIeKO BIepe caMoii «ObIBIIel koMeThl». ITocne 1940 r. akTUBHOCTE AHIPOMENU]T BO3POAUIIACH, HO B C1a00M CTENEHH.

B HacTosImee BpeMs yCIIeNHO COCyIIecTBYIOT koMeTa JxxakoOounu — I{uHHepa u CBA3aHHBIH ¢ HEI0 MeTeopHBIil moTok Jpakonuna. Komera 1900
III 65112 oTKpBITa IKakoouHu B 1900 r. Bckope nocie ee cuibHOro commkenus ¢ FOmurepom. Ilocne enie ognoro commkenns ¢ FOnutepom, B 1910
I., OHa ObLIa TIOBTOPHO OTKpHITAa B 1913 T. U B manpHelIeM HEOTHOKPATHO HAOMIOAANACh C IEPHOAOM oOpareHus 6,6 1eT. Y3en KOMETHOH OpOUTHI
Tenepb HaXOAUTCs Ha paccrosiHud Beero ymmb 0,001 a.e. ot 3eMHOM opOuUTHL. 9 okTs0ps 1933 1. 3emus mpoxoamia 3Ty Touky Ha 80 nHel mo3xe,
4geM ee IepeceKsia KoMeTa. B 9Ty Houb Takxke HaOMIIOmacs BENTUKONCTIHBINA JOXKAb METEOPOB C paJHaHTOM B J[pakoHe IpH 4acOBOM UHCIE HX IO
6000. Criycrst 13 niet, B Houb ¢ 9 Ha 10 okTa6ps 1946 T., BHOBH HAOMIOAJICS TAKOM JKe, €CIIH He 60Jiee HHTCHCHBHBINM, METCOPHBIN T0XKIb B TCUCHHUE
5—6 gacoB, oKa 3eMiIs Iepecekaa KOMETHYI0 OpOUTY cIrycTs 15 mHell mocie Toro, Kak 3T0 MeCTO mpomnta komera. B 1952 r. 3emus mpoxonmia
MecTo cOmmkeHus 3a 195 mHeil 1o KOMeTHl U OIsTh HaOMoAaNcs HeOObIIOH METCOpHBINH NOXAb (dacoBoe uncio 200), a B 1959 r. JIpakoHumasl
IPaKTUYECKU He HAOIIOAANINCh, XOTS 3eMIsI OllepeuiIa KOMETY B MeCTe HauOoIbIIero cOMMKeHNs: OpOUT TOIBKO Ha TpU Hexenu. TakuM oOpasom,
no3agu koMetsl J[xakoOunu — L{pHHEpa 0Opa3oBajicss METEOPHBIH pOif, HO cama KOMETa OT 3TOro Majo mocrpagana: U B 1959 r. ona Obuia
JIOCTaTOYHO SIPKOH; 8 okTs0ps 1985 r. moTok JpakoHHA ONATH MPOSBUI ceOs B IOIHYIO CHIIy — YacOBOE YHCIO METEOPOB IO PaJHOHAOIIOACHHAM
JIOCTHTajI0 OAHOH-TpEX ThICSY.

Pacnan xomeT 1 00pa3oBaHHE METEOPOB, PACIPEIEIIONINXCS 3aTeM 0 BCell OpOUTe MIIH 10 3HAYHTEIHHOH ¢ YacTH, IPOHCXOAUT TaKUM 00-
Pa3oM, YTO METEOPHBIE TeJla MOKUAAIOT SAPO KOMEThI C YMEPEHHBIMH CKOPOCTAMH. BblI0 MoJcYnTaHO, HAPUMeEp, YTO A1 OOBSCHEHHS HAONI0IaB-
mmxes B 1933 u 1946 rr. noxneit JpakoHuA 10CTaTOYHO, YTOOBI METCOPHBIC YaCTHIIBI BHIOPACKIBAINCH U3 Spa KOMETHI CO CKOPOCTSAMH TOPSAKa
14-20 m/c. HYacTHIbI 3TH PacIoNararoTCsl AOBOJIBHO TOYHO B INIOCKOCTH KOMETHOI OpOWTHI, HHAUE NMPOJAOKUTEILHOCT METEOPHOTO 0K Oblia
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6561 MHOTO OombIe. CkopocTH BbIOpoca B 10 M/C 10CTaTOYHO, YTOOBI METEOPHBIE YaCTUIIEI PACTAHYIHCH 3a 160 et mo Manoi opbute, kak opouta
T'emununz, u 3a 1100 ner no 6onbLioi opouTte, Takoi, Kak y komeTsl [ames.

Koneuno, MeTeopHSIi poif, CyIIECTBYIONINII OTACIBHO OT KOMETHI, IOABEPTaeTCsl HHBIM IUIAHETHBIM BO3MYIICHUSIM, YeM caMa KOMETa, U BBHIY
MEHbIIEI TOYHOCTH METEOPHOI OPOUTHI YUECTh BOSMYIICHHS TPYIHO. BOT moueMy COBEpILCHHO HENpPEeJBUICHHBIM 00pPa30M OTAEIbHbIE METCOPHbIE
MIOTOKH U CTYIIEHHS B HUX TO COMIDKAIOTCA, TO yHAIAIOTCS OT 3emiu. TakoB, HampuMep, HecObBIIMHCS noxab Jleonun B 1899 r., KoTOpsId He
COCTOSUICS, BONPEKH OxxuaaHusM. OH Hpefrosaraics TakuM ke 3G (pekTuBHbIM, kKak B 1866, 1833 u 1799 rr. DTOT NOTOK BHOBb MpPOSIBUI ceOs
noxaeM B 1966 r.

B koHeuHOM cyeTe, rpaBUTALMOHHbIC M MHBIC BO3MYILIECHHS MPEBPAILAIOT KOMETY B METCOPHBIH MOTOK, a TOTOK CTAHOBHTCS CO BPEMEHEM BCe
6omnee u Gonee paccesTHHBIM B IPOCTPAHCTBE.

Hcrounuku:

T1.1.bakynun, 3.B.Kononosuy, B.11.Mopo3 «Kypc obmeii actponomum», M., Hayka, 1983,
J1.51.MapteiHOB «Kypc obmeii actpodusukn», M., Hayka, 1988.

BOIIPOC Ne50: Kak BO3HUKAIOT 3eMJIETpsICEHUS?

OTBET: CeillcMHYHOCTB, T.C. CIIOCOOHOCTH KOCMHUYECKOrO TeNa MOCPESACTBOM 3EMIICTPSICEHUs (JIyHOTPSICEHHUS H T.II.) «pa3pspKaTthCs» H
«cOpaceIBaTh) HAKOIUICHHYIO YIPYTYIO SHEPTHIO, IO-BHANMOMY, O0IIee CBOMCTBO IS IUIAaHET 3eMHOH IPYNNBI U OONBIINX CIyTHHKOB. ORHAKO,
ecii 00paTHTBCS K KapTe 3eMIICTPSICEHMIT, BUJTHO, YTO €CJIM 3TO M 00IIe3eMHOE CBOMCTBO, TO MPOSBIAETCS OHO JaleKo He paBHOMepHO Ha 3emie. Ha
Hamlell IaneTe CeHCMUYHOCTD MPOSBICTCS HE IOBCEMECTHO, @ COCPEIOTOUEHA B OCHOBHOM B OKPECTHOCTH THXOro OkeaHa U CYIECTBEHHO MEHBIIE
B HECKOJIBKHMX JAPYIMX BBIJCICHHBIX paifOHAaX, KaKk Ha KOHTMHEHTaX, Tak M B okeaHaXx. OObIYHO 3TO JMOO ociabieHHble, MO0 HambOonee
HaIpsDKEHHBIEC 30HEI JIUTOC(epsl. [ TyOUHBI 3eMIIeTpsCeHHI BapbHPYIOT OT 5 10 700 xM.

W3BecTeH psaa KOppeALMi, CBA3BIBAIOMINX CEICMUYHOCTD € TapaMeTpaMK 3eMIIU: BBICOTOM Ireousia, CKOPOCTBIO BPAIEeHUs 3eMIIH, MAaTHUTHBIM
moneM U T.4. PaccMaTpuBaTh CeHCMHYHOCTD 3eMIM MOXKHO TOJBKO BMECTE C €€ MOJENBbI0 00pa30BaHUS, HBOIIONHUU U BHYTPEHHETO yCTPOUCTBA.
Hay4Hble OCHOBBI CEHCMOJIOTHH, KaK HayKH O (pM3HMKE 3eMIICTPSCCHMIT, ObUIH 3aJ0XeHBI mocie Toro, kak Y.d.Puxrepom uist cpaBHEHHS OJHOTO
3eMICTPSICCHUS C APYTHM ObLTa IpeUIoKeHa MiKana MarHuTyA. (MarauTyma — oTHocHTenbHas BenmumHa.) Illkama ompenenser craHmapTHOE
3eMJICTPSICCHHE M OLCHUBACT APYrde 3eMIICTPACCHMS 10 UX MAKCHMAaJbHBIM aMILUIMTYJaM OTHOCHTENBHO 3TOrO CTaHIapTHOrO Macmraba Hpu
HACHTHYHBIX YCIOBUSIX HAOIIOCHHS.

Marnuryza 3emiueTpscenus M no onpeznenenuto Puxrepa:

M=1g [A/AJ],
rae Ao 1 A — MakCHMaJIbHbIE aMILUTMTY/bI 3alMCH Ha ONPEAEICHHOM ceiicMorpade Uit CTAHAAPTHOTO U M3MEPSIEMOT0 COOBITHSI COOTBETCTBEHHO.
MaruuTyna cBsi3aHa C OJHEpruedl 3eMieTpsceHHs. M3MeHeHHe MAarHHTYyAbl Ha CAMHUIYY SKBUBAJIEHTHO IOBBHIIICHHUIO (TIOHIKEHUIO) JHEPTUH
3emuterpsicenus B 32 pasa. K npumepy, marautyna M = 8,0 coorBerctByer E = 6,300% apr; M=7,0; E= 2,0000% 3pr U T.A.

I'yren0epr u PuxTtep ycTaHOBHIIN 3aKOH IIOBTOPSIEMOCTH 3eMiIeTpsceHui. Uncno Menko-poxycHbIx 3emuaerpsicenui (h<50xMm) B Tox 3aBHCHT OT

MAarHUTY/bl B COOTBETCTBHH C (hOpMyIIOi

lg AN = -0,48+0,90(8-M) ,
rae AN — gmcno 3emnerpsicennii B rox B uateppane AM = 0,1 M. CMbICI 3aKOHA TOBTOPSIEMOCTH 3eMIICTPSICEHUIT COCTOUT B TOM, YTO 3eMJICTPSICCHUS
C BBICOKOH JHeprueil MpoUCXOIIT Ha 3eMile CPAaBHUTEIBHO PEIKO, C MEHbIIeH — Jamie, ¢ eme MeHbIIeil — eme dame. CpenHss TooBast SHEPrHs
3eMJIETPSICEHHIA, B 11e10M 10 3eMJle, IPUXOAUTCS B OCHOBHOM Ha 3eMJIETPSACEHHs C MarHUTY10H Gosee 7.

OxuH U3 BaKHEHIINX BOIPOCOB CEHCMOIOTHHU 3aKIIOYaeTCs B BEIICHEHUH IIPUPOIBI MEXaHH3Ma 3eMIICTPACCHHS, T.€. (PH3UKH IIPOLECCOB B €r0
oyare. HecMoTpst Ha TO, YTO 3TOT BONPOC CTOUT NEPE]] UCCIIEAOBATENSIMI HE OJUH AECATOK JIET, COBPEMEHHBIE NPEACTABIEHHs 0a3UpyIOTCsl, TEM He
MeHee, Ha uzesx, 3aaoxenusix 80 et Hazan J[x.Peiimom.

Cyts Teopum Peiija cOCTOMT B HAKOIUIGHWM YNPYrux JAeopManyii MpU IOCTCIICHHOM HApacTaHWH IEpeMEIleHHs OJIOKOB, 00pa3oBaHHH
pa3pbiBa ¥ Pe3KOr0 CMEIICHUS CTOPOH Pa3phIBa B MOJIOXKEHUE, B KOTOPOM OTCYTICTBYIOT ynpyrue aedopManun. Pa3psiB, Tpemuna, coOCTBEHHO odar
3emIeTpsiceHus, 1o Peiiy, MOryT 100 BBIXOANTH Ha OBEPXHOCTh — M TOT/IA MBI HAOJIFOJ]aEM CHIILHOE 3eMIICTPSCCHUE, TMO0 HAXOIUTHCS MO/ Hel —
BO BCEX CIIydJasX CIAa0BIX 3eMieTpsceHuil. HecMOTps Ha HEOOHOKPATHBIC MONBITKY KPUTHKH 3THX IOJOXKEHMH, IPYrHe M3BECTHBIC MOJENH odara
3eMJIeTpsICeHus Hepaneko "ymu" or Moaenu Peiina, HU4ero NpuHIHUINAIEHO HOBOTO B MOZIENIM OYara 3eMJIETPsCEHHs TaK U He ObLIO ClIeTaHo.

Bo3Hukaer ecTeCTBEHHBIH BOIIPOC: BO3MOXKHO, TeopHsi Pelifa IMOTHOCTBIO YIOBIETBOPSET CYIMIECTBYIONIYIO CEHCMOIOTHYECKYIO IIPAKTHKY U HE
HaXOAUT NpoTuBopeurs? B nelcTBUTENBHOCTH 3TO coBceM He Tak. Paccmorpum BospaxeHus @.Crelicu, 00CYKAAIOIIEro OJHO M3 MOJIOXKEHHUH
Teopuu Peiina: HanpspkeHHS Ha pa3loMe IMHEHHO PacTyT CO BPEMEHEM H 3eMIICTPSACEHHE IPOUCXOMUT TOT[a, KOIJa JOCTHIACTCS OIpeIeTIeHHBIH
npenen. Ecnu npunsats, paccyxaaer Creiich, MHTepBald BpeMEHH MEXAy 3eMieTpsceHHsaMH paBHbIM 100 romam, mpenen HampspKeHHsl Hepes
3emueTpsicenneM mopsiaka 107 mum/cm?, To momywaercst ckopocTs pocta Hampspkerms 30007 mmm/ (cm?ld), uto B 1000 pas MeHbIIE CKOPOCTH
W3MCHEHUSI HANPSDKEHUH MPU JyHHBIX IPHIMBAaX B 3€MHOM Kope 7 nuH/ (cM?(d). Torna, kasanock Gbl, JIYHHBIH TPUIMB JIOJDKEH a0COJIIOTHO YETKO
TIPOSIBIIATHCS B IEPHOJHIHOCTH MOSBICHHS 3MICTPSICCHUH, Yero B ISHCTBUTEILHOCTH He HaOIo1aeTcs.

Takum o0Opa3om, (akTHYECKUi MaTepuan He JIONMyCKaeT OJHO3HAYHOIO TOJIKOBAHHs HAaOIIOAAECMBIX SBICHUIT. ['UIIOTE3bl, OMMCHIBAOIIME OYar
3eMIICTPSICCHUS, CBA3BIBAIOT U3IyUCHHE YIIPYTUX BOIH C OBICTPOM pa3rpy3Koil BCICACTBHE Pa3pyIICHUS TBEPAOTO Tela B oUare.

OOpaTuM BHUMaHUE Ha ClelylollMe OOLIeNpH3HAHHbIE MONOXKeHUs. Bo-nepBbixX, celicMuueckas 3HEprus yeprnaercs 3a CUeT H3MEHEHHs
YIPYroil PHEpPrHU CABHTa B odare. Bo-BTOpBIX, OYar 3eMIIETPSCEHHs HOCTATOYHO JIOKAIM30BaH, U DHEPrHs H3IyYaeMbIX BOIH IPOHNOPIMOHATbEHA
o6bemy ouara. (HekoTopoe pasmuune BETHYMH HAKOIUICHHON SHEPIMH B CAMHHIE 00beMa I Pas3HBIX 110 TIIyOMHE M MPOTSHXKEHHOCTH O4aroB He
MMEIOT IPHHIUNHAIGHOTO 3HAYEHMS, YYHUTHIBAs OTPOMHBIN [HAIa30H M3MEHEHHS OJHEPrHi 3eMileTpsiceHHil.) B-TpeTbux, mOBTOpsIEMOCTBH
3eMJICTPSICCHHIT CBUJICTENIBCTBYET 00 YCTAaHOBHUBIIEMCS MIIM KBAa3HyCTaHOBHBILIEMCS Tpolecce AepopMUpOBAHHSL.

Hcrounuxmu:

JI.B.Tapacos «®u3zuka B npupone», M., [Ipocsemenue, 1988, rnasa 17,
B.H.Pomuonos, 1.A.Cu3oB, B.M.LIBeTkoB «OcHOBEI reoMexanukm», M., Henmpa, 1986,
B.B.Ky3nenoB «®u3uka 3eMHbIX KaTacTpohHyecKux siBieHuii», HoBocubupcek, «Haykay, 1992.

BOIIPOC Ne51: Ectb 51 y BCeJIeHHOM Kpaii?

OTBET: OtBer Ha BOIPOC 3aBHCHT OT TOT'0, YTO HA3bIBaTh KpaeM BcelleHHOM (3TO CII0BO MPHHSATO MUCATH C 3arNIaBHON OYKBBI).

Bcenennast mu16o 3aMkHyTa (TpexMepHOe HOJ00He MBUIBHOTO Iy3bIps) — TOTAA Y Hee Kpas HeT, MO0 OecKOHEeYHa, W TOTAa Kpas TOXE HeT.
OJIHaKO B HEKOTOPBIX KOCMOJOIMYECKHX MOJIENSAX MMEETCS TaK HAa3bIBACMbIH TOPU30HT. DTO MOBEPXHOCTH, M3-3a KOTOPOI HAONIFOJaTEb HE MOXET
TIOTY4NTh HUKAKUX CUTHANOB. OHAKO TOPH30HT He sABIseTCs (H3UUECKUM KpaeM BceeneHHOM, a IpoCTpaHCTBO Ha TOPU30HTE YCTPOCHO TAK XKe, KaK
U B TOM MecTe, Iic HaXoAuTcsi Habmogarens. C Ipyroil CTOPOHBI, B HACTOsIIEe BPEMs C MOMOLIBIO BHeaTMoc(epHoro teneckorna "Xadbon" u
paguounTtepdepoMerpa co CBEpXAIMHHON 0a30i (IPUEMHUKH H3IIy4eHHUs pasHeceHbl Ha paccrosHue 8000 KM) acTpOHOMBI MMEIOT BO3MOXKHOCTD
HaOmoaTh 0OBEKTHI, yAaJCHHbIEC OT HaCc Ha 15 MmiumMapioB cBeToBhIX JeT. Ecim obmenpunsTas ceifuac runoresa bonbioro B3peiBa BepHa, a Mo
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Pas3IUYHBIM OLCHKaM 3TO coObITHE mpon3onuio 10—-20 MuwumapoB JieT Ha3aa (MHOTHE aCTPOHOMBI CUUTAIOT, YTO ATO CIYYHMIOCH 17 MUILIHApAOB
JIeT Ha3aj), TO U3 IPUBEICHHBIX [P BUAHO, KaK OJIM3KO K Havay BeeleHHOM MOAOIIIN aCTpOHOMBI-HAOTIOAATEITH.

Tlocne Bonbmioro B3pbIBa, B pe3ysbTaTe KOTOPOro oOpa3oBanach Hamia BceneHHas, elie MUJUTMOH JIeT 00pa3oBaBIIEeCs BEILECTBO OBLIO
HENpOo3payHo I U3yueHus. [1oXoxe, YTo ¢ MOMOILBIO JIEKTPOMArHUTHBIX BOJIH Mbl, B IIPHHIUIIE, HE Y3HAEM, YTO ObUIO B 3TOT NEPBbI MUIUTMOH
ner. 3 aHanM3a penuMKTOBOrO M3JIYyYCHHS, OCTABILETOCS MOcie BonblIoro B3pbIBa CieayeT, YTO BHAyYale JKM3HM Hamleld BceleHHOH BelmecTBo BO
Bcenennoii Ob110 pacnpeiesieHo paBHOMEPHO. Pa3iiuHble ralakTHKY BOSHUKIIM 3HAYHUTEIBHO TO3XKE.

Ecnu 3a kpaii BeeneHHON MpUHUMATh pacCTOSHHUE, C KOTOPOTO MBI B IPHHIMIIE MOXKEM MONYYHTh HH(POPMALIUIO, TO OE3yCIOBHO, TAaKOW Kpaii
€CTh U COBPEMEHHbIC METOIBI HAOTIOACHUS COBCEM OJIU3KO K HEMY MOA00PAIIHCh.

JIuteparypa:

"®uzuka kocMoca" (MasieHbKast SHIHKIoneaus ), M., 1986,
C.MurroH, XX.Mutrton "Actponomus”, M., 1995.
Bopobwes I1.B.

BOIIPOC Ne52: Kakue ceiiyac cylecTBYOT aHTUBUPYCHBIE TPOrpaMMbl (JUIsl KOMIIbIOTEPOB) U YEM OHHM OTJIMYAOTCS OT MPEXHUX Iporpamm?

OTBET: Yro0bl NOHATH, KaKKe ceyac CYIIECTBYIOT aHTUBUPYCHBIE IIPOrPaMMBl, I Hayana CJIEyeT MOHATh, KaKUe U3MEHEHHs MPOU30LLIN
B TEXHOJIOTHH HAIUCAHHS BUPYCOB.

B Hauasie BO3HHMKJIM KOMIIBIOTEPBI, U BUPYCOB HE ObLIO, M ObUI paii Ha 3emie. BriepBbie BUpyc ObUT HAIlMCaH MCKIIOYHTENBHO U3 JKEJIaHHSA
1I0Ka3aTh, YTO Ha KOMIIBIOTEPE MOXKHO CO3aTh IIPOrpaMMy, KOTopast OyzneT cedst BoCHpOM3BOAUTE. I1epBrlil BUpyc ObLI HAIKCAH IIPOrPAMMUCTOM
npodeccuonanoM Ha komneiorepe PDP-11 (B Hamell cTpaHe BBIMycCKaycs aHajor 3Toil Mainuubl, u3BecTHbl kak JIBK) mox cucremoit RSX-11
(mpoobpa3 onepanuoHHON cucTeMsl Unix).

C nosieinenreM Dos Hawaiicst OypHBIH pOCT 4nCiIa pasiIM4YHBIX Bepcuid BupycoB. IlepBbie BUPYCHI, KaK MPaBUIIO, Pa3MHOXAINCh CIEAYIOIMM
00pa3oM: IIpH 3aITycKe 3apakKeHHOH MpOorpaMMBbl BHpyc Opail Ha ceOs ynpasieHue, 3apakal HCIOIHsAeMble (aiiibl, a 3aTeM BO3BpaIal yIpaBICHUE
nporpamMbl. [10100HBIE BHPYCHI JIETKO OTHICKHBAIIMCh 110 CHUTHATYpaM (KyCOYKaM OMHApHOTO KOJA COOTBETCTBYIOIIMX 3TOMY THIy BHpyca). C
OZOOHBIMH BHPYCaMU JIETKO CIIPABIIsUICS U3BecTHHIH Aidstest (aBTop Jlosunckuii, 1984). Ha nanublii MOMEHT pycCKuil JeymiKa BCeX aHTHBHPYCOB
6e3HaIe)KHO ycTaper.

TexHonorust, B TOM 4HCIIE U TEXHOJIOTUS IPOM3BOJCTBA BHPYCOB HE CTOUT Ha Mecte. [losBummcek Stelth (HeBHIMMBIC) pe3sHICHTHBIC BHPYCHL,
KOTOpBIE OCTABAJIMCh B MAMATHU I10CJIE UCIIOIHEHHS NPOrpaMMBI IOHOpPA M MEPEXBAThIBAIM 00pallleHus! K JUCKY aHTHBUPYCHBIX MPOrPaMM, KOTOpbIE
MBITATUCH IPOCMOTPETh KO 3apakKeHHOH IPOrpaMMbl U MOJCOBBIBAIM BMECTO 3apa’KCHHOIO ydacTKa IIporpaMMbl koj 0Oe3 Bupyca. Ho cuma
HOJOOHBIX BUPYCOB OKa3aJlach M MX CIIA0OCTBIO: CTOMJIO MPOCMOTPETh IPOrpaMMy C HCIIONb30BAaHUEM CTaHAAPTHHIX (yHKuuHd Dos (koTopslit
KOHTPOJIIPYETCsS BUPYCOM) M HAIpsIMyIO depe3 >kKele30, U CPaBHHUTh Pe3ylbTaThl, TO 1oOo# Stelth Bupyc Oyner 3ameueH. BrepBrle B mpememax
xUSSR monoGuelii anroput™ ckanupoBanus Stelth BupycoB Obut mpumenen B mporpamme Adinf ([duanor Hayka). Ha nanHelii MoMmeHT Bce
AQHTHBUPYCHBIC IPOMYKTHI BKIIOUAIOT B ce0s ITOJOOHEIN CKaHep Ha CiIydail 3apaskeHHs] KOMIBIOTEp BUPYCOB HEBHIUMOK.

Crnenyromuii cka4ok BUPYCHBIX TEXHOJOTUI HE 3aCTaBHII ceOs JONTO AATh: MOSBUIMCH MOIMMOP()HBIEC (IIOCTOSHHO MEHSIOIIHUECS) BUPYCHI —
BHPYCBHI, KOTOpBIE IIPH PACHPOCTPAaHEHHH MOJIHOCTHIO MEHSUIH MOCIEAOBATENbHOCTh KOMAHJ B CBOEM Tele, BCTABILUIM IyCThIe KOMAHIHI,
mudpoBanich U T.A. J[Be KONMHM OZHOTO M TOTO € BHPYyCa pa3inyalnch B KaxaoM Oaiite xoga. OCOOEHHO pacmpocTpaHEHHEe MOIMMOP(OHKU
TIOJTYYIITH TIOCIIE TOTO, Kak ofuH Oonrapckuil UepHsiii McTutens (y dyenoBeka sSBHO OBLIH IPOOIEMBI B INYHON XKU3HU) BBLACIHI KO/ MH(POBIIUKA
B OTIENBHBIA OOBEKTHBIH MOIYJb M pacmpocTpaHui no cetd FidoNet, Termepp KakAblii MOT NMPEBPATUTh CBOM MPOCTECHBKHH BHPYC B TPO3HBIN
nonmumopduk. OTBeTOM Ha MOAOOHBIC M3BICKH CTal aHAIM3aTOp KOJAa IPOrpaMMbl (IBPHCTHYECKHII aHAIM3aTOp), KOTOPBI HCKal B IpPOrpamMMe
BUpYycononoOHble KoMaHabl. Kakoe-To Bpems nunepom B 1ol obaactu 6su1 Drweb (uasnor Hayka), ceifuac 3Ta BO3MOXKHOCTb €CTh IIPAKTHIECKH B
KaXJOM aHTUBHPYCHOM IIPOIYKTE.

IIpu yBemuyeHHH OBICTPOAEHCTBUS KOMIBIOTEPOB IOSBUIIACH BO3MOXKHOCTBH JIEPKAaTh AHTHBUPYCHI MOCTOSHHO 3amyIlEHHBIMH. B Takom
COCTOSIHUH aHTHBHPYC CKaHHpPYeT Bce 3allycKaeMble (ailibl ¥ KOHTPONHPYET AOCTYI K AUCKY M B ClIydae NONBITKH 3apaKeHHs MOAACT CUTHAI
(mporpamma AVPM - naGoparopust Kacmepckoro). OTW mporpamMMsl JOBOJBHO CHJIBHO 3aMEULSIIOT OBICTPOJCHCTBHE M IIOKA JOBOJBHO
HectabmibHEL. Celfuac MBI CTOMM Ha IIOPOTe HOBOH BHPYCHOH PEBONIONMH — BCE dYalle CTalHd MOSBIATHCS BUPYCHI, KOTOPHIC OCBAaHUBAIOT
32pa3psigHocTh onepaunoHHbx cucteM Windows95, 98, NT — naeanbHas cpea oOMTaHHs ISl BUPYCOB.

OnmHuM U3 BaXHBIX (pAaKTOPOB IIOSBICHUS HOBBIX BHPYCOB SIBIIETCS, KaK HE CTPAHHO, HEJATbHOBHAHAS MONUTHKA (DHUPM IPOU3BOISAIIHX
nporpammuoe obecrieyenue. [Iporpamma Word crana 8 Poccun ofHUM U3 OCHOBHBIX HHCTPYMEHTOB Habopa TekcToB. OOMeH MH(bOpManueii Mexy
JIOJBMH U OpTaHU3ALIAMH Ipou3Bogutcs B popmate Word. B dopmaT TekcToBoro daiina 6bu1a qo6aBIeHa BO3MOKHOCTD BCTABIIATH IPOTPAMMBI U
TriepeiaBaTh UM yIpaBlIeHUE IPU OTKPHITUH J0KyMeHTa. Ha ceropusimuamnii MomenT Word Macro BUPYCHI COCTABIISIFOT CaMblii OypHO pa3BHBAIOIHIICA
KIIacC BHPYCOB. TaM ecTb CBOH IOTUMOP(UKH, BUPYCHI, KOTOPHIE HECYT B ceOe OMHApHBIA KOA OOBIYHBIX (DaiIOBEIX BHPYCOB H T.A. H T.I. To ke
camoe ceifuac npoucxoaut ¢ WWW: mporpamma Internet Explorer moxer npu npocMorpe WWW cTpaHHYeK BBINOJHATH CLECHAPHH, HAITCAHHbBIC Ha
Visual Basic. Kax BaM cTpaHHYKa, OpH 3aX0Je¢ HAa KOTOPYIO KOMIIBIOTEp Iepe3arpyxaercsa? EnmHCTBEeHHBIH croco® n3dexaTs mpobieM 3To
HepecTaTh MOJIb30BAThCS MOJOOHBIMHI IIPOrPAMMAMH, KOTOPBIE, 110 CYTH, SBISIOTCS HomyhadpukaTtamu.

Hawubonee n3Bectusie B mpenenax XUSSR antuBupycusie npoxykTsl 910 AVP (Jlaboparopust Kacnepckoro), DrWeb u Adinf ([Juanor Hayka).
CyIIecTByIOT MHOCTPAaHHBIC aHTHUBUpYCHbIe makeTsl Dr. Solomon, F-prot, Noroton Antivirus. ITo cBoMM BO3MOXHOCTAM OHHM KapJHHAJIBHO HE
Pa3IUYAIOTCS.

Kak 310 He 0aHajIbHO OCHOBHBIM 0apbepoM MEXIYy BHPYCOM M MCIIOPYCHHBIMH JAHHBIMU siBiseTech Bbl. ClleayeT OrpaHHYMTh JOCTYI
HETIPOBEpEeHHBIX nmporpamm U daitnos Word/Exel/Access Ha cBoi komnbioTep. Hukorna He 3amyckaliTe IporpaMMbl H He OTKpbIBaiiTe ¢aiinsr Word
HEH3BECTHOTO COZICPXKAHUSI, 3TO MPEAYNPEKICHHUE TOTO XKe Kilacca, 4To U MOiTe pyku mepen obenom. Jlaxe ecim BUpYC 3aBeNCs Ha Ballel MallnHe
970 He (atambHO. OCHOBHAS LIEHHOCTh HA KOMIIBIOTEpE — IaHHBIC CO3[AaHHBIC BaMH. [IporpaMMbl MOXHO HEPECTaBUTh — JAaHHBIC BOCCTAHOBUTDH
Henb3s. [103TOMy HepHOAMYEcKH COXpaHSHTE TeKCThl, HaOpaHHbIC Balllell PyKOH rje-1mbo elie, KpoMe Ballero KOMIbIOTEpa (HampuMmep, Ha
TTICKETKE).

OdeHb MHTEpECHA CUTyallHs C aHTUBHMPYCAMH JUIS ONEPALMOHHOM cHcTeMbl Linux, koTopas ceiiuac odeHb OypHO pa3BHBAeTCS M HAXOIUT
HOBBIX nocnenoBareneii. B Hactosmmii Moment i Linux ser H OJHOI'O anTHBUpYyca. DTO MPOUCXOAUT IO TOM MPUYMHE, YTO B 3TOM CHCTEME
(xak 1 B mo0oit UNIX mono6Hoii cucteme) st pa3BUTHS (M0 pa3BUTHEM ITIOHMMAETCsl PACIpOCTPaHEHHE KOIHIl caMOoro ce0st Ha Pyrue MallliHbI)
BHPYCOB IIPAKTHYECKH HET HUKAKHX BO3MOXKHOCTeH. Ha ceromHsAmHuii MOMEHT CyIIecTBYeT TONIbKO OfuH BHpyc i Linux-Bliss (cymecTByioT n8e
MouHKanuy 3Toro Bupyca). OH ObUI HalMCaH C LEbIO MOKa3aTh, YTO Ha Linux MokHO Taku HanmcaTk Bupyc. HecMotTpst Ha To, 4to Bliss mpu
aKTUBH3AIIMU MOXKET 3apaXkaThb HCIHONHsAeMble (aiiibl, OH He MOXET HOIOPTUTH JaHHBIE APYTHX MOJIb30BaTeleH, CUCTeMHbIe (haillbl u TeM Oonee
3apa3uTh (ailibl Ha APYrUX MAIIMHAX, €CIIH TOJIBKO 3TO HE CAENATh YMBIIUIEHHO, YTO HE TaK-TO IIPOCTO PEaIM30BATh.

Tonpobuyio nHOpMaUIO O BUPyCaX M aHTUBHpPYycax CIEAyeT HCKaTh depe3 MOHCKOBbIC cepBepsl Ha WWW, Takme kak www.rambler.ru,
www.altavista.digital.com, www.yahoo.com

banoun E.M.
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BOITPOC Ne53: [IpaBaa i, 4TO ydeHbIC BHIIBHHYIIM THIIOTE3Y (OCHOBAaHHYIO Ha HAOJIIOJCHMSX), YTO BCEJICHHAS PACLIUPSETCS C YCKOPEHHEM
— 3HAYHT, €CTh BHEIIHSS CUJIA, KOTOpasi <pacTaCKUBAeT BCEICHHYIO™!

OTBET: Bce kocMOJIOTHYECKHE MOJICH COZIEPIKAT TaK HAa3bIBAEMBIN MapaMeTp 3aMEIICHHSL.

Jleno B TOM, YTO M3 HAONIIOJEHUI M3BECTHO, YTO Hama Bceenennas pacummpsiercs. IIpudem, deM jpaiblle OT HAC rajlakTHKa WIM KBasap, TeM
ObIcTpee OHH OT Hac yoOeraroT. TeMm 3TOro pacmupeHHs 3aBUCHT OT BpeMeHU. OJHAKO ycKOpeHue (WIIH 3aMejUIeHHe) pacmupenus BeenenHoil He
TpeOyeT NPUBIICUCHHS BHELIHUX CHII 3aMeIJICHHE PACIINPEHUs BCEICHHOW MOXET OBITh MPOCTO OOYCIIOBJICHO B3aUMHBIM NPUTSKEHHEM BEIECTBA
Bcenennoii uin cBocTBaMU BakyyMa (KOTOPBIEC OIHCBHIBAIOTCS, TaK HAa3bIBAEMbIM, SIMOa-4ICHOM B ypaBHEHMSAX OOIIEH TEOPHU OTHOCHTEIEHOCTH
DWHIITEHA).

B mo6om citydae BHemHuUX cuil He TpeOyercs. [lonpoOHee B kHUTaX:

Co6opuuk crateit «IIponutoe u 6ynymee Beenennoii», M., Hayka, 1986,
N.J1.HoBukoB «Kak B3opBanack Beenennasy, bubmmoreuka «KBant», Boimyck 68, M., Hayka, 1988,
C.XokuHr «OT 60JIBIIOrO B3pBIBA JI0 YEPHBIX ABIP», M., Mup, 1990.
Bopobves I1.B.

BOITPOC Ne54: Ha xakoif MUHHMaTbHOH IIHPOTE MOJKHO HAOIIOAATh IOISIPHBIC CHSHUSA?

OTBET: Ilonspusle cusHus HaOMIOAIOTCS, Kak MpaBuio, Ha BeicoTax oT 100 mo 1000 xM ot moBepxHoctu 3emnu. Hambonee wacto oHH
BHJIHBI B JIByX KOJBLEBBIX 30HaX, OKPY)XaIOIMX 00a momoca 3eMin. B HOuHble Yachl MONSPHBIC CHAHUS MOSBIAIOTCSA B 3CHHUTE, ITIABHBIM 00pa3oM,
Ha TEOMAarHUTHBIX MIUPOTAX, OTCTOSIIMX OT FEOMArHHTHOTO MOJIIOcAa 3eMIM NMPUONM3HTENbHO Ha 23 rpagyca W Ha3bIBa€MBIX 30HAMH MOJISPHBIX
CHSHHI.

B mHamem nomymapun 10)KHee BBIIISYKa3aHHON 30HBI IIOISIPHBIC CHSHUS TOXKE OBIBAIOT BUAHBI, HO HE B 3¢HUTE, a B CEBEPHOI 9acTH Heba.

VIHTeHCHBHBIC MOJISIPHBIC CHSAHUS MOSBIAIOTCSA B CBA3H C MOIIHBIMU XpOMOC(EpHbIMU BenblkaMy Ha CoJHIlE, MPUBOASAIIMMU K HAPYIICHHIO
HOPMAJBHOTO COCTOSHUSI HOHOC(eps! 3eMIM U IOSBICHUIO MAarHUTHBIX Oypbh. IIpum Hambonee CHIBHBIX MATHUTHBIX OypsIX IOJSPHBIC CHSHUS
PETHCTPUPYIOTCS nake Ha 3kBaTope (mmporta paBHa 0). Ha mmpore HoBocubupcka monsipHble CHSHHS He Tak YK U peakd. OHM HaOIIOnaoTCs B
CeBepHOM JacTH Heba, Jalle BCero, Kak CBETOBBIC CTONOBI Pa3HOU SIPKOCTH. I10CKONBKY MHTEHCHBHOCT H3IIYyYCHUS YACTHUIl HA CPEAHHX IIHPOTAX
MaJia, TO Mbl HE MOXKEM HEBOOPY)KCHHBIM IJIa30M YBHJIETh IIBET MOJISIPHOTO CHSHUS M BCE €TI0 IEPEIUBBI.

