XXI Cankt-IleTepOyprckas 2014

ACTPOHOMMYECKasA OJIMMIINA A 15
TEOpEeTUYeCKUil Typ, pelleHus despais
11 xnacc

1.

Komera cosepriaer omun obopor Bokpyr Cosnna 3a 8 jer. Hemy pasHa 0oJiblias MOJIyOCHh
ee opoutel? C kakumu 1ranetamu COJTHETHON CUCTEMBI TaKas KOMETa 3aBEJIOMO HE MOXKET
CTOJTKHY ThCS !

Penienne:

Ecmm nepuoj obparmenus Tena P, apuxkyinerocs BOKpYr CoJstHIla, BbIpaXKeH B TojlaX, a 0osIbIast
I10JIyOCh OpOUTHI @ — B acTpoHOMUYecKuX ejauaunax, to III sakon Kemepa moxkHO 3armcarhb
B dpopme P? = a3. Orciona nomydaeM, 9To a = 4 a.e.

Jutst Toro, 9robbl Mepecedh Kak MOXKHO 0OJIbIe OpOUT IIaHeT (KOTOpbIe OJIM3KH K KPYTOBBIM ),
opOuTa KOMETBI JIOJI?KHA OBITh HACKOJBKO BO3MOXKHO 0OJiee BBITSAHYTOMN. «Jlydmmity BO3MOXK-
HBII CJIydail MOJIYYUTCA TOTJIa, KOTJia opouTa KOMEThI OJIM3Ka K OTPE3KY, B OJHOM U3 KOHIIOB
koroporo naxogaurca Cosarie. Torma adenmniinoe paccTossHre KOMEThI OyJIeT MPAKTUIECKN PABHO
2-a = 8 a.e. KomeTa He CMOYXKeT CTOJKHYTHCS C IUITAHETAMU, PAJINYC OPOUTHI KOTOPBIX DOJIbIIE,
sro Caryph, Ypau u Henrys.

Amnrenna gansueit koemudeckoii ¢ssazu (AJIKC) nmamerpom 34 M mepeaer curtal ma aBTOMa-
Taeckyo MexianeTHyto cranimo (AMC) wa gacrore 2.3 I'T. Iepenarank AJIKC nmeer
motHOCTh 20 KBT. OnennrTe MUHMMAJILHO BO3MOXKHBIN JUaMeTp TPUHUMAIONIEH aHTeHHBI Ha
AMC, ecsin u3BECTHO, 9TO MUHUMAJIBHBIN MIPEJIEST IyBCTBUTEILHOCTH IIPUEMHUKA, YCTAHOB/ICH-
noro na AMC, coctasnser 10710 MxBr, a npunuMalomias aHTeHHa, JOJIKHA 06eCIednBAThL IPUEM
Ha paccrogauu 10 100 a.e. or 3emiin.

Penienne:

[Ipeamonoxum, aro AJIKC ucnosib3yercs He j1j1s epeadu CUrHAJA, a /11 HaDJTIOIeHsT KaKIX-
J0O yJIaJIeHHBIX PAJIMONCTOYHUKOB (T.e. (DaKTHUIECKH B pEXKUMe paJmoreseckona). B rakom
cIydae ee IpeJiesIbHOe YIJIOBOE pa3peleHne, Kak M3BECTHO, MOYXKET ObITh HaileHo 10 (hopMyie
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rae A\ — JUIMHA BOJIHBI IPUHUMAEMOTO M3JIydeHus, [) — auaMerp aHTEeHHbBI, 3 — IIpeaebHOe
YIJIOBOE pa3pellleHle, BbIPayKEHHOE B paJiuaHax.

