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Kuura conmepxur orBerbl Ha Oonee uem 90 BompocoB, Hauboliee 4acTo
3a/laBa€MBIX CTapLICKIACCHUKAMU CpeAHMX mIKol. Bompocsl mnoctynmanu B
«JIMCTaHIMOHHBIN KOHCYIbTALMOHHBIN IIYHKT» 110 3JIEKTPOHHOM IOUTE.

[pennaznauena s CTapLIEKIACCHUKOB M IIpenofaBaTesneil obmieoOpa3oBa-
TeJBbHBIX ILIKOJ, y4Yalmiuxcs (U3MKO-MaTeMaTH4eCKuX IIKOJ, a TaKKe JIHIL,
3aHMMAIOLIHXCS CAMOOOPa30BAHUEM.

becnnartHo.



IIpenuciioBue

B mporecce oOydeHWsl y IIKOJIBHUKOB, a TaKXKe y HMX Yy4WTeleH, Bcernaa
BO3HHUKAIOT BONpOckl. OTBEThl HA MHOTHE U3 HUX YAAETCs MPUIyMaTh WU HaWTH B
nauteparype. Ho mHorna oreer Ha BONpOC MONYYUTh He ynaercs. Bor Tyr-1o u
Tpedyercsi KOHCYNbTanus rmpodeccuonana.

Xopor10, eciay Hy’KHbIH CHEIUANUCT PSIOM — HY’KHO TOJBKO JJOTOBOPUTHCS 110
TenedoHy o BCTpeue M 3aqaTh Bolpoc. Borpoc MokHO 3a7aTh 1o TenedoHy U u3
JIpyroro ropoja, Ho 3TO [Ioporo. Bompoc MOXHO OTOCHATh NUCBMOM, IIpaBJa,
nucbMa Uyt HeObicTpo. C nosiBiieHreM VHTepHeTa M 3JIeKTPOHHOM MOYTHI MOXKHO
OMEPAaTUBHO U OYEHb JICIIEBO CBSI3ATHCS C JIFOOBIM HY)KHBIM CIEIIUATIHCTOM.

C cenrsopst 1998 r. B MHTepHeTe OTKPHIT «J/{MCTAaHIMOHHBIA KOHCYIbTA-
IIUOHHBIM IyHKT», B KOTOPOM KOHCYJIbTAllMM NAIOT y4€Hble — COTPYIHUKHU
Hay4YHO-UCCIIE/IOBATENLCKUX HHCTUTYTOB HOBOCHOMPCKOTO AKaeMIopoKa.

OcHoBHO#1 3a7aueil «/[UCTaHIIMOHHOTO KOHCYIBTAIIHOHHOTO ITyHKTa SBISETCS
OKa3aHHe OecnIaTHON NHGOPMALIMOHHON MOJAEPKKH:

®  yKa3aHue MOYHBLIX CCHLIOK HA KHUZU U DJICYPHATbI, B KOTOPBIX
HaXOJAMTCS OTBET Ha 3aJ[aHHBII BOIIPOC,

®  nepecLLIKA PEeKOMEHOO0BAHHOU Tumepamypesl (8 21eKMpPOHHOM 6ude) B
ciyqae He0OXOAUMOCTH,

®  npedocmasiienue HEOOXOOUMBIX PA3BACHEHUII U KOMMEHmMApPUes eciu
MIPY YTEHUH PEKOMEHIOBAHHOM JIUTEPATyPhl BO3HUKAIOT TPYIHOCTH.

Ceiiuac paGortaroT 1Ba OTAeTCHUS «J{MCTaHIHMOHHOTO KOHCYIBTALIOHHOTO
MyHKTa» —M0 (u3nke U 1o OHOJIOrUWH, KOTOPBIE 3a MOJToAa PadOThl MONYYHIN
ceeitie 500 BOMPOCOB OT CTapIICKIACCHHKOB U HpeHofaBareieil CPeqHUX IIKOJ,
HMEIOIIUX JOCTYII K QIEKTPOHHOM Io4Te.

Hdnsg oToif myOnukamuu MBI OTOOpanu Hauboliee 4YacTo BCTPEYaBILIHECS
BoIpockl 1o ¢usuke. CTrib 1 ophorpadus BOIPOCOB COXPAHSHBI B OPHUTHHAIBHOM
BHAE. ABTOpHI OPUTHHAJIBHOTO OTBETA YKa3aHbl Iocie oTBeTa. Eciam oTBeT Ha
BOMIPOC JaH II0 JUTEPATypHbIM HCTOYHHKAM, ()aMHIMM COCTaBHUTEIEH OTBETa HE
ykazaHbl. ECiii nipu cOCTaBJIEHHH OTBETA MCIOJIB30BAHBI ()PArMEHTHI M3 KHHUT WIN
CTaTel, 3TO YKa3aHO B KOHIIE OTBETA.

Msl OyneM odeHb NPU3HATENBHBI 33 YKa3aHUS HA OMMOKM M HETOYHOCTU B
OTBETaXx.



Kak Bocnosnb3oBaTbes ycJayramMmn
«/IMCTAHIMOHHOT0 KOHCYJIbTAIIHOHHOTO MYHKTa»

JIroboli  CTapIICKIACCHMK WM MpEMojaBaTelb  CPeJHed  IIKOJBI,
HUHTEPECYIOIIUICS HAYKOH, MOXET MOCIaTh HAaM CBOU BOIPOCHI:

* o ¢usuke mo aapecy phys@ssl.nsu.ru,

* o Guostoruu mo azapecy biol@ssl.nsu.ru .

Hamm sKcmepThl IMOCTAapaloTcs OTBETHTh Ha JIOObIE BOIMPOCHL, KpOMeE
BOIIPOCOB!

* no "anbTepHATHBHOM"' Hayke — Ui TeX, KOIO0 HHTEPECYIOT

"ampTepHAaTHUBHBIE"  HJEM, HE  NpPUHUMAaeMble  IIHPOKOH  HAy4YHOU
O0IIECTBEHHOCTBIO, CYLIECTBYET MHOTO CHELHAIBHBIX NEWSZIoups,

O6'I)$[BJ'ICHHLIX B 3a0YHBIX KOHKYpCax, oJuMIHaaax u T.II., 10 UCTCUCHUA
CPOKa OTIIPaBJICHUS PEILICHUM.

CwMmeno nummre HaM, HO NOMHHTE, YTO, BO3MOXKHO, Bam emie mpencrout
3aTpaTUTh YCWIIUS IJIsl TOTO, YTOOBI Pa3o0paTbCid B IONYYECHHBIX OTBETaX M
yOoenuThcss B MX IpaBoTe. YBaxkaiite (aktel! MHEHHS MOTYT OTJIHYAThCS, HO
¢daxtel — Her. [losTomy, ecnmu Bam kakeTcs, 4TO OTBET DKCIEPTOB HEBEpPEH M
MOKHO JaTh JPYroi OTBET — €IIe pa3 B3BECHTE JIOBObI SKCIIEPTOB.

Crapaiitech Tarke He IOCHLIATH 3a[a4d U BOIPOCHI, MOMYYCHHBIC OT CBOMX
mpernogaBaTeniell, B HaIeKAe Ha TO, YTO KTO-TO CHAeiaeT 3a Bac JoMamiHion
pabory. Cnenaiite CBOIO COOCTBEHHYIO JIOMAIIHIOI paboTy camMu — 3TO Oyaer
odeHb noje3Ho. C Ipyrodl CTOPOHBI, MBI TOTOBBI OTBETUTh Ha JHOOBIC BOMPOCHI,
KOTOpbIE BO3HHUKIK y Bac mpu BHINOIHEHHH JoMaNTHeH paboThL.

Ecnu orBer Hamrero skcniepra Ha Bam Bompoc mouemMy-nmn0o He yIOBIETBOPUT
Bac — mammmmrte Ham 06 3ToM. B mepenmcke, oOmasce ¢ yaeHsIMu, Bbl cmoxeTte
JydIlle TOHATh CTHJIb U METOBI PACCYKAEHUS POPECCHOHAIOB U MPUOIU3UTHCS K
Hay4yHOU UCTHHE.



BOIIPOC Nel: Ecrs yrBepxaenue: «CyObeKTHBHAs XapaKTEpPUCTHKa 3ByKa IPOMKOCTb
COOTBETCTBYET OOBEKTUBHON XapaKTEPUCTHKE 3BYKAa HHTEHCUBHOCTI». S qyMaro, UTO 3TO yTBEp)KJICHHE
HE BEPHO, TaK KaK CyObeKTHBHAs TPOMKOCTb 3aBHUCHT TaK e OT 4acToTel. Ho Moii mpenonasarens
CUUTAET, 4TO OHa BepHa. KTo u3 Hac npas?

OTBET: B «®uznueckoii snuuknoneaun» T.1 (Mocka, «CoBerckas sHuukiIoneaus, 1988) ua crp.
539 - 540 HamucaHo: «I"'pOMKOCTb 3ByKa 3aBHCHT IJJaBHBIM 00pa30M OT HHTEHCHBHOCTH 3ByKa, HO TAKXKE
1 OT paclpe/ieNieHHs] SHEPTHH T10 LIKaJle YacToT... B onpesieneHHbIX Npeenax Npy 0JMHAKOBOH 4acToTe 1
MHTEHCHBHOCTH JIBYX 3BYKOB 00JI€€ KOPOTKUII Ka)X€TCs MEHEe I'POMKHUM...» Tam ke MpUBEICHbI KPHBbIC
PaBHO¥ IPOMKOCTH B 3aBHCUMOCTH OT YacCTOTbI, HCIOJIb3YyeMbIE IPU paboTe IIyMOMEpPOB.

B sToM Bompoce TecHO TepernyTaHbl ¢usnka U Qusnonorus. B ¢usnke Bce akKypaTHO: 3ByKOBOE
JaBJICHHE, WHTCHCHBHOCTb 3ByKa U T.0. Bce Mepsiercs. B ¢usnonorns BO3HHMKAIOT CyOBEKTHBHbBIC
OLIYIIEHHUS.

Ouenp moapoOHO mnpo 3To HamucaHo B «CnpaBouHuke 1o akycrtuke» (Mode, Koponbkos,
CanoxkoB, Mocksa, CBsi3b, 1979). Hanpumep, Ha ctp.31: «YCIOBHIKCH 32 YPOBEHb I'POMKOCTH JIOOOT0O
3ByKa (MJM IIyMa) IPUHUMATh YPOBEHb B JIEHOE/IaX paBHOIPOMKOIo ¢ HUM ducToro ToHa 1000 I'm.»
IIpu 3TOM IPOMKOCTH HETOYHO XapaKTepU3yeT CyOheKTHBHOE OLIYyIIEHHE, T.K. €CTh Macca 0coOeHHOCTeH
BOCIPUATHS COCTABHBIX 3BYKOB, IIYMOB, UMITYJIbCHBIX 3BYKOB U T.[. U T.II.

l_[pl/lBC}leM HECKOJIBKO IMPUMEPOB, B3ATHIX U3 OTUX KHUT:

. I[Ipy MIaBHOM YBENMYEHHH MHTCHCHBHOCTH 3BYKa CIyXOBOE OLIYyIIEHHE HApacTaeT CKauKaMH I10
Mepe yBCJ'll/l‘-lCHl/lﬂ qucia BO36y)K)1€HHl>IX HepBHbIX OKOanHHﬁ.

e B ycrnoBusX THIIMHBI CIBIIIHO THKAaHbE YACOB, a B YCIOBMAX IIyMa MOXKHO HE YCIBIIIATh JIaxe
TPOMKHIi pa3sroBop.

e [lpu mnpociaylmIMBaHUH CJIOXKHOTO 3BYKa €ro TIPOMKOCTh MEHbIIE CYMMBI TPOMKOCTEH Bcex
COCTABJISIIOLIUX (3TO IIPY HE OYEHB LIIMPOKOM CIIEKTPE 3BYKa).

e [lpu mnpocaymMBaHMM HMITYJbCHOIO 3BYKa €ro TIPOMKOCTh OIPEAENACTCS IPOU3BEAECHUEM
MHTEHCHUBHOCTH UMITYJIbCA Ha €ro AIUTENbHOCTH (310 10 100 I').

. B rpomkoii nepenaue ake nocie oTUIbTPOBBIBAHUS BCEX YACTOTHBIX cocTaBstonmx Hike 1000
I’y yenoBek BOCTIPUHUMAET («CIIBIIIUTY) HU3KOYACTOTHBIE COCTABIAIONIME C JOCTATOYHO BBICOKHM
YPOBHEM OIIYIHIEHHS.

Tem ne MCHEEC, NOHATHE TPOMKOCTHA 9aCTO OKa3bIBACTCA y,ZlOGHBIM.

BOIIPOC Ne2: YV MeHs BONPOC OTHOCHTEIBHO TOTO, MOYEMY TYIST BBICOKOBOJIbTHBIC ITPOBOJA.
Yero Tonpko HE YHTAN: y AciaMa3oBa, YTO 3TO CBA3aHO C BeTpoM, y TapacoBa, 4TO ¢ KOPOHHBIMU
Ppa3psiaMu, TaK 5ke O B3aUMOJEHCTBUH C MATHUTHBIM mosieM 3emin. B ueM sxe mpuunna?

OTBET: Cmotps 0 3Byke Kakoi yacToTsl uaeT peds. Eciu ectb Betep, To f= kv/d, rae f — yacrora
3BYKa, V — CKOPOCTb BeTpa, d — quamMerp rnpoBoza, k — ko3 GpuimeHT, onpenensiemMblid SKCIepHMEHTAIbHO.
Oro 3akoH Crpyxana, k oxono 0,2 (JL.I Jloisgackuii, «MexaHuKa )XUAKOCTH U raza», 1987).

KoponHslit paszpsa ects moutu Bceraa. OH TOPUT BOKPYT OCTPBIX yacTeil Ted (Hampumep, OrHU
«CBSITOrO  DnbMay»): BOJM3M MOBEPXHOCTH MPOBOAA JOCTHraeTcsi NpoOOiHAs HaNpsKEHHOCTh
JNEKTPHYECKOro Mot (MpoOoii MpPOMCXOAMT B BO3Ayxe). [3-3a KOPOHHOro paspsna Ha OOBIYHBIX
BBICOKOBONBTHBIX IpoBoJax dacroTa 3Byka 100 I'm, XoTs Moker OBITH M BBICOKOYACTOTHAsS
cocrapmsitomas or 10000 I'm no panumouacror (FO.II.Paiizep, «@Pusuka rasoBoro paspsma», 1987).
MarauTHOoe mTone 3eMiaM TYT HHM OpPU 4YEM: [0 MPOBOJAM TEYeT IIEPEMEHHBIH TOK, KOTOPbIH
B3aMMOJICHCTBYET C MATHUTHBIM IIOJIEM 3eMJIH, HO 3(G(EKT OueHb MaJl, T.K. MarHUTHAask MHIYKLHS 3eMIn
menbie 0,0001 T




BOIIPOC Ne3: Pemain st 3a1a4ku 110 (U3HKE, a B BOIIPOCE TAKUE JaHHBIE — | MA 0CTaTOYHO st
YesioBeka, 4To0bl I0YyBCTBOBATh TOK, 5 MA — Oyzer 60ibHO, BbilIe 15 mA — yenoBek TepseT KOHTPOJIb
HaJ Mbimmamu, 70 mA ... C cyxoi Koxel COIpOTUBIICHHE Tella OT OJHOW PYKH JIO IPYroi paBHO 1-10°
Om, ¢ Mokpoii — 5-10° Owm. [TpaumbHbI it 5TH urcna? ECu HeT, To HHTEPECHO OBl y3HATh MPABHITbHBIC.

OTBET: B monorpaduu B.E.ManoitoBa «OCHOBBI 3JeKTpobe3onacHoCTH» (DHEproaToMmu3ar,
1991) npuBozsTCs creyonMe 3HaueHHs IEKTPUIECKOrO CONMPOTUBIICHHS TeJla YEIOBEKa OT JIAJOHH K
J1aI0HH (T1JI01a b MTOBEPXHOCTH KOHTaKTa 0KoJio 10 CMZ)Z

ITpu HanpsbxkeHuu cetu 10 65 B 4400 Om
IIpu HanpsbxeHuu ceru g0 220 B 1600 Om
ITpu HanpsbxeHuu cetu cBole 220 B 1200 Om

MexayHaponHas 3jeKTpoTexHHdeckas komuccus (MOK) pekomeHzayeT criefyioliue 3HaYeHHUS
CONpOTUBIIEHUH (pyka — HOTrH) npu yactoTe 50 I'm:

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

CornacHo yueOHMKY «OCHOBBI TEXHUKH O€30MacHOCTH B 3ieKTpoycraHoBkax» [I.A.JlomuHa
(Dueproatomuszat, 1984) yBiakHeHHE CyXUX PYK CHIIBHO ITOJICOJICHHOMN BOJIOI CHM)KAET CONPOTHBIICHHE
tena Ha 30 — 50 %. Tam e npUBOAATCS CIEAYIOIINE JaHHBIC O ISHCTBIM TOKA Ha YeJI0BeKa:

MEPEMEHHBIH TOK | MOCTOSHHOM TOK
50 'y
Tlopor 4yBCTBHTENBHOCTH 1,1 MA 6 MA
Heotmyckaromuii TOK (BO3HHKAIOT HEPEOAOIHMBIE 15 MA 50 — 80 MA
CYJIOPO’KHBIE COKPAIIIEHHS] MBIIIIIT)
DUOPHIIALMOHHBII TOK (MOXET BBI3BAaTh OCTAHOBKY CEp/IIla) S50MA - 5 A 300 MA — 5 A

BOIIPOC Ned: 51 ciblmal mpo MOHHBIE IBUraTeNH. VICTIONb3y0TCs 1M OHU Ha pakerax?

OTBET: B suuuxonenuun "Kocmonastuka" (MockBa, 1985) HanucaHo, 4TO JETHBIC HCIBITAHUS
HMOHHBIX pakeTHbIX apurareneil npopogumcs B CCCP nmo nporpamme Sutaps B 196670 rr, B CLLA no
nporpamme CEPT B 1964 u 1970 rr, no nporpamme Caanmor — B 1965 .

Ha crenmax ucnbiTanbl asuraten ¢ Momuocteto 50 Br, Taroit 4,45 MH, ynensHbIM UMIyJIbCOM
iru 12,2 xkm/c, kg 50%.

B knure "Kocmuueckue aBuratent: cocrosiue u nepcrnektussl” (Mup, 1988) nHa crp. 185 ykasaHo,
YTO BCIEACTBHE NPUHIUIHAIBHBIX OIPAHHYCHUH IO IUIOTHOCTH HOHHOTO TOKa MAaKCHMajbHas TsAra
OJTHOT'O MOJIyJIsl MOHHOTO JABUTATENs CpaBHUTENBHO HeBenuka (o1 5 MH no 1 H).

BOIIPOC NeS5: Yto Takoe Teopema Bupuana?

OTBET: Teopemoii BupHaa Ha3bIBaeTCs COOTHOLICHHE, CBA3BIBAIOIICE CPEIHIO KMHETHYECKYIO
9HEPTHIO CHCTEMBI YaCTHUII C JSHCTBYIOIMMH B HEH CHIaMH.

JInst KIacCHMYeCKOH CHCTeMBbI MaTepUalibHBIX TOYEK TeopeMa BHpHana nokasaHa B 1870 1.
Knaysuycom. Ecmn K — cpennsist kunetmdeckast S9HEprHs CUCTeMBI 9acThIl, U — cpenHss MOoTeHIHAaNIbHAs
9HEPTrHs CHCTEMBI YaCTHUII, TO TeOPeMa BUPHaa BBITILINT KaK:

K=U — amst rapMOHHYECKUX KONEOaHHH,

K = -U/2 — nst rpaBUTALHOHHOTO HIIN 3IEKTPOCTATHYECKOTO B3aHMO/CHCTBHSL.
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Teopema BupHana 3alKCbIBAaeTCs KakK Ul KBAaHTOBO-MEXaHMYECKMX CHCTEM, TaK U B
CTaTHCTUYECKOH MEXaHUKe.

Hcrounuk: "®usnyeckas snuukioneaus”, 1 rom (M., 1988.).

Jloka3aTensCTBO TEOpEMbI 1aHO, HanpuMmep, B 1-om ToMe "OOmero kypca ¢usuxu" JI.B.CuByxuna
(M., Hayka, 1989), ctp.152.

BOIIPOC Ne6: Nuorza Ha HeOe BHIHO JBa CONHIA. S| HE 3HAI0, KAKOBA 3aKOHOMEPHOCThH 3TOr0
siBrienusi. CumTaro, 4To 3T0 onTHYecKuit ooman. Ecnmu — na, To B uem oH 3axiovaercs?

OTBET: Ddodexr npoiinoro ConHia omucaH B kHure M.MuuHapra «CBeT M IBET B IPUPOLE»,
(MockBa, 1958), ctp. 255, 257. Ilo mMHeHuto MuHHapTa 3TO SIBJIEHHE, IO-BHIUMOMY, BBI3BIBACTCS
MECTHBIMU M3MEHEHUSIMU SPKOCTH CBETOBOI'O cTON0A M3-32 HEPABHOMEPHOCTH pacIpe/ieieHus1 00JI1aKoB.
CaeToBoit cTONO BO3HMKAET OOBIYHO MPH BOcXo/e UK 3axoje ConHIla, EClIM Ha JIyue 3peHHs HaXOMUTCSA
00JIaKO JIEASHBIX IUJIACTUHOK, KOTOPblE OUYeHb MEIUICHHO MaJaloT, COXPaHss CBOKO IUIOCKOCTb
napasuielbHON MOBEPXHOCTH 3EMIIH.

BOIIPOC Ne7: Ilouemy cosnaercs 3dekt oOpaTHOro BpalleH s Kojeca Py ObICTPOM ABIIKCHUH
(narpumep, KapeTs)?

OTBET: Ecimu peus ujer o kapere, KOTopyto Bbl HaOmogaeTe Ha Telne’KpaHe WM B KHHO, TO
00paTHOE BpalllcHHE KOJIEC BO3HHKAET, €CIIM 3a BpeMs MEXIy KaJpaMH KOJIECO MOBEPHYJIOCh Ha yrod,
KOTOPBIi, HalIpUMep, MEHbIIIE YeM IOJIOBUHA yIiIa MEXIY CIHHI[AMH.

HWcrounuk: I1.B.Makoserkuii «CMoTpu B KopeHb», Hayka, 1976, ctp.182.

BOIIPOC Ne8: B buGmuu Obuto Hanucano o BcemupHoM motone. YuuTenbHuIAa (GU3MKU
BBIYUTBIBAJIA, YTO TAKHX ITOTOMOB OBLIO OKOJIO ISTH, U3-3a cMelieHHs ock 3emin. Tak i 310?

OTBET: CornacHo Tteopun M.MuiaHKOBMYA HACTYIJICHHE JICIHUKOBBIX IEPUOLOB MOXKHO
OOBSACHUTH COBMECTHBIM YYETOM H3MEHEHHs JKCUEHTpucurera opOouthl 3emun Bokpyr ConHua u
nperieccueit ocu BpameHus 3emid. [Ipyn ymMeHbIICHHU OnefeHeHus (TasHHU JISTHHKOB) YPOBEHb OKEGaHa
noBelmaercs Ha 85 — 120 M, 4TO MOIJIO OBITH HHTEPIIPETUPOBAHO Kak «BcemupHblii notom». Tosbko 3a
MOCTIeHUH MUJUIMOH JIET TAKUX IIOTONoB 06110 Oonee 10.

Hcrounuku:

A.B.Bsinko «Hamra mianera — 3emis», bubnnoreuka «Kpanta» Ne29, 1989, c1p.222,
A.C.Monun «Ilonynspuas ucropust 3emin», Hayka, 1980, rin.10.

BOIIPOC Ne9: Ilouemy, KOrja pakeTa CTapTyeT, Cropaer CTOJIBKO KHCIOPOAd, CKOJBKO €ro
BbIpabatbiBaeT 3a 20 et 00i1b1Ioit ec?
OTBET: I1o umeronmMmcs y Hac TaHHBIM:

e qpu crapre pakerbl pacxomyercs or 100 mo 1000 T sxuakoro kuciopoaa (DHUUKIOHEAUS
«KocmonaBTuka», M., 1985),

e pacTeHHs eXeromHo mpomsBoasT 3-10M T kucnopona (A.M.Iepensman «eoxumusy, n3. «Bbicmas
mkonay, 1989, crp. 245).

Ecmu ams OHEHKH MPEANONIOKHTh, YTO PACTCHHS PAaBHOMEPHO PACHpENEeNCHBI MO IOBEPXHOCTH
3emmi (oxomo 108 km?), To momydaercs, uTo | KBaAPATHBIHA KHIOMETp Jieca MPOM3BOAKT B rox Goxee 1000
T KHCJIOPOJIa, Yero XBaTaeT Ha ONUH CTapT PAKeThL.

Bunumo, y Bac HeTouHbIe TaHHBIE.

Ilenecm B.H.




BOITPOC Nel0: IMoyemy Bozma B ABCTpajiMM CTEKaeT B BOJOIPOBOJ IO YAaCOBOW CTpEIIKE, a B
Poccun — npoTuB uacoBoit?

OTBET: IloxpoOHblii paccka3 o6 3Toit 3amaue Bor Moxkere npountats B kuure S.b.Ilepensmana
«3naere 1 Bl ¢pusuky?» (bubnroreuka «KBanTtay» Boimyck 82, Hayka, 1992 r., crp. 91-94). Koporko
MOXXHO OTBETUTh TaK: MpeJCcKa3aTh HaIpaBJICHHE BpalICHHs 3apaHee HEBO3MOXKHO. Hampasienue
BpAIICHUS BUXPS MPH CTOKE JKHKOCTH 3aBHCHT OT MHOTHX OOCTOSITENBCTB: (DOpPMOIt HA pe3epByapa,
HEPOBHOCTSIMU U T.J1I. BUXpH, KOTOpble MOTIIN ObI OBITH 00YCIIOBJICHBI BpallieHHeM 3eMiIH (JIeiicTBHEM Tak
HasbIBaeMo# cuiibl Kopronica) JoMKHBI UMETh Fopas/io OOIbIINI THaMeTp, YeM MaJleHbKHE BOZOBOPOTHI

B BaHHE.
Asopckuit HH.

BOIIPOC Nell: Kax ABoraapo oTkpbut uuciio 6-102%?
OTBET: B 1814 r. ABorazpo cienan yTBepKAeHHE: paBHbIe 00BbEeMBI Ia3000pa3HBIX BELIECTB IPU
OJIMHAKOBBIX JIABJICHUH M TEMIEPATYPE COAEPKAT OJHO M TO K€ YKMCIIO MOJIEKYI.

e B 1865 r. JIOWMHAT pacCumTaN YHCITO MONEKYJ, COAep Kammxcs mpu H.y. B 1 em® , — okorno 107,

B Hauane 20 Beka, 00bsicHsAs romy0oit 1BeT HeOa, BpHiLII03H MOTyYHI KOIMYECTBO MOJIEKYJ B MOJIE
paBHbIM 6-10%,

B 1901 r. [InaHK, 0GBsCHAS H3TydeHHE YepHOTo Tena, momydin Na = 6,16-10%,

B 1908 r. Pesepdopn u Leiirep, onupasice Ha uncino dapages, nomydmmi Na = 6,2-10%,

B 1908 r. Teppen, 0GbsCHss GPOYHOBCKOE ABIKEHHUE, monyuut Na = 6,85-10%,

CaMmblii TOYHbIH METOJ Ha CEroHs — TU(PAKIH PEHTICHOBCKUX JIyuel — 1aeT

Na = 6,0221367-10%.

HUcrounuk: M.JIpomim «Vcropust pusukm», M., «Mup», 1970, ctp. 343-351.

BOITPOC Nel2: Ckonbko 3Be31 Ha HeOe?

OTBET: TouHoro 4mcia, eCTeCTBEHHO, HUKTO HE 3HAeT. B KaTalorn BHECCHBI MHIUIMOHBI 3BE3]I.
HeBoopysxeHHBIM IJ1a30M B OE3JIyHHYIO SICHYIO HOYb B CEBEPHOM IOJNYIIAPHM BUIHBI HaJl TOPU3OHTOM
okoso 3000 3Be3z.

Hcrounmnku:

C annon «A30yka 3Be31HOro Hebay, M., «Mupy, 1990,
T.Peit «3Be3np», M., «Mupy, 1969.

BOITPOC Nel3: MoxHO 11 M300pEeCTH BEUHbIH JABUTATEINb?

OTBET: Vcxoxas U3 Hallero HHIHEIIHEro MOHMMAaHMS MPUPOJBI, BEYHOTO JBUraTeis He ObIBaer.
D10 yTBEpXKIECHUE IOCTYIUPYETCS.

TlonpoGHee B KHUTAX:
V.. ®DpankdypT «3aKoH cOXpaHEHUS U IpeBpaIleHus dHeprun», M., Hayka, 1978,
Aptyp Opa-Xetom «Beunoe nikenue», M., 3uanue, 1980.

BOIIPOC Nel4: B kakoM roxy 1 KeM ObUT BBITYILECH NEPBbIA yueOHUK 110 Ppu3uke?

OTBET: TepmuH — ¢husuxa — BO3HHK B ApeBHeil I'peruun, BUAUMO, B 6 Beke 10 H.3. DusnkaMu
Ha3bIBANHCH (PUIOCO(HI, 3aHHMABIIHECS H3ydeHHEM INpUpoAsl. Hackombko HaM H3BECTHO, MEPBBIHA
yueOHuK «Pu3uKa» B 8§ TOMax ObUT HAMCaH APHCTOTENIEM, OPUEHTHPOBOYHO ¢ 335 mo 323 r.r. 10 H.5.

Hcrounuxw :



Juoren Jlasprekuii «O jXU3HY, YHSHHSIX ¥ H3PEUCHUSIX 3HAMEHHUTHIX (ritocodosy, M., «Msiciby», 1979,
M.JIsoruu «Ucropus dusuku», M., «Mupy, 1970, ctp. 8-12.

BOITPOC Nel5: ITouemy paguanus BEIIECTB BbI3bIBAET MAJIOKPOBUE?

OTBET: Paguanus He MOPOXKIAET KAKUX-THOO HOBBIX OHMOJOrMYECKHX (DEHOMEHOB, OHA JIMIIbL
YBEJIUYUBAET BEPOSITHOCTh BOSHUKHOBEHHUS Pa3IMYHBIX MYTAIMH M KJIETOYHBIX COOBITHI, KOTOPbIE BPEMs
OT BpEMEHH MPOUCXOAAT CHOHTAaHHO. MyTanuu, HWHAYLIHPOBAaHHBIC pajaualiieil, Mo CyLIeCTBY HE
OTJIIMYAIOTCS. OT CIIOHTAHHBIX MyTalui. OJHAKO HE BCE TUIIBI CIIOHTAHHBIX MYTAallMi YBEINYHUBAIOTCS B
YUCIIE TT0/1 BO3JICHCTBUEM paifalliu.

OnuuM 13 3a001eBaHMi, KOTOPOE MOXKET MHAYLUPOBATh PaJHaLUs, SIBJISETCS JICHKOIEHUST — U3-3a
MOPa’KeHUsI CTBOJIOBBIX KJIETOK KOCTHOTO MO3ra CHHYKAETCSl YHCIIO JICHKOLIMTOB B KPOBH.

MaiokpoBue (aHeMus), IPU KOTOPOM YMEHBIIAETCS YHUCIIO PUTPOLIMTOB B KPOBH MJIM COJIEPKAHUE
reMOorJIo0MHa B 3PUTPOLUTAX, TAKXKE MOXKET OBITh CBA3aHO C MOPAYKEHHUEM KOCTHOTO MO3ra pajuaiuen.

Hcrounuku:
®.Dorens «'enerrka yenoekay, T.2, M., «Mupy, 1990, ctp. 223-260,

B.I1.MamkoBud «OCHOBBI paAHaI[HOHHON Oe3omacHocTi», M., «QHeproatomuzaat), 1990, ctp. 6772,
«Duznonorus yenoseka» nox pex. P.IlImunra u I'.Tesca, 1.2, M., «Mup», 1996, ctp. 424, 430.

BOITPOC Nel6: BosmoxkHa niu Tenenoprarus’?

OTBET: Hackonbko Ham u3BecTHO — HeT. CyIECTBYeT TEPMUH — K8aHmosas menenopmayus. OH
HE MMEET HUKaKOr0 OTHOIIEHUS K «TPaJAUIIMOHHOM TelenopTaluH IKCTPACEHCOB.

CornacHO KBAaHTOBOH MeEXaHHKE, HEBO3MOXKHO TOYHO IIpe[cKa3aTh IIONOKEHHE 4YaCTHIBI B
MIPOCTPAHCTBE, MOXHO JIMIIb TOBOPUTH O BEPOATHOCTU HAXOXKAEHHUs YACTHIB B ONpPEICICHHON TOUKE.
AHAJIOTHYHO, €CIM Yy Hac ecTb [Ba (POTOHA, MpPOJIETEBUINE uepe3 KPHUCTAI M MOMy4YHBIIHE
MIPOTUBOIOJIOKHBIE MOJIPU3AIMU, MBI HE 3HAaeM Kakas mojspusanus y kakoro ¢orona. Ho mocne
H3MEpPEHHs MOJISIPU3ALMU OTHOTO U3 (POTOHOB MBI Cpa3y ke (MTHOBEHHO) y3HAEM IOJIIPH3aIIuIO BTOPOro.
IMpuyem Hax BTOPBIM (OTOHOB HUKAKHX M3MEPEHHI HE TPOM3BOANTCS, M OH MOXKET HAXOJUThCS Ha CKOMIb
YrofHO OOJNBLIOM PAcCTOSHMU OT HepBoro. IT1oT 3ddext odcyxmancs DitHmreitHoM, [Togoabckum u
Pozenom B 1935 r. DKCrepUMEHTAIPHO KBAaHTOBYIO TEJEMOPTALMIO YIAJOCh OCYLIECTBHTb B KOHIIE
MIPOIIIOrO TOMa.

Hcrounuxu:

«B mupe Haykm» 1992, Nel 1-12, ctp.130-139,
«Yenexu ¢pusudeckux Hayk» 1998, Nel, crp.84,
«Yenexu pusndeckux Hayk» 1998, Ne2, crp.204.

BOIIPOC Nel7: Kak TeneBu3op BIMSET HA HEPBHYIO CUCTEMY YeloBeKa?

OTBET: B teneBusopax u3zo0pakeHHe (OPMUPYETCS M3 KaIpoB, MEHSIOIIMXCS C HEKOTOPOit
YaCTOTOM, IPHYEM KaXKABIi KaJp COCTOUT U3 HEKOTOPOTO KOJIMYECTBA CTPOK.

W3BECTHO, YTO I1a3 HAYMHACT Pa3iH4aTh MEIbKaHWS (CMCHY KaapoB), HauMHas ¢ 4acToTsl 41 I'rg
(TIp¥ SAPKOCTH HCTOUHMKA 6enoro mBera 30 ka/m?). [103TOMy YacToTa CMEHBI KapoB JOKHA OBITh BILIC.
B TeneBH3MOHHOM BELIAHWM KaXABIA KaJp MEpefaetcs 3a [Ba IOJs, OJHO M3 KOTOPBIX COACPXHT BCE
HEYCTHBIC CTPOKH, @ BTOPOE — BCE YCTHBIC CTPOKH. B MHpe ACHCTBYIOT B OCHOBHOM fBa CTaHZApTa
TEJICBU3MOHHOM Pa3BEPTKH: €BpONEHCKUi Ha 625 cTpoK mpu 25 Kaapax B CEKyHAY M aMEPHKAHCKUI Ha
525 crpok mpu 30 kagpax B ceKkyHay. IIpy 3TOM HCIOJB3YeTCs YEPEeCCTPOUHOE Pa3lIOKEHUE C JBYMS
MOJSIMH B KajJpe. DTH CTAaHAAPThI TEXHMYECKH M SKOHOMUYECKH OIpPABAaHbI, OHAKO OHH TOCTATOYHEI
JIMIIb JUIS TIepefadd W300paKeHHH ¢ KPyMHBIM mmaHoM. Ilpu mepenaue m300paxkeHHit, COmEpKaIINX
MEJIKHE AeTajH, YeTKOCTh M300pakeHHH pe3ko magaer. K ToMy ke B 4epecCTpOYHOM pacTpe C ABYMs
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MOJSIMH B KQJIpe TMOSBIISIOTCS MEXCTPOUYHBIC MeEJIbKaHKs, OOYCIOBJICHHBIC pa3JIMYHOW SPKOCTBIO
CBEYCHUI CTPOK I10CIIEI0BATEIEHO BOCIPOU3BOAUMBIX HOJICH.

CMOTpeHHe TeJIeBI30pa CHIIBHO YTOMIISIET HEPBHYIO CHCTEMY, T.K. HU3KOE Ka4eCTBO H300paXkeHUs U
pa3HOOOpa3Hble MENbKAaHUsI BOCIPUHUMAIOTCS MOJACO3HAHHEM. T.H. «3eNeHbli» cTaHmapT (6e30macHoro
TENeBU3MOHHOTO BeIaHus TpeOyeT pa3BepTKy MPH 4acToTe KaapoB He MeHee 90 KaJapoB B CEKYHAY.

Jlpyroii MpUYMHOM BO3/CHCTBUS HAa HEPBHYIO CHUCTEMY SBJISIETCS IYM T'€HEpaTopa CTPOYHOM
pa3BepTKH TeieBu3opa. JT1a yactora okoyio 16 kI (Ha mpenerne CIBIIIMMOCTH YellOBeKa), OJHAKO, MPU
JIOJITOM BO3/ICHCTBHH BBI3bIBACT YTOMJISIEMOCTb.

IMonpoOHee B KHHUTE:

P.E.BeikoB, B.M.Curanos, I'.A.Diiccenrapar «TeneBunenue», M., Beicias mxona, 1988.
Ilomepsies B.C.

BOITPOC Nel8: MasTHuK (CTaJIbHOM LIapUK HA HUTH) JOBOJBHO OBICTpO ocTaHaBiuBaercs. [lox
CTaJIbHOM IIApHK MONOXKMIU MarHut. Ilepuoa ymenbiumics. IlodeMy yBenuuMBaeTcs BpeMs 3aTyXaHus, U
IUIOCKOCTb KosieOaHuii MeHsercs?

OTBET: Bot nepBoe npuOimkeHnue K MOJTHOMY OTBETY (KOTOpBIA O4YEHb CIOXKEH M 3aBHCHT OT
TaKuX Bewlled, kKak (opMa M pa3Mepbl MarHUTa, pa3Mep MIApHKa U ero pacCTOsSHHWE OT MAarHUTa M OT
HEOIHOPOAHOCTH HAMAarHM4€HHOCTH MaFHl/lTa).

Kak Bbl HaBepHO 3HaeTe, BO3BpAINAIONIas CHJIA, ACHCTBYIONIAs HA MIAPUK HJEATbHOTO MAsTHHUKA,
MIPONOPIMOHATBHA €r0 OTKJIOHEHHMIO OT IIOJI0)KEHHs PaBHOBECHs. MIMEHHO MO 9TOH HpHYMHE MEPHO.T
KojebaHHi He 3aBUCHT OT HX pazmaxa. CHia B3auMOJICHCTBHS peaJbHOTO MAarHUTa ¢ MIAPUKOM OYeHb
CIIOKHBIM HEJMHEHHBIM 00pa3oM 3aBHCHT OT OTKJIOHEHHs IIaphKa OT MOJIOKeHHs paBHoBecHs. Ho
MOJKHO TIOKa3aTh, YTO IPH MajblX OTKJIOHEHHMAX MAasATHMKA OT PAaBHOBECHS M HE OYEHb MaJioM (IO
CPaBHEHMIO C Pa3MEPOM MAarHMTa) PacCTOSIHUM OT MarHUTa [0 IIaphKa B3aHMOJEHCTBHE C MarHUTOM
MOJKHO PaccMaTpHBaTh MPOCTO KaK YBEIMYEHHE CUIBI TspKecTd. I103TOMy paccMOTpHM, Kak 3aBHCHT
JIOOpPOTHOCTH KOJIEOAHMH MasTHUKA OT CHJIBI TSDKECTH (JOOPOTHOCTH — 3TO OTHOLICHHE IOJHOW SHEPruu
MAasTHHKA K HOTEPSIM SHEPIHHU 3a MEPHOJL KOJeOaHHs).

51 Oyny omyckarh Bce HOCTOsiHHbIE Kod(duimeHTts! B (opmynax Takue kak 27, KodpduuueHt
BA3KOCTH BO3[yXa, Macca IIapuKa M TaK Jajee..., I0ITOMy B HamHUX (opMymnax BCIOAY CTOHT HE 3HAK
PaBEHCTBA =, a 3HAK IIPOMOPIIHOHATLHOCTH ~.

HTak, Kak H3BECTHO TEPHOJ KOJIeOaHUH MasTHUKA ONPEIE/IsIeTCs BRIPAXKCHUEM:

T~ (i), (Y]
rae 1 — umHa MasTHHKA, g — YCKOPEHUE CBOOOIHOTO MaaeHHMsI.

Torna cKopocTh MasiTHUKA IPH aMIUIUTYZE KoneOaHus A

V ~AIT ~Ag/)2 . 2

Ecnu xonebaHust Mansl, a MEPHOJ BENHK, TO CKOPOCTh Maja M CHJIa TPEHHs IIapuka o0 BO3myX

MIPONOPIMOHATIbHA CKOPOCTH IAPUKA:

fp~V. 3)

Torna notepu Ha TpeHue 3a ne;non KoseOaHus (paboTta = CHiIa Ha IIyTh)
P~fpA. 4)

Ho MBI moMHHM, 4TO CKOpOCTh poniopunoHaibHa A. Toraa ¢ yuerom (2) u (3) momyuum:
P ~(g/l)"?A% . (5)

OHeprusi MasiTHHKA (MIOTCHLIHMAIbHAS SHEPTUs NP IIOJHOM OTKIOHCHMS Ha pAacCTOSHHE A OT
TOJIOXKEHHSI PABHOBECHST)

E~gh . (6)

DT0 mpocTo MpuBBIYHOE Mgh (M, Kak 1 oberan, s OmyCTUlI, T.K. 3TO KOHCTaHTa), a h — pa3HoCTb B
BBICOTaX IIAPHKa B IIOJOKCHUM PABHOBECHS M IPH MaKCHMalbHOM OTKIOHeHHH A. Ilpocroe
TEOMETPHYECKOE YIPaXKHEHNE M03BOISIET YOSANTHCS, YTO:

h~A%l. @
Toxncrasmss (7) B (6), nomyuum
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E ~ (g/)A%. 8)
Torzaa 106POTHOCTH (XapaKTepPHOE YUCIIO MEPUOJIOB 32 KOTOPOE 3aTyXalOT KoJeOaHuUs)
Q ~E/P ~(g/)*2. 9)

Wtak, Mbl BHAUM, 49TO 3(PEKTHBHOE YyBEIMYCHHE CHJIBI TSDKECTH, KOTOPOE BO3HHMKAET MPH
B3aMMO/ICHCTBUH IIAPUKA C MATHUTOM, IIPHBOAUT K YBEIMYCHHUIO TOOPOTHOCTH KonebaHuil. B pesymnbrate
YHCI0 KoneOaHuil MasTHUKA [0 3aTyXaHUs YBENHYMBACTCS IPOMOPLUOHAIBHO KOPHIO KBAJPaTHOMY U3
3¢ PEKTUBHOTO YCKOPEHHUS CBOOOIHOTO MaICHUSI.

Ho 3a6aBHO, 4TO BpeMs 3aTyXaHHUsI IIPU ITOM OCTAJIOCh HPexXHUM (!):

Ty ~ TQ = const .

OpnHako B peanbHOH TEOMETpUM OIbITa HENb3sl INpeHeOperaTb HEIMHEHHBIMH 4JeHaMH B
MpeacTaBIeHNnH Bo3Bpalaomeit cuibl. Onn Benuku! U ¢ yuetoM HelnnHeHHOCTH Bo3Bpamaromel cuisl (f
=ax+ b+ ...) OKa3bIBAETCs], YTO BPEMsI 3aTyXaHHs MEHSETCs ITPH B3aUMOJIECHCTBHU C MarHUTOM.

Yro kacaercsi M3MEHEHHUs IUIOCKOCTH KOJeOAaHWH, TO 3TO TOXE OOBACHIETCS HEIMHEHHOCTHIO
konebaHuil. OOBIYHBIA MasATHMK IpH KOJeOAHHAX OMMCHIBAET ILIHIC (peajbHoe KojeOaHHE MOXKHO
paccMaTpuBaTh Kak CyMMY JBYX HE3aBHCHMBIX KOJIE€OaHUH B OPTOrOHaIbHBIX HampasieHusx). Ho mus
HEJIMHEHHOr0 MasTHUKA 3TO YK€ HC Tak. llame €CJIM OChb MarHuTa COBIIAJAC€T C HAIPaBJICHUEM HUTHU
MasgTHHUKA B ITOJIO)KECHUU PaBHOBECUS (T.e. HUMEECTCH IOJIHAsl OCeBast cnmmeqpm), TO TPACKTOPHS MasiTHHUKA
— MO-TIPEKHEMY 3JUIMIIC, HO OCh JUIMIICA BPALAETCsS M, B PE3YJIbTATe, TPACKTOPHs MasTHHKA — pO3eTKa.
OTcyTCTBHE OCEBOH CHMMETPHM MAarHuTa W HEOAHOPOJIHOCTh €ro HaMarHWYeHHOCTH emie Oonee
YCIOXKHAKOT ABUKECHHUE MasgTHUKA.

Bopobves I1.B.

BOITPOC Ne19: Yro Takoe "miaposast MosHus"?

OTBET: Crporo roBops, 3TOro HUKTO He 3HaeT. [IpupoHbIe MIapoBble MOJHUH BOSHUKAIOT PEIAKO
B HENpE/ICKa3yeMbIX MecTaX, HCCIeoBaTh HX C IOMOIIbI0 IPUOOpOB He ynaaBanock. HaGmoneHus
OYEBH/ILIEB HEHAIEKHBI: "OT CTpaxa Ija3a BeIUMKH", T.K. IJIe-TO B MOJOBUHE CIy4aeB IIapoBasi MOJIHHS
HCYEe3aeT CO B3PBIBOM. B 1a00paTopHBIX yCIOBHAX yAaBanoCh HOIydaTh paspsanbl B rase, MOXOKHE Ha
IAPOBYIO MOJIHUIO, HO YTBEPIK/IaTh, YTO 9TO UMEHHO OHA, HET OCHOBAHMI.

Ha pycckoM s3bIKe €CTh HECKONBKO KHHI, B KOTOPHIX ONHCAHBI HAOMIOJACHUS OYEBHILEB U
TIEPEYHCIAIOTCSA BO3MOKHBIE O0BSCHEHHU
W.Mwmsnuntos, 1. Tuxuit "3a rpanbio 3akoHOB Hayku" M., Atomuszat, 1980,

N.I1.CraxanoB "O ¢u3nyeckoit npupozae mapoBoit Monauu" M., DHeproaromusuar, 1985,
B.M.Cmupnos "3arajka maposoit monaun" M., 3uanue, 1987.

Bce aBTOpBI CXOAATCS B TOM, YTO NPU BCTPEYE C IIAPOBOH MOJIHMEH Hano BeCTH ceds, KaK IpH
BCTpeue ¢ OOMBLION 37101 COOAaKOM: Bce BpeMsi CMOTPETh Ha Hee U M30eraTh pe3KuX JBHKEHUMH.

C TOuYKM 3pEHMs TEOPUH — OCHOBHAs HpoOjeMa OOBSACHUTH OONBIIOE BPEMs KH3HM LIApPOBOU
monHuK. OpHa M3 HauOonee MPOJABMHYTHIX Teopuid mpemtoxeHa B kHure b.M.Cmupnosa "IIpoGiema
mapoBoii MotHuK" M., Hayka, 1988.

OCHOBHBIM MPEANIONOKEHHEM SBICTCS TO, YTO INAapoBas MOIHHA — (PaKTaIbHBIH OOBEKT,
00pa30BaHHBINA CITy4aiHO COCAMHUBIIMMUCS JACTHUYKAMU yTiepofa. 3a cdeT (paKTaIbHOCTH y B3TOTO
00BbEKTa HU3Kasl ITIOTHOCT M OYEHb OOJbIIAsl IIIOMAb TOBEPXHOCTH, YTO 00ECIEeUHBAET BO3ZMOXKHOCTD
JIETKO TIEpPeIBHTaThCA B BO3AyXe M JOINTO MHOIAEPKUBATH DHEPTOBBIICICHHE NPH HEHHTCHCHBHOM
OKHUCJICHHUH.

Ilenecm B.H.

BOIIPOC Ne20: TToyemy 3emJIs Bpalaercst BOKpYT CBOeit ocH, a He 6ecriopsio4Ho?

OTBET: 3emus Bpamaercs mo uHepuun. Ecim 661 3emis umena ¢gopMy mapa, 0ZHOPOIHOTO HITH
COCTOSIIEro U3 chepuuecKrX CI0EB PaBHOH IIOTHOCTH, U SIBISNACH OB aOCOMIOTHO TBEPIBIM TEJIOM, TO
HaIpaBJIeHUE OCH U IIEPUOJ €€ BPAIICHHs He MEHSUIHCh Obl. ITocKoIbKy 3eMils CIUTIOCHYTA C TIOIIOCOB, U
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ee 0Chb BpAILEHHs He MEePIEeHIUKYISIPHA K IUIOCKOCTH IBMOKeHHs 3eMin BOKpYr CONHI, TO CO CTOPOHBI
Connua u JIyHsl Ha 3eMiIt0 JIeHCTBYeT napa CHJI, IPUBOAALLAS K MPELECCU U HyTaluuu 3eMHOl ocu. B
pe3yabTaTe MPELeCCHH 3eMHasi 0Chb, OCTaBasICh BCE BPEMsI HAKJIOHEHHOM K IUIOCKOCTH JIBIIKEHUS 3eMIH
MoJl yrJIOM OKOJI0O 66 rpagaycoB 34 MHUHYTBHI, MEIUICHHO OIMCHIBA€T BOKPYT OCH JKIHITHKH KOHYC C
nepuogom okono 26000 ner. B pesynbrare HyTanmuu OCh BpamieHUs 3eMJIM COBEpLIAET pa3IndHbIC
MeJKHe KoJieOaHUs OKOJIO CBOETO CpefHero nojoxenus. Camoe IllaBHOE HYTalIOHHOE KoleOaHue nMeeT
nepuox B 18,6 roga. Ctporo roopsi, Ha 3eMJII0 ACHCTBYIOT M OCTAJIbHBIE [UIAHETHI, H3MEHSIS ITOJIOKEHHE
B IPOCTPAHCTBE IIOCKOCTH 3€MHOI OpPOUTHI, YTO CMEIIAeT TOYKY BECEHHEro PaBHOAEHCTBHS K BOCTOKY
Ha 0,114 cekyHIbI B TOJL.

IIperieccuio U HYTAUUIO MOXKHO HMPOHAONIONATh HA MPHUMEpPE BPALICHUS] OOBIKHOBEHHOI'O BOIYKA
WJTH ILECTEPEHKHU OT YacoB.

Hcrounuku:
J.B.CuByxun "O6muii kype ¢pusuku', 1.1, M., Hayka, 1989, maparpad 50,
I[1.1.Bakymun, O.B.Kononosuy, B.M1.Mopo3 "Kypc obueit actporomun", M., Hayka, 1983, maparpad 72.

BOIIPOC Ne21: IlpotuBopedaT JiM 3akOHAM (U3MKHM ITyTEHIECTBUS BO BPEMEHH B 00OHX
HampaBJIeHUsX?

OTBET: B03MOXHOCTh IyTellecTBUs B Oyayliee OTKpbUI M 000CHOBaN DHMHIITEHH B pamkax
Cl'lCLll/laJ'leOﬁ TEOPUHU OTHOCUTEIBHOCTH. ﬂyTemeCTBue B 6y11yLuee, KaK U3BE€CTHO, MOXXHO COBEPIIUTH HA
PEIATUBHCTCKON pakeTe. PelsTHBUCTCKIE MIO-ME30HBI B HALIIUX YCKOPUTENAX COBEPIIAIOT ITyTENIECTBHE B
Oynymiee, B THICSUH pa3 MEPeXHBas CBOMX MOKOSIIUXCS OpatheB. Ho IMOIHOIEHHBIE MyTEIECTBUS BO
BpeMeHH TpeOyIOT BO3MOXKHOCTH BO3BPAIlEHHUs Ha3a/l, YTO PABHOCHJIBLHO ITyTEIIECTBHAM B MPOLLIOE.

Jlo HelaBHETO BPEMEHH ITyTEIIECTBUS B MPOLIIOE CUUTAIMCh KATETOPHUECKH HEBO3MOMKHBIMHU, C
¢usnyeckoil Touku 3peHus. OnxHako, Heckonbko Jer Hazaa V.HosukoB (CCCP) u Kun Topn (CILA)
MOKa3aJlH, 4YTO B paMKax 0oOIIel TEOpUH OTHOCHTEIBHOCTU P HETPHBUAILHON TOIOJIOIMH MPOCTPAHCTBA
(T.e. ecnM BO3MOXHBI "pydyKH" B THIEPIPOCTPAHCTBE, COCAUHSIONINE JIBE Y/IaJI€HHbIC 00JIaCTH OOBIYHOTO
MIPOCTPAHCTBA), B NPHHIIUIIE, BO3MOXHO IOCTPOSHHE MAIMHBI BpeMeHH. Takas MalluHa MO3BOJAET
MyTELIeCTBOBATh Kak B OyayIuee, Tak U B mpomuioe. I[IpaBaa, XapakTepHblif MacmTad Takoro yCTpoicTa
— rajakTuka (1o macce).

C Ttex mop omyOJIMKOBAaHO MHOXKECTBO CTAaTEH M0 TEOPHMM MALIMHBI BPEMEHM (aQHAJIM3MpPOBAJIACh
BO3MOXKHOCTb €€ OCYILIECTBJICHHS KaK C MO3HIHUH OOIIel TEOpUH OTHOCHUTEIbHOCTH, TaK H MO3HIHI
KBAHTOBOW (U3UKH).

INomHoro mnoHMMaHUs HPoOOIEMBl HET M ceroaHs.. OJHAKO OTBET HA BOIPOC MHE KaxKeTcs
MOJIOXKUTEIBHBIM B TOM CMBICIIE, YTO "CEroHs He MpoTHBOpeyat".

Tlonpobuee B crathe B.I1.Dponoa «UepHble ABIPHI, «KPOTOBBIC HOPBD» M MALIMHA BPEMEHU»
(xypuan «IIpuponay, Ne§, 1991, ctp.10-16).

Bopobwes I1.B.

BOIIPOC Ne22: MeHst MHTEpECYIOT NPUHLIUIBI PAabOTHl YAaCTOTHOTO CMECHUTEINS, KOTOPBIH
HCIIONB3YIOT B JaTdnMKax ABKeHWs. He Mmorim Obl Bbl BhICTaTh MHE cXeMy (IPHHLHITHAIBHYO)
YaCTOTHOrO CMecHTeNs1. Byny odens GraromapeH, eciu cxema OyaeT Ha MHKPOCXEMax.

OTBET: Ilo-BuaumMoMy, BONPOC OTHOCHUTCS K, TaK Ha3bIBAEMBIM, JIOIUICPOBCKUM JAaTYHKAM.
IIpuHIMI ASHCTBHS TAKOTO JaTYMKa 3aKIF0YACTCS B TOM, YTO IPU OTPAXKCHHH 3JICKTPOMArHUTHOM BOJIHBI
OT ABMXyLIeiics uemu ee wyactora casuraerca Ha BemmunHy f = 2Fgv/c, roe Fo — wacrora
9JEKTPOMATHUTHON BOJIHBI, V — IPOCKIUS CKOPOCTHU LIEIN Ha HAIPABICHHE LIEIb-TOKATOP, C — CKOPOCTH
cgera. OTCIOf@ BHIHO, YTO HY)KHA OYCHb BBICOKAs YaCTOTAa M3Iy4aeMOro CHTHANlA, TaK KaK COBUT
4acToThl (TO, 4TO HECeT HH(OPMAIIMIO O LIeH) MPOMOPLHOHANIEH V/C 1 oueHb Mai. Eciu v = 3 M/cek, To
OTHOCHUTENBHBIN CIBUT 4acToThl Bcero 10 u mpu vacrote m3myuenus 10 I'Tu (1010 T'm) f =200 T
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Kpome Toro, Tonpko B CBY (CBEpXBBICOKOUACTOTHOM) JAMANa30HE MOXHO CO31aTh KOMIIAKTHBIE
HaIpaBJIEHHbIC AHTCHHBI.

Jlokatop oOiyuyaer uenb HenpepbiBHBIM CBY  curHamom. OTpakeHHBIH [ENBIO  CHTHAJ
BO3BpAl[aeTcsi O00OpaTHO, MPHHMMAETCS JOKATOPOM M CMELIMBACTCS HAa CMECHTeNe C Majoil jaonei
u3dy4aemoro curHama. CMecuTenb — HENUHEHHBIN 3JIEKTPUYECKUi 3JIeMEHT (B IpOCTeHIleM ciiydae
o6branblit CBY nuon). Ilpu oqHOBpeMEHHOM B3aHMOJEHCTBUM ABYX JJEKTPOMArHUTHBIX KoneOaHMil ¢
pa3NHYHBIMU YacToTamy fi u f, Ha HenmMHEIHOM dIEMEHTe BBIIEIIOTCS KOJIeOaHHs ¢ KOMOMHAIIMOHHBIMU
4acToTaMu

fL=f17f2 u fH=f1+f2.
OOBIMHO HIKHASA YacToTa fi BbIgenseTcs QUIBTPOM M HMCMONB3YeTCS IJIS PErHCTpaliy HaTudus
JBIDKYIIErocst 00beKTa U (€CIIH HY)KHO) [UISI H3MEPEHHUS €0 CKOPOCTH.
dakTHuecKH Bce TakMe JaTYMKH, 3TO paauoinokatopsl CBU nuanas3ona, KoTtopble padoTaloT Ha
gacrorax oT 10 10 40 I'T' (niauHa BonHb! 0T 3 10 0.8 cM). JlaTUMKH TAKOrO THIIA UCTIONB3YIOTCS:
®  JUIs ONpeJesIeHHs] CKOPOCTH CaMOJIETOB;
® Ul U3MEPEHUs] CKOPOCTH aBTOMOOMIIEH. Psii Mapok aBToMOOMIell MMeeT B KayecTBe CIHAOMETpa
JIOTJIEPOBCKUN pPaJIMOJIOKALIMOHHBIN aTYUK CKOpPOCTU. JlaTyMk pabGoTaer Ha AJIMHE BOJIHBI 8 MM,
PACIIOJIOXKEH IO/ CUAECHUEM BOAUTEIS U 00JIydaeT I0pory uepe3 paJuonpo3payHoe OKHO;

® Ul KOHTPOJISt CKOPOCTH aBTOMOOMIIS (IaTYMKH, KOTOpbIe ucnonbsyer ['AN);

®  Kak OXpaHHbIE JaTYUKH (PETHCTPALs IBHKYIIHXCS OOBEKTOB B OMELIEHHN).

[Ipocreiimmii naT4nK JTBHXKEHUS TIpeJcTaBIseT co00i 1Ba Kycka

| BOJHOBOAA (ckaxkeM 23x10), cioxeHHble BIOJb Y3KOM creHku. C
N —> OJIHOH CTOPOHBI, BOJHOBOIBI 3aKOPOYEHBI H C IOMOLIBIO AHadparm B
] + HHUX OPraHU30BaHbl PE30HATOPBI, HACTPOEHHBIE Ha yactoTy Fo. CBY
| ¢ MOIIHOCTh H3Jy4yaercs (IONajaeT) B Pe30HATOPHI Yepe3 OTBEpPCTUE
I cBs3u B auadparme. B oqHoM pesonarope nomenien auox ['anuna (G)

(uan  naBuHHO mponetHbid  amoxn  — JIIIA). Ilpu nopaue
OIIPE/IENICHHOTO HANpsDKEHHMs Ha JAMOJ Takas CHCTeMa HauyuHaeT reHepupoBath CBY konebanus Ha
yactore Fo. Bo BTOpoM pe3oHarope pasmenieH cmecutenbHbid auox (M) — 310 npuemHuk. Yactb
MOIIIHOCTH H3Ty4aeMOro CUTHaJIa Yepe3 OTBEPCTHE CBS3U B 0OLIEH y3KOi CTeHKEe BOIHOBO/A IPOHUKAET B
BOJTHOBOJ, NPHEMHHKA H Jajee B PE30HATOP CMECHUTeNs. OTa MOIIHOCTh CMEIIMBAETCS C CHTHAJIOM,
OTpa)KEHHBIM IIENIbI0 HAa JHOAE-cMecuTene. B pesynbrate, Ha AMOE BOSHUKACT HU3KOYACTOTHBIN CUTHAI
€ Pa3HOCTHOM YacTOTOH. DTOT CUTHAI HCIIONB3YETCA ULl H3MEPEHHS CKOPOCTH 1IENH (M3MepsETCs 4acToTa
fu). Ecim TpeOyercst TONBKO PErHCTpanust HAIMYUs ABIXKYIIErocss 00bEKTa, TO HPOCTO aHAIM3UPYETCs,
€CTb JIH B HANPsDKCHUH HA JAHOJE IePeMEHHAas 4acTh C aMILUTMTYOH BBIIe HEKOToporo nopora. Cucrema
Ha JABYX BOJHOBOAax (0e3 pyHOpHOH aHTEHHBI) MMEET YyBCTBUTEIBHOCTH B KOHYCE C PACKpBITHEM
nopsizika 70 TpasycoB (BI0Ib OCH BOJHOBOIOB).

Kak s rosopwi, npocreiimmii cmecutens — CBY nuon (mampumep, 2A102A, 2A107A ...). B
0aJaHCHBIX CXeMaX UCIONB3YITCS 2 nuoza. CMECHTENbHBIX MUKPOCXEM Ul paboThl B JUana3oHe 3 ¢cM
HET.

Bopobves [1.B

BOIIPOC Ne23: KakuMm croco00oM MOXHO PacCYUTATh CPEAHHUM MPOMEKYTOK BPEMEHU MEXIY 2-
Ml CTOJIIKHOBEHHSIMH MOJIEKYJI B Ta3000pa3HOM aTOMapHOM BOZIOPOJE, €CIU CKOPOCTh IBIKCHHS aTOMOB
HeusBecTHA? VI3BeCTHBI: pajauyc aToMa BOJOPOAA, TEMIIEpaTypa, JUIMHa CBOOOTHOrO mpodera Mexay 2-
M CTOJIKHOBECHHSMH.

OTBET: Ouenum BpeMst MEK/1y CTOJIKHOBEHHUSMH MO TOPSIIKY BEMMYMHBI. XapaKTepHasi CKOPOCTh
V 4acTHIBI Ta3a (B JaHHOM CIlydae aToMa BOJOPOJa) TaKoBa, UTO ee KMHETHUYecKas YHEprHs IOopsaKa
KT, rae k = 1.38-10% Jix/K — mocrosmuas Bonsrivana, a T — Temmeparypa rasa. Takum oGpasoM,
(Mmv®/2 ~ kT wm v ~ (KT/m)®. 31ece m — macca wactuusl. J1s XapakTepHOro BPEMEHH t MEKIY
CTOJIKHOBEHHUSIMH OJHOH YaCTHIBI C OCTATbHBIMU IO MOPSAIKY BEIHYHHBI HMeeM: t ~ A/v, Toe A — JUIHHA

13



cBoboHOro Ipobera Monekynsl. Eciy Hac HHTepecyeT BpeMs MEXIy JIOOBIMH CTOJIKHOBEHHSIMHU
Moitekyn B rase ty (N — monHoe 4ncio yacturn B rase), To 3a Bpems t npoucxoaut N/2 CTOJIKHOBEHHMi
(koo purenT 1/2 BO3HUKAET M3-32 TOro, YTO COYAApEHHE YACTHIBI 0] HOMEPOM i ¢ 4acTuel j u
coymapeHue j ¢ i — OfHO M TO xe coyaapeHue). [IockoybKy CTOIKHOBEHHS IPOUCXOIAT CIIydaiHO, TO
tn ~2M/(VN).

B Goree akkypaTHOH MOJIENH, yIUTHIBAIOIIEH pacrpe/e/ieHHe MOJIKYJI Ta3a 1Mo CKOPOCTSIM, MOXKHO
MOJIYYHTh:

ty = Aem/KkT)H2 [ (2N) .

BugHo, 4TO 3TOT KOHEYHBIH OTBET OTIMYACTCS OT NPEABAPUTEIBHON OLCHKH Ha KOI(DUIMEHT
MOPSIIKA €AUHULIBI, KOTOPBIH JOCTATOYHO YCIOBEH (OH 3aBUCUT OT TOYHOT'O ONPEENICHHS OHSATHUS JUTHHBI
cBOOOHOTO Mpodera).

[Tonpo6nee: JI.B.CuByxun «O6mmii kypc pusukm», Tom 2, M., Hayka, 1990, naparpad 86.

Cmenanos M.I".

BOITPOC Ne24: Korna cBer majaer Ha Kakoi-nuOo mpeaMer, 4acTh cBeTa oTpaxkaercs. B stom
ciydae (OTOH HAa OYCHB-OYECHb KOPOTKOE BpEeMs KOHTAKTHPYeT ¢ mpeaMeroM. CTaHOBUTCS JIM Ha 3TO
OYEHb KOPOTKOE BpeMsl CKOPOCTh (POTOHA paBHOM HYm0? Y cKopsieTcs i HOTOH mocie 3Toro?

