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AHHOTaAMSA

UYetoBEUECTBO CTONKHYJOCH C BBI30OBOM, KOTOPBHIX HE OBbUIO YkKe
MHOTO JIET, CIIPABUMCSI MBI WJIM HET 3aBHCHUT OT Hac camux. Ecim
MBI OygeM BepHO aHAIM3UPOBATh MOMYYEHHYIO HH(GOpPMAIHIO U
clieslaéM TOYHbBIE BHIBOIBI, TO CMOKEM MPEAOTBPATUTh CamMble Xy/IIIHe
CIIEHApUH, U CKOpEe BCETO ellle YBUIMM PACCBET HallleH [IBUITN3ALIUH,
a eclM HeT, TO Bce ABMKETCS K 3aKary. JIaHHBIA TPyl CONEpPKHUT
000011IeHNs] ¥ BHIKJIAOKU U3 yKe M3BECTHON Hayke WH(pOpMAaluu,
MO3TOMY K HEMY CJIelyeT OTHECTHCh CO BCEH CEPbE3HOCTBIO.

[Ty6nukyeTtcst B aBTOPCKOM pelakIi ¢ COXpPAaHEHUEM aBTOPCKUX
opcorpadun 1 MyHKTyaIuu.
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I'naBal

Kak m3BecTHO y PU3MKOB TEOPETHKOB HEe OBIBAET OTITYCKOB,
OHM He YXOIAT B OTCTaBKY WJIM Ha NEHCHUI0, a padoTaioT 24 Ha 7
710 KOHIIA )KU3HU CKOJIBKO OBl TaM HU ocTasiock. To ectb puznye-
CKH 51 MOTY HUYETO He JIe/IaTh, eJbIMUA JHSIMU JIeXKaTh Ha JUBaHEe
i otapixaTh B ConHeuHO# SIKyTuH, HO MO3Ty He TPUKaKeEIllb,
OH Oyzer Bcerza padoTaTh , MBITAsACh PELIUTh NOCTABJIEHHYIO 3a-
Jady. A 1oka OHa He pellleHa, OH He CIIEIIHO IepedupaeT Bapu-
AHTBI, OTTAJIKMBASICh OT KPYyMNHIl yke HOBOH mH(popmarmn. Ha
CErOHs YK€ BUJHO, 4TO ¢ HammuM COTHIIEM MTPOUCXOAUT, YTO TO
CTPaHHOE, TaK Pe3KO YMEHBIIWJIOCh KOJIMYECTBO YEPHbIX MATEH
WJIM MUHAMYM aKTUBHOCTH HOBOTO LIMKJIA, TUToc ocad ConHeu-
HBII BETep IJie TO Ha MOJIOBMHY, MEHBIIIE CTaJIO Ielvs B COCTa-
B€ KOPOHAPHOM TIa3Mbl. TO YTO ¢ HAIMM CBETHUJIOM IPOUCXO-
JUT, 4YTO TO CTPaHHOE, ObUIO MIOHATHO elle J1Ba, TPH, Tofla Ha3all,
HO TOTJa 3TU MU3MEHEHUs ellle TOJbKO HaOupaliu CUy U Hellb-
351 OBLIO CKa3aTh B KaKylo CTOPOHY 3TO Bce nBuHeTcs. Ho ceit-
Yac KapTHHA B OOIIMX YepTax HAYMHAET MPOSICHATHCS, A UMEH-
HO 3B€3/]a CTajla MEHblIIEe TeHEepPUPOBATh HEUTPUHO BCEX YETHI-
pex COpPTOB (CTepUJIbHbIE ITOKA HE I0Ka3aHBbl, HO IyCTh OyAyT YTO
HaM KaJIKO) M3 32 9TOTO $1/IpO HAlIe! TUIAHETHl YyTh IO OCTHIBA-
€T, TaK KakK JI0 3TOr0 YacTh SHEPTUH MPUXOIIIIACH HA CITyJaiiHble



CTOJIKHOBEHUSI HEYJIOBUMBIX YACTHUI] C TPOTOHAMU HEUTPOHAMU
¥ B LIEJIOM OHM JaBaiv OOJIBIIYIO YacTh SHEPIMU ONOCPENOBa-
HO. TO ecTb camM OHM He pa3pyllaiv IPOTOHbI UM HEUTPOHBI,
TaK KaK MOYTH C HUMU He B3aMMOJEUCTBYIOT, HO T€ YTO HaXOH-
JIMCh yKe B KPUTUIECKOM COCTOSIHUY Ha TPaHU KU3HU U CMEPTH,
TOTOBBI OBUTH CIIOHTAHHO B30PBAThCS (M30TOMBI SJIEMEHTOB) BOT
UX OHM TOITOJIKHYJIM K Kpalo SHepretuyeckoro oopbisa. M BoT
aTOMOB B HeJlpax Hallleyl TuiaHete OoJbllie YyeM 3Be3]] Ha HeOe U
BOOOIIIe BO BcesleHHOM, 1 IyCTh M3 HUX M30TOITHBIX HaOepeTcs
Bcero 0 nenpix 3ansrtas u 20 Hysel mo Macce HabepeTcsi OIuH
KUJIOTpaMM, HO OH 00pa3yeTcsl U pacnafaeTcs 3a OHY CEKyHIY.
3TO NPUMEPHO KaK B3PbIB TPEX CAMBIX CHUJIbHBIX BOIOPOAHBIX
60MO B KaXJIyl0 CEKyHAY, TaK BOT STOW SHEPTUM XBATAET, YTO
ObI 0OOrpeBaTh BCIO TUIaHeTy u3HyTpu wim 70% B o011eM Hep-
rodasaHce, elle Kakyio To yacThb jaet ColHle Ha psAMYIO B BUjIe
Jyuyen ceTa, uHgpakpacHoro, yiabrpaduonera 3to eme 20% ,
OCTaJIbHBIE JIECSTh MPOILIEHTOB MPUXOASATCS HA KOCMUYECKHE JTy-
YM, CIy4aiiHble MPOTOHBI, NEKTPOHBI, (DOTOHBI MPUXOSAIIUE K
HaM M3 KOCMOCAa M KOHEYHO KOCMUYeCcKre HeUTpuHo. Bonee Toro
CKOpee BCero OOJBIIYI0 YaCTh HEUTPUHO MBI MOJTYyYaeM U3 sapa
raJJaKTHKU OT MCTIAPSIIONIEHCS YepHOM ABIPBI, YeM OT COOCTBEH-
HOI'O CBETWJIA, HO HE TaK Ba’KHO Ha JJAHHOM 3Tare (KTO MOCTaB-
VK BHEIIIHEW SHEPTUM). A ajiee HHTEPECHO COBCEM JPYroe 310
Hallla rajlakTUYecKasi CKOPOCTh OTHOCUTENILHO sIJpa TaJlaKTUKU.
Jleno B TOM ecii OHa MEHSIeTCSl U K TIPUMepy pacTeT, TO 3a Ofl-
HY CEKYH/y B HeJpax y Hac pacrajiercs He KUJIOrpaMM H30TO-



TOB, a BCET'O MOJI KWJIO U Mbl HEJJOTIOTY UMM TOJIOBUHY TeIlia WiIn
6onpire. [1o Hauary Mbl HUYEro He 3aMeTHM, TaK KaK €CTh TAKOe
MIOHSATHE, KaK TeTUIoBasi MHEPIMSI U TOJI, 1Ba SAPO IJIaHeTHI Oy-
JIeT OCThIBAaTh KaK OOJIbIIION MOHOJIMTHBIN KYCOK MeTaljia, a MO-
xeT u 6onbine. [Imoc oxJaxkaeHne Ha OJVH TPajlyC TUTaHTCKOTO
00BbEMA 3aCTaBUT 3EMITIO C:KAaThCsI HA HECKOJIBKO CAHTIMETPOB U
BBICBOOO/IUTH CKAYKOOOPA3HO ellle KaKoe TO KOJIMUYECTBO SHEp-
T'Y, ¥ Mbl CHOBA HUYETO MOAO3PUTEIBHOIO HE 3AMETUM, MO1yMa-
elIllb Tlapa BYJIKAHOB MPOCHYJIACh, a Aajiee Bce OyeT pa3BUBATHCS
6onee crpemuTenbHO. M 0XJ1akaeHue sapa IIaHeThl YCKOPHTCS.
Boripoc a noyemy rpu yBearueHUHA OpOUTATILHOW CKOPOCTH Ha-
1Iel TUIAaHeThl, HEUTPUHO OyAyT HECTU MEHBIITYIO SHEPIUIo U He
TaK vaIle BCTynath B saepHble peakimn? OTBETOB MOXKET ObITh
HECKOJIBKO U MBI PACCMOTPUM CaMbIi IPOCTOX BapuaHT. [orry-
CTUM Yy Halllel CyNepyacTUlbl €CTh AUANa30H SHEPTUU MPU KO-
TOPOM OHAa B3aMMOJEUCTBYET C MPOTOHAMHU U HEUTPOHAMHU, €C-
JIM 3TOT MOPOT HUXKE WJIM BBIIIE OHA MPOCTO MPOJIETAET MUMO U
HUKakK He 3ajaepxuBaercsa. Ho 3T1o ManosepoaTHo. Bropou Bapu-
AQHT HEUTPUHO MHOTO Y OHM B3aMMOJEUCTBYIOT YK€ CAMHU C CO-
60i1 TaM CTAIKMBAIOTCSI OCUMJUTUPYIOT M MHOT/1a COMBAIOTCS B KO-
MOK ¥ BPE€3al0TCsl B HEYCTOMYMBBIN MPOTOH €r0 pa3HOCST HA Ya-
cru. Bax u noyeren ockoiKu (DOTOHBI M ME30HBI BHICBOOOXK 1At
sHepruo. [IoOHATHO ecu NpeooieHa, Kakas TO OPOroBas CKo-
POCTb Halllel IJIaHETON UM Hac TpyJaHee AorHarth. .. Ho ¢ apyroun
CTOPOHBI, BCTPEUHbIE HEUTPUHO JAOJIKHBI HECTH OOJTbIIIE SHEPTUN
Y B 11€JIOM BC€ JIOJKHO ypaBHUBAThcs. [1o pakTy Tak OHO U eCTb,



o1 rozia OoJbIne otaaet teria CeBepHOe MoyIiapue, a rmoj ro-
na lOxHoe. PazHulia ecTb KakuM IOJTIOCOM JIBUTAThCS BIIEPE/] B
HeM u OyfeTr Oosibllie OXJIaXJeHHs, a TeIUI0 N0 UHEepIUU OyieT
BBIHOCHUTCS C TIPOTUBOIOJIOKHOM CTOPOHBI T1aHeThl. Hanpumep
€ci Mbl ycKopsieMcst BBepx CeBepHBIM MOTIOCOM TO Y Hac Oyaer
3uma, a Ha HOxHOM sero. Tyaa ycTpeMUTCs HE TOJIBKO TEILIO,
KaK XBOCT KOMETBI, HO M MOXKET MPWJINTh MarmMa ¥ JIOOaBHTh ellie
C JIECAITOK I'PaJIycOB SHEPrUu. A 4Yero 3To Hailla IIaHeTa pasro-
HsIeTCs 10 OpOuTe, MOXET OHa HA00OpOT TopMo3uTcsi? Bot sTor
CLIEHapWi MBI ellle He paccMarpuBaiv. TopMoXkeHne o opoute
MOXET BBIBECTU U3 PABHOBECHSI BCIO HAIILy CUCTEMY, U 3TO OoJjiee
OIACHO, YeM U30bITOYHOE YCKOpeHHe. [lesio B TOM YTO CHUKe-
HUE CKOPOCTH 3eMJIM YBEIUYUT SHEPTUI0 U TUIOTHOCTh HEUTPH-
HO BO BCEX HAIPABJICHUSX U MbI MOJyYUM POCT PAAUOAKTUBHO-
ro pacraja aToMoB, HO OHO OyJeT pacrhpe/esieHo Ooee paBHO-
MepHO 1o Bcell cpepe ( 10 3Toro Oosbliast YacTb pacnagoB UAET
B JKEJIE3HOM $IIpe) ¥ MBI JOJIKHBI HAOMIOAATh YBEIUYEHUE 00b-
€ma Hamed miaHetsl. M pa3 moBepxHOCTH cTaio OOJbIe ypo-
BEHb OKEaHa JIOJKEH CHU3UTCS, Ha HECKOIbKO MeTpoB. Ceitvyac
9TO He TaK ObLIO 3aMETHO U3 32 HHTEHCUBHOTO TasIHUSI JIETHUKOB
Y TIPUTOKA JIMIIIHEN BOJIBI, HO KaK TOJIBKO 3TOT MPOIIECC MORAeT
BCIISITH (OMMKaMIMe TO/Ibl) TO U YPOBEHb OKeaHa ObICTPO Hau-
HeT cHUKaTbcsl. OOMeNeT o3epa, Tak Kak BO3MOXKHO TOSIBIIe-
HUe TPEelIMH Kyza v OyaeT yxoauTb Boga. KocBeHHble Mpu3Haku
pacIIMpeHus TUIAHETHl yKe eCTh, 0OoJiee TOrO C BBICOKOU JI0JIei
BEPOSATHOCTH HAIlIM MOJII0CA X0J10/a CMECTATCS B cuity 3(ddekra



JIkaHbIOEKOBA WJIM TO, YTO MBI MTOTEPSIEeM YacThb WHEPLUU Kpy-
YEHHS U IUIAHETa HAYHET IIPELECCUPOBATD, 9TO HE TaK CTPALLHO,
HO Marma OyJeT MpUMBaTh TO C OAHOW TO C JAPYTroW CTOPOHBI
3eMJI1 IPUBO/S K BHE3AITHBIM ITOXOJIOAAHUAM U MOTETIJIEHUSIM.
CoOCTBEHHO MBI 3TO yKe HaOMoaaeM ecid MPUTIISIIEThCS K Kap-
T€ TIOTO/Ibl 1 OTMEYaTh KaK pa3, JBa B MECSII CITyJal0TCsI HEOOb-
SICHUMBIE CKaUKH TEMIIEpaTypsl TO B OHY TO B IPYTYIO CTOPOHY.
ITO MOXKET JUIUTCS OTHOCUTEJIBHO JOJITO, U HA HAIll BEK XBATHT,
HO €CTb ¥ APYTOi YCKOPEHHBIH ClIeHapHid, KOT/Ia packauka Oyaer
YCWINBATBCA JEHb OTO JHA, C MOCIELYIOEN CMEHOU YyIvla OpH-
EHTUPOBKH B ITPOCTPaHCTBE. [0 B TOM, YTO BCE aTOMBI U3 KO-
TOPBIX COCTOMT Hallla IUIAHETA, OHU CIIOBHO MAarHUTUKM BCerza
CMOTPSIT B OJJHY CTOPOHY, 4TO Obl C HUMH HE IPOUCXOIIIO, J1a-
K€ HAXOSICh B COCTOSIHUY TUTa3Mbl OHA (POPMHUPYIOT JILAOTIOA00-
HbIE CTPYKTYPbI U COXPAHSIOT TPOCTPAHCTBEHHYIO OPUEHTALIUIO.
(9TO OTAENBHAA UCTOPUS, MIOYEMY TaK , HO ckopee BceneHckue
TIOJII0CA TAK BIIMAIOT) A C YEro 3TO BAPYT CIIYYHJIACH ITperieccus ?
A [1eno B TOM 4YTO CO BpeMeHeM, KaK Hac 0OMyJaeT HeUTPUHO
O0JIBILIEH YACTBIO IO IKBATOPY (KOTOPBII COBMAAAET C IKBATOPOM
raJlakTUKY MJIEeUHBIH ITyTh) TO OHO BHIOMBAET BCE U30TOIBI OPU-
€HTUPOBAHHBIE B 9TOM MOJIOKEHUU. TO €CTh ec/i CpaBHUBATh C
NOJIApU3aLMer KPUCTAJIJIOB Y HAC B TOJILIE 9KBATOPA MOABJIAETCSA
onThyeckast Opelb WK AbIpKa, HEUTPUHO CKBO3b Hee JIETST U
HUYETO HE BCTPEYAIOT HAa CBOEM ITyTH, & 3HAYUT HE OCTABJIAIOT
CBOIO SHEPIUIO M YI0Jl IOBOPOTA B MIPOCTPAHCTBE YMEHBILAETCS
Y 10 (paKTy MBI BPAIIAJICh B OIHOM IJIOCKOCTH, 4 CTAJIU TIOCTe-



MEHHO TMEPEXOANTh Ha JPYIyI0 TaK Kak OJHA CHJia MOAMOpPKA B
IPOCTPAHCTBe ocadna wim ucuesna. Ocranuch Apyrue BTOPO-
CTEMEHHbIE, HO Tereph OHM BBIXOAAT Ha IJIABHbIC PO, MoOXKeT
MIPOM3OMTH PE3KUI KYBBIPOK BCEH IUIAHETHI, MM TOCTENIEHHOE
U3MEHEHHE OCH BpallleHHs], TOC/IeTHee Mbl MOXEM Cpa3y U He
3aMETUTh, TAK KaK JIIDOOE OTKJIOHEHUE CPa3y KOPPEKTUPYEM JIy-
Mas, 4To y Hac cOusicst mpudop. Hy He perim ke Mbl 4To 3eM-
7 HakJIOHWIach? KOHEYHO HET, 3TO HAIll TEJIECKOI 3aBaJIAJICH,
TeM OoJjiee BMECTE C HUM HAKJIOHSITCSI M TPaBUTALIMOHHbIE CHIIBI
Y MEJIKYI0 aHOMAJIMIO TOYHO HUKTO He 3aMeTuT. Ho ecTh KocBeH-
Hble HAIEKHbIE MPU3HAKY, TaK MIEPEHOC BO3AYIIHBIX MacC, Y HaC
ceiyac MJeT MpermMyInecTBeHHo ¢ Boctoka Ha 3amnaj, a B HOBOM
BapuaHTte oH Oyner k mpumepy ¢ FOra na Ceep. [lo3xe u ca-
MU 3Be3pl BMecTe ¢ CONTHIIEM HAYHYT IO JAPYrOMY XOIAWTh, HO
B CAMOM HayvaJjie camas repBasi U3MEHUT TpaekTopuio JIyHa, 3a-
TeM uepe3 Mecsil iBa CoNHIIE U Yepe3 HECKOJIBKO JIET OCTaJIbHOE
3Be3/1HOe HEOO, TOTOMY YTO OIPOMHOE PACCTOSIHUE TLIIOC MHEP-
1151 (POTOHOB KOTOPBIE MBI eIlle IOro OyjeM cOMBaTh UMEHHO
B CTapoM pakypce. B Kakoit To MOMEHT MOsIBUTCS ABa (hOKyca,
HOBBIF M CTapblii M JIBa CBETHJIA Ha HeOe. 3aTeM crapoe n300pa-
JKEHUE 3BE3/Ibl, IOUEPHEET U MCUE3HET YKe HAI0Jr0, OCTAHETCS
ono HoBoe CosHie. IToHATHO, YTO 3TO BCE OJHO U TO KE SABJIE-
HUe, TOJIbKO BUJI ¢ ipyroro 6oka. Ho kak 310 Bo3moxkHO? Cripo-
cute BbI? A BOT Tak, (hakThl yrpsiMasi Belllb, PAHO WJIM TO3/THO
HO OPHEHTHPOBKA KOCMHYECKOIO TeJia B IPOCTPAHCTBE MEHSIET-
CS1 M OHO YXOJIUT Ha HOBYK opOuTy. ECM paHbllie Mbl Tymaiu



y HaC MHOTO BpeMEHH JI0 II0OAJIbHOTO TMePeBOPOTa, TO ceiluac
yk€ €CTb COMHEHHUSI U HaM IOBE3€eT JIOKUTh JIO 3TOr0 BaKHOIO
AHs. JlyMaio 4To HUYero CTpairHoro He MpOM30UJET U BEJIMKOe
I[lyHaMH, HE HAKPOEeT 3eMJII0, BCE B IpeJiesiax HOpMBL. A BCe T0-
TOMY, 4TO B UCTOPUH TaKHME€ MOMEHTHI Y:Ke ObUTM M He Pa3 U JIH-
HUS 9KBaTopa 3axomwia riyooko Ha Cesep, a Ha mecte Caxa-
PBI JOMYCTUM OBLJT TIOJTIOC XOJIOZIA, KaK TO CTPAaHHO YTO TaMm TIO-
YTU HET HUKAKUX rOp, OHU MPOCTO 3aTePIUCh Jibaamu. Ho mbl
OTBJIEKJIMCh, CEYAC HAC UHTEPECYET CaM MEXaHU3M POXIEHUS
Y NIEPEHOCA SHEPIUU C OIHOrO MECTa B JIpyroe, CKaThe U pac-
HIMPEHUE CaMOro MPOCTPAHCTBA. A J€JI0 B TOM UTO HEUTPUHO
JOJDKHO OBITh OOJbIIE BCEro K KpasM TalaKTUKW U MEHbIIE K
LHEHTPY, IOTOMY YTO UX UCTOYHUK ITO XOJIOAHBIN SIIEPHBIA CHH-
Te3 (KOTOpBI TIOKA He JO0Ka3aH) a OH B CBOIO ouepenp U3 ceds
NPEACTABIISET MEPEXO]] OIHUX HEUTPUHO (MX YEThIpe COpTa) B
JpyTUe WM TaK €CJIU 10 CTOJIKHOBEHM 1 Ha IPOCTOPAaX rAJIAKTUKU
OHU HECJIMCh C Pa3HbIX CTOPOH IMPEICTABIISIS BCE YACTH CBETA, TO
TIOCJIe CTaJIH OOJbIIe OCIMJUTPOBATD C APYT JPYrOM U IpUoope-
TaTh BblJIEJIEHHbIE BEKTOpPa BOT MUJIEUHBIH ITyTh UX UIMEET YEThIpe
TOJICTBIX pyKaBa M MAThIA TOHKUI XBOCTUK. COOTBETCTBEHHO Ya-
cTuiibl (hOPMUPYIOT OAVH OOJIBIION CYIEPKPUCTAILT MOJISIpU3a-
LMY C B3AUMHO CBS3aHHOM SHEPrUed, NPOCTUPAIOIIMAECS Ha COT-
HU cBetosieT. C Apyroii CTOPOHBI MO KpasiM YBEJIMYUBAETCS Xa0C
WK (PIyKTyallu HEUTPUHO B Pa3HbIe CTOPOHBI U SHEPIUU, ITO
B CBOIO OY€pe/Ib MOKET MPUBECTU K BOJTHAM PsIOU WJIH EIlIe Yero,
HO yke Ooree ynopsizoueHHoro. Harpumep penukToBoe nsmmyde-



HHE 9TO Ha MUKPOYPOBHE BOJIHBI Xa0ca, HO BCE BMECTE OHU JBH-
KYTCsI B OJIHY CTOPOHY WJIM UMEIOT OJHY 4acToTy. Bce anekTpo-
MarHUTHbBIE BOJTHBI TPUPOAHOTO MIPOUCXOXKICHUSI OHU XaOTHYe-
CKue (3TO MOATBEPKIAETCS] MOIIHBIMU BHETAJTAKTUYECKUMU UC-
TOYHUKAMU PAJIMO IMyJTbCAPOB) MOYEMY TO MbI IyMaeM, YTO OHU
JIOJDKHBI OBITH IPOCYMTHIBAEMBIMU ¥l UMETh Y€TKUM TIEPHUO]], KO-
ra Kak 9TO MOXeT ObITh (pIyKTyalldsi Ha ypOBHE 11eJIOM raJjlak-
TiKU. VITOro ecm runotesa BepHa, TO Mbl Oy/ieM HaOmoaaTh Bce
OoJTbIlIe PA3IMYHBIX AHOMAJIUH TTOTO/IBbI, ¥ TIEPENaIbl OT Kaphl K
pe3KoMy X0Jony OyayT Bce Oosbliie yermmmBathes. He uckmodato
MIPOXOK/IEHUS HAIIeH TUIAHETOM sIIpa HAMPSIKEHHOCTH, 9TO 30HA
C MOBBIIIIEHHO!N KOHIIEHTpAIMel HEMTPUHO, TOUHEE OHU pacripe-
JeJTINCh B MHOTOYPOBHEBbIE OCIMILISIMHN T10 JIBE TPU U YEThI-
pe JacTuIlbl pa3oM, 00pasyst HOBbIe CTPYKTYpHI. To ecTh B3auMo-
JIEVCTBUE MPOCTOrO HEUTPUHO C OOBIYHBIM BEIIECTBOM MPAKTU-
YeCKH HYJIEBOE, HO €CJI OHU OObEAMHUIINCDH B TIApY WJIA KBApTET
BEPOSITHOCTh CTOJIKHOBEHMSI C IMTPOTOHOM WJIM KBAPKOM B TPO-
TOHE BBIPACTAET HA MOPSIKU, TOITOMY PE30HAHC HEUTPUHO WU
YACTUYHBIA PE30HAHC, 3TO TOXKE CAMOE, UTO TeHb U MOMyTeHb. U
KaK Bbl JIOTaJJAJIMCh Y HAC MOSIBJISIETCS] HEIocTaloIas 4acTb Bee-
JIEHHOUM 3TO TeMHas MaTepusl U TeMHasi SHepPrusi, HO 00 3TOM B
CIIEAYIOIIEH TJIaBe.

