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Co3naHo B MHTEJUIEKTYaJIbHOM U3/1aTesibckol cucteme Ridero

Aemop 8 daHHOM cayuae CKopee S18Aslemcst NYOAUKAMOPOM,
Max Kax 3a0a4amu ezo Oblau AUUb PACUUPPOBKA U MUHUMANL-
HO HeoOX00UMoe peoaKmuposarue MmeKcmos 3Mux CHpPAHHBIX
OHEBHUKOB', NONABUUX K HeMY HEeNOHSIMHbIM 00pa3om npu 00-
CMOSIMeNbCMBAX CMOAbL 3d2A00UHBIX, UMO MO MOHCEN nompe-
008amMeb 0OMOENbHOZO NOBECNBOBAHUSL.

Kmo-mo ckasicem, umo sma kHuza — uucmo Guaocogckuti
MbICAEHHDILL IKCEePUMEHN, BNePBble NOCMABAEHHDIL 8 MOUKe 3d-
podcoenust Becenennoii u nocredosamenvHo npoeedéHHbvlll CK803b
MURAUAPOBL 1em DO CAMBIX NOCAEOHUX M2HOBEHULL €€ CYecmaeo-
6aHUSl, NONYMHO O0OBACHAIOUWULL NPOCMbIM HCUMEUCKUM S3bl-

! Zaz0n060k, KOMopblil OblA HANUCAH HA 0DA0JCKe Nepeoli mempaou YKa3aHHblx
OHegHUK08 — «Omeenul» — UCNONL308AH 8 Kavecmee Ha36aHusi smot kuueu. Tloozazo-
N060K «D60MOUUSL HCOOHOPOOHOCU» NOOOOPAH ABMOPOM 6 MePY MUUHO20 NOHUMAHUS
CYmU HUNCCUBNONCEHHOZO.



KOM, nouemy U KaxK 6cé npoucxooum.

/pyeue, Haobopom, coumym smy KHU2Y NONBIMKOU HaY4-
HO-NPAKMUUECKO20 NEPEOCMBICAEHUS BCEBOIMOICHBIX UenoseUe-
CKUX 3HAHUIL 8 HeKylo meopuro «Bce2o», HanoaHeHHYylo HOBOL
mepmMuHonozuell U 0emanbHoO pa3ouparouyto MexaHumol MUpo-
30aHUsI.

Kmo-mo smy xnuey omeeperem, kax CAMOHAOESAHHYIO NO-
NbIMKY pazoums Yromuble CMepeomunbl.

Ho 6 ar0bom cayuae eé Haoo 06s3amenvHo npouumanmo, ec-
AU 8AM UHMEPECHO, OMKYOA, KAK, KYyoa U 015 uezo 8Cé BOKpYe...
0CODEHHO — Mbl CAMU.

B 3T0li KHHMIe JaHbI OTBETHI,
Ha MHOTHE U3 KOTOPBIX
eIl€ HET BONMPOCOB



Houn 1. 3apo:kaenne Bcesiennou
U AHTHBCeJIeHHOH. boJibimon
PackoJ. IIporoyacTunsl. ®opma,
pa3Mepbl, dKU3HEHHbIN IUKJI
Bcesiennoi. Pacimmupenue n tenjioBasi
cMepThb. CKkaTne U OrHEHHbIH
koJu1anc. HeognopoaHocrsb
Bceaennoi. Cpeaunnas ccepa

— Hy BOT Kak NosSIBUJICS TOT y HAC, TaK U MPOMOIYAN, KaK
pbida 00 n€n, Tpoe CYTOK ModuTh. Ao, BBl KTO? XBaTUT yxke
HA CTEHY ISAIUThCS!

— BuI Ob1, MOJIOZION YeNioBeK, eit bory, He XaMuIM TOCTIO, OH
K Bairieid MaHepe oOIieHus1 He MpUBBLIK. Kak u g 10 cux mop,
BIIPOYEM.

— 29X, Ma, mpodeccop, 51 Tpu AHsA Tepren. Heyxenu u Bam HeT
JieJ1a 10 9TOro 3araJlouHoro MoI4yHa?

— MHe GeccrtopHO UHTEPECHO, HO Bac, I0HOIIIA, 51 PEIUTETHHO
ocy’Kalo 3a OectakTHOe ToBeieHre. ['0CTh caM pacckaxkerT o ce-
0e, KOrZ1a COYTET BO3MOKHBIM.

— 4 — rocrte.



— Oro, o0eT MoTYaHusl HapyIeH !

— Oyenp npuATHO!

— Ilyctb s1 Oyay ['octh. 30BUTE Tak. U, KCTaTH, s «IISTAIICS»
CK803b CTEHY, 4 HE HA HEE. ..

— Xa! C Bamu TouHO Bc€ HOpMasbHO? Tlociyiaiire, BBl TOJb-
KO HE MbITAUTECH, | OCTh, MPOUTH CKBO3b 3Ty CTEHY.

— MHe 310 HM K 4eMy. XOTb W YyBCTBYIO ceOsl Tenepb Io-
ayuie. Cuitel Bo3Bpauaiorcs. Ho ciymars, 1oHola, s Bac yxe
ycTal.

— W g Toxe ycran Bac ciymiarh, MOJIOJOW YEJIOBEK. YK Kak
JABHO f TIBITAIOCH YJIIOBUTh XOTh YTO-TO CYLIECTBEHHOE B IIOTOKE
Baiero cosHanusi. Ho, yBbl.

— O, 0... HAKUHYJIUCE. .. 5] He TynoWH, s1 BOOOIIIE-TO CTYIeHT!

— MHe, kak npogeccopy, OT STOTO BIBOWHE OOHIHO.

— A OT Baiei gyparkoi NoJUTUKY BOOOIIIE YIITU BSHYT. A TO,
YTO Bbl IPENOAAETE, CYs MO BAIUM PACCKa3aM, HE TO UTO KO-
MY-TO OOBSICHUTDB, HO ¥ BRITOBOPUTH TOJIKOM Henb3s1! U ecim Bee
TYT OYE€Hb YMHBIE, IyCTh TaK Ha3blBa€Mblid ['OCTb HAM YTO-HHU-
OyIlb pacCKakeT, MOMHTEpecHee, YToO He 3eBaTh!

— [IpocTuTe HAaC BEJIMKOLYIIHO, HO Y& MTOCKOJIbKY BBl 3aroBo-
PHWIH, TO MOXET OBbITh, JIEHCTBUTENILHO, TIOBEAaeTe HaM O cebe
HEMHOro?

— Tam, oTKyga 51, 0 cede He TOBOPSIT, B 3TOM HET cMbicia. Tam
YeJioBeK BOCTpUHUMaeTcsi 6e3 Besikux cioB. «Ilo opéxke» HU
KOro He BcTpeyvaioT. Cpa3y 1o BHyTPEHHE! CyTH.

— WM g0 *xe, ['0cTh, BBl HAM HUYETO HE paccKaxere?



— Ilouemy xe... MBI ¢ BaMM 3aCTpsuId Ha KaKOE-TO BpeMs,
Ja emé B TaKoW 0OCTaHOBKe, KOTOpasi Kak HeJib3s 0ojiee Crocoo-
CTBYET TOMY, UTOOHI s1 MOT' 6€3 KaKMX-JTMOO OIIyTUMBIX MOCIIET-
CTBUM OTCTYMUTh OT MPUHSTHIX B MOMX POIHBIX MECTaxX MpPaBUIl
OOLIIEHUA.

— W 4uro?

— A TO, 9TO S1 MOTY BaM 4YTO-HUOY/Ib pacckasarh. Jla XOTb 6cé.

— O kak! «Bcé»! Kpyro! MoxHo cnipaiuBath yxe?

— Ha, cryneHr.

— Torna BOnpoc KOPOTKMM: KaK «BCE» YCTPOEHO?

— Kak roBopurcsi B Ballux Teselioy — XOpPOLIMiA Bompoc!
OxotHo Bam oTBeuy. Utak, ciymaiite. C yero u Kak Bc€ Haya-
JIOCh. ...

Bcenennas. Kak 3to cpadorano? IIpencraBbre OeCKOHEYHO
orpoMHyIo myctoty. Ho 3ta 6eckpaiitsisi 6eCKOHEUHOCTb COBEp-
IIEHHO HE MMeeT COJep:KaHusl, TO €CTh OHA HE UMEET HU BHYT-
PEHHEW, HU BHEITHEN IIKaJIbl ¥ TIO9TOMY COBEPIIEHHO HU YeM
HE OTJIMYaeTCs OT TOYKM, OT OECKOHEYHO Majoil Touku. bBec-
KOHEYHOCTh 0€3 cofepKaHUsl OJHOBPEMEHHO M MaKCHMaJlbHa,
Y MUHUMAJIbHA, TaK KaK HEKOMY, Héuezo U Hé ¢ uem cpasHumu!
3TO MPOTUBOPEYME KPaeyrojbHO BaXHO ISl BAIllero MOHWUMA-
HMS, KaK U3 HUYEro BO3HUKJIAa BeeneHHasi.

Ha3oBéM 3TO mycroe HEYTO — OJAHOBPEMEHHO OECKOHEYHO
Oospiioe (TUTI0C-OECKOHEUYHOCTh) M OECKOHEYHO Majioe (MH-
HYC-OECKOHEUHOCTD) — [lepsuurnocme. Takum odpazom, [lepry-
HOCTb OJJHOMOMEHTHO HaXOJMTCSl BO B3aMMHO IPOTUBOMOJIOK-



HBIX COCTOSTHMSIX TUTIOC- M MUHYC- OECKOHEYHOCTe. DTOT U3Ha-
YAJIBHBIM JYaJIU3M — U €CThb CITyCKOBOM KPIOYOK BCEX JAJIbHEU-
IIUX COOBITUI, UCTOYHMK TMOCIIEAYIOIIEH JMHAMUKY BeeleHHOM,
€€ IBOJTIOLIUN.

Wtak, Mbl BUMM, 4TO BCE ke He ObIBAET AOCONOMHOLL TTYCTO-
TBI, AOCONOMH020 TIOKOSI, AOCONOMH020 «HIUTO». Jlaxke 1o Ha-
yajia BCEro, /iaxke B OTCYTCTBUM MaTepUM M TMPOCTPAHCTBA —
yKe ecTb HeOHOpOoAHOCTh [lepBuuHOCTH. U 3HaiiTe — eciiu ecThb
HEOIHOPOTHOCTh, TO €CTh M SHEPrusi, MO0 SHEPrust — 3TO CYIII-
HOCTb HEOJHOPOJHOCTH, 3TO CHOCOO CYIIECTBOBAHMS HEOIHO-
ponHocTu. BenmnunHa sHepruu onpeiensieTcs CTeneHb0 HeOIHO-
poaHocTy. HauBbiciieln cTerneHbio HEOMHOPOIHOCTH, ECTECTBEH-
HO, 00JIa/IaeT HaMBBICIIAS TyaJIbHOCTh — aOCOJIIOTHAST TIPOTHBO-
MOJIO)KHOCTh OTHOMOMEHTHOTO COCTOsIHU S BeesieHcKou [lepBuy-
HOCTH B BH/JIE TUTIOC- U MUHYC- OECKOHEUHOCTH.

— Ilpoctute, I'ocTh, BbI TOBOPUTE O HAMBBICIIIEH BO3MOKHOM
HEPrur — 00 SHEPrUH «BOJIBIIIOro B3phIBa» ?

— Hy, B 00111eM, /13, 32 KCKJTIOYEHUEM CaMOTo OHSATHS «BoJTb-
101 B3pbIB»... [locTrapaiitech moka MeHs He mepeduBath! Tak
BOT: CaMa kK€ SHEPrusi — 3TO MepeTeKaHrue HEOTHOPOTHOCTEN Ha-
BCTpeYy JpyT ApYyry. 3aloMHUTE, B OTJIMYKE OT IPUHSITOrO Y Bac
MOHMMAHUS SHEPTUU KaK JEeVCTBUS B ONPEICIEHHOM HarpanJie-
HUM, HA CaMOM jieJie, JiloOast SHEPrusl — 9TO BCer/a /iBa BCTPeY-
HBIX MTOTOKa! 1 00 3TOM pacckaky mosxe.

— Ho no3BosibTe, Kak xe....

— [Homomunre, moxanyucra, Bopocel — no3xe! Jlanee: mis



OIMMCaHKSI HEOAHOPOIHOCTH MBI YIIOTpeOJisieM CJIOBO «UH(OP-
manusi». O0 3ToM Toxke HaJo cpa3y cKa3arh. MHdopmarms — 310
Mepa HEOAHOPOIHOCTH.

B ommuue ot Bammx nHGOpMaIMOHHBIX Teopuid, BO Beenen-
HOUW MH(OpMaIUs CYIIECTBYeT TOJbKO HAYMHAsSI C IBYX OWUTOB,
a He C OJTHOTO, TPUYEM — TOJTBKO C JIByX Pa3HbIX OMTOB. Ecim Obl
He ObLJIO M3HAYAJIBHOTO qyajin3ma [lepBUYHOCTH, TO He OBLUIO Obl
u uHdopmaimu Boooie: gomyctum [lepBudHOCTh ObLIa OBI MC-
KJIIOUUTENBHO B COCTOSIHMM «ILITIOC-OECKOHEUYHOCTh» M HUYEIrO
apyroro Obl B 3TOH MycTOTe He ObLIO, TOrZa HE TOJBKO Oec-
CMBICJIEHHO, HO ¥ HEe BO3MOXHO MPUCBOUTH 3TOMY COCTOSIHUIO
Kakoe-JIM00 3HaueHue (Harpumep «eAMHUIIA», «UTO», «ILTIOC»,
«6enoe», «100po» | T.I1.), TAK KaK HeT aJIbTepHATUBHOIO, CPaB-
HUTEJILHOTO cocTosiHUSA. [103TOMY, Tak Kak B JIIOOOM COCTOSITHUA
BceneHnHasi conepkUT HEOIHOPOIHOCTb TOM WJIM UHOM CTETIeHU,
uH(pOpMaIIMs He MOXKET UCUE3HYTh TOJTHOCTHIO, UTO OBl HE CITy-
YMJIOCh C caMoil BceneHHoOM — Kak MUHUMYM, BCerjia UMeeTcs
JIBa U3HAYAJIBHBIX TTPOTUBOIIOJIOXKHBIX OWTA.

— BbI, yBakaeMblii, TEM caMbIM, Kak Obl ceiiyac MpOroBOpH-
Jmch, 4To Beenennasa nukianuda?! S tak u 3Han!

— Hy npomy, He 3a0eraiite Briepén u He niepeOuBaiiTe MeHs
Ha Tare pacckasza o 3apoxjaeHuu! Ciymanre.

MHe Tpy/HO TIOIOMpaTh CJI0BA, OHU HE OTPAXAIoT. . .

— Homno! HesicHocth «YT0» nmm «Huato» cama 1o cebe yxe
sapasercs «Yem-to»! Camo Hanmuue HeonpenenéHHocty mosn-
HOCTBIO uckimovaer [lycrory!



— Bpago, Ham Buxpactbiii rpyousiH. Okas3biBaeTcsl, Bbl yMeeTe
unocodcku 6e3ynpedrHo GopMyIUpPOBaTH MBICIH, KOTJIa OHU
BCE-TaKU IPUXOIAT BaM B royioBy. M BCE ke, A MPOIOIIKY.

[TorpoOyeM MOBTOPHUTH: caMOe M3HAYaJIbHOE HA4yaso BCETO,
YTO MBI TOJIBKO MOXKEM IPEeACTaBUTh 10 Hadyajla BCEX BPEMEH
M BCEro CyImero — 1o OeckoHeuHasi [lepBMYHOCTD, KaK MBI €€
¢ BamMu Ha3Bad. [lepBUHOCTh OECKOHEUHA U BOBHE CaMoOi ce-
051, 1 BOBHYTPb camoii ceOsi, OHa OMHOBPEMEHHO SIBJIsSIeTCS U Oec-
KOHEYHO OOJIBIIAM «IIOJIEM», U OECKOHEYHO MAJIOW «TOYKOW»,
HO TP 3TOM OHa — Y HE TO, ¥ HE JIPYTO€, TaK KaK CaMH 3TH MOHS-
THs1 OECCMBICTIEHHBI B CUTYaIlUU, KOT/Ia HET HU TPOCTPAHCTBA, HU
BpEMEHHU, HU MaTepHH, KOTJa HeT HUYero, YTo MOXKHO ObLIO Obl
CPaBHUTH C YeM-TO. [lyai3M mMacmTadoB — 3T0 HeoTheMJiemMast
HEOJHOPOJHOCTh [IepBUYHOCTH, 3TO IBOMCTBEHHOCTh, KOTOPAS
B JAJIbHEMIIIEM, TTOCTENIEHHO TEPsisl PE3KOCTh Mepexoia OT OJHO-
0 3HAYEHUS K APYyroMy U IMproOpeTasi Co BpeMEeHEM MHOKECTBO
TMIOJIyTOHOB, Oy/IET OMpeIeNsITh BCIO DBOMOIMI0 BeeneHHo.

Wtak, oTKyna *e B3sJ1ach SHEPrus 1Sl TEX MPOLIECCOB, KOTO-
pble Bbl Ha3biBaeTe «bonbium B3peiBom» ? [1peacraBbre cieny-
Io1iee.

W3HavanbHasi, Hen30ekHasi HeOMHOPOAHOCTh [lepBUUuHOCTH,
TO eCThb JAyaan3M MacmTa0oB [lepBUYHOCTH, HEOTBPATUMO
YW MIHOBEHHO MPHUBOAUT K camomacuimaduposanuro Ilepsuy-
Hoctu. K 1nosiBIEHMIO TOYKM OTCYETA. MOXHO CKa3zaTb —
K caMOuJeHTU(UKAIIMKM KaXJI0TO U3 COCTOSIHUM TBOMCTBEHHO-
cru. [Tmoc-6eckoHeYHOCTh MacIITaOMPyeTCsl OTHOCUTETBHO MU-



HYC-OECKOHEYHOCTH, KaK OTHOCUTEJIbHO TOYKU B CBOEM MAaCCH-
B€, TOUKU B CBOEM «IIeHTpe». MOXKHO cKka3arh, uTo [lepBuyHOCTh
oTpaxaeTcsi cama B ce0e, HO aCHMMETPUYHO, COOTHOIIIAsI CBOIO
TUTIOC-OECKOHEYHYI0 COCTaBJISIONIYIO yaJbHOCTH, KaK «TIOJIS»,
CO CBOEH ke MHUHYC-OECKOHEUHON COCTABJISIONIEH AyabHOCTH,
KaK «TOYKOW». Terepp Mimoc-0eCKOHETHOCTh CTAHOBUTCS OECKO-
HEYHOCTBIO YKE B HAIlleM OOIIeITPUHSTOM TOHUMAHUM, KOOPIIH-
HUPYACh OTHOCUTEBHO CBOEU AyaJIbHOM MTPOTHUBOIOJIOKHOCTH —
MUHYC-OECKOHEUHOCTH, KaK OTHOCUTEIBHO TOYKH, KaK Obl OT-
Topras e€ u3 ceds. U cuia 3Toro oTTopiKeHUs TakKe OecKoHeu-
na. J1y1s1 ynoOcTBa HaIllero MIOHMMAaHMsI, CKaXeM, U4TO B OECKOHEY-
HO OOJTBIIIOM TIOJIE MOSBJISETCS OECKOHEUHO MaJIbIid [IEHTP — TOY-
Ka OTCU€Ta, TeM CaMbIM 3aKpeIuiss MpeoOpa3oBaHue TyaTbHON
HeoqHopoaHo# [lepBuuHOCTH B H0Jiee onpeeéHHYI0 ABOMHYIO
ACUMMETPUYHYIO CUCTEMY: «OeCKpaiHsIsl TUTI0C-0ECKOHEUHOCTD
C IIEHTPOM B BHUjle OecKpaiiHe MaJloll TOUKH, TO €CThb B BUJIE MU-
HYC-OECKOHEYHOCTH.

— Ha yK, MyIpEHO, AAKE KAK ITOCMEATHCS HAJl 9TUM, U TO B I'0O-
JIOBY He NpuxoauT, a BOT [Ipodeccop, cMOTpIo, enaet Bui, 4To
BBE3KAET B TEMY.. .

— Pagu Bora, He obOpamaiite Ha HEro BHUMaHUS U TTPOJIOJI-
JkKaiTe, XOTs 51 Obl MOT BBICKa3aTh HECKOJILKO BOIIPOCOB U 3aMe-
YaHWM, €CJIM TTIO3BOJIUTE.

— TloropeBaB Hajl MHTEJJIEKTOM CTY/IE€HTa, UJEM JaJIbllie. . .
[ToBepswTe, Korma 1 OOBSCHIO HayaJIbHBIA 3TAall BOSHUKHOBCHHMS
BceneHHOM, MBI CMOKEM MEPEUTH B PEKUM JIMAJIOTA, €CJIM BaM



Oyaet yromHo. A noka Hu BaMm, [Ipodeccop, Hu Tem Oosiee BaM,
HAIll IOHBIA OyHTaph, CIIPAIIMBATh HEUEro, YK N3BUHUTE 32 TIPsi-
MOTY: TIPOCTO MOCIYIIANTe.

WTtak, mmoc-0eCKOHEYHOCTh C IIEHTPOM B BUjE MUHYC-Oec-
koHevyHoCTH. [Imoc 1 Munyc. Equnanina u Homs. Takke sty cu-
CTEMY MOKHO Ha3BaTh OECKOHEUHBIM T0JIeM «UTO», C/IaBIMBaIO-
MM ¢ OECKOHEUHOW CHJION B CBOEM LIEHTpe TOUKY «HuuTOo».

Ho, mo3BosbTe, cripocute Bbl — KTO K€ pacipeaeani posiu
B 9TOM crcTeMe MMeHHO Tak ? Bcomuum: B [lepBuyHOCTH 3a710-
JKEHa JyaIbHOCTh OECKOHEYHO OONBIIOro M OECKOHEYHO MaJlo-
ro. Tak mouemy ke OjfiHa COCTaBJIAIONIAs TOW IyaTbHOCTHU CTa-
na «Yto» — GECKOHEYHOCTHIO, a Apyras cocraBisiomas — «Hu-
YTO» — TOUKOMN?

OTBeuy MPOCTO: 2 OHU U HE CTAJI MU B OTHO3HAYHOM ITOHU-
MaHur! OTHOBPEMEHHO C ONMCAHHBIM TOJIBKO UTO Mpeo0pa3oBa-
HUEM J1yaJIbHOI HeomqHOponHO! [IepBUYHOCTH B IBOMHYIO aCHM-
METPUYHYIO CUCTEMY IILJI0 BCTpEUHOe IIpeodpa3oBaHue, B KOTO-
POM COCTaBJISIIOIIME ITY K€ AyaJbHOCTh HEOTHOPOJAHOCTU MMe-
10T TPOTUBOIIOJIOKHBIE POIU. TO €CTh TOT MOJIIOC HEOAHOPOIHO-
CTH, KOTOPBI1 B OMCAHHOM MPOLIECCE CTaJ LIEHTPAILHON TOUKOM
(MHHYC-0ECKOHEYHOCTBIO) JIJIs1 TPOSIBJICHUS TUTI0C-OECKOHEUHO-
IO TIOJIsI, BO BCTPEYHOM TIPOIIECCe caM CTaJl TUTIOC-OeCKOHETHO-
cthio. U 3Ta «ajapTepHaTUBHAS» TUTIOC-OECKOHEYHOCTh OTOOpa-
’KaeT cedsi OTHOCUTEJIbHO TOUYKH, B KOTOPYIO Kak Obl IIpeBpalia-
eTcs TiepBast IT0C-0eCKOHEYHOCTh. TO €CTh BO BCTPEYHOM ITpe-
oOpazoBaHuu [TepBUYHOCTH «TUTIOC» U «MUHYC» MEHSIIOTCSI Me-



CTaMH.

[MonpoOyem OOBSACHUTD ITO MOHATHEE HA MTPUMEpe IBYX IIla-
POB: OJIMH OIPOMHBII AP MbITAETCS MPOIJIOTUTH APYroW Ta-
KOW 7K€ OrPOMHBII 11ap, 00BATH €r0 CO BCEX CTOPOH, MOIIOTUTh
U CXKaTh /10 TOYKU B CBOEM IieHTpe. COOTBETCTBEHHO, APYyron
11ap MBITAETCA C TAKMM XK€ YCIIEXOM CAEJIaTh TO Ke camoe C Iep-
BBIM 11apOM. YUTO B 3TOM cilyyae noay4yurcs?

— Hy, B HamieM 0OBIYHOM TPEXMEPHOM MUpE OTBET Hallpa-
IIMBAETCSI TAKOW: 002 OJMHAKOBBIX I1apa, HAKATHIBAsI C OAMHAKO-
BBIM YCIIEXOM JIPYT Ha Jpyra, MpeodpasyoTcs B JBE Mapalieib-
HbIE TUIOCKOCTH — KaK Obl PacIllacTaBIIUCh B TOHYAHIIIUE JIUCTHI,
HO TaK U He MOIVIOTUB ApPYT Jpyra.

— bpago, Ilpodeccop! A Tenepb BCHOMHUM, YTO Mbl ceiyac
TOBOPUM O TaKOI CUTYallMH, KOTAA POCTPAaHCTBA OIPOCTY HeT!
Kakwue xe Tam MoryT ObITh Tu10cKocTU?! ECTh TONMBKO OecKkoHeu-
HOCTb, J1a ¥ TO, C PABHBIM YCIIEXOM SIBJISIOIIASCS M MUHYC-Oec-
KOHEYHOCTBIO, U TLTI0C OeckoHeuHOCThIo! M BOT 3Ta mpoTrBope-
yrBasi 0ECKOHEUHOCTh, TaK CKa3aTh, UIIET ceOs: B KAKOM MecTe
oHa OoJblnas, a B KakoM — MajieHbkas. [lormpoOyiite eme pa3 —
YTO € MOJIYYUTCS B PE3YJIbTATE ITOTO BCTPEYHOIO MONIOLIEHUA?

— He 3nato. He myuaiire.

— A s 3HAIO YTO MOJTYYHTCS, J1a HE 3HAI0, KaK JIydIie BaM 00b-
sicHuTh. [TonpoOyem Tak.

B ycnoBusix omcymemeus npocmparcmea npoLecc BCTped-
HOTO B3aMMHOTO MOIVIOIEHUS IBYX OECKOHEYHOCTEeH, Kaxaas
U3 KOTOPBIX HAXOAWUTCA B AYaJIbHOM HEOINPENEIEHHOCTH OTHO-



CUTEJIBHO CBOETO 3HAYEHUS («IUTIOC» WM «MHUHYC») IPUBOIUT
K npeoOpazoBanuio [lepBuaHOCTH B wiap 6e3 cghepuueckoli zpa-
Huuwl!

3to TpyaHo npencrasutk. [ap 6e3 cepruyeckoi rpaHUIb —
9TO CaMO3aMKHYTBIN 11ap, chepruyuecKkasi rpaHulia KOTOPOro ofl-
HOBPEMEHHO fIBJIAETCS U €r0 LIEHTPAJIbHOU TOYKOU. JTO TAKOU
MIPOCTPAHCTBEHHBIN I11ap, Y KOTOPOTO BHEIIHSSI 000I0UKA U3-3a
OTCYTCTBHUS BHEILIHETO MPOCTPAHCTBA 3a HEW MOIMPOCTY HE MO-
JKET MPENCTaBNISATh U3 ceOs BHEIIHIOW TPaHUIly JTAaHHOTO Iapa
¥ BOOOIIIE 1ake HEe MOXKET CYIIeCTBOBaTh. BHe 3TOro mapa Her
npocTpaHcTBa. BHeNHsAs rpaHuiia mapa siBIseTcs Mepexoaom
K €ro BHYTPEHHEW LIEHTpajbHOU Touke. Ha BHelHel rpanuue
1Iap CX10nbleaemcsi B TOUKY, & UMEHHO B CBOIO K€ BHYTPEHHIOIO
HEHTPAIbHYIO TOUKY CUMMETPUHU.

Ha 10T 1map Hesb3s1 MOCMOTPETh CO CTOPOHBI, TaK Kak 3a Mpe-
JejlaMi CaMO3aMKHYTOIO IPOCTPAHCTBA HET HUKAKOU Jpyrou
CTOPOHBI, U CAMHUX TPENENOB TOke HeT. [lois A0 KOHIA, OKa-
Kelbcs B Havasne. HenoHATHO? BHemHsAs MOBEPXHOCTDH Ia-
pa 6e3 cepruueckoil rpaHUIbl — 3TO Kak Oy/ATO BHYTPEHHIO
LEHTPaJIbHYIO TOYKY 3TOrO LIapa BbIBEPHYJIM HAPYKY, PACTSAHY-
JIM ¥ HAaU3HAHKY HATSHYJIU Ha MOBEpXHOCTh. Miu, no aHanoruu
c neHTo MEOmyca, Takol IMIap MOXKHO Ha3BaTh «iiap Meou-
yca». Ecnu aBUrathcsi BHyTpY TaKOTO MPOCTPAHCTBA OT IIEHTpPA
K nepudepuu, To HEMUHYEMO TMONaAEb CHOBA B LIEHTP. KoHeu-
HO, €CJIM Thl — HE MaTepUajIbHbIii OOBEKT, a TUTIOTETUICCKUM. . .
HO 00 3TOM — TO3Xke.



Wrak, 3amerbTe: 1map 0e3 ceprudyeckor rpaHUIlbl, B OT/IH-
yre OT HavyaJbHOW [lepBMYHOCTH, TpencTaBisieT coOOW yxke
NIPOCTPAHCTBEHHYIO CHCTEMY, B KOTOPOH MPOUCXOOUT Camo3a-
MKHYyTO€ TIpeoOpa3oBaHue, MepeTeKaHne IIoc-0eCKOHEUHOCTH
B MUHYC-OECKOHEYHOCTh U 00paTHO. [Ipoucxomut pazneneHue
Ha BHYTPEHHIO TOYKY M OKpY’Karoliee e€ MpOCTPaHCTBO, B ABYX
BCTPEYHBIX HampaByieHUs1X. To ecTh N3 HaYaJIbHBIX JIBYX OHMT WH-
opmanu [lepBuyHOCTH BO3HMKAeT yeTbipe OuTa MHGpOpMA-
1n. [lepBUYHOCTD SBOTIOIMOHUPYET B CAMO3AMKHYTHIN IIApO-
UJ1, B KOTOPOM M BHYTPEHHSISI TOYKA MOKET AJIbTEPHATUBHO OBITH
MIPOCTPAHCTBOM, M OKpYXKalollee e€ MPOCTPAHCTBO MOXKET allb-
TepHATUBHO OBbITh TOUKOM. Kask/1ast mapa u3 BOZHUKAIOIIUX YEThI-
PEX OUT HEOTHOPOIHOCTH OIMMCHIBAET COCTOSTHUE HEeONpeae/IEH-
HOH OecKoHeYHOCTH (OO TUTIoC, MO0 MUHYC) ISl OOOHX, Ta-
paJUIeNIbHO CYIIECTBYIOMIMX, TPOTUBOIOIOKHBIX COCTOSIHUM Ca-
Mo3aMKHYyToro mapa. Kak ans BHyTpeHHE! MUHYC-OeCKOHEeY-
HOM TOYKM (KOTOpasi ¢ OJMHAKOBBIM YCIIEXOM CAMOpEaIN3yeT-
csl B TUTIOC-OECKOHEYHOE MPOCTPAHCTBO), TaK M /IS TUTIoC-Oec-
KOHEYHOTO MPOCTPAHCTBA (KOTOPOE C TAKMM Ke YCTIEXOM MOXKET
paccMaTpuBaThCsl B KAUeCTBE BHYTPEHHEN TOUKU MUHYC-OECKO-
HEYHOCTH).

[NosiBnenne nByX map OUT MH(POPMALTMOHHOTO COCTOSTHHS Ca-
MO3aMKHYTOH IapOUIHON CHCTEMbI KOHCTATHUPYET, UTO B CHCTe-
Me MOSIBJISIIOTCS [IBE HEOJAHOPOJAHOCTH, a TO 3HAUUT — BO3HUKA-
0T JIB€ O0JIACTH TIEPETOKOB SHEPTUH, TO €CTh JABE SHEepreTude-
CKHX CYIIHOCTH, JBa TIEPBBIX OTJIMYHBIX APYT OT ApyTra Hecogme-



WEHHBIX dTIEMEHTa OBITUSI, TO €CTh 8O3HUKAEm NPOCHPAHCMEO.
Mex /1y nepBbIMU K€ ABYMS JIEMEHTaMU HEOAHOPOAHOCTH Cpa-
3y 803HUKAEM HeKoe npocmpancmeo, a cama Ilepsuunocms npu-
obpemaem uepmul HeKoll 6cenentoli! ByneM Ha3bIBaTh 3TO MPO-
crpaHcTBO «IIportonpocrpancTBom», a BeenenHyio Ha TaHHOM
stare — «[IporoBcenenHoi». [lpucTaBka «mpoTo-» Oyner Ham
HAMOMHUHATH O TOM, B 9TUX 00pa30BaHUSX €IIE HET MaTepHUalib-
HbIX 00beKTOB. [IpoTOBCceneHHass coaep:KuT B cebe JuIlIb J1Ba
O3BYYEHHBIX MEPBUYHBIX JIEMEHTOB OBITHS, W MO3TOMY B Hei
cyuiecTByer Jimiib «IIporomarepus».

Takum ob6pasom [lepBuuHoCTh M3 mapa 0e3 cepruuecKoit
rpaHuiibl peBpamaercs B [IportosceneHHylo.

Tak 4TO, yBaxkaeMmbple, Hallle KOCMHUYECKOE MPOCTPAHCTBO
B [TOCJIEYIOIIEM, KOTZIa OHO CTaJIO 3aIIOJHATHCSA MAaTEPUEH, eCTe-
CTBEHHBIM 00pa3oM COXPaHWIIO (GPOPMY CAMO3AMKHYMO20 Uld-
pa be3 chepuueckori epanuypt. Harre mapooOpa3Hoe BCeleHCKoe
MPOCTPAHCTBO Ha CBOEW BHEIIHEN cepruiecKkor MOBEPXHOCTU
IPOCTO MCYE3AET, CXJIOMNbIBASCH B TOUKY MEpPEXoa K CBOEMY ke
LEHTpY.

— Yro-To GonbHO HeBOOOpasumoe Bbl HaM TyT mbITaeTech
BTOJIKOBATh, YBaXKaeMblid, Baly Imapbl MEOuyca mpocTo pa3pbl-
BalOT MO3r! Bbl XOTUTE CKa3aTh, UTO €CJIU 51 BCTAaHY HOYbIO B LIEH-
TPaJIbHOM TOUKE BceneHHOM M MOCMOTPIO Ha €€ chepUuyuecKui
KyIOJT BOKPYT ceOsi, TO MPU ITOM KTO-TO CMOXET BCTaTh TaM,
y Kpas Kymnosja BceleHHON 1 MOCMOTPETh Ha MEHsI, PaCTsHYTO-
ro MO aJbTEPHATUBHOMY 3BE3AHOMY KYIOTY BOKPYI 3TOIO KO-



ro-to?!

— Hy Bot Buaute, CTyIEHT — Ha caMOM JIeJie Bbl JIOBOJIbHO-Ta-
KU HETJIOXO BCE cebe cymenu Booopa3uTh. OnpeeiéHHO CXBa-
THIBA€eTE.

— A e bonbioit B3peis? OTKyna nepBuvHasi SHEprusi B3si-
nacp?

— Xopomo, aaBaiite o bonbiom B3peiBe, Kak Bbl €ro Ha3bIBa-
ere.

Wrak, kak nosewiace 3Heprus bomsmoro BspeiBa? 3nech
MOXHO OOBSICHUTH HEMHOTO TIpoire. Harr caMo3aMKHYTHIH T1ap,
TO €CTb Haill 3apofpiil Beenennou, Haie [TpoTorpoctpaHcTBo,
COCTOUT BCEro M3 JIBYX MPOTHUBOIOJIOXHBIX SHEPro-3JIEMEHTOB
HEOJIHOPOJHOCTH, KaX/Ibli U3 KOTOPBIX B CHUIIy IIPOTUBOIIOIOXK-
HOCTU €CTeCTBEHHBIM 00pa3oM CTPEMHUTCSI TIOIJIOTUTH JPYro-
ro. [IpocTpaHCTBO MTI0C-OECKOHEYHON SHEPro-HEOTHOPOJHOCTH
¢ OECKOHEYHBIM TMOTEHIIMATIOM CKHUMAeT TOYKY MHUHYC-OecKo-
HEYHOW 3Hepro-HeogHopoaHoctu. [Ipu 3ToM M Touka, M Mpo-
CTPAHCTBO, OJHOBPEMEHHO HAXOASTCS U B CBOMX MPOTHUBOMNO-
JIOKHBIX COCTOSIHUSIX. TO €CTh, HAXOASICh B MPOTUBOIOJIOKHOU
UIOCTACU yaJIbHOM HEONpeAEIEHHOCTH, MUHYC-TOUKA B (Op-
Me TUTIOC-TTPOCTPAHCTBA ¢ OECKOHEYHBIM MOTEHIATIOM C)KUMAeT
AJIbTEPHATUBHOE TUIIOC-IIPOCTPAHCTBO B (POpPME MUHYC-TOUYKH.

Bupenu Ob1 Bbl cBom nmia! JlagHo, cKaxkeM MO Jpyromy.
Ha stom stane Bcé ITpoTonpocTpaHcTBO COCTOUT BCETO U3 IBYX
SHEPro-3JIeMEeHTOB. JTO ILUTIOC-OECKOHEUHbI 31eMeHT (ILTIoC-
IIPOCTPAHCTBO), MBI YK€ YCJIOBMJIMCH Ha3blBaTh €ro lIpomoma-



mepueti. I MUHYyC-0€CKOHEUHBIH 3JIeMEeHT (MUHYC-TOUKA), OyaeM
Ha3bIBaTh €0 AHmunpomomamepueii .

[IpoTtomarepusi ¢ 4yIOBUIIHON CHJIOH, ¢ OECKOHEUHOM SHEp-
rveil OOBOJNIAKMBAeT W CAABIMBAET AHTUIIPOTOMATEPHIO, U Ha-
000poT, AHTUIIPOTOMATEPUs C OECKOHEYHOM SHEepruei oOBoJIa-
KMBaeT U caasiauBaeT IIporomarepuio. BHyTpenHsasa Touka AH-
TUIPOTOMATEPUN CTPEMUTCS Pa3BEPHYTHCS B IIAP U MOIVIOTUTh
Ipy 3TOM CylIecTByloIMiA BOKpyr ceds map [Iporomarepun,
CKaB €ro B TOUKY BHYTpH cebOst. VI BHyTpeHHss Touka [Iporto-
MaTepuM CTPEMUTCA CAEATh TO ke camoe. Kak pesynbrar, nBe
OeCKOHEUHbIE BCTPEUHbIE SHEPIUU OYKBAJIbHO Pa3pbIBAIOT U pac-
KaJIbIBAIOT ¢ OecKoHeuHOU 3Heprueit Haie [IporonpocTpaHcTBo
Ha OECKOHEYHOE KOJIM4ecTBO [Ipomouacmuy.

— Ara! 910 u ectb bonbimon B3peis! A nonsn!

— He coscem. IIpaBuiibHee HasbiBaTh 310 «boavuwum Packo-
nom». TIpoTomatepusi, Kak Imoc-OeCKOHeYHasl, HO BCE ke elu-
HUYHAs SHEPro-HEOIHOPOIHOCTh, OYKBAJIbHO pa3pbiBaeTCsl, pac-
KaJIbIBAaeTCsl Ha OECKOHEUHOE KOJMYECTBO «HAWMETbYANIIIX>»
HEOIHOPOJHOCTEW, TO €CTh Ha MPOTOYACTHUIBI — CAMBbIE-CaMble
6a30Bble MEMEHTbI BCErO CYIIEro, HAUMPOCTEHNINe KUPIUIK-
KM ISl cTpouTesibeTBa BeenenHoi. MoxHO ObUTO Obl HA3BIBATD
«bomnbmon B3pee» «bonsimmm PaspeiBom», HO TepMuH «Bosb-
ol Pa3peiB» yxke BCTpedaeTcsl Cpeid YUEHBIX [Uisi 0003Haue-
HU$1 IpYToro sIBJIeHUs — TersioBoi cMeptu Beenennoii. [losatomy
maBanTe octaHoBuMcA Ha «BosbiioMm Packone».

OnmHOBpEeMEHHO M aHAJIOTUIHBIM 00pa30oM pa3phIBAeTCs-Pac-



KasbiBaetcs: AHTunporomarepus. Ho mogpoGHee o Heil s 4yTh
JaJIbllIe PACCKaKYy.

Kaxpgas nporovactuia, kak ockosok [IporonpocrpaHcTsa,
COCTOUT M3 HEPro-MHMOPMAIMOHHON Mapbl «IUTIOC/MUHYC»,
a MOXHO CKa3aTh «IUTIOC-HEOIHOPOIHOCTh/MUHYC-HEOIHOPO/-
HOCTb». BaXHO, 4YTO MHHYC-HEOIHOPOIHOCTb IpeJCTaBJieHa
B KaX/IOi MPOTOYACTULIE TaK ke, Kak U Jo 31oro B IIporto-
IIPOCTPAHCTBE, TO €CTh Kak U B 11101l [IpoToBceneHHon — Mu-
HYC-OECKOHEYHOW TOYKOW. MeHbllle MUHYC-OeCKOHEYHOCTH HU-
9ero 1 ObITh HE MOXKET, CKOJIBKO €€ He e/ Ha MEHBIINEe 4acTu!
A BOT IUTIOC-HEOIHOPOIHOCTh B Ka/IOW MPOTOYACTHLIE IMpe[-
CTaBJIeHa CTPEMSIILENCS K HYJIIO, HO BCE K€ BIOJTHE MOJIOKUTENb-
HOU 1 (PUKCHUPYIOIIENCS CYIITHOCTHIO, OCKOJIKOM TUTIOC-OeCKOHEY-
Hoctu. [lonpoOyiiTe moaenuTh MII0C-0EeCKOHEYHOCTh Ha OECKO-
HEYHOE KOJIMYECTBO YacTell — M Kakaasi U3 HUX BCE paBHO OyJer
TIOJIOKUTENILHON 1 MPEBBIIIATH M0 00bEMY MUHYC-OECKOHEUHYIO
TOYKY B CBOEM IIEHTPE, BOKPYI KOTOPOM IUIIOC-HEOIHOPOIHAS
CYIITHOCTh TPOTOYACTHUIIBI MO3UIIMOHUPYETCS, TIOBTOPSISI CIIOCO0
cymecrBoBanus [Ipotomarepun.

— Kak kpacuBo! Kaxas npotodactuiia ycrpoeHa TaK ke, Kak
u [IpoToBcenienHas !

— Jla y, u31araer CKJIaJHo. ITO ISl MEHs KaK My3bIKa — HOT
sl He TIOHUMAI0, HO MEJIOJIMIO YYBCTBYIO. A Ky/a K aHTUMUP JeJI-
ca?!

— 41 mpocro meITaloCch pacckasbiBaTh IO MOPAIKY. A xouy
CKa3aTb, YTO IPOTOYACTHUIIA — STO HAMMEHbIIAS U3 BO3MOXKHBIX



HEOTHOPOIHOCTb, 3TO NBOUYHOE WH(OPMAIIMOHHOE 0Opa3oBa-
HUE, COCTOSIIIIEe U3 «IUII0Ca» — CTYCTKA, OCKOJIKA TPOTOMATEPUH,
U «MHUHYCa» — TOUYKM MUHYC-OECKOHEYHOCTH B CBOEM IICHTE.
MO’HO 3aMEHHTB CJIOBA IUTIOC» U «MHHYC» Ha «MaTepPUsi» U aH-
TUMaTepUsi», WIN Ha «4TO» U «HUYTO». CJIOBa TYyT — HE IJIaB-
Hoe. Mcxons w3 HaMMuusi «HAYTO» — IIEHTpa U CUMMETpPUY-
HO CaMOIO3UITMOHUPYIOIIETOCS BOKPYT HEr0 OCKOJIKA «4TO» —
OECKOHEYHOCTH, Mbl MOKEM T'OBOPHUTh O CPEPUYHOCTH MPOTO-
YacTullpl, HO YUCTO ycioBHO. [Ipu Takux pa3Mepax roBOPUTh
0 (hopme He KOPPEKTHO: B MactITabe MUpa MPOTOYACTHIL HE MO-
KeT ObITh CAMUX MOHATUH «popMa», «JTIMHUS» UIIH «000J0UKa».
Be3ycioBHO 0OHO: MPOTOYACTUIIBI, XOTS U UMEIOT CUMMETPHIO
OTHOCHUTEJIBHO TIEHTpPa, 3aroJHSIT COO0N MPOCTPAHCTBO aOCO-
JAIOMHO NOAHOCMbIO, €3 «ITYCTOT», KaKue MOTIA Obl 0OPa30BbI-
BaThCsl MEXKAY IMAPUKAMMU, 3aCHIIAHHBIMU B SITHK.

Eme onHo Mupoonpenesnsonee CBOMCTBO MPOTOYACTULL —
OHU CKUMAEMbl U PAIKUMAEMbl MPAKTUUECKU OECHpeOenvHo.
B pacumpsonieiics BeesnieHHOM pacMpsioTCS U POTOYACTHULIBL,
BCE TaK:ke aOCOJTIOTHO MONHOCTHIO, O€3 MyCTOT, 3aMOMHSIsST COOOM
MPOCTPAHCTBO, BEpHEE CKa3aTh, (popmupysi, 00pasysi coo0i mpo-
CTPaHCTBO.

3aberas BHepén, ckaxy, 4To Bckope mocie bosbimoro Pac-
KOJIa M3 TIPOTOYACTHI] HAUMHAIOT (DOPMHUPOBATHCS YACTHUIIBI, T
MHOTOUYHUCTIEHHbIE «3JIeMEHTAPHBIE» YACTHUIIbI, KOTOpPBIE YKe 00-
Jiee MPUBBIYHBI JJIs1 COBPEMEHHBIX YUEHBIX. A TIOKA. ..

— WzBunuTe, YTO MepeduBan, HO Xouy nomuepxkarb CTyneH-



Ta — YTO € BCE-TAKU C aHTUMaTepuen ?

— UzBunso Bac, [Tpodeccop, ¥ MOSACHAL, YTO 3aUKHYJICA
niepe]] BallliM «M3BHHUTE» UMEHHO 00 3ToM. S1 ceifuac paccka-
3aJ1, Kak nocjie bonbioro Packona [IporoBcenenHoit, u3 Tou eé
JacTH, KoTopas siBisuiachk [Iporomarepueii, 06pa3oBaInch mpo-
TOYACTHLIBI, KOTOpBIE chopMHupoBasM Haie [IpocTpancTBo, TO
ecTb Haly Beesnennyio.

Takon xe nporecc, TOJIbKO CO 3HAKOM «MUHYC, TPOMCXOINT
U ¢ Toil yacTeio ITpoToBcesnieHHOM, KOTopasi MpeCTaBiIsiIa Co-
60i1 AHTUTIpOTOMATEPHIO. AHTUIIPOTOMATEepHs OblIa «pa3opBa-
Ha» Ha OECKOHEUHOE KOJIMUYECTBO aHMUNPOMOYACmUlY, Kaxaas
U3 KOTOPBIX TAKKE COCTOUT U3 SHEPro-uH(POPMaIIMOHHON Napbl
«IUTI0C-000JI04Ka/MHUHYC-TOUKa». Ho 1leHTpalibHy10 MUHYC-Oec-
KOHEUYHYIO TOUKY B aHTHITPOTOYACTHIIE 00pa3yeT «UT0» — IPOTO-
Matepusi (10 HallleMy BOCHPHUSITUIO «UTO», & IO BOCTIPUATHUIO aH-
TUMUPA — «KHUYTO» ), & OKPYKAIOIIUH 3Ty TOUKY ILTIOC-OECKOHEY-
HBII OCKOJIOK B aHTHITPOTOYACTHIIE 0OPA30BaH «HUYTO» — MPO-
TOMaTepuer («HUYTO» — IMPOTOMATEpUEN C HAllled TOYKU 3pe-
HUs, a 10 MOHATUSAM aHTUMMPA 3TO camasi YTO HA €CTh «UYTO» —
nporomMarepusi). To ecTb B aHTUMHUpPE C MPOTOYACTULIAMU BCE
POBHO Ha0OOPOT.

Kopoue: B MomenT Borpimoro Packona ITpotoBcenennoit 00-
pasoBayIMCh ABe cylnHocTU. M3 mporouactun ponuiack Beenen-
Hasl, a U3 aHTUIIPOTOYACTHI] POAWJIACH AHTUBCEJIEHHAS.

— Hy u rage ona?!

— a, roe xe?



— I'me, rne... Cnymaiite, He nepebusaiite! [locne packona
[TpotoBcenenHoit oOpazoBamich AHTHBCeNeHHas 1 BeenenHast.
MHorue BalM CIEHUATUCTBl CUMTAIOT, YTO Iocie BosbIinoro
B3peiBa Beenennas crana cTpeMHUTENIbHO PacHIMPSThCS, CBEPX-
MOJIHUEHOCHO, OHM 3TO HA3bIBAIOT MEepruoAoM MHQISIIMUA — pac-
HIMPEHUsI CO CKOPOCTBIO BHIIIIE CKOPOCTH CBETa, KOTOpOE TO-
TOM 3aMeJTUJIOCh 0 MPUBBIYHBIX HAM HAOTIONAEMBIX CKOPOCTE
JBWKEHUS 3BE3M U rajlakTuk. Ha camom gene Obi1 He B3pwis,
a Packon. To ectb nmpotomarepusi OyKBaJbHO €JMHOBPEMEHHO
pacKoJIoNach, «TPECHYIa» Ha OECKOHEYHOE KOJIMYECTBO MPOTO-
YacTHII, KOTOpbIe 00pa30BaJiv OCHOBY Halliel BeeneHHou. DHep-
rUsl packosia Oblia CTOJIb BeJIMKa (B 0011eM-T0, O8CKOHEYHA), UYTO
TpecHyB Ha OeckoHeuHoe KonmaecTBo [Iporouacruit, [TpoTomnpo-
CTPAHCTBO, YK€ B BUA€ HOBOPOXKIEHHOW BCesleHHOM, MpOJ0IKU-
JIO PaCHIMPATHCS-PA3NIETAThCS BO BCE CTOPOHBI.

OOpatuTe BHUMaHMe: BCE Teslo BceneHHOM Ha TOM 3Tare co-
CTOSIJIO M3 MPOTOYACTHII, KaK ITap HAOUTHIM MIPOTOYACTHIIAMHU.
Pacimmpsiercst 3ToT map no écemy ceoemy 06sémy, TO €CTh TAKUM
00pa3oM, 4To JIIoObIe JIBE MPOTOYACTHUIIBI B €r0 TeJie YIAISI0TCS
HE OT KaKOro-TO TaM «IIeHTpa», a MPek/ae BCero Apyr OT Apyra,
Jla)ke eCJIM OHU HaXOISITCS Ha OAHOW pajMaibHON JIMHUH, UCXO-
JSITIeH U3 IEHTPaJIbHOW MUHYC-OeCKOHEYHOW TOUYKY BeereHHO.
D710 npoAoIKaeTcs u ceivac, korjaa BeeneHHas yxe HarojgHeHa
MPUBBIYHOW HAIlleMy MOHUMAHUIO MaTepuei.

Haubiie — emi€ untepecHei. [Toepsre! Ecim oqHOMOMOCHDIN
CaMO3aMKHYTBIH IIap PaCHIAPSIETCS IO BCEMY CBOEMY O0BEMY,



TO 9TO 3HAYUT CJIEyIOIee: HACKOJILKO BEPHBIM SIBJISIETCS TO, UTO
BCE TOYKM Haulerd BcesneHHON ypansiorcs oT e€ LEeHTpa BOBHE,
HACTOJIBKO K€ BEPHBIM SIBJISIETCS M TO, UTO UEHMPANLHAS NMOY-
Ka MUHYC-beckoHeuHocmu Hauteli Bceaennoii yoansiemces om écex
OCMANLHBIX €€ MOUeK 806HYMpyb!

—To ecTb, eci 51 CTOK HOYBIO Ha 3eMJIE U CMOTPIO B 3BE3IHOE
He0O0, B TUIIOTETUYECKUI LIeHTp BceeneHHo, 1, TomycTium, mpsi-
MO 3aMeualo, Kak yJaisiioCh OT ITOTO LIEHTPa, TO ITO 3HAUMUT, YTO
C TaKOM € CKOPOCTBIO U CaM 3TOT LIEHTP YMEHbIaeTCs U yaa-
JIIeTCs OT MeHsI Ky/1a-TO BC€ TIyOke caM B ce0si, B 9Ty camylo
MUHYC-0€CKOHEUHOCTb? !

— Oro, rocnopua CTyaeHT, Bbl OlarogapHbI CIyIIaTelNb!
K Tomy ke, Bbl JIIOOUTE CTOATH 1O HOYAM MO 3BE3/1aMHU — 3TO
310pOBO! A eciu CephE3HO, TO BBl MIPABBI, TOJIBKO HE C TAKOM KE
CKOPOCTBIO, a C MOJIOBUHOM 00111el CKopocTH paciupenus. [Ton-
CKOPOCTU BOBHE, IOJ-CKOPOCTH BOBHYTpb. [Ipu 3TOM BOMM3U
MUHYC-TOYKH U TI0 Mepe MPUOMIKEHUSI K HEl pa3Mephl «4TO» —
NOJIEl TTPOTOYACTHUI] YMEHBIIAIOTCS: a, Ja — OeCKOHEYHO Ma-
JIble pa3Mephl MOCTENIEHHO OECKOHEYHO YMEHBIAITCS TI0 Mepe
OECKOHEYHOro MPUOIMKEHUsSI K TOYKE MUHYC-OeCKOHEUHOCTH!
A ¢ Apyroi CTOpOHBI — TIO Mepe yAaJeHUsl OT IIEHTpa U MPpUOITU-
JKEHUsI K BHEIIHEeH rpaHuile BceneHHoU pa3zMepbl «4To» — TO-
JIeil MPOTOYACTHUI] YBEJIMUMBAIOTCS] M PACTATUBAIOTCS MPAKTHYe-
CKH JI0 IUTIoc-0eckoHeyHoCcTH. Biin3ko k kpato BeeneHHoit komm-
YeCTBO MPOTOYACTHUI] OECKOHEUHO OBICTPO YMEHBIIIAETC s, HO 3a-
TO OHM HEMMOBEPHO pPACTITMBaIOTCA B padmepax. HeomHoposn-



HOCTh B 9THX Kpasix BceneHHOM ObICTpO MajgaeT, MaTepuaibHOe
HanoJHeHne cxonut Ha HeT. Cama BHelHss rpaHuua BeeneH-
HOM — TO €CTh BHENIHSS c(pepa caMO3aMKHYTOrO 1Iapa — COCTOUT
U3 00HOT MAaKCUMAJILHO «Pa3ayToi» MPOTOYacTUIlbl. Takum 00-
pa3oM, HEOTHOPOIHOCTh CTAHOBUTCSI MUHUMAJTBHO BO3MOKHOM,
CHMXKasICh JIO poToOuTa nHpopMaru Bo BeeneHHoM 1 10 mpo-
ToOuTa MH(pOpMali B AHTUBCEJIEHHOU, TO €CTh JOCTUraeTCs
cocrosiHue, Kak B [lepsuuHocTu. [1pu 3TOM Ha BHEIIIHE I'paHulIe
OKOHYATEJIbHO MCYe3aeT BCE IHEPro-MaTepuagbHOE HAOJIHEHNE
MPOCTPAHCTBA, ucuezaem u Inepeus, u Mamepus, u [lpocmpan-
cmeo. Cama HeWHSS 2PAHULA NPOCMPAHCMBA UCUe3dent — BEllb
MPOTOOUT MH(POPMALIMH, TO €CTh IEPBUYHAS HEOTHOPOIHOCTh —
9TO Hepa3pelmnmasi IyaJlbHOCTh «4TO WJIM HAYTO», NCUe3aloIast
rpaHb MEXJy TUTIOC U MUHYC OecKoHeuHocTsiMu. Ha BHemHei
rpaHuIle TUTIoC-OecKOHeYHast BeenleHHast, Takum 00pa3oM, cxao0-
nvisaemcst B MUHYC-OECKOHEUHYIO TOUKY, HaXOMSIIYIOCS B CBO-
ém ke ueHtpe. Momuure! Jlaiite munyty! Botr Mbl 1 nogonuiu
K AHTHBCEJIEHHOM.

AHTHBCeNIeHHasi 0Opa3yeTcs TaK Ke U UMeeT TaKue ke CBOM-
CTBA, HO BCE y HEE, €CTECTBEHHO, CO 3HAKOM «MHUHYC». OHa 1Jist
Hac HeBUIMMa M HAXOIMUTCS 3a IIEHTPaJIbHOM TOUYKOM MUHYC-OecC-
KOHEYHOCTH Haien BeeneHHOM, Kak 3a FOpJIOBUHKOM MECOYHBIX
yacos. [la, na — BcenenHas 1 AHTUBCENIEHHAs! COMPSIKEHBI, KaK
JIBE KOJIOBI B MecouyHbIX yacax! Xopomuii o0pa3, HaJo 3aroM-
HUTb... XOTS M HE TOYHBIA, KOHEYHO... BOT €C/Ii Obl MMUPOKHE
IIPOTUBOTIOJNIOKHBIE KOHITBI KOJIO TaKKe COEIUHSITHCH JIPYT C JIPY-



rOM, Kak Obl BBIBOPAUMBASICh HAM3HAHKY... HET, XBAaTUT OTBJIE-
karbes! Tak BOT: masbiie BCE eme Xyke 17151 Balllero MOHMMAaHM .
CocpenoroubTech!

Buemnsis obnacts Hamieir BeeneHHol, nocturasi paspeskeH-
HOT'O COCTOSIHUSI TPOTOOMTOBOW HEOTHOPOTHOCTHU, CXJIOTIBIBAET-
cs1, IepeXOIUT B MUHYC-OeCKOHeuHYI0 Touky. Ho, kak mbI ¢ Ba-
MU TTOMHUM U3 ycTpoucTBa [lepsuunoctu u ITpoToBceneHHOM,
Hallla «BCETO JIMIIIb» MUHYC-OECKOHEUHasl TOUKa SIBJsETCS s
AHTHBCEIEHHON HEOOBSITHBIM TUTIOC-OECKOHEUHBIM MPOCTpPaH-
CTBOM (11 HaC — AHTUIIPOCTPAHCTBOM). BoT u momyuvaercs,
YTO CXJIOMBIBASICh B TOUKY, Haie [IpocTpaHCcTBO ncye3aer B Ha-
1Iedl HEHTPaJIbHOW MUHYC-OECKOHEUHON TOYKEe, KaK B FOPJIOBU-
HE MMeCOYHBIX YacOB, UYTOOBI 32 HEW MPEBPATUTHCS B OECKOHEY-
HOE «YTO» — AaHTUIPOCTPAHCTBO AHTUBCEJICHHOU. TO ecTh Haia
LHEHTpaJIbHAsI MUHYC-TOYKA SIBJISIETCSI UX BHEIIHEN IUoc-cde-
poiui. VX ieHTpaJibHasi TOUKa SIBJISIETCS Halllel BHellIHeN cepoi.
Bor Tak...

— A MOXHO JI1 KaK-TO JOJIETETh 10 AHTUBCEJIEHHON ?

— Bbl HE yJIOBWIH. .. IOTOMY YTO OISITh HE JOCAYIIaIU. AH-
TUBCEJIEHHas: U BceneHHas mneperekaloT Ipyr B Jpyra uepes
CBOM IIEHTPaJIbHbIE MUHYC-TOUKH ¥ BHEITHUE MTPOTOOUT-TPaHU-
1bl. DTO HEpa3pblBHAA AyasibHas cucreMa. U sra cucrema «Bee-
JIeHHas- AHTUBCENIeHHas» UMeeT JopMy CaMO3aMKHYTOTO I1apa
BHYTpHU camo3aMKHyToro mapa. Hama Bcenennas nmeer ¢op-
My CaMO3aMKHYTOTO 111apa, 1 AHTUBCEJIEHHAasI UMeET (popmy ca-
MO3aMKHYyTOro mapa. Hama neHTpajibHass MUHYC-TOYKA — 3TO



TUTIOC-TIPOCTPAHCTBO AHTHUBCENIeHHOW. M1 Hao60poT.

Anmuecenennas no omuouteHuio Ko Bcenennoii naxooumcs
no opyayio cmopouy deckoneurocmu. He B « ApyroMm u3MepeHumn»
Y HE B «JIpYIOM MPOCTPAHCTBE», & UMEHHO 3a IPaHUIIeN NIEPeXo-
Ja OECKOHEYHOCTH C TUTIOCA Ha MUHYC.

Ha, 1a — caMO3aMKHYTBIN IIAp — OH OAMH Ha JIBOMX — B HEM
u Bcenennasi, 1 AHTUBCeJIEHHasl, B OJJHOM CAMO3aMKHYTOM CU-
creme. Kak roBopurtcsi, Apyroro mapa y MeHs AJisl Bac Her!

HaBaiite Ternepsb YCJIOBUMCSI Ha3biBaTh 3Ty cucTeMy «buBce-
JieHHas1». BUBCelleHHass — 9TO caMO3aMKHYyTasi I1apooOpa3Hast
crcTeMa, BKJTI0YaIoIas B ceOsi Hepa3phIBHO MEepPeTeKaloue Ipyr
B jpyra BceneHHyio u AHTuBceneHHyO. Tak 4TO [0JeTeTh
0 AHTHBCEJIEHHON HeNb3s, TaK Kak B Mepexoje K Hell sHep-
ro-MaTrepuajibHasi HEOMHOPOJHOCTh MAJAET 1O AyaJIbHOTO MUHU-
MyMa — MTPOTOOUTA «IUTIOC/MUHYC», TO €CTh MaTepyst U SHEPTHsl
McYe3aloT.

— Hpyroi buscenenHoi Hety?

— yau3M «4TO WIA HUYTO» B MEPBUYHOM MYCTOTE MO-
KeT OBITh TOJILKO B OTHOM «3K3eMIusipe» ! [lepBuyHOCTh MOXET
OBITh TOJIBKO OfIHA, OHAa U ecTb BcE, kpome He€ HU4Yero Het. bu-
BCeJIeHHasd TOJIbKO ogHa. CamMo MOHATHE «BHE €€» 0eCCMBICIIEH-
HO.

— 3nauut 1 Baemmuero Hadmonarensa ver?!

— Her!

— U mynbTHBCEIeHHBIX He ObIBaeT?

— He 6pI1Baet. 3ato ckaxy BaM BOT UTO: poxjieHre buBceneH-



Houi u3 [lepBUYHOCTH — 3TO aOCOMIOTHAST HEU30EKHOCTD U MPEJI-
onpenesieHHocTh. PoxieHue Hamer BeesleHHOM — 3TO HU B Ma-
JIeiIet Mepe He CIIy4aliHOCTb, 4 3aKOH OECKOHEYHOCTH.

3akon becKoHeuHoCmU — NePablil 3aKOH «8Ce20».

— Bc€ MoHATHO, Kak HU CTPaHHO, yBaxaeMblid [ 0CTb.

— Jla, 1 MHe BCE OoJiee-MeHee SICHO, CIIacuO0 3a JIEKIUIO. XOTs
HAKPYYEHO TaK, YTO U B CTPAIIIHOM CHE He TTPUCHUTCS.

— YT0-TO MHE HE BEPUTCS, UTO BaM BCE MOHATHO. HeyxkTo A
BIiepBble He 3psi noTparuii Bpems? [Ipocto HeBepositTHO. Eciu
HE MPUTBOPSIETECH.

— Ha... Tak BoT Kak 3apoauiack Beenennas! O6 3Tom y Hac
HE MPUHATO paccykaarb. MakCMMyM — 3TO TOBOPAT PO Ka-
KHe-TO JAECATKUM MUHYCOBBIX CTENIEHEeW MEpBOM CEKYH[Ibl CYIIe-
CTBOBAHMSI, CTApaTeIbHO 0OXO/s1 KJTIOUEBOW BOITPOC UCTUHHOTO
3apOXKJCHUS, TPUYUHY CAMOIO «Havyajia Hayall». ..

— 910 TouHO, [Ipodeccop! V Bac, yu€HbIX, 370pOBO MOTY-
yaercsl TOJbKO HaJ HaMHU, CTyJEHTamH, noremiarbcs! A camu
HE UMEETE HU MAJIEHIIIETO. ..

— He xamure!

— Jla yx, rocnioza. .. $I BCE-Taku y BaC B rOCTAX, JAEPKUTECH
HOPMBHI. .. A TO HU cJIOBa OOJIbIIIE OT MEHSI He YCIIBIIIUTE. . .

— HoBblaeabIBajCs?

— JlagHo, MOy, MOMYYy.

—D-3-3...

— Jla He cMOTpuTE BH TaK Ha MeHs, cervac nmpoaosky. [pe-
KpacHas HOYb K TOMY pacriosaraer. BocxururensHble 3BE37pb1!



— A BOT MeH# OOJIbIIIe TJIOKET TaKOK MevyasbHBII BOITPOC: Ka-
Kast cMepTh BcE oxuaaeT? BeenenHast OyaeT pacimpsiThCs Bed-
HO, OCTBIHET U YMPET? W ke OHa CTAHETCs Ha3aj Moj CUJION
I'PaBUTALIMU B OJHY CBEPX-CyIE€p-Mera TOUKy Jisi HOBOro bosb-
moro B3pbiBa, Wik, Kak Bbl roBOpUTe — PazpbiBa?

— IOHomia umeer B BUIy albTepHATUBY: TEIUIOBAasi CMEPTh
B JIJISTHOW OECKOHEYHOCTH WJIM THUOEJTh B OTHE I'PaBUTAIMIOHHOTO
KoJutarca?

— DTO MOV NEepeBOJYMK, HAJed OYKU U MOJKJIIOUWICS K Ha-
IIei TUCKyCCcuH, eciii Bbl He noHsim. Ceityac oH B oOpase [loaTa
dutocodum.

— JlagHo, nagHO, mpekparute NMUKUpoBKy. Chyiaire. [len-
CTBUTENbHAS CyabOa BceneHHOW MOoKakeTcs BaM MapaoKcasib-
HOWM, TaK Kak e€ yJacTb 00beMJIeT 00a OTIMCAHHBIX BAMU U BaIIIH-
MU yUEHBIMU BapuaHTa. {1 ceituac Oyay roBoputh o busceneHHoi
B 1IeJIOM. bUBcesleHHass OCTBIHET B CBOEM PAaCHIMPEHUM BILIOTh
JO0 pa3pylIeHUs] MaTepuu, MCUE3HOBEHUSI BCEX JIEMEHTApHBIX
yacTul] Bo BceneHHon n aHTUYacTUIl B AHTUBCEJIEHHON. 3aTeM
U BCE€ MPOTO- W AHTUIIPOTO- YACTHUIIBl UCYE3HYT, TaK KaK pac-
mpeHre BeesleHHOM MOCTENeHHO MPUBEET BCE MPOTO- U AHTH-
MIPOTO- YACTHUIIBI JTMOO K IIEHTPAJIBHOW TOUKE, JIMOO K BHEIIHE!
cepe, rae OHU, CKUMASICh VI PACTITUBASCh, OYAyT 3aHUMATh
M0 OMHOYKE BECh COOTBETCTBYIOIIUI Tiepexo/l. XOTs U 1O OfIU-
HOYKe, HO «0uepe/ib» ABUKETCS OUeHb ObICTPO, MOBEphTe — Oec-
KOHe4YHO ObicTpo! To ecTh MPOTO- ¥ AHTUITPOTO- YACTHUIIHI LIEITH-
KOM 3aroJTHSIOT cOO0H MO0 HEHTPAIBHYIO TOUKY, JTMOO BHEII-



HI0I0 chepy. TeM cambIM OHM TTOOUYEPETHO TTPEBPAILIAIOTCS B I1e-
peTokax mexay BceneHHOM 1 AHTHBCEJIEHHOW B MTPOTOOUT MH-
opmarum, ucuesas MO0 B TUTIOC-OECKOHEYHOW YaCTH TIEPBUY-
HOM AyaJIbHOCTH, TMOO B MUHYC-OECKOHEYHOI YaCTH MEPBUYHON
QYaJIbHOCTH.

Koraa ocranercs TonbKO 00Ha mipotodacTuiia Bo BeesieHHoM
Y TOJIBKO OOHA AHTUIPOTOYACTUIIA B AHTUBCEJIEHHOM, BCsl bu-
BCEJIEHHAS CXJIONBIBAETCS B COCTOSIHUE NIEPBUYHON AYaJIbHOCTH,
TO €CTh B COCTOSIHME YK€ onucaHHor MHoIo [lepBuunoct. [lep-
BUYHOCTH XK€, €CJIM TIOMHUTE, 10 CMBICITY BKJIIOYaeT B ceOs COo-
CTOSIHME TTPOCTPAHCTBEHHOI'O KOJUIAICa, TaK Kak MpPeJCTaByIsieT
cOOOl OIHOBPEMEHHO UM MUHYC-OECKOHEUHYIO TOUKY «HHUUYTO»,
U IUTI0C OECKOHEYHOE ToJIe «4uTo». [Ipyrumu ciioBamu, co Bpe-
MeHeM buBcenieHHas noTepsieT MPaKTUYECKH BCIO CBOIO HEOJHO-
POAHOCTb, CHOBA MPEBPATUTCS B MPOCTEUIYI0 TIEPBUYHYIO Y-
aJIbHYI0 HEOJHOPOIHOCTh «UTO»/«HUUYTO» U CXJIOMTHETCS B «TOY-
Ky»/«HE TOUKY».

Ilostomy BceeneHHYI0 OMHOBPEMEHHO OXWUIAET U pacuiupe-
HUe 1O TEIJIOBOM CMEPTH, U cicamue B HAYaJIbHOE COCTOS-
Hue. A nanbiie nocienyeT HoBbiid Bonbion Packon. Beenennas
1 7KU3Hb KOHEUHBI, BEpHEE, UUKAUUHBL, IEPUOANYECKU CKUMA-
SICh JI0 OJIHOTO MTPOTOOMTA HEOJHOPOJHOCTH U TIOTEPH MPOCTPaH-
cTBa. Jlanee, Kak Bbl y:Ke 3HA€Te, B pe3yJIbTaTe BCTPEUHOrO B3a-
MMHOTO TOTJIOIIEHHS «ILTIOC» U «MUHYC» OecKoHeuHocTel, [Tep-
BUYHOCTh (DOPMHPYETCSI B CAMO3aMKHYTHIH IIap, a OeCKOHeUHast
SHEPTrHsi 3TOr0 B3aMMHOTO KOHTP-CKAaTUsI OECKOHEUHOCTEH MPH-



BouT K bonbiomy Packomy. 3anyckaercs HoBblil Linkt.

— Yro 3acraBisier BeeneHHy0 pacmpsTbes?

— JlaBaiiTe JOroBOpUMCS: MbI C BaMU OylieM Jlajiee TOBOPHUTh
0 Bcenennoii, nas NpoOCTOTbl, HO MOMHUTh IIPU 3TOM, UYTO TO-
K€ caMOe OTHOCUTCSI U K AHTHUBCEJICHHOMU, TOJIbKO C UHBEPCU-
eif, ¢ 3aMeHOM TuTIoca Ha MUHYC, Oesoro Ha uyépHoe. Tak u MHe
pacckasblBaTh Oy/IeT Jierye, 4emM roBOpuTh 0 brBcesieHHoi B 11e-
JIOM, TIOCTOSIHHO YTOUHSISl AE€TaJIA TOTO, YTO MPU STOM ITPOUCXO-
IuT BO BeenleHHoi, a 4To B AHTUBCEIEHHOM, M KaKyI0 U3 HUX S
MMEIO B BUAY B KaKJIOM KOHKPETHOM IpeaioxkeHun. Naer?

— Nner!

— Torna noexanu. Beenennas pacimpsieTcs 6iaaronapsi SHep-
T'MY CONPOTUBJIEHUSI B3AUMHOMY TMOIJIOIIEHUIO «ILTIOC» U «MHU-
Hyc» OeckoHeuHocTer. CHavasia 9Ta SHeprusi MpuBOAMT K Bob-
momy Packonty, a 3aTeM U K AajipHeMIIeMy paciivpeHuio Bee-
JICHHOM: 3HaeTe, KaK 3epKaJlo MaJaeT Ha MOJ — CHaYaJla TPecKa-
€TCsl HAa MHOKECTBO OCKOJIKOB, a IOTOM 3T OCKOJIKU PA3JIETAIOT-
Cs1 BO BCE CTOPOHBI IO KOMHATE.

DTa Ke FHEPrus 3aCTaB/IsAET B3aUMOJEMCTBOBATh MEXAY CO-
601 cocelHUe TPOTOYACTHUIIBI U MPUBOAUT UX B CBSI3AHHOE CO-
CTOSIHME, C 00pa30BaHUEM 3JIEMEHTAPHBIX YaCTUIl. DJIeMeHTap-
HBIE YACTULIBI COCTOAT U3 COEIUHUBIINXCSA O] AaBJIeHHeM boiib-
moro Packona mporodactuil, HO 06 3TOM — YyTh MO3XKeE.

