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lMNpepgucnosue

Mpodeccop X. AnbBen — OIHH H3 BHAAOIHEXCS COBPEMEHHMX
YYEHBIX, C 4bHM HMeHeM CBf32aH PAX HROBLIX HanpaBjeHHll B (QHIAKE U
Kocmopnanke. Ocoylo H3IBECTHOCTb MPHACCAR eMy paGoThl B OGK2CTH
MAarHHTOrHAPOSHHAMUKH, B YAaCTHOCTH OTKPBITHE KM T4K Ha3blBacMbie
BOJIHK AJibBeHa.

Bo Bcex Kmurax, EamHCAaHHHX RO CHX Nop mpodeccopoM AsabBe-
HOM, Ha Da3JN9YHHX YPOBHAX H3JaTalOTCR HPOOAeMBI  GH3HKH, &CTPO-
GH3HKM H T. 4., HG He OOCYXIaeTcsi BOOPOC O MECTE uYes0BeKZ BO
Beeseftnofi. FiMeHHO 3TOMY TPYAHOMY H CJIOKEOMY BOTIPOCY M HOCBA-
meHa KuHHra <ArtoM, Yesomek, Bcesernasi¥, npr 3T0M yHHKa/bHOe Me-
CTO Ye/I0BeKa Bo BeeseHHON TojKyeTcs B Heft € TOYKH 3peHHR Beel
COBOKYIHOCTH MAHHBIX COBPEMEHHOJ HaYKH,

Ckaxem cpasy, 4TO H 3/leCb OTUET/IHBO NPOSIBUAOCH H3BECTHOS MO
JADYIEM HAy4YHO-TIGNYJADHLIM KHHraM KadectBo mnpodeccopa AsmbBeHa
KaK BeJIHKOJIENHOTG nonyJapyusaTopa. Kumury mno@Mer caMblii IHWpORHi
Kpyr uBTaTtesefi, MoXauy#, MoGoi 3aHHTEPECOBAHRAIY H BHHMATElb-
HBIA 4eJIoBeX, QdXe He MMEIOWHI Bricmero o6pascBdHEst. Kmura npen-
CTABHT MHTEpec TaKXke NJf CTYyJeHTOB M Y4YeHBIX, 0F ¢H3WKOB Ko Owo-
JIOTOB, OT JHOAefl, M3YYalomUX OBWECTBEHHHEe HAYKA, L0 HHKEAePOB
H 7. & K 3rofi KHHre c GOJLUIAM BHHMAaBHEM OTHECYTCSl TE€, KTO HH-
Tepecyeted OGIACTBIO CONPHUKOCHOBEHHS ecTecTBeRHAIX H OGileCTPERHHX
HAYK, XOTf C PANOM YTBEPKIEHHA aBTOPa HeJb3§ COIJIACATbCH.

B nepeom pasge 2, HasBaHHoM «Kak pafoTaet ecTecTBeHHas Hay-
Ka», RaeTcs NONYJSAPHOE H3N0XKEeHHe TOro, 4T0, no AdsBeRy, ABJSETCA
L[eJBiO: HAYKH H KaKHM JOJUKeH ObiTh NPHMEHAEMbIl K NO3HAHHIO NpH-
POAsl HAayYHBIA NMOAXOL.

AnbBen 3aMeyaeT, 4TO NpEACTABJEHHA O LeJH HAYKH Yy UIMDOKOH
ny6AHKH BecbMa 3anyTaHbl. YTBepKMAeTcs, 9TO lie1b HaykH — Tex-
HosMoruueckoe pa3saTHe. He 3TO, npojoskaeT aBTop, HeBEpHO; XOTH
TEXHOVIOTHYEeCKOe DAa3BHTAE MOUTH IRJINKOM 0Of3aHO HayKe, Bee-TaK#
eab nocienmweli — «yAOBJETBOpeRHe JHOGONEITCTBA 4eJIOBEKA, KOTO-
pLIl CTpeMHTCA HafTH, HAa 4TO MOXOX OKDPYXAWUIH{i Hac MHp, B yeTa-
HOBHTb FOBANOK B XdOCE HAWIHX ONHITOB H Habmomesui». 3Ta TouKa
3peHAs WIHOCTpHpYeTcA AJbBEHOM Ha pslie DPHUMEPOB M3 HCTOpHN OH-
3WKH, B 9aCTHOCTH, OTKPHITHE SJNEKTPOMATHHTHEIX BOMH — BepilHHa Teo-
peTHUecKoil MbICAH Maxkcsesta B IKCNEPEMEHTaIbHOr0 HcKyccTsa [ep-
I1a, KOTOpble HEe MOIVIH H MeYraTh O NOC/eLYIOWleM TeXHHYECKOM pad-
BHTHA, a TaKXKe OTKPLITHE MEJEeHHA YypaHa, 3a KOTODHM INOCJEJO0BaAW
GecnipemefieHTHEHE MO MacwitTabaM TNDHMEHEHMS MHPHOTO H BOCHHOTO
XaparRTepa.

Opuako, Kak MFe KaeTcs, AJbBEHOM HeCKONBKG HeNQOLeHHBaeTcH
ofpaTHbIi npouecc, KOTOPHI OCOGEHHO NMpPOSIBHIACA B HOCJelHHe 25 Jer,
KOrfla HEeKOTOpHE M3 CaMhX aGCTPaKTHEHIX pa3feNoB HayKH cTain Om-
HAHCHPOBaThcst Guarojaps (06OCHOBAaHHOf) HajeXAe Ha TO, YT0 K3
3TOTO MNOJYYHTCS d9TO-HHOYAb NOJE3HOE S TeXHHKH.

AspBEH JEJIMT YYeHBIX HAa TPH KaTteropuu: 1) KOJAJeKHHOHePH W
CHCTEMATH34aTODEl; 2) HHMXEHeDH HayKH, KOTOpble 3afaloTc L/
#1306peTeHHs H CO3XAHHA CaMBIX CJIOXHBIX YCTaHOBOK, TpeGyeMbix coB-
peMeHHOfl HAYKOM; 3) TEODETHKH.



OtHocuTenbHO TeopeTHuecKoi Hayunolt paGoTel  AgbBen naymaer,
YTO OAHH M3 BaXKHEALIHX €€ SNEMEHTOB — 3CTeTHKa. «PaBHO kak xy-
AOKHHK BHpaXKaeT CBOe MHEHHE H ONLIT uepe3 LBeTa, CKYJAbNTOp —
yepes rune, a MY3HK4HT — B HOTaX, NpodeCCAOHANL B HayKe He-
noJb3yloT GOopMyJH H 33KOHH, KOTODHE aHaJOTMYHO BCEMY, 4YTO npef-
CTaBAAET KOHUEHTPAT OKPYKAWOUIEro HAC MHPA, NOKa3bLBAIOT BHICOKHMA
ypoBenb KpacoTh. CaMoOfi BHICOKOA OLEHKOM, KOTOPYIO TECPETHK MOMeT
NOAYYHTb, NOKa3aB CBOIO HOBYI0 GoOpMyJay KoaJere, GyAeT BOCTOpXKeH-
HuR Bosraac nocaenHero: «OueHb Kpacupo!» COBOKYNHOCTb CYXIEHHH,
COCTARJAIONAS HEKYI0 TEOPHIO, AOJNKHA OHTb cHOpMyJIHPOBAHA TaKHM
o6pa3oM, uToObl OHa Obtia KpafiHe ckata. ITosroMy Hayka HyXIaeTcs
B fiSulKe, CrocOGHOM CXKHMaTh JIOTHYyeckHe QopMynupoBKH. Takum
A3LIKOM M fABJfeTCs MaTtemaTaka. Ho, KoHeuHO, OKOHYaTeJbHOE JOKa-
3aTeJbCTBO «NPaBOTH TEOPHH» MOXeT ObITb HafiIeH0 TOJNBKO B Hal-
MOJIEHHAX, a He B «MaTeMaTHYECKOX KpacoTe».

.BropoR pasgen, «IliuHHAas uUenb YCAOXHEHHA», npeicTaBJsier
Gonbwofi MHTEpec, M B KHHTe AJbBeHa OH 3aHUMaeT LEHTPasbHoe
MECTQ.

Chenyer ckasaTh, YTO TOCTPOEHHE 3TOr0 pasienia JOBOJBHO OPH-
THHaabHO no ¢opMe H, KpoMe TOro, yGefHTe/bHO JOKa3bBaeT Mare-
PH2JIHCTHYECKYI0 TOYKY 3peHHS, KoTopas (aKTHYecKH npH3HaHa O60Jb-
WHHCTBOM Y4YeHHX II0 BONpOCY 06 OTHOLIEHHH MEeXJy MHPOM TPOCTHIX
H CJOXHBIX OOBEKTOB, MeXAY (H3HKOH, XUMHed H OHOJOTHEH.

Tpernit pasmesn, «ATOMH ¥ JIOZH», COCTOMT H3 HECKOJBKHX mnapa-
rpadoB, H3 KOTODHIX NepBhHE TPH Ha3biBalwTcA: «OpraHnl YYBCTB Kak
¢usanveckne npubopu», «HepsHasd cucrema u ee JeATeabHOCTb», «Bn-
AeHNe M TeJeBHIEHHE», M KacawTcs (PaHTaCTHYECKOH YYBCTBHTENbHOCTH
HAWKX OPraHoB, a TaKXKe aHAJOTHM H Pa3HYHA MeXAy TeJIeKOMMYHH-
NalHAMH B TeXHOJOTHH M B HaweM Tesie. B naparpadax «Maremartuxa
H MauHHE» W <«BpUHCIMTE/bHAsl MallHHa» YHTaTeNlb MOXeT HaATH B
NOXOAuHBOf ¢opMe PAL OYEeHb HHTEPECHHX CYXKACHHH.

YetBepThiil pasfea — «KocMHyecKasi NepCnekTHBa» — TOCBSIUEH
PALY BOJHYIOULHX YeJOBEKa HAay4YHHX NpoGJeM, 4TO NPHBOIAHT CKOpee
X DALY BONPOCHTEJBHBIX 3HAKOB, YeM K Da3jHYHBIM YTBepXKIEHHAM: KaK
POXKAAIOTCS TaNaKTHKH M 3Be3Jibl, INIaHeTHl M CIYTHHKH, KakoBa HCTO-
pust JIyHBl, ONMHOK JiH uesioBeK BO BcesieHHON H ecsiH HeT, Kak y3HaTb
06 srom?

B nsatom pasgmene, «EcrecTBeHHas HayKa M HCTOpHS», AJsbBeH TO-
BECTBYeT O CBOEM TNpEeAMNOJNOMEHHH OTHOCHTENIBHO TOTO, KakHM MOXeT
OLTb pe3yJbTaT CerofHsAUIHEro GecnpeleleHTHOTO B3pbIBa TEXHOJOTHH.
Peup npaer 06 sKCOAyaTauuu H KOJAOHHM3alMH INPOCTPAHCTBA. YK He
roBopa o JIyHe, Y KOTOPOW NOJIHOCTBIO OTCYTCTBYeT aTMocepa, u Be-
wepa, ¥ Mapc, 10-BHAMMOMY, He MOAXOAAT LM MNOAAEPKAHUS JKU3HH
ceroausi. Ho Korza XusHb TOJIbKO 4TO BO3HHKJIA Ha 3eMmJe, MOC/AeNHAS
TakKe Obl1a «HeoOuTaeMa». Ee artMocdepa, nO-BHAMMOMY, HanoMHHajla
atMocepy Benepnl. Hammu npeninecTBeHHHKH -— MHKPOOPraHH3MH npe-
c¢6pasoBasn 3eMaio.

B 3akawouenue xoTejloch 6wl emie pa3 TOMYEPKHYTb, 4YTO KHMra
npodeccopa AabBeHa YyBJeKaTesbHa, LOXORYHBA M NPOHHKHYTa Hayy-
MLIM TIOAXOJOM, XOTH C OTHEJBbHEIMH €r0 HAEAMH YHTATeJH MOryT M He
€OrAACHTBCH.

Axanemunx B. TIOHTEKOPBO.



[Mpuxon Haw W yXOA 3arafovHBl, —
BX tean
Bce Mynpeist 3eMJn OCMBICIATD
He cyMelH,
['ne Kpyra 3Toro HauaJo, rje KOHeW,
Otkyna msl fpuwam, Kyfna yhgem
otcene.

Omap XAOAM

Kak paboTtaer ectecTeeHHas Hayka

Besuko BHyTpeunee noGyKIeHHE uesoBeKa YCTAHOBHTH CBA3b Mei-
ny cobofi m OKpyXaouuM MHpoM. OH He TONMBKO HHTepecyeTCf, KAK
YCTPOEH MHP, KaK OH OblI CO3[aH H 4TO CTAHETCA C HHM, HO, 4TO euWs
6osiee BaXHO, KAKOBO MECTO CAMOrO 4YeJOBEKa B CJIOKHOM MHPO3HAs
HHK. Ha npoTsokeHHH Bceilt cBoefl MCTOPHH 4Ye/NOBEK MBITaETCA AaTh OT-
BeT Ha 3TH Bonpocu. [lepsuie H HauGosee NPHMHTHBHLIE NpeACTABJCHHR
yenoseka o6 OKPYXaOLIeM ero Mupe OCHOBBIBAJHCh Ha CAy4aftHBIK
Ha6JIIOEHHAX CBOEr0 HENOCPEACTBEHHOrO OKPYMXeHHs H Gosiee HJH ‘Me-
Hee MPOH3BOJIbHO CBOAHJHCH K 4acTO TIATe/bHO pa3paboTaHHHM (Ham«
TACTHYECKUM TeopHAM. CHCTEMaThyecKoe HakolJeHHe W o6paloTka Hal-
nmoJeHuM, T. e. TO, YTO OOGLIYHO NPHHATO HA3LIBATH eCTECTBEHHON Hay-«
Koit, noaseso 6asy MO HAWH TeOPHH H DA3MBIUVIEHHS O MHpe, KOTO-
phie coBepuleHHO HEMOXOXH Ha B3rJAAB 4eJI0BeKa, MKHBLIErO HeCKOJIbKa
THICAY JeT Hasak. B mpeasaraeMot KHHre MBI M KOCHeMcAl Hanbosee
BAaXKHLIX pe3yJbTaTOB, AOCTHIHYTHIX €CTeCTBEHHOA HayKoft 3a moaruk
MePHOJ HCTOPHH 4YeJIOBEuecTBa.

Ho npexje BCero Mbl pacCMOTDHM MeTOAB, HCMOJb3yeMble eCTect-
BEHHOM HAyKOM, a TakXe lesH, KOTOpbe OHa CTaBHT nepeld cobof.

BesnnKas npoMbliuJieHHas DPeBOJIOLHA, OXBATHBILASA 3amajHble CTPa-
HbHl B J€BATH2ALATOM BeKe, BO MHOTOM SBHJAACh Pe3yJbTaTOM MOCTHXKe-
HHIl ecTecTBeHHbIX HayK. Hayka o6 sjekTpHuecTBe Jdaja HaM 3JeKTpH-
YeCKHit CBeT, JEKTPHYECKHe MOTOPH, TesnedOH, DalHO H Te/eBHAECHHE}
XKHMUSL TPEIJOXKH/IA OrPOMHOE DPa3HOOOpa3He HOBHIX MAaTepHalos; Guos
Aorust paspa6oTana HOBHE METOAB JIEYEHH H BhiBeJaa YJyYLIEHHBIE
copra 3epHOBbIX. Ho Te Xe NJOAH HAayKd HCIIOJBb3YIOTCA TaKkKe LI
n306peTenusi Bce Gojiee YiKacaiomHX CPeACTB paspywenus. Bee 3to
NPUBEJIO MHOTHX K YGEXJEHMIO, YTO LEJbI0 HayKu fBJSETCA [JIABHBIM
06pa3oM TeXHHYeCKMii mporpecc -— 4TO 3ajJaya HayKH JOJIKHA 3aKM0-
4aThCl B CO3JaHHH HanboJee COBepUIeHHBIX TeJeBH30poB, Gonee npod-
HbIX HeflJIOHOBBIX UYJOK u Gosee 3P(PEKTHBHBHIX aTOMHHIX GoMG.

Takoe npeicTaBicHue o, Hayke leJHKoM omuGouHo. llesn ectect-
BEHHOH HAYKH, BO-MEPBHIX H I/2BHHIM OGDPA30M, YIOBJAETBOPHTb Jt0603-
HATEJALHOCTb YEJOBEKa NyTeM BHIACHEHUS, KaK B CaMOM Jiesie BHLIMAAHT
OKpYMalowHil HAaC MHD, M BHECEHHSl IOPSAJKA B Xa0C HauiMX 3HAHAK
n uabmoneunii. To, 4TO Mbl NMosHaeM O TNpPHPOAe, AAeT HaM BO3MOX-
HOCTb MOKOPATb €e M CTaBHThb Ha CAYXOy HawHX HHTePecoB, ONHAKO
He 3TO SBJAAETC OCHOBHOH [eabio Haykd. Hanpumep, npeanocsirka:
MH, OBYCJOBMBLIHMH H306peTeHMe paiuo, SBHJIHCb: 3HAHHE 3aKOHOB
S/EKTPOMArHETH3Ma, OTKPHITHE DAJHOBOMH, & TaKie MOHHMaHHe TOro,
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KaK HCHOJb3yIOTCc CBOACTBa NeKTpomos B Tpausuctope. Opuako HH
Maxcpeas, cpopMy/aKPOBaBIINI 3aKOHBI 3/MeKTpoMarveTnsma, uu [epl,
OTKPHIBIIAA PaQHOBOJBH, WA TOMCOH, OTKPLIBWUKII 3EKTPOH, He AyMa-
JH O TOM, K KAaKHM DNPaKTHUECKHMM BO3MOXHOCTAM MNpPHBEAYT HX Hay4-
HB¢ OTKPWTHsA. A BOT RPYroii npuUMep: OCHOBHLIE yCNeX# fAEpHOH ¢u-
SHKH NAajflaloT Ha FORALE MEMAY NepBOi W BTODOA MHPOBHIMH BOHHAMH,
H xeTA HMEHHO 3TH YCNeXd 3aJ0XKHAM HayuHblilt QyHIaMeHT, Heo6xo-
OMMBIY N1 CO3JaHHSi aTOMHON GOMOBI, HHMKTO H3 YYeHbIX-aTOMHHKOB
He DOMBIIJAA, BO YTO 3TO MOXET BBIJTHTbCS.

IlpeBpawieHne HayKn B TEXBHKY SBU/IOCH pe3yJbTaToM H306peTa-
TEAbCTBA H B OOJILIIOR CTENeHM ee CHCTeMaTHYeCKOH NPOM3BOJAHOM, Ha-
SHIBAEMOR HaMH DNpHKJaAHBIM HcclenoBanueM. Bonpeks npussanHomy
NPaKTHIECKOMY 3HAYEHMIO NPHKJAXHOTO HCCNEIOBAHMS MBI TeM HE Me-
Hee MOCBATHM AaJjbHefilllee €Boe MOBECTBOBAHHE HCKIIOUHTENbHO  €HE-
NPAKTHYECKOH» CTOPOHE HAyKH.

Orpomunfs o6beM HaysHO# paborm €lenan PajHKaNbHYIO CcrenHa-
JH3a0HI0 COBEPIEHHO HeOGXOAHMON. XHMHK, acTPOHOM HiaM GOTAHHK
HE Pacnojaralor ray6okuMH 3HaHHAMH B 06GracTm AEATENbHOCTH APYr
Apyra. OJHaKo CreLHaJH33HHN B HEKOTODO CTeneHH NPOTHBOCTOMT pac+
TYUIHA HHTepeC K MHOTooGemialollUM ©6JacTAM 3HAHHH, JeXawuMm Ha
CTHIKAX PAa3/IMUMbLIX HAayK W NOJYYHBIOMM B TNoOCIeAHee Bpems GoJbluoe
pasputhe. Tak, acTpoHoMuss M (H3HKa NOPOJHAM acTPOH3HKY: € Tex
nop Kak ¢$M3HKM OTKPHIIH B3aHMOCBA3b, CYLUECTBYIOUYIO MEXIY CIIEKT-
pPOM, TeHEpHPOBZHHLIM HCTOUHHKOM CBETa M CBOHCTBAMH 3TOT0 MCTOU-
HHKa, aCTPOHOMBI MOJYYHJIM BO3MOMHOCTH CHeNiaTh OUEHb BaXKHHIE Bhl-
BOJIbI © COCTaBe 3Be3] NyTeM aHalH3a CHeKTPOB H3AYYaeMOTo HMH CBe-
Ta. AHanornanbim 06pa3oM ©u3MKa B COAPYMKECTBe ¢ XHMHReft cosflaja
HOBYI0 HayKy — (U3HYeCKyl0 XHMHIO, a TpHMeHeHHe XMMHHM B pelle-
HAH GHOJIOrHYECKHX NpoGJjeM IOJIONHJIO Haval0 HCKAIOYHTE/BHO NJIo-
HOTBOPHBIM HCC/EOBaHHAM, KOTODHMH 3aHHMaeTcss GHOXHMHS.

Ho naxe B npefesax KaxIO# HAYYHOR NHCHHNJHHBL CrelRajn3a-
IHS BOSHHKJA B pe3yJbTaTe HeOGXORXHMOCTH NPHMEHEHHS MHOTHX pas-
JHYHLIX METONOB NPH HCCAELOBAHHH OJHOTO H TOro Xe oGbekra. JTa
CnelHaNH3alls onpefleNnia TPH Pa3NHYHHIX THOIA YYEHHX.

K nepBo#i rpynme orsocaTcs cobupatern o6pasioB H CHCTEMaTH-
saToppl. OHH HCCMEAYIOT M KaTaJOTH3WPYIOT LBETH, NTHI, HacCEKOMbIX
HJIH TOPHEIE NODPOIbI; AHAJIMIMPYIOT M CHHTE3HDYIOT H3BECTHHIE H HEH3-
BECTHHIE XHMHYECKHe BEMIECTBA; CYHTAOT 3Be3fAbt M KJIacCHOHIMPYIOT
HX HJH NPOH3BOJAAT TOYHbIC HIMEDEHMH JHHHI CNEKTPa H PacCYMTHIBAIOT
SHepreTHYecKHi ypoBeHb aToOMOB. HMeHHO 3Ta rpynma uccaeroBatesel
HECeT OTBETCTBEHHOCTb 32 TPajAHLMOHHBIA 06pa3 Y4eHOro: OHHM HEBEpO-
ATHO YCEpJAHb, TOYHBHI, HEJIMKOM NOTJOUIEHH CBoe paboToRl, a MoTOMY
H MCKJIOYHTEJBHO COCPE/IOTOUEHH Ha CBOEM BHyTpenHem Mupe. Hmenno
ITa rpynna ydYeHuX Co3faeT npodHntt 6asuc AJs BCEX HayK.

Bropasi rpynna yuemnix Morsa Obt GHITb OXapakTepH30BaHa Kak
HHXKEHepH OT Hayku. Mx 3agaua — H306peTaTh H CO3faBath Bce Gonee
COMHBE NPHGODPL, HEOGXOAMMBiC AAR HAYKH. 3TO /MOAW, HAXOAAIHMe-
CSi HEJHKOM BO BJIaCTH TEXHHUYECKHX XaPaKTEPHCTHN: RJA HMX HaYUHBIR
nporpecc W3MepseTcs MaKCHMaJbHHIM JABJCHHEM HJM HAUBBICIHER TEM-
neparypof, KOTOPYIO MOMHO JOCTHYb pa3pelnatomeir enocobHOCTBIO HO-
Beflllero THraHTCKOTO TeJieCKoma HMJH Xe 3JHeprueil 9acTHltH, NOJYdeH-
Hoff B HOBeftieM yckoputeje. 3TO OHM PaclIHPAIOT FOPH3OHTH HAYKH,
Beslaf BO3MOMHBIM H3ydeHHe ele Gonee OTAAJNEHHBIX 3Be3XHBIX CH-
cTeM MJIH 9acTHl ¢ elle Gojee KOPOTKHM BpeMeHem mH3ux Oun 3a-
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NyCKAalT CHYTHHKH H KOHCTPYHPYIOT KOCMHueCKHe KopaGan. TOT T
YUEHOTO H3 BCeX TPeX CTaJl CaMbLIM 3HAMEHaTeNbHBIM B TJ1a3aX IUHPO-
Kol ny6amku. VX BbIABHXKEHMIO HA MNepelHHIl nJaH, €CTECTBEHHO, CIO-
coBcrayeT TOT (aKT, YTO MHOTHX TOpasj0 Jerde BRedaT/IHTh CaMblM
Go/MbyM M BEJHYECTBEHHLIM B MHPEe TeJIeCKONOM, G/IellymiHM B CBOEM
BEJIHKOJIENTHH, YeM XapaKTepHCTHKAMM He3HAUMTeJbHHX 38Be3j, AJA
H3yueHHA KOTOPHIX 3TOT TeJecKom GHJ cO3JaH.

Tpetsio rpynny cocraBaswoT TeopeTHkH. HMx o6ssannocts o6paba-
TolBa¥b pesy/bTaTh, NMOJYYEHHbIE JBYMS NEepBHMH [pyNnaMH, Bhpa-
Kasl #X B BO3MOXKHO GoJee siCHOA M TOuHO# ¢opMe -— APYrHMHE CJO-
BaMH, co3naBaTh TeopHio. [l HUX LeJb HAYKH -— NPOCYMMHpPOBATh
BO3MOXHO Gosbllee KOJHYECTBO ONMBITHOTO MatépHada, npoAeMOHCTPHPO-
BaTh, 4YTO [aXe CaMble HeCONOCTAaBHMBIE CJY4aH MOTYT [0 CBOEMY CY-
mecTBy ObiTh NOAOGHHMH, IPOCTG Ha NEPBHfI B3MVIAA DPAasSHBIMH acnex-
TaMH OJHONG OCHOBHOTO fiBJeHHA. M1 XO0TA HMeHa BeAMKHX TEOPETHKOB
XOPOINO K3BECTHH, He KaXIHH npeicTaBiaser cebe, Kakum o6pa3oM OHE
paboraioT. YacTb MX paGoThl HANOMHHAeT pPaGOTy XYHOMHHKA: H XY~
LOXHHK, H yUYEHBIHl OTHeJsieT CYyIIeCTBeHHOEe OT Xaoca YyBCTBEHHMX Brie-
yaTjeHuii H MPEACTaBJSET ero B BO3MOXKHO G6oJiee KOHIEHTPHPOBaHHOM
u sneranTHof ¢Qopme. Ilofo6HO TOMy Kak XYHZOXHHK BbpaMaeT CBOH
MBIC/H H YYBCTBA B KpacKaX, CKYJbNTOD B INIHHe, MY3HKAHT B 3BYKax,
TaK ¥ npodeccHOHaa OT HCKYCCTBa HAYKH HCHOJb3yeT GOPMYJH M 3a-
KOHBI, KOTOpHIE, TOJI06HO BCeMy TOMY, UTO BHpaxaeT oBorallieHHBI mpo-
JYKT MHpa, B KOTOPOM MBI JKHBEM, SIBASIIOT cOOOA CTeneHb KPAaCOTHL.
Bricoyafieil moXBanoill, KOTOPYIO TEOPETHK MOMET 3acJyMXHTb, NOKa-
3LIBas BHOBb BHIBeICHHYIO (OPMYJY, 3TO BOCTOPIKEHHHH BOarJac cBoe-
ro xomneru: «Ouenp kpacuBol» ®daxTHuecku Kpacota (GopMyJIs OTJIH-
gaeTes OT KPacoTH MY3HKH He GoJiee yeM KpacoTa MY3BIKH OT KPacoTul
Kaptutbl. [IpaBRa, BOCOPHATHE HAYKH KaK HCKYCCTBA — HCKJIOUHTENb-
HO CJOKHBII Npouecc M AOCTABJSET YAOBOJLCTBHE JHIIL CNYCTS AoJrne
rogsl yyeGhl; HO Belb NPaBHJIbHOE TNOHMMAaHHe AaTOHANbHOM cHMOHHH
MM KapTUHBI XYAOXKHHKA-Ky6HCTa Take TpefyeT onpejeneHHOR NOA-
TOTOBKY — HEoGXOJHMO CHayaja TMPHBHTb BKYC AR AX NPaBHJBHOrO
BocnpHATHA. JIpeBHHE TIpeKH OTHOCHJIH AaCTPOHOMHIO K H3SIIHBLIM HC-
KyccTBaM, ee My3ofi Gblia Ypanus. Jlpyrue ectecTBeHHEle HayKH He
nonand B MX YHCJO JIHIUL TOJLKO NOTOMY, 4TO €llile He CYIIeCTBOBANH
B TO BpeMs, KOTa DPOAMNHCh MAEBATb 3HAMeHHTHIX JAouepefi Mwuemo-
3UHHI.

XoTsl, KaK 5TO COBepIIEHHO OUEBHJHO, HEBO3MOXKHO B OXKHOM He-
60/bMIOM pasjeJie OMUCaTh CTOJMb Pa3sHOOOPasHBIA H MHOTOrPAHRHHA BHX
HesTeNbHOCTH, KAKHM ABJSeTCH HayKa, Mbl MOXEM CKas3aTh, 4TO HAYY-
nast pa6oTa NPOUCXOIMT CJefylomium 00pasoM: € HAUAAOM HACCICROBA-
HHSl B KaKofi-To onpeneieHHoi o6JacTH — TO JH B AaBHO HIBECTHOMH,
TO M B HOBOM, ABUBIOENiCS pe3yJbTaTOM DAAA HOBEHWAX OTKPLITHA,—
HEMEANEHHO J[esiaeTCA TONLTKAa Rpelyrajiath, Kakue 3aKOHH TIpuMe-
HAMM B 3TOA OGJACTH HCCJELOBAHHAl. BHIABHTAIOTCA THROTE3H, KOTO-
pbie 3aTeM MOCTeNeHHO OGQOPMJSOTCA B TEOPHH, TIO MEHbWIEA mepe
wacTano paspaboTankse. TeopHy 3TH NpeAHa3HaweHH Anf oGobuleuns
Bcex oOHapyXeHmulx $aKroB W JaXe ANA NpeiACKa3aHHs pe3yJbTATOB
HOBHIX MCCeAOBaHHi. EciH 3TH npelckasanusl BNOCJEACTBHY MOJITBEPX-
J1a10TCS, TEOPHA CYHTALTCS <«NMOATBEPMAEHHOH», €C/AM K€ HMET, OHa ROJK-
Ha 6biITh 3ameHeHa Apyroir. He Tak yx pemko fAse M Gozee coceamue
06jacT# WCCIENOBAHMA MOIYT NOKPLIBATHCH OAHOH OCIIEH TeopHed, H,
CRef0BaTe/bHO, HKenaTenbHo 06o6maTh Teopun Tak, UTo6H OHH AOME-
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TOXMBANM BCE Pe3y]bTaTH B Npefenax BO3MOXHEO 6osee ofumpHoir 06-
JIACTH HCCJeAOBaHMIL.

PeaynbTaTh OnbITa, COCTaBJASIOUIME TEOPHIO, NOMKHB OulThb ChOp-
MYJMPOBAHH HCKJMIOYHTENBHO CKAaTo, XOTA  3ayactyio M alCTpaKTHO.
HostoMy HayKa HYXIaeTcR B TaKOM R3blke, KOTOpbifi AaBan Obl BO3-
MOMNOCTb MOAYYATb KOHLUEHTPHPOBAHHHE H JOTHYHBE (OPMYJAHDPOB-
xn. TakuM ss3bikom fABjAseTcA MaTeMaTukad., MaremaTtndyeckue QopMyant
061erqaloT TOYHOE BLIPaKEHHe TEODHH, NpPH. NOMOUIH MaTeMaTHHYECKHX
METONOB MOXHO NPO2HAJH3HPOBAThb COLEPKAHHe TEOPHH M NPEACKasaTh
€e CAEeACTBHA. YXe HeORXHOKPAaTHO BLICKA3biBaJIOCh MHEHME, 4TO ueJoBeK
He MoOr Obl JIOTHYECKH MBICAHTbL, He GyAb s3plka. Tak 3TO HJIH HET,
fiICHO OfIHO — OOGHIYHHIN R3bIK BO MHOrOM oG6Jeriaer OpPrasH30BaHH(e
MBIEHHe. §I3BIK e MaTeMaTHKH enle Jydmui NOMOIUKEHK B dopmy-
JHPOBAHHH HAYYHON MuICAH. «MaTemaTHuecKHi annapat» — ofulenpin-
HATOE Ha3BanHe AAR CHCTEMB ¢OpMY’ ® apudMETHYECKHX 3aKOHOB,
NpeACTaBJEHHBIX MaTeMaTHKAMH B PacnoOpsiXKeHHe eCTeCTBeHHOH  Hay-
KH — Heo6XoauM JJisi NPHUBeJleHHss K eNHHON ¢opMe CJAOXKHBIX JOKa-
3aTeNbLCTE H BHIBOJIOB.

Bce Teopun MOXHO Onyo Gn CQOPMYJHPOBATH OGBIYHBLIM S3LIKOM,
HO Torna GOJILIIMHCTBY M3 HHX He AOCTaBa/lo Gnl OCTPOTH H 3.€TaHT-
HOCTH, KOTOpHie npHaaeT uM MaTtemaTHka. [lopcii Moraa 6ul noHaRmo-
OHTbcs Hesas. KHATa AJS BRIPAXKEHWS CJIOBaMH TOTO, YTO COJEPIKHTCH B
dopMyse, 3aHHMaoleil BCero Julb 10J0BHHY cTpoku. IlepeBox Mare-
MaTHYeCKHX (OpMYyJ HA JMTEpPATYpHbIl f3LIK TOPAa3RO TpPyJAHee, ueM
NepeBOR KHTaMCKOH MNOY3MM, KpacoTa Ke onpeleseHHmx ¢opmya npyu
5TOM BCerja TepsieTcd.

Yacto MOXHO cablIaTh YTBepMKJAEHHE, YTO Ta WM HHaf Teopns
«MaTeMaTHyeckH JoKa3aHa». Takoe BbipakeHHe JHWbL BBONHT B 3a-
GJyMIEHHE W 3KBHBAJEHTHO YTBEPMXJAEHHIO, YTO CYUleCTBYeT MaTemMaTh-
uecKoe JIOKa3aTeJbCTBO TOTO (akTa, 4To TpaBa seJeHas. Beln Teopust
SIBSETCA KPATKHM H3JI0XKeHMeM Ha6/iofeHuit, H Bonpoc 06 ee 06OCHO-
BAHHOCTH MOXET OhIThb pelleH JHMb CPaBHEHHEM €€ H BHITEKAloWHX
H3 Hee cNneNCTBHIl ¢ HabMoleHHsAMH. MaTeMaTHKa HeoUeHHMa B TOM
cMbic/ie, YTO -OHA [aeT BO3MOXKHOCTb HCCJAEAOBaTb YBEPEHHO H YeTKO
BCe CAEICTBHA, BLITEKAIOUIHE M3 TEOPHH, BCe, 4TO €0 MOApa3yMeBaeTcs,
ONHAKO OKOHuATe/bHble «LOK43aTe.bCTBA» TOYHOCTH TEOPHH MOIYT OHITh
NPeLCTaBJAEHB TOJABKO JHLb HaboAeHHAMH.

B KkavecTee npumepa TOro, kak paboTaeT ecTeCTBEHHas HayKa, Mbl
OCTaHOBHMCH Ha HEKOTOPHX (akTax u3 HcTopuu (u3nkn. XoTs MHOTHe
BaXHbLIE €CTECTBEHHLIE 3aKOHbl OBIIH yXe OTKPHITH  CPeaH3eMHOMOD-
CKMMH, HHIMACKHMH H KHTafickuMu ¢Hjocodamd, TeM He MeHee OTKDLI-
THe TajuneeM 3aKOHOB ABMKEHHS NAJalOILEro TNpeAMeTa MHOTHMH CYH-
TaeTcs poOXKAeHHeM coBpeMenHofi ¢usnky. Tloxanyil, eme Goabluee 3na-
yeHne, ueM (GOPMYJHPOBaHHe 3THX 3aKOHOB, MMeNN BBEJEHHBHE MM HO-
BbE TNPHHIANHE HayuHoro Mblusenns. CamuM BaXHbiM Anf Tanunes
6LII0 BHISICHHTB, HE NOYEMy KaMeHb NalaeT, a KaK OH MaJaeT, KaKOBbi
3aKOHbl, OGDBSACHAIOUIME TNPHPOCT CKOPOCTH, H Kak BEIPA3HTH B3aHMO-
CBA3b MEXNY BLICOTOM, C KOTOPOil mnpeiAMeT TNajfaeT, M NPONONKHTENb-
HOCTbIO €ro najeHus. JIpyrHMu cJoBaMH, OH TMOHMMaJ, 4TO He CYyTb
BaXHO ONpEAe/HTb <€NEPBHYHYIO NPHUHHY» SIBAEHHA, H OTPaHHUHBAICK
H3yueHHeM caMoro fiBjeHHs. B pesyabTate Taxkoit auddepeBUHanHN
BO3HHMKJO M C TeX NOP CYWCCTBYET pa3jeJielHe MeXAy MeTapH3HKOR M
¢uankol. PyHkunu ¢H3INKM, CTaN0 ObiTh, KaK H APYIMX €CTeCTBEHHBIX
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HayK, 3aK.Ti043l0TCH CKOpee B ONMCAHHM N XOOpLHHAUHH SIBJCHHMl, Yem
B HX «0GbsicHeHuu». Hayka crapaetcs ycTanoBMTL B3aMMOCBS3b MeX-
Ay BO3MOMHO OOJBIIMM UYHCJOM €aMbIX Pa3jHUNBIX SBJEHHI, NOKA3aTh,
YTO BCe 3TO (aAKTHYECKM DPasHble acneKThi OAHOIO M TOTO JKEe, HO 5TO
HE COBCEM TO € CaMOe€, YTO «NOHBMaHHe» 3THX sABJEHHA, ACTPOHOMHUR
pasenBasiacb BO MHOTOM CXOAHO ¢ MeXxanukoii Taauaesa. Ilocae Toro
Kak yrBepiunace cucreMa Komepuuka, Kensep cmor cdopmyauposath
CBOM 3HAMEHMTHIC 3aKOHbl [BHMKEHHS NJ2HET, NOABITOXHB TEM CaMBIM
OFPOMHOE YHCJO HAGMOAEHWH Haj ABHXKEHHEM B HeBeCHOM NPOCTPaHCT-
Be. B coem anannse Kemnep ¢ ray6oxuM InoBepuem nosaraetcs Ha
Ype3BLYaNHO TOYHble (/18 TOr0 BpeMEHH) W3MEpPeHHA TOJOMEHHM) TJa-,
uer, nponsseiennnte Tuxo Bpare, uTo MOXHO Obil0 6Bl CKa3aTh, 49TO
€r0 3aKOHH SBAAIOTCS CHHTE30M BCeX M3MepeHHH, caenanunix Tuxo
Bpare fICHHIMH HOYaMM Ha TNPOTAKEHHH MHOTHX JeT.