I'nasa II

CeroiHst Mbl PaCCMOTPUM OJIHY MHTEPECHYIO MOjIeNb, KOTO-
pasi BBITEKAeT W3 OCIWIUISIMIA CTEPWIbHBIX HelTpuHo. Mrtak
CMOTPUTE Y HAC €CTh TaKasi KapTUHA. Teslo IBUrasich K TeOMeTpU-



YEeCKOMY LIEHTPY 3BE3/IHON CUCTEMBI CHaYaJla HAYMHAET TIPUTOP-
Ma’kUBaTh TIOTOM CHOBA Pa3TOHSATHCS yJeTaeT Ha mepudepuio,
7l CHOBA Pa3rOHSETCS U 3aHOBO TOPMO3UT. Takast sHepreTuye-
CKHe KaveJIM C JBYMs KpalHUMHU TOUKaMHW ¥ MUHUMAJIBHOM CKO-
POCTBIO U OJIHOM LIEHTPAIbHOM, KOTOPYIO MBI IIPOXOMM JTBAXTbI
3a TOj1 B OTHY CTOPOHY, a MOTOM B Apyrywo. Uto pakTuyecku Ha-
[TIOMHHAET OOBIYHBIE Kadyesd. Eciii OTTaIKUBAThCSA OT KIIACCUKU
ConHIle B IIEHTpPe U NMPUTATHBAET 3eMJIi0, TO OHA JOJKHA pas-
TOHSITBCS [0 TOCETHEro MoKa He BPEKeTCsl B 3Be3[ly M HUKa-
KMX ,,€CJIM" Mbl HUKaK He ITPOJIETUM MUMO ,,€CJIM" HAC 3aTATrMBa-
€T B SHEPreTUYECKYI0 BOPOHKY, TOCMOTPUTE KaK YepPHbIE JIbIPbI
Pa3phIBAIOT CITyvaiiHble 3B€3/1bl (HO 3TO HE TOYHO, a O/THA U3 MO-
Jiesield, MOXKET OHA He BEPHA U Mbl PeaOUIUTUPYET YEPHBIE AbIPHI,
OHU BIOJIHE ceOe BereTapuaHiibl UM JIOCTATOYHO OJHOTO CBETa
Y TIBUIA OT COCEJIE) XOPOIIO MbI MPOJIETEId MUMO U YJETaeM
Ha Kpall U 4eM Jajibllie Pa3MHUHYJIUCh TEM MEHbIIe JeUCTBYIOT
CHUTBI TIPUTSDKEHU ST COTJIACHO KBaJpaTy PacCTOSHUS, TaK C KaKo-
0 CTpaxa MbI BAPYT HAYMHAEM BO3BpalaThcsi 00patHo? Mebl Obl
TaK ¥ BBUICTEJIN B MEXK3BE3/IHOE TPOCTPAHCTBO JOCTUTHYB TOUKHU
Jlarpanxa, rae To Tam Obl 3aBHCIM HaBceraa. To ecTh MpUTsKe-
HUE Coce/THeN OMKamIel 3Be3 b1, Ha Hac Obl ISCTBOBAJIO POB-
HO, Tak *e Kak u ConHile. B peasibHOCTH ymalo, 4TO B reOMET-
PUYECKOM CHJIOBOM IIeHTpe HuKakoro CoJHIla HeT, BMeCTO Hero
TaM HEUTPUHO MPUXOAIIHE C epudeprur CO BCEX CTOPOH CTall-
KMBAIOTCS C PYT APYTOM M aHHUTWIIUPYIOT, 00pasyst 001acTh ¢
MUKPO YEPHBIMU JBIPAMH VJTH TIOHVKEHHBIM JaBJICHUEM CaMO-



ro mpocrpaHcTBa. Hamma raHera momnaB Tyaa HauMHaeT OBICT-
pee BUraThCsl M MPOCKAKMBAET TOT CaMblil LEHTP 3TO MPOUC-
xomuT 21 nekadpsi, MEpexXoAUT YCJIOBHYIO HUKHIOI TOUKY Kaue-
Jiedd, YXOOUT B MPOTUBOIOJIOKHYIO CTOpOHy. [anee npudnmxka-
sick K niepupepurt COTHEYHOM CHCTEMBI TJie B OOJIBIIIOM KOJTHYe-
CTBE COCPEAOTOUYEHHI IMbUTh M Ta3 MbI TIOJIy4aeM OOJbIlie BCTpey-
HBIX HEHTPUHO, KOTOpbIE TIOCTENEHHO HAC MPUTOPMaXUBAIOT, a
CO BPEMEHEM U BOBCE OTOPACHIBAIOT Ha3a/ Ijie To rnocie 21 Map-
Ta, JjaJjiee IOBTOPHO MPUOMIKAEMCS K TEOMETPUIECKOMY IIEHTPY
yxe 21 MioHda nposietaeM ero BO BTOPOM pa3 yXOIUM Ha HOBBIU
BUTOK, a 21 CeHTsA0ps OTTaJIKMBAEMCSl OT MPOTHUBOIMOIOKHON
CTOpOHBI BHYTpeHHel cdepsl U 21 nekadpsi cieAyolero roua
3aMbIKaeM cBoto opouty. To ecTb 310 Takoe OyK1aHve BHYTPU
SHepreTudeckor cepsl Win Oapbepa, Kak ero He 0030Bu. [Ipu
9TOM HaM HUKAaK He 3aBUCHYTbh B CAMOM LIEHTPE M YCTIOKOUTCS,
MOTOMY YTO K HEMY Mbl TIOIXOAMM Ha OOJIbIIION CKOPOCTH U HAC
1o (baKTy OCTAHABJIMBAET MOTOK HEUTPUHO MPUXOAAIIMNA U3 APY-
roii nomycgepsl, Kak TOJIbKO Mbl MPOJETUM LIEHTP BCTPEYHBIN
TIOTOK C KaXIBIM JIHEM Bce OoJbliie OyneT ycunuBarbesi. Cnalbie
MeCTa JaHHOW TMmnoTe3bl? A YTO HEMTPUHO TaK CHJIBHO MOTYT
TOJIKaTh MatepuasibHoe Teso? Jlymalo Aa yYuThiBasi CKOJIBKO MX
yepe3 Hac MPOXOAUT Kak/1ylo ceKyHay. M BTopoe uTo nosydaer-
cs1 Mbl k1BeM B caMoM COJTHIIE Y BUJUM €TO BHYTPEHHUM Kpau?
Bort TyT He Bce Tak 04E€BUAHO, Aa C BBICOKOH A0JIEN BEPOSTHOCTU
B HAlllEM I'€OMETPUYECKOM IIEHTPE €CTh CUJIbHO Pa3psKEHHBIN
ra3 ¥ Mbl IPSIMO 4Yepe3 HEero ABMKEMCS, HO BUAMM TOJIBKO €ro



otgayieHHbind pokyc. To ecTh B CTOpOHY Haiero (hakTU4ecKoro
YCKOPEHUsI Mbl HUUETO He BUJIUM, TaM BIIEPEIU HAC HAHO YEPHBIX
JbIp OOJBIIIE YeM MbI yMaeM Ha MOPSIIKUA ¥ OHU MPOCTO TIOTJIO-
HIAIOT JIIOOYI0 SHEPTHUIO, a CBET JAAJIbHUX 3B€3[] 9TO MPOPBABIIIUE-
cs1 OOKOBBIE JIEKTPOMArHUTHBIE BOJIHBI. TO €CTh OHM MTPUITUTU K
HaM He HalpsIMYylo, CJIOBHO JIOTHAJIM €331 (M BCE JIEKTpOMar-
HUTHbIE BOJIHBI CTPaHHbIE TOMEPEUHbIE) ajiee C3aAu TO MECTO
KOTOpPOE Mbl MOKMHYJIM 72 yaca Ha3a/l HAYMHAET CHJIbHO OCILIWII-
JIMPOBaTh U Mbl HaOMOIaeM poskeHre (POTOHOB, Kak Obl U3 HH-
OTKy/la WJIM U3 CaMOro Bakyyma. ['a3 u mbUIb €C/iM OHa cMoIJia
IPOPBaThCs B IIEHTP TaK ke U3 HEro OBICTPO BBUICTUT, MbI 3TO
HaOJTI0/1aeM 10 JIOJTONepUOIMYEeCKUM KOMETaM € XBOCTaMU 3a-
nom Hanepell. [ToaToMy (pOTOHBI MPUXOAAT K HAM U3 ITOTO Y/IU-
BUTEJILHOTO TEOMETPUYECKOrO IIEHTpa, Oosiee TOro OHU JOTOHS-
I0T Hallly IUJIAHeTy €331 OCBelllasl €e U caMoe BaKHOE, YTO Ta-
koe (boTOH? DTO CTOsIUAS BOJIHA B TPOCTPAHCTBE, POXKJAIOIIASCS
TI0CJ1e TIpoJieTa YBapKa TaKoM cBepX ObICTPOM M IIJIOTHON YacTH-
Ibl, KQXKJIble TP METPa OHA OCTAaBJISIET TAKOW SHEPreTUUECKUI
cJie]] B IPOCTPAHCTBE Kak OyATO Mbl OpOCHIIM KaMeHb BJIOJTb TJ1a-
JM BOJbI OH TIPHITAeT U OCTaBJISIET PACXOASIIIIUMECS KPYyrd 3TO U
ectb Haul potoH. [lomyyaercs 4YTo M3HAYATbHO HEUTPUHO, KOTO-
pble POKIAIOTCS NP PAIMOAKTUBHOM pacrajie POTOHOB UMEIN
CKOPOCTb HEMHOT'O MPEBbIIIAIOIILYI0 CBETOBYIO, OHU J0JIETENH JI0
neHtpa ColHeuyHOH cuctembl OT nepudepu (rae cocpeaoTadn-
BAeTCsI OCHOBHAsI Macca BEIIEeCTBAa B BHUJIE BHEIIHETO TOJICTOTO
CJIOS Ta3a Y MbLIM) @ TaM OHU CTOJIKHYJIMCh WJIM OCLMJLIMPOBA-



JI1 10 HAHO YePHBIX JILIP Y MPU ITOM POKIAIOTCS HOBBIE YaCTU-
bl yBapku. CKOpee BCEro OHU U €CTh 3TH HAHO YEPHBIE AbIPHI.
A Janee NMpOUCXOAUT CIEAYIOIIEEe, TPU PE3KOW CMEHE IJIOTHO-
CTH BHOBbB MOSIBUBIIETOCS 0OBEKTA, OH HAUMHAET TepeMeIaThCs
IBITASICh CIIUTHCS C IPYTUM TaKUM XK€ OOBEKTOM U 32 CUET ITO-
IO Mapa TPOWKa CIUSAHUM, U OH Pa3TOHAETCS BBUIETAET U3 LICH-
Tpa Ha nepudepuIo ¢ rPOMaHOM CKOPOCTbIO MHOTO BBIIIE CBE-
TOBOU OCTaBJisisA 32 COOOW MHBEPCHUOHHBIN ciiel B BUjE (poTo-
HOB, YeM TO TMOXOXe Ha YePEHKOBCKOE n3nyueHue. MoXHO cKa-
3aTh YTO B LIEHTPE PACKPYUMBAETCS MAXOBUK YCKOPHUTENb Mpe-
o0Opa3yoiuil 0ObIYHbIE HEUTPUHO B OoJiee IMJIOTHBIE YBAPKU U
OHH pasfieTasicb 0OPaTHO BO BCE CTOPOHBI OCTABJISIIOT TOCIE ce0s
(otonnsIii cea. Tak 3TOT mpoIiecc UIET Mo BceMy 00bEMY Ha-
nreit COJTHEYHOUM CUCTEMBI, HO OJIMKe K TeOMETPHUECKOMY TIeH-
TPY CTOJKHOBEHHS MPOUCXOAT UyTh vailie. B mpoTuBHOM cCity-
yae Haie CoJtHIe o Mepe Kak Mbl yaajisieMcsi OT LIEHTPa, a 3TO
MHOTHe MUJUTHAPIbl KUJIOMETPOB CTAaHOBUJIOCH OBl COBCEM Ma-
sgeHbkuM. Ho BUIMMOE yMeHbIIEHUE ANCKA 3MMOM U JIETOM CO-
CTaBJISIET BCETO HECKOJIBKO MPOIIEHTOB. YTO cornacurech Maso-
BEPOSTHO, €CJTM OTTAJIKUBATLCS OT OBAJIbHOCTHU HaIlleid OpOUTHI
B ONvoKamIed Touke Mbl JOJDKHBI ObITh K Hemy Ommke Ha 100
MUJUTMOHOB KWJIOMETPOB, YEM B CAMOM JasibHEN. TO €CTh 3TO HU-
KaK He MOXeT ObITh BBITAHYTHIN 3/unric. Ho ananemma CosHila,
YETKO MOKA3bIBAET YTO COOTHOIIIEHHE JaJIbHEN U OJIMKHEN TOU-
KM OPOUTHI CJIMIIIKOM BEJIMKO M MBI ICHCTBUTEIHHO BhIYEPUMBA-
€M OYeHb BHITSIHYTHIN OBaJI B TeueHue rofa. [loatomy He BepbTe



aCTpOHOMAaM KOTOpBIE TOBOPST UTO 3UMO Mbl Onnke K ConHIty
Ha 5 MWUIMOHOB KWJIOMETPOB, 3Ty IU(MPY OHU B35JIU C MOTOJIKA,
BEpHee MOJ0THAJIY TT0]] BUJIMMBbIE YTJIOBbIE N300paKeHUe UCKA.
Mbl He OnuXke U He Jauibllie OT Hero JIBUXKEMCSI B TeYeHUe BCe-
o rofa, Tak Kak BCe BPeMs HAXOAUMCS B HEM, HO KOI/Ia MOJX0-
JUM K BHYTPEHHEMY Kpalo TO Halla CKOPOCTh YYTh 3aMEJISIET-
Csl W JIy4H CBeTa MajaioT 0ojiee MUHTEHCUBHO, OT 9TOTO JUCK CBe-
THJIA KaXeTCs 4yTh OOJbIle. A MOKHO IMPOCTO 3aMEPUTH HEP-
ruio (poTOHOB B ceBepHOM monymapuu 21 gexkadps u 21 uioHs B
3€pKaJIbHOM TOYKE I0:KHOTO MOJIYIIAPUS U YBUIIETh, UTO UX CHJIA
MPaKTUYECKU OIMHAKOBA, KAK U pa3Mepbl CaMOro AUCKa, a eciiv
Obl PaCCTOSIHUS /IO CBETUJIa ObUIA pa3Hble Mbl ObI MOTYYMIIH Pa3-
Hble 3HaYeHus1. IToro y Hac octaércs ofiuH BOMPOC. A 4ero 1o
MBI TaK packayaiuch? VM Kakue CUjibl HapyllWIv Halle Iuia-
HeTapHoe paBHOBecue? Kak Bbl moragayivchk u cama CosiHeuHast
CHCTEMA HE CTOMT Ha MECTE, a IBUKETCS yXke [0 CBOEMY raJlaK-
TUYECKOMY TO[y M €CJIM B HaIlleM Cllyyae B KayecTBe MpPUBOIA
BBICTYIAIOT OTHOCUTEJILHO ME/IJICHHbIE HEUTPUHO, OHU YYTh YYTh
obrousoT ceet. To st Bcelr CoTHEUHON CUCTEMBI IPUBOTHOM
peMeHb, 3TO Te caMmble YBAPKU HEOObIYAHOW MIOTHOCTH U CKO-
POCTH WJIM HAHO YepHble AbIpbl. [ 1€ TO B s/ipe rajJakTUKUA OHU
KOHIIEHTPHUPYIOTCS Y BJIMBAIOTCS B OHY OOJIBIIYIO YEPHYIO IbI-
py. Kak menkue pedymku B oHO 60ibioe o3epo. [loatomy B
JaHHBIA MOMEHT Hallla Ij1aHeTa ¥ Bcsl ColHevHasi cUcTeMa, JIBU-
rasicb B pycJjie OTOKa UYBAPKOB KaK KPOBb IO COCYly MOXKET MPU-
OMKaThCSl HA MAKCUMAJTBHOE PACCTOSTHUE K SIJIPY TAIAKTHKY ( TO



€CTh MbI IBH)KEMCsI HE TI0 KPYTy, a B hopMe JieTiecTKa, mpruosm-
KasiCh K LIEHTPY TaJIaKTUKH, €r0 MEPECEKAEM M BBICKAKMBAEM C
JPYTrOil CTOPOHBI, HO TIOJI TIPSIMBIM YIJIOM cjiesiaeM OykBy L), a
3HAUUT cefiyac Mbl HaXoouMcs U OyJeM elle Jajibliie UITH Ha
cOMKeHHEe C CaMOM HACTOSIIEH YEPHOU JBIPOM CO BCEMHU BhI-
TEKAIIIMMHU NOCAEACTBUAMU. VIMEHHO TO3TOMY aKTUBHOCTb Ha-
mrero CoJIHIIA ITaJaeT, TaK KaK BHEITHUI CJION HAXOIAIIUICSA TaM
ra3 U MblIb aKTUBHO OTOMPAETCs] PUIMBHBIMU CUJIAMHU, OHO HE
CWJILHO 3aMETHO BU3YaJIbHO, HO MO KOJIMYECTBY POKIAEHHBIX HO-
BBIX HEHTPHUHO JTOJKHO OBITH CUJIbHOE Tpoceaanue. [Tmoc ¢u-
3MUYECKH HAllla [JIaHeTa YyTh MPUTOPMAXHUBAEeM M0 OpOUTe, TaKk
KaK Hallld TPaBUTAIIMOHHBIE CUJIbl PA3BOPAYMBAIOTCS OT HAC B
JPYTYI0 CTOPOHY WJIA CHJIBHO NOJSIpU3ytoTcsi. CKOJIBKO 3TO MPO-
JUTMTCS, U KOT1a IPOCKOYKUM LEHTP FJIAKTUKY HETTOHSITHO, TJ1aB-
HOE Mbl TOYHO €O MepecevyeM Ha IPOMAJHOM CKOPOCTH B Teue-
HUe ONMKaHIIuX JIeT U CHOBA HAYHEeM MpUTOpMakuBath. U sta
CTpaHHasi U30BITOYHAS] CMEPTHOCTb CPEIH JIIOJel MOXKET UMETh
TaTaKTUYECKYIO TPUPOy (BIMSIHUE YEPHOU ABIPbI) OTOMpATh U3
Hac OOJIbllie CHJT YeM Mbl yCIieBaeM UX CTeHEPUpPOBATh, TOECTh
OHAa TOPMO3UT HaIll METabOJIM3M TO3BOJISIsA BCSKUM BUpYcaMm U
OakTepusIM XO3MHUYATh B HallleM opranusme. IMmyHUTeT npo-
CTO He yCIieBaeT HUYEro CHeJaTh, Y Hero Apyrue mpooieMbl.

I'nasa III

TyT pemun y3HaTh CKOJNBKO yriiepoAa ObLIO Ha Hallled Iuia-
HETE ellle 10 IIMBWIN3ALKU, MOXKET €ro ObUIO €IIe OOJIbIIE, YEM
CcerMyYac M HATKHYJICS HA JPYTyI0 OYEHb MHTEPECHYI0 MCTOPHIO,



O TOM 4YTO [IJIs1 YeJIOBEKA CBEPXBAKHO COJEpKaHUE YIIIEpoa B
arMocdepe, TpUUEM €CIIM €ro MEHbIIIE HOPMBbI, 3TO eIle Xyxke
YeM MPEBBIIIEHUE B TPY WM IIECTh pa3, KOrja Kak Mo KUCIOpO-
Jly TaKOW 3aBUCUMOCTH HET, Mbl CIOKOMHO JIBIIITUM aTMocgepon
c conepxkanueM U 15 u 10%. B nopsiike skcnepuMeHTa 1axTe-
pam B Ky30acce B camocmacaTesisix JaBajiil JIBIIIATh CMECHIO C
TMOBBIIIEHHBIM cofiepxkanuem kuciaopoaa B 40 u 80 % u noHu-
*eHHbIM yrieponom 0,1%, yxe Ha COPOKOBOM MUHYTE UCIIBITY-
€Mble HayaJld YyBCTBOBATh KKEHUE B JIETKUX U TOJIOBOKPYKE-
HHe, a BO BTOPOU TpyIirie KUcaoponaa Obi1o 15% yriaekucinoTsl
0,06% , npotus HOpMBI B 0,03, K yAMBJIEHUIO YUYEHBIX 3TO HE BbI-
3bIBAJIO TUCKOM(OpTA WU APYTUX OOJIE3HEHHBIX OIILYIICHUN, U
JIFO/IM TIPOIUTA B HUX TIO TYHHEITIO BBIPAOOTKH I10 JIBA KUJIOMET-
pa. [Janee cran ynraTh, OKa3bIBAETCS HAIl OPraHU3M HE TAKOU
MIPOCTOM, KaK KaKeTCsl U B LIEJIOM B KPOBH COJIEpXKaHUE YIIepo-
na 5,7% npy IHTEHCUBHOM JIBIXaHUW MBI €10 OOJIbIIIE BhIIbIXaeM
YeM BJIpIXaeM U ero cofepkanue nagaer 10 4,5% rnpu 3ToM Hauu-
HaeT KPYXKHTCS TOJIOBa U MOTYT BO3HUKATh OOJTb B MBIIIIIAX TaK,
KaK reMOIJIOOMH 3aXBaThIBAaCT KUCJIOPOJ, HO HE MOXKET ero Mpo-
TOJIKHYTb JaJibllie B Mesbuaiiiime cocyabl. He xBaraeT naBieHust
Y YaCTUYHO ONIOKHMpYyeTcsl FHepreTrueckuii oomen. Okazasnoch,
YTO TTPOHUIIAEMOCTh KJIETOYHOW MEeMOpaHbl 3aBUCUT OT HAIpsi-
’KEHHOCTH JIEKTPUUYECKOro MoJisi B 000s10uke sputpouuta. [Ipu
CWJIbHOM C)KaTHH, TUIOTHOM KOHTAaKTE CTEHOK IPUTPOIUTA U Ka-
MUJUISIpa, HAMPSIKEHHOCTD TOJIsS CHUKAETCS, M MPOHUIIAEMOCTh
MeMOpaHbl yBenmunBaeTcs. OTKphIBACTCS HEOOXOAUMOE KOJIH-



YECTBO MOp, Yepe3 KOTOPbIE SPUTPOLIUT BHIITYCKAET MOPIUIO KUC-
nopona. Ha ero Mecto k reMoryioOMHY MPUCOSAMHSIIOTCS MOJIEKY-
761 CO2 1 SpUTPOIUTHI HAMPABJISAIOTCS K JIETKUM, YTOOBI OTJIATh
€ro ajgbBeosaM M B34Th HOBYIO MOPLMIO KKciopona. boree mo-
npooHo TyT McTtounmK ,,ITocoOue /1711 TOpHSIKOB, KaK M3rOTaBJIH-
BaTh BO3/YIITHbIE CMECU». Tak BOT KOMY JIeHb BJaBaThCs B JIeTa-
7, iepenay cpasy K BeiBogaM. [1pu nepexone CO2 u3 TkaHeu B
KPOBb [IPOMCXOIUT €€ ruapaTauus, a npu nepexone CO2 u3 kpo-
BU B aJIbBEOJIApHBIA BO3ayX — aeruapatais H2CO3. Obe peak-
LMY TUAPATALlMKA U ACTUAPATALIMA TPOTEKAIT MEIJIEHHO. YCTa-
HOBJIEHO, YTO 3HAYUTEJIbHOE YCKOPEHHUE ITUX PEAKIIMI IPOUCXO-
it Onaronapsi hepMeHTy, Ha3BaHHOMY YTOJIBHOM aHTUApa3oi
WM KapOOAHTHIPa30¥, KOTOpasi HAXOAUTCS B SPUTPOLIUTAX. YT-
JIGKUCIIBIN T3 B OpraHU3Me 4YejioBeKa oOpa3yercsi, Kak KOHed-
HBIW MPOAYKT oOMeHa BerecTB. [Ipoxoas yepe3 CTeHKy TKaHe-
BBIX KalWJUISIPOB, OHA YACTUYHO PaCTBOPSIETCS B IIa3Me KPOBHU.
Bonblasi ee yacTb HAXOOUTCS B XUMUYECKU CBS3aHHOM BUJIE C
Pa3IUMIHBIMU OCHOBAHUSIMU, 0Opa3ysl OMKapOOHATHI: B TIa3Me —
NeHCO03, a B sputpouurax — KHCO03. B koctsax CO2 Haxoaut-
csl B BUJe KapOoHara Kajibius. VIToro eciu BAPYT Mo KakuM TO
MpUYMHaAM Haill (PepMEHT HAXOISIIMICSA B SPUTPOLIUTAX KPOBU
Amnrunpasa u Kapboanruapasa B KOCTSIX, a €CTb ellie I1a3Ma U B
HEHN TOXEe 3Ta MITyKa MPUCYTCTBYET. Tak BOT €C/IM OHa HAYMHA-
€T pa3pyllaThCs, TO YEJIOBEK OYy/IET UCTIBITBIBATh TMITOKCHUIO WU
KUCJIOPOJHOE TOJIOJAaHUE. A UTO MOXKET BIMATh Ha Hee? Pa3 310
0 CyTH YTOJIbHAS MbUIb TO OHA OYEHb XOPOILO MOXKET HadJIeK-



TPU30BATHCS, TO ECTb MPUCOECAUHATH MOJOKUTENBHBIN 3apsi], a
ellle B SPUTPOLMTAX KPOBH €CTh KEJIE30, KOTOPOE MOXKET Mepe-
HOCHUTb OTPULIATENIbHBIN 3apsi]. VITOro eciu BAPYT ¢ 3JIeKTpomar-
HUTHBIM TI0JIEM HAIlIE! TUIAHETHI, YTO TO CJIYUYMTCS, BOT KaK IO-
clieTHee BpeMsl OHO YCHJIEHHO Oc/abeBaeT, TO CBOKCTBA Hallen
KPOBH IIPUCOEAMHSATH M OTAABATh KACAOPO. OYIYT TOXKE MEHSTh-
cs1. Homyctum DMIT 3emmu ocnadno Ha 20% , MBI HAUMHAEM
110 HEMHOT'O HEJIOTNOTy4aTh KUCIOPO/ ¥ YyBCTBYEM HEOOIBIIYIO,
HO XPOHUYECKYIO YCTAJIOCTh U €CJIM OOBIYHOMY YeJIOBEKY MOXHO
KaK TO MPUCIOCOOUTHCS, TO ISl CIIOPTCMEHa, KOTOpHIA padboTa-
€T Ha mpejiesie BO3MOXKHOCTEN CBOEro OpraHu3ma, BEJMK PUCK
BIIACTh B KOMY M3 3a CMa3MOB U FMIOKCUM. YTO MOATBEPKIAET-
Cs1 JECATUKPATHBIM POCTOM BHE3AITHbIX CMEpPTEN BCEX CIIOPTCMe-
HOB 3a nociyieqHun rox. Hezasucumo ot Bospacra. Ho netu 1o 18
JIET BCer/a Jiyyllle epeHOCsT 'MIIOKCHUIO U B UX TPyIIIe He Takast
BbICOKasi cMepTHOCTh Bcero 300%, korja BO B3pOC/ION TpyIine
cioprcMeHoB 1300% . A Teniepb MUHYTOUKY U30BITOYHAS CMEPT-
HOCTb BO BCEM OCTaJIbHOM HACeJI€HUM IJIAHETHl 3a MOCIeHUIA
rof He npesbiIaeT S0% nov4yBCTBYUTE pa3HULLy. A 1ajiee KOHEed-
HO €CTh TO, YTO HAC JIeJIa€T CUJIbHEE M IMOBBIIAET KUCIOTHOCTh
KPOBH, K IIPUMEpPY BIIUTh Ta3UPOBKU WIJIA YETO TO ChECTb KUC-
JIOr0 BOT HAIlpUMEP KJIIOKBBI, KBAILIEHOW KaIyCThl, a €CTh IPO-
JOYKTbI IOHUKAIOIIUE KUCJIOTHOCTh. TBOPOT, MOJIOKO, PACTUTETb-
Has Nuiia (He KUCIas) UX Has3bIBAIOT €llle IIEJIOYHbIE MPOAYK-
Thl. U ecThb neiicTBus win (pusmyeckre Harpy3ku MpUBOSIIINE
K HApYyIIEHUIO HAIEro KUCIOTHO IeouHoro 6ananca. Hampu-



Mep MPOAOJIKUTENbHAS M MHTEHCUBHASI TPEHUPOBKA C OOJIBIIM
00€3BOKMBAHMEM TIOHMKAET KUCJIOTHOCTh, HarTpuMep Oer Mapa-
(ona wm urpa B pyro01. B KpOBHM CTAHOBUTCSI MAJIO YIJICKUC-
JIOTBI, COOTBETCTBEHHO MEHbIIIE TPUTOK KHUCIOPOIA, €CTh PUCK
OCTaHOBKH WJIH CTIa3Ma CepeyHON MBIIIIIBI WM OpoHxocna3m. B
MOCJIEIHEM cllydae (pU3UYECKU TPYAHO BIOXHYTh. BOT 1 Bce, TO
ecTh (hU3MKa TUIAHETAPHOro MaciiTaba OYeHb BaKHAa M MHOTHE
BEIIM TECHO B3aMMOCBs3aHbl. [Ip0 HEUTPUHO MBI IOTOBOPUM B
ClielyIolIel I/1aBe, TaKk Kak 3Ta Ta IITYKa, KOTOpasi ONoCcpeIoBa-
HO OCJIa0JIsSIeT AIEKTPOMAarHUTHOE TI0JIe 3eMJTH U KaK Teriepb BbI-
SICHSIETCSl HE Ja€T HaM HOPMAJIbHO JIbIIIIATh, TPUBOIUT K BCAKUM
O0JIe3HsIM U OCJIOXKHEeHUsIM. 1 Ha MOCOIIOK TYT OCeHMsa OfHa
MBICJTb, YeM OOJIbIlle OOBEKT TEM B3aMMOJIEUCTBUE Y HETO JIOJIK-
HO OBITH O0JIee TII00ATbHBIM, & 3HAUUT U CHJTBI, KOTOPBIE OH JIJISI
3TOro UcHoib3yeT. To ecTb rpaBuTalMs VIS TJIAHEThl, 9TO OfI-
Ha MPUPOJA, a FPaBUTALIMS 1Sl 3BE3/Ibl Y TAIAKTUKU COBEPLICH-
HO Apyras. [Io cux nop Mbl He /ienany pa3HULIbl AJIs1 CUIT TPUTSI-
JKEHUSI paccMaTpuBasi UIX OJHOPOJHO Be3[Ie, MPOCTO ¢ OOJIbIIEH
Y MEHbIIIeW KOHIIEHTPAlMEeH, TUIIa OHU UCKPUBJISIIOT TPOCTPAH-
crBo. Ho BOT 3TO He Tak U 3a IJIAHETAPHYIO I'PABUTALIMIO C BbI-
COKOMH J1071e/ BEPOSITHOCTH OTBEUYAIOT OTHOCUTEIBHO MEJIJICHHbIE
HEUTPUHO, a 32 TAJIAKTUYECKOE B3aMMOJECUCTBHE OTBEYAIOT BbI-
COKOSHEpPIrAYHbIE YBAPKU WM HaHO 4€pHble Abipbl (HY/I) pox-
JaloIMecs B X0fle OCIUJUISIMNA OObIYHBIX HEUTPUHO TPEX Cop-
TOB. A Ha BBIXO[IE [TOJTyYaeTcsl 4yeTBepToe ,,CTepuiIbHOE HEUTPU-
HO", C BBICOKOM JI0JIEM BEPOSITHOCTU 3TO U €CTh YBAPK U €CJIU



OBl MOIJT OBl U3MEPHTD €ro Maccy (Kak TO MOWMAaTh B CE€Th) TO
BBISICHIJIOCH OBl UTO 3TO OYEHb OOJbINAS SHEPTHsl, OOJIBIIE YeM
y caMoro ObICTPOro MPOTOHA PA30THAHHOTO JIO CBETOBBIX CKOPO-
CTeH, TO €CTh peub UJET O JIeCATKaX IMrasieKTpoH BoJbT. Ho Mbl
€ro He JIOBUM U OH IMPOHOCHUTCSI MUMO HAC Ha TPOMAJIHBIX CKOPO-
CTIX BBIIIIE CBETOBBIX, HO B MacINTa0aX raJlakKTUK, ¥ B3aNMOJEH-
CTBUE MEXJY HUMH, OH UrpaeT Oosiee BaXKHYIO pOJib, YEM HEWl-
TPUHO B Tipelenax Haiieu raHetsl. KBapk on xe HY]L sto ta-
KHe pellKhe CHJIbl MOXKET MPOJIETAeT OIMH Ha KBaJPaTHBIA CaH-
TUMETpP B ceKyHay. Ho 3aTo oH mpoxoauT Oomnblliee paccTosiHue
U (pakKTUUYECKU NIEPEHOCUT B MIJUIHAP/A pa3 OoJiblle SHEPIUH, a
3HAUUT B3aMMOJICVICTBUE MEK/1y IaJIAKTUKAMU HYKHO CUMTATh B
9TUX YaCTUIIAX, & HEe B OOBIYHOM rpaBuTaiiuu. Torna yepHasi i
TEMHAsI MaTepusi HAM He MOHAJ0OUTCS OT ClloBa coBceM. M
Tak chOpMyJIMpyeM MPaBUIIO — OfiHA OOBIYHASI TPaBUTALIMS TIe-
PEXOIUT B COBEPILEHHO UHYIO C IPYTUMH (PU3NIECKUMU XapaK-
TePUCTUKAMHU.

