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Kawnra conmepxxut otBersl Ha Ooiee dem 90 BompocoB, Hamboiee Yacto
3a/laBacMbIX CTapIICKIACCHUKAMH CPEIHHX MIKOJ. Bompocel mMmocTymaaud B
«JIucTaHIOHHBIN KOHCYIBTAMOHHBINA ITYHKT MO JJIEKTPOHHOH ITo4Te.

[pennazHayeHa Uil CTapLICKIACCHUKOB M IperoiaBarelsieil oOmeobpa3oBa-
TENBHBIX IIKOJI, YYalIUXcsl (U3MKO-MAaTEMAaTHYEeCKMX INIKOJ, a TakoKe JIHII,
3aHUMAIOLINXCS CaMOOOPa30BaAHUEM.

Bbecnmarno.

IpeaucioBue
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B mponecce o0ydeHHs y HIKOJBHUKOB, a TaKKe y HMX YYHTENeH, Bceraa
BO3HHKAIOT BONPOoCkl. OTBETH HA MHOTHE N3 HUX YAAeTCs NPUAyMaTh WIA HAWTH B
nurepatype. Ho MHOrma oTBET Ha BONPOC MOJIYyYUTh HE ygaercs. BoT TyT-To u
TpeOyeTcs KOHCYIbTalMs NpodeccuoHaa.

XopoI110, eciy Hy>KHBIH CIIEIHAINCT PSAOM — HYKHO TOJNBKO JIOTOBOPUTHCS
1o TeneoHy O BCTpede M 334aTh BOIPOC. Bompoc MOXXHO 3a1aTh 1O TeseoHy U
U3 JIpyroro ropojia, Ho 3TO JOporo. Bompoc MOXKHO OTOCIIaTh MHUCEMOM, IpaBja,
nrcbkMa uayT HeObicTpo. C nosiBieHneM VHTepHETa U 3JIEKTPOHHOM MOYTHI MOKHO
OTIEPAaTHBHO M OYEHb JCUIEBO CBA3ATHCS C JTFIOOBIM HYKHBIM CIEHHATIHCTOM.

C cents16ps 1998 r. B MHTepHeTe OTKPHIT «/IMCTAaHIIMOHHBIN KOHCYJIbTa-
LUOHHBIA MyHKT», B KOTOPOM KOHCYJbTallUd AAIOT Y4YEHble — COTPYAHUKHU
Hay4HO-HMCCIIEA0BATEIILCKIX HHCTUTYTOB HOBOCHOMPCKOTO AKaJeMIOpOoIKa.

OcHoBHOW  3anmauell  «/IMCTAaHIIMOHHOTO  KOHCYJIBTAIIMOHHOTO  ITyHKTa)»
SIBIIIETCS OKa3aHue 0ecnIaTHOH MHGOPMALMOHHON MOJAEPKKH:

®  YKa3aHue MOUHBIX CCHUIOK HA KHUZU U JCYPHAIbL, B KOTOPBIX
HaXOJIMTCSI OTBET Ha 3aJJaHHBII BOIIPOC,

®  nepecwvliiKa peKOMeHO06AHHOU qumepamypul (8 INeKMpPOHHOM 6Ude) B
cirydae HeOOXOJMMOCTH,

®  npedocmaenenue HEOOXOOUMBIX PA3LACHEHUN U KOMMEHMApPUes eciv
MIPY YTEHUH PEKOMEHIOBAHHOM JTUTEPATyphl BOSHUKAIOT TPYIHOCTH.

Ceifuac pabotaroT 1Ba OTHENEHUS «J[MCTaHIIMOHHOTO KOHCYJIBTAI[IOHHOTO
MYHKTa» —T0 (PU3UKE U MO OHOJOrMH, KOTOPBIE 3a MOJrona padoThI MOJYYHIN
cBbiie 500 BOMpOCOB OT CTapIICKIIACCHUKOB UM MPENoAaBareseil CpeJHuX IIKOJI,
UMEIOIINX JOCTYII K JIEKTPOHHOH IouTe.

Jis sTolt myOnMKanuMu MBI OTOOpain HauboJjiee YacTO BCTPEYABIIHECS
Bompockl 1o (Qusuke. Ctwib u opdorpadust BOIPOCOB COXpPAaHEHBI B
OPUTHHAIBHOM BH[E. ABTOPbI OPUTHHAIBHOIO OTBETA YKa3aHbI MOCIE OTBETA.
Eciu oTBeT Ha BONpOC JaH M0 JIUTEPATypHBIM HCTOYHHMKAM, (amuinu
COCTaBUTEJIEH OTBETa HE yKa3aHbl. ECIIM NpH cOCTaBIEHUH OTBETA HCIIOJIb30BAHBI
(hparMeHTHI U3 KHUT WIH CTaTeH, 3TO YKa3aHO B KOHIIC OTBETA.

Mser 6yaeM O4Y€Hb IPU3HATEIIbHBI 3a YKasaHUs Ha OIIMOKA U HETOYHOCTH B
OTBCTax.

Kak Bocnosb30BaThCst yeJayraMmu
«/IMCTAHIIMOHHOT0 KOHCYJIbTALMOHHOTO MYHKTA)
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JIroboit  cTapIIeKIacCHUK WM  TPEIoAaBaTeNlb  CPeIHEH  IIKOJEI,
HMHTEPECYIOUINICS HAyKOM, MOXKET 110CJIaTh HAM CBOM BOIIPOCHI:

. 1o ¢usuke no agpecy phys@ssl.nsu.ru ,

. o 6monoruu o anpecy biol@ssl.nsu.ru .

Hamm skcnepTbl mocrapaioTcss OTBETHTh Ha JIOObIE BOIPOCHI, KpOMe
BOIIPOCOB:

. no '"anmpTepHATUBHOW" Hayke — JUIsI TeX, KOro HUHTEPECYIOT
"anpTepHATHBHBIE"  WIEW, HE  NpPUHAMAeMble  IIMPOKOW  HAYYHOH
00IIECTBEHHOCTHIO, CYLIECTBYET MHOTO CIIELUANIBHBIX NEWSEZroups,

. OOBSBIEHHBIX B 3a0YHBIX KOHKYPCaxX, OJMMIIMAAAX W T.I., IO WCTCUCHHS
CpOKa OTIIPaBJIEHUS PELICHUI.

CMmeno numuTe HaM, HO HMOMHHUTE, 4YTO, BO3MOXHO, Bam eme mnpeacrour
3aTpaTUTh YCHWIMS JUIS TOTrO, 4TOOBI pa3o0paTbcsi B IOIYYEHHBIX OTBETax H
yOenuThess B MX TmpaBoTe. YBaxaiTe ¢axTbl! MHEHHS MOTYT OTJIMYATHCS, HO
¢axtel — Her. IloaTomy, eciim Bam kakercsi, 9TO OTBET 3KCIEPTOB HEBEPEH U
MOXHO JJaTh JIPyTrOH OTBET — €I1I€ pa3 B3BECHTE JOBOJIbI SKCIIEPTOB.

CTapaﬂTer TaKKE€ HC IMOCBUIATH 3aJadu U BOIIPOCHI, IMOJTYYCHHBIC OT CBOUX
npernojasaTeield, B HaaeXJIe Ha TO, YTO KTO-TO chejaeT 3a Bac momamiHioo
pabory. Crenaiite cBOIO COOCTBEHHYIO IOMAIHIOI paboTy camMu — 3T0 Oyner
oueHb moJie3Ho. C Ipyroi CTOPOHBI, Mbl TOTOBBI OTBETHTH Ha JIFOOBIC BOIPOCHI,
KOTOpBIE BO3HUKIIM y Bac 1npu BINIOJIHEHUN TOMAIIHEH paboTEhI.

Ecnm oTBet Hamrero skcnepTa Ha Bamr Bonpoc modemy-iu0o He yI0BIETBOPHUT
Bac — Hanummte HaMm 006 3ToM. B nepemnucke, oOuiasce ¢ yueHbiMu, Bbl cMoxete
Jy4Ille HOHSTh CTUJIb M METO/IBI PAcCYKICHUS MPOPEeCCHOHATIOB M MIPUOIM3UTHCS K
Hay4YHOU HCTHUHE.



BOIIPOC Nel: Ects yrtBepxkaenue: «CyObeKTHBHAs XapaKTEepHCTHKa 3ByKa TIPOMKOCTH
COOTBETCTBYeT OOBEKTHBHOM  XapaKTEepHCTHKE 3ByKa HWHTEHCHBHOCTH». S| axymaro, 4to 93T0
YTBEP)K/ICHHE HE BEPHO, TaK KaK CyOBEKTHBHAs IPOMKOCTb 3aBHCUT TaK ke OT 4acTorhl. Ho Mmoit
MpenojaBarellb CYUTALT, YTO OHa BepHa. KTo 13 Hac mpas?

OTBET: B «®usuueckoii sHuukionenun» 1.1 (Mocksa, «CoBetckas >Humkionenus, 1988) na
ctp. 539 - 540 manucano: «I'POMKOCTB 3ByKa 3aBUCHUT INIABHBIM 00pa3oM OT HHTEHCHBHOCTH 3BYKa, HO
TaKKe U OT PacHpe/IeeHUs SHEPT Uy 110 MIKaJle YacToT... B onpeneNeHHbIX npesenax npyu OANHAKOBOMH
4acTOT€ M MHTEHCHBHOCTH JBYX 3BYKOB 0o0Jiee KODOTKMH KaXXeTCs MEHee TPOMKHM..» Tam ke
TIPUBEICHBl KPUBBIE PABHOH TIPOMKOCTH B 3aBHCHMOCTH OT 4YacTOTBI, MCIIONb3yeMble IpH padoTe
IIyMOMEpOB.

B aToM Bompoce TecHO mepernyTaHsl Gusnka ¥ ¢pusnonorus. B ¢usnuke Bce akkypaTHO: 3ByKOBOE
JIaBJICHNE, MHTCHCHUBHOCTh 3ByKa M T.JI. Bce Mepsiercs. B ¢usuonornn BO3HHKAIOT CyOBEKTHBHBIC
OLIYIICHUSL.

Ouenp moapoOHO MHpo 5T0 HammcaHo B «CmpaBouHumke mo akycrtuke» (Mode, Kopombkos,
CamnoxkoB, Mocksa, Cssi3b, 1979). Hampumep, Ha c1p.31: «YCIOBHINCE 32 YPOBEHb I'DOMKOCTH
M000ro 3ByKa (WM LIyMa) NPUHUMATh YPOBEHb B JICHMOEIaX PABHOIPOMKOTO C HHM YHCTOTO TOHA
1000 T'u.» Ilpu 5TOM rpOMKOCTh HETOYHO XapaKTEpU3yeT CyObEKTHBHOE OIIyLIEHHE, T.K. €CTh Macca
0COOEHHOCTE! BOCIPHATHUS COCTABHBIX 3BYKOB, II[yMOB, HMITYJIbCHBIX 3ByKOB H T.J. U T.IL

IpuBeieM HECKOIBKO IIPUMEPOB, B3SITHIX M3 3THX KHUT:

. TIpu MIaBHOM yBEIMYEHUH WHTEHCUBHOCTH 3BYKa CIYXOBOE OLIYLICHHE HapacTaeT CKayKaMH IO
Mepe yBEINYEHUS YUCIIa BO30YK/ICHHBIX HEPBHBIX OKOHYAHUH.

. B yCNOBUSX THIIMHBI CIBIIIHO THKaHbE YacOB, a B YCIOBHSX IIyMa MOKHO HE YCIIBIIIATh JaXe
TPOMKHI pa3roBop.

. Ilpu npocnynmMBaHUM CIOKHOTO 3BYKa €ro I'DOMKOCTb MEHBIIE CyMMBI TPOMKOCTEH BCex
COCTaBJISIIOIMX (3TO P HE OYEHb IMIUPOKOM CIIEKTPE 3BYKa).

. IIpu npociymMBaHUM MMITYJbCHOTO 3BYKa €ro I'DOMKOCTb OINpPEAENIAeTCS IPOU3BEICHUEM
HMHTEHCUBHOCTH UMITYJIbCa Ha €r0 AIMTENbHOCTH (310 10 100 I').

. B rpomkoii mnepemade aaxe mocie OT(GHIBTPOBBIBAHKMS BCEX YACTOTHBIX COCTABJISIOIIMX HHXKE
1000 T'u yenoBek BOCHPUHMMAET («CIBILIMT») HU3KOYACTOTHBIE COCTABIISAIOIINE C JOCTATOYHO
BBICOKMM YPOBHEM OIIyLIECHHSI.

Tem He MCHEE, NIOHATUE T'POMKOCTH 4aCTO OKa3bIBACTCA yZlO6Hl>IM.

BOITPOC Ne2: V MeHsS BOIPOC OTHOCHUTEIBHO TOTO, IOYEMY T'YAST BHICOKOBOIBTHBIE IIPOBOJA.
Yero TONBKO He YUTAN: y AcIamMa3oBa, 4TO 3TO CBS3aHO C BETpOM, y TapacoBa, 4To ¢ KOPOHHBIMH
paspsiiamMu, TaK ke O B3aUMO/ICHCTBUM ¢ MarHUTHBIM osieM 3emiti. B yem sxe npuunza?

OTBET: Cmotpst 0 3ByKe Kakoi 4acToThl uuer peus. Ecmu ects Berep, To f = kv/d, rme f —
4acToTa 3ByKa, V — CKOpPOCTh BeTpa, d — auamerp mpoBoja, k — koadduimeHt, onpenensieMbli
SKCIEepUMEHTaNbHO. JT10 3akoH Ctpyxana, k okono 0,2 (JL.I'.JloiusHckuii, «MexaHuKa XUAKOCTH U
razay, 1987).

KoponHblii paspsix ectb moutd Bcerga. OH TOpUT BOKPYT OCTPBIX YacTed Ten (HampuMep, OrHU
«CBATOr0 OjbMay): BONH3M TOBEPXHOCTH IPOBOAA JOCTHIraeTcs MNpoOOiiHas HampsHKEHHOCTh
3JIEKTPUYECKOro mousi (MpoOoi NMPOMCXOMUT B BO3AyXe). M3-3a KOPOHHOTO paspsiia Ha OOBIYHBIX
BEICOKOBOJIPTHBIX TIPOBOJax udacTora 3Byka 100 I'm, XoTa MokeT OBITB U BBICOKOYACTOTHAS
cocraisiromas ot 10000 T'm mo pammovacror (FO.I1.Paiizep, «®u3uka razoBoro paspsua», 1987).
MarnuTtHoe mosie 3eMiIM TYT HH IpU YeM: [0 HPOBOJAM TEYeT MEPEMEHHbIH TOK, KOTOPBIi
B3aHMOJEHCTBYeT C MAarHUTHBIM IOJeM 3eMiH, HO d(G{eKT Oo4eHb Mal, T.K. MAarHUTHas WHIYKIUS
3emuu  menbiire 0,0001 To.




BOIIPOC Ne3: Peman st 3a1a4ku 0 (pU3MKE, a B BOIPOCE TaKHe AaHHbIE — IMA JOCTaTOYHO st
4eJIoBeKa, 4ToObl MOYYBCTBOBaTh TOK, 5 MA — Oyner OoinbHO, Bbie 15 mMA — 4enoBek TepseT
KOHTpOJIb HaJl Mblmmamu, 70 mA ... C cyxoii KoXell CONPOTUBIICHUE Tela OT OJHOW PYKH 10 IPyroi
pasHo 1-10° Om, ¢ Mokpoii — 5-10° Om. IIpaBuibHbI n 5TH uncna? Eciy Het, TO HHTEpecHO Obl y3HATH
HpaBUIIbHBIE.

OTBET: B monorpaduu B.E.MaHoitnoBa «OCHOBBI 251eKTpoOe30macHoCTHy (DHeproaToMHusar,
1991) npuBoAATCS ClEIYIOIINE 3HAUSHHUS 3JIEKTPUUECKOTO COMPOTUBIICHHUS TEJIA YeJIOBEKa OT JIaJJOHHU K
naniony (IIOMA/Ib TOBEPXHOCTH KOHTAKTa 0KoJio 10 cm?):

IIpu Hanpsokenun cet 1o 65 B 4400 Om
IIpu Hanpsoxkenuu ceru 1o 220 B 1600 Om
Ipu Hanpspkenuu cetu cebinie 220 B 1200 Om

MexyHapoaHas JeKTpoTexHuueckas komuccus (MOK) pekomeHzyeT ciienyrolue 3HaYeHHs
CONPOTHUBIEHUH (pyKa — HOrK) npu yactore 50 'm:

U B 25 50 250 >250
R Om 2500 2000 1000 650

CornacHo yueOHMKY «OCHOBBI TEXHMKHM O€30MacHOCTH B 3jeKTpoycraHoBkax» [I.A.J{onuHa
(Omeproarommsznar, 1984) yBnakHeHHE CyXHX pyK CHIBHO IOJCOICHHONM BOAOW CHIDKAeT
comnporusierne tena Ha 30 — 50 %. Tam jxe mpUBOAATCS CIEAYIOMIME JaHHBIE O JEHCTBUHM TOKa Ha
4eJIoBeKa:

NepEeMEHHBIN TOK | MOCTOSIHHOM
50 I’ TOK
Ilopor 4yBCTBUTEIBHOCTH 1,1 MA 6 MA
Heornyckatouuii Tok (BO3HUKAIOT HEIIPEO0JIUMBbIE 15 MA 50 — 80 MA
CYIOPOJKHBIE COKPAIIECHHUSI MBIIIIIII)
OuOPHISIIOHHEIN TOK (MOXET BBI3BATh OCTAHOBKY CEpAIIa) S50MA — S A 300MA — S A

BOITPOC Ne4: S ciblinalt Mpo HOHHBIE JIBUraTeld. MIcronb3yoTes JIM OHU Ha pakeTax?

OTBET: B sunuxinonenuu "Kocmonasruka" (Mocksa, 1985) HanncaHo, 9TO JIETHBIE HCIIBITAHUS
HMOHHBIX paKeTHbIX aBuraresnei nposomuaics B CCCP no nporpamme SAurtaps B 196670 rr, B CLLIA 1o
nporpamme CEPT B 1964 u 1970 rr, o nporpamme Crammor — B 1965 .

Ha crenmax ucnblTanbl JBuraresiu ¢ MouHoctsio 50 Br, Taroi 4,45 MH, ynenbHbIM UMITYJIBCOM
Taru 12,2 km/c, kg 50%.

B kumre "Kocmmueckme aBHraTenu: cocrosHue u mepcrektuBbl" (Mup, 1988) mHa crtp. 185
YKa3aHO, YTO BCJIACTBHE NIPUHIMINAIBHBIX OTPaHMYECHHIT 110 IUIOTHOCTH MOHHOTO TOKa MaKCHMaJIbHAsI
TATa OJIHOrO MOJIYJISt HOHHOTO JIBUTATENs CpaBHUTENbHO HeBenuka (ot 5 MH 1o 1 H).

BOITPOC NeS: Uto Takoe Teopema Bupuana?
OTBET: Teopemoii BupHana Ha3bIBa€TCs COOTHOLIEHHE, CBA3BIBAIOIIEE CPEIHIOI KMHETHYECKYIO
SHEPrHI0 CUCTEMBI YaCTHUI] C IEHCTBYIOLIMMH B HEH CHIaMHU.
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Jlnis KJIacCHUYECKOW CHCTEMBI MaTepHalIbHBIX TOUYEK TeopeMa BUpHana jaoka3aHa B 1870 r.
Knaysnycom. Eciu K — cpessis kuHeTH4ecKast SHEprus cucteMsl dyactutl, U — CpeaHsst HOTCHIHAIbHAS
9HEPrHs CHCTEMBI YaCTHII, TO TEOPeMa BUPHAIa BBINISIINT KaK:

K=U — n1s rapmMoHMYECKUX KOJIeOaHUH,

K =-U/2 — ans TpaBUTAIIMOHHOTO WM YIEKTPOCTATHIECKOTO B3aHMO/ICHCTBHSI.

Teopema BHpHana 3amuChIBaeTCs KAk JUIl KBAaHTOBO-MEXaHHYECKHX CHCTEM, Tak H B
CTAaTUCTHYECKON MEXaHMKE.

Hcrounuk: "®usnueckas sHuuknoneaus”, 1 Tom (M., 1988.).

Jloka3aTenbCcTBO TEOPEMBI JaHO, HalmpuMmep, B 1-om Tome "Obmero xypca ¢pusuxn" JI.B.CuByxuna
(M., Hayka, 1989), cp.152.

BOIIPOC Ne6: MHorna Ha HeOe BUOHO ABa CONHLA. S| HE 3HAKO, KAKOBA 3aKOHOMEPHOCTH 3TOTO
sBieHus. CuuTaro, 4To 3T0 onTHdeckuit oomMan. Ecniu — na, To B 4eM oH 3aKimodaercs?

OTBET: Dddexr noitnoro Connma onucad B kaure M.Munnapra «CBeT U IBET B IPHPOIEY,
(Mocksa, 1958), ctp. 255, 257. Ilo MHeHH0 MUHHapTa 3TO SIBICHHE, MO-BHIMMOMY, BBI3BIBACTCS
MECTHBIMH M3MEHEHHUAMH SIPKOCTH CBETOBOTO CTOJI0A M3-32 HEPABHOMEPHOCTH paclpeielieHUs 00JIaKOB.
CBeToBO# CcTONIO BO3HMKAaeT OOBIYHO TpH Bocxoje win 3axone CojHILA, €clnu Ha Jyde 3pEeHHs
HAaXOMAUTCS 00J1aK0 JEASHBIX INIACTUHOK, KOTOPbIE OYeHb MEICHHO MaJaloT, COXPAHsS CBOIO INIOCKOCTD
NapajuIeNIbHON MOBEPXHOCTH 3EMITH.

BOIIPOC Ne7: Iloyemy co3paercsi 3¢@¢ekT oOpaTHOro BpalleHUs Kojieca IpU OBICTPOM
JIBIDKCHUH (HAIpUMep, KapeThl)?

OTBET: Ecmu peus uzier o xapere, KOTopyo Bl HaOmiomaeTe Ha TeledKpaHe WIIH B KUHO, TO
obpaTHOe BpalleHHe KOJIEC BO3HMKAET, €CIH 3a BPeMs MEX/Iy KajpaMH KOJEcO IOBEPHYJIOCh Ha YTroll,
KOTODBIH, HaIpUMep, MEHbIIE YeM NT0T0BUHA YTJIa MEKILY CIHIAMH.

Hcrounuk: I1.B.Maxkoseukuit «CMmoTpu B KopeHb», Hayka, 1976, ctp.182.

BOIIPOC Ne8: B buGiuu Obulo HamucaHo o BcemmpHOoM motome. YuurenbHuIa (Gu3HKd
BBIYUTHIBAJIA, YTO TAKUX IIOTONOB OBUIO OKOJIO IISITH, M3-3a CMelleHus ocH 3emitH. Tak i 210?

OTBET: CoriacHo Tteopun M.MUIaHKOBHYA HACTYIUIEHHE JIEJAHMKOBBIX HEPHOJIOB MOXKHO
OOBSCHUTh COBMECTHBIM YYETOM H3MEHEHHS SKCLUEHTpHcuTeTa opOuthl 3emiuu BOKpyr CoiHua u
npeneccuel ocu BpameHust 3emu. [Ipy yMeHbIIeHUH ollejeHeHHs (TasHUY JISTHIKOB) YPOBEHb OKeaHa
noBbinraercs Ha 85 — 120 M, 4T0 MO0 OBITH HHTEPIPETHPOBAHO Kak «BceMupHsIil motom». Tonbko 3a
MOCJIEAHNI MAJUIHOH JIET TAKMX ITOTOIOB Ob1I0 Oomee 10.

Wcrounnkn:

A.B.bsinko «Hama ruianera — 3emuts», bubnuoreuka «Kanta» Ne29, 1989, crp.222,
A.C.MonuH «Ilomynspnas ucropus 3emin», Hayka, 1980, ri.10.

BOIIPOC Ne9: Ilouemy, KOrma pakeTa CTapTyeT, CTOpPaeT CTOIBKO KHCIOPOJA, CKOIBKO €ro
BEIpadatsiBaeT 3a 20 yiet 60oIbIoi Jiec?
OTBET: Ilo umeronumcst y Hac JaHHbIM:
e mpu crapre pakeTel pacxomyercs or 100 mo 1000 T xumxoro kucnopona (DHIUKIONEIHs
«KocmoHaBTuka», M., 1985),
e pacrenms exeromuo mpomssoast 3-10"" T xucmopoma (A.M.Ilepensman «[eoXUMHS), M3
«Beicmas mkomnay, 1989, cp. 245).
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Ecnm [u1st OLEHKH TPEANONIOKUTh, YTO PACTEHHS PaBHOMEPHO paclpeleleHbl IO MOBEPXHOCTH
3emu (okono 10° kM%), To momyuaercs, uTo 1 KBaJAPATHEIH KHIOMETp Jieca MPOM3BOIUT B TOJ Goslee
1000 T KkHUCIOPO/IA, YEro XBAaTAET Ha OJIMH CTAPT PAKETHI.

Bunumo, y Bac HeTouHble JaHHBIE.

Lllenecm B.H.

BOIIPOC Nel0: ITouemy Bojga B ABCTpaJIMM CTEKAaeT B BOJONPOBOJ] MO YaCOBOW CTpeiKe, a B
Poccun — mpoTuB 9acoBoit?

OTBET: IlonpoGHslil paccka3 00 3Toil 3anade Brl Moxere npountats B kuure S1.b.Ilepenrsmana
«3Hnaere 11 Bol ¢pusuky?» (bubnnoreuka «KBanra» Boimyck 82, Hayka, 1992 r., ctp. 91-94). Kopotko
MOKHO OTBETUTh TaK: MHpeICKa3aTh HampaBleHHE BPAIICHUs 3apaHee HEeBO3MOXHO. Hampasnenue
BPAICHHs] BUXPS IIPU CTOKE JKHIKOCTH 3aBHCUT OT MHOTHX OOCTOSITENBCTB: (pOPMOH JHA pe3epByapa,
HEPOBHOCTSIMHU H T.J. BHXpH, KOTOpBIE MOIIM OBl OBITH 00YCIIOBIEHBI BpallleHHEM 3eMIIH (IeHCTBHEM
TaK HasplBaeMOW cuibl Kopuousnca) NOJDKHBI MMETh Topasjio OOJIbIIMK AMaMeTp, 4eM MalleHbKUe
BOJJOBOPOTHI B BAaHHE.

Hsopcruii H.H.

BOITPOC Nell: Kak ABorampo OTKpbLT uncio 61077
OTBET: B 1814 r. ABorazipo czienai yTBepxJIeHue: paBHble 00beMbl Ta3000pa3HbIX BELIECTB IIPH
OJIMHAKOBBIX JABJICHUH H TeMIepaType COAepxkKaT OHO U TO JKe YHCIO MOIEKYIL

e B 1865 r. JIOMMUAT paCCYMTAI YHCIIO MOJIEKYJI, COMEPKALMXCS TIpH H.y. B | cM®, — okorno 107,

B nauane 20 Beka, 00bsICHsIs rony0oil LBeT He6a, BpUIUTI09H MOTyYHII KOIHYECTBO MOJIEKYJT B MOJIC
paBHbIM 6-10%.

B 1901 r. [TnaHK, 06BsACHs H3TyUeHHE YepHOTO Tena, Totydun N = 6,16-10%.

B 1908 r. Pesepdops u Teiirep, omupasich Ha uuciio Papajes, nomyanmi Ny = 6,2-10%.

B 1908 r. ITeppeH, 06bsicHss GpOyHOBCKOE ABIKeHHE, momyuni N = 6,85-10%,

CaMBblif TOUHBII METOJ] Ha CEroHs — AU(PAKINI PEHTTCHOBCKUX JIydel — JaeT

N, =6,0221367-10%.

HUcrounuk: M.JIsoumm «Mcropust puzuxmy», M., «Mupy, 1970, ctp. 343-351.

BOITPOC Nel2: Ckoabko 3B€31 Ha HeOE?

OTBET: TouHOro umucia, €CTEeCTBEHHO, HUKTO HE 3HaeT. B kaTajoru BHECEHBI MILIHOHBI 3BE3]I.
HeBoopyxeHHBIM I1a30M B OC3JIYHHYIO SICHYIO HOYb B CEBEPHOM IOJIyIIAPHU BUIHBI HAJl TOPU30HTOM
oxoio 3000 3Be3n.

Hcrounuku:

C Jannon «A30yka 3Be31HOT0 Heba», M., «Mupy, 1990,
T".Peii «3Be3nb», M., «Mup», 1969.

BOITPOC Nel3: Mo>xHO 1 H300peCcTH BEUHBIH JIBUTaTeNb?

OTBET: Vcxons U3 Hamero HbHENIHETO NOHUMAHUS IIPUPOJBI, BEYHOIO JBHUTATelsl He OBIBaeT.
370 yTBEpXKIECHHUE OCTYIHPYETCS.

TloapoGuee B KHUTAX:
V.U.DpaukdypT «3aK0H COXpaHSHUS U IIpeBpalleHus sHeprun», M., Hayka, 1978,
Aptyp Opa-XbtoMm «Beunoe asuxenue», M., 3nanue, 1980.
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BOITPOC Nel4: B xakoM rogy ¥ KeM ObUT BBITYLICH TIEPBbIi yueOHHUK MO (u3nke?

OTBET: Tepmun — ¢usuxa — BO3HHK B apeBHeil I'penun, Bumumo, B 6 Bexe 10 H.3. Pusukamu
Ha3bIBAIHCH (HI0cO(pBl, 3aHMMABIINECS H3ydeHHeM NpuUpoabl. Hackolbko HaM H3BECTHO, IEPBBI
yueOHUK «Dusnka» B 8 ToMax OblI HarucaH ApUCTOTEIeM, OPUEHTUPOBOYHO ¢ 335 mo 323 r.r. 10 H.3.

Hcrounnku -

Jluoren JlaspTekuit «O XU3HU, YICHUIX U U3PEUCHUSIX 3HAMEHHTHIX (HnocodoB», M., «Msicas», 1979,
M.JIvomiu «Mcropus pusukm», M., «Mupy, 1970, ctp. 8—12.

BOITPOC Nel5: T[ToueMy paananust BEIECTB BBI3BIBAET MaJOKpOBUE?

OTBET: Paguanus He MOpOXKIAeT KaKUX-JIMOO HOBBIX OMOJOrMYECKHX (DEHOMEHOB, OHA JIMIIb
YBEJIMYMBACT BEPOSTHOCTh BO3HMKHOBEHHS pA3JIMYHBIX MYTAlMil U KIETOYHBIX COOBITHIA, KOTOpBIE
BpEMsi OT BPEMEHH MPOUCXOIAT CIIOHTAHHO. MyTalluy, HHAYIUPOBAHHBIC PaJHaLUeH, 10 CYIIECTBY HE
OTJIMYAIOTCS OT CHOHTAHHBIX MyTalMid. OJJHAKO HE BCE THIIb CHIOHTAHHBIX MYyTallUil YBEJIMYMBAIOTCS B
YHCIIE 10]] BO3/ICHCTBUEM paHalllu.

OpuuM u3 3a007eBaHUi, KOTOPOE MOXKET MHIYLIMPOBATh PaJnalus, SBISCTCS JICHKOIICHUS — U3-3a
TOPaYKEHHSI CTBOJIOBBIX KJIETOK KOCTHOTI'O MO3ra CHMYKACTCS YHUCIIO JICHKOIIUTOB B KPOBH.

ManokpoBue (aHeMMs), NP KOTOPOM YMEHBIIAETCS YHUCIIO BPUTPOLUTOB B KPOBH HIH
coZiep)KaHue reMOrI00MHa B SPUTPOLIUTAX, TAKIKE MOXKET OBITh CBSI3aHO C MOPAKEHUEM KOCTHOTO MO3ra
paauanuen.

Wcrounuku:
®.Dorens «I'eHeTnka yenoBeka», T.2, M., «Mupy», 1990, ctp. 223-260,

B.I1.MamkoBry «OCHOBBI paJHallMOHHOM Oe30macHoCTHY, M., « DHeproaromusaat», 1990, crp. 67-72,
«Duznonorus yenosekay nox pen. P.IlImuara u I'.Tesca, 1.2, M., «Mup», 1996, ctp. 424, 430.

BOIIPOC Nel6: Bo3mokHa j1 TenenopTanus?

OTBET: Hackosbko HaMm u3BecTHO — HeT. CylIecTByeT TepMUH — Kganmosas menenopmayusi. OH
HE MMeeT HUKAKOTO OTHOIICHHS K «TPAAUIIOHHOM TEICMOPTALHN SKCTPACCHCOB.

CornacHO KBaHTOBOH MEXaHHMKE, HEBO3MOXXHO TOYHO MPEICKA3aTh IOJIOKCHHE YacTULBI B
MIPOCTPAHCTBE, MOXKHO JIHIIb TOBOPUTH O BEPOSTHOCTH HAXOXJCHHS YACTHUIBI B OIPEACIICHHON TOYKE.
AHAJOrHYHO, €CIM y Hac ecTh JBa (POTOHA, INPOJICTEBIIME 4Yepe3 KPHUCTAUT M IOJTy4MBIIHE
MPOTUBOIOJIOXKHBIE MOIIPH3ALMK, MBI HE 3HAeM Kakas IoJsipu3anmus y kakoro ¢oroxa. Ho mocie
M3MEpEHUsT MOJSPU3ALMN OJHOrO U3 (JOTOHOB MBI Cpasy ke (MIHOBEHHO) Y3HAEM IIOJISPH3ALIHI0
Broporo. IlpuyeM Hajx BTOPHIM (DOTOHOB HHMKaKMX H3MEPEHHl HE HPOM3BOJHUTCSA, U OH MOXET
HAaXOQUTHCS HAa CKOJb YTFOAHO OOJNIBIIIOM PACCTOSIHUM OT IEepBOro. JToT 3bdekT obcyxmancs
Oitnmreiinom, [Tomonbckum u PoseHoM B 1935 1. DKCHEpUMEHTaIbHO KBAaHTOBYIO TENEIOPTALMIO
yJIaJIoCh OCYIIECTBUTH B KOHIE IPOIILIOTO TOfa.

Hcrounuku:

«B mupe Haykn» 1992, Nel11-12, c1p.130-139,
«Ycnexu ¢puzuueckux Hayk» 1998, Nel, cTp.84,
«Ycnexu ¢puzngeckux Hayk» 1998, Ne2, cp.204.

BOITPOC Nel7: Kak TeneBu30p BIMSET Ha HEPBHYIO CHCTEMY YeJIOBEKa?
OTBET: B TteneBusopax nzobpaxeHue (HOpMHUPYETCS U3 KaJpOB, MEHSAIOMIUXCS C HEKOTOPOM
YacTOTOI, MpHUYEM KaXK/ABIH KaJp COCTOUT U3 HEKOTOPOT'O KOJIMYECTBA CTPOK.
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V3BecTHO, 4TO IJ1a3 HAYMHACT Pa3jinyaTh MeNbKaHUs (CMEHY KaJpoB), HauMHas ¢ 4acToTsl 41 I'y
(pu spKocTH McTouHMKa Genoro msera 30 ka/m°). [103TOMy YacTOTa CMeHbI KaJpoB JOIDKHA OBITH
BbIIIE. B TeIeBH3MOHHOM BelIaHUH KaXIbIi Kaap HmepeiaeTcs 3a JBa MO, OJHO U3 KOTOPBIX COOCPKUT
BCE HEUETHBIC CTPOKH, a BTOPOE — BCE UETHBIE CTPOKH. B Mupe IeiicTBYIOT B OCHOBHOM J(Ba CTaHIapTa
TEJICBU3MOHHOM pa3BepTKU: eBponeHcKuid Ha 625 cTpok mpu 25 Kajpax B CEKYHIy U aMEPUKaHCKUH Ha
525 crpok npu 30 kxajgpax B cekyHAay. [Ipy 3TOM HCIONBb3YeTCsl YePECCTPOUHOE Pas3sIoKEHUE C JBYMs
MOJISIMHU B Kagpe. DTH CTaHIAPThl TEXHHYECKM U YKOHOMHYECKH OIPaBJaHBI, OAHAKO OHU JOCTATOUHEI
JHIIb U Hepefadd M300pakKeHUH ¢ KpyIHBIM IUIaHOM. IIpu mepenade n300paskeHHH, coAepiKaIiuX
MeJIKHe JeTalli, YeTKOCTh H300paskeHHil pe3ko majgaer. K ToMy ke B 4epecCTpOYHOM PacTpe ¢ ABYMsI
HOJISIMH B KaJpe MOSBIAIOTCS MEXKCTPOUHbIE MEJbKAHHUs, OOYCIOBJIEHHBIE PA3IUYHON SPKOCTHIO
CBEUEHHH CTPOK MOCIIEI0BATEILHO BOCIIPOM3BOIUMBIX TOJIEH.

CMOTpeHHe TeIeBH30pa CHIFHO YTOMILIET HEPBHYIO CHCTEMY, T.K. HU3KO€ Ka4eCTBO H300paKeHUs
M pa3HOOOpa3Hble MeJNbKaHWsS BOCHPHHHMAIOTCS IIOJCO3HaHWEM. T.H. «3eleHBil» CTaHmapT
6€30I11acHOr0 TEJIEBU3MOHHOTO BELIaHUs TPeOYeT pa3BEePTKY IPH YacTOTe KaJIpoB He MeHee 90 KalpoB B
CEeKyHIy.

Jlpyroii mpHYMHONH BO3JECHCTBHS Ha HEPBHYIO CHUCTEMY SBISICTCS IIyM T'eHEpaTopa CTPOUYHON
pa3BepTKH TeJeBU30pa. ITa 4acToTa okoyio 16 KI'1 (Ha mpejene CIbIIMMOCTH Y€I0BEKa), OJJHAKO, PU
JI0JITOM BO3/IEHCTBUH BBI3BIBAET YTOMIISIEMOCTb.

TlonpoGuee B kHurE:

P.E.BrikoB, B.M.Curaios, I".A.Diiccenrapar «TeneBuaenue», M., Beiciias mkona, 1988.
Ilomepsies B.C.

BOIIPOC Nel8: MasiTHUK (CTaJdbHOM IIAPUK HA HUTH) JOBOJBHO OBICTPO ocTaHaBiuBaercs. [lox
CTaJIbHOH MIapHUK Monoxuiu Maraut. [lepuon ymensmmics. [loueMy yBemmdauBaeTcst BpeMs 3aTyXaHUS,
M IUIOCKOCTH KOJIeOaHUH MeHseTcs1?

OTBET: Bot nepBoe npuOImKeHne K MOJTHOMY OTBETY (KOTOPBIH OYeHb CIOXKEH M 3aBUCUT OT
TaKUX BelleH, kak GopMa M pa3Mepbl MarHWTa, pasMep ILIapuKa U €ro pPacCTOsHUE OT MarHUTa M OT
HEOJHOPOJHOCTH HAMarHUYEHHOCTH MarHuTa).

Kax Bsl HaBepHO 3HaeTe, BO3BpAINAOIasl CUla, JeHCTBYIOMAs Ha MApHK HAEaTbHOTO MasTHHUKA,
MIPOIIOPIIMOHANBHA €r0 OTKJIOHEHHIO OT IIOJIOKEHHs paBHOBecHs. VIMEHHO IO 3TOH NpUYHMHE NEPHOX
KoJieOaHUi He 3aBUCHT OT uX pa3maxa. Cuiia B3aMMOJCHCTBHS PeaJbHOIO MarHUTa ¢ LIapUKOM OY€Hb
CIIOKHBIM HENIMHEHHBIM 00pa3oM 3aBHCHT OT OTKJIOHEHMS IIapuKa OT IOJOXKeHHs paBHOBecus. Ho
MOXKHO II0Ka3aTh, YTO IIPU MajblX OTKIOHEHHSAX MAasTHHKA OT PaBHOBECHS M He OYeHb MayoM (II0
CPaBHEHHIO C Pa3MEPOM MarHMTa) PAacCTOSHHU OT MarHUTa 1O LIapHKa B3aUMOJEHCTBHE ¢ MarHUTOM
MOJKHO paccMaTpHBaTh NPOCTO KaK yBEJIMYEHHE CHiIbl TskecTH. IToaToMy paccMOTpuM, Kak 3aBHCHT
JOOPOTHOCTH KOJIeOaHHIl MassTHUKA OT CUJIBI TSDKECTH (JOOPOTHOCTH — 3TO OTHOIICHHE [OIHOH YHEPr UKl
MasTHUKA K HOTEPSIM SHEPTUH 3a IePUOJ KOJIeOaHHU).

51 Oyny omyckaTh Bce MOCTOSIHHBIE KO3()(GHUUEHTH B (QOpMyiax Takue Kak 27, KodQ(uuueHT
BSI3KOCTU BO3/yXa, Macca IIapuKa ¥ Tak Jajee..., IO3TOMYy B HammX (opMynax BCIOAY CTOUT HE 3HAK
PaBEHCTBA =, a 3HaK NPONOPLUOHAIBHOCTH ~.

HTax, Kak H3BECTHO HEPUOJ KoJeOaHUIl MasTHHKA OIPEEIAeTCs] BRIPaKEHUEM:

T~ g, M
rae | — anvHa MasTHHKA, g — YCKOpEeHHE CBOOOIHOTO MaIeHHMSI.

Torna ckopocTh MasTHUKA IIPU aMILTUTYAE KodeOaHus A

V~A/T~A(g/)'"™. 2)

Ecnu xonebGaHus Malibl, a IE€pHOJ BEIUK, TO CKOPOCTh Majla U CHJIAa TPEHHs IIapHKa 00 BO3IyX
MIPONOPIMOHANBHA CKOPOCTHU MIAPHKA!

V. 3)

Torna noTepu Ha TpeHHE 3a NepHOJ| KosebaHus (paboTa = cujia Ha IyTh)
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P~f,A. “
Ho mbI noMHuM, 4TO CKOpPOCTH NponopiroHansHa A. Torna ¢ yuerom (2) u (3) nomyuum:
P ~(g/1)'?A* . (3)
DHeprust MasTHHKa (TIOTEHIMAIbHAs SHEPIUsl MPH IOJHOM OTKJIOHCHHMS HA paccTOSHUE A OT
TOJIOKEHHUS] PABHOBECHS)
E~gh . (6)
Oro npocTo npuBbHOE mgh (M, Kak U odeman, s OMyCTUI, T.K. 3TO KOHCTaHTa), a h — pasHOCTb B
BEICOTAaX IIapUKa B IIOJOKCHHM DPAaBHOBECHS W IPH MaKCHMaabHOM OTKIOHeHHH A. IIpocroe
TreOMETPHUYECKOE YIPAKHEHHE O3BOJISIET yOSTUTECS, YTO:

h~A%l. @)
Ioxcrasmnsis (7) B (6), morydum
E~(g/HA”. ®
Torna 10OpPOTHOCTD (XapaKTepHOE YHCIIO MEPUOOB 32 KOTOPOE 3aTyXarOT KOJIeOaHuUs )
Q~E/P~(g)"”. ©

Wrak, Mbl BHINM, 4TO 3((EKTUBHOE yBEIMYCHHE CHIIBI TSHKECTH, KOTOPOE BO3HHKACT IPH
B3aMMOJICHCTBUM IIAPUKA C MArHHUTOM, IMPUBOAUT K YBEIMYCHHIO JOOPOTHOCTH Koiebanuit. B
pe3yibTaTe 4HCIO KoJeOaHMH MasTHHKA O 3aTyXaHUs YBEIMYUBACTCS HPOIOPHHOHAILHO KOPHIO
KBaJ[paTHOMY 13 3()(HEKTUBHOTO YCKOPEHHsI CBOOOHOTO Ma ICHHS.

Ho 3a6aBHO, 4TO BpeMs 3aTyXaHUsI IIPH STOM OCTAJIOCh MPexKHUM (!):

Tyaryx ~ TQ = const .

OpHako B peaqbHOH TEOMETPHU OIBITa HENb3s INpeHeOperath HEIWHEHHBIMH WICHAMH B
Ipe/ICTaBIeHNH Bo3Bpalaronieid cuibl. Onu Benuku! Y ¢ yueToM HeJMHEHHOCTH BO3BpAILAIOLIECH CHIIbI
(f=ax + bx’ + ...) OKa3bIBAETCSA, UTO BPEMsI 3aTyXAHHS MEHSIETCS [IPH B3AMMOIEHCTBHH C MATHHTOM.

Uro kacaeTcs M3MEHEHHs IUIOCKOCTH KOIeOaHMIl, TO 3TO TOXkKe OOBACHIETCS HENTHHEHHOCTHIO
KoneOannil. OOBIMHBIM MasTHHK IIpU KOJIEOAHMSAX OIMCHIBAET JJUIMIC (pealbHOe KoJeOaHHe MOXKHO
paccMaTpHBaTh KaK CyMMY JIBYX HE3aBHCHUMBIX KOJIeOaHUI B OPTOrOHAJIbHBIX HarmpasieHusx). Ho s
HETMHEHHOT0 MasTHHKA 9TO yXe He Tak. Jlake eCliM OCh MarHHTa COBIIAJACT C HANPABICHUEM HHUTH
MasTHUKA B IIOJOXKEHWH paBHOBecHs (T.e. MMeeTcss IONMHAs OceBas CHMMETPHUs), TO TPacKTOPHUS
MasTHUKA — [O-IIPEKHEMY JUIHIIC, HO OCh JUIMIICA BpaIlaeTcs U, B pe3ylbTaTe, TPACKTOPHS MasiTHUKA
— posetka. OTCYTCTBHE OCEBOIl CHMMETPUH MarHMTa W HEOJHOPOAHOCTH €0 HAMArHWYCHHOCTH Clie
Goree yCIOXKHSIOT ABIDKCHHE MAsSTHHKA.

Bopobwves I1.B.

BOITPOC Ne19: Yro Takoe "mapoBast MOJTHUSA"?

OTBET: Crporo roBopsi, 3TOro HUKTO HE 3HaeT. [IpHpojiHBbIE IIAPOBBIE MOJHUM BO3HHMKAIOT
peIKO B HENpEeACKa3yeMBIX MecTaX, HCCIeOoBaThb HX C IIOMOINBIO HPHOOPOB HE YIaBaloCh.
HaOmroneHnss oueBHALICB HEHAJCKHBL: "OT CTpaxa rjiasa BEJNUKH", T.K. TJIe-TO B IIOJIOBUHE CIIy4acB
IapOBasi MOJIHUS MCYE3aeT CO B3PHIBOM. B J1a00paTOpHBIX yCIOBHSIX yAaBajloCh MOIy4aTh Pa3psibl B
rase, IIOX0)KHE Ha IIAPOBYIO MOJHHIO, HO yTBEPXKJATh, YTO TO UMEHHO OHA, HET OCHOBAHHMIL.

Ha pycckoM sI3bIKe €CTh HECKONBKO KHHT, B KOTOPHIX OINNCAHBI HAONIONCHHUS OYEBHALECB U
NIePEUNCIITIOTCS] BO3MOXKHBIC OOBSICHEHNS:

N .Mwmanntos, 1. Tuxuii "3a rpanbio 3akoHOB Hayku" M., Aromusaar, 1980,
N.I1.CraxanoB "O ¢u3udeckoit mpupoje mapoBoit MonHuu" M., DHeproaromusaat, 1985,
B.M.CmupHoB "3araznka maposoii monaun" M., 3Hanue, 1987.

Bce aBTOPBI CXOAATCSI B TOM, YTO IPH BCTpede ¢ MIApOBON MOJHHEH Hamo BecTH ceds, Kak Ipu

BCTpeye ¢ OOJIBILON 37101 COOAKOM: Bce BpeMsi CMOTPETh Ha Hee U N30eraTh pe3Kux JABMKEHUI.
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C TOYKHM 3pEHHs] TEOPUH — OCHOBHAs MpoOieMa OOBICHUTH OONBIIOE BpeMs JKU3HH LIAPOBOM
monHuu. OnHa n3 Hambosiee MPOJBUHYTHIX TeopHid npetoxkena B kuure b.M.CmupHoBa "IIpobiaema
mrapoBoit Mmonaun" M., Hayxka, 1988.

OCHOBHBIM TIPEAIIOJIOKEHUEM SBISIETCS TO, YTO IIApoBask MONHUS — (paKkTadbHBIH OOBEKT,
00pa3oBaHHbIil CIIy4aliHO COEAMHMBIIMMUCS YaCTMYKaMH YIJepoja. 3a cdeT (pPaKTaIbHOCTH y 3TOTO
00beKTa HU3Kas! INIOTHOCTh U OYEHb OOJIbIIAs [LIOMIA (b IIOBEPXHOCTH, YTO 00ECIIeUNBACT BO3MOXKHOCTD
JIeTKO IEepeABUraThcsl B BO3AyXe M JOJTO MOJANEP)KHBATh DHEPrOBHIAENCHUE IPH HEHHTEHCHBHOM
OKHCIICHHH.

Llenecm B.1.

BOITPOC Ne20: ITouemy 3emist BpamaeTcst BOKpYT CBOeil 0CH, a He Oecops104HO?

OTBET: 3emns Bpamiaercs no uHepuud. Ecian 051 3emist nvena ¢opMy mapa, OJHOPOJHOTO HIIU
COCTOSIIIEro U3 ChepUUECKHX CIIOEB PABHOM INIOTHOCTH, H SBIIUIACH OBl AOCOIIOTHO TBEPIBIM TEIIOM, TO
HampaBJieHue OCH M MEPUOJ e BpallleHUs He MeHsIHMCh Obl. ITockonbKy 3eMils CIUIIOCHYTa C IOJIIOCOB,
U ee OCh BpalleHHs He MEpHEeHIUKYIIpHA K IUIOCKOCTH ABIDKeHHS 3emnu Bokpyr CoiHIa, TO cO
cropons!l ComHna u JIyHsl Ha 3emio JeHCTByeT mapa CHJ, HNPHBOJIAIIAS K IPENECCHH H HyTalluH
3emHOl ocu. B pesynbrate npeneccun 3eMHasi OCh, OCTaBasCh BCE BPEeMsl HAKIOHEHHOW K IUIOCKOCTH
JBIKEHUsT 3€MIIM 1I0Jl YIJIOM OKOJIO 66 rpajaycoB 34 MHUHYTBI, MEUIEHHO OITMCBIBAET BOKPYI' OCH
SKIMNTUKH KOHYC ¢ mepuojaoM okoio 26000 ner. B pesynprate HyTaluu OCh BpaleHHS 3eMIIH
COBEpIIaeT Da3NHYHbIE MENKHe KOoNeOaHHs OKOIO CBOEro cpeiHero moioxeHus. Camoe IIaBHOE
HyTallMOHHOE KoyiebaHue umeer nepuoa B 18,6 roga. Ctporo roBops, Ha 3eMill0 JCHUCTBYIOT U
OCTaJIbHBIE TJIAHETBI, U3MEHsIs M0JI0KEHHUE B MPOCTPAHCTBE IUIOCKOCTH 36MHON OPOHTHI, UTO CMEIIAET
TOYKY BECEHHETO PaBHOJICHCTBHUS K BOCcTOKY Ha 0,114 cexyH[bI B TOI.

Ipeneccrio 1 HyTanuio MOXKHO MPOHAOIIONATh HAa IMPHMepe BPAIEHUs OOBIKHOBCHHOT'O BOJIYKA
WY IIECTEPEHKH OT YacoB.

Hcrounuku:

J1.B.CuByxus "O0wmwmii kypc ¢pusuku", T.1, M., Hayka, 1989, naparpad 50,
I1.1.baxymun, 3.B.Kononosuy, B.M1.Mopo3 "Kypc obmeit actponomun”, M., Hayxa, 1983, maparpad
72.

BOIIPOC Ne21: IlporuBopeuyar M 3akoHaM (U3MKHM IYTEHUIECTBUS BO BPEMEHH B 00OMX
HaInpaBJIeHUsX?

OTBET: Bo3MOXHOCTH ITyTemIecTBHS B Oy/yIllee OTKPHUI M 00OCHOBaN DHHINTEHH B paMKax
crienuaabHON Teopun oTHocuTenpHoCcTH. [lyTemecTsre B OymyIiee, Kak W3BECTHO, MOXKHO COBEPIINTH
Ha pEJISTUBUCTCKOM pakeTe. PensTHBHCTCKME MIO-ME30HBI B HAllMX YCKOPHUTEIAX COBEPLIAIOT
myTelmecTBue B Oyayiuee, B THICSYHM pa3 MEPeXKUBas CBOMX MOKOAIMXCS OpaTtheB. Ho monHomeHHBIE
MyTEMIECTBUS. BO BPEeMEHH TpPeOYIOT BO3MOXKHOCTH BO3BPAICHHS Ha3aJ, 4YTO PaBHOCHIBHO
MyTEIECTBUSIM B IIPOLLIOE.

Jlo HelaBHEro BpeMEeHU ITyTEIIECTBUs B NPOINIOE CUMTATUCH KATETOPHYECKH HEBO3MOMKHBIMU, C
¢usnyeckoil Touku 3peHus. OxHako, Heckonbko seT Hazaj M.Hosukos (CCCP) n Kumn Topu (CILA)
MoKa3any, 9YTO B paMKax oOOIed TeopHH OTHOCUTENBHOCTH IPH HETPUBHANBHOH TONOIOTHH
MIPOCTPaHCTBA (T.€. €CIH BO3MOXKHBI "DYYKH'" B THUIEPIPOCTPAHCTBE, COCIHMHSIOIIME BE yIaJCHHBIC
ob6nacTn OOBIYHOTO NMPOCTPAHCTBA), B NPHHIHMIE, BO3MOXHO MOCTPOCHHUE MalIMHbI BpemeHu. Takas
MalliHA II03BOJISIET IyTEIIeCTBOBaTh Kak B OyAaymiee, Tak M B mpouuioe. IIpaBma, XapaKTepHBIH
MaciTad Takoro ycTpoiicTBa — rajakTka (I1o Macce).

C Tex nop onyOJIMKOBAaHO MHOXKECTBO CTAaTeH [0 TEOPUU MALIMHBI BPEMEHH (QHAJIM3UPOBAJIAChH
BO3MOXKHOCTh €€ OCYIIECTBICHHS KaK C MO3UIUH OOIel TeOpHH OTHOCHTEIBHOCTH, TaK M IO3UIMI
KBaHTOBOH (pU3UKM).
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IonHOoro moHMMaHWs NpoOJIEeMbl HET M ceroiHs.. OIHAKO OTBET Ha BOIPOC MHE KaXKETCs
MOJIOKUTENILHBIM B TOM CMBbICJIE, YTO "CEroJiHs HE IPOTHBOpeyaT".
Tonpo6uee B cratbe B.I1.DposoBa «YUepHble IbIPBI, «KPOTOBBIE HOPbI» M MAalllMHA BPEMEHM»
(xypHain «IIpupoma», Ne§, 1991, c1p.10-16).
Bopoobves I1.B.

BOIIPOC Ne22: MeHs UHTepecylOT NPUHIMIEI PabOTHl YaCTOTHOTO CMECHTENs, KOTOPBIiA
HCIIONB3YIOT B JaT4MKax ABIDKeHHs. He mormm Obl Bl BeicHaTh MHE cXeMy (IPHHIUIUAIBHYIO)
4aCTOTHOTO cMecutelIs. Byy oueHb OnarofapeH, eciim cxema OyJeT Ha MUKPOCXeMax.

OTBET: [lo-BuauMoMy, BOIPOC OTHOCUTCS K, TaK Ha3bIBAEMbIM, AOIIEPOBCKUM JATUMKaM.
Ipunnun geficTBUSA TAaKOTO AaTYMKA 3aKII0YAETCS B TOM, YTO IIPH OTPaKCHHM 3JI€KTPOMArHUTHOH
BOJIHBI OT JBIDKYILIEHCsl menu ee dyacTora casuraercss Ha BenmumHy f = 2Fgv/c, rme Fy — gacrora
9JIEKTPOMArHUTHO! BOJIHBI, V — IIPOEKIMS CKOPOCTHU LIeTH Ha HAMpaBIeHUE [eNb-I0KaTOP, C — CKOPOCTh
csera. OTciofa BHAHO, YTO Hy)KHA OYEHb BBICOKAs YAaCTOTa M3Iy4aeMOTO CHTHANA, TaK KaK CIBUT
4acTOTHI (TO, YTO HeceT HH(OPMALIHIO O IEJIH) MPOTOPIIMOHAJICH V/C U o4eHb Mail. Eciu v = 3 M/cek, To
OTHOCHTENBHBIH c/IBUT YacToThl Bcero 10 u nmpu wactore m3myuenns 10 T (10" T'm) f = 200 Tu.
Kpome Toro, tonsko B CBY (CBEpXBBICOKOYACTOTHOM) JHMAana30HE MOXKHO CO3JaTh KOMIIAKTHBIE
HalpaBJICHHBIC aHTEHHBI.

Jlokarop oOnyyaer uenp HenpepbiBHBIM CBY  curHanmoMm. OTpaKCHHBIM IEJBIO  CHTHAI
BO3BpAlaeTCs OOpPAaTHO, NMPUHMMAETCS JIOKATOPOM M CMEIIMBACTCS Ha CMECHTENe ¢ Malloi joneit
H3TyqaeMoro curHana. CMecHTeNnb — HENMMHEHHBIH >IeKTPHYECKUH 3JIeMeHT (B IMPOCTeHIeM cirydae
o6brunblit CBY muon). Ilpu 0JHOBpeMEHHOM B3aHMOJCHCTBIHM ABYX JICKTPOMArHHTHEIX KojeOaHHMil ¢
pasnmuuHbBIMH  yactotamu f; u f, Ha HeNMHEHHOM 3JEMEHTE BBUICHAIOTCS KOJNeOaHHs C
KOMOUHAIIMOHHBIMHU 9aCTOTaMU

f]_:f]—fz u fH:f1+f2.

OOBIYHO HIDKHSA YacToTa fi, BBIIEIseTcss GHIBTPOM M UCHOJIB3YETCs JUIS PETHCTPAlUH HAJIMIHS
JIBIDKYIIETocs 00BbEKTa H (€CIIH HY)XHO) JUISl H3MEPEHHS €ro CKOPOCTH.

dakTHueCcKH BCE TaKMe JNAaT4MKH, 3TO paxuosiokatopsl CBY amamazoHa, KOTOpble pabOTalOT Ha
yactoTax ot 10 10 40 I'Tu (anuua BoaHsl OT 3 10 0.8 cM). JlaT4UKK TAKOTO THIA UCHONB3YHOTCS:

e ]Il OIpE/IeNIeHs] CKOPOCTH CaMOJIETOB;

e I M3MEPEHHs] CKOPOCTH aBTOMOOMIIeH. Psii Mapok aBTOMOOMIIEl MMeeT B KaueCTBe CIIUIOMETPa
JIOIIEPOBCKHI PaJMOIOKAIIMOHHBIA TaTYMK CKOPOCTH. JlaTunk paboTaeT Ha JUIMHE BOJHBI 8 MM,
PACIIONIOXKEH TIOJT CHJICHUEM BOJMTEIIS M 00JIydaeT JOpory 4epe3 pajHoIpo3payHoOe OKHO;

® It KOHTPOJISL CKOPOCTH aBTOMOOMIIS (JaTIUKHU, KOTOpBIe Hcmonb3yeT I'AN);

®  KaK OXPaHHBIC JaTYUKH (pErucTpauus IBHKYIMXCS OObEKTOB B IIOMEILEHUH).

Ipocredimnii faTYMK ABMKEHHS IpPEACTaBIseT coOoil naBa

| Kycka BOJNHOBoJa (ckakeM 23x10), CIOXEHHBIE BIONb Y3KOH

. — > creHkd. C OJJHOW CTOPOHBI, BOJHOBO/IbI 3aKOPOYEHBI U C TIOMOLIBIO

! + guadgparM B HHX OpraHM30BaHBl DPE30HATOPHI, HACTPOCHHBIE HA

¢ gacrory Fy. CBY MomHOCTh H3TydaeTcst (IOMafaeT) B pe30HATOPHI
| 4yepe3 OTBEepCTHE CBs3HM B Juadparme. B omHOM pe3oHarope
nomeneH auoj ["anHa (G) (wiu naBMHHO nposieTHeld auox — JITI).

IIpu nomade ompeneNcHHOrO HANpsDKCHHS HA MO Takas CHCTeMa HauuHaeT reHepupoBath CBU

kosebanust Ha uyacrore Fo. Bo BTOpoM pe3oHaTtope pasmelieH cmecurenbHblid auoy (M) — 310

NpUeMHHUK. YacTh MOIIHOCTH H3JIy4aeMOro CHI'Hala 4Yepe3 OTBEPCTHE CBA3M B OOLIEH Y3KOW CTEHKE

BOJIHOBOJIa NIPOHHMKAeT B BOJIHOBOJ INPHEMHHMKA U Jajlce B PE30HATOP CMECHUTENs. JTa MOIIHOCTD

CMEIIMBACTCSl C CHTHAJIOM, OTPAXKEHHBIM LENbI0 Ha JAWOJe-cMecuTene. B pesynprate, Ha auone

BO3HUKAET HU3KOYACTOTHBI CHIHal C PAa3HOCTHOM 4YacTOTOH. OTOT CUrHajJ HCIOJIb3YeTCs JIs
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HM3MEpeHus] CKOpPOCTH Lenu (u3Mmepsiercs: yactoTa fi). Ecim TpeOyercst TONBKO perHcTpanysi HaXH9ust
JIBIDKYIIETocs: 00BEKTa, TO MIPOCTO aHAIM3UPYETCs, €CTh JIU B HAIPSHKCHUH HA AUOJIE IEPEMEHHAs 4acTh
C aMIUIMTYZOH BbIlIE HEKOTOporo mnopora. CucreMa Ha JByX BOJIHOBOJAxX (0€3 pyHOpHOI aHTEHHBI)
HMeeT YyBCTBUTEIBHOCTD B KOHYCE C PacCKphITHeM Iopsiaka 70 rpagycoB (BIOIb OCH BOIHOBOIOB).

Kak s rosopui, mpocreiimit cmecutens — CBY nuon (Hampumep, 2A102A, 2A107A ...). B
0aJaHCHBIX CXEMaX UCIOJb3YIOTCS 2 anoaa. CMECHTEIbHBIX MUKPOCXEM ISl pabOThI B Hana3oHe 3 cM
HET.

Bopobwves I1.B

BOITPOC Ne23: Kakum crioco60M MOXHO pacCuUTaTh CPEAHHN MPOMEKYTOK BPEMEHH MEXIY 2-
MS CTOJIKHOBEHHSIMH MOJIEKYN B Ta3000pa3HOM aTOMapHOM BOJOPOAE, €CIH CKOPOCTb JBHIKCHUS
aToMOB Hem3BecTHa? VI3BeCTHBI: pajuyc aToMa BOIOPOJA, TeMIeparypa, JIMHA CBOOOJHOrO mpobera
MEXIy 2-Ms CTOJKHOBEHHAMH.

OTBET: OuenuM Bpems MEXAy CTOJKHOBEHUSIMU [0 MOPSIKY BEJIMYMHBI. XapakTepHas
CKOpPOCTb V YaCTHIIBI Ta3a (B JAHHOM CIIydae aToMa BOJOPOJA) TAaKOBA, YTO ¢ KHHETHYECKas dHeprHs
nopsnka kT, rme k = 1.38:10% Jw/K — mocrosmnas Bonmervana, a T — Temmepatypa rasa. Takum
o6pasom, (mv?)/2 ~ kT wm v ~ (KT/m)""?. 3nech m — macca uacTunpl. {11 XapakTepHOrO BPEMEHH t
MEXK]y CTOJIKHOBEHUSIMH OHOI YaCTHIIBI C OCTAILHBIMY 110 ITOPSAKY BEIMYUHBI HMeeM: t ~ A/v, Tae A —
JUIMHA CBOOOHOTO 1podera MoneKyisl. Ecin Hac MHTepecyeT BpeMs MEX/Ly JTIOObIMH CTOJIKHOBEHHAMU
MOJeKyl B rase ty (N — ImoiHOe 4MciIo JacTHIl B rase), TO 3a BpeMs t MpoUcXoAuT N/2 CTONKHOBEHHIT
(ko3 durment 1/2 BO3HHKAET HM3-3a TOTO, YTO COYJAPCHHUE YACTHIBI MOJ HOMEPOM i C YacTUlei j u
COyJIapeHHe j ¢ i — OJHO M TO e coynapeHue). [I0cKkoIbKy CTOJIKHOBEHHS IIPOUCXOMAT CIIy4alHO, TO
tn ~ 2A/(VN).

B Oonee axkkypaTHOW MOAENM, YUUTBHIBAIOLIEH paclpeieieHue MOJIEKYJ ra3a Io CKOpOCTSM,
MOKHO MOJTY4UTb!

ty = Mum/kT) 2/ (2N) .

BuHO, YTO 3TOT KOHEYHBIH OTBET OTJIMYACTCS OT MPEIBAPUTENBHON OLECHKH Ha KOd(GHIHEHT
MOpPSAAKA €IMHUIBI, KOTOPBI JOCTATOYHO YCIOBEH (OH 3aBHCHT OT TOYHOTO OIpPENENCHHs IOHATHUS
JUTMHBI CBOOOTHOTO Ipo0era).

Ionpo6uree: JI.B.CuByxun «O6muii kype pusukn», Tom 2, M., Hayka, 1990, maparpac 86.

Cmenanos M.T.

BOIIPOC Ne24: Korna cBer majaeT Ha Kakoif-nmubo mpeiMeT, 4acTh CBETa OTpakaercs.. B aTom
ciydae ()OTOH Ha OYECHb-OUYCHb KOPOTKOE BPEMsl KOHTAKTHPYeT ¢ mpexmeToM. CTaHOBHTCS JIM Ha 3TO
0YeHb KOPOTKOE BpeMsi CKOPOCTh (HOTOHA paBHOU Hym0? Y cKkopsiercs 1 GoToH mocite 3Toro?