AcTpoHOMHS M HayKa O NajaloUHX TesaX, GHBIIHE NOTOJME OTAENb-
HbLIMH JHCUMIJIHHAMH, 6biin o6belnHens HbloTonoM, xoTophlit moxkasan,
YTO 3aKoHb nanenns lanunes W 3aKOHbl ABHXKEHHS NJIaHET MOXKHO
paccMaTpuBaTh KaK uYacTHHE cayuaw ropazno GoJsiee OGILHX 33KOHOB,
NPHMEHAEMBIX K ABHXXEHHIO BCEX Tea: K KaMHIO, GpouleHHOMY ¢ 6am-
HH, K METECPHTY, JleTALleMy NO HanpaBJeHHl0 K 3eMJe, K IJIaHETaM,
nBuxymumcsas B HeGecax. Besmknit cnutes HbloTona, o6biuHO Ha3blBae-
Mblfi B Halle BPEMSl KJACCHYECKOR MeXaHHKO#, 6Bl pacliHpeH M yr-
Ay6neH Ha TNPOTAXEHWH BOCEMHA/UATOTO BeKa, BNEPBhLIE OuepuUMBAs
NPCCTPaHHYl0 06JacTb, BHYTPH KOTOPOM BCe $IBJEHHS MOTYT ObiThb J€-
TaJbHO DPACCYHTAHH COTNaCHO eAMHOMY OCHOBHOMY 3aKoHy. IlpuMenas
9TOT €JMHBI 3aKOH (KOTOpHIi B MaTeMaTHYeCKOM BLIPaXKEHUM 3aHHMa-
€T BCEro JHIUb MOJCTPOKH), MBI MOXeM ONpeleJHTb ABHXKeHHe JIyHm
H NAaHeT B KOCMHYECKOM NPOCTPaHCTBE, MECTO NPH3EMJEHHA 3amylleH-
HOTO CHaps/a, BLICOTY M BeJHYHHY BOJH, HIYIMIHX OT TEMJ0X0A2, TOH
H 3BY4HOCTb (JeHTHl MMM Ke MaKCHMaJbHBIA rpy3, NOIXHHMaeMHfl ca-
MoJleTOM. BaXHBIM noATBep KIeHHEM KJACCHYECKOH MEXaHHKH SBJAAETCH
OTKpBITHE TOrO, YTO TH RBHO HECONOCTABHMLIE ABJECHHS HAa CaMOM [eJe
SIBASIOTCA TNPOCTO PA3HBIMH acNeKTaMH OJAHOr0 M TOTO Xe sBJeHHA.

Hayka 06 ajexTpuuecTBe (3MeKTpPoAMHAMHKA) TagXKe HayHHajlach
KoK IBe OTHAeJbHBIC H2YKH: JJIRKTPOCTaTHKa, H3yuaBilasd fBJEHHS,
BO3HMKAIOIWINE, KOrjJa KYCOK SHTAaps WM CTeKJSHHAA MNaJjouka CTaHo-
BATCA SJMEKTPHUECKH 3apSIKEHHBIMH B pe3yJbTaTe HATHPaHHA; H Mar-
HHTOCTATHKA, H3ydYaBmlash MAarHHTH M MarHuTHele noas. [Ilocae Toro
kak TanbBanu n BoJsbTa nokasanu, YTO 3JeKTPHYECKHH TOK MOMHO.
NONYYHTb NOCPELCTBOM XHMHYECKHX 3JeMEHTOB, a 3aTeM JpCTex. yc-
TAHOBKJ, YTO MOJYUYEHHHII TakHM 00pa3oM TOK objafaeT MATHHTHHIM.
shpexTOM, 3TH IBE HayKH CauaHCh B oJHY. OCHOBOMOJIOXHHKOM
SMEKTPONMHAMHKM Gbll MakcBeal, 4bH 3HAMEHHTHlE ypaBHelMs LeJau-
KOM OXBaTHIBAJM BCe M3BECTHLIE B TO BPCMf 3HAHUA B 3TOfl OGWIHPHCH
obnactd. Ho Makceenn atum  ue orpaununiaca. Maywas caeacrsms,
BHITEKAIOUlUe M3 ero ypaBHeHHi, OH OOHapyXu/, 4TO, NOMHMO BCerd
npovero, OHH NPeICKA3bIBAOT BOJHOBOE [BHIKEHHE 3/EKTPOMAarHUTHGI
npupoasl. [eiTasfick noATBepAuTb npeicKasawua Makcsessa, T'epu B
caMOM JeJie Haulesl TaKHe BOJHE (KOTOpHle MBI ceiidac Ha3blBaeM pa-,
puooaHamu). Tlocne Toro kKak 6blO0 NPOLEMOHCTPHPOBAHO, YTO CBET
TaKxe fBAAETC SNEKTPOMArHHTHHIM BOJHOBBIM  JIBHXKEHHEM, ONTHKA
(sayKa o cBeTe) CTana eule OAHOM OTPAC/Ibio 3JeKTpPodMHaMHKH. May-
Yas ONTHKY, Mbl y3HaeM, 4YTO TaKHe paajHuHble sBJeHHdA, KaK pedpax-
uUMs cBeTa B JHH3E WAH €FO- OTPaXeHWe 3epKaJoM H paboTa 3JeKTpoO-



MoTOpa HAH TeJeBH30pa, OGBACHMIOTCA OAHHM  3aKOHOM NPHPOAI,
chopMyaHpOBaHHBIM ypaBHeHHAMH Makcsenna.

K KoHIy JAeBATHaQUATOTO CTOJNETH KJacCHYeCKass MeXaHHKa H
SJeKTPONUHAMHKA OLIIA B OCHOBHOM 3aKOHYeHHbIMH raaBaMu. C npH-
XOMOM [BajRAaTOro BeKa MAA (H3HKH HAYaJACA XAOTHYECKHMA MNepHOX.
HoBue OTKpHITHA cIeJialH BO3MOMHBIM H3yYyeHHe CTPYKTYpHl aToMa, a
BGKOpe BBISCHHJIOCH, YTO fBJEHMS, MPOHUCXOAfLlME B MHKPOMHpe aTO-
Ma, He NOJAYHHAIOTCA 3aKOHaM, NPHMEHHMBIM K SBJIEHHAM, H3y4aBUIHM-
CA [0 TOTO BpeMeHH. JIBHIKeHHEe S/EKTPOHOB 10 KPYroBHIM OpOHTaM
BOKDYT CPaBHHTEJNbHO HeGOMbIIOrO0, HO THAMKEJOro fjApa He COTJIaCOBbI-
BaJioOCb C 3aKOHaMM KJacCHuUeckoff MexauukH. OTBeTHl Ha HAalUH BON-
pocH 00 9NEKTpOHaxX fajia KBaHTOBas MeXaHHKa (WJIH BOJNHOBAA Me-
xahiiKa), noayuHsmas cBoe pasBMTHe B ABAflaTHe TOAH HALIEro Be-
ka. B pesyjbrate cefigac MM pacnosaraeM HcuepnuiBaolieli HHpop-
MalUMelt 0 CTPOEHUH aTOMa 3a MpefenaaMi Anpa.

KBaHTOBYIO MeXaHHKY MOXHO paccMaTpHBaTh Kak o0GoOmeHHe
KNacCHUeCKOR MeXaHAHKH HJH, Hao60pPOT, XJIACCHUECKAs MEXaHHKa MoO-
XKeT CUHTATBCA YacTHHIM CJydaeM KBaHTOBOA MexanHkH. Kax Tonbko
Mbl HAYHHAEeM HCCIeNOBaTh TaKHe HCKJIOUMTEJBHO «Majibliey SABJCHHA,
KaK, HanpHMep, CTPOEHHe aTOMa, MH JOMXKHH HCNONb30BATh KBAHTO-
BYI0O MEXaHHMKY; OLHAKO NPH pacyeTax [BHIKEHHS KPYNHHIX Tesl KBaHTO-
Bafl MeXaHHKa Bcerfla JaeT TaKHe IKe pe3ysbTaThl, KaK H Kjaccuyeckas
MexaHHKa.

Hirak, Bor kakuM ofpa3zom paGoraer ydeHHil. B nepsyio ouepenb
OH RIIET 3aKOHH, NPHMEHHMHE JJsI OnNpeieseHHOH 00JAacTH HAYKH.
Hahias stu 3akoHH, OH CTapaeTcd PacnpocTPaHHTs HX Ha HOBHE O06-
sacTH. B HEKOTOpHIX caydasX OHH MOTYT OHITh TIPHMEHHMH Ge3 Bcfl-
KHX TONPaBOK, KaK 3TO CAYYHJIOCH NPH HCMOJb30BAHHH 3JEKTPOMATHHT-
HBIX 33aKOHOB MaKceeasia 1as OOGDBACHEHMA CBeTOBHX fBJCHHH. B 1py-
IHX CAy9a#X 3aKOHH HONXKHH OHTh BHBelieHH B Gonee obuledt ¢op-
Me, MpHMeHseMOf Aaa O6eHX HayK, «oGbeAMHAIOIMHXCS» B OJHY, Kak
3T0 GLIIO ¢ 33KOHAMH MEXaHWKH NpH ee OOGBeJIMHEHHH ¢ aTOMHOM ¢u-
sAKoft. MOXHO yTBepKEaTh, 4TO KOHEWHOH LEJBIO eCTeCTBEHHOfi HaYKH
AIBJISeTCA OTKPEITHE eNHHOro Oo6mero 3akoHa (HAH ¢OpMYyJH), KOTO-
pufi 651 OGBACHAN BCe OMHTH R HabGmonenuda. Mp He 3HaeM, Kak
JAOJFO HaM NpHAETC NpopaboTaTh, Npexje deM 3Ta uear Oymer Jo-
CTATHYT2, #CHO OHRO -— oOueHp Jojro. Ho Mul yXe nokpbuim nops-
JIOUHYI0 9acTb NYTH — CBHAETEJBCTBOM TOMY CJYXKAar onpejefieible
JIOBOABHO OGWIMPHHE H BaXHHe O06GJACTH HZYKH, KaK, HanpuMep, Hay-
Ka 06 3neKTpHYeCTBe, KOTOpas BCe H3BECTHHE SBJCHHA NOALITOXKHAA
B eJIHHLI 3aKOH.

AnuuHos uenb ycnoXHeHun

Tpn dponta Ecau HaM DNpeAcToNT HCCJAeAOBaThb
ecTecTBeHHOA HAYKH 4TO-MHG0 CTOJAbL OGLIMPHOE H pa3Ho-
o6pa3Hoe, KAaK COBpEMEHHas ecTecT-

BeHHas HayKa, Mbl JO/KHH 0606MmaTh, a B npouecce 0606-
IIeHHs MH PHCKyeM CKa3ath JIHOIL JON0 HCTHHHL [lams-
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Tysl 3TO, MBI MOXeM KOHCTaTHpOBaTb, 4UTO B HAcCTofllee
BpeMsl H3yueHHe eCTeCTBEHHON HayKH CKOHLEHTPHPOBAHO
Ha Tpex rJaBHbIX (poHTax. Mbl Moram Gbl JaTh TaKyio
kaaccudukauuo: (1) usyuenue oueHn Boasuwiozo, (2) H3y-
yeHHe OYeHb MaA020 U (3) H3yueHHE OUEHb CAOMHO20 —
BOT TPH TIJaBHBIX (pOHTA, Ha KOTOPHIX 4YEJOBEK HAHOCHT
YAapH NO CBOeMY HEe3HaHHIo,

NayuenneM owenv 6046020 3aHHMAaeTCA  ACTPOHOMHUA,
ITpn nomomn Bce Goaee u GoJiee CAOXKHBIX MPHGOPOB acT-
poHOMBI Habuawopaior Bce OGojiee OTHAJEHHbIE OOGBEKTH H
NEITAIOTCA NMOCPEACTBOM Bce GoJiee yTOHUEHHBIX TeopeTHYec-
KHX METOJOB COCTaBHTb NPEACTaBJeHHE O TOM, KaK BHIIJIA-
IUT HaceisseMbli HaMH MHP B MaKPOKOcMoce. ACTpOHOM
COCpPeOTOYHBAET CBOE BHHUMaHHE He TOJbKO Ha OrpPOMHBLIX
PacCTOAHHAX B MHJJIMOHH M MHJJIHAPAB CBETOBHIX JeT, HO
TaKXKe M Ha NpPOJOJIKHTEJbHBIX OTpe3kax BpeMendH. Kak
pasBHBaJach H pasBHBaeTcs BcejleHHass Ha TNPOTAKEHHH
MHJJHOHOB M MUJAaHapAoB jer? UTo oxuaaer Hac B O6JH-
Kaiiimee BpeMs? MoxKeM JiH MB NpelfcKasaTb, YTO CJYYHT-
cA B OMH NpeKpPacHBIl MOMEHT B JajekoM Oyayuem? U,
caMoe IJIaBHOe, KAKOBO Hamle COGCTBEHHOE IOJIOXEeHHe BO
Bcenennoi? Mul 3HaeM, YTO C aCTPOHOMHUYECKO!N TOYKH 3pe-
HHUSL Mbl OYeHb U OYeHb MaJbl; a eCTh JIH y HAC JAPYy3bA B
6eckpaliHux mpocTopax BcesneHHOH, CTOMb Xe cMeJibie B CBO-
HX NOMBITKAX NpPOaHAJH3HPOBATH ACTPOHOMHUYECKYIO GecKo-
HeynocTh? Ecsiu HX HeT, TO Mbl yHHKaJabHBL. QOuens Maaoe
npejacTaBager co6oii MHpP aTOMOB. MHl caMu U BCEe BOKpYT
Hac COCTOMT M3 aTOMOB; H JJfl. HaC MpPeAcTaBasieT HepBO-
CTENeHHBIl HHTEpPEeC IIOHATH 3TH CTPOUTENbHBIE KHPIHUHKH,
H3 KOTOPLIX MBI cloxeHbl. Ho OHM He Tak mpocTh, Kak 3Tto
Ka3aJioChb paHblIe: BMECTO KaxAOH TafHB, pa3ragaHHoOi
aToOMHON (U3NKOH, NOABAAIOTCA BCe HOBHle, GoJiee rayGorue
TaHHbI.

ActpoHomusi U aToMHas ¢H3uKa, TakMM o6GpasoM, fB-
JFI0TCA CJOXHBIMH HayKaMH, HCCJAeAYIOIIHMH OCHOBHHIE 3a-
KOHBI, COTJIACHO KOTOpPBIM pasBusaercd BceaeHnas u mm
camu. Ho HeT coMHeHHs, uTO 06J1aCThb O4EHb CAONCHO20
NPHHAJJIEXKHT OGHOJIOTHH. 3TO BepHO, 9TO MBI COCTOHM H3
aTOMOB; HO eCJH Obl MBl Jlaxe O KOHIa NMOHAJH CBOHCTBA
STHX aTOMHbLIX KOMMTOHEHTOB, Mbl OBl NOHAJNH OYeHb Majo O
cebe. Hauleli B3aMMOCBS3b10 ¢ MHPOM aTOMOB fIBJSIETCA TO,
4YT0 Mbl B JaJibHeiiieM OyAeM HasbiBaTh AJHHHOM LENbl0
YCJ0XKHEHHH.
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C/noBo «aToM» O3HA4aeT <«HeRe -
Mmbtit». OHO ObLJIO BBEIEHO TpPEvYecKH-
Mu  ¢uirocopamu  AA 0603HAYEHHUSA
MeJbuallIMX 4acTHI, M3 KOTOPHIX, COracHO ‘HX TpeIAcTaB-
JIBHHIO, COCTOHT MaTepusi. PH3MKH U XUMHKH AeBsITHaAUA-
TOTO BeKa NPHHAJMH 3TOT TEPMHH Aast OGO3HAUEHHA CaMbiX
MeJIKHX H3BECTHLIX HM dacTum. XOoTd MBI yXKe JaBHO B CO-
CTOSTHHH «PacIleNHTh» aTOMbl H HeXeJHMOoe IepecTanto
ObiTb HEJeMHMBbIM, TEM HE MeHee TEPMHH 3TOT COXPAHHJCA.
Cor/1acHO HbIHeHIHEMY HalueMy TMpeACTaB/JAeHUI0, aTOM CO-
CTOHUT H3 MeJbYaHIIMX YACTHI, Ha3biBaeMbIX HAMHU IAeMeH-
Tapuoimy uactuyamu. CyllecTBYIOT TaKxe H Apyrue 3jie-
MEHTapHble YacTHUBI, He sBAA©OLIHECS (aKTHUECKH CO-
CTaBHOH 4acTbio aTOMOB. OGBHIYHO HUX MOJYYalOT MPH MOMO-
LM MOIIHBIX LHMKJIOTPOHOB, CHHXPOTPOHOB H APYTHUX YCKO-
puTeseil 4acTHLl, CNeLHaJbHO CKOHCTPYHPOBAHHBIX A
H3Y4YeHHs 3THX yYacTHLI. OHH TaKke BO3HHMKAWOT MpPH NPoO-
XOXKIEHHH KOCMHUYECKHX Jyueli 4depe3 aTtmochepy. ITu 3Je-
MEHTAapHble YaCTHIBl pacnafaloTca CHyCTA HeCKOJbKO MHJI-
JIMOHHLIX J0JIeH CeKyHAbl, a 4acTo 3a ellle 6oJiee KOPOTKHIi
[IPOMEXKYTOK BpeMeHU MOcCje CBOero nosiBjleHHs. B peaysb-
TaTe pacnafia oHH Ju00 BHAOU3MEHAIOTCA, NpeBpallasich B
NpyrHe 3jeMeHTapHbie YacCTHHbI, JUO0 BLIAEASIOT 3IHEPTHIO
B opMe H3JydyeHHSH.

H3yueHue sjeMeHTapHBIX 4YacTHL COCPELOTOYHBAETCA
Ha BCe BO3pacTalolleM YUCIe HEAOJIO KHMBYIUIHX 3JIeMeH-
TapHbIX yactHuax. Xors 3ta npobjeMa HMeeT OrpoOMHOE 3Ha-
yeHHe, B YAaCTHOCTH, MOTOMY, YTO CBfi3aHa C CaMbIMH ¢YH-
JaMeHTa/NbHbIMH 3aKOHAMH (H3NKH, TeM He MeHee HceJe-
JOBaHME YaCTHL B HACTOflllee BpeMsl NPOBOJAHTCSE MOUYTH B
OTpbiBE OT APYrHXx orpachieil ¢usuku. Ilo 3Toit mnpuuHHe
MBI OrpaHHYMMCH PaCCMOTpPEHHEM JIHUIb TeX 4acTHll, KOTo-
pble SIBJSIOTCH IMOCTOSIHHBIMM KOMIMOHEHTaMu HauGoJee
pacnpocTpaHeHHbIX MAaTepHaJsoB, a TaKXKe HEKOTODBIX 4Ya-
CTHL, OuYeHb GJH3KO K HUM TNpHMbIKamomux. [lepsoii u3
3JleMeHTapHBIX YaCTHi, OTKDHITBIX B KOHIle AeBATHAXIATO-
ro Beka, OB 3JEKTPOH, CTaBIUHA 3aTeM HCKJIOYUTEALHO
NOJIE3HLIM CJayro#i. B paauonamMnax M[OTOK  3JeKTPOHOB
JABHXKETCA B BaKyyMme; H HMEHHO MOCPEACTBOM peryJHpOBKH
3TOr0 TMOTOKA YCHJHMBAWOTCH BXOAALIME PaJHOCHTHAJABI H
TpeBpaulaioTcs B 3BYK WM wyM. B Teneensope anextpos-
HBIA JIyY CJYMKHT B KauecTBe Ilepa, KOTOPOe MTHOBEHHO H
TOYHO KOTHPYeT Ha 3KpaHe NpPHEMHHKA TO, YTO BHAMT Ka-

Onementapubie
YacTHUbI
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Mepa nepepaTydka. B o6onx stux cayuasx  3JEKTPOHH
NBHXKYTCA B BaKyyMe TakK, YTOGH N0 BO3MOXKHOCTH HHUTO
He MewWwaJo HX ABMkeHHIO. Eille OfHHM NOJIe3HHIM CBOM-
CTBOM ABAAETCA HX CIHOCOOHOCTb, MPOXUAA uepe3 ras, 3a-
CTaBNATL €ro CBeTHTbcA. Takum oGpasom, naBafg BO3MOX-
HOCTb 3JIEKTPOHAM MPOXONHTb 4€Pe3 CTeKJSHHYI TPYOKY,
HaNOJIHEHHYIO Ta30M MNOJA Onpeje/eHHbBIM JaBJEHHEM, Ml
HCHOJAb3yeM 3TO fIBJE€HHE LJsi IOJYYEHHs1 HEOHOBOTO CBe-
Ta, NPHMEHSEMOrO HOYbLIO /I OCBEIleHHS] KPYNHBLIX Topo-
LoB. A BOT eme OJHAa BCTpeya C 3JEKTPOHAaMu: GJecHyna
MOJIHHS,, B MHPHAJbl 3JICKTPOHOB, NPOGHBAsACh Yepe3 TOJLLY
BO3/lyXa, CO3AI0T PAacKaTHCTHIA 3BYK rpoma.

OnHako B 3eMHBIX YCJIOBHSIX HMeEeTC CPaBHUTENbHO
HeGOMbINOE YHCIO JIEKTPOHOB, MOTYLIMX CBOGOAHO HABH-
raThCsl, KaK 3TO Mbl BHAEJH B NpeAbAYIUHX TNpHMepax.
BoabliMHCTBO M3 HHX HalleXXHO CBs3aHbl B atoMax. [lo-
CKOJIbKY f/IP0O aTOMa 3apAXKeHO INOJOXKHTEeNbHO, OHO NpH-
TATHBAeT K cefe OTPHLATEJbHO 3apsiKeHHble 3JEKTPOHHI,
3acTaB/Afl HX YHepXKHBaTbca' Ha oOp6GHTaxX, HaxOAAIIHXCH
CPABHATEJbHO 6JAM3KO OT fAApa. ATOM OGLIYHO COCTOMT H3
flpa H HEKOTOPOTO uHcAa 3JeKTpoHoB. Eciin anekTpon mo-
KHJaeT aToM, ero, Kak NpaBHJO, HeMENJEeHHO 3aMemlaer
Apyrofl 3JIeKTPOH, KOTOpHIl aTOMHOe fApO ¢ 6oabwofl  CH-
JIOW mpUTATHBaeT K cebe H3 cBoero OJMKaWILEro OKpyxKe-
HHST.

Kak ke BHIFIIZHT STOT 3aMeuaTesbHHI 3jeKTpoH? Hi-
KTO €r0 He BHAEJ H HHKOTAa He YBHIHT;"M TeM He MeHee
Mbl 3HaeM ero CBOACTBA HACTOJIBKO XOPOHIO, UTO MOX€M
IpeAcKa3aTh CO BCEMH NOJAPOGHOCTAMH, Kak OH Oyxer Be-
c¢tH ce6a B caMbIX PasJIH4HBIX CHTyauusix. Mbl 3HaeMm ero
Maccy (ero «Bec») H ero 3JeKTpHuecKHH 3apsaa. Mul snaewm,
uTO Yaile Bcero OH Befer cebs Tak, Kak OyaTo Obl nepen
HaMH OYeHb MeJKas 4acTuya, B IPYIHX Xe cJydasx oH
oOHapyXHBaeT CBOHCTBA 80.axbl. McknouuTeabHo — a6er-
pakTHas, HO B TO e CcaMoe BPeMs OYeHb TOYHAsA Teopus
3JeKTpoHa Oblla mpelsoxeHa B 3aKOHYEHHOM BHJE Hec-
KOJIbKO JecAATHJIETHH TOMY Hasaj AaHIVIMHCKHM  (H3HKOM
JupakoM. DTa Teopus HaeT HaM BO3MOXHOCTb oOmpeje-
JIMTb, HPH KaKHX OGCTOATENbCTBAX 3IJIEKTPOH Oynaer 604abe
e CXOHEH C uacTHOeH, a npH Kakux Oyxer npeo6iajnarb
ero BOJHOBOH Xapakxtep. Takas ABOHCTBEHHas Npupona —
YacTHLA M BOJHA — 3aTPyAHsAeT BO3MOMHOCTb AaTh 4YeT-
Kyl0 KapTHHY 3JIEKTPOHA; CJIe[lOBATEIbHO, TEOPHs, YUHThI+
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Ballas o6e 3TH KOHUENUHH M TeM He Meliee jaaiomas 3a-
KOHYEHHOe OMHCAHHE 3JIEKTPOHA, AOJMKHA ObiTb O4eHb ab-
cTpakTHolt, Ho 6bi10 Gbl HepasyMHBIM OTrpaHHUMBATH OINH-
CAHHE TaKOro 3aMeuaTeJbHOro fiBJEeHHA, KaK 3JIeKTpOoH,
CTOJb 3eMHBIMH 0fpa3aMH, Kak TOPOLUMHEL H BOJIHBL

OpxHa u3 moceliok Teopuu Jlupaka o6 3aekTpore 3a-
KJI1049aJack B TOM, UTO JOJ/DKHA CYLIeCTBOBATb 3JiEMeHTap-
Hasg uyacTHma, obJgajamouiasi TaKHMH Ke CBOHCTBAMH, Kak
3JIEKTPOH, 33 HCKJ/IOUeHHeM JIHUb TOro, 4TO 3apsikeHa OHa
NOJIOKHTENBHO, a He oTpuuatenbho. M pmeiicTBuTennHo, Ta-
KOH JBOHHHK 3JeKTPOHA ObIT OGHapyXeH H Ha3BaH nosu-
rporos. OH BXOOHT B COCTAB KOCMHYeCKHX JydyeH, a TakKe
BO3HHKaeT B pe3yJbTaTe pacmaja HeKOTOPHX DPaJHOAKTHB-
HBIX BellecTB. B 3eMHBIX ycCJOBHAX JKH3Hb NO3HTPOHA KO-
potka. Kak ToJbKO OH OKa3biBaeTcs MO COCEACTBY C 3JEKT-
pOHOM, a cJIyuyaeTcss 3TO BO BCeX BellecTBax, 3JIEKTPOH H
TO3HTPOH «HUCTPeOAAOT» APYr JApyra; NOJOXKHTEJbHBIA
3JIeKTPHUYECKHH 3apAf NO3HTPOHa HeATPaJH3yeT OTpHua-
TeNbHBIA 3apan 37ekTpoHa. IlockoJabLKY COrJlacHO TEOpHH
OTHOCHTENBHOCTH Macca fiBJseTcsi (OPMOH 3SHepr#H H Io-
CKOJIbKY 3HEepPrHsl «Hepa3pylluMa», 3Heprus, npeAcTaBJeH-
Hasi O6beAHHEHHLIMH MaccaMH 3JIEKTPOHa H NO3HTPOHA,
NO/MKHA OBITh KAaKHM-TO 06pa3oM coxpaHeHa. Ty 3ajauy
BbINOJIHAET (DOTOH (KBaHT cBera), HJAH OGBIYHO ABa (HOTOHA,
KOTOphle H3JIyyaloTcsi B Pe3yJbTaTe 3TOT0 POKOBOTO CTOJK-
HOBEHHSI; HX JHEPTHA paBHAa CyMMAapHON JHEPrHH 3JIEKTpO-
HA U NMO3UTPOHA.

Mbl 3HaeM TakiKe, UTO NPOUCXOAMT H OGpaTHHIA Tpo-
necc. POoTOH MOKET NpH OnpefeseHHbIX YCJAOBHSAX, HANpH-
Mep, nponaetass no6JH30CTH OT SIAPA aTOMa, COTBODHTb «H3
HHYEro» 3JEeKTPOH H MO3UTPOH. [/ Takoro COTBOPEHHS OH
JIoMxKeH 06GJafaTh SHepTHeld, MO MeHblleli Mepe paBHOMH
SHEpruy, COOTBETCTBYIOUIEH CyMMapHOH Macce 3JeKTpoHa
H MO3UTPOHA.

Crano GbiTh, 3JIeMEHTAPHBIE YACTHIL He SBJAIOTCH Bed-
HBIMH HJIH TIOCTOSTHHBIMH. }] 3JIeKTPOHH M ITO3HTDOHBI MOTYT
NMOABJATLCS H HCYE3aThb; OJHAKO 3HEDrHA M De3yJbTHpYIO-
IHe 3JeKTpHUecKHe 3apalsl COXpaHATC.

Uckaouas 37eKTPOH, 3JeMeHTapHON 4YacTHIEH, H3BECT-
HOH HaM ropasjo paHblie 1060 JpYroit 4acTHUM, sB-
JATCS He TO3WTPOH, BCTPEYAIOIUIHIACH CPABHHUTEBHO pexn-
KO, a npoTon — sIAPO atoMa Bogopoaa. Kak m nosutpon,
3apsKeH OH NOJOXHTENbHO, HO Macca ero NMpHMEepHO B ABe
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TBICSIYH Pa3 NPEBOCXOAHT MacCy MO3UTPOHA HJH 3JEKTPQy
na. [lopo6Ho 3THM uacTHUAM, NPOTOH WHOTAa TPOABIALT
BOJIHOBBIE CBOWCTB&, OJHAKO JHIUb B HCKJIOUHTENbHO 0CO<
Obix ycaoBusax, To, 4To ero BonHOBasi MpHpPOJA MEHEE fApe
KO Bolpa)KeHa, (aKTHUECKH SIBJASETCS NPSAMBIM CJeJCTBHEM
obJalakusl HM ropas3fo Gonblieil Maccoil, Bosnosas npH-
pola, xapakTepHasi AJs Bcell MaTepuW, He NpHOOpeTaer
AN Hac BaXKHOTO 3HAuYeHHsA JI0 TeX TOP, MOKA Mbl He Ha-
yyHaeM paboTaTb € HCKJIOUATEAbHO JETKUMH YacTHILAMH,
TaKHMH, KaK 3JEeKTPOHHI.

[Tpoton — oueHb pacnpocTpaHeHHas 4dacThia, ArtoM
BOAOPOAA COCTOMUT H3 IPOTOHA, ABJAAIOUIETOCS €ro SAApPOM,
H 3JeKTPOHa, BPaIlaloOIerocss BOKPYT Hero mno opoéure.
[TIpoToH BXOAMT TaKXKe B COCTaB BCEX APYTHX AaTOMHBIX
Anep.

DH3UKH-TEOPETHKH NpelcKa3hiBaJlH, 4TO y HPOTOHA, fgo-
REOGHO 3J€KTPOHY, HMeeTcsi aHTHyacTHHA. OTKphITHE OTpu-
LaTeAbHO20 NPOTOHA HJIH AHTUNPOTOHA, 06J1aJaloLIEro Te-
MH K€ CaMbIMH CBOHCTBaMHM, 4TO M NPOTOH, HO 3apsKEHHO-
ro OTpHLATEeJbHO, MOXTBEPANIO 3TO mpeAcKasanue. Crgjik-
HOBEHHE AHTUNIPOTOHA C TMPOTOHOM «HCTpebJfier» HX 0GouX
TaK e, Kak U B CJIydyae CTOJNKHOBEHHS 3JIeKTPOHA H MO3H-
TpOHa.

Jpyrasg saemenTapHas uacTHua, HeldTpoHr, oO/aanaer
MOYTH TAKOH K€ Maccod, KaK W NPOTOH, HO 3JIEKTPHUECKH
HeliTpanbHa (6e3 3JeKTpUuecKoro 3apsaa Boobume), Ee ore
KPbiTHE B TPHAULATHIX rOflax Hallero BeKa — TPHMEPHO On«
HOBpEMEHHO C OTKDBITHEM MNO3HTPOHA — SABWIOCL HCKJIO-
YHTEeJLHO BaXXHHIM AJ19 dAepHoN &u3uku. HeilTpoH Bxoaut
B COCTaB BCEX ATOMHBIX siiep (3a MCKJIOUEHHEM, pa3yMeeTs
¢, OOGBIYHOTO fApa aToMa BOAOPONa, KOTOPHI ABJAAETCA
MPOCTO CBOGOAHHIM NPOTOHOM); paspymasch, aTOMHOe si-
po BuiAenser OAMH (uWan OoJsiee) HEHTPOH. B!ap"bw aTOMHOH
60oMObl MpoHCXOAMT GJarojaps HeATPOHAM, BHICBOGOXKal0-
wHMcs H3 fiep ypaHa HJH IJIYTOHHS.

ITockonbKy NpPOTOHBI M HEHTPOHBI BMecTe 06pasyior
aTOMHBIE SiApa, U Te U JpyrHe HasblBalOTCA HYKJOHAMH,
Cnyctst HekoTOpOe BpeMsi CBOGOJNHBII HEHTPOH IpeBpas
1aeTcsA B MPOTOH H 3JEKTPOH.

Ham 3nakoma eme oana yacTuua, HasbiBaeMasi QHTUs
HeUTPOHOM, KOTOpasi, MONOGHO HEHATPOHY, IJIEKTPHUECKH
HeiitpaibHa. OHa o6GJazaeT MHOTMMH CBOHCTBAMH HeHTpO-
Ha, OAHAKO OJHO M3 KODEHHBIX OTJIMYMA  3aKJHuaeTcd B
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TOM, 4TO aHTUHEHUTPOH pacmajaercd Ha aHTHIPOTOH A
3/71eKTpoH, CTasKuBasCh, HEHTPOH M AHTHHEHTPOH YHUUTO-
¥KaloT APYr Apyra.

&oTOH, WIH CBETOBOA KBAHT, UCKAIOUYHTENbHO HHTEpecC-
Has aJjeMeHTapHas yacruua. YKenas mouuraTbh KHHTY, Mbl
BKJIIOYAeM 3JIEKTPHUECKYyl0 JaMmouyky. Tak BOT, BKJIOYEH-
Has JIaMIIOYKa TFeHEepHPYeT OrpOMHOe KOJHYeCTBO (OTOHOB,
KOTOpble YCTPEMJIAIOTCA K KHHre, TaK e Kak H BO BCe
npyrie YrOJIKH KOMHAThl, CO CKODOCTbIO CBETa. Hexkotopbie
H3 HHX, yAapAach o cTeHbl, TyT XKe MNOrHGaOT, Apyrue
BHOBb H BHOBb YyIapsIlOTCA M OTCKAKHBAIOT OT CTeH HJU
JIpyrux npeaMeToB, OAHAKO CIyCTS MeHee 4eM OJHYy MHJLIH-
OHHYIO JIOJII0 CEKYHJAbl ¢ MOMeHTa NMOABJEHHWA BCE OHH MOTH-
6aloT, 3a MCKJAIOYEeHHeM JHIlb HEMHOTHX, KOTOPLIM yAaercd
BbIPBATHCSI Yepe3 OKHO H YCKOJIb3HYTb B TNPOCTPAHCTBO.
dueprusi, HeoOXoAHMas [JA TreHepupoBaHUs (OTOHOB, IO-
CTaBJsAETCA 3JEKTPOHAMH, ITPOTEKAIOIMMU UYepe3 BKJIOYEH-
HYI0 JaMnouky; moru6as, GOTOHbB OTHAIOT 3Ty IHEPTUIO
KHHFe ‘HJIH JpyroMy mnpeIMeTy, HarpeBas ero, HJad IJiasy,
BbI3bIBAA CTHUMY/ISIUHMIO 3PHTEJbHbIX HEPBOB.

dHeprust GOTOHA, a CJAef0BaTeJbHO, M €ro Macca He -0c-
TAlOTCS HEH3MEHHBIMH: CYIIECTBYIOT OY€Hb JierkHe GOTOHBI
HapAAYy ¢ OueHb TAXKENbIMH. DPOTOHHI, Aarouide OOBIYHHIH
CBET, OYeHb JIErKH, HX Macca COCTaB/ISieT BCEro JIMUb HecC-
KOJIBKO MU/IAMOHHBIX JOJIell Macchl dJeKkTpoua. pyrue ¢o-
TOHB 06/4afalOT Maccoil MpHMepHO TaKOU e, Kak Macca
3JeKTpOHA, W Jaxe ropasfno GoJasbimed. IIpumepaMu Take-
JAbiX (HOTOHOB ABJAIOTCA PEHTTEHOBCKHE W TaMMa-JyuH.

Bot ofuiee mpaBusio: yeM Jierde 3JeMeHTApHASA 4aCTU-
ua, TeM BblpasuTesbHee ee BoJHOBasa npupoaa. Camble Ti-
}esble 3jJeMeHTapHble 4YacCTHUBl — I[POTOHBI — BBISBJSIOT
CPaBHHTEJbHO cjalble BOJIHOBbie XapaKTEPHCTHKH; HECKOJb-
KO CHJbHee OHH y 3JIeKTPOHOB; caMble CHJbHblE — Yy (OTO«
HOB. B camMoM gene, BosiHOBast pupofa csetra GblJia OTKpHI-
Ta HAaMHOro paHblle, YeM ero KOpPIYCKyJapHbie Xapakrte-
PHCTUKH. Mbl 3HAJH, UTO CBET €CTb He YTO HHOEe, KaK JABIi-
JeHHe 3JEeKTPOMATHHTHBLIX BOJIH, ¢ TeX Nop Kak Makceenn
NPOJAEGMOHCTPHPOBAJ 3TO Ha MPOTSAKEHHH BTOPOH MOJIOBH-
HBE POWIJIOr0 Beka, HO uMeHHO [lnaHK u dhuwiTeliy Ha 3a-
pe ABanuaToro BeKa OTKPLUIM, YTO CBET HMeeT M KOpmyc-
Ky/AfipHble XapaKTepPUCTHKH, 4TO OH HHOTNA H3/lyyaercs B
BHIE OTAENbHbIX «KBAHTOB», WJH, APYTHMH CJOBAMH, B BH-
Re notoka (ortoHos. He npuxoautcs oTpHUATh, YTO TPYAHO
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O0BbeAMHHTL H CJAHTh BOEIHHO B HALIeM CO3HAHHU 3TH ABe
ABHO HecXOXHUe KOHUENUHMH NPHPOALI CBETa; HO Mbl MOXem
CKa3aTh, 4TO NOXOGHO «ABOMCTBEHHOH MpPUPOAE» 3INEKTPO-
Ha Hale OpelCTaB/ieHHe O TaKOM HEeyJOBHUMOM  ABJECHHH,
KaKOBHIM fIBJISETCS CBeT, RO/IKHO GbiTh OueHbh abCTPaKT-
HbIM. U ToJIbKO KOrla Mbl XOTHM BBIPa3HTh Haule IpejAcTaB-
JleHue B rpy6eix o6pasax, Mbl JOJIKHbl HHOTZA YHNOXOGBJAATH
CBET MOTOKY YacTHL, (OTOHOB, HJH Ke BOJHOBOMY JBHMKe-
HHIO 3JIEKTPOMArHHTHON NDHPOALL.

CymecTByer 3aBHCHMOCTb MeXAY KOPMYyCKYJISPHON MpH-
POLOH ABJIEHHA M €ro «BOJHOBBIMH» CBOHCTBaMH. Uem T1-
JKejlee YacTHla, TeM KOpode COOTBETCTBYIOIlAs el AJauHa
BOJIHBI; YeM OJIMHHee [JIMHA BOJIHBI, TeM Jierde cOOTBETCT-
BylOLIas 4acTHUA. PeHTreHoBCKHMe JyuH, COCTOfIllHe M3
OueHb TAXeJblX (OTOHOB, HMEIOT COOTBETCTBEHHO OYeHb KO-
POTKYI0 AJHHY BoJHbL. KpacHblii cBeT, XapaKTepH3ylOUlHit-
cA Gosblied JJIMHOR BOJIHB MO CPaBHEHHIO C CHHUM CBe-
TOM, COCTOMT H3 (DOTOHOB 60Jiee JIerKHX II0' CPaBHEHUIO €
toroHamu, HecymuMH cHHHil cBer. CaMble AJIHHHBlE 3JIeK-
TPOMATHHMTHbIE BOJIHB H3 BCEX CYLIECTBYIOHIHX — Ppaano-
BOJIHBI — COCTOSIT M3 MeJbYaHlilHX (OTOHOB. DTH BOJIHH
HH MaJeRlHMM 06pa3oM He NPOSBJASIOT CBOMCTB YacTHL, HX
BOJIHOBasi NpPHPOZA SBASETCS UETHKOM mpeoGaanaioiei
XapaKTEPUCTHKOIA.