MucTpykuuro no HaOII0JSHHIO MOISPHBIX CHSHUNH MOXKHO HAHTH B «ACTPOHOMHYECKOM KalleHAape» (IOCTOSHHAS 9acTh).

Kupuuenxo H.A.

BOIIPOC Ne55: 3agaua mpo Oax... Moxso mu e€ pemmuts Tak: [Tycts P — mpomycknast cmoco6HoCTs 1-0if TpyOBL, a P> — mpyroii B JI/mun.
Emkocts 6aka Torga Oyzer 8P. Ho 12P;, — Toxe emkocTb TOro xe 6aka, mostomy 8P = 12P,. Otciona monydnm P = 12P,/8 = 1,5P,. [lycts X — Bpewms,
3a KOTOpPOE HAMOJMHUTBCS 0ak, Toraa XP—xP,=12P,. Eciu P = 1,5P;, 10 1,5%xP,—xP; =12P;; 1,5xP,—xP,—12P, = 0; 0,5xP,—12P, = 0; P»(0,5x—12) = 0;
P, = 0w 0,5x—12 = 0; uo P, ne pasHo 0; 0,5x = 12; x = 12/0,5, x = 24 muH. Yto BBI Kymaere?..

OTBET: Hanomuum ycnosue 3agaun: «Yepes TpyOy HaBepxy Oaka oH 3amonHsercs 3a 8 muH. Uepes npyryio TpyOy BHH3Y 0aka OH MOJHOCTBIO
OHOpOoXHseTcs 3a 12 MuH. 3a CKOJIBKO BPEMEHH 3aMOIHUTCS ITYCTOl OaK, eCIM OTKPHITH 00€ TpyObl OTHOBPEMEHHO?)

Ilpu BbITeKaHMM uepe3 2-ylo TPyOy CKOPOCTh BBITCKAIOIIEH XHJKOCTH MEHSETCS, T.K. OHAa BBITGKAeT NPH IIEPEMEHHOM Harope cTonda
JKUAKOCTH. VI3BECTHO, YTO IPH 3TOM CKOPOCTH YPOBHS JXKHAKOCTH B OaKke NUHEHHO MEHSETCS C TEUCHHEM BpeMeHH (puc.l). DTo 3HAUHUT, 4TO
BBC/ICHHAS IPY PEIICHUH TPOITYCKHAs CIIOCOOHOCTB 2-0if TpyObI Py — cpe/iHss npomycKHas CiocOOHOCTh, KOTOpask paBHA MOJIOBUHE MaKCUMAaJIbHOM.

C mpyroii CTOPOHBI, KOTJa OTKPBITEI 00€ TPYObI, YPOBEHb KHUAKOCTH B OaKe IMOBBIIIACTCS ¢ IIEPEMEHHBIM YCKOpeHHeM (pHc.2). JlelicTBUTENbHO,
TIOKa KHJIKOCTU B OaKe MaJio, CKOPOCTh BBITEKAHMS Majla, 1 OH HAIOJIHAETCSA MO4YTH paBHOMepHO. [To Mepe pocTa ypOBHS XHIKOCTH PacTeT HAmop
cTon0a, yBeIMINBACTCSI CKOPOCTh BHITEKAHUS, U, KaK CIEICTBHE, IaJaeT CKOPOCTh POCTA YPOBHS XKHUAKOCTH B Oaxe. bompme Toro, ecmu 6ak o4eHb
60JIBIION, TO, HAYMHAs C HEKOTOPOTO YPOBHS JKMAKOCTH, €O TOBBIIICHUE TPEKPAIIACTCs: CKOJIbKO JKMAKOCTH BTEKAET, CTONBKO U BEITEKaeT (puc.3).
Bunno, 4To cpenHss MpoIycKHas CIIOCOOHOCTH 2-0i TpyOsI Py’ B 9TOM cirydae He paBHA [TOJIOBHHE MaKCHMAIbHOI MPOIYCKHOH CIIOCOOHOCTH.

N ) N

Puc. 1. Puc. 2 Puc. 3.

Takum 00pa3oM, ypaBHEHHE, OMKCHIBAIOIIECE 3aIIOJHEHHE 0aKa, BBINISAUT clieayomuM odpazoM: 1,5xP,-xP,'=12P,. Ho cokpartuts ero Ha P,
Tenepb He yIacTcs.
TIpaBunbHbII OTBET 3a/1a4u: 6aK BOOOIIE HE CMOXKET 3alOJHUTHCS, OH OyJIeT 3anoiHeH Ha 9/16 BBICOTHI.
Llenecm B.U.

BOIIPOC Ne56: Kakoe BIMsIHUE OKA3bIBAIOT pa3IMyHbIe MO (JIEKTPUYECKOE, MATHUTHOE, 3JIEKTPOMAarHUTHOE U JIp.) Ha YeaoBeka?

OTBET: OtHOCHTENBHO €1a00€ CTATHYECKOE IEKTPUUECKOE 110J1€ HA YEJIOBEKa, I10-BUAUMOMY, HE BIMsAET HUKAaK. CTOUT NIPOCTO BCHOMHHTS,
YTO BCE MBI KHBEM B JIEKTPUIECKOM II0JIe 3eMIIH (TOUHee CUCTeMBI 3eMisi-uoHocepa), KoTopoe, IpuMepHo, paBHO 100 B/M., BO BpeMs TPpO3kI 9TO
TI0JIE YBETIMYUBAETCS B AECATKH Pa3. B CHIBHOM 271€KTpHYECKOM I10JIe MOXKET BO3HHKATh HOHM3ALUs BO3/yXa, KOTOpasi, BOOOIE rOBOpPsl, BPeIHa s
30pOBBS YeIOBeKa. BO3MOXKHEI TakKe U AJIEKTPUIECKUE pa3ps bl (HAIPHMEp, MOJIHHS) KOTOPBIE MOTYT IIPOCTO yOUTb. ..

Ilo noBoxy BO3/1€HCTBUsI MATHUTHOI'O MOJISL HA OPIaHM3M M3BECTHO OY€Hb HEMHOro. CUMTAETCs, YTO OTHOCHTEIBHO CHIbHBIE MArHUTHBIE MOJIS
3aMETHOTO ACHCTBUS Ha OpraHH3M He OKasbIBaloT. IlosTomy SIMP-Tomorpadus (IMP — smepHbIi MarHUTHBIN PE30HAHC) CUMTACTCS COBEPIICHHO
Oe3BpeqHON. A BeIb MarHUTHOE MOJIE B COBpeMEeHHBIX ToMorpadax mocturaer 1-2 Tecna. Oto B mpumepro 30000 Gonbliie, 4eM MarHUTHOE IOJIE
3emumi, B KOTOpOM Bee MbI zkuseM (7007 Ti).

Co cnabpIMu MOJISIMU CUTYalusl cinoxHee. CyLIeCTBYIOT SKCIIEPHUMEHTHI 10 COACPKAHHIO )KUBOTHBIX (MbIIIeH) B "MarHUTHOM Bakyyme". C
TIOMOIIBI0 (pepPOMATHUTHEIX DKPAHOB BHEIIHHE MAarHUTHBIC MONS MOAABILUIHCH mpuMepHO B 1000 pas. Oxa3anoch, YTO B MarHUTHOM BaKyyMe
OIS MBIIICH BBIPOXKIACTCSA depe3 HECKOJBKO MOKOJEHUH, M uepe3 HeKoTopoe BpeMs OHM norubarot. ITomyrnsius, sKMByIIas B TaKOM e
6oxce, HO U3 AIIOMUHUS (KOTOPBIN HE SKPaHUPYET MATHUTHOTO MOJIS 3eMIIH), IPEKPACHO Pa3BHBAIACK.

CuibHblE IEpEMEHHBIE MATHUTHBIE NOJIS IIPECTABIIAIOT 3HAYUTENBHYIO OACHOCTh [UISl 310pOBbsl. Takue 1mojs HHAYLUPYIOT BUXPEBbIE TOKH B
TeJe YeT0BEKa, YTO MOXKET IIPUBECTH K CEPhE3HBIM OCIIOKHEHHAM H JaKEe CMEPTU.
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UYro KacaeTcsi BEICOKOYACTOTHBIX IEKTPOMArHUTHBIX IOJEH, TO OHHM BEChMa OIIACHBI, TAK KAaK BBI3BIBAIOT JOKAIBHEINA IEperpeB BHYTPEHHHX
opraHoB U yacteil Tena. Hanpumep, CBY u3znydenue ¢ aauHoi BosiHbI nopsiika 3—10 cM BpeaHo aedcTByeT Ha ri1asza. B pesynbrare Bo3neicTBHA
CBY u3mydeHns Ha OpraHU3M BO3MOXKHBI CEPbE3HBIC PACCTPOUCTBA 30POBbSl H 3HAYUTENHHO BO3PACTACT PUCK BOSHHKHOBEHUS OHKOJIOIMYECKHX
3a0oneBaHuil. [103TOMy CyIIECTBYIOT JKECTKHE CaHWUTApHbIE HOPMBI Ha MNpeleibHblii ypoBeHb MomHoctd BYU u CBY usnydeHus B pasiMUHBIX
YaCTOTHBIX AUANA30HAX.

TlonpobHOCTH (C KPUTEPUSIMH TOMYCTHMBIX BO3JCHCTBHI) CMOTPHUTE B KHHIE:

«MarHuTHBIC TIOJIS», 0T4eT BeeMupHo# opranusanueii 3apaBooxpanenus, M., Menuunna, 1992.

Bopobwes I1.B.

BOITPOC Ne57: KakoBa uctopus u GyHKIHs TeMHOro msiTHa Ha ConHie?

OTBET: Temuble mstHa Ha CojHIE BHEPBBIC 3aMEUEHBI IPCBHEKHTAHCKUMU AaCTPOHOMAaMH (ECTECTBEHHO, HEBOOPYKEHHBIM IJIA30M).
Conueunsle IATHA OBUTH OTKPHITHI C IOSBICHUEM IIEPBBIX Teaeckonos B Hauane X VII B. lleitnepom u Namuneem. Lllelinep HaOmonan maTHa paHbIIe
Tanunes, HO He TOHS UX NMPUPOJBI U HE OMYOJIMKOBAI O CBOEM OTKPHITHH. IIpHOpHUTET OTKPHITHS MPUHAIISKHT 1o npaBy I'ammiero. Habmronas 3a
IBIKeHUeM IaTHa 1o aucky Comnnna, INamuneit onpenenin nepuon Bpamenus Comxma. Okasanocs, 9YT0 CKOPOCTh BpamieHus BemjecTBa ComHna Ha
pa3HBIX MKpOTax pasHas. ColHIle BpallaeTcs He Kak TBEPOE TENO.

B BO3HHMKHOBEHHMH TEMHBIX IISITEH HET HUYEro HeoObrdHOro. ConHIle — 3TO OrpOMHBIN Oypismuii "koren" masMsl. BHyTpu oHo ropsuee,
CHapy»u — XojofHee. M3-3a aToro mepenaja TemnepaTryp BO3HMKAIOT KOHBEKIMOHHBIE TOTOKM — OCTBIBIIME MAacChl HIYT BINIyOb, a HA UX MECTO
MOAHUMAIOTCs Goree Topssane. Bee 66110 OB XOpoOIIO, ecii OBI 3TOMY IIPOLEcCy He MeIIano cuibHOoe MarHuTHoe none Comana. Oka3bIBaeTcs, 4To
MarHHUTHbIEC BUXPH MOTYT JIOKAJIbHO IPHOCTAHOBHTH KOHBEKI[HIO, HE JaTh OCTHIBIIMM MaccaM OIyCTHThCA. B pesynbrate, 3Ta 0071aCTh Ha CONHEYHON
TIOBEPXHOCTH OyZET XONIOAHES OKPYKAIOIIHX, H II09TOMY OyJIeT BEITTIAACTh TeMHee. DTO H €CTh TEMHOE IIATHO.

ConmHeyHoe mATHO — obmacte (otocepsl C MOIIHBIM  MAarHUTHBIM IIOJEM, M €ro CJIOXHas CTPYKTypa OOyCIIOBIICHa
MarHUTOTHAPOJHHAMUYECKIME d(deKkTaMi B Iua3Me. B IATHe kpoMme TeHHM M MONYTEHH IPOCIEKHBACTCS TOHKAs CTPYKTYpa, SBIAIOIIASACS, B
KOHEYHOM CYeTe, BMIOM3MEHEHHOH cTpykTypoil CojHIla BHE aKTHBHOW 30HBL SIpKHMe TOUKM B TEHM CBs3aHbl ¢ rpanynsuuei ConHiia, MHOTHe
CBETOBBIE MOCTHI — C (haKenaMu.

Yucno nareH Ha ColHIE B pasHble TOABI pa3nu4Ho. st xapakrepucTuku aktHBHOCTH CONHI@A MCIONB3YIOT uyncia Bonbda, yuuTeiBaromie
KOJIMYECTBO OJHHOYHBIX IATeH U rpynn mateH Ha Comaie. Oxa3anoch, YTO 9TH YHCIIA MEHSIOTCS ¢ IUKIOM HNPHOIM3UTENBHO 11 1eT, XoTs B 3TOM
CTOJIETUH cpefHuil mepuon Obu1 6mmke K 10 rogam. ITockoiabKy MarHHTHasi MOJNSPHOCTh CEBEPHOIO M I03KHOro momymapus CoiHua MeHsieTcs
Ka)XKIIble ONMHHANATH JIeT, IOSIPHOCTD IIATCH B CEBEPHOM H I0JKHOM IOTyMIApHH MEHSSTCS TaKXkKe KaX/Ible ONUHHAINATE JIeT, To COoNHIle HAa3bIBAIOT
MarHMTO-NepeMEHHON 3BE€3/101 ¢ IUKIIOM B 22 roja.

Conue4Hast aKTHBHOCTh OYCHb CHJIBHO BIIHSCT Ha XKH3Hb Ha 3emite. [lepBbIM 3Ty cBsi3b Hauan uccienosats A.JL.Umxesckuii B 1915 roxy,
MOCBSITUII 3TUM UCCIIEOBAHUSAM BCIO CBOIO KU3Hb, U, TEM HE MeHee, ero kHura "B purme CosnHua" ocranach HEIOMMCAHHON U BBIIILIA TOJIbKO B 1969
T., yepe3 4 roga mocne cMepTu aBTopa. Ceifyac CONHEYHO-3eMHBIC CBSA3H H3YdJalOTCsA OYCHb aKTUBHO. [10SBHINCH HOBBIC HAYKU — TeMHOOHONOTHS,
COJIHEYHO-3¢MHast (pU3MKa, — KOTOpbIE MCCICAYIOT B3aMMOCBA3b KM3HHM Ha 3eMiie, MOTOJbl, KIUMaTa C IPOSBICHUSIMH COJHCYHOH aKTUBHOCTH.
Bmwkaiimmit MakcuMyM yrcia nsated Ha Connue oxunaercs B 2000-2001 roxy.

B 1980 roxy mosiBuiach MeTojMKa, MO3BOJISOIIAs OOHAPYKHBATh HAJMYKME IATEH B (orocdepax apyrux 3e3n. Okaszaloch, YTO Yy MHOTUX
3Be31 CIIeKTpanbHoro kinacca G u K ecTs maTHa, CXOAHBIE ¢ COMHEYHBIMH, C MATHUTHBIM IIOJIEM TOTO JKE HOPSAKA. 3apEerUCTPHPOBAHBI H U3yJaIOTCS
IIMKJIBI aKTHBHOCTHU TaKUX 3Be321. OHM OJIM3KH K CONHEYHOMY LUKy M cocTaBisitoT 5—10 neT.

TlonpobHee 0 CONMHEUHBIX MATHAX MOXKHO IIPOYUTATh B KHHTAX:

"ConHevHast ¥ COTHEUHO-3eMHas (usuka" (mox penakuueii A.bpyueka u L11.[{ropauna), Mocksa, "Mup", 1980,
C.1.BaBunos «I'na3 u Connue», M., Hayka, 1981, ctp.60—66,
B.H.O6aupxo "ConHeuyHble ISTHA 1 KOMIUIEKCH akTuBHOCH", MockBa, "Hayka", 1985.

Hsanoe U.I1., Kupuuenxo H.A.

BOITPOC Ne58: Ckaxure, Kakoro o0beMa CyIeCTBYIOT )KECTKHE UCKH, U KaKue (UPMBI HX MPOU3BEIIN?

OTBET: TeopeTnyecky MOXKHO CIENAaTh XKECTKUH AUCK JII000ro pasmepa. OrpaHHYeHUs HaKIaIbIBAIOTCS CYLIECTBYIONIMMH CTAaHAAPTAMH
HHTEP(EICOB XKECTKUX AUCKOB (JOrOBOPEHHOCTSAMHU MEXAY BEAyIIUMH (pUPMaMH, KOTOPbIC BOILIOIIAIOTCS B XKEIe3e).

Ha naunbIit MOMEHT Hanbosee nomyJsipHble HHTEP(EHCH 1Tl KECTKHX AUCKOB Ha MepCOHANBHBIX KoMmmbioTepax 310 IDE u SCSI (unraercs kak
cka3n). Ecim koMmIbploTep CTOMT y Bac AOMa, TO C BEPOATHOCTBIO 99,999% Bam muck ucmonssyer uutepdeiic IDE. Jlucku, mcmonb3yromue
unrepdeiic SCSI goporxe, MIIOC K HUM HyXKHa JOMOJIHUTENbHAs Muiata (caM uHtepdeiic, B To BpeMs kak nogaepxka IDE BcTpoeHa B MaTepHHCKYIO
mnaty), Ho SCSI He orpaHHYHBaeT pa3Mep AUCKOBOIO IMPOCTPAHCTBA, MOXKHO LEIUIATH Moboe komnuectBo SCSI yerpoiicts (orpanmdenune s IDE,
Kak npasuio, 4 mucka). SCSI moxet 6biTh ObicTpee IDE. C Touku 3peHus psgoBoro norpedutens Bee gocrouncTsa SCSI nepebuBaroTes ero neHou
¥ IIpo0IIeMaMH ¢ COBMECTUMOCTEIO. (DTO TOIBKO Tak roBopAT — "crangapT SCSI", Ha camoM Jene 9To 1enoe ceMercTBo crangaptoB: SCS-1, SCSI-2,
UltraSCSI # T.1. 1 T.11.).

Kaxwe jxe orpaHndeHust HaKJIa[bpIBacT ucrnonp3oBanue uatepdeiica IDE. Eciu onepanuoHHast cucTeMa MpOM3BOANT BBOI- BeIBOX depe3 BIOS
(xak 310 nmeman DOS) u ecnu y Bac KOMIBIOTEp Te-TO 3-JIETHEH NaBHOCTH, TO BBl PHCKyeTe HE YBHIETh JUCK eMKOCTbI0 Oonee uem: (1024s *
16heads * 63sects * 512bytes/sector) / (1024 * 1024) = 504 MB.

B cBoe Bpems (3 — 4 roma Hazax) 910 ObUTO mpobGiemoi. Ceifuac 3Ta He mpobiema, Onaromaps MOSBICHHIO HOBBIX CTAaHIAPTOB MU
JoroBopeHHocTei. Bot Beineprkka u3 ¢aiina ide.txt, pacpocTpaHsIeMoro BMECTe ¢ AUCTPHOYTHBOM siipa Uit OlepanioHHoi cuctems! Linux: «The
ATA Interface spec for IDE disk drives allows a total of 28 bits (8 bits for sector, 16 bits for cylinder, and 4 bits for head) for addressing individual
disk sectors of 512 bytes each (in "Linear Block Address" (LBA) mode, there is still only a total of 28 bits available in the hardware). This "limits"
the capacity of an IDE drive to no more than 128GB (Giga-bytes). All current day IDE drives are somewhat smaller than this upper limit, and within
a few years, ATAPI disk drives will raise the limit considerably».

To ectb mpu ucnonb3oBanud LBA Mozpr y Hac ecTh Hekuit iumut B 128 I'urabaiit. Ha maHHBII MOMEHT TSl JOMAIIHEro KOMIIbIOTepa Gojee
4geM J0CTaTouHo aucka B 5 GB (meHsl mo3Bomstior). B ToM xe daifne (ide.txt) aBTOp cOBeTyeT HCHONIB30BATh AUCKU CICAYIOMUX IIPOU3BOMUTENEIT:
«In particular, I recommend Quantum FireBalls as cheap and exceptionally fast. The new WD1.6GB models are also cheap screamersy.

V¥ mens crout Quantum FireBalls5.1 — s um noBoneH, mapy et Hazax B HoBocuOupcek Oblia 3aBe3eHa OUCHb OOIbIIAS MApTH OpaKOBaHHBIX
WD1.2GB - nostomy noBepue K 9Tol GpupMe He3aCIyKEHHO yIajo.

XKectkue mucku BhiTycKaloT ¢upmbl Fujitsu, IBM, Segate, u muorme apyrue. CaMbIMH MOMyISpHBIME sBIOTCS SeeGate m Quantium,
POU3BOILIME TUCKH 00beMoM oT 2 1o 10 I'urabaiit. B Hamieil cTpane 10CTaTOYHO pacHpOCTPaHEHBI AUCKH MeHbIINX 00beMoB (0T 200 Kunobaiir
1o 2 Merabaiit), KOTOpble HMIOPTHPOBAINCH PaHEee, HO A0 CHX IOp He pacrnpomansl. Ecian Bbl HamMepeHBI IPHOOPECTH MHCK, TO PEKOMEHIyeM
00paTUTh BHUMaHHE Ha CIIEYIOINIHE Ero IapaMeTphl:

1) 0o6beM AMCKOBOTO MPOCTPAHCTBA JOJDKCH YHOBICTBOPSATH Baiinm 3amadam (115 COBPEMEHHBIX MEPCO-HAIBHBIX KOMIIBIOTEPOB — OT 2 10 4
T'ura6air),
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2) TeXHOJIOTHIECKHE OCOOCHHOCTH AUCKa (HampuMep, He HMeeT cMblcia nokynats SCSI-nuck, ecmm y Bac Her SCSI-yctpolicTsa),
3) dupma-npousBoauTenb (Handomee "HoAroKUBYIIUME" sBIsIOTCS Aucku SeeGate n Quantium, UIMEHHO STUM 00BSCHSCTCS UX MOMYJISPHOCTB).
banoun E.M.

BOITPOC Ne59: Kakoe naBieHue B 4EpHOM AbIpe?

OTBET: Moxer ObITh, OyJeT HHTEPECHO y3HATh, YTO TEOPETHUYECKH YepHbIE JBIPHI Mpesckasan eme B 1795 roxy Jlammac. Takum o6pasom,
yeTbIpe (ni 3?) rofa Ha3aa MOXKHO OBLIO OTHPA3AHOBATh JBYXCOTIETHE (GM3UKM YEePHBIX AbIp. Jlamiac B paMKaxX HbIOTOHOBCKOH TEOPUM TATOTCHUS
¥ KOPITyCKYJIIPHOH TEOPHU CBETa IOKa3all, YTO IpH (UKCHPOBAHHOH Macce IPaBHTHPYIOIIETO Tela CYIIECTBYeT TaKOH pajiyc Tena, IPH KOTOPOM
CKOpOCTb yOeraHus paBHa CKOPOCTH CBETA, M €T0 KBaHTHI-KOPITYCKYJIbl HE B COCTOSIHMH IIOKHHYTB TEJO U YHTH Ha GECKOHEYHOCTh. DTOT PajHyC Iy =
GM/c? (rne G — HOCTOAHHAS TATOTEHHS, C — CKOPOCTh CBeTa, M — Macca 9epHOM ABIPEI) B TEPMUHOJOTHH CETONHAIIHEH (U3MKH HA3BIBACTCS
TPaBUTALIMOHHBIM PAZMYCOM, a CaMo TeNo, "CHpsATaHHOE" MOJ TPaBUTALMOHHBIM PaJHyCcOM, HA3bIBAETCS YEPHOH ABIPOH (MMEHHO MOTOMY, YTO HH
CBET U HUYTO APYroe He MOXKET €ro MOKUHYTH).

VYyer Gosee TOHKUX KBAHTOBBIX 3(()EKTOB TOBOPUT HAM CETOAHS, YTO YEPHBIC ABIPHI HE COBCEM uepHble. OHU M3ITy4aloT, KaK YepHOE Teio, C
TeMIIepaTypoil 00paTHO MPOMOPIHOHANEHON ee macce: T = he®/ (16T[2kMG) =0,5007 M./ kM, rne h — mocrosuuas Ilnanka, k — mocrosHmas
Bonbumana 1,400 apr/K, M¢ — macca ConHua.

Ho... BepHemcs k Bompocy o maBieHuu! M3 obmreil TeopHu OTHOCHTENBHOCTH CIEMyeT, YTO C TOYKU 3PEHHUs YAAaIeHHOTO HaOII0JaTens,
MOKOSILEr0Csi OTHOCUTENIBHO YEPHOM JIBIPBI, CHJIA MPUTSDKEHUs, JeiCTBYoIIas Ha MpoOHOe Teno, oOpalaercs B 0ECKOHEYHOCTh Ha IPaBUTAlIHOHHOM
paguyce. B aToM cMbIcie MOXKHO OBLIO OBI TyMaTb, UTO TaK Ha3bIBAEMBIN TOPH3OHT COOBITHH — cepHuecKas IOBEPXHOCTb BOKPYT UYCPHOU IBIPHI,
panuyc KOTOpOii paBeH rpaBUTALIOHHOMY pajuycy (BCIOMHUM, YTO CBET HE MOXKET MOKHHYTh 3Ty IIOBEPXHOCTh U MO3TOMY HHKaKas HH(OpMauus o
COOBITHSX HAa W IIOJ Hell HaM He JOCTYIIHA — OTCIO[A M Ha3BaHHUE), SBISETCS 0COOOH MOBEPXHOCTHIO B IIPOCTPAHCTBE, HA KOTOPOH oOpamaercs B
0ECKOHEYHOCTh HE TOJIBKO CHJIA MPUTSHKEHNS, HO U APYrHe (pU3HUECKUe BEMYUHBI (JIOCTUraeT OECKOHEYHOCTH IPaBUTAIIMOHHOE KPACHOE CMEICHHE
CBETa U 3aMeJUICHHE BPEMEHH).

B onpenenenHoM cMbIciIe (C TOUYKH 3peHHs HAOFOAATENs MTOKOSIIErocs OTHOCHTEIBHO YEPHOU JBIPBI) — 3TO TaK U ecTh. OJ[HAKO, OKa3bIBACTCH,
9TO A HaOIIoAaTens, CBOOOIHO MANalOIIEro Ha 4YEpHYIO ABIPY (Tak Has3blBacMasl JIOKAIBHO-HMHEPLUANbHAs CHCTEMa), HUYETO OCOOCHHOTO Ha
IPAaBUTALMOHHOM PaJHyce HE MPOMCXOMHUT. A Beb TOJIBKO TaKOH HAaOIIOAATENb M MOXKET MPOBECTH W3MEPEHUs BOIM3M IPaBUTALIMOHHOTO paanyca.
IIpaBna, TaifHy CBOMX OTKpPBHITHII OH HaBEKH yHeceT ¢ co0OM, Tak KaK M3 IIOJ TOPH30HTa COOBITHI HEBO3MOXKHO MOCIATh CHTHAN OCTABIIMMCS
CHapYH1 MOKOAIIMMCS HaOII0AaTeNsAM U TeM Ooee BepHYThCs Hazaj!

3mecs ciemyer 3aMeTUTh: TO, YTO MBI OOBIYHO HA3bIBAEM MOJIEM TATOTCHHS (TIO€ CHJI TSDKECTH HBIOTOHOBCKOIO YPaBHEHUS TSATOTEHHS),
JIOKAJIbHO YCTpaHsETCsi B CHCTEME CBOOOIHO mMajaromiero Habmronatens. M B IeACTBUTENBHOCTH, MOJE TATOTCHUS XapaKTEPH3yeTcs MOJEM, TaK
Ha3bIBaeMBIX, NIPUINBHBIX CHIL IIpencTaBbTe, uTo BBl cBOOOMHO MajaeTe Ha TOUCUHYIO MACCy PaBHYIO, CKa)KeM, Macce 3eMIM U IIPH ITOM (It
OIpe/IeIeHHOCTH) OPHEHTHPOBaHbI HoraMu BHU3. Iloka Bbl HaxomuTech Aaneko oT Macchl (CKaxkeM, Ha paccTosHuu 6000 kM), Bbl HaclIaxgaeTech
COCTOSTHAEM HEBECOMOCTH, XOTS CHJIA IIPUTSDKCHUS HAa 9TOM PACcCTOSHUM KaK pa3 Takas, Kak Ha HoBepxHocTH 3emiu. OgHako, magas Bce OMmKe K
LIEHTPY, Bbl IIOYYBCTByeTe O€CMOKOKWCTBO. Bbl HauMHAEeTe OIIyIIaTh, YTO MOSBUIACH CHJIA, CTPEMSIIASACS BBITSHYTh Bac B JUIMHY H B TO K€ BpeMs
CKaTh B IIONIEPEIHOM HAIIPaBICHHU.

IosiBIeHME Takoi CHIIBI MOHATH HE CIOKHO: YCKOPEHHE BaIlIEero MajeHUsl ONPEeNIeTcs MON0KEHUEM IIEeHTpa TsKECTH Bamlero Tena. OqHako,
Bamu Horu HeMHOTO OIMDKE K TATOTEIOIIEH Macce U MPUTATUBAIOTCS yTh CHIBHEE. .., a TOJI0BA, COOTBETCTBEHHO, UyTh caabee. B Bamreil cBo6ogHO
Hajalolell CuCTEME KOOPIHHAT 3TO NPHUBOAUT K TOMY, YTO HOSIBJIAIOTCS CHIIBI, CTPEMSAILUECS BBHITSHYTH TEJNO BAONL PajJdyca U CKaTb €ro BAOIb
OPTOTrOHATBHBIX PaAUyCy HAIPABICHUH. PacdeT 3THX CHII IPOCT M JUIS HHIOTOHOBCKOH TEOPHM HE BBIXOAUT 3a PaMKH IMIKOIBHOTO Kypca. I[Tootomy
HpeJIaralo 9TOT pacyeT B KAUeCTBE CAMOCTOSTEILHOIO YIIPaKHEHHS U HE IPUBOXKY 371€Ch.

Bepnemes k HameMy nagatomeMy Habmozaaremo. Ero 6ecrioxoiicTBo 65110 He HanpacHbsM! OH OyneT pa3opBaH NPUINBHBIMU CHJIAMH €IIe 10
TOro, Kak BCTPETHTCs ¢ Hamleid "TodeuHoil 3emiei". B aToM cMbicie MOXKHO CKa3aTh, YTO BCSIKOMY IPaBUTAllMOHHOMY IIOJIO COOTBETCTBYET
AHM30TPOIIHOE IIOJIC JABICHHS WM HATSDKCHHS IPIINBHBIX CHII I HIMEHHO 3TO HATSDKCHHE U SIBISIETCS] HCTHHHOW MEpOi TpaBUTAOHHOTO TIOJIS.

I'paBuTanMOHHBIE BOJIHEI, IS IOMCKA KOTOPBIX CErOHS IMOCTPOEHO HECKOIBKO BECbMA UyBCTBUTEIBHBIX TPABUTAILIMOHHBIX aHTEHH, SBJISIOTCS
KaK pa3 BOJIHAMU IPHIMBHEIX CHII. Bce 9TH aHTEHHBI OCHOBAHBI Ha TOM, YTO IPHIMBHBIC CHJIBI TPAaBUTAIIHOHHON BOJHBI MEPHOANIECKU MBITAIOTCS
C/IBHHYTb MJIM Pa3BECTH JABE MACCHI, IOJBEIIEHHbIE CBOOOHO HJIM CBS3aHHbIE YIIPYTIOi CBA3BIO.

OxaspIBaeTcs, 9YTO ¢ TOUYKH 3PEHUs] CBOOOAHO MaJalOIIero Ha YEpHYIO IbIpYy HaONogaTess, MOJNe MPUIMBHBIX CHII HE COACPKUT HHUKAKHX
0coOCHHOCTEll Ha IPaBUTALMOHHOM pajuyce. OHO BIOJHE KOHEYHO M PETYISIPHO B TOM CMBICIE, YTO IVIAAKO MEHACTCA OT TOYKH K Touke. J{ms
YEepHOIl OBIPHI C MACCOH MOpsIKa CONHEYHON NPUIMBHBIC CHIBI Ha TOPH30HTE COOBITHII JOCTATOYHO BEIMKH, a AT 4EePHOH IBIPHI C MaccoH
TaJIaKTHKHU BIIOJIHE MaJlbl 10 YeJoBeYeCKMM MepkaM. OJHAaKo, B LIEHTPE YEPHOH IbIPbl MMEETCS MCTHHHAs OCOOCHHOCTH, IJIE MPHIMBHBIC CHIIbI
oOpararTcs B 0ECKOHEYHOCTb.

Wrak, Mbl BBICHWIM, YTO J000C TIPABUTALMOHHOC IIOJIC MOXKHO OXapaKTEpH30BaTh IOJEM IPHIMBHBIX CHJI M, B 3TOM CMBICIE,
pacmpenelieHHBIM B IIPOCTPAHCTBE IIOJIEM HATsDKCHUH (JaBieHuil). Takoe maBieHHe WM HAaTsDKGHHE HeE SIBIISIETCS CBOMCTBOM HCKIIOYHTEIBHO
IPAaBUTALMOHHOrO TONsA. TakkuM 00pa3oM, MOXHO XapaKTepH30BaTh IMPAKTHYECKH 000 Ione (JICKTPOMarHUTHOE, MOJE 3BYKOBBIX BOJIH).
Hampumep, B MarHUTHOM IIOJIe HMEETCSI HATSHKEHUE BJOJIb CHJIOBBIX JIMHHI IO M JaBICHHE IONepeK. B MIKeHepHO# cucTeMe 3TO JaBieHHE
paBHO: Platm] = (B[gauss]/SOOO)z‘ CeroaHs JIErKO JOCTHXKUMBI 1OJIs mopsaka 1 MuumMoHa raycc (uis cpaBHeHus nosie 3emiu 0,7 raycca).
MarHuTtHOe AaBJeHHE B CUCTEMaX, co3aroIux takoe nojie — 40000 atmocdep!

Teneps NOroBOpUM O AABJIEHUH, XapaKTEPHOM UMEHHO At uepHOi 1bipbl. B 1948 roxy Kasumup nokasas, 4To npy HaJIMYUM TPAHULL BAKYYM
NIePECTPAaUBACTCS M B HEM IOSBIIIOTCS HATSHKCHUSI, KOTOPBIX HET B BaKyyMe IIyCTOrO OGCKOHEYHOTO IMPOCTpaHCTBAa. B mpuMeHeHHMH K BakyyMmy
TEOPHHU DJICKTPOMArHeTH3Ma (3JIEKTPOIMHAMHUKH) 3TO O3HA4aeT, YTO B MPOCTPAHCTBE Mexay Iockumu napawtensusivu HE 3APSXKEHHBIMU
MIPOBOISIINMY IIACTHHAMH (IUIOCKHH HE 3apsDKCHHBIM KOHIEGHCATOP) BO3HUKACT IPHTSDKCHHE.

Cuna OpUTSHKEHHUs HAa €MHUILY IUIOINAMH, B OTJIMYME OT CHJIBI NPUTSKEHMS IUIACTUH 3apsyKEHHOTO KOHJEHCATOpa, 3aBUCUT OT PAcCTOSHUs
Mexay mractuaamm: F = The/(480a%), a — paccrosmme Mexmy miactuaamu. Cula oueHh Mala W IOPHMEPHO paBHa 0,2 DMHBI HA KBaZPATHBI
CaHTUMETP NPH PACCTOSIHUM MEXTy MiacTHHaMu 0,5 MUKpOHa.

Tem ne meHee, B 1958 roxy (uepe3 10 mer mocne mpenckaszanus Kasumupa) Crnapaait u3 maboparopun ¢upMsl CaHAUs SKCIIEPHMEHTAIBHO
HoATBEpAMI cyliecTBoBanue cua Kasumupa. Oxasanock, 4To cuibl KasuMupa CyIeCTBEHHO 3aBHMCST OT I'€OMETPUH TPAHHULBI U, HANpUMep, A
TPaHUIBI B BUJE IPOBOAAIICH chephbl BOZHUKAET He HATSHKEHUE, a TaBICHHE.

BcnomHUM Teneps, 4TO YepHast AbIpa HMEET FOPU30HT COOBITHI — MOBEPXHOCTh COBEPIICHHO HEMPOHHIAEMYIO HapyXy. B HekoTopom cMbIcie
— 3TO TOXeE IPaHUIIA U, B pe3yIbTaTe, B YUSPHOHU JbIPe BOSHUKACT Ka3MMHPOBCKOE JaBICHHE BaKyyMa. DTO SIBICHHUE CETOMHS IMUPOKO 00CYyKHaeTcs B
(u3MKe YepHBIX IBIp U KocMoiornd. Teopust O4eHb CI0XKHA M PEIICHMS IONYYCHBI MOKa Il OYeHb NPOCTBIX ciydaeB. Ceifdac MOXXHO cKa3aTh
TOJIBKO, YTO JaBJICHUE Ka3UMHPOBCKOIO BaKyyMa IafaeT KaK 4eTBepTas CTeNeHb I'PAaBHUTAMOHHOTO Paipyca. DTO IABJICHHE BEIHKO TONBKO IS
YEPHBIX JIBIP MaJIOH Macchl.