OTBET: OrpaxeHue cBeTa MOXHO OOBACHATH Ha JABYX A3bIKaX: BOJIHOBOM M KOPIYCKYJISIPHOM.

e [lpu KoHTaKTe cBeTa C HOBEPXHOCTHIO IIpeMeTa Maaronias JIeKTPOMAarHUTHAS BOJIHA HHYIIUPYET
B IpeMeTe NepeMEHHBIE TOKH, pacKauyuBas NEPEMEHHBIM JJIEKTPHYECKUM II0JIeM JJICKTPOHBI B
aToMax. MHIynupoBaHHble TOKH BO3HUKAIOT HE TOJIBKO Ha MIOBEPXHOCTH IIPEIMETa, HO U B IiTyOuHe
ero. OHM caMU H3Ty4aloT BTOPHYHBIC 3JICKTPOMATHHUTHBIC BOJHBI BO BCEX HANpPaBICHUAX. JTH
BOJIHBI, HHTEphepupys MexIy coOol, cO3Ial0T NPOXOASIIYI0 U OTPaXXKEHHYIO BOJNHEL BumpHo, 9To
pa3MaszaHHasi B IpocTpaHCTBe (IO KpaifHell Mepe, Ha JIMHY BOJHBI) 3JICKTPOMAarHUTHas BOJHA
KOHTaKTUPYET C IIPeIMETOM, HUTJIe HE JIOKAJIU3YsCh U HE OCTAHABJIUBASC.

e  ®DOTOH, JOCTHTTINH NOBEPXHOCTH IIPEIMeTa, IPOHUKAET BHYTPH ero. I1poias aiuHy moriomeHus,
(OTOH HorIIoIIaeTes: aTOMOM, IIEPEBOJIS €ro B BO30YXKIEHHOE cocTosiHUE. Uepe3 HeKoTopoe BpeMs
aTOM BO3BpAIAETCs B OCHOBHOE COCTOSHHE, HcIyckas (oToH. BuaHo, uto korma ¢oToH
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CYIIECTBYET, €ro CKOPOCTh paBHAa CKOPOCTH CBETa, a Korja ()OTOH HE CYLIECTBYET, HE HMEET
CMBICJIA TTIOHSITHE «CKOPOCTH (POTOHAY.
Lllenecm B.H.

BOITPOC Ne25: TTouemy Boja KaMeHb TOUUT?

OTBET: Ilompobyem pa3oOpaTbCs, YTO IPOMCXOAWT C Kalulel, Hajaromeil Ha TBEpIyIo
NOBEPXHOCTh. BHawane — o cune ygapa wiu, Jydire, O IaBICHHU HA MOBEPXHOCTH, BO3HHKAIOLIEM
BCJICJICTBHE yJapa KAl o Hee. UTOOBI 3TO JaBIeHUE OLEHHTD, YIO0OHO MIPEeICTAaBUTh cede He JICTSIIYIO
KaIlIo, a MIIMHAPHIECKYIO CTPYI0, KOTOpasi Ha CBOEM IIyTH BCTpEYaeT IOBEPXHOCTh TBEPIOro Teina. B
OIIEHKE, KOTOPYIO MBI MOJIyYHM, XapaKTePUCTHKH (OPMBI CTPYH HET, O3TOMY OHa OyJeT TOAHa U JUIs
KaIlIH.

IIpu BHE3aIHOM CTOJIKHOBEHHH CTPYH C IIPErpafoi MOCIeIHss HCIBITHIBAacT Ha cebe AeicTBHe,
TaK Ha3bIBAEMOrO, THIPOJMHAMHIYECKOTO ynapa. 3a 3THM TEPMHHOM CTOHT, B CYIIHOCTH, IIPOCTOE
(usuyeckoe SBICHHE: B MOMEHT CTOJNKHOBEHMS CTPYH C IIperpajioidl B CTpye, B HaIpaBICHHUH,
MIPOTHBOIOJIOXKHOM €€ JBIDKEHUIO, HAaYMHACT DPACHPOCTPAHATHCA BOJHA TOPMOXKeHHs. HarmsamHyro
wocTpanuio 3toMy gan npodeccop I'.M.ITokpockuil B kHure «'HIpoAnHAMUYECKIE MEXaHU3MBI».
OH oOpaTui BHHMaHHE Ha BHEIIHIOI aHAJIOTHIO MEXTY 3aTOPMOXKCHHOH CTpyell M IOTOKOM
ABTOMAILIMH, BHE3alIHO OCTAHOBJICHHBIM BCHBINIKOM KPacHOro CBeTa: Yy CBeTo(popa BO3HHKAET
CKOIIIEHHE MAIINH, KOTOpoe OyZAeT pacHpOCTPaHATHCA IPOUb OT cBeTO(Opa HABCTPEUY 3aTOPMOXKEHHO-
My noToKy. ClieyeT mog4epKHyTh, 4TO CHIHAI O TOM, YTO IIOTOK aBTOMOOUIIEH 3aTOPMOXKEH, JBIYKETCS
CO CKOPOCTBIO, MEHBIIEH CKOPOCTH HX IBI)KCHUS, a BOJIHA TOPMOXEHUS B CIpye IBHXKETCS CO
CKOpOCTBIO 3ByKa B BOJe, KoTopas paBHa ¢ = 1,5-10° cM/cek i, KOHEUHO 3Ke, GOIblile CKOPOCTH KATLIH,
najjalomeil ¢ KpbIIIu.

Benomuum o ToMm, uTO cornacHo 3akoHy Hbtorona cuna (F) — ectb npousseneHue mMacchl (m) Ha
yckopeHue (a), KOTopoe, KaKk H3BECTHO, SBIETCS OTHOIICHHEM H3MEHEHHsI CKOPOCTH (AV) K BpeMeHH (T
), B TEYCHHE KOTOPOTO OHO MPOH30LLT0. DTOT 3aKOH MOXHO 3aIKcaTh B BUIE (popmyJsl: Ft=mAv .

Macca cTpyH, 3aTOpMOKEHHAsI 32 BpeMs T, OUEBUIHO, paBHA M = CTSP, TA€ S — CEUCHHUE CTPYH, a P
—  IUIOTHOCTh KMAKOCTH. Tak Kak M3MEHEHHE CKOPOCTH OCTAHOBJIEHHOH CTpyH PaBHO CKOPOCTH €€
JIBIDKEHUsI, TO 3aKOH HploToHa MOXHO mnepemucatb B (opme, ompexnensiomeii nasienue P = FJs,
KOTOpoe MblI uieM: P = pve.

Kak u 6bu10 0beraHo, nony4eHHas (popMyiia He COJICPXKHT HH JUIMHBI, HU CCYCHHUS CTPYH H €10
MOKHO II0JTb30BaThCs IPUMEHUTENBHO K Karte. B momydenHoi ¢opMyie p U ¢ H3BECTHEL, a BEIMIHHY V
cienyer oOcyauTb. MHTynnus moackasblBaeT, YTO, KOTZa CKOPOCTh KalUlM Maja, OJHM3Ka K HYJIO,
THJIPOJJMHAMUYECKOr0 yjapa B IOJHON Mepe He mpousoiiner. Karuis pacrurromurcs, pacredercs 1o
MIOBEPXHOCTH, HE YIapUB ee.

MOKHO OLCHHTh HAaHMEHBIIYI0 CKOPOCTh, IIPH KOTOPOil mpousoiiaer yxap. s aToro, BuauMo,
Heo0X0MMO, YTOOBI 32 BpeMsl yJapa KaIulsd He yclena CyIECTBeHHO PacIUIIOMMUTECS. UToOBI Kamisl B
MOMEHT MaJIcHHsI Ha KaMeHb Bena cebst MoJ00HO TBEpAOMY LIApHKY, HEOOXOAMMO, YTOOBI BpeMs ee
pacmmonmBaHus (T,) OblI0 OONbIIE BPEMEHH, B TEUEHHE KOTOPOTO MPOMCXOAUT yaap (Ty) : T, > Ty .
Bpemst 1, O1M3Kk0 K BpEMEHH, B TEYECHHE KOTOPOIO COBEpIIAETCS OJHO KojebaHue CBOOOAHO JeTsIen
Karyii WM BO3AYIIHOTO Iy3bIPbKa, BCIUIBIBAIOIIETO B BOJAE: T, ~ Rn/c, rme o — kosdouument
MIOBEPXHOCTHOI'O HATSDKEHHS BOJIBI, 1| — BSI3KOCTb BOZBL. A BPEMsS Ty MOKHO OLEHHMTb KaK OTHOIIEHHE
pagMyca Kamiyd K CKOPOCTH e IojeTa B MOMEHT IaJCHHs Ha IOBEPXHOCTh KaMHA: T, ~ R/v.
IIpu6IM3NTeNIBHO 32 3TO BpEeMsl BEpXHsSA TOYKA KAIIA MOXKET JOJNETeTh O KaMHs, II0CJIe TOTO Kak
HIDKHSIS TOYKA €ro y’Ke KOCHYJIach.

Teneps U3 yCIoBHs Tp ~ Ty JIETKO OLIEHUTD BEIUYHHY CKOPOCTH NaJICHHS KAILTH, IPA KOTOPOH OHA
CMOXET «IOJIOUTh KaMeHb». DTa CKOPOCTh JOJDKHA YIOBJIETBOPSTH YCIOBUIO V ~ o/n. Ilpu Takoi
CKOpPOCTH JIaBJIeHHE, BO3HHUKaIONIee B MOMEHT yzapa, oyaer P = pco/n. Ioncrasmss nudpsl, HOIyduM

15



P =~ 10 ITa. MHOrOKpaTHO NPHKJIA/IBIBAEMOE TAKOE JaBJIEHHE CIIOCOBHO Pa3pyIINTh XPYHKHil KAMEHb.
HUcrounuk: f.E.I'erysun «Karmsy», M., Hayka, 1977, ctp. 70-79.
IMonpobuee B cOopHHKe cTaTei «Dpo3us», M., Mup, 1982.

BOIIPOC Ne26: Uro npousoiieT eciau 3eMIII0 NPOCBEPIUTh HACKBO3b U OPOCUTDH Tyna KaMeHb,
410 OyZHeT ¢ KaMHeM?

OTBET: OueBunHoO, 4TO KaMeHb OyJeT Hajath. ECM cuMTaTh, 4TO M3 IIAXTHI OTKAYaIHd BO3AYX,
TO KaMeHb, HaOpaB IOCEepeIMHE ITyTH MaKCHMAJIBHYI0 CKOPOCTb, IIOJETHT NAJIbIIE [0 HHEPIHMU H
JIOCTUTHET TIPOTHUBOIIOJIOXKHON CTOPOHBI 3€MIIM, NpPUYEM €ro KOHEYHas CKOpOCTh OyJeT paBHa
HavanbHOU. IlockonmbKy yCKOpeHHe CBOOOJHOTO TAJCHHA BHYTPH 3€MIH IPOHNOPIUOHAIBHO
PACCTOSIHHIO 10 LIEHTpa 3eMIM, TO XapaKTep ABIDKGHHS KaMHs COBIAJaeT C ABIDKGHHEM Ipy3a Ha
Npy>KUHKE, MOAYMHSIoNeiics: 3akoHy ['yka. UTo MHTepecHO, eciM HadalbHas CKOPOCTb KaMHs paBHa
HYJIIO, TO MEpUoj KojeOaHWs KaMHS B IAXT€ paBeH MEpHOAy OOpalleHUs CIyTHUKA BOJIU3U
TIOBEPXHOCTU 3eMIIH, IIPHYEM HE3aBHCHMO OT TOTO, KaK IIPOPHITA IpsiMas IIaxTa: dyepe3 LEeHTp 3eMIIH
W TI0 TI000H Xopre.

AKKypaTHbIe JOKa3aTeIbCTBA B KHHTaX:
H.M.TI'oabadap6 «CoopHUK BOIIPOCOB U 33124 1o ¢usuke», M., Beicuras mkomna, 1973, 3agauu 7.6, 7.7,
B.b.Byxosues, B./[.KpuBuenkoB u 1p. «CO0opHHK 3a1a4 1O dyieMeHTapHO# ¢usuke», M., Hayka, 1974,
3a1a4a 663,
E.N.BytukoB, A.A.BeikoB, A.C.KonnpareeB «@Pu3uka B mpumepax u 3ajmadax», M., Hayka, 1989,
cTp.75-80.

BOITPOC Ne27: B uem 3axitoqaeTcst TEOpHs BO3MYILEHHs?

OTBET: Teopust BO3MYLICHUH I03BOJSET HCCIENOBAaTh CIOXHYKO CUCTEMY, €CIM H3BECTHA
OsM3Kas K Hell cucTeMa, KOTopasi XOpoLIo u3y4yeHa (BUIMMO II0TOMY, YTO OHA HAMHOTI'O ITPOLIE).

B 1IMPOKOM CMBICIIE 3TOTO CII0BA, TEOPUs BO3MYILCHHIT €CTh COBOKYITHOCTh METO/IOB PA3JIOKECHHUS
B psan Teitnopa mo xakomy-HHOYIOb ManoMy mapamerpy. Pam Teitnopa ¢ynkmuu f(X) B oKpecTHOCTH
TOYKH X CTh

f(x) = f(xo) + f'(X0) (X-Xo) + f"(X0) (X-X0)/2 + ... + £ (X0) (X-X0)"/n! + ...
rae f(xo) — mepBas npoussojHas f(x) B Touke X, ' — BrOpas npoussoxHas, f — n-as npomsBoHAs
¢yuxun f(x) B Touke X,. Pasnoxxenue B psix Telyiopa o3BoysieT HAXOUTh 3HAYCHUS (PYHKIUU B TOUKE
X, €CJI U3BECTHO €€ JIOKAJIbHOE TOBEJICHNE BOIM3H TOUKH Xo (T.. M3BECTHBI 3HaueHue QyHkuuu f(x) B
Xo U €€ IIPOM3BOAHBIC). DTOT s — €CTh Pa3IOKEHHE [0 HapaMeTpy X-Xo. Eciu ator mapamerp ma (T.e.
OTKJIOHEHHE X OT X( HEBEJIMKO), TO KaABI WIEH psfa Maj [0 CPAaBHEHUIO C IPEABITYIIAM ¥ IS
BBIYMCIICHHS f(X) MOXKHO OrpaHMYUTBCS HEOOJBIINM KOJIHMYECTBOM HICHOB PsJa.

Mpumep: psan Teiinopa mis GyHxuu sin(x) BOmm3u Toukn x=0 uMeer BUI sin(x) = X - x°/6 +
x°/120 - ... BerauciuM ¢ moMompko 3toro psaa sin(30°) = sin(n/6) = 1/2. HyneBoe npubmmkenne naet
sin(m/6),, = 0 (QyHKIUS B3STAa B TOUKE X=Xo). DTO HAC, €CTECTBEHHO, HE YAOBIETBOPSET, HAM HY)KHA
repBasi HEHCYE3arolasi [OoNpaBKka K 3HAYCHHWIO PaBHOMY HYIO. B mepBoM NpHONMKEHHH, YYHTHIBAS
nepBoe ciaraeMoe psja, umeeM sin(n/6)y,= w/6 = 0.5236..., uto yxe ropasjo syume. Eciu sxe MblI
ydTeM BTOpOE KyOHJeckoe caraeMoe, To HomydnM sin(m/6)y,= /6 - (m/6)*/6 = 0.4997...

Ecim X-X( BEINKO, TO PSI MOXET CXOAUTHCS MEIIEHHO (M TOTAA OT HEro MaJlo HOJIB3bI), 3 MOXKET
U BooOmEe pacxoauthest. T.e., Teopus BO3MYyIIEHHH paboTaeT, KOTr[a OTKIOHEHHE OT M3BECTHOTO
3Ha4YCHHs (OTKJIOHEHHE — 3TO U €CTh BO3MYIICHHE) HEBEIHKO.

KoHkpeTHast cxeMa TeOpUH BO3MYIIECHHI CHJIBHO 3aBHCHT OT 3aJ(ayd, KOTOPYIO HaJo pelarh, U
METO/Ibl TEOPUH BO3MYIIECHHIT OUEHb Pa3HOOOPA3HBI.

TlonpoGHee B kKHUTaX:
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JI.Jlannay, E.M. JIun¢mmr «Mexanuka», ToM 1 kypca Teoperndeckoit ¢pusuku, M.: Hayka, 1988,
A.Haiid», «Metozap! Bo3my1ieHui», M: Mup.
Cmenanos M.I.

BOITPOC Ne28: INpaBaa i1, 4TO y IUIaHETHI 3eMJIsl €CTh JBOWHHK M €ro He BUIHO, IOTOMY 4TO OH
HaxOJUTCs B IPOTHBO(aze?

OTBET: 3aznaua onpeneneHus IBwxeHHs 4-X U Oosiee Ten Moj JEHCTBHEM CHMIJI TATOTEHUs (a
HMMEHHO TakoBoW sBisiercst ConHedHas cucTema) B oOIIeM cilydae JI0 CHX Hop He pemeHa. Ecim B
cucTeMe 3 Tela, TO €CTh HeCKOJIBKO JAaCTHBIX CIydaeB, UL KOTOPBIX €CTh TOUHOE pelleHue. Briepsrie
onu Obun Haiiens! Jlarpamkem B 1772 1. CyTb ero paboThl CBOAUTCS K TOMY, YTO €CIIU 3a4aHbl MacCh
TeJl W TOJOXEHHWE 2-X TeJl Ha IUIOCKOCTH, TO CYIIECTBYET 5 TOYEK, B KOTOPBIX MOXET OBbITh
PACIIOIOKEHO TPEeThe TeJlo, U CHCTeMa IPH 3ToM OyzeT ycroitunBa. TakuM oOpasom:

a) eCIM TPH Tela PacIONOXKEHBI Ha OJHOW HPsIMOIl, TO OHHM OOpaIlaloTcs, OCTaBasCh HA Heil BOKPYT
o01Iero eHTpa Macc;

0) ecnu TpU Tela PacHoJIOKEHbl B BEPLIMHAX PAaBHOCTOPOHHETO TPEYroOJIbHUKA, TO OHU OOpallaioTcs
BOKpYT OOIIEro IeHTpa Macc Tak, 9TO TPEYTOJIbHUK OCTAeTCsl BCE BPEMs PABHOCTOPOHHHM.

Ecnu 651 B Hamteit ConHewHol cucteme 0bUT0 Beero Tpu Tena: CosHie, 3eMist U IBOWHHUK 3eMITH B
nporuBo(ase, TO B COOTBETCTBHHU ¢ pemeHueM Jlarpamka (a) cucrema Obina Obl ycToiumBoi. Ho
nockosibky B COJIHEYHOIl cucTeMe HEeOECHBIX Tell 3HAUMTENIbHO OOJIbIIE TPEX, TO HECHMMETPHUYHBIC
BO3MYILCHHS IUIAHETHBIX OPOHT HEM30eKHO NPHBEOYT K HapyIICHHSAM KOHQHUIYpallMu CHCTEMbI U
HapYyIIEHHIO yCTOWYNBOCTH IUIAHETHBIX OPOUT.

Kak MBI celfuac moHMMaeM, ABOMHUKA 3eMIIM, HaXOJUILIErocsl B NPOTHBO(A3E, HE MOXET ObITh
(XOTst cOOOIIEHUsT O CYIIECTBOBAaHMH JIBOMHHUKA 3eMIIM NEPUOJUUYECKHU IOSBISIOTCA B «OYyJIbBApHOW»
mpecce).

Ho, Tem He MeHee, BO Bcex 5 Toukax Jlarpamka, HOCYNTAHHBIX IS CHCTeMBI «3eMiil-ConHie u
TpPEThE TeJI0», OOHAPYKEHBI CKOIUICHHUS IIBUIH H rasa.

TToapoGHee MOXKHO NPOYUTATH:

I1.1.Bakynus, 9.B.Kononosuy, B.1.Mopo3 " Kypc o6ueii actrponomun", M., 1977,
Y.Anben, I'.Appennyc " DBomonus ConHeuHoit cuctemsr”, M., 1979,
A.J1.Bprono" OrpannuenHas 3agada tpex ten", M., 1990.
Kupuuenxo H.A.

BOITPOC Ne29: Menst uHTepecyeT, Kak MOXHO HPEICTaBUTh EKTPoHbI? Kak BOMHY MM Kak
KBaHTbI U 2JIEMEHTapHbIE YacCTULIbI?

OTBET: OObIyHO OTBEYAIOT, YTO 3JIEKTPOH — 3TO BOJHA U YaCTHI[A OJAHOBPEMEHHO, HO TaKOM
OTBET MaJo OMOTraeT HOHUMaHUIO. [1oxkanyii, mpole Bcero mpeacTaBiIsATh cede CBOOOIHBIE DIEKTPOHBI
KaK BOJIHOBOM TaKeT — HAOOp BOJH, KOTOpbIE CKJIAJbIBAsCh, KOMIICHCUPYIOT JPYr JApyra BO BCEM
MIPOCTPAHCTBE, 3a HCKIIOUEHHEM HeOOoIbIoro oobeMa. IMEHHO BHYTPH 3TOTO 00beMa U «CYIIECTBYET»
9MeKTpoH. I Hac 3TOT 00beM MHKPOCKONMMYECKH Majl, IO3TOMY MBI BOCIPHHHMAEM JIIEKTPOH Kak
OTJIENBHYIO YacTHILy. DTH CJIOBA, KOHEYHO, HE OOBACHSIOT Ha CAMOM JIENIE, UTO JKE TaKoe dIEKTPOH, U3
4ero OH cJieJaH, HO OHM JAalOT BO3MOXKHOCTH HArJISITHO NPEACTAaBUTH cede DIEKTPOH, MO3BOJISIOT
YBUZIETH CBSI3b MEXKIY BOITHAMH U YAaCTHI[AMH.

Bonee neransHOE pa3bsICHEHHE TOTO, KaK BHITISIAT MHKPOCKOIIMIECKHE OOBEKTHI U KaK OHU BEXYT
ce0st, MOXKHO HaliTi B kHHTe «I101 3HAKOM KBaHTay.

Hsanos U.I1.
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BOIIPOC Ne30: KakxoBa Oyaer mpumepHas ¢opma Oonpimoil measexuns! deped 50000 mer u
nouemy?

OTBET: 13-3a npeneccuy 36MHOH OCH IOJIFOCHI MHPa OIMCBIBAIOT BOKPYT IOJIFOCOB AKIUITHKU
Majible KpyTd pajuycoM okoJio 23,5 rpaaycoB 3a nepuoj okosno 26000 ser. 1o 03Hayaer, yTo 4yepes
50000 sier montoc Mupa OyJeT HampaBieH B Ty ke TOYKy, yto u 2000 yier Hazax. DTO HEAANEKO OT
3Be3xbl anbga B co3Be3nun [paxona. CMeHa "TOIAPHOI 3Be3/bI" HE MPUBENET K U3MEHEHUIO (HOPMBI
Bonbmoit Mexsemumpr: 50000 jeT CIMIKOM Maiblii CPOK IS TOTO, 9YTOOBI CTAM 3aMETHBI
OTHOCHUTEJIbHBIE CMEILICHNUSI CUIIBHO Y/IaICHHBIX 3BE3]1.

Hcrounuk:

I1.1.baxymun, 3.B.Kononosuy, B.M1.Mopo3 "Kypc obmeit actponomun”, M., Hayxa, 1983, maparpad
73.

BOIIPOC Ne31: [loyemy MMEHHO KpacHbIM IBET O3HAYaeT OCTAHOBKY, a HE KaKOWH-HUOYIb
npyrotii (y cBerodopa)?

OTBET: B cBeroBoil curHanusanuu, NPUMEHSEMOH Ha BCEX BHIAX TPAHCIOPTA, LIMPOKO
HCIIONB3YIOTCS B KaUeCTBE YCIOBHBIX 3HAKOB IIBETOBBIE CUTHAIBI. Hanboiee IHPOKO MCIOIb3yEeMbIMH
SIBJISIIOTCS LIBETA: KPACHbIM, 3€JIEHBIN, JKeNThIH, CUHUA U Oenblid. {1 BOCIIPOM3BEAEHHS ITHUX LIBETOB
NPUMEHSIOTCA  LBEeTHbIE CBeTOGHIBTPEL. OCHOBHBIM TpeOOBaHUEM, IPENBABISIEMBIM K TaKUM
cBeTouIbTpaM, SABISETCs Oe30mmMOOYHas ONO3HABAaEMOCTh CHrHANOB. Hambomee pasnnuHBIMH IO
OLIYIICHUIO [[BETHOCTU JOJDKHBI OBITh KPACHBII M 3€JICHBIIl CUTHAIIBI, 3aIPEINafOIUi U pa3perlaroini
JIBI)KEHHE B JIOPOKHON CHIHAIM3ALUH.

TonpoGuee B kHurE:

B.B.Memkos, A.b.MatBeeB «OCHOBBI CBETOTEXHUKW», M., DHeproaromusaar, 1989, crp.361-363.

YenoBeyeckuii a3 CBET pasHbIX JJIMH BOJIH (I[BETOB) BOCIIPUHMMAET I0-pasHomy. Hawrydmryro
YyBCTBUTENILHOCTh CPEIHHN HOPMAIIbHBII IJ1a3 NIPU AHEBHOM 3pPEHHUH HMEET B JKEITO-3eJIE€HOH JacTH
cmekrpa 555 =M. Ilpm cymMepedyHOM 3peHMH MAaKCHMyM UyBCTBUTEIBHOCTH CMeEIIaeTcsi B

KOPOTKOBOJIHOBYIO obOmactb — 510 ©m. Ilpu Bocmpustum kpacHoro ngera 650-700 HM
4yBCTBUTENBHOCTh rhaza cocraBmier 0,04-0,1 oT MakcHManbHOH IIpH JHEBHOM 3pEHHH U
0,00002-0,0007 — mnpu cymepeuHoM 3peHuu. Ilpu Bocmpusatuu 3eneHoro msera 500-550 HM

YYBCTBUTENBHOCTH Iia3a coctasiseT 0,3— 0,99 oT MakcuMmanbHO#M npu qHEeBHOM 3penuu u 0,5-0,98 —
NP CYMEPEYHOM 3pCHUH. BHUIIHO, YTO MpeesibHOE PACCTOSHKE, C KOTOPOrO €IIe MOXKHO pas3riisicTh
KpAacHbIN 1IBET, TOPa3/10 MEHbIIIE, YEM NPEEIbHOE PACCTOSIHUE /I 3€JICHOTO 1IBETA.

TloapoGuee B kHurE:

B.B.Memko, A.b.MatBeeB «OCHOBBI CBETOTEXHUKW», M., DHeproaromusaar, 1989, crp.55-60.

Pacnpoctpanenue cBera B atMocdepe OnpeerseTcs MoKa3aTeIssMy MOIIOLICHUs U paccesiHus. B
BUAMMOI 00NacTH CHeKTpa IOIVIOLIEHHEe O4YEeHb Mallo M UM OOBIYHO mpeHeOperaror. PaccesHue
pa3lensoT Ha MOJICKYJSIPHOE M a’po30iibHOe. PaccesHue cBera XapakTepusyercs Kod(duuueHToM
ocnabieHus cBeTa O, KOTOPBIM 33aeT 3KCHOHEHIMalIbHOE ocliabiieHne OcBeleHHOCTH E mcrouHuka
cBeta I Ha paccrosuuu 1: E = Te ™/,

Jlnst montekysporo paccesus o(L) = 0,0119 (550/0)* km™, rie A — JUTHHA BOJHBI B HM.

Jl1s adpO30IBHOTO paccesHUs, CUIBHO 3aBUCAIIETO OT MyTHOCTH aTMocdepsl, od) = (3,9/s —
0,012) (550/0)™ kM, Te A — mutuHa BoNHBI B HM; m=0,92+0,25; 3HadyeHue s GepeTcsa B 3aBHCHMOCTH OT
COCTOSIHUS aTMOC(EpPBI: IIPH JIETKOM TyMaHe =1 KM, IpH JbIMKe s$=4 KM, IIpU sICHOM HeOe s=20 KM.

Tlonpo6uee B kuure: JI.C.JlonuH, 1.M.JIeBuH «CrpaBOYHHUK 110 TEOPUH IOJBOJHOTO BHUICHUS,
JI., Tuapomereousnar, 1991, crp.197-198.

Bunuo, uro o(700) / a(550) ~ 0,4 nnst MonekymspHoro paccesHus, u o(700) / o(550) = 0,8 s
a’p030JILHOTIO paccessHusl. I10CKOJIbKY XapaKTepHbIE PACCTOSHHUS, Ha KOTOPBIX yOBIBAET OCBELICHHOCTD,
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/oo ~ 100 kM, TO HE3HAUHMTEIHHBIH BBIMIPBHILI B KOdGbduuueHTe ocaabieHust sl KpPacHOro CBeTa
MPUHLIUIHAAIBHO HE MEHSET CUTYALUIO JJIs aBTOTPAHCIIOPTA.

Kaxnplii 1BeT ompeaeneHHbIM 00pa3oM BO3JEHCTBYeT Ha 4enoBeka. JleiicTBHE I[BETOB
00YCIIOBJIEHO, C OJTHOM CTOPOHBI, HEIIOCPEICTBEHHBIM (DM3HOJIOTHYECKUM BIIMSIHUEM HUX Ha OpraHu3M, a
C Jpyroil — accouManusMH, KOTOpPbIC I[BETA BBI3BIBAIOT HAa OCHOBE IIPEJIIECTBOBABILIEIO OIIbITA.
Hexoropsie 1BeTa BO30YKAaI0T, IpyrHe, HAIPOTUB, YCIOKAaUBAIOT HEPBHYIO CUCTEMY.

Eme U.-B.I'ete oTMeuan geiicTBUe IBETOB HAa HACTPOEHHE U JICIHI C ATOM TOUKH 3pEHHs [[BETA Ha:
a) BO30OYXHAIOIIKE, OXHUBISIOUIME, OoApsmpe U 0) MOPOXKAAIIIKME IeYAIbHO-0ECIIOKONHOE
HactpoeHue. K mepBbIM, OH OTHOCHJI KPacHO-XKENThIe, KO BTOPHIM — Quoserosie. [IpomexyTouHoe
MECTO OH OTBOJIWJI 3€JIEHOMY LIBETY, KOTOPBIi CIIOCOOCTBYET, 10 MHEHHIO ['eTe, COCTOSHUIO CIIOKOWHOI
YMHPOTBOPEHHOCTH. M3BECTHYIO POJIb B 3TOM 3MOLMOHAJIBHOM BO3JCHCTBHM IIBETOB WIPAIOT, IO-
BUAMMOMY, M aCCOIMAlMKU: TOMyOOH ILBET aCCOLMHUPYETCS C IBETOM Toiy0oro Heba, 3eNeHbIl — C
3€JIeHBI0, TONy0O0-3eJIeHBIi — C BOJAOK, OpAaHXKEBBI# — ¢ IulaMeHeM W T.J1. llBera Mpou3BOIAT
ompeneieHHOe  (HU3HOJIIOTUYECKOe BO3ACHCTBHE Ha  YenoBeyeCcKHil opraHu3M. DpaHIry3cKuid
HeBpomarojor Y.depe OTMETWI, YTO IOKa3aHHS IMHAMOMETPA, ONPENEISIOUIEr0 CXKAaTHEM PYKH
MYCKYJIBHYIO CHITy, H3MEHSIOTCS IIPH PA3JIMYHBIX YCIOBUSX OCBeLIeHHs. [Ipu KpaTKOBpeMeHHOU paboTte
MPOM3BOIUTEIILHOCTh TPYyJa YBEJIUUYMBACTCS MPU KPACHOM CBETE M YMCHBILIACTCS NPH CHHEM; HpH
JUIITENBHOI paboTe NMPOU3BOAUTENBHOCTD TPY/Id YBEIMYMBACTCS MPU 3€JICHOM LIBETE M CHIKAETCS MPU
CHHEM U (hHONETOBOM. DKCIiepUMeHTalbHbIe HccnenoBanus B.M.bextepesa, U.H.CriuptoBa u apyrux
YCTaHOBWIJIM BO30YKJatolIee U YrHETAIOIee IeHCTBUE Pa3IMYHbIX LBETOB, B CBSA3U C 4eM BeXTepeBbiM
OblIa MOCTaBJICHA 3a/[aya MCII0JIb30BaHHs TEPANICBTUYECKOTO SMOIIMOHAIBHOTO BO3JICHCTBHUS 1[BETOB Ha
MICUXUYECKOE COCTOSIHUE AYIIEBHOOOJIBHbIX.

®.Credanecky-I'oaHra yCTaHOBHJ, YTO IpPU JEUCTBUHM IypPIypHOTrO, KPAacHOTrO, OPAaH)XEBOTO,
JKENTOTO I[BETOB y4allaeTcsl M YrIIyOJseTcsl IbIXaHue U MyJIbC, a MPU JSHCTBUU 3€JICHOT0, Toiay0oro,
CHHETO W (pHOJICTOBOTO IIBETOB BO3HHUKAET oOpaTHOE jeiicTBre. Cleq0BaTelIbHO, IIepBasi TPYIIIa [[BETOB
SBIsI€TCS BO3OYXKIAIOIIEH, a BTOpas — YCHOKaWBAIOIIEH. Ilo 3ameuaHusiM XyHAOXKHUKOB U
HMCKYCCTBOBE/IOB, KpPACHBIH IBET — BO30YXIAIOIIUIA, COIPEBAIOIINMA, OXUBISIOUIMN, AKTUBHBIN,
SHEPrUYHbId, O4eHb OOraT acCOLMAlMSIMH; OPAHXEBBIH — BECEJbIH, KM3HEPAJOCTHBIMN, MIaAMEHHBIH,
COC/IMHSIOIINI PAJIOCTHOCTh KEJITOr0 C BO30YXKICHHEM KpPACHOIO; JKEITBIA — TEIUIbIA, OOAPSIIHMi,
BECEJbI, MPUBJIEKATEIbHBINA, HECKOJIBKO KOKCTIMBBIM; 3€JIeHBbII — CIIOKOWHBIN, CO3[aeT HpUATHOE
(YIOTHOE) HACTPOCHHE, OUYCHb OOraT acCOLHUALUSIMH; CHHUM — CIIOKOWHBIN, CEphe3HbIN, HEXKHBIH,
HeYalIbHBII, TOCKIIMBBII, MUPHBIH, CCHTUMEHTAJIbHbIH; (UOJICTOBBIH IBET COCAUHAECT IMOLHMOHATBHBIN
3(pEeKT KpacHOrO U CHHErO I[BETOB — OJHOBPEMEHHO NPUTITHBAIOIIMNA M OTTAIKUBAIOIINIA, MOJTHBIN
JKH3HHU U BO30YKIAIOIIHIA TOCKY U IPYCTh.

I[Beram cBoOMcTBEHHa OINpe/eseHHas BbIPA3UTENBHOCTh. BBIpa3sUTENbHOCTh I(BETA HE €CTh
Pe3yJIbTaT acCOLMALMK M HE TMEPEHOC CHMBOJIMKH 1[BETA, @ Ka4eCTBO, NMPUHAJJIEkKALIEE CAMOMY IIBETY.
BrIpa3uTenbHOCTh B 3HAYUTEIBHON CTEIICHU 3aBUCHUT OT YCTAHOBKH HUCIIBITYEMBIX.

IMoxpoGuee B KHHTE:

C.JI.Pyounmreiin «OcHOBBI 00111e# nicuxonoruny», M., [lenaroruxa, 1989, crp.253-265.

TakuMm 00pa3oM, CKIJIQJBIBACTCS BIIEYATIEHHE, YTO KPAaCHBIH LBET B cBeTO(Ope BBIOpaH it
CHTHAJIM3AIMY 3alpeTa, UCXO/Is HE U3 (PM3HUYECKHX apIyMEHTOB, a U3 MCUXO(PHU3UOIOTHUECKUX.

Llenecm B.U.

BOITPOC Ne32: Kak Boirsiaut F-o6mako?
OTBET: BeposTHOCTb HaXO)KJCHHsS JJIEKTPOHA B aTOME OIpPENeNsieTcss HECKOIbKHMHU IeIIBIMU
yyciamM n,l,m.
e 1 — IJaBHOE KBAaHTOBOE YHUCJIO, XapaKTEPU3YIOIIEEe 3HAUCHUE SHEPTUH CTALHOHAPHBIX COCTOSHUI
aToma, mpuuemn=1,2, ...
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e | — opOuranbHOE KBAaHTOBOE YHCJIO, XapaKTepHU3yollee OpPOUTAIbHBbIH MOMEHT KOJIHYeCTBa
JIBMDKEHUS DIIEKTpoHa, npuuem 1 =0, 1, ..., n—1.
e Jlis cOCTOSHMIA ¢ pa3IMYHbIMU | IpHHATa cucTeMa OyKBEeHHBIX oOo3HaveHuit: 1=0 1 2 3 4 ..
spdfg
e m — MAarHHTHOE KBaHTOBOE YHCIO, XapaKTepU3yIollee MPOCKIHUIO OPOUTAIbHOTO MOMEHTa
KOJIMYECTBA JIBHKEHHUS 3JICKTPOHA HAa BBIOPAHHYIO OCh, puuem m = —1, —1+1, —1+2, ..., 1-1, L.
Ilpu 3amaHHbIX YKcIax n, I, 1 m cpegHee pacnpeieeHe IEKTPOHHOro 3apsiaa 3axaercs: Gopmoit
9NIEKTPOHHOTO OOJaka. Ha pucyHKe mMokazaHa 3aBHCHMOCTD PACIPEACICHHsSI OT YIIOB DIEKTPOHHOM
IUIOTHOCTH B 3JISKTPOHHOM O0JIake atomMa BoJopoa st cocrostauii ¢ 1=3 (f — obnako).

Wcrounuku:
Ouuuknoneaus «dPuzrka Mukpomupa», M., 1980, crates "ATom",
S.Brandt, H.D.Dahmen «Mechanika kwantowa w obrazach», Warszawa, 1989, ctp.151, 209-211.

BOIIPOC Ne33: MeHst MHTEpeCyeT BOIPOC: PACIPEACNICHHUE SJIEKTPOHOB BOKPYT sApa M Kak
OIPENEIAIOTCS TPACKTOPUH IIEKTPOHOB?

OTBET: Bcs TpyAHOCTb B ONMCAHUM 3JIEKTPOHOB B aTOME COCTOMUT B TOM, YTO AJs HUX HE
CYIIECTBYET HOHATHS TPAaeKTOPHH. BBUIO OBl COBEpPIIEHHO HENPABWIIBHO HPEICTABIATH cede, 4To
JJIEKTPOHBI KPYTATCS BOKPYT sipa HO KaKHM-TO OIIpe/eJIeHHBIM TpaekTopusiM. I'opaszgo TouHee
MpeNCTaBIATE cebe, 4TO DIEKTPOH B aTOMe — JTO CIEIU(HIECKOoe BO30YKICHHE <«DIEKTPOHHOMN
MaTepumn», KOTOPOE MOXKET YCTOHYMBO CYLIECTBOBATH B IOJIE s/[pa. AHAJIOT U3 NOBCEIHEBHOM XHU3HU —
KoneOIoImascsl CTPyHa, B Hell TOXKe KUBET BIIOJHE OIpeereHHoe Konebanue. IlockonpKy TpexmepHoe
MIPOCTPAaHCTBO TOpa3fo «Oorade» OXHOMEPHOH CTPYHEI, HEYIUBUTENBHO, YTO THUIIOB JJIEKTPOHHBIX
KOHGUTyparyii B aToMe HaMHOTO Gosibiie. UTo KacaeTcst paclpesesieHuil SJIEKTPOHOB B II0JIE sApa, TO
OHH TOJyYaeTCsl M3 PELICHHs ypaBHEHHUil Ul DJIEKTPOHOB M MX SIBHBIA BUJ MOXXHO HA#TH B JIO0OM
Cepbe3HON KHHUTe 10 KBAHTOBOH MEXaHHKe.

Hesanoe U.I1.

BOITPOC Ne34: [ToueMy uesioBeK He MajaeT ¢ Besocunena?

OTBET: HauheMm ¢ TOro, uro OOBIKHOBEHHOE KOJECO KAaTUTCS caMmo 10 cede J0CTaTOYHO
YCTOMYNBO: MPH HAKIOHE B KAaKyIO-THOO CTOPOHY OHO HE MaJaeT IMOJ JCHCTBHEM CHJIBI TSDKECTH, a
MOBOPAYHMBAET B CTOPOHY HAKJIOHA U €JIET 110 IyTe. DTOT 3(Q(HEKT HA3hIBAETCS THPOCKOIIUIECKUM.

IMoxpoGuee B kHHTE:

K1.3.Cyopu «HeobbikHOBeHHas hu3KKa 0OBIKHOBEHHBIX sIBIeHUI», ToM 1, M., Hayka, 1986, riasa 8.

CymiectByeT MHOTO THIIOTe3, OOBACHSIOMMX YCTOHYUBOCTH [BH)KCHHS CHCTEMBI TOHIIHK-
Benocuren. OCTaHOBHMCSI HA HEKOTOPBIX U3 HUX.
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. T'unores3a 1. I'mnoresa npeamnosaraer oGecreyeHHe yCTONUMBOCTH JBMXKEHHs TOJBKO 3a CUET
MIPUHYINUTENBHOTO HePeMeNIeHHs IEHTPa MacC CUCTEMBI IyTeM M3MEHEHHUS MOJIOKEHHs Tella TOHIINKA
OTHOCHTEIBHO TOYEK OHOpHl Koyec. THIMYHBIMU NpUMEpPaMH, IOATBEPXKIAIONMMH 3Ty THUIIOTE3Y,
CIy’KaT €37]a Ha BEJIOCHIIeJle, C 3aKIMHEHHOW pPyJIeBOW KOJOHKOW WM IIMPKOBOH TPIOK €371kl Ha
BEJIOCHIIE/IC II0 JKECTKOMY HPSIMOJIMHEHHOMY TNpPOQMII0 IOA KyNOJIOM LHPKa C IPUMEHEHHUEM
MIOIEePEeYHO-PACIONIOKEHHOTO [IeCTa, TAHTeNIed U JPYTUX MACCUBHBIX BCIIOMOTATENbHBIX CPEACTB.

Hanbomnee 10CTOBEpHO MOATBEP)KAAIOT JAHHYIO THIIOTE3Yy HMPHEMBI 00SCIHEUeHUs] YCTOHUMBOCTU
TP IBVDKEHHU BEJIOCHIIE/Ia B Y3KOI Kojlee pa30UTOM JOPOTH WM IIPH HOIIaJaHUH KOJIEC BEJIOCHIIENIA BO
BpeMsl TOHKHM B eJao0 TpamBaiHOro penbca. IIpy 3TOM cuCTeMa BBIXOAMT M3 pPaBHOBECHS U
OTKJIOHSAETCSI OT BEPTHKAIBHON INIOCKOCTH. J{/Is1 BO3BpAIlleHHsI CHCTEMBl B PaBHOBECHE U 00ECIICUCHHS
YCTOHYMBOCTH IBIDKCHHS TOHINHWK BBIIONHSAET MAHEBP, COCTOSIIMII B TOM, Y4TO OH HpEJHAMEPEHHO
OTTAJIKMBAETCS. OT BEJIOCHIIEAAa B CTOPOHY, IPOTHUBOIOJOXKHYIO IIEPBOHAYAIBLHOMY OTKJIOHEHHIO,
HepeHoCs EHTpP Mace B IJIOCKOCTh, B KOTOPOI pacrosiokKeHa TOYKa OIOphIL.

. T'unotesa 2. Ota runotesa mpeanaraetT oOpaTHOE JEHCTBHE, T. €. U3MEHEHHUE IOJI0KECHHS TOUSK
OIIOPBI CHCTEMBI TOHIIMK-BEJIOCHIIE HA IOBEPXHOCTH JOPOTH.

AHaJ0roB IMOJOOHOrO JEHCTBMS B INPAKTUKE IIOBCEJAHEBHOW JKMU3HM BCTPEYACTCS HEMAJO.

Hampumep, 1t obecriedeHns: yCTOMYMBOCTU KapaHAalia, BEPTHKAIBHO CTOSIIEr0 Ha KOHYHKE Iaibla,
JOCTaTOYHO CMECTHTb TOUKY ero omopbl. ObecredeHne yCTOHUMBOCTH TaKOrO BEPTHKAIBHO CTOSIIETO
CTEPXKHs SIBJISCTCS TIOJTHOM aHAJIOTHeH CIopILIsica, KOT/a 3a CUET Pa3BOpOTa NEPEIHEro Kojleca TOHIINKY
yJlaeTcsl HaXOUTh JUIsl HETO TaKoe II0JI0KEHHE Ha MOJI0THE TPeKa, YTO LEHTP MACcC CHCTEMBI OCTaeTCs B
BEPTHUKAIbHOH IUIOCKOCTH, MpPOXOIIeil depe3 TOYKM KOHTAKTa MEpefHero U 3amgHero Kolec ¢
TIOBEPXHOCTHIO TPEKa.
. T'unotesa 3. Dta rumore3a cBsi3aHa ¢ 0COOCHHOCTHIO KOHCTPYKTHBHOTO PELICHHUsI y31a MepeaHei
BUWJIKM BeJOCUNIEJa U [JUAMETPOM IIepefHero Koieca. lIpakTuueckue HCIBITAHUS PA3IUIHBIX
KOHCTPYKIMI MOKAa3ald, YTO M3 BCETO0 MX MHOT000pa3sHs MOXHO BBIIENUTH TAKHUE PEIICHHS, KOTOpPBIE
OIIPENEISIOT YCTOHYMBOCTD HANIPABICHHOTO JBIDKEHUS CUCTEMbI TOHIIUK-BeNIOCUIIeN. [IpuHIMnransHo
BaKHBIM JUIl KOHCTPYKIIMH PaMbl BEJIOCHIIE/IA SBJISIETCS yroJl HAKIOHA OCH PYJIEBOH KOJOHKH M M3rub
nepegHel BUIIKU.

YCTOHYMBOCTS CHCTEMBI JOCTUTAeTCs MOYTH BO BCEX CIydasX, 3a HCKIIOUCHHEM TeX, Korja
COBIIAJIAIOT TOYKA NEPECEUCHUS] OCH PYJICBOH KOJOHKH C ITOBEPXHOCTBIO TOPOTH (TOYka A) M TOYKa
NepeceyeHus! MIIOCKOCTH JIOPOTH M BEPTHKAIHM, NPOXOJSIIEH yepe3 och nepeaHero koieca (touxka B),
WM TouKa B HaxoquTes crepeny TOUKH A 110 HAIIPaBICHHIO €375l BEIOCHIIEA.

E3na 6e3 pyk Ha TakoM BeJIOCHIIEIe HEBO3MOXKHA, a HOpMallbHas yIIpaBsieMas pyJieM e3/ia KpaiiHe

3aTpyHUTENIbHA. MUHNMAIIbHOS BHEIIHEE BO3/IEHCTBHE BHIBOAUT CHCTEMY U3 PaBHOBECHs, H OBICTPO
HapacTaloLMil 1eCTaOMITM3UPYIONIMi MOMEHT IIPUBOJIUT K IAJICHUIO.
. T'unote3a 4. YCcTOHUMBOCTE CHCTEMBI OOecmedmBaeTcsi rupockonmdeckuM ddoexrom. Ilepsoe
NpaBWIO IpH OOYYEeHWH e34¢ Ha BEJOCHUIICNE IJIACHT: IIOJJEpKHBAll CKOPOCTh JBIDKCHHS U
NOBOpAYMBail PyJib B CTOPOHY MajeHus. ITOT 3¢ eKT HabIroaaeTcss Npy e3¢ Ha BeJIOCHUIIeNe, Koraa
PYKH YOpaHBI C pyiIsi, 0COOEHHO 3TO CTAHOBUTCS OUEBHIHBIM IIPH CITyCKe 110 H3BUIIHCTON Jopore, Koraa
UL BXOJ]a B OY€PEeTHON BHPaK JOCTATOYHO HAKIOHHTH KOPITYC B CTOPOHY IIEHTPA KPHBU3HBI BUpaKa —
M Bejocure] OyIeT IBHTraTbCi MO KPHBOJIMHEHHON TpPaeKTOpHH, COOTBETCTBYIOIIEH CKOPOCTH
JIBH)KEHHs] 1 HAKJIOHY BEJIOCUIIeIa.

0O0006mast, MOKHO CKa3aTh, YTO €CIM HOJ HMOHATHEM «yCTOHYHBOCTH IBIDKCHHS UMETh B BHIY
CIIOCOOHOCTh ~ CHCTEMBI ~ TOHINUK-BENOCHIE] COXPaHATh 33JaHHYI0 (OpMy IBIDKEHUS, TO
paccMaTpuBaeMasi CHCTeMa HEyCTOWYMBAa B CTAaTHKE, a e¢ a0CONIOTHO INPSMOJIMHEHHOE JBIKCHUE
HEBO3MOKHO. TpaeKkTopHu JBHXEHHs TOYEK OINOpPbI (TOYEK KOHTAKTa KOJIEC C NMOBEPXHOCTHIO JOPOTH)
KOJICOIOTCS.  OTHOCHUTEIBHO HEKOTOPOH NPSAMOH JIMHWMHM, BBHIOPAaHHOW B KauyeCTBE OCHOBHOTO
HaIpaBJIeHUs ABIDKEHHS CHCTEMBI. XOPOIIO IOATBEPXKIAIOT 3TO IIOJIOXKCHHE Oe3yCIICIIHbIe MOMBITKH
€3/(bl C 3aKIMHCHHOH DYJIeBOIl KOJOHKOW, XOTs, Ka3zaJoch Obl, HIMEHHO IPH 3aKIMHEHHON KOJIOHKE
BEJIOCHUIIE]] IOJDKEH JIBUraThCsl IPSIMOIMHENHO.
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HUcrounuk: B.I1.JIro6oBunKHil «I'0HOUHBIC BeJocHIIebI», JI., MammHoctpoeHue, 1989, riasa 8.

BOIIPOC Ne35: Uto Takoe IPHHIMIT HEONPEIEICHHOCTH?

OTBET: B omiauuue OT KIacCHYECKOM
MEXaHHUKH, T/Ie¢ COCTOSHHE 4YacTUIbl (WK
MaTepualIbHON TOYKH) 33/1a€TCs €ro IO0JI0KEHHEM
X M UMIYJIbCOM P, KBaHTOBas MEXaHUKa
OIUCHIBACT YACTUILY C TIOMOIIbIO, TAK HAa3bIBAEMOM
BosiHOBOM (yHkimu W(x). Hemb3s ckasarh, 4ro
YacTUIA HAXOAMUTCA B TaKOH-TO TOUKE X, OHa
HAXOJUTCS Kak Obl Be3le, Ile HE paBHA HYJIIO
BonHOBas Qynkuust W(x). Tam, roe W(x) Oonbiue,
TaM OOJIbIIE H BEPOSITHOCTh OOHAPYKUTh YAaCTHUILY.
CKOpOCTb K€ YaCTHI[Bl CBSI3aHA CO CKOPOCTBIO

n3menenns W(x) B nmpoctpanctBe. TurmdaHas BoiaHOBas QyHKIUs gacTUib! ‘W(X) IMOKa3aHa Ha PUCYHKE

CIipaBa: YaCTHI[A HAXOJUTCS B IICHTPE, €¢ UMITYJIbC OOPATHO HPOMOPLHOHAJICH JJINHE BOJIHBI A,
p=h/A,

rae h — nocrostaaas Ilmanka, h = 6.63-10*Ix-c. YeM MeHbIIe UTHHA BOJHBI, TeM GOJIbIIE HUMITYJIbC

YACTHIIBL.

HeompeneaeHHOCTh MONOXKEHUST YacTHIBI AX — 9TO IIMPUHA ropOUKa B BOJHOBOH (yHKIHH.
HeomnpeneneHHOCTs nMITyIbca Ap CBsS3aHA ¢ HEOHPENEIEHHOCTHIO JUIMHBI BONHBI (MBI HE MOXEM H3
BOJIHOBO# GyHKIMH W(X) ONpeaenuTh JUIMHY BOJIHBI TOYHO). YeM MEeHbIIe ATHH BOJIH YKIAIbIBACTCS Ha
rop6uke W(X), TeM XyKe Mbl MOXKEM ONPEACIUTh JUIHHY BOJIHBI A (CM. PUCYHKH).

a.7

0. A
/\B-2 ™ _,_"m‘ﬂfl’lll Mﬂh‘w{uﬂﬁ
= S
aj. 5
-0%75 -1

BribepeM Kakyro-HHOYIb JUIMHY L mopsijka MIMpUHBI TOpOMKa AX M IOCYMTaeM, CKOJIBKO JUIMH
BOJIH A Ha Hell yJI0KUIOCH:

N = L/A. EcTecTBeHHO, MBI HE MOXEM OJHO3HAYHO YTBEP)KAaTh, YTO TaM YJIOKHIOCh UMEHHO N
BOJIH, @ He N+1 (i He N-1). Bo-niepBbIX, MOXKET YJIOKHUTHCS HELEJIOe KOJIMUECTBO BOJIH, a, BO-BTOPBIX,
M3MEHEHHE YHCIIa BOJH HA CAUHHUILY MOXKET ObITh CBSI3aHO MPOCTO C U3MEHEHHEM (OPMBI Orudaromieit.
Takum 06pa3oM, HEONIPEIEIEHHOCTh JUTMHBI BOJIHBI UMEET NOPSA0K BETUYMHBL

A nopsinka AN = AY/L nopsika A/AX .

HeonpeneneHHOCTh UMITyJIbCa TIPU 3TOM

Ap = hAM/A® opsinka h /Ax .
TakuMm 00pa3oM, MbI TIOJy4aeM U3BECTHOE COOTHOLICHHE HEONPEIICHHOCTE

Ax Ap ~h,
OTKPBITOE BeIMKUM HeMenkuM ¢usukoM I"aiisen6eprom (W.Heisenberg).
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ITonpo6uee B cratbe B.I1.KpaitnoBa «COOTHOILIEHHS HEONIPEIETEHHOCTH ISl SHEPIHU U BPEMEHI»
B «CopocoBckoM o0pa3oBaTebHOM xypHaie» NeS, 1998, ctp.77—- 82.
Cmenanos M.T.

BOITPOC Ne36: Uro Takoe kBazap?

OTBET: KBazapsl — KBa3u3BE3/IHbIC PaJIMOMCTOYHUKH, BHETATAKTHYECKUE OOBEKTHI YHUKAIBHO
BBICOKOI CBETUMOCTH.

Ilepssiit kBazap (3C48) Obu1 OTKpBIT B 1961 rony. B pesynbrare TOUHOro U3MEpEHHs: KOOPIUHAT
KOMIIAaKTHOTO PaJIMOMCTOYHMKA, BBIIOJHEHHBIX B 1961 romy, MCTOYHUK OBUI OTOXJECTBICH C
YHUKQJIBHBIM 3BE3/I0TIOJJOOHBIM OOBEKTOM 16 3BE3[HON BEIMYHMHBI, MMEIOMIMM ClA0bIii KpacHBIi
BBIOPOC, HANpPAaBJICHHBIA OT UCTOYHUKA. HECKOJIBKO 1M03Ke OBUIM MOJYYeHBI CIIEKTPBI 3TOr0 KBasapa u
BBISICHWIIOCh, YTO OH MMEET 3HAUUTEIbHOE KPACHOE CMEIIEHHE CHEKTPAIbHBIX JIMHUH. DTO yKa3bIBaJIO
Ha BBICOKYIO CKOPOCTb yJalleHusi KBa3zapa oT Hac. Korjga OBLIO OTKPBITO OOJIBIIOE YHMCIIO KBa3apoB,
BBISICHWIOCH, YTO BCE OHHM HMMEIOT 3HAYUTEIbHBIE KPACHBIE CMELICHHS. JTO TOBOPHIO O TOM, YTO
MpUpoJia KPAacHOrO CMEUICHHS HMMEET KOCMOJIOTMYECKMH XapakTep W CBs3aHAa C paCIIMPEHHEM
BcenenHoi, a kBazapbl HAXOAATCA HA KOCMOJIOTMYECKUX PACCTOSHUAX OT Hac.

BriocnenctBur HaOMIOICHUST HAa HOBBIX OOJBIIMX TEIECKOMaX M, OCOOCHHO, Ha KOCMHUYECKOM
Teneckore Xab0ia MOATBEPIMIO, YTO KBa3apbl — BHETaJlaKTHUECKUE OOBEKTHI. KBa3apbl BBIIACISIOT
Yy/IOBUIIIHYIO SHEPTUIO BO BCEX CHEKTPAIBHBIX JAMANA30HaX OT PAJHOBOJIH JIO CBEPXKECTKOTO raMma
u3IydeHus. JJoCTaTouHO CKa3aTh, YTO JETEKTOPHI Ha 3eMJle PErHCTPUPYIOT raMMa KBaHTBI C SHEprHeit
nopagka 10" 21eKTpOHBONET OT KBa3apa, yNAleHHOro OT HAac Ha paccTosHue 500 Meramapcex
(paccTostHue 10 OvKaiiiieit 38e3/1bI HOPSAKa OHOTO MapceKa).

Tlo coBpeMeHHBIM IPENCTABICHUAM KBa3ap — 3TO YepHas Ablpa B aKTUBHOM sJpe TalakTHKu. Bo
BCSIKOM ClIy4ae, HUKaKas Ipyras MOJIelib He MOXKET OOBSICHHTh, KaK 00BEKT pa3MepoM MOpPSIKa OJHOTO
CBETOBOIrO Yaca MOXeT M3IydaTh MOIIHOCTH 10%73pr/cek, COOTBETCTBYIONIY0 AHHMIMJISALMH IOPSAIKA
OJIHOM Macchl 3eMIIH B CEKYH]LY.

Bnaromapss orpoMHO# SpKOCTH, KBa3apbl BHIHBI Ha OIPOMHBIX PAacCTOSHHAX. MakcHMMallbHOE
KpacHOe CMEIIEHHE, KOTOPOe HaOII0AaIoch y KBa3apa, OKOJIO 5. DTO 3HAYHT, YTO MbI BUAUM OOBEKT B
MOMEHT, Kor/ia BeeneHHast Obli1a BIBOE MOJIOXKE, YEM CETOJTHS.

WccnenoBanusi, TNpOBEACHHbIE TelecKomoM XaO0ma, moKasamd, 49ro (aKTHYeCKH Bce
3BE30M0A00HBIE OOBEKTHI Ha HEOE CO 3BE3HOM BETMUMHON HIDKE 23 — KBa3apshl.

TlonpoGuee B kHure: «®Pusmka kocmoca», M., CoBerckast sHIuKIoNE M, 1986, cTp.295-296.

Bopoobves I1.B.

BOITPOC Ne37: Kak caenatb caMOMy U3 HOAPYYHBIX MaTepHaIoOB (€C/IM OYeHb 3aX0TEeTh U HMETh
BO3MOXKHOCTB [JOCTaTh BCE HEOOXOAMMBIC KOMIIOHEHTHI) JIadep JII000ro Tuma (He ykaska, a CIloCOOHBIN
BBDKEYb CJIe]l, XOTs Obl Ha OyMare WM OIUIABUTH)?

OTBET: Ilpu onpezeneHHONW CHOPOBKE M OIBITE, MMES TOTOBbIE MHTEP(EPEHIMOHHbIE 3epKala,
MOXKHO CJIeNaTh Ta30BbIM IeHii-HeOHOBBIH sa3ep. OZHAKO MOIIHOCTH €T0 CIMIIKOM HH3Ka JUIL TOTO,
9TOOBI UM MOXKHO OBUIO YTO-TO Ke4b. MOIIHEIN Jla3ep HOCTPOHUTH 6e3 CIEHaIbHOTO 000pYHXOBaHUS
HEBO3MOKHO.

Mo’kHO BOCHOIB30BaTbCA CXEMOH CaMOENbHOrO Jla3epa Ha XJIOPHAE MEAH, MPEAJIOKEHHOH B
cratbe [[.Yonkepa B xxypHaie «B mupe Haykn» Ne6, 1990, ctp.84-87.

Bopoobves I1.B.

BOITPOC Ne38: 3auem noesn, nepes TeM Kak TPOHYThCS, CaeT Ha3az?
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OTBET: Pa36epem ciydaiif pasroHa 1moeszia Ha TOPU30HTANbHBIX IMyTsX. [loe3 aBmkeTCs 3a cueT
CHJIBI TPEHUSI TIOKOS1, BO3HHUKAIOIEH MEX1y BEIyIIUMHU KOJIECaMH JJOKOMOTHBA U penbcamu. Ha xoneca
BaroHOB U BEJOMBIE KOJIECA JIOKOMOTHBA NEHCTBYIOT CHJIbI TPEHHS CO CTOPOHBI OCEH, KOTOPBIE «XOTST»
3aCTaBUTb KoJleca CKONIB3HUTH 110 PellbcaM BIepeld. 3HAYHT, CO CTOPOHBI PEIbCOB HA KOJIECa HAUHHAIOT
JeHCTBOBATh CHJIBI TPEHHUS IIOKOS B IPOTHBOIOIOXKHYIO CTOPOHY, IPEIATCIBYS BO3HUKHOBEHHUIO
cKoJbKeHHs1. [Iprdem CHITBI TpeHHs TOKOSI BCETia IPUHUMAIOT TaKHe 3HAYEHHUS, YTOOBI CKOJIBXCHUS He
BO3HHKJIO, T.€. 4eM OOoJblIe TpeHUue B OCSIX Kojlec — TeM Oouble TpeHHe MOKosA. BHIHO, UTO CHIIBI
TPEHUs IIOKOS, PacKpydHBas Kolleca, yMEHBIIAIOT YCKOPEHUe pa3roHa noes3na. bomsine Toro, ecinu Bce
CLIETIKM MEXJly BarOHaMH Iepe]] HauaJloM JBMXKEHHS HATSHYTBI, TO MOXET OKa3aThCs, YTO CyMMapHas
CHJIa TPEHHMS TOKOS, ACHCTBYIOIAs HA KOJieca BArOHOB M BEJJOMbIE KOJIECa JIOKOMOTHBA, OOJIbIIIE CHIIBI
TpPEeHUsI TIOKOsI, JeHCTBYIOIIEH Ha BeIyIHe KoJaeca JOKOMOTHBA, U I0e3]] BOOOIIe He CABUHETCS C MECTa.
IockonbKy cuila TpeHHSI CKOIBXKEHUs! YOBIBA€T ¢ POCTOM CKOPOCTH ABIDKEHHS, TO IO Mepe pasroHa
BaroHa CHUJa TPEHUsS B OCSX KoJiec yMeHbIuaercs. Eciy JOKOMOTHUB HaYHET caBaTh Ha3al, TO OH JIETKO
CMOXET C/IBHHYTh BHAauaje OJUH BaroH, 3aTeM BTOPOH M T.J., OCIAaOMB HATSHKEHHE CLEHOK MEXKIy
BaroHaMH. Temepb JIOKOMOTHB MOXKET HayaTh JABIDKEHHE BIEpe, MOCIEIOBATENbHO PA3TOHSA OIUH
BaroH 3a ApyruM. Pasrony nmoesia Taxke MENIArOT CUJIBI TPEHUS KaueHHs, HO OHU TOPa3io MEHbIIE CHII
TPEHMUs TTOKOSI.

Hcrounuk:

C.D.XaiikuH «Pu3nueckre OCHOBbI MexaHuku», M., Hayka, 1971, naparpad 98.

BOITPOC Ne39: ITouemy B roay 365 nueid?

OTBET: Yro0bl HaiiTé umcio JHeil B roay Hajao mepuoj obpamieHus 3emin Bokpyr CouHia
HOJIENUTh Ha HEepUO 0OpaleH s 3eMiIn BOKPYT coOCTBeHHOMH ocu. [T0CKOIbKY MbI BeieM HaOII0ICH S
¢ 3emiM, yyacTBYIOIIEH B HECKOJBKMX HEPABHOMEPHBIX BpAILCHUSIX, TO 3KCHEPHUMEHTAJIBHO
OTIPEACIUTD TIEPHUO/IbI 0OPAIICHUT HETIPOCTO, OOJIBILE TOTO, OHU OYIyT HEOCTOSHHBIMH.

IonpoGuee B kHHTE:

I1.1.Baxynun, O.B.Kononosuy, B.M1.Mopo3 «Kypc ob1ueii actponomun», M., Hayka, 1983.

Ha ceropusiumnuii 1eHb NPOJOIKUTEIBHOCTD 3BE3IHOTO rojia paBHa 365,256 cpeHUX CONHEYHBIX
CYTOK.

JUIMTENBHOCTE TOfa MEHSETCS M3-3a BIMSHHS Ha 3eMII0 JPYTUX IUIAHET COJHEYHOH CHCTEMBI.
TouHble pacyeTsl MOKA3bIBAIOT, YTO IKCIEHTPHCHTET OPOUTHI 3eMIIM MEHSETCSl He EPUOANYECKH, HO C
XapaKTEepHBIM BPEMEHEM, PABHBIM CTa THICSYaM JIET.

TloapoGHee B kHHUTE:

A.B.Bsuiko «Hama mianera — 3emis», bubnnoreuka «Keaut» Beimyck 29, M., Hayka, 1989, ctp.37—
40.

JITUTENbHOCTh CYTOK HEemocTosiHHA. OHa CHCTeMAaTHYeCKU pacTeT (T.H. BEKOBBIC M3MCHEHHUS ) U3-3a
topmoskenust npuiuBamu Ha 0,0023 ¢ B 100 ser. B To e BpeMsi CyHIECTBYIOT CKauKOOOpa3HbIe
U3MEHEHUs Ha THICSYHbIE JIOJM CEKYH/Ibl 32 BPEMs B HECKOJIBKO MecsLeB. JJOCTOBEpHO MX NPUYMHA HE
ycraHoBleHa. Takke MPHUCYTCTBYIOT CE30HHBIE M3MEHEHMs HM3-3a Mepepacipesie/ieHus] BO3IYLIHBIX U
BoJHBIX Macc 3emun Ha £0,001 ¢ 3a roj.