U nakoHneu, camMoifi MeJKOH M3 BCeX MaJblX 3JeMeHTap-
HbIX' uyacTui sBasiercss Hedrpuno. QOHO JHUIEHO 3JIEKTPH-
YecKOro 3apsjia, M eC/IH y Hero M eCTh KdKasi-nu6o macca;
T0. ona Gauska k Hymo. C HekompuM npeyBeJHICHHEM
MBI MOXEM CKa3aTb, YTO HeHTPHUHO TPOCTO JHILEHO
CBOHCTB.

Haime no3HaHHe 3JeMEHTapHBIX 4YacCTHI SABAASTCH COH»
peMEHHOil rpasuued- GUINKH. AToM 6BIT OTKPHT B. ACBAT-
HAaJHATOM BeKe; H yueHble TOro BpeMeHH OGHApYXuAX Bca
Bo3pacraiolllee HYHCIO pa3/iMYyHbIX BHUJOB AaTOGMOB; npRoeG:
HBIM )Ke 00pa3oM CeroiHs Mbl HaxolHM A BCe 6onbme H
Goablie aaeMeHTapHblx dactuu. M. xorm: 68110 RKOKa3aHo,
YTQ aTOMbI COCTOST M3 3JEMEHTAPHbIX- YaCTHU, Mbi He MO-
KeM: 0XKHEaTb, UTO MO aHAJOTHH OYIeT HaijaeHO, 4YTO. 3de-
MeHTapHble YACTHLL COCTOAT W3 -elile: fojee MEJKHK. 4a-
CTHL,. Hpo6.r1ema cmauxax neper HaMH ceromm CORCEM
TO, 40 Ml CMOXeM PACHIENHTD, 3J1ememapﬂue qacwau.
Ckopee C/GlyeT HaleATbea Ha -TO, YTQ GYAET, HOKa3aHo;
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YTO BCE€ 3JI2MEHTapHble 4YacTHLL SABJAITCA TPOSBJIECHHEM
oflHoro eule GoJee ¢yHaaMeHTaabHoro siBaeHusa. KW ecan
5TO OKasajoch Obl BO3MOMHBLIM YCTAaHOBHTb, Mbl Obl Cy-
MeJIl MOHATH BCE CBOMCTBA 3JEMEHTApHBIX YacTHLl; CMOTJH
OH NOACHYUTATHL HX MacChl U cnocob6nl MX B3aMMOJENCTBHSA.
Bplio clesaHO MHOTO MOMBITOK NONOHTH K paspeHieHHio
37O npoOJeMbl, ABJSIOWIENCS ORHON H3 caMblX BaXXHbIX
npo6aeM (QHIHKH.

IIpoTosbl U HEATPOHLI
o6pasyior
aTroMHble fApa

Bce martepnanas 06pasoBaHBl H3 Tpex
3JIeMEHTAaPHbIX UYacCTHL: 3JEKTPOHOB,
npoToHOB K HellTpoHoB. Ho nockonbky
TMPOTOHLI H HEHTPOHH JIETKO Tepexo-
IAT ApyT B Apyra, H Te M ApPYyrHe Ha3blBAlOTCH HYKJIOHAMH,
Mbl MOTJIH OBl C TaKUM e YCnexoM CKa3aTb, YTO MaTepus
COCTOHT H3 CTPOHTE/bHbIX OJIOKOB: 3JIEKTPOHOB M HYKJO-
HOB. MarepHust CTpOMTCH M3 3THX YacTHIl B JABEe CTaJHHU:
CHauaja HYKJOHBI OPraHH3ylOTCSi B aTOMHble Adpa, a yxe
3aTeM 3TH aTOMHble sif[pa COEAMHAIOTCA C 3JEKTpPOHaMH,
o6pasyst aromol.

AToMHOe PO COCTOHMT H3 Ompele/eHHOTO uHcaAa 00b-
eIHHUBIINXCSI HYKJIOHOB. UMcao 3TO BapbUpYeT OT ORHOTO
oo aByxcotT u Goaee. IlpocTefiluMM aTOMHLIM SApPOM  fAB-
JseTcsl AAPO aToMa BOAOPOAA, COCTOsIllee H3 OJHOrO CBO-
60JIHOFO NMPOTOHA; CAMbIM CJHOXKHBIM U3 HOPDMAaJbHbIX ATOM-
HBIX silep sABJsieTCS SAAPO aTOMa ypaHa, colepxaulee 238
HyKJoHOB. BceMm umcaaM, JexamuM B AHana3oHe ot 1 Jo
238, TakKe COOTBETCTBYIOT pa3JHyHBIE aTOMHBIE sfpa.

[TniTasgicb OOBACHUTB, KaK HEKOTOPOE YHCJAO HYKJIOHOB
MOMEeT YJAepMHuBATbCSi BMECTe, CO3JaBasi aTOMHOe §Apo,
Mbl JOJKHB MPEANOJOKHTb, UTO, KOrfa HYKJOHB OKas3bl-
BAlOTCH OYeHb GJM3KO APYr OT APYra, MeXIy HHMH BO3HH-
KaeT OYeHb CHJbHOE NpHTSxeHHe. XapakTep 3TOr0 NpPHUTA-
KEHHA OTJHYEH OT 3JIEKTPHYECKOro NpPHTSKEHHS, KOTOpOoe,
HanpuMep, MMeeT MECTO MeXAy IOJOXHUTENbHO 3apsiXKeH-
HHIM TNPOTOHOM M OTPHLATENbHO 3apAXKEHHBIM  SJEKTPO-
HoM. Culla TpPUTAXKEHHS MeXJy HYKJIOHAMH HasBBaeTcs
AAEepHON CHJIOH, H MHl npu3HaeM, 4To Gojee rayGokoe uc-
clefloBalHe ee CBOHCTB SfBJAETCHA, MNOXaJdyH, eJHHCTBEH-
HOfl HaHWBaXHEHIIEHd 3ajaued, CTOSIIlEH nepex AAEPHOl
tuanxon,

Mas BarnaiHoro NpeACTaBJeHHS YCTPONCTBA ATOMHOrO
sapa npeacrabiM cefe HYKJOHH B BHAE HeGOJbIIMX INapH-
KOB, NPUTArHBAIQIIHNXCA APYT K APYTY NPH TeCHOM cOaHXKe-
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HHH; HHaue rOBOPHA, fi/lePHbie CHJIbI YIepKHBAIOT HX BMec-
Te B QopMe MaJE€HLKOro, IOYTH KPYIJIOFO KOMOYKa —
aTOMHOTO fZpa.

Macca atomHOro sapa npHOJH3NTENbHO paBHA cyMMap-
HOK Macce 06pasylollux ero HykJoHoB. Hampumep, npo
AAPO aToOMa JKeJjesa, cojepxallee 56 HYKJIOHOB, roOBOpAT,
4TO ero «aTOMHBIl Bec» paBeH D6, a ero Macca NPUMEDPHO
B 56 pa3 Goablle MacChl OAHOTO HYKJoHA. @aKTHUECKH
ero ofmasi Macca HeCKOJIbKO MeHblle, yeM 56 Macc HYKJO-
HOB, NOCKOJIbBKY NpH OODBbEAMHEHHHM 3THX YacTHU B AP0
onpelejeHHOe KOJHYECTBO 3HEPrHM, TaK Ha3biBaeMas SHep-
THS CBSI3H, BHICBOGOXAAETCSA M YXOAMT, a NOCKOJbKY BCH
3Hepruss HMeeT MaccCy, HeKOTopad uacTb Macchl Tepsercs
B pe3y/abTaTe 0O0beJNMHEHHS HYKJOHOB B sifipo. Bo Bcex sa-
pax, ORHaKO, KOJHUYECTBO HOTEPSHHON MAacCCH COCTaBJserT
MeHee OJHOTO NpOLEeHTa OT OOlIell MaccH.

3a HCKJIOYEeHHeM aTOMHOTO BeCa, CaMOM BaXHOH  Xa-
PaKTepPHCTHKON sifipa SIBASETCSl ero 3JeKTPHUecKHi 3apsan,
OonpelleIIOMHMIA XHUMHYECKHe H OOJBIUMHCTBO (PHINYECKUX
CBOHCTB aToMa. 3apsii aTOMHBIX siiep KoJaebjerca oT 1 nxo
npumepHo 100. Cpean Bcex BewiecTs, BCTpeualoOUIHXCS B
€CTECTBEHHOM COCTOSIHAH, HAuGOJIBIIMM 3JIEKTPHYECKHM 3a-
panoM o6Jjamaer sanpo ypasHa. Ero 3apsjaoBoe yucao
(«aTomMHBIE HOMep») — 92. HMcKyccTBeHHBIM TyTeM NOJY-
YeHHl sifpa C emle GoJee BLICOKHMHM aTOMHBIMH HOMeEpaMH,
KakK, Hanpumep, naytonuii. HauboJsee yacro BcTpeuaioniue-
¢ Alpa ypaHa UMeloT aToMubi Bec 238, T. e. cocTosiT U3
238 uyxsnoHOB. IToCKOJNBKY NPOTOHBI UMEKOT 3/E€KTPHUUECKHIl
3apsii, a HEHTPOHBI JIHLIEHbl €ro, Mbl MOXeM YTBepXKAaTh,
YTO H3 UiCJa HYKJIOHOB, COCTABJAAIOWHNX SIAPO ypaHa, 92
SBJSIIOTC NPOTOHAMH, OCTafbHbie HeWTpoHamu (238—92=
=146).

AToMHBIEe gapa ABYX atOMOB, HMelOllMe OJWHAKOBHIA
3apsifi, HO pa3Hbie Macchi, HaswBaloTcs w3oronamu. OmHO
U3 f1ep, HanpuMep, AMeeT 3apsAd 92 m maccy 235; srtoT
aTOM, TaKHM 06pa3oM, siBAsSE€TCSl M30TOmOM ypaHa-238. Ilo-
CKOJIbKY MMEHHO 3apsil OnpeuetseT XHMHYecKHe CBOHCTBa
aToMa, COCTAaBHOH YACTbIO KOTOPOro siBjisieTcs sAxpo, oba
aTOMa, HMelollNe 3TH H3IOTONMHBIE sApa, 06/aanaiT, Mo cy-
11eCTBY, ONMHAKOBHIMH XMMHYECKHMH CBOHCTBaMHu ‘M 00a
OHH ABASIOTCH ATOMAMH ypaHd (Hép'rqln\'ybana-235 HCTbJTL-
3yercsl /s NPOH3BOACTBA aTOMHbIX GOMO)

" Muorueé sigepuvie peakuni conpoBOMAaioTCH BHIEENEH-

19



eM’ OTPOMHOr0 KOJHuecTBa 3Heprud. B pesyabTtate paawo-
aKTHBHOrO pacrnaja BellecTBa Bbiessercs 0oJbuioe KOJH-
WeCTBQ 3HEPrHH, HO TMOCKOJbKY BCe paJHOAKTHBHbIE BelleCT-
Ba, UMeolHecss y Hac B 60AbWIMX KOJudecTBax, pacna-
RalOTCA MEIJIEHHO, BHICBOGOXKIEHHE ee JJHTCA TaK A0Jro,
4TQ .He Bhi3biBaeT 0co0oit Tpesoru. W auwb Toabko nocae
TOTO KaK HaM YAaJOoCh pacUleNHTb AApa ypaHa H IJYTOHHS,
Mbl CMOIVIH ROGUTHCSL CTOJb GBICTPOrO M HHTEHCHBHOTO BHI-
¢BOGOXKEeHHST SHEepruH, HeoGXOMHMOro IJs B3pbiBA aTOM-
Holl 60MORl. Jlpyrasa M HecpaBHeHHO GoJiee BaxKHas aToM-
Has peaKuys mpoHcXoZUT BHYTpH CoJHLIA M APYrHX 3BE3f,
cnabKast UX 3SHeprued, KOTOpPYI0 OHH 3aTeM TMOCHIAIOT B
NpocTPaHCTBO, Peakuus sta ropasfo Gosee cjaokHas, HO
pe3yJbLTaT ee TAKOB: YeThipe NMPOTOHA OObEAHHAIOTCA B fl-
PO reqHs H HCNyCKalOT ABa no3uTpoHa. Takum o6pa3om,
pogopon CoJHIa nocTeneHHO «cropaer» B renuit. He 6yap
TAKOTO <«KOCTpa», TemnepaTtypa 3eMJd yrnaaa Gsl BCKoOpe
1o «aGcontoTHOro Hyas» (273°C unxke Hynas). YUenosek eume
He .B..COCTOFHHH TNPOM3BOAUTL B GOJbIIKX Macuitabax fno-
JOGHYIO aTOMHYIO peaklHio, KoTopasi ropasno 6oJee 3d-
(dexTHBHa, yeM paclIelJieHHe ypaHa AJd BHICBOGOXAEHUS
3HEepPLHH, HO BIIOJHE BEpPOSITHO, 4TO BCKOPe HaM ymacres yc-
NelUHO HCO/b30BaTh €€ HJIH Kakoi-nu6o momoGHBIA Mpo-
nece (TepMOSIEPHYIO SHEPTHIO).

AToMHBIE f1pa, KOTOpPhle BMecCTe C 3JEeKTPOHaMH o6pa-
AyIOT MHD, B KOTODOM MHl XXHBEM, 06pa3oBaJHCh, BEPOAT-
10, HECKOJNLKO MHJJHADIAOB JIeT TOMYy Hasal B pe3yJbTate
O6’belIHHeHHﬂ ¢BOGOXHBIX NPQTOHOB H HellTpoHOB. Broaxe
BENOATHO, UTO NPOLECC 3TOT H Ceffluac NMPOUCXOAUT BHYTPH

3863

ﬁlﬂacronmee BpEM#l TPAHAHO3HBIE siiepHble peakUuu
npougxofst BHyTps Coanua u 3mesft. TemmepaTypa y uent-
P2, -0NHNA, COCTABJAET nmpHMepHO 20 MHUJJIHOHOB  rpaiy-
€OB,.M, OHA KaK pa3 JOCTAaTOYHZ A/ «BOCH/IAMEHEHUS» BO-
110pona B pe3yJbTaTe uero OH cropaet, TipeBpamasco B
reauii. TIpoayKToM 9THX peakuHii aBjsieTcss GoJblioe KO-
AVYECTBO REHTPOHOB, KOTOPHIe, MPHCOGNUHANACKE K NPOTO-
nam. 06pa3vioT Gosiee Taxembte 3JIeMEHTH. B nekoTtopuix
pueHb TOPAYMX 3BE3Jax siAEPHBIE HponeccH oueHb 3ddex-
FHBHD, BO (BCMLXHBAIOIINX 3BE3/laX, «HOBbIX» HJH «CBEpX-
MOBLIX>, ‘B HAETHOCTH, MOXHO-OKHAATS: oépaaoaamm 6o.nee

.6pa3oM, BOIMUXKIO, YTO 3/EMEHIbi oﬁpasylorcsi B Henpax
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3Be3f, a 3aTeM BbIGPAcbIBAIOTCA B OKPyXaioulee ux Mpo-
CTPaHCTBO. ‘ '

TakoBbl HEKOTOpble MHBOTpPENELlylUe acheKkTs suep-
HO# (H3NKH; HO HapaAdy C HHMH CYLIECTBYIOT H Apyrue
npoGaeMbl, fipaBaa, MeHee CEHCALMOHHbiE, OXHAKO He Me-
Hee BaxKHble, NPEACTABJAAIONINE He MeHbUIMH HHTEpec.

inpa [Tocko/bKy MOMOXKHTEbHBIE H OTPULLA-
H 3.1eKTPOHBL TeJbHbIE 3apAAbl B3aHMHO TNPHUTHATH-
o6pasylor atomp  BAIOTCA, aTOMHble slpa, KOTOpHe
BCerja 3apsixKeHbl MOJIOXHTENbHO, Oy-
IyT TOPHTATHBATh OTPHIATEIbHO 3aPAXKEHHble 3JIEKTPOHHL.
TIpUTAHYTEIA K SIAPY 3JIEKTPOH HE CTAHOBUTCH €ro 4acTbio,
a BpallaeTcs BOKPYI Hero no opGHTe Ha HEKOTOPOM yaa-
Jennn. OGbACHAETCS 3TO TeM, YTO 3VIEKTPOH Beler cebs
CKOpee Kak BOJIHA, a He KaK uactuua. Tak, BOJOpOAHOE
snpo, obnajamwllee €[HHCTBEHHBIM TMOJOKUTEABHLIM 3apf-
oM, 3axBaTblBasi NOJOGHBLIM 006pa3oM 3JEKTPOH, oOpasyer
aToM BOAOpOAa. BHeliHe 3TOT aTOM 3JeKTpHYeCKH HeATpa-
JIeH, TaK KaK OTPHIATeNbHbIH 3apAj 3JeKTPOHA HeHTPasu-
3yeT MNOJIOXKHTEJbHBIN 3apsi sapa. SIApo renus, HMeouiee
LBOMHOMN 3apsif, AOJKHO NMPHUTSAHYTb JBa 3JEKTPOHA AJSA
CO3XaHHA HeHTPaJbHOro. aToMa, JUIS SiApa ejesa, UMel-
uero aToMHblll 3apan 26, Tpe6yercss 26 3/4eKTPOHOB, H, Ha-
KOHell, AApO ypaHa (aToMHbiil 3apsaa 92) o6bIYHO OKpyMKa-
eT ce6s 92 snekTopHaMH .

Teopus, setasuuyras Huascom Bopom B 1913 roay,
BKJAO4aJa B ceGsl NepBoe NpPeCTaBJEHHE -0 CTPOSHHUH aTO-
ma. CorjlacHO 3TOfl TEOPHHM 3JEKTPOHbI ABHXKYTCA MO KPy-
TOBbIM HJIM 3JJIHITHYSCKHM OpOGHTaM BOKpPYT $iApa, HEKOTO-
puiM 00pa3oM NOAOOHO TOMY, KaK MJaHeThl BPALIATCA
Bokpyr Cosnua. Omnako cyulecTByer Oosbliioe pasapuue
MeXZY ABHMKEHHEM TJaHeT M JBHXKEHHEM 3JIEKTPOHOB.
[Tmanera MOKeT NBHTaTbCA Ha JIO60M pacCCTOAHHH OT
Connua. Tak, ecnu Gul CKOPOCTb BpalleHHst 3eMJIH éoxpyr
Connna yMeHblIMIach, 3eM/s NPOABHHYJach Gbl Ha ofipe-

! B npuHiKne, aTOMHOe SAPO _ MOXET OwTb 00Pa30BaHO M3 -aHTH-
NPOTOHOB ¥ aHTHHelTpOHOB. Tak(e OTPHUATE/RHO 3apAKeHHOe AXDO
MOXeT ObITb OKPYXXEHO MO3HTPOHAMH, a Takqﬁ_,y«anmamu» 6yaer {)Q.
namatb TOUHO TAKHMH IKe CBOWCTBAMH; 4TO W OOuiunas matepus. Bxo-
AT B KOHTAKT APYr T APYroM, ‘MaTepPHA H AHTHMATEpHA 'BIAHMHO YH¥Y-
TOKAIOTCA, BHCBIGOKAAA NPH STOM .OTPOMHOE™  KOJHUECTBO -IHGPCHH.
Coraaco HEKOTOPbiM TeopHSM wacTh BGe/eHHOM -COCTONT M3, aHTUMA-
TePHH.
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IesNeHHOe paccrosiHMe no HanpasieHuio k CoJanuy d cra-
Jaa 6bl BpamaTthcsa N0 HOBON op6ure, ynajnenHoil or CoJuu-
La Ha paccTOsiHHe, 3aBHCslllee LEJHKOM OT CTENeHH 3a-
MeIJeHHA., 3aMeMasisl MM YCKOpsist ABHXKeHHe 3eMJH BOK-
pyr CoJHlla, MOXHO 3acCTaBHThb €e JBHTATbC MO JI060MY
ajaauncy (cobuonas JMHIIL eIHHCTBEHHOe YycjaoBHe: (OKyC
TAKOH SJIHNTHYECKOH OPOMTH JO/MXKEH NPHXOAUTbCA HA
ConHue). DJEKTPOHBI JKe B aTOMe JHUIEHb CTOJb Heorpa-
HHYEHHOH cBOGOAB! BeIOOpa cBOEll OpOHTHI IO MpPHUHHE TO-
ro, UTO OHH BelAyT ceBs Kak BOJHBI, a NOCJAEAHHE AOJMKHBI
YK/NaAblBaTbCsl B ONpefesieHHbe BOJHOBLlE CHEKTPHI.

Kaxk yxe ynomuHajioch Bblllle, CBeYeHHe HEOHOBOH TpyO-
KH 06yCJIOB/IMBAaeTCSl NPOXOXKIEHHEM 3JeKTPHYECKOTO TOKa
uepe3 HHEPTHHIH ras HeOH, colepxaluuiica B Tpy6Ke. Sapo
HeoHa HMeeT aTOMHHI 3apan 10 u, ciaenoBaTesbHO, O0bIY-
HO OKDYKEHO JecATbi0 3AeKTpoHaMH. Ecan 3sneKTpHuecKuit
TOK NPOXOJAHUT uepe3 ras, TO 3TO O3HAYAET, YTO 3JEKTPOHH
NPHHYXKJAEHBl ABUraThbCcs 4Yepe3 HEro U CTaJAKHBAIOTCH C
aroMaMH rasa. Ilpd mOCTaTOYHO 3SHEPTHYHOM  CTOJKHOBE-
HHH aTOM HeOHa B pe3y/JbTaTe MOXET JHIHTBCS ORHOTO
3JIEKTPOHA H NPEBPATHTLCH B IIOJOXHTENLHO 3apsXKeHHBIH
HoH. Takum o6pa3oM, HOH HeOHa coctosa OH H3 aToMa
HeOHa M JeBATH 3JeKTPOoHOB, OcBOOOAMBIHMNACA 3JEKTPOH
MOMOTaeT NPOBOJHUTb JIEKTPHYECKHHl TOK yepe3 ras, HO B
KOHILle KOHIOB €r0 MOXKeT 3aXBaTHUTh JPYFrOH HOH HeoHa.
ITouemMy e HOHBI 3apsKeHbl NOJOXKHTeJbHO? lla noromy,
4YTO JeBATh 3aKJIOYEHHBIX B HUX 3JIEKTPOHOB He B COCTOfI-
HHH HeHTPaJH30BaTh [ECATb NOJOXUTENbHBIX €IMHHL 3a-
paia fAapa, BOT NOUEMY 3JIEKTPHUECKOE INOoJIe HOHA TPUTA-
rUBaeT COCeAHHE 3JIEKTPOHDL.

K Takofi HOHH3aUNHM aTOMa NPUBOAAT JIUUIb JAOCTATOUHO
SHeprHYHble CTOJKHOBeHHst. Yamie Bcero B pesyJbTarte
CTOJKHOBEHHSI OJAUH H3 3JIEKTPOHOB, BXOJSIIUX B COCTaB
aToMa HeoHa, OTOpachiBaeTcsl CO CBOell HOPDMaJbHO# OpGH-
THl Ha HOBYIO OpOHTy, GoJjiee ylajaeHHyilo oT siapa. Takoe
sIBJIcHHEe Ha3biBaercs 8030yxcOenuem atoMa. AToM npopoJ-
JKaeT OCTaBaThCHl JEKTPHUYECKH HEHTPAJbHLIM H HMEET, B
cayyae HeoHa, 10 3JEKTPOHOB, XOTA OJIMH M3 HUX cTaa 06-
JAagaTteleM HeOObIYHO GOJAbILIOro 3anaca SHEPrid B CBS3M
T yBeJHYEHHEM ero paccrosuus ot aapa. Ho yxe uepes
OYeHb, KOPOTKHH NPOMEKYTOK BPEMEHH 3TOT IJEKTPOH BO3-
BpalLaeTCs Ha CBOI0 HOPMaJibHYl0 OpOHTY, Bbijeasiss INpH
STOM H3JHIUHIO 3HEPTHI0O B BHAe ¢oToHa, @orton obpa-



3yeTcs BCAKHMH pa3, KOrjla 3JeKTPOH «IepenpLiruBaer» ¢
ofHOI opbuTthl Ha Apyrylo. CmeT, mochlJaeMblil TasoM TNPH
NPOXOXKAEHHH Uepe3 Hero 3JeKTPHUECKOro TOKa, COCTOUT
U3 (GOTOHOB, BbIJeJAEMBIX BO3GYXKIEHHLIMH aTOMaMM IIpH
BO3BpallleHHH HX B HOPMaJjbHOe cocTosiHHe. DHeprus ¢oro-
HOB, a CTaJo ObiTh, H SHEPrHf H3JY4aeMOro cBeTa Ompeje-
JsieTCsl pasHHIEH MeXAYy SHePreTHUYeCKHMH YPOBHSAMH ABYX
op6ut. Ecan 3Ta pasHMIla OueHb MaJja, MBl HMeeM Kpac-
HBIl CBeT, XapaXTepusyeMbli IJHHHLIMH BOJHAMH, HeEC-
KOJIbKO GOJbillasf pasHHIA JaeT XKeAThlii N 3ejeHbIi CBET
6oJiee KODOTKOH BOJHBI, a elile 6OJbMIas pasHHAua — CH-
HH#l MM (GHONETOBHIN CBET ellle 6ojiee KOPOTKOH  BOJIHBI.
TlocpencTBoM TOYHOrO H3MeDEHHsI AJIHMHBI BOJIHBl H3/yuae-
MOTO CBeTa Mbl MOXeM co6paTh OveHb UEHHYI0 HHbopMa-
[HI0 O Pa3/IHUHBIX 3HEPreTHYeCKHX COCTOSIHHAX, B KOTO-
PHIX MOXET HaXOIOHThCA aToM. JICHBII KpacHHIil CBeT Heo-
HOBOH JlaMINbl MOMOTaeT HaM cjesJaTh TpPaBHJbLHHIH BHIGOP
IPH NOKyNKe 3yOHOH nacThl, ¢HM3HKYy e OH NOBECTBYeT 00
aTOMHOH CTPYKTYpe HeoHa.

PasanyHble OpOHTH, HA KOTOPBIE MOXET NEpPelTH 3JeKT-
POH TIpH BO30YXKIeHHH aToMa, TaKHM 00pa3oM, XxapakTepH-
3yIOTCSl Pas3/HYHBIMH JHepreTH4eCKAMH COCTOSIHHAMH. Cser,
H3JyuaeMblil TPH KaxJIOM Iepexoje C ORHOH OPOHTHI Ha
IPYTYIO, HA3bIBAETCS CNEKTPAAbHOU aunued; Kaxpas Ta-
Kasg JUHHAA HMeeT cneuuduyecknii user. CJI0XKHBE MO
CTPOEHHI0 aTOMbl MOTYT H3Jy4aTb THICAYH, a HHOTHAA H Je-
CATKY THICAY PA3NIHUHBIX CNEKTPANbHBIX JIMHHE H, €CTecT-
REHHO, KaK KW BCe CJOXHOe, TPYAHO MNONAAIOTCS aHaJHu3y.
Yrtob6bl MOHATHL YCTPOHCTBO aToMa, HeoOXOAMMO HAuaTh ¢
aHaJH3a NMPOCTEHIIero aToMa, a HMEeHHO ¢ aToMa BOAOpoia,
BOKPYT siipa KOTOPOTo BpalllaeTcs BCEro JHIIb OIHH JIEKT-
pon. OGBLIYHO 3TOT 3JEKTPOH BpalllaeTcsl IO KPyroBo# oOp-
6uTe B HEMOCPeACTBEHHOH OJH30CTH OT siApa — JAHAMETP
OpGHTHI COCTABJSIET OJHY ACCATHMHIUIHOHHYIO MMWLTHMETDA.
Ananuaupys CHeKTp, H3JydaeMblii rasoM BOAOPOAA HpH
NPONYCKAHHH 4Yepe3 Hero JeKTPHYeCKOro TOKa, Mbl’MoikKeM
pPacCUUTaTh OpOMTHI, MO KOTOPHIM ABHIKETCA 3JEKTPOH TipH
BO36YKIEHHOM COCTOSHHM aToMa. B- pedyabraTte TtaKoro
dHanMM3a 'y[1ajoch yCTaHOBHTB, 4TC paccTostHie OT opénm
1o Aapa MoXer GwiTh B 4, 9, 16 unn 25 paz Goasnore 'HOp-
MaJbHOTO' pacc’rom-m;{ MeMAy HikpoM #!'opbuToi; HE: OHO
HEé MOXET TIPEBHINATh 516 \paccmsm'ﬂe B 5,8 wnw 13 pas.!

[ToHaudAy TPYRHO '6bii0 NONSTH, HoTeMy siigkTpOR' MO-
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MeT PPallaThC JHWIb NO ONpeJiefleHHbIM OpOHTaM, a He
BOO6Ee HA JOGOM paccTosmuM  OT sLpa — ranonxoGue.
TJIaHEeTH, Bpalaiouelcs BOKpPYr Coanua. Pasragarth 3Ty
3arajlky yaaJocb ¢ OTKPbiTHEM BOJHOBOH NPHPOIbI 3JeKT-
poHa. PaccMaTpHBasi 3JleMeHTapHble UaCTHUbl, MH Yy¥Xe OT-
MeuaJH, YTO JeKTPOH HMHOIa HAaMOMHHAeT vacTuuy, HO
Hapsily ¢ 3THM OH o6JajiaeT U ApYTHMH CBOACTBAMHM, KOTO-
pble 3aCTaBAAOT ero Bectu cebsi nomno6Ho BosnHe. Onep-
PY® HCKJIOYHTEJBHO MajblM{ pasMmepaMH, nogoGHo pasMme-
paM aToMOB, Mhl y6exkpaeMcs, 4YTO BOJHOBble CBOMCTBA
CTONMb Xe fPKO BbipajkeHbl, KAK M KOPNYCKYJsApHbE, a NO-
TOMY H HE COBCEM TOYHBIM 6y11e1' yTBep:KAEeHHe, UTO 3JIeKT-
POH JBHXKETCA NO onpeXesneHHON opbute. DJIEKTPOH, ABH-
JXKYIIHACST BOKPYr aTOMHOTO $1pa, CKOpee MOXHO Tpeacra-
BUTbL cefe Kak 3JeKTPHYeCKHH 3apsfl, KOTOPbIA NMYJbCHPYET,
Kose6JeTcsl, BpalllasAch BOKPYr sapa. Bor nouemy sanaua
N0 pacyeTy JABMIKEHHS 3JeKTPOHAa B aTOMe He uyyXJa aky-
CTHYECKHM npo6JjeMaM: Kak KosebJeTcsi CTpyHa, WJH, Ka-
KHe 3BYKH, TOHA MOXKHO H3BJeib H3 CBHCTKa.

OTKphITHEe BOJHOBOH TPHPOAH  3JEKTPOHA TIOCJHYKHJIO
TOJYKOM K YCOBEDUIEHCTBOBAHHIO KJACCHUECKOH MeXaHHKH
HeioToHa, B pe3y/bTaTe 4yero BO3HHKJ/A KBAHTOBAA MeEXAHU-
Ka, HIM 60AHOBaA Mexanuka. KBaHTOBas MexaHHKa cocpe-
IOTOYHBaeT CBOe BHHMaHHe Ha BOJIHOBOH NPHPOJE 3JEKT-
pOHa, B TO BpeMs Kak KJaccHyeckas MeXaHHKa pacCMaTpH-
BaeT 3JEeKTPOH KakK dyacTHuy. IIpM paccMOTpeHHH KPYNHHIX
TeJ, TaKHX, KaK TJaHeThl HJAH Jaxe MEeTeopbl HJIH CHAps-
Jbl, MOXXHO OTPaHHYHTbCA HX KOPNYCKYJISAADHOR mNpHPOMOH,
NOCKOJABbKY, €CJH TeJa AOCTATOYHO KpPYNHBl, HX BOJHOBAas
npupona coBepiieHHO He3aMeTHa. Ho ecam Mu n3yuaem
MeJbuaiililie YacTHLbl, HanofoGHe 3/1eKTPOHA, U HMeeM Je-
JO ¢ pasMepaMH NOPsKa PasMepoB aToMa, BOJIHOBAsl IPH-
pola npo-BJASETCS HACTOJbKO CHJBHO, 4YTO Mbl JOJKHbI
N0JIb30BaThCsl KBAHTOBOH MeXaHHKOH.

C pasBuTHeM 3TOH HOBOH OTpPAaciH HayKH CTaJo BO3-
MOXHEIM NOJHOE ONHCaHHe CBOWCTB atoMa Bofopona. Ho,
K COXAaJIeHHIO, MOZeJb aTOMa, NpeNJoXeHHad KBaHTOBO#
MEeXaHHKOMH, HacTOJbKO aGCTPAKTHA, YTO MNPOCTO HEBO3MOXK-
HO MOJIYYHTb ero rpaduyeckyio KapTHHY, NMOCKOJbKY MaJgo-
3aMeTHble M HeOObluHble fIBJIEHHS, NPOHCXOAALINE BHYTPH
aToMaq He Mory'r 6blTb QUHCAHH NOCPEACTBOM aHaJOTOB H3
NOBCEAHERHON KU3HH. -ECH MBI HaMepeHbl CAeNaTh NONbIT-.
Ky naTb harasjinge H306paxeHne aToMa, 70 Mbl JOJXHbI
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6biTh TOTOBH CTOJKHYThCA C TeM (DAaKTOM, 4TO 1O MeRBiieR’
Mepe B HEKOTOPOM OTHOIIEHHH 3Ta KapTHHa OyaeT oqenb
o6MaHunBoil. JKenas noxuepkHyTh KOPITYCKYJISIPHYIO npupo-
Ly 37€KTPOHE, MBI MPHAEM K aTOMHO# Mozean bopa, B KO-
TOPOI 3JIEKTPOHbl PAaCcCMATPHBAIOTCA KaK 4aCTHULI, ABHXKY-
liMecs MO HEKOTOPHIM OTpelfeNeHHHM OpOHTaM M MOTyuiHe
NepenpLIruBaTe ¢ OAHOK OPOHUTH Ha APYIYIO, HCMYCKasi NMPH
5TOM oAHH ¢oToH. C APYroH CTOPOHH, MLl MOXKeM Bhifie-
JUTb BOJHOBYIO NPHPOALY 3JEKTPOHA M paccMaTpHBaTh pas-
JIHYHble COCTOSIHHS aTOMa KaK OCHOBHOH TOH H 00epTOHH
KOJle6aHui 3/71eKTPOoHA.
KBaHTOBOMeXaHHUeCKasi TeOpHs aTo-
Ma ChnpaBelJMBO CYHMTaeTcsi OIHHM
M3 BeMHYaHWHX TPHYMGDOB (H3NKHU.
[aB Takoe TOuHOe ONHCaHHEe CBOHCTB
aToMa, 3Ta TeOpHs NoJBeja NMPOYHLII (PYHIAMEHT, €CJan He
NOJO0 BCKO €CTeCTBEHHYI0O HayKy, TO BO BCAKOM CJyuae Noj
601bIIYI0 ee 4acTb, MOCKOJLKY MaTepHsl COCTOHMT H3 aTo-
MOB. 3Hasl CBOACTBA aTOMOB, MBl B COCTOSIHHY DPacCUHTaTh,
KakuM 006pa3oM OHH COeJHHSIOTCA BMeCTe M KaKHe 3aKo-
HBl 371ech neficTByloT. [IpH NMOMOILHM KB2aHTOBOH MeXaHHUKH
Mbl MOXEM OnpelesHTb He TOJbKO CBOHCTBAa aTOMOB, HO H
CBOHCTBa BCeX BemlecTs, o6pa3yeMblX HMH: MBl MOXeM
NOHATH, NIOUEMY 30JI0TO 00JafaeT XKEeATHIM UBETOM, a CTadb
TBepHa; IOYeMYy BOJOPOX M KHCJOPOA, COEAHHSAACh, AAlOT
BOJY; M UTO NPOHCXOAHT, KOTZa BOoja 3aMep3aer, o6pasys
Jel, HJIM KUOUT, peBpalllasich B map. 3ajava CBOAMTCH K
JIEeTalbHOMY pacueTy, Kak CHJAb, 3aJloXKeHHble BO MHOIHX
aToMax, B3aHMOIEHCTBYIOT 4acTO BecbMa 3aMBICJIOBATbIM
H HENOHSITHBIM o6pasoM. Jlpyroe neso, ecin Mbl 3HaeM oc-
HOBHble 3aKOHBl MX COeIMHEHHs, — TOrAa Mbl pacroJara-
€M CeKpeToM HX NOBeJeHHS.

Tor ¢axT, YTO HeKOTOpble NMPOOIEMBl ANEPHON GH3NKK

¥ (u3NKH 3/7eMEHTAapHBIX YaCTHil BCe ellle He paspeuiensl,
He TaK yX BaxkeH /s €CTECTBEHHON HayKH B uesJoM. flnep-
Has ¢H3UKA JOBOJbHO YeTKO OTAeJeHa OT IAPYyTHX oTpac-
neir ¢usuku. CTpoeHne aTtoma onpene.nﬂe'rcsl NOUTH HCKJIO-
YUTEJAbHO 3apsSiOM siApa M 10 HEKOTOPOH CIeleHH ero Mac-
coii. BHyTpeHHee CTpoeHHe sApa, KOTOpOe, yioxaayd, eme
He J0 KOHLA SICHO, HMeeT OTHOLIEHHE JHIb K HeKOTopuM
3KCTPAOPAHHAPHLIM fBJEHHAM, TAKHM,, Kag’ pacr;,l% a);dab
AKTHBHBIX 3JEMEHTOB W B3PHIB aTOMHOM GOMGHM p pé
cMOTpeHHR ‘Bcex Gosiee CHOPMATTEHBIX» SBeHi " MOX o

AToMbi cTpoAT
MOJIeKY bl
H KPHCTanasl
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OrpaHHYHTLCA M3yUYEeHHEeM CBONCTB aTOMHOH 000J0ukH. Bot
TYT-TO KBAHTOBas MexXaHHKa He3zaMeHHMa!

Mul BHpuenH, 4TO aTOMHOe fAPO OGBIYHO  OKPYXKEHO
9JIEKTPOHAMH, YHCJO KOTOPBIX paBHO 3apsay fiApa. 3710
YHCJIO 3JMEKTPOHOB HeOGXOAWMO O HefATpasiu3alHH 3ap-
na sapa. Eciv ke Tak mam  uHaye aTOM TepsieT OAHH
SJIEKTPOH, OCTABUIMXCS 3JIEKTPOHOB HEZOCTATOUHO AJS HOJ-
HOH HeHTpajM3alMH NOJOXKHTENbHOTO 3apsaa saapa. [Hei-
CTBHE 3TOT0 TOJIOXKMTEJBHOTO 3apsiia pacnpocTpaHsiercs
3a mpefieJbl CaMOTO aToOMa, W KaK TOJbKO KaKoH-aH6o
9JIEKTPOH OKa3biBaeTcsd MOGJIM30CTH OT TaKOro atoMa, OH
NMPHTATHBAETCS K HEMY, BOCIOJIHSA YTePAHHbLIA  3JEKTPOH.