I'naBa IV

Ha rnasa MHe nonasnach Hay4YHasi CTaThsl IJi€ yUeHble Mpu MOo-
MO CYNEPKOMIIbIOTEPA MPOBEPUIIM TEOPETUUYECKYI0 MOJEb
KHUJKOTO M TBEPIOro KeJIe3HOro sapa 3eMJM U ero Crocoo-
HOCTb F€HEpUPOBAaTh Hallle MarHuTHOE nosie. OKa3anock, 4To Bce
U3BECTHbIE TEOPUU OUYEHb JJAJIEKU OT PEeajbHOCTU WM IPOCTO
HEBO3MOJKHBI, B IPOTUBHOM CIIy4yae eCTh Kakue TO CHJIbI, KOTO-
pbie MBI HE yUUThIBaeM B 3Toi Mojiesv. [loaToMy muHaMo marim-
Ha 3emun gaja cOoi 1 HaM (PU3MKaM TEOPETUKAM MPUAETCS HC-



KaTb JIpyroe o0bsicHeHHe. YecTHO TPYAHO, UTO JIMOO MPUIYyMAaTh
pacriosnarasi TAKUM MHA3EPHBIM KOJIMYECTBOM JIAHHBIX, OCOOEHHO
MEHsI MHTepecyeT MarHuTHoe rojie Benepsl, Mepkypusi, Mapca.
Bot Bompoc eciu ero Ha KpacHOM IJIaHeTe HeT WM OYeHb Clia-
00e, To TTIoYeMy OHO y Hac 6oJiee CHTbHOE? A UTO C IPyTMMHU T1j1a-
HETaMU, C€ OCTAETCS BEJIMKOW TAaMHOM, TaK KAaK MBI IIPAKTHYe-
CKH ellle He HayaJTi MCCIIeJJOBATh IPyrHe IJTaHeThl, a Bce OOIbIIe
Ha CJIOBaX, MO3TOMY NPUJIETCS ceiiuac MMITPOBU3UPOBATh, & TaM
BEpHA TUIOTE3a WM HET PACCYUT BPeMsI WM TOUHEE , COOBITHS
KOTOpBIE OHA TpelcKa3biBaeT. Mtak BceM M3BECTHO, UTO 3JEK-
TPOMAarHUTHOE TI0JIe MOXKET BO3HHMKATh TOJBKO B KAKUX TO JIBU-
KYIIUXCSI CUCTEMaX MPOBOJHUKAX, MO0 B OBICTPOIBUXKYITIEM-
cs ra3e Wi B 11a3Me. Ho B cTaliMOHapHbBIX, HEMOIBYKHBIX Te-
JlaX OHO PeJKO BO3HUKAET. A BHEIIIHEE S1p0 3eMJIM XOTS U pac-
TUIABJICHHOE, HO OYEHb BSI3KO€ HAXOAMTCSI MO/ OOJIBIITAM JIaBJie-
HKEM, TIOSTOMY OHO €CJIM M CMEIAeTCs] OTHOCUTEIIbHO BHYTPEH-
Hero TBEepIOro sijipa, TO He ObICTPO U JaTh TeX TOKOB, KOTOpHIC
MBI HaOMI0aeM HEeCrocOOHO, 9TO He MO BBIBOJI, @ MCKYCCTBEH-
HOTO MHTEJUIEKTA. [IefiCTBUTEILHO B HAIIIEM I10JIe CITUIITKOM MHO-
0 BCSIKMX TIOJIBMKHBIX aHOMAJIME, BCIOMHUM KOTJIa CITy4aeTcs]
MarHuTHasi Oyps1 CTpesiKa Komraca BOOOIIe BPaIIaeTCst XaoTH4-
HO. [ToaTOMYy MBICTTH TaKOBA. A YTO €CJIM Hallle MArHUTHOE TIOJie
3emun HaBoauTCs BHETHUM COJTHEUHBIM, a 3HAUUT MBI OKpYKe-
HbI HE MPOCTO BPAIIAIOIIMMCS MTOTOKOM TUIA3MBbl WM YacCTHIl, a
HeuTo OoJiee cTabMIbHOE ITPOCTHPAIOIIEeCs] MHOTO JaJIbIlle, YeM
MBI fymaeM. To ecTh Bpamaomuiicss poTop, 3TO BCs Hallla Tia-



HeTa 1IeJIMKOM, a CTaTOp BHEIIIHEE M0JIe MOKa HEU3BECTHOI'O MPO-
VCXOKACHUS, HO U3 MOEW TMnote3bl cTpoeHust COTHEUHOU Ch-
CTEMBI, TJIe Mbl HaXOmuMcs, Kak Obl BHYyTpu COJHIIA HAC OKPY-
’KaeT Mo MeprMeTpPy MOIIHBIN IPaBUTALIMOHHBIN Oapbep, Iie KO-
JIMYECTBO BeleCcTBa B BUJIE ra3a u nbim (06mako Oopra) mpe-
BBIIIIAET MAcCy BCEX BMECTE B3ATHIX IUIAHET, a4 3HAYUT ITO KOJIb-
110 MOXET BBICTYIATh B POJIM CTATOpA TEeHEPUPYST TOKU BO30OYK-
JIeHus1, OHM TiepeaaoTcsa ¢ nomoiplo HYJl (HaHO 4yepHbie nbI-
PbI) 9TO TaKWE YACTHIIBI BXOJAIIHE B COCTAB MPOTOHA C OOJIBIIION
MacCOHM U SHEPruey MMEIOIIME MOJNOKUTEIbHBIN 3apsaa. B cBoo
ouepe/ib OHM MOT'YT JIaBaTh KPaTKUid BHIOPOC SHepruu JxeT, Ko-
TOPBIA MbI PETHCTPUPYEM, KaK JIEKTPOH, MO3%e OH CHOBA OyJeT
TOIJIOIIEH M BBIXOJUT, YTO JEKTPOHBI 3TO HE MOCTOSIHHBbIE Ya-
CTHUIIBI BOKPYT aTOMOB, a TaK¥e BpeMEHHbIe BHIOPOCHI JIKETHI, KaK
ylapbl MOJIHUM, TIPYM 3TOM OHM CHOBa TIOIJIONIAIOTCS OOPaTHO B
TeYeHHe KOPOTKOrO BPEeMEHH U B 1IEJIOM JII0OO aTOM HeUTpalieH,
B HEM CKOJILKO BBIIIIJIO HAPYKY BHIOPOCOB B BUZIE CTPYEK, CTOJIb-
KO ¥ TIOTJIOTWJIOCH B €IMHUITY BpeMeHH. A fjasiee OH MOXKET O0JTb-
I1Ie TIOTJIONIATh IEKTPOHOB, YEM BBHIOPACHIBATH U 3TO COCTOSTHHE
Oy/IeT ONUCHIBAThCS, KaK TOJIOKUTENHBIN 3apsijl. A eclid KOJH-
YeCTBO BHIOPOCOB OOJIBIIIe YeM TOTJIONIeHNH (M30BITOK JIEKTPO-
HOB) 3HAQYMT 3TO OTpHULATEIbHBIN 3apsy aroma. Cxema Burare-
714 BBIIAAMT Tak. EcTe BHeHAA cpepa ComHEUHOM CUCTEMBI, U
OHA BpalllaeTcsi MHOTO ObICTpee Halllel TUIaHeThl, ITO CTaTop, a
ee poTopoM OylleT MarHUTHOE ToJie 3eMJiH, ¢ (POKYCOM Ha IIEHTP
Tesna TuiaHeTsl. [103TOMy HaM KaXeTcsl, YTO UCTOYHUK U Oojee



CHJIbHOE T10JIe HAXOAUTCS B ee Heapax. DTa TUIoTe3a XOpoIla
TEM, UTO TMO3BOJISIET OOBSICHUTH HE TOJBKO IEKTPUIECKHE pa3-
pAAbl B Hallen atMocgepe, CTaTUYecKoe JEKTPUUECTBO, HO U
MarHUTHbIE AHOMAJIUY U CKJIOHEHUE MAarHUTHBIX TIOJIEH MO Bep-
trkaym. Korpa rianera qBUKeTCsl B TPOCTPAHCTBE OHA TTPUOIIH-
JKaeTcs TO K OOHOMY Kpaio BHelmHel cdepsl oomaky Oopra To
K JIpyroMy, Io3TOMY BCE€ MOCTOSIHHO MeHsieTcsl (POKYC Hampsi-
KeHus IperdyeT Tyna ciofa, v re B KOHTUHEHTAJIbHOW TTUTe
€CTh OoraTble 3aJIeXkH1 Kejie3a, OHU BbI3BIBAIOT JOTIOTHUTEILHbIC
JIOKaJIbHbIE BUXpEBblE TOKU. V1 MBI X Ha3blBa€M MAarHUTHBIMU
aHomaysimMu 1o tuiy Kypcko#, Ho B GombInx Macmitadax. U
HeJJaBHO HaOoa TaiMIIanc yepHbiX nsateH Ha CosHIe U yBU-
JeJ1, KaK MeJIKHe MSTHBIIIKY CJIMBAIOTCS B 00JIee KPYITHBIE, CIOB-
HO MYy3BIPbKM MBUIBHOW MEHBI. JIeno B TOM, 4TO /10 CUX IOp He
sICEH MEeXaHU3M OoJbIKX YepHbIX AbIp, TIOUYEMY OHU IPUTSITUBA-
10T 00bIYHOE BeliecTBO UTA. U BOT ObUIO c/ienaHo Mpearosoke-
HHE, YTO MEJIKME HAHO YepPHbIE BIPbI PH OTHOCUTEIHHO OOJTb-
IIIOM CKOTUJIGHUH, HaITpuMep B OOJBIIIOM OOJIaKe ra3a, HAUMHAIOT
yaiie BCTpeyaTbesi C ApYyr JPYroM U CIUBaThcsi 0Opa3yst Oosee
KpynHble. Ho UX cTabUIbHOCTh UM CPOK JKU3HU, OUY€Hb KOPOT-
KM €CTh HECKOJIbKO BAPUAHTOB Pa3BUTHs COOBITUI. [TepBbIii 9TO
NIPEBPATUTCS B CTAOMJIbHBIN ITPOTOH, C UCITyCKAaHUEM TTaphl TPOK-
KU HEMTPUHO, BTOPOW BapuaHT MpeoOpa3oBaThCsl B HECTAOMIIb-
HBbIA HEUTPOH, 3aTeEM JEerpajupoBaTh 10 HEUTPUHO U (DOTOHOB
¢ anekTpoHaMu. TpeTuil BapuaHT MPOU30MAET KOJUIATIC UM OC-
WU HAHO YEPHBIX JIbIP C YBEJIMYEHUEM IUIOTHOCTU U pe3-



KUM YCKOpEHHEM Ha TepudepuIo raJlakTuKU, OHa TIPEBPATUTCS
B UBApK CBEPX OBICTPYIO U IJIOTHYIO YACTHILY, IIPH STOM POJUTCS
TIOIYTHO YK€ HECKOJIbKO 00buHbIX HYJI min 371eKTpoHOB, KO-
TOpble OYAyT HU K YyeMy OoJiee He IPUBSI3aHbI, TAK KaK POIUTeE-
JIM yexayv Ha aady. Mitoro B Hariem o0ake (hopMHpyeTcst cpa3y
JIBA TUTA YACTHII, 3TO T€ YTO YHOCST SHEPrui0 U3 TOr0 MecTa
paznBuTrast XaOTHUHbIN Ta3 B TIO100Me TUTaHTCKOM chephl, K HUM
OTHOCSITCSI HEUTPUHO U MPOTOHBI, U BTOPBIE TO T€ UTO CXJIOIBI-
BAIOTCS1, aHHUTHITUPYETCS], HO HUKY/IA He YHOCSITCSI, MOJKHO 3aKa-
3aTh, YTO OHM TIOTJIOMIAIOT SHEPTUIO HA MECTE, OPraHU30BHIBAS €€
TIOCTOSTHHBIN TIPUTOK M3 JPYTMX MECT 3a CUET CHUKEHMS JJIeK-
TPOMAarHUTHOTO JaBjieHus. 5l He yBepeH, UTo CBOOOIHBIE K-
TPOHBI OBIBAIOT O3 MPUBSA3KMA K aTOMaM, HO MOJIe/b yKa3bIBa-
€T Ha X BO3MOXHOCTH CyIiecTBOBaHMs. Torma y HaC MeHbIIe
npoOJieM, Mbl 3HAEM YTO TaKOE I'PaBHTAIMs, Ta YacTh KOTOpas
NIPUTATHBAET 32 Hee OTBEYAIOT CBOOOHBIE JIEKTPOHBI MJIM HAHO
YepHBbIC JIBIPhI, & TA YaCTh I'PABUTAIIMH, YTO TOJIKAET 32 Hee OT-
BEYAECT HEMTPUHO U CIMBIIMECS B PE30HAHCE CBOOOIHBIE JJEK-
TPOHBI, KOTOPbIE TEPENLTA B Pe3KOe YCKOpeHHe U3 3a U3MeHe-
HUS TUIOTHOCTH. TO €CTh 3MeKTPOHBI MOTYT U TOJIKATh M IIPUTSI-
TMBaTh B 3aBUCUMOCTHU OT CBOETO COCTOsIHUS. B 1aHHOW Moenu
He paccMaTrpuBaeM (pOTOH MOTOMY, UTO TO BO30YXKIEHHE BaKy-
yMa, KOTOpOe BO3HHMKAET MOCJie MPoJIETa B HEM YBapKa. A 4To
’Ke TaM TOTJ]a pacKaumBaeTCsl, CJIOBHO MOJIEKYJIbl Bojibl? Jlymaro
YTO CaM BaKyyM, 3TO U €CTh IMOKOSIIUECS EKTPOHbI U OH UMH
TIOJTHOCTBIO 3aIOJTHEH. B 11eJ10M 3TO TOke caMmoe, YTO MOKOSIIH-



ecsl (pOTOHBI, HO OT ITOU WU MPUIILIOCh OTKA3aThCsl, IOTOMY
YTO JEKTPOMArHUTHAS BOJIHA BTOPUYHA MO OTHOIIEHUIO K 3a-
paay. To ecTb mpUuYMHA MEKTPOHBI, @ YTO OHU CTAIA PACKaAUU-
BaThCsl WJIM JIBUTaThCsl, BOT TOrJa nmodexana 1o HUM BOJIHA, KO-
TOPYIO MBI Ha3bIBaeM CBeTOBOM. He OyzeT anekTpoHoB, He Oyaer
1 (DOTOHOB, a 3HAYUT €CJTU MBI U300pETaeM Cpely B KOTOPOH He
OyleT ABUraThbCs CBET, 3HAUUT B HEW HET MEePEHOCUMKOB B3au-
MOJEUCTBHI, T€X CaMbIX J1€KTPOHOB. KOCBEHHO Ha 3TO yKa3bl-
BAE€T BHYTPUSIEPHOE IIPOCTPAHCTBO aTOMa HUXKE IJIIOOHHOM I11y-
ObI B HEM He BHUJIHO, KaK JBVIKETCS CBET, U HAIM OOJIBIIINE Yep-
HBIE JIBIPbI B KOTOPBIX (DOTOHBI MPOCTO TOHYT WJIM TOTJIOIIAIOT-
cd. A nasiee caMoe UHTEPECHOE, €CJTU OTTAJIKMBATHCS OT MOJEIIN
B KOoTOpoi BHYTpH COJTHEUHOH CHUCTeMBI OJTMKe K LIEHTPY yBe-
JIMYUBAETCS KOJIMIECTBO CBOOOIHBIX VITU TIOKOSIIIIAXCS JIEKTPO-
HOB, KOTOpbIE Yallle CXJIaMbIBAIOTCS WU CJMBAIOTCS C IPYT APY-
roM. 3HauuT (PaKTUYECKH TPO3PAYHOCTh (CBOOOIHOE JIBUKEHME
(poTOHOB) JOMKHA MaAaTh, CJIOBHO HAUMHAET Pa3pacTaThCs CKa-
sxeM Cepast UepHast AbIpa ¢ YaCTUYHBIM TOTJIOIIEHUEM SHEPTHUH.
W koraa mbl BUgUM 1iATHO Ha aucke ConHIa, Aa erle OOMbIIIX
pa3MepoB € TPEThb JUCKA, 3TO 3HAUYUT MPOU30LIES TMIAHTCKUI
npo0oii BeliecTBa uepes BClo Wiv nosoBuHy COTHEYHOU chCTe-
MBI, ¥ 3TO CKOpEE BCEro Ha3JIeKTPU30BABIINECS MPOTOHbI HAYU-
HAIOT YCKOPATCS Ha IIeHTp OT nepudepun. BeiBon ecnu Hampsi-
K€HHocTh DMII 3emm majgaer, Kak TOBOPAT Y4YEHbIE, TO 3HA-
YUT MBI PUOIMKAEMCS K TEOMETPUUECKOMY TIeHTpy MIiedHOro
MYTH, CBOOO/IHBIX TIOKOSIIIUXCS JIEKTPOHOB BOKPYT CTAHOBUTCS



Oosbllie, OHM OOJIee YacTO CIIMBAIOTCS, POXKJIAIOTCS BTOPUYHBIE
OCIIWJLISIIIM U BBIOPOCHI SHEPruu. M 3TO MPUBOIUT K HEKOH TYP-
OyJIEHTHOCTH B IPaBUTAITMOHHBIX CUJIaX, U €CJIM MbI JIajIbIIe Oy-
JIEM CJIEIoBaTh K LIEHTPY rajJlakTUKU, HE NMOBEPHEM Ha3a[, TO B
1IeJIOM TIOIJIONIEHUEe SHEPruu OyJeT BhIIIE YeM ee BbIAeseTcs
00paTHO B BU/IE U3ITyYeHHUsI. A 3HAYMT I7I00TTHFHOTO OTETUICHUS
MOXET ¥ HE COCTOSITCSI B CKOPOM Oy/yIeM. DJIeKTPOMarHiTHOE
nosie 3emMiid MOIJIO ObITh CHJIbHEE, HO 3HAYMTENIbHASI €r0 4acThb
norouaercs crycrupimmucs Hano Yepuosimu [Ipipamu, kormaa
Kak Ha nepudepur raJJakTUKA UX MEHbIIE, TaM IJI00aJIbHOE ra-
JIAKTUYECKOE TI0JIE UCTIBITHIBAET caMble OOJbIINME HAMPSKEHHO-
CTU U3 3a OoJsiee pe3KOro nepenaja AaBiIeHUs1 CBOOOJHBIX JeK-
TpOHOB. [103TOMY OTHU CUJIBI YpaBHOBENIMBAIOT Apyrue. BeiBon
TIOKa TaKoM, ceituac pakTruecku (He 1o rpudopam) vare IMIT
YCWJIUBAETCS, HO OOJIbIIe MOTEHIIUAIBHO, UJIET CTYIIIEHUE CBO-
OOIHBIX MEKTPOHOB, YTO HATIOMUHAET CXKATYI0 IPYKUHY, KOTO-
past criocobHa B JTI0OOM MOMEHT Pe3Ko pactpsamMuTtcs. Yrto rpo-
3UT JIOKAJIbHBIMM AHOMAJIUSIMU U MOIIHBIMU CeBEpHBIMU CHSI-
HUsAMU. [[BUTasch K 1IEHTPY TaJakKTUKU, Mbl HAYMHAEM T10 YyTh
YyTh YCKOPATCS B TPOCTPAHCTBE M Hallla IJIOTHOCTD JAOJIKHA U3-
MEHUTHCS B CTOPOHY CKaTWsl, 4 3HAUYUT BHYTPEHHEE JIaBJICHUE
MOBBIIIATHCS, BBI3OBET 9TO BYJKAHUYECKYIO aKTUBHOCTb WJIA HET
HE U3BECTHO, TIOTOMY YTO OTOOP SHEPTrUM MOXKET NepeBellBaTh
ee MOCTYIJIEHUe M HUYEro CTPAIIHOTo He OyJeT. A ellle HaM Mpu-
JeTCsl AJalTUPOBATHLCSI K HOBOW MOBBIIIEHHOW I'PaBUTALIUU U 3TO
3aliMeT Napy TPOWKY JIET, [NIABHOE TENephb MOHATHO OTKyJa Ha-



BAJIMBAETCSl BHE3AIHASI YCTAJIOCTh U HUYETO HE XOUeTCsl AesaTh.

I'maBa V

HakoHenl To yueHble IpuayMaiy Mofesb, Ilie TeMHasi MaTe-
pusi, oOpaszyeTcss U3 OObIYHOM, HAUMHASI OT CaMOro OOJIBIIIOTO
B3pbIBA B BUJIE TOKA HEYJIOBUMBIX YACTHUII, a Jajiee Mo Mepe
HAaJOOHOCTM OHM TIEpexXonsAT B oOpaTHOe cocrosiHue. [lomyda-
€TCsl, UTO U3 YUCTOTO BaKyyMa MOXKET MOSBUTCS (POTOH, JEK-
TPOH M MPOTOH, 3TO U Oy/IET CUUTAThCS OOPATHBIM MEPEXOIOM.
Ha nmanHBIE MOMEHT 3KCIepUMEHTAIBHO 3a(PUKCUPOBAIM BHE-
3aIMHOe MOsIBJICHHE U3 HUOTKY/JA TOJIbKO (DOTOHBI U JIEKTPOHBI.
Jlymalo 4to NMpUMEpPHO TaK OHO UM €CTh, U €CJIM He 3a/1aBaTh BO-
IPOC, a KaK MOIYYUIICs: caM OOJIbIION B3PbIB MJIM OTKY/IA B351J1aCh
IUISI HETO SHEprus, TO BCE CXOOUTCS M OalaHC CHJI BOCCTAHAB-
nvBaetcsi. CKopee BCero, 4To Obl HEBUIUMbIE YACTHUIIHI HA30BEM
UX YBAPKU W HEUTPUHO, ITO aHAJIOT MPOTOHA U (POTOHA , MPO-
SIBUWIKCH B HAllIeM IIPOCTPAHCTBE UX HYKHO KaK TO MOATOTOBUTD.
Wnu nyist 3T0Or0 HYKHBI 0COOBIE YCTIOBUS. Bam He KaxeTcs cTpaH-
HBIM, UTO HIKe aOCOIIOTHOTO HYJIS aTOM BCE PaBHO MPOIOIKAET
nBukeHre? Y 9to ¢ OlHOW CTOPOHBI TeMIepaTypHOU Kb y
HAC €CTb BCEro TPHUCTA C HEOOJBIITNM I'PayCOB, a C IPYroil COTHU
MWLTHOHOB. Kak Oy/1 TO MBI BIUIOTHYIO TPUOJIMIKAEMCST K Her3-
BeanHoMY Oapbepy. CKopee BCero 3a HUM | MPSUYETCs] OKa He
BU/IMMAasl HAMM SHEPrusl U Matepus. A janee Bce MpocTo, eciu
IIPOTOH NEPECTAHET COBCEM JIBUTAThCS, TO OH B IIEPBOM BapuaH-
T€ COKMETCSI B CBOMX pa3Mepax U OyJeT 3aHUMaTh MEHbIITYIO 00-
JIaCTh, BTOPOW BapUaHT TOXE caMoe IUII0C OH CTAaHOBUTCS IPO-



3pauyHbIM U B HEM MCYUE3aI0T KYJIOHOBCKUE CUJIbl OTTAJIKUBAHUSI.
To ectp, mepeoxiIaxkaeHe BEIEeCTBa HIKE a0OCOMIOTHOTO HYJIS
BEJIET K €ro BaKyyMU3alllK, IPOBEPUTh ITO IKCIEPUMEHTATILHO
MOKa TPYAHO U HE BCE aTOMbl JOCTUTHYT 3TOIO COCTOSIHUS Cpa-
3y, HO TeM HE MEHee C KaKMUM TO ra3oM MOonmpoOOBaTh MOXHO.
Kcratu MHOTUME Ta3bl GECIBETHBI WA TIPO3PAYHBI, MOXKET OBITH
NOTOMY, YTO OHHM OJNM3KHU K 3TOMY cocTosiHuo? Ipyrumu cio-
BaMH IJIe TO YACTUYHO OT/IEJIbHbIE aTOMbI TIEPECKAKMBAIOT a0CO-
JIIOTHBIN HOJIb ¥ MICYE3AI0T U3 HAIllero MUpa. A 3HAYUT HAM HYXK-
HO CTaBUTh IKCIEPUMEHT IJi€ YaCTUIIA WIM aTOM CMOTYT aHHHU-
rIMpoBarth. M3 6onee G1IM3KOIM TeMbI 3TO CTOIKHOBEHHE pa3HoO-
VMMEHHBIX YaCTHI] TAKUX KaK JIEKTPOH IUTIOC MO3UTPOH, MOCIE
YEero OHM JIOJDKHBI Mcue3HyTh. [Ipu pacniane Ypana y Hac ucue-
3a€T SHEPIUs U Macca BCEX OCKOJIKOB HE paBHA UCXOIHOMY Be-
HIECTBY, a YTO €CJIM M CaMHM aTOMbl TOX€ aHHUTWIMpYloTcs? B
JAHHOM CJIy4yae MPOTOHBI U HEUTPOHBI? [lOMyCTUM OHU CTOJIKHY-
JIUCh KaK pa3HOMMEHHBIE YaCTHUIIbl B TOT CaMblii MOMEHT, KOI/ia
cayuniics B3peiB. Torma 3to Oyaer ceHcaiyist 1 HaM OOJbIle He
HY)XHBl HEUTPUHO, UTO Obl OOBSCHWUTHL MOTEpI0 3Heprun. Ocra-
JIOCh JIEJI0 32 MAJIbIM U1 IOKa3aTh SKCIIEPUMEHTAIILHO, UTO IPOTOH
Y HEUTPOH MOT'YT CTOJIKHYTbCSI B MOMEHT pacraja sijipa ypaHa,
a MOXET 3TO CIIYYUTCS U ITPU B3PbIBE JIETKOrO BEUIECTBA, HAIIPU-
Mep Bofopona. B uzeasne onbIT OyeT BHIIIAAETh TaK: Y HAC €CTh
Kamepa U Mbl ee B3BelIMBaeM IMycTylo 6e3 Bo3yxa, TyJa rnome-
CTUM JIeNIsIeecs BEMIECTBO U CHOBA B3BELIMBAEM UX. 3aTEM IO-
CcJIe MoJTypaciajia U30Tola Mbl, €Ie pa3 BCe 3aMepsieM, Ha TO4-