TlonpoGuee B kHure:

I1.1.bakynun, D.B.Kononouu, B.M.Mopo3 «Kypc oOmeit acrponomum», M., Hayka, 1983,
naparpad 75.

TakuMm 00pa3oM, YUCIIO JHEH B roay HeroctossHHO. Hampumep, 380 MutH. JieT Ha3aa B roay ObUIO
okosio 400 HEH. DTOT pe3ysbTaT IMOJIyUYeH I0CNIe UCCIIEI0BAHUS TOJUYHBIX U CYTOYHBIX KOJIELl pOCTa
HMCKOTIAEMbIX KOPAJIJIOB.

TloapoGHee B kHHUTE:

A.C.MonuH «Ilomynsapnas ucropus 3emnn», M., Hayka, 1980, ctp.193-197.
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BOIIPOC Ne40: Iloyemy mpHEeMHHK WH(PAKPAaCHBIX H3IYYCHHH HA TEJIEBH30pE IUIOXO
npuHUMaeT 3Tu curHaisl ¢ [11Y npu spkom cere?

OTBET: JI:000ii HCTOYHHK OCBELICHHs H3JIy4daeT B nHMpakpacHoi obmactu crekrpa. K Tomy xe
MIPUEMHHUK H3TydeHHs, HOINIomas majaioliee Ha Hero M3ilydeHue, HarpeBaeTcs. Bce 3To mpHBOAUT K
TOMY, YTO yXy/IIaeTCsl OTHOLICHUE CUTHANI-IITyM Ha IIPHEMHUKeE. T.e., CTpOoro roBopsi, 1OMOIHUTEIbHBIH
HMCTOYHMK OCBELIECHHS JOJDKEH yXyAaTh npueM curnanos ¢ [1AY. [Ipyroe neno — Hackonbko. Caenaem
OLIEHKH.

Wznyuaemas momnocTh ITJ[Y B nuanasone anuH BoiH 0,8—1,2 MKM COCTaBJISIET HECKOJIBKO
MHILTHBATT. M3Mydenne HaeT B KOHyce C YriloM pacTBopa okoio 10° 1 TajiaeT ¢ pacCTOSHHUS HECKOIBKO
METPOB Ha NPUEMHUK M3JTy4EeHHs THaMETPOM OKOJIO 3 MM. DTO 03HAYaeT, 4TO NPUEMHUK pearupyer Ha
TIPHXOJIAIIYTO MOIITHOCTE H3Tyderws okono 107 Br.

Bcee okpyxarome Hac Tena uMmeroT Temreparypy okoino 300 K. Ilpm sTOM OHM cBeTsT
HH(paKpacHbIM M3IyYCHHEM, C MAaKCUMYMOM Ha aiauHe BOJIHBI 9—10 MKM M MOIIHOCTBIO OKOJIO
0,1 Br/cv’. B auama3oHe JUIMH BOIH YyBCTBUTEIBHOCTH MPHEMHHKA H3ITYYEHHS NaJalolias MOIHOCTh
coctaBut menee 1072 Br, uto He Mermaer pa6ote ITJTY. [T03TOMy He3HAaUMTENbHBI HATPEB IPHEMHHUKA
H3ITy4eHus He yXYAIIUT ero paboThL.

OObIuHas TaMIla HaKadWBaHUS, UMEIomas K.ILJ. OKolo 5% u Temmeparypy crmpanu 6oxee 2000
K, u3imyqaer ¢ MakCHMyMOM Ha JJIMHE BOJHBI OKOJIO 1 MKM M MOIIHOCTBIO Okoyio 5 Br. Cumras, 4to
U3JIIy4YeHHe PaBHOMEPHO HJET BO BCE CTOPOHBI M MAJAeT C PACCTOSHUs HECKOJIBKO METPOB, MaJaroias
Ha TPHEMHHUK W3Ty9eHHs MOIIHOCT COCTAaBHT OKomo 5-107 Br. IITOTHOCTH MOTOKA COTHEYHOTO
M3ITydeHHsT COCTABISET B HAIIMX MHpoTax okoro 500 Br/m>. Ha HyskubIi HaM MHMpaKpacHHIi quana3on
NPUXOIUTCA OKONO 15% 3Hepruu. 3HaunT, Ha MPUEMHHUK W3Tydenus najaer 107 Br.

Ha mepBblif B3rmsan kaxercs, 4ro namna u CoNHIE JODKHBI CYHNIECTBEHHO YXYAIIHTH IIPUEM
teneBu3opom curranoB I1J1Y. Oxnako 310 He Tak. J[MCTAHIMOHHBIH MyJbT PabOTaeT Ha MOMYIISILIUK
curHasma MH(pPaKpacHOW YacTOThI (IIPAMOYTOJIBHBIC HMITYJIbCHI PA3IMYHON IJIMHBI I Pa3IHYHBIX
KaHAJIOB), M JATYUK peardupyeT He CTOIbKO Ha BEIMYHHY CUTHANA, CKOJIbKO HA JUIMHY MOIYJISIHU.
IIpuemHNK M3TydeHHsT — GOTOMMO] — UMEET XapaKTePUCTHKY, CBSI3BIBAIONIYIO BhIpabaThIBatomeecs: Ha
HEM HalpsDKEHHE C OCBELIEHHOCTBIO. XapaKTepUCTHKA HMEET JMHEHHBIH ydyacTOK pocTa, a 3aTeM
BEIXOOUT Ha HacemmeHue. llemp ¢oToamoma uMeeT KOHIEGHCATOP, OTCEKAIONMIl MOCTOSHHYIO
COCTaBIISIIONTYIO TOKA. [Toka OCBEIIEHHOCTh COOTBETCTBYET JIMHEHHOH YacTH XapaKTepUCTHKH, IPobieM
HET, ake Koraa (oH COMOCTaBUM MM CHIIBHO NpeBbImaer curnan [11Y.

IIpoGembl HAYMHAIOTCA TIPU BBIXOJIE HA HACBILIEHUE B XapakTepucTuke. BosMoxHo, npu pabdore
TEeNeBU30pa Ha yIMIE B SIPKUIl CONHEYHBIH I€Hb, NPU IOMBITKE BOCIOIBb30BATHCS IUCTAHIMOHHBIM
IIyJIFTOM HHYEro He MOTyIHTCS.

B kBapTHpe H3IydeHHe C YIMIBI Pe3KO NajgaeT ¢ yAaJeHHeM OT OKHa. Eciy Ha IoJIOKOHHHKE
ocseneHHOCTh 100%, TO Ha pacCTOSHUM OT HEro 5 M — ocBerieHHOCTh 10%.

ITo HameMy OIBITY HET CyIIECTBEHHOII pasHuUEI B pabore II/[Y nHeM IpH COTHEYHOM CBeTe,
BEYEPOM IIPH BKIIOUEHHOH JIIOCTPE HIIN HOYBIO.

IlonpoGHee B kKHUTax:

AT.bnox, F.AXKypasneB, JIL.H.PookkoB «TemnooOmen wuznyuenuem. CnpaBouHuk», M.,
DHeproatomuszaar, 1991, crp.44,
I.C.T'ypneB «CrnpaBouHuk 1o ¢ororpaduu (CBETOTEXHHUKA U Matepuaibl)y», Kues, Texuuka, 1986, ri.
1,
H.M.Boponosa, 10.B.OBunnnukoBa, H.B.I{pi0yns "KomuatHoe nseroBoactso", HoBocubupck, 1992,
cTp.6.

Iomepses B.C.
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BOITPOC Ne41: Kakue xumudeckue s1eMeHTs, kpome Ca-Sr, Fe-Mn MHTpupPYIOT B IPUPOAHBIX
cpeax B IapHOM 3aBUCHMOCTH?

OTBET: KonnuecTBeHHY0 paclpoCTpaHEHHOCTb B 3€MHOH Kope Brepsble ycraHoBwl D.V.
Kinapk. B ero uects A.E. ®epcman B 1923 1. npeiokuI TEPMUHOM «KJIapK» 00O3HAYaTh CpeHee
coziep’kaHHe XHMHYECKOTO »JIEeMEHTa B 3eMHOH Kope, Kakoi-mubo ee 4acTd, B 3emiie B IIeIOM, Ha
IUIaHEeTaX U APYTUX KOCMUYECKUX OOBEKTaX.

Kirapky caMBIX paclpoCTpaHEHHBIX M3BEPIKEHHBIX KHCIBIX IIOPOJ YCTAHOBJICHBI JOCTATOYHO
TOYHO, MHOT'O JaHHBIX U O KJapkaX 6a3aJbTOB M JIPYTMX OCHOBHBIX IOPOJI, OCa04YHBIX nopoJ. Huke
MIPUBE/ICHBI KIAPKU B % CaMbIX PACHPOCTPAHEHHBIX dJIEMEHTOB!

0 -46,0; Si—26,1; Al-8,1; Fe—6,7;, Mg—3,0; Mn-0,1; Ca-5,1; Na—-24; K-14;
Ti-0,7, H-0,1; P-0,1; npoure — 0,2.

OCHOBHOW BONPOC T'€OXUMHU — OOBSCHEHHE NMPUYUH CTOJIb HEPAaBHOMEPHOTO PaclpOCTPaHEHHs
JJIEMEHTOB.

Okazanoch, 4To B 3eMHOH Kope IpeobliajaloT Jerkue aTOMBI, 3aHHMAIOIHe HadalbHbIe KIeTKU
NIEPHOJNYECKON CHUCTEMBI, sijpa KOTOPBIX COJEeprKaT HeOOJIBbIIOe KOJINIECTBO POTOHOB M HEHTPOHOB.
Taxoke mpeo01aaloT 3JIEMEHTHI ¢ YETHBIMU HOPSIIKOBBIMU HOMEPAaMHU U aTOMHBIMU MacCaMH.

PoncTBeHHBIE MO MEPUOAMYECKON CHCTEME AJIEMEHTHI BEAYT ceds B 3€MHOW KOpe JajeKko He
onuHakoBo. Tak, K u Na, Fe u Ni, Cl u I, Cr u Mo — aHajiors B XMMHH, HO B 3¢MHOI KOpPE MUTPHPYIOT
M0-pa3HOMY. DTO CBSI3aHO C TEM, UTO JUISI T'€OXUMHH YaCTO OCHOBHOE 3HAYEHHE UMEIOT TAKUE CBOWCTBA
3JIEMEHTOB, KOTOPbIE C OOIEXHMHYECKHX TTO3UIIHI BTOPOCTEIICHHBI: 00PATUMOCTh M HEOOPATUMOCTD
MHTPALHH, PaJHOAKTUBHOCTD, CIIOCOOHOCTh AaBAaTh MUHEPATIbI U T.IL.

MHorue 31eMeHTHI C OJHHAKOBEIME KJIapKaMH BeIyT ce0s B 3eMHOH kope pe3ko pazauuHo (Ga, N
u Co, Sn u U ¥ T.11.), @ BIEMEHTBI C Pa3INYHBIMU KIapkamu — cxoaHo (S u Se, Ca u Sr u 1.1.). Takum
00pa3oM, MHTPAIKs YIEMEHTOB B 3¢MHOI KOpE 3aBHCHT HE TOIBKO OT MX XHMHYECKHX CBOUCTB, HO U OT
KIIapKOB.

XHMMHYECKHE DIEMEHTHI, HOHBI U COCIMHEHHUS, ONpPEACILIOIINE YCJIOBHS MHUIPAallid B JAHHON
cHCTeMe, MMEHyIoTcs BelyluMH. Yucino ux HeBenuko. Hampumep, reoXumus TIMAPOTEpMalIbHBIX
cucteM BO MHoroM ompenensercs S, SiO,, F, Cl, CO,, H" u OH - wmomamu. I'eoxummdeckoe
cBOeobpasye okeaHoB onpesensercs O, pacTBOPeHHbIM B Bojie, C17, Na' 1 He6OJIbIIMM YHCIIOM JAPYTHX
3JIEMEHTOB. B TaexxHbIX 0010TaX BEAYLIMMH SBIISIOTCS Fe“, H', Mn*" 1 T.1. XMHYECKHE DIEMEHTbI C
HU3KHMH KJIapKaMH He MOTYT ObITh BERYIIMMH H3-32 MaJIbIX KOHIEHTPAIMil B CHCTEMax — OHH
BBIHYK/JIEHbl MUTPHPOBaTh B TOH 0OCTaHOBKE, KOTOPYIO CO3/AlOT BeIylHe 3jeMeHThl. Paznnuus B
KJIapKaX OINpeelsIoT BeyLIylo poibs S U BropocTeneHHyio Te, Bemymee 3HaueHHe Na U He Bemymiee
Rb, Li, Cs. Penkue 31eMeHTHI B MeCTaX MX KOHIEHTPAIMH (HAaIIpUMEp, B MECTOPOXKIEHHUSIX ) CTAHOBSITCS
Bexymumu (Hg, U, Mo u T.11.).

Benymiee 3HaueHue 3JIEMEHTa 3aBUCHUT HE TOJNBKO OT €ro KJapka M KOHLEHTPAlMH B JaHHOMN
cucreMe. BaxHo, 4TOOBI 2I€MEHT MUTPUPOBAT U HAKAaIUIUBAJICA B CHCTeMe. PacmpocTpaHeHHBIE, HO
c11ab0 MUTPHPYIOIINE 3IEMEHTHI He SBIIOTCS BeaymuMy. OJUH U TOT JKe DIEMEHT B Pa3HbIX CHCTEMax
MOXeT OBITh M BEIyIIMM, U BTopocTeneHHbIM. Hampumep, Fe mMeer Bemyiiee 3HaueHHe BO MHOTHX
THAPOTEPMaIbHBIX CHCTEMAX, HO €ro poJib HEBEJIMKA B [I0YBAX IYCThIHb, BOJaX okeaHa. HakoHer, eciu
9JIEMEHT YHEPTUYHO MHTPHPYET, HO He HAKAIUIMBACTCsI, OH TaKKe He sBiseTcs BexymuM. Tak, Na u C1
9HEPTUYHO BEHIIIENAYUBAIOTCS U3 KHUCIOH KOPHI BHIBETPHBAHHS U HE SBISIOTCS TaM BeAYIIUMH. TOIBKO
B COJIIHBIX 03epax, riae Na u C1 MUrpupyIOT U HAKaIUIMBAIOTCSI, OHU CTAHOBSITCS BEIYLLIUMH.

Ilonstue o mnaparenesuce snemeHtoB BBen B 1909 r. B.M.Bepnanckuii, umes B BHUAY HX
COBMECTHYIO KOHIIEHTpauuio. [lapareHHasr acconuanys 371eMeHTOB 00yCIOBICHA €IHHBIM IIPOLECCOM,
OHa MOXeET OBITh KaKk OJHOBPEMEHHOH, Tak M HEOJHOBPEMEHHOIl, CBS3aHHOH, HampuMep, ¢
NOCIIEIOBATENILHBIM OCAXKICHHEM JJIEMEHTOB IIPH MOCTENIEHHOM OXJIAXJCHHH pacIulaBa MM PacTBOpA.
B nanbHeiinem napareHesucy 3JIeMEHTOB yJesiIoch MHOro BHMUMaHus B Tpynax B.M.['onpamimunra,
A.E. ®epcmana, A.A.Caykosa, B.B.11lepounsl, A.C.Yknonckoro, K.A.BiacoBa u 1pyrux reoXMMHKOB,
TaK KaKk OJHA U3 TNIABHBIX 334 TEOXHMHHU U COCTOUT B U3YUCHUHU NApareHHBIX aCCOLHAIUH 3IeMEHTOB.
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YHCTO MPOCTPAHCTBEHHYIO acCOLMAIMIO 3JIEMEHTOB M MHHEPAJIOB, HE CBS3aHHYIO IeHeTnueckw, B.U.
JlebeneB mMeHyeT mapactepesncoM. Hambosee W3ydeHbl NaparcHHbIC acCOLMALMU 3JIEMEHTOB B
MuHepasax. [lapareHes3nc TiIaBHBIX 3IEMEHTOB, KaK IIPABUIIO, OOBACHACTCS 3aKOHAMH KPHCTALIOXUMHI
(manpumep, Fe u S B mupure, Fe, Mg, Si, O B onuBHUHE U T.1.).

Bosiee cioxkHbl M pazHOOOpa3Hbl NapareHe3Wchl NIEMEHTOB — mnpuMeceld. Tak, aJs OJMBHHA
xapakrepHa npuMeck Ni, Co, i xanekonupura — dacto Re, In, Se, Te, Ge, An, Ni, Co, Ag, Cd, Tl,
As, Sb, Pt, Pd, nis monessix mmaroB — Rb, Cs, Li, Tl, Be, Ca, Ba, Sr u ap., a1 ypanunuta — Pb, Ra,
He. Ilpuuunbl oOpa3oBaHMsl MOAOOHBIX acCOLMAIMil PA3IMYHBL OJNM30CTh HOHHBIX PaJHYyCOB,
PaIMOaKTUBHBIN pachal, copomus U T.A. XOPOILIO U3YYeHBI TAkKe apareHHbIe aCCONUAINH JICMEHTOB
B TFOPHBIX IOpoJax U pyxax. Hanpumep, mis yinpTpaoCHOBHBIX ITOPOJ] XapakTepHa acconuanus Mg, Cr,
Ni, Co, Fe, Mn, Pd, Pt, nns nermatutoB — K, Rb, Li, Cs, Be, TR, Zr, Nb, Ta, F, B u ap., a1 MHOrNX
9K30T€HHBIX YPaHOBBIX pya — Mo, Se, V, Re.

Kpome mapareHHbIX, pas3iM4aloT 3alpelieHHble AaCCOLMAlUK  3JIEMEHTOB (OTPHLATEIbHbIH
mapareHesuc), T.C. acCOLMAlMH, HEBO3MOXHBIC B JaHHOI cucreme. lIpUMEpoM OTpHIATEIBHOTO
napareHesuca ciyxar Ni u Ba 8 munepanax, Cr u U B pynax, Cu u Mn B 0cafo4HbIX (GOpManusx.

Hcrounuk:

A WN.Ilepensman «I'eoxumusi», M., Beicias mkona, 1989.

BOIIPOC Ne42: CkoibKO IUIAaHET B COJIHEYHOW cucTeMe MMeroT kojibua? Kak um mouemy oHH
obpazoBainch? Kakoe 3HaueHHE OHH HMEIOT JUIS IUTAHEeT?

OTBET: Otkpeitsie B XVII B. kombna CarypHa IOCTOSHHO OyIOpaXHIM BOOOpaXkeHHE
uccnenoBaTeneil cBoell yHukanpHOW (opmoil. Konbuma CarypHa wnccienoBanu Takue OiecTsIie
ACTPOHOMBI, MEXaHUKU M MarteMaThk, kak [.['amuneii, X. [oitrenc, XK. .Kaccunn, I1.C. ne Jlamnac,
Jix.K.Makcsenn, A.ITyankape. KaHT ObIT HepBBIM, KTO IPEACKa3all CyIIeCTBOBAHHE TOHKOU CTPYKTYPhI
xonen. Carypna. ITonb3ysch cBoeil MOZIENIBIO IPOTOILIAHETHOTO 00JIaKa, OH IPEACTABILLI cebe KOJIBLO B
BHJE IUIOCKOTO JIUCKA M3 CTaJKUBAIOIIMXCA YAaCTHUL, Bpallaromuxcs Anud@epeHInanbHo BOKPYT
miaHeTsl o 3akoHy Kemuepa. VimenHo auddepeHunanbHoe BpaiieHue, coryacHo KaHry, sBisercs
NPUYMHOM paccloeHus NHCKa Ha cepuio ToHKHX Koieuek. Ilosmmee II.C. me Jlammac mokasan
HEYCTOHYNBOCTH TBEPAOr0O MIMPOKOTo Kobla. B cepeanne mpomuioro Beka MHOrHe acTpoHOMEI (Buka B
Pume, boun B CIIJI, CrpyBe B Poccunu, [loyec u Jlaccens B AHrIMM) OOHapyXWJId BCEro JECATh
Konedek Bokpyr CaTypHa. Brinaromuiics BKiaJ B HCCIEI0BaHHE yCTOMUHBOCTU Konen CaTypHa BHEC B
970 ke Bpems Jk.K. MakcBemn, monyduBIINi mpeMuio AnaMca 3a TPy, B KOTOPOM OH IIOKa3al, 4To
TaKHe y3KHe KOJIbLla TakKe HeyCTOWYHMBEI M OyAyT majath Ha IutaHeTy. M XoTs BeIBox MaxkcBemna o
NaJeHuH TUIOTETHYECKOro CIUIOLIHOTO JIEJOBOIO KONbIA HA IIIaHETy ObLI HENMpaBWIIBHBIM (Takoe
KOJIBI[0 TOPA3/i0 PaHbIle JODKHO Pa3BAIUTHCS HA KYCKH), CISCTBHUE U3 HETO — O METEOPHOM CTPOSHHUH
kosieH CaTypHa — OKa3aloch BepHbIM. Tak, K KOHIy XIX B. IMIIOTE3a METEOPHOI'O CTPOEHUS KOJIel]
CarypHa, BbickasaHHas Brepsele JK.[[.Kaccunm, mnomyumima teopermdeckoe, a B 1893 r. —
HaOMoaTeNbHOE MOATBepXKAcHHE B padorax J[Dx.Kunepa u  A.A.BenonosibCckoro, H3MEpUBIIMX
CKOPOCTH Au(dHepeHInaIbHOrO BPAILEHHS KOJIELL.

B teyenne XX B., IUIO IOCTENECHHOE HAKOIUICHHE HOBBIX [AHHBIX O IUIAHETHBIX KOJIBLAX:
TIOJTyYeHb! OIEHKH Pa3MepoB U KOHIEHTPAllUH YacTHIl B Koiblax CaTypHa, CHEKTPalIbHBIM aHAIU30M
YCTaHOBJIEHO, YTO KOJbL@A — JIEASHbIE, OTKPBITO 3araJloyHOE sBJIE€HUE a3MMyTaJbHOH NepeMEeHHOCTH
apkoctu Koien CaTypHa. Pa3MepeHHBIN TeMIT Hay4HOH IEeATENbHOCTH CMEHHICS OypHBIM NMOIBEMOM
BceoOIero HHTepeca K IIaHeTHBIM KOIbIIaM B KOHIIE CeMHUECSTHIX TOf0B, koraa 10 mapra 1977 r. He-
CKOJIBKHMH HCCIIEIOBATEILCKIMH I'PYIIIAMH HE3aBUCUMO OBLIN OTKPBITHI y3KHE U JAIEKO OTCTOSIIHE
Jpyr OT Jpyra yroibHO-uepHble Kojbla YpaHa. OTKpbITHE OBLIO CIENAHO COBEPIICHHO CIIy4aiHO,
KOI/ia, TOTOBSl ammaparypy A HCCIEeIOBaHUS MapaMeTpoB aTMocdepsl YpaHa METOIOM HOKPBITHS
3Be3/Ibl U 3apaHee HaCTPOUB IPUOOPEI, HCCIEN0BATEH 00HAPYKIUIH KOPOTKUE 3aTMEHHS IIPH MOAXO0/e
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3Be3bl K IUIAHeTe W IpH ee yAajueHWd. Hammydinmwe CHUMKH NOJYYWINCH C IOMOIIBIO TENecKoIa
neratonieii KoiinepoBckoii o6cepBaTopum.

Uepes nBa roma — 4 mapra 1979 r. amepukaHCKHH MeXIUIaHETHBI ammapar «Bosmkep-1»
00OHapyKHJI MPO3pavHble KaMEeHHbIC KoJiblia ¥ BOKpyT HOnuTepa. B Hauane 80-x rojoB kosbia CaTypHa
HCCIIe/IOBANINCh Hamboliee MHTCHCHBHO. B MX OKpecTHOCTH paboTama cepusi aMEpHKaHCKHX Koc-
Muueckux anmapatoB: «[Iuonep-11» (okts0ps 1979 r.), «Bosmxep-1» (Hos0pp 1980 r.), «Bosmkep-2»
(aBryct 1981 r.). B sHBape 1986 r. «Bosymkep-2» uccienosan xonblna Ypana. B asrycre 1989 r. stor
armapatT BeTpeTwiics ¢ HenTyHOM, BOKpYT KOTOPOTO HECKOJIBKO JIET Ha3al METOIOM HOKPBITHS 3BE3/IbI
ObITH OOHAPY)KEHBI HE3aMKHYThIE KOJbL@A (MM «Iyrm»). «Bosmkep-2» yTOYHII 3eMHbIC HAOMIONCHHS:
«IyTH» OKa3aJIuch Ooliee INIOTHBIMU YacTSIMU 3aMKHYTBIX KOJIEIl.

Ha cerogusmHuii 1eHs U3 yAaleHHBIX IUTaHeT ToIbko y IlmyToHa He oOHapy»keHs! Konbna. Kak Hu
CTpPaHHO, JII0Xa «BEJWKHX Teorpauueckux OTKpHITHI» B CONHEYHOH CcHCTEeMe ele Jajeka oOT
3aBepLICHUS: COBCEM HEIABHO OBUIM OTKPBITHI HOBBIE CIYTHHKH YpaHa, a ¢ momouibio «Teneckoma
Xab6na» yaanoch Noiy4uTh 4eTKyto ororpaduro [linyrona.

dakTHUeCcKH, 32 IOCIEAHUE TOAbl OBUI OTKPHIT M H3ydeH HOBBIH Kiacc 00bekToB CONHEYHOMH
cucTeMbl. [l1aHeTHBIE KOJIbIIa OKa3aJUCh O0sA3aTENbHBIM JIEMEHTOM M 3aKOHOMEDHBIM SIBICHHEM B
CITyTHUKOBBIX CHCTEMAX IJIaHET-TUI'AaHTOB, ECTECTBEHHO, YTO OOMIINE SKCIEPUMEHTAILHOIO MaTepuasa
HE MOIJIO HE BBI3BaTh MHTCHCHBHOTO PAa3BUTHs TEOPETHUECKHX Mopeleld. DTO He MPOCTO HHTEpeC K
HOBBIM aCTPOHOMHYECKHM o0ObekTaM. Bce Oomblee pacmpocTpaHeHHE IIOTydYaeT MHEHHE, 4TO
IUTAHETHBIE KOJIbLIA — KJIIOY K IIOHMMaHHIO KocMoroHuu Bceil ConHeuyHolt cucteMmbl. Benb konbla Ha
CETONHAIIHUM JeHb SIBIAIOTCS CIMHCTBEHHBIMH, IOCTYNHBIMH JUIL JETalbHOTO  M3Y4eHUs,
MpeCTaBUTeISIME I (epeHInaTbHO-BPalIAlONIUXCsl JUCKOB HEyNmpyrux dactui. lcciemoBanue
TaKMX JHMCKOBBIX CHCTEM WMEeT INPUHIMIHAIBHYI0 BaXKHOCTh JUII KOCMOTOHHHM, TaK KaK Ha
HPOTOCTAAUH 3TO CAMBIil PACIIPOCTPAHEHHBIH TUI JHHAMHYECKOH CHCTEMbI (IIPOTOILIAHETHOE 00J1aKO,
MIPOTOCITYTHHKOBBIE JUCKHU, NPOTOKONbIA IIaHeT). K aToMmy ke Kiaccy 0OBEKTOB HYXKHO OTHECTH H
MIPOTOIUTaHETHBIE 00JaKa BOKPYT APYTHX 3Be3]l, aKKPEIHOHHBIC IUCKHM B CHCTEMax IBOWHEIX 3BE3[,
rajaKTHYecKie M NPOTOTaJIaKTHYEeCKHe THUCKH. TakuMm oOpa3oM, IUIAHETHBIE KOJbIA NPEJOCTaBISIOT
YHHKQJIbHYIO BO3MOXHOCTb MOJYYHTh Ba)KHEHIIYyI0 HH(OPMALMIO O KOJUICKTHBHBIX M APYTHUX
mporeccax, IPOTEKABIINX Ha CTaAuH 00pa3oBaHus I1aHeT ¥ CONHEYHOH CUCTEMBIL.

IMepeuncnum OCHOBHEIE POOIEMBI (PU3UKHU ILIAHETHBIX KOJIEIl:

1. Tlouemy cymecTByIOT IUTaHeTHble Koubla? Kiaccmdeckue monenn (OPMHUPOBAHUS KOJeI
MIpeJroaraiy, 9To Kojbla — 3T0 00JIaCTh NPHIMBHOTO pa3pylleHus KpynHsIX Teld. Ho mocie moneros
«BoskepoBy cTalo sICHO, YTO UL pa3pyLIeHUs YaCTUIl HaOI0JaeMbIX pa3MepoB (<10 M) npuinBHbIE
CHJIBl CIMIIKOM cia0bl. Bompoc o npHymHaX CyIiecTBOBaHHUs KOJELl OKa3aJics IpsAMO CBs3aH C
MEXaHHYECKUMH XapaKTePHCTUKAMH THITHYHON JaCTHIIBL.

2. Yro BeBano paccioenue konen Cartypra? HaGmiomaemas mepapxudeckas CTPyKTypa KoJel
CaTypHa cocTaBlieHa [0 NPUHIMITY «MaTpeiku»: mupokue ~1000 KM KoJblla COCTOSAT U3 CHUCTEMBI
6onee y3kux ~100 kM komenm u T.An. PacmpocTpaHeHHOe MHEHHe, 4TO paccioeHue koinern CarypHa
CBS3aHO TOJIKO C HEYCTOMYMBOCTBIO OTPHULATENbHOH AU((Py3UH, NPOTHBOPEUUT HAGIIOACHHAM —
JaHHAasE HEYCTOHYMBOCTh MOXKET BBI3BIBATH OOpa3oBaHHME TOJIBKO CAMBIX Y3KHX (B COTHH METpOB)
KOJIeYeK B JIOCTATOYHO IUIOTHBIX YacTIX AUCKA.

3. Kak o6pa3oBaiich 1 oyeMy He pa3pyLiarotcs kojibla Ypana? Hanbosee nomyisipHa runoresa
0 TOM, YTO y3KHE, 3JUIMITHYECKHE KOoiblla YpaHa c(OPMHPOBAINUCH U COXPAHAIOT CTAOUIBHOCTS,
Onmarogaps IBYM CIIyTHHKaM-«IIacTyXam» IO KpasM Kaxaoro koibua. OaHako «Bosykep-2» B 1986 r.
He OOHApYKHI MEXTy KONbIlaMH YpaHa CTONb HEOOXODMMBIX I OTOH THIIOTE3bl CITyTHHKOB-
«mactyxoB». Ilpum sToM pmaHHble «Bosmkepa-2» MOATBEPAWIN AIBTEPHATHBHYIO THIIOTE3y O
pe3oHaHCHOI mpupozae Koiel Ypana. B HacTosiee Bpems B (HM3MKe IUIAHETHBIX KOJIEI[ CYIIECTBYET
6ombII0e YMCIO0 MOJENEH U TUMOTE3, YaCTO B3aHMOHCKIIIOYAIONMX APYT Apyra. [Tlostomy mpexncraButh
€IMHYI0O KapTUHY IIPOUCXOXKACHUS ¥ AUHAMUKHY IUIAHETHBIX KOJIEIl JOBOIBHO TpyxaHO. Hampumep, psin
HcceioBarteseil yCTOWNYMBOCTH IUIAHETHBIX KOJEI MCXOJUT W3 MOJENY TJIaJKOH M BecbMa YIpPYyroi

28



JIeASTHOM YaCTHIIBI, HE 3aTParuBasi U 3TOM IIPOOIEMBI CYLIECTBOBaHHS KoJiell. KOCMOTOHUCTEL, B CBOIO
odepesib, PACCMATPHBAIOT B KAueCTBE THIIMYHON YACTHIBI KOJEI Ype3BbIYaiHO 3(emepHoe
obpa3oBaHue (B 10 ThICAY pa3 MEHee NMPOYHOE, YeM CKOIUIEHHE CaMOro IMYIIUCTOrO 3€MHOT0
CHeTa), HE 3agyMBIBasCb O TOM, Kak OymeT «paboTaTb» Takas HENpOYHAs YacTUIA B JIPYTUX
TEOPETHIECKUX MOJEIISX.

Jnst Toro, 4ToOBI AaTh (GH3MUYECKU LETbHYIO KAPTUHY IUIAHETHBIX KOJICL, KPUTHYECKH HCCIEays U
aIbTepHATHBHBIC PEeLICHUs psfa MpoOaIeM, IPUXOAUTCS 00PAINAThCs K CaMbIM PA3IUIHBIM METOAaM U
o0nacTsM HayKd: K HeOecHOH MexaHMKe, K (H3MKe IbJa U CHera, K TEOpHU yAapa, K KHHETHIECKOU
TEOPHH I'a30B, K TCOPHH HEYCTOHINBOCTEN U (DU3HKE IIa3MBI.

Hcrounuk:

H.H.I'opbkoBartslit, A.M.®puaman «Camoopranu3anus B KOJIbIAX aHeT», xypHai «[Ipuponay», 1991,
Nel, ctp.56—68.

IloapoGuee B 0630pax:

J.H.Kys3u, JL.Y Dcnosuro «Konbia Ypanay, xxypHan «B mupe Haykm», 1987, Ne9, c1p.26-33,
H.H.I'opbkoBatsrit, A.M.Opuaman «DH3NKa INIAHETHBIX KOJEL», )KypHAI «Y CIIeXH (pU3MIECKUX HAyK»,
1990, Ne2, ctp.169-238,

BOITPOC Ne43: Kak 00pa3yroTcst cOCyJIbKH Ha KpBIIIAX, U C 4E€M 3TO CBSI3aHO?

OTBET Cocynbku, CBUCAIOIIME € KAapHU30B W IPOBOJOB, MOTYT IOKAa3aThCs JIOCTATOYHO
MPOCTHIMH «KOHCTPYKI[MSIMID, OJJHAKO Ha caMOM Jeie ux (opma u mporuecc 00pa3oBaHUs B TCUCHHE
JIOJITOTO BPEMEHHU 03aJauuBali HccleqoBaTeneil. [loueMy cocynbka MMeeT BHJ YCEUSHHOTO KOHYCa C
JMaMETPOM y BEpLIMHEI He 0ojee HECKONbKUX MHLIMMETpoB? [loueMy 1o OcH COCYIBKH HPOXOIUT
y3Kasi 3al0JHEHHAs JKUJIKOH BOJOW IOJOCTh JJIMHOM HECKOJbKO CAHTHMETPOB, Oepyllas Hayajio y
KOHYMKA COCYJIBKHU (B 3TOM BbI MOXKETE YOCAUTHCS C MOMOLIbIO 3y6ouncTku)? Yro 3ta 3a Genas auHMSA,
OTMevalolas IEHTPAaNbHYyI0 OCh cocylbku? IloueMy Ha IOBEpXHOCTH COCYIBKH 0Opa3yroTcs
ronepeYHble pedpa ¢ HHTEPBAJIOM HECKOIBKO CaHTHMeTpoB? IloueMy MecTamMH B COCYJIBKE JIex
CIUIOIIHO}, a MecTamu — mopucTelit? Kakas mpudiHa 3acTaBisieT HEKOTOPBIE COCYJIBKH H3HOAThCS U
CKpy4HBaThCs?

duznyeckre MpoLEcchl, HAyIIUe IPH 3aMep3aHuy BOJBI, BeCbMa CIOXHBEL B pamkax mpocroit
MO/IENTH TPAHMIIA 3aMEeP3aHHUsl, Pa3/IeNAIOIas )KUAKOCTb U JIeJ], COCTOUT U3 Pa3BETBICHHBIX «IIANIBLEBY,
KOTOPbIE MPOHUKAIOT B JKHAKOCTh. Ha MOBEPXHOCTH 3THX MAaibLieB MOJICKYJIBl KMAKOCTH IOCTEHIEHHO
MIPUCOENUHAIOTCS K KPHCTAUIMYECKOH pelleTke JbAa, OTAaBas YacTh CBOGH DHEPrHU U Tepsist
MOABWKHOCTE. [loTepsiHHAsE MMM SHEprus, Ha3blBaeMas TEIUIOTOH, NEPEeHOCHTCSI B APYIYyI0 00JAacTs,
GoJee XOI0JHYI0, YeM TOBEPXHOCTh 3aMEP3aHus, — 4aCTO B IPUIICTAIONIHil CII0if BO3yXa.

DTOT mporiece U BeAeT K pocTy cocynbku. OQuH U3 myTei ux odpasoBanus ObuT u3ydeH H.MaeHo
u T.Takoxacu u3 YHuepcutera XOKKaiio. BooOpa3ure MEIJICHHO TAIOIIUIA CIIOW CHEra Ha KpbIe.
Kaxnas cBucaromas ¢ Kkpast Karis Tajloi BoJbl OKpYXKeHa X0JIOJHbIM Bo3ayxoM. Koryia 1o kpasm Karuist
HAa4YMHACT 3aMep3aTh M OOpa3yercsi TOHKas 000JIOYKa JIbJa, TEIUIOTA, BBIACIAIOIIAsACS B PE3yJbTaTe
3aMep3aHusl BOABL, yXOJIHUT B OKPY KAIOMIUH BO3IyX.

ITo Mepe TOro Kax BoAa MPOAOIDKAECT CTEKATh BHU3 110 JIEASIHOW 000JI0UKE, YacTh €€ 3aMep3aeT, U
HapO/IMBILAsCA COCYJIbKAa Ha4YMHAeT pacimpsThes. OcTaiabHas BOAA NPHCOCAMHSETCS K CBUCAOIIECH
karte. ITocTeneHHOE 3amep3aHne BOJBI MO KpasM KaIUId IPUBOJMT K PACIIMPEHHIO cocyibku. Ecin
KAl CTAHOBHTCS CIIMIIKOM OOJBINOI — Goee 5 MM B JUaMeTpe — OHa IaJaeT, OXHAKO BCKOPE Tayast
Bojia 0oOpa3yeT HOBYI Karumo. [Ioka cyliecTByeT NPHUTOK Taloi BOAbI, COCyJbKa pacIIMpsieTcs U
yamasiercs. KoHYMK e COCYNIbKH, AMaMeTp KOTOPOTO ONpEAENseTCss pasMepoM CBHCAIONICH Karuid,
0CTaeTCs Y3KHM.

I'.Xarekesma u3 Tokwuiickoii Mereoposiorndeckoi obcepatopur 1 C.Hemora u3 Mereoposio-
THYECKOro MHCTUTYTa B TOKHMO omucany Apyroi myTh 00pa3oBaHHs cOCyJbKH. BepXHss yacTh Havanb-
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HOM KalUli MOXXET 3aMep3HyTb LEJIHKOM, IPH 3TOM BO3HHKAeT TIOPHU3OHTAlbHAs IIOBEPXHOCTH
3aMep3aHusl, KOTopasi JBHXKeTcsl BHU3. Eciu BoJbI MOCTYIaeT MaJio, a Kpbllla X0JIOAHAs, BOJa MOXET
3aMep3aTh BO BCeM O0OBEME Kallli, a HEe TOJIbKO B TOHKOHW JIeAsHOH obosouke. B pesynbrate Bes
KOHCTpPYKI[HS B IIPOLECCE TOr0, Kak Ha KOHYHMKe oOpa3yeTcs U 3aMep3aeT HOBas KaIllsi BOJBI, HO3TAITHO
yuuHseTcsl. Eciti ke BOJBI OCTYIAeT JOCTaTOYHO M Karulsl NOJIHTHIBACTCS HEIPephIBHO, TO Ha He-
KOTOPBIX CTaJMsIX POCTa COCYJIBKH BOJA IO KpasM Karuld OyJeT 3amep3aTh U 00pa30BBIBATH JEASHYIO
000JI04Ky B COOTBETCTBHH O cxemoit Maeno u Takoxacu.

Ecmn nensnas obomouka yxe o0Opa3oBalach, SKHAKOCTh BHYTPH €€ HauMHAeT 3aMep3aTh
memtenHee. CornmacHo pesymbratam J.MakkoneHa n3 TeXHHYECKOTO MCCIIENOBATENBCKOTO LEHTpa B
3eno (PUHIAHAMS), TEIUIOTA, BBIACIIONIASCS B IpoLecce 3aMep3aHusi BHYTpeHHeH obiacti,
nepenaeTcs 4epes Jel K BepXHel 4acTu COCyNbKH (Ha3bIBaeMOI «KOPHEM»), a 3aTeM — K Kpalo KPBIIIN.
Temonepenaya — IpPOLECC HACTONBKO IIOCTENEHHBIH, YTO BHYTPEHHSS MOBEPXHOCTh 3aMep3aHusl
MOXKET JBHIAThCSl BHM3 IIO IEHTPAIbHOH OCH COCYNbKH OY€Hb MEIJICHHO; €CIH HMOBEPXHOCTh 3a-
Mep3aHHs JOCTATOYHO yJaleHa OT KOPHs, KaK 3TO UMEEeT MEeCTO B C(OPMHUPOBABILIECHCS COCYNIBKE, OHA
MOXKET JIayKe OCTAHOBHUTHCSL.

B oGnacTn, Mexly IHOBEPXHOCTBIO 3aMEpP3aHHUs U KOHYMKOM COCYJIBKH JKMAKOCTb, 3aKII0UEHA B
Y3KyIO JeAsHyI0 HosocTs. HecMOTps Ha IeHCTBHE CUIIBI TSDKECTH, KUAKOCTh HAXOIUTCS B YCTOHINBOM
COCTOSIHHH, YTO YaCTHYHO OOBICHSACTCS MOBEPXHOCTHBIM HATSDKEHHEM MEXTY KHAKOCTBIO M CTEHKAMHU
nooctu. KpoMme Toro, mojocTs 3Ta HaCTOJBKO y3Ka, YTO CIIyYaiHble BO3MYILIECHUS Ha HIDKHEH rpaHuIe
CTOJIOMKA BOJIbI MM B BUCAILIEH Karuie ObIBAIOT OOBIYHO HEJOCTATOYHBIMH JJIsl TOTO, YTOOBI ITO3BOJIUTh
BO3JyXy IPOCOYHTBCS B HOJOCTh M BBITECHUTH JKUIKOCTb. IIpH HOpPMANbHBIX 3MMHHX TeMIEpaTypax
BHYTPEHHSISI ITOBEPXHOCTH 3aMEp3aHUs JOCTHIaeT KOHUYHKA COCYIbKH (M Ta IOIHOCTBIO 3aMep3acT)
TOJIBKO B TOM CIIy4ae, €CJIi BOJIa IEPECTAET MOCTYIIaTh M POCT COCYIBbKH ITPEKPaIaeTcs.

CHapyH coCylIbKa MOKPBITa TOHKMM CJOE€M BOZABI M KaK Obl 3aK/IIOUEHa B JKHJKHE HOMKHBI
3aMep3aHue Ha BHEIIHEH MOBEPXHOCTHU pa3jena Jeq-)KUIKOCTh IIPOUCXOAUT OY€Hb OBICTPO, IIOCKOIBKY
TEIUIOTA, BEIACNSIONMAsCS IIPU 3aMEP3aHUH BOJBI, OBICTPO MPOXOIUT Yepe3 KHAKYIO BOAY U IIepeaaeTCs
Bo31yxy. (Maeno u Takoxacu OOHapyXWIIH, YTO JKHAKHE HOXHBI Ha aKTHBHO PAcTYIIMX COCYJIBKax
obiBatoT He Toiue 0,1 Mm). Temneparypa Ha HOBEpXHOCTH 3aMEp3aHMs paBHA TOUKE 3aMEP3aHUs BOJBI;
nocsenuss cocrasiser 0°C 1A YUCTOH BOJIbI, HO MOXKET OBITH HHIKE, ECIH BOJA COJEPHKHUT NPUMECH.
Temmeparypa B OCTanbHOM 00BeMe >KHIKOCTH HECKOIBKO HIDKE TOUKHM 3aMep3aHus (sBICHHE,
M3BECTHOE KaK mepeoxiaxiaeHue). Hanbomee oxnaxkaeHa Boja, CONPHKACAIOMAACS C BO3LYXOM,
KOTOPBIii, pa3yMeeTcst, MOXKET ObITh TOpa3/io0 XOIOAHEE, YeM BOJA.

Y.Haiit u3 HammonansHoro nentpa atmocepHbix uccinenoBanuii B boynaepe, mr. Konopano,
YKa3bIBaeT, YTO COCYJIBKH MOTYT PacTH M TOT/A, KOTJa TeMIIepaTypa BO3AyXa BBIIIE TOUKH 3aMEP3aHH,
NIPU yCJIOBHM, YTO BO3MYX COACPXKHT Majlo BOJIHOTO Iapa. Eciy KOHIEHTpamus BOASHOIO Iapa
HEBEIMKa, C BHENIHEH MOBEPXHOCTH KHIKHMX HOXKEH COCYJIBKM Boja ucmapsercs. Koraa mosekyisl
BOJBI IOKHAAIOT JKUIKOCTh, OHH YHOCAT C COOOH DHEPrHio, YTO INPUBOLUT K MEPEOXTKACHUIO
TOBEPXHOCTHOTO  CIOSL KUAKOCTH. OXIaXAeHHas BOJa HIPaeT pONb TEIUIOBOH  «CBAIKMY,
NIPUHUMAIOIIEH TEIUIOTY, KOTOPas BBIEINSIETCS IIPU 3aMeP3aHHU BOJbI Y TOBEPXHOCTH JIBJA.

Hcrounuk:
cratbs . Yonkepa B xypHaine «B mupe nHaykm» Ne7, 1988, ctp.74-78.

BOITPOC Ned4: [ToueMy npH 3aKaTe COJHLE pa3/eiseTcs MojJocoi?

OTBET: WHoraa, xorna CojHIE HaXOQUTCS HU3KO HAJ TOPU30OHTOM, MOXXHO HaOJII0/aTh
CTpaHHOE MCKaXXEHHE ero odepTaHuii. YacTo yribl BUAUMOTO CETMEHTa 3aKPYIJICHBI, HHOTA KaXKEeTCsl,
YTO JMCK COCTOMT W3 JIBYX YacTel, COeTMHEHHBIX BMeCTe; 1mopoit mox CoJlHIIeM 0Ka3bIBaeTCsl MOJIOCKA
cBeTa, KOTOpas MOJHUMAETCS TI0 MEpEe TOro, Kak COJIHEYHBIH JUCK ommyckaercs. beiBaer, uto CoHIe
CaJMTCs HE 32 TOPU3OHT, a Ha PACCTOSHUM HECKOJIBKUX MHHYT YU HaJl HUM.

Kaxercs, 4TO Takue MUCKaKEHMs TMOSBIIIOTCS 4Yallle BEYEPOM, YEM YTPOM, U OOBSICHEHHE ITOMY
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cleyeT HCKaTh B METEOpPONIOTHYecKHX (akTopax. B Tuxme Oe300yiayHbBle JHH CIOM BO3IyXa C
Pa3IMYHON IIOTHOCTHIO MEHbIIE MEPEMEIIHBAIOTCA, TaK YTO MCKAKEHUs B OYEPTAHMAX COJIHEYHOIO
JHCKAa MOXKHO IPHHATH 3a MPeJ3HaMEHOBAaHUE YCTOHYMBOTO COCTOSHHUS aTMOCGEpHI U, CIeI0BaTEeIbHO,
XOPpOIIeH IOroJIbL.

Onru4eckne WCKaXEHMs, OIUCAHHBIC BBIIIC, OOBSCHAIOTCS HE YeM HHBIM, KaK OOBIYHBIM
MHPaKEM.

Cryuaii 1. ToHKHIA CIIOH TEIIOro BO3AyXa MOKpbIBaeT 3eMitto. Toraa Mbl BUIMM HENOCPEICTBEHHO
CounHie, ¥ B 3TO JK€ caMoe BpeMs [0l HUM — €r0 OTpaKeHHe, IIPHYeM TOPU30HT JISKUT MeX1y HUMHU. B
To Bpems kak CojHIe caauTCs 3a BHIAMMBIA TOPU3OHT, H3-32 HEro BCTaeT CIUIIOLIEHHOE
«HOPOTHUBOCONHIE», M 00a [HCKa COCOUHAIOTCS B TOM MeCTe, TA€ BOT-BOT [IOIDKHO MCUYE3HYTh
neiicrButenbHoe Comune. O6a aucka Bce Oojblie u OOJbILIEC CIMBAIOTCS, NMPHOOpETas OYepTaHMs,
HaIlOMHHAIONINE BO3TYIIHBIN [Iap U T. II.

Cryuait 2. Tenepb NpPEAINOIOXUM, YTO BO3AYX OKOJIO CaMOW 3€MJIM XOJIOJHBIH, a BBIIIE HEro
JIeXKUT TEIJIbIH CI0i Bo3yxa (nHBepcust). BooOpasum Teneps, 4To HaOMI0qaTeNb HAMIPABIISET CBOM B30P
Bce Oonee U Oolee TOPU30HTATLHO. B HEKOTOpOM HampaBIeHHH €ro B3IJIIA KacaeTcs BEPXHETO Kpast
CoiHia; emie HIKe ero B3I [0 OTHOIICHHUIO K IIOBEPXHOCTH Pa3phbiBa CTAHOBHUTCS 00JIee HAKJIOHEH.
B ropu3oHTabHOM HaIpaBIe€HUH OH MAaJa€eT Ha ITOT CJIOH MO TAKUM OOJBIIHMM YIJIOM, YTO JIyd 3peHHs
uzrubaeTcs W He nokuzaaer 3emuo. Ecim HaOmronarenb HaXOAWTCS HAJ MOBEPXHOCTHIO 3eMiM, OH
CMOXET Jake 3aIJITHYTh BHU3 I10J] HeOonbmuM yriioM. Eciu HabmonaTenb CMOTPHT elile HIKe, TO Yroll
B3IVIJa Ha MOBEPXHOCTH Pa3pblBa YMEHBIIACTCS M OISATh OKa3bIBAETCS HACTOJIBKO MaJbIM, YTO JIyd
3peHUs YXOAUT 3a mpexensl 3emid. [lo3ToMy BHYTpH HEKOTOpPOro yria 1o 00e CTOpPOHBI OT
TOPH30HTAIPHOTO HANPABICHUS HU OAUH JydY, BBIXOIAIIMM 3a Mpenensl 3eMiIH, HE JOCTHUraeT
HaOII0aTeNsl; OH BUIHUT «CJICIYIO OJIOCY».

PaccmarpuBast TakuM 00pa3oM cTpoeHHe atMocepbl, BUIHO, uTo COJHIE 3aXOAUT MPEXKE, YeM
OHO mocTUTaeT (paKTUUECKOTO TOPU30HTA — KaK TOJBKO OHO MOMAJaeT B «Clemylo mojiocy». Ecim
HaOJIIoJaTeNnb HaXOJUTCS Ha BEpIIMHE XOIMa MM Ha maaybe kopaOilst, OH, BEPOSTHO, CMOXKET YBHICTH
HIDKHUH Kpail CoiHIa, MOSBISIONMICS II0J «CIEIOH Iojocoiy. M300paxkeHus, KOHEYHO, OyIyT
HCK)KEHBl B BEPTHKAIBLHOM HANPaBICHHH; HAJ| «CJIETON IOJIOCON» CXKAThl MO BEPTHKAIHM, MOJ HEel —
BBITSIHYTBL

Wuorma kpait ConHma HMeeT HECKONbKO HEeOONBIIMX 3a3yOpHH, KOTOpBIC, IIO-BHIMMOMY,
YKa3bIBalOT Ha HaJIM4Ke Oojiee YeM OIHOM MOBEPXHOCTH pa3pbiBa B aTMOChepe.

Hrounuk:

M.Munapt «CBeT U UBET B pupoe», M., 1958, c1p.91-95.

BOIIPOC Ne45: [ToueMy myJisi MOXKET OTPUKOLIETHTH OT HOBEPXHOCTH BojtoemMa’?

OTBET: MHorue HaGuofany, Kak KaMHH IUIOCKOW ()OPMBI, KOTOPBIM COOOILEHA CKOPOCTh C
GonbIION TOPH3OHTANBHON COCTaBISIIOIIEH U BpamieHHe, oOecIedHBaroNlee COXPAHEHHE Majoro
HaKJIOHA IUIOCKOCTH KaMHsI K TOPH3OHTY, IIPU COLPHKOCHOBEHHH C BOJIOH JIETKO OTCKAaKHBAIOT BBEPX OT
BOJIbl, HHOTIa HECKOJIBKO pa3. OYeBHHO, UTO B SIBJIEHUM TAKOIO BOJASHOIO PHKOLIETAa TOPU3OHTaJIbHAS
CKOPOCTb MIPaeT OCHOBHYIO poiib. IIpM OTCYTCTBUHM TOPHU30HTANIbHOM CKOPOCTHM IUIOCKUH TSKENbIH
KaMeHb HE MOXKeT OTCKOYHTh OT BOJBL. MHOTOKpaTHOE PHKOIICTHPOBAHHE CBUJIETEILCTBYET O
HeOOJIBIION IIOTepe TOPH3OHTAIBHON CKOPOCTH BO BpeMs COIPHKOCHOBEHWS C BOJOH. Xopomio
U3BECTHO TAK)X€ PHUKOIIETUPOBAHME CHapsnoB. Tak, Hampumep, kpyrioe sapo auamerpom 0,16 M c
HAYaJIbHOM CKOPOCTBIO 455 M/C MOKET COBEpIINTh Ha Boje Oosee 22 pukomeroB. B HacTosiee Bpems
B apTHJUIEPUH HHOTAA HAMEPEHHO IIPOU3BOAAT CTPENbOY Ha PHKOLIETaX.

Puxomer BO3HUKaeT U3-3a ACHCTBHUs CHIIBI PEAaKIMH BOIBI IPH BXOAE Tena B Boxy. OLEHUM 3Ty
cuity. [l aToro mepeitieM B CHUCTEMY OTCYETa, CBSI3aHHYIO C TeJOM. Toria Ha HEro Hajeraer CTpys
BOJIBI IIOTHOCTH P CO CKOPOCTBIO V B HAIPABJICHUH MO YIJIOM O K IOBEPXHOCTHU Tena. Tak Kak cuia,
JelcTByIoIast Ha CTPYIO CO CTOPOHBI INIOCKOCTH, PaBHA CKOPOCTH M3MEHEHHMs NIPOSKIUH HMITyJibca P
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CTPYH Ha OCb Y, NEPICHAMKYJSIPHYIO K IUIOCKOcTH Tena, To F = AP,/At = Psino/At. 3a Bpems At Ha
IJIOCKOCTh TOMaaeT 06beM KuakocTH V = SVAt ¢ maccoit M = pV u ummysscom P = My = pSv7At,
rae S — mwiomans ceuenus crpyu. Ilostomy F = pSvsino. [ ONMCAHHOTO BEINIE s7pa, 3Ta CHIA
cocTapiser okono 10°H, 4To B HECKOIBKO THICSY pa3 GoJIbIIE Beca sSIpa.
TloapoGHee B kHHUTE:

N.II.Crnobonenxwuii, JL.I.Acnamazop «3agaun 1o ¢usnke», bubimoreuka «KpaHT» BbITyCK 5, M.,
Hayxka, 1980, ctp.56.

Llenecm B.U.

BOITPOC Ne46: Yto mpou30HAET C YEIOBEKOM, €CIH €r0 BBIOPOCHTH B OTKPBITHIA KocMoc???
Toxanyiicta, onummure.

OTBET: B onHom u3 oruetoB HACA 0ObUI0 ONMCAaHO M3y4YEHHE 3TOrO BOIpPOCAa Ha 00e3bsHAaX.
OkasbIBaeTCs, 4TO NPH PE3KOM 3aHYJCHUM JaBjieHHs B Oapokamepe, y 4enoBeka (TO eCTh 00e3bsHbI)
ecTh NnpuMepHO 15— 20 ceKkyH]] Ha COBEpIIEHHUE OCMBICIEHHbIX JeicTBuil. ITocie 3Toro oH Tepser
CO3HaHHUe, a 4yepes 40-50 cexyHI MPOMCXOIAT HEOOpaTHMblE M3MEHEHHS B MO3TY (CBSI3aHHBIE C
OCTPOH KECCOHHOM 00IE3HBI0). Y TBEpKAAeTCs, YTO B3phIBa Tela He IPOUCXOAUT. Jleno B TOM, 4TO ecIH
BO3JyX M3 JIETKHX (M OCTaJbHBIX MOJIOCTEH Tesa) OECIPEeISTCTBEHHO BBILIEN, TO B OPraHU3Me TOJBKO
JKMAKOCTb, KOTOpas BBIJENSAET My3BIPhKM a3a, HO caMa cpa3y He BCKMIaeT. Mexay mpoduM, Korja
MIPOUCXOJHUT pasrepMeTu3aiys (CKakeM, Ha OOJIBIION BBICOTE), TO YETOBEK yMHPAET, HO HA KYCKH €ro
He pa3pbiBaeT. BcmoMHUM Hammx noru6mmx kocMoHaBToB: 20 KM — 3T0 npuMepHo 1/10 atmocdepst —
IPAKTHYECKH BaKyyM, C HHTEpECYIOLIeil HaC TOUKH 3pEHHs.

Bopoobves I1.B.

BOITPOC Ne47: Ilouemy, HECMOTPSI Ha OYEHb OOJIBLIYIO TEMIIEPATYPY, AP0 3eMIIM HAXOJUTCS B
TBEPAOM COCTOSIHUU?

OTBET: CornacHo reopu3nuecKiM JaHHBIM, SAPO 3€MJIM COCTOUT U3 TPEX CIIOEB.

Buemnuii cnoii (Ha roybuHax 2920-4980 kM obbemoM 15,16% u maccoit 29,8% Bcei 3emin)
MIPOIyCKaeT IPOJOJIBHEIC, HO HE IollepevHble ceficMuueckue BoHBL. I1o 310l npudnHe cunTaercs, 4To
9TOT CJIOH HaXOAUTCS B PACIIABIEHHO-KUIKOM COCTOSHHH. OO0 3TOM K€ CBUJETEIBCTBYIOT JIAHHBIE: O
MIPWIKMBHBIX KoJ1e0aHuAX BHYTpU 3emin (eciu Obl Besi 3emiisd Obuia TBEPAOi, TO MPUIMBHBIE KoJieOaHUs
Ha ee II0BEPXHOCTH OBLIH OBI c1abee (pakTHUeCKH HaOMIOAAEMBIX); O HYTAIIHOHHBIX KOJIeOaHUIX 3eMHOM
OCH C TEpPHOJOM OKOJIO CYTOK (KOTOpble 0Oe3 KHAKOro siapa ObLIM Obl HEBO3MOXKHBIMH); O TaK
Ha3bIBAGMBIX YaHJUICPOBCKUX KOJICOAHUSX TOJTIOCOB (T.€. KoeOaHnsIX 3eMIIH B EJIOM OTHOCHTEIIBHO €€
OCH BpallIEHHMs) C IEPHOIOM OKoJI0 1,2 roza.

INepexonnslii caoif MexXIy BHEIIHMM H BHYTPEHHUM SAPOM HMEET TONMHUHY OKomo 140 xm.
Baytpennee snpo mmeer pazuyc 1250 kM, o6beM okono 0,7% m Maccy oxoso 1,2% Bceil 3emum.
IIpononbHble celficMUUYeCKHEe BOJNHBI NPOXOAAT Yepe3 HEro ¢ OGOIbHIMMHU CKOPOCTSIMH, 1O CBEIECHMAM
nocnennux aer cp = 11,1-11,4 km/c. B To e Bpems naHHBIE 00 OTPa)KEHHSAX IPOJONBHBIX BOJH OT
TOBEPXHOCTH BHYTPEHHEH YacTH s/pa, a TaKKe PETrHCTPAIMs CEHCMHYECKHX BOJH AJISICKHHCKOTO
3emsieTpsiceHust 1964 r. 1MOKa3bIBalOT, YTO 4epe3 Hee NPOXOJAT U IONEepeyHble BOJHBI (MMes 371eCh
JIOBOJILHO MaJIble CKOPOCTH CS ~ 3,6 KM/C); IO 9TUM JaHHBIM BHYTPEHHSIS 4acTb Spa SIBIACTCS TBEPABIM
TEJIOM, O-BUIUMOMY, OJIM3KUM K IUIABICHHUIO.

Tonpo6uee B kuure: A.C.MonuH «IlonyssipHas ucropus 3emian», M., Hayka, 1980.

To, 4To BHYTpeHHS 4acTh SApa, HECMOTpPS Ha BBICOKYIO TEMIIEpATypy, SIBIAETCS TBEPIOH,
OOBSICHAETCSI BBICOKHM JaBI€HHEM B HeIpax 3eMIHM: C POCTOM JaBICHHS pacTeT TeMIepaTypa
mnaneHus. Hampumep, ;s »kene3a TemmepaTypa IniapieHus ysenmumsaercs Ha 0,03 °C mpu
yBenudeHuu JasiaeHust Ha 10 atM. OneHuM, pu Kakoit temneparype OyaeT IUIaBUThCS JKEeJIe30 B LIEHTpe
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3emin. Eciu 6B OHa GbLTa XMIKOH, TO JaBJEHHME B HEApax COCTABIANO Obl Gomee 10° atm. Dto
YBENIMUMT TeMIepaTypy IIaBieHus Gosee, uem ma 3000 °C. Temmeparypa xe B supe 3emin
ouenuBaercs B 3000 — 4000 K.

Hcrounuk:
A.B.bsnko «Hama rianera — 3emusa», bubnuoreuka «Ksant» Beimyck 29, M., Hayka, 1989, c1p.88-95.

BOIIPOC Ne48: TTouemy 3Be371bI TagaoT?

OTBET: YacTuiibl MeXIUIaHETHO# MBUIM, BXOAS B 3¢MHYIO aTMOC(epy ¢ OOJIBIINMU CKOPOCTSIMH,
CTOpAIOT B HEif, IPEBPaIasCh B METEOPHI — KPATKOBPEMEHHBIE BCIBIIIKU, KOTOPHIE IIPOHOCSTCS 110 HEOY
U WCYE3al0T, OCTABIsAA HA HECKOJIBKO CEKYHJI Y3KMH CBETSLIMHCA ciief. DTOT Cliell B MPOCTOPEUUH
HA3BIBAIOT «I1aJIaI0IIEH 3BE300M».

3a cyrku B atMocdepe 3emun BembixuaeT mpumepHo 10° meteopoe spue 5™. Mereopos,
HMEIONINX 3BE3IHYIO BEJIMYMHY M, IPUMEPHO B 2,5 pa3a Gosbiie, 4eM (m-1)-i 3Be31HOH BeIUIHHbL.

OueHb sipKUe MeTeopsl — OOMUIBI, MOTYT HaOMIOAaThCs U JHEM. bouasl cONpoBOXKAAIOTCS HHOTAA
BBIAZIeHUEM MeTeopuToB. Ilo MHpOHCXOXKIEHHI0 M (PU3HIECKOMY CTPOGHHIO OOJbIINe Tena,
HabJIroJaeMble Kak OOMUJIBI, T0-BUAMMOMY, CHJIBHO OTJIMYAIOTCS OT YAaCTHL, BBHI3BIBAIOIINX METEOPHBIE
SIBJICHUS.

Korma MmereopHas dacTHIla BTOpraeTrcst B 3eMHYI0 aTrMmocdepy co ckopocTeio 11-73 kwm/c,
MIPOUCXOJUT JHEPTUYHOE B3aHMMOJACHCTBHE MEXKIY 4acTHULEH M arMmocdepoil. DTo B3amMozeiicTBue
HPOXOJUT JUIsl HAC HE3aMEUEHHBIM, €CJIM YacTUIla HACTOJBKO Maja, YTo €€ pa3Mephbl MHOIO MEHbIIe
JUTMHBI cBOOOZHOrO mpobera Moiekys. B BepxHeit atmocdepe 3emun yactuua pazmepom 100 MkM u
MEHBIIIe IMEET Pe/IKHe CTONKHOBEHHS C MOJEKyJIaMU BO31yXa, KOTOPBIC NPHBOJIAT K 3aMEMICHUIO ee
JBIDKCHUS U ITOTEPe KOCMHYECKOH CKOPOCTH ellle Ha 3HAYUTENBHON BBICOTE HaJ OBEPXHOCTBIO 3eMilN,
TaK KaK ee KMHEeTHYecKas JHEPrHsl HeBeIUKa.

Jlpyroe neno — BTOpkeHHe Oojee KPyIHOTO METeOpHOro Tena, pasmepoM or 0,1 mm g0 10 cm.
Takoe Teno CrocoOHO yBJICYb BO3LYIIHBIE MAcCChHl, HAXOJSINIMECS HA €ro IyTH, IepelaBas UM 4YacTb
CBOEro UMIIyJIbCa U Tepsis KMHETHYECKYIO SHEpIulo, Kak M B IpeiblaymieM ciydae. Ho temepb 3to
MIPOUCXOJUT B HECPABHEHHO Oonee KPymMHBIX MacmTabax. Tak Kak CKOPOCTh ABIDKEHHS METEOPHOTO
Tena B aTMoc(depe 3HAUUTEIHFHO IPEBBIIIaeT CKOPOCTh 3ByKa, 0Opa3yeTcs yJaapHas BOJNHA, 32 ()POHTOM
KOTOPOH CHJIBHO NOBBIIIAETCS TEMIIEpaTypa — 10 MHOTUX JIECSTKOB TICSY IPajlycoB, TAK UTO BO3/YyX 3a
JIeTAIIUM METE€OPHBIM TEJIOM CHIbHO HOHM3YeTcs. C Ipyroi CTOpOHEL, TepseMasi KHHETHIeCKast YHePTUst
BEI3BIBAET TaKKe U Pa30rpEeBaHUE CAMOTO METEOPHOTO Tella U HCIIapeHHe MOJEKYN U aTOMOB C ITOBEPX-
HOCTH ero. IIpoucXoauT yHOC Macchl METEOPHOTO Tela, Tak HasbiBaeMas abmsiuums. Ilpu «caupanum»
MOJIEKYJI TIPOUCXOJHUT CUJIBHOE Pa30rpeBaHUE METEOPHOrO Tejla C IOBEPXHOCTH, M Mbl HabiromaeM
SBJICHHE MeTeopa. BOKpyr Hero HempephlBHO 00pasyeTcsl pa3orperoe razoBoe 00JIadKo, YaCTHYHO
HOHM30BaHHOE. Pa3ymeercs, rassl OTHENSIOTCS OT METEOPHOTO Tela M PACIONararloTcs BJOJNb €ro
TPaeKTOPHU B BHUJE Cliela, HAOII0AaeMOro BH3yaIbHEIM, (OTOrpadMIecKuM WIH PaJHOIOKAIMOHHBIM
METOJIOM, €CJIH Y HETO JOCTaTOuHas SPKOCTb.