OnHako, BaKHO Apyroe: Ka3sHMHPOBCKHH BakyyM 00NafacT O4eHb CHEMU(HYSCKHIMH CBOHCTBAME, COBEPIICHHO OTAMYHBIMH OT CBOMCTB
oObryHol Matepuu (moneif). Ceifyac mpeanonaraercsi, 4To TaKOH BaKyyM MOXET CTaOMIM3MpOBAaTh, TaK Ha3bIBaeMble, "KPOTOBBIE HOpBI" —
NIPOCTPAHCTBCHHBIE TYHHETM MEXKIy [IBYMS YIAaICHHBIMH OONACTSMU IPOCTPAHCTBA (WM Jaxke, BOOOINE, pa3HBIMH IIPOCTPAHCTBAMU —
BcenennsiMu). FIMeHHO Takas KpOTOBas HOpa — OCHOBA IIMPOKO 00CYKIaeMOI HbIHYE MalllMHBI BPEMEHU.
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BOITPOC Ne60: Pacckakute, moxaiyiicTta, o TypOyJICHTHOCTH.

OTBET: Ilpu ManbIX CKOPOCTAX HAOMIOAAeTCs YNOPSOOYCHHOE TeUEHHE XKUAKOCTH (Ta3a), MpU KOTOPOM JKHAKOCTH (Ta3) mepeMelaercs: Kak
ObI C10AMHM, IapalebHBIMU HAIPaBICHUIO TeueHus. Takoe TeueHue Ha3bIBaeTCs JaMUHApHBIM. C yBeIMYEHUEM CKOPOCTH, B HEKOTOPBI MOMEHT,
PEXUM TEUCHUSI MEHSCTCSI, OHO CTAHOBUTCS TypOyNeHTHBIM (turbulentus (;1a1.) — OypHBI, OeCIOPSIOYHBIH).

HeoOBbIYHOCT SBICHUS 3aKIIOYAETCS B TOM, YTO KapTHHA TEYEHUs JKMAKOCTH HM3MEHSACTCS BO BPEMEHH, JaXC €CIIM BHEIIHUE YCIOBHS
nocTossHHBL. Hampumep, B TypOylIeHTHOM TedeHHH B TpyOe, IpH HEM3MEHHOM Iepenase AaBlIeHHs Ha KOHIAX TPYObl, CKOPOCTh JKHIKOCTH B JIFOOOH
TOYKE IyJbCHPYET, MeHsAeTCsl BO BpeMeHu. IIpy TakoM TeueHUH )KUIAKOCTU MM Ta3a OTAeIbHbIE JIEMEHTHI TEUEHHs COBEPLIAIOT HEYyCTaHOBUBILHECS
JBIDKEHUS 110 CIOXKHBIM TPAaeKTOPUsM. B Takux TedeHMsIX 00pa3yloTCsi MHOTOUHCIEHHBIC BUXPH PA3INYHBIX Pa3MEpOB, IOITOMY CKOPOCTh YacTHII,
TeMIepaTypa, JaBJeHHE, INIOTHOCTh MEHSIOTCSA IPH NEPEX0J]ie OT TOYKM K TOYKE M BO BPEMEHM HE PEryJIsIpHO. DTO NMPUBOAUT K MHTEHCHBHOMY
TIepEMEIINBAHHIO BEIIECTBA.

Cucremarnueckoe u3ydeHue TypOyneHTHocTH Hauan O.PeliHonbjc B KoHIE mponuioro Beka. OH M3ydyan TeYEHHE KUAKOCTH B TpyOe, U
BH3yalIHM3alluH TEICHUS OH MOAKPAIINBAI )KUIKOCTh B IIEHTpe cedeHus TpyOsl. [Ipu ManoM mepenase JaBiaeHUs MOAKpANICHHAs CTPYHKa XKUIKOCTH,
HE CMEIIHUBAsACh C OCTAJIBbHOH JKHIKOCTBIO B 00BEME TPYyObl, CIIOKOHHO TeK1a BMecTe ¢ Hel. [Ipy HEeKOTOpoM KpUTHUYECKOM Iepenajie AaBleHus Ha
MOAKPAIICHHOH CTpyliKe MOSABILUINCH BONHOOOpa3HbIe ABIKeHHUA. IIpu odeHs GonbHIOM Iepenane NaBICHHS IBIKCHHE BHYTPH TPYOBI ObLIO
OBICTPBIM M XaOTHYHBIM, CTPYHKa Cpa3y e pa3MelInBanach 1o Tpyde. PeitHoIbAC TPOBOAMII ONBITHI C PA3HBIMU Pa3MepaMH TPYO U KUAKOCTSIMH U
BBIICHMJI, YTO IIEPEXOJ OT CTAllHOHAPHOIO TEUCHHS >KUIKOCTH K MEHSIOMIEMYCS BO BPEMEHU IIPOMCXOAHUT, KOTZa HEKOoTopas Oe3pa3MepHas
KOMOMHAIUs CKOPOCTH XHUJKOCTH, €€ BA3KOCTH M Pa3MepOB TPYOBI JOCTHIAET OJHOTO U TOTO K€ 3HaYeHMs. JTa Oe3pa3MepHas KOMOMHAIMSA UMeeT
Bux Re = ulL/V, rae u — xapaxTepHast CKOpPOCTb ABIDKGHHS KHAKOCTH, L — XapakTepHble pa3Mephl TeUeHUs, a V — KHHEMAaTH4ecKas BS3KOCTb
JKUAKOCTH.

Yucno Re HasbBaercs unciaoM PeliHOmbACA U €ro YHCICHHOE 3HAYCHHE B OCHOBHOM H OIpPEENIeT XapaKTep TeUEHUs XKUIKOCTH: IIPH MaJIOM
yucie PeliHonb/Ica TedeHNEe JJAMUHAPHO (IVIaJIKOE PETYIISIPHOE TEUCHHUE), a IPH OOJNIBIIOM — TypOyJIeHTHOE (HEperyIspHOe, B TCUEHUH HPHUCYTCTBYIOT
BHUXPU TOPa30 MEHBIIETO pa3Mepa, 4eM pa3Mepsl TpyObl). XapakTepHble 3HaueHHs 4ucel PeifHombiaca, IMPH KOTOPBHIX MOCTOSHCTBO TEUCHUS
U3MCHSCTCA U TOSABISIOTCS BOJHOOOpasHbIE ABIDKEHHS — 3TO JACCATKH. PasBuTas TypOyneHTHOCTh (KOrja IBMJKCHHE Ha IJIa3 ACHCTBHTENIBHO
Xa0THYHO) HACTyIaeT IpH duciax PeifHonbaca mopsiaka THICSIH.

Jlns mpuMepa paccMOTPHM, KaK IIPOUCXOIHUT NepeXo K TypOylIeHTHOMY T€YEHHIO IIPH 0OTEeKaHHHU Ilapa MOTOKOM KHIKOCTH. JIro0as peanbHO
CYIIECTBYIOIIAs XKUAKOCTD (Ta3) 001a1atoT BA3KOCTHI0. CIIOi BSI3KOH JKHIKOCTH, IpHIIEraroneil kK TBepJoi cTeHKe, IpuannaeT k Heil. Ciemylomue
CJIOM TIOTOKA CKOJIB3AT OTHOCHUTENBHO APYT Jpyra ¢ BO3pacTarolleil cKopocThio. Mexay OTAETbHBIMU CIOSMHM BO3HHKAIOT CHJBI BS3KOIO TPEHHS.
B6mm3u noBepxHOCTH Tena GOPMHPYETCS IOrPAaHUIHBIA CIIOH, CKOPOCTh TEUEHHS B KOTOPOM MEHBIIIE, YeM B HaOETralomeM MOTOKE, a y TIOBEPXHOCTH
pasHa 0. ITotepst CkOPOCTH HPUBOIUT K TOMY, 4YTO IOTOK, OOTEKAFOIIHIA 11ap, HE MOXET MIPOHUKHYTh B HEKOTOPYIO 00acTh 3a mapom. [Iponcxoaut
OTPBIB IIOTOKA OT IOBEPXHOCTH TeTa, H MOCKOJIBKY CKOPOCTh YaCTHI[ B TAKOM IIOTOKE BO3pAacTaeT IO Mepe yAaleHHs OT Ilapa, TO TaKod IOTOK
obnajaeT BpAINAMOIMM MOMEHTOM. B TakoM cilydae roBopsT, 4TO TeYeHHE 00NaJaeT 3aBUXPEHHOCTHIO. ITOTOK >KMAKOCTH, OTOPBABLIMKCS OT
TIOBEPXHOCTH 0OTEKaeMOro Tela, OKa3bIBaeTCs 3aBUXPEHHBIM. Ho TOHKHE CIIOH JKHAKOCTH, 00J1a/Jal0Iie 3aBUXPEHUEM, HEYCTONYHMBEL H 003aTEILHO
pacnajyTcsi Ha OTAEIbHbIC BUXPH. DTH BUXPH YHOCSATCS OCHOBHBIM ITOTOKOM JKMAKOCTH M IIOCTENCHHO 3aTyXaroT. [10100HBIM 00pa3oM obpasyrotcs
3aBUXPCHHBIE JOPOXKKHU U 32 IBIDKYIIMMHUCS B JKUAKOCTH TEIAMH.

MOXHO cHpOCHTb, IOYeMy uHcna PeifHonb/ca, IpH KOTOPBIX HACTYMAET JIAMHHAPHO-TYPOYJICHTHBIH mepexof, — Ooiblrie, MHOTO OObLIne
enuuunbl? KauecTBeHHas KapTUHA pa3BUTOU TypOyneHTHocTH Obuta maHa JI.PumuapinconoMm B Hawame Hamiero Beka. Ecam MBI MemaeM JIOXKKOH
JKMIKOCTb B CTaKaHe, TO Mbl CO3/1aéM TEUEHHs C pa3MEPOM IOpsi/IKa pa3Mepa cTakaHa (MM JIOXKKH). BA3KocTh XKUAKOCTH JEHCTBYET Ha TEUEHHE TEM
CHJIbHEE, YeM MEHBIIIe XapaKTepHBIil pa3Mep TeueHHs (Ooblre rpagueHT ckopoct). Eciu uncno Peitnonsaca Gombioe, To Ha KPYIHOMACIITAOHbBIE
JIBIKCHHUS OHA JEHCTBYET c1a00, 3TH JBMKCHHUS 3a CYET BA3KOCTHU 3aTyXalM Obl OUCHB JOJT0. YpaBHEHHE ABWKEHHUS *KUIKocTH (ypaBHeHne Hasbe-
CToKca) HENMMHEWHO (9TO CBSI3aHO C TEM, YTO CKOPOCTb J>KHJIKOCTH IHEPEHOCHUTCS CaMOil CKOPOCTBIO), M JTH KPYHNHOMACIITAOHBIC ABIDKCHHS
HeycroiunBel. OHM ApoOsATCsS Ha Oonee MeENKHE BHUXDH, T B CBOIO odepenp Ha emié Oosiee Menkue. B KOHIlE KOHIIOB, Ha CaMbIX MaJCHBKHX
MacImTabax BCTyIaeT B ACHCTBUE BSI3KOCTh, H CaMbIe MEIIKHE BUXPH 3aTyXaloT 3a CUET BA3KOCTU. JTa KapTUHA MOTydHIa Ha3BaHHUE MIPSMOTO KacKaga
(kackaj oT OOJIBIIMX MAcIITa00B B MaJICHBKHUE).

H3-3a BSI3KOCTH KHHETHUYECKAsl YHEPTUs JBIDKCHUS JKHAKOCTH MOCTEIICHHO MEPEXOAUT B TEIUIO. Memrast JI0XKKOH, MBI BKAYHBAEM JHEPIHIO B
JKMAKOCTb, @ OHAa JHUCCUIMpYeT (ucue3aeT). B IUHAMHUYECKOM pPAaBHOBECHM ODHEPIMH MCUE3a€T CTONBKO JKE€, CKOJNIBKO Mbl €€ BKauMBaeM.
HerpuBnanbsHsIM SBISeTCS TOT (DaKT, YTO CO3aBacMble JIOXKKOH KpyINHOMAacIITaOHbIE OBIDKCHUS HE 3aBUCAT OT kodddunuenta ssskoctu. [Ipu
OZIMHAKOBOM KPYITHOMACIITAOHOM ABMKEHUM M TIPU Pa3HBIX KOI(POHUIIMEHTAX BA3KOCTH JUCCHUIIALMSA SHEPTHU OJMHAKOBA. JTO CTPAHHO MOTOMY, YTO
Bpojie OBl DHEPIHH HcUe3aeT TeM MEHbIIE, YeM MEHBIIE BSI3KOCTh. Pasragka COCTOMT B TOM, UTO IIPU MeHbIIEM KOd((HIIEHTe BI3KOCTH YHEPTHU
JMCCHUITHPYET MPOCTO B O0Jiee MEIKMX MAcIITabax TEUCHHs KUIKOCTH, YTO ¥ 00ECIIeUrBaeT OJMHAKOBBIH YPOBEHb AUCCHUIIALINM SHEPTHH.

B cepenune Hamrero Beka KonmMoropos mpeanonoxXui, 4To KapTHHA TypOYJICHTHOTO TEUEHHUs] MPAKTHUECKU HE MEHSCTCS, €CIIH MBI PAaCTSHEM
BCE JUTMHBI B HECKOJIBKO pa3 (TMIoTe3a MacIuTabHOI MHBapHAHTHOCTH MM CKeinuHra). KpoMe TOro, OH Mperonoxui, 4To BUXPU OYEHb Pa3HBIX
pa3MepoB He B3auMOEHCTBYIOT (00NBIIOH BUXPh IPOCTO IEPEHOCHT MaJeHbKHUIL, He MEHSI TeUCHHUS BHYTPH Hero). M3 3Toro oH moiydui1, 9To 9UCIO
BHUXpeii MaciuTaba | 3aBucur ot | crenenHeiM odpasom. I'nnoreza Konvoroposa nosyunia sKCriepUMEHTaIbHOE MOATBEPXKICHUE, XOTS HAaOIIOAAr0TCS
OTJIMYHS PEAIbHOTO TYpOYJICHTHOTO ABIKEHHS OT KapTUHBI, IIPecKa3biBaeMoil Teopueil Konmoroposa (aHOMaNbHEINA CKEHINHT).

Teopust THAPOAMHAMUYECKOH TypOYJICHTHOCTH B 3aBEPIIEHHOM BHJIE HE CO3JaHA M SABISCTCS OJNHOW W3 BaKHBIX NPOOIEM COBPEMEHHOMN
TeoperHdeckoil ¢pm3uku. 11Inpoko pacmpocTpaHeHsl, TaK HAa3bIBAEMbIE, OIYIMINPUUECKIE TEOPUH TypOyIeHTHOCTH (pelIaeTcs He caMo ypaBHEHUE
Hagbe-CTokca, a ynpoméHHOE ypaBHEHHME, JCIAIOTCS HEKOHTPOIMpYeMbIC Hpeamnooxkenus). Eciu BocnpuHHMAaTh TypOYJIEHTHOE TEUCHHE KaK
CcllydaiiHOe, TO OKa HEH3BECTHA Jaxke caMa (ByHKIHS PacIpeAeNcHHs IS TeUCHHUs (HEU3BECTEH BEC, C KOTOPBIM HY)KHO yCPEOHATH HaOMIOfacMble
BEJIMYUHBI).

T'upponunaMudeckas TypOyJIeHTHOCTD SIBIISIETCS CHIIBHON B TOM CMBICIIE, YTO HEHMHEHHOCTD YPaBHEHUH JBIDKCHHS XKUAKOCTU IPU OONBIIHX
yuciax PefiHobAca UrpaeT onpenensouyo poib. B HeKOTOphIX (PU3NUECKUX CHTyauusx (HampuMep, rPaBUTALMOHHBIC BOJHBI HA TIOBEPXHOCTH
JKUAKOCTH) HEMMHEHHOCTD SIBJISICTCA MaJIOH, XOTs TaKxkKe HaOmMomaeTcs KacKaaHblil pexxuM. Takyio TypOyIeHTHOCTh Ha3bIBAIOT CIA00H, U €€ Teopus
pa3BuTa BO BTOPOH IOJIOBUHE HAILEro BEKa, IJIaBHBIM 00pa3oM, ycuiusamu BbimyckHuka HI'Y B.E.3axapoa (ceiiyac OH SIBJISIETCS aKaJeMUKOM,
nmupektopoM MHctutyTa Teoperndeckoit ¢usuku um. JI.J[.Jlannay B Mockse).

B Teopun kapTHHa TypOy/le€HTHOCTH CHUJIBHO 3aBMCHT TaKKe OT Pa3sMEPHOCTH IPOCTPAHCTBA, 9TO CBA3AHO C TEM, YTO B Kackaje ¢ OONBIIMX
MacmTaboB B MaJICHBKHE MOXKET IIEPCHOCHTHCS Pa3HBIC BEIWYUHBEI (B TPEXMEPHOH TypOYIEHTHOCTH 3TO DHEPrHs, B ABYMEPHOH — KBaapaT
3aBUXPEHHOCTH). B 1ByMepHOIt TypOyneHTHOCTH UMEET MECTO TaKxKe MEPEeHOC SHEPTHU U3 MaJIbIX MacIITaboB B Oonblne (OOpaTHBII Kackan).
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Haubonee peranbHO HM3ydeHbl TypOyJCHTHBIE TEYCHHs B TpyOax, KaHajax, MOTPAaHMYHBIX CIIOAX OKOJO OOTEKaeMbIX Tl U CTPyH 3a
JBIDKYIIAMUCS B XKUAKOCTAX TenaMu. OKas3ajaock, YTO OCHOBHOW BKJIAJ B Iepefady uepe3 TypOYJICHTHYIO Cpely TEIUIOTBl M HMITYJbCa BHOCST
KpYIMHOMACIITa0HbIE CTPYKTYPBI, @ MEJIKOMACIITa0HbIE CTPYKTYpPHI "OTBEYAIOT", B YaCTHOCTH, 3a NIEPEHOC B3BEIICHHBIX B IOTOKE YaCTHII, IpoOIeHNnE
Karlelb, IepeMeLIHBaHNe TypOYICHTHBIX KUIKOCTEH.

BonpIIMHCTBO TeUEHHH JKUIKOCTH, KaK B IPUPOJIE, TAK U B TEXHUUECKUX COOPYKEHUAX TypOyaeHTHO. Hanmpumep: IBMKEeHHE BO3AyXa B 3eMHOM
aTMocdepe, BOIbI B peKax H MOPSIX, TCUCHHE BOJbI B TPyOax, TeUCHHE cliesa 3a IBMKYIIMMCS KaTepoM H T.H.

JIuteparypa:

JlownsHckuii JI.T'. "Mexanuka skuakoctd v raza”, M., 1978,
Cusyxun JI.B. "Kypc obmeit pusuxu", T.1 Mexanuka, Mocksa, 1989.
Cmenanoe M.I"., Kupuyenxo H.A.

BOITPOC Ne61: Moryr s ObITh NPUYMHOW BBIXOAA U3 CTPOSI «CHAMPOMAa» PaIHOBOJHBI, HCXOMIIIME OT PaJUOCTAHLIUH «AJHHKOM,
MOIITHOCTBIO BBIXOJHOTO CHTHana He Oomee 5 BT. DTOT BOIpOoC BO3HHK H3-3a TOTO, YTO M3BECTEH BBIXOX U3 CTPOS 4-X «cHAUPOMOB» (3 OT
KOMITbIOTEpa U 1 OT My3bIKaJIbHOTO LIeHTPa). OOBIYHO «CHIANPOMBD) BBIXOSAT U3 CTPOS O4EHB PEIKO.

OTBET: [la, moryt. Ecnit aHTeHHa pagnOCTaHIIMU M3Ty4aeT HalpaBJICHHO Ha BbICOKOW dacToTe (okoso 100 MI'1), To B psaoM HaxOISIIUXCS
NIPOBOJHUKAX, B TOHKOM CKHH-CIOC BOJM3H IIOBEPXHOCTH, OyHeT BBLAENATHCA TEILUIOBAas MOIIHOCTH, AOCTATOYHAS JUIL TOTO, YTOOBI Pa3orperhb
MIOBEPXHOCTh M NPHMBECTH K €€ OKUCIEeHHIO. Eciu mopHecTn pyKy K aHTEHHOMY BBIXOAY PaJMOCTAaHIMH, U3Iydaroliei 5 BT, To MOXHO MONy4uTh
TEMJIOBOH OKOT.

ITlomepsies B.C.

BOITPOC Ne62: MoXKHO JIM paccuuTaTh YMAaKOBKY MH(pOpPMaLUHM Ha JIa3epHOM AUCKE (KOJI-BO JOPOXKEK Ha CM), MOJB3YSICh MOAPYYHBIMH
cpencrBamu 1 naszepom? Ecnu na, To, kakuM obpasom?

OTBET: Moxuo. [lopoxku Ha CD 00pa3syioT Au(paKkIUOHHYIO pEHIeTKy, U CBET, IPOXOMsd depe3 Hee (WM OTPa)kasicCh), HCIBITHIBACT
audpakuuio. B pesynbrate KpoMe MpOIIEAIIEro (WM OTPaXXEHHOro) Jyda (HyJIEBOH MOPSAIOK AM(PAKIUM) BOSHHKAIOT JTy4H, OTKJIOHCHHBIC Ha
OIpeeIeHHbIe YIIBL. DTO TO Xe SBJIEHUe, KaK H TO, KOIZa BBl CMOTPUTE CKBO3h TKaHb Ha SIPKUH HCTOYHUK cBeTa. Ho B ciiyuae TkaHU BO3HHKAaeT
cucTeMma Jiydeil B BHAE KpecTa, a mpu audpakumu Ha jgopokkax CD — mudparnpoBaHHBIC J1a3epHbIC JTyqH JIEKAaT B ONHOW IIOCKOCTH, a Ha
yOATEHHOM DKpaHe JAI0T CUCTEMY TOYCK, JISKAIIUX Ha JTUHUH.

PaccrosiHue Mex Iy 10poxkKkamu d JIerko HaWTH, 3Has JIMHY BOJIHBI A H3IIydeHHs Jlazepa, paccTosinue D Mex/Iy CBETIBIME TOYKAMH Ha 9KpaHe
OT Iy4eil HyJIeBOro U (COCeHETr0) IepBOro MopsaKa AU(PaKIHY, U paccTOsHUS OT miockoctd CD 1o miaockocTu skpana L:

d = AL/D . (1)

dopmyna nomydaeTcss 04€Hb IPOCTO: YCIOBHE HMOSBICHUS AU(PPArHpOBAHHOTO Jyda IIEPBOTO MOPSAAKA 3aKIIIOYACTCS B TOM, YTOOBI Ha KaXJIOM

THIepHoJie PEIIETKN Ha0erana JIMHA BOJIHBI CBETa. B pe3ynbTaTe yron oTKIOHEHHs JTy4a MepBOro MopsjKa JudpaKiym:

a = Ad. (2)
PaccrosiHue Ha dKpaHe MexIy "3aifurkamMu" OT Jiyueld HyJIeBOrO U MEPBOro MopsaKa U(GpaKiyu:
D=La. 3)

Komounupys (2) u (3), nomyaum (1).
Ecmu Bce 3TO mpozenaTe SKCIEPUMCHTAIBHO, YBHANTE, YTO PACCTOSHHUE MEXAY JOPOKKAMH IOpsAKa 3—4 IIMH BOJIH KPacHOro csera (T.c.
OKOJIO 2 MUKPOH).
Bopobwes I1.B.

BOITPOC Ne63: Brinonnsiercs i 3akoH JanbToHa A7 peaibHbIX Ta30B?
OTBET: 3akons! /lanbToHa 3BydaT CIEAYIOIIIM 00pa3oM:
*  JaBJICHUE CMECH XMMHUYECKU HE B3aMMOJCHCTBYIOLINX HACATBHBIX FA30B PAaBHO CyMMe MaplUaIbHbIX JaBJICHUI,
*  IIpH MOCTOSHHOW TEMIIepaType pacTBOPUMOCTD B TJAHHOMU KUAKOCTH KAXIOTO U3 KOMIIOHCHTOB I'a30BOI CMECH, HAXOAALICHCS Hal )KUIKOCTBIO,
HPOHOPLIMOHATBEHO €ro NapIHalbHOMY IaBICHUIO.
O0a 3akoHa J[aabTOHA CTPOTO BBIIOJHSIFOTCS ISl UICATBHBIX Ta30B. [l peanbHBIX Ta30B 9TH 3aKOHBI TPUMEHUMBI
IPH YCIIOBHH, €CITU UX PACTBOPHMOCTh HEBEIIMKA, A MOBEJCHHE OJIM3KO K MOBEICHHIO HCAIBHOrO rasa.
TeopeTnueckoe HaXOXKICHUE NABICHUS CMECH PEalbHBIX Ta30B SBISETCS OYCHb TPYAHOW 3amaveil. Paccmorpum
YaCTHBII Clydail CMECH HEIUIOTHBIX HEHICalbHBIX Ta3oB. Kak W3BECTHO, Ui TAKUX ra30B YPaBHEHHUEM COCTOSHHUS
sIBJIsieTCsl ypaBHenue Ban-nep-Baanbca:

(p+av¥/V?) (V-vb) = VRT umi p = VRT/(V-vb) — av¥/V?,
rae p, T, V — ZaBlI€HUE, TeMIeparypa u KOJIUIECTBO Moueit rasa, COOTBCTCTBCHHO, R - YHHUBEpCaJIbHas ra3oBasi IMOCTOSIHHASA, a U b - KOHCTAaHTBhI,

XapaKTCPUSYIOIIME CHJIBI TIPUTSHKCHUA W OTTAJIKUBAHUA MEXAY MOJICKYJIaMHU rasa. Z[J'Iﬂ HCIUIOTHBIX Tra3oB, Koraa Vb<<V, MOXXHO 3arnucarb
Pas3IOKCHUE!

p=VRT/V + (bRT-a)v¥/V?2.

Bunno, 9To gaBneHue peaabHOrO ra3a OTAMYACTCS OT AABICHHS WACATLHOTO Ha BEIHMUYHHY, IPONOPLHUOHAIbHYI0 bRT—a, koTOpas MoxeT ObITh
KaK OoJbllle, TAK U MEHBIIE Hyis (BCE ONMPENEINsIeTCs TeM, KaKHe CHIIbI MEXIy MOJICKYJIaMH NMpeo0IafaloT — OTTAIKMBAHMS WM HPHUTKCHHS).
JlomycTuM, MBI CMEIIMBAEeM J[Ba HEIUIOTHBIX PealbHBIX ra3a, y KOTOPBIX KOHCTAHTHI a U b naeHTHYHbI (HanpuMmep, n3otonsl). Torga:

p1=VIRT/V + (bRT-a)v, V2,
p2=VoRT/V + (bRT-a)v,*/ V2,
Pen = (Vi+V2) RT/V + (bRT-a)(v1+V2) 7/V?,
TJ€ P1, P2, Pew — AABJICHHE MEPBOTO ra3a, BTOPOrO ra3a M MX CMECH COOTBETCTBEHHO.

Jlerko monyduTh, 90 Ap = pey — p1 — p2 = 2 (bRT—a)v;Vo/V2. Takum o6pazom, npu T>a/bR naBrmenue cymecu ra3oB Gymer GOMbIIE CyMMBI
napuMaibHbIX AaBineHui, npu T < a/bR naBienne cMecu ra3oB OyaeT MeHbLIE CyMMBI NaplUUaibHbIX naBieHuil, a npu T = a/bR 3akon [lanbprona
OyIeT BHIIOIHATHCS.

IMonpobHee B KHUrax:

P.B.Tenecuun «MonekymsipHas pusuka», M., 1973,

J1.B.CuByxun «O6muit kype ¢usukn», Tom 2, M., Hayka, 1990, riasa 8,

S M.Ienbdep, B.JLIw6omuu, M.U.ITonropeukuit «Ilapamokc 'm60ca ¥ TOXIECTBEHHOCTh YAaCTHLl B KBaHTOBOI MexaHuke», M., Hayka, 1975,
riaaBsa 4.
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Llenecm B.U.

BOITPOC Ne64: Kak m3mepuTh Maccy Tela B KOcMoce, Be[b TaM HeT Beca?
OTBET: [laBaiiTe BCHOMHUM ONpPEICICHHS:
*  Bec - 3710 cua, 00ycIOBlICHHAs CHIION MPUTSHKEHHS 3EMIIH, C KOTOPOIT TeJIO JaBUT HA MOJCTABKY MJIM PACTATUBACT MOJBEC.
e Macca — 310 QyHmaMeHTanbHas GU3HIECcKas BEIMYNHA, ONIPEASIIONAs HHEPIIUOHHBIC U IPABUTAIINOHHBIC (hH3UUECKUE CBOUCTBA Tea.

C ToYKH 3peHHs] TEOPUH OTHOCHTENHLHOCTH Macca Tejla M XapaKTepu3yeT ero sHepruto nokos Eg, cormacHo cootHomenuto DifnHmTeiina: Eg =
mc?, Te ¢ — CKOpOCTh CBeTA.

B HBIOTOHOBCKOH TEOpPUH IpaBUTAIMU Macca CIyKHT MCTOYHHUKOM CHJIBI BCEMUPHOIO TATOTEHHs, NPHTATHBaIoOLIeH Bce Tenla IpYyr K Ipyry.
Cuna F, ¢ KOTOPOH Teo MacChl My MPHTATHBACT TEI0 C MACCO My, OIPENEIIeTCs 3aK0HOM TaroTerus Hpotona: F = Gmymy/r’.

VHepuuoHHBIE CBOICTBA MacChl B HEPEIIATHBHCTCKON (HPBIOTOHOBCKOI) MEXaHHUKE ONPEACIAIOTCS coOTHomeHneM F = ma.

W3 ompenenenuii sCHO, 4TO Macca M BeC BOBCE HE ONHO U TO €. B coCTOSHHM HeBeCOMOCTH Macca OcTaeTcs. bombmie Toro, ecim BaMm
JIOBeJIETCS TI00BIBAaTh B HEBECOMOCTH, TO IIOMHHTE, YTO OTCYTCTBHE BeCa HE 3HAYHUT OTCYTCTBHE MacChl, M B Cllydae yjaapa o OOpT Baliero
KOCMHYECKOTO KOpabIIsi CHHSKH U IMIUIIKH OyTyT CAaMBIMU HACTOSIITHMH.

W3 ckazaHHOTO BBIIIE, MOXKHO TOJYYHTb, IO KpaiHeil Mepe, 4eThIpe crocoba ONpeeIeH!s MacChl Tella B HeBECOMOCTH:

a) MOXHO aHHUTHJINPOBATh HCCIELyeMoe Telo (IIePeBEeCTH BCIO MAcCy B DHEPTHIO) M MOMEPHUTH BBHIICIUBIIYIOCS JHEPTHIO — IO COOTHOIICHHIO
OWHIITENHHA OJIyYUTh OTBET,

6) ¢ moMomBI0 MPOOHOrO Tella IMOMEPUTh CHIYy NPHUTSDKEHHS, JSHCTBYIONIYI0O Ha IPOOHOE TENO CO CTOPOHBI HCCIEAYyeMOro OObeKTa ,— 3Has
paccTosiHKE, 110 cooTHOIEeHHI0 HproToHa HaliTn Maccy,

B) IOJCHCTBOBATh HA TENO C KAKOU-TMOO M3BECTHOH CHIION (HAmpUMep, NPUIEHNHTh K TeIy AUHAMOMETP) M HM3MEPUTh €ro yCKOpEHHE, a IIO0
cooTHouenuto F = ma Haiitu maccy Tena,

T) MOXKHO BOCIIOIB30BAaThCS 3aKOHOM COXPAHEHUS UMITyJIbca. 1 9TOro Hago UMETh OJHO TEJI0 M3BECTHOIH MACCHl H U3MEPSTh CKOPOCTU Tl A0 U
0CJI€ B3aUMOJECHCTBHSI.

banoun E.M., Kupuuenxo H.A.

BOITPOC Ne65: He npeaBuasT v ydeHble MaJleHns Kakoi-1100 KoMeTbl Ha 3emitto?

OTBET: Ilagenue KOMeTHl Ha IOBEPXHOCTH IUIAHETH — JOCTATOYHO PEIKOE aCTPOHOMUYECKOE sSBJIEHHE. MHOTHe ydeHbIe CKIOHSIOTCS K
MbICIH, YTO majgenue TyHrycckoro mereopura (1908 rox) ObLI0 TakuM siBIEeHHEM. B 1moJb3y 9TOH MHIOTE3bI TOBOPUT MHOTO (aKTOB. AHOMAJBHbBIC
TIeCTphle 30pH, KOTOpbIe MOSBIIINCH 32 HECKONBKO THEH MO CTONKHOBEHHs, Oelble HOYM HA HECBOHCTBEHHBIX MM IIMPOTAX IIOCNEC IAIeHHs,
OTCYTCTBHME TBEPJOrO METCOPUTHOIO BEIleCTBA M JAp. B Hacrosmiee Bpems 3Ta THIore3a O NpUpoje TYHTYCCKOTO METEOpUTa CUHMTACTCS
o0uIenpuHATOH. BeposTHOCTE TOro, 4TO B TEUCHHE CTONCTHS TaKOe SBICHHE MOBTOPHTCS, OYeHb Mama. Jla M U3 TeX KOMeT, OpOHUTHI KOTOPBIX
U3BECTHBI, KaHIUAATOB Ha NPIMOE CTONKHOBEHHE ¢ 3emield HeT. C Ipyroil CTOPOHBI, KOMETBI — 3TO 0OBEKTHI, 110 ACTPOHOMHYECKUM MaciiTabam
HMEIOIHEe OYeHb KOPOTKYIO JKH3Hb. Bo3MymieHnst ux opOUT ApyruMH HEOECHBIMU TeIaMH W IIPUINBHBIC CHIIBI IPUBOASAT K TOMY, YTO TPaeKTOPHS
KOMETBI MOXXET M3MEHHTBCS, a caMa OHAa MOXKET pacracThCs Ha Oosiee MeJKHe Tesla M 00pa3oBaTh B MPOCTPAHCTBE METEOPHbIN poil. Ilockombky
BEI[ECTBO KOMETHI B METCOPHOM poe "pa3Ma3aHo" B JOCTATOYHO IPOTHKEHHOE 00IaKO0, TO CTOIKHOBEHHUE C OTACIBHBIMH YaCTHIIAMHU TaKHX OOJIAKOB
HPOHCXOJUT JIOCTATOYHO PETYIISIPHO.

B 1994 rony B 1. CHeXXHHCKe IpoNIIa MEXIyHapoAHas KoH(epeHIus mo mpodiaeMaM 3amiuThl 3eMIIH OT CTONKHOBEHHS C KOCMHYESCKHMH
obbekramu. [IpucyTcTBOBaBIINE MPHUILIN K BBIBOAY, YTO YEJIOBEUECTBY 10 CHIIaM OOPOTHCS C KOCMHYECKOI OMACHOCTBIO, 3alIUTa OT MAaACHUS KOMET
¥ acTEepOUJIOB IIPOCTA, IIaBHOE — HE YITyCTUThH BPEMSL.

Co3piaHa KOMHCCHS, KOOPAMHUPYIOMIAs BCe pabOThI, CBSI3aHHbBIE C HAOMIOJCHNSMH 32 KOCMHYECKUMH 00bekTaMu. KocMuueckas paanonokauust
¥ KOMITBIOTEPHBIC KOMIUIEKCHI aCTPOPA3BEAKHU ITO3BOJISIOT OOHAPYKUTH OIACHBIC OOBEKTHI 32 COTHUA MIJUTHOHOB KHJIIOMETPOB OT 3eMIIH.

Ha 1999 rox mo umerommMmest JaHHBIM OJIrke Bcero K 3emute monoiiner komera Mauxonbaa-2. Komera mpubnusures k 3emie Ha paccTOsSHUE
0,31 a.e. (mpumepHO 46 MIH.KM), (HaKT yJaTeHHOCTH OPOUTHI KOMETHI OT 3eMIIM TOBOPUT O HEBO3MOXKHOCTH €€ MaJICHHS Ha 3eMIII0.

Ilonpo6uee B cTatbe P.B.Anumosa u E.B./Imutpuesa «[IpotuBoacteponanas 3amuTa 3emitn» B xxypraie «IIpupoga» 1995, Ne6, ctp.94-101.

Kupuuenxo H.A.

BOITPOC Ne66: MoxHO J1i1 yBHIETH 3B€31bI JHEM (HE IIPH COIHEYHOM 3aTMEHHUH): a) HEBOOPYKCHHBIM IJIa30M; 0) ¢ MOMOIIBIO TEIEeCKOIA.
Ecnu — n1a, TO pu KakuX YCIOBUSX?

OTBET: [{HeM 3Be31bI HEBOOPY)KCHHBIM I71a30M HE BHIHBL. YBHUIETh 3Be3y Ha (hOHE AHEBHOro HebOa MOXKHO OBUIO OBI TOJBKO B TOM Ciyd4ae,
ecau OBl MOTOK CBETa OT 3BE3[bI ObLI CPaBHHM C IIOTOKOM OT IUIOMIAAKK Heba, YIIIOBOH pa3Mep KOTOPOH paBeH paspelIalomell cIocoOHOCTH
YenoBeuecKkoro riasa (nopsaka 1'). SIpkoctb aHeBHOro HeGa cooTBeTCTBYET —5,2™ ¢ 1 KBaZpaTHOM MUHYTHI, 4TO pa3 B 25 GOblue SPKOCTH CaMO
SIPKOH 3Be3/1bI ceBepHOro Heba Cupuyca ¢ —1,6™.

Teneckon MOXKET YIy4IIHTh Pa3pelIaloNlylo CIIOCOOHOCTH IJ1a3a mpubmu3uTensHo 10 2", T.e. B 50 pa3 (aHeBHas atMocdepa 0ObIYHO HE TaeT
JIyHIIEero KayecTBa H300pakeHuit). 3HauT, APKOCTh HEbA CHIDKACTCA IpH 3ToM B 50 = 2500 pa3  CTAHOBSTCS BHIHBI APKHE 3BE3IbI M ILIAHCTEL.
IpaBna, 11 3TOro HyXEeH TENECKOI C JOCTATOYHO OOJBIIMM (POKYCHBIM paccTOsiHHEM 00bekTHBa. B Teneckon ¢ dokycHbIM paccrostHHeM | M
3BE3/IBI THEM HE BHIHBL.