HBIX Becax W orpejesseM aHoManuu. Eciu Macca yBenmuumiach
9TO OfIHA UCTOPMs, BO3MOXXHO ITPOMU30LIE]I CUHTE3 BEIECTBA U
y Hac U3 MOANPOCTPAHCTBA BBIIUIM aTOMbI CTAJIM BUJUMBIMU U
ocsi3aeMbIMU. EciM cTaHeT He XBaTaTh MAcChl, UTO CKOPEE BCETO
u Oy/IeT, 3HAUUT MPOU3OIILIA Ta camasi aHHUTWISIUS IPOTOHOB
1 HeUTpoHOB. [0 moBoay yHOCA HEPrUM YacTULIAMU HEUTPUHO,
IO0YeMY J0 CUX IIOp €CTb COMHEHMA y cepbe3HbIX (pu3nkoB? [1pu-
Be/y MPOCTOM IPUMEP Y HAC €CTh TEJIO, K MPUMEPY BOJIb(Ppamo-
Bast OOJIBAHKA B CTO KUJIOTPaMM, MbI €0 CHAYaJIo B3BelllaeM, 3a-
TEM HarpeBaeM W3HYTPH, 4TO OBl HE IUIO WCMapeHHe MeTaslia.
3arem CHOBA B3BEIIMBAEM U BUJUM, YTO MACCa €r0 HE U3MEHHU-
JIach WK YyTh MPpUOaBUIACh (KCTATU 3TO TOXKE MOKA HEMOHSTHO)
3aTeM JaéM OCTBITh HAIllEMy IIPEeMETY U CHOBA ITPOBOJIMM B3Be-
mMBaHue. B urore Macca BEpHyJIaCh B UICXOTHOE COCTOSIHHE, €C-
JI1 BOOOI11Ie OHA MEHSJIACh. DTOT OIBIT HE COBCEM KOPPEKTEH, M0-
TOMY, 4TO B SIICPHBIX PEAKIIMSIX UAET OOMEH COBEPIIEHHO JpY-
T'MMU SHEPTUsIMU, (2 B JAHHOM OIbITE Mbl IIPUAABAIIA SHEPIUIO
BHEIIIHUM 3JIEKTPOHAM) TEM HE MEHee TaM MOXET ObIThb, UYTO TO
OUYEHb NIOXOKEE U Macca CHOBA BO3BpAILIAeTCs Ha UCXOIHYI0. [To-
9TOMY He OyjIeM ¢ X0y OTBeprarth 3Ty uaeio. Hazosém ato szep-
Hasl UHEePIUS MacChl, KOTJa OHA MO HeOOBSICHUMBIM MTPUYUHAM
BOCCTaHaBJAMBAeTCA. VITOro B 3B€3IHBIX CUCTEMAX, KAK MPAaBUIIO
OoibIIIe BCero BOJOPO/a, TAKON XOJIOAHBIN ra3, AperyoImii o
KpasiM 13 32 TPAaBUTAIIMOHHOW aHOMAJIMK, 00 STOM 4yTh MO3KeE.
Co BpemMeHeM KaKoH TO U3 HUX 00bEeM pachagaercs v Mpuyem ¢
KaKOW TO OJIHOW CKOPOCTBIO, TAKOW OOBIYHBIN TIePHO] TIOTypac-



najaa, Ho B LIEHTPAJIbHOM YaCTU €ro OCTAETCS MEHbIIIE, TIOTOMY
YTO TaM HUKE JaBJIeHHe BaKyyMa U OJrke K aOCOTIOTHOMY HY-
JI0, KaK OyJ1 TO B IIEHTpe 000U 3B€3THON CUCTEMBI HAXOIUTCS
yepHasi pipa. A jajee Bce MpoCcTo, UMEHHO TaM U3 32 CBEPXHU3-
KHMX TeMIIepaTyp BOIOPO MMeeT OOJIbIIe MAaHCOB B3OPBAThCS 1
AHHUTWIIMPOBATh. M3 32 MeHbIlIero BHeIIHero jaapjienus. Koro-
poe Cco3JaeTcs 3a CYET PACKPYTKHU aKKPELIMOHHHOTO JJUCKA BCEU
cucteMbl. To ecTh Takasi ITYyKa Kak aKKPELMOHHBIN TUCK €CTb,
HE TOJIBKO Y UEpHBIX JIbIP, HO Y BCEX 3BE3[, TOJIBKO Oosiee cia-
Obili 1 MeHee 3aMeTHbIN. CaM TUCK COCTOUT U3 Pa30THABIIMXCS
TOCJIE pacriaja aHHUTUIMPOBABIIMX YacTull, 310 i HY/I nim
MaTepusi B COCTOSIHUM KOTJIa Mbl €€ YK€ HE BUJUM, HO €llle OHa
COXpaHsIET IPABUTAIIMOHHBIN MOMEHT 3a CUeT yCKOpeHust. Mox-
HO CKa3aTh YTO 3TO NEPEXOIHOE COCTOSHUE MATEPUH U3 HAILIETO
MHpa B TOT 3€pKaJbHbIA. A y YEpHOM AbIPbl HET YETKOM T'PaHU-
IIbl ¥ TIEPEXO]] BEIIeCTBa U3 OIHOTO COCTOSIHUSA B JIpyroe Oyaer
nocreneHHbii . IToro Ml peamnonaraeM MeajIeHHYIO XOJIOIHYIO
AQHHUTWISIIIVIO BEIIECTBa, Oe3 BhljieieHus SHeprun. To ecTh na-
e (POTOH U3 ITOM MITYKU HE BHIPBETCS B MOMEHT pacraja sapa
BOJIOPOIA, BCSI OHA OyzieT nepeOpoliieHa B TEMHYIO 3epKajIbHYI0
Matepuio. OTciofa BbIBOI €CJIM JAHHBIN MPOIIECC UMEET MECTO 1
MBI YK€ OKPYKEHbl HE CBSI3aHHBIM THUIIA Ta3a BEIIECTBOM, a BO-
KPYT 36MJIM €CTh BPAIAIOIIMICS CJIOW BXOASAIIUX AHHUTWIISIIIUA
U3 3a 3TOro u cozaaercs 3pdexT nputskenuss. To ecTh rpaBU-
Talys TO TeUeHHWe TEMHOU MaTepyy WM aTOMOB, KOTOPbIE Mbl
HE BUJIUM, TaK KaK OHM HAXOJSATCS 3a MOPOrOM Hamlero 0apbe-



pa, HO OHU UMEIOT CBOMCTBA TEUSHMSI U BCE YBJIEKAIOT 32 COOO.
Ho 9rto ObI BOWTH B 3eMJTI0 UM HYKHO, UTO ObI TAM B €€ Hefipax
OCBOOOIMIIOCH AOCTATOYHO MECTa, a 3HAYMT TaM IMPU BBHICOKOM
JaBJICHUU U TeMIlepaTypax CTOJIKHOBEHUE TPOTOHOB U HEUTPO-
HOB C TIOCJIeYIOIIel aHHUTWIISIIIEN TTporcxost vaiie. Ho ectb
apyrasi Oosiee UHTEpecHast ujies, Tak KaK aHTHBEIIeCTBO JIOJK-
HO 00J1a/IaTh CBEPXTEKY4eCThI0 U Mbl HE MOKEM €My BBICTABUTH
nperpajy, Hala aTOMHasi pelieTka Jyisi Hero rnoyTy mpo3pavyHa,
¥ MarHUTHOE TI0JIe OHA TOXe mpeooneBaeT. [loatomy BooOIIe He
MIOHSITHO, KaK OHA MOXET YBJIEKaTh 3a codoii nmpeameTsl? Corna-
CUTECh OYeHb CTpaHHO. OTcloa APYrord HEOKUIAHHBIN BBIBO]I,
3a KOTOPBIN B AajibHeieM Oyay TonuTh. Eciau B3sTh OObIYHBIIMA
npeIMET HAlpUMep MsTd, IOIOPOCUM €ro BBEPX W OOHAPYKUM,
YTO B HEM WJET pacKauka WM JIPOXKAaHUE aTOMOB, U C OTHOM
CTOPOHBI OHU 3TO OYAYT Jie/iaTh CHIIbHEE YeM C JIPYrou, CJIOBHO
TUIOTHOCTh AHTUMATEPUU CHUKAETCSI TaM TJ1e HAXOIUTCS TUIaHe-
Ta 3emisi, OTCIo[]a BO3HUKAET PEaKTUBHAS TATa B CTOPOHY T'pa-
BUTAIIMOHHON aHOMAJIMM U XOTSI OHA HAXOJUTCS 3a MpejeiaMu
TUIAHETHI, B JAHHOM CJlyvae U M4 ¥ 3eMiist 00a BMecTe pasro-
HSIIOTCS B OJIHY CTOPOHY, HO TIOCJIeTHsIs1 OOJIBIINX Pa3MepoB U Ha
MOBOPOTE ero cOuBaeT. ATO KakK eciu OSKUT CIOPTCMEH U JIO-
1a]b U TOCTIETHSISI Ha TIOBOPOTE 33/I€BAET €ro KOPITyCOM U TOJI-
TaJIKUBAeT Briepel. [1naHeTa Hac MOATANKUBAET C OIHOUM CTOPO-
HBI ¥ IPUTOPMAXKUBAET C IPYrod MPOTUBOIOIOKHON M TaM MBI
TOXE YCKOPSIEMCSI B 3Ty CTPOHY WJIM TOUKY B IPOCTPAHCTBE HAXO-
JSUIYI0CS JasleKo 3a npejeaamu 3emutd. Mitoro nonmyvaercst, 4to



XOT$1 9TO cpepa, HO OHA TOKE IBUKETCsI, HO Te MEJIKUE TIpeiMe-
ThI, YTO YCKOPSIIOTCSI BIIEPE/I 110 X0y ABVIKEHUSI (2 3eMJISl X JI0-
TOHSIET M COMBAET) U T€ YTO HAXOAATCS C IPOTUBOIIOIOKHOM CTO-
POHBI, HO TUIAHETA 3a CYeT BpallleHUsl YyTh MPUTOPMAKUBAET U
BCE MpeMETHI yxke HaOeraioT caMu Ha Hee U Bpe3atotcsi. Tak BoT
y 9TOM TUTIOTE3bI He OBLIO JIOKA3aTEeNILCTB, TaK KaK MEX/Iy THpei
B oquH KuiorpamMm. Ha CeBepHOM momioce U TOM K€ CaMOM Ha
FOxHOM 0MKHA OBITH HEOObIIIAs pa3HuUIla. M Kak roBOpsAT yue-
Hble y CeBepHOro NoJoca ecTb MPorud OTHOCUTENHHO chepry-
HOCTHU M TaM BCE BECUT HEMHOI'O POLEHTOB Ha 5% menblue. Ho
Ha CaMOM JieJie TIpeIMEThl TaM YCIEBAIOT Pa30rHAThCSl MeJ|JIeH-
HEH, TOTOMY, UTO B LI€JIOM OHU JOTOHSIOT HAIIly TIJIaHeTy C3au U
coy/IapeHHe IMPOUCXOANT OoJtee MATKoe. [IBa BeKTopa yCKOpEHHMS
CKJIaJIbIBAIOTCSI ¥ B3AMMHO OCJIA0NISIIOTCSA. A Ky/la Hac BCEX 3aTs-
ruBaet? U uyro? [ToHATHO, YTO 3TO aHAJIOr YEPHOM JBIPHI, HO B
HaIllel rajlakTHKe, a ecTh elrle OaputieHTp B COTHEYHOH cucTeMe.
['omoBbIe KoneGaHus UIYT BO3JIE HETO, A THICSUEIETHUE TTUKITbI,
910 Ha OGaputieHTp MiieuHoro mytH. To 4To Tena B pa3HbIX MOTY-
IIapUSIX BECST HE OIMHAKOBO, €IIe He JI0KA3aTeJIbCTBO PEaKTHB-
HOW TUMOTE3bl MPUPO/IBI IPABUTAIIMU, 2 HEJABHO 51 OOHAPYKWII,
YTO JIETO ¥ 3MMa MPOUCXOIAT B Pa3HbIX MOIYLIAPUSIX, HO CUJIBHO
OTJIMYAIOTCS APYT OT Jpyra. Yero ObITh He 10KHO, CONHIIE ke
BCEM CBETHUT OIMHAKOBO... [InaHeTa moBopauuBaeTcs Mo cBoei
opouTe, TO OJHUM OOKOM TO JIPYTUM... A HET BCce He TaK IMpo-
cTo, Kak Kaxercs. B IOxxHoM nonymapuu 6onee Msrkue 3vMbl,
BOT IMPSIMO cefvac Ha Nosmoce xosoza He oosnbine -40 ° Lenbcus,



a JokHO ObITh Omke K 60° Llenbcusa. Ho tam Obuta 04eHb XO-
JonHas ,, BecHa" 1 B 9TOM rofy oHa MOCTaBMJIa PEKOPA U ObLIO
AQHOMAJIBHO XOJIOJHO 3a BCI0 UCTOPUI0 MeTEOHAOMONEeHU. DTO
BCe paBHO uTO B Anpesne y Hac B [Tutepe yaapuit 6bl copokarpa-
IOycHbII MOpo3. Moxer ere u OyieT noxuBem yBuauMm. Ho B
LIEJIOM 3TO TOBOPUT O TOM, YTO PEAKTUBHASI MOJEJb YCKOPEHMUS
KaKJIOrO OTAEIbHOTO aToMa B MPOCTPAHCTBE OMKe K UCTUHE, U
OoJIbIIIe TTOX0KE Ha TMTAHTCKUIN ITUKJIOHUYECKUI BUXPb, TOJTBKO
OoJTbIlIasl YacTh ATOMOB HAMU HEBUMMA M YCTPEMIISIETCSI BCe Ha
OGapuIIeHTp WM MeHbIIlee JaBjieHrue BakyyMa. TOYKY pUTsIKe-
HUs- YCKOPEHUsl, KAK MUHMMYM JBe 3TO Hail 1ieHTp B ConHeu-
HOW CHCTeMe M BTOPOU raJJaKTUIECKHIA, TIOC/IEIHUI O0Jiee CUTb-
HBII pa3 B JIECATh U MO3TOMY pa3HMLa Mexay CeBepoM IiaHe-
Tol ¥ FOrom Oosnee oueBugna. To ecth cBouM KOxKHBIM OTI0COM
MBI JIETUM Ha sipo MJeuyHOro myTu. A 4To 3a ABUraTeiud CTOST
B KQKJOM aTOMe, Hy pa3 OHM BCe BpeMs KyJla TO YCKOPSIIOTCS?
WM TyT BO3BpalaeMcs K Ha4asly cTatbu, 4To ecTh 20% BUAUMOIO
BemectBa M 80% HeBuauMoro. VM mpoToH oTOpachiBaeT B OAHY
CTOPOHY OOJIbIlle HEBUAMMOTO BEIIeCTBA C HETO CTapTYIOT Hei-
TPUHO, YBAPKH, YEM B JPYTIYIO, MOSIBJISETCS pa3HULIA B UMITYJIb-
cax. To ecTb aTOM He MPOCTO TaK JPOKHUT KaK OCEHHUM JIUCT,
€ro MOCTOSTHHO COTPSICAIOT KATaKJIM3MbI U POXKJIAIOTCS BHIOPOCHI
9Hepruv. A ckopee Bcero oH JepopmMupyeTcs 3a cueT BHYyTPEH-
HUX aHHUTWJISAIUHN ¥ 9TO OJIMKE K UICTUHE. 3HAUUT U PO HaIlIeH
IUIAaHETHI T/l Yallle aHHUTUJIMPYETCS] BEIIECTBO HAC Pa3rOHSIET
BIIepe/l 10 OpOUTe, U3 32 BO3HUKAIONIEH Pa3HUIIBI B JIABJICHHH.



(Toxe camoe, HO B MEJIKOM MacITa0e MPOUCXOIUT B KakJIOM
arome.) [IpocTo B OOBIYHBIX YCIOBUSX MBI 9THX MeTaMopdo3,
HE BUJUM U HE perucrpupyeM. M Ham Kaxercs, YTO BELECTBO
KyZla TO IIPUTATUBAETCA WUJIM MAJAET. A BOT U HET, OHO AKTUBHO
JBUKETCS KaK paKeTa, UCIIOJb3Yys SAEPHYIO PEAKLIMIO aHHUTUIIS-
1IMY KBapKOB, ME30HOB, (POTOHOB WJIM elle yero. Mer nocrosiH-
HBII TIepeXo]] YaCTUI] M3 CyOIPOCTPAHCTBA B HAIIl MU Ha YPOBHE
IJIIOOHHOM HIyObl B sijpe aToMa, U 0OpaTHasi aHHUTWJIALUS (po-
TOHOB U3 aKPELIMOHHHOI'O IMCKa aToMa B TOT 3€PKAJIbHBIA MUP.
OO0pazyeTcs pa3HUIIA B TaBJICHUH, KOTOpasi paBHa CKOPOCTH CBE-
Ta (TO €CTh aTOMBI JIOCTATOYHO SHEPTMYHO yOeraloT Ha CKOPOCTH
CBETa, €CJIM Obl MX BBITYCTUTh B UUCTBI KOCMOC) HO TaK Kak Hac
OKpY’KaeT TeMHasl SHEPIrUs (Te )Ke aTOMbl, HO HEBU/IUMBIE C HU3-
KOM 3HEPruen), Kotopas JBUKETCS BMECTE C HAMU B ITOITyTHOM
HaIpaBJIEHUH, TO KAXETCS YTO BaKyyM CTOUT Ha MECTE U Mbl HE
CUJIBHO YCKOpSIEMCS 110 OpOuTe.

I'naBa VI

Ceronast MbI TOpoOyeM OMEHSITh CllaraéMble B TPaBUTAIIH-
OHHOM YPaBHEHMM DVHIITEMHA, KAK U3BECTHO OT 3TOT0 CyMMa
WIN pe3yabTaT He MeHsieTcsl. Eciy cuitbl rpaBUTaliig OOHYJIMTS,
a MaTepus aTOMBbI U BCE YTO U3 HUX COCTOUT JIBUKETCS Ha CKOPO-
CTH CBETa B IIPOCTPAHCTBE, BCE Oy/IeT BU3YAJIbHO BBIIVISACTH TaK
ke, KaK U cernyvac, TOJIbKO HE I'PaBUTALIMOHHBIE BOJIHBI IIPUTATH-
BAIOT TeJa K JIPYT APYTy, @ OHU CaMU Pa3TOHSAIOTCA U CTAJIKMBA-
I0TCS, KaK JBe MalyHel. O4eHb CTPAaHHO, YTO 3Ta UIEA 10 CUX
IIOp HE MpUIUIA HUKOMY B rojioBy. Toxe cambil (POKYC 1 MPO-



AenbiBai it (POTOHOB M BCEX MEKTPOMArHUTHBIX BOJH, OOHY-
JI511 UX CKOPOCTh B MIPOCTPAHCTBE, HO MPO TPABUTAIMIO, KaK OBl
HA4YMCTO 3a0bUT. A 3TO OYeHb BaxHO. Ecm cMoTpeTh Ha Harry
BceneHHylo 1 ucrnosnb3oBaTh crapyio HbI0TOHOBCKYI0 TEOpUIO, TO
HOJIyYUTCS, YTO BCE TEJIA 3BE3/1bl U TAJIAKTUKM PAHO WJIU MO3/IHO
JOJKHBI 00pa30BaTh OIMH €MHCTBEHHBIN LIEHTDP MPUTSIKEHUS U
CXJIOMHYTHCS B CUHTYJISIpHOCTh. HaBepHO oTclofa nouwa ujaes o
Bosnsiom B3peiBe. Ho 1o hakty rpaBuTalinoHHOE NoJIE HE cre-
IIUT JIOKAJIM30BAThCSL B OIHOM MecTe, 0osiee TOro Mbl HEe BUIUM
€ro yCHJICHUs ONIMKe K SIPY TANAKTHKH, I1e MICTOUHUKOB THUX
CaMBIX I'PaBUTAITMOHHBIX BOJTH HA IOPSIOK OOJbIle. 3HAYUT, UTO
TO MBI CUMTAEM HE MPABWJIBLHO WM ylyckaem u3 Buay. Hosas
MOJIENb YKa3bIBAET, HA CTOSIYME IPABUTALIMOHHBIE BOJIHBI B IPO-
CTpPaHCTBE, a BCE MaTepHasibHble Teja ABUKYTCS, HA OIPOMHOM
CKopocTy OJM3KOM K cBeToBOi. U eciiv kK mpumepy CoNbIoTCs J1Be
HEUTPOHHBIX 3BE3[Ibl, CO3AETCs1 OOMBIION OY/IbK U PaCXOAUTCS
IMCKOOOpasHasi yaapHasi BOJIHA B IPOCTPAHCTBE, Mbl HAa Hee Ha-
TKHEMCSl Yepe3 OINpEeAeIeHHOe BpeMsi, B 3aBUCUMOCTH OT pac-
CTOSIHMSI U TIOUYBCTBYEM, eciii OyleM MUMO MposietaTb. POBHO
TaK e, Kak Obl Bbl CAMU CTOSIJIM Ha MECTe, a K HaM Obl ImyTellle-
CTBOBaJIa 3TA camasi BOJIHA. B peasbHOCTH MOKET ObITh BCe elle
KpyYe M ABUKYTCS BOJHBI B IPOCTPAHCTBE U Mbl camu. Ho Mbl
He OyJeM ceifuac 3TOT BapHaHT paccMarpuBarh. [lesio B ToM, 4To
Obl JBUraThcs JIIOOOH BOJIHE, HAM HYXEH €€ MCTOYHMK, TO €CTh
B [IOJIHOM IYCTOTE BaKyyMe M paclpoCTpaHATCA HeueMy. A ec-
JI MBI IOMECTUM TY/Ia JIEKTPOHBI 1 OHU HAYHYT PACKauMBaThCs



1ocjie MPOXOXkKIEHUSI BOJHBI, TO Aa Mbl YBUJUM MEPEHOC SHEP-
T C OJHOIO MECTa Ha JIpyroe KBaHTaMU. A ecjii cama IycToTa
HE MOKET NepeiaBaTh SHEPTHIO U HE JBMKETCS HUKYAA, & UMEH-
HO 3TO MPOMCXOIUT, KOIAa HaM TOBOPST PO I'PaBUTALIMOHHBIE
BOJIHBI CJIOBHO CKUMAETCSI U Pa3KMMAETCsl caM Bakyym. Bo3Hu-
KaeT MPOTUBOpEYME, KOTOPOE MOKa He YJAeTCsl YCTPaHUTh, TO-
K€ caMoe KOIJa MBITAITCS HaM OOBSICHUTH MPO JIBUKYIIYIOCS
B MPOCTPAHCTBE IEKTPOMATHUTHYIO BOJIHY, CJIOBHO OHA OapoH
MioHXTay3eH M TsSHeT cama ceOsl 32 BOJIOCHI, JBIIKETCS] B TPO-
CTpPaHCTBE U HE pacxofyeT sHepruo. Ho Mbl To 3HaeM, 4To Jio-
Oast BOJIHA cO BpeMeHeM ocnabeBaeT, KpoMe (pOToHa, OITOMY
YTO TO C HUM He TaK U MOKa ero He OyjieM paccMaTpuBarh. MIToro
B T'PaBUTALMOHHOM B3alMOJIEHCTBUU YYaBCTBYIOT TOJIBKO CaMH
aTOMbl M1 HUYETO HET MeXy HUMU. XOTs €CJIU Pa3HECTU MbUINH-
KU a3 Ha HEKOTOPOE PACCTOSIHUE U YIAPUTh B3PHIBOM TO MEXTY
YacTUIIAMU U aTOMaMU TOOEKUT BOJTHA B3AMMHbBIX COYIApEHU,
MOTOMY UYTO OHU OYIYT JOTIOTHUTENILHO YCKOPSITCS WM TOPMO-
3UTCSl B 3aBUCUMOCTHU IO XOJY YJApHOM BOJHBI ABMKYTCS WU
IPOTHB U 3TO OYEHb BaKHO. BbIBa€T CMOTPIO HA MOTO/IHYIO KapTy
BETPOB 3eMJIH, Kak (pOPMUPYIOTCS 1IMKJIOHBI, yparaHbl, 6apuye-
CKUe JETPECCHU, KaK KOHJIEHCUPYETCs BJlara, BhIIaIal0T OCAJKHU,
¥ MEHs BCe BpeMsI He MMOKUJAET YyBCTBO, YTO BO3IYX Be/IET ceOs
NPOTHB U3BECTHOW HaM (PU3MKH, IJ€ TO JIMHUM BETPOB CXOIU-
JIUCh C pa3HbIX CTOPOH, 3aTEM UCY€3aIU (CJIOBHO HBIPSIM B TIOJI-
MPOCTPAHCTBO) U BBIXOAWJIH PSAAOM, a IJIe TO IPOCTO YCIOKANBa-
JIMCh, & KWHETUYECKasl SHEPTUs Ky/la TO YIE€TY4YMBaJIaCh CJIOBHO



MIPOM30IIUIA AHHUTWIISITHS. HeT KoHeuHO BO3AyX HHKYJa HEe UC-
4ye3aeT U JIOK/IU He MOSIBIISIIOTCS U3 HUYETro, HO SHEPrUsi MOJIEKYJT
YBEJIMUMBACTCSI UM YMEHBIIIASTCS 3aCTaBJIsIeT UX ObICTpee WK
MeJJIeHHel IBUraThcs. B IIMKJIOHE OHU 3TO JIeNaloT, KaK MpaBy-
JIO CHHXPOHHO M JOCTUTHYB MaKCUMAaJIbHO BO3MOKHOU BeJTMYU-
HBI SHEPIMU OHU CJIOBHO Pa30MBAIOTCS O HEBUAMMYIO CTEHY (Ha
CaMOM JieJie CTAJIKUBAIOTCS C PYT IPYrOM B TPOTHUBOIOMOKHBIX
HAaIpaBJIeHUSIX ) PE3KO OCTAHABIMBAIOTCS U JOJIKHBI HArPEBATHCS
TIO/IHUMATHCS BBIIIE TaM KOH/IEHCUPOBATHLCS M BHINIA/IaTh B BUJIE
noxasa. Tak Hac yummm. Ho B peasibHOCTH MbI HaOMIOMAeM Tia-
JeHre aTMoc(epHOro JaBjieHus, a 3HAYUT MO (akTy 1Mo Mepe
pa3roHa yparaHa Tex caMblX B3aMMHBIX CTOJIKHOBEHUI MOJIEKYI
BO3/IyXa CTAHOBHUTCSI MEHbIIIE M Ta caMasi TPaBUTAITMOHHAS WU
y/lIapHasi BOJTHA U3 vacTtuil Oosnbiire He ¢opmupyercs. [lotomy,
KaK HET B3aMMHBIX CTOJIKHOBEHMI 3HAUUT CKOPOCTh OJJUHAKOBA
Y HET NIepeToKa SHEPrur OT OJHOM yacTuile K apyrou. Ta koto-
pasi iBUTaach ObICTpee yaapsieT MeJlJIeHHYIO ee TIOITOHSIET, a ca-
Ma 3aMe[IsIeTCsl, Tak U (POPMUPYIOTCS HOPMaJIbHbIE BO3/AYIIIHbIE
BosiHBL. Ho MBI HaOmomaem coBceM Jipyrue mporiecchl. Tak yem
Omke K OapuyecKoi JIEMpeccuy TeM MOJIEKYJIbl BO3/1yXa IBU-
KyTcsl Bce ObIcTpee U ObIcTpee, CIIOBHO Y HUX MCYE3aeT COMpO-
THUBJICHUE WJI OHH TIOTyYalOT MEHbIIEe JIOOOBBIX CTOJIKHOBEHUH,
a Bce OoJbllie B MOMYTHOM HampaBjieHuu. Tak MOTOK BO3ayXa
NOJISIPU3YIOTCSL M JaJiee CIIOBHO CaM PasroOHsieTcs, Kak OyaTo y
KaK/I0r0 aToMa €CTh CBOU MaJIeHbKUI PEaKTUBHBIN JBUTaTE b U
€My ITIaBHOE He MeIaTh U OH AOCTUTHET 460 METPOB B CEKYHIY