Ho u B stoM cayuae, KOTHa PO OKPYKEHO HYXKHHIM
YHCJIOM 3J1eKTPOHOB, OIpefiesleHHble CHJIH, HCXOAsilllHe H3
aToMa, OKa3bIBAalOT Bo3JelicTBHe Ha cBoe OKpyXKenue. Mx
HHTEHCHBHOCTb onpefenasercs 3GGeKTHBHOCTBIO, C KOTODPOH
3JIEKTPOHB! SKPAHHDPYIOT MOJie sipa, H CHMMETPHYHOCTBIO
HX pacloOJIOXKeHHs BOKPYT siipa. B aToMe 3JICKTDPOHLI HMe-
IOT TeHAeHUUI0 o6pa3oBHBaTh «ofosouku», Kaxpas oGo-
JIOUKa COJAEPXKHT Omnpe/leeHHOE YHCJIO 3JeKTPOHOB, H eclH
OHAa 3aHATa MOJHOCTHIO, HAeHCTBHE CHJ, TNpPOCTHpaloLLeecs
3a mpelebl 3JeKTPOHHON OOOMOYKH, OueHb MaJio. Bamxkai-
mas K sAApy 000J0YKa, Tak HaswiBaemMasa K-o6os04Ka, coO-
CTOMT H3 JBYX 3JIeKTPOHOB, BpallaioHlNXcsi B HENOCpPencT-
BeHHOU OJu3ocTH or sigpa. Ecau B atomMe OGoJjiee ABYX
3JIEKTPOHOB, HNOMOJHHTEJbHbIE 3JEKTPOHBI JOJXKHHE Bpa-
martbcsl Ha GoJblieM yjaateHHH OT gApa- L-o6osouka pac-
CYHTaHa Ha BOCEMb 3JEKTPOHOB, HO €CNU UYHUCJIO 3JIEKTPO-
HOB B areMe GoJblie JeCATH, OCTajbHbLlE [OMKHBI Bpa-
marbscsa no opburam, eule 6oJiee yaaJeHHBIM OT sijpa H 00-
pasyromuM M-060JI0uKy.

Ecnp uyncio 3neKTpOHOB, COAEpKAIIUXCS B aTOMe Ompe-
JeJIeHHL 0 BelllecTBa, HJOCTATOUHO JJI 3aNONHEHHS BCeil
060JIOUKH, pACNOJIOKEHHE 3JIEKTPOHOB CTAaHOBHTCA  aCHM-
METPHUHBEIM, B PE€3yJbTaTe Yero OYeHb HHTEHCHBHBIE CHJILI
TPOHHMKAIOT 32 NpefleIbl aToMa. ITO T€ CHJIBI, KOTOpbie yaep-
KHBAIOT BMeCTe JiBa HJH GoJee aToMa, oﬁpaayroume Mo-
JIEKY Y. Xnmuqecxue ¢BoOfiCTBa aTOMA, T.€. €0 CNOCOGHOCT
COeUHATBCH C npymMH aToMamy, ‘o6pasys ILOBOJIbHO cox-
HYIO Mo.nexyny, aaBncsrr TaKHM 06pa30M o1 c*rpymypu
3JIeKTPOHHOM, O onoq IT( aTOMy Ke THITY"OTHOCHTCH U CH-
AM, YAEPHKUBaOIHE ﬁ’Mec‘le drombf ¥ 06pasyiotne, ‘TAKHM
o6pasom, thepnde Téido:
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Ecan BHemHsisi o6osouka atoMa «yKOMIJIEKTOBaHA®
37€KTPOHAMH TOJHOCTBIO, HJIH, APYTHMH CJIOBAMH, «3aKpbi~
Ta», CHJOBOE IOJe 3a MNpeleJaMH aToMa B TaKOM cJyuae
cueHb cnaboe. Takum ob6pa3oM, atombl, HMelOle 3apsaf
siipa M, CJAef0BaTeJbHO, 3KBHBAJEHTHOE YHCJIO 3JEKTpPO-

HoB — 2, 10, 18, nmanpuMep, xapakTepusyloTcs CaaGbIM
CHJIOBHIM ToJIeM. Bce 3T BellecTBa SBJAIOTCS HHEPTHHIMH
TaszaMH: TeJauil — c IBYM$sl aJeKTpoHaMu Ha K-060/0uKe;

HEOH — ¢ ABYMSA 3JeKTpoHaMH Ha K-060/10uKe H BOCEMBIO
3NI€KTPOHaMH Ha L-0060/I0uUKe M aproH — C AByMs 3JIEKT-
ponamu Ha K-o6on0YKe, BoceMbl0 Ha L-060J0uKe H BO-
ceMblo Ha M-o6omouke. Cunbl, ¢ KOTOPBIMH TaKO#l aToOM
MOXEeT IeficTBOBATb Ha JpyrHe aTtoMbl, HACTOJBKO CJ1alBhl,
4TO XHMHYECKOe cOelHHEHHe NPOCTO HEBO3MOXKHO. Takum
0o6pa3oM, HHEPTHBIe rasbl 0653aHBl CBOUM Ha3BaHHEM TO-
My (akTy, YTO OHHM HeiCTBHTENBHO «HHEPTHHI», T. €. HE B
COCTOSIHMH 00pa3oBuIBaTh coeanHeHHs. Mx artomsl mpexno-
YHTAT OBLITL CBOOOAHBIMH U HE3aBHCHMBIMH, WJH, APYTHMH
cI0BaMH, OHH o06pasylor ras. ToJbKo NpH OYeHb HH3IKHX
TeMIlepaTypax HHEpPTHblE rasbl MOTYT KOHAEHCHPOBATLCH B
JHAKOE MJM TBEpAOe COCTOsHHE; OJHAKO CHJbl, YyAepkKH-
BaIOIIME ATOMB BMECTE, HACTOJNBKO CJabhl, YTO NOCTATOYHO
JHIB MaJelero noxorpeBaHys, utoGbl aTOMbBl BHOBb BbI-
CcBOOOJANJINHCL M BelleCTBO BHOBb Nepemwjio B rasoobpasHoe
COCTOSIHHE.

Boxpyr aToMOB Bcex PYruX BeIUeCTB CHJIOBble IOJsA
HaCTOJbKO HHTEHCHBHBI, YTO aTOMBI B COCTOAHHH COeJH-
HATBCS C JAPYTHMH aTOMaMH H 06Gpa3oBLIBATh MOJIEKYJIHL.
IIpocrefiinM npuMepoM o6pa30BaHHsA MOJIEKYJbl fIBJASETCS
COeiUHEHHEe ABYX aTOMOB.BOAOPOAA B MOJEKYJy BOAOPOAA.
Takast MoJleKyJia COCTOHT H3 ABYX aTOMHHIX sifiep (mpoTo-
HOB) H JBYX 3JIEKTPOHOB, KOTODble, TaK CKa3aTb, yAepXKH-
RraloT HX BMecte. Jlpa saektpoHa o6pasyior K-060a0uKky,
JAenas CMAbl, HCXOAfALIME H3 MOJEKYJn BOAOpPOAAa, OYeHb
caabuimu. Tak, mpu HOPMaJbHOH TeMnepatype BOJOPON
ABJIAETCS Ta30M, NMOCKOJbKY CHJBI MEXAY MOJIeKyJaMH He-
JNOCTATOUHLI IJA YAEPKHUBaHHS HX B MNOJOXKEHUAX, XapaK-
TEPHLIX JJIS1 XHJKOTO HJIH TBEDAOTO COCTORHHS.

Jpyroe neno, ecau COeAHHAIOTCA ABa aToMa yriepoaa:
CHJIBI, MCXORAINME M3 HHX, QCTAIOTCH HACTOJLKO 3HEPTHUHbI-
MH, YTO OKa3biBAIOTCH AOCTATOUYHBIME AJIS DPUTHANKEHHS -elle
HECKOJBKHX aToOMOB. B pesyibTare R0BOMBHO ‘60ABLIOE YHC-
70 aTOMOB YIJIEPOAA MekeT cocRBHATHCA B rpynnnl. Ta-
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KHe COeHHEHHS MOTYT ObiTh GecrnopAfOYHbIMH HJIH JKe: OHH
MOryT 06pa3oBbIBaTh HCKJIIOUHTE/ILHO CHMMETPHYHYIO CTPYK+
TYpY — Kpucrasia. Kpucraminueckasi ¢opma yriaepoga Ha-
sbIBaeTcs aJMasoM. ATOMB B KpHCTa//ie pPacloJIOXKeHbl
NPAMBIMH DPANAMH, H 3TO COBEpUIEHHOE PacnosioMeHHe co-
XpaHseTcs Jfa¥e B TAKHX KpYMHBIX KpHUCTa//laX, Kak B
6punnnante Kox-u-Hyp. Cuapl, nefictBytouine Mexay cocef-
HUMH aTOMaMH, ONpefeasiOT TBePAOCTb KPUCTAJJ/Ja W BHYT-
PEHHIOIO cuJay cuemseHusi, Meraansl Takxe o6pasyloT Kpu-
CTaJIbl, MHOTHE W3 KOTOPHIX MHKPOCKOMHYECKH MaJbl.
Kycok Merasila cOCTOMT M3 OYeHb 6OJbUIOr0 4Yucaa Ma-
JIeHbKHX KPHCTAJJIOB, CHEKUIHXCA BMecTe.

Mousekyasl yacTo cocTofiT M3 DasqNYHLIX BHJOB aToO-
mMoB. M1 HaTpuil, H X/Jop — BellleCcTBa, KOTOPble TPYAHO MO-
JIYYHTb B YHCTOM BHJE, OAHAKO HX XHMHYECKOe CoeldHe-
HHEe — XJIOPHUCTHII HATpHil (MOBapeHHast COJb). — LIMPOKO
pacnpoctpaHeHHoe BeulectBo. AToM Hatpus Hmeer 11
30eKTpoHOB: 2 Ha K-oGoJouxe, 8 Ha L-o60Js0uKe, a OIHH-
Haxuateit Ha M-oGoJsouke. Y atoma xsopa 17 3jeKTpOHOB,
TaKHM 00pa3oM, Ha M-o6os0uke 3ausaTO 7 MecT. ATOM HaT-
pHs «oTmyckaer» OoT cebsa cBOi HauGonee  OTZaJeHHbI
SAEKTPOH C TeM, YTOOBI BCe OCTaBLIMeCs 3JIEKTPOHLI HAXOMHU-
JHICh Ha LeJHKOM 3aNlOJHEeHHbIX 060A04YKax. AToM Xxe xJopa
C F'OTOBHOCTBIO MPHHUMAET elle OJHH JeKTPOH, ¢ TeM 4YTOOb!
IO KOHIlA 3amoaHuTb cBolo M-o6os04ky. Ecan, Takum obpa-
30M, COEIMHHUTb HATPHil C XJOPOM, TO KaXKILIil aTOM XJopa
NpHTATHBAeT K ceGe OJHH 3JEKTPOH aTtoMa HaTtpHsa. B pe-
3ynbTaTe aTOMBl XJOPA H HATPHA XHMHUYECKH COEAUHAIOTCA
H -06pa3yloT XJIOPHCTbill HATPHAH.

Cpenn opraHHuYecKUX COEGAHHEHHI MOXHO HAATH MoJe-
KYJIbi, COCTOSILIHE H3 THICAY M JaXe MHJHOHOB aTOMOB,

3 Bcex XHMHYECKHX CO€JMHEHHil, KOTOpble MOryT 06-
pPa30BBIraTh aTOMBI, CaMbIMH HHTEPECHHIMH HECOMHEHHO
ABAAOTCA OpraHuyeckHe BewllecTBa. CaMbiM BaKHBIM  HMX
3/IeMEHTOM HABJIRETCH YIJIepold, KOTOPbifi OObIYHO HAXOZHT-
Cfl B COeNHHEHHH C KHCAODPOLOM M BOAOpomoM. MHorue se-
ILeCTBAa COAEPKAT a30T, a TaKKe M APyrHe vremeHtol. Op-
raHnyecKue BeLleCTBA NPUMedaTe/bHB HE Pa3MepoM -CBOHX
MoaekyJ. KpHcrann, uanpumep, MOXKHO -paccMaTpHUBATH
NPOCTO KaK THPAHTCKYI0 MOJIEKYJY, a ajJMa3 COREPKHT
HeepapHeHHO OoJbliee YHCHO ATOMOB YIA€pPOAd, YEM JIiO-
Gast -opraiinyecitas Moaekyaa. ‘OfHAKO B ajMa3e aToMbl
HAXORATCA B CTPOTO ONPENCACHHOM NMOPAAKE — OHM Pacno-
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HHYECKHE BellecTBA MMeEIOT pa3HooOpasHylo- M H3MEHYHBYIO
cTpyKTypy. Coemunsiach, &8TOMHl yriepojia MOryt o6paao-
BLIBATh KOJbL@, @ TaKXe MJUHHbiE Lend, HHOrAA C OTBer-
BaeHHAMH. K TakoMy yriiepoaHoMy Kapkacy TNPHCOEAH-
HAIOTCA aTOMbl KHCJAOPOAA, BOXOPOZA M MHOTHE ApPYrHe
atoMbl. CoBeplieHHass CHMMeTpHs coofuiaeT ajaMasy ero
TBEPROCTb H O6JIECK; OAHAKO HMEHHO OecnopsaA0uHOCTb M
pasHoobpasHe COeNHHEHHH IeJaloT OpraHH4yecKkHe BellecT-
Ba ropasno GoJiee UEHHHIMH, HeM aJMa3sbl, NOCKOJbKY OHH
ABJAIOTCH HOCHTEISIMH XKH3HH. B To Bpemsa kak aiamas oT-
Juuaercss YCTOHYHMBO!N K TNOCTOSHHOH CTPYKTYpOH, OpraHu-
yecKHe BelllecTBa ckoponpexoisfumu. JJanHHYIO yraepon-
HYIO LeNb JIeTKO PasopBaTh, ¢ TAKHM XK€ YCIeXOM ee MOX-
HO YAJHHHTb. BHYTPH MOJEKyJBl aTOMBl MOTYT MeEHSITh
CBO€ MOJOXEHHe, a OpPraHH4YecKoe COeIHHEHHe MOXeT Jer-
KO BHJIOH3MEHHTbCH B Jpyroe. Takas ru6xocTb H pasHooO-
Pa3HOCTb BHAOH3MEHEHHUA COCIMHEHHH HaeT BO3MOXKHOCTH
MOJIEKYJIaM C03/1aBaTb HEBEPOSAITHO CJAOXKHHE CTPYKTYpH
JKHBbLIX CYIIeCTB.

Bce BemectBa — GyAb TO: BO3AYyX, BOAA, 3eMJs, CTaJb,
CTEKJO, JepeBO HJH -NPOTEHHbl — COCTOAT H3 aTOMOB.
Baarogapa HameMy rjay6OKOMY 3HAHHIO CTPYKTYpbl aToMa
Mbl MOXE€M BBIYHCJHTbL CHJEl, C KOTOPHIMH aTOMBL BO3Jeil-
CTBYIOT ApPYr Ha apyra. XHMauecKHe CHJABl MOIyT ObITh
PaccunTaHbl B COOTBETCTBHH € KBAHTOBOMEXAHHYECKOH Teo-
pHeil. aTOMa, 4 OTCIOAA Mbl MOXEM BBLIBeCTH CBOHCTBA BCEX
BellleCTB — MO0 KpafiHeii Mepe: B npuHuune. Kax Mu yxe
YIOMHHAJH, 3Ta OTOBOPKa («B MPHHUHIE») OuYeHb BaXKHA:
Mbl BHAeAH, KaK MOXHO TEOPETHYECKH DACCHUTATR CHEKTP
NpOCTENILNX aTOMOB, a -TaKXKe H.Jpyrue CBOH(CTBa C ,TOH
)Ke CaMoOHl TOYHOCTBbIO, ¢ Kakolf OHH MOTyT. ObITh HM3Mepe-
Hul. Tlepexoasi kK Goaee CJAOKHBLIM ATOMaM, Mbl HE:BHAUM
DPHYHHRE, TO. KOTOPOH MbL He CMOrAH  Gpl. paccyutath, HUX.
TEOPETHUYECKH; .OHAKO, KAaK. OKa3blBACT MPAaKTHKAE, -BbINGA-
HEHHe TaKWX BLIUHCJIEHHI TNpeLCTaBJseT o060l OTPOMHYID
obeckypaxuBaioulylo pa6oty. JTa OrpaHuyeHne OTHOLHTCH.
K XHMHYEeCKHM cHaaM. Mcxoas H3 HaliMX 3HaHHH O CTPYK-
Type aToMa BOROPOAa, Mbl NOAPQGHO PaCCUHTANU YCJA0BH,
NpU KOTOPbIX .COEAHHAIOTCS Ba aToMa BOAOPoAa, 06pagys.
MOJIEKYJY BOAOPOJA, Mbl TaKXKe TEOPETHYECKH ONPENEAHIN
pasiiuHble CBONCTBA 3TOH' MOJEKYy/bl. Pe3yJahTathl. 3THX
pacueroB: COBNAAAIOT ¢ HaWHMK HabmwopenuaMu. Has 6o-
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JO¥EHbl pOBHEEC, Y€M- LI€ePEHFH CcoJiaaT Ha nf{ane. Opra.-



Jaee CJAOMKHBIX cCOelMHEeHH pacyeTn! 3TH MEHee TOUHBI. Mex-
Ay TeopHeill M HaOJ/IONEHHSIMH He HafJeHO HEYBI30K, Ja H
HEeT NPHYHH OXKMAATb HX. B npunyune mostoMy mnpo BCIO
XHMHI0O MOXKHO CKa3aTb, YTO OHa noanapaer 1moJa aTOMHYIO
TeopHi0 H, cTajNo OuiTb, CBONCTBA BCEX BeEUIECTB MOTYT
GHITh TEOPETHYECKH BHIBEJeHEl K3 OCHOBHBIX 33aKOHOB
KBaHTOBOA MeEXaHHKH. OlIHaKO TeOpeTHYECKHEe pacueThl
AJsi GOJNBIIHHCTBA BEIleCTB CTAHOBATCA CJAKIIKOM CJI0XK-
HbLIMH. Hpome HCCe0BaTh CBOHCTBa BEHIEeCTBA, HCNONb3Y A
o6bluHble XUMHYECKHe MeTOALl, 4Ye€M BLIBOAHTb HX TCOPETH-
YE€CKH.

XoTsa 310 yTBepkKIeHue 0COGEHHO CNMpPaBeINBO B OTHO-
[eHHH GOJBIUHHCTBA CJOXKHBIX OpraHM4YeCKHX BELIeCTB, TEM
He MeHee HCNOJNb30BaHHe KBAHTOBOH MeXaHHKU B opraHu-
YecKOi XMUMHUHM HCKJIOUHMTEJIbHO BaXKHO. HpPl NOMOIIIH KBaH-
TOBOH MeXaHHKH Yu€Hble NOJYUHJH MHOro pe3ynabTartos,
HMCIOIINX Ba)KHO€ H NpAMO€ OTHOWUEHHE K opraanecxoﬁ
XHMHH U GHOXUMHH.

Moudnekyant
€03Ja10T KJeTKH

JlaBafiTe Temepb TNOJBITOXKHM HAaLIH
HalJ/aKIeHNsl B U3yyaeMoil HaMM LeNH
ycloxHeHH. Msbl BHAeaH, Kak JBa
CTPOHTENbHbIX KHPIIHYMKA, TAKHX TPOCTHIX, KK aTOMHbIe
Siipa U 3JeKTPOHbI, 06Pa3yloT aTOMBl C OYEeHb CJOXKHLIMH
cpofictBaMy. Takofi C/IOXKHBIA pe3yJbTaT M HOpa3HTENEH U
OUeBHJEH: HEeCKOJbKO NPOCTHIX CTPOHTEJNBHBIX KHPIHYHKOB
COEJUHSAIOTCH BMeCTe, B pe3yabTraTe uero o6pasyercs He
TOMLKO HX CyMMa, HO W TaK Ha3biBaeMOe HuX coeduHeHue.
HeBepHo Gyaer yTBepXKAaTh, YTO LENOE SABASETCH NMPOCTQ
JHUIb CYMMOH COCTaBJSAIOIIHX €ro uyacTefl, NOCKOJbKY pe-
mampnlee BJHSIHHE HMeEEeT Ccrnocob pacroJiokeHuss yvacreit
npyu o6pasoBaHUM «LeJoro». ATOM KHCJI0pOJa — 3TO He PO-
CTO AP0 NJIOC BOCEMb 3JMEKTPOHOB, a SAPO, OKPYKEHHOe
IBYMs 3Ji¢ ITPOHAMH, HAXOIAILUMHUCA Ha BHYTpeHHel 06o0-
JIOUKe; 3TO OpraHusM, cnocoOHbIi a6copGupoBaTH MM HC-
IycKaTb ONpeJeJeHHble JMHHH CIEKTpa, BCTynaTb C Ompe-
JeNeHHBIMH ADYTHMH aTOMaMH B pasJjiHuHble XHMHUECKHe
COC/IHHEHHSl, @ TaK¥Ke yuyacTBOBATh B HEJNOM PAfle CIOXKHBIX
peakuuii. M1 Bce 3TH HOBHIE 'CBOfICTBA NOSIBHJAHCHL aBTOMa-
Thueckd. IIpy casmanum aToMa KHCJAOPONA ‘He BBOAMACS HH
OOYH HOBBIH 3J€MEHT; Mbl:-MOXeM' CKOpee  paccMaTpPHBATD
BCe 'BTO KAaK OYeBHAHOE NOCHEHECTBAE CBOACTR YaCTeH, BXO-
IAUIUX B! ero ¢oerap. " EeAn OHM :CO6NUHHIMCE, 'TO' BTO. HMEH-
HO 77O, “4T0" LOVINCHO NPOMICTHTH - COPIACHD 3UROILAN (3 BRKH,
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Onnako noJayuyeHHbt HaMM Pe3yJabTaT — aTOM KHCJOPOAa
CO BCEMH €ro CJOXHbLIMH CBONCTBAMH — TEM He MeHee Hed-
TO TaKOe, Yerc He MOIJH NpeACcKasaTh HAllH TeopeTHUeCKue
BbIBOALI. CoellMHEHHe MNpPOCTHIX yacTell [aJO HOBOE Beliles
CTBO CO MHOTHMH HOBLIMH CBOHCTBAMH.

Ha caeaylomei cragun B KayecTBe CTPOUTEbHBIX 6J0-
KOB BLICTYNIAIOT aTOMbl, o6pasylomye MoJjekyasl. M1 B 3TOM
Clydae TaKXKe BO3HHKAIOT HOBHle cBoiicTBa. Kak MLl BHIe-
JH, OObIUHAS COJIb — XJOPHCTBHI HATPHI COCTOMT U3 HaT-
pusl, SIBJSIOIEroCs JErKOOKHCASIOIUMMCA JIErKHM — MeTad-
JIOM, H XJIOPA — AOBOJIBHO TSKEJOTrO 3eJEeHOro SIIOBHTOTO
rasa; Huuero 6oJibllle B €ro COCTaB He BXOAHT. ONHaKO MX
coe/liHeHHe o6JaflaeT CBOHCTBAMH, L@JHKOM OTJHYHBIMH OT
CBOHCTB BXOASILINX B €0 COCTaB KOMIOHEHTOB.

Tenepp Mbl NOATOTOBJIEHB K PACCMOTPEHHI) TPETHETO
3BeHa LENH — CTPYKTYPH KJeTKH. 37ech yXe B KauecTBe
CTPOUTENbHHX GJIOKOB BBLICTYNAIOT He 3JEKTPOHBL M He aTo-
Mbl, & HEBEPOSTHO CJOXKHble MOJeKyJaH, B O60JbUHHCTBE
CBOEM MOJIEKYJbl NpoTenHa, Pe3dysbraTtoM HX CO&NHHEHHS
SIBASIETCSl XKHBas KJETKa, KOTopas MO CBOEHl  CAOKHOCTH
NMPEBOCXOANT aTOM HAacCTOJNbKO 3Ke, HACKOJbKO MoJeKyJaa
NPOTEHHA NPEeBOCXOAUT 3JEKTROH.

Kak Mbl ynomMuHaJu B npeislayluieM naparpade, cymye-
CTBOBaHHe YE€TKOTO Pa3JMYHS MeXJy <«XKHBOfl» H «MepT-
BO/» MaTepHell KOraa-to Oblo OOLEeNpH3HAHHO, a HEKO-
TOPLIMH YYE€HbIMH TIpH3HaeTcss M ceityac. CorJacHo  HX
B3IVIAAAM, KJETKY HeJb3l pacCMaTpHBaTb Kaxk NPOCTYIO
KOMOHHALKIO MOJIEKYJ, CKOpee CJAefyeT MAONYyCKaTb HeYTo
HOBOE, B TOM YHCJ€ TAK HA3LIBAEMYIO «XKH3HEHHYIO CHJIY»,
M B TakoM ciyyae KJeTKa He MOLUMHSAETCH IEJHKOM (H3HU-
uyeCKHM (HJIH XHMHUeCKHM) 3aKOHAM; BMECTO 3TOr0 KH3-
HEHHasl CHJa ABJSAETCS HCTHHHBIM YIPaBJSIOLIHM 3JI€MeH-
TOM, KOTOPbLIl 3aCTaBJSET 3TH 3aKOHH paboTaTh ¢ Onpefie-
JIEHHOH LeJIblO.

Henb3si, KOHEUHO, NPEACTABAATbL ceGe KJIeTKY NpoCTo
KaK rpynny MoJekya. CoBeplIEHHO OUY€BHAHO, YTO NPH 06-
Pa30BaHUM KJETKH M3 MOJIEKYJ NOABJASETCA HEYTO HOBOE,
Ho cTonb Xe ficHO, 4TO aTOM — STO HE MPOCTO CyMMa 3Je-
MeHTaphbix uyacTHn. Korma 3TH YacThIe, COCAMHSAACH, 06-
pasyloT —aToM, YTO-TO HOBOE BOINHKaeT aBTOMATHYECKH, a
HMEHHO KOMGMHauHsA YaCTHR — WX B3aNMOAeACTBHE, ¢006-
HlalOUle€ AaTOMY MHOTHE HOBbE CBOHCTBA, KOTOPHX HET Yy
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OTACAbHBIX "KOMNOHenToB. [Ipwsenem emte Gosaee npocToit
NpUMeEp, WIMIOCTPHPYIOWHA TOT e caMblil MPUHUHI; BO3b-
MeM TpU NpsiMble AHHHH (KaK H3BECTHO, NpaAMas JIMHHUA HAG-
JIAETCA ONHMM M3 MNPOCTEIIMX TeOMeTPHYECKHX IEeMeH-
toB). TlocTpoUB M3 HHX PABHOCTOPOHHHI TPeyroJbHHK, Mbl
ofHapyHBaeM  LeJbli psiT HOBBIX M HEOMHAAHHDLIX
CBOHCTB: CyMMa YIJIOB TpPeyrojbHHKA PaBHA ABYM MPMbLIN

yr/iaM, BbICOTa TPeyrolbHHKa paBHa l/zV:TyMHO)KeHHOf/'I
Ha JAJHHY CTOPOHBI, H T. A. A ecaH MBI HauHeM COEAHHSTL
BMeCT€ HEeCKOJIbKO PaBHOCTOPOHHHX TPEYroJibHHKOB OJHOTO
pasMepa, Mbl CMOXeM IOCTPOHTb TPH H TOJbKO TPH rO-
METPHYECKHX Te/Ja: YeThPEXIPaHHHK, BOCBMHIPaHHHUK i
HBaJUaTHTPaHHHK C YEFbIPbMA, BOCEMbiO M ABaALATHIO CIO-
poHamyu cooTBeTcTBeHHO. Ecau Kro-muGo coMHeBaercs B
TOM, YTO HOBLIe, HEOXKHJAAHHLie CBOICTBA SIBJASIOTCH pe3yllb-
TaTOM NPOCTOH KOMOGHHAUHH NMPOCTBIX JIEMEHTOB, NYCTh TOT
YCTaHOBHT 3aBHCHMOCTb MexAy 0GbeMaMH BOCHLMHYFOJMbHU-
Ka ¥ 1BajuaTHYroJibHuKal

Ho nosBaenns xu3uu ua 3emye 3JeMeHTH, o06pasyo-
He ee, BXOMHJH B COCTaB Da3HYHBIX XHMHYECKHX Be-
L{eCTB. C TOYKH 3PEHHSA HAIIEro PacCyXKAEHHs BaxKHelwu-
MH H3 HHX ObLIH Yr/1epPOLHCTbIE COCNUHEHHA. Haxoasmasn-
C B BO3AYyXe yroJbHas KHCIOTa a6cop6upoaa.naca BOROIA,
W TIOA BJHSIHHEM COJIHEYHBIX Jydedl H MOCAENYIOUHX TeM-
nepaTyprxx usMeneHn#t o6pa3oBbiBaAOC, BCe Boabuie M
6onbme COEMMHEeHHA yriepoxa, BOAODPONA, KHCJIOPOAa, a
B03MO)KHO H JPYIHX BEUIECTB. ‘Ha npoTaxenan MHJITHOHOB
Jaer oépaaoBaJmcr, BCEBO3MOXKHbBIE COEINHHEHUS, B OCHOBHOM
npOCTHe OAHAKO BpEMﬁ OT BpeMeHH cAyvaiHO MOSABJA-
JI0Ch HeCKOJIbKO 'MOJIEKYV1 H GoJee CIOKHBIX Betecrs. On:
H4' u3 HEX cayuaiiHo npuobpena cnocoGHoCTs TPHUHHMATE
ofnpene/ieHHbie IDYrHe MOJEKY/IH H3 OKpyaiolileii ee cpe-
bl H BMecte ¢ HAMH 06pa30BbLIBATL HOBYIO MUMEKYJY opu-
m‘HaJIbHou CTPYKTYPH. DTd MONEKysNa «Pa3sMHONKHAACK» 'U
3aNoNHAIA HeGONbIIOE 03eP0 HAM TpPYHA, B KOTGPOM  3TO
cxpomaoe, HO Baxd{oe ‘co6bITHE TIPOU3O0LINO.

OImaKo IJST TOABNEHHST «KHU3HH» Heobxomumo Ouijo
HEYTO TOPasno Godbiuee, yeMm 3To cobuithe. Ecin crioco6-
HOE DPasMHOXKaTbCh BellleCTBO CTAHOBHTCH 'OGLIYHBIM SiBJE-
HHeM,‘ BepOHTHOCTb c.nyqamroro H3MEHEHHH OAHON H3 ero
Mosexyn HEMMOBEPHO B03paCTae'l‘ (Takoe ‘#HiMeHeHHe MOT-
J0 ‘nponsoﬁ'm Hanpnmep, B pe3yJibTaTe HEPeMeHbl HEKOTO-
pHIMH ATOMAMA “MecT HJIH H3MEHEHHS COCTaBa MOJIEKYyJa 3a
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CYeT HOBLIX aTOMOB). B pe3yastate GOJMBLWIHHCTBA 3THX H3-
MeHEeHHH Cnoco6HOCTb K pa3MHOXKeHHI0 Obisia ytepsana. Ho
Yy HEKOTOPBbIX H3 HOBbIX MOJEKYJ 3TO CBOHCTBO COXpaHH-
JAock. B pesysnbTate noayuuaoch HoBOe BeELLECTBO C Hec-
KOJIbKO JAPYrHMH CBOWCTBAMH, HO BCe euie CHocoOHOe K pas-
MHOXKEHHIO.

IBa uau GoJiee TaKHX BEIIEeCTBA C Pa3JH4YHBIMHU CBOM-
CTBaMH TaKiKe MOT/IH COefMHATbC M 06pasoBbLIBaTh GoJee
CJIOXKHBIH KOMIJIEKC, CIIOCOOHBIA BHIMOMHATH GOJbllee YHCIO
C/IOXHBIX XHMHUYECKHX peaklUui. 10 yxKe OblJH NPOCTHIE
OpraHH3MBl.

Cpenu 3THX OPraHM3MOB BCKOpe BOLApHJach KOHKYpeH-
uus. Te u3, HUX, KOTOPble MOTJIH ObICTPee PAa3MHOMXKATLCA H.
Oblyin HauboJsiee YCTOMMHMBHIMH K PAa3fHYHBIM HM3MEHEHHAM B
OKpyKalole# cpele, HMeNH HaHOOJbINHE LIAHCHI BBIKHTb.
Ecau, nHanpumep, 03epo, B KOTOPOM OHH XHJH, CJAyda#HO
nepechixajo HJM NPOMep3aJo, BCe OPraHH3Mbl, Hecrnocob-
Hbie MEePeHeCTH HHUCIOCJAaHHBIE HAa HUX TAXEJble HCnbiTa-
Hus, MOrH6aJd, W JULIb caMble KpelKHe BbXXKUBAJH.

Cnydaiinble H3MeHEHHS, IPOMCXOAAUIME CPEAH MOJEKYJI,
OPOLO/IKAIOT UMETh MECTO M CPefid 3THX MPOCTEHIUHX Opra-
HH3MOB; GHOJIOTH Ha3blBAlOT 3TH H3MEHEHHS MYTaUHAMHA.
PesysnbraToM OOJbIIMHCTBA MYTaUUN SBJASETCH TNOHHXKEH-
Had npHcnocabGJHBaeMOCTb K MH3HH, M IOCKOJbLKY 3TO 03-
HauyaeT nocrenesHoe (a To M OLICTPOE) HCUE3HOBEHHE JaH-
HOTO BHIA, TaKUe MYTalHH He OPEACTaBAsOT AJs Hac Gob-
woro HHTepeca. ['opasno BaxHee MyTanuu, fAaouue Goaee
BLIHOC/IABHIE BHABL MYTEM yCHJICHHA €rnoco6HOCTH K BOCHPO-
H3BOACTBY MJAH K YCTORUYHBOCTH NPOTHB BHEIMHHX OMNACHOC-
Tefi. MHOrHe OpraH¥3Mbl HOBBICHJIH CBOI0 BHIXKHB2EMOCTb
nyTeM yCAOXKHEHH#t, B De3yJbTaTe Yero # MOABHJIUCH Ha
CBeT CJIOXHefwye cylulecTsa. ‘

Kaetkn KneTKa ABAAETCA Mesbuaieh coc;
COOPYKAIOT PACTEHHA TABHON eXMHMIEH PACTeHHA M KH-
H XKHBOTHBIX BOTHbIX, BOT TNQUYEMY TaKOH OAHOKMe-

TOuHBI/ OpraHH3M, Kak ame6a, PACCMATPHBAETCH KaK TH-
NMYyHOe, OYeHb MPHMHTHBHOE, JKHBOE CYUIECTBO. Oxnuako
ame6a. BOBce He ABJAAETCA CaMOM  IPUMMTHBHOH (popmon
)KU3HH M3 BceX H3BeCTHbX Ham ¢popM. Hampotus, 370, eciit
XOTHTE, KOHEYHbIi, Pe3yJbTaT AJHMTEAbHOTO pA3BUTHA: QT
THTaHTCKHX MOJIEKYJ 1O NEPBbIX KUBHIX , .CYLLECTB. ﬂ,anb—
Hefllee pa3BUTHE OT ameBbl K YEMOBEKY . [IPOMCXOAMIO, yHe
Ha APYroM YPOBHE, H3YHHAs ¢.TOFQ MOMEH1a, KOrRa Hec-
&3



KOJBKO KJIETOK OGBhelHHHJIHCh BMecTe. VIMeHHO H3yueHne
6oratoro 1 pasHooO6pa3HOr0o MHpa TMTAHTCKHX MOJIEKYJd H
APHUMHTHBHBIX MHKDOODIaHH3MOB BCeJsieT B Hac Hajexnay
NOJNYYHUTh ONHCAHHE ONHOKJIETOYHOro cyuiecrsa. Mb nMme-
€M BC€ OCHOBaHHS NOA03pPeBaTh, YTO NYThb .OT MOJEKYJbl A0
ame6bl HUUYTb He KOpoue, a, MOXKaJayil, naxe JJHHHEe NMYTH
OT aMeGhl 0 YesNOBeKa.

Kak npaBuJO, KjJeTKa COCTOHT M3 siipa, OKPYMKEHHOro
NPOTOINIa3MOH, KOTOpas, B CBOIO Ouepelb, OKpyxkeHa 00o-
Aoukoit. SIApo sBiIseTCA HOCHTENeM BaXKHEHIIHX XapakTe-
PUCTHK KJIETKH, OHO e pPeryJHpyeT HAeleHHe KJIeTKH (Kak
H3BECTHO, KJETKa pa3MHOXKAeTcsi HMEHHO TAaKHM IyTeM).
S1Apo cOnepKHT HECKOJABKO IJHHHBIX Gopo3gyaThiX HH-
Teli — XpoMOcoM, COCTOAIIUX M3 AJHHHBIX CNHPAJbHBIX MO-
JAekya. XpOMOCOMBl SBJSIIOTCSI HOCHTEJSIMH 2eH08 — Ha-
cJeACTBeHHbIX (AKTOPOB (MM eQWHHI HacCJeACTBEHHOTO
MaTepHala), KOTODble B MPHHIHNE ONpeAesAOT peaKuHu
Kiaerky. Koraa nytem noc/iefoBaTeqbHOTO HeJeHHs OIJIOAO-
TBOpEHHas sflleK/JIeTKa pa3BUBaeTCsl B MHOTOKJETOUHOE CYy-
IeCTBO — paCTeHHe HJIM XKUBOTHOe — HMEHHO [eHBl Oomnpe-
eS0T XapaKTePHCTHKH 3TOro opraHusma. bBmuio mpose-
MOHCTPHPOBAHO, YTO KaXKAbli HACJHEACTBEHHBI (PaKTOp HJIH
CBA3aH C OJHOM H3 TUTAaHTCKHX KJIETOK, WIH (aKTHYeCKH
coctasiisfger ee. Ecin ollHa M3 3THX MOJeKyJ Npereprnesa-
eT H3MeHeHHe, HMEeT MEeCTO MyTalMs, H3MeHsAs, TakuM 006-
Pa3oM, ONHO HJM HECKOJbKO CBOMACTB CyliecTBa, OXHAae-
MOTO OT OINIOLOTBOpeHHO#l ainekJgetkd. Takne mMyTanuu
MOTYT OBIThb BLI3BAHBI GHOJIOTHYECKHMH 39KCIepHMEHTaMH,
HanpuMep, npH o6GJyuyeHHH KJaeTKu Gosabmiofi jgo3oi. Takue
MyTalldd BCTPEYAIOTCS TaKkKe M B NPHUPOME, MHOTHe M3 KO-
TOPHIX NPOHCXOAAT NMOA BO3IENCTBHEM CJabOro KocMHUuec-
KOTO, a TaKiKe NOBCEMECTHO BCTPeYalollerocsi pagHOaKTHB-
HOTO H3JIyYeHHs.

3a mocaenHee BpeMsl mpH3HaHHe NOJyuHaa oflias nies,
cocTosilllasi B TOM, 4YTO GHOJIOTHUECKOE pPAasBHTHE MOXeET
6LITb OOBLSCHEHO MYTAaUHAMH B KOMOMHAUMH C eCTeCTBEH-
HbIM ot6opoM. Cymectso Teopun JlapBuHa, TtakuMm obpa-
30M, npunuMmaetca. Bo Bpemena JlaperHa HHyero He Obljo
H3BEETHO O MyTauusx. X oTkpbiTHe npHBeso K OGHIMPHBIM
MoandHKanMaM €F0 TeopHH, HO OHO TaKXkKe OTMeN0 Haubo-
Jiee BaXknble BO3PaXKeHHs NPOTHB Hee.