Kcrati, MmHpoKo pacHpocTpaHEHHOE YTBEP)KICHHE, YTO 3BE3Ibl MOXKHO BHJACTH JHEM, HAXOMACh B TIIyOOKOM KOJIOAUE, SBIACTCS
3a0myxaeHneM. Jlerko mokasats, 4TO IPH AUaMeTpe KomoAna B 1 M ero riaybuHa momkHa ObITh Oomee 1 M/ sin 100" = 2 xm! Ho maxe mpu stom
HaOmoartento OyJeT BU/HA JIMIIb CBETIIAas TOYKA, APKOCTh KOTOPOIl YBEIIMYUTCS Ha MTHOBEHHUE, €CIIH KakKas-Tn0o 3Be3zia Oy/eT IepeceKarh 3¢HUT.
BronHe Bo3MOXHO, 9TO psi1 HaOIIoqaTeneil IPHHIMANHK 33 3Be3/Ibl YACTHYKH IBUIHM MU Ca’KH, KOJICOIIOMHUECs B CTBOPE KOTOANA.

Hcrounuku:

J.51.MapteHoB, B.M.JIumynoB «C6opHuK 3agad o actpodusuke», M., 1986, ctp.83,
B.I'.Cypnun «ActpoHoMHuYEecKHE onuMIHab», M., 1995, ctp.192—-194,
J1.B.CuByxun «O0umii kypc Gpusuku», Tom 4, M., Hayka, 1980, ctp.161-162,
J1.51.MapteiHOB «Kypc npakTuueckoid actpodusuku», M., Hayka, 1977, naparpa¢ 10.

BOITPOC Ne67: Hackoabko TOYHO BBIIOIHAIOTCS (DyHAAMEHTAIbHBIC 3aKOHBI (PU3UKU B PAa3NUYHBIX Teopusix? [louemMy 3TH 3aKOHBI OUCHb
TIPOCTHI IO CPAaBHEHHUIO C MIPOU3BOIHBIMH 3aKOHAMHU?

OTBET: Ha cronp oO0muifi BOmpoc eQWHOTO OTBeTa HET. JII KakIoro M3 3aKOHOB CYIIECTBYIOT OIpaHMYCHHUS, IIOMydCHHBIC B
COOTBETCTBYIOIIHX MPOLECCaX. JJisi MHOIHX 3aKOHOB 3TH OTPaHHYUEHHs OYeHb CHIIbHBIE. Harpimep, Bpemst xu3Hu npotoHa Gobie 10°° ner.
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GynnaMeHTaNbHbIe 3aKOHBI (QOPMYIHPYIOTCS Ul "OYHIIEHHBIX" OOCTOATENBCTB, B HUX HE HAJO0 IOAPOOHO ONHUCHIBATH JCTalH CHUTYaIlHH.
Kpome Toro, u3 pa3nuunbIx GopMyITHpoBOK (GyHIaMEHTAIBHOTO 3aKOHA BHIOMpPACTCs Ta N3 HUX, KOTOPast MPOIIIE.
Tunz6ype U.@.

BOITPOC Ne68: Tyt He Tak faBHO ObLTa B Topojie KOH(EPEeHIHSI 0 TOPCHOHHBIX MOJIX. OUeHb OBl XOTEI0Ch Y3HATH, YTO TaM PACCKA3bIBAIIH.
Yro 310 3a nosnst? U rae npumeHsrorcs?

OTBET: CyriecTBOBaHHE TOPCHOHHOTO IOJIS, MM MOJIST KPYYCHHUs], MPEICKa3bIBAaeTCsl B HEKOTOPBIX MOMBITKAX 0000IIeHHs oOLIell Teopuu
OTHOCHUTEIBHOCTH Ha SIBIEHHS MeTaraJakTHIecKoro macmraba B 1922 r. Hukakux 3¢dexToB, yka3pBalomuX Ha CYIIECTBOBAHHE TaKHX HOJICH B
MEHBIIMX MacmTabax He ObUIO OOHapykeHo. B HacTosiee BpeMst HET aOCONIOTHO HUKAKHX SKCIICPUMEHTANIBHBIX YKa3aHHMI Ha CyIIECTBOBaHHE
TOPCHOHHOTO TIOJISL, 3TO YHCTO TEOPETHUECKasi THIOTe3a.

HekoTopble M0 MBITAINCh HHTEPIPETHPOBATh C MOMOIIBIO 3THX MOJEH PEe3yJbTaThl CBOMX SKCIIEPHMEHTOB, BBINOIHEHHBIX YPE3BBIYAHO
HEaKKypaTHO. [IOIBITKM BOCIPOM3BECTH 3TH pE3yIbTaThl B 0Oojee TIIATENbHBIX AKCIEPUMEHTaX HEH3MEHHO NPHUBOAWIN K OTPHIATEILHOMY
pe3ynbTaTy. B HacToslee BpeMms NpHUMEHEHHME TOPCHOHBIX IMOJICH K OMHMCAHMIO SBICHUH OKPYXKAOIICH MPHPOABI COCTABISAET IPEAMET 3aHATHH
HEKBAMU(UIMPOBAHHBIX WIH (4aIme) HegoOpocoBecTHBIX mmoeil. Ilocmennue o0emAroT MONYYUTh M3 HCCIEAOBAHUS TOPCUOHHBIX IONEH H
"JIOMEHHOH! CTPYKTYphI BaKyyMa' MHOTO 3aBJICKaTeIbHBIX 3((EKTOB TUIIA aHTUTPABUTALUHK U T.II. TOPCUHHBIE MOJIS yHOTPEOIAIOTCS STUMH JTIOABMH
UL BBIKQUUBAHHUS JICHET y TOCYAapCTBa (Jalle BCEro y BOCHHBIX).

Teopernueckue mnpencraBicHus, usnaraBmuecs lllunossiM Ha HemaBHem cemuHape B Muctutyre matematnku CO PAH, Gesycnoso,
omu6o4Hbl. K HayKe OHM OTHOIIECHHS HE UMEIOT. TeXHOIornIecKue IpUIoKeH s, n3narasmuecs LIIHMmoBbIM, — IOIPOCTY MapIaTaHCTBO.

Tunzbype U.@., Xpunaosuu U.b.

BOITPOC Ne69: M3nmydaet 1 21eKTpOMAarHUTHBIC BOJIHBI KOJIEOATENBHbBIH KOHTYP?

OTBET: KoHe4HO, M31IydaeT: 3JIEKTPOMArHUTHBIC BOJHBI HM3ITy4alOTCS MPHM YCKOPEHHOM JBIKCHHH 3apsioB. ODTO JIETKO TMOHATh, €CIH
MPEACTABUTE ceOe 3apsi, OKPYKCHHBIH JIEKTPUYECKUM HOJIEM. Y TOJIS €CTh SHEPrHsi, CICA0BATEIbHO, H Macca. [Ipy ycKopeHn: IBIKEHNH 3apsiaa
(HampuMep, BIEpeN) MOJIe 110 MHEPIMH JABHKETCS C TOM XKe CKOPOCTBIO U, TEM CaMbIM, OTPBIBACTCS OT 3apsiaa. MBI IIpH 3TOM HaOII0aeM H3Ty4eHHE
9JIEKTPOMATHUTHBIX BOJIH.

OOBIYHO TIPU PEIICHHUH 33jad NPO KOoNeOaTeNbHBIH KOHTYp HM3lydeHHeM mpeHeOperatoT. ITonpobyem MOHATH, KOrja 3TO CrpaBeminBo. s
Hayasa OLICHUM, KaKyr MOIIHOCTE N H3IIydacT B BUAC JICKTPOMATHUTHBIX BOJIH 3apsij (, ABUTAIOMINNCS ¢ yckopeHueM a. OueBuaHO, 4To N 10DKHA
3aBHCETH OT (, @, @ TAKXKE OT CKOPOCTH CBETA C (MIMEHHO C 3TOH CKOPOCTBIO PACHPOCTPAHSAIOTCS IEKTPOMATHUTHBIC BOJIHBI) M KOHCTAHTBI B 3aKOHE
Kyrmnona k (MMeHHO OHa OmpenensieT HHTCHCHBHOCTD 3JIEKTPOMATHUTHBIX B3aUMOACHCTBHIT). BhINncaB pa3MepHOCTH BEIHYHH, JIETKO MOIY4YUTh, YTO
eCTh CIMHCTBEHHAS KOMOMHaIMs Oyke, maromas Hyxmbiid oreer: N [ kq’a®/c’. TIpUMEHHM 5TOT Pe3y/IbTaT Ui ONEHKH MOLIHOCTH H3JTydCHHs
JJICKTPOMATHUTHBIX BOJNH KOJIEOATeNbHBIM KOHTYPOM C HHAYKTHBHOCTBIO L u emkocteio C. Jlms oToro konebaHHs B KOHType OymeM
HHTEPIIPETUPOBATh CIEAYIOINM 00pa3oM: B HAuyaJbHBII MOMEHT KOHJIEHCATOp ObUT 3apshKeH 3apsaoM ¢, a 3ateM 3a Bpems T [ (LC)"? 3apsin
IIePEMECTHIICS B KATYIIKY HHIYKTHBHOCTH, PO [JIHHY COSIMHUTENBHBIX PoBoaoB . Ouesmano, uto 1 aT>. B 3TOM pacCyICHHH CIMTACTCS,
YTO B COCIAMHUTEIBHBIX IMPOBOJAX HET CBOMX HOCHTENEH 3apsia, a KaTyllka WHIYKTHBHOCTH M KOHJIGHCATOp — WHJeallbHble (BCe IOJE OHM
COCPENOTaunBaIOT B cebe M He H3Iy4aioT), T.e. DIEKTPOMATHHTHBIC BOJHBI MOTYT HCITyCKAaThCS TOJBKO COCAMHHTENBHBIMH IHpoBoxaMu. Torna,
MOCKOJIbKY TOK B KoHType I g/T,

N Okg?a?/c® Okq?2/(T4e®) OkIPP/(T%c%) OkPI*/(LCCY) .

AHAJIOTHYHO TeMI0BOi MomHocTH N=I’R MOHO 3amucath R, — SKBHBAJCHTHOE CONPOTHRICHHE [TOTEPh SHEPIHH KONEGATEIHHBIM KOHTYPOM
Ha M3JTy4CHHE YJICKTPOMATHUTHBIX BOJH [UIMHBL A:

Rusn ON/I OKIP/(LCC?) OkIZ/(T2cY) Ok1%/(Ac) O(k/c)(VA)? D 100(1/A)> .

OueBUIHO, YTO €CIH AT KOneOaTedbHOTO KOHTYpa ¢ OMHYECKHM COIPOTUBICHHEM R BBIIONHSAETCS HEPaBEHCTBO R, << R, To morepeit
9HEPTUHU Ha U3JTyYeHUE JJIEKTPOMArHUTHBIX BOJIH MOXHO mpeHeopedb. OObIYHO Tak U ObIBaeT, T.K. | << A.

Llenecm B.H1.

BOITPOC Ne70: TTouemy, ¢ TOUYKH 3pEHHSI CKPBITOrO KOHTPOJIS 3BYKa, IPUMEHEHHE HAIPaBJICHHBIX MUKPO(MOHOB 3aTpyIHEHO?

OTBET: Panbiue HampaBieHHbIH MUKPOGOH [eaucs CIeIyIomuM o0pa3oM: Ha OOBIYHBINA BHICOKOUYBCTBHTEIBHBIH MHUKpPO(OH HaaeBaach
Tpy6a (pymnop), KOTopasl BBIIONHSIA POIb KOJNIUMATOpa. JTa Tpybda HalpaBsIach Ha HCTOYHMK 3BYKa M OTCEKala 3BYKH, IPUXOIAIINE C APYTHX
HanpasliieHuii. EctecTBeHHO, TaKuM MHKPO(OHOM TPYAHO MOJIB30BAThCS CKPBITHO.

CoBpeMeHHbIe HaIllpaBICHHbIE MUKPOGOHEI PabOTalOT IO NPHUHIUITY (Ha3HpOBAHHBIX PEIICTOK — 3BYK (HKCHPYETCs OOIBIINM KOIMIECTBOM
MHUKPO(OHOB, ¥ 3amuchiBaetcs ¢ nomoinbio AL B komnbrorep. T.K. Kaxaplit U3 MUKPO(OHOB HAXOJUTCS OT MCCIELYEMOr0 HCTOYHUKA Ha Pa3HBIX
PACCTOSHUSAX, TO BOSHHKAIOT BPEeMCHHBIC 3aJ€PXKKU B 3alIUCHIBACMBIX CUTHaNaX. [l Ka)KAOro U3 3alHCaHHBIX CUTHAJIOB JEIAeTCsl Pa3IOKEHHE B
criekTp 1o yactote. 1 Toro, 4To0bl H30aBUTHCS OT MOCTOPOHHUX 3BYKOB, B KaXIOM H3 CIEKTPOB OCTaBJIAIOT TOJIBKO Ty YaCTh CHTHANA, KOTOPas
(a30Bo cornacoBaHHa ¢ HCCIEAyeMBIM HCTOYHHKOM 3ByKa. OCTaloch TONBKO CHHTE3HPOBATh CHrHal. C IOMOIIBIO OOBIYHOIO KOMIBIOTEpA H 24-
paspsaHoii ALIIT MOXHO B peaJlbHOM BPEMEHH OCYILECTBIISATh BBHICOKOHAINPABJICHHYIO 3alMCh 3ByKa C paspelieHueM no amrumryne B 120 nb.
TpyRHOCTH CKpPBHITOIl 3aIHCH COCTOST B TOM, YTO HANPABJICHHBIE MHKPO(OHBI JOBAT 3BYK, NPUXOMAIIUNA U3 ONpPENeICHHOI TOUKH: BaM CIICIyeT
TOYHO 3HATh, IJIC HAXOJUTCS TOJIOBA HCCIIEIYEMOro CyObeKTa — CTOMT €My CIIBUHYTBHCS, KaK 3BYK MPOINaJaeT.

Banoun E.M., [Tomepsies B.C.

BOITPOC Ne71: TToyemy omacHO xBataThes 3a JIDI, B TO BpeMs Kak MTHLBI TAM CUAAT?

OTBET: OnacHo He HanpsDKEHHE caMo 110 cede — OMacHO MajicHHE HAIPSDKEHUs Ha IPOBOAHMKE, B POJM KOTOPOTO BBICTYNACT CXBATUBLINHCS
3a TPOBOJ O0BEKT m3ydeHHs. Eciaum 0OBEKT ORXHOBPEMEHHO KacaeTcsi IMPOBOAA IO HANPsDKCHHEM M 3eMIM HIM JBYX IPOBOIOB C Pa3sHBIM
HAaIpsHKEHHEM, TO EMy CTaHET IIOXO.

To, 4TO NTUIBI CHAAT HA HPOBOAAX — 3TO HPOOIEMBI HE TOJNBKO ITHUIl HO U TOJOBHAs OOIb JKCINTyaTAllMOHHUKOB JIMHUH dIIEKTpoOIepenad:
JIOBOJIPHO MHOTO NTHUIl IpH THOeny (OHA, KaK NMpPaBWIIO, HACTYMAeT B PE3yNbTaTe TOTO, YTO NTHIA KOCHYNACh ABYX PANOM HAYIIUX NPOBOJOB)
MIPOBOLUPYIOT KOPOTKHE 3aMBIKaHUS. B 4acTHOCTH, cTaHAapTHBIC H30IATOPHI Ha CTOI0AX DIIEKTPONepeadyn CIIPOSKTHPOBAHEL C YIETOM ONAaCHOCTH
CO CTOPOHBI NITHUII (AETAIOTCS CIENUATbHBIC HACECTHI).

OueHuM TO HampsDKCHHE, MOA KOTOpOEe MOMajaeT NTHIA, CeBIIas Ha INpoBoj. Jliobas nuHMS dneKTpomepenad IPeAcTaBiIsieT COOOH
CONPOTUBIICHUE JUIS TOKA, U HA 3TOM CONPOTHBIICHHHU TEPSACTCS YacTh 3NeKTposHeprun. KosdduimenT noaesHoro AeHCTBUS JMHUN 3JIEKTpoONepeaay
JIOCTaTOYHO BBICOK — 90—94%. JlocTaTOYHO YacTo BCTpeyaroTcsi BeICOKOBONIbTHBIC muHUU JIDII-500, paccuntanubie Ha 500 kB. C ux momMoIe0 Ha
paccrosiHue 600—1200 kM nepenaeTcs NeKTPOIHEPrus MoHOCThIO 10 1000 MBT. [lns oLieHKH pa3HOCTH MOTEHIMANIOB, 10J JEHCTBUEM KOTOPBIX
HAaXOAUTCS NTUIA, BEIOEpEM HAUXy/IIHI BapUAHT: JUIHHA JTHHHH dMIeKTponepenad — 600 kM, moTepu SHepruu B mposoaax — 10%, MOITHOCTE TUHUH
— 1000 MBr. Ilpu o1ux ycnoBusix 100 MBT uaer Ha HarpeBaHue npoBoJoB. TepseMylo MOIIHOCTh MOXHO ONPEETUTh 1o popmyste P = IR. Cuny
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Toka | HaxoauM, 3Has meperaBaeMyro MOLUTHOCTh Py 1 Hanpsiokenue Ha nuHuu Uy, TTockonbKy nepenaya 31eKTpOIHEPTHH ST Ha IIEPEMEHHOM TOKE,
TO HY)KHO 3HaTh eie Kodduuuent MomHocti. CTPOro roBopsi, OH MEHSIETCS B 3aBUCUMOCTH OT 3arpyKeHHOCTH JIMHUHK B mipepenax 0,6—0,9. Torna I
= Po/(Upcosd), otkyma R = PP = P(Uocos¢)2/ POZ. 3HauuT, 1715 MaIeHusI Hanpspkenue Ha mpoBoaax mmeem U = IR = PUycos¢/ Py.

Ilonydaercsi, 4TO MajJicHUE HANPSDKEHUS HA MpoBojax okoio 40 kB. OueHnM pa3HOCTh MOTEHIMANOB Ha | MeTpe Tako nmuuun. OOIas JuHa
npoBogoB 1200 xm (mmHus aByxmposogHas). Ha 1 merpe magaer okomo 0,03 B. PaccrosHume mexxmy mamkamu nTunbl okono 10 cm. Ilostomy
HaIpsDKEHHE, MO/ KOTOPBIM HaXOAUTCs NTHLA, OyaeT okoio 3 MB, 4To coBceM HeomacHo Ui Hee.

Ecnu yenoBek CTOUT Ha 3eMJIe U JIOTPOHETCS 10 BBICOKOBOJIFTHOTO NMPOBOJA, TO OH HOMAJET MOJ Pa3HOCTh MOTECHIMANIOB "MPOBOM — 3eMIIs".
Oto yxe He poau BoibTa, a 500 kB. B ciydasx, korja 4enoBek ciydailHO IONaJaeT Ha BbICOKOBOJIBTHBIE NPOBOZA, HE UMEs CBS3M C 3eMIeH
(HanpuMmep, MaJeHUe ¢ MOCTa Ha OOUH U3 MPOBOJOB JHMHHUM AJIEKTPONEpENayH, TaKHE CIlydad ObIBald) MOPAKCHUS 3JICKTPUYECKHM TOKOM HeE
HaOJ01aeTCsl.

Tonpo6uee B kuurax: A.C.EnoxoBuu "CnpaBounuk no ¢usuke u texuuke", Mocksa, 1989,

JI.W.Baiinmreitn "I[lamarka HacenaeHHIo 1o 3i1ekTpobe3onacHocTu"", Mocksa, 1987.
Kupuuenxo H.A.

BOIIPOC Ne72: IpaBna m 3emutst Oyzer "nepeBopaunBatbes”?

OTBET: 3to — rpybo ommbo4uHoe yTBepKaeHue. Vnes, o KOTopoi roBOpAT, BEIIIAANT IpUMepHO Tak: "Ha momocax 3emMian HapociIo MHOTO
nbaa. IlosToMy oHa mpeBpaTUiIach U3 IIapa B HEKOTOPYIO TaHTENb, KOTOPAs JIETKO MOXET pa3BepHyThcs Ha 90 rpamycoB OT yaapa CpPaBHHTEIBHO
HEeOOIIBIIIOTO MeTeopHTa'.

BeiBox HeBepeH. 31ech 3a0BIBAIOT O BPAIICHWH 3eMIIM BOKPYTr OCH. 3eMiIs — THPOCKOI (BOJNYOK), HAINPAaBICHHE OCH BPAIICHHSA KOTOPOTO
HM3MEHHTH OYeHb TPYAHO. [l OBOPOTa OCH Ha OOJBIIOH Yroll HaJo IepeaaTh 3eMIe MOMEHT UMITyIbCa, CPABHUMBIH C €¢ COOCTBEHHBIM MOMEHTOM,
KOTOpBII NopsiaKa 0,3MR2w, rie M — macca 3emmm, R — ce PajMyc M W — YIIOBas CKOPOCTh, paBHas 27024 uac™' (kak u3BectHO R = 300 M/c —
CKOPOCTB BpallleHHs Ha DKBATOPE).

C nanbonmbmuM 3((HeKToM Takoi MOMEHT MMITylbca mMVR Moxer mepenath 3emiie Bpe3aBIUMiics B Hee IO KacaTelbHOH actepoua. Ecmu
MIPUHATE CKOPOCTH acTeponaa v = 30 xm/c, To ero macca m [1M/300, T.e. oH momkeH OBITH BCero BUeTBepo Jerde JIyHel. DTo — OueHb OONBIION
acreponn. Ilo-BuauMoMy, Bce acTepOHMIbl MOZOOHOTO pa3Mepa B IOSCE aCTEPOUJOB M3BECTHBI. HacKOIBKO MOXHO CYyIHUTh IO TI'€OJIOTHYECKHM
JaHHBIM, 32 IOCIeAHHe 2—4 MIpA. 1eT ObUIo He 6osiee OHOr0 COOBITHS TAKOTO MaciTaba B HCTOPUH 3eMIIH.

Tunzbype U.P.

BOITPOC Ne73: Ha uem ocHoBaH 3¢ dexT "3Byk Bokpyr"(3D-sound)?

OTBET: Crepeoporus — 3(p¢dhekT 00bEeMHOro 3By4aHWs, IPH KOTOPOM Y CIIyIIaTeNell CO3JAeTCsl BIEYATICHHE O IPOCTPAHCTBCHHOM
PACIIONIOKEHHH HMCTOYHMKOB 3BYKa. 3BYK BOCHPOM3BOJIMTCS HECKOIBKMMH (X0 5) pPa3sHECCHHBIMH B IIPOCTPAHCTBE HCTOYHHKAMH 3BYKa
(TPOMKOTOBOPHTEIISIMH, 3BYKOBBIMU KOJIOHKAMH), KaXKAbIi M3 KOTOPBHIX I[OJNYYaeT CHUTHAJbI [0 HE3aBHCHMOMY KaHaly OT COOTBETCTBYIOLIETO
MukpodoHa. DPGeKT cTepeo3ByyaHHs BO3HHKACT IPHU ONPEACICHHOM pPAaCIONOKEHUM TI'POMKOTOBOPHTENCH B MECTE BOCIPOM3BENCHHSA U
MHKPO(DOHOB B MECTE IIEPEAAYH 3BYKA.

YenoBek BOCIPHHUMAET MPOCTPAHCTBEHHOE PACIIONOKEHNE HCTOYHUKOB 3BYKa C MOMOIIBIO yIleH, pa3HECCHHBIX Ha paccTostHue d okomno 20 cM
(3TO BO3MOXHO UIsl 3ByKa, JJIMHA BOJHBI KOTOporo A < d; 9To cooTBeTcTByeT 4actoram 3Byka Oonee 1 kI'm). Takum o6pasom, Gmaromaps
BBICOKOYACTOTHOM COCTABIISIOIICH 3BYKa, MOXKHO XOpOIIO OPHEHTHPOBAThCA II0 3BYKY B IIPOCTpaHCTBE. Pasimmume B (hase HM3KOUACTOTHBIX
COCTABIIIIOIIMX BOCIIPUHATOrO yIIaMH 3ByKa BOCIPHHHMAIOTCS YEIOBEKOM ropasno xyxe. [lostomy st yeuneHus sddexra 00beMHOro 3BydaHus
HCKYCCTBCHHO YBEIIMUHMBAOT 3ala3/IbIBaHIE MEK/y HU3KOUaCTOTHBIMH COCTABIIAIOIINMY 3BYKa, JOCTHIAIOIIUMH Pa3HbBIX yIICH.

Jnst coznanust adexra 3D-sound:

* 13 3BYKOBOTO CHTHAJIa OT Ka)I0T0 MHKPO(OHA BBIIEIACTCS €ro HU3KOYaCTOTHAs COCTABIIAIOMIAs,
*  IEKTPOHHBIM 00PA30M yBEINYHBACTCS PA3HOCTH (ha3 MEKIy HU3KOYACTOTHBIMH COCTABIISIOIINMY CUTHAJIOB, IIOJAIOIIMXCS Ha PA3HBIC 3BYKOBBIC
KOJIOHKH.
Ilomepses B.C.

BOIIPOC Ne74: CxopocTH TEIIOBOTO IBIKCHUS MHOTHX MOIEKYN ONHM3KH K cKopocTH mymu. [Todemy ke make O4eHb UyTKoe OOOHSHUE
JIMKHX JKMBOTHBIX HE yJIaBJIUBACT 3aMaX OXOTHHKA, €CJIM OH MOJKPAAbIBACTCS K HUM IPOTHB BeTpa?

OTBET: Monekynsl B BO3IyXe, ACHCTBUTEIBHO, JICTAIOT C OYEHb OOJBIIMMM CKOPOCTSIMH, HO Ha OYEHb MaJICHbKHE paccTostHHA. J{nmiHa
cB0o0OJHOrO mpobera A MOJIEKysI BO34yXa B BO3AyXe IIPU HOPMAIBHBIX yciaoBusX MeHee 0,1 MKM, a y GONBIINX OpPraHHYECKHX MOJICKYI Maxy4dux
BCIIECTB — ellle MeHbIue. [3-3a MHOTOYMCIICHHBIX CTOJKHOBEHHH MOJIEKYJbl ABIXKYTCS XaoTWuHO. Takol mpolecc Has3blBaeTcs OPOYHOBCKHM
nBrxenneM. TIpu 5ToM Morekyna mocie N CTONKHOBEHHIT CMecTHTCS B cpeaneM Ha paccrosuue L ON"2A. Ecii MoIeKyla IBHKETCS CO CKOPOCTBIO
v, TO 3a Bpems t npousoiiner N = tv/A cronkuoseHuit. Torga L O (VA)'2. Crenaem Heckonbko omeHok. CBOGOAHO JeTamas B BaKyyMe MOJIEKyJa
asoTa npeoponeer L = 10 m 3a Bpems t. JL/v 10,02 ¢, a muddynaupyromas B Bo3Lyxe MOJIEKyIa a30Ta IPEOJOJICeT TO XKe PacCTOSHHE 3a BpeMs t,; [
L2/vA 0200° ¢ 020 cyrok.

PeanpHO 3amaxu pacIpoCTpaHSIOTCS ObICTpee, OIarofaps BEeTPy M KOHBEKTUBHOMY JIBIDKCHHIO BO3MyXa. T.e. 3amaxu pacHpoOCTPaHSIOTCS II0

BETpY.
Hctounnk:

N.1.Cno6oneuknii, JI.I'.Acnamasos «3amaun no ¢pusukey», budbnuoreuka «KBanry», Boimyck 5, M., Hayka, 1980, ctp.84-86.

BOIIPOC Ne75: ITouemy u3 xaoca Bcerza poxjaaercs nopsaok (kocmoc)?

OTBET: A xT0, COOCTBEHHO, BaM CKa3aj, 4TO TaK OHO ecTh? 3 BTOpOro Hayajga TEpMOAMHAMHUKHM BBITEKAET, TaK Ha3bIBa€MbIH, 3aKOH
BO3pACTaHHs SHTPONHH (OYCHb TECHO CBSA3aHO C MOHSATHEM HEOOPATHMOCTH HANpPaBICHHOCTH MPOLIECCOB BO BpEeMEHM). B BammMx TepMHHAX 3TO
03HaYaeT, YTO U3 MOPsAKA BCEraa poXKAacTcs xaoc. UTo Obl Mbl HU €A, B PE3yJIbTaTe Mbl YBEIMYMBAEM JHTPOIUIO, a, CIENOBATEIBLHO, H XaoC.
Hanpumep, ecnu Kakaplid oT4eT TpeOyeT TpeX YePHOBHKOB, TO CO3AaHHEM CTPOrOrO U TOYHOTO OTHETA BBl YBEIMYMBACTE MOPSIOK HA COUHUILY, HO
NP 9TOM yBEIMYMBAETE Xa0C Ha TPH SIUHHLIBI, C/IeTIaB TpU YyepHOBHKA. CIIeI0BATEIbHO, Xa0C BCErIa B BBHIUTPHILLIC.

Hayka, nzydatoras 3aKOHOMEPHOCTH BOSHUKHOBEHUSI IOPSIIKA B Pa3HOOOPA3HBIX CUCTEMAaX, Ha3bIBACTCS CHHEPTETUKOM.

banoun E.M.

BOITPOC Ne76: Kakyro Maccy # CKOPOCTb JOJDKEH HMETh METCOPHT, YTOOBI pa3pyIIHTh 3eMII0?
OTBET: IIpaBunbHee 0XKHAATH KaTaCTPOGHUIECKOTO MO MOCISACTBUAM CTOJIKHOBEHHS 3eMIIH ¢ KOMETO MITH aCTEPOUIOM.
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Bynem cuntath, uTo ¢ 3emieil crankuBaeTcs KOMeTa, KOTOpas IpHOIMKaeTcs K 3eMile ¢ OTHOCHTENBHOU CKOpocThio V. Torma, mo 3akoHy
COXpaHEHHUs MMITYJIbCa, TOCIIE yaapa cucteMa 3eMIs-KoMeTa UMeeT cKopocTh u = mv/(M+m), rne M — macca 3emii, m — Macca KoMmeThl. Bumso,
YTO Ha pa3pylIcHHE OCTACTCS KONUIECTBO YHEPTUH, PABHOE

Q = mv*2 — (M+m)u%2 = (mv*2) (M/M+m) .

Ecnu cautath, uTo m << M, 10 Q = mv?/2.

H3BecTHO, 4TO Npu 00pa3oBaHHU OONIBIIMX KPAaTEpOB IIOYTH BCE BEILECTBO, IEpEMEIaeMOe IIPH 00Pa30BaHUH KpaTepa, IIEPEXOIUT B COCTOSTHUE
pacmaBa u napa (I'.Menom «O6pa3oBanue ynapHbIX KpaTepos», M., Mup, 1994, ctp.174-175).

CrienaeM OLICHKY: MOXKET JIM KOMETa CBOMM YapoM UcHaputh 3emitto? J{iist 3Toro HeoOXoauMo, 4To0bI

Q OMCcAT + Mr,
IJie C — CPeAHss yjenbHas TEINIOEMKOCTh Martepuana 3emiun, AT — cpenHsas TeMiepaTypa HCHApeHHs MaTepHalia 3eMiH, I — yJellbHas TEIIoTa
HCTIapeHus MaTepuana 3eMii. JIerko moayduts, 9T0

m/M O(cAT+r)V2.

Cunras ¢ = 10° [i/(xr(K), AT = 300° K, r = 600°Ix/(xrK), moxyanm m/M 0 107/v%. Eciu koMeTa IpHieTena H3IaqeKka, TO OHA HMEET
CKOPOCTB TOpsiAKa 2-0if KOCMUYECKON CKOpPOCTH 3eMii oTHOcHTeNbHO COMNHIIA, YTO AaeT Ha BCTpedHBIX Kypcax v 070 xm/c. T.e. m/M [ 1/500.
Iockompky Macca Tena IpoIopIuoOHaIbHA ero 00beMy, a 00BbeM Iapa NPOIOPIHOHATEH KyOy pagiyca Iapa, TO paAuyc KOMETBI, KOTopas MOTJia Obl
UCIIapHUTh 3EMITIO, IOJDKEH OBITh He MEHbIIe, ueM 1/8 ot paguyca 3emin, T.e. okono 800 kM.

CrmemaeM Ipyryio OIEHKY: MOXET JHM KOMETa CBOUM YAapoOM pPAacIbUINTh 3eMIIO, T.C. PAcHpeleNuTh BCe 3eMHOE BemecTBa Io cdepe c
6eCKOHEUHBIM PaJycoM. 3aTpayuBaeMas IIpU 3ToM paboTa paBHA SHEPTHU TPABUTALIMOHHOIO MOJIS

W OyM?/R,
rie Y — rpaBUTallMOHHAs OCTOsIHHAsA, R — paauyc 3emmnu.
TTonmoxus Q W, Haiinem
m/M OyM/ (Rv?) O(vi/v)?,
TJIe Vi — TepBasi KOCMHYECKas CKOPOCTh OTHOCHTENbHO 3eman. OxonuaTensHo, m/M [01/80. Takast komeTa JOJKHA UMETh paJnyC HE MEHbLIC, YeM
1/4 ot paguyca 3emy, T.e. okono 1600 kM (kctaty, 310 paguyc JIyHsr).
Llenecm B.1.

BOITPOC Ne77: Kak paboTaet na3epHblit mpunTep?

OTBET: Ha HenpoBoasuIyro (B TEMHOTE) CEIEHOBYIO IIOBEPXHOCTH (poToOapabaHa KOPOHHBIM Pa3psioM HAaHOCUTCS 3apsia. MomyanpoBaHHBIH
PacTpOM JIyd JIa3epHOrO AMOJA Pa3BOPAYMBACTCS B TOPU3OHTAIBHOH IUIOCKOCTH YETHIPEXIPAHHBIM BPAIIAIOIIMMCS 3€pKajiblleM M Iomajas Ha
(doTobapaban reHepupyeT HEOCHOBHBIE HOCHTEIH B IOIYIPOBOJHHUKOBOM CJIO€ CEleHa, IMOPOXkKAas (hOTONPOBOAMMOCTb, IPH IIOMOIIM KOTOPOU
3acBEUYCHHBIN ydacTok OapabaHa paspsbkaercs. Ha 3apshkeHHbIe yuacTku 6apabaHa HaJMIAeT KPacsIIHil HOPOLIOK, KOTOPBIH KOHTAaKTHBIM CIIOCOOOM
nepeHocuTCs Ha Oymary, Tiie U 3amekaercs npu temneparype 200°C cooTBercTByromnieil 6apabaHHON MEUKOH.

banoun E.M.

BOIIPOC Ne78: ITouemy 3UMOIt CTaHOBUTCS TEIUIEE, KOTAa UIET CHer?

OTBET: Atmocdepa HarpeBaeTcs:

*  IOIIomas COMHEUHYIO paauanuio (okoao 15 % Bcero ee KOIMIeCTBa, IPUXOAMIETro K 3emie),
*  foryomas cOOCTBEHHOE M3/Ty4eHHE 3eMHO TIOBEPXHOCTH,

*  IOJNydYas TEIIO OT 36MHOH OBEPXHOCTHU ITyTeM TEILIONPOBOJHOCTH,

*  TOJydas TEIUIO MPH MCIApCHUH U TTOCIEAYIOIIEeH KOHICH AN BOASHOTO 1apa.

Bynyun narperoi, atmoctepa u3mydaer cama. bonpmas 9acts aTMoc(epHO paguanu IPHXOJUT K 36MHOH IIOBEPXHOCTH, KOTOPas IOTJIOIMAET
3TO BCTPEYHOE HM3JIy4CHHE IMOYTH LEIMKOM. BCTpeuHoe M3iydeHHE BO3pAcTaeT € YBEIMYCHHEM OOJIAYHOCTH, MOCKOJBKY OOJIaka CaMH CHIIBHO
u3ygaror. Cpemisst MOTyeHHAs SHEPreTHUecKas OCBEIIEHHOCTh COCTapsier okono 1 kBr/m’. Berpeuroe mamyuenne coctasmser 10 0,3 KBT/M?.
Houbio 3¢MHast IOBEPXHOCTh OCTHIBAET ¢ 3(beKTHBHbIM TemmoM 10 0,1 KBT/M>. B 061auHyI0 MOroly HOUHOE OXIAKICHHE 3EMHOM MOBEPXHOCTH
ropasno MeHbIIe. JlHEM 3TO OXJIaXKACHUE NEPEKPHIBACTCS MM YaCTHYHO KOMIICHCHUPYETCS COMHEYHOU pamauanueil. Takum oOpa3oM, 00IadHOCTE —
OZIHO U3 OOBSACHEHHMIT TOTO, YTO CTAHOBHTCS TEIUIEE, KOT/Ia HJCT CHET.

C nmpyroii CTOPOHEI, €CIIH U3 00JIaKa MOMIEN CHET, TO 00pa3yIoIuecs U MaJalollie CHeKUHKY HAYMHAIOT COOUPATh Ha ce0s BOIY, HAXOIAIIYIOCS
B Bo3zyxe. [Ipu 3TOM pa3Mepbl CHEXXHHOK PacTyT, a BBIACIHUBINASACS NIPU KPUCTAILTM3ALUHN TEIIOTa HArPeBaeT BO3YX.

Tonpobuee B kuure:

C.I1.XpomoB "Mereoposorus u kiumaronorus”, JI., F'napomereonsaar, 1983, riu.3.
J1.B.Tapacos "®wuzuka B npupoze"”, M., [Ipocsemenue, 1988.

BOIIPOC Ne79: ¥V mac B ropone JOMArOTCs KOMIbIOTEpHL. ['0BOpAT, 4To 310 BHpyc "UepHOObUIL". UTO 3TO 3a BHpPYC M Kak OT HEro
3amutuThca? Ecan MoxeTe, TO IpHIIINTE aHTUBHpPYCHBIE 6a3bl 1uis "JlokTopa Baba'.