OTBET: OtpaxceHue cBeTa MOKHO OOBSACHATH Ha JABYX A3BIKAX: BOTHOBOM H KOPITYCKYJISPHOM.

e [Ipu xOHTaKTe cBeTa € MOBEPXHOCTBIO MpEAMETa Majalonias EKTPOMAarHUTHAsE BOJHA HHAYLIUPYET
B TIpeIMeTe ITepeMeHHbIE TOKM, PacKauuBas IEPEMEHHBIM JJIEKTPUUYECKUM IIOJEM OJIEKTPOHBI B
aToMax. MHIynupoBaHHbIE TOKM BO3HUKAIOT HE TOJIBKO HA MOBEPXHOCTH IIPEIMETA, HO U B IIyOuHE
ero. OHH caMU H3JIy4alOT BTOPHYHBIC JJIEKTPOMArHHTHBIE BOJHBI BO BCEX HANpaBICHUSIX. DTH
BOJIHBI, HHTEp(EpUpPys] MEXIy COOOM, CO31aI0T MPOXOAAILYI0O U OTpa)KeHHYIO BOJHBI. BuaHo, uTo
pasMasaHHas B NPOCTpaHCTBE (1O KpaiiHeld Mepe, Ha JUIMHY BOJIHBI) JIGKTPOMArHUTHAs BOJHA
KOHTaKTHPYeT C IPEAMETOM, HUT/Ie He JIOKAIU3YsCh 1 He OCTAHABINBAAC.

e  (DOTOH, JOCTUTLIMI MOBEPXHOCTU MpEAMETa, MPOHUKAET BHYTph ero. Ilpoiias amuHy moriomeHus,
(boTOH morjoIaeTcs aToMOM, IEPEBOAs €ro B BO30YXKIECHHOE cocTosiHHEe. UYepes HEKOTopoe BpeMst
aTOM BO3BpAIIAETCs B OCHOBHOE COCTOSIHHE, HcIycKast (poToH. BuaHo, 4to koraa GoToH cymecTByer,
€ro CKOpPOCTh PaBHAa CKOPOCTU CBETa, a Korjaa (POTOH He CyLIECTBYET, HE MMEET CMBICIA MOHATHE
«CKOpPOCTH (hOTOHAY.

Llenecm B.U.

BOIIPOC Ne25: TToyemy Boja KaME€Hb TOYHT?

OTBET: IlonpoGyem pa3o0parbCsi, 4YTO MPOMCXOAMT C Kallieid, Najarolieldl Ha TBEPLYIO
MOBEPXHOCTh. BHawane — o cume ynapa uium, Jdydile, O JAaBICHHM HAa IIOBEPXHOCTH, BO3HHUKAIOIIEM
BCIICICTBHE y/apa KaIum o Hee. UTOOHI 9TO JaBJIeHHE OLCHHUTH, yIOOHO IPEICTaBUTh ceOe He JCTALIYI0
KaIlIio, a MIIMHIPHIECKYIO CTPYIO, KOTOpasi Ha CBOEM ITyTH BCTPedYaeT MOBEPXHOCTh TBEPAOro Tema. B
OLICHKE, KOTOPYIO MBI HMOIy4YHM, XapaKTepPHCTHKU (OPMBI CTPYH HET, IO3TOMY OHa OyIeT TomHa U I
KaIlIH.

I1pu BHe3amHOM CTOJIKHOBEHHU CTPYHU C IPErpajioil MOCIenHss HCIBITEIBACT Ha cebe nelicTBHe, TaKk
Ha3bIBAEMOTr0, THIPOJMHAMHYECKOrO yAapa. 3a OTHM TEPMHHOM CTOMT, B CYIIHOCTH, IIPOCTOE
¢uspueckoe SBICHHE: B MOMEHT CTOIKHOBGHHS CTPYH C Hperpagoil B CTpye, B HAaIpaBICHUH,
MIPOTUBOIMOJIIOKHOM €€ [BI)KCHHIO, HAUMHAET DPAaCIpOCTPAaHAThCS BONHA TOpMOXeHHs. Harmsgayio
WLIOCTpanuio 3tomy aai npodeccop I'.M.ITokposckuii B kuure «I napogHaMudecKue MexaHu3Mbly. OH
o0paTuyl BHEMAaHHE Ha BHEIIHIOI0 aHAJIOTHIO MEXKTY 3aTOPMOXKEHHOH CTpyeil M IIOTOKOM aBTOMAIIWH,
BHE3AITHO OCTAaHOBJIICHHBIM BCIIBIIIKON KPACHOTO CBETa: y CBeTO(opa BO3ZHHKAET CKOIICHHE MAIIWH,
KoTOopoe OyZeT paclpoCTpaHAThCS IPOdb OT cBeTodopa HABCTpedy 3aTOPMOKEHHOMY IOTOKy. Ciemyer
MOAYEpPKHYTh, YTO CHUTHAI O TOM, YTO IIOTOK aBTOMOOHIEH 3aTOPMOXEH, IBHIIKETCS CO CKOPOCTBIO,
MeHBIIIeH CKOPOCTH HX JBIDKEHHS, a BOTHA TOPMOXKCHHS B CTPYe ABIDKETCS CO CKOPOCTBIO 3BYKa B BOJE,
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KkoTopast paBHa ¢ = 1,5-10° cM/ceK 1, KOHEHO ke, GOJbIIE CKOPOCTH KATLIH, HaaIOMEH ¢ KPBILLIH.

BenomunM o Tom, yto cornacHo 3akoHy Herotona cuna (F) — ects nmpousBezneHue maccsl (m) Ha
ycKOpeHue (), KOTOpoe, Kak W3BECTHO, SBJISCTCS OTHOLICHHEM H3MEHEHHUsI CKOopocTH (Av) K BpeMeHH (1),
B T€YECHHE KOTOPOTO OHO MPOM3OILIO. DTOT 3aKOH MOXHO 3amucath B Buze Gopmyisl: Ft = mAv .

Macca cTpyH, 3aTOPMOXEHHasI 32 BpeMsI T, OUYSBUIHO, paBHA M = CTSP, T/IE S — CEUCHHUE CTPYH, a p —
IUIOTHOCTh JKMAKOCTH. Tak Kak M3MEHEHHE CKOPOCTH OCTAQHOBJICHHOW CTPYH DPaBHO CKOPOCTH e€e
JBIKEHUS, TO 3akoH HbloTOHa MOXKHO TepenucaTs B Gopme, onpenersoneil napiaenue P = F/s, kotopoe
MBI uiemM: P = pvc.

Kak u 0Obuto 0Oemano, noiaydeHHas (opMyna He COASPKUT HH IJIMHBI, HU CEYCHUS CTPYH U €I0
MOJKHO IT0JIb30BaThCS IPUMEHHUTENBHO K Karle. B momydenHoi (opMylie p ¥ ¢ U3BECTHBI, @ BEIHIHHY V
crnenyer obcyauTs. WHTyMmus mofckasblBaeT, YTO, KOIJa CKOPOCTh Kallli Maja, OiM3Ka K HYIIO,
T'HAPOANHAMUYECKOTO yaapa B MOJIHOI Mepe He mpousoiiner. Kammst paciumiomiuTes, pactedercst o
HOBEPXHOCTH, HE yapHB ee.

MOXXHO OLIEHHTh HaMMEHBIIYIO CKOPOCTb, NMPU KOTOPOW mpousoiaer yaap. s 3toro, BUAUMO,
HE0OXOAMMO, YTOOBI 32 BpeMs yaapa Kalull He ycleja CyIIECTBEHHO PACIUTIOIIUThCs. UToObI Karis B
MOMEHT NaJieHHs Ha KaMeHb Bena ce0d MoJOoOHO TBEpAOMY LIAPUKY, HEOOXOAMMO, U4TOOBI BpeMs ee
pacrunomuBaHust (T,) ObUIO GOJIBIIE BPEMEHH, B TeUEHHE KOTOPOro IIPOUCXOANT yaap (Ty) : Tp > Ty . Bpems
T, GJIM3KO K BPEMEHH, B TEUEHHE KOTOPOTO COBEPIIAETCS OAHO KoJiebaHKue CBOOOIHO JIeTsIIeil Karm Witk
BO3/YIIHOTO ITy3bIpbKa, BCIUIBIBAIOIIETO B BOJE: T, ~ RN/, rie ¢ — KOO(QUIMEHT TOBEPXHOCTHOrO
HATSDKEHUST BOJIBI, 1 — BA3KOCTb BOJBL. A BpeMs Ty MOJKHO OIIEHHTh KaK OTHOIIECHHE pajiyca Karid K
CKOPOCTH €€ TI0JIETa B MOMEHT MaJICHHs Ha MIOBEPXHOCTh KaMHs: Ty ~ R/v. IIpubnu3uTensHo 3a 310 BpeMmst
BEpXH:Isl TOUKA Karjld MOXKET JI0JIETeTh 10 KaMHS, T10CTIe TOro KaK HIDKHASA TOYKA €ro yiKe KOCHYJIACh.

Teneps U3 yclnoBus Tp ~ Ty JIETKO OLIEHUTH BEIUYHHY CKOPOCTH MaJCHUs KAIUIM, TP KOTOPOi OHa
CMOXKET «IONONTh KaMeHb». DTa CKOPOCTh JOIDKHA YIOBJIETBOPATH yclIoBHIO V =~ of/m. Ilpu Takoit
CKOPOCTH JaBJICHHE, BO3HHKAIOIIEE B MOMEHT yzapa, Oynaer P = pco/m. INoacrasmss mudpsl, moayaum
P =~ 107 ITa. MHOTOKPATHO MPHK/TaABIBAEMOE TAKOE ABJECHHE CIIOCOBHO PA3pPYIINTh XPYMKHii KAMEHb.

Ucrounuk: S1.E.I'ery3un «Kamisi», M., Hayka, 1977, ctp. 70-79.

TlonpoGHee B cOopHuKe crateit «Dpo3us», M., Mup, 1982.

BOIIPOC Ne26: Uro npousoiiaer ecian 3eMIlt0 MPOCBEPIMTh HACKBO3b U OPOCUTH TyJa KaMEHb,
4TO OyJeT C KaMHeM?

OTBET: OueBuHo, 4To KaMeHb OyzaeT nagatb. Eciiu cuuTaTh, 4TO M3 MIAXTHI OTKAYAJIN BO3IYX, TO
KaMeHb, HaOpaB MOCEpeaANHE MTyTH MAaKCUMAJIBHYIO CKOPOCTb, IIOJIETUT JaJibLIe 110 MHEPLMU U JOCTUTHET
MIPOTHBOIOJIOXKHONW CTOPOHBI 3€MJIM, NpPUYEM €ro KOHEYHAas CKOpOCTh OyJdeT paBHAa Ha4aJbHOM.
TlockonbKy yckopeHue cBOOOIHOrO MafeHus BHYTPH 3eMJIM MPOHNOPLMOHAIBHO PACCTOSHUIO 10 LIEHTPa
3emutd, TO XapakTep JBM)KCHHsS KaMHS COBHAJACT C JBMXKCHHEM Ipy3a Ha MPYXKHUHKE, MOAYHHSIOIICHCS
3akoHy ['yka. UTo MHTEpecHO, eciiM HayalbHas CKOPOCTh KaMHSl paBHA HYJIO, TO TEPHOJI KojeOaHHs
KaMHsI B IIaXT€ PaBEH NEPUOAY OOpalleHUs CIyTHHKA BOJIM3U TIOBEPXHOCTH 3€MJIM, IPHUYEM HE3aBUCHMO
OT TOr0, KaK IPOphITa MpsiMast MIaXTa: yepe3 LEeHTP 3eMIIM UM 110 JI000i xopre.

AKKypaTHbIE JI0Ka3aTeNIbCTBA B KHUTaX:

H..Tonbndap6 «CO0pHUK BOIPOCOB U 3a1ay 1o ¢usuke», M., Beiciias mkoina, 1973, 3anauun 7.6, 7.7,
B.b.ByxoBues, B.JI.KpuBuenkoB u ap. «COOpHHK 3aaay 1o 3jieMeHTapHOU ¢usuke», M., Hayka, 1974,
3a1a4a 663,

E.N.ByrukoB, A.A.beikoB, A.C.KonmpateeB «®uszuka B mnpumepax u 3amadax», M., Hayka, 1989,
ctp.75-80.

BOIIPOC Ne27: B yem 3aKkio4aercs TeOpHsi BO3MYLICHUS?
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OTBET: Teopus BO3MyIIEHHI TO3BOJISIET UCCIIEIOBATH CIOKHYIO CHCTEMY, €CIT U3BECTHA OJn3Kast
K Hell cucTeMa, KoTopasi XOpoIIo H3ydeHa (BUAUMO II0TOMY, YTO OHAa HAMHOTO HPOLIIE).

B HIMPOKOM CMBICIIE 3TOrO CIIOBA, TEOPUsI BO3MYLIEHUH €CTh COBOKYITHOCTh METOJIOB Pa3IoXKEHHUs B
psn Teitnopa o kakoMy-HUOYAb ManoMy napamerpy. Psa Teiinopa ¢yunkiun f(x) B OKpecTHOCTH TOUKU
Xo €CTh

£(X) = f(xo) + F(Xo) (X-Xo) + F'(Xo) (XX0)2/2 + ... + ¥ (Xo) (X-Xo)"/n! + ...
rae f(xo) — mepsas npomssoxuas f{x) B Touke Xo, f* — Bropas npoussoxnas, f” — n-as nponssoxHas
¢bynkunu f(x) B Touke Xo. Paznoxenue B psig Teitnopa mo3BossieT HAXOAUTh 3HAYCHUSI DYHKIUH B TOUKE
X, €CIIM M3BECTHO e¢ JIOKaJIbHOE MOBEACHUE BOJIM3M TOUKH Xo (T.€. H3BECTHBI 3HaueHne QyHkiuu f(x) B Xo
U ee MPOM3BOJIHBIE). DTOT Ps — €CTh Pa3loKEHHE MO mapamMerpy X-Xo. Ecim ator mapamerp man (T.e.
OTKJIOHEHHE X OT Xg HEBENHKO), TO KaXABIl WIEH psfa Majl MO CPaBHEHHIO C MPEABIAYIIHUM M JULL
BBIYHCICHHS f(X) MOKHO OrpaHHYHUTHCS HEOOIBIIMM KOITHYECTBOM WICHOB PsIaa.

[pumep: psin Teiinopa wis Gynkiwy sin(x) B6mM3M Touku x=0 HMeeT BUA sin(x) = x - X/6 + x*/120
- ... Berancum ¢ momonrsio 3toro psna sin(30°) = sin(r/6) = 1/2. Hynesoe npu6amkenue maet sin(1t/6)n,
= 0 (¢yHkuus B3sTa B TOYKE X=Xg). DTO HAC, ECTECTBEHHO, HE YIOBJIETBOPSET, HAM HYyXHa MepBas
Heycuesalonlasi MonpaBka K 3HAYEHUIO PaBHOMY Hymo. B mepBoM mpHOIM)KEHHH, YyUUTBIBas MEPBOE
craraemoe psina, umeeM sin(n/6)q,= /6 = 0.5236..., 4o yxe ropaszo gy4ure. Eciu jke Mbl yd4TeM BTOpoe
KyOHUECKOe ClIaraeMoe, T0 oTyduM sin(1t/6)m,= /6 - (1/6)%/6 = 0.4997...

Ecnu X-Xo BEJIMKO, TO PSAJL MOXKET CXOIUTHCS MEIJIEHHO (M TOTr/1a OT HEr0 MaJIo TOJIb3bl), & MOXKET U
BoOOMIE pacxoauThbes. T.e., TEOpUs BO3MYILEHUH paboTaeT, KOrjaa OTKJIOHEHUE OT U3BECTHOTO 3HAUEHUS
(OTKJIOHEHHE — 3TO U €CTh BO3MYILEHHE) HEBEIIMKO.

KoHKkpeTHast cxeMa TEOpHH BO3MYIUCHMH CHJIBHO 3aBUCHT OT 3aJa4d, KOTOPYIO HalO pelath, u
METO/IbI TEOPHHU BO3MYIICHHI O4CHb Pa3HOOOPA3HBI.

TlonpoGHee B KHUTAX:

JI.AJIannay, E.M.JIudmmn «Mexanuka», Tom 1 Kypca Teoperudeckoid ¢pusuku, M.: Hayka, 1988,
A.Haii¢n, «Metoas! Bo3MyIeHui», M: Mup.
Cmenanos M.T".

BOIIPOC Ne28: IlpaBaa iu, 4TO y MiIaHEThl 3eMJIst €CTh ABOWHUK U €ro HE BUIHO, IIOTOMY YTO OH
HaxoauTcs B potuBodasze?

OTBET: 3anaua ompeneneHus IBMKeHHS 4-X M Oosiee Ten MOJ JSHCTBHEM CHII TATOTEHUS (a
HMMEHHO TakoBOH siBisercs CosHedHast cuctema) B 00LIeM cilydae 10 CHX nop He peuieHa. Eciu B cucreme
3 Tema, TO €CTh HECKOJBKO YACTHBIX CITydaeB, I KOTOPBIX €CTh TOYHOE pelieHue. BriepBeie oM ObLIH
Haiinens! Jlarpanxem B 1772 r. Cyth ero paboThl CBOAUTCS K TOMY, YTO €CIM 3aJaHbl MAacChl Tel U
TOJIO’KEHHE 2-X TeJl Ha IUNIOCKOCTH, TO CYLIECTBYET 5 TOYEK, B KOTOPBIX MOJKET OBITh PACIIONOKEHO TPEThE
TeJ0, M CUCTEMa IPH 3TOM OyJeT ycroitunsa. Takum oOpasom:

a) ecau TpU Tela PacHOJIOKEHbl Ha OIAHOW NPAMOM, TO OHM OOpAIAIOTCS, OCTAaBasCh HA HEil BOKPYr
001Iero HEeHTpa Mace;

0) ecnu TpU Tena PacIoJOXKEHbI B BEPIIMHAX PABHOCTOPOHHErO TPEYroOJbHHKA, TO OHM OOpaIlaroTCs
BOKpYT OOIIEro LeHTpa Macc TaK, 4TO TPEYTOMBHHK OCTACTCSI BCE BPEMsl pPaBHOCTOPOHHHM.

Ecnu 6b1 B Hamteit ConHeuHo#t cucteme ObuI0 Beero Tpu Tena: ConHue, 3eMis U ABOMHUK 3eMiu B
nporuBodase, TO B COOTBETCTBMM ¢ pemieHueM Jlarpamka (a) cucrema Obuia Obl ycroitumBoil. Ho
nockonbky B CONHEYHOH cHCTeMe HEOCCHBIX Tel 3HAUYUTEIbHO OONbIIe TPeX, TO HECHMMETPHUYHBIC
BO3MYIICHUS IUIAHETHBIX OPOHT HEH30KHO NpPHBENYT K HApYIICHUSIM KOH(HIYpAaIHH CHCTEMBI H
HapYLICHUIO YCTONYHBOCTH IIAHETHBIX OPOHT.

Kak MbI celiuac moHMMaeM, ABOWHHUKA 3eMJIH, HAXOASIIETrocs B MPOTHBO(A3e, HE MOXKET OBbITh (XOTS
COOOIIEHNS O CYIIECTBOBAHUHN JBOMHIKA 3eMIIH IIEPHOANIECKH MOSBILIIOTCA B «OyIIbBapHOI» IIpecce).

Ho, Tem He MeHee, BO BceX 5 Toukax Jlarpamka, HOCUMTaHHBIX I cucTeMsl «3emisi-ConHie U
TpeThe Teloy», 00HAPYKEHBI CKOIICHHS IIBLIH H Ta3a.

IMoxpobHee MOXKHO IPOUHUTATE!
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I1.1.Bakynusn, 9.B.Kononosuu, B.M1.Mopo3 " Kypc obueit acrponomun", M., 1977,
Y.Anbsen, I'. Appenunyc " Opomouus ConHeuHoii cucremst”, M., 1979,
A.J1.Bprono" Orpanndennas 3aiava tpex ten", M., 1990.
Kupuuenxo H.A.

BOITPOC Ne29: MeHsi MHTepecyeT, Kak MOXKHO IpPEJCTaBUTh 3NEKTpoHbI? Kak BONHY M Kak
KBaHTBI ¥ JJIEMEHTAPHBIE YaCTHIIbI?

OTBET: O0bI4HO OTBEYAIOT, YTO JICKTPOH — 3TO BOJHA M YaCTHUIIA OJTHOBPEMEHHO, HO TAKOH OTBET
MaJIo MOMOraeT MOHMMaHuio. [loxkaiyii, Ipole BCero MpecTaBisTh cebe CBOOOIHbBIC AICKTPOHBI KaK
BOJIHOBOW TMAaKeT — Ha0oOp BOJIH, KOTOpbIE CKJIA/bIBAsCh, KOMIICHCHPYIOT Ipyr JApyra BO BCEM
MPOCTPAHCTBE, 3a UCKIIFOUEHHEM HEOONIBIIOro o0beMa. IMEHHO BHYTPH 3TOro 00beMa U «CYILECTBYET»
37eKTpoH. JI1s Hac 3TOT 00beM MHUKPOCKOIMHMYECKH MaJl, MO3TOMY Mbl BOCIHPHMHUMAEM BJIEKTPOH Kak
OT/ENIbHYIO YaCTHIly. DTH CJIOBA, KOHEYHO, HE OOBSACHSIOT HAa CAMOM JIEJNIe, YTO XKe TAKOe JJIEKTPOH, U3
Yero OH CJeNaH, HO OHU JIal0T BO3MOXXHOCTb HATJIAIHO TPEACTaBUTh ce0e HIEKTPOH, MO3BOJIAIOT YBUAETH
CBSI3b MEX/Iy BOJJHAMU M YAaCTHLIAMH.

Bonee neranbHOe pa3bsCHEHHE TOTO, KAaK BBINIAIAT MUKPOCKOINUYECKUE OOBEKTHI M KaK OHU BEIYT
ce0s1, MOXKHO HaiiTh B KHUTE «[10/] 3HAKOM KBaHTa».

Heanoe U.11.

BOIIPOC Ne30: KakoBa Oyner mpumepHas ¢opma Gonbinoii measemuist depes 50000 ser u
noyemy?

OTBET: 13-3a npeueccun 3eMHOI OCH TOJIOCHI MHPa OIKMCBIBAIOT BOKPYT IOJFOCOB SKIMITHUKH
MaJlble KpYTru pajinycoM okoso 23,5 rpamycoB 3a mepuoza okoso 26000 ner. 1o 03Ha4aer, 4To uepes
50000 net monroc Mupa OyIeT HampaBieH B Ty JKe TOUKY, 4To i 2000 set Hazax. DTO HEAANeKO OT 3BE3/bI
anbga B co3Be3quu [Jpakona. CMeHa "HOJIIPHON 3Be3/bl" HE NMPUBEIET K U3MEHEeHUIo (opMbl bonbiioi
Mengeaunpt: 50000 ner COMIIKOM Maiblii CPOK JUISL TOro, 4TOOBI CTajM 3aMETHbI OTHOCHTENIbHBIC
CMEILCHHUS CHITBHO Y/IaJICHHBIX 3BE3]1.

Hcrounuk:

I1.M.baxynusn, 3.B.Kononosuu, B.M1.Mopos "Kypc obmuieii actporomun", M., Hayka, 1983, maparpad 73.

BOIIPOC Ne31: [ToueMy MMEHHO KPAaCHBIH IIBET 03HAYAET OCTAHOBKY, a HE KaKOH-HUOYb Ipyroi
(y cBerodopa)?

OTBET: B cBeroBoil cHrHaiam3aluu, HPUMEHSEMOH Ha BCEX BHMIAaX TPAHCIOPTA, LIMPOKO
HCHONB3YIOTCA B KAaueCTBE YCJIOBHBIX 3HAKOB I[BETOBBIC CUTHAJBL Hambonee mMPOKO HMCIONB3yeMBIMU
SIBISIIOTCSL 1IBETA: KPACHBIN, 3€NCHBIH, JKeNThI, CUHUN M Oenblid. [l BOCHPOM3BENCHUS STUX IIBETOB
MPHMEHSIOTCS LBETHBIC CBETOGMIBTPEL. OCHOBHBIM TpeOOBaHHEM, HPEABABIAEMBIM K TaKHM
cBeTOGUIBTPaM, sBJseTCS Oe30MO0YHAs ONO3HABAeMOCTh CHUTHANIOB. Haubonee pa3nM4YHBIMH IO
OLIYLICHUIO IIBETHOCTH JOJDKHBI OBITh KPACHBIM M 3€JNCHBIN CHUTHAJIbI, 3aMpEIalomUi 1 pa3peraroii
IBIDKEHHE B JOPOJKHON CHIHAIIM3aIUH.

TlonpoGHee B kHUTE:

B.B.Memukos, A.b.MarseeB «OCHOBBI CBETOTEXHUKN», M., DHeproatromusnat, 1989, crp.361-363.

YenoBedeckuii I71a3 CBET Pa3HBIX UIMH BONH (I[BETOB) BOCIPUHUMAET IO-pasHOMy. Hammyumryio
YyBCTBUTEIBHOCTh CPEAHMII HOPMAIbHBIA I7a3 IIPH THEBHOM 3PCHHU HMEET B JKEITO-3€JICHOH YacTH
ciektpa 555 mM. IIpm cyMepedHOM 3peHHM MaKCHMyM YyBCTBHTEIBHOCTH CMENIaeTCs B
KOPOTKOBOJIHOBYIO 007acTh — 510 HM. IIpu Boctipustu kpacHoro msera 650—700 HM YyBCTBUTENBHOCTh
rnaza cocraisier 0,04—0,1 or MakcumaneHOi mpu gHeBHOM 3penuu u 0,00002-0,0007 — mpum
cymepedHoM 3peHuH. [Ipum BocmpusTim 3emeHoro nBera 500—-550 HM YyBCTBHTENBHOCTH IJIa3a
cocrapisier 0,3— 0,99 or MakcuManbHOW npu qHEBHOM 3peHuu u 0,5-0,98 — mpu cymepedHoOM 3peHHH.
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BuznHo, 4ro mpenenbHOE paccTosHUE, ¢ KOTOPOro €€ MOXHO DasIyIafeTb KpacHbId LBET, ropasio
MEHBIIIE, YEM IPE/IENbHOE PACCTOSIHUE JUISl 3€JIEHOTO L[BETA.

TlonpoGHee B KHUTE:

B.B.Mekos, A.b.MarseeB «OCHOBBI CBETOTEXHUKH», M., DHeproatromusaat, 1989, crp.55-60.

PacnpoctpaneHne cBera B atMocepe Ompenessercsl MoKa3aTesIMU MOIJIOICHHs U paccesHus. B
BUIUMOIl OOJIACTH CIIEKTpa IOIVIOMICHHE OYEHb Mano ¥ MM O0ObIYHO mpeHeOperaioT. Paccesnue
pa3mensioT Ha MOJEKYJISIpHOE M adpo3oibHoe. PaccesHue cBeTa XapakTepHusyercss KOI(QOHIHEHTOM
ocrabJIeHusl cBeTa O, KOTOpBI 3aJaeT J3KCIOHEHI[HAIbHOE OCialieHne ocBelleHHOCTH E ucrounmka
ceera I Ha paccrosmn 1 E = Ie™/r?,

st monekymsipaoro paccesans a(L) = 0,0119 (550/4)* km™, rae A — JIMHA BOTHBI B HM.

JIi1s1 a3p0O30JIbHOTO pacCesiHusl, CHIIbHO 3aBUCSILEro oT MyTHOCTH atMocgepst, a(L) = (3,9/s—0,012)
(550/A)™ km™, rae A — amuHa BOMHEI B HM; m=0,92+0,25; 3HaucHHe s OEPETCA B 3aBHCHMOCTH OT
COCTOSIHUSI aTMOC(EpBI: TIPH JIETKOM TyMaHe s=1 KM, IIpH JbIMKe s=4 KM, IIpH SCHOM Hebe s=20 kM.

[Tonpoonee B kuure: JI.C.Jlonun, M1.M.JleBun «CripaBOYHUK IO TEOPUH MOABOJTHOIO BUIACHUY, JI.,
I'mapomereonsaat, 1991, ctp.197-198.

Busso, yro a(700) / a(550) ~ 0,4 st monexyasiproro paccesirust, 1 o(700) / o(550) ~ 0,8 st
a3p0O30JILHOIO paccessHusA. [10cKOIbKy XapaKTepHbIE PAacCTOSHUS, HAa KOTOPHIX YOBIBAET OCBELIEHHOCTD,
1/ ~ 100 kM, TO He3HAYUTENbHBIH BBHIUIPHINI B KOd(QuIMEeHTe ocnabieHus sl KPacHOro cBera
nanuunuaanO HE MCHSCT CI/ITyaLLl/ll'O IS aBTOTpaHCl'lOpTa.

Kaxaplif 1BET ompeneNeHHBIM 00pa3oM BO3jelicTByeT Ha uenoBeka. JleficTBue 11BETOB
00YyCIIOBJIEHO, C OZIHOH CTOPOHEI, HEMOCPECTBEHHBIM (DH3MONOTHYECKUM BIHSAHUEM MX HA OPTaHHU3M, a C
JPYTOi — accolMalusiIMK, KOTOPhIE 1IBETA BBI3bIBAIOT HA OCHOBE IIPE/ILIECTBOBABILIETO OnbiTa. HekoTophlie
1[BETa BO30YKJIAI0T, IPyr'He, HAIIPOTUB, YCIIOKAHBAIOT HEPBHYIO CHCTEMY.

Eme U.-B.I'ete otmeuan aeiicTBue 1IBETOB Ha HACTPOCHUE M JCJINII C ATON TOYKH 3PEHMs LIBETA Ha:
a) BO30OY’KAaloIIKe, OKUBIISAIONME, OoapaIiie u 0) NOPOXAAOIINE eYaIbHO-0eCIOKOHHOe HACTPOCHHE.
K mepBBIM, OH OTHOCHJI KPaCHO-XKENThbIE, KO BTOPEIM — (proseToBsie. [IpoMexyTOUHOE MECTO OH OTBOJHII
3EJICHOMY I[BETY, KOTOPBIil CIOCOOCTBYET, O MHEHUIO ['eTe, COCTOSHHIO CIIOKOWHOH yMHUPOTBOPEHHOCTH.
H3BecTHYIO PONIb B 3TOM MOIIHOHATILHOM BO3/IEHCTBUH 1IBETOB UI'PAIOT, O-BUAHUMOMY, U aCCOILMAIIUH:
rony0oil 1IBET acCOLMUPYETCS C LBETOM Toiay0oro HeOa, 3€NeHbId — C 3elNeHbI0, roy0o0-3eNeHbIil — ¢
BOJIOIO, OpAaHXKEBBIH — C IulaMeHeM M T.J. l[BeTa mHpoM3BOAAT oOmpeneTeHHOE (U3HOTIOrUYECKOe
BO3ZICHCTBUE Ha YenoBeueckuil oprannsm. @panity3ckuit HeponaTosor Y.depe oTMETHII, YTO OKa3aHUS
JMHAMOMETPA, ONpPEHEIIOEro CKAaTHeM pPyKH MYCKYNbHYIO CHIy, M3MEHSAIOTCA IIPH Pa3IHYHBIX
yCIOBHSX ocBeleHus. IIpu KpaTkoBpeMeHHOH paboTe MPOU3BOAUTENLHOCTh TPYa yBEIUUHBACTCS IPH
KpPacHOM CBET€ M YMEHBINAETCSA INIPH CHHEM; IPH JIUTEIbHOH paboTe NpOM3BOAMTENBHOCTH TPyAa
YBEIMYUBACTCS IPH 3€ICHOM ILBETe M CHMIKACTCS NIPU CUHEM U (HONETOBOM. DKCIIEPUMEHTAIbHbIE
uccnenoBanusi B.M.bexrepesa, I.H.CiuproBa u Ipyrux yCTaHOBHIM BO30YyXIarollee M YrHeTarouiee
JeiicTBHE pa3IMUYHBIX IIBETOB, B CBA3H C 4eM bexTepeBbIM OblTa NOCTAaBIEHA 3a/adya HCIONb30BAHHS
TEpPaneBTUYECKOTO 3MOIMOHAIBHOIO BO3JCHCTBHMA LIBETOB HA ICUXHUYECKOE COCTOSHHME MAYyLIEB-
HOOOJIBHBIX.

®.Credanecky-I'oaHra ycTaHOBHJ, YTO MpPH JACHCTBUM IIypIlypHOTO, KPACHOI'O, OPAaHIKEBOTO,
JKENITOr0 IBETOB y4YaI[aeTcss M YIIyOsiercs ObIXaHWe U IIyJbC, a IPU ACHCTBHHU 3€IEHOro, TOIydoro,
CHHEro u (PHOJETOBOTO I[BETOB BO3HHUKAET oOpaTHOe melictBre. ClenoBaTeNbHO, IepBasi IPyIIa [[BETOB
SBISIETCSL  BO30yXKJaromieil, a BTOpas — YCIOKaMBaIOIICH. Ilo 3ameyaHMAM XyAOKHHKOB H
HCKYCCTBOBEJIOB, KpAaCHBIH LBET — BO30YKAAIOIMH, COrPEBAIONMH, OXHMBIAIOIINNA, aKTHBHBIH,
SHEPrUYHBIf, O4YEHb OOraT accOLMAlMIMH; OPAH)KEBBIH — BECENbli, KU3HEPAIOCTHBIMN, MIaMEHHBIN,
COCMHSIONMN PAJOCTHOCTh JKENTOrO C BO30YXKICHHEM KpPAcHOTO; JKENThIH — TEIUIbId, OOmpAIIMM,
BeECeNIbIi, MpPUBJIEKATENbHBINH, HECKOJBKO KOKCTIMBBIA; 3€NeHbI — CIHOKOMHBIM, CO3/aeT MPHITHOE
(yIoTHOE) HACTpOCHHE, OYeHb OOraT acCOLUMAIMSAMH; CHHHI — CIOKOMHBIM, CEepbe3HBIH, HEXHBII,
TeyabHbIi, TOCKIMBbIA, MUPHBI, CEeHTUMEHTAIBHBIN; (DHOJICTOBBIH IIBET COSTUHSET SMOILMOHAIBHBIN
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9((HEKT KpacCHOrO W CHHETO IBETOB — OJHOBPEMEHHO NPUTATHUBAIONIMN W OTTAJKUBAOIMHI, TTOIHBIA
JKU3HH U BO30YXKIAIOIIHH TOCKY U TPYCTh.

LBeraM CBOMCTBEHHA ONpe/IesieHHas! BBIPAa3UTEIbHOCT. BBIpa3UTeIbHOCTD 1BETa HE €CTh Pe3ylibTaT
accolMali M He [EepeHOC CHMBOJMKM [BETa, a KadecTBO, NPHHAUICKAIISE CaMOMy LIBETY.
BhIpasuTenbHOCTh B 3HAUUTENLHOMN CTENEHN 3aBUCHT OT YCTAHOBKH UCIIBITYEMBIX.

IMompoOHee B KHHUTE:

C.JL.Py6unmTeiin «OCHOBBI 0011Ie# icuxonorumy», M., I[legaroruka, 1989, crp.253-265.

TakuM 06pa3oM, CKIIaJbIBaeTCs BIIEYATICHHE, YTO KPACHBIH LBET B cBerodope BBIOpaH [Uist
CHIHAJIM3AINH 3aMPETa, UCXO/ He U3 PU3UUECKUX apPTyMEHTOB, a U3 MCUXO(PU3UOIOTHYECKUX.

Llenecm B.H.

BOITPOC Ne32: Kak Beirsiaur F-o6maxo?
OTBET: BepodTHOCTh HaXOXIEHHs 3J€KTPOHA B aTOME ONPEIENAETCS HECKOIBKHUMH LEIbIMU
yucnaMu n,l,m.
e N — IJaBHOE KBAaHTOBOE YMCIIO, XapaKTEpHU3yIollee 3HaYCHHE SHEPrUU CTAllMOHAPHBIX COCTOSHMI
atoma, npuyemMm n=1,2, ....

e | — opOuTanbHOE KBAHTOBOE YUCIIO, XapaKTepH3yoliee OpOUTAIbHbI MOMEHT KOJIMYECTBA IBUKEHHSI
anexTpoHa, npudem 1 =0, 1, ..., n-1.
e Jlns cocTosHMIA ¢ pa3aMuHbIME | IpHHSTA cucTeMa OyKBeHHBIX 0003HaueHmii: 1=0 1 2 3 4 ..
spdfg
e M — MarHUTHOE KBAaHTOBOE WYHCIIO, XapaKTEPH3YIOLIEE IIPOCKIHI0 OpOUTAIBHOIO MOMEHTa
KOJINYECTBA JABIDKCHHUS DJIEKTPOHA Ha BBIOPaHHYIO 0Ch, mpudeM m = —|, —1+1, —1+2, ..., -1, 1.

Ipu 3amaHHbBIX YHCIax n, |, ¥ m cpeaHee pacmpeaenceHue dIeKTPOHHOrO 3apsiaa 3amaercst popMoit
9NeKTpoHHOro obmaka. Ha pucyHke mokasaHa 3aBHCHMOCTb PAclpeleieHHs OT YIJIOB DJICKTPOHHON
IUIOTHOCTH B 3JIEKTPOHHOM 00JIaKe aToMa Bojopoza Juis coctostuuii ¢ 1=3 (f — obnaxo).

Hcrounmnku:
Ounuknonenus «duznka Mukpomupar, M., 1980, cratbs "Atom",
S.Brandt, H.D.Dahmen «Mechanika kwantowa w obrazach», Warszawa, 1989, ctp.151, 209-211.

BOIIPOC Ne33: MeHst MHTEpECYeT BOINpPOC: PACIpEAeNieHHE AJIEKTPOHOB BOKPYT sApa M Kak
OIIPENENAIOTCS TPACKTOPHHU dIIEKTPOHOB?

OTBET: Bcs TpyAHOCT B ONHMCaHWHM SJICKTPOHOB B aTOME COCTOMT B TOM, YTO Ui HHMX HE
CyIIeCTBYeT IIOHATHS TPacKTOPUH. BbIIO OBl COBEpIICHHO HENPaBHIBHO IPEICTAaBIATH cede, UTOo
JNEKTPOHBI KPYTATCA BOKPYr sifpa IO KAKUM-TO OIpPENeTeHHBIM TpaeKTopusM. lopazmo TouHee
MIPEICTaBIATE cede, YTO AEKTPOH B aTOME — JTO CIeNU(UIEcKoe BO30YKIEHUE «IIEKTPOHHON MaTepHI»,
KOTOpOE€ MOXKET YCTOHYHBO CyIIECTBOBATh B IOJIE sApa. AHAIOr U3 IOBCEJHEBHOH JKU3HH —
KoJIeOIIomasics CTpyHa, B Hel TO)ke JKHBET BIIOJNHE oIlpefencHHoe Konebanue. [Tockombky TpexmepHoe
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MPOCTPAHCTBO TOpa3fo «Ooraue» OIHOMEPHON CTPYHBI, HEYJIMBUTEIBHO, YTO THIIOB SJICKTPOHHBIX
KOH(Hrypauuii B aToMe HaMHOro Oosbine. YTo Kacaercs paclpeeieHUil 3JIeKTPOHOB B IOJIE sSpa, TO
OHHU TOJy4YaeTCsl W3 PEIICHUS] YPaBHEHUM IS 3JIEKTPOHOB M MX SIBHBIM BHJ MOXKHO HalWTH B JIFOOOMN
CEePbE3HON KHUTE [0 KBAHTOBOM MEXaHHUKE.

Heanos HU.1I1.

BOITPOC Ne34: TTouemy 4enoBek He MajaeT ¢ Benocunena?

OTBET: Haunem ¢ TOro, 4ro OOBIKHOBEHHOE KOJIECO KATHTCS CaMO 10 ce0e J0CTaTOYHO
YCTOIYMBO: NpPH HAKIOHE B KaKyl-THOO CTOPOHY OHO HE MajaeT HOJ JeHCTBUEM CHIBI TSDKECTH, a
MOBOPAYMBAET B CTOPOHY HAKJIOHA H €ET IO Ayre. DTOT 3G (eKT Ha3bIBACTCS THPOCKOINYECKHM.

ITonpoGHee B KHHTE:

K1n.3.Cyopu «HeoObikHOBeHHas (r3HKa 0OBIKHOBEHHBIX SIBICHHUI», ToM 1, M., Hayka, 1986, rnasa 8.

CyLLleCTByeT MHOI'0 THIIOTE3, 06’])5{CH5[}0LU,HX yCTOﬁ'-{MBOCTb JABHMIKCHHSI CHCTEMblI TOHIIUK-

Bestocurie. OCTaHOBHMCSI Ha HEKOTOPBIX M3 HUX.
. I'mnoteza 1. I'mmote3a mpeanonaraer obecreueHHe YCTOWYMBOCTU ABMKEHMS TOJBKO 3a CYeT
l'lpl/lHylll/lTCIleOFO nepemeLueHml uel-npa MacCC CHCTEMbI ]'lyTeM HN3MCHCHUSA ITOJIOKCHHS TEJla TOHIIHMKA
OTHOCHTEIIbHO TOYECK Ol'lopbl koJiec. TUNMUYHBIMU npumepamu, HO}ITBCp)K}lalOLL[l/IMl/I 3Ty FH]'IOTC3y, cny)ucaT
€3/1a Ha BEJIOCHIIE/IE, C 3aKIMHEHHON pysIeBOi KOJOHKOH MJIM LIMPKOBOHM TPIOK €371kl HAa BEJNOCHUIIEE MO
JKECTKOMY MpSIMOJIMHEHHOMY NpoduI0 T1oJ KYNoJdoM IMpKa C TNpPUMEHEHHEM IIONEepeyHo-
PAaCIOIOKEHHOTr 0 1IeCTa, TaHTeNel U APYTUX MAaCCUBHBIX BCIIOMOTaTEJIBHBIX CPEJICTB.

Hanbornee 1ocToBEpHO MOATBEPKAAIOT JAHHYIO THIIOTE3Y IPUEMbI 00€CTIEYEHHs yCTOHUMBOCTU PH
JBI)KEHHM BEJIOCHIIE]a B y3KOH Kojee pa3OMTOil JOpOrd MIIM IpU HONAJaHUM KOJeC BEJIOCHIIena BO
BpeMs TOHKHU B k€100 TpaMBaifHOTo penbca. IIpu 9ToM cucTeMa BBIXOJUT U3 PAaBHOBECHS U OTKIIOHAETCS
OT BEpPTHKAJIBHOIH IMI0CcKOCTH. JIJ1s1 BO3BpallleHUs] CHCTEMBI B paBHOBECHE U OOECTeUeHHs YCTOHUMBOCTU
JBM)KEHHs TOHIMK BBITNOJHIET MaHEBP, COCTOSIIUK B TOM, YTO OH IPEIHAMEPEHHO OTTAJIKHUBAETCA OT
BEJIOCHIIEZIa B CTOPOHY, IPOTHBOMOJIOKHYIO IIEPBOHAYAILHOMY OTKJIOHEHHMIO, TIEPEHOCS IIEHTP Macc B
IJIOCKOCTb, B KOTOPOH PacIoNIoKeHa TOUKa OIOPEL.

. T'unotesa 2. Dra runoresa mnpemiaraet o0paTHOE JCHCTBUE, T. €. U3MEHEHHE TOJIOKEHHUS TOYEK
OIIOPBI CUCTEMBI T'OHIIHK-BEIOCHIIE]] Ha TOBEPXHOCTH JOPOTH.

AHanoroB mNomo0OHOrO JEHCTBMA B IPAKTUKE IIOBCEAHEBHOM JKM3HM BCTPEYAeTCs HEMAJIo.

Hampumep, 11 obecrieueHus yCTOHYMBOCTU KapaH[alla, BEPTUKAILHO CTOSIIETO HAa KOHYHUKE Nabla,
JOCTaTOYHO CMECTHTh TOYKY €ro omopbl. ObecriedeHHe yCTOHYMBOCTH TAKOTO BEPTHKAIBHO CTOSIIETO
CTEpXKHSI SIBICTCS TIOTHOM aHaJIOrHel CIOPIUIACA, KOTAa 3a CYET Pa3BOpOTa IEPEIHEro Kojeca FOHIIHKY
yIaeTcss HaXOAUTh AT HEro TaKoe MOJI0XKEHUE Ha IIOJOTHE TPEeKa, YTO LEHTP MACC CHCTEMbI OCTAeTCs B
BEpPTHKAIBHOH IUIOCKOCTH, NPOXOAAIIEH dYepe3 TOUKH KOHTAKTa IIEPEAHEr0 M 3aJHEro Kolec ¢
MOBEPXHOCTBIO TPEKa.
. T'unotesa 3. DTa runoresa cBsi3aHa ¢ 0OCOOCHHOCTHIO KOHCTPYKTUBHOI'O PELICHUS y3Ja MEepeaHen
BUJIKH BEJIOCHIIENa M [AHAMETPOM IIepefHero Komeca. IIpakTHueckue MCHBITAHUS —Pa3IHIHBIX
KOHCTPYKIHMI IMOKAa3alM, YTO M3 BCEr0 MX MHOTr00OOpa3Hs MOJKHO BBIIEIHTH TaKUE PEIICHHs, KOTOpHIE
OIIPENENAI0T YCTOHYMBOCTG HANPABICHHOTO ABIDKCHUS CHCTEMBI FOHINHUK-Benocures. [IpuHIumuaisHo
Ba)KHBIM U1 KOHCTPYKI[HU PaMbl BEJIOCHIIEIA SBIACTCS YTOJl HAKJIOHA OCH DPYJIEBOH KOJNOHKH M H3THO
TiepeiHeH BUJIKU.

VYCTOIYHBOCTE CHCTEMBI IOCTHTAeTCs IMOYTH BO BCEX CIOydasX, 3a HCKIIOYCHHEM TeX, KOria
COBIAJAIOT TOUKA IEPECCUCHHUs OCH PYICBOH KOIOHKU C IIOBEPXHOCTBIO AOPOTU (TOUKa A) H TOUKA
TepecedeHusl INIOCKOCTH JOPOTU M BEPTUKAJH, IPOXOIAIIEH Yepe3 och IepeJHero Koueca (Touka B), mmm
TouKa B HaxonmTCs crepenn TOUKH A MO HAaIIPaBICHHUIO €371bI BEIOCHIICA.

Esna 6e3 pyk Ha TakoM BeJIOCHIIEZIe HEBO3MOXKHA, a HOpMallbHAsI yIpaBisieMas pylieM e3zia Kpaiine
3aTpyIHHTENbHA. MHUHHMaIbHOE BHEIIHEe BO3JCHCTBHE BEIBOAUT CHCTEMY M3 PAaBHOBECHS, U OBICTPO
HapacTAIOIHH TecTaOUIH3UPYIOMUH MOMEHT IPUBOAUT K ITaICHUIO.

20



. l'unore3a 4. YcroituMBOCTH cHCTEMBI obecriednBaercs rupockonudeckuM dddexrom. Ilepsoe
IIPaBHJIO MPH 0OYYEHUHU €3J1¢ Ha BEIOCHIIEE TIACHT: MOUIEPXKHBAK CKOPOCTh JIBU)KEHHUS ¥ ITOBOpAaYHBai
pyJib B CTOPOHY TajieHns. DTOT 3(heKT HaOMoaeTCs TPy €371¢ Ha BEJIOCHUIIENe, KOraa PyKH yOpaHBI ¢
pyJist, 0COOEHHO 3TO CTAHOBHUTCS OYEBMIHBIM IIPH CITyCKE IO M3BHIIMCTOH JIOpore, KOrjaa i BXoja B
OYEpENHOH BHpPaK JOCTATOUHO HAKJIOHMTH KOPIYC B CTOPOHY LIEHTPa KPHBU3HbI BUPAXKa — M BEJIOCHIIEN
OyzeT JIBUTAThCA MO KPHBOJIMHEHHON TPAaGKTOPHH, COOTBETCTBYIOMIECH CKOPOCTH JBMKEHUS M HAKJIOHY
BEJIOCHIIENA.

O606mas, MOXHO CKa3aTh, YTO €CJIH IO/ MOHATHEM «YCTOHYMBOCTh JBHM)KCHHS» MMETh B BHJLY
CMOCOOHOCTh ~ CHUCTEMbl  TOHIIMK-BEJIOCHIIEA  COXPAHATh  3ajaHHy0  (opMy  JBMIKEHHS, TO
paccMaTpuBaeMas CHCTEMa HEYCTOWuYMBA B CTaTHKE, a e¢ aOCONIOTHO NPSMOJIMHEHHOE JBM)XECHUE
HEBO3MOXKHO. TpaekTopuM JBHMXKEHHs TOUEK OMOPhI (TOYEK KOHTAKTAa KOJEC C IMOBEPXHOCTHIO JIOPOTH)
KOJIEOIOTCSl OTHOCUTENBLHO HEKOTOPOH MpsAMOH JMHUH, BEIOpaHHOH B KauecTBE OCHOBHOT'O HANpaBJIEHUS
JBHOKCHHUS CHUCTEMBI. XOpOLLIO NOATBEPKAAOT 3TO IOJIOKECHUE 663yCl'leLLlele IOITBITKH €31bI C
3aKJIMHEHHON PyJIEBOI KOJOHKOH, XOT, Ka3ajloch Obl, IMEHHO NPH 3aKIMHEHHOH KOJOHKE BENOCHIIe]
JIOJDKCH IBUTaThCA ﬂpﬂMOJ’IHHeﬁHO.

Ucrouynuk: B.I1.JIro0oBuIkuit «I"oHOYHBIE Benocuneas», J1., Mammuocrpoenue, 1989, rnasa 8.

BOITPOC Ne3S: Yro Takoe NPUHIMIT HEONIPEASIEHHOCTH ?

OTBET: B ommuue 0T KiIaccHueckoin
MEXaHUKM, TA€ COCTOSHHE YacTulbl (MU
MaTepHanbHON TOUKH) 331aETCsl €ro MOI0XKEHHEM X
U MMITyJIbCOM P, KBAHTOBAs MEXaHHKA OMHCHIBAET
YacCTUIly C MOMOILBIO, TAK Ha3bIBAEMOH BOJIHOBOM
¢ynkumn  W(x). Henmb3st ckaszath, 4TO 4YacTuua
HaXOJMTCs B TAKOK-TO TOUYKE X, OHA HAXOIHUTCS KaK
Obl Be3jie, I/1e He paBHA HYJIIO BOJHOBas (hyHKIMS
Y(x). Tam, roe W(x) Oombuie, Tam Oosble U
BEPOSATHOCTb OOHAPYXHTh YacTily. CKOpoCTh ke
YaCTUIBI CBS3aHA CO CKOPOCThIO M3MeHeHus ' (x) B
npocrpaHcTBe. TunuuHas BonHOBas (GyHKUMS dacTuibl W(X) MOKa3aHa Ha PHCYHKE CIpaBa: 4acTUIA
HAaXOJMTCS B LIEHTPE, e HMITYJIbC 00paTHO MPOMOPLHOHATICH JUIMHE BOJIHBI A,

p=h/r,

rae h — nmocrosauas Ilnanka, h = 6.63-10’34£[>x-c. Yem MeHbLIE JUIMHA BOJHBI, TeM OOJbIIE UMITYJIbC
YaCTHIIBL.

HeonpeneneHHOCTs TOTOXKEHUs] YAaCTHLBI AX — 3TO HIMPHHA ropOuka B BONHOBOH (yHKIHH.
HeonpenenenHocTs MMIybca Ap CBsi3aHAa C HEONPEIETICHHOCTHIO IIMHBI BOMHBEI (MBI HE MOXKEM U3
BOTHOBOH (GyHKInH ‘P'(X) onpenenuTs IIMHY BOJIHBI TOYHO). UeM MeHBbIIe JUIMH BOJIH yK/IaJbIBAeTCS Ha
ropouke W(x), TeM XyKe MbI MOJKEM ONPEACIHUTD AJTUHY BOJIHBI A (CM. PUCYHKH).

Z"j; il
R

oy
1
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0575 -1

-3 -2 5 2 3
21

I




Beibepem kakyro-HHOYAb UIMHY L mopsiika IUPHHBI TOPOMKa AX M IIOCYUTAEM, CKOJIBKO JJIMH BOJIH
A Ha Hell yJI0KHIIOCH:

N = L/A. EcrecTBeHHO, MBI HE MOKEM OJHO3HAYHO YTBEPKIATh, UYTO TaM YJIOKHIOCH UMEHHO N
BoyH, a He N+1 (win He N-1). Bo-riepBbIX, MOXET YJIOKUTHCS HELEeNOoe KOJIUYECTBO BOJIH, a, BO-BTOPBIX,
HM3MEHEHHE YMCIIa BOJH Ha CAMHHILY MOXET OBITh CBS3aHO MPOCTO C M3MEHEHHEM (OpPMBI OrHOaroLIeH.
TakuM 06pa3oM, HEONPEACICHHOCTD JUTHHBI BOJIHBI HMEET MOPSI0K BETHYHHBI

A\ iopsizka AN = A%/L nopsizika A2/AX .

HeonpenenenHoCTh HMITYJIbCA ITPU 3TOM

Ap = hAA/A? nopsaka h /AX .
TakuM 06pa3oM, MbI TTOJTy4aeM H3BECTHOE COOTHOIICHHE HEOMPEIeICHHOCTEH

AxAp~h,
OTKPBITOE BEJIMKHM HeMelkuM ¢usnkom "aiizendeprom (W . Heisenberg).
I[Tonpo6nee B ctathe B.I1.Kpaiinoa «CooTHOIIEHHS! HEONPEIETEHHOCTH 71 SHEPIMU U BPEMEHM B
«CopocoBckoM obpa3oBaTenbHOM xypHane» Ne5, 1998, ctp.77— 82.
Cmenanos M.I'.

BOITPOC Ne36: YUro takoe kBa3ap?

OTBET: KBazapsl — KBa3U3BE3JHbIC PAJMOUCTOYHUKH, BHETAIAKTUYECKUE OOBEKTHI YHUKAIBHO
BBICOKOH CBETHUMOCTH.

Tlepsbiii kBazap (3C48) Obu1 oTKpBIT B 1961 roay. B pesysnbrate TOYHOrO M3MEpEeHHs KOOPAMHAT
KOMIIAaKTHOTO DPaJHOUCTOYHUKA, BBINOIHEHHBIX B 1961 romy, HCTOYHHK OBUI OTOXKIECTBIECH C
YHUKaJIbHBIM 3BE3710M0JJ00HBIM 00BEKTOM 16 3BE3IHON BEINYMHbI, UMEIOIINM CIa0blii KpacHbIH BBIOPOC,
HanpaBJeHHBIH OT HCTOYHHKA. Heckonpko mMmozke OBUIM MOMy4YEHbl CHEKTPbl JTOr0 KBasapa u
BBIICHMJIOCH, YTO OH MMEET 3HAUHTEIbHOE KPaCHOE CMEIECHNE CIIEKTPAIbHBIX JUHUIL. DTO yKa3bIBalo Ha
BBICOKYIO CKOPOCTh yJalieHus KBa3apa oT Hac. Koraga ObUIO OTKpHITO OOJNBILIOE YMCIO KBa3apos,
BBIICHUJIOCH, YTO BCE OHH UMEIOT 3HAYMTENIbHBIE KPACHBIE CMEIIEHUS. DTO TOBOPUIIO O TOM, YTO IPHpPOAA
KpPacHOr0 CMEIIEHHMs MMEET KOCMOJIOTMYECKMI XapakTep M CBsA3aHa C paciiupeHueM BceneHHol, a
KBa3apbl HAXOJSTCSA Ha KOCMOJIOTMYECKHX PACCTOSHUSX OT HAC.

BrocnencTsun HaOMIOAEHHs HA HOBBIX OONBIIMX TEIECKONAX H, OCOOEHHO, Ha KOCMHYECKOM
Tesneckore Xab0yia MOATBEPAMIO, YTO KBa3apbl — BHEraJakTH4YeCKue OOBEKThl. KBa3apbl BBIIEIAIOT
YyJOBHIIHYIO DHEPTHIO BO BCEX CIEKTPAIbHBIX AMANA30HAX OT PAaAHOBOIH IO CBEPX’KECTKOTO raMma
n3nydeHns. JlocTaTouHO CKa3aThb, YTO JETEKTOPHI HA 3eMIle PErMCTPHUPYIOT TaMMa KBaHTHI C dHEpruei
nopsiaka 10Y S7eKTpOHBONBT OT KBasapa, YHAICHHOTO OT HAC Ha paccrosHme 500 Meramapcek
(paccrostHue 10 Onvkaiiiei 38€3/1bl MOPsAKa OHOTO MAPCEKa).

ITo coBpeMeHHBIM IPENCTaBICHUSAM KBa3ap — 1TO YepHas JbIpa B AKTHBHOM sfpe TalakTHKH. Bo
BCSIKOM CIydae, HUKAKas Apyras Mojelb He MOXKET OOBsACHHUTH, KAK OOBEKT pa3sMepoM HOPsIKa OJHOTO
CBETOBOTO Yaca MOXKET HM3TyuaTh MOMHOCTH 10*7apr/cex, COOTBETCTBYIONIYIO AHHHIMILIMK MOPAIKA
OJHOI Macchl 3eMIIH B CEKYHIY.

bnaromapst orpoMHOH SPKOCTH, KBa3apbl BHAHBI Ha OIPOMHBIX PACCTOSHHAX. MakcuMalbHOE
KpacHOE CMEIleHUEe, KOTOpPOoe HaOI0aI0Ch y KBa3apa, OKOJIO 5. DTO 3HAYMT, YTO MbI BUIUM OOBEKT B
MOMEHT, Korja Bcenennas Oblia BIBOE MONOXKE, €M CETOHS.

HccnenoBanusi, TPOBEAEHHBIC —TeneckonoM Xa00ma, mokasand, 4YTO (aKTUUECKH BCe
3BE310M0J00HBIE 00BEKTHI Ha HeOE CO 3BE3/IHOM BEMYMHOM HIKE 23 — KBa3aphl.

TlonpoGuee B kuure: «Pusuka kocmoca», M., CoBerckas sHuukoneaus, 1986, crp.295-296.

Bopobves I1.B.
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BOITPOC Ne37: Kak czienarh caMOMy W3 MOAPYYHBIX MaTEpHAJIOB (€CIM OYEHb 3aXOTETh U UMETh
BO3MOXKHOCTb JIOCTaTh BCE HEOOXOAMMBIC KOMIIOHEHTHI) Jia3ep JI000ro Tuia (He ykaska, a CioCOOHBIH
BBDKEUb Cle]l, XOTs Obl Ha OyMare MM OIUIaBUTH)?

OTBET: Ilpu omnpeneiaeHHON CHOPOBKE M OIbITE, UMEs T'OTOBbIe MHTEP(EPEHIIMOHHBIE 3epKala,
MOXHO CJIeNaTh Ta3oBblil renuii-HeoHOBBIH sazep. OJHAKO MOIIHOCTb €ro CIUIIKOM HU3Ka Ul TOTO,
YTOOBI UM MOXHO OBUIO YTO-TO JKe4b. MOLIHBIH Jia3ep MOCTPOUTH 03 CIelHalIbHOro 000pYIOBaHHS
HEBO3MOXHO.

MO’KHO BOCHOJIB30BATBhCS CXEMOM CaMOJIENIBHOTO JIa3epa Ha XJIOPU/E MEIU, PE/UI0KEHHOI B CTaThe
I.Yonkepa B )xypHaie «B mupe Hayku» Ne6, 1990, crp.84—-87.

Bopobwves I1.B.

BOITPOC Ne38: 3auem noesf, nepes TeM Kak TPOHYThCS, CIaeT Ha3az?

OTBET: Pa36epem cmyuaii pasroHa noesjia Ha rOpM30HTaNbHBIX MyTAX. IToe3] ABUKETCs 3a cuer
CHIIBI TPEHMSI TIOKOSI, BO3HUKAIOIIEH Mex/y BEAYIIMMH KoJecaMu JOKOMOTHBA U penbcamu. Ha koreca
BAaroHOB M BEJOMBIC KOJECA JIOKOMOTHBA JEHCTBYIOT CHJIbI TPEHUSI CO CTOPOHBI OCEH, KOTOPBIE «XOTAT
3aCTaBUTh KOJECa CKONBb3UTh MO pelbcaM BIEpe]l. 3HAUHT, CO CTOPOHBI PEbCOB HA KOJeca HAYMHAIOT
JICHCTBOBATh CHJIBI TPEHHS IIOKOS B IPOTHBOIOJIOXKHYIO CTOPOHY, HPENATCTBYS BO3HUKHOBEHMIO
CKOJIBKCHHUS. l_[pl/l‘-lCM CUJIbI TPEHHUSA MOKOs BCETAa NPUHUMAIOT TAKUEC 3HAYCHU, YTOOBI CKOJIBKEHHS HE
BO3HHKIIO, T.€. YeM OOJIbIIIe TPEHHE B OCAX KOJIEC — TeM OOJIbIe TPEHHE MOKOs. BUIHO, 4TO CHITbI TpeHUs
TIOKOsI, PACKpy4HBas KOJECa, yMEHbIIAIOT YCKOPEHHE pasroHa moeszia. bomslie Toro, ecinu Bce CLENKH
MEXITy BaroHaMM Iepe] HayalaoM [BM)KEHHA HATAHYTBI, TO MOXET OKa3aThCs, YTO CyMMapHas CHia
TPEHHUS TOKOsI, AEHCTBYIOIAs Ha Kojleca BarOHOB M BEJOMBIE KOJECa JJOKOMOTHBA, OOJbIIIe CHIIBI TPEHHS
MOKOsI, JICHCTBYIOIIEH Ha Belyllue Kojeca JIOKOMOTHBA, M II0€3] BOOOLIEe HE CIBHHETCS C MecTa.
IMockonbKy cuma TPEHHS! CKOJBKEHHs yOBIBA€T C POCTOM CKOPOCTH ABMIKEHMS, TO IO MEpe pasroHa
BaroHa CHJIa TPEHHs B OCSIX Kojiec yMeHbIuaeTcsa. Ecau 10KkoMOTHB HayHeT cjaBaTh Ha3ajl, TO OH JIETKO
CMOXKET CIBHHYTh BHAuaje OJMH BaroH, 3aTeéM BTOPOH H T.I., OCTAa0UB HATSHKCHHE CIEMOK MEXTy
BaroHamH. Temepb JIOKOMOTUB MOXKET HauaTh JBIDKGHHE BIIEpel, MOCIEIOBATEIbHO PA3TOHsSs OIMH
BaroH 3a ApyruM. Pasrony moeszia Taike MEIIAIOT CHJIBI TPEHHs KaueHHs, HO OHU TOPa3/l0 MEHbIIE CUIT
TPEHHUS OKOS.

Hcrounuk:

C.3.Xaiikun «Puznueckue ocCHOBB MexaHuku», M., Hayka, 1971, maparpa¢ 98.

BOITPOC Ne39: ITouemy B rony 365 nHei?

OTBET: YroObl HaiiTh 4ncio gHeil B roday Hamo nepuon oOpamenus 3emun Bokpyr CoiHia
MOJIENUTH HA TEPUO 00paIeHus 3eMil BOKPYT coOCTBEHHOU ocu. [ToCKoIbKy MbI BeieM HaOIIo0 IeHUs ¢
3eMH, y4acTBYIOLICH B HECKOIBKMX HEPABHOMEPHBIX BPAILCHHUSX, TO SKCIEPUMEHTAIbHO OMpPEACTUTh
TepHOIbI 00pALEHU T HETTPOCTO, OOJIBIIIE TOTO, OHU OYIyT HEMOCTOSHHBIMHU.

TlonpoGHee B kHUTE:

I1.1.bakynun, 3.B.Kononosuu, B.11.Mopo3 «Kypc obuieii actrponomun», M., Hayka, 1983.

Ha ceropnsmHuii 1eHb NPOAODKUTEIBHOCT 3BE3IHOTO roja paBHa 365,256 cpemHUX COMHEYHBIX
CYTOK.

JITUTENBHOCTh TOJa MEHSETCS M3-3a BIMSHUS Ha 3EMIIF0 APYTHX IUIAHET COMHEYHON CHCTEMBI.
To4HBIE pacyeThl MOKA3bIBAIOT, YTO AKCLCHTPUCHTET OPOUTHI 3EMIM MEHSCTCS HE MEPHOJUYECKU, HO C
XapaKTEPHBIM BPEMEHEM, PABHBIM CTa THICSYaM JICT.

TlonpoGHee B kHUTE:

A.B.Bsinko «Hamra mianera — 3emisi», bubnmoreuka «Kanm» Boimyck 29, M., Hayka, 1989, ctp.37— 40.

JITUTeNnbHOCTh CYyTOK HemocTosiHHa. OHa CHCTEMaTH4eCKd pacTeT (T.H. BEKOBBIC H3MEHCHH ) H3-3a
TopMokeHusi mpwimBamMu Ha 0,0023 ¢ B 100 mer. B To ke BpeMs CyIIECTBYIOT CKauKOOOpas3HbIE
W3MCHEHHUs Ha THICSYHBIC JOTM CEKyH/bI 32 BPEMsI B HECKOJIBKO MecsieB. JIOCTOBEPHO MX MPUYMHA HE
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ycraHoByieHa. Takxke NPUCYTCTBYIOT CE30HHBIC M3MEHEHHMsSI M3-3a IMepepacrpele/CHus BO3IYIIHBIX U
BoJHBIX Macc 3emun Ha 0,001 ¢ 3a rox.