U sta sneprus, u camo pacivpenue BeeneHHoit noumu 6ec-
KOHEYHBI, HO BCE-TaKU CO BPEMEHEM HACTYIIUT MPEIEN. DHEp-
rum BcE emié OyJeT XBaraTh Ha JajbHEWIIee paciipeHre OuTH



OEeCKOHEUHO pacIvpuBIIeics BceleHHOM, OqHAKO, STOM ocliad-
JICHHOU SHEPruM MepecTaHeT XBaTaTh HA CTUMYJIMPOBAHKE MPO-
TOYACTHUIl K 00Opa30BaHHUIO JIeMEHTapHbIX YacTul. Kpome Toro,
B pe3yJibTaTe 0e3MEepHOro YBEJIMUEeHUs MHAMBUIYATIbHBIX pa3Me-
POB MPOTOYACTHLI, [1OJIE ITUX MTPOTOYACTHLL, TO ECTh «TeNI0» Bee-
JIEHHOM, CTAHOBUTCS YPE3BbIYANHO Pa3peKEHHBIM, HAMPSIKEHHO
pactaHyTeiM. HazoBém ero npomononem. Ilpeacrabbre, 4to ec-
JIM JIOJITO PacTATUBATh BO BCE CTOPOHBI PHIOOJIOBHYIO CETh, TO
e€ stueiiku Oy/lyT YBEJIWYMBATBHCS JIO TeX IOp, IMOKA HE HAYHYT
pBaTbcs y3enakd. Tak v Bo BeeneHHOM: pacTaHyTOCTh MPOTOYa-
CTUII TIPUBOJIUT K TOMY, YTO MX HAMPSKEHHO-PACTSHYTOE IMPO-
TOMOJIE «Pa3PbIBAET» JIEMEHTAPHBIE YACTHUIIBI U TeM OoJjiee aTo-
MBI U MOJIEKYJTbI, OYKBAJIbHO «BBITATMBAS» U3 HHUX BXOJSIIINE
B MX COCTaB mportovacTuiibl. [loqpoGHee 00 3ToM 5 emg paccka-
xKy. Ceifuac BaM IJIaBHOE TMOHSTh, UTO «B KOHIIE BPEMEH» IHEP-
ro-MaTepuasibHble 0OBbEKThI Pa3pyIIAIOTCs], HEOAHOPOAHOCTh Ka-
Tactpopuuecku nagaetr. IMEHHO 3TO Bbl MPUBBIKJIMA HA3bIBATh
«TeIJIOBO cMepThio». Ecii cMOTpeTh B KOpEeHb, TO TEIUIoBast
CMEpPTb — 3TO CJIMIIKOM OOJIbIIOE PACTSIKEHUE MPOTOYACTHIL. DTO
SIBJIEHHE OTHOCUTCSI He TOJIbKO K Oymymier rubenu BeeneHHO.
TerioBasi cMepTh U ceivyac BO BCIO IPOSIBJISIETCS] HA BHEIIIHEM
¥ BHYTpeHHeM pyOesxax BrojHe cede ropsiuert Beenennon. Tak,
yeM Onvke K BHEIIHEH IpaHuie camMOo3aMKHYyToro mapa Bce-
JIEHHOM, TeM IpPOTOYacTHUIlbl Bc€ Oosee M Oojiee pacTsATrMBaloT-
Cs1, HEOTHOPOJHOCTb YMEHBIIIAETCsl, MaTepusl MOCTENIEHHO UCYe-
34€T, a C HEI0 M POCTPaHCTBO. 1 BCE 3aKaHUMBAETCS EUHCTBEH-



HoW cpepooOpa3HON MPOTOYACTHIICH, TPOTOOUTOM HEOTHOPO/I-
HOCTH, SIBJISIIONIEN OO0 OTHOBPEMEHHO U BHEIIHIO chepy ca-
MO3aMKHYTOM BceneHHou, 1 €€ BHYTPEHHIOI TOUKY. B aToM ne-
pexofie — nepetoke oT BeeneHHol K AHTUBCEIEHHOU U 0OpaTHO
MBI U HAOJTIOZIaeM TeTUIOBYI0 CMEPTh SHEPro-MaTepruaIbHOTO MH-
pa.

— Ilo3BosbTe, HO eciii Ha BHEIIHEW rpaHuile BeenenHon npo-
TOYACTHUIIBI CBEPX-PACTATUBAIOTCS, BbI3bIBAsl TEIJIOBYI0 CMEPTh
BCEr0 CYILEro, TO YTO € IMPOUCXOAUT B LIEHTPAJbHOU MHU-
Hyc-OeckoHeuHOU Touke BceneHHo#? Tam, Kak BBl CKa3ajw,
«I10 Ty CTOPOHY TOpJIBIIIKA MECOYHBIX YACOB», MPOTOYACTHUIIBI
MCYE3aI0T B MUHYC-O0ECKOHEYHOM TI0JIe, HO Belb Mepe]] STUM OHU
O6eckoHeuHO cxxumaroTcsi! Kak st oHsu1, MpoToYyacTuIia «pacTBo-
pseTcsa» B MUHYC-IyaJIbHOCTH, (DOPMUPYS OCHOBY J1JIs1 BO3HUK-
HOBeHus1 Oyayieit HoBoil [lepeuuHocTu. «PacTBOpUThCSI» Mpo-
TOYACTHUIIA MOXET TOJIbKO IIPEBPATUBIIUCH B U3HAYAJIbHBIN MTPO-
TOOWT HEOAHOPOIHOCTH, a JIISI STOTO el HaJI0 3allOJTHUTh COOOM
«BECh MUP» — BCIO TOUKY Ilepexona Mexay BeesnenHon u AHTu-
BcesleHHOU. U ecitu B cityvae ¢ BHEIIHEN c(pepoi U pacTsKEHUEM
IIPOTOYACTUIIBI MHE BCE MOHATHO, TO YTO K€ IIPOUCXOAMT B CIIy-
Yyae HEHTPAIbHOW TOYKHU U CUJIbHEHIIIETO CKATUsl MPOTOYacTUIL?

— IIpodeccop, BbI caMblil JOCTOMHBIN CITyLIATENb U3 BCEX, KO-
TOPBIX 51 BCTpEYall... Jaxe BKJIovas 3Toro myapeuniero CtyaeH-
Ta!

— He noakanwsiBaiite mens! I monon, HO He Ty1!

— Ilpocrure, BoipBasioch. HO 4 mpompomky. Bor uro mpowuc-



XOIUT MO Mepe CKaTvsl MPOTOYACTUIL HA UX MYTU B LIEHTPATb-
HYI0 MUHYC-TOYKY: MX «T€JIa» MOCTENEHHO CXUMAIOTCS U B KOH-
1Ie KOHIIOB B KaX/IOM MPOTOYACTHUIIE IUTIOC» — TOJIe CKUMAET-
sl 10 pa3MEPOB «MUHYC» — TOYKH, KOTOPOE 3TO MOJI€ OKPYKAeT.
Kaxxnas Takast ymeHbIlIeHHAs1 POTOYACTUIIA TOOYEPEAHO 3aHU-
MaeT TOYEUHBII MUHYC-OeCKOHEUHBIN ITPOXOJI, TIEPEXO]T K BHEIII-
Heil chepe AHTUBCeNIeHHOU. Takum 00pa3om, cxaTasi 10 pa3me-
POB MHUHYC-OECKOHEYHOCTH MPOTOYACTHUIIA, TIPOM/IS Yepe3 LeH-
TPaJbHYIO TOUKY, MTPEBPAIAETCS] B MPOTOOUT HEOIHOPOIHOCTH,
00pa3yIoIKil BHENTHIO chepy AHTHBCEICHHOM.

— A KaK k€ OTHEHHbIN KOJIJIAIC CxKaTusl?

— Hukakoro paszorpesa mnpu cxaTuv IPOTOYACTUIL] IO Mepe
UX yJIaJIeHHs OT HAC B IEHTPAJIBHYIO TOUKY MUHYC-O€CKOHEYHO-
crtu Het. TyT 17151 SICHOCTH HaJI0 IOIPOOHEe PAaCCMOTPETh BOTIPOC
MIPOUCXOKJEHUSI, BOITPOC (PU3MYUECKOIO CMbICIIA SHEP2ULL.

Brl ObI cKa3anu, 4TO SHEPrusi — T0 Mepa Pas3IuyHbIX (OpM
JOBUKeHs1 MaTepun. Ho st Bam CKaxy, 4TO 9TO — JIUILb CJIE/ICTBUE
U3 HACTOSAILEIO ONpENeSieHUsA. A OHO TAaKOBO: 9HEpeUsi — 5mo
o8udiceHUe HeOOHOPOOHOCMU . DHEPTUs cyllecTByeT BeuHo! [laxe
He LIMKJIMYHO, KaK, Harpumep BceneHHas, a UMEHHO euHo, Tak
KaK Be4HO cyuiectByer [lepBuyHas HEOMHOPOIHOCTb. DHEPIrUs,
Kak (popma cymiectBoBanus [lepBuyHOM HEOGHOPOOHOCTH — ITO
BCTPEYHOE JIBIKEHUE MUHYC- U TUTIOC- OECKOHEYHOCTEH, CTpe-
MSIIMXCA TOITIOTUTD IpYT Apyra. [lanee, Kak Mbl yke 3HaeM, 3Ta
OeckoHeuHasi SHeprus BbI3biBaeT bonbioit Packon. B pesysb-
tare bosnbioro Packona nossisgercs, cKaxeM Tak, BTOPUYHAA



HEOIHOPOTHOCTh — HEOTHOPOJHOCTh OECKOHEUHOIO KOJIMYeCTBA
nporoyactull. (Ha camom gesne eme u aHTUIpoTodacTull, HO Mbl
C BaMH YCJIOBUJIMCh HE IOMUHAThH MOCTOSTHHO AHTUBCEJIEHHYIO).
[TpoToyactuiipl 0OpasyoT BeeneHnnyio.

Ila nepecranbte Bbl TpsicTy Horoi! OTBiekaere. Enem nasb-
1Ie.

DHeprus BceneHHoW — 3TO JBMXeHHE OECKOHEYHOTO YKC-
JIa 3JIEMEHTOB HEOAHOPOIHOCTU, KOTOPBIE Mbl Ha3bIBAEM MPOTO-
YaCTUIIAMU. DHEPIusi — 3TO BCEINla 8CMpeuHoe IBUKEHUE pa3-
HOU HEOTHOPOTHOCTH U3 JIBYX 30H, BXOJAIINX B «COCTaB» Oojiee
CJI0)KHOM HEOTHOPOIHOCTH.

PaccMoTpuM 1151 puMepa HEKYI0 CUCTeMY CJI0KHOM HEOTHO-
POIHOCTH ¥ BBIIEJIMM B Hel JBe OOJIaCTH C Pa3JIMYHOM CTere-
HbI0O HEOJIHOPOAHOCTH, KOTOpble Ha30BEM «HogHOpOogHOCTB-1»
1 «HeomHOpPOAHOCTB-2».

Ecmu obnacts «HogHOpOmIHOCTB- 1» yeeauuusaem ceoio neoo-
HOPOOHOCH1b, TO TO 3HAYUT, YTO YBEJIMUMUBAETCA M KOJIMYECTBO
00pasyIux e€ MpoToYacTuIl U uX KomOuHanui. [IporoyacTu-
bl TIPUTEKAIOT B 3Ty 0OOJNACTh W3BHE. [[BUXKEHUE yBETUYEHUS
HEOTHOPOAHOCTHU, KaK MPUMoOK Npomo4acmul,, MOXET NPUHU-
MaTb pa3Hble (DOPMBI: MOBBIIIEHUE CJIOKHOCTUA CTPYKTYPBI, CO-
CTaBa, TEMIIEPATypbl, KOJIMYECTBA, INIOTHOCTH, pa3Mepa, CKOPO-
ctu. Tak Bot, korma «HomHopomHOCTB-1» yeeauuusaem ceoro
HeoOHOpOoOHOCMb, TO «HeoqHOPOOHOCTh-2» YMeHblULaem ce0t
HeOOHOPOOHOCHb, TO €CTh KOJMYECTBO 0Opa3yIoIIUX €€ MpoTo-
YaCTULl YMEHbIaeTcs. [IBUkeHrEe yYMEHBIIEHUS] HEOQHOPOJHO-



CTU, KaK OMmMoK npomo4acmul,, IpPUHAMAET TPOTUBOIOJIOKHbIE
JBUKEHUIO YBEIMYEHUS (DOPMBI: IOHWKEHUE CII0KHOCTH CTPYK-
TYpbl, COCTaBa, TEMIEPATYPbl, KOJIMYECTBA, TUIOTHOCTH, pa3Me-
pa, CKOpOCTH.

JIBUKeHHEe YMEHbIIEHUs] HEOJHOPOAHOCTH, KaK OTTOK ITPOTO-
4yacTull, BaM IIPEJCTAaBUTh JIerye: 3T0, HAIPUMED, U3Tydalolee
sHepruto Connue. I[Tpumem B nannom ciydae Conzue 3a «Heon-
HOpPOAHOCTb-2». M3 CosHLa MPOMCXOIUT OTTOK IPOTOYACTHUIL
(B TOM 4Mcie MPOTOYACTUI] B CBSI3AHHOM COCTOSIHUM, TO €CTh
B (popMe (POTOHOB, MEMEHTAPHBIX YACTHII, IUIa3Mbl). [IBUKe-
HUE YMEHbIICHHUS HEOJHOPOIHOCTU XapaKTEPU3yeTCsl TEM, YTO
TaMm, OTKY/1a OHO UCXOJIUT, YMEHBILIAETCS KOJTMUECTBO CBA3aHHbBIX
B 3JIeMEHTAPHbIE YACTULIbI IPOTOYACTHUII, TAM YMEHBILIAETCS KO-
JIMYECTBO MATEPUH, CJIEOBATEIBHO, TAM MaT€pUs MEHBILIE pac-
TATUBAET MOJIE MPOTOYACTHII, IOITOMY TaM CHUKAETCS PACTSIHY-
TOCTb IIPOTOYACTUIL] MPOTONOJISA, pa3Mephbl SYEEK-MPOTOYACTHUIL
YMEHBIIAIOTCS U JIOKAJbHOE MPOTOIOJIE CTAHOBUTCS MEHEE Ha-
NPsDKEHHBIM. A BOT TaMm, KyJa HAalpaBjIeHO JIBUKEHUE YMEHbIIIe-
HMSI HEOJTHOPOTHOCTH, BCE MPOMCXOAUT POBHO HAOOOPOT: KOJH-
YeCTBO MPOTOYACTHI] M MaTepUU BOOOIIE YBEINUUBAETCS, U Ha-
NPSIKEHHOCTh MPOTONOJSE BO3pacTaeT. To eCTh YBEJIMUYUBAETCS
PacTSAHYTOCTh MPOTOYACTUI] MPOTOMNONS U BO3PACTAET OTPHULIA-
TEJILHOE JaBJIEHWE MPOTOIOJISI MPOTOYACTUIl HA HAXOAAIIUECS
B HEM SHEpro-mMarepuaibHble OObEKTHI.

[Io orHomiennoo k CoONHIlY MOXHO NPHUHATH B KadyecTBE
«HeogHoponHOCTH-1», HarTpuMep, IUIaHETy 3eMiid. 3eMJIs HC-



IBITHIBAET MPUTOK MTpoTovactui] oT ConHua. B Hamem npumepe
3emuisi, Kak HEOOHOPOAHOCTh, HAXOJUTCS B COCTOSIHUM YBEJINYE-
HUS CBOEW HEOJHOPOJHOCTU. A 4YTO K€ B TAKOM CJIyyae «JIBU-
xetrcsi» oT 3emud K ComHIly, COPOCUTE Bbl, TAMATYSI O MOEM
YTBEPKJEHUHU, UTO SHEPrusi — 3TO BCErAa BCTPEUYHOE, ABYCTO-
ponHee nBukeHue? K 3emuie IBUKYTCS MPOTOYACTUIBI U Jie-
MEHTapHbIE YacTullbl, a 4TO aBMKeTcs K ConHity? [a, nBuxkeHue
YBEJIMYEHUS] HEOTHOPOJHOCTHU TPEJICTABUTH CJIOKHEE. DTO JIBU-
JKEHUE colcamust ssueek 8 npomonoae, 3To Kak BOJIHbI, HATOHSIIO-
11ee MPOTOYACTHUIIBI IPOTOTOJNS B KAKYI0-TO JIOKAJILHYIO 00J1aCTh
MPOTONOJIS. DTO ABUKEHUE, CKUMAIOIIEE SYEUKU-IIPOTOYACTU-
1Bl TaM, KyJla OHO HaIlpaBJIEHO Y yMEHBINAIOLIEE TaM HaTsKEeHUE
COCTOSILIETO U3 HUX NpOTOonoss. [IBUKeHUE YBEIMYEHUsl HEO/-
HOPOJIHOCTHY YBEJIMYMBAET TaM, Ky/Ja OHO HAITPaBJICHO, MOJI0XKHU-
TEJIbHOE JABJIEHUE MPOTOMNOJIsA Ha MPUCYTCTBYIOLLYIO B HEM Ma-
Teputo. To ecTh JBUKEHNE YBEIUYEHUS HEOQHOPOIHOCTH, UCXO-
asiiiee ot 3eMid, ToCcTurasi BHyTpeHHux oonacreid ConHiia, mo-
BBIIIIAET TaM JIABJIEHUE MPOTOIMOJISI HA CONTHEYHYIO MaTe€pHIO, Bbl-
TAJIKUBAs €€ U3HYTPU HAPYKY U CTIOCOOCTBYS TBUKEHUIO YMEHb-
IIEHUs] HEOJAHOPOIHOCTH, ucxoasieMy u3 ConHia. 3aMblKaeT-
Cs1 KPyroBOPOT BCTPEYHO HAIPaBJIEHHBIX MMOTOKOB HEOJHOPO/-
HOCTH.

— 4 moka moxo coodpaxar. ..

— W g, npu3Haiock, 1oka He OYEHb YJIABJIMBAI0 HUTh PACCYX-
JeHUI, BE/yIIyI0 HAC K KoJuarncy cxarusi BeeneHHON.

— Cornacen, Bcé He nipocto. [Tonpodyto ckazars npoire. Mbl



nMmeem HeonHopoaHocTh 3emuisi-Connie. Ot 3emuin k ColtH-
Iy MICXOJWT SHEPIrHsl MOMIONIeHusI, OYKBAJILHO BBICACHIBAIOIIAS
CosHue. DTH «MMITYJILChl BCACBIBAHUS» MEPEAAIOTCS aHAIOT Y-
HO ITPOJIOJIbHBIM BOJIHAM CKBO3b IIPOTONOJIE TPOTOYACTHLL, CHKHU-
Masg UX «49T10» — 000ouky B Tesne ComHia, Kak Obl HarHeras
nasienue u pacrimpas Consie u3HyTpu. [Ipu aT0M 3HEeprus no-
IJIOUIEHM S, UCXOAsl OT 3eMiii, (hOPMUPYET B HEW U BOKPYI HEE
HEJJOCTAaTOK SYeeK-MPOTOYACTHIl U Oosiee CUIIbHOE pacTsikeHHe
nporomnonst. Co3maérest Kak Obl Tiepenaj AaBjieHusl B MPOTOIO-
ne mexay 3emnieil 1 CosHIlEM, CITIOCOOCTBYIOIINY «3acachiBa-
HUIO» MaTepuu B CTOpPOoHY Hauler raHetsl. Ot ConHiga k 3emuie
IIPY 3TOM MCXOAMT BCTPEUYHAs] SHEPrusl U3IyueHusi, OyKBaJIbHO
yIUIOTHsIOIAs: 3emimio Matepueid. Mrak. Dueprusi — 310 Beeraa
BCTPEYHOE JBVMKEHUE HEOTHOPOIHOCTH MEX/Ty TBYMsI 00IacTsI-
MU ¢ OOJbIIel U MEHbIIIeH HEOTHOPOAHOCThI0. DHeprun bosb-
moro Packomna xBaruio Ha To, 4TOObl co3/1aTh 10 Bcer Beenen-
HOU OEeCUMCIIEHHOE MHOKECTBO 30H C COBEPILIEHHO PAa3HOW HEO/I-
HOPOJTHOCTHIO, 00ECTIeYrB TIOTEHIMAN €€ TIePEeTOKOB Ha MUJLJIH-
apbl 1 MWUIAAPKI JIET Briepen. Ho B caMoM KOHIIE BpEMEH 3TOT
MOTEHIMA UCCSIKHET. Mbl 00 3TOM NMOrOBOPUM MOAPOOHEE IM0-
TOM.

Jla yk... HE BUKY B IVla3ax JABWKEHbsI MbICIU. .. Ho 51 He OT-
yaupatoch! CKopo, HaJleloch, OyaeT Oosiee MOHATHO. A MOKa Moii-
MUTE, YTO €CTh HE TOJIbKO IPUBBIYHAS BaM SHEPIus U3J1yueHUs,
HO W SHEPIusi nozaouieHus, Ipu4yeéM, HarpaBjieHHasl om Norjo-
mamoniero oobekTa. CyIecTBOBaHUE SHEPTUU TOTJIOMIEHHS BO3-



MOXHO ITOTOMY, UTO BO BcesleHHOI HeT Bakyyma-ITyCTOTHI, 4 €CTh
IPOTOIOJIE, IO KOTOPOMY MOTI'YT IIepeaBaThCs BOJIHBI YIUIOTHE-
HUS WIK PaCTsKEHUs siueeK 3Toro nons. Bot, ckazan yxe npo-
111e HeKy/a.

Wrak, npopomxkum. [Toka s Oymy pucoBaTh BaM OOIIyIO Kap-
TUHY CAMbIMU KPYIHBIMU Ma3KaMHu.

HeonHoponHOCTH ObIBAIOT Pa3HOTO MOPSIIKA.

HeonnoponHocts neporo nopsiaka: 3to [leppuyHasi HeOHO-
POIHOCTb.

HeonHoponHOCTh BTOpPOro mnopsika: OHa BO3HMKJIA IOCHE
Bonbioro Packona. 9To camas MolllHast O SHEPruM U camasi
npocTasi MO0 CYyTU HEOJAHOPOAHOCTh PACHIUPSIONIErocs (U3 MH-
HYC-OECKOHEYHOro 00bEMa B TUTIOC-OECKOHEYHBII 00BEM) OECKO-
HEYHOro Kojmyectsa nporoyactull. IIporouactuipl — 310 npo-
CIMPAHCMEeHHble Yacmulybl, OHU 00pa30BaHbl CTPYKTYPUPOBAH-
HbIM (pa3opBaHHbIM) [IpOTONPOCTPAHCTBOM U HaJeNIeHbl OCTa-
TOYHOW SHEPrueil BCTPEUHOrO B3aUMOTIOIJIONICHHS TIEPBUYHON
OyalbHOCTH. OHM MOWCTUHE IeMeHTapHbl. O MpoTovyacThnax
BCKOpe OyleT BaM Iies1ast JIEKIIUsI.

HeonHOpomHOCTh TpeThero nopsijka BO3HUKAET, KOTa Yy/I0-
BUIIHASI SHEPTHs ABUKEHUSI HEOTHOPOIHOCTU BTOPOTO TMOPS/-
Ka ¥ HEe MEHee YYJIOBHUIIHOE JABJEHUE MPOTOMNOJIS 3aCTABJISAIOT
CMEKHBIE TIPOTOYACTHUIIBI 00Pa30BHIBATh O0JIee CIIOKHBIE COE/IU-
HEHU s — 3JIeMEHTAPHBIE YaCTULIBI. DJIEMEHTAPHbIE YACTHIIBI — 3TO
SHepzemuuecKue 4acmuiybl, OHU, C OMHON CTOPOHBI, UMEIOT TeC-
HYIO CBSI3b M1 OOPAaTUMOCTb C TIPOCTPAHCTBOM U €0 CBOMCTBAMH,



a ¢ Ipyros CTOPOHbI, OHU MOTYT BXOJUTb B COCTAaB SHEPro-mMare-
PUATBHBIX OOBEKTOB — aTOMOB. DHepeemuueckile Yacmuubl s161si-
10MCsl NEPEXOOHBIMU, MAK KAK U CAMA SHepeust — 3ma nepexoo-
HOe cocmosiHue mexncoy npocmparcmeom u mamepueii. Ha camom
JeJie, SJIEMEHTAPHBIE YaCTULbI, B OTVIMYME OT POTOYACTHULL, YKE
HE 3JIEMEHTapHbIE KUPITMYUKY BeesleHHON, Mo3TOMY 51 MX cendac
Ha3bIBaI0 SHEPreTUYECKUMHU, HO BIIpEIb, BO M30EKaHUE MyTa-
HMIIbl YCTOSBIIMXCS TEPMHUHOB, JABAUTE OCTABUM 32 HUMMU IIpU-
BBIYHOE HAa3BaHUE «3JIEMEHTAPHBIE YaCTULIb». MITaK, 35eMeHTap-
HBIE YACTULBI COCTOAT U3 HEKOTOPOTrO KOJIMYECTBA IIPOTOYACTHIIL,
MIO9TOMY OHM ILJIOTHEE MPOTOIONA. 3HAYUT, KaK IEPBbIE SHEP-
ro-MarepuajbHble OOBEKTbl, OHU MO OTHOLIEHHIO K OKpYXKalo-
IEMY MEHee IJIOTHOMY MPOTOIOJIO BBICTYNAIOT KaK MCTOYHM-
KM JBUKEHUS YMEHBIIEHUS HEOAHOPOLHOCTU. Clie1oBaTeNIbHO,
IIPU CBOEM NIEPEMELICHUY B ITPOCTPAHCTBE OHU PaCTATMBAIOT CO-
CTaBJIsIIOLIEE 3TO MPOTOIOJIE MPOTOYACTHIIBI, KaK Obl BTATMBas
UX [TPOCTPAHCTBEHHBIE IPAHUIIBI B ceOsl M BBI3BIBAS B IIPOTOIOJIE
IIPOTOYACTUL] JBUKEHUE YBEINUYEHHUS HEOTHOPOOHOCTU B CBOIO
cropoHy. K Jactuiiam Mbl €€ BepHEMCS, paCCMOTPUM JIOCKO-
HAJIBHO.

HeonHopogHOCTh 4eTBEPTOro mopsaka — 310 aromsl. OHHU
pOXKIAOTCs Takxke Omaromapsi sHepruu bBombmoro Packoma,
a Takke Onaroiapsi B3aMMHOMY MPUTSKEHUIO OKA3aBIIMXCS Psi-
JIOM 3JIEMEHTApHBIX YacTHll. Takoe MpUTSKEHUE OOYCJIOBJIEHO
JBYMs1 CUJIAMU.

Bo-nepBbIX, 3TO CHJIa MOJIOKUATEIBHOTO JABJIEHUS POTOMOJIS



MIPOTOYACTHI], OKPYXKAIOIIETo IBe ONU3JIeKaIe YACTUIBL. DTO
JIaBJIEHUE 3aCTABJISIET YACTHUIIbI CIUTHCS B OIHY CHCTEMY, TEM Ca-
MBIM COEJIMHUB U YMEHBIIIMB B TPOCTPAHCTBE 00 CBOMX «Ope-
oJa pactsikeHus». [log opeonom pacTsikeHus s UMeI0 B BUILY,
YTO KaX/IYyI0 JIEMEHTAPHYIO YaCTHUILY, KaK y3eJIOK YIJIOTHEHUS
Ha MECTe HECKOJbKMX (MM BECbMa MHOTHX) CJIMBIIUXCS MPO-
TOYACTHI], OKPYXKAeT IMOJie OCTABIIUXCSA PACTSIHYTHIX CMEXHbIX
nporoyactull. I 3TOT opeos pacTsikeHHs epeMeIaeTcsi B mpo-
CTPAHCTBE BMECTE C YaCTUIIEH, KaK BOJHBI BOKPYI HECYIIIEro-
cs Mo Boje Karepa. TolbKO BOJAHBIE BOJHBI SIBJISIIOTCSI HEKUM
YIJIOTHEHUEM CpeJibl, @ BOT OPE0J1 BOKPYT YaCTHUIIbI — paspedice-
HUem, TPUYEM He cpefpl, a npoctpaHcTBa. [Ipu sToM pacraru-
BAIOIINMECS TPAHMIIBI POTOYACTHUII, OyIyUd HE MaTepUATbHBIMU
U Jake He SHeproMarepuaibHbIMA OOpa30BaHUSIMH, HE 3a0W-
paloT 3Hepruio y vactuuipl. edopmanus mpoToyacTul conpo-
BOK/IAET JBIIKYIIYIOCS JIEMEHTAPHYIO YacTHUIly (UM OKpYyKaeT
HETIOIBIIKHYI0) 0e3 Kakoro-immbo oOMena sHeprueit ¢ Heil. Ile-
peMeleHre Opeosa PacTsKEHNS] IIPOUCXOAMT JIMIIIb 33 CUET COO-
CTBEHHOU 3Hepruu mpotonoss. OHask /bl 00pa30BaBIIANACS TTPU
POXAEHUM JIEMEHTAPHOIN YacTUlIIbl, €€ OpPeosl pacTshkeHHs Mpo-
TOYACTHUI] KaK Obl CKAaThIBAETCS, MAJaeT B MPOCTPAHCTBE BCIIEN
3a YacTuIieid 6e3 BCSKOTO COMPOTUBJIEHHSI CO CTOPOHBI BCTPEY-
HBIX MPOTOYACTHUII MPOTOMOJIs. DJIEMEHTAPHASI YaCTHUIIA CITYKUT
IIPY STOM JIUIIIL MApPKEPOM TOUKH HAaOOJIBIIIErO MPOCTPAHCTBEH-
HOT'O pa3psiKeHMS B TAHHOM JIOKAJIbHOM 00J1acTH IIpoTonosns. Ec-
JIM 3Ta «TOYKA pa3pekeHus» (4acTula) BAPYT MEPEeMeCTUIIACh



B MPOCTPAHCTBE, MOJIOKUTENBHOE JIaBJICHUE MIPOTOIOJNS TYT Ke
cMeriaeT, cOpachlBaeT BCie/ 3a Hell 001acTh pa3pekeHusi, Bep-
Hee — MepeMelaeT OAHOBPEMEHHO BMECTE C HEl.

IIpn oOpa3oBaHMM aTOMOB CIIMSIHME HECKOJIBKUX OpPEOJIOB
pacCTsKEHUsI HECKOJIbKMX YacCTHUI] €CTECTBEHHBIM 00OPa30OM CHU-
JKaeT HAPSKEHHOCTD, PACTSHYTOCTb OKPY/KAIOILEro MPOTOHOIS.

Bo-BTOpBIX, YaCTHIIbI TPUTATUBAIOT IPYT K JAPYTy UX BCTpeu-
HO HalpaBJIeHHbIE SHEPrUM IBUKEHUS YBEJIMUEHUSI U yMEHbIIIe-
HHSI HEOJHOPOIHOCTU: TO €CTh YAaCTHILIBl, KaK OOJIACTH pa3HOU
HEOJHOPOHOCTH, MOTYT OYKBAJIbHO «BCACHIBATh» JAPYT ApYyra.
Hano no6aButh, 4TO aTOMBI SIBJISIIOTCS YK€ BIIOJTHE MaTepHhasib-
HbIMU 0OBbeKTamMu. O0 aToMax Mbl elE MOPOOHO OTOBOPHM.

HeonHopogHOCTh IATOrO MOpsiika — MOJEKYJBL. DTO yXke
CaMblil TIPUBBIYHBIM MaTepualbHbIl MUP. OHU MOSABIAIOTCA
B MEHbIIeH cTereHn Ornaropapst M30BITOYHOMY JIABJICHUIO BCe-
JIEHCKOTO TOJIs1 IPOTOYACTull, a B 3HAYUTEILHO OOJIbILIEH cTerne-
HM MMEHHO OJ1aroziapsi IBUKEHUI0 HEOIHOPOJHOCTH M KOMILIE-
MeHTapHOCTH. M 00 3TOM 51 BaM paccKaxy Mo3ke OYeHb WHTeE-
PECHO U OYeHb MOIPOOHO, YK MOBEPhTE.

HeoanopoaHOCTh 1iecToro nopsiaka — x«usHe. [1aBHOE CBOM-
CTBO — KOJIMYECTBEHHOE M KaUYeCTBEHHOE MPEYMHOKEHHE HEeOI-
HOPOJIHOCTU CBOEr0 BBICOKOTIO MOPsSAKAa 3a CYET YIPOIIECHUS
HEOJHOPOIHOCTU OoJsiee HU3KUX MOpsIKoB. O MpUYMHAX TOSIB-
JIEHUS 3TOTrO BU/IA HEOAHOPOIHOCTU MOrOBOPUM MOTOM, MHAue
MBI HU KOTJIa HE 3aKOHYUM TEKYILYIO TEMY.

HeonHoponHOCTh ceibMOro nopsiaka — pasyM. 1 raBHoe cBou-



CTBO — CO3HATEJIbHOE MPEYMHOKEHUE HEMAMEPUANbHOU HEOOHO-
poonocmu. HematepuanbHasi HEOQHOPOJHOCTb 3HAYUTENILHO (-
(pexTHBHEE MaTEPUAIILHOM, ITO3JHEE 51 MOSICHIO, IOYEMY TO BaXK-
HO 111 Beenennoit. A Bot nouemy oHa 3h¢eKTUBHEN, MOKHO
MOHSATh Ha TakoM npumepe. C ToUuku 3peHns1 THHOPMAITMOHHOM
COZIEpPKaTeIbHOCTH, O/IHA TIECUMHKA MPAKTUYECKU HE OTIIMYAET-
Cs OT TPWIIMOHA TIECYMHOK. [ OpbI MECUMHOK — ITO IKCTEHCUB-
HOE yBeJIMueHre HEOAHOPOAHOCTH, Tpebylolliee, OTHAKO, OTPOM-
HOT'O KOJIMYECTBA IHEPro-MarepuasibHbIX pecypcoB. B mporu-
BOIOJIO)KHOCTh 3TOMY, Aake camasl MOCPEICTBEHHAsl MbIC/Ib —
YHUKaJIbHA M0 CYOBEKTY, MECTY, BPEMEHHU, COIEPKaHUIO, IMO-
M U T. A. Jio6ast MbICIb — 3TO YHUKaJbHAasi HEOJAHOPOJ-
HOCTb, He TpeOyIoII[asi 3aMEeTHBIX SHEPro-MaTepUAIbHBIX PECyp-
coB. CToUT UMEeTh B BUJLY U TO, UTO BCE HAIIIM AYXOBHBIE U HAYY-
HBIE WCKaHUs1, SMOIMU U JaXe MPOSBIICHUS PUMUTUBHBIX WH-
CTUHKTOB — BCE 3TO CYLIECTBYET B BUJIE IOTOKOB JIEMEHTAPHbIX
4acTull, TO €CTh UMEET CAMOE HETNOCPEICTBEHHOE COMPSIKEHUE
C IIPOTOIOJIEM. DJIeMEHTAPHBIE YaCTULIBl B3aMMOCBSA3aHBI, C Of1-
HOM CTOPOHBI — C IIPOCTPAHCTBOM, C Ipyroi — ¢ Marepueil. 1 Ha-
111€ CO3HAHUE — €CTECTBEHHO, TOXKE.

— Hy u ny! Yo6uiictBeHHO npocToe 0ObsICHEHHE BCEro mapa-
HOPMAJIBHOTO!

— IIpodeccop, Bol MeHs1 HactopaxkuBaere! Iloatomy mpo
HEOIHOPOJHOCTh BOCBMOTO MOPSI/IKA 51 pACCKAXy BaM yXke B CJle-
OYIOLIUHA pa3... A celiuac HaKOHEI-TO CMOT'Y MOSICHUTD PO TaK
Ha3bpIBAEMbIM IT'PaBUTALMOHHBIN KoJu1anc BeeneHHou.



Bui cripaiiBaeTe rpo orHeHHbIH KoJutaric. Bel mogpa3ymeBae-
Te BBICOKYIO TEMITEPaTypy 0OpPaTHOTO IPaBUTAIIMOHHOTO CKATHS
BceneHHol 10 pa3mepoB NepBOoHavaibHOM TOukU. Temnepary-
pa — 3TO, KaK Bbl MOXETE BCIIOMHUTb, KUHETUYECKAsl SHEPIUs
yacTull. A npoliie CKa3aTh, TEMIIEpaTypa — 3TO ABMKEHHUE YaCTHUIL
B 9HEPro-mMarepuaibHoM cructeme. JInoo, B yCIOBUSIX OTCYTCTBUS
YaCTUIl — 3TO JABMKEHUE MPOTOYACTUIl B pocTpaHcTBe. Hy a ec-
JIY HET JBVOKEHU s 4ero-1ubo — TO HeT U TeMriepaTypsl. laxe ec-
JIM CKUMATh MPOTOYACTHUIIBI € JII0OON BooOpasumoit cuiioil. Hy
4TO, 10 IM1a3am BUKy — CtyzneHt yinosui! A Bl [Ipodeccop? [la,
Ja, 1a. ..

Bo BHemHux npenenax BceeneHHOM MOEKy/bl, aTOMBI U Ja-
K€ YaCTUIIbl IOCTENIEHHO pacnajaloTcsi Ha mpoTovacTuiibl. [lose
MPOTOYACTHI] TaM HACTOJIBKO PACTSIHYTO W HAIpsIKEHO, a caMu
MIPOTOYACTHIIBI CTOJIb OTPOMHBI U CTOJTb MAJIOYUCIIEHHBI, YTO OHU
IIPOCTO HE MOTYT ABUTaThCsl B IPOCTPAHCTBE OTHOCUTENIBHO JIPYT
npyra. [Ipu 3ToM Ha camoMm «Kpawo» BceneHHOH, Ha BHEIIHEM
e€ npenesnie octaércst BOOOIEe ofHa OECKOHEUHO OrpoMHas ce-
pooOpa3Hast POTOYACTHIIA, TIEPEXO/SIIAs B IEPBUUHYIO Ayasib-
HOCTb, YTO MPUBOAUT K MCYE3HOBEHHUIO CaMOro MPOCTpaHCTBa!
Kaxoe yx Tam neuxkenue? Her Hudero, umo mMorio Obl JBUraTh-
Csl, U HET HUYETO, 20€¢ MOXKHO OBLIO OBl ABUTATLCA. DTO COCTOSI-
HHME MBI C BAMU Tenepb U Oy/ieM Ha3blBaTh TEIJIOBOW CMEPTHIO.

A 4TO B 3TO BpeMs NPOUCXOAUT BO BHYTPEHHMX Ipefenax
Bcenennon?

«l'opsunii KoJutanc» B LIEHTPAJIbHOU TOYKe BcenenHou or-



CYTCTBYET MO clieaylomuM npuynHam. OT cpenumHHOU cdepsl
Bcenennon, npapoaunsl bosneinoro Packona, Kak Mbl IOMHUM,
MIPOTOYACTHIIBI, SHEPTUSI U MATEPUST PA3HOCATCSI-PACIIUPSIIOTCS
BO BCE CTOPOHBI, B TOM YHCJI€ — U BIIUPb, U K BHEILIHEMY Mpee-
Jy, ¥ K BHyTpeHHeMy. B cTpemutesbHO pacimpsionieiicss Bee-
JIHHOUW Ha JII0OOM HaIlpaBJICHUU JII00ask MaTepus ycrieBaeT 3a-
POUTHCS U TIOTOM OISITh PaCcacTbCsl Ha mpoTtovacTulpl. M ta
Martepusi, KoTopas IBUKETCS OT CPEIMHHOM cepbl [0 paniaib-
HBIM HallPaBJIEHUSIM K BHEIIIHUM MpejieiaM, U Ta MaTepusi, KOTO-
pas ABMIKETCA OT CPeIUHHOM C(Pepsl K BHYTPEHHEW MUHYC-TOY-
Ke, M Ta, YTO JBUXETCS «BIIUPb». [IpOTOYACTHUIIBI TPOTOMOJIS,
KOTOpPBIE «HECYTCS» CO BCEX CTOPOH OT CPEAMHHBIX cepuye-
CKMX 00JacTeil MmapouIHOro Tena BcelleHHOW BOBHYTPh 3TOTO
TeJa, K €ro EHTPaJIbHOM MUHYC-TOUKE, TEM HE MEHEe pacTsru-
BalOTCSl B pa3Mepax Ha MPOTSKEHUWU MPUMEPHO MEPBOM TPEeTH
cBOero myTH 110 ueHrpa. Ha atom yvyactke cymmapHas CKOpOCTh
pacCIIMpeHust MPOTONOIS BBIIIE PAAUATBHON CKOPOCTH TTPUOIIH-
JKEHU S IPOTOYACTHI K LIEHTPAJIBHOU MUHYC-TOUKE. [IoHnMaere?
DTO TPYAHO MPEACTABUTh B paMKax TPaAUIIMOHHOTO T€OMEeTPU-
YECKOI'o MBIIIUIEHHs, HO MOXHO. fI B Bac Bepwo! 3arem, nocne
NEPBOI TPETH IyTHU, CKOPOCTb PACTSIKEHUSI IPOTOYACTHIL TIOCTE-
NIEHHO MaJaeT U MPOLIECC MEHSIETCS Ha CKaTue npotovacTull. To
€CTh IPUMEPHO TOJILKO 1/6 yacTb pagnanpHOro pamepa Beenen-
HOM, a UMEHHO OJnKailiias K HeHTpy 00JacTh MPOTONOJIS C pa-
arycoM, OmM3KuM K 1/6 yactu Tekyiero paauyca BeeneHHoR,
NPE/ICTaBIsET U3 ceOsl 30HY, I7ie MPOTOYACTHIIB HAYMHAIOT CTpe-



MUTEJIbHO CKUMATbCs. A MaTepuu K TOMY BPEMEHHU B 9TOM 4Ya-
CTU IIPOTOMOJIS y3KE HET: Bellb 10 CXKaTHsl MPOTOYACTHUIIBI YCIIENIN
KapWHAJIBHO PACTSHYThCS U OYKBAJIBHO PACTAIUTh BCIO MaTe-
PMIO HA TPOTOYACTHUIIBI.

Eme pa3: nporoyactulibl MpoTOIoJisi HEKOTOPOE BpeMsl pac-
msieusaromcs B pacmmpsonericss BeeneHHoN, HECMOTpsL Ha TO,
YTO OHM BEKTOPHO JIBWIKYTCSI K CyXalOIIEl MPOCTPaHCTBEHHYIO
NIepCIEeKTUBY HEHTPAJIbHOU TOUKe MUHYc-OeckoHeuHocTH. [lo-
9TOMY MaTepusi Ha 3TOM BHYTPEHHEM HAallpaBJIEHUU JIBUKe-
HUs TIPOTOIIOJISL YCIeBAeT U 3apOIUTHCS, U TIOCTETIEHHO MCUe3-
HYTb, «paccocarbCs» B TEIUIOBOM CMEpPTU. TOYHO Takxke, Kak
Y Ha BHEIITHEM HallpaBJIeHU! ABMKEHUS MPOTOMNOIS K IUTI0C-0ec-
KOHEYHOU rpaHuile BceneHHOM.

Korna nporoyacTuiisl HAYMHAIOT CKUMAIOTCS IO MYTH B MU-
HYC-TOUKY, OHU Y€ XOJOIHBl M Ha HUX TOYTU HE JIEHCTBY-
€T ucye3amllas K 35TOMy BpEMEHU U MECTy dHeprusi bosbiio-
ro Packona, 3actaBiisiBIasi KOrjia-To 3T POTOYACTHUIIBI 00pa30-
BBIBATh MPH BJABJIMBAHUU JIPYT B JIpyra SHEPro-MarepuasbHbie
cTpyKTyphL. [IpoTOUacTUIIBI TEPSIOT BCAKYIO BO3MOXKHOCTH OOpa-
30BbIBATh JIEMEHTAPHBIE YACTULIbI, AaTOMbl U MOJIEKYJIbI, a MPU
UX TOJTHOM OTCYTCTBUM HE MOXET OBbITh M peYM O KaKOH-TUO0
temnieparype. Iloatomy panee ciemyer XonogHoe CxkaTue Mpo-
TOYACTUI] C WX TIOCTETIEHHON aHHUTWJISIUEN, BIUIOTh IO 00-
pa30BaHUs B LEHTPAJIbHOW MUHYC-TOUKE IEPEXOAHON MEepBUY-
HOW JyaJIbHOCTU. AHHUTWIISILIUSL TIPOMCXOIUT B BUJIE MacCOBO-
IO CIIMSIHUSI TIO HECKOJIbKO CMEXHBIX MPOTOYACTHI] MEXIY CO-



OO0 UX «IUTIOC» — MIPOCTPAHCTBA TIOJIHOCTHIO HAKJIABIBAIOTCS,
OTOXXIECTBIISIIOTCSL APYT C IPyroM Oe3 BCAKOTO YBEIUYEHHUS pe-
3yJBTUPYIOIIETO, UX «MUHYC» — TOUKHU TaKKe CIUBAIOTCS B OfI-
Hy. Ha nonxose K HEHTpajbHOW TOYKE MHUHYC-OECKOHEUHOCTU
MPOTOIOJIE YMEHBIIIAETCS A0 HECKOIBKUX MTPOTOYACTHIL], HEOTHO-
POOHOCTh MPHUONIKASTCS K HYJIO, a B caMOM LieHTpe Bcenen-
HOW OCTa€Tcs TOJBKO OJHA MPOTOYACTHIIA, MepexoAsduias, Kak
Y Ha BHElIHeW cdepe, B IEPBUYHYIO 1yalbHOCTh. [IpocTpaHcTBO
ucue3aer. OO OrHEHHOM KOJUIArce HUKTO U HE BCIIOMHUHAET !

— ITloxoxe Ha mpaBny. [la, Kommanc ectb, HO HA KakOM OH
HE CBEpX TeMIIepaTypHBbIN.

— Nurepecno! [TponomxkarTe!

— OxotHO npoaoky. Takum 0Opa3oM, eciii TOBOPUTH O 3a-
IIPEJEIIbHBIX TEMIIEpaTypax, TO OHU He 6CMmpevaromcst 8 Kpaii-
Hux obnacmsix Bcenennoii, a Onvxe KO BHEIIIHeH cdepe U K LieH-
TPAJbHOM TOYKE Mbl HAOIIONAEM «NEPMAHEHMHYIO MENN08YIO
cMepmv» Ha BCeX 3Tarnax 3Bojonuu BeenenHoi. Boooie Tem-
neparypa, B TOM YMCJI€ B MWUIMOHBI I'PAJyCOB U 3alpelesIbHO
BBILIIE, NOSABIISIETCS BO BeenieHHoM TonbKO ¢ MOMeHTa bosbioro
Packona. [1ocne storo ITpocTpaHCTBO MOCTOSIHHO paciMpsieTcs,
Bcenennasi «pasmyBaercsi», lIEeHTpaJIbHasi TOUKAa MUHYC-OECKO-
HEYHOCTH M BHEIIHsIS cpepa Tmoc-0eCKOHEYHOCTH TTIOCTOSTHHO
yAAIAIOTCA Opyr oT apyra. Ilpu 3Tom HamBbicuIas, XOTSA U IO-
CTOSIHHO YMEHBINAOIIasICs, TeMIepaTypa HabMoaaeTcsi UMEHHO
B CpeIMHHON cheporaHOm oOacTu BeelleHHOM, KoTopast BHIpOC-
Jla 13 MepBOHAYAIBHOU oOnactu Bonbimoro Packoma. 91w cpe-



JIMHHBIE CJIOM IIIAPOUTHOM BcesieHHOM, XOTh CaMH M PacIupsIoT-
€A IOCTOSIHHO, HO OCTAIOTCS PaBHOYIAJIEHHBIMU OT YHOCAIIMXCS
OT HUX B ITPOTUBOIOJIOKHBIE CTOPOHBI BHEITHUX U BHYTPEHHUX
CJIOEB TIIPOTOIOJISA M BCEr0 €ro MaTepUabHOTIO COAEPAKHUMOTO.
ITpome ckaxy: npuHUMas BeesneHHyo 3a 11ap, MOKHO CKa3aTb,
YTO HaMBBICIIYIO TEMIIEPATYPY B HEM MMeEET cpeluHHas cepa,
a coBceM He s71po. CpenuHHas cepa — 3TO 00IaCTh-HACTICHU-
ua bonbioro Packona u nopoxIEHHBIX UM 3allpeesIbHbIX TEM-
nepatyp. Eciu nponsuratbest o teny BceneHHOU OT cpeauH-
HOU c(pephl K LIEHTPAJIBHOU TOYKE WIN K BHEUIHEW I'PAHULIE, TO
Temneparypa OyaeT OCTENIeHHO CHIKAThCs, B 000X HaIlpaBJie-
HMSIX, BIUIOTh JI0 TerioBoi cMepTu. Korna-Hubyip, HEyMOIMMo
NPOJBUTrasiCh, BCJEICTBUE PACIIMPEHUS MTPOCTPAHCTBA, OT Cpe-
JUHHOM cepbl K BHEIIHEMY Y BHYTPEHHeMy Ipenesnam Bce-
JICHHOMW, BCSl MaTepus pactai€Tcs U BCe MPOTOYACTHULIBI pa3ou-
AyTcst MO0 K LIEHTPY, MO0 K BHEIIHel cdepe U pacTBOpATCS
00 B MUHYC-OECKOHEYHOCTH, JIUOO B TUTIOC-OECKOHEYHOCTH.
Bcenennas npeBpaTutcsi B IPOCTEHINYIO «9ITO» — 00NacTh, AH-
TUBCEJIEHHAs] IPEBPATUTCS B IPOCTEHIIYIO «HUUTO» — 00JaCTh,
a BcA buBceneHHas B 11€710M NIPEBPATUTCA B IIPOCTEULIYIO TIEP-
BUYHYIO HEOIHOPOOHOCTb «UYTO»/«HUUTO», TO ecTh B [lepBuu-
HoCTh. 1 HauHETCA HOBBIM LIMKJI buBcenenHon. MBI yke roBOpH-
71 00 3TOM, HO 51 TOBTOPUJI HA BCSAKUM CITyYaid.

BceneHHas B 1esoM sBsETCS II00ATBbHOW HEOAHOPOIHO-
CTBIO, BKJIIOYAIONIEH B ceOsi HEOMHOPOAHOCTH BCEX MEPEUMCIIeH-
HBIX MHOIO /IO TOTO MOpsiikoB. Hambonbinas HEOTHOPOTHOCTh



BcenenHor HaOmogaeTcss B CpeIMHHON cepe, IOTOM HEeOIHO-
POIHOCTh TIOCTETIEHHO YMEHBIAETCsl TI0 0OOMM HaIlPaBJICHUSIM
OT He€: KO BHelHel cepe 1 K LeHTpy. S He 3ps Tak Moapoo-
HO BaM pa3bsICHSLT UyTh paHee, YTO SHePrusi — 3Ta HeM30bIBHAS
(popma cymiecTBOBaHUSI HEOAHOPOJHOCTH, 3TO JIBUKEHUE HEOJ-
HOPOAHOCTH, MOATBEPKIAIOIIECE CaMO €€ HaInJue. Tenepb HaM
C BaMH SICHO, YTO TJIOOaJIbHAsI HEOTHOPOJHOCTD MOl HA3BAHU-
eM «BceneHHas» xapakTepusyercs AByMsl HAIPaBJIEHUSIMU JIBU-
JKEeHUsI HEOAHOPOIHOCTH. OT cperHHOW cepbl, HAXOIAIIEH-
Cs B COCTOSIHUM YMEHBIIIEHUS] HEOQHOPOJHOCTH, UCXOJUT IHEP-
T'Yisl YBEJIMYCHU I HEOMHOPOJHOCTH, UCXOTUT MaTtepusi. OT o0oux
MIPEJEJIOB — OT LIEHTPAJIbHOU TOUYKHU U BHEILIHEN c(epbl, KOTOPbIE
HaXOJISITCSI B COCTOSIHUM YBEJIMYEHUs] HEOOHOPOIHOCTH — UCXO-
JUT BCTPEYHAs MO OTHOIIEHUIO K CPEAUHHOM c(hepe IHEPrusl Mo-
ronieHusi. OIHaKO HAKOIUJICHHSI SHEPro-MaTeprualIbHbIX CTPYK-
TYp Y YIUIOTHEHUS N0JI1 IPOTOYACTULL HA BHEIIIHEM U BHYTPEH-
HeMm npenenax BeeneHHol He npoucxooum no JByM MPUYHHAM.
Bo-niepBbiX, B creacTBre HEM30EKHOM TEIIOBOW CMEpPTH Marte-
PUM U pa3pyILIECHUs BCEX SHEPrO-MATEPUATIBHBIX CTPYKTYP I10 ITy-
TH K BHEILIHEMY U BHYTPEHHEMY IpenenaM. Bo-BTopeix, Beie-
CTBHME OpraHM3allMu MpocTpaHcTBa BcesleHHON B BUE camo3a-
MKHYTOTO IIapa, YTO MPUBOIUT K OOHYJICHUIO W CXJIOTIHIBAHUIO
MaTepyu, SHEPIrMU U IPOCTPAHCTBA HA BHEIITHEM U BHYTPEHHEM
npezaenax BeenenHoil. Kakoe yx TyT yrioTHeHue npu oOHYJe-
Huu? Bot Kak-1o Tak... Ecte Borpocs?

— BorrpocoB muiunon! Ho BBIAEPKUT JIM KX JOKJIATYUK — BOT



B 4éM Bonpoc. CKOpO HaYHET CBETaTh.

— JleficTBUTEIBHO, BOITPOCOB TOJIKO OoJIbIe... MBI ciryma-
JIM TIPO MaKpo YCTPOMCTBO BceneHHoi, XoTenoch Obl Terepb
YCIIBIIIATh TaKXke sICHO, 0e3 330TepUUECKUX HAyUHBIX TEpMU-
HOB, 0 MUKpomupe. PacckaxuTe Ham, OXanyiicTa, mogpoOHee
O MPOTOYACTHIIAX M O TOM, KaK OHM OPraHU3YIOT COOOH 3Hep-
ro-MarepuajbHoe HanosnHeHue BceeneHHon? Bbl yke KOpOTKO
OIMCAJIN pa3Hble MOPSIIKU HEOTHOPOIHOCTEN, HO MBI XOTEJH Obl
3HATh 00 ITOM 0O0JIee NETAITBHO.

— Hy, cun-1o y MeHs1 JOCTaTO4HO, XOTh I0HOIIA B 3TOM U BbI-
pasujl COMHEHHME. A BOT BPEMEHU HaM BPsijl JIU XBATUT — HOUb
yKe Mpolia. YUUTbIBas CJIOKHOCTb BOIIPOCA, 1aBalTe MepeHe-
CEM €ero Ha 3aBTpa.

— Bbl 1 TyT I1paBbL.

— INoxanyn, cornacumces.



Houb 2. CTpoeHne npoTo4acTuil.
OoOpa3oBaHue U CBOIICTBA
3J1eMeHTAPHbIX YaCTHIL.
JHepreTuyecKue STanbl
pa3Butus Bcesiennoi. UépHble
abIpbl. CKOPOCTH CBeTA.
Omnoka Hay4YHO#l mapaaurMbl

— Cagurech noynoOHeit. OTKyza ¥ Kak Bo BceneHHOH mosiBu-
JIOCh BEIIECTBO, KAKOBO CTPOEHUE BEIIeCTBA, U3 KOTOPOTO CO-
crout Bcé cyiiee? JlaBaiiTe cerogHsi TOrOBOPUM 0O 3TOM.

Ha panHux sTanax BcejaeHCKOM 3BOJIONMY MTPOTOYACTULIBI UC-
TIBITHIBAJIM HA ceOe OrPOMHOE JJaBJICHUE, Jake He CMOTPs Ha TO,
YTO MPOCTPAHCTBO, KOTOPOE OHU CaMU ke U 00Pa30BBIBAIN CO-
O0H, pacHMpsIoch C HE MEeHee OTPOMHOU CKOpOCTHIO. .. IIpo-
TOYACTHUIIBI M CAMU PACIIUPSUIUCh TIPU ITOM, OT MUHYC-OECKO-
HEYHBIX pa3MepoB K BIIOJIHE COMOCTABUMBIM C pa3MepamMH Hbl-
HEIIIHUX aTOMOB W OOJIbIle, OOJBIIE, BIUIOTh IO IMOYTH ILIIOC-
OECKOHEUHBIX Pa3MEpOB Ha BHEITHUX pyOekax caMO3aMKHYTO-
ro npocrpaHcTBa Beenennoil. Dueprernyeckuii noteHimain Bee-
JIEHHOW OBbLT MPOCTO HEBEPOSITHBIM U MPAKTUYECKH OECKOHEY-
HBIM (CITpaBEIIMBOCTH PaAM CKaXeM, YTO 3Ta SHEPrus BCE Kke



yMelaiach B caMO3aMKHYTOW cucteMe «BceneHHast/AHTHUBCe-
JIEHHas», a 3HAUUT, UMeJla TEOPUTUUYECKUe TpaHulibl). Mmen-
HO 3Ta SHEPrus, Kak Bbl 3HaeTe, U odecreunia (POpMUpOBaHKE
U3 MPOTOYACTHUI] BCEX U3BECTHBIX U HE U3BECTHBIX HAM 3JIEMEH-
TapHBIX YacTHIl. biarogaps e ke U3 3JieMEeHTAPHBIX YacTUIl 00-
Pa30BBIBAIUCH COCTABHBIC YACTHUIIBI, & 32 HUMH — aTOMBI, U, BO-
MHOTOM — MOJIEKYJIbI. XOTsI, MbI 3psi TOBOPUM B MPOIIIEAIIEM Bpe-
MEHHU, TaK KaK CHHTe3 BellecTBa Mpoaokaercss Bo BeenenHoii
U ceftuac v OyAeT MPOAOIKATHCS B MBICJIIMOM Oy/TyIIIEM.

HanomHto, 4TO poTovacTuiia — 3To HAaMMEHbIIAs U3 BO3MOXK-
HBIX HEOJHOPOTHOCTH, ABOMYHOE MH(OPMAIIMOHHOE 00pa3oBa-
HUE «MaTepUusi-aHTUMATEPHSI», COCTOSAIIEE U3 «ILTI0CA», UJIH TI0-
JIPYrOMYy, «4TO» — TO €CTb U3 ockoaxka npomo-IIpocmparicmea,
U «MHUHYCa», UK TIO-JIPYTOMY, «HUYTO» — TO €CTh U3 «MHHYC» —
OECKOHEUHOW TOYKH B CBOEM IIEHTPE, TOUKH, MPEeCTABIISIONICH
u3 cebst 0ckonok npomo-AHmunpocmpancmed. XOTs O «Mare-
pUr» B CIIOBOCOYETAHUM «MAaTepUsI-aHTUMATEPHST» Mbl TOBOPUM
3[IeCh YMCTO YCJIOBHO, IS SICHOCTH, TaK Kak Oojiee TOYHO Obl-
JI0 OBl TOBOPHTH, YTO B MPOTOYACTHIIAX 3aKJII0YEHA MTOTEHIINAITb-
Hasi BOBMOXHOCTh OOpa30BbIBATh MATEpUIO, TO €CTh B MPOTOYA-
CTUIIAX 3aJI0KeHa HeKasl «IpoTtoMarepusi» ... Ho He Oyaem noka
3aKarbIBaThCs B CIOBAX. ..

Ceityac — nogpoOHee 00 YCTPOUCTBE MPOTOYACTHII.

Haxonsich B 0OOBIYHOM COCTOSIHUM, TO €CTh B CBEPX HAIPSIKEH-
HOM paCHIMPSIONIEMCs TI0JIe, TPOTOYACTHUIIBI He 00JIalaloT Bpa-
IICHUEM.



Kcratn, naBailte «IUioc» — MPOCTPAHCTBO MPOTOYACTHUIIBI
B JIAJIbHEMIIIEM Ha3bIBATh «4Mo» — NOAEM, TAK KaK «4TO» JTy4Ille
OTPaXaeT CMBICII MPOTUBOMOJIOKHOCTHU 10 OTHOLIEHUIO K «ITy-
CTOTE», & TEPMUH «II0JIE» JIy4dllle OTpa)xaeT TOT (pakT, YTo B Ya-
CTULIE UMEETCSs1 SHEPTUsl HEOIHOPOAHOCTH.

Tak BOT, TpaHHUIIBl «4YTO» — TOJIed B OOBIYHOM COCTOSIHUU
CTaTUYHbl OTHOCUTEJIBHO JIPYT Jpyra M C HAalleW TOYKW 3pEHMS
BECbMA YCJIOBHBI, TaK KaK OMNPEAENAITCS HE KaKOW-TO SHEp-
ro-MaTepuabHOM YEPTOM, a JIUIIb PABHOYJAIEHHOCTBIO OT CBO-
el IIEHTPAIbHON «MHUHYC» — OECKOHEYHOW TOYKH W TOCTETIeH-
HO CHMJKAIOIIEWCS OT LIEHTPa K BHEIIHEW «TPaHULIE» SHEPruen
HEOJIHOPOJHOCTH. DTa SHEPrusl CHUKAETCS OT MAKCUMYMa HETlo-
CPEACTBEHHO BOKPYI LEHTPAJIbHOW TOYKHU JI0 HYJEBOI'O YPOB-
HSl Ha BHEIIHEM pyOeske mpoTovacTuilbl. [Iporieccsl ABMkKeHUS
HEOIHOPOJHOCTH, MPOUCXOISAIIME B MPOTOYACTULIE, AHAJIOTHY-
HBl T€M, KOTOpble MpoucxoiAT B [lepBrUuHON HEOJHOPOIHOCTU
BceneHHOM, 0 KOTOPBIX MBI YK€ TOBOpWIU. «YUT0» — mose mnpo-
TOYACTHUIIBI C/IABIMBAET (C OTPOMHOM ISl CBUX MAacCIITaOOB CH-
JION) KHUUYTO» — TOUKY B CBOEM LIeHTpe. To ecTb B mpoTovacTuiie
IIPOUCXO/IUT ABMKEHHE HEOJHOPOAHOCTU OT BHEUIHEW I'PAHUIIbI
K LeHTpy. Ecnu ecTb ABMKeHNE HEOAHOPOJHOCTU B OJJHY CTOPO-
HY, TO 00s13aTeJIbHO €CTh M BCTpeuHoe Apmkenue. [lomanTe, Mbl
TOBOPUJIM O CYITHOCTH TIOHATHUS «3Heprusi»? O TOM, 4TO SHEp-
T'Ysl — 9TO ABUKEHUE HEOTHOPOTHOCTH, U UTO 3TO BCeraa 000I0-
HO BCTPEUYHOE JIBUKEHUE, U HA Kak nHavye? BOoT U B mpoTovacTu-
1€ OT BHEIIHEHN IPAaHUIIbI «UTO» — MOJISI K MUHYC-LIEHTPY HaIpaB-



JIEHO JBMKEHHE YBEJIMUEHUsI HEOAHOPOIHOCTH, TO €CTh SHEPrHsi
C YCJIOBHBIM 3HAKOM «ILTIOC». Ha BHEIIHel rpaHuIie «4Tto» — Mo-
JIS1 TUTIOC-9HEPTUsI paBHA HYJTIO ¥ TIOCTETIEHHO HApacTaeT O MakK-
cUMa K LIEHTpY npoTtodactulibl. IIpy 3T0M 13 MUHYC-1IeHTpa ITpo-
TOYACTHIIB B CTOPOHY BHEIIHEW IPAHULIBI «UTO» — MOJISI HAIIPaB-
JIEHO BCTPEYHOE JBWKEHHE YMEHBIICHUs HEOQHOPOIHOCTHU, TO
€CTh SHEeprusl ¢ YCJIOBHBIM 3HAKOM «MHUHYC». B 1ieHTpe 3Ta Mu-
HyC-2HEeprusi MMeeT MaKCUMaJIbHOE 3HaYeHHe U TaKxke IocTe-
NIEHHO YMEHBIIIAeTCs1 10 HyJIs1 K BHEIIHEH IpaHuIle IpoTO4acTy-
ipl. [lomydaercs:, uto obiiee KOIMYECTBO SHEPTHMH HEOAHOPOI-
HOCTH 00OMX 3HAKOB B IIPOTOYACTHIIE MAKCUMAJIBHO Y ICHTPaTb-
HOI TOYKY 1 TOCTENIEHHO NaJaeT K BHEIIHEH IPaHuLe €€ «UTO» —
nosist. [To moaysmo 3HaueHHns1 00erX BCTPEUHBIX SHEPTUil paBHBI,
MHAYe MPOTOYACTHIIBI IPOCTO CXJIOMBIBATMCH ObI MUTH HA0OOPOT,
paspbiBach. CaMO «4TO» — TOJIE, TAKUM 00pa3oM, OrpaHuye-
HO CBOMM )K€ MCUE3HOBEHUEM, CHUKEHMEM JIO HYJIsl CBOEH Ha-
MPsSOKEHHOCTH, JIOCTaBIIEHCs B HacieAacTBo oT bombimoro Pac-
kona. Ecim paccmatpuBaTh MHOKECTBO POTOYACTHII, PACIIONO-
’KEHHBIX, KaK MBI 3HaeM, BIUIOTHYIO JPYT K JIPYTY B MPOTOIIOJE,
TO CTaHET OYEBUJHBIM, YTO BCE MPOTOYACTULBI OTIEJEHBI JPYT
OT JIpyra rpaHMLIaMH C HYJIEBOW HANpPsKEHHOCTBIO MOJst. Boosb
9TUX TPAHMI] OTCYTCTBYIOT KaKHe-IMOO0 MPOCTPaHCTBEHHO-3HEP-
reTUYeCK1e XapaKTePUCTUKH. DTU IPaHUIIbl HE UMEIOT aOCOIIOT-
HO HMKaKoro oO0béMa M He 3aHUMaloT HpocTpaHcTBa. [loato-
My OHM 0Opa3yIoT yCJIOBHYIO OOIIYIO CeTh Pa3rpaHUUEHHs BCEX
«4TO» — MOJIEN BCEX MPOTOoUYacTHIl Bo Bcell Beenennoit. O0 atoit



CEeTH MbI C BaMU ellI¢ BCIIOMHUM, KOT/1a Oy/ieM FTOBOPHUTS O Tiepe-
MEIIIEHUH JIEMEHTAPHBIX YaCTHUIl B TPOCTPAHCTBE. A MOKa Mpo-
JOJKUM TOBOPUTB O TOM, KaK U3 IIPOTOYACTHI] 00pa3yloTCs J1e-
MEHTApHbIE YaCTHUIIBI.

[MpeacraBuM, Kak 3alllKaJUBAOINAs SHEPrus OyKBAJIbHO
BABJIMBAET COCEIHUE MPOTOYACTHIIbI APYT B Apyra. bynem Ha-
3bIBaTh 3Ty SHEPIUIO — Hepeueli CMblKaHus. DHEPrusi CMbIKa-
HUSI TIPE/ICTaB/IsIa cOOOUM Ty BBICOYAHINYIO CTETIeHb SHEPrHH,
KOTOpasi CyILLECTBOBaJA JIMILb HEKOTOpoe BpeMsi nocie Bob-
moro Packona. Takoi Hepruu, MO3BOJISIIOIIEN MACCOBO CMBI-
KaTb MPOTOYACTHIIBI, BO Beenennoi 6oibine Het. [Togasnsionee
OOJIBIIMHCTBO JIEMEHTAPHBIX YACTHUI BIIEPBblE ObLTM CO3JaHBI
U3 MPOTOYACTULl MIMEHHO B HayaJle IIUKJIa CyllecTBoBaHus Bee-
neHHou. C Tex Mop SHEPrUy B ONPENETIEHHBIX JJOKAJIBHBIX YCIIO-
BUSIX TIPOTOMOJSI MOXKET XBaTaTh TOJBKO HA CMbIKAHHE U3 OYeHb
HEMHOTUX COCEJHUX MPOTOYACTHUI] OTPAHUYEHHOTO KOJIMYECTBA
MPOCTEMIINX MIEMEHTapHBIX yacTull. B Haie Bpemsi BceneH-
Hasl UCTOJIB3YeT JJIs1 CUHTE3a YacTHL] B OCHOBHOM SHEPIHUI0 Mac-
CUBHBIX MaTe€pUaJIbHBIX TeJ, YCWJICHHYIO 3allacéHHOUN SHepruei
B YK€ UMEIOLIMXCS JIEMEHTAPHBIX YACTULIAX, YTO MIO3BOJISET CO-
BEpILIATh Pa3JIMYHbIE PEBPALLEHNS CYIIECTBYIOIINX JIEMEHTap-
HBIX YaCTHII: M3 MPOCTHIX — B O0JIee CIOKHBIE, NI HA0OOPOT.

Wrtak, sHeprusi CMbIKaHUsl oOecrieursia HeoOXOAMMOe BJIaB-
JMBaHKWE Jpyr B apyra nporoyactul. ITpu stom BraBivBaHUU
«UTO» — IOJI51 HE CJMBAIOTCS TIOJTHOCTBIO B OJJUH IIAPOU/, a TOJIb-
KO YaCTUYHO Nnepecekarorcs. He civBalorcst oHM oToMy, 4To uX,



OTHOBPEMEHHO CO CKAaTUEM, ellE U PaCTaCKUBAET SHEpPrus pac-
mMpeHus BeeneHHoM — Takke ¢ HEMMOBEPHOM CHJIOU, HE TIO3BO-
JIS1s TIOJTHOCTBIO CXJIOTIBIBAThCSI OCKOJIKaM TMPOTOMPOCTPAHCTRA,
KaXIblii U3 KOTOPBIX OyKBaJbHO HA CUYETY MPU TAKOM CTPEMHU-
TEJbHOM paclivpeHud. bynem Ha3plBaTh Takoe HETONIHOE CIIHS-
HHE MTPOTOYACTHIL TP 0OPA30BAHUM JIEMEHTAPHON YACTHIIBI —
cmoikanuem npomouacmuy,. IIpu cMBIKaHMM TPOTOYACTUL] MU-
Hyc-O€CKOHEYHOCTb, €CTECTBEHHO, HE YMHOXAeTCsl — TO €CTh
HEHTPAJIbHblE «MHHYC» — TOYKH OOBEIUHSIONIMXCS MPOTOYA-
CTHI] CIMBAIOTCSI B OMHY «MHHYC» — OECKOHEUHYI0 TOYKY Oe3
KaKoro-mOo yBeJIMUYeHHUsI e€ pa3MepoB B IIPOCTPAHCTBE, OHA-
KO SHEprusi MUHYC-HEOHOPOAHOCTH, UCXOAIIAS U3 CIUBIIUXCS
MHHYC-TOYEK, ITPY ITOM CyMMHUpYeTcs. DTa 00beAMHEHHAS «MU-
HyC» — OECKOHEYHOCTb CTAHOBUTCS OOIIEH TOUYKOW CUMMETPUH
BCell 00pa30BaBIIEHCs KOHCTPYKIIMU COMKHYTBIX TIPOTOYACTHII.

B 370 %e BpeMs1 «UTO» — MOJIsI BCEX COEAMHEHHBIX MPOTOYa-
CTHI] CMEIIIAIOTCSl BOBHE OTHOCHTEIBHOTO OOIIEH It BCeX HUX
TOYKH CUMMeTpur. To ecTh 00Imas «MUHYC» — OECKOHEUHasI TOU-
Ka B OTHOIICHUH JIIOOOW BKJIIOYEHHOW B HOBYIO CUCTEMY POTO-
YacTulpl OOJblle HE SABJSIETCA €€ LIEHTPOM CUMMETPUM U, XO-
TSI TIO-TIPEKHEMY HAXOAMUTCSI BHYTPH HEE, HO yKe OJke K TOMy
Kpaio MPOTOYACTHIIBI, KOTOPBI OOPAIEH BOBHYTPh ITOTO CKOII-
nenus nmportodactuil. CucreMa U3 TaKMxX 0ObETUHEHHBIX TIPOTO-
YacTuI] ¥ 00pasyeT IEMEHTAPHYIO YAaCTHUIly — HOBOE SHEPro-Ma-
TepuasibHOEe OOpa3oBaHue. KonndecTBo mpoToyacTuil B TaKOM
CHCTEME MOKET ObITh OUeHb PA3HOOOPA3HO: MUHUMAJIBHO — JIBE,



a MaKCUMAJIbHO — HECKOJILKO cOoTeH. [109ToMY 1 KOJIMUYEeCTBO pa3-
JIMYHBIX BUOB JIEMEHTAPHBIX YaCTUIl OUeHb BesmKo. Ho B mo-
JaBJISTIONEM OOJBIITMHCTBE OHU KpaiiHe HeCTAOMJIbHBI U pacra-
JAI0TCS1 UM CITUBAIOTCS B O0Jiee OrpaHuveHHbIN BCEJICHCKUI Ha-
O0p cTaOMJIBHBIX IEMEHTAPHBIX YACTHII.

Wném pasbiie: npyu COEIMHEHUM HEKOTOPOro KOJIMYECTBA
MPOTOYACTHUI] B 3JIEMEHTApPHYIO YaCTHIly, B IIEHTPE STOM 4Ya-
CTUIB 0Opa3yercsi 0OObEMHAS 30HA CIUSHUS BCEX «UTO» — IO-
JIeid, KaK pa3 BOKPYT LIEHTPAJbHOM MUHYC-TOYKU. B 3Ty 30HY,
YCJIOBHO IAPOUAHOM (POPMBI, IONAAAET IHEPrUsl HEOAHOPOJHO-
CTH BCeX MPOTOYACTHII, MHOTOKPATHO MPHUYMHOKASICh IIPH STOM.
3a rpaHuIIell ITOI 30HBI CIMSHUS 00Pa3yIOTCsl 30HBI Ilepeceye-
HUSI MEHBIIIETO KOJIMYEeCTBA MPOTOYACTHIL C HECKOJIBKO MEHBIIIM
NIPEeyMHOXXEHHEM SHEPrud. 3a T'PaHUIIaMU 30H TIepecedeHr s Ha-
XOIATCSI OOBIYHBIE «OMHAPHBIC» 30HBI «YTO» — TOJIEH, TO €CTh
CEeKTOpa MPOTOYACTHII, OCTABIINECS «T€OMETPUUECKU» He3alen-
CTBOBaHHBIMHU B OObeqWHEHUHU. TakuM 00pa3oM, B JIeMEHTap-
HOU 4aCTHULIE UMEIOTC:

a) O/lHA 30HA B LIEHTpPE, 30Ha MOJTHOTO CIUSHUS BCEX 3ajei-
CTBOBAHHBIX B CMBIKAHUU «UTO» — IMOJIEH, 30HA C MAKCUMAJTbHBIM
YCHJICHUEM SHEepruu, OyJieM Ha3bIBaTh €€ S0POM CAUSIHUSL,

0) ompenenEéHHOE KOJIMYECTBO 30H TMEpEeceveHHs] TOJBKO
CMEXKHBIX «4TO» — TIOJIE, TO €CTh 30H C MEHBIINM YCHUJICHUEM
SHEPruM, YeM B LIEHTPE IEMEHTApHOW YaCTHIIbl, JaBalTe Tak
u OyJieM X Ha3BaTb — 30Hbl NEPECEUEHUS;

B) OINpEeNIEHHOE KOJTMYECTBO 30H OJMHAPHBIX, TO €CTh CBO-



OOIHBIX CEKTOPOB «UTO» — TMOJIEN C U3HAYAILHOUN SHEepruei, Oy-
aeM ux 0003HaYaTh, KAK OOUHAPHbIE 30HDbL.