OTBET: Ecnu Bam koMnploTep paboTaeT, TO MOXKETE He BOJHOBAThHCS — y Bac HET 3TOro Bupyca (mo KpaiiHe Mepe, ero He Obu1o Ha 26-0¢
ampernst). OTOT BUPYC aKTUBH3UPYETCS 26-ro ampens (eCTh BEPCHH, KOTOPbIE aKTUBH3UPYIOTCS 26-T0 YHCIIa JII000ro MecsIa) U AenaeT CICeayIoIue
JMCTPYKTHBHbBIE AeHcTBHsA: mblTactcs ucnoptuth flesh BIOS (ecim ecTh Takas BO3MOXKHOCTH — MHMKPOCXEMBI MOJKHO BOCCTAHOBUTB, HO 0e3
COOTBETCTBYIOIIETO OIBITAa 3TO JENaTh HE CTOHT), IOPTUT BHHYECTEP, MEPHOAUIECKU 3aMHUChIBas Mycop Ha Auck. IloprsaTcs manuble Ha aucke C
(TIepBOM AHCKE), OCTaTbHBIC MOKHO BOCCTAHOBUTH C IOMOIIbI0 ndd, naHHBIC HA MEPBOM AUCKE MOXHO BOCCTAHOBUTH TOJIBKO YaCTHYHO (3TO MOXKHO
caenathb ¢ nomouibio yrrianutel TIRAMISU — simoner 3apaHee mo0ecroKomnscs).

Win95.CIH — Hacrosiniee Ha3BaHHE 3TOrO BUpYca (3TO MHHLMANBI aBTOpa, OH ¢ TaiiBaHs, a 26-0¢ — 9TO CKOpee BCero JeHb €ro POXKACHHS —
9TOT YeTOBEK HACHTHOHUIUPOBAH U €My, BPOZE KaK, IPO3HT TIOpbMa), "UepHOObLIb" — 9TO MPUIyMaIIH )KyPHAIHUCTHI ...

O cylIecTBOBAaHWH 3TOr0 BHpyca ObLIO W3BECTHO MOJNroja Haszal (BCe aHTHBHPYCHI He crapiie Jieta 1998 3HalOT O CyIEeCTBOBAaHHH 3TOrO
BHpYyca), 25-T0 cOOOIIIIN 00 OMAaCHOCTHU IO IEHTPaIbHOMY TeneBHuaeHuIo0. Tax 4To mpobiieMa 3TOro BHpyca Ha KOMIIBIOTEpPE — 9TO Impobiema 3
CepUM, 4YTO HAJO MBITh PYKH Hepen obOegoM. Hano mnepmomudeckd HpoBepsATh CBOW KOMIIBIOTEP M HE IIOJNB30BAThCS IOAO3PUTEIBHBIMU
nporpammamu. JlaszepHsle IUCKHU, KyIUICHHBIC Ha pa3Baje, CICIyeT IPOBEPATh.

D10 BHpYC OKa3ajcsi OYEHb yHAYHbIM C TOYKH 3PCHHs HANMCAHWs BPEJOHOCHBIX MPOrpaMMOK — BOT YTO Npo Hero roeopsat: "Bupyc
Win95.CIH" — oamH U3 caMbIX 3aMeTHBIX 3a IOcIeAHee BpeMs. M He TONBKO NMOTOMY, YTO OH SIBJISICTCS IEPBBIM H3 "BHPYCOB, AEHCTBHUTEIHHO
HOPTAMMX Kene30". A, TIaBHBIM 00pa3oM, IOTOMY, YTO OH HCIIONB3YeT OYeHb MHTEPECHBIH (OKyC ¢ mpoie3aHueM Ha 0-0¢ KOJBLO MPHBHIETHI
mporeccopa (B To BpeMs Kak OOIBIIMHCTBO BUPYCOB U F03€PCKHX IPOrPaMM — COCYT Ha TpeTheM). [locie 3Toro BHpyc MOXKeT BBI3BIBATH (M YCIICIITHO
at0 nenaer) VXD cepBucel u 3anuck B nopTel. OH He m3Mensier SYSTEML.INI, o ne mumter .VXD-daiinos B WINDOWS\SYSTEM, oH ToiBKO
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3apaxaeT PE-gaiinsl... u (unorma) ctupaer FLASH BIOS u sxectkue gucku ... I'pybo roBops, 9TO IepBbIH "HO-HACTOSIIEMY PE3HICHTHBIA"
Win95/98 Bupyc (eme m00aBUTH HEMHOXKO moiumopdusma, u Oymer Bce kak mox DOS). OmnepauuonHnas cuctema Windows95/98 sBusercs
HAeanbHOM IIaTGOopMON IS PacIpOCTPAHCHHUS BHPYCOB — Hy YTO TYT CKaKellb — IepexoauTe Ha Linux. ABTOp KOMIIBIOTEPHOIO BHpYCa
"YepHOOBLIE" CO3/1aJT €r0 B MHKY JICKTPOHHBIM (hHpMaMm, "TOPryIonmM Oecoe3HBIMU aHTUBHPYCHBIMHU nporpaMmamiu’. Kak cooOLHiIo areHTcTBO
"Hntepdaxc” Mononoii TaiiBaner; Yenr WHr-Xy, ZOMpPOIICHHBIH TOMHUIHEH, IPU3HAICS B CBOEM "OTIIOBCTBE" U 3asIBHII, YTO COXKAJICET O COIAESHHOM U
HPHHOCHT M3BHHEHMS BCeM HocTpazaBmmM. [lo ero cioBaM, OH He Jymal, 4TO BBEJICHHE BHpYca OyaeT MMETh CTOJNIb Cephbe3HbIe mocieacTus. Ilo
Pa3HBIM JaHHEIM ,"UepHOOBUIEM" OKa3aIHUCh 3aTPOHYTHI Ooee 60 MITH. KOMIBIOTEPOB BO BCeM Mupe. Bupyc, KoTopslil akTuBH3UpyeTcs 26 ampens,
Moxxet npeBpatuth 11K B HUKOMY He Hyx<HOe "Kkene30". B yactHocTH, B EkaTepunOypre B HbIHENIHEM roay u3-3a "UepHoObLIs" BOBpeMs HE BBILLIA
HECKOJIBKO Taser... Eciu Mononoii mporpaMMuCT OyzeT IpU3HaH BUHOBHBIM, 110 TaiBaHECKHMM 3aKOHAM €My TPO3UT caMoe Ooblee 2 roja TIOPEMEL.

Jlns oOHapyKeHHsl 3TOr0 BHPYCa Ha COOTBETCTBYIOIINE HWHTEPHETOBCKUE CAWTHI OBUIM BBIIOXKECHBI HEOOXOAMMBIE yTHIIMTHL. MHOTO MOJIC3HON
nHpopManun MoxxHO nodepnHyTh y Kacnepckoro (http://www.kasperskylab.ru). Tam BbI MoxeTe ckadath yrunuty AVP s o6HapykeHHs BUpyca
CIH.

banoun E.M.

BOITPOC Ne80: YacTo BO3HMKAET BOIPOC: 3aBUCHUT JIM CUJIA TPEHUS MEX]TY TeJlaMU OT IUIOIAM CONPUKOCHOBEHUS Te?

OTBET: 3aBuCHMOCTb CHJIBI TPEHHS OT CHJIbI JaBJICHUs ObLIa YCTaHOBJICHA DKCICPUMEHTANbHBIM myTeM. llepBas (opmyiaupoBka 3aKoHa
TpeHus. NpuHamIexuT Jleonapno ma BumYM, KOTOpBIM yTBep:Kmal, YTO CHIIA TPEHHUsS NPONOPIHOHANbHA CHIIC NMPIDKATHsA, HalpaBieHa IPOTHB
JBIDKEHUS M HE 3aBUCUT OT IUIomaau KoHrakTta. Yeped 180 ner stor 3akoH Obul nepeoTkpbhlT I'.AMonToHOoM u III.Kynonom. Kynon
JKCIIEPHMEHTAIBHO YCTAHOBHI, YTO KOA()(OHIMEHT TPEHUsS CKOIBKEHHS TaKXKe 3aBHCUT OT OTHOCHTENBHOM CKOPOCTH ABIIKCHHS ITOBEPXHOCTEH,
HPOJIOJDKUTEIIBHOCTH HETIOIBIKHOTO KOHTaKTa MOBEPXHOCTEH M OT Y/AEIbHOrO JABJICHUS OZHOro Teia Ha Jpyroe. Oka3anock, 4TO KO3(DUIHEHT
TPEHUsI IIOHIKACTCS C YMEHBIICHHEM ILIomany kacanus. OIHaKo 9TO IMOHIDKCHHE He3HAYUTENIbHO. 3aKoH I cuuisl Tpenus F = kN B cuimy cBoeit
HPOCTOTHI CTaJ OOIEHPHHAT, X0Ts y)ke B XIX Beke cTasno siCHO, 4TO OH He JaeT NPAaBHIBHOTO ONUCAHUS CUIIBI TPEHHUS.

B xonne XIX Bexa PeliHombAC co3man NepBylo TEOPUIO cMa3Ku. [Ipy HamuIuu JOCTaTOYHO TOJICTOTO CIOS CMAa3KU CHJIA TPEHUS ONpPEeNeIIeTCs
TOJIBKO THPOJMHAMUYECKMMHU CBOWCTBAMM CMa30YHOTO CJOS M C POCTOM CKOPOCTH CHJIa TPEHMsS IOJDKHA Bo3pacTaTh. Ecim cioif cmasku
HEJJOCTaTOYeH, TO K CHJIE BSI3KOTO TPeHUs IpuOaBuTcs "cyxoe" Tpenue, onucanHoe Kymonom.

B 1902 roxy lItpubex omy6ankoBan JaHHBIE O TOM, YTO B OTCYTCTBHH CMa3KHU CHJIAa CONPOTHBIICHUS HE MaJaeT cpa3y ¢ ypoBHS MaKCUMabHON
CHJIBI TPEHHS TTOKOS 10 CUJIBI TPEHUSI CKOJIBKEHHS, 8 BO3HUKACT IIOCTEIICHHOE MaeHHe CHIIBI C pocToM ckopocTH (9ddext IllTpubeka).

CoBpeMeHHasi MOJENb BOSHMKHOBCHHS CHJI TPCHMS BBIIVIAAUT CICAYIOIIMM 00pa3oM. I'paHHIla CONPUKOCHOBEHHs JBYX INOBEPXHOCTEH B
MHKPOCKOIIUYECKUX MacITabax UCIeNnpeHa HEpOBHOCTAMU. TpeHre 00yClIOBICHO He 3allelICHUEM BBITYKIOCTell Ipyr o apyra (eciu 05l 3T0 ObUIO
TaK, TO CHJIa TPEHMsS 00s3aHa Oblia OBl 3aBUCETh OT ILIOLIAAN CONPHKOCHOBEHHMS, a 3TOr0 HE HAONIOJAeTCs B SKCIIEPUMEHTE), a B3aUMOJCHCTBIEM
Tel B TOYKAX CONPUKOCHOBCHUS Ha MOIEKYJISIpHOM ypoBHE. (IlogTBeprkieHreM 3TOMy SBISCTCS HAIUMYHE OONBIINX CHII TPEHHS MEXIY TIIATEIHHO
OTIOJIMPOBAHHBIMU TOBEPXHOCTAMHU). OiiH U3 aBTOpoB Teopun TpeHus ®.boyneH ropopui, 4To "HaNOXKEHHUE JBYX TBEPABIX TEJ OJHOTO Ha JPyroe
MOZOOHO HAIOXKEHUIO MBEHIIAPCKUX AJBII Ha IEPeBEPHYTbIC aBCTPUICKHE AJBIBI — IUIOMAAb KOHTAKTa OKA3bIBACTCS OUCHb MAoH", HIMEHHO
MO3TOMY CHJa TPEHUs HE 3aBUCUT OT IUIOIAJM ITOBEPXHOCTH. HO ecnmu MOBepXHOCTM HAYMHATH CHABIMBATh, TO 'TOPHBIC NMHKH' HA4YHYT
nehopMHPOBATHCS U IOAIMHHAS IUIONIAIb KOHTAKTa YBEIUYUTCS IPONOPLUOHAIBHO IPUIOKEHHOH Harpyske. COIpPOTUBICHHE OTHOCHTEILHOMY
CIBHTY 3TUX KOHTaKTHBIX 30H M SIBIACTCS OCHOBHBIM HMCTOYHMKOM TPEHHs JABIXeHHA. IIpn Hanuuum caBuraromed cuiibl oAuH "MuK" HayHeT
mporudaTh BTOpPOH "MuK", Kak OBl MBITAsCh CIIAIWUTH AOPOTY, a IOTOM yXe€ CKONB3UTh IO HeH. IIpu 5TOM Hamo yYUTHIBATh, YTO HMEIOIIHECS
NBUIMHKK M Pa3spyLIAlOascs MOBEPXHOCTHAs IUIGHKA OyAyT WIpaTh pOJIb CMAa3KH, YCIOXHss sBiicHHe. Takum o0pa3oM, HpH HaJI0KEHHU
TOPH30HTAIBHON CMeIaloneli CHIbI MOXKHO BBLICTUTH 4 OCHOBHBIX PEKHMa ABIKCHHS:

*  PEXHUM yHPYTHX MHKPOCMEIICHHH,
*  PEKHM CKOIBXKEHHUS IO IUIOMAAKaM KOHTAKTOB IIOBEPXHOCTHOTO CIIOS,
*  IIpU YBEIMYEHUM CKOPOCTH CMa3Ka CO3JacT MOABEMHYIO CHITy, HapYIIAIOLIyI0 OONBIIYI0 YacTh MPSMBIX KOHTAKTOB, CHIXKas TEM CaMbIM CHITY

TpeHus,

*  C YBEIMYEHHEM CKOPOCTH BSI3KOE CONMPOTUBIICHUE BO3PACTACT U CHJIA TPCHMUS AOKHA YBEINUHUTHCS.

OTHUM KaueCTBEHHBIM NPEACTABICHUSAM COOTBETCTBYET TPa(UK 3aBUCUMOCTH CHIIBI TPEHHS OT CKOPOCTH. IIpu 3TOM Hajgo 3aMeTHTb, YTO ECIIH
cMa3Ka He BBOJMTCS MCKYCCTBEHHO, TO YBEJIMYCHHs CHIIbI TPEHHS C POCTOM CKOPOCTH MOYTH HE3aMETHO M 3aKoH KyioHa mis cuibl TpeHHs
CKOJIBKCHHSI BBITIOJHSCTCS 38 MCKIIOYCHIEM MAaJIBIX CKOPOCTEHl IIPH MEPEX0/e OT TPEHMS HOKOS K TPEHUIO CKOJIBKCHUSL.

Hcrounuku:
1.B.Kparensckuit, B.C.1llenpos «Pa3Butre Hayku o TpeHHn», M., 1956,

E.A.Bytukos, A.C.Konnparbes "®usuka", kuura 1, M., 1994, naparpa¢ 21,
A.A IlepBo3Banckuii "Tpenue — cuina 3HaKoMasi, Ho TauHCTBeHHas", "CopocoBckuil 06pazoBaTenbHslil xypHan" Ne2, 1998, ctp.129.

BOIIPOC Ne81: Eciy mpenmonoXuTh, 4TO Bce 34aHHS B MOCKBE HOCTPOCHBI M3 KHPIHUYEH, Kakoe KOJIMYECTBO KHPIUYCH UL 3TOrO
HOHano00uTCs?

OTBET: [{ns rpy0oil OLeHKH 4YWCia KUPIHYCH, HEOOXOOMMBIX Ui MOCTPOMKH MOCKBBI, OLIGHUM YHCIIO KUpHOHYEH, HEOOXOMUMBIX IJIs
CTPOUTENHCTBA JKIJIBIX 31aHUH. BriOepem Moaens, B KOTOPOI A IPOCTOTHL BCsi MocKBa 3acTpoeHa 9 — 9TaXKHBIMH KHPIUYHBEIME JoMaMH. J{nuHa
Takoro goMa okoso 100 M, mupuna — 12 M, Beicota — 30 M. Tonmuna crensl — 0,5 M. Tonmmua neperopoaku — 0,25 M. Torna 00beM KMPIUYHBIX
cren 2[0100+12)300,5 = 3360 »’.

OO0beM BHYTPEHHHX MEPEropoJok OyAeT MPHMEpPHO TaKoW jke (OHM TOHbLIE, HO UX CyMMapHas JuuHa Oombiue). OueHUM oOUmMI 00BeM
KHPIHYa, MOLIE/IIET0 Ha CTPOUTENBCTBO OAHOTO 9-3TakHOTO 1oMa, B 6000 M.

O6beM ofHOro craHaapTHoro kupnuva cocrtasmster 0,2500,12[0,065 = 0,00195 M. Takum 00pa3oM, Ha CTPOMTENIBCTBO TAKOIO JOMa
TOHATOOHUTCS IPUMEPHO 3 MIJIIHOHA KHPIIUICH.

B Mockae xuBer nprbauutensio 10 MitH yenoBek. B ogHOM 9-3TakHOM ToMe yKa3aHHBIX pa3MepoB B cpenHeM xuset 600—700 uenosek. [t
pa3MelneHus Bcex KuTelel HykHO mpuOmusurensHo 16000 takux nomos. [lepeMHOXHB 4MCIO HOMOB Ha YHCIO KHPIUYCH, HEOOXOTHMBIX I
CTPOMTENBCTBA OJHOTO JIOMa, NMOTy4uM okosio 50 MummmapaoB kupnuded. Ecam ske yuuThIBaTh, 4To B MOCKBE OY€Hb MHOTO HE JKHMJBIX 3JaHHH
(3aBOZBL, My3€H, pa3IHYHbIC aAMHHUCTPATHBHBIC 34aHNsA, KpemiieBckie CTeHBI U OallHU | T.J.), KOIMYECTBO KHPIUYCH, OXKaTyil, HaJo YIBOHUTS, a
T0 M yTpouTh. Ho mopsinok Bemuuunsr 10" ocTaneTcs, T.e. HYXHO HECKOIBKO COTEH MULTHAPIOB KHPIHYEH.

JIutepatypa: A.C.EnoxoBud «CrpaBoyHUK 10 (PU3HKE U TeXHUKE», M., 1989.

Kupuuenxo H.A.

BOITPOC Ne82: Kak noka3ath, 4TO HOBEPXHOCTHAS INIOTHOCTH 3apsa 00PaTHO IPONOPLIHOHAIBHA PAHyCy KPUBH3HBI IOBEPXHOCTH?
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OTBET: PaccmoTpuM mjisi NPOCTOTHI MPOBOAHHUK, COCTOSIIMH M3 JBYX HPOBOJSINMX IIAPOB, COEJMHEHHBIX NPOBOJOM. I[lockoibky
MOTCHIMATBl COCIMHCHHBIX MIAPOB PAaBHBI, a MOTCHUHaN 3apsbkeHHoro mmapa ¢ [ q/r, TO OTHOIIEHHE 3apsiOB IIAPOB PABHO OTHOIICHHIO HX
pamuycoB. [IOBEPXHOCTHAS IIOTHOCTh 3apsaia O = q/S. 3Has MOBEPXHOCTH Mapa S = 4TI, MOXHO HAiiTH OTHOIICHHE TIOBEPXHOCTHBIX IUIOTHOCTEI
3apsAI0B: OHO OyaeT 00pPaTHO IMPONOPLIUOHAIBHO PaJiycaM IIapoB.

ITycTs nMeeTcst 3apsKeHHBII TPOBOAHUK KAKOH-TO CIOKHOH (popMbl. II0CKOIBKY IO TOBEPXHOCTH NMPOBOAHUKA HE TEYET TOK, TO MOTEHIUAIBI B
Pa3HBIX TOYKAX IPOBOJHUKA OJWHAKOBEL 3apsUKCHHBIM IPOBOJHUK SBIIETCS DKBUIIOTCHIIHAIBHON IOBEPXHOCTBIO. DJEKTpPUUECKOE IIONIe Ha
BHEIIHEH MOBEPXHOCTU IPOBOJHHKA HAIpPaBIEHO IO HOPMalu K IOBEPXHOCTH. Benmumna sToro mnoius
MIPONOPIMOHANbHA [TOBEPXHOCTHON IUIOTHOCTH 3apsifa. Ho 3apsmbl Ha MOBEPXHOCTH IPOBOAHHMKA MOTYT
pacronaraTbcsi COBCEM HEPaBHOMEPHO.

PaccmoTpuM 3apspKeHHBIH OJMHOYHBIA IPOBOJHUK HENPAaBHIBHON (OpMBI (CM. PHCYHOK). JlomycTHMm,
YTO BHEIIHEE I0JI€ OTCYTCTBYET, a CaM MPOBOJHUK MOJIOKHUTENBHO 3apskeH. Ha odeHp OONbIINX paccTOSHUAX
OT IPOBOAHHKA CO3AaBAEMOE UM II0JIe OyJeT IMOYTH TaKUM JKe, KaK MoJie TOYedHOro 3apsiga. CiaenoBaTenbHO,
BAIM OT IPOBOJHMKA SKBUIIOTCHIHAIBHBIC MOBEPXHOCTH OYIyT ONM3KM K KOHLEHTPUYECKHM cdepam.
HemocpencTBeHHO OKOJIO NPOBOJHMKA HKBHIOTEHITHAIBHOU SBISETCS IMOBEPXHOCTh IMPOBOAHUKA. [losToMmy,
KaK BHJHO W3 PUCYHKA, SKBUIIOTEHIMAJIbHbIC TOBEPXHOCTH OYAYT CTyIICHBI OKOJIO BBICTYIIOB IPOBOJHUKA U
pa3pekeHsl OKOIO BIAAUH B HeM. TOIbKO B 3TOM ciydae (opMa SKBHIIOTCHIHATLHOH IOBEPXHOCTH OyzmeT
IUIABHO TPEBPAIIATHCS U3 (POPMBI, TTOBTOPSIOLICH MOBEPXHOCTH NMPOBOJHUKA, B cepy MO Mepe yAaleHUs OT
npoBogHuKa. Ho TaM, rie SKBUNOTEHNUAIbHBIC MOBEPXHOCTH PACIIONOXKEHHI TyIle, ObICTpee M3MEHSeTCs NMOTeHNHUAN, a, CIef0BaTeNbHO, OOombIIe
aneKkTpuyeckoe mone. OTcioza cneayer, 4To Ha IOBEPXHOCTH NPOBOAHHKA I1071€ (M IJIOTHOCT 3apsi/ia) Ha BRICTYHAx OoJblile, 4YeM Ha BIaJHHAX.

Oco0eHHO BENMUKH HIEKTPHUYECKHE MO HAa METAJUIMYECKHX OcTpusx. Ilone y ocTpHs OTpHIATENbHO 3apsHKEHHOTO IPOBOJHHMKA MOXKET JaXKe
0Ka3aThCs JIOCTATOYHBIM I YPAaBHOBCIIMBAHUs pabOTHI BbIX0Ja. B 3TOM citydae ¢ octpust OyayT CTEKaTh SICKTPOHBI.

HcTounuk:

A.B.Actaxos, }0.M.IlIupokoB «nektpomarnutHoe nojie», M., Hayka, 1980, maparpag 17.2.

Tlonpobuee B kuurax: I'.E.3uns0epman «nmekTpuuecTBo U MarueTusm», M., Hayka, 1970, maparpad 30; [.B.CuByxun "O06mmit kypc ¢pu3uku"

ToM 3, maparpad 19 "Brruncienne noTeHmana no HanpsHKeHHOCTH o

BOIIPOC Ne83: JlaHO 3apshKEHHOE KOJIBLIO M3 NMPOBOAALIEIO MaTepHaa, Kakue CUJIbl ICHCTBYIOT Ha HEro, U MOJ ACHCTBUEM KaKUX CHJI TaKOe
KOJIBIIO CIIOCOOHO pa3opBaThCs U3-3a 3apsijaa cocpenorouenHoro Ha HéM? M3sectusl E, Q, R, n T.1.

OTBET: UuTyuTHBHO SCHO, 4YTO Onarojapss B3aHMHOMY OTTAIKHBAHHIO OJHOUMEHHBIX 3aps0B, KOIBIO HATSATHBACTCS M CTPEMHTCS
pasopBatbest. Ecii Bce menath TOYHO, TO ciiellyeT BbIOpaTh TOPOMAAIBHYIO CHCTEMY KOOPAMHAT (B KOTOPOW 3KBHIIOTCHIHMAIbHAs TOPOMIANIbHAS
TIOBEPXHOCTH KOIbIA SABIIETCS KOOPAMHATHOH ITOBEPXHOCTHIO) M BCE PEIIaTh TaM. DTO yXKe COBCEM He IKoibHas 3amada! [looToMy MBI mOCTymuM
TPOIIIE U MOyYUM OLICHOYHOE PelIeHHe (TeM He MeHee 03 MHTErpalloB U TyT He OOOHTHCH).

IIycts Q — 3apsn xomema, R — ero pagmyc, r — paguyc mpoBoJa, U3 KOTOPOTO CIENAHO KONIbHO. bymeM cumMTaTh, YTO Mambli paguyc
TOPOMAAIBHOTO KOJIbIIA MHOTO MEHbIIE, 4eM Ooiboii: r << R. Torzaa mosie BONU3M MPOBOJHUKA KOJbIA MOXKHO NMPUOIM3UTEIBHO CUUTATh MOJIEM
3apsprkenHoro nuuHapa: E =kQ / (TRr), rae k — xoncranra B 3akone Kymona.

[I10THOCTb HEPTHH FIEKTPUUECKOro moms papHa w = E2 / (87k). Toria SHEPruIo MO, COCPENO-TOUCHHOrO BOIH3M KOJbI[A, MOKHO OICHHTH

KakK
R

W=[wdV, raedV=_2mR)2mr)dr,

otkyna W = kQ%In(R/r) / (2TRR).
Hatsbxenne BIOJIb OOJILIION M Majoil 06pa3y}01.uel71 KOJIbLIa-TOpa HAaXOAUTCA KaK U3MEHCHHEC 3J'IeKTpOCTaTH'-IeCKOI7[ OHEPruv npu HU3MCHCHUU
COOTBETCTBYIOLIECTO paguyca:

Tr = =dW / d2TR) = kQ* (In(R/r) —1) / (4TCR?) ,
yTO npu R>>r naer
Tr = kQ? In(R/r) / (4TCR?) , 1)
T, = -dW / d(21r) = kQ? / (4TPRr) )
(momonHUTEBHBIC 2TTB 3HAMEHATENIC BO3HUKIIN [TOTOMY, 9TO Ha CAMOM JIeJIe IIPOU3BOJHAsE OEPEeTCs He 110 Pauycy, a M0 AIHHE OKPY>KHOCTH).

Ananusupys BoipaxkeHus (1) u (2), MOXXHO BHJETb, UTO Pa3phIBAIOLIME CHJIbI MPOIOPIHMOHATIBHBI KBajparty 3apsiga topa. Cuia Tr obpatHO
MIPOIOPIIMOHANbHA KBapaTy paanyca OombIIol oOpasyromeii Topa u cnabo (JlorapuMHUIEcKn) 3aBUCUT OT OTHOIICHHS OOJIBIIIOTO pagmnyca Topa K
manomy. Cuna Tr 06paTHO IpONOpPIMOHAIbHA KaK OOJBIIOMY, TAK U MAaJIOMy PaJuycy Topa.

OueBuaHoO, uto cuiaa Tr, CTpeMsiasicsi pacTAHYTh HAIl TOP BIOJb OOJBINON OKPYXKHOCTH, MEHBIIE CHJIBL Ty, CTPEMSMLICHCS PAaCTAHYTH €ro
BIOJIb MaJsoi oOpasyrolei (cnenaTs Oyosuk tomue) B otHomeHud Tr / Tr = (1/R) In(R/r). [Tockonbky norapudm sBisercst MeAIeHHON QyHKIUEH Mo
CPaBHEHUIO CO CTENEHHOM, To mpu R >> 1 Tr/ Ty = 1/R.

Cubl Tr n T; HampaBiIeHbI BJOJIb HOBEPXHOCTH TOPA HOPMAJIBHO K MOl U K OOJIBIIOI 00pa-3yIOIuM TOpa COOTBETCTBEHHO. Eciu cpaBHUTH
CHJIBI HATSDKCHHS Ha €AUHULY IIHHBI Or = Tr/ (2Tk) u O; = T,/ (21R), To OKkaxkeTcsl, 9TO HATSHKEHUS IIOBEPXHOCTH TOPA IO 0OOMM HAIPABICHUSIM
NPaKTUYECKH PaBHbI (HO BIOJIb JUIMHHON 00pasyroleil HaTsHKeHne BCe-TaKi HEeMHOro (Jiorapudmudeckn) 6omplie).

T.0. BUIHO, YTO «TOHKHIA» TOp (mep R >> r) Gyaer pa3opBaH 3JMEKTPOCTATHYECKUMH CHIIAMH, KOTAA Pa3phIBAIOIIEE YCHIINE IPEB30MIET Mpees
MPOYHOCTH CILIOIIHOTO TOPa Ha Pa3phIB:

kQ?/ (4TR?) > oT?,
rae O — Tpeaeci NpoOYHOCTH MaTEprajia TOpa Ha pa3phIB.

DTOT KpUTEPHii Ha Pa3pbIB KOJbL[A JIETKO MOIYYUTh METOJOM Pa3MEPHOCTEH C TOYHOCTHIO 0 KO3 HULHEHTa.
Bopobwes I1.B.

BOITPOC 84: Pacckaxkute noapobHee 0 JUCKPETU3AMU U KBAHTOBAHUH M (POBOTO CHTHATA.

OTBET: B nociexntnee BpeMst B TEXHHKE HJIET NMEPEXoj] Ha HUPPOBbIC METObI 00paboTKH HH(pOpMaLUU. DTO CBA3AHO C TEM, 4TO LU(POBYIO
nH(pOpManUIo JIerde XpaHuTh (IOSBUIINCH AEIICBBIC U YJOOHBIE yCTPOUCTBA Il XpaHEeHHsT HHGOPMAINHY, TaKHe KaK )KECTKHE TUCKH KOMIIBIOTEPOB
WM JIa3epHbIE IUCKH), a TAKXKE C TeM, 4TO HU(POBYrO HH(OPMALHUIO JIETKO Nepe/iaBaTh 0 COBPEMEHHBIM JIMHUSM CBSI3U MPAKTHYECKH O€3 MOTeph.

AHaIOroBBI CHTHAalX — 3TO B IPOCTEHIIeM Clydae 4HCIO x(f), 3aBHcsAllee OT BpeMmeHu f. Ilpu 3ammcu Ha HOCHTENb HH(DOpPMAIUM HIN
BOCIIPOM3BEIICHUM C HETO CHIHAJ HEM30EKHO MCKAKAETCs PasiIMYHOro poja MiyMaMu. BocCTaHOBHTH MCKa)KCHHBIA cHTHAN (yOpaTh IIyMBI) HENb3s.
MoO’KHO, KOHEUHO, IBITATHCS MIOAABIIATH HIYMBI, HCIIONE3YS! HEKOTOPYIO JTOMOIHUTENbHYI0 HHGOPMAIHIO (HaIIpuMep, MOXKHO IOAABIIATH YaCTOTEL, B
KOTOPBIX COCPEIOTOYCHEBI LITyMbI), HO IIPH 3TOM MBI TEPSIEM TaKKe U HHPOPMAILIHIO O CAMOM CUTHAJIE, T.€. OISTh )K€ BHOCHM HCKaKCHHS.

IIpu omudposke curHana x(f) IPOU3BOIATCS ABE ONEPALM — AUCKPETH3alUs U KBaHTOBaHME. J{MCKpeTH3amus — 9TO 3aMeHa CHrHama x(f) ¢
HENpPEepPBIBHBIM BPEMEHEM / Ha JIMCKPETU30BaHHBII CHTHAI — ITOCIIEI0BATENIBHOCTD YKiceN X(f;) JUIs AUCKPETHOrO Habopa MOMEHTOB BPEMEHH 11, 2, ...
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, ti, ... (Jamie BCero HHTEpBaIbl MEXTy MOMEHTaMU BpeMeHH At = f; — t;-; Oepyrcs omumHakoBbiMM). [Ipm amckperwsanuy, KOHEYHO, 9acTh
uHpopMarmu o curnaie tepsercs. Ho ecnu curnan x(¢) 3a Bpemst At He CHIIBHO U3MEHsAETCs, uncna X(;) ¥ x(¢-1) OJIM3KH ApYT K APYTY, TO MOBEACHHE
X(f) MeXmy BpEeMEHaMH #; U fi.; HETPyJHO BOCCTAHOBHTH (CHUTHAJI NPAKTHYECKH JIMHEWHO H3MEHSCTCS BO BpeMeHH OT x(#-1) mo x(t)). Ilpu
JIMCKPETU3ALINK MBI TEPSAEM YaCTOTHBIC COCTABIIAIONINE CUTHAJIA C YacTOoTaMu nopszaka f [11/At u Beime.

IIpu puckperHzanuy BpeMs U3 aHAJIOIOBOrO Kak OBl CTAHOBHTCA LU(POBEIM — MOMEHTHI BPEMEHH #; MOXXHO HYMEpOBaTh, KOIUPOBATb.
IIpon3BoxuTCs 3aMeHa HENPEPHIBHOTO BPEMEHH f Ha HEYTO, KOTOPOE MOXXET IPHMHUMATh HE BCE 3HAYCHUS, a TOIBKO HEKOTOPbIE, & UMEHHO 11, b, ... ,

t;, ... KBanToBaHme curmama — 5TO HEYTO HOXO)KEe, TONBKO NaHHAs HPOIEAypa IPOM3BOAHUTCA HE CO BPEMEHEM, a CO 3HAUCHHEM CHTHala X.
Be10upaercst Hekuii Hab0p BO3MOXKHBIX 3HAYEHUE CUTHANA X1, X2, ... , Xp, ... H KQXKIOMY X(¢;) comocTapisieTcs: Oimkaiiliee 4uciio U3 3Toro Hadopa.
IIpuBeneM KOHKPETHBII IpUMeEp AUCKPETU3AlUK U KBAaHTOBAHUS: ITyCTh CHTHAI X(f) TakoH, 4To X(f) = "2, war muckpermsaruu Ar = 0.1 (T.e.

Habop MomeHTOB Bpemenu ¢ = 0, 0.1, 0.2, ... ), 3HaUCHHE CUTHaNa X Mbl OyIeM 3alHCBIBaTh ¢ TOYHOCTBIO JI0 OJHON COTOM (T.e. HAOOp 3HAUCHH
curHana x = 0, £0.01, £0.02, ... ). ITocie AUCKpETH3AIMU CUTHANIA TOIYIUM
x= 0. 03162... 0.4472... 0.5477... 0.6324...
t= 0 0.1 02 03 04
YauTsIBas TOYHOCTh XPaHEHUsI 3HAYEHHUIT X, IOCIIe KBAHTOBAHUS MOIydaeM
x= 0. 032 045 055 0.63
t= 0 0.1 02 03 04
IIpu muckperusanum Ml TepsieM BbICOKHE (f > 1/Af) 4acTOTHI CHrHANa, IPH KBAaHTOBAHUH MBI TepsieM MaleHbKHe (MEHbIIe Ax = X, — Xp-1)
U3MeHeHus curHana. Kpome Toro, mosyduBHIMICS IMOCIe KBAaHTOBAHUS CHMTHAN X,(f;) OTIMYAETCs OT peallbHOro (HO YK€ JIHMCKPETH30BAaHHOIO)
curHanma x(f;) Ha BEIMYMHY IIOpsJKa IIara KBaHTOBaHUS (Wwin kBaHTa) Ax. DTO pasnuuue HOCHT Ha3BaHHE IyMa KBAHTOBAaHUS, U OHO
HPHHIUITHAIBHO HEYCTPAHUMO.
Jlnst mpuMepa, OMICaHHOTO BEIIIE, IMEEM
x(t)= 0. 0.3162... 0.4472... 0.5477... 0.6324...
Xu(t)=0.032 045 0.55 0.63
t = 0 01 02 03 04
myM kBaHtoBanus = 0. 0.00377 0.00279 0.00228 —0.00246

Wuorna, 9To0B! BHECTH B CHTHAJI MUHUMAIIBHBIC MCKAXXEHHUS, KBAHTOBAHHUE JENAIOT TaK, YTO MHTEPBANBI Ax = X, — X,-| ACNAIOT HEPABHBIMU
(HenuHelHOE KBaHTOBaHME). Hanpumep, yacto nenatoT Ax MaJeHbKHM IIPU MalOM 3HAYCHWH CUTHAJIA, YTOObI OTHOCHTENIbHAS MOTPEIIHOCTD (IyM
KBAaHTOBAaHUS/CUTHAN) HE CTAHOBMJIACh OYEHb OOMBIION MpH ManblX x. Hampumep, npuaumaior Ax = €x, rJe € — MaJeHbKOe YUCIO (TaK Ha3bIBaeMOe
norapudmMuyeckoe KBaHTOBaHHe). HenuHeiiHOoe KBaHTOBAaHME IIO3BOJISIET IOYYHTh HPH TPUEMIIEMOIl TOYHOCTH XPAaHCHMS CHTHana OOJbIION
JMHAMHIYECKHH Hana3oH (OTHOIIEHHE MAKCUMAIIBHOTO 3HAYCHHS CHTHANIA K MUHUMAJIbHOMY MM K BEJIMYHHE KBAHTA).

IlepeBox aHamoroBoro curHana B HU(POBOH BBIMONHACTCA CIENHUAIBHBIMH YCTPOICTBAMH — aHAJIOrOBO-LM(POBBIMU NPe0Opa3oBaTEIIMU
(ALII). OcuoBusiMu mapamerpamu ALl sBasIoTCs 9acToTa auckperusamuu [ (f = 1/Af) u paspsanocts ALl (koandecTBO ABOUYHBIX PaspsioB, B
KOTOPBIX XPAHHTCS 3HAUEHHE CHTHATA X, YHCIO BOMOXKHBIX 3HAYCHHI KBAHTOBAHHOIO CHTHama paBHO 2, rae N — 4ucio paspsanos). Yem Bbimie
paspsarocTs AL, ¢ TeM Gomblel TOYHOCTHI0 MOXKHO XPAHHTH CHrHAI (Ax Majo), HO TeM MeleHHee OH paboTaet (Oombme Ar).