IMonpoOHee B KHHUTE:

I1.1.Bakynun, O.B.Kononosuu, B.M.Mopo3 «Kypc oOmeit actpoHomum», M., Hayka, 1983,
naparpad 75.

TakuM 00pa3oM, YKCIIO JHEH B roay HenocrosHHO. Hampumep, 380 MutH. JieT Ha3aa B roay ObUIo
okono 400 mHeil. DTOT pe3ysbTaT MOJydYeH IOCe HCCICAOBAHMS MOAMYHBIX U CYTOYHBIX KOJIEI pocTa
HCKOIAEMBIX KOPaJUIOB.

IMompoOHee B KHHUTE:

A.C.Mounun «llomynsipHast nucropust 3emun», M., Hayka, 1980, ctp.193-197.

BOITPOC Ne40: IMTouemy npueMHHMK HH(pPaKpaCHBIX U3Ty4eHUH Ha TeJIeBU30pe MII0X0 NPUHUMAET
31U curHaisl ¢ [11Y npu sipkom cere?

OTBET: JI1o000if HCTOYHHK OCBelLleHHs H3TydaeT B HH(ppakpacHoi obnactu cnekTpa. K Tomy xe
MPUEMHUK HM3JIy4eHHsl, MOIJIoNas Majarollee Ha HEro M3iydeHue, HarpeBaercs. Bee 3To mpuBOAMT K
TOMY, YTO YXyALIA€TCA OTHOLICHUE CUT'HAJI-IIYM Ha IIPUEMHUKE. T.C., CTpOro rosops, ﬂOﬂOHHl/lTCﬂbeIﬁ
HCTOYHHK OCBEILEHHs JODKEH YXyamaTh npuemM curnanos c I1IJ1Y. Jlpyroe neno — Hackonbko. Caenaem
OILICHKH.

Usnyuaemas wmomHocts ITJIY B nuanaszone mmH BomH 0,8—1,2 MKM COCTaBIS€T HECKOJIBKO
MUJUTHBATT. M3/Tydenne uuer B KOHyce ¢ yIJioM pacTBopa okosio 10° i magaer ¢ pacCTOSHHS HECKOMBKO
METPOB Ha NPUEMHHUK U3Iy4EeHHs AUAMETPOM OKOJIO 3 MM. DTO 03HAUYAEeT, YTO NPUEMHHUK Pearupyer Ha
NPHXO/SAILYIO MOIIHOCTh H3/TydeHus okoo 10~ Br.

Bee okpyxatomme Hac Tena uMmeroT Temmeparypy okono 300 K. Ilpu sTom oHu cBersr
MH(PAKPACHBIM H3JTy4eHHEM, C MAKCUMyMOM Ha JUIMHE BOJHBI 9—10 MKM M MOIIHOCTBIO OKOJO
0,1 Br/cM’. B imana3one [UTHH BOJNH 4yBCTBHTEBHOCTH MPHEMHHMKA M3TYUEHHs MaJaiomias MONIHOCTh
coctaBut Menee 1072 Br, uto He Memaer pabore I1J1Y. T103ToMy He3HAUHTENBHBII HATPEB MPHEMHHKA
H3JIyYeHHs HE YXYUIUT €ro paboThl.

OObIyHas JlaMIa HaKaJIMBaHU, UMEIOIas K.I1.4. oKoso 5% u Temmneparypy cinupaiu oomnee 2000 K,
H3]IydaeT ¢ MaKCHMyMOM Ha IJIMHE BOJHBI OKOJIO | MKM M MOIIHOCTBIO okono 5 Bt. CuuTas, uTto
H3JIydeHHe PaBHOMEPHO HIET BO BCE CTOPOHBI U IAJaeT C PACCTOSHUS HECKOIBKO METPOB, ITaalomas Ha
IPHEMHHUK H3JTydEHHsS MOIIHOCTb COCTABHT OKOIO 5-107 BT. ILIOTHOCTS MOTOKA COMHEYHOTO H3TydCHHs
COCTABISIET B HAIHX MmHpPoTax OKomo 500 Br/M°. Ha HykHENT HaM WH(PAKpACHBI IHMAMTA30H
IPHXOIUTCA OKOIO 15% dHepriu. 3HAYKT, Ha PHEMHHK H3TydeHus magaer 107> Br.

Ha mepsblii B3rmag Kaxercs, 4to jamna ¥ CojHIE ODKHBI CYHMIECTBEHHO YXYIUINTH IpPHEM
TeneBu3opoM curHanoB I1/1Y. OnxHako 310 He Tak. /IMCTAaHUMOHHBIA IyJbT PabOTaeT Ha MOAYJSALMH
CHrHala HMH(PaKpacHOH dYacTOTHl (HIPAMOYTONbHBIC UMITYJIBCHl PA3IUYHON [IMHBI [JIS Pa3IMIHBIX
KaHaJIOB), M JAaTYHK pearupyeT He CTONbKO HAa BEIMYUHY CHTHAJA, CKOJIbKO HA JUIMHY MOMYJIALHH.
IMpuemuuk u3mydeHns — HOTOAUON — UMEET XapaKTEPHCTHKY, CBS3BIBAIONIYIO BHIpAOATHIBAIOIICECS Ha
HEM HalpsHKEHHE C OCBEIIEHHOCTHbIO. XapaKTepUCTHKAa HMEET JMHEHHBIM yJacTOK pocTa, a 3aTeM
BBIXOAUT Ha HacelmeHue. llemb ¢oTomuona HMeeT KOHICGHCATOp, OTCEKAIONUH IOCTOSHHYIO
COCTABILIONIYIO TOKa. IIoka OCBEIICHHOCTh COOTBETCTBYET JIMHEHHON YaCTH XapaKTePHCTHKH, IIPOOIeM
HET, aXke Korjia JoH COmocTaBUM MM CUIIBHO IpeBbiaet curaan [11Y.

ITpoGnemMbl HAYMHAIOTCS IPH BBIXOJE HA HACHIIIEHHE B XapaKTepucTHke. BosMoxHo, mpu pabote
TEeJeBH30pa HA YIMIE B SIPKUH CONHEYHBIH [CHb, IPH MONBITKE BOCIOIB30BATHCS AUCTAHI[HOHHBIM
ITyJIBTOM HAYETrO He HOIyIHTCS.

B kBapTHpe H3ImydeHHe C yIMIBl Pe3KO MamaeT ¢ yAaleHHeM OT OkHa. Ecim Ha moZoKoHHHKe
ocsenieHHOCTh 100%, TO Ha pacCTOSIHUY OT HErO 5 M — OCBeIeHHOCTH 10%.

Tlo HameMy ONBITY HET CYIIECTBEHHOH pasHuLBl B pabote II/IY aHEM HpH CONHEYHOM CBeETe,
BEUEepOM IIPU BKITIOUSHHOH TIOCTPE UM HOYBIO.

IMoxpobuee B KHUTAX:
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AT'Bnox, I.AXypasneB, JLH.PookkoB «TemiooOMen wusimydenueM. CrpaBouHHK», M.,
Oueproaromuszar, 1991, crp.44,
I.C.I'ypneB «CripaBouHHK 110 (poTorpaduu (CBETOTEXHHKA U MaTepualbl)», Kues, Texuuka, 1986, ri. 1,
H.N.Boponosa, H0.B.OpunnnrkoBa, H.B.1[piOynst "KomuaTHOe 1BeroBoscTBo", HoBocubupck, 1992,
ctp.6.

Ilomepsies B.C.

BOIIPOC Ned41: Kakue xumudeckue 1eMeHThI, kpome Ca-Sr, Fe-Mn MUIpHPYIOT B IPHPOIHBIX
cpezax B IapHOH 3aBUCHUMOCTH?

OTBET: KonnuecTBeHHYO paclpOCTpaHEHHOCTb B 3eMHOI Kope Briepsble ycranoBm @.Y. Knapk.
B ero uects A.E. ®epcman B 1923 r. npeuiokuil TEPMUHOM «KJIApK» 0003HAYATh CPEJHEE COMIEpIKaHUE
XHMHYECKOro JIEMEHTA B 3eMHOW KOpe, Kakoif-Ti0o ee 4acTH, B 3eMie B LIEJIOM, Ha IUIaHETaX u APYrux
KOCMUYECKUX 00beKTax.

Knaplm CaMBbIX paCl'lpOCTpaHCHHbIX H3Bep)KCHHl>IX KHCIIBIX l'[OpOll yCTaHOBJ’leHbI JOCTaTOYHO TOYHO,
MHOTI'O ITaHHBIX U O KnapKax 6a3aHbTOB )54 )lpyl"l/lX OCHOBHBIX l'lOpO}l, 0CaJOYHBIX l'l()p()}l. Huxe l'lpl/lBe)leHbl
KJapKu B % caMbIX PaclpoCTPaHEHHBIX JIEMEHTOB:

O0-46,0; Si—-26,1; Al-81; Fe—6,7; Mg-30; Mn-0,1; Ca-51; Na-24; K-14;
Ti-0,7; H-0,1; P-0,l; npoune —0,2.

OCHOBHOIf BONPOC T'€OXMMHH — OOBSCHEHHME HMPHYMH CTONL HEPABHOMEPHOI'O PACIHpPOCTPAaHEHUs
9JIEMEHTOB.

Oxazanoch, 4TO B 3eMHOH Kope Mpeo0iajaloT JerkHe aTOMbl, 3aHMMAIONIUe HadallbHbIe KJIETKH
TIEPUOTMYECKON CHCTEMBI, siipa KOTOPBIX COZIEpXKAT HEOONBIIOE KOIMYECTBO NPOTOHOB U HEHTPOHOB.
Taxoke npeod1aaloT 37€MEHTHI C YeTHBIMH ITOPSIKOBBIMH HOMEPAMH ¥ aTOMHBIMH MacCaMH.

PoacTBeHHBIE 1O NEPUOAMYECKOM CHCTEME 3JIEMEHTBI BEIAyT ce0s B 3EMHOH Kope aajleko He
onuHakoBo. Tak, K u Na, Fe u Ni, Cl u I, Cr u Mo — aHanoru B XMMHH, HO B 3MHOIH KOp€ MUTPUPYIOT
M0-pa3sHoMy. DTO CBSI3aHO C TEM, YTO Ul I'€OXHMMHHU YacTO OCHOBHOE 3HAU€HHE MMEIOT TaKHE CBOMCTBA
9JIEMEHTOB, KOTOpBIE C OOIIEXMMUUYECKUX TO3UIUI BTOPOCTEHEHHBI: 0OPaTUMOCTh MM HEOOPaTHMOCTh
MHIPAIHU, PAIHOAKTHBHOCTb, CIOCOOHOCTh 1aBaTh MUHEPAJIBI U T.II.

MHorue 31eMeHTHI ¢ OMHAKOBBIMHU KIapKaMH BeIyT cebs B 3eMHOH Kope pe3ko pasnudno (Ga, N u
Co, Sn 1 U u T.1.), a 2I€MEHTHI € Pa3IM4YHBIMU KIapkaMu — cxoiHo (S u Se, Ca u Sr u T.1.). Takum
00pa3oM, MHTPaIHs dJIEMEHTOB B 3¢MHOH KOpE 3aBHCHT HE TOJIBKO OT X XMMHYECKHX CBOHMCTB, HO H OT
KIIapKOB.

XHUMHYECKHE DJIEMEHTHI, HOHBI M COCJHHEHMS, ONpPENEIONUE YCIOBHA MUTPAllMd B ITaHHOH
CHCTeMe, HMEHYIOTCs BedymuMu. Yucno nx HeBenuko. Hampumep, reoXumus ruipoTepMaIbHbIX CUCTEM
Bo MHorom ompezensercsa S, SiOz, F, C1, COz, H' u OH™ - nonamu. I'eoxumuyeckoe cBocobpasue
oxeaHoB onpexensercs O, pacTBopeHHbIM B Boge, C17, Na* 1 HeGOMbIIMM YMCIOM JPYTUX 5IEMEHTOB. B
TaeKHBIX GooTax Beaymmmu seimorcs Fe?', HY, Mn®* u T.1. XuMmaeckue dieMEHTE ¢ HH3KHMH
KJIapKaMH HE MOTYT OBITh BEAYIIMMH H3-32 MAajbIX KOHLEHTPAalUH B CHCTEMaX — OHH BBIHYXICHBI
MHTPHPOBaTh B TOH OOCTAaHOBKE, KOTOPYIO CO3IAIOT BeIyIIME OJIEMEHTHl. Pasmmums B KiIapKax
OIpeNeNsIOT BeAYIYIO poib S U BTOpocTeneHHyto Te, Benymee 3HaueHne Na u He Beaymiee Rb, Li, Cs.
Penxue 31eMEHTHI B MECTaX HX KOHIIGHTPAIMH (HAIIPHMeEpP, B MECTOPOXKICHHUSAX) CTAHOBSTCS BEIyIIUMHI
(Hg, U,Mo u 1.11.).

Benymiee 3HaueHHe >I€MEHTa 3aBHCHT HE TONBKO OT €ro Kiapka M KOHIEHTPAIMH B JaHHOH
crucTeMe. BaxHo, 4TOOBI 21eMEHT MUTPHPOBAJ M HAKAILIHBANCA B cicTeMe. PacmipocTpaHeHHEIe, HO c1abo
MHTPHPYIOIIUE dIEMEHTHI He SBILIOTCA BeAymuMy. OIUH U TOT JK€ 2JIEMEHT B Pa3HBIX CHCTEMaX MOXET
ObITh W BeOymIUM, M BTOpocTeleHHBIM. Hampumep, Fe mumMeer Bemymee 3HaueHHE BO MHOTHX
THAPOTEPMANIBHBIX CHCTEMaX, HO €ro poib HEBENHKa B I10YBaX MyCTHIHb, BOAax okeaHa. HakoHem, ecin
9JIEMEHT PHEePruYHO MUTPHPYET, HO He HAKAaIUIMBACTCs, OH TakKe He sBisiercs BexymmM. Tak, Na u Cl
SHEPrHYHO BBHIIIENAYNBAIOTCS U3 KHCIIOH KOPBI BEIBETPUBAHHSA H HE SIBIIOTCS TaM BEAYIIUMH. TOIBKO B
COILTHBIX 03epax, rae Na u C1 MUTpHpPYIOT ¥ HaKaIUTHBAIOTCS, OHH CTAHOBSATCS BETYIIHMH.
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Tlonsatne o mnaparenesuce snementoB BBen B 1909 r. B.M.Bepnaackuii, umes B BUILY HX
COBMECTHYIO KOHIIeHTpaluio. IlapareHHast accoluanusi 3JeMEHTOB OOYCIOBICHA €JUHBIM IIPOLIECCOM,
OHa MOXeT ObITh Kak OJHOBPEMEHHOH, TaKk M HEOJHOBPEMEHHOI, CBS3aHHOH, Hampumep, ¢
OCJIEI0BATENBHBIM OCAX/ICHUEM 3JIEMEHTOB IIPU MOCTENIEHHOM OXJIaXKJICHUU pacIulaBa WM pacTteopa. B
JTJIbHEHIIIEM TTapareHe3ncy dJIEMEHTOB yaelsuioch MHOro BHUMaHus B Tpynax B.M.I'onpammunra, AE.
®Depcmana, A.A.Caykosa, B.B.Ilep6unsl, A.C.Ykionckoro, K.A.BrnacoBa u Apyrux reoXMMHKOB, TaK
KaK OJlHa M3 TJIaBHBIX 3aJa4 T'€OXMMUHU U COCTOMUT B M3y4EHHH INApareHHbIX acCOLMALUI 3JIEMEHTOB.
YucTo NMpOCTPaHCTBEHHYIO aCCOLMALIMIO 3JIEMEHTOB M MHHEpAJIOB, HE CBA3aHHYI reHernuecku, B.M.
JlebeneB mMeHyeT mapacrtepesricoM. HamOonee W3ydeHbl HaparcHHbIC ACCOLMALIMM JJIEMEHTOB B
MuHepanax. [lapareHe3nc riaBHBIX JIEMEHTOB, KaK IPABHUIIO, O0BICHICTCS 3aKOHAMH KPHCTAJULIOXUMUH
(manpumep, Fe u S B upure, Fe, Mg, Si, O B onuBUHE U T.1.).

Bonee cnoxHbl M pa3HOOOpa3Hbl MapareHe3Uchl JEMEHTOB — mnpuMeced. Tak, aius onMBHHA
xapaktepHa npumech Ni, Co, 1 xanpkonupura — 4yacto Re, In, Se, Te, Ge, An, Ni, Co, Ag, Cd, Tl, As,
Sb, Pt, Pd, st monessix mmatoB — Rb, Cs, Li, T, Be, Ca, Ba, Sr u ap., ans1 ypanunuta — Pb, Ra, He.
[IpuumrHbl 00pa30BaHUs MOJOOHBIX ACCOLHUAIMI PA3IUUHbL OJH30CTh MOHHBIX PaJHyCOB, PaHOAKTHB-
HBIA pacmaj, copOuus U T.1. XOpoLo H3ydeHbl TAKXKE MapareHHbIe acCOLMALlMU JJIEMEHTOB B TOPHBIX
nopozaax u pyaax. Hampumep, 1uist yIbTpaOCHOBHBIX IOpoJ XapakTepHa accoruanus Mg, Cr, Ni, Co, Fe,
Mn, Pd, Pt, nns nermatutoB — K, Rb, Li, Cs, Be, TR, Zr, Nb, Ta, F, B u ap., A1 MHOIUX 9K30r€HHBIX
ypaHOBBIX py — Mo, Se, V, Re.

Kpome mnapareHHbIX, pasluyaroT 3alpelieHHbIE acCOLMAIMU  BJIEMEHTOB  (OTPUIATENbHbIN
MapareHesuc), T.e. accOIHalluy, HEBO3MOXKHBIE B JaHHOH cucteme. IIpuMepoM OTpPHIATENIBHOTO
naparenesuca ciykart Ni u Ba B munepanax, Cr u U B pynax, Cu u Mn B oca1o4HbIX GopManusx.

Hcrounuk:

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

BOIIPOC Ne42: CkonbKO IUTAHET B COJHEYHOW cucreMe MMeloT konbla? Kak u moyemy oHu
obpa3zoBanmch? Kakoe 3HaUeHHE OHM UMEIOT YISl TUIaHeT?

OTBET: Ortkpeiteie B XVII B. konbia CarypHa IHOCTOSHHO OylOpaXKMIM BOOOpaXKeHHE
uccnenoBareneii coeil yHumkanbHOW Qopmoi. Kompua CatypHa wucciaemoBand Takue Osectsiime
ACTPOHOMBI, MEXaHHKH M MaTeMaTHku, kak ['.Tamuneii, X. I'olirenc, XK. /J.Kaccunn, I1.C. ne Jlamnac,
k. K. Maxkcsemn, A.Ilyankape. KanT Obl1 epBbIM, KTO NMPEACKa3al CyLIECTBOBAHUE TOHKOM CTPYKTYpBI
konen. Carypha. [Tonb3ysick cBOe MOZENBIO MPOTOIUIAHETHOTO 00J1aKa, OH MPEACTaBILI cebe KONIbLO B
BHUJIE TIOCKOTO JIMCKA U3 CTAJIKMBAIOIIUXCS YaCTHII, BPAIAOMHUXCs AU(depeHInaabHO BOKPYT IUIAHETH
no 3akony Kemepa. Umenno auddepenumansHoe BpalieHue, corjiacHo KaHTy, siBisiercss npU4MHOI
paccioeHMst IMCKa Ha cepuro ToHKUX konedek. [Tosauee I1.C. ne Jlannac nokasan HeyCTOHYMBOCTb TBEP-
JIOro IIMPOKOro Koiblia. B cepenune npouuioro Beka MHorue actpoHomsl (Buka B Pume, bona B CILUJI,
Crpyse B Poccun, loyec u Jlaccens B AHriamMu) oOHApY>KHJIM BCEro JAECATh Kosedek BOKpyr CaTypHa.
Beinatommiics Bkiaj B MccrieqoBaHue ycroiuuBocTu Koien CatypHa BHec B 3T0 ke Bpems JDk.K.
MaxkcBer1, HOTy4YHBINNI IPeMUI0 AfaMca 3a TPy, B KOTOPOM OH IIOKa3al, 4TO TaKHe y3KHE KOJbIa
TakKe HEYCTOH4YMBHI M OyIyT majaTh Ha IumaHeTy. VM XxoTs BbeBon MakcBela O MHaIeHUH
THIOTETHYECKOTO CIUIONIHOTO JISTOBOTO KOMbLA HA IUIAHETY ObUI HENPaBUIBHBIM (TaKoe KOJIBIIO TOpa3io
paHbIIe TODKHO Pa3BaIMTHCS HA KyCKH), CIEICTBHE U3 HETO — O METEOPHOM CTpOeHHH KoiteH CaTypHa —
okazanoch BepHbIM. Tak, k KoHIy XIX B. runoresa mereopHoro crpoenus koner CatypHa, BbICKa3aHHast
Briepsbie JK.JI.Kaccunu, momyuuna teoperuueckoe, a B 1893 r. — HaOmronaTenbHOE MOATBEPKACHUE B
pabotax JIx.Kunepa u A.A.benononbckoro, M3MEpUBIIMX CKOPOCTH MU((HEpPEeHIINATbHOTO BpaIICHHS
KOJIeIl.

B Teuenne XX B., IJT0 HOCTENIEHHOE HAKOIJICHUE HOBBIX NAHHBIX O INIAHETHBIX KOMBIAX: OIYICHBI
OLICHKH Pa3MepoB H KOHIEHTPAIlMH YacTUIl B Konbax CaTypHa, CHEKTpaJbHBIM aHAIN30M yCTaHOBICHO,
YTO KOJbIIa — JICASHBIE, OTKPHITO 3araJ0YHOE SBICHHE a3HMMYyTalbHOHW IEePEeMEHHOCTH SPKOCTH KOIeIl
CatypHa. Pa3MepeHHBI TeMI HAyJHOH MAEATENBHOCTH CMEHMICS OypHBIM IIOOBEMOM BCEOOIIETO
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MHTEpeca K IUIAHETHBIM KOJIbLIAaM B KOHLE CEMMIECATHIX rojio, koraa 10 mapra 1977 r. HeCKOJIBKMMU
HCCIIEIOBATENBCKHMH IPYNIIAMH HE3aBUCUMO OBLIM OTKPBITHI Y3KHE M JaJeKO OTCTOSIIHE IPYT OT Apyra
yroabHO-uepHble Konblia YpaHa. OTKpbITHE OBLIO CHENAaHO COBEPLICHHO CIy4YaifHO, KOrJa, TOTOBS
anmapartypy Ui HUCCIeJOBaHMs IMapaMeTpoB aTMocdepbl YpaHa METOZOM IOKPBITHS 3BE3JbI U 3apaHee
HACTPOUB MPHOOPBI, HCCIEA0BATEN OOHAPYKUIIM KOPOTKHE 3aTMEHHUSI IPH ITOAXO/E 3BE3/bI K IUIAHETE U
npu ee ynaineHuu. Haummydime CHUMKH MOMyYHIIMCh C TIOMOLIBIO Teneckona Jsieraromieii Koitnepockoit
obcepBaTopHu.

Yepez nBa roma — 4 mapra 1979 r. aMepuKaHCKMH MeXIUIaHETHbIM ammnapat «Bosmxep-1»
00HapyXKJI TIPO3payHble KaMeHHbIE KoJblia ¥ BOKpyr FOmutepa. B Hauane 80-x romos konbia CatypHa
HCCIIeIOBAINCh Hanboliee HHTEHCHBHO. B X okpecTHOCTH paboTana cepusi aMepHKaHCKUX KOCMHYECKHX
anmapatoB: «IInonep-11» (oxrs6ps 1979 r.), «Bosmxep-1» (HosOps 1980 r.), «Bosimxep-2» (aBrycr
1981 r.). B sHBape 1986 r. «Bosmkep-2» uccnenoBan konbla Ypana. B asrycre 1989 r. stor annapat
BCTpeTmiicsi ¢ HenTyHOM, BOKPYr KOTOPOTO HECKOJIBKO JIET Ha3al METOJOM IIOKPBITHs 3Be3Jbl ObLIN
0o0OHapy»XeHbl HE3aMKHYTbIE KOJIbIA (MM «Iyrn»). «Boskep-2» yTOUHUII 3eMHbIE HAOMIOJCHHS: «IyT'H»
OKa3aJiucChb 60J'lee IIJIOTHBIMH YaCTIMH SaMKHyTbIX KoOJIen.

Ha ceronusmnuii eHb U3 yladeHHbIX MaHeT Tonbko y I[lmyToHa He oOHapyxkeHsl Komblia. Kak HU
CTPaHHO, SI0Xa «BEIMKUX reorpaduueckux OTKpbITHI» B CONHEYHOH cHCTeMe elle jaaneka oT
3aBEpILECHHS: COBCEM HENABHO OBUIM OTKPHITHI HOBBIE CIYTHHKH YpaHa, a ¢ nomompio «Teneckona
Xab6ma» yaanock HomyduTh 4eTkyio dororpaduto IlaytoHa.

DakTuuecKH, 3a MOCIEAHHE oAbl ObLI OTKPHIT M M3ydeH HOBBIH Kinacc o0bekToB ConHeuHOH
cucteMbl. IlnaHeTHple KONbLIA OKa3aluCh O0A3aTENBHBIM DJIEMEHTOM M 3aKOHOMEPHBIM SBICHHEM B
CITyTHHKOBBIX CHCTEMaX IUIAHET-TUTAHTOB, ECTECTBEHHO, YTO OOMIIME IKCIEPHMEHTAILHOIO MaTepuasa
HE MOTJIO HE BBI3BaTh MHTEHCHBHOIO Da3BUTHs TEOPETUUECKMX Mojeneil. DTo He MpOCTo HMHTepec K
HOBBIM aCTPOHOMHYECKHM 00BbekTaM. Bee Gonbliiee pacrpocTpaHeHHE MOMTyYaeT MHEHHE, YTO [IAHETHBIE
KOJIbIla — KJIIOY K TIOHMMaHHIO KOCMOroHMH Beelt ConHeuHoi cucTeMbl. Benb Komblla Ha CeromHsMHUI
JCHb SIBJIIOTCS €JMHCTBEHHBIMH, IOCTYINHBIMH [/ JETalbHOIO H3Y4YEHMS, IPEACTABUTEIAMU
b depeHIaNbHO-BpalAIoMUXCs JUCKOB HEYNPYruX 4acTHll. MccnenoBaHue TakKuX AUCKOBBIX CHCTEM
UMeeT NPUHLUNHUANBHYI0 Ba)KHOCTh [JI KOCMOTOHHHM, TaK KaK Ha IPOTOCTAJUM 3TO CaMBli
pacIpocTpaHeHHbIH THI AUHAMUYECKOH CHCTEMBI (TIPOTOIIAHETHOE 0071aK0, IPOTOCIYTHUKOBBIE THCKH,
npoTtokosbLa mianer). K aTomy e Kiaccy 00beKTOB HY>KHO OTHECTH U IPOTOILUIAHETHBIE 00J1aKa BOKPYT
JPYTHX 3BE31I, AKKPEI[HOHHbIE IUCKU B CUCTEMaX JBOMHBIX 3BE3I, FATaKTHIECKUE U IPOTOrAJIAKTHIECKHE
aucku. TakuMm 00pa3soM, IUIAHETHBIE KONbLA MPEIOCTABIAIOT YHUKATBHYIO BO3MOMKHOCTH IMOIYYHTH
Ba)kHeinIylo MHGOPMAaNUIO O KOIEKTHBHBIX M JAPYrHX IMpoleccax, HPOTEKaBIIMX HA CTaguu
obpa3oBanus riaHeT 1 COJHEYHOM CHCTEMBI.

Iepeuncaum ocHOBHBIE TPOOIEMBI (PU3HKHU IIAHETHBIX KOMEIL:

1. Touemy cymecTBylOT IUIaHeTHble Koibla? Kiaccuueckue mozpenu (OPMHPOBAHHS KOJeL
MIPEAIoNaraiy, 9To Kojblla — 9T0 00JIacTh NPHIMBHOTO paspylIeHHs KpymHbIX Tea. Ho mocie momero
«BosixepoB» cTano SCHO, YTO IS Pa3pyIICHUs 4acTull HaOmoaaeMbIX pasmepoB (<10 M) npuaMBHBIE
CHJIBl CIMIIKOM cnabbl. Bompoc o mpHuMHAax CymiecTBOBaHHUS KOJNEIL[ OKa3alcs IpsAMO CBS3aH C
MEXaHHUECKUMH XapaKTePHCTUKAMH THITHYHON JaCTHIIBL.

2. Yro BeIBano paccnoenue konen, CatypHa? HaOmromaemas uepapxuueckas CTPYKTypa KOJeI
CatypHa COCTaBJICHA 110 MPUHLUITY «MAaTpemKmy: mupokue ~1000 KM KoJiblia COCTOSIT U3 CUCTEMBI Ooriee
y3kux ~100 kM Komen u T.1. PacmpocTpaHeHHOE MHEHHE, YTO paccioeHue komer, CaTypHa CBSI3aHO
TONBKO C HEYCTOHYHBOCTBIO OTPULIATENbHOM An(y3HH, HPOTHBOPEYHT HAOMIONECHMSIM — JaHHAS
HEYCTOMYMBOCTh MOXKET BBI3BIBATH 00pa30BaHME TONBKO CAaMBIX Y3KHX (B COTHH METPOB) KOJEUYEK B
JOCTATOYHO IUIOTHBIX YaCTSAX AUCKA.

3. Kak oOpa3oBanuch 1 moyeMy He pa3pylaroTcs Kosblia Ypana? Haubonee nomyssipHa runoresa o
TOM, 4TO Y3KHE, OJUIMNTHYECKHE KONbIa YpaHa CHOPMHPOBANNCH H COXPAHSIOT CTaOMIBHOCTS,
Omarogapsi JByM CIyTHHKaM-«IIacTyXaM» 0 KpasM Kaxgoro konsna. Ongnaxo «Bosmikep-2» B 1986 r. He
OOHAPYXKHJI MEXIy KOIbLAMH YpaHa CTOIb HEOOXOIUMBIX UL 9TOH TUIIOTE3bl CITyTHHKOB-(IIACTyXOBY.
Ipu stoM namnble «Bosimkepa-2» MOATBEPAHIN aIbTEPHATHBHYIO THUIIOTE3Y O PE3OHAHCHOH IpHpOIe
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xonen Ypana. B HacTosiiiee Bpemsi B (PU3MKE IUIAHETHBIX KOJIEL[ CYIECTBYET OONBILOE YHCIO MOJEEH u
TMIOTE3, YacTo B3aMMOMCKIIOYAIOIMX JApyr Jjpyra. IlosToMy IIpeiacTaBuTh €IHHYIO KapTUHY
MIPOMCXOXKJIEHHUST M JUHAMHUKM IJIAHETHBIX KOJell JOBOJNbHO TpyaHo. Hampumep, psn mccnenosateneit
YCTOHYMBOCTH MIAHETHBIX KOJIELl HCXOAUT U3 MOJIEIHM IIaJKOH M BECbMa YNpyroi JIe[sTHON YacTHIbI, He
3aTparuBas IpPH 3TOM MPOONEMBI CyIIECTBOBAaHMs Koyel. KOCMOroHMCTBI, B CBOIO O4Yepesib,
paccMaTpHBAOT B KadyecTBE THUITMYHOW 4YaCTHIBI KOJEIl 4pe3BbIYaiiHO 3(eMepHOe oOpa3oBaHHEe (B
10 TeICsSU pa3 MeHee MPOYHOE, YEM CKOIJIEHHE CAMOro IyIIHCTOrO 36MHOTO CHEra), HE 3ayMBIBAsCh O
TOM, Kak Oy/ieT «paboTaThy Takasi HEMPOYHas YaCTHIIA B IPYTHX TEOPETHUECKUX MOJIEIAX.

Jlnst Toro, 4ToOBl JaTh GU3MYECKH LENbHYI0 KaPTHHY IUIAHETHBIX KOJIel, KPUTHYECKH UCCIEeays
anbTEpPHATUBHbIC PEIIEHMs Psifia TMPoOJeM, MPUXOIUTCS 00pamaThCs K CaMBIM PasIMUHBIM METOAM U
obnacTsM Hayku: K HeOecHOH MexaHWKe, K (HU3MKe JbJa M CHEra, K TEOPUM yjaapa, K KHHETHYECKOil
TEOPHH I'a30B, K TEOPHH HEYCTOHYMBOCTEH M (U3MKE MIa3MBL.

Ucrounuk:
H.H.T'opekoBaTsiii, A.M.®puaman «Camoopranusaiys B KoJbllax MiaHeT», xypHan «lIpupoxay», 1991,
Nel, ctp.56-68.

[TonpoOHee B 0030pax:
J.H.Ky3u, J1.Y.Ocnosuro «Konbua Ypanay, sxypHan «B mupe Haykm», 1987, Ne9, c1p.26-33,
H.H.T'opekoBaTtsiii, A.M.®puaman «Pu3KKa MIAHETHBIX KONEI, XKypHa «Ycnexu QU3HYecKux Hayk»,
1990, Ne2, c1p.169-238,

BOITPOC Ned43: Kak 00pa3yroTcst COCYIIbKH Ha KpbIIIax, U C 4Y€M 3TO CBSI3aHO?

OTBET Cocynbku, CBHCAIOLIME C KAPHU30B U IPOBOIOB, MOT'YT ITOKA3aThCs JOCTATOYHO HPOCTHIMU
«KOHCTPYKIUSIMH», OJHAKO Ha caMoM Jeie HX (opma H mporecc oOpa3oBaHHs B TEUEHUE HOJIIOro
BpEMEHH 03a/1auiBajy Hcciaenopareseil. Ilouemy cocyiabka HMeET BUJ yCEUEHHOTO KOHYCa C IUaMETPOM
y BepIIMHBI He Oonee HeCKONbKMX MHLIMMeTpoB? IloueMy 1o ocu COCYIBKHM NPOXOAUT y3Kast
3aII0JIHEHHAs! KUAKO BOZOH MOJOCTh JIMHOH HECKONBKO CAaHTHMETPOB, Oepyllas Hayajao y KOHYUKA
cocyJbKU (B 3TOM Bbl MOXETE YOEAMThCS ¢ HoMoulbio 3yOouuctku)? Urto 3ta 3a Oenast JMHUSA, OT-
Medaromasi EHTPaIbHyl0 och cocynbku? IloueMy Ha IOBEPXHOCTH COCYJIBKH 00pPa3ylOTCs IONEPEUHBIC
pedpa ¢ HHTEPBATIOM HECKOIBKO CaHTHMETpoB? IloueMy MecTaMu B COCyIbKE Je] CIUIOIIHOM, @ MECTaAMH
— nopuctslii? Kakas npuunHa 3acTaBiseT HEKOTOPBIE COCYIIBKH U3rNOAThCs M CKPYUUBATBHCSA?

®duspueckue NMpoLEcChl, WAYIHE MPH 3aMEep3aHUM BOIbI, BecbMa CIOXKHBL. B pamkax mpocroit
MOJIeTM TPaHHUILA 3aMEp3aHusl, Pa3Aensiomas KHIKOCTh U JIefl, COCTOMT U3 PAa3BETBICHHBIX «IAJbIEBY,
KOTOpbIe HPOHHUKAIOT B KUAKOCTb. Ha IOBEPXHOCTH 3THX NabLEB MOJCKYJBI JKHIKOCTH IOCTCHEHHO
MPHCOCAUHAIOTCA K KPHUCTAUIMYECKOM peIleTKe IbJa, OTAaBas dacTh CBOGH OHEPIUH U Tepsist
MOABIDKHOCTB. [loTepssHHAsI HIMH dHEprusl, Ha3bIBaeMasi TEIIOTO!, IIEPEHOCHTCS B APYTYIO 0011acTh, Goee
XOJIOAHYIO, YEM TIOBEPXHOCTD 3aMEP3aHusl, — 9aCTO B IPHJICTAIOIIHHI CIIOH BO3IyXa.

DTOT mpoLece U BeJIEeT K pocTy cocynbku. OMH U3 myTeit ux o0pazoBaHus OblT 3ydeH H.MaeHo u
T.Taxoxacu u3 YHuBepcurera XOKKaino. BooOpasute MEANEHHO TAIOIIMK CIOW CHera Ha KpbIILe.
Kaskzmast cBucaromasi ¢ Kpas KaIun TaJlol BOABI OKPY)KeHa XOIOIHBIM Bo3ayxoM. Koraa mo kpasm Karuist
HaYMHAeT 3aMep3aTh M 00pa3yeTcs TOHKas 000J0YKa JbAa, TEIUIOTAa, BBIACIAIOMAAC B pPe3yibTaTe
3aMep3aHHs BOIbI, yXOAUT B OKPYXKAIOIIHII BO3IyX.

ITo Mepe Toro Kak Boma NMPORODKACT CTEKATh BHH3 II0 JICASHONW 00ONIOUKE, 9acTh ee 3aMep3aeT, U
HApOJMBINASACA COCYIbKa HAYMHAET pacmmpsThea. OcTanbHas BOJA IPUCOCAMHSICTCS K CBHCAIOIICH
kame. [TocteneHHOEe 3aMep3aHHE BOIBI MO KpasM KAIUIM NPUBOJHT K PACIIMPEHHUIO cocylbkH. Ecmm
KaIlli CTAHOBUTCS CIIHIIKOM OOJBIIONH — Ooee 5 MM B JHaMeTpe — OHA IafacT, OJHAKO BCKOPE Tajast
Boga o0pa3yeT HOBYIO Kamumo. Iloka CymecTByeT HpPHTOK Taloli BOABI, COCYNIbKa DacCIIMpSeTCsS H
yanuasercs. KOHUHK e COCYIbKH, AMaMeTp KOTOPOTO ONpefeNnsdercs pa3MepoM CBHCAIONIEH KaIlid,
0CTaeTCs y3KHM.

I'Xatekesma w3 Tokwuiickoii Mereoponorndeckoid obceppatopun u C.Hemora n3 Mereoporno-
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TMYECKOro HHCTHTyTa B TOKHO omucaiy Apyroi myTh 00pa3oBaHuUs COCYIbKH. BepXHsist 4acTh HauyaIbHOM
KaIUIM MOXET 3aMEP3HYTb LIEJIMKOM, IIPY 3TOM BO3HMKAET FOPU30HTAJIbHAS [TOBEPXHOCTb 3aMEP3aHHs, KO-
TOpast JIBUKeTcss BHU3. Ecii BOJBI MOCTyINAeT Malo, a Kpblllla X0JI0/Hasl, BO/Ia MOXKET 3aMep3aTh BO BCEM
o0beMe KalulH, a He TOJIBKO B TOHKOII JIe[siHOH o0Oonouke. B pe3ymbrate Besi KOHCTPYKIHS B IpoLecce
TOro, KaKk Ha KOHYHKE 00pa3yeTcsi U 3aMep3aeT HOBasl KaIulsl BOJBI, MO3TAMHO yIHHseTcs. Eciu ke Bozsl
MOCTYyTAaeT JOCTATOYHO M KaIllsl MOAMHUTHIBACTCS HEIPEPBIBHO, TO HA HEKOTOPBIX CTAHSAX POCTA COCYIIBKH
BOJIa MO KpasiM KaIiu OyzeT 3aMep3aTh U 00pa30BbIBATH JEISHYIO 000JIOUKY B COOTBETCTBHH CO CXEMOM
Maeno u Taxoxacu.

Ecnu nensinast o6os04ka yxe 00pa3oBaiack, )UIKOCTE BHYTPU ee HAUWHAET 3aMep3aTh MEUICHHEE.
CornacHo pesynbrataM Jl.MakkoHeHa u3 TeXHMYECKOro HCCIEIOBATENbCKOr0 LEHTpa B 3elo
(DuHIAHIUA), TEIUIOTA, BBIIENSIOIIASCS B IPOLIECCE 3aMep3aHus BHYTPEHHEH 00J1acTH, nepeaaercs uepes
JIel K BEpXHEl 4acTH CocysbKH (Ha3bIBAEMOM «KOPHEM»), a 3aTeM — K Kparo Kpbild. Teruonepenaua —
l'lpOLleCC HAaCTOJIBKO HOCTCHCHHbIﬁ, 4qTo BHyTpeHHflfl l'lOBerHOCTl: 3amep3a1-n/m MOJXXET JABUTATHCSA BHHU3 110
LEHTPAIbHOH OCH COCYJIbKHM O4YE€Hb MEUICHHO; €CIIM MOBEPXHOCTh 3aMEP3aHHs JJOCTATOYHO YAAJleHa OT
KOpHSI, KaK 3TO IMEET MECTO B c(hOPMUPOBABILENCS COCYIIbKE, OHA MOXKET JAaXkKe OCTAHOBHUTHCS.

B oGnactu, MeX1y MOBEPXHOCTHIO 3aMEp3aHHMs M KOHYHMKOM COCYJBKH KHJIKOCTb, 3aK/IOYEHA B
Y3KyIO JIe[sHYI0 monocTb. HecMOTpst Ha felicTBHE CHIIBI TSXKECTH, YKUIKOCTh HAXOJUTCS B YCTOHYIHBOM
COCTOSIHUH, YTO YaCTHYHO 06’bﬂCHﬂeTCfl l'lOBerHOCTHbIM HaTs)KECHHUEM Me)l()ly KHUAKOCTBIO U CTCHKaAMH
nosioctd. Kpome Toro, rmosnocts 3Ta HACTONBKO y3Ka, YTO CIydaiiHble BOSMYILEHHUS HAa HWKHEH rpaHuIe
CTOJ0MKA BOJBI WIM B BUCAILEH Kare ObIBAIOT OOBIYHO HEAOCTATOYHBIMHU JIS TOTO, YTOOBI MO3BOJIUTH
BO3/yXy HPOCOYHUTBCSI B MOJOCTh M BBITECHUTH JKMAKOCTb. IIpH HOpMaIbHBIX 3UMHHX TeMIIEpaTypax
BHYTPEHHsISI MOBEPXHOCTh 3aMEP3aHHs JOCTHIAaeT KOHYMKA COCYJbKH (M Ta IIOJHOCTHIO 3aMep3acT)
TOJILKO B TOM CJTy4ae, €CJIH BOJIAa IIEPECTAET NOCTYNaTh M POCT COCYIIBKU MPEKpalIaeTcs.

CHapyXu coCy/IbKa IOKPbITa TOHKHM CIOEM BOJABI M Kak Obl 3aKIIOYEHA B JKHIKHE HOXHBI.
3amep3aHue Ha BHEIIHEH IOBEPXHOCTH pasjiena Je-KHIKOCTh IPOMCXOIUT OYEHb OBICTPO, MOCKOIBKY
TEIUIOTA, BHIAEIIONIAsCS MPH 3aMEP3aHUH BOABI, OBICTPO NPOXOAUT Yepe3 KUAKYIO BOAY M IepeaeTcs
Bo3ayXy. (MaeHo u Takoxacu OOHapy)XKHJIM, YTO JKHJKHE HOXKHBI Ha aKTHBHO PACTYIIHX COCYJbKax
ObiBatoT He Tomue 0,1 Mm). Temneparypa Ha MOBEPXHOCTH 3aMEP3aHUs PaBHA TOUKE 3aMEP3aHUS BOJBI;
nocnennss coctapiser 0°C Ul YMCTOM BOIBI, HO MOXKET GBITh HHIKE, ECIH BOJA COIEPKHT MPHMECH.
TemmnepaTypa B ocTaIbHOM 00BEME KHIKOCTH HECKOJIBKO HI)KE TOUKH 3aMep3aHus (SIBJICHHE, H3BECTHOE
Kak nepeoxnaxjaeHue). HauGomee oxmaxkaeHa BoOIa, CONPHKACAIOMAACS C BO3AYXOM, KOTODBIH,
Ppa3zyMeeTcsl, MOJKET OBITh TOPa3/I0 XOIOJHEE, YeM BOAA.

Y.Haiit u3 HaumonaneHoro neHtpa atMmocepHbix uccnenoBanuit B boynnepe, mr. Komopano,
YKa3BIBAET, YTO COCYJIBKM MOTYT PAacTH M TOTJA, KOTJa TeMIepaTypa BO3AyXa BBIIIE TOYKU 3aMEpP3aHHs,
IIPH YCIOBUH, YTO BO3AYX COAEPKUT MO BOASHOrO mapa. Eciu KoHIeHTpaIys BOASHOTO apa HeBeu -
Ka, C BHEIIHEH IOBEPXHOCTH >KHIKHX HOXEH COCYJIbKH Boja Hcmapsierca. Korma Momexyisl BOIBI
MOKHIAIOT KU JKOCTh, OHH YHOCST C COOOM DHEPrHIO, YTO IIPUBOJUT K IEPEOXTIAKACHHIO TOBEPXHOCTHOIO
c1ost sxuaKocTd. OXyIakAeHHas BOIA UIPAeT Pojb TEIUIOBON «CBAKW», IPUHUMAIOMIEH TEIIIOTY, KOTOpast
BBIIEIISICTCS IPH 3aMEP3aHUH BOIBI Y HOBEPXHOCTH JIbA.

Hcrounuk:
cratbs JIx.Yonkepa B xypHane «B mupe Haykn» Ne7, 1988, crp.74-78.

BOIIPOC Ned4: TToyemy mpu 3aKaTe COJTHIE Pa3ICIIseTCs OJIOCON?

OTBET: NHorxa, koraa ConHile HAXOAUTCS HU3KO HaJl TOPU30HTOM, MOJKHO HAOII0AaTh CTPAaHHOE
HCKaKCHHE €ro ovepraHuil. YacTo yrimel BUAWMOIO CErMEHTa 3aKPYTJIEHbI, HHOT/A KaXKETCs, 9TO AUCK
COCTOMT M3 JABYX 4YacTeil, COCOMHECHHBIX BMecTe; mopoit mox CONHIEM OKa3bIBAETCS IIOJOCKA CBETa,
KOTOpast TOJHUMAETCS TTO0 MEePe TOTO, KaK COMHEYHBIH AUCK omyckaercsi. beiBaer, uto ComnHIle cagutces He
3a TOPU30HT, @ Ha PACCTOSIHUH HECKOJIBKUX MUHYT AyT'H HAJ HAM.

Kaskercst, 94T0 Takue MCKa)KEHUs IOSBIIIOTCS Yallle BEYEPOM, YeM yTPOM, M OOBSCHEHHE ITOMY
CllelyeT HCKATh B METEOPOJIOTHIECKHX (hakTopax. B Tuxue 6e3001auHble HU CIIOH BO3IyXa C Pa3IHIHON
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IUIOTHOCTBIO MEHBLIE MEPEMEIINBAIOTCS, TAK YTO UCKAXKECHUSI B OUSPTAHMAX COJHEYHOTO JUCKA MOXKHO
NPHHATH 3a IPEI3HAMEHOBAHUE YCTOIYMBOIO COCTOSHHSI aTMOc(epbl M, CIEIOBATENbHO, XOpOILei
TIOTOIBL.

OnTHYecKHe HCKa)KEeHHUS, OMICAHHbIC BBILIE, 00BACHIIOTCS HE YeM HHBIM, KaK OOBIYHBIM MHPaXKEM.

Crnyudaii 1. TOHKHI ci0# Temoro Bo3ayxa mokpsiBaetr 3emimo. Torjja Mbl BUJIUM HEMOCPEICTBEHHO
ConHue, ¥ B 9TO )€ caMoe BpeMsl IOl HUM — €ro OTPaXkeHHe, IPUYeM FOPU30HT JISKUT MEeXIy HUMHU. B
To Bpemss kak ConHIe caauTCs 3a BHIMMBIH TOPHU30HT, H3-3a HEr0 BCTaeT CIUIIOLICHHOE
«IPOTHBOCOJHIIE», M 00a IHMCKAa COCAMHSIOTCS B TOM MeCTe, IJie BOT-BOT JO/DKHO HCYE3HYTb
neitctutensHoe ConHue. O6a fucka Bce Oonblie U OONbIIE CIMBAIOTCS, NMpUOOpeTast OdYepTaHus,
HaNOMUHAIONME BO3IYIIHBIH MIap U T. II.

Crnyyaii 2. Tenepb npeanonaokuM, 4YT0 BO3IyX OKOJIO caMOil 3eMIIH XOJIOJHBIH, a BBIIIE HETO JIEKUT
TeIuIblil coi Bo3myxa (MHBepcus). BooOpasum Temneps, uTo HaOJIOAATENb HANpPABISET CBOH B30p BCE
Gosee 1 6osiee rOpH30HTANBHO. B HEKOTOPOM HaIpaBIeHUH ero B3IJIiA KacaeTcs: BepxHero Kpas CoiHia;
ellle HID)Ke €ro B3IJIA MO OTHOLICHHIO K ITOBEPXHOCTH pa3pblBa CTaHOBHUTCS Oojee HaKIOHEH. B
FOpl/ISOHTaJTbHOM HanpaBneHnn OH ImaJacT Ha 3TOT CHOFI 1o TaKuM 60J'II>IJ_IHM yl"J'lOM, 4yTOo ayd 3peHm|
usrnbaercs u He nokugaer 3emmo. Ecinm HaOmonarenb HaXOAMTCA HaJl MOBEPXHOCTBIO 3eMIIM, OH
CMOXKET Jake 3arisIHyTh BHHU3 107 HeOombmuM yriioM. Ecni Habmonatens CMOTPHT eliie HUXe, TO Yo
B3rjisia Ha l'lOBerHOCTb pa3p1>ma yMCHbIJ_IaeTCﬂ U OIIATH OKa3bIBACTCA HACTOJBKO MaJlbIM, 4YTO JIyqd
3peHUsl yXOAWT 3a mpemensl 3emud. [looToOMy BHYTpH HEKOTOpOro yria IO 00e CTOPOHBI OT
FOpPlSOHTaJTbHOFO HanpaBneHm{ HU OAWH Joyd, BleOllﬂLLll/lﬁ 3a npeuenbl 3CMJ'H/I, HE€ JO0CTHUracTt
HaOJII0JATeIsT; OH BUAUT «CIIEMYIO TONOCYY.

PaccmatpuBas Takum 00pazoM ctpoeHue atmoc(epsl, BHIHO, 4T0o COJNHIIE 3aXOAUT MPEKAE, YeEM
OHO JIoCTUTaeT (HaKTHYECKOTO TOPH30HTA — KaK TOJNBKO OHO IIOMAJAeT B «ciemylo monocy». Ecmm
Ha0JIo1aTeNlb HAXOAUTCSA HA BEPIIMHE X0IMa MM Ha maaybe Kopalis, OH, BEPOATHO, CMOXKET YyBHIETh
HWKHUHA Kpaili CoJHIa, NOABISAIOIMNCA TOJ «CNIernol Mojocoit». M300pakeHus, KOHEYHO, OydayT
HCKaXEHbI B BEPTUKAILHOM HAINpaBJICHHUH; HAJ «CJCHOH IOJIOCOM» CKaThl 10 BEPTHKAJM, MOA HEH —
BBITSHYTBIL.

WNuorna kpait ConHia HMMeeT HECKOJIbKO HEOONMbLIMX 3a3yOpUH, KOTOpBIE, I10-BHIMMOMY,
YKa3BIBaIOT Ha HaJuuHe 6ojee yeM OHON MOBEPXHOCTH pa3phiBa B aTMOchepe.

Nrounnk:

M.Munaprt «CBeT u uBer B nmpupoae», M., 1958, ctp.91-95.

BOIIPOC Ne45: TToyemy Imysist MOXKET OTPUKOILETUTH OT HOBEPXHOCTH Bojoema?

OTBET: Muorue HaOmomanu, Kak KaMHHM IUIOCKOH (OPMBI, KOTOPBIM COOOLIEHA CKOPOCTH C
6OMBIIOH FOPU3OHTATIFHON COCTAaBIIAIONIEH U BpalleHHe, 00eCIeYNBAIOIIee COXPaHEHUE MAJIOT0 HAKJIOHA
IUIOCKOCTH KaMHSI K TOPU30HTY, IIPH CONPHKOCHOBEHHU C BOROH JIETKO OTCKAaKMBAIOT BBEPX OT BOJBI,
HMHOTJIa HECKONBbKO pa3. OYEeBHIHO, YTO B SBICHHH TaKOTO BOJASHOTO PUKOIIETa TOPH3OHTAJIbHAS
CKOpPOCTh HTpacT OCHOBHYIO poib. IIpu OTCYyTCTBHM TOPHU3OHTAIbHOM CKOPOCTH IUIOCKHH TSDKENbIH
KaMeHb HE MOXKET OTCKOYUTh OT BOABL. MHOTOKpaTHOE PHUKOIICTUPOBAHHE CBUACTEIBCIBYET O
HEeOOJBILON MOTEpPe TOPH30HTAIBHOIM CKOPOCTH BO BPEMSI CONPHKOCHOBEHHSI C BOZOW. XOPOIIO W3BECTHO
TAK)KE PUKOLICTUPOBAHWE CHApsIOB. Tak, Hampumep, Kpyrioe sinpo nuamerpom 0,16 M ¢ HavanbHOM
CKOPOCTBIO 455 M/C MOKET COBEpILIMTH Ha Bojie Oosiee 22 PUKOIIETOB. B HacTosIee BpemMs B apTHILICPUH
HHOTIa HAMEPEHHO IIPOM3BOIAT CTPEIb0y Ha PUKOIIETaX.

Puxormer BO3HUKAeT M3-3a ACHCTBHS CHIIBI PeaKIUM BOIBI IPH BXoAe Tena B Bomy. OLeHHM 3Ty
cuity. JI71s 9TOro mepeiiieM B CUCTeMY OTCYETa, CBA3aHHYIO C TenoM. Toraa Ha Hero HajeTaeT CTpys BOABI
IUIOTHOCTH P CO CKOPOCTBIO V B HAIpPAaBICHHH IIOJ YIJIOM O. K IOBEPXHOCTH Tena. Tak Kak CHia,
JeffcTByIomas Ha CTPYIO CO CTOPOHBI IUIOCKOCTH, PaBHA CKOPOCTH H3MEHEHHMS IPOEKIHH HMITyibca P
CTpyH Ha OChb Yy, MEPICHIUKYISIPHYI0 K IUIOCKOCTH Tenma, T0 F = AP/At = Psino/At. 3a Bpemst At Ha
TUIOCKOCTh MOMaiaeT 00beM skuakoct V = SvAt ¢ maccoit M = pV u umnyiabscom P = My = pSVzAt, Tae
S — momazs cevenns crpy. Hostomy F = pSvsino.. [t OMHCaHHOro BHINIE Spa, 5T CHJIA COCTABIAET
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ok0710 10°H, 4T0 B HECKOJIBKO THICSY pa3 Oosblue Beca sapa.
ITonpoOHee B kHHUTE:
W.11.Cno6onernxuii, JI.I'. Acnama3os «3amaun no pusuxe», bubmoreuka «KBanm» Boimyck 5, M., Hayxka,
1980, ctp.56.
Llenecm B.H.

BOITPOC Ne46: Uto mpom3oiaeT ¢ 4YeloBEeKOM, €CII €ro BBIOPOCHTH B OTKPBITHIH KocMoc???
Toxanyiicra, onuiure.

OTBET: B oxnom u3 oryeroB HACA 0ObUIO ONMHUCAHO M3y4eHHE STOr0 BONpoca Ha 00E3bsHaX.
Oka3bIBaeTCs, 4TO TPH PE3KOM 3aHYJICHHH JaBIIeHHs B OapokaMepe, y YelloBeKa (TO €CTh 00€3bsIHbI) €CTh
npuMepHO 15— 20 cekyH Ha COBepIIEHHE OCMBICIIEHHBIX JeiicTBuii. [Tocne 3TOro oH TepsieT co3HaHue, a
yepe3 40-50 cexyH] MPOUCXOAAT HEOOpaTUMbIE U3MEHEHUS B MO3T'y (CBSI3aHHbIE C OCTPOH KECCOHHOM
6071€3HBI0). YTBEPKIa€TCs, YTO B3PbIBA TEJIA HE IPOMCXOAUT. JIeN0o B TOM, 4TO €CIH BO3IYX U3 JISTKHX (1
OCTaJbHBIX IMONOCTEH Tena) OECHPENATCTBEHHO BBIIIEN, TO B OPraHW3ME TONBKO JKHUAKOCTb, KOTOpAs
BBIZIENSAET My3bIPbKM Ta3a, HO caMma cpa3y He BCKMIAeT. Mexay NpouuM, Korja IpPOMCXOAUT
pasrepMeTH3anus (CKakeM, Ha OONBIION BBICOTE), TO UEJIOBEK YMHPAET, HO Ha KYCKH €ro He pa3phIBaeT.
BcnoMHHMM Hammx mMOrudmmux KOCMOHABTOB: 20 kM — 9T0 mpumepHo 1/10 atMoceps! — mpakTHYECKH
BaKyyM, C HHTEpEeCYIOLIeH Hac TOYKH 3PSHHUSL.

Bopobves I1.B.

BOITPOC Ne47: ITouemy, HECMOTpSI Ha OY€Hb OOJIBILYIO TEMIIEPATYPY, AAPO 3EeMIIM HAXOAUTCS B
TBEPJIOM COCTOSHUU?

OTBET: CornacHo reopu3n4eckum JaHHbIM, PO 3€MIIM COCTOUT U3 TPEX CIIOEB.

Bueunuii cnoii (Ha riyounax 2920-4980 xm oobemom 15,16% u maccoit 29,8% Beeit 3emin)
MIPOITYCKAET MPOIONBHBIE, HO HE TONepeyHble ceicMuYeckie BOHBL I1o oToil mpuuuHe cumuTaercs, 4To
9TOT CIOH HAaXOAUTCS B PACIIABICHHO-KHUIKOM COCTOSIHUM. OO0 3TOM K€ CBUETENLCTBYIOT JAAaHHBIE: O
MPWIMBHBIX KOJIeOaHUAX BHYTpU 3emun (eciau Obl Best 3emirst Obuta TBEPAOH, TO NPHIMBHBIE KOJICOaHUS
Ha ee IOBEPXHOCTH ObLIN OBl criabee (pakTHYECKH HAOII0JaeMbIX); O HYTAIMOHHBIX KOJICOaHUIX 3eMHOM
OCH C TIEPUOZOM OKOJO CYTOK (KOTOpble O€3 JKMAKOro sapa ObuIM Obl HEBO3MOXHBIMH); O TaK
Ha3bIBaGMbIX YaHJIEPOBCKHX KOJIEOAHHUSAX MOMIOCOB (T.€. KONeOaHHAX 3eMIIU B IIEIOM OTHOCHUTENBHO €€
OCH BpalLIeHUsT) ¢ IepuoaoM okouo 1,2 roxa.

Ilepexonnblii crmoif MeXAy BHEIIHHM H BHYTPEHHHM SIPOM HMEET TOJNIMHY OKomo 140 km.
BHytpennee sapo umeer paamyc 1250 kM, ob6sem oxono 0,7% m maccy okomo 1,2% Beeit 3emun.
IpononbHbIe ceficMHYeCKUE BONHBI MPOXOAAT 4epe3 HEro ¢ OOIBIIMMH CKOPOCTAMHM, IO CBEICHUSIM
nocnennux jer cp = 11,1-11,4 km/c. B T0 ke Bpems naHHbIE 00 OTPaXKEHMSAX MPOJOJIBHBIX BOJIH OT
MOBEPXHOCTH BHYTPEHHEH YacTH ffpa, a TakKe PErHCTpanus cefiCMHYECKHX BOJNH AJIICKHHCKOTO
3emuieTpsiceHuss 1964 r. MOKa3pIBalOT, YTO 4epe3 Hee MPOXOAAT M IIONEpPEedHBbIC BOJNHBI (MMes 31ech
JOBOJIFHO Majlble CKOPOCTH €S ~ 3,6 KM/C); 10 9TUM JAaHHBIM BHYTPECHHSS YacTh SApa SIBIICTCS TBEPABIM
TEJIOM, TO-BHIUMOMY, OJM3KHM K ILUIABICHHUIO.

TlonpoGuee B kaure: A.C.MonuH «Ilonynspras ucropus 3emun», M., Hayka, 1980.

To, 4To BHYTpeHHSS YacTh SApa, HECMOTPS HA BBICOKYIO TEMIIEpATypy, SBIICTCS TBEPHOH,
00BSICHSCTCS] BBICOKHM JaBJICHHEM B HeIpax 3eMIIH: C POCTOM JaBJICHHUS PACTeT TeMIIepaTypa IIaBICHHUS.
Hanpumep, 11 ene3a TeMIIepaTypa IIaBieHus yBemmanBacercs Ha 0,03 °C 1py yBeTHUCHNH TaBICHHS
Ha 10 at™. OueHuMm, npu Kakoi TeMnepaType OyZeT IUIaBUThCs XkKene30 B neHTpe 3emu. Ecnu Obl oHa
GbTa KMIKOM, TO JaBNEHHE B HEIPAX COCTABIANO ObI Gonee 10° aTM. DTO YBENMUHT TeMIepaTypy
nmasnenus Gornee, dem Ha 3000 °C. Temmepatypa xe B sipe 3emin onermnBaercs B 3000 — 4000 K.

Nctounnk:

A.B.Bsnko «Hamra mianera — 3emis», bubanoredka «KBant» Boimyck 29, M., Hayka, 1989, ctp.88—-95.
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BOITPOC Ned48: ITouemy 3Be3/bl majaroT?

OTBET: Yacruisl MeXIIJIAHETHO! IbUIH, BXOAS B 3eMHYIO arMoc(epy ¢ GOJIbLIIMMH CKOPOCTSIMH,
CrOpaloT B HEi, IpeBpaInasch B METEOPhl — KPATKOBPEMEHHBIE BCIIBIIIKH, KOTOPBIE IIPOHOCTCS [0 HeOy U
HCYE3aI0T, OCTaBIsisi Ha HECKONBKO CEKyH[ Y3KHil CBETSIUMMCS clef. DTOT ciell B IPOCTOPEYHU
Ha3bIBAIOT IAJIAOILEH 3BE310M.

3a cytkn B aTMocdepe 3emmu BerbixiBaeT npuMepHo 108 mereopos spue 5™. MeTeopoB, HMEOIIHX
3BE3/IHYIO BEJIMUYKHY M, IIPUMEPHO B 2,5 pa3a Goublie, 4eM (m-1)-if 3Be31HOI BeTNYHHBL.

OueHb sipKUe MeTeopsl — OO, MOI'YT HAOMIOAAThCsl M AHEM. Bomuapl compoBoXkIatoTest HHOTAa
BEIIIAZICHHEM MeTeopUTOB. [lo NpOMCXOKACHHI0O W (PU3MYECKOMY CTPOCHHIO OOJBIIME Tena,
HabJroJaeMble Kak OONMABI, MO-BUIHUMOMY, CHIBHO OTJIMYAIOTCS OT YACTHII, BBI3BIBAIOLINX METCOPHBIC
SIBJICHMSL.

Korma MmereopHass dwacTHia BTOpraercst B 3eMHYIO aTMocdepy co ckopoctbio 11-73 km/c,
NPOUCXOANT SHEPTUYHOE B3aMMOJEHCTBHE Mexay dacTuiedl u aTMocdepoi. DTo B3aumozelcTBHe
l'lpOXO}ll/lT JUIA HaC HE3aMCYCHHBIM, €CJIM YacCTHIla HAaCTOJBKO Maja, 4TO €€ pa31vlep1>1 MHOI'0 MCHbIIIE
JUIMHBI cBOOOZIHOTO mpodera Mosekys. B BepxHel armocdepe 3emnu uyacrtuna pasmepom 100 MkM u
MEHBILIE MMEET PeKHe CTOJKHOBEHHS C MOJEKYJIaMH BO3/yXa, KOTOpbIE MPUBOMAT K 3aMEICHHIO €€
JBIDKCHHS M TOTepe KOCMHYECKOH CKOPOCTH €Il Ha 3HAUMTENbHOM BBICOTE HAJ MOBEPXHOCTHIO 3eMIIH,
TaK KaK ee KHHETHYeCKast JHePrys HeBeUKa.

Jlpyroe nieno — BTopxKeHHue 6osiee KpyITHOro MeTeopHoro tena, pasmepom ot 0,1 Mm 10 10 cm. Takoe
TENO CHOCOOHO yBJEYb BO3IYIIHBIC MACChl, HAXOMAIIMECS HA €ro IyTH, HepeaBas MM 4acTh CBOETO
HMITYJIbCA U Tepsisi KHHETHYECKYIO YHEPrHIo, KaK U B IpeAbIayIeM ciaydae. Ho Temeps 9To npoucxoaut B
HECpaBHEHHO Oojee KpyIHBIX MacmTabax. Tak Kak CKOpPOCTh JIBH)XKEHHUsI METEOPHOTO Tella B aTMochepe
3HAYUTENBHO TIPEBHIIAECT CKOPOCTh 3ByKa, 0OpasyeTcs yAapHas BOJIHA, 32 (POHTOM KOTOPOH CHIIBHO
MOBBINIACTCSl TEMIEpaTypa — JIO MHOTHX JIECATKOB THICSY TIPayCcoB, TaK YTO BO3AYX 3a JIETSIIHUM
METEOPHBIM TEJIOM CHJIBHO noHu3yercs. C Ipyroil CTOpOHEI, TepseMast KHHETHUEeCKas SHEPIrUsl BBI3bIBACT
TaKKe M Pa3orpeBaHUE CaMOro METEOPHOro Teja M MCIapeHHe MOJEKyd U aTOMOB C IMOBEPXHOCTH €ro.
IMporcxoauT yHOC MacChl METEOPHOro Tena, TaK HaspiBaeMas abmanus. IIpu «cOupaHuM» MOJEKYI
MIPOMCXOJUT CHJIBHOE PA30rpeBaHUE METEOPHOro Tela C IOBEPXHOCTH, M MBI HAONIONaeM sBJIEHHE
MeTeopa. Bokpyr Hero HempepsIBHO 00pa3yeTcsl pa3orperoe razoBoe 0071auko, YaCTUUHO HOHU30BAHHOE.
Pasymeercsi, Ta3bl OTACISIOTCS OT METEOPHOrO Tela M PAcIONaraloTCs BAOIb €ro TPaeKTOPHU B BUJE
ciezia, HaOII0IaeMOro BU3yalbHbIM, (GOTOrpaguuecKuM HUiIK paaHoNOKAIHOHHBIM METOJOM, €CIIH Y HETO
JOCTAaTOYHAs APKOCTb.