PaccmoTpumM, U151 TPOCTOTBI, 27IEMEHTAPHYIO YACTUILLY U3 TPEX
npoToyacTull. B e€ 30He ciausHus SHEpPrusi HEOJHOPOIHOCTU
yTpauBaercsi. Bokpyr aToro siipa civsiHusi, IPUMBbIKasi K HEMY,
pacrosnaraioTcsi Tpu OOBEMHBIX 30HBI MEpeceveHrs], B KaKIO0H
13 KOTOPBIX NIEPECEKAIOTCS ABE CMEKHbIE IPOTOYACTHULIBI, TO €CTh
SHEprus B 3TMX 30HaX NepeceyeHus ynpavpaercs. [Janee, Mex-
1y 30HAMH TIepecedeHu sl PacoaraloTcsi TpU CBOOOIHBIX CEKTO-
pa «4To» — MOJIeU, TP OAVHAPHBIE 30HBI, B KOTOPBIX HEPIUs
OCTa€TCs MPEKHEM.

MoxeM 1151 3aKperuieHus1 pACCMOTPETb €LIE U 3JIEMEHTAPHYIO
JacTuily, 00pa30BaHHYIO U3 MATH MpoTodactull. B e€ sape cim-
STHUSA SHEPIvs HEOQHOPOIHOCTY BO3PACTAET B IATh pa3. Bokpyr
s/1pa CIIUSHUSA, IPUMBIKAS K HEMY, PACIOaraloTcs NATh 30H I1e-
peceyeHus, B KaxJI0W M3 KOTOPbIX INEPECEKaloTCsl MO YEThIpe
CMEKHBIE MMPOTOYACTHUIIBI, TO €CTh SHEPrUsl B ITUX 30HAX IEpe-
CeueHMs YBEIMUMBaeTCs BUETBepo. [anee, Mex1y HUMU U yxke
YyTh AAJIBIIE OT SApa CAUSHUS PACHONAraloTCs MATh 30H NEpe-
CEUeHU s, B KAKIO0M UX KOTOPBIX NIEPECEKAI0TCS M0 TPU IPOTOYA-
CTULIBI, TO €CTh SHEpPIusi Tam yTpauBaercs. [Janee, Mexay nep-
BBIMH JJBYMSI 30HAMH TIepeceveHrs ¥ Kak-Obl HaJl HUMH, Ha 00-
Jiee BBICOKOW OpOuTe, TO €CThb €IlE YyTh MOJAJIbIIE OT sIpa CIU-
SIHUS, PACIIONAraloTCs MATh 30H NEPECEUYEHN S, B KaXIOU UX KO-
TOPbIX MEPECEKAIOTCs O JIB€ MPOTOYACTHUIIBI, TO €CTh SHEPIUs
TaMm yaBauBaercs. Jlasee, 3a STUMM TpeMs 30HaMU, YKE y CaMOun



BHEIITHEN IPaHUIBl OObEAMHEHHOTO KOMITJIEKCA «4TO» — TOJei
JIEMEHTAPHOUN YaCTHIIbI, PACIONAralOTCs MSATh OJUHAPHBIX 30H,
CBOOOJIHBIX OT TIepeceUYeHusl, C OIMHAPHON SHeprueil. Bee 30HbI
pa3IMYHOM CTETICHH NepecedeHrsI BMeCTe 00pa3yloT 00 beTUHEH-
HBIW NOsIC nepeceuenuli NeMEHTAPHON YaCTHUIIbI.

CKOJIBKO BCEro 30H B JIEMEHTAPHOI 4YacTulle, BKJIIOYAs SI/-
PO CIMSHUS SHEPTUM HEOTHOPOJHOCTU, BCE 30HBI MEPECEUCHU S
SHEPruy HEOJHOPOAHOCTU (C PA3JIMYHON KPATHOCTHIO €€ yBe-
JIMYEHUsT) U BCE 30HBI NIEPBUYHON SHEPIMU CBOOOTHBIX OT TIe-
peceveHus1 CeKTOpoB mpoTodactull? Takoe oOiee KOIMIeCTBO
BCEX 30H PACCUMTHIBAETCS Yepe3 YHCIOBYIO TMOC/IEI0BATE b-
HOCTb, CTaBAIIYI0 UX KOJIUYECTBO B 3aBUCUMOCTb OT MPOCTOMN
MOC/IeA0BaTEIbHOCTY KOJIMYECTBA COMKHYTBIX TPOTOYACTHII, 3a-
JEWCTBOBAaHHBIX B OOPa30BaHMM 3NIeMEHTapHOH Jactuipl. Ha-
npuMep, KOJMYECTBO 3a/€UCTBOBAHHBIX MPOTOYACTHUIL B PAILY
YaCTHUI] TAKOBO: 2, 3aTeM 3, 3atemM 4, 5, 6, 7, 8 u T. 1. Torma ko-
JIMYECTBO 30H B JIIOOOM (KpoMe TIepBOi) YacCTHIIE PABHO ITPOU3-
BEICHUIO KOJTMYECTBA COJEPKAIIMXCS B HEW MPOTOYACTHUIL HA KO-
JIMYECTBO MPOTOYACTHI] B MPEbIAYIIEN M0 YUCITIOBOMY PsTY Ya-
cTuile, rmoc eauHuiia. Harpumep, eciu B yacTuiie nsath MpoTo-
YacTuil, TO B Herl 4X5+1 30H 3HEpruvM HEOAHOPOAHOCTH, TO €CTh
21. Ecnu B yacTuie BOCEMb ITPOTOYACTHIL, TO B HEW 7X8+1 30H
SHEepPruv HEOJHOPOJHOCTH, TO €CThb 57.

Jlpyrast 3aKOHOMEPHOCTh: CKOJIBKO MPOTOYACTHI] OObEANHH-
JIOCh B YAaCTHILy, CTOJIKO U CIIOEB BOKPYI MUHYC-TOYKH OOpa-
3yIOT 30HBI IEPECEUEHUs C PA3TUYHON KPATHOCTHIO YBEIUUEHHU S



sHeprur. Bokpyr MUHYC-TOUKM Kak Obl pacipsionmmMucs cde-
pPOHMIaMK PACXOIATCS Tosica ¢ MpeodIaJaHueM B KaKI0M U3 HAX
JIOKaJIbHBIX 30H MEPECeUeHUsi C Pa3IMYHON CTETIEHbIO MHTEHCUB-
HOCTU 3TOTO MepeceyeHusi, TO eCTb C Pa3TUYHON KPaTHOCTHIO
YBEJIMUEHH S SHEPTUU HEOJHOPOJAHOCTH OOBIYHBIX TPOTOUYACTHII.

3aveM 1 Tak MOAPOOHO TOJIKYIO BaM PO 3TU 30HBI? OObsic-
Hs110. Ha rpaHriiax Bcex coceTHMX 30H MepecevyeHmst «4To» — Mo-
Jield ¢ pa3InYHbIM YPOBHEM MTPEYMHOKEHMSI SHEPTUU BO3HUKAIOT
niepenajpl T1aBJIeHNs ABUKEHUST HEOJHOPOJAHOCTH. DTHU Tepena-
JIbl JABJIEHUS C BBICOKOW YacTOTOU Ie(PpOpMHUPYIOT (MPUYEM Kak
BHYTpb, 110 XOIy IUTIOC-SHEPTUH, TaK M BOBHE, MO XOLy MHUHYC
SHEPruu) 0O0JOYKU COMKHYBIIIUXCS «4TO» — MOJIEH BHYTPH J1e-
MEHTapHOU YaCTHUIIbl. DTU BHICOKOYACTOTHBIE ehopMalliu pac-
IPOCTPAHSIOTCSA 10 3aMKHYTBHIM C(hepPUUYECKUM T0sICaM pa3iny-
HOH cTerneHu rnepeceyeHusi sHepruu. CKOpOCTb pacnpocTpaHe-
HUS 9TUX iehopMalifii COOTBETCTBYET TOM CKOPOCTH, C KOTOPOM
COMKHYJIMCh TIPOTOUYACTHIIBI IPYT C IPYroM Ipu (POPMUPOBAHUN
JIEMEHTApHOU YacTulbl. Ha30BEM 3Ty CKOpPOCTh — CKOpPOCTBIO
CMBIKaHUS U CKaXeM, YTO OHA MPUMEPHO PaBHA CKOPOCTH IO-
JI€Ta MPOTOYACTHII B pacIIMPsIOIIEMCsl POCTpaHcTBe Beenen-
HOW Ha MOMEHT cMbikaHus. [anee. 3amkHyThIe chepuuecKue
aegopmMaru 060J109eK eCTECTBEHHO M HEOTBPATUMO TPUBOJIST
K 00pa30BaHUIO CTOSTYMX MONEPEUHBIX BOJIH, IPUUYEM TU BOJIHBI
PacIpOCTPaHSIOTCS MOSICAMU BOKPYT MUHYC-TOUKH M 320IHO BO-
KPYT HEHTPaJIbHOM 30HBI CUsiHUS. KoMuecTBO 3TUX BOJH-TIOS-
COB COOTBETCTBYET KOJIMUYECTBY IPOTOYACTUL B YACTULIE, KOJIM-



YECTBY CJIOEB C PA3JIMYHONM KPAaTHOCTBIO YBEJIMYEHUS SHEPIUU.
[Tocne oOpa3zoBaHMs Bce BOJHBI HAKJIAABIBAIOTCS APYT HA APY-
ra, CKJIAIbIBAIOTCS ¥ BBIYMTAIOTCS, YCUJIMBAIOTCS M OCNIA0JSIOTCS,
Yl B UTOTE CUHXPOHU3UPYIOTCA B €IMHBIM MOMEHT BpauieHus. Ta-
KM 00pa3oM, 2JIeMEHTApHbIE YaCTHIIbl, B KAPAUHAIBHOM OTJIH-
YMU OT NMPOTOYACTULL, npuobpemarom epauierue! JInsa Kaxaoro
TUIOBOTO YCTOMYMBOTO KOJIMYECTBEHHOIO COCTaBa MPOTOYACTHIL
B TOW WJIM MHOM JIEMEHTAPHOM YaCTULIE XapaKTEPHA CBOS TUIIO-
Basi CUHXPOHM3ALMs 00pa3yloIuXcsi BOJIH-CIOEB iehopMalium
«4TO» — TOJIEW MPOTOYACTULl. Mex1y pa3HbIMU 3JIEMEHTapHBI-
MU YaCTUIIAMHM OJHOTO BHJIa YPOBHHU (BapUaHThI) CUHXPOHU3A-
LIM1 U CKOPOCTH BOJIH BPALIEHUS TOXKE MOTYT CyHIECTBEHHO OT-
JIMYAThCS, ONPEAEAs TEM CaMbIM PA3JIMYHBIE SHEPrETUUECKUE
NoABUIBI OOHOrO BUa yactul. Ho B 1iesiom, y Bcex anemeHTap-
HBIX 4YacTUll BO BceneHHOM CKOpOCTh BpallleHUsl COMOCTaBUMA
CO CKOpPOCTBIO CMBIKAHHs, O KOTOPOM MBI TOJIBKO YTO I'OBOPH-
JI1, KOTOpasi paBHa CKOPOCTH paciuupeHus BeeneHHol Ha nep-
BOM HEPreTUIECKOM 3Tarle CBOEro CyIecTBOBaHUsA. Takum 00-
pa3oM, BaM YK€ MOHATHO, YTO CKOPOCTb pacimpeHus BeeneH-
HOIl Ha 3Tare MaccoBOIO CHMHTE3a JIeMEHTapHbIX YacTULl ObLIa
CpaBHMMa C IPOM3BOAHBIMU OT HEE CKOPOCTAMM BPAILIEHU U T1e-
PEMELIECHUS JIEMEHTAPHBIX YACTHL], TO €CTh CPAaBHUMA CO CKO-
pocTbio cBeta. Ha camoMm ziene, 4yTh BbIILIE HEE.

[Tpnobperas BpallieHue, BCs CUCTEMA COMKHYTbIX «4TO» — I10-
JIeH 3JIEMEHTAPHOM YacTUIIbI Kak Obl CAMO3aKPyUHUBaETCS M PE3-
KO YMEHbIIIAaeTcA B pasmepax. B cpennem, B Hawen 30He Beenen-



HOU U B COBPEMEHHBIX YCJIOBUSIX, SJIeMEHTApHAsI YaCTHIIA Ha 2 —
3 mopsaKa MeHbIIE, YeM OKpy:xawoume e€ nporoyactuisl. Cre-
NeHb YMEHBILIEHUS] YaCTUIIbl MPU CaMO3aKPYYMBAHUM 3aBUCHUT
OT CHHXPOHHOCTY Ha4aJIbHOTO BpaIlleH!s BOJIH B 30HaX Iepece-
YEHUST «4TO» — MOJIer U CBSA3AHHOM C 9TOWM CMHXPOHHOCTBIO CKO-
POCTBIO BpaIlIEHU I YACTULIbI, @ KPOME TOr0, KOHEYHO K€, CTETIEHb
YMEHbIIEHHU I YaCTULIBl 3aBUCHUT OT KOJIMYECTBA COMKHYTBIX ITPO-
TOYACTHIL.

Yem GotbIlie COMKHYTBIX TPOTOYACTHIL, TEM KpyITHee 00pa3o-
BaHHAsl U3 HUX JIEMEHTapHasl 4YaCcTULA, TEM MEHbLIE CKUMAET-
sl B pa3Mepax Kax/1asl U3 CMBIKAIOIIUXCSA B €€ COCTaBe OTAEIbHO
B3SITBIX IMPOTOYACTHIL.

Yem Gonee coHarpapiieHbl BOJTHBI BpAIIICHUsI Pa3HbIX 30H Jie-
opmarum «4To» — monei mpyu 0Opa30BaHUM YACTHIIBI, TEM BbI-
111€ CKOPOCTb BPAIlIEHUs JIEMEHTAPHON YaCTHIIBL.

Oo111e mpaBuia TaKOBBI.

UYem Oospllie B 97EMEHTAPHOU YaCTHUIIE MPOTOYACTHUII, TEM
OoMbIIIe OHA PACTATUBAET OKPYKAIOIINE €€ MPOTOYACTHUIIH ITPO-
TOTIONIS, TeM OOJIbIIIE €€ Opeon pacmsHceHUs: RPOMoOnost, TeM
Oosbllie macca 310 yacTulipl. [ToBbIIIIEHWE CKOPOCTU Bpallle-
HUSI YaCTWII, KaK U TIOBBIIIEHHE CKOPOCTU TiepeMellieHusl Ja-
CTHUL B IPOCTPAHCTBE, YBEINYMBAIOT SHEPTUIO U MACCY YACTHIL,
HO TIPY 9TOM CHUMCAIOM WX CTIOCOOHOCTb PACTATMBaTh OKpPYyXKa-
IOIIHe TPOTOYACTHIIBL.

OpnHako, YeM BHIIIe CKOPOCTb BpAIIEHUs JIeMEHTAPHOW Ya-
CTHUIIBI, TEM BBIIIE €€ CIIOCOOHOCTh OdehopMuUposantv: TPAHUIIBI



OKPYXaIOIIMX MPOTOUYACTHII, 3ayCKaThb B HUX 6BUXPeoOpasHble
601Hbl Deghopmayuii, KOTOPbIE HAKJIAIBIBAIOTCS Ha IIAPOUIHBIM
OpeoJT pacTsKeHUsI MPOTOYACTHUI] U OOpa3yloT BMeCTe IIapo-
UIHBIA Opeon epaujeHusi deMeHTapHou Yactuiibl. Opeon Bpa-
IIEHWSI 3JIeMEHTAPHOM YaCTUIIBI — 3TO 30HA BOKPYI YaCTHIIbI
C HECKOJIKO Pa3MbITOM I'PaHULIEN, B KOTOPOM MTPOUCXOIUT Bpa-
niaresipHas aedopMaliyss 000JI0UeK OKPYKAIIMIKX MTPOTOYACTHII,
10 TUITY BUXPEBOM MPOAOJIbHOM BOJIHBI. [IOBbIIIIEHHE MacChl Ya-
ctul (KOJIMYeCTBA MPOTOYACTHIl B MX COCTAaBE) yeeauuusaem
opeoJ1 BpanleHus yactuiibl. [IoBBIIIEHNME CKOPOCTH MEepeMellie-
HUSl YaCTHI B TPOCTPAHCTBE y8eauuusaem OpPeosl BpallEHUsI ya-
CTUIIBI TOJILKO J0 HEKOTOPOro (XapaKTEPHOro JUIsl KaxkJI0ro BU-
Jla 4acTHll) IIpejesia CKOPOCTH, MOCjIe KOTOPOro C YBEIUYEHUEM
CKOPOCTH OpEOJI BpallleH!s] HAYMHAET yMeHbIlaThcs. Kak mpa-
BUJIO, 9TO MPOUCXOAUT mociie foctuxkenus: 40 — 60 mporeHToB
ckopocTH cBeTa. Opeost BpallleHUsI XapaKTepu3yeTcsl IByMsI OC-
HOBHBIMHU BEJIMYMHAMU: a) JUAMETPOM, TO €CTh JJIMHOW BOJIHBI
YaCTHIIBL; O) YACTOTOW BpAIICHUs, TO €CTh YaCTOTOW BOJIHBI Ya-
CTHIIBI.

YacroTa 31eMeHTapHON YaCTHUIIbl, KaK BOJIHBI, TO €CTh 4acTO-
Ta BpallleHUs €€ opeoJia BpallleHHs], 3aBUCUT OT PEe30HAHCHO-
r0 U BEKTOPHOTO CJIOKEHMSI BCEX BOJHOBBIX TMOSICOB B YaCTU-
1ie. MHoroo0pasue BapuaHTOB TaKOTO CIIOKEHU S 00yCIaBIMBaeT
OTPOMHBIN IMAIla30H 4YacToT, HAlpuMep, s (POTOHA, TO €CTh
JUISL TOTO K€ BUJIMMOTO CIHEKTpa 3JeKTPOMArHUTHOTO H3JTyde-
HUsA. Ho 00 u3mydyeHusx Mbl TOTOBOPUM Yy Th TIO3Ke.



Bo Bcex anemeHTapHBIX YacTUIIaX BCerja MPOMCXOAUT Pe30-
HAHCHO-BEKTOPHOE CJIOKEHUE BCEX BOJTHOBBIX MOSICOB YACTHIIBL,
Kpome a0pa causHusi. SIapo CausiHvs, TPOCTO B CUJTY 3JIEMEH-
TApHOTO MPUHIIUIIA MEXaHUKHU, BCET/Ia BpaIllaeTcsi B IPOTUBOMO-
JIOXKHYI0 CTOpOHY. BpailieHue siipa ciusiHUSI U Tosica nepece-
YEHUH BCErja Pa3HOHAIPABJICHHBI, KAK CMEXKHbIE IIECTEPEHKU
B MEXaHMYECKUX yacax. Kpome Toro, ssapo causiHus Beeraa CBo-
YM BpAIIECHUEM 3aXBaThIBAET LIEHTPAJIbHYI0 MUHYC-TOUKY YacTU-
Il ¥ IPUJIAET €l TaKOe ke BpallleHue, COHAITPaBJIeHHOE U PaB-
HOE 110 CKopocTu. Takum 006pa3oM, HarpaBJieHUE BPAIEHHSI 110-
TOKOB MHUHYC-HEPIYM, TO €CTh SHEPIruu JIBUKEHUSI YMEHbIIIe-
HUSI HEOAHOPOAHOCTH, UCXOASIIEN U3 MUHYC-TOUYKHU, COBIAIAaeT
C BpallIEHUEM $/Ipa CIUSAHUA. ITO NPUAAET APy CIAUSHUSA Xa-
paKkTep OTpULIATEIBLHOU 3apskeHHOCTH. [Ipy 3TOM nosc nepece-
YEeHUI B JTI0OOW YacTHile, ECTECTBEHHO, BCET/Ia BpalllaeTcsl B Ha-
MpaBJIeHUH, TPOTUBOIIOIOKHOM BPAILLIEHUIO SAPA CAUSHUS U MU-
HYC-TOYKH, TO €CTh MOSIC MIEPECEUYCHUI MMEET XapaKTep MOI0KHU-
TEJIbHOW 3apsIKEHHOCTHU.

Mnpeém pasnpliie: OT 4ero 3aBUCUT KOJIMYECTBO CMBIKAIOIIUXCS
B Ty WIM UHYIO YacTUIly mporodactui]? W kakue pasmepsl Xa-
PaKkTEpHBI 151 siiep causiHus B yactuiiax? Kak nonyyaiorcs ot-
puLIaTeIbHbIe, HEUTPAJIBHBIE U MOJIOKUTENIbHBIE YacThlbl? Ciry-
IIanTe.

Ecnu B 30He CMbIKaHWsI SHEPrysi CMbIKAHUSI OY€Hb BBICOKA,
a HaIpsLKEHHOCTD TOJISI TPOTOYACTUI] HE OYEeHb BBICOKA, TO J0-
CTaTOYHO MHOT'O MPOTOYACTHUIL MOKHO «BBIAEPHYTb» U3 MPOTO-



NOJIST M «BTUCHYTh» B TPOIIECC CMBIKAHUsI, YTOOBI 00pa30BaTh
msxcényio anemenmapryro uacmuyy . Ecvm SHEpruv MeHslle,
a HampspKEHHOCTD MPOTOMOJIS BhIIIIE — TO 00pa3yloTCs CpeiHue
yactuupl. Ecny sHeprust Ha caMOM MUHHAMYME TOrO 3Hau€HU S,
KOTOpOe HeOOXOAMMO JUISl CHHTe3a YacTHIl, W/WJIU HaIpsKEH-
HOCTb TTPOTOTIONIST KpaliHe BBICOKA, TO CHJI XBaTaeT JIUIIIb Ha 00-
pa30BaHUE CaMbIX JIETKMX JIEMEHTAPHbIX YaCTHII.

[Tpu oOpazoBaHUM TIEMEHTAPHBIX YACTHII, SHEPTUM CMBIKA-
HUSI MOXKET OBITh CTOJIBKO, YTO XBAaTUT HE TOJILKO HA CMBIKAHKE
ONPEAENIEHHOrO KOJIMYECTBA MPOTOYACTHULI, HO €€ U HA OYEHb
r1yOOKOe MepeceueHre «4To» — rnojei. Toraa aapo civsiHus Mo-
Jy4aeTcst o4eHb OoJbIIMM. Vi HaoOOpOT — BCsl SHEPTUsI B J1aH-
HBIX KOHKPETHBIX YCJIOBUSIX PACXOMYETCS] «BIPUTBHIK» HA CHH-
TE3 YACTHIIbI, 3 HA CaMy 30HY CIIMSHUS MPUXOOUTCSH KPOXOT-
HBII OCTATOK, TO €CTh HE XBaTAET SHEPTMU Ha AOTOJTHUTEBHOE,
(puHANTBPHOE CKaTHE MPOTOYACTHUIL U TOTJA PO CAUSAHUSA MOITY-
YaeTcsi MUHUMAIbHO BO3MOXKHBIM — JIUIIIb CJIeTKa OOJbIIle 1eH-
TpaJbHOW MUHYC-TOYKH. BooOiie, 00bEéM sijiep CMSHUS B pa3-
HBIX BUJAX YACTUIl MOXET BapbUPOBATHCS OT MUHUMAJIBHOTO,
pa3MepoM, Kak s CKazajl, 4yTb OOJbllle caMOW MHUHYC-TOUKH,
J0 MaKCUMAJIbHOTO — pa3MepoM, OJIM3KUM K BHEIIHEH rpaHulle
«4TO» — IOJIEU, KOI/1a MOSIC IEPECEYCHNUI UICTOHYAETC JI0 ITpefie-
Ja. 1 Kax/10ro TUIA JIEMEHTAPHBIX YaCTULL CYLIECTBYET CBOU
™™N anpa cniusHuA. Hago ckaszarb, uto ycinoBusi popMUpoBa-
HUsl 9JIeMEHTAPHBIX YaCTHIl, KacaTeJIbHO KOJMYECTBA CMBIKAIO-
HIMXCS TPOTOYACTUI] U pa3Mepa siAep CIUsHUSA, HOCAT BO Bee-



JICHHOU CTYTIEHYaThIl, TUCKPETHBIA XapakTep. DTO MPOUCXOAUT
€CTeCTBEHHBIM 00pa30M, B CHITY TUIM3UPOBAHHOTO pacIipesiese-
HUSI JIOKQJIBHBIX HAIPSKEHHOCTEH TPOTONONS yKe Ha Hadallb-
HBIX 3Tanax pa3BUTUsi BceneHHOM, TUMM3UPOBAHHBIX MapaMeT-
POB CTPOEHUsI MPOTOYACTHI] U BAPUAHTOB UX KOJTMUYECTBEHHOTO
COETMHEHHSI B YCTOMUMBbBIE CAMMETPUYHBIE CTPYKTYphL. Beg 310
camo 110 cede cepbE3HO OrpaHUUYMBAET MMOTEHITNATIEHOE Pa3HO00-
pasuie 3TUX CaMbIX YacTHIl, KOTOPOe MHAa4Ye MOIJIO Obl ObITh BO-
o0111e OECKOHEYHBIM !

Wrax, 1151 Bcex BUIOB IEMEHTAPHBIX YaCTHII ITPEIOTIpeiesie-
HBI CBOM pa3Mephl siep CIUsHUS.

Ecnu siapo causiHMsT MMeeT MaKCUMAaUIbHBIA pa3mep, TO 4a-
CTUIA SIBJISIETCS OTPUIATENIBHO 3apsKEHHOW (BCJIE/ICTBUE CO-
HAITPABJICHHOTO BPAICHUS Spa, MUHYC-TOUKA M «MHHYC» —
SHEPrUu — JIBUKEHUS] YMEHBIIIEHUsI HEeOTHOPOIHOCTH). [lomnon-
HUTENIbHAsi OCOOEHHOCTh — COHAIPABJIEHHOCTb BPAIIeH!U I OCHOB-
HOM SHEPreTUIEeCKOM MaCChl «4TO» — IOJIsSl YaCTHUIIBI (B BUJIE sI/Ipa
CISTHUST) ¥ €€ MUHYC-TOYKH OOYC/IaBJIMBAET eIle Ooblliee «ca-
MO3aKpy4MBaHUE» IEMEHTAPHON YacTHIIbl, TO €CTh JOTOJHH-
TeJIbHOE CXKAThE €€ «UTO» — MOJIel U OoJiee 3HAUYMTETbHOE YMEHb-
IIeHNe B COOCTBEHHBIX pa3Mepax — B HECKOJIBKO pa3 Mo CpaBHe-
HUIO C TeM, e Obl OHa OblJIa HEUTPATLHO 3aPSIKEHHOM.

Ecnu sapo cnusHuS UMeeT MUHUMAJIBHBIA pa3Mep, TO Ya-
CTUIIA SIBJISIETCS TOJIOKUTEIIBHO 3apsiKeHHOM (BCIIEACTBHE Kap-
JVHATBHOTO TIPe00iaIaHu sl IBYKEHU T YBEIMIESHU ST HEOJHOPOI-
HOCTH B MaKCHMMAJIbHO JIOMUHHPYIOIIEM TI0 pa3Mepy Mosice Iie-



pecedeHuii yactuiibl). [Ipy 3TOM pa3HOHANPaBIEHHOCTD Bpaliie-
HUs1 OCHOBHOM SHEPreTUYECKOM MACCHl «YTO» — I10JIS1 YaCTHULIBI
(B BUJIE MOsica MepeceyeHnil) U e€ MUHYC-TOYKU O0yCJIaBIuBa-
€T HEKOTOPOE «CaMOPACKPYyUMBAHUE» IEMEHTAPHON YACTHULIBL,
TO €CTh OOpaTHOE PACIIMPEHUE e€ «UTO» — MOJIel U yBeJIMUeHne
B COOCTBEHHBIX pa3Mepax B HECKOJIBKO pa3 Mo CPABHEHUIO C TEM,
ecyi Obl OHa ObLJIA HEUTPAITLHO 3apsKEHHOM.

Eciu s1po ciimsHMs 0 CBOEMY pa3Mepy U COIEP/KaHUI0 SHEP-
T'M HEOTHOPOTHOCTY HAXOMUTCS B PABHOBECHOM OaJlaHCe C T0-
SICOM MEPECEUEHUM, TO YACTULIA ABJIAETCA HEUTPAIBHOU IO CBO-
emy 3apsay. Takas yacTuiia coxpaHsieT CBOU pa3Mepsl, 00paso-
BaBIIMECS B MOMEHT CMBIKAHHUS IPOTOYACTHLL.

B ocHOBHOM, pa3Mephl siiep CIMSHUS IPUHUMAIOT JTHOO MaK-
CUMaJIbHOE, JTNOO CpefHee, MO0 MUHMMATbHOE 3HAYeHUEe, TakK
KaK MMEHHO 3T 3HAYEeHUs eCTeCTBEHHBIM 00pa30M SIBJISIOTCS
HauOosiee YCTOMYMBBIMU ISl TIOAJEPKAHUSI CTPYKTYPHOM Iie-
JIOCTHOCTU 3JIeMEHTapHbIX 4acTull. OHAKO, B HEKOTOPbIX BU-
Jax 3JeMEHTapHbIX 4YacTwll (MpaBa, KOPOTKO KHUBYIIUX) sJI-
pa CIusHUSL MOTYT NPUHUMATh Pa3Mepbl, MEPEXOAHbIE MEX-
Ny CpeAHe-ypaBHOBEUIEHHbBIM 1 MUHMMAJIbHBIM 3HAYEHUEM WU
MEX]y Cpe/iHe-ypPaBHOBEIIEHHbIM U MaKCUMAaJIbHbIM 3HAYEHU-
eM. Ho 1 npu 3TOM pasmepsl saep CIUSHUS HOCAT TUCKPETHBIN
¥ BOOOIIIE JJOCTAaTOYHO OIpAaHUUYCHHBIN 110 BApUAHTAM XapaKTep,
KOPPEJMPYIOUINI ¢ KOJTMYECTBOM CJIOEB B TOsICE MEPECEUEHUSI.
B takux ciydasix 3apsi/ibl 37IeMEHTAPHBIX YACTUILL HOCAT POCTOM
ApOOHBIN XapaKTep.



CTaOWIbHOCTD JIEMEHTAPHBIX YaCTHIL 3aBUCUT TaKXke OT KO-
JIMYECTBA IPOTOYACTHUI] B UX COCTaBE. 3HAUMTENIHHO CTAOMIIbHEE
T€ YACTULIbl, B KOTOPBIX TAKOE KOJIMYECTBO MPOTOYACTHUII, KAKOE
00ecreurBaeT X BHYTPEHHIO CUMMETPUIO 10 JiIo0o# ocu. s
KaKI0ro Buaa (TO €CTh pa3mepa, MacChl) CTAOMIIbHBIX JIEMEH-
TAPHBIX YACTULl XapaKTEPHO CBOE, UCKJIIOUUTENIBHO IOCTOSTHHOE
COYETaHUE TUIIOB BPAILLEHN AApa CIUSHUSA U MOSACOB NIepeceye-
HUs (KaK MOCJIOMHBIX MOSICOB TOW WJIM UHOW KPATHOCTH Iepece-
YeHUs1, TaKk 1 OOIIero, CyMMapHOro rosica nepecedenuit). s
Ka)KJ0TO BU/1a CTAOMITbHBIX JIEMEHTAPHBIX YACTHI] TAKKE Xapak-
TepHa CBOsI [TyOMHA 30HBI CJMSHMS, TO €CTb CBOW pa3Mep -
pa CIMSHUSA — MUHUMAaJIbHBIN, CPEJHUI, MAaKCUMaJIbHBIN (a MHO-
rIa — Kakou-JIM00 M3 MPOMEKYTOUHBIX, IPOOHBIX BAPUAHTOB),
a 3HA4UT, CBOM 3apsll, €ro pa3Mep U 3HaK.

OueHb CTAOUJIBHBIMU SBJISIIOTCS CaMble JIETKHE 3JIEeMEHTap-
HBIE YaCTUILIbI, COCTOSIIIIAE U3 YETHIPEX, TPEX M JIBYX MPOTOYA-
CTHIL.

W3 geTpipéx mpotovacTui] coctouT (oToH. Kak 1y oObraHOM
JIEMEHTAPHOU YaCTULIbl, MOIITHOCTb €TI0 BOJIHBI, TO €CTh Pa3Mep
€ro opeoJia BpalleHus, 3aBUCUT OT CKOPOCTU BpallleHUs Nosica
NepecevyeHuil U OT KOJIMYECTBA [MPOTOYACTHI] B €ro cocrase. [la-
Jiee, Kak ¥ 'y OOBIYHOM 3JIEMEHTAPHOM YaCTHUIIBI, YaCTOTA BOJHBI
(poroHa, TO ecTh YacTOTa BPALLIEHUS ET0 OPEOJIA PACTSKEHUS, 3a-
BUCHT OT PE30HAHCHOT'O M BEKTOPHOTI'O CJIOKEHH S BCEX BOJIHOBBIX
NOsICOB (TO €CTh BCEX CJIOEB MEPECEUYEHHs) B €0 BHYTPEHHEN
CTpyKType. MHOroo6pasue BapuaHTOB TaKOTO CJIOKEHHs 00y-



CJIaBJIMBAET MIMPOKUI AMara3oH 4acTtoT ¢oroHa. Ho y gpomona
ecmb U UCKAIOUUMeNbHAS 0COOeHHOCMb . TONbKO (DOTOH, COCTOS-
W1 UMEHHO U3 YETHIPEX MPOTOYACTHUII, CIIOCOOEH MEHSTh CBOIO
MPOCTPAHCTBEHHYIO T'€OMETpUI0. B OIHUX YCIIOBUSIX €ro YeThbl-
pe MPOTOYACTHUIIB MOTYT 0OPa30BBIBATH YCIIOBHO «TPEXMEPHYIO»
MUPaMUJY: TPU MPOTOYACTULIBI-IIIAPOU]IA COSUHEHBI MEKIY CO-
00l B OIHOU IMJIOCKOCTU M YETBEPTas MPOTOYACTHUIIA-IIAPOU]T]
NPUCOEIMHEHA K HUM CBepXy. B Jpyrux ycjaoBHsiX ero 4yeTbl-
pe MPOTOYACTHUIIHI MOTYT OOPa30BBIBATH YCJIOBHO «JIBYMEPHYIO»
(purypy Tuma TpeyrojbHUKA: TPU MPOTOYACTHUIIBI-IIAPOUIA TIO-
NPekKHEMY COeJMHEHbI MEXAy COOOH B O/IHOM MJIOCKOCTH, a YeT-
BEpTasi MPOTOYACTHUIIA-IIIAPOU]T «BIABJIEHA» IO IIEHTPY MEXIY
HUMH POBHO B UX Xe€ TUIOCKOCTh. HeTpyqHO mpencTaBuTh, 4to
TaKOe M3MEHEHUe KOH(pUIrypauuu, Ja elé W He Hapyllaloliee
MPUHIIMIIOB (DOPMHUPOBAHUS IEMEHTAPHBIX YACTHI], BO3MOXHO
TOJIBKO JIJIs1 YACTULIBI, COCTOSIIIIEN MX YeThIPEX npoTtovactuil. Ha-
pUMep, yKe TP MSITA MPOTOYACTHIIAX, UX HEBO3MOXHO BO-
THAaTh B OJHY IUIOCKOCTh C OOIIMM HEHTPOM CUMMETpPHUH, W3-
OexaB TIPU STOM TOJHOTO CIIMSIHUS «4YTO» — TOJIel JBYX IMPO-
Tovactuil u3 natu. Jo6aBuM cioia U Takylo OCOOEHHOCTb MPO-
CTPAHCTBEHHOW T€OMETPUU Te€X WM MHBIX (POTOHOB: TEPexoll
OT TPEXMEPHOU MUPAMUIbI K TJIOCKOMY TPEYrojbHUKY MOKET
OBITH KaK ObI OCTETIEHHBIM Y pa3HbIX (DOTOHOB, UTO JOOABJISIET
(otoHam eri€ Gosnbiliee pasHOOOpa3Ue MO YACTOTHOMY CHEKTPY
Y TMara3o0Hy MOIITHOCTH OpeoJia PaCTsIKEHHUS.

Jlpyrue cTaOwibHBIE W TIPU STOM JIETKUE dJIeMEHTapHbIe Ja-



CTHULIBI, KAK 5 YK€ TOBOPUJI, COCTOAT M3 ABYX U TPEX MPOTOYA-
crul. MIX KpaeyronpHoe OTIMYME OT BCEX OCTaJIbHBIX YaCTHIL
B TOM, YTO MX IPOCTPAHCTBEHHAsl I'€OMETPUsSl BCEIAA HCKJIIO-
YUTEJIBHO IUI0CKasA. VX opeosnsl BpallleHHs MO3TOMY HE IIapo-
WJIHBIE, a CIUIIOCHYTbIE, a NP OYEHb BBICOKOM CKOPOCTH Bpa-
MIeHnsT — Jaxke AuckooOpassble. [1mockue opeonsl BpaleHus
NPUJAIOT STUM YaCTHUIIaM COBEPLIEHHO HEBEPOSITHbIE CBOMCTBA.
STUMHU CBOMCTBAMH, KCTaTH, 00J1AAI0T U T€ CTPYKTYPHBIE MOJI-
BU/Ibl (POTOHOB, KOTOpBIE UMEIOT IUIOCKYI0 TEOMETPHIO CMBIKA-
HUS IPOTOYACTHII.

JlaBaiiTe B ajbHEMIIEM Ha3blBaTh TAKUE MPOCTEUILIUE 3JIe-
MEHTApHBIE YaCTHIIbl, MMEIOIIUE IUIOCKYI0O TE€OMETPHUIO CBOEU
CTPYKTYpPbI M IUIOCKME OPEOJIbl BPALLEHUS, NAOCKUMU DNEMEH-
maprvimu yacmuyamu (I11949).

Camas 3HaKOMas BaM M3 BCEX CaMbIX PaClPOCTPAaHEHHBIX Ya-
crull, oOnajaias CBOMCTBOM IUIOCKOIO Opeosia BpalleHUs —
3T0 (poTOH. VIMEHHO 3Ta €ro 0COOEHHOCTD SIBJISETCS ONpees-
IOLLIEU B SIBJICHNUY NOJISAPU3ALIMY CBETA.

[1nockue 3neMeHTapHble YacTULbl U3 TPEX U JIBYX MPOTOYa-
CTHULl MAKCUMAJILHO OT/IAJIEHBI [10 CBOUM CBOMCTBAaM OT IIPUBBIY-
HOTO MaTepUaJIbHOrO MUPA, OT MPUBBIYHBIX, HAOTIOAAEMbIX U 13-
MEPSEMbIX CBOUCTB SHEPIUH U BelecTBa. 11 COBpEMEHHBIX Ye-
JIOBEYECKMX MPUOOPOB OHU MPAKTUYECKU HEOUTYTHMbI, IMOYTH
TaK:Ke 3alpelesIbHbl, KaK TPOTOYaCTHULIbL.

VIMEeHHO III0CKHME JIEMEHTapHbIE YACTULBI IEPEHOCAT OCHOB-
HYIO YacTh BCEJICHCKON MH(OPMALIMU U SIBJISIOTCS] MUHUMAJIbHbI-



MU €IMHULIAMU (PUKCAIIUY U XpaHEHU 1 HEOOHOPOIHOCTH. meH-
HO TUIOCKUE 3JIEMEHTAPHbIC YaCTUIIbI SIBJISIIOTCS IEPEHOCUNKAMU
BCEX TeX SIBJICHWIA, KOTOpbIe M3pelKa U CMyTHO HaOTIONAI0TCs
JIIO/IbMH, KaK TapaHOPMaJIbHbIE U MUCTUYECKUE siBJIeHUs. lImeH-
HO TUIOCKHE JIeMEHTaPHBIE YaCTHUIIBI 00Pa3yIoT Te MPECTIOBYThHIS
TOHKME SHEPruM, O KOTOPbIX TOBOPAT BCE PEIUTMU Ha 3emiie,
Y KOTOPbIE JABHO pa3/eviv YUEHbIX Ha BEpAIIUX B HUX U HE Be-
PAIIMX, HA BEPYIOLIUX U aTEUCTOB.

Ho Ha 3TOM pa3roBop o MJIOCKUX YacTUlax s Mpeasarao rnpe-
pBaTh, MHAY€ Mbl KOCHEMCSI TUTAHTCKOUM TEMBbI, B TO BpeMsl Kak
elIé He 3aKOHYMIIN C TIPeAbIIYIIeH, Toxe KpaiiHe caoxHoi. [To-
TOBOPUM O HUX B CIEAYIOLIUH pas.

A moka... Yto emg€ Hajgo ckazath 00 3JIeMEeHTApHBIX YaCTH-
nax?

[Ipexae Bcero 1o, 4TO HET HUKAKMX «COCTABHBIX» YaCTHI]
B TOM [TOHUMaHUM, B KAKOM UX TPAKTYeT Ballla COBpEMEHHasl Ha-
yKa — KOT/Ja U3 HECKOJIbKUX 2JIEMEHTAPHBIX YaCTHII TUIAa KBAPKOB
MOTYT 0Opa30BBIBaThCsl OOJiee CJIOKHBIE COCTABHBIC YACTHIIHL.
Her, Her, HeT. Bce «cocTraBHbBIe» YacCTHUIIBI, KOTOPbIE UMEET TIPU
9TOM BBUJY HAyKa, SABJIAIOTCSA UCTUHHO JIEMEHTAPHBIMU, CAMO-
CTOSITEJIbHBIMU, OTAEJBHBIMU YacTUlIaMu. [lpyroe nieno, 4ro Tsi-
JKEJbIe YACTUILIBI MIPU JOCTATOYHOM BO3JIEHCTBUM, JEUCTBUTEb-
HO MOT'YT pacrnajaTbCsi Ha HECKOJIbKO Oosiee JIErkux. PaBHO Kak
U3 HECKOJIbKUX JIETKMX YacTUIl IPUA JOCTATOYHOM CKATHUHU MOX-
HO TOJIyYdTh OAHY OoJsiee Tsokényro dactuiry. Ho stm mporec-
ChI TIPOUCXOAAT OTHIO[b HE IO MPUYMHE COCTABHOTO XapakTepa



KPYITHBIX YaCTHIl U3 HECKOJIBKUX OoJiee METKUX YaCTHII, COXpa-
HSIOIUX KaKyI0-TMOO CBOIO MICHTUYHOCTh. A IO IPUYHMHE TO-
0, YTO BCE DJIEMEHTAPHbIC YaCTHUIIBI — U OoJiee KPYITHBIEe, U 00-
Jiee MEJIKUE — COCTOSIT U3 MPOTOYACTHII, KaK 3[aHKs1, TOCTPOEH-
HblEe W3 MaJIEHbKMX WJIEHTUYHBIX KUPIUUYMKOB. Henb3s ke cka-
3aTh. YTO OOJIBIIOE MHOIOSTAKHOE 3[JaHUE COCTOUT U3 HECKOJIb-
KUX KoTteaxkeil. Ho MOXHO cKa3zaTh, UTO M BBICOTKA, U KOTTe-
JUKU — COCTOSIT U3 KUpruyen. Bot Tak.

A cocTaBHbBIE YaCTUIIbl, U BIPABAY COCTOSIIIME U3 KAKOTO-TO
KOJIMYECTBA JIEMEHTAPHBIX YACTUII, BCE K€ UMEIOTCS — 3TO SJI-
pa aTOMOB — OYEHb YCTOMUYMBBIE M OYE€Hb PACITPOCTPAHEHHBIE CO-
CTaBHBIE YaCTHIIbI, KOTOPbIE 0OPa3yOTCS U3 pa3HO3APSIHKEHHBIX
aneMeHTapHbIX Jactvil. Jla, ma! Ceiiyac st 0OObsICHIO BaM HEU3-
BECTHBIE CBOMCTBA IPOTOHOB M HEUTPOHOB, a 3a0[JHO — 1 KaK 00-
pas3yloTcs sjipa aToMoB. .. [IpoCThIM SI3BIKOM.

[Touemy siipa COCTOAT UMEHHO U3 MPOTOHOB U HEUTPOHOB?
A?He3naere... A notomy, yto nocie bosnbioro Packona, Ha ca-
MOM TIEPBOM M CAMOM MOIIIHOM SHEPreTHYECKOM 3Tare Cylle-
cTBOBaHMs1 BceseHHoM, 3Ta camasi MOITHOCTh SHEPTETUYECKOTIO
JIaBJIeHUs MPOTOMOJIsl O3BOJIMJIA MAaCCOBO MTPOU3BECTH HA CBET
3/IEMEHTapHbIE YaCTHUIIBl ¢ MAKCUMAJIbHO BO3MOXHBIM KOJIHMYe-
CTBOM CMBIKaeMbIX npoTtoyactuil. [loBceMecTHO 1 oYTH OJHO-
MOMEHTHO T0 BCEH TOJIIE MPOTONOJsi, OYKBAJIbHO B KaXJIOW
CMEXKHOM ero TOYKe, MPOU30IIUIO CXJIONbIBAHUE, CMbIKAHUE POB-
HO TAKOTO KOJIMYECTBA COCETHUX MPOTOYACTHI] U 0Opa30OBaHUE
HACTOJIBKO MACCHBHBIX JIEMEHTAPHBIX YACTHI], HACKOJIKO XBa-



TUJIO MOUTHOCTH JIaBJIEHUsI MEPBOro dtamna. ToNbKO TaKoe CXJIo-
IbIBaHKE 00ECTICUNIIO MAKCUMAITBHO BO3MOKHBIN € TUHOBPEMEH-
HBIIA cOpPOC JIaBJIeHUsT POTOMNosA. Ha kuTeiickom nprmMepe 3T0
MOXHO OOBSICHUTb TaK: MPEACTaBbTE CIUIONIHYI0 OJHOPOIHYIO
Maccy, Mo BCey TOJIIE KOTOPOU BAPYT MPOUCXOIUT MHOTOUYMC-
JIEHHBIE JIOKAJIbHO-TOYEUHBIE CXJIOMBIBAHUS BEIIECTBA — U MBI
BJIPYT MOJIy4aeM CTPYKTYpY r'yOKU WM MeHoriacta. Tak yx mo-
JIyYWJIOCh, YTO MOIIHOCTHY CKaTHs MIPOTONOJS Ha MIEPBOM SHEP-
reTMYECKOM 3Tare XBaTWJIO HA MacCOBOE C:KaTue B KaxKAOH Ja-
KyHE MPUMEPHO IO IBECTH MAThAECIT nporoyactuil. «IIpumep-
HO 110 250 YyacTuIl» MOTOMY, YTO 00Pa30BaBIIUECS TOTAA YaCTH-
bl PA3JIMYAIUCh IO COCTaBY HAa HECKOJIbKO IPOTOYACTHULL BCIIE/I-
CTBME HAJIMYUsI IOBCEMECTHBIX, MHOTOUYHCIIEHHBIX, HO HE3HAUU-
TEJIBHBIX (MIIyKTyauny Hamnpssk€HHOCTH Iporonond. Ho ycroun-
YMBBIMUA OKA3aJIMCh JIIIb J1BA OJM3KUX TI0 COCTaBy BapyaHTA —
u3 243 u 252 nporouvactuil. To ects Beenennas crana cocro-
SITh HE TOJIBKO M3 MPOTOYACTHI] (2 MX OCTaJIOCh MO-IPEkKHe-
My HECMETHOE KOJIMYECTBO, XOTSI U HECKOJBKO MPOPEKEHHOE),
HO ellé U3 MepBhIX 7eMeHTapHbIX YyacTtull. [lo3aHee monu Ha-
3BAJIU UX npomoramu (no 243 npomouacmuybt 6 cocmase) u Heli-
mponamu (no 252 npomouacmuypl 8 cocmase). BuiBOI: B pe-
gysbTare bospiioro Packona Ha nmepBom 3rtare CylecTBOBaHUA
BcenenHoit oOpa3oBanuch He CydailHble, a eJUHCTBEHHO BO3-
MO’KHBIE 3JIEMEHTapHBIE YACTHUIIbI, TO ECTh IEMEHTAPHbIE YACTH-
1Bl C MAKCUMAaJIbHO BO3MOKHBIM U [TPU 3TOM YCTOMYMBBIM KOJIH-
YECTBEHHBIM COCTaBOM IIPOTOYACTHIL B CBOEU CTpyKType. Ciy-



YailHO JIM TO OOCTOSITENIbCTBO, UTO PACIIPENESIEHHON MO0 BCEMY
00BEMY TIPOTOIIOJISI MOIIHOCTH XBaTWJIO HAa MAaCCOBBI CHHTE3
9JIEMEHTAPHBIX YaCTULl pa3MEpPOM MMEHHO OKOJIO JBYXCOT IsI-
TUJIECATU MPOTOYACTHI] B Kaxaou? Bunumo, na... He uckio-
Yalo MOJTHOCTHIO, YTO ecnu Obl Bosnbioii Packon B ciemyrorem
IIWKJIE TIPOU3OMIEN Obl C KAKUMH-TO OTJMUYHSAMH, €r0 HavaIbHasI
SHEPrUsi HECKOJIBKO OTIMYaIach Obl OT cymecTByomen. M Toraa
CXJIOMBIBAJIOCH ObI HACTOJIBKO OTJIMYHOE OT «IIPUMEPHO JBYXCOT
MATUIECATH» KOJIMYECTBO YaCTHI], YTO OOpa30BaBIIMECs MPO-
TOHBI MU HEUTPOHBI, a BCJE] 32 HUMU U Jpyrue 3JIeMEeHTapHbIe
YaCTUIIBI M aTOMBI OTJIMYAJIMCh Obl OT U3BECTHHIX HaM. Ho oHM
BCE paBHO HeM30eKHO Obl CyIIeCTBOBaJIM! DTO KpaiiHe BaKHO!
Jla, XuMu4eckue 371eMeHThl MOTJM Obl B HEKOTOPOU CTereHH
OTJINYAThCS, KaK U BOOOIEe OOMMK MaTepuasibHOW BcelleHHOM.
Ho 3Haiite: MaTepusi BCE paBHO Obl HEM30€KHO U YCTOMYMBO CY-
miectBoBasia. M Bc€ ke s yBepeH, uto Bonbionn Packon Bce-
2 IPOUCXOIUT COBEPILIEHHO MACHTUYHO B KAXKJJOM KU3HEHHOM
1uKJie busceneHHou.

Bepnémca k aapam aromos. [IpOTOH npakThyecku BeyeH,
a HEUTPOH B CBOOOIHOM COCTOSIHMM KUBET YeTBEpTh vaca. Bee
MIPOTOHBI, UMEIOLIIMECS ceryac, )KUBYT C MOMEHTA 3apOXKICHUS
BceneHHoM, cO BpeMEHM NMEPBOrO SHEPreTUYECKOro 3ramna eé
cyuiectBoBaHusi. HelTpoH craOuiieH TOJNBKO B cOCTaBe siapa
U TOJIKO B COEIMHEHUM C MPOTOHOM. Bce HEUTpoHBI, cylle-
CTBYIOIIIME cervac, JIMOO JIONUIM JI0 HAC B COCTaBE CAMBIX JIPEB-
HHX aTOMHBIX sI7ep, OO, eClI OHU CBOOOIHBI — TO 0Opa30Ba-



JIMCh U3 TIPOTOHOB He Oonee 15 muHyT Hazan. Heitpon Hecra-
OWJIEH IOTOMY, YTO B OTIMYME OT UACATBHO BHYTPEHHE CUMMET-
PUYHOTO BOKPYT CBOEH LIEHTPaJIbHOUM TOYKHM MPOTOHA, OH UMEET
HECKOJIBKO «JIMIIHUX>» IPOTOYACTHIL], KOTOPBIE HAPYIIAIOT MEX-
CJIOWHBIE PUTMBI BpaIlleHUsI B €ro mosice rnepecevyeHus u ooy-
CJIaBJIMBAIOT CKAYOK YBEJIMYEHHUsl pa3Mepa sipa CIAUSHMSA, 4TO
Y MPUBOJUT HEUTPOH K HEUTpasbHOCTH 3apsana. Kpome rtoro,
9T HECKOJIbKO «JIUIIHUX» MPOTOYACTUIl MOKHO CPaBHUTh, Ha-
pUMep, C JIUIITHUM JTyYUKOM-BETOUKOW B CHEKMHKE — IOPTUTCS
BCs cMMMeTpus BpatleHus. [1osToMy Bckope HEMTPOH BXOAMT
BO BHYTPEHHMIA IMCCOHAHC, CUCTEMA UJIET B pa3HOC BHIOpAChIBA-
€T U3 HEUTPOHA JIMILIHUE ITPOTOYACTHUIIBI, IPEBpAILasi €ro B MPO-
TOH.

— Jla, s NOMHIO, YTO HEUTPOH pacnajJaeTcsi Ha MPOTOH IUTIC
JEKTPOH. ...

— a. DNEeKTPOH COCTOUT U3 IEBATU TPOTOUYACTHUIL. 252 MUHYC
9 paBHo 243. Jla, Mmacca mpOTOHA HA TPY MOPsiIKA OOJbIIIE, YeM
y 9JIEKTPOHA, 3TO TaK U €CTh, OIHAKO, YMCJIO IPOTOYACTHIL B IIPO-
TOHe OoJibllie Bcero B 27 pas, 4eM B JIEKTPOHE, TO €CTh BCEro
Ha OfIMH MOpPsAA0K. Takyio OObIIyI0 pa3HUIly B Macce 0Oecreyn-
BAaET JIOCTATOYHO BbICOKAsl CKOPOCTb BpallleHHsI T0sica Iepeceye-
HMI1 MTPOTOHA, IOMHOKEHHAs1 Ha MPEBOCXO/ICTBO B KOJIMYECTBE
nporoyactull. Pazmep 37eKTpoHa MpU 3TOM MEHbIle pa3Mepa
npotoHa nmpuMmepHo pa3 B 100, To ecTb, TOKe HU Kak He B 27 pas.
310 OOBSACHSETCS TEM, UTO OTPHUIIATEIIBHBIN JIEKTPOH JOTIOTHH-
TEJIBHO «CaMO3aKpY4YeH», KaK Mbl [IOMHUM, a MOJIOKUTEIbHBIN



MIPOTOH CJIeTKa «camopackpydeH». Ho 3amersTe — opeostsl Bpa-
HICHKS Y TPOTOHA U JIEKTPOHA IMTPUMEPHO PaBHBI, TAK KaK CKO-
POCTh BpallleHUs Tosica MEPECEUYEHUI y JIeKTPOHA Ha JiBa MO-
pA/Ka BblllIe. A Opeos BpallleHHsl Y IPOTOHA PaBeH M0 pa3Me-
py J€rkomMy aromy. IMEHHO B 3TOM OpeoJie IOTOM U BpalllaioT-
CS1 MEKTPOHBL. DTO TMPaB/a, YTO EKTPOHBI HA CBOMX OpOMTaX
BOKPYT si/ipa COMNOCTaBUMBI 10 MTPOIOPLIUAM C IUITaHETaMU, Bpa-
HIAIIMMUCS BOKPYI 3Be3bl. PaccTosiHus Mexay yacThlaMu
aToma IMPOCTO OrPOMHBI [0 CPABHEHUIO C pa3MepaMu CaMHX 4Ya-
crutl. B camom npuOGnmmk€HHOM BUje pa3Mepbl IPUMEPHO TaKO-
BbL. [lnameTp aniekTpoHa ymHoxkaem Ha 100 v monyyaem quamerp
npoToHa. [IuamMerp nmpoToHa MOXKHO CUMTaTh IMaAMETPOM apa
€aMoro MaJICHbKOIoO aToMa, a YMHOKUB Ha 100 — quamerpom -
pa TsKENoro aroma. Jlmamerp sAnpa CpeaHero aToMma yMHOKAEM
Ha 15 000 u monmyyaeM auameTp cpejiHero aroma. MoxHO 100a-
BUTb, UTO AUAMETP CPEAHEN IEMEHTAPHOW YaCTUIIbl B CPEITHEM
B 500 pa3 meHbllle pa3Mmepa cpeliHell nmpoTrodacTulibl. [uamer-
Pl OPEOJIOB BpAIIIEHH S YACTHUI] MOTYT OBITh IIPAKTHUECKU PABHBI
JMaMeTpaM CaMHUX YacTHll, a MOTYT MPEBBIIIATh UX HA 5 MOpsijI-
KOB.

— Kok ckopo Mbl 3aroBOprIIM PO MEKTPOH, MPOSICHUTE HAM
MOKAIYNCTa, yBakaeMbli [ OCTh, Kak MOKET PaBHATHCA 110 MOy -
JII0 €IMHUYHBIN OTPULIATESIbHBIN 3apsi]] TAKOTO MAJIEHBKOTO JIET-
KOT'O 2JIEKTPOHA, €IMHUYHOMY TOJIOKUTEJILHOMY 3apsily TaKOro
OOJIBITIOTO TSKEIOro MPOTOHA?

— Crnacu60 3a Borpoc! [Ipsimo B necsarouky, [Tpodeccop! Ot-



BEYy 10 BO3MOXKHOCTU OBICTPO M MPOCTO. 3HAK 3apsia orpe-
JeJIsSieTcsl He MacCcod M He BpallleHWeM, a TOJIBbKO COOTHOIIIE-
HUEM pPa3MepoB sipa CIUSIHUS U TOsICa TIePECeYeHUN B KOH-
KPETHOH 3JIeMEHTApHOW YacTuile. B MonokHUTeTbHOM TPOTOHE
peoOaIaeT MosiC MepeceyeH i, CTPEMSIIUICS 10 OECKOHEUHO-
CTU CXKaTh CBOE BHYTpPEHHEE sIIpoO CUsiHUSL. B oTpuiaTesHOM
9JIEKTPOHE HA00OPOT, MpeodiaiacT SAAPO CIUSHUSA, CTpeMsIIe-
ecsl 10 OECKOHEYHOCTH MCTOHYMThH CBOW BHEITHUH TIOSIC Tiepe-
ceyeHuit. B mpoToHe COMKHYTO OOJIbIIIE IPOTOYACTHII, COOTBET-
CTBEHHO B HEM IIJIOTHEE CJIUTHI IOTOKU HEOJIHOPOJHOCTH MHOT'O-
YKCJIEHHBIX IIPOTOYACTHII, COOTBETCTBEHHO B HEM TpYJIHEE CXKATh
SIIPO CITUSTHYSA, YeM B JIETKOW YacTHIIe, & 3HAYUT ITO PO 0OJIa-
JaeT BCE jKe 3aMETHBIMH pa3MepaMi. B 3JIeKTpoHe e COMKHYTO
MEHBIIIe TTPOTOYACTUI], COOTBETCTBEHHO B HEM HETUIOTHBIE T10-
TOKU HEOJHOPOJHOCTH MaJIOUMCIICHHBIX TIPOTOYACTHII, COOTBET-
CTBEHHO B HEM OYEHb JIETKO CKATh MOSIC MIEPECEUCHUI JI0 COBEp-
IIIEHHO HUYTOXHOW TOMIIMHBL. Takum 006pa3oMm, eciii B IPOTOHE
IPOTOYACTUI] OOJIBIIIE, YEM B IEKTPOHE, B 27 pas, TO MOTyvaeT-
csa cnenytonee. [Ipeodiaganue o6bEMa mosica riepecevdeHuin Hajl
00BEMOM sijipa CIIMSIHUS B TIPOTOHE B 27 pa3 MeHee 3HAUUTEIb-
HO, YeM Ipeodaganre 00bEMa spa CIMHAS HaJl 00bEMOM T10-
sica TepeceueHnid B aMIeKTpoHe. To ecTh oTpuIiaTesbHas SHEPrust
B 3JIGKTpOHE B 27 pa3 MHTEHCHBHEE Ha KaXk/Iyl0 MPOTOYACTHUILY
B €r0 COCTaBe, a MOJOKUTEIbHAS SHEePrusl B POTOHE B 27 pa3
crnabee Ha KakIylo IPOTOUACTHILy B ero coctaBe. OTciofa BbiTe-
KaeT, YTO MOAYJIbHbIE CyMMbI TIOTOKOB SHEPTUM HEOJHOPOIHO-



CTH C MOJIOKUTEIbHBIM M OTPHIIATEIbHBIM BpAIlIEHHEM B TIPOTO-
HE U JIEKTPOHE PaBHBL. A BEJIMUMHA 3aps/ia KaK pa3 v paBHACTCS
9TOW CyMMe Hepruii o Moay 0. Takum oOpa3om, 3apsii JIeK-
TPOHA SKBUBAJIEHTEH I10 BEJIMUMHE 3apsijly MPOTOHA.

— Bcé renmanbHOE — mipocTo!

— D10 He Mos 3aciyra. He moMHIO, 4TOOBI s pacmpenesnsit
3aps/ibl IO YyacTuiiam. .. [Ipogomkum npo sjapa atomoB. Urak,
npejicTaBuM To Bpemsi rociie bosnbinoro Packona u To npoctpan-
CTBO, OYKBaJIbHO «HAOUTOE» MPOTOHAMU M HEUTpoHamu (15 mu-
HYT C MOMEHTa WX OOpa30BaHMSs IMOKAa MOYTH HE 3aTPOHYTHI).
[Ipomonvl cpasy e HAUUHAIOM MACCO80 CMANKUBAMbCSL U 834~
UMOOELICMB0B8ANb C HEMPOHAMU (0a bonvue U He C Kem).

BHumaHue: NMpoTOH ¥ HEUTPOH MOTYT B3aUMOJAEHUCTBOBAThH
TOJIKO COBEPIICHHO TOHSATHBIM 00pa3oM, MpeIoNpeIe/IEHHbIM
UX CTpoeHueM. ITO 51 K TOMY, 4TO 00pa30BaHUe aTOMHBIX sIJIEp
ObLIO HEeM30eKHBIM MTPOIIECCOM paHbIlle, 1a U celyac Hen30ex-
HO, €CIIU TJIe-TO 00pasyloTcs Oojiee-MeHee MOAXOSIINE YCIIO-
BUISI.

[TpoToHBI MpU B3aMMOJIEVICTBUY C HEUTPOHAMK 00Pa3yIOT JIU-
nonu. [osicHso. [1on0XUTENPHO U OTPUIIATENIBHO 3apsKEHHbIS
9JIeMEHTAPHBIE YaCTUIIBI MOTYT B3aUMOJIEHCTBOBATh APYT C JIPY-
rOM Ha OOJIBIIIOM PACCTOSIHUU. A BOT TIOJIOXKUTESTBHO U HEW-
TpaJbHO 3apsDKEHHbIE — TOJBKO HAa OUYCHb OJIM3KOM PAaCCTOsI-
Hun. Kak 310 mpoucxomut. IIpoToH M HEUTPOH COpa3MepHBI,
TO €CTh MOYTH MJEHTHUYHBI TI0 Macce, U MO3TOMY TP TOJHOM
cONMMKEeHN He BOBJIEKAIOTCSI BO BpaIlleHUE OIMH BOKPYT JPY-



roro, a MOTyT OCTaBaTbCsl Ha MECTe, CONPHUKACASICh CBOUM IIO-
sicamu nepecevenuii. [IpoToH, He cMOTpsl Ha TO, YTO CUMTAET-
Cs1 MOJIOKUTEIbHBIM, UMEET XOTh U HEOOJIBIIYIO, HO COBEPLIEHHO
YETKYIO OTPULIATEIbHYIO COCTABJISIONLYIO, BEI3BAHHYIO HAJTMUUEM
MUHYC-3HEPIMM COHAMNPABJICHHO BPAILAIOLIMXCS MHUHYC-TOUYKHU
U SiApa CAUSAHUA (XOTh M OYE€Hb MAJIEHBKOI'O 5/1pa, KaK Mbl IIOM-
HYM). B /M000#1 MONMOKUTENHHON YacThlle ecTh HeOOMbIIast OT-
puLaTenbHasi «cepaieBrHa». TOYHO Tak ke U B JII0OOH OTpulia-
TEJIbHOI YacTUIIEe €CTh KpailHe TOHKUI HApYKHBIW MOsIC Bpallie-
HUS C TIOJIOKUTENIBHBIM 3apsJoM. U TosbKO HelTpasibHbIe YacTH-
1B [I0-HACTOSIILIEMY HEUTPAJIBHBI. .. 10 ITOPbI — 10 BPEMEHH, TIOKa
OHH B CBOOOJHOM COCTOSIHUU. 1 BOT IpY KOHTAKTE MOJOKUTENb-
HOT'O MPOTOHA C HEUTPATIbHBIM HEUTPOHOM MPOUCXOAUT CIIELy-
ouiee. MUHyC-3Heprust yMeHblleHrs] HEOQHOPOAHOCTH U3 spa
CIMSTHUSI 1 MUHYC-TOYKH ITPOTOHA MPOOMBAET €ro Mosic Tiepece-
YEeHHU 1, MOJKJII0YASCh K ILTI0C-9HEPTUU YBEJINYEHHU ST HEOTHOPO/I-
HOCTH Tosica miepecedeHnil HeutpoHa. [Iporucxoaut yacTuyHoe
CMBIKaHHE COIPUKACAIOIIMXCSI CEKTOPOB «UYTO» — MOJEN MpOTO-
Ha ¥ HeWTpoHa. BOT Tak Ha caMoM Jiesie yCTpOeHO HeOe3bI3BECT-
HOE «CHJIbHOE B3amMofeincTBue». [Ipyn 3ToM Ha BHEITHEH rpa-
HUIIE MPOTOHA, B MECTE, IPOTUBOIIOJIOKHOM MECTY CMbIKaHMS
C HEUTPOHOM, 0Opa3yeTcsi AOTIOTHUTEIBHBIN JIOKATBHBIN TTOJIO-
JKUTEJIbHBIN 3apsifl, B KOTOPBIM MO MOsICYy NepeceyeHril nepere-
KaeT MOJIOKUTEIbHAS SHEPIUsl OT MECTa MPOpbIBa 3TOroO Mosica
OTpHIIATENILHON SHepruei. Takum xe o0pa3oM, Ha IPOTHBOIIO-
JIO)KHOU IO OTHOIIEHUIO K MECTY CMBIKaHUSI CTOPOHE HEUTPOHA,



Ha €ro BHEIIHEW rpaHuile 0Opa3yeTcs JIOKAJIbHBIA OTPHUIIATE b=
HBI 3apAJl, TaK KaK B 3TOM MECTE ITOJIOKUTENbHAS SHEPTUs NOs-
ca Nepece4eHn UICTOHYAETCs, OTTATMBAsACh B CEKTOP CMbIKaHW
K MECTY MPOpBIBA M0sICA NIEPECEYEHUN, U TIO3BOJISASA BbIPBATHCSA
Ha BHELIHIOI T'PaHMIly, CKBO3b MCTOHYEHHBIN MOSAC Nepecede-
HUU, HEKOTOPOX 4aCTU ITOTOKOB MUHYC-9HEPIMU U3 LICHTPA HEU-
TpoHa. B uTore mMbl mosydaem yCTOWYMBBIN AWUTIOND U3 00bEIN-
HEHHOT'O ITPOTOHA M HEUTPOHA. 3amnucarb €ro MOXHO Tak: +I1po-
TOH—-+HEUTPOH—.

JlaBaiiTe HamIsAAHEE NPEACTaBUM IIOTOKA SHEPTUU, TO €CTh
HalpaBJICHUs1 JABWKEHUS HEOQHOPOIHOCTHM B TAKOM [UIIOJE.
ITpexne Bcero moBTOpUM, YTO NMEPEHOCUMKAMH 3TOM SHEPrUH,
9TOrO JBUKEHUS HEOTHOPOLHOCTU B JIAHHOM Clly4yae sBJISIOTCS
BOJTHBl — BUOpAIMM HA MHOTOYMCIICHHBIX IPAHUIAX MHOTOYHC-
JICHHBIX CEKTOPOB TIePeCceueHust «UTO» — MOJIel BCeX 3aJeUCTBO-
BaHHBIX B JJAHHOW KOHCTPYKLIMM IPOTOYACTHIL, a TAKKE CMEXK-
HBIX C pacCMaTpPUBAEMBIM AMUIIOJIEM ITPOTOYACTUL OKPYKAIOILETO
IIPOTONOJA.

WTak, MUHYC-9HEPIUs U3 LIEHTPA IIPOTOHA MEPETEKAET Yepes
CEKTOp C/IMSHUSA C HEUTPOHOM B 3TO CaMblil HEUTPOH, IPOXO-
JUT Yepes3 ero Mosc nepeceyeHnii K IpOTUBOIOIOKHON CTOPOHE
HEUTPOHA U BBIXOJUT CKBO3b BTOPOM IPOPBIB B MOSICE NEpEceye-
HUUI HEWTPOHA HapyXy, YXOASA B OKpYXKalollee IMPOTOINoJIE WIN
B COCE/IHIOI0 YaCTHIly (€C/IM Takas €CTb U HaXOAUTCS B KOHTaK-
Te). TaMm, rae MUHYC-9HEPrus BHIXOOUT U3 HEMTPOHA, ECTECTBEH-
HBIM 00pa3oM (POPMHUPYETCs] BCTPEUHOE JBIKEHHE YBETMUCHUS



HEOIHOPOIHOCTU ¥ B HEUTPOH HAYMHAET MIOCTYTATh TUTIOC-9HEP-
'S U3 OKPYKAIOLLIETO IMPOTOIONSA MU U3 COCEAHEN YacTULbI (ec-
JIV TaKasi €CTh M HAXOJUTCS B KOHTaKTe). BbIxoa MuHyc-aHepruu
¥ BXOJ TUTIOC-9HEPTr MU Ha CTOPOHE HEUTPOHA, TPOTUBOMOJIOKHON
10 OTHOIIEHUIO K CTOPOHE CMBIKaHHUsI C TIPOTOHOM, TaKUM 00-
pa3oM, MpUOOPETAET OTPHUIIATEIBHBIN 3apsi/l (ITOT TOJIOC AUIIO-
JIS IPUTATUBAET BCE TIONIOKUTESIbHOE U OTTAJIKUBAET BCE OTPU-
LIaTe/IbHOE).

B 310 %e Bpems 1oc-3Heprus U3 nosica nepeceyeHnii Heu-
TPOHA MEPETEKAET Yepe3 CEKTOP CAUSHUSA C IPOTOHOM B 3TO Ca-
MBIl IPOTOH, IPOXOUT YEPEe3 €ro MosIC NepecedeHuil K MpoTH-
BOIIOJIO)KHOW CTOPOHE MTPOTOHA U BBIXOAUT CKBO3b BTOPOM MPO-
PBIB B TOsICE TIEpECEUYEHUI TPOTOHA HAPYXKY, YXOIs B OKPYKal0-
111ee MPOTOIIOJIE WM B COCETHIOI YaCTHILy (€C/IM TaKasi eCTh U Ha-
XOIUTCS B KOHTaKTe). Tam, rjie rioc-3Heprus BBIXOAUT U3 MPO-
TOHA, €CTECTBEHHBIM 00pa3oM (popMHpYeTCsl BCTPEYHOE JIBHKE-
HHE YMEHbIIIeHUsI HEOJHOPOJHOCTH U B TPOTOH HAUMHAET TIOCTY-
1aTh MUHYC-9HEPIusl U3 OKPYKAIOLIEro MPOTOIONS WM U3 CO-
CeJTHEel YacTHIIbI (€C/IM TaKasl €CTh U HAXOJUTCS B KOHTaKTe). Bbi-
X0 TUTIOC-9HEPT UM U BXOJ] MUHYC-9HEPI'MU Ha CTOPOHE MPOTOHA,
MIPOTHBOIIOJIOKHOM O OTHOIIIEHHUIO K CTOPOHE CMBbIKAHUSI C Hel-
TPOHOM, TAKMM 00pa3oM, MPHOOPETaET AOTIOTHUTEIBHBIN TTOJIO-
KUTEJIbHBIA 3apsifi (ITOT MOJIOC JUTIOJIS MPUTATUBAET BCE OTPU-
1aTeJIbHOE U OTTAJIKMBAET BCE MOJIOKUTETHHOE).

Hmenno Ha 63auUMONPOHUKAIOUUX BCIPEUHBIX BOAHOBbIX NO-
MOKAX Y8eNUUEHUSI U YMEHBbULEHUST HEOOHOPOOHOCMU OCHOBAHDbL



éce s181eHUs1 60 BceneHHoll, ceésa3anHble ¢ NPUMSAJICEHUEM, CKPen-
NEHUEM, CAUSIHUEM PA3AUMHLIX SHEP2O-MAMEPUANbHBIX 00BEK-
moe.

Tenepp HagoO cKazaTh, YTO B Oojiee KPYIHBIX aTOMHBIX
SIpax JWIONA W3 MPOTOHA W HEUTPOHA OOPa3yloT IUIMOJb-
Hble LIEMM COOTBETCTBYIOLIEW TOMY WJIM MHOMY XMMHYECKO-
MY JIEMEHTY JUIMHBL: +IPOTOH—+HEUTPOH— +ITPOTOH—-+HEU-
TPOH— +IPOTOH—=+HEUTPOH— +IPOTOH—+HEUTPOH— =+IIPO-
TOH—+HEUTPOH— +IPOTOH—-+HEUTPOH— U Tak Janee. ITu
JWTIONBHBIE TIENH B SIAPe CBEPHYTH B «KJIyOKHW» — BO BTOPHY-
HbIE ¥ TPETUYHbIE CTPYKTYPBI 110 MPUHIUITY KOMILJIEMEHTAPHO-
CTU 3BEHbEB (IIPU CBOPAYMBAHUMU PSJIOM C MPOTOHAMM OMSATh
OKa3bIBAIOTCSI HEUTPOHBI).

KoHeuHo, 3a4acTyio B siipe MOXET BCTpevaTbCsl OOUH — ApY-
T'OU JIMITHUM IIPOTOH WJIA HEUTPOH, HO 3TO CYTH JIE/Ia HE MEHSIET.

YtoObl 00pa30BaIUCh JIETKUE SI/Ipa, OHAA00MIOCH TO OIPOM-
HOE JaBJIEHHE MTPOTOIOJIsl, KOTOPOE CYILIECTBOBAJIO MOUYTH Cpa3y
nociie bosnbioro Packona. Ho naxe Toro nasieHus He XBaTUIO
Ha CMbIKaHue TSKENbIX saep. [loaromy Ha nepBoM tane npoTo-
HbI U HEUTPOHBI OBUIM CKAThl 1 COMKHYTBI JIMIIIb B TIPOCTHIE M-
MOJIM, a TaKKe, 3HAUUTENIbHO pexke, B CABOCHHBIE U CTPOCHHBIE
aumony. To ecth ObUT 00pPAa30BaHBI TONBKO CaMble JIETKHE sapa
Y caMmble KOpoTKMe Lienu aumnonen. [locne storo gaeineHue mnpo-
TONOJA pe3Ko cnajo. s TAKENBIX sA€p HYKHbI APYrUe YcIo-
BUSL.