B nenom pasBuTHe OT aMelbi K YeJIOBEKY NPOMCXOAHJIO0
no Tof e camHii cXeMe, uTO B PasBATHE OT IHraHTCKHX
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MOJIEKYJ K KJeTkaM. B npolecce MyTamHu >XKHBOTHOI'O HJIH
pacTeHHsl H3MEHeHHMIO MOABEPraercsi OJAHH HJH HECKOJbKO
ero HacJeACTBEHHLIX NpH3HaKOB. B pesy/abTare MyTHPOBaB-
HINH MHAWBHAYYM H €ro IOTOMOK, MONOGHO MYTHPOBABUIHM
MOJIEKYJ/laM, TIOBBICHJIH HJIH CHH3HJH CBOE HCKYCCTBO B
Gopbbe 3a cyllecTBOBaHHe. EcH 3TOT BUA OKa3sniBaeTcs Me-
Hee NMPHCNOCOGMEeHHbIM, OH BCKODe BHIMMPAeT, a MyTauusi B
KOHEUHOM cueTe CYUIeCTBEHHOro pe3y.abTata He fAajna. He
eCJH HOBBIH BHJ, HJM Da3sHOBHJHOCTb mprofpena CHOCOG-
HOCTh NIPOKOPMHTL ceba GoJjiee Jierko, 3alliHIlaThCsA OT Bpa-
roB 6oJieé ycnemHo M GnICTpee pasMHOXKAaThCs, OH IOCTe-
IIEeHHO TPEBOCXOAMT Te TPYIINL, KOTOPble He YJYUNIHIM CBOM
XapaKTepHCTHKH nocpeactBoM Myrtauui. [locpemctBom ce-
puy OJaronpHsITHBIX MyTalH# u mpouecca otbopa, sBJIfAlO-
merocs pesyabTatoM GopbOH 3a CyllecTBOBaHHe, B IPHPO-
Jle NTPOHCXOAAT HENpeKpallalouecss H3MeHeHHss, B To xe
caMoe BpeMsa Ha6uaionaeTcss NOCTOAHHAs AuddepeHIHAlLHA.
Onura Myrauus Jenaer pacTeHHS MOPO3OYCTOHYMBHIMM, ApY-
rasg — TeNJHYHLIMH. BrocjeicTBHH 3TOT BHJ COOTBETCI-
BEHHO pasjienseTcsl Ha JBa BHJAA: CEBEPHHH M IOXKHHIH, He
CONepHHUAIOIIHe APYr ¢ ApyroM., BrnojHe B0O3MOXHO, uTO
o6a 3TH BHAa MOTJH mpolBeTraTb 60K 0 60K, OrpoMHoOe KO-
JHYECTBO BHJOB, COCTaBJSIOUWIHX LAPCTBA PACTEHHH M XKH-
BOTHBIX, TIOKA3bIBaeT, Kakoe OOHJHe Pa3HOOOGpa3HBIX BHAOB
MOJKEeT CylLlecTBOBaTb B Ipelenax ORHOH M Tofi XKe 06-
JIaCTH.

MyTalHH H ecTecTBEHHBII 0T6OpP — caMbleé BaXKHHE
¢$hakTOpHl NOSBJEHHS HOBHIX BHAOB H H3MEHEHHH, KOTODHM
onu noasepxeHnbl. CyulecTByeT Takxke TpeTHi ¢aktop —
IBYNoJIoe pa3MHOXeHHe, YCKOPAIOWMiA npouecc Pa3BHTHSA.
[MpeanosoxuM, 4TO AJs1 MpeBpallleHdsi OJHOrO BHIA B ApPY-
roii moTpe6GyoTCs MyTauMH, BO3NEACTBYIOIIHE Ha MHOrHe
pasauuHbie redbl. EcaH pasMHOXeHHe B NpHpOlle OJHOMNO-
Jioe, TaK 4TO Ka)iaasi OOUYb HacJelyeT XapaKTepHble 0CO-
GEHHOCTH MAaTepH, BCE 3TH MYTAlUMH JOJIKHB HMETb MecTo
Ha TNPOTSXKEHHH 3TOil OueHb NMPSIMOA HHCXQAALIEH JHHHH.
Ecau e pasMHOXeHHe ABYINOJIOE, KaXAblii HHAHBHAYYM
HacAefyeT XapakTepHble 0GOGEHHOCTH. KaK, OTIa, TaK U Ma-
TepH. Jlas TaKOTO HHAUBHAYYM3 OTKPLIBAETCH BO3MOXKHOCTD
yHac/eloBaTh, BCe, MYTAIIH, MOABHBMINGCA CREAY, MHQFHX
ero npefkoB. TakuM QGPagzoM, ABYHOADE - pa,aMHmKeHue -He-
RGXOLUMO AJIF, QUEHY,, OPJBHIAX, HAMEHEHYH, | HEQNENMIMHIX
V1% BOSIBICHHA GOJes: GAOKHY BHIOB. TeM. yTo HaM yAa-
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Joch: ¥ HACTOsIleMY BpeMeHM TNpeBpaTHTLCH B YeJIOBeuec-
K}e CylecTBa, Mbl 00f3aHbl TOMY (akKTy, UTO MYXUYHHZ H
MEHIHHA BHOBb H BHOBb CO37laBajiM CMeChb CBOMX GHOJIOTH-
YecKH JYYIUHX HACAENCTBEHHHIX XapPaKTEPHCTHK, a TaKXe
HaUXYALIHX, HO 3TO B KOHEYHOM cueTe He GblJIO OYE€Hb BaX-
HuIM (GaKTOpOM.

D10 BEPHO, YTO BCH OrpOMHasi 0GJacTb HCCJeJOBaHHA
6HOJIOTHYECKOTO Pa3BHTHS €llle OYeHb RajeKa OT TaKoro Co-
CTOSIHHSA, KOTJla Mbl CMOXEM C YBEpeHHOCTbIO CKOHCTPYHpO-
BaTh KaXAYyl0 feranb 3Toro pas3sutusa. Ho Mbl HauHHaeM
-‘NOHHMATb, KaKHe (PaKTOPHl SIBJAAIOTCS CAMbIMH BaXKHBIMH.
Mbl HauHHaeM BHeTb, uTO 6JaroroBefiHOe UYyNO 3BOJIOUMH
oT aMeGbl K 4eIOBEKY — a OHO HECOMHEHHO siBaseTcs Ona-
TOFOBEfiHBIM — He OBJIO Pe3yJbTaToOM BCeMOTYILIEro CJoBa
TBOpHA, a KOMOHHALHell HeGOMbUIMX MPOHEecCcOoB, Ha TIEPBHIA
“B3rASA KaXyHHXcA He3HauHTeJbHBIMH. CTpPYKTypHOe H3-
MeHeHHe B MOJEKYJe BHYTPH XPOMOCOMBI, pe3yabTaT 6opb-
6Ll 33 MHULY MEXAy ABYMA XHBOTHBIMH, DasMHOXeHHe H
KOpMJIEHHE MaJibllliell. — TaKOBBl NPOCTHIE  siBJEeHHS, KO-
TOpbie B COBOKYNHOCTH Ha NPOTHXKEHMH MHJJIHOHOB JeT
co3flany BenHkoe uyno. M OHO. HHKaK He OTAeNIEHO OT Ha-
wiefi NMOBCeNHEBHOM XU3HH., Uymo 3TO 3aKJIIOUEHO B HallleM-
NOBCEIHEBHOM MHpe, €C/lH TOAbKO MH ofJsajzaeM cnoco6-
HOCTbYO BHAETL €ro.

O6pasoBanue IocnegHHM maroM B IJAHHHOH IENH:
~coobuecTs YCIOXKHEHHH ABJAAETCH  COeRHHeHHe.
pacTeHuii H XHBOTHHIX M oOpa3oBanue cooGiiects. Hawu-
6onee ROpasHTeNbHEIM fBAsETCA 0O6pasoBaHHe ¢O06LIECTB
CpeAM XHBOTHHIX, B pacTurenbHOM MHpDe TOAOGHBIE B3aH-.
MOOTHOLIEHHS] TaKXe HrpaloT OYeHb BaXXHYIO POJb.
+B- pacturesbHoM Milpe 4YacTo. cayuaercsi, YTO- OLHO pa-
CTEeHHE JKUBET 3a CYET APYNOro YacTHYHO HJH LUEJHKOM: Ia-
pasuT.coceT NUTATeALHLle COKH M3 CBOEro «Xxo3suHa», Iipa
pacTeHHs] MOTYT TaK¥Ke CYLLeCTBOBATE B COCTOSHHU CHM-
6HO3a, uepnas nUTaTeNbHble BellecTBa APYr H3 Apyra UJu
onpefeneHHuIM o6Gpasom moMorast Apyr- npyry. HauGoaee
pacnpocTpaHeHHbLIM NpHMepoM cHMOGHO3a sBAAOICA GaxTe-
PHA, KHBYiIlHe Ha KOPHAX 606OBLHIX pacTeHHii H o6pasywo-
K¢ HAPOCTH HA HHX., DFH OaKTepHM THTAKTCA 3a CUCT
PaCTEHHA; HO NOCKOJBKY OHH MOIyT MNOIVIOMIATH a30T He-
NOCPEACTBEHHO . H3 BO3JyXa, .a. pacTeHHE JIHIIEHO TaKoil
BO3MOMHOCTH, OHH NOMOrajoT PACTEHHIO, cHabkag ero aso-
THCTHNH coeauHeRHAMH. OT 3TOr0 NpoCIOro mpuMepa CHM-
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GHOTHUYECKOTO COTPYAHHYECTBA MEXAY NBYMSl PasivudibiMi
pacTeHHAMH Mbl MOXEM IepeldTH K Gojiee CJIOXHbIM THIEAM
cotpyanndectBa. Hayka, wuayuaomas cocymecrsosanue
pacTHTeNbHBX (GopM, HasblBaeTcss skoao2uell; H ueM 6OJb-
e OHa PasBHMBaeTcs, TeM fBCTBEHHee TMOKa3biBaeT HaM,
HACKOJIbKO HEBEPOATHO CJI0XKHO B3aHMOIEHCTBHE MEXAY
pasHLIMH PAaCTEHHAMH B JieCy HJH B mycrbine, JJaa muiui-
HOrO POCTa pacTeHHe HYXKAAeTCs He TOJNbKO B 5Jaronpusit-
HOM KJHMaTe M XOpOllei NouBe, HO TaKXKe B XOPOIIMX CO-
ceAsaX, KOTOpbie JO H3BECTHOH CTENeHH sBJAIOTCA cOomep-
HHKAaMH, HO KOTOpble TaKiKe OKa3blBalOT CyUIECTBEHHYIO
MOMOIlLb.

B Mupe XHBOTHBIX Mbl HabjiofaeM oOGWUPHOe pa3Ho-
ofpasue THNOB COOGILIECTB, CYUIECTBYIOIIHX C I[€Jbi0 B3a-
UMHOf TOMOIIH. HauUMEHbIIHM M3 HHX fIBJAETCH CeMbA.
Martb, a T0 u 06a poAHuTeNs, JAET CBOUM JETeHbIIiaM MH+
My 4 KPOB, UTO JKH3HEHHO BaXHO IJIA NMPONOJIKEeHHs POAa.
HHorzna BbIrOAHbI GoJiee MHOTOYHCJIEHHBIe coobuiectBa. Jld
6osee 3p¢heKTHBHON OXOTHI BOJKH OGBENUHSIOTCA B CTaH;
AMKHe KabaHbl U CJIOHBI COGUPAIOTCA B CTafa AJASl COBMECT-
HOU 3aliUTHl MPOTHB CBOHX BparoB. C JAPYFOil CTOPOHB, IH-
KHe KOLWIKH M JIbBbl NPEANOYNTAIOT OXOTHTbCA B OAHHOUYKY;
y 3afineB e 3al[UTa NPOTHB BpParoB CTPOUTCA TAK, 4TO
CKOMBKO Obl HX HH coGupaJioch BMecre — 3ddexT oauu u
TOT Xe H paBeH 3ddekty oanoro 3aiua. Bosmoxho, kKor-
a-T0, B XOJe 3BOJIIOLHH, CPefH CEMbH KOLIeK H MOfABUJICHA
HHAMBUAYYM, CKJIOHHBII K OXOT€ CTasgMH; HO IOCKOJbKY
3TOT METOA HAaBajl MeHblIe NHUH HAa KAaXKAOTr0 MHUBOTHOIO
H He NPHHOCHJ HHKAKOfl BHLIFTOAM, OT HEro BCKOpe OTKa-
3a/IUCh.

JlAs HeKOTOpBIX MHBOTHBIX OKa3aJoCh BLIFOAHHM ¢op-
MHpOBaHHe GOJbLIHX, XOPOIIO OPraHU30BaHHBIX COOGLIECTS.
Han6onee sipko BbipaXeHHbLIMH SABJAAIOTCA  «COUMAJIbHBIES.
GbOpMHUPOBAHUA Y MYPaBbeB H TUes.

Atombl U nogun

MBl npocaennan AJAHHHYIO Uens, KO-
TOPas MNpHBeJNa HAC OT 3JieMewrap-
HBIX YacTHU H aTOMOB: K TARAM Enom-
HBIM' CYIIECTBaM, -KaK uejioper: ‘Biy
MOXeTe CMPOCHTH; YBEMO I HAC 'STO PAIBUTHE MT Gapetsa
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4TOMOB HJIM K€ aTOMHble SIBJEHHMSI BCe elle Henocpeact-
BEHHO BJHSIIOT Ha uesoBedveckdir opranuaM. Ha stoT BON-
POC MOXKHO OTBETHTb, H3yuyas (YHKUHH HAWHX OPraHOB
YYBCTB.

Ecnv (H3MK XO4eT H3MEpPUTb HMHTEHCHBHOCTb CBETOBOTO
Ayua, OH 4acTo HcnoJab3yer (oTo3NeMeHT — npubop, Korto-
puil NpPY OCBENIEHHH JaeT 3JEeKTPHYeCKUH TOK, BeJHYHHA
KOTOPOrO MNPONOPUHOHANbHA HHTEHCHBHOCTH cBeTa. Eciu
CBeT CJAHIUKOM cJjab, uTo6bl BBI3BaTh TOK, H3MepseMbiil
o6bIuHbEIM GOTO3IEMEHTOM, TO K HEMY MNOJCOELHHSIOT IPH-
MEpPHO TAaKOH e YCH/IuTeNb, KaKOil NPHMEHAETCS B OOblY-
HOM pajuonpueMHuke. QPoTo3JMeMEeHT C NOAKIIOYEHHBIM K
HEeMy yCHJHUTesJeM MoxeT OGHADYXHBAThb CBET Jaxe OUY€Hb
MaJI0il HHTEHCHBHOCTH. Mbl noayyuM faxe JydLIHH pe3yJb-
TaT, eCJH 3aMeHHM (orozieMeHT (HOTOYMHOXKUTENEM HJIH
JPyroi CBETOYYBCTBHUTENBbHOI TpyOkoH. Ilpum nomolu 3THX
YCTPONHCTB YyBCTBHTEJNBHOCTh MOXeT GbITh AOBeAeHA 10 Ta-
KOH TOYKH, KOrla MOXHO OOHAapyXHTb €IHHHYHbIE (POTOHHI.

Kak Mbl 3aMeTHnd B HayaJje BTOPOR IJIaBbl, COTJIAacHO
KOPNYCKYJ/IIpPHOHl TEOPHH CBeT COCTOHT H3 MOTOKa (POTOHOB.
HauMeHbiIee KOJHYECTBO CBeTa, KOTOPOE TEOPETHUEeCKH
BO3MOXKHO OGHapyXHTb, 3TO (OTOH, TaK KaK MEHbIUEro KO-
JUUYECTBA CBeTa NPOCTO He cymiecTByeT. POTOH HEBO3MOXK-
HO O0GHApYXUTh HenocpeacTBeHHO. Ero cymectBoBaHHe [0-
Ka3blBaeTcsl APYrHMH DYTAMH; HanpdMep, PasJHuyHbIMH
cnoco6aMH MOXHO 3aperiCTpPHPOBATb IIBHXKEHHE 3JEKTPO-
Ha, BO3HHKIlEE B Pe3yJbTaTe CTOJKHOBEHHS ero ¢ GoToHOM.
@DOTOHH PEHTr€HOBCKHX Jyyed M ramMMa-H3jJy4eHHs Ha-
CTOJILKO 6OraTbhl SHepruei, YTo IEKTPOHb,, C KOTOPLIMH
OHH CTAJIKHBAIOTCSl, IPHOGPETAIOT BHICOKHE CKODOCTH, U HX
CPaBHMTENbHO JIETKO 0OOGHapyXHTb. C MOMOLIBIO caMbIX
YYBCTBUTEJNLHLIX MHCTPYMEHTOB AJSi H3MEpPEHHst raMmMa-H3-
JyuYeHHs] Mbl MOXeM NOJYYHTb CHTHaJ MOYTH O KaxaoM ¢o-
TOHE, KOTOpbIi JOCTHraeT M3MepHTeJbHHH mpubop. I[losto-
MY MOXHO HENOCPEJCTBEHHO COCYMTATh UHCJIO MPUXOAALIMX
$OTOHOB, B C 3THM JAOCTHXKEHHEM MBI HOOMJIHCH mpemena
TeopeTudeckn BoaMoxuoro. Ho ¢oToHb BHAMMOro cpera
ofnamalor ropasgo Gosee HHM3KOH SHepruew, u cjeaoBa-
TeNbHO, HX CNOCOGHOCTL BLIOMBATHL  3JIEKTPOHH, KOTOpbie
sareM MoryT -6LITb OOGHapyKeHbl, yMeHbmHaack. Mcnoassys
JIyulIHe MHCTPYMEHTH, CO3AaHHbie A0 CHX TIOP, Mbl MOMEM
OOHapYMuTh B -OPEHEM KaXAbIA NATHIA KN JecAThii ¢o-
TOH.
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Moxker JiM uesioBeuecKHil T/ia3 CPABHUTLCH C KaKHM-HG0
H3 3THX BLICOKOYYBCTBHTEJNbHHX mpuGopoB? UYyBcTBHTEND-
HOCTh IJ1a3a CHJBHO KoJse6JeTcs B 3aBHCHMOCTH OT BHell-
HHX ycaoBui. OT IDKOTO COJIHEYHOrO CBETAa UyBCTBHTENb-
HOCTb TIOHHJKAeTcfl, H OHa OHBaeT MaKCHUMaJbHOH, JHIIb
KOrja y riaasa OblJO HEKOTOPOe BPeMs, YTOGBR NPHCNOCO-
O6uTbC K OYeHb cinabofi ocBemieHHOCTH. CTenmeHb UYYBCTBH-
TeJILHOCTH TaK¥Ke CHJIbBHO 3aBHCHT OT IBeTa, caMasl BLICO-
Kasi UyBCTBUTEJbHOCTb MO OTHOWIEHHIO K XKeJNTOMY LBETY,
caMasi HU3Kas — K KpacHOMy H cHHeMy. UtoGm u3MepHTh
4yBCTBHTEAbHOCTL IJ1a3a B HaH6oJiee OJaronpHATHBIX yC-
JIOBHAX, MBI H3MepsieM YyBCTBHTEJIbHOCTb K KEJITOMY IBE-
Ty 1ocse TOTO, KaK IJa3 aganTHpoBa/ics B TeMHoOTe. Takoil
crioco0 MccaenoBaHUSl MOKasaj, YTO caMbIfl cJaabuiil cBero-
BOH cHrHaJ, 06HapyXHBaeMblif ria3oM, COOTBETCTBYeT Hec-
KOJMIbKHM (IATH WJH AecsiTH) (POTOHAM, NMPOLIEIUIMM CKBO3b
3pauyoK H JAOCTHTUIHM ceTyaTKH. Takum o6pasoM, B Hau-
Gosee G6aronpHATHLIX YCJIOBHSIX IJ1a3 JeMOHCTPHUPYeT Mak-
CHMYM YyBCTBHTEJBHOCTH, KOTOPas TOJbKO (PU3UYECKH BO3-
MOXKHA. -

CeTyaTka rJjia3a CONEpPXKHUT CBETOYYBCTBHTEJbLHOE Be-
niecTBO (3pUTeJbHBIH NMypmyp), KOTOpoe npeoGpasoBhiBaer-
cs noj OeHcTBHeM cBeTa. J70 Npeo6pa3oBaHHOe BeLECTBO
BbI3bIBAeT HEPBHOE BO30OYKJIEHHe, KOTOpOe Inepeiaercs B
MO3r, I'le OHO BOCTIpHHHMAaeTcsi Kak cBeT. Eciln cKBo3b 3pa-
YOK MPOHHUKAET HECKOJbKO (POTOHOB, MOMKHO OXHAATh, YTO
TOJILKO OJMH WJIM Ba JOCTHTHYT CBETOUYBCTBHTEJNLHOTrO Be-
nlecTBa, a KaxAabli GoToH H3MeHser He GoJjiee OAHOW MO-
JIeKyJbi 3puTeqbHOro mypnypa. Tak, HanMeHbllee KOJH-
YeCTBO CBETAa, BOCIPUHHMaeMOe TJ1a30M, COOTBETCTBYET H3-
MEHEHHMIO OJHOH MOJIEKYJbl HJH, BO3MOXHO, ABYX HJH Tpex.

B takoM ciayyae (QyHKLUHS rjasa LeJHKOM 3aBHCHT OT
ATOMHBIX SBJEHHIl: B HauGoJjee GJArONPUSTHHIX YCIOBHSAX
yeJOBeYeCKMi I/1a3 PerucTpHpyeT eHHHYHHH KBaHT CBETa.

UyBCTBHTENBHOCTh yXa TaKKe SBJISIETCS CAMON HH3KO#H
H3 (H3MueCcKH BO3MOMHBIX. Ecan ¢H3MK Xouer H3MepHTDH
3BYK, OH HCIOJb3yeT MHKPOGOH B KOMGHHALMM C yCHAHTe-
JeMm. Korna 3BykoBhle Bo.mbl‘nocmralp"r')Mngipaﬁu_ MHK-
podoHa, OHM BHI3LIBAIOT KOJEGaHHS, KOTOpEle NIDOH3BOASIT
SACKTpHYECKHE TOKH, KOTOPHIE B CBOI0 GIepejr, MOXYT Oite
yennensi. Hen “uyBCTprtedbiice  Mukpodot * # yeumitess,
Tem caaGee MOMEr 6Lt 3Byk, oOnapymiaeMbif’’ & u¥ fo-
Mowpio. [lpeden, KOTOPbI MOXHO JOCTHTHYTb, ONpene-

B
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JSIETCS TeMJIOBLIM ABHXKEHHEM MoJekya. Taxk xak Teumnepa-
Typa Teaa Bhile —273°C (a6COMIOTHBIA HYJb), €T0 MOJIEKY-
JAB HaXoAATcs B NOCTOSIHHOM ABHMKeHHH. MeM6paHa MHK-
podoHa TPHBOAMTCA B NBHXKEHHE MOJIEKyJaMH BO3lyXa.
K ToMy »Ke MOJEKyJbl BellecTBa caMoH MeMGpaHbl Takxke
XA0THYHO NepeMellaloTCs W BbI3bIBAIOT  JIONOJHHTENbHOE
f6ecnopsiiouHoe ABHKeHHe. Kose6anus HeOGbIKHOBEHHO Ma-
Jbl, HO H3MepHTeJbHble NPHOOPbl HACTONBLKO COBEPIUEHHDI,
yTO OGHAapYXHBAIOT naxe 3Ty BHOpauuio. Ecau 3Byk Ha-
CTOJILKO ¢Jial, uTO Bbl3biBaeMass UM BHOpalus MeMOGpaHbI
MHKpodOHa MeHblle, yeM BHGpalMs H3-3a TEIJIOBOTO ABH-
HKEHHS, TO, KOHEUHO, CYILeCTBOBaHHEe ero Kak (H3H4YeCKOoro
$haKTa yCTAHOBHTH HEBO3MOXHO. Mbl He MOXEM B TakKoM
caydae BepHO ONpele/HTh KoJeGaHHe KaK «3BYK», MOKa OHO
He OyJleT CHIbHee, UeM TEMJIOBOe ABHKeHHe Mojeky.. Cie-
JOBATEJNbHO, NPH TOMOLIH YYBCTBHTEJNBHOTO MHKPOQOHA H
VCHJHTEJNS MOXHO OOHapyXHTb JI000il 3BYK, XapakTepH-
CTHKAa KOTODOTO B HECKOJbKO pa3 6oJblie, 4eM NPH TenJo-
BOM JBI2KEHHH.

Hawy 3ByKOYyBCTBHUTE/bHBIE OpraHbl paclojoXeHbl B
cpeIHeM yXe, H KOrfa 3BYK AocTHraer GapabaHHOWH mepe-
NOHKH, OH 3aTeM TNepelaercs B cpelHee YX0. 3BYKOUYBCT-
BHUTEJIbHblEe OPraHbl HAYHHAIOT KoJe6aTbCsd, Y10 BOCIHPHHH-
MaeTcsl HAMH KaK 3BYK. UyBCTBHTEJLHOCTb yXa H3MEHsieTCs
¢ uvacrortoii 3Byka. Haubosbmast 4yBCTBUTEILHOCTL HaGaI0-
Jaercs, KOrja 4acToTa 3BYKa paBHa HECKOJbKHM COTHAM
KoJleGaHUil B CeKYHAYy, YTO NPHMEPHO COOTBETCTBYET OKTaBe
TeHopa. MHHHMaJbHasi CHJa, KOTOPOH HOJKeH obGaamaTh
3BYK ONTHMAaJibHOM BBICOTHI, 4YTOOB ObITb BOCHPHHATHIM
YXOM, COOTBETCTBYET TaKOH BeJHUMHE, KOTrJla OH Bbi3hIBAET
KoJeGaHHsl B CPEHEM yXe B HECKOJbKO pas 6oJbiue, yem
TenJIoBbHle KOJeOaHHs MOJeKyJa. MoJekysabl 3BYKOUYBCTBH-
TETLHBIX OPraHOB CPefHEro yXxa, KakK M BCE€X OCTaJjbHbIX
npeiMeTOB, HaXOMATCA B TEMJIOBOM JBHXEHUH M NO3TOMY
nocrossHHO KoJebaiorcsi. Ecan 3T0 «ecTecTBeHHOE» COCTOA-
HHe HapyluaeTcsl JOCTHTHIMM yXa 3BYKOM, TO, BJsl TOFO Yro-
6bl BLI3BAaTb PEAKUMIO 3BYKOUYBCTBHTEJbHLIX OPraHoB, ya-
CTOTa KoJieGaHH$i 3BYKOB JOJKHA OBITb JIMMUIb B HECKOJBKO
pas Gosbuie YacTOTH TENJOBOro KosebGamua. Takum o6pa-
30M,’ 3BYK KaK T2KOBO#t BOCTIPHHHMAeTCs ‘B TOM CJydae, ec-
AH, AOCTHIHYB CpeaWero yXa, OH OTBewaer ‘onpenesienuio
«3BYKay, H3NOMKEHHOMY ‘BBime. Cosepmeﬂno Cnpanenanso,
970" BHEIIREe "yXO MOIJI0 ‘6 ' GbiTh ycTpoeno Tak, utobui
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ynaBauBaTh GoJblile 3BYKOB, H NPOXOA, BELYUHi B cpen;,
Hee YyX0, Mor Oul HMeTb Gonee SIEQ)eKTHBHOG yC'rpoucmo
BOJIbIIMM TPEHMYUIECTBOM 6h1a Obl TaKKe 4yBCTBHTENb-
HOCTb yXa KaK K BLICOKHM, TaK H K HH3KMM 3BYKOBLIM 4a-
croraMm. Ho, HecMOTpS Ha 3TH THNOTeTHYeCKHe 3aMeUYaHHS,
3BYKOUYBCTBHTEJIbHbIE OPTaHbl CPelHero yxa, B OGIleM, TaK-
e UYBCTBHTENbHb K TOHaM ONTHMAJBHOTO 3BYKOBOrO HH-
TepBaJia, Kak H moGoll puaHUecKnt Npu6op, cCO3TAHHBIA AJA
3TOl UeJsH. ¥YXO JefCTBYeT B Npeiesax, YCTaHOBJEHHBIX CO-
OTBETCTBYIOIUHMH 3TOMHBIMH SIBJAEHHSMM.

B oranyne OT 4yBCTBHTENbHOCTH OPraHOB CJayXa H. 3pe-
HHSl YYBCTBHTEJIBHOCTL OPraHoB OGOHANMA Topa3lo TpylIHee
OUEHHTb B TEPMHHAX aHAJOTHYHBIX ATOMHBIX fiBJeHHH. Teo-
peTHUeCKH HaHMeHbllee KOJHYeCTBO BellleCTBA — 3TO MoO-
JeKyJaa; HO IJsi Toro 4to6m o0HapYyXHTb 3amax, Heobxo-
AMMO, 4TO6BI GOJbILIOE UMCIO MOJIEKYJ NOCTHIVIO CJAH3HCTOMH
o6oJsoukn Hoca. Ha ocHoBaHuM 3TOoro Mut Moram Gp cle-
JaTh BLIBOJ, YTO y BCeX JIOfell — Kak y cTaporo pufaka
N3 TPaAHLHOHHON WIBEACKON CKa3KH — Xopollee 3peHHe,
XOPOWHHA CyX, HO yXacHoe oGousuHe. OZHaKo TaKoe yrt-
BepXKIeHHe, NMO-BHAHMOMY, HEBEPHO, TaK KaK KOJUYECTBO
BelllecTBa, Heo6XOAHMOe 1Js1 TOro, 4tofbl HOC MOUYYBCTBO-
BaJ 3amax, 4acTo ropaso MeHbllie KOJIUYeCTBa, HeOGXOmM-
MOTO XHMHKY IJi1g OOHapyXKeHHs BelilecTBa.

IMpsMylo CBfI3b UY€JIOBEUECKOTO TeJa C MHPOM aTOMOB,
NPOHJVIIOCTPHPOBaHHYI0 (PYHKIHOHHPOBAHHEM TJasa H yXxa,
noxanayl, MOXKHO Ha3BaTb LIEHHBIM H XOPOLIO HaJamMEHHBIM
HacJAe[CTBOM OT HalIMX JPEBHEHIINX TIPeAKOB, OPTaHHU3-
MOB, COCTOSIIIHX JIMIUb H3 HECKOJbKHX MOJIEKYJ H OTJIH-
yalpmuxes ot ame6, Kak ame6bl OTIHUAIOTCA OT HAC.

HepsHas cncrema Bce _ Bo3pactamollas  CJOKHOCTb
u ee nestenbocT, HEPBHOA CHCTEMEBI CHIrpajna pemao-
yl0 poJb B Pa3sBHTHH BHICIIMX JKH-
BOTHHX H 0coGenHo desoBeka. YeloBeK CTan Xo3sHHOM.
npHpoAB He Gnarofaps JuWIb CBOEH (H3KHuYEeCKOH cHje,.
JIOBKOCTH HJIH HEBEPOAITHOH CNOCOGHOCTH K PasMHOXe-
HHIO; CBOMM NIPEBOCXOLCTBOM OH 06s3aH CKOpee TOMY, UTO,
€ro HepBHafl CHCTEMA CTOMT Bblll€ HEPBHBIX CHCTEM. APYTHX
KHBOTHBIX. BesHKoJenHast OPraHM3auMs HEPBHbIX. KJETOK
ero Mo3ra cjielajla ero XMTPhIM, MBICJAILUM W CHCTEMATHY-,
HbIM, M B Gopb0be 3a TOCMOACTBO B MHPe 3TH HeprTH 6l?um,
BaKHee, YeM CHJIA CJOHA HWJIH JOBKOCTh, THIPa; B, nocaes
Hee, BpeMst 6A8rolaps . CBOEMY, NP aBHAHAMY. HaV‘!.HOMY‘
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pa3y MBILIJIEHHS 4YeJIOBEK TIpeyclleJ Jaxe B CHAepXKHBAHHU
OTFPOMHOM CUJIBI PA3MHOMKEHHS HACEKOMHIX H 6GakTepHil.

BoJblioe 3HAaueHHe HEPBHON CHCTEMbI 3aKJIOUaercs B
ee ¢YHKIHH KOODAMHHPOBAHUA peaKUHH Pas/MyYHbIX yacTe
Tena. EAMHCTBEHHAsA KJeTKa OJHOKJIETOYHOTO OpraHHaMa
HENOCPEACTBEHHO MOABEPrHYTA BJHSHHIO BHEIUHEro MHpA.
Ero cnoco6HocTh 0GHAapyXHWBaTh NHILY HJH CBOEBPEMEHHO
pacrnosnaBaTh fiJ fBJAAETCH CJAEICTBHeM HpsaMoro 3sddexrra
3THX BeUIeCTB Ha KJeTKY. Y MHOTOKJIETOYHOIO XKHBOTHOTO
NpSMOMY AeHCTBHIO M3BHE NOABEPTHYTH JIMIIL KJETKH, Jie-
J}Kalllie Ha NOBEPXHOCTH; HO JJIA ONTHMAJNbHOH peakUHH
BCEro OpraHusMa HeoOX0AMMO, YTOOBI TaK MJH HHAaue pas-
HpaxkeHHs] W3 BHelIHe#l cpeab OblIH TepefdaHbl KaxXAOH
Kaetke. HekoTopele W3 3THX CpeAcTB KOMMYHHMKAUMH —
XHMHYECKHe, TaK KaK KJeTKH BJHAIOT APYr Ha JApyra Io-
CPeICTBOM HENPEPLIBHOIO B3aHMMHOro o6GMeHa BeulecTBaMH.
Onrako XHMHUYECKHI KOHTAaKT MeXAY KJIeTKaMH HpPOXOAUT
OYeHb MeJJIeHHO, 0COOEHHO y BHICUIHX JXKHBOTHBIX, TaK Kax
IJ1S pacnpoCTpaHeHHUsi BelllecTBa 1O OpPraHu3My Tpefyercs
BpeMs. UTo6bl yNOBJETBOPHTh NOTpeGHOCTE B GoJsee GHICT-
POM MEXIYKJETOUHOM COOOIIEeHUH, HEKOTODhle KJETKH CTa-
JM pa3BHBATbCsl TakKHM 00pa3oM, 4TO OHH CTAJH JJIHHHBI-
MH, HHTeOOpa3HbBIMH U JIErKoBO30yXKIaeMbIMH — 3TO M eCTb
HepBHbIE KJETKH. Bo3byxkneHHe oJHOrO KOHLA HEpPBHOM
KJIEeTKH NOYTH HeMeAJeHHO NPUBOAHT B BO3GYKIEHHe BCIO
KJIeTKy. Ec/in HepBHOe BOJIOKHO COeJIMHSIET JABa OpraHa Te-
J1d, COCTOSIHHE OJHOTO OPraHa MoOxeT OHICTPO nepefaBaThCs
IpYyroMy Oprasy.

Ecan onuH KoHell HepBHOrO BOJIOKHA NOABepraercs BO3-
OyXKICHHIO, TO ero HOpMaJbHOE XHMHUYECKOe COCTOSIHHE B
06J1acTH 3TOro BO36YXK/JeHHS HapyllaeTcs, U TaM BO3HHKa-
€T cHCTeMa JEKTPHYeCKHX TOKOB; 3TH TOKH, B CBOIO oue-
penb, TMOCJEN0BATEIbHO HApyWIAlOT XHMHUYECKOE COCTOSIHHE
BCEro BOJIOKHA, [Jlé 3aTeM BO3HHMKAIOT HOBHle TORKH. Tax
o6paayercsl 3JE€KTPOXHMHYECKHH HMIYJbC, PacnpoctpaHsio-
IMACA BAOJb BCEr0 HEPBHOTO BOJOKHA CO CKOPOCTBIO, 1O-
CTHramoouell y TemJOKPOBHBEIX XHBOTHHX 50 m/cex. octu-
rag APYroro KOHIa HepBHOro BOJIOKHA, HMNYJIEC BO3GYyKAa-
eT MUY, 3&CTaBAAA ee COKpamatbcs. lMeHHO Takos
TIpoIrece, 3acTaBASIONIMA YeJOBeKa B3APArABATL HPH 3JMEKT-
pudeckoM woke. Bo3bysknenneé Apyroro mépsa MOMKET 3a-
'CTaBATb XkKeAe3y YCHIHTL CBOW CeKpewuio: HanpaMep, Cai-

Ha' 1 xexymousie cbkh ‘BiAeAaidTCH' ngead: tord, Kax on-
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pelleleHHblE HEPBbl CHTHAMH3MPYyT o rodoge. HasepHoe,
HanGoJdee HHTepeceH TOT (akKT, UTO HMINYJbC, BOSHHUKIUHI B
OJIHOM HepBe, MOXKET NepedaBaTbCs OJHON HWJIH HECKOJIbKUM
JpPyrdM HEPBHBIM KJEeTKaM, JTO NpPOUCXOAUT B TAaK HAa3bl-
BAEMbIX CUHANCAX — MECTax, TIe COeJAHHAIOTCS HECKOJbKO
pa3aHuYHBIX HEpPBHBIX KiaeToK. CJefoBaTesnbHO, BO3OYMxKIe-
HHe, HAylllee M3 OJHON YacTH Tesja, MOXeT ObiTb OLHOBpe-
MEHHO TepeJaHo TOCPEACTBOM KpalHe CJ0XHOH HepBHOMH
CHCTEMbl BO MHOTHE pasJjiHuHble YacCTH TeJa ¥ BhI3BaTb TaM
fioA4ac BecbMa CJOXKHYIO CHCTEMY peaklMi.

Kaxanii uMnyabc, BO3HHKalOHIMH B pesyjabrare BO3-

6yKAeHNs HEPBHOH KJETKH, MM€eT ONpe/le/eHHYI0 CHIY H
NPOJOJIKHTEIbHOCTb, He 3aBHCSILHME OT CHJAbI H NPOAOJKH-
TeJNbHOCTH B036ynutens. BosGyaureap MoxeT ObITb OUYEHb
c1abblM, OYeHb CHJIbHLIM HJH Ke CPeJHHM; CcTeleHb HH-
TEHCHBHOCTH JEHCTBHTEJIbHO BJHSET Ha #QCTOTY HMIYJIbCOB,
T. €. Ha YHCJO MMIYJbCOB, NMPOXOASIIHX CKBO3b HePB 3a
Kaxayw cekynay. Hanpumep, Heps, oTxoAsimuii ot /1060
YYBCTBHTE/NbHON TOYKH Ha MNOBEPXHOCTH KOXH, OOHIYHO He
ROCHIIaeT HUMNYJAbChl B KDYNHBIE NPHHHUMAIOIINE UEHTPH
CNHHHOTO WJH TroJIoBHOro Moasra. [Ipu cma6om BO3Oyxze-
HHH 3TOM YacTH KOXH HepB MNOCHLJIaeT HeyacTble HMIYJbChI
10 Tex IOp, NOoKa cyllecTByet caMm Bo36yauTenb, FonosHoM
MO3r BOCIDHHHMAaeT 3TH CHIHaAbl Kak cjaabywo Goae. Ecau
B030yaNTENb YCHJANBaeTCs, YBEJNUMBAETCA M YUCJIO0 HM-
nyJbCOB B CEKYHAY, HO KaM(AHH HMIyJbC HMEET Ty Xe
BejanuuHy. UeM uamle HMOyJabChl HOCTYRAOT B TOJOBHOH
MO3r, TeM CHJbHEe OllyllleHHe GoJH.
Tenepr naBalite cpaBHHM TeXHHYeC-
KHe H (U3NOJOTHUECKHE  MeTOAbI
nepefayd H3ob6paxeHHsl. BosbsMeMm
npuMep M3 06GJacTH 3JIEeKTPOTEXHHKH: HCNONb3ysl TeJeBH-
30p, Mbl HCCAEAYEeM YCJIOBHSA, HEOOXOJAMMble 1Jf Nepefavn
n306paxeHua B BHAE CHTHaJ0B no Kabenio, a 3ateM cOpo-
CHM ce6f, yAyuwHT JH 3TO Halle NOHHMaHHe (YHKIUOHH-
pOBaHMsl 3DHTEMbHOrO HepBa — Kalejs, COeNHHAIONIEro
[J1a3 ¢ TOJIGBHbIM MO3TOM.