Ha xakoM-To ydacTKe IyTH SIPKOCTh MeTeopa JOCTHIaeT MaKCHMyMa — IUIaBHOTO WU
COIPOBOJKIAEMOT0 BCIBIIIKOM, a 3aTeM HPOMCXOIUT APOOJICHHE METEOPHOTo Tela Ha BhIcoTax 40 — 50
KM U PE3KO€ 3aMEeJUICHUE €ro JABM)KEHUS B MHTEpBaJie BBICOT OT 25 10 15 kM. 31€Ch U KpYIIHbIE METEO-
PHUTBI OPOOSTCS, TOCIE Yero BBHIIAJAIOT HA MOBEPXHOCTh 3eMIH B BHAE METEOpHOro Aoxkas. Jlo
OpoOieHus. JIHIIb caMble SpKHEe W MEIJIEHHBIE METeOophl YCIeBAloT 3aMemuThes 10 50% cBoeit
NepBOHAYAIBEHOM CKopocTH. O4eHb sipK¥e U ObICTpbIe OONMNIBI, NMEIOIUE 3HAYUTEIBHYIO MacCy, MOTYT
IPOHUKHYTh J0 YMEPEHHBIX BBICOT (MHOTZA BCEro JIMIIL HECKOJIBKO KUJIOMETPOB Hajl YPOBHEM MODS),
TIOCIIE YeT0 UX JBIKEHHE €CTh IIPOCTOE MaJieHHe B aTMocdepe 6e3 3aMeTHON HaYalbHOU CKOPOCTH.

Ho caMsle kpymHbIE METEOpPHBIC TeIa BECOM B COTHH TOHH JOCTHIAIOT IIOBEPXHOCTH 3€MIH C
KOCMHYECKOH CKOPOCTBIO — HX IaJeHHe HOCHT Karactpopuueckuii xapakrep. Ectp u
MIPOTHBOIOJIOKHAs BO3MOXKHOCTB: 10 aBrycra 1972 r. B CILIA HaGmionancst B THEBHOE BpeMsl METEOp,
KOTOPBIH, KaK IoKa3ajia Mmociemylomas oopaboTka HaOIIOAEHHUI, IpoeTeN Yepe3 3eMHyI0 aTMochepy,
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HO He yIajl, a JOCTUTHYB MHUHUMAJILHON BEICOTHI 58 KM, yIIIes B KOCMHYECKOe IIPOCTPAHCTBO, OCTABHB B
aTMocdepe JIHIIb MaJTyl0 YacTh KHHeTH4eckoi sHepruu. Ero macca ouenusaercs B 1000 ToHH.
MeTeopbl 3aropaloTcsi TeM BBILIE, YeM ObICTpee OHM JABIDKYTCS, HO M TaCHYT OHM Ha OounbIueit
BBICOTE, YeM MEJUICHHBIE METEOPBI, TaK KaK OHH OBICTPO IIOBEPTraloTCs APOOICHHIO.
Hctyonuku:
I1.1.bakynun, D.B.Kononosu4, B.M1.Mopo3s «Kypc ob1ueit actponomun», M., Hayka, 1983,
J1.51.MaptsiHoB «Kypc o6eii actpodusuxu», M., Hayka, 1988.

BOIIPOC Ne49: Yto Takoe MeTeopHbIii 1016 JIeonun?

OTBET: MeteopHoe BEIIECTBO B MEXKIUIAHETHOM IIPOCTPAHCTBE — 3TO HauboJiee AMHAMUYHBIN
tun BemecrBa ConHeyHol cucreMbl. CaMble Majble YacTUIbI (Paanyc MeHblIe, npuMepHo, 0,5 MxM)
yxozaT u3 CONTHEYHOH CHCTEMBI O] JeHCTBHEM CBETOBOTO JaBileHHUs. boiee KpymHbIe TOpMO3ATCS B
pesynbTate 3¢ dexra Pobeprcona-IlofHTHHTa, IO CIUpaNbHBEIM 0opouTaM npuOmmwkaoTes k ComHIy U
nagaior Ha Hero. Dddekr Pobeprcona-IloiiHTuHra — 3TO TOPMOXKEHUE Tena, ABIDKYLIEroCs B IOJE
W3ITy4eHus], BOSHHKAIOIIee M3-32 TOTO, YTO B CHCTEME KOOPAMHAT, CBA3AHHOW C 3THM TEJIOM, BEKTOD
CHJIBI CBETOBOTO JABJICHUS HMEET KOMIIOHEHT, HAIpaBJEHHBIH IPOTHB BEKTOpa cKopocTd. Yactuma,
umeromas quamerp 10 MKkM U Haxopsascst Ha KPyroBoit opOuTe paguycoM 3 a.e., B pe3ysbTaTe d3TOro
apdexra mamaer Ha CoiaHue B TedeHHe BpeMeHH mopsiaka 10 ser. IlockoibKy MeXIUIaHETHOE
METEOpHOE BEHIECTBO B Pe3ylbTaTe IPOLECCOB, CBA3AHHBIX C JIy4EBBIM MAABICHHEM, HENPEPHIBHO
ynansercst u3 CONHEYHOH CHCTEMBI, TO OHO JOJDKHO HENPEPHIBHO BO30OHOBIIATHCS, YTO H IIPOUCXOIUT B
pe3yJbTaTe pa3pyLIeHHs] KOMET U aCTEPOHIOB.

Ipu kaxxaom commkernu ¢ CoNHIEeM KOMeTa TepsieT HEKOTOPYIO YacTh CBOEH MaccChl B BUIE rasa U
TIBUTH, BBIOPACHIBAEMBIX B TOJIOBY M B XBOCT. IIpH 3TOM royioBBI KOMET HHOTAA JOCTHTAIOT Pa3MepoB,
MpeBHIMAOMUX pa3Mepsl CoNHIA, a XBOCTHI UMEIOT mopoi JmHy Oomsme 1 a.e. Kak moxassiBaer
CIIEKTp KOMETHI, B Heil comepkaTcs W ra3oBasi M IbUIEBAsi COCTABILIOIINE, TOCIEIHSIS CBETHT TOJIBKO
OTPa)KEHHBIM COJIHEYHBIM CBETOM. TO Jk€ MOMKHO YTBEPXKJaTh OTHOCHTEIBHO CaMOW sIpKOM
LIEHTPAIbHON YaCTH TOJIOBBI KOMETHI, KOTOPYIO HAa0IoqaTean 0OBIYHO HAa3bIBAIOT SIIPOM.

OcoOeHHO KpyIHEIE NMOTepPU HeceT KoMeTa IpH 00pa30BaHHH aHOMAIBHBIX XBOCTOB, COCTOSIIINX
W3 4YacTHI] KPyIHOro pasmepa. KonmuecTBo ras3oB, OCTalOIIMXCsS B IJIBIOAX KOMETHOH TOJIOBHI,
HPOrPECCHBHO YMEHBIIIAETCs; OBICTPO PACCEHBAETCS B MPOCTPAHCTBE CBOOOHAs MbLIb. [leproanyeckast
KoMeTa ¢ KaxapiM npuOmmwkeHneM K COIHIly CTAaHOBUTCS Bce ciiabee, MHOTHE M3 HHUX «HE
BEIZIEPKUBAIOTY Oosiee IBYX-Tpex cOmmkeHuil ¢ CONHIIEM U IIEpecTaloT CYyIIeCTBOBATh KaK KOMETHI.
Jlpyrue u3BECTHBI TpH OOJIBLIEM YMCIE TOSIBJICHHM, HallpUMeEp, KOMeTa DHKe ¢ nepuojoM 3,3 roja,
OoTKpbIiTast B 1786 r. M peryispHO HaOMIOJABIIAsCA 10 HACTOAIIEr0 BPEMEHH INpHU 47 MOSBIECHUAX
(BoceMb OBUIO MPOMYILEHO HAOIIOIATENIAMH).

Komera I"ayuiest ¢ 6osee JUIMHHBIM EPHOJIOM, 76 JieT, HabmoaaeTcs ¢ 466 T. 10 H. 3. 3a MUHYBIIHE
ThICSIUENIETHsI OHAa 32 pa3a npoxojauia nepureiauit Ha paccrosHun ot CosHua Bcero Jymmb 0,59 a.e.
TpynHo cka3aTb. ociabena JM OHA 3a 3TO BpeMs, HO KoMeTa DHKe 3a JjBa CToJIeTus ocyabena
ngocroBepHo. Ee abcomoTHas 3Be3Has BEUYNHA H3MEHHIACh B CTOPOHY OCJIA0JICHHS HE MEHEe YeM Ha
2™V MHOTHX APYruX KOMET 3TOT HPOLECC HAET HECPABHEHHO ObICTpeEe.

Hepenkn ciydan, korma KOMETBI ApOOSTCS Ha HECKOJIBKO YacTei, AeMOHCTPHPYS TEM CaMbIM
MaJyl0 CBS3aHHOCTh ee BemecTBa. KiacchmyeckuM mpuMepoM sBisiercst komera buamel. OHa ObLia
oTkpbiTa B 1772 1. n Habmonanacs B 1815, 1826 u 1832 rr. B 1845 r. pa3mepsl KOMETHI OKa3aJlUCh
YBEIMYCHHBIMHU, a B sHBape 1846 r. HaOmrogaTenu ¢ y[QWBICHHEM OOHAPYXKWIN ABE OYEHb ONM3KUE
KOMETBI BMECTO OJHOU. BBUIM BBIUMCIICHB! OTHOCHTEINBHBIE JBIDKEHUS 00EUX KOMET M OKa3aJloCh, YTO
KoMmeTa buanibl pasfenuiack Ha J[Be elle OKOJIO rojia Ha3ajl, HO BHauajle KOMIOHEHTHI IPOEKTHPOBAIUCH
OJIMH Ha JIPYyToii, U pa3zaeneHue OblIo 3amMeueHo He cpa3y. Komera Buainel Habmonanach eme oauH pas,
IIpUYEeM OJHMH KOMIIOHEHT OBLI MHOTO ciabee Apyroro, u Gonblne ee HaiTH He yaanock. C TeueHHeM
BPEMEHH I'DaBUTALIOHHAs CBSI3b MEX]y KOMIIOHEHTaMH OcllabeBaeT, U OHM JBIKYTcsl BOKpyr ColHia
KaK HEe3aBHCHMBbIC Teja. 3aTO HEOJHOKPATHO HaOIIONANCs METEOPHBIl IOTOK, OpOMTa KOTOPOTo
coBmajaia ¢ opouToi KomeTsl buasl.
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Ilpu pa3pynieHHH KOMET HHOTJA BO3HHKAIOT PEAKTHBHBIC CTPYH U BBIOPOCHI, KOTOpPBIE MOTYT
HCKa3uTh OpOUTHI KOMeThl. Hampumep, sapo KOMEThl DJHKE BpalIaeTcs C MEPHOJOM, KOTOPBIH
OLICHUBAIOT NPHUONH3UTEIPHO B OAHH CyTKH. Ilpum obGiydenun CoNHIEM sApO HAarpeBaeTcs, HO
HanOOJbIIas TeMIIepaTypa HACTYIaeT He B MOACOIHEYHOH TOUKe KOMETHL, 3 HECKOIBKO MO3KE, CKaXKEM,
Ha 10—15° o monrore B CTOPOHY «Beuepa». Mex Iy TeM BBIOPOC ra3a U MbUTH OOMIIBHEE BCEro 31€Ch, U
mpH BHIOpPOCE BO3HHMKAET PEAKTHBHOEC YCKOPCHHE B HAIpPABICHHH, KOTOPOE COCTABISACT C PagHyc-
BEKTOPOM KOMETHI 3aMETHBI yroll, TaKk YTO Yy PEaKTHBHOTO YCKOPEHHS €CTh COCTaBIIIONIAs,
MePICHANKYJSIPHAsT K PaJilyc-BEKTOPY. DTa COCTaBISIONIAsl YBEINYMBACT WM yMEHBIIAET CKOPOCTH
OpOUTAJIBPHOTO JIBUJKGHNS KOMETHI B 3aBHCHMOCTH OT TOTO, BpAIAeTCs M KOMETa B HPSIMOM HIIH
obpaTtHoM HampaBieHuH. Hapsiy ¢ yCKOpeHHEM y KOMET BCTPEYAlOTCs, NpaBla PEexe, 3aMeUICHHUS
JIBIDKCHUS.

IIpumMepoM paspylIeHUs KOMET SIBISIIOTCS JIBE «LApAAIONIMX» KOMETHI, HaOIIOJaBIIHECS CO
cnytauka «SOLWIND» B HemocpenctBeHHO# Omu3octi oT ConHLIA C MOMOLIBIO CBOCOOPa3HOro
KopoHorpada — B TeHU OT UCKYCCTBEHHOT'O JIMCKA, BEIIBHHYTOIO HA MHOTO METPOB BIIEpe]] OT IpHOOpa
M CO3/1aBaBILIETO MMHTALMIO COJIHEYHOIO 3aTMEHHs IIPH OTCYTCTBHHU aTMOc(epHBIX IIoMeX. B sHBape u
uroste 1981 r. koMeTsl HabIIOAATUCEH Ha paccTOsHUAX OT CoNHIA, HEMHOTO IPEBBIIAIONINX €r0 Paanyc,
W JaXe B CONHEYHOH KOPOHE HE MpeKpallajd CBOE CyliecTBoBaHHME. MOXHO C YBEPEHHOCTBIO
YTBEPKIaTh, YTO BCs IBIIEBAsl COCTABIIAIONMAs 9TUX KOMET UCIIApPUIIach B CONHEYHOH KOpPOHE, HO Ooee
KpYIHbIE Tella, BXOJHBIINE B SIPO KOMETHI (KaMEHHBIE IJIBIOBI), «HEPEKHIN» YPE3BBIYaiHO BBICOKYIO
TEMIIEpaTypy B T€UCHHE HECKOJIIBKUX 4acOB NMPEOBIBAHUS B KOPOHE M BBIPBAIKCH 110 NEPBOHAYATBLHON
opbure, yamsisack or CoNHIa KaK CKOIUICHHE MaJIbIX TBEPABIX TEN U yXKE HEBUANMBIC.

Ecnu sTa opbuTa mepecekaeT 3eMHYIO OPOHTY, TO €KEroJHO, KOra 3eMiIs IONafaeT B TOUKY HX
nepecedeHns], HaOIIONAI0TCS METEOPHBIE TOXKIH, YCHIMBAIONIMECS NPU OJHOBPEMEHHOM IOAXOIE K
9TOH TOuke 3eMJIM U OCTAaTKOB KOMETbl. Ecii ke ycuwieHuit He HaOirolaercs, 3HAYUT, BEIIECTBO
KOMETHI OoJiee MM MEeHee PaBHOMEPHO Paccesioch 10 OpOUTe — KOMeTa IMOIHOCTHIO IPEeKpaTiia CBOe
CYILLECTBOBaHNE KaKk HeOECHOE TelIo.

Takum o0Opasom, pacmagasch co BpeMEHEeM, KOMETa MOPOKAAET METEOPHBIl MOTOK, ABIKYLIMIICT
o ee opOuTe, OTKya MOXKHO CIENIaTh BBIBOJ, YTO SIAPO KOMETHI HE €CTh CAMHOE TBEPAOE TEJIO, IyCTh
Jaxe acTepPOHAHBIX Pa3MEpOB, HO COBOKYIHOCTh OTACNBHBIX TEH, pa3sMep KOTOPHIX He IMOAAeTCS
TOYHOMY OIIPENENICHHIO. DTa COBOKYITHOCTb B OOJBIIOM yzaajueHHH oT COJHIIA COCTOUT U3 HECTOUKOro
CMeIEeHHs TIIbI0, KaMHeil, eCYMHOK, MBUIHHOK, C1a00 CBSI3aHHBIX MEXIY cO0O0i, HO Bce-TakH obpa-
3YIOIUX [0 MOPBI A0 BPEMEHH €AMHOE LEI0€, B KOTOPOM CBSI3YIOIUM BELIECTBOM SIBISIOTCS JIbIBI U3
BCSIKOTO POJIa IPOCTBIX COEIHHEHHI BOJOPOJA, KUCIOPOAA, YIIepoaa H a30Ta, JIETKO HCIAPSIOMIHecs
nipu commkeHnn komets! ¢ Conanem. Toraa Bce BKIIOYEHHBIE B JIBIBI TIIBIOBI H KAMHU C IIOIIEPEUHUKOM
OT HECKOJIbKMX METPOB JI0 CAHTHMETPOB M MHJUIMMETPOB OOHAXKAIOTCS M B CBOIO OYEPE/lb BBIACISAIOT
a1cOpOMPOBaHHbBIE Ta3bl U MOCTABIAIOT NbUTb. OHU MOTYT 00pa30BaTh POl CAaMOCTOSATENbHBIX TJIbIO 1
KaMHeH.

YacToTa IOSIBIICHNS METEOPOB U MX paclpelieleHne 1o HeOy He BCera SBISIOTCS PaBHOMEPHBIMH.
CucteMaTnyecKn HaOJIOAAIOTCS METEOPHBIC MOTOKH, METEOPbl KOTOPBIX HAa MPOTSIHKEHUH ONpPEJIEIIeH-
HOTO MPOMEXYTKA BPEMEHH (HECKOJIbKO HOYEH) MOSBIAIOTCS MPUMEPHO B OJHOM M TOM ke obmactn
Heba. Ecnu ux crmens! OpORODKUTH Ha3al, TO OHU IMEpPeceKyTcs BONM3M OJHOH TOUKH, Ha3bIBAEMOM
paIMaHTOM METEOPHOTO II0TOKAa. MHOTHE MeTEOpHbIE IIOTOKH SIBISIOTCS IIePHOJUYECKUMU,
MOBTOPSIOTCA M3 Trojia B TOJ M Ha3BaHbl MO CO3BE3AMAM, B KOTOPBIX JIEKAT MX paiauMaHThl. Tak,
METEOPHBIH TOTOK, HaOmojaeMblii exerogHo mnpumepHo ¢ 20 wurons no 20 aBrycra, Has3BaH
Ilepcennamu, IOCKONBKY €ro pagHaHT JISKHT B co3Be3guu Ilepces. Ot cossesmumii Jluper u JlbBa
MOJIy4MJIM COOTBETCTBEHHO CBOE Ha3BaHUE MeTeOpHble MoToku Jlupun (cepeauna anpens) u JleoHung
(cepenuHa HOSIOPS).

AKTHBHOCTb METCOPHBIX IIOTOKOB B pa3HbIC TOABI PasinyHa. BBIBAIOT TOABI, B KOTOPBIC YHCIIO
METEeOpOB, IMPHHAIEKAIHUX HOTOKY, OYeHb Malo, a B HHBIC TOJbI (IOBTOPSIONIMECS, KaK IIPaBHIIO, C
OIIpEJICTICHHBIM IIEPHOJIOM) HACTOJIBKO OOHJIBHO, YTO CaMO SIBJICHHE IOJYYWJIO HA3BaHHE 3BE3IHOTO
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JOXs. MeHsromasicsi akTHBHOCTh METEOPHBIX ITOTOKOB OOBSCHSIETCS TeM, YTO METEOPHbIE YaCTUL! B
HOTOKAX HEPABHOMEPHO pacipe/ieeHbl BJI0JIb JUIHITUUECKOH OPOUTHI, IepeceKaromieil 3eMHyIo.

Tpu MeTeopHBIX MOTOKA — JleoHnAB!, AHIpOMEAUAB! U JIpaKOHU/IBI IIOKA3BIBATH B HCTOPHUIECKHE
BpEMEHa OYeHb PE3KHE BCIBIIKH AaKTHBHOCTH, NPUYEM B Clydae AHIPOMEAUI 3TO OBUIO IpSMO
CBSI3aHO C pa3pylieHneM koMmeTbl Kucibl, kotopas B 1845 r. pasasouiack u B cieayroliee MnosiBjieHue, B
1852 r., BUIHBI ObUIH J1BE Ci1a0ble KOMETHI, pa3/IelIeHHbIE PacCTOSIHUEM CBbIle 1,5 MitH. kM. Bonbiie
xometa buoisl He HaObmonanacs. Ho B 1872 u 1885 rr., korga 3emis nepecekia opouTy KoMeTs! Bucist
M camMa KOMeTa, ecJIi Obl OHa ellle CyIecTBOBalIa, ObUIa OBl OJIM3KA K TOUKE IepecedeHns], HaOIo1aInCh
BEJIMKOJICTTHbIE 10K MEUICHHBIX METEOPOB (OHH HATOHSIIH 3EMJIIO CO CKOPOCTBIO 19 KM/C) ¢ YacoBBIM
YHCIOM X, JoxoauBuimM 10 7500. B 1892 u 1899 rr. motoku AHApPOMENH] ONATh yCHUIMBAINCH, HO
He3HauHTeNnbHO. [locinenyromas BCIbIKA aKTUBHOCTH AHApPOMeIHU HAOMIONanach CIyCTs IATh JIeT, B
1904 r., B TO BpeMs Kak IepUOJ OOpalleHHs1 KOMEThl BHCIBI cocTaBisi1 6,6 JieT. 3HAYUT, METEOpPHOE
CKOIUICHHE CYILIECTBOBAJIO AANeKO Brepenu camMoil «ObiBiIei komers». Ilociae 1940 r. akTMBHOCTb
AHpoMein1 BO3pOAMIIACh, HO B ¢11a00ii CTerneH .

B Hacrosimee BpeMsl YCIICHIHO COCYLIECTBYIOT KoMera J[xakoOuuu — l{MHHEpa M CBs3aHHBIH C
Hero MeTeopHbli noTok Jpakonun. Komera 1900 III 6b11a otkpeita Jxxako6unu B 1900 r. Bckope nocie
ee cuipHOro commkenus ¢ FOnurepom. [Mocne eme oxHoro commwkenus ¢ FOmutepom, B 1910 r., oHa
OblTa TMOBTOPHO OTKpHITa B 1913 T. M B JanpHeiileM HEOJHOKPAaTHO HAOMIONANach C MEPHOAOM
obparuenus 6,6 eT. Y3es KOMETHOIH OpOUTHI Tereph HaXOIUTCs Ha paccTossHuM Beero mmsb 0,001 a.e.
oT 3eMHOH opOuThl. 9 okTAOps 1933 r. 3emua mpoxoamna 3Ty Touky Ha 80 HHEl mo3xke, yem ee
nepecexia KomMeTa. B 9Ty Houb Taioke HAOMIOANCS BEIHKOJIEIHBIA TOXKIb METEOPOB C PAJHAHTOM B
Jlpaxone npu gacoBoM uucie ux 10 6000. Coycrs 13 mer, B Houb ¢ 9 Ha 10 okTs06ps 1946 r., BHOBB
HaOJII0fAICS TaKoil ke, ecii He 0oJiee HHTCHCUBHBII, METECOPHBIN A0XK/Ib B TEUCHHE 5—6 4acoB, IMOKa
3emuis epecekana KOMETHYIO OpOMTY ciycTs 15 mHel mocne Toro, Kak 3TO MECTO Ipoluia KomeTa. B
1952 r. 3emus npoxouia MecTo cOmmKeHus 3a 195 Heil 10 KOMETHI U ONATh Haboaacs HeOOoIbLIOH
METEOpHBIN 10k/b (dacoBoe yucio 200), a B 1959 r. JIpakoHu/IbI IPAKTHYESCKU HE HAOIIOAINCH, XOTS
3emiIs omepeuia KOMETY B MeCTe HamOONIbIIEro COMMKEHUs] OPOUT TOJBKO Ha TPU HeAenu. Takum
obpa3om, no3aau komeTbl [xakoOunu - LluHHEpa 0Opa3oBaiics METEOPHBI pOii, HO caMa KOMeTa OT
9TOT0 MaJIo TocTpanana: u B 1959 r. ona Obl1a 10cTaTO4HO SIPKOIf; 8 OKTIOpst 1985 . moTox JpakoHuzg
OMSATBH NMPOSBUI ceOs B MOJHYIO CHIIy — YaCOBOE YHCIIO METEOPOB 110 PaAHOHAOIIONCHUSAM JIOCTUTAIIO
OJITHOM-TpEX ThICSY.

Pacnag xoMeT u 00pa3oBaHHE METEOPOB, PACIPEEIIONIMXCS 3aTeM IO Bced opOHTe WM IO
3HAYUTEIBHON €€ YacTH, IPOMCXOIUT TaKHM 00pa3oM, 4TO METEOpHBIE Tella IIOKUAAIOT SIIPO KOMETHI C
YMEPEHHBIMU CKOPOCTSIMH. BBUIO 1OJCYMTaHO, HANpUMEp, YTO IJsd OOBSACHEHMs HAOIIOJABIIMXCS B
1933 u 1946 rr. noxaeit J{pakoHus 10cTaTOYHO, YTOOBI METEOPHBIE YaCTHIIBI BEIOPACHIBAIUCH U3 sApa
KOMETBl €O CKOpocTAMH mopsaka 14-20 wm/c. YacTHIpl 3TH pacroiararorcs JOBOJIBHO TOYHO B
IUIOCKOCTH KOMETHOH OpOUTBI, MHA4ye NPOAOJDKUTENBHOCTh METEOPHOro JOXKIsA Obula Obl MHOIO
6ousbie. Ckopoctu BeiOpoca B 10 M/c 1ocTaTouHO, YTOOBI METEOPHBIE YACTUI[BI PACTSAHYJIHCH 3a 160
JeT 1o Manoi opoure, kak opoura I'emunun, u 3a 1100 et mo GoubmIoi OpOUTE, TaKOH, KaK y KOMETHI
Tannes.

KoHeuHO, MeTeopHBbIi pOH, CYLIECTBYIOUMH OTJAEIbHO OT KOMETBHI, IIO/IBEPraeTcsi HHbIM
IUIAHETHBIM BO3MYIIEHHUSIM, €M CaMa KOMETa, H BBUIY MEHbIIEH TOYHOCTH METEOPHOU OpOUTHI yUecTh
BO3MYIICHUSI TPYJHO. BOT moueMy cOBEpHICHHO HENpeABHIECHHBIM 00pPa3oM OTHENIbHBIC METCOPHBIC
TIOTOKH U CTYIIEHUS B HAX TO CONMKAIOTCS, TO YAALIIOTCS oT 3emin. TakoB, HanpuMep, HeCOBIBIIMHCS
nox b Jleonnn B 1899 r., KOTOPBIH HE COCTOSIICS, BONPEKU OxXUAaHUAM. OH MPEnosaraics TakKuM e
3¢ dekTuBHbIM, Kak B 1866, 1833 n 1799 rr. 3TOT NOTOK BHOBB IPOSBHI ce0s1 JOxkIeM B 1966 T.

B KoHeYHOM cueTe, TPaBHTAIMOHHBIC H UHBIC BO3MYIICHUS NIPEBPAINAIOT KOMETY B METEOPHBIi
MIOTOK, @ IIOTOK CTAHOBHTCS CO BpeMeHeM Bce Ooliee 1 Goliee paccessHHBIM B IIPOCTPAHCTBE.

Hcrounuku:

I1.1.bakynus, 9.B.Kononosuy, B.1.Mopo3 «Kypc o0weit actponomun», M., Hayka, 1983,
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J1.51.MaprsiHOB «Kype obmeit acrpodusukm», M., Hayka, 1988.

BOITPOC Ne50: Kak BO3HUKAIOT 3eMIeTpsiceHUs?

OTBET: CeiicMUYHOCTB, T.€. CIIOCOOHOCTb KOCMHMYECKOIO Telia MOCPEACTBOM 3eMJIETPSCEHHS
(IyHOTpSICeHHSI M T.OL) «pa3psDKaThCs» M «cOPachIBaThy» HAKOIUIGHHYIO YIPYTYIO OSHEPruio, II0-
BUIVIMOMY, OOIlee CBOMCTBO I IUIAHET 3eMHOW TIPYIIBI M OONBIIMX CIyTHHKOB. OJHAKO, ecii
00paTUTBCs K KapTe 3eMIETPSICeHHH, BUTHO, YTO €CIM 3TO U OOIE3eMHOE CBOWMCTBO, TO MPOSBISLETCS
OHO JaJieko He paBHOMEpHO Ha 3emie. Ha Hameil miaHere CEMCMHYHOCTD MPOSBISIETCS HE
TIOBCEMECTHO, a COCPEI0TOUCHA B OCHOBHOM B OKPECTHOCTH THXOr0 OKeaHa U CYIIECTBEHHO MEHBIIE B
HECKOJIBKHX JPYTHX BBIIEJICHHBIX pailOHaX, KaKk Ha KOHTHHEHTAX, TaKk U B okeaHax. OOBIYHO 3TO MO0
ocnabneHHble, 1100 Haubosiee HAMpPSDKEHHBIC 30HBI TUTOChEpBI. [ TyOHHBI 3eMJICTPSCCHHI BapbUPYIOT
oT 5 10 700 kM.

V3BecTeH psi KOppeISIIUM, CBA3BIBAIOIIMX CEHCMUYHOCTE C MapaMeTpaMH 3eMIIH: BBICOTOMH
Teonsia, CKOPOCTBIO BpalleHUsl 3eMJIM, MarHUTHBIM I10JIeM U T.A. PaccMartpuBaTh celicMHYHOCTD 3eMIIH
MOHO TOJIBKO BMECTE C €€ MOJIE/IbI0 00pa30BaHMUs, BOJIIOIIMU U BHYTPEHHEro ycrpoiicTBa. HayuHble
OCHOBBI CEHCMOJIOTHMH, KaK Hayku O (H3MKe 3eMICTPSCEHHH, OBLIM 3aJ0XKEHBI IIOCIEe TOro, Kak
Y.®.PuxTepoM Ui CpaBHEHHS OZHOTO 3eMIIECTPSCEHHUS ¢ APYTUM ObLIa MpeIosKeHa IIKana MarHUTY.
(Marnutyna —  OoTHocuTenbHas BenuuuHa.) lllkama onpenenser craHIapTHOE 3eMIIETPSICEHHME U
OLICHHBAET JAPYyrue 3eMICTPSCEHHS MO X MAKCHMAIbHBIM aMIUIUTYIaM OTHOCHUTENIBHO 3TOTO CTaH-
JapTHOTO MacIITada NPy HASHTHYHBIX YCIOBUSIX HAOTIONCHUS.

MarnuTyna 3emsierpsicenuss M o onpenenenuto Puxrepa:

M=Ig[A/A(],
rae Ag ¥ A — MakCHMaJIbHbIE aMILTUTY/BI 3allICH Ha OIpeelIeHHOM celicMorpade Ul CTaHIapTHOTO U
H3MepseMOro COOBITHS COOTBETCTBEHHO. MarHuTya CBsi3aHa C dHepruei 3emiierpsiceHus. V3smenenune
MAarHuTy/ibl Ha €MHUILY SKBUBAJICHTHO MOBBIMIECHUIO (IOHWKEHHIO) SHEPTHHU 3eMJIETpsICeHUs B 32 pasa.
K npumepy, Marautya M = 8,0 cootserctByer E = 6,3-10% apr; M = 7,0; E = 2,0-10% apr u T.1.

I'yrenOepr u Puxrep ycTaHOBWINM 3aKOH IIOBTOPSIEMOCTH 3eMIeTpsiceHHd. Yucno Menko-

¢doxycubix 3emnerpsicenuii (h<50kM) B roJ] 3aBUCHT OT MarHUTY/Ibl B COOTBETCTBHU ¢ HOPMYIIOit

g AN = -0,48+0,90(8-M) ,
rae AN — uucno 3emuerpsceHuit B roj B uHtepasie AM = 0,1M. CMbICII 3aKOHa MOBTOPSIEMOCTH
3eMJICTPSICEHUIT COCTOMT B TOM, YTO 3EMIICTPSCCHUS C BBICOKOW SHEpPruell NpoHCXOoIAT Ha 3emiie
CPaBHHTENBHO PEIKO, ¢ MEHbIIEeH — yaie, ¢ elle MeHblleil — eme yame. CpemHsis roJoBas SHEprHs
3eMJICTPSICEHUH, B LIEJIOM 110 3eMiie, IPUXOIUTCS B OCHOBHOM Ha 3eMJIETPSICEHHs] C MarHUTy0i Oosee
7.

OnuH U3 BaKHEHIINX BOIPOCOB CEHCMOJIOTUH 3aKJIIOYAaeTCsl B BBIICHEHHHU IIPUPOABI MEXaHU3Ma
3eMIIeTPSICeHNS, T.€. (PM3UKH IPOLECCOB B ero ovare. HecMoTpsi Ha TO, YTO 3TOT BOIPOC CTOMT IEpex
HCCIIE/IOBATENsIMU HE OJIMH JIECSTOK JI€T, COBPEMEHHBIE NIPE/ICTaBICHUs 0a3upyIOTCs, TEM HE MeHee, Ha
unesix, 3anoxenusix 80 et Hazan k. Peiaom.

CyTb Teopuu Peiina coCTOUT B HAKOILUICHHH YIIPYTHX Ae(opMaluii Ipu MOCTEIIeHHOM HapacTaHHU
nepeMelleHys OJI0KOB, 00pa30BaHUY Pa3phBa M PE3KOTO CMEIICHUS] CTOPOH pa3phiBa B MOJIOXKEHHUE, B
KOTOPOM OTCYTCTBYIOT ynpyrue aedopmanun. Pa3psis, TpelnHa, COOCTBEHHO O4Yar 3eMJICTPSICEHHU, 110
Peiiny, MoryT OO BBIXOAUTH Ha IOBEPXHOCTh — M TOTZA MBI HAOIIOJAaeM CHIBHOE 3eMIETPSCEHHE,
100 HaXOJUThCA I0J1 HEH — BO BCeX ciydasx cialdblX 3emierpsceHuid. HecMoTps Ha HEOJJHOKpaTHbIE
TONBITKM KPUTHKM JTHX IIOJOKCHHH, APyrHe H3BECTHbIE MOJENH Ovara 3eMICTPSCEHHs HeNaleKo
"ymum" ot Mozenu Peiina, HUYero NpUHIUIIHAIBGHO HOBOIO B MOJENH OYara 3eMJICTPSCEHHS TaK H HE
OBLII0 c/IeTaHo.

Bo3HuKaeT ecTeCTBEHHBIH BONPOC: BO3MOXHO, TeopHus Peiijia MOJHOCTBIO YJOBJIETBOPSET
CYIIECTBYIONIYIO CEHCMOJIOTHYECKYI0 NMPaKTUKy U He HaXOAUT mpoTHBopeunsa’? B nelicTBuTensHOCTH
9TO coBceM He Tak. Paccmorpum Bozpaxenus ®.CreiicH, 00CyKIaIONMIEro 0JHO U3 MOJIIOKEHUH TEOPUH

37



Peiina: HanmpspKeHHsT HA pa3ioMe JIMHEHHO PacTyT CO BPEMEHEM U 3eMIICTPSCEHHE HPOUCXOIHUT TOTAA,
KOIJla JJOCTUTaeTcsi ompejesieHHblil npenen. Eciu npussath, paccyxnaer Creiicu, MHTEpBal BPEMEHU
MEXIy 3eMlleTpsiceHUsIMH paBHBIM 100 romam, mpenen HampsHKEeHUs Mepef 3eMICTPSACEHHEM HopsiaKa
107 mum/cM?, TO TIOMydYaeTcs CKOpOCTh pocTa Hampsvkerws 3-107 mun/ (cM?-c), uto B 1000 pas MeHbIe
CKOPOCTH W3MEHEHHs] HANpSDKEHWIl TIPH JTyHHBIX NPHINBAX B 3eMHO# kope 7 mmu/ (cm’-c). Torna,
Ka3aJ10Ch OBl, TyHHBIH IPIIMB JOJDKEH aOCOTIOTHO YETKO IPOSIBIATHECS B MEPHOJUIHOCTH IOSBICHUS
3eMJIETPSICEHNH, Yero B ACHCTBUTEIBHOCTH He HaOIF0JaeTCsL.

Takum oOpasom, QaxTuueckuii Martepuad He JOIYCKaeT OJHO3HAYHOTO  TOJKOBAHMS
HaOMIOJaeMbIX SBIEHMIl. [MIOTEe3bl, OMMCHIBAIOIIME OYar 3eMICTPSICEHHs, CBS3BIBAIOT MH3ITydeHUE
YIIPYTHX BOIH C OBICTPOI pa3rpy3Koi BCIIEICTBHE Pa3pyIICHUS TBEPAOTO Tela B oUare.

OOpaTtuM BHHMaHHE Ha CIEAYIOIHEe OOLICNPHU3HAHHBIE ITOJOXKEHHs. Bo-nepBhIX, celicMuueckas
JHEPrus 4YepHaeTcsl 3a CyeT M3MEHEHMs YNPYroil SHepruu capura B odare. Bo-BTopeiX, ouar
3eMIIETPSICEHHs JOCTATOYHO JIOKATH30BaH, U DHEPIUsl U3Iy4aeMbIX BOJIH NPONOPIHMOHANBHA 00BeMy
ouara. (HexoTopoe pa3nuupe BeMHYMH HAKOIUICHHOH SHEPTHM B eIUHHIE oObeMa Ul PasHBIX IO
IIyOUHE ¥ MPOTSHDKCHHOCTH OYaroB HE MMEIOT NMPUHIMIIMATIBHOTO 3HAUYEHHs, YYUTBIBAs OTPOMHBII
JMana3oH W3MEHEHHWs OJHEPruil 3eMIIeTpACeHUH.) B-TpeTbuX, NOBTOPSIEMOCTh 3EeMIIECTPSICEHUI
CBHETENIBCTBYET 00 YCTaHOBHUBIIEMCS HJIM KBa3HyCTaHOBUBIIEMCS Iporiecce AehopMUPOBAHUA.

Wcrounukn:

JI.B.Tapacos «®wusuka B npupoae», M., [Ipocsemenue, 1988, rnasa 17,
B.H.Poxuonos, 1.A.Cu3os, B.M.LisetkoB «OcHOBbI reomexanuku», M., Henpa, 1986,
B.B.Ky3HenoB «®u3uka 3eMHBIX KaTacTpopuyeckux spiaeHuid», HoBocubupcek, «Haykay, 1992.

BOITPOC NeS1: Ectb 11 y BeesleHHOI kpaii?

OTBET: OrtBer Ha BOIpOC 3aBUCHUT OT TOTO, YTO Ha3bIBaTh KpaeMm BceneHHOW (3TO clI0BO
MPUHATO MUCATh C 3arJIaBHON OYKBBI).

Bceenennas n160 3aMKHyTa (TpeXMepHOE MM0J00ME MBUIBHOTO My3bIps) — TOTJa y Hee Kpas HeT,
160 GecKkoHeYHa, ¥ TOrAa Kpast Toxe HeT. OHAaKO B HEKOTOPBIX KOCMOJIOTHYECKHX MOJCISX HMEeTCsI
TaK Ha3bIBAEMBIIl TOPH30HT. JTO IOBEPXHOCTb, HM3-3a KOTOPOH HaOJIOJAaTeNnb HE MOXET IIOIydYHTh
HHMKaKHX CHrHaJoB. OIHAKO TOPH3OHT He SIBIETCs (PH3NUECKHM KpaeM BceelleHHOM, a MpOCTpaHCTBO Ha
TOPHU30HTE YCTPOGHO TaK jke, KaKk U B TOM MecTe, IJie HaxoauTcst Habmonarens. C Opyroi CTOPOHBL, B
HACTOsIIee BpeMs ¢ IIOMOIIBbIO BHeaTMoc(epHoro Teneckoma "Xab6n" u paguountepdepoMerpa co
CBEPXUIMHHOH 0a30ii (IIpUEeMHUKH U3IIy4eHNs pa3HeceHbI Ha paccrosiaue 8000 kM) aCTPOHOMBI HMEIOT
BO3MOXKHOCTb HaOJIOAATh OOBEKTHI, yAaJCHHBIE OT HAc Ha 15 MWUIMApAOB CBETOBHIX JeT. Ecim
obuienpuHATas ceifuac rumoTe3a Bompmoro B3pbIBa BepHA, a IO Pa3IMYHBIM OLEHKAM 3TO COOBITHE
npounsomuio 10-20 MmwuMapaoB JieT Ha3ax (MHOTHE acTPOHOMBI CUHTAIOT, YTO 3TO CIydwiIocs 17
MIJUIHAPOB JIET Ha3al), TO M3 NPHBEICHHBIX (P BHIHO, KaK OIM3KO K Havainy BeeneHHo# mogouum
ACTPOHOMBI-HAOIIOJATEIH.

IMocne bonpmoro B3peIBa, B pe3ybTaTe KOTOPOro obpasosanach Hala BeenenHas, eme MIJUIHOH
JeT oOpa3oBaBIIeecss BEIIECTBO OBUIO HENPO3pavyHO Ui W3IydeHus. Iloxoke, 9TO C IOMOIIBIO
9JIEKTPOMATHUTHBIX BOJH Mbl, B INPHHIUIE, HE Y3HAEM, YTO ObUIO B 3TOT NEPBBIH MHIIMOH JeT. M3
aHAIIM3a PEIMKTOBOTO H3TydeHHUs, OCTaBIIerocs mnocie bompioro B3peiBa clieqyeT, 4TO BHAYANE KU3HU
Haiell BeeneHHO#M BelecTBO Bo BeenieHHO# ObLIO pacripeieneHo paBHOMEpHO. Pa3nyuHble ralaKTHKU
BO3HUKIJIM 3HAUHTENIHHO MO3KE.

Ecnu 3a kxpaii BeceneHHOI npyUHUMATh paccTOSHUE, C KOTOPOTO Mbl B IIPUHIIUIIE MOXKEM IT1OJY4UTh
uHpOpMaLHIo, TO 0E3yCIOBHO, TAKOH Kpail €CTh U COBPEMEHHBIE METO/IbI HAOMIOAECHHS COBCEM OIIM3KO K
HEMY N0J00paInCh.

Jlureparypa:

"®usuka kocmMoca" (ManeHbKas SHIHKIIoNneaus), M., 1986,
C.MurttoHn, XKX.Mutton "Actpornomus", M., 1995.
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Bopobwves I1.B.

BOIIPOC Ne52: Kakue ceifyac CymeCTBYIOT aHTHBUPYCHbBIE MPOrPaMMbl (U1l KOMIIBIOTEPOB) 1
YeM OHH OTIMYAIOTCS OT MPEKHUX Iporpamm?

OTBET: Uro0bl NOHATH, Kakue ceifyac CyIIecTBYIOT aHTHBHPYCHBIE IIPOTpaMMBIL, JUIS Hadana
clieyeT NOHATb, KaKie N3MEHEHHUS IIPOM30LLIN B TEXHOJIOTHH HAIVICAHVSI BUPYCOB.

B Havane BOHHKIN KOMIBIOTEPHI, K BUPYCOB HEe OBLIO, U ObLT pait Ha 3emie. BriepBbie BUpyC ObUI
HAMHCaH HCKIIOYUTENbHO M3 JKeIaHMS II0Ka3aTh, YTO HA KOMIBIOTEPE MOXKHO CO3aTh HPOTPaMMy,
KoTopast OyzeT ceOst BOCIPOM3BOAUTE. [1epBhlii BUpyc OBLI HAIHCAH IPOrPAMMHUCTOM IPO(ECCHOHAIOM
Ha kommboTepe PDP-11 (B Hamie#l cTpaHe BBITYCKAJICS aHAJIOT 3TOM MalMHbI, n3BecTHbIH Kak JIBK)
nox cucremoit RSX-11 (mpoo6pa3 onepanonHoii cuctemsl Unix).

C nosiBnenneM Dos Hauaincs OypHbI pOCT 4uCla Pa3IMYHBIX Bepcuil BUpycoB. [lepBbie BUPYCHI,
KaK IPaBHIIO, Pa3MHOXKAIHCh CIEYIOMNM 00pa3oM: IPH 3aIlyCcKe 3apaXKeHHOIl IpOrpaMMBbI BUPYC Opai
Ha ce0s ymnpaBlieHHe, 3apa)kaJl HCIOJNHseMble (aiiibl, a 3aTeM BO3Bpallayl YIpPaBICHHE HPOrPaMMBL.
IlomoGHBle BHpPYCHI JIETKO OTHICKMBAJIMCh IO CHTHAaTtypaMm (Kycodukam OHHApHOro  Kona
COOTBETCTBYIOIHX 3TOMYy THIy BHpyca). C NmOZOOHBIMH BHPYCaMH JIETKO CIIPABIIUICS W3BECTHBIM
Aidstest (aBrop Jlosunckumii, 1984). Ha naHHEIII MOMEHT PYCCKHil JeIylIKa BCEX aHTHBHPYCOB
0e3HaIeKHO ycTaperl.

TexHonorusi, B TOM 4ucje U TEXHOJIOTHsSI IPOM3BOJICTBA BUPYCOB He cToUT Ha Mecte. IlosBuiuch
Stelth (HeBuAMMBIE) pPE3UIEHTHBIE BUPYCHI, KOTOPbIE OCTABAIUCH B IaMSTH I10CIE HCIIOIHEHUS
pOrpaMMBl  JOHOpA U IepeXBaThIBAIM OOpamleHus K JUCKY aHTHBHPYCHBIX IPOrPaMM, KOTOpBIE
MBITATHCH IPOCMOTPETH KOJ 3apa)KCHHOIl MPOrpaMMBbl M IIOJICOBEIBAJIM BMECTO 3apa)KEHHOTO yJacTKa
nporpamMmbl ko 0e3 Bupyca. Ho cuia momoOHBIX BHPYCOB OKasanach M HX CJIAabOCTBIO: CTOMIIO
MIPOCMOTPETH MPOrPaMMy C HCIOJIb30BAaHHEM CTaHIAPTHHIX (yHKIHN Dos (KOTOpBIH KOHTPOIUPYETCs
BHPYCOM) U HaIpsMYIO 4epe3 JKele30, i CPaBHUTh pe3yIbTaThl, To M00oi Stelth Bupyc Oyzmer 3amedeH.
Brepsere B npenenax XUSSR momoOHBIA anroput™ ckaHupoBaHus Stelth BHpycoB ObLI IpHUMEHEH B
nporpamme Adinf (Juamor Hayka). Ha naHHBI MOMEHT BCe aHTHBHPYCHbBIE HNPOAYKTHI BKIIOYAIOT B
cebs MoJoOHbII CKaHep Ha CiTydail 3apa)KeHus] KOMIIBIOTep BUPYCOB HEBHAUMOK.

Crenmyrommili CKa4oK BHPYCHBIX TEXHOIOTHH He 3acTaBWI ce0s MONro JKAaTh: MHOSBUIINCH
noauMopGHbie (IIOCTOSHHO MEHSIOIINEC) BHUPYCHI — BHPYCBI, KOTOpbIE HPH PacCHpOCTPaHEHHH
MOJHOCTBIO MEHSIM IIOCNIEIOBATEIbHOCTh KOMAaHA B CBOEGM Telle, BCTABIUIH IyCThle KOMAaHIBI,
mudpoBanuck U T.J0. [lBe KONMH OJHOTO U TOTO K€ BHpPYCAa Pa3IUdYalIUCh B KaKJIoM OaiiTe Kopa.
OCO0EHHO PacnpOCTpaHEHUE MOJUMOP(UKH TMOJYUHIH IOCNIE TOrO, Kak OAWH Oosrapckuit YepHblit
Mcrutens (y 4YenoBeka sBHO ObUIM HPOOIEMbl B JMYHOH JKMU3HM) BBIACTWI KOJA MIHM(POBIIHMKA B
OTZAENBHBI O0BEKTHBIH MOIYINb U pacnpoctpanui no cetu FidoNet, Tenepp Kakaplii MOT IIPEBPaTUTh
CBOH IPOCTEHBKUII BUPYC B rpo3HbIH monmuMopduk. OTBeTOM Ha MOJOOHBIE U3BICKU CTANl AHAIU3ATOP
KOJa IIPOrpaMMbl (3BPUCTHYECKHI aHANIM3aTop), KOTOPBI HCKal B INIpOrpaMMe BHPYCONOROOHBIE
komanzsl. Kakoe-to Bpemsi nuaepoM B oToi obmactu 6bu1 DrWeb ([uanor Hayka), ceituac ota
BO3MOXKHOCTb €CThb IIPAKTUYECKHU B KaXKIOM aHTUBHUPYCHOM IPOTYKTE.

Ipu yBenumdeHnH OBICTPOJEHCTBHS KOMIIBIOTEPOB HOSBUIACH BO3MOXKHOCTD JePXKATh aHTUBHPYCHI
MIOCTOSIHHO 3aIlyIICHHBIMH. B TakoM COCTOSHUM aHTHBHpPYC CKaHHpPYeT BCE 3allycKaeMble (ailibl 1
KOHTPOJIUPYET JIOCTYII K AUCKY U B CiIydyae MOIBITKH 3apakeHus rnojaer curuai (nporpamma AVPM —
naboparopust Kacmepckoro). OTH IporpaMMbl JOBOJIBHO CHIBHO 3aMEINIAIOT OBICTpoJeiicTBHE U MOKa
JIOBOJIBHO HecTabmiIbHbl. Celfuac Mbl CTOUM Ha IOPOTe HOBO BUPYCHOM PEBONIOLUH — BCE YaIlEe CTAIH
MOSIBJIATBCS BUPYCHI, KOTOPBIE OCBaUBAIOT 32pa3psIHOCTh onepanuoHHbIX cucreM Windows95, 98, NT
— ujeanbHas cpena OOMTaHHs ULl BHPYCOB.

OnHUM M3 BaXHBIX (JAKTOPOB MOSBICHHUS HOBBIX BHPYCOB SBISICTCS, KaK HE CTPaHHO,
HEJIAVIbHOBH/IHAS NOJUTHKA (UPM NPOU3BOAALIMX IporpammHoe obecnedenue. I[Iporpamma Word
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crana B Poccuy ofHMM M3 OCHOBHBIX MHCTPYMEHTOB Habopa TekcTtoB. OOMeH mH(opMamueil MexIy
JIOBMHM M OpPraHu3alsaMu npousBogutcs B ¢popmare Word. B ¢opmar TexkcroBoro ¢aiina Obuia
Jo0aBIeHa BO3MOXKHOCTb BCTAaBIATH HPOTPaMMbl M IIepeaBaTh MM YIpPaBICHHE IIPH OTKPBITHH
nokymeHra. Ha cerogusmzuit MomeHT Word Macro BHpPYCHI COCTaBISIIOT CaMblii  OypHO
pa3BHUBarOIIUiicss KJIacCc BHPYCOB. TaM ecTb CBOM NONUMOP(HKH, BHPYCHI, KOTOpBIE HEeCyT B cebe
OuHApHBIN KOX OOBIYHBIX (HalJIOBBIX BUPYCOB U T.1. U T.I. To ke camoe ceifuac mpoucxoaur ¢ WWW:
nporpamma Internet Explorer wmoxker mnpu npocmorpe WWW cTpaHndek BBINOJHATH CLEHApHH,
HamucaHHble Ha  Visual Basic. Kak Bam cTpaHWuka, IpH 3axole Ha KOTOPYIO KOMIIBIOTEp
nepesarpyxaerca? EIUHCTBEHHBIH croco® H30exaTh HPoOOIeM OSTO IepecTaTh II0JIb30BATHCS
HOJOOHBIMH TIPOrpaMMaMH, KOTOPBIE, 110 CYTH, SBISIOTCS MOy (haObpHKaTaMH.

HaubGonee usBectHsie B mpepenax xUSSR antuBupycHsie nponyktsl 3o AVP (JlaGoparopus
Kacnepckoro), DrWeb u Adinf ([uanor Hayka). CymecTBYIOT HHOCTPAaHHBIC aHTHBUPYCHBIE MAKEThI
Dr. Solomon, F-prot, Noroton Antivirus. [To cBouM BO3MOXHOCTSIM OHH KapJMHAJIBHO HE Pa3InvaroTCsl.

Kak 310 He OaHaJILHO OCHOBHBIM 0apbepoM MEKAy BHUPYCOM M HCIIOPYEHHBIMH JIAHHBIMU
sBisieTech Bbl. CllelyeT OrpaHM4MTh JOCTYIl HENPOBEPEHHBIX Nporpamm u daitnoB Word/Exel/Access
Ha CBOH KowmmbloTep. Hukorma He 3amyckaiiTe mporpaMMbl M He OTKpbIBaldTe (aitmer Word
HEHM3BECTHOT'O COJEPIKAHMS, 3TO MPEeIyNPEeXACHAE TOro XKe Kacca, YTO ¥ MOWTE PYKH Iepel 00exoM.
Jlaxke eciy BHPYC 3aBeJics Ha Balllel MalliHe 3To He ¢aTansHo. OCHOBHAS LIEHHOCTb Ha KOMIIBIOTEPE —
JaHHBIE CO3JaHHBIE BaMH. [IporpaMMBl MOXKHO HEpPECTaBUTh — JIaHHbIE BOCCTAHOBHUTH HEJB3S.
TlosToMy nepuoauyYecKy COXpaHsiTe TEKCThI, HAOpaHHbIE Balllel pyKoi rae-1ubo ele, KpoMe Ballero
KOMIIBIOTEpa (Harpumep, Ha TUCKETKE).

OueHb HHTEpECHA CHTYAIHS ¢ AaHTHBUPYCAMH JUIS OLIEPAIIMOHHOM cHCTeMB! Linux, koTopast ceifdac
O4eHb OypHO pa3BHBAeTCsl M HAXOAUT HOBHIX Hociemosareneld. B Hacrosmmit MomeHnT it Linux Her
HU OHOI'O autuBHpyca. ITO MPOUCXOJMUT 0 TOW MPUYHHE, YTO B ITOH cucTeMe (Kak U B JIF00Oi
UNIX nonoGHo cucteme) mis pa3BUTHs (IOA Pa3sBUTHEM IIOHMMAETCS DPACIPOCTPAHEHHE KON
caMoro cebs Ha Jpyrhe MAIIUHBI) BHPYCOB IIPAaKTHYSCKH HET HHUKAKUX BO3MOxHOCTeid. Ha
CETOJHAIIHMA MOMEHT CYLIECTBYeT TOJBKO OAMH BHpyc Juisi Linux-Bliss (cymecrByror nBe
Moaudukauy 3toro Bupyca). OH ObUI HamMCaH C LENbIO MOKa3aTh, YTO Ha Linux MOXHO Taku
Hamucath Bupyc. HecMotps Ha To, uTo Bliss mpu akTHBH3aIMU MOXKET 3apa)kaThb UCHOIHsAEMbIe (aliiIbl,
OH HE MOJXKeT IIONOPTHTh JaHHBIC APYTHX IHOJb30BaTeNleH, cucTeMHbIe (aifabl u TeM Ooliee 3apa3uTh
(aiiel Ha JPYTUX MalldHAX, €CIM TOJBKO 3TO HE CHeNaTh YMBIIUICHHO, Y4TO HE TaK-TO IPOCTO
peau30BaTh.

IMonpo6HyI0 HH(pOPMALHUIO O BUPYCAX U AaHTUBUPYCAX CIETyeT HCKAaTh Yyepe3 IOHCKOBBIE CEpPBEPHI
Ha WWW, takue kak www.rambler.ru, www.altavista.digital.com, www.yahoo.com

Banoun E.M.

BOIIPOC Ne53: IIpaBzaa i, 4TO y4eHbIE BBIIBHHYJIM I'MIOTE3Y (OCHOBAaHHYIO Ha HAOJIIO/ICHUSX),
YTO BCEJICHHAs! PACIIUPSETCs C YCKOPEHHEM — 3HA4uT, eCTh BHEIIHSS CHJIA, KOTOpas <pacTacKUBaeT
BCEJICHHY10>!

OTBET: Bce KOCMOJIOTHYECKHE MOJIENM COAEPXKAT TaK Ha3bIBAEMbIH apaMeTp 3aMeIJICHUs.

Jleno B TOM, 4TO M3 HaOJIOJCHWI HM3BECTHO, 4TO Hama BcenenHas pacimpsiercs. [Ipuyem, uem
Janpllie OT HAc rajakTHKa WM KBa3ap, TeM ObICTpee OHH OT Hac yberaioT. TeMIm 3TOro pacIIMpeHust
3aBHCUT OT BpeMeHH. OIHaKo yckopeHue (WM 3aMeieHHe) paciupeHust BceneHHoil He TpeOyer
NPUBJICYEHUS] BHEIIHUX CHJI. 3aMEJIEHUE PACIIMPEHUs BCEJIEHHOH MOXET ObITh NPOCTO 00YCIIOBIEHO
B3alMHBIM IPHUTSDKEHHEM BellecTBa BceneHHOH miaM cBoiicTBaMu BaKyyMa (KOTOpBIE ONHMCBHIBAIOTCS,
TaK Ha3bIBae€MBIM, JIIMOa-1JIEHOM B yPaBHEHUSIX O0IIeH TEOPHUH OTHOCUTENIBHOCTH DHHINTEHHA).

B sro60oM cirydyae BHEIIHHX cuil He TpeOyercs. [logpoOHee B KHUTAX:
Co6opuuk crareii «[Ipouutoe u 6yaymee Beenennoitn, M., Hayka, 1986,
1.J1.HoBukos «Kak B3opBanack Becenennas», bubnuoreuka «KBanrty, Beimyck 68, M., Hayka, 1988,
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C.XoxkuHr «OT 60JIBIIOT0 B3pbIBa 10 YEPHBIX AbIP», M., Mup, 1990.
Bopoobves I1.B.

BOITPOC Ne54: Ha xakoif MUHUMAITBHO IIIPOTE MOXKHO HAOTIOAATH MONSPHEIE CHSHUS?

OTBET: IlonsipHble cusiHUS HAONIOAAIOTCS, KaK MpaBuio, Ha BbicoTax oT 100 mo 1000 kM ot
noBepxHocTH 3emun. HamGonee wacTo OHM BHAHBI B JBYX KOJIBLIEBEIX 30HAX, OKPY)KAaIOIUX o00a
noyoca 3emiid. B HouHble uyachl MOJSPHBIE CHAHMS TOSBISIIOTCS B 3€HHUTE, IIaBHBIM 00pasoM, Ha
TEOMArHATHBIX IIMPOTAX, OTCTOSMIMX OT TE€OMArHUTHOTO IONIOca 3eMiId NpHONM3HTENbHO Ha 23
rpajyca U Ha3bIBaeMbIX 30HAMH IIOISIPHBIX CHSHHUIL.

B Hamrem nosymmapuu 10)kKHee BBIIIEYKa3aHHOH 30HBI IIOJISPHBIC CHSHHUS TOXKE OBIBAIOT BUIHBI, HO
HE B 3CHUTE, a B CEBEPHOI1 4yacTH Heba.

VIHTeHCUBHBIEC NONISIPHBIC CHSHUS MOSBIIOTCS B CBSA3H C MOIIHBIMH XPOMOC(HEPHBIMU BCIBIIIKAMI
Ha ConHIe, IPUBOASIIMME K HapyIIEHHIO HOPMAJIBHOIO COCTOSHUS HOHOC(EPH! 3eMIIH U IOSIBICHUIO
MaruTHeIX Oypb. IIpu Hambonee CHIIBHBIX MAarHUTHBIX OYpsIX IOJSIPHBIE CHSHHSI PETHCTPUPYIOTCS
Jlake Ha skBarope (mmpora pasHa 0). Ha mmpore HoBocuOupcka nossipHble CHSAHHS HE TaK YK U PEAKH.
Onu HaOJIIOAIOTCSL B CEBEPHOM 4YacTh Heda, dYallle BCEro, Kak CBETOBBIE CTOJIObI Pa3sHOM SPKOCTH.
ITockonbKy HHTEHCHUBHOCTh H3JIy4eHUS YACTHI] Ha CPEJHHX MIMPOTaX Mala, TO MBI HE MOXEeM
HEBOOPYKCHHBIM I'7Ia30M YBUJIETh [IBET HOJSIPHOTO CHSHUS ¥ BCE €T0 IIEPEIIHBEL.

WHCTpyKUHMIO 1O HAaOMIOJACHUIO TOJSAPHBIX CHAHHA MOXHO HaiTH B «ACTPOHOMHYECKOM
KajieHape» (IOCTOSIHHAS 4acTh).

Kupuuenxo H.A.

BOIIPOC NeSS: 3amaua mpo Oak.. Moxuo mum e€ pemmrts Tak: Ilycts P — mpomyckmas
criocobHocTh 1-0#f TpyOBl, a P, — npyroit B JI/mun. Emkocts Gaka Torma 6yner 8P. Ho 12P, — Toxe
€MKOCTB TOT0 ke 0aka, mostomy 8P = 12P,. Otcrona nonyunm P = 12P,/8 = 1,5P,. [TycTb X — Bpems, 3a
KOTOpOE€ HaroJHuThCs Oak, Torma XxP—xP,=12P,. Ecniu P = 1,5P,, To 1,5%xP,—xP, =12P;
1,5xP,—xP,—12P, = 0; 0,5xP,—12P, = 0; P»(0,5x—12) = 0; P,= 0 uiu 0,5x—12 = 0; Ho P, He pasno 0; 0,5x
=12; x=12/0,5, x = 24 muH. Yt0 BBI ymaere?..

OTBET: Hanomuum ycioBue 3amaun: «Uepes TpyOy HaBepxXy Oaka OH 3arojHSETCS 3a 8 MHH.
Yepes npyryio TpyOy BHH3y Oaka OH IOJHOCTBIO OMOPOXHsETCs 32 12 MHH. 3a CKOJBKO BPEMEHH
3aIIOJHUTCS ITYCTOM 0aK, €CII OTKPHITH 00€ TPYObI OTHOBPEMEHHO?»

Ilpu BbITeKaHMU dYepe3 2-yiI0 TpyOy CKOPOCTh BBITEKAIOIIEH MXHUAKOCTU MEHseTcs, T.K. OHa
BEITEKAeT IIPU NEPEMEHHOM Harope CToJI0a XXUAKOCTU. M3BECTHO, YTO NPU 3TOM CKOPOCTH YPOBHS
JKHAKOCTU B Oake JMHEHHO MEHSETCs ¢ TedyeHHeM BpeMeHH (puc.l). DTo 3HAYMT, YTO BBEJCHHAS MPH
PEIICHNN NPOITYyCKHAsl CIIOCOOHOCTh 2-0i TpyObl P, — cpemHssi IpOIyCKHas CIOCOOHOCTb, KOTOpast
paBHa I10JIOBUHE MaKCHMAaJbHOM.

C npyroil CTOpOHBI, KOrJa OTKPBITBI 00€ TpyObl, YPOBEHb >KHIKOCTH B OaKke I[OBBILIACTCS C
NepEeMEHHBIM YCKopeHHeM (puc.2). JleficTBUTENbHO, TIOKA XKHUJKOCTU B 0aKke Majo, CKOPOCTh BBITEKAHUS
Majla, H OH HaIOJIHAETCS MOYTH paBHOMEPHO. [To Mepe pocTa ypoBHS JKHIKOCTH PacTeT HAIop CTooa,
YBEJIMYHUBAETCSI CKOPOCTH BBITCKAHHMS, U, KaK CIEICTBUE, NAJJaeT CKOPOCTh POCTa YPOBHS XKHUAKOCTU B
6ake. bousbiie Toro, ecnu 6ak oyeHb OOJIBIIOH, TO, HAYMHAS C HEKOTOPOIO YPOBHS KUAKOCTH, €ro
MOBBIIICHHE MPEKPAINAeTCs: CKOIbKO JKHIKOCTH BTEKaeT, CTOIbKO U BhITeKaeT (puc.3). Buagno, uro
CpEIHSIS IPOITYCKHAs CIIOCOOHOCTH 2-0i TpyOBI P,' B 3TOM cilydae He paBHa IIOJIOBHHE MaKCHMAaIbHOU
HPOIYCKHOH CIOCOGHOCTH.
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TakuM 00pa3oM, ypaBHEHHE, ONHUCHIBAIOIIEE 3al0JIHCHUE 0aKa, BBITJLSIIUT CICAYIONMM 00pa3oM:
1,5xP,-xP,'=12P,. Ho cokpatuts ero Ha P, Tenepb He ynacrtcsi.
TIpaBuibHBINA OTBET 3aauu: O0ak BOOOIIE HE CMOXKET 3allOJHUTHLCS, OH Oyzer 3amonHeH Ha 9/16
BBICOTBI.
Llenecm B.U.

BOIIPOC NeS6: Kakoe BIUsSHHE OKa3bIBAIOT PA3IUYHBIC MONS (DIEKTPHYECKOE, MArHUTHOE,
9JICKTPOMArHUTHOE U JIp.) Ha YelloBeKa?

OTBET: OrHocHTEIBHO cnaboe CTaTHISCKOe ISKTPUUECKOe IOJIe Ha YeNIOBeKa, II0-BHINMOMY,
He BIIHsAEeT HUKaK. CTOMT NPOCTO BCIIOMHUTB, YTO BCE MBI )KUBEM B JIEKTPUUECKOM HoJIe 3eMiIu (ToyHee
cucteMsl 3emii-MoHOc(epa), KoTopoe, npuMepHO, paBHO 100 B/m., BOo Bpemst Ipo3sl 3TO Moje
YBEJIMUHUBAETCS B ICCATKH pa3. B CHIBHOM 31€KTpHUecKOM MOJIe MOXKET BOSHHKATh HOHHU3ALMs BO3LyXa,
KOTOpasi, BOOOIIEe TOBOps, BpeIHA IS 3I0POBbS 4YeJIOBeKa. BO3MOXHBI Takke M DIEKTPHYCCKUE
paspsibl (Harpumep, MOJIHUS ) KOTOPbIE MOTYT IIPOCTO YOUTb...