1o 3kBaropy u 300 MeTpOB B CEKyHIly B CpPEAHMX LIMpoTax. To
€CTh 9TO KPUBU3HA OPOUTHI CAMOI 3eMITH, OHA TOXKE YCKOPSIETCS
Y BCE BpPEMs BXOIUT B OBOPOT. MITOro B caMbIX CHIIBHBIX ypa-
raHax Bce MOJIEKYJIbI aTMOC(Epbl IBUKYTCS MaKCUMaJIbHO CHH-
XPOHHO B OJIHY CTOPOHY. A 4TO € TOrja ux NoAKpy4YMBaer? 1o
MIOKa He U3BECTHO, MOXkeT criibl Koprosnuca, HO Gosbinast 4acThb
CUJIbHBIX BETPOB IECTBUTEIBHO PSIMOIMHENHBI HA PACCTOSIHUN
THICSIY KWJIOMETPOB U 0oJiee, TaK YTO BOPOHKA Tal(pyHa 3TO CKO-
pee MCKJIIOUEHUE U3 MPABUJI U YTO TO HAa HEe ellle JEeWCTBYET,
HaIpuMep CHJIbHBIE BOCXOIsIIME MOTOKU. [asee, yem Oosbine
00BEKT HalIpUMeEp IIAHETa, TEM TPY/IHEE €il pa3srOHATHCS B MPO-
CTPaHCTBE, TIOTOMY YTO JIOCTUYb CHHXPOHHOCTH YCKOPEHUSI BCEX
aTOMOB M3 KOTOPBIX OHA COCTOUT Ta eule 3aaava. [Ipuxoaurcs
MIOCTOSIHHO MX KOPPEKTHUPOBaTh, M TO YTO Mbl HAOTIOAAEM MeIlb-
yaiilee JpoKaHUE aTOMOB U €CTh Ta caMasi KOPPEeKIMs, Tak Kak
OHU TOJIKAIOT APYT Jpyra v O€XUT MOCTOSTHHAS TPaBUTAIIMOHHAS
BOJIHA, KOTOpasi IOJI’KHA COOTBETCTBOBATh CPETHEH Y4acTOTe KO-
nebanmii atoMoB. Ho 9To He rpaBUTaIiMOHHAasI BOJIHA, @ OOBIYHAS
yZlapHasi pacpOoCTPaHSIONIASACS B JTOOOM BEIeCTBE, B JAHHOM
CJlyyae OYeHb IUIOTHOM TaK, KaK 3TO YPOBEHb SAEPHBIX CUJ. A
3HAYUT MOKHO MOACYUTATh HATPUMEP B BO3IAYXE CKOPOCTb BOJI-
Hbl 330 mMeTpoB B cekyHAy, B Boge 1400 merpos, B cranu 5000
METPOB B CEKYHAY, a Jajiee IUIOTHOCTh fipa aToMa B JECATKHU
THICSIY Pa3 MPEBBIIIAET KEJIE30 , COOTBETCTBEHHO yAApHAs BOJIHA
TaM OyZIeT pacrpoCTPaHSITLCSI HA CKOPOCTU CBeTa | Bhitie. [1po-
TUBHUKMA MOTYT BO3pa3uTh, YTO AJpPO aTOMa He Kacaercs Apy-



rOro psijioM JIEKAIIEro MEXAy HUMHU €CTh JIEKTPOHBI U MyCTO-
Ta. 51 TOXke Tak JyMaJl paHblle, HO BBISICHWIOCH UTO SIAPO aTOMa
MOXHO 3a(pMKCHPOBATh B JTIOOOW TOYKE aTOMa U B AJIEKTPOHHOM
CJI0e, CJIOBHO OH BBICKOYMJI 32 Oapbep, MPOCTO ITO pesxe MPOoUc-
XO[IUT, Yallle Mbl €ro BUAUM B LIEHTPE aToMa. PaHbllle Mbl He 3Ha-
JIM, 9TO CaMM JABMKEMCS Ha CKOPOCTH CBETa, a 9TO HaKJIa/IblBa-
€T 3ara3/iblIBaHue KAPTUHKH, TO YTO Mbl BUIUM U TO UTO €CTb B
peanbHOCTH. BOT OHa OTKy/a BO3HMKaeT abeppaliysi U rpaBuTa-
LIMOHHOE JIMH3UpoBaHue. Ho mocroiite, a Kak Hac Torga MOXeT
JOTHATh N300paXkeHue, pa3 Mbl Tak OBICTPO camu JiBmkemcs? U
3TO TOBOPUT TOJIKO O TOM, YTO CKOPOCTb YIaPHOM BOJIHBI B $1]I-
pax aTOMOB MHOT'O BbIIIIE€ CBETOBOM, MHa4Y€e Obl Mbl HE CMOIJIH T10-
Jy9UTh HUKaKKe N300pakeHus1, OHa He CMOIJIa Obl HAC JIOTHATD.
Btopoii BapuaHT 1 OH OoJiee TOUHBIA, MBI TIOJTy4aeM U300paske-
HUE OT yIapHbIX BOJIH YaCTHUI] aTOMOB, TOJILKO B TOM CJIy4ae, ec-
JI1 OHU BMECTE C HAMU JBUKYTCS CHHXPOHHO B OJJHOM HaIIpaB-
JIEHUH, TO €CTb MEX/ly HaMU (DAKTUUECKU HYJIeBasi CKOPOCTh. A
3TO YK€ MOMNAXUBAET MNapaJuIEIbHBIMA MUPAMU, ITPEJICTABbTE Ce-
0e, a CKOJIbKO aTOMOB JIBHIKYTCSI KyJia TO B JIDYTYIO CTOPOHY, U
noyemy Mbl ux He BuauM? IloTomy, 4TO HET B3aMMOIEICTBUI
WM niepeToka 3Hepruu. [lomyyaercs, 4To Mbl IPOXOIUM Uepe3
JIpyTue aToMbl ( 3epKaJIbHBIE), KaK YePe3 KaKUe TO PaJHOBOJIHBL,
Jaxe 3Toro He 3ameuas. Ho 31o oraesnbHas Tema HECUHX POHHO-
ro AposKallero ¢ Hamu BerectBa. Ho nmoxoxe 31o 1 ecTh Ta ca-
Masi He[IoCTalolasi TeMHasi Mmatepusi. ITOro Kaxxaplii OTAeIbHbINA
aTOM MOJKET Pa3rOHATHCS U 3TO JIENAET CAMOCTOATENIBHO, KaK Pa-



KETa, TOJILKO OH He TepsIeT SHEPruio U He BHIOPACHIBAET, 2 MEHSIET
opmy KomebaHmi 3a cYET CBOMX BHYTpeHHX yacTril. KBapku B
IPOTOHE CJIOBHO 3alIPOrpaMMHMPOBAHbI COBEPILAIOT YIIPYTUe CO-
yapeHus 10 OIHOW CXeMe WJIM aJrOpUTMYy, IIPY 3TOM OHU 3a-
OUPAIOT WK OTIAIOT YaCTh SHEPTUM Y 3€PKATBHBIX aTOMOB WU
CBOUX KOJUIET 3€PKaJIbHBIX KBAPKOB U TO UTO MPOUCXOJUT BHYT-
pu siApa aTomMa He Moxoxe Ha Hauml Mup. To ecTs eciu 11 HacC
napaJijieJbHOe BeIIeCTBO COBCEM HE BUAUMO, TO Ha KBAPKOBOM
YPOBHE BO3MOKHBI BAPUAHTHI YIIPYTUX COYIAPEHH U TiepeHoca
SHEPruy U3 TOrO MHUpa B HAIll U HA0OOPOT. [ToaTOMy HaM KaxeT-
sl He OOBSCHUMBIM IOYEMY IEKTPOHBI COBEPIIAIOT paboTy, HO
He TepsioT sHepruio. Kak xe He TepsioT, elle Kak TepsIoT, Mpo-
CTO OHM €€ TYT e BOCIIOJHSIIOT 32 CUET YIPYIuX COyIapeHHid ¢
3epKaJIbHBIMU 37IeKTpoHaMU. VI pOBHO MO3ITOMY IJIsi/isl HA BUX-
pY U yparanbl 3eMJid, CO3[IaeTCsl BlIieYaT/IeHUe, UTO IJie TO Ps-
JIOM BO3HUKJIA YepHas [IpIpa 0TOUpaeT y HUX SHEPruio, a rae To
B JIpDyroM MecTe BblOpachiBaeT. HakoHel] IBMXeHUE TUIAHET T0
opOuTam He MoagaeTcst BOOOIIe HUKAKOM JIOTUKE, 1a Y HAX €CTh
HEKUI LIEHTP Yepe3 KOTOPhIN OHU MPOXOJISIT, HO TTOYEMY OHH BCe
BpeMsi K HEMy BO3BPAlAlOTCsl CJIOBHO MPUOUTHI TBO3/ISIMH, 3TO
HE YKJIaJbIBaeTCsl B CTApyI0 TEOpuIo rpaButaiuu. W crout 06-
paTUTh BHUMaHUE HA TUIOCKOCTh OPOUTHI BpAIIeHUsI, TIOUEMY ee
MIPUJEPKUBAIOTCS BCE TJIAHETH U HE TOJIKO B HaIllel CUCTeMe,
a ¥ BO BCell Halllel rajlakTHKe, HallOMUHAsI OMUH OOJIbIIION Taii-
(yn. OTBeT : 310 MOXOKe Ha cJef] OT OONBINON yIAPHOW BOJIHBI,
KOTOpas MoJISIpA30Basia BEMIECTBO BCEW HAIllEW TaJJaKTUKU WU



npujana UM MOMEHT YCKOPEHHU s, KTO Ky/Ia, HO B LIEJIOM B OJHOM
aIropuT™Me. A ecTh U Apyrue Noisipu3aliiy, HO Mbl UX HE BUJIUM,
TaK Kak Mo OTHOIIEHUIO K HAM OHU HaXOASITCS HA JIPYTOM 4acTo-
Te, a 3HAYUT CKOpee Bcero B OydaylleM WM MpoluioM. Tam 1o
JpyroMy UJET camO BpeMmsl.

W Ha nocomok. [Tomyyaercs: 1j1si rpaBUTAIIMOHHBIX COYyAape-
HUI JTIOOBIX YacTUI] BakHA MMEHHO MOJISIpU3alvsi, a UMEHHO
CUHXPOHHOCTb IO OIHOMY U3 BEKTOPOB U BCE IJIOCKOCTH, 3TO B
CBOIO OYepe/ib MPUAAET BpallaTe/IbHbIil MOMEHT MepeHOca SHEP-
T'MU Y HAM Ka)eTcsi, 4To atoM Kpytutcsi. Ho 310 He coBceM Tak
CKOpee yAapbl UAYT MO KPYry U OH OTJIETaeT B MPOTUBOIIOIOK-
HYIO CTOPOHY. A 3HAuuT U 3eMJisl B 1IEJIOM UCIIBITHIBAET TE Ke
camble IPaBUTALIMOHHbBIE COYAApEHUsl U B STUX MECTaX Mbl BU-
JIIM OCTAaTOYHBIE CJIe/Ibl B BUJ/IC BUXPEN U OapuvecKuX Jienpec-
cuii. Tak 4TO BhIpakeHUe IUTaTa ,, 3eMJIs HaJleTesIa Ha TajlaKTh-
YECKYIO OCh" He TaKoe yxke U (purypajpHoe. ..

I'naBa VII

Ciyunsoch coObITHE KOTOPOTO JKAAJ JIONTO, M YKe OTYasICs
MIpU CBOEU JKU3HU TMOJTY4YHTh, KAKHE TO JI0OKa3aTeJbCTBa HOBOM
TUINOTE3bl YCTPOMCTBA rpaBUTalMM. M BOT moxanyiicta acTpo-
HOMBI OOHapy ) UM, uto B Kapimkosoii ranaktuke JIbBa I Haxo-
JUTCs Y€pHAsi AbIpa U OHA CBEPX MACCUBHAs, TOJIBKO UyTh 4yTh
MEHbIIIe, Halllel Haxoasencs B MiieuHoM iyt B CTpebiie A,
a9To MeHsIeT Bclo Hailry ¢pu3uky. Kak Oyaro cHauana nosipisiercst
JyepHasi IbIpa, I1e TO B OTHOCUTENILHO YUCTOM KOCMOCE, OOJIbIIe
MIOXOKEM Ha BOMJ IYCTOTY DPUJaHA, a YKE 3aTeM BOKPYI Heé



(popmupyetcs BelecTBO, NOSBISIOTCS HOBBIE 3BE3/Ibl, OHU pac-
TYT Y NMPEBPAIIATCS B TJIAKTUKY. DHeprus BpauieHus Y/1 ne-
PEXOIUT B MATEpHIO, U YeM OOJIbIlle HOBBIX TeJ MOSBUTCS, TEM
OO0JIbIIIe OHU PACXOMYIOT 3amacoB. D10 3HAYUT uTo Y/ He ToMb-
KO M3IYYaloT SHEPrHio, HO U BHIOPACHIBAIOT TPOTOHBI, HOHU3H-
POBaHHBIN BOIOPOJT ¥ BO3MOXXHO cpa3y OoJiee TSKENble aTOMBI.
A xak onu 3710 fienatoT? [ToHATHO, 4TO TaM B HeIpax 3TUX oOpa-
30BaHUI LIAPUT CBEPX XOJIOJ WJIM OTPULIATENIbHBIA BaKyyM, 4TO
TIO3BOJISIET CIIPECCOBBIBATh OIMHOYHBIE IIPOTOHHI B O0JIEe CIOK-
HBIE CTPYKTYPBI, 32 CYET BBICOKMX CKOPOCTEH IBHKeHUS. [Jymaro
yTO Kjaaccnueckass Y]l 3to oObuHas 3Be31a tura Harero CoJtH-
112, 3aHUMAIoIIIee pa3Mepbl MPUMEPHO B TPUJLJIMOH KUJIOMETPOB,
HO BEILIECTBO TaM CHJIHO Pa3psiKEHO MO KPYTy HOCSTCS] OAUHOY-
HBIE ITPOTOHBI, ATOMBI BOJOPOJA U IEJIs Ha CBEPXBBICOKMX CKO-
POCTSIX MPEBBILIAIOIIUE CBETOBBIE, 3TU ATOMBI MIEPEOXJIAKICHBI,
C Jpyr IPYroM MNpakTUYECKH HE CTAJIKMBAIOTCS MOTOMY, YTO Ha
OINH KyOWYeCKUi MEeTp MPUXOJUTCS OIUH aToM (3TO K MpUMe-
PY) U B TEOPUM TAaKOE PA3PSIKEHUE Ta3a U MbUIM JOJKHBI ITPO-
CBE€UYMBATh HACKBO3b CKAXEM PAJUOBOJIHBI OT JPYTUX TJIAKTUK
JIOJKHBI TTPOXOJIUTh Yepe3 HUX (MOXKET TaK U €CTh) HO BUJUMBIN
cBeT (DOTOHBI TYT K& COMBAIOTCS 1 TIOIJIONIAIOTCS BEIECTBOM, a
BCSl SHEPIUs YXOAUT HA KWHETUYECKOE YCKOPEHUE STOrO TMraHT-
ckoro oonaka. [ToatoMy Takve OObEKTHl YepHBIC, HE U3TyJaloT
W ec/id Kakoe To Teso (TuiaHeTta, apyrasi 3Be3/1a) OyJdeT MbITaTh-
csl lepeceydb Ty 001aCThb CUUTAl Mera BUXps, TO TYT K& HAUuHET
pa3pyIiaThCs, €ro CIOBHO HAaXJIAaKOM OyJeT cTaurBaTth. Bropoi



MOMEHT TaKUX OObEKTOB MOXET ObITh Ha TIOPSAKU OOJIbIIE YeM
MBI ymMaeM, OCOOEHHO B MEXTaJJAKTHUECKOM TIpocTpaHcTBe. U
9Ta e MOJIeJIb, HO C YyTh MEHBIIIEH CKOPOCTBIO MTOAXOIUT U JIJISI
KJaccuyeckou 3Be3ibl Tuna CosHia. Harm nimaneTs! reHepupy-
IOT I'a3 U MbUIb, KOTOPbIE CTATKUBAIOTCS C TEJIOM 3BE3[Ibl U Ha-
YMHAIOT UOHU3UPOBATHLCS. [[pyrumul cioBaMu Mbl KMBEM BHYT-
pu CoJHIIa, a OHO B CBOIO OYepe/ib MPECTaBIIsieT U3 ceOst OUeHb
pa3psKEHHOE BpAIlaoIIeecs: Ta30MbUIeBoe 00JIaKO TUaMEeTPOM
B OJIMH TPWUIMOH KWioMeTpoB. [lnaneTa IBUXeTCs 1o opoute
TepsieT MOJIEKYJTB aTMOC(hEPhI, KOTOPBIE CIIETYIOT 3a HAIEH T1J1a-
HETOW 10 MHEPIUH C33/I, HO YyTh OTCTAIOT Ha JAECATOK KHUJIO-
METPOB B CEKYH/ly U TaK 3TO OTCTaBaHWe 3a 12 4acoB nocTura-
€T TIOJIOBUHBI Hallield opouThl (3eMJisl ienaer o opoute 3a 24
Jaca OIMH TOJJOBOM 0OOPOT U MPOXOAUT PACCTOSIHUAE TTPUMEPHO
24 MuuMapaa KWJIOMETPOB WM OTHU CBETOCYTKH) TOCJICJHHE
WOHM3UPYIOTCS B TOYKE MOIYOPOUTHI MJTH KaK pa3 ¢ OOKY OT Hac
0 9KBATOPY M HAM TPEJICTAaeT IMIaHTCKas cBeTsmiasics cdepa.
Ee pa3mepsl Oosbilie YeM MBI JyMaeM, YIUTHIBAsI HAIy peasib-
HYIO CKOpOCTh. VI BTOpO#l BapuaHT, YTO Hallla IJIaHeTa BO Bpe-
MsI IBHKEHHSI COMBAeT YaCTUUKM Ta3a W MOPOXAAeT B HUX pac-
XOJSAIIYIOCS AUCKOBUIHYIO YIAPHYIO BOJHY, KOTOpasi Kakoe TO
BpeMsl OCIUJUTUPYET, TOPMO3UTCS TIOUTH JI0 HYJISI TPUMEPHO B
TeYeHHe TPEX CYTOK, U BCE ITO BPeMsI ee JIOTOHSIET U B Hee Bpe-
3aeTcsl Kpyxkammuii 1o Kpyry COJHEYHOU CUCTEMBI Ta3 Y TbUTb.
Camoe nHTEpecHOe HAYMHAETCS MOCIe TOr0, KAk CKOPOCTh JIpeu-
(pa ynapHOU pacxoasmencs: BOJIHbI JOCTUTAET HYJI1 OTHOCUTEIb-



HO MTPOCTPAHCTBA U OHA BBHITPSIMIISIETCS] M3 IUCKA B HACTOSIIYIO
cdepy, Tak Kak BHyTPEHHEE JaBJICHUE BHIPABHUBAETCS M0 BCEM
BEKTOpaM , a BPAIIAIOIIUICS BOKPYT a3 U MbUIb HAYMHAIOT B HEe
BpE3aThCsl HA CKOPOCTH CBETA U BCE 3TO MOHU3UPYETCSI, BO3MOK-
HBl U IPYTvie COOTHOILIEHUSI CKOPOCTEW YIapHOW BOJIHBI U Ta3a,
HO BCE€ PaBHO OHU JIOJDKHBI OBITh OJIM3KM K CBETOBBIM. YapHasi
JMCKOBU/IHAS BOJTHA, ellle O TOro, Kak OCTAHOBUTCS JI0 HYJIS U
MIPUMET BUJI UjiealibHOM cepsl, ckaxeM aBuxercs 300 kM B ce-
KYHJy TO YK€ HAUMHAET MOTUXOHBKY Pa3ropaThCsi, KAK HEOHOBAS
namvma. [lecpopmarivisi BOJIHBI TOKa OHA HE COBCEM OCTAHOBUJIACH
coxpansietcst 1 CosiHIle UMeeT BUJI UyTh CIUTIOCHYTHIN C TMOJIO-
coB. Bo3MOXHO 4TO OBICTPO KpysKallyid 3BE3HBIN ra3, MOXeT
UMETh raJlakTHIeCKOe MPOUCXOKEHUE U aTakyeT Hac ¢ FOxHOro
MOJIOCa, ¥ TOYKA U3 KOTOPOM JIOJKHO UATHU OCBEIICHUE HaIllen
COOCTBEHHOW yJapHOW BOJIHOM, HaXOMUThCsI cTporo Haja Cesep-
HBIM TIOJTIOCOM, HO B CJIE/ICTBHE Halllell BHICOKOW CKOPOCTH MBI
yCrieBaeM yJeTeTb B CTOPOHY U cOnBaeM Ooibiie (poTOHOB 60-
KOM CcuMTail SKkBaTopoM. Eciiu Bce Tak OHO U €CTh, 3HAUUT Y APY-
T'UX TUIAHeT JOJDKHBI ObITh CBOM yAapHbIe BOJHH , U 'y IOnuTepa
oHa OyzieT OOJIBIIINX Pa3MepPOB YeM Y HaC, M OHA He YCIIEBAET CO-
MKHYThCSI I0 KOHIIA TSIHETCS B BUJIE CYKAIOIIEHCsl TPyOKHU (uemM
TO IOXOKE€ HAa TOPHAJ0) AOCTUraeT aTMOC(EPBI Ta30BOrO I'MIaH-
Ta ¥ MbI HaOJTI0/1aeM OOJTBIIIOE KPACHOE MATHO, KOTOPOE He COOM-
paeTcsi paccachlBaThCsl Ha MPOTsKeHUU crtosieTuil. Ha 3emiie mbl
HE MOKEM MOXBACTAaThCsl TAKOW TECHOM CBSI3bI0 CO CBOUM Yap-
HBIM (PPOHTOM, HO MHOT/1a B MOMEHTHI TOPMOXKEHU I IJTAHETHI HAC



HaKpbIBAET Hallla ke MOIyTeHb pa3psiKeHUs1 KOCMUYECKOI'0 MPo-
CTPaHCTBA, 3TO KaK (pypa pe3Ko 3aTOPMO3WII U €331 Hee UJET
paspsikeHHe BO3/1yXa HauHeT ee 00TeKaTh CO BCEX CTOPOH, a Mbl
B MaciTade riaHeTsl OyJjeM UMeTh IUKJIOHUUYECKYIO IEMPECCHUI0
WK Tai(pyH B MECTE CONIPUKOCHOBEHUS1 YIapHOU BOJTHBI. HO MBI
HE OJIHY B CUCTEME U Yallle HaC HAKPBIBAET YAAPHOU BOJIHOU OT
FOnutepa wim CarypHa, OHa IPUXOAUT K HaM TOJ YIJIOM U MBI
BUAUM aTMOC(epHble (PPOHTHI COXpPaAHSAIOIIMECS, HA OJHOM Me-
CTe TI0 HeCKOJIbKY cyTOK. Ecii Obl 3TO OblTa Hatla coOCTBeHHAs!
y/IapHasi BOJIHA, TO OHA J0JI)KHA HaC oruOarh o Kpyry 3a 24 vaca,
TaK Kak MbI IBUKEMCSI TO OTHUM OOKOM TO Jpyrum. Yro To mo-
X02kee MHOTAa (POpMUPYETCsl, HA IKBATOPE U BHITSHYTas AEIpec-
cHsl orubaeT MpaKkTUIeCKH BCIo IiaHeTy. To ecTh MBI camu cebe
B KOCMUYECKOM MPOCTPAHCTBE MPOOWIIN KPYTOBOM TYHHEJIb T10-
BBIIIIEHHOTO pa3psikeHus mpocTpaHcTBa. [IpumepHo Tak B KOJb-
nax CaTypHa MOXHO pa3IJIIETh YEPHBIE IYCThIE YYACTKH, KO-
TOpble 0OPA30BAJIMCh HE CIIyYaliHO, a KAKOW TO KPYIMHBINA acTe-
porJ Bce codpait Ha ceOsi, CKaTacsl Kak CHeXOK YKPYITHWICS U
nepemMecTuICs Ha Apyryio opouty. Ckopee BCEro crajl OfHUM U3
HECKOJIbKMX CITyTHUKOB IUIaHeThl. M mocnenHuit Borpoc, a mno-
yemy Mbl He BUIMM enle BoceMb COJHIL OT Apyrux mia”er? Ot-
BET CKOpee BCETO y/lapHasi BOJIHA, OT APYTUX IUIAHET, [0 OTHOLIE-
HUIO K HaM YCIIeBaeT Pa3psANTCS U OCIA0HY Th, YTO Mbl HE MOKEM
ee BOCIIPUHUMATb, KaK OfIHO 1iesioe. POTOHOB MajaeT Ha 3eMIT0
MHOTO OOJIbIlIe YeM MOIJIO Obl IPUXOAUTh OT Hamero CosHIIa.
Ho ¢okyca y HUX HeT, 3T0 Takue XaOTUYHbIE YACTUUKU CBETA.



Ho vHOrma B MOpO3HBIE THU, MBI MOKEeM HaOJofIaTh Tajio, BOT
Ta MITyKa CKOpee U ecTh ynapHas BonHa FOmutepa. B cetn Obi-
710 BUAeo cpasy aByx COJHIT U OIHO T/ie X OBbUIO TPH, 3TO 00b-
SICHSIIOT TIPEJIOMJIEHUEM JIyuell B aTMocepe, CKkopee Tak OHO U
ecTb. Tak Kak eciv Mbl yBUAUM (QOKYC YIAPHOW BOJIHBI OT JPYTOn
IUTAHETHI, TO €lIe 3a AOJITO A0 3TOro, K HaM MPUAET ,,II0JIyTEHD "
¥ Mbl OOHAPYKHUM JIOCTaTOYHO OOJIBITIOE YCHIEHUE CBETOBOTO TI0-
TOKa M KOTJa 3TO CIy4uTcsl Hampumep 31o Oyner FOnurepckoe
CorHile, KOTOpOe 3aMET MOJIOBUHY Heba, HaM OyIeT KapKoBaToO
¥ BCE UTO Ha cyIIie mpocTo croput. Ho 310 OyaeT He 10110, MOKeT
HECKOJIBKO CYyTOK M B KaKMX TO TITYOOKHX Telepax MOXHO Oy/ieT
orcuneTbes. Y Ha nocomok. [lonyyaercs uro Bogopon Bo Bee-
JIHHOM €CTb BE3/I€ ILJTI0C MUHYC OJIHO CpPEAHEe JIaBJIeHUE, HO T
TO CJIy4aeTCs TMTaHTCKAX BUXPb, KOTOPBIM JAET HA4ajI0 YepHOU
JbIpe, a 3aTeM B Hell HAUMHAIOT BhI3PEBATH IJIAHETHI U 32)KUTATh
CBETAIIMECS IUIEN(bI KOTOPbIE Mbl BOCIIPUHUMAEM KaK 3BE€3/Ibl.
Kcratu sigpo atoma Bogoposia MOXHO pacCMaTpUBaTh, KAk HAHO
TUIAHETY, a er0 YAAPHOW BOJHOM Wiy 1uieiid OyeT 31eKTpoH. A
9TO O3HAYaeT YTO €CTh KaKUe TO ellie 0osiee MeJIKUe YaCTUIIbI Ha-
MU He OOHapyKeHHbIE, TaK KaK sIpO aTOMa He MOXKET OCTaBJISITh
paspsikeHNe B MIICTbHOUM MYCTOTE, 3HAUUT OHA ObLIa JIO 3TOTO
YeM TO 3allOJIHEHA.