B TeneBn3HOHHOR KaMepe H306pa)KeHHe, mnoAJexalllee
nepenave, pasfeisieTcs NPHMEPHO HA CTO THICAY TOYEK, a
3ateM HH(OPMaLUR O KaXAOA TOYKE Nepefaercs NPHEMHH-
Ky: TO €CTb CBeTJlafg OHa WJH TEMHas, WM (ecau TeJeBH-
30p LBETHON) Kakoro OoHa upera. Ilepenaua Bceit 3TOfi MH-
$opmanun, CoaepKamei AanHLle © CBETOBOA CHJe HJM LBe-
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Te CTAa ThiCSiY ToYek, 3aHuMaer He Gosbie 1/20 cekyHIH.
Ilnsg toro uyro6ul BOCNPOH3BQAUMbIE [BHMKEHHS KasaJHCh
3PUTENI0 €CTECTBEHHbIMH, HEOOXOAMMO MOCHIJIaTh  OKOJIO
ABaauaTH H306paXKeHHH B CeKyH.y.

Hau6osee nHtTepecHOl TexHH4YecKOi npobJjaeMofl sBAAET-
¢l HeBepOsiTHAst CKOPDOCTb IHepefaud, HeoOXOAMMAas IpH
stoM. 3a 1/20 cekyHABbI JOJ/KHBl ObITb MOCJAAHBI CTO THICAY
TeJlerpaMM — MO OAZHOH Ha KaXIyl0 TOYKYy, COCTaBJAIO-
utyio uso6paxkenne. Tak Kak H300pa)KeHHe CTAHOBHUTCHA OT-
yeT/HBee C YyBeJHYEeHHEM KOJHYeCTBAa TOYEK, TO, BEPOSATHO,
BaxkHeHe#d npo6aeMOll TeNeBUAEHHs HABJAETCA  BbICHLIKA
BO3MOXHO 060JIblLIEr0 KOJMYECTBA TeJerpaMM B CEKYHIY,
HJIH, HCIOJIb3YS MOMYy/AsSpHOEe BhIpAaXKEeHHe, KaK MOXHO 60Jb-
wefi «uHbopMauuu». Bplau mpoBedeHn! upe3BbluaidHO TOY-
Hble HCCJAENOBAHHSA € LENbID YCTAHOBHTb, KakHe (PaKTOPbI
OrpaHUYMBaAIOT KOJHYECTBO HH(OPMALMH, KOTOPYI0O MOXKHO
Jocs1aTh MOCPENCTBOM 3JMEKTPHYECKOr0 TOKa C OnpejedeH-
HbIMH CBOHCTBaMH.

Pe3ynbTaThl 3THX HCc/Aefl0BAHHA MOTYT OBbITh MpHMeEHe-
Hbl ¥ K HEPBHBIM BOJIOKHaM. Mbl 3HaeM, 4TO MaKCHMaJbHOe
KOJAHUYecTBO HH$OPMaLHH, KOTOpOe MOXKHO nocaaTte o
HEpBHOMY BOJIOKHY, ropa3fio MeHblle TOro, KOTOpOoe MOMKHO
NOCJaTh NO 3JeKTPHUYECKOMY TOKOHeCylleMy MpoBofy. JTo
BMOJIHE eCTeCTBEHHO, TaK KaK CKOPOCTb HEPBHHX HMMYJb-
COB ropasfo MeHblle CKOPOCTH 3JIEKTPOMAarHHTHBIX CHIHA-
J0B. A TaK KaK 4acTo OYeHb BaXHO NOcJaTh ropasgo 60Jb-
e HHPOpPMALHH, 4eM 3TO BO3MOXMHO NepejaaTb uepes OJLHO
POJIOKHO, €AMHCTBEHHBIM BBIXOAOM Oyaer mocbliaTb HHGOP-
MalH0 cpa3y N0 MHOTHM NapaJ/le/IbHbiM HEPBHBIM BOJIOK-
HaM. Tak, BnpoueM, 3ta npobsemMa H pewlaeTci: MHOTHE
HepBLl COCTOAT H3 THICAY BOJIOKOH, H JaXe €CJH Kaxioe
OT[e/ibHOE BOJIOKHO He MOXKeT nepefath Goabuioi 06beM
MHbopManuH, o6iuast cnocoGHOCTb BCeX BOJIOKOH HepBa
aueHb Besanka. Pa3 Mbl 3HaeM cBoificTBa HePBHOrO BOJIOKHA
H KOJIHYECTBO HEPBHBIX BOJOKOH B 3DHTEJbHOM HEpBE,
MOXHO HOJACYHTaThb MAaKCHMaJbHbliE 06beMe HHPOpPMaAlHH,
KOTOPYIO MOXHO Nepefath H3 raa3a B Mo3r. Mel yBuaum,
4YTO 3ITO KOJIHYECTBO. BCe e ropasfio MeHble, YeM KoJu-
YeCcTBO, HEOOXOLHMOEe I/ NEpefayH TeJNeBH3HOHHOTO H30-
6paxcenHs. DTO O3HAYaeT, YTO BHAHMAA HAMHM KapTHHA He
MOXeT GbiTh AOAHOCTRIO NepelaHa H3 Tlasa B Mmoar. [lpy-
THMH- CJIOBAMH, -3DUTEIGHBIA HEPB He MoMer obecreuHTs
Mo3r, urudopmaunei 0 TOM,. ;Kﬂ}\i;;ﬂb&?ﬂﬂﬁ,ﬂf”fa‘}ﬁ‘ﬁaﬂ yacrb
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HALIET0 3PHTEJBLHOIO MOAA B KaxAaylo cékyHay. Ilocmanue
M3 1J1a3a B MO3r, TaKHM 06pa3oM, MOXeT nepeaats Juiub
Ba)XHefiluHe 4epThl TOro, 4TO MBI BHAWM — YEPTH, KOTOpLIC
no TO# HJAM HHON NpPHYHHE TNPeACTaBJAIOT KAaKOH-TO HHTe-
pec. Takum o6pa3oM, ra1a3 — 370 He «0OBEKTHB», KOTOPLI
aBTOMATHYECKH BOCNPHHHMaeT H3o0pa)KeHHe H 3aTeM To-
cuJaeT ero B Mo3r mias o6paboTku. Ckopee, BOCIpHHHMAae-
Mce TJ1a3oM H3006paxceHHe TNOABEPraeTcsi NepBOHAYaNbHOMA
o6paboTKe H CHCTEMATH3allHH B HEPBHBIX UEHTpaXx, MPHMH-
KalolUX K ceTyaTke riasa. Koueunnlit pesyabrat stoit 06-
pabOTKH, NOCblJaeMbli B MO3r, fpelacraBjser colofi HeuTo
BpoJie <«KOXHPOBaHHOrO» MOCAAHHSA, COIepiKalllero onpene-
JeHHble BaXKHefluHe 4YepThl H300paxeHHd B JOCTaTOYHO
CKaTOM JJIf nepefayH Mo 3pHTeNbHbIM HepBaM obbeme.
Mu MaJio 3HaeM M O mpHHUHNIAX 06paboTku H o dopme,
B KOTODOH 3TO KOAHPOBAHHOE TNOCJAaHHE JOCTaBJSETCH B
Mosr. MoXHO cllenaTh onpefieneHHble BRIBOAB M3 TOTO ¢hak-
Ta, YTO COBEPIUEHHO PpasjHyHble H300paKEeHHs MOryT BHI-
3bIBaTh OJMHAKOBLIE Bneyat/ieHusa. [lposems Bcero Jnub
HEeCKOJbKO IUTPUXOB Ha yucre Geaoit GyMmaru, XyROMHHK
MOXeT cllelaTb 3CKH3, MOCMOTPEeB Ra KOTODPLIA, MH cpasy
JKe y3HaeM Monedb, ¢ KOTtopoii oH Obla crenaH. BosmoxHxo,
5TO NPOHCXOAHT G.aromaps TOMY, UYTO CHHTE3, OCYLOECTB-
JseMblfl B IeHTpax 3pHTEJbLHOTO HepBa, KOrja riaas ocra-
HaBJUBAETCS Ha MOjeaH, nofoben cHHTe3y, MPOHUCXOAAIlE-
MY B HEéM, KOTia Mbl CMOTPHM HA DHUCYHOK YIJIeM; H eCJH
3TO TaK, TO CHTHAJBI, MOCTYNAwoUIHe B MO3r OT OGOHX 003b-
€KTOB, 06GaaZalT onpelaeeHHbIM cXoncTBoM. QOOGLEKTHBHO
paccyxnasi, UBETHas ¢)0T0rpa¢mﬂ ROJMKHA TeperaBarth
3pHTEJIbHOE BTIYaT/IEHHE, OYEHb TOXOXKee Ha Henocpemer-
BEHHOE BIeyaT]eHHe OT CaMOit MONEAH, B TO BpeMs” Kax
PHCYHOK MOXKeT COCTORfITb H3 HECKOJILKHX YEPHBIX ‘KOHTYPGB,
KOTOpblE HE cyllecTBYIOT B AgkcTBHTeNbHOCTH. H fem we
MeHee DHCYHOK MOMKeT MOKa3aThCs Gonee <«peasibHHMY,
yeM ¢ororpadus! Hactosunit XyIOMHHK HHTYHTHBHO 9yB:
CTByeT npaBnia, N0 KOTOPHIM HeDBHHIE KJETKH r/1a3a KOAm:
PYIOT CBOM NOC/AaHHA, H €ro HCKYCCTBO' COCTOHT HMEHHO B
TOM, uyTOGLl 3aCTaBHTb KJAETKH 3PHTENBHOro HepBa ‘Habiio-
RaTedsi HOCHINATL B MO3r COUGUICHHSA, COomepiKalliHe 6OAE-
le npaBibi, 4eM B ‘COOGHIEHHAX, BLABIBAEMEIX doTO.
Nasaiite cHadana wuccaenyem oueiis
npoctyo - ManeHbexo Ma‘mnﬂxy —
apupmomerp. OH 'cOCTOHT H3' nepsTn

MatemMaTHKka
B MaKBHBI
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3yGuaThiX KoJiec, Ha KaXAOM H3 KOTODBHIX 1O JecfiTH 3y6-
LOB, Ka)XIbifi 3ybell NpeicTaBjser eauHnuy. Ecnn mnepoe
KOJlecO NOBepPHYTh Brepea Ha 6 3y6uoB, TO 3TO O3Hayaer
uudpy 6. Bropoe xoseco npeacrabiaser AeCATKH, TPeThe —
cotHu H T. A. Ilpn momoliu 3THX AEBATH KoJec Mbl MOXKeM
NOJY4HTb BCE YHCJA, BLIPAXMEHHBIE JEBATHIO 3HAKaMH, T. €.
Bce uncaa o 999 999 999. Ecau BxJounTh B noacuetsl 0, 31H
JeBATb KOJIeC MOrYT O3HauaTh MHJIMApPA Pa3JHYHBIX YHCEN.
JIpyruMH c0BaMH, 3TH AEBSHOCTO 3yGLOB MOTYT AaTb MHJ-
JUap] pasfNHyHbIX KOMOHHALHIM.

Ecnin y apudmomerpa ecTb BTOpOil HaGop U3 AeBATH
KoJiec, OH, €CTECTBEHHO, TaK¥Ke MOXeT BhIpa)KaTb BCe YHC-
Ja po Mmuanvapra. Ecaum B apupmoMerpe ecTh ellle Hec-
KOJIbKO KOJIEC, OH MOXKET MPOH3BOAUTH CJIOMeEeHHE U BHIUH-
TaHHe uHceJ, NOJYYEHHLIX Ha NMepBHX ABYX Habopax Ko-
aec. Eme GoJsiee cJAOXKHBIE MAIIMHBL MOTYT YMHOXAaTb U Je-
JIHTb YHCJA.

Pa3pe He ACHO, CKaMeT KTO-HHOYyIlb, YTO MallHHa CO-
CTONT M3 JBYX Da3HOPOIAHBIX dacTefi — MaTepHAJbHOH MU
HeMaTepHaIbHOH MJIM MaTeMaTHdeckoii? [HXKenep, peMoH-
THPYIOLIHA MAaUIMHY, HMeeT AeJ0 HCKJIOUHTENbHO C ee KOH-
CTPYKIHel; a MaTeMaTHK, KOTODHIl TNOrpyXaercs B mpe-
KpacHOe M 3arajfioyHoe IapcTBO uYHuceJ,  CONpUKacaercs
JUIb ¢ HeMaTepHanbHOM 4YacTblo Mawuubl. Jas Hero mo-
3BAKHBaHHE KOJIeC BO BpeMs BLIUMCJEHHA He GoJsiee yeM He-
MPHUATHLIN, MEIUaIoHHil WyM, €CcJH OH ero Booblle 3aMeya-
er. Uepe3s HeKOTOpOe BpeMs OH, BO3MOXHO, HauyMHaeT Be-
PHTb, YTO HeMaTepHaJbHbIA KOMIOHEHT MaIlHHB HEe TOJbLKO
ropasfo npeKkpacHee MaTepHaJbHOIO, HO U COBEpIUEHHO He-
3aBHCHM OT Hero. Ero nosospenus JHUIb yKpenJjsioTCs, KOr-
Ia OH BHJHMT, YTO Te K€ MaTeMaTHuecKHe CHepalHH MOXHO
BHIIOJIHATL HAa MallHHAX COBEPIUEHHO JPYrof KOHCTPYKIUH.
N 3yGuaToe KoJeco BoBce He o6asaTenbHo! CuerHasa Ma-
IIHHA MOXeT COCTOSTb, HanmpHMep, H3 3JEKTPUUECKHX pele
HJAH TPaH3UCTOPOB, MJH 3aNOMHHAIOLUIHX YCTPOHCTB. 3TO
HJTIOCTPUPYET CTelleHb He3aBHCHMOCTH HEMaTepHaJbHOro
3JleMeHTa MallHHbl OT MaTepHaJbHOTO.

MoxHo emie ray6xe HccaenoBaTbh MeTa(H3HKy CYeTHO-
BHIYHC/IHTEe/BHOR MamnHb. Torma, Aomyckas, 4To MaTema-
THYECKHE OTepaltH NapaJuleJbHbl, HO He3aBHCHMEI OT JBH-
KeHHl 3y6qa'rb1x KOJI€C, KOe-KTO, BO3MOXKHO, 3aXQ4eT MpH-
OucaTh MaliHHe Ayuty, myckal; KOHEYHO, H ‘HeBOAbUIYIO. Ho
HUKTO 1é’ tTaHer yTeepKAaTh, uTo Héma"repnanbubm 3M16-
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MEHT MaluMHLI HanpaBJfieT MaTepHasbHbIA 3JE€MEHT, Tak
KakK 3TO 03HauaJo Obl, YTO MallHHa peIn/aa 3afavy JHllb
6sarcfaps YMCTO «HHTENJEKTYyaJbHOMY» YCHJHIO, a 3aTeM
«ITIpOsABJEHHEM BOJH» TNOBEpPHYyJa CBOH KoJjeca, 4ToOHl roKa-
3aTh pesy/abrar. bosee o60cHOBaHHBIM 6ymeT BHINISALETb YT-
BEpXJIEHHE O TOM, UTO «HeMaTepHasibHasdA» 4acTb BBLIYHCIIH-
TeJbHOH MaUIMHBl COCTOHT M3 KomOunayuii mosuuuii Mare-
puaabHbIX 3meMeHTOB. COBOKYNHOCTb 1€BsTH-, ecsiTH3yGua-
THIX LIECTEPEHOK O60Jbule, €M NPOCTO HEeBSTh LIECTEPEHOK;
BMeCTe€ OHH — MHJJNAp]  TO3HUHOHHEIX  KOMOGHHALHI.
HMMeHHO 3TM KOMOHHALMHM COCTABJSIOT UYHCJA, U CUETHHIE
onepaulHH TNPOHUCXOIAT B Pe3yJbTaTe HM3MEHEHHH 3THX KOM-
6MHAUM! B COOTBETCTBHH C ONpelLeJeHHbLIMH IpaBHJIaMH.
3tn KoMOUHANIUH He3aBHCHUMB!I OT X MaTepHasbHOI §asbl B
TOM CMBICJI€, UTO OJHH M Te e KOMOGHHAUHHM MOTYT CO-
CTaBJAATLCA M GOJbIUMMH 3y0uaThIMU KOJIECAMH, H MaJeHb-
KMMH, HJH e TPaH3HCTOPAMH BMECTO KoJsec. Mul MoxXeM
BEJHKOJENHO pafoTaTh ¢ KOMOHHALMAMH, COBEpIIEHHO He
obpauias BHHMaHMS, H3 UYEro OHH JAEHCTBUTENLHO COCTOAT.
ITo nHawemy- »XeJaHHIO Mbl MOXEM pacCMaTpHBaTh 3TH
KOMOHHALUKH KaK «AYXOBHHI{» 5JE€MEHT, HO H 3TO OINSATb-
TaKkd BBOAMTCS pasyMHBIM 00pa3oM, Kak HeusbexkHoe cael-
CTBHE paccMaTpHBaeMOl NpoGJeMhl.
HMnynbcHass  TexHMKa npuo6Gpena
LIHPOKYI0 H3BECTHOCTb B pe3yJbTa-
Te OBbICTPOrO pPa3BHUTHSI  BBIUHCJH-
TeJbHBbIX MAaUIMH, NOCTENEHHO OCYIIEeCTBJAAIONINX PEBOJIO-
HHI0 B HaiueMm o6llecTBe. DTO ApaMaTHYecKoe MOJOoXKeHne
SIRJISETCA Pe3yJbTATOM BCe yBeJNHUHBaIoLleiicss NOTpPeGHOCTR
BO MHOTHX 006J/1acTSIX B CJHOXHBIX BHIUHCJAEHHAX, KOTOpHe
JOMKHB OLITh BHIMOJMHEHH GLICTPO M TOYHO. BBIYMCAHTEb-
Hble MAMWHE OTJAHYAIOTCH OT OGBIYHBLIX TPOCTHIX CUETHHIX
MaluMH B ABYX OTHOIUEHHSIX: CKOPOCTh MX paborhl ¢aHTa-
CTHYHA TIO CPABHEHHIO CO_CKOPOCTBIO CYETHBIX MallHH; Kpo-
Me TOr0, OHM MOTYT CaMH HanpasJATb XOJ BBLIUHCJAEHH B
COOTBETCTBHH C NPeJANnHCaHHLEIM NJIaHOM HJHM NpPOrpaMMoH.
Co3faHue BHIYHC/AHTEABLHONH TEXHUKH CTAJO0 BO3MOXKHHIM
JHWbL Gharoflaps pa3BUTHIO 3JeKTPOHHKH. [lepBhble Bhumc-
JHTeJbHble MAIIHHL O003HAYaJH YHUCJIO, MOCHIIasA HECKOJb-
KO HMNYJbCOB MO Pas3jHuHbiM uensaM. ITomo6Ho pasanuHbiM
ay6uaTHIM KoJlecaM B CTapoM apupMomerpe, OAHA 1Uemb
NpeACTaBasaa eAWHHUb, JApYyrds — JEeCATKH, TPeTbsi —
cOTHH H T. A. Ho 6oabmMHCTBO ACHOAB3yeMbIX Cedyac phi-

BoiuncautenbHas
MalluHa
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YHCAUTRJNbHBIX MAlUWH BbipacaeT YHUCAO TpPH AOMOLUH ABO-
HYHOH YHC/IGBOH CHCTEMBE; 3F0 O3HayaeT, YTO YHCJI0 MOXeT
6HITH MPEACTABIEHO Cepuell UMNyabcoB B OfHOM nenu. Yuc-
Ja, C KOTOPbIX HAYHHAIOTCH BHIYHMCJIEHHSA, BBOMATCA B Clie-
LHAJMbHYIO YacTh MAUIHHbI, HA3LIBAEMYID 3AHOMUHAIOWUM
ycTpolicteom («namaroio»). 3[ech YUCJAO XPAHHTCA B BHAE
HaMarHH4eHHOMN JICHTHI HJIM CHCTEMB! 3JIEKTPHYECKHX TOKOB.
3anomHHawooulee YCTPOHCTBO XapaKTepH3yercs CHOCOGHO-
CTbIO B JIOO0OH MOMEHT MOCBLIATb HMIYJbCHl, O3Ha4alollne
XpaHsieecss B Hel yucao. Ecan, manpuMep, Mbl XOTHM cCJio-
JKHTb [BAa YHCJIa M3 XPaHAUIMXCA B NaMATH, 0o6a 3T YHC-
Jia nochlawTes B 640K ciaoxkenud. Korna o6a CHrHaJja of-
HOBPEMEHHO MOCTYNaIoT TyAad, OJIOK CHOXKEHHs BbICBHLIAeT
CepHI0 CHTHAJOB, COOTBETCTBYIOIIHX CyMMe ABYX BBeleH-
HBIX uHceJ. 3aTeM 3Ta CyMMa MOXKeT ObITh MOCJaHa Ha3aj
B IPYTYI0O 4acTh 3aNOMHHAIOLIEr0 YCTPOMCTBA M XPAaHHUThCH
TaM 0 MOMEHTa, KOorfla oHa norpebyercs IJs AaJbHERLIMX
BOIUMC/eHHA. BolunTaHne Takke MOXeT ObITb OCYILecTBJe-
HO B GJIOKax choxenus. BJIOK yMHOXKEHHA MOXeT IepeMHOo-
XKHThb Jl0Oble- H3 ABYX 4YHCeJ, XPaHAILIHXCA B NaMATH Ma-
WIHHDLI

YMHOXKeHHe NBYX AECATHUHBIX YHCeN — YTOMHTeJbHasfl
orlepanus, KOTOPYI NpeAnountaloT usberats. MaumHa ke
MOMET BbIJaThb OTBET MeHee 4eM yepe3 OfHY COTyi0 CEeKYyH-
asl. OHa MOMKET CUMTaTh ropasgo ObLICTpee, YeM. yesJoBeuec-
Kuil ‘Mo3r, 6jarofaps TOMY, 4TQ 3JEKTPHUYECKHE HMIYJbChi
B [leNfX MAIUHHBL NepeMeliajoTess ropa3fo GoicTpee, uem
CHTHAJbI, KOTOPHIE TEKYT MO 3anyTaHHKM TPOMaM B KJET-
Kax Mo3ra, KOrla 4YeJOBeK NMPOH3BOAHT B roJIOBe KaKHe-HU-
Gyfib BbIUKCJIEHHS.

“TakdM 06pa3oM, CKOPOCTb BHUMC/IEHHsST MAUIMHBI ropas-
10" NIPEBOCKORUT yesnoBedeckyw. Ho B crmoco6HocTH oueHs-
BaTh' H CYAHTb O PE3yAbTATAX BBIYHC/IEHHH uYeJIOBeUeCKHil
MO3F BCE:*TaKH NPEBOCXOAHUT JMIOGYI0 MAaUIMHY, H306peTeH-
HYI0: 0 cux nop. Ecam mMaTeMaTHK xouer MPOUIBECTH CJIONK-
HOE BbIUHCJACHHE H y HEro-ecTh 4CCHCTEHT, KOTOPHIA eMy no-
MOTaeT, OH MOXeT JaTh ACCUCTEHTY CJEAYyIOUHe HHCTPYK-
LU¥H: CHAYaja cAenrafiTe 3TH BBLIYHCJEHHS; €CJAH DPe3yJbTar
Goviblile, - 4eM  ONPEEAEHHOR YHC/AO, TNPOM3BEAUTE Jpyroe
BEIYBCACHNE, €C/Y e PE3Y/IbTaT MeHbLE 3T0rg 4ucia, me-
pecuMTafTe eile pas: [pyruMu ClOBaMH, aCOMCTEHT BbIUMC-
JET B COOTBETCTBHH -C ONPEACTEHHBM TMJAHOM, HO 3TOT
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n/iaH 00sA3aTeJbHO H3MEHAeTCa B IMpoLecce BbLIYHCJIEHHH B
3aBHCHMOCTH OT MOJIyY€HHbIX Pe3yJbTATOB.

Joka3aHo, 4TO MOXKHO CKOHCTPYHPOBATh BBIYHUCJHTE/b-
Hble MAaWHHLI, KOTOPLIe MOTYT YNpaB/isiTh M0 KpalHEH Mepe
HeTaJsMH CBOHX COGCTBEHHBIX BbluMcaeHuit. Kpome 6/0K0B
C/IOXKEHHs, YMHOXEHHS M 3aNOMHHAIOUIET0 YCTPONCTBA,
3TOT THI MAlUHH HMEEeT KOHTPOAbHbii GaA0K. DTOT OJOK
HAYHHAeT Pa3/IMYHbie BBLIYMC/IEHHS M IOCBHITAET HMIYJbCHI,
onpejeJsoUlte, KOTJa YHCJAO MAOMKHO ObIThb BbICJAAHO M3
flaMATH H Ky[a OHO JOJKHO ObITh HampaBjieHO — B GJOK
CAOXKEHUS HJH YMHOXeHHs, pyrHMH cloBaMH, KOHTPO/ib-
Hblii GJIOK ofecnmeyHBaeT BLINMOJHEHHE BBHIYUCICHHH B HyMK-
HOM MNOPAJKE B COOTBETCTBHH C YCTAHOBJEHHBIM [JIAHOM.
Ho B npouecce BhIYMC/AEHHH OH MOMKET TaKXe H3IMEHHThb
3TOT MJaH B COOTBETCTBHH ¢ 3afaHHON mporpAMMo#H. Bo3b-
MeM [POCTOH NMPHMep: MOMbLITaeMCH HAWTH KOPEHb KBaApar-
Hbifi H3 10, T. e. 4HCJI0, KOTOPOE TNPH YMHOMKEHHH Ha CaMo
ce6s mact 10. MamuHa MoXeT GbITh NPOMHCTPYKTHPOBAHA
HJHM 3anporpaMMHpPOBAHA <HAUIYNBIBATb» INpaBHJAbHOE pe-
IICHHe CJeNyIoIHM 06pa3oM: YMHOXHB Kakoe-AH60 4YHCIO
caMo Ha ce6s, MaliMHa BO3bMeT OoJjbllee YHCJIO, eCqH pe-
syasTat MeHbuwe 10; HO ecau ke pesyabrar Gouabuwe [0,
MawHHa BbiGepeT MeHbllee YHca0. MammnHa HauyMHAeT ¢
noKasateabcTBa caMod cebe, uro 1X1, 2X2, 3X3 MeHblue
10, Ho 4X4 Gonpbuwe 10. 3aTeM MawWHHA NBITAETCH YMHO-
wutb 3,1 Ha 3,1 H ybGexpaercs, YTO 3TO CJHMINKOM MAJo,
HO 3,2XX3,2 — caumkoM muoro. 3atem Gepyrcs uuciaa 3,11,
3,12 u 1. 0. 3a cekyHAy MalUHHA MOJYydYaeT BepHLIA OT-
Betr — 3,162!

Bosee croxkuble npoG/aeMbl, HJs  pelleHHss KOTOpPLIX
Malll¥He HYXXHO NPOM3BECTH MHUJUIHOHBI BbIYHCJCHHH, Tpex-
de ueM OyIoeT HOCTHPHYT KOHEYHBIH pesy/bTaT, MOLYT 3a-
HATb yachl W Ja)e AHH MAIIMHHOrO BpeMeHH. Mamuna
ONMepHpyeT YHC/AAMH, XPAHAIIMMHCA B ee 3aNoMHHaIOUeM
YCTPOHCTBE, B COOTBETCTBHH C MPOrpaMMoil MHCTPYKUHI,
Haxojgsiuleiicd B KOHTpoJibHOM GJoke. B HekoTOpHIX THMAx
MallMH Becb MPOLECC MOMXeT MpoTeKaTs 6e3 eAMHOrO IBH-
xenust BHyTpu MawmuHbl. Ho xors oHa 6eaMosiBHA, OHa
HaNPsKElHO <«AyMaeT» O 3ajaye, MOChJIAasA CHTHAJB pas-
JUYHLIM CBOMM OpraHaM; HO Jaxe NyTH nepeJBHXeHHA
3THX HMIYJbCOB PEryJHpPYIOTCA 3JEKTPHUECKUMH TOKaMH B
TPaH3lCTOPax HJH 3JEKTPOHHBIX TPYOKax, KOTOpbie, B CBOIO
ouepeflb, PEryaHpPYIOTCA APYTHMH MMIY/bCaMH.
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CoBpeMeHHasi BBLIYMC/HTENbHAS MalIMHA He MOXeET 3a-
MEeHHTb MaTeMaTHKa, TaK Kak JHIIb MaTeMaTHK MOXeT
chopMyanpoBaTh 3ajlayy, a 3aTeM OCMBICJIHTH DPE3YJAbTATHI
BLIYHCJEHHUIi; HO MalllMHA MOJXeT 3aMEHHTb KBaJHPHUMPO-
BAHHOTO acCHCTeHTa, 6oJee TOro, CKOPocTb ee paboThl Ta-
KOBa, 9TO OHAa MOXeT 3aMeHHThb Lenblil IITAT TaKHX CYer-
YHKOB. MaTeMaTHK HHCTDYKTHPYET CBOETo accHcTeHTa, 00-
IWasch ¢ HAM TyTeM pPasropopa, a MallMHy — HaXaTHeM
ONpeNeNeHHBX KHONOK. Tak HaumHaeTcd NPOIECC BblvHCIE-
HAS B YeJI0OBEUECKOM MO3ry uiau B MammHe. Ham mnsBecTHO
A0 MenbyaHIHX mOAPOGHOCTEN O TYTAX NePeABUKEHHS
CHTHQJIOB BHYTPH MAaWMHH; HO Halle NOHHMAaHHe CINOCOGOB
NepeBUKEHHA HEPBHEIX HMIYJBCOB MO DPAasyIHYHBIM 4acCTHM
yeJIOBEYECKOTO MO3Ta Bce elle orpannyeHHo. Uem Gosbuie
co3/laeTcs BBLIYHCJAHTENBHHIX MallHH, TeM Jy4ylle Hame To-
HHMaHWe pelleHHMs MaTeMaTHYeCKMX 3ajaY ¢ HOMOIUbIO
3JIeKTPOTEXHHKH] M TaK KaK MaTeMaTHUYeCcKHe oOllepanuy,
NPOHCXOAANIYE B MO3ry, B HEKOTOPLIX OTHOLIEHHAX CXOJTHBI
C MaTeMaTHUeCKHMH ONEpPanHusiMH, HCMONb3yeMHIMH 3JeKT-
POTEXHHKOH, BO3MOXKHO, TAaKMM IyTeM Mbl PAaCHIHPHM Has
IIH 3HAHHA O TIPOIECcCcax YeJOBeYeCKOT0 MLIMJIEHHS HJH 110
KpafiHefi Mepe O HEKOTOPHIX aclekTax 3TOr0 CJOXKHOro
npouecca. *

YMcTBeHHbIE OMepanHy, MOTyLIHe ObITh BHINOJHEHH ¢
HCNOJb30BaHHEM BbIYUCAHTENbHOH MAIIHHB, He OrpaHUYH-
BalOTCA JHIUL MaTeMaTtukol. Hanpotus, nwo6as ymcTBeHHast
JefTeIbHOCTD, TIPOMCXOASILAs B COOTBETCTBHH C oOmnpejie-
JIEHHBIM TIJTaHOM, MOXKeT OBIThb BHIIIOJAHEHA TAaKOH MAamUHOH,
Raxke ecJaH IJIaH oueHb caoxeH. Hanpumep, okasagaoch
BO3MOXKHBIM Hay4YHTb BHIYHCJIHTEJNbHYIO MAIUHHY HrpaTth B
WaxmMarel ¥ WamkH. Mamude coo6uialoTcsi XOAbl NPOTHUB-
HHKa H Ompeje/sercs, KaKHe XOJbl OHA MOXeT cieaaTh NO
NpaBHJaM HTpPH. 3aTE€M OHAa PaCCYHTHIBAET OTBETHBHIE XOMbI
NPOTHBHHKA, a TaKXKe CBOH MNOC/ACAYIOIUIHE OTBETHHIE XOMbl
T. 1., HOKa OHa He BbIGHpaeT Hanbojee G6JaronpUsATHYIO,
Ha ee B3IJIAMA, BO3MOXHOCTb, COOTBETCTBYIOIIYIO oOlpele-
JEHHBIM NpaBHJaM. 3aTeM OHAa COOTBETCTBEHHO IepefBHra«
eT cBoH (urypsl. Hackoabko yMena MallMHa B Hrpe, 3aBH-
CHT OT CTelleHH ee cJ0XHOCTH. MauinHa, KoTopas cMorja
6bl TTOMEPATHCA CHJAAMH C KeM-AH60 H3 GOJNbIIKAX LIaxMar-
HLIX MacTepoB, Oblla 6B OrPOMHBIX PasMEpPOB U CTOHJIA
6Ll 0YeHb ROPOTO; HO H OOLIYHBIX PasMepoB MallMHA MOs
XeT OGbITb 3ampOrpaMMHpPOBAHA HA NPaBUJbHYIO HTPY H MOe
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sKeT Jaxe NOGEAUTb HOBHYKA. B mawkn cueTHble MaUIMHBI
UrpaioT BeJTHKOJIENHO.

MoXKHO, KOHEYHO, YTBEPXKAaTb, YTO CXOACTBO MEXKIY
CYeTHOl MAIUMHOH HJIHM aBTOMAaTOM, HUrpaluyM B DIaxMa-
THl, ¥ YeJOBEKOM, KOTOPHIHi BBLIYHCJASET MJIM UrpaeT B IHAX-
MaThl, He 6oJlee yeM BHENIHAA aHAJOrHA. Mul emie Hexo-
CTATOYHO 3HaeM O (PH3MOJNOTHM Hpouecca MBIILIEHHS, YTO-
6bl pa3pemuTh 3TOT CNOP ¢ KaKoH-IuGo moJsefl onpepeseH-
HOCTH, HO, KaK MH YXe YKasblBaJH, MHOTOe TOBOPHT 3a
TO, UTO 3TO CXOJCTBO He cJaydaiHoe. V1 HepBHast cHcTeMa,
H MaulMHA TOJb3YIOTCHA 3JEKTPHYECKHMH HMIYyJbCaMH, KO-
TOpBlE MOFYT COeAMHSITBCS pas3iuYHBIMH cnoco6amu. B ma-
IMHe peJie, BaKyyMHble TPYOKH WJIH TPaH3HCTOPH BhIGHpa-
0T MeXJy PasJHYHbLIMH KaHaJlaMH. B HepBHO#I cHcTeMe
CHHAMNCH!, TOYKH COEJHHEHHS PAa3JHUYHLIX HEPBHHEIX BOJOKOH
ofnafaloT To# Xe ¢yHKUHel. XOTA OCHOBHLHIE LienH pas-
JIMYHB, KOHCTPYKUHH NOKa3aJHch Gbl CXOZHBHIMH. MOXHO,
KOHEYHO, BO3Pa3HuTh, YTO IAOCTHKEHHS MalHH — MaTeMma-
THYECKHE BLIYHCJIEHHS M, BO3MOXHO, Hrpa B IIaXMaThl —
He MOTYT CPaBHHTbCA C JYYWIAMH ofpa3uaMu abCTpaKTHOM
Mbic/iH yesoBeka. Ho, ¢ apyroii cTopoHbI, OueBHAHO, YTQ
CTPOeHHe MO3ra HeCpaBHEHHO CJOoXHee JI0GO# CyIlecTBYIO-
el MaIUMHB, TaK KaK TaKasd MallHHa HMeeT MopAlKa
10000 TpaH3HCTOPOB, OCYIIECTBAAIOMHX pPas/JHYHblE KOM-
6MHANMH, B TO BpeMs KaK KOJIHYECTBO CHHANCOB B MO3rY,
KOTOpble HanpaBJfIOT HepPBHblE HMIYJLCH MO €ro pasiHd-
HBIM KaHaJaM, HcuucaseTcs MuJnvapfamu. Ha 6ase Ha-
IHUX CErONHSIIHHX 3HAaHHH O BbIYHCAHTEABHHX MAaIIMHAX
MBl MOXKEM NpPeRNOJOXKHTh, UTO ec/aH Obl Takag MallHHA
HMeJa CTOBKO JKe CNapHBAIOMIHUX 3JeMeHTOB, CKOJbKO HX
CONEPKHUTCA B YEJNOBEUECKOM MO3rY, OHa Obiaa Gbl CIOCOG-
Ha Ha peaklHH CTOJb XK€ CJ0XHBIe, YTO M NPOHCXOAALLHe B
HaieM MO3Ty,

Kocmuueckas nepcnektusa

T anakTUKH Onnofi H3 CaMBIX CJOXKHMX NpPoGiaeM H3IHKE
ABIACTCA OTIPEfie/]eHHe BO3pacTa BreneHHod:

H 3BE3AbI BCerZa /I OHAa CyHIeCTBOBAJa WJIH e OHa
BO3HHKJA B OMPe/ieNeHHbi MOMEHT BpeMeHH?

TMockonbky 3Ta KOCMOJIOTHUECKas TeMa yike Gbila paceMOTpeHAa B OXHOR

bt



M3 MOMX NpeRbAYWNX KHHr (¢MHpH B aHTHMHPH») * 5 ne Oyay
KacaTbcsl ee 3jech. JlaBaiite Jnydine pacCMOTPHM COBOKYNHOCTb mpobJeMm
COBEPIIEHHO HHOTO XapaKTepa — a HMEHHO, KaK Hama uactb Bcenennon
npuobpesa CBOWO COBpeMelHHYI0 CTPYKTYpy. Ecam wMbl npelnogoxum,
uTO OAHO BPEMA Halla 4acTh MPOCTPAHCTBA COAepIKana ompejesieHHOe
KONMYECTBO MaTepHH, TO BO3HHKAaeT BONpOC: KakuM o6pa3oM 3Ta Ma-
Tepust NPHHAJNA BHA ranaktux? KM noweMy wacTh sewiecTBa B npejesax
Hawed lanakTHKH cymecTsyeT B (opMe CHJbHO paspeKeHHEIX Ta3oB,
3anoJHAIOMHMX 66abWYI0 YacTh IaNakTHKH, B TO BpeMs KaK OCTajbHaf
WacTb MaTepHH CrycTHiach B 3Be3gn? Haxonenw, nouemy no Kpaikined
Mepe OJHa M3 3THX 3BE3/, KOTODYI0 Mbl HasbiBaeM CoJsiHUe, OKpYeHa
NJaHeTaMH, CPelH KOTOPHX HAaXoAWTCs H 3eMman?

€ xomnnexcaMu npoGaeM TaKoro poha TPeHMYUIECTBEHHO H HMe-
€T [e]0 €CTeCTBeHHas Hayka. Ham J0BOJIBHO XOpOWO H3BECTHO: COB-
pPEMEHHOE NOJIOKeHHe Belledl; Mbl JAONYCKaeM, 9TO 3/eChb NPHMEHHMH
OOBIYHBIE eCTeCTBEHHBE 3aKOHBI, H 3TO NpeiNoJOKeHHe KaXeTCs BIOJHe
pa3yMHBM. Mbl NHTaeMCA BOCCTAHOBHTb OTNPABHYIO TOUKY, O KOTOPO#H
MH MOXEM CTPOHTb A0 HEKOTOPOil CTeneHHW pasyMHble TNPeNnoJOoKeHHs,
H MH NETaeMCsl KaK MOXHO nojpo6Hee YACHHTb, KaK NMPOHCXOJHJ 3TOT
npotiecc. O6mwnit xapakTep 3Toil npoGieMn nonoGeH npoG.eMe MpPOHC-
«OXIEHHA H DAasBHTHA IKH3HH, KOTOpas DPACCMAaTPHBAJOCh BhIE: MHl
3naeM O COBpeMEHHOM GHOJOrHYeCKOM COCTOSIHMH, 06 OpraHHYecKoR
KHM3HH Ha 3eMJe, O 3aKOHaX GHOJOTHYECKOTO Pa3BHTHH; H Mbl B CO-
CTOSIHAM Cle]laTh oONpejeAeHHble OOCIIHe NPeANOJOXEHH O NepBOHA-
4aJbHLIX YCJIOBHAX, T. €. O BO3MOXKHHIX XHMMHYECKHX npoieccax, KOTO-
phie NPOHCXOLHJH Ha 3eMJe 1O NOABJEHHS MKH3HH.