Io moBoxy BO3MEHCTBHS MAarHUTHOTO IOJISA HA OPraHU3M U3BECTHO OYeHb HeMHOro. Cumraercs,
YTO OTHOCHTENHHO CHJIbHBIE MarHUTHBIE IIOJS 3aMETHOrO JEHCTBHS HAa OPraHM3M HE OKAa3bIBaloT.
Iostomy SIMP-tomorpaduss (SIMP — simepHBIi MarHUTHBI PE30HAHC) CUMTACTCS COBEPILICHHO
Oe3BpeqHON. A BeIb MarHHTHOE IIOJ€ B COBPEMEHHBIX ToMmorpadax mocturaer 1-2 Tecma. Oto B
npumepHo 30000 GoJTblire, YeM MarHUTHOE T0Jie 3eMJTH, B KOTOPOM Bce Mbl kuBeM (7-107 Ti).

Co cnabpiMu momsMu cUTyanust cioxkHee. CyIIecTBYIOT 3KCHEPUMEHTHI IO COJEPIKAHUIO
JKMBOTHBIX (MbIIIeH) B '"MarHHUTHOM BakyyMe'. C IOMOIIbIO (pepPOMATHUTHBIX KPAHOB BHEIIHUE
MarHuTHbIE TONS IMOAABILUIACHE mpuMepHo B 1000 pa3. Oxazanoch, 4TO B MarHUTHOM BaKyyMe
HOMyJIANMSA MblIIEH BBIPOXKIAETCS Yepe3 HECKOJIbKO IIOKOJEHMH, M uepe3 HEKOTOpPOoe BpeMs OHU
norubarot. Ilomymsanus, *uByIas B TakoM ke OOkce, HO M3 aMIOMHHHS (KOTODBIH He SKpaHHpPyeT
MAarHUTHOTO ITOJIS 3eMJIH), IPEKPacHO Pa3BHBAIIACh.

CuiibHBIE NIEpeMEHHBIE MarHUTHBIE TOJISI IPEJICTABILIIOT 3HAYUTENIBHYIO OIIACHOCTD JUIS 310POBbS.
Takue mois MHIYUMPYIOT BHXPEBble TOKM B Tejle YelIOBEKa, YTO MOXKET NPHUBECTH K CEphEe3HBIM
OCJIO)KHEHHSIM H 1a’Ke CMEPTH.

UYro kacaeTcsi BEICOKOYACTOTHBIX JJIEKTPOMArHUTHEIX IOJNEH, TO OHHM BEChbMa ONACHBI, TaK Kak
BBI3BIBAIOT JIOKAJIBHBINM MEpErpeB BHYTPEHHUX OpraHos W uacreil tena. Hanpumep, CBY usiydenue c
JUIMHOW BOJNHBI mopsiika 3—10 cm BpeaHo aeiictByer Ha Tiasza. B pesynbrare BoszeiictBus CBY
H3JTydeHns] Ha OpraHW3M BO3MOJXKHBI CEphe3HBIe PAacCTPOICTBA 3[0POBBS U 3HAYUTENHHO BO3pacTaeT
PHCK BO3HHMKHOBEHHS OHKOJIOTHYECKHX 3aboieBaHMil. [103TOMy CyLIECTBYIOT XKECTKHE CaHHTAapHBIE
HOPMBI Ha IpeaenbHbIH ypoBeHb MomHocTH BY m CBY wu3nyueHHs B Pas3iIM4HBIX YaCTOTHBIX
JHama3oHax.

ToxpobuoCTH (C KPUTEPHUAMU TOITYCTUMBIX BO3JICHCTBHIT) CMOTPUTE B KHUTE:

«MarHuTHbIe 10JIs», 0TYeT BeeMupHOIt opranuzanueii 3apaBooxpanenus, M., Menununa,1992.

Bopobves I1.B.
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BOITPOC Ne57: KakoBa ucropus u GpyHKIust TeMHOro satHa Ha Conxue?

OTBET: Temuble nsatHa Ha CoJiHIIE BIIEpBbIE 3aMeueHbl JIPEBHEKUTAWCKUMH acTPOHOMaMH
(ecTecTBEHHO, HEBOOPYXKEHHBIM T1a30M). CoJHEUHble MATHA OBUIM OTKPBITHI C TOSIBICHHEM IEPBBIX
tenieckonoB B Havane X VII B. lleitnepom u [Nammuneem. 1leitnep HaGmonan nsatHa panbiie [anunes, HO
HE TOHSIT HX IIPUPOJBI U HE OIyOIMKOBAl O CBOEM OTKPHITHH. [IpHOPUTET OTKPHITHS IPUHAUICIKHT 10
npaBy ['ammiero. Habmonas 3a nBrmkeHueM IsitHa 1o aucky ConHua, [anmmedl onpenenun nmepuox
BpamieHuss CosHua. Okas3ajnoch, 4TO CKOPOCTb BpalleHus BeuiecTBa CoJIHIIA Ha pasHbIX LIMPOTaxX
pasHasi. ConHIle BpalaeTcst He Kak TBepoe TeNo.

B BO3HMKHOBEHUM TEMHBIX IIITEH HET HUYEro HeoObqHOro. COJHIIE — 3TO OTPOMHBIH OypIIsIuit
"koren" miasMbl. BHyTpu OHO ropsdee, cHapyxu — XxojozaHee. M3-3a 3TOro mepemnajma TemImepatyp
BO3HHUKAIOT KOHBEKIIMOHHBIE IOTOKU — OCTBIBIIME MAacChl HAYT BIIyOb, @ HA MX MECTO HMOJHUMAIOTCS
Gouiee ropsiune. Bee 6bu10 Ob1 XOpOLIO, €Ciii OBl 3TOMY IPOLECCY HE MEIIANIO0 CHIbHOE MarHUTHOE I10J1e
Comnuna. Oxa3pIBaeTCsl, YTO MarHUTHBIE BUXPH MOTYT JOKAIbHO IPHOCTAHOBUTH KOHBEKIHIO, HE JaTh
OCTBIBIIIM MaccaM OIIyCTHThCs. B pesynbrare, sTa oOnacTb Ha COIHEYHOH IOBEPXHOCTH OyneT
XOJIOZHEE OKPYIKAIOIIHX, M IO3TOMY OyJeT BBIIIIIETh TeMHee. DTO U €CTh TEMHOE IISITHO.

ConHeyHoe MATHO — oOyacth (oTocdepbl ¢ MOIIHBIM MAarHHUTHBIM IIOJIEM, M €ro CIOXKHAs
CTpyKTypa 00yCIIOBIICHAa MATHUTOTHAPOIMHAMIYECKUMH d(dekTamu B m1a3Me. B maTHe kpome TeHU U
MOJYTEHH IPOCIEKUBACTCSI TOHKAsl CTPYKTypa, SIBILIOMIASCS, B KOHEYHOM CYETe, BHIOU3MEHEHHOM
cTpykrypoii CoJHIla BHE aKTHBHOM 30HBI. SIpKME TOUKM B TEHHM CBsA3aHbl C rpaHyisuuei CosHua,
MHOTHE CBETOBBIE MOCTHI — C (haKeIaMH.

UYncno mater Ha CoyHIe B pa3Hble rofsl padimyHo. [ xapakrepuctuku aktuBHocTH CoJHIIA
UCIONB3YIOT Yncia Bonbda, yunThiBaromue KOJIM4eCTBO OJMHOYHBIX IISITEH U Iy msaTeH Ha ColtHIe.
Okasanoch, YTO 3TH YHMCIAa MEHSITCA C LMKIOM NpHOIM3UTENbHO 11 JeT, XOTS B 3TOM CTOJETHUH
cpennuii nepuox 6bu1 6mmke x 10 rogam. ITockonbKy MAarHHTHAs MOJISIPHOCT CEBEPHOTO H I0KHOTO
noymapust ColHIA MEHseTCs KaAble OAMHHANNATH JIET, NOJSPHOCTH ISITEH B CEBEPHOM M FOXKHOM
THOJIYIIAPUH MEHSETCs TakXKe Kakable OJMHHAAUATh JieT, To CojHIle Ha3bIBAalOT MarHUTO-IIEPEMEHHON
3BE3J10i1 C LIUKJIOM B 22 roja.

ConHeuyHass aKTHBHOCTh OYEHb CHIIBHO BIHSET Ha JXU3Hb Ha 3emie. [IepBBIM 3Ty CBS3b Hadal
uccienoBath A.JL.Umxkesckuid B 1915 roay, NOCBATHII 3TUM HCCIIEIOBAHUSIM BCIO CBOIO )KH3HB, U, TEM
He MeHee, ero kHura "B purme ConHua" ocranach HEJIONUCAHHOW M BhILLIA TOJIbKO B 1969 1., uepes 4
roza mocie cMepTd aBTopa. Celyac COTHEUHO-3€MHbIE CBSI3H H3y4alOTCsl O4eHb aKTHBHO. IlosBumnch
HOBBIE HAYKH — FeJIMOOUOJIOT U, COJTHEYHO-3eMHasl (PH3UKA, — KOTOPBIE HCCIIEAYIOT B3aUMOCBSI3b JKH3HHI
Ha 3emiie, Moro/ibl, KIIMMaTa C IPOSBICHUSIMU COJHEYHOM aKTMBHOCTH. bimkaiimmii MakcumyMm ducia
nsiteH Ha Connue oxunaercs B 2000-2001 roxy.

B 1980 roay mosiBuiiack METOJIMKA, TTO3BOJISIOIIAsT OOHAPYKHUBATh HAIWYKE TATEH B (oTocdhepax
npyrux 3se3f. Okasanock, 4YTO y MHOI'MX 3Be3]| criekrpasibHoro kiacca G u K ectb nstHa, cXo/Hble ¢
COJIHEUHBIMH, C MArHHTHBIM IOJIEM TOTO JX€ IOPSIKA. 3aperHCTPUPOBAHBI M H3Y4YalOTCSl  IJHKIIBI
AKTHBHOCTH TakuX 3Be31. OHU OJIM3KH K COJIHEYHOMY IIMKJTY U COCTaBJIsIIOT 5—10 Jer.

IonpoGHee 0 CONMHEYHBIX MATHAX MOXKHO IIPOYUTATh B KHUTaX:

"ConHeuHas U coHeYHo-3eMHast ¢usmka" (mox pepakuueit A.bpyueka u 1. [{ropana), Mocksa, "Mup",
1980,

C.1.Basunos «I'na3 u Connue», M., Hayka, 1981, ctp.60-66,

B.H.O61upxo "ConHeuHble IATHA 1 KOMIUIEKCH akTuBHOCK", MockBa, "Hayka", 1985.

Hsanos U.I1., Kupuuenxo H.A.

BOITPOC Ne58: Ckaxure, Kakoro o0beMa CyIIeCTBYIOT JKECTKUE IUCKH, U Kakue GUPMBI HX
npou3sBenu?
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OTBET: Teopernuecku MOXKHO CEIATh KECTKUI AUCK JIT060T0 pa3Mepa. OrpaHIYeHHs
HaKJIAIbIBAIOTCS CYLIECTBYIOIIUMY CTaHIAPTaMH HHTEP(EHCOB HKECTKUX AUCKOB (JOTOBOPEHHOCTSIMHU
MEX/Ly BeIyIUMH QUPMaMu, KOTOPbIE BOILIOIIAIOTCS B XKele3e).

Ha naHHBIH MOMEHT HanOoJee MOy IApHbIe HHTEP(EHCHI s )KECTKUX JUCKOB Ha MIEPCOHAIBHBIX
xomnbioTepax 3To IDE m SCSI (umraercs xak ckasu). EciM KOMIBIOTEp CTOHT y Bac A0OMa, TO C
BEPOSITHOCTBIO 99,999% Bat nuck ucnonbs3yeT uaTepdeiic IDE. Jlucku, ucnosb3yronme nHTepdeic
SCSI nmopoke, IIIOC K HUM HY)XHa [IONOJHHTENbHAs IUiata (caM HHTepdeiic, B TO BpeMst Kak
nojyyepkka IDE BcTpoeHa B MarepuHckyio miaty), HO SCSI He orpaHmuuBaeT pasmep JUCKOBOTO
MIPOCTPAHCTBA, MOXHO LEmIATh moboe kommdectBo SCSI ycrpoiicts (orpanmuenne mist IDE, kax
npaBuiio, 4 nucka). SCSI moxer ObiTh ObicTpee IDE. C TOYKH 3peHHsI PSAIOBOTO MOTPEOHTENS BCe
nocrounctBa SCSI mepeOuBaroTCs ero LEHO# u MpobiieMaMH ¢ COBMECTUMOCTBIO. (DTO TONBKO Tak
roBopst — "crangapt SCSI", Ha camoMm Jene 3To menoe cemeiictBo crangapros: SCS-I, SCSI-2,
UltraSCSI u T.1. ¥ T.IL.).

Kakue ke orpaHuueHus HakjJIaapiBaeT ucmoib3oBanue uHrepdeiica IDE. Ecnu omepanuonsas
crcTeMa IPOU3BOAMT BBOA- BbIBOJ 4epe3 BIOS (kak 3to penan DOS) u eciin y BaC KOMIIBIOTEp TA€-TO
3-7meTHeH MaBHOCTH, TO BBl PHCKyeTe He YBHIETh AUCK eMKOCThIo Oomee wem: (1024s * 16heads *
63sects * 512bytes/sector) / (1024 * 1024) = 504 MB.

B cBoe Bpems (3 — 4 roma Hazan) 3To ObuIO npobnemoi. Celiuac 3ta He mpobiema, Onaromaps
MOSBICHHIO HOBBIX CTaHAApTOB U JIOTOBOpPEHHOCTeH. BoT Bbimepikka wu3  aitma ide.txt,
pacnpoCTpaHsAeMOro BMECTe C JUCTPUOYTHBOM siipa Juls onepannoHHO# cuctemsl 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 npu ucnons3zoBauuu LBA moxbl y Hac ectb Hekuit mumut B 128 'mrabaiir. Ha nanHbri
MOMEHT JUIs IOMAIIIHEro KOMIIbIoTepa Golee 4eM JOCTaTouHO Jucka B 5 GB (uens! mo3Bosior). B Tom
ke (aiine (ide.txt) aBTOp COBETYeT MCIOJIL30BaTh JIMCKH CIEAYIOLIMX MpousBouTeneii: «In particular, I
recommend Quantum FireBalls as cheap and exceptionally fast. The new WD1.6GB models are also
cheap screamersy.

VY mens crout Quantum FireBalls5.1 — s um moBosnen, mapy jer Ha3ajg B HoBocuOHpck ObLia
3aBe3eHa O4YeHb OoJblias mapTus OpakoBaHHbIx WDI1.2GB — mostomy noBepue K 3Toil ¢upme
HE3aCIy’>KeHHO yIaio.

XKecrkre mucku BhimyckaroT ¢upmsl Fujitsu, IBM, Segate, wu MmHorue npyrue. CaMmpiMu
HOMyJIApHBIME sBIsTIOTCS SeeGate 1 Quantium, npousBosiye qucku o6bemMoM ot 2 1o 10 ['urabGaiir. B
Hallled CTpaHe JOCTaTOYHO pPACIpPOCTPAaHEHbI AUCKM MeHbIUX 00beMoB (oT 200 KwunoGaiit mo 2
Mera6aiiT), KOTOpble HMIOPTHPOBAINCH paHee, HO IO CUX IOp He pacmponaHsl. Eciam Bel HamepeHb!
MIPHOOPECTH JIHCK, TO PEKOMEHyeM 00paTHTh BHUMaHHE Ha CIECIYIOIIIE ero IapaMeTphl:

1) oObeM AMCKOBOTO MPOCTPAHCTBA AODKEH YIOBICTBOPATH BammMm 3agauam (IU1si COBPEMEHHBIX
Iepco-HaIbHBIX KOMIBIOTEPOB — OT 2 10 4 ['nrabaiir),
2) TEeXHOJOTHYECKHEe OCOOCHHOCTH JIHCKa (HaIpyMep, He UMeeT CMBIcha mokynars SCSI-muck, ecin y
Bac ner SCSI-ycrpoiicTsa),
3) ¢upma-npousBoautens (Haubonee "HONTOKUBYIIMMH" sBIsAOTCA qucku SeeGate u Quantium,
HMEHHO TUM OOBSACHAETCS HX MOMYJISIPHOCTD).
banoun E.M.

BOIIPOC Ne59: Kakoe nasieHue B 4€pHOU pIpe?
OTBET: Moxer ObiTh, Oy/I€T MHTEPECHO Y3HATh, YTO TEOPETUUECKH YEPHBIE JBIPBI MpeCcKa3al
eme B 1795 rony Jlamuac. Takum oOpa3om, deTbipe (win 3?) roza Ha3ag MOKHO OBUIO OTIIPA3JAHOBAThH
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IByXCOTJIeTHE (U3WKHA YepHBIX Jblp. Jlammac B paMKkax HBIOTOHOBCKOH TEOPHH TATOTEHUS U
KOPIYCKYJIAPHOH TEOPUM CBETa IOKa3al, YTO NpPH (PUKCHPOBAHHON Macce TPaBHUTHPYIOLIETO Tena
CYIIECTBYeT TaKoi pamyC Tella, OPH KOTOPOM CKOPOCTb yOeraHusi paBHA CKOPOCTH CBETa, U €ro
KBAaHTBI-KOPITyCKYJIbl HE B COCTOSIHMH TOKHHYTH TEJIO M yHTH Ha GECKOHEYHOCTh. DTOT PagMyC I, =
GM/c> (rne G — TOCTOSHHas TATOTEHHs, C — CKOPOCTh cBeTa, M — Macca depHOW BIPHI) B
TEPMUHOJIOTUM CETOJHANIHEH (M3UKM Ha3bIBACTCA T'PABUTALMOHHBIM PAJHyCcOM, a C€aMo Telo,
"cnpsitaHHOE" TOJI TPAaBUTALIMOHHBIM PaJIyCOM, Ha3bIBACTCSA YEPHOI ABIPOil (MMEHHO MOTOMY, YTO HU
CBET U HUYTO JPYTOe He MOXKET er0 IOKUHYTH).

VYuer Goyee TOHKHX KBAaHTOBBIX 3()(EKTOB TOBOPUT HaM CETOJHS, YTO YEPHBIC IBIPHI HE COBCEM
yepHble. OHM M3IIy4aloT, Kak YepHOE TeJo, C TeMIepaTypoi oOpaTHO NPOMNOPIMOHAIBHON ee Macce:
T = he®/ (16n2kMG) =0,5-10"M./kM, rme h — nocrosiunas Ilnanka, k — mocrosuuas BoibiMana
1,4-107" 3pr/K, M, — macca Connna.

Ho... Bepremcs k Bompocy o maBnenuu! M3 oOmiell TEOpUM OTHOCHUTENBHOCTH CIEAYET, YTO C
TOYKM 3pEHHS YyOAIeHHOTO HaOIIO#aTeNs, MOKOSIIErocss OTHOCHUTENBHO YepHOH MBI, CHIa
MPUTSDKEHHS], JeHCTBYIOmas Ha NMpoOHOE Teso, oOpamaercss B OSCKOHEYHOCTh Ha I'PaBUTAIMOHHOM
paguyce. B aToM cmbIcie MOXHO ObLIO OBI QyMaTh, YTO TaK Ha3bIBAGMbIH TOPH30HT COOBITHH —
cepryeckast MOBEPXHOCTh BOKPYT YE€PHOH JBIPEI, paauyc KOTOPOIl paBeH IpaBUTAIIMOHHOMY PajiycCy
(BCIIOMHHM, YTO CBET HE MOXXET HOKHHYTH 3Ty IOBEPXHOCTH M II0O9TOMY HHKakas HH(pOpMAIHUsI O
COOBITUSX Ha M NOJ Heil HaM He DOCTYNHA — OTCIO[A U Ha3BaHUE), ABIETCA 0COOOH MOBEPXHOCTHIO B
MIPOCTPAHCTBE, Ha KOTOPOH 00OpamaeTcss B 06CKOHEYHOCTh He TONBKO CHJIa IPHUTSHKEHUS, HO H Jpyrue
(u3nUeckye BEIMYMHBI (JOCTHTaeT OECKOHEYHOCTH TPaBHTALMOHHOE KpacHOe CMEIIeHHEe CBeTa H
3aMeJUICHUE BPEMEHN).

B ompenenenHoM cMbIcie (C TOYKH 3peHUs] HAOMIOAATeNsl IMOKOSIIETOCs OTHOCHTENBHO YepHOU
IBIPBI) — 3TO Tak M ecTb. OHAKO, OKA3bIBAETCs, YTO UL HAOIIoAaTeNsi, CBOOOMHO MaJaloIero Ha
YepHYyl Jplpy (Tak HasbiBaeMas JIOKaJbHO-MHEpPLHMAIbHAs CHCTEMa), HHYEro OCOOEHHOro Ha
TPaBUTAIHOHHOM pajHyce He HPOHCXOIMT. A BeIb TONBKO TaKOH HAOMIOAATeNb M MOXET IPOBECTH
M3MepeHusl BOIU3H TpaBHTAIHOHHOTO paauyca. IIpaBna, TaliHy CBOMX OTKPBITHH OH HAaBEKU YHECET C
cO0OH, Tak Kak W3 IOJ TOPH30HTA COOBITHII HEBO3MOXKHO IIOCJIATh CHTHAJ OCTaBLIMMCS CHApyKH
HOKOSILMMCS HAOTIOAATENSIM U TeM OoJiee BepHYThCs Hazaz!

31ech ciemyeT 3aMeTUTh: TO, YTO MBI OOBIYHO Ha3bIBa€M IONIEM TATOTEHHUs (IOJe CHJI TSDKECTH
HBIOTOHOBCKOTO yPaBHEHUS TSATOTEHUS), JIOKAIBHO YCTPAHSETCS B CHCTEME CBOOOJHO MaJaloIIero
HaOmonatenst. M B HeHCTBUTENBHOCTH, II0JIE TATOTEHHS XapaKTEepU3yeTcs II0JeM, TaK Ha3bIBaeMBbIX,
npuiuBHBIX cui. IIpencraBeTe, urto Bl cBOGOIHO MajaeTe Ha TOYEUHYIO MAacCy pPaBHYIO, CKaxueM,
Macce 3eMIX U IIpU 3TOM (s OIPEIeNeHHOCTH) OPHEeHTHPOBaHbI HoraMu BHU3. Iloka Bbl HaxoguTech
JaJeko OT Macchl (CKaxkeM, Ha paccrosHuHM 6000 kM), BB HaclakIaeTeCh COCTOSHUEM HEBECOMOCTH,
XOTsl CHJIa NPUTSDKEHHS Ha ITOM PAcCTOSHHM Kak pa3 Takas, Kak Ha MOBepXHOCTH 3emiH. OnHaKo,
najias Bce OJMKe K LEHTPY, BbI HOUYBCTBYeTe OECIIOKOHCTBO. Bbl HauMHaeTe OLyIaTh, YTO MOSBHUIACH
CHJIa, CTpeMSIIAscs BEITSHYTD Bac B JUIMHY U B TO JK€ BpeMs CXKaTh B IOIEPEYHOM HANPABICHUH.

INosBneHne TakoWl CHIBI HOHATH HE CIIOXHO: YCKOPEHHE BAaIleTO MNaJCHHs OIpeielsIeTcs
TIOJIOXKEHNEM LICHTPa TsDKECTH Batero Tena. OxqHako, Bamm Horn HeMHOTO OJIDKe K TATOTEIoIIeH Macce
U TPUTATHBAIOTCA YyTh CUIIBHEE..., a TOJI0OBAa, COOTBETCTBEHHO, uyTh ciabee. B Bamieit cBoOOaHO
najalomeil cucTeMe KOOPIHHAT 9TO MIPUBOJHUT K TOMY, UTO MOSBIISIIOTCS CUJIBL, CTPEMSIHECS BBITIHYTH
TEeIo BIOIb Pajuyca M CXaTb €ro BIOJIb OPTOrOHAIBHBIX PAaJMyCy HampapieHui. PacdeT 3THX cui
NPOCT W JUIS HBIOTOHOBCKOW TEOPHUH HE BBIXOJMT 33 PaMKH IIKOJIBHOrO Kypca. IlosTomy mpemiararo
3TOT pacyeT B KAYECTBE CAMOCTOSATENBLHOTO YIIPAKHEHUsI U HE IPUBOXKY 3/1€Ch.

Bepuemcs k Hamemy nanarouiemy HaOmozpatento. Ero 6ecrniokoiictBo 0buto He HanpacHbiM! OH
OyzeT pa3opBaH NMPWIMBHBIMU CHJIAMH €Ille IO TOTO, KaK BCTPETHTCS C Hamied "toueyHoii 3emieil”. B
9TOM CMBICJIE MOXKHO CKa3aTh, YTO BCSKOMY I'DaBHUTallIOHHOMY IIOJIO COOTBETCTBYET aHH30TPOITHOE
HoJie JaBJIECHHMSA WM HATsHKEHUs NPHIMBHBIX CHJI U UMEHHO 9TO HATSDKEHHE M SBIISIETCS MCTHHHOM
Mepoii TPaBUTALIMOHHOTO HOJISL.
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I'paBUTalIOHHBIC BOJHBI, JUIL IIOMCKAa KOTOPBIX CErOJHS IOCTPOSHO HECKOIBKO BechbMa
YyBCTBUTEJbHBIX I'PaBUTALMOHHBIX AHTEHH, SIBIAIOTCS KaK pa3 BOJIHAMM IPHIMBHBIX cuil. Bee atn
AHTECHHBI OCHOBAHBI HA TOM, YTO NPUJIMBHBIE CHJIbI TPABUTALIMOHHON BONHBI IEPHOJHIECKH MBITAIOTCS
CIIBHHYTH WJIY Pa3BECTH JBE MACCHI, O/IBEICHHBIE CBOOOIHO MM CBSI3aHHBIE YIPYTOH CBS3EIO.

Oxa3bIBaeTcs, 9YTO C TOYKH 3PSHHUs] CBOOOIHO MaJaloIIero Ha YepHYIO JIbIpYy HaONoIaTels, moie
HPWIMBHBIX CHJ HE COJEPKHT HHKaKMX OCOOCHHOCTEH Ha IPAaBUTALMOHHOM pajuyce. OHO BIOJHE
KOHEYHO U PEeTYJIPHO B TOM CMBICIIE, YTO IJIAJKO MEHSAETCA OT TOUKH K Touke. [l 4epHOM IBIPHI C
Maccoil MOpsIKa COJHEYHOH NPHIMBHBIC CHIbI HA TOPH30OHTE COOBITHH JOCTATOYHO BEIMKH, a IS
YepHOIl JBIPHI ¢ MAaccOW TaJIAKTHKU BIIOJHE Majbl [0 YeJIOBEYeCKMM MepkaM. OjHako, B LIEHTpe
YEPHOIT IbIPbI IMEETCS HCTUHHAS OCOOCHHOCTB, IJI€ IPUINBHBIE CHIIBI 00PAIIAIOTCs B 0ECKOHEUHOCTb.

WTtak, MBI BBIACHHIM, YTO JTI000€ TPAaBUTALMOHHOE IIOJE MOXHO OXapaKTepH30BaTh IOJIEM
MIPUIMBHEIX CUJI U, B 3TOM CMBICIIE, PACIIPEeICHHBIM B IPOCTPAHCTBE II0JIEeM HATSHKCHUH (IaBIeHHi).
Takoe nmaBieHHEe WIH HATSDKEHHE HE SIBISCTCS CBOMCTBOM HCKIIOYUTENBHO TPAaBHTALIMOHHOTO IOJIS.
Takum 00pa3oM, MOXKHO XapaKTepHU30BaTh MPAKTHYECKH II000€ Tojie (NMEKTPOMATHUTHOE, I0JIe
3BYKOBBIX BOJH). Hampumep, B MarHUTHOM IOJIe MMeETCS HATSHKEHHE BAOJTb CHUIOBBIX JIMHHU NOTA U
JaBIIeHHe NoTiepeK. B HHskeHepHOIl cicTeMe To aBieHue paBHO: P[atm] = (B[gauss]/5000)°. Cerous
JIETKO JOCTH)KHUMBI TMOJIsI mopsiika | MuutMoHa raycc (s cpaBHenus mosie 3emumn 0,7 raycca).
MarHuTHOE JIaBlIeHHE B CUCTEMaX, co3aronumx takoe nose — 40000 armocdep!

Tenepb OroBOpUM O JaBICHUH, XapaKTePHOM HMEHHO IS 4epHOH AbIpel. B 1948 rony Kazumup
MOKa3aJ, 4TO NPU HAIMYMAHM TPAHHI] BaKyyM IEpecTpauBaeTcss U B HEM MOSBISIOTCS HATSDKCHHS,
KOTOPBIX HET B BaKyyMe ITyCTOrO OECKOHEUHOro NpPOCTPaHCTBA. B mpHMeHeHHH K BakyyMmy TEOpHH
9JIEKTPOMArHeTH3Ma (DIEKTPOAMHAMHUKH) DTO O3HAYAeT, YTO B IIPOCTPAHCTBE MEXKIY IUIOCKHMH
napawtensasivu HE 3APSDKEHHBIMU  npoBopsmmMmy IIacTUHAMHU (IUIOCKHIT He 3apsDKEHHBIH
KOH/ICHCATOP) BO3HHUKAET IPUTSDKEHHUE.

Cuita NIpHTSHKEHUS HA €IMHUILY IUIOMAIH, B OTJIMYME OT CHJIbI HPUTSDKEHUS [UIACTHH 3apsKEHHOTO
KOHJIEHCATOpa, 3aBHCHT OT PACCTOSHHS My TuacTHamu: F = mhe/(480a%), a — paccrosaue Mexy
mwiactuHamu. Cumina o4eHb Majla M IpuMepHO paBHa 0,2 NUHBI Ha KBaJpATHBI CAaHTHMETP P
paccTostHuM Mex 1y mactTuHamu 0,5 MUKpOHa.

Tem He Menee, B 1958 roay (uepe3 10 ner mocne npenckasanus Kasumwmpa) CnapHaii u3
naboparopun (upmel CaHIUs OSKCIIEPHMEHTAIbHO IIOATBEPAHI CyIIecTBoBaHHe cuil Kasummpa.
Oxazanock, 9to cwibl Ka3umupa CyIIeCTBEHHO 3aBHCAT OT IEOMETPHM TPAaHULBI M, HANpUMeEp, Il
TPaHULBI B BUJIE IPOBOJAILECH chepbl BOSHUKAET HE HATSDKEHHE, a JIaBIICHUE.

BcrmoMHUM Temepb, YTO 4epHAs JbIpa MMEET TOPU3OHT COOBITHH — MOBEPXHOCTH COBEPIICHHO
HENPOHHUIIAEMYIO Hapy)Xy. B HEKOTOpOM cMBbICIIe — 3TO TOXKE I'PaHMIIA U, B Pe3yNbTaTe, B YEPHOH IbIpe
BO3HHUKAeT Ka3MMHPOBCKOE JaBICHHE BaKyyMa. JTO SBICHHE CETOIHS IMHPOKO oOCykaaeTcs B hH3UKe
YepHBIX JBIP U KocMonoruu. Teopus oueHb CIOXKHA U PEIICHHS MONYYeHbI IOKA IS OYeHb IIPOCTBIX
ciydaeB. Celfuac MOXHO CKa3aTh TOJBKO, YTO JABJICHHE KAa3UMHPOBCKOIO BaKyyMa IaJaeT Kak
YeTBepTasi CTENeHb IPAaBUTAIIMOHHOIO paanyca. DTO JAaBJIEHHE BEIUKO TOJIBKO JUIS YEPHBIX ABIP Majoh
MAacChL.

OpHako, BaXHO Apyroe: Ka3MMHUPOBCKHI BaKyyM 00nafaeT OueHb cHeNu(pHIeCKUMU CBOHCTBAMH,
COBEpIICHHO OTJIMYHBIMU OT CBOWCTB OOBIYHOI MaTepuu (moseit). Ceifdac nmpeamnoiaraeTcsi, 4to Takou
BAaKyyM MOXKET CTaOWJIM3UPOBATh, TaK Ha3bIBAEMbIE, "KPOTOBBIE HOPBI"' — IPOCTPAHCTBEHHBIE TYHHEIN
MEXKIy AByMs yAaJIeHHBIMH OOJIAaCTSAMU IPOCTPAHCTBA (WM JaXke, BOOOIIE, pa3HBIMU IPOCTPAHCTBAMHU
— Bcenenubimu). VIMeHHO Takasi KpoTOBas HOpa — OCHOBA LIMPOKO OOCY)KZAeMOil HBIHYE MAIIMHEI
BpPEMEHH.

TloapoGHee B cTaThsX:

Tumoru boliep «Knaccuyeckuii Bakyymy», xkypHain «B mupe Hayku», 1985, Nel0, c1p.4-13,
J.A Kupxuun «['opsune uepHble IpIppl. HOBOe B NMOHMMAHMHU NPHUPOJBI TEIUIOTHD, «COpPOCOBCKHMI
o0pa3oBaTeNbHbIi KypHA», 1997, Ne6, ctp.84—90.

Bopobves I1.B.
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BOITPOC Ne60: Pacckaxute, noxkaiyiicra, o TypOyJIeHTHOCTH.

OTBET: [Ipu manbIx cKOpocTsAX HaOMIOAAETCs YNOPSJOYEHHOE TEUEHHUE JKMJKOCTH (rasza), Npu
KOTOPOM JKHJIKOCTb (ra3) IepemeliaeTcsi Kak Obl CIIOSMH, MapajuIeIbHBIMKU HAMpPABICHHIO TCYCHUS.
Taxoe TeueHue Ha3biBaeTcs NaMUHApPHBIM. C yBEIHYEHHEM CKOPOCTH, B HEKOTOPBIH MOMEHT, PEXUM
TEYCHHST MEHSIETCS, OHO CTAaHOBHUTCS TypOyJeHTHBIM (turbulentus (;1aT.) — OypHBIi, 6eCIOPSAOIHBIH).

HeoOBbIYHOCTD SIBIICHMS 3aKIIOYAETCSl B TOM, YTO KapTHHA TECYCHHS KMAKOCTH H3MEHSETCS BO
BPEMEHH, Jla)Ke eCIH BHEIIHUE YCIOBHUS IOCTOSHHBL Hampmmep, B TypOyJIeHTHOM Te4eHUH B TpyOe,
NP HEU3MEHHOM Ileperiajie JaBIeHHs Ha KOHIAX TPYOBI, CKOPOCTb >KHIKOCTH B JIIOOOH TOuKe
MyJIbCUPYET, MEHACTCS BO BpeMEHH. IIpH TakoM TeYeHHH >KMAKOCTH WJIM Ta3a OTAECIbHBIC JIEMEHThI
TEYCHHS] COBEPIIAIOT HEYCTAHOBMUBIIMECS JBIKCHUS IO CIOXHBIM TPAGKTOPUSM. B Takmx TedeHHsx
00pa3yloTcsi MHOTOUYHCICHHBIE BUXPU PA3IHYHBIX Pa3MEpPOB, IIOITOMY CKOPOCTh YaCTHII, TEMIICPATypa,
JIaBJICHUE, IUIOTHOCTh MEHSIOTCS IIPH IIepexojie OT TOYKU K TOYKE M BO BPEMEHH HE PEeryisipHO. DTO
HPUBOJUT K MHTCHCUBHOMY NEPEMELINBAHHIO BEIECTBA.

Cucremarnyeckoe usydeHue TypOyiaeHTHocTH Havdan O.PeitHonbic B KOHIE nmpouuioro Bexka. OH
H3ydJall TeUCHUE KUAKOCTU B TpyOe, ATl BU3yalIU3aluy TeUCHHs OH IIOKPAIINBAI )KUIKOCTh B IIEHTPE
cedyeHust TpyObL. IIpu ManoM nepenaje naBieHHs ITOJKpAlIeHHAas CTPYIKa )KHIKOCTH, HE CMEIIHBAsICh C
OCTaJILHOM KHAKOCTBIO B 00bEMe TpyObI, CIIOKOITHO TekJia BMecTe ¢ Hell. [1pu HEeKOTOPOM KPHTHYECKOM
nepemnaje JaBICHHUs Ha MOJAKPAIICHHOH CTPyiike MOSBISUIMCH BOIHOOOpasHbIe ABMXeHMs. IIpu odeHb
6oIBIIOM Iepemnajie JaBIeHUs! JBIKCHIE BHYTPU TpyObl ObLIO OBICTPBIM M XaOTUYHEIM, CTpyHKa cpasy
JKe pasMemmBanack 1o TpyOe. PeliHONbIC NPOBOAMII ONBITEI C pasHBIMH pa3MepaMu TpyOo H
KUJIKOCTSMU U BBISICHHJI, YTO IMEPEXOJ OT CTALHOHAPHOIO TEUCHHsS XXUJKOCTU K MEHSIOIIEMYCs BO
BPEMEHH IPOUCXOJNUT, KOTJa HeKoTopast Oe3pa3MepHas KOMOMHAIMS CKOPOCTH JKHAKOCTH, €€ BS3KOCTH
¥ pa3MepoB TpyOBbI JOCTHraeT OQHOTO U TOTO XK€ 3Ha4eHus. DTa Oe3pa3MepHas KOMOWHAIINS HMeeT BHL
Re =uL/v, rae u — xapakTepHasi CKOPOCTb ABIIKCHHS KUAKOCTH, L — XapakTepHble pa3Mephl TCUCHHU, a
V — KHHEeMaTH4YecKas BI3KOCTb JKHIKOCTH.

Yucno Re HaspiBaeTcs unciom PeifHolb/ica M €ro 4NCIICHHOE 3HAaUYEHHE B OCHOBHOM U ONIPEJIENseT
XapaKkTep TEUeHUs JKUJAKOCTH: INpU MajoM uyucie PeiHonbica TeyeHWe JlaMHUHApHO (TJajKoe
peryisipHoe TedeHHe), a Ipu OOoNBIIOM — TypOyIeHTHOe (HeperymsipHOe, B TEUEHHH HPHCYTCTBYIOT
BHXPH ropa3Ji0 MEHBIIEro pa3Mepa, 4eM pa3Mepsl TpyObl). XapakTepHble 3HaUeHHs ducen PeliHonbca,
IPH KOTOPBIX MOCTOSHCTBO TEYCHHS M3MEHSCTCS M MOSBISIIOTCS BOJHOOOPA3HBIC IBUKEHUS — 3TO
necsaTky. PasBuras TypOylaeHTHOCTh (KOTHa ABIDKEHHE Ha IJIa3 JEeHCTBUTENBHO XAOTHYHO) HACTYIAeT
IpH 4uciiax PeifHobica MOpsaKa THICSIH.

Jlnst mpuMepa paccMOTPHM, KaK IPOUCXOAUT MEPeXoj] K TypOyIeHTHOMY TEUECHHUIO TIPH 00TEKaHUH
mapa MOTOKOM JXHMIKOCTU. JIto0asi peanbHO CyIIECTBYIOIIAs >KHIKOCTH (ra3) 00JaaloT BSI3KOCTBIO.
Crioii BA3KOH XKUIKOCTH, IpUIIETralonieil K TBepJoi CTeHKe, MPUIHIaeT K Hell. Cleayromye ciou IoToka
CKOJIB3SIT OTHOCHTENBHO JAPYr Jpyra C BO3pacTaromieldl CKOPOCThIO. Meky OTHENbHBIMU CIOSMH
BO3HUKAIOT CHJIbI BSI3KOTO TpeHHs. BOim3u moBepxHOCTH Tesla (OpPMUpYETCsl MOTPaHHYHBIA CIIOH,
CKOPOCTb TEYEHHUsI B KOTOPOM MEHbIIIE, YeM B HaberaouieM MoToke, a y moBepxHoctu pasHa 0. Ilotepst
CKOPOCTH TIPUBOJUT K TOMY, YTO IOTOK, OOTEKAIONMIl mIap, HE MOXXET HNPOHUKHYTh B HEKOTOPYIO
006nacTh 3a mapoM. [IpoucXoUT OTPEIB TOTOKA OT MOBEPXHOCTH Tella, U IIOCKOJIBKY CKOPOCTb YacTHII B
TaKOM IIOTOKE BO3PAcTaeT [0 Mepe yJaleHHs OT Iapa, TO TaKOH MOTOK 00JajaeT BpalAIOINM
MOMEHTOM. B TakoMm ciydae roBOpsT, 4TO TeYeHHE 00nagacT 3aBUXPCHHOCTHIO. ITOTOK JKMAKOCTH,
OTOPBAaBIIMHCS OT HOBEPXHOCTH OOTEKAaeMOro Tella, OKa3bIBaeTcsl 3aBHXpEHHBIM. Ho ToHKue cion
JKHAKOCTH, OOJajarolye 3aBHXPEHHEM, HEYCTOHUYHMBBI U O00S3aTENIbHO pPacHamyTcs Ha OTHCNIbHBIC
BHXPU. DTH BHXPU YHOCSATCS OCHOBHBIM ITOTOKOM JKMAKOCTH M IIOCTEIICHHO 3aTyXaioT. I1omo0HBIM
00pa3oM 00pa3yroTCsi 3aBUXPEHHBIE JOPOXKKHU U 3a JABIKYIMMUCS B XKUIKOCTH TEIAMH.
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MOXHO CIpOCHTh, IO4YeMy 4uHucia PeiiHouibJaca, IPH KOTOPBIX HACTYIAeT JIAMHHApHO-
TypOyJIeHTHBbII nepexoa, — Oosnplniie, MHOro OOnbiine eauHupbI? KauecTBeHHass KapTHHA Pa3BUTOM
TypOyneHTHOcTH Obula maHa JI.PuuapicoHoM B Hauane Hamiero Beka. ECIM MBI MelraeM JIOMKKOM
JKHAKOCTb B CTaKaHe, TO MBI CO3/1aéM TEUEHHs C pa3MepoM HOpsjKa pa3Mepa cTakaHa (MM JIOKKH).
Bs3koCTb KHAKOCTU AEHCTBYET Ha TeUEHHE TEM CHJIbHEE, YeM MEHbIE XapaKTepHBI pa3Mep TeueHus
(Oonpmie rpaaumeHT ckopoctd). Eciam umcno PeiiHonbica Oonblioe, TO Ha KpyHmHOMacuTaOHbIE
JOBIDKCHUS OHA JAEHCTBYeT cnabo, 3TH JBIDKCHHUS 3a CY€T BA3KOCTH 3aTyXalH OBl OYCHb MONTO.
VYpaBHeHue IBmxKeHHs XHUAKOCTH (ypaBHeHne HaBbe-CTOKCa) HENMHEHHO (3TO CBS3aHO C TEM, 4YTO
CKOPOCTb JKHJKOCTH IIEPEHOCHTCS CaMOHl CKOPOCTbIO), M STH KpPYNHOMACIUTAOHBIE JBHKECHHS
HeycToiunBbl. OHM Apo0sATCsS Ha Ooyiee MeNKHe BUXPH, T€ B CBOIO oyepelb Ha eué Oonee menkue. B
KOHIIe KOHIIOB, Ha CaMbIX MaJeHBKHX MacIITabax BCTymaeT B JeiicTBUE BS3KOCTb, U CaMble MEJIKHUE
BUXPH 3aTyXaloT 3a CcY€T BSI3KOCTH. DTa KapTHHA IIOJIydYHIa Ha3BaHUE NPSMOro Kackana (Kackam OT
0O0JIBIIMX MACIITA0OB B MAJICHbKHUE).

H3-3a BA3KOCTH KHHETHYECKAsl YHEPTHUs ABIDKEHUS >KHUIKOCTH IIOCTEIEHHO NEPEXOJHT B TEILIO.
Memas JOXKOH, MBI BKauMBaeM OJHEPrHI0 B JKHIKOCTb, a OHA JHCCHIHpYyeT (ucuesaer). B
JUHAMHYECKOM paBHOBECHHM OHEPrHM HCYE33aeT CTOJIBKO KE, CKOJBKO MBI €€ BKauHBacM.
HerpuBnanbHbeIM SBISIETCS TOT (HAaKT, YTO CO3/[aBaEMbIC JIOKKOW KPyHMHOMACIUTAOHBIC JIBUKCHUS HE
3aBHCAT OT Ko duinenTa Bs3kocTy. [Ipu o1MHAKOBOM KPYIMTHOMACIITAOHOM ABIDKGHHH M IPH Pa3HBIX
K02 dUIHeHTaxX BSI3KOCTH JHCCUNANUS SHEPIUH OJHHAKOBA. JTO CTPaHHO IIOTOMY, YTO BpojJe ObI
9HEPIUM MCYe3aeT TeM MEHbIIE, YeM MEHbIIe BSI3KOCTh. Pasrajka COCTOMT B TOM, YTO IPU MEHBLIEM
KO3(PULHEHTe BA3KOCTH BHEPrUsl JMCCHIMPYET MNPOCTO B OoJiee MEIKUX Macmrabax TeueHHUs
JKUAKOCTH, YTO U 00ECIIeunBaeT OJUHAKOBBII yPOBEHb JUCCUNIALNN YHEPTUH.

B cepenune Hamrero Beka KoaMmoropoB Hpeamonoxkmil, YTO KapTHHA TYpOYIEHTHOTO TEUEHHS
NIPaKTUYECKH HE MEHSETCs, eCIIM MBI PacTSHEM BCe JUIMHBI B HECKOJBKO pa3 (THIIOTe3a MacIiTaOHOM
MHBApMaHTHOCTU WM cKeiinuHra). Kpome Toro, oH npeanoaoxui, 4To BUXPU OUYEHb Pa3HBIX Pa3MepoB
HE B3aMMOAEHCTBYIOT (OONBINOIH BUXPH IPOCTO MEPEHOCHT MAaleHBKUH, HE MEHSS TEUCHHS BHYTPH
Hero). M3 5Toro OH mOIydmi, 4TO YHCIO BUXped Macmraba | 3aBHCHT OT | cTemeHHBIM 00pa3oM.
I'unotes3a KonmoropoBa HoJIyduiia SKCIEPHMEHTAIBHOE TOATBEPHKICHHE, XOTS HAOIIOAAI0TCS OTIHIUS
peanbHOro TYpOYJIEHTHOrO MABIKEHHMs OT KapTHHBI, Ipelacka3siBaeMoil Teopueil Kommoroposa
(aHOMaJbHBIN CKEHMIMHT).

Teopust ruxpoaMHaMHUUecKol TypOyJIEHTHOCTH B 3aBEpIISHHOM BHJIE HE CO3aHA U SIBILETCS
OJIHOM M3 BaXKHBIX NpPOOJIeM COBpEMEHHOH Teoperndeckoil ¢usmku. IIIMpoko pacmpocTpaHEeHBI, Tak
Ha3bIBacMbI€, MOIYIMIMPHYECKHE TEOPHH TYpOYICHTHOCTH (peliaercs He camo ypaBHeHue HaBbe-
CTtokca, a yHpoUIEHHOE YypaBHEHHE, IENaloTcsi HEKOHTPOJIUpyeMble IpelnoioxeHus). Ecmm
BOCIPHHHUMATh TypOyJICHTHOE TEUCHHE KaK CIIydaifHoe, TO IOKa HEU3BECTHA Jaxke caMa (DyHKIUS
pacrpeneneHust UL TEYCHUs (HEM3BECTEH BEC, C KOTOPHIM HYKHO YCPEIHATH HaOIIoaeMble
BEJIMYHHBI).

T'upponuuamudeckass TypOyJIeHTHOCTb SIBISETCSl CHIBHOH B TOM CMBICIE, YTO HEIMHEHHOCTh
ypaBHEHHMIl IBIKSHHS JKHAKOCTH IIpU OONBIIMX 4YHcIax PelHOIbIca UTpaeT ompeelsIonyo poib. B
HEKOTOPBIX (PM3MUYECKHX CUTyalusx (HalpuMep, IPaBUTAIIMOHHBIC BOJIHEI Ha TIOBEPXHOCTH JKHAKOCTH)
HEJIMHEHHOCTb SBIISIETCSI MAJIOH, XOTS TakXke HaOJIfoJaeTcst KackaaHbli pexxuM. Takyro TypOyIeHTHOCTh
Ha3bIBAIOT CHa0Oil, U €€ Teopust pa3BUTa BO BTOPOM IOJOBMHE HAIIErO BEKa, IJIABHBIM 00pa3zoM,
yeunusimu BeimyckHuka HI'Y B.E.3axaposa (ceifuac oH sBisieTcs: akaJleMHKOM, aupekTopoM MHcTuTyTa
Teoperndeckoil pusuku um. J1.J1.Jlannay B Mockse).

B Teopun xapTuHa TypOyJIE€HTHOCTH CHJIBHO 3aBHCHUT TaKKe OT Pa3MEPHOCTH HPOCTPAHCTBA, 3TO
CBS3aHO C TeM, 4TO B KacKaje ¢ OOJBIIMX MAacImTaboB B MaleHbKHE MOXET HEePEeHOCHTHCS Pa3HbIe
BEJIMYMHEI (B TPEXMEPHOH TypOyJIEHTHOCTH 9TO SHEPrHs, B ABYMEPHOIl — KBaapaT 3aBUXPEHHOCTH). B
JIByMEPHOH! TypOyJIEHTHOCTH UMEET MECTO TAKXKe IEPEHOC SHEPrUM U3 MaJbIX MacIuTaboB B OOJIbIIHE
(oOpaTHbIii Kacka).
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Hanbonee neranbHO M3ydeHbI TypOyJeHTHbIE TeUEHUs] B TpyOax, KaHalaX, IIOTPAHHYHBIX CIIOSX
OKOJIO OOTEKAaeMbIX TEJI M CTPYH 3a JBMKYIIMMHUCS B JKUJIKOCTAX Tenamu. Okaszanock, 4TO OCHOBHOM
BKJIajA B Iepefady depe3 TypOyJICHTHYIO Cpely TEIUIOTHI M HMITyJbca BHOCAT KPYMHOMACIITaOHBIE
CTPYKTYpBI, @ MENKOMAcIITabHbIe CTPYKTYpPHl "OTBEUaloT", B YAaCTHOCTH, 33 IIEPCHOC B3BEHICHHBIX B
MIOTOKE YacTHII, JPOOJIEHNE Kallelb, IepeMeIlBaHue TypOYJISHTHBIX KUIKOCTEH.

BonbmMHCTBO TeyeHMH JKHIKOCTH, Kak B HPHPOJE, TaK M B TEXHHYECKUX COOPYIKEHHUSIX
TypOyneHTHo. Hampumep: nBmkeHne Bo3Iyxa B 3eMHOH aTMocdepe, BOJIBI B peKaX W MOpSX, TEUCHUE
BOJIBI B TPpy0ax, TeUeHUE CIe/a 3a BIDKYIIIMCS KaTepoM U T.J.

Jlureparypa:

Jlowustackuit JI.I. "Mexanuka sxxuakoctu u raza”, M., 1978,
CuyxuH JI.B. "Kypc o6weii puzuku", T.1 Mexanuka, Mocksa, 1989.
Cmenanos M.I"., Kupuuenxo H.A.

BOIIPOC Ne61: Moryr sim ObITh NPUYMHOIN BBIXOJIA W3 CTPOS «CHAMPOMA» PaJHOBOJIHBI,
HCXOMSIINE OT PaJUOCTAaHIMH «AJMHKO», MOIIHOCTBIO BBIXOJHOIO CHTrHaiza He Oomee 5 BT. OtoT
BOIIPOC BO3HHK H3-32 TOTO, YTO U3BECTEH BBIXOJ M3 CTPOS 4-X «CHAUPOMOBY» (3 OT KOMIIbIOTEpa U 1 0T
MY3BIKaJIBHOTO IIeHTpa). OOBIYHO «CHUIMPOMBD) BEIXOST U3 CTPOSI OYEHB PEIKO.

OTBET: [la, moryt. Eciiu aHTeHHa pagyoCTaHIIMK W3JTy4aeT HAIpaBJIEHHO Ha BBICOKOW 4acToTe
(oxoso 100 MI'nt), TO B psiJIOM HaXOSIMXCS IPOBOJIHUKAX, B TOHKOM CKHH-CJI0€ BOJIM3H ITOBEPXHOCTH,
OyIeT BBLICTATHCS TEIUIOBAs MOIIHOCTb, JOCTAaTOYHAs OIS TOTO, Y4TOOBI Pa3orpeTh IMOBEPXHOCTh U
MIPUBECTH K €€ OKHCIeHHIO. Ecii mogHecTH pyky K aHTGHHOMY BBEIXOJY PaAUMOCTAaHIINH, H3ITyJaroniei
5 BT, TO MOXHO NOJIyYUTh TEMIOBOM OXKOT.

Ilomepses B.C.

BOITPOC Ne62: MOXHO 1H pacCUMTaTh YIAKOBKY MH(OpPMaIUM Ha JIa3epHOM IHCKe (KOI-BO
JIOPOKEK Ha CM), MOJIB3YsICh MOJPYYHBIMH CpeicTBaMu 1 Jiazepom? Eciu na, To, KakuM oOpazom?

OTBET: MoxHo. Jlopoxkku Ha CD 00pa3yoT AU(PpaKIHOHHYIO PEUIETKY, U CBET, IPOXOIS Yepe3
Hee (WM OTpaxkasch), HCHBITBIBaCT Iudpakuuio. B pesynprate kpome mpomiennero (Win
OTPa)XEHHOTO0) Jy4a (HyJIEBOH NOPAAOK TU(PAKIIK) BOSHUKAIOT JIy4H, OTKJIOHEHHbIE Ha OIpeJIeNICHHbIC
YIIIBL. DTO TO K€ SIBIICHHE, KaK M TO, KOTJa BB CMOTPHUTE CKBO3b TKaHb Ha SIPKHI HCTOYHHK cBeTa. Ho B
cllydae TKaHM BO3HMKAaeT CHCTeMa JIyded B BHJE Kpecra, a npH Judppakuun Ha Jopoxkax CD —
Ju(parupoBaHHbIC Ja3ePHBIC JIy4H JISKAT B OJHOMN IIOCKOCTH, @ Ha YAaJ€HHOM 3KpaHe Jal0T CHCTEMY
TOYEK, JISKAIUX Ha JIMHUH.

PaccrosiHne Mexnmy nopoxkamu d JIerko HaWTH, 3Has JUIMHY BOJNHBI A M3JIydeHHs Jasepa,
paccrosiHie D Mex 1y CBETJIBIMH TOUKAMHU Ha 9KpaHe OT Jyuel HysIeBOro
u (cocemHero) mepBOro mnopsaka IU(pakuuM, M PaCcCTOSHHA OT
mtockocta CD no mnockoctu 3kpana L:

d = AL/D . (€¢D)

dopMyna TmodydaeTcst O4YeHb IPOCTO: YCIOBUE IOSBICHUS
Iu(hpParupoBaHHOTO JIyda IEPBOTO IOPSIKA 3aKII0YaeTCsS B TOM, YTOOBI
Ha KaXJOM IIepHojJe penleTkn Haberama JUIMHa BOJIHBI cBeTa. B
pe3yJbTaTe yroi OTKIOHEHHs JIy4a IepBOro MopsiiKa Iu(paKiuu:

o = Ad . )
PaccrosiHue Ha SKpaHe MeXIy "3aiiunkamMu" OT JIydeil HyJIEBOTO U IEPBOTO MopsiaKa Au(paKiyu:
D=La . 3)

Komounupys (2) u (3), momyqnm (1).
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Ecimm Bce 3TO0 mpopenarh IKCHEPUMEHTAIBHO, YBHIHTE, YTO PACCTOSHHE MEXIY NOPOXKKaMHU
nopsiika 3—4 JUTMH BOJIH KPacHOTo cBeTa (T.€. OKOJIO 2 MUKPOH).
Bopobves I1.B.

BOITPOC N263: Boinonnsercs 1 3akoH /lanbToHa A1t peabHbIX ra3oB?
OTBET: 3akoHs! [lanbToHa 3By4arT CleAyomumM 00pa3om:
e JaBICHHE CMECH XHMUYECKH HE B3aHMOJCHCTBYIONMX  HJEAalNbHBIX TIa30B PAaBHO CyMMe
NapUUaIbHEIX JaBJICHHI,
® [IpU HOCTOSHHOH TEMIIepaType PAaCTBOPUMOCTb B JAHHOW JKMAKOCTH KaXKIOTO M3 KOMIIOHEHTOB
ra30BOM cMecH, HaXOIIIEeH s Hal JKHIKOCTBIO, IPOIIOPIHOHAIBHO €ro HapHaIbHOMY AaBICHHIO.
O0a 3akona [lanbTOHAa CTPOTO BBIIOJHSIOTCS JUIS HIEAIBHBIX Ta30B. IS peanbHBIX Ta30B 3TH
3aKOHBl IPUMEHHMBI IIPH YCIOBHUM, €CIM HX DPAacTBOPHMMOCTh HEBENHKA, a IIOBEJCHUE OJM3KO K
MOBEICHHIO H/ICaTbHOrO Tasa.
TeopeTnueckoe HaXOXKIEHUE JABICHUS CMECH PEalbHBIX Ta30B SBILETCS OUYCHb TPYJHOU 3a1auei.
PaccMoTpyM YacTHBII ciTydail cMecH HEIUIOTHBIX HEeHJeaJIbHBIX ra30B. Kak n3BecTHO, JUIS TaKHUX ra3oB
YpaBHEHHEM COCTOSIHUSA SIBIISieTCs ypaBHeHUe BaH-niep-Baanbca:

(p+av¥/V?) (V-vb) = VRT mwmm p = vRT/(V-vb) - av¥/V?,

rzae p, T, v — naBiieHue, Temiiepatypa U KOJIMYECTBO MOJIEH ras3a, COOTBETCTBEHHO, R — yHUBepcaibHas

ra3oBasl IIOCTOSIHHAs, a U b — KOHCTAaHTBI, XapaKTepU3YIONIUE CHIbI IPUTHKCHUS U OTTAIKHBAHUS

MEX/Ly MOJICKYJIaMH Ta3a. J{Jisi HeIIOTHBIX Ta30B, Koraa vb<<V, MOXHO 3aIticaTh pa3lioKeHHe:
p=VRT/V + (bRT-a)v¥/V>.

BungHo, 4TO MaBleHHME PEAIBHOrO ra3a OTIMYACTCS OT JaBJICHMS HACATbHOTO Ha BEIWYHUHY,
HpornopuruoHaNbHYI0 bRT—a, KoTopas MoxxeT ObITh Kak OOJbIlle, TAK H MEHbIIE HyJIsI (BCe OIpeaensieTcs
TeM, KaK{e CHJIBI MEXIy MOJEKYylIaMH Ipeo0nafaloT — OTTANKUBAHUS WU IPUTSDKCHUS). J[omycTHM,
MBI CMEIIIMBAaEM JIBa HEIUIOTHBIX PEAIBHBIX ra3a, y KOTOPHIX KOHCTAHTHI @ M b HICHTHYHBI (HarpumMep,
n3oronsl). Toraa:

p1=VviRT/V + (bRT-a)v,>/V?,
p2=V,RT/V + (bRT-a)v,/V?,
Pew = (VitV2) RT/V + (bRT=a)(vi+v2) V2,
TZ€ i, P2, Pew — JABICHHUE IEPBOTO Ia3a, BTOPOTO Ta3a H HX CMECH COOTBETCTBEHHO.

Jlerko moMyunTh, UTO Ap = pey - P1 - P2 = 2 (bBRT—a)v,v,/V>. Takum obpazom, mpu T>a/bR
JaBJICHUE CMECH Ta30B Oy/eT OoJblle CyMMBI MapluaibHbIX AaBieHuit, npu T < a/bR naBneHue cmecu
ra3oB OyJIeT MEHbILE CyMMbl MapUHalbHbIX AaBieHuid, a npu T = a/bR 3akon [lanproHa Oyzmer
BBIIOJTHATBCSL.

TloapoGHee B KHUTAX:

P.B.Tenecuun «Monekysipaast ¢puzuxay», M., 1973,
J1.B.CuByxun «O0wmwmii Kype ¢puzukm», Tom 2, M., Hayka, 1990, rinasa 8,
SM.I'ensdep, B.JLJro6oumn, M.M.ITogropeuxuii «Ilapagoke I'nb60Oca U TOXAECTBEHHOCTh YacTHI[ B
KBaHTOBOHW MexaHuke», M., Hayka, 1975, riasa 4.
Llenecm B.H.

BOITPOC Ne64: Kak m3mepuTh Maccy Tela B KOCMOCe, BeJlb TaM HeT Beca?
OTBET: /laBaiiTe BCIOMHUM OIIPEAEICHHUSA:
e Bec — 310 cuita, 00ycioBIeHHas CWION NMPUTSHKEHUs 3eMIIn, C KOTOPOI TeJO JaBUT Ha IOJCTABKY
WM PAcTSTUBAeT IOJBEC.
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e Macca — 310 ¢yHAaMeHTanbHas (U3MYECcKas BEIMYMHA, ONpEJCNAIOIAs HWHEPUHOHHBIE |
TpaBUTAlHOHHBIE (PU3HYIECKUE CBOWCTBA Tela.

C TOYKH 3peHHs TeOPUH OTHOCHUTEIBHOCTU Macca Tejla M XapaKTepHu3yeT ero SHepruio moxos Eo,
COIIACHO COOTHOIIEHMIO DiHIITEHHA: Ey= mcz, IJie ¢ — CKOPOCTh CBETA.

B HBIOTOHOBCKOH TEOPUH IPaBUTAIMH MAcCa CIIyXKUT HCTOYHHUKOM CHJIBI BCEeMHPHOTO TATOTEHHS,
MpUTSATHBaromel Bce Tema Apyr k apyry. Cuma F, ¢ xoTopoi#l Temo Macchl m; HPHTATHBAET TENO C
Maccoi m,, onpeaessiercs: 3aKkoHoM TsroreHust Hetotona: F = Gmymy/r.

MHepuuoHHbBIE CBOWCTBAa MAcChl B HEPENIATHUBUCTCKON (HbIOTOHOBCKOI) MEXaHHUKE ONpPEEIsIOTCS
cootHomenueM F = ma.

U3 ompezeneHuii ICHO, YTO Macca U BeC BOBCE HE OJJHO U TO xe. B cocTosHHI HEBECOMOCTH Macca
octaercs. bonpie Toro, ecii BaM J0BEIETCS MOOBIBATH B HEBECOMOCTH, TO IIOMHHTE, YTO OTCYTCTBHE
BECa He 3HAYUT OTCYTCTBHE MACChl, M B CIydae yaapa o 60pT BallIero KOCMUYECKOro KOpalisi CHHAKH U
LIAIIKHA OYAyT CAMBIMU HACTOSIIHMH.

W3 cka3aHHOTO BBIIIE, MOXKHO IOTY4HTh, 110 KpaiHell Mepe, 4eThIpe CIioco0a OmpeieIeH s MacChl
Tella B HEBECOMOCTH:

a) MOXXHO aHHUI'MJIMPOBATh HCCIIELyeMOoe Teno (IepeBEeCTH BCIO MAaccy B SHEPrui0) M IOMEPUTH
BBIICITHBIILYIOCS] 9HEPTHUIO — I10 COOTHOLICHNIO DHHINTeHHA IOTyYUTh OTBET,

6) ¢ momombl0 NMPOOHOrO Tela MOMEPUTh CHIIy IPUTSHKEHUS, JCHCTBYIONIYI0 Ha HPOOHOE Telo Co

CTOPOHBI HCCIIEIyeMOro 00BEeKTa ,— 3Hasi PACCTOSHUE, 110 COOTHOILIEHHIO Hpl0TOHA HaliTh Maccy,

MOJICHCTBOBAaTh HAa TEJNO C KaKOW-TMOO M3BECTHOW CHJIOH (Hampumep, NPHLENUTh K Tely

JIMHAMOMETP) U H3MEPUTH €0 YCKOpPEHHe, a 10 cooTHomeHnIo F = ma Haiiti Maccy Tena,

I) MOXXHO BOCIIOJIB30BAaThCs 3aKOHOM COXPaHEHMs MMITyibca. J[Is 9TOro Hajo MMETh OJHO TENo
U3BECTHOH MAacChl U U3MEPSITh CKOPOCTH TeJ JI0 H T10CIIE B3aUMOJIEHCTBHS.

B

~

banoun E.M., Kupuuenxo H.A.

BOITPOC Ne65: He npeBuiaT Jikt yueHble HaAeHUs KaKOH-T100 KOMEThI Ha 3eMiro?