OHaKo OTCIO/IA K€ CIeIyeT, 9TO eciu B (DOKyce aHTEeHHBI Oy/IeT pa3MeIleH MepeJaTdnK IIpe-
HEOPEXKUMO MaJIOro pasMepa, TO ero uajiydeHnue OyjeT pPacXoJUThCA OT aHTEHHBI B Ipejiesiax
KOHyCa, yroJl pacKpbIiBa KOTOPOIo Takzke paBeH (3. B camom jese: ecim tipum HaOJIOIeHUN Ha
paJmoTe IecKoIie JiBa 00beKTa, HAXOISIIIXCA Ha YIJIOBOM PACCTOSHUHN MEHBIIE 3, «CUBAIOTCS >
B OJMH, TO U WU3JIy9eHHE HCTOYHHUKA, HAXOJAIIErocs B (POKyce aHTEHHBI, OYJIeT pacipocTpa-
HATHCS B 00paTHOM HAallpaBJIeHUU U IOMaJeT Ha oba MCXOAHBIX oObekTa. 1lomobHoe cBoiicTBO
IIPUHUMAIOIINX U ITepeJaloNuX aHTeHH IIPUHSATO HA3bIBATh «CBOMCTBOM OOPaTHUMOCTH ».

Taxum obpasom, AJIKC ucnyckaer us/yuenue B TeJICHOM yIJIe, COCTAB/IAIOIIEM 7 (2. Cneno-
BaTe/IbHO, HA PACCTOSIHUU T TIPU MOITHOCTH u3Jjydenus L oHa OyJeT CO3/aBaTh OCBEIEHHOCTD
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[punnmaromas antenna va AMC coGupaer usiydenne ¢ miomam, pasuoit 2D, rie D' —
JiamMerp IpUHUMaloIeli anTeHHbl. Ecm ee npejiesibHast 4yBCTBUTEILHOCTD cocTasiister L', To
MUHUMAJIBHBIH pa3Mep aHTeHHbI, ¢ KOTOPBIM €eI11e OyIeT BOZMOKEH [IPUEM, YIOBIETBOPSIET YCJIO-

BHUIO

E'EDQ:L/
1 .

OO6be/IuHsIsT BCe MOJIyYeHHbIe BBIPAYKEHUsI M YIUThIBAs, UTO JJINHA BOJHBI U3JIy9IeHus A = ¢/v,
TJIe ¢ — CKOPOCTb CBETA, V — YacTOTa U3JIYUYCHUS, IIOIydacM

L' cr
D =4/=. —.
L vD

[TosicTaBiisist 9ucIOBbIE JTaHHbBIE, TTOyYaeM orBeT: D' = 4 M.

SaMeTuM, YTO B 9TOM peNeHu: Ipe/noiaransoch, 9to u 3epkaiao AJIKC, n npunnmarornias
anTerHa nMeroT gpopmy kpyra. OJiHako BO3MOXKHA U JPyras OIeHKa IO/ el aHTeHH; MOYXKHO
3aMeTUTh, YTO TpHU JH00O0I OJMHAKOBON bopme aHTeHH KO3(hDhuImenT, 3ameHsomuii /4, B
obouX cirydasgx OyJeT OJIMHAKOBBIM U TAKYKEe COKPATUTCS.

Ha 3Be3anom ritobyce quamerpom 60 cm 3Be3nl sspue 0™ obo3HaTaI0TCS KPYKOIKAMU JTUAMET-
pom 6 Mwm. IDmomaibs Kpy»KoukoB, n3obpazkatomux 3Be3/16l oT 0™ 10 +1", B 6 pa3 MeHblle,
or +1™ 1o +2™ — eme B 6 pa3 menbine u T. ;1. OeHNTE MAKCHMAJIBHO BO3MOMKHYIO JIOJIIO
IO TJ100yca, 3aHATYI0 N300PAKEHUAMU 3BE3I.

Penienne:

Permmv mpomexKyTOUHYIO 3a/1a9y: BBISCHUM, KaK 3aBUCHT KOJIMYECTBO HAOJIIO/IaeMbIX Ha Hebe
3BE3J1 OT IIPEJIEJIbHON 3BE3/ITHON BEJIMYNHDBI.