Ha xakoM-To yuacTke IyTH SPKOCTb MeTeopa JOCTUTAaeT MAaKCUMyMa — IUIABHOTO WM
COMPOBOXKAAEMOTO BCIIBILIKOM, a 3aTeM MIPOMCXOJUT APOOICHHE METEOPHOro Teia Ha Beicotax 40 — 50
KM U pe3Koe 3aMeJJICHHE €ro JBIKEHHUs B HHTEpBase BBICOT OT 25 10 15 kM. 31eck U KPYIHBIE METEO-
PHUTBI IpOOSTCS, TOCIE Yero BBHIIAAAlOT Ha IMOBEPXHOCTh 3eMIM B BHJAE METEOpHOro Aokl Jlo
JpoOJeHNs] JMIIb caMble ApKHE M Me[JICHHBIE METEOpHl YCHEBAIOT 3aMelmmThea 10 50% cBoeit
MepBOHAYAIBHOIN cKOpocTH. OueHb spKHEe U OBICTPbIC OONHIBI, UMEIOIIHE 3HAYUTEAbHYI0 MacCy, MOIYT
MIPOHUKHYTh IO YMEPEHHBIX BBICOT (HHOTAA BCErO JHIIb HECKONBKO KHIOMETPOB HAJ ypPOBHEM MOpS),
TIOCTIE YeTro UX ABIKEHHE eCTh IIPOCTOE MaJieHHe B aTMocepe 6e3 3aMeTHOH HavyalbHOH CKOPOCTH.

Ho camble KpyIHBIE METGOpHBIE Tela BECOM B COTHHM TOHH JOCTHTAIOT HMOBEPXHOCTH 3eMIHU C
KOCMHYECKOH CKOPOCTBIO — MX HaJeHHe HOCHT KaTacTpoduuecKkuil xapakrep. EcTb 1 nmpoTuBomonoxHas
Bo3MOxHOCTE: 10 aBrycra 1972 r. B CIIA nHaGmonancs B JHEBHOE BpPeMs METEOp, KOTOPBIM, Kak
MmoKazaJia mocJyeyromnas o0padoTka HaOIOICHUI, POJIeTeN Yepe3 3eMHYyI0 aTtMocdepy, HO He ymal, a
JOCTUTHYB MHHHMAJIBHOH BBICOTBI 58 KM, yIIen B KOCMHYECKOE IIPOCTPAHCTBO, OCTaBHB B aTMocdepe
JIMIIb MAJTYI0 YacTh KHHETHYecKoi sHeprun. Ero macca ouenusaercs B 1000 ToHH.

Merteops! 3aropaloTcs TeM BBINIE, 4eM OBICTpee OHM ABIDKYTCS, HO M TaCHYT OHH Ha Oolbliei
BBICOTE, UeM ME/IICHHbBIE METEOPHI, TaK KaK OHH OBICTPO MOABEPraloTCs JPOOICHHUIO.

WcTtyonnxmu:

I1.1.Bakynun, 3.B.Kononosuy, B.11.Mopo3 «Kypc obmieit acrporomun», M., Hayka, 1983,
.51 MapteiHOB «Kypc obmieit actpoduszuku», M., Hayka, 1988.
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BOITPOC Ne49: Uro Takoe MeTEOpHBIH 1016 Jleonun?

OTBET: MeteopHoe BeIeCTBO B MEXKILUIAHETHOM IIPOCTPAHCTBE — 9TO HauOoJIee JUHAMUYHBIH THII
seecrBa ConHeuHol cucteMbl. Camble Majible 4acTHIb! (paJuyc MeHblIEe, TpUMepHO, 0,5 MKM) yXoasaT
13 CoMHEYHOH CHCTeMBI TOJ JeiiCTBHEM CBETOBOTO IaBleHHs. boyiee KpyIHbIe TOPMO3STCS B pe3yJbTaTe
addexra Pobeprcona-IloiiHTHHra, MO CHUPAIBHBIM opOUTaM mpubirkatorcs kK CONHIY M NMajaroT Ha
Hero. O¢dexr Pobeprcona-IloiHTHHra — 3TO TOPMOXEHHE Tela, ABIDKYILIErocs B MOJE H3IydeHHUS,
BO3HHKAIOLIEE H3-3a TOr0, YTO B CHCTEME KOOPAMHAT, CBSI3aHHOI C 3THM TEJIOM, BEKTOP CHJIBI CBETOBOTO
JIaBJICHHS MMeeT KOMIIOHEHT, HAIpaBJICHHBIl [IPOTHB BEKTOpa ckopocT. YacTuua, nMeromas JuaMeTp
10 MKM M HaxosIascs Ha KPyroBoil opoute paauycom 3 a.e., B pe3ynbraTe 3Toro 3¢dekra najgaer Ha
Connue B TeueHne BpeMenHt nopsiaka 10 ser. [Tockonbky MeXIUIAHETHOE METEOPHOE BEIECTBO B PE3YIlb-
TaTe MPOLECCOB, CBA3aHHBIX C JydYEBbIM JaBJICHUEM, HENMPEPBIBHO yaasiercs u3 CONMHEYHOH CUCTEMBI, TO
OHO JIOJDKHO HENPEPHIBHO BO30OHOBIATHCSA, YTO U IPOUCXOAUT B pe3yibTaTe pas3pylieHHs KOMET U
aCTepOH/IOB.

IIpu xaxaoM commpkennn ¢ CONHIIEM KOMeTa TepsieT HEKOTOPYIO YacTh CBOCH MaccChl B BHIE rasa u
INbLIA, Bbl6paCl>IBaCMl>lX B I'OJIOBY U B XBOCT. ﬂpu 9TOM TOJIOBBI KOMET HMHOrla JOCTUral0T pa3sMepoB,
npeBbIIaonux pazmepbl ConHIla, a XBOCThI UMEIOT IOopoit JutHYy Gonbine 1 a.e. Kak mokasbIBaeT CrekTp
KOMETBI, B HeH cOmepXaTCs M Tras3oBas. M MbUICBAs COCTABILIIOIINE, IMOCIETHSST CBETHT TOJNBKO
OTpa)KEHHBIM COJHEUHBIM CBETOM. To e MOKHO YTBEpKJaTh OTHOCHTENLHO CaMO SIPKOH LEHTpaIbHOM
Y4aCTH TOJIOBBI KOMETBI, KOTOPYIO HAOJII0JaTeNI OOBIYHO HA3BIBAIOT SIPOM.

Oco0eHHO KpyNHbIE MOTEPH HeceT KOMeTa MpH 00pa30BaHUK aHOMAJBHBIX XBOCTOB, COCTOSIIMX M3
YaCTHI[ KPyITHOTro pazMepa. KonnuecTBo ra3oB, OCTAIOMMXCA B IIIBIOAX KOMETHOH I'OJIOBBI, IIPOIPECCUBHO
YMEHBIIAeTCs; OBICTPO PAcCEHBAETCs B IIPOCTPAHCTBE CBOOOAHAs NbUIb. Ilepumomuyeckas komera ¢
Ka)kpIM TpubmmkeHneM Kk CoNlHIly CTaHOBHTCS Bee cnabee, MHOTHE U3 HUX «HE BBIIEPKUBAIOT» Ooree
IBYX-Tpex cOmmkeHHil ¢ CONHIIEM U IIepecTaioT CyIIECTBOBATh KaK KOMETHL Jlpyrue M3BecTHBI IpH
OoJibIlIeM YMCIIe TOSBICHUH, HapuMmep, koMera DHKe ¢ mepuonoM 3,3 roaa, oTkpeitas B 1786 r. n
peryJspHO HaOMIOAABIIAsCSA 10 HACTOAIIETO BPeMEHU Npu 47 MOsABICHUSAX (BOCEMb OBUIO HPOIYLIEHO
Ha0JI0AATEISIMU ).

Komera I"anest ¢ Gonee AaMHHBIM nepuoaoM, 76 sier, Habmonaercs ¢ 466 r. 10 H. 3. 32 MUHYBILHE
ThICAYENETH OHa 32 pasa mpoxojawsa nepurenanii Ha paccrosHun ot Comnua Bcero smimb 0,59 a.e.
TpynHo cka3ath. ocnabena Jau OHA 3a 5TO BpeMs, HO KOMeTa DHKe 3a IBa CTOJICTUsI ocnabena JOCTOBEPHO.
Ee abcomoTHas 3Be31Has BEIMYMHA M3MEHUIIACH B CTOPOHY Ociiabienus He MeHee ueM Ha 2™. Y MHOrux
JPYTHX KOMET 3TOT IPOIIECC HAET HECPABHEHHO ObICTpEe.

Hepenxu cimydan, Korja KOMETBI JPOOSTCS Ha HECKOIBKO YacTel, IEMOHCTPHUPYS TeM CAMBIM MaJIylo
CBSI3aHHOCTH ee BemecTBa. KiaccumueckuM mpumepoM sBisieTcsa komera buombl. OHa Oblma OTKpBITA B
1772 r. n Habmonanace B 1815, 1826 n 1832 rr. B 1845 r. pasmepbl KOMETbI OKa3aJIUCh YBEIUUYCHHBIMU,
a B sHBape 1846 r. HaOmoxaTenu C yaUBJICHHEM OOHAPYXWIM JIBE€ OYEHb OJIM3KHE KOMETBHI BMECTO
OfHOH. BpIM BBIYMCIEHBI OTHOCHTENBHBIC ABMKGHHS OOCHX KOMET U OKAa3aloch, YTO KOMeTa BHambl
paszenuiach Ha JBE €le OKOJIO TOAa Haszajl, HO BHAayajde KOMIIOHEHTHI HMPOEKTHPOBAIHCH OOMH Ha
Jpyroi, u paszeneHue ObUIO 3aMedeHo He cpasdy. Komera Busnbl HaOmoaanack eme ofuH pa3, Ipu4eMm
OIMH KOMIIOHEHT ObLI MHOro cinabee Apyroro, u Oonblle ee HaiTH He yaanoch. C TedeHHeM BpEeMEHU
TPaBUTallHOHHAsl CBA3b MEXKIY KOMIIOHEHTaMH ocnabeBaeT, M OHM IBIDKYTcs BOkpyr ConHIA Kak
He3aBHCHMBIE Tela. 3aT0 HEOTHOKPATHO HAaOIIIOJAICd METEOPHBIH MOTOK, OpOUTa KOTOPOro COBIAjaia ¢
opOuTOIt KOMEThI buaJIbL.

Ilpu paspymreHHNH KOMET HHOT[A BO3HHKAIOT PEAKTHBHBIC CTPYH H BBIOPOCHI, KOTOpBIE MOTYT
HCKa3HTh OpOUTHI KoMeThl. Hampumep, sS1po KoMeThl DHKe BpalaeTcsl ¢ IepHOIO0M, KOTOPEIH OLEHHBAIOT
npuOIM3UTENbHO B OonHM CyTKU. [Ipm oOnydyeHun ConHIEM sSIpO HarpeBaercsi, HO HamOOJbIIas
TEMIIepaTypa HACTYIAeT He B MOJCOTHEYHON TOUKE KOMETHI, @ HECKOJIBKO MO3XKe, CKaxeM, Ha 10—15° mo
JONT0Te B CTOPOHY «Bedepa». Mexay TeM BBIOPOC ra3a W IBUIH OOHJIbHEE BCEro 3[ech, H IMPH BEIOpoce
BO3HHKAET PEAKTHBHOE YCKOPEHHE B HAIPABICHHH, KOTOPOE COCTABILIET C PaJUyC-BEKTOPOM KOMETHI
3aMeTHBIH yTroi, TaK YTO y PEaKTHBHOI'O YCKOPEHHS €CTh COCTAaBILIIONIAs, HepHEeHUKYISIPHAs K pagmyc-
BEKTOpY. DTa COCTABIIIONAs YBEIMIMBACT MIIH YMEHBIIACT CKOPOCTh OPOUTAIBHOTO JBIYKEHHS KOMETHI
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B 3aBHCHMOCTH OT TOr0, BpaIlaeTcs JU KOMeTa B HPSMOM WM oOpaTHOM HampasieHuu. Hapsny c
YCKOPEHUEM Y KOMET BCTPEUaloTCsl, IPaBJa PexKe, 3aMEICHUS IBHIKCHUSL.

IIpumepoM paspyLIeHHs KOMET SBIIIOTCS [BE «LApPANalolUX» KOMEThI, HaOJII0JaBIIHECs CO
cnytauka «SOLWIND» B HemocpenctBeHHoit 6imsoctd ot CojiHIA C IOMOLIBIO CBOECOOPAa3HOTO
KopoHorpada — B TEHU OT HCKyCCTBEHHOTO [IMCKa, BBIIBHHYTOrO HA MHOTO METPOB BIiepe]] OT Ipudopa u
CO3/1aBaBILIEr0 MMHTAIMIO COHEYHOTrO 3aTMEHHs IPU OTCYTCTBHU aTMOC(EpHBIX MoMeX. B siHBape u
utone 1981 r. komersl HaOMOAAMMCh HA paccTossHUSIX OT COJIHIIAa, HEMHOT'O IPEBBIIIAIOIINX €ro pajnyc,
W JaXe B COJHEYHOH KOpPOHE HE MpeKpallajd CBOE CYIIECTBOBaHHE. MOXKHO C YBEPEHHOCTHIO
YTBEPIKAATh, YTO BCS MbUIEBAs COCTABIIIONIAsl 3THX KOMET HCIapHiach B COHEYHOIH KOpOHE, HO Goiee
KpYyIHBIE Teja, BXOAMBIIME B SIAPO KOMETHI (KaMEHHBIE TJIBIOBI), «IIEPEKHIN» YPE3BBIYAWHO BBICOKYIO
TEMIIepaTypy B TEUCHHE HECKOIBKHX YacOB NMPEObIBAHUS B KOPOHE U BBIPBAIHCH MO NEPBOHAYATBHON
op6uTe, yaassisich oT CoJHIA KaK CKOIUICHHE MaJIbIX TBEPBIX TEI U YK€ HeBUIUMBIC.

Ecnn ata opbuta mepecekaer 3eMHYIO OpOUTY, TO ©KErogHO, Koraa 3emiisd MOMajaeT B TOYKY HX
repeceueH s, HabJIF0JAI0TCS. METEOPHBIE OXK/IH, YCHINBAIOIIHECS IPU OJJHOBPEMEHHOM MOIX0/€E K 9TOH
TOYKe 3eMJI M OCTAaTKOB KOMEThI. Eciu ke ycuienuii He HabroJaeTcst, 3HaYUT, BEIECTBO KOMEThI Oosee
WM MEHee PaBHOMEPHO Paccesuioch MO0 OpOHTEe — KOMETa MOJHOCTBIO MPEKpaTiiia CBOE CYLICCTBOBAHHE
KakK HeOEeCHOe TeJo.

Taxum 00pa3oM, pacragasch co BpeMEHEM, KOMETa MOPOKAAECT METEOPHBIH MTOTOK, ABIKYLIUHCS 110
ee opOuTe, OTKya MOXKHO CIENaTh BBIBOJ, YTO SIPO KOMETHI HE €CTh MHOE TBEPAOE TENO, IYCTh Aaxe
ACTEPOHIHBIX Pa3MEpOB, HO COBOKYITHOCTh OTAETBHBIX TEJ, pa3Mep KOTOPHIX HE MOANACTCS TOYHOMY
ompezeneHnIo. Ta COBOKYITHOCTh B 00JbIIOM ynaneHHu oT CoJHIIa COCTOUT U3 HECTOMKOTO CMEILECHUS
JIbI0, KAMHEH, NECUMHOK, MBUIMHOK, c1a00 CBA3aHHBIX MEX/Y COO0M, HO BCE-TaKU 00pa3yIoIHX 10 MHOPbI
JI0 BPEMEHM €IMHOE IIeJIoe, B KOTOPOM CBA3YIOUIUM BELIECTBOM SIBJIAIOTCA JbJBI U3 BCSIKOTO poja
MIPOCTHIX COEAMHEHUH BOJOPO/A, KUCIOPO/a, yriepoa H a30Ta, JIETKO MCIAPSIONIMECs NPH COMMKEHHN
xomeTtsl ¢ ConnnieM. Torna Bce BKIIOUEHHBIE B JIbJIBI TIBIOBI U KAMHH C IONEPEYHUKOM OT HECKONBKHX
METPOB JI0 CAHTHMETPOB ¥ MHJUIUMETPOB OOHAKAIOTCS M B CBOIO OYEPE/lb BBIICISIOT a1cOpOHPOBaHHbIE
ra3bl ¥ MOCTABJIAIOT MbUIb. OHH MOTYT 00pa30BaTh PO CAMOCTOATENbHBIX TIBIO U KaMHEH.

YacToTa MOSBICHHS METEOPOB M HX pacIpee/icHue 1Mo HeOy He BCer/ia SBJIAIOTCS PABHOMEPHBIMH.
CucreMaTHyecKu HaOMIOAIOTCS METEOPHBIE TOTOKH, METEOPhI KOTOPBIX HAa MPOTSKEHUH OIPEIeIeH HOro
MPOMEXYTKA BPEMEHH (HECKOJIBKO HOYEH) MOSBIIIOTCSA IPUMEPHO B OJJHOU M TOH xe obnactu Heba. Eciu
HX CcJefbl MPONODKUTH Haszad, TO OHM IEPEeceKyTCs BOJM3H OJHOM TOYKU, HA3bIBAGMOU DAaIMaHTOM
METEOPHOT0 IOTOKAa. MHOTHe METCOpHbIE IOTOKH SIBIAIOTCS MEPUOTHMICCKUMH, OBTOPSIIOTCS M3 TOfia B
TOJl ¥ Ha3BaHBI 110 CO3BE3JHAM, B KOTOPBIX JIXKAT UX PafHaHThI. Tak, METEOpHBIH NOTOK, HAOII0AaeMBbIit
exeroaHo npumepHo ¢ 20 urons no 20 aBrycra, Ha3BaH [lepcenamu, MOCKOJBKY €r0 paJHaHT JEKUT B
co3se3uu Ilepces. Ot co3Be3auit Jlupsl u JIbBa MOMYYHIIM COOTBETCTBEHHO CBOE HAa3BAHUE METCOPHBIC
noroku Jlupun (cepenuna anpenst) u Jleonun (cepeanHa HOsOps).

AKTHBHOCTh METEOPHBIX IIOTOKOB B Da3Hble TOIbI Pa3iM4HA. BBIBAIOT rofpl, B KOTOpHIE UHCIO
METEOpOB, MPHHAUIGKAINX MOTOKY, OY€Hb Majo, a B MHbIC TOAbl (IIOBTOPSIOIIMECS, KaK MPABUIIO, C
OIIPENENCHHBIM IIEPUOAOM) HACTONBKO OOHIBHO, YTO CaMoO SIBICHHE HOMYyYHJIO Ha3BaHHE 3BE3IHOIO
JOOoXs. MeHsromascs akKTUBHOCT METCOPHBIX MOTOKOB OOBACHSCTCA TEM, YTO METCOpHBIC YacTHIBI B
MIOTOKaX HEPaBHOMEPHO pacpeielIeHbl BIOJb YUIMITHICCKON OPOUTEI, IepeceKaloeil 3eMHYIO0.

Tpu meteopHbIX MoToKa — JIeoHMIBI, AHAPOMEAUIB! M JIpaKOHUIBI MTOKA3bIBAIN B UCTOPUUCCKUE
BpeMeHa O4YeHb PEe3KUE BCIBIIIKN aKTHBHOCTH, IPHYEM B Cilydae AHIPOMEIN 3TO OBIIO IPSMO CBA3AHO
¢ paspymienueM komersl Kucnbl, kotopast B 1845 r. pazaBouiack u B cieayrouiee nosisienue, B 1852 r.,
BUZHBI OBUIH ABe cIa0ble KOMETHI, pa3feleHHBIC PAacCTOSHMEM cBhIme 1,5 MiH. kM. Bombme xomera
Busnbl He Habmonanacs. Ho B 1872 u 1885 rr., korzma 3emis nepecekiia opoUTy KoMeTsl Bucisl u cama
KOMeTa, ecinu Obl OHa elle CyIecTBOBasia, OblIa Obl OJIM3Ka K TOYKE MNepeceyeHHs, HaOII0IaInch
BEIMKOJICHHBIE JJOXKIH MEITICHHBIX METEOPOB (OHM HATOHSIIU 3eMIII0 CO CKOPOCTBIO 19 KM/C) ¢ 4acOBBIM
YHCIOM HX, AoxomuBmmM a0 7500. B 1892 u 1899 rr. moToku AHAPOMEAU OISTH YCHIMBAIIKCh, HO
HesHaunTenbHO. [Tocnemyromas BCIBIIKA aKTUBHOCTH AHApOMeIH] HaOIoganack CIOycTs IATh JIET, B
1904 r., B TO BpeMs Kak IepHoJ oOpalieHHs KOMEThl Bucibl coctaBisin 6,6 ner. 3Ha4uT, METEOpPHOE
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CKOIUJIGHHE CYIIECTBOBAJO JaJeKo BIlepequ camoil «ObiBmiel komersl». Ilocie 1940 r. akTMBHOCTH
AHJpoMenn BO3POAMIACk, HO B CI1a00M CTeNeHU.

B Hacrosiee Bpemst ycremHo cocyiecTByoT komera Jlxakoonnu — LlHHEepa u CBs3aHHBIIT ¢ HElO
MeteopHbIil motok Jpakonua. Komera 1900 III 6buta otkpeita [Jxakoouau B 1900 r. Bckope mocie ee
cuibHOro conmmkenus ¢ FOmurepom. Iocne emie oquoro commxenus ¢ FOmurepom, B 1910 r., oHa Obita
MOBTOPHO OTKpbITa B 1913 T. M B AajbHEHIIeM HEOJHOKPATHO HAOJII01aN1ach ¢ IIEpUoIoM odpamieHus 6,6
JieT. Y3eld KOMETHOM OpOWTHI Teleph HaxoauTcs Ha paccrosHud Beero ymmbs 0,001 a.e. or 3eMHOM
opOuThL. 9 OKTAOPst 1933 1. 3emitst mpoxoauiia 3Ty Touky Ha 80 JHEl Mo3xKe, ueM ee nepecekiia komera. B
9Ty HOYb TAaKKe HAOJIIOJAJCS BEIUKOJCIHBIA T0XKIb METEOPOB C PaJHaHTOM B J[pakoHE HMPH YacOBOM
gucne ux 10 6000. Criyers 13 ner, B Houb ¢ 9 Ha 10 okT0pst 1946 1., BHOBb HAa0IIFO AAJICSI TAKOM XKe, €CIH
He Ooylee MHTCHCUBHBIN, METCOPHBI JIOXK/b B TeUeHHE 5—6 4acoB, MOKa 3eMils repeceKasia KOMETHYIO
opOuty crycrs 15 aHel mocie Toro, Kak 3To MecTo npouuia komera. B 1952 r. 3emus npoxonuia Mecto
commxenust 3a 195 nHel 10 KOMETHl M ONATh HaGNMIOJaCs HeOONbLION METEOpHBIH M0XKIb (4acoBoe
yucio 200), a B 1959 r. JIpakoHub! NPaKTUUECKH HE HAOIIONAINCh, XOTS 3eMJIs Onepeuia KOMeTy B
MecTe HauOOJbIIEro cOMMKEHHs OpOMT TONBKO Ha Tpu Henend. TakuM oOpa3oM, Mo3aad KOMETHI
JlxakoOunu - L{uHHepa oOpa3oBalics METEOPHBII PO, HO caMa KOMETa OT 3TOro MaJlo MOocTpajaia: u B
1959 r. oHa ObUIa JOCTATOYHO SPKOM; 8 OKTAOpa 1985 r. motok [IpakoHWA OHATH MpPOSBHI ceds B
HOJIHYIO CHJTY — 4aCOBOE YHCIIO METEOPOB 110 PaIHOHAOTIOACHHUSAM JOCTHIAIO0 OJHOM -TPEX THICTY.

Pacriag komer m 00pa3oBaHHME METEOPOB, PACHPEACSISIOLIMXCA 3aTeM IO Bceil opOuTe MM IO
3Ha‘-ll/lTCJ'll>H0171 €€ 4JacTu, l'lpOHCXO)l]/IT TaKUM 06pa30M, 4TO MeTeOpr]e TEJla MOKUAAKT S{}IpO KOMETHI C
YMEPEHHBIMH CKOPOCTAMHM. BbLIO MO/ICYMTaHO, HATIPUMED, YTO JUIs 00bACHEHU HaOmoxaBmmxcs B 1933
u 1946 rr. noxaeit JlpakoHu 10CTaTOYHO, YTOObI METEOPHBIE YACTHIIbI BHIOPACHIBAIMCH U3 sIJpa KOMEThI
co ckopocTAMH mopsaka 14-20 m/c. YacTHibl 3TH pacrnoiaraioTcs JOBOJBHO TOYHO B IUIOCKOCTH
KOMETHOH OpOWTHI, HHAYE NMPOJOIDKUTEIBHOCTh METEOPHOT0 0K/ Obl1a 661 MHOTO Goublie. CkopocTn
BbiOpoca B 10 M/c 10CTaTO4HO, YTOOBI METECOPHBIC YACTHUIIBI pacTAHyJIHCh 3a 160 et mo mainoii opoure,
kak opouta ['emunuz, u 3a 1100 ner no GosbIol opOuUTe, TAaKOH, KaK y KoMeTbl [ ajues.

KoHeuHO, MeTeopHBIH poil, CyIECTBYIOIHIA OTAEILHO OT KOMETHI, OIBEPraeTCsl HHBIM IIAHETHBIM
BO3MYIIEHHUSIM, YEM CaMa KOMETa, U BBH/Yy MEHbIIEH TOYHOCTH METEOPHOH OPOUTHI y4ECTh BO3MYILECHUS
TpyaHo. BoT modeMy coBeplIeHHO HENMpeIBUAEHHBIM 00pa3oM OT/ENbHbIE METEOpPHBIE IIOTOKH H
CTYIICHHSI B HHX TO COMMKAIOTCS, TO yAamsaioTcs oT 3emin. TakoB, HampuMep, HECOBIBIIHMICS IOXKAb
Jleonna B 1899 r., KOTOpBI HE COCTOSUICS, BONpPEKH OXHMIAaHUSAM. OH NPEAINONaraics TaKUM JKe
s¢dexTuBHbIM, Kak B 1866, 1833 1 1799 rr. DTOT NOTOK BHOBB NPOSBUII ceOs JoxKaAeM B 1966 r.

B koHeYHOM cyeTe, TPAaBUTAILIMOHHBIC M MHBIC BO3MYIICHHUS IPEBPAINAIOT KOMETYy B METEOPHBIH
MIOTOK, @ IIOTOK CTAHOBHTCSI CO BpeMeHeM Bce Ootee u 6os1ee pacCestHHbIM B IIPOCTPAHCTBE.

Hcrounnxu:

I1.1.bakynun, 3.B.Kononosuu, B.1.Mopo3 «Kypc o6mieit acrporomun», M., Hayka, 1983,
.51 MaptsiHoB «Kypc obmieit actpoduszuku», M., Hayka, 1988.

BOIIPOC Ne50: Kak BO3HHKAIOT 3eMJICTPsICEHUS?

OTBET: CeiicMU4HOCTb, T.€. CIIOCOOHOCTH KOCMHUYECKOIO Tela IOCPENCTBOM 3EMIICTPSICEHUS
(JIyHOTpSICEHHS U T.I1.) «Pa3psHKAThCS» H «COPAChIBATh» HAKOIUICHHYIO YIIPYTYIO S9HEPrHIO, II0-BUAUMOMY,
of11ee CBOMCTBO IS TUIAHET 3eMHOMU TPYIIIbl U OONMbIINX CIyTHUKOB. O/IHAKO, €Ciii 00paTUThCS K KapTe
3eMJICTPSICCHUI, BUAHO, YTO €CIM 3TO H OOINIE3eMHOE CBOWCTBO, TO IPOSIBCTCS OHO MAAJICKO He
paBHOMepHO Ha 3emuie. Ha Hameld miaHere CEHCMHYHOCTH IIPOSIBISICTCS HE IIOBCEMECTHO, a
COCPEIOTOYCHa B OCHOBHOM B OKPECTHOCTH THXOro OoKeaHa M CYIIGCTBEHHO MEHBIIE B HECKOIBKHX
JPYTUX BBIICICHHBIX paifoHaX, KAk Ha KOHTHHEHTAaX, TaKk U B okeaHaX. OOBIYHO 3TO MO0 OcIabIeHHBIE,
160 Hanboee HanpsHKEHHBIE 30HbI IMTOChephL. [ TyOrHBI 3eMIIeTpsICEHHI BapbUpPYIOT OT 5 10 700 KM.

H3BecTeH psil KOPPEILSIIHHA, CBA3BIBAIOIINX CEHCMHYHOCTD C IIapaMeTpaMH 3eMIIH: BEICOTOH Teousa,
CKOPOCTBIO BpallleHus] 3eMJIM, MarHUTHBIM IIOJIEM H T.A. PaccMaTpuBaTh CeHCMHYHOCTH 3€MIIH MOXKHO
TOJBKO BMECTE C €€ MOZIEIbI0 00pa30BaHMs, SBONIONNH M BHYTPEHHEro ycTpoiicTBa. HaydHble OCHOBEI
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celicMOJIOruH, Kak HayKH O (U3HKe 3eMIICTPICEHNH, ObLUIN 3a0KeHbI ITocie Toro, kak U.d.Puxrepom s
CPaBHEHMSI OJIHOTO 3EMIIETPSCEHHs C IpyruM Oblia INpeuloKeHa IKana MarHutyn. (Marmutyna —
oTHOcHTeNnbHasi BenuuuHa.) Illkama ompenenseT CTaHAApTHOE 3EMIIETPSACEHUE U OLIGHUBACT JIPYyrue
3eMJIETPSICEHHS 110 X MAKCHUMAJIbHBIM aMIUIMTY/laM OTHOCHTENBHO 3TOTrO CTaHJIapTHOro macuiraba mpu
HACHTUYHBIX YCIOBHSX HAOIIOICHUSL.

MarnuTyna semiuerpscenus M o onpeneneHuto Puxrepa:

M=1g[A/AJ],

rae Ao M A — MakCUMaJIbHbIe aMILUTUTY b 3aIMCH Ha ONpeeNIeHHOM ceficMorpade Uit CTaHAapTHOrO U
H3MEPSIEMOro COOBITHS COOTBETCTBEHHO. MarHuTyna cBsi3aHa ¢ dHeprueil 3emierpsiceHus. M3menenue
MAarHuTyZbl Ha SAWHUIY SKBHBAJICHTHO MOBBIICHUIO (IOHIDKEHHIO) SHEPIHH 3eMIIeTpsiceHus B 32 pasa.
K npumepy, MarauTya M = 8,0 cootserctayer E = 6,3-10% spr; M = 7,0; E = 2,0-10% spr u 1.1.

['yrenOepr u PuxTep ycTaHOBHMJIM 3aKOH MOBTOPSIEMOCTH 3eMJleTpsceHuit. Uncao Menko-hoKyCHBIX

semuterpsicennit (h<50kM) B roj1 3aBHCUT OT MATHUTY/IbI B COOTBETCTBHH C (pOPMYIIOi

lg AN =-0,48+0,90(8-M) ,
rne AN — uucno 3emserpsiceHuit B rox B uHTepBase AM = 0,1M. CMbICI 3aKOHa MOBTOPSEMOCTH
3EeMJIETPSICEHNII COCTOMT B TOM, UYTO 3EMJETPSCEHMs C BBICOKOH BHepruel NpoucxomsT Ha 3emie
CPaBHUTEJILHO PEJIKO, C MEHbIIEH — 4alue, ¢ elle MeHbluel — eme yamie. CpeqHsas rojoBasi SHEpPrus
3eMJIETPsICEHN, B 11e7IoM 110 3emJle, TPUXOMTCS B OCHOBHOM Ha 3eMJIETPSICEHHs C MarHUTY 101 Gonee 7.

O}ll/lH W3 BaXKHEHUIINX BOIIPOCOB CEICMOJIOTMH 3aKJIIOUAETCsl B BBIICHEHUH IpUpoOAbl MEXaHU3Ma
3eMIICTpSICEHHs, T.€. (PU3MKM MPOIECCOB B ero ouare. HecMoTps Ha TO, 4TO 3TOT BONPOC CTOMT IMEPEn
HCCIIE/IOBATESIMU HE OJMH JIECATOK JIET, COBPEMEHHbIE MPECTaBIcHUs Oa3upyloTCs, TeM HEe MeHee, Ha
uaesx, sanoxeHubix 80 et Hazan Jx.Peitmom.

Cytb Teopun Peiiia COCTOMT B HaKOIUIGHHH YNPYrHX AeopMaluii Ipu IOCTEEHHOM HapacTaHUU
nepeMelleHns: 6J0KoB, 00pa30BaHUH Pa3pblBa M PE3KOr0 CMELIEHHs CTOPOH pasphiBa B IOJNOXKEHHE, B
KOTOPOM OTCYTCTBYIOT yNpyrue Aedopmaiuu. PasphiB, TpelinHa, COOCTBEHHO OYar 3eMIIETPACEHUs], 110
Peiimy, MoryT 1160 BBIXOIUTh Ha IIOBEPXHOCTh — M TOTJa Mbl HA0II01aeM CHIILHOE 3eMIICTpsICeHHE, T00
HaXOJMThCA TOJ Hell — BO BeeX Cilydasix c1albIx 3emierpsacenui. HecMoTpst Ha HEOTHOKPATHBIE ONBITKH
KPMTHKH 3THX TOJIOKEHUH, JIPyrue H3BECTHBIC MOJEIM oyara 3eMJETpsACEeHMs Henaneko "yuum" oT
Mozenu Peiia, HUYEro NpUHIMIMAILHO HOBOTO B MOJICNIH OUara 3eMJICTPsICEeHHs TaK H He OBIIO C/IENaHo.

BosHukaer ecrecTBeHHBI BOMpPOC: BO3MOXHO, Teopus Peiina MOMHOCTBIO YAOBIETBOPSIET
CYILIECTBYIOIIYIO CEHICMOIOrNYECKyIO MPaKTHKy M He HaXOAUT MpoTHBopeurs? B neficTBuTensHOCTH 3TO
coBceM He Tak. Paccmorpum Bospaxkenus @.Creiicu, 00CYXIArOLIEro OAHO M3 IOJOKEHUH Teopuu
Peiina: HanmpsbkeHUst Ha pas3iioMe JMHEHHO PacTyT CO BPEMEHEM U 3eMIICTPSICEHHE IMPOUCXOAUT TOrAa,
KOIJa JIOCTUTAeTCsl ompeneNneHHbld mpenen. Ecam mpunats, paccyxpaaer Crelicu, HHTEpBad BpPeMEHH
MEXTy 3eMICTPACCHHAMH paBHBIM 100 rofiaM, Ipeien HATPSKEHHS Tepe]l 3eMIIeTpsiceHeM mopsaka 107
JMH/CM?, TO TIONydaeTcs CKOpocThb pocta Hampsokerus 3-107° mun/ (em?c), uto B 1000 pas meHbe
CKOPOCTH W3MEHEHHs HAIPSHKCHUH NP JIyHHBIX NPWIMBAaX B 3€MHOM Kope 7 auH/ (em?-c). Torma,
Ka3ajaochk OBl, TyHHBIH NPUIHB JODKEH aOCOMIOTHO YETKO IMPOSIBIATHCSA B MEPHOAMYHOCTH MOSBICHUS
3EMJICTPSICCHH, Yero B ISHCTBUTEIbHOCTH HE HAaOJFO1aeTCsl.

Taxum o6pa3oM, hakTHUECKHil MaTepua He JOITYyCKaeT OJHO3HAYHOIO TOIKOBAaHUS HaOII0OTaeMBbIX
sIBTeHUH. ['MIOTe3Bl, OMUCHIBAIOIIME OYar 3eMIICTPACEHUS, CBS3BIBAIOT HM3JTy4eHHE YIPYTHX BOJH C
OBICTPOIi pa3rpy3Koli BCIEACTBHE pa3pyIleHHs TBEPIOro Tea B oJare.

OO6paTHM BHHMaHHE Ha CIeIyIoIie OOIICHpH3HAHHBIC MONOKEeHHs. Bo-TepBbIX, ceificMuueckas
JHEpPrHs dYepHaercs 3a CcYeT M3MEHEHUS YIPYrod OSHEPrMH CIBHTAa B odare. Bo-BTOpBIX, odar
3eMJICTPSICCHUS] TOCTATOYHO JIOKAIM30BAaH, M DHEPIHs HM3Ty4aeMbIX BOJIH IPONOPIUOHATBHA 00BEMY
ouara. (HexoTopoe pasiauune BeIMYMH HAKOIUICHHOW JHEPrHM B eOMHMIEC 00BEMa UL PasHBIX MO
IIyOHHE ¥ IPOTSHKCHHOCTH OYaroB HE MMEIOT NPHHIWIHAIBHOTO 3HAYCHUS, YYUTHIBAs OTPOMHBIH
IWaNa30H M3MEHEHHS OJHEPruil 3eMieTpsceHHil.) B-TpeTbux, IIOBTOPAEMOCTh 3€MICTPSCEHUH
CBHIETENBCTBYET 00 YCTAHOBHBILEMCS HIIM KBa3HyCTaHOBHBILEMCS IIporiecce e OpMHPOBAHUSL.

Ncrounnxu:

JI.B.TapacoB «®wu3uka B mpupoze», M., [Ipocsemenue, 1988, rnasa 17,
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B.H.Ponuonos, 1.A.Cu3zos, B.M.1{BeTkoB «OcHOBBI reomexanuku», M., Henpa, 1986,
B.B.Ky3nenos «®usuka 3eMHbIX kaTacTpoduueckux siBieHuii», HoBocubupcek, «Haykay», 1992.

BOITPOC Ne51: Ectb i y BeenleHHO# kpaid?

OTBET: OtBer Ha BOIPOC 3aBUCHT OT TOTO, YTO Ha3bIBaTh KpaeM BceneHHOI (3TO CIOBO MPHHATO
MUCATh C 3arJIaBHOH OYKBBI).

Bcenennas 160 3aMKHyTa (TpeXMepHOE M01001e MBUILHOTO My3bIpsi) — TOT/a Y Hee Kpas HeT, JT00
OeckoHeuHa, M TOrJa Kpas Toxke HeT. OJHAKO B HEKOTOPHIX KOCMOJOTMYECKHX MOJEISIX UMEETCS TaK
Ha3bIBaeMbIii TOPU30HT. DTO MOBEPXHOCTB, U3-32 KOTOPOW HAONIONATENh HE MOXKET MOIYYHTh HUKAKHX
curaanoB. OHAKO TOPU30HT He SBILIETCS (PU3UUECKUM KpaeM BceneHHOt, a MpocTpaHCTBO Ha TOPU30HTE
YCTPOEHO TaK ke, KaK U B TOM MecTe, Ii¢ HaxoAuTcs: Habmoxatens. C Ipyroif CTOPOHBI, B HACTOSIIEE
BpeMs C MOMOIIbI0 BHeaTMocdepHoro Teneckorna "Xab6n" u pagnonHrepdepoMerpa o CBEPXTIMHHON
6a30i (MPUEMHUKH M3ITydeHHs pa3HeceHbl Ha paccTosHue 8000 KM) acTPOHOMBI MMEIOT BO3MOXKHOCTb
HaOJr01aTh 00BEKTHI, YIaJIEHHbIE OT HAC Ha 15 MuiumapoB cBeToBbIX jeT. Ecnu oOmmenpunsras ceituac
runotesa bBosblioro B3pbiBa BepHA, a MO PA3IMYHBIM OLEHKAM 3TO coObiTHe mpousouuio 10-20
MHJUTHAPAOB JIET Ha3a (MHOTHE aCTPOHOMBI CYUTAIOT, YTO ITO CIYYHIOCh 17 MIILITHAPOB JIET Ha3a), TO
U3 OPHUBEICHHBIX [H(P BUIHO, Kak OJIM3KO K HayaTy BceeneHHOMN MOIOMUTH aCTPOHOMBI-HAOII0JaTENH.

[Tocne Bonbloro B3pbiBa, B pe3yibTaTe KOTOPOro oOpaszoBanack Haiia BceneHHas, ele MUJUTHOH
JeT oOpa3oBaBleecsi BEIIECTBO OBLIO HENpO3padyHO sl H3dydeHus. I[loxoxke, 4TO C HMOMOLIBIO
9JIEKTPOMATHUTHBIX BOJH MBI, B IIPHHIIMIIE, HE y3HAEM, 4TO ObLIO B ITOT NEPBHIi MHJUIMOH JeT. M3
aHalN3a PEIUKTOBOTO M3IIyYeHHs, OCTAaBILIErocs mocie bobioro B3peiBa criemyer, 4To BHauaje XKU3HU
Haweil BeeneHHoli BeecTBo Bo BceneHHOI ObLIO pacripenesieHo paBHOMEPHO. PaznuuHble rajgakTHKu
BO3HHKJIY 3HAYUTEIBHO MO3KeE.

Ecnu 3a kpaii BeenenHol npuHUMaTh paccTOSHHUE, C KOTOPOTO Mbl B IIPUHIUIIE MOYKEM TOIYYHTh
uHpOpMAaIHIO, TO OE3yCIIOBHO, TAKOW Kpail €CTh U COBPEMEHHBIE METO/Ibl HAOJIOICHHs COBCEM OJIM3KO K
HEMY 110JJ00panCh.

Jluteparypa:

"®usuka kocMoca" (MasieHbKas SHIUKIIoneaus ), M., 1986,
C.Murtron, XK.Mutron "AcrpoHomus'", M., 1995.
Bopobves I[1.B.

BOIIPOC NeS2: Kakue ceifyac CyLIECTBYIOT aHTHBHPYCHBIE NPOrpaMMbl (ULl KOMIIBIOTEPOB) U
YeM OHHU OTIMYAIOTCS OT IPEKHUX IPorpamm?

OTBET: Yto0bl MOHATH, KaKue CeHyac CyLIECTBYIOT AHTHBUPYCHBIC HPOrPaMMBI, AJI8 Hadaia
CIIelyeT HOHATh, KaKHe N3MEHEHHs IPOM30LUIH B TEXHOJIOIMH HAIIMCAHHs BUPYCOB.

B Hauvane BO3HMKIN KOMIBIOTEPHI, U BUPYCOB He ObLIO, U ObLI pail Ha 3emie. BriepBrie Bupyc Obu1
HaMUCaH MCKIIOUUTENbHO M3 JKENaHUS IIOKa3aTh, YTO HA KOMIBIOTEPE MOXHO CO37aTh IPOrpaMMY,
KoTopasi Oyzer cebsi Bocrpon3BoauTh. [IepBhIii BUPYC ObLT HAamKMCaH MPOrpaMMHUCTOM NPO(EcCHOHATIOM
Ha kommbtotepe PDP-11 (B Haleii cTpaHe BBITycKalICsi aHAJIOT TOi MalrHbl, u3BecTHbIN Kak [|BK) nox
cucremoii RSX-11 (mpooGpa3 oneparonHoii cucremsl Unix).

C nosiBnenrem Dos Hagascst OypHBIi pOCT YMCIIA Pa3IM4HBIX BEPCHI BUPYCOB. [lepBbie BUPYCHI, KaK
MIPaBUIIO, Pa3MHOXKAIUCH CIETYIOIHM 00pa3oM: IPHU 3aIycKe 3apakKeHHOU MPOrpaMMbI BHpYyC Opanl Ha
cebsl ympaBleHHe, 3apakal HCIONHAeMBble (aiapl, a 3aTeM BO3BpAIlal YHPABICHHE IIPOTPaMMEI.
IMomo6HBIe BUPYCHI JIETKO OTHICKHBAIIICH IO CUTHATYpaM (KycoukaM OHHApHOTO KOZA COOTBETCTBYIOIINX
oToMy Tuny Bupyca). C MOZOOHBIMH BHpyCaMH JIETKO CHpaBIsUICS W3BeCTHBIM Aidstest (aBTOp
Jlosunckuit, 1984). Ha naHHBIit MOMEHT pyCCKHi JEAyIIKa BCEX aHTUBHPYCOB OE3HAIEKHO yCTapell.

TexHonorus, B TOM 4HCIIe U TEXHOIOTHs IPOU3BOICTBA BHPYCOB He CTOUT Ha Mecte. [TosBummCh
Stelth (HeBHIHMBIE) pE3UICHTHBIE BHPYCHL, KOTOpPHIE OCTABANNCh B IIAMATH IIOCTE HCIIOTHEHUS
IporpaMMbl  JOHOpa M IIepexXBaThIBalM OOpaleHus K JUCKY AHTUBHPYCHBIX IIPOTPaMM, KOTOPBIE
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IIBITAJICh NIPOCMOTPETh KOJ| 3apa)KCHHOH IPOrpaMMBI U IMOACOBBIBAJIM BMECTO 3apa)KCHHOIO ydacTKa
nporpaMmel Koz Oe3 Bupyca. Ho cmiia mogoOHBIX BHPYCOB OKa3alack M HX CIa0OCTBIO: CTOMIIO
MIPOCMOTPETH MPOrpaMMy € HCHOJIb30BAaHHEM CTaHAApPTHBHIX (GyHKuui Dos (KOTOpbI KOHTpOIHpyeTcst
BHPYCOM) M HampsIMYIO Yepe3 jKeJe30, U CPaBHUTBH pe3ylbTaThl, To Mool Stelth Bupyc Oyner 3amedeH.
Bnepssie B mpenenax XUSSR nonoGHblil anroputm ckanupoBanus Stelth BHpycoB ObUT HpHMeHEH B
nporpamme Adinf ([luanor Hayka). Ha naHHBI MOMEHT Bce aHTUBHPYCHBIE IIPOAYKTHI BKIIOYAIOT B Ce0st
MOOOHBIH CKaHep Ha CIIy4ail 3apa)KeHus KOMIIBIOTEp BUPYCOB HEBUANMOK.

Crnemyromuii  CKauoK BUPYCHBIX TEXHOJOTMH HE 3acTaBUI ceOs JIOIro JKJIaTh: MOSBHIIHCH
nonuMopdHble (TIOCTOSHHO MEHSIONMECs) BHPYCHl — BHPYCHI, KOTOpbIE MHPH PacHpOCTPAaHEHUH
TOJIHOCTBIO MEHSUIM  TIOCNIEIOBATENFHOCTh KOMAaHJ B CBOEM Tele, BCTABISUIM IYCThIE KOMaHIIBI,
mmpoBanuch U T.J0. J[Be KOMHUHM OJHOIO M TOrO € BUpPYCa pa3iMYaInCh B KakJAOM OaiiTe Koja.
Oco0eHHO pacrpocTpaHeHHe MOIUMOP(UKH MONYYHIM IOCIE TOro, Kak OAuH Oonrapckuil YUepHslit
Mcrutens (y 4enoBeka sBHO ObUIM TPOONEMBI B JIMYHON JKM3HHM) BBIAETHI KOA IM(POBIIMKA B
OT/IeNbHBIN 00BeKTHBI MOMyIb U pacnpocTpanua mo cetu FidoNet, Termepb kaIblii MOT IpeBpPaTUThL
CBOI MPOCTEHBKHI BUPYC B Ipo3HbI momumopduk. OTBETOM Ha MOJ00HBIE M3BICKH CTaJl aHAJIHU3aTOP
KOZla TIPOrpaMMBbl (IBPUCTHUECKHH aHAIM3aTOp), KOTOPBIA MCKal B IpOrpaMMe BHPYCONOJ00HBIE
komaHpl. Kakoe-ro Bpems nujaepoM B 3ToM oOsactu Obut DrWeb (uamor Hayka), ceifuac sta
BO3MOXHOCTb €CTh MPAKTHYECKH B KAXKIOM aHTUBUPYCHOM IIPOAYKTE.

l_[pl/l YBEJIHYECHUU 6bICT‘p0}16ﬁCTBVIﬂ KOMITBIOTEPOB MOSABUJIACH BOSMOXKXHOCTh ACPKATh aHTHBHUPYCHI
TIOCTOSTHHO 3allyIIeHHBIMH. B TakoM COCTOSIHUM aHTHUBHpPYC CKaHHpYeT Bce 3amyckaemble (aiinsl u
KOHTPOJIUPYET JOCTYH K AUCKY M B CIydyae MONBITKU 3apakeHMs MojaeT curHai (mporpamma AVPM —
naboparopusi Kacrepckoro). OTi nporpaMmbl J0BOJIBHO CHIBHO 3aMEIJISIOT OBICTpOIEHCTBHE U MOKa
JI0BOJIbHO HecTaOmbHbL Celfuac MBI CTOMM Ha IMOPOTe HOBOH BHPYCHOH PEBOJIOIMU — BCE Yalle CTAIH
MOSIBJISATHCS BUPYCHI, KOTOPBIE OCBAMBAIOT 32pa3psIHOCTb onepaluoHHbix cucteM Windows95, 98, NT —
njeanbHas cpefia OOMTaHHs Ul BUPYCOB.

OmHMM #3 BaXHBIX (DAKTOPOB MOSBIEHHS HOBBIX BHUPYCOB SBISIETCA, Kak HE CTpaHHO,
HeJalbHOBHUIHAS TTOUTHKA (GUPM NPOU3BOIIIKX NporpaMMHoe obectieuenue. [Iporpamma Word crana
B Poccum olHMM M3 OCHOBHBIX MHCTPYMEHTOB Habopa TekcToB. OOMeH MH(pOpMaliei Mex1y JIAbMU 1
opraHu3anusamu rnpousBoautcs B (opmare Word. B ¢opmar TekcroBoro daiina Obuia 1o0aBieHa
BO3MOXKHOCTh BCTAaBIIATH IPOTPaMMbl M IepefaBaTh MM YNpPaBICHHE HPH OTKPHITUH OOKyMmMeHTa. Ha
ceropHAmHNE  MoMeHT Word Macro BHpYChl COCTaBIISIIOT caMblii OypHO —pPa3BUBAIOLIMKCS — Kiacce
BUpycoB. TaMm ecTb CBOM HOMMMOP(GUKH, BHUPYChI, KOTOpble HECyT B cebe OMHApHBIM KOJ OOBIYHBIX
(haiinoBBIX BUPYCOB M T.JO. M T.aI. To ke camoe ceityac mpoucxoautr ¢ WWW: nporpamma Internet
Explorer moxer npu npocmorpe WWW cTpaHuueK BBINOJHATH CLICHAPHM, HAallMCaHHbIe Ha Visual
Basic. Kak Bam crpaHuuka, mpu 3aXoie Ha KOTOPYKO KOMIIBIOTEp mepesarpyxaercs? EauHCTBEHHbIH
cnocod u30exarh NpodIeM 3TO IEPEeCcTaTh MOIB30BATHCS MOAOOHBIMH NPOrPaMMaMH, KOTOpPBIE, IO CYTH,
SIBIISTIOTCS 1Oy (habpuKaTamu.

HaubGonee usBectHie B mpepenax XUSSR anTtuBupycHblie npoayktsl 310 AVP (JlaGopartopus
Kacnepckoro), DrWeb u Adinf ([uanor Hayka). CylecTBYIOT HHOCTpaHHBIE aHTUBHPYCHBIE akeTsl Dr.
Solomon, F-prot, Noroton Antivirus. [1o cBonM BO3MOXHOCTSIM OHH KapIHHAJIHHO HE Pa3IHIaoTCs.

Kax 9T0 He 6aHAaTPHO OCHOBHBIM 0aphepOoM MEXIy BHPYCOM U HCIOPYCHHBIMU JAHHBIMU SBIIICTECH
Bbl. Ciefyer OorpaHMYuTh JOCTYI HEMPOBEPEHHBIX mporpamm u ¢aitioB Word/Exel/Access Ha cBoii
KoMmbtoTep. Hukoriga He 3amyckaidTe mporpaMMmbl W He OTKpbIBaiite daitnmr Word Hen3BecTHOro
cozepKaHus, 3TO NPeayNpeXXIeHNe TOro JXKe Kiacca, 4T0 H MOHTe pyku meper obemoM. Jlaxe ecnu BUpyc
3aBejIcs Ha Balllell MamuHe 9To He (aTanbHo. OCHOBHASI IGHHOCTh Ha KOMIBIOTEPE — JaHHbIE CO3JaHHbIC

Bamu. IIporpaMMbl MOXHO IIEPECTABUTh — JaHHBIC BOCCTAHOBUTH HENb3s. 1103TOMY MEpHOANYECKH
COXpaHsIHTE TEKCThI, HAOpaHHBIE Balleil PyKoil Iae-1mbo ellie, KpOME BaIIero KOMIBIOTEpa (HaIpuMep, Ha
JTUCKETKE).

OueHb MHTEPECHA CHTYallusl C aHTUBHPYCAMHU IS OTIEPallMOHHON cHCTeMBbl Linux, KoTopas ceiiyac
OueHb OypHO pa3BUBAETCS M HAXOAUT HOBBIX MocenoBateneid. B Hacrosumii MomenT st Linux ver HU
OHOT O anTHBHpYyca. DTO MPOUCXOMUT 11O TOW MPUYUHE, YTO B 3TOW cucTeMe (Kak u B mobdoit UNIX
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o00HO# cucTeMe) [utsl pa3BUTHs (IO Pa3BUTHEM [TOHUMAETCSI PACIIPOCTPAHEHHE KOMHUI caMoro cedst
Ha JIpyrHe MaulMHbI) BUPYCOB HPAaKTHYECKM HET HUKAKMX BO3MOXKHOCTeH. Ha cerogusumHuii MOMeHT
CyLLEeCTBYeT TOJBKO OfMH Bupyc s Linux-Bliss (cyuiectByror nBe mMoandukanun sroro Bupyca). OH
GBI HANIKCAH C LEBI0 [I0Ka3aTh, 4T0 Ha Linux MOXHO Taku Hamucats Bupyc. Hecmorpst Ha To, uTo Bliss
[IPH aKTHBHU3ALUK MOXKET 3apakaTh WCIOJHsEMble (aiiiibl, OH HE MOXET MOMOPTHTH AAHHbIE JIPYrUX
oJIb30BaTeNeH, CHCTeMHBIe (aiiiibl 1 TeM Golee 3apasuTh (ailyibl Ha APYrUX MALIMHAX, €CIIH TOIBKO 3TO
HE CIeNIaTh YMBIIUICHHO, YTO HE TAK-TO IPOCTO Peaji30Barth.
[MoapoOHyto HHPOPMALMIO O BUPyCax M aHTHBUPYCaX CIELYeT UCKATh Yepe3 MMOMCKOBbBIE CepBEpbI
Ha WWW, takue kak www.rambler.ru, www.altavista.digital.com, www.yahoo.com
Banoun E.M.

BOITPOC Ne53: [IpaBaa s, 4TO yueHbI€ BbIIBUHYJIN I'MIIOTE3Y (OCHOBAHHYIO Ha HAOIIOJCHUSAX),
4TO BCEJICHHAsI PACIIMPSETCS C YCKOPEHHEM — 3HAYUT, €CTh BHELIHSSI CHJa, KOTOpas <pacTacKUBaeT
BCEJICHHYI0>!

OTBET: Bce kocMonornueckie MOJIEeNu CoIeprkaT Tak Ha3bIBAaEMbIH MapaMeTp 3aMeUICHuUsI.

Jeno B TOM, 4TO M3 HAOMIONEHHN H3BECTHO, 4TO Hamia Bcenexnas pacumpsiercs. [lpudem, dem
Jajbllie OT HAC rajakTHKa WIH KBa3ap, TeM ObICTpee OHM OT Hac yOeraioT. Temi 3TOro paciimpeHus
3aBUCHT OT BpeMeHu. OJHAKO yCKOpeHHe (WM 3aMeuleHue) paciumpenus BceeneHHol He TpeOyer
HPHBICYCHUS] BHEIIHUX CWJI. 3aMeJICHHE PACLIMPEHHs] BCENCHHOH MOXET OBITh MPOCTO 00YCIOBICHO
B3aHMHBIM TIPUTSDKEHHEM BelllecTBa BeeneHHoi nin cBoiicTBaMu BakyyMa (KOTOpbIE ONMHCBHIBAIOTCS, TaK
Ha3bIBAEMbIM, JIMO/1a-4JICHOM B YpaBHEHUSX OOILEH TEOPUH OTHOCUTEIBHOCTH DHHIITEHHA).

B mo6om citydae BHemHux cuit He Tpedyercs. [logpoGHee B KHUTax:

Co6opnuk crareit «IIpouutoe u 6ynymee Beenennoitn, M., Hayka, 1986,
1.J1.HoBukoB «Kak B3opBasiack Beenennasy, bubianoreuka «KBan», Boiyck 68, M., Hayka, 1988,
C.XokuHr «OT 60b1IOr0 B3pbIBA JI0 YEPHBIX JbIPY», M., Mup, 1990.

Bopobves I[1.B.

BOIIPOC Ne54: Ha kakoli MUHMMaJIbHOM MIMPOTE MOXHO HAOIIOAATH TOJSPHBIC CUSTHUSA?

OTBET: Ilonspubie custHus HaOMIOAAIOTCS, KaK MpaBuiio, Ha Beicotax or 100 mo 1000 xm or
noBepxHocTd 3emin. Hanbonee uacTo oHM BUIHEI B IBYX KOMNBLEBBIX 30HAX, OKPY)KAIOMIHUX 00a Iomoca
3emiu. B HouHbIe Yachl MOMSPHBIE CUSHUS HMOSIBJIIIOTCS B 3¢6HUTE, TIaBHBIM 00pa3oM, Ha T€OMarHUTHBIX
LIMPOTAX, OTCTOSIMX OT F€OMAarHUTHOTO MOJIFOCcA 3eMIIM MPUOIM3UTENBHO Ha 23 Tpajyca U Ha3bIBaeMbIX
30HAMH IOJIIPHBIX CHAHMIL.

B Hamem nomymapuu 10)KHee BBIICYKa3aHHOH 30HBI MOJSPHBIC CHAHUS TOXKE OBIBAIOT BHIHBI, HO
HE B 3€HHTE, a B CEBEPHOM YacTH Heba.

VIHTeHCHBHBIC NOJSPHBIC CUSHUS MOSBIAIOTCA B CBSI3H C MOIIHBIMH XPOMOC(EPHBIMHU BCIBIIIKAMHI
Ha ConHIle, MPUBOIAIINME K HapyIICHUIO HOPMAIBHOTO COCTOSIHUS HOHOC(hEps! 3eMIIH U IOSABIICHUIO
MAarHuTHBIX Oypb. IIpu HanGoTee CUIIBHBIX MATHUTHBIX OYpSIX HOJIPHBIC CHSHHS PETHCTPUPYIOTCS Jaxe
Ha skBartope (mupota paBHa 0). Ha mmpore HoBocubupcka mosspHble CHSHHS HE TakK YK U penku. OHu
HaOJI0AI0TCS B CEBEPHOI YacTH Heba, Yallle BCEro, Kak CBETOBBIC CTOJIOBI pa3HOM spKOCTH. [10CKOIBKY
HMHTCHCHBHOCTh H3JIyYCHHS YAaCTHIl Ha CPEJHMX IIMPOTaX Maja, TO MBI HE MOXKEM HEBOOPYKEHHBIM
T71a30M YBHJIETH L[BET IIOJIPHOTO CUSHUS H BCE €0 MEPEIHBHL.

MHcTpyKuMi0 1O HAONIONEHUIO MOMSAPHBIX CHSHHUM MOXHO HaWTH B «ACTPOHOMHYECKOM
KaJeHJape» (OCTOsIHHAsL YacTh).

Kupuuenrxo HA.

BOIIPOC Ne55: 3apmaua mpo 6Oak... MoxnHo nm e€ pemmts Tak: Ilycte P — mpomyckHas
criocobHocTh 1-0i TpyOBI, a P, — npyroit B JI/mMmuH. EmMkocts Oaka Torma Oyzer 8P. Ho 12P, — Toxe
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€MKOCTb TOro xe 0aka, noaromy 8P = 12P,. Otciona nomyunm P = 12P,/8 = 1,5P,. Ilycts X — Bpems, 3a
KOTOpOE HAMOJIHUTBCS 0aK, Torga XP—xP,=12P,. Eciu P = 1,5P;, T0 1,5xP,—xP; =12P;; 1,5xP,—xP,—12P;
=0; 0,5xP,—12P,= 0; P»(0,5x—12) = 0; P, = 0 usu 0,5x—12 = 0; Ho P, He paBHo 0; 0,5x = 12; x = 12/0,5,
x = 24 muH. Yto0 BBI 1ymaere?..

OTBET: Hanomuum ycnoBue 3anaun: «Uepe3 TpyOy HaBepxy Oaka OH 3aloOJHSETCS 32 8 MHH.
Yepes apyryio TpyOy BHM3Y 0aka OH IOJHOCTBIO OIOpPOXHsETCs 3a 12 MHH. 3a CKOJBKO BpEMEHH
3aII0JIHUTCS IyCTOM OaK, ecln OTKPBITh 00e TPYObI OHOBPEMEHHO?

I1pu BEITeKaHUU Yepe3 2-yI0 TpyOy CKOPOCTb BBITEKAIOLIEH KUIKOCTH MEHSETCS, T.K. OHA BHITEKAET
MIPU TIEPEMEHHOM HaIope CToI0a KUIAKOCTH. MI3BECTHO, YTO IPU 3TOM CKOPOCTh YPOBHS XKUAKOCTU B Oake
JIMHEHHO MEHSeTCs ¢ TedeHHeM BpeMeHH (puc.1). DTo 3HAUUT, YTO BBE/ICHHAS IIPH PELIEHUH MPOITYCKHAs
CrocoOHOCTh  2-0if TpyObl P, — cpemHsis MpOIyCKHasi CIHOCOOHOCTh, KOTOpash paBHA IIOJOBHHE
MaKCUMaJIbHOH.

C npyroii CTOpOHBI, KOTJla OTKpBITHI 00€ TpYOBI, YpOBEHb >KHJKOCTH B Oake MOBBIIIAETCS C
MEePEMEHHBIM yCKopeHHeM (puc.2). JlefcTBUTENbHO, MOKa XKUAKOCTH B Oake Majo, CKOPOCTb BBITEKAHUS
MaJjia, 1 OH HAIOJHAETCA MOYTH paBHOMEpHO. [1o Mepe pocTa ypoBHS KUAKOCTU pacTeT HAIop CTonoa,
YBEJIUUUBAETCS CKOPOCTh BBITEKAHMS, U, KaK CIEJCTBHE, MaJaeT CKOPOCTh POCTa YPOBHS JKUAKOCTH B
Gake. bombme Toro, ecam Gak OveHb OONBLIOH, TO, HAYMHAS C HEKOTOPOIO YPOBHS KHIKOCTH, €ro
TIOBBIIIEHHE MPEKPAINAETCs: CKOJIbKO XKMAKOCTH BTEKAeT, CTONBKO M BhITekaeT (puc.3). BuaHo, urto
CpeIHsAs MPOITYyCKHAsi CHOCOOHOCTh 2-0i TpyObl Py’ B 3TOM cilydyae He paBHa MOJIOBUHE MaKCUMaJbHOM

HPOIYCKHOM CIIOCOOHOCTH.
; h - =

Puc. 1. Puc. 2. Puc. 3.

Takum 00pa3oM, ypaBHEHHE, ONHCBHIBAIOLICE 3aMOJIHEHUE 0aKa, BBIMJIAUT CIECAYIOLMM 00pa3oM:
1,5xP,-xP,'=12P,. Ho cokpatuts ero Ha P, Teneps He ynacrcs.
TIpaBunbHBI OTBET 3amauu: O0ak BOOOIE HE CMOXET 3alOJIHUTHCSA, OH Oyzaer 3amoiHeH Ha 9/16
BBICOTBL.
Ilenecm B.H.

BOIIPOC Ne56: Kakoe BIHMsSHHE OKa3bIBAIOT PAa3JIMYHBIC MO (DIEKTPUYECKOE, MarHUTHOE,
9JICKTPOMArHUTHOE U JIp.) Ha 4YenoBeka?

OTBET: OtHOCHTENBHO c1ab0e CTAaTUYECKOE IEKTPUUECKOE T10JIe Ha YeloBEKa, NO-BUANMOMY, HE
BiusieT HUKaK. CTOMT NPOCTO BCIIOMHUTH, YTO BCE MBI )KUBEM B JIICKTPHUECKOM IIOJe 3eMiIU (TOYHEe
cucTeMbl 3emisi-uoHOcdepa), KoTopoe, TNpuMepHo, paBHo 100 B/m., BO BpeMs rpos3sl 3TO moie
YBEIMYUBACTCS B JAECATKH pa3. B CHIIBHOM 3IIEKTpHYECKOM I10JI€ MOJKET BO3HHKATh HOHHU3AIMS BO3IyXa,
KOTOpasi, BOOOIIE TOBOPsI, BpeJHA IS 30POBbs UeI0BeKa. Bo3MOXKHBI Taloke U DIEKTPHUCCKUE Pa3psibl
(HanpuMep, MOJIHUST) KOTOPBIE MOTYT HPOCTO YOUT...