I'nasa VIII

HenaBHo yueHble paccuutasii OObEMHBINA BUA reno chepsl
ConHila 1 0OHapYyKWJIM, YTO OHA HarmomuHaet ,,Kpyacan" a ec-
7m OBITH emE€ TOYHee, TO TOIOBY MEAy3bl C TSHYIIMMCS 32 Hel



JUIMHHBIM XBOCTOM. He 3Halo0, Kak Tak y HUX MOy4YWJIOCh, HO 9T
HITYKa TOYHO UMEET MECTO, TaK KaK BCE MOMHST 3HAMEHUTHIN
CHUMOK YepHoi1 IbIpbl CaMblid NIEPBBIA B UICTOPUU, TAK TaM YeT-
KO BUJIHO J]BA KpyaccaHa C JieBa U IIpaBa MPUIBUHYTHIE TaK, YTO
BMecTe 00pasyiot Kpyr. [loHauasy gymal, 4to 310 AeeKT ChEM-
KM, HO TEIeph SICHO, YTO 3TO ABOWMHAsA 3BE3HAS CUCTEMA, KPY-
’Kalnas BMECTE U OCTaBJIAIIIAsA TAKOM XapaKTEpHBIN CIIE] ABYX
nueiioB. Moxer ObITh U MpaBja BU3YaIbHBIM J1e(DEKTOM, HO
€CJIM IPUCMOTPETHCS K CUJIbHBIM yparaHam Ha ATJIaHTUKE WU B
TuxoM OKeaHe, TO OYEHb YacTO Ha IPaHULIE ABYX aTMOC(EPHBIX
(ppOHTOB MOXHO Pa3MIALETh YETKYIO FOJIOBY MEy3bl C XBOCTOM
WX ocbMUHOTa. TO €cTh 3TO yKe He COBNAJEHHS U HE Urpa BO-
oOpakeHHsl, a TaK IMOJy4aeTcs, YTO B MECTe Il BCTpeyaroTcst 0da
MOTOKA MPABbIN U JIEBBIM (HAYAJIO XBOCTA) OHU JBUKYTCS] BMECTE
K T'0JIOBE I'JIe YCUJIMBAIOTCS ¥ HAUMHAIOT COBMECTHOE BpallleHUE B
KaKyIo JJMOO CTOPOHY YCHIIMBAIOTCS M CO3JAI0T YK€ BOCXOSIIHIA
00BEMHBIN TIOTOK. M anee BO3HMKAET BOMPOC , KaK 3Ta ITyKa
BO3HMKAET U MOYEMY OHA MCYe3aeT co BpemeHeM? B mpormion
I71aB€ MPEATIOIOKWI, YTO Mbl IEPECEKAEM YAAPHYIO BOJIHY pas3-
pSKEHMS B ra3e M ee MOXeT co3faBarh 171 Hac JIyHa, TO ecTb
MbI IPOXOIUM B KOCMOCE Yepe3 TO MECTO, TI€ 32 HECKOJIbKO MHU-
HYT /IO TOTO MPOJIETET HAIIl CIYTHUK U HeKasl TypOyJICHTHOCTb
BaKyyMa eltie coxpansiercsi. OH He COBCEeM ITyCTOW U B HEM ObLI
Pa3psKEHHBIN a3 HECKOJIbKO MOJIEKYN Ha KyOMUYecKuil MeTp , a
TYT €ro ellle HEMHOTO MPOPEIUIN U XOTs uTo Takoro? Ho oobem
CO3/AI0ILENCS YIAPHOW BOJIHBI B IIPOCTPAHCTBE BIIEYATIISET, U B



UTOTE OHA TMOCJIe PACXOKICHU I HAUMHAET CXOIUTCSI BMECTE U 00-
pazyet nonoOue OoJiee IMIOTHOTO Tuielida, OH TOHKHI He Oojee
JBYX TpeX COTE€H KWJIOMETPOB B JMaMETPe, HO B HEM T'a3 U IbLIb
10 MHEPLMU ABMXKYTCS HAa OFPOMHBIX CKOPOCTSIX M KOrja Bpe-
3al0TCs B HaIlly aTMocepy pacceKkaloT ee Ha JIBO€ M HAYMHAIOT
HO/ITOHATh MOJIEKYJIBI BO3/lyXa B OJHOM HaripasjieHuu. To ecTb
Ba)XHO, 4TO ObI MBI ITUTH JIONTO B (papBatepe JIyHbI, OT HECKOJIBKO
4acoB, Toraa 3¢ dekxt OyaeT ycunuparbcsi. Bropoil BapuaHt, 4to
MBI TIepeceKaeM TOYHO TaKOM ke, HO 0ojiee MAaCCUBHBIA U KOH-
LEHTpUPOBaHHbIN 1LIekd, HO OT IOmuTepa u CarypHa. A Kak ke
CorHue, OT Hero yto HaMm Huvero He npuxoaut? Ilo kiaccuye-
CKOW TEOpUU MBI U TaK JBUKEMCs B (hapBaTepe CBOM 3BE3/IbI U €€
yAapHasi BOJIHA, HA CTOJIbKO MOIIIHASI, YTO Mbl M BCE TJIAHETHI HA-
XOOUMCs JaJIeKo OT ee KpaeB Mo LeHTpy. [loaroMy Ham He npu-
XOJUTCS MOYYBCTBOBATh €€ yIapHbIi (DPOHT U OHO K JIy4dIleMy,
TaK KaK 3TO Cpa3y BBI3OBET BCsKME KaTakym3Mbl. Ho ynapHbie
TUIaHETapHbIE BOJIHBL PYT OT ApPYyra Mbl BIIOJIHE MOKEM Iepece-
KaTh ¥ OHO XOPOILIO BUIHO 1O Haten arMmocgepe. A Ha FOnmrepe
6osbiioe KpacHoe naTHO ckopee BCero MpoMCcXOoauT oT Huteida
COOCTBEHHOTO XBOCTA IJIaHETHI. (TaK Kak ra3oBblil rurant 3a 11
YacoB JIENAeT METJI0 B IMPOCTPAHCTBE U MOYTH 3aMbIKaeT OpOU-
Ty) B 3TOM MecTe KOCMUYECKHUI 3aKPYYEHHBIN a3, Ha BHICOKOU
CKOPOCTHU BXOIUT B aTMOC(EPY U BbI3bIBAET ITMIAHTCKUIA IITOPM.
Ecnu 6b1 Hata JlyHa Bparasach ObICTpO, TO ee UIei( TOke Bbl-
3bIBaJT Obl MOIITHBIE Tal(PyHBI, a TAK ITO BCETO JIUIIb MPOPe3aeT
Hairy aTMocgepy Ha JBe MOJOBUHKH, KaK HOXK Macjo U YCUJIH-



Baercs Berep B cieactere nHxkekund. Ho Bepuemcsa k ComnHiy,
YTO C HUM OMSATh He Tak? MeHs Hanpsraer CKOpoCTh C KOTOPOU
3Be3/a HeceTcsl B MPOCTPAHCTBE, OHA JIOIKHA OBITh YeM TO BbI-
3BaHa, KaKoW TO Takou JABUraresib. Eciu TosbKO ee yaapHas BOJ-
Ha umeet 2000 KM B CEKyH]ly TO caMa OHa JABVIKETCS ellle ObICT-
pee. M3 3a 3TOro oHa JoikHa NpUHATHL (popmy KomeTsl. [TosTtomy
U ecTb COMHEeHHs, yTo ColHeYHasi cucTemMa BBHIISIAUT Tak, Kak
OIKCHIBAIOT ACTPOHOMBI. [10 HOBOI Bepcuy BCs Hallla rajlakTUKa
OoJiee cTalMoOHapHA W KPETIUTCs Ha TIOJIOKKY B BUJIE MATPHIIBI
COCTOSIIIYI0 U3 MAaCCUBHBIX YEPHBIX [IbIP, OHA B CBOIO OYEPEIb
SIBJISISICh UICTOYHUKAMM OBICTPBIX TIPOTOHOB M 3aJIA0T JITOPUTM
110 KOTOPOMY Ta30IblIeBble 00JIaKa CKAThIBAIOTCS B IJIAHETHI WU
3Be3/IHBIE CUCTEMBI. Bce 3aBUCUT OT TJIOTHOCTH YaCTHIl HA KyOu-
YECKUW CAHTUMETP M CTENEHU UX B3aUMOJEUCTBUS, YTO MOXKHO
BBIPA3UTh, KaK OCUMJUISILIMU. DTO CaMO€E IJIaBHOE B 9TOM KHUTE,
TaK KaK COBMECTHBII PE30HAHC ITPOTOHOB, 3JIEKTPOHOB U (POTO-
HOB MOJKET BbI3bIBATh I'PABUTALMOHHBIE WJIM AHTUTPABUTALIMOH-
Hble 3QdekThl. [1o cyTn nputskeHne 310 U eCTb, COBMECTHOE
YCKOpEHHE YacTUl] B OJJHOM HarparyieHnd. Kazanock Obl, HY 1O-
JdyMaelib Kakasi epyH/ia, BCe paBHO eCTh OapuyecKas aHOMaIusl
¥ BEIIeCTBO B Hee yCTpeMJIsieTcs. A Teriepb pOBHO HA0OOPOT Be-
HIECTBO CUHXPOHU3UPOBAJIOCh BMECTE M CTAJIO JBUTATHCS B OfI-
HY CTOPOHY, TEM CaMbIM CO3/1aJI0 JONOJHUTENILHOE PA3PSKEHNE
KOCMOCa, 32 CYET UHKEKTOPHOr0 3(ppekTa. 3ByUnT HE OUEHD, HO
9TO TOJIHKO Ha MEPBBIH B3IJISI, HAZICIOCh BCE BUJIENH, KaK HEOOIb-
IIOW CMepY 3aTATUBAeT Ha ceOs1 BCAKUN METKUI MyCOp M KOH-



HEHTPUPYET €ro Ha OTHOW BEPTUKAJILHON OCH, TIPU TOM el 1
BpAIaeT, BOT 3aIOMHUTE 3TO MPABHJIO, B OYAyIIEM OHO HaM MTpH-
roguTCA. A Kak BBIIVIAOUT caMa OCLUMJUIALIAS IPOTOHOB, JIEK-
TPOHOB, YTO 3TO TAKOE C (PU3NYECKOM TOUKM 3peHus? Bor TyT
HE OTKPOI0 AMEpPHUKY M CKaXy, UTO 3TO MPOCTO YIPYTrUe coyaa-
peHus U He a0bl KaKkue, a ¢ 33/1ePXKKOi 1in yckopeHueM. To ecTb
y Hac €CTh BEpXHsisl TPaHMIIA SHEPTUM U HYKHSIS, TIO9TOMY UIET
MIOCTOSIHHOE Tepepaciipe/ie/ieHue BEeLEeCTBa C OHOIO MecTa Ha
JIpyroe B 3aBUCUMOCTH Ha JIMHUM KaKOro ,,pa3jioMa’ OHU HAaXo-
asaTcs. Bor ObU10 He MOHATHO MOYeMy Mbl BUIUM 3(PeKT Bpa-
IeHUsI (XOTSI OH U KaXYIIUACS) HO padOTaeT B TOM IUIaHE, YTO
nepeOpacelBaeT 4acTUIly C OJJHOTO MeCTa Ha JIpyroe, B 3aBUCH-
MOCTH KaKasl y Hee SHeprusi, YTo Obl OHA 3aHsIJIa TIPABUIIBHOE Me-
cTo B mepapxuu. Ha cy0baToMHOM ypOBHE HIET MOCTOSTHHOE BBI-
PaBHMBAHKE yJApHOro (PPOHTA CIOBHO CIYYWIACh NOISAPU3ALIMA
YacTHIl ero BhI3BaBIIMX. Eciu 9T0 ObUIM UBapKU (aHAJIOT IpaBU-
TOHOB) TO C OJHOM CTOPOHBI IJIOCKOCTH UX MPHUXOTUT OOJIbIIe
¥ OHM (POPMHUPYIOT OJIMH COCTOSIIIMIA M3 PACXOASIIIENCS yaap-
HOM BOJIHBI 3TO OyJIeT BEpXHsisl TPaHUIA SHEPIHH, A UYTh JajIbllIe
BTOPOI1 O/1MH (pOpMUpPYET IPaHUILy HUKHIOIO T/1€ yIapHBIE BOJHBI
cxonsTcs, Ha ueHTp. toro Bo3HukaeT acummerpusi. B nepsom
CJIydae Mbl BUIMM JIEKTPOH BO BTOPOM IIPOTOH. B 1iesoM 1o-
X0’k Ha BOJIAaHYMK. U1 eciii 3Ty MOziesb IEPEHECTH B TUIAaHETap-
HOM Mmacitabe To 3emist OyleT CXOASIMMCS YIapHbIM (ppoH-
TOM, a CoJHLIE pacXOAsIIIUMCS U BIIEPE/] HECETCs Hallla [JIaHeTa,
a 3a HeM y:ke MOCIEBAET €€ yJapHas BOJIHA B CJIBHO Pa3pPsKEH-



HOM rase. M eciv momymarh TO He MOXKET OBITh TAKOTO. .. A ecli
3HATbh, YTO MbI JIBMKEMCSI B IPOCTPAHCTBE HA CKOPOCTHU CBETA, TO
BCE CXO/IUTCS M KapTuHa Mupa Oosee MeHee jornuHa. Ha Takoi
CKOPOCTH J1a’k€ HECKOJIbKO MOJIEKYJT Ta3a Ha KyOMUeCKUd MeTp
BBI3OBYT CHJIbHEHIIIEE COTJIACOBAHHOE [IBUKEHUE, OHO OyIeT BbI-
[JISAETh KaK MOJSpU3alusl YacTull. DTU CTOTKHOBEHUS MIPOUC-
XOAAT U3HAYAJIbHO B MArHUTHOM IIOJIE TUIAHETHI, 3aT€M B Me30-
cpepe 1 MOXXHO TIPENICTaBUTh, KAK BEPXHUW M HUKHUI SHEpre-
TUYECKUI cJior. MeX/1y HUMU €CTh Pa3HMIIA, KaK MEX/1y CHJIb-
HBIMU U CJTa0bIMU B3auMojielicTBUSIMU. Y Ha TIOCOITIOK TTapa Mo-
Jesiel TaJbHEHIIero pa3sBUTHsI COOBITHIA, Y BCETO JIOJKHA OBITh
noruka. Tak 3emMis MOCTENeHHO MOsIpU3yeT BOKPYT ceOsl Mpo-
CTPAHCTBO 3aCTaBJisisl BCE C YEM OHA CTAJKMBAETCS] MPUHUMATh
OoJiee mapajUiesbHYI0 OpOUTY M BEIIECTBO KPYKUT HATIOMUHAS
TOKaMakK WJIM JIMHUY CUJIOBOTO TIOJS, U3 32 9TOTO BO3pAcTaeT Ha-
11a opOUTAJIbHAS TO0BAsI CKOPOCTh, HO CHUKAETCS CYTOYHAS U
(pakTHYECKHU TO/I CTAHOBUTCS JIJIMHHEE, a AeHb Kopoyde. Ho 3ame-
TUTb 3TO TPYAHO, TaK Kak COJTHIIE 3TO rpyOo0 TOBOPSI HAIIIA SHEP-
reTuveckasi TeHb U OT Hee yOexaTb HEBO3MOXHO, KyJa MbI TY-
na u oHa. [Toatomy y JIIOOBIX YaCTHI] €CTh HECKOJIBKO BEKTOPOB
KOJIeOaHUM U TOJIBKO UX COBMECTHOE CJIOKEHHE JIaeT KapTUHKY
BpallleHUs. A J1ajee eciiv NpeAcTaBuTh BClo CONMHEUHYIO CUCTe-
My, KaK HaOOp MJIOTHOCTH YaCTHIT HA KYOUYECKU METp, U B HEM
€CTb CTYIIIEHU S UM PE30HAHC NEPBOM CTENEHM, TO IJIAaHEThI TU-
TaHTHI, €CTh OOJiee peKUil BTOPUYHBIA PE30HAHC, OH 0Opa3yer
MEJIKHe CIIyTHUKY U Haia JlyHa B ux umucie. Hakonen ects Tpe-



TUYHBII PE30HAHC, KOTOPBIN (hopMHUpYeT OoJiee pelKue Kemes-
HBIE 5I7Ipa, a Te B CBOIO OYepe/Ib OKPYKaeT pe30HaHC BTOPOH CTe-
TIeHH WM Moy TeHb. To ecTb 3emils pecTaBieHa cpa3y TpeMs
TUNAMU PE30HAHCA YACTUIL UM YETHIPEM, €CIIU CUMTATh MATHUT-
HOE TIOJIe TUIAHETHI. A BCEro UX JOKHO OBITh MATh cioeB. Coi-
HevHas reavocgepa, MarHuTocepa riaHeT, CaMmu UIAHETHI, KX
JKeJIe3HbIE SijIpa, U TPEANOIOKUTEIbHO HEUTPOHHbBIE aHOMAJIUH,
9TO CTYCTKH IUIa3Mbl HEOOBIYAHHOM TIOTHOCTH MX BpeMsl KU3-
HU KOPOTKOE T10 CPABHEHUIO CO BCEMU OCTATIbHBIMU U COCTABJISI-
€T OT HECKOJIbKMX CEKYH/I IO MUHYT. DTO TIOXOXKe Ha IIApPOBYIO
MOJIHMIO, KOT/Ia OHA PACIaIeTCsl Ha COCTABIISIONIHE, TO OCTHIHET
U MIPEBPAIAETCS] B HECKOJIbKO MPOTOHOB MJIM aTOMOB BEIlIECTBA.
[Tnazmounapt 310 (hadpUKK aTOMOB BCeX KaMOPOB. [ToHATHO Yyem
BBIIIIE PE30HAHC YACTUI] TEM OHU 3aHUMAIOT MEHBIIUI 00beM U
UMeIOT 0oJiee BBICOKYIO IIOTHOCTD. [109TOMY MX MOKET ObITh He
T5ITh, @ BCE BOCEMb, €CJIM CY[JUTh 10 SHEPIeTUUECKUM JIEKTPOH-
HBIM CJIOSIM aTOMa ypaHa. A 3HAYUT aTOMBbI KOITUPYIOT CTPOSHHE
3BE3/IHBIX CHCTEM, HO B MEeHbINMX Maciradax. M pa3 nomia ta-
Kasi urpa pa3yma TO JIOIyCKal0 KBAaHTOBBIN MEPeXo]] U3 OJHOTO
COCTOSIHMSI B AIPYTO€, TOJIBKO OH CIIy4YaeTcsi He cpasy 1o BCeMy
00BEMY HallleH IJIAaHETHI, a I7IE TO B HEOOJIBIIIOM 00JIaCTH YaCTHY-
HO M MBI 3TO Cpa3y 3aMETUM (Aymai0 3TO I'PO30BBIE MOJHHH).
Bropoe Takoii ke mepexoa MOKeT coBepmarh 1 Best Hama Cor-
HEeYHasi CUCTEMa, a TO 3HAYUT YTO y ra3a oopasyercsi u30bITOU-
Hasl SHEPrus U OHa JOJDKHA COPOCUTCS, CO CTOPOHBI Oy/IET BbI-
DJISI/IETh KaK B3PBIB CBEPXHOBOM 3Be3JIbl, HO TaK KaK MBI HAXO-



JUMCS1 BHYTPH 3BE3/1bl TO YBUIMM FMTAHTCKYIO 3apPHUILY Y HOUBIO
CTaHeT CBETJIO Kak AHeM. Bo3aMoskeH 1 0OpaTHbI KBAaHTOBBIH ITe-
PEXOjl SHEPTUH, M OH Oosiee BEPOSITEH, 3TO Korjaa 00acTh Koc-
Moca OyleT MepexoAuTh U3 BEpPXHEro pe30HaHCca B HMKHUIMA, Ha
9TOM MecTe OyJIeT HeMporJisiiHasA YepHOTa, a MBI MOKEM HaOJII0-
JaTh HACTOSIIMK KOHEIl CBETa, HO HE JIOJIT0 MOKET HECKOJIBKO
MUHYT WIA YaCOB, MOTOM OMSTh BCE BEPHETCS K MPEKHEMY CO-
crosiHuo. Llenkom U cpasy o0beM peiko MeHsIeTcsl, a BOT Ya-
CTUYHO B Pa3HbIX MecTax, Oosee yacto. M moxoxe, 4To 310 HOP-
MaJibHasi paboTa 3Be3JHOM cucteMbl. Kak Hekoro apurarens. A
3HAYUT UJIET OCTOSTHHOE YCKOPEHUE TeJl U3 HU3KOI'0 Pe30HAHCa
NIepBOYi CTerneHu B 0oJiee BBICOKOE, HO 3TO yXke OTJebHAs TeMA.

I'nasa IX

Hexadpp 2021 roma BOWAET B ICTOPUIO, KAK TIOBOPOTHASI TOY-
Ka B OpOUTE TUIAHETHI, CKa)keM JI0 TOro Oojiee-MeHee Mbl KH-
JIM CIIOKOMHO, HE CUMTasi MEJIKUX BUPYCOB, HO MOTOM BCE W3-
MEHWIOCh. .. ITak eciiv MeHs CpOCsT, KaK CEroJHs BBIIJISIAUT
IpaBUTALMS TO OTBEYY — ITO TaKasi IITYKa MOX0XKa HA JIEKTPU-
YecKuil poOoi Mexay OOKJIaJKaMu KOHAeHcaTopa. B maHHOM
Cllyyae aToM WU TeJIO 3apsKEHbI MOJIOKUTENBHO, BAKYYM B 11e-
JIOM JIMJIEKTPUK, U HE 1a€T HUKYAA ,,MICKPAHYTh'', a 3HAUUT TeIly
B MJCAJIBHOM BakyyMe, He cABUHYTCA ¢ MecTa. Ho Ha camom niene
BAKYyM MPOHU3bIBAIOT MUKPOBOJIHBI, TETLJIOBbIE JTyUd, KOCMHUYE-
CKH€, HEUTPUHO UTH. A 3HAYUT U30JISALMSA TJI€ TO J1a HApyIlaeT-
CSl M KaK MPABWIIO, TO MPOUCXOAUT OOJIbIIIE CO CTOPOHBI sIpa
TaJIaKTUKH, YEM CO BCEX IPYrux MecT. M 3apsaapl JOJIKHBI Yalle



npoOMBaTh WIM TeYb UMEHHO B Ty CTOPOHY, TIOITYTHO YBJIEKas C
coboii atombl. He cMoTpst Ha TO, 4TO 271ekTpoH B 2000 pa3 ierye
IIPOTOHA, B CAMOM $/Ip€ aTOMa €CTh YaCTULIbI IOXOKUE HA JIEK-
TPOH U TOXE YCTPEMIISIIOTCS, BAOJIb CUJIOBBIX JIMHUA MarHUTHO-
ro nosist. Keratu MoHb! nm atomMbl O€3 3JIEKTPOHOB, YCKOPSIIOT-
Cs1 elre JIydIle XOJOJHBIX aTOMOB C MOJHBIM HAOOPOM 3JIEKTPO-
HOB. B 11eJ10M y Hac B MpOCTpaHCTBE TPU BEKTOPA MPOoO0s JJIMHA,
HIMPUHA, BBICOTA M HEJIb3s CKa3aTh KyJa HAC TSHET MPsAMO Ce-
yac. [1epBbIil BEKTOP CaMblil CUJIbHBIN TAJTAKTUIECKUI, CKOPOCTh
po0OOos WM CBEPX TEKYYeCTH aTOMOB paBHA CBETOBOU, BTOPOW
3Be3/1HbII 3TO 11IeHTp COTHEYHOU CUCTEMBI U TYy/a HAC TSHET Ha
CpeAHer CKOPOCTH 7 KM B CEKYH/y, U TPETUIM BEKTOP 3TO HEApa
Halllell TUIaHeThl KyJa Hac TSHET co ckopocThio 10 MeTpoB B ce-
kyHxy. Hudpsl npenBaputeabHble 1 MOTYT U3MEHSTCS, TaK Kak
MOCTOSTHHO UJIET CJIOKEHNE BEKTOPOB, TPUMEPHO Kak JieOeb pak
u myka. M ganee cMoTpuTte yeM MeHblIle TeJlo, TEM OHO OBbICT-
pee HaOMpaeT MaKCUMAaJIbHO BO3MOXKHYIO CKOPOCTh 110 BpEMEH!
¥ HaYMHAeT IpeidoBarh B MOTOKE, IIPHU ITOM MPOOOH B Ty CTO-
poHy Oobllie He UeT, ObIBAeT HAOOOPOT, UYTO BEKTOpP MEHSIET-
csl B 00paTHYI0 CTOPOHY U Tesio Topmosut. Ho ripu aTom apyrue
BeKTOpa OoJiee cadble HAUMHAIOT YCHIIMBATHCS U €CIU 3eMJIs J10
9TOTO IBUTANIACH TIO MPSIMOM, OHA HAYMHAET JJOBOPAYMBATh B OOK
Y yXOIUTh BHU3 K TUIOCKOCTH OpOUTHI, 1 32 12 4acoB oHa cjie-
JIaeT BBHITSHYTHIN MOTYKPYT MOCTABJIECHHBIN 10]] yIJiIoM 45"u Bce
MOBTOPUTCA B clieAyomye 12 4yacoB, HO B MPOTHUBOIOJIOKHYIO
CTOpoHYy. Ecim nepBble 1o CYyTOK OHa yCKOpSJIach, TO BTOPBIE



TOJI CYTOK TOPMO3UJIACh. SICHO UTO HUKTO HUYErO He MOHSLI, HO
OHO U He 00sI3aTeNIbHO TaK BOT cpasy. [ 1aBHOe B rumorese, 3By-
quT TaK. TpeOyeTcsi MUHUMAJIbHASI CHJTa MHEPIIUH, YTO Obl COBEP-
IIUTh TIPOOO, TO €CTh TeJly Pa3rOHATHCS BCe BpeMsl B OIHY CTO-
POHY MO TIPSIMOM MeIaeT CTPYKTypa CaMoro BakyyMma, Tak Kak
YeM BBIIIE CKOPOCTh, TeM OOJIbIIIe HYKHO IPEO0JIeBaTh YCIIOB-
HBIX sTYCEK U3OJISILIUK B SJMHUILY BpEMEHU 1 TPOOOIl B CTOPOHY
YCKOpEHHsI HAYMHAET 0CllabeBaTh, a YCUIIMBAThCS B OOK U Ha3a/l.
VIMeHHO MO3TOMY SHEPreTU4eCcKU BhITOIHEH ABUraThCsI MO CIHU-
paJI ¥ TaK MOCTYMAIOT MOYTH BCE W30JMPOBAHHBIC YACTHIIBI, K
HMM MOXHO OTHecTH Harprmep ¢otoH. Ho ecm ux MHOro, Kak
HYKJIOHOB B aTOM€, TaM BCE MEHSIETCS U Jierde YCKOPSITCS B OJIHY
CTOPOHY €CIH C JIPYT APYrOM BCTYNHTh B pe3oHaHc. [list 6oib-
IIUX TeJI TUTIA IJIAHET WJIM 3BE3/IHBIX CUCTEMBbI, 3Ta IITYKA SIBJIsI-
€TCsI IEPBOCTENEHHOM, TaK KaK HY)XHO HE TOJIbKO JIBUTAThCsI BIIE-
pel, HO JIeNiaTh 3TO COXPaHsis MOCTOSTHHYIO (popMy. A UTO Takoe
pe3oHaHc? A 3TO KOr/ia YaCTHIIbI OMHOBPEMEHHO COBEpIIIAT MPO-
60li B OJJHY CTOPOHY, IIPY 3TOM UM MOTPEOyeTCs] UCTPATUTD YKe
MEHbIIIe SHEPrHH, K MPUMEPY YeThIpeM MPOTOHAM HYKHO Oy/ieT
HPHUJIOKUTH PA3HOCTD MOTEHIIMANA N0 OIHOM YETBEPTU KaXK/IbIM.
To ectb B UeThipe pa3a MeHbllle, YeM Obl OHU MTPOPBIBAIKCH IO
OJIMHOYKE, M 3TO camMoe IJIaBHOE K 3TOMY 4Yacy. A eciu B Mac-
mTadax BCeil rajlakTUKH, TO YK€ BO3HHMKaeT oOIiasi Mojsipu3a-
1151 TIPOCTPAHCTBA U OHA BBIMOJIHSIET POJIb HECYIEro Kapkaca.
['py60 roBopst B KaK/I0M aTtoMe 3aindpoBaHo B KAKyl0 CTOPOHY
B KaKoe BpeMsl Hy’KHO JBUTaThCsI, YTO ObI 3TO OBUIO MAaKCHMAJThb-



HO HEPreTHYEeCcK BHIrofHO. Torga He3aBUCMMO Tjie KTO HaxXo-
JIWTCSI, KTO TO B IIEHTPE TaJIaAKTUKH, a KTO C Kpaio, HO UM KakK T0
WHCTPYKIIMHM HEOOXOAUMO BBIIEPKHUBATH HY)KHYIO YaCTOTY BEK-
Topa npodost. To ecTs 1Ba caraeMeix. BeKTop Kyaa HyKHO Mpo-
OMBaTbLCS U BpeMsl, C KAaKOM YacTOM 3TO JiesiaTh, 4To Obl HE Tpa-
THUTH 3psi CHIIbL. TOJIBKO TaK TieJiasi raJlakTUKA JUaMeTPOM B COT-
HU MapceK MOXET MyJIbCUPOBaTh UM BECTH ceOsl, KaK OJHO Tie-
Jloe He pa3pyliasick. A Tak CKOpee BCEro 3TO CTauM Pa3BUTHS
Ha aTOMHOM YPOBHE, BCE€ OHU OPUEHTUPOBAHBI HA TIEHTP HECYT-
Cs1 B IIPOCTPAHCTBE U OTKJIOHSIIOTCS TOJIBKO TIO IBYM OCSIM BBEpPX
BHU3, OTHOCUTEJILHO SKJIUITUKY BPAILICHUSI U JAaJIbIIie WK OJIH-
e K IIEHTPY TJIaKTUKU B 3aBUCUMOCTHU OT cBoell Macchl. [lomyc-
Kalo 4TO 3TO UJIET, KaK POCT KAKOTo TO TeJla, CHaYaJIa 3aHUMAIOT-
CS1 OTHM TIYCThIe SHEPreTUUECKUE STUEHKU, TIOTOM JPYTHe U TaK
1o ovepeny. B naHHOW rumnore3e HaM He HYKHbBI IEPEHOCUUKU
KaKMX TO B3aMMOJICWICTBU, HE TPEOYIOTCS STYEHKHU BaKyyMa Kak
MaTpHIila WK TOAJIOKKA K KOTOPOH Bce Kpenutcs. Ee posb BbI-
TIOJTHSIET PEJIMKTOBOE U3TyYeHUE, CKaKeM B Halllel YacTH Tajiak-
THKH OHO PaBHO OJJHOMY MHUJUTUMETpY, a Omke K sapy Mieu-
Horo nyty 100 MUKpOMETpPOB, a 3HAUUT MPOOOH WK JBHIKEHUE
MaTepHrH HIeT OoJiee MHTEHCMBHO Y CKOPOCTH TaM BCe OOJIbIIIe.
Ho u3 3a 31010 (hakTHyUecKku yriaoBble pasMepsl OOBEKTOB CTa-
HOBATCSI MEHBIIIE M HAM KakeTcsl, yTo BceeHHasi pacimmpsier-
cs1. [losTromy ckopee Bce 3aMKHYTO Ha LIEHTP HaroMuHasi OyOimiK
WIN TOP, W €CIIU JIBUTAThCS, Ha TIepru(peprio paHO WUJIH TO3IHO
BEPHEILCS K HAYaJTy MyTH, HO C APYroi cTOpoHbI. JlaHHas Mo-