Yerpoiicto, IpousBosiee 0OpaTHYIO onepanuio (4Tobbl nepeaTh oU(pPOBaHHbBINH CUTHAN HA KaKOe-HHOYIb BOCIPOM3BOJIAIIEE YCTPOHCTBO
(IMHAMEK, TeIeBU30p, IPUBOJHON MOTOp H T.H.)), Ha3bIBaeTcs HU(pPo-aHANOroBsIM npeodpaszosateneM (LIAIT). INpunnumuansusie cxems! AL n
LIAIT cnemyer uckaTh B KHI)KKaX IO DPaJHO3JIEKTPOHMKE (O NpPHHLIMIAX pPabOTBI HEKOTOPHIX cxeM cmortpute B kHure M.I1.3omoryxuHa,
A.A M3romoBa, M.M.Paiizmana «ludpossie 3BykoBble MarHuTOGOHED (ToMck, Pagno u cBs3b, Tomckuil ormen, MaccoBast paquoOHOIMOTEKa, BBIIL.
1153, 1990).

IIpuBeneM ams cipaBKU mapaMeTpsl U3BecTHOro cranaapra CD: gacTora auckperusanuu f = 44.1 k', muHeiiHOe KBaHTOBaHKE, 16 IBOMYHBIX
pa3psIoB.

ITudposyio mHGOpMANUIO MOXKHO IepeAaTh IO JIUHHUHU CBS3M IPAaKTHYeCKH Oe3 morepb. IIpu mepemade cCHrHan cHadana IpeBpalaercs B
AHAJIOTOBBIH, TIEPEChIIACTCS, MOCHIE YEro ONATh ouudpoBbIBacTcs. Eciy TMHUS CBA3M BHOCHT HCKa)KEHHS B CUTHAJI MEHBIIIE YeM IIIar KBaHTOBaHWUS,
TO TIOCIIE Mepefadd U ONU(POBKH MOIYICHHbIH ONU(POBAHHEINA CUTHAI He OyAeT OTANYATHCS OT HadaabHOro. OOBIMHO e HH(POPMaNuUs NepeaaeTcst
C TOMOIIBIO JABOUYHBIX MMITYJIBCOB, T.€. JUI1 BOCCTAHOBJIEHHS CHTHaja HEOOXOAMMO JHMIIb pemaTs, nepenanu 1 uan 0. Ilpu nepenade nonuHoi
vH(GOpPMaNUK MO JIHHHUU CBA3H €CTECTBEHHO CIIETKAa CMEIIAeTCsl BPEeMsl NMPUOBITHS HMITYIbCa, HO €CIIH CMEIICHHE MEHBIIE PACCTOSHHS MEXIy
UMITYJbCaMH, TO MECTO MMITyJIbCa B OOIIEH MOCIEI0BATEIbHOCTH JIETKO BOCCTAHABIMBAETCA. JlOMONHUTENBHYIO 3aIlUTY JaeT MIPUMEHEHUE KOJIOB C
ycTpaHeHHeM omuook (koxsl Xammunra, Puna-ConoMona u p.).

Cmenanoe M.T".

BOITPOC Ne85: CkoubKoO JIeT acTpOHOMUU?

OTBET: ActpoHOoMHS — OJHA M3 CaMbIX IPEBHHX HayK. BHauanme acTpOHOMHS HOCHIA PEIMTHMO3HBIM M HPHUKIATHON Xapakrtep. llepBbie
«KaMeHHbIE KaJIeHIapH», IJIe OTMEUaIuCh TOUKU Bocxosa u 3axoza ColHIa B IHM PaBHOJECHCTBUH U COMHIECTOSHMMN, TaTUPYIOTCs 0Koso 2—20 ThIC.
ner 1o H.. (Hanpumep, CTOyHXCHK B AHININHU, «KaMeHHbIe CyHIykm» B Xaxaccuu (KpacHospckuil kpait), «obcepBaTropuu» B APMEHUH H T.1.).
CTOYHXEHK HaCTOJIKO CTap, 4TO B 3MOXY aHTUYHOCTH €ro UCTHHHAs UcTopus Oblia 3a0biTa. K HacTosmeMy BpeMeHH JJoKa3aHo, 4To CTOYHXECHIDK
— 9TO CBOETO POJa JIyHHO-COJNHEUHBIH KaneHnapb. Kaxipli ero kaMeHb, Kakhas JIyHKAa, a TakKe s JIMHUH, MPOBEICHHBIX OT HAOMIOHATeNs,
COOTBETCTBYIOT OHpeeneHHoi kondurypanun 3ems-Jlyna-Conie.

BoubIoe KONMM4ecTBO TEKCTOB, MOCBSIICHHBIX ACTPOHOMUYECKUM HaOmoaeHusaM B Erunte, oTHOCATCs KO Bpemenu Cpennero (2052—-1786 r. no
H.3.) 1 HoBoro napctBa (1554—1072 r. mo u.5.). CymiecTBoBaia Jin aCTPOHOMHS BO BpeMeHa J[peBHero napctBa (2664-2155 r. 1o H.3.) Hayke He
n3BeCcTHO. ENMMHCTBEHHBIN TeKCT 310Xy JIpeBHEro apcTBa, HMEIONHI OTHOIICHHE K aCTPOHOMUH, — TO TaOIMYKa U3 CIIOHOBOU KOCTH, HaiijeHHAs B
rpoOHuIEe B Abumoce, Ha KOTOpOi BbIpe3aH TekcT: "COTHC — MPEeIBECTHHK HOBOTO TOJa M HAaBOJHEHHMI" (CYLICCTBYIOT M APYTHE IEPEBOIBI ITOH
Hajgnuc, Hanpumep, "CoTrc GiicTaromas B3omnuia Ha Hebe 1 Hu BeIXoauT U3 cBoux 6eperos”).

B Basunone u Accupuu acTpoHOMHS HONy4dHiIa Gonbliee pa3BuTue, yeM B Erunre. CtapoBaBmiionckas musmmusanus (XIX—XVI Bek 1o H.3.)
MIPOJODKAeT TPaAUNUH OoJiee APEeBHEH NMUBHIN3ANNN HIyMepoB (KIMHOMNCH, 3a[HCh YUCEII, METOAbl HAOMIOACHUI 1 PETHCTPaluy pe3yabTaToB). B
BaBuitone 3Toro BpeMeHH YK€ COCTABILINCH aCTPOJIOTMYECKHE TIPOTHO3bI, OCHOBAHHBIC Ha TepeMenieHny JIyHbl U cocTosHUM Heba B JIeHb, KO
MecsIl CTAHOBUJICS BUJICH B Hadajle HOBOTO rofa. Jlo Hac monnia oOmupHast cepusi KIIMHOUCHBIX TEKCTOB aCTPOJIOTUH BTOPOTO THICSYENETHS 0 H.D.
(cepus "DHyma AHy DHiuib") B KOTOpOit comeprkutes okosno 7000 mpea3HaMEHOBAHU, COCTABICHHBIX C UCIONB30BaHHEM HaOmIofeHui BeHepsl,
Comnnna, JIyHsl, I1aHeT, 3Be31, 00IIEro COCTOSHUS Heba H CyMepedHOro CerMeHTa.

Ha BocTtoke acTpoHoMust OblIa Hanbonee pasButa B Kurtae. Kuraiickue aBTOpsl OTHOCAT BOBHUKHOBEHHE ACTPOHOMHHM, KaK HAayKH, KO BTOPOMY
THICAYENETHIO 10 Hamed opel. OgHako B KuTae HeT acTpOHOMHYECKHX JOKYMEHTOB TOTO BpeMeHH (10 KpalHell Mepe, OHH HEH3BECTHEI
eBporeiinam). PerynspHsle acTpoHoMHUYecKre HaOmoieHns B Kutae Hagaich B NEPBOM THICAUYEIICTHH JI0 H.3.

Ha teppuropun OsBmero Coserckoro Coro3a caMble APEBHHE NaMATHUKH, CBSI3aHHBIC C aCTPOHOMHEH, CBS3aHBI C LUBMIIM3ALMEH YpapTy
(TeppHUTOpPUSI COBPEMEHHOW APMEHHH).
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OnHako HayKOH acTpOHOMHS CTaja JHIIb TOTJA, KOIJa OT Pa3pOo3HCHHBIX CBEACHUH O HeOe IepellIH K MX CHCTeMaTHYCCKOMY H3y4eHHIO,
CTaJIi UCCIIEA0BATh KaK 0COOYIO YacTh IPUPO/IBI, BHE 3aBUCHMOCTH OT TOT0, HY)KHO 3TO JUIS XO35HCTBEHHOMH JEATEIbHOCTU NI HET.

IepBble MOMBITKY B 5TOM HampaBieHHU Obun caenansl ApuctoteneM (I'perws, 4 B. 10 H.3.), HO 0COOBIN, HEOIIEHUMBIH BKIaJ B CTAHOBJICHUE
ACTPOHOMUH, Kak Hayku, caenan ['unmapx (I'peuns, 2 B. 10 H.3.). OH cocTaBmi Katajor okoso 850 3Be3x, BBeN reorpaduueckie 1 aCTpPOHOMUYECKHE
KOOPAUHATEL, H300peN apMIILLIPHYIO chepy, OTKPBLT SIBICHHE IIPELECCHU.

IlomzopHas TpyOa Gbuta oTKpbITa 0 ['anmuies, HO mpeObiBana B HeusBecTHocTH Oonee 20 ser. I10OBIB B pykax BEIHKOro ydeHoro Bcero 10
MecsIeB, MOA30pHas TpyOa HpeBpaTHiach B TNIAaBHOE [EHCTBYyIOIIee JIUIO Hayku HOBOro BpeMmeHH. I[lepsas ero pabora "Sidereus nuncius"
("3Be3aHBIIT BecTHUK"), MOCBSILICHHASI €0 UCCIIEIOBAaHIEM 3BE3JHOr0 Heba ¢ IOMOIIBIO HOBOTO HHCTPYMEHTa, BhilLIa 12 mapra 1610 rona.

T.o., HaYaN0 AaCTPOHOMUH, KaK HAYKH, MOXKHO 0003HAa4UTh 2—5 B.B. 10 H.3.

Jlureparypa:

A ITannekyk "HUctopus actponomun”, M., 1966,
Jx. Xokunc, k. Yaiit "Pasranka raitnel Ctoynxenmxka", M., 1973,
B.Ban-gep-Bapaen "[Ipobyxnatomasics nayka Il. Poxxnenue actponomun', M., 1991.

Kupuuenxo H.A.

BOITPOC Ne86: Tlouemy Bo BpeMs IIBETCHUSI YePeMyXH ObIBAIOT MIOXOIOJAHHS?

OTBET: I'paduyecku npencTasiss roJ0BOMH X0 TEMIEPATyphl BO3AyXa 110 CPEIHUM MECSYHBIM €€ 3HAUCHUSM, T.€. 10 12 ToYKaM, MbI MOJY-
YUM IUIaBHYIO KPUBYIO CHHYCOWAAIBHOrO Xapakrepa. Ho eciau mpencraBuTh roJoBOH X0 TEMIEpaTypbl 10 CPEJAHUM CYTOUYHBIM JAaHHbBIM, TO U 3a
MHOTOJICTHHH (Jake 32 CTOJICTHUI) Mepuo KpUBasi HE MOJYYUTCS BIOJHE IUIaBHOM. Ha Hell OyayT 3a3yOpuHBI, BO3MYyIIEHHS, O0YCIOBICHHbBIC He-
MEPHOANYECKUMHU U3MEHEHUSAMU TEMIIEPATYPBI.

HexoTopbie BO3MYILEHUS B XOJIe¢ TEMIIEPATYPhl OCOOCHHO 3HAYUTENBHBI U PACTIIPOCTPAHSIIOTCS Ha HECKOJBKO JHEW IMOAPSI; 9TO MOXKET OBITh,
HalpuMep, MaJeHHe TeMIepaTypsl BeCHOH Ha (oHe ee obuiero pocra. Takoro poAa BO3MYIICHHS MOXHO OOBSICHHTH TEM, YTO HMOTCIUICHUS MM
TIOXOJIOJIAHUS TIOBTOPSIFOTCS U3 TOJa B TOJ (XOTS U HE 0053aTEIBbHO KaXIIBIH TO1) B HEKOTOPbIE OOJiee MIIM MEHEEe YCTOWYMBBIC KaleHIapHbIE CPOKH.
IloaTOoMy ¥ Ha KIMMaTOJIOIMYECKONH KPHBOW OCTAIOTCSI COOTBETCTBYIOIINE BO3MYIIICHNUS, Ha3bIBAEMBIC KaJICHAAPHBIMU OCOOCHHOCTSIMHU.

Tak, BecHoit B EBpome, korja Ttemmepatypa B TOJOBOM XOA€ BOOOIIE MOBBINIACTCS, ©CTh TAaKHE KaJCHAApHBIC MEPUOJbI, KOrja Ha
KJIMMaTOJIOTMYECKUX KPUBBIX, TIOCTPOSHHBIX MO JIHAM, TeMIIEpaTypa CYIIECTBEHHO NaJaeT Wiu, 1o KpaitHel Mepe, pocT ee 3ameyisercs. Tak ObIBaerT,
HaIpUMep, B IIEPBOI MOJIOBUHE Masi M OKOJIO MOJIOBUHBI HIOHS. VI3BECTHBI BO3BPATHI XOJIOIO0B U B MEPBOIl moyoBuHE (eBpaist. HanpoTus, 0CeHbI0, B
KOHIIE CEHTOpsI WM Hadalie OKTAOps, KOrja TeMIeparypa BooOLIe majaeT, HaOIIoAaeTcs BPEMEHHOE 3aMeJICHHE ITOr0 MajJCHMs, a B OTJACIbHbIC
TOABI Ja)Ke CMEHA €T0 Ha POCT B TCYCHHE HECKOJIBKUX CYTOK. Takue OCEHHUE MEPUO/IbI HOTEIUICHUH Ha3bIBAIOTCS 0a0bMM JICTOM.

He cnenyer, koHeYHO, TymMaTh, YTO B OTHACIbHbIE I'OJbl ONpPEIEICHHbIE U3MEHEHUS TEMIIEPATYphl MOSBISIOTCS BCErja B OJHU U TE K€ JHHU.
CpoKH MX HACTYIUICHHS B pasHbIe TOJbI MOTYT OBbITh pa3HbIMU. Tak, MaiiCKue X0JI0Jja MOTYT HaOJIIONAThCS U B Hayaje, U B CEPEIUHE, U B KOHIE
Mecsia, MOTYT M He Habmronathesi BoBce. Ho Hambonee wyacTo oHM OyIyT NMPOMCXOOUTH B IIEPBOIl MOJOBHHE MeECsLa, YTO M OTPaKaeTcsl Ha
KJIMMATOJIOTHYECKOH KPUBOH.

OOBsICHEHHEM KaJICHAAPHBIX OCOOCHHOCTEH SIBISETCS M3MEHEeHHe OajaHca paclpeleNeHHs COMHEYHOW JHEeprHu, MOCTyMaroumeil Ha 3eMito.
Hanmpumep, Ha4yano axkTHBHOTO LBETCHHS PACTHTCIBHOCTH BECHOM NPUBOAUT K 3aMETHOMY pPOCTY TOIJIOIICHHS COJHEYHOH OJHEpruu
PaCTUTENBHOCTBIO, U, HA00OPOT, OCBHIIIAHKE JUCTHEB OCEHBIO — 3aMETHO YMEHBILACT MOIIOICHUE COTHEYHON SHEPIHH PACTUTEIBHOCTBIO.

C MeTeopoJIOrHYecKoil TOUKH 3peHHs «0abbe JIETO» — 3TO MEPBBIl OCEHHMI MEpUOJ C YCTOMYMBOW AaHTUIMKIOHMYECKOW MOToJO#, Koraa
HOYHOE BBIXOJIAXKMBAaHKE TOUBBI U BO3/yXa €LIE HE CIIMIIKOM CHJIbHOE, a JIHEBHON IPOTrPEB XOTS U CYILECTBYET, HO HE JOCTHUraeT Mpejesa, KOTOPbIi
BOCTIPUHUMAJICS OBI KaK Kapa.

B npyrux cTpaHax CylIeCTBYIOT CBOM Ha3BaHMs 3TOrO IepHoja MpUsATHOW noroipl: Hanpumep, B CLIA oH nomy4usn Ha3zBaHHME «HHAEHCKOTO
JIeTay.

Hcrounukmx:

C.I1.XpomoB «Meteoponorus ¥ KIuMaTonorus», J1., Tuagpomereonsnar, 1983,
I1.JI.Actanenko «Bompocs! o orone», JI., 'napomereonsaar, 1987.

BOITPOC Ne87: Hackoibko cocTosITeNbHA TUIIOTE3a 00 YMEHBIICHHH CKOPOCTH CBETa C TCYCHHEM BPEMEHH?

OTBET: Bonpoc 0 3aBUCHMOCTH (yHIaMEHTAIBHBIX KOHCTAHT OT BpeMeHHU ObuT BriepBbie nocTasieH I1./{upakom B 1937 r. MoXHO HacUHTATh
HEMANO Pa3MUHBIX (YHIAMEHTATGHEIX TOCTOAHHBIX, KOTOPHIE, IPy6O TOBOpS, MO MOPAAKY BEIWUMHBI PABHBI COMHHIE, HAmpuMmep, 0 = ¢’/hc =
1/137, m¢/mp = 1/200, u 1.1. C Apyroil CTOPOHBI, JErkOo YBUACTh U OYCHH OoybLIMe Oe3pa3MepHbIC IMOCTOSHHBIC, TAKHE, KaK OTHOLICHHUE CHIIBI
INEKTPOCTATUIECKOTO MIPUTSHKCHHUS MEKTY IEKTPOHOM U IIPOTOHOM K CHJIE IPaBUTAIIMOHHOTO HPHTSDKEHHIO MEXKTY HIMH, eZ/Gmpme =2000%.

Jlupak MperoNokKuIl, YTO TaKUE 3HAYCHHS HE SBIIIOTCS TPOCTO UTPOH YHCEl, a MPEICTABIAIOT COO0H M3MEHSIOIIMECs TapaMeTphl, KOTOpbIe
XapaKTepH3yIOT COBPEMEHHOE coCTosTHUE Beenmennoit. OH OTMETHIL, UTO BO3pAcT BCeleH O, BHPAKCHHbIH B €CTECTBEHHBIX SIMHHIAX ¢2/mec’ = 107
3 ¢, COOT-BETCTBYET BEIMUMHE eZ/Gmpme‘ JlanHas BpeMeHHas €MHMIIA, Ha3BaHHAs TEMITOHOM, PaBHA IMPOMEXYTKY BPEMEHH, 32 KOTOPBIH CBET B
BaKyyMe IPOXOIHT PACCTOSIHHE B ONMH Paguyc MeKTpoHa. Bospact Beenemmoit mpumepro pasen 1000° ner wm 300 temmromos. Dto umcio
04eHb OU3KO K BETMYMHE OTMEUEHHOI'O BBILIE OTHOILEHHS.

Jlupak HperonoXkul, 94T0 TAKOe COBIAJCHUE He CIyJalHO, a 3TH [Ba YUCIA JOJDKHBI OBITH MPAKTUYECKU OAMHAKOBBIMU B JTIO00H MOMEHT
BPEMEHH (JMpaKoOBCKas THIOTe3a 0 OOJNBIINX YHCIax), T.c.

Gmpm, / e?=mect/e?. (€8]

Crie10BaTEBHO, Ge3pasMepHbIC IOCTOSHHBIE, [0 TIOPSIKY BEMHUHHbI paBHbie 10%°, TOMKHbI THHEHHO H3MCHATRCS BO BpeMeHH. Ecimu cuntats,

YTO aTOMHBIC IIOCTOSIHHBIE HE 3aBHCAT OT BPEMEHH, TO TpaBUTAlOHHAS IIOCTOSHHAS G IO/DKHA YMEHBIIATHCS C TEUCHHEM BPEMEHH t:
G ott. )

Ty IHIOTE3y MOKHO 06OGIIHTE TakuM 00pa3zoM, uTo Gespasmeprbie uncia mopsaka (10*))" momknsr u3MensTECs Mo 3akony t". Ecmi oneHuts
uHCIIO GapHOHOB BO BCeleHHOM TyTeM JeICHHs BHIMMOM Macchl BCEeHHOM Ha MPOTOHHYIO MAcCy, TO B PE3yNbTaTe MOIydHTCs MpHMepHo 1078
6apuoHOB. JIpak IpeacKasal yBeTHUeHHe TiCia GapHoHOB Bo Beenennoii mo sakomny 2.

Ipumepro, depe3 10 et mocne storo . Temiep mokasan, 4To yMeHbiieHne G MO 3aKoHy t, MO-BHINMOMY, IPOTHBOPEUHT HAGITIONECHHAM,
CBSI3aHHBIM C 3Bomonueil BeeneHnoil. EMy ynanoch HOIy4uTh COOTHOLIEHHE MEKAY CBETMMOCTbIO L 3Be3mbl, Maccoi M M IpaBUTALMOHHON
noctostHHoH G:

LOG'M’ 3)

IMosTomy Gonbluee 3HaueHue G B Gosiee paHHHE MEPHOIBI MPUBOAMIO Obl K Oonbliel cBeTMocTH CONHIA M MEHBIIEMY pPaJuyCy 3eMHON
opbuter R OG™.

CornacHo runorese /lupaka M3MeHEHHE IPaBUTALIMOHHON IOCTOSHHONM CO BpeMEHEM HEMOCPENCTBEHHO CBA3aHO CO CKOPOCTHIO PACHIMPEHUs
BceneHHo, Tak Ha3bBaeMOii KoHCTaHTON Xa66ma H = 40 + 100 kmMnc ™ 7"
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IG'/Gl=H= (400" +100"%) ner!. ().

Eciu G ymensimaercs co Bpemenem, To G'/G = — 50007 mer !, B sTom ciydae TemiepaTypa MOBEPXHOCTH 3eMIIH OKOIO ABYX MHITHAPIOB JET
Hazaj Obl1a ObI HECOBMECTHMA C Pa3BUTHEM JKM3HHU Ha Hamled 1uiaHere. [103ToMy B paMKaX KOHIIEMIMHU BOJIOLMH COOTHOIICHHE (2) HCKITIOYaeTCs.
Actpodu3nueckre JaHHBIC TAKKE MPOTUBOPEYAT ITOM 3aBUCHMOCTH.

B 1967 r. x.I'amoB npeanonoxui, uto G B dopmysie (1) Morsia 661 OCTaBaThesl MOCTOSHHOMN, €cid ObI AIEMEHTAPHBIH 3apsi BO3pacTall co
BpemeneM: ¢ [t

PaGoras nesasucumo, J. Temiep BIBHHY runotesy o ' = he / ¢? Oln (tmec?/ h). Oxuako usyuenne cucrem atomos '$'Re — ¥7Os nocrasmmo
0/l COMHEHHe 00a MOAX0Aa.

HenaBHO GBUIO NPH3HAHO, UTO BHIENPHBEICHHBIE APTYMEHTHI, NPOTHBOpeYalue mpennonoxkenuio G [ t™', He uMeloT Gonee CHUBL
IpotuBopeune ¢ actpodu3nKoi cocTosI0 B TOM, 4T0 COJHIIE TODKHO OBITH YK€ KPAaCHBIM THTAHTOM, €CJH Bo3pacT BeeneHHoit He menee 15 Mumm-
apnoB JeT. JIo 1964 r. 3T0 3HaUCHHE CUUTATIOCH CIMIIKOM OOJIBIINM, OJJHAKO B HACTOsAIIEE BpeMs Bo3pacT BceeneHHOM orieHnBaercs paBHbIM OT 10
1o 20 mummapaos ner. TemiepoBckue apryMeHTsl o cBerumoctd ConHLA M TeMieparype 3emin Takke Obuii OnpoBeprayTsl. [IpennsuoHHOE
HCCIIE/IOBAHNUE CHCTEM, KOTOPBIC OJBEPIKCHBI TOIBKO BO3ACHCTBUIO IPAaBUTALMM, MOKa3bIBaIOT, 4T0 G 1 M Bcerza BXOAST B BBIPAKCHUS B BHIE
xombuHartmu GM. Tak, npu paccMoTpeHHH cTpyKTypbl CONHIIa IPUMEHSIETCs CIISAYIOLee JOMONHUTeNbHOE yenosue: GM = const, cie0BaTenbHO,
CBETUMOCTb 3BE3JbI IPAKTUYECCKH HE 3aBHCHT OT BPEMEHH. DTOT acNEeKT HE NMPUHUMANCS BO BHUMaHHE Te/uiepoM M JPYTHMH aBTOpPaMH, IO3TOMY
ypaBHeHHe (3), KOTOpOE MPEACKa3bIBACT CHIIBHYIO 3aBiUCcHMOCTh L 0T G 1 M, Tepsier cuiy.

YMospurenbHble uaen Jlupaka IMOBIEKIN 3a cOOOM MHOXECTBO SKCIICPUMEHTOB, 3ajadyeii KOTOPHIX OBLI IOMCK BO3MOXHOW 3aBHCHMOCTH
(yHIaMEHTAIBHBIX KOHCTAHT OT BPEMEHH. Ba)XHOCTh THX M3MEpPEHHMII BO3pOCHa IIOCIIC BBIABIDKCHHS HOBBIX TEOPETHYCCKUX MOJCICH, B KOTOPBIX
KOHCTAHTBI CBSI3M COINOCTABIISAIOTCS DaJHycaM, TaK HA3bIBAEMbIX, KOMIAKTH(UIMPOBAHHBIX pa3MepHocTed. Jlemo B TOM, 4TO 10 CHX HOp
COBPEMCHHBIC TCOPHH HE JAIOT KOJMYECTBEHHBIX NMPEICKA3aHUI O XapaKTepe BO3MOXKHOH 3aBHCHMOCTH (yHIAMEHTAIbHBIX (DH3UYECKUX KOHCTAHT
ot BpeMeHH. OJIHAKO TaKas 3aBUCHMOCTb JIOITYCKAeTCsl B PaMKaX MOJEJIEH ¢ YUCIOM Pa3MEPHOCTEH, NPEBBIIAOIIMM YEThIPE, B, TaK HAa3bIBACMBIX,
teopusix Kamyrpr-KieiiHa. Ilpy odeHp CrenUanbHBIX MPEIMONOKCHUSIX B CYNEPCTPYHHBIX TECOPHSAX MPEACKA3BIBACTCS H3MECHEHHE BO BPEMCHH
IPaBUTALHOHHOI rTocTosHHOM ¢ G'/G = —1007"*! ger™.

VkaxeMm emie Ha OJHO HHTCPECHOE CICACTBHE BO3MOXKHOW 3aBHCHMOCTH TIPaBHTAL[MOHHOH MHOCTOsHHOM G OT BpemeHu. B pamkax
HBIOTOHOBCKOW MEXaHMKH 3aBHCHMOCTb OT BPEMEHM KOHCTaHThl G NPHBOAUT K HAPYIICHHIO 3aKOHA COXPAHCHMS SHEPTHH, YTO JIETKO BUJIHO U3
ciemyromero paccMorpeHust. I1ycTs HeOGOIBIION MAapHK H KOJIBIIO ABUIAIOTCS HABCTPEdy APYT APYTY U3 OCCKOHEYHOCTH MOJ ACHCTBUEM B3aHMHOIO
HPUTSKCHHSA. B HEKOTOPBIT MOMEHT BpPEeMEHHM ILIapHK IMPOJETAeT Yepe3 KOIbIIO, U 3TH OOBEKTHI, MPOJIOIIKAs CBOE JBHKCHHE, YIAIAIOTCSA JIPYT OT
apyra. Eciu G(t) yMeHbIIaeTcst co BpeMEHEM, TO CHJIa IPUTSHKCHHS MEXKY IIAPUKOM M KOJIBIIOM Ha HEKOTOPOM PAcCTOSHHU MEXTy HUMH BO BpeMs
COMKEHHS OKa3bIBAaeTCs OOJIBIIIE, YEM 3Ta JKE CHJIa Ha TOM )K€ PACCTOSHUM BO BpeMs MX pasiera. Ciie0BaTelIbHO, OTHOCHTEIIbHAs CKOPOCTh H, TEM
CaMbIM, KHHETHYECKasi YHEPrHsl I10CJIe BCTPEYH OOBEKTOB OKA3bIBAIOTCS OOJbLIC, YeM Mepef WX BeTpedei. I10CKOIbKY MOTCHIUAIbHAsS YHEPrHs
obpaliaercs B HOJIb Ha OOJBIIMX PACCTOSHHUAX MEXK/Y TElaMH, TO B CIy4ae B3aUMOCHCTBYIOIIMX YaCTUIl HAPYIIAETCS 3aKOH COXPAHEHHs SHEPTUH.
CI1e10BaTeNbHO, TPEGOBAHHE COXPAHEHHS SHEPIHH W HPIOTOHOBCKHIT 3aKk0H TaroTenus B dopme F(r) = — G(t) mym, / 1* ne coBmecTumsl, ecmu G{t) #
const.

Ecii npeArnonokuTh, 4T0 3aKOH COXPAHEHHS SHepruu Oosee QyHIaMCHTAICH, YeM 3aKOH TAroTeHNs HpI0TOHA, TO MOXKHO HOIy4HTh HEKOTOPOE
HOBOE BBIPAXKCHHE JUIS CUJIBI MPUTSDKEHUS. YHCIICHHBIC 3HaUeHHs BO3HUKIICH MONPAaBKH COOTBETCTBYIOT NOCTOSIHHON Xa00Ia, naHHOH B (opmyite
(4). Takoli monpaBKoii 0OBIYHO NIPEHEOPEraloT.

VI3 HOBOTO COOTHOIICHUS [T CHJIBI IPUTSKEHUS! CIICAYET, YTO €CIIM TPABUTALMs 3aBUCUT OT BPEMEHH, TO BO BceneHHOI He MOKeT OBbITh ABYX
YaCTHI], HEMOABIKHBIX APYT OTHOCHTENBHO ApYyra. JTO 3aKIFOYEHHE COTIACyeTcs ¢ HaONIOJCHHEM, YTO MPAKTHYECKH BCE (PU3MYCCKHE CHCTEMBI
HAXOZATCA B COCTOSIHUM OTHOCUTEIBHOTO JBI)KCHHsS, HAUMHAs C BAKYyyMHBIX (MIYKTyalMii MHKDOCKOIHMYECKHX CHCTEM M KOHYas PacIIMPEHHEM
Bcenennoii. [IockonbKy HOBOE COOTHOIICHHE ULl CHIIBI NPUTSDKCHHS HE MMECT CTPOrO PaJuaibHOTO XapakTepa, TO B OOIIEM Ciiydae YIIIOBOH
MOMEHT MOJKET HE COXPAHSATBCH.

OxnpaeMoe M3MEHEHHE (DYHAAMCHTAIbHBIX KOHCTAHT KpailHE Mallo, II09TOMY TPEOYIOTCsI OYeHb TOYHBIC HM3MepeHHs. OTMETHM, YTO B TaKHX
9KCHEPUMEHTaX 4acTo ONPEIEIISIOT HE OJIHY TOIBKO KOHCTAHTY CBSI3U, @ HEKOTOPYIO KOMOMHAIMIO HECKONIBKUX KOHCTAHT. [ToaTOMy MHTepnperanus
PE3yIbTaTOB M3MEPECHMIT CHIIBHO 3aBHCHT OT TOrO, BapHalWs KaKOH KOHCTaHTBI paccMaTpuBaercs. [Ipy ompeneneHHBIX 00CTOSTENbCTBAX B TAKHX
KOMOMHAIUAX HCKOMAasi 3aBUCHMOCTh MOKET MOJIHOCTBIO TepsAThest. Kpome Toro, He0OX0AMMO OBITH YBEPEHHBIM B TOM, YTO B OCHOBE H3MEPEHHS HE
3aJI0’KECHO TIPE/IIIONI0KEHHE O TOCTOSIHCTBE BEINYHH, BPEMEHHYIO 3aBUCHMOCTH KOTOPBIX MPEICTONUT H3MEPHTB.

DKCHEPHUMEHTHI MOJKHO Pa3JClUTh Ha B¢ KaTeropuu. OJHH COCTOAT B U3MEPEHUHN BapUalMK (QYHAAMECHTaJIbHBIX KOHCTAHT NPH COBPEMEHHBIX
YCIOBHSIX, @ Apyrue G — B reo)H3NYECKUX W aCTPOHOMHYCCKUX HAOIIOCHUSX, KOTOPBIC MO3BOJISIOT CPABHUTH COBPEMEHHOE 3HAYCHHE KOHCTAHTHI C
ee 3HaueHHeM B 0Ooiee PaHHMI MOMEHT BPEMCHH MM CO CPECAHMM 3HAa4YE€HHEM 3a HEKOTOpbIC BPEMEHHBIC OTpe3KM B mponuioM. Hampumep,
pe3yabTaThl KaKOH-HUOYOb PEaKUWH, MPOTEKaBIIEil MHOTO JET Ha3al, MOXHO CPaBHHTh C COBPEMCHHBIMU PE3YyJIbTATAMU TOIl )K€ PEAKIHH.
COOTBETCTBYIONINE CCUCHHS PEaKIUK MTO3BOJISIOT MOMYYUTh HHPOPMAIMIO O KOHCTaHTaxX cBsi3u. OJHa U3 MpoblieM reo(pu3nIecKiX SKCIEPUMEHTOB
3aKJIFOYACTCsl B MPOLEAYPE OMPEACICHHUsS Bo3pacTa o0pasloB, TaK KaK IOMYISPHBIH METOA, COCTOSIIHI B M3MEPCHHH PaJHOAKTUBHOCTH, TAKKe
3aBHCHUT OT KOHCTAaHT CBSI3H.

VI3BeCTHO MHOTO 3KCIICPUMEHTOB 00eHx Kateropuii. B Tabimiie npruBeaeHs! OrpaHHYCHNS, TOTyICHHbIC 11 pas3nudHbix kKoHctaHt (H = h{100
kmMnc ' @ mpu 0,4 <h < 1):

Merton Bemnunna Q d(InQ) / dt, et

Op6ura mianer G (0,2+£0,4)d0™"!
CpaBHeHHE YacoB gcs (me/ mCS)(X3 <1200
Peakrop a <1ao0™"
ToHkast CTpyKTypa a <1,3h07"
CBepXTOHKOE pacIIeIICHHE a <2hmo™
Bpems xus3un 'S'Re a <2007
SInepHslit cHHTE3 a <1,5hmo0™
SInepHblit cHHTE3 G <907
Kpacnoe cmemenue h (-3+4) mo™"

B Tabnuue NPUBEACHBI HanboJiee BaXKHbIC PE3yNbTAThI, KaCcaroluecs HpOGJ’IeMBI TIOCTOAHCTBA d)yHIlaMCHTaJ'ILHBIX (1)H3H‘ICCKHX KoHCcTaHT. OHM
ITOJIHOCTHIO UCKIIIOYAIOT THIIOTE3Y I[Mpaxa. OTMGTI/IM, OTHAKO, YTO 3TH OIPAaHUYCHHUS B PAAC CIIy4a€B CIIPABCAJIMBBI TOJIBKO B IPEANOI0KEHUH, YTO
BCE€ OCTaJIbHbIC KOHCTAHTbI HE 3aBUCAT OT BPEMCHH.

BOSMO)KHO, YTO OO0 CHX IIOp IMOUCK 3aBUCHUMOCTH MHUPOBBIX KOHCTAaHT OT BPEMEHHU IIPOBOAUIICA HA HEAACKBATHOM BPEMEHHOM macmirabe. B
06].LICM Cllydae npeanojgaracrcs, 4T0 KOHCTAHTbI U3MCHAIOTCA KaK CTCINCHU KOCMOJIOTMYECKOI0 BpEMEHN H_l. O,Z[HaKO, BIIOJIHE IOMYCTUMO CUMTATh,
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YTO KOMIAKTH(HKAINS JOHNOMHUTEIBHBIX Pa3MEPHOCTEH 3aKOHYMIACH OYEHb OBICTPO M UX PAAUyCHl CETOHS BCErO JHIIb OCHMLIUPYIOT BOIU3H
CBOMX IOJIOKCHHIT PABHOBECHS. B 3TOM ClTyuae aJeKBAaTHBIH BPEMEHHOM Maciital onpeesuicst Obl miaHKOBCKHM Bpemerem (B0~ ¢ i mosromy
Ha0JI01aeMble BEIHYHHBI IPEICTaBIIN OBl TOJIBKO CPeIHNE 3HAUCHHUS, YCPEIHCHHEIE IT0 OONBIIOMY YUCITY OCHMLIAIUH.

HenasHo rpynmna yuensix u3 Yuusepcurera Hosoro KOxxHoro Yanbsca B ABCTpanany NpoBepsiia IPEANOoNoKeHUe O MOCTOSHCTBE O, CpaBHHBAsI
«CTapHHHBI) CBET, HCHYIICHHBIH APEBHUMH aTOMaMHU, C COBPEMECHHBIM CBETOM, HCITYIICHHBIM aTOMaMU HEJaBHO. B 4acTHOCTH, OHU CpaBHUBAIX
paciierieHHe JTMHUH B AyIUIeTax B CHEKTPax MOMIONICHUS Pa3iIMYHbIX aTOMOB B OTJAJICHHBIX Fa30BBIX 00JaKaX, HAXOAIINXCS Mepe]] OTAaICHHBIMU
KBasapamu. Pacmenmenne nmEmi mpomoprmonamsHo 0. Ilocme ydera KpacHOrO CMEIICHHS, BBI3BAHHOIO pacHIMpeHHeM BcemeHHOM, GBLIO
TOITYYEHO, Y4TO O MOHOTOHHO H3MEHSCTCS C POCTOM KPaCHOTO cMeiterns z. [Ipn z > | 0THOCHTEIbHOE H3MEHEHHE O COCTaBMII0 0KoJIo 2(107%,

Hcrounuku:

I'.B.Knanpop-Knaiturporxayc, A.llltaynar «HeyckopurenbHast ¢pu3nka dIeMeHTapHbIX yacTHiy, M., Hayka, 1997, rnasa 12,
The American Institute of Physics Bulletin of Physics News Number 410 January 13, 1999.