ITo moBoxy BO31eHCTBIS MAaTHUTHOTO MO/ Ha OPTaHU3M H3BECTHO OUeHb HeMHOro. CunTaercs, 4To
OTHOCHTENFHO CHJIbHbIE MarHUTHBIE IIOJIS 3aMETHOTO AEHCTBHS Ha OPraHH3M HE OKa3bIBaloT. [loatomy
SMP-tomorpadus (SIMP — sinepHblit MAarHUTHBINH PE30HAHC) CYUTAETCS COBEPILIEHHO OE3BPEHON. A Belb
MarHUTHOE TI0JIe B COBPEMEHHBIX ToMorpadax nocruraer 1-2 Tecna. I1o B mpumepHo 30000 Gosbire,
YeM MarHHTHOE ToITe 3eMITH, B KOTOPOM Bce MbI xkuBeM (7-10° Tn).
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Co cnaObpIMU OJISIME CHTYalus clioxHee. CyLIecTBYIOT 3KCIIEPUMEHTSI 110 COACPIKAHUIO KUBOTHBIX
(mpImeit) B "MarauTHOM BakyyMe". C moMomibio )eppOMarHUTHEIX 9KPAaHOB BHEIIHHE MArHUTHBIC MOJIS
nojxaBsumch npumepHo B 1000 pa3. Okasanoch, 4TO B MarHMUTHOM BaKyyMe MOMYJISIMS MbIIIEH
BBIPOKIAETCSI Yepe3 HECKONIbKO MOKOJEHWH, M 4epe3 HEeKOTopoe BpeMms OHM morubaror. [lomymsums,
JKUBYIAs B TAKOM ke OOKce, HO M3 alIOMUHHUS (KOTOPBI HE SKpaHUPYeT MarHUTHOTO MO 3eMIH),
MPEKPacHO Pa3BUBAJIAC.

CuilbHbIe IIEPEMEHHBIE MArHUTHBIE TOJIS TPEACTABIISAIOT 3HAYUTENBHYIO OMACHOCTb ISl 37I0POBbSL.
Takue nosas MHIYHUPYIOT BUXPEBbIE TOKM B TEJIE YEJIOBEKA, YTO MOXET INPUBECTH K CEPbE3HBIM
OCJIOXKHEHUSIM U JIaKe CMEPTH.

Yrto Kacaercs BBICOKOYACTOTHBIX SJIEKTPOMArHUTHBIX I0J€H, TO OHM BECbMa OIACHBI, TaK Kak
BbI3bIBAIOT JIOKAJILHBIN NEPErpeB BHYTPEHHUX opraHoB M uacreil tena. Hanpumep, CBY usnyuenue c
JUIMHOM BOJHBI mopsaka 3—10 cm BpegHo aeiictByer Ha riasa. B pesymprate BoO3aeiictBus CBY
U3JIy4E€HMS] Ha OPraHu3M BO3MOXHBI CEPhE3HBIC PACCTPONUCTBA 3/I0POBbS U 3HAYMTEIBHO BO3PACTAET PHCK
BO3HUKHOBEHHsI OHKOJIOTHUECKUX 3a0oneBanuil. [1oaToMy CylecTBYIOT XKeCTKUE CaHUTapHbIe HOPMbI Ha
npezienbHbli yposeHb MotHocTH BU 1 CBY usmydyeHns B pa3iMyHBIX YaCTOTHBIX JTHAIa30Hax.

[Tonpo6HOCTH (C KPUTEPUSAMU JTOMYCTUMBIX BO3/ICHCTBHI) CMOTPHTE B KHHUTE:

«MarHuTHbI€ TOJIs1», 0T4eT BeeMupHo opranuzanueii 3n1paBooxpanenus, M., Meaununa,1992.

Bopobwes I1.B.

BOITPOC Ne57: Kakoa uctopus u GpyHKIms TeMHoro naria Ha Comnnie?

OTBET: Temuble nsatHa Ha CoyHIIE BIEpBbIE 3aMEUEHBbl JPEBHEKUTAHCKUMM acCTPOHOMAaMHU
(ecTecTBEHHO, HEBOOPY>KEHHbIM TJ1a30M). CoNHEYHbIE NMATHA OBUIM OTKPBITHI C TOSBICHHEM IEPBBIX
teneckornoB B Havyane XVII B. llleiinepom u Nanuneem. Lleitnep HaOmonan nstHa panbiie anuies, HO
HE TOHSJI UX HPHPOABI H HE OMYOIHKOBAJI O CBOEM OTKPHITHH. IIpHOPUTET OTKPBITUS NPUHAIIEKHUT 110
npaBy [ameto. HaGmonast 3a aBumxeHueM nsatHa no aumcky Connua, [anwiel onpenenus nepuon
Bpamenust Connna. OKa3ajock, 4To CKOpPOCTh BpamleHus BemectBa CONMHIIA Ha Pa3sHBIX MIMPOTAX PasHAas.
ConHIle BpaImaeTcs He Kak TBEPIOE TEJO.

B BO3HMKHOBEHUH TEMHBIX IISITEH HET HHYEro HeoObryHOro. CosHIE — 3TO OrPOMHBIN OyprAmmit
"koren" ruiasmbl. BHyTpu OHO ropsuee, cHapyxku — xonoaHee. M3-3a 3Toro mepenana Ttemmeparyp
BO3HHKAIOT KOHBEKIIHOHHBIE IOTOKH — OCTBIBIIME MAaccChl UAYT BIIyOb, @ HA MX MECTO MOIHHMMAIOTCA
Gosnee ropsiune. Bee 0110 OB1 X0OpOIIO, €ciy ObI TOMY ITPOLIECCY HE MEIIANIO CHIbHOE MAarHUTHOE T0JIe
Comnua. Oka3bIBaeTcs, YTO MarHUTHBIE BUXPHU MOTYT JIOKAaJbHO NMPHOCTAHOBHTH KOHBEKIIMIO, HE JaTh
OCTBIBIIIUM MaccaM OITyCTHThCA. B pesynbTate, 3Ta 001acTh Ha COMHEYHON MOBEPXHOCTH OyAET XONOAHEe
OKpY’KaIOLIUX, X TO3TOMY OyeT BBIIIACTh TEMHEE. DTO H €CTh TEMHOE IIATHO.

ConHeyHoe IATHO — 0071acTh oTochephl C MOIUIHBIM MATHUTHBIM II0JIEM, U €T0 CIIOKHAs CTPYKTYpa
00yclIoBIIeHa MarHHUTOTHIPOJMHAMHYCCKUMH d(QdekTaMu B IiasMe. B maTHe kpoMe TeHU M MOTyTeHH
MIPOCIEKUBACTCSA TOHKAs CTPYKTypa, SBILIOIIAACA, B KOHEUHOM CUeTe, BHIOU3MEHEHHOH CTPYKTypoi
ConHia BHe aKTHBHOH 30HBI. SIpKue TOUKH B TEHU CBS3aHBI ¢ TpaHyssinuell ColHIla, MHOTHE CBETOBEIC
MOCTBI — C (hakemamu.

Yucno nsaren Ha ConHie B pasHble TOABI paszmuyHo. {1 xapakTepucTuku axTuBHOcTH ConHIA
HCHONB3YIOT Yncna Bonbda, yauTeIBaromye KOTMYECTBO OANHOYHBIX IIATEH M Ipynn msaTeH Ha ComHie.
OKka3aock, YTO 3TH YHCIIA MEHSIOTCS C LUKJIOM NPUONU3UTENBHO 11 JIeT, XOTs B 3TOM CTOJICTHH CPEIHUN
nepuoy 661 O6mmke K 10 rogam. TlockonsKy MarHUTHas! HOIAPHOCTh CEBEPHOTO H FOXKHOTO MOJYIIAPHS
ConHua MeHseTcss Ka)kable OJUHHAALATH JIET, NMOISPHOCTD IIATEH B CEBEPHOM M I0XKHOM MOIyLIApHU
MeHsIeTCsl Taloke KakAble OfMHHAINATh JeT, To ConHIe Ha3bBaloT MarHUTO-TIEPEMEHHOH 3BE3I0H C
LIUKJIOM B 22 Toja.

ConHeuHas: aKTHBHOCTh OYCHb CHIIBHO BIIHSET Ha KH3Hb Ha 3emie. IlepBEIM 3Ty CBsA3b Hadaml
uccnenoBats A.JL.UmxeBckuit B 1915 roay, mOCBATUI 3THM HCCIIEIOBAHUSAM BCIO CBOIO JKH3Hb, U, TEM HE
MeHee, ero kuura "B putme ConHua" ocranack HEIOMUCAaHHOW M BBIILIA TONBKO B 1969 T., uepes 4 roxa
mocie cMepTtu aBTopa. Ceifuac COMHEYHO-3eMHBIE CBSI3U M3YYalOTCSl OUeHb aKTHBHO. [1osBMIIICH HOBBIE
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HayKd — TrejMOOMONIOrHs, CONHEYHO-3eMHasi (M3MKa, — KOTOPBIC HCCICAYIOT B3aHMOCBSI3b JKU3HH Ha
3emiie, MOrojibl, KJIMMara C MPOSBIICHUSIMH COJHEYHOW aKTHBHOCTH. BIKaWIIMii MakCUMyM dHcla
nsaren Ha Connue oxunaercst B 2000-2001 roxy.

B 1980 roxy mnosiBuiach METO/MKA, MO3BOJISIONIAS OOHAPY)KUBATh HAJIMUYKE TSTeH B (oTochepax
npyrux 3Be3. Okasanock, 4TO Y MHOTHX 3Be3] CHeKTpaibHoro kiacca G u K ectb msTHa, CXOIHBIC C
COJIHEYHBIMHM, C MArHHTHBIM IIOJIEM TOTO K€ MOpPSAKA. 3aperdCTPUpOBaHBbI M HW3YYAKOTCS  IIMKJIBI
AKTUBHOCTH TakuX 3Be31. OHU OJIM3KH K COTHEUHOMY LIMKITY M cOoCTaBisitoT 5S—10 Jier.

TloapoGHee 0 CONMHEUHBIX MATHAX MOXKHO MPOYUTATH B KHUTAX:

"ConHe4Hasi ¥ conHeuHO-3eMHas dusuka" (mox penaxiueit A.bpyuexa u I11./{ropana), Mocksa, "Mup",
1980,

C.U.Baswuios «I'na3 u Connuey», M., Hayka, 1981, ctp.60—66,

B.H.O6aupko "ConHe4Hble MATHAa U KOMIUIEKChI akTUBHOCH", MockBa, "Hayka", 1985.

Hsanos U.11., Kupuuenko H.A.

BOITPOC NeS8: CxaxuTe, Kakoro oobema CyIecTBYIOT )KECTKHE JUCKH, U Kakie (GUPMBI UX
npou3ssenu?

OTBET: TeopeTnuecky MOXHO CENaTh JKECTKUH AUCK Mo6oro pasmepa. OrpaHndeHus
HaKJIaJbIBAIOTCS CYLIECTBYIOLIMMH CTAHIAPTAMU HHTEP(EHCOB KECTKUX AUCKOB (JI0TOBOPEHHOCTAMU
MEXITy BeAyIIHMH (pUpMaMu, KOTOpPbIE BOIIOMIAIOTCS B JKeNe3e).

Ha naunbiii MOMeHT Haubosee MOMyJIsIpHbIe HHTePGEHCHI I )KECTKHX TUCKOB Ha MEPCOHAIBHBIX
komnbtotepax 310 IDE m SCSI (umraercs kak ckasu). Eciam kommbroTep CTOMT y Bac 1oMa, TO C
BEpOATHOCTBIO 99,999% Bam auck ucnomaszyer unrepderic IDE. [lucku, ucnons3yronme uHTEpdeiic
SCSI noposke, IIIOC K HUM HYXHA JONOJIHUTEIbHAs [u1aTa (caM uHTepdeiic, B TO BpeMst Kak MOIEp)KKa
IDE BctpoeHa B mMaTtepuHCKylo Iuiaty), Ho SCSI He orpaHHYMBaeT pasMep JUCKOBOTO IPOCTPAHCTBA,
MOXHO eItk Jrodoe kommuectBo SCSI ycrpoiictB (orpannuenue juist IDE, kak npasuio, 4 aucka).
SCSI moxer Obith ObicTpee IDE. C Touku 3peHust psjjoBoro mnorpeburens Bce gocroumHcrBa SCSI
nepeOUBaIOTCS €ro IEHOH M NpoliIeMaMH ¢ COBMECTHMOCTBIO. (DTO TOJBKO Tak FOBOPAT — 'CTaHAApT
SCSI", Ha camoMm zene 9710 1enoe cemeiicto cranaaptos: SCS-1, SCSI-2, UltraSCSI u T.4. 1 T.11.).

Kakue xe orpaHuueHus HakiaasiBaeT ucnonb3oBanue uHrtepdeiica IDE. Ecim onepaumonHas
cHCTeMa IPOM3BOIUT BBOA- BbIBOJ uepe3 BIOS (kak ato meman DOS) u eciu y Bac KOMIBIOTEp I/I€-TO
3-1eTHel JaBHOCTH, TO BBl PUCKYETe HE YBHACTH AUCK eMKOCTBIO Oouee ueM: (1024s * 16heads * 63sects *
512bytes/sector) / (1024 * 1024) = 504 MB.

B cBoe Bpems (3 — 4 roma Hazax) 3to Obuto mpobiemoil. Celvac sta He mpobiema, Onaropaps
MOSIBJICHUIO HOBBIX ~CTaHOApPTOB M JOrOBOpeHHOCTeH. Bor Beimepikka wu3  aiima  ide.txt,
pacipocTpaHsieMOro BMeCTe C JUCTPUOYTHBOM sapa ajsi omnepauuoHHoi cucremsl 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 ucnonp3oBaHuu LBA moxsl y Hac ectb Hekuit qumut B 128 I'mrabaiit. Ha nanzbrit
MOMEHT JUIsl JOMAIIIHEro KOMIIbIoTepa Oojee 4eM 10cTaTo4Ho aucka B 5 GB (uieHbl mo3Bomsior). B Tom
xe (aiine (ide.txt) aBTOp COBETyeT HCIOIB30BATh THCKH CIEAYIONMX mpou3Boautereii: «In particular, |
recommend Quantum FireBalls as cheap and exceptionally fast. The new WD1.6GB models are also cheap
screamersy.

VY wmens crout Quantum FireBalls5.1 — s um moBoneH, mapy yier Hazax B HoBocuOupck Oblta
3aBe3eHa OueHb Oonbinas mnaprtus OpakoBaHHbIX WDI1.2GB — mostomy moBepue K 3Toit (upme
HE3aCITy>KeHHO YTIaJIo.

XKectkue nauckm BoimyckaroT ¢upmbel Fujitsu, IBM, Segate, u wMHorume npyrue. CambIMU
MonyJsipHBIMY siBIsTIOTCs SeeGate n Quantium, mpousBoasie IUcku 00beMoM ot 2 1o 10 T'urabaiit. B
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Halllell CTpaHe JOCTATOYHO PACHpPOCTPAHEHbI AMCKM MeHblMX 00beMoB (or 200 Kuobaiit no 2

Mera6aiiT), KOTOpble HMIIOPTHPOBAIMCH paHee, HO N0 CHX MOp He pacuponaHsl. Eciu Bl HamepeHs!

MIPHOOPECTH UCK, TO PEKOMEHyeM 00paTHTh BHUMAHUE Ha CIICAYIOLIIE ero HapamMeTpsl:

1) 06beM AMCKOBOTO HMPOCTPAHCTBA JIOJDKEH YAOBIETBOPSATH BammM 3a1auam (Juisi COBPEMEHHBIX 11epco-
HaJIbHBIX KOMIBIOTEPOB — 0T 2 10 4 ['urabaiit),

2) TeXHOJIOrnYecKHe 0COOCHHOCTH JIMcKa (Harpumep, He uMeeT cMbicna nokynars SCSI-auck, eciu y Bac
Her SCSI-ycrpoiicTsa),

3) dupma-nponsBoauTENb (HanboNIEe " NONTOKUBYIIMME" ABISIOTCS qucku SeeGate n Quantium, UMEHHO
9TUM OOBSICHSETCS MX TOIYJSIPHOCT ).

Banoun E.M.

BOITPOC Ne59: Kakoe naBnienue B 4€pHOi abipe?

OTBET: Moxer ObITb, OyJIeT HHTEPECHO Y3HATb, YTO TEOPETUYECKU YEPHBIE ABIPHI MPEACKa3a elle
B 1795 rony Jlamac. Takum oGpa3zom, yeTelpe (Mau 3?) roma HazaJ MOXHO OBUIO OTIIPa3JHOBATh
JBYXCOT/IETHE (U3MKM 4YepHbIX ablp. Jlammac B paMKaX HBIOTOHOBCKOI TEOPUHM TATOTEHHS H
KOPIyCKY/JISIPHOW TEOpHH CBETa MOKa3aj, YTO IMpH (PUKCHPOBAHHOII Macce TIPaBUTHPYIOLIEro Tena
CYLIECTBYET TaKOH pajiyc Teja, PH KOTOPOM CKOPOCTh yOeraHHsi paBHa CKOPOCTH CBETA, U €r0 KBaHTBI-
KOPITYCKYJIBI He B COCTOSHHM TIOKMHYTH TEJO M yHTH Ha GeCKOHEUHOCTb, DTOT pajuyc rq = GM/c? (rae G
— IOCTOSIHHAsI TATOTEHUs], C — CKOPOCTh CBeTa, M — Macca YepHOM JIbIPbI) B TEPMUHOJIOTUH CETOHAIIHEH
(U3MKN Ha3bIBAaeTCS TPAaBUTALIMOHHBIM PaJycoM, a caMmo Telo, "crpsrtaHHoe" IOJ IPaBUTAllMOHHBIM
pazilycoM, Ha3bIBAETCA YEPHOH ABIPOH (MMEHHO IIOTOMY, YTO HM CBET H HHMYTO JIPYroe HE MOXET €ro
MTOKUHYTB).

VYyer Gonee TOHKUX KBAHTOBBIX d()(EKTOB IOBOPHUT HAM CErOfHs, YTO UEPHBIC ABIPHl HE COBCEM
yepHele. OHH M3Iy4aloT, KaK 4epHOE TeJo, ¢ TeMIepaTypoil oOpaTHO NPONOPLHOHAIBLHOH ee Macce:
T = hc®/ (16n2kMG) = 0,5-10"M./kM, rzme h — nocrosianas I[lnanka, k — mocrosuuas Bonbumaxa
1,4-10 apr/K, M, — macca Connra.

Ho... Bepuemcs k Bonpocy o nasieHuu! M3 oOmeld T€opun OTHOCHTEIBHOCTHU CJIELYeT, YTO C TOUKH
3peHusl yJaJeHHOro HAOMIONATENs, MOKOSIIErocss OTHOCHTENbHO YEPHOH IbIPbl, CHJIA MPHTDKEHUS,
JIeHCTBYIOIas Ha MPOOHOE Teso, odpaiaercs B OECKOHEYHOCTh HA TPAaBUTAllMOHHOM pajuyce. B sTom
CMBICJIE MOXKHO OBLIO OBl IyMaTh, YTO TaK HAa3bIBAEMBI TOPU3OHT COOBITHI — chepryecKas NOBEPXHOCTh
BOKPYI' YEpHOH IBIPHI, pagnyCc KOTOPOH paBeH I'PaBHUTALHOHHOMY PaiHycCy (BCIOMHHM, YTO CBET HE
MOJKET TOKHHYTh 3Ty MOBEPXHOCTh H MOITOMY HUKaKas HH(OpManus o COOBITHAX Ha U IOJ Hell HaM He
JOCTyIIHA — OTCIOla M Ha3BaHME), SBIECTCI OCOOOH IOBEPXHOCTHIO B IPOCTPAHCTBE, Ha KOTOPOU
obpamaercs B OSCKOHEYHOCTh HE TONBKO CHJIA NPUTSDKCHMS, HO M JpyTrHe (PU3HYECKUE BEITHYHUHEI
(octuraer GECKOHEYHOCTH IPaBUTALIMOHHOE KPACHOE CMEILICHHE CBETA M 3aMEJICHUE BPEMEHN ).

B ompeneneHHOM cMbIcTe (C TOYKH 3pEHMS HAOMIOAATENs MOKOAIIECIOCS OTHOCHTENbHO UEpHOH
JBIPBI) — 3TO TaKk U ecTb. O/HAKO, OKa3bIBACTCS, 4TO UL HAOIIOJATeNs, CBOOOAHO MaJaloOLIero Ha
YepHyl0 JbIpy (TaKk HasblBaeMas JIOKAIbHO-MHEpPLHUANbHAS CHCTeMa), HHUYETO OCOOEHHOro Ha
TPaBUTAallHOHHOM paJuyce He IPOHCXONHUT. A Belb TONBKO TaKOW HAOMIONATeNb M MOXET IPOBECTH
H3MepeHHs] BOMM3M I'PaBUTALHOHHOrO pagwyca. IIpaBna, TaiiHy CBOMX OTKPHITHH OH HaBEKH yHECET C
co00i#, TaKk KaK H3 MOJ TOPH30HTA COOBITHH HEBO3MOXKHO IIOCHATh CHIHANl OCTaBIIMMCSA CHApyXXu
TOKOSIIMMCSI HaOJIFoIaTeNsiM U TeM OoJiee BepHYThCs Haza!

31ech ciemyeT 3aMeTHThb: TO, YTO MBI OOBIYHO HA3bIBaeM IOJEM TATOTEHHS (IONE CHI TSDKECTH
HBIOTOHOBCKOTO YPAaBHEHHs TSATOTEHHs), JOKAJIbHO YCTPAHSETCA B CHCTEME CBOOOAHO IIafaloIIero
Habmogatemss. M B IeHCTBUTENBPHOCTH, IONE TATOTEHHS XapaKTepU3yeICs IIONEeM, TaK Ha3bIBacMBbIX,
IpHIuBHBIX cuil. IIpencraBsTe, uto Bl cBOOOAHO IagaeTe Ha TOYEUHYIO MACCy PAaBHYIO, CKajKeM, Macce
3emMau U HpH 3ToM (UL OIPENeNeHHOCTH) OPUEHTHPOBAHbI HoraMu BHU3. IToka Bel HaxoguTech naneko
OT Macchl (cKkaxkeM, Ha paccTosHHU 6000 KM), BBI HacTa)XAaeTeCh COCTOSIHHEM HEBECOMOCTH, XOTS CHIIa
MPUTSDKEHUS Ha 3TOM PAacCTOSHUH KaK pa3 Takas, Kak Ha moBepxHocTH 3emun. OnHako, magas Bce OImke
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K LIEHTPY, BB IOUYBCTBYeTe OECIIOKOICTBO. BBl HauMHaeTe olymaTh, YT MOSIBUJIACH CUJIA, CTPEMSIILAsICS
BEITSHYTb BacC B JUIMHY U B TO %K€ BPEMs CKaTh B IIONIEPEYHOM HaNPaBICHUH.

INosiBieHre TakOil CHIBI TMOHATH HE CIIOXKHO: YCKOPEHHE Ballero MaJeHMsl OMpeJesercs
MOJIO>KEHHEM LIEHTPa TSHKECTH Baruero tena. OqHako, Bamm HOrM HeMHOro GJMXe K TArOTEIoLIeH Macce
W TIPUTATHBAIOTCS YyTh CHJbBHEE..., a TOJIOBA, COOTBETCTBEHHO, 4uyTh cinabee. B Bameit cBoOOmHO
najaoeil cucreMe KOOpAMHAT 3TO HPUBOAUT K TOMY, YTO IOSIBIISIIOTCS CHJIBI, CTPEMSIIUECS BBITIHYTh
TENO BJOJb PAANyca H CKATh €ro BOJIb OPTOrOHANBHBIX PaJHyCy HalpaBlIeHUH. Pacuer 9TUX CHII POCT
U JUISL HBIOTOHOBCKO# TEOPHH HE BHIXOUT 32 PAMKH IIKOJIBEHOrO Kypca. I1oaToMy Ipezsararo 3ToT pacyer
B Ka4eCTBE CAMOCTOSITENBHOTO YIIPAKHEHNUS M HE IPUBOXKY 31ECh.

BepHemes k Hamemy magaronieMy HaGnmogartenmto. Ero GecriokoiicTBo Obuio He HampacHbM! OH
Oyzier pa3opBaH NMPUIMBHBIMU CHJIAMHU €IIe JI0 TOro, KaK BCTPETHTCS ¢ Halued "roueynoil 3emueit". B
9TOM CMBICJIE MOJKHO CKa3aTh, YTO BCIKOMY FPaBUTALIHOHHOMY IIOJIIO COOTBETCTBYET aHH30TPOITHOE M0JIe
JIABJICHUS WJIM HATSXKCHUS l'lpl/lJ'll/IBHl)IX CUJI U UMCHHO 3TO HAaTSXKCHHWEC U SBISICTCA HCTMHHOﬁ Mepoﬁ
IPaBHTAL[HOHHOTO OIS

rpaBl/lTaLII/IOHHbIC BOJIHBI, JUJIA TIOMCKa KOTOprX CEeroaHs:Aa l'lOCTpOeHO HECKOJIBKO BE€CbMa
'-lyBCTBl/lTCJ'lebIX rpasm‘aunor—mux AHTCHH, SBJIAIOTCA KakK pa3 BOJIHAMHU l'lpl/lJ'll/lBHbIX cun. Bee st
AHTCHHBI OCHOBAaHbI Ha TOM, 4YTO l'Ipl/lJ'll/lBHble CHJIbI FpaBl/lTal.ll/lOHHOﬁ BOJIHBI nepnonnqecxn IBITAKOTCA
C}lBl/lHyTb nin paSBCCTH JIB€ MacCChl, ITO/IBCILICHHBIC CBO60}1HO HJIU CBsI3aHHBIC yl'lpyl"Oﬁ CBSA3BHO.

Oxa3bIBaeTcs, 4TO C TOYKHM 3PEHHUsI CBOOOAHO MAJAOIIero Ha YEpHYIO IbIpy HaGrogaTesns, moje
HPUIMBHBIX CHJI HE COACPKUT HHUKAKHX OCOOCHHOCTEil Ha rpaBUTAlMOHHOM paamyce. OHO BIOIHE
KOHEYHO M PETYJSIPHO B TOM CMBICJIE, YTO IJIAZIKO MEHSAETCS OT TOYKU K Touke. JIyisi depHOH JABIPHI ¢
Maccoil MOpsAAKa COMHEYHOH NPUIHBHBIC CHJIBl Ha TOPU30HTE COOBITHH JOCTATOYHO BENHKH, a I
YEpHOM JBIPBI C MACCOM ralaKTHKU BIIOJHE MaJIbI IO YeNoBeuecKHMM MepkaM. OJHaKo, B LIEHTpe YEepHOH
JILIPEI KIMEETCsI HCTHHHAS! 0COOEHHOCTD, T7Ie IPHIMBHBIE CHJIBI 00pAIaloTcsl B 6ECKOHEUHOCTb.

WTak, MBI BBISICHWIM, YTO J1000€ IPaBHTALOHHOE IIOJIE MOXKHO OXapaKTepU30BaTh IOJIEM
MIPHIMBHBEIX CHJI H, B 9TOM CMBICJIE, PaclpesieIeHHbIM B IPOCTPAHCTBE IOJIEM HATSDKEHMH (J1aBJIeHHiA).
Takoe naBieHHe WM HATSDKEHUE HE SBISIETCS CBONMCTBOM HCKIIOYHMTEIBHO TPaBHTAIIMOHHOTO IIOJS.
TakuMm 00pa3oM, MOXXKHO XapaKTepH30BaTh HPAKTHUECKU JH000e Ioje (3JIEKTPOMAarHUTHOE, 0N
3BYKOBBIX BOJIH). Hampumep, B MarHUTHOM II0JI€ MMEETCSl HATsDKEHHE BJIOJIb CHIIOBBIX JIMHUH MO U
JIaBJICHHE TOTIepeK. B nHxeHepHO# cucTeMe 3To aBiieHHe paBHO: Platm] = (B[gauss]/SOOO)z. Ceropns
JIETKO JOCTHXXHMMBI TOJNSA mopsaka 1 mumuimoHa raycc (st cpaBHeHus mnone 3emin 0,7 raycca).
MarsuTHOE aBJIeHHE B CUCTEMaX, co3AaroIuX Takoe moie — 40000 atmocdep!

Tenepb MOroBOpUM O JaBICHUU, XapaKTEPHOM MMEHHO I YepHO# AbIpbl. B 1948 rony Kasumup
M0Ka3aJl, 9TO IPH HAJIMYHU TPAHHUI BAKyyM HEPECTPauBaeTCsS U B HEM HOSIBIIIOTCS HATSDKEHMS, KOTOPBIX
HET B BaKyyMe IIyCTOro OECKOHEYHOTO IPOCTPAHCTBA. B TNpuUMEHEHHH K BaKyyMy TEOPHU
9NIEKTPOMArHeTH3Ma (QNEKTPOAMHAMUKH) OTO O3HA4YaeT, 4TO B IPOCTPAHCTBE MEKAY IIIOCKUMU
napayuiensHbiva - HE  3APSDKEHHBIMU  nmpoBonsummu  mnactuHamMu  (IUIOCKMEM  HE  3apshKEHHBII
KOH/ICHCATOP) BO3HUKAET IPHTHKEHHE.

Cuita IpUTSHKEHNUS] Ha eIUHUIYY IUIOMIAAH, B OTANYNE OT CHIIBI IPUTSDKCHHS ITACTHH 3apsDKEHHOTO
KOHJIGHCATOpA, 3aBHCHT OT PACCTOSHHS Mex/y IiactmHamm: F = mthc/(480a%), a — paccrostHue Mexay
miactTuHamMy. CHia O4eHb Mana U OpuMepHO paBHa 0,2 OuMHBI Ha KBaJpAaTHBI CAaHTHMETP IIpU
PACCTOSHUH MEeXIy IIacTHHaMu 0,5 MHKpOHA.

Tem He Mmenee, B 1958 romy (uepes 10 ner mocne mpenckasanust Kasumupa) CnapHait u3
nmabopatopur  GupMbel CaHIMS DKCIIEPUMEHTANBHO IIOATBEPAMI CylecTBoBaHume cuia Kasumupa.
Oxkazanocs, 9T0 cuiabl Kasumupa CyIMIECTBEHHO 3aBHCAT OT I'€OMETPHH TPaHUNBI U, HAIpUMeEp, AT
TPaHHIBI B BUJIE IPOBOAsIICH chepsl BOSHUKACT HE HATSDKCHHE, a IaBICHHUE.

BenmomHEM Temepb, YTO uepHas ObIpa MMEET TOPU30HT COOBITHI — IOBEPXHOCTh COBEPIICHHO
HEIPOHUIAEMYI0 HapyXy. B HeKoTopoM cMBbICiie — 9TO TOXe TpaHHIA U, B pe3ylbTaTe, B Y€PHOH AbIpe
BO3HHKAeT Ka3MMHPOBCKOE JaBIEHHE BaKyyMa. DTO SIBICHHE CETOIHS HMIMPOKO 00CYXKIaeTcs B (U3HKe
YEpHBIX ABIP ¥ KOCMONOTHH. Teopust O4eHb CI0XKHA U PEIICHMS IOIydYeHbl MOKa I OYeHb MPOCTHIX
ciydaeB. Ceifdac MOJKHO CKa3aTh TOJIBKO, UTO JaBJICHHE Ka3MMHUPOBCKOTO BaKyyMa IafjaeT KaK JeTBepTas
CTeleHb TPaBUTAILIMOHHOTO pafnyca. DTO AaBICHHE BEIUKO TONBKO IS YePHBIX IBIP MO MacChl.
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OnHaKo, BA)KHO JApyroe: Ka3MMHUPOBCKHH BaKkyyM oOyaJaeT O4eHb creludHIecKUMU CBONCTBaMY,
COBEpILIEHHO OTIMYHBIMU OT CBOMCTB OOBIYHOM Martepuu (roieif). Ceiiuac mpemonaraercs, 9To Takoi
BaKyyM MOXXET CTaOWJIM3MUPOBATh, TaK Ha3bIBaEMBbIE, "KPOTOBBIE HOPHI" — MPOCTPAHCTBEHHBIC TYHHEIH
MEXIy ABYMsl yAQJICHHBIMU OOJIACTSIMH ITPOCTPAHCTBA (MJIM AaXke, BOOOIIE, pa3HBIMU IIPOCTPAHCTBAMU —
Bceenennsivu). MIMeHHO Takasi KpOTOBas HOpa — OCHOBAa IIMPOKO OOCYKAaeMOW HBIHYE MAIHHBI
BPEMEHHU.

TlonpoGHee B cTaThsIX:

Tumotu Boitep «Kiaccudeckuii Bakyym», xkypHai «B mupe Haykny, 1985, Nel0, ctp.4-13,
J.A Kupxnuiy «opsiune 4depHble bIpbl. HOBOE B NMOHMMaHMM HPUPOJIBI TEIIOTH, «COpPOCOBCKHI
obpa3oBaTenbHbIi XKypHAI», 1997, Ne6, cTp.84-90.

Bopobwves I1.B.

BOITPOC Ne60: PacckaxuTe, moxkainyicra, o TypOyJIeHTHOCTH.

OTBET: Ilpu Mainbix CKOpOCTSX HAOMIOAAETCS YHOPSIOYEHHOE TEYEHHE XMJKOCTH (Tasa), Npu
KOTOPOM HUKOCTb (ra3) mepeMeraercs kKak Obl CII0SIMH, ITapauIeIbHBIMU HAlPAaBJICHHIO TedeHus. Takoe
TEYCHUEC HA3BIBACTCA J'laMl/lHaprlM. C yBenuquueM CKOpOCTl/l, B HCKOTOprﬁ MOMEHT, pC)KHM TEYCHUS
MEHSETCs, OHO CTAaHOBHTCS TypOyneHTHbIM (turbulentus (;1at.) — OypHBIii, 6eCOPSIOYHBIIA).

HCOGLI‘{HOCTL ABJICHUA 3aKJII04aeTCA B TOM, 4YTO KapTl/lHa TEYCHUS XKXHUIAKOCTH H3MCHACTCSI BO
BpEMEHH, J1a’Ke €CIIM BHEIIHUE YCIOBHUs MOCcTosHHBL. Hanpumep, B TypOyJeHTHOM Te4eHUH B TpyOe, IpU
HEU3MEHHOM IIepenajie JaBIeHUs Ha KOHIAX TPYOBI, CKOPOCTb JKHJIKOCTU B JII000I TOUKE MyJIbCHPYET,
MeHsleTcss BO BpeMeHH. IIpH TakoM TeUeHHM J>KUIKOCTH HIM Ta3a OTAEIbHbIE 3JIEMEHTBHI TEUECHMS
COBEpIIAIOT HEYCTAaHOBUBILIMECS [BHKEHUS IO CIOXKHBIM TPAaeKTOPHAM. B Takux TeueHHsAX oOpa3yroTcs
MHOT'OYHCIICHHBIE BHXPH DPa3IMYHBIX Pa3MEpOB, MOITOMY CKOPOCTh YacTHll, TEMIIEpaTypa, [aBieHHE,
IUIOTHOCTh MEHSIOTCS TIPH TEPexXojie OT TOYKM K TOYKE U BO BPEMEHM HE PEryIsIpHO. DTO MPHBOAUT K
HMHTEHCHBHOMY IIepEMEIIMBAHHIO BENIECTBA.

Cucremarnueckoe usydeHue TypOysneHTHocTH Hauan O.PeiiHonbac B KoHIe mpouuioro Beka. OH
n3ydall TeUeHHEe KUAKOCTH B TpyOe, A1 BU3yalU3al[Md TEUSHHs OH MOJKPAIIMBaJ KUAKOCTb B IIEHTPE
cedenus TpyOsl. IIpu ManoM mepenaje JaBiIeHHs MOAKPALIeHHAs CTPYHKa )KUIKOCTH, HE CMEIIHBAsICh C
OCTaJIHOM JKUJIKOCTBIO B 00bEME TPYOBI, CIIOKOWHO TeKia BMecTe ¢ Heil. [Ipy HEKOTOPOM KPUTHUECKOM
mepemnaje JaBJIeHUS Ha MOAKPAIICHHOH CTpyHKe MOSABILUINCH BONHOOOpasHbIe NBIKeHHA. IIpu odeHs
OOJIBILIOM TEepenaje JaBJICHUs ABMKEHUE BHYTPU TPYOb! ObUIO OBICTPBIM M XaOTHYHBIM, CTPYHKa cpasy
XK€ pa3MeIInBanach mo Tpyode. PeifHONbAC IPOBOIMII OMBITH € Pa3HBIMH pa3MepaMH TPYO U KUAKOCTSIMH
MU BBUSICHWI, 4YTO IEPEXOJ OT CTAlIOHAPHOTO TEYECHMS >XUAKOCTH K MEHSIOMEMYCs BO BpPEMEHU
MIPOHCXOJHT, KOT/1a HeKoTopasi 6e3pa3MepHast KOMOHHAIMS CKOPOCTH KUIKOCTH, €€ BSI3KOCTH H Pa3MepOB
TpyOBl JOCTUTI'aeT OJHOTO U TOTO K€ 3HaueHus. J1a Oe3pa3MepHas koMOuHaus uMeer Bua  Re = ul/v,
I7ie U — XapaKTepHas CKOPOCTh IBIDKEHHs >KHIKOCTH, L — XapakTepHble pa3sMepsl TEUEHHdA, a V —
KHHEMAaTHIeCKasl BI3KOCTh XKUIKOCTH.

Yucno Re HaspiBaercs ynciom PeifHombca M €ro YMCIEHHOE 3HAYEHHE B OCHOBHOM M OIpelesseT
XapaKTep TeYeHHs KHIKOCTH: IIPH MajioM ducne PeifHonbaca TedeHne JTaMUHAPHO (TJIaJKOe PeryIsipHoe
TEUEeHHE), a TMPU OONbLUIOM — TypOYJNEHTHOE (HEPEeryssipHOe, B TEUCHUH NPUCYTCTBYIOT BUXPU TOPa3ao
MEHBIIET0 pa3Mepa, 4eM pa3Mepsl TpyObl). XapaKkTepHble 3Ha4eHHUs 4ucen PeifHombica, IpH KOTOPBIX
MOCTOSHCTBO TEUCHHS M3MEHSCTCS U MOSBIIIOTCS BOTHOOOpA3HBIC IBIDKEHUSI — OTO AECATKH. Pa3Butas
TypOy/NeHTHOCTh (KOTrZa MABMKGHHE Ha TIIa3 JCHCTBUTENBHO XAaOTHYHO) HACTyNaeT IPH UHCIAX
Peitnonbaca nmopsigka TeICSUN.

Jlns mpuMepa paccCMOTPHM, KaK IIPOMCXOAUT HEpexol K TypOyIeHTHOMY TEUEHHUIO IIPU OOTEKaHHU
mapa MOTOKOM XXHAKOCTH. JI00ast peanbHO CyIEeCTBYIOMAs )KHIKOCTS (ra3) 001afaoT BA3KocTeio. Croit
BS3KOH JKHIKOCTH, INpHIETalolmed K TBEpPIOH CTeHKe, MpuiammaerT K Heil. Ciemyromue ciaon HOTOKa
CKONB3AT OTHOCHTENBHO OPYr Jpyra C BO3pAcTalomield CKOPOCTBIO. MeXIy OTHENbHBIMH CIOSMU
BO3HHKAIOT CHJIBI BSI3KOTO TpeHHA. BOmm3m moBepxHocTd Tema (OpMHUPYeTCs HOTPaHHYHBIN CIIOH,
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CKOPOCTh TEYEHHUsI B KOTOPOM MEHBIIIE, YeM B HaberaromieM MoToke, a y nopepxnoctu pasHa 0. IToreps
CKOPOCTH IIPHUBOAUT K TOMY, YTO ITOTOK, OOTEKAIOIIMI [1ap, HEe MOXET IPOHUKHYTh B HEKOTOPYIO 001acTh
3a mapoM. IIpoMcXOMUT OTPBIB MOTOKA OT IOBEPXHOCTH TeJla, U MOCKOJIBKY CKOPOCTh YAaCTHI[ B TAKOM
MOTOKE BO3pAcTaeT 10 Mepe YJaJeHUs OT mapa, TO TaKOi IOTOK 00JajaeT BpaIlaloluM MOMeHTOM. B
TAKOM CJIydae TOBOPST, YTO TEUEHHE 00NaJaeT 3aBUXPEHHOCThIO. [10TOK JKMIKOCTH, OTOPBABIIHIiCS OT
TTOBEPXHOCTH OOTEKAaEMOro Tella, OKa3bIBaeTCs 3aBUXpeHHBIM. Ho ToHKMe crion snakocTy, obnasaromme
3aBHXPEHUEM, HEYCTOWYMBBI ¥ 0053aTENbHO PAacHaiyTCsl Ha OTAENbHBIC BUXPH. DTH BHXPH YHOCSTCS
OCHOBHBIM ITOTOKOM KHJIKOCTH M IOCTENIEHHO 3aTyXatoT. [10106HBIM 06pa3oM oOpa3yloTcst 3aBUXPEHHBIE
JIOPOXKKH U 32 JBHIKYIIMMHCS B )KUIKOCTU TEIaMH.

MO>XHO CrIpOCHTh, HoYeMy 4ncia PefiHomb/ca, Py KOTOPBIX HACTYNACT JaMUHAPHO-TYPOY ICHTHBIi
nepexof, — Oonpuriie, MHOro Gonbiuve exuuunb? KadecTBeHHas KapTHHA Pa3sBUTON TypOyJIeHTHOCTH
6bl1a nana JI.PuuapicoHoM B Hayane Hamero Beka. Ecim Mbl MelIaeM JI0KKOi KHAKOCTb B CTaKaHe, TO
MBI cO037aéM TeUeHHs C pa3MepoM TMOpsiaKa pa3Mepa CTakaHa (MM JIOXKKH). Bs3kocTh kujakocTu
JeiicTByeT Ha TeyeHHE TeM CHJbHEe, YeM MEHBIIe XapaKTepHbIH pasmep TeueHHs (Oonblie IpajueHT
ckopoctH). Ecmu umcno PeitHonbica Gomnbinoe, To Ha KPyIMHOMACIITaOHBIE JBIMXKEGHUSI OHA JIEHCTBYeT
c11abo, 3TH JBWKEHHS 3a CUET BA3KOCTH 3aTyXalld Obl OYEHB JONrO. YPaBHEHHE ABMKEHHS JKUIKOCTH
(ypaBHenue Hapbe-CTOKCa) HENUHEHHO (3TO CBSI3aHO C TE€M, YTO CKOPOCTb JKHKOCTH MEPEHOCUTCS CaMOit
CKOPOCTBIO), U 3TH KPYIMHOMACIITaOHBIE IBM)KEHHs HeycToduuBbl. OHHM JpoOsTcs Ha Ooyiee MeNKHe
BHUXpH, T€ B CBOIO odepesb Ha emé Oonee Menkue. B KoHIle KOHIIOB, Ha CaMbIX MaJIEHbKUX MacIiTabax
BCTyNaeT B JIHCTBUE BSI3KOCTb, M CaMble MEJKHE BHXPU 3aTyXalOT 3a CUET BA3KOCTH. DTa KapTHHA
MOJTy4YMsIa Ha3BaHKUE MPSIMOT0 Kackaza (Kackajl oT OOJbLIMX MaclITaboB B MaJICHBKUE).

HW3-3a BS3KOCTH KMHETHYECKAasl DHEPTusl JBHXKEHUsS XKUAKOCTH IOCTENIEHHO MEPEXOAUT B TEILIO.
Mertast 70)KKOH, Mbl BKAUUBAeM SHEPTHIO B XKUJIKOCTh, @ OHA JUCCHITHPYeT (Mcye3aeT). B tunamMuueckom
PaBHOBECHU HEPTHU MCUYE3aeT CTOJIBKO )K€, CKOJIbKO MbI ¢€ BKaunBaeM. HeTpHuBHAIBHBIM SBIISETCS TOT
(dakt, 4TO CO3JaBaeMble JIOKKOW KPYINHOMACIITAOHBIE IBIXKEHHS HE 3aBHCAT OT KoddduimeHta
BsA3kocTU. IIpn OMHAKOBOM KPYIMHOMACIITAOHOM JIBMXKEHHH M HPH Pa3HBIX KOd(PUIIMEHTaX BA3KOCTU
JIMCCHIIAIUS YHEPTHU OJMHAKOBA. DTO CTPAHHO IOTOMY, YTO BPOJe ObI DHEPTHM HCYE3aeT TeM MEHBIIE,
YeM MEHbIIE BA3KOCTh. Pasrajka COCTOMT B TOM, YTO NPU MeHbIIEM KOd(GHUIMEHTe BA3KOCTH SHEPrHs
JMCCHITHPYET IIPOCTO B Ooiee MENKUX MAcIITabaX TedeHHUs! )KUIKOCTH, YTO U 00ECIIEINBAET OMHAKOBBIN
YPOBEHb AUCCUIIAIIMU DHEPIUH.

B cepenune Hamero Bexa KomMoropos mpeimonoui, 4TO KapTHHA TYpOyIeHTHOTO TEYCHHMS
MPaKTHYECKH HE MEHSETCs, €CIM MBI PAcTSHEM BCE IIMHBI B HECKOJBKO pa3 (THIIOTE3a MacIUTaOHOMN
MHBAapHAHTHOCTH WM CKeiynHra). Kpome Toro, oH IpeamonaoKull, YTO BUXPH OYEeHb Pa3HBIX Pa3MepOB
HE B3aHMOJICHCTBYIOT (OONIBIIOH BUXPh IPOCTO MEPEHOCUT MANCHBKHI, HE MEHS TeUCHUS BHYTPH HETO).
W3 3TOro OH mody4mi, YTO 4MCIO BUXpel Macmrada 1 3aBucut ot | cremeHHbIM oOpazom. I'mmoresa
KomnmoropoBa momy4nna dKCIEpHMEHTAIBHOE HOATBEPXKICHUE, XOTs HAOII0JAl0TCS OTINYHS PeabHOTO
TypOyJIEHTHOrO MABWKGHHMS OT KapTHHBI, HpeAcKaspiBaeMoil Teopuell KommoropoBa (aHOMalbHBIH
CKCIJTHHT).

Teopust THAPOJMHAMUYECKOW TypOYJICHTHOCTH B 3aBEpPIIEHHOM BHJIE HE CO3/IaHa U SBJISCTCS OIHOM
M3 BaXHBIX MNpoOJeM COBpPEeMEHHOH Teoperuueckoil Qusuku. Ilupoko pacmpocTpaHeHsl, Tak
Ha3bIBacMble, MOMyIMIIHPUUECKHE TEOPHH TypOYIGHTHOCTH (pemaercs He caMo ypaBHeHue HaBbe-
Crokca, a yHOpomEHHOE ypaBHEHHE, MENAlOTCI HEKOHTPOIUpyeMble mpeanonoxenus). Ecmu
BOCIIPHHUMATh TypOyJIEHTHOE TeYCHHE KaK CIIydaiHOe, TO MOKa HEU3BECTHA Oaxke cama (QyHKIHSA
pacrperneneHus OJs1 Te4eHuUs (HEH3BECTeH BeC, C KOTOPHIM HY)XKHO yCPEIHATH HAOIII0JaeMble BEIMINHEL).

T'uppopuHaMudeckass TypOyJIGHTHOCTh SIBIIETCS CHIBHOM B TOM CMBICIE, YTO HEIMHEHHOCTH
YpaBHEHUi JBM)KEHUS KUAKOCTU IpU OonblmMX 4ucnax PeifHonblca MUrpaer onpenensiouyro poib. B
HEKOTOPBIX (DM3UUECKHUX CHTyalMsX (HAaIpHUMep, IPaBUTALHOHHbBIC BOJIHBI HA ITOBEPXHOCTU >KHIKOCTH)
HETUHEHHOCTh SBIIIETCA MAJIOH, XOTA TakoKe HaOMoJaeTcs KacKaaHbli pekuM. Takyro TypOylIeHTHOCTh
Ha3bIBAIOT C1a00if, M e TeopHs pa3BUTa BO BTOPOIl IOJNIOBHHE HAIIEr0 BeKa, IJTABHBIM 00Pa3oM,
yeunusamu BoeimyckHuka HI'Y BL.E.3axapoBa (ceifuac oH sBJseTCs akaJeMHUKOM, AupekTopoM MHCTUTYTA
Teopernyeckoi Gpuzuku um. JI.J[.Jlannay B Mockse).
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B Teopun kapruHa TypOYJIEHTHOCTH CHJIBHO 3aBHCUT TaKXKe OT Pa3MEPHOCTH IPOCTPAHCTBA, ITO
CBSI3aHO C TeM, YTO B Kackaje ¢ OOJNBIIMX MAacImTaboB B MaJICHBKHE MOJXKET IIEPEHOCHTHCS Pa3HBIC
BEJIMUUHBI (B TPEXMEPHOH TypOYJEHTHOCTH 3TO SHEpPrusi, B JBYMEPHOH — KBaJpaT 3aBUXpEHHOCTH). B
JBYMEPHOH TypOYJIEHTHOCTH MMEET MECTO TAkKe MEePeHOC HEPrHH M3 MaJbIX MaciuTaboB B OOJbIIHE
(oOpaTHBIif KacKkan).

HauGonee neransHO M3ydeHbl TypOyJEHTHBIC TEUCHHs B TpyOax, KaHAJaX, MOTPAHUYHBIX CIOSX
OKOJIO O0TEKaeMbIX Tel M CTPYH 3a ABIKYLIMMHUCS B JKHIKOCTSAX TenaMu. OKa3anock, YTO OCHOBHOM
BKJIQJ B Ieperady uepe3 TypOyJICHTHYIO Cpefy TEIUIOTBI M HMMITYJbCa BHOCST KPyHHOMAacCIITaOHbIE
CTPYKTYpBI, a MEJIKOMAcIUTaOHble CTPYKTYphl "OTBEYArOT', B YAaCTHOCTH, 32 IEPEHOC B3BEIICHHBIX B
MIOTOKE YacTHLl, APOOJICHUE KaTlellb, IEPEMEIIMBAHNE TYPOYICHTHBIX KHIKOCTEH.

BonblmmHCTBO TeueHWH JKMAKOCTH, KaK B IPUPOAE, TaK M B TEXHHMUYECKHX COOPYKEHUSX
TypOyneHTHO. Hampumep: nBHKeHHE BO3/yXa B 3eMHOH aTMoc(epe, BOJbl B PEKaX U MOpPSX, TEUEHUE
BOJbI B pr6ax, TEYCHHUEC ClIe/ia 3a ABMIKYIIUMCS KaTepOM U T.J.

Jluteparypa:

Jlotinsnckuii JLI'. "Mexanuka xxuakocty u rasa', M., 1978,
Cusyxun [I.B. "Kypc obmeii pusuxn", 1.1 Mexanuka, Mocksa, 1989.
Cmenanos M.I"., Kupuuenxo H.A.

BOIIPOC Ne61: Moryr M OBbITh NPUYMHOH BBIXOJA U3 CTPOS «CHUAMPOMA» DaJMOBOIHEL,
HCXOMAIIME OT PaJMOCTAHIIUH «AJIMHKO», MOIIHOCTBIO BBIXOIHOIO CHI'HaJIa He 6onee 5 BT. OToT Bompoc
BO3HUK M3-32 TOI'O, YTO M3BECTEH BBIXOJ M3 CTpos 4-X «cuampoMmoB» (3 or koMmmbiotepa M 1 oT
MY3bIKQJIBHOTO LIeHTPa). OOBIYHO «CHIMPOMBD) BBIXOASAT U3 CTPOSt OYEHb PEIIKO.

OTBET: [la, moryr. Ecin aHTeHHa pagMoCTaHLUMKM M3Iy4YaeT HAIPaBICHHO HAa BBICOKOM 4YacToTe
(oxono 100 MI'1), TO B psiIOM HAXOIALIMXCA MTPOBOJHUKAX, B TOHKOM CKHH-CJIOE BOJIM3H MOBEPXHOCTH,
OyJeT BBIAEIATHCS TEILUIOBAas MOIIHOCTb, JOCTATOYHAs AJA TOro, YTOOBI Pa3orperh MOBEPXHOCTh U
MIPHBECTU K ee OKHCIeHHIo. Eciyu mopHecTH pyKy K aHTEHHOMY BBIXOMY PajHOCTaHIMHU, U3ITydaromei
5 BT, TO MOKHO MOJy4HUTh TETIIIOBOH OKOT.

ITlomepses B.C.

BOIIPOC Ne62: MOXKHO JIM paccCYMTaTh YIIAKOBKY MH(OpPMAIMM Ha JIA3€PHOM IHCKE (KOJI-BO
JIOPOXKEK Ha CM), TIOJIb3YACh TOJPYYHBIMU CpelicTBaMu U nasepom? Eciu 1a, T, kKakum o6pazom?

OTBET: MoxHo. /lopoxxkun Ha CD 00pa3yroT qudpakiMOHHYIO PELIETKY, U CBET, MPOXOJ Yepe3
Hee (MM OTpakasich), HCTIBITBIBACT AM(paKkuuio. B pesynbrate kpome npoueanero (MM OTpaxeHHOro)
Jiyda (HyJneBOW MOPSJIOK AU(PAKIMK) BO3HUKAIOT JIy4d, OTKJIIOHCHHBIC Ha ONPEIENCHHbIE YIIbl. JTO TO
XKe sIBJIeHUE, KaK U TO, KOrJa Bbl CMOTPHTE CKBO3b TKaHb Ha APKHIl HCTOUHMK cBeTa. Ho B ciydae TkaHH
BO3HHKAET CHUCTeMa JIy4el B BHIE KpPecTa, a Ipu Au(PaKIui Ha JOPOKKAX
CD — nudparupoBaHHbIe JIa3epHbIC JIy4H JISKAT B OJHOM IIOCKOCTH, a Ha
yIaJIeHHOM dKpaHe JaloT CHCTeMY TOUCK, JIKAIINX Ha JIMHHUN.

PaccrosHue MexIy mopoxkkaMu d Jerko HalTH, 3Hasl JUIMHY BOJIHEI
A M3IMydeHns nasepa, paccTosiHie D Meky CBEeTIBIMU TOUKaMH Ha JKpaHe
OT Jyuell HYJIEBOro M (COCEIHEro) IepBOro Iopsaka AUGPaKLUH, U
paccrosiaus ot iockoctu CD 1o mtockoctr skpaHa L:

d = AL/D . (1)

®dopMmyna IOTydaeTcss OYeHb IIPOCTO: YCIOBHE MOSBICHUS AU(GPATHPOBAHHOIO Jyda IIEPBOTO
TOpsIAKA 3aKII0YaeTcs B TOM, YTOOBI Ha KaXKIOM IIEpPHOJE PelICTKH HaOeraia IJIMHA BOJHBI cBeTa. B
pe3ynbTaTe yroi OTKIOHEHHUS JIyda HepBOTo MopsaKa Ju(paKIHu:

oa = A/d . (2)
PaccTosHue Ha 3KpaHe MexIy "3aifunKkaMu” oT Tydeil HyJeBOro H MepBOro MOpsKa JU(PaKIHH:
D=La . ®)
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Kom6unupys (2) u (3), momyaum (1).
Ecnu Bce 3TO mpojenath JKCIEPUMEHTAIBHO, YBHIMTE, YTO PACCTOSIHUE MEXIY IOPOXKKAMH
nopsiika 3—4 JUTMH BOJIH KPacHOr'o cBeTa (T.€. OKOJIO 2 MUKPOH).
Bopobwves I1.B.

BOITPOC Ne63: BoinosHsiercs ju 3akoH JlabTOHA JUIs pealibHbIX ra30B?

OTBET: 3akons! J{ansToHa 3ByuaT ClIEIYIOMIUM 00pa3oM:
®  JaBJICHUE CMECM XHUMUYECKM HE B3aUMOJCHCTBYIOIIMX  MJCAJbHBIX TIa30B pPAaBHO CyMMe

naplyaNbHbIX AaBJIEHUH,
® [IpU TOCTOSHHOW TeMIIepaType pacTBOPUMOCTb B JAQHHOW MMIKOCTH KaXJOro M3 KOMIIOHEHTOB

ra30BOH CMECH, HaXOASILEHCs HaJl )KUIKOCTBIO, IIPONOPLHOHAIBHO €ro NaplualbHOMY JaBJICHUIO.

O0a 3akoHa JlanbTOHA CTPOrO BBIMOJHSIOTCS JUIS MIEAIbHBIX ra3oB. s peaybHBIX Ia30B 3TH
3aKOHbl NPMMEHHMMBI HPH YCIOBUM, €CIM MX pACTBOPHMMOCTh HEBEJIMKAa, a MOBEIeHHE ONM3KO K
TIOBE/IEHHIO H/I€aIbHOTO Ta3a.

Teoperndeckoe HaXOXK/JEHHE JABJICHHUs] CMECH PEalIbHBIX ra30B ABJIAETCS OYEHb TPYIHOW 3amadeil.
PaCCMOTpl/lM YACTHBIN cnyqai/'l CMECH HEIIJIOTHBIX HEHUACAJIbHBIX I'a30B. Kak H3BECTHO, Ui TaKHUX ra30B
YPaBHEHHUEM COCTOSHUS sBJIsiETCS ypaBHeHHe Ban-nep-Baanbca:

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

rae p, T, v — naBneHue, TemnepaTypa U KOJIMYECTBO MOJIEH ra3a, COOTBETCTBEHHO, R — yHUBepcanbHas
ra3oBasl IOCTOSHHAS, @ U b — KOHCTaHTHI, XapaKTePH3YIOIHE CHIIBI IPUTSKEHUS U OTTAJIKMBAHUS MEKLY
MOJIEKYJIaMH Ta3a. J{71s HEIIOTHBIX Ta30B, Koraa vb<<V, MOXHO 3allucaTh pa3lioKeHHE:

p=vVvRT/V + (bRT-a)vi/V?.

BunHo, 4TO maBieHHE DPEANLHOTO ras3a OTIMYAECTCS OT JABJIEHHUs HJEAIbHOrO Ha BEIMYMHY,
nponopiuoHabHyt0 bRT—a, koTopas MokeT ObITh Kak OoJblie, TaK U MEHbIIE HYJIs (BCE ONpPEenensercs
TEM, KaKHe CHIIBI MEKy MOJIEKyJaMu Npeo0iaaloT — OTTANKHBAHUS WIIH OPUTDKEHH). JI0IyCcTHM, MBI
CMEIIMBAaeM 7IBa HEIUIOTHBIX PEalbHBIX Ia3a, y KOTOPHIX KOHCTAHTHI a M b HAEHTHYHBI (HaIpUMep,
u3ororel). Torma:

p1 = ViRTIV + (bRT-a)v:2/V?,
p2 = voRTIV + (bRT-a)v22/V?,
Pew = (Vi+v2) RTIV + (BRT—-2)(va+v2) V7,
i€ P1, P2, Pew — AABICHUE TIEPBOTO Ia3a, BTOPOTO I'a3a K HX CMECU COOTBETCTBEHHO.

JIerKko HOIy4HTh, 9TO AP = Pey - P1 - P2 = 2 (bRT—a)vszz. Takum o6pasom, mpu T>a/bR naBnenne
cMmecu Ta3oB Oyer Oolibllie CyMMbl TAapLUANIBLHBIX AaBieHui, npu T < a/bR naBienue cmecu razos Oyner
MEHBILIE CyMMBbI IIAPLUAJIbHBIX JaBlIeHUH, a pu T = a/bR 3akoH [lanbToHa OyaeT BHITOIHATHCS.

TlonpoGHee B KHUTAX:

P.B.Tenecuun «MonekyisipHast puzuka», M., 1973,
J1.B.CuByxun «O0uuii kypce dpusukmn», Tom 2, M., Hayka, 1990, rnasa 8,
SAM.Iensdpep, B.JLJIro6omun, M.M.Iloaropeukuii «Ilapamokc ['nb66ca U TOXIECTBEHHOCTh YacTUI] B
KBaHTOBOI MexaHuke», M., Hayka, 1975, rinasa 4.
Llenecm B.H.

BOIIPOC Ne64: Kak u3meputh Maccy Tella B KOCMOCE, BEIb TaM HeT Beca?
OTBET: [laBaiiTe BCHOMHHUM OMpe/EICHUS:
e Bec — 9T0 cuia, 00yCIOBICHHAs CHIION MPUTSHKEHUS 3EMITH, C KOTOPOH TENo JAaBUT Ha MOJCTaBKY
WM PacTATUBAET MOJIBEC.
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e Macca — 310 (yHIameHTanbHas (U3MYECKas BEIMYMHA, OIPEACIAIONIas HHEPUUOHHBIE U
rpaBUTallMOHHbIE (DH3UUECKHE CBOICTBA TeJa.
C TOUKHM 3peHHUs] TEOPUU OTHOCHTEIILHOCTH Macca Tella M XapaKTepH3yeT ero 3Hepruio mokos Eog,
COIJIACHO COOTHOLICHHIO DifnmTeiina: Eg= MC?, re ¢ — CKopocTh CBETa.
B HBIOTOHOBCKOM TEOPUH TPAaBUTAIIMH Macca CIYXXHUT HCTOYHUKOM CHIIBI BCEMHPHOTO TATOTCHH S,
MpUTATHBAroLIel Bce Tena Apyr k Apyry. Cuna F, ¢ koTopoii Teno mMaccel m; NPUTATUBAET TEIO ¢ Maccoit
My, orpesensieTcst 3akoHoM TaroTenust Herotona: F = Gmlmzlrz.
MuepruonHbie cBOicTBa Macchl B HEPEISATHBUCTCKOW (HBIOTOHOBCKOM) MEXaHUKE OINpPEAENISIOTCS
cootHoueHuem F = ma.
W3 ompenenennii sicHO, YTO Macca ¥ BEC BOBCE HE OHO M TO Ke. B cocTosiHuM HeBecoMOCTH Macca
ocraercs. bornbiie TOro, ecnu BaM J0BEETCS MOOBIBATH B HEBECOMOCTH, TO IIOMHHUTE, YTO OTCYTCTBHE
Beca HE 3HAYUT OTCYTCTBHE MACChI, U B Cllydae yaapa o OOpT Balllero KOCMHYeCKOro Kopalis CHHSAKH U
LIHUIITKHA 6y11yT CaMbIMH HACTOSILIUMHU.
W3 cka3aHHOro BBIIIE, MOXKHO IMOIYYHTb, IO KpaliHEH Mepe, ueThipe crocoda ONpeaeseHust Macchl
Tesa B HEBECOMOCTH
a) MOXHO AHHUTWJIMPOBATh HCCIEIyeMOe TeNo (IIEPeBECTH BCIO Maccy B SHEPrHI0) M IOMEPUTH
Bbl}leﬂl/lBLUleCﬂ 3Heprmo — 10 COOTHOILIECHUIO BﬁHUJTCﬁHa l'lOJ'Iy‘-Il/lTl: OTBET,

0) ¢ HoMouIBI NMPOOHOrO Tela MOMEPUTb CHIYy HPUTSKEHHs, JEHCTBYIONLYIO Ha IMpPOOHOE TENo co
CTOPOHBI HCCIIETyeMOro 00BEKTa ,— 3Has PACCTOSHME, 110 COOTHOLIEHUIO0 Hbl0TOHA HaliTh Maccy,

B) IOJICHCTBOBATh HA TEJO C KAKOH-TMOO0 M3BECTHON CUIION (Hampumep, MPULENHUTh K TEly AUHAMOMETP)
U U3MEPUTh ero YCKOPEeHHeE, a 1o cooTHolIeHuto F = ma Haiitu maccy Tena,

I') MOXHO BOCIIOJIb30BAaThCSl 3aKOHOM COXPAaHEHHUs UMITyibca. [l 3TOro Hajo MMETh OJHO TENo
M3BECTHON MacChl M U3MEPATH CKOPOCTH TEJ J10 ¥ [OCIIE B3aUMOJICHCTBHSL.

banoun E.M., Kupuyenxo H.A.

BOITPOC N265: He npeBusT M yueHbIE NaIeHUsI KaKoH-11u00 KoMeThl Ha 3eMitto?

OTBET: IlageHue KoMeThl Ha MOBEPXHOCTb IUIAHETHI — JOCTATOYHO PEIKOE ACTPOHOMHYECKOE
siBrIeHUE. MHOTHE ydeHble CKIIOHSIOTCS K MBICIH, 4TO naaeHue TyHnrycckoro mereoputa (1908 rox) 6bu10
TaKUM SIBICHUEM. B momb3y 3TOH TMIOTE3bI TOBOPHT MHOTO (DakTOB. AHOMAJbHBIC IECTPHIE 30pH,
KOTOpbIE TOSIBHIMCH 32 HECKOIBKO AHEH [0 CTONKHOBEHHs, Oenbple HOYM Ha HECBOHCTBEHHBIX HM
MIMPOTAX II0CIe MafeHus], OTCYTCTBHE TBEPAOr0 METEOPUTHOTO BellecTBa U Ap. B Hacrosmee Bpems 3T1a
THIoTe3a O mpupoAe TyHIyCCKOro MeTeopuTa CUMTaeTcsl OOIIenpUHATOH. BeposTHOCTH TOro, 4to B
TEUEHHE CTOJICTUs TaKoe sSIBJIEHHE MOBTOPHTCS, OUYeHb Manma. Jla M H3 Tex KOMET, OpOMTHI KOTOPBIX
W3BECTHBI, KaHIHIATOB Ha INpsAMOE CTONKHOBeHHE ¢ 3emieil HeT. C Apyroil CTOPOHBI, KOMETHI — 3TO
0OBEKTHI, 10 aCTPOHOMHUYECKUM MACINTabaM HMEIOMIIE OYeHb KOPOTKYIO XKU3Hb. Bo3MyImeHus ux opout
JPYTHMH HEOCCHBIMH TeJaMU U IPUIHBHBIC CHIIBI IPUBOAAT K TOMY, YTO TPACKTOPHS KOMETBHI MOXET
HU3MEHUTBCS, a CaMa OHA MOXKET PAcmacTbes Ha Oojiee MelKHe Tela M 00pa3oBaTh B IPOCTPAHCTBE
MeTeOopHbIil poii. IloCKONBKY BeIIECTBO KOMETHI B METECOPHOM poe "pa3mas3aHo" B JIOCTaTOYHO
MPOTSDKEHHOE 00JIaKO, TO CTONKHOBEHHE C OTACIBHBIMU YAaCTHIAMU TAaKUX OOJAKOB IIPOHCXOMHUT
JOCTAaTOYHO PEryJIPHO.