M3 Bcex cua npHpoAH:, KOTOpHE CrNoco6GCTBOBANH CO3RAHMIO MHpa
B ero coBpeMeHHON ¢opme, HanboJiee BaXKHOfl SBHJACH CHJIa TPHTAXKE-
‘Huf, rpaBHTanMs. Bcsikoe Tesio ‘mpuTAruBaeT JoGoe Apyroe Teqo, HO
CHIA TIPHTSXKEHHS OBICTPO YMEHbIUAETCH C YyBeJHYEHHEM PacCTOfHHA
MEeXAY' ITHMH TenaMu. CHsia NMPUTAXKEHAS CTOCOGCTBYET CUEMVIEHHIO Ma-
Tepun. Ecim no TOft HAM HHOR TNpuWYHHE B NPOCTPAHCTBE OKa3biBaeT-
¢ Gosbmioe 06/1aKO pa3peKeHHOro rasa, TO NOJA BJHAHHEM CHJN TNPH-
TAXEHHA BelHeCTBO COOHpaeTcsi B HeHTpe. Bce Bemiectso o6snaka Mor-
no 61 GBICTPO CKOHHEHTPHPOBATBCA B THFAHTCKYIO Maccy, ecan  Ob
5TOMY HE MELIaJo Temlo, BhjejseMoe B npolecce KoHuentpauun. Ilpo-
IeCcC 3aBHCHT M OT TOrO, CHIrpaeT JH aHTHBELIECTBO CBOIO Delialollylo
poab. EcAH KOHIEHTpAUMs, NPOHCXOAAMAf TMOJA BJHAHHEM CHJIBI TPH-
TAXKEHHs, NPOHCXOMHT B CPaBHHUTEJbHO MaJjoM 06tbeMe NPOCTPAHCTBa,
TO MOXeT 00pa3oBaThcs 3Be3fla. Ecau 3Ta 3Be3na NOCTAaTOYHO BeJIHKA,
TO MCXOZSINAA H3 Hee pajJMauys MOXKeT Bbi3BaTb OTTAJKHBAIOUIYIO CH-
2y, He MNO03BOJISIOIIYI0 OCTaJbHOMY rasy mnpHOJH3HTboA K 3Besjle.

Eciim B HECKOJIBKHX Ppa3JMUHBIX 4YacTAX NepBOHauasibHOro o6jaka
NOBASIOTCA PaflOHBl € MJOTHOCTBIO, NMPEBHAIOWEe# IUIOTHOCTH OKpY-
XKalefl ux cpefbl, MOXKeT 06pa30BaTbCA HECKONBKO MECTHBIX LEHTPOB
KOHIEHCAIHH, T. €. BeulecTBO Npeobpa3yeTcsi B HECKOJBKO PasJHuHHIX
7e4. DTH TeJa NPUTATHBAIOTCA APYT K RPYTY, HO He 006#3aTelbHO 06b-
€AMHAIOTCA B OJHO rpoMajnoe Teso. BmecTo 3TOro, Kak npaBHsio, OHH
HauMHalOT BPAILaThCA BOKPYr ApYyr Ipyra, H LEHTpPoGeXHas cuna 3To-
r0 ABHXEHHS NpPOTHBOJAEMCTBYET CHJE NDHTSKEHHS, BeAYIlEH K Ralb-

* X. AnbBen Mapm n antumppu. M., «Mup», 1968,
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neltlclt KOHUEHTPalUHH. MOXHO npeAnoaoKuTb, UTO 3BE3AHAA CHCTe-
Ma, nonobuas ranaktuake, cHopMHPOBANACL HMEHHO TaKHM O6pazoM.

Kak ymxe ynoMsHya, KiaccHuecKas MexaHukKa — 5T0 HayKa o
OBHKEHHH TeJ, u Bceofliee TArOTEHUE ABAACTCA OAHOM M3 CaMbIX
BaXKHBIX CHJA BO BCEX TaKWX HABHKeHHAX. O6Jafas 3HAHHEM KJACCH-
YeCKOii MEXaHHKW, Mbl MOXEeM MNOHATb, MO Kpafikeli Mepe B OCHOBHBIX
4yepTax, KaK BO3HHK/AM 3BE3flbl H 3BE3[HLIE CHCTEMEL.

Mbl 3HaeM, 4TO, 1O gymecrsy. OHH ABJAIOTCA OPOAYKTAMH CHAW
MPHTAKEHUS M TNPOTHBOAGACTBYIOWIMX el BoilesieHMA Tersia H LEHTPO-
Gexmnoil cuanl. EcaM MBI JONMYCTHM, UTO NEPBOHAYAJbHO BEILECTBO BO
BceneHHOt HAM B ee OOJbllell YacTH CYLIECTBOBAAO B BHAE CHALHO
pa3peXKeHHOro rasa, TO BMOJHE NPABOMEPHO MOJarath, 4TO cQ cuelJe-
HHEM Ta3a MPOM30ILNO €ro cryuleHue, TakHM o0pa3om 06pa3oBbiBad
raJakTHKd. BHYTpH rafakTHK NpPOHCXOLHMJO - JanbHeiillee Crywed#e, B
pe3yJbTaTe Yero 06pas’oBa/MCh 3BE3AbI.

Ho gana GoJsee ToyHOro M rayGoKOrO NOHHMAHHA mnpoiuecca 06pa-
30BAHHA 3BE3JL H 3BE3AUBIX CHCTEM MBI HE JOJIKHBI OrPaHHYHBATHCA
3HAHHEM JHWb KJACCHYECKO# MeXaHHKH, a AO/KHu 3ariasHyTb H B APYy-
rue o6/acTH HU3NKH, BKIIOYAA ALEPHYIO (H3HKY.

OrpoMHasi 3Heprus, M3jydaemas 3sBe3faMH, 0o06pa3yeTcf B pe3aysb-
TaTe AAEPHHX MPOLUECCOB, NPOHUCKOAAUIHX BHYTPH 38e3l. Te e CuAH,
"KOTOpbIE BLICBOOOXKAAIOTCA NPH B3pbiBe BOAOPOAHOR GomGu, obGpa3y-
10T BHYTDH 3Be3nl SHEDPTHi0, NMO3BOJAIOULYI0 efi H3AydaTh CBET H Tem-
0 B TEYCHHE MMJJIHOHOB H MHANHapAop Jser. [losromy 3uanme naep-
HOM (H3NKH IKH3HEHHO HeOGXOAMMO JNf NOHHMAaHHA pa3Butud Bce-
JICHHOH.

AnepHan ¢u3MKa TaKXKe MOKET NOMOYb HAaM OTBETHTb Ha YyBJe-
KaTe/JbHeAWHA BOMPOC O JPOMCXOXKAEHHH DPAIHYHBIX  SNEMEHTOB,
Brnosse BO3MOXKHO, YTO KOTAA-TO 3/EMEHTH CHHTE3HPOBAJHCL W3 NPO-
TOHOB M HEATPOHOB, H Cefiyac CYILECTBYeT MHOro JAOTafoK O TOM, KOr-
A3, KaK K TJe MPOHCXOAHJ 3TOT cuute3. Moxer Obith, OH Oma pe-
3y/NLTATOM THTAHTCKHX 3BE3LHHIX B3pHBOB (0GpasoBanHe CBepXHOBBIK
3pe3f), KOTOpele MB BpeMs OT BpeMeHH HabjiofaeM, HJAH, BO3MOXHO,
CHHTE3 NpPOHCXOAHJ HAa paHHeft cTafuH pa3suTHs Bcenenuofi.

Mb MoxeM npeanosnoxurs, 9to Coauue oG-
Mranerst W COYTHHKR pa30Bajlocb HMEHHO TaK, Kak Mbl 3TO OfM-
canx B npeasiayumiem naparpade. Macca ra-
3a paaMepaMH, B COTHHM HJH TBICAYH Da3 NpPeBHILUAIUWHMMH pasMepsl Ha-
weit HpiHelwneit COJMHEWHOM CHCTeMbl, Hayala CryIIaThCd, W NOA BJHA-
HHEM CHJIBI NMPUTAMEHUs 66/bIIad 4acTh Macch YMJAOTHHAAch, o6pasyn
Cosnue. Temo, BbiAeJHBIICeCHs B pe3y/bTaTe 3TOro mpouecca, NORHAJIO
temnepatypy BHyTpH CoJHHA 10 AeCATKOB MHJAHOHOB rpaaycos. Kor-
Ra TeMmnepaTypa JOCTHI/a ONpe/leleHHOro Npejena, 3aXrjiach OrpoM-
Hasi pacKajeHHas COJMHEYHAs Neub W Hayaja BHICBOGOKIATH AMEPHY:O
suepruio («repMosiepHylo suepruio»). CoJiHIE COAEPKAT HAOCTATOYHO
BOZOpOJAA [JiA TOrO, 4YTOGHl ITa Mneub ropefia MH/UIHApAH JeT, wekpo
H3Jlyuass B NPOCTPAHCTBO TEMJAO H cBeT.

Ecan 6ol acTPOHOM ¢ NnaHeTsl, BpallaomeficA BOKPYr NaJekoi
dBe3gpl, HabGmonan 3a CoJnueM H ero OKpYXeHHeM, TO MOYTH B8Ce,
CKa3anuoe BBIUE, NMOKa3aJdoch Obl eMy 3aCJAYXHBAIOUIMM  BHHMAHHUHA,
ITo-BHOANMOMY, eMy He Jerko Obl10 Gbl 3aMETHTb Ty JeTdNb, 9TO BOK-
pyr CoJsHua BpamalwTCs NAAHETH, a TaKKe HECKOJAbKO THCAY acTe-
pounon. Ewe MeHee BeposTHO, 4TO OH 3aMeTHA Obl, YTO BOKPYF MHO-
FHX MJaHeT, B CBOIO OYepefib, BpawaTca cnyTudkd. Ho mas Tex, kro
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HacesasieT OJHY M3 ITHX IUIAHET, BCe 3TM JeTajiu Jajeko HeGe3niHTE-
pecHsl.

Kax BO3HHKIH NJIaHETH M MX COYTHHKH? DTO OXUH M3 HanGojee
yBAeR&Te bHHX BONPOCOB KaaccHueckKom actpodusuku. JucKyccus no
STOMY Bonpocy Oniia OTKpPHTA dpanuysoM JlamiacoM HecKoJIbKo Be-
Ko® Hasai. Jlannac ppeAnofOKHN, uwTO 7npH KoHAencaumu CoJHUA B
pesyabTaTe €ro BaIGHHA OT COJHEUHOrO 3KBATOPA OT/JENHIOCH HEC-
KOABKO KoOJell, H3 KOTOPHIX BHNOCJEACTBHH H 06Pa30BajNuCh NJAHETHL
Hporns stofi Teopud (mHpOKO usBecTHO! Kak Teopus Kamra—Jlanna-
ca) 60 BHIABHHYTO MHOTO BACKHX BospaxeHuir. M Koria mnocJje-
AylOHIHEe pacyeThl NOKa3ajHW, YTO OTPHIB KoJell, onmucaHuuil Jlannacowm,
NPOM3CATH HE MOT, GBIIO CAEJAaHO HECKOJNbKO MONBITOK COBEPIIEHHO 1i0-
APYroMy OOBSCHHTD ngoncxoxmenue Coaneunoit cucreMbl. OfHOR H3
HHX OHNa TEOPHS CTOJNKHOBEHHs, BHIABHHYTAs HECKOJABKG LECATKOB JET
Hasal aHrnUHCKUMH actposoMamu Jlxuncom, xedpdpucom m apyru-
MH. Onn npefnonioXHAH, 9TO Korpa-To COJHIE CTOJKHYJOCh ¢ APYroil
3pesfiolr, B pesyabrate yero H3 Coanua Oblia BbIDBaHa CTpPYs Tasa,
KOTOpas, crymasch, npeoGpa3oBajiack BIOCTEJCTBUH B mjaHeto. On-
HAaKO YYMTbiBasi OTDOMHBIE PACCTOSIHHA MeXKAY 3Be3NaMH, TaKoe CTOJK-
HOBEHHE KaXeTCst COBepHIeHHO HeBeposiTHMM. DBoJee neraabHbll aHa-
JM3 noKasasq B Jpyrde HeJZocTaTKH 3Toit Teopuu. [Ipexkpe Bcero, yuu-
THBaf 3aKOHOMEPHOCTH cTpoeHHA CONHEYHOA CHCTeMBl, KameTcs He-
BO3MOXHbIM, UYTOGH nJaHeTHl OHNM JHIIb OCKOJKAaMH, OCTABIUHMHCS
nocAe KocMuyeckodl katactpodrl. K ToMy e HauGojee XpynHble naa-
verhl — lOmurep, Catypd M YpaH — OKPYXeHHl COyTHHKaMH, o6Gpa3sys
OYeNb NPABHJALHYIO CHCTEMY TOTO e OOLIero THIA, YTO H CHCTEMa
naaHer. 3TO OTKPHITHE 3acTaBUNO Obl Hac cAenath eule Gosee HeJO-
THYHOE TNpPEeJAMOJIONKEHHe, UYTO M 3TH TeJa TaKXKe o6pasoBajHCh B pe-
3yAbTaTe CTOJAKHOBEHUH.

BrniosiHe BepOATHO, 4TO TOT Ke CaMBbil MNpollecc, B pesynabTare Ko-
TOoporo mocje o6pasoBanusi CoJHUA BO3HHUKJM RNJIaHeTHl, 3aTéM NOBTO-
pHJICs B «MHHHaTIOpe», 00pasysi CNyTHHKOB HaHOOJBIIHX naarer. Jpy-
THMH CJOBaMH, KaxJoe O60/blUlOe aCTPOHOMHYECKOE TeJO CTPEeMHTCA
OKPYMHTb ce6 MeHbIUMMH TenaMH: COJHUE OKPYXHJO cebs CHCTEMON
NJAHeT, a caMble KPynHble MJAHeTBl — CHCTEMOff CHNYTHHKOB. JTOT
RHIBOJ BO3BpaMlaeT HAac K KOHLenUu#, cxoxe#t c¢ Teopueit Jlamaaca,
XOTAi MBI BHOBb CTaJKHBaeMCR M CO CAA6OCTAMM, NPHCYLWIMMH 3TON
Teopun. [IBHKeHMe nJaHeT W MX CRYTHHKOB B npejenax CoJsHeuHON
CHCTEMBI TPOHCXOAMT NOUTH MCKJAIOUHTEJBHO 10 3aKOHaM KJacCHuec-
Xoit MexaHHkM. WM teopus Jlamaaca, u BuITeKamllHe H3 Hee KOHUen-
EMH OnHpaloTCsl Ha yOexaenue, 9To H B nepHox copMupoBanua Cou-
HEYHOl CHCTEeMB! peuialolllee 3HaueHHe NPHHAMJIEXKANO JHIIb MEXaHH+
wecKHM CHJIaM. BO3MOXHO, 4TO 3TO NpelnoJoXKeHHe M eCTh HCTOYHHK
BceX cjabocTeit 3THX Teopuil. Mbl BBISICHHJHM, 4TO Bo Bpems 06pasos
Banus CoJHeuHoll cucTempl BemectBO BoKpyr CoJHIAZ HaxoAHAOCh B
ra3oo6pa3sHoM COCTOSIHHH M 4YTO ra3 OBl MOHH3HDOBAH, CJelOBATEjib+
HO, MOl TPOBOJAHMTH 9JeKTpuyecTBO. COrJacHO HalHM COBPEMEHHBIM
NPEACTAaBNEHHAM O CBOACTBAaX HOHM3MDOBAHHOTO rasa (mia3Mbl) OH
vOlBEpMEH CHJABHOMY BJAHRHHIO 3MeKTPOMarHHTHHX cua.  ITlostomy
©uUeHb BEpOSTHO, YTO HMMEHHO 3JIeKTPOMAarHHTHbIE CHJAB CHIPajiu pe-
waolyio poJb npH 3apoxaeHdd COJNHEYHOM CHCTEMHI.

Ecan ucnosb3oBaTbh 3TO NPEANOJOXKEHHE KaK OTNPaBHYIO TOYKY,
Epl YBHOMM Teopuio Jlannaca B cOBeplIeHHO MHOM CBete, B B Pe3y/ibs
7aTe ML MOMEM npeicTaBuTb ce6e nporcxoxnenue CoaHEUHOH CH-
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cTeMbl MPUMCPHO caeiyiomuM ofpasoM. [Tocse TOro Kak H3 OTPOMHOro
ra3oBoro o6.1aKap NOCPEACTBOM KOHUEHTpauWH ofpasoBanock Conwue,
Ha OueHb GOJILILOM PACCTOSHHH OT 1Eer0 0CTaBalMCh HeGOAbIIME YACTH
5TOTO ra3oBoro oOnaxa. TpaBuTanHOHHAas cuia cTajia NPUTHATCHBATH
OCTaTKH ra3a K BHOBb O0pPa30BaHHOIl 3Be3de; HO MarkutHoe none COJH-
1a OCTAHOBHJIO MalalOllHMiA ras Ha pasjHuHbiX pacctosHHax ot Cosm-
Ha — KaKk pa3 Ha PacCTOAHHAX, Ile Tenepb HAXOAATCH naaHeTH. ['pa-
BHTAHOHHAA H MarHHTHAf CHJH, TaKHM 06pa3soM, NOBJAMA/NH HA KOH-
LeHTPALMIO H CTYLIEHHE NajaloWero rasa, B pesyqabTate 4ero 06paso-
BasuCh NAaHeTl. Korfia BOSHHKAH caMble KpynHble MJaHETH, TOT Ke
npollecc MOBTOPUACH B MEHbIMX MacmTabax, CO31aB, TaKuM 06pPa3OM,
cMCTEMBI CMYTHHKOB. HTak, mjareTta, Ha KOTOpOil Mbl o6uTaeM, OHlia
cO34aHa /JABYMfl <«TBODLAMH»: TPaBHTaLHedl, KOTOpas NpHTArHBaja Be-
mecTBO K nbliaioieMy CoJIHIY, M 3/eKTDOMarHeTH3MOM, KOTOpHli oc-
TAaHOBHJ €ro Ha HYXKHOM pacCTOfiHHM B npoctpasctse. Te ke mepso-
OWTHHE CHAB CO3MaJMH TaKkKe HAa OXHOM H3 5THX IUIAHET YCAOBHH, KO-
TOpHIE MO3BOJAIOT HaM CYIIECTBOBATh HAa Hefi — roOpH, BOAY H BO3AYX.

JlyHa — Gaukafuwinfi KOCMHYECKHI COCef
Mpoucxompnenne Jlynn 3eman. [Muitasgch onpegenuTb, Kak OHa BO3-

HHKJ2, Mb JOJIKHB TNpeXje BCEro CNpOCHTD,
a MOrJia Jiu OHA GHIThb CO3[aHa TaK e, KaK M JYHH TPeX KpynHeiuwux
naaner — lOnutepa, CaTypHa M YpaHa: T. e, B pe3yjbTaTe acTpodu-
3HMYECKOTO [pollecca, ONMHCAHHOrO B mnpejawayuiem naparpage. Otser
BNOJIHE ONpeleJeHHbI — HeT, MOTOMY 4TO 3eMas CJAHWIKOM Mana, a
Jlyha cnuwkom Besuka Aas storo. Camuit KPYNHHE H3  CHYTHUKOB
Onurepa, HanpuMep, paBeH OAHON RecATHTHICAYHOM Maccu IOnuTepa,
B TO BpeMsl Kak Macca JIyHb cocTaBiseT Gojee ORHON COTOM Maccu
3eman. [lpouece, B pe3ysbTaTe KOTOPOro FHraHTCKHe IJIaHETH NpHoOpe-
JH CNYTHHKOB, BEPOATHO, He MOXET NPOH30HATH BOKPYr TaKHX Maabix
ten, Kak 3emasa. CnepoBartesbHo, 3emmo u Jlyny Heabssa paccMatpH-
BATh KaK NJAHETY U ee COYTHHKA, CKOpee HX MOXHO CUHTaTh IJaHeTa-
MH-BORHHKAaMH, XOTS OHH H He PaBHBHI MO Macce.

Hawyn 3swaHuMsi O npUJAMBAX OKa3anHCh BeCbMa BAXHHIMU AAA MO-
HHManua ucropuu Jiywn. Jsaxaw B fenb Jlyna 3acrasiaser oOkeau-
CKHe BOAH TMORHUMATbCs, a 3aTeM BHOBb omyckathes. Ho, corntacuo
3aKOHY O JefCTBHM M NPOTHBOJEHCTBHH, TMDHJIHBH H OTJHBH TaKkKe
JIOMKHE OTpPaxaTbCd Ha JIyHe H H3MeHATh ee opbury. 10T 3hdhert
O¥eHb MaJ, HO ¢ TeueHHeM MHJUIHOHOB JIeT NMPHAHBH 3acTaBiasioT Jlywy
yhanathcs OT 3eMJH, B TO e BPeMA 3aMeliss BpaillenHe 3eman
BOKpYr cBoefi ocu. Takum o6pasoM, CyTKH YMJIHHAKTCA ~— OXHAKO Bee-
TO JiHUIb Ha HECKONbKO THICAYHBIX CEKYHAH B CTOJETHE.

Ecau Jlywa cefivac ypaasercs ot 3eMJd, TO B NPOIULIOM OHa, CO-
BepilleHHO OYEBHAMO, Guina Gauxe K Hefi. Broane BeposTHO M TO, 4TO
B OYeHb OTAajieHHLle BpeMella, OKOMO MHAJAHApAa Jer Has3al, Jlywa Ha-
X0Annack B HenocpencrBenHof 6ansocTH or 3eman. He Ouaa am Jlyna
B- OfHH MNpPeKPaCHHA MOMEHT H3BeprHyTa M3 3eMHHX Heap, H, B TakoM
ciiyyae, pyCCKHe H aMepHKaHIL He ObINM JIH MePBLIMH, K10 3aNyCKax
B KOCMOC CBOH MHHHATIOpHBIE JAYNBRI?

Okono CTa JieT TOMY Ha3aj aHTAMACKHA acTpoHom JapBHH BLIBH-
HYA THDOTe3y, COTNacHO KoTopofi no nossienus JIyne ConHue BH3H-
BaJO0 Ha 3eMJe OrpPOMHbIE NMPHAHBHBIE BOJHH. DTH BOJHB JOCTHUT/IH Ta-
KHX 4y[OBHIIHHX Pa3MepoB, 4TO 3HauUMTeNbUas 4acTh 3eMau OTOpBa-
nach OT Hee M no3iHee npespaThnack B JIyny. Co Bpemenem 3ra ru-
noTteza Golfa AONOJBEHA INpeAnoJoMNKeHHeM, 4TO mocne otipenexdua Jly-
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4B Ha 3emJe ocTajach BNAaiMHA, KOTOpY Mul  HadmBaeM Tuxuii
OKeaH.

‘XoTa 3Ta runoTesa WHPOKO pacnpocTpaHeHa B TpyZax 6e3oTBeTcT-
BEHHHIX NONYJSAPH3AaTOPOB, €¢ NABHBLIM-JaBHO ONPOBEPrJH, H npodeccuo-
HaAbHEE ACTPOHOMHI TIPOCTO HE NPHHUMAIOT ee BCepbes. )

Mul yXe 1aBHO COBEpIIEHHO YBepeHn B TOM, 4TO JIyHAa HHKOHM 00-
pa3oM He Morsa OniThb M3BepruyTa 3eMJeil, Tak KaK Ha OTHeJeHHe Ta-
Kol Goabiol Macch noTpe6oBatach bl HeOGBIKHOBeHHO Gonbllass 3a-
Tpata 3HepruH. Ho ecanm Mbi paccunTaeM H3MeHEHHs, KOTOPHE NPOH3O-
WAH B JYHHOR OpOMTE, TO NpHAeM K BLIBOLY, uTO Korja-to JlyHa, mo
BCeH BEPOATHOCTH, HaXOAMAach OyeHb G6aH3Ko or 3eman. OTkyRa xe.
OHa TOrAa B3fJach?

Yto6L OTBETHTb Ha 3ITOT BONpOC, AaBaiiTé pPacCMOTPMM  UeThpe
6amxaiiwne k ConHuy naawetst — Mepkypuit, Bewepy, 3emaro u
Mapc. Ha nepBuift B3risad oHH OGpPas’yioT OLHOPOAHYIO CeMbIO MaJbiX
nnaseT B OTJAHYMe OT Goabmux naanetr — IOnurtepa, CatypHa, Ypana
n Hentyna. Ho ecqiH Mul BHMMaTeslbHee M3yuuM Manble IMJaHETH, Mbl
YBHAHM, 4TO Mapc oT/HYaeTCA OT OCTaMbHBIX Tpex naaueT. Bo-nepBhbix,
MOXHO Obijio 6bl OXHAATh, UTO UYeTBePTas NJaHeTa ITOrO ceMeRcTBA
Gyner ropaspo Gosbwe 3eMman; HO Macca Mapca cocraBasieT  JHWDb
olny aecsaTyio 3emHoi. Boxee rtoro, nnotHocrs Mapca 4,1, B TO Bpems.
KaK NJOTHOCTH OCTAJNBbHBIX TPeX mJaaHeT koJeGaerca Mexay 5 u 6. Or-
MAABBAACh BOKPYr B NOHCKaX OGAM3KHX pPOACTBEHHHKOB Mapca, Mul
y6exnaemcs, uto OoJblue BCero [A/d 3Toil poau noxxoiur Jlysa. Ilo-
xo6so Mapcy, y Jlyns uuskas naortwocts (3,3), H ee Macca, COCTaB-
ASIOILAA NPHMEPHO ONHY JHecATyl0 Maccsl Mapca, Kak pa3 cooTBercT-
BoBaja 6bl Macce nJjaHeThl, Bpamiamouedca mMexay Mapcom u 3em-
aefi. B pesysbrate cumraoT, yto JlyHa Morsa o6pasoBaTbCs KaK nJaa-
KeTa B TO Xe caMoe BpeMs, uTo ¥ Mapc, u uTOo OHa JABHranach moO
opbute, KoTOpas c.iyyafHO CHABHO NpHGAM3HAa ee K Jemse. 3eMas xe
o6pa3oBanack He3aBHCHMO Kak oT Mapca, Tak u oT JlyHw, u dakTHuec-
XH SIBJSIETCS WJIEHOM ceMeficTBa TpeX InaHeT — MepKypus, Benepu
n 3eMman.

Ha 3toM ocHOBaHMH BnosHe pasyMHO 3aKIOMHTH, 4TO 3JeMJs CAy-
waliHo 3axsaTHaa JIyHy, NpeBpaTHB ee 3 HE3aBHCHMOH NJaHeTH B
¢poero cnyTHuka. OIHaKo, HeCMOTPS HA NpPHBIEKaTeAbHOCTb 37Ol TeO-
PHH, BO3HHKAaeT CYLIeCTBEeHHast TPYAHOCTh: ecau JlyHa JelicTBHTesbHO
Guiia 3axBaueHa, oHa JOJDKHa Oblia BpAIlaThCA IO OTHAJEHHON op6uTe
BOKPYr 3eMmaH, Tak Kak Jio60e 3axBaueHHoe Telo Bceria BpalnaeTcs
Ha OOJbUIOM DAacCTOSHAH OT 3eMJH; OJAHAKO pacueThl NPHJIHBOB YKa-
3bIBAIOT, UTO B IpeBHeHuiHe BpeMeHa JIyHa HaXoJHJach Ha OoueHb 6JH3-
XOM PacCTOSIHUM OT 3eMJH.

Mbl MmoOXeM paspeiiutb 3Ty TPYAHOCTb, H3y4as pacueTsl, CBA3aH-
Wbe C TMPHWINMBAMH M OTJHBAaMH, CHAEJAHHEBIE HEMEUKHM  aCTPOHOMOM
FepuitenkoproM. C Beauuaiiwefi TOYHOCTHIO OH BBIYHCJHI H3MEHEHHH,
MOTOpHIE NPOH3OULTH ¢ JAyHHO# opGurolt. Cefiuac JIyHa BpaulaeTcs BOK-
pyr 3eMsH Ha PAacCTOSIHHH, PaBHOM WIECTHAEGCATH 3EMHLIM paiuycaM, H
manpaBleHHe ee JBHXKEHHs COBNajaeT C HanpaBJeHHeM 3eMHOrO Bpa-
menus. Ee op6ura Hak/noHeHa nofX yraom B 23 ‘rpagyca K NJOCKOCTH
3eMHOro 3KBaropa. ['epuiTeHKOpH J10Ka3aJ, 4TO OKOJMO MHJTHApAa JeT
nasan JlyHa Haxommiaace Ha ropasjgo Gojee GJMSKOM pacCTOSHHH  OT
3eMaH, HO OH TaKXe BHLIYHC/HJ, 4TO B TO BpeMs JyHHas opbuta Oblja
NaKJOHEHA K MJOCKOCTH SKBaTOpa NOX einé 66abmuM yraoMm. B euwe 60-
nee DPaHHAM NEPHOA Yrosl HAaKJOHeHHs JYHHOH op6uTnl GBI HACTOJIbKO
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peanK, 4To Jlyna Bpamanach HenocpeACTBEHHO Hal 3eMHBIMH NOMOCa-
MM, a eme Aajbwe B ray6mny BexkoB JIyHa Bpallajach B HamnpasJenn,
NpPOTHBONOJIOKHOM 3€MHOMY BpAaILEHBIO, H Sh¢eKT NpHAMBOB JIeACTBO-
Baj B HanpaBJeHHH, NPOTHBONOJOMHOM coBpeMeniiomy. TloyToMy Koraa
TeplITEHKOPH NPOROJXHJA CBOH BLIUMC/IEHHS ewe JaJjblle B npoui-
JI0E, OH HaweJ, 4yTo OAHaxAwm Jlywa, noaxuo Owrtb, pBHrajach Ha
TaKOM JAaNleKOM PacCTOANMH OT 3eMJH, YTO fABAANACH HE3ABHCHMOA TJa-
BeToR. -

B03MOXKHO, UTO 3Ta TeOpHR Jaaa naM He TOJLKO PemieHHe BONPOCa
o apesreit nctopud JIyHH, HO SBHAAch KMOYOM K DelueHHI0 psia ApY-
rux npo6aeM. Cyxue CTPOKH MaTeMaTHYeCKHX (OpMYJ MoBeAanH HAM O
cepud KatacTpod M ApamaTHYeCKHX COGHTHMA, NpoHcmiemwux ¢ 3eMJeil
u JlyHoit B ADEBHOCTH. '

JlyHa, nepBoHauaJbHO He3aBHCHMAaf NJaHeTa, ABMXKYyMascs BOAM3N
3eMHO#N OpGHTH, CAyYahHO HacTOJbKO NpubJH3Ingack K 3eMae, uto Gnlna
3aXBaueHa €i0 M CTana BPaIlaTbCA BOKPYr 3eMJH, COfAA ¢ OKOJOCOA-
HeuHoA opGuTe. Ho Bcaenctsue ToOro, uto ee opbura Gmaa perporpap-
HOM, T. €. OHa ABWrajach B HanpaBJeHHH, 06paTHOM 3eMHOMY Bpallc-
HHIO, SIBJCHHE NPHAHBOB TaKXXe NPOSABAAJIOCH B HanpaBjeHHH, o6paTHOM
HunemiHeMy. JlyHHas op6uTa BCe BpeMs yMeHbLIa)acChb B pajguyce, HO B
TO XKe BPeMA BO3pacTa/l €€ yroJ HakjoHa K IJIOCKOCTH 3€MHOFO 3KBa-
Topa. B kouue koHuos Jlyma craja BpamaTbCci HemoCPeACTBEHHO Hal
3eMHLIMA noaiocaMs. B sto Bpems JlyHa naxommsnack Ha paccTOARNH
BCET0 OKOJIO TpeX 3eMHHX pajHycos oT 3eMJH, U ee op6HTa NpPoOAOA-
XKana yMeHbWAaThCH.

Oxaxuncy B To BpeMs Ha 3emJe Monu, Habropatomue 3a JIynodi n
€e H3MeHEeHHAMH, oHU Gbl CHauaja BHJeEJH ee CBeTsilefics B BHAE NJa-
HETH, OUYeHb NOXOXei Ha coBpeMeHHylo Beuepy uam IOnurtep. Bymyun
saxpauenHofi, Jlyna Obl BHIJfAllesa NpUMEPHO TaK Xe, Kak ceftuac, Ho
¢ TeueHHeM MHJJIHOHOB JeT Ha6mojarteab Obl BHJEJ], KaK OHA pacTeT 1O
Mepe cBoero npuGJMKeHHA K 3emJe, NOKa, HaKOHell, OHa He BHIIJifAc-
na 6w AucKoM, anmaMeTpoM B 20 pa3 Gosplie, uHeM AHaMeTp MOJROM
Jlyne, Buaumoit cefiuac. C npuGamxennem JIyHo k 3eMJae BO3pacTaer
H CHJa NpPHJIHBOB, U Koria JIyHa oKasasach B OnmxKailliedi Touke oOT
3eMaM, BHICOTA TPHJAHBHOM BOJIHBI JOCTHraja CBHIE [OJAYTOPa KHNO-
meTpoB. U ecan Jlyna Gniia MpHYHHOR MOILNHMBIX NPHJHBOB Ha 3eMde,
TO TNPHJAMBHBIA 3QdeKT MaccHBHOR 3eMJH Ha MaJeHbKylo Jlyny Owa
ropasgo GoJblle, BaHSAHME 3eMHOTO NPHTSKEHHS Ha JYHHYIO MOBEpX-
HOCTb CTAJI0 T4K BEJHKO, YTO OHO (AKTHUECKH MPEBOCXOIUJIO NPHTAKE-
nue camoit JIYHB. YiKe NaBHO H3BECTHO, YTO HMEHHO 5TO M NPOHCXONMT,
KaK TOJbKO CIYTHHK HauHHAeT BPallaTbCAd BHYTPH TaK Ha3biBaeMoro
npenena Poma, KOTOPH paBeH NMpHMepHO 2,9 3eMHOro paimyca.

CornacHo pacuetaM TepuitenkopHa, JlyHa Bouwia B npefeist Po-
ma, Korja oHa Hauana paspymwarbes. OGJNOMKH Pa3iHYHBIX pasMepos
BeJHUHHON ¢ KAMHHM HJM TPaBHA OblIH IOMHATH 3eMHOH CHJIOA NpuUTs-
EHHUS C JIYHHON NOBEPXHOCTH M 3aMOJHHJH BCE KOCMHUYECKOe mpOCTpal-
cTB0 BOKpyr 3eman u Jlynt. Ho korma Jlyna somana B mpefen Powa,
OHa MAaKCHMAaJbHO npuGaH3uiack K 3emJe H Hauyala MeJIeHHO Yyja-
asTbess. YacTh JYHHBIX OCKOJIKOB, BO3MOMKHO, ynana Ha 3emuo. Jlpyras
¥acThb NOCTENeHHO najfana cHoBa Ha JIyHy, W BnoJHE BO3MOXHO, WTO
NyHHble KpaTephl BO3HMKJAH MMeHHO TakuM nyTeM. Ham xopowo uasecr-
HO, uTO M3Pe3aHHas WpPaMaMH COBPEMEHHad NOBEPXHOCTb JIyHn — pe-
3YABLTAT KECTKOTO CTOJKHOBEHHA € MPEBOCXOJAUICH CHJIOA 3eMHOro npu-
taxenna, Ho crouno Jlyne ynasutecs 3a npesen Powa, kan ee efnn-
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CTBEHHLIM SHAUHTEJNBHBIM H3MeHeHHeM OblJO yBeJAHYeHHE pPacCTOSIHHS OT
3eMad, KaK pe3ysbTaT AGHCTBHS NMPHJIHBOB.

A kak sta Karactpodmuyeckas cxBaTKa oTpasuaach Ha 3emae? Or-
POMHAsl NPWJIHBHAA BOJHA, AJHTE]bHOE BPeMs PacnpPOCTPaHsABUIAACA MO
3emsie, mO-BHAMMOMY, THIATeBHO <«OTMOJMpOBasla» 3emiio. Brocnencr-
BHH HEKOTODHIE /JIYHHBIE OCKOJKH ynajH Ha 3eMJI0, HO MH He MOXEeM
OnpefieATh, KaK BeJAKO OBbIIO HX KOJNMYECTBO: BO3MOXHO, HX HHC/O
6biJI0 HE3HAUMTEJbHBIM, M HCKaTb HX OCTaTKH mpocto Gecnosiesno. Teo-
pna TlepiteHKopHa BHigBala GoJbIUYI0 AUCKYCCHIO, H FeosloTH J0 CHX
nop NMHTAI0TCA HAATH CJleAb MOZOGHHX COGBITHH B Te0JOTHIECKOH HCTO-
pay 3eman. CBHAETENBCTBO TeONOrHYECKOA KaTacTpodsl, npOHCINefued
700 munnnoHOB JeT HASAN, AaeT OCHOBAHMA NpeAnoJaraTh, 4T0 B TO
Bpems JlyHa mojoina f#a camoe 6umskoe paccrosune x 3emae. Oxnako
noTpeGyercs eie UeAMK PAA HCC/ACAOBAHUMA, MPEXKIAE UYEM Mbl CMOMKEM
ﬂggTBepﬂHTb Teopuio [epluTeHKOPHA H C TOYHOCTBIO BOCCTAHOBHTH HC-

Hro.

OAVHOKH AH MH
Bo Bcenennofi?

Co3flaHHe HCKYCCTBEHHBHIX CNYTHHKOB H HC-
¢nefobanHe rayb6HH KocMoca eme Goaee
YCHJM/H MHTEPEC YeJOBEKa K M3BEYHOMY BOI-
pocy BO3MOXHOCTH CYIIECTBOBAHHS JKH3HH B APYrHX MHpax Bcesenuofi.
B npegenax nameft CoJHeuHofi cuctemMnl Mapc, no-BHAHMOMY, sBJAseTCS
€JHHCTBEHHOH NJaHeTof, Ha KOTOPON TaKXKe, BO3MOXHO, CYHIECTBYIOT
ylhosust sas opranuueckofi xu3HH. Ho Tak Kak kammat TyHapst Ce-
Beftion Cu6upd u nuxoB I'mMasnaes no cpaBheHuio ¢ KjiuMaTom Mapca
NOKAXeTCsT MATKHM, ¢ TPYROM BEpHTCA, 4TO OPraHMUYECKas XKH3Hb, ecaH
oHa TaM BoOOIie CYIECTBYeT, CMOrJa MOCTHYb 6oJiee BLICOKOTO YPOBHH
pa3BHTHS. «MapcHaHe» NOKa CYyWIeCTBYIOT JHUBb B HaydyHO-(awTacTH-
HeCKHX DOMaHax.

Onnaxo XOTS BO3MOMHOCTH cyuiecTBoBaHHA B CoJiHEUHOi CHCTeMe
CyllecTB ¢ IMBHJARSalHef, B Kakofi-TO Mepe HanoMHHaowWef Hawmy,
BECbMa MAaJOBEPOSITHA, MH HE MOXKeM HCKJ/IO4aTh BO3MOMHOCTH CYUIECT-
BOBaHHS NOMOOHOM ILHMBHJAH3AUMMY Ha NJameTe, ofpamaromiefics BOKPYr
Kakofi-nin6o Apyrofi sseafi. KoneuHo, 3T0 MOXeT IOKa3aTbCsi He Gouee
YeM CBOOOJHHIM DPasMHllIeHHeM, ONHAKO pasMHBILAEHHEM Jasleko He
6e3LIHTePECHEIM.