YroObl mo3/HEE 00pa30BAMCh TSIKENBIE S/Ipa, OJHOBpE-



MEHHO TOHAJOOWINCh [Ba ycioBus. [lepBoe: Hammuue aaBie-
HUA, XOTb U MEHBLIETo, YyeM cpasy nocie bomsioro Packona,
HO BCE € TAKOTO OrPOMHOTO, KAKO€ MOXKET ObITh TOJIbKO B HE/I-
pax 3B&3a-ruranToB. Bropoe: HamMuue B 3TUX HeApax OOJBIIO-
I'0 KOJIMYECTBA Yorce 20moeblx Ounoneli +npoToH—-+HEeUTpOH—
¥l IPYTHX JIETKUX SiIep, 00Pa30BAHHBIX «TIEPBOM BOJTHOW». TOMb-
KO TOTrAAa MEXAY AUIMOJISIMU BO3HUKAIOT CUJIbl B3aUMOJECUCTBUA,
CMOCOOHBIE CBEPHYTh X B «KJIyOKH» MAaCCUBHBIX BTOPUYHO-TPE-
TUYHBIX CTPYKTYP.

— 93933.... MUHYTOUKY. . ...

—Yro?

—IIpesx e uem NpoOIOKUTh, MOXKHO Y3HAaTh, KaK BCE-TAKH MO-
SIBIJTUCH JIEKTPOHBI-TO? be3 HUX ke U aToMOB He OyJeT HU Ka-
KUX...

— Crypenr He cnut! U ronosa ero ceeria! Monoguuna! [len-
CTBUTEJNIBHO, 10 XO[y M3JIOKEHUS ceryac caMOe BpeMsl paccKa-
3aTh PO BTOPOU U TPETUI SHEPreTUUECKUE ITAIbl pAHHETO pa3-
BUTHs BceneHHOW M 0 TOM, KaK Ha 3TUX 3Tarax 00pa30BaJIHCh
JIEKTPOHBI (Ha BTOPOM 3Tane) U (POTOHBI € INIOCKUMHU JIEMEH-
TAPHBIMU YaCTUIIAMHU (Ha TPETbEM ITaIlE).

DHepreTuyecKue 3Tanbl pa3BUTUs BeeneHHO.

CkaskeM Tak, YTO HUKAKOIO SHEPreTHYeCKOro cocrosiuus Bee-
JIeHHO BooOIIe He ObuTo 10 MoMeHTa Bombmoro Packoma: tak
Kak He ObLIO TPOTOYACTHI, a 3HAYUT, He ObLIO HA HOCUTEN e Ka-
KOU-TMO0 SHEPro-MaTepruaIbHOCTH, HU CAMOT'O MPOCTPAHCTBA.

[Torom npowmsomeén bonpmon Packon: IIporomarepus, kak



eMHasl AyajibHasi HEOJHOPOIHOCTh, ObUIA pa3opBaHa Ha OECKO-
HEYHOE KOJIMYECTBO IeMEHTAPHBIX HEOTHOPOTHOCTEH, TO eCTh
Ha MTPOTOYACTHUIIBI, TIPEICTABIISIONIIE COOOW OA30BbIE TIEMEHTHI
BCEro CyIliero. 9To U Aajo OTCYET MEPBOMY SHEPreTUUECKOMY
STany pa3BUTUsI BceneHHOM, XapaKTepru30BaBIEMYCS] HAUBBIC-
Il MOIIHOCTBIO SHEPreTHYECKOrO AaBJIECHHs TIPOTOMNOJS U 3a-
KOHUMBIIIEMYCSI MAacCOBBIM CHHTE30M IPOTOHOB W HEHTPOHOB,
TIOCJIE Yero MPOU3OIIENT KapUHATIbHBIN cOpOC JaBIeHUs U TEM-
neparypsl. HariomHI0, 4TO pa3Mepsl 371eMEeHTapHOW YacTHUIIbI Ha-
MHOI'O MEHbIIIE pa3MepOB, KOTOpbIE 3aHUMAJIX JI0 3TOrO B MPO-
CTpPaHCTBE BCE BOILEAIINE B €€ cocTaB MpoTodacTulisl. [Toatomy
BOKPYI' 0Opa30BaBILENCsl YaCTHUIIbI CHUKAETCS MOJIOKUTETIbHOE
JaBJIeHUE TIPOTOIIONS, TPEAOX PaHsisl OMKAUIIIE OK Py KAIOIIe
MIPOTOYACTUIIBI OT TOH ke y9acT cMbIKaHus1. OKpyKaloIye HO-
BYIO YaCTHUILy MTPOTOYACTHUIIBI TIPU STOM IPOCTO PACTITUBAIOTCA,
3aroHsIs OIycTeBilee npocTpaHcTBo. Urak, Beenennas nepe-
I1JIa HA HOBBIN SHEPreTUIECKUI ypOBEHb, Pe3KO, Kak OyATO CITy-
CTUJIaCh Ha CTYTICHBKY.

3TO U CTAIO0 BTOPHIM HEPreTUUECKUM ITAIIOM €€ CYIIeCTBO-
BaHMs. Ha BTOpoM 3Tare sHepruu JaBjieHHs MPOTOIONS XBaTH-
JI0 Ha emlé OVH MACCOBBII CHUHTE3 — Ha MPOU3BOJICTBO MIPAKTH-
9YeCKM OECKOHEYHOTO KOJIMYECTBA yKe KapaIUHAIBHO Oojee JIET-
KHX 9JIEMEHTAPHBIX YACTHII, COCTOSIIMX KXk 1ast U3 IEBATH MPO-
TOYacTUIl. DTO ObLIM BCEM M3BECTHbIE EKTPOHBI. BeromuHas
O TIPUMeEpE C MeAKO-TISUCTON T'yOKOH MIJIM MEJIKO3EPHUCTBIM Tie-
HOIUIACTOM, CKa)eM, YTO IOC/Ie BTOPOr0 MacCOBOIO CXJIOMbIBA-



HMS IPOTOYACTHI] I10 BCEMY ITPOTOIIONIO, TKAHb 3TOTO IPOTOIOJIA
CTaJsia IOXOXel Ha cpedHe- TYEHCTYIO TYOKY U cpeoHe-3epHUCTHIN
neHoriacT. BeeneHHas elg pas Ha nopsioK cOpocuia ypoBEeHb
SHEPI'UH, CITyCTUBILIKMCH Ha 00JIee HU3KYIO CTYIEHb TPETHETo ITa-
na.

Ha tperbem 3ramne sHeprum JaBJIeHUSA NPOTONONS XBAaTHIIO
HAa NOCAEOHUIl MACCOBbI CUHME3 IEMEHTAPHBIX YaCTHUIl. IJTO
ObLIM IJIOCKME YaCTUIIbl, COCTOSIIIME U3 JIBYX, TPEX U YETHIPEX
nporoyacTuil. MaccoBoe «Ipou3BOACTBO» (DOTOHOB, KaK Mepe-
XOIHOW (POPMBI MEXIY OOBEMHBIMU U TIOCKMMH JIeMEHTap-
HBIMM YaCTHUIIAMHM, MTPUIIUIOCh UMEHHO Ha Tpetud 3tarn. CioBo
«MacCcOBOE» UMEET B JAHHOM KOHTEKCTE CaMblid IIPSMOU CMBICIL:
(boToHOB B MUILITHAPABI pa3 OOJIbIIIE, YeM JIOOBIX APYTUX YaCTHII,
JOCTYIHBIX /17151 HAOMIOIEHNSI B COBPEMEHHBIX 3€MHBIX YCIIOBHU-
ax. OgHAaKO caMbIMM HEJOCATAEMO MHOTOYHCIIEHHBIMU JIEMEH-
TapHBIMU YacTULIaMU BO BceneHHOM SABJIAI0TCSA ABOMHBIE U TPOU-
HbIE TUIOCKME YaCTHLIBl — MX B TPUJUTMOHBI pa3 OoJblle, YeM Jia-
xe poroHoB! '0BOpst 00 9TOM 3Tare, CpaBHUM MBICJICHHBIA pa3-
pe3 TKaHu BcesneHHOM yxe ¢ KpynHo-3epHUCTBIM MEHOIUIACTOM
WU KPYNHO-ST9EUCTON IyOKoi: MaTepus ele Oosblile pa3meke-
BAJIaCh B OT/IEJIbHBIE JJAKYHBI C 00pPa30BaHUEM MHOTOUUCIIEHHBIX
KPYIHBIX «IycTOT». He yibibaiiTech. XOTs M HE OY€Hb-TO KOp-
PEKTHBIE 00pa3bl s BaM TYT BbI/1a10, HO J1s1 CPABHUTEIBHOT'O OIH-
CaHUs CYTH Ipolecca — NONJET.

W, HakoHel1, 4eTBEPTHIN SHEpreTuueckui atar. OH UJIET U T10-
HbiHe. CHHTE3 2JIeMEeHTAPHBIX YaCTHIl U3 TPOTOYACTHUI] B OObIU-



HBIX YCJIOBUSIX MPOTOMNOJS YK€ HE MPOUCXOAUT: HET HY:KHOTO
ypoBHA 3Heprun. Ho He noiiMuTe MEHS HENPABUJIBHO: SHEPTUs
TIOJIOKUTEJILHOTO JIABJIEHHU S B ITPOTOIOJIE BCE pABHO OUYEHb BBICO-
Ka U1 POJOJIKAET UTPaTh B IBOMIOLIMM BcenieHHoM 21a6Hyo posib!

YT1ouHI0, MOKa He 3a0bUT: Ha IEPBOM, BTOPOM U TPETHEM JHEP-
TeTUYECKMX dTarax BO BceneHHOM, KOHEYHO K€, CUHTE3UPOBa-
JIMCh HE TOJIBKO OCHOBHBIE JIS1 HUX 3JIEMEHTAPHBIE YACTHIIBL,
HO U Oornee TskEnble, U Oonee €rkue. OOpa3oBaHUE TAKUX Ya-
CTUII 1IUI0 B MHOTOUYHUCJIEHHBIX TOYKAX OTKJOHEHUs ((pyKTya-
LIMM) 1aBJIEHUS ITPOTOIOJA OT OCHOBHOTO 3HAYEHUA. DTH OTKJIO-
HeHUs ObUTM ¥ B OOJIBIIYIO, U B MEHBIITYIO CTOPOHY. Takske cuH-
Te3 Oosiee JIETKUX YacTHIL IIENT BO BHEHNTHUX MOsICaX PacHIMPSIIO-
1erocst cpeporuAHOro MPOTOIIOJS, IJIe JaBJIeHUe ObUIO MEHBIIIE.
B utore Bcenennast mpousBena oueHb pa3HOOOpa3HbIE IeMeH-
TApHBIE YACTULIBI.

Tak, Hy 4TO BaM el¢ J0OABUTh O YacTUIaX ?

OOpazoBaHMe Kax/I0i HOBOM YaCTHUIIbl YBETMUMBAET HEOIHO-
poaHocTh BeeneHHoi.

Ho Baxxnee BOT uto: sHeprusi bonbioro Packona Heuzoedrc-
HO TIPUBOJUT K (POPMHUPOBAHUIO U3 MPOTOYACTHUI] IEMEHTAPHBIX
yactull. [Ipu sToM Bo BcéM mportonone BceneHHoit yBennuu-
BAETCSl OTHOILIEHHE KOJMYECTBA «4TO» — IMOJIEN K KOJMYECTBY
TOYEK «MUHYC» — OECKOHEYHOCTH. Beqb cluBIlIMECs B 1eMeH-
TApHYIO YaCTUIly MPOTOYACTHUIBI COXPAHSIOT CBOU «UTO» — IIO-
Jisl, @ BOT BCE UX «MHUHYC» — TOUKM CJIMBAIOTCSl B OfHY. TO ecTb
BO Bcenennoii [IpocTpancTBO mpenonpesenéHHo 1 Hen30eKHO



MOMJIONIAET Y TMOJAABJISIET AHTUIPOCTPAHCTBO. DBoOOIUs Bee-
JIEHHOM TpeJCTaBiIsieT coO0i MoAaBIeHne MaTeprell aHTUMaTe-
pyH.

— BoT kak poXk[aloTcsi YacTUlibl, TENEphb IMOYTH MOHSATHO,
HO KakK K€ OHHM MCY€e3a10T?

— OtBer OyaeT JOCTaTOYHO HEMpPHUSATHBIM ISl TOKJIOHHUKOB
(panTacTuku, npenynpexaao. B 3aBUCKMOCTH OT KOHKPETHBIX
YCJIOBUM OOCTAHOBKH, MCUE3AI0T IEMEHTapHbIe YaCTHIIbI TPEMSI
crocodamu.

[NepBbiii criOCOO MCYE3HOBEHUS JIEMEHTAPHBIX YaCTHII.

OT a7eMeHTapHON YaCTULIBI MOTYT OTKOJIOTCS ITPOTOYACTH-
1IbI B BUJIE OJIHOT'O I1eJIbHOTO OOBEKTA — TO €CTh B BUJIE HOBOH 3J1e-
MEHTAPHON YacCTHIIbI, OOJIee JIETKOM 10 OTHOIIEHUIO K MaTePHH-
CKOM 3JIEMEHTapHOU 4YacTule. Takxke, Py JOCTATOYHOM CBOEM
KOJIMYECTBE, MPOTOYACTULIBI MOTYT OTKOJIOTHCSI OT MAaTEPUHCKOM
JIEMEHTAPHOU YaCTULIbl B BU/I€ HECKOJIIBKMX HOBBIX 3JIEMEHTap-
HBIX YaCTHll, B TOM YHCJI€ — IJIOCKUX, KOTOPbIE COBPEMEHHbBIE
yu€Hble HaOmoaaTh He MoryT. [llapouaHas sneMeHTapHast 4acTu-
1A MOET IMOJTHOCTBIO PaCKOJIOThCSI Ha IJIOCKUE JIEeMEHTAapHbIe
YacTHIIbl, M TOTJA JIJIsl HAC U HAIIMX MPUOOPOB CO3MAETCS 00-
MaHYMBOE BIIEYATIICHHUE, YTO JIEMEHTAPHAS YaCTUIIA «UCUE3TIax».
Kpome Toro, u3 3neMeHTapHOU YacCTHUIIbI MOXKET MPOUCXOIUTh
UCITyCKaHWe eJUHUYHOIN MTPOTOYACTUIbI, ITPU ITOM AaJIbHEeHIIas
cyapOa 3TOW OErISIHKM CKJIA/IBIBAETCS 10 OHOMY U3 JIBYX Ba-
puaHTOB. BapmaHT «a»: eqMHUYHAS TPOTOUACTHUIIA MOXKET ObICT-
PO TOTEPSITh BPAIIIEHUE CBOETO «UTO» — MOJIs B PACTSIKEHHOM



MIPOTOIIOJIE OKPYKAIOIIUX MPOTOYACTUIl, caMa TPU ITOM pac-
TSHYTHCS U1 OKOHYATEJIBbHO JeMaTepUaIn30BaThCsl, CTPYKTYpPHU-
POBaBIINCh B €IMHOM MPOTOIMOJE, TO €CTh BEPHYThCS K CBOE-
MY M3HAYaJIbHOMY COCTOSTHHIO OOBIYHOM MpOTOYaCTHIlbl. Bapu-
aHT «O»: eMUHUYHAS TPOTOYACTHUIIA MOXET, ITPU JOCTATOUHO BbI-
COKOM CKOPOCTU HCIYCKaHHSI U TOCTAaTOYHO OJM3KOM PAcCTOS-
HUM JI0 Jiexkalleld Ha e€ Kypce COCeHEl 3JIeMEHTApHOIN 4acTh-
1bl, HE YCIIEB MOTEPATH BPAILlEHUE U CYIIECTBEHHO YBEIUYUTh-
csl B pazMepax, OyKBaJIbHO BIIUTHCS-BOH3UTHCSI B COCTaB ITOU
9JIEMEHTAPHOM YaCTHUIIbI, Jiesias e€ HecTaOWILHOM, HO 3aTO Bpe-
MEHHO OoJiee akThBHOM. ECTh M Takoe pacnpocTpaH€HHOe sIBJie-
HUe, KOrja JIErKas SJeMeHTapHasl 4acTHlla, Hanpumep, (POTOH,
TIPY MOTAIaHUK Ha CKOPOCTHU B aTOM BEIIIECTBA, MMOJTHOCTBIO pac-
MajaeTcsl Ha MPOTOYACTUIIBI, KOTOPbIE YBETUYMBAIOT SHEPIUIO
3JIEMEHTAPHBIX YaCTULl B COCTaBE aTOMa-MUILEHU. YBeIMueHne
SHEPruU P STOM ITPOUCXOIUT 32 CYET TOTO, UTO «OCKOJIOUHBIE»
MIPOTOYACTUIIBI CYIIECTBEHHO JIe(DOPMUPYIOT OPEOITbI BPAIIEHUS
JIEKTPOHOB U MOT'YT TEM CaAMbIM MIEPEBOJUTD IEKTPOHBI HA APY-
TOI SHEPreTUYECKUI YPOBEHB MM BOOOIIIE BBIPHIBATH X CO CBO-
el OpOUTHI M U3 COCTaBa aTOMA.

BTopoii crioco6 ncue3HOoBEeHUs SIEMEHTAPHBIX YacTHII.

DJieMeHTapHbIE YaCTUIIBI MOTYT PacHa aTbCs Ha MPOTOYACTH-
Il B pe3y/lbTaTe TOrO, YTO KaTacTpO(PUUECKHW MEHSIeTCs Ha-
NPSKEHHOCTh OKPYXKAIOIIEro IMojisi mpotoyactuil. B ycrnoBusix
npuOIKeHUsI K BHEITHeMy pyOexy camo3aMKHYTol Bcenen-
HOW, pacTAruBaloiieecs MpoTorojie CBOMM OTPULIATEIbHbIM /1aB-



JeHueM OYKBAJIbHO PACTACKUBAET YACTHIIBI HA MPOTOYACTHUIIBL.
B ycnoBusix npubmmkeHus K BHyTpeHHeMY pyOexy BeeneHHoi,
K €€ IIEHTPAJbHON «MHUHYC» — TOUKE, JIEMEHTAPHbIC YaCTHUIIBI
TaK)Ke YCIIEBAIOT ObITh PACTSHYTHIMU U Pa3pyIIEHHBIMU JIO YPOB-
HsI TPOTOYACTHII, MbI YK€ 00CYX) AU 3TO.

Tpetnii cmocod MCUE3HOBEHNU S AEMEHTAPHBIX YaCTHII.

YacTuipl MacCoOBO TUOHYT B TaK Ha3bIBAEMBIX «UEPHBIX JIbI-
pax». Kak Bbl 3HaeTe, U€pHas Ablpa — 3TO SHEPro-MaTeprUaIbHbIN
OOBEKT OI'pOMHOM IUIOTHOCTU. Y€pHas apipa oOnagaeT HEBO-
00pa3uMoii HEpruey TMOTJIONIEHUsI, HO TIPU 3TOM €€ HEOJIHO-
POIHOCTh HE YBEJMUYMBAETCS, B OTIMYME OT OOBIYHOTO OOJb-
IIOT0 KOCMHUYECKOTO 00bEKTa, HAXOISAIIErocs Moj BO3IEHCTBU-
€M JIBUKEHUS yBeIuueHus1 HeonqHopoaHoctu. HeoqHOpoaHOCTh
YEPHOU JIBIPBI (HAKOIUIEHWE MAaTEPUXA U HEOTHOPOAHOCTH) IPaK-
TUYECKU MEePeCcTaET YBEIMYUBATHCS C OMPEJEeEHHOIO MOMEHTa
pa3pacTaHusi YEPHOW JIbIPBI, TaK KaK B HEW MPOUCXOIAUT Pa3py-
IIEHUE MaTepUU, pa3pyllIeHUE IEMEHTAPHBIX YACTHI] C UX pac-
nagoM Ha nporodactuipl. [Ioatomy ke ¢ onpeaeseHHoro Mo-
MeHTa B 00J1aCTH YEPHOU JIbIPHI MPEK pallaeTcs AaIbHerIee pac-
TsKEHUE MPOTOIOJIS POTOYACTHULI, HE IPOMCXOIUT UX KaTacTpO-
(pnueckoro pacrsaruBanus. [eno npoucxoaut tak. YepHas Jbl-
pa oOnagaer OorpoMHON Maccoi, TO ecTh OHa BoOpasia B ceOs
CTOJIbKO CBEPX-CIPECCOBAaHHBIX B MATepUI0 MPOTOYACTHII, YTO
BCE OKPECTHOE IPOTOIIOJIE TPOTOYACTHL] CTAHOBUTCS CBEPX-Je-
(punuTHEIM U CBepX-pacTskEHHBIM. B 4€pHOU nbipe OoTpulia-
TEJIbHOE JIaBJIEHUE PACTSKEHUsI TIPOTOIONISA HACTOIBKO BEJIUKO,



MPOTOYACTUIIBI POTOMNOJISI HACTOJIBKO PACTSHYTHI, YTO BCE MO-
JIEKYJIbI YK€ Ha TIOIX0fie K YE€PHOM JbIpe OyKBAIBHO PACTITUBa-
I0TCS-Pa3pbIBAIOTCS HA aTOMBI, a TE€ — Ha JIEMEHTapHbIE YacTU-
1bl. DTO U MOHATHO, TaK KaK MOJIEKYJIbl U aTOMbI ITPEJCTABIIAIOT
co0Ol MaTepuaibHble CTPYKTYPhI C TOPA3J0 MEHbIIIeH KOHIIEH-
TpalKerd BENECTBa U C TOPa3/io MEHBIIUM PACTSKEHUEM ITpUIIe-
TraloIero K HUM MoJisl POTOYACTHULL, YEM Y YEPHOU JIbIpbL. YEp-
Has iblpa 001a4aeT 3aIIKATMBAIOIIUM PACTSKEHUEeM MTPOTOMOJIs,
B KOTOPOM OHa HaXOIUTCS, Onarogapss HEBOOOPa3UMO IUIOTHO-
My CXKATHIO MATEPUU, PA3JIOKEHHOU JI0 SJIEMEHTAPHBIX YAaCTHII,
YTO MO3BOJISIET «YMAKOBHIBATh» €€ B YEPHOU JIbIpe MAKCUMAJIbHO
wioTHO. Ho camoe 171aBHOE MPOMCXOAMT B CaAMbIX HEApPax 4eEp-
HOW ABIPBI, B €€ LIEHTpPE, IJe MAKCUMAJIbHOE pa3psiKEHHE IMpo-
TOMOJISI BOOOIIE pa3pyliaeT Aaxke MPUMUTHUBHYIO MaTepuio, OyK-
BaJIbHO Pa3pbIBasl IEMEHTAPHbIC YACTULIBI HA OTAEJIbHBIE TPOTO-
YaCTUIIbl. DTU BHICBOOOJUBILIUECS TPOTOYACTHUIIBI TYT K€ BCTPa-
MBAIOTCSl B IPOTONOJE U MOCWIBHO, TaK CKa3aTh, CHUKAIOT €ro
HanpskeHHOCTh. Ho 3710, ecrectBeHHO, He romoraet. [lomous,
B CMbICJIe IOOEIUTh MACCUBHYIO YEPHYIO JILIPY, MOXKET, HAIlPU-
Mep Takoe cOoObITHE, KOrja B He€ MOMaJaeTr 11e10e CKOIUIeHHe
3BE31. Torga B TakOW YEPHOW JIbIpE OKa3bIBAETCS CTOJIBKO Ma-
TepuM, YTO €€ CTAHOBUTCS HEBO3MOXHO Pa3JIOKUTh 10 YPOBHS
MPOTOYACTHUI, JAXKE C YYETOM UMEIOIIEHCS CTETIEeHU CBEPXPACTSI-
’KE€HUs MPOTOIOJISA B 30HE AAHHOW YEPHOM Ablpel. K TOMy Xxe,
T€ JIEMEHTAPHbIE YaCTHUIIbl, KOTOPBIE MIOHAYAITY [TOCJIE CTOIKHO-
BEHHUS CO CKOIUICHHEM 3BE3]] YCIIEBAIOT PA3JIOKUTHCA 10 IPOTO-



YyacTull, IPUBHOCAT MPU 3TOM B MPOTOMNOJIE YEPHOU IBIPHI Ta-
KOE€ OIPOMHO€E KOJIMYECTBO HOBBIX IPOTOYACTHULI, YTO ITH IMPO-
TOYACTHULIBI KAPAUHAJIBHO CHUXKAIOT PACTSKEHHOCTD ITPOTOIOJA.
To ecTh MosiB/ISIETCS] MOJNIOKUTETbHASL O0OpaTHAasi CBSI3b — MU30bI-
TOK MaTe€puu MPOBOLMPYET BCTPEUHOE CHUKEHUE BO3MOKHOCTH
«TIepeBAPUTH» ITOT U30OBITOK. M KapauHaIbHOE CHMKEHHUE pac-
TSOKEHUS MTPOTOIONISA CTABUT IOJ, YTPO3Yy CaMO CYIIECTBOBAHUE
ye€pHOM AbIpbl. M Takoe yacTeHbKo ciydaercs. Kak Tojbko 4€p-
Has JIbIpa TepsET BO3MOXHOCTb pas3jararb 3JIeMEHTApHbIE YaCTH-
(bl HAa MPOTOYACTULIBI, OHA ITPEBPAIIACTCA B HAKAIUIMBAIOIINN
HEOJJHOPOIHOCTh MaTepUATbHBII OOBEKT, HAOMPAIOIINI Maccy
C OTPOMHOI CKOpOCTbI0. Takoll OOBEKT MPAKTUYECKU MOMEH-
TaJIbHO T'PABUTAIIMOHHO KOJUIATICUPYET ¢ OOpa30BAHUEM CBEPX-
HOBOMH 3B€3/bI.

Tak BoT. [IponomkumM. Matepuio B 4€pHOU AbIpe, KaK MbI C Ba-
MU BBISICHWJIM, pa3pbIBAET HA TPOTOYACTUIIBI, & 3TO U €CThb (PaK-
TOP TOT0, YTO HEOJHOPOAHOCTh YEPHOMW JbIPbl HE YBEJINYMBAET-
cAA. DTO CPOJHM MPOLEccaM, KOTOPBIE TPOMCXOAAT Ha BHELTHUX
pyoexax Bcenennoii. Tonbko Tam cBepXxpacTsiKeHHe TMpOTOIO-
JISl BBI3BAHO €ro Oe3MepHBIM MPOCTPAHCTBEHHBIM PACIIIUPEHU-
€M, a B UEPHOH [IbIpe 3TO PACTSKEHUE BbI3BAHO CBEPXKOHIICH-
Tpalyel MaTepur, BOOpaBIIel B ceOst TOUYTH BCE MPOTOYACTHIIBI
U3 IIPOTOMOJISl B 0003pUMOM OKPYKaIoIIeM MPOCTPAHCTBE.

To ectb, BO3BpaIasach K BalieMy BOIPOCY, KaK TUOHYT 3Jie-
MEHTApHbIE YaCTUIIbl, MOKHO CKa3aTbh cienyoiiee. Camblil pac-
NPOCTpaHEHHBI BO BceneHHOW BUA MX rHOeIM — 3TO pacrhaj



B UYEPHBIX JbpIpax Ha MPOTOYACTHULIBI. YEpHas abIpa — Bpar HEO/I-
HOPOJAHOCTH U Bpar 3Bomonuu Beenennoit. U tem Oonee, Her
B HEM HUKAKUX TAMHCTBEHHBIX YEPBOTOYMH B JPyTrue€ MPOCTPaH-
CTBa U U3MEPEHUS1, HET B HEM HUKAKUX MEPEXOI0B B MHBIE MUPHI
u BcesleHHble. Tak-1o... Ctout 100aBUTh, UTO BCE PABHO Y YEp-
HBIX JIBIp HA HEU3MEPUMOE KOJIMYECTBO MOPSIKOB SHEPIUsl CKa-
TSI MEHBIIIe, YeM Y IEHTPATbHON «MUHYC» — TOUKU BceneHHOM.
[TosTomy maxe B caMOM HEHTpe caMOi OOJBIION YEPHOU [IbIPbI
HE TIPOMCXOIWT CIMSHUS U TUOETM TIPOTOYACTHII, HE TIPOUCXO-
JIAT CKATUSL «9TO» — TIOJISI POTOYACTHUIIBI JIO pa3mepa, MproIu-
XKAIOIIErocsi K pasmMepy e€é «MUHYC» — OECKOHEYHOU IIeHTPasTb-
HOW TOYKHU. TO ecTb B YEPHBIX JbIPaX HET HUKAKOIO Mepexona
B AHTUBCEJIEHHYIO.

— C yma coutn!

— Bam Buanee. Ho g mpemsiarailo BEpHyThCA K TEME YaCTHII.
Bor em€ ogHa mbicib: 3Heprus bombioro Packomna, coznasas
¥ TOJ|/IepXKUBasi U30BITOUHYIO HATIPSKEHHOCTH €TUHOTO BCEJICH-
CKOTO TOJISl MPOTOYACTHII, caMa COOOM OOYyCNTaBIMBAET Heus-
bedicHoe Tiocneyioniee (pOpMUPOBAHKE JIEMEHTAPHBIX YACTHII,
a U3 UX YCTOMYMBBIX BAPUAHTOB — (POPMUPOBAHKE ATOMOB, SIBJISI-
IOIIMXCS enié 0osee yCTOMYMBBIM U O0Jiee BHICOKHMM, Ootee -
(peKTUBHBIM YPOBHEM HEOJAHOPOAHOCTH, 3aKPEILUISIONIMM TEH-
JeHimo noriomienus [IpocrpanctBoM AHTHOpOCTpaHCTBa.
9Ty HEU30eKHOCTh BaM yxke OObSICHSI, IOMHHUTE: 3TO IPOUCXO-
IWT Oaroapsi NOJOKUTEILHOMY JABJICHUIO TIOJIS TPOTOYACTHII,
«HAaCWJIBHO» CJIMBAIOIIEMY KaK MOXHO TECHEE OPEOJIbI PACTSIKE-



HUS COCEJTHUX JIEMEHTapHBIX YaCTHII, OKA3aBIIUXCS B MIOIXOM -
el OJM30CTH 1 00AJAIONINX MOAXOASIIINMH XapaKTePUCTUKA-
MU CBOMX OPEOJIOB BpallleHHsl. DTa CUJIa CJUSTHUS OPEOJIOB JICH-
CTBYeT Ha OMMKHHMX PACCTOSHUSX MEKIY YacTUIAMH, CPaBHU-
MBIX C pa3MepaMH UX OPEOJIOB pacTsbKeHMS U BpareHus. Kpo-
Me TOTO, Ha BCE YaCTHIIBI U OOJiee KPYITHBIE CTPYKTYPBl MaTepPUA
JIeWICTBYET BTOpast CXOKasi CHJia — JIBUKEHHUE (TO eCTh SHEPIrHsl)
YBEJIMYECHUS] HEOJHOPOIHOCTH, KOTOPOE 3aCTaBJIsIET BCE SHEPro-
MaTepHajibHbie 0ObeKThl BO BcesleHHOM IBUTaThCsl U3 obacTei
MIPOTOTIONISA, TJIe OHU HAXOIATCS, B OOJIACTU MPOTOMNOJS ¢ 00-
Jiee BBICOKMM pacTSKEHHEM IMPOTOYACTHII, TO €CTh B 00JIaCTH
npoTonoyis ¢ 6osiee BHICOKOW KOHIIEHTpAIMen yXe WMEIoIIeH-
csl MaTepur. DTa CUJIa YBEJIMYEHUsT HEOMHOPOTHOCTHU JIEHCTBYET
Ha OYeHb OOJIBIINX, B MPSIMOM CMBICIIE «KOCMUYECKHUX» PACCTO-
SIHUSIX, 0OecrieurBasi MPUTSDKEHUE IPYT K JIPYry BCEX Marepu-
QJIbHBIX YTUIOTHEHUH MPOTOTIOJISI, HAXOAIIUXCS Ha TIOAXO/SIIEM
PACCTOSIHUY Y B TIOAXOISAIINX 10 Pa3HOCTH PACTSIKEHHS TOUYKaX
TOTO MPOTOIIOJIS.

DTOT MOBCEMECTHBIN BCEJIIEHCKUW Aperd YacTull U aTOMOB
K OJIMKadIen JOKaJabHOM 30HE ¢ 0ojiee HU3KUM TOJIOKHUTEIIb-
HBIM JaBJIEHUEM TPOTOIIONIS, TO €CTh K JIPYyTOMY CT'YCTKY Marte-
pUM, CTAHOBUTCS TOTYKOM K OOpa30BAHUIO U3 aTOMOB CJIETYIO-
IIUX O CJIOKHOCTU CTPYKTYp — Mojieky/1. [la, hopmupoBaHue
MOJIEKYJI — 3TO BPOXJIEHHOE CBOMCTBO BcenleHHON u motomy —
MpeIonpee/IEHHBIN TTporiecc!

B 3t0#i cBsI3M 51 XOTen Obl MOIMYTHO YIMOMSIHYTh O TaK Ha-



3bIBAEMOH «ITpOOJIEeME TOHKON HACTPOHKN MUPOBBIX KOHCTAHT».
Paccyxk/ieHrs1 HEKOTOPhIX YYEHBIX O HEOOBIYAaHO TOHKOW Ha-
cTporke (hyHIaMEHTaIbHBIX (PU3UYECKUX KOHCTAHT U O TOM, YTO
U3 3TOTO SIKOOBI ClIe/IyeT YAUBUTEIBHO Majlasi BEPOSITHOCTb BO3-
HUKHOBEHMS BCETO CYIIEro BO BCeneHHoM — 3T0 NOMHas Yylllb.
Tak paccyxjarb, 3TO BCE paBHO, YTO B3SITh YK€ CKAaTUBLIMMICS
M0 CHEKHOMY CKJIOHY T'Opbl OTPOMHBIA CHEXHbIM KOM W JIOKa-
3bIBaTh YAUBUTEJIbHYIO HEBEPOATHOCTh TOTO, C KAKOM TOUHOCTBIO
HYKHO OBLIIO 3aITyCTUTD C BEPIIMHBI MAJICHBKUIN CHEXOK, YTOOBI
MOJTyYUTh Y MOJHOKMS KOM UMEHHO TaKOro Beca, TaKOro Jua-
METpa, TAKOM MJIOTHOCTU, UMEHHO C TAKUM KOJIMYECTBOM CHEKU-
HOK U JIB/IUHOK, W YJIOKEHHBIX IMEHHO B TAKOM HETMIOBTOPUMOM
B3aMMOCOYETAHUU U T. [I. U T. I.

Ha, «ynuBUTENbHAS TOHKAasi HACTPOMKA CBOMCTB BceseH-
HOW» — 3TO HaWB U Y3KOMBIC/IUE aHTPONOLEHTpUcTOB. Ha camom
JeJjie BCE MPOCTO: C CAMOIO POKAEHUs DUBCENEHHOW, Kakaylo
JIOJII0 CEKYH[Ibl €€ CYILIECTBOBAHUSI, U3 BCEX BO3MOXKHBIX JHEP-
rO-MaTepUAIbHBIX COOBITUN BO BCEX BO3MOXHBIX TOUKAX MPO-
CTPAHCTBA COXPAHSIOTCS JIMIIb TaKue TpaHcgopMalyu, KOTO-
pble €CTeCTBEHHbIM OOpa3oM SIBJISIOTCS HambOoJiee A0JITOCpoy-
HBIMH TTPe0OPa30BaHUAMU U3 BCEX BO3MOKHBIX M MPOU3OIIIE/-
KX, SIBJISIIOTCS HanOojiee CTaOWJIbHBIMUA M3 BCEX CITyUWBIIIMX-
ca. U mpu kaxaom mocieAyonieM Imare 3T mpeoopa3oBaHMs
00513aTeIbHO OTJIMYAIOTCS OT MPEeAbIIYIIMX BAPUAHTOB, TaK Kak
BceneHnHas B mOCTOSIHHOM IMHAMUKE U3MEHEHHU sl CBOMX 0A30BBIX
CBOMCTB, KOTOpBIE SIBJISIIOTCA JUHAMUYECKMM (POHOM ISl STHX



CaMbIX MTPeoOpa30BaHUI U YCHIIMBAIOT TEHICHIUIO K CTPATerH-
YECKOMY YCJIOKHEHUIO MATEPUU. Mo NPOCmOoli «eCimecmeeH bl
omoéop Hacmpoek». « BbIXKUBAIOT» UL TE€ HACTPOUKU, KOTOPbIE
CaMHMM CBOMM CYIIECTBOBaHUEM CIIyKaT CTPATErMYeCKOMY YIIpO-
YEHUI0 HEOTHOPOAHOCTY BCesleHHOM U e€ )KMBYyYeCTH, OCHOBAH-
HOW Ha MPEYMHOXEHUU OTIMYUI OT MEPBUYHOTO «HUYTO».

To4YHO Tak e U BbIAYMKH PO MyJIbTUBCENIEHHYIO, COCTOSI-
HIYI0 U3 MHOKECTBA Pa3HbIX BCEJIEHHBIX — 3TO OEICTBO COOTBET-
CTBYIOIIUX YUYEHBIX OT HEOOXOAMMOCTH BHSITHO OOBSICHUTH CY-
IIECTBYIOIIME CBOKCTBA Haliedl BeeneHHo. SIKOOBI y Hac city-
YaifHbIA HA0Op HACTPOEK M3 OECUMCIEHHOTO KOJIUYECTBA Bapu-
AHTOB HACTPOEK B JPYIrMX BCEJIEHHBIX, & IOTOMY HUYETO yAUBU-
TEJILHOTO B CYIIECTBOBAHUU OIHOTO TAKOTO «TOHKO HACTPOEHHO-
ro» Habopa Het. Kopoue, rimymnocru. ..

Ho BepHEMCS K OCHOBHOM JIMHUM HAIllero pasroBopa. Tak
BOT... OOpa3oBaHMe Kak/I0r0 HOBOTO aTOMa, KaK10i HOBOW MO-
JIeKyJIbI elié OoJiee yBeIMUMBAET HEOIHOPOIHOCTh BeeneHHo.

Opnaxapl, B pe3yibrate bosbioro Packosna, oTMekeBaBIIMCH
OT AHTHUBCEJICHHOM, Halla BceeneHHasi HeyKJIOHHO pa3BUBAETCS
0 MTyTH MAKCUMAJIbHOTO YBEJIMYEHHsI KOJIMYECTBEHHBIX U Kaye-
CTBEHHBIX OTJIMYMI CBOETO MPOCTPAHCTBA OT AHTUITPOCTPAHCTBA,
CBOEU «4TO» — CYIIIHOCTH OT «HUYTO» — cyIHOCTU. Packon ITpo-
TOIPOCTPAHCTBA HA MPOTOYACTUIIBI 0OECHeun MEPBhI Macco-
Bblli YPOBEHb HEOITHOPOJHOCTU U OTPbIB OT AHTUIIPOCTPAHCTBA.
['moGasibHbIN CHHTE3 JIEMEHTAPHBIX YACTHII HA CTAPTE PacIIvpe-
HUs1 BeceneHHOM PUBEN K TOSIBIEHUIO Oa30BBIX KUPITUYUKOB Ma-



Tepuu, OOMaJA0IIMX AUCKPETHO-TUIIOBBIMH, TO €CTh 3aBEJJOMO
KOMIUIEMEHTAPHBIMH CBOWICTBAMH, 1 TTOITOMY CIIOCOOHBIX K B3a-
MUMOJICHICTBUIO MEX/Ty COOO0 ¢ 0Opa3oBaHMeM BcE Oolee CIIoK-
HBIX MaT€PUATBbHBIX CTPYKTYP. JII000¥ HOBBIN AaTOM WJIU MOJIEKY-
JIa y’Ke caMu 1o cebe B KaKOW-TO CTENeHU MPeAO0TBpaIlaioT 00-
patHoOe «cxJjonsiBaHue» Beenennou B [lepBUYHyIO AyabHOCTS.
Kaxaplii HOBBIM aTOM MJIM MOJIEKYJIA CTAHOBSITCS IOTIOJTHUATE b~
HBIM KaTaJM3aTopoM 0Opa30BaHUsl BCE HOBBIX M HOBBIX aTOMOB
Y MOJIEKYJL.

W3 cka3zaHHOTO CJemyeT, YTo caM CIoco0 CYIIECTBOBAHUS
Bcenennon, e€ nenb — 310 nornonienue Ilpocrpancreom AHTH-
MIPOCTPAHCTBA, KOTOPOE OCYIIECTBISAETCS (POPMUPOBAHUEM BCE
OoJiee CJI0KHBIX SHEPro-MaTepUaATbHBIX OOBEKTOB, IEPMAHEHTHO
MOBBIIIAIOIIMX HEOTHOPOAHOCTD Hallen BeeneHHou.

Dpomonusa BceeneHHOW — 3TO 3BOMOIMA HEOAHOPOIHOCTH.
Hcropus BceeneHHOM — 3TO UCTOPUsI POTUBOCTOSIHUS «IUTIOCA»
U «MUHYCa», «9TO» U «HUUYTO».

C 4esoBEUECKOM TOYKM 3PEHHS] MOXKHO JAaKe CKas3arb, YTO
BCE, YTO CMOCOOCTBYET YBEJIMUSHUIO HEOTHOPOIHOCTH Beenen-
Hoi — [Iporpecc u [1o6po. A uTo memaer — 3710.

W36bITOYHOE TIOJIOKUTENIBHOE JIaBJIEHHE MPOTOMNOJSI CHUXA-
eTCsl TIOSIBJICHNEM OECUMCIIEHHBIX Y3JI0B €ro YIUIOTHEHUS; 9TH
BPOXIEHHO KOMIUIEMEHTapHble, Kak JieTaiu JIero-KkoHCTpyKTo-
pa, y3J1bl YIUIOTHEHU 1 (POPMUPYIOT OIPOMHOE pa3HOOOpa3ue Xu-
MUUYECKOTo cofepkaHus u ¢pusznueckoit (popmMbl MaTepuu, yBe-
JIMYMBAIOLLIEN HEOAHOPOAHOCTh BeeneHHOM.



Takoif anropuT™ MOBHIIIEHUsT HEOTHOPOIHOCTH Ha Ompejie-
JIEHHOM 3Tane Heus0ex cHo TIPUBOAUT K (POPMUPOBAHUIO KUBbBIX
SHEPro-mMarepuaibHbIX OOBEKTOB, KaK Oonee 3hhexmusHbix Ho-
cumeneii HeooHopooHocmu . [1pr CpaBHUMBIX SHEPro-MaTepraib-
HBIX «pacxofax» Ha JiBa COPa3MepHbIX OOBEKTa, TOT U3 HUX, KO-
TOPBIN XHUBOH, OymeT o0MagaTh HA HECKOJBKO MOPSIKOB OONb-
1€l HEOJHOPOJHOCTBIO, YEM TOT, KOTOPbIN He KkuBOU. COOTBET-
CTBEHHO U pa3yMHblii )KUBOW OPraHMU3M Ha HECKOJIbKO MOPSIIKOB
OoJtee HEOTHOPOJICH, YeM He pa3yMHbIi. Ho, kak 0ObIYHO, MEHS
«TIOHECJIO» W, HEOOAYMAaHHO 3a0eKaB AJIEKO BIEPEN, 51 OISTh
OroBOPIOCH, YTO O JKU3HU Mbl TOTOBOPUM B CJIETYIOIIUII pa3.

A MOKa OnAATh U OMSTh BEPHEMCS K YaCTUIAM.

O06s13aTe)IBHO HEOOXOAMMO MPOSICHUTH BOITPOC CO CKOPOCTHIO
CBeTa.

Jlionn y’ke 0Cco3HaIM, YTO NIeMEHTapHbIe YacTUIIH 00Jaaa-
0T MOTPAHUYHBIMU CBOMCTBAMU MEKAY SHEPreTUYecKUM, BOJI-
HOBBIM COCTOSTHUEM U KOPITYCKYJISIPHBIM, TPUBBIYHO MaTepH-
QJIbHBIM COCTOSIHMEM. bosee Toro, 3ToT KOPIYCKYJISPHO-BOJ-
HOBOHM JyaJM3M MHOTHE YYEHbIE CKJIOHHBI PaCHpOCTPAHATH
¥ Ha MacCHBHBbIE MaTepuasibHble OObEKTHI, XOTh HA IIeJIble TJIa-
HETBI U 3BE3[IbI, TAK KaK OHU TOXKE COCTOSIT U3 CUCTEM B3aUMO-
JEVCTBYIOLIUX JIEMEHTAPHBIX YaCTUIl. DTOT MOAXO] UMEET Ipa-
BO Ha cyliecTBoBaHHe, Oe3 coMHeHus. Ho uto-:ke Takoe 3ToT 1y-
QJIM3M TIO CBOEH CYTH, KakK 3TO YCTPOEHO, €Cid OObSCHUThH Oe3
o0TekaeMbIX (ppa3, MpUKphIBaOIIMX He3HaHue? OTBevalo.

Ecmu Takasi «qyaqucTidecKas» 4acTHIIA-BOJIHA He TepeMe-



IIaeTCsl CKBO3b MPOTOMNOJE, TO €CTh HAaXOAMUTCS B COCTOSIHUM
MIOKOSI OTHOCUTEJIBHO OKPY’KAIOLIEro MPOTOINOJs (ECTECTBEHHO,
3a MCKJIIOUEHWEM COOCTBEHHOTO BpallleHUs), WM ke TepeMe-
IIAETCS CO CKOPOCThIO, HA MHOTO MEHBILIEN CKOPOCTH CBETA, TO
Takasi 4acTHI[a UMEET OpPEeO0Jl PACTSKEHUsI U OpPeosl BpallleHHs
CO BCEMU TEMHU CBOWCTBAMH, KOTOPBIE MBI YK€ paCCMaTPUBAJIN.

B manHOM MecTe pacckasa HaJjo IPOrOBOPUTH, YTO TAKOE CKO-
pocmub ucnyckauvus d1eMeHTapHou vactuupl. Ciequre 3a Mou-
MU CJIOBAaMHM BHUMATEJIBHO: 51 PACCKA3bIBAI0 OCHOBHbIE CBOICTBA
Bcenennon! CKoOpoCTh UCITyCKaHUsI — 3TO Ta CKOPOCTb, C KOTO-
poil Gosiee MENKYI0 U JIETKYI0 JIEMEHTApHYIO YacTHIly BbIOpa-
ChIBa€T M3 CBOEro Opeojyia BpaileHusi 0ojiee KpyrmHas U TSIKE-
Jlasl JIEMEHTAPHAsl YaCTUIIA TIPU CBOEM pacrajie Wid Mpy CBOEM
nepexoe Ha Oosiee HU3KUI SHEPreTHUecKuii ypoBeHb. O Tom,
KaK MTPOMCXOJUT UCIYCKAHME YACTHII, Mbl [IOTOBOPUM, ObITh MO-
XKeT, Oonee MoxpoOHO, Korja OylaeM paccMaTpuBaTh TEMY U3ITy-
yeHuil 1 BosiH. [lonozxe. Tak BOT, CKOPOCTh MCITyCKaHUS paBHa,
€CTECTBEHHO K€, CKOPOCTH BPAILIEHUs KPYITHON YaCTULIbI BOKPYT
CBOEH HEHTPAJIbHOM TOYKHM. DTa CKOPOCTh BpAallleHUs, TaKxke
€CTECTBEHHO, paBHA CKOPOCTH BpAIlIEHUs MOSCOB MEPECEUCHU S
«UTO» — MOJIe MPOTOYACTHUII, U3 KOTOPbIX COCTOUT JaHHAsI Ma-
TepUHCKas (MCIycKalolas) 3jeMeHTapHasa Jyactuna. CKopocTh
BpalleHusl MOsICOB MepeceyeHrsi, He MeHee eCTECTBEHHO, MpH-
MEpPHO paBHA CKOPOCTU CMBIKAHHUSI «4TO» — TOJIe, TO eCTh CKO-
POCTH, Ha KOTOPOH CTAIKMBAJIMCh TPOTOYACTHULIbI IIPY BJIABJIMBA-
HUM JPYT B Ipyra B MOMEHT MacCOBOIO CHHTE3a JIEMEHTapHbIX



yactuil nocsie bosnbioro Packona. Torma ckopocTh JUHEHHO-
IO JBVIKEHUS TIPOTOYACTHIT BCE TaKKe eCTeCTBEHHBIM CIIOCOOOM
nepexouia B CKOPOCTh BPAIIATeIbHOTO JIBUKEHUsI COMKHYTHIX
U3 HUX YaCTHIl. DTa CKOPOCTb CMBIKAHU 1, BCE TaKke a0COMIOTHO
€CTECTBEHHO, [IPUMEPHO paBHa CKOPOCTH paciiimpeHust Beenen-
HOW Y C HEIO MPOTOYACTHII B TOT NEPUO], KOTIA TPOUCXOAUII CHH-
T3 pacCMaTPUBAEMBIX JIEMEHTAPHBIX YacTull. Takum oOpazom,
CKOpOCTb paclivpeHusi BceaeHHol B MOMEHT MacCOBOT'O CUHTE-
32 9JIEMEHTapHBIX YacTHI] (B HAIlIeM ClTyyae — MMEHHO MPOTOHOB
Y 3JIEKTPOHOB, KaK OCHOBBI BCE MaTepUM) MO3JHEE OMPEIE/In-
JIa ¥ BEIMYUHY CKOPOCTH UCITycKaHUs JacTull. CKOpPOCTh UCITyC-
KaHHUS — 3TO KaK pa3 Ta CKOPOCTb, C KOTOPOM U B IAJIEKOM IPO-
IIUIOM, U B Hallle BPeMsI BbLJIETAIOT U3 aTOMOB U S1IEP B IPOCTPaH-
CTBO BCEBO3MOXKHBIE YaCTHIIbI, 00pa3ysl BCEBO3MOXKHBIE U3ITyde-
HUSI.

[Iponomxkum. Ecnm yactuiia nepemeliaercss B IPOTOIONE
CO CKOPOCTbIO UCITYCKaHUsl, TO IIPOUCXOIUT cliefyioliee. Becriom-
HUM: BJIOJIb TPAHUI] MEKAY MPOTOYACTULIAMH ITPOTOMNOJS OTCYT-
CTBYIOT KaKKe-JIMOO MPOCTPAHCTBEHHO-IHEPreTUYECKHE XapaK-
TEPUCTHUKU, STU TPAHUILIBI HE UMEIOT 00ObEMA U HE SIBIISIIOTCS J1e-
MEHTaMH MpocTpaHcTBa. JioOas sneMeHTapHast 4acTUIla MOXET
NEPEMEILAThCsl B MPOCTPAHCTBE, TO €CTh B MPOTOIIOJE, TOJb-
KO MEXJy MPOTOYACTUIIAMM, TOJBKO MO STUM IpaHUIaM, KOTO-
pble He OKa3bIBAIOT aOCOMIOTHO HUKAKOTO COMPOTHUBIICHUS IBU-
JKeHMIO 1o HUM. Eciu yx ¥ roBopuTh O (paHTaCTUYECKOW Hujee
HEKOTOPBIX YUEHBIX O «ITPOCTPAHCTBEHHO-BPEMEHHBIX Y€PBOTO-



YUHAX», TO B PEAJIbHOCTU CYILIECTBYET TOJIBKO STOT aHAJIOT — BCe-
JICHCKAsl CETh Pa3MEKEBAHUS MPOTOYACTHULL, XaPAKTEPU3YIOIAsI-
Csl OTCYTCTBUEM KaKUX-JIMOO SHEPro-MaTepuaibHbIX, a 3HAYMUT,
Y MPOCTPAHCTBEHHO-BPEMEHHBIX XapakTepuctuk. Kopoue, 31e-
MEHTapHAasl YacTUlla TEOPETUYECKH MOXKET, MOJYyYMB MMITYJIbC
JBWKEHHUSI, IEpEeMEIaThCs 10 STHM KaHajaM Ha Jo0oe paccTo-
siHUE Oe3 MoTepH CKOPOCTU. A camasi BRICOKasi CKOPOCTb M3 BO3-
MOKHBIX [IJISl JIEMEHTAPHBIX YACTUIl B 3TOM MHUpPE — 3TO CKO-
POCTb UCITYCKaHMUSI.

TyT Hago BOT 4TO NMPOACHUTH. CKOPOCTh CMBIKAHUSA — 3TO Be-
JIMYMHA MTOCTOSIHHASA, UIEHTUYHAsA U1 BCEX SJIEMEHTapHBIX Ya-
CTHII, KOTOpble 0Opa30BAJIUCh HA TIEPBOM YHEPreTUUECKOM JTa-
ne pacipeHust BeeneHHoW. A BOT CKOPOCTH MCIYCKaHUsI, TO
€CTb CKOPOCTH BpalLIEHU MOSICOB NIEPECEUYECHUN Y Pa3HBIX BUJIOB
Y TIOJBUJOB JIEMEHTApHBIX yacTull pasHbele. CKOpOCTH Bpaillie-
HUS1 00pa3yloTCsl HA OCHOBE CKOPOCTU CMBIKaHHUSI, HO C TOTPaB-
KaMU Ha Pa3HOTHUITHYI0 CHHXPOHH3AIMIO 00Pa3yIOIIUXCsl BOJTH-
CJIOEB Jepopmaly «4To» — mosier nporodacruul. IlompaBku
9TU MPOUCXOIAT BCErJa B MEHBIIYIO CTOPOHY, TaK KaK IPOLecc
CMBIKaHUSI Y CUHXPOHU3AIMK HEN30eKHO MPUBOAUT K HEKOTO-
PbIM TOTEPSIM SHEpruv U ckopoctu. Ilotepu 31 M3MepsIoTCs
B HECKOJIBKMX IPOLEHTaxX. I MOBCEJHEBHOIO YEJIOBEYECKOTO
MIOHMMAaHMS 3TU NOTEPU HECYILIECTBEHHBI: HAM HE YJOBUTb 3TH
JIOJIA OKOJIOCBETOBOM ckopocTu. [loaTomy naBaiite ¢ BaMu yciio-
BUMCSI, 4YTO OyJIeM paccMaTpuBaTh CKOPOCTb UCITyCKaHUS TOXKE
KaK MOCTOSIHHYIO BEJIMYMHY, KAK HEKYI0 YCPEAHEHHYIO BCEJICH-



CKYI0 KOHCTAaHTY, Ha3blBasi €€ MAEabHON CKOPOCThIO UCITyCKa-
HUS. A eclii HaM TIOHaJJOOUTCS ONIepUpPOBATh KOHKPETHOM CKO-
POCTBIO UCITYCKaHHSI KOHKPETHOW YacTHIIbl, Mbl 00 3TOM CKa-
’KEM OTJEJIbHO, KaK O 10KaAbHOU ckopocmu uchyckanus. Tlo-
Ka ke, IPU PACCMOTPEHUU TeMbl CKOPOCTH CBETA, HAC UHTEPECY-
€T UMEHHO Udeavtas ckopocmu ucnyckanus. 11ycts nneanpsHas
CKOPOCTh MCITyCKaHUsI, B UyTh OKPYIJIEHHOM ]ISl HAIIIETo yl100-
CTBa BapuaHTe, OyaeT paBHa 95% oT ckopocTu cMbikaHusl. [1o-
exaJju Jasbliie.

DJeMeHTapHas 4acTULA TPU JBUKEHUM B ITPOTOIIOJIE CO CKO-
POCTBIO, OJIM3KON K MICATBHOW CKOPOCTH UCITYCKAHUS, He UMe-
en NPUBbIMHBIX OPeoN08 PACMsIdiceHUs U epauterusi . BepHee Oy-
JeT CKa3aTh, YTO €€ Opeojbl C HAYaJOM ABMKEHMS Mepexo-
IST B MOTEHIMAIbHYI0 (hopMy, Kak Obl cBOpaunBasch. becnpo-
CIMPAHCMBEHHble U Oe3HANPSINCEHHbLE 2PAHUYbL-KAHANbL, ONa20-
o0apst 3MUM C80UM CE0LICMBAM, UBOAUPYIOM CHOCOOHOCMb 3e-
MEHMAPHBIX UaACmulY, 0egpopmMupo8ams OKPYNCAIOUUE «UMo» —
noAsl NPU NepemMeuleHUl CK803b NPOMOoNoae Ha CKOPOCMSX, OaU3-
Kux K ckopocmu ucnyckauusi. To ecTb, KOrma CKOpoCTb nepe-
MEIIEHUs] IEMEHTAPHON YaCTUIbl COMIOCTABUMA CO CKOPOCTBIO
BpallleHUs T0sIca MepecevyeHud deMeHTapHOu dJactulibl. [lo-
9TOMY IIPY TaKOM [IBMKEHUHU OTCYTCTBYET IEPEMEILEHUE OPEO-
JIOB PACTSKEHWS U BPALICHUS] CKBO3b IPOCTPAHCTBO, CKBO3b
nosie mporoyactutl. [loatoMy oTnagaer HeoOXOAUMOCTb JIOTION-
HUTEJIbHBIX TOTEPh BPEMEHU U SHEPrUU Ha JeOpMaltIo Mpo-
TOYACTHL], NMOMNAJAIOIIMAXCA 10 XOAY ABUKECHUS 3JIEMEHTApHOU



yactulpl. YacTtuia nepeHoCUTCsl CKBO3b MPOCTPAHCTBO B BUJIE
MaJIeHbKOU TJIOTHOUM KOPITYCKYJIbI, 0€3 MaJISUIIIero 3amMe/IeHUSI
nepeHocsIIeics: CKBO3b 001aCTU pa3rpaHUyYEHHs] MPOTOYACTHUIL
C HYJIEBOW HAIPSKEHHOCTHIO.

D710 U ecTb CKOpOCTh cBeTa. CKOPOCTh CBETa — 3TO CKOPOCTh
UCITyCKaHU s, KOTOpasl sIBJISIETCS IPOU3BOAHOM OT CKOPOCTHU CMbl-
KaHUA U cOCTaBisseT npuMepHO 95% ot He€. [lpuuuHy nore-
pU CKOPOCTU B JIaHHOM cJlydae 51 yke oObsICHsUL. B cBow oye-
pellb, CKOPOCTb CMBIKAHUSI SIBJISIETCSI TPOU3BOIHON OT CKOPOCTH
pacumpenus Beenennou. I1o moum pacuyéram, CKOPOCTb CMBI-
KaHud cocrasiser okono 90% ot ckopocTu pacmvpenus Bee-
JICHHOW Ha paHHUX 3Tanax cyluecTBoBaHus. OCHOBHasi MOTe-
Ps1 JIMHEMHOW CKOPOCTHU MPOUCXOIUT MPU yAape-KOHTAKTE CMbI-
KaeMbIX MPOTOYACTHIL, TaK Kak B paciupsiolieiics Beenennoi
OHHU HE MOT'YT ABUraThCs Nepeji CMbIKaHUeM napasuiesibHo. K to-
My e, IOTEPU CBSA3aHbI C TEM, UTO JIMHEMHBI UMITYJIbC IBUKE-
HUSI He MOXET TOJTHOCTBIO MTPeoOpa3oBaThCsl BO BpalllaTeIbHbIM,
TaK KAaK BO3HMKAET HAIIOMHUHAIOIEE TPEHUE AeOpMaIlMOHHOE
B3aMMOJIENICTBUE COMKHYTBIX, HAUMHAIOIIMX BpPaIIaTbCsl MPOTO-
YacTUll ¢ OKPYKAIOLMMU ITPOTOYACTUIIAMHU, BIUIOTH IO TOH IO-
Ppbl, TIOKa HE 3aIyCTUTCS OJTHOLUEHHBI OpeosT BPALCHUSI.

Tenepp MOXHO O3BYy4YMTb ClieAyiolue HUQpPbl, NOTyYEHHbIE
HEXUTPHIMU BbIYMCIIEHUSIMU Ha OCHOBE BBIIIIEU3/IOKEHHOTO.

CkopocTtb pacupenust BecesieHHON Ha IEpBOM SHEpreTuye-
CKOM 3Tare Obuta oKoio 350 ThICSY KUJIOMETPOB B CEKYHIY.
Takon OHa M OCTa€rcs, €CNU U3MEPATh CKOPOCTb JIMHEMHOIO



JBVDKEHUsI KaKOH-TMOO TOYKM MpOCTpaHCTBA. Ecim ke B3sTh
JBE TOYKM MPOCTPAHCTBA HA ITPOTUBOIOJIOKHBIX OTHOCUTEb-
HO TOYKHM PACHIMPEHMS Y4YacTKax MPOCTPAHCTBA, TO CKOPOCThb
pacumipenusi BeceneHHon yaBoutcs. Bce TOuku pacimivpeHust
MIPOCTPaHCTBA 00PA3YIOT IICHTPAIBHBIN CJIOM CpeMHHON chepbl
Bcenennon. Bee Touku pacmmpeHus pocTpaHcTBa — 3TO cde-
pa B LIEHTpe caMO3aMKHYToro mapa. Kcraru, HUKOMy He Bepb-
Te, eC/Id HaYHYT BaM paccKa3bplBaTh OAlKW Mpo runepuHIis-
LIMIO B MIEPBbIE 10JIM CEKYH/IbI 1T0cIe Bosblioro B3peiBa, KOTOpas
SIKOOBI XapaKTepU30BaJIaCh MHOTOKPATHBIM TTPEBBIILIEHUEM CKO-
pocTtH pacumpenus BeeneHHoM Hal ckopocThio cBeta. U koro-
pasi ikoObl 00ecrieunia HeOMHOPOIHOCTh PACHIPOCTPAHEHHSI Be-
IECTBA B IPOCTPAHCTBE, NOPOAUB (PIIYKTYallMHU IJIOTHOCTH TEP-
BUYHOM CMecHu 4YacTull. JIoBOXKYy IO BAaIIETO CBEACHUs, YTO MC-
KJIIOUUTENIBHO XA0muuecKue CmoaKHO8eHUs. IEPBUYHBIX YaCTHII
U 2pasumayusi Ha PoHe noare 0bbIuHO20 pacuuperus Beenen-
HOU 00eCrevrv TO, YTO MOSBUIIMCh HEOMHOPOTHOCTD U JIAKYHBI
pacrpeniesieHus BelecTBa B kocMoce. Kopoue, runepuauisaims
ObIBAaeT TOJBLKO B S9KOHOMUKE, Ha (poHEe OE30TBETCTBEHHOTO Y-
KOBOJICTBA rocyaapcTBoM. A BO BcesneHHOM ¢ pyKOBOACTBOM —
BCE B nopsijike!

Ho Bepnémca k nugppam. CkOpoCTb CMBIKaHUS IMPOTOYA-
CTUII — OKOJIO 315 THICSIY KUJIOMETPOB B CEKYH/LY.

CkopocTb BpallleHus 1osica IepeceueHmil SJIeMEHTapHOM Ya-
cTuLbl — 0KOJI0 300 THICAY KAJIOMETPOB B CEKYH[LY, 3TO MbI TOBO-
puM 00 WAEATBHOW CKOPOCTH BpAIEHHs M UCITyCKaHUS YacCTHII.



To ectb 0 ckopocTH cBeTa. MeanbHast CKOPOCTb CBETa — 3TO UAE-
ajbHasA CKOpPOCTh uciyckanusA. Ho, kak Mbl IOMHUM, Ha CaMOM
JieJie BCE BUIBl U AK€ MOABUIIBI SJIEMEHTAPHBIX YaCTULl UMe-
I0T pa3IMyHble CKOPOCTH BpAIlleHHsI CBOUX 000JI0UEeK, YTo o0ec-
MEYMBAET UM PA3JIMYHbIE CKOPOCTU M MaMETpbl OPEOJIOB Bpa-
IIEHUs], YTO, OMATh-TAKM, OOECIIeUuMBaET HAIlEMy MUpY HaJIH-
YMe Pa3HbIX YaCTUILI, PA3HBIX COCTOSIHUM YaCTHULl, Pa3HbIX UIMH
BOJIH YacTull, a TAK)KE HAIMYME LIBETHOTO 3peHusl, (hIooporpa-
(bum, anekTpryecTBa, Teria u BOOOIIe Bcero octaibHoro! A cei-
4yac CKaxy BaM MOTPSACAIOLIYIO HCTUHY: «CKOPOCTb CBETa» 4y Thb-
YyTh Pa3Has y BCEX JIEMEHTAPHBIX YACTULl U UX IHEpreTuye-
ckux noasuaoB. Ilycts 3Ta pa3HuLia u3Mepsercs JecATbIMU, CO-
TBHIMH M THICSTUHBIMH JIOJISIMU MPOIIEHTA, HO OHAa CUCTEMOOOPasy-
1omas Jig Hamen ¢ Bamu ku3Hu. [a, na! Hy kak MOxxHO He 3a-
Me4aTh OCHOBOIIOJIOKHYI0 B3aUMOCBSI3b BCEX OCHOBHBIX CBOVICTB
3JIEMEHTAPHBIX YACTHULL C BApHaLMsMU ckopocTu ceeta?! YTto-To
¢ o(puIMaTbHON HAYYHOU MapaJurMoi y Hac Kakasi-To MpsiM 3a-
cana... I3BuHuMTE, BHIpBAJIOCh TpyOOBaro. .. [Ipyrumu cioBamu:
HaJIMYKe pa3sHO0Opa3usi OKPYKAIOIIEro HaC MUpa UCKITI0YAEeT Ha-
JIMYME TMOCTOSIHHOM cKopocTH cBeta. [axe He Tak... Hammune
MUPO3/IaHUS1 UCKJTI0YAET MOCTOSIHHYI0 CKOPOCTb CBETA.
HeoOxomumo uyTh ogpoOHee cKa3aTh M O JPYruX MpUYrMHax
HEMOCTOSIHCTBA CKOPOCTH CcBeTa. B mpeane, (pOTOH Hampumep,
JIETUT C UJEaJIbHOW CKOPOCTHIO MCIYCKAaHUs MO Oe3HANpsKEH-
HBIM NIOI'PaHUYHBIM KaHajlaM Ha OTPOMHbBIE BCEJIEHCKME PacCTo-
auud... Ho 310 B nneane. Ha npaktuke cymecTByer ogHa 0co-



OEHHOCTb: KaK TOJIbKO Ha ITyTH JBUTAIOLIENCS CO CKOPOCTHIO CBe-
Ta JIEMEHTAPHOM YaCTUILIbI BCTPEYAeTCs Jpyras 4yacTula, Iorma-
Jalas B MOTCHIUAIBHYIO 30HY €€ MOTEHLMAIBHBIX OpPEOJIOB,
TO €€ OpeoJsIbl PACTSKEHUs W BPALIEHUS MITHOBEHHO Pa3BOpa-
YMBAIOTCS, NPEBPALLASACH U3 MOTEHLUUAIBHBIX B pEaJIbHBIE. DTO
MIPOUCXOIUT M3-32 KPUTUIECKOTO CONMVIKEHHS B MPOCTPAHCTBE
BCTPEYHBIX [IOTOKOB YBEJIMUECHUS U YMEHBIIEHUS] HEOJHOPOIHO-
CTH, UCXOASIIIMX OT cOnu3uBIIMXcs yactuil. [Ipu atom npoucxo-
JUT HEKOTOPOE 3aMeJJIEHUE JBUKEHUS], BBI3BAHHOE pa3BOpayu-
BaHKMEM OPEOJIOB U PEAJIbHBIM PACTSKEHUEM U 3aITyCKOM Bpalle-
HMS KOJIeOaHU# MPUJIETAIONINX CIIOEB 000T0YEK MPOTOYACTHII,
OKPYXaIOLMX BCTPETUBIIMECA JIEMEHTapHBIE YacTULbl. B3au-
MOJIEVICTBUE JBYX YaCTULl IIPU 3TOM OIPAaHUYMBAETCS TEM, YTO
y PacCMaTpUBAa€MOM IBMXKYILEHCS YaCTULIBI IPOUCXOOUT pas3-
BOPAUMBaHKE OPEOJIOB U X MOCIEAYIOIEe CBOpAaYMBaHKe, KaKk
TOJILKO OHa MUHYET BCTPEYEHHYIO MO IIyTH 4YacTuly. A y 3Tou
BCTPEYHOM YacTUIbl TPOMCXOAUT BpeMEHHas jedopManus eé
OpEOJIOB PacTSKeHHs M BPAIIEHH s, €CJIM OHH ObLITM B Pa3BEPHY-
TOM COCTOSIHUM, JIMOO aHAJIOTMYHOE pa3sBOpPAYMBaHUE U CBOpa-
YMBAHUE OPEOJIOB, €C/IM ITA BCTPEYHAsA YaCTULIA TaKkKe Nepeme-
I11aJ1aCh B TIPOCTPAHCTBE B OE3HANPSIKEHHBIX CJIOSIX pa3rpaHuye-
HUA IIPOTOYACTHLL CO CBETOBOM CKOPOCTHIO. IHOrIa 311 2/1eMeH-
TapHBIE YACTUILIBI MOTYT CTAIKMBAThCS, KaK KOPITYCKYJIbl, HE CY-
MEB pPa3MUHYTbCS B OJHOM KaHase-TpaHuue. Yto npu 3ToM Mo-
KET MOJYYUTHCS, 3aBUCUT OT BUJA YACTUIL| U YCJIOBUM MX [BU-
JKEHUs, 4 BOBMOXKHbBIE BAPUAHTBI MBI KPATKO YK€ pacCMaTpHBa-



JI, TOBOPSI O pacriajie ¥ CUHTe3€ IeMEeHTAPHbIX YacTHIl. 3ame-
qy, 9TO Takue COMMKEHUS MOTESHIIMAIBLHBIX OPEOJIOB, a TeM 00-
Jiee CTOJIKHOBEHMSI CAMUX KOPITYCKYJI — KpailHe PeJIKOe SIBJICHUE,
YUUTBIBasI, YTO JIJIsI TAKOTO COOBITHS B OTHOM ITOTPAHUYHOM Ka-
Hajie, B OMHOM €ro TOYKE, B OJHO BpeMs JOJIKHBI Mepecedbcs
TPAEKTOPUU MEIbYAUIINX YACTHUII, JBUTAIOIINXCS CO CBETOBOM
CKOPOCThIO. Ha 10/110 KOHKPETHOM YacTHIlbl, HAllpUMep CBETO-
BOro (poToHa, TAKMUX COMMKEHUN MPUXOAUTCS HE CIIUIITKOM MHO-
ro, M03TOMY CKOPOCTb TaKOro (poToOHa KOHEUHO ke MOCTEreH-
HO 3aMeJISIETCA, HO OYEHb HE3HAUMTeNIbHO. [1o MonM pacueram,
Ha y4JacTke Bcell HaOmomaemon ¢ 3emin Beenennoii (6e3 yué-
Ta €€ paclIMpeHusi), TO €CTh TPUMEPHO Ha paccTosiHuu 14 Mui-
JIMap/oB JIeT moJsieTa (POTOHOB, YCPEeIHEHHAS BEJIMYMHA 3aMe/l-
JIHHASI MX CKOpPOCTH cocTasiseT 3 — 4 npoueHTta. OgHUM CIIO-
BOM, B 3€MHBIX YCJIOBHUSIX 3Ty MOTPENTHOCTh MOKHO U HE Y4H-
ThIBaTh. Jl00aBIII0 Ha BCAKUU Cllydail, 4YTO Bpemsl CONMKEHUs,
TO €CTb BpeMsI HAXOIeHUSI BCTPEYHBIX YaCTHUIl BHYTPHU OPEOJIOB
pacTshKeHUs W BpAIeHUs] APYT JIPyra, XOTb U HE3HAYUTENBHO,
HO BCE K€ 3aBUCHUT OT IMAMETPOB ITUX OPEOJIOB (TO €CTh OT IJIU-
Hbl BOJIHBI M MACChl YaCTHIl), OT CKOPOCTH YaCTUI] U OT KypCOB
JIBUKEHUSI YaCTHII.

Ecnu xe Ha myTH IBMXKEHUS JIEMEHTAPHOU YacTHUIIbI TOMa-
JlaeTcsl He Jpyrasi 4acTHIla, a MACCUBHBIN MaTepUasbHbIN 00b-
€KT, TO B3aUMOJICICTBHE C HUM IMPOUCXOAUT IO TeM K€ MpPUH-
IIUTIaM, TOJIBKO XapaKTEPUCTUKU STOrO B3aUMOJICHCTBHS KaK Obl
CKJIQ[IBIBAIOTCSI U3 CyMMBbI BJIMSIHUSI BCEX JIEMEHTAPHBIX YACTHII,



00pa3yIoInX YKa3aHHBII MAaCCUBHBIN 00BEKT. EcTecTBeHHO, Ta-
Kasi BCTpeva sl JIETSIIEeH YacTUIIbl 3a4acTylo SIBJISIETCS KaTa-
crpodpuueckor. MacCUBHBINA MaTepUAIbHBIN OOBEKT MOXKET JIH-
60 KapIMHAIBbHO OTKJIOHUTb TPAEKTOPHIO ABMKEHUS YACTHIIbI,
00 3aMeUIUTh €€ CKOPOCTh BILIOTH JIO OCTAHOBKH M 3aXBara,
OO0 TIPUBECTU K CTOJIKHOBEHUIO YACTHUIIBI C JIPYTOW YaCTUIICH
C MOCJeqYIOIMMHU MPOLECCAMU pacnajia uin cuHre3a. OIHaKo
camble BBICOKO9HEPIreTUUECKHE YaCTULBI MOTYT ITPOCKOYUTh, HA-
npuMep, 3eMJTi0, HACKBO3b M HE «3aMETUTh» ITOTO, TaK KaK MX
JBUKEHUE MPAKTUYECKU HE BO3MOXKHO 3aMEJIUTh, IIOTOMY UTO
OKa3aTh BO3/JIEMCTBUE ISl pa3BOPAUMBAHUS UX OTPOMHBIX OPEO-
JIOB BpallleH! sl OObIYHbIE YACTHUIIBI HE B COCTOSTHUU. UTOOBI CBEp-
HYTb 3TU OPEOJIbl MPU UCIYCKaHWHU, TJIe-TO B sIpaxX OIPOMHBIX
3BE3]1 MOTPeOOBAIACH TaKasl UyJOBUIIHAS SHEPIUsl, UYTO COIO-
CTaBUMOW HEPTUM Jisl TIOCIEAYIOIIero pPa3BOPAYMBAHUS ITUX
OpEOJIOB MOKET BOOOIIe He HAUTUCh Ha BCEH TPAEKTOPUM TaKOU
YaCTHIIBI, BIUIOTH JI0 € ruOey Ha MorpaHuYHbIX pyoexax Bcee-
JICHHOM.