[Iycrs dyskmus N (m) — 9T0 KOTHIECTBO 3Be3]1 Ha HeOeCHOI cdepe spue 3Be3IHOM BETMIHHBL
m. [IpeanosiokuM, 4T0 BCe 3BE3bI PACIPeIeIeHbl B TPOCTPAHCTBE PABHOMEPHO M UMEIOT CTPO-
ro OJIHY U TY 2Ke CBeTUMOCTD. OCBENEeHHOCTD, CO3/IaBaeMast 3Be3/10i m + 1 BeJIMIuHbI, MEHBIIE
OCBEIIEHHOCTH, CO3/IaBaeMoil 3371011 Besmdunel m, B 10%/° ~ 2.512... pasa 110 OIpe/esIeHIIO
MOHATHUS 3BE3HON BeTMINHBI. [I0CKOIBKY BCe 3BE3IbI TI0 MIPE/IIOIOKEHIIO UMEIOT OJMHAKOBBIE
CBETUMOCTHU, TO OCBEIIEHHOCTH, CO3/IaBAeMble MU, OOPATHO IIPOIIOPIIUOHAIBLHBI KBAJIPATy Pac-
cTogHUd 710 HUX. Torja mpejesbHble PACCTOAHU, HA KOTOPBIX MbI Oy/ieM HabJIIo/IaTh 3BE3/IbI
BesmanH m u m + 1 (o6o3nadnm ux r(m) u r(m + 1 COOTBETCTBEHHO), OTHOCATCS KaK

r(m+1)

=10"°.
)

OO6beMbl IapOB MPOMOPIMOHAJIBHBI KyOaM PaJInyCoOB U, TAK KAK 3BE3/Ibl PACIIOJIOXKEHBI B IIPO-
CTPAHCTBE PABHOMEPHO, TOJIYyYaeTCs, UTO

N(m+1)

=105 = /1000 ~ /1024 = 4.
N(m) v v

Taxum oOpaszoM, MOKHO CKa3aTh, 9TO

[puYeM m B JAHHOM CJIydae — IOKa3aTesIb CTEeIeHH, a He WHJIEKC, 0D03HAYAIONINI 3BE3IHYIO
BEJIMUUHY.

Hackopko mpaBaonoio0H0 Moy IeHHOe HAMU BhIpayKeHue !

Pacupenenenne 3Be3 B IpoCTpaHCTBE MOYKHO CUNTATh NPUOIM3UTEIHLHO paBHOMepHBIM. Ha
bosbmux paccrogausax ot CoJtHIa (CpaBHI/IMbIX C BBICOTOH jaucKa [ajaKTuUKM, T.e. TMOPSIKA
1 KIK) 9TO Ipe/oiozKeHne OyAeT HApYIIAThCs, OAHAKO 9TO OYJET CYIIECTBEHHO TOJIBKO JIIs
OYeHb cJabbIX 3Be3J1 (¢ GOJIBIION BUAMMOI 3Be3IHON BeamduHOi). Tak 9T0 MOXKHO cYUTATH,



YTO MBI [TOJIYIHJIH TIPABJIOTIOI00HY 0 (BO3MOXKHO, HECKOJIBKO 3aBBIINEHHYIO JJIsi CAMBIX CJIAObIX
HaOJTIOIAeMbIX 3BE3]1) OIEHKY.

3Be3/Ibl UMEIOT, PasyMeeTcs, pPasHylo cBeTuMocThb. OIHAKO Ha WTOrOBBIA Pe3y/abTraT 3TO HU-
Kak He BimsieT. Mbl MOXKeM pa3Ie/nTh Bce 3Be3/Ibl Ha MHOI'O OTJE/JbHBIX KJIACCOB TakK, ITOOBI
B IIpejiejiax KayKJI0ro KJIacCa CBETUMOCTH 3Be3 Oblia IPUMEPHO OAMHAKOBOM. [ljis1 KaxKiaoro
OTJIEJILHOTO KJIacCa TMOJIy9IeHHOe BhIle BbIpaxkenue [t N (m) BIIOJIHE TPUTOIHO, a 3aT€M MbI
IIPOCTO CJIOYKUM BCe IT0JTyYMBIINECS BhIpakKeHus. Pe3yibraT oKazKeTcsd TaKIM Ke 110 CTPYKTYpe,
HO ITPUTOJHBIM JIJIST 3BE3]T Pa3JIUIHON CBETUMOCTH.

Haxkomnerr, MbI coBepIlieHHO He yIn MeK3Be31Hoe noriomienne. OHO BHOCUT B II€JIOM TAKYIO Ke
MIOIPABKY, KaK U yMEHbIIIEHUE CpeTHeil KOHIEHTPAINH 3Be3]] Ha OOJILIIIIX PACCTOAHUAX, OJTHA-
KO, TIOCKOJIbKY CpeJIHee MeK3Be3/IHOe TOrJIoNeHne B oKpecTHOCTH (COJTHIIA COCTABIISET OKOJIO
1™ /KK, 9Ta TonpaBKa TakKe OyIeT HeBeJInKa.