OTBET: Ilagenne KoMeTbl Ha MOBEPXHOCTH IUIAHETHI — JOCTATOYHO PEAKOE aCTPOHOMUYECKOE
siBJieHHe. MHOI'ME yuYeHbIE CKJIOHSIOTCS K MBICIH, 4TO majaeHue TyHrycckoro mereopura (1908 rom)
OBLIO TAKUM SIBICHHEM. B M0JIb3y TOM THIIOTE3bI TOBOPUT MHOTO (hakTOB. AHOMAIIbHBIE [IECTPhIE 30pH,
KOTOpBIE TMOSBWIIKCH 32 HECKOJBKO JHEH 10 CTOJKHOBEHMS, Oenble HOYM Ha HECBOMCTBEHHBIX UM
LMIMPOTaX MOCIE MaJeHUsI, OTCYTCTBHE TBEPAOTO METEOPUTHOTO BEIECTBA U JIp. B HacTosIee Bpems 3ta
THIOTe3a O NpUpoAe TYHIyCCKOrO METeOpHTa CUMTACTCS OOIIENPHHATON. BeposTHOCTH TOrO, 4TO B
TeYCHHE CTOJIETHSI TAKOE SIBIICHHE ITOBTOPHUTCS, OYeHb Mana. Jla ¥ M3 TeX KOMET, OpOUTBI KOTOPBIX
W3BECTHBI, KaHJUNATOB Ha NPSMOE CTOIKHOBeHHE ¢ 3emiiel HeT. C Ipyroil CTOPOHBI, KOMETHI — 3TO
OOBEKTHI, 10 ACTPOHOMHYECKUM MacIiTadaM HMEIONINEe OYeHb KOPOTKYIO JKH3Hb. Bo3MyIeHus nx
OpOHT IPYrUMH HEOECHBIMH TENaMH W TPUIMBHBIC CHIIBI IIPUBOAT K TOMY, YTO TPACKTOPUS KOMETHI
MOXET H3MEHHMTBCS, a caMa OHA MOXKET pacnacTbcsi Ha Oojee Menkue Tena M o0pa3oBaTh B
MIPOCTPAaHCTBE MeTEOpHBIH poi. ITockoIbKy BemecTBO KOMETHI B METEOPHOM poe "pa3maszaHO" B
JOCTaTOYHO MPOTSHKEHHOE OOJIaKO, TO CTOJKHOBEHHE C OTHENBHBIMU YACTHI[AMH TaKHX OOJIAKOB
MPOUCXOJUT JOCTATOUHO PETYIISAPHO.

B 1994 roay B r. CHEXXMHCKE HPOIIIa MEXKIyHapoJHas KOH(epeHIus no mpobiemMaM 3aIiuThbl
3eMIIH OT CTOJIKHOBEHHS C KOCMHYECKHMH OOBbeKTaMmu. IIpucyTCTBOBaBIIHNE MPHUILIA K BEIBOJY, YTO
YeJIoBeUecTBy IO CHJIaM OOpOTBCS C KOCMHYECKOH OIIACHOCTBIO, 3allUTa OT MNAJCHHsS KOMEeT M
aCTEepOUI0B MPOCTA, INIABHOE — HE YIIYCTHUTh BpEeMsl.

Co3gaHa KOMHCCHS, KOOPIAMHHpYIOIas Bce pabOTHI, CBS3aHHBIC C HAOMIOACHUAMH 32
KOCMHYeCKUMH  oObekTamu. KocMmuueckas  paguMoiokamyss M KOMIBIOTEPHBIE  KOMILIEKCHI
ACTPOpPAa3BEAKU IO3BOJAIOT OOHAPYKHUTH OMACHBIE OOBEKTHI 33 COTHH MHJUIMOHOB KHWJIOMETPOB OT
3emuu.
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Ha 1999 rox mo mMeromuMcs JaHHBIM OJI¥DKe BCero K 3emile IMojoineT xomera Mauxonbna-2.
Komera npubnusutcs k 3emne Ha paccrosaue 0,31 a.e. (mpumepHo 46 MIIH.KM), GaKkT yqaieHHOCTH
OpOHTBI KOMETHI OT 3eMJIM TOBOPHUT O HEBO3MOXKHOCTH €€ MafeHus Ha 3eMIIo.

Ionpo6uee B crathe P.B.AnmumoBa u E.B.[ImutpueBa «lIpoTuBoacteponHas 3ammra 3eMiIn» B
sxkypHaie «IIpupoga» 1995, Ne6, crp.94-101.

Kupuuenxo H.A.

BOITPOC Ne66: MoXHO JIM YBWJACTH 3Be3[bl JHEM (HE MpPU COJIHEYHOM 3aTMCHHUH). a)
HEBOOPY)KEHHBIM IJ1a30M; 0) ¢ TIOMOLIBIO Teneckona. Ecimu — na, To npu Kakux yciaoBusax?

OTBET: /Inem 3Be3bl HEBOOPYKEHHBIM TJ1a30M HE BUIHBL. YBHJIETh 3Be31y Ha (hOHE THEBHOTO
Heba MOXXHO ObUIO GBI TOJIBKO B TOM CIIydae, eCiii Obl IOTOK CBETa OT 3BE3/IbI OBLI CPABHUM C IIOTOKOM
OT IUIOINAJKH Heba, YIIIOBOU pasMep KOTOPOil paBeH pa3penraronieil CrlocOOHOCTH YeI0BEYeCKOro riia3a
(mopsimka 1'). SIpkocts mHeBHOro Heba cooTBeTcTBYeT —5,2™ ¢ 1 KBagpaTHONM MHHYTHI, 4TO pa3 B 25
GoJIbIIIe IPKOCTH caMoi APKO# 3Be311bI ceBepHOTO Heba Cupuyca ¢ —1,6™.

Teseckon MOXKET YIy4IIHTh Pa3pellalolyio CIOCOOHOCTh I1a3a mpuoau3uTeNbHo 10 2", T.e. B 50
pa3 (nHeBHas aTMocdepa OOBIYHO HE JACT JIY4IIEro KayecTBa M300pakeHuil). 3HA4YMT, SIPKOCTh Heba
cHWKaeTcs M 5ToM B 50° = 2500 pas M CTAHOBATCA BHHBI APKHE 3BE3/IbI M TUIAHETHL IIpaBia, 1uis
9TOr0 HYXEH TEJECKOIl ¢ JOCTaTOYHO OOJIBIINM (DOKYCHBIM pacCTOSHHEM OOBEKTHBA. B Teneckon ¢
(hOKyCHBIM PaccTOSHUEM | M 3BE3/1bI THEM HE BHIIHBI.

Kcrartn, IIMpOKO pacHpoCTPaHECHHOE YTBEPIKACHHE, YTO 3BE3/(bI MOKHO BHACTh JHEM, HAXOMICH B
TIIyOOKOM KOJOJIe, SBIsieTCs 3a0myxaeHneM. JIerko mokasaTs, 4To IpH JHaMeTpe koionua B 1 M ero
riryOuHa JoipkHa ObITh Gonee 1 M/ sin 100" = 2 xm! Ho naxe mpu sToM HaGmrogartemo OyxeT BHIHA
JIMIIB CBETJIAsi TOYKA, APKOCTh KOTOPOHl YBENMYHTCS Ha MIHOBEHHME, €CIIM Kakas-mibo 3Be3na Oyner
nepecekaTh 3eHUT. BrioHe BO3MOXKHO, YTO psil HabmrogaTeneil MpHHUMAIIK 3a 3BE3/Ibl YACTHYKH IbLIN
WU CaKH, KOJIEOIIOMHUECs B CTBOPE KOJIOATIA.

Wcrounukn:

J.51.MaprteiaoB, B.M.JIunysoB «COopHHK 3a1a4 110 acTpodusuke», M., 1986, ctp.83,
B.I'.Cypaun «AcTpoHOMHYECKHE ouMIuans», M., 1995, ctp.192—-194,
J.B.CuByxun «O0mmii kypc dpusukm», rom 4, M., Hayka, 1980, ctp.161-162,
J.51.MaprsiHoB «Kypc npaktudeckoit acrpoduszuku», M., Hayka, 1977, naparpad 10.

BOITPOC Ne67: Hackoiabko TOYHO BBIONHSIOTCS (DyHIaMEHTaIbHbIEe 3aKOHBI (DH3HUKH B
pasnuHbIX Teopusix? [TouemMy 3TH 3aKOHBI OUYEHb IPOCTHI IO CPABHEHHIO C TIPOU3BOJAHBIMU 3aKOHAMH?

OTBET: Ha croap o0uuid BOIpOC €MHOro OTBETa HET. [ KaXK10ro U3 3aKOHOB CYIIECTBYIOT
OrpaHUYEHUS, MOJIyYCHHbIE B COOTBETCTBYIOMIMX Mpoleccax. s MHOTMX 3aKOHOB STH OIpaHHYCHHUS
oueHb cuiTbHBIC. Hanpumep, BpeMs Ku3HH poToHa Gonbine 10° jer.

ODyHnaMeHTaIbHbIE 3aKOHBI (POPMYIUPYIOTCS I "OYHINEHHBIX" 0OCTOSTENBCTB, B HUX HE HAJo
HOJAPOOHO  OMMCHIBATH JeTand  curyauumd. Kpome Toro, u3 pasinyHbX  (GOpMYIHPOBOK
(yHIaMEHTaIBbHOTO 3aKOHA BRIOMPAETCS Ta M3 HUX, KOTOPasi HPOLIE.

Tunz6ype U.@.

BOITPOC Ne68: TyT He Tak AaBHO ObLIa B ropojie KOH(PEPEHIHs O TOPCHOHHBIX MOJsIX. OYeHb
OBl XOTEJIOCh Y3HATh, YTO TaM pacckasbiBasiv. Yto 310 32 nmons? U riae npumeHsoTes?

OTBET: CyuectBoBaHHE TOPCHOHHOTO TIOJIS, WJIM IO KPY4YEHHs, HpEICKa3bIBaeTCs B
HEKOTOPBIX IIOIBITKAX 0000IeHHs 00IIeil TeOPUH OTHOCUTENILHOCTH Ha SIBICHHS METaralaKTHIeCKOTO
macmiraba B 1922 r. Hukakux 3¢ ¢ekToB, yKa3blBalOIMX HA CYIIECTBOBAHUE TAKUX IOJICH B MEHBIIHX
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MacmTabax He ObUIO 0OHapYXeHO. B HacTosmiee BpeMs HeT aOCONMIOTHO HUKAKHUX dKCIEPUMEHTAIbHBIX
yKa3aHHii Ha CYIECTBOBAHHE TOPCHOHHOIO T10JIsl, 3TO YHCTO TEOPETUUYECKAs THIIOTe3a.

HexoTopble MIOAN HBITAIMCh MHTEPIPETUPOBATH C MOMOMIBIO ATHX IOJEH pe3ylbTaThl CBOHX
9KCIICPHMEHTOB, BHIIOJHEHHBIX UYPEe3BbIYaifHO HEaKKypaTHO. IIOMBITKY BOCIPOM3BECTH 3TH Pe3yIbTaThl
B OoJyiee THIATENBHBIX OIKCIHEPUMEHTaX HEW3MEHHO IPHBOAWIM K OTPULATEILHOMY pe3yibrary. B
HACTOSILEE BPEeMsl NPUMEHEHHE TOPCHOHBIX IOJIeH K OINMCAHMIO SIBICHUH OKPY)KAroLEeH NPHPObI
COCTaBJISICT MPEAMET 3aHATHH HEKBAIM(HUUUPOBAHHBIX WM (4alle) HeI0OPOCOBECTHBIX JIIOACH.
Iocnennue 00€IAIOT MOTYYHTh M3 HCCICJOBAHMS TOPCHOHHBIX IONEH H "IOMEHHOH CTPYKTYphI
BakyymMa" MHOIO 3aBJICKAaTCJIBHBIX 3((EKTOB THIIA AHTUIPaBUTAUUMM M T.I.  TOPCHHHBIC IIOJS
yIOTPEOISAIOTCS] STUMH JIIOJIbMH JIsl BBIKAUHBAHUsI IEHET Y TOCYAapCTBa (Jallle BCEro y BOCHHBIX).

TeopeTnueckue npeacraBiaeHus, u3narasmmecs lIumoBsIM Ha HeaBHEM ceMuHape B MHcTHTyTE
matematuku CO PAH, 0esycioBHo, omubounel. K Hayke OHHM OTHOIIEHHS HE HMEIOT.
TexHonornueckue NpuIoKeHus, nznarapiyecs IUMoBeIM, — IONPOCTY IAPIAaTaHCTBO.

Tunzbype U.@., Xpuniosuu U.b.

BOITPOC Ne69: M3iyqaet v 31eKTpOMarHUTHEIE BOJIHBI KOJIeOaTeNIbHBII KOHTYp?

OTBET: KonHeuHo, wu3ilyyaeT: JJIEKTPOMArHUTHBIE BOJHBI M3JIy4alOTCS NPU YCKOPEHHOM
JBI)KEHUM 3apsifioB. DTO JIETKO TOHSATH, €CNU MPEJCTABUTh ce0e 3apsiyl, OKPYKEHHBIH 3JIEKTpHYECKUM
mosneM. Y IOJIs €CTh YHEPTHs, CIef0BaTeNbHO, U Macca. IIpu yckopeHHH IBIKEHUH 3apsiga (HampumMep,
BIIEpe) I0JIe [0 WHEPIUH JIBIDKETCS C TOU K€ CKOPOCTBIO H, TEM CaMBIM, OTPBIBACTCS OT 3apsiia. MbI
IIPY 3TOM HaOIIONaeM U3JIyIeHUE dIeKTPOMarHUTHBIX BOJH.

OOBIYHO MpH pEIICHHH 337a4 PO KOJIeOATeNbHBI KOHTYp H3JIydeHHEM MpeHeOperaror.
IonpobyeM HOHATH, KOTAA 3TO clpaBemnuBo. [l Havala OIEHUM, KaKyl0 MOLIHOCTh N H3IydaeT B
BUJIe IEKTPOMAarHUTHBIX BOJIH 3apsiy (, ABHTaiomuiics ¢ yckopeHueM a. OdeBHIHO, 4To N 10DKHA
3aBHCETh OT (, @, a TAKXKE OT CKOPOCTH CBeTa C (MMEHHO C 3TOH CKOPOCTBIO PacIpOCTPAHSIOTCS
3JIEKTPOMATHUTHBIC BOJIHBI) M KOHCTAaHTHI B 3akoHe KynoHa k (MMEHHO OHa OmpeiessieT HHTEHCUBHOCTb
9JIEKTPOMArHUTHBIX B3aMMOJCHCTBHI). BhIMNCcaB pa3sMepHOCTU BENHYMH, JIETKO MOIY4YHTh, YTO €CTh
€IMHCTBEHHas KOMOWHAIMsA GyKB, naromas HyxkHEH oteT: N ~ kq’a/c’. TIpumeHuM 3ToT pe3ysbTar
JUIS  OLECHKH MOIIHOCTH H3JIy4eHUs OJICKTPOMATHUTHBIX BOJH KOJIEOATEIBHBIM KOHTYPOM C
MHOYKTUBHOCTBIO L u emxocteio C. Jlms oToro konebGaHus B KOHType OydeM HHTEPIPETHPOBATH
CIEIYIOIUM 00pa3oM: B HaualIbHBIH MOMEHT KOHJICHCATOP OBLI 3apspKeH 3apsaIoM (, a 3aTeM 3a BpeMs
T ~ (LC)" 3apsan mepemecTHics B KaTyIIKy HHIyKTHBHOCTH, TPOHIA UIHHY COEIMHHTENBHBIX
npoBoaoB 1. OueBumno, uto | ~ aT?. B 3TOM pAacCykJIEHMH CUMTAETCH, YTO B COEIMHHMTEIIBHBIX
IPOBO/IaX HET CBOMX HOCHTENEH 3apsja, a KaTyllIka HHIYKTUBHOCTH M KOHJIEHCATOp — UJiealbHbIe (BCe
1oje OHH COCPeJOTauYMBAIOT B cebe M HEe H3IydYaloT), T.€. OJICKTPOMATHHTHBIE BOJHBI MOTYT
HCITyCKAThCSI TOJIBKO COSIMHUTENILHBIMA ITpoBoaamu. Tora, mockoibKy Tok B koHType I ~ g/T,

N ~ kq*a%/c® ~ k@ IPAT*c®) ~ kIPIP/(T2c?) ~ kIPIP/(LCCY) .

AHaJTOTHYHO TemToBoit MomHocTH N=I’R MOHO 3amucath R,,, — SKBUBAIEHTHOE COTPOTHBIICHHE

MOTEPh YHEPTUH KosleOaTeNbHbIM KOHTYPOM Ha U3JIy4eHHE dIeKTPOMArHUTHBIX BOJIH IJIHUHBI A
Rysn ~ N/ ~ KI2/(LCC?) ~ kIP/(T?C) ~ kI/(A*¢) ~ (k/e)(I/A)* ~ 100(1/L)*.

OueBHJIHO, 4YTO €CIM I KOJIeOATeNbHOr0 KOHTYpa € OMMYECKMM CONpOTHBIEHHEM R
BBINIOJIHACTCS HEPaBeHCTBO R,,,<< R, To moTepeil »Hepruu Ha H3IydYeHHE HICKTPOMATHHTHBIX BOJH
MOXHO IIpeHeOpedb. OOBIYHO TaK M ObIBaeT, T.K. | << .

Llenecm B..

BOIIPOC Ne70: IloueMy, C TOYKM 3pEHHS CKpPBITOTO KOHTpPOJS 3ByKa, IPUMEHEHHE
HAaIpaBJIEHHBIX MUKPO(OHOB 3aTPYAHEHO?
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OTBET: Panpiue HampaBIeHHBIH MHKpPO(OH Jenaics CIeAylomuM o0pa3oM: Ha OOBIYHBIH
BEICOKOYYBCTBHUTEIBHBIH MHKpO(OH HajeBamach Tpyba (pymnop), KOTOpas BBIIONHIA POJb
KOJUTUMaTopa. JTa TpyOa HampaBsuIachk Ha HCTOYHUK 3BYKa M OTCEKalla 3BYKH, MPUXOAAIINE C APYTHX
HampasieHuil. EcrecTBeHHO, TaKHM MHKPO(OHOM TPYIHO HOJIB30BATHCS CKPBITHO.

CoBpeMeHHbIe HalpaBJIeHHbIE MUKPO(QOHBI pabOTAIOT IO NMPUHIMITY (a3HpPOBAHHBIX PEIIETOK —
3ByK (UKCHpPYeTCsl OOJNBIIMM KOJTHYECTBOM MHKPO(OHOB, M 3ammchiBaetcs ¢ momouibio ALIl B
xomnbioTep. T.K. Kaxnplii u3 MUKPO(GOHOB HAXOAUTCA OT HCCIELyeMOTO MCTOYHHMKA Ha Pa3HBIX
PACCTOSIHUSAX, TO BO3HHKAIOT BPEMEHHBIC 3aJCPKKH B 3allICHIBAEMBIX CUTHamax. I KaxIoro us3
3aIIMCAHHBIX CUTHAJIOB JEJIAeTCsl Pa3lioKeHHEe B CIEKTP 1o yactore. [ TOro, 4roObl M30aBUTHCS OT
MOCTOPOHHHX 3BYKOB, B K&XIOM U3 CIICKTPOB OCTABIIIOT TOJBKO Ty 4acTh CHIHaja, KoTopas (a3oBo
COTJIACOBAaHHA C HCCIEAyeMBIM HCTOYHHKOM 3ByKa. OCTanoch TOIBKO CHUHTE3UpoBaTh curHail. C
TIOMOIIBI0 OOBIMHOTO KoMIIbIoTepa U 24-pa3psanoit ALl MOXXHO B peaJbHOM BPEMEHH OCYIIECTBIATH
BBICOKOHAIPABJIEHHYIO 3allUCh 3BYKa € paspelieHueM 1o ammmryiae B 120 ab. TpyaHocTu ckpeiToit
3aIUCH COCTOAT B TOM, YTO HAIIPaBJICHHbIC MUKPO(OHBI JIOBAT 3BYK, HPUXOAALIMKA U3 ONpPE/CICHHON
TOYKM: BaM CIeAyeT TOYHO 3HATh, IJIe HAXOAHTCS TOJIOBAa HCCIEAYEMOTO CyOBeKTa — CTOHT eMy
C/ABUHYTBCSI, KaK 3BYK ITPOINaacT.

banoun E.M., I[lomepses B.C.

BOIIPOC Ne71: TTouemy onacHo xBaraTbes 3a JIDII, B TO BpeMst Kak NTUIBI TaM CUAST?

OTBET: OnacHo He HalpsbkeHHEe caMo 1o cebe — OIacHO MaJIeHUE HANPSUKEHUs! Ha TIPOBOJJHUKE,
B POJIH KOTOPOTO BBICTYIAaeT CXBATHUBILIHICA 32 MPOBOA 00BEKT H3ydeHus. Ecii 00beKT 01HOBPEMEHHO
KacaeTcsl IPOBOJia MO HAIPsDKEHHEM M 3eMIIH WM JBYX IIPOBOJOB C Pa3HBIM HANpPSHKEHHUEM, TO My
CTaHeT IUIOXO.

To, 4ro NTUIBI CHAAT HA NPOBOJAX — 3TO MPOOIEMBI HE TONBKO HTHIl HO H TOJIOBHAs 0OIIb
9KCILTyaTallHOHHUKOB JIMHUH 3JIEKTpoIepeiad: JOBOIFHO MHOTO NTHII IpU Tubenn (0Ha, Kak IPaBuUIIo,
HACTyNaeT B pe3yibTaTe TOro, YTO NTUIA KOCHYJIACh JBYX PSZOM HIYIIHMX IIPOBOJOB) IPOBOLMPYIOT
KOPOTKHE 3aMbIKaHUA. B  4acTHOCTH, CTaHJAapTHBIE H30JATOPbl Ha CTON0OAX BIIEKTpoHepeIadH
CIIPOEKTHPOBAHBI C YUETOM OIMACHOCTU CO CTOPOHBI IITHI] (IETAI0TCS CIICIHAIbHBIC HACECTHI).

OueHuM TO HampsDKEHHe, MO KOTOpOe IoMajaeT NTHIIA, ceBllas Ha HpoBoA. Jliobas mwmHMS
9JIEKTpOIepeiad NPeJICTaBIsIeT cO00M CONPOTHBIICHUE JUIS TOKA, M HAa 9TOM COIPOTUBICHHU TEPSETCS
4acTh 3MeKTpodHepru. KospduimeHT mone3Horo AeHCTBUS JIMHUM BIIEKTPOIEpeaad JI0CTATOYHO
BEICOK — 90-94%. JIocTaTO4YHO YacTO BCTpeUaloTcsi BEICOKOBONBTHEIE tnHIU JIDII-500, paccunTaHHbIe
Ha 500 kB. C nux nomompto Ha pacctostuue 600—1200 kM mepesaeTcst SJIeKTPOIHEPrHs MOLIHOCTHIO
i () 1000 MBT. [l OLleHKH Pa3HOCTH MOTEHLHAIOB, MOJ AEHCTBHEM KOTOPBIX HAXOJMUTCS ITHILA,
BEIOEpeM HaMXYAIIMH BapHaHT: JUIMHA JMHUH IeKTpornepenad — 600 KM, IOTepH dHEPrHU B IIPOBOJAX
— 10%, momuocth muHEA — 1000 MBrT. IIpu Tux ycmoBusax 100 MBT uner Ha HarpeBaHHe IPOBOJOB.
TepsieMyl0 MOIIHOCTh MOXKHO ONpenetuth 1o dopmyie P = IPR. Cumy Toka I Haxomum, 3Has
nepenaBaeMylo MOIIHOCTE Py n Hanpsbkerue Ha mHEN Uy, [TockonbKy mepenada 3JIeKTPOIHEPTHU HAET
Ha MEPEMEHHOM TOKE, TO HY)KHO 3HaTh elle Ko3(GduuueHT MoHocTH. CTporo ropopsi, OH MEHSAETCS B
3aBMCHMOCTH OT 3arpy’KeHHOCTH JIMHHH B npeaenax 0,6-0,9. Torma I = Py/(Ucosp), otkyna R = P/I> =
P(Uocoscp)z/ Po>. 3HAYMT, IS TIAJCHUS HanpspkeHue Ha npoBogax uMeem U = IR = PUycos@/ P.

Tonyuaercs, 4Tro najgeHWe HampsHkeHUs Ha mnpoogax okosno 40 kB. OuneHum pasHOCTB
MOTeHIMANOB Ha 1 MeTpe Takoi uauu. O6wwas [uiHa npoBoaoB 1200 kM (nuHMs AByXnpoBoaHas). Ha
1 merpe mamaer okxono 0,03 B. PaccrosiHne mexay nankamu nrumpl okono 10 cm. ITostomy
HaInpsbKeHHe, MoJ] KOTOPBIM HAXOAUTCs NTHIA, OyaeT okono 3 MB, 4To coBceM HEOMAacHO Is Hee.

Ecnu genoBek CTOUT Ha 3eMiie H JOTPOHETCS O BBICOKOBOJIBTHOTO IIPOBOJA, TO OH IOMAIET IOJ
Pa3HOCTh MOTEHIMAIOB "MIPOBOX - 3emia”. DTo yke He goiu Bojibra, a 500 kB. B ciyuasx, xorma
YeJIoBeK CIyYallHO IOIajaeT Ha BBICOKOBOJBTHBIC IPOBOJA, HE HMMesl CBS3H C 3eMilell (Hampumep,
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MaJIeHUe ¢ MOCTa Ha OJIMH W3 TPOBOJIOB JIMHUM 3JICKTPOIIEpEIaul, TAKUE CIy4au ObIBaJN) MOPaKSHUS
9NEKTPHIECKUM TOKOM HE HaOII0IaeTCs.
Tlonpo6uee B kuurax: A.C.EnoxoBuu "CrnpaBounuk no ¢usuke u texuuke", Mocksa, 1989,
JI.W.Baitnmureiin "TlamsTka HaceleHuUIo 1o sekrpobe3onacHoctu", Mocksa, 1987.
Kupuuenxo H.A.

BOITPOC Ne72: IIpaBnaa jiu 3emitst Oyzaer "nepeBopauuBarbes”?

OTBET: 3to — rpy6o ommbo4HOe yTBepxkaeHHe. Mnes, 0 KoTopoil TOBOPSAT, BEITTISIAUT IIPUMEPHO
tak: "Ha momocax 3emim Hapociio MHOTO Jbaa. [103TOMy OHa mpeBpaTHIAch U3 IIapa B HEKOTOPYIO
raHTelb, KOTOpas JIEFrKO MOXET pa3BepHyTbcs Ha 90 rpajycoB OT yJjapa CPaBHUTEIBHO HEOOJBIIOIO
Meteopura'.

BeiBo/t HeBepeH. 3/iech 3a0BIBAIOT O BPAIICHUH 3eMIIM BOKPYT OCH. 3eMJIsS — TUPOCKOI (BOJIYOK),
HalpaBjIeHUe OCH BpaIleHUs] KOTOPOro U3MEHUTh OUeHb TpyaHO. [l moBopoTa ocH Ha OObIIOI yron
HAJI0 mepeaaTh 3eMile MOMEHT UMITYJIbCa, CPAaBHUMBIIL ¢ ee COOCTBEHHBIM MOMEHTOM, KOTOPBII HOPsIIKa
0,3MR’0, rie M — macca 3emin, R — ee pamuyc M @ — yIJoBas CKOPOCTb, paBHas 27/24 yac™' (kak
u3BecTHO R =~ 300 M/c — cKOPOCTH BpalleHHs Ha 3KBATOPE).

C HaubomsmmM 3¢ (HeKToM Takol MOMEHT UMITyIbca mVR MoxeT nepenats 3emie Bpe3aBIIHiics B
Hee 10 KacaTteibHOH actepoua. Ecimu mpuHATE ckopocTh actepora v = 30 kM/c, TO ero macca m ~
M/300, T.e. OH HOIDKEH OBITH Bcero BueTBepo jerde JIynsl. OTo — oueHb Ooxmbmoii actrepoun. Ilo-
BUJIMOMY, BCE acTepOMABI MOZOOHOr0 pa3Mepa B IOsICE aCTEPOHMIOB M3BECTHBI. HacKoIbKO MOXKHO
CYAMTH TIO T€OJIOTMYECKMM aHHBIM, 3a mocienHue 2—4 miupa. jger Obuio He 0ojiee OJHOTO COOBITHS
TaKoro Macuraba B HICTOPUH 3eMITH.

Tunzbype U.®.

BOITPOC Ne73: Ha yem ocroBan sddekt "3Byk Bokpyr"(3D-sound)?

OTBET: Crepeoponus — 3pdexT 00beMHOr0 3ByUaHus, IPH KOTOPOM Y CIIyILIaTeNel co31aeTcs
BIICYATIICHHE O MPOCTPAHCTBEHHOM PpACIOJIOKEHHH HCTOYHHKOB 3BYKa. 3BYK BOCIPOM3BOJHTCS
HECKOJIBKUMH (0 5) pa3HeCeHHBIMH B MPOCTPAHCTBE HMCTOYHHKAMH 3BYKa (TPOMKOTOBOPHUTEISIMH,
3BYKOBBIMH KOJIOHKAMH), Kbl M3 KOTOPBIX MOIyYaeT CHUTHAIBI 10 HE3aBUCHMOMY KAaHAIY OT
COOTBETCTBYMOLIEr0  MHKpopoHa. DPPeKT crepeo3BydaHus BO3HHKACT TPH  ONPEICICHHOM
PAacCIOJIOKEHHH TPOMKOrOBOPUTENEH B MeCTe€ BOCIIPOM3BEACHHS M MUKPO(GOHOB B MeCTe Mepeiayud
3ByKa.

YenoBeK BOCIPUHAMAET MIPOCTPAHCTBEHHOE PACIIONIOKEHNE HCTOUHHKOB 3BYKA C MOMOIIIBIO VIIEH,
pasHeceHHBIX Ha paccrosiHie d 0ko0 20 cM (3TO BO3MOXKHO IS 3ByKa, JUIMHA BOJHBI KOTOporo A < d;
3TO COOTBETCTBYET yacTtoTaM 3ByKa Oonee 1 kI'm). Takum oOpazom, Omaromaps BBICOKOYAaCTOTHOM
COCTaBIISIONIEH 3BYKa, MOYKHO XOPOIIIO OPHEHTHPOBATHCS MO 3BYKY B MPOCTpaHCTBe. Pasmmune B (ase
HHM3KOYACTOTHBIX COCTABILSIIOLIMX BOCIIPUHATOIO YIIAMH 3ByKa BOCIIPHHHMAFOTCSI YEJIOBEKOM TOpasjo
xyxke. IlostoMy 1 ycuiaeHus d3¢hdexra OOBEMHOr0 3BYYaHHsS HCKYCCTBEHHO —YBEIHYHBAIOT
3ama3IbIBaHIe MEK/TY HU3KOYACTOTHBIME COCTABIISIOMINME 3BYKA, TOCTUTAIOIMMH Pa3HBIX YIIECHL.

Jas co3ganus a¢dexra 3D-sound:
® 113 3BYKOBOI'O CHTHAJIa OT K&XKI0T0 MUKPO(OHA BBIIEISIETCS €ro0 HU3KOYaCTOTHAs COCTABIISIONIAs,
® 3JIEKTPOHHBIM 00Pa30M YBETHYHUBACTCS PA3HOCTH (ha3 MEXKTY HU3KOYACTOTHBIMH COCTABIISIOIIMMU

CHT'HAJIOB, ITOJIAIONIUXCS Ha pa3HbIe 3BYKOBBIE KOJIOHKH.
Ilomepses B.C.
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BOITPOC Ne74: CkOpoCTH TEIUIOBOTO ABIDKGHHS MHOTHX MOJEKYJ ONHM3KH K CKOPOCTH IyJIH.
ITouemy e naxke O4eHb YyTKOE OOOHSHME JUKUX )KUBOTHBIX HE YJIABIMBACT 3allaX OXOTHHKA, €CIIU OH
HOJIKPa/IbIBAETCS] K HUM IIPOTHB BeTpa?

OTBET: Mouiekyibl B BO3yXe, I€HCTBUTEIBHO, JETAIOT C OYEHb OOJIBIIMMHU CKOPOCTSIMH, HO Ha
OYeHb MaJIeHbKHE paccTOsSHUS. JlnuHa cBoOOZHOTO mpobera A MONEKyN BO3LyXa B BO3AyXe IIpH
HOpMaJIbHBIX ycloBHsAX MeHee 0,1 MKM, a y OOJIBIINX OpraHUYECKHX MOJIEKYJ AXyYHX BELIECTB — elle
MeHblIe. M3-3a MHOTOYMCIIEHHBIX CTOJIKHOBEHHMH MOJEKYJbl JIBHKYTCA XaoTH4HO. Takoii mporecc
Ha3bIBaeTcs OpPOYHOBCKHM JBikeHHeM. [Ipm 3ToM Monekyna mocie N CTOIKHOBEHHH CMECTUTCS B
cpenseM Ha paccrosuue L ~ N2, Ecnm Monekyna JBMAKETCS CO CKOPOCTBIO V, TO 3a BpeMs t
npousoiiner N = tv/A cronkHoBenuii. Torma L ~ (th)l’z. CrenaeM HECKOIBKO oueHOK. CBOOOIHO
JeTsias B BakyyMe MoiieKyda aszora mpeomoieer L = 10 m 3a Bpems t. ~ L/v ~ 0,02 ¢, a
mubGyHMpYIOmAas B BO3yXe MOJIEKyJIa a30Ta TIPEOIOJIEET TO e PACCTOSHHUE 3a Bpems t, ~ LY/VA ~ 2
10° ¢ ~ 20 cyTok.

PeanpHO 3amaxm pacmpocCTpaHSIOTCs ObIcTpee, Oiaarogaps BeTpY H KOHBEKTHBHOMY JABIDKCHHIO
Bo31yXa. T.e. 3amaxu pacIpoCTPaHSIOTCS 110 BETPY.

Hcrounuk:

N.1.Cno6oneukuii, JI.I.AcnamazoB «3amaun no ¢usmkey», bubmmoreuxka «KBant», BhITycK 5, M.,
Hayxka, 1980, ctp.84—86.

BOITPOC Ne75: [Touemy U3 Xxaoca BCeraa poxJjaercs nopsaok (kocmoc)?

OTBET: A krto, coOOCTBEHHO, BaM CKa3aJl, YTO Tak OHO ecTb? M3 BTOporo Hayana TepMOAMHAMUKH
BBITCKACT, TaK HA3bIBACMBIi, 3aKOH BO3PACTAHHS SHTPONHUH (OYEHb TECHO CBSA3AHO C IMOHITHEM
HEoOpaTHMOCTH HaIPaBIEHHOCTH IPOIECCOB BO BPeMEHH). B Bammx TepMHHAX 3TO O3HA4aeT, 4TO W3
TOpsiIKa Beerzia pokaaeTcst xaoc. YTo ObI MBI HY JIENAJIH, B PE3yJIbTaTe MBI YBEIMYUBAEM SHTPOIIHIO, a,
ciieloBaTeNbHO, U Xaoc. Hampumep, ecnu Kaxbplii oT4eT TpeOyeT TpeX YEpHOBHKOB, TO CO3/IaHUEM
CTPOroro M TOYHOIO OTYETa Bl yBEINYMBACTE MOPSIOK HA €AHHMILY, HO [IPH 3TOM yBEINYMBACTE Xa0C
Ha TPH CAUHUIIBL, C/le]aB TPpU YepHoBHKa. CIe10BaTeNIbHO, Xa0C BCET/ja B BHIUTPHIIIIE.

Hayka, m3ydaromasi 3aKOHOMEPHOCTH BO3HHKHOBEHHs IIOpsKa B Pa3HOOOpasHBIX CHCTEMax,
Ha3bIBAETCS CUHEPIeTHKOM.

banoun E.M.

BOITPOC Ne76: Kakyro Maccy v CKOPOCTb J0JDKEH UMETh METEOPHUT, YTOOBI pa3pylInTh 3emMito?

OTBET: IlpaBmibHee 0xHAaTh KaTacTPO(HIECKOro IO MOCIEACTBUSIM CTOJIKHOBEHHS 3eMIH C
KOMETOH MJIM aCTEePOUJIOM.

Bynem cuurath, uto C 3emieil CTanKMBaeTCs KOMETa, KOTOpas MpuOiImkaercss K 3emie ¢
OTHOCHUTEIBHOH ckopocThio V. Toraa, Mo 3akoHy COXpaHEHHUs HMITYJIbca, OCe yaapa CUCTeMa 3eMILi-
KOMeTa UMeeT ckopocTh u = mv/(M+m), rae M — macca 3emui, m — Macca KOMeThl. BuaHo, 4ro Ha
paspylLIeHne 0CTaeTCsl KOIMIECTBO YHEPTUH, PaBHOE

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

Ecnu cuntath, uto m << M, to Q = mv?/2.

HW3BecTHO, 4TO mpH 00pa30BaHUM OONBIIMX KPaTEepOB IOYTH BCE BEIHIECTBO, IepeMelaeMoe Mpu
o0pa3oBaHUH KpaTepa, IIEpeXOIuT B COCTOsHUE paciuiaBa u mapa (I.Menom «O6pa3oBaHue ynapHBIX
KparepoB», M., Mup, 1994, ctp.174-175).

CrenaeM OLIEHKY: MOXKET JIM KOMETa CBOMM yJIapoM HcHapuTh 3emutto? [l 3Toro Heo0Xoaumo,
4TOOBI

Q ~ McAT + Mr,
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IJie C — CPeAHss yJelbHas TeINIOEMKOCTh MaTepuaina 3emiun, AT — cpefHss TeMrepaTypa HCHApeHHs
MaTeprana 3eMIIy, I — yeIbHas TeIUIOTa HCIapeHus MaTepuana 3eMnu. JIerko nomy4uTs, 9To
m/M ~ (cAT+r)V*.

Cunras ¢ = 10° Ix/(xr-K), AT = 3-10° K, 1 = 6-10%Ix/(xr-K), momyunm m/M ~ 10’2, Ecin
KOMeTa IpHiIeTeNla H3JaleKa, TO OHa HMEET CKOPOCTh HOpsiaKka 2-ol KOCMUYECKOH CKOPOCTH 3eMIIH
otHocuTenbHO COJHIIA, YTO JTAaeT Ha BCTPEYHBIX Kypcax v ~ 70 km/c. T.e. m/M ~ 1/500. ITockonbky
Macca Tella IPOIOpIUOHAIbHA ero 00beMy, a 00beM IIapa IpONOpIHOHaTIeH KyOy paauyca mapa, TO
pannyc KOMeTbI, KOTopasi MorJia Obl HCIIapHTh 3eMIII0, JOJDKEH ObITh He MeHblIe, ueM 1/8 oT paguyca
3eMiu, T.€. 0K0J10 800 kM.

CremaeM [Apyrylo OLEHKY: MOXET JM KOMETa CBOMM YAapoM pacHbUINTh 3eMiio, T.C.
pacIpesieIuTh BCe 3eMHOE BellecTBa IO cdepe ¢ OECKOHEUHBIM PaAnycoM. 3aTpaunBaeMas IPH 3TOM
paboTa paBHa YHEPTHU IPABUTALHOHHOTO IO

W~yM?/R,
r7ie Yy — rpaBUTalMOHHAs IOCTOSHHAL, R — paquyc 3emin.
TTonmoxus Q ~ W, Haiinem
m/M ~ yM/ (RV?) ~ (Vi/v)?,

rjie Vi — nepBas KOCMHUYEcKas CKOpOCTb OTHOcHTenbHO 3emuu. OxkonuarenbHo, m/M ~ 1/80. Takas
KOMeTa JI0/DKHA UMETh paJuyc He MeHble, yeM 1/4 ot paguyca 3emid, T.e. okoio 1600 km (kcTaTh, 3T0
pamuyc JIyHbI).

Llenecm B..

BOITPOC Ne77: Kak pabotaet na3epHsblif npuHTep?

OTBET: Ha nenpoBopsuyio (B TEMHOTE) CEICHOBYIO IOBEPXHOCTH (poToOapabaHa KOPOHHBIM
pa3psaoM HAaHOCHTCS 3apsil. MOIyIMpOBaHHBIH PacTpPOM JIyd JIa3epHOTO JHOJA Pa3BOPAuMBAETCS B
TOPHU3OHTANBHOM IIOCKOCTH YETHIPEXTPAHHBIM BPAIAOIIMMCS 3€PKAIIbLEM U ToMaas Ha otodapabaH
TeHepUpyeT  HEOCHOBHBIE HOCHUTENH B  IOIyNPOBOJHHKOBOM  CJIO€  CEJI€Ha,  IOPOXKAAst
(OTONPOBOANMOCTS, IPH IIOMOIIM KOTOPOIl 3acBEUEHHBIH ydacTok OapabaHa paspsbkaerca. Ha
3apsDKCHHBIE yJacTKH OapabaHa HaJMIIaeT KpacsMiMil MOPOIIOK, KOTOPBIH KOHTaKTHBIM CHOCOOOM
nepeHocuTcss Ha Oymary, rae u 3amekaercs npu temneparype 200°C coorBercTByromieil 6apabaHHOI
TIEYKOM.

banoun E.M.

BOITPOC Ne78: [ToueMy 3uMOii CTAHOBHTCS TEIUIEE, KOTa HJIET CHEr?

OTBET: Atmocdepa HarpeBaercst:

TIOTJIONIAS COJTHEUHYIO paauaruio (okoio 15 % Bcero ee KoJM4ecTBa, NPUXOAAIIETo K 3emiie),
MOTJIOIIAst COOCTBEHHOE U3JTyYEHHE 36MHON MMOBEPXHOCTH,

oJTydast TeIUI0 OT 36MHOM MOBEPXHOCTH MyTEM TEILIONMPOBOTHOCTH,

MoJTyyast TeIUIO IIPH UCTIAPEHUH M NOCIIeIYIOIIeH KOHASHCAIIMU BOJITHOTO T1apa.

Bynyuwm Harperoii, armocdepa u3nydaer cama. bospiias yacte arMocepHOil paguauu NpuxoauT
K 3€MHOM TOBEPXHOCTH, KOTOpas IMOTJIONIAET 3TO BCTPEYHOE M3ITYyUYCHHE MOYTH LIEIUKOM. BerpeuHoe
U3JIyYeHHE BO3PAcTaeT C YBEJIHYCHHEM OOJIAYHOCTH, MOCKOJbKY O0Jiaka CaMH CHIIBHO H3Iy4aioT.
Cpesisi TONyJeHHAs SHEPreTHuecKas OCBEIIGHHOCTh COCTaBiseT okomo 1 kBr/m’. Berpeunoe
mmydenne cocrasisieT 10 0,3 kBr/M’. Houblo 3eMHAs IOBEPXHOCTD OCTBIBACT C ((EKTHBHBIM TEMIIOM
o 0,1 xBr/M>. B 06lauHyr0 HOTroy HOYHOE OXJIAXICHHE 3eMHOM HOBEPXHOCTH rOPas3jio
MeHbIle. J[HEeM 3TO OXJIaKAEHHE IIepeKphIBACTCS MM YacTUYHO KOMIICHCHPYETCSl COJIHEYHOM
panuanueii. Takum 00pa3om, 00Ia4HOCTh — OHO U3 OOBSICHEHHI TOTO, YTO CTAHOBHUTCS TEIlIee, Koraa
HJIET CHET.
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C 1pyroii CTOpOHBI, €cli U3 OOJaka IOIIe] CHEr, TO 00pa3yroIiuecs W Maalollie CHEXUHKH
HAYHHAIOT COOMPATh Ha cebsl BOLY, HAXOASIIYIOCS B Bo3ayxe. [Ipi 9ToM pa3Mepsl CHEXKHUHOK PacTyT, a
BBIICITUBIIASICS IPH KPUCTAIUTU3ALMH TEIIOTA HATPEBAET BO3YX.

TloapoGHee B kHHUTE:

C.I1.XpomoB "Mereopostorus u kiumatonorus”, JI., I'napomereonsaar, 1983, rin.3.
JI.B.Tapacos "®wusuka B npupose", M., Ilpocsemenue, 1988.

BOITPOC Ne79: Y Hac B ropo/ie JIOMaroTCsi KOMIbIOTEPhL. ['0BOPAT, 4TO 31O BUpYC "UepHOOBLIL".
Yo 3TO0 3a BHPYC H KaK OT HEro 3amMTUThC? Ecam Moxere, ToO NpHIINTE aHTHBUPYCHBIE 6a3bl A
"TokTopa Ba0a".

OTBET: Ecnu Bai komnbrorep paboTaeT, TO MOXKETE HE BOJIHOBAThCSA — Y BaC HET 3TOr0 BUpYyca
(mo xpaitHe mepe, ero He ObUIO Ha 26-0e ampelisi). DTOT BHUPYC aKTUBH3MpYyeTcs 26-ro ampeins (ecTb
BEPCHH, KOTOphIe AaKTHBH3HUPYIOTCS 26-ro 4uhcna Jo0Oro Mecsma) U JelaeT  CleAylomue
JIUCTPYKTHBHBIE JelcTBHs: mbITaercss ucrnoptuth flesh BIOS (ecim ectp Takas BO3MOXHOCTH —
MHKPOCXEMbI MOXHO BOCCTAHOBHTb, HO 0€3 COOTBETCTBYIOIIErO OIbBITA 3TO JEIaTh HE CTOWT), IIOPTHT
BUHYECTEp, HEPUOAUYECKH 3aMUChIBasi Mycop Ha auck. Iloprsarcs nanusle Ha aucke C (IepBOM IHCKe),
OCTaJIbHBIE MOXKHO BOCCTaHOBHTH ¢ HOMOIIbI0 ndd, JaHHEIE Ha IEPBOM JHCKE MOXXHO BOCCTaHOBUTH
TOJIBKO YaCTUYHO (3TO MOXHO chenarb ¢ nomouipto ytwiutel TIRAMISU — snonen 3apanee
1100ECTIOKOMIICS ).

Win95.CIH — HacTosiliee Ha3BaHHE 3TOr0 BHpYyca (3TO MHHUIIKAIBI aBTOpa, OH ¢ TaiiBausl, a 26-oe —
9TO CKOpee BCEro JeHb €ro POXKICHHS — JTOT YeTOBEeK HACHTHOHIHUPOBAH U €My, BPoAe KakK, TPO3UT
TIOpbMa), "HepHOOBUIL" — 3TO NPHIYMAIIH JKYPHAIUCTSI ...

O cylIecTBOBaHHU 3TOr0 BHpYyca ObUIO M3BECTHO IOJroja Ha3aj (BCe aHTHBUPYCHI HE CTaplle
nera 1998 3HAIOT O CyIIECTBOBAaHMH ATOTO BUpYCa), 25-r0 cooOIMIN 00 OMACHOCTH MO LEHTPAIBHOMY
TeneBuaeHHI0. Tak 4To MpobiieMa 3TOro BHpyca Ha KOMIIBIOTEpe — 9TO IpoblieMa U3 CEepHH, 4TO HaJIo
MBITh pyKu nepen obenoMm. Hano nepuoguyeckud npoBepsATb CBOM KOMIIBIOTEpP M HE IOJb30BAaThCS
NOJO3pHUTENbHBIME IporpaMMamMu. JIa3epHble TUCKH, KyIUICHHbIE Ha pa3Bale, ClIeAyeT IPOBEpSTh.

DT0 BUpYC OKa3aJics OYEHb yIauyHBIM C TOYKU 3PEHHS HAIMCAHHS BPELOHOCHBIX HPOTPAMMOK —
BOT 4TO Ipo Hero roeopst: "Bupyc Win95.CIH" — onuH U3 caMbIX 3aMeTHBIX 3a mocieanee Bpems. U
HE TOIBKO IIOTOMY, YTO OH SIBISIETCS IEPBBIM H3 "BHpPYCOB, JEWCTBHTEIBHO HMOPTAIIMX dkene3o". A,
TJIaBHBIM 00pa3oM, MMOTOMY, YTO OH HCIIOJb3YeT OYeHb MHTEPECHbIH (POKyC C mpoie3aHueM Ha 0-oe
KOJBLO MPHUBUIIETHII Tpoueccopa (B TO BpeMsl KaK OOJBIIMHCTBO BHPYCOB M I03EPCKHX IPOTPaMM —
cocyT Ha TperbeM). [locie 3TOro BHpYC MOXET BEI3BIBAThH (M YCHEMIHO 3TO jAenaer) VXD cepBHCH u
3amuchk B opThl. OH He m3MensieT SYSTEM.INI, on He numer .VXD-daitio B WINDOWS\SYSTEM,
OH TONbKO 3apaxaeT PE-¢aitnbl.. n (unornma) crupaetr FLASH BIOS u xectkue aucku ... ['py6o
TOBOpsl, 3TO TEpPBBIN "Mo-HacTosimeMy pesuaeHTHeIH" Win95/98 Bupyc (eme n00aBUTh HEMHOXKO
nonmumopdusMa, u Oyxger Bce kak mon DOS). Omnepammonnas cucrema Windows95/98 sBusercs
ujeasbHON MIaTOpPMOil I PacHpOCTPAHEHHs BUPYCOB — HY YTO TYT CKaXelllb — NEPEXOAUTE Ha
Linux. ABrop kommbloTepHOro BHpyca "UepHOOBUIB" CO37ad €ro B HHMKY SJIEKTPOHHBIM (upmam,
"ToprylommM  OecIONe3HBIMH  aHTUBHPYCHBIMH Iporpammamu”. Kak cooOmmmo —areHTcTBO
"Untepdakc" Mononoil TaiiBanen YeHnr MHr-xy, NONPOINEGHHBI NOJMIMEH, NMpPU3HAICS B CBOEM
"OTIOBCTBE" U 3asiBUJI, YTO COXKAJEET O COAESTHHOM M NPUHOCHT M3BHHEHHs BCeM nocrpajaBummm. I1o
€ro cioBaM, OH He IyMall, YTO BBEJEHHE BHpyca OydeT MMeTh CTONb Cepbe3Hble mocieacTsus. Ilo
Pa3HBIM JaHHEIM ,"YepHOOBUTEM" OKa3alIuCh 3aTPOHYTHI Ooee 60 MIH. KOMIIBIOTEPOB BO BCEM MHpE.
Bupyc, kotopslit akTususupyercs 26 anpens, MmoxeT npespatuth [IK B HUKOMY He HyxHOe "kerne3o".
B wactHocTH, B ExatepuHOypre B HbIHELIHEM roy u3-3a "UepHOOBUIA" BOBpEMs HE BBILLIH HECKOJIBKO
razet... Eciu Mononoil mporpaMMucT OyeT IpH3HAH BUHOBHBIM, 110 TallBAHBCKUM 3aKOHAM €My TPO3UT
camoe Oodblee 2 roja TIOPbMBL
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Jl1s oOHapy KeHUsI 9TOro BHpyca Ha COOTBETCTBYIONIHE HHTEPHETOBCKHE CANTHI OBLIN BBUIOXKEHBI
HEOOXOAUMBIE YTWIMTBL. MHOro mosie3sHoil HHGpOpPMANUH MOXHO Tmo4yepnHyTh y Kacmepckoro
(http://www.kasperskylab.ru). Tam Bbl MOkeTe ckadath yTunuty AVP s oOHapyxenus Bupyca CIH.

Banoun E.M.

BOIIPOC Ne80: YacTo BO3HMKAET BOIPOC: 3aBUCHT JIM CHJIA TPEHUS MEXIY TeJIaMH OT IUIOIa 1
CONPUKOCHOBEHUS Tel?

OTBET: 3aBucHMOCTb CHIJIBI TPEHHS OT CHIJIBI JaBIICHHS ObLIA YCTaHOBIECHA HKCIEPUMEHTAIBHBIM
nyteM. IlepBas QopMymupoBka 3akoHa TpeHWs npuHAISKUT JleoHapno na BuHum, KOTOpBI
YTBEIK/aJ, 4TO CHJIa TPEHHUs MPONOPLUOHATIbHA CUJIe PHKATHS, HAlPaBJIeHa MPOTUB JIBUKCHUS U HE
3aBUCUT OT IUIOIIAMM KoHTakra. Yepes 180 ser 3TOoT 3akoH ObUT NMEpeOTKPHIT [.AMOHTOHOM u
II.KynonoMm. KynoH sKCIepHMEHTAIBHO yCTaHOBMII, YTO KOA(DGHIMEHT TPEHUS CKOIBXKEHUS TaKikKe
3aBHCHUT OT OTHOCHTEJIBHOU CKOPOCTH JBH)KCHUS ITOBEPXHOCTEH, IPOJOJKUTEIIBHOCTH HEOIBHKHOTO
KOHTAaKTa IIOBEPXHOCTEH M OT YJCNBHOTO JaBJICHHSA OJHOro Tena Ha jpyroe. Okasaioch, 4TO
KOI(pGUIMEHT TPeHMsI MOHIKACTCS C yMEHBIIEHHEM IUTomanu kacanus. OJHAKO 3TO MOHIKCHHE
HEe3HAYHUTENbHO. 3aKOH st cuibl Tperus F = kN B cuity cBoeil IpoCTOTH CTal OOMIEHIPHHST, XOTS YiKe
B XIX Beke cTajo SCHO, YTO OH HE JaeT IPAaBHILHOTO ONMCAHWS CUJIBI TPEHHS.

B konne XIX Beka PeliHoubac co3iasl mepByr0 TEOpHio cMas3ku. [Ipum Hanuuuu JOCTaTOYHO
TOJICTOTO CJIOS CMa3Kd CHJIa TPEHUsS ONPEAENSIeTCS TOJNBKO T'MAPOAHMHAMUYECCKUMH CBOMCTBAMU
CMa304HOTO CJIOS U C POCTOM CKOPOCTH CHJIA TPEeHHs [OJDKHA Bo3pacTaTh. Ecim cioif cMasku
HEJIOCTATOYCH, TO K CHJIC BA3KOTO TpeHHs npubaBuTcs "cyxoe" Tpenue, onucanHoe KyioHoM.

B 1902 roay Ulrpubek omyOiukoBan [JaHHBIE O TOM, 4YTO B OTCYTCTBHHM CMa3Kd CHIa
CONMPOTUBJICHHUS HE MafaeT cpa3y C yPOBHS MaKCHMAJbHOIH CHJIBI TPEHMS IMOKOS 1O CHJIBI TPEHHUS
CKOJIB)KEHHS, @ BO3HHKAET OCTEIeHHOE MaJJeHHe CHJIBI ¢ pocToM ckopocTu (3¢ dext IllTpudeka).

CoBpeMeHHas: MOJieNb BO3SHHKHOBEHHS CHJI TPEHHS BBINIIUT CIEAYIOIMM oOpasom. I'pannna
CONPHKOCHOBEHHUS IBYX MOBEPXHOCTEH B MUKPOCKOIMYECKUX MacITabax HCIempeHa HEPOBHOCTIMU.
Tpenue 00yCIOBICHO HE 3aLEIIEHHEM BBITYKIOCTEl Ipyr o Apyra (eciau Obl 3TO OBLIO Tak, TO cuila
TpeHus 00s3aHa ObLIa OBl 3aBHCETh OT IUIOIIAJM CONPHKOCHOBEHHS, a 3TOr0 He HaOmomaercs B
IKCIIEPUMEHTE), a B3aHMOJCHCTBHEM Tel B TOYKAX CONPUKOCHOBEHHS HA MOJICKYJSIDHOM YPOBHE.
(TonTBepxkaeHHeM 3TOMY  SBISCTCS HauMuMe OONBIIMX CHJI  TPEHHS MEXAy TIIATEIbHO
OTIOJIMPOBAHHBIME OBepXHOCTsIMK). OnuH 13 aBTopoB Teopun Tpenus P.BoyneH rosopui, 4To
"HaJIO)KEHUE JBYX TBEPIBIX TeJl OJHOIO Ha JPYroe MOAOOHO HAJIOXKCHHIO MIBEHIAPCKHX AJBI Ha
NEepPEBEPHYThIE ABCTPUICKUE AJIbIBI — IUIONIAJb KOHTAKTA OKa3bIBAETCS OYEHb MaJoi", MMEHHO
MO3TOMY CHJIAa TPCHHS HE 3aBHCHUT OT IUIOIIAAM MOBepXHOCTH. HO eciii MOBEpXHOCTH HAYMHATH
ClaBIMBaTh, TO "TOpHbIE NHKU' HAYHYT JAeQOPMHPOBATHCS M IIOJIMHHAS IUIOMAJb KOHTAKTa
YBEJIMYHTCST NPONOPLHOHANBHO IPHIOKEHHOIH Harpys3ke. CONPOTHBICHHE OTHOCHUTEIBHOMY CIBHTY
3THX KOHTAaKTHBIX 30H M SBISCTCA OCHOBHBIM HCTOYHMKOM TpEHHMsS JBWKeHUA. Ilpn Hammuuu
C/IBUTAIOLIECH CHJIbI OIMH "MHUK" HAuYHET NporudaTh BTOPOi "MUK", Kak ObI MBITAsICh CIIIAAUTh JOPOTY, a
NOTOM yXe€ CKOIb3UTh HOo Heil. Ilpu 3TOM HaAmO yYUTHIBATH, YTO HMEIOIIHECS NBUIMHKA U
paspymiaromasicsi MOBEPXHOCTHAsl IUIEHKa OYyAyT WrpaTh pOJIb CMa3KH, YCIOXHsA siBIeHHe. Takum
00pa3oM, NpH HAJIO)KEHUH TOPU30HTAILHON CMEIIAIONIEH CHIIbI MOYKHO BBIIENIUTH 4 OCHOBHBIX PEeXHUMaA
JIBIKCHUST:
®  PEXHUM YNPYTrHX MUKPOCMELICHUH,
®  DPEXUM CKOJIBXKCHHS M0 IUIOMAKaM KOHTAKTOB IOBEPXHOCTHOTO CJIOs,

e IIPU YBEJMYECHHH CKOPOCTU CMa3Ka CO3JaeT IOJBEeMHYIO CHIY, HapyIIAIOIIyI0 OOJBIIYIO0 4acTh

HPSIMBIX KOHTAKTOB, CHUKAsl TEM CaMbIM CHIIY TPECHHS,

e ¢ YBENMYEHHEM CKOPOCTH BSI3KO€ CONpPOTHBICHHE BO3pacTaeT M CHJIA TPEHUs [OJDKHA

YBEJIUYHUTHCSL.
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OTUM Ka4eCTBEHHBIM HPEICTABICHHSAM COOTBETCTBYET IpadMK 3aBUCHMOCTH CHIIBI TPEHHUS OT
ckopocTu. Ilpu 3TOM Hago 3aMEeTHTh, YTO €CIM CMa3Ka HE BBOJAMTCS HCKYCCTBEHHO, TO yBEIMYCHHUS
CHJIBI TPEHHSI C POCTOM CKOPOCTH HOYTH HE3aMETHO W 3aKkoH KylloHa [JIs CHIIbI TPEHHUS CKOJBKCHUS
BBITIOJIHSCTCS 32 MCKIIOYEHHEM MalbIX CKOpPOCTeHl IpH MepexoAe OT TPEHHs IIOKOS K TPEeHHUIO
CKOJIB)KEHHSI.

Hcrounuku:
1.B.Kparenbckuii, B.C.11leapoB «Pa3Butre Hayku o TpeHun», M., 1956,

E.A.Bytukos, A.C.Konaparses "®usuka", kaura 1, M., 1994, naparpad 21,
A.A IlepBo3Banckuii "TpeHue — cuia 3HaKoMast, HO TauHCTBeHHas", "CopoCOBCKUI 00pa3oBaTeIbHbII
sKypHan" Ne2, 1998, ctp.129.

BOITPOC Ne81: Ecitu peAronoxuTh, 4To BCe 37aHus B MOCKBE ITOCTPOSHBI U3 KUPITUUEH, Kakoe
KOJIMYECTBO KUPMUYEH IS 3TOr0 MOHAL00UTCs?

OTBET: [lns rpy06oii OLeHKH YHCIa KAUPIUYel, HeOOXOAUMBIX ISl OCTPOHKH MOCKBBI, OLEHHM
YHCIIO KMPIUYEH, HEOOXOJUMBIX JUISl CTPOUTEIBbCTBA XKUIIBIX 3J1aHUi. BriOepeM Mojesb, B KOTOPOi 11st
TIPOCTOTHI BCst MocKBa 3acTpoeHa 9 - 3Ta)KHBIMU KUPIUYHBEIME foMaMH. [{nrHa Takoro foma okono 100
M, mpuHa — 12 M, Beicota — 30 M. Tonumua crensl — 0,5 M. Tommuunza neperopoaku — 0,25 m. Toraa
06beM kuprmuEbX cren 2-(100+12)-30-0,5 = 3360 ».

O0BbeM BHYTPEHHUX IIEPeropoJoK OyIeT NpUMEpHO TaKoif jke (OHM TOHBINE, HO MX CyMMapHas
utiHa Gonbiie). OueHnM o0wHii 00beM KUpIUYa, MOIIENIEr0 Ha CTPOUTENBCTBO OHOTO 9-3Ta)KHOTO
noma, B 6000 M.

OGbeM OJHOTO CTaHJAPTHOro Kupmmua cocTaBiaser 0,25-0,12:0,065 = 0,00195 wm’. Takum
00pa3oM, Ha CTPOHUTENBCTBO TAKOTO JI0MA HOHA0OUTCS IPUMEPHO 3 MHIUTHOHA KUPIHYEH.

B Mockse xwuBer npubiusurenbHo 10 MiH udenoBeK. B omHOM 9-3TakHOM JIOME yKa3aHHBIX
pasmepoB B cpexHeM okuBer 600-700 wuenmoBek. Jlns pa3MmemieHHss BceX OKHTENeH HYXHO
npubau3utensHo 16000 Takux 10MOB. [IepeMHOXKHB YHCIIO JOMOB Ha YHCIO KHPMHYEH, HEOOXOIUMBIX
JUISL CTPOUTENBCTBA OAHOTO I0Ma, MOIYy4IuM 0Koto 50 MuiutHapnoB Kupnudeil. Eciu ske y4uTsIBaTh, 4TO
B MoCKBEe OYEHb MHOTO He >KHJIBIX 3JJaHHU (3aBOJBI, My3€HU, Pa3INIHble aAMHHHCTPATUBHBIC 3[aHHS,
KpemieBckue CTeHBI ¥ OalIHY U T.1.), KOJIHIECTBO KHPIIMYEH, TOXKaITyil, HAJIO YIABOUTH, @ TO U YTPOUTb.
Ho nopsox Benmuunper 10'! ocTanercs, T.e. HYXHO HECKONBKO COTEH MUJLTHAP/IOB KUPITHYEH.

Jlureparypa: A.C.EnoxoBnu «CripaBouHHK 10 (pusuke u TexHuke», M., 1989.

Kupuuenxo H.A.

BOIIPOC N\e82: Kak pgoka3aTh, 4YTO TIOBEPXHOCTHAs IUIOTHOCTh 3apsga  oOpaTHO
MIPOIOPIMOHANBHA PAANYCy KPUBH3HEI IIOBEPXHOCTH?

OTBET: PaccMmoTpum 11l OPOCTOTHI HNPOBOJHMK, COCTOSIIMKA M3 ABYX MPOBOASIIUX IIAPOB,
COEIMHEHHBIX IPOBOAOM. IIOCKOJIBKY IOTEHLHMANbl COEAMHEHHBIX INAPOB paBHBI, a IOTEHIHAN
3apsHDKEHHOTO mapa ¢ ~ ¢/r, TO OTHOLICHHE 3apsAfoB IIApPOB PABHO OTHOLICHUIO HX PaJHyCOB.
IToBepXHOCTHas IUIOTHOCTh 3apaga G = q/S. 3Has NOBEPXHOCTh mapa S = 4mr’, MOXKHO HaiiTH
OTHOILICHUE MOBEPXHOCTHBIX IUIOTHOCTEH 3apsiioB: OHO OyZeT 0OpaTHO MPONOPIMOHAIBHO PaJIHycam
LIapOoB.
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ITycth nmeetcs 3apsHKEHHBINH IPOBOJHUK KAaKOH-TO CIIOXHOH (popMbl. [T0CKOIIBKY IO TOBEPXHOCTH
IPOBOJHMKA HE TEYET TOK, TO MOTEHLHAIBl B Pa3HBIX TOYKAX NPOBOJHMKA OJMHAKOBBL 3apsyKeHHbIH
MIPOBOJHUK SBIISIETCS 9KBUIOTEHIIMAIBHOH MOBEPXHOCTBIO.
OnexTpuueckoe IoJIe Ha  BHENIHEH  IOBEPXHOCTH
NIPOBOJHVKA HANpPABICHO II0 HOPMaIM K IIOBEPXHOCTH.
BennunHa 3TOr0 moJsis mporopuMoHaigbHA MOBEPXHOCTHOM
mIOTHOCTH 3apsga. Ho  3apsasl  Ha  IOBEPXHOCTH
MIPOBOJIHUKA MOTYT PACIIONIAraThCs COBCEM HEPaBHOMEPHO.

PaccMOTpHM  3apsDKEHHBIH  OJJMHOYHBIN IPOBOHHK
HenpaBWIbHOH (opmbl (cM. pucyHOK). [lomycTum, dTO
BHEIIHEE IONe OTCYTCTBYeT, a CaM HPOBOJHHK
TIOJIOXKHUTEINBHO 3apsDkeH. Ha o4eHb GONMbIIMX pacCTOSHHAX
OT IPOBOJHMKA CO3/1aBaeMOe UM II0JIe OyIeT IMOYTH TaKUM
Ke, Kak 110j1e Tode4yHoro 3apsja. CiaenoBaTesbHO, BIAIU OT
NIPOBOJHHUKA JKBUIOTCHIHUANIbHbIE IIOBEPXHOCTH OyOyT ONM3KM K KOHIIGHTpUUECKHM cdepam.
HemocpencTBeHHO OKOIO NIPOBOJHMKA — OKBHIOTEHIHAIBHON SBISETCS IIOBEPXHOCTH IMPOBOIHHKA.
ITosToMy, KaK BUJHO U3 PUCYHKA, SKBUIIOTCHIMAILHEIC IOBEPXHOCTH OYAYT CryIIEHBI OKOJIO BBICTYIIOB
HPOBOJIHHMKA M Pa3peKeHbl OKOJIO BHaaHH B HeM. Tolbko B 3TOM citydae opMa SKBUIIOTCHINANBHOI
MOBEPXHOCTU OyZeT IUIaBHO IpeBpamiaThesi U3 (HOPMBI, MOBTOPSIOMIEH MOBEPXHOCTH IPOBOJHUKA, B
chepy mo Mepe ymaleHHs OT NpoBOJHMKA. Ho TaM, IZe OKBHIOTEHIHAIbHBIC IIOBEPXHOCTH
pAacCIIOOKEHbI Tylie, ObICTpee M3MEHseTCsl MOTEHIMAN, a, CIEAOBATeNIbHO, OOJBIIE IEKTPHYECKOE
nosie. OTciofa ciemyeT, 4To Ha IOBEPXHOCTH HMPOBOAHMKA I0je (M IJIOTHOCTh 3apsijia) Ha BBICTYIaX
0o0JIbIIE, YEM Ha BIIAJMHAX.