KpaTkoe pe3iome OTHOCHTETBHO KOPIMYCKYJISPHO-BOTHOBOTO
JQyaJli3Ma U CKOPOCTH CBETA: JBUTasICh CO CKOPOCTBIO CBETA, dJ1e-
MEHTapHasl YacTuIla MpeCTaBIisieT u3 cedsl KOPITyCKyJy, MaTe-
PUAJIbHYIO YaCTHUILy pa3MEpPOM Ha MOPSAKY MEHBIIYIO, YeM pas3-
Mep CpellHell HeMaTepuaM30BaHHOW MPOTOYACTHUIIBI MTPOTOIO-
ns1. Y1 TonbKo cOnMMxkasich ¢ IPyrumMu JeMEHTAPHBIMU YacTHUIIA-
MU, JBUKYIIASICS YaCTUIIA MOXKET BHOBb BOCCTAHOBUTH (KPaTKO-
BPEMEHHO WJIM HAJOJIT0) CBOX BOJTHOBBIE CBOMCTBA.



Kpatkoe pe3iome OTHOCUTENbHO CKOpOCTH cBeTa. CKOpOCTh
CBETa He MOCTOsIHHA !

Bo-nepBbIX, 10 MpUYMHE TOTO, YTO BCE BUABI M COCTOSIHUSI
9JIEMEHTAPHBIX YAaCTUIl UMEIOT PA3JIMUHYI0O CKOPOCTh BpallleHusI
CBOMX 00OJIOYEK, OT Yero W HadaibHasi CKOPOCTb UCITYCKAHUS
Pa3IMYHBIX BUJIOB U COCTOSTHUI YaCTHI] TIOTy4aeTCsl pa3IMYHON.

Bo-BTOpBIX, MO MpPUYMHE TOTO, YTO JETAIas W3HAYAJIbHO
CO CBOEH CKOpPOCTBIO CBETA YacTHIIA BCTpEYaeT Ha CBOEM MyTU
MIOMEXH, 3aMeJISIoNIee BIUSHUE KOTOPBIX MOCTENIEHHO HaKarl-
JIMBAETCS U CTAHOBUTCSI 3AMETHBIM.

B-TpeTbux, Mo mpuyuHe TOrO, YTO YeM JaJibllie OT CpPeauH-
HOM cepbl pacipenus: BeeneHHol K e€ KpailHuM cepam —
BHEIITHEeW M BHYTPEHHEW — TeM Oojiee pa3psiKeHHOU CTaHOBUT-
cs1 BellIeCTBEHHas cocTanisiioniasi Bcenennoit. Yem Ommke K 1mo-
I'PaHUYHBIM 30HaM, TeM OoJiee PACTSIHYThI IIPOTOYACTHIIBI TPO-
tonosis. [ocTeneHHo MoseKyIIbl pacnajaloTcsi Ha aTOMBbI, aTOMBI
HAa YaCTHUIIBI, YACTHIIBI JeMaTePUATU3YIOTCS TIO]l HATUCKOM OTPH-
L[ATEJIbHOTO JAABJIEHUS CBEPXPACTSIHyTOro nporomnos. Hacryna-
eT TerioBast cMepThb. [loaTomy, uem Onmmxe K pyoeskam BeeneH-
HOM, TeM OOJIbIlle YacTHUIbl, HarpuMep, (POTOHBI, HAYMHAIOT 3a-
MEJUISThCS O] AEUCTBUEM CHUJIBI PACTSIKEHU I TIPOTOIION S, KOTO-
past HauMHaeT OyKBAJIBHO PacTATUBATh, TOPMO3HUTH STH (DOTOHHI,
a B KOHEYHOM UTOTe OCTAHABJIMBAET MX W pa3pbIBaeT Ha MPOTO-
yactuiibl. [IpoToyacTuiipl, BXoAMBIIME B cOCTaB (pOTOHA, JlemMa-
TepUATM3YIOTCSI, CTPYKTYPHUPYSCh B TIPOTOIIOJE.

Kpowme Toro, ckopocTb cBeTa COBEpIIIEHHO TOUHO HE SIBJISIETCS



npenesibHOM. EcTh 1pyroit, 6osiee BRICOKUM MTPe/Ie]l CKOPOCTH JIH-
HEWHOTo TMepeMeleHus1 SHeproMarepraibHOro oobeKkTa Bo Bee-
JICHHOW — 3TO CKOPOCTh pacimmpenus Beenennou. bonee toro,
CYUIIECTBYET €ILIE U CKOPOCTb BPAIIATEILHOTO JABUKEHUS (Opeo-
JIbI BpaIleHUsI), U 3Ta CKOPOCTb TAKKe MOXKET OBbITh BBIIIE CKO-
poctu cBera. Hy n Ha mocneok — emie€ ogHa HOBOCTb, HO TOJIb-
KO B BHJIE aHOHCA TEMBbI, KOTOPYIO MBI pACCMOTPHM KaK-HUOYIIb
B CJIEAYIOIIMIA pa3: BO BceneHHOM CylecTByeT Takoe sIBJIEHHE,
KOTOpOE 51 Ha3bIBAl0 «3alMKJIEHHbIE» YacTUlbl. VX ydame npu-
HATO Ha3BaThb «3allyTaHHBIMU», HO MHE 3TO HE OYEHb HPABUT-
csi. OHM 00pasyloT 3aMKHYTYIO CUCTEMY, IJIABHOE OTJIMYME KO-
TOPOM B TOM, YTO MEX/y BXOASAUIMMU B TaKyl0 CUCTEMY YaCTH-
[[AMU TIPOUCXO/IUT MOCTOSIHHBIN B3aMMOOOMEH OJMHOYHBIMHU Ca-
MO3aKpy4YeHHbBIMH ITpoTodacTuiiaMi. CKOPOCTh 9TUX OOMEHHBIX
YaCTUI TaKKe MOXKET IMPEBBIIATh CKOPOCTh CBETA, IPUYEM IIO-
uytu 6ecnipesenbHo. He nogHumaiite GpoBU M He yripaniBaiTe !
B cnenyrormmii pa3! A noka st 00bsBIISII0 TIepepsbIB. .. U ciacu6o
BaM OTPOMHOE, YTO BBl MEHsI COBCEM CETOgHS He MepeOrBasIv
Y HE XOXMUJIH. . .
— JTa MBI IPOCTO B MUPOBO33PEHUECKOM LIOKE. . .



Houb 3. O6pa3oBaHue
aTroMoB. PyH/1aMeHTAJIbHbIE
B3aNMO/1efICTBUSI. JHePreTudecKue
COCTOSIHUSI JI€eMEHTAPHbIX YaCTHIX
1 aTOMOB. A /1epHbIi cCUHTE3
u pacnaa. Unepuusi. ArperaTHbie
COCTOsIHMA. BpOYHOBCKOE NBUKEHUE.
Ilouemy Bce yactuibl BO BecesreHHOM
BPaIAlOTCA, KPYKATCA U JeTalT?
Temneparypa. Armocdepa

— B nponuieiid pa3 Mbl 3aKOHYMAJIM Pa3rOBOP HA JIEMEHTAPHBIX
YyacTulax ¥ CKOpPOCTH cBeTa. JlaBaiTe CEerofHs HaYHEM C aTOMOB.

— Baile moHuMaHue cyT aTOMHBIX S/IEp U JIEKTPOHOB, KAk
3JIEMEHTAPHBIX YACTHULI, MBI YK€ Y3HaJIU. Tak 4TO MBI TOTOBBI.

— Hy BoT 1 Hauném. BcriomMHHMM: Ha NEepBOM 3HEpreTuye-
CKOM 3Tarie MpOU30IIEN MaCCOBBI CUHTE3 IIPOTOHOB U HEUTPO-
HOB, a4 HA BTOPOM — 3JIEKTPOHOB. [IpOTOH cocToUT M3 IBYXCOT
COpOKa TPEX MPOTOYACTHIL], HEUTPOH — U3 IByXCOT MATUAECATU
JBYX, JIEKTPOH — U3 JAEBATU IIPOTOYACTUL]. TO €CTh B IPOTOHE



(¥ HEUTPOHE) TOJIBKO Ha MOPSJIOK OOJIbIIIe TTPOTOYACTHII, OTHA-
KO HaJIMYMe CyMMapHOIO MOMEHTa BpallIeHUs MosAca repecede-
HUI1 M Y IPOTOHA, U Y HEUTPOHA, 00ECHeYNBAIOT UM B UTOTE Mac-
Cy, Ha TpH Mopsijika Oosblile, 4eM Y 1eKTpoHa. Tpuanarukpar-
HOE IPEMMYIIECTBO B KOJIMYECTBE MPOTOYACTHII, 32 CYET Bpa-
IICHU [IPEBPAILAETCA B [TIOYTH ABYXTHICTYEK PATHOE ITPEUMYIIIE-
CTBO B Macce. Macca — 3TO CTeneHb pacTsSkKEHUs1 OKpYKalolle-
'O YaCTULLy MOJIs IPOTOYACTHILL. DTy CTENEHb PACTSKEHUS BbIpa-
KaeT OpeoJl PACTSKEHUs IeMEeHTapHOM YacTulibl. OH y IpoTo-
Ha noutr B 2000 pa3 Gosnbie, yem y mekTpoHa. [Iporovactu-
bl PacTATMBAIOTCS, KAK Mbl IOMHHUM, U3-32 MPUCYTCTBUS B UX
IPOTOINOJIE SHeproMarepraibHbIX OOBEKTOB, a BpAILlEHUe ITHUX
00BEKTOB elI¢ Oojiee pacTArMBaeT MIPOTOYACTHUIIB. MaTepus pac-
TATMBAET MPOTOYACTULIBI ITPOTONONA OTOMY, UYTO IPEICTABIIA-
et u3 cebs nosbimenHyio B 100 — 500 pa3 KOHIIEHTpAIMIO ITHX
CaMBIX IIPOTOYACTHUI] — CJIOBHO OOJIbIION TYroM y3ell B IayTHHE,
PACTSIHYBIIIMY BCe OJVKAUIINME STUYSHKU STOM MayTHHBI.

A BOT OpeoJ1 BpallleHus Y JIEKTPOHA IPUMEPHO PaBEH OPEOITY
BpallleH!s ITPOTOHA (M HeUTpoHa). He cMoTps Ha cylieCTBEHHYI0
Pa3HHULLy B Macce. DTO POUCXOAUT 3a CUET TOTO, UTO I(PPEKTUB-
HOCTb CLIEIUIEHUS PEAKUX W MOTOMY BBIMYKJIBIX BHEIIHMX CET-
MEHTOB «YTO» — IOJIEN N0sICA NIEPECEUYEHNUN IEKTPOHA C OKPY-
KAIOIMMU IPOTOYACTULIAMU ITPOTOIOJISA TPUMEPHO Ha JIBa IO-
pAIKa BBILLIE, YEM y IIPOTOHA (M HeuTpoHa). [Toromy, 4To y npo-
TOHA (M HEWTPOHA) COTHU BHEIIHUX CETMEHTOB «4UTO» — IOJIEN
10sICa NIEPECEUYCHUM CIMBAIOTCA B MOYTU IVIAJKYI0 APOUIHYIO



MOBEPXHOCTh U MAJIO CIIOCOOHBI «IIETUISATh» OKpYXKaroliee mpo-
tononie. Kak «Jjbicass pe3uHa» y aBromoowmisi! HamomHio: ope-
OJ1 BpallleH!sI — 3TO IMAPOUIHAST 00JACTh 3aKPYyUYEHHBIX BOJIHO-
00pa3HbIX JlepOpMaIMid «4TO» — TOJIEN MPOTOYACTHII, OKPYKa-
I0LIUX 37IeMeHTapHyo yactuiy. [loBropio, 4To pa3mepsl opeo-
Jia BpalleHM s 3aBUCAT OT KOJIMYECTBA COMKHYTBIX IPOTOYACTHII,
OT TOJIIIMHBI 0OPa30BaHHOTO MU T0sICa TIEPECEUeHU , OT CKO-
POCTH BpallleHUs NosIca MIEPECEYEHUI, OT CKOPOCTHU NEpeMellie-
HUs1 9JIEMEHTAPHOM YaCTHIIbl, OT HAMPSKEHHOCTH MPOTOIIOJISI BO-
KPYT aNeMeHTapHoi yactuiisl. Ho B ob1iem ciydae, B pe3yabrare
OIMUCAHHOTO «OTJIMYHOTO CHETJICHUSI» U MaJIOl MaccChl, pa3mep
OpeoJia BpallleHus Y JIeKTPOHA 3HAYUTENIBHO MTPEBOCXOIUT pas3-
MEp €ro Opeosia PacTsKEHUsI.

Cpasy nociie MacCOBOTO POKACHUS ITPOTOHBI ¥ HEUTPOHBI Ha-
YUHAIOT MacCOBO K€ COEJAMHSATHCS B AUMOIN U KOPOTKHUE LN
JuIosen, oopasys siipa Oyayimux JErkux aroMoB. K stomy Bpe-
MEHM YK€ TOSBIISIOTCS NEKTPOHBI, KOTOPbIE HAUMHAIOT HE Me-
HEE MACCOBBIM IMOPSAKOM 3aXBaThIBATHCS SAPAMH NOTEHIIUAIb-
HBIX aTOMOB C 0Opa30BaHMEM JIETKMX XUMHUYECKHUX JEMEHTOB
THUIAa BOIOPOJA, s, JIUTHUS.

[loueMy M Kak NMPOMCXOAMT 3TOT 3axBar? OTpuLaTeIbHbIE
IEKTPOHBI, TIPOJIETAS] MUMO TIOJIOKUTENIBHBIX SAAEp, MONaJaloT
B MIX OpEOJI BpallleH! s, UCKaXAOIIUA MPSMOJTMHEHHOCTh Oe3Ha-
NPSDKEHHBIX KaHAJIOB-TPAHUL] MEXIY MPOTOYACTULIAMH IPOTO-
nosisi. HarnsigHee oOBSICHIO Tak: CHavajia CBOOOJHBIN 3JIEKTPOH
JIETUT C OKOJIOCBETOBOW CKOPOCTBIO TIO Oe3HANpsIKEHHON BHE-



MPOCTPAHCTBEHHOW CETH Pa3rpaHUuYEHMs] MPOTOYACTHUIL MPOTO-
T0JIS, O YEM MBI YK€ TOBOPWIN. DJIEKTPOH JIETUT IPAKTUYECKU
1o npsimoii iuHuK. Korjja oH nonajaer B 30Hy opeosia BpallieHus
Oy/yllIero aTOMHOTO SIpa, OH CTaJIKUBAETCs C TeM, YTO MPOTO-
YaCTHUIIBI POTOMOJISA B 3TOM opeoJie aepopMupoBaHbl U Jieop-
Marys 3Ta UIMEET BPAllleHUE, COBNAAAIOIIEE C BPALICHUEM aTOM-
Horo siapa. O6paruTe BHUMaHKUE, YTO B OPEOJIie BpAIlleHUs Jie-
MEHTAPHOM YaCTULIbl BPAIAIOTCS HE CAMU ITPOTOYACTHIIBI MTPO-
TOIIOJISA, @ BPAIAIOTCS BOJIHBI JIepOPMAIIi UX «000JI0YEK», TO
€CTb UX «4YTO» — TeJI, MOMABUIMX B LIAPOUIHYIO 30HY ITOTO Opeo-
na. [loGaBiiio, YTO HaIIpaBJIEHUE BpallleH!s1 aTOMHOTO si/ipa CKJia-
JBIBAETCS U3 BEKTOPHOIO CYMMHUPOBAHUSI HAIIPaBJIEHUI Bpallie-
HUsI BCEX IMOSICOB MEPECEUEHUd BXOASAIIMX B €r0 COCTaB MPOTO-
HOB Y HEUTPOHOB. DTO JIETKO MOHATh, YUUTHIBAS, YTO OCHOBHAS
SHEpPrusi BpallleH!Usl B MPOTOHAX COCPEJOTOUEHA B MX a0COIIOTHO
JOMUHUPYIOIIUX TIO0 00BEMY TOsIcax BpallleHus (siapa CIUsHUS
B IPOTOHAX HUYTOKHO MaJIbl, & B HEUTPOHAX SiApa CIAUSHUS PaB-
HBI 10 SHEPTUHU MOSICAM BPAIIIEHUS] U TOKE «HE JeIAI0T MOTO/IbI» ).

Tak BOT, 27IeKTPOH B Opeosie BpallleH!s1 aTOMHOTO s1pa CTaJl-
KHMBAeTCsl C TEM, YTO T'PAHMULIBI IPOTOYACTHULL MPOTOIONIS 3aKPY-
YeHbl BPAIICHWEM, a BMECT€ C HUMM 3aKpyueH M IOrpaHuY-
HBII Oe3HANpsDKEHHBIA KaHaAJ, 1O KOTOpOMY OH JieTel. Bemapb
9TOT KaHaJl sIBJISIETCS CI0KHOCOCTABHBIM, 0OBbeIUHSsI Harbosee
COBIAJAIIME C HANpPaBJIEHUEM IIOJIETA JI€MEHTAPHOM YacTH-
bl YYACTKU TPAHMI] MEXY TPOTOYACTUIIAMHU, PACHONIOKEHHBI-
MU BIIEPEU 10 KypCy 3TOM 71eMeHTapHoM yactulibl. M ecim rpa-



HUIbl PACIIONIOKEHHBIX BIEPEIH M0 KypCy MPOTOYACTHIL 3aKPy-
YEHbI B BUXPEBYIO BOJIHY Ae(pOpMaLMi, TO M IOTEHLIMAIBHBIN Ka-
HaJl MOJIETA 3aKPY4YMBAETCS BMECT€ C HUMHU. BBIBOM: 371€KTPOH
NoNaJaeT B JIOBYIIIKY M HAUMHAET BpaIlaThCsl BOKPYT sijipa, 00-
pasysi, COOCTBEHHO, aTOM.

Bpaimenue smekTpoHa cpasy K€ 3HAYMTEIBHO YBEJIMUYMBa-
€T MHTEHCUBHOCTb €r0 B3aUMOJIEUICTBUS, «TPEHUSD» €CJU XOTH-
T€, C MPOTOYACTUIIAaMU BHYTPUATOMHOIO IPOTONOJS, BEpHEe,
CO CTEHKaMHM 3aKPyUYeHHBIX Oe3HAIPsKEHHBIX KaHAJIOB, TIO KO-
TOPbIM OH COBEPIIAET BpAILEHHE (XOThb 3TU CTEHKHM M BECbMA
pa3mbIThl). K TOMy € Ha 3JIEKTPOH HAYMHAIOT BO3AEWCTBO-
BaTh IIEHTPOOEKHbIE U IIEHTPOCTPEMUTENbHBIE CHIIbI, PACTSATH-
Basl €r0 B MPOTUBOIOJIOKHBIE CTOPOHBI. M emE 3neKTpoH Mmo-
Na1aeT B KOH(IMKT IMPOTUBOMNOJIOKHBIX HAITPABJIEHUH TTOTOKOB
SHEpPIrui YBEJIWYEHHWS W YMEHBLICHUS HEOJAHOPOLHOCTH, WIY-
IIUX, COOTBETCTBEHHO K LIEHTPY U OT LIEHTpa JI0O0ro SHeproma-
TepraJIbHOrO 0Opa30BaHusl, CKoTuleHus. Bee 3tu hakTopsl npu-
BOIAT K 3HAYUTEJIBHOMY 3aMEJIEHUIO CKOPOCTH JIEKTPOHA —
IpUMepHO B 2 pa3a. CHUKEHHUE CKOPOCTH JIEKTPOHA OTHOCH-
TEJIbHO CKOPOCTHU CBETa, B CBOIO OYEPE/b, IPUBOIUT K TOMY, UTO
y HEro 4acTUYHO Pa3BOPAuMBAETCS] OPEOJl BPAIIEHUS] — BCETO
JIMIIb HAa HECKOJIBKO IPOLIEHTOB OT TOW BEJIMYMHBI OpPEOIa, KO-
TOPYIO JIEKTPOH UMEET B COCTOSIHUU (OTHOCHUTEJIBHOIO) TOKOSI.
B cpenHem y 31€KTpoHAa B COCTOSIHUM OTHOCUTEJIBHOTO MOKOS
OpeoJs1 BpallleHusl B AuameTpe BKoyaeT B cebs okono 200 —
400 mpoTtoyacTuil, a KOrjaa 3JeKTPOH BPALIAETCS BOKPYT sAApa



CO CKOPOCTBIO HE MEHbIIIe MOJIOBUHBI CBETOBOM, €ro Opeos Bpa-
IIEHUsI BKJIIOYaeT B ceOs1 MakcumMyM 6 — 8 mporodactuil. 1o
YHCIIO BCErja YETHOE, TaK KaK COCTOMT U3 JIBYX PaUyCOB, KO-
TOpbIE BKJIIOYAIOT B ceOsl 11eJ10e KOJIMYECTBO MpoTovacTuil — 1,
wm 2, uia 3, i 4. Peako, B MAaCCUBHBIX M XMMHYECKU Ca-
MBIX ITPOYHBIX MOJIEKYJIaX, BO BXOISAIIMX B UX COCTAaB OYEHb TsI-
KENBIX aTOMAaX, Ha CaMbIX BHEILTHUX OpPOUTAJISIX IEKTPOHOB, pa-
JIMyC OPEOJIOB BpaIlleHUsI MOKET CollepkaTh 5 Win Jaxe 6 mpo-
TOYACTHUIl. 3aTIOMHHMM, YTO YeM BBbIIlIE OPOUTA INIEKTPOHA, TeM
MEHBIIIe ero OpOuTaIbHast CKOPOCTh U TeM OOJIbIIe ero Opeot
BparmieHus. YeM Huke opOHTa 3JIEKTPOHA, TeM OOJIBIIE ero Op-
OuTasibHasi CKOPOCTh U TEM MEHBIIIEe €r0 Opeos1 BpalleHus. ITo
0OIIIMe 3aKOHBI TPABUTAIIMU: YeM OJMKe K LIEHTPY MPUTSKEHUS
opOuta 00BEKTa, TEM CHIIbHEE Ha OOBEKT JIEHCTBYET MPHUTSIKE-
HIe, TeM OoJiee BBICOKasi CKOPOCTh HEOOXOOMMa OOBEKTY, UTO-
OBl ero LEHTPOOEKHAs CUJIa YPaBHOBECUIIA IIEHTPOCTPEMUTETb-
Hy10. I HA000pOT, YeM Jaibliie OT IIEHTPpa MPUTSKEHUs Bpala-
ercsi OObEKT, TEM MEHbIIe Ha Hero JIEWCTBYET CHJia TPHUTSIKE-
HMSI, TEM MEHBIIasi CKOPOCTh HEOOXOIMMa ITOMY OOBEKTY, UTO-
Obl ero HEHTPOOEKHAsI CUJIa YPaBHOBECUIIA IIEHTPOCTPEMUTETb-
Hyl0. KoHeYHO ke, 00beKThl CaMM He TIOIOMPAIOT M HE PacCUH-
THIBAIOT HEOOXOAMMBIE UM JJIs1 PABHOBECHOTO COCTOSTHHSI 3HAYe-
HUS1 OPOUTATIBHBIX CKOPOCTEN. DT 3HAYEHUSI YCTAaHABIIMBAIOTCS
€CTECTBEHHbIM 00pa3oM MpH (pOPMUPOBAHUM CAMUX I'PABUTAIIH-
OHHO B3aMMOCBSI3aHHBIX cvcTeM. Ho 3Tu metann Mbel paccMoT-
PHMM B Jpyrou pa3, KOrjaa HaiJEM BO3MOXKHOCTb HE CIella I10ro-



BOPUTD O I'PaBUTAIMU BOOOIIIE.

Camoe m1aBHOE B JaHHBI MOMEHT OCO3HaTh, YTO TOT HE3HA-
YHUTEJNIbHBIN (Ka3aJI0Ch Obl) OPEOJT BpallleHUsI, KOTOPbIM 00J1a/1a-
I0T JIEKTPOHBI B COCTaBE ATOMOB, UTPAET OTPOMHEUIIYI0 POJIb
B IIpolieccax dHeproooMeHa Ha aTOMHOM y CyOaTOMHOM YPOB-
HAX. MBI K 3TUM NpoueccaM TakXke €IIE€ BEPHEMCA HE pas
Y He JIBa.

A moka 51 100aBJII0, YTO 3aXBAaT MEKTPOHA «SIAEPHOM JIOBYIII-
KOI1» BO3MOXEH MOTOMY, 4TO JIeKTPOH, BI0OABOK K YKe mepe-
YUCJIEHHBIM (PaKTOpaM, UMEET MPOTUBOIIOJIOKHBINA 3apsi[l IO OT-
HOUIEHUIO K aTOMHOMY f1py. DTO omnpenessiomne BaxHo. [le-
JIO B TOM, YTO TOJILKO B 3TOM cCJlydae mnpeodsajaiomas B JeK-
TPOHE OTpULIATEIbHASI SHEPrUsl YMEHBIIIEHUsI HEOJHOPOAHOCTH
YPaBHOBEIIMBAETCS MPeodIafaoeld B COOTBETCTBYIOIIEM €My
MIPOTOHE MOJIOKUTEJIbHOW SHEPIrUel YBEJTMYEHHU ST HEOJHOPOJHO-
ctu. U ToNbKO B 3TOM cityyae 0Opa3yIonuiics 0ajlaHC BCTPEUHBIX
SHEepPruil yBeJMYEHHUsI U YMEHbIIIEHUsI HEOJHOPOIHOCTU B Tape
BpAIeHUsT «IPOTOH — JIEKTPOH» YPABHOBEIINBAET IIEHTPOOEK-
HBIE U IEHTPOCTPEMUTENIbHBIE CUJTBI U JIEJIAeT aTOM CTAOMITbHBIM.
Bonee Toro, B cBOOOJHOM COCTOSIHMM, TO €CTb KOTJa JIEKTPOH
U MPOTOH «XHUBYT MOPO3Hb», BEJIMYUHbI UX 3apsJIOB MO0 MOLIY-
JII0 HE COBMAJAIOT MEXIYy COOOH ¢ ToYHOCThIO. Kak u BOOOIIE
y BCEX JIEKTPOHOB U MPOTOHOB BO Bcenennou. Ho kak Tob-
KO OHM 00pa3yloT Mapy BpallleH!s, OHH HEMPOU3BOJIBLHO U eCTe-
CTBEHHO MOJCTPaUBAIOTCS JPYT MOJ IPyra, ypaBHOBEIIMBAIOTCS,
COOTBETCTBEHHO UyTh YMEHBbIIIAs WX YyTh YBEJIMUMBAsI IUAMETP



si7ipa CJUSIHUS WK TOJIIMHY MOsica MePECEUeHU, a TaKkKe CKO-
POCTB BpAIIEHUs CBOMX OPEOJIOB BPALIEHHUS, YTO MO3BOJISIET UM
UJI€aJIbHO MOJIOTHATh Pa3MEPHOCTh 3aps0B. I1ycTs 3Ta noarox-
Ka COCTAaBJISIET JECAThIE WU [1a)K€ MUJUTMOHHBIE JI0JIU MTPOLIEHTA,
HO OHA COBEPIIIEHHO HEOOXOIuMA.

— Hy nipsim kak y Jiozied, Hy BCE Kak y 00pa3iioBOy CyIpyKe-
CKOU mapsl!

— Bo3moxHo. .. Ho y cynpyroB Tak ciiyyaercsi JOBOJIbHO pel-
KO, MMOTOMY YTO OHM CJMIIKOM MHOIO JyMalOT, a BOT YacTH-
(bl UAEATBHO MOACTPANBAIOTCA IPYT MOJ Jpyra BCEraa, MOTOMY
YTO JIENIAIOT 3TO OECCO3HATENbHO, OMYUHSSICH (PyHIAMEHTAb-
HOMY BCEJIEHCKOMY MPHUHIIMILY CAMOPETYJIMPYEMOrO ypaBHOBE-
IIMBAHUS BCTPEUYHBIX MIOTOKOB HEOJHOPOAHOCTH.

IIponomxum. Ecnu B opeost BpallieHus Aapa nonagaer rnojio-
JKUATEJIbHO 3apshKeHHAsl YacTUla, TO B MOAABIISIONIEM OOJbIINH-
CTBE Cly4aeB (32 UCKJIOYEHUEM COBEPIIEHHO OCOOBIX YCIOBHIA
SIIEPHOTO CHHTE3a) OHA JISJIAeT OT CHUJIBI TIOJI 000pOTa MO Opeo-
JIy U BBICKAKMBAET U3 HErO, JABUIrasiCh AAJIBIIE B IIPOCTPAHCTBE,
HO y’e€ 10 HOBOM, UICKAKEHHOU TPAEKTOPHUHU.

Tak, yto em€... Ecni B gape aTomMa OJMH NMPOTOH U OJYH
HENTPOH, 9TO HE 3HAYMT, YTO UX COBMECTHBIN OPEOJT BpAIIeHUS
yIBaWBAETCS: 32 CYET 0Opa3OBaHUS JUTIONS +TPOTOH—-+HEH-
TPOH—, UX OPEOJIbl BPAIlIEHUs1 CHHXPOHU3UPYIOTCS IO HAIPaB-
JICHUIO ¥ YaCTOTe, Tepsisl IPY STOM MHAUBUYaJIbHYIO MOUTHOCTbD,
Jia i€ U pacTAruBasiCh B IPOCTPAHCTBE, TOITOMY MPU CIIMSIHUU
MIX COBMECTHBIA OPEOJ YBEJIUYUBAETCS JIMIIb IPUMEPHO Ha 25%



M0 OTHOILIEHUIO K Opeoiy NpoTtoHa. Eciu B3sATh OYeHb JErKUi
Y OYEHb TSKEIBIA SJIEMEHTHI, HAIIpUMED, reni (4 a.e.M.) U 1e-
3uit (133 a.e.M.), TO IIpU pa3HUIIE MACCHl AAPA Y HUX TPUMEPHO
B 33 paza, opeost BpallleHUs] yBEeJIMUUBAETCS TOJIbKO MPUMEPHO
B 8,5 pa3 (c 62 nm — g0 530 nm). InameTp COBMECTHOTO Ope-
oJla BpalllEHUs BCEX TUITOJNEN (4 TAKKE «JIUIIHUX» HEUTPOHOB
WIA «OIMHOKUX» MPOTOHOB, €CJIM TAaKOBbIE UMEIOTCS), BXOMS-
IIMX B COCTaB sIJpa aTOMa — 3TO U €CTh HOMEHUUANbHBII TAAMETP
aToMa, TaKk Kak 3JIeKTPOHBI B aTOME HaXOASATCS Ha OpOUTANISX,
PAaCIONIOKEHHBIX UCKJIIOUUTEIbHO BHYTPH OPE0JIa BPALLICHUS SIj1-
pa atoma. MoXHO ObUIO OBbI TOAYMaTh, YTO YeM OOJIbIIIe TIPOTO-
HOB B SIIpe aTOMa, TeM OOJIbIIIe SIIPO MPUTSATUBAET JIEKTPOHOB
Ha OpOUTHI BpallieH!s1 BOKPYT cebsl, TeM OOJIbIIe YPOBHEH, CIIOEB
TUX OPOUT BpaIeHUs JIEKTPOHOB, TeM OOJIbIIIE AUAMETP aTo-
Ma. Ho 310 He coBcem Tak. [luameTp atoma JeiCTBUTEIBHO Pe3-
KO, Ha OJJHY CTYIEeHb, YBEJIMUMBAETCS C TPUOOPETEHUEM KaK]I0-
'O HOBOTO CJIOSI — YPOBHSI OPOUTAIIBHOTO BPAIIEHHS JIEKTPOHOB
BOKpYT sigpa. OQHAKO, €cliu paccMaTpuBaTh XUMHUYECKHUE de-
MEHTBI, CMEKHBIE B XMMHUECKOU TOC/IeA0BATEeIbHOCTH 110 KOJIH-
YeCTBY YPOBHEM SMEKTPOHHBIX OPOUT, TO y STUX JIEMEHTOB I10-
ciie 00pa30oBaHUS KaXkI0Oro HOBOIO OPOMTAJIBHOIO CJIOSI M3 OfI-
HOT'O HOBOTO 3JIEKTPOHA MPOUCXOAUT BOT UTO. BHOBBL moctyna-
I0II[ME€ B aTOM 3JIEKTPOHBI 3arOJHSIIOT HE HOBYIO BHEIITHIOI Op-
OuTasb, 2 MPOHUKAIOT IITyOXe K APy U MOCTENEeHHO 3amloJHs-
10T ¥ YIUIOTHSIIOT Y€ MMeloluecs A0 3Toro opoutsl. M mipu
9TOM JUaMETp aToMa He YBEJIUYMBAETCS, a, KaK MPaBWio, Aa-



ke yMeHbIaercs. To ecTh Kakoe-To BpeMsl, €CJIM pacCMaTprBaTh
Kakor-moo nepuox B Tabuiie MeHzeneeBa, Kakas HOBas ma-
pa +1pOTOH—+HEeUTPOH—, MonaawIas B apo, odecreurpa-
€T MPUCOeMHEHNE HOBOTO IEKTPOHA K aTOMY, HO KaKI0€ TaKoe
MIPUCOEIMHEHNE HOBOTO 3JIEKTPOHA JIMIIb MPUBOAUT K YILJIOT-
HEHUIO CTaphiX JIEKTPOHOB HA YK€ UMEIOIIUXCS opouTax. 1o
MIPOUCXO/IUT TIOTOMY, UTO /IO OMPEIETEHHOTO KOJIMYECTBEHHOTO
MOMEHTa y BHOBb MPeOBIBAIOIINX MPOTOHHO-HEUTPOHHBIX Tap
HE XBaTaeT SHEPIUH ISl KAUECTBEHHOTO PACKPYUMBaHUS Opeosia
BpAILIEHUS ¥ €r0 3aMETHOTO PACHIMPEHHU S, TIO3BOJISIIONIETO YIep-
’KUBaTh B CBOEM TI0JIe HA BHEIIHEW I'paHUIle JIOMOTHUTEbHbIE
9NIEKTPOHBI. BHYTpY opeosia BpallieHus — SHepruu yxke XBaraer,
a Ha BHEIIHEel TpaHMIIe — eleé He XBaTaer.

Cmotpio, CTyaeHT, Bbl IPSIMO BCE-BCE yCIeBaeTe 3alChiBaTh !
Au, mosoperr!

[Tponomxum. [Tpr mepBUIHOM 00pa30BaHUU HOBBIX OoJiee TSI-
KENBIX MEMEHTOB M3 Oojiee JIETKUX, KaX[I0e TaKoe yBeJmue-
HUE KOJIMYECTBA IPOTOHOB, HEUTPOHOB U MIEKTPOHOB MPUBOIMNT,
3a CUET MPUJIOKEHHUSI K aTOMY BHEIIIHE! SHEPruu, K SHepreTuye-
CKOMY YCUJICHHIO BCETO aToMa M CaMoro Tosica BpallleHHs JIeK-
TPOHOB BOKPYT sijipa. be3 npuiioxkeHns BHEIIIHel SHeprun oopa-
30BaHKE HOBBIX 3JIEMEHTOB, KaK Bbl [IOHUMAETe, BOOOIIE HE BO3-
MOHO. DTO SHEProycuseHue MPUBOANT, KaK HACTOSIIIMIA yaap,
BO TIEPBHIX, K BO30YKACGHHUIO fAIpa aToMa, TO €CTh K yBeJude-
HUIO aMIUTUTYAbl U CKOPOCTH JiehopMalivy ero rmosica repece-
YeHUst «4T0» — mojiell. Takoe BO30OyXJeHHe sipa aToMa IpH-



BOJWT K YBEJMUYEHHIO JHaMeTpa U CKOPOCTU BpAILIEHHsI Opeosia
BpAIlIeHHsI aTOMHOTO $S/Ipa, U3BUHUTE 32 ABOMHOE «BpaIlleHUE»,
HO 51 HU KaK He MOTy U30eXaTh 3TOro onpe/esieHusl. YBeInueHue
napaMeTpoB Opeosia BpalleHus sapa NPUBOAUT K YBEJINYECHUIO
MPOTUBOBECHOTO BHEIIHETO JABJICHUSI IPOTOYACTUIL IPOTOIIOIS
Ha 3TOT opeoil. KoH(IUKT, Tak cKa3arh, Ha JUIO. DTO MEPBBIA
(akTop mepexona BHOBb 00pa30BaHHOTO aToMa B BO30YKIAEHHOE
Y HEPaBHOBECHOE COCTOSIHUE.

Bo-BTOpBIX, 9TO SHEProycUIMBAIOIIEe BHEIIIHEE BO3ICHCTBIE
AQHAJIOTMYHBIM TOJBKO YTO OIMMCAHHOMY CIIOCOOOM TPUBOIUT
Tak’ke M K yBEIMYEHHWIO JUaMeTpa OpeosioB BpalleHUs U TI0-
BBIIIEHUIO CKOPOCTH BpaIlIeHUsI 3TUX OPEOJIOB Y BCEX IMEKTPO-
HOB BOKPYT sIIpa. YBeJIMYEeHHbIE JUaMETPhl OPEOJIOB BpAIIEHUS
HAYMHAIO BHITAJIKUBATH JIEKTPOHBI Ha OoJiee BHICOKME OpOMTa-
7Y BpallleHusi BOKPYT spa, TyAa, rae OoJblle OTHOCHUTENHHO
CBOOOJIHBIX MPOTOYACTHIL IPOTOMOJIS, TY€EK OIS, KIIPUTOAHBIX
JUTSI UCTIONIb30BAHUS» Pa3pOCIIMMUCS OPeosiaMu. DTOT MPOLECC
TaK’Ke MPUBOIUT K YBEJIMUESHHUIO BHEIITHETO MPOTUBOHAINPABIICH-
HOTO JIaBJICHUsI TPOTOYACTHII MPOTOIOJISI HA COBOKYITHBIN TIO-
TEHI[MAJ YBEJIUYEHHBIX OPEOJIOB BpAIlleHUsI BCEX 3JIEKTPOHOB
Ha Bcex opoutaisax atoma. I cHoBa — KOH(IMKT. DTO BTOpO
(bakTOp mepexoma BHOBb 00pa30BaHHOTO aToMa B BO30YKAEHHOE
Y HEPAaBHOBECHOE COCTOSIHUE.

B-Tpetbux, npuioxkeHHasi K aTOMY BHEIIIH SISl SHEPrusl, O3BO-
JIMBIIIAsi «BJaBUTh» B HETO Ha MOA00AIOIIME MeCTa HOBbIE MPO-
TOHBI ¥ JIEKTPOHBI, OYEHb CHJIBHO YJapsieT 10 BCEMY MACCHBY



MIPOTOYACTHI] MPOTOMOJSI B Opeojie BpaIlleH!sI aTOMHOTO sIIpa,
TO €CTb 10 BceM Oe3 pa3zdopa MPOTOYACTUIIAM BO BHYTPUATOM-
HOM MPOCTpaHCTBe npotonons. BHemHsAs cuna, nedopmupys
Y PaCTaJIKuBasi TU MPOTOYACTHUIIBI, 100ABIISIET YCKOPEHHE U YBe-
JIMYUBAET aMILUTATYY AedopMariii 000I0UeK MPOTOYACTHII, 3a-
JEVCTBOBAHHBIX B OPEOJIE BpAIIEHUsA aTOMHOIO sA1pa. YcKope-
HIe BOJH JiehopMalliy BpallieHus Opeoia BpallleH!s Hen30exK-
HO MPUBOIUT K «TOATAJIKUBAHUIO» IEKTPOHOB, K YBEJINYEHUIO
UX CKOPOCTH JIBUKEHUSI TIO CBOUM OpOWUTaM. YBeJIUYeHHe Op-
OUTATIBHON CKOPOCTH JIEKTPOHOB MPUBOAUT K JIBYM MPOTHBO-
peunBbIM nocieAcTBUAM. C OIHOW CTOPOHBI, MOBBIILIEHHAS CKO-
POCTh YCUJIMBAET CTPEMJICHHE JIEKTPOHOB OTCKOUYUTDH IMOAAIb-
e ot aroMHoro siapa. C Apyrov CTOPOHBI, TIOBBIIIIEHHAST CKO-
POCTb 3aCTaBJISIET CKUMAThCS OPEOJT BPALLIEHUs IEKTPOHA, TaK
KakK 4eM OJlMKe CKOPOCTh YaCTHIIBl K CBETOBOM CKOPOCTH, TEM
MEHbIIIee MECTO B TPOCTPAHCTBE 3aHUMAET €€ Opeo BpallleHusd,
T1oKa BOOOIIIe He ucue3HeT. TakuM 00pa3oMm, OTHO M TO e BHEIII-
Hee BO3/EHCTBUE U YBEIMYMBAET, U yMEHbUIAET (IIpaBaa, UyTb
TIOrOJ1s1) OPEOJIbl BpallleHU s MEKTPOHOB. OnATh KOHPIUKT. ITO
TpeTuii (pakTop repexofa BHOBb OOPa30BAaHHOTO aTOMa B BO3-
Oy JIEHHOE U HEPABHOBECHOE COCTOSIHUE.

H eom, 6nazo0apss makum CAOHCHbIM U MHO20ZPAHHBIM NPO-
ueccam, HOB0OOPA30BAHHBIL AMOM CMAHOBUMCS HECMAOUNL-
Hoim. CKaxy cpasy, 4To MPAKTUYECKH B TOM K€ CAMOM CTerle-
HU HECTAOMJIBHOCTH MOXKET OKa3aThbCsA Y OOBIYHBIN, HE BHOBB 00-
Pa30BaHHBIA aTOM, KOTOPBIX ITOJyYUT BCE TE ke (PaKTOPbI BO3-



OyK/IeHUs ¥ HeCTaOMJIBHOCTH, Oarogapst TeM K€ CaMbIM MHO-
rorpaHHbeIM Tiporieccam. Ha mio0oii aToM B pe3yJbTare momnaja-
HYS U3BHE YaCTHII MOXKET OBITh OKa3aHO TaKOe BHEIIIHEE BO3/ICH-
CTBHUE, KOTOPOE He Pa3pyIINT ero U He MPUBEIET ero K 00beIu-
HEHUIO C IPYyTUMU YacTUIIAMH WJIM aTOMaMH, HO BCE PaBHO Iie-
peBeZET ero B 06oJiee BBICOKOIHEPreTHUECKOe BO30YKAEHHOE CO-
CTOSIHUE, QaHAJIOTUYHOE TOJILKO YTO PACCMOTPEHHOMY.

Ho mnoka wmbl OygeM paccMaTpuBaTh IPOIIECCH  TOJBKO
BO BHOBb 00pa3yeMbIX aTOMax, KakK ecyii Obl Mbl C BAMU HAOJIO-
Jamd B YMO3PUTEIBbHON BCEJIEHCKOW J1IabopaTopuu 3a To3Tarl-
HBIM TIOCJIEIOBATEIbHBIM CUHTE30M BCEX XMMHYECKUX 3JIeMeH-
ToB. MTak, Mmool MocieoBaTeIbHO CHHTE3MPOBAHHBIN aTOM
C MOMEHTA TOsIBJICHUS] HAXOAUTCS B BO30YKIEHHOM HEPaBHO-
BECHOM COCTOSIHMM. DHEPrusi paciupaeT ero B OyKBaJIbHOM
CMBICJIe, HO HATBIKAeTCsI Ha BHEIIHE TIPOTUBOICHCTBUE TPOTOIO-
JISl ¥ HA 3aKOH YMEHBIIIEHUsI OPEOoJIOB BpallieHHsI TIPU yBeInyve-
HWUU CKOpPOCTH. [103TOMY, €CJi BHEIIHSIsI IPUJIOKEHHAS SHEPTUsI
HE 3anpefelibHa JJisi JAHHOM KOHKPETHOW CHUTYallud, TO HEU3-
0€XXHO TIPOUCXOOUT €CTeCTBEHHbII COPOC SHEPTUU: EKTPOHBI
HE pa3JIeTaloTCsl B pa3HbIe CTOPOHBI. DJIEKTPOHBI MOJ1 ICHCTBUEM
OITMCAHHBIX paHee KOMIIEHCATOPHBIX CHJI YMEHBINAOT JHaMeT-
PBl ¥ CKOPOCTh BpAIIeHUsI CBOMX OPEOJIOB BPAIlIEHHMS], TTOBBIIIIA-
10T CKOPOCTb CBOETO OPOMTAILHOTO BPAILICHHUS U CHIKAIOT CBOM
opoutsl. Bce opOuTaibHbIe CJI0M, CKOJIBKO UX €CTh B aTOME, Yy Th
CHUKAIOTCS1, & CKOPOCTh BPAIIAIONIUXCS HA HUX 3JIEKTPOHOB, CO-
OTBETCTBEHHO, 4yTh yBenn4unBaercsi. Ha 6onee HU3KMX opouTax



9MIEKTPOHBI Beeryia 001aiaoT 6osee BHICOKON CKOPOCTBIO, SHEP-
ruei u maccout. Takum 06pa3oM, TMaMeTp aToMa YMEHBITIAETCSI.
ITO MPOUCXOAUT B cpetHeM 17 pa3 B KaXkJI0M Mepruoze TaOIHIIbI
XMMUYECKHX 3JIEMEHTOB Mocie 00pa30BaHUs KakJI0ro HOBOTO
OpOMTAJIBHOTO CJIOST: TIPU 00pPa30BaHMU KaX/JIOr0O TOCIIEyoIIe-
r'O XUMHUYECKOT'0 JIEMEHTa, He CMOTPsI Ha YBEJIMYEHHEe ero aTOM-
HOU MacChl, TO €CTh KOJIMUECTBA ITPOTOHOB B SI/IPE U JIEKTPOHOB,
BpAIIAIONINXCS HA YK€ UMEIOLIUXCS YPOBHSIX OPOUT BOKPYT Si/1-
pa, IMaMeTp aTOMOB HE YBEJIWYHMBAETCS, & HAOOOPOT, HEMHOTO
yMmeHbIaercs. [IoToM yIIoTHATBCSI CTAHOBUTCST HEKY/IA, TaK KakK
KOJIMYECTBO «MECT» Ha KakJIOW OpOUTE OrpaHUIEHO YUCTO (pri-
3UYECKH, U MTPOMCXOUT KAYeCTBEHHOE U3MEHEeHne — 00pa3oBa-
HHE HOBOTO YPOBHsI BpaIlIeHU s AJIEKTPOHOB, HOBOTO CJIOsI, M BCE
MOBTOPSIETCSI. DTOT MpoIiecc ObLT OTIIMYHO MOIMEUEH BAIITNM BbI-
JAIOIIAMCA YYEHBIM MEeHIEeeBbIM.

B nenom, B modoM Gonee TSKEIOM aTtome, N0 CPaBHEHUIO
¢ moObIM OoJ1ee JIETKUM aTOMOM, BCE YPOBHU OPOUT JIEKTPOHOB
PacroiokeHbI IJIOTHee APYT K JIPYTy U MOOTMKE K SI/IPY, a CKO-
POCTH BpallleHHe 3JIeKTPOHOB 110 CBOUM OPOUTAJISIM UyTh BBIIIIE.

— A Kygaa cOpacbIBaeTcsi SHeprusi Npy yMeHbIIIEHUH TaMeTpa
Y CKOPOCTH BpAIIIEHH S OPEOJIOB BPAIICHHU I JIEKTPOHOB, a TaKXkKe
SHEPrusi CHIKeHUs1 opouT 3eKTpoHoB? To ecTh Kyna xke copa-
CBIBAETCSI SHEPIHS MIPU MEpexojie aToMa 13 BO30YkKIEHHOTO CO-
CTOSIHUSI B CTaOUIbHOE?

— Ceitvac pacckaxy. Ho cpa3y oroBopioch, 4To nofoOHbIM ke
00pa3om Heprusi cOpachBaeTCS HEe TOIBKO U3 BO30OYKIEHHBIX



YaCTHII B COCTaBe BO3OYKIEHHBIX aTOMOB, HO TaKXke U3 JIIOOBIX
OJIMHOYHBIX BO30YXJIEHHBIX JIeMEHTapHbBIX yacTull. Mrtak, yro-
MSIHYTast SHEPIUst BHICBOOOXK/IAETCS C TOMOIIBIO HECKOJIBKHX T1a-
paJLIeNIbHBIX MTPOLIECCOB. 3aITyCK TOrO UM MHOTO BapUaHTa Mpo-
IIECCOB 3aBHCUT, MPEK/IE BCETro, OT MaCcChl BO30YKIEHHON YaCTH-
bl (TO €CTh KOJIMYECTBA COMKHYTBIX ITPOTOYACTHI] B €€ COCTa-
Be), OT CTelieHHu e€ BO30YXJeHHUs (IOTEHIIMANl SHEPreTUIeCKO-
IO HEpaBHOBECHSI), OT MOJIOKEHHS YaCTHUIIbI (CBOOOJHBIN MONET
Ha OKOJIO CBETOBOW CKOPOCTH, UJIM BpallleHHe B aTOMe, UJIU CO-
CTOSIHME OTHOCHUTEJIbHOTO TMOKOS1), OT COCTOSIHUSI OKPYKAIOIIEH
cpelibl (XMMUYECKUI COCTaB, IaBJICHUE, TEMIIEPATYPA).

Bce BapuanTbl cOpoca sHeprum Bo30yKIEHUsI MOKHO pacipe-
JEJUTb IO CTENEHU UX «PaJUKAILHOCTU», TO €CTh [0 MHTEHCHB-
HOCTH BO3/ICHCTBHS cOpachiBa€MOI SHEPIUM Ha OKpYXKAIOIue
SHeproMarepuaibHbie OOBEKTHI, TO €CTh [T0 MHTEHCUBHOCTH Tpe-
oOpaxkeHHs1 OKpYXKalollel YacTulily AeidcTBuTebHOCTH. Hauném
C CaMOTO HECYIIECTBEHHOTO M MOCTENIEHHO MepenaéM K Hanoo-
Jiee paIuKaJIbHOMY ITPOLIECCY.

[NepBblil BapuaHT cOpOca SHEPrUU: OPEOJT BpaILlEeHUs] HEPaB-
HOBECHOW SHEPrONOBBIIIEHHON YaCTULIbI IOBOJIBHO JIETKO TEPSIET
CBOIO «HE CJIMIIKOM CUJIbHO WM3JIUIIHION» CKOPOCTh BpalllEHUs
B pe3ysbTare Je()OPMALMOHHOIO B3aUMOJEUCTBUSA C OKPYXKalo-
IMMU TPOTOYACTULIAMHU MTPOTONOJS (MOKHO CPABHUTH C TPEHU-
em). M3nunHsAs sHeprus nornpocTy pacCeuBaeTCs MEKAY OKpY-
JKAOIIMMU POTOYACTULIAMU, Yy Th-UyTh YBEJIMUUBAS 110 AMILIH-
Ty[le U 4yTb-4yTh YCKOpsisl UX JAedopMallMiOHHbIE BOJHBI. DTH



SHEpProyBeIMUYEHHSI BOJTHOBBIX XapAKTEPUCTUK TAKKe CKOPO 3a-
TYXalOT, PACCEUBAsCh OT OJIVKHUX MPOTOYACTHI] K OoJiee 1ajib-
HUM, a TaKke MepeaaBasiCh OpeojiaM BPALEHUsI COCETHUX Jie-
MEHTapHbIX YacTull. B 11eJ10M 3Heprusi HayajabHOTO BO30YXK[e-
HUSI pacceuBaercsi 0e3 OUIYyTHMBIX TOCJIEACTBUN, HA HA YTO
HE OKa3blBasi 3HAYMMOTO BJIMSHUS, PA30iIsiCh BOKPYT 3aTyxa-
IOIIEN BOJIHOM, JIMIIIb CJIerka J0OaBUB YyTh 3aMETHOTO ApaiiBa
BCEH JIOKAJIbHOW CHCTEME.

Bropoii BapuaHT cOpoca sHepruu: cOpoc HepaBHOBECHOM Ya-
CTULIEN CYIIECTBEHHOTO M3JIUIIKA SHEPTUU MPUBOJUT K 3aMET-
HOMY YCKOPEHUIO TEIIOBOTO ABMKEHUS BCEX IEMEHTOB JIOKATTb-
HOW CHCTEMBI, B KOTOPOU MPOUCXOIUT ITOT COPOC SHEPTUH BO3-
OyxaeHus. HarmoMHIO TOIyTHO, YTO rOBOPSI 00 SHEPIMH YaCTH-
b, Mbl IMEEM B BUJIy UCKJIIOYUTEIBHO €IUMHCTBEHHO BO3MOX-
HBII CHOCOO CYIIECTBOBAHUSI SHEPIMU B SJIEMEHTAPHOU YaCTH-
1€ — 9TO KUHETUYECKasi SHEPrusl, TaK Kak BCE U BCEI/A B JIEMEH-
TApHOM YaCTHULIE JBUKETCS, 4 UMEHHO: BpalllaeTcs e€ po nepe-
CEYEHHUI, BPAIAETCs €€ MOSIC MePEeCEYCHN, BPALAETCS €€ ope-
on BpateHus. [moc kK 3ToMy MOXET JBUTAThCSl U caMa YacTh-
1[a — BpallaThCs MO OpOUTANIN WM ABUraThes uHeiHo. Ho ec-
JI MBI TOBOPUM HETOCPE/ICTBEHHO O YaCTHIe, KaK 00 OT/Ielb-
HOU crcTeMe (6e3 yuéra e€ rmepeMelieHrs B POCTPAHCTBE), TO
BCsl €€ SHeprusi 3aKJII09aeTCs] UCKJIIOUUTEIHHO B CKOPOCTU Bpa-
HIeHUs €€ fA1pa, B CKOPOCTHU BpAIlleHUs €€ Mosica, B CKOPOCTU
BpalleHus e€ opeosia. Bor BuauTte, KpyroMm CIUIOIIHOE Bpallle-
HUE: SHEPrusl YaCTUIIbl CYIIECTBYET B BU/IE BPAIlIEHUs, SHEPIUs



NPUHUMAETCS] YaCTUIel U3BHE B BUJE BPAILCHUs, SHEPrUs Iie-
penaércs yacTuiiel BOBHE B BUJIe BpallieHus. Tak BOT, B JAHHOM
BapUaHTe COOBITUI CYIIECTBEHHBIH COPOC SHEPTUU BO3OYKIEH-
HOU YaCTHUIIBI OCYIIECTBIISICTCS Yepe3 CyIIeCTBeHHOEe PacKpyyu-
BaHue (TIOBBIIIIEHNE CKOPOCTH BPAILICHUST) BCEX CMEKHBIX MEHEe
SHEPrUYHBIX YACTHII: CHAvYasIa UX OPEOJIOB BpaIIeHUs, 3aTeM UX
TIOSICOB TIEpPECEeUYeHUiA, a 3aTeM U sijiep nepecedeHuii. Yem ObicT-
pee BpalaloTcsl Opeosibl BPAILICHU T YaCTHI], BXOJISIIMX B COCTaB
aToMa, TeM CHJIbHEE 9TU OPEOJIbl OTTAIKUBAIOTCS APYT OT JIpyra
¥ TEM CaMbIM YCKOPSIIOT CBOE opOUTaIbHOE BpaieHue. To ecTb,
€CJIM ONTUH TIepeBO30YKIEHHBIN MEKTPOH COPOCHII CBOIO SHEp-
THIO [0 paCCMaTPUBaEMOMY HAMHU BapUaHTY, 3TO IPUBOJIUT K TO-
MY, YTO BECh aTOM HEMHOT'O MTOBBIIIIAIOT CBOIO BO30YXIEHHOCTb.
A TakXke M COCeJHHE aTOMBI CJIETKa MOBBIIIAIOT CBOID BO30YK-
JEHHOCTb, €CJIM OHU OBLTH IOCTaTOYHO ONTM3KH, a cOpachiBaemast
SHEPrUsl JOCTATOYHO BEJMKA. Y TaKMX COCETHUX aTOMOB, BOC-
NPUHSBIIUX YaCTh COPAChIBAEMON SHEPTUH, BHEITHUE SJIEKTPO-
Hbl HAYMHAIOT BpAIaThCs MO OpOUTaM UyTh OBICTpee, Jia e
¥ OpeoJibl BpAIlleHWs JIeKTPOHOB HAYMHAIOT BpAIAThCA UyTh
ovicTpee. Takue H6osee BO30YXAEHHBIE aTOMBI IO PUYMHE OOJTee
SHEPrUYHBIX CTOJIKHOBEHUI OPEOJIOB BPAITIEHH I CBOMX BHEIITHUX
JIEKTPOHOB HAYMHAIOT OTTAJIKUBATLCS JIPYT OT JIpyra CUJIbHee.
BooOine, 6omee OBICTPO BpalAOIIUEcs OpPeoibl COCETHUX Ya-
CTUII, BXOASIIUX B HEKYIO B3aMMO3aBUCHMYIO CUCTEMY, TIPU CO-
NIPUKOCHOBEHUH JIPYT C APYTOM pearupyioT CUjIbHee, TO €CTh OT-
TAJIKABAIOTCS JIPYT OT JIpyra CHJIbHEE, YTO IPUBOIUT K YBEINYE-



HUIO aMIUTUTY/IBl KOJieOaTesIbHBIX TEIUIOBBIX JIBHKEHHI, COBEp-
IMIAeMBIX BCEMHU YaCTHIIAMH TOW cUCTeMbl. Bc€ BOKpyr HaumHa-
eT KoebaTbcsl 1 BUOPUPOBATh OBICTpEE — a 9TO U €CTh YBENU-
YeHHe TeIJIOBOIo ABUKEHHUS], TO €CTh BCSI CUCTEMA HAUYMHAET Ha-
rpeBaercsl.

Bce 111 n3MeHeHns IMEIOT ené OJHO MHTEPECHOE CIIE/ICTBHE.
[NoBbImieHHast OpoUTaIbHAsI CKOPOCTh, TIOBBIIIIEHHAS! CKOPOCTh
BpAIlIEHNsI OPEOJIOB, A TAKJKe MOBBIILIEHHAs] CKOPOCTb U aMILIUTY-
12 JIMHEHHOTO JABWXEHUsI TEIUIOBBIX BUOpAllMii, HAUMHAIOT OKa-
3bIBATh KAaTATUTUIECKOE BIMSHIE HA HEKOTOPBIE YaCTHIIBI, TTPH-
CYTCTBYIOIIIHE B TaHHOU cucteMe. To ecTh HeKOTOpbIe COCe/THUE
YacTULbl B pe3yJbTaTe MOJyYEeHHOH SHEPruu OT pacCerBaHMs
CaMH HACTOJIbKO YCKOPSIIOTCSI WJIM YBEJIMUYHMBAIOT CBOM OPEOJIbI
PACTSIKEHHMSI, YTO CTAHOBSITCS] CIIOCOOHBIMHU BCTYTATh B KAKHE-TO
XUMUYECKHE PeaKIVy, WK MOKUHYTh CHCTEMY, WIA U3MEHHTh
CBOE I0JIOKEHHE B CUCTEME TaK, YTO 3TO MPUBOAUT K 3aMETHBIM
M3MEHEHUSIM CBOWCTB CAMOU CUCTEMBI.

Tpernii BapriaHT cOpoca HEPruu: OH yKe OCHOBAaH Ha TO-
SIBJIEHUM B BO30YXAEHHOH CHCTeMe HOBOM 3JIEMEHTapHOM va-
crutpl. Korna sHeprum BHEIIHEro BO3/EHCTBUS MPEIOCTATOU-
HO, CHJIbHO BO3OY’K/IEHHAsI YacTHIA FeHepUpYeT U BbHIOpachiBa-
€T W3 CBOEro Opeosia BpaleHHs1 BHOBb 0Opa3oBaHHYyIO, Oolee
MEJIKYI0 YacTHIly, BHIOpachBaeT e€ B MPOCTPAHCTBO CO CKOPO-
CTBIO MCITyCKaHUs1, PE3KO Tepsisl IPU 3TOM CBOIO SHEPrHIo U BO3-
BpaIlIasCh B PaBHOBECHOE COCTOsIHME. Takoe pa3BUTHE COOBI-
THI BBI3BAHO TEM, UTO KOIJIA B CHCTEMY «3JIeMEHTapHAas 4acTH-



1a + €€ Opeos1 BpallleHUs» MOCTYIIUJIO CIMIIKOM MHOIO SHEp-
TH, €TUHCTBEHHBIN CIIOCOO COPOCUTH €€ — ITO YMEHBIIUTH 00-
LIYI0 MacCy CUCTEMBI, a MACCy 4YacTULbl WM Opeosia Bpaille-
HHMSI MOXKHO YMEHBUIUTh TOJBKO M30aBUBIIMCH OT HEKOTOPOIO
KOJIMYECTBA [TPOTOYACTUL] U3 UX cocTaBa. PaccmMoTpum 310T Ba-
puaHT cOpoca SHEepruy Ha MpUMepe JIEKTPOHA B COCTaBE aTo-
Ma. B anextpone 9 nmporovactun. B npuHnune, ecnu oH Teps-
€T OJIHY U3 HUX, UJIM JJaXKe JIBE, TO €r0 CBOMCTBA, KaK YacTHIIbI,
BCE K€ OCTAIOTCA B TE€X PaMKax, KOTOPBIE MO3BOJAIOT €My CO-
XPaHATBCA B COCTABE CBOEr0 aToMa U IPOJOJIKATh BpAIECHUE,
HO yKe CITYCTHBIIIFCh HA HU3KO9HEPreTHuecKylo opoutasb. CHu-
’KEHUE KaK pa3 U IPOUCXOIUT 3a CYET YMEHBILIEHN A OpEOJIa Bpa-
IIeHUs], KaK OyaTo 3a CUET CAyBaHUS BO3AYIIHOIO IIapa, TSHYB-
1IErO MPOYb OT LIEHTPAJIBHOIO sA1pa nputrskeHus. Kpome toro,
YMEHBIIEHHBII OPE0IT BpallleHUs cpa3y ke CIOCOOCTBYET yBeEJH-
YEHUI0 CKOPOCTU OpPOMTAJILHOIO BpallleHUs JIEKTPOHA 1o 0e3-
HaIPSKEHHBIM [TIOTPAHAYHBIM KaHajIaM. YMEHBIIWICA — U MPO-
JIETeJ1 CO CBUCTOM, Tak ckasarb. Hago 3ameruts, 4to B IpUpoO-
J€, Ha CaMOM JeJIe, PEIKO BCTPEYAIOTCS TaKUE BBICOKOIHEpre-
TUYECKUE BO3/EHCTBUS HA JIEKTPOH, KOTOpbIE MOIIM Obl IIPU-
BECTU K €0 PACKAJIBIBAHUIO C BBIICJICHUEM JIBYX, TPEX WIH 4Ye-
THIPEX MpoTOoUacTHil. Tak BOT, €C/I pa30rHAHHBIN MEPEeBO30YK-
JEHHBIN JIEKTPOH BHIOPOCUT M3 CBOETO MOsICa MepeceueHuid Ofl-
HY TaKyI0 K€ pa30rHaHHYI0, CAMO3aKPYYEHHYIO IepeBO30Y K IEH-
HYIO IIPOTOYACTHUILy B CBOM K€ OpPEOJ BpalIEHUs, TO OHA Mepe-
JACT CBOIO HEPTHUIO0 OPEOJTy, KOTOPHIM YCWJIUT BPALLCHHE U YBE-



JIMYUT TUAMETP, YTO caMo co00ii OyJeT MOBBIIIATh €T0 SHEPreTH-
4ecKuil ypoBeHb. DPPeKT OyneT norepsH, cOpoc SHEPruu He Co-
croutcs. [losTomy cOpoc sHepruv B peasbHOCTH MPOUCXOAUT
TOJIBKO TAaKUM 00pa30M, UTO MPOTOYACTHIIA MIOKUAAET HE TOJIBKO
MEKTPOH, HO M BBUIETAET U3 €ro opeosa BparieHus. [Ipu stom
COOBITUSI pa3BUBAOTCA CieayomuM oopazom. [locie BHeNHero
SHEPreTUIeCKOro BO3/IEHCTBUS IEKTPOH MEPEXOIUT B BO30YXK-
JIEHHOE COCTOsIHME, TIoc/e Yero HacTymaeT ¢paza cOpoca sHep-
ruu. VI3 nosica mepeceveHuii o CKOPOCThIO UCITYCKAHUSI BbLJIe-
TaeT BBICOKOYHEPreTUYecKass CaMO3aKpyueHHasl MpOTOYaCTULIA
¥ TIONA/IaeT B He MeHee BO30YKAEHHBIN OpPeosl BpaIlleHHsT JJIeK-
TpoHa. CloXeHue SHepruM JIMHEHHOrO JBMKEHUs CaMO3aKpy-
YEHHOM TMPOTOYACTHIIB BKYIIE C €€ SHeprue BpalleHusi, ¢ Ofl-
HOW CTOPOHBI, M SHEPIUH BPAIlIeHHUsI IPOTOYACTHULL OPeoJIa, C APY-
TOi CTOPOHBI, IPUBOUT K CMBIKAHHIO HECKOJIBKUX IMPOTOYACTHIT
¥ 00pa30BaHUIO HOBOM JIETKOH 2JIeMEHTAPHOW YaCTHIIbl, KOTOpast
CO CKOPOCTBIO MCITYCKAHU I BBUIETAET U3 OPeosia BPAIIeHU T JIeK-
TpoHa. CMBIKAIOTCS] UMEHHO T€ HECKOJIBKO MPOTOYACTHLL OPEOJIa,
B KOTOpbIE NIEPBO BPE3aeTcsl CaMO3aKpyUueHHasl MPOTOYacTHIIA
1OCJIe BbLJIETa U3 Tosica nepeceyeHuid anekTpoHa. CKOJIbKO co-
MKHETCSI IPOTOYACTHIT B HOBYIO JIETKYIO YACTHUILY, 3aBUCHT OT Be-
JIMYWHBI TTPUJIOKEHHO!W BHEIITHEHW SHEPrvH, HO, B JIIOOOM CTydae,
B MBICJIUMBIX BCEJICHCKUX YCJIOBUSIX 9TO HE MOXKET ObITh OOJIbIIIEe
ISATH — [1eCTH MpoTodacTuil. CaMbIM pacripoCTPaHEHHBIM U XO-
POIIO HAOIOAEMbIM KOJIMYECTBOM MPOTOYACTUIl B HOBOW Ya-
CTUIIE SBJISIETCS YEThIPE. DTO BCEM 3HAKOMbIM (pOTOH. YacTu-



bl U3 MATH WM HIECTH MPOTOYACTUIL SIBJISIOTCS OUEHb HEYCTOM-
YMBBIMH, IIOTOMY YTO MM HE XBAaTaeT IPOCTPAHCTBEHHOM CHUM-
METPUU BpallleHUsl, U OHU Cpa3y ke I0CJIe BbUIETA U3 Opeosia
BpallleH!s1 pacnajaioTcs Ha (POTOH IUIIOC OJIHA WJIM ABE MPOTO-
YaCTUIbl COOTBETCTBEHHO. DTU OTIABIINAE TPOTOYACTULIBI Cpa3y
B3aMMOJIEUCTBYIOT C TPOTOYACTULIAMUA OKPYKAIOIIETO ITPOTOIO-
JI1 ¥ C OpeoJlaMM BpAILIEHUsI CMEKHBIX JIEMEHTAPHBIX YACTHIL,
JeJIICh CO BCEMU C HUMU SHepruen BpaiieHus. [locrenenHo stu
OTIABIINME MPOTOYACTULIBI CAMOPACKPYUYMBAIOTCS U 3aMEIJISIOT-
Cl, YBEIMUMBAsACh B pa3Mepax, a 3aTeM M BOBCE MHTETPUPYIOT-
csl B MPOTONOJIE B KayecTBe OObIYHBIX MpoToyactull. Beg, uro
OHH OCTAaBJISAIOT MOCye cedsl B CUCTEME — 9TO HEKOTOPBIN e€ Ha-
rpeB. Kcraru, o caMo3akpy4eHHbBIX TPOTOUACTHUIIAX MBI elIE 00s1-
3aTeJIbHO MOTOBOPUM U MO IPYIOMYy MOBOJY — KOTZa BEPHEMCH
K TEME 3alMKJIEHHBIX, TO €CTh 3aIlyTAHHBIX YACTHII.

A 4TO XK€ TPOUCXOAUT C «OOJIEeryéHHbIM» Ha OHY IMPOTO-
YaCTHIly MEKTPOHOM, CITYCTUBIIMMCS Ha Oojiee HU3KUUN HEP-
ro-opOUTANTBHBINA ypOBeHb? A MPOMCXOAUT C HUM BOT 4TO. [lo-
TepsAB OJHY MPOTOYACTHILY, OH CTAHOBUTCSl HECTAOMJIbHBIM, TO
€CTh TOTOBBIM JIMOO eIlE UCIYCTUTh MPOTOYACTHUILY, JIMOO MPH-
HATH MPOTOYACTUILY. DIEKTPOH MOXKET ObITh U pajl ObUT ObI UC-
MYCTUTh MPOTOYACTHUILY, €CIT Obl 00JIaas MOBBIIIEHHON KHHE-
THUYECKOW SHEPrueH, 1a eme Ha (hoHe U30BITKA SHEPIHU YMEHb-
IIEHUs] HEOJHOPOJHOCTH (@ IJIABHOE MPOSIBJIEHUE TAKOW SHEP-
T — 3TO ABUKEHUE SHEPrOMaTepUATIbHOTO OOBEKTA 110 HAITPaB-
JICHHIO BOBHE OT LICHTpa I'PaBUTALIMOHHOIO IIPUTSIKEHUS CUCTE-



mbl). KcTati, MMEHHO Tak ¥ MOCTYMAOT TOJBKO YTO ONKMCaHHBIE
MHOI0 HeCTAOMJIbHBIE YACTHUIIbI, COCTOSIIINE U3 TISTH WU IECTH
IIPOTOYACTUL], UHOTJA BBUIETAIOIIUE U3 OpEosia BpallleHUs BO3-
Oy EHHOTO 1eKTpoHa. OHM Kak pa3 U pa3BajMBaloTcs Ha o-
TOH IUTIOC OJJHA WJIM JIBE IpoTtovyacTulisl. Ho B oTiMume ot Hux,
HaIll BOCBMHUITPOTOYACTHYHBIN JIEKTPOH, MIOTEPSIB AEBATYIO MTPO-
TOYACTHILy, YMEHBIIUB AUAMETP U CKOPOCTb OPEO0JIa BpALEHHU S,
HAXOAUTCSI B POBHO MPOTUBOIIONIOKHON CUTYAIIUU: OH TOTEPSLI
KMHETHUYECKYIO SHEPIUIO U JIBUKETCS B IOTOKE SHEPIUU YBEIH-
YEeHUs1 HEOIHOPOIHOCTH, MO HAIPABJIEHUIO K aTOMHOMY SIAPY
NPUTSDKEHMS, Ha OoJiee HU3KyI0 opOuTaits. [1pu 3TOM ecrecTBeH-
HbIM 00pa30M MPOUCXOAUT BOT YTO: OPEOJI BPALLEHUS CKUMAET-
Cs1 BOKPYT YCKOPSIIOIIETOCsl 9J€KTPOHA, TO €CTh MPOTOYACTHUIIbI
opeoJia BpallleHus1 caMu coOOH yBEIMYMBAIOT JaBJIeHUE Ha I10-
sIc mepeceyeHuil anekTpoHa. [1oBblIeHHOE 1aBjieHue poToYa-
CTUI] «HATBIKAeTCs» Ha pa30aJaHCHPOBAHHBIN IMOsIC Nepeceye-
HUH C TOTOBOW BOJTHOBOM JIAKYHOU — OITYCTEBIIMM MECTOM BbLjIe-
TEBLIEW paHee MpoTovacTullpl. M nomyyvaercs To, 4TO U JAOJIKHO
TIOJTyYUThCS B TAKOW CUTYaIlMU: JIEKTPOH BHOBb BOMpAeT B ce-
051 IEBATYIO MPOTOYACTHILY, HO yXke He B KaueCTBE SHepreTuye-
CKOTO yziapa U3BHE, a B KaUueCTBE BTATMBAHMS U3HYTPH, B Kaue-
CTBE BOCIIOIHEHH I OpEIId, TO eCTh Oe3 OIyTHMOTO MOBBIIIIECHHUS
CBOEr0 SHEPreTUYECKOr0 COCTOSIHUSA. A OpeoJ1 BpalIeHHs 3TOrO
3JIEKTPOHA, NOTEPSIB MPOTOYACTHILY, TOJIBKO BBIMTPBIBAET — OH
¥ TaK HAXOJJUTCSI B IIPOLIECCE CKATUSI M YMEHBILIEHHSI CBOETO J1a-
MEeTpa, W TOTepsIHHAs MTPOTOYACTUIIA TAK U TaK ObUIA JIMIITHEH.



BoT Tak: ¥ BOJIKY CBITHI, U OBIIbI IIEJTHL.

— He nonsn. Kakue oBip1?!

— Sl umen B BUILY, UTO 7IEKTPOH M SHEPTUIO cOpOCHIT HarboJee
3 eKTUBHBIM CIOCOOOM — Yepe3 UcIycKaHue (pOToHa, TO eCThb
yepe3 MOTEPI0 CBOEM COCTABHOM YacTH, M TYT K€ BOCCTAHOBUJI
ce0s1, 3a0paB aHATIOTMYHYIO YacTh U3 CBOETO OPE0Jia, HO SHEPIHIO
CBOIO I[IPU ITOM YK€ HE YBEJTHUMIL.

— A... IOHATHO. ..

— Haperocs. .. [la yx. C Bamu He Tak BC€ npocto, CTy/EeHT. ..