Tem cambIM MbI JIOKA3aJIM yTBEPXK/IEHHE, U3BECTHOE B ACTPOHOMHHU KaK TeopeMa 3eejurepa:
N(m+1)/N(m) ~ 4 (rounee, 3.98, X0Ts JiJIsT pellieHnsl JaHHO 3a/a91 9TO HECYIIIECTBEHHO), I
OOHAPYKUJIU, YTO JJist OOJIBIIUX M OTHOIIEHHE OyeT HEMHOTO YMEHbIIAThCS.

Tenepb mosryanm Beipazkenue jjisgt byHKImn P(m) — KoaumdecTBa 3Be37], BUIUMas 3Be3/IHAsI
BEJIMYINHA KOTOPBIX 3aKJI0YeHa B Ipejienax or m jgo m + 1. O4eBugHO, 9TO

P(m) = N(m+1) — N(m) = N(0) - 4™ — N(0) - 4™ =3 - N(0) - 4™.

Ham my)kHO M3 Kakux-jmbo coobpazxkenuii orenutb N (0). C omHO# CTOPOHBI, 9TO TOMPOCTY
KoJimaecTBO 3Be37 oT —1™ 1o 0™. Bce 3Be3nbl ipde HyJIEBOI 3BE3MHON BEJTMYNHBI NU3BECTHBI
(Cupuyc, Kanomyc, Apkryp), npudem Cupuyc sipue u —1™, tak aro N(0) = 2. C apyroit
CTOPOHBI, SICHO, YTO JIJISI MAJIOr0 YUC/Ia 3Be3J1 cirydaiinbie oTkionerust N (0) MOryT oKazaThest
JIOCTATOYHO 3aMETHBIMU, II03TOMY HaJlexkKHee BenoMuuTh, aro N(6) ~ 6 - 10%. Torga N(0) =
6 - 103/4% ~ 1.5, Tak 4ro cayuaiiHble OTKJIOHEHUS He TaK y»K BeJUKU. J[Jisl onpe/ e leHHOCTH
(1 ¢ y4eToM HEeOOXOJMMOCTH TIOJYUUTh MAKCHMAJIbHYIO CBEpXy oreHky) mpumem N(0) = 2.
Bamerum, 4To TIpU ITOM OKaszbiBaeTcd, 9to P(—1) = 3, uro nospoJiser jerko yaectsb u Cupuyc.

Tenepnb 3aiimemcs ucxojiHoil 3ajadeil. Kak Mbl y»Ke BBISICHUJIM, KOJUYECTBO 3BE3]I, COOTBET-
CTBYIOIIUX CJIEJIyIONIEeil 3Be3HOM BeJImdauHe, B 4 pa3a 00JIbIlle, YeM KOJUIEeCTBO 3B€3/I, COOTBET-
cTByIOMUX npenbaymieit. [Ipu srom momanps KpyKKa Ha 1J100yce, COOTBETCTBYIONIETO 3BE3-
Jie cJIeIyIoIeil 3Be3IHOi BeimanHbl, B 6 pa3 menblie. Cie10BaTEIbHO, CyMMapHbIE ILJIOMIAT
KPY?KKOB 3Be3/] m-0il BeImauuel 1 (m+1)-oit Besuraums: ornvaorces B 4/6 = 2/3 pasza. Tyt Mo
[peJiroJiaracM, 9To KPY2KKHU, n300parkalolire 3Be3/bl, TPAKTUICCKH HEe TEePEKPbIBAIOTCA, 9TO,
BO-TIEPBBIX, BIOJIHE MPaBIONOI00HO (J0CTATOYHO BCIIOMHUTE BH/L JIIOOOIO 3BE3JIHOIO ryiobyca)
U, BO-BTOPBIX, OIIPaBJaHO, TaK KaK MbI IILITAEMCH IIOJIyYUTh MAKCUMAaJIbHO BO3MOXKHYIO OIICHKY
IJIOIA/H, 3aHATON KpyzkKaMmu. Torga cyMMapHyIo ILIOMA/ b n300paKeHuil 3Be3/1 ¢ 3Be3/IHBIMU
BeJIMYMHAMU OT M JI0 M + 1 MOXKHO BBIPA3UTh KaK:

S(m) = (2/3)"*" - S(-1),

a OOIILyIO ILIOIIAIb BCceX N300parkKeHuil Beex 3Be3] Kak

o0 [e.9]

S= Y S(k)y=5(-1)- > (2/3)"

m=—1 m=—1
BocronbzoBasimch (hopmysioit cyMMbl OECKOHETHOM MeOMeTPHIECKO IIPOTPECCUH, TTOJTYIaeM

Szgspn

S(—1) — 310 yTpoeHHas IJIOMAJb KPYKKa, MU300pasKaioIiero caMble spKue 3Be3jibl. Takum
00pa3oM, JI0JIA IIOBEPXHOCTH TJI00yCa, 3aHATas N300PasKeHUSIME 3Be3/], BLIYUC/IIeTC KaK:
0/2-31/4 - &
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riae d = 6 MM (mameTp m300pazKkenus spkoit 38e3/nl), D = 600 mm (mmamerp ruobyca). Ilox-
CTABJISAS IUCJIOBBIE JAHHBIE, TIOJIydaeM OKOHYATebHBIA oTBeT: 1) & 3 - 107%, T.e. n3obpaskennst
3Be3y; 3anuMaior okoJio 0.03 % mosepxHocTu riobyca.

B maugase sT0oro roja rejaeBuieHne ropojia AmaTuThl COOOIINIIO, YTO MOJIsIpHAas HOUb B AnlaTnTax
3aKOHYHUTCA B HEKOTOPBIA JeHb. [lo-BuanmMomy, »KypHAJIUCTHI TO3aNMCTBOBAJIN 9Ty WHMOpPMa-
U0 y KoJuer u3 MypMaHcKa, /11 KOTOPOro Ha3BaHHas JiaTa JIefcTBUTEIbHO Oblia BepHoii. Ha
CKOJIBKO CYyTOK paHbIIe 10 CPABHEHUIO C «IIPOTHO30M» 3aKOHUYMJIACH IOJIsIpHAA HOYb B Amaru-
rax? [lupora Amaruros — 67°34’, mupora Mypmancka — 68°58'.

Pentenne:

OkoHYaHMe TOJSIPHON HOYM O3HAYAET, YTO B MCTHUHHBINA COJMHEYHBIN mojaeHb Kpail CosHia
MoKa3bIBaeTCsd HaJl ropu3oHTOM. Cjie10BaTe/IbHO, YUNTHIBas pePaKIuio U pasMepbl JIHUCKA
Comnna, moaydaeM, 9TO B JIeHb OKOHYAHWs IOJISIPHON HOYW Ha JIAHHOW IMUpPOTE CKJIOHEHWE
CoJiHIla JIOJIZKHO OBITH TaKuM, 9TOObI BbicoTa IeHTpa CoJiHIa B BepxXHel KYJbMUHAIUN ObLIa
h =~ —0°45". Orcropa cienyer, uro ckiaonenne CoJiHIIA B JeHL OKOHYAHMS IIOJISPHON HOYM B
Anarurax 10JKHO OBITH PABHO

§a = —90°+h=67°34 — 90° — 0°45' = —23°11/,

a B Mypwmancke —

oy = 68°58 — 90° — 0°45" = —21°47".

Ecym B34Th 32 TOUKYy OTcueTa JHEll B IOy JaTy 3UMHETO COJIHIIECTOSHUS, TO U3MEHEHUE CKJIO-
mernsi COJTHITA ¢ HOMEPOM JTHSI TO/Ia MOYKHO AIMTPOKCUMHUPOBATH CJIEIYIONIM 00pa30M:

0o = —¢ - cosd,

rje € ~ 23°26' — yroJ HaKJIOHA SKJIUITUKU K 3KBATOPY 3eMJid, a d — yroJi B rpaJlycax, paBHbIA
1o abCOJIIOTHO BeJIMIMHe HOMEpY JHs (T.K. KOJUIECTBO I'PAJyCOB B MOJIHOI OKPYKHOCTH U
KOJIMYECTBO JIHEl B rojly mpakTudeckn pasbl). Orciona