B 1994 roay B r. CHeXHMHCKE MpOLUIa MEXIyHapoJHAas KOH(EpPEeHLHUs Mo mpobiieMaM 3aluThl
3eMaIM OT CTOJNKHOBEHHS C KOCMUYECKMMH OOBeKTaMH. IIpHCyTCTBOBaBINME MPHIUIM K BBIBOLY, UTO
YEIOBEUECTBY 10 CHJIaM OOPOTHCS ¢ KOCMHYECKOH OMAaCHOCTBIO, 3aIIUTa OT MaACHHS KOMET H aCTEPOHIOB
POCTa, TTaBHOE — HE YITyCTHTh BPEeMs.

Co3aHa KOMMCCHS, KOOpAMHMpYIOIIAsh Bce pabOThl, CBA3aHHBIC C HAaOMIOJCHHSIMH 32
KOCMHYECKUMHU 00BbekTaMu. KocMudeckast paJuonoKanus U KOMIIBIOTEPHbIE KOMIUIEKCH aCTPOPa3BENKU
MO3BOJITIOT OOHAPYKHTH ONACHBIE 0OBEKTHI 3 COTHU MHIJUIMOHOB KHIOMETPOB OT 3eMIIH.
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Ha 1999 rox mo umerommmcs JaHHBIM OyMke Bcero k 3emuie mojoiiaer komera Mauxonbaa-2.
Komera npubnusntes x 3emiie Ha paccrostHue 0,31 a.e. (mpumepHO 46 MIH.KM), GakT ynaJeHHOCTH
OpOUTEI KOMETHI OT 3eMJIM FOBOPUT O HEBO3MOXKHOCTH €€ MaJICHU s Ha 3eMIIIO.

IMonmpobuee B crathe P.B.Amumosa u E.B.JImutpueBa «IIpoTtiBoacteporanas 3aimura 3emian» B
xypHaie «Ipupoma» 1995, Ne6, ctp.94-101.

Kupuuenxo H.A.

BOIIPOC N266: MoxxHO s yBHJETh 3Be3Jbl JHEM (HE MpPU COJHEYHOM 3aTMEHHH): a)
HEBOOPYKEHHBIM I'J1a30M; 0) ¢ OMOILIBIO Teneckona. Eciau — 1a, To npu Kakux ycloBHsx?

OTBET: JIHem 3Be3[pI HEBOOPYKEHHBIM TJ1a30M HE BUIHBL YBH/CTh 3Be3/ly Ha ()OHE JTHEBHOTO
Heba MOXKHO ObUIO Obl TOJILKO B TOM CIy4ae, €Cii Obl TIOTOK CBETA OT 3BE3/Ibl ObUT CPABHUM C TIOTOKOM OT
IUIOIA KK HeDa, yrJIOBOM pa3Mep KOTOpPOH paBeH pasperiarolieil CrocOOHOCTH YelIOBEYEeCKOro riasa
(nopska 17). Spkocth mHeBHOro Heba cooTBercTBYET —5,2" ¢ | KBaAPATHON MHHYTHI, UTO pa3 B 25
GoJIblLIE IPKOCTH camoil sipKkoii 3Be31bl ceBepHoro Heba Cupnyca ¢ —1,6™.

Teneckon MOXeT yaydLIUTh Pa3peIlalollyl0 CIOCOOHOCTD Iia3a NpuOIU3nuTensHO 10 2", T.e. B 50
pa3 (mHeBHas aTMocdepa OOBIYHO HE [AaeT Jy4LIero KauecTBa M300pakeHHi). 3HAYMT, SPKOCTh Heba
cHIDKaeTest Tp 3ToM B 50° = 2500 pa3s W CTAHOBATCSA BUIHBI APKHE 3BE3IBI U MiaHeTsl. [IpaBaa, mis
9TOr0 HYXEH TEJECKOI C IOCTAaTOYHO OONMBLIMM (DOKYCHBIM pacCTOsiHHEM OOBbeKkTHBa. B Temeckom ¢
(oxycHBIM paccTosiHHEeM | M 3BE3/1bI IHEM HE BUAHBIL.

Kcrarth, mmpoko pacnpocTpaHeHHOE YTBEP)KIAEHHE, YTO 3BE3/Ibl MOXKHO BHETh JAHEM, HAXOIiICh B
IITyOOKOM KOJIOJIIE, sIBJIsIeTCs 320y xkaeHreM. JIerko mokasaTk, 4TO IpH JUaMeTpe Konoxana B 1 M ero
riryOouHa jomkHa ObITh 6osee 1 M/ sin 100" = 2 km! Ho naske npu 31oM HabmogaTesto OyaeT BUIHA JIUIIb
CBeT/Iasl TOUKa, IPKOCTh KOTOPOH yBEIMUHUTCS Ha MCHOBEHHUE, €CIM KaKas-Tu0o 3Be3/1a OyJIeT nepeceKaTh
3eHuT. BrionHe Bo3MOKHO, uTO psJl HaOmogaTenel NPUHUMANH 32 3B€3/bl YACTHUKU IBUIH MM CaXKH,
KOJIEOTIOIIIECS B CTBOPE KOJIOLIA.

Hcrounuxu:

J.51.MaptsiHoB, B.M.JlunynoB «Co0pHHK 3a1a4 110 actpoduzuke», M., 1986, ctp.83,
B.I'.Cypaun «ActpoHOMHYECKHE OmuMIHansm, M., 1995, ctp.192-194,
J.B.CuByxun «O0mmwmii kypc ¢pusukn», om 4, M., Hayka, 1980, ctp.161-162,

.51 MaptsiHoB «Kypc npaktuueckoit acrpodusuku», M., Hayka, 1977, naparpad 10.

BOIIPOC N267: Hackonbko TOYHO BBIIOJIHAIOTCS (DyHIaMEHTaIbHbIE 3aKOHbI (PU3UKH B
paznuuHbIX Teopusx? IlodeMy 3TH 3aKOHBI OUEHB IIPOCTHI IO CPABHEHHIO C IPOM3BOAHBIMH 3aKOHAMH?

OTBET: Ha cronb oOuiuii BOIpoC €AMHOr0 OTBETa HET. JIJisi KaKAoro M3 3aKOHOB CYILECTBYIOT
OrpaHHYEHUs], MONYYEHHBIE B COOTBETCTBYIONIMX IponeccaX. JIJIsi MHOTHX 3aKOHOB 3TH OTPaHHYCHHS
oueHs cutbHbIe. Hampumep, Bpems xu3nu npotona 6omsire 10% et

DyHIaMeHTaIbHbIE 3aKOHBI (DOPMYIHPYIOTCS Ul "OYHMIIEHHBIX" OOCTOATENBCTB, B HUX HE HAJ0
MOZIPOOHO OIMCHIBATH A€Talu cHTyanuu. Kpome Toro, u3 pa3nuuHbIx GOpMyIHpPOBOK (GyHIaMEHTAIEHOTO
3aKOHA BBIOUPAETCS Ta H3 HUX, KOTOPasi IPOIIIE.

Tunz6ype U.@.

BOIIPOC Ne68: Tyt He Tak 1aBHO OblIa B ropojie KOH(PEPEHIHs O TOPCUOHHBIX MOJIX. OueHb Obl
XOTEJIOCh y3HATh, YTO TaM pacckasbiBaiy. Yto 910 3a nomst? U rae npumMeHsroTes?

OTBET: CymuiecTBOBaHHE TOPCHOHHOTO TIOJISL, MIIM TOJISE KPYYEHHSI, TIPEACKA3bIBACTCS B HEKOTOPBIX
MOMBITKAaX 0000IIEeHNsT O0IIeH TEOPUH OTHOCHTENBHOCTH Ha SIBICHHS METaraJaKTHYecKOro maciraba B
1922 r. Hukakux 3(peKToB, yKa3bIBAIOIMX HA CYIIECTBOBAHME TAKUX IOJIEi B MEHBIIIMX MacIITabax He
6bUT0 OOHapykeHO. B Hacrosiiee Bpemsi HeT abCOMIOTHO HUKAKMX SKCICPUMCHTANBHBIX YKa3aHHUH Ha
CYILECTBOBAHKE TOPCHOHHOTO IIOJIsL, 3TO YHCTO TEOPETHYECKast TUITOTE3a.
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Hexoropble 1roan MNbITAIMCh MHTEPIPETUPOBATH € IMOMOLIBIO 3TUX MHOJNEH pe3yslbTaThl CBOUX
9KCIIEPUMEHTOB, BBIIOJIHEHHBIX YPe3BbluaiiHO HeakKypaTHO. [1ONbITKH BOCIIPOM3BECTH 3TH PE3YJIbTaThI B
Oonee THIATENBHBIX OKCHEPHMEHTaX HEM3MEHHO MPHBOAWIM K OTPHLATENbHOMY pe3ynbraty. B
HACTOsILIee BpeMsl NMPUMEHEHHE TOPCHUOHBIX MOJIEH K ONUCAHMIO SBJIEHUI OKpYXKaroIleld NpUPOJbI
COCTABISIET MpEeIMET 3aHATUH HeKBATH(DUIMPOBAHHBIX WIM (Yale) HeZOOPOCOBECTHBIX JIHOACH.
IMocnennyue O0EIIAIOT MOJYYUTh M3 HCCICAOBAHUS TOPCHOHHBIX MONell M "MOMEHHOW CTPYKTyphI
BaKkyyMma' MHOIO 3aBJICKaTeNbHBIX S(Q(EKTOB THNA AHTUIPABUTALUM M T.OI.  TOPCHHHBIC IO
YHOTPEOISIOTCS STUMH JIFOIbMH JUTS BBIKAYMBAHU ICHET Y FOCyIapcTBa (dalle BCero y BOCHHBIX).

Teopernueckue npeacraBieHus, usnarasummecs 1InnoBsiM Ha HelaBHEM ceMuHape B MHcTuTyTe
matematuku CO PAH, 6e3ycnoBHo, omm6ouHbl. K Hayke OHU OTHOLIEHUS HE UMEIOT. TeXHOIornueckue
NPUWIOXKEHNUs, u3narapuyecs LLIMmoBeIM, — MONPOCTY IIApJIATaHCTBO.

T'unsoype U.®., Xpunnoeuu U.b.

BOIIPOC N269: M3mydaer 11 37eKTpOMarHUTHBIE BOJHBI KOJIeOaTeIbHbIH KOHTYp?

OTBET: KoHeuHo, H3/Ty4aeT: 3JeKTPOMarHUTHBIE BOJHBI H3Iy4aloTCs IIPH YCKOPEHHOM JBUKEHHU
3aps10B. DTO JIETKO MOHSTh, €CITH MPEACTABUTH ceOe 3apsil, OKPYKEHHBIH 3IeKTPUIECKHM MoeM. Y 1ot
€CTb DHEprusi, CIeOBaTENbHO, U Macca. IIpu ycKkopeHnH ABIKEHHH 3apsiaa (HampumMep, Briepes) moje mo
l/lHClel/ll/l JBHIKETCS C TOﬁ xKe CKOpOCTb}O ", TEM CaMbIM, OT‘prBaCTCﬂ oT 3ap$u1a. \Y 5] l'lpl/l 3TOM
Ha0JII01aeM H3ITydCHHE 3TeKTPOMarHUTHBIX BOJIH.

OOBIYHO IPY PEIICHUHU 3aJ1ay PO KonedaTebHbIM KOHTYp H3lyueHHeM npeHedperatoT. [Tonpodyem
MOHATH, KOIJIa O9TO CHpaBeauBO. JInsd Hayajga OLEHHM, KaKyl0o MOIIHOCTh N H3JIydaeT B BHIE
9JIEKTPOMArHUTHBIX BOJH 3apsf (, ABUTaronuiics ¢ yckopenueM a. OueBuIHO, uTo N JI0JDKHA 3aBHCETh
OT q, a, a TaK)Ke OT CKOPOCTU CBETA C (MMEHHO C TOH CKOPOCTBIO PACIPOCTPAHSIOTCS HIEKTPOMAarHUTHBIE
BOJIHBI) U KOHCTaHTHI B 3aKoHe KynoHa k (MMeHHO OHa ompeieseT HHTEHCHBHOCTD 3JIeKTPOMATrHUTHBIX
B3aHMOJielicTBUif). BpimucaB pasMepHOCTH BEIMYUH, JIETKO IIONYYUTh, 4YTO €CTh €IMHCTBEHHAs
KoMGHHaIMs GyKB, jMaromas HyxHbii otBer: N ~ Kq?a?/c’. TIpuMeHHM dTOT pesysIbTaT iUis OUCHKH
MOIITHOCTH U3JIyYEHHs DJIEKTPOMATHUTHBIX BOJNH KOJleOATENbHBIM KOHTYPOM C HHAYKTHBHOCTBIO L u
emkoctblo C. [l 3toro kosieGanust B KOHType OylleM HHTEpIPETUPOBAaTh CICAYIOIUM 00pa3oM: B
HAYANBHBIH MOMEHT KOHGHCATOD OBUI 3apsiKeH 3apsgoM q, a sateM 3a spems T ~ (LC)M sapsn
MIePEMECTHIICS B KaTYIIKy MHIYKTHBHOCTH, IPOHAS JUIHHY COSAMHUTENbHBIX IPoBoaoB |. OueBHaHO, 4TO
| ~ aT?% B 5TOM pacCy)KICHHH CUHTACTCSA, YTO B COSNMHHTEIHHBIX MPOBOXAX HET CBOMX HOCHTENCH
3apsia, a KaTyIlIKa HHAYKTUBHOCTH H KOHAEHCATOp — H/caIbHbIC (BCE ITOJIC OHU COCPENOTauNBAIOT B cebe
U HE H3Iy4aloT), T.C. JJICKTPOMATHUTHBIC BOJHBI MOTYT HCIIyCKAaTbCA TOJNBKO COETHHHTEIbHBIMU
mpoBoxamu. Toraa, MoCKoIbKy TOK B KoHType I ~ g/T,

N ~ kg?a?/c® ~ kg?PI(T*c®) ~ KIPPI(TCP) ~ KIPP/(LCCY) .

AHAJIOrMYHO TEMJIOBOM MOIIHOCTH N=I’°R M0XHO 3amucarh Ry — DKBUBaJICHTHOE CONPOTUBIICHHE

MIOTepb YHEPrHHU KOjIeOaTeIbHBIM KOHTYPOM Ha H3/Ty4eHHE YICKTPOMATHUTHBIX BOJTH JAIUHEL A
Ry ~ N2 ~ KIZ/(LCC®) ~ KIZ(T?C%) ~ kIZ/(1%c) ~ (k/c)(I/A)? ~ 100(I/1)° .

OueBUIHO, YTO €CIH I KOIeOaTeIbHOr0 KOHTYpa ¢ OMHYIECKHM COIPOTHBIICHHEM R BhIMonHACTCA
HEpaBeHCTBO R, << R, TO motepeil SHepruM Ha H3Iy4YECHHE OIICKTPOMATHUTHBIX BOJIH MOXKHO
nperedpeyb. OObIYHO TaK U ObIBaeT, T.K. | << A.

Llenecm B.H.

BOIIPOC Ne70: [Touemy, C TOYKH 3pEHHSI CKPBITOTO KOHTPOJIS 3ByKa, TPUMEHEHHE HAIlPABICHHBIX
MHUKPO(OHOB 3aTpyIHEHO?

OTBET: Panbiie HampaBiieHHbI MHUKpO(OH Jenancs CICAyIOmUM 00pa3oM: Ha OOBIYHBII
BBICOKOTYBCTBHTENIBHBIH MUKPO(OH HaJeBanach Tpyoa (pymop), KOTopasi BEIIOIHSIA POJIb KOJUIMMATOPA.
Ota TpyOa HampaBIsUIach Ha MCTOYHHK 3BYKa M OTCEKana 3BYKH, IPHXOASIINE C IPYTHX HAIpaBICHHUIL.
EctecTBeHHO, TAKIM MHKPOGOHOM TPYAHO HOIb30BATHCS CKPBHITHO.
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CoBpeMEHHBIC HAIpPaBJICHHbIE MHUKPO(GOHBI paboOTalOT MO NPUHIMIY (Da3UPOBAHHBIX PEIIETOK —
3ByK (uKcHpyeTcsi OONBIIMM KOIMYECTBOM MHKPO(OHOB, M 3amuchiBaercs ¢ momounipio ALlIl B
KoMmmbioTep. T.K. KaXAblii M3 MHKPO(OHOB HAXONHUTCS OT HCCIELYeMOro MCTOYHHMKA Ha pasHBIX
PACCTOSIHUSIX, TO BO3HHKAIOT BPEMEHHBIE 3aJ€P)KKU B 3alUChIBaeéMbIX CHrHamax. JlIs Kaxaoro us
3aIIMCAaHHBIX CHTHAJIOB JENACTCSl Pa3sioKeHHe B CHEKTp Mo vacrore. J[yist Toro, 4toObl M30aBUTHCS OT
MIOCTOPOHHUX 3BYKOB, B K2)KIOM H3 CIHEKTPOB OCTAaBISIIOT TOJBKO Ty 4YacTh CUTHaNa, KOTopas (pha3oBo
COIJIaCOBAaHHA C HCCIIEYeMbIM MCTOYHUKOM 3ByKa. OCTajJoch TOJNBKO CHUHTE3MpoBaTh curHair. C
MOMOILBI0 OOBIYHOTO KOMITbEOTEpPa U 24-paspsiHoit ALIIT MOXHO B peajbHOM BPEMEHH OCYIIECTBIIATH
BBICOKOHAIPABJICHHYIO 3aIliCh 3ByKa C paspemieHueM no ammmryzae B 120 nb. TpyaHocTn ckpblTOH
3aIICH COCTOST B TOM, YTO HAIPABJICHHBIC MHUKPO(OHBI JIOBAT 3BYK, MPHXOMSIIMI U3 ONpENeleHHOH
TOYKH: BaM CJeAyeT TOYHO 3HATh, II€ HAXONHUTCS TOJIOBA MCCIEAYeMOro CyOBEKTa — CTOMT eMy
C/ABUHYTBCSl, KaK 3BYK IPOMAJaeT.

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

BOITPOC Ne71: I[Touemy onacHo xBatatbces 3a JIDII, B To BpeMst Kak NTHILbI TaM CUAAT?

OTBET: OnacHo He HanpsbKeHHEe caMo I10 cebe — OMacHo NaJieHHe HaIPsDKEHUs! Ha TPOBOTHUKE, B
POJM KOTOPOTO BBICTYHAeT CXBATHUBIIMIICS 3a NMPOBOJA OOBEKT M3yueHHs. Eciu 0OBEKT OHOBPEMEHHO
Kacaercs np030}1a nmoJa Hal'lpﬂ)KCHl/leM u 3CMJ'H/I WIN ABYX l'lpOBO}lOB C paSHblM Hal'lpﬂ)KeHl/leM, TO emy
CTaHeT ILIOXO.

To, 4TO MTUIBI CHUJAT HA MPOBOAAX — 3TO MPOOIEMBI HE TOJNBKO NTUIl HO M TOJNOBHas OOJb
9KCIUTYaTAllHOHHUKOB JIMHUH 3JIEKTpoIepesiad: AOBOJIBHO MHOTO NTHUIL NPH THOeIM (OHa, KaK MPaBHIIO,
HACTyMaeT B pe3ysbTaTe TOrO, YTO MTHIA KOCHYNACh JBYX PAJOM HIYLIMX IIPOBOJOB) MPOBOLMPYIOT
KOPOTKME 3aMbIKaHMA. B 4YacTHOCTH, CTaHJAapTHBIC WH30JATOPhl Ha CTONOAX 3NEKTpONepeaayun
CITPOCKTHPOBAHBI € YUETOM OMACHOCTH CO CTOPOHBI NMTHIY (JICNAIOTCS CHCLHANBHBIC HACECTHI).

OueHuM TO HampspKeHWe, IMOJ KOTOpOe IOMajacT MTHIA, CeBiuas Ha nposoj. Jliobas nuHusA
3JIeKTpoIepesiad MPeCTaBisAer coOOil CONPOTUBICHHE ISl TOKA, U Ha 3TOM CONPOTHBICHUH TEPSETCS
4acTh 31eKkTposHepruu. KosdhuuueHT nonesHoro aeicTBHs JTHHUHU 3NEKTPONEPeaay JOCTATOYHO BBICOK
— 90-94%. JlocTaTouyHO 4YacTo BCTPEYAIOTCS BBICOKOBOJBTHBIC nuHHK JIDII-500, paccunTanHble Ha
500 kB. C ux momompbio Ha paccrosHue 600—1200 kM mepemaercss 3JIEKTPOIHEPTUsi MOIIHOCTBIO 10
1000 MBrT. [1y151 OLIeHKH Pa3HOCTH MOTEHIMANIOB, MO JCHCTBUEM KOTOPBIX HAXOAUTCS NTHLA, BRIOEpEM
HaMXyAIIHNA BapUaHT: AIMHA JIMHUK dyektporepenad — 600 kM, morepu sHepruu B mpoBomax — 10%,
momHocth JuHuM — 1000 MBT. Ilpu stux ycnoBusix 100 MBT nper Ha HarpeBaHue IPOBOJIOB.
TepsieMyl0 MOIIHOCTH MOXKHO OINpenenuTh 1o ¢opmyiae P = I°R. Cuny Toka | Haxomum, 3Has
nepezaBaeMyo MOIIHOCTh Py i Hanpsbkenue Ha smHnn Ug. TTockonbKy mepenaya 37eKTPOIHEPTHH HACT
Ha HEPEMCHHOM TOKE, TO HYXHO 3HaTh eiie Ko3(¢uuneHt mouHocTH. CTporo ropopsi, OH MEHSACTCS B
3aBHCHMOCTH OT 3arpy’KeHHOCTH JMHHHK B npezenax 0,6—0,9. Torma | = Po/(Uycosp), otkyma R = P/IZ =
P(Uqcosp)?/ Py?. 3uaunT, [ist najieHus HanmpsukeHne Ha mpoBogax uveem U = IR = PUqcosq/ Py.

Tlomy4aercst, 4ro mageHWe HampshkeHUs Ha npoBojax okono 40 kB. OueHum pasHOCTH
MOTEHIUANIOB Ha 1 MeTpe Takoit muHuu. O6wmas amuHa npoBoxo 1200 kM (JiuHUS AByXnpoBoaHas). Ha 1
Mmetpe nagaer okoso 0,03 B. PaccrosHue Mexay nankamu ntuibl okono 10 cm. [TosTomy HampsbkeHue,
101 KOTOPBIM HAXOAUTCS NTHIIA, OyaeT okomo 3 MB, 4To coBCeM HEOMAcHO IS Hee.

Ecin 4enoBek CTOMT Ha 3eMJIC M TOTPOHETCS [0 BBICOKOBOJIBTHOIO IPOBOAA, TO OH IOIAACT IIOX
Pa3HOCTh MOTEHIMAIOB "MPOBOJ - 3eMJIsi". DTO yKe He 101 BojbTa, a S00 kB. B ciry4asx, korna yenoBex
CIly4aifHO MOMajaeT Ha BBICOKOBOJIBTHBIC MPOBOJA, HE MMEs CBSI3M C 3eMieH (Hampumep, MaaeHHE C
MOCTa Ha OAMH U3 IIPOBOJOB JMHHM OJICKTPOIEpEAadM, TaKHE ClIydad OBIBAHM) IOPAKCHUS
9JEKTPUUECKHM TOKOM HE HaOIII0[aeTCsl.

TTonpoGuee B kaurax: A.C.EnoxoBnd "CrnpaBouHHK 110 ¢u3HKe U TexHuke", Mocksa, 1989,
JL.U.Baiinmreiin "TlamsTka HaceIeHHUIO 1Mo 31ekTpodezonacHocTr", MockBa, 1987.

Kupuuenxo H.A.
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BOIIPOC Ne72: IlpaBnaa i 3emist Oyaer "nepeBopaunBathbes?

OTBET: DOt10 — rpy6o ommbo4yHoe yrBepkaeHue. Hes, 0 KOTOpoil TOBOPSIT, BEIMVISIUT IIPUMEPHO
tak: "Ha nomocax 3emin Hapocio MHOro jbpjaa. I103ToMy OHa mpeBpaTHIach U3 IIapa B HEKOTOPYIO
raHTelb, KOTOpas JIETKO MOXET pa3BepHyThcs Ha 90 IpamaycoB OT yaapa CpPaBHHUTENBHO HEOOJBIIOTO
mereopuTa.

BriBoa HeBepeH. 3yech 3a0bIBAlOT O BpalleHUH 3eMIJIM BOKPYT OCH. 3eMJIsi — PMPOCKOIN (BOJYOK),
HaInpaBJIeHUE OCH BPAIIEHUs KOTOPOro M3MEHHUTH OYeHb TPyAHO. J[ys moBopoTa ocu Ha GOJBIIOH yrol
HaJ0 HepeaaTh 3eMile MOMEHT UMITYJIbCa, CPABHUMBIH ¢ ee COOCTBEHHBIM MOMEHTOM, KOTOPBIH MOpsaKa
0,3MR?w, rae M — macca 3emimn, R — ee pagmyc M ® — yrioBas CKOPOCTb, paBHas 27/24 uac™’ (kak
u3BecTHO R® ~ 300 M/c — CKOPOCTh BpallleHHsI Ha IKBATOPE).

C Hau6ombmMM 3((eKToM Takoil MOMEHT UMITyJIbca mVR MokeT mepenath 3emie Bpe3aBLIMICS B
Hee 1Mo KacatelbHoM acrepou. Ecim npuusTs ckopocts acreponsa v = 30 km/c, To ero macca m ~ M/300,
T.€. OH JIOJDKEH OBITh BCEro BUETBEpO jerue JIyHsl. 3To — oueHb 6ombinoit acrepous. Ilo-Buaumomy, Bee
acTepoHIbl MOZOOHOrO0 pasMepa B IIOSCE AaCTEPOMIOB H3BECTHbL. HacKONBKO MOXHO CYOHTH IO
TeOJIOTMYECKUM JaHHbIM, 3a HocienHue 2—4 mipa. yier Obuio He 0ojee OJHOrO COOBITHS TaKoro
MaciuTada B UCTOPHH 3eMilu.

Tunsbype U.D.

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

OTBET: Crepeoorus — 3¢dexT 00beMHOro 3By4aHHs, IPU KOTOPOM Y CIyLIaTeNel COo3aeTcs
BICYATICHHE O MPOCTPAHCTBEHHOM PACHOJIOKCHUH WCTOYHMKOB 3BYKa. 3BYK BOCIIPOM3BOIHUTCS
HECKOJIbKUMH (JI0 5) pa3HECeHHBIMH B IIPOCTPAHCTBE HCTOYHHKAMU 3BYKa (TPOMKOTOBOPHTEISIMH,
3BYKOBBIMH KOJIOHKAMH), Ka)K[blii M3 KOTOPBIX IOJMy4aeT CHIHAJbl II0 HE3aBUCHMOMY KaHaly OT
COOTBETCTBYIOIETO ~ MHUKpooHa. Oddekr crepeo3ByyaHHs BO3SHUKACT MPH  ONPEACICHHOM
PACIONOKEHUH IPOMKOTOBOPHUTENICi B MECTE BOCIIPOU3BEICHUS U MUKPO(OHOB B MECTE MEPEAayuH 3ByKa.

YenoBeK BOCHPUHUMAET MPOCTPAHCTBEHHOE PACIIONOXKEHHE HCTOYHUKOB 3ByKa C MOMOIIBIO YIIEH,
pasHeceHHbIX Ha paccrosiHue d okoso 20 cM (3To BO3MOXKHO YISt 3BYKa, JUIMHA BOJHBI KoToporo A < d; 3to
COOTBETCTBYeT uyactotaM 3Byka Oosee 1 k['m). Takum oOpasom, Onaromapsi BBICOKOYAaCTOTHOW
COCTaBIISIIONICH 3BYKa, MOXKHO XOPOIIO OPHEHTHPOBATHCS 10 3BYKY B MpocTpaHcTBe. Pasmuune B dase
HHU3KOYAaCTOTHBIX COCTABIIIOIIMX BOCIPHHSTOrO YIIAMU 3ByKa BOCIPHHHMAIOTCS YEIOBEKOM ropaszo
xyxe. Ilostomy mmst ycuieHus d>¢pdexra 0OBEMHOr0 3By4aHHs HCKYCCTBCHHO —YBEIMYHBAIOT
3ama3/bIBaHHe MEXKy HU3KOYaCTOTHBIMU COCTABIISIOIINMH 3BYyKa, JOCTUTAIOIMMH Pa3HbIX yIICH.

s cozmanust apdexra 3D-sound:
® U3 3BYKOBOI'O CHT'HAJIA OT KaXI0r0 MUKPO(OHA BBIAEIACTCS €0 HU3KOYACTOTHAS COCTABIISIOILAs,
®  3JIEKTPOHHBIM 00pa30M YBEIMYHBACTCS PasHOCTH (ha3 MEKIY HH3KOYACTOTHBIMH COCTABIISIOIIMMH

CHUTHAJIOB, MOJAOLIMXCS HA PA3HBIC 3BYKOBBIC KOJOHKH.
Ilomepses B.C.

BOIIPOC Ne74: CKOpOCTH TEIUIOBOTO JIBMKCHUS MHOTHUX MOJIKYJT OJIM3KM K CKOPOCTH ITYJIH.
IMouemy xe gaxke O4EHb UyTKOE OOOHSHME AUKHX )XKMBOTHBIX HE YNIaBIMBAET 3allaX OXOTHHKA, €CIU OH
MOZKPaJbIBACTCS K HUM IIPOTUB BeTpa?

OTBET: Mornekynsl B BO3yXe, JEHCTBUTEIBHO, JICTAIOT C OYEHb OOJBLIMMU CKOPOCTSMHM, HO Ha
O4YeHb MalieHbKHMe paccTosHus. JlnMHa cBOOOAHOro mpobera A MOJIEKYJ BO3AyXa B BO3AYXE HpPH
HOPMaJIBHBIX yclIoBUsX MeHee 0,1 MKM, a y GONBIIMX OPraHHYEeCKUX MOJEKYJ MaXyYHX BEIIeCTB — elle
MeHbIe. M3-32 MHOTOYHCICHHBIX CTOJIKHOBEHHH MOJIGKYNIBI ABIDKYTCS XaoTumdyHO. Takoil mporecc
Ha3bIBaeTCsl OPOYHOBCKHM JIBIDKeHHeM. IIpm 3ToM Monekyna mocne N CTONKHOBEHHH CMECTHTCS B
cpennem Ha paccrosue L ~ N2\, Ecimi Morekyia IBHAKETCS CO CKOPOCTBIO V, TO 33 BPEMs t IPOH30iiaeT
N = tv/A cronknoBennii. Torga L ~ (VM)M. CrenaeM HECKOJBKO OLeHOK. CBOOOIHO JIeTAIas B BAKyyMe
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MoJiekyna asora npeogosieer L = 10 m 3a Bpems t. ~ LIV ~ 0,02 ¢, a quddynaupyromas B Bo3gyxe
MOJIEKYJIa a30Ta IPEOIOJIEET TO JKe PACCTOSHHE 3a BpeMs t, ~ L2/VA ~2-10° ¢ ~ 20 cyrok.

PeanbHO 3amaxy pacHpocTpaHsIOTCs ObICTpee, Giarofapsi BETpy M KOHBEKTHBHOMY JBIDKCHHIO
Bo3ayxa. T.e. 3amaxu pacrpoCTPaHsIOTCS 10 BETPY.

Hcrounuk:
WN.I.Cno6oneuxuii, JLI'.AcnamazoB «3agaun 1o ¢usuke», bubmamoreuka «KBauT», BbIMycK 5, M.,
Hayka, 1980, ctp.84—86.

BOITPOC Ne75: TTouemy n3 xaoca Beeria poxaaeTcsi mopsaok (kocmoc)?

OTBET: A k0, COOCTBEHHO, BaM CKa3aJl, 4TO TaKk OHO ecTh? M3 BTOPOro Hayaga TepMOANHAMHUKH
BBITCKACT, TakK Ha3bIBaeMblﬁ, 3aKOH BOSpaCTaHMﬂ 3HTpOl'll/ll/l (O'—leHb TECHO CBS3aHO C TMOHATHEM
HEeoOpaTHMOCTH HAIpaBIeHHOCTH NPOLECCOB BO BpeMeHHM). B Bammx TepMHHAX 3TO O3HAYaeT, YTo M3
Hopsijika Beerja poxjaaercs xaoc. Yto Obl Mbl HU JIENANH, B PE3YJIbTaTe Mbl YBEJINYHUBAEM SHTPOIUIO, A,
clefoBaTebHo, U Xaoc. Hampumep, ecnm kaxaplii ordeT TpeOyeT TpexX UYepHOBHKOB, TO CO3MAaHHEM
CTpOFOFO U TOYHOI'O OTYE€Ta BbI yBenw{MBaeTe l'[OprlOK Ha ezlm-muy, HO l'lpl/l 3TOM yBCJ'I HYUBACTE Xa0C Ha
Tpl/l CIUHUIIBI, CIICIIAB 'T‘pl/l ‘IepHOBHKa. CJ'[C}IOBaTeJ'leO, Xaoc Bceraa B Bl)Il/lel)ILLle.

Hayka, u3ydaromiasi 3aKOHOMEPHOCTH BO3HHKHOBEHHs MOpsSAKa B Pa3HOOOPAa3HBIX CHCTEMax,
Ha3bIBAETCSl CHHEPI€TUKOH.

Banoun E.M.

BOITPOC Ne76: Kakyto Maccy ¥ CKOPOCTb JIOJDKEH UMETh METEOPUT, YTOOBI Pa3pyLIUTh 3eMitto?

OTBET: IlpaBuibHee 0XuIaTh KaTacTpO(pUYECKOro IO IOCIEACTBUAM CTOJIKHOBEHMS 3eMiU C
KOMETOH MM acTepoOuI0OM.

Bynem cumtath, 4ro C 3emiel crankuBaercs KOMeTa, KoTopas mnpuOmkaercs K 3emie ¢
OTHOCHTEJIBHOI cKopocThio V. Torja, Mo 3aKoHy COXpaHEHHMs HMITYJIbCa, TIOCHE yaapa cucTeMa 3emiis-
KOMeTa UMeeT ckopocTh U = mv/(M+m), rae M — macca 3emaM, m — mMacca KOMeTbl. BuJiHO, 4TO Ha
PpaspyLICHHUE OCTACTCS KOJIMYECTBO SHEPTHHU, PABHOE

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

Ecu cuntath, 4to m << M, 10 Q ~ mv%/2.

U3BecTHO, 4TO mpH 0Opa3oBaHMM OOJBLINX KPATCPOB IOYTH BCE BEIIECTBO, MEPEMELIaeMOe HpU
o0Opa3oBaHUM KpaTepa, IMEpeXoquT B cocTosHue pacmuiaBa u mapa (I.Menom «O0pazoBaHHe yTapHBIX
KpaTepoB», M., Mup, 1994, ctp.174-175).

CrenaeM OLIGHKY: MOXET JIM KOMETa CBOMM YZAapoM ucnaputh 3emito? Jlist 3Toro HeoOXoaumo,
Y4TOOBI

Q ~ MCcAT + Mr,
re ¢ — CpefHsis yAenbHas TEIUIOEMKOCTh Matepuana 3emin, AT — CpemHssi Temieparypa HCIapeHHs
Marepuaia 3emin, I — yaebHas TEIIoTa HCapeHus MaTepraa 3emin. JIerko noay4uts, 4To

MM ~ (CAT+I)N?.

Cuuras ¢ ~ 10° Jx/(xr-K), AT = 3-10°K, r ~ 6-10° /(- K), noxyyuM m/M ~ 10’N. Eciu koMera
ImpuieTena HW3Janeka, TO OHAa HMEET CKOPOCTh IOpsiAKa 2-0ff KOCMHYECKOH CKOpPOCTH 3emin
otHocuTenbHO CONHIIA, YTO AaeT Ha BCTPeYHbIX Kypcax v ~ 70 km/c. T.e. m/M ~ 1/500. ITockomnbky Macca
TeNa MPONOPIHOHANIBHA €ro 00beMy, a 00BEeM IIapa MPONOPLUOHATCH KyOy paamyca Iapa, TO paanyc
KOMETBI, KOTOpasi MOrj1a Obl HCIIApUTh 3EMIII0, T0JDKEH OBITh HE MEHbIe, 4eM 1/8 ot paauyca 3emiy, T.e.
oxom1o 800 kM.

CrenaeM APYTYIO OLIGHKY: MOJXKET JIM KOMETa CBOMM YAapoM PacIbUIMTh 3EMIIIO, T.C. PACIPEICIHT
BCE 3EMHOE BeIecTBa Mo cepe ¢ GECKOHEUHBIM PadiycoM. 3aTpadmMBacMasi MpH 3TOM paboTa paBHa
9HEPTUH IPABUTALHOHHOTO OIS

W~yM?/R,
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rjie Yy — IpaBUTAL[MOHHAS IIOCTOSIHHAS, R — paguyc 3emin.
TTonoxus Q ~ W, Haitem
m/M ~yM/ (RV?) ~ (W/v)?,
rje v, — mepBas KOCMHYECKasi CKOPOCTb OTHOCHTenbHO 3emmu. OkonuatensHo, m/M ~ 1/80. Takas
KOMeTa JIOJDKHA UMETh PajinyCc He MEHbIIe, 4eM 1/4 ot paanyca 3emi, T.e. okoso 1600 kM (KcraTu, 3T0
panuyc JlyHsr).
Llenecm B.H.

BOIIPOC Ne77: Kak paGoraer Jia3epHblii ipuHTEep?

OTBET: Ha nempoBomsuiyto (B TEMHOTE) CEJICHOBYIO IMOBEPXHOCTh (oTobGapabaHa KOPOHHBIM
paspszioM HAHOCHTCS 3apsA. MoJyaMpOBaHHBIA PACTPOM Jyd JIa3epHOrO AHOJA Pa3BOpPAauMBAaeTCs B
TOPH30HTAIBHON TIOCKOCTH YEeThIPEXTPaHHBIM BPAILAIOIIMMCS 3epKajblieM U Homaaas Ha (porodapaban
reHepHpYyeT HEOCHOBHBIE HOCUTENH B TOJTYIPOBOJHHKOBOM CIIOE CElICHA, TTOPOsk/as (hJOTOMPOBOANMOCTb,
IpH TOMOIIM KOTOPOH 3acBeUeHHbI yuacTok OapabGana paspsokaercs. Ha 3apsokeHHBIE ydacTKu
OGapabaHa HaJIMMaeT KPACsILIMil MOPOLIOK, KOTOPBIIf KOHTAKTHBIM CIIOCOOOM IepeHOCcHTCs Ha Oymary, rie
u 3anekaercs npu temneparype 200°C cooTBercTByIONIEH 6apabaHHOM MEUKOH.

Banoun E.M.

BOITPOC Ne78: TToyeMy 3MMOii CTaHOBUTCS TeIIee, KOraa UIET CHer?

OTBET: Atmocdepa HarpeBaercs:

MOTJIONIAsk CONHEYHYIO pajuaiuio (okoso 15 % Bcero ee KonMuecTBa, MPUXOIAIIEro K 3eMiie),
TIOTJI0NIAst COOCTBEHHOE M3ITyueHHE 3eMHON TOBEPXHOCTH,

ToJTy4ast TEIIo OT 3eMHOH ITOBEPXHOCTH ITyTeM TEIIONPOBOTHOCTH,
oJTy4ast TErIo IPH UCIIAPEHUH H TTOCTeLyIolIel KOHAEHCAIluH BOITHOTO 11apa.

Bynyun narperoii, armocdepa usinydaer cama. bonbinas yactb atMoc(hepHOI paananuy MPUXOAUT K
3eMHOM IOBEPXHOCTH, KOTOpas IIOTJIOMAET 3TO BCTPEYHOE H3IydeHHE IOYTH LEIMKoM. Bcrpeunoe
H3JIyYeHHE BO3pAcTaeT C yBEIMYEHHEM OOJAauHOCTH, MOCKONBKY OONaKa caMH CHIBHO H3Iy4aioT.
Cpe/iHsis MOTyIeHHAs JHEPreTHIECKas OCBEIIEHHOCTh COCTABIAET 0K0o 1 KBT/M%. Berpeunoe usmydenne
cocrapmsier 10 0,3 kBr/M°. Houbio 3eMHas IOBEPXHOCTh OCTHIBACT C S((MEKTHBHBIM TEMIOM 0
0,1 kB1/M2. B 06/1auHyI0 IIOroy HOYHOE OXJIAKICHHE 36MHOM TTOBEPXHOCTH TOPa3Io MEeHbIe. J{HeM 510
OXJIa’K/ICHHE TIePEKPHIBACTCS MIIM YaCTHYHO KOMIICHCHPYETCs CONHEUHOH pammanueil. Taxum oOpasom,
00J1a4HOCTb — OJJHO M3 OOBSCHEHUH TOT0, YTO CTAHOBUTCS TEILIee, KOrJa HICT CHET.

C npyroii CTOpoHbl, €cinu M3 o0JiaKa IOIIeT CHEr, TO oOpasyrompecs M NaJaloliue CHEXUHKH
HAYMHAIOT cOOMpaTh Ha ce0s BOAY, HAXOIAILYIOCS B Bo3AyxXe. IIpu oToM pa3sMephl CHEKHHOK PacTyT, a
BBIIEIMBINASCS IPH KPUCTAUIN3AIMU TEIJIOTa HATPEBAET BO3LyX.

TlonpoGHee B kHUTE:

C.I1.XpomoB "Mereoposorus u kimumatonorus”, JI., luapomereonsaart, 1983, rin.3.
JI.B.TapacoB "®wusuka B npupozne", M., [Ipoceemenue, 1988.

BOIIPOC Ne79: V Hac B TOpoJe JOMArOTCS KOMIBIOTEPBL. ['0BOPAT, 4TO 3TO BUpYC "UepHOOBLIL".
Yto 3TO 3a BHPYC M KaK OT HETO 3alIUTHTHCA? Ecnm Moxkere, TO MpHILINTE aHTHBHUPYCHBIE 0a3bl AL
"loktopa Baba".

OTBET: Ecnu Bam koMnbloTep paboTaer, TO MOXKETe He BOJIHOBAThCS — y BAac HET 3TOrO BUpYyca
(mo kpaiiHe Mepe, ero He ObUIO Ha 26-0¢ ampens). DTOT BUPYC aKTUBU3HMpYyeTcst 26-ro ampens (ecTh
BEPCHHU, KOTOpBIe aKTUBH3UPYIOTCS 26-T0 YHCIa JII000ro Mecsna) U AelaeT CIeayolHe JUCTPyKTUBHbIE
neifctBus: meitaercs ucnoptuth flesh BIOS (ecnm ecTs Takas BO3MOMKHOCT — MHKPOCXEMBI MOJKHO
BOCCTAaHOBHTb, HO 0€3 COOTBETCTBYIONIETO OIbITA 3TO [eNaTh HE CTOUT), HOPTHT BHHYECTEP,
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MePUOIMYIECKH 3aIMChiBas Mycop Ha auck. Iloprares nannsle Ha qucke C (IEpBOM AMCKE), OCTAIbHBIC
MOXXKHO BOCCTAaHOBUTh C HOMOIbI0 ndd, JaHHBIE Ha IIEPBOM AUCKE MOXKHO BOCCTAHOBHTH TOJBKO
YaCTHYHO (3TO MOXHO cenath ¢ momonisio yrmimthl TIRAMISU — simoHer 3apaHee mo6eciokomics).

Win95.CIH — Hacrosiiee Ha3BaHHe 3TOr0 BUpYyca (3TO MHHULMAJIBI aBTOPa, OH ¢ TaiiBaHs, a 26-0e —
9TO CKOpee BCEro IEHb ero POXXKACHHS — ITOT YENOBEK WACHTU(GUIUPOBAH M €My, BPOAE Kak, I'PO3UT
TIopbMa), "UepHOOBUIE" — 9TO MPUIYMAIIH JKYPHAIIUCTHI ...

O cymiecTBOBaHHHU 3TOT0 BHpyca ObLIO H3BECTHO TONTO/a Ha3aj (BCe aHTHBUPYCHI HE CTapIIe JIeTa
1998 3HAIOT O CYIIECTBOBAHMM 3TOr0 BHpYyca), 25-T0 COOONMIA 00 OMACHOCTH MO IEHTPAILHOMY
tenesuieHnto. Tak 4To mpobiema 3Toro BUpyca Ha KOMIBIOTEpE — 3TO IpoblieMa U3 CepuH, 4TO HAJI0
MBITb pyku mepen obemoM. Hamo meproanmuecku IpoBepsTb CBOII KOMIBIOTED H HE IOJNB30BATHCS
MOI03PUTENBHBIMH IIporpaMmMamu. JlasepHsle TUCKH, KYIIJICHHbBIC Ha pa3Balie, CIeAyeT IPOBEPATh.

210 BHUPYC OKa3aJiCsid OY€Hb yAa4YHBIM C TOYKU 3PEHUA HAIMCAHUS BPEJOHOCHBIX MPOrpaMMOK — BOT
yro 1po Hero rosopsaT: "Bupyc Win95.CIH" — onuH M3 caMbIX 3aMETHBIX 3a mocienHee Bpems. 1 He
TOJILKO MOTOMY, UTO OH SIBJIIETCS NIEPBBIM M3 "BHPYCOB, IEHCTBUTENLHO NOPTIIIUX XKee30". A, IIaBHbIM
00pa3oM, MOTOMY, YTO OH HCHOJb3yeT OYeHb HHTEPECHBIH (OKyc ¢ mpone3aHneM Ha 0-oe KOJBLO
NpPUBMJIETHI Tpoleccopa (B TO BpeMsl Kak OOJBIIMHCTBO BHPYCOB M H03€PCKHX IPOrpaMM — COCYT Ha
tperbeM). Ilocae 3Toro BUpyc MOXET BbI3bIBaTH (M yCHEIIHO 3To aenaer) VXD cepBuchl M 3amuch B
noptel. OH He uamensier SYSTEMLINI, on ne mumer .VXD-gaiinos 8 WINDOWS\SYSTEM, on ToibKO
3apaxaer PE-Qaiinbl... u (nnoraa) crupaer FLASH BIOS u xectkue qucki ... I'py6o roBops, 310 nepBblit
"mo-HacrosiieMy pesuaeHTHbIH" Win95/98 Bupyc (elie 100aBUTh HEMHOXKO MoauMmopdusma, u Oyner
Bce kak nox DOS). Onepanuonnas cuctema Windows95/98 sBistiercst uaeanbHON miiathopMon s
pacIpocTpaHeHUs] BUPYCOB — Hy UYTO TyT CKakellb — IepexofuTe Ha Linux. ABTOp KOMIBIOTEPHOTO
Bupyca "UepHOObUIB" cO37a7 €ro B MMKY ODJICKTPOHHBIM (GHpMaM, "TOPrylomuM Oecroie3HbIMU
aHTUBUPYCHBIMHU Tporpammamu’. Kak cooOmmio arentcrBo "UHTepdakc" Mononoii Taiianen Yenr Vur-
XY, JIOIPOIICHHbIH MOJUIMEH, TPU3HAICST B CBOEM "OTLOBCTBE" U 3asBUII, YTO COXKAJIEET O COACSIHHOM U
MIPHHOCUT W3BMHEHMS BceM noctpanaBmuM. Ilo ero ciosam, OH He JyMall, UTO BBEJGHUE BUpYyca OyneT
HUMETh CTOJb cepbe3Hble nocnencTBus. [1o pasHeiM 1aHHBIM ,"HepHOOBIIEM" OKa3aJIiCh 3aTPOHYTHI Oojee
60 MJIH. KOMITBIOTEPOB BO BCeM MHUpe. Bupyc, KOTOpblil akTUBU3UpYyETCs 26 anpesis, MOXET NPEBPaTUTh
IIK B HuxkoMmy He HyxkHoe '"kene3o". B uactHoctu, B ExarepunOypre B HBIHEIIHEM ToOIy H3-3a
"YepHOoObLIA" BOBpEMS HE BBILLUIM HECKOJIBKO raseT... Eciu Monomoil mporpamMmuct Oyner npu3HaH
BUHOBHBIM, I10 TaliBAHECKUM 3aKOHAM €My I'PO3UT caMoe Ooibiiee 2 Tofa TIOPhMBL

Jlns oOHapy»KeHHs 3TOr0 BHPYCa Ha COOTBETCTBYIOIIHE MHTEPHETOBCKUE CAWTHl OBLIH BBUIOKCHBI
HEoOXOoIMMble YTHIUTHL. MHoro mome3Hod uHGpOpMALUKM MOXHO To4epnHyTh y Kacmepcekoro
(http://www.kasperskylab.ru). Tam Bbl MokeTe ckauaTh yrunuty AVP st oOnapysxenus Bupyca CIH.

banoun E.M.

BOITPOC Ne80: Yacto BO3HMKAET BOIPOC: 3aBUCHT JIM CHJIAa TPEHHUSI MEXIY TElaMu OT IUIOMIAAN
COIPUKOCHOBEHHMS Ten?

OTBET: 3aBucHMOCTb CHJIBI TPEHHUS OT CHJIBI JaBJICHHS ObLIa YCTAaHOBJICHA SKCIIEPHMEHTAJIbH bIM
myteM. [lepBas GopMyspoBKa 3aKOHA TPEHUs NPUHAMISKUT JIeoHapo 1a Bun4m, KoTopslit yTBEep)aa,
YTO CHJIA TPEHUS MPONOPLHOHANbHA CHJIE IPIKATUS, HAIpaBleHa NPOTUB JBIKCHHUS M HE 3aBHCHT OT
romaau koHrtakra. Yepes 180 et stoT 3akoH Obul mepeoTkphIT I.AMoHTOHOM M III.Kynonom. Kymnon
OKCIEPHMEHTAIbHO YCTAaHOBWJ, YTO KOI(PGHIMEHT TPEHHsS CKONBXKEHHS TakKe 3aBHCHT OT
OTHOCHUTENIbHOH CKOPOCTH [BI)KEHHS MOBEPXHOCTEH, MPOJODKHTEIBHOCTH HEMOABIKHOTO KOHTAKTa
MOBEPXHOCTEH M OT YeNbHOrO JaBJICHHS OTHOTO Tela Ha gpyroe. OKa3anock, 9To KOI(QGHUIIHEHT TPEHUS
MIOHIDKACTCS ¢ yMEHbIIeHHeM Iuomany kacanus. OJHAKO 9TO MOHIKEHHE He3HAYHTENIbHO. 3aKOH AT
cunbl TpeHust F = kKN B cuity cBoeit pocToThI cTail O0IIEepUHSAT, X0Ts yke B XIX Beke crajio sICHO, 4TO
OH HE J]aeT IPaBUILHOTO ONHCAHUS CHIIBI TPEHHS.
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B xonue XIX Beka Peiinonbc co3nai nepyro Teopuro cMasku. I1py Hanuuuu 10CTaTOYHO TOJICTOrO
CJIOSI CMa3KH CHJIa TPEHHMS ONPEIeseTCs TOIbKO MHIPOJMHAMUYECKIMH CBOHCTBAMH CMa304HOIO CIIOSI U
C POCTOM CKOPOCTH CHJa TPEHHs JOJDKHA BO3pacTaTh. Ecim cioil cMa3sku HeJOCTaTodyeH, TO K CHIIE
BSI3KOTO TpeHHMs npubaBuTes ""cyxoe" Tpenue, onucanHoe KynoHom.

B 1902 romy Ilrpubex omyOianmkoBan HaHHBIE O TOM, YTO B OTCYICTBHH CMa3KH CHIIA
CONpPOTUBIICHHSI HE MaJaeT cpa3y C ypOBHS MAaKCHMAJIbHOH CHJIBI TPEHMS MOKOSI 1O CHIIBI TPEHHS
CKOJIB)KEHUSI, @ BO3HUKAET IMOCTEINIEHHOE MaJIEHUe CUIIBI ¢ pocToM ckopoctH (3¢ dexr [LTpudeka).

CoBpeMeHHasi MOJENb BO3HMKHOBEHHUS CHJI TPEHHUs BBINLIIMT CISAyIOLMM obpazoMm. ['panuia
CONPUKOCHOBEHHS JBYX ITOBEPXHOCTEH B MHKPOCKONHYECKHX MacIITabax HCIelpeHa HEePOBHOCTSIMH.
Tpenue 00yCIOBIEHO HE 3allelUICHUEM BBITYKIOCTEH JApyr o apyra (eciu Obl 3TO OBUIO TaK, TO CHia
TpeHus oOs3aHa Oblna OBl 3aBHCETh OT IUIONIAAM CONPUKOCHOBEHHs, a 3TOro He Habmojaercs B
SKCIIEPUMEHTE), a B3aMMOJEHCTBUEM Tel B TOYKAX COMNPUKOCHOBEHUS HAa MOJIEKYJSPHOM YPOBHE.
(nO}lTBCp)K}ICHl/lCM 3TOMY SABJISICTCSA HaJIn4yue OONBIINX CUJ1 TPEHUA MEXAY THIATEJIBHO
OTIOJMMPOBAHHBIMU TOBEepXHOCTIMHU). OauMH 13 aBTOpoB Teopuu TpeHus @D.Boynen rosopui, 4TO
"HaJIO)KEHUE JIBYX TBEPABIX TeN OIHOr0 Ha APYroe MoAoOHO HANOKEHMIO IIBEHIAPCKUX AJIbII Ha
TIepeBEPHYThIE aBCTPUICKHE AJIBIBI — MUIONIA/Ab KOHTAKTa OKA3BIBAETCS OYEHb MAJIOH", HMEHHO MO3TOMY
CUJIa TPEHUS HE 3aBUCHUT OT IUIOLIAAHA IMOBEPXHOCTH. Ho ecnu NOBEPXHOCTH HAYWHATh CAABIMBATH, TO
"ropHble NHKH" HauHYT JeOpMHPOBATBCA M TOJJIMHHAs IUIOMAAb KOHTaKTa yBEIMYHUTCS
MPONOPLMOHATIBHO NPUIIOKEHHON Harpy3ke. CONpPOTUBIICHUE OTHOCUTEILHOMY C/IBUTY 3THX KOHTAKTHBIX
30H U ABJIACTCA OCHOBHBIM HCTOYHHUKOM TPEHHUSA IBHIKCHUSA. l_[pl/l HaJIMYHUHU C}lBHFa}OU.lCﬁ CUJIbI OJIMH
"nuK" HauyHeT NporudaTh BTOPOM "MUK", KaK Obl MBITASACh CIIIAAUTh JIOPOTY, a TIOTOM YK€ CKOJIB3UTh IO
Heit. I1py 3TOM HaJ0 yYUTHIBATh, YTO UMEIOIIMECS MBUIMHKH U Pa3pyIIaloascs MOBEPXHOCTHAS IICHKA
OyIyT UrpaTh poiib CMa3KH, YCIOXKHssS sBieHHe. Takum o0pa3oM, IpH HAJIOKEHUH T'OPU3OHTAIBHON
cMemarouiel CHIbl MOKHO BBIJEIUTh 4 OCHOBHBIX PEKHMA JIBUKCHHMS:
®  PEXHM YNPYrHX MHKPOCMEIIEHHH,
®  PEXMM CKOJIBKEHHMS M0 IUIONIaAKaM KOHTAKTOB TOBEPXHOCTHOTO CJIOS,
® [pH YBEIMYEHHH CKOPOCTH CMa3Ka CO3/1a€T MOABEMHYIO CHIy, HapyLIalollylo OOJbIIyI0 4acTh

MIPSIMBIX KOHTAKTOB, CHUKasl TEM CaMbIM CHITY TPEHHS,
®  CyBEIMYECHHEM CKOPOCTH BSI3KOE CONPOTUBIICHUE BO3PACTAET U CHJIA TPEHUS IOIDKHA YBETMIUTHCS.

OTHM KadyecTBEHHBIM INPEJICTABICHHAM COOTBETCTBYET IpadUK 3aBHCHMOCTH CHIIBI TPEHHsA OT
ckopocty. IIpu 3ToM Hamo 3aMeTHTh, YTO €CIIH CMa3Ka He BBOAUTCS HCKYCCTBEHHO, TO YBEITHUCHUS CHIIBI
TPEHHSI C POCTOM CKOPOCTH IIOYTH He3aMeTHO M 3aKoH KyloHa I CHJIBI TPEHHS CKOJIbXKEHUS
BBIMIONHACTCS 32 HMCKIIOYEHHEM MalbIX CKOPOCTEH IIpH Iepexoie OT TPEHMS IIOKOS K TPEHHIO
CKOJIb)KEHHS.

Hcrounuxu:

1.B Kparensckuii, B.C.11lenpo «Pa3Burtue Hayku o TpeHun», M., 1956,

E.A.Byrukos, A.C.Konapatses "®usuka", kaura 1, M., 1994, naparpad 21,

A.AIlepBo3BaHckuii "TpeHune — cuia 3HaKoMas, HO TauHcTBeHHas", "CopOCOBCKHMI 00pa30BaTeIbHbIH
xypHai' Ne2, 1998, crp.129.

BOIIPOC Ne81: Ecnu mpennonoxuTh, 4To Bee 31aHusl B MOCKBE ITOCTPOSHBI U3 KMPITUYEH, KaKoe
KOJIMYECTBO KMPITUYEH IS 3TOr0 MOHaI00uTCs?

OTBET: [1ns rpy0oii OLEHKH YuCia KHpIHYel, HEOOXOIUMBIX JUISl OCTPOKH MOCKBBI, OLIECHUM
YHCJIO KUPIUYCH, HEOOXOIMMBIX JUISl CTPOUTENIBCTBA JKHIbIX 34aHHH. BriOepeM Mozelb, B KOTOPOit s
MPOCTOTHI Bcsi MOCKBa 3aCTpoeHa 9 - STAXXHBIMU KUPIMYHBIMH JoMaMu. [lyiMHa Takoro qoma okoso 100
M, mpuHa — 12 M, Beicota — 30 M. Tommuuna crenst — 0,5 M. Tommuna neperopoaku — 0,25 m. Torna
06BeM KHpHIHBIX cTeH 2-(100+12)-30-0,5 = 3360 M°.

OO0BeM BHYTPEHHHX IEPEropojioK OylIeT MPHUMEPHO TaKoi ke (OHM TOHBILIE, HO MX CyMMapHas
uHa Gonple). OueHuM oOImid 00beM KUPIKYA, TOLIEANIETO Ha CTPOUTENBCTBO OJHOTO 9-3Ta)KHOTO
noma, B 6000 m°.
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O6BeM 0HOr0 CTaHAAPTHOro Kupruya cocrasiser 0,25-0,12-0,065 = 0,00195 m>. Takum oGpazom,
Ha CTPOUTENILCTBO TAKOI'0 JOMa MIOHA00UTCS TPUMEPHO 3 MUJUTMOHA KUPITHYCH.

B Mockse sxuBeT mpubnu3utenbHo 10 MiH 4enoBeK. B OfHOM 9-3TaXHOM J0Me yKa3aHHBIX
pa3MepoB B cpeaneM xuBer 600—700 yenoBek. [IJist pa3MEIeHHUs BCEX KUTENSH HYKHO MPUOITH3UTENBHO
16000 Takux 1oMoB. [IepeMHOXKUB YHCIIO JOMOB Ha YUCIO KUPIHUYEH, HEOOXOMMBIX JUISl CTPOUTENIBCTBA
OJIHOTO JIOMa, MOoJdyduM okosio 50 MuwuapaoB kuprnuyeid. Ecium ke yuuTsiBaTh, 4T0 B MOCKBE OYEHb
MHOT'0 HE JKWJIBIX 3JITaHUH (3aBOJIbI, My3€H, pa3JIiuHble aJIMUHICTPAaTUBHBIC 31aHus1, KpemiieBckre CTeHbI
U OallHW M T.A.), KOJMYECTBO KHUPIUYEH, MOXKadyld, HAIO YABOWTh, a TO M yTpouTh. HO mopsmok
Benmunbl 10 ocranercs, T.e. HYXKHO HECKONBKO COTH MHJUTHAPIOB KHPITHYCH.

Jluteparypa: A.C.EHoxoBru «CripaBOYHUK 10 (pU3KKe U TeXHHKE», M., 1989.

Kupuuenxo H.A.

BOITPOC Ne82: Kak J10ka3aTh, 4TO MOBEPXHOCTHAS IJIOTHOCTD 3apsiia 00paTHO MPONOPLHOHATIbHA
pazinycy KpUBH3HBI IIOBEPXHOCTH?

OTBET: PaccMOTpuM 1j1s HPOCTOTHI HMPOBOJHHUK, COCTOSLIMHM M3 JBYX HPOBOJSIIMX IIApOB,
COCAUHEHHBIX MPOBOAOM. nOCKOHbe NOTEHIHMAJIBl COCAMHEHHBIX IIApOB paBHBI, a IMOTCHIIHAAI
3apsDKEHHOTO Iapa @ ~ (/r, TO OTHOMIEHHE 3apsIOB IIApOB PaBHO OTHOWIEHHIO HX PaJHyCoB.
[ToBEpXHOCTHAS MIIOTHOCTH 3apsaa G = ¢/S. 3Hast MOBEPXHOCTh Mmapa S = 47r’, MOKHO HAHTH OTHOLIEHHE
MIOBEPXHOCTHBIX IUIOTHOCTEH 3apsiIoB: OHO Oy/leT 0OPaTHO MPOMOPLUOHANBHO PAJHyCaM HIapoB.

Tlycts uMeercs 3apspKeHHbIH TPOBOAHUK KaKOH-TO CIOXKHOWU (opMbl. ITOCKOIBKY 1O MOBEPXHOCTH
MIPOBOJTHAKA HE TEYeT TOK, TO MOTEHIMANbl B Pa3sHBIX TOYKAX MPOBOJHUKA OJMHAKOBBI. 3apsyKEHHBIN
MIPOBOJTHUK SIBJIAETCSl SKBUIIOTEHIIMATIBHON MOBEPXHOCTBIO.
OnekTpuuecKkoe  MoJge  Ha  BHEIIHEH  MOBEPXHOCTH
MIPOBOJIHAKA HANpPaBJICHO IO HOPMAId K IIOBEPXHOCTH.
Bennuuna storo moss mponopuuoHagbHa MOBEPXHOCTHON
IUIOTHOCTH  3apafa. Ho 3apsaasl  Ha  NOBEPXHOCTH
MIPOBOJTHUKA MOTYT PacHoJIaraThCsi COBCEM HEPABHOMEPHO.

PaccMoTpum  3apspKeHHBIH  OAMHOYHBIM MPOBOAHUK
HENpaBWIbHONH (GOpMBI (CM. pHCYHOK). Jlomycrtum, yTo
BHEIIHEE TMONe  OTCYICTBYeT, 4 caM  IPOBOJHHK
MOJIOKHTENBHO 3apspkeH. Ha oueHb GONBIMX PacCTOAHMAX
OT NPOBOAHMKA CO3/aBaeMOe MM Ione OyneT MOYTH TaKHM
XKe, KaK Iosie ToueqHoro 3apsaa. CrenoBaTenbHo, BAAIH OT
MIPOBOHUKA OKBUIIOTCHIHANbHBIC IOBEPXHOCTH OydyT OMM3KH K KOHIIEHTPHYECKHM cdepam.
HenocpencTBeHHO OKOIO NPOBOAHHKA — DKBUIIOTCHIHAIBHOH SBISETCA HOBEPXHOCTH IIPOBOJHUKA.
IMooToMy, Kak BUIHO H3 PUCYHKA, SKBUIIOTCHI[HANbHbIE IIOBEPXHOCTH OyIyT CTYIIECHBI OKOJIO BHICTYIIOB
MIPOBOJTHUKA M Pa3peXEHbl OKOIO BHAAMH B HeM. Tolbko B 9TOM ciydae (opMa SKBUIOTEHIHATBHON
MOBEPXHOCTH OyIeT IUIAaBHO IpPEeBpamIaThCsA U3 (OPMBI, MOBTOPSIONICH IMOBEPXHOCTH HMPOBOJHUKA, B
cepy 10 Mepe ynaJieHHs OT IPoBOIHKKA. Ho Tam, rie SKBUIOTEHITHAIBHBIC TOBEPXHOCTH PACIIONOMKEHBI
ryme, ObIcTpee M3MEHseTCsl MOTEHIMal, a, CIeNOBaTeNbHO, OoJblie 3nekTpuueckoe mone. OTcrona
CIIeyeT, 9TO Ha TOBEPXHOCTU IPOBOAHHKA II0€ (M IUIOTHOCTH 3apsia) Ha BBICTYNAx OoJblle, 4eM Ha
BIIAJHHAX.