[Moexamu naneine. Eciu Mbl 6yzieMm roBOpuTh 0 cOpoce IHep-
I'MM HaMHOTO OoJiee KPYITHOM YacTUleH, YeM JIEKTPOH, TO Kap-
THHA Oy/IeT BCE paBHO OUYEHb MOXOkKeH, HO B Hell Oyner Oosblie
MIO/IBAPUAHTOB Pa3BUTHS cOObITUM. TskEnas aneMeHTapHas Jya-
CTHLIA (HaIPUMEP, TAKENOE aTOMHOE AAPO), KPOME O3BYyUEHHBIX
TPEX BapUaHTOB cOpOca M3IUIITHEN SHEPIUU, MOKET TOCTYIHUTh
eIe TpeMsl IOTOTHUTETbHBIMU CIIOCOOAMH.

Crnioco0 mepBblii: UCITYCTUTh U3 ceOs HE MPOCTO IMPOTOva-
CTUITy, a JIETKyI0 3JeMeHTapHylo vactuiy. OT OoJbIIoi 4Ya-
CTUIBI OTKAJIbIBAETCSI Cpa3y B3aMMHOIEPECEYEHHBI KOMILIEKC
U3 HECKOJIbKMX CaMO3aKpPyUEHHBIX MPOTOYACTHII, BbLJIETAIOIINX
U3 MaTEepPUHCKOW YaCTUIIB HA CKOPOCTH UCITYCKaHUSI U MTHOBEH-
HO BBICTPAMBAIOIIMX CBOE BpAlllEHHE BOKPYT LHEHTPAJIBHOIO CEK-
TOpa TMepPeceUeHnil CBOUX «4TO» — MOJIeH, MPeBpaIasich, TAKUM
00pa3oM, B MOJHOIEHHYIO JIEMEHTAPHYIO YacTHIly y’kKe Ha Bbl-
JieTe U3 OpeoJsia BpallleHUsI MATEPUHCKOM TSIKETON YaCTHUIIBI.

Crnoco6 BTOpO: UCIYCTUTh U3 ce0s1 aHAIOTUIHBIM 00Pa3oM



HECKOJIBKO JIETKUX 9JIEMEHTAPHBIX YacTHIl (KaK OIMHAKOBBIX, TaK
Yl Pa3HBIX).

Crnoco6 TpeTuil: pacKOJIIOThCS Ha JIBE WM HECKOJIBKO KPYII-
HBIX JIEMEHTAPHbIX YACTHII.

Crioco6 4eTBEPTHIN: 3TO CMeCh U3 CIIOCOOOB HOMEP O/IVH, JIBa
U TPH, a TaKKe U3 MPEeAbIIYIUX BAPUAHTOB — MIEPBOT0, BTOPOrO
u TpeThero. Kak roBopuTcs, mo0oi Karpus 3a Bally SHEPruio.

— KnaccHo ckazano! Ymeete Bbl BCTaBUTD TYTOUKY !

— Cnacu6o.

— Xouy Bac cnpocuts, yBaxaemsiii ['ocTb. A mouemy Bo0O-
e mpoucxoaut copoc sHepruu? [louemy He ocTaércst BCE Kak
€CTh: Hy NIepeBO30YyIMIACh YacTHUIla, Hy U OCTaBaJIach Obl TaKOM
10 KoHua qHer? YyBCTBYIO, TYT KaKOW-TO BCEJIEHCKUW 3aKOH,
He uHaue!

— 9710 TouHO. [TpsiMo olyiaercst B Bo3ayxe. .. BeeneHckui.
3akoH. Hy a cytp 3Toro 3akona TtakoBa. Onsth ke, Ha IpHU-
Mepe aroma. LleHTpocTpeMuTenbHas cujia B SHEProBO3MYIIEH-
HOM aToMe MOOEeXIaeT «B30YHTOBABIIYIOCS» IIEHTPOOCKHYIO,
TO €CTh JBUKEHHE YBEJIMUEHUS HEOAHOPOIHOCTH MpPeooseBa-
€T BpEMEHHOE IPEBBIIIIEHUE B JIEKTPOHAX IEHTPOOEKHOM CUJTBI,
HEeUTpain3yeT BpEMEHHbI CKAYOK MOLTHOCTH IBUKEHU ST YMEHb-
IIeHUs] HeoAHOpoaHOCTH. M3HavanbHO mipucyiee BcenenHoi
PaBHOBECHE BCTPEUHBIX JBUKEHUN YBEIUUEHNUS U YMEHBIICHUS
HEOHOPOIHOCTU BOCCTaHABIMBaeTCs. TakMM 00pa3oMm, IIEHTPO-
CTpEeMUTENIbHASI CUJIa TPUBOIUT CHUCTEMY <«3JIEKTPOHBI-SIIPO»
B paBHOBECHE, C)KUMasi UX OpEOJibl BpAIllEHUsI U yBEeIUYMUBas



CKOPOCTb OpOWMTAJILHOTO BpAIEHHS JIEKTPOHOB, YTO B CBOIO
ouepe/ib, IPUBOIUT K CHUKEHHUIO U B3AUMHOMY YIUIOTHEHUIO Op-
OUT MEKTPOHOB. YBEJIMUEHUE CKOPOCTHU JIBVKEHUSI JIEKTPOHOB
CHUKAeT CTereHb UX BO3JEUCTBUS HA MIPOTOUYACTHUIIBI IIPOTOIO-
JI51, B KOTOPBIX HAXOMUTCS aToM. TO eCThb JaBJieHHWe Ha MPOTO-
YaCTUIBl U UX JepopMalinsi CHUKAIOTCS, & CAMU IMPOTOYACTHUIIBI
IIPY 3TOM PaCTATMBAIOTCS, pacIpaBiIsioTCcs B 00bEMe. JlonomHu-
TEJIbHO K 3TOMY, CHUKEHUE OpOUT BpallleHusl JIeKTPOHOB TaKxke
pACTSTUBAET OKPYXKAIOIIME aTOM MPOTOYACTHIIBI, TaK KaK aToM
B 1I€JIOM CTAHOBUTCSI KOMITAKTHEN U B IIPSIMOM CMBbICJIE PACTSTH-
BaeT CeTh MPOTOYACTHUII, B KOTOPOW HAXOAUTCS, KaK ObI Cerka
BTATUBAs B ce0s1 ONVKHUIA 1EIOH OKPYKAIOIIUX MPOTOYACTHII.
Takoe ABOMHOE pacTsKEHUE MPOTOYACTHUI] OKPYKAIOIIETO aToM
MIPOTOIIONISI IPUBOJIUT K TOMY, UTO B 9TOM OoJiee PacTsKEHHOM
MPOTOIOJIe BO3HMKAET JIOMOMHUTESIbHAS Y 3HAUUTEIbHAST SHEP-
TYsl YBeJIWYEeHUs] HEOAHOPOAHOCTU. DTa SHEPrusi MPUTITUBaeT
Y TIPUBOJWT B JIBWXKEHHE OKPYKAIOIIUE JIeMEHTAPHbIE YaCTH-
bl U Liesible aToMbl. VX IBUMIKeHUe ycKopsieTcsl (B 3aBUCUMOCTH
OT CUTYaIlH, 3TO MOXET OBbITh MPSAMOJIMHENHOE, BpallaTeIbHOe,
KoJie0aTesbHOe JIBUXKEHHE), TO €CTh IMOBBIIIAETCS UX SHEprus,
TIOBBIIIAETCS TEMIIEpaTypa OKPY:KAIOIIEH Halll aTOM cpefbl. Pac-
cMaTpuBasi BOIMPOC C TAKOW TOYKHU 3PEHUsI, Mbl IOHUMAEM, TO-
yeMy TPy OXJIAXKJEHUU OJHOTO SHEProMaTeprajbHOrO 00BhEKTa
00s13aTeNIbHO HArpeBaloTCs KaKue-TO APYIue, CMEKHble ¢ HUM
00BEKTHI. ITO 51 BaM OIMKCAJI, TAK CKa3aTh, IPYTyI0 CTOPOHY Me-
aam MexaHusma copoca sHepruu. C OJHOW TOUYKM 3pEHUS —



cOpoc UAET Yepe3 BOJHY MEpeAayn BPAIATeIbHOTO JABUKEHUS
OT BO30YKIEHHOTO 00BEKTa K MeHee dHepreTndeckum. C Ipyroi
TOUKHM 3pEeHUs1 — cOpOC MIET Yepe3 BhIPaBHUBAHHE 110 MOJIYJTIO
3HAYEHUI BCTPEYHbIX [IOTOKOB SHEPTUU YBEIMUEHUS U SHEPTUU
YMEHbIIIEHUs] HEOIHOPOAHOCTU B KOHKPETHOM CUCTEME IHEPro-
MaTtepraibHbIX 00beKTOB. HO BBI, 1 yBepeH, yxe MOHUMaeTe —
YTO 3TO OJIHO U TO Ke.

— Hymarto, BeIpaxy oOlllee MHEHHE, YTO Mbl AEHCTBUTEIBHO
oyt Bc€ nmoHumaeM. Ho MOXHO i ene€ pa3 MmposiCHUTh HaM
00I1Ie TTPOTIOPIIMY YACTHI] B COCTABE aTOMA U X OPEOJIOB Bpa-
IeHus?

— W3Bonbre. B cBOOOHOM COCTOSIHUM 3JIEKTPOH UMEET OpPeot
BpallleH!s1, TPUMEPHO PaBHbII pa3Mepy Ji€rkoro aroma. OiHako,
€CJIM IEKTPOH HAXOUTCS B COCTABE aToMa, He CMOTPsI Ha Oi3-
KO€ OKpY)KEHHE IPYrMX 3JeMEHTAPHBIX YacTHIl, OpeoJ Bpalie-
HUSI 9JIEKTPOHA CBOpAavYMBaeTCst OyKBaJIbHO 0 HECKOJBKHX MPO-
IIEHTOB OT «CBOOOIHOTO», a BCIIENl 32 HUM — COPa3MEPHO CBO-
PaYMBAETCS U €r0 OPEOIT PACTSKEHUS. DTO BBI3BAHO OIPAaHUYEH-
HBIM KOJIMYECTBOM MPOTOYACTHI] B MPOCTPAHCTBE, KOTOPOE 3a-
HUMaeT aTtoM B Ipotonose. [IuaMeTp sapa aToMa MEHbIEe Jua-
MeTpa caMoro aroma Ha 4 nopsiaka, npumepHo B 10 — 20 TeI-
cstd pa3. Camo sapo atoma (Kak ¥ Jiio0ast JeMeHTapHast YacTh-
11a) B CpeTHEM, MEHbIIIE CPEHECTATUCTUUYECKOM ke MPOTOYACTH-
bl Ha 2 nopsaka. To ectb MeXIy SApPOM aroMa U €ro BHEIll-
Hell 000JI0uKOl (IpaHUIIel Opeosia BpalleH!s ) TI0 paJAuaIbHOMY
HanpasJIeHUI0 HaxoauTcs nosic u3 npumepHo 100 — 200 npoto-



yactull (B 3aBUCUMOCTH OT BHJa CaMOr0 aToMa M OT AaBJICHUS
Y TEMIIEPATYPBI CPeNIbl, B KOTOPOM OH Haxonutcs). [lomyuaercs,
YTO MPHU HAJIMYUM, HATIPUMEP, CEMU CJIOEB EKTPOHHBIX OPOUT
B TSOKENIOM aTOMe, MEXAY KakJJ0H OpOUTOM HAXOAUTCS POCTION-
Ka u3 npuMmepHo 15 nporouacrun (20000 =+ 200 = 7 ~ 15). Ta-
Kas pocnorika u3 10 — 20 mpoToyacTuil K TOMy ke Kak Obl «Jie-
JIUTCS» TOTOJIaM Ha J1B€ MOTEHIMaJIbHbIe MOAMPOCIONKH 10 5 —
10 mpoToyacTull, «IMPUIMKUCAHHBIX» K Pa3HBIM 3JIEKTPOHAM CO-
celHuX ypoBHel. To ecTh B HM)KHEHN 10 OTHOIIIEHMIO K paccMar-
PUBAEMOMY 3JIEKTPOHY IMpociiorike n3 10 mporoyacTuil, cambliid
HUKHUM €€ CJIOM U3 5 mpoTovacTull 3aaercTByercs s ¢op-
MUPOBaHUSI OpeoJsia BpallleH! sl IEKTPOHA OoJiee HU3KOTo ypOoB-
Hs. A B BEpXHEHl MO OTHOILEHUIO K pacCMaTpUBAEMOMY JJIEK-
TPOHY IIPOCIJIONKe U3 10 mpoTOYacTHLl, CaMbli BEPXHUAN €€ CJIOU
U3 5 MpOTOYACTULL 3aAeUCTBYeTCS AJisi (POPMHUPOBAHUSI Opeoa
BpallleHus1 CMEKHOTO 3JIEKTPOHA OoJiee BHICOKOTo ypoBHs. Ta-
KOU CKY/IHBIA MHIMBUAYAJIbHBIN JJUMUT ITPOTOYACTUL] MTO3BOJISI-
€T JIeKTpoHaM c(OPMHUPOBATh OUYEHb MaJIBIi OPEOIT BPAILEHUS
BHYTPU aTOMa, TO €CTh MX OpPEOJIbl BpAllleHHsI CBOPAuYMBAIOTCS,
yMmeHblInasich nmpumepHo B 20 — 30 pa3. Beap B OOBIUHBIX YCIIOBH-
X 1711 (pOpMUPOBAHUSI HOPMAJIBHOTO OpeoJia BPAIllEHUs JJIEK-
TPOHY HEOOXOIMM TOSIC OKPYKeHHsI TomIMHON okono 200 mpo-
TOYACTHL], TO €CTh IPUMEPHO PaBHBIM quameTrpy aroma! I1osrto-
My, TIOTEPSIB SHEPTUI0 HA «HEYJaYHOE» Pa3BOpAauyMBaHKE U I0-
crielyoliee CBOpayMBaHUe Opeosia BpallleHUsl MpU MONagaHuu
B CTPYKTYPY aTOMa, JEKTPOHBI IPOJOIIKAIOT BpaIlleHUE BOKPYT



SI7Ipa, 1O KPYroBbIM Oe3HAIPSIKEHHBIM KaHAJIAM-TPAaHUTIAM MEK-
JIy IPOTOYACTUIIAMU, CHU3UB SHEPTETUUECKOE COCTOSIHAE CBOUX
OpEO0JIOB BpALIEHUSI A0 2 — 3 MPOIIEHTOB. JTH KaHAJIbl CTAHOBSAT-
sl MX OpOUTaMHU, a UX CKOPOCTb U3-32 O3BYYEHHOU MOTEPH IHEP-
I'Y CTAHOBUTCSI MEHbIIIE CBETOBOI HA MHOTUE €IMHUIIBI U AECST-
KU MPOLIEHTOB, B 3aBUCIMOCTH OT CTPYKTYPbI aTOMA.

— DJIEKTPOH MPEICTABIISAET COOON YaCTHUILY MIIU 00JIaKo?

— besycnoBHo yactuiy. Ho ecim a5neKTpoH ABMKETCS C OKOJIO
CBETOBOU CKOPOCTBIO MO0 OPOMTE aTOMa WUJIM BBUIETAET U3 aTOMa
C 9TOH ke CKOPOCTBIO — CKOPOCTBIO UCITYCKAHUSI, TO Y HEro mpu
B3aMMO/ICHICTBUY C APYTMUMH YaCTUIIAMU HAOJTIOIAI0TCS CBOMCTBRA
BUXPEBOUM BOJIHBI, TaK KaK OH OOJafaeT Ha TaKUX CKOPOCTSIX
HeOoJbIIMM opeosioM BparieHusi. Keratu, paBaiite ycinoBuMcs,
9TO MBI Oy/IeM CIIOKOMHO Ha3bIBaTh CKOPOCTh OKOJIO CBETOBOM,
€CJIM OHAa MEHbIIIe CBETOBOM HE B Pa3bl, a Ha MPOIEHTHL. [lake ec-
JI CKOPOCTh YacTullbl 5% OT CBETOBOM, Oy/leM CMeJIO Ha3bIBaTh
e€ okoJio cBeToBOoM. Tak Oyder mpoine 115 u3I0KeHus. Tak BOT,
Ha OKOJIO CBETOBBIX CKOPOCTSIX BpAllEHUs] BOKPYT SIApa, JEK-
TPOH, Jake KaK YaCTUIA-KOPITYCKYJIa, YIOA0OSETCs IO CBOUM
CBOMCTBaM U MposiBlieHUsiM o0Onaky. BepHee, konblieoOpa3HO-
My TOSICY BpAIllEHUsI C Pa3MbITBIMU I'PAHUIIAMHU, TaK KaK JIEK-
TPOH M3-3a MOCTOSIHHBIX BUOPAIIMI MPOTOYACTHII B OpEOJie Bpa-
IIEHUsI aTOMHOTO sIIpa HEe MOXET JIBUraThCs MO KJIACCUYECKOM
KOJIbLIEBOM OpOMTE, KaK IO MIeaIbHOUN OKpykHOCTH. Ero mocro-
SIHHO CJIeTKa KUAAeT 4yTb BBEPX, UyTh BHU3, UYyTh B CTOPOHBI.
[TosToMy Takyio pa3mMbITyI0 OPOUTY S TOXKE TPEATIOYNTAI0 Ha3bI-



BaTh OpOMTANIbIO, Kak 3TO obmienpuHaro. Ho B 1enom, rpyodo,
IEKTPOH JIBUKETCSI TIO OKPYKHOCTH, a MOTOYHEE — IO TOPOU-
JaJIbHOW OopOWTe, Kak BHYTpU OyONMKa, JOCTaTOYHO XaOTUYHO
coBepIIasi TaM BOTHOOOPa3HbIe OTKJIOHEHH S B YTOAy BUOpaIusM
MIPOTOYACTUI] ¥ BUOPUPYIOIIMM KaHAJIaM MEXly HUMU. 3ameuy
0c000: HIKOMY He BepbTe, KTO PaCcCKa3bIBaCT PO TaHTeIe00pas-
HbIE U enié Oojiee MPUIYUIMBbIE (DOPMBI OpOUTAJICH JIEKTPOHOB.
['mynee TpyaHO npUIyMaTh.

KonnuecTBo 37€KTPOHOB, BPAIAIOIIMXCS KaX bl 110 CBOEH
opOuTanM, HO Ha OJHOM 00IIIel OpoUTe, TO €CTh HAa OJHOM YPOB-
He y/IaJIeHusI OT sijipa, 3aBUCHT B TIEPBYIO OUepelb OT KOTMYeCTBa
IPOTOYACTHI], OOPA3YIOIINX HA CBOMX I'paHUIAX Oe3HArNpsKEH-
Hble KaHAJbI IS IepeMeleHus MeKTpoHoB. KonmuectBo mpo-
TOYACTHI] B OpPEoJie BPAIeHUs] aTOMHOTIO sijipa U Tak J0CTaTO4-
HO CUJIbHO OTFPaHWYEHO, KaK Mbl IOMHHUM, a YeM MEHbIIIe pa-
JyC OpOUTHI, TEM ITOT Ae(UIUT MPOTOYACTHUI] U 0OPa3yeMBbIX
MU Oe3HANPSIKEHHBIX TIOPAHUYHBIX KAHAJIOB UyBCTBYETCS eI
octpee. [ToaTroMmy Ha caMOM HUKHEM YPOBHE MOMEIAETCS Ofl-
Ha — JiBe OpOUTAJIM, HA BTOPOM YPOBHE B HECKOJIBKO pa3 00JIb-
111e, Ha TPeTheM — elI€ OosbIle, Ha YeTBEPTOM — eli€. .. OHaKo,
Ha IISITOM, IIECTOM, CE€JIbMOM yYpPOBHE KOJIMUYECTBO JIEKTPOHOB
nepecTaéT Tak MPSMOJIMHENHO YBEIMIUBATHCS M HAOOOPOT, T0-
CTETIEHHO CHMXKAeTCsl. DTO BBI3BAHO TEM, UTO TAKOE YBEJIMUECHUE
paguyca opOUT ocalnisieT CUly IPUTSIKEHUS sIIpa, K TOMY ke
Ha BBICOKMX OPOUTAaX JIEKTPOHBI ABMKYTCS CO CITUIIIKOM MaJbl-
MU CKOPOCTSIMU U TIOITOMY TaKKe XYKe YIEePKUBAIOTCS SIIPOM,



Npe/ICTaBIsAs U3 cels JIETKYI0, MEJTUTENBbHYIO T0OBIYY IS IPY-
rux, 6oJiee arpeCCUBHBIX SHEPrOMaTepUATIbHBIX OOBEKTOB.
Jlo6aBmmio, 9YT0 OpOUTANIN OIHOTO YPOBHS-OPOUTHI B3aUMHO
PABHOMEPHO MepeceKaloTcsl: ey 1B OpOUTaIIU, TO MO YIJIOM
90°, ecmu Tpu — noxa 60°, ecnu yerbipe — nox 45° u T. m. Ta-
Kasi CHMMETpHsI BbI3BaHA €CTECTBEHHbIM PABHOMEPHBIM PaBHO-
BECHBIM pacripe/ieJieHHeM pecypca KaHaI000pasyIoluX MpoTo-
YaCTHII JAHHOTO SIIIEJI0OHA MEKI1Y UMEIOIIUMUCS IEKTPOHAMU.
Ho moka mocratoyno o0 anekTpoHax. Mbl yIycKaem aTtom-
Hble sapa. Kak aTom mpupacraer aJeKTpoOHaMU Mbl IPOTOBOPU-
. Camoe BpeMsi IPOSICHUTDb, Kak oOpasyercsi Ooliee TskKENoe
SIIPO U3 JIByX WJIM HECKOJIBKUX OoJiee JIETKUX siaep.
Oo6pazoBanue JErKUX aTOMHBIX sifiep HEOOXOAMMO paccMmar-
pUBaTh KakK CIUSTHUE JUIOJed -+MpPOTOH—-+HENTPOH— MEeX-
Aoy cOOOi. DTO MOTyT OBITh TaKkKe W TPWIIOJIM THUMA -+HEw-
TPOH—+TPOTOH—-+HEUTPOH— WU +IPOTOH—-+HEUTPOH—
+IIPOTOH—, WM elI¢ KaKue-JTuO0 M30TOIb 1 JIETKUE 3JIeMeH-
Thl, HO MPUHIMITEL OynyT Te ke. Jlioboe atomuoe simpo Oornee
TSKEJIOTO JIEMEHTa MOKHO paccMaTpuBaTh Kak 1EMOYKY AMIIO-
Jieii Gosee JErKuX aTOMHBIX siJIep, HEKOTOPbIE U3 KOTOPbIX MOTYT
OBITh «TIOJIOBUHYATBIMU. [Tpy poKIeHUY IETKUX AaTOMHBIX sITIEp
TUTAHTCKAsl SHEPTUsl EPBOTO SHEPreTUUYEeCKOro Tarna pa3BUTHs
Bcenennoii Obi1a mpeoOpa3oBaHa U3 SHEPrUU BHEIIHETO JIaBJie-
HUS TIPOTOIIONISL HA TTPOTOHBI M HEUTPOHBI B SHEPTUIO BpaIleHUsI
TIOSICOB TIepeCceUeHMs STUX MPOTOHOB U HEUTPOHOB, KOTOPHIE CO-
€IMHUJINCh B TEPBbIE JIETKUE aTOMHBIE siipa (JUIONH, TPUIIO-



am, terpanonn). Kak aro npoucxogmino? Oteevaro. [Ipeacraspre
CMEXKHYIO Mapy MPOTOHA U HEUTPOHA, CKAThIX BHEITHUM JaBJie-
HUEM TPOTONOJSA. YCUJIEHHOE STUM JaBJIEHUEM BpallleHHUe Mosi-
COB IlepecevyeHusi B IPOTOHE U B HEUTPOHE MPeoOpa3oBbIBATIOCH
B YCUJICHHbIE BOJIHBI Ie(DOPMALIMY BHEITHUX T'PaHUIL UX «UTO» —
NOJIeW. YCWIEHHBIE BOJIHBI ie(pOpMaliy 3aIlyCKajau B IPOTOHE
Y HEUTPOHE BCTPEUYHBIE MOTOKHU ILTIOC- U MUHYC- SHEPrUid, KO-
TOpbIE POHUKAJIM U3 OHOW YaCTHUIIBl B JPYTYIO U CIYKUAJIU Ha-
crosiMu ckperiamu. [losicHio. B HeliTpoHe, rie oTpuniatesbHOe
SIIPO CITUSTHU S TOOOJTBITIE U TIOMOIIIHEE, OT fehopMariyii 00pa3o-
BBIBAJICSI M30BITOK €TI0 BPAIIeHUsT K M30BITOK UCXOIAIIEH U3 HETO
OTPUILIATENILHON SHEPIMM YMEHBIIIEHU I HEOHOPOJHOCTH, ¥ STOT
U30BITOK (pOpMUPOBAJICS B HANPABJICHHBI BOBHE IMOTOK, KOTO-
PHIli €CTECTBEHHBIM 00Pa30M YCTPEMIISUICS K COCEIHEMY TIPOTO-
HY, B KOTOPOM OTPUIIATEJIbHOE PO CJAUSIHUS MIOMEHBIIIE U TO-
crnadee, TO €CTh B KOTOPOM Habmogaercst AeUIUT STOM caMoii
oTpuIiaTesbHOM 3Heprun. 1 Hao6opot. B npoTtoHe, rje moaoxu-
TeJIbHBIN TIOSIC TIepeceueHrid TIOOOIbIIE U TOMOIITHEee, OT Jiepop-
Marui 00pa3oBBIBAJICS N30BITOK BPAIIEHU I 3TOTO MOsICa U N30bI-
TOK MCXOJSIIEN U3 HEro MOJIOKUTEIbHON SHEPTUU YBEJINUYEHUS
HEOTHOPOIHOCTHU, Y ITOT U3OBITOK (POPMHUPOBAJICS B HATTPABJICH-
HBII BOBHE ITOTOK,, KOTOPBIN €CTECTBEHHBIM 00Pa30M YCTPEeMJISI-
Csl K COCE/IHEMY HEMTPOHY, B KOTOPOM MOJIOKUTEIbHBIN MOSIC T1e-
peceveHmil 3HAUMTeIbHO MEeHblIe U ciladee, TO eCTb B KOTOPOM
HaOmonaeTcss nepUIUT MOJIOKUTETPHOW SHeprun. Takue B3au-
MOMNPOHUKAIOIINE PA3HOUMEHHBIE IOTOKU SHEPTMU B C:KATOM Ia-



pe «IIPOTOH-HEUTPOH» CTaJIM JepKaTh UX B CIETIKE, B TOM YKCIIe
¥ 32 CUET BO3HUKAIOILIEN UX YACTUYHOM MOJISIPU3ALUU. DTY CLICTI-
Ky MPOTOHOB C HEUTPOHAMHM MBI M Ha3bIBA€M TeNepb aTOMHBI-
MU sipaMu. BakHo: Takasi BHyTpPUCUCTEMHAS] IUPKYJISAIMS T10-
TOKOB M30BITOYHON OTPHUIIATENILHON U TIOJIOKUTEIILHON SHEPrun
B CHCTEME «ITPOTOH-HEUTPOH» TO3BOJIJIA HA JOJITO aKKyMYJIH-
pOBaTh B sIpax 3arac SHEPruu.

Tak BOT, 4TOOBI COEIMHUTH HECKOJIBKO aTOMHBIX siiep B 0O-
Jiee TSKENoe, HeOOXOIMMO OUeHb CHITBHO CKaTh T€ aTOMBI, B KO-
TOPBIX OHU HaxonATcs. Takoe cxxaTue aBTOMAaTHUECKU TIPUBOINT
K CKauKy KMHETUYECKOU SHepruu. [1oBbIlIIeHre SHEPTUH B YCJIO-
BUSIX CBEpXJIaBJIE€HHUSl aBTOMATHUYECKW MPUBOIUT K TMOMBITKAM
CHCTEMBI COPOCUTH SHEPTHUIO C MOMOIIBIO UCITYCKAHUSI-yOeTaH!sI
JIEKTPOHOB CO CBOMX OPOUT, K MOHU3AIIK aTOMOB C 00pa30Ba-
HHEeM MOHM3UPOBAHHBIX sijiep. VloHu3arws sijiep, CTaBIIMX MOJIO-
’KUTEJIbHO 3apsKEHHBIMU, TPUBOIUT K MOSIBJICHUIO KYJIOHOBCKOM
CHJIBI OTTAJIKMBAHUS sIIEp IPYT OT APYTra, BH B Kypce 3toro. Mc-
TUHHAs TPUYMHA KYJIOHOBCKOU CHJIBI B TOM, UTO JIBA SHEProma-
TepPUATbHBIX OOBEKTa BCEIZia OTTAJKMBAIOTCS, €CJTM B HUX 000-
UX MpeodagaeT OqMHAKOBAs SHEPrus HEOJHOPOJHOCTH, TO €CTh
€CJTM U3 HUX 00OUX MCXOINT JABVKEHUE YBEINUEHU T HEOJHOPO/I-
HOCTH, MO0 U3 000MX — IBMKEHNE YMEHBIIICHU ST HEOJHOPOTHO-
cti. CMOTpI0, 3TO IOHATHO.

[NosiBneHue KyJOHOBCKOM CHITbI BBI3BIBAET HEOOXOUMOCTH €€
MPEOJIONIETh U MPUMEHUTD IS AAJIbHEHIIIero CKATUsl siep eme
6osee BHICOKOE JIABJICHUE U eIIE 00osee BBICOKYI0 KHHETHUYECKYIO



SHEPTHIO, BBI3BIBAIOIIYIO MOABEM Temreparypbl. M B KOHIIE KOH-
OB sipa coenuHsiorcs. Eme pas ckaxem, 4To B JIIOOOM Cilydae
IUIsl STOTO TPeOYyIOTCs BCE-TAKW 3HAYMTEIILHO MEHBIITHE TeMIIe-
parypa u jaBjieHue, 4eM Te, KOTopble ObUTn 3aTpaueHbl Beenen-
HOU BO BpeMeHa MepPBUYHOTO CUHTe3a JIETKUX sITIep.

Nném paneie. Ilpu coenrnenny saep ux AUNONA (WA TPU-
TIOJT, WJIM TETPATIONH T.I1.) COEAMHSIIOTCS MEXIYy coOoi B Oonee
JUTMHHBIE 11eTI0YKH. Llenoyku 3T TyT jKe CBOpauMBaloTCs B Tpe-
TUYHBIE CTPYKTYPHBI — KJIyOKU. [Ipy 3TOM POUCXOIUT €CTECTBEH-
Hasl «ONTUMU3AIST» BCTPEUHBIX TOTOKOB TUTIOC- U MUHYC- SHEP-
TMiA: BMECTO HECKOJIbKUX TAKWX HWHAWBUIYAJbHBIX BCTPEUHBIX
MOTOKOB, CKPEIUISIBIIMX 10 CUHTE3a KaXI0e sIpO MO OTIesb-
HOCTU, 00pa3yeTcst OMUH OOIIUI MOTOK, MPOHU3BIBAIOIINIA HO-
BOOOpa3oBaHHOE Oojee TskENoe sapo. [lpu smom, ecmecmeer-
HO, 0c8000dcO0aemcst MHozo 3Hepeuy. CtaBIie HEBOCTpeOOBaH-
HBIMU «JIUIIIHUE» TIOTOKU SHEPTUU — OHU ke BOJHBI Aedopma-
MU «YTO» — TIOJIeW MPOTOYACTHUIl — HAYMHAIOT 1e(hOPMHUPOBATH
OKpY’KaloI[1ie HOBOE SIAPO MPOTOUYACTULIBI TPOTOMOJS, a TaKKkKe
MPOTOYACTHIIHI B COCTaBE OPEOJIOB BpaIlleHUsI U TIOSICOB Mepece-
YEHUI COCeTHUX JIEMEHTAPHBIX YaCTHII, KaK CBOOOJIHBIX, TaK
Y HaXO[SAIIMXCS B COCTaBe OKPYXKAIOIIMX aToMOB. BbiBonm Bam
y’&Ke OUeBHUJIEH: CUHTE3 HOBOTO 0oJiee TSKEIOro aTOMHOTO sI/Ipa
MIPUBOJIWT K BBIJICIEHUIO CEPhE3HON KMHETUIECKOUM SHEPT YU, UTO
NPUBOJUT K KapAWHAJIBLHOMY TMOBBIIIEHUIO TEMIIEPATyphl B 00-
JIACTH TIPOTEKAHWS PEaKIMi. DHEPruu BHIIEIISETCS TaK MHOTO,
q1o )i e€ cOpoca HAUMHAETCS] MACCOBOE MCITYCKAHUE YACTHII,



MIPUBOIAIIEE K CEPbE3HOM MOTEepe Macchl Bce cucreMoit. Kcra-
T, B HAYYHO! JIMTEPATYPE YacTO U C YIOBOJIbCTBUEM 3TO SIBJIE-
HYE TIPETNOJHOCST KaK ONeCTSIHI TPUMep 1 JJOKa3aTesIbCTBO TO-
ro, Kak Macca npeoOpasyercsi B 3Hepruio. Ho 310 He KOppeKT-
HO. 371eCh MPOUCXOIUT TO, YTO OoJyiee KpymHasi Macca pa3opa-
ChIBA€TCSl BOKPYI MEJKMMU YacTMuKamMu macchl. Tlotomy uro
YKUCTOM HEPrueu Bo BceneHHOM MOXKHO Ha3BaTh TOJIBKO SHEP-
TUI0 YMEHBIIICHU I U SHEPTUI0 YBETUYEHU I HEOIHOPOAHOCTH, 00e
SHEpPrUuy OCHOBAHBI Ha MEPBUYHON NYaIbHOCTH «4YTO — HUYTO»
Y TIpeJCTaBJIEHbl B YACTOM BHUJI€ MCKJIIOUMTENIBHO B (popMe Ha-
NPsKEHHOCTU MpoTovacTull poTtonos. [Tostomy ckaszars, 4To
TEIJIOTa — 3TO SHEPrUsl — HEMb3s, TAaK KaK HOCUTEJISIMU TETIOTHI
SIBJISIIOTCS] JIEMEHTAPHBIE YACTUIIbI, & HE POTOYACTHULIBL.

Hacrosimen sHepruen MOKHO CUATATh KUHETUYECKYIO SHEP-
Y10, TaK KaK OHA MPECTaBIIsAeT COO0M MCKIIIOYUTEIHEHO Bpallie-
HUE POTOYACTHULL B OPE0JIaxX BPaIllEHUsI U B MOsICaX MEPECeYeHUI
JIEMEHTAPHBIX YACTHII.

Hacrosimen sHepruei MOKHO CYMTATh MOTEHIIMAJIBHYIO SHEP-
TMI0, TaK KaK OHa OCHOBaHa Ha TOM, YTO y Pa3HBIX 3HEPro-
MaTepuasIbHbIX OOBEKTOB CYIIECTBEHHO Pa3lInYaloTCcsl pa3Mepbl
U pyTUe CBOMCTBA OPEOJIOB PaCTsKEHH s, COCTOsIIIME U3 1edop-
MUPOBaHHBIX NPOTOYACTULL ITpoTonois. Eciu Takue pasnnyaro-
IIMECs] SHEproMareprasbHble OOBEKThl HAXOIATCS HE Ha CBOMX
cTparax pacTsiKeHH sl POTOMOS], TO OHU 00/1a1aI0T NOTEHINAIb-
HOW 3Heprueil. HanyTeiil renmeM mapuk, yaepKuBaeMblii B py-
K€ OT B3JIETa — BOT MPUMeEP MOTEHIMAIbHOU SHeprun. C MoTeH-



IIMAJIbHOW SHepruei Oy/ieT MOHSITHee T03Xke, Koraa nodeceayemM
O rpaBUTAIIUH.

A TMOKa CKaXy BaM BOT YTO: SHEPrHs CYIIECTBYET JIMIIb Kak
TO WM MUHOE COCTOsiHUe mpoTtoyactuil. ClienoBaTebHO, Mpeod-
pa30BaHMEM MAacChl B HEPIUI0 MOXKHO Ha3BaTh TOJIBKO MPe0d-
pa3oBaHue JIeMEHTAPHBIX YaCTHII B POTOYACTULIBL. TO eCThb me-
PEXO0/1 MacChl B SHEPTUI0 — ITO UCKTIOUUTENILHO TTPOIIECC UCTTYC-
KaHUsl MaTeprell caMO3aKpyUYeHHBIX MPOTOYACTHI B MPOCTPAH-
ctBO. I TYT BO3HMKAET MOHMMAaHUE, KOTOPOE BaC OIIETIOMMT.

Marepusi B 9HeproBo30ykJIEHHBIX YaCTHIIAX CIUIONIb U Psi-
JIOM TIpeoOpasyeTcsl B IPOTOYACTHUIIBL. A MPOTOYACTHUIIBI «CMEPT-
HbI» U BCE BpeMs ucue3atoT. OHU MOCTOSIHHO JeMaTepUuan3yioT-
cs1, TIOKH/Iasl JIEMEHTapHbIe YaCTUIIBI TIPU cOpPOCe SHEPTUH, Te-
psisl BpallieHue, PacTSAruBasiCh U MPEBPAINasiCh B TUTIOBYIO sTUEH-
Ky nportonoisi. [[poToyacTuiibl MOCTOSSHHO MacCOBO JECTPYKTY-
pUpyIOTCSl B UEPHBIX JAblpax U Ha pyoexax Bcenennoii. Takum
00pa3om, Macca MOCTOSTHHO U TTOBCEMECTHO MOXKET MePEeXOIUTh
B MIPOTOYACTHIIBI, & TPOTOYACTUILIBI 3AMPOCTO MOTYT JIeMaTepu-
QJIN30BBIBATHCSI U OE3BO3BPATHO MCYE3aTh BO BCEJICHCKOM IPO-
TonoJie. Bvlgoo: 3akon coxpanenus snepeuu He pabomaem. OH
COBEPIIEHHO TOYHO OIMIMOOYEH: SHEPrusi He COXPaHsETCs, OHA
MIOCTOSTHHO yMeHbINaeTcsl BO BceeseHHOM, npornaiasi Oeccie/THo
1 0e3 BCAKUX MePEeBOILIONICHUH.

— Ox, ycnien!

— Yro «ycnen»?

— 41 BC€ at0 ycnen 3anucars!



— A ommenomMurscs ycren?

— Emé 6s1! 4 Bcernma aToMy 3akoHY He JoBepsi1. Bot, Harpu-
Mep, U IEHbI'M MCYE3al0T, KaK BOja B TIECOK, OeccieHo, U. ..

— Tak, nonstHo! Crynent, xBarut! S mpogosmky. UYto eme Ha-
10 otMeTuTh? 1151 nonHoTs! Kaptuhbl? [oxanyi, Bot uro. [1pu
00pa30BaHUY ATOMHBIX SIIeP, KOT/Ia CTHIKYIOIIAECS TUTIONHN CBO-
pauMBAaIOTCS B IIETIOYKU U B KITYOKH, 3a4acTyIO IPOUCXOIST Ha-
KJIQJIKU OJIHOMMEHHBIX YaCTHI] JpYyT Ha Jpyra: MpOTOH Ha Ipo-
TOH WJIM HEWTPOH Ha HEUTPOH. B Takoii cuTyaly OiMH U3 HUX
HE MOXET BCTPOUTHCS B OOIIYIO METII0 OObENHSIONETO MOTO-
Ka SHEPruu 1 CTAHOBUTCS JIUIITHUM, HE B COCTOSTHUM YIEPKATHCS
B sigpe. OcOOEHHO 3TO XapaKTEPHO JJIs1 PeaKlIMil CUHTE3a C U30-
TOMaMH, B KOTOPBIX HEXBATKA WM N30BITOK HEUTPOHOB. B Takmx
Clly4asix Hapsioy ¢ 0Opa3oBaHMEeM HOBOTO OoJiee TSKENIOTo sapa
MIPOUCXO/IUT UCITyCKaHUE HEUTPOHA WU MPOTOHA.

Cy1iuecTByeT el CUHTE3 SAep, IpU KOTOPOM COEIUHSIOTCS
JIBa MTPOTOHA, KOTOPBIE MPU ITOM TAKKE YACTUYHO MOJISPUYIOT
JpyT pyra: +mnpoToH— u +npotoH—. BeneacTsue sToi nosns-
pu3aryy oOIe MPUHIIUIIBI STON PEaKIIUU CXOIHBI C PACCMOT-
PEHHBIMU U MbI He OylieM noapoOHee rOBOPUTh O HUX, TOOABUB
JIUIIIb, YTO TAKOW TEPMOSIAEPHBIA CUHTE3 IUPOKO PacCHpOCTpa-
HEH B TIIyOMHAX MACCUBHBIX 3BE3/I.

B nponomkeHre TeMbl — HECKOJBKO CJIOB O TEPMOSIIEPHOM
pacnage. O6pa3oBaHue, CMbIKAHUE TSKENBIX siIEP MPOMCXOIM-
JIO B YCIIOBUSIX HEJOCATAEMOro /1Jisl Halllero MOHUMAaHUsl CBepX-
JIaBJIEHUS] U CBEpXTeMIIepaTypbl B HEIpaxX 3BE3-TUTAHTOB, KO-



TOpPBIE MOIJIA OOPa30BBIBATHCS] TAKUMH OI'POMHBIMU JIMIIIb B Ha-
YAJIbHBIX YCJIOBUAX 3BE3AHOIO (hOpMUPOBAHUS — Korja Beenen-
Hasi ObUIa emE He OYeHb PACTSHYTAa U KOHILICHTpAIHsl BEIeCcTBa
B Hell OblIa HAMHOTO OoJiee BBICOKOM, 4eM ceituac (Tpesk/ie Bee-
r0, KOHIIEHTPAIIUSI T'a30-TIbUIEBOTO «CHIPbs» JIJIsI CIIPECCOBbBIBA-
HUS B Oyayiee Teno 3Be3bl). CrieioBaTesbHO, TO YTO OBLUIO CO-
MKHYTO TOIJa B HeJpax 3BE3J]l C OTPOMHBIM YCHJIMEM, Terepb
MOXeT ObITh Pa30MKHYTO IOpa3jo Jierye, Tak Kak «CHapyxu»
3TUX JPEBHUX aTOMHBIX sI[Ep JaBJIEeHWE HECOM3MEPHMO CHU3H-
J0ck. [1o3TOMy Takoe «pa3sMbIKaHUE» — «PACKAJIBIBAHUE» TAKE-
JIbIX aTOMHBIX s1Iep, Ha3bIBAEMOE PaCIajiOM, IIPOUCXOIUT CpaB-
HUTEJIBHO JIETKO, [a eIlE U C BHICBOOOXKA€HUEM SHepruu. 1znu-
IIEK SHEPTruM MOJMy4aeTcsl BCIEACTBUE TOTO, YTO Ha MOIIEpKa-
HHE B COMKHYTOM COCTOSIHUM HECKOJIBKMX Oosee JIETKHX siaep,
00pasyIoIuXxcs Ipy pacnaje OqHOro 0osee TSKEIOro sijipa, B Co-
BPEMEHHBIX YCJIOBUSIX HEOOXOIMMO 3HAYUTEIbHO MEHBbIIIE SHep-
ruu. V3nuiiex SHeprum eCTeCTBeHHBIM 00pa3oM BO30Y:KIaeT Bce
3JIEMEHTAPHbIE YACTUIBI BOKPYT M BHYTPU Pacrafarolerocs -
pa, YTO MPUBOAUT K MACCHPOBAHHOMY MCITYCKAHUIO YaCTHII U 10-
BBIILIEHUIO TEMIIEPATY PHI.

Peakimu siiepHOro cMHTE3a M pacriaja JIOASM XOpOUIOo M3-
BECTHBI, Bbl TOXE O HUX KOHEYHO K€ MHOI'O 3HAETe, HO TaKylo
NIPOCTYIO (PUBUYECKYIO CYTh ITHX PEaKIUid BaM BPsiL JI KTO 00b-
SICHSII. ...

— o ucrune, s BriepBbIE CIBIITY Pa3roBOP O CEKPETaX MUPO-
3[JaHUs1 Ha TAKOM SICHOM 4esioBedeckoM si3bike! Criacn6o!



— Iopnepixy 3TO 3aMeYaHue OT JIMLA MOJIOIEKH.

— W1 Bam criacu6o 3a monnmManue. 4 crapaiocs nonpoie. Kera-
TH, U CBOM MO3TH MPUBOXKY MO XOAY B MOPSIOK. A Ternepp Mo3-
BOJIbTE aKIIEHTUPOBATH Ballle BHUMAHUE HA TPOMEKYTOUHBIX BbI-
BOJIaX OTHOCUTEJIbHO TaK Ha3blBaeMbIX (DyH/IaMEHTaJIbHBIX B3a-
HMMOJICHCTBUI.

Cunvhoe u caaboe 63aumMooericmeust — 3T0 TOABUIBI OfI-
HOTO B3aMMOJEWCTBUSI, OCHOBAHHOIO Ha TMosicax Iepeceye-
HUW KOHTAKTUPYIOIIUX 3JIEMEHTAPHbIX YacTHll, TO €CTb NoAs-
Mu (2 HE «IEPEHOCYMKAMM»! ) 3TOro B3aMMOJAEWCTBUS SIBJIS-
I0TCSl BOJTHBI-BUOpAllUM HAa TPaHUIAX CEKTOPOB IMepeceueHus
«4TO» — MOJIer BCeX MPOTOYACTHUIl, COMKHYTBIX B T€ JIeMEHTap-
HBI€ YaCTHIIbl, KOTOPHIE 3aJIEUCTBOBAHBI B KOHTAKTe. X04y OCO-
00 TOUEPKHYTh, YTO BO BCENeHHON HET HMKAKUX «IePEeHOC-
YMKOB» B3aMMOJIEUCTBUSI, BCE B3aMMOACUCTBHUS OCYIIECTBIISIOT-
Csl UCKJIIOYMUTEIILHO Yepe3 HEMOCPEICTBEHHbIE KOHTAKTBI ITPOTO-
yactuil. He 3aBUCHMMO OT TOro, HaXOASITCS JIU 3TU MPOTOYACTU-
[l B OOBIYHOM «STYEHCTOM» COCTOSIHUM B COCTaBe MPOTOTONIS,
MO0 BOBJIEYEHBI B OPEOJIbI JIEMEHTAPHBIX YaCTHII, TUOO HAXO-
JATCS B COCTaBE JIEMEHTAPHBIX YacTHIl. 3allOMHUTE, HET HUKA-
KHX YaCTHII, AKOOBI IEPEHOCSAIINX HEKOE «B3aMMOJIEHCTBHE» Ue-
pe3 MPOCTPAaHCTBO OT OJHOTO OOBEKTA K ipyromy. Mmak, cunb-
HO-CAab0e 83aUMO0ELiCMEUe 3apoHcOaemcst 8 COMKHYMbIX Npo-
mouacmuyax. CAJIbHO-CJIA00€ B3aMMOJIEHCTBUE — 9TO B3aUMO-
JIEVCTBUE «UTO» — ITOJIEM.

InekmpomazHumHuoe 83aumooelicmeue — 3STO B3aUMOAEH-



CTBHE, OCHOBAHHOE Ha OpeoJsiax BpallleHUs JIeMEeHTApHbIX 4a-
CTHUII, TO €CTh €ro MOJsAMU SIBJISAIOTCA AehOpMUpYEMbIe MPOTO-
YaCTUIIBl MPOTOTIOJISI, OKPYKAOIFe KOHTAKTUPYIOITHE C TIOMO-
IO JIEKTPOMArHUTHOTO B3aMMOJECUCTBUS JIEMEHTapHbIe Ya-
cTuipl. Umak, anexmpomaziummoe 83aumooelicmeue 3aporicoa-
emcs 8 0epopmupyemvix npomouacmuyax. IEKTPOMATHUTHOE
B3aUMOJIENICTBUE — 9TO B3aUMOJICHCTBUE OPEOJIOB.

I pasumauuontoe 8zaumooeiicmeue — 3TO B3aUMOJICHCTBUE,
OCHOBaHHOE Ha HEPABHOMEPHOCTHU PACTSI’KEHH S BCEJIEHCKOTO T0-
JiISl POTOYACTHULI, TO €CTh €ro MOJSMHU SIBJISIIOTCS €CTECTBEHHO
HaMPsHKEHHBIE TIPOTOYACTUIIBI, ECTECTBEHHBIM 00pa30M OTJINYa-
IOIIMECS 10 CTEMeH! HANPSKEHHOCTH 00pa3yeMbIX U3 cebs siue-
€K MPOTONoJIs (10 CTeNeHN CBOETO PaCTSKEHU s WU CKATHS OT-
HOCUTEJIBHO YCPEIHEHHOrO 3HaueHus). HanpskEéHHocTh B pas-
HBIX 00JIaCTSIX €IUHOTO MPOTOMOJSI U3MEHSIETCS B 3aBUCUMOCTH
OT TPHUCYTCTBUS B 3TUX 00JACTAX TeX WM MHBIX OOBEMOB Be-
1iecTBa. BbI TOKHBI TOMHUTB: YeM OOJIbIIIE B IPOTOIIOJIE Bellle-
CTBa, TeM OoJiee PaCTSIHYTHI ero si9eiku. Mmak, 2pasumauuon-
HOe 83aUMOoOelicmeue 3aporHcoaencs 8 0ObIUHbIX NPOMOUACHIU-
yax. I'paBUTalIMOHHOE B3aMMOJAEUCTBUE — 3TO B3aMMOJEUCTBUE
sTYEEeK MPOTOMOJISL.

Taxum o6pazom, uem caabee UCKaxCceHue NPOMoUACmul, mem
crabee 0CHOBAHHOe HA HEM 83aumodelicmsue no adcoMOmMHOMY
3HAYEHUI0, HO MeM Ha Oonee OANbHUX PACCMOSHUSX OHO Oeli-
cmeyen.

— Pacckaxwure o rpaBuranum!



— OxoTHO, Tem Gosiee, YTO MbI K ITOU TeMe MOYTH MOAOIILIH.
Ho cHavana, ucxons U3 JIOTUKY U3JI0KEHUSI TEMbL, HAM HAJI0 pac-
CMOTpETH ell€ ABa Borpoca. [IepBblil: Kak nepemMenianTcs aTto-
MBI 1 BOOOIIIe MaTepusi B mpotornosne. M BTopoii: arperarHsie co-
CTOSIHUSI BELIECTBA.

Wrak: nepemelieHue MaTepuu B IMPOTOMNOJIE MTPOTOYACTHLI.

C s5eMeHTapHbIMUA YaCTUIIAMU HaM YK€ BCE TIOHSATHO (51 Ha-
Je10Ch!): OHU BCerja M Be3/le HaXOJATCS UCKJIIOUUTEIBHO MediC-
Oy npomouacmuyamu . JInbo nepemMenialTcsi OTHOCUTENILHO Mpsi-
MOJIMHEWHO (TUXOHBKO WJIM CO CBETOBOM CKOPOCTHIO), TMOO Bpa-
HIAI0TCSL BOKPYT JIPYrOM YaCTHUIIbI WJIM BOKPYT CBOEU OCH (C OKO-
JI0 CBETOBO# cKopocThio). Ho, B moGoMm cityuyae, 4acTHIibl pac-
T0J1araloTCcsl Ha Oe3HaINPsHKEHHON BHEITPOCTPAHCTBEHHOM T'PaHM-
e MEXJY «4YTO» — MOJISIMU MTPOTOYACTHI], U3 KOTOPBIX COCTOUT
nporonosie Beenennoit. [lapaiite Ha3bIBaTh TaKUE TPAHULIbL nPO-
MOZPaHUUaMU.

B aromax Bce 31eMeHTapHbIe YacTUIIbl — JIEKTPOHBI U SIIPO —
TaKke HAXOJATCS B COOTBETCTBYIOIIMX MpoTorpanuiax. [1pu ne-
pPEMEIIIEHMY aTOMa B MPOCTPAHCTBE, TO €CTh B MPOTOIOJIE, BCE
€ro YacTULIbl TaKXke MEePEMEIAIOTCA N0 MPOTOrpaHuLiaM. Aapo
aToma, Kak OTHOCUTEJIbHO HEMOJBUKHAS B paMKax caMoro aro-
Ma YacCTHIIA, JIETKO MEPEMEIAETCsl BMECTE C aTOMOM I10 OITH-
MaJIbHOMY MPOTOrPAaHUYHOMY KaHATy MEkAy CKOIUIEHUEM ITPO-
TOYACTHI] IO KypcCy ABM:keHUs aToma. [1o kaHamy-HarpasieHuio,
MaKCUMAaJIbHO COOTBETCTBYIOILIEMY TPAeKTOPUU MepeMEIleHUs
aroma, Oy/ib 9Ta TPAEKTOPHSI XOTb IIPSIMOML, XOTh KPUBOM, HE BaX-



HO. A BOT C 9JIEKTPOHAMHU Uy Tb CJIO’KHEE — BeJlb OHU BpAILlAIOTCS
BOKPYT SApa, ¥ ITPA 3TOM JOJIKHBI IEPEABUTaThCA €IE U KY1a-TO
B CTOPOHY, TPOHUKAs MEXy IPOTOYACTULIAMU. DJIEKTPOHBI BbI-
HYXKJIEHbI, COXpaHsis BpallleHUe, C HEKOTOPbIM TPYJOM BXOAUTh
B IPOTOTPAHULIBI JJ151 OTHOBPEMEHHOTO IBUKEHHS TIO 3TUM IPO-
TOrpaHULIaM BIEPEN MO XOAy IepemMenieHus Bcero atoma. [lpu
9TOM 3JIEKTPOHBI CJIeTKa 1e(pOPMUPYIOT POTOTPAHULIBI «UTO» —
noJiel, 3aTpaunBas Ha 310 Bpems. [1oaToMy aTomMbl MeIIUTEb-
Hee JIEMEHTAPHbIX YACTUILL M HE MOTYT ABUTaThCsl CO CKOPOCTHIO
ceeta. Ho B 1enoM, atom KpaHe HE3HAYMTEJbHO B3aMMOJEH-
CTBYET C MPOTONOJIEM, MEPEMEIAsACh B HEM. ATOM IepeMela-
€TCsl CKBO3b IIPOTOIIOJIE UCKITIOUMTEIbHO Orubdasi BCEMU CBOMMU
YaCcTUIIAMU BCE «YTO» — MOJIs1 BCTPEUAIOIIUXCS 10 KypCy JIBUKE-
HUA NIPOTOYACTUL. MOXHO NOYTH MApPaJOKCAIBHO YTBEPKIATh,
YTO aTOM, KOTOpBI B COTHM pa3 KpyIlHEe IPOTOYACTHL, O6U-
arcemes mexcoy Humu, He cmewyas ux! Ilpu nepemernieHun atoma
CKBO3b ITPOTOMOJIE HAOIONAETCS eIE OIHO CYIIECTBEHHOE sIBJIE-
HUE: OPEOJIbl PACTSKEHUS W BPAILCHU sIpa aToMa TaKXe B3a-
MMOJEVCTBYIOT C OKPYXAIOUIMMHM IIPOTOYACTULIAMH, Je(OPMHU-
PYys UX «UYTO» — MOJS. «YTO» — MO OKPYKAIOLIMX POTOYACTHUIL
10 X0y ABVKEHUS aTOMa MPHOOPETAIOT COOTBETCTBYIOIIE STOMY
aToOMy PACTSKEHUE U BOJIHY Bpalanouiencs aepopMani CBOMX
rpanui. Ha 310 B3aumonencTsre TpaTuTcs U HEKOTOPOe BpeMs,
Y HEKOTOpasi SHeprusi, KOTopasi, BIpoYeM, MpeICTaBIsieT u3 ceds
BHEIIIHIOI0 SHEPruI0, 3aTPAueHHYI0 Ha MPUBEAECHUE PAaCcCMAaTpU-
BAaEMOro aToMa B iBUkeHHe. Korna KoHuures 3ta sHeprus (1pu-



KJIa[IBIBaeMasi K aTOMy BHEIIHSISI CHJIa), TOT/IA U ero TiepeMeltie-
HUE B MPOCTPAHCTBE MPEKPATUTCS.

Ecan aToMOB MHOro, ecii Mbl BO3bMEM MOJIEKYIy, WK Ka-
MeHb, WX IJIAHETY, TO B LIEJIOM CUTYallusl HE U3MEHUTCS: TeJo
NIepe/IBUTACTCS] CKBO3b MPOTOIOJIe MUHUMAJIBHO C HUM B3aUMO-
JIEVCTBYSI, TAaK KaK BCE JIEMEHTAPHbIE YACTHUIIBI B COCTABE TOTO
TeJa IBUXKYTCS M0 KaHaJlaM MIPOTOTrpaHMmil, Orudasi mpoTOYacTh-
1bl. OJJHAKO, €CTh YeThIpe OCOOEHHOCTH.

Bo-niepBBIX, B MAaCCUBHOM TeJjie, KaK Mbl TIOHUMAaeM, OYEeHb
MHOT'0 3JIEKTPOHOB, Y BCE OHU MOHEMHOT'Y 1e(DOPMHUPYIOT COOT-
BETCTBYIOIIME TPAHUIIBI «UTO» — TIOJICH TIPU BXOXKJICHUU B HUX
U niepeBrkeHrny 1o HUM. CyMMapHO 3TO Ja€T yKe 3HAUMTe b-
HYIO 33JIepKKy 1o BpeMeHH. U 310 sIBNsieTcs camoi SHeprosa-
TPaTHON OCOOEHHOCTHIO TIEPEMEIIICHH ST TeJla B IPOTOTIOJE.

Bo-BTOpBIX, B MAaCCHBHOM TeJjle, KaK MbI TOXE TOHUMAaeM,
OYeHb MHOTO aTOMHBIX sIJIep, Kak10€ U3 KOTOPbIX 001a1aeT ope-
OJlaMU pacTsDKEeHHs M BpaileHus. Ha cmelnieHne 3Tux opeosyioB
B MIPOTOIIONE TaKke HeOOXOMUMbI Oosiee 3HAYMTETbHbIE BPEMS
Y DHEPrusl, YeM B OTHOIIEHUU €TUHUYHOTO aToMa.

B-TpeTbux, B MaCCUBHOM TeJie 00pa3yloTcs KJacTepbl aTOMOB
U/WJIA MOJIEKYJI, TO €CTh JIOKaJIbHbIE OObEIMHEHU S OIMHAKOBBIX
WIN Pa3IMYHBIX MOJIEKYJI U aTOMOB, HACUUTBIBAIOIIUE UX OT Je-
CSITKOB JIO JIECATKOB ThiCSiY. B mpuHIMIIe, modast KpynmHasi Mo-
JIeKyJ1a — yKe KJiacTep, He ToBopsl yke 0 0ojiee KPYIHbIX YILIOT-
HEHMSX BEIECTBa BHYTPH OoJiee CJIOKHON MaTepraibHOM CHUCTe-
MBI (HarpuMep, kejle3Hoe AJpo B IEHTpe IUIaHeThl). Bokpyr Ta-



KHX KJIACTEPOB 00Pa3yloTcsi COOCTBEHHBIE OPEOJIbl PACTSIKEHUS
IPOTOMOJISA, a 3HAYUT HA UX NEPEMELICHUE B MPOTOIONE TaKke
HEOOXOAMMBI AOMOIHUTEILHOE BPEMS U SHEPIUsl.

B-ueTBEpTHIX, B MOOOM Tejle MEXAy CMEKHBIMU aToMa-
MU 3JIEKTPOHBI B3aMMOJIENCTBYIOT C pa3BEPTHIBAHUEM OPEOJIOB,
a 9TU OpeoJibl B3aUMOJEHCTBYIOT € MPOTOYACTULIAMHM OKpYKa-
IOLIEro MpoToNnoiis, AeopMUpys uxX U 3a0upasi Ha 3TO IHEP-
TUI0 U BpPEMs1, COIPOTUBJIASCH ABUKEHHUIO TEJIA B TPOCTPAHCTBE.
OpeonoB pacTsikeHus1 U BpAIIEHUs] MEXAY JIEKTPOHAMH CO-
CEeJHMX aTOMOB M MOJIEKYJI pa3BOPAYMBAETCSI TeEM OOJIbIIe, YeM
OoJbIIIe TEJIO, YeM TUIOTHEE BEIIECTBO, YeM OOJIbIIe JIEKTPOHOB
Ha BHEIIIHUX JIEKTPOHHBIX CJI0SIX aTOMOB, YEM CJI0KHEE XUMHU-
YecKHe CBSI3U B JaHHOM Tesie. UeM Oosibilie OpeosioB, TeM TPY/-
Hee CIIBUHYTb TeJIO.

Bb1600: 4eM MacCUBHee TeJo, TEM TPYAHEE ero CIBUHYTD C Me-
CTa U Pa30orHaTh 10 BBICOKOW CKOPOCTH, TeM OoJiee 3HAUMTEb-
HYIO CUJIy HaJI0 K HEMY [JIsl 3TOro Npuioxuth. [lpu sTom oc-
HOBHOE ycuJIve TpeOyeTcst Ha TO, YTOObl M3HAYATBHO «BOTHATH»
BCE MIEKTPOHBI B COOTBETCTBYIOIIME WHAUBUYATbHbIE KAHAJIBI
npororpanuil. EAUHOKIB «BIpaBUB» MEKTPOHBI B 9TH KaHa-
JIbl ¥ IPU/IaB UM JOMOJTHUTENIbHOE (K CBOEMY OCHOBHOMY, Bpa-
IIaTeJIbHOMY) JIBUKEHHE 0 KypCy NepeMelleHHs] BCero Tea,
MBI TIOJIy4YaeM BO3MOKHOCTb CYIIECTBEHHO CHU3UTH MpuJiarae-
MO€ YCUJIME JJIs1 MIOCJIEAYIONIETO MOAIEPKAHUS 3aJaHHOTO JIBU-
JKeHus Tena. JlanbHeilie 3aTpaTbl SHEPTMU U BPEMEHU Ha Iie-
peMellieHre B TPOCTPAHCTBE OPEOJIOB PACTSIKEHUS U BpaILlEHU



y’Ke HE OYEeHb CYIIECTBEHHBI, TaK KaK J1e(POPMUPYEMBIE «UTO» —
TIOJISI He SIBJISIIOTCS] SHEProMaTepUaIbHBIMU OObEKTAMHU.

Kcraru, umenno nosmomy B OTCyTCTBUM OIIyTUMOTO COIPO-
TUBJIEHUS1 MaTEPUAJIbHOW Cpe/ibl (HAalIPUMEP B OTKPBITOM KOCMO-
ce, WIMA MPOCTO Ha CKOJb3KOW MOBEPXHOCTH) MACCUBHOE TEJO
TIOJ1 JIECTBHEM OOJIBITION «CTAPTOBOU» CHUTBI, M3HAYAJIBHO TTPH-
JIOKEHHOM K HEMy [Uisl MpUJaHUsl JBWKEHUsI, MOXKET NepemMe-
IaThCsl B IPOCTPAHCTBE OYEHb-OUEHb JJOJIT0, 001a/1ast TPU 3TOM
OUEHb-OYEHb 3HAYUTEJIbHBIM 3aI1ACOM KUHETUYECKOW SHEPIUu.
B 3TOM U ecTb CyTh SIBJICHUS UHEPUUU.

— bpaBo! BpaBo. HakoHel-To MHe pacckazajiv O CYyTH TaKUX
3araJJOYHbIX SIBJICHUH, [1a €1IE€ Ha COBEPILIEHHO MPOCTOM YeJIOBe-
YECKOM f3BbIKE. DTO NOTpsACEHUE. 1 HET HUKAKOrO ICEeBIOHAYY-
HOTO TEPMHHOJIOTMYECKOTO TyMaHa, CKPBIBAIOIIETO TIIyOMHHOE
1 OECITOMOIITHOE HETIOHUMAHUE CYTH SIBJICHUH. . .

— DKo Bac npoHsiio, [Tpodeccop!

— 9x, CryzaeHTt, He cMmeltech! §1 Bam 3aBUIYI0 — Balll MO3T
eIne He 3amopeH, Bl Oosiee 3(PEKTUBHO MOKETE BITUTHIBATH 3TO
HOBO€ IMOHUMaHMWE HAIIEro MUPA. ..

— Tak, rocniopa cnymatenu, AaBaite 6e3 ymiHero nadoca.
Pazpemmte MHEe POJOIKUTS. .. XOTS 51 U MOJIbIIEH, KOHEYHO. . .
Ntak, paccMOTpHUM Clie1yIOImMi BOIPOC.

ArperatHble COCTOSIHUSI BEIIECTBA.

[louemy ectb TBEpBIE TENA, KUIKOCTH, ra3bl, Mazma? I'oBo-
ps IIPO OCOOEHHOCTH arperaTHbIX COCTOSTHUI BEINECTBA, s CEH-
qac Oyay yrnoTpeomisiTh, JJis IPOCTOTHI, CIIOBO «aTOMBI», HO pac-



CMaTpyBaeMble 0COOEHHOCTU KacaloTCsl ¥ TEX CITyJaeB, KOT/a Be-
IIECTBA COCTOAT U3 MOJIEKYJT, TMOO U3 CMECH Pa3IMIHbIX aTOMOB
Y MOJIEKYJI.

Teépovle mena TBEPABI IOTOMY, UTO B HUX pa3Mepbl OPEOJIOB
PACTSIKEHU s aTOMOB 3HAYMTENILHO OOJIbIIE, YEM OPEOJIbl Bpalie-
HUs 9TUX ke aroMoB. [loaTomy, 3a CUET IBUKEHUs yBeIuve-
HU$1 HEOTHOPOJHOCTH, COCEIHHAE OPEOJIbl PACTSAKEHUS TPOTOIO-
JI51 CTPEMSATCS APYT K IPYry, KOHTaKTUPYIOT APYT C APYTrOM U Ya-
CTUYHO coBMemaTcs. Opeosbl pacTsikeHusi OyKBAJILHO CTATH-
BAIOT HAXOASIIMECS B HUX aTOMbl APYyr ¢ apyroM. Ilpu stom
YMEHBIIIaeTCsl JIOKaIbHAs HAMPSKEHHOCTh PACTSIKEHHS MPOTO-
nosisi. IMEHHO Tak aToMbl CTATMBAIOTCS CBOMMU OpPEOJIaMU pac-
TSKEHUS B YCTOMYMBYIO KPUCTAJUIMYECKYIO pelieTKy. [Tpu sTom
pacCTOSAHUA MEXJY aTOMaMH B PELIETKE COKPAILAIOTCS POBHO
JIO TOU TIOPBI, TIOKA HE HAYHYT COIMPHUKACATHCS MX OPEOJibl Bpa-
nieHus. Boliasa B comnpsikeHue, B KOHTAKT, OPEOJbl BPALCHUS
BCEX aTOMOB B KPUCTaJUIMYECKON pelIéTKe TBEPIOro Teja 0000-
LIECTBIIAIOTCSA, TAPMOHU3UPYIOTCA O HAIPABJICHUIO CBOETO BPa-
HieHus (Harnogooue MecTepEHOK B yacax) 1 00pasyioT py 3TOM
€IMHYIO STYEUCTYIO CeTh OpeosioB BpaieHus. OOpaTrte BHUMA-
HUE, YTO B IIPUHIIUIIE BCE OPEOJIbl PACTSIKEHUSI BCEIAA CTPEMSIT-
Csl IPYT K JAPYTY, YTOOBI MAaKCUMAJIbHO CIIUThCS CAMUM M MaK-
CHMaJIbHO COJM3UTH CBOM aTOMbl. A BOT BCE OPEOJIbl BpaIllEHU S
IIpU KOHTAKTE OTTAJIKMBAIOTCS JIPYT OT Apyra U CTPEMATCs OT-
TOJIKHYTh B Pa3Hble CTOPOHBI cBoM atoMbl. Ho B TBEpABIX Be-
IIECTBAX CHJIBI OPEOJIOB PACTSIKEHHSI HA TIOPSAOK OOJIbIIIe CH



OPEOJIOB BpAIlIeHHs], IOITOMY aTOMbI CMBIKAIOTCSI, & OPEOJIbI BPa-
IIEHUS BbIHYXJIEHbl TADMOHU3UPOBATH HAIIPABJIEHUE U CKOPOCTb
BpallleH!s1, YTOOBI «YKUTHCSI» PYT C IPYTOM B TECHBIX YCJIOBU-
SIX KPUCTAJUIMYECKOTo «0OIIeKUTHs». BOT Tak obecrnieunBaercs
TBEPAOCTh TBEPBIX TEJ, IPOCTUTE 32 BbIPAKEHHUE.

B Meramnax mpu 3ToM OOOOIIECTBISIOTCSA €m€ W EeKTPo-
HBI BHEIITHUX OPOUT aTOMOB. JTO JAET IOMOIHUTENBHYIO YCTOM-
YMBOCTh KPUCTAUIMYECKOHN pemiérke. B meramnax mo 0606-
IIIECTBJIEHHOW CETH OpPEeOoJIOB BpaIlleHHS IMepeMenanTcs: 0000-
IIECTBJIEHHBIE 3JIEKTPOHbBI, OHU JBHKYTCS BOKPYT Kak/I0r0O aTo-
Ma B MacCHBE, COXpaHsisi IPUHIUI KPYTOBOTO BpallleHus1, HO IpU
Oorr0aHry KaKI0r0 HOBOTO aToMa 3JIEKTPOHbI MEHSIIOT HallpaB-
JIEHWE BpalIeHUsl Ha MPOTUBOIIOIOKHOE. DTUMH BBICOKOCKO-
POCTHBIMU OTMOAHMSIMH, HATOMHHAIOIIAMH M3-32 CBEPXCKOPO-
CTH TIO CBOEH CTPYKType HeKoe TBEpHoe 00JIaKko, U 0OecreurBa-
€TCsl CBA3b, CJIOBHO LIEMEHTUPYIOLIAs KaX/Abld aTOM HE TOJbKO
C COCE/IHUM aTOMOM, HO U ¢ OoJiee JaIbHUMMU.

ATOMBI B TBEpIBIX TeJlaX MOYTH HEMOABMKHBI, JTULIb CJIETKA
BUOPUPYIOT, OHU TIOJTHOCTHIO 3aKaThl cucTeMor. Kaxapii aTom
IIPY 3TOM B3aUMOJIEHCTBYET HE TOJBKO C ONMKAMIIMM KPyrom
(c arTomMaMu, ¢ KOTOPbIMHU COITPUKACAETCSI OPEoJIaMU BpallleHUs1),
HO U CO BTOPBIM 31IEJIOHOM (C aTOMaMU, KOTOPbIE PacIioIOKEeHbI
32 TEMHU, C KOTOPbIMU OH COMNpPUKAcaeTcsi), a TakkKe, C HEKOTO-
PbIM MOCTENEHHbIM OcabieHreM, B3aUMOEUCTBUE TPOUCXOAUT
C TPETHUM 3ILEJIOHOM, C YETBEPTHIM U TaK Jajiee. DTU JaJbHUE
CBSI3H, KaK Obl HAHW3BIBAIOIIVE HA OIUH CTEPKEHb IO HECKOJb-



Ky aTOMOB, M He JIAl0T MM CMEIIAThCsl OTHOCUTEIIBHO JIPYT JApyra
10 JIIOOBIM TIPOM3BOJIBHO B3ATHIM HAIPABJICHUSM.

JKuokocmu SIBISIIOTCS )KUIKAMH TIOTOMY, YTO B HUX pa3Me-
Pbl OPEOJIOB PACTSIKEHHSI M OPEOJIOB BPAILICHUST aTOMOB [TPUME-
HO paBHbL. [103TOMY B KHAKOCTSIX aTOMbI CTATHBAIOTCS HE TPOY-
HO: CBA3BIBAIOIINE CHJIBI PACTSKEHHUSI MPOTOMOJA C MepeMeH-
HBIM YCTIEXOM KOMITCHCHPYIOTCST OTTAJIKUBAIOIMMU CHJIAMH Bpa-
meHus: aepopMalMoHHOM BOJIHBI B ripotonosie. Ha stom doxe
TOJIBKO Y HEKOTOPBIX CMEKHBIX aTOMOB ITPOUCXOAUT 0O0OIIECTB-
JIeHHe OpeoJioB BpallieHusi. Mexly opeosiaMy BpallieHUsl Ipy-
TMX aTOMOB, KOTOpbIE CTSHYTHI HE TUIOTHO, HAaOIIOAAI0TCs MPO-
cioiiku nporodactuil. [1o BcemMy 00bEMY KUIKOCTH TIOCTOSIHHO
MPOUCXOMIUT Pa3beANHEHHE OJHUX CMEKHBIX OPEOJIOB BPAIIICHHST
1 0000IIIECTBIIEHUE KaKUX-TTMOO IPYTUX CMEKHBIX OPEOJIOB Bpa-
IIEHUs] COCETHUX aTOMOB. ATOMbBI B KHUAKOCTH BCTYMAIOT APYT
C JIPyrOM TOJIbKO B MH/WBH/yaJIbHbIE CBSI3U, TOJBKO C CaMbIM
OMVMOKHUM KPYTOM, UTO J€JAeT MX 3HAYUTENBHO OoJiee TOIBIXK-
HbIMU. U CBSI3W 9TU HE OYEHb MPOYHBI U HE OYCHb MOCTOSIHHBI.
[TosTOMY B KMAKOCTSIX aTOMBI yXKe HE IIPOCTO CJierka BUOPHUPY-
0T, KaKk B TBEPIBIX BEINECTBAX, HO YK€ 3aMETHO KOJIEOTIOTCA.
A eci BO3HHMKHET XOTS Obl YaCTUYHOE COBIAJCHUE HAIpaBJie-
HUSI TAKOTO KOJIeOaHus C KOJIeOaHUeM COCEeTHeTO aToOMa, TO aTOM
’KUIKOCTH COBEpIIIAET MepeMeIlieH e B TPOCTPAHCTBE Ha PacCTo-
sIHUE, COMOCTABUMOE CO CBOUM Pa3MeEpOM.

JIoNOTHUTETBHOE CKPETIIEHHE KUAKOCTEHN B €TMHYI0 CyOCTaH-
M0 TaK)Ke MOXKET 00eCreurMBaThCsl IEKTPOHAMHU, HO TaKue



JIEKTPOHBI 0OOOIIECTBIIIOTCS TOIBKO MEX/Ty HEKOTOPHIMH CO-
CeTHUMU aTOMaMH.