J€Jb HE M0XO0Ka Ha JEKTPUYECKYIO, TAK KaK HUTAE HUYETO He
NPUTATHBAETCS U HE ITPOTAIKUBAETCSI, CKOpee BCEro OHa OoJIbIIe
NOX0%ka Ha IEKTPOHHYIO CBEPXTEKY4ECTb B IPOBOJHUKAX U TYT
IJIABHYIO POJIb HAUMHAET UTPaTh MHEPLMA JBUKYILNXCSA 3apsI0B
win nepenaj gaBieHUid. OHM IBUKYTCS HE BCTpedas IMpernsT-
CTBMM 10 TE€X IOpP, NIOKA HE BCTPETUTCSA MpErpaja B BUAE Xaoca
WJIA KAKOTO TO BCTPEYHOIO TEUEHMS. DTO KOHEUHO OTJAJIEHHASA
AHAJIOTMsA, HO YYUTHIBAs YTO B BaKyyMe KOCMOCA XOJIOJHO, BCSA
IUIAaHETa MOKET 110 MHEPLIUU CKOJIb3UTh CJIOBHO B CBEPXITPOBO/-
HUKE, IO TeX IOP MOKA HE BCTPETUTCS C IeJIMONAy30M (CKaToU
y/IapHOI BOJIHOM) M He MoBepHeT oOpaTHO. Bo BTopoM BapuaH-
T€ y PEIUKTOBOrO M3JIyYeHHUs €CTh MPOrud M JBUrasich ONvxe
K SIJIpy TaJIaKTHKH , ObICTpee YCKOpsieMCsl TPOCKAKMBAEM LIEHTP
Y BBICKAKMBAEM C JPYrod CTOpOHHL. LleHTpoOekHble CHITBI HAC
BBITAJIKMBAIOT JAJIbIIE HA NEPUPEPUIO U TAK C KAKABIM Pa3oM
MBI Bce J100aBisieM ceOe SHEpruu, Moka He MOKMHEM rajlakTH-
Ky U HEe NMPUMKHEM K KaKou TO JIpyroi. B qaHHOW KoOHIIeNuu,
HE HYKHO pelIaTh U3 YEro COCTOAT KBAPKU, ITO KOHEYHO MEJIb-
yaias 3JeKTPOMarHUTHasA BOJIHA, C MAKCUMAJIbHBIM YIJIOM JI0-
BOPOTa U 4acTOTOM. MOXKHO CUMTaTh 4YTO y aTOMa €CThb CBOS OT-
JeJbHasA MOX0XKasl Ha TAJIAKTUYECKYI0 MaTpHLia U OHAa TOXE UC-
KPUBJIEHA Ha LIEHTP U COCTABJIAIOIIME YaCTULIBI JIOJIKHBI, KaK TO
OajlaHCUpOBaTh TaM, MPHU 3TOM He CTAIKUBATBCS C APYT IPyroM
U He OOMEeHMBaTbCsl 3Heprueil Ha npsmymo. Tyt ects uzgesa. K
IpUMEPY MPOJIETAET ITPOTOH WJIM IIJIaHETA, B 3TOM MECTe JIMHUU
MaTpUIIbl, 9yTh CIBUTAIOTCS] B CTOPOHY 00pa3ysl TaKOi WHBEPCH-



OHHBI CJIe/l, €CNU CI0AA MONAJET Apyrasi yacTUla WU IUJIaHeTa,
TO OHA TOXE ABTOMATUYECKU UYTh CABUHETCS. ITO BCEM U3BECT-
HBI MPUHIIATT WHXKEKIMU TTpo0Oos, Oarofaps eMy y Hac Bcerjia
€CTb CTYIIEHUS U pa3psikKeHU s TMHUH o011iero noss. Bot nouemy
MaTepusi He pacnaaeTcs U He paclipeiesisieTcsi pAaBHOMEPHO 110
BcenenHoit, a crpemMutcst 00pa3oBaTh TUIAHETH, 3BE3/bI U Yep-
HBIE JIBIPBI, B TIOCTIEIHUX MHKEKIHUS JOCTUIAeT MaKCUMAaJIbHbIX
3HAYEHUH U BJIETEB C OHOW CTOPOHBI MPOTOH BBUIETUT C APY-
roii ¢ OOJIBIIMM YCKOPEHHEM, HO TIPY STOM YMEHBIIIUTCS B CBOMX
pa3Mepax MpeBPaTHUBIIKCH B YBAPK.

I'naBa X

CerogHsi MBI pacCMOTPUM TaKoO€ TMOHSITUE KAK CBEPXTEKY-
YeCTh I'PaBUTALIUY , KAXKETCS YIUBUTEIbHBIM, YTO B HEBECOMOCTHU
TEJIO MOJTyYMB €AVNHOXK/Ibl UMITYJIbC ABUKETCS TOCTATOYHO JAOJI-
ro Hape3asi CBoeoOpa3Hble BOCBMEPKH U XOTSI KQXKETCsI, UTO OHO
UJIET PAaBHOMEPHO, HA CaMOM [IeJIE ITO HE TaK, CKOPOCTh CHaYa-
Jla pacTeT, a MOTOM MaJaeT U3 32 CUJI MHEPLUUHU U MOTy4yaeTcs,
YTO OHA HE JIMHEeWHAas ¥ OOJIBbIIIE TTOX0KA HA MAATHUK C TIOJIOKH-
TEJIbHBIM M OTPUIIATEIbHBIM YCKOpeHHeM. OueHb CTpaHHO, 4TO
KOCMOHABTBI JI0 CUX IIOP HE MPOBEJIN IKCIIEPUMEHT C TeJIAMH OT-
TonkHyThIMU OT MKC ¢ pasino MassakoM, 4To Obl IOHATH KaKyIo
opbuty onu ipumyT. [1o uaee AOKHBI HAYATH IBUTATHCS PSIJIOM,
KaK CITyTHUK, TO YJQISSACh TO MPUOIMKASICh. DTOT OIBIT OUCHb
BaKeH, TaK KaK MO3BOJISIET BHIUUCIIUTh, KaK OyAeT UATHU MOJSIPU-
3a1usl KoiaeOaHui aToMoB. To eCTh OHU JOJIKHBI PACKAUUBATHCS
B Pa3HBIE CTOPOHBI XAOTUYHO, €CJIM OTTAJIKUBATHCS OT CTAHIAPT-



HOW MOJIEJIA TPaBUTAIIMHU U (POPMUPOBATH KAKOW TO IIEHTP BHYT-
pu cebs1, HO Ha CaMOM JIeJie aTOMbI CTPEMSITCSI SKOHOMUTD SHEp-
TUIO U AEUCTBOBATh CUHXPOHHO, M3 32 TOT0 BOZHUKAET PE30HAHC
KoJie0aHUi B OIHOM HAllpaBJIeHWH, U KOT/Ia OH IOCTUIaeT MUKa,
MMEHHO B Ty CTOPOHY M HauHET Pa3TOHATHCS WU JiperipoBaTh
Hallle TeJlo. DTO caMoe BaXHOE B 3TOM KHUre. C Kakou CKOpO-
creio? Jlymaio oHa Oyaer odeHb Oolbliasi, €CJM He BCTPETUTCS
HUKaKUX MPEMsTCTBUM, BCe Tesa JTOOAT pa3rOHATHCS, IPU 3TOM
HEMHOTO 3aKPY4YHMBAsICh MO CIMPAIIHU, TIOKA HE MPEOIONIeIoT Cyo-
CBETOBOM Oapbep M He MpeBparsATcs B YyepHyo apipy. Ho yame
BCEro B KOCMOCE MPUCYTCTBYET ra3, NbUIb U HAUMHAET BCE TOP-
MO3HTh U €CJIU PaHbllle TelIO ABUIaIOCh MO Oosiee Mojorou op-
ouTe ¢ OOJIBIIEH CKOPOCTBIO, TO TETIEPh OHO BBIHYK/ICHO IET/IAThH
Ha MEHbBIIIEM PacCTOSIHUU M CKOpPOCTh cOpachiBaeTcs. CBepxre-
Ky4YeCTh I'PaBUTALIMU MCUE3AET, TaK KaK TeJIO BXOAUT B 30HY 00-
Jiee BBICOKHMX TeMIIepaTyp Y CHJIbHBIX MArHUTHBIX TOJIEH, MOTy-
YaeTcsl, YTO OHA KaK JIEKTPOH JIBUTAJIach 1O CBEPXIPOBOIHUKY
0e3 COMpOTUBJIEHMS], 4 3aTEM C TOBBIIIIEHUEM TEMIIEPATyphl pe-
30HAHC B JIEKTPOHAX WJIM CUHXPOHHOCTb KOJIEOAHUI UCUE3IH.
Jlanee BO3HUKAET BOMNPOC, a KaK Bce B OOIIEM YIepKUBaET-
Cs1, €CJT HET I'PAaBUTOHOB, HEUTPUHO WJIU €11Ie Yero mepealoniux
B3aMMOJICHICTBHIE, HA OONBIIIOM pacCTOSIHUU? A 3HaeTe, MOsIBU-
Jlach OJJHA HErIoXasi MbIC/b, IOMHUTE PO BCIIBIIIKY CBEPXHO-
Boii? [lymaio, uto B BeesieHHO OHU MTPOUCXOIAT AOCTATOYHO Ya-
CTO, TIPOCTO HE BCE MbI MX BUJIMM, HO 3TO He IiiaBHOe. [leso B
TOM YTO yJlapHasi eKTPOMArHUTHAS BOJIHA PAa30M/IsCh Ha KaKoe



TO paccTosiHMe (MOKa HE M3BECTHO HAa KAaKOe) paHO WJIM TMO3IHO
MOBEPHET HA3a/l M CXJIOIHETCSI CHOBA B TOUKY, II€ TO HE OYEHb
JlaJIeKO OT MecTa poxjeHus. HazoBeM 310 oTpuiiaresbHbiii po-
Kyc DMB, korjia o6paTHasi 3JIeKTpOMarHUTHAsI BOJTHA BO3Bpallia-
ercsa. Ceityac Takasi Mojie/Ib HUKEM Jlake He paccMaTpuBaeTcs,
CUMTAETCs, YTO CYIIECTBYET TOJBKO OTPaKeHHAsl OT Yero JOo
BOJIHA, a TaKk 4TO Obl OHa cama Mo cebe pa3BepHYJIach CO Bpe-
MeHeM, 3TO HeT He JOJKHO ObITh... Ho He cyTh, IMTaBHOE OT/IH-
Yhe 3TOU UJEH B TOM, UTO JIEKTPOMATHUTHBIE BOJHBI OTIMYA-
I0TCS1 OOJIBITION TIIOMIA/IBIO0 ¥ IIPOHUIIAEMOCTHIO U TIYCTh JI0 HEAP
TIJTAHETHl OHU HE JIOCTAHYT, HO 3TO U HE HYKHO, IJIaBHOE Jiehop-
MUPOBATh MPUILJIAHETHOE MPOCTPAHCTBO UJIM MEX3BE3/IHOE, TaK
9TO OBl MOSIBJISLTUCH HOBBIE (DOKYCHI CKATHS TV KOHIIEHTPAIUA
JIEKTPOMArHUTHHIX Tosiel. Eciin oOpaTHast BoyHa pUaET yepes
MWIIMOH JIET ¥ TaM Oy/ieT ra30Basi TYMAHHOCTh, OHa C(POKyCH-
pyeTcsi Ha HeOOJIBIIION IJIOIIAIU TO BIOJHE ceOe 3aXkKeT HOBYIO
3Be31y. Eciu Takux oTpuiiaTeibHbIX BOJH OyA€T CIMIIIKOM MHO-
ro, TO OHM HAKJIAJbIBASICh IPYT HA Jpyra cpopMHUPYIOT MOCTO-
STHHYI0 0OpaTHYIO JIEKTPOMArHUTHYIO TSTY U Teja TPOXOAsIIye
MHMO MOTYT Tyaa 3aTsiHyThCs. CO CTOpPOHBI OydeT BHIIJISAICTD,
KaK 4epHas Jblpa, MbITAeTCs MOMIOTUTH 3Be311y. [pyroil Borpoc
C JI0Ka3aTeJIbCTBaMM JJaHHOW TMIIOTE3bl, JEJI0 B TOM, YTO YUCTO
OTPULIATEJIbHYIO JIEKTPOMArHUTHYIO BOJIHY HaM HE YJIOBUTb, JIU-
00 MbI Ha 3eMJie HaXOIUMCS B TAKOM KOJIOALIE TJI€ JIIOObIE BOJTHBI
MMEIOT C/IBUT K KPACHOMY CIIEKTPY, TO €CTh MO CyTU OHU OTPHU-
LATEJIbHBIE U €CTh. A MBI IOYEMY TO pelivid, 4yto BceenenHas



pacuIMpsieTcsl U Hauyajiu BbICUMTHIBATh 3Ty KOHCTAHTY...TO ecTh
IIPOCTO OMMUOIUCH 1 Bee. J[la MOKHO CKa3aTh, YTO IPaBUTAITUS UC-
KPUBJISIET JIEKTPOMArHUTHBIE BOJIHBI, HO 9TO €CJIM 3HATh TOUHO,
4TO OHA (CHJIa MPUTSKEHUST) U3 ceOs npeacrasiseT. Bo3amoxHo,
YTO MBI ITyTaeM MPUYUHY U CIEACTBUE, A 3HAYUT YCKOPEHUE Ha-
IIeH TIaHeThl 00ecrieurBaeT Apeid MEeKTPOMarHUTHBIX MOJEH.
HakoHer| cKenTUKU CKaxyT, 4TO TOrJa MOKHO CTeHEPUPOBATh
I'PaBUTALIMOHHBIN JTy4 U NPUTAHYTh NpeameT? Mnes He muioxas,
HO ckopee Bcero DMII OoTTaIKMBAOT MpeIMEThl M TOTA HAlll
Jyd, JOJDKEH BCe TOJKaTh. A 3TO yxe Oonee MeHee, periaemast
3agaya. U eine, 4To MHTEPECHO, BCE 3HAIOT CBEPXITPOBOTHUKU 1
YTO MOHO TMOJBECUTH TEJIO, CBEPXY U OHO Oy/eT Kak Obl IJjia-
BaTh HAJ MOJIEM WUJIM UM BBITECHATHCS. A €CJIM TaK U Mbl PEeLLIUM
B3BECUTH BCIO YCTAHOBKY JI0 SKCIIEPUMEHTA U BO BPEMSI OMbITA,
TO JOJDKHBI OOHApPYXUTh, YTO Macca ,,TulaBaioliero’ mpeamera
UCYe3aeT, TaK KaK OH SKPAaHUPOBAH OT I'PaBUTAIIMY U KaK Obl TO-
HeT B Hell. TyT HaBepHO Oy/ieT YacThyUHas MOTepsi MacChl, HO 3a-
METHAasi HE MEHee OTHOM TPeTH OT HoMUHaIa. CpaBHUTH MOXHO
C BbITECHUTENbHOM criionl Apxumena. Ho ¢ Bogor 3ToT Homep
HE MPOUJET U COCY/I C BOAOM YTSKEIUTHCSA POBHO, HA MACCY TO-
I'PY’KEHHOTO B HEro mpeaMera. A Jajiee, Kak ycTpoeHa opOuTa
3eMJi U Jpyrux IJIaHeT. Y KaXJI0ro aToMa eCTh CBOsI YacTOTa,
KaK MPaBUJIO OHA MOX0XkA Ha PSAJOM CTOSAIIME, HO UyTh OTJINYA-
eTcs, 0 BPEMEHHU 3TO 1uar Brepel Wiv Ha3al. B 3aBucumoctu
CHMIKaeTCsl WK NoBbIlaeTcsl TakT. U yxe popMupyercsi BEKTOp
npetica o0l y BceX Ha OJJVH KaKOU TO IEHTP. (OH HAXOIUTCS



3a Halllel MIaHeTor) 3aMeTbTe, UTO OAMH aTOM He TOJKAeT ApY-
TOi1, CJIOBHO OHU HE COMPUKACAIOTCS, HO TEHEPUPYIOT BOKPYT Ce-
0s1 MEJIKYIO yIapHYIO BOJIHY, KOTOpPasi, KaK rejornay3a OCTaHaB-
JIMBAETCs HA YPOBHE BHEIITHETO IEKTPOHA, (hOPMUPYS ATOMHYIO
s9erky. To ecTh sipo aTomMa 3TO TaKOM MUHM PEAKTUBHBIN JIBU-
ratesib ¥ 3a CUET MyJIbCAIUA, OH CJIOBHO Pa3KUMAIOIIASICS MPY-
’KMHA JIETUT Aajibiie. TyT CKeNTUKY Cpa3y 3aMETSIT, UTO HEb3s
camoro cebsl TOJNKaTh, HA OT Yero He OTTAJKUBAsCh, HO €ClU OT
CBOEl 0OpaTHOM BOJTHBI ITPUIIIE/IIIIEH C BHEIITHETO JIEKTPOHHOTO
CJI051, TO MOKHO. BOT (DOTOHBI, Kak TO JBUKYTCS B IPOCTPAHCTBE
U TOXKE HU OT Yero WM caMu OT ce0sl OTTAJTKUBAIOTCS, TTPOCTO
MBI HE MOEM TMOHSATh, KaK 9TO MPOUCXOAUT C TOUKU 3peHust pu-
3UKHM U MEXaHUKH, HO 9TO He 3HAYMT, YTO ITOTO HET COBCEM U
(poroHamMu nBUKET Marus. A HarmucaTh B yUeOHUKaxX OT He3Ha-
HUSI MOKHO, YTO YTOJJHO, HUKTO CUJILHO He Oy/IeT TPOBEPATh WU
OIPOBEPraTh, IMIaBHOE, UTO PadOTaeT.

N HemHoro npeackazaHum.

Kak HU KpyTH, a MBI TOYHO JIBUKEMCSI K YEPHON JIbIPE, TOJb-
KO €CJIM paHee s MpeAroJiarai, YTo OHa HaXOMUTCS B sApe ra-
JIAKTUKUA U Mbl OBICTPO TyJa yCTpeMJIsieMcsl, TO Terepb HUKyAa
JIeTeTh He HYKHO, TIPOCTO *KJaTh, KOTJIA BCE MEKTPOMArHUTHbBIE
BOJIHBI UCITYITIIEHHBIE OT Havajia BOBHUKHOBeHUs1 COTHEUHOU CH-
CTeMbl BEPHYThCSI U HE YCUJIAT HAllly TPABUTALIMIO HA CTOJBKO,
YTO MBI CaMu IpeBpaTUMcs B 4epHyio Apipy. Ho ermie 3a mon-
ro 70 3Toro, Oynem HaOmonaTh, He TOMbKO CeBepHBIe CUSHUSA,
HO YyyYallleHle CUJIbHBIX IPO3, JIEKTPOMArHUTHOE T0JIe TUIAHETHI,



CO BpeMeHeM JIOJKHO YCUIIMBAThCS, a He ocnadmnsaThes. M u3 3a
3TOr0 MOTYT BO3HMKATh BCSKHE HEXOPOILIME HABEICHHBIE TOKU
y’Ke B HalllMX OPraHU3Max U COMBATh HAIII TOHKUE HACTPOUKH, a
ye IOTOM HacC aTaKylOT BUPYChl, TAK KaK OHHU NEPBbIE IOHNMA-
I0T, 4TO TpsifieT Oella, U eciv ceiyac OHU He BCTPOSITCS B HAIIe
JHK M nanee He BbIKUTB. TO €CTh OHM MBITAOTCS COPATATHCS
Y BCEro JIMIb. A paHbIIe OHU ITOTO HE JeNaiu MpearnoyuTas,
OoJiee BereTapuaHCKyIo JKU3Hb WU JIPYTUX KUBOTHBIX. 1 Gosee
Takasi MPaBAONON00HAs TUTIOTE3a, COCTAB HAIIErO OKEaHa, IyTh
WU3MEHWICS ¥ BUPYCaM CTaJIO COBCEM HEKOM(DOPTHO B HEM KUTb,
OHU PeIIUIM NepeXJaTh IJIOXHUE BpeMEHa B IPYTUX YOSKHUINaX.
To ectb BUPYCHI 110 JTI0OOMY HAUMHAIIU CBOIO KU3HB C MUPOBOTO
OKeaHa U IJIAHKTOHA, a AaJiee Ha ;KUBOTHBIX CEIUJIUCH MO CTOJb-
Ky 1o ckoibKy. Ho ceiuac ¢ MUpOBBIMM BOZAMU IPOUCXOOMT,
HEUTO CTPAHHOE, NEPErpeBalOTCs U 3ara30BbIBAIOTCS METAHOM U
UM OJTHOKJIETOUHBIM HYKHO CPOYHO MCKATh JIPyroe yOeHuie.

I'naBa XI

CMOTPpIO HAa TEMIIEPATYPHYIO KAPTy MUPA U BUKY, UTO XOJI0/a
B3SUTH T1ay3Y, HO B 1IEJIOM HHKY/Ia He COOMPAIOTCS OTCTYTIATh, TTOJT
yrpo3oii CIIIA , KHP, u CeBepnas EBpomna. Tak B mociegHei xo-
JI0/1a 3TO HOpMAaJIbHOE SIBJIEHUE HAEIOCh TaM CKOpEe BCEro eCThb
LEHTPAJILHOE OTOIUIEHKE. YTO HE CKakKEelllb ITPO APYTUE CTPAHBI.
Ho crarpst He 00 3TOM, a 00 00IIeM KJIMMarte, 4To TO MONUIO He
1O ClIeHapHIo 100aibHOro noTerieHus B KOxxHoM nonyimapuu,
IjIe cefvyac JOMKHO OBbITh JIETO MO Haiemy ,, cepeanHa Mions"
He HaOmonaercs: BOOOIe HUKAKOW kapbl. TpuaaturpaaycHoe



TEIUIO CTOMT Ha 9KBartope B ABcTpanuu, Munonesnu u Adgpuke
v Bce. Eciii MbICTIEHHO pa3aenuTs Hainy 3eminio Ha CeBepHOe U
FOsxHOe nonyiapue v He 3HaTh, KAKOe CErofiHsl YHUCIIO, HU 3a 4TO
HE JIora/laelibcsl, YTO 3a BpeMs roja, IOTOMY UYTO Be3/le OJ1HA-
KOBasl TeMIieparypa HauMHasi OT 9KBaTopa oHa najaer k CeBe-
py 4 k FOry tam u Tam crosT motele Mopo3bl. Korga kak Jomxk-
HO , ObiTh K KOkHOMY mosiocy Teriee U B ABCTpalud CTOSITh
HecTepniuMasi xxapa B 45 rpaaycoB. Ceituac TaM TeMIieparypa Hu-
e KJIMMaTU4ecKoi HopMbl rje To Ha 15-20 rpagycos. Kyna ae-
Jock Haie Tero? OTBET OHO NEPEXOAUT B KUHETUYECKOE YCKO-
peHue rpaBUTAllMK WK Hallla TlaHeTa ObICTpee pa3roHseTcs Mo
cBOel opOuTe, HAa TTMK CKOPOCTU MBI JIOJDKHBI BHIMTH K 21.12.
21 rozma To ecTh yxke O4eHb CKOPO, a Jlajiee HauHeTCs Ooliee pes-
KO€ TOPMOKEHHE U Kapbl MpHOyAeT Oosblie, yeM ObUIO B MPO-
1IUIOM rofy (s Mpo ABCTpaJIiMIO) celyac 3TO aHOMaJIbHOE MOXO-
JIO/IaHUE TAKOM CYIIEP OTJIUB NEPE]] IlyHaMH POCTa TEMIIEPATY PbI.
A moyeMy 3TO MbI BAPYT HAYAJIH TaKyl0 OPOUTATIBHYIO paCKauKy?
A 110 9TOTO OHa MOXeET 1 OblJIa, HO OYeHb JABHO, KOI/Ia YesioBe-
Ka ere He ObU10. VI HaM mpeAcToAT TpyAHblE BpEMEHa, JIeNIo B
TOM UYTO B OCHOBE paboThl BHYTPH 3eMHOr0 peakTopa u CosHeu-
HOW CHCTEMBI MPOCJIeKMBAETCS B3aUMOCBsI3b. Korga nocruraer-
cs1 OlpeJe/IeHHasl BeIMYMHA SHEPTUH, aTOMBbI [IEPECTPAUBAIOTCS
Ha HOBBI OOJiee BHITOIHBIN YPOBEHb, UEM TO TIOXOKe Ha (popMu-
POBaHUE JibJa y BOIbI, TOJBKO 3[€Ch 3TO BEPXHsASA I'PaHULIA KO-
Je0aHui IEKTPOMArHUTHOTO TOJIs TUIaHETH U Beell COTHEUHOM
CHCTEMBI B 11eJIoM. Jleno B TOM, 4TO KOrjga CBOOOIHBIX 3apsiIOB



CTQHOBUTCS CJIMIIIKOM MHOTO, UM KyJa TO HYKHO TepeTedb WiIn
clienaTh JJIUHHBINA MPOOON M TeM CaMbIM CHU3UTH SJIEKTPOHHOE
JaBJIeHUe, HO ceivyac 3To MpoOJieMaTUYHO TakK, Kak o0a mosoca
TUIAHETHl HArpeThl TPUMEPHO OIMHAKOBO, M SHEPTUU NIepeTeKaTh
HEKy/Ia, a 3HAYUT MMPOIOJIKAETCS] HAKOIJIEHE CBOOOIHOTO 3apsi-
Jia, 3TO KaK B3BOAUTCS NpyxHHA. Toxe camoe BO Bcerd ConHeu-
HOW cucTeMe, Mbl HaOMIoaeM CHIKeHUE TTPOOOEB MO Hallemy
3acHyBIemy ComnHity (oOemanu, 4To BOT BOT aKTUBHOCTh 3B€3-
JIbI BO3PACTET, HO TIOCIIE IBYX TPEX MOIIHBIX BHIOPOCOB BCE CHO-
Ba 3aTHXJIO) a Jlajiee y Hac ABa cueHapus. [lepBblil YTO Mbl IyCTh
Y C OMO3JJaHMEM, HO BHOBb MIEPE3aIyCTUM CTaPbIi [IUKJI KJIUMAaTa
C MepeMeHaMu Ce30HOB, a BTOPOil OoJiee aroKaTUNTUYHBIN, YTO
KOJIMYECTBO TMEPEfIeT B KAYeCTBO U MOCIEeNyeT pe3Koe CcxkaThe
noJist. I'paBUTaIMs yCUITUTCS OTHAM CKQYKOM, TIJTaHETa MepernaeT
Ha HOBYIO OpOMTY O0Jiee KOPOTKYIO U KakK CJIC/ICTBUE HAUHEM Te-
PSThb CBOIO aTMOC(epy, MPU Pe3KUX YCKOPEHUSIX U TOPMOKEHH-
sax. HeuTto noxoskee mporcxXoauT U cernvac, Korjaa 3eMis 1EPHeT-
cs1 B Kakylo JInOO CTOPOHY 00pa3yeTcsl TMTaHTCKasl yaapHas BOJI-
Ha, KOTOpas OrudaeT BCIO MIaHETY CXOIUTCS B OJHOM TOYKe, KaKk
I[yHAMH B Y3KOii OyXTe 1 Mbl HaOJTI0/1aeM CyIep TOpPHAI0, BOT Kak
Ha gasax B Illrarax, 310 yacth aTMocdepbl B3METHYJIACh BBEPX
U 3aKpyTUiack. boee menjeHHble, HO MPOAOIKUTEIbHBIE TOTY-
KM BBI3BIBAIOT MACIITAOHBIE IUKJIOHBI, yparaHbl, KOTOpPble MOTYT
3a0pachiBaTh aTMocepy B KOCMOC, U B 3TOM MeCTe aHOMaJIbHO
CHMJKaeTCsl IaBJIeHUe, TO €CThb ellle 0 TaldyHa CHayaia HeuTo
TOJIKaeT BO3JIyX BBEPX W PE3KO MajaeT AaBJieHue Ha OOJBIION



wiomanu. OT pa3MepoB Jerpeccry 3aBUCUT OYTyIIHIA IIUKJIOH U
ero cuia. [Touemy Mbl 3TOro He 3ameuyaem? Tak Kak HET TOTYKOB
MOXOXKHUX Ha 3emuieTpsiceHrsi. OTBET OHU IIUKJIOMUYECKOTO Mac-
mrada, CJIOBHO TUIAHETa JIBIIIAT B3bIMAETCS U OIyCKaeTCsl, M0-
XO0’K€ Ha MPUJIMBBI U OTJIMBBI, HO B TBEPJIOW KOPE MEHSIETCSI Te0-
METpUsI U BPEMsI OHO MEHbIIIE YEM y KJIACCUUECKUX MPUIUBOB,
TO €CTh 3TO He Yachl U OOJbIlle YeM y 3eMIIeTpPSICeHUsI HE MU-
HyThlL. [lymaio uto aedopMariyisi pOUCXOIUT 3a AECATKU MUHYT,
ot 10 no 45 MuHyT. 3aTemM Bce BO3BPALAETCSI HA UCXOIHYIO, HO
no cepe modexkana BOIMHA Pa3psUKEHUsT WM CKaTUsl BO3IyXa,
B 3aBUCHMOCTH B KaKyl0 CTOPOHY ObLIT IPOrH0, HA BHYTPEHHIOIO
MOBEPXHOCTh TUIAHEThl WM BO BHENIHIOKW. B mepBom cityyae y
Hac OEKUT BOJTHA Pa3psKEHM S, BOT BTOPOM CKaTHsI ¥ Ha TIPOTH-
BOIIOJIO)KHOM CTOPOHE IJIaHEThl OHU (POKYCUPYIOTCS 10 IIUKJIOHA
WY aHTUIMKJIOHA. BOT moyeMy, MeTeoposiorn ObiBaeT moj Ho-
COM IIPOMYCKAIOT aHOMAJIbHYIO JIENPECCHI0, [IOTOMY KaK OHa MO-
KeT OYeHb OBICTPO 0Opa30BaThCs C POBHOIO MecTa. A 4YTO BHI-
3BaJI0 TAaKOM, MPOTHO WM BCIyUYMBaHUE 3€MHOW OBEPXHOCTH ?
A 3TO Halle 3JeKTPOMarHUTHOE T0JIe, €ro HalpsKEHHOCTb WU
I'yCTOTa €CJIM MOXKHO TaK BbIPa3UTbCS U TYT CaMOE UHTEPECHOE,
YTO YEJIOBEK MCIONb3YsI CUILY PEK, BETPa, C:KUTasl yIJIeBOAOPO/IbI
BBIPA0ATHIBACT NIEKTPOIHEPTUIO, 3a0MpaeT CBOOOIHBIE 3apsiibl
C OITHOW CTPOHBI TOJILKO YCHJIMBAET HAMPSIKEHHOCTD TOJIS T1j1a-
HETBbl M He JIaeT MOSBUTCS MpoOoI0 UK paspsiake. S yxe nas-
HO 3aMETWJI, UTO B CPEHUX HIMPOTAX I'PO3 C MOJHUSIMU CTAJIO
Ha MHOTO MEHbIIIE, 3a JIETO Mapa TpoiKa pa3 IPOMBIXAeT U BCE.