)
®
cosd = u
€
OdeBu1HO, 9TO yrosi d B 000UX CJIyYasiX JIOCTATOYHO MaJl JIJIsi TOIO, YTOOBI BOCIIOJIB30BATHCS
npubsimkenneM sind & (7 d/180°), mOTOMY BOCIHOJIB3yeMCsl OCHOBHBIM TPUTOHOMETPUIECKUM

TOXKJIECTBOM:

52 - — 2 2(e—
ntd =1 ot =1 B L VR4 | (= Wsl)-2e 26~ Iho)

[oscrapisis aucia, noaydaeM sin® dy /2 - 1072, sin® dy; ~ 14 - 1072

Taxum oOpazoM, NCXoIHas PA3HOCTH COCTABJIACT

180
dy —da = —V2(V7 —1)- 107" = 13 jrrei.
s

[Tpu nabsrroieHnu O IHOI U TOIl YKe 00J1aCTH B MEK3BE3/IHOI CpeJie HabJII0Ial0TCs JIBE OTIE/IbHBIX
JIMHUM, COOTBETCTBYIOIIHE TIepeXoiaM JIEKTPOHOB B aToMe BoJiopojia co 158 Ha 157 ypoBeHb 1
co 157 ma 156 yposenb. Onennre JINHBI BOJIH, HA KOTOPBIX HAO/II0at0TCsa 3Tn guaun. [loryanre
OTIEHKY MaKCHUMaJIbHO BO3MOXKHOI'O JIABJICHUS Ta3a, UCIIYCKAIOIIEro TaKoe W31y deHue.



Peuienne:

KaK U3BECTHO, BbIpazkKeHUe JIJid JJIMHBI BOJIHBI U3JIYIC€HN A, UCITYCKaeMOI'o UJIN II0TJVIOIIaeMOI'O
aTOMOM BOJIOpPOJIa IIPU Mepexojie JIeKTPoHa Mexk 1y ypoBHsMu ¢ u k (dbopmyna Punbepra ms
aToMa BOJIOPO/Ia), MOYKET OBIThH 3AIICAHO B BUJIE

1 1\ !

ik, = Le - 22 )

o
rie L. = 912 A | qjiuna BoJIHBI JIAMAHOBCKOT'O KOHTUHYYMAa, COOTBETCTBYIOIIAsT SHEPIUNA NOHU-
3aliyd aTOMa BOJOPOJa € IIEPBOrO yPOBH.

OTBeT Ha MEePBbIl BOIIPOC 331491 MOYKET ObITH OJIyYeH HEIIOCPEICTBEHHO IIyTeM I10/ICTaB/IEHUsT
JIAHHBIX B 9Ty (POpMyJIy, OJIHAKO JIy4Ille CHadaJia ee HEeMHOro Ipeobpa3oBaTh. Tak Kak Hac
uHTEpecyer ciaydait ¢ = k + 1, npudem k > 1, BOCIOJIb3yeMCs CJIEIYIONUM TPUOJIMXKEHIEM:
-1
\ N T 1 1 k% (k+1)? K2 (k+1)2 L, 3

k+D)k — Ng — ¢ _—— = c' T s 5 — C~—%—- .

(k+1) k2 (k+ 1) (k+1)2 — k2 2. k+1 2
Tenepb B 9TO BhIpazKeHne MOXKHO TI0JICTaB/IATh JaHHble. Pesyiabrar jjid obenx junuii 6yjaer He
CJTUIIIKOM CHJIBHO OTJIMYIATHCS W COCTABHUT OKOJIO 18 M (Tounee, 17.3 cm u 17.6 cm).

SamMeTnM, UTO pa3HOCTH JJINH BOJIH JIUHUN MOXKHO TOJIy9IUTh O0jee 3(hPEeKTUBHBIM 0Opa30M.
Boraucium juddepentman Ay Kak GyHkun HoMepa ypoBHsd k. [losryanm

A\, = ; Lek? dk.

YuutbiBasg, 910 dk = 1, MOJIy9IUM TOT Ke Pe3y/bTaT, UYTO U BBIIIE — PA3HOCTh JJIMH BOJIH
cocrasjger 0.3 cMm.