B MoteKyIspHBIX KHIKOCTSIX MOT'YT 0Opa30BbIBAThCS KJIacTe-
Pbl, OCOOEHHO 3TO XapaKTEPHO 171l paCTBOPOB M B3BECEH, MpH-
YEM, J1ake OYEeHb HE HACBHIIICHHbIX. B KaXka0M KJ1acTepe MOXEeT
OBITh OT HECKOJIBKHX JIECATKOB JIJO MHOTUX JIECSITKOB THICSIY MO-
nekyi. Knacrep xapaktepu3syercsl TeM, UTO CBSI3b MEX]Iy MoJie-
KyJIaMU BHYTPU HEro CUJbHEE, YeM MEeXk]ly ero BHEIIIHUMHU MO-
JIeKyJIaMy ¥ BHEIITHUMU MOJIEKYJIaMU COCeJHUX KJlacTepoB. Bce
MOJIEKYJIBI KJIacTepa MMEI0T 0000IIeCTBIEHHbIA OPEOos pacTske-
HUS U YaCTUYHO 000OINECTBIIEHHBIN Opeolt BpaiieHusl. THBK-
JyaJibHblE OPEOJIbl BPAIIEHHSI aTOMOB, BXOSIINX B COCTAB BHEIII-
HETO CJIOSI MOJIEKYJT KJIacTepa, TAPMOHU3UPYIOTCS TI0 HarlpaBJie-
HUIO BpateHus. [Ipu 3ToM 1o MOBEpXHOCTH KJiacTepa, TO eCTh
BOKPYT 3TOro KJjlactepa, oopa3yercs Kak Obl HOBasi 0000MEHHAS
BOJIHA JiecpbopMarivii «4To» — Mojied. B cBsI3u ¢ 3TUM, KiacTe-
pbl BeayT ceOsl, Kak HeKHe Mera MOJIEKYJIbl, JIeTKO Tiepemeriia-
SICh JIPYT OTHOCHTENILHO JIpyra, HO 0e3 OTphIBa IPYyr OT JIpyra.
VIMeHHO 3TH KJ1acTepbl 00ECTIeYMBaIOT TAKOe 3HAMEHUTOE U HU-
KeM He 0OBSICHEHHOE sIBJICHHE, Kak OPOYHOBCKOE JBHKEHUE.

Bpoynosckoe osudicerue — OecTIOpsiIOUHbIE KOJIEOAHUST MeJI-
KUX MEXaHWYECKUX YacTUIl (Harmpumep, TMbUIbIBI WA CaXH)
B JKMJIKOCTH WM rase. Bce o HEM ciplmanu co mkoabl. Ho nma-
e JIeTCKasi IOBEPUMBOCTh HE OIPaB/bIBAET CJIEIYIO BEpy JIoaei
B TO, YTO XaOTMYHOE [IBUKEHUE MOJIEKYJI MOXET CIBUHYTh Ha-
Omonaembie BpoyHOM M BCEMH €ro MocyeI0oBaTeNIsIMUA YaCTHIIBL.



Bo-niepBbix, mobas MoJeKysa Wi aToM paccMaTpuBaeMon cpe-
IIbI B IECSITKY (Iake B COTHIO) THICSY pa3 MeJbue JIIoOO! pac-
CMaTpUBaeMoOil OPOYHOBCKOM YacTHIIbl, a MOCEMY HE B COCTOsI-
HUM €€ COBUHYTh IPU CTOJIKHOBEHUU. PazMepbl aTOMOB M3Me-

—12
pstiorcst B imkomeTpax (107 “M) a OPOYHOBCKHMX YacTUYEK —

B MUKpOMETpax (10_6M). Bo-BTOpBIX, 1aXe €Ciiv MOYTH OJHO-
BPEMEHHO 0 YaCTHUIIE YAAPSIOT U COTHH, U THICSYH, ¥ MAJUTUOHBI
aTOMOB, TO ¥ OHU HE MOT'YT CIBUHYTh €€ C MECTa, TaK KaK BCE OHU
OBIOT MOJI Pa3HBIMHU YIJIAMU M CO BCEX CTOPOH, OYKBAJIbHO OKpY-
’KMB YacTUILy, TEM CaMbIM YCpeJHsisl CBOE oOllee BO3/IENCTBUE
10 HynsA. B-TpeTsrx, MoneKysbl BOIbl B onbiTax bpoyHa HUKak
HE TrOJISATCS Ha POJIb «CTPEMUTEIBHO JIETSIINX» OWIIbSIPAHBIX I11a-
POB, YIapsAIOIIKX M0 NbUIMHKE: B JIIOOOH KUAKOCTH aMIUIUTYa
KOJICOAHUH aToMa UJIM MOJIEKYJIbl He OOJTbIIe X AMaMeTpa, a ya-
CTOTa KOJIeOaHM OrPOMHA M HE MOKeT OBbITh 3aMeTHA IJ1a3y, J1a-
e TIPY TPAHCIISALUK Yepe3 4acTully. Bc€ 9T0 MOXHO CpaBHHTH
C MYXOH, KOJOTSIIEH J1ankaMu I10 CITMHe cIoHa. BoT 1 Bam 1 oT-
KPOIO TaliHy ceiiuac: OpOYHOBCKOE JIBUKEHHE BBI3BAHO T€M, UTO
YacTWIKa MOMaaeT Moj yaaphl KJIacTepoB MoOJeKyn cpenpl. To
€CTh OHa TOMNAaJaeT B MOCTOSHHO CMelaonyecs aedopMalum
OpEOJIOB PACTSIKEHUsI M BpAlEHUs] MOJIEKYJISIPHBIX KJIACTEPOB,
OYEeHb MOJBUKHBIX U MTOCTOSTHHO XaOTHUECKH JEPraloluxcsl, Kak
¥ TIO100aeT MCTUHHBIM BHHOBHUKAM OpPOYHOBCKOTO JBHKEHHSI.
Bort Tak-To. [Ipomomkum mpo arperarHbie COCTOSTHUS.

I'azwbt. [Touemy onM razoo0paszHbl? Borpoc gajnexo He 6aHab-
HBIH.



ATOMBI (MOJIEKYJIBI) Ta3a KpallHE HE CYILECTBEHHO PaCTsrH-
BAIOT SYEHKHU NpOTOMNosA. B razax opeossl pacTsKeHusl aTOMOB
Ha OJIMH — JIBa MOps/AKa MEHbIIE, YeM Opeojibl UX BpAalCHUSI.
B razax opeosibl pacTsikeHHs! aTOMOB B IIPUHIUIIE HE MOT'YT CO-
npukacatbesi. Opeosbl BpalieH|sl aTOMOB TeM OoJiee HU KOrja
He 0000mecTBIsOTCS. PaBHO Kak M OOIIMX 9MEKTPOHOB MEX-
1y aTOMaMH B ra3ax He ObIBaeT. ATOMBI ra3oB MeXIy CcOOOM
HE COEIMHSET HU Kakasl Cujla, HAOOOPOT — OHU OTTAJIKMBAIOTCS
APYT OT JIpyra MpH JII0OOM COIMPUKOCHOBEHMH OPEOJIOB Bpallie-
HUS M pa3JIeTaloTCsl B Pa3HblE CTOPOHBI, TOKA TOJIBKO MOTYT.

[Ipu ymeHbIIIeHUM BHEITHEro BO30YKIAIOIIEro BO3/ICHCTBUS
Ha ras, TO €CTbh IIPY CHWXKEHUU €ro TeMIepaTypbl, KHHETHUEeCKast
SHEPrus NepeABIKEHUs B IPOCTPAHCTBE aTOMOB ra3a yMEHbIIIa-
eTCsI: 9TO MPUBOAUT K CHIKEHHIO CKOPOCTH JIBMKEHHSI aTOMOB
U K MOCTENEHHOMY UX COMMKEHUI0 MeXIy COOON U yMEHbIIe-
HMIO aMIUIUTYJ] UX CBOOOJHOTO JIBMKEHUS, TO €CTh K MEHbILIEMY
KOJIMYECTBY MIPOTOYACTHUI] MEXAY MoseKyaamu. Ecim cHuxeHue
TEMIIEpaTypbl POIOJIKATh, TO Y aTOMOB ra3a OpeoJibl BPaIlleHUs
HAYMHAIOT YMEHbILIATHCS YKe HE TOJIbKO M3-3a CHUKEHHS CKOPO-
CTH, HO U IO JONOJIHUTEbHON MPUUYMHE HapacTalollel «TeCHO-
Tbl». Tenepb yxke He XBaTaeT CBOOOAHBIX MPOTOYACTHII, U3 KO-
TOPBIX MOHO ObLIO ObI (POPMUPOBATH OOJIBIIE OPEOITBI Bpallle-
HUS 1)1 Bcex atoMoB. Ha orpenenéHHoM stane opeosibl pactsi-
’KEHU s BBIXOAAT 3a PAHULLY CKUMAIOIIMXCSI OPEOJIOB BPAILIEHHUS.
MBI NOMHMM, YTO MOBBIIIEHHE TUVIOTHOCTH BEIIECTBA B MPOTO-
1oJie TPOTOYACTHI] BCEr[ja CHUKAET JTUaMETp OpeojIoB Bpalle-



HUSI BXOJISIIIIMX B COCTAB 3TOrO BEIIeCTBa aTOMOB, a OPEOJIbl pac-
TSKEHUS TTPU KOHIICHTPAlMU aTOMOB, KaK MPaBUJIO, TOJIbKO Ha-
pacraior. Kak TOJIbKO Opeosibl PACTSIKEHU S, BbIAS 32 TPAHUIIbI
OpEeO0JIOB BpallleHU s, MOJIYYal0T BO3MOXHOCTh KOHTAKTUPOBAThH
MeXay cOOOM, yCTaHaBJMBasi OoJiee MPOYHbIE MEKATOMHBIE CBSI-
31, Ta3 NEPEXOJUT B HOBOE arperaTHOE COCTOSIHUE Y CTAHOBHT-
csl KUIKOCThIO. Eciv mpoioKUTh CHUKEHUE TEMIIEPATYPBI, TO
aTOMBbI CKMKEHHOTO ra3a CHUXKAIT CKOPOCTb M aMILIUTYly CBO-
UX JBUKEHUH yKe IO 3HAYeHU TBEPHOIO Tea, IIPU STOM COOT-
HOILIEHUE Pa3MEPOB OPEOJIOB PACTSKEHUSI U BPALLEHUsI aTOMOB
TaK)Xe CTAHOBUTCS TAKUMHU, YTO HEU30eKHO (POPMUPYETCST 00b-
€MHasl aTOMHas peleTKa TBEpAOro Tesa. M skuaKuii 10 3Toro ras
MIEPEXOAUT B TBEPAOE arperaTHoe COCTOSTHUE.

I1razma. TnaBHOE OTIIMYME STOTO Ta30MOAOOHOTO arperart-
HOT'O COCTOSIHMSI BEIIECTBA B TOM, YTO IIa3Ma M3-3a BBICOKOM
TeMIiepaTypbl COCTOUT U3 3aPsKEHHBIX YaCTHUI], O0Pa3yIOITUXCS
BCJIE/ICTBUE pacIiajia aTOMOB. A pacrnaj] 3TOT KakK pa3 U 00yClIOB-
JIEH BBICOKOTEMIIEPATYPHBIM SHEPreTUYECKUM MEePEHACHIIIICHU-
€M aToMOB. B OCHOBHOM, 3TO OTpULIATEIbHbIE IEKTPOHbI, TOKU-
HYBIIIUX BHEIIHHE OPOUTHI aTOMOB, W MOJIOKUTETbHBIE HOHBI —
«OCTaTKW» aTOMOB B BHJIE UX siJiep, JIMOO OJMHOYHBIE MPOTO-
Hbl M1 HEUTPOHBL. MHOrga B ryia3Me nonajgainTcs U Apyrue Hewu-
TpaJibHbIe YaCTHIIBI (ITO JIMOO HEpACMABIINECS IMOKA aTOMBI, JIU-
00 He uMeoIIre 3apsaa dMeMeHTapHble YacTuiibl). CyMmMapHBIT
3apsA/l BCEX IMOJIOKUTENIbHBIX M OTPUIATESIbHBIX (M HEWTpaib-
HBIX) YACTHII B IUIa3Me MOYTH HYJIeBou. «Iloutn» — moromy, 4to



1a3Ma TOCTOSTHHO WCTIBITHIBAET KOKOW-TMOO TPHUTOK H3JTyde-
HUM. /{15 pa3HbIX BUIOB ra3a XapakTe€pHa CBOSI CTEINEHb MOBBI-
IIeHUsI TEMIIEPATYPHI JJIs Iiepexofia B Ooiee BHICOKOIHEpreTnyie-
CKO€ COCTOSIHUE — COCTOSTHHE TIa3MBbl.

B nna3zme opeosbl pacTsSKeHUs] CMEKHBIX YaCTHUI] HE TOJIb-
KO HE B3aMMOJEWCTBYIOT, HO M NMPAKTUYECKM MCYUE3A0T M3-3a
CBEPXCKOPOCTEH U BBICOKOU TJIOTHOCTH ITUX YaCTHUII (OMSATh Ke —
HeXBaTKa MPOTOYACTUIL JUIsl MoajepxkaHusi opeosion). Jla, cko-
POCTh TEepeMEIleHrs] YaCTHI] B TUla3Me OrPOMHA B CpAaBHEHUU
C ra3amu.

B masme wactuiibl Apyr Ipyra UTHOPUPYIOT C MOJEKYJsIp-
HO-KMHETUYECKOM TOYKM 3peHusi. OHM He CTaJKMBAIOTCS Kak
KOPITYCKYJIbl, KaK B raze. OHU B3aUMOJICUCTBYIOT KaK 3apsiKeH-
Hble yactuibl. [IpencraBere cede, eciiu Obl BCe Mapbl Ha OW-
JILSIPAHOM CTOJIE UMeJTH Obl pa3HbIE NIEKTPUUYECKUE 3aPsi/ibl — BCSA
urpa Obl Hey3HaBaeMo ToMeHs11ach. To ecTh B IJ1a3Me He TOJBKO
OTCYTCTBYET B3aMMOJCUCTBUE OPEOJIOB PACTSKEHUs (KaK B ra-
3ax), HO M B3aMMOJICHICTBHE OPEOJIOB BpAIEHUs OIOKHPYeT-
Csl TIPEBAJIMPYIOLIEN HaJ HUMM CUJIOW B3aMMOJEWCTBUS OTpPU-
LATEeJbHBIX U TOJIOKUTEIBHBIX MOTOKOB YHEPIruid, UCXOMSIIUX
u3 vactuil. OTpuniatesbHas Heprusi yMeHbIIIeHUs] HEOTHOPO/I-
HOCTH U MOJIOKUATENIbHAS SHEPTUs YBEIMYECHUS] HEOTHOPOJHOCTH
UTPaIOT IJIABHYIO POJIb B IJIa3Me, ONpeAesisisi B3AUMOJIEUCTBUE €€
YaCTHII.

DT0 B3aMMO/IEICTBUE BHIIJISIIUT HE KaK B razax — Mex1y JIBY-
Ml CTAJIKMBAIOUIMMUCS YacTULIAMU. B muia3me 371eKTpOMarHur-



HOE€ B3aUMOJIEHCTBHE MPOUCXOIUT MEXAY OrPOMHBIM YHMCIIOM
OM3IeKAIUX YacTHIl, W JIake BO BCEM 0ObEMe vactuil. Yem
MeJlbue YacTHUIIBl, YeM BBIIIE UX CKOPOCTh U IUIOTHOCTh, TEM
OoJibllle MX B3aMMOCBSI3b MEXIy cOoOOW, TeM B OoJbllel Mepe
pacnpocTpaHsieTCs 3Ta B3aUMOCBSI3b BO BCEM MACCHBE TIa3MBl.
UYem BbIIIIE TEMIIEpaTypa, TEM MeJIb4e YaCTHIIBI M BHIIIIE UX CKO-
poctb. POTOHHAS MJIa3Ma — yKe BeChbMa MPUIMIHOE TTPUOITHIKE-
HHE K HACTOJIbKO TECHOMY B3aMMOJIEHCTBUIO, UTO O MaccuBe (¢o-
TOHHOM TIa3Mbl MOKHO TOBOPHUTb, Kak O edurom mene. VIMeH-
HO TIO3TOMY B3aMMOJICHICTBUE MEXJIy YacTUIIAMU BHYTPU Mac-
CHBa TUIa3MbI B OOIIIEM ClTydae HAMHOTO CHJIbHEE, YeM B3auMO-
JeWCTBYE MEXK/y YacTHIIaMU TUIa3Mbl HA €€ MOrpPaHUYHBIX CJIO-
SIX C YaCTUIIAMH OKpYyKamoiei cpenpl. To ecTh B Mjia3me ecTb
BCE MPENOChUIKY JIJIs1 CAMOIIOJIEPKAHUS LIEJIOCTHOCTH CBOETO
MaccuBa B OKPY’KAIOIIeM MPOCTPAHCTBE, B OKPYXKAIOIIEH cpejie,
OTJIMYHOM MO CBOMCTBaM OT Tuia3mbl. Kcratu, uisi 1ia3Mmel, co-
CTOSIIIIEN U3 TJIOCKUX IEMEHTAPHBIX YaCTUII, CAMOTIOICPKaHIe
CBOEH 1IeJIOCTHOM CTPYKTYPhI BOOOITIE MPAKTHUECKN HEN30EKHO.
Benb, Kak Mbl yKe TOBOPHWIIH, TUIOCKHE JIEMEHTAPHbIE YaCTHIIbI
Jaske 1 0e3 BCSIKOM I1a3Mbl MOYTH HE B3aUMOJIEHCTBYIOT C OObIY-
HBIMH, [IAPOUTHBIMY YaCTUIIAMHU.

Oo6paruTe BHUIMaHUE: €CJIM 32 TOYKY OTCUETA B3SITh CBEPX/1aB-
JIEHVE W BBI3BAHHYIO UM CBEpXTEMIIEpPATypy BO BpeMeHa JpeB-
HeHIenl MepBUYHOM IIa3Mbl HOBOPOXKJIEHHOM BcenenHon, To
SBOJTIONMSI BEIIECTBA Oy/IET OMUCHIBATHCS CIIEAYIOIIUM 0Opa30M.
OT cBepxpacKaJIEHHOTO, CBEPXMOABUKHOIO, €AUHOTO BCeneH-



CK020 mena naazmol ObLT OCYIIECTBIIEH MEPEXO] K BCEIIEHCKOMY
keazu meny 2aza. «CBepXIMOABUKHBIM» BCEJIEHCKOE TeJO I1a3-
Mbl MBIl Ha3bIBa€M IO MPUUMHE CBEPXCKOPOCTEN OOpasymoInx
€ro YacTHIl, a «eIUHBIM» — TI0 MIPUYMHE CUJIbHEHIIIEN IeKTPO-
MarHMTHON B3aMMOCBSI3M €0 4acTull, TPUYEM — BO BCEM KOC-
MHUYECKOM MacCHBe. DTOT Mepexoj OT IUIa3Mbl K ra3y OCHOBaH
Ha MaccoBoM (hOPMUPOBAHMU ATOMOB ra3a U3 YACTHUIL TUIA3MBI,
ocThIBaolel npu paciimpeHun Bceenennou. [lpu atom nepe-
XOJIe €UHCTBO CBOMCTB BCEJICHCKOTO TeJia ObLJI0 yTPayeHo: Mo-
SIBUJIKCH JIOKAJIbHBIE PA3/INUMsI XUMUYECKOTO COCTaBa, Pa3Inyusl
CKOpPOCTEU YacTUIl M aTOMOB, Pa3Iuyusl TEMIIEPATypP B Pa3HbIX
JIOKQJTBHBIX O0JIACTSIX, Pa3JINUMS UX IJIOTHOCTH. [To3TOMY MBI TO-
BOpUM O kea3u Tene BceeneHHon. B3auMOCBsI3b 4acTull B 3TOM
KBa3M Tejie OblIa KpaliHe c1a0ou (Kak U MOJIOKEeHO B ra3ax), a
ellé U KpaiiHe JIOKAJIM30BaHHON BHYTPU MHOTOUUCIIEHHBIX pa3-
OeraoImxcst MACCUBOB Ta30BOTO BEIIECTBA, JIUIIb OYEHb YCJIOB-
HO B3aMMOCBSI3aHHBIX MEXKIY COOON TPAHCBCEJCHCKUMU H3ITY-
YEHUSIMU U MEKJIOKAILHBIM JIperihoM aToOMOB. DTO ObUT CAMBIA
pe3kui (pa3oBbid nepexoy BeesleHHOM, CBSI3aHHbIM ¢ TIOSIBJIEHU-
€M HOBOI'O arperaTHOroO COCTOsIHUSA BelllecTBa — ra3a. [1pu nosis-
JICHUM KUJIKOCTEH M TBEPIBIX BEIIECTB pa3HuUIla cocTosiHui Bee-
JICHHOM YBEJIMYMBAJIACHh JTAJIEKO HE TaK KapauHaibHO. [1o cBO-
el pe3KOCTH, TIePexo/l OT BCEJIEHCKOTO Tesa TUIa3Mbl K Ta30BO-
MY MYJIbTH TeJTy KOCMUYECKOrO IMPOCTPAHCTBA MOKHO CPABHUTh
C BO3TOHKOMW — MEPEXOI0OM TBEPIOTO BEILIECTBA HANIPSIMYIO B ra-
3000pazHoe.



Ha nnazmeHHOM ypoBHE B paHHeW BcejneHHOW TIaBeHCTBO-
BaJIM CHJIbI, OOYCJIOBJICHHbIE SHEPTEeTUIECKUMU TIOTOKAMH yBe-
JIMYEHUsI U YMEHBIIIeHUsI HEOMHOPOAHOCTU. VIMEHHO 3TU CHIIBI
MBI B CllyYae C IUIa3MOM Ha3bIBaeM IOJIOKUTEIbHBIMU U OTPHU-
uareibHbIMU 3apsgamu. [liazma — 3T0 TO, ¢ Yero HauMHaIACh
BEIlECTBEHHAs X 13Hb Beenrennoi. [nasmennas BeesieHHas Obl-
JIa €OUHBIM BCENEHCKUM MeAOM, TIPOHU3AHHBIM BCTPEYHBIMU TTO-
TOKAMU JBUKEHUSI HEOAHOPOJHOCTH — €€ YMEHBILIEHUS U yBe-
JmuyeHusa. Boszaencrsue 000N 4YacTUIbl B 3TOM €IMHOM BCE-
JIHCKOM ILJIa3MEHHOM TeJle B KaKOW-TO CTENEeHU PacIpOCTpaHsi-
JIOCh Ha Bech MaccuB mia3Mel. [loatomy Beenennast momydniach
B UTOTe BCE-TaKU OoJiee-MeHee OJHOPOJHOM.

[Tocne miasmMeHHOro cocrosiHusi BceneHHass TPOHOIKU-
Jla pacIHIUPSIThCS, 3aTPayMBasi SHEPrUI0 JABJIEHUSI MPOTOIOJIS
Ha opMupoBaHUe BCE OoJiee CIOKHBIX U OOIIUPHBIX IHEPro-
MaTepUaIbHbIX CTPYKTYp (TajlakTHK, 3BE3[, IJIAHET). 3aTpaThl
SHEePruy MPUBOIWIIN K CHUKEHHIO 00IIero (poHa BHEIITHEH SHep-
reTUYeCKOU MOJIMUTKY YaCTHI] BEIIECTBA BO BCEJIIEHHOM U, eCTe-
CTBEHHO, K TOCTENEHHOMY OOIIeMy CHIKEHUIO TeMIIepaTypsbl
BO Bcenennon. [1pu nanbHeneM CHUKEHUHM TEMIIEPATYpbl BCe
BEIIECTBA C TOW WJIM MHOM CKOPOCTBIO, B 3aBUCUMOCTH OT CBO-
€ro aTOMHO-MOJIEKYJISIPHOTO CTPOEHHUS], MOCTYMATEebHO MePeXo-
JAT U3 ra3oBoM (has3bl B KHUIKYIO, a 3aTeM — B TBEPAYIO (op-
Mmy. [Ipuuém, npu nepexone B KUAKYIO U TBEpAYIO (popmy Bce
TeJa TIOCTYMaTeIbHO BCE OoJiee MPUOOPETaIoT KECTKOCTh U T1e-
JIOCTHOCTb CBO€U CTPYKTYPbl, BOCCTAHABIMBAIOT CTENEHb B3au-



MOCBSI3Y CBOMX aTOMOB. C nadenuem memnepamypol O8UNCEHUS
amomo8 8euLecms CMaHoBsamcst 6cé bonee u bonee 63auUmMo3a6u-
CUMbIMU, A UX CKOpOCMU — 8CE MeHee U MeHee gblcokumu. To
€CTb B Hauajie 3BOoNoLMU BeeneHHOoM NosBIISIeTCSl €IMHOE SHEP-
ro-marepuajibHoe Tesio BeeneHHou B (popme 1ia3mbl C BHICOKOM
B3aMMOCBSI3bI0 CBOMX YaCTHII [10 BCEMY MACCHBY. 3aTeM, IO XO-
1y 9BOJIIOLIMH, 3TO TeJIO TpaHC(OpMUpPYeETCs, Jaxke pacnagaeTcs
Ha KBa3M TeJIO ra30BbIX JIOKAIU3ALMI C TIOYTH MOJIHOCTBIO Pa30-
PBaHHBIMU CBSI3SIMU ME3K1Y YaCTULIAMU. ATOMBI BCEJIEHCKOT'O Te-
JIa MPAKTUYECKU TEPSIIOT B3aUMOCBSI3b. Jlasiee 1o Xoay 3BOMOIUN
BO3HHUKAIOT JIBE MPOTUBOIIOJIOKHbIE TEHICHIINH.

C ongHOM CTOpOHBI, Ha (DOHE CHUKAIOIIEUCS TEeMIEPaTyphbl
(BHEIITHEW SHEPreTUIEeCKOU IMOIIMTKI) MOSIBIISETCS BCE OOIbIIE
KUAAKUX U TBEPIBIX TeJl, KOTOPbIE BCE OOJIbIIe 1 OOJIBIIIE pa3phl-
BAIOT KOTA-TO eIMHOe Tesio BeeneHHoi Ha M301MpOBaHHbIE Jia-
KYHBI — O4ary rJIOTHOCTH BEIIECTBA B TPOCTPAHCTBE, OECUUCIIEH-
HblEe HEB3aUMOCBSI3aHHbIE TeJa (M CUCTEMBI TeJ) CO CBOMMU UH-
JIMBUIyaTIbHBIMU CBOMCTBaMU. CaMO BCEIEHCKOE MPOCTPAHCTBO
MIPU 3TOM CTAaHOBUTCS BCE OoJiee pa3peKeHHbIM, KOHIICHT ALK
YacTUll U aTOMOB MEX/y JJaKyHaMH KaracTpopUyecKu Majaer,
B3aMMOCBSI3b aTOMOB MEkK/1y JIAKyHAMU MPEeKpaIiaeTcs.

C npyroii CTOPOHBI, BHYTPU 3TUX U30JIMPOBAHHBIX JIAKYH Be-
IIeCTBa TMOCTYIATEIbHO BO3PACTAIOT BHYTPEHHUE B3aUMOCBSI3U
aTOMOB U TIOJICUCTEM PA3JIMYHBIX XUMUUYECKUX JIEMEHTOB, I1€-
peMelIeHNs] aTOMOB MOCTENEHHO BOCCTAHABIMBAIOT CBOIO B3au-
MO3aBUCUMOCTb U TEPSIOT CKOPOCTb.



OcnosHnas uacme 360mouuy Beeaennoli npoxooum umeHHO
6 MOM KAI0Ue: MAKCUMANbHOE HAPACMAHUE KOAUMeCMBA MAKCU-
MANBHO UBOAUPOBAHHBIX IHEP2O-MAMEPUANLHBIX CUCTEM C MAK-
CUMANBHO B803MONCHLIM YPOBHEM GHYMPUCUCEMHBIX 83AUMO-
cesaseil amomos. MaxkcumanvHas u3onsayus CKONAeHUll mame-
puuL obecneuusaen MaKkCUMAbHOe Pa3Hooopasue eé 0aNbHeuuux
980MOUUOHHBIX npeodpazosanuil. MaxcumanrvHas 63aumoces3b
amomo8 8 IMuX C2YCmKax Mamepuit CROCOOCMBYen YeeAUUeHUIO
NPOOONHCUMENLHOCIIU CYUAECTNBOBAHUSL MAKUX UB0ONUPOBAHHBIX
cucmem u, ecnmecmeenHo, 0Oecneuuaent NOGLIUEHUE BEPOSINHO-
cmu (POpMUPOBAHUSL HA UX OCHOBE 8CE DONee CAOICHBIX dHEP2O-
mamepuanvhvix cmpykmyp. Toavko 6 maxom Karoue u modicem
OblMb peanu308an CMoblca 3eonouuu Beenennoii — maxkcumany-
Hoe yseauuerue c8oeli HeOOHOPOOHOCMU.

KoHneuHo, ecni cMOTpeTh I00aIbHO, TO TEH/ISHIIUS YBENu-
YeHUs1 HEOTHOPOAHOCTU BceneHHO# peasm3yercss OT MOMEHTa
e€ 3apOXKIEHUS U TOJIbKO JI0 BPEMEHH KPUTUYECKOTO CHKEHUS
BCEJICHCKOM TemrepaTypsl. Mbl 00 3TOM yke rOBOPWIH, O Tell-
noBol cmeptu. Kako#t Obl CTeneHW CIOXHOCTM U YCTONYMBO-
CTH HE JJOCTUIJIM PACCMOTPEHHBbIE HAMU TOJIBKO YTO CKOILICHUS
BEILIECTBA, KAKOTO Obl YPOBHSI TEXHOJOTMYECKOTO MOTYIIECTBA
HE JIOCTUIJIM Pa3BUBLIMECS HA UX OCHOBE pa3yMHbIE LIMBUIINA3A-
IIVIY, Ha TIOCTIE/IHEM 3Tarle BCEJIEHCKOTO IUKJIa BCE BEIECTBO Oy-
JeT Hen30eKHO Pa30pBaHO Ha MPOTOYACTULIBI — OTPOMHBIE, XO-
JIONHBIE U CTATUYHBIE.

Ho Oyzaer 310 TOMBKO Yepe3 TpH/UTMOHBI JeT. A moka. [Toka



TIOZILITOKUM, YeM 3Ke OTJIMYAIOTCS TBEPIBIE, KUJIKKE, ra3000pa3-
HbBIE U I1a3MeHHbIE BerlecTBa? TOIBKO 8eauuurol Heooxooumot
gHeutHell SHepzemuueckot NOONUMKY 11 IOAJEPKaHUs1, CHAXKE-
HUSI WM YBEJIMUEHUs] CKOPOCTH TepeMellieH s, CKOPOCTH BUO-
paiuii aToMOB B 3TUX BellecTBax. Yem ObICTpee B MPOTOIONE
aTOM COBEpLIAET JBMKEHUs, TEM IMPU MPOYUX PABHBIX YCIOBU-
sIX OOJIbIIIE €ro BOJTHOBAsi SHEPrHsi, OOJIbIIE ero Opeos Bparie-
Hus. C yBeIMUYEeHUEM OpeoJia BPALEHHWs aTOMa €CTECTBEHHBIM
00pa3oM MPOMOPIMOHATEHO YMEHBINAETCS COOTHOIIEHHE pPa3-
Mepa €ro opeona pactsikeHus. Om COOMHOULeHUsT OUAMEMPOs
0peoN08 pacmsIiCeHUsl U PAUEHUS], KAK Mbl MENnePb 3HAEeM, KaK
pa3 u 3a8UCUm 8UO aAzpezammo20 COCMOSIHUSL BEULECTNEA.

UYeMm ke TOAMUTHIBAIOTCS YACTHIIBI U aTOMbI BCexX Oe3 wHc-
KJIIOYEHUs] XUMUYECKUX 2JIEMEHTOB M BEIECTB, HAXOASIIMXCS
BO BCEX M3BECTHBIX BUAX arperaTHeix cocrosiHuii? [Touemy onu
BOOOIIE JIETAIOT, KOJEOMIOTCSl U BpalIaloTcs, OTKYJa B HUX 3Ta
SHEPrusl IBUKEHUsI, He yObIBaloIasi MuutMap/sl Jiet? Pa3zse ato
HE OJIMH U3 ITIABHEHIIINAX BOIIPOCOB HAayKu?!

— 51 He cMOr NOJIyYUTh OTBET Ha STOT BONPOC HUKOI/IA, HUT/IE
Y HU OT KOro. XoTsl, Kak BUJUTE, 5 IaBHO CEIOM U BCIO KU3Hb
3aHMMAJICS] HAYKOM.

— He ynuBurtensHo. JIuie 5 Bam cerogHsi OTBevy, XOTsS 3TO
TaK HECKPOMHO 3BYYUT U BBIIJISAUT, HO TOBOPIO MPSMO, Kak
ecTb. ETMHCTBEHHBIM M CUCTEMOOOPA3YIOIIUM UCTOUHUKOM 3TO-
r0 BEYHOTO JIBUKEHHUS YaCTHI] SIBJISIETCS] SHEPrusi BHyTPEHHEN
HaIpsKEHHOCTH MTPOTOYACTUL, JOCTABINASCS UM I10 HACJECTBY



ot 3Hepruu bosbmoro Packona. Kak Mbl ¢ BAMM TOMHUM, Kax-
Jasl MpoToYacTula — 3T0 MUHUATIOPHOE MTOBTOPEHUE U3HAYAIb-
HOT'O BCEJICHCKOTO KOH(JIMKTA MEPBUYHOM JYaJIbHOCTH: B HEU
«4YTO» — ToJie ¢ OECKOHEYHOU MO TMOHSITUSIM CBOMX Pa3MEpOB
SHEepruefl CXKUMaeT LIEHTPAJIbHYIO MUHYC-TOUKY, a Ta, B CBOIO
ouepe/ib, MbITAETCS PACHIUPUTHCS U «Pa30pBaTh» CKUMAIOIIEe
e€ «4yto» — nosie. Takum oOpazom, sHeprust bonbioro Packona
oOecreurBaeT HaJlMuMe B KaXJOW MPOTOYACTHUIIE ABYX BCTpEY-
HBIX [TOTOKOB SHEPIUid YBEJIIMYEHUS] U YMEHBIIIEHUS] HEOTHOPO/I-
HOCTH, HAIIPaBJICHHBIX K LEHTPY U OT LIEHTPA IMPOTOYACTHULIBL.
DTO NOYTH KAaK BEYHBIU ABUraTesib BHYTPU KAk 0 POTOYACTH-
1bl. DTU OTOKY SHEPTUU MPU CMbIKAHUM HECKOJIBKUX ITPOTOYA-
CTUII B JIEMEHTAPHYIO YaCTHIly HAYMHAIOT B3aMMOJEUCTBOBATh
¢ 00pa3oBaHNEM BOJIH BpallleHHs], PUIaBasi BpallleHue IeMeH-
TapHbIM YacTuliaM. Mbl 3Ty TeMy y:Ke MOJpOOHO paccMaTpHBa-
. Botr nouemy MuuMappl JeT BpalaloTCs IEMEHTapHbIE Ya-
CTULIbL. A TIpY B3aUMOJEVCTBUM JIPYT C IPYTOM U C IPOTOMHOJIEM
MPOTOYACTHI] BpAIlIEHNE EMEHTAPHBIX YaCTUI] IpeoOpasyeTcs
B JIpyTrU€ BUJIbl ABUKEHUS U SHEPTUU.

— Ilopa3utenbHO HEOKUIAHHO U MOPA3UTENIBHO MPOCTO. . .

— Cornacen. [Ipocto, korga yxe 3Haeib. Hy a 117151 3BeHsein
SICHOCTM BOIPOCA S BaAM CEMYac pacCcKaxy €Iie U O BTOPOCTe-
NIEHHbIX MUCTOUYHMKAX SHEPIUH, MOANMUTHIBAIIIMX HEYTUXAIOIIEe
JBUKEHME SHEpProMarepuasbHbIX 4acTULl BO BeeneHHou. D10 ye-
ThIPE UCTOUHUKA, HO BCE OHU SIBJISIIOTCS] IPOU3BOJHBIMU OT TEP-
BOTO MCTOYHHUKA — OT BHYTPEHHETO HAIIPSIKEHUSA MPOTOYACTHLI.



Tem He MeHee, 3TH UCTOYHMKN 00JIaal0T BaKHBIMH OCOOEHHO-
CTSIMM 711 U3BECTHOTO HAM CYIIIECTBOBAHUSI MUPO3/IaHUsl, TIO-
3TOMY O3BYYMM HX HA MPUMEPE YCJIOBUM HAIIIEH TJIAHETHI.

[lepBblil MPOM3BOAHBIN UCTOYHMK: IABJICHUE ITPOTOIOJIS MPO-
TOYACTHII, TaKke oOpa3oBaBllieecs €m¢ B MOMEHT Bojbioro
Packona. 1o naBieHUe 3aCTaBisieT JEMEHTAPHbIE YaCTHIIBL,
aTOMBI ¥ MOJIEKYJTbI IPUTSATUBATHCS IPYT K APYTY CBOUMHU OPEO-
JIAMH PACTSIKEHU S, CTAIKMBATLCS, BCTYNAaTh B peaKIMU U J100aB-
JISITH IPYT APYTY SHEPTrUM, TO €CTh NOOABIATh JBHKEHUS U pa3-
HOOOPa3MTh €ro.

BTopoii mpon3BOIHBITT UCTOYHMK: SHEPTUsl 3BE3THOTO U3ITY-
YEeHUs1, JIEMEHTAPHbIE YaCTHUIIbl KOTOPOTO MPU CTOJIKHOBEHUSIX
C aTOMaMM BEIECTB JIEJISATCS SHEPruen Kak ¢ HUMU (Uepe3 B3au-
MOJIEICTBHE OPEOJIOB), TAK U C BXOJSAIIMMHU B COCTaB aTOMOB 3J1€-
MEHTAPHBIMH YacTUIAMH (TaKXke Yepe3 B3auMOACHCTBHE OpPEO-
JIOB).

Tpetnii NpPOM3BOAHBIA UCTOYHUK: SHEPTUS EKTPOMArHUT-
HOT'O 107151 3eMJIM, B KOTOPOM MHOTHE YaCTHIIbI, a TAKJKE BCE aTO-
MBI, Oy[lyYH B TOW UM MHOW CTETIeHH 3apsiKeHbl (KaK MUHUMYM,
JUTIOJIbHBI), TOJIYYAIOT JONOTHUTEIbHOE YCKOPEHUE JIBUKEHMS
W/WJIY BpalllCHHUS.

UYeTBEPTHIN MPOU3BOIHBIN UCTOUHHUK: SHEPIUsl TEMIOBOTO U3~
Jy4yeHus: 3emiid, B KOTOpoM HH(GpaKpacHble (POTOHBI OESTCSA
KMHETUYECKON Hepruer ¢ arToMmamMmu BCEX BEIECTB Ha IUIaHETe.

Kak Mbl BugMM, Bce 3TM MUCTOYHUKM BHEIIHEW dHepreTuye-
CKOM MOANMUTKY KUHETUUYECKOTO JIBUKECHUS aTOMOB, JIBUKCHHUS,



BpallleHus1 ¥ BUOpAIMii cCaMuX JIeMEHTAPHBIX YaCTHII, BCEe TU
UCTOYHUKU UMEIOT OJJMHAKOBOE MPOUCXOKACHUE U (DAKTUUECKU
CBOJISITCS K TIEPBOMY MCTOYHUKY. Bce OHYM MOpOskIeHbI H30BITOY-
HBIM JIaBJIEHHEM BCEJICHCKOTO MPOTOIIOJS, JaBIEHUEM CBepXHa-
npsKEHHOCTH, 0Opa3oBasiiieiics nocie bombioro Packona. dta
CBEPXHAIPSIKEHHOCTDb, MOTUXOHBKY PACXOIYSCh, KaK pa3 U MOj-
JepKuBaeT 00pa3oBaHKe B KOCMOCE SHEProMaTepUaTbHBIX 00b-
€KTOB, UX MIOCTENEHHYIO KOHILIEHTpalIMIo, Mocyeyloiiee oopa3o-
BaHMe 3BE3/1, TUIAHET, MOSIBJIEHNE KBAHTOBBIX U3JTYYEHUH, MOJIe-
BbIX BO3MYIIEHUM, TEIIOBBIX BOJH. [leyasibHasi HOBOCTD: eciiu
paccMaTpuBaTh SBOIONHIO BeeeHHOM 11eTMKOM, TO HeN30eKHO
HACTaHYT BpPEMeHa, KOrIjla HalpsiKEHHOCTb MPOTOIIONS MPOTOYa-
CTHUII CHAJET TaK CUJIBHO, YTO HE CMOXKET KMHETUYECKU TO/IIH-
THIBATh COZIEpXKaIIrecs B cebe caMol SHeproMmatepruaibHble 00b-
€KTBI, TO €CTh HACTYIHUT MPECIOBYyTas TEIJIOBasi CMEPTh MaTEpUn
u Bcenl Beenennoit. [1pu terioBoi cmeptu BeenenHnont temrie-
parypa MOBCEMECTHO CHU3HTCS JI0 CAMOT0-CaMOro aOCOIIOTHOTO
HYJISI, TAK KaK JABMKEHHUE UCYE3HET MOJTHOCTHIO B YCIOBUSIX, KO-
ra ¥ IBUrathcs OyneT HeueMy (Belb BHelIHUe pyOexu Beenen-
HOU TpeBpaTATCsS B €IUHUYHbIE MPOTOYACTUIIBI, & €JUHUYHbINA
0O0BEKT, 3aTOHSIONINI BCE MPOCTPAHCTBO, HE MOXKET JIBUTaTh-
cs).

Kcraru, a yto 310 Takoe — Temneparypa? PasHoHanpaeneH-
Hoe 0sudicerue wacmuy, —3mo Temnepamypa. A 6om ynopsi0ouer-
Hoe 0sudicerue uacmuy, — 3mo yoxce Cuna. YopsiioueHHOE TBU-
JKEHUE BbI3bIBAET COBIA/ICHHUE U CJIOXKEHNE BEKTOPOB MepeMeltie-



HUS, & 9TOT CYMMAapPHBII BEKTOP MepeMeIneHnsi 00pasyeT JTUHeH-
HOE J]ABJICHUE, TO €CTh MPECTaBIIsIeT U3 ceOsl MPUIIOKEHHYIO CH-
ny. Cuna — smo nepeHanpasneHHas 8 0OHY CMOPOHY memnepa-
mypa.

Temneparypa — 3T0 Mepa CKOPOCTU U PACCTOSIHUSI Pa3HO-
HAIPABJIEHHOTO MEPEMEILIEHUS SHEPrOMATEPUAIIbHBIX YACTHIL] —
JIEMEHTAPHBIX YACTHUII, a TaKKe aTOMOB U MOJeKyJ. CKOpocTh
U PACCTOSIHME TIepeMeIleHUs] 3aBUCAT OT dHepruu. Takum 00-
pa3oM, TeMIieparypa CUCTEMBbI 3aBUCUT OT BPOXKJIEHHOW SHEP-
'Y POTOYACTHLL, JocTaBIIencs ot bospimoro Packona, a Takxke
OT HAKOIUIEHHOM KUHETUYECKOW SHEPIUU, a TaKKe OT BHEIIHEN
SHEpPreTUYeCcKou MOANUTKY JacTull B cucteme. C nepBbIMU [IBY-
M SHEPIUsIMU BCE YKE MIOHATHO. A BOT BCEJIEHCKAs IIIKaJa UH-
TEHCUBHOCTH SHEPreTUYECKOM MOANUTKY BEChMa JIMHEWHA: B MO-
MeHT bonbioro Packona gaeneHne npoTonons, To €CTh SHEpre-
TUYECKasl MOAINUTKA (a 3HAUUT, U TEMIIEpATypa) SBJISAIOTCA MaK-
CUMaJIbHO BO3MOKHBIMH, 2 B MOMEHT CXJIOIbIBaHUs1 BeenenHoun
JaBJICHHE MMPOTONOJIS, TO €CTh SHEPreTUYecKas MoANUTKa (a 3Ha-
YUT, U TEMIIepaTypa) sABISITCSI MUHUMAIbHO BO3MOXHBIMU. Ta-
KUM 00pa3om, memnepamypa Hepa3pbléHO C8A3AHA C MEKYUUM
BPEMEHHBIM NepuUooom 38onouuu Bcenennoli u ¢ nonodiceruem
6 npocmparcmee Bcenennoli (0muocumenvHo 6HeutHezo u 6Hym-
petiHez0 pyoedxceil, 3a6e00MO XON0OHbBIX).

UYem nosblie cymectByeT BeeneHHass, TeM MeHblEe CyMMap-
Hasl TeMIIepaTypa BceX e€ SHeproMarepuaibHbIX 00beKTOB. Bue-
pa Bo Bcenennoii O6b110 Kapue, YeM CerofHsl.



Yem manbiiie oT cpeauHHBIX chep BceeneHHoi, yem Omke
K €€ BHYTpEeHHEMY WJIM BHEIIHEMY pyOekam, TeM MEHBIIe CyM-
MapHasi TeMIeparypa Bcex e€ sHepromMarepraibHbIX OObEKTOB.
Ha py6esxax BceneHHol, kak Mbl TIOMHUM, MaTepusi U €€ JBIKe-
HHE MMOCTENIEHHO MCYe3al0T, TaK KaK SHeproMarepuaibHble 00b-
€KThl pacrnajgaioTcsl Ha nmporoyactuisl. Eciy goctatouHo goiro
JBUTaThCS TIO MPSIMON B JIIOOOM HAIpaBJICHUH, TO HEU30EKHO
HaYHENb MPUONMKATHCA K OQHOMY U3 pyOeskeln BeeneHHoi, TO
€CTh HeM30e:KHO HACTYIUT MOMEHT, I0Cjie KOTOPOro Temriepa-
Typa HaYHET MOCTOSTHHO U HEOTBPATUMO CHIKAThCS.

HeoOxoauMo OT/IeIbHO cKa3aTh O MOTCHIIMAIBLHON TeMIlepa-
Type. Temneparypa 3aBUCUT OT CKOPOCTH IEPEMELICHNS] YaCTHUIL
B nipocTpaHcTBe. Ho MBI JOKHBI paccMaTpuBaTh HE TOJIBKO CKO-
POCTb TepeMEIlleHUs] YaCTUll BHYTPU CUCTEMbI, BHYTPHU TeJa,
HO ¥ CKOPOCTb TiepeMellleHusl B TPOCTpaHCTBe camoro Tena. [le-
peMelIeHUe Tela B MPOCTPAHCTBE MPUIAET €r0 aTOMaM CKOPOCTh
BTOPOTro MOPsijIKa. ITa BTOPUYHASI CKOPOCTh KaK pa3 M 00yciiaB-
JIMBAET HAJIMYKE Y JABUKYIIErOCs Tejla HAIMYKMe OTEHIIUAIbHOM
Temrneparypsl. OHa MPOSIBJISIETCS MPU B3aUMOJICHCTBUU TaKOTO
JBUKYLIETOCs TeNa ¢ APYrum TejoM. TOoNbKO Ipy TaKOM B3aUMO-
JeWCTBUY MOTEHIIUAIbHASI TEMITEPATYypa IEPEXOAUT B OOBIYHYIO,
pasorpeBasi Kak camo TeJlo, TaK U B3aUMOJEHCTBYIOIIME C HUM
cucrembl. BOT Kak-To Tak.

— W3BunwMTe, ['0CTH, HO 51 MOMPOOYIO B KAYECTBE BHIBOAA PEIO-
MHUPOBATh CJIEAYIOIIEe: COCTABHBIE YaCTUIIbl BCeeHHOM B Kax-
JIOM IIMKJIe €€ CYIIECTBOBAHUSI SBOJIIOIIMOHUPYIOT OT CBEPXTOPSI-



Yyeil B3aMMOCBSI3U IBUKEHHUSI K CBEPXXOJIOAHOMN B3aUMOCBSI3H T0-
KOSI.

— Ha! OnHako, g 100aBjII0 BOT YTO. DTU COCTABHBIE YaCTH-
16l BeenieHHo# nMeloT Hen30eKHOe CBOWCTBO JIOKAJIbHO CAMOOP-
raHW30BBIBAThCS BO BCE OoJiee CIIOXKHbIE SHEProMaTrepuaibHbie
CTPYKTYPBL. A 3TH pa3OpOCaHHbIE TI0 KOCMOCY CTPYKTYPbI HEU3-
O€’KHO TIOBBIIIAIOT CBOIO TEMIIEpaTypy U TeM CaMbIM JIENAI0T H-
Tpomnuio BeeneHHoi HenMHelHoM, o0ecTieunBast IOKaIbHbIE 1071
TOBPEMEHHbIE BCIUIECKH MOBBIILIEHUS SHTPONUU. XOTb SHTPOMNUS
Y OCTa€TCs B 11€JIOM OJIHOHAIPABJICHHOW — OT aOCOIOTHOTO TIH-
Ka rpu bonbiom Pa3pbiBe 10 aOCOMOTHOTO HYIS TIPU CXJIOMbI-
BaHUM.

— A Kak cBs3aH xaoc ¢ suTpormen? Ha kakom 3tarne oH Mak-
CUMaJIbHBIN ?

— Xaoc HM KaK He CBsA3aH C 3HTponueur. YTo Bbl MOHMMAe-
TE MOJ TEPMUHOM «Xaoc»? «becnopsgok», «HECBI3aHHOCTb»,
«HeTpecKa3zyeMoCTb», Aa? [la. Ho toraa s BoT yTo ckaxy. Xa-
0C — 3TO Mepa CA0HCHOCHIU CACTEMBI, OOYCIIOBJICHHOW CH1EeNeHbiO
€80000bl €€ 3MEMEHTOB. Xa0C — ITO CTeNeHb CJIOKHOCTHU Mpej-
CKa3aHWU, SKCTPANONSALMMI. «XaOTUUHbIM» — 3HAYUT, «HE pac-
CUMTaHHBI». [Toka He MoHATHIA. BenmunHa xaoca, Takum oopa-
30M, 3aBHUCHUT OT TPEX mapaMeTpoB. [lepBuiil — cTerneHb cBOOO-
JIbl 97IEMEHTOB cucTeMbl. BTropou — pa3smep cuctemsl. Hanpumep,
JBMKEHUE aTOMOB Ta3a B OJHOM M30JIMPOBAHHOM KyOHMYeCKOM
HAHOMETpEe BaM He TMOKaKeTcsl XaOTUIHbIM. OHO OyJeT BBITIIs-
JETh BOJIHE IPUYMHHO-CJIEICTBEHHBIM U YHOPSAAOYEHHBIM. Tpe-



Tl TapaMeTp — 3TO YPOBEHb MHTEJJIEKTA 3aMepIlMKa Xaoca.

— [lyTka Takasa?

— ITourn.

— Ara, oHsJ1. A MOXHO KOE-4TO YTOYHUThH? Mbl rOBOpHIIH
PO arperaTHble COCTOSIHUSI MAaTepUH U sl cpa3y BCIIOMHUJI OJIMH
CBOM JTaBHUM JETCKUM BONPOC, KaK pa3 B TEMY, HO HA KOTOPBII
sl TaK HUTJIE U HUKOT/IA HE HAIIIET BPa3yMUTEILHOTO OTBETA: TIO-
yemy arMocdepa 3eMJIU U He YJIETAeT, U He NMaJaeT Ha 3eMJII0?

— DT0 He JeTcKui Boripoc. M Ha Hero AeUCTBUTEILHO HUKTO
noka He orBeTw1. Ho cerogns s1 Bam otBeuy. bes 1oxHOM CKpoM-
HOCTH.

C oOgHOM CTOpOHBI, MPENATCTBUEM MAJIsI MAacCOBOIO pa3z.e-
manusi MOJIEKYJ U aTOMOB atMocdepbl B KOCMUYECKOE IPO-
CTPAHCTBO SIBJISIETCS TOCTENIEHHOE CHUKEHNE MHTEHCUBHOCTH MX
BHEIITHEN SHEPreTUUECKON MOAMUTKY M0 Mepe yaajaeHusl OT To-
BepxHOCTH 3eMiu. Tepsis SHepruio Ha OOJBILON BBICOTE, MOJIe-
KyJIbl U aTOMbl aTMOC(Epbl HE MOTYT OKOHYATEIbHO MOKWHYTh
3eMJII0, UM MIPOCTO HE XBATA€T CKOPOCTH ISl OKOHYATEJIbHOIO
npeonoyieHus: rpaButaiu. M naxxe upesBblyaiiHasi pa3pekeH-
HOCTb aTMOC(epBI, TO €CThb (PAaKTUUECKOE OTCYTCTBHE IIOMEX TT0-
JIETY B BUJIE BCTPEYHBIX MOJIEKYII, He TomoraeT. M mpsimoe o6:1y-
YEHUE COJIHIEM U KOCMUYECKUMU U3JTyUYEHUSIMUA HE MOKET KOM-
MIEHCHPOBATh TUM 3a0paBIIMMCS Ha KpaliHUE BBICOTHI MOJIEKY-
JlaM 4 aTOMaM SHEepreTUuecKue MoTepy, BbI3BaHHbIE OTCYTCTBU-
€M TEeIUIOBOTO M3JIyueHUs] 3eMJId U OCIabjieHueM MarHUTHOTO
nosist riaHeTsl. [losaromy 3a0yabTe BOUTYIO BaM ¢ JeTcTBa ¢op-



MYJIMPOBKY, UTO a3 BCErAa 3aloHsET BECh MPEAOCTABICHHBIN
eMy 00BbEM: B YCIIOBHUSIX TPABUTAIIMN 3TO HE TaK.

C npyroil CTOpOHBI, MPENSTCTBUEM JIJISI MACCOBOTO NAOEHUS
Ha MOBEPXHOCTb 3eMJIM MOJIEKYJI U aTOMOB aTMOC(QEPHI SIBJISIET-
Cs1 MIOCTENEHHOE MOBBIIIEHNE NHTEHCUBHOCTH UX BHEUTHEW SHEP-
reTUYeCKOU MOAMUTKY C YMEHBIIEHUEM PACCTOSHUS /10 3TOM ca-
MOii MOBepXHOCTU. He cMOTps1 Ha MOBBIIIIEHNUE JaBJIEHUS, TUIOT-
HOCTM U Macchl aTMocepbl B MPU3EMHBIX CIIOSIX, HE CMOTPS
Ha TO, YTO BCS 3Ta TUIOTHASI CMECh ra3oB W Mapa HauMHAeT 00-
JIaJaTh CYIIECTBEHHOW CHJIOW I'paBUTAIMKM W OOJiee MHTCHCHB-
HO MPUTATMBAETCA K 3eMiie, He CMOTpPs Ha 3TO BO3/1yX HE Iaja-
€T, He «CJMBaeTCsi» Ha 3eMJy1i0. DTO MOTOMY, YTO OH OyKBasib-
HO KHITUT, BO3[LyX MPUOOPETAET sIBHbIE TPU3HAKY med, KOTOpoe
OyKBAJIbHO PaclupaeTcsl CHU3y M U3HYTPH HAOPABIIIMMU SHEP-
TUIO U «OelleHo CKavyIIMMU» MOoJIeKyJlaMu 1 atoMamu. Kak Boya
B KacCTpIOJie Ha OTHE, TaK U BO3AYyX B aTMoc(epe: MOI0rpeBaeTcs
CHM3Y U BCIUIBIBAET BBEPX. DHEPrUsl €ro PaCHIMPEHUs CUIbHEE
rpaBUTALIUY.

Kcratn, B mpu3eMHbIX c0s1X aTMOcgepbl Y MHOTUX aTOMOB
Y MOJIEKYJI XBaTaeT SHEPIUU U CKOPOCTU, YTOObI TOKUHYTh 3eM-
JIO U yJIeTETh B KOCMOC. He mpoucxoaut 3Toro ToNbKO MO JBYM
NPUYMHAM, KaKJIOW U3 KOTOPHIX XBATUJIO OBl U TI0 OTAETBHOCTH.
Bo-nepBbix, yactuiiel B aTMocepe M3-3a CBOE CKYYeHHOCTH
MIOCTOSIHHO HATBHIKAIOTCA JPYTr Ha JIpyra U ABUTalOTCSl HACTOJb-
KO CJIOKHO (XaOTUYHO), YTO CYMMApPHBIN BEKTOP KaXJI0M U3 HUX
HHM KOMM 00pa3oM He BEIET K KocMocy. Bo-BTOphIX, nake eciu



CJIy4aiiHO KaKasi-JIMOO BHICOKOCKOPOCTHAsI YacTHIIA TIPOIBUHET-
Cs B TNOIYTHBIX BEPTUKAIBHBIX MOTOKAX BO3AyXa BBEPX Ha 3a-
METHOE PACCTOSIHKE, TO OHA HAYMHAET UCTIBITHIBATh BIIOJIHE OLILY-
TUMO€E CHUKEHUE BHEIIIHEW NOANMUTKY U BCE PABHO TEPSIET SHEP-
T'MIO ¥ IIIAHCBI HAa BBIJIET B KOCMOC.

Bot emi€ Takas MbIcb: aTMocdepy MOKHO CUMTATh 32 TEJIO,
MOKpbIBaIOIee 3eMIII0, U TOMIIMHA TOTO Tejla 3aBUCUT OT €ro
Temneparypsl. EC/ii Ha T1aHeTe CTaHeT kapue, TO aTOMbl 3TO-
ro Tesa MpruoOpeTyT OOJIBIIYI0 AMIUTUTYAY JBUKEHUS, a 3HAYUT
TUIOTHOCTh 3TOTO TeJIa YMEHBIIUTCS, 2 00BEM — TONIIIMHA aTMO-
cpepnl — yBenmuutcs. K Tomy ke B arMocgepy BOJILIOTCS IOMOJ-
HUTEJIbHBIE aTOMbI, KOTOpPbIE CTAaHYT B PE3yJIbTaTe IMOBBIIICHUSI
TeMIlepaTypsl OOJiee SHEPTUUYHBIMU M OTOPBYTCSI OT Pa3IMUHBIX
BEIIECTB C MOBEPXHOCTU 3EMJIM, IMPEBPATATCA B ra3 U BOJIBIOT-
cs B atMocdepy, JOMOIHUTEBHO yBeIu4nB e€ 00beéM. U Ha-
000pOT — ¢ TIOHMXKEHUEM TEMITIEPaTyphl TUIAaHEeThl e€ aTMocdepa
craHet 0ojiee TOHKOKM U OoJiee TUTIOTHOM. [IJ1s1 CBeJleHUs: B Cpeji-
HEM, B MPU3EMHBIX CJIOSIX aTMOC(EPBI, MOJIEKYJIbI JIETAIOT APYT
OT Ipyra Ha PacCTOSTHUM, MPEBBIIMIAIONIEM UX COOCTBEHHBIN pa3-
mep B 100 pas. Kazanock Ob1 — He rycto. O1HaKo, CKOPOCTh ITHX
MOJIEKYJT B OOBIYHBIX yciioBusix — ot 0,5 10 1,5 KuimoMeTpoB B ce-
KyHay! B cpenHem, kaxast MOJEKyJIa ra3a B BO3/1yXe CTAIKMBA-
€TCsl C JPYTUMHM MOJIEKY/IaMHi HECKOJIBKO MUJLTMApAOB pa3 B ce-
kyHay! Ilpu atom mmHa e€ cBOOOAHOro mpodera cocTabiisieT
OKOJIO OTHOM MUJUTMOHHOW JIOJTU MWIIMMETpA. YUUThIBasi BCE
CKa3aHHOE, HaM HaJI0 OCO3HATh, YTO BO3/1yX — 3TO HACTOSIIIEE Te-



JI0, C CEPbE3HBIM BHYTPEHHUM COIPOTHBIICHUEM CKATHIO, U TIO-
9TOMY CHJIa TSKECTH HE MOXKET €ro MPOCTO TaK B3ATh U «CILTIO-
IIATH».

— Tenepbs HaM TOYHO MOHSTHO, MOYEMyY aTMocgepa He maja-
er. I Tyt camoe Bpems 3a1aTh Bam en€ onuH AeTCKuil BOIpoc,
0e30TBETHBIN JJIsI MEHSI B paMKaX OOIIETIPUHSTHIX y HAC TIPe/I-
CTaBJICHWI: TIOYeMy o0JIaKa He TaJaloT Ha 3eMitio?

— Hy Bb1 ga€re, Ilpodeccop, naxe s 310 3HAI0, HE CMOTPS
Ha He TIOJIHOE BhicIiee oOpa3zoBanue! OOMaka v pa3Hble TaM Ty-
YK HEe MaJaloT Ha 3eMJTI0 IOTOMY, YTO Karlli BO/Ibl B HUX OY€Hb
MaJieHbKHe, U MOJIeKyJlaM BO3/yXa XBaTaeT CUJI, YTOObI CBOMMU
YaCThIMU MHOTOUMCJICHHBIMY YIapaMy CHU3Y YIepKUBaTh KAl
BOJIbI OT MaJIeHusl. A Te KaIlIk, YTO MOKPYITHee, BCE-TaKW HAYM-
HAIOT MaJ1aTh MOTUXOHBKY, HO TIPU 3TOM OHHU PACIUTIOIIUBAIOTCS
13-32 BCTPEYHOT'O COMTPOTUBJIEHU I MOJIEKYJI aTMocepsl, a u3-3a
9TOM AedhopMaliiy y KaresieK BOjbl yBeJIMUUBAETCS TAPYCHOCTD
¥ OHM HAUMHAIOT 3aTOPMAKMBATh CBOE MaJIeHNe, a 3aTeM 1 BOBCE
HAYMHAIOT Y/IEPKUBATHCS HA BBICOTE BCTPEYHBIMU ITOTOKAMU 00-
Jiee TEIJI0ro BO3ayXa, MOJHUMAIOIIErocs ot 3eMyu. Y b emé
6oJiee KpyIHbIe KarJiy Mpu OoJiee pe3Koil KOHJEH AU MaAaioT
Ha 3eMJII0, TaK KaK MX YK€ He MOTYT yAepKaThb Ha BBICOTE HU
yAapbl MOJIEKYJ, HI COMPOTHUBJIIEHUE BO3/1yXa, HU BOCXOASIIME
MOTOKH.

— WI3BuHUTE 32 MPSMOTY, IOHOIIIA, HO CBOMM YUYEHUKaM s1 Obl
3a TAKOHM OTBET MOCTaBWII Obl YMCTHIN Heyn! [leTckuil can u rny-
noctu. Celivac s, Kak npodeccop, cienan mogpoOHbIi pa3dop



Baiiero orpera. Karum najgaior B (popme Karum, a He KaKOr-TO
TaM TJIOCKOI KapTOHKM — OyMaskHOTO 3Mmesi. Ecim Obl Karuis ja-
ke U crana Obl OoJIee TUIOCKOH, COMTPOTURIICHUE BO3/yXa e€ MO-
MEHTaJIbHO Obl Pa3BEpHYJIO BEPTUKAIBHO, U Karljis Obl TOJIETeNa
BHU3 KaK HOX B Macjie. CKOJIbKO XaOTMUYECKUX MOJIEKYJISPHBIX
YAAPOB KAl BOABI (WM JIbIUHKA) MTOTY4YaeT CHU3Y, CTOJIBKO Ke
Y CBEpXY, M HUKAKOE PACIUIIOIIMBAHUE 3TOr0 HEe U3MEHMT. []o-
3TOMY pe3yIbTUPYIOIIUNA BEKTOP BJIUSHUAS KUHETUUECKOU SHEP-
T'MY MOJIEKYJT aTMochepbl Ha KaruTio BOJbI Oy/IET HyJIeBbIM, U Tpa-
BUTAINS 3aCTaBUT e€ maaath. Haneloch, Bbl He Oynere yTBep-
’KJIaTh, YTO O] KAIJIeW BOAbI aTMOcdepa IUVIOTHEE, YEM HaJl Karl-
JIed, 1 MOJI IOTOMY CHU3Y MOJIEKYJ1 O0JIbilie ¥ ObIOT OHU variie?!
W BoOOIIIE: MOJIeKyYJT BO3/IyXa BCE paBHO HEIOCTATOYHO, TaK Kak
Jake B MAJICHbKOW Karule BOAbI HAXOAWTCS MPUMEPHO TPUILIH-
OH MWIJIMAPIOB MOJIEKYJI. Takol CrycTOK BOIbI HU KaK HEJb34,
cliefiys Balle JIOTMKe, IPUHUMATh B PACUET KaK HEKYIO KOpITyC-
KyJIy, COIOCTaBUMYIO TI0 pa3Mepam ¢ MOJIEKYJIaMu aTMOC]eEpHI.
Tem Gonee, muotHoCcTh Boasl B 800 pa3 mpeBbIIaeT IOTHOCTh

BO3ayXa. Jlnamerphl Kamnejab B oOnakax cOCTaBisAioT oT 1x107
4 _
metpa 1o 1x10 6 MeTpa. Jlnamerpsl MOJIEKyYJl a30Ta U KUCJIO-

poza B BO311yXe — OKOJIO 31010 MeTpa. Pa3zHuna — npumepHo
OT TPEXCOT THICSY JIO TPUILATH THICAY pa3. Hukakoro 6poyHOB-
CKOTO JIBVKEHUSI TYT OBITh HE MOXET U B IOMUHE.

A 4TO Kacaercsi BOCXOASAIIMUX MOTOKOB BO3/AyXa, TO 3TO EIIIE
Oosee TIyno, MogymanTe caMu. Bo-miepBbIX, B IPUPOJIE CKOJIb-



KO BOCXOJSIIUX MOTOKOB, CTOJBKO M HUCXOHSIIIMX, 4 3HAYMT,
KaK MaKCHMYM, TOJIbKO TIOJIOBUHA TYY TPH CIUIOITHON 00Ia4HO-
CTU Torja Obl ylIepKHUBaJach BBEPXY, a MOJIOBUHA — TaJjiajia Obl
BHU3. B maxmarHom nopsiake, xa —xa —xa! He ObiBaer ke of1-
HOT'O CILJIOIIHOTO BOCXOASIIErO MOTOKA OT TOPU30HTA JI0 TOPU-
30HTa. BO-BTOpPBIX, TEMIIbIE MOTOKK BO3/1yXa MOAHUMAIOTCS TOJ
Ty4ed M CKBO3b Ty4y BBEpPX TOJIBKO IPH 3apOKIACHUM, TIPU 00-
pasoBaHur Tyuyu. COBEpILIEHHO ICHO, YTO KOrJa yxke cOpMHU-
pOBaBLIASICS Tyya HAUMHAET MOJ IEMCTBUEM BeTpa aperdoBarh
1o HeOy, TO BepOATHOCTb COXPAHEHHUsI CTAPOrO WJIM BO3HUKHO-
BEHUsI HOBOTO TEIJIOr0 BOCXOASAIIETO MOTOKA MO/ Ty4el, TO €CTh
B TEHU TY4H, HAIIOJHEHHOU XOJIOJHBIMU BOJOM U JIbIOM, COBEP-
IIEHHO MUHMMAJIbHA B CPAaBHEHUU C BEPOSITHOCTHIO BO3BHUKHO-
BEHUS BOCXOJIAIIETO TIOTOKA Tie-HUOYIb COOKY OT Ty4H, B TPO-
CBeTe MEeX Iy Ty4. Bbl ke He Oyaere MCKaTh TEMIOro BO3AyXa MO
BKJIIOYEHHBIM KOHIUIIMOHEPOM, TonyOurK? B-TpeThux, Tak Kak
Boaa B 800 pa3 Tskesee Takoro ke 0ObEMa Bo3ayXa — 3TO C Ka-
KOM K€ CWJIOM JIOJUKEH yTh MPECIOBYTHIM BOCXOISIIMN MOTOK,
9TOOBI yAEpKaTh LENyI0 Ty4dy? Mbl Obl ¢ BaMH TOT/Ia HAOIOIAIN
yparaH moj Kax/JabiM Jake 0e300UTHBIM O0JIAKOM.

— Hy 1 nouemy ke, rocioqux BceBenyiuii Ilpodeccop, nera-
10T Tyun? Pacckaxxute yx Hey4y-CTyIEHTY, W1 U BaM NPUAETCS
HEYJl IOCTABUTB !

— He xamute! 4 ¢ camoro Hayasa ckasaj, 4To He 3Halo, [oye-

My...
— Jla yx, yBaxaeMble MOM CIIyLIaTeN !, IPUIETCS BaC IPepBaTh



¥ TIOMOYb BaM C 3TUM BOITPOCOM HeMe/IJIEHHO Pa300paThCsi, IOKa
Bbl OKOHYATEJIbHO HE Tepeccopriinch. BOoT Kak Ha camoMm jere.
Oo6rnaka He aalT Ha 3eMJTI0, TIOTOMY UTO 001AKO — M0 He CMa-
muueckoe 0opazosanue, a OUHAMUMECKAS. CUCHEeMd. DIEMEHTHI
B 9TOH CHUCTEME HAXOHATCA B MOCTOSHHOM JIBMKEHHUH, B IIOCTO-
SIHHOM W3MEHEHHU CBOUX CBOKCTB, HO MIPU STOM OHU IIPOYHO
CBSI3aHBI B €JIMHOE 11eJI0€ SJICKTPOMArHUTHBIM B3aUMOJICHCTBH-
eM. BBl COBepILICHHO YIyCTUIIA B CBOEM CIIOpe (paKTOp IeKTPH-
3aIMM COCTABHBIX IEMEHTOB O0JIaKa.

Wrak, snekTpryecTBO B 0OMaKkax oOpa3yeTcss HeCKOIbKUMHU
IIpoIeccaMu, MPOTEKAIIMMU, KaK MPaBUJIO MapaijiesbHO.

OCHOBHOI mpoliecC OOYCIIOBJIEH TeM, 4TO Oojiee TEIIbIC
U JIETKWE TPU3EeMHbIC BO3JIYIIHBIC MACCHI, MMOJHUMASICh HM3-3a
9TOTO BBEPX, PACIHIUPSIOTCS TI0 IPUYMHE CBOEW OOJBINEH HEP-
TMYHOCTU B CPaBHEHUM C TPOXJIAJHBIM M OoJiee MaCCHMBHBIM
okpyxenueM. [Ipu pacimpennu ra3pl oxyaxaawrcs. [Tpu oxia-
KJICHUU BBIIEISAETCS MHOTO SHEPIUH, KOTOPask YaCTUYHO HJIET
Ha BBIOMBaHME TIPOTOHOB (MOHOB BOIOPOJIA) U3 MOJIEKYJ BOJIBL.
DTU MOJIEKYJIBI BOIIBI COAEPKATCS HA MOBEPXHOCTH 00pa30BaH-
HBIX B pe3yJibTaTe KOHJAEHCAIIMK Kare/Ib BOAbl WM KPUCTAJJIOB
Jbaa. B OCHOBHOM BBIOMBAIOTCS MIMEHHO ITPOTOHBI, TAK KaK BbI-
OuBaHMe JEKTPOHOB B 2,5 pasza Ooniee 3Hepro3arpaTHo. Yem
OoJIbIlIe Karuist BOJIbI, TeM OOJIbIlie U3 He€ BHIOMBAETCS MPOTO-
HOB, TeM OoJiee OHa CTAaHOBUTCS JIEKTPOOTpHIIaTeIbHOM. Bosee
TSDKENBIe U OoJiee OTpUIIATEIbHbIE KAl B OOJIaKe OITyCKAloT-
csl Ha caMblil HU3 oOnmaka. bomee nérkwe Karm u map, 3aps-



JKEHHbIE MEHee OTPHUIIATENILHO, COOMPAIOTCs HaBepXxy oonaka. Ty-
12 ke B BEPXHIOI0 YacTh OOJaKa MepeMeIaoTcsi HOHBI — TOJIO-
JKUTEJILHO 3apsKeHHbIE BBIOUTHIE U3 MOJIEKYJT IPOTOHBI. CBOOO/I-
HbIE JIEKTPOHBI ITPU ITOM Ha0OOPOT, CITyCKAIOTCS BHU3 OOJIaKa.
B o6:1ake BO3HHMKAIOT pa3HOMMEHHO 3apsKeHHbIE 00IaCTH, BEpX-
HAA U HWKHASA, CO3JAETCA CEPbE3HAS PA3HOCTh ITOTEHIIMAJIOB.
[pu 3TOM OOpa3zyercst OrpoMHasi, B COTHU pa3, pa3HUIIA MEX/Ty
yZIEJIbHBIM BECOM HIDKHE! M BEpXHel cTpar odnaka. [ToBropsiio:
BEPXHsIS YacTh OOJIaKa MO CPABHEHWIO C HWKHEH 3HAYUTENILHO
Oosee TEIUIAs, MEHee TUIOTHASI, COMIEPKUT OOJIBIIIE JIETKOTO Mapa,
MEHbIIIe KareJib BOMIbI, & CAMH Karii OoJiee MeJIKUe U JIETKHe.

Bropo#i potiecc, KOTOPbIA MOXET MPOXOIUTh OJHOBPEMEHHO
C TMEpBbIM — 3TO MPAKTUYECKH Te Ke camble MPOIIeCChl BHIOUBA-
HUSI IIPOTOHOB, TOJIBKO SHEPIUs )1l HUX BBIJEIISIETCS TIPU Tiepe-
XOJIe BOJIBI B CIIEIYIOIIee arperaTHoe COCTOsIHYME — TP 3aMep3a-
HWU KareJieK BOjIbl ¢ 00pa30BaHNeM KpPUCTAJUTMKOB Jibaa. Mac-
ITa0bl 3TOTO MPOIIecca MOMEHBIIIE, HO CYTh Ta JKe — OXJIAKICHUE
BEIIIECTBA C BBIAEJICHUEM SHEPTUH.

Tpetuii niporiecc, NOCTOSIHHBINA — 9TO BO3/IEWCTBUE HA Karuin
BOJIbI JIEKTPOMArHUTHOTO TOJsl 3eMJIM, KOTOpPOe CJierka CMe-
IIaeT MOBEPXHOCTHBIC JIEKTPOHBI BHU3 TI0 Karuie, MpeBpaliast
KaruTi B IMTIOJTb: CBEPXY «IIOTIOC», CHI3Y «MUHYC». B MaccuBe
MIOCTOSTHHO CTaJIKMBAIOIIUXCS Karlesib 3TO MPUBOAUT K «MeKKa-
NIeJIbHOMY» TIepETeKaHUI0 PA3HOMMEHHBIX 3apsi/IOB BBEPX-BHU3
Y JIOTIOJTHUTEJIbHOM MOJIsIpU3aliuy o0iaKa.