DTO HE TO UTO Mbl BUHOBATBI, IJIAHETA caMa K 3TOMY UJIET B ra-
JIAKTUIECKOM Macciitade, HO Mbl UyTh, UyTh €€ MOATATKUBACM
JaJibllie B 9TOM HaripasiieHuu. [1ostomy BeIpyOasi, jieca Mbl Ha-
pylIaeM He TOJIBKO KHUCIOPOTHBIN OajlaHC, HO K COXAJICHUIO U
9JIEKTPOMArHUTHBIN, BCE TH MPOILICITNHBI OOJIbIIE HE TOIHM-
MAIOT BOJY U3 MOYBBI, U HE MOATAJIKUBAIOT JIUIIHUE JIEKTPOHBI
K TTIOBEPXHOCTH U HEe aKKyMYJIMPYIOT UX Ha ceOe. ITO BCE TOIBKO
YBEJIMUMBAET HAIMIPSKEHHOCTD IMOJISI TUIAHETHl M YaCTUYHO Tiepe-
JlaeTcsi, Ha YesioBeKa, M 3aTPyIHSET HATPUEBO KATMIHBIN OOMeEH,
MEKTPUIECKUI HACOC HAIITMX KJIETOK PadOTAEeT Ha Ipe;iesie U Mbl
YYBCTBYEM HEOOBIYHYIO YCTANOCTh. [IOABITOXUM , BOT 3Ta MaH-
JeMus ¢ OECKOHEUHbIMU MY TalIMSIMU BUPYca, CKOpee He O0Ie3Hb
B €€ KJIaCCHYECKOM BapuaHTe, a HeKasl MePeCcTPOKa OpraHnu3mMa
KaJK/IOTO YeJIOBEKa MOJ1 HOBBIE YCIIOBUSI, HAM MPEJICTOUT JIbIIIAThH
JPYTUM BO3/IyXOM M UMETh JPYTYIO TSKECTh, & 9TO HEBO3ZMOKHO
CO CTapbIMU FeHaMU. A 3HAYUT C HAMU ITPOUCXOIAT METaMOPo-
3bl 3aMeHa ofHuX yuyactkoB [JHK Ha apyrue. B nanHom cinydae
y Hac yxe Bce ecTh, mpocto ogHu yyactku JJHK crsar, Hukak He
YUYaBCTBYIOT B Halllel JKM3HU, HO UX HYKHO CPOYHO pa3OyIuTh,
Y BUPYCY MMOPYUYEHO 3TO 3aJaHKe, YTO Obl CIIACTH JIIOJIEH, HO MBI
COIPOTUBJISIEMCS STOMY NPUAYMaIY BaKIMHY UTI. KOHEYHO KTO
MOKET MOBEPUTb, UTO BUPYC JIEHCTBYET B HAIIIMX UHTEPECaX, a He
XOueT Hac youTtb? MHe 1 caMOMy C TPYJIOM BEpPHUTCS B €ro J100-
poty. Ho no nocneaneit uugopmariyiu, Korjaa mpuBUThHIE 3apaxa-
I0TCA yaie 1 0071€er0T (a Kak Obl OHA He OOJIeNIN, 3HAYUT METa-
MOp(}03 UIET C HAPYIIEHUSIMU) 9TO 3HAUUT MPEbIIyIas MyTa-



1M JeJIbTa JO/KHA OblIa MX TOATOTOBUTH, HO OHM €€ N30eXKaIn
¥ TEM CaMbIM HApPYIIMIM TEXHOJIOTMUYECKYIO IeTIOYKY. DIHJIOT,
9TO YKMCTO MOE, MHEHHE KaK (pU3MKa TEOPETHUKA, HO pa3 BO3HUK-
Jla Takasl CUTyallusl C TaHJAEeMHUel, Ha BCeH IIaHeTe, qyMaio ee
3Ty TUIIOTE3Y NP0 BUPYC, HAJIO MPOBEPATh OUSHB TIIATEIBHO. A
TO MOJTYYUTCS, UTO JIEKAPCTBO XYKe CaMOU OOJIE3HH, a TAKOTO He
JOJKHO OBITh B IPHUHIIMIIE.

I'nasa XII

YTo HU JIeHb TO MOSIBIISIIOTCS TPEBOKHBIE HOBOCTH, TaK BhIIILIA
npe/iBapuTe/ibHAsL CTATHCTHKA 10 CMEPTHOCTH B Mupe rie yxe
SICHO, YTO OHA OYEHb BBICOKAsl M TOYTH B JIBa pa3a MPEBbIIIAET
OOBIYHBIC TOIBI. A 3HAYHUT C IJIAHETOM, YTO TO IMPOUCXOUT U TYT
BUPYCHI UTPAIOT HE CaMYIO IJ1aBHYI0 posib. CKopee 3TO CJIe/ICTBUE,
a He mpuurHa. [lepBoe, 4TO BIUSET HA YEIOBEKa, ¥ 9TO yKe TOU-
HO 3JIeKTPOMAarHUTHOE I0JIe TUIAHEThI, @ OHO B CBOIO OYepe/Ih 3a-
BUCHUT OT I'PaBUTAIIMH, a Ta OT OOIIEro yCKOpeHust 3eMJIH TI0 Op-
ouTe 1 Bce Obl HUYETO, €CM OBl OHA 9TO JIeJIajla CAMOCTOATENb-
HO, HO BCE UET B 001IeM KoMaHaHOM 3a0ere BMecte ¢ CoHeu-
HOW CHUCTEMOM. DTy [ENOYKY MPUYMH U CJISACTBUA MOXKHO MPO-
JIOJIXKaTh, HO MBI ITOKa OCTAHOBUMCSI Ha 3TOM. CerofHs paccMoT-
pPUM THIIOTE3y 10 KOTOPOM Mbl Haxomumcst He Bo3sie CoJHIa, a
Ha Kpato YepHo# IbIphl U TOJIBKO BHEIITHE OHA MACKUPYETCS MOJT
3Be3]1y, IOTOMY YTO Ha Hee MaJaeT MbLIb ra3 U Py STOM CHJIb-
HO MOHM3MPYETCS, U3JTydaeT. A Ha 3Ty MbIC/Ib MEHsI HATOJIKHYJIO
cnenymoinee. Eciu cyliecTByl0T KOJUIANCUPYIOIIUE IEKTpoMar-
HWTHbIE BOJIHBI, HO Mbl UX HE 3aMe4acM MOTOMY, YTO JBHKEM-



Cs1 C TAKOU 3Ke WK OOJIbITIel CKOPOCTBIO, TO ISl HAC OHU OYy/IyT
OOBIYHBIMU WJTA BCTPEYHBIMU. TO €CTh MBIl HE YBUIUM y4yacTKa
KOCMOCA CXJIOTHYBIIIEroCsl B OIHY TOUKY, TIOTOMY, 4TO 3TO JOJI-
’KeH OBbITh 3HAUYUTEIbHBIN 00bEM U MPU 3TOM OyJIeT MPOUCXOIUTD
BBIOPOC M30BITOUHOM SHEPrUr. B 11e710M 3Be3/1bI U AaKe MIaHeThI
MIOTA/IAIOT TOJ TY KJIaCCH(PUKAIINIO, Y HAC TTPUCYTCTBYET CTyIIe-
HHE 3JIEKTPOMArHUTHBIX TOJICH OJMKe K TOBEpPXHOCTH. Jla Mbl
Oy/ieM BUJIETh KpacHOE CMellleHue CIeKTpa, Kak Oyn To Beenen-
Hasl pacHIMpsieTcsi, HO Ha caMOM JieJie Mbl CMOTPUM B KOCMOC
HOYBI0 WM c3aqu ObICTpO mayiero mnoesna. M cosmaercs 3¢-
(bexT pazderanusi yrioBbIX PaCCTOSTHUN WJTM TOPMOKCHUS JIEK-
TPOMAarHMTHBIX BOJIH. A €CJIM CMOTPETh BIEpe/] [0 X0y HAIIIEro
yckopenust nipsiMo Ha CoJHIle, TO HA00OPOT CIieKTp OyleT cMme-
mieH Omke K uoneroBomy. Yem Omke Mbl iogxoaum K YJ1
TeM KoJieOaHUsI IEKTPOMArHUTHOTO TIOJIs OYeHb CHJIBHO TIOJIsI-
PUBYIOTCS [0 OJHOMY BEKTOPY, U JIBUKYTCSI B OTHOM HarlpaBJie-
HUM, 2 3HAYUT BBHITATMBAIOTCS, KAK MaKapoHUHBI. OHU UIYT yxke
HE I10 TPSIMOM, a CUJTBHO TI0 KPYTY, UTO YBEJIMUUBAET BpeMsI TIOKa
OHM JIOWYT 10 HaOmoaresisi. BoT Bce Kpyuvasiy, 4To JIydu cBeTa
UCKPUBJIAIOTCS BOMM3U YEPHBIX AbIP, HO HUKTO HE MPEICTaBUII
MOJIENIA TIOYEeMY ITO MPOUCXOTUT U Ha CKOJIBKO. A 3TO CJIOBHO
BOJIa YBJIEKAOIas 3a cOOOM CBET, ero ocaadiseT B OMHOM Ha-
NpaBJIeHUM U YCUIIMBAET B Jpyrom. To ecTh BeCh MOTOK BHEIII-
HEro KoCMoca CKpy4YMBaeTcsl B BOPOHKY, U JBMKETCS 10 aKpe-
LIMOHHHOI'O IMCKAa WM ropu3oHTa Y1, a TaM yxke CIIOBHO 3aCThI-
BAeT, YacTh U3JTy4aeTcsi 0OpaTHO, a BTOpasi BhI3bIBAET HATPEB U



CKaTHe MOTOKOB ra3a, TaK 4TO Mbl BUIUM B 93TOM Mecte ConHeu-
Hy1o ¢otocepy. TyT HHIEero HeoOBIYHOTO HET, CAaMOe MHTepecC-
HOE B APYI'OM, OKa3bIBAETCA y aTOMOB €CTb KPOME HECyLIer Ya-
CTOTBI KOJI€0aHU, BTOPUYHBIE O] YACTOThl, OHU HEMHOTO HU-
€ U OTBEYAIOT 32 MOJIEKYJISIPHOE B3aMMOJIENCTBUE, JAJIEE €CIIU
npoucxonut KoHteHTparms DMII, To oHr ckaukooOpa3Ho nepe-
XOIAT Ha OoJiee BHICOKYIO MJIM HU3KYIO OKTaBy. [Ipu aTom ¢pusu-
YECKHU aTOMbI CKUMAIOTCS UM Pa3KUMAIOTCS, OJIVDKE WU J1aJlb-
1€ MOAXOHAT K Apyr apyry. OHM cTapaloTcsl BBICTPOMUTCS TaK,
910 OBl 00pa30BaTh OOBEMHYIO (PUTYPY MIPU STOM BBIPOBHSTH
JABJIEHUE 110 BCEM HarpasieHuAM. 1 camoe rmaBHOe, OHU Npu-
MYT SHEPreTU4ecKH BbIFOTHOE COCTOSTHUE, €CII OHU OYIyT ITyJlb-
CHpOBaTh B PE30HAHC, OE3yCIOBHO €CTh CBEPXIPOBOJUMOCTD Ha
AIEPHOM YPOBHE (HE JIEKTPOHHOM) HO OHA HE BBIXOOMT 3a I'pa-
HUIBl aTOMA, OT PAHUYMBASICh CAMBIM BHYTPEHHUM 3JIEKTPOHHOM
cioem. Ho no3BosisieT nepedpachiBaTh N30BITOK SHEPIUU MOYTH
MTHOBEHHO C OJIHOT'O Kpasl IUIaHETHI Ha Ipyrou. To ecTsb B ejaomM
3emMiid Ha SIEPHOM YPOBHE, 3TO CBEPXIPOBOAHMK M KOIAA IO-
JTy4aeTcsi 00pa3yeT CTaOMIIBHYIO PEIETKY THUIa CHEKUHKH, pac-
IIPOCTPAHUB CBEPXIIPOBOAUMOCTD JAJIbIIIE HA BHYTPEHHUN 2JIEK-
TPOHHBIN ypOBEHb. VIMEHHO MO3TOMY JIEKTPOMArHUTHBIE OIS
IIPOXOAAT YEPE3 HAC, HALIM TeJla Y TOJIIIH IJIAHETHI, HO HE BBI3bI-
BaIOT 3(p(peKTa MUKPOBOIHOBKU. KTO HE BEPUT MOXKET CITyCTUTh
KOMIIAC Ha caMylo ITyOOKylo IIaxTy Wi MapuaHCKylo BNajiu-
HY U 3aMETUTb, YTO U TaM INpUCYTCTBYeT nojie. I oHo MouHee
BEPXHEro. A jajee CMOTPUTE , CITydrlach MarHUTHasi Oypst Ujin



BeIOpoc Ha Conune wim Y/1. V Hac mpoBoIuMOCTb HEPruu cpa-
3y YXYAILIAETCS U B T€X MECTax IJIe UCYE3 PE30HAHC HAYMHAET-
Csl IPSIMOM HarpeB, YeJIOBEK UyBCTBYET Kap, MOBBIIEHHOE [1aB-
JICHWE U JIpIIIaTh CTAHOBUTCS TPyJHEE, IOTOMY KakK 3JIeKTpruye-
CKasl MIPOBOIMMOCTh KJIETOK PE3KO CHUXkAETCs. 3aTeM Hall Op-
TaHW3M JIOJKEH MEPECTPOUTHCS U BBIMTH HA HOBYIO 4acToTy. Ec-
JIY TIJTAHETa YCKOPSIETCsI, 3HAUYUT U YaCTOTA AOJIKHA MOBBIIIATHCS,
€CJIM TOPMO3UT TO CHUKAThCA. OCTaBaThCS HAILIEMY OPraHU3My
0e3 M3MEHEeHU! HeNb3sl, €CTh PUCK MOTYyYUTh KUCIOPOJHOE TO-
JIOAAHKE CO BCEMU BhITEKAIOIMMU. Jlerye Bcex ynpaBJIsioT STUM
MPOIIECCOM JIETU, IOTOMY YTO Y HMX MEHBIIINI 00beM aTOMOB, a
YeM MEHbIIIE CUCTEMA, TEM JIET4Ye e MPEOA0JIETh HA30BEM UHEP-
LIMOHHBI} TEIJIOBOM MOPOT, B TY WK UHYIO CTOPOHY. I cMoTpuTe
KOCBEHHO Ha 3TO YKa3bIBAIOT Mocjennue HoBoctu u3 FOAP rne
B HavaJie aKTUBHO OOJICIOT JeTH, TIOTOM OoJjiee cTapiiee MoKoJe-
Hue. U ecim mpucMOTpeThesl K BOJIHAM IpUIINA, TO BUAHO TOXE
camoe, TiepBble 0O0JICIOT IKOJILHUKHU, TTIOTOM O0Jiee CTapIiee Io-
KOJIEHUE, TOJIBKO MTOTOM COBCEM CTapuKH. CUUTAETCS YTO y HUX
CWJIbHEE UMMYHMTET, TaK KaK OHU MOXKWJIY JI0JITO BCEro MoBU/1a-
JH. ..

Ho Ha camoM Jene y HUX BbIlE JIeKTpUYecKasl UHEPLUS, TO
€CTh OHU HE XOTSAT NEPEXOAUTh CO CTAPBIX YaCTOT Ha HOBBIE, TAK
KaK MM 3TO TPYJIHEE CIeJaTh, PACCTOSIHUE MEXIY COCEIHUMU
aTOMaMU CTaJIO CITUIIKOM OOJIbIIIOe, BOT MOTOMY YeM cTapiiie
TEeM pbIXJiee CTAHOBUTCS YeJIOBeK, Kak cTapbiii rpud. [1o mpocrto-
MY y HUX JIEKTPUYECKOE CONTPOTUBJIEHUE KJIETOK, BBIIIIE YEM Y



JeTeil v JIIofiel CPeJHEro BO3pacTa u3 3a OOJIBIIIOro MyCTOro pac-
CTOSIHMSI MEKAYy aTOMaMU. A BaKyyM Kak HAaC U3BECTHO ILIOXOU
MIPOBOJHUK IEKTpUUeCTBa. Tak 3TO, UM HET BpeMsl, TIOKAXKeT
HO CJIMIIIKOM MHOTO coBrnajieHuii. Ho BepHEMCs K TiaHeTam, To
YTO MJIET HETIOHSATHAS SPO3Usl HAIIIETO SJIEKTPOMArHUTHOTO T10-
7151 3TO (PaKT, HE yCrieeM MbI TPUBLIKHYTH K TEILTy, Kak Hac Opo-
caet B XoJof1 ieka0ops 2021 BoieT B UCTOPHIO 3eMJIH, KaK Me-
cs1 caMbIX OOJIBIIMX TEMIEPAaTYPHBIX MepenajoB, U HET HUKA-
KHX TapaHTUI, YTO HA STOM BCE 3aKOHUYMTCS CIIEAYIOMUH rof Oy-
aet 6osee CoKoiHbIA. Teopus 0 ToM, YTo c1adble ceftuac yMmpyT
U CJIeYIOIIMI IO/l He MPUHECeT U30BITOUHOW CMEPTHOCTH, OHA
NOMAET Ha cnaj (Tak U ObUIO paHbllle, 32 MUKOM UM CHafbl)
HE TOITBEPAUIIACh. DTO TOBOPUT O TOM YTO MBI HAXOAUMCS Ha
TOJI IYTH K MPOMACTH U €Ile HE JOLUIM A0 CaMOM HU3KOM TOY-
KM TYpOYJIEHTHOCTH. ( TO €CTh BBICOKast TypOyJeHTHOCTh DMIT
9TO HOPMAJILHO, Xy’Ke KOIJla OHAa HU3Kasl) JIeJI0 B TOM, 4eM OJIu-
e BBI MOJAXOIUM K YEPHOM JIbIpE, TEM BBIIIE CTAHOBHUTHLCS TIO-
JSIpU3alysi aTOMOB M OJJVIH Pa3 ,,CXBATUBILIKCH" 00pa3oBaB Jiey,
OH He cpasy oTTauBaeT. To ecTb OoJiee ornacHasi CUTyalusi, Korjaa
HAlll OPraHM3M CJIMIIIKOM XOPOIIO MPOBOJUT SHEPTUIO U HE MO-
JKET OCTAHOBUTCSI, BOSHUKAET 3(P(HEKT SMUIISTICUH WITH N30bITOY-
HBII pe3oHaHc. MokeTe MOCMOTPETh BOKPYT, KaK JIIOAU CTalln
0oJiee arpecCUBHBIMU 10 MaJIEHIIIEMY TTOBOY, OHH yKe HEe MOTYT
CHepKaTbCsl, HAJIO BBITUIECHYTh BCIO SHEPIHIO J10 KOHIA. Vnu u3
OJIHOM KPalHOCTH OpOCAIOTCS B JIPYTyI0, 3TO MOKHO YETKO Ha-
OmonaTh MO TOBEACHUI0 MHBECTOPOB HAa PHIHKE, KOTJA OHHU CHa-



Jaja OT aJHOCTY CKyIaJIH MojielieBeBIre OyMaru, a IoTOM Tak
e MX OTYASTHHO MPOJIABAIM, KOTJIa OHU MPOOWII BHU3 BTOPOE
JHO. [lymaio 4To MojIoBUHA XOMSTYKOB B 3TOM TOAY YUAYT C PbIH-
ka ecau cerogHss PPC nogHumMer kimodeBylo ctaBky Ha 0,25%
IyHKTa. ( HO CKOpEE HET TOJIbKO B CJIEAYIOLIEM) OHU 3aKPOIOT
coit UMC u OyayT xwuth Kak pansiie. [1moc ecny paHblie y HUX
ObUTY JIUIITHUE JIEHBI'H, TO TENePh B CBSA3M BHICOKOM UHIISIIIMEH
ux mpocto He Oyaer. Ho mbl oTBiiekmch. Yrto xe genats? Yect-
HO HE 3Hal0, HO MTPOBEPATH TMIIOTE3Y HYKHO, U YeM ObICTpee TeM
JIy4lie MHA4Ye TepsieM JParoleHHOE BpeMsl, JyMalo MOACTETHYTh
9JIEKTPOMArHUTHOE TI0JIe YeJIOBeKa He CJIOKHO U B OyayIieM y
Hac OyayT MmpuOOpHl )i pa3psAIKA WM 3apsiIKU HAIlero Tena
JIMITHAMH IeKTpoHaMu. Tak BKJTIOUMII Mapa CeKyH/ U Tebe yKe
jerye. A JIeKapCTBEHHAs] MEAUIIMHA TIOXOKE YIEPJIACh B TYIHK,
HEBO3MOKHO JICUUTh TO, YTO UMEET APYryio npupoay. Tak mo
MIPOCTOMY UEJIOBEKY XOJIOJHO, @ MBI €My JaeM TaOJIeTKy Aymasi,
YTO 3TO €ro COrpeeT. 3MECh Ke NEKTPUUECTBO U MMPOBOAUMOCTh
Hy’KeH HEKMI TOHKHUI OajaHc.

Kaxk smmmnor.

Ila MBI 3HaeM 4TO BCe KMBOE Ha 3emiie HY:KIaeTCs BO CHE
Y OH HYXEH KaX[ble CYyTKH, HeJIb3s CIaTh Yepe3 JeHb WU MOJ-
TOpa, a UMEHHO KaxJiple 24 Yaca Hy)KHO OOHOBJSThCA. U BOT
ecTb runote3a. Pa3 Mbl Tak OBICTPO JABMKEMCSI B IPOCTPAHCTBE
BBIIMKMCHIBAEM TMTAHTCKME METIM Ha CKOPOCTHU CBeTa 1o 24 MuI-
Jmapaa KWIOMETpoB Kaxaass. Ho TemM He MeHee OHM He OfiMHa-
KOBBI U KaX/1as1 CJIETyIONasi MEHbIIIe W OOJIbIIe MPpeblIyIen



Ha HECKOJIbKO MUJJTMOHOB WM JAECSTKOB MUIJITMOHOB KUJIOMET-
POB. A 3HAUUT U peaibHasl CPe/IHsAs CKOPOCTh B IIPOCTPAHCTBE
¥ CaMOl CBETOBOH BOJIHBI OyJeT pa3sHUTCs TUTIOC MUHYC OT 1%
10 5% TOYHO HYXHO JI0JIr0 BbICUMTHIBaTh. HO 3TO BeneT k Tomy
YTO KaX[Iblii HOBBII JIEHb y HAC MOSBJISIETCSI HOBAsl aTOMHAsI Ya-
CTOTa KOJIeOaHMIA ¥ e ee He cMeHUTh( ) rpu mepexore yepes
HOJIb (B MOJIHOYb) TO HAIIl OPraHKW3M MOXET AaTh cOOM U B UTOTe
MBI BCE PABHO YCHEM XOTb CTOSl. A Jjajiee camasi HyjleBasl TOUYKa
WJIM HAaMMEHbIIIee PACCTOSTHUE MPOACHHOE Hallle TIJIaHeTO! 3a
cyTku Oynet HaOmoaaTbes 21 UioHs, a 3aTeM 1MoJjI rofia OHa OyzIeT
PasrOHSTHLCS JI0 MTUKA CBOEH CKOPOCTH 10 OpOuTe, KOTOpasi pH-
nercst Ha 21 nexadps. [locne Mbl HAYMHAEM CHOBA TOPMO3UTCS
Y 4yepe3 NoJ roga 3aMKHeM Kpyr. Ha atromHoM ypoBHe ecth 182
SHEPreTUYECKUX CJIOSI M MBI KQXK/ble CYTKH BHIOMpPAeM OIMH W3
HUX, IBKEMCSI OT CAMOT'0O HIKHETO JI0 BEPXY, a IIOTOM 0OpaTHO
(Mo KJIaCCMYECKOM TEOPUU IEKTPOHHBIX CJIOEB §) HO B JAHHOM
Cllyyae peub UJIET O BHYTPU aTOMHBIX CJIOSIX, KOTOPbIE MbI ITOKa
HE HayYWJIMCh PETUCTPUPOBATH U PACTIONOKEHBI OHU B INTIOOHHOM
nryoe sapa atoma. To ecTb Mekay BHYTPEHHUM JIEKTPOHHBIM
CJIOEM U CaMUM SIIPOM.

MBbl 3HaeM OKOJIO ABYXCOT BHYTPHUSIIEPHBIX YACTHUII, @ 3HAUUT
KaKJIOM U3 HUX COOTBETCTBYET CBOS SHEPrUsA. Bropoe HeUTpUHO
MOT'YT 10 Pa3HOMY OCLIMJUIMPOBATh U SIBJISIETCS MPOBOJHUKOM
SHEPruM M3 Bakyyma B siipo U oOpaTHO. To ecTh JBUTasch Ha
TaKUX OTPOMHBIX CKOPOCTSIX HYKHO COIVIACOBAHHO MEpPEeaBaTh
SHEPrHIo C IOMOUIBI0 PE30HaHCA HEUTPUHO, BCEX YacTell aToMa



Kak ofgHoro 1iesioro. [To cytu oH mpeBparaercs B CBEpXIPOBO/-
HUK. U BOT TyT T000€ CYyTOUHOE U3MEHEHNE CKOPOCTH TUTAHETHI,
TpeOyeT yIJIMHUTh WM YKOPOTHUTD IIar aTomMa 3a OIHO Koneba-
HHUE M 3TO 3HAYUT TpeOyeTcs] aKTUBUPOBATh CIIeAYIONTHN 13 182
SHEPreTUYeCKUX CJIOEB U TO CaMOe INIABHOE K 3TOMY Yacy.