J1J1st OlleHKN MaKCUMaJIbHO BO3MOYKHOI'O JIaBJICHUS Ta3a OIEHUM €0 KOHIIEHTPAIUIO U TeMIlepa-
TYpY. HeC.HO}KHO A0ragaTbCd, 9YTO aTOMBI, 3JICKTPOHBLI B KOTOPBLIX HAXOIATCA Ha TaKUX BBICOKHX
YPOBHAX, NOHU3YIOTCS (I/I.HI/I, HA00OPOT, peKOM6I/IHI/IpyIOT) [pU TIepBOM 2Ke cToJIKHOBeHuu. Cre-
JIOBaTE/ILHO, OHU, TI0 KpaiiHeil Mepe, He MOTYT IlepeceKaTbcs B pocTpancTse. [lo Toit ke npu-
YUHE MOXKHO CUNTATh T'a3 MPUOJIMKEHHO UJIeaIbHBIM — JII000€ CYIEeCTBEHHOE B3auMOJIeCTBHE
aTOMOB TIPUBEJIO ObI K UX IIEPEXO/y B JPYTroe COCTOSIHUE.

OneHnm pasmep OJIHOTO aToMa. DHeprus ypoBHs ¢ HomepoM k pasua Ej, = Fji/k* (06 sTom
HECJIOXKHO JIOTaJIaThCsl, BCIIOMHUB BuJl (popmysibl Pusibepra). VI3 Toro, uro sHeprus ypoBHsi
JlazkKe B paMKax IPOCTefiIneil 11aneTapHoii MOJIe/In aToMa, OIIPE/Ie/IAeTCs TIOTEHITUAIbHO SHEP-
rueil 9IeKTPOCTATIHIECKOTO B3aMMOJIEHCTBIS 9JIEKTPOHA U SIJIPa, MOYKHO CJIeJIaTh BBIBOJ, TTO
oHa 00paTHO MPOMOPIUOHATbHA PAJIYCy COOTBETCTBYIOMIEH opbuThl. Crie0BaTeIbHO, PATIIYC
aToMa BOJIOPO/Ia ITPOIOPIIMOHAJIEH KBaIPATY HOMEPa YPOBH, Ha KOTOPOM HaXOJIUTCS SJIEKTPOH.

o
BenoMHUB (MJTH OIEHNB) JIMAMETP aTOMa BOJIOPOJIa B HeBO30Y K IeHHOM cocTosgnnu (0kosio 1 A ),
HOJIyHdaeM, UTO JUaMeTp HHTePecyIONUX HaC aTOMOB cocTabiigeT okouo 2.4 - 1070 M. Veemmanm
9Ty OIEHKY Ha MOPSJIOK-TIOJTOPa, YIUTHIBasd, YTO aTOMBI HE TOJBKO He JIOJXKHBI «IIepeceKaTh-
CsT», HO PACCTOSIHAE MeXKJly HUMU JIO0JI2KHO OBITh 110 KpaifHeil Mepe B HECKOJIBKO pa3 0OoJIbIlle UX
pa3mepoB. Torma xapakTepHbIl pa3mMep 00JIacTH, 3aHATHINA OJHUM aTOMOM, OKAXKeTCs TOPs/I-
ka 107 M nim Gosee, cie0BATEILHO, KOHIIEHTPAIINA aTOMOB OTPAHMYEHA CBEPXY BEJIMIHHOLN
1012 m—3,

OrneHKy TeMIiepaTypbl MOYKHO ITOIBITATHCS ITPOBECTH HECKOJHKUME Pa3JIUIHBIMEU ITYTAMHI, HE
BCE U3 KOTOPBIX SBJIAIOTCH BEPHBIMU.