YeTBEPTHIN MpOLIECC: HA BEPXHUE CIIOM 00JTaKa BIMSHHAE OKa-



3bIBAIOT KOCMUYECKHE U COJIHEUHbIE U3Ty4yeHusi. OHU 10CTaTOu-
HBI JUUIS BBIOWBaHMS JIEKTPOHOB M3 aTOMOB U JIOBOJBHO (-
(beKTMBHO MOHUBUPYIOT BEPXHIOK YacTh 00j1aka. BEIOUTHIE 371eK-
TPOHBI JJa’Ke 3aIyCKal0T HEKOTOpoe Moao0ue HEermHOW peakivu
0 MOHU3AIMH COCTABHBIX IEMEeHTOB oOyaka. [lomyueHHbIe Ta-
KAM 00pa3oM OTpHUIIaTesIbHBIEe 3apsiabl TAKXkKe HAXOASTCS B OC-
HOBHOM B 0o0Jiee KPYITHBIX Karuisix U ObICTpee CITyCKAlOTCSI BHU3
o0Jaka, OMsTh ke JOMOTHUTENHO MOJISIPU3Ysl €ro.

[Iarelii mpoliecc — 3TO 3HEpPrusi BeTpa, AePOPMUPYIOIIETO
¥ TIepEeMEINAIOIIETO YaCTH U CJION 00NIaKa, a TakKe SHEprus BOC-
XOJSIIMX U HUCXOASIIMX TIOTOKOB U 3aBUXPEHUN BHYTPU CaMO-
ro o0Jiaka, HOPOXAEHHBIX pa3HUIIEH IUIOTHOCTH ero yacteil. Beé
9TO BBI3BIBAET TPEHME COCTABHBIX JIEMEHTOB OOJIaKa — Karesb
BOJIbl, KPUCTAJUIOB JIbJa, YaCTHUYEK MbUTA U MOJIEKYJ ra3oB. B pe-
3y/bTaTe TPEHUsI 00pa3yeTcsl CTaTHUECKOe EKTpruecTBO. [Ipu
9TOM M30BITOK JIEKTPOHOB TaK:Ke MOCTENIEHHO NepeTeKaeT BHU3
o0J1aka, a TIOJIOKUTENIbHbIE MOHBI MMOATATUBAIOTCS BBEpX. U CHO-
Ba YCHJIMBAETCS MOJISIpU3alvs 00JaKa.

B pesynbrare Bcex MATH NEPEUMCIIEHHBIX MPOLIECCOB 00IaKO
OYEHb CEPhEZHO MEKTPUBYETCS], a €0 COCTABHBIE JIEMEHTHI CBSI-
3bIBAIOTCS] ANEKTPUIECKUM B3aUMOJIEHCTBHEM — IMPUTSKEHUEM
Pa3HOMMEHHBIX 3apsi/IOB — B €AMHOE LIEJIOE, B JIOKAJTM30BAHHYIO
cucteMy. DTO eMHEHHEe MPOUCXOAUT HECMOTPS Ha TO, YTO CH-
JIa TSIKECTU OTTATMBAET HUKHIOI OTPUIIATENIbHYIO YacTh 00JIaKa
C KPYITHBIMU TSKETBIMU KaruisiMu BHU3. I He cCMOTpsI Ha TO, UTO
pa3HUIIA B IJIOTHOCTH OTTATHUBAET BEPXHIOI, TOCTOSIHHO PACIIIN-



PSIIONIYIOCS, MEeHee IJIOTHYIO M OoJiee JIETKYI0 YacTh o0Jlaka, co-
CTOSIIITYIO W3 MEJIKUX TIOJIOXKUTEIIbHBIX Kareslb U Tiapa, BBepx. 5
MMEIO B BUJIy Pa3HUILY B IJIOTHOCTH MEXIy BEpXHEl Y4acThio 00-
JlaKa ¥ OKpyXkaroiei arMocepoid Ha 3TOM ke ropu3oHTe. ['pa-
BUTAIIMSA Y Pa3HUIA B TUIOTHOCTH PACTATHBAIOT 00JIaKO IO BEp-
THKaJIM, & MEKTPUYECKOE TTPUTSIKEHHAE CTITUBAET €r0. YUUThI-
Basi MHOTOCOTMETPOBBIE M JJake KUJIOMETPOBbIE pa3mMepbl 00J1a-
KOB I10 BEPTUKAJIA, OYEBU/THO, UTO TUIOTHOCTh BO3/IyXa, OKpYyXkKa-
IOIIETO W MOANMPAIONIEro 00JIaKO CHHU3Y, 3HAYUTEIBHO OOJIbIIIe,
9YeM TUIOTHOCTh BO3/yXa, OKPYKAIOIIEro M HaKPBIBAIOIIEro 00-
Jlako cBepxy. [laBieHue Bo3ayxa Ha 00JIaKO CHU3Y 3HAUMTETBHO
Oosbllie, YeM JIaBjieHre CBepXy. B Takoi cuTyaluu o0aako, Kak
eOuHoe uenoe, TIONydaeT BO3MOKHOCTh TUIaBaTh B arMocdepe,
KaKk MUHUMYM — OYeHb-O4YeHb MEJJIEHHO CHIKAThCSI, HA CUMTAH-
Hble CAHTUMETpPHI 32 MHOTue Jachl. OTHAKO, Jake MpU CJIadoM
OOKOBOM BETPE, €CJIM 0OJIAKO HAUMHAET TOPU3OHTAILHO JIBUTATh-
Cs1, pa3HMIIA B JIaBJICHUM Ha 00OJIaKO CHU3Y U CBEPXYy IMPHBOIUT
K MOSIBJIEHUIO MTOJBEMHOM CHIIBI (KAaK Y Kpblla CaMOJIETA) U Ta-
KOe JieTsiee 00J1ako CIIOCOOHO He TOJILKO He Tajarh, HO yxke
Y TIoJIHUMAaThCs BBepX. [lombEMHAs crijla BO3HUKAET IOTOMY, UTO
BEPXHsIsl YacTh oOnaka Oolsiee paclMpeHHasi U BBIMYKJIas, YeM
HIDKHSSL.

OueHb BaXHO IMOHSATH, YTO OHA KaIllsl, KAaKOH Obl OHA MeJI-
KOU He Obla, Bcerga OyeT majaTh BHU3, U HUKAKOE COMPOTHB-
JIEHUE BO3/lyXa €€ He OCTaHOBUT. He majgaTh BHU3 MOXET TOJb-
KO O'POMHOE COOOIIECTBO KareJib — 00JIaKo — KaK eInHas CUCTe-



Ma, 3a(PUKCUPOBAHHAS MEKTPOMATHUTHBIM «Kapkacom». Kcra-
TH, B JIOKJICBOW Tyde, B HIKHEW e€ 4acTH, B KaXkJOM KyOude-
CKOM caHTumeTpe coaepxurcs npuMmepHo ot 100 go 300 kare-
JIeK BOJIbl, @ BOT B BEPXHEH YacTU — BCEro MO HECKOJIbKO Karlesb

B 1 ev’. Takas BOT OrpOMHasl Pa3HUIIA B yIEIbHOM BECE TY4H
no crparam. B cpeanem, Tyua — 1oxeBoe 001aKk0o — UMEEeT 00b-
€M HeCKOJIbKO KyOMYeCKHX KUJIOMETPOB, U B KaXKIOM YCPETHEH-
HOM KyOMUYEeCcKOM MeTpe Tydya Hec€T oT 1 70 5 rpaMMoB BOTBI.
A B IIepHCTBIX O0JIaKaxX — JIMIIb THICSYHbBIE IOJIM IPaMMa BOJIBI

Ha 1v°.

TymaH —3T0 TOXe 00J1aKO0, HO M3-3a PU3EMJIEHHON TOUKH PO-
Chl, U3-3a CBOMX MaJIbIX Pa3MEPOB 10 BEPTUKAIN U HEBO3MOKHO-
CTHU paclIMpsATbCs, U3-3a Oe3BETpUsi U COOTBETCTBYIOIIEH cllaboii
UEKTPU3ALINU, U3-32 OTCYTCTBUS COJIHEYHOTO BO3JCMCTBUS, U3-
3a BCEro 3TOro 00ako TyMaHa He CIIOCOOHO OTOPBAThCS OT 3EM-
HOW TIOBEPXHOCTH, MOJIEKYJIbI KOTOPOUW 3aMEHSII0OT COOOW B JIaH-
HOM CJIy4yae MOJIEKY/Ibl HMKHUX IUIOTHBIX CJIOEB BO3/AyXa IS
OOBIYHBIX OOJIAKOB.

Tenepb s1 CHUMY HEKOTOpBIE CLIOPHbIE MOMEHTHI U IPOTUBO-
peuusi, KOTopble BO3HUKJIU Mexkay Bamu, [Ipodeccop u CtyneHr,
0 JAHHOU TEME.

[Tpu apeiicbe yxe chopmupoBaHHOrO 00OJIaKa, MOJ HUM, KO-
HEYHO K€, HE COXPaHsIETCs MOPOJUBIIUNA €r0 TEMIBIA BOCXO/s-
Ui MOTOK OT 3eMyn. Ho BcE€ paBHO 00fako MpoAoikaeT mMo-
Jy4aTh BOCXOJSIIME MOTOKH, 3acackiBasi OoJiee TEMUIbIA BO3IYyX
psIMO U3-TI07] ceOsI TIO X0y ABVMKEHUS. DTO HE KaKHe-TO BbIpa-



JKEHHBIE BOCXOJISIIHE MOTOKH TEIIONO BO3yXa: a POCTO BHU3Y,
o1 00J1aKOM, BO3/IyX BCET/Ia Teriee, YeM BBEepXY, HaJ| OOIaKOM.

Jlanee: HEKOTOpbIE KaIlIi B HUKHEH 4acTu oOJlaka B JII0OOM
cllyvae He YIepKUBAIOTCS MEKTPUIECKON COCTABIISIIONICH U Ta-
JAI0T BHU3, JIAXE €CJIM He CO3[aETCs YCIOBUH ISl TIOBBIIICH-
HOM KOHJICHCAIIMK BJIark W BbinajaeHust 1oxasa. Ho Takoe mase-
HUE HOCUT JIaJIeKO He MacCCOBBIN XapaKTep, MO3TOMY 3TH Karuiv
HE MOTYT HACBITUTH BJIArOM BO3/yX MeXIy OOJAaKOM U 3eMJIEH,
Y HU3Kasi OTHOCUTE/IbHASL BJIAXKHOCTh BKYIIE C TOBBIIIAIOIICHCS
10 TIyTU BHU3 TEMIIEPATYPOM U COMPOTHBICHUEM MOJIEKYJT BO3-
Jyxa 00yCJIaBJIMBAIOT OBICTPOE M3MEJIbYeHUE U UCTIapeHue pac-
CMaTpHBAEMBbIX Karesib BOJIbI TIPU UX najieHnu. CHU3Y MBI JIaxe
He 3aMedaeM 3Toro sByieHus. Kak u apyroro siBjieHus, pu Ko-
TOPOM CBEpXy 00JIaKO TOCTOSIHHO MPHUPACTAET HOBBIMU CBEXKH-
MU KarIsMH, IEPMaHEHTHO 00Pa3yIOIIMMUCS IIPH KOH/ICHCAITUH
TOJIBKO YTO MOHSIBIIIETOCS U PACIIMPHUBIIETOCS M OXJIAIUBIIIETO-
cs1 BO3yXxa (MMEHHO 3TOT BO3/IyX Ty4a 3acachiBaeT U3-Tof cedst
Jaxe MpH JABWXKEHUN). 5 yike TOBOPHII, UTO Ty4a — STO JUHAMMU-
YecKasi CUCTEMa, B TOM YHCJIE ¥ IOTOMY, YTO OHA IOCTOSTHHA MOJI-
TauBaeT CHU3Y W Ipupacraer cBepxy. [loatomy, naxe eciu Ty-
Ya MOCTOSIHHO YYTh-4yTh ITPOCEIAET BHU3, TO BU3YaJILHO U (paK-
TUYECKU OHA OCTAE€TCS Ha OJHOM MECTE IO BBICOTE: MTPOCEBIINI
HM3 CKaIlbIBAETCs U PACCEBAETCsI, a MPOCEBIIMIA BEPX HapacTaeT
3aHOBO. M 00Ias ToMIMHA Ty4u (BBICOTA) TOXKE COXPAHSETCS.
YkazaHHbIH Mpoliecc MOKeT ObITh HapyiieH. Ecin oOpa3oBaHue
HOBBIX Karejib B BEpXHEW 4acTh Ty4d HAUMHAET UATH CIIUIIKOM



OBICTPO, TO Tyua MpoIMBaeTcs Aok AEM. Ecim ciuikom mMeaseH-
HO — TO Ty4a IOCTETIEHHO UCTIAPAETCA.

Bor kak-T1o Tax.

— 51 BCE MOHSAI: Ty4u HE MAJAT MOTOMY, YTO OHM — HE OT-
JeJbHbIE KAk, OHU — LieJIbHble Kopal:u!

— MosxeT ObITh 1 yepecuyp oOpa3Ho, Ho BepHo! Kcratu, mbuth
B Halllell KOMHATe AEPKUTCS B BO3/yXE, HE CMOTPS Ha TO, YTO
Kax/Jas U3 €€ 4aCTUYEK TSKeNee BO3 yXa, IPUMEPHO I10 TEM ke
NPUYMHAM, YTO U Ty4a: U3-3a NIEKTPU3ALUMH NbUIM U JIEKTPO-
MarHUTHOT'O B3aUMOZEVCTBUSA MEXKy BCEMU €€ YACTUUKAMH, YTO
IIPEBPAIAET IbLIb B €AUHBIA MACCUB. TakOM TPEXMEPHO-MEI-
KO-sIYEUCTBI MacCHB 00J1aJJae€T OrPOMHO# TAPYCHOCTBIO, I103TO-
My OYEHBb-OUYEHBb MEJIEHHO oceaeT. Yacamu u cytkamu. Bropas
NPUYMHA €0 «3aBUCAHUS» — ITO TO, YTO YACTUUYKHU IbUIA ITOTO
MaccuBa OYKBAJIBHO «IIETUISIOTCS» MEeKTPOMAarHUTHBIM B3aHMO-
JENCTBHEM 32 COCEJHUE MOJIEKYJIbl BO3/1yXa, elE OOJblile 3aMe/l-
7514 cBO€ cHUAeHue. Hy M TpeThs mpuyrHa, 3T0 IBUKEHNE BO3-
JyXxa, NEpeMEIINBAIOIIEE MTbLIb ¥ MIOJHUMAIOIIEE €€ CHOBA BBEPX.
BrI3bIBalOTCS 3TU IBUKEHUS BO3[yXa CKBO3HSKaMH (WM BET-
POM, €CJIM Mbl TOBOPUM IIPO YJIUILY), KOHBEKLIUEH, ABUKEHUEM
JIOJIEV WM KUBOTHBIX, IPEAMETOB.

DJEKTpU3als MbUIM MPOUCXOOMUT IO HECKOJIBKUM IPUYM-
HaM. DTO 2JE€KTpU3als MbUIM OT JEKTPOHOB U MOHOB CaMO-
ro BO3JyXa. DTO CTaTUYECKOE 3JIEKTPUUYECTBO, 0Opasylolieecs
B pe3y/bTaTe MepeMEIIMBaHUs CIOEB BO3AYILIHO-TIBUIEBON CMe-
CH. DTO BO3JIEMCTBUE HA NBUIb JIEKTPOMArHATHOT'O MOJIA 3EMIIN.



D70 37IeKTpU3aLMs MO IECTBUEM COTHEUHOTO U3nydeHus. [ly-
Malo, 1 paccKka3ajl MPOCTO U MOHATHO.

— Tak Bor mouemy g uymxaio! He ygusnsairecs. 1 03By-
YUJI JIUIIb TOCJIEAHIO YacTh MBICJIEHHOH JIOTUYECKOM LIETTOYKH.
VY MeHs ajiieprus Ha IbUb. . .

— A y MeHd IJ1a3a CJIMIAITCA, €CJIA YeCTHO. Tak J0Jro, Kak
CErofiHs, MbI elE He OeceqOBaJIM. ..

— KoneuHo ke, Bbl ipaBbl. [laBailTe OTIOXHEM.



Hous 4. I'paBuranus. «Témuas
MaTepusi». 3aKOHbI JIBHKEHUSI
Bcesiennoii. ®opMupoBanue
KOCMHYECKHUX 00 bEKTOB.
HecocrosiBmiuecs raJJakTHKH.
Ctpykrypa Bceaennoi.
IIporHo3 ocruiBaHusl.
KoJimyecTBeHHbIE XapaKTEPUCTHKHI
BcesieHHON. AHTHMTpaBHATAIIMS

— A Teriepb MOrOBOPUM rpaBUTAIMK. HeT HUKaKux «vyacTuil —
NIePEHOCYMKOB T'PABHUTAIIIOHHOTO B3aUMOJIEHCTBUs». [IpocTo
CMeX pacrupaer, KOraa TOBOPST O CYIIECTBOBAHMH TOCTOSTHHOM
CHJTBI TIPUTSIKEHUST MeXK Iy OObEKTaMH, OCHOBAaHHOM Ha TPOCKa-
KMBaHUM MEXIy STUMH OOBEKTAMHU HEKUX SJIEMEHTAPHbIX, WIN
naxe cyOs/ieMeHTapHbIX 4acTull, rpaBUToHOB. Kak BooOmIe me-
PECKaKMBaHUE KaKOK-TO YaCTHIIBI OT OJHOTO OOBEKTa K JIPyro-
MY MOXET MX MpUTSIHYTh? W 9TO KacaeTcst He TONbKO rpaBUTa-
UM, HO U IpyruX (pyHAAMEHTATBHBIX B3aMMOJEHCTBUN — JIeK-
TPOMArHUTHOTO, CHJIBHOTO M cradoro. MIMmysbe nake OTTOJK-
HYTb TOJIKOM /IBa OOBEKTa HE MOXET, TaK KaK UMIYJIbC IUCKpe-



TEH, a CAMU YaCTUIIbI B 00BEKTaX KOHEUHBI TI0 CBOEMY KOJIWYe-
CTBEHHOMY 3amacy (2 B 2JIEMEHTAPHBIX YaCTUIIAX — OUEHb OBICT-
po xoHeunst!). Bot BbI, CTyneHT, nonpoOyiite B MeHsI Tak Opo-
CHUTH SI0JIOKOM, YTOOBI 51 K BaM OT 3TOTO MPUTSHYJICS !

— Yymms! 4 Bcerma He Bepwi B 31U ckasku! bpocas s05m0kwu,
s1 HE TO YTO MPUTATUBATH, HO JaKe U OTTAJIKUBATh U OTITyTUBATh
BAC JIOJITO HE CMOTY: JTake MEIIOK SIOJIOK KOHUUTCSI OYeHb OBICT-
PO, HA MWJUTUAP/bI JIET HE XBATHT. ..

— Tounee He ckaxelb. TONBKO BCTPEUYHBIE ABUKEHUS SHEP-
TYi yBEJTWYECHUS M yMEHBIIIEHN s HEOQHOPOAHOCTH 00eCTIeurBa-
10T BO BceneHHOM 0011ieB3anMHOe MPUTSKEHUE BCEX IHEProMa-
TepUabHBIX OOBEKTOB, Oy/lb TO MAaKpO- WJIU MUKO- OOBEKTHI.
A BMECTO BBIMBIIICHHBIX «JIETY4HX MEPEHOCUMKOB» I'DaBHUTA-
MU CYILECTBYIOT MOJISI CMAMUYHbIX TIPOTOYACTULL, U3 KOTOPbIX
COCTOUT BCEJIEHCKOE MpOTOIoje. A CTeneHb NPUTSKEHUsT KOH-
KPETHBIX OOBEKTOB OMPEAENSIETCS] CTENEHbIO PaCTSKEHHS MPO-
TONOJSA (TO €CTh ITUX CTATUYHBIX MPOTOYACTUIL) MEXIY STUMHU
00BbeKTaMu. A CTeTeHb PacTsKeHUs MPOTOMOJISI BOKPYT U BHYT-
PU KOHKPETHOT'O 00bEKTA OIpe/IesisieTcsl KOJTMYECTBOM MPOToYa-
CTULI, COMKHYTBIX U 3a[€IICTBOBaHHbIX B (DOPMHUPOBAHUU STO-
r0 KOHKPETHOTO OOBEKTa: YeM OOJIbIlle COMKHYJIOCh MPOTOYa-
CTHUIl, TeM OOJbIlle YMEHBIIMIOCh 3aHUMAaeMOe VMU IO 3TOTO
IPOCTPAHCTBO, TEM CUJIbHEE OHU pacTsiHYIM ipotomnose. U Toraa
IIPOTONOJIE BBIHYAJIEHO CO BCEX CTOPOH CJIErKa MOATATMBATHCS
K 00pa30BaBIIIEMYCsl paCTSKEHHIO, KaK Obl 3aTATUBast COOOH IM0-
peleBlIre MecTa, OCTaBILIMECs Ha MecTe MOUIeAIMX Ha (popMHU-



poBaHue Marepuu nporouyactuil. Ho, Tak kKak pasHbIX pactsike-
HUIA B €IMHOM BCEJICHCKOM IPOTOIIONE OECUHNCIICHHOE KOJTIYe-
CTBO U OHU HaxOJATCS B MOCTOSIHHOM JBWKEHUM U TpaHC(Op-
Mal1u, TO MPOTOIOJIE HUTJIE U HUKOTAA HE MOKET B 3HAYMTEb-
HOW CTENeHW HUBEJIMPOBATh 9TH pacTsikeHUs. [lymaro MoHsATHO,
9TO YeM OOJTbIIIe COMKHYJIOCH IIPOTOYACTHIT B HEKUN OOBEKT, TEM
Oostbllie Macca 3Toro oobekTa. To ecTh Macca Teaa — 3TO BeJH-
YMHA PaCTSKEHUs TUM TEJIOM IIPOTOMNOIS.

Pesomupys Hanepén CyTh SABJIEHUS TPABUTALIMM, CKAKY KpaT-
KO: 2pasumauusi — 3mo A08YwKa HU3KOU NAOMHOCMU NPOMONo-
as. Tak-t1o. PazbscHio 4yTh nogpoOHee. MTak, mMpu4uHbI Tpa-
BUTALIMOHHOTO TIPUTSIKEHUsI BbI3BaHbI TeM k€ (PAKTOPOM, UYTO
U BCE OCTajibHble (DYHIAMEHTAJIbHbIE B3AUMOJECUCTBUS — HAJIU-
YreM TOJIsi TpoToYacTuil. YeM MaccuBHee OOBEKT HAXOOUTCS
B T0JIe TIPOTOYACTHI], TeM OOJIbIIIE TPOTOYACTHUI] U3 ITOTO TOJIS
NepEeNUIY KOT/1a-TO B COCTOSIHUE JIEMEHTAPHBIX U COCTABHBIX Ya-
CTHULI, YMEHBIIIWJINCh B pa3Mepax U MPUHSIN yyacThe B (pOpMHU-
POBaHHMU MaTepuM YKa3aHHOTO OObeKTa, B (DOPMUPOBAHUH €TO
aToMOB U MoJiekysl. YeM maccrBHee 0OBEKT, TeM Oosiee paspe-
’KEHHBbIM, OoJiee KPYIMTHOSYEHCThIM U HANPSKEHHBIM OKa3aJioCh
ToJIe TIPOTOYACTHUI] B OOJIACTH PACITOJIOKEHUST STOro OOBEKTa.
To ectp mosne mpoToyacThil, Kak Cpeia, B MPOCTPAHCTBE 00b-
€KTa U BOKPYI OOBEKTa UMEET 3HAYMTEILHO MEHBIIYIO IJIOT-
HOCTb, YEM Ha yJaJleHuu oT Hero. [1o mepe yaasieHus oT MaccuB-
HOTO OOBEKTa PaCTSHYTOCTb MPOTOYACTHI] TIOCTENIEHHO MagaeT
U MOCTETNEHHO MPUXOIUT K YCPEAHEHHOMY 3HAYEHUIO TUIOTHOCTH



MPOTOMOJISI B JAHHOW 30HE TOW WJIM WHOW TaJaKTUKW, HY WU
MOJHO CKa3aTh — K YCPEIHEHHOU IIJIOTHOCTH BeenenHon. 3ame-
9y, YTO JIIOOON OOBEKT MOJTHOCTHIO HAXOQUTCS B TIOJIE TPOTOYa-
CTHUI, OH OYKBaJIbHO MPOIMUTAH MOJIeM, TPOXOIUT CKBO3b MOJEe
9TUX pa3psiKeHHbIX Mportouactull. Eciu roBoputs, Hampumep,
0 TUIaHEeTe, TO HAUOOJTBIIAS PACTSKEHHOCTD MPOTOIIOS, TO €CTh
€ro HauMEHbIIIasl IUIOTHOCTh, HAXOAUTCS B CAMOM LIEHTpE ILj1a-
HETBI, B €€ fAJIpeE.

[epemMeriasich B IpOCTpaHCTBE, TaKas IJIaHeTa (KaK U 000N
JPYTroOil SHEproMaTepraIbHBIl OOBEKT) BBHI3BIBAET COITYyTCTBYIO-
1Iee CBOEMY JBWKEHMIO PACTSKEHHE ITPOTOYACTUL] ITPOTOIOJA.
3TO JIerKo MpeacTaBuTh. B TOM oOnacTy mpocTpaHCcTBa, KOTO-
pyIo IUIaHeTa 3aHMMaJla U U3 KOTOPOH IJIAHETa TOJIBKO YTO Ie-
PEMECTHIIACH, TPOTOYACTHIIBI TIPOTOMOJIS, eIIE HeIABHO OBIBIIINE
YPE3BBIYAMHO PACTSKEHHBIMUA M OTHOCUTEIBHO MAJIOUMCIICHHBI-
MU, HAUMHAIOT CKUMAThCS M CTATUBATHCS, CTATMBAs K cede mpo-
TOYACTHUIIBl U3 CMEXHBIX oOnacteil mporononisa. Ho ocHoBHas
YacThb MPOTOYACTULL KaK pa3 U NPUTATUBACTCS U3 TOM CMEKHOU
00JIaCTH TIPOTOMOJIS, KOTOPYIO TeNepb 3aHsija NepeMeCcTUBIIAsI-
cAl TUIaHeTa. JHeproMareprajbHOe HAIllOJTHEHUE IIAaHEThl — Be-
IIECTBO — STOMY IIPOIIECCY €CTECTBEHHBIM 0Opa30M CIIOCOOCTBY-
er, OyKBaJIbHO pacTajKuBasi COOON MPOTOYACTUIIBI M BBIIABIIH-
Bas MX M3 NOCTyNATEIbHO 3aHMMAEMOTO IIJIAHETOM ITPUJIEralole-
o yJacTka npocrpaHcTBa. Takum o0pa3om, Opeos pacTsiKeHust
MPOTOYACTHI] IPOTOMOJISI BOKPYT IJIAHETHI IEPEMeaeTcsl B IPo-
CTPAHCTBE BMECTE C IUIAHETOU. TOYHO TaK K€ OpPEON pacTsiKe-



HUs1, TO €CTh OPEOJI HU3KOM TIOTHOCTU MPOTOINOJIs, epeMelia-
eTcsl B POCTPAHCTBE U BMECTE CO 3BE3/101, U BMECTE C raJIakKTH-
kou. Mimm HaoOopoT, BMecTe ¢ YeM-HHUOY/Ib TIOMEHBIIE: ¢ KOMe-
TOM, C KPOXOTHBIM METEOPUTOM, J1akKe C MbUIMHKOM.

Ecnu B nosie npoTtoyacTull HaXoauTcs ABa (WA CKOJb YIof-
HO) 00BbEKTa Pa3HOU MaCCHI (C pa3HON CyMMapHOU aTOMHOM Mac-
COM), TO BOKPYT TUX Pa3HBIX 0OBEKTOB 0Opa3yeTcs pa3Hasi Ha-
NPsKEHHOCTD MPOTOIONIS, TO €CTh PA3HOE PACTSKEHHE MPOTO-
YacTull, TO €CTb Pa3HOE KOJIMYECTBO MPOTOYACTUI] HA €OUHU-
Iy 0O0bEMa MPOTOMOJs, TO €CTh pa3Hasi IJIOTHOCTh MPOTOIMO-
JI51, IOCTENEHHO Nepexosias OT MUHUMAJIbHOTO 3HaYeHUsl BO-
Kpyr Oojiee MacCUBHOTO 00beKTa K OoJiee BHICOKOMY 3HAYEHUIO
BOKPYI MeHee MacCMBHOro oObekTa. BOT m Bech cekper rpa-
BUTaIMM. B onmcaHHO#N cuTyanmy OOBEKTH OymyT M3-3a BO3-
HUKIIIEH Pa3HOCTU TUIOTHOCTH MPOTOIONS MEXAY HUMU MPUTSI-
TMBAThCA IPYr K ApPYry. DTO MPOUCXOAUT U3-32 €CTECTBEHHO-
IO MPOLIECCA BRIPAaBHUBAHUSI CTETIEHU PACTS)KEHUS] POTOYACTHUIL
Ha BCEM y4acTKe MPOTOMOJISI MEXKAY pacCMaTpUBaeMBbIMH OOBEK-
Tamu. [1pu TakoM BBIpABHUBAHUY CTETIEHU PACTSIKEHU s, TaHHbIN
YUYaCTOK MPOTOMNOJSI MEXY JByMsl TelaMl HEU30ekKHO JIMHEH-
HO COKpAILAeTCsl, TO €CTh MPUTIATMBAET HAXOMSIIUECS O CBO-
UM KpasMm OoObeKThl. BcromHMTE Hammm mpensiiynme Oecempl:
JIBa Opeojia pacTsKeHUs MPOTOYACTULL BCEra CTpeMsTCs APYr
K JIpYyTy, 4TOObI CXJIONMHYBIIMCh, MUHUMU3UPOBATH OOIIIee /s
HUX PacTsKEHUE MPOTOIOJIS.

A B ciyyae 3aMETHOM pasHUIBI MEXKAY MaccaMu OObeK-



TOB, Oo0Jiee MEJIKMA M aTOMapHO JIETKUU OOBEKT OyJeT 3amMeT-
HO OBICTpee JIBUTAThCS K 00Jiee KPYITHOMY U TSIKEIOMY OObeK-
Ty, OyKBJILHO TIepeMeInasich u3 0ojee MIOTHBIX CJIOEB OKpYXKa-
IOIIel ero cpejibl MPOTOYACTHI] B MEHee TUIOTHBIE CIIOU OKpPYKa-
IOIIeH cpefibl. MeHbInii 0ObeKT JBUTAeTCs ObicTpee OOJIbIIe-
IO IO IBYM OCHOBHBIM ITpUYMHAaM. Bo-TiepBbIX, BOKPYT HEro Ha-
MHOTO MEHBIIIE PACTSIHYTHIX MMPOTOYACTHII, HA CKaTHE KOTOPHIX
B IPOLIECCe BHIPABHUBAHUS PACTSIKEHHOCTH MPOTOMNOJISI HEOOXO-
VMO TPaTUTh BpeMsi. Bo-BTOPBIX, €r0 MHEPIIMOHHOCTh TaKKe
HaMHOro mesbuie. [103ToMy npy 3HaYMTEIBLHOU pa3HULIE B pa3-
Mepax MOXHO YIMPOIIEHHO TOBOPHTH, UTO MaJIble Tejla MPUTSTH-
BatoTcs K OosbiimM. Ho npu 9TOM HU B KOeM cliydyae Hesb3sl To-
BOPUTD, UTO MaJIble TeJIa MaJaloT Ha OOJbIIME Tea.

Manvle mena écnaviéarom K 6ONLUUM.

W3 cxaThiX aBjieHMEM 00J1acTel MPOTOMoNs — K pa3pekeH-
HBIM O0JIACTSIM MPOTONOJISL. DTO MOKHO CPABHUTH CO BCILIBITH-
em Oatrckada u3 riyOouHbI MOPsI K oBepXHOCTH. M — Kak 1a-
PUIK C reJiieM B3MbIBaeT B He0o. MeHee MacCUBHBIN OOBEKT OyK-
BAJILHO BBIJIABIMBAETCS TUIOTHBIM IPOTOTIONIEM B CTOPOHY Oosiee
MacCHUBHOTO 0OBEKTa, BOKPYT' KOTOPOTO MeHee IJIOTHOE MPOTO-
nosie. [Tonumaere?!

ITO MpUTSIKEHUE MEXIy OOBEKTaMUM MOXET JIMOO YCHIIH-
BaThCSl MOJIOXKUTETHHBIM JIABJICHUEM BHEIITHETO MO OTHOIIEHHIO
K 000MM 00BEKTaM MPOTOMNOISL, JIMOO YMEHBIIATHCSI STUM BHEIII-
HUM JIaBJICHUEM TIPU €r0 OTPUIATENIBHOM 3HaYeHuH. Takum 00-
pa3oMm, BHEIIIHEE JAABJIEHUE MTPOTOIONSI MOXKET OBITh IO OTHOIIIE-



HUIO K CTETNeHU PACTSIKEHUSI MEXKAy IBYMsI OOBbEKTaMH: a) T0-
JIOXUTEJIBHBIM, TO €CTh OoJiee CHABJICHHBIM, YeM MeEXIy OOb-
€KTaMU W, COOTBETCTBEHHO, IIOMOTATh MPUTSIKEHUIO U COJTIKE-
HUIO 9TUX 00BEKTOB; 0) OTPUIIATEIbHBIM, TO €CTh MEHEee C/1aBJICH-
HBIM U MEeHee HANpsDKEHHBIM, YeM MeXa1y OObEeKTaMH, U, COOT-
BETCTBEHHO, MPETSITCTBOBATH COMMKEHUI0 OOBEKTOB U JIAXKE Pa3-
BOJIUTHh UX B MIPOCTPAHCTBE; B) HENUTPATBbHBIM, TO €CTh YPaBHO-
BEIIIMBAIOIIUM BHYTPEHHEE PACTSIKEHHE MPOTOMNOJs U MOAJep-
JKUBAIOIIUM CJIOKUBIILYIOCS IPOCTPAHCTBEHHYIO KOH(UTYPALIUIO
oObekToB. Ha camom fene, cambIM paciipOCTpPaHEHHBIM, s Obl
CKa3aJl «TOTAJIbHBIM» BAPUAHTOM BHEIIIHETO JaBJIEHUS POTOMNO-
JIs1 IO OTHOIIIEHUIO K MOJABJISIIOIIEMY OOJILIIIMHCTBY KOH(UTYpa-
IIUI OOBEKTOB, SABJISICTCS Helimpanvhbili BapuanT. MiMeHHO Orna-
rozgapsi Tomy, 4To BeeneHckoe mpoTorosie eIMHOE U BCEe COCTaB-
JISTIONIUE €ro NPOTOYACTULIbI B3AUMOCBSI3aHbl, TPOUCXOIUT MPaK-
TUYECKH IOBCEMECTHOE Y IPAKTUYECKU MTHOBEHHOE TPH JTIOOBIX
MeXaHNYEeCKHUX TepecTpOrKax, BBIpAaBHUBAHHE OOIIIEBCEIEHCKO-
ro OajlaHca HaNPsKEHHOCTU TPOTONONsA. MIMeHHO mosToMy ra-
JIAKTUKU CYILIECTBYIOT PAa3Ae/ibHO, a HE CIUMAIOTCS B OJIHY «Ka-
1ry». VIMEHHO MO3TOMY CYIIECTBYIOT 3BE3/IHbIE CUCTEMbI C OT-
JeJIbHBIMHM T1aHeTaMK. KoHeuHo, B 3TOM CTaOMIIBHOCTH KOH(PH-
rypaiuii He MeHee BaXeH W BTOpPOU (DaKTOp — MEHTPOOEKHbIS
CHJIbl, BO3HUKIINE BeaeacTBue bonbiioro Packosa, a mo3aHee —
elié 1 BCJIEACTBUE OPOUTATBHOTO ABMKEHHUS MEHBITUX OOBEK-
TOB BOKPYT OObIuX. LleHTpoOeKHbIe CHIIbI PaCTSTUBAIOT MPO-
TOMOJIE MEXy OObEKTaAMU BOITPEKH MTPOTUBOIOIOKHO JICHCTBY-



IOLLEV TPaBUTALIM U SIBJISIIOTCS] BTOPBHIM OMPEAEAIONIUM (PaKTO-
POM, Hapsy C CaMOBBIPABHUBAHUEM HAIPsKEHHOCTU BeeneH-
CKOTO TPOTOIOJIs, 00YCIOBUBIIUM BO3MOKHOCThH TIOBCEMECTHO-
'O CyLLIECTBOBAHUSI B KOCMOCE YCTOMYMBBIX CUCTEM SHEpProMare-
pUATBbHBIX 00beKTOB. OT CKOTIIEHUI raJIaKTHK /10 aToMOB. [1paB-
J1a, KaK Bbl IOMHHTE, B CJIy4ae C aTOMaMH UMEETCS €NIE U TPETU
(pakTOp MPUTSKEHNS JIEMEHTAPHBIX YACTHUIl — HAJIM4YKME Pa3HO-
MMEHHBIX 3aps/10B.

— A BoOT Takod Bompoc mno3Boymte? MHE BCE TOHSITHO
C yNOMSIHYTHIMU BaMu 11eHTpOOEKHBIMYM CHUJIAMU, BO3HUKIIIH-
mu Beiieactsue bombiioro Packona. A Kak MOSABUINCH LIEH-
TpoOeXKHblEe CWIIbl, BO3HUKIIWE, Kak Bbl ckazamu, «mosiaHee,
BCJIE/ICTBUE OPOUTAILHOTO JIBUKEHUS] MEHBIIIUX OOBEKTOB BO-
KpYT OOIBIIHX» ?

— OTKyAa B35J10Ch IBMKEHUE SHEProMaTepuaibHbIX OObEKTOB
B NPUHIMIE, Bbl XO0TUTE y3HaTh? OTKyna B3s10Ch BO BceneH-
HOU JIBUKeHHe, 00eCTIeUnBIIee BCEe BUbI IBUKEHHSI BCEBO3MOX-
HBIX MaTepHaIbHBIX OOBEKTOB, OT FAJIAKTUK 10 MBUTMHOK? B TOM
YKCIIe ¥ OpOUTAIbHOE JBVIKEHUE JIEKTPOHOB Wiy TuiaHeT? [pe-
KpacHbI Bompoc. S1 oTBedy Ha Hero, Koraa nepeuay K u3Jjioxe-
HUIO 3aKOHOB JIBMKEHU I BceleHHO. f 00s13aTenbHO oOparity Ba-
111€ BHUMAaHUE, MOJIOJOU YEJIOBEK, Ha 3TOT OTBET. Sl CKaxy BaM:
«3anuceiBaiite, CtygeHt!» [loroBopunrcs? Ho 3to Oynet uyTh
TIO3KeE.

A noka eam écem HEOOXOOUMO NPEOCMABUMb U OCO3HANMb HA-
koney, umo Connye He npumsizuéaem K cebe naavemvl! Ha ca-



Mom Oene, naaremul «8cnavigaron» k CoOAHUY U3 NAOMHLIX 21Y-
our npomononsi!

[TogOportieHHbli BBEPX KaMeHb (TOYHEe, JEKTPOHBI U sijipa
€ro aTOMOB) HAaTBIKAETCs Ha COMPOTHUBIIEHHE BCE O0JIee MIOTHBIX,
BcE OoJiee CAABJICHHBIX U YIIPYTUX CJIOEB TPOTOUYACTHI] IIPOTOIIO-
7151 1 OyKBAJIbHO BBITAJIKMBAETCSI MU Ha3ajl, K 3emute. Ecim mose
npoToyacTul] Haja 3eMJIEN U pacrpesienieHre B HEM IUIOTHOCTU
CpaBHMBATh C OKEaHOM, TO MOXHO CKa3aTb, YTO TaKOH MOIOpO-
IIEHHBI B HEOO KaMeHb MoJI00eH HBIPSIIBIIUKY, KOTOPBIA MPO-
IUTBIB HEMHOT'O B TNTyOMHY, HAYMHAET BHITAJIKMBATHCS U3 TEMHBIX
TSOKENBIX TIIyOMH KOCMOCa 00paTHO HaBepX, K 00J1aCTU HU3KOTO
JaBJIEHUS TPOTONOJA-OKEeaHa, TO €CTh K IOBEPXHOCTH 3EMJIH.

— Bot 3T0 51 Ha3bIBalO «IMOCTaBUTh BOMPOC C TOJIOBHI HA HO-
rv»! Tak 3HAYNUT ¥ 3HAMEHUTBIN 00pa3, WUTIOCTPUPYIOIIUN TeO-
pUIO TpaBUTALIMU MO DUHINTEHHY — 00pa3 C MPOTHYBIIMMCS
MaTpacoM, 3aMEHSIOLIUM MMPOCTPAHCTBO, U TSKEIBIMU 1IAPAMU
Ha HEéM, 3aMeHstiomMu COJTHIIE U TUIAHETHl — TO 3205y KaeHue?

— AbcomotHoe. HeT HMKaKoro sSIKOOBI MCKPUBJIEHHS SKOOBI
KOHTUHYyMa SIKOObI TPOCTPAaHCTBA-BpeMeHu. | paButaius — 31o
pa3HOCTh TUIOTHOCTU cpenpl. M Tonmbko. Hamo moGaButh, moka
B TEMY, YTO HET HUKAKON TEMHOIN MaTepyu, sIKOObI JAloIei Oc-
HOBHYIO Maccy BceseHHo# 1 sIKoObI He TTO3BOJISIIONIEN KaTacTpo-
(pruecku pasnereTbes ralakTHKaM U BOOOIIIE BCEH BUMMOM Ma-
Tepun. Bee pyHKIMM BbIIyMAHHOW HEKOTOPHIMU YYEHBIMU TEM-
HOW MaTepyu U e€ rpaBUTAIlIMOHHON POJIU B YCTpoiicTBe BeeneH-
HOM Ha CaMOM JieJIe BBIIIOJIHSET M0JIe TPOTOYaCTHL.



— Ia yX, KaK B IIOCJIOBUIIE — HE HAJI0 UCKATh TEMHYIO MATEPUIO
B TEMHOI BceneHHoii, ocobeHHo, ecm e€ TaM HeT!

— CTyneHT, 1a BbI TPOCTO B TOUKY MOMAJIU, U TaK TIOSTHUYHO. . .

— la 3T0 y HEro ciay4arHO MOyYHIOCh.

— Taxk, criokoiHee, rocrioga, He HauMHauTe.. . .

— A 4TO C Tak Ha3bIBAEMOM TEMHOW SHEPTUEN, TIOKA YK B Ty KE
TEMY MOXHO CIIPOCUTD?

— Jla mpo He€ u caMy NPUAYMIIMKY TOJKOM HUYETO CKa3aTh
HE MOT'YT, Yero y’K Ham TOJIKOBAaTh IIPO OKOJIOHAYUYHble (haHTa-
3un. C TEMHOW HEpPruer BCE TO ke CaMoe, YTO U C TEMHOM Ma-
Tepriel — 3a0y/IbTe U He 3a0uBaiiTe ceOe royioBy. . .

— Pacckaxute 0 TOM, Kak MPOUCXOAUJIO (POPMUPOBAHKE Ta-
30B, KOCMUY€ECKOM1 MbUIX, CTYCTKOB MaTepUH, 3BE3]] U TUIAHET, ra-
JIaKTUK. Beap moka 1o 3ToMy noBOAy CpeAy CHELUAIMCTOB HET
€IMHOTO MHEHMUSI.

— Xoporto. [ToBropum BKpartiie epBONprUUMHY 0Opa3oBaHusI
BCEro BaMU MEPEYUCIIEHHOTO: 3TO N30BITOYHOE AaBJIEHUE TIPOTO-
noJisi, oOpasoBasiieecs nocie bombimoro Packomna [NepBruHoit
JQYaJIbHOCTH Ha O@CKOHEYHOE MHOXECTBO MPOTOYACTHI], U3 KO-
TOPBIX ¥ COCTOUT 3TO TipoTorosie. O3HaueHHOe N30BITOUYHOE JaB-
JIeHUe TIPUBEJIO HA PaHHUX CTagusix (OyKBaJbHO MIHOBEHUSIX )
9BOJIIOIIMM BCeneHHOM K MPOLECCY CXJIONBIBAHUS IO BCEMY MO-
JII0 CMEXHBIX IIPOTOYACTHII B €/IMHBIE SHEProMaTepuabHble 00b-
€KTbl, KOTOPbIE Mbl C BAMM Ha3bIBAEM JIEMEHTAPHBIMU YACTH-
namu. MHOrve mpoTovyacTullbl CXJIOMHYJIUCh B JIEMEHTApHbIE
YACTHIIBI, HO elIé OOJbIlle U3 HUX TaK U OCTAIUCh B CTPYKTY-



pe TIPOTOIIOJIS, JIUIIL B HEKOTOPOH CTETIeH! TIOPE/IEB, PACTSIHYB-
IIMCh U CHU3UB TEM CaMbIM U30BITOYHOE JIABJIEHHE TIPOTOIIONIS
70 MeHee KpUTUYHOrO. biarogapsi Tomy, 9To BCSKHE HECKOb-
KO IIPOTOYACTHI] IPY CMBIKAaHUH B JIEMEHTApHYIO YaCTHUILy B pa-
3bI (M JaKe Ha MOPSIAKY) YMEHBIIAIOT CBOW HAYATbHBIN COBOKYII-
HBIIA 00BEM 3aHMMAEMOTrO MPOCTPAHCTBA, BOKPYT KaXIOH 3Jie-
MEHTapHOM YacTHUIIBI 00pa3yeTcst OPEOIT PACTSIKEHUST OCTABIIINX-
Csl CMEXHBIX MPOTOYaACTHIl mpoTonons. brarogapst aTum opeo-
JlaM, BOKPYT JIEMEHTAPHBIX YaCTHI] TI0JIe TPOTOYACTHI] UMEET
MEHBIIYIO TUIOTHOCTh, YeM B CPEAHEM IO OKpYXKaloIIeMy Koc-
MUYECKOMY MPOCTPAHCTBY. A 3TO 3HAUUT, YTO TPHU COJIMIKE-
HUM ABYX U O0Jiee eMEHTAPHBIX YaCTHIl TPOUCXOAUT 0OYCIIOB-
JIHHOE CTpeMJIEHHe MPOTOIOJS K CIUSHUIO UX OPEOJiOB pac-
TSDKEHUSI, TIO3BOJISIONIEMY IPOTOTONI0 MUHUMU3UPOBATh Pa3HU-
1y TUIOTHOCTH U JIaBJIEHUsI B JJaHHOW JakyHe. Opeosibl pacTsi-
KEHUsT CONMMBUBIIMXCS JIEMEHTAPHBIX YacTUll OYKBAJIBHO MPH-
HIENTKUBAIOTCS APYT K JIPYTY, MBI 00 3TOM HEJJABHO YK€ TOBOPH-
i ioapoOHo. Takum 0Opazom, JIOTUKO 3BosIoIMK BeeneHHouM
NIPEeIOTPE/IENIEH TPOIIECC CMBIKAHUS MTPOTOYACTHIL ¢ (POPMHUPO-
BaHMeM U3 ceOs IEeMEHTAPHbIX YaCTHII, a 32 TeM — CJIeTYIONTHiA
MIPOIIECC — CMBIKAHH S AJIEMEHTAPHBIX YaCTHUI ¢ (POPMUPOBAHUEM
u3 ce0s1 COCTaBHBIX YaCTHI] ¥ aTOMOB. B caMoM Hauasie 3To Obln
camble TTpoCThie aToMbl. Bokpyr atoMoB 00pa3yloTcs emg Oonee
3aMETHBIE OPEOJIbl PACTSKEHMSI, UTO MO3BOJISIET aTOMaM MPUTSI-
TUBaThCS JIPYT K JIPYTy ¢ O0Jiee 3HAUUTEIbHBIX PACCTOSHUM, YeM
3MIEMEHTapHBIM YacThIam. Tak U3 MpOCTHIX aTOMOB 00pa3yIOTCs



CKOIUIEHMs — ra3oBble oOnaka. Hy, a Tenmepb MOXHO Herocpes-
CTBEHHO MEPEUTH K OTBETY Ha IMPO3BYYaBIIMNA BOIIPOC — KaK ke
BCE MaTepuasbHOE C(POPMUPOBAIOCH? A 3a0HO U Ha HEJABHUU
Borpoc CTyaeHTa, mouemMy Bce 0ObeKThl BO BeesleHHOM IBUIKYT-
cs1. Urak, 3anuceiBaiite, Ctynent! i, ané! d oOpamato Bare
BHUMAaHUE, KaK U JI0rOBapPUBAJINCh.

Bce anemeHTapHble YacTHIIbl, KaK Mbl TIOMHUM, UMEIOT U3HA-
YajbHOE M Hen30BIBHOE BpallleHue, TpUoOpeTaeMoe UMU B MO-
MEHT POXAEHUs U3 nmpotovactuil. Kpome Toro, cCMbIKaHue mpo-
TOYACTHUL] IPOUCXOIUT IO BPEMEHHU HE MAEATbHO OJIHOMOMEHT-
HO ¥ HE MJealbHO BEKTOPHO CKOMIIEHCMpoBaHHO. Kak eciu Obl
HECKOJIbKO OWJIbSIPIHBIX IIAPOB CTOJKHYJIUCh Obl TOYTH OfI-
HOBPEMEHHO U CJIMIUIMCh Obl, OHM Obl 0OsI3aTeNbHO CIABHHY-
JICPH OBl B KaKy10-JIMOO (B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBUM
CTOJIKHOBEHMS1) UTOrOBYIO CTOpOHY. Lllapel Obl «COBUHYIHMCH»
HE Ha MHOT'O T10 CTOJY, & BOT JIEMEHTapHbIE YaCTHIIbI B YCIOBHSIX
KOCMOCA — CIIBUTAIOTCS U IBUXKYTCS Jlaee 03 OCTAHOBOK CKOJIb
YTOIHO J0JITO, BILIOTH JI0 TIEPBOTO CTOJIKHOBEHHMSI ¢ cede mogo0-
HbIMU. Takum 0Opa3oM, Bce IeMEeHTApHBIE YaCTHIIbI TTPU POK-
JIeHUM TIPUOOPETAIOT He TOJIbKO BpalaTesibHOe, HO U JJONOJIHU-
TeJIbHOE MOCTYMNATeNIbHOE JIBUKEHUE. «[lOMOIHUTENbHOe» — T10-
TOMY, YTO BCE JIEMEHTapHbIE YaCTULIbl C POXKJICHUS UTAK UMe-
I0T OJTHO HalpaBJieHUe MOCTYNATeIbHOTO ABUKEHHS C OTPOMHOM
CKOPOCTBIO — 3TO JBMKeHUe pacimpenus Beenennoit. CkopocTb
pacimpenust BceneHHol BO BpeMeHa MaccOBOrO 0Opa3oBaHUS
9JIEMEHTapHBIX YaCTHUIl, KaK MBI YK€ TOBOPUJIH, ObUIa HEMHOTO



BBIIIIE€ HbIHEIIHEN CKOPOCTH CBETA.

PaHo wim mo30HO, OOJBIIMHCTBO 3IEMEHTAPHBIX YACTHIL
B paHHell BceleHHON CTaJIKMBAIOTCS C JPYTMMU YacCTHUIIAMU.
BzaumogeiicTBre py CTOJIKHOBEHMH BPAIAIOIIUXCS U [IOCTYMA-
TEJIbHO [IBUTAIOLIMXCS JIEMEHTAPHBIX YACTULl TPUBOJUT K €Il
OoJiee 3HAYUTESTLHOMY Pa3HOOOPA3UI0 HAMPABICHUNA M CKOPO-
CTell JIMHEHMHOro IBMXEHUs 4yacTull. To ke camoe MPOUCXOAUT
Y C CUCTEMHBIMHU CKOIUIEHUSIMU KOMIUIEMEHTAPHBIX SJIEMEHTap-
HBIX U COCTaBHBIX YACTHI] — C ATOMaMH: MPU 0Opa30BAHUU aTO-
Ma, Py HAYaJIbHOM CTOJIKHOBEHMH U B3aMMO3aXBaTe COCTABJISI-
IOIIMX €r0 YacTHIl, aTOM Hen30eKHO TPUoOpeTaeT HeKoe TOCTY-
naTesIbHOe JBUKEHHE, HEKUW MTOTOBBIM BEKTOp moséra. M Ko-
HEYHO ke, HEKOTOPOe BpallaTe/ibHOE IBUKEHUE, TaK KaK 3aXBaT
SIZIPOM 3JIEKTPOHA HE MOXKET MPOU3B0UTH UI€ATTbHO CKOMITEHCH-
POBaHHO C TOUKH 3PEHMS CIIOKEHU S UX BEKTOPOB JIBUXKEHU S TIPU
eIl CaMOCTOATENIHOM CyIllecTBOBaHMU. [103TOMY BCe HOBOOO-
pa30BaHHbIE JIEMEHTAPHBIE YACTUILIbl, & YYTh MO3KE — U aTo-
MBI, B MOJIOZION BcesneHHOM uMenu Tpy CTereHr CBOOOIBI: Bpa-
IAJTUCh, IBUTAJTUCH M0 HAMPaBJIEHUIO paciiupenusi BeenenHoi
U B 100aBOK JBUTAJIMCh JIMHEWHO el B KaKyl-ITM00 CTOPOHY,
a TOYHee — Kakaas Kyja Mnornaso.

B ycnoBusiX CBEpXKOHUEHTpAlMK CBepxcxkaron BceneHHou,
KOTOpasi IPH 3TOM €IIE ¥ CBEPXOBICTPO PACIIMPSIETCS, TAKOE Xa-
OTHUYECKOE JIBUKEHUE JIEMEHTapHBIX YacTUIl IIPUBEJIO K CJle-
OYIOLLEMY: HEU30EHCHO 8 IMOM Xaoce hOpMUPOBANUCH DA3U-
uarouguecs mexcoy coooli oonacmu: ¢ uymov OONLUUM KOAUUe-



CMEOM UaACmuYy, U, COOMEEMCcmeeHto, ¢ uymo mervuium. Crpe-
MUTeJIbHOE pacimpenre BeeneHHoW Henm30ekHO /ienaio MeHee
HACBIIIIEHHbIC YaCTUI[AMU 00JIACTH IMPOCTPAHCTBA €IE MEHee Ha-
ChIIIIEHHBIMU. B TO ke Bpemsl, B OoJiee HACHIIIIEHHBIX 00JIACTSX
HauMHaJI padoOTaTh MPUHIIMIT TPABUTAIIMOHHOTO CONVKEHUS Ja-
CTUII APYT C IPYroM, IIPUHIIUI CXJIOTIBIBAHUSI UX OPEOJIOB pac-
TsokeHus1. To ecTh Ooiee HACBIIIEHHBIE YaCTULIAMU 00JIaCTH BCe-
JICHCKOTO MPOCTPAHCTBA CTAHOBWJIUCH elE Oosee U Oojiee Ha-
CHIIIEHHBIMU (TTPU STOM HACHIIIIEHHBIE 00IACTH 3aMETHO yMEHb-
IaJIMCh B 00bEMAX, JIake He CMOTPsI Ha TIEPMaHEHTHOE PacCIIv-
penue Bcenennoii). [ToBbillieHre KOHIIEHTPAITMH IEMEHTAPHBIX
YaCTUI B TAKMX YYaCTKax KocMoca emie 6osiee YCKOpsIo Iporiec-
CBhl X CTOJIKHOBEHMI-B3aUMOJIEHCTBUI U (POPMUPOBAHUS TTPO-
CTedMx aToMOB. IMEHHO Tak ¥ BOHUKJIM NIEPBUYHbBIE Ta30BbIE
oOJsaka. 3ayaTky OyIyIIUX TaJIaKTHK.

— Iloka Bc€ ymuBUTEIBHO MOHATHO U MPOCTO u3jaraere. bo-
raTbele HeM30€XHO CTAaHOBATC eIlE Ooraye, a OeJHbIE ITOCTOSHHO
OenneroT. Kak 310 3Hakomo. Criacn6o!

— U Bam cnacu60, 4TO CHOBa mepeOusu... 5 ke MpocHi. ..
[Mpomomxum. Tlocie HEeKOTOpOW TeaTpaJbHOU May3hl... S BaM
CKaxy TaK:

«Bom eam ocroeHvie 3axonvl osudicerusi Becenennoti, komo-
pule, K momy Jice, Onpeoenuns RPUHUUNDLL NOCAeOYIOULe20 XUMUUE-
CK020 CUHMe3a U NPOCMPAHCMBEHH020 CIMPYKMYPUPOBAHUSL BCell
suoumoll mamepuu 8o Bcenennoii!»

— 3BYUYHT BOJHUTEIILHO U CYILOOHOCHO!



— A kak xe! Urak, nmponomxkaiite 3anuchiBath, CTYHEHT,
He JIHUTeCh, 9T0 BaM Ha HoGeneBckylto mpemuio!

[NepBbiil 3akoH IBMKeHUS BceeneHHoil. Jlwboe koauuecmeo
xaoca npu crodiceHun 0aém 08a UMNYAbCA: BPAUSEHUSL U NPAMO-
AUHEH020 08udcenusi. VIMEHHO MO3TOMY U JIB€ COMKHYBIIIME-
Cs1 IPOTOYACTHUIIBI, U OOJIAKO BOJIOPOAA PA3MEPOM C TaJIaKTUKY,
BCEI/1a COBOKYITHO HAUMHAIOT BPAIIAThCsl B KAKYI0-TUOO CTOPOHY
Y OJJHOBPEMEHHO JBUIaThCS MPSIMOIUHENHO B KAKOM-TMOO Ha-
MPaBJICHUH.

Bropoii 3akoH aBuxkenus BeenenHoi. Jlroboe npamonuneiinoe
osudicerue 60 Bcenennoii npeoopasyemcsi 6 opoumanvroe. Jho-
60€e MpsIMOJIMHENHOE BMKEHHUE JII0OON COBOKYITHOCTH MaTepuu
Cpasy MocJie CBOEr0 BOZHUKHOBEHUSI HAUMHAET «3aKPYIJISIThCS»
BOKPYT OJIMKAMINEro IeHTpa IPaBUTAIH — TO €CTh BOKPYT OJIH-
JKaWIEer TOYKU MPOTONOJSA C HAMMEHbIIEH MJIOTHOCTBIO MPOTO-
yactull. Takas TOYKa MpPOTOMNOJIsA MOXKET HAXOAUTHCS KaK BHYT-
pU SHEProMaTepuaIbHOTO 00beKTa (HampuMmep, BHYTPH TUIaHe-
ThI), TAK W MPOCTO B HamOoJiee pacTSIHYTON 30HE MPOTOIOJIS
Ha KaKOM-JIMOO pacCTOSTHUM OT 0ObEKTa. 3aMeThTe, LIEHTPOM
rpaBUTAIIMY U BpaIleHUs JalleKo He 00si3aTebHO JOJIKEH ObITh
HEKMI (MacCUBHBIN) 00BEKT! DTO MOXKET ObITh M HE MMeEIOIIas
CKOJIb-HHOY/Ib YETKUX TPAHUI] U K TOMY K€ HEBUMMasl YeJiOBe-
Ky 00JIaCTh CBEPXILIOTHOTO CKOIICHUSI SJIEMEHTAPHBIX YACTHII.
Ho k ycrpoiicTBaM rajlakTMK Mbl BEPHEMCSI UyTh MO3XKE.

Tpetwuii 3akoH ABxeHus: Beenennou. Jlobas cucmema opou-
MANLHOZ0 8PAULEHUS OOHOBPEMEHHO BPAUAENCS U BOKPY2 GHEUL-



Hezo uenmpa zpasumayuu. 110 OTHOIIEHWIO K JIIOOOM cUCTeMe
00BEKTOB, BPAIIAIIUXCS BOKPYT €IWHOTO IIEHTpa, HAMIETCs
CJIEAYIOIIUNA YPOBEHb I'PaBUTALIMUA — TO €CTh BHEIIIHSIS IO OTHO-
IIIEHUIO K 9TOM CUCTEME OOBEKTOB TOYKA C HAMMEHBIIIEH IJIOTHO-
CTBIO ITPOTOYACTHII. DJIEKTPOHBI BpalarTcs BOKpyr aapa. Co-
CTOSIILIME U3 HUX aTOMbI BpAIIalOTCsl BOKPYT 3eMHOM ocu. CocTo-
sias u3 atoMoB 3emJist — BOKpyr ConHia. ConHeuHasi cucreMa
BpalllaeTcsi BOKPYT LIeHTpa rajlaktuku. Yl Tak ngasnee.
UYeTBEpTHIN 3aKOH IBUKeHUS1 Beenennoit. beckoneurnoe koau-
uecmeo YeHMpOo8 2pasumaruu YKaaovleaemcst 8 KOHeuHoe KOAu-
uecmeo yposneii zpasumayuu. Bo BeeneHHol cyimectByer Oec-
KOHEYHOE KOJIMYECTBO CHCTEM SHEProMaTepHaIbHbIX OOBEKTOB,
BpalLlAIONIMXCsl BOKPYT CBOMX HEHTPOB rpaButaiuu. K Takum cu-
CTeMaM OTHOCSITCSI M aTOMbI, M CKOIUIeHUs raiakThuk. Ho mpu
3TOM BO BcesieHHOM CyIlecTBYET 3aKOHUYEHHasl uepapxus LieH-
TpOB BpaieHus1 Matepun. Mlepapxust ypoBHen rpaButaiuu. Huz-
MIUA U caMblii OECKOHEYHO-MHOTOUHCIIEHHBI YPOBEHb — 3TO
BpallleHle BOJH-TIEPECEUSHU «UTO» — TMOJIel B IEMEHTAPHbBIX
YacTUIaX BOKPYT UX IEHTPAIbHON «MHHYC» — TOYKU. BTopoi
YPOBEHb — BpallleHUe JIEMEHTAPHbIX YacTUIl BOKPYI aTOMHbIX
szep. Yucno atoMoB BO BeeneHHOM yke MeHbllle, YeM JIeMEH-
TApHBIX YACTHII, HO TO-TIPEKHEMY MOXET CUMTAThCS OECKOHEU-
HbIM. TpeTuii ypoBeHb — 3TO BpallleHHe JI000ro CKOTUICHHS Be-
IIECTBA BOKPYI' CBOEr0 BHYTPEHHETO IIEHTPa PaCTSIKEHUSs TTPO-
TonoJis. Takux CKOIUIGHUH YKe, ITOKaIyH, TOMeHbIIe, YeM Oec-
KOHEYHOCTb. DTO U KOCMUYECKas MbUIMHKA, U 3Be3aa. UYeTBEp-



THIIl YPOBEHb — BpallleH!e CITyTHUKOB BOKPYT ILIaHeT. Bkiovas
BpallleHUE NBUIMHOK BOKPYI KPOXOTHBIX IIIAHETOMIOB. Yncio
TaKUX JIEMEHTOB JIBUKEHUS €UIE Ha CTYIIEHb MEHBIIIE, XOTS I0-
npekHeMY TPyIHO BooOpaszumo. 1Tkl ypoBeHb rpaBUTALIMY —
9TO BpallleHUE TIJIaHET BOKPYT 3B€311. UMCII0 3B€3/1 BO BCEJICHHOM
Y€ MOXXHO TIOTIBITAThCS MPEICTABUTD, XOTSI IIPH ITOM HEM30EK-
HO BHaJ€ub B crynop. lllecroin — BpaiieHre 3BE3/IHBIX CKOILIE-
HUI1 BOKPYT CBOEH BHYTPEHHEH TOYKM HAWOOJIBILETO PaCTsiKe-
HUsL TPOTONONsA. VIX 4nCio HEKOTOphble CMeJIbYaky J1axe IbITa-
JIMCh TEOPETUYECKU NPUKUHYTh. CeIlbMON YPOBEHB — 3TO Bpallle-
HUE TaJIaKTUKH, TO ECTh BPAILIEHUE 3BE3]] U 3BE3/IHBIX CKOIJICHUI
B COCTaBE TaJlaKTUKU BOKPYT LIEHTPA 3TOW TajakTUKU. Yucio
FajlakKTUK yXke JEUCTBUTEIbHO KAXETCs BIOJIHE OrPAaHUYEHHBIM,
XOTb X HENOHATHBIM. VIX TOxe HEPEIKO MBITAIOTCSA TEOPETUYECKH
npocuntatb. Ho s 06 3TOM pacckaxy noz:xe. BocbkMoil ypoBeHb
I'PaBUTALIMU — 3TO BPALIEHUE CKOIIEHH I TAJIAKTUK BOKPYT CBOE
BHYTPEHHEW TOUKU HauOOJIBIIIETO paCTsKeHUs mpoToros. Ta-
KMX CKOIUICHMH T'aJIaKTUK BO BCeneHHOM BCE elEé HEMMOBEPHOE
koymyectBo. Ho BbI ero ckopo y3Haere. [IeBATHI ypOBEHD I'pa-
BUTAIIUY — 3TO BpAlllEHUE CBEPXCKOIUIEHU S FAJIAKTHK.

Hanee HaM NPUAETCS BBECTH HOBBIN TEPMUH, TaK KaK MbI BXO-
JUM B HOBYIO Ui Bac cdepy 3HaHMU. EcTh Takoe jlaTMHCKOE
CJIOBO — KYMYJISILIMSL, O3HAYAET OHO TO K€ CAMO€ «CKOIUICHUE»,
HO HaM OyJIeT MOJIE3HO TaKOe «MacIo MacisiHoe». tak, Ha30BEM
CKOILJIEHUE CBEPXCKOIIEHUI TaJIaKTUK TaK: «KyMYJISILIUS CBEPX-
CKOIUIEHUW». [loaTomy necAThlii ypoBEHb MEpapXvUy I'paBUTA-



IIMOHHOTO BpAIlEHUs1 SHEProMaTepuasibHbIX 00BEKTOB BO Bcee-
JICHHOM MBI HAa30BEM TaK: BpallleHUE KyMYJSLMU CBEPXCKOI-
nenuil. Kymynsuus cBepXCKOIUIEHUIA HACTOJIBKO OTPOMHA, 4TO
Ha HEE 3aMETHOE BJIMSIHUE OKA3bIBAIOT CUJIBI PAMAJIbHOTO PACTsI-
keHus BeesneHHoM, TO eCTh CHIIBI BOBJIEYEHUSI MATEPUU B CTOPO-
HY [IEHTPaJIbHOW TOYKH MUHYC-OeCKOHeYHOCTH BeenenHoii ¢ on-
HOM CTOPOHBI, U CWJIbl OTOPAChIBAaHUSI MAaTEPUU B CTOPOHY BHEIII-
Hero npezena Beenennon, ¢ apyroi croponsl. HenonarHo? Ko-
poye, MOKHO CKa3aTh TAK: O3BYYEHHBIE CUJIbI PACTATUBAIOT KY-
MYJISILAIO CBEPXCKOIUIEHUH TJIAKTUK B CHJIBHO BBITSIHYTBIN 3J1-
JIMIICOU/I, YTO-TO BPOJE CHJIBHO CILUTIOIIEHHOTO Aa €lll€ CUJIbHO
BBITAHYTOrO sina. Kymyiaumu Bpalaiorcsi O4eHb MEAJIEHHO,
HO BCE € BpalllaloTCsI.

OpuHHAIUATHI YPOBEHDb I'PABUTALIMM — 3TO camMa BeeneHHas,
Kak ¥ J11000€e JIpyroe CTpyKTypHO HUXKE €€ CToslIliee CKOIUIEHUe
00BbEKTOB, BCs BcesleHHas LEJIMKOM BpalllaeTcsi BOKPYI CBOEH
HEHTPAJIbHOW TOYKM MUHYC-OECKOHEYHOCTH. B camom KpynHOM
(popmate BcenenHast Kak pa3 M COCTOMT U3 MHOXECTBA KyMy-
JISAUUI CBEPXCKOIUIEHUH TalakTUK. To ecTh BBICHIMN YPOBEHb
B MEpapXuy IPaBUTALMU — 3TO BPALLEHUE CKOIUIEHUS KyMYJIs-
[IMA CKOIUIEHNH rajakTuk. Onare Maciio MaciasgHoe. B oOmem,
9TO BpAIlleHWe MacCHBa KyMYJISIMIA CKorUieHnd. MokHO 1o0a-
BUTb, YTO KYMYJISILIMU 3apOXKJAIOTCS B CPEIMHHON cepe Bce-
JIEHHOU U MOCTENEHHO (POPMUPYSCH, IPUMEPHO IOI0JIaM pacxo-
JATCS B paialIbHO NPOTUBOIIONOKHbBIE CTOPOHBL. OJHU KyMmy-
JIAUMM IBUXKYTCSI B CTOPOHY BHEIIHETO PacIIMPSIOIIErocs mnpe-



nena BeeneHHoOM, rie co BpeMEHeM pacTAruBaloTCsl, pacragaoT-
Cs1 HA aTOMBI, YaCTHUIIbl, IPOTOYACTULIBI U UCUe3aloT. [lpyrue Ky-
MYJISIUU JBUKYTCS B CTOPOHY LIEHTPAIbHON MUHYC-OECKOHEY-
HOCTH BcesnieHHOI U cO BpeMEHEeM Tak:ke pyluarcsl Moj, Hapac-
TAIOIIUM [IaBJIEHUEM IPOTONOJsA, MaTepusi B HUX pacnagaercs
JI0 YPOBHSI POTOYACTHUIL ¥ OHU TaK:Ke Ucue3aioT. Mbl ¢ BaMu yxke
TOBOPHMIIM 00 3TUX Tporieccax 6osee MogpoOHO B HAIIKMX TPE/IbI-
Oymux oecenax.

— Ia, 1a, KOHEYHO, TIOMHUM.

— Hy a tenieps nopa Ham BepHYTbCSI K MIEPEUUCIIEHUIO 3aKOHOB
nBukeHus: BeceneHHor. Mbl ceiluac pacCMOTpeNH YeTBEPTHIN 3a-
KOH, onpeJesionui, yto Bo Beenennoit cymectsyer 11 ypos-
Hell epapXxuy rpaBUTAIIMOHHOIO BpailleHus Bcero cymero. Ka-
KOB k€ CJIeIyIOIINI 3aKOH ?

[TaTeiit 3akoH aBYOKeHUS BeeneHHoi. Jlooboti snepzomamepu-
ANbHBIL 00BEKM 8Pau|aencsi 0OHOBPEMEHHO BOKPY2 6CeEX Bblude-
CMOSIUUX NO YPOBHIO UEHMPO8 2pasumayuy. JNeMEeHTapHas ya-
cruna Bpanaercsa BOKpyr 10 nentpos. Yenosek Ha 3emiie OHO-
BPEMEHHO BpaIllaeTcsi BOKPYT 7 IIEHTPOB.

— Jlaxxe ronoBa 3akpyxuiiach!

— 9t0 TouHO. Ho 0bseryaer Bairy CUTyamuio To, 4TO 9TO ObLI
MOCJIENHUI 3aKOH JIBUKEHUA.

— YnuBuTenpHO, HO s onsATh BeE moHs! Bpone Obl. Craxwure,
['ocTh, 1 MpaBUIIBHO ceiyac U3J10Ky CBOE moHnMaHue ? [nanersl,
Hanpumep, CosHeuHoi cucteMsl, He nagaT Ha ColHIe B pe-
3yJIbTaTe U3HAYILHO (POPMHUPOBABIIETOCS PABHOBECHSI CUIT pac-



TSKEHHOCTH MPOTONOJIS MEX Y M1aHeTaMu v CoJHIIEM, C OTHOM
CTOPOHBI, U MEAY IUIAHETAMU M BHEIIIHUM IIpoTorosieM BeeneH-
HOM, C Jpyrou cTopoHsl. PaBHOBecue 310 (popMupyercs nocre-
NIEHHO, MapaJljIeJIbHO (POPMUPOBAHUIO CAMUX 3a/1€MICTBOBAaHHbIX
kocMuueckux Tesl. CyTh YKa3aHHOTO PABHOBECHUSI B TOM, UTO CO-
BOKYITHOE PaCTSKEHUE IMPOTOMNOJISI C BHEIIIHEW CTOPOHBI IJIAHET,
0OpaIlEHHOUN K OTKPBITOMY KOCMOCY, YPaBHOBEIIIMBAETCS PaCTsi-
’KEHHEM TPOTONOJIsSI C BHYTPEHHEN CTOPOHBI IUIAHET, OOpaIléH-
Hou k ConHiy. BHyTpeHHee pactsikeHue Bbi3biBaeTcst COTHIIEM,
a BHEIIIHEE PACTSKEHUE BBI3IBAETCS BCEMH BHEITHUMU KOCMU-
YeCKMMHU OObEKTaMH, B TOM YKCJIe M BHEITHUMHU [IEHTPAMU T'pa-
BUTALIMOHHOTO BPAIlICHUS.

— Ila, BBl COBEpIIIEHHO BCE UYETKO W3JIOKUJIMU, YBaKaeMblil
[Mpodeccop. MoxHo emeé 1o0aBUTh, 4TO KOJb BCE BO BeenenHom
BpalllaeTcsl, TO BCE MMeeT CKJIOHHOCTh K OoJiee IockuM hop-
MaMm, Tak Kak HEeHTPOOEKHbIE CHIIbl «PAaCTaCKUBAIOT» MaTEpPHIO
00BEKTa B CTOPOHBI, IEPIICHIUKYJISIPHBIE €r0 ocu BpaieHus. Ko-
HEYHO e, 1T 3TOr0 CKOPOCTh BpallleH!sT OObEKTa JIOJKHA OBITh
yyTh O0JIbINEN, YeM MeieHHas1. [ToatoMy, Bparasch, moutu Bce
OOBEKThl CTAHOBSITCS OOJee MJIOCKUMU — U IIJIAHEThI, U TUIaHe-
TapHbIE CUCTEMBI BOKPYT 3BE3[], U FAJIAKTUKU, U CKOILJICHUS Ia-
JIAKTHK.

— Hy a moyemy ke Bce 3BE3/1bl U IJIAHEThI BCE-TAKU IIAPOU/I-
Hble?

— Jla motomy, uTO 3Ta (hopMa AAET HAUMEHBIIUNA 0OBEM Ma-
TEpUX, KOTOPBIM TOJIBKO BO3MOXKEH ITPU I'PABUTALIMOHHOM CJIMSI-



HUM OoJiee MENKUX OOBEKTOB B OUH OoJiee KPYITHBIN C I1EJIbI0
MUHHMH3UPOBATH OOIIHE OPEOJTBI PACTSIKEHUS TTPOTOIIOJIS.