BOIIPOC Ne88: Urto Takoe BepTHKaNbHAs COCTABIIONIAs MHIYKIMH MarHuTHoOro monst 3emiu? Kakum mpubopoMm momb3yroTes mms eé
onpenenenus? OnuIuuTe, noxanyicra, ero crpoeHue. Kak MoxHo ero u3sroroButs?

OTBET: U3BecTHO, uTO Y 3eMiIM €cTh COOCTBEHHOE MAarHUTHOE ToJe (MMEHHO, Oiarofapsi 3TOMy, Mbl M MOXEM I10JIb30BaThCS MarHUTHBIM
KoMmacoM). B mepBom u goctatouHO TOYHOM mpuOMIDKeHHH MarHuTHOE mone 3emin (MII3) MoXkHO mpencTaBHTH MOJIEM TOYEYHOTO MATHUTHOTO
JIMTIONS, MHAYE TOBOPSI, PAMKH C TOKOM, PACIOJIOKEHHO! B LICHTPE 3eMIIM MPAKTUYECKH B IIOCKOCTH 3KBaTopa. M NeiicTBUTENbHO, MATHUTHOE TTOJIE
3eMIIH BBI3BAHO, B OCHOBHOM, TOKOM, IUPKYJIUPYIONINM B JKUIKOM IIPOBOJAIIEM SApe 3eMIIH, IPUYEM OCh DKBHBAJICHTHOIO MArHUTHOTO JUIION
OTKJIOHEHA OT OCH BpAILCHHs IPpUMepHO Ha 11 rpaxycos.

OuenuM Uit pasMHHKH TOK, cosparommii MII3. I'eopmsuku (ceiicMonorn) ydar Hac, 4TO pamuyc Xuakoro siapa 3emun okono 3000 km.
IIpumeM, uto cpenuuii paguyc TokoBoit netian 2400 kM (wam 2,4000° M). MaruuTHOE MoJIe MeTIH Ha GONBIIOM YIAJICHUN OT HEE OIPEAENseTCs ee
MAarHUTHBIM JAUNOIEHBIM MOMEHTOM:

m=1IS = Ire?, 1)
rae I — Tok, S — momans TOKOBOI NETIH, Iy — e pajuyc.

MaruutHoe noie B — Bextop. Ero KOMHOHEHTBI B cHCTEME KOOPAHMHAT, TI€ TIOCKOCTh MET/IN C TOKOM OPTOrOHaJbHA OCH Z (HamlpaBieHHE Ha
MAarHUTHBIA TOJIOC 3eMIIH) OIPEIETIOTCS BEIPAKCHUSIMH:

B,=(m/4mngc?) (1/R? - 322/ R%)
UL KOMIIOHCHTHI BEKTOpa MapajuienbHol ocu Z u
B: = (m/ 41tgc?) B3zr / RY),
JUISL KOMIOHEHTH! BEKTOpa IOJIs, MapalIelbHOH IIOCKOCTH 3KBaTOpa. 37ech Z — KOOPAHHATA TOUYKHM H3MEPEHHsS OIS BAONb HMOIIPHOW OCH, I —
;(Zoggﬂnﬂa'ra TOUKH M3MEPEHHS TOIIS B SKBATOPHATBHOI IIOCKOCTH (3TO MPOCTO OBIICH3BECTHAS IMIHHAPHYCCKAs CHCTeMa KoopauHat), R = (22 +
)
Y no6Hee NpeaCTaBUTh BBIPaXKEHUE IS TOJIST MATHUTHOTO AUMONS B C(EPUIECKUX KOOPANHATAX:
By=BjcosO, 2)
Bh=Bosinb/2, 3)
Bo=2m/ (Re*418¢?) . 4)

3neck By — MarnuTHOE 1ot Ha mosroce, Ry — pamuyc 3emitd, a O — HOJSPHBIN yro, OTCYUTHIBAEMBIN OT HOJISAPHON OCH.

Ha nomoce (MarHMTHOM) IOJNE TOYHO BEPTUKANBHO, a HAa DKBATOPE TOYHO TOPH3OHTAIBHO OTHOCHTENHHO MOBEPXHOCTU 3EMIH, T.C.
BEPTHKaJIbHAsh KOMIIOHEHTA BEKTOpa MHAYKIMK B MarHuTHOTO 1ot 3eMiii paBHa HYIIIO Ha 3KBaTOPE M JOCTHraeT MaKCUMAaJIbHOTO 3HaueHus (+ Bo n
—By) Ha morocax.

BepHemcs Kk BBIUMCIIEHUIO KOJIBLIEBOTO TOKA B siipe 3emian. Ml 3HaeM, uto By = 0,63 raycca uinu 6.3007° Tecna, Ry = 6,4EI]06 M, Io= 2,4[]]06 M,
a 4mgc’ = 107, Torma u3 (1) u (4) momyaum:

1=2Bogoc? (Ro*/ 1o%)
YTO TOCJIE TIOACTAaHOBKH COOTBETCTBYIOIIMX YUCeN faet: [ = 4,5|:I|09 A.

Tenepp 06 U3MepeHHAX KOMIIOHCHT MarHUTHOTO 10JIs1. Bee 3HAIOT, YTO CTperka KoMIlaca IOoKa3bIBaeT Ha CeBep. DTO MPOUCXOAUT IIOTOMY, YTO
KOMIIAC CKOHCTPYHPOBAH TaK, YTOOBI TyBCTBOBATh MMEHHO TOPH30HTAIBHYI0 KOMIIOHEHTY o 3eMian. UToOb! yOeqUTHCS ¢ IOMOIIBIO OOBIHOTO
KOMITaca B CYIIECTBOBAHHM BEPTHKAJIbHOW COCTABIAIONICH MAarHUTHOTO oS 3eMIIM B KauecTBE OOBEKTAa HAOMIONCHHS MOXHO MCIIONBb30BaTh
00BIYHYIO 0aTapeo IEeHTPAIbHOrO OTOIICHHs. Tak Kak y MArHUTHOTO HOJIS 3eMIIH €CTh BEePTHKAIbHAS COCTABIIAIONIAsl, TO y HAMAarHUYCHHOU
OaTaper BO3HHMKAIOT Kak ObI [jBa MOJIFOCA MarHUTa — CBEPXY M CHH3Y: Iie-HUOYIb B cepeluHe OaTapen MOJHECUTe OOBIYHBIH KOMIIAC K BEPXHEMY
Kpaio 6atapen, a 3aTeM U K HIDKHEMY — B 3aBUCHMOCTH OT TOT0, K KAKOMY KPalo BbI OJHECIH KOMIIAC, CTPEIKa KOMIIAca OTKJIOHHUTCS II0-Pa3HOMY.

B npuHumMne, NoJBecuB MarHUTHYIO CTPENIKY HAa BEPTHKAIBHOH YHPYroi HUTH, MOKHO PEaIn30BaTh MArHUTHbBIC KPYTWIIBHBIC BECHI, H, TAKHM
00pa3oM, U3MepATh KaK HalpaBlIeHHE (PeKUM KOMIIaca), TaKk M BEIMYUHY TOPH3OHTAIBHON KOMIIOHEHTHI MAarHUTHOro moust 3emun. IIpocreimmii
HpHOOp A U3MEPEHUS BEPTHKAIBHOH KOMIOHEHTBI MHAYKIIMM MarHUTHOTO TOJIS 3eMJIM TOXE MOCTPOCH IO MPUHINITY TOPCHOHHBIX (KPYTHIIBHBIX)
BecoB. TONBKO Temeph ympyras HHTh HATSHYTa TOPH30HTAIGHO M MAarHHTHAs CTPENKa, NPHUKPEIUICHHas K HeH IOCPeNUHe, PacloiaraeTcsl TOXe
TOPU3OHTANBHO. BepTHKalbHas KOMIIOHGHTa MArHUTHOIO TMOJsS CTPEMUTCS MOBEPHYTh CTPENKY BEPTHKAIbHO, a YINPYrocTh HHUTH M IIOJE
KOMIICHCUPYIOIIEr0 MarHUTHKA CTPEMATCS BEPHYTH €€ B TOPH30HTAIBHOE IOJIOXKCHHE. Perymupys 3akpyTKy HUTU U IIOTOXKEHHE KOMICHCUPYIOIIErO
MarHuTa MOXHO JOOHWTHCS TOTO, YTOOBI OTKJIOHEHHS CTPENIKHM OT TOPU30HTAIBHOIO IOJOXEHHs He Obuto. Ilpu 3TOM cTeneHb 3aKpyTKM HHTU U
MIOJI0XKEHNE KOMIICHCHPYIOIIETO MAarHUTa II03BOJIIOT M3MEPATh BEIUYHHY BEPTHKAIBHON KOMIIOHEHTHI Moii. Ha 3TOM mIpHHOUIE MOCTPOSHBI
TOPCHOHHBIA MarHUTOMETpbI TUNa M-27M (u3MepsieT BepTHKaIbHYyI0 KoMnonenTy MII3) u M-15 (u3MepsieT ropu3oHTanbHyto kKomrnoHeHTy MII3).
UYyBCTBHTEIHHOCTh TAKHX MATHHTOMETPOB, HECMOTPS Ha HX IPOCTOTY, ZOBOIBHO BENHKA, MOPsKa 3-5 Hanotecma (5007 Tir) u myumre.

Boo0e 1t u3Mepenus MaJIbIxX MOl U NX BapHaliii BBeJICHA HOBasl CAMHHIIA, KOTOpask Ha3bIBAeTCs raMMa: lraMmma = 107 T = 1 HaHoTeCTA.
OTy BeIMYUHY CIETyeT CPaBHHTH ¢ BeMMUHHOI Bapuarmu MII3 nmpu marautHOU Oype: cpemmss MarautHas Oypss — 100 ramm, cunbHas — 1o 500
raMM. MarHuTHbIC OypH BbI3BaHbI BO3MYIIIEHUEM TOKOB, IIPOTEKAOIIUX B HOHOC(HEpEe MOTOKAMU COITHEYHOTO BETpA.

MaruaeToMeTpsl APYroro TUIA:

*  IPOTOHHBIM NPELIECCHOHHBIM MarHUTOMETP — OCHOBAH Ha sBJIEHUH SIEPHOTO MarHUTHOrO pe3oHaHca (SIMP), uyBcTBUTENbHOCT Mopsiaka — 1

ramma (Hanpumep, MMII-203),

*  KBAaHTOBbIC ONTHYECKHE MATHUTOMETPHI — OCHOBAHBI HA CMELICHNN aTOMHBIX SHEPreTUYECKUX YPOBHEH B MarHUTHOM morne (Hanpumep, MMII-

303), ayBctBHTERbHOCTE TOpsiaka 10712 Ti (0,001 ramma),

*  CBEPXIPOBOJHUKOBbIE KBaHTOBbIE MarHuTOMeTpbl CKBU/Ibl, 4yBCTBUTENBHOCTD MOPSAKA 1072=107 Tu (107 ramma),
+  (heppO3OHIOBBIC MATHUTOMETPHI, TyBCTBHTENBHOCTS mopsaka 1070 Tor (0,1 ramma).

Deppo3on — HanboNee MPOCTOH MarHUTOMETP U €ro MOXHO C/ieaTh caMoMy. VMIMeHHo, Gliarofapsi HCKITIOUMTENBHOH MPOCTOTE JISTKOCTH U
HAJI©KHOCTH, TAKHE MAaTHUTOMETDPHI UCIIONB3YIOTCS Ha CaMOJETaX B Ka4eCTBE MAarHUTHBIX KOMIIACOB, a Ha KOCMHYECKUX 30HIAX IS U3MEpPCHUS
MEKIUIAHETHOTO MArHUTHOTO TOJISt M COOCTBEHHBIX MATHUTHBIX MOJICH TIaHET.
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IIpocteiimuii Geppo3oHa HpencTaBisieT co00il OTHOCUTENIBHO UIMHHBIN U TOHKHH (HampuMmep, 50 x 0.5 MM) cepaedHHK U3 eppoMarHeTHKa ¢
BBICOKOIl MAarHHTHOW NMPOHHLAEMOCTBIO (HAIIPUMEp, OTOMNOKCHHOW MPOBOJOKHM M3 mepmaiuios 79 HM uiau amopdnoro xenesa). IlepmannoeBblii
CEpJCYHUK OOBIYHO OTXKUraeTcss B TPyOOUKe M3 KBapIEBOTO CTEKIA, KOTOpas B AAIbHEHIIEM CIyXHT KapKacoM IS OOMOTOK U IpeIOXpaHseT
MEPMAJUIOCBYIO IIPOBOJIOYKY OT MEXaHMUYECKHMX HampspkeHmil. CepiedHHK M3 HEOTOMOKCHHOTO aMOP(HOrO jKele3a MMEET HECKOIBKO MEHBIIYIO
MarHUTHYIO INIPOHHUIIAEMOCTb, YeM IepMaUIOH, 3aTO He OOMTCS MEXaHHYECKUX HAIpSDKCHUH. DTOT CEepAEYHHK SBISIETCS MAarHHTOIPOBOIOM
HAaCBIIIAOIIErocs TpaHC(hOopMaTopa, UMeroIero ABe 00MoTku. OfHA M3 HUX HAMOTaHA 110 BCEH JUIMHE CEpIEYHMKA 33 MCKIIOYEHHEM HEOOJIBIIOro
y4JacTKa IOCPeIUHE U SBISCTCI 0OMOTKOU BO30OY:KIeHHUS. Bropas — HamoTaHa Ha CpeJHEM y4acTKe, CBOOOJHOM OT HEpBON OOMOTKH, U SBISETCS
0OMOTKOH cunThIBaHHs. UHCIIO BUTKOB — HECKOJIBKO cOTeH. Ecii Ha 0OMOTKY BO3OYXIEHHUs MOJaTh EPEMCHHBIA TOK 3ByKOBOW 4acTOTHI (ITOpsaKa
HECKOJIBKUX KHJIOTepI]) TAaKOH aMIUIMTYIbI, YTOOBI NPOUCXOMMIO CHIBHOC HACHIICHHE MAarHUTHOTO CEPAEYHHMKA, TO HA BTOPHYHOU OOMOTKE
BO3HHKHYT OTHOCHTENBHO KOPOTKUE CHMMETPUYHBIE Pa3HONOJISIPHBIE HUMITYJICHl HANPSKEHHsS B MOMEHT IPOXO0XKIAEHUS HAMarHMYMBAIOILETO OIS
gepe3 Hynb. Ecau BHeNIHee IOCTOSHHOE (M3MepsieMoe) HaMarHHYHBAaIONIee I0JIE PABHO HYNIO, TO IIOCIENOBATENBHOCTh HMITYIECOM paszieleHa
OJIMHAKOBBIMM MHTEpBAaJaMH M B YACTOTHOM CIEKTPE O3TOH I0C/IENOBATENbHOCTH IPUCYTCTBYIOT TOJNBKO HEYETHBIE TapMOHHKHM YaCTOTBI
B030YxkIeHusa. IloqMarHuumBaromee u3MepsieMoe IoJe cMemaeT pabodylo TOUKy Ha HETJe HAMarHWYMBAHHS CEPICYHHKA TaK, YTO HA OJHOM
HOJyHepHoAe TMoNst BO3OYXKJACHMS HaMarHAYMBaHME YCKOPAETCA, a Ha JpYroM 3aMemniercs. B pesyinbraTe BMecTO  paBHOMEPHOM
MIOCIIEZIOBATENFHOCTH  PA3HOMOJSPHBIX HMITYJIBCOB IONydaeTcs "Xpomas" MOCIENOBAaTeIbHOCTh, B KOTOPOM BpPEMEHHOW HHTEpBal OT
HOJIOKUTENBHOTO JI0 OTPUIATENHLHOIO UMITyJbca HE PaBeH MHTEPBaly OT OTPULATENIBHOIrO 10 MOJOKHTEIbHOrO MMIyiabca. OnHaKo, pasymeercs,
HMHTEPBAT MEXIy MOJOXKUTEIbHBIMUA HMITyIbCAMH PAaBEH HHTEPBALYy MEXKIY OTPHIATEIbHBIMH U, €CTECTBEHHO, TOYHO PaBEH INEpUOAY CHIHAIa
BO30YK/JeHUs. "XpoMoTa" MOC/IeI0BaTEIbHOCTH IIPUBOJUT K TOMY, YTO B CHEKTPE CHTHANA CYMTHIBAHMS MOSBISIOTCS YETHBIC TADMOHUKH CHTHAja
BO30YXKICHUS, U aMIUIUTyJa STHX FAPMOHUK IPONOPIMOHATbEHA HANPSHKEHHOCTH BHEITHETO (M3MepsAeMOro) MoIMarHHIuBaomero noiust. OOs4HO B
HpHOOpax MCIONB3YIOT BTOPYIO FAPMOHHKY, TaK KakK €¢ aMIUIMTY/a 3aMETHO OOJIbIIE, YeM aMILTUTY/a CICAYIOUX rapMOHUK. MarHuToMeTp MMeeT
MaKCHUMAJIbHYI0 UyBCTBHTEIBHOCTb IS IO, HAIPABICHHOTO BJAONH (PEPPOMATHUTHOTO CEPACYHHKA, W HYJNEBYIO OIS IO, HAIpaBICHHOTO
nonepek. B atoM cmbicie heppo3oH]] H3MepsIeT MPOCKIMI0 MATHUTHOTO OIS, NapajlIelbHyI0 CEPACYHHUKY, H €CIU IOCTaBUTh €r0 BEPTHKAIIBHO, TO
OyneT U3MepsTh KaK pa3 BepTUKAIbHYI0 KOMIOHSHTY HHAyKIun MII3.

Hrak, npocTteiinimii (HO OBOJIIBHO YyBCTBUTEINBHBIN) (PepPO30HAOBBIA MATHUTOMETP COCTOUT H3:

*  Hachlmaromerocs TpancdopMaTopa Ha TMHEHHOM HepMaIIOEBOM CEpCUHHUKE ¢ OONBIINM yUTHHEHHEM,

*  TreHepaTopa CHTHasa BO3OYXKICHUS,

*  CEIEKTHBHOTO yCHIMTEINS BTOPOI FAPMOHHUKH,

*  (a3oBoro (CHHXpOHHOr0) AeTeKTOpa, eciu Bel xoTuTe onpenenats eme 1 3HAK KOMIOHEHTBI MArHUTHOTO MOJIS, MAPAJUICIbHOMN 30H1Y.

B xadecTBe reHepaTopa CHUrHajia BO30Y)KIEHUS MOXHO HCIONIB30BATh IIKOJIBHBINA T€HEPATOp 3BYKOBOW YacCTOTHL. B KkadecTBe CENEKTHBHOTO
YCHIIUTENSA U MHIMKATOpa — CEJIEKTHBHBIH BOJBTMETp, KOTOPBIN JOKEH OBITH HACTPOEH TOYHO HA BTOPYIO TapMOHMKY CHTHala BO3OYKICHUS.
UyBCTBUTENBHOCTs Bamrero marauromerpa OymeT OHmpenensThCsl KadeCTBOM H3TOTOBICHHS (heppo30HIa (HACHIIAIOMErocs TpaHchopMmaTopa) H
CTaOMIIBHOCTBIO HACTPONKH reHepaTopa H CENIEKTUBHOrO BonbT™MeTpa. Jpeiid Hyns Bamero marautomerpa OyzieT 3aBUCETh OT 3THX XK€ TapaMeTPOB.

Bopobves I1.B.

BOITPOC Ne89: Kak paboTaet amexrpodopHas MamrinHa?

OTBET: IlepBoif MHAYKIMOHHOH MAIIMHOI OBLT «dIeKTpodop», OTKpHIThII A.Bomsra B 1775 1. u obbsicHennsii V.K.Bunske B 1777 T.
WHAYKIHOHHBIC (MIH 37EKTPOCTATHUECKHE) MAIIMHBI IPECTaBRISIOT o000l MCTOUHHKH MallbiX TOKOB (peaxo Gombiie deM 10 A) m BBICOKOTO
Hampspenns (dacto caeime 10° B).

Hocurenn snextpudectBa (puc.l) momapHO 3apshkaroTCs IyTEM 3JICKTPOCTATUYECKOW WHIYKIMH, a
paccTosiHAEe MEXTy HUMH YBEIHYHBAIOT ITyTEM UX MEXaHHUYECKOTo IepeMemieHus. Jtalm | maeT HaM KapTHHY
3apsJIKM HOCHTENeH B mpouecce HHAyKImY, a stamnbl 11 n Il n300paskaror pasaencHue 3apsoB U UX HEPEHOC K
anextpogam K u A. Tleproandeckoe MOBTOPEHHE dTHX IPOLECCOB TEXHUYECKHU MIPOIIE BCETO OCYIIECTBUTD IPH
romoly Bpaienus. Hocurenn anektpudectsa Of ¥ B yKpeIuieHbl Ha H30JIUPYIOLIEM BPAIIAIOLIEMCS CTEPIKHE.
HeGonbmme depHbIE TPEYTONBHUKH H300pPaXKAIOT CKONB3AIINAE KOHTAKTBI, COCAUWHSIOINE JTH HOCHUTEIH C
anextpogamu K n A. IlepBoHavanbHOe mosie MeXAy Y M O cO31aercsi NPUCOSAMHEHHEM OTHX IUIACTHH Ha
KOPOTKOE BpeMs K monocaM OaTtapen. [Ipu Bpamenuu co ckopocTsio B 10 000pOoTOB B CeKyHIy Takasi MaIlliHa
Moxer faTh Tok okoo 1078 A. Tlpu ucuesHOBEHMH MO MEKY Y H O 5TOT TOK mpekpamaercs. Jiist 3Toro
JOCTATOYHO KOCHYTBCS MaJbIlaMH IUTACTHH Y H O M TEM YCTAaHOBHTH MEXX/Iy HUMH IIPOBOMSIICE COCTHHEHNUE.

VIHAyKUMOHHBIE MAIUMHBI, NpPEIHA3HAYCHHBIC I MPAKTHYECKOrO NPUMEHEHUs, MMEIOT elle OJHO
100aBOYHOE YCTPOWCTBO, KOTOPOE MOBOJHMT 3apsii Ha IUTACTMHAX Y W O O OYCHb BHICOKOTO 3HAYCHHS H
obecreunBacT ero COXpaHEeHNEe, HECMOTPS Ha HEM30EKHBIC TTOTEPH BCIIEICTBUE TUIOXO n3omsamu. Jlst ocyme-
CTBJICHHUS TAKOTO JOOABOYHOTO yCTPOKCTBA OBLIM IIPEIOAKEHEI ABa IIpoIecca.
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B nepBoM, Tak Ha3pIBa€MOM, MyJIbTHILIMKATOPHOM IIPOIECCE 3apsabl, MONTYICHHBIC IyTeM HHIYKIUH, He
MOJTHOCTBIO OTBOJAT K MECTY MOTPEONICHHUs, @ COXPAHSIOT YacTh MX Ha HOCHTENIX O M B M 3TOT OCTAaTOK
MepeHocsT npu nomouw simukos Papaznes Fi u F> Ha mnactuss! moss Y u O (Ha puc.2 oOpaTuTe BHUIMaHHE Ha
3HaKH!). DTUM yCHIIMBAETCs T0JIe, KOTOPOE YYacTBYET B CJIEYIOIIEM NIPOLECCE HHAYKIHH.
a) IIpu mepexome Kk BpaIalOIMUMCS MalIMHAM yMEHbIIAIOT smuka dapagess 10 pa3MepoB ABYX KYCKOB
JKECTH, KOTOPbIE OXBAaTHIBAIOT HOCUTEIM TOJIBKO CHapyXH. KpoMe TOro, mpu 3TOM COEIHUHSIOT CKONB3SILIHE
KOHTAKTBI MM DJIEKTPOABI HE C TadbBaHOMETPOM, a CO CTATHYECKHM BOJIBTMETPOM, T.€. C KOHIEHCATOPOM.
Bernencrsue roro Hocutend o u (B, mpoxons y onekTpomoB K m A, He oTZaloT MM BeCh CBOH 3apsii, a
COXpaHAIOT 4acTh ero sl mepenaud B smuku Papages Fy u Fo. Ha
puc.3 n3zobpakeHa MoJelb, paboTarolas TOYHO 1o 3Toi cxeme. [locie
HECKOJIBKUX 000POTOB OHA JaeT HAIPSDKEHHE B HECKONBKO THICSY BOJIBT.
IIpy 5ToM mpakTHYeCcKM HET HEOOXOIUMOCTH B TOM, UTOOBI
HCKYCCTBEHHO CO3/1aBaTh MCXOJHOC HampspkeHue mexay Y u O. Ilourn
BCErZla MEeXAy 3THMHU IUIACTHHAMH CYIECTBYET HEOOINBIIOE CydaiHoe
HampsDKeHHe,  KOTopoe  OBICTpO  INOBBINIACTCS B pe3yibTaTe
MYJIbTHIUIMKaTOPHOIO MIPOLECCa.

Bo BTOpOM mporecce MHIYNHPYIOIIHE 3apsibl CAMH YCHIMBAIOTCA TE€M K€ IIPOLECCOM HHIYKIHH:
IUIACTHHKH O, B U Y, O MMEIOTCs B GOJBIIOM KOJIMYECTBE M BCE BpeMsi MeHsoTcs pomsimu. Ha puc.4
1300paXKeHBl [Ba KOIbIa KOHJCHCATOPOB, BPAIIAIONIMXCS B IPOTHUBOIOIOXKHEIE CTOPOHBL. Lludpamm 1-4
OTMEUEHBI CKOJIB3AIINE KOHTAKThl, IONAPHO COEAMHEHHBIE METAJIIMYECKUMHU cTepKHAMHU. [lonoxum, uyTo Ha
IJIACTHHKE, OTMEUEHHOMN JKHPHBIM 3HAKOM +, CITydaifHO MMeeTCsl IIOIOKHUTENbHbIN 3apsi. Mexy IIacTHHKON
&/ + M KOHTaKTOM |, Tak e Kak MeXIy IUTACTHHKOH — M KOHTAKTOM 2 HUMeeTcs clIaboe 3JIEKTPUYECKoe T1oJe,

CXEMAaTHYECKH OTMEUCHHOE IBYMS CHIOBBIMU IHMHMSAMHU. IlycTh BHeIIHee KOJNBIO OyIeT HEMOABIIKHO, a
BHYTPEHHEE Mbl I0BEPHEM IIPOTHB YaCOBOHM CTPEJIKH Ha TpH cerMeHTa. Ilocie 3Toro moBopoTa Mbl IOIy4aeM
KapTHHY, H300paKeHHYIO Ha puc.40. BeoeacTBue HHIYKIMY Ha KaXIBIX TPEX COOTBETCTBEHHBIX IIACTHHKAX
BHYTPEHHETO KOJIbIla BO3HHUK 3JICKTPHYeCKHH 3apsn. CaMbIM CYIIECTBCHHBIM 3JI€Ch SBISETCA TO 0OCTOS-
TEIbCTBO, YTO BCE HCXOIAIINE M3 JTHX 3apsOB JIMHUH IIONS CXOIATCS B KOHTAKTaX 3 U 4, COCIMHEHHBIX
MEKy cO00 MeTamiom.
Teneps moBepHEM IO 9acOBOH CTpeNKe BHENIHEE KOJNBIIO HA TPU CErMEHTa, yIepKuBas BHYTPEHHEE
KOJIbLIO HEMOABMKHEIM. IIponece MHIYKIMHE OyIeT IPOHCXOAUTh Y KOHTAKTOB 3 U 4, HO IIPH 3TOM Ka)KAbIi pa3
JEHCTBYIOT HIECTh JIMHUH IO, T.. HHIYHHPOBAHHBIE 3apsabl OyAyT B Tpu pas3a Ooiblle, YeM HCXOJHBIC
& 3apsbl Ha puc.4a. [locie 3Toro NoBopoTa Mbl MOJYYUM KapTHHY, U300pakeHHYIo Ha puc.46. Bce 3 x 6 = 18
JIMHHH 10JIS 3aKaHIMBAIOTCSI COOTBETCTBEHHO Y KOHTAKTOB 1 M 2. 3a 3THM ClIefyeT CHOBA BPAIEHUE BHYTPEH-
HEro KOJbla, HO B TOYKax 1 U 2 MHAYLUPYIOT yxe 18 nuHuii nons u T.1.
Camo coboii pasymeercs, YTO IPAKTHYECKH BMECTO MOOYEPEIHBIX IIOBOPOTOB TO OJHOTO, TO APYTOro
KOJbLIA HCIIONB3YIOT HEHPEPBIBHOEC BpAICHHE OOOMX AMCKOB B IPOTHBOMNOJOXHBIE CTOPOHHI (puc.4r). B
obnactu Tymoro yriaa 1 0 4 obe miIacTHHBI 3apsHKEHBI HOIOXKHTEIBHO, a B obmact 3 0 2 00e oHM 3apspKEHBI OTpHLATENbHO. B 3THX obmacTix u
HOMEIIAIOT CKOJIB3SIINE IETKU 5 U 6, cayxKalllie KIEMMaMH JJIs CheMa TOKa.

OueHb NMOYYHTENHHO HAOMONATh PabOTAIONIYI0 MANIMHYy B TEMHOTE, CHSAB IPEABAPUTENBHO METKH 5 U 6. IIpoTHBOMONOXKHBIC 3apsabl B
obmactax 1 04 u 3 0 2 oTMeyaroTCsl HHTCHCHBHBIM CBEYCHHEM. B 1010KUTENbHOI 007aCTH HAOMIOAAI0TCS JUTMHHBIC KPACHOBATBIC My4YKHU CBETA, a B
OTpHLATENbHOH — (pHoNIeToBOE CUIHUE.

Hcrounuku:

P.B.Iloms «Yuenue 06 snektpudecTse», M., 1962, maparpad 39,
®.Tanacecky, P.Kpamaprok «Diekrpocratuka B TexHuke», M., Dueprus, 1980, rinasa 4.

BOITPOC Ne90: Kakoe MakCHManbHOE KOJIMYECTBO MH()OPMALUM BO3MOXKHO 3aIMCaTh HAa MarHUTO-ONTHYECKUH HOCHTENIb B HACTOAIICE
Bpems?

OTBET: TexHonorus, KoTopas UCIIONb3YeTCS IPU CO3JAHUU OOBIYHBIX JIa3epHbIX AuckoB (CD-om) mo3BoIsieT 3amucaTh Ha OXUH JHUCK OKOJIO
650 Mobaiit napopmanuu. OrpaHudeHuss YHCTo GU3HUeckue (HeNmb3s CO3aTh OSCKOHEYHO TOHKHMH IMydek cBeTa u3-3a audpakuuu). Ecam pasmep
(u3nuYecKuii MarHATO-ONTUYECKOTrO AUCKA CPaBHHUM ¢ pa3MepoM CD, To orpanudenue Ha 00beM 3aHCH IPHMEPHO TAaKOE JKe.

Ceifyac uet cTaHOBJICHHE HOBOTO (hopMaTa JUIsl 3alIMCH KOMITAKT AUcKoB DVD-rom — 00beM XpaHuMoi HHpOpMaLUK B HECKOIBKO pa3 (OT 4-x
10 8) mpesbimaer 00beM CD auckos. DVD TexHoNOrHs NCTIONB3YeT AU 3aIIUCH CPpa3y HECKOIBKO CIOEB B OJJHOM JHCKe (BMecTo 1-ro B CD). Moxer
OBITH CKOPO MOSIBUTCS TTIOAOOHAs TEXHOJIOTUS M JUISl MAaTHUTOOITHKH.

Jnst xpaHeHus OonbIMINX OOBEMOB JAHHBIX, KOTJa HEKPUTUYHA CKOPOCTH, JydIle BCEro MCIIONB30BaTh JEHTH (okomo 4 I'6 Ha kaccere 1o
00beMy MeHbIIe MarHUTO(OHHOMH), €CIIM CKOPOCTh AOCTYNA KPUTUYHA, TO CIEIYeT BOCIIONB30BAaThCA CHEMHBIMH HOCHUTEIAMH HH(OpMauuu —
eMKOCTb 0T 250 M6 (muckoBozsl Zip) 1o 2 I'0 (moka HeT 6e3yciIoBHOrO JIHaepa). MarHUTOONTHKA HE MPIDKHIACH B CHIIy CBOEH OTHOCHTEIHHOU
JIOPOTOBU3HBI.

To, uro celfuac mpoAaércs Ha Ka)XJOM KOMIIBIOTEPHOM YTy, IMeeT TaKHe XapakTepucTuku: 3,5"-2,6 Gb, 5,25"-5,2 Gb, u 9T0 He peKopaHbIe
00bEMbI. COBpEMEHHBIH TEXHOJIOMHYECKUIT OTOJIOK JISKHT B npenenax 20—-30 Gb, HO 171t HPOCTOro MOKynaTesst OHH He JOCTYITHBL.

Paccmorpum mpuHnun pa6oter MarauToontHdeckux (MO) nuckoB. MO aucku SBISIOTCS YCTPOUCTBAMH C, TaK HA3bIBAEMOH, IIONEPEIHOI
3alUChI0 MHpOPMAIMU. DTO 3HAYUT, YTO HAMarHUYMBaHHE (EPPOCIIOS OCYIIECTBIACTCS IEPIEHANKYIAPHO MOBEepXHOCTH cios. Takoil crocod
3anucH 00ECIeUMBAaeT HAWMBBICIIYIO IUIOTHOCTh 3allUCH U IIHPOKO HUCIONB3yeTcs ceromHs kak B MO cHcTeMax, Tak M B CHCTEMax C
3aIUChIO/CUMTHIBAHHEM IIOCPEACTBOM OOBIYHON MAarHMTHOW roioBkW. IIpaBja, rojoBka I ITONEPEYHOH 3aNMCH/BOCHPOM3BEACHUS YCTPOCHA
HECKOJIbKO HeoObrYHO. OHa MMeeT TOHKHH "Hroib4aThId" MONIOC A 3alHCH M IMHPOKHU IONIOC JUIS 3aMbIKaHHS IOTOKAa. B pesymbrare, mome
BOJIM3M TOHKOTO MOJIFOCA BEIUKO M JOCTATOYHO IS IepeMarHNYMBaHus IUICHKH a 110J1¢ BOJIM3H IIHPOKOTo MOJI0CA Maio U (heppociion Mo HUM He
repeMarHHYuBaeTCs.

Deppocnoit MO auckoB npencrapiser codoit MHorocnoiiHoe Pt/Co i Sm/Co nmokpeitre (nopsiaka 10 cioes oOrmei TonmuHoi okono 10—20
HAHOMETPOB), IIPHYEM OCh JIETKOI0 HaMarHWYMBAHHS NEepICHANKYISIPHA ToBepXHOCTH (eppocnost. KosprutusHas cuna MO mokpbeITHI Komebnercs
or 1 no 5 kunosperaa. Ctonb BbICOKAs KOIPUUTHBHAS CHIAa 00CCIIEYMBACT BHICOKYIO HAJICKHOCTh 3aIlMCU (3aMMCh NPAKTUYECKH HEBO3MOXKHO
HCTIOPTHTH BHEIIHUMH MAaTHUTHBIMH ITOJIIMH).

Bepremcst k pabore MO Hakonutens. 3anuch IMOU3BOAUTCS CIEAYIOIIMM 00pa3oM: IOJe HY)KHOTO 3HaKa (IIepIeHIUKYISPHOE MOBEPXHOCTH
(deppocos) cosmaercs MOAMATHUYHBAIONIMM CEPACYHHKOM, pa3Mep KOTOPOrO BOBCE HE Mall IO CPABHEGHHIO C pa3MepoM SUCHKH 3alluCH
(MarHUTHBIM JIOMEHOM) B 00JNacTh, IJic OCYIIECTBISICTCS 3amuch (OKYCHPYETCs JTyd HOIyHPOBOJHHKOBOrO nasepa. JIyd HarpeBaer IUICHKY BbILIE
toukn Kropu, mpu sToM oOHa pa3mMarHHYHBaeTca. IIpM OCTBIBAaHMH IUICHKA HAMarHUYMBAETCS B COOTBETCTBHM C HAIPABICHUEM IO B
MOJMarHM4MBAIONIEH KaTymke. SICHO, 4YTO IepeMarHuuuBacTCst 00macT Qeppociost pasMep KOTOPOH COOTBETCTBYET IIITHY, B KOTOpOE
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coxycupoBaH cBeT 1a3epa. ONTHKA yIUT HAC, YTO MUHUMAIIBHBII pa3Mep CBETOBOTO IIITHA OMPEENACTCS UIHHOI BOJIHEI CBETa M HE MOXKET OBITh
CJIe/aH MEHBIIIE JUTHHBI BOJIHBI.

OO6braHO pabouast mmuHa BoaHs! [1I1 masepa ams MO 3amucu okono 780 manomerpoB. Cunras, uto pasmep miatHa 0,78x0,78 MHKPOH moTydnm
HpeaebHyI0 INIOTHOCTH 3anucH nopsiaka 1,508 b/em? = 150 merabut/cm?, 4To MIPY IUIOLIAZM MOBEPXHOCTH 3-aroiimoBoro MO nucka 36 eM? maer
IIPEIeTbHYI0 eMKOCTh 0K0I0 670 MeraGaiit. PeatbHas MIOTHOCTb 3alIHCH BCErA HECKOIBKO HIKE H CErOMHs PUMEPHO paBHa 80 Merabut/cv’ st
3anucu 780 HM J1a3epoM ¢ 0OBIYHOI MIIOTHOCTBIO. T.0. Ha 3- mroliMoBoit MO nuckere momeraercs mpuMepHo 360 merabaiir.