OCo0eHHO BEJIHKHU 3JIEKTPHIECKHE IO Ha METaUIMUECKUX OcTpusX. Ilomne y ocTpust oTpunaTensHo
3apsDKCHHOTO IIPOBOJHHKA MOXKET Ja)Ke OKa3aThCsl IOCTATOYHBIM JUIl yPaBHOBCHIMBAHMS PaOOTHI
BBIXOZa. B 3TOM cimydae ¢ ocTpust OymyT CTEKaTh SIEKTPOHBL.

Hcrounuk:

A.B.Acraxos, F0.M.11IlupokoB «DnekTpoMarHuTHoe noney», M., Hayka, 1980, maparpad 17.2.

Tlonpobuee B kHurax: I.E.3unbOepman «OnekTpuuecTBO W MarHerusm», M., Hayka, 1970,
naparpad 30; J1.B.CuByxun "O06wmwmii kypc ¢puzuku" Tom 3, naparpad 19 "Beraucienye noTeHuana mno
HaNpPsHKEHHOCTH 1oJis'.
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BOITPOC Ne83: JlaHO 3apsKEHHOE KOJIBLO U3 IPOBOMSILETO MaTepuala, KaKue CUibl JeHCTBYIOT
Ha HEro, W MOJ JCHCTBHEM KaKUX CHJ TaKoe KOJbLO CIIOCOOHO pa30opBaThCsi H3-3a 3apsia
cocpenoroueHHoro Ha HémM? U3Bectnsl E, Q, R, i T.1.

OTBET: UHTynTHBHO SICHO, 4TO Oarojaps B3aMMHOMY OTTAJKHBAHHIO OJTHOMMEHHBIX 3aps/iOB,
KOJIBLIO HATSATUBACTCS W CTPEMHTCS pa3opBaThCs. EciaM Bce Jenath TOYHO, TO CJEAyeT BBIOpaTh
TOPOUJIAJIBHYI0 CHCTEMY KOOpAMHAT (B KOTOPOW SKBHITOTCHIIMAIbHAS TOPOUJIANIbHAS [TOBEPXHOCTh
KOJIbLIA SIBJSIETCSI KOOPIMHATHOM TOBEPXHOCTHIO) M BCE PEIIaTh TaM. JTO yXKE COBCEM HE MIKOJbHAs
3aa4a! [103TOMy MBI OCTYIIHM TIPOIIE U TTOJYYUM OL[CHOYHOE PElICHHE (TeM He MeHee 6e3 HHTErpaJioB
U TYT He 00OHTHCE).

Ilycre Q — 3apsin kombla, R — ero paguyc, r — paauyc mpoBoja, U3 KOTOPOro CAEIaHO KOJIBIIO.
Bynem cumrath, 9TO Majblii pajnyC TOPOMAAIBHOIO KOJIbIIa MHOTO MEHbIIe, 4eM Ooibioii: r << R.
Torma mome BOJM3M MPOBOAHHMKA KOIbLA MOXHO NPUOIM3UTEILHO CYMTATH IMOJEM 3apsDKEHHOTO
umwmmngpa: E=kQ/ (nRr), raek — xoncranTa B 3akoHe KynoHa.

[1T0THOCTH SHEPTHH JJIEKTPUUECKOro MOl paBHA W = E? / (87k). Torna SHEPTHUIO MOJIsA, COCpPero-

TOYEHHOT'0 BOJIM3H KOJIbIIA, MOXHO OIICHUTH KaK
R

W =[wdV, rzedV = (2zR)(2nrr)dr,
r

2
orkyza W = kQ“In(R/r) / (2nR).
HatsokeHue BAosb OOMbIION M Majod oOpasyrolieil Konbla-Topa HaXOAUTCS KakK H3MEHEHHe
3JEKTPOCTATUYECKOH SHEPr UK MPH H3MCHEHUH COOTBETCTBYIOIICTO pajuyca:

Tr = —dW / d(27R) = kQ? (In(R/r) -1) / (4n°R?),
yTO npu R>>r naer

Tr = kQ?In(R/r) / (47°R?) , )

T, =—dW / d(2nr) = kQ? / (4n°Rr) )

(momnoHUTEIbHBIC 270 B 3HAMEHATENEC BOSHUKIIN TOTOMY, 4TO Ha CAMOM JIeNe IIPOU3BOAHAs Oepercst He 110
pajuycy, a 1o JAJINHE OKPYKHOCTH).

Anamu3upyst BbipaxkeHus (1) u (2), MOXXHO BHJETb, YTO Pa3pbIBAIOIINE CHUJIbI MTPOMOPLIMOHAIIBHBI
kBajpary 3apsaaa topa. Cuna Tr 0OpaTHO NpONOpLMOHATIBbHA KBAAPATy paauyca OonblLIol oOpasyromiei
TOpa M c1abo (JIorapuMUUECKH) 3aBUCUT OT OTHOIICHUS OOJBLIOro pajguyca Topa K Maiomy. Cuna T,
00paTHO MPOIOPIMOHANBHA KaK OOJIBIIOMY, TaK U MAJIOMy Panycy TOpa.

OuesuzHo, 4To cuna Tgr, CTpeMsIIascs PaCTAHYTh HAIl TOP BJOJIb OOJBIIOIN OKPY/KHOCTH, MEHbIIE
cunsl T, cTpemsimeiics: pacTsHYTh €ro BIOJb Masoi obpasyromeii (cienaTs Oy6auK ToMIle) B OTHOMICHHN
Tr / Tr = (t/R) In(R/r). ITockonbKy jorapudm sBISIETCS MEIJICHHOH (QyHKUHEHl MO CPaBHEHHIO CO
creneHHoi, To pu R >>r1  Tr/ T~ r/R.

Cunel Tr u T, HampaBieHbl BOJb MOBEPXHOCTH TOpa HOPMAIBHO K Masoil M K OonbInoii oOpa-
3yIOLIMM TOpPa COOTBETCTBEHHO. EciM cpaBHUTH CUIIBI HATSDKCHHS Ha CAMHUIYY JUIMHBL OR = Tr/ (27r) n
or = T,/ (2nR), To oKa)keTcst, YTO HATHKCHHS TIOBEPXHOCTH TOPA MO 000UM HAIIPABJICHHUSIM MIPAKTHICCKH
PaBHBI (HO BJIOJIb JUTMHHOM 00pa3yoliel HaTshKeHHE BCe-TaKK HEMHOTO (JlorapuMuuecku) Oobliie).

T.0. BUIHO, 4TO «TOHKHI» TOp (1ep R >> r) Gyaer pasopBaH MEKTPOCTATHICCKUME CHIIAMH, KOTa
Pa3phIBAOIIEE YCUIINE TIPEB30MAAET MPE/el IPOYHOCTH CILIOLIHOIO TOPA Ha Pa3phIB:

kQ?/ (4n°R?) > onr?,
rie ¢ — Mpejer IPOYHOCTH MaTepHaja TOpa Ha PasphiB.
DTOT KpUTEpUHl Ha Pa3pbiB KOJbLA JITKO IONYYUTh METOAOM Pa3MEPHOCTEH C TOYHOCTHIO 0

kod(durmenTa.
Bopobves I1.B.

BOIIPOC 84: PacckaxuTe moJpoOHee 0 TUCKPETH3alui U KBAaHTOBAaHUU LIU(PPOBOTO CUTHATIA.
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OTBET: B mnocnennHee BpeMss B TEXHHKE HJCT IHepexox Ha LU(POBbIE METOABI 00padoTKU
nHboOpManuH. DTO CBA3AHO C TeM, YTO LU(POBYIO HH(DOPMALHIO Jierde XpaHUTH (ITOSBHIINCH JCIICBbIC U
yaoOHBIe YCTpOMCTBA Ul XpaHEeHWs] MH(OpMAIMH, TaKHe KaK JKECTKHE AUCKH KOMIIBIOTEPOB HIIN
JIa3epHBIC MCKU), a TAKKe ¢ TeM, 4T0 HU(POBYI0 MHAOPMALHUIO JIETKO IepefaBaTh MO COBPEMEHHBIM
JIMHUSIM CBSI3U MIPAKTUYECKU 0€3 MOoTepb.

AHAJIOTOBBIN CHUTHAI — 3TO B TIpocTeiinieM ciydae gucio X(t), 3aBucsiuee ot Bpemen t. [pu 3anucu
Ha HOCUTEIb MH(OPMALMH MM BOCIPOU3BEACHUM C HEr0 CHIHAJI HEN30EKHO MCKAXKAETCsS Pa3IndHOro
poza mryMaMu. BoccTaHOBUTE MCKa)KeHHBII curHam (YOpaTh LIyMbl) Hemb3sl. MOXKHO, KOHEYHO, TBITATHCS
MOZABIATE ILIyMBI, MCIONb3YsS HEKOTOPYIO JONOJHHUTENbHYI0O HHGOpPMALHMIO (HAIpPUMEpP, MOXHO
MOZIABJIATh YACTOTHI, B KOTOPBIX COCPEOTOUEHBI IIIYMBI), HO IIPH 3TOM MBI TepsieM TakKe U HHPOPMAIHIO
0 CaMOM CHTHAJIE, T.€. OISATh )K€ BHOCUM HUCKaXXEHUSI.

Ipu oundposke curhana X(f) mpou3BOIsTCS ABE ONEpalUy — JUCKPETU3aLMs U KBAaHTOBAaHHME.
JlucKpeTH3alust — 910 3aMeHa curHaia X(t) ¢ HenpepbIBHBIM BpeMeHeM t Ha {HCKPEeTH30BaHHBIH CUTHAI —
nocienoBarenbHocTh yncen X(1i) Ui JMCKpeTHOro Habopa MOMEHTOB BpeMeHH ti, tp, ... , 1, ... (dame
BCEro MHTEpBalbl MEXIy MOMEHTaMHM BpemeHM At = t — ti; Oepyrca oaumHakoBbiMH). Ilpu
JMCKPETH3allMK, KOHEYHO, 9acTh HH(OpMaluu o curnaie tepsiercs. Ho ecim curnan x(t) 3a Bpems At He
cunbHO n3menstercst, uncna X(ti) u X(ti-1) Onusku Apyr K apyry, To noseaeHue X(t) Mexay Bpemenamu t u
ti-1 HETPYHO BOCCTAHOBHUTH (CHI'HAJ NMPAKTHYECKH JIMHEHHO M3MeHsieTcs BO Bpemenu ot X(ti-1) 1o X(ti)).
IIpu JMCKpETH3aLMK MBI TEPseM YacTOTHBIC COCTAaBISIOIIME CHIHAma ¢ yacroTamu nopsiaka f ~ 1/At u
BBIIIC.

IMpu nucKpeTH3alMy BpeMsl U3 aHAJIOrOBOro Kak Obl CTAHOBUTCS IIM(PPOBBIM — MOMEHTBI BpEMEHHU
ti MOXXHO HyMepoBaTh, KOAMPoBaTh. [IpoH3BOANTCS 3aMeHa HENPEPHIBHOIO BpeMeHHU t Ha HEYTO, KOTOpOe
MOXET NPUHUMATh HE BCE 3HAYCHUS, a TOJBKO HEKOTOpbIC, a UMEHHO t1, b, ... , ti, ... KBaHTOBaHMe
CHTHAaJla — 3TO HEYTO IIOXOXKEe, TOJNBKO [aHHAs Mpolleqypa IPOU3BOIUTCA HE CO BPEMEHEM, a CO
3HaYCHHMEM CUTHana X. BriOupaercs Hekuii HaOOp BO3MOXHBIX 3HAUEHHE CHTHANA X1, Xz, ... , Xn, ... H
kaxpomy X(tj) comocrasiercs OmpKaiiiee YHCIo 3 3Toro Habopa.

IpuBenemM KOHKPETHBIA MPHMEp IHCKPETHU3ALMU W KBAaHTOBAaHHS: MycTh curHan X(t) takoif, 4to
X(t) = t2, war nmuckpernsanun At = 0.1 (t.e. Habop MomenToB Bpemenn t = 0, 0.1, 0.2, ... ), 3HaueHHE
CHrHajza X Mbl OyfeM 3amuchiBaTh C TOYHOCTBIO 10 OJHOM COTOM (T.e. HAOOp 3HAYEHMI CUrHajIa
X =0,+0.01, +£0.02, ... ). ITocne AUCKpETH3AINWH CUTHANA OIyIHM

x= 0. 03162... 04472... 0.5477... 0.6324...

t= 0 0.1 0.2 0.3 0.4
V4uThIBast TOYHOCTH XPaHEHUS 3HAYCHHUH X, 10C/IC KBAHTOBAHMS ITOTy4aeM

x= 0. 032 0.45 0.55 0.63

t= 0 0.1 0.2 0.3 0.4

Ipu muckpernsanuu Mbl TepsieM Bbicokue (f > 1/At) wactoTel curHama, mpu KBaHTOBAHUH MBI
TepsieM MaJieHbKHE (MeHbLIEe AX = X; — Xp.1) U3MEHEHHs curHaia. Kpome Toro, momy4mBiimiics mocnie
KBaHTOBaHHsI CHTHAI Xn(lj) oTImMYaercst OT peaqbHOro (HO yXe AMCKpeTn3oBaHHOro) curaama X(t) Ha
BCIMYMHY MOPsAKAa IIara KBAaHTOBaHMS (WIM KBaHTa) AX. DTO pasinyue HOCHT Ha3BaHHC IIyMa
KBaHTOBAHMSI, M OHO MIPUHIUIINATIBHO HEYCTPAHUMO.

Jlnst mpuMepa, OIMCAHHOTO BBILIIE, HMEEM

X(t) = 0. 0.3162... 04472... 05477... 0.6324...

Xa(t)= 0. 0.32 0.45 0.55 0.63

t =0 0.1 0.2 0.3 0.4
uryM kBanToBanust ~ 0. 0.00377 0.00279  0.00228 -0.00246

WHorza, 4T00BI BHECTH B CHTHAl MHHHMMAIBHBIC HCKA)KCHUs, KBAHTOBAHME [ENAIOT TaK, 4YTO
HHTEPBAIBI AX = X — Xp-1 JCNAIOT HEPaBHBIMH (HEIMHEHHOEe KBaHTOBaHKe). Hanpumep, yacto nemarot AX
MaJCHbKHM [pPH MajoOM 3HAQUCHWH CHTHAla, YTOOBI OTHOCHTENbHAs IOrPEIIHOCTh  (LIyM
KBaHTOBAHMSI/CUTHAIT) HE CTAHOBHJIACH OYEHb OOMNBIION MpH Manbix X. Hampumep, mpuHUMaOT AX = gX,
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IrJie € — MaJIeHbKOe YHCIIO (Tak Ha3pIBaeMoe Jiorapudmudeckoe kBaHToBanue). HenHeliHoe kBaHTOBaHUE
103BOJISICT MOJTYYUTH [IPH IPHEMIIEMON TOYHOCTH XPAaHEHNUsI CUTHAJIA OOJBIIOH JMHAMIYECKUH T1ana3oH
(OTHOIIEHHE MaKCUMAJIbHOTO 3HaYE€HHs CUTHAJIAa K MUHUMAJIbHOMY WIIH K BEIMUMHE KBAaHTA).

IlepeBox aHanoOroBOro curHana B IU(GPOBOH BBIOIHACTCS CIELHUANBHBIMU YCTPOHCTBAMH —
aHaJoroBO-M(poBbIMU  TipeodpaszoBatensimu  (ALIIT). OcHoBHbiMH mapamerpamu  ALIIl  sBistroTCS
yacrora auckperusanuu T (f = 1/At) u paspsanocts AL (KONMMYECTBO TBOMYHBIX Pa3psioB, B KOTOPBIX
XPAHUTCS 3HAUCHHE CHTHAIA X, YHCIIO BO3MOYKHBIX 3HAUCHUH KBAHTOBAHHOTO CHrHama paBHo 2", rie N —
4yucio pa3psanoB). Yem Beimie paspsanocts ALIT, ¢ Tem Gosnblieif TOYHOCTBIO MOXKHO XPaHUTh CUTHAI (AX
MaJio), HO TeM MeUleHHee OH pabotaer (Gosbiie At).

YerpoiictBo, npon3Bojsiinee 00paTHYO orepanuio (4ToObl mepeaars OnU(ppPOBaHHbBIM CHTHAI Ha
Kakoe-HUOyIb BOCIPOU3BOJSINEE YCTPOHCTBO (AMHAMHUK, TEIEBU30p, MPUBOAHON MOTOp H T.X.)),
HaspIBaeTCs IHM(po-aHaisoroBeiM mpeodpasosarenem (LIAIT). INpuxunnuansaeie cxemsl AT u LIATI
CJIeJlyeT UCKaTh B KHIJKKAaX IO PaMOIEKTPOHUKE (O MPUHIMIIAX PadOThl HEKOTOPBIX CXEM CMOTPHUTE B
kuure W.I1.3onotyxuna, A.A M3tomoBa, M.M.Paiizmana «Lludpossie 38ykoBbie MarHuTohoHbD (ToMcK,
Panuo u cBsa3b, Tomckuii otaen, MaccoBast paanodudianoreka, Boi. 1153, 1990).

[IpuBeneM Juii CHpaBKM MapaMeTpsl W3BecTHOro cranzapra CD: wacrota amckperHsanuu
f=44.1 k['u, nuHeliHOe KBaHTOBaHUE, 16 IBOMYHBIX Pa3PsIOB.

udpoByro MHPOPMALUIO MOXKHO TNEpefaTh MO JMHUH CBSI3M TNPAKTHYecKu Oe3 motepb. Ilpu
mepeflaue CUrHaj CHavyajla IIpeBpallaeTcss B aHAJOrOBbIM, IIE€PECHUIAETCS, IOCIE Yero OImsTh
Ol.ll/l(i)pOBbIBaeTCﬂ. Ecnu auHMS CBSI3M BHOCHUT MCKa)XKEHHUS B CHT'HAJl MEHBIIIE YeM Iar KBaAaHTOBAHUs, TO
rnocie mnepeaayd M OUM(POBKM IMOTy4YEHHbIH OLM(PPOBAHHBI CHrHaN He OyleT OTIMYaThes OT
HavanpHOro. OOBIYHO ke MH(pOPMALMS MeperacTcss ¢ MOMOLIbIO JBOWYHBIX HMIIYJIbCOB, T.€. JUIA
BOCCTaHOBJIEHMSI CHUTHAJIa HEOOXOAMMO JIMIIb pemath, neperanu 1 wim 0. Ilpu nepenaue aBoMdyHON
HH(OPMALMK 110 JIMHUU CBS3M €CTECTBEHHO CJIETKAa CMEIIAETCs BpPeMs NMPUOBITUS MMITYJIbCA, HO €CIIH
CMEILEHHE MEHbIIIE PACCTOSHUS MEXY UMITYJIbCAMU, TO MECTO MUMITYJIbca B OOLIEH MOCIIe10BaTENbHOCTH
JIETKO BOCCTaHABIIMBACTCS. JlOMOIHUTENbHYIO 3aIIUTY JTaeT IPUMEHEHUE KO/IOB € YCTPAaHEHHEM OLIMOOK
(xozbl XammuHra, Puna-Conomona u zp.).

Cmenanos M.T".

BOIIPOC Ne85: CkonbKO JIeT aCTPOHOMUU?

OTBET: AcrpoHomMuss — oOfHa W3 CaMbIX JAPEBHMX HayK. BHadane acTpoHOMHsS HOCUIa
PENHTHO3HBIA M TPUKIANHOH Xapaktep. IlepBble «kaMeHHbIE KaJdeHAApH», TA€ OTMEYAIHUCh TOYKH
Bocxoza M 3axoza CoJHIA B JHU PABHOACHCTBUI M COJNHLIECTOSHUM, NAaTUPYIOTCS 0KOio 2—20 ThIC. JieT
10 H.3. (Hanpumep, CTOYHXEH/DK B AHIVIMM, «KaMeHHbIe cyHIyku» B Xakaccuu (KpacHospckuid kpaid),
«obcepBaropun» B ApMeHMH M T.JA.). CTOYHXEGHIUK HACTOJBKO CTap, YTO B 30Xy AHTUYHOCTH €ro
HCTUHHAs ucTopus Obuta 3abbiTa. K Hacrosiemy BpeMeHH JOKa3aHO, 4TO CTOYHXEHIDK — 3TO CBOETrO
pona JyHHO-CONHEUHBIN KaneHaapb. Kakablii ero kaMmeHb, Kak[gas JyHKa, a TakxkKe DA JMHUM,
MIPOBE/ICHHBIX OT HAOJIIOAATENs, COOTBETCTBYIOT ONpeieleHHON KoHburypaunu 3emist-JIyna-Contue.

Bonpmoe KommuecTBO TEKCTOB, MOCBSIIEHHBIX aCTPOHOMHYECKMM HaOmozenusM B Erumre,
otHocsTCst KO BpemeHn CpenHero (2052—1786 r. mo H.3.) m HoBoro mapcra (1554—1072 r. mo H.3.).
CyuiecTBoBajia M acTpoOHOMHs BO BpeMmeHa J[lpeBHero mapcrBa (2664-2155 r. no H.3.) Hayke He
U3BeCTHO. EAMHCTBEHHBIN TekcT smoxu JIpeBHEro 1napcTsa, MMEIOMINi OTHOIICHHE K aCTPOHOMUH, — ITO
Ta0JIM4Ka U3 CIIOHOBOI KOCTH, HaliieHHas: B rpoOHuUIIe B AOGuaoce, Ha KOTOpoii Beipe3aH TekcT: "Cotuc —
MIPEIBECTHHK HOBOTO TOa M HABOJHEHHUIH" (CYIIECTBYIOT U JPyTHE MepeBOIbl 3TOH HaAIMCH, HAIIPHMEp,
"Coruc OnmcTaroas B3omwa Ha Hebe 1 Hut BeIXoauT u3 cBoux Oeperos").

B BaBunone u AccHpHHM acTpOHOMHS HONy4ywmna Oofbllee pa3BUTHE, dYeM B Erumte.
CrapoBaBmiioHckas nuBmimzanus (XIX—-XVI Bek 1o H.3.) NpomobKaeT TpaaulMu Oolee IpeBHEH
IOUBIIIH3AINH IIyMePoB (KIMHOIKCh, 3aIHCh YHCEN, METOIbI HAaOIIOJEHNII U PeTHCTPaLlK Pe3yIbTaToB).
B BaBumioHe 3TOro BpeMEHH YK€ COCTAaBILUINCH AaCTPOJNIOTHYECKHE IPOTHO3BI, OCHOBAHHBIE HA
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nepemertieHny JIyHBI ¥ cocTosHUY HeOa B JIEHb, KOIJla MECsIL| CTAHOBUJICS BHJICH B Ha4ase HOBOIO I'OJia.
Jlo Hac fonuia oOLUIMpHas cepHsl KIMHOMUCHBIX TEKCTOB aCTPOJIOIMH BTOPOr'O THICSUYENETHS 10 H.9. (cepus
"OHyma AHy DHmwis") B KOTOpoi comepkutcsi okono 7000 mpenzHamMeHOBaHHA, COCTaBIICHHBIX C
ucnojb30BaHueM HabmoaeHuii Benepsl, Conuua, JIyHbl, riaHeT, 3Be3j, OOLIEro COCTOSHUS Heba U
CYMEpEeYHOr0 CerMeHTa.

Ha Bocroke acrpoHomusi Obuta Hambosiee pasButa B Kurae. Kuraiickue aBTOpPBI OTHOCST
BO3HHKHOBEHHE aCTPOHOMHH, KaK HayKH, KO BTOPOMY TBHICSYEIETHIO 10 Hamrel apbl. OnHako B Kutae Her
ACTPOHOMUYECKHX TOKyMEHTOB TOrO BpeMeHH (II0 KpaifHell Mepe, OHHM HEHM3BECTHBHI eBpomeiilam).
Perynspuble acTpoHOMIYeckue HabmoqeHus B Kutae Hauaanck B IepBOM THICSYENIESTUH 10 H.9.

Ha teppuropun ObiBurero Coerckoro Coro3a cambple IpeBHHE IaMSTHHUKH, CBSI3aHHBIE C
ACTPOHOMMEH, CBSI3aHBI ¢ IUBUIIM3ALMEH YpapTy (TEppUTOpHs COBPEMEHHOI ApMeHUH).

OnHako HaykoH acTpOHOMHMs CTaja JIMIIb TOrZa, KOTrJa OT pa3spo3HEHHBIX CBEIEHMH o Hebe
l'leCI_LU'll/l K HX Cl/lCTCMaTH‘ICCKOMy n3yqumo, CTaJIn MCCIICI0BATh KakK OCO6y10 4acThb l'lpHpO}lbl, BHE
3aBUCHMOCTH OT TOT'O, Hy)KHO 9TO JJIs1 XOSﬂﬁCTBeHHOﬁ JACATCIIBHOCTH WUJIM HET.

IlepBble MOMBITKM B 3TOM HamlpaBlieHMH ObUIM crienaHbl Apucrortenem (I'peuns, 4 B. 10 H.3.), HO
0coOBIi, HEOIIEHUMBIH BKJIaJ] B CTAHOBJIEHUE aCTPOHOMUM, KaK HaykH, cienan ['unmnapx (I'peuus, 2 B. 10
H.3.). OH coctaBmI Katajor okono 850 3Be3J, BBEN reorpapuueckie 1 aCTPOHOMUUYECKHE KOOPAUHATHI,
U300pel apMHILTPHYIO chepy, OTKPbUI SBJIECHUE MPELIECCUH.

[Ton3opHas Tpy6a Oblna OTKpbITa 10 I'anmies, HO mpeObiBaga B HeM3BECTHOCTH Oonee 20 jer.
[ToGbIB B pykax BeIMKOro y4deHoro Bcero 10 MecsueB, MoA30pHas TpyOa NpeBpaTHIach B IJIABHOE
JICHCTBYIOIEE JIMIIO HAayKW HOBOro BpeMeHH. I[lepas ero padora "Sidereus nuncius" ("3Be3aHblit
BECTHHK"), TIOCBSILECHHAS €70 UCCIIEIOBAHNEM 3BE3IHOT0 Heba ¢ IIOMOIIBIO HOBOTO HHCTPYMEHTA, BBILILIA
12 mapta 1610 ropxa.

T.o., HAYaJI0 aCTPOHOMHHM, KaK HAyKH, MOXKHO 0003HAYUTh 2—5 B.B. JI0 H.3.

Jluteparypa:

A.Ilannekyk "Hcropus acrponomun", M., 1966,
k. XokuHc, k. Yaiit "Pasraaka taitnel Croynxenmxa", M., 1973,
B.Baun-nep-Bapaen "IIpo0Oyxnatomasica Hayka II. Poxaenue acrporomuu", M., 1991.

Kupuuenxo H.A.

BOIIPOC Ne86: ITouemy Bo BpeMsi LIBETEHHs UepeMyXH ObIBAIOT IIOXOJIOAAHUSA?

OTBET: I'padmuecku npencrapisis TOJOBOI X0/ TEeMIEPaTypbl BO3yXa 110 CPEIHUM MECSUHBIM €€
3HAYCHHAM, T.€. 10 12 TOYKaM, MBI IIOTy4YHM IUIABHYIO KPUBYIO CHHYCOMJAIBHOro Xapakrtepa. Ho ecin
MIPEACTaBUTH TOAOBOH X0/ TEMIIEPATypPHI IO CPETHUM CyTOYHBIM JaHHBIM, TO U 32 MHOTOJICTHHII (Jaxe 3a
CTOJICTHUI) TIEPUOJI KpUBasi HE IOJIy4YUTCS BIOJNHE IUaBHOM. Ha Heil OymyT 3a3yOpHHBI, BO3MYLIEHHS,
00yCIIOBJICHHBIEC HENEPHOTHICCKIMH H3MEHEHUAMH TEMIIEPaTyphI.

HexoTopsle Bo3MyIIeHUsI B XO/l¢ TEMIIEPAaTypbl OCOOCHHO 3HAYHTENBHBI U PACIPOCTPAHSIOTCS Ha
HECKOJIBKO THEH MOIPSII; 3TO MOXKeET OBITh, HAIIPHMep, HaJeHue TeMIIEPaTyphl BECHOI Ha (oHE ee 00IIero
pocta. Takoro poma BO3MYLIEHHS MOXHO OOBACHHTH TEM, YTO HOTCIUICHHS HIHM IIOXOJIOJAHHS
MOBTOPSIIOTCSL. U3 TOJa B TOJ (XOTA M HE 00s3aTENbHO KaXIbI TOJ) B HEKOTOpbIE Oosiee MM MeHee
ycToiiunBble KaleHAapHble Ccpoku. [loaToMy u Ha KIMMaTONOTMYECKOW KPHBOH  OCTAalOTCS
COOTBETCTBYIOLINE BO3MYIICHNUS, Ha3bIBacMble KaJIeHIAPHBIMH OCOOCHHOCTSMHU.

Taxk, BecHoit B EBpome, korja temnepaTypa B TOJOBOM XOZ€ BOOOIIE MOBBIIACTCS, €CTh TaKHe
KaJleHIapHbIe MEepHOBbL, KOTAa Ha KIMMATONOTHYCCKUX KPHBBIX, IOCTPOCHHBIX IO JHAM, TeMIepaTypa
CYIIECTBEHHO HaJaeT WM, 10 KpaiiHell Mepe, pocT ee 3ameyisiercsi. Tak ObIBaeT, HalmpuMmep, B MEPBOi
MIOJIOBHHE Masi H OKOJIO HOJIOBUHBI HIOHS. V3BeCTHBI BO3BPAThI XOIOAOB U B IIEPBON MONOBHHE (eBpajIs.
HampotuB, oceHblo, B KOHIE CEHTSOpS MM Hadane OKTSAOps, KOrga TeMIlepaTypa BooOlle Iajaer,
HabIrojaeTcss BpeMeHHOe 3aMeUIeHHe 3TOTO MaJeHHs, a B OTAENbHBIC FOJbI Jake CMEeHa ero Ha pPocT B
TeYeHNe HECKOIBKUX CyTOK. Takue oceHHHUe MepHo/IbI MOTEINICHUH Ha3bIBAIOTCS 6a0bUM JIETOM.
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He cnenyer, koHe4HO, JymaTh, 4TO B OT/E/IbHbBIE I'O/bl ONPEIEICHHbIE U3MEHEHHS TEMIIEPaTyphbl
MOSIBJIAFOTCS BCETIa B OJHU U Te ke JHU. CPOKM MX HACTYIUIEHHS B Pa3HbIE IOfIbl MOTYT ObITh Pa3HBIMHU.
Tak, Maiickue XoJ0/1a MOT'YT HaOJIFOJIaTbCA M B Hayalle, U B CEpEAMHE, U B KOHIE MECSLA, MOTYT U He
Habironatbes BoBce. Ho Hanbonee yacto oHM OyAyT NPOMCXOAUTH B HEPBOH IOJIOBHHE MeCALA, YTO U
OTpa’kaeTcsl Ha KJIMMAaTOJIOrH4€ecKOi KPUBOH.

OObsiCHEHHEM KalleHIApHBIX OCOOCHHOCTEH SIBIseTCS HM3MEHEHHEe OajaHca pacIpeeseHus
COJIHEYHOW OJHepruu, rmocrynaromeii Ha 3emmo. Hampumep, Hauyano axkTHBHOI'O —ILBETEHHS
pPACTUTENBHOCTH BECHOM NPHBOAUT K 3aMETHOMY PpOCTY IIOIVIOIIEHHUSI COJHEYHOM 3HEpruu
PaCTHTENBHOCTEIO, M, HA00OpPOT, OCHIMAHHE JIHCTHEB OCCHBIO — 3aMETHO YMEHBINACT MHOIJIOLICHHE
COJIHEYHOM SHEPTUH PACTUTEIBHOCTBIO.

C MeTeoposIorHIeckoil TOUKU 3peHust «6abbe JIeTo» — 3TO MEepBEIl OCCHHUI MEPUOJ| C YCTOHIUBOM
aHTl/lLll/lKJ'IOH]/l“ICCKOﬁ l'lOl"O)lOﬁ, KOorjja HOYHOE€ BBIXOJIa)KWBAHHUE TIOYBBI U 303)1yxa €IIC HE CIMUIIKOM
CHJIBHOE, a ﬂHCBHOﬁ nporpeB XOTA U CyLLleCTByeT, HO HE JOCTHUIracT npeﬂena, KOTOprﬁ BOCHpHHHMaJ’[Cﬂ
OBl KaK Kapa.

B pyrux crpaHax CyIIECTBYIOT CBOM Ha3BaHHs 3TOrO MEpUOAA MPHATHOW MOroJbl: HAaNpHUMep, B
CIIA oH mosty4u Ha3BaHHE «MHJIEHCKOro JIeTay.

Hcrounnkux:

C.I1.XpomoB «Meteoposiorus 1 KimMaTosnorus», J1., Funpomereonsnat, 1983,
I1.]1.Acranenko «Bompocs! o moroze», JI., I'mapomereonsaar, 1987.

BOITPOC Ne87: HackosbKO COCTOSATENIbHA THIIOTE3a 00 YyMEHBIIEHUH CKOPOCTH CBETa C TEUCHUEM
BpeMeHH?

OTBET: Bonpoc 0 3aBUCMMOCTH (pyHAAMEHTAIbHBIX KOHCTAaHT OT BpEMEHU ObUI BIEPBbIC
nocrayied [1.Jlupakom B 1937 1. MOXHO HacuumTaTh HEMAJO pA3NIUYHBIX (YHIAMEHTAIBHBIX
TIOCTOSHHBIX, KOTOpBIE, TPY6O TOBOPS, 10 TIOPSIKY BETHUMHBI PAaBHbI SAMHHIE, Hanpumep, o = e*/hc ~
1/137, me/m, =~ 1/200, u T.1. C Apyroit CTOPOHBI, JErKO YBHAETh M O4YCHb OOJbIINE Oe3pa3MepHbIC
MIOCTOSHHBIE, TAKUE, KaK OTHOLIEHHE CHJIBI 3I€KTPOCTATHYECKOIO MPUTKEHHS MEXIY dIEKTPOHOM U
IIPOTOHOM K CHJIE TPABHTAIMOHHOrO PUTSDKEHIIO MEIKIy HUMH, ¢-/Gmpm, ~ 2-10%,

Jlupax TpenmonoKuiI, YTO TaKHe 3HAYEHHUs HE SBIIOTCA MPOCTO UTPOIl YHceN, a MPEACTaBIAIOT
c000H M3MEHSIONIMECS MapaMeTpsl, KOTOPhIE XapaKTepU3yIOT COBPEMEHHOe cocTosiHue Beenennoit. On
OTMETHJI, YTO BO3pacT BceneHHOM, BBIpa)KEHHBIH B €CTECTBEHHBIX €IMHMILIAX ezlmec3 ~ 102 C, COOT-
BercTBYeT BenmunmHe e /GMyM.. JlaHHAS BpEeMCHHAs CIMHWIA, HA3BAHHAS TEMITOHOM, DABHA
MIPOMEXYTKY BPEMEHH, 3a KOTOPBIH CBET B BaKyyMe IIPOXOIUT PACCTOSHHE B OAMH PAIMYC 3JIEKTPOHA.
Bospacr Beenennoit mpumepro pasen 10-10° et mmi 3-10% TemMnToHOB. DT0 4HCIO OYCHB GII3KO K
BEIMYMHE OTMEUEHHOTO BBIIIEC OTHOIICHHS.

Jlupaxk HpeAmoNOoXKHI, YTO TAKOe COBIAICHUE HE CIydaifHO, a 3TH [ABa 4YUCIA JODKHBI OBITH
MPAKTUYECKU OTMHAKOBBIMH B JIFOOOI MOMEHT BpEMEHH ([IMPAKOBCKasi TUIIOTE3a O OONBIIMX YUCIAX), T.C.

Gmyme / &2~ mec’t/ €% @)

CrieioBaTenbHO, 6Ge3pasMepHbIe MOCTOSHHEIE, 10 TOPSAKY BenmduHsl pasHsie 10, momkwsr
JIMHEITHO U3MEHSAThCSI BO BpeMeHH. Eciu cuuTaTh, 9TO aTOMHBIE IOCTOSIHHBIC HE 3aBUCAT OT BPEMEHH, TO
rpaBUTalHOHHAs MOCTOAHHAS G JO/DKHA yMEHBIIATHCS C TEICHHEM BPEMEHU t:

G~t*. )

DTy THIOTE3y MOKHO OGOGIINTH TAKMM O00pasoM, d9TO OespasMepHbie umcma mopsaka (10%0)"
JIOJDKHBI M3MEHAThes 1o 3akony t". Ecim ouenuts vucno 6apuoHoB BO BeeleHHOH myTeMm jeneHust
BHJIUMOIl Maccel BceneHHOM Ha NpPOTOHHYIO MacCy, TO B pe3yjibTaTe IOIYYHUTCS NPUMEPHO 10"
GapuonoB. Jlupak mpenckasal yBeIuueHHe Yucia 6apHoHoB Bo BeeneHnoil o 3axkomy t°.

Ipumepro, gepes 10 mer mocie storo 3. Temtep mokasan, 4To yMmenbmenue G mo 3aKkomy t™, mo-
BUAUMOMY, IPOTUBOPEUHUT HAOIIOICHUSM, CBSI3aHHBIM C dBotonueil Beenennoil. EMy ynanock momyduts
COOTHOIIICHUE MEKY CBETUMOCTBIO L 3Be3/1bl, Maccoii M 1 rpaBUTAllMOHHOM TOCTOSHHON G:
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L ~GM. 3)
ITostomy Gonbluee 3nauenne G B Gosiee paHHUE MEPUOABI IPHBOAWIO OBl K OOJIbIIEH CBETUMOCTH
COHIIa H MEHbIIIEMY PajiHyCy 3eMHOit opbuThi R ~ G
CormacHo rumnote3e Jlupaka M3MEHEHHE TPaBUTALMOHHOI IIOCTOSIHHOH CO  BpeMEHEM
HEMOCPEICTBEHHO CBSI3aHO CO CKOPOCTBIO paciiupeHus BeeneHHoM, Tak Ha3pIBaeMol KOHCTaHTOM Xa00a
H =40+ 100 xm-Mnc ¢ ™

IG'IG|=H=(4 10"+ 110" ner™. (4).

Ecmu G ymensimaercss co BpemeneM, 10 G'/G ~ —5.10* ger’. B stom ciyuae Temmeparypa
MOBEPXHOCTH 3eMJIM OKOJIO IBYX MHIJUIHAPJIOB JIeT Ha3a/ Oblia Obl HECOBMECTHMA C Pa3BUTHEM JKH3HH Ha
Hawell maaHere. [losToMy B paMKax KOHLENIMH 3BOJIOLMU COOTHOIIEHHE (2) HCKIOYaeTcs.
Actpodusndeckie TaHHBIE TaKXKe IPOTHBOPEYAT ITOH 3aBUCHMOCTH.

B 1967 r. Ix.I'amos npexmonoxui, uto G B popmyrne (1) Morna 6bI 0cTaBaThCs TOCTOSHHOM, €CIH
OBl ANIEMEHTAPHBIH 3apsiJ BO3PACTAN CO BPEMEHEM: &~

PaGorast HesaBucumo, D.Ternep BoLABHHYN rumotesy o - = he / €% ~ In (tm, ¢%/ h). Onnaxo n3ydenue
cucrem atomoB *¥Re — ¥’ Os nocraBmio moa coMHerme 06a moaxo/a.

He}laBHO 6I>IJ'IO l'lpVISHaHO, 4qTo BblLLlel'lpl/lBelleHHble aprMeHTb], l'lpOTl/lBOpe'-{aLLll/le npeunonomeﬂmo
G ~ t', He umeroT Gonee cumbl. [IpoTHBOpeurE ¢ aCTPOPU3IMKOH COCTOATO B TOM, 4To CONHIE TOMKHO
OBITh YK€ KPaCHBIM 'MI'aHTOM, €CIIM Bo3pacT BcenenHoit He Menee 15 mummapos net. JIo 1964 r. ato
3HAYCHHE CYUTAJIOCh CIMIIKOM OOJBIINM, OFHAKO B HACTOSIIIEE BPEMsl BO3pacT BeeneHHOM oeHnBaeTcst
paBHbIM OT 10 10 20 MuuMapaoB siet. TesiepoBckrue apryMeHTsl 0 cBeTuMocTy ColHIIA M TeMIiepatype
3emiu TakKe ObLIH ONPOBEPrHYTHL. IIpenn3oHHOE HCCeI0BaHHE CUCTEM, KOTOPBIE ITOABEPKEHBI TOJIBKO
BO3/ICHCTBHIO I'PaBUTALlUM, IOKa3bIBalOT, 4T0 G M M Bceryia BXOIT B BBIPaXKEHHs B BHJIE KOMOMHAITHU
GM. Tax, npu paccMOTpeHHH CTPYKTypsl CONHIIA IPUMEHSETCS CIEAYIOIIee IONOTHUTENBHOE YCIOBHE:
GM = const, cie0BaTeIbHO, CBETUMOCTD 3B€3/IbI IPAKTHYECKH HE 3aBHCHT OT BPEMEHU. DTOT acHeKT He
NMpUHMMAJICS BO BHUMaHue TemwiepoM M JIpYyrHMHM aBTOpaMu, I0O3TOMY ypaBHeHHe (3), KoTopoe
MpeJICKa3bIBaeT CHIIbHYIO 3aBUcuMocTb L or G u M, Tepsier cuiy.

YMo3putensHble uaen Jupaka MOBJIEKIM 3a COO0H MHOXECTBO IKCIIEPUMEHTOB, 3a/1auei KOTOPBIX
ObIT TOMCK BO3MOMKHOH 3aBMCHMOCTH (DyHIaMEHTAJIBHBIX KOHCTAHT OT BpeMeHH. BakHOCTh 3THX
H3MepeHnil BO3pOcia Moce BBABIKCHHS HOBBIX TEOPETHUECKUX MOJeNel, B KOTOPHIX KOHCTAHTHI CBSI3H
COIIOCTABJIAIOTCS pafilycaM, TaK Ha3bIBaeMbIX, KOMIAKTH(OHUIIMPOBAHHBIX pa3MepHOCTel. Jleno B ToM, 4TO
JI0 CHX IIOp COBPEMEHHBIC TEOPHH HE JAIOT KOIMYECTBEHHBIX NpPEJCKa3aHHH O XapaKTepe BO3MOMKHOM
3aBHCHMOCTH (yHIAMEHTANBHBIX (H3MUECKHX KOHCTAHT OT BpeMeHH. OHAKO Takas 3aBHCHMOCThH
JIOITYCKAeTCsl B paMKax MOJIeJIel ¢ YMCIOM pa3MEepHOCTEH, MIPEBBIIAIONIMM YEThIPe, B, TAK Ha3bIBACMBbIX,
teopusax Kamynsi-Kneitna. Ilpy o4eHp CHEHHMANBHBIX INIPEANONOKEHHAX B CYHEPCTPYHHBIX TEOPHAX
IIPE/ICKA3BIBACTCS H3MEHEHHE BO BPEMCHH TPaBHTAIMOHHON rocTostHHoM ¢ G'/G ~ —1.10™*! per ™,

VkaxeM ele Ha OJHO MHTEPECHOE CIEACTBUE BO3MOXKHOH 3aBUCHMOCTH I'DaBUTALMOHHOM
nocTosHHOH G oT BpeMeHH. B paMKkax HbIOTOHOBCKOM MEXaHUKH 3aBUCHMOCTB OT BpPeMEHH KOHCTaHTbI G
MIPHBOANT K HAPYIICHUIO 3aKOHA COXPAHEHUS YHEPIHHU, YTO JETKO BUIHO U3 CICAYIOIIEr0 PaCCMOTPEHHSL.
ITycts HeOONMBIIOH IIAPUK M KONBIO IOBHUTAIOTCA HABCTpEdy APYT IPYry H3 OECKOHEUYHOCTH IOJ
JeifcTBHEM B3aHMHOIO NIPUTSDKEHHS. B HEKOTOpBIM MOMEHT BpeMEHH IIApUK IPOJIETaeT uepe3 KONbIIOo, U
9TH OOBEKTHI, MPOJOJDKasi CBOE ABMKEHHME, yHalstorcss Apyr ot apyra. Ecim G(t) ymeHslaercs co
BpEMEHEM, TO CHJIa TIPUTSDKEHHS MEKAY MIApHKOM U KOJIBLOM Ha HEKOTOPOM PACCTOSHUH MEXIY HHMH
BO BpeMs COMIDKGHHS OKasbIBaeTcs OOJIbINE, YeM JTa XK€ CHIa Ha TOM )K€ PAacCTOSHHU BO BpeMs HX
pasnera. CaeoBaTeIbHO, OTHOCHTEIBHAS CKOPOCTD U, TEM CaMbIM, KHHETHUECKast YHEPT U I10CTIe BCTPEUH
OOBEKTOB OKAa3BIBAIOTCS OoOIbIIe, 4eM Iepel HX BeTpedeid. IlocKonbKy NOTEHIMAIbHAS JHEPTHUs
obpaIaercs B HOJIb Ha OOJBIINX PACCTOSHUIX MEKAY TelIaMH, TO B CIIydae B3aHMOJCHCTBYIOIIMX YaCTHI
Hapymaercss 3aKOH coxXpaHeHHs dSHepruu. CiegoBaTeNbHO, TpeOOBAHHE COXPAHEHUS DHEPIrHU H
HBIOTOHOBCKHIA 3aKOH TsroTenns B hopme F(r) = — G(t) mymy/ r? e coBmectimsr, ecii G {t) # const.

Ecmu mpenmonoxuTh, YTO 3aKOH COXPaHEHHs JHEpruu Oonee (yHZaMEHTaleH, 4eM 3aKOH
TroTeHuss HBIOTOHAa, TO MOXKHO MONYYHTh HEKOTOPOE HOBOE BBIPAXKEHHE UL CHIIB NPUTSDKCHHS.
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YucneHHbIe 3HAYECHHs] BOSHUKILCH MOIPABKH COOTBETCTBYIOT HOCTOSIHHOM Xa60ma, naHHOM B dopmyie
(4). Takoii mompaBKoii 0OBIMHO PeHEOPEraoT.

13 HOBOro COOTHOIIEHUS JIsl CHJIbl NPUTSKEHHS CIEIYeT, YTO €CIM TPaBUTAlUs 3aBUCHUT OT
BpPEMEHH, TO BO BcenleHHOH He MOKeT OBITh ABYX YaCTHLI, HEMOBMKHBIX JPYT OTHOCUTEIBHO JIpyra. 1o
3aKJIIOUCHHE COTJIACYETCsl C HAaOJIOJICHUEM, YTO NMPAKTUYECKH Bce (QM3MYECKHE CHCTEMBI HAXOJATCA B
COCTOSTHUH OTHOCHTEJIBHOTO IBM)KEHHSI, HAYMHAS ¢ BAKYYMHBIX (IYKTYal[Hii MUKPOCKOTMYECKUX CHCTEM
U KOH4Yas paciiupeHueM BceneHHoi. ITockoibKy HOBOE COOTHOLICHUE JUIS CHIIbI IIPUTSDKEHUS] HE UMEET
CTPOTO PafinabHOrO XapaKTepa, TO B 0OIIEM CITydae YrJIOBOH MOMEHT MOXET HE COXPAHATBCSL.

OsxuaaeMoe M3MEHeHHe (yHIaMEHTAIbHBIX KOHCTAHT KpaiHe Mallo, MO3TOMY TPeOyIOTCs O4YeHb
TOYHBIE U3MepeHHus. OTMETHM, YTO B TAKHUX SKCHEPUMEHTAX YacTo ONPEIENAI0OT HE OJAHY TOJBKO
KOHCTaHTY CBfI3M, a HEKOTOPYI0 KOMOMHALIMIO HECKOJbKUX KOHCTaHT. [lo3ToMy MHTeprpeTarus
pe3y/IbTaTOB W3MEPEHUI CHIIBHO 3aBHCHUT OT TOTrO, BapHallis KaKOW KOHCTaHTBI paccMarpusaercs. [1pu
OIPEACICHHBIX 00CTOSTENILCTBAX B TaKHX KOM6HHaLLl/lﬂX HWCKOMasA 3aBUCHMOCTb MOXET IOJHOCTBHO
TepsThes. Kpome Toro, HeoOX0AMMO OBITH YBEPEHHBIM B TOM, YTO B OCHOBE M3MEPEHMS HE 3aJI0KEHO
NPEANOJI0KEHNE O MOCTOAHCTBE BEIMYNH, BDEMECHHYIO 3aBUCUMOCTb KOTOPBIX NPEACTOUT U3MEPHUTD.

3Kcnepumel-m>1 MOXHO pasfeIuTb Ha JBE€ KaTEropuu. O}IHI/I COCTOAT B M3MEPCHUU BapHalluu
(yHAMEHTANIbHBIX KOHCTAHT TPH COBPEMEHHBIX YCIOBUAX, a japyrue G — B Treo(U3HUECKHX H
ACTPOHOMMYECKUX HAOIIOICHUSX, KOTOPBIE MIO3BOJISIOT CPAaBHUTH COBPEMEHHOE 3HAUCHUE KOHCTAHTBI C e
3HayeHueM B Oolee paHHl/lﬁ MOMEHT BPEMEHH HUIIU CO CPEAHUM 3HAUYCHHUEM 3a HEKOTOPBHIC BPEMEHHBIC
OTpe3KkH B npouuioM. Hanpumep, pe3ynbTaThl KaKoH-HHOYIb peakiny, MPOTEKaBIIel MHOIO JIET Ha3a,
MOJKHO CPaBHUTh C COBPEMEHHBIMH pe3yJbTaTaMu TOH e peakiud. COOTBETCTBYIOIIHE CEYECHMS
peaKuuy TO3BOJISIOT MOMYYUTh MH(OPMALMIO O KOHCTaHTaxX cBsi3H. OJHa U3 mpodieM reoPu3uyecKux
9KCIIEPHMMEHTOB 3aKJIIOYaeTcss B IpoLedype OIpeseleHHs Bo3pacTa o0pasloB, TaK Kak IOMYJIApHBIH
METO/I, COCTOSIILMI B U3MEPEHHUH PaI0AKTUBHOCTH, TAKKE 3aBUCUT OT KOHCTAHT CBSI3H.

M3BecTHO MHOrO 3KCIEPUMEHTOB o00eux KaTteropuil. B TaOumue npuBeaeHbl OrpaHUYCHUs,
ToMydeHHBIE s pasianbIx KoucranT (H = h-100 km-Mnc™-¢* npu 0,4 <h < 1):

Meron Benuuuna Q d(InQ) / dt, ner*
Op6uTa naner G (0,240,4)-107™
CpaBHEHHE 9acoB dcs (Me/ Meg)ol® <1210
Peaxrop o <1107
ToHKast CTPyKTypa o <1,3h-107"
CBEepXTOHKOE paclIeIIeHue o <2h.10™
Bpems sxusn ' Re o <2107
SInepHsblil cCHHTE3 o <15h-107%
SInepHblil cHHTE3 G <9.1078
Kpachoe cMmewienne h (-3+4) 107

B Tabimmue mpuBeaeHbI Hamboiee BaXKHBIC PE3YNBTATHI, KACAIOLIMECS MPOOJIEMBI MOCTOSHCTBA
(byHIaMeHTaNbHbIX (U3MYECKUX KOHCTaHT. OHM MONHOCTHIO UCKIIOYAIOT runoresy upaka. Otmernm,
OJIHAKO, YTO STH OTPAHHYCHHS B PsIAC CIy4acB CIPABEIIMBBI TOIBKO B MPEMONOKCHHH, 4YTO BCE
OCTasIbHbIC KOHCTAHTHI HE 3aBUCAT OT BPEMCHU.

BO3MOKHO, 4TO O CHX IIOp MOKMCK 3aBHCHMOCTH MHPOBBIX KOHCTaHT OT BPEMEHHU IPOBOJHICS Ha
HeaJeKBaTHOM BpPeMEHHOM MaciuTabe. B ofriuem ciydae mpeamonaraercs, 4T0 KOHCTAHTBI H3MEHSIOTCS
KaK CTENeHH KOCMOJOTHYeCKoro Bpemenmd H™'. Opmako, BIONHE OMYCTHMO CYHTATh, HUTO
KOMIAKTU(HKAIHS JOMOIHUTEIBHBIX Pa3MEPHOCTEH 3aKOHYHMIACh O4CHB OBICTPO M MX PAMyChl CErOMHS
BCEro JIMINb OCHWUIMPYIOT BOJM3M CBOMX IIOJIOXKEHHH paBHOBECHS. B 3TOM ciiydae aaeKBaTHBIH
BPEMEHHOH MacmtaG ompesiensics Obl IIAHKOBCKMM BpeMeHeM ~5-107** ¢ i mosTomy HaGmozaeMbre
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BEJIMYMHBl IPECTABILUIA Obl TONBKO CPENHHE 3HAYCHUS, YCPEIHEHHbIE MO OONBLIIOMY YHCIY
OCLIMJIALM.

Henasno rpynna yuensix u3 Yausepcurera Hosoro FOskHoro Yanbca B ABCTpayinu HpoBepsiia
MPEJIIONIOKEHUE O MOCTOSIHCTBE O, CPABHUBAS «CTAPUHHBINY» CBET, UCIYILEHHbIA JIPEBHUMU aTOMaMH, C
COBPEMEHHBIM CBETOM, MCITYLIEHHBIM aTOMaMM HEIaBHO. B 4acTHOCTH, OHM CpaBHMBAJIM paCIICIUICHHE
JMHUI B JyIJeTax B CIEKTPaxX IOIJIOLICHHS PA3NMYHBIX aTOMOB B OTJAJCHHBIX I'a30BBIX OONaKax,
HAXOISIIMXCA TIepe]l OTHANCHHBIMU KBa3apaMi. Paclenienne nuHUEA mponopiioHansHo of. Iloce
ydeTa KpacHOr0 CMEIEHHs, BEI3BAHHOIO pacIIpeHreM BceneHHOM, ObLIO MOMydeHO, YTO 0L MOHOTOHHO
M3MEHSIETCS ¢ POCTOM KPacHOro cMelleHus z. [Ipu z > 1 oTHOCHTENbHOE U3MEHEHHE O COCTABUIIO OKOJIO
2:10™

Hcrounnku:

I".B.Knangop-Knaitarporxayc, A.llltaynr «HeyckopuTenbHas (H3MKa 371€MEHTapHBIX 4YacTHI, M.,
Hayka, 1997, rnasa 12,
The American Institute of Physics Bulletin of Physics News Number 410 January 13, 1999.

BOIIPOC Ne88: Uto Takoe BepTHKalbHas COCTAaBJIAIONIAS MHIYKIMM MAarHUTHOrO rmoins 3emin?
Kakum npr6opoM monb3yroTes s e€ onpenenenus? Onumure, noxanyiicra, ero crpoenue. Kak MmoxxHo
€ro U3roToBUTH?

OTBET: U3BectHO, uTO y 3eMiii €cTh COOCTBEHHOE MAarHUTHOE MHoJie (MIMEHHO, O1aroaaps sTomy,
MBI H MOKEM I10JIb30BAaThCS MArHUTHBIM KOMIIacoM). B IepBOM M JOCTaTOYHO TOYHOM HPHUOTMKEHUH
MarautHoe nosie 3ems (MII3) MOXHO NpeACTaBUTH MMOJEM TOYEYHOTO MArHUTHOIO JIUIONSA, MHA4ye
TOBOPs, PAMKHM C TOKOM, PAacIOJ0XKEHHOH B ILEHTpe 3eMM MPaKTUYECKH B IIOCKOCTH dKBartopa. W
JeiiCTBUTENBHO, MArHUTHOE MOJIe 3eMJIM BHI3BAHO, B OCHOBHOM, TOKOM, LUPKYJIUPYIOIIUM B JKMIKOM
MIPOBOJISIIEM sifipe 3€MIIH, NPHYEM OCh AKBUBAJIEHTHOTO MArHUTHOIO IMIIONSA OTKJIOHEHa OT OCH
BpalEHUs IpUMEpHO Ha 11 rpamgycos.

OneHuM 11t pasMUHKH TOK, co3patoumid MIT3. T'eodusuku (celicMonorn) y4yar Hac, 4To pajauyc
xuakoro sapa 3eman okoso 3000 km. IIpumem, yto cpenHuil paauyc TokoBoi nerim 2400 km (nnn
2,4-10° m). MarmuTHOE TONE TETNH HA GONBIIOM YAAICHHH OT Hee ONMpEIeIsieTcsi ee MATHHTHBIM
JHIOIbHBIM MOMEHTOM:

m=1S = Inre?, 1)
rael —Tok, S — mona s TOKOBOM METIH, Iy — €€ Ppaauyc.

MaruutHoe noie B — Bektop. Ero KOMIOHEHTBI B CHCTEME KOOPAMHAT, TA€ IIOCKOCTh HETIH C
TOKOM OpTOT'OHAJIbHA OCH Z (HaIIpaBIeHHe HA MATHUTHBIH IOTIOC 3eMJIM) ONPEJIEIAIOTCS BBIPAKECHUSIMH:

B, = (m/ 4neoc?) (1/R® — 322/ RY)
JUIs KOMIIOHEHTBI BEKTOpA MapajuieIbHON ocU Z 1
B, = (M / 4neoc?®) (3zr / RY) ,
IUIs. KOMIIOHEHTBI BEKTOpa IOJISI, MapajUIeNbHON IIOCKOCTH 9KBAaTOpa. 31eCh Z — KOOPAMHATA TOUKH
HU3MEpEHHs TONS BIOIb IOIPHON OCH, I' — KOOPAMHATA TOUKHM H3MEPEHHs IO B OKBATOPHAIBHOU
IIIOCKOCTH (3TO IPOCTO OGIEH3BECTHAS IHIMHAPHYCCKAs CHCTeMa KoopanHaT), R = (22 + rz)1/z.
Y no6Hee peacTaBUTh BEIPasKeHHE AV OIS MATHUTHOTO JUIONS B ChepUUECKHX KOOPAMHATAX:

By = By cosb , 2)
Bh=Bsind/2, ?3)
Bo = 2m/ (Ro*4meoc®) . (4)
3mece By — MarHuTHOe mone Ha momoce, Ro — pammyc 3emnm, a 6 — momsApHBIA yro,

OTCUNTHIBAEMBIN OT MOJISIPHOMN OCH.

Ha mnomtoce (MarHUTHOM) IOJ€ TOYHO BEPTHUKANBHO, @ HAa 9KBAaTOPE TOYHO TOPH3OHTAIBHO
OTHOCHUTENIBHO TIOBEPXHOCTH 3€MJIM, T.€. BEpPTHKAJIbHAs KOMIIOHEHTA BEKTOpa MHIYKIHMH B MarHutHOrO
1moJisi 3eMJIM paBHA HYJIIO Ha SKBATOPE M JOCTUTAET MaKCUMaJbHOro 3HadeHus (+ Bo 1 —Bp) Ha momocax.
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Bepremcst kK BBIYHCIIEHHIO KOJIBLIEBOIO TOKA B siape 3emun. Mol 3HaeM, uto By = 0,63 raycca wiu

6.3-107° Tecna, Ry = 6,4-10°m, 1o = 2,4-10° m, a 47eoc? = 107, Toraa us (1) u (4) noayunm:
1 =2Bo g C2 (R03/ roz) y

YTO IOCJIE MOJICTAHOBKY COOTBETCTBYIOIIMX 4Kcel gaer: | = 45.10° A.

Teneps 00 W3MEpeHUSIX KOMIIOHEHT MAarHUTHOro mHoisl. Bcee 3HAIOT, 4YTO CTpenka KoMImaca
MOKa3bIBaeT Ha CeBep. DTO MPOUCXOAUT MOTOMY, YTO KOMIIAC CKOHCTPYHPOBAH TaK, YTOOBI 1yBCTBOBATH
HMMEHHO TOPU30HTAIBHYI0 KOMIIOHEHTY Mot 3eMin. YToOb! yOemuThest ¢ MOMOLIBI0 OOBIYHOr0 KoMIaca
B CYIICCTBOBAaHHHM BEPTUKAJIHLHONW COCTaBISIONICH MAarHUTHOTO IO 3eMJIM B KauecTBE OOBEKTa
HaOJIIOJCHUST MOXKHO HCIIONB30BAaTh OOBIYHYIO OaTapelo LEeHTpaJbHOro oToruieHus. Tak kak y
MAarHuTHOTO T10Js1 3eMJIH €CTh BepTHKAJIbHAsI COCTABILIONIAs], TO y HAMArHUUCHHON OaTtaper BOSHUKAIOT
Kak OBl /IBa TOJIOCA MArHUTAa — CBEPXY M CHU3Y: IIe-HUOYIb B CepeliHe OaTapen MOAHECHTE OOBIYHbIN
KOMITac K BepXHEMy Kparo Oatapen, a 3aTeM U K HIDKHEMY — B 3aBHCHMOCTH OT TOr0, K KAKOMY KpParo BBI
HOJHECIIH KOMIIAC, CTpesika KoMITaca OTKIOHUTCS IT0-pa3HOMY.

B npuHuune, NoJBeCUB MarHUTHYIO CTPENIKY Ha BEPTUKAILHOHN YIPYroi HUTH, MOKHO pean30BaTh
MarHMTHbIE KPYTHIIbHbBIE BECHI, M, TAKUM 00pa3oM, U3MEPATh KaK HalpaBieHUue (PSKUM KOMIaca), Tak U
BEJIMUUHY TOPU3OHTAJILHOM KOMIIOHEHTHI MarHuTHoro mons 3emmu. Ilpocreifmmii mpubop mams
U3MEPECHU BCpTPlKaJ'leOFl KOMIIOHCHTBI HMHAYKIIMA MAardHuTHOIO IIOJIA 3eMIH  TOXE IIOCTPOEH IO
NPUHIUITY TOPCHOHHBIX (KPYTUIIbHBIX) BeCOB. TOJBKO Temeps yrnpyras HUTh HaTAHyTa FOPU30OHTAIBLHO U
MarHuTHasi CTpeika, NPHKPEeIUICHHAss K HeH IOCpeauHe, pacrojaraercsi TOXKE TOPHU30HTAIBHO.
BepTukanbHasi KOMIOHEHTa MAarHUTHOTO IOJIsl CTPEMHUTCS IOBEPHYTH CTPEIIKY BEPTUKAJIBLHO, a YIPYTOCTh
HUTH M TOJIe KOMIIEHCHPYIOIIEr0o MarHUTUKA CTPEMSTCS BEPHYTh €€ B I'OPH3OHTAJBHOE IIOJNOXKEHHE.
Perynupyst 3akpyTKy HUTH M TOJOKEHHE KOMIIGHCHPYIOIIEr0 MAarHUTa MOXHO JOOUTHCSA TOrO, YTOOBI
OTKJIOHEHHsI CTPEJIKH OT OPU3OHTAJIBHOIO MONOXKEHHs He ObuIo. IIpu 2TOM cTeneHb 3aKpyTKH HUTH U
TIOJIOKEHHE KOMIIEHCHPYIOIEr0 MarHUTa MO3BOJIIIOT U3MEPATh BEIUUHHY BEPTUKAIbHOW KOMIIOHEHTHI
nois. Ha »3ToM mnpuHIMIE NOCTPOEHBI TOPCHOHHBIM MarHMTOMeTphl Tuna M-27M  (u3mepser
BEPTUKAIbHYI0 KOMIoHeHTy MII3) u M-15 (u3mepser ToOpu3OHTaIBHYIO KoMIoHeHTy MII3).
YyBCTBHTENBHOCTh TAKUX MarHUTOMETPOB, HECMOTPSI HA UX IIPOCTOTY, JOBOJIBHO BENIMKA, Mopsjaka 3-5
nanorecna (5-107° Tor) u nyume.

Boobwie ans m3MepeHus MaibIX IOJNEH M WX Bapualuil BBEICHAa HOBAas EIMHMIA, KOTOpas
HaspiBaeTCs ramma: Iramma = 107 Tor = | HamoTecma. DTy BENHYMHY CIELYeT CPABHUTH C BETMUHHOI
Bapuauuu MII3 npu mMaruutHO# Oype: cpenuss MaruuTHas Oyps — 100 ramm, cuibHas — 10 500 ramm.
MaruuTHBIE OypU BBI3BaHBI BO3MYIIEHHEM TOKOB, IIPOTEKAIOIMX B HOHOC(HEpE MOTOKAMH COJHEYHOTO
BeTpa.

MaruneroMerpsl Apyroro THma:
®  IPOTOHHBIH NPELECCHOHHBII MATHUTOMETp — OCHOBAH HA SBJICHUH SIEPHOTO MArHUTHOTO PE30HAHCA

(SIMP), ayBcTBHTENBHOCTS MOpsiaka — 1 ramma (manpumep, MMII-203),

e KBaHTOBHIC ONTHYECKHE MAarHUTOMETPbl — OCHOBAHBI HA CMEIICHMH ATOMHBIX DHEPreTHYECKUX
YpOBHEil B MarHHTHOM more (Hampumep, MMII-303), uyBcTBHTeNbHOCTS Topsiaka 1072 Ti (0,001
ramma),

®  CBEpXIPOBOIHHMKOBbIE KBaHTOBble MarHuToMeTpel CKBU/Ipl, UyBCTBUTENBHOCTH HOPSIKA
102~ 10" T (107 ramma),

e (heppO30HIOBEIE MATHHTOMETPBI, 4yBCTBHTENEHOCTS mopsaka 1070 T (0,1 ramma).