B ocHoBe $TOf MpOG/eMBbl JIEKHT BOTMPOC: OKPYMEHB JH IPyrAe
3Be3in njaneraMH? Mb He MOXKeM JaTh Onpeje/ieHHBHI OTBET Ha 3TOT
goripoc. UTo6m mOKasaTh, HACKOJIBKO CJOXKHO fAaTh TOWHHIH OTBeT, JAa-
pafite npeiactaBuM Moaesb Hameit Cosreyrofi cucrembl, rae Cosnunem
Oyfier amenbcHH, a 3emJsefi — necuuHKa, pacnosiOXeHHass B 9 M OT Hero.
Torpa paccrosinMe MeXIy 5TMM anesbCHHOM H anebCHHOM, H306pa-
®aomuM 6AMKaflliylo 3Be3ay, paBHO PaccTOAHHIO MexAy Ppanumel u
Hoo-HopkoM. Onpeaesnts, OKpyXeHa JH 3Be3fa MJaHeTaMH, TaK Xe
TPYAHO, KAK PAaCCMOTPeTh TeMHYIO NMECYHHKY, JieXallyio B 9 M OT ane/b-
cnHa Bo ®panumy, ¢ HAGmoaaTe/bHoro mynkra B Hbto-Flopke — 3ana-
HHe HeBLIMOJHHMOe JNaXKe C MOMOUIbIO JYd4IDHX AaCTPOHOMHUYECKHK HH-
CTPYMEHTOB.

MHeHHSI O CYIIECTBOBAHHH ADYTHX COJHEYHHIX CHCTEM MEHSJIHCh
COOTBETCTBEHHO € H3MEHEHHeM KOHIEMIHMiA O NPOHCXOMAEHHH Hawed
coBcrBenuofi Cosneanofi cucreMbl. BCnomHHTE, 94TO CTOPOHHHKH TEODHH
CTOJIKHOBEHRA cyHTaMM, yTo Hawa CosHeuHas CHCTeMa BO3HHKJZ B pe-
syabtate cToJKHOBeHHA CoJyiHUA € APYTOfl 3Be3ROH HECKOJbKO MHJLIH-
aphoB JneT Hasax. OJHAKO MOCKOMBKY BEPOATHOCTH CTOJKHOBEHHA ABYX
3BE3A TaK JKe Mana, KaK H BEPOATHOCTb CTOJIKHOBEHHA  aleJsbCHHaA,
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GPOIEHHOrO B NPOM3BOMBHOM HANPaBJEHHH H3 Huio-Hlopka, ¢ aness-
cuHom Bo @panuuu, MOXHO cZenats BHIBOA, YTO NPH BCeil BepPOATHOC-
TH JHlIb HECKOJbKO M3 COTeH MHAIHApA0oB 3Be3f uawed [agakTHkH
cmornd Gbl CTONKHYTBCA noaoGHbIM o6pasoM. TakuM o6pasoM, Koraa
npeo6/iajiazia TEOPHsSl CTOJKHOBEUMil, AyMaJsH, YTO UMC/O COJIHEUHBIX CH-
cteM, NOHOOHLIX Hawel, AOAXKHO OhiTh BecbMa He3HayMTeJbHBIM, Aa M
Te HeMHOTHe CYIIeCTBYIOT B COBEpLICHHO pa3JHYHBLIX uacTax [anak-
THKH.

3ateM Teopus CTONKHOBERMH YCcTynHna Mecto Gosee BeDOATHHM
npeAnosoKeHHAM, uto nawa CoJHeyHas cucTeMa sBHNach pe3yJbTa-
TOM NpOHeCCca, HenocPeiCTBEHHO CBA3AHHOIO ¢ npoucxoxjaenuem CoJH-
na. ¥ xoTs MbI Bce ellle AajJeKH OT NOJHOTO COIJIacHs B BOTPOCE O
nponcxoxzeHrys CoJHEYHON CHCTEMBI, TOCNOACTBYIOLIEE NpefNoJOKeHHe
3aKJI0UAETCHd B TOM, 4TO 3TO Pe3yJbTaT HE HCKJIOUHTENBHOro HeGeCHOTO
ABJAEHHS, a COBEPLIEHHO OGLIYHOIO Npollecca, CBA3aHHOrO ¢ o6Gpa3oBa-
HueM 3pe3fpl. M3 3TOrO CjleayeT, 4TO MHOTMe 3Be3Jlbl — BO3MOXHO,
GOJILIIMHCTBO H3 HHX — MOTYT GhHITh OKpYXKeHH NJaHeTaMu c npubiu-
3UTENBHO TAKHMH JK€ XapaKTepHCTHKaMH, KaKk H y IJaHeT, Bpamao-
muxcs BOKpyr Hamero CoJnuna, 3To 03HayaeT, YTO BecbMa BEPOATHO,
rie-T0 HaXoAUTCA NJaHeTa, objajalollas (QU3HYECKHMH M XHMHUYECCKHUMH
XapaKTepPHCTHKAMH, CXOAHEIMH C 3eMHBIMH, M BPAIlAIOMAACA  BOKPYr
3Be3fb, CXORHOHA no paamepam ¢ CeoaHuewm.

Caepyoumuit Bonpoc: BO3MOMHO JH NOsIBJIEeHHe OPraHHYeCKOM IKH3-
HM B KaKoii-1u6o ¢opMme Ha TaKoM miaHeTe. YueHue AppeHHyca-O BOS3-
MOXKHOCTH pPacnpoOCTPaHEHHsT MU3HH dYepe3 NPOCTPAHCTBO NPHM MOMOIIK
«CTIOD» HE HAXOJAHT MHOTOUHCJAEHHBIX mnociaejosartenell. Cxopee (Kak
Mbl MIOKa3aJM Bbille), OGIIENPH3HAHO — KaK NpEANOJOXKHIH  PYCCKH
yueHuit OnapuH M Jpyrve, — uTO npocTeilllne JKHBble CHCTeMbl Ha
3eMJe BO3HHMKJH B pe3y/bTaTe (OPMHPOBAHHA CJIOXKHEHUIMX yriepoi-
HBIX COGAHHEHHI H3 HEOPraHHYecKOro BellecTBA MNOJ BJHAHMEM COJHeY-
HOW pajamanuu KM Apyrux ssjennit. CornacHo 3TOH TouKe 3peHHS Npo-
HCXOXJEHHE JXM3HH OLIJIO COBEPUIEHHO €CTECTBEHHHIM SIBJEHHEM B YC-
JIOBUSIX, KOTOpHIE CYIIECTBOBaAH HAa 3eMJe HECKOJLKO MHJJIHApAoB JeT
Rasaj, KOria NOABHJAHMCH npocTefiline MXHBHE cymecTsa. Bosee Toro,
HeJb3s CYUTATh HEBEPOATHLIM TO, 4TO KH3Hb, BO3MOXKHO, 3apoauiach
B YCJOBHSIX, CXOAHBIX C YCJOBHAMH, CyulecTByiollumu Ha Mapce, H
BROJINE BEPOSATHO, YTO JKHM3Hb CYIIECTBYET Ha [JaHeTe, Bpallawomedcs
BOKDYr APYroi 3Be3LH TpPH YCJIOBRH, 4TO M (H3HueCKas W XUMHYECKad
CTPYKTYpa €X0Xa ¢ 3e¢MHOM.

Ecau 5TH TEODHH BEDHH, MOXHO NpPEAMOJOXHTb, UTO H3 COTeH
MHJJNApoB 3Be3] Haweil [alakTHKH HECKOJbKO MHJNHAPAOB — HJR
N0 KpafiHell Mepe HeCKOJbKO JECATKOB MM COTEH MM/LIHOHOB 3Be3f —
OKpYXeHbl IJIaHeTaMM, HACeJEHHBIMM JXuBHIMH oprauusmamu. llao am
Pa3BHTHe JXKH3HH HA OJHOA M3 ITHX IUIAHET 1O NYTH, CXOAHOMY C 3eM-
HeM? JleficTBOBaza JiM JUIMHHAA LENb YCJOXHEHHA TaKHM Xe ofpa-
sou? Bo3upkao Ju B pesyibTaTe CyUIECTBO, HOXOXKee Ha uesoBeKa?
A ecau Tak, TO CMOXEM Ji Mbl BCTYNHTb B KOHTaKT C 3THMH CYILeCT-
BaMu?

Bararonapsd PasBUTHIO PaKeTOCTPOEHHA MH MOXEM CTPOHTb KOCMH-
uecKHe Kopabnu, cmocoGHble RocTHub Mapca, B B Henasekom Oynymem
Mbl HafEeMCR® YCTAHOBHTb, AEACTBHTEJBHO JIM CYIWIECTBYET TaM KH3Hb.
B HacTosllee BpeMs 3TO He NpeACTaBAseTcs BepoATHHIM, Benepa e,
6es comHenus, HeoGuraema. He 3a ropamu TO BpeMS, KOTAa ' CTaHyT
BO3MOXHBLIMH TyTELIECTBHA W K ApYruM njaneram Hawed Conneunok
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CHCTeMbl, HO HafleXkAa HalTH Gojee BblcOKHe GOpMBI XHU3UM B nNpeac-
aax Hamweit CosnedHoit CHCTeMbl ovenb Mada. [lyreiwecrBue kK mnaade-
Te, NOZOGHOA 3emJe M HaXOAALWEHCH B APYrofi CO/NHEUHON cHCTeME, fB-
JAETCA HACTOJBKO CJAOXHBIM HM3-32 HEOGXOAHMOCTH NOKPHTL  KOJOC-
ca/ibHble PACCTOAHHA, UTO Mbl MOKA He BHAUM TyTe#l €ro OCYILecTBe-
Hust. Kocmuueckomy kopaGaio, nocnaHHomy sa npenedsl Hawefn Cos-
HeYHOH CHCTEMBl CO CKOPOCTbIO COBPeMEHHBIX CNYTHHKOB HJH KOoCMuuec-
KHX 30HJ0B, nortpebyercs oxono 100000 ner, uTo6nl mOCTHYL OJH-
wahuwieh 3pesast. M ecan 6bl naxe cKopocTb Moria 6uiThb yBeAHueHA B
100 pas — uTO SABHMOCL Obl OFPOMHBIM TEXHHYECKHM AOCTHXEHHEM —
TaKOE NYTeWeCTBHe 3aHAAO0 Obl ThicAdy Jer. CiefoBaTe/IbHO, TPHMEHE-
HHE 'COBPEMEHHBIX CPEJICTB He JaeT HAM BO3MOXHOCTH Il 3amycKa as-
TOMATHYECKOTO KOCMOHABTa C LEJbI0 HCCAEJOBAHHA  KOCMOCA  BOKpyr
6anKaAUIKHX 3Be3n.

"YCTaHOBHTL CYUleCTBOBAHME XXH3HH HA MJAHETaX M YAANEHHBIX COJM-
HEYHbIX CHCTEM MOXHO JIHUIb B TOM CJyuYae, eC/H 3BOJMIOHUA NpHBE/A
TaM K BO3HMKHOBEHHIO MBICAALNHX CYLIECTB, 0GJafaloLiHX BHICOKOpPa3-
BHTHIMH PaJHOCBSI3bI0 M DPaKeTOCTPOoeHHeM. TeopeTHYECKH BO3MOKHO;
YTO [0 HAaC MOTYT MOATH CABILHMblE CHTHAA pajHonepefaTuHKa, pac-
[OJMIOXKEHHOTO HA MJaHeTe M3 [APYrod COJIHEYHOH CHCTeMbl B Halieft d4a-
ctu Bceenennofi. Takofi nepegaTyuk po/xken 6biA  6n 06nagaTh GoJb-
Wo#t MOIIHOCTBIO, OAHAKO AOCTATOYHON JHWb AJAA TOFO, 4TOGbHl PajHO-
ayd 6pa HameseH HemocpeiacTsBeHHo ua Hamy CosmeuHyio cucremy. bot-
JIH BBHIABHHYTHl NpPEANOJNOXEHHS O TOM, KaKylo [JHMHY BOJHH BbiGpasu
66! 9TH BOOGpaXkaeMmble CyHIECTBa H KaKOro pofa CHTHAJH OHU MOCJa-
Ju Oul, eciH Obl BEPHJIH, YTO Mbl CyllecTByeM M 00JajfaeM AOCTaTOYHO
pPa3BUTOM DPaAHOCBA3bIO, 4TOOGH TNPHHATb HX CHFHaJbl. Ecan 6s1 ™Mbl
ACACTBHTEJILHO NPHHAJH TAKHE CHTHAJAB H NOCTPOHJIH THMAHTCKHi pa-
[uonepenaTudK, uToGbl OTBeyaTb Ha HHX, MOXHO ObLI0 G OCyulecT-
BHTb [BYCTOPOHHIOIO CBfi3b, XOTi 9TO KOBOJBHO CJHOMHO. Tak Kak
PANHOBOJIHE PACHPOCTPAHAIOTCA CO CKOPOCTLIO CBeTa, TO CHTHAJaM Mo-
TpeGoBanoch Gul 4 roxa, 4ToOb AOCTHYb Gaxxafiiueir 3pe3gnl. Takum
obpasoM, mpoulio Gbl He MeHee 8 JieT, mpexJe YeM Mbi NOJYHHJIH Ol
OTBET Ha TefqerpaMMy, NMOCJAHHYI0 Ha NJAaHEeTy, BPAilalomyloCsi BOKDYT
sToft 3Be3fn. OAHAKO BecbMa MaJIOBEPOSITHO, UTOOM Hawu GJHKafiixe
coceH ObuiH 6bl TOTOBHl BCTYNHTb C HaMH B KOHTaKT. DBoJee Beposrt-
HOA MpeACTaBJseTCsl CBA3b uepe3 PacCTOAHHE, ckaxeM, B 100 cseto-
BHX JIeT; TOrAa OTBeTa Ham npuumJock 6bl Xaatb 200 net. Ecau 6wl B
pe3yJbTate BbicOuafiuei CTENEHH Pa3BHTHA  HHTEJJIEKT2 MBI CMOLJH
pacmudpoBaTh NMPHHATHE CHTHAJB, TO MOl NPOH3OATH HHTepecHeimHi
obmeH HHPOpMaUHEH.

Hpyras BO3MOXHOCTb KOHTAaKTa BO3HMKJAa Obl B TOM CJy4ae, ecau
obuTaTesd fajeKod NJAHEeTH HACTOJNLKO NPOABHHYJHCh B paKeTocTpoe-
HHHM, YTO CMOrAM GBI MOC/JaTh KOCMHYECKOTO CBSI3HOTO, C KOTOPbiM Gbt
Mbl 0Guanuck Ha OGauskoM paccTosiHuH. [logo6GHble paccyXneHHs Jner-
/¥ B OCHOBY HCTOPHH O «JIeTaIOUIHX Tape/iKax».

Ho Tak xak MBI eule HH pa3y He CJblUAjJH PaJHOCHTHAJOB C Aa-
JIEKHX NMJAaHeT M He OGHApyXuBaju KopabJel, MOCAaHHBIX C HHMX, y Hac
HeT COBEpUIEHHO HHKAKHX [OKa3aTeJbCTB, YTO TaKas YyJajeHHas LHBH-
nu3auus cymectsyer. Ha Bonpoc, MOXKHO /i BEpHUTH B ee CylllecTBoBa-
HHe, JO/MHbl OTBETHTb GHOJIOTH, COMHOJNOTH M HCTOPHKH. Econ mut
npeanosoXKUM, uTo B Haiefi [anakTHKe MHOrO MJaHeT, [PHTOKHHX
JAS JU3HH, KaKOBa BePOATHOCTb 1) MOAB/IEHHA HA HMX XKH3HH H 2) ee
pasBHTUS N[O NYTH BO3HAKHOBEHHSI TAaKOTO CJAOMHOTO OpraHM3Ma, Kak
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yesopek? Ha 91or Bonpoc me ofpetut WM oamn Guojor. Ha wero,
BO3MOXHO, NPOJbET CBET ACTaJlbHOe H3yueHHe OGHOJNOTHUECKOTO DasBH-
T, HeyXenn 4nCTa&A CayyadHOCTb peiiaja BOSHHKHOBEHHE KaXAON HO-
BOA CTYNEHU 3TOTO Da3BHTHA: NORBJEHHEe TNPOCTEAWIMX MKHBBIX arpera-
TOB, KJIETOK, MHOTOKJETOYHHIX CYIIECTB, HX Bce GoJee YCJOMKHSIOLIBXCH
MOTOMKOB H, HaKoHel, uyejoBeka? Ham Guosoruueckoe passuTHe ABHTa-
J0Ch N0 €IMHCTBEHHO BO3MOXKHOMY NpaBHAbHOMY nytH? W mnocae Toro
KaK Pa3BHICS YEJOBEK M BO3HHKJAM €ro Coo6ILecTBa, KOrAa CTaHOBATCA
HeoOXONMMEIMH HayKa M TeXHHKA, NO3BOJSAIONIME uejioBeKY H3IMepATH
paccTOsnHA JO 3Be3Jl M Meuyrath 06 uX nokopennn? Buito am sTo
HeNbIO CAYyYaRHOCTEH, HaCTOJbLKO HENOBTOPHMBIX, YTO, 1O BCell BepOAT-
HOCTH, STO MOIJIO CJYYHTbCS JIRIIb B €IHHCTBEHHOM MECTe, a HMEHHO —
na 3emJse u Goiblwe Hurje 8o Beedl anaxkTuke? Mp eme He of6nalaeM
JIOCTATOYHHMH SHAHHAMH O NYTAX Pa3BHTHA M. XH3HH o6llecTBa, uTOOMLI
onpelieJuTh, €AHHCTBEHHBE N¥ MW BO Bcenennoi.

Ilpeanonoikenne, uto Koriaa-HWGYOb Mbl CMOXEM BCTYNHTb B KOH=-
TEGHT € PasyMHLIMH CYL1eCTBAMH Ha JAPYFHX &CTPOHOMHYECKHX TeJaXx,
HaCTONLKO 3aMaH4KBO, YTO €ro TPYAHO OCTaBUTb Ge3 BuuManua. Ha-
BepHSiKa MH ellle He Pa3 YBHAMM B npecce cooOileHHs O PajHOCHTHa-
nax H <«TapesKax» H3/laJeKa, HO BEPOATHOCTD HX TNPaBAHBOCTH .OYEHb
mana. Ecan. naxe ylaneHHble UMBHAM3ALMM BCe-TaKH CYUleCTBYIOT, Tpes
DATCTBAA JJA YCTAHOBAEHHS CBSI3H €. HUIMH HAacTOJbKO BEJHKH, 4TO B
6avxaimeM 6yIyumieM ONMCAHMA MM3HM JaJeKNX MHPOB MOXHO, OMH-
JaTh JIHWb OT NMcaTesefl, HaleJeHHBIX GoraTtbiM BOOOpaXKEHHEM,

EctecTteenHHas Hayka u uctopus

Ha npoTaeHHH nociegunX HecATHJETHH TPOHCXOAHT HeOOLIKHO-
BeHHO CTPEMHTENbHOE Da3BHTHe eCTeCTBEHHON HayKH M TeXHHKH. Me-
Hee YeM 3a YeTBEPTb CTOJETHs YeJlOBeYeCTBO BCTYMHJO Cpa3y B Hec-
KOJBKO HOBHX «BEKOB»: B aTOMHbLIA BeK, KOTOPHA COBepPUIHJ NepeBOPOT
B BOEHHON HayKe H MHpPOBO! TOJHTHKE; B BeK BHIUHCAHTEJILHBIX Ma-
IINH, KOTOPHHA HauasJ OPraHM3OBAHHYIO DEBOJICUHIO BHYTPH oOllecTBa;
H — 7noXaJgyil, B caMblil 3HaYHTeJbHBIE — KOCMMYECKHH BeK, KOTOPHIM
NO3BOJHJ YeJIOBEKY BIEpBBlE B €ro HCTOPHHM MNOKHHYTh 3emaio. [lo
CPaBHEHHIO C MelJIeHHbIM Da3BUTHeM B TeueHHe TpeAbIAYIIHX NATHAE-
CATH WJIH 60Jiee BEKOB, O KOTOPHIX Mbl HMeeM HEKOTOpble HCTOpHYec-
KHe cBelleHHs, paspuTHe, nponcwenmee B XX BeKe, H OCOOeHHO 3a TIO-
cnefine 25 JeT, KaXkeTcsl NOHMCTHHE CTPeMHTeJbHHM. MHorne Jwoaw,
JflaneKkie OT TeXHMKH H CUHTAlOLIHe NPEXHIOI CKOPOCTb PAa3BHTHA eAWH-
CTBEHHO HOPMaJbHON I ueJoBedeckoro oOfulecTBa, OOeCTOKOEHH, a
BO3MOMHO, M BO3MYlleHbl GLICTPLIMH TeMNIaMH, TPelJIOXKeHHBIMH eCTecT-
BeHHON HayKof H TeXHHKOil.

Ho ectecTBeHHad Hayka [AaeT TaKke COBEPIIEHHO HOBBIl B3TNsA Ha
TAKOA TeMN PasBHTHA, a2 HMeHHO FIYGOKHI BCECTODOHHMII B3IIAx Ha
yesoBeKa W €ro KyJbTypy B CBeTe TeOJOTHYECKOH H KOCMOJOTHHECKOIT
nepcrekTHB. B 9THX HayuyHHIX 0061acTAX ANHTENLHOCTb MBJEHHSI H3Me-
psieTcA He TOAAMH, He NeCATHJETHAMH, He BeKaMH — 3JieCb ONEPHDY-
10T MHAJIHOHAMH MM MRATMapRaMmH Jet. MuTepecHo nonbiTathCs npei-
CraBuTb Da3BHTHE YEJOBEYECTBAZ KaK €ro MNOCTENeHHYI0 HCTOPHYECKYO
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SBOJIOLHM, TaK H OHICTPHIl Aporpecc, MPOHCXOASIWHE ceflyac B reo.o-
ro-KocMoJiorudeckom fjidHe. Ilonauasy dgesnoBeuecKOMy yMy TPYAHO OX-
BAaTHTb TaKHe OrPOMHBbIe HEPHOAbi BPeMEéHH, KaKHMH MAaHHIYJUDYIOT B
THX ofnacTAX HaykH. XOTA Mbl M paccyxAaeM O MHVIHOHAX M MMJ-
NHaprax JeT, JHIIb HeMHOTHe M3 Hac AefCTBHTENbHO HMEIOT MpeacTaB-
JIEH®e O TOM, 4TO 5TO 3HAuMT. ThicsAida Jer — 2710 GOMBINOA OTPE3oK
BpeMeHH, MUJIHOH JeT, KOHeuHo, GOlbille, a MHJIMAPA JeT eule GOMb-
IHe, HO COOTHOWIEHHS STHX NEPUOKOB BPEMeHH JexaT 3a MpelesaMu
KaM/J04HeBHOA YeoBeYecKOd MPAKTHKH.

JLapafite mosToMy GyAeM MNOJL30BAThCA yMeHbIIEHHOH IMKaloi Bpe-
MerH, 4TOGH CONOCTaBHTh 4HeJOBeyeckoe PassHTHe ¢ TEOJOrHYECKUM
pa3BHTHEM: ROHYCTUM, YTO OXHA CEKYHAA COOTBETCTBYeT cTOJeTHiO. B
TakoM clydae 3eMas oOpa3oBasiach B pPe3yibTare KOCMOTOHHYeCKHX
npoleccoB 4T0-T0 GoJlee rofja Hasag. JKmaup Ha 3emJe MnosiBHJIAch Hec-
KOJMBKO MecAilleB Hasapn. [lepexox of ofe3bfHHl K UYEJOBEKY 3aKOHUHJICA
yac MM ABa uaca ToMy Hasai. Tak kak MCTOpHA yTBepXJAaer, 4Tto
Pa3BHTHE 4YeJOBEYeCKOH KyJbTYPHl NPOHUCXOAHT B TeueHHe nOCAEAHHMX
WeeTH THICAY JIeT, TO HAa Hallell yMeHbUIeHHON IMiKaJje BpeMeHH YeJoO-
BeUeCKas HCTOPHS Hayajgach MHMHYTY Hasaf. IIpoMBuU/IeHHas peBOJIO-
UM [POH3OWJIAa B TeyeHHe MOCJAEAHeH CeKYHAb, a aTOMHBIH BeK, KOC-
MUYeCKHH BEeK B BeK BLIUHCHHTEJbHMIX MAllHH <~ B MOOCJAeNHHE NecAThbie
BOMH 3TON TOCNeJHeli CEKYHABL

B BEKOBOM HCTOPHUECKOM Da3BHTHH 3eMJH, TaKuM 00pa3oM, emH-
HYTa», KOTOPY} Mbl HPOXHIH, SBJIAETCA YeM-TO Ype3BHUafiHO JMHa-
MHUlEIM H BpigatomuMcsa. C KOCMOJIOrO-reo/IOrHYeCKOH TOYKH — 3PEHHA
BC&é Da3BHTHE YeJOBEYECKOH HCTODHH MPOM3OLLIO Ha OGewieHoit CKOpO-
cfu. IMepexoXx or BpeMeH NpPHMHTHBHOI'O CE/JbCKOTO XO3fHCTBAa K Hallle-
MY BpPeMeHH MOXKHO ynonoGuTb B3phiBy. Bcee, orfHcaHHoe HcTOpHeH, mpo-
H30I1JIO 32 MOGIENHIO MHHYTY TI'OJOBOTO CYINeCTBOBaHMA 3eMaH. Mul
MoOrdu Gbl crmpocHTH, MPOHCXOAMNO JM HAa 3eMJde uTO-THGO MNOLOGHCe
ApaMaATAueCKOH HCTODHH Ye/loBeyecTBa Npexie?

OXHO cefe NpeACTaBUTb, YTO ORHAXKMAHW HJH JABaXKAH yXe mpo-
Hexdilan nogo6ume GbicTphle mnepeMeHn. Hampumep, GuicTphle reodio-
ruuedKue M3MEHEHUs, NpoOWClIeNIUXe, NO. Beell BHAMMOCTH, B pe3ydbTaTe
OrpOMHBIX TIPHAMBHBIX BOJH, NDHYMHOA KOTOPBIX, COIJIACHO HEKOTOPLIM
noacyeraM, Gnaa HenocpeicTBeHHas Ouausocts JIyHn. Ho 3ta Tema
JIEXHT 3a npefleflaMH Haweil gHckyccuH. [Ipyroe, Gosee BaXkHoe COObI-
THe, KOTODOE TaKXe MOIJIO. MPOH30HTH eJHHBIM B3PbLIBOM, NMOXOOHO dYe-
JIOBEYeCKOH HCTODHH, 3TO NOABJEHHe XH3HH. B MoMeHT o6pasoBaHHs
3emas Obuta cTepHibHOf. C TeyeHHeM MHOTHX COTeH H MHJAHADAOB
JieT Ha Hell mosBasAuch Bce GoJee CJIOXKHHE XHMHYeCKHe COeJMHeHHSI,
HaxoHenl MoJleKy/AsipHble COeMHEHHS JOCTHINIH TaKOH CTelleHH CIOXK-
HOCTH, KOFJa OHH CMOIVIM BOCNIPOH3BOIMTb ce6f M DacTH, NoJydas IH-
my fia oxpymxaiomeil cpean. BoaMOXHO, 4TO 3TO HOBJNEKAO 3a coboit
ogeHb GricTpoe pasBuTHe, Ecam Obl mepBhle opraHmaMbl o6JajadAu Ta-
‘KOl e OFPOMHON CHJIOH BOCMPOHM3BEAEHHH, UTO W COBpeMeHHble MHKPO-
OPraHU3MBl, OHH CMOTAH Obl pacHpoOCTPaHHTbCA noO Bceil 3eMie 3a
OYeHb KOPOTKOe Bpemsa. BoaMoxHO, uTo HX cHOCOGHOCTE BOCHPOH3Befe-
nasg Ounlia MeHblUe, TeM He MeHee 33 KOPOTKOe BpeMs, BO3MOXKHO, 3a
CMHHYTBI» Ha Halllefl yMeHbilieHHOH IiKaJe, TPHMHTHBHAas 3KH3Hb OBJa-
Resla TOW 9acCThIO IVIAHETH, KOTOpas Morjaa Obl MPHIOTHTb JKH3Hb, Bepo-
ATHO, B OCHOBHOM 370 Gbiim Mops. [locsie TOro kKax Ha 3eMJe B3pbiBo-
00pa3Ho nosBAJIACh JKH3Hb, Da3BHTHE CTal0 MNPOXOAHTh [MOCTENeHHo.
[Mponeccu pudpdepenunannn u oTGOpa, MpOUCUIEflHe B NOCTEAYIOUIHe
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reoJIOTHUECKHE 5pbl, [ajH BO3pacTaiollee KOJHYECTBO BHJIOB, NokKa He
NOABHJCA YeJNOBEK, MOJOXHBIUMA Hayalo HOBOW M APaMaTHUcCKOR 3pe
Ha 3eMuae.

Tenepb BO3HHKaeT BOMPOC O CleAywollefl CTymeHW Hamlero pasBhe
tia. UTo NPOH30HAET B CAEAYIOMYIO «CeKYHLY», CaefyIOMYIO «MHHY«
TY®», €4aC»? .

InaBHOA 9epTOA HAWETO BEKA FBASETCH 3aMETHBIt POCT dYedOBe«
yecKHX 3HaHMA H MacTepcTBa, 3a KODOTKMH TIepHOJ BpeMEHH — CKae
JKeM, HECKOJIbKO CEeKYHA Ha Hawefi yMeNbIIEHHOR WKaje BpeMEHH -~
coBpeMeHHHe OBICTPO Pa3BHBAIOWIAECH HAayKH M TEXHHKA NO3BOJAT HAM
HCTOJHHTD MHOTHE KeaaHus. Pa3BATHEe CPEACTB CBfI3M 3aCTaBHAO MJA.
HETY YMEHBIIHTLCS; HEKOTOPHE JAaxe YTBEPKIAIOT, Uro ee pasMep Ha-
CTOJBKO COKPATHJACH, 9TO OHAa CTAHOBHTCA CJAHIIKOM Masa LA 4esos
peyeckofi Texunkn. HecomueHHo, HayKa ¥ TeXHHKa Bce GuicTpee H
6uicTpee HaMeHsOT 06nHK 3emun., Ee ecTecTBeHHBle pecypcn pacxo-
JyloTCd, a HeKoTophle paxe ucromaiorcs. Bosgyx m Boma mocrosmmo
3arpasHAOTCA, a B apceHanax CcBepxjepkaB cefluac MOCTATOYHO aTOM-
HbiX 60MO, 9TOGH 3arpsA3HHTL BCIO NJaneTy. CKOPO CTaHeT BO3MOXK-
HHM H3MeHATh KamMaT. C mpayana npOMBIUMIEHHOH DEBOJIOUMH COCT2B
BO3QYyXa 3aAMETHO H3MEHHJCH, H OH MOXET NOABEPrHYTHCHA HNajbHei-
WHM H3MeHeHHAM. TakuM o6pa3oM, Jerko noOBepHTb, 4TO 3emas RehCT-
BHTE/MIBHO CTAHOBUTCA CJHWIKOM Maja JAA8 HaykKH ¥ TexHurn ©Gyay-
1ero.

B pesynbTare HauaJ O KOCMHYECKOr0 BeKa MOXET CTaTh BaXHefi-
WHM COOLITHEM, NPOMCIIENINHM B 4Ye/JOBEYeCKOR HCTOPHH (33 HCKJIO-
yeHMeM, BO3MOXKHO, JIHLIb Hauaja BeKa BLMHCAATENPHHX MawnH), Tee
nepb YEJOBEYECTBO MOMKET INOKHHYTb 3eMJIo, CTaBLIY0 CHHIIKOM Ma-
JIeHbKOH, 4TOOH YHOBJIETBOPHTL HEJIOBEUECKYIO MNOTPeOHOCTH CO3MAa-
HU#A, H OH MOMKeT BHIiTH B okpyxawmuit kKocmoc. Bompoc B TOM, uTO
3aCTaBAT €ro cienaTb 37107

C TOrO0 BpeMeHH KaK 3aNyCK NEepPBHIX KOCMHYECKHX CNYTHHMKOB OTs
Kpbll HaM HOBHIE TODH30OHTHI, BCe HCCAeROBaHHS ObIIH HanpaBjeHH Ha
HaXO0XAeHHe HeOOXORMMBLIX YCJOBHfI AAs KOCMHYEeCKOTO MOJETa, a TaR-
e Ha HM3yueHHe OSJeKTPOMarHHTHHX YCJIOBHH HENMOCPeACTBEHHO OKpPY«
}awlero Bac npoctpadctBa. Cefiuac KOCMOHaBTH BLICAXKHBAOTCA Ha
JIyHy, B acTpoHOMEI roTOBATCA NEPEHECTH CBOM oGcepBaTOPHH ¢ 3eM-
JM Ha KOCMMUYecKHe KopaGa# u Ha JIyHy, riae MoxHo paGorath 6e3
atMocdepHblX noMmex. HecKoJbKO KOCMHUECKHX CTAaHNHA yXe NOCTHArIO
Benepnt u Mapca ‘m nposeso paf HaGMIONEHAR 33 STUMH IUIAHETAMH.
Ho kakoBH BO3MOXHOCTH JAJNbHEAINHX KOCMHYECKHX HCClefoBaHMIT?
Yro mpous3onjeT B CACAYIOLIHE «CEKYHIB» H <MHHYTHI»?

OTBeT Ha 3TO BO MHOIOM 3aBHCHT OT TOro, A0 KaKHX mpejesoB
ueJ0BeK ¢noco6eH pasBuTh CBOWO aHTa3mio M JAeATeNbHOCTb, EC/H OHH
GyAyT OTpaHHYeHH TOJHTHYECKHMH YCJIOBHAMH, TO HEJh3f  OXHJAThL
foabwnX ycnexos B o6nactu ocBoeHHss KocMmoca. Texuuxka OypHo pas-
BHBaeTCd, W efi yXe CTaJO HeBHIHOCHMO TeCHO Ha Halled MaseHbKOR
unanete. DTo APKHA NpUMEP TOrO, KaKOA Pa3pyUIHTEJbHBIA NOTEHIH-
an MoOXeT HMeTb TaKasf MOryUleCTBeHHAas CHJa, eC/H MNBITaThCs BTHC-
HYTb ee B NPOKpycToBO Joxe. Katactpodnl, moxamyh, MOXKHO H3Ge«
JaTh, €CAH TOJLKO UeJOBeKy XBaTHT NPO3OPJHBOCTH H BooGpaKe-
Rua, aTo6H BHIHECTH TEXHHKY, a ¢ Heft M ce0s caMOro B KOCMOC,

KaxkoBH e BO3MOXHOCTH HCNIOJIb3OBAHHSI M <«KOJOHM3AlLHMH® KOC~
Moca? Cpein GaHXafHX K HaM acTPOHOMHMUECKHX Ten JIyna He siB«
AseTca Ayullefi BO3MOXKHOCTBIO A/ 3acCeNeHHs HM3-32 OTCYTCTBHA AaTe
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Mocdepel H oOueHb CypoBOoro kiaummara. ArMocdepa Mapca canuikom
pa3pexeHa s MOJAMepHKaHHA IKU3HH uesoBeka. Artmocthepa BeHeps
CAHIIKOM TN/OTHAs, H MO CBOEMY XUMHUECKOMY COCTaBY OHa B Ha-
CTOfllllee BpPeMA NPHrOJHA OJAA MKU3HM yeloBeKa He O6OJbllle yeM at-
Mmocthena Mabca.

Ho 3ametsTe, B HacTOffiulee BpeMs B rTe BpeMeHa, Koria
Ha 3eM/e nOSBUJIACH JKH3Hb, Halla [JIaHeTa TOXe Oblla ¢HENPHTOAHA
ans xu3uu». Ee atMocdepa, ouesmiano, mnoxoamaa Ha atmocdepy, ok-
pyxawooiylo Benepy ceromus. [lo Bcell BepOsSiTHOCTH, OHAa B OCHOBHOM
COCTOA1a M3 YIJIEKHCJIOTO ra3a, B T4K Kak B HeHl HaXOAMJIOCh OYeHb
MaJ0 KHCAOPOAa, B Hefl He MOTJIH CylleCTBOBATh <BbiclHe» (OpMbL
xkusan, Ho caMmo nosB/ieqHe KH3HH H3MEHHJO YCJNOBHA MH3HK Ha
3emsae. 3emas crana ofutaeMoft Aas BoeicwidX (GoOpPM  IKH3IHH JIHUIb
6aarofapst CMOCOSHOCTH NPHUMHTHBHBIX (GOPM H3MeHATH 3eMHble yc/o-
BUSL. DTO H3MeHeHHe SBHJOCh OJHAM M3 BAXKHEAWHX pPe3yibTaToB

MepBOrO B3pbiBa B HCTODHH JKM3HH — [OsiBJeHHe caMoi XH3HH. Ka-
KOB e OyfleT pe3yJbTaT BTOPOrO B3pbiBa — OYDHOTO Da3BMTHA TeK-
HHKH?

Mur snaem, uTo OpPMBHI KHM3HM CTaMM GBICTDO MHOMKHTBCH C MO-
MEHTa MOABJECHHS MOJEKY/NAPHHX COeLHHEHHA JocTaTOUHO#  cTefeHH
cnomuocrd. Ceiyae JMOAH HAYUMJIMCb COTPYAHHYATL APYT € APYrOM H
¢ MAIMHAMH, KOTOpPhI¢ OHM CaMH CO3fanau. DTopXeHHe 3JEKTPOHHO-
BHYHCIHTENLHHX MAlIHH B 00EeCTBO HMeeT pelllaioiliee 3HaYeHue,
TexnuuecKHA B3pLIB H3MeHAeT BCIO MaHery, Jenas ee Gose¢ oOHrae-
MO/ B OJXHHX OTHOHMICHHAX M MeHee oGuTaeMmoil B apyrux. Ecam rtexuu-
KA, TakHM O6pa3oM, MOMeT peBOJNIOUHOHH3HDOBATb ONHY MJAaHety,
3emaio, TO OHA BCKOPe CMOMET H3MeHHTb M Apyrue, Xors Mapc n Be-
Hepa cefiyac HeMPHrOMHM AMA XKH3HH, OXHOM M3 3afay Pa3BHBAIOUIEd-
CA TeXHHKH OyHeT cmejaTh uX o6uTaeMbiMA. Hamwu mpesku — MHKPO-
opraHusMul npeoGpaszoBanau 3eman. Tak noueMy Ke MbBl He CMOMKeM
npeBpaTHTh — BO3MOXHO, C MOMOIIbLIO TeX Ke MHKPOOPraHH3MOB —
cOcefiHHe MVIaHeTHl, B YAOOHOE MECTOXHTeALCTBO [JIA pacTyllell uweno-
BRYECKON pachl?

Bo3mMOXHO, 3TO ONHO H3 COOLITHN, KOTOpbie MPOHU3OHAYT B HeAa-
nekoM OynaymeM. «CekyHObl», KOTOpble MbI cefidac MepeXKUBAeM, 3TO
MOATOTOBKA K «MHHYTaM», a MOXeT ObiTb, H «4acam», B TeueHue KOTO-
PHIX JH3Hb, MOFMBHBIUAACA Ha 3eMJe, HauyHeT CBOE PacnpoCTPaHeHHe B
KOCMOC,
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