CunTeiBanne HHGOPMAIMKA OCHOBAaHO Ha MarHuToonTudeckoM dddexre Keppa. Cyrs dddekTa 3aKmodaercss B TOM, 9TO IPH OTPaKCHHU OT
HAMarHUYECHHOI TJICHKH TUIOCKOCTh TOJIAPH3AllMK CBETOBOTO JIyda IoBopaunBaercs. [Ipy UCIOIb30BaHUH B ONTHYECKOM TPAKTE MOJSPUMETpPa 3TO
MIPUBOAUT K MOIYILIIUH SIPKOCTH OTPaKEHHOTO JTa3epPHOTO JIyda, YTO IO3BOJLET OBICTPO cUMTHIBaTh MH(popManuro. [ToraTHO, 9TO pasmep obmacTa
CUMTHIBaHHS TOXXE ONPECISACTCS JIHHOH BOJIHBI CBETA.

OueBUIHBIA IyTh MOBBINICHHS IUIOTHOCTU 3allUCH — yMEHbIICHHWEe pabodell JUIMHBI BONHBI Ja3epa. [ WHTEHCHBHBIE PabOTBL B 3TOM
HampasieHun Bexytes. Ceifyac paspadateiBarotcss MO cucTeMbl, paboTaroniye Ha CBETE C JJIMHOH BONHBI mopsaka 500 HM. DTo cpa3y MO3BOIUT
YBEJIMYHUTH IUIOTHOCTH 3amucH B 2,5 paza. OJHAKO OCHOBHOH HPOPHIB B IpoOJIeMe YBEIMYCHUs IUIOTHOCTH 3anmucH MO HocuTenell mpousomen B
COBEpLICHHO JPYroM HampasieHuH. Mmxenepsl nabopatopun bemn (AT&T), ucnonb3oBaB ONTHKY OJIMDKHEH 30HBI, HMOIYYHIH PEKOPIHYIO
IIOTHOCTh 3amucu. OHHM cymenu 3ammcaTh ¥ npouurtarh Ha Pt/Co HocuTens MHGOpPMANUIO C IIOTHOCTHIO 45 THraOWT Ha KB.JoUM (9T0 7
rurabut/cm’ = 0,87 ruraGaiira/cm?) 11! (http://portal.researh.bell-labs.cjm/leisure/souvenirs/galery/bits.html)

IIpu Takoif mnoTHOCTH 3amucy Ha 3-m0iiMoByI0 MO nuckeTy moMecTHTcs mpuMepHo 32 rurabaiita! CyTh MeToga B ciexyromeM: cBeT oT 780
HM I1I1 azepa BBOAUTCS B CBETOBOA, KOTOPBIH 3aKaHYMBACTCS 3€PKAIBHBIM KOHYCOM. MHHHUMAIbHBIH TTONEPEYHBIA pa3Mep CBETOBOJA MO KOTOPOMY
CBET eIle MOXET PACIPOCTPAHATCS NPHMEPHO MOJIOBHHA JUIMHBI BONHBL OT 0onee y3KOro CBETOBOJA CBET OTPaXKAaeTICsl OOpaTHO, a B CaMOM
BOJIHOBOJIC 3aTyXaeT 3KCIOHEHIMAIbHO HAa XapaKTEePHO! JJIMHE COOTBETCTBYIONICH MONEPEYHNKY CBETOBOJA. TeM He MeHee, B KOHHYECKOW o0nacTu
pa3Mep CBETOBOAA yMeHbIIaeTcs mpuMepHO 10 1/10 nmmasl BonmHbL IIpm 3TOM OCHOBHAs 4acTh CBeTa OTpakaeTcs Hasalx, HO mpumepHo 1/1000
MPOXOJMT Yepe3 OTBEPCTHE B BEpUIMHE KOHyca M momanaeT Ha Qeppocioit. OkasbiBaercs, uyro IIIT masep momuocThio 10 MBT TeM He Menee
obecreunBaeT 3amuch curHana (pasorpeB MO HOKpbITHS Bblme ToYkH Kiopu), a Ao cuuThIBaHUS HHGOPMAIMU JOCTATOYHO TOPa3fo MEHbIIeH
MomHocTH. J]ist Toro, 4To0BI CBET, MPOHUKAIOLINI Yepe3 KOHYC, HE PacCEHBAJICS, OTBEPCTUE B BEPIIMHE KOHYCA JOJDKHO HAXOAUTHCS HAa PACCTOSHUU
oT (heppociiost He fanee AecaTKa HAaHOMETPOB!

Boobiie, ciexyer oco3HaBath, uTo y Bac Ha crtonme B Bamieit OBM mmeercs ycrpoiictBo (MO WM BHHYECTEPCKHH AUCK C IONMEPEIHOM
3aIHCHI0), B KOTOPOM OCYLIECTBIISIETCS TO3UIMOHUPOBAHNE CUHTHIBAIOIICH/3aMICHIBAIONICH CHCTEMBI ¢ TOYHOCTBIO Hopsinka 1/10 mukpona! U Bce
3TO — HECMOTPsI Ha BUOPAIIMH CTOJIA M TPACKY!

JlanpHeimmil pe3epB yBeIHUeHHs ITIOTHOCTH 3allCU B yMEHBIICHHH paboueil qmuab! BonHs! [1I1 mazepa. DTo MOXKeT AaTh elle, IpUMEpHO, 3-4
pasa.

banoun E.M., Bopobves I1.B.

CoBpeMeHHast TEXHOJIOTUSI H3TOTOBJICHHS KOMIIAKT-IUCKOB JOITyCKaeT pa3MelleHrne Ha HUX HH(OpManuy ¢ IUNIOTHOCTHIO 3amucH He 6onee 160
M6ut/cM®. Benyliue KOMIAHHH MHPAa MHTCHCHBHO DaGOTAIOT Haj MOMCKOM HOBBIX TEXHOJOIHYCCKHX DPCIICHHH, HANDABICHHBIX HA CO3JaHHE
HOCHTENEH ¢ KauecTBEHHO 0Ooiee BHICOKMMH IMokasaremsiMu. Kommanus "MBM" HemaBHO IpoBena yCHENIHBIC HCIBITAHUS JHCKA, HA KOTOPOM
MH(OPMAIIHS pasMeIanack ¢ IVIOTHOCTbIO 7,2 T'Gut/cM’. 3amuch M CUMTHIBAHHE OCYIICCTBISIMCH C MOMOIIBIO 3IEKTPOHHOTO IydKa, a CaMo
YCTPOMCTBO BO MHOTOM HAIIOMUHAJIO YIEKTPOHHBIA MUKPOCKOIL.

Eumte Gonee BnewaTisiior pesyabtatsl pabotsl [1.Kpaycca u C.Uy (P.Krauss, S.Chou; YHuBepcuter mtata MunHecora, CIIA), cymeBmmx
pasmectuts Ha 1 cM’ 64 T6ur! Ycmex mocmenoBan mocTe MPUMEHEHHS OPHTHHAIBHOTO METONA HAHOMHTOrpadii, pa3pabOTAHHOrO B ITOM
YHHBEPCHTETE. ABTOpBI PEKIaMHPYIOT CBOHM METOJ, KaK JOCTaTOYHO MPOCTOM, JelIeBbI M HPOU3BOIUTENbHBbIA. IleuaTp AHMCKOB MOXKET
MIPOU3BOAUTECS IO TOTOBOM MATPHIE C ITOMOIIBIO, TAK HA3BIBAEMOU, MOJIMHI-TEXHOJIOTHH, KOTOpasl y)Ke cTana cTaHZapTHOH. Ha moBepxHOCTH
JIEMOHCTPAITHOHHOTO JIMCKA 3JIEMEHTHI 3alIMCH pazMepoM 10 HM pa3HeceHbl Ha paccTosHUA 40 HM.

B ormmane ot pazpaborku "MUBM" koMMepUeckoe OCBOGHHE ITUX JHCKOB IIOKA CACPIKHUBACTCS, IOCKOIBKY 37I€Ch ellle He HaiaeH d(p(EeKTHBHBII
croco6 cunThiBanus nHpopManuu. Ilo MaeHHI0 Uy, peann3oBaTh CUMTBHIBAHUE MOJKHO yCTPOICTBOM, KOHCTPYKTHBHO TOXOXHM Ha TPOQHIOMET),
HO pabOTaIONIMM B PEeXUME CBOOOIHBIX KONeOaHMH HaKOHEUHHKA. ToHYaiIIas KpeMHHEBas HITa ABIDKETCS BAOJNb IOBEPXHOCTH IHUCKA HAa OYCHD
MajJoOM DPacCTOSIHUM OT Hero. ViMes BBICOKYIO NOOPOTHOCTH, UIVIa KONEOJETCS Ha 4acTOTe COOCTBEHHOIO MEXaHMYECKOro pezoHaHca. OgHako
B3aHMOJICHCTBUE C MOBEPXHOCTHIO IHCKA BBHI3BIBACT BAPHAIUH TOI YaCTOTHI, Y4TO (QUKCHUPYETCS DIEKTPOHHOI CXEMOI U IO3BOJLCT pa3ilHdaTh
3JIEMEHTBHI 3aMHUCH.

W3mepenne Mukpompoduisi MOBEPXHOCTH, a B Oolee oO0meM ciaydae — pacIpeieleHHs BeIHMYHMH, XapaKTepPHU3YIONMX (uindeckue (1
XMMHMYECKHE) CBOICTBAa IOBEPXHOCTH, BOCXOAMT K TYHHEJIBHOMY MHKPOCKOMY. 3aTeM ObLIM CO3[aHbl aTOMHO-CHJIOBOM M MarHMTHO-CHJIOBOH
MHKPOCKOIIBL.

Boobe, pa3paboTYnKl KOMITAKT-IMCKOB IMOJIATAIOT, YTO OJM>KaiIne HOBbIE 00pasibl OyAyT MMETh AMaMETp BCEro 2 CM, NPUYEM €CIM Ha
COBPEMCHHOM JWCKE yMeIaeTrcss NWIs 10-MHUHYTHBI BHACO(QUIBM CpPEJHETO KadecTBa, TO HA JTHX MAaJeHBKUX THTaHTaX — S5-9acoBOIi,
BBICOKOKaYECTBEHHBIH!

Hcrounuk:

«IIpupona» Ne5, 1999.

BOIIPOC Ne91: M3BecTHO, YTO CYLIECTBYET CONHEUHBIH Berep. Jlyma Bpamiaercst Bokpyr 3emmu no opb6ure. ITouemy Jlymy He "cayer" ¢
op6uThI?

OTBET: Kak H3BeCTHO, KOHICHTPAIHS YACTHI[ B CONHETHOM BETPE MOPSIKA 4 cM > i ckopocTh 300 kM/ceK. MaKCHMAaIbHAs CKOPOCTh MOJKET
Heckonbko npeBocxoauts 1000 km/cek. Berep mpenctasisier co60il CBepX3BYKOBOH MOTOK rasa. VIHAYKIMS MarHUTHOTO HOJISI COJHEYHOTO BETpa
cocrasmser 5-107 To. ([1anHbie B3sThI M3 KHUTH "®u3nka kocmoca", M., CoBetckas sHumkIonenus, 1986, crp.636).

OOBIYHOE Ta30MHAMHYECKOE OINMCAHHE TEPSCT CMBICI, KOT/a CPEAHsAs IUIMHA CBOOOJHOTO MpoOera MOJEKYI B ra3e CTAHOBUTCS INOpSAKA
pa3Mepa Tena, KOTOpOe 3TOT ra3 0OTeKaeT. JTO CBSA3aHO C TEM, YTO 3aKOH JHCIIEPCHU 3BYKOBHIX BOIH PE3KO MEHSETCS, KOTAa JUIMHA BOJHEI
CpPaBHUBACTCS C JUIMHOH CBOOOIHOTO mpobera (BooOIwe, B 3TOi 001acTH MOHATHE 3BYKOBOI BOJHBI TepsieT cMbici). Ho B onpeeneHHOM cMbIcie ra3
y3HAeT O MPENATCTBHU (H OpPraHH3yeT TOT WIH HHOU PEXHM ero oOTeKaHHs) MMEHHO OIarofgaps TOMy, Y4TO B Ta3e MOTYT PacIpOCTPAHSATHCS
BO3MYILICHUS JABJICHHUs — 3BYKOBbIC BOIHBL. MOXHO MPOBECTH AHANOTHIO C 3NIEKTPOCTATUKOH M CKa3aTh, YTO CTATHYECKOE IOJIE IaBJICHUS BOKPYT
Tena, 00TeKaeMOro ra3oBEIM IIOTOKOM, aHAJIOTHYHO KYJIOHOBCKOMY IIOIIO BHPTYalIbHBIX ()OTOHOB B CIydae Tela, IIOMEMIEHHOTO B DIEKTPHUIECKOE
roie.

B mHamem cirydae HapymeHo cpa3y ABa yCIIOBHS MPUMEHUMOCTH Ta30JHHAMHYECKOTO MPUONIDKEHHS: BO-TIEPBBIX, AIMHA CBOOOJHOrO IMpodera
Ha MHOTO TOpPSAAKOB IPEeBOCXOMUT pazmep JIyHbI, Mo3TOMy B3aMMojeHcTBHe MmoToka ¢ JIyHOW HaJo CYMTAaTh HBIOTOHOBBIM; BO-BTOPBIX, MOTOK
CBEPX3BYKOBOM, H OOTEKaHHE HU B KAaKOM CIydae HE MOXKET OBITh JIAMHHApHBIM (yZapHbIE BOJHBI, CKAYKH U BCE IPEMYIPOCTH CBEPX3BYKOBOU
razofnHamMukh). IIpaBna, s HeMarHUTHOMN JIyHBI TOBOPUTB O CBEPX3BYKOBOM OOTEKAHHH OECCMBICICHHO, T.K. B3aMMOJICHCTBIE HBIOTOHOBO.

HWrax, mycts JlyHa cocTOUT U3 HENPOBOASAIINX MOPOJ. Torna MarHUTHOE IOJIe COIHEYHOTO BeTpa (a KpoMe ILIa3Mbl H HEHTPAIOB B COIHEYHOM
BETPE €CTh U BMOPOXXCHHOE B HETO MAarHUTHOE I0JIe) CBOOOAHO MpoXoauT udepe3 JIyHy, a BCe 4acTHIIBI COJHEYHOTO BETpa MAJaloT Ha JIYHHYIO
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IIOBEPXHOCTb, OTHaBas it CBO MMITYNbC. [LIOTHOCTD MOTOKA HMITY/IbCA B COMHEYHOM BETpe B paifone opOuTsI 3eMmi mopsaaka p = mpnv® ~ 107
H/M2. 3to maer CHJTY JIaBJICHUS COJTHEYHOTO BETpa Ha 1oBepxHocTh JIyHsl nopsaka F ~ sz ~10* H.

OTa cuia AEHCTBYeT Ha OJHOM IIONYBUTKE B OJHY CTOPOHY, a Ha IPYTOM — B APYTYIO H, B IPHHIIMIE, 32 BPEMs CYIIECTBOBAHHS CHCTEMbI
3emisi-Jlyna Morna GbI IPUBECTH K HEKOTOPOM 3BOMIOLMH JIYHHOH OpOMTHI (M3MEHEHHUIO dKCLeHTprcuTeTa). OIHAKO, €CIIM BCIIOMHHTb, YTO OpOHTa
Jlynsl o0xyBaeTcsl COIHEYHBIM BETPOM C Pa3HBIX CTOPOH B TE€UCHHE rofia, TO IOHATHO, 4TO d(P(EKT, Jaxke eclIu OH M UMel OBl MECTO, MOITHOCTBIO
HCYE3aeT 3a CUET YCPEIAHEHHS.

B mons3y HBIOTOHOBA pekMMa OOTeKaHHs TOBOPHUT Oombmnoe comepkanue He (u Hes) B mMOBEpXHOCTHOM CIIO€ JIYHHBIX IIOPOA U aHOMAJIBHO
HM3KOE aIb0eI0 JIyHHOH MOBEPXHOCTH, KOTOPOE MOXHO OOBACHUTH KaK Pe3yJbTaT IUTEIbHON 60MOapAMpPOBKH INPOTOHAMH COJHEYHOIO BETpa C
sHeprueit nmopsaka 1 KaB.

Tenepb HEMHOTO O B3aUMOJCHCTBHY C MATHUTHBIM IOJIEM COJIHEYHOIO BeTpa. Eciy mpoBoAMMOCTb JIyHHBIX IIOPOJ HE HyJ€Bas, TO MarHUTHOE
I07Ie COIHEHOT0 BeTpa MpOHKKaeT B JIyHy 3a xapakTeproe Bpems t ~ d’smom, TJie t — THITHYHOE BpeMsl YCTAHOBICHHS MO B POBOSIIEH cpexe, d
— TONIIUHA CKUH-CJ104 (paBHas pa3Mepy JIyHbI), s — IPOBOAMMOCTB JTyHHBIX HOPOJ, M — MarHUTHAs IPOHULIAEMOCTh, Mo — MATHUTHAs IIOCTOSHHASL.

Ecnu t 3ameTHO O0nbIIe, YeM BpeMs IIPOJIeTa COTHEYHOrO BeTpa MUMO JIyHBI, TO MATHUTHOE MOJIe "HaIUmaeT" Ha COTHEUHYIO CTOpOHY JIyHBI 1
€ro HaNpsHKEHHOCTh yBelanuuBaeTcst. Korja HanpsskeHHOCTh MarHUTHOTO TOJIS BBIPACTET HACTONBKO, 4TO 3(Q(EKTHBHOE JaBICHHE MATHUTHOTO OIS
YPaBHOBECHT JaBICHHE, CBSI3aHHOE CO CKOPOCTHBIM HAIIOPOM COJHEYHOT'O BETpPa, MPOLECC CTAHET CTAllHOHAPHBIM U MATHUTHOE TI0JIe Ha COJHEYHOH
cropoHe JIyHbl cTaOMIM3HUpyeTCs.

Kak MBI FOBOPHIIH, TOTOK MMITYNIbCA CONHEUHOro Berpa mpnv> ~ 107° H/m’. IIpupaBHEBAs 5TO K AaBICHHMIO MArHWTHOro momst B%/(2my),
Haxozum B ~ 5107 T,

Kak BuauM, mone 0WKHO, IPUMEPHO, HA MOPSAAOK IPEBOCXOMUT XapaKTePHOE MAarHUTHOE IOJIE COMHEYHOrO BETpa, U MPHU 3TOM OHO JODKHO
HOJIHOCTBIO OCTaHABJIMBATH IJIa3MYy COJTHEUHOIO BETpa Iepes MoBepXHocThio JIyHsl. B pesynbrare, 10MKHAa BO3HUKHYTH ylapHas BOIHA M JOJKHO
Ha0monaThCsd HHAYIUPOBAHHOS IHUIONBHOE MAarHuTHOe moie JIyHsl (KOTOpOe MOKHO MEHATh MOJIIPHOCTH B COOTBETCTBHH C IOJISPHOCTBIO
JIOKAJBbHOTO 1071 B COJTHEYHOM BETPE).

3mech CHOBa MOXET MOSBHTCS Ta30JMHAMHKA, HECMOTpS Ha TO, YTO IIHMHA CBOOOAHOTO Ipobera BemHKa. JTO CBS3aHO C TEM, YTO B
3aMarHUYCHHOH IIa3Me €CTh CBOM XapaKTEPHBIC pa3Mepbl — JIAPMOPOBCKMII M aebaeBCKHil paauychl (pH4eM, MO KpaiHeidl Mmepe, JeOacBCKMid
paguyc Mal IO cpaBHeHHIO ¢ pasMmepoM Jlymsl). I1o9ToMy B MarHMTHON THAPOAMHAMUKE OOTEKaHHE CHOBA MOXKET IIPOXOAUTH B Ta30BOM
(cBepx3ByKOBOM) pexnme. Ho eciit OLIEHUTh CHITy IaBJICHHS COJHEYHOTO BETpa (MJIM MarHUTHOTO IOJIsT) Ha TIOBEPXHOCTH JIyHBI, TO pe3yiapTaT Oyzer
TOTrO ke HOPSIKa, YTO U IIPU HBIOTOHOBOM OOTEKaHHH.

Yro mpoucxoaut Ha camoM jene (ecth s y JIyHbl HaBeAeHHOE MarHMTHOe Ione), s He 3Hao. Ho, Kak M TOBOPHJIOCH BBINIE, CHiIA
B3aMMOJICHCTBHSI COTHEUHOTO BeTpa ¢ JIyHOU 3aBHCUT OT 3TOro c1abo U 3P (EeKT B3aNMOACHCTBHS COBEPIICHHO HE3HAUNTEIICH.

W Bot eme. Yk ecim M cpaBHHBaTh UU(PBI, TO HE CHIIy IABICHUS COIHEYHOrOo BETpa ¢ CWioi mputsbkeHus JIyHel 3emieid, a M3MeHeHHe
uMiysbca JIYHEL Ha TIOMYBHTKE K €€ MOTHOMY HMITYibsey: Ap ~ Ft ~10'° H-c — 570 mMmysbe cumst aaBnenus 3a monmecsma, P = MV ~ 10% xrw/c —
9T0 UMIyJbC JIyHBI.

Wrak, KaTacTpo(uIeckoe H3MEeHeHHe OpOHTH MpoHcXomuT 3a P/Ap ~ 10'® o6oportos mmm 3a 10'° mer ... — 5T0 MPEBOCXODUT BpeMs KH3HK
Bcenennoit! KpoMe Toro, kak s TOBOPHII BBILIE, CIEAYET MOMHUTh, YTO 3(P(EKT MCUE3aeT 3a CUET TOro, YTO CONHEYHBIN BETEp B TEUCHHE roia
obyBaet opbuty JIyHEI CO BCex CTOPOH.

Bopobwes I1.B.

JOIMOJIHEHHUE K OTBETY HA BOIIPOC Ne64: Kak u3mMepuTb Maccy Tejla B KOCMOCe, BeJlb TaM HET Beca?

OTBET: IloroBopuM 06 U3MEPEHHH MACChI B YCIOBHSX HEBECOMOCTHU (B KOCMHYECKOM Kopaoe).

Bcenomunm, cHauana, B KakoM CMbICie OykBa "m" BCTpedaeTcs B HPIOTOHOBCKOW TEOpHHM (MEXaHMKA + IPaBUTAaLUs): BO-TIEPBBIX, MBI BUAUM
Maccy Tella B HBIOTOHOBCKOM 3aKoHe TsroteHus F = GMm / P BO-BTOPBIX, BUJIMM, YTO B 3TOM 3aKOHE Macca YIOMsHYyTa JBaXIbl: OIUH pa3 OHA
BEICTyIaeT KaK akTHBHAs Macca M — HCTOYHHK IpaBHTAIIMOHHOIO IIOJS, a BO BTOPOM CIydae KaK IACCHBHAs Macca m — B3aUMOJCHCTBYIOMIAs C
JIAHHBIM TPaBUTALMOHHBIM TIONeM. PaccMaTpuBas B3aMMOZIEHCTBHE TEN C Pa3IMYHBIMU KOMOMHAIMAMHU aKTUBHOH M MACCUBHOH IPaBUTAIMOHHBIX
Macc, MOJKHO [OKa3aTh, YTO 3HAYCHHE AKTHBHOHM MAcChI JI000T0 Tella paBHO 3HAUCHHIO €T0 MIACCHBHON MacChl, U, HAKOHEII, MBI BUIMM MaccCy Tella B
3aKOHE HIOTOHOBOW guHammku: F = ma. Ho Temepp m — 3To MHepTHas Macca Teja M OHA, BOOOIIE TOBOps, BOBCE HE 00sd3aHa OBITH paBHON
TPaBUTAIIMOHHOU Macce.

Ipennonoxenne 0 paBeHCTBE WHEPTHOW M TPABUTALMOHHOM Macc SBISETCS COBEPIICHHO HE3aBUCHMOM THIIOTE30H, Ha3bIBacTCS
MMPUHITUIIOM 5KBUBAJIEHTHOCTH (uHEpTHOH U TpaBUTAHOHHOM MacChl) U SBIISETCS OCHOBOH obmieil Teopun otHocutensHoctH (OTO).

CeroJHs paBeHCTBO UHEPTHOI U IPaBUTALMOHHON Macc MPOBEPEHO € TOUHOCTHIO Jiyyiie, yeM 10—13 B cepun s3xcriepumeHToB DeBéla, [IUKke,
Bparuuckoro u B MHOTOUYHCIICHHBIX DKCIIEPHMEHTAX IO IOMCKAM TaK Ha3bIBaeMOH "MIATOH CHbl" (KOTOPYIO B OIPEIENICHHOM CMBICIEC MOXKHO
CBA3aTh ¢ aHTUrpaButanueil). Takum o0pa3oM, ¢ TOYHOCTHIO Jiydne, yeM 10—13 unm naxe abcoa0THO TOUHO — eciu Mbl BepuM B OTO — uHepTHas
¥ TPaBUTAI[HOHHAS MACCHI TeIa OJHHAKOBEL.

Macca BcTpeuaercs, pasyMeeTcs, M B 3HAMEHHUTOH SiHIITeHOBCKON (opmyne E = mc?, HO s HAC HTO 3HAYMT TONBKO, UTO MAcca Tena
OIpeneNseTcs He TONbKO CyMMapHOH MaccOoil COCTaBIIIOIIUX €0 3JeMEHTAPHBIX YACTHII, HO H DHEPTHeH cBs3eil, KOTOpble COOMPAIOT ITH YaCTUIIEI B
ocsizaemoe Teno. KoHEYHO, MOCTENeHHO aHHUTHIIMPYS TEIO M3BECTHBIM KOJMYECTBOM AHTHBEIIECTBA, MOXKHO M3MepHTh ero maccy. Ho Takoro
PeLLICHNUS HE TOJLKCH IPEIATaTh JAe MIOXOil TeopeTuK. IIpy AHHUIMISIIMY OHOTO KMIOrpaMMa Macce! Beytensiercest 2+10%7 mxoyneid Tena B Buze
JECTKOro raMma m3iydeHunst. ToJbKo 3TO yxke IPUBEAET K KaTacTpoGHIEeCKOMY pa3pyIICHHIO Balllero o0bekTa (BMECTe C BaMH M KOpablieM) 3a10/1ro
10 TIOJTHOM aHHUTWIIANUH Tena. [109ToMy Takoi crocod MOXKHO KIacCH(pUIIMPOBATh KaK (haHTACTHUECKHN U aOCypIHBII.

OcTaeTcst U3MEpeHNe rPaBUTALMOHHON HJIM HHEPTHOM Macchl Tena. M3MepeHne rpaBUTallMOHHON Macchl — OOIIMIT PHEM M3MEpPEHUs MacChl Ha
3emiie: CTaBHTE Ha YaIIKy BECOB U3MEPSIEMyIO MAacCy H YpaBHOBEIIMBAaeTe e¢ 00pa3IloBOi MacCoi — 3TO KOPOMBICIOBBIE/PhIYakKHBIE BECHI, CTABUTE
Ha YalllKy BECOB M3MEPAEMYI0 MacCy M CHIy NPUTSIKCHHS ee K 3eMile ypaBHOBEIIMBACTE CHIIOH KadMOPOBAHHOH TNpPYXHHBI — NPUBBIYHBIN
JMHAMOMETP.

OgHako, B BalleM Kopabiie HEBECOMOCTh (CHia MPUTSHKCHHS K 3eMie MCKIoYeHa CBOOOAHBIM ManeHHeM Kopalis). ITosTomy Mbl MokeMm
TIONBITATBCS M3MEPUTh MacCy, H3Mepsii CUILy HPUTSDKCHHS K Hell M3BECTHOH NPOOHOH MacChl Ha HM3BECTHOM DPACCTOSHUH (AHAJIOT OIIBITa
Kagenania). OTo CIOXHBIA IKCIIEPUMEHT, TPEOYIOIIHMH TOHKOW METOIUKH U YyBCTBUTEIBHOIO 000PYIOBaHMS, HO B TAKOM M3MEPEHUH (QKTHBHOM)
TPaBUTAIIMOHHON MAcChl IOpsIKa KHIOrpaMMa M Oojiee ¢ BIOJIHE HPHIMYHOH TOYHOCTBIO CETOMHS HUYETO HEBO3MOXKHOro Her. IIpocto sTo
CEepbE3HBI W TOHKUH OIBIT, MOATOTOBUTH KOTOPBIH BBl JOJDKHBI €IIE [0 CTapTa Bamero kopabms. B 3emubix nabopartopusx 3akon Herotona
TIPOBEPEH C IPEKPACHON TOYHOCTHIO ISl OTHOCUTENILHO HEOOBIINX MAaCcC B HHTEPBAJe PACCTOSHUIL OT OJHOIO CAHTUMETpa IMpUMepHO 10 10 MeTpoB.

Jlpyroii coco® B3BEIIMBaHHA Tella — M3MEPEHHE/CpPaBHEHNE €ro MHEPTHOW Macchl. M MMEHHO Takoil cmocob® OYeHb YacTO UCHOIB3YyeTcs B
¢m3nUeckux U3MepeHHsAX (M He TONBKO B HeBecoMocTH). Kak BEI, BEpOSATHO, NOMHUTE U3 JIMYHOIO ONBITA H M3 Kypca (GH3UKH, TPY3HK,
NPUKPEIUICHHBIN K MPYXHHKE, KOJeOIeTcsl ¢ BIONHE onpeaeneHHol yactoroit: w = (k/m)1/2, roe k — sxecTKOCTh HNPYKHHKH, M — Macca Tpy3uKa.
Taxum 06pa3om, u3Mepsis 9aCTOTy KOJIeOaHUH IPy3HKa Ha MPYKUHKE, MOXKHO C HyXHOI TOYHOCTBIO OIPENEIUTh ero Maccy. IlpudeM coBepmieHHO
0e3pa3nYHO — eCTh HEBECOMOCTh, MIIH €¢ HeT. B HeBecoMocTH ynoOHO epiKaTelb JJIs H3MEPSIEMOi MacChl 3aKPEHHTh MEXLY ABYMS IPYKHHAMH,
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HATSHYTBIMH B IPOTHBOIOJIOKHOM HampasieHud. (Moxere [ pa3BICUCHHS ONpPENCINTh, KaK 3aBHCHT YYBCTBUTCIBHOCT BECOB OT
[PEIBAPUTEILHOTO HATSDKEHHS [PYKHHOK).

B peanbHOW KH3HH TaKHe BECHI MCHOJB3YIOTCS IS ONPEACICHUS BIAXHOCTH M KOHILEHTPALMM HEKOTOPBIX ra30B. B KkadecTBe MPY>KMHKH
HCIIONIb3YETCsI MTbE30IIEKTPHISCKHiT KPHCTAILI, YaCTOTa COOCTBEHHBIX KOJIEOaHHH KOTOPOTO ONMPEAENIeTCs ero )KeCTKOCThIo M Maccoil. Ha kpucramn
HAHOCUTCS IIOKPBITHE, CEJICKTHBHO MOIVIOMIAIOIEe Biary (MM ONpEICICHHBIC MOJCKYJIBl Ta3a WM JKUAKOCTH). KOHIEHTpaums MOJeKyd,
3aXBaYCHHBIX MMOKPHITHEM, HAXOMHUTCS B ONMPEACICHHOM PABHOBECHUH C KOHLEHTpalHedl WX B rase. MoJeKyiibl, 3aXBaueHHbIC MOKPHITHEM, ClIErKa
MEHSIIOT MacCy KPHUCTala M, COOTBETCTBEHHO, YacTOTY €ro COOCTBEHHBIX KOJCOAHHH, KOTOpAasi OMpPEENseTCs SICKTPOHHON CXeMoil (ITOMHHTE, 5
CKa3zaJl, YTO KPHCTaLl IbE30dJICKTpHYecKhif)... Takue "Bechl" OYEHb UyBCTBHTENIBHBI M IO3BOJISIOT ONMPEACIATh OYCHb Maible KOHLCHTPALUH
BOJSIHOTO T1apa HJIM HEKOTOPBIX JPYTHX Ia30B B BO3IYXE.

Bopobwes I1.B.
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®U3UNYECKUN ®AKYJIBTET

HoBocuOMPCKOro rocy1apcTBeHHOI0 YHUBEePCHTEeTa NPUIJdamaeT
a0MTypHEeHTOB

Ha dakynbreTe UMeroTCs 1Ba OTACTICHUS: 00wepusuueckoe N QuuKo-mexHuveckol uHopMamuKuy.

BoInyckHUKH (hakyInpTeTa MONYyYaroT CHENUAIBHOCTh ¢hu3uka. B mummoMe o BbICIIEM 00pa3oBaHWUH
BBITTYCKHUKOB-0aKajgaBpoB mocie 4 JeT oO0ydeHWs yKaszpiBaeTcs KBanubukamus ¢guzux. B mumiome
BBIITYCKHUKOB-MAarucTpoB Tocie 6 JIET 00yUeHHs YKa3bIBACTCSl KBATU(DHUKAIMS Macucmp u3uky M OJHA W3
OoJee y3KHX CIIEIMaIbHOCTEH, MPHOOpEeTaeMbIX Ha BBITYCKAIOIMUX Kadeapax.

Jns mocrymenus Ha Qusndeckuil dakyiapTeT HI'Y HeoOXommmo caaTh MHCHMEHHBIE DK3aMEHBI I10
Qusuxe, mamemamuxe u pycckomy a3viky. [Ipuemusie sk3amens! npoBoasarcs ¢ 4 mo 14 uromns. [Ipuem noxy-
MEHTOB OCYIIECTBIISIETCS ¢ 21 HIOHS 110 3 MO,

Ham agpec: HI'Y, ya. [Tuporosa 2, ri. kopr., k. 335, HoBocubupck, 630090.
Tenedon nekanara: (383-2) 39-78-00, dakc: (383-2) 39-71-01, smekrponnas noura: Dean@phys.nsu.ru
Tenedon npuemuoit komuccuu: (383-2) 39-73-77.

Camyto cBexxyto nHpopMmaruio o ¢pu3udeckoM dakynprere HI'Y, BKiTtouas BapuaHThI BCTYITUTEIBHBIX
9K3aMEHOB 3a MPOILIBIC TOJIbI, MOXKHO MOJyYHUTh, IIOCETUB HaIll caliT B IHTEpHETE 10 ajpecy
http://www.phys.nsu.ru.
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HAYYHAS JIABOPATOPUSA HIKOJBbHUKOB

HN30pannbie TeMbl 1151 uccaenoBanuii (1992-99):

Kaxk so3nuxarom oiuxu ceema Ha OHe 6odoema?

Tlouemy coecaem monoxo?

Om ueeo 3a8ucum cKOpoCms X00a NeCOYHbIX YaAcos?

Kaxum donoicen dbimos onmumanbHuill 3a30p MedHcOy CMeKIamu 6 OKOHHOU pame?

Ymo s¢pghexmusnee npu mpamboske: 00uH pas yoapums CUIbHO UIU MHO20 pa3 ciabo?

C kaxoeo paccmoanus ceem om YAUdHo20 OHAPS CMAHOBUMCI MEPYATOUUM?
Kax 6escams no nysicam, umobwl He 3a6pvizeamovces?

Kax wapux monem 6 nene?

Kax nyuwe nepedams 36yk0601 cucHan: KpUKOM Ui CUCMOM?

Toyemy nocie 63pwi6a Kiryobl NbIIU YACHO UMEIOM 2PUOOBUOHYIO hopmy?

Kax sosnuxaem pucynox npu omoupanuu aucma 6ymazu om cmexid, HOKpblmoz2o 600HbIM
pacmeopom kpacku?

Lenouka cockanvsvisaem ¢ kpas cmona. Kaxyio gpopmy ona 6ydem umems 80 6pems noiema u Ha
noxy, kozoa ynadem?

Hccredyiime, 6 kakux cnyuasx bepez mopsi Oyoem pasmvléamuvcsi, d 8 KAKUX, Haobopom —
HAMbIEAMbCS.

Ecnu noooiceuv cnuukoil nOIudMuiIeHosyio u3oaayuio 06b14H020 nPoeood, mo nadarujue Kaniu
PACHAABIEHHO20 NOAUIMUNEHA U30AIOM XapakmepHblil 36yK. Hccnedyiime sgnenue.

HYmo ModCHO cKazamb 0 KOIUUeCmeae nouliu 8 8030yXe, 3HAsL CKOPOCMb ee 0Ce0aHUsl Ha IKPAH
menesuzopa?

Onuwume npoyecc eoperus nadaioujeli copsyeil bymazu.

Kax 3asucum spems ucnapenus nyscu om ckopocmu eempa?

Kaxk 3a6ucum CKOpOCmb e300l no necky om ezco snascrocmu?

Kax 3asucum cxopocms pazmameieanus MOMKA TURKOU JIEHMbL OM CUIIbL, NPULOICEHHOU K KDAO
nenmol?

Om ue2o 3asucum epems, Ha KOMopoe CMmuxaenm wym 600bl 6 YaliHuKe nepeod ee 3aKunaHuem?
Booy pasmewusarom 6 uauixe ne kpyenozo ceuenus. Hccnedyime, kaxas 6ydem gpopma 60poHKu?

Topu3onmansHo pacnoroiceHHOMy HeOAIeKo Om NOBEPXHOCIU CIOAA TUCMY bymazu cooouuu
20pu3oHmanbHyio ckopocmo. CKob 0anexo on yiemum?

Kax 3asucum ysem mopsi om ez2o 2nybumnvl?

Houemy 6o3nurxaem "Humb" 60Kpy2 meHu nalbya, KACAOUWE20Cs NOGEPXHOCMU 800bl?

Ecsin Bol 11001TE CTABUTH ONBITHI M 32yMBIBATHCSH 0 MPHPOJe Belleid,

ecjiu Bbl xoTHTE NONPOOOBATH CBOU CHJIBI B HAYYHO-HCCJI€I0BATENbCKOM 1esITeILHOCTH — O0palaiTech K HAM

Bobt cmoorceme noo6u¢ambc;l CO ceoUMU ceepCmMHUKAMU, Uyuiumu cebs 6 Hayke,

a makofce NOAYUUMb KOHCYIbMAYUIO Y KATUDUYUPOBAHHBIX npenodasameneli U Qu3uKo8-npogpeccuoHaios

E-mail: plad@sslnsu.ry

http://www.nsu.ru/materials/ssl/
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