®Deppo3ona — Haubosee MPOCTOM MarHUTOMETP M €T0 MOXHO clieaTh camomy. IMeHHo, Onaropaps
HCKITIOUUTENBHOI MPOCTOTE JIETKOCTH M HAJIeKHOCTHU, TAKHE MarHUTOMETPHI HCTIONB3YIOTCS Ha caMoJieTaxX
B KauecTBE MArHUTHBIX KOMIIACOB, a HAa KOCMHYECKHX 30HAAX UL H3MEPEHHs MEKIIaHETHOIO
MAarHUTHOTO HOJISI H COOCTBEHHBIX MArHUTHBIX TIOJIEH ILIAHET.

TIpocreiimmii (heppo30H] TpeAcTaBisieT Co0O0 OTHOCHTENBHO JUIMHHBIA W TOHKHH (Hampumep,
50 x 0.5 MM) cepneyHuK u3 (peppoMarHeTHKa C BBHICOKOH MAarHMTHOW MPOHHIIAEMOCTBIO (HAmpumep,
OTOXKEHHOW MPOBOJOKK M3 mepmawios 79 HM nmm amopdHoro »xenesa). [lepMaiuioeBblii cepaeuHHK
OOBIYHO OTKHTaeTcsl B TPyOOUKe U3 KBapLEBOrO CTEKIIA, KOTOpasi B JaNbHEHIIeM CIyXKHT KapKacoM It
00OMOTOK H IIpeJOXpaHseT IepMaUIOeByI0 IPOBOTOUKY OT MEXaHHYECKHX HampspkeHHH. CepledHuK u3
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HEOTONOKEHHOr0 aMOP(HOro JKele3a MMEET HECKOIBKO MEHBIIYI0 MarHUTHYIO MPOHHMIAEMOCTh, YEM
NepMaJuIoii, 3aT0 He OOMTCS MEXaHWYECKHX HAIIPsDKEHUIL. DTOT CepACYHUK SIBISETCS MarHUTOIPOBOAOM
HACHIIAOLIErocs TpaHchopMaTopa, UMeromero ase ooMoTkn. OHa M3 HMX HaMOTaHA MO BCel JIMHE
CepJIeYHNKA 32 MCKIIFOUYEHHEM HEOOIBIIOro y4acTKa MOCPEAMHE M SBIAETCS OOMOTKON BO3OYXICHHS.
Bropass — HamoTaHa Ha CpeJHEM y4acTKe, CBOOOZHOM OT IEpBOH OOMOTKH, ¥ SIBISETCS OOMOTKOM
CUHTHIBaHHS. UNCIIO BUTKOB — HECKOJBKO COTeH. Ecim Ha 0OMOTKY BO30YKIESHHs OJATh IEPEMEHHBIN
TOK 3BYKOBOM 4acTOTHl (IIOpSAKAa HECKOJBKUX KHJIOTEpI)) TAaKOH aMIUIUTYABI, YTOOBI IIPOMCXOIHIIO
CHJIPHOE HACBIIICHHE MAarHUTHOIO CEpACYHHKA, TO Ha BTOPHYHON OOMOTKE BOBHHUKHYT OTHOCHTEIIBHO
KOPOTKHE CHMMETPHYHBIC Da3HOIOSPHBIC MMIYJIbCHl HANPSHKCHHS B MOMEHT IIPOXOXKICHHS
HaMarHWYMBAIOIIEro Mojs Yepe3 Hynb. Ecim BHelHee mocTosHHOE (M3MepseMoe) HaMarHHMYMBaroIiee
oJIe PaBHO HYIIIO, TO IIOCIIEOBATENBHOCTh MMITYJIbCOM pa3JielicHa OJANHAKOBBIMH WHTEPBAIAMH U B
YaCTOTHOM CIIEKTPE 3TOM OCHEA0BATEIIbHOCTH IPUCYTCTBYIOT TOJIBKO HEYETHBIC MAPMOHUKH YaCTOThI
BO30OYxaeHusa. IlogMarHuumBaromee HU3MepseMoe TIoJNe cMemaer padodyro TOYKYy Ha MeTie
HaMaruu4vMBaHus CEPACYHHUKA TaK, YTO Ha OAHOM ITOJIYNEPHOAEC ITOJIA BO36y)K)1€HHﬂ HaMarHu4ymBaHHUEC
ycKOpsieTcsl, a Ha JAPYroM 3aMmeisercs. B pesynbraTe BMeCTO DPaBHOMEPHOW I10CIIEI0BATENBHOCTH
Pa3HOMOJIIPHBIX HMMITYJIbCOB TIOJy4yaercss "Xpomas" IOCIeI0BaTeNbHOCTh, B KOTOPOl BpEMEHHOM
MHTEPBAJ OT MOJOXKHTEIBHOrO 10 OTPUILATEIBHOIO MMITYJIbCa HE PAaBEH MHTEPBAIy OT OTPHUIATEIHOTO
JI0 TIOJIOKHUTENBHOTO nMIyJbca. OIHaKO, pasyMeeTcsl, MHTEPBAJ MEXy MOJI0KHTEIbHBIMI HMITYJIbCAMH
PaBE€H HMHTEpPBAy MEXAY OTPULATEIbHBIMH M, €CTECTBEHHO, TOYHO pPAaBE€H IICpUOAYy CUIrHajIa
BO30yXkeHus. "XpoMoTa" 1ocie10BaTeNbHOCTH IPUBOJUT K TOMY, UTO B CHEKTPE CHI'HAJla CUMTHIBAHUS
MOSIBIIAIOTCS ~ 4eTHble TapMOHMKH CHTHala BO3OYXKIGHMS, M aMIUIUTyJa OSTUX TapMOHUK
MPOMOPIMOHANIbHA HANPSHKEHHOCTH BHELIHEro (M3MepseMoro) mnoaMarHuyuBaroriero nois. OOb4HO B
mprOOpax HCMOB3YIOT BTOPYIO FAPMOHHKY, TaK KaK €€ aMIUIUTYZa 3aMETHO Oolbllle, YeM aMIUIUTY/a
CIEAYIONMX TapMOHMK. MarHMTOMETp HMeEeT MAaKCHMAajbHYI0 UyBCTBUTENBHOCTh MJI  IOJ,
HAaIpaBJIeHHOTO BJOJb (PepPOMArHUTHOIO CEpIICUHHKA, H HYJNEBYIO IJI MOJIs, HAIPABIEHHOIO IOMepeK.
B sToM cMbIicie $eppo3oH]] H3MEpSIET NPOEKIMI0 MATHUTHOTO T0JIs, apajuiebHyl0 CepICUHHKY, U eCIIU
MIOCTaBUTh €r0 BEPTUKAJIBHO, TO OyIeT H3MEPATh KaK pa3 BEPTHKANbHYIO KOMIIOHEHTY HHAyKIMu MII3.

HWrak, npocreiiumii (HO JOBOJIBHO YyBCTBUTENIBHBIN) (hepPPO30HIA0BBIH MATHUTOMETP COCTOMUT U3:

e  Hacplmamoomerocss TpaHcdopMaTopa Ha JIMHEHHOM IEPMalIOEBOM CEpAEYHUKE C OOJIBIIMM
yIIMHEHHEM,

e  TreHepaTopa CHIHAJIa BO3OYKICHHS,

®  CCJICKTUBHOTO YCHIIMTENs BTOPOH FrapMOHUKH,

e  (a3oBOoro (CHMHXpOHHOrO) AeTeKTopa, ecnu Bel xotute ompenenits eme 1 3HAK koMnoHeHThI

MAarHUTHOTO HOJISL, HapaJUIeIbHOM 30HY.

B kauecTBe reHepatopa CUTHana BO30OYXKICHHS MOXKHO HCIOJIb30BaTh HIKONBHBIH — TeHEPATOp
3BYKOBOIl 4acTOTBL. B KkadyecTBe CeleKTHBHOrO YCHIIHTENS M UHIMKATOpA — CENCKTUBHBIN BOIBTMETD,
KOTOpBIIi JO/DKGH OBITh HACTPOGH TOYHO HA BTOPYI0 TapMOHHKY CHTHana BO30Y)KIEHHS.
YyBcTBUTENbHOCTh Bamero mMaruutomerpa OyaeT ompenensThess KayeCTBOM M3TOTOBIEHUS (heppo3oHaa
(Hacpimaromerocss  TpancopMaTropa) M CTaOMIBHOCTBIO HACTPOMKM TE€HEpaTopa U CENeKTUBHOTO
BonbTMerpa. Jlpeiid Hynas Bamero Marautomerpa OyaeT 3aBUCETh OT ATUX XKE TapaMeTpoB.

Bopobves I1.B.

BOIIPOC Ne89: Kak pabGoraer anektpopopHas MammHa?

OTBET: IlepBoii MHAYKIIMOHHOMH MaIIMHOMN OBLT «31eKTPOhop», OTKpbITEIH A.Bonbta B 1775 1. 1
obbsicHenHblii U.K.Bunbke B 1777 1. WHIYKIMOHHBIE (MM SJNEKTPOCTATHYECKHE) MAIIMHBI TPEJ-
CTABIAIOT COGOI HCTOUHMKI MATBIX TOKOB (Peko Gombiie geM 107> A) 1 BBICOKOTO HATIPSKEHHS (YACTO
cebme 10°B).
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Hocurenn snexrpuuectsa (puc.l) nomnapHo 3apspkaroTesl MyTeM JIEKTPOCTATUUECKONH MHIYKIHMHU, a
paccTosiHuEe MEXJy HMMM YBEIMYMBAIOT ITyTEM HX MEXaHHYEcKoro nepemenieHus. Oran I naer Ham
KapTHHY 3apsJIK1 HOCUTENeH B mpolecce MHAYKIMY, a 3tans! 11 u 111 u3o0pakaror pasaeneHue 3apsnos u
ux nepeHoc k snektporam K m A. Ilepuoguueckoe mno-
BTOPEHUE O3THX IIPOLECCOB TEXHUYECKH IIPOILIE BCEro

OCYIIECTBUTh ~ NpPU  TOMOILIM  BpamieHus. Hocurenu 7l
JNEKTPUYECTBA O M [ YKpEIUICHBl Ha H30JIUPYIOLIEM ;
BpAILAIOILEMCSI CTEpIKHE. HeGounbime YepHbIe

TPEYyrOJILHUKH ~ W300paKalOT  CKOJB3SIIME  KOHTAKTHI, .
COCAUHSIONINEG 3TH HOCUTENHM ¢ odiektpomamu K m Al 2’}'@[ z
IlepBoHavasbHOE TONE MexAy Y H O co3maercs \

OPUCOCAUHEHUEM OTHUX IUIACTUH Ha KOPOTKOE€ BpEMsS K
nomocam Oatapeu. Ilpu BpameHun co ckopoctbio B 10

000pOTOB B CEKYHJy TaKas MallliHa MOXeET JaTh TOK OKOJIO > s y('
10°® A. Tpu HCYe3HOBEHMH TIONS MEKAY Y H & dTOT TOK

npekpamaercs. J{jst 3Toro 10CTaTOYHO KOCHYThCS NMajlblaMH \@y/ﬂ
IUTACTHH Y U O ¥ TeM YCTaHOBUTH MEXY HHUMH IPOBOJSIIIICE a4
COeIMHEeHNE.

l/IH}lyKL{MOHHbIC MaIllWHBI, TPEAHA3HAYCHHBIC OJIA MPAKTUYCCKOro NPUMEHEHHU, UMEIOT €IIE OAHO
106aBOYHOE YCTPOHCTBO, KOTOPOE IOBOIMT 3apsii HA IUIACTHHAX Y M O 10 OYECHb BBICOKOIO 3HAYCHUS U
obecrieunBaeT ero CoOXpaHeHHe, HeCMOTpSI Ha HEH30EKHbIE OTEPH BCIEACTBHE IUIOXOH H3omsuuu. [l
OCYIIECTBIIEHHS TAKOT0 100aBOYHOr0 YCTPOKHCTBA OBLIH MPEUIOKEHBI J1Ba IPOLIECCa.

B mepBoMm, Tak Ha3bIBAEMOM, MYJIBTHIUIHKATOPHOM IMPOLECCE 3apsiibl, MOMyYECHHBIC ITyTE€M HH-
JyKIUH, HE TOJHOCTBIO OTBOAAT K MECTy HOTpeOJeHus, a
COXPaHSIOT YacTh MX HA HOCUTEIAX O U [3 M 3TOT OCTATOK
nepeHocaT npu nomomm smukoB Papanes Fi u F, Ha
IUIACTHHBI Noyit Y U O (Ha puc.2 oOpaTUTe BHMMaHUE Ha
3HaKu!). DTUM yCHIIMBAETCs 10JIe, KOTOPOE Y4acTBYET B ClIe-
JyIOIIEM HPOLECCe MHIYKIIMH.

Ilpy  mepexome K  BpamalOmUMCA — MaIlMHAM
yMeHbIIaOT sk Papages A0 pa3MepoB IBYX KYCKOB
JKECTH, KOTOPHIE OXBATHIBAIOT HOCHTEIH TOJBKO CHAPYKH.
Kpome Toro, mpu 5TOM COEOMHSIOT CKONB3SIIME KOHTAKTHI
WIIH 37EKTPOIBI HE C TajJbBaHOMETPOM, a CO CTATUYECKHM
BOJIBTMETPOM, T.€. C KOHJEHCaTopoM. BeiencTBue 3Toro HoCHTEN oL U 3, IPoXoAs y anekTpoaos K u A,
HE OTJAal0T UM BECh CBOI 3apsj, a COXpaHAIOT 4acTh ero Ais nepegauu B smukn @apanes Fiu Fo. Ha
puc.3 u3o0pakeHa MozeIb, paboTaroIas TOYHO 110 3TOH CXeMe.
ITocne HeCKOMBKUX 00OPOTOB OHA AAET HAIPSHKEHUE B HECKOJIBKO
TBHICSY BONBT. [IpH 9TOM NpaKTHYECKH HET HEOOXOOMMOCTH B
TOM, YTOOBI HCKYCCTBEHHO CO3/1aBaTh HCXOJHOE HANpPsDKCHHE
Mexagy y u O. Iloutm Bcerma MexIy OTHMH IUIACTUHAMH
cymecTByeT HeOonbIoe CIydailHOe HANpsHKEHHE, KOTOpoe
OBICTPO  TIOBBINIAETCS B  Pe3yldbTaTe MYyIbTUIIMKATOPHOTO
mporecca.

Bo BTOpOM mpoliecce HHAYLMPYIOLIUE 3apsibl CAMH YCHIMBAIOTCS TEM )K€ IPOLECCOM MHIYKIUH:
IUTACTHHKU o, B ¥ Y, O UMEIoTCS B OOJBLIOM KOJIMYECTBE M BCE BpeMsi MEHsIOTCA poisimu. Ha puc.4d
1300pakeHbl [Ba KOJbIa KOHAEHCATOPOB, BPAIAIOMIIXCS B IIPOTHBOIIOTIOXKHBIE CTOpOHEL. [{udpamu 1-4
OTMEUEHbI CKOJB3SIINE KOHTAKTHI, HOMapHO COSNHEHHbIE METAUTINUECKUMHU CTep KHAMH. [Tomoxum, 4To
Ha IUIACTHHKE, OTMEUEHHO! JKHPHBIM 3HAKOM +, CIyJalHO MMeEeTCs MOJIOKHTENbHBIH 3apam. Mexmy
IUIACTHHKOM + M KOHTAKTOM 1, Tak ke KaKk MEXIy IUIACTHHKOI - M KOHTakTOM 2 HMeercs ciaboe
JNEKTPUUIECKOE 10N, CXeMAaTHIECKH OTMEUEHHOE IBYMsI CHIOBBIMHU JTUHUSMH. IIycTh BHeIIHee KOJBIO
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OyleT HeNOJBM)XKHO, a BHYTPEHHEEC MbI IIOBEPHEM IIPOTHUB
YacoBOM CTpeNIKU Ha TpH cermenTa. [locne 3Toro noBopora Mel
nojlyyaeM KapTHHY, M300pakeHHyl Ha puc.40. Bemencraue
HHIYKOUM Ha KaXIbIX TPEX COOTBETCTBEHHBIX IUIACTHHKAX
BHYTPEHHEr0 KOJbIa BO3HHUK dJIEKTpHueckuil 3apsa. CaMbiM
CYILLECTBEHHBIM 3/1eCh SBIIICTCS TO OOCTOSITENBCTBO, YTO BCE
HCXOMSIME M3 OSTUX 3apsfoB JIMHHUM IIOTS CXONATCS B
KOHTaKTax 3 u 4, COeIMHEHHBIX M1y COO0I METaIIOM.

Tenepb MoOBepHEM MO YaCOBOH CTPEIIKE BHEIIHEE KOJbIIO
Ha TP CerMEHTa, YIACP)KHBas BHYTPEHHEE  KOJBLO
HeHoABIDKHBIM. [Ipomecc MHAYKIMU OyneT MPOMCXOOUTH Y
KOHTAKTOB 3 W 4, HO TIPU 3TOM KaXK[bli pa3 JAEHCTBYIOT LIECTh
JMHUI 107IA, T.€. MHYIIMPOBAaHHBIE 3aps/bl OyIyT B TpH pasa
Gonbie, 4yeM HCXOAHBIE 3apsaabl Ha puc.4a. Ilocme storo
MOBOPOTa MBI MOJIYYUM KapTHHY, U300pakeHHYI0 Ha puc.40.
Bee 3 x 6 = 18 uHuit moJIs 3aKaHYMBAIOTCS COOTBETCTBEHHO Y
KOHTaKTOB 1 1 2. 3a 3TUM clle[lyeT CHOBA BpAILlEHHE BHYTPEH-
HEro Kojblla, HO B ToYKaxX | ¥ 2 HHAyLHUpyIoT yxe 18 nmuHuit
IoJIst U T. .

Camo co0oif pasymeercsi, YTO NPAKTHYECKH BMECTO
MOOYEPETHEIX OBOPOTOB TO OJHOIO, TO APYroro Kojblia
HCHONB3YIOT HENpEephIBHOE BpalleHHe 00ouX JAUCKOB B
MIPOTHBOIIOJIOXKHBIE CTOPOHBI (puc.4r). B obsactu Tymoro yria
1 0 4 o0e mIaCTUHBI 3apsHKEHBI MOIOKUTEIBHO, a B obnactu 3
0 2 obe oHM 3apsHKeHbl OTpULATENbHO. B 3THX obnactax u
MOMENIAIOT CKOMNB3SIINE IETKH 5 H 6, ciIyXalue KIeMMaMu
JUIS ChbeMa TOKa.

OueHb NOYYUTENbHO HAOMI0AaTh PAOOTAIOLIYI0 MAIIHHY
B TEeMHOTE, CHSAB MPEABApUTENBHO MIETKH 5 u 6.
TIporuBomnonoxueie 3apsapl B obmactsix 1 0 4 u 3 0 2
OTMEYAIOTCS MHTEHCHUBHBIM CBEUEHHEM. B monmokuTensHOH
001acTH HaOII0AAI0TCS [UIMHHbIE KPACHOBATHIE ITy4KHU CBETA, &
B OTPHLATEIBHON — (DHOIETOBOE CHSIHUE.

Hcrounuxu:

P.B.ITonb «YyeHue o0 anekrpuuecte», M., 1962, naparpad
39,

®.Tanacecky, P.Kpamapiok «iekTpocTaTuka B TEXHUKE», M.,
Oneprus, 1980, rnasa 4.

BOIIPOC Ne90: Kakoe MakcuMajbHOE KOJNMYECTBO HH(OPMALMM BO3MOXKHO 3alucaTh Ha
MAarHHUTO-OITHYECKUH HOCHTENb B HACTOSIIEE BpeMs?

OTBET: Texuonorus, KOTOpast HCIOIB3YETCs IPH CO3TAHUH OOBIMHBIX Ja3epHbIX AuckoB (CD-om)
MO3BOJISET 3aMUCaTh Ha OJMH JUCK OKoio 650 Moaiit nHpopmanuu. OrpaHndeHus: YucTo Gpusnyueckue
(Henmb3st co3aaTh OECKOHEYHO TOHKHMH ITy4eK cBeTa M3-3a audpakuuu). Ecnm pasmep dusmueckuii
MAarHHUTO-OIITHYECKOr0 AMCKa cpaBHUM ¢ pasmepom CD, To orpaHu4eHHe Ha 00BEM 3alHCH MPUMEPHO
TaKoe ¥Ke.

Ceifuac nzaeT CTaHOBIEHHE HOBOro (opmaTa ISl 3alMCH KOMIIAKT JUckoB DVD-rom — o6bem
XpaHUMON MH(POPMAIIMK B HECKOIBKO pa3 (0T 4-x 1o 8) nmpessimaer 00beM CD quckoB. DVD TexHonmorus
HCIIONB3YeT IS 3aIHUCH Cpa3y HECKOJIBKO CIIOEB B OMHOM aucke (BMecto 1-ro B CD). Moxer OBbITh CKOPO
MOSIBUTCS TOI00HAsT TEXHOJIOTHS M UISI MATHUTOOITHKH.
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Jns XpaHeHHst OOJBIIMX OOBEMOB IaHHBIX, KOIJA HEKPUTHYHA CKOPOCTb, JIydllle BCEro
HCIONIb30BaTh JICHTH! (0koyio 4 I'G Ha Kaccere 1o 00beMy MEHbIIE MarHUTO(OHHOW), €CIH CKOPOCTb
JOCTyIa KPUTUYHA, TO CIEAyeT BOCIHOJIb30BATHCS CHEMHBIMU HOCHTEISIMH MH(OPMAlUH — €MKOCTb OT
250 M6 (nuckoBoasl Zip) g0 2 I'6 (rmoka HeT 6e3ycIOBHOrO Juepa). MarHuTOONTHKA HE TIPUKMIACH B
CHJTy CBOEIT OTHOCHTENBHOI JOPOrOBU3HBL.

To, 4to ceiiyac mponaércs Ha KaXKIOM KOMIIBIOTEPHOM YIJIy, MMeeT TaKue XapaKTEePHUCTHKH:
3,5"-2,6 Gb, 5,25"-5,2 Gb, u 310 He peropaHbie 00bEMbI. COBPEMEHHBINA TEXHOIOTHYECKUHA MOTOIOK
nexuTt B nipezenax 20—30 Gb, HO JuIst TPOCTOro MOKYIATENsl OHU HE JOCTYITHBIL.

Paccmorpum  mpunnun pabotel  marHutoontHueckux (MO) auckoB. MO aHMCKH  SBISIFOTCS
YCTpOMCTBAMH C, Tak Ha3bIBaeMOM, IONEPEYHOH 3amuchi0 HHGOpMALMH. OTO 3HAYHUT, 4YTO
HaMarHW4MBaHHE (HEePPOCIIOsl OCYIIECTBISCTCS MEPIEeHIMKYISIPHO MOBEPXHOCTH ciosi. Takoi crocob
3aIMCcH 00ecreYrBaeT HAaWBBICIIYIO IUIOTHOCTh 3allMCH M IIMPOKO HCHONb3yeTcsl cerofHs kak B MO
cHCTEeMax, TaKk M B CHUCTEMAx C 3alUChIO/CYMTBHIBAHUEM IOCPEACTBOM OOBIYHON MAarHUTHOH TOJIOBKH.
[IpaBaa, rojoBKa I MONEPEYHOH 3amuCH/BOCIPOM3BEAEHUS YCTPOEHA HECKOJIbKO HeoObldHO. OHa
UMeeT TOHKMH "MrojpuaTelif" Momoc 1JIs 3alUCH U IIMPOKMH IOMIOC A7 3aMbIKaHMS TMOToka. B
pe3yabTaTe, Moje BOIN3H TOHKOrO MOI0Ca BEINKO U JOCTATOYHO JUTS IIepeMarHHYMBaHUsI TJICHKH a MoJe
BOJIM3HM LIMPOKOTO MOJIOCA MaJIo U (heppOCIIoi MOJ1 HUM HE NepeMarHu4uBaeTcs.

®deppocnoit MO auckos npeacrasiser coboit MuHorocnoiHoe Pt/Co uinu Sm/Co nokpeitue (nopsaxa
10 crmoeB oOmiei TommuHOH okomo 10-20 HaHOMETPOB), NMpPUYEM OCh JIETKOTO HaMarHWYMBAaHHs
HepIeHnKyJIspHa ToBepxHocTH (eppocnos. KospuurusHas cuna MO mokpeiTuii koneonercs ot 1 10 5
Kkunodperd. CTob BHICOKAsi KOOPLUMTUBHAS CHJIa 00ECIIEUNBACT BBICOKYIO HAJIEKHOCTD 3allUCH (3aIHCh
MIPaKTHYECKH HEBO3MOXKHO HCIIOPTUTH BHEIIHUMHU MArHUTHBIMH TTOJISIMH).

Bepuemcs k pabore MO HakonuTess. 3amuch MOM3BOAUTCS CIIELYIOIMM 00pa3oM: IOJIE HYKHOT'O
3HaKa (TeprneHauKy/IpHOe IOBEPXHOCTH (eppocios) CO3MaeTcsl MOAMATHUYUBAIONIMM CEPACYHUKOM,
pa3zMep KOTOPOro BOBCE HE MaJl 10 CPAaBHEHMIO C Pa3MepoM s4eiKH 3amucu (MAarHUTHBIM JOMEHOM) B
0051aCTh, I/Ie OCYIIECTBIIAETCS 3aIKCh (OKYCHPYeTCsl Iy MONYNPOBOAHHKOBOro jasepa. Jlyu Harpeaer
IUVIeHKy Bblme Touku Kiopu, mpu o5ToM oHa pasMarHuuuBaercs. IIpum  OCTBHIBAaHHM IIGHKA
HaMarHW4MBAaeTCs B COOTBETCTBUM C HANPaBJICHUEM IOJ B MOAMArHHYMBAIOLIEH KaTymike. SICHO, 4To
NepeMarHuuuBaeTcss 001acTe  (eppocios pasMep KOTOPOH COOTBETCTBYeT IIATHY, B KOTOpOE
cdokycupoBaH cBeT Jaszepa. ONTHKa Y4YMT HAac, 4YTO MUHUMAIBHBIH pa3Mep CBETOBOIO IIATHA
OIIpenessIeTcs: AAUHON BOIHBI CBETa H HE MOXKET OBITh CIEaH MEHbIIE JUTMHBI BOJIHBL

OO6b1yHO pabouas pmHa BoiHb [1I1 nazepa it MO 3anucu okono 780 HaHomeTpoB. CuuTas, 4TO
pasmep mstHa 0,78x0,78 MHKDOH MOTYYHMM MpeAeTbHYIO IIOTHOCTH 3amicH mopsaka 1,5-108 biem? =
150 Merabut/cm?, UTO TIpH TUIOMIAMN TOBEPXHOCTH 3-mioiiMoBoro MO mucka 36 cm® [aet mpeenbHyio
eMKOCTh OKojo 670 MerabGaiT. PeanbHas IJIOTHOCTH 3alMCH BCETa HECKOJNBKO HIDKE M CErOIHS
npuMepHO paBHa 80 meraGur/cm? st samucn 780 HM Ia3epoM ¢ OBBIMHOM MUIOTHOCTRIO. T.0. Ha
3- mroiimoBoit MO mrckere momernaercs mpuMepHo 360 merabaiT.

CuntbiBanue MHGOpPMAaLMK OCHOBaHO Ha MarHuroonTuueckoM s¢dexre Keppa. Cyts sddexra
3aKJIF0YaeTCs B TOM, YTO IPH OTPaXKCHUH OT HAMarHWYEHHOM! IJICHKH IIOCKOCTD MOJISIPU3ALIN CBETOBOTO
Jyda IOBOpadyMBaeTcsa. IIpH HCIONB30BaHMHM B ONTHYECKOM TPaKTe MOISIPUMETPAa 3TO MPHBOIMUT K
MOZYISIUK SIPKOCTH OTPaKEHHOTO JIA3€PHOTO JTy4da, YTO IIO3BONSET OBICTPO CUMTHIBATE HH(MOPMAILHUIO.
IMonsATHO, 9TO pazMep 00IACTH CUUTHIBAHUS TOXKE ONPEAESIACTCS JIMHON BOTHEI CBETA.

OueBUIHBIHN ITyTh MOBBILICHNS ITIOTHOCTH 3aIHCH — yMEHbIICHNE paboueii AMIMHBI BONHEI Jlazepa. 1
MHTEHCHBHBIC DPa0OThl B 3TOM HampaBieHuu Benyrcs. Ceiiyac paspabateiBatoTcst MO  cuctemsl,
paboTaroiye Ha cBeTe ¢ JIMHOM BOIHBI mopsaka 500 HM. DTo cpa3dy MO3BOJIMT yBEIHMYHUThH IUIOTHOCTH
3amucd B 2,5 pasa. OIHAKO OCHOBHOW HPOpPBHIB B MpoOIeMe YBEIUYEHHMs IUIOTHOCTH 3amucu MO
HOCHTENEH MPOU30ILIET B COBEPLICHHO IPYroM HampasieHuH. HxeHepsl nadopatopun bemn (AT&T),
HCIOIIb30BaB ONTHKY OJNIDKHEH 30HBI, TONTYIHIN PEKOPAHYIO ILIOTHOCTH 3anmucy. OHH CyMelH 3aIHcaTh 1
npounTtath Ha Pt/Co HOCHTeNb MH(OPMAIIHIO C IITOTHOCTBIO 45 THraGHT HA KB.IIOHM (310 7 rHrabHT/cM?
= 0,87 ruraGaiira/cm?) 11! (http://portal.researh.bell-labs.cjm/leisure/souvenirs/galery/bits.html)

71



IIpu Taxoit moTHOCTH 3anucu Ha 3-moiMoByr0 MO nuckery nomecTutcs npumepHo 32 ruradaiital
CyTtb MeTona B cieayromeM: cser ot 780 uwm 111 nasepa BBOAUTCSI B CBETOBO, KOTOPbIH 3aKaHYMBAETCS
3epKaJIbHBIM KOHYCOM. MHHHMAJbHbIN ITONEPEYHBIH pa3Mep CBETOBOAA IO KOTOPOMY CBET €ILle MOXET
PacIpOCTPaHSATCS NPUMEPHO MONOBHHA JIMHBEI BOJIHBL OT Goiee y3KOro CBETOBOAA CBET OTPAXKAeTCs
00paTHO, @ B CaMOM BOJIHOBOJIC 3aTyXaeT SKCIOHCHIIMAIbHO Ha XapaKTepHO! IJIMHE COOTBETCTBYIOILEH
MOMEPEeYHUKY CBeTOBOAa. TeM He MeHee, B KOHMYECKOH 00JacTH pa3Mep CBETOBOJA YMEHBILIAETCS
npuMepHO 10 1/10 ammubl BonHbL IIpy 3TOM OCHOBHAs YacTh CBETa OTpa)KaeTcsl Ha3al, HO NPUMEPHO
1/1000 poxoauT Yepe3 OTBEpPCTHE B BEPIIMHE KOHYCa U ronaaaeT Ha (eppocioit. OkasbiBaercs, uto I1I1
nasep MomHocTeo 10 MBT Tem He MeHee obecrieunBaeT 3anuch curuaia (pasorpeB MO MOKpPBITHS BbILLIE
Touku Kropu), a JUisi CUMTBIBAaHMS MH(OPMALMU JOCTATOYHO TOpas3fo MEHbIIeH MomHocTd. s Toro,
YTOOBI CBET, MPOHUKAIONMII Yepe3 KOHYC, HE PAcCEeMBAJICS, OTBEPCTHE B BEPLIMHE KOHYCA MODKHO
HAaXOAUTHCS Ha PACCTOSHUH OT heppociIos He Jajee JecsiTKa HAaHOMETPOB!

BooO1e, ciexyer oco3HaBath, 4to y Bac Ha crone B Bameir 9BM umeercs ycrpoiicto (MO uimm
BHHYECTEPCKMI AUCK C IMOMEPEeYyHOH 3alUChi0), B KOTOPOM OCYIIECTBISETCS MO3HULHOHHPOBAHHE
CUHTHIBAIOIIEH/3a N CBIBAIOIIEH CHCTEMBI C TOYHOCTBIO mopsiaka 1/10 mukpoHa! U Bce 310 — HECMOTpst Ha
BUOpAIMHU CTOJA U TPACKY!

JlanbHeHmid pe3epB yBeIMYEHHs TJIOTHOCTH 3allMCH B YMEHbLICHUU pabouel jnuHbl BoiHbl [1I1
naszepa. DTO MOXKET JaTh elle, IPUMEpHO, 3-4 pasa.

Banoun E.M., Bopobwves I1.B.

CoBpeMEHHasl TEXHOJOTHSl M3TOTOBJIEHUS KOMIIAKT-AUMCKOB JIONYCKAeT pa3MelIeHHe Ha HHUX
HH(OPMAITHH C IUIOTHOCTHIO 3amicy He Gomee 160 MouT/cM?. Beayue KOMIAHHH MHpa HHTCHCHBHO
paboTalOT Haj MOMCKOM HOBBIX TEXHOJOTMUYECKUX PEIICHUH, HANpaBICHHBIX HAa CO3JaHHE HOCHTENEH ¢
Ka4yecTBEHHO Oosiee BBICOKMMM nokazareximu. Kommanus "WUBM" HemaBHO mnpoBena ycHEIHbIE
HCTIBITAHMS JUCKA, HA KOTOPOM MH(OPMAIMs pasMelanach ¢ roTHocteio 7,2 T'6ut/cm?. 3ammch u
CUHTBIBAHME OCYIIECTBIIINCH C IIOMOMLIBIO 3JIEKTPOHHOIO IIy4yKa, a CaMO YCTPOHCTBO BO MHOTOM
HaNOMMHAJIO YIEKTPOHHBIH MUKPOCKOIIL.

Eme 6onee Bnewammstor pe3ynbrathl padotsl [1.Kpaycca u C.Hy (P.Krauss, S.Chou; YHusepcuter
mrata Munnecora, CIIA), cymeBmmx pasmectuth Ha | cM? 64 T6ur! Yemex mocmenoBanm mocie
MIPHMEHEHUS] OPUTUHAIBHOTO METOa HaHOMHUTOrpadHu, pa3paboTaHHOTO B 5TOM yHHBEpPCHTETE. ABTODBI
PeKIaMHPYIOT CBOM METOA, KaK JOCTATOYHO MPOCTOM, ACIIEBBII U MPOM3BOAUTENbHBIN. [leyaTs quCKOB
MOJKET HPOM3BOAUTHCS MO TOTOBOH MATpHIE C MOMOIIBIO, TaK HA3bIBAEMOH, MOJIHHI-TE€XHOJOTHU,
KOTOpasi y)Ke CTaja CTaHZapTHOH. Ha moBepXHOCTM IEMOHCTPAIIMOHHOTO AMCKA JIEMEHTHI 3aIlUCH
pasmepom 10 HM pa3HeceHbl Ha paccTosiHUs 40 HM.

B oriamume ot paspaborku "VIBM" komMMepueckoe OCBOCHHME 3THX IMCKOB IIOKA CACP)KHBACTCS,
MOCKOJIBKY 371€Ch ellle He HalaeH >(dekTuBHBII criocobd cuuteiBanus nHpopManuu. [To muenuro Uy,
peanu3oBaTh CYUTHIBAHHE MOXKHO YCTPOWCTBOM, KOHCTPYKTHBHO IOXOKHM Ha HPOQHIOMETp, HO
PpaboTaloImMM B peKHME CBOOOTHBIX KoeOaHui HakoHeuHNKa. ToHualmas KpeMHHEBask UIJa JIBIKETCS
BJIOJIb IIOBEPXHOCTH AWCKA HA OYCHb MAJOM PACCTOSHUH OT Hero. lmes BBICOKYIO HOOPOTHOCTb, MITIA
KojebIeTcss Ha 4YacTOoTe COOCTBEHHOTO MEXaHHMYECKOro pe3oHaHca. OfHAKO B3aHMOICHCTBHE C
MOBEPXHOCTHIO IMCKA BBI3BIBACT BAPUALMM DTOH YACTOTHI, YTO (PUKCHPYETCs JIICKTPOHHOH CXEeMOH U
TIO3BOJISIET PA3IMIATh YIEMEHTHI 3aIHCH.

W3mepenne MuKponpoduis MOBEPXHOCTH, a B Oonee oOIIeM Cllyyae — paclpeleeHus] BeIn4uH,
XapaKTepU3yoIuX (u3Hdeckue (H XHMHUYECKHE) CBOICTBA IIOBEPXHOCTH, BOCXOAHUT K TyHHEIHHOMY
MHKPOCKOITY. 3aTeM ObLIH CO3IaHbl aTOMHO-CHJIOBOM U MarHUTHO-CHJIOBOM MHKPOCKOIIBL.

Boobiie, pa3paboT4nKy KOMITAKT-IMCKOB MOJIAraloT, 4To OJMKaiiie HOBbIe 00pa3ibl Oy1yT UMETh
JTMaMETp BCEro 2 CM, IIPUYEM CIM Ha COBPEMEHHOM JIHCKE yMeIaeTcsi uiib 10-MUHYTHBINH BUACOGUIEM
CpEIHEro Ka4ecTBa, TO Ha 3THX MaJIeHbKHX TUTAaHTaX — 5-9acoBOif, BEICOKOKAUECTBEHHBII!

Nctounnk:

«IIpupoma» Ne5, 1999.
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BOITPOC Ne91: M3BecTHO, UTO CyLIECTBYET COJIHEUHBIN BeTep. JIyHa Bpalaercs BOKpYr 3eMiIH 110
op6ure. [Touemy JlyHy He "cayer" ¢ opouThI?

OTBET: Kak u3BecTHO, KOHIEHTpAIMsI YacTUI[ B COJHEYHOM BeTpe ropsijka 4 eM®m CKOpPOCTh
300 km/cex. MaxcuManbHasi CKOpPOCTH MOXKET HecKonbko —mpeBocxomuth 1000 km/cex. Betep
MPEACTaBiseT cOOON CBEPX3BYKOBOH MOTOK rasa. VIHAyKIMsS MAarHHTHOrO MOJISI COJHEYHOIO BeTpa
cocrasier 5-107° To. (annbie B3t M3 KHUTK "®usnka xocmoca", M., CoBeTckasi SJHIMKIONEANS,
1986, ctp.636).

OOBIYHOE Ta30MHAMMYECKOE OIUCAHUE TEePseT CMBICH, KOIJa CpefHssl JUIMHA CBOOOIHOTO
mpobera MOJEKYl B Tra3de CTAHOBHTCS MOpsSAKa pa3Mepa Tella, KOTOpOe OSTOT ra3 oOTekaer. JTo
CBSI3aHO C TeM, YTO 3aKOH JHCIIEPCHU 3BYKOBBIX BOJH PE3KO MEHSETCs, KOr[a JUIMHA BOJHBI
CpaBHUBAETCS C JUTMHOM CBOOOIHOTO rpodera (Bood1Ie, B 3TOi 00J1aCTH MOHSATHE 3BYKOBOI BOJIHBI TEPSIET
cMbicit). Ho B onpesienieHHOM CMBICIIe Ta3 Y3HAET O MPENATCTBUH (M OpPraHU3yeT TOT WK UHOW PEXXUM €ro
o0TekaHus) HMEHHO Onarojaps TOMy, YTO B Ta3e MOTYT PacIpOCTPaHATHCS BO3MYIUEHHs JaBJIEHHS —
3BYKOBBIC BOJHBI. MOKHO TPOBECTH AHAIOTHIO C JIEKTPOCTATHKOW M CKa3aTh, YTO CTATHYECKOE MOJIE
JIaBJICHHS BOKPYT Tela, 00TeKaeMOro ra3oBbIM IIOTOKOM, aHAJIOTMYHO KYJTOHOBCKOMY ITOJIFO BHPTYaIbHBIX
(HOTOHOB B CiTydae Tesa, IOMEIIEHHOTO B 3IEKTPHYECKOe MOJIe.

B HameMm ciaydae HapymleHO cpa3y [Ba YCJOBHS INPUMEHHMOCTH Ta30AHHAMHUYECKOTO
NpUOMKEHHS: BO-TIEPBBIX, JUTMHA CBOOOTHOTO MPOOEra Ha MHOTO MOPAIKOB NPEBOCXOAUT paszmep JIyHEI,
HOJTOMY B3aUMOACHCTBHE MOTOKa C JIyHOH Hamo CYHTATh HBIOTOHOBBIM; BO-BTOPBIX, ITOTOK
CBEPX3BYKOBOH, N 00TEKaHHE HU B KAKOM CITy4ae He MOXKET ObITh JJAMUHAPHBIM (YapHBIE BOTHBI, CKAYKH
M BCE INPEMYJPOCTH CBEPX3BYKOBOW rasonuHamuku). [IpaBnma, uis HemarHUTHOW JIyHBI FOBOPUTBH O
CBEPX3BYKOBOM OOTEKaHHM OECCMBICIEHHO, T.K. B3aUMO/ICHCTBHE HHIOTOHOBO.

Wrak, nycts JlyHa cOCTOMT M3 HENpOBOAALIMX MopoA. Torja MarHMTHOE IOJ€ COJHEYHOIO
BeTpa (a KpoMe IUIa3Mbl M HEHTpajIoB B COMTHEYHOM BETPE ECTh M BMOPOXKEHHOE B HETO MAarHUTHOE MOJIE)
CBOOOIHO MPOXOAUT depe3 JlyHy, a Bce 4acTHIIbI COJTHEUHOro BETpa MajaloT Ha JyHHYIO NOBEPXHOCTS,
oT/1aBast el cBOH MMIyJbC. [IIOTHOCTD MOTOKA UMITYJIbCA B COJTHEUHOM BETpE B pailoHe OpOMTHI 3eMiIt
nopsaka p = mpnv? ~ 107 H/M% D10 maer cuily JaBIEHHs CONHEYHOrO BETPA HA TMOBEPXHOCTH JIyHbBI
nopsiaka F ~ D?p ~10* H.

OTa cuna AEHCTBYeT Ha OJHOM IIOIYyBUTKE B OAHY CTOPOHY, a Ha JPyroM — B JAPYIylo H, B
MIPHHIIMIIE, 32 BPeMs CyLIeCTBOBAHHUSA CUCTeMBbI 3eMiri-JlyHa Moriia Okl IPUBECTH K HEKOTOPOI! BOMIONUH
JlyHHO#T OpOMTBI (M3MEHEHHIO SKcueHTpucuTera). OQHAKO, €ClIM BCIOMHHMTb, 4TO opOurta JIyHbI
00/yBaeTcsi COTHEUHBIM BETPOM C Pa3HBIX CTOPOH B TEUEHHE rofa, TO HOHATHO, 4TO dPDEKT, AaKe eclu
OH U UMeJI ObI MECTO, TIONHOCTBIO HCUE3aET 32 CUET YCPEIHEHHS.

B mnome3y HBIOTOHOBa pexuMMa OOTEKaHHs TOBOpUT Oosblioe coxepskanue He (u Hes) B
MOBEPXHOCTHOM CJIO¢ JIyHHBIX IIOPOJ M AHOMANbHO HH3KOe anb0eo JyHHOH IOBEPXHOCTH,
KOTOPOE MOJKHO OOBSCHHTH KaK pe3yJbTaT AIUTEIbHONH 60MOapANPOBKU IPOTOHAMH COJTHEYHOT'O BETPa C
sHeprueii nopsiaka 1 KaB.

Tenepp HEMHOro O B3aMMOJCHCTBMM C MAarHUTHBIM IIOJIEM COJHEYHOro Berpa. Ecmm
MIPOBOJMMOCTD JIyHHBIX TIOPOA HE HyJeBas, TO MATHUTHOE II0JIe COJTHEYHOTO BeTpa MpoHHKaeT B JIyHy 3a
XapakTepHoe Bpems t~ d’smem, rxe t— THmmuHOE BpeMs1 YCTAHOBJICHHUS TIOJIS B TIpOBosiweii cpexe, d
— TONIIMHA CKHH-CHOs (paBHas pasMmepy JIyHBI), S — IPOBOAUMOCTD JYHHBIX IOPOA, M — MarHHTHAs
MIPOHUIIAEMOCTb, My — MATHUTHASI IIOCTOSIHHAS.

Ecin t 3amerHo Oosbliie, 4eM Bpems IpOJIETa COMHEYHOro Berpa MUMO JIyHBI, TO MarHMTHOE
mojie "HanMnaer" Ha COJNHEYHYI CTOpoHY JIyHBI M €ro HampshkeHHOCTh YyBennmumBaercs. Korma
HaMpPsDKEHHOCTh MATHUTHOTO IOJISI BBIPACTET HACTOIBKO, YTO d(Q(hEKTHBHOE TaBICHHE MaTHUTHOTO HOJIS
YPaBHOBECHT MAaBJICHHE, CBS3aHHOE CO CKOPOCTHBIM HAIlOPOM COJIHEYHOTO BETpa, IPOLECC CTaHET
CTallHOHAPHBIM M MaTHUTHOE TI0JIe Ha COTHEYHOH cTopoHe JIyHBI CTaOMIH3UpYyeTCs.

Kak MbI TOBODHIIH, MOTOK HMITyJIhca CONHeYHoro Berpa mpnv? ~ 1077 H/m?. IlpupaBHuBas 310 K
JIaBJIEHUIO MATHUTHOTI'O TIOJIS BZ/(Zmo), HaxoauM B ~ 5+ 1078 T

Kak BuguMm, mome OODKHO, NPUMEPHO, HAa TOPSJOK IIPEBOCXOAHMT XapaKTepHOE MAarHHTHOE
TI0JIe COTHEYHOTO BETPa, U IIPH ITOM OHO JTOJDKHO IONHOCTHIO OCTAHABIUBATE IIa3My COIHEYHOIO BETpa
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nepest moBepxHocTio JIyHbl. B pesynbraTe, 0/mKHA BO3HUKHYTh YapHas BOJHA U JODKHO HAOII0IaThCs
MHIYIMPOBAHHOE JHMIIONBHOE MarHuTHOe Ione JIyHel (KOTOpOE MOIKHO MEHATh IIOJNSPHOCTH B
COOTBETCTBHH C HOJISIPHOCTBIO JIOKAJIBLHOTO TOJIs B COJTHEUHOM BETPE).

31ech CHOBa MOXET MOSIBUTCS Ia30[MHAMMKA, HECMOTpPSl Ha TO, YTO JJIMHA CBOOOJHOro mpobera
BeMMKa. DTO CBA3aHO C TEM, YTO B 3aMarHMYeHHOM IJla3Me €CThb CBOM XapaKTepHbIE pa3Mephl —
JIADMOPOBCKHI M JIe0aeBCKUil paauychl (IpUyeM, 1Mo KpaiHed Mmepe, ae0acBCKHW paguyc Maj Io
cpaBHEHHIO ¢ pasmepoM JlyHer). ITo3ToMy B MarHWTHOH TMIPOAMHAMHKE OOTEKAaHHME CHOBA MOXET
MIPOXOUTh B Ia30BOM (CBEPX3BYKOBOM) peskuMe. Ho eciny OleHHTh CUIy JaBJIEHHs CONHEYHOrO BETpa
(MM MarHUTHOTO TIOJNIST) HA TOBEPXHOCTH JIyHBI, TO pe3ymbTaT OyAeT TOro ke MOpsKa, Y4TO W IpH
HBIOTOHOBOM OOTEKaHHUH.

UYro npoucxoauT Ha caMoM jene (ecTh i y JlyHbl HaBeEHHOE MarHHTHOE NOJ€), s HE 3HAI0.
Ho, kak 1 TOBOPHUIIOCH BBIIIIE, CHIIA B3aUMOAEHCTBUS CONHEUHOTO BeTpa ¢ JIyHOil 3aBUCHT OT 3TOrO0 cinabo
1 3 (deKT B3anMOICHCTBHS COBEPIICHHO HE3HAYNTENICH.

I BoT emie. YK e€caM M CpaBHMBATh LHU(PBI, TO HE CUIy JABJIECHMS COJHEUHOTO BETpa C CHIIOH
nputsxenus Jlynsl 3emiei, a u3MeHeHne UMy bca JIyHBI Ha OMYBUTKE K €€ MOJHOMY MMITyJIbCy: Ap ~
Ft~10" H-c - 310 UMITYJIbC CHJIBI JABJICHHUs 3a oaMecana, P =MV ~ 10% kr-m/c — 310 umIyJsc JIyHsl.

WTak, KaTacTpoduueckoe M3MeHeHHe OpOHTBI mpoucxomut 3a P/Ap ~ 10'® oGoporoB wmm 3a
10" jeT .. — JTO MpPeBOCXOTMUT BpeMs ku3HM Beenemmoii! Kpome Toro, kak s TOBOHI BB,
cleflyeT MOMHHTh, 4TO 3(QeKT ncyesaer 3a cyeT TOro, 4TO CONHEUHbIH BeTep B TeYeHHE Toja
001yBaet opOuTy JIyHBI CO BCEX CTOPOH.

Bopobves I1.B.

JOINOJHEHHUE K OTBETY HA BOIIPOC Ne64: Kak u3MepuTh Maccy Tena B KOCMOCE, Beb
TaM HeT Beca?

OTBET: [ToroBopum 00 U3MEPEHNUH MACCHI B YCIOBUSIX HEBECOMOCTH (B KOCMHUYECKOM KOpadie).

BcenomHmM, cHavana, B KakoM cMbicie OykBa "M" BCTpeyaercs B HBIOTOHOBCKOM T€OpHH (MEXaHHKa
+ rpaBUTALA): BO-TIEPBBIX, MBI BHIAM MACCy TCNid B HHIOTOHOBCKOM 3aKoHE TaroTenns F = GMm / r%;
BO-BTOPHIX, BHJHM, YTO B 3TOM 3aKOHE Macca YIOMSHYTa ABaKAbl: OJMH Pa3 OHA BBICTYNAET Kak
akTUBHAs Macca M — HCTOYHMK I'PaBHTAI[HOHHOTO IOJIS, @ BO BTOPOM CIy4yae Kak acCuBHas Macca M -
B3aHMOJICHCTBYIOIAasl C JaHHBIM TIPABUTAIIMOHHBIM IIONeM. PaccMaTpuBasi B3aMMOJEHCTBHE Tel C
Pa3TUYHBIME KOMOMHALMAMM AKTHBHOW M TACCUBHOM I'DaBUTALHOHHBIX MAacC, MOKHO IOKa3aTh, YTO
3HaYCHHE AaKTUBHOH MAacchl JIIOOOTO Tela PABHO 3HAUCHHIO €r0 IACCHBHOH MAcChl, U, HAKOHEI, MBI
BUJIUM Maccy Tela B 3aKOHE HIOTOHOBOH auHamMuKu: F = ma. Ho Temeps M — 9T0 HHepTHAs Macca Tena H
OHa, BOOOLIIE rOBOPS, BOBCE HE 00s13aHa OBbITh PaBHON IPaBUTALIMOHHON Macce.

IIpeanonoxkeHne O paBeHCTBE HMHEPTHOM M TPABUTALMOHHOW MacC SIBJISIETCS COBEPLICHHO
HE3aBUCMMOI runore3oi, HasbBaercss [IPMHLUIIOM OKBUBAJIEHTHOCTHW (uneptHOii u
rpaBUTALlMOHHOW MAacChl) U SBJISICTCS OCHOBOM 001el Teopun otHocutenbHocTH (OTO).

CeromHs paBEHCTBO MHEPTHOHM M TPaBUTAIMOHHOI Macc NPOBEPEHO € TOYHOCTBIO IIydIle, YeM
10-13 B cepuu skcriepuMeHTOB DeBéma, JIukke, BparnHCKOro 1 B MHOTOYHMCIICHHBIX JKCIIEPUMEHTAX 0
MMOUCKAaM TaK Ha3blBaeMOH "MATO cuibl" (KOTOPYIO B OIpPENEICHHOM CMBICIE MOXHO CBS3aTh C
aHTUrpaBuTanueii). Takum oOpa3oM, ¢ TOUHOCTBIO Jyuiue, 4eM 10—13 wmm nake aOCOMIOTHO TOYHO —
ecmu MbI BepuM B OTO — nHepTHAS U TPaBUTALHOHHAS MACCHI Tella ONHHAKOBBL.

Macca BcTpeyaercs, pa3yMeercs, 1 B 3HAMEHUTOW SHHINTEHHOBCKOH (opmyrne E = mcz, HO JUIS HacC
9TO 3HAYHT TOJIBKO, YTO Macca Tella OHpEeeNsieTcss He TOIbKO CyMMAapHOI Maccoil COCTAaBILIOIIHX €ro
9JIEMEHTApHBIX YaCTHI, HO M DHEprueil cBsa3el, KOTOpbIE COOMPAIOT TU YACTHIBI B OCA3aeMOE TeJo.
KoHeuHO, MOCTENeHHO aHHUTHWIHPYS TENO H3BECTHBHIM KOJIMYECTBOM aHTHBENIECTBA, MOJKHO HU3MEPUTH
ero mMaccy. Ho Takoro pemeHns He JOJDKEH HpeanaraTh Aake IIOXOH TeopeTuk. [IpH aHHUTHIAIMU
OHOTO KHTorpamma Mmaccel Bepiensiercst 2-10 mkoyneif Temna B BHAE KECTKOTO raMMa H3NyYeHHS.
Tombko 3TO yxKe NpUBERET K KaTacTpoHIeCKOMYy Pa3pyLIEHHIO BaIlero oObeKTa (BMeCTe ¢ BaMH U
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KopabeM) 337010 10 HONMHOM aHHUrWLIIUK Tena. [1ooToMy Takoi crocod MOXHO KiIaccH(HLIHUPOBATH
Kak (haHTACTHYECKHI U aOCypIHBIH.

Ocraercst U3MEpeHne I'paBUTALMOHHON MJIM MHEPTHOM Macchl Tena. M3MepeHue rpaBUTallMOHHON
Macchl — OOLMIl IIPHeM M3MepeHHs. Macchl Ha 3eMie: CTaBUTE Ha YallKy BECOB M3MepseMylo Maccy U
ypaBHOBELINBAETEe e¢ 00Pa3IOBOil MAcCOl — 9TO KOPOMBICIOBBIE/PhIYaXKHbIE BEChl, CTABHTE HA YalIKy
BECOB M3MEPSEMYI0 Maccy M CHIIy HNPHTSKEHUS ee K 3eMile ypaBHOBEIIMBACTe CUJIOH KaanOpOBaHHOH
MIPY>KHHBI — IPUBBIYHBINA THHAMOMETP.

OpHako, B BalieM KopaOJie HEBECOMOCTb (CHUJIa MPUTSHKEHUS K 3eMile MCKIIIoYeHa CBOOOIHBIM
najgeHueM kopadist). [109ToMy MBI MOXKEM IOIBITATHCS U3MEPUTh MAccy, U3Mepsisl CHITY NPUTSDKEHUS K
Hell U3BECTHOI MPOOHOIT Macchl Ha U3BECTHOM PacCTOSIHUM (aHaior ombiTa KaBenauma). DTo CIOXHBIN
9KCIIEPHMEHT, TPEOYIOUMi TOHKOM METOMMKHM M YYBCTBUTENBHOTO OOOPYIOBAaHHS, HO B TaKOM
U3MEpeHUH (aKTHBHOHM) rpaBUTAllMOHHOW Macchl MOpPsAKA KWIorpamMma u 0ojee ¢ BIOJIHE NMPUIMYHON
TOYHOCTBIKO CEroJiHsI HUYEro HEBO3MOXHOI'O HET. npOCTO 3TO cepbe3an‘/i W TOHKHH OIIBIT, TIOATOTOBUTH
KOTOpBIl BBI JODKHBI €lle J0 cTapTa Bamiero kopabms. B 3emHbIX nmabopaTopusx 3akoH HeioTona
MPOBEPEH C MPEKPACHONH TOYHOCTHIO JJIs OTHOCHTEIbHO HEOOJBLIMX MAacC B MHTEpPBAJe PacCTOSIHUI OT
OJIHOTO CAaHTHMETpa NPUMePHO 710 10 MeTpoB.

Jlpyroii crmoco® B3BELIMBAHUS Tela — W3MEPEHUE/CPaBHEHUE €ro MHepTHOH Macchl. M MMeHHO
TaKOH crocod OueHb YacTO MCIOMb3yeTcs B GU3MYECKUX U3MEPEHUsX (M HE TOJILKO B HeBecoMmocTH). Kak

bl, BEPOSITHO, IOMHUTE U3 JIMYHOTO OINBITA U U3 Kypca (U3UKHU, TPY3HK, NPUKPEIUIEHHBIH K MPY)KHHKE,
KoJebIIeTCst ¢ BIIOJIHE onpeeneHHon yactoroii: W = (k/m)1/2, rae K — sxecTkoCTh Mpy>KUHKH, M — Macca
rpy3uka. Takum 00pa3oM, M3Mepsisi 4acToTy KojeOaHUW rpy3uKa Ha HPYXKUHKE, MOXKHO C HYXHOM
TOYHOCTBIO ONPENEINTH €ro Maccy. IIpiuyem coBepIIeHHO O€3pa3IHYHO — €CTh HEBECOMOCTb, MIIH €€ HET.
B HeBecomocTH yHOOHO HepikaTenb ISl M3MEPSAEMON MAacChl 3aKpEelUTh MEXKAY ABYMs HPYKMHAMH,
HATSHYTHIMU B IIPOTUBOIONOKHOM HampapieHuH. (MoxeTe JUlsl pa3BiedeHUs ONPeeNHuTh, KaK 3aBUCUT
YyBCTBUTEIBHOCTb BECOB OT MIPEABAPHTEIBHOIO HATKEHHUS IIPYKUHOK).

B peanbHOll XH3HM TaKkHe BECHl MCIIONB3YIOTCS I ONMpEAENCHUS BIAXKHOCTH M KOHIEHTPALUH
HEKOTOPBIX Ta30B. B KauecTBe NPYKXMHKHM HCIIONB3YETCA IbE309JIEKTPHUYECCKUM KpPHCTall, 4acToTa
COOCTBEHHBIX KOJI€OaHMIT KOTOPOTrO ONpEENseTcs ero KeCTKOCThI0 M Maccol. Ha kpucramn HaHOCHTCS
MOKPBITHE, CEJIEKTHBHO MOTJIONIAloNIee Bary (MM ONpENeNCHHBIE MOJEKYNBl Ia3a MM JKUIKOCTH).
KoHueHTpanust MONEKyJ, 3aXBaueHHBIX IOKPHITHEM, HAXOAUTCA B ONPENEICHHOM PAaBHOBECHH C
KOHIIGHTpallMel uxX B raze. MoJeKybl, 3aXBadeHHBIC TIOKPBITHEM, CIIErKa MEHSIOT MacCy KpUCTallIa H,
COOTBETCTBEHHO, YAacTOTY €ro COOCTBEHHBIX KOJNCOAHHH, KOTOpas ONMpPENENseTcs JIEKTPOHHOW CXEeMOM
(moMHHMTE, S CKa3all, YTO KPUCTALI NbE303JICKTpUUCCKHii)... Takue "Bechl" OYEHb HyBCTBUTEIBHBI M
MO3BOJIIIOT ONPEENATh OYEHb Majlble KOHLIEHTPAlUH BOASHOIO Iapa HIIM HEKOTOPHIX APYTUX ra3oB B
BO3IyXe.

Bopobves I1.B.
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®U3NYECKHUH ®PAKYIIBTET

HoBoCHOMPCKOro rocyi1apcTBeHHOr0 YHUBEPCUTETA
npurJjamaer aOUTYPUEHTOB

Ha (akynbrere MEIOTCS J1Ba OTACICHUS: 00wehusuyeckoe u usuxo-
MeXHUYeCKoUu UHDOPMAMUKU.

Bemyckankn (akynpTeTa TOMYYaroT CHEeNUaJbHOCTh ¢usuxa. B
JUIUIOME O BBICIIIEM 00pa30BaHUHU BBIIYCKHUKOB-OaKajaBpOB mocie 4 jer
o0ydeHHs yKasbiBaeTcs KBanu(uKanus ¢gusux. B IUTUIOME BBITYCKHUKOB-
MarucTpoB Tociie 6 JeT 00y4eHHs YKa3bIBaeTCs KBATUMDUKALUS MASUCD
@uzuxuy W omHa W3 OoJiee Y3KUX CHElUaNTbHOCTEH, MPUOOpETaeMbIX Ha
BBIITyCKAIOMUX Kadempax.

s mocryruieHus Ha gusndeckuil Gakynprer HI'Y HeoOXxomumo caath
MMMCbMEHHBIE DK3aMEHBI 10 ¢u3uxe, mamemamuxe W PYCCKOMY SA3bIKY.
IIpuemubie dK3aMeHBI MPOBOIATCS ¢ 4 1o 14 wmions. IlpweM MOKyMEHTOB
oCyIIecTBiIseTCs ¢ 21 HIOHS IO 3 HIOIA.

Ham agpec: HI'Y, yn. [Tuporosa 2, ri. kopi., k. 335, HoBocuOupck,
630090.

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

Tenedon npuemuoii komuccun: (383-2) 39-73-77.

Cawmyto cBexxyro nH(popmanuio o gusudeckom daxymprere HI'Y,
BKJIFOYAasi BAPUAHTHI BCTYIHUTEIBHBIX 9K3aMEHOB 3 HPOLUIBIE FOJbl, MOKHO
MOJIY4HTb, IOCETHB Hall cailT B IHTepHeTe mo agpecy
http://www.phys.nsu.ru.
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HAYUYHASA JTABOPATOPUS HIKOJBHUKOB

M36pannbie TeMbl 1015 uccaenoBanuii (1992-99):

BJIMKHN
MOJIOKO
YACHI
OKHO

TPAMBOBKA

®OHAPH

BPBI3I'U
IIEHA
CUI'HAJI

I'PUb

PUCYHOK

HOEIIOYKA

BEPEI'

N30JA0 1A

Kax éoznuxarom 6auxu céema na oue eoooema?
THouemy coecaem monoko?
Om ue2o 3asucum cKopocmv X00a NECOYHBIX YACO8?

Kaxum 0onorcen 6b1mv onmumanbHulil 3a30p MENCOY
cmeKkiamu 8 OKOHHOU pame?

Ymo a¢hghexmusnee npu mpambogxe: 00un pas
YOapump CUNbHO UL MHO20 pa3 c1abo?

C kaxoeo paccmosiHusi ceem om YauuHo2o oHaps
CMAHOBUMCSL MEPUAOWUM?

Kax 6esicams no ayscam, umobwt ne 3abpwvizeamovcs?
Kax wapux monem 6 nene?

Kax nywwe nepedams 36yk0601i cuehan: KpuKom uiu
ceucmom?

Touemy nocrne 63pwiea Kybwvl nbLIU HACHO UMEIOM
2pubosuoHyo opmy?

Kax 6o3nuxaem pucynox npu omoupanuu aucma
bymazu om cmekia, NOKPuIMO20 600HbIM PACMEOPOM
Kpacku?

Llenouka cockanvsvisaem ¢ kpaa cmoaa. Kaxyro
dopmy ona 6ydem umems 80 8pems noiema U Ha NOuy,
Koeoa ynadem?

Hccneoyiime, 6 kakux cuyyasx bepee mops 6yoem
Pasmvleamuvcsi, a 8 KaKux, HA06OpPoOm - HAMbIBAMbCAL.

Ecnu noooceuv cnuukou noausmuneHo8yro uzonayuro
00bIYH020 NPOB0OA, MO nadawue Kaniu
PACNIABAEHHO20 NOTUIMUTIEHA U30AIOM XAPAKMEPHbBIL
38yKk. HUccnedylime signenue.
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IIbLJIb Ymo Mo2HcHO crazampb 0 Koauuecmese nuliu 8 6030yxe,
3HASL CKOPOCMb ee 0CeOanus Ha dKpaH menesuzopa?

TOPSIIASA Onuwiume npoyecc eopeHus naoarouei 20pauei
BYMAT A bymazu.

JYKA Kax 3asucum epems ucnapenus aysicu om ckopocmu
eempa?

E3JA 110 Kax 3aeucum cxopocmu e30b1 no necky om e2o

MNECKY enaxcHocmu?

CKOTY Kak 3asucum cxopocms pazmamueléanus MOmKa
JIUNKOU IEHMbL OM CUNIbL, NPUTIOHCEHHOU K KPAIO
neHmol?

YAUHUK Om ue2o 3asucum 8pems, Ha KOMopoe Cmuxaem uym

6000l 8 YallHuKe nepeo ee 3aKunanuem?

YAUIKA Booy pazmewusarom 6 uauwike He Kpyeno2o ceuenusl.
Hccnedyuime, kakas 6yoem gpopma 60pouKu?

JIMCT Topusonmanvro pacnonoxicenHHomy HeoareKo om
NOBEPXHOCMU CIOIA TUCHY OyMa2u cooouunu
2opuzonmanvHyio ckopocms. CKob 0aieKo OH

yaemum?
MOPE Kaxk 3asucum yeem mops om e2o anyounv?
HUMBb Tlouemy 6o3uuxaem "num6" 6oxpyz menu nanvya,

Kacawoujecocsia noeepxHocmu 600017

Ecau Bbl J1100UTE CTABUTD ONBITHI H 3aAYMBIBAThLCH O MpUpOaAE Bemeﬁ,
ecau Bl xoTuTe HOHpOGOBaTb CBOM CHJIbI B Hay‘lHO-HCC.]'leZ[OBaTeIILCKOfI
JACATECJIBbHOCTH - 06pamap"lTec1> K HaAaM

Bovi cmosrceme noobwamoca co ceouMu c8epCMHUKAMU, UYWumMu cebs 6 HayKe,
a makoice NOIYUUMs KOHCYIbMAYUIO Y K8ATUDUYUPOBAHHBIX npenooasameneil u
@usuxos-npogpeccuonanos

E-mail: vlad@ssl.nsu.ru

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