Bo-tiepBbix, MO2KHO 0OpaTUTh BHUMAaHUE Ha TO, 9TO 00e JIMHUU HAOJIIOJIAIOTCS Pa3/e/IbHO U,
CJIeJIOBATE/IbHO, X TEIIOBOE YIIUPEHHEe JI0CTATOuHO MaJso. OJIHAKO, ITOCKOJIbKY, KaK MbI y2Ke
3HAEM, PACCTOSTHIE MEXKJLy JMHUSIME COCTABJSET IpuMepHo 1/50 MX JUIMHBI BOJTHBL, 9TOT (haKT



O03HAaYaeT, YTO TeIlJIOBbIe CKOPOCTHU aTOMOB 110 KpaiiHeil Mepe Ha [ABa II0PAJKa MEHbBIIIE CBETOBOI.
9710, 6e3yCJIOBHO, BepHasi, HO COBEPIIIEHHO HECIIoIe3Hasd OIeHKA: OUEBUIHO, ITO OHA OTPAHUYIN-
BaeT TEMIIEPATYPY CBEPXY BeJIMYMHAMU, ITPU KOTOPBIX JlazKe HEBO30Y K IeHHbIE ATOMBI HE CMOTJIN
ObI CyIIEeCTBOBATD.

Bo-BTOpBIX, MOXKHO OIEHUTH TEMIIEPATYPY, COOTBETCTBYIOINLYIO SHEPTUH MOHU3AIUN ATOMa, BO-
nopojia co 150 =+ 160 ypoBHeil. 9TO MOXKHO CJIe/IaTh PA3JIUIHBIMU IIYTIMU: JINOO 3HAS SHEPIHUIO
MOHU3AIMK C MIEPBOI0O YPOBHS, JIMOO TOIB3YACh U3BECTHBIM (PaKTOM, YTO 9Ta YK€ SHEPIUs CO-
OTBETCTBYeT TeMmilepaTypaM mopsaka 10* K, m6o mpocTo cocunTas sHEPrHio 37eKTPOCTaTHYe-
CKOT'O B3aMMO/IENICTBUS MPOTOHA U JIEKTPOHA, 3Has pajmyc opobuthwl. Jliobas momodHasd, mraxe
camas rpybas oleHKa IPUBEJIET K TOMY, YTO TeMIlepaTypa MOHU3AINN PACCMATPUBAEMbBIX aTO-

MOB okazkercd okojio 1 K.

OHako Takasi TeMIiepaTrypa B Me:K3Be3HOI cpejie HEBO3MOXKHA U3-3a CYIIECTBOBAHUST PEJTHK-
TOBOT'O M3J1ydeHusd. JIrobasi, camasi X0J10/iHasi 00J1aCTh MEXK3BE3/IHOM CPeJIbl JI0JIXKHA UMETh TE€M-
repaTypy He HUXKEe TeMIIepaTyphbl petuKToBoro ¢dona, T.e. 2.7 K. [losTomy B KadecTBe OIEHKH
TeMIepaTypbl MOXKHO cpa3y B3dTh 2-+3 K. Tor dakT, 910 nepexoibl MeK/ 1y BHICOKIMU YPOBHSI-
MU aTOMOB B MEXK3BE3JIHO cpejie BO3HUKAIOT TOJIBKO B CAMBIX XOJIOJHBIX €€ 00JIaCTAX, MOXKET
OBIThb U M3BECTEH cpaldy, U TOIJa OIeHKa TeMIlepaTypbl KaK COBIQJAIONIEHl ¢ TemiepaTypoil
PEIMKTOBOTO MU3JIYUCHUS TTOJIYIUTCS CPa3y ¥Ke.

Ocrajioch BOCIOJIB30BATbCsI YPaBHEHHEM COCTOSHHUsI HIeaJbHOro raza p = nkT. B eguHumax
CUp~10723.10"2-10° ~ 10~ IIa.

EcrecTBenno, mosydennas OIEHKA MOYKET JIOCTATOYHO 3aMETHO MEHATHCS B 3aBUCUMOCTH OT
NPUHATHIX BEJIUMYUH KOHIIEHTPAIIUU U TeMIlepaTypbl. B peanbHOCTH ra3 B 00/1aCTAX, B KOTOPBIX
BO3HUKAIOT MOJIO0OHBIE PAJIMOJINHIN, KaK [IPAaBUJIO, UMeeT ellle MEHBITYI0 KOHIIEHTPAIINIO, TaK
9TO TOJIyYeHHAs HAMU OIeHKa KOHIEHTparun (1, cJIeI0BATeIbHO, JaBJIeHUsI) 3aBbIIIeHA.
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