OcoOeHHO BeNHKU DJJIEKTpUUSCKHe MOMsI Ha MeTallmdeckux ocTpusx. Ilome y ocTpus
OTPHLATEIHEHO 3aPSHDKEHHOTO IIPOBOJHUKA MOXKET Jake OKa3aThCsl JOCTATOUHBIM JUISl yPaBHOBEIIMBAHUS
paboThI BeIX0z1a. B 3TOM citydae ¢ ocTpust OyyT CTEKaTh SJIEKTPOHBI.

Hcrounuk:

A.B.Actaxos, }0.M.1lIupokoB «InexTpoMarautHoe moie», M., Hayxka, 1980, maparpad 17.2.

TlonpoGuee B kHurax: I.E.3unpbepman «iekTpuuecTBO M MarHetusm», M., Hayka, 1970,
naparpad 30; [I.B.Cusyxun "O0wwuii kypc ¢pusuku" tom 3, maparpad 19 "BeruncineHue moTeHmuana mno
HaNpPsHKEHHOCTH 1oy

BOITPOC Ne83: JlaHo 3apsK€HHOE KOJIBIO M3 MPOBOJISAIIETO MaTepHalla, KaK1e CHIIbl IeHCTBYIOT
Ha HEro, W MOA JAEHCTBHEM KaKHX CHJI TaKoe KOIBLO CIOCOOHO pa3opBaThCi H3-3a 3apsia
cocpenoroyeHHoro Ha HéM? M3BectHsl E, Q, R, u T.1.

OTBET: HUuTyutnBHO SCHO, YTO 6l1arofaps B3aMMHOMY OTTaIKHBAHHUIO OJHOMMEHHBIX 3aps/iOB,
KOJIBLIO HATATHMBAETCS M CTPEMHTCS pasopBarhes. Ecnm Bce JenaTh TOYHO, TO CIEyeT BHIOpATh
TOPOUJIANILHYIO CHCTEMY KOOPIMHAT (B KOTOPOHl SKBHUIIOTEHIMalbHAs TOPOHJAibHAsl IOBEPXHOCTh
KOJbLA SIBISCTCS KOOPAMHATHONW MOBEPXHOCTBIO) M BCE PEHIaTh TaM. JTO YK€ COBCEM HE IIKOJIBHAS
3amada! IlodToOMy MBI NOCTYIIHM IpOINe M IONYYHM OLGHOYHOE pelleHue (TeM He MeHee Oe3
HHTErPaJIoB ¥ TYyT He OOOUTHCE).

Ilycts Q — 3apsa konblia, R — ero pamuyc, r — paguyc npoBojia, U3 KOTOPOro C/IENAaHO KOJIBLIO.
Bynem cuurtarh, 4TO Majblii paauyc TOPOUAAIBLHOTO KOJbLIA MHOTO MEHbLIE, YeM Ooubiion: r << R.
Torma mose BOMM3M HPOBOJHMKA KOJBLIA MOXHO IPHOMH3UTENBHO CUUTATh IIOJIEM 3apsHKEHHOTO
wwmaapa: E =kQ / (nRr), roe k — xoncranta B 3akone KysoHa.

[II0THOCTH HEPTHH IEKTPHUECKOTO HoNs paBHa W = E*/ (87k). Toria SHEpTHIO TOJA, COCPEIO-
TOYEHHOT'0 BOJIM3H KOJIbLIA, MOXKHO OLICHUTH KaK

R
W =[wdV, rzedV =(2rR)2nrr)dr,
T

otkyna W = kQ’In(R/r) / (2nR).
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Harspkenue Baoib GONBLION M Malioi 0Opasyrolieil KONbLa-Topa HaXOAUTCS Kak H3MEHEHHE
3JIEKTPOCTATHYECKOH SHEPTHH TIPU H3MEHEHHN COOTBETCTBYIOILIETO Pajiuyca:

Tr =—-dW / d(2nR) = kQ? (In(R/r) -1) / (47°R?) ,
uyTO npu R>>1 naer

Tr = kQ’In(R/r) / (47°R?) , (1)

T, = -dW / d2nr) = kQ? / (41°Rr) 2)

(momonHUTENBHBIC 27 B 3HAMECHATENIC BOSHUKIIM [IOTOMY, YTO Ha CaMOM Jelie POU3BO/IHas OepeTcst He
10 PaJuycCy, a IO AJTHHE OKPYKHOCTH).

Ananmsupys BelpaxeHus (1) n (2), MOXHO BUJETh, YTO Pa3phIBAIOIIHE CHIIBI IPOIIOPLHOHAIBHBI
KBazpaty 3apsjaa Topa. Cuiia Tr 00paTHO poNnopuMOHalibHa KBaJpaTy paauyca 00Jbl10i oOpa3yroei
Topa u c1abo (Jorapu(pMUUECKH) 3aBHCUT OT OTHOLICHUs 0OJBLIOro paauyca Topa Kk Mainomy. Cuna T,
00paTHO MPONOPLHOHANIbHA KaK OOIBIIOMY, TaK U MaJIOMY PaJHyCy Topa.

OueBnHo, uTo cmia T, cTpemsimiasicst pacTsHYTh HAIll TOP BIOJb OOJIBIION OKPY>KHOCTH, MEHBIIIE
cunbl Ty, cTpemsiueidicss pacTsHyTh €ro BJOJb Maioil oOpasyromieil (ciaemats OyOIMK Toue) B
orHowenun Tgr / T, = (1/R) In(R/r). ITockonbky norapupm SBISETCS MEAJICHHOH (QyHKUMEH o
CPaBHEHHMIO CO CTENEeHHOM, To pu R >>r1  Tr/ T, ~1/R.

Cuinbl Tr u T, HampaBiieHsl BIOJIb MOBEPXHOCTH TOpa HOPMAJbHO K Maioif U K Gobloil obpa-
3YIOIIUM TOPA COOTBETCTBEHHO. Eciu CpaBHUTH CHIIBI HATSDKCHHS HA €IUHUIYY JUIMHBI Or = T/ (27r) u
o, = T, / (2nR), TO oOKaxeTcs, YTO HATSDKCHHsI IOBEPXHOCTH TOpa IO OOOMM HampaBICHUSIM
NpPAaKkTUYeCKH paBHBl (HO BAONb JUIMHHOW oOpasyiomieidl HaTsDKCHHE BCE-TAKH  HEMHOTO
(morapumudecku) 6oibIIe).

T.o. BHIHO, YTO «TOHKHI» TOp (mep R >>r) Oyner pa3opBaH 3JIEKTPOCTATHYECKUMH CHJIAMH,
KOTJIa pa3pbIBAIOIEe YCUIINE MPEB30HAET MPe/eT HPOYHOCTH CILIOMIHOTO TOPA Ha Pa3phIB:

kQ?/ (47°R?) > onr?,
rjie © — Ipeaell NPOYHOCTH MaTepralia Topa Ha pasphiB.
DTOT KpUTEpUil Ha pa3pbiB KOJbL@A JIETKO MOJNYYUTh METOJOM Pa3sMEPHOCTEHl ¢ TOYHOCTBIO IO

koa(dunuenTa.
Bopobwves I1.B.

BOIIPOC 84: Pacckaxxurte nogpoOHee 0 AUCKPETU3AIMHU U KBAHTOBAHUH IIM(POBOTO CUrHAJIA.

OTBET: B mnocnenHee BpeMst B TE€XHHKE WJAET INepexo] Ha IM(POBBIE METOIbI 00pabOTKH
nHbopMauu. DTO CBSI3aHO C TeM, YTO NU(POBYIO HHOOPMALHIO JIETIe XPAHUTH (TOSBUIIIICH JCIIEBbIE
M yIOOHBIe yCTpoicTBa JUIsl XpaHEeHWs] MH(POPMAIUH, TAKUE KaK JKECTKHE NUCKU KOMIIBIOTEPOB HIIH
Ja3epHbIC JMCKH), a TaKKe C TeM, 4TO UU(POBYIO MHOOPMALIHIO JIETKO Mepe/jaBaTh 10 COBPEMEHHBIM
JIMHUSIM CBSI3U HPAKTHYECKH O€3 MOoTeps.

AHaJIOTOBBIIl CHTHAl — 3TO B IPOCTEHIIeM ciIydae 4HMCIO Xx(f), 3aBHcsIee OT BpeMeHH f. Ilpu
3aIMCH Ha HOCHTEIb MH(OPMAalMd WIM BOCIPOHM3BEICHHH C HEr0 CHTHAI HEH30EXHO HCKaXKaeTcs
Pa3IUYHOrO poja IIyMamMu. BOCCTaHOBHTH HMCKaKEHHbIH curHan (yOpaTe IIymbl) Heb3s. MOXHO,
KOHEYHO, MBITAThCS IIOJABIATH LIYMbI, HCIHOJB3Ysl HEKOTOPYIO MOHOIHHTEIBHYIO HH(OPMAIIHIO
(HampuMep, MOXKHO MOJAABIATh YaCTOTHI, B KOTOPBIX COCPENLOTOUCHBI IIyMBI), HO IIPU 3TOM MBI TepsieM
TaKKe ¥ HHQOPMAIMIO O CAMOM CHTHAJIE, T.€. OIISITh )K€ BHOCHM HCKa)KSHHSI.

Ipu oumppoBke curHana x(f) NPOM3BOAATCS [BE ONEPALMH — JUCKPETU3aLMs M KBAHTOBAHUE.
Jluckperusais — 9T0 3aMEHa CUrHaja x(f) ¢ HeHPEPBHIBHBIM BPEMEHEM ¢ Ha JIUCKPETH30BaHHBII CHTHAI
— TIOCIIeI0BATeIbHOCTD YHCeN X(#;) A1 AUCKPETHOrO Habopa MOMEHTOB BPEMEHH 11, b, ... , t;, ... (daIie
BCEr0 HMHTEPBAJIbI MEXIy MOMEHTaMH BpeMeHH Af = f; — t_; Oepyrcs oauMHAKOBBIMH). llpu
JHMCKpPETH3alluH, KOHEYHO, YacTh HH(pOpPMaNuy o curHaine Tepsiercs. Ho ecnu curnan x(f) 3a Bpemst Af He
CHJIBHO U3MeHsieTcsl, yncia x(¢;) U x(¢.;) OJIM3KU APYT K APYTy, TO HOBEACHHUE X(f) MEXKIY BpEeMEHaMU #; 1
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#;.1 HETPY/IHO BOCCTAHOBUTH (CUTHAJ MPAKTUYECKU JIMHEHHO U3MEHSAETCS BO BPEMEHU OT X(f-1) 10 X(Z;)).
TIpu IUCKpeTH3aluK Mbl TEPSEM YaCTOTHBIE COCTABIISIONIME CUTHAJA C 4acToTaMu mopsiaka f ~ 1/At u
BBILIE.

[Ipu AuCKpeTH3aLuy BpeMsl U3 aHAJIOrOBOTO KaK Obl CTAHOBHUTCS U(GPOBBIM — MOMEHTHI BpEMEHHU
f; MOXHO HyMepOBaTh, KOAWPOBaTh. [IPOM3BOOMTCS 3aMeHAa HEMPEPHIBHOIO BPEMEHH [ HA HEUTO,
KOTOpO€ MOJKET NPHHHMaTh HE BCE 3HAYCHUs, a TOJIBKO HEKOTOpbIe, a MMEHHO ti, b, ... , b
KBaHTOBaHHE CHrHajlla — 3TO HEYTO MOXOXKEE, TOJBKO JaHHas MpoIeAypa NPOU3BOJUTCS HE CO
BpPEMEHEM, a CO 3HaUYeHHEeM CUrHana x. BeiOupaercst Hekuit Habop BO3MOXKHBIX 3HAYEHUE CHIHAJA X|, X2,
vy Xy, ... M KOKIOMY X(2;) coOmoOCTaBIACTCS OIMDKakiIIee YuCIo U3 3TOro Habopa.

TIpuBeneM KOHKPETHBI NMpUMEp AUCKPETU3ALMHM M KBAHTOBAHUS: IyCTh CHTHAIN X(f) TaKoOii, 4TO
x(¢) = %, mar muckpermsamuu At = 0.1 (t.e. Habop MoMenToB Bpemenn ¢ = 0, 0.1, 0.2, ... ), 3HaueHHe
CHTHala X Mbl Oy/eM 3alMChIBaTh C TOYHOCTHIO IO OJHOW COTOH (T.e. HAOOp 3HAYEHMH CUTHAIa
x=0,20.01, £0.02, ... ). [Tocne AuCKpeTHU3aMK CUTHAJIA [TOJTYYHM

x= 0. 03162... 0.4472... 0.5477... 0.6324...

t= 0 0.1 0.2 0.3 0.4
Y4uThiBasi TOYHOCTb XPAHEHUS 3HAUSHUH X, IIOCIIe KBAHTOBAHHUS 110JIy4aeM

x= 0. 032 0.45 0.55 0.63

t= 0 0.1 0.2 0.3 0.4

Ipu auckpeTn3anuu Mbl TepsieM Bbicokue (f > 1/Af) 4acTOTBl CUrHana, NPU KBAaHTOBAHHU MbI
TepsieM MaleHbKHe (MeHbIIe Ax = X, — X,.;) U3MEHeHUs curHanga. KpoMe TOro, moiyduBIIHIics mOCIe
KBaHTOBAHUsI CHUTHAI X,(f;) OTJIIMYACTCsl OT PeaibHOro (HO y)Ke JUCKPETH30BAaHHOIO) curHana x(f;) Ha
BEIMYMHY MOPsJKA IlIara KBAaHTOBaHHMs (MM KBaHTa) Ax. DTO pasiu4de HOCHT Ha3BaHHE IIyma
KBaHTOBAHMS, U OHO IIPHHIUINNATEHO HEYCTPAHUMO.

JU1s mpuMepa, OIMCAaHHOTO BBILIE, IMEEM

x(t) = 0. 03162... 04472... 0.5477... 0.6324...
x(t)= 0. 0.32 0.45 0.55 0.63
t = 0 0.1 0.2 0.3 0.4
myMm kBaHtoBanus = 0. 0.00377 0.00279  0.00228 —0.00246

WHoraa, yToObl BHECTH B CUTHAJ1 MHHUMAJIbHbIE MCK)KCHHS, KBAaHTOBAHME JENAIOT TaK, 4TO
HMHTEPBaJBI AX = X, — X,—1 J€Ial0T HEpaBHBIMHU (HENIMHEIHOe KBaHTOBaHue). Harpumep, yacto aenaroT A
X MaJeHBKHM IIpH MaJOM 3HAUeHWH CHTHalla, 4YTOOBl OTHOCHTENbHAs IIOTPENIHOCTh (LIyM
KBaHTOBAHUSI/CUTHAI) HE CTAHOBUJIACH OYEHb OOJIBLION Mpu MajbIx X. Hanpumep, npuHumaroT Ax = ex,
e € — MaJeHbKoe 4YHclIo (TaKk HasplBaeMoe JorapuMudeckoe KBaHTOBaHue). HenuneiHoe
KBaHTOBAaHHE IO3BO/SIET IOJMYYHTh MPH INPUEMIIEMOIl TOYHOCTH XpaHEHHS] CHIHaja OOJIBLION
JMHAMAYECKUH JMana3oH (OTHOIICHWE MAKCHMAaJbHOIO 3HAYEHHs CHTHala K MUHMMAIbHOMY WIIM K
BEJIMYMHE KBAHTA).

IlepeBox aHaNOroBoro CHrHajga B LHU(POBOIl BBHINONHACTCS CHELHMAIbHBIMH YCTPOHCTBAMU —
aHanoroBo-1MppoBbiMu  nipeodpazosarensiMu  (ALIT). OcHoBHbiMu napamerpamu ALIIl sBisoTcst
yactoTa auckperusaund f (f = 1/Af) u paspsaaocts AIIT (KOJIMYIECTBO JBOUYHBIX Pa3psioB, B KOTOPHIX
XPaHHUTCs 3HAYCHHE CHIHANA X, YHCIIO BO3MOXKHBIX 3HAUCHHH KBAHTOBAHHOTO CHrHana paBHo 2, rie N
— 4ucino paszpsnos). Yem Boime pazpsaHocts AL, ¢ TeM 0oJbLIei TOYHOCTHEO MOXKHO XPAHUTh CUTHAI
(Ax maio), HO TeM MeJUIeHHee OH padoTaet (Gomblie Ar).

VYerpoiicTBo, npousBosiee 00paTHYIO onepanuio (4To0bl nepeaaTh oluppOBaHHBIA CUIHANI Ha
KaKoe-HHOY/Ib BOCIIPOM3BOJAILEE YCTPOMCTBO (IMHAMUK, TEJIEBU30p, NPHBOJHOH MOTOp H T.n.)),
Ha3bIBaeTcs LUQpo-aHanoropbiM npeodpaszosarenem (LIAIT). IMpuniunuanehsie cxemsl AL u TTATT
CJIE/LyeT UCKaTh B KHWIKKAX I10 PAAMONIEKTPOHUKE (O MPUHLHUIIAX PAOOThl HEKOTOPBIX CXEM CMOTPUTE B
kaure MW.I1.3omoryxuna, A.A.M3iomoBa, M.M.Paiismana «lluppoBbie 3BYKOBbIE MarHUTO(GOHBDY
(Tomck, Panuo u cBsi3k, ToMckuit otaen, MaccoBast paanooudnuorexa, Boi. 1153, 1990).
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IlpuBemeM [yt CHpaBKH IapaMeTphl H3BecTHOro cranmapra CD: wacrora RMCKpeTH3aliu
f=44.1 xI'u, nuHeiiHOe KBaHTOBaHKE, 16 JBOMYHBIX Pa3psIoB.

Hudposyro uHbOpMaLMIO MOXHO NEpenaTh MO JIMHUM CBS3M NpakTHuecku Oe3 morepb. Ilpu
mepefauye CHTHAl CHadajla IIPEBpAllacTCs B aHAJIOTOBBIN, IIepechUIaeTCs, IIOCIE 4Yero OITh
oru¢poBsiBaeTcst. Eciy JIMHNS CBSI3M BHOCUT MCK)KEHUS B CUTHAJI MEHBIIIE YeM IIar KBaHTOBAHHUS, TO
nocie mepefaud M OUM(POBKH IIOTy4eHHbIH OLM(POBaHHBIA CUrHaM He OyJIeT OTIMYAaThCS OT
HavanbHOro. OOBIYHO ke MH(OPMAIHUS MHepeacTcss ¢ MOMOIIBIO JBOWYHBIX HMMIIYJIBbCOB, T.C. A
BOCCTaHOBJICHHUS CUTHala HEOOXOIUMO JHIIb pemaTs, nepefanu 1 wmm 0. Ilpu mepenade nBoMYHOM
MHGOPMALMH 10 JMHUH CBSI3M €CTECTBEHHO CJIETKAa CMEIIAeTCs BPeMs NPUOBITUS MMITYJIbCA, HO €CIIH
CMCIICHHE MEHBIIEC pAacCTOSHMS MEXAy HMIYJIbCaMH, TO MECTO HMIylbca B  0OmIeif
I0CIIe/IOBATEIHOCTH JIETKO BOCCTaHABIMBACTCA. JlOMOIHUTENBHYIO 3AlIUTY AaeT IPUMEHCHHE KOJOB C
ycTpaHeHHeM oIHO0K (koas! XommuHra, Puna-Conomona u ap.).

Cmenanoe M.T.

BOITPOC Ne85: CxombKO JI€T aCTPOHOMHU?

OTBET: AcrpoHoMHs — OjHa W3 CaMbIX JPEBHMX HayK. BHauane acTpoHOMHUs HOCHIa
PENIUTHO3HBI M HpHKIagHOW XapakTep. [lepBble «kaMeHHbIe KaleHAApU», TA€ OTMEYAIHCh TOUKH
Bocxoza U 3axoza CoJHIA B THU PaBHOASHCTBUI M COJIHLECTOSHUN, NaTHPYOTCs 0KOJI0 2—20 ThIC. JIeT
110 H.3. (Hanpumep, CTOyHXEH/IX B AHIJIMHU, «KaMeHHble CyHIyKH» B Xakaccuu (KpacHosipckuit kpait),
«obcepBaropun» B ApmeHud U T.A.). CTOYHXEH/DK HACTOJNIBKO CTap, YTO B 3MOXY AHTUYHOCTU €ro
WCTHHHAs uctopus Obuta 3a0biTa. K HacTosmeMy BpeMeHH J0ka3aHo, 4To CTOYHXEHJUK — 3TO CBOETO
poaa JIyHHO-COJIHEUYHBIH KaneHaapb. KaxIblii ero kaMeHb, Kaxias JyHKa, a TaKxKe psji JIMHHUH,
MPOBEJCHHBIX OT HAOIIO/IaTelIsl, COOTBETCTBYIOT ONpe/ielieHHO# KoHburyparuu 3emisi-Jlyna-CounHe.

Bonploe KOMMYECTBO TEKCTOB, INOCBSIIEHHBIX AaCTPOHOMHMYECKMM HaOmoxeHusM B Erumre,
otHocsTcst ko BpemeHu Cpennero (2052—1786 r. o H.3.) u Hooro napersa (1554-1072 r. go H.3.).
CymecTBoBaa JI1 acTpOHOMHSL BO BpeMeHa JlpeBHero mapctBa (2664-2155 r. mo H.3.) Hayke He
u3BeCcTHO. EMMHCTBEHHBIN TEKCT 310XHu JIpeBHEro napcTea, MMEIOLMN OTHOLIEHHE K aCTPOHOMUHM, — 3TO
TabIMYKa U3 CIIOHOBOW KOCTH, HaiiieHHast B rpoOHHUIE B AOuaoce, Ha KOTOpoii Beipe3aH Tekct: "Cotuc
— IPEIBECTHHK HOBOTO TOJa U HABOJHEHMH" (CYLIECTBYIOT M JpyruHe IEepeBOABI ITON HaJIINCH,
Hanpumep, "Cotuc GuicTaromnias B3omuia Ha Hebe 1 Hunt BeIXxoquT u3 cBoux Oeperos").

B BaBunone u Accupuu acTpoHOMHMS noOiNyuywiga Oonbluee pa3Butue, 4em B Erumnre.
CrapoBaBmioHckas muBmimsanus (XIX-XVI Bek mo H.3.) HpopoipkaeT Tpaaumuu Oosiee IpeBHEH
LMBUIIM3ALMA  IIyMEepoB (KJIMHOIMCh, 3allMCh YMCEN, METOABl HAONIOJEHUH M  perucTpalyu
pesynbTaToB). B BaBumioHe 3TOro BpeMEHH YK€ COCTABISUINCH AaCTPOJIOTHYECKHE IPOTHO3HI,
OCHOBaHHBIe Ha IepeMenieHuH JIyHBI U cocTosHUM Heba B J€Hb, KOTAA MECSI[ CTAaHOBHICS BHJICH B
Havaje HOBOro roja. Jlo Hac jmonuia oONmIMpHAs CepHsl KIMHONMCHBIX TEKCTOB acTPOJOTHU BTOPOTO
ThICSUENEeTHss 10 H.3. (cepus "DHyma AHy OHiuwib") B KOTOpod conepxutcs okoio 7000
NpeA3HaMEHOBaHU, COCTABICHHBIX C UCIOJb30BaHueM HabmoneHuit Benepsl, Connua, JlyHsl, miaHer,
3Be371, 00IIEr0 COCTOSHUS Heba U CyMEpEeYHOTr0 CErMEHTa.

Ha BocTOKe acTtpoHOMHs Obita HauOosiee pasBura B Kurae. Kuraiickie aBTOpbI OTHOCST
BO3HUKHOBEHHE aCTPOHOMHHM, KaK HAayKH, KO BTOPOMY ThICSYEIIETHIO 10 Hamieit spbl. OnHako B Kurae
HET aCTPOHOMUYECKHX TOKYMEHTOB TOTO BpeMEHH (110 KpaiiHeil Mepe, OHH HEHU3BECTHHI eBpOINECHIIaM).
PerynspHble actpoHOMUYecKHe HabmoaeHus B Kutae Havamich B epBOM TBHICSYENIETHH 10 H.D.

Ha Tteppuropun ObBuiero CoBerckoro Coro3a camble ApPEBHHE INAMSATHHKH, CBS3aHHBIC C
ACTPOHOMUEH, CBA3aHBI C IUBWIIM3ALUEN Y papTy (TEppUTOPUS COBPEMEHHONH APMEHUH).

OpHako HayKOHl acTpOHOMHS CTana JMIIb TOTJA, KOIZa OT Pa3pO3HEHHBIX CBEICHHU 0 Hebe
Mepelu K UX CHCTEMAaTHYEeCKOMY H3YYeHHIO, CTald HCCIE0BaTh KaKk 0COOYI0O YacTb IMPHPOJBI, BHE
3aBHCHMOCTH OT TOT'O, HY’)KHO 3TO JUISl XO3SHCTBEHHOI AESITEHOCTH YJIH HET.
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IlepBEle MONBITKE B 9TOM HampapieHHH ObumM cienansl ApucroreneM (I'perms, 4 B. 10 H.3.), HO
0c00BIi, HEOLIEHUMBIH BKJIAJl B CTAHOBJIIEHUE aCTPOHOMMH, Kak Hayku, cienan ['mnmapx (I'peums, 2 B.
no H.2.). OH cocraBuin karajgor okoio 850 3Be3n, BBeNl reorpaguyecKkue M acTPOHOMHYECKUE
KOOPAUHATSHL, H300pe apMIILIIPHYIO chepy, OTKPHLT SIBICHHE IPEeCCUH.

IomzopHast Tpyba Obuta oTKphITa 10 [anmmtes, HO mpeObIBala B HEM3BECTHOCTU Ooinee 20 Jer.
I1o6bIB B pykax Bemwkoro ydeHoro Bcero 10 mecsiueB, moA3opHas TpyOa mpeBpaTHiIach B INIABHOE
JIEWCTBYIOIIeE JIMIO0 Hayku HOoBoro BpemeHu. Ilepsas ero pabora "Sidereus nuncius" ("3Be3aHblit
BECTHHUK"), MOCBAIICHHAS €r0 HCCIENOBaHHEM 3BE3JHOr0 Heba C IOMOINBI0O HOBOIO HHCTPYMEHTA,
BoinIa 12 mapra 1610 roza.

T.o., Ha4aJI0 aCTPOHOMMH, KaK HAyKH, MOKHO 0003HAYUTh 2—5 B.B. JI0 H.3.

Jlureparypa:

A ITannekyk "Hcropus actpoHomun", M., 1966,
k. XokuHe, k. Yaiir "Pasrajka taiiHsl Croynxenpka', M., 1973,
B.Ban-znep-Bapnen "I[IpoOysxaatomasics Hayka II. Poxxnenue actponomun”, M., 1991.

Kupuuenxo H.A.

BOIIPOC Ne86: [Touemy BO BpeMs LIBETCHHsI YePEMYXH ObIBAIOT MOXOJIOaHUS?

OTBET: I'paduuecku npencrapisis roJOBOH X0/ TEMIIEPATypbl BO3LyXa [0 CPETHUM MECSUYHBIM
ee 3Ha4YeHMAM, T.e. M0 12 ToukaM, MBI IOIYYHM IUIaBHYIO KPHBYIO CHHYCOHJANbHOro Xapakrepa. Ho
€CJIN IPEJCTaBUTh T'OJJOBOM X0 TEeMIIEpaTyphl 110 CPEIHUM CyTOYHBIM JAHHBIM, TO U 32 MHOTOJIETHUH
(maxke 3a CTONETHHMII) MEPUOA KpUBas HE MOJYYUTCS BHOJIHE IUIaBHOW. Ha He#t OymyT 3a3yOpHHBL,
BO3MYILCHHS, 00YCIOBICHHbIEC HENEPHOJUIECKUMU U3MEHEHUSIMH TeMIIePaTyPhIL.

HexoTopble BO3MYIIEHHS B XOfI€ TEMIIEpaTyphl OCOOCHHO 3HAUUTEIBHBI U PACHPOCTPAHSAIOTCS HA
HECKOJIBKO JHEH IMOApPSA; 3TO MOXET OBITh, HalpUMep, NaJeHHe TEeMIlepaTypsl BECHOI Ha (oHe ee
obuiero pocra. Takoro poja BO3MYILIEHHs MOKHO OOBACHUTH TEM, YTO MOTEIUIEHHS WM MOXOJIOJaH s
MOBTOPSIIOTCS M3 TOJa B TOf (XOTA U He 00s3aTeNbHO KaXK/Abld rojl) B HEKOTOpBIE OoJiee MM MEHee
yCTOHYUBEIE KaleHAapHbIe Cpoku. IlosToMy H Ha KIMMATOJIOTHYECKOH KpPHUBOH OCTAIOTCS
COOTBETCTBYIOIHE BO3MYILCHHS, Ha3bIBaeMble KaJICHIAPHBIMU OCOOCHHOCTSIMHU.

Tak, BecHoil B EBporme, korna temieparypa B TOJOBOM XOJ€ BOOOIIE MOBBIIIAETCS, €CTh TaKHe
KaJleHAapHble MEepUOAbl, KOTJa Ha KIMMATONOIMYECKUX KPUBBIX, IOCTPOCHHBIX IO JTHSIM, TeMIepaTypa
CYIIECTBEHHO IajfaeT WM, 110 KpaiiHeil Mepe, pocT ee 3amemsiercs. Tak ObIBaeT, HaIpHMep, B MEPBOU
TIOJIOBUHE Masi M OKOJIO TIOJIOBHHEI HIOHS. VI3BeCTHBI BO3BpATHI XOJIOAOB U B IIEPBOM IOJIOBUHE (heBpas.
HanpotuB, oceHblo, B KOHIIE CEHTSAOps WM Hawalle OKTAOpS, KOrja Temieparypa BooOIIE Majaer,
HaOJII0JaeTCsl BpeMEHHOE 3aMe/JIeHHe 3TOTO0 MaJeHHs, a B OTACIbHBIEC OBl AaKe CMEHa ero Ha POCT B
TeyeHHe HeCKOJIBKHX CyTOK. Takie oceHHHe Nepuobl MOTEIUICHHH Ha3bIBAIOTCS 0a0bHM JIETOM.

He cnemyer, KOHEUHO, {yMaTb, YTO B OTJEIbHBIC TOIBI ONPEACIICHHEIC N3MEHEHUS TEMIICPATyPhI
HOSIBJIAIOTCS BCETZ1a B OJIHH U Te ke JHU. CPOKU UX HACTYIUIEHHUs B Pa3HbIE TO/Ibl MOTYT OBITh Pa3HBIMH.
Tak, malickue X0n04a MOTyT HaOIIOAAThCS M B Havalle, U B CepelMHe, H B KOHIIE MECsIa, MOTYT U He
HabmogaTees BoBce. Ho Hambonee yacto oHH OyAyT IPOHCXOAUTH B MEPBON MOJIOBHHE MECAIA, YTO U
OTpa)kaeTcsl Ha KJIMMATOJIOTUUECKOH KPUBOH.

OObsiCHEHHEM KaJeHIApPHBIX OCOOCHHOCTEH SBISIETCS HM3MEHEHHe OanaHca pacrpeneeHus
COJIHEYHOH »BHepruu, mnocrynaromeid Ha 3emmo. Hampumep, Hayaao aKTHBHOTO —IIBETEHHS
PACTUTENBHOCTH BECHOH IPUBOJUT K 3aMETHOMY pOCTY IIOTJONIEHHS COJIHEYHOH OHEPruu
PACTHTENIBHOCTBIO, M, HA00OPOT, OCHINAHHE JUCTHEB OCEHbIO — 3aMETHO YMEHBLIACT IOTJIOLICHHE
COJIHEYHOH SHEPIUH PACTHTEIFHOCTHIO.

C MeTeopoJIorHYecKoi TOUKH 3peHuUs «0adbe JIeTO» — 9TO NEepBhIil OCCHHUH IIEPHOJ ¢ YCTOHIMBOM
AQHTHUIMKJIOHHYECKOH IIOroJI0l, Korja HOYHOE BBIXOJIAKMBAHHE NOYBBI M BO3JyXa €lle HE CIHUIIKOM
CHJIPHOE, a JHEBHOH HPOTPEB XOTA H CYIIECTBYET, HO HE JOCTUTaeT Mpefena, KOTOPbIil BOCIIPUHUMAIICS
ObI KaK JKapa.
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B apyrux cTpaHax CyHIECTBYIOT CBOM Ha3BaHHMS TOTO MEPHOJA MPHUSTHOMN MOTO/bI: HAlPUMED, B
CIIA oH nosy4u1 Ha3BaHUE KUHJIEHCKOTO JIeTay.

Hcrounukux:
C.I1.XpoMoB «MeTeopoiorus 1 KIuMaTonorusy, JI., Tuagpomereonsnar, 1983,
I1.[A.Acranenko «Bompocsr o orozaey, JI., 'mapomereonsnar, 1987.

BOITPOC Ne87: HackoibKo COCTOSITENIbHA THIOTe3a 00 yMEHBIICHHH CKOPOCTH CBETa C
TEUEHUEeM BpeMeHU?

OTBET: Bompoc o 3aBUCHMOCTH (DyHIaMEHTAIBHBIX KOHCTAQHT OT BPEMEHH ObLT BIEPBBIC
noctaBieH I1.Jlupakom B 1937 r. MOXHO HAacuyuMTaTh HEMAJO PA3NUYHBIX (YHIAMEHTAIBHBIX
TOCTOSHHEBIX, KOTOPHIE, TPY6O TOBOPS, TIO TIOPSIKY BETMUMHBI PABHBI €IMHHIIE, HATIpUMep, o = e*/hc ~
1/137, me/m, = 1/200, u 1.0. C Apyroil CTOPOHBI, JIETKO YBHIACTh M OUeHb Oonbmue Oe3pasMepHBbIe
MIOCTOSIHHBIE, TaKHe, KaK OTHOIICHHE CHJIBI YJIEKTPOCTATUUECKOTO MPUTSDKEHHS MEXKTY dIEKTPOHOM
TIPOTOHOM K CHJIE TPABMTAIMOHHOTO MPUTSKEHUIO MEXTy HuMH, e*/Gm,m, ~ 2-10%°,

Jlupax IpemoIoKuil, YTO TaKue 3HAYEHUs He SABILIOTCSA IPOCTO UTPOU UHCEN, a IPEACTaBISIOT
€000l M3MEHSIOIIECs TapaMeTPhl, KOTOPBIe XapaKTepH3yIOT COBPEMEHHOe cocTossHue Beenennoil. On
OTMETHJI, YTO BO3pACT BceneHHOMN, BhIPRKEHHBII B €CTECTBEHHbBIX €IMHUIIAX e*/me® ~ 107 ¢, coot-
BeTCTBYeT BeiuumHe ¢”/Gm,m,. JlaHHas BpeMEHHAs €IMHMIA, Ha3BAHHAA TEMITOHOM, DaBHA
MIPOMEXKYTKY BPEMEHH, 32 KOTOPEI CBET B BaKyyMe IIPOXOIUT PACCTOSHHE B OJUH PaJHyC dIEKTPOHA.
Bospacr Bcenennoit npumepro pasen 10-10° mer wm 3-10* TemntonoB. D10 unCiO OUEHb GIH3KO K
BEJIMYMHE OTMEYEHHOT'O BBILIE OTHOIICHHUS.

Jlupaxk TpeAnoNIOXKUI, YTO TaKOe COBMAJEHHE HE CIydallHO, a 3TH [Ba YHCIA JOJDKHBEI OBITH
MIPaKTUYECKH OJWHAKOBBIMH B JII000II MOMEHT BpeMEHHU (IUPAaKOBCKasl THIIOTE3a O OOJBIINX YHCIaX),
T.C.

Gmym, / e’ = mc’t/ e’ . )

CriesioBatenbHO, Ge3pasMepHBle MOCTOSHHBIE, TI0 TIOPAAKY BelMdHHBI paBHbre 10%, momxmer
JMHEHHO M3MEHAThCS BO BpeMeHH. Eciu cuMTaTh, YTO aTOMHbIE IOCTOSHHBIE HE 3aBUCAT OT BPEMEHHU,
TO TPaBUTAIIMOHHASA NOCTOAHHAS G TO/DKHA YMEHBIIATHCS C TeUCHHEM BPEMEHH t:

G~t'. @

DTy ruUNoTe3y MOXHO 0GOGIIMTH TakuM oGpa3oM, uTo Ge3pasmepHble umcrma mopska (10%0)"
JIOJDKHBI M3MEHAThCS 1Mo 3akoHy t'. Ecimm oueHuTs uncno GaproHOB Bo BceneHHO# myTem aeneHus
BUIMMOI Macchl BCeIeHHOH Ha MPOTOHHYK MacCy, TO B pesyjibTaTe NOJyuMTcs mpumepHo 107
6apuonos. Jlupak npejickasa yBejnueHne ynucia 6apuoHos Bo BeenenHoit 1o 3akony t.

IpumepHo, uepe3 10 et mocne storo . Temiep mokasan, uto ymenbmenne G 1o 3akony t', mo-
BUAMMOMY, IPOTHBOPEYHT HAONIOACHHSAM, CBS3aHHBIM cC 3Bojrouueld Bcenennoit. Emy ynamocs
MIOJTyYUTh COOTHOILIEHNE MEXTy CBETUMOCTEIO L 3Be31bl, Maccoif M 1 rpaBUTaMOHHOI TOcTOSIHHOU G:

L ~GM. 3)

TlosTomy Gosbliee 3HayeHne G B Oojiee paHHUE NMEPUOBI IPUBOAMIO OBl K OOJIBILIEH CBETUMOCTH
COJIHIA ¥ MEHBILIEMY Panuycy 3eMHOM opouThI R ~ G,

CornacHo runoreze Jlupaka M3MEHEHHE TI'DaBUTALMOHHOW IIOCTOSIHHOM CO  BpEeMEHeM
HEMOCPEJCTBEHHO CBA3aHO CO CKOPOCTBIO pacHiMpeHus: BceneHHO#, Tak Ha3piBaeMOW KOHCTaHTOM
Xa66ma H =40 + 100 km-Mnc™'-c™":

IG'/G|=H=(4-10"+110") ner”" . (4).

Ecim G ymeHpmaercs co BpemeneM, To G'/G ~ —5-107" ner”'. B aToMm ciyuae TemmepaTypa
MOBEPXHOCTH 3eMIIM OKOJIO JBYX MUJUIMAPIOB JIET Ha3a Oblia Obl HECOBMECTHMA C PAa3BUTHEM JKH3HU
Ha Hamed mianete. [1o’ToMy B paMKax KOHIENIMHU 3BOJIOLMH COOTHOLIEHHE (2) HMCKIIOYaeTcs.
Actpodu3nueckue JaHHbIE TaKXKe IPOTHBOPEYAT ITON 3aBHCHMOCTH.
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B 1967 r. Ix.I'amoB npexnonoxun, uro G B ¢opmyne (1) morma ObI ocTaBaThCsl HOCTOSIHHOM,
ecii Gbl 37IEMEHTapHBIi 3apsl BO3PACTAN CO BpEMEHeM: e ~ t.

PaGotas HesaBucumo, D.Temnep BeIIBHMHYN rumotesy o' = hc/e’ ~ In (tm.c% h). OnHaxo
usydenue cuctem atomoB '*'Re — '¥Os nocTapmiio o coMHenne 06a Moaxosa.

HenasHo  ObUIO  NPU3HAHO, 4YTO  BBHINICIPHBEICHHBIE  apryMEHTH,  IIPOTHBOPEYAIHE
npeanonoxkennio G ~ t™', He uMerot Gonee cubl. [IpOTHBOpEUHE ¢ ACTPOPHUIUKOI COCTOAIO B TOM, UTO
ConHue JODKHO OBITH Yy)Ke KPacHBIM T'MTAaHTOM, €CIIH BO3pacT BcenenHoil He MeHee 15 MumapnoB
ner. Jlo 1964 r. 5To 3HaUCHHE CUMTANOCH CIMIIKOM OOJBIIMM, OJHAKO B HACTOSIIEE BPEMs BO3PACT
Bcenennoit onenupaercs paBHeiM oT 10 no 20 Mwumapnos ser. TennaepoBckue apryMeHTHI O
ceerumoctn ConHIa ¥ TeMIeparype 3eMin Takxke ObLIH ONpOBEprHyTHI. IIpen3noHHOe HeclieloBaHNE
CHCTeM, KOTOpBIE TOJBEPKEHBI TOIBKO BO3ACHCTBHIO IPaBHTAIMH, MOKa3biBaioT, uto G m M Bceraa
BXOJIAT B BEIpaXeHHs B Bupe komOuHanmmu GM. Tak, mpu paccMoTpeHuu CTpykTypsl CounHia
TIPUMEHSETCS CIIeyIoNIee IONoNHNTeNbHOE ycnosre: GM = const, clieoBaTenbHO, CBETUMOCTD 3BE3IBI
HPAKTHYECKU HE 3aBUCHUT OT BpeMeHHU. DTOT acleKT He NPMHUMAIICS BO BHMMaHKe Temiepom u Apyrumu
aBTOpaMu, MO3TOMY ypaBHEHHE (3), KOTOpOE INpEeACKa3blBAaeT CHIBbHYIO 3aBHCUMOCTh L or G u M,
TepsieT CUILy.

YMo3putensHble nien Jupaka MOBIEKIN 32 COOO0H MHOXKECTBO SKCIIEPHMEHTOB, 3a1auel KOTOPBIX
OBbUI NOMCK BO3MOXHOH 3aBHCHMOCTH (DYHIAMEHTAIBHBIX KOHCTAaHT OT BPEMEHH. BaXHOCTh 3THX
HM3MEPeHHH BO3pocia MOCTEe BBIABIDKEHUS HOBBIX TEOPETHYECKMX MOjelNei, B KOTOPBIX KOHCTaHThI
CBSI3U COIIOCTABILIOTCS PajilycaM, TaK Ha3bIBaeMbIX, KOMIIAKTH(UIINPOBAHHEIX pa3MepHocTeil. [leno B
TOM, YTO JO CHX IIOp COBPEMEHHBIC TEOPHH HE JAIOT KOJIMYSCTBEHHBIX INPEICKa3aHUH O Xapakrepe
BO3MOXKHOH 3aBHCHMOCTH (DyHIaMEHTAIbHBIX (DH3HYECKUX KOHCTaHT OT BpeMeHH. OJHaKo Takas
3aBHCHMOCTbH JJOITyCKAaeTCsl B paMKaxX MOJEINe ¢ YHCIOM Pa3MepPHOCTEH, IPEBBIIIAIONIHM YeThIPe, B, TAK
Ha3bIBaeMbIX, Teopusix Kamynpl-Kieitna. Ipu odeHb crienuaibHBIX IPEAION0KEHUAX B CYIePCTPYHHBIX
TEOPHUSAX TPE/ICKA3BIBACTCSA M3MEHEHHE BO BPEMEHH IPaBHTAIMOHHOI mocTosHuolt ¢ G'/G ~ —1-107"*!
ner.

VYkaxeM eme Ha OJHO HHTEPECHOE CIICCTBHE BO3MOXKHOH 3aBUCHMOCTH T'PaBHTAILIMOHHOMN
noctostHHoit G 0T BpeMeHH. B paMKkax HbIOTOHOBCKON MEXaHMKH 3aBUCUMOCTb OT BPEMEHH KOHCTAHTBI
G mpHUBOAWT K HApYIICHHWIO 3aKOHA COXPAHEHHsS JHEPTHM, YTO JIETKO BHIHO H3 CIEIYIOIIETO
paccmoTpenus. Ilycts HeOonbmIod mIApuK M KOIBLO [BHUTAIOTCS HABCTpedy Jpyr Ipyry u3
OECKOHEUHOCTH IOJ IeiiCTBHEM B3aHMHOIO NPUTSDKEHHs. B HEKOTOpHIH MOMEHT BpEMEHH ILIApHK
HPOJIETACT Yepe3 KOJIbIIO, U ITH 00BEKTHI, IPOAOIIKAs CBOE ABIKCHHE, YIAIAIOTCS APYT OT Apyra. Ecnu
G(t) yMeHbIIAeTCsI CO BPEMEHEM, TO CUJIA NPUTSHKEHHS MEXIY IIApHKOM U KONBIIOM Ha HEKOTOPOM
PACCTOSIHHUM MeXIy HUMH BO BpeMs COIMDKCHHs OKa3bIBaeTCsl OONbINe, YeM 3Ta JKe CHIa Ha TOM JKe
PAcCTOSIHUHM BO BpeMs HX pa3iieta. ClIe0oBaTelIbHO, OTHOCUTEINIbHAS CKOPOCTh U, TEM CaMbIM, KHHETHYe-
CKasi SHEprHs I10Cie BCTPeuH OOBEKTOB OKa3bIBAIOTCSA OoJble, yeM mepen ux Bcerpeuer. ITockombky
MOTEHIHANbHASL YHEPTusi oOpalnaercss B HONb Ha OOMNBIIMX PACCTOSHUAX MEXKIy TeIaMH, TO B CIydae
B3aHMOJEHCTBYIONMX YacTHI[ HapyIIaeTcs 3aKOH COXpaHeHus dHepruu. CiemoBaTelbHO, TpeOoBaHUE
COXpAaHEHHs JHEPrMM M HBIOTOHOBCKMH 3aKOH TsroTenus B ¢popme F(r) = —G(t) mm,/1’ ue
coBMecTHMEIL, eciH G {t) # const.

Ecim mpennonoxurh, YTO 3aKOH COXpAaHEHHsl SHepruu Oonee (yHIaMeHTaleH, 4eM 3aKOH
TsroTeHus: HplOTOHA, TO MOXKHO MHOJIyYUTh HEKOTOPOE HOBOE BBIPAKEHUE JUISl CHIIBI MPHUTSKECHMS.
YucieHHbIe 3HAUSHUS] BOHUKIIEH MONPABKH COOTBETCTBYIOT IMOCTOSIHHOW Xa00ua, 1aHHOW B hopMyie
(4). Takoii nonpaBKoif 0OBIMHO MPEHEOPETaIOT.

VI3 HOBOrO COOTHOIICHWS ISl CHJIBI NMPUTSDKEHHS CIEOyeT, YTO €CNIU TPaBHUTAlUs 3aBHCUT OT
BPEMEHH, TO BO BcelleHHO# He MOXKET OBbITh JBYX HYaCTHI, HENOABHXHBIX JPYT OTHOCHTEIIBHO ApYTa.
OT0 3aKIIIOUEHHE COTTIAaCyeTCs C HaOMIOAEHUEM, UTO IPAKTUUECKH BCe (PU3MUECKHE CHCTEMbI HAXOIATCS
B COCTOSHHMH OTHOCHTEIBHOTO ABIDKEHHS, HauMHAS C BAKyyMHBIX (UIYKTyarMii MHUKPOCKOIHMYECKHX
CHCTeM M KOH4Yas pacummpeHneM BceeneHHOW. ITockonIbKy HOBOE COOTHOIICHHUE JUISL CHIIBI IPUTSDKEHHS
HE HMeET CTpOro pajJuaJbHOrO XapakTepa, TO B OOIIEM clyyae yIJOBOH MOMEHT MOMKET He
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COXPAHATHCS.

OskniaeMoe M3MeHeHne (yHIaMEHTAIbHBIX KOHCTAHT KpaiHe Majo, MO3TOMY TPEOYIOTCS OYeHb
TouHbIe H3MepeHus. OTMETHM, 4TO B TaKHX JKCIEPUMEHTAaX 4YacTO ONpENeAloT He OJHY TOJIBKO
KOHCTaHTy CBSI3H, 4 HEKOTOPYI0 KOMOMHAIIMIO HECKOIBKHX KOHCTaHT. [losToMy HHTepmperamus
Pe3yJIbTaTOB H3MEPEHUH CHIBHO 3aBHCHT OT TOTO, BapHallHsl KaKoi KOHCTaHTHI paccMaTpuBaercs. [Ipu
ONpE/ICTICHHbIX OOCTOATENBCTBAX B TAaKMX KOMOMHAIMAX HMCKOMas 3aBHCHMOCTh MOXET IOJHOCTBIO
TepsaThesl. Kpome Toro, Heo0XoauMo OBITH YBEPEHHBIM B TOM, YTO B OCHOBE U3MEPEHHS HE 3aJI0)KEHO
MIPEeIIOI0KEHHE O IOCTOSHCTBE BEIUYHH, BPEMEHHYIO 3aBUCHMOCT KOTOPBIX IIPEACTOUT H3MEPHUTb.

DKCIIEpUMEHTHl MOXKHO Da3fieluTh Ha JBe Kareropuu. ORHH COCTOST B M3MEPEHHH BapHalluK
(yHIaMEHTaIbHBIX KOHCTaHT IIPU COBPEMEHHBIX YCIOBHSX, a Apyrue G — B Teo(U3HYECKHX H
aCTPOHOMHUYECKHX HaOJIOJEHHIX, KOTOPhIE II03BOJIOT CPABHUTh COBPEMEHHOE 3HAUEHHE KOHCTAHTHI C
ee 3HaueHHeM B OoJiee paHHUI MOMEHT BPEMEHH HIIU CO CPEIHUM 3HAUCHHEM 32 HEKOTOPbIC BPeMEHHbIE
orpe3ku B npouuiom. Harpumep, pesyibraTel KakoW-HUOY b PEaKILMK, IPOTEKABIIEH MHOTO JIET Ha3a/,
MOXKHO CPaBHUTh C COBPEMEHHBIMH pe3ylbTaTaMd TOH ke peakiuu. COOTBETCTBYIOIINE CEUCHUS
PEaKIUK MO3BOJIIIOT MOTYyYHUTh HH(OPMAIHIO 0 KOHCTAaHTaxX cBs3d. OfHa U3 mpoOiIeM reo(pu3HIecKux
9KCIIEPHMEHTOB 3aKJIFOYaeTCs B MPOLEypE ONpEIENICHNs Bo3pacTa 00pas3loB, TaK KaK MOMYJISPHBINA
METO/1, COCTOSIINI B U3MEPEHUHN PAZIMOAKTHBHOCTH, TAKXKE 3aBUCHT OT KOHCTAHT CBSI3U.

W3BeCTHO MHOrO SKCIEPUMEHTOB 00eux Karteropuil. B Tabiuue npuBeneHbl OrpaHUYCHUS],
TOTydeHHbIe /T pa3aaHbX KoHcTanT (H = h-100 kmM-Muic™ ¢ ipi 0,4 <h < 1):

Meron Bemuuna Q d(InQ) / dt, ner™

Op6ura miaHeT G (0,2+0,4)-107""
CpaBHEHHE YacoB gcs (me/ meg)o <1210
Peakrop o <1107
ToHkas cTpyKTypa o <1,3h-107"
CBEepXTOHKOE paclieIIeHue o <2h-107™"
Bpewms xusun '*'Re a <2-107"
SInepHslit cunTE3 o <1,5h-107™
SInepHsblii cuHTE3 G <9.1078
KpacHoe cmelenne h (=3x4) -107"

B rtabuyne npuBeneHbl HauOojee BaXKHBIE Pe3yJbTaThl, KAacaIONMecs HMPOOIEeMBl MOCTOSHCTBA
(yHIaMEHTaIbHBIX (PU3MYECKUX KOHCTaHT. OHM MOJHOCTBIO HCKII0YaloT runore3y Jupaka. OTMeTHM,
OJIHAKO, YTO ITH OTPAaHUYCHHS B PAfE CIydaeB CIPaBEMIUBBI TOIBKO B HPEANOTIOXKEHHH, 4TO BCE
OCTaJIbHBIE KOHCTAHThI HE 3aBUCAT OT BPEMEHHU.

Bo3MO0xHO, 4TO 10 CHX HOp MOUCK 3aBUCUMOCTH MUPOBBIX KOHCTAHT OT BPEMEHH IPOBOJMIICS Ha
HeaJIeKBaTHOM BPEeMEHHOM MaciiTabe. B o0mem ciyuyae npezamonaraercsi, 4T0 KOHCTaHTBl H3MEHSIOTCS
KaK CTelleHH KOCMOJIOTHYecKoro Bpemenu H™'. OmHako, BMONHE JOMYCTHMO CYHUTATh, HTO
KOMIIAKTH(HKAUs JONONHHUTENbHEIX pPa3MepHOCTeH 3aKOHUYMIACH OYEHb OBICTPO M HX PaIHyChl
CErojiHs BCEro JHIIb OCUMUIMPYIOT BOJM3M CBOMX IIOJNIOXKEHHH paBHOBecHs. B sTom ciyuae
aJIeKBaTHBIIl BPEMEHHOI MaciTal ompeenancs Obl MIAHKOBCKMM BpemeHeM ~5-107* ¢ u mostomy
HaOJI0/1aeMble BETMUYMHBI TIPEJICTABIIIN OBl TOJIBKO CPEJHHE 3HAYEHHs, YCPEIHEHHBIE 110 OOoNbIIOMYy
YUCITY OCLIMIIIALIMH.

HenaBno rpynmna yuensix u3 Yuuepcutera Hooro FOxHoro Yambca B ABcTpanuu mpoBepsiia
MPEATIOI0KEHUE O TIOCTOSHCTBE OL, CPAaBHUBAsI «CTAPUHHBINY» CBET, UCITYLIEHHbIA APEBHUMHU aTOMaMH, C
COBPEMEHHBIM CBETOM, MCITYIIEHHbIM aTOMaMM HeJaBHO. B yacTHOCTH, OHM CpaBHUBANU pacIlelIeHHe
IMHMI B OymeTax B CHEKTPaxX IOITIOMICHUsS] PAa3lIUYHBIX aTOMOB B OTHAJICHHBIX I'a30BBIX OOJaKax,
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HAXOANIMXCA TIepes OTJANEHHBIMA KBA3apaMu. PacluervieHne JMHUI TponopiuoHanbho o, Tlocie
ydeTa KpacHOTO CMEIIeHHs, BBI3BAHHOTO paclIupeHreM BeeneHHoi, ObU10 IOIydeHo, 9TO 0L MOHOTOHHO
U3MEHSIETCS C POCTOM KpacHoro cmemieHust z. Ilpu z>1 oTHOCUTeNbHOE M3MEHEHHE O. COCTaBUIIO
okono 2-107%,

Hcrounuku:
I'.B.Knangop-Knaiiarporxayc, A.llltayar «HeyckopurenbHas (usuka 3JIeMEHTapHBIX 4acTuiy, M.,
Hayxka, 1997, rnaBa 12,
The American Institute of Physics Bulletin of Physics News Number 410 January 13, 1999.

BOIIPOC Ne88: Uto Takoe BepTHUKaJIbHAs COCTABIISAIOIAS WHIYKIMKA MAarHUTHOTO MOJst 3eMiti?
Kakum npubopom moib3yroTest it e€ ompexpeneHus? Omnuimmre, Noxanyiicra, ero crpoenue. Kak
MO’KHO €T0 H3TOTOBHTH?

OTBET: U3BecTtHO, 4TO y 3eMJIU €CTh COOCTBEHHOE MarHUTHOE 10JIe (MMEHHO, O1aroaps 3 ToMy,
MBI X MOXEM IOJIb30BaThCsl MATHUTHBIM KOMIIAcOM). B 1epBOM M ZOCTaTOYHO TOUHOM IPUOIIDKEHUH
MarauTHoe moie 3emian (MII3) MOXXKHO HpeACTaBUTh HOJIEM TOUSYHOTO MATHHTHOTO AUIIONS, MHAUE
TOBOPSI, PaMKH C TOKOM, PAcCIIOJOXEHHOW B IIEHTpe 3eMIIM NMpPaKTHYECKH B INIOCKOCTH JKBaropa. U
JEeHCTBUTENIBHO, MaTrHUTHOE 110J1€ 3€MIIM BHI3BAHO, B OCHOBHOM, TOKOM, LIUPKYJIUPYIOUIUM B SKHIKOM
MPOBOAAIIEM sipe 3eMIH, NPUYeM OCh JKBUBAJIEHTHOIO MAarHUTHOTO OUIIONS OTKJIOHEHAa OT OCH
BpalleHHs TPUMEpHO Ha 11 rpamycos.

OueHnM JUIst pa3sMHUHKH TOK, co3paromuii MII3. I'eodusukn (ceiicMoioru) ydaT Hac, 4To paguyc
skuakoro sapa 3emun okono 3000 kM. Ilpumem, 4ro cpeanuid paauyc TokoBoi nerim 2400 km (win
2,4-10° M). MaruuTHOe TioJle MeT/M Ha GONMBIIOM yAAJeHHH OT Hee OMpeeNseTcss ee MarHHTHBIM
JIUOJIBHBIM MOMEHTOM!

m=1IS = Inr?, (1)
rae I — 1ok, S — miomaas TOKOBOH METIH, Iy — e pajuyc.

Maruutroe noie B — Bektop. Ero KoMImoHeHTsI B cucTeMe KOOPAMHAT, T/ IIOCKOCTh HMETIH C
TOKOM OpTOTOHaNbHA OCH Z (HaIpaBIeHHE HA MArHUTHBIA MONIOC 3eMIH) OHPEeNsIOTCS
BBIPKCHUSIMH:

B, =(m/4ng,c?) (1/R? —32*/R%)
JULSL KOMITIOHEHTHI BEKTOpa MapajlienbHol ocu Z 1
B = (m/ 4neoc®) 3zr / R%),
JUISL KOMIIOHEHTBI BEKTOpa IOJIS, MapajlIeNbHON INIOCKOCTH JKBAaTOpa. 31eCh Z — KOOPAUHATA TOUKH
U3MEpEHHs MO BJOJb MOJAPHOH OCH, T — KOOpJMHATa TOYKU M3MEPEHHs IO B SKBATOPUAIbHON
IIOCKOCTH (3TO IPOCTO OOIIEH3BECTHAS IATHHAPHIECKAs CHCTeMa KoopauHat), R = (22 + )2,
VY no6Hee mpencTaBUTH BBIPaXKEHHE IS IO MATHUTHOTO AUIONS B CEPHIECKUX KOOPAUHATAX:
B, =B cos0, 2)
B,=Bysinb/2, 3)
Bo=2m/(Ro*4mec?).  (4)

3necs By — MarHuTHOe mone Ha momioce, Ry — pammyc 3emum, a 0 — MONApHBIA yroi,
OTCUHTEIBAEMBIH OT MOJISIPHOM OCH.

Ha nomtoce (MarHMUTHOM) I0J€ TOYHO BEPTHKAJIbHO, a HA S3KBAaTOPE TOYHO TOPU30HTAIBHO
OTHOCHTEIBHO TIOBEPXHOCTH 3eMJIH, T.€. BepTUKaIbHAs KOMIIOHEHTa BeKTOpa HHAYKIHU B mMaruutHOrO
monst 3eMyM paBHA HyJTIO Ha JKBAaTOpe M JOCTHIaeT MaKCHMalbHOro 3HadeHus (+ By u —Bg) Ha
MOJTIOCaX.

BepHemcs K BEIYMCIICHHIO KOJIBLIEBOTO TOKa B siipe 3emuin. Mbl 3HaeM, uto By = 0,63 raycca winu
6.3-107° Tecma, Ry = 6,4-10° M, ro=2,4-10° M, a 4meoc® = 107. Torma u3 (1) u (4) nomyunm:

I1=2Byeoc® (Ro*/1o),
YTO TOCJIE TTOICTAHOBKU COOTBETCTBYIOLINX YUCeN JaeT: [ = 4,5-109 A.

69



Teneps 00 HW3MepeHHSIX KOMIIOHEHT MAarHUTHOrO IoJisi. Bce 3HAIOT, YTO CTpelika Kommaca
NIOKa3bIBAET Ha ceBep. DTO MPOUCXOAUT IIOTOMY, YTO KOMIIAC CKOHCTPYHPOBAH TakK, 4TOOBI UyBCTBOBATh
HMMEHHO TOPU30HTAJIbHYIO KOMIIOHEHTY Nouis 3eMin. YToObl yOeAUThCS ¢ TOMOIBI0 00BIYHOTO KoMIIaca
B CYIIECTBOBAHHU BEPTHUKAIBbHOH COCTABIIONICH MAarHUTHOrO MHONS 3eMIM B KadecTBe OOBEKTa
HaOJIIOJEHHUST MOXKHO HCIIONB30BaTh OOBIYHYIO OaTapero IEeHTpAJbHOro oTomuieHns. Tak Kak y
MAarHUTHOTO MOJIs 3eMJIH €CTh BEPTHKAJIbHAsI COCTABIIAIONIAs, TO y HAMArHUUEHHOH 0aTapen BO3HHKAIOT
Kak Obl ZBa IIONIOCA MAarHATa — CBEPXy M CHHU3Y: IJe-HUOyIb B cepeluHe OaTaped MOIHECHTE
OOBIYHBII KOMIIac K BEepXHEMy Kparo 0Oaraped, a 3aTeM W K HW)KHEMY — B 3aBHCHMOCTH OT TOTO, K
KaKoMy Kparo BbI II0J{HECIIH KOMIIAC, CTPEJIKa KOMIIaca OTKJIOHHUTCS I10-Pa3HOMY.

B mpunnume, moJBeCHB MArHHTHYIO CTPENKy HAa BEPTHKAIbHOH YIPYroil HHUTH, MOXKHO
peann30BaTh MAarHUTHBIE KPYTUIIBHBIE BECHI, M, TAKHM 00pa3oM, U3MEpsATh KaK HalpaBlIeHUE (PerKUM
KOMIIaca), Tak M BEJMYHHY TIOPHU30HTAJbHOM KOMIIOHEHTHI MarHHTHOrO 1ois 3emiud. IIpocreiimmit
npubop Ul M3MEPEHHs] BEPTHKAJIbHONH KOMIIOHEHThl WMHAYKIMM MAarHUTHOTO IOJs 3eMIM TOXe
MIOCTPOEH 10 TPUHIHIY TOPCHOHHBIX (KPYTHWJIBHBIX) BecoB. TONBKO Temeph ympyras HHTb HATSHYTa
TOPU30HTATPHO W MAarHUTHAs CTpelKa, HpPHUKPEIUIeHHas K Hed IOCpeAdHe, pPacHolaraeTcst TOXKe
TOPU30HTAIBHO. BepTukanbHas KOMIIOHEHTa MAarHUTHOTO IIONSI CTPEMHTCS IIOBEPHYTH CTPEIKY
BEPTUKAIBHO, @ YHOPYroCTh HHTH M IOJIE KOMIIGHCUPYIOIIEr0 MAarHUTHKAa CTPEMSTCS BEPHYTh €€ B
TOPH30HTANBHOE TOJNOXKEHHE. Perymupys 3akpyTKy HUTH U IOJOXKCHHE KOMIICHCHPYIOIIETO MAarHHTa
MOXKHO JOOUTBCS TOTO, YTOOBI OTKJIOHEHHS CTPEIKH OT FOPH30HTAIBHOTO MOJOXKeHHs He Obu1o. ITpu
9TOM CTEIeHb 3aKPyTKH HHTH U IIOJIOXKEHHE KOMIICHCHPYIOIIEr0 MAarHuTa II03BOJISIOT H3MEPSTh
BEJIMYMHY BEPTHKAJILHOM KOMIIOHEHThl mojisi. Ha 5ToM mpuHIMIE TOCTPOEHbl TOPCHOHHBIN
MarHurtoMeTpbl thmna M-27M  (u3MmepsieT BepTHKanbHYyl KomnoHeHTy MII3) u M-15 (u3mepser
TOPU30HTANBHYI0 KOMHOHeHTy MII3). UyBCTBHTENBHOCTh TaKHMX MAarHHTOMETPOB, HECMOTpPS Ha HX
IIPOCTOTY, IOBOJILHO BeJMKa, Mops/ka 3-5 HanoTecna (5-107° Tor) u myume.

BooOuie s u3MepeHus MajblX IOJEH M WX BapualMil BBEJIEHA HOBas €IMHHUIA, KOTOpas
HaspiBaeTcs raMMma: Iramma = 107 Tor = 1 HaHoTecma. DTy BEMUMHY CIEyeT CPABHATH C BETHIHHOM
Bapuanuu MII3 npu MarautHoO# Oype: cpeansist maruutHas Oyps — 100 ramm, cunnbHasg — 1o 500 ramm.
MaruutHbIe Oypy BBI3BaHBI BO3MYIIEHHEM TOKOB, IIPOTEKAIONINX B HOHOC(HEpE MOTOKAMH COIHEYHOTO
BeTpa.

MarHeToMeTphl Apyroro TUMa:
® IPOTOHHBIM IPEECCHOHHBII MAarHUTOMETP — OCHOBAaH Ha SBICHHH SICPHOTO MAarHUTHOTO

pe3onaHnca (SIMP), yyBcTBUTENIBHOCTD NOPsAAKa — 1 ramma (Hanpumep, MMII-203),

e KBaHTOBBIE ONTHYECKHE MArHHTOMETPHl — OCHOBAHBI HAa CMEIICHHHM AaTOMHBEIX JDHEPreTHYECKUX
ypoBHeii B MarHuTHOM mone (Hanpumep, MMII-303), uyBcTBHTENBHOCTH TOpsiaka 1072 Ta (0,001
ramma),

®  CBEpXIPOBOJHHMKOBBIC KBaHTOBble MarHuToMerpsl CKBI/IpI, 4YyBCTBHTENBHOCTH IIOPSIKa
107"2= 107" Tn (107 ramma),

e (eppO30H/IOBEIE MATHUTOMETPEI, UyBCTBHTETLHOCTE Topsytka 107" Tor (0,1 ramma).
®Deppo3oH — Hauboiee NPOCTOW MAarHUTOMETP M €ro MOXKHO clenath camomy. VIMeHHo,

6maroapsi HCKIIOYUTENIBHOM IIPOCTOTE JIETKOCTH M HAJIEXHOCTH, TAKAE MArHUTOMETPBI UCHONIB3YIOTCS

Ha caMoJeTaX B KauecTBE MArHHTHBIX KOMIIACOB, a Ha KOCMHYECKHX 30HIAX Ui HM3MEPeHUs.

MEKIUIAHETHOTO MarHUTHOTO MOJIst M COOCTBEHHBIX MATHUTHBIX MOJIEH IIaHEeT.

Tpocreiimmii peppo3ona npencraBiser co00H OTHOCHTENBHO UIMHHBI M TOHKHH (Harmpumep,
50x 0.5 mMM) cepredHHK U3 (eppoMarHeTHKa ¢ BBHICOKOW MAarHUTHOM HPOHUIIAEMOCTBIO (HAaIpHMED,
OTOXOKSHHOM TpOBOJIOKH H3 mepmaiuiost 79 HM mim amopgroro xeinesa). [lepMamioeBslil cepaedHuk
00BIYHO OTXKUraeTcs B TpPyOOUKe U3 KBapLIEBOTO CTEKIIA, KOTOPas B AAJbHEHIIEM CITy’KUT KapKacoM JUIs
0OMOTOK H NIpefoXpaHseT MepMalIOeByI0 IPOBOIOYKY OT MEXaHHYECKUX HampshkeHui. CepaedHHK u3
HEOTOXOKEHHOTO aMOp(HOTO jKene3a MMEeT HEeCKOIbKO MEHBIIYI0 MAarHHTHYIO NPOHHIAEMOCTb, YeM
nepMayuIoif, 3aTto He OOWTCS MEXaHWYeCKHX HalpsDKeHHil. OTOT  CeplIeYHHK  SIBISETCS
MarHMTOIPOBOZOM HACHIINAONIErocs TpaHcdopMaTopa, HMeroImero ase oO6MoTki. OjHa M3 HHX
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HaMOTaHa 110 BCEil JUIMHE CepJIeYHHKA 3a MCKIIOUEHHEM HEOOJBIIOr0 y4acTKa MOCPEMHE U ABIACTCSA
00MOTKO#1 BO30y K/ieHus. Bropas — HaMoTaHa Ha CpefiHeM y4yacTKe, CBOOOIHOM OT MEpBOi OOMOTKH, 1
sBJIsieTCs. OOMOTKOI CUMTHIBaHUS. UHCIIO BUTKOB — HECKOJIBKO coTeH. Ecim Ha 00MOTKY BO30Y KICHUS
NOJaTh HMEPEMEHHBIH TOK 3BYKOBOW 4acTOThI (TOpsJIKA HECKOJIbKMX KWJIOTEPL) TAKOH aMIUIUTY[bI,
9YTOObI NPOUCXOAUIO CHIBHOE HACHIIIEHHE MAarHUTHOTO CEepICYHHKA, TO HA BTOPUYHOH OOMOTKE
BO3HUKHYT OTHOCHTEIHFHO KOPOTKHE CHMMETPHUYHBIE PA3HONOAPHBIE MMITYIbCHl HANpPSDKCHHS B
MOMEHT IIPOXOXKICHUsS HaMarHHYMBAIONIEro IIONs dYepe3 Hylb. Ecianm BHellHee IOCTOSHHOE
(u3MepsieMoe) HaMarHUYHUBalOLIee MOJE PaBHO HYIIO, TO MOCJIEI0BATEIbHOCTh HUMITYJIbCOM pa3JieeHa
OJIMHAKOBBIMU MHTEPBAIAMHU U B YACTOTHOM CHEKTPE 3TOH MOCIETOBATEILHOCTU IPUCYTCTBYIOT TOIBKO
HEUYeTHbIE TapMOHHMKH YacTOTHl BO30yxaeHus. I[logmarHudmBaiomee H3MepsieMoe IONIe CMeIaeT
pabouyro TOYKy Ha HeTie HAMAarHMYMBAaHWS CEpACYHHKA TaK, YTO Ha OJHOM IIOJYNEpPHOIE IIOJIS
BO30Y)X/ICHUSI HaMarHWYMBaHHME YCKODSETCS, a Ha JAPYyroM 3ameusiercs. B pesymbrate BMecTo
PaBHOMEpHOH  NOCIENOBATENIbHOCTH  PA3HOINOJAPHBIX ~ MMITYJIBCOB  Iojydaercss  "xpomas”
MIOCIIEIOBATENBHOCT, B KOTOPOH BPEMEHHOH MHTEpBal OT MOJIOXKUTEIBHOTO JIO OTPHUIATENIBHOTO
HMITyJIbCa HE paBeH HHTEPBAIy OT OTPULATENBHOrO N0 IIOJOXKHTEIBHOro uMmmynbca. OnHaxo,
pasymeeTcsl, HMHTEpBal MEXIy IIOJOKMTEIbHBIMM HMIYJIbCAMH DPaBEH MHTEpBAly MEXIYy
OTPUIATENILHBIMU ¥, €CTECTBEHHO, TOYHO paBeH MEepHONy CHUrHama Bo3OyxaeHus. "Xpomorta'
MIOCIEI0BATEIFHOCTU TPUBOAUT K TOMY, YTO B CIIEKTPE CHTHAla CUATHIBAHUS MOSBISIOTCS UYETHBIC
TAPMOHHKH CHI'Hala BO30YXICHHsS, U aMIUINTY/a 3THX FAPMOHHUK IIPONOPIMOHATEHA HAIPSKEHHOCTH
BHEILIHEro (M3MepsieMoro) noaMmarHudmBaroniero nosisi. OObIMHO B mpuUOOpax HCMONB3YIOT BTOPYIO
TapMOHMKY, TaK KaK €€ aMIUINTy[Ja 3aMeTHO Oolnblle, YeM aMIUIUTy[a CIEHYIOIHX TIapMOHUK.
MarHuToMeTp HMEeT MAKCHMAIbHYI0 UyBCTBHTENBHOCTb JUI IONIS, HANpPaBICHHOIO BJIOIb
(eppOMarHUTHOTO CeplevyHHKa, M HyJIEBYIO Ui II0Js, HalpaBIEHHOIro Iomepek. B sTtom cMbicie
(beppo30H] U3MEPSET MPOCKIMI0 MATHUTHOTO MOJIs, HapasIelbHyI0 CEpJCUHUKY, U €CIIH IOCTABUTh €ro
BEPTUKAJIBHO, TO OyJeT U3MepsTh KaK pa3 BePTHKAIbHYIO KOMIIOHEHTY HHAYKIuu MII3.

Hrax, npocreiinuii (HO JOBOJILHO TyBCTBHTENBHEIN) (peppO30HI0BBIl MATHUTOMETP COCTOHT U3:
®  HACHIIAIOIIErocsl TpaHc(opMaTopa Ha JIMHEHHOM II€pPMaioeBOM CEpJCUYHHKE C OOJIBIIMM

YIUIHHEHHEM,
®  TeHepaTopa CUTHaJa BO3OYXKIeHHs,
®  CEIEKTHBHOTO YCHJIMTENS BTOPOH FapMOHUKH,

e (ha3oBOro (CHHXPOHHOIO) JeTeKTopa, ecinu Bel xorure ompenensts eme n 3HAK xommoHeHTH!

MAarHUTHOTO HOJIsl, IApajlyIebHON 30H1Y.

B xadecTBe remepatopa curHama BO30yXIEGHHS MOXKHO HCIIOIb30BaTh MIKOJBHBIA TI'eHEpPaTop
3BYKOBOH 4acTOTHL. B KadecTBe CEIEKTUBHOIO YCHIIHTENS U MHIMKATOPA — CENCKTHBHBIM BOJIBTMETP,
KOTOPBI JOJDKEH OBITh HACTPOSH TOYHO Ha BTOPYIO TapMOHHKY CHTHala BO30YyXKICHHS.
YyBcTBUTENBHOCTD Baliero Maruutomerpa OyeT onpeensThest Ka4eCTBOM H3TOTOBICHUS (heppo30Haa
(Hacplatoerocss TpaHcpopMaropa) W CTaOMIBHOCTBIO HACTPOWKM TEHEpPAaTopa U CENEKTUBHOTO
BonbTMeTpa. Jpeiid Hyns Bamrero MmarauToMerpa OyeT 3aBHCETh OT 9THX XKe TapaMeTPOB.

Bopobwves I1.B.

BOITPOC Ne89: Kak paGotaet anektpodopHas MarnHa?

OTBET: IlepBoit HHAYKIMOHHON MAaLIHHON OBUT «31eKTPodOp», OTKpbIThIH A.Bojibra B 1775 1. 1
oOobscHenHbli M.K.Bunbke B 1777 1. MHAYKUMOHHBIE (MJIM 3JEKTPOCTATHYECKHE) MAIIMHBI Ipe.-
CTaBJIAIOT OGO HCTOUHMKH MANBIX TOKOB (peiko Gobie uem 107 A) 1 BBICOKOTO HaMpsKEHUs (4acTo
ceeime 10° B).
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Hocutenu anextprdectsa (puc. 1) monapHoO 3apspKaoTCsl Iy TeM dJIEKTPOCTaTHYECKOH HHIYKIHH, a
PacCTOsIHHE MEXTy HHMH YBEIUYHMBAIOT IMyTe€M MX MEXaHHYECKOro nepemelieHus. OTan I paer Ham
KapTUHY 3apsJIKU HOCUTENeil B rpouecce nHAyKuuy, a stamnsl 11 u [ n3o0paxaror pazaeneHue 3apsaoB
u ux nepe”oc k snekrpogam K u A. Ilepuoguyeckoe mo-
BTOPEHHE O3THX IPOLECCOB TEXHUUYECKU IIPOLIE BCEro

i F
OCYIIECTBUTh TNpH IOMOIIM  BpameHus. Hocurenn 7 b
JJISKTPUYECTBA O U [3 YKpeIUIEHBl Ha H30JHPYIOeM \
BpaLIAIOILEMCS CTEPIKHE. HeGonbmme YepHbIe

TPEYTONbHUKH ~ H300pakaloT — CKOJNB3SIIME  KOHTAKTHI, .
COCMHAIONINE OTH HOCUTeNH C dnekrpogamu K m A. | J‘
IlepBonauansHOe TONE MeXAy Y M O co3maercs y \
NPHCOEJMHEHHEM 3THUX IUIACTMH Ha KOPOTKOE BpeMs K

nontocam Oarapeu. [lpu BpameHun co ckopocteio B 10

000pOTOB B CEKYH]y TaKasl MallliHa MOXET JAaTh TOK OKOJIO ¥
10 A. Tpu Wcue3HOBEHMH MONA MEXIY Y H & 3TOT TOK
mpekpamaercsa. J[nsg  9TOro  JOCTATOYHO — KOCHYTBCS
NajblaMH IUIACTHH Y ¥ O ¥ TEM YCTaHOBHTH MEXTy HHMH
HPOBOJIAILEE COETUHEHHE.

VHoyKUuoHHbIE MAIIUHBI, IPeJHA3HAUCHHbIE IS IPAKTHIECKOr0 IPUMEHEHNUs, UMEIOT eIIe OJHO
J00aBOYHOE YCTPOHCTBO, KOTOPOE TOBOJUT 3apsijl Ha IUIACTHHAX Y M O O OYSHb BBEICOKOTO 3HAYCHHS U
obecrieunBaeT ero COXpaHeHHe, HECMOTPsI Ha HEM30EKHBIE IIOTEPH BCIIEACTBUE TUIOXOH H30msuu. Jst
OCYILECTBIICHUSI TAKOTO J0OABOYHOTO YCTPOHCTBA OBLIH IPEITIOKEHEI 1Ba IPOLecca.

B mepBoM, Tak Ha3bIBAEMOM, MYIbTHILIHKATOPHOM IpOIECCe 3apsijbl, MONyYeHHBIE ITyTeM HH-
IYKIUH, HE TOJHOCTBIO OTBOJAT K MECTy NOTpeOeHus, a
COXPAHSAIOT YaCTh MX Ha HOCHTEIAX O H 3 U 3TOT OCTATOK
nepeHocat npu nomomw smwkoB Papages F; u F, nHa
IUIACTUHBI TOJIA Y U O (Ha puc.2 oOpaTHTe BHUMaHHE Ha
3Haku!). DTUM YCHJIMBAETCS IIOJIe, KOTOPOE YYacTBYET B
CIIEYIOIIeM IIPOLECcCe HHTYKIUH.

Ilpn  mepexome K  BpalalOIUMCs  MallldHAM
yMeHbpIIaloT simuku Papaznest 10 pasMepoB ABYX KyCKOB
JKECTH, KOTOPBIE OXBATHIBAIOT HOCHTENU TOJBKO CHAPYKH.
Kpome Toro, mpH 3TOM COGAUHSIOT CKONB3SIINE KOHTAKThI
WM 9JISKTPOJIBI HE C TaIbBAHOMETPOM, & CO CTAaTHYECKUM
BOJIBTMETPOM, T.€. C KOHJIeHCaTopoM. BenencTBue aToro Hocutenu o ¥ 3, mpoxoas y anekrponos K u
A, He 0TJal0T UM BeCh CBOM 3apsiJi, a COXpPAHSIIOT YacTh ero A nepenaun B sumku @apanes Fyu F,. Ha
puc.3 n3o0pakeHa Mofielb, pabOTAIONIasi TOYHO 10 ITOU CXeMe.
Tlocne HeckosbKMX OOOPOTOB OHAa JaeT HANpSHKEHHE B
HECKOIBKO THICSY BONBT. IIpm OSTOM MpakTHYECKH HET
HEOOXOAUMOCTH B TOM, 4YTOOBI HCKYCCTBEHHO CO371aBaTh
HCXO/IHOE HampspkeHHe Mexay y u J. Iloutm Bcerma Mexay
9TUMHU IUTaCTHHAMH  CYIIECTBYyeT HeOONbIIOE CilydaiHoe
HaIpspKeHHE, KOTOpOoe OBICTPO IOBEIMIAETCS B Pe3yIbTaTe MyIbTHILIMKATOPHOTO IpoIecca.

Bo BTOpOM mpoliecce HHAYIUPYIOIIHE 3apsiibl CAaM¥ YCHIMBAIOTCS TEM K€ IIPOLECCOM HHIYKIHN:
IUTAaCTUHKH O, B U Y, O UMEIOTCS B OOJIBIIOM KOJMYECTBE W BCE BpeMs MeHsoTcs poinsimu. Ha puc.4
1300paXkeHb! [1Ba KOJbIAa KOHJEHCATOPOB, BPAIIAIOIIUXCS B IPOTHBOIOJIOXKHEIE CTOPOHEL Lluppamu
1-4 oTMeYeHbl CKONb3SIIHE KOHTAKTHI, IONAPHO COEJMHEHHbIE METAIMYECKUMH CTEPKHAMU.
ITonoxuM, 4TO Ha IUIACTHHKE, OTMEUYEHHOM *XMPHBIM 3HAKOM +, CIydailHO MMEeTCsl MO0 KUTEIbHBII
3apsA. Mexmy IIIaCTUHKOM + M KOHTaKTOM 1, Tak e Kak MeXTy INIACTUHKOH - X KOHTAKTOM 2 HMEeTCst
craboe NMEKTPUYECKOe TI0JIe, CXEMAaTHISCKH OTMEYEHHOE ABYMs CHIIOBBIMH JHHHSAMU. [TycTh BHemIHee
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KOJBLO OyIeT HENOABIIKHO, a BHYTPEHHEE MBI IIOBEPHEM
IPOTUB YacOBOW CTpeNKM Ha Tpu cermeHta. [locie 3toro
TOBOPOTA MBI MOJTy4yaeM KapTHHY, H300paKeHHYIO Ha puc.40.
BenencrBue MHIYKIMH Ha KaXKOBIX TPEX COOTBETCTBEHHBIX
IUIACTHHKAX BHYTPEHHErO0 KOJblLA BO3HHK ODJIEKTPHYCCKUI
3apsig. CaMbIM CYIIECTBEHHBIM 3/I€Ch SIBIACTCS TO 0OCTOS-
TEIBCTBO, YTO BCE MCXOJSIINE U3 ITUX 3apsIOB JMHUH IIOJSI
CXONATCS B KOHTakTaxX 3 M 4, COGIMHEHHBIX MEXIy coOoi
METaJlIOM.

Tenepp IOBEpHEM [0 YAacOBOIl CTpENKe BHEIIHee
KOIBLO HAa TPU CEIMEHTA, yAEP)KHBas BHYTPEHHEE KOJIBIIO
HenoABIKHBIM. [Iporecc mHAyKnuM OyneT HPOHCXOAUTH Yy
KOHTAKTOB 3 M 4, HO IIPU ATOM KaX/IbIi pa3 IeHCTBYIOT IIECTh
JMHMH 1o, T.€. MHAYLUPOBAHHBIE 3apsbl OyIyT B TPH pasa
Oosbiie, YyeM HMCXoAHbIE 3apsasl Ha puc.4a. [Tocne storo
MOBOPOTa MBI IOIYYHM KapTHHY, H300paXXeHHYIO Ha pHC.40.
Bcee 3 x 6 = 18 nuHuMii 105151 3aKaHYUBAIOTCS COOTBETCTBEHHO
y KoHTakToB 1 M 2. 3a 3TUM clegyeT CHOBa BpalleHHe
BHYTPEHHETO KOJIbLIa, HO B TOYKax 1 1 2 MHAyHupyoT yxe 18
JIMHUAM TOJIS U T.JT.

Camo co00if pasymeercs, 4YTO MPaKTHYSCKH BMECTO
MOOYEPEIHBIX MOBOPOTOB TO OJHOIO, TO JPYroro KoJjblla
HCTIONB3YIOT HEMPEPhIBHOE BpallleHHEe 000X IHCKOB B
MIPOTHBOIOJIOXKHEIE CTOPOHBI (pHc.4r). B obmactu Tymoro
yria 1 0 4 o0e IulacTHHBEI 3apsDKEHBI HOJIOXKHUTEIBHO, a B
obnmactu 3 0 2 00e OHHM 3apsDKEHBI OTPHIATENbHO. B aTHX
00JIacTsAX U MOMEIIAIOT CKOJB3SIIME IETKU 5 U 6, ciryKaue
KJIEMMaMH IS ChbeéMa TOKa.

OueHb MOYYHTENBHO HAOII0AaTh PadOTAIOIYI0 MALIHY
B TEMHOTE, CHSAB IMPEABAapUTENbHO MLIETKH 5 u 6.
IIpotuBononoxusie 3apsiasl B obmactax 1 0 4 u 3 0 2
OTMEYaIOTCsl WHTCHCUBHBIM CBEUCHHEM. B monoxuTensHoU
00JIacT! HAaOIIONAIOTCS JUIMHHBIE KPACHOBATHIE ITyYKH CBETa,
a B OTpULIATENBHOU — (HONIEeTOBOE CHAHUE.

Wcrounnkn:

P.B.ITonb «Yuenue o6 snekrpudectsey, M., 1962, maparpad
39,
®.Tanacecky, P.Kpamaprok «iekrpocratika B TexHHKe», M., Dneprus, 1980, rinasa 4.

BOIIPOC N290: Kakoe MakcHMMalnbHOE KOJIMYECTBO HH(OpPMamMM BO3MOXHO 3alicaTh Ha
MarHUTO-ONTUYECKUH HOCHTENb B HACTOsIIEE BpeMs?

OTBET: TexHonorus, KOTopasi HCIOJIb3yeTCsl MPU CO3AaHUH OOBIYHBIX JIa3epHbIX auckoB (CD-
om) MO3BOJISET 3amucaTh Ha OAMH JHUCK OKojio 650 Moaiit unpopmanuu. OrpaHuyeHUs 4YUCTO
¢m3nueckue (Henb3s co3maTh OSCKOHEYHO TOHKHII IydeKk cBeTa H3-3a audpakmuu). Ecmu pasmep
(u3nYeCKii MAarHUTO-ONTHYECKOTO JICKa CpaBHUM ¢ pazmepoM CD, To orpaHndeHne Ha 00beM 3aIHCH
HPUMEPHO TaKOE Xe.

Ceifqac UIeT CTaHOBIEHHE HOBOTO (popMaTa I 3alHCH KOMIAKT JucKoB DVD-rom — o6bem
XpaHUMO# HH(pOpMAIMU B HECKONbKO pa3 (oT 4-x no 8) mpespmmaer oobem CD mguckoB. DVD
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TEXHOJIOTHSI MCIIOJNB3YeT JUIsl 3allCH Cpa3dy HECKOJBKO CIOEB B OJHOM Jucke (BMecto l1-ro B CD).
Moxet ObITh CKOPO MOSIBUTCS MO00HAs TEXHOJIOTHS U JJI1 MArHUTOONTHKH.

Jasa xpaHeHHsT OONBIIMX OOBEMOB IAaHHBIX, KOIJJa HEKPHTHYHA CKOPOCTb, IydIle BCEro
HCTIONB30BaTh JEeHTH (okono 4 I'6 Ha kacceTe 10 00bEMy MEHbIIE MarHHUTO(OHHOMH), €CIU CKOPOCThH
JIOCTyIIa KPUTHYHA, TO CIIEJyeT BOCIIOIb30BAThCSA ChEMHBIMH HOCUTEIIMH HHQOPMAIUH — €MKOCTh OT
250 M6 (muckoBossl Zip) 1o 2 I'6 (moka Het 0e3yciIOBHOTO Jinjiepa). MarHMTOONTHKA HE IPYKUIACH B
CHITy CBOEII OTHOCHTEIEHOH JOPOTOBH3HEL.

To, uTo ceifuac mpopmaércsi Ha KaXKIOM KOMIIBIOTEPHOM YIUIy, HMEET TaKHe XapaKTepUCTHKU:
3,5"-2,6 Gb, 5,25"-5,2 Gb, u 310 He pexopiHbie 00bEMBI. COBPEMEHHBINH TEXHOJIOTHYECKUH TTOTOJIOK
nexut B npenenax 20—30 Gb, HO [uist MPOCTOrO MOKYINATENsE OHU HE JIOCTYITHBI.

PaccmotpuM mpuHIMI pabotel MarHutoontHdeckux (MO) mguckoB. MO JIHCKH  SBISIOTCS
YCTPOWCTBaMHM C, TaK Ha3bIBAEMOH, IONEPEYHO 3amuchi0 HMHGOPMAUMU. DTO 3HAYUT, YTO
HaMarHU4YUBaHUe (eppocIos OCYIIECTBISCTCS MEPIEHAUKYIIPHO MOBEPXHOCTH CHOs.. Takol crmocod
3anHcH 00ECIeurBaeT HAUBBICIIYIO IUIOTHOCTH 3alMCH M LIMPOKO HCIIOJNB3YeTCs ceromHs kak B MO
CHCTEMaX, TaK U B CHCTEMaxX C 3alliChIO/CUHTHIBAHMEM MOCPEICTBOM OOBIYHONW MArHUTHON TOJIOBKH.
IIpaBna, ronoBka Aisl HONEPEYHOI 3aMHCH/BOCIIPOU3BEAEHUS YCTPOSHA HECKOIbKO HeoObrdHO. OHa
“MeeT TOHKHI "HronbuaThlif” MOMIOC IS 3aliCH M IIHPOKHI MONIOC U 3aMBIKaHHS IIOTOKa. B
pe3yibTaTe, 1oje BOIM3M TOHKOIO IOJIIOCA BEIUKO M JJOCTAaTOYHO IS NEepeMarHHYMBaHMS IUICHKU a
ToJ1e BOJIM3HM MIMPOKOTO TOJII0Ca MaJIo ¥ peppociioit 1o HUM He NepeMarHH4UBacTCsl.

®Geppocioid MO nuckoB mpezacrasiser coboit mMuorocnoiiHoe Pt/Co mnm Sm/Co mokpbiThe
(mopsimka 10 cnoeB  oOmieid  TosmuHOM Okoyio  10-20 HAHOMETPOB), TPHUYEM OCh JIETKOTO
HaMarHMYMBaHUsl MEPHIECHIUKYJIApHA MOBepXHOCTH (eppocios. KospuurusHas cunma MO HOKpBITHIA
kosebnercs ot 1 g0 5 kunosperda. Croib BBICOKAs KOIPLUUTHUBHAS CHiIa O00ECHEYHMBAET BBICOKYIO
HaJIeXKHOCTb 3aIIUCH (3aMHCh IPAKTHIECKU HEBO3MOXKHO UCIIOPTUTH BHEIIHHMH MarHUTHBIMU IIOJISIMH).

Bepnemcst k pabore MO HaxonmTest. 3alnch HOM3BOIUTCS CIIEIYIONIMM 00pa3oM: I10JIe Hy>KHOTO
3HaKa (IIEPIEeHIUKYISIPHOE MOBEPXHOCTH (eppociios) co3aaeTcsi MOAMATHUUMBAIOIINM CEPICYHUKOM,
pa3Mep KOTOPOro BOBCE HE Mall 110 CPAaBHEHHUIO C Pa3MEpPOM SUCHKH 3aliCH (MarHUTHBIM IOMEHOM) B
0011aCTBh, TIe OCYIIECTBILIETCS 3aUCh (POKyCHpyeTcs Iyd MOIYIPOBOAHUKOBOrO ja3epa. JIyd HarpeBaer
IUICHKY BBIIe TOYkH Kropu, npH 3TOM OHa pa3MarHu4YuBaerTcs. IIpW OCTBIBaHWHM IUICHKA
HAaMarHH4YMBAeTCsl B COOTBETCTBUH C HAIpaBJIEHHEM I10JId B IOJMarHuuuBaromieil karymke. SIcHo, 4To
nepeMarHu4IuBaeTcst obmacTb (eppocios pasMep KOTOPOHl COOTBETCTBYeT IISITHY, B KOTOpOe
coxycupoBaH cBer maszepa. OnTHKa YYUT HAc, 4YTO MHHHUMANBHBIA pa3Mep CBETOBOIO IISTHA
OlIpeNeNsIeTCs JUIMHOM BOJIHBI CBETA M HE MOXKET OBITh ClIeIaH MEHBIIE JINHEI BOJIHBL.

O0b1yHO pabouas anuHa BosHbl [1I1 nasepa mis MO 3anucu okosno 780 HaHomeTpoB. Cuuras, 4To
pasmep maTHa 0,78x0,78 MHKPOH HOJTY4MM HpEIENbHYIO IIIOTHOCTb 3amucH mopsaka 1,5-108 b/em? =
150 MeraGuT/cM%, 4TO TIPH IUIOMAIM MOBEPXHOCTH 3-roiiMoBoro MO mucka 36 cM” 1aeT HpenebHyo
eMKOCTh OKoso 670 Mmerabaiit. PeanbHas IUJIOTHOCTb 3allUCH BCET/la HECKOJIBKO HHJKE M CEroJHs
npuMepHO paBHa 80 Merabur/cm® s 3amicu 780 HM J1a3epoM C OGBIYHON MIOTHOCTHIO. T.0. Ha
3- moitMoBoit MO auckere nmoMeniaercs npuMepHo 360 merabair.

CunteiBaHHEe MH(POpPMALMK OCHOBaHO Ha MarHuroonrtHyeckoM 3ddekre Keppa. Cyte sddexra
3aKJII0YaeTcsl B TOM, YTO NPHM OTPAKEHHM OT HAMArHUYEHHOM IUIEHKH IIIOCKOCTh MOJISIPH3aluH
CBETOBOIO JIydYa IOBOpauuBaeTca. [IpH MCIONB30BAaHMM B ONTHYECKOM TPAKTe MOJSIPHUMETPA 3TO
MIPUBOJUT K MOTYJAIHMHU SIPKOCTH OTPAKEHHOTO Ja3epHOTrO JIyda, YTO II03BOJSIET OBICTPO CUHTHIBATH
nadopmanuio. IToHATHO, 9TO pa3Mep 00JIACTH CINTHIBAHUS TOXKE ONPENEIIETCs JIIMHON BOJHBI CBETA.

OueBuIHBIN MyTh MOBBIICHHS INIOTHOCTH 3alHCH — yMEHbIICHHE padodeil JUTMHBI BOJIHBI J1a3epa.
1 unTeHCHBHBIE pabOTHI B TOM HampaBieHHH BenytTcs. Ceifuac paspabareBaiorcss MO cucTeMbl,
paboTarolye Ha cBeTe ¢ JIMHOW BOJIHBI Hopsiaka 500 HM. DTO cpa3y IO3BOJIMT YBEIUYHUTH IIOTHOCTD
3amucd B 2,5 pasza. OfHaKoO OCHOBHOH MpPOpHIB B MpoOieMe yBENHYEHHs IUIOTHOCTH 3amuck MO
HOCHUTEJICH MPOU30IIEI B COBEPLICHHO ApyroM HamnpasieHuu. Umxeneps! nadoparopun bemn (AT&T),
HCTIONB30BaB ONTUKY OJIIDKHEH 30HEI, OTYyUYHIN PEKOPAHYIO INIOTHOCTS 3amucH. OHU CyMenu 3alucaTh

74



¥ npounrtath Ha Pt/Co Hocurenb HH(OpPMALHMIO C IUIOTHOCTBIO 45 TurabuT Ha KB.JIOMM (3TO 7
rurabur/cm* = 0,87 ruraGaiita/cm®) " (http://portal.researh.bell-
labs.cjm/leisure/souvenirs/galery/bits.html)

Ilpu Takoi IIOTHOCTH 3amucH Ha 3-AoiiMoBYyI0 MO OHCKeTy IIOMECTUTCS NpPUMEpPHO 32
rurabaiita! Cytp Metona B cienyromem: cBet ot 780 uwm ITIT naszepa BBOIUTCS B CBETOBOJ, KOTOPBIi
3aKaHYMBAETCs 3ePKAIbHBIM KOHYCOM. MHUHHMAJbHBIA HONEpeYHblii pasMep CBETOBOAA IO KOTOPOMY
CBET €Ile MOXKET PacHpPOCTPAHATCS MPHUMEPHO MOJIOBHHA IIMHEI BONHBEL OT Oojee y3KOro cBETOBOZA
CBET OTpaxkaeTcs 0OpaTHO, a B caMOM BOJIHOBOJIE 3aTyXaeT SKCIOHEHI[HAILHO HA XapaKTepHOU IIHHEe
COOTBETCTBYIOIIEH IONEPEYHHKY CBETOBOJA. TeM He MeHee, B KOHHYECKOH 00J1acTh pa3Mep CBETOBOJA
yMeHblIaeTcst npumepHo 10 1/10 anunel BonHsl. [Ipr 95TOM OCHOBHAsI 4acTh CBETA OTPa)KaeTCsl Hazan,
HO mpumepHo 1/1000 mpoxomuT yepe3 OTBEpCTHE B BEPIIMHE KOHYCa M IIONAAaeT Ha (eppoCIou.
OxassiBaetcst, uto IIIT maszep mommocThio 10 MBT TemM He MeHee oOeclednMBaeT 3aliCh CHTHAla
(pazorpeB MO noxpbITHs BbIle TOYKU Kiopw), a JIs CYUTHIBaHUS MH(GOPMALUH JOCTATOYHO ropaslo
MeHbLIeH MOITHOCTH. [J1st TOro, 4To0BI CBET, POHUKAOIINI Yepe3 KOHYC, He pacCEeHBaJICs, OTBEPCTHE
B BepILINHE KOHYCa JOIDKHO HAXOJUTHCS Ha PACCTOSIHUM OT (heppociios He jaiee JecsTKa HAaHOMETPOB!

Boobe, caexyer oco3HaBath, 4To y Bac Ha crone B Bameit OBM umeercs ycrpoiicto (MO mmu
BUHYECTEPCKUH JICK C IIONEPEYHOH 3alichio), B KOTOPOM OCYIIECTBISCTCS IHMO3HIMOHHPOBAaHUE
CUMTHIBAIOIEH/3aMCHIBAIONIEH CUCTEMBI C TOUHOCTBIO nopsaka 1/10 mukpona! 1 Bce 3T0 — HECMOTpPs
Ha BHOpAIHU CTOJA U TPSCKY!

JlanpHeHmmii pe3epB yBEIWYCHNS IUIOTHOCTHU 3allUCH B YMEHBIICHUH pabodeil JmHb! BoHBI 111
nazepa. OTO MOXKET JaTh elle, IpUMepHo, 3-4 pasa.

banoun E.M., Bopobves I1.B.

CoBpeMeHHasT TEXHOJIOTHSI HM3TOTOBJICHUS KOMIIAKT-IHCKOB JOIyCKaeT pasMelleHHe Ha HHUX
MH(OPMAIIHH C IIOTHOCTHIO 3amucH He Gonee 160 M6ut/cM”. Beyliue KOMIAHHH MUPA HHTEHCHBHO
paboTaroT HaJ MOMCKOM HOBBIX TEXHOJIOTMYECKUX PELICHUH, HAIPaBICHHbIX HA CO3JaHHe HOCUTENeH ¢
KauecTBEHHO Oolee BBICOKMMH MoKa3arenmsmu. Kommanms "MBM" HemaBHO IpoBena YCICIIHBIE
UCTIBITaHMS JIMCKA, HA KOTOpOM MH(OPMAIMS pasMelasach ¢ INIOTHOCThIo 7,2 T'éur/cm’. 3ammch n
CUHMTBIBAHUE OCYIIECTBIIUIMCH C MOMOLIBIO JJIEKTPOHHOIO Iyuka, a caMO YCTPOHCTBO BO MHOIOM
HAMOMUHAJIO 3IeKTPOHHBI MHKPOCKOIL.

Emte 6onee BnewaTsioT pesynsTaTsl pabotsl [1.Kpaycca u C.Uy (P.Krauss, S.Chou; Yausepcurer
mrata Munnecota, CIIIA), cymeBmmx pasmectuth Ha 1 cM® 64 T'6ut! Vemex mociemosan mocre
HPUMEHEHHSI OPMIMHAIBHOTO METOoJa HaHONUTOrpadHuy, pa3pabOTaHHOTO B 3TOM YHHBEPCHTETE.
ABTOPBI PEKIAMHUPYIOT CBOM METOJ, KaK JJOCTaTOYHO NMPOCTOM, ACIIEBbIH ¥ NPOU3BOAUTENbHBIN. [leyaTsh
JUCKOB MOXKET IPOH3BOAUTHCS IO TOTOBOM MAaTpHIE C IMOMOINIBIO, TaK HA3BIBAEMOH, MOJIHHI-
TEXHOJIOTHH, KOTOpas y)Ke CTajla CTaHAapTHOI. Ha MoBepXHOCTH JEMOHCTPAlHOHHOTO AUCKA JIEMEHTHI
3arncu pasmMepoM 10 HM pasHeceHbl Ha paccTosHus 40 HM.

B ommune ot paspabotku "MBM" koMMmepueckoe OCBOCHME 3THX IMCKOB IOKA CIEPIKHBAETCS,
TIOCKOJIBKY 3JeCh ellle He HaiineH d(deKxTuBHbIA crocod cunThiBaHus uHbopManuu. [To muenuro Uy,
pearn30BaTh CYUTHIBAHHE MOXKHO YCTPOHCTBOM, KOHCTPYKTHUBHO IIOXOXXHM Ha HPOQHIOMETp, HO
paboTaoIM B peXHME CBOOOAHBIX KojeOaHWii HakOHeYHHKa. TOHdYaiilnass KpeMHHeBas Wria
JOBIDKETCS BIOIb IMOBEPXHOCTU [UCKA HA OYCHb MAalOM DAcCTOSHHH OT Hero. lMes BBICOKYIO
JOOpOTHOCTb, WINIA KONEeOIeTcs Ha YacTOTe COOCTBEHHOTO MEXaHHYeCKOro pe3oHaHca. OpHako
B3aMMOJICHCTBIE C IIOBEPXHOCTBIO [HCKA BBI3BIBACT BapHAlMHM JTOH YacCTOTHI, YTO (UKCHPYETCS
9JIEKTPOHHOIH CXeMOil 1 TO3BOJISIET Pa3IMYaTh JJIEMEHTHI 3allUCH.

HM3mepenne MUKpONPOQUIs HOBEPXHOCTH, a B Oosiee o0IeM cilydae — pacHpeeleHus BeIHIuH,
XapaKkTepH3yoIuX (u3ndeckue (M XUMUYECKHe) CBOWCTBA IIOBEPXHOCTH, BOCXOIUT K TYHHEIHHOMY
MHKPOCKOITY. 3aTeM ObLIN CO3/laHbl aTOMHO-CHJIOBOH 1 MAarHUTHO-CHUIIOBOH MUKPOCKOIIBI.
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Boobmie, pa3pabOTYMKH KOMIIAKT-JUCKOB MOJIAraloT, 4TO OJNFbKaiiiiie HOBBIE 00pasumbl OymyT
UMETh JMaMEeTp BCEro 2 cM, IMpPUYEM €CJIM Ha COBPEMEHHOM JHUCKE yMelaercs JuIlb 10-MUHYTHbIH
BUICO(QUIIBM CpeIHEro KadecTBa, TO Ha 9TUX MaJeHbKUX IMTaHTaX — 5-4acOBO, BHICOKOKaUeCTBEHHBIIH !

Hcrounuk:

«IIpupoma» Ne5, 1999.

BOIIPOC Ne91: M3BecTHO, 4TO CyIIECTBYET COJMHEUHBII Betep. JlyHa BpamaeTcss BOKpYr 3emiu
o opbure. ITouemy Jlyny He "cayer" ¢ opouTsI?

OTBET: Kak H3BecTHO, KOHILIEHTPAIHs YACTHI B COJHEYHOM BETpe MOpsIKka 4 cM ° M CKOPOCTb
300 kmM/cex. MakcuManbHasi CKOPOCTh MOXKET HECKOlbko npeBocxoauTh 1000 km/cex. Berep
MpeJCTaBIsIeT cO00M CBEPX3BYKOBOH IOTOK rasa. MHIyKIMS MAarHUTHOTO IIOIS COJNHEYHOTO BETpa
cocrapister 5-107 Ti. (JlauHsle B3aTHI n3 KHurH "du3nka xocmoca", M., CoBeTcKas SHIHMKIONE/NS,
1986, ctp.636).

OOblYHOE Ta30AMHAMUYECKOS ONUCAHUE TepseT CMBICH, KOTAa CpefHss JUIMHA CBOOOJHOTO
nmpobera MOJIEKyl B Ta3e CTAHOBHTCS IOpsIKa pa3Mepa Tena, KOTOpPOe 3TOT ra3 obrekaer. JTo
CBS3aHO C TEM, 4YTO 3aKOH JAUCIEPCHU 3BYKOBBIX BOJH DPE3KO MEHSAETCs, KOria JUIMHA BOJHBI
CpaBHUBAETCS C JUIMHOW CBOOOJHOro mpobera (BooOuie, B 3TOW 00JAaCTH HMOHATHE 3BYKOBOI BOJIHBI
TepsieT cMmblcn). Ho B ompeeneHHOM CMBICIE ra3 y3HaeT O MPEMsSTCTBUH (M OpraHu3yeT TOT MM MHOM
pexuM ero oOTeKaHMs1) HMEHHO OJiaroiapsi TOMy, YTO B ra3e MOTYT PacIpOCTPAHSATHCS BO3MYIUICHUS
JaBJICHUs. — 3BYKOBBIC BOJHBL MOXKHO IPOBECTH AHANIOTHIO C DJJIEKTPOCTATUKOH M CKa3aTh, 4TO
CTaTHYECKOE MOJIe AAaBICHHS BOKPYT Tela, 00TeKaeMOro ra30BbIM OTOKOM, aHAJIOTUYHO KYJIOHOBCKOMY
TIOJII0 BUPTYAJILHBIX (DOTOHOB B CIIyYae Tella, IOMEIEHHOr0 B 3JIEKTPHIECKOE OJIe.

B Hamem ciyyae HapyumieHo cpasy [Ba YCIOBHMS IPUMEHHMOCTH Ia30JMHAMHYECKOTO
TIPUOIIDKEHUS: BO-IIEPBBIX, JUIMHA CBOOOJHOrO Hpobera Ha MHOTO HOPSAKOB HPEBOCXOAUT pazMep
Jlynsl, MO3TOMY B3aMMOJEHCTBHE MOTOKA ¢ JIyHOH Hal0 CUMTATh HHIOTOHOBBIM; BO-BTOPBIX,
MOTOK CBEPX3BYKOBOH, M OOTEKaHHE HM B KaKOM Cllydae He MOXKeT OBITh JIJAMHHApHBIM (yIapHbIe
BOJIHBI, CKQUKH U BCE NPEMYAPOCTH CBEPX3BYKOBOH razoauHamuky). Ilpasaa, 1yt HemarHuTHOH JIyHbl
TOBOPHTH O CBEPX3BYKOBOM OOTEKaHHHU OECCMBICIICHHO, T.K. B3aUMOIHICTBUE HHIOTOHOBO.

HUrak, mycts JlyHa COCTOMT M3 HENPOBOIIMUX IOpoA. Toraa MarHUTHOE IIOJNE COIHEYHOTO
BeTpa (a KpoMe IUIa3Mbl U HEHTpaJoB B COJHEYHOM BETpE €CTh M BMOPOXKEHHOE B HEr0 MarHUTHOE
noje) cBoOOAHO mpoxoaut 4epes JIyHy, a Bce 4YaCTHIBI COJHEYHOTO BETpa MAJAlOT HA JyHHYIO
MOBEPXHOCTh, OT/aBast eif cBoil numimynbc. [IIOTHOCTH MOTOKA MMITYJIbCA B COJIHEUHOM BETpe B paiioHe
op6uTHl 3emmu mopsaka p = mpnv: ~ 107 H/M%. DTo JaeT CHily JABIEHHS COJHEYHOrO BETpa Ha
noBepxHocTs JIyHsl nopsaka F ~ D?p ~10* H.

Ota cuia AEHCTBYeT Ha OJHOM IIOIYBHTKE B OJHY CTOPOHY, a Ha JPYroM — B IPYTYyIO H, B
NPUHIMIE, 332 BpeMs CYLIeCTBOBaHMS chcTeMbl 3emisi-JlyHa Moria OBl NpPUBECTH K HEKOTOPOH
sBosoLuy JIyHHON OpOMTHI (M3MEHEHHIO JKCLUeHTpHucHuTeTa). OfHAKO, €CIM BCIOMHUTH, YTO OpOHTa
JlyHsl 00IyBaeTcs CONHEYHBIM BETPOM C Pa3HBIX CTOPOH B TEUEHHE rofa, TO IOHATHO, 4TO d(deKT,
JaXke eCIIM OH H HMeI OBl MECTO, IIOTHOCTBIO HCUE3aeT 3a CUET YCPEeIHCHUS.

B mome3y HBIOTOHOBa pexnMa OOTEeKaHWs TOBOPHT Ooibimoe coiepxanne He (u He;) B
MOBEPXHOCTHOM CJIO€ JIyHHBIX IIOPOJ M aHOMAJIbHO HM3KOE anb0EN0 JIyHHOH IIOBEPXHOCTH,
KOTOPOE MOXHO OOBSCHUTH KaK Pe3ybTaT JIIHTEIbHOH 00MOapAHPOBKY MIPOTOHAMHU COIHEYHOTO BETPa
¢ sHepruel nopsaaka 1 KaB.

Tenepp HEMHOrO O B3aHMOJACHCTBHM C MAarHHTHBIM IIOJIEM COJIHEYHOro BeTpa. Ecmm
IPOBOAUMOCTB JTyHHBIX IOPOJ] HE HyJIEBas, TO MArHUTHOE TI0JI€ COJTHEUHOTO BETpa NpOHUKaeT B JIyHy
3a xapakTepHoe Bpems t ~ d’smgm, Ije t — THIMYHOE BPEMs YCTAHOBJIEHHSA OIS B MPOBOAIIE
cpene, d — TommMHA CKHH-CIOS (paBHasi pa3mepy JIyHBI), S — IPOBOJMMOCTb JIYHHBIX IOPOJ, M —
MarHuTHas IPOHHUIAEMOCTh, M) — MarHUTHAs MOCTOSHHAS.
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Ecim t 3amerHO Goblue, 4eM BpeMs IIPOJIETa COJHEYHOro BeTpa MUMO JIyHBI, TO MarHHTHOE
nosie "Haiaunaer" Ha COJHEYHYI0 CTOpPOHY JIyHBI M €ro HanpshkKeHHOCTh yBeiauumBaercs. Korna
HAMpPsDKEHHOCTh MAarHUTHOTO IIOJS BBIPACTET HACTONBKO, 4TO 3((dEeKTHBHOE IaBlIeHHE MArHUTHOTO
TOJISL YPAaBHOBECHUT JaBICHHE, CBS3aHHOE CO CKOPOCTHBIM HAIIOPOM COJHEYHOTO BETPa, IPOLECC CTaHeT
CTaIMOHAPHEIM U MarHUTHOE I10JI¢ Ha COJIHEYHOU cTOpoHe JIyHBI CTabHIn3upyeTcs.

Kak MBI TOBOPHIIH, IOTOK MMITyIIbCa CONHEYHOro Berpa mpnv’ ~ 1077 H/m>. TIpupaBHuBas 3T0 K
JIaBJICHUIO MarHUTHOTO TOJIS BZ/(Zmo), Haxoxum B ~ 5-107 T

Kak BumuM, mose AODKHO, NPHUMEPHO, Ha IOPSAAOK IPEBOCXOAUT XapaKTEPHOE MarHUTHOE
T0JIe COJIHEYHOTO BETpa, M IPU TOM OHO JAOJDKHO IIOJTHOCTHIO OCTaHABIMBATH IUIA3My COJIHEYHOTO
BeTpa Iepe] IOoBepXHOCThIO JIyHBL. B pesymbrare, HODKHA BO3HUKHYTH yIapHas BOJNHA H JOIDKHO
HaOJIIONaThCsl MHIYLUPOBAHHOE JHIIONBHOE MAarHWTHOe mosie JIyHBI (KOTOpOEe MOJDKHO MEHSTh
HOJISIPHOCTD B COOTBETCTBHHU C MOJIIPHOCTBIO JIOKATBHOTO 11071 B COTHEUHOM BETPE).

31ech CHOBAa MOXKET MOSIBUTCS Fa30JMHAMUKA, HECMOTPS Ha TO, YTO JJIMHA CBOOOJHOrO mpobera
BeJIMKA. JTO CBS3aHO C TEM, YTO B 3aMAarHMYEHHOH IUIa3Me eCThb CBOU XapaKTepHBIE pa3Mephbl —
JIapMOPOBCKHII U nebaeBCKMil paauychl (IpHYeM, [0 KpailHeil Mepe, Ie0aeBCKHH paauyc Mail IIo
cpaBHeHHIO ¢ pa3MepoM JIyHer). IIoaToMy B MAarHHTHOW THAPOJMHAMHKE OOTEKaHHE CHOBA MOXKET
MIPOXOJHUTH B Ta30BOM (CBEPX3BYKOBOM) pexkuMe. Ho ecii OleHHTD CHTy JaBIEHUS COIHEYHOTO BETpa
(WM MarHUTHOTO IOJISI) Ha HOBEPXHOCTH JIYHBI, TO pe3yibTar OyIdeT TOro ke MOpsAAKa, Y4To U IIPH
HBIOTOHOBOM OOTEKaHUH.

Yto mpoucxoauT Ha caMoM Jene (ecTb au y JIyHbI HaBeeHHOE MarHUTHOE IIOJE), s He 3HAIO.
Ho, xaxk u roBopmioch BBIIIE, CHIA B3aHMOJCHUCTBHS COJNHEYHOro BeTpa ¢ JIyHOH 3aBHCHT OT 3TOTO
c11abo u 3P PeKT B3aUMOJICHCTBHS COBEPLICHHO HE3HAYUTEIICH.

U BoOT erme. Y ecny M CpaBHHBATh LUQPHI, TO HE CHIY JAaBICHUS COJHEYHOrO BETPA C CHIION
nputspkerus JIyHer 3emieii, a n3aMeHeHHe UMITynbca JIyHBI Ha MOYBUTKE K €€ MOJHOMY UMILYIIbCY: Ap
~ Ft ~10'" H-c — 3To ummyibc cuiibl 1aBieHus 3a monMecsa, P = MV ~ 10% kr-m/c — 3To uMmyise
JlyHsI.

Wrax, karacTpoduueckoe W3MEHEHHWe OpOMTHI TPOMCXOUT 3a P/Ap ~ 10'° o6oporos mmm 3a
10" nmer .. — sTo mpeBocxomuT Bpems ku3HH Bcenemnoit! Kpome TOro, Kak s FOBOPHI BBIIIE,
cleyeT IOMHUTH, 9TO 3((EeKT Hcue3aeT 3a CUeT TOro, YTO CONHEYHBIH BeTep B TeUCHHE Tofa
o6xyBaeT opbuty JIyHBI CO BCceX CTOPOH.

Bopoobves I1.B.

JOIIOJIHEHUE K OTBETY HA BOITPOC Ne64: Kak n3Meputs Maccy Tena B KOCMOCE, Beb
Tam Het Beca?

OTBET: IloroBopum 00 N3MEPEHUN MACCHI B YCIIOBHSX HEBECOMOCTH (B KOCMUYECKOM Kopaliie).

BcrmomHnM, cHavana, B KakoM cMbicie OykBa "m" BCTpedaeTcss B HBIOTOHOBCKOM TEOpHH
(MexaHHKa + IpaBHTAIHA): BO-IEPBBIX, MBI BUIUM MacCy Tella B HBIOTOHOBCKOM 3aKOHe TaroreHus F =
GMm /1’;  BO-BTOPBIX, BHIMM, 4TO B STOM 3aKOHE MACCA YIOMSHYTA IBRXIBL OMH Da3 OHA
BBICTYIIA€T KaK aKTHBHas Macca M — MCTOYHHK IPaBUTAIL[MOHHOIO MOJIS, @ BO BTOPOM Clyyae Kak
TacCHBHAsE Macca m - B3aHMMOJAEHCTBYIONIAas C JaHHBIM TPaBHTALMOHHBIM HoleM. PaccmarpuBas
B3aHMOJEHCTBHUE TeNl C Pa3IMYHBIME KOMOMHAIUSIMH aKTUBHOH M IIACCHUBHOII IPaBUTallMOHHBIX MAacc,
MOYKHO I10Ka3aTh, YTO 3HAYCHHE aKTHBHOU MACCHI JIFOOOTO Tella PaBHO 3HAUEHHIO €ro IIAaCCHBHOM Macchl,
M, HAKOHEN, Mbl BUJUM MAacCy Teja B 3aKOHE HIOTOHOBOH amHamuku: F = ma. Ho temeps m — sT0
MHEepTHas Macca Tella U OHa, BOOOIIe TOBOPsI, BOBCE He 00s13aHa OBITH paBHOII TpaBUTAIIMOHHON Macce.

IpenmornoxkeHne O paBEeHCTBE HWHEPTHOW M TIPaBUTALMOHHON Macc SIBISETCS COBEpIICHHO
He3aBUCHMOH runore3oi, HasbiBaercs [IPUHLIUIIOM OKBUBAJIEHTHOCTU (unepTHOH 1
TPaBUTALIMOHHOM MACChl) U SBISIETCS OCHOBOM 001ei Teopun oTHocutensHocT (OTO).
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CerofHsl paBeHCTBO MHEPTHON M IPaBUTALMOHHOI Macc IPOBEPEHO ¢ TOYHOCTHIO JIydIle, YeM
10-13 B cepunu skcnepuMenToB DeBénia, /lukke, BpariHCKOro ¥ B MHOTOYHMCIICHHBIX 3KCIIEPUMEHTaX
10 TIOUCKaM TaK Ha3bIBaeMOH "IATOH cuibl" (KOTOPYIO B ONpENEIEHHOM CMBICTIE MOXHO CBSI3aTh C
aHTHrpaButaiueii). Takum o0Opa3oM, ¢ TOUHOCTBIO Jyuie, yeM 10—13 win naxe abCOMOTHO TOYHO —
ecnu MbI BepuM B OTO — uHepTHAs U rpaBUTAIMOHHAS. MACCHI Tella OJMHAKOBBL.

Macca BcTpeuaercs, pa3yMeercs, ¥ B 3HAMCHUTOW SHMHINTEHHOBCKOM (opmyie E = mcz, HO I
HAac 3TO 3HAYMT TOJBKO, YTO Macca Tejla ONpeseseTcs] He TONbKO CyMMapHOH Maccoi COCTaBIIAIOMINX
€ro 371eMEHTAPHBIX YaCTHUIl, HO H DHEPrHeH CBA3el, KOTOpble COOMPAIOT 3TH YACTHIIBI B OCA3aEMOE TEJO.
KoneuHo, MOCTENICHHO aHHUTUINPYS TeIO0 M3BECTHBHIM KOJIMYECTBOM aHTHBEIIECTBA, MOJKHO H3MEPHTD
ero maccy. Ho Takoro pemeHus He IOJDKEH Ipeaiarath Jake INIOXOW TeopeTuk. IIpu aHHUTMISIUM
OJIHOTO KMJIOTPaMMa MacChl BBIAENSAETCS 2-10% JOKOYJIEH Terula B BUJIE )KECTKOIO I'aMMa W3JIy4YeHHs.
TonpKo 3TO yXe€ NMpUBENET K KaTacTpOo(UYECKOMY paspyLICHHIO Ballero o0beKkra (BMECTE ¢ BaMH U
KopabieM) 3aJ0JIT0 0 HOIHOW aHHUTHIAHY Tena. [IoaToMy Takoi crioco0 MOXKHO KITacCH(UIPOBATH
Kak (haHTaCTHICCKH 1 aOCypIHBIN.

Ocraercst U3MepeHHe TPaBUTALMOHHON WM MHEPTHOM Macchl Tesa. Mi3Mepenue rpaBUTalMOHHOM
Macchl — OO IpHeM M3MEPeHUs. MacChl Ha 3eMie: CTaBHTE Ha YallKy BECOB H3MEpsIeMyI0 Maccy U
YpaBHOBEILIMBAETE €¢ 00Pa3IOBOil MACCOH — 3TO KOPOMBICIOBBIC/PbIYaXHbBIE BEChI, CTABHTE Ha YAIIKY
BECOB H3MepsIeMyl0 MacCy M CHIIy INPHTSDKCHHS ee K 3eMile ypaBHOBELIMBAeTe CHIIOH KaanOpOBaHHOM
NIPY>KUHBI — TIPUBBIYHBII AUHAMOMETP.

OpHako, B BalleM Kopalie HEeBECOMOCTh (CHia MPHUTSHKEHUsI K 3eMile HCKITIOUeHa CBOOOIHBIM
najgeHreM Kopadis). [1o3ToMy MBI MOXKEM MOIMBITATHCA U3MEPHTh MACCy, U3MEpss CHILy IPUTKEHUS K
Hell H3BECTHOU NPOOHOI MacChl Ha U3BECTHOM PacCTOSHUY (aHanor ombiTa KaBenaumia). OTo CIOXKHBIH
9KCIIEPUMEHT, TPeOYIONMiI TOHKOH METOAMKH M YyBCTBHTEIHHOTO OOOpPYHOBaHUsS, HO B TaKOM
U3MEpEeHUH (aKTHMBHOW) IPaBUTALMOHHON Macchl MOpPsAAKa KuiorpaMma u 0ojiee ¢ BIOJIHE MPUIMYHOM
TOYHOCTBIO CETOJHSI HUYETO HEBO3MOXKHOTO HeT. [IpocTo 3To cepbe3HBblil U TOHKHI OIBIT, HOJTOTOBHTD
KOTOpBII BBl JOJDKHBI ellle 0 CTapTa Bamero kopabms. B 3eMHbIX mabopaTtopmsix 3axoH HeloToHa
MIPOBEPEH C IPEKPACHOH TOYHOCTBIO JUISI OTHOCHTENILHO HEOOJIBIIMX MAacC B HHTEPBAIE PACCTOSHHIT OT
OJIHOT'O CAHTHMETpa NpUMepHO 10 10 MeTpoB.

Jpyroii cmoco® B3BeMIMBaHUS Tela — H3MEpEHHE/CPaBHEHHE ero MHepTHOI macchl. M mMeHHO
TaKoOH CIIOCOO OYeHb YaCTO HCIONB3YeTCS B (PU3HMIECKUX M3MEPEHHSX (M HE TOJBKO B HEBECOMOCTH).
Kax BbI, BEpOSTHO, NOMHHMTE M3 JIMYHOTO OMBITA M M3 Kypca (PU3MKM, IPY3MK, NMPHUKPEIUICHHBIH K
Npy>KUHKE, KOJeOneTcst ¢ BIONHE ompeneneHHOi wactotoil: w = (k/m)1/2, rme k — sxecTkoCTh
NPY>XHUHKH, M — Macca rpy3uka. TakuM oOpa3oM, U3Mepss 4acToTy KojeOaHuH rpy3uKa Ha Mpy>KHHKE,
MOXKHO C HY)KHOU TOYHOCTBIO OIpENENIUTh ero Maccy. IIpumdeM coBepIICHHO Oe3pa3iHiHO — ecTb
HEBECOMOCTb, WIIM e¢ HeT. B HeBecoMocTH ymoOHO IepikaTelb ISl W3MEpSeMOil MacChl 3aKpEHHTh
MEXIy JByMs IpyKHHAaMU, HATSHYTHIMH B IIPOTHBOINOJIOXKHOM HampapieHud. (Moxere s
pa3BlICUCHHs ONPEIENUTh, KaK 3aBHCUT UYBCTBUTEIBHOCTH BECOB OT IPEIBAPUTEIBHOTO HATKEHUS
MIPY>KUHOK).

B peaybHOI KU3HU Takue BeChl UCHOJIB3YIOTCS UL ONPENENICHHS BIQXKHOCTH U KOHLCHTPAL[HU
HEKOTOpPBIX Ta30B. B KauecTBe NpPyXHMHKU MCIIONB3YETCsl MbE30dJIEKTPHUECKUIl KpHUCTall, 4acToTa
COOCTBEHHBIX KOJe0aHHH KOTOPOTO ONPEEIsIeTCs €ro XKEeCTKOCThI0 1 Maccol. Ha kpucramn HaHOCHTCS
TIOKPBITHE, CEIEKTHBHO IIOTJIOINIAIONee BIAry (WM ONpeJeleHHbIe MOJEKYIbl Ta3a WIH JKHIKOCTH).
KoHueHTpamyss MoJeKys, 3aXBauyeHHBIX MOKPBHITHEM, HAaXOIMTCS B OIPEIEICHHOM DaBHOBECHH C
KOHIIeHTpalHell ux B raze. MojeKyIibl, 3aXBaueHHbIE IOKPBITUEM, CIIETKa MEHSIOT MacCy KpucTaiia H,
COOTBETCTBEHHO, YaCTOTY €r0 COOCTBEHHBIX KOIeOaHHM, KOTOpas ONpeleseTcsl SIeKTPOHHOH cxeMon
(moMHHTE, S CKa3all, 9TO KPHCTAILI IbE30NIEKTpUUecKuii)... Takue "Bechl" OUCHb UyBCTBUTENBHBI U
MIO3BOJISIIOT OIPENENIATh OYSHb MaJIble KOHIIEHTPAUK BOASHOTO I1apa WM HEKOTOPBIX JPYIHX ra30B B
BO3/IyXe€.

Bopobves I1.B.
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®U3NYECKUN ®AKYIBTET

HoBocuMOHpPCKOro rocyiapcTBeHHOT0 YHUBEePCHUTETA
NpurjamaeTr a0UTYPUEHTOB

Ha ¢dakynpTeTe MMEIOTCs ABa OTACICHUS: 00weqhusuveckoe u puzuxo-
MEXHUYeCKOU UHPOPMAMUKLU.

BeimyckHuKH  (aKkynbTeTa IONYYaroT CIENUAIbHOCTh ¢husuka. B
JUIJIOME O BBICIIEM OOpa30BaHHH BhITyCKHUKOB-OaKalaBpoB mocie 4 net
o0y4eHHUs yKa3blBaeTCs KBATUpUKANUS (uzux. B MUMmoMe BBITYCKHUKOB-
MarucTpoB mociie 6 JieT 00y4YeHHUs] YKa3bIBaeTCs KBATU(MHUKAIUS MASUCHD
¢usuxuy M omHa W3 OoJlee Y3KUX CHEIHAIBHOCTEH, MpHOOpeTaeMbIX Ha
BBITTy CKAIOMUX Kadeapax.

st moctyruiennst Ha m3udeckuit dpakyiasTeTr HI'Y HeoOXoammo cnath
MMUCHMEHHBIE DK3aMEHBI M0 @hu3uKe, mamemamuke W pPYCCKOM) A3bIKY.
IIpuemubie 3x3amenbl npoBoasATcs ¢ 4 no 14 wutond. [Ipuem TOKyMEHTOB
ocytecTBisieTcs ¢ 21 uroHs mo 3 uro.

Ham amgpec: HI'Y, yn. Iluporosa 2, ri. xopr., k. 335, HoBocubOupck,
630090.

Tenedon nexanara: (383-2) 39-78-00, daxc: (383-2) 39-71-01,
3JIeKTpoHHas rmourta: Dean@phys.nsu.ru

Tenedon nmpuemuoit komuccun: (383-2) 39-73-77.
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Camyto cBexyro nHpopmanuio o gusndeckom axynbrere HI'Y,
BKJIIOYasi BAPHUAHTHI BCTYIUTEILHBIX 9K3aMEHOB 3a MIPOILIBIE TOABI, MOXHO
MOJIY4HTh, IOCETHB Hall caidT B IHTEepHeTe 110 aapecy
http://www.phys.nsu.ru.

HAYYHASA JTABOPATOPUA HIKOJBHUKOB

N30pannbie TeMbl 1J19 ucciaenoBanuii (1992-99):

BJIUKU Kax so3nuxarom bauxu ceema na one 6odoema?
MOJIOKO Houemy coecaem monoxo?

YACBI Om uezo0 3a8ucum ckOpoCmb X00a NECOYHbIX 4ACO8?
OKHO Kaxum oondicen bvimos onmumanvHblil 3a30p MeAHcOy

cmeKnamu @ OKOHHOU pame?

TPAMBOBKA  Ymo s¢pgpexmusnee npu mpambogxe: 00un pas
yOapums CUTLHO ULU MHO20 pa3 c1abo?

O®OHAPH C xakoeo paccmosanus ceem om YIuuHo20 onaps
cmauosumcs mepyaroumum?

BPbBI3I'U Kax b6excamv no nyscam, umodul ne 3aopviseamvcs?

INEHA Kax wapux monem 6 nene?

CUI'HAJI Kak nyuwe nepedams 38yK0801 cucHAL. KPUKOM UU
ceucmom?

I'PUb Tlouemy nocne 83pviea Kyowl NLLIU YACMO UMEIOM
epubosuonyo hopmy?

PUCYHOK Kax so3nuxaem pucynok npu omoupanuu 1ucma
Oymazu om cmexia, NOKpblmo2o 600HbIM PACmeopoM
Kpacku?

HEITIOYKA Llenouxa cockanvsvieaem c kpas cmona. Kaxyio

dopmy ona 6yoem umems 60 8pems NOIEMA U HA NOTLY,
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BEPEI'

HU30JISILUS

MbLIb
TOPSIIIAST
BYMATA
JYKA
E3JIA 11O

HHECKY
CKOTY

YANMHUK

YAILIKA

JIMCT

MOPE
HUMB

Ko20a ynadem?

HUccredyiime, 6 kaxux ciyuasx bepez mops 6ydem
PaA3MbIEaAmvCs, a 8 KAKUX, HA06opom - HAMbLEAMbCAL.

Ecnu nodoiceuv cnuuxoti noausmunenosyio u3oasyuio
00bIYH020 NPOB0OA, MO NAdArUUe Kaniu
PACHIABIEHHO20 NOTUIMULEHA USOATIOM XAPAKMEPHbILL
38yK. Hlccnedyiime ssneHue.

UYmo mooicHo ckazams o Koaudecmase noliu 8 603())/)66,
3HAsl CKOpocmb ee ocedanus Ha I9KpaH meﬂe6u30pa?

Onuwume npoyecc 2openus naoaioujetl 2opsujell
oymazu.

Kax 3asucum epems ucnapenusi ayscu om ckopocmu
eempa?

Kax 3asucum cxopocme €30l no necky om e2o
snascHocmu ?

Kax 3a6ucum cxopocms pazmamuleéanus MOMKa
JUNKOU JIEHMbl OM CUTIbL, NPULOHCEHHOU K KPAIO
nenmol?

Om uezo 3a8ucum épems, Ha KOMopoe CIMuxaem wym
60001 8 YaliHUKe nepeo ee 3aKunanuem?

Booy pasmewusarom 8 uauike He Kpyeioeo CeYeHus.
Uccreoyiime, kaxas 6yoem gpopma 6oponku?

TopuzonmanbHo pacnonodiceHHoMy HedareKo om
NOBEPXHOCMU CMOLA TUCTY OYMa2Uu cOoOwunU
eopusonmanvuyio ckopocms. CKob 0a1eKo OH
yremum?

Kax 3asucum ysem mops om ezo 2nyourwvl?

Touemy soznuxaem "nHum6" 60Kpye menu naivya,
Kacarouwe2ocst NO8EPXHOCMU 600bl?

Ecyin Bbl 11001TE CTABUTD ONBITHI M 32IyMbIBAaThCSl 0 IPUPO/E Bellei,
ecid Bl XoTHTE NONPO0OOBATH CBOM CHJIBI B HAYYHO-HCCJICA0BATEIbCKOM

JeATeIbHOCTH - o0pamaiTech K HaM
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By cmodiceme noobujamuvca co ceoumMu c6epCmHuKamu, uwywumu cebs 6 Hayxe,
a makoice NOAYUUMb KOHCYIbMAYUIO Yy KANUGUYuposaHHulx npenooasamerneii u
@uzuxos-npogheccuonanos

E-mail: vlad@ssl.nsu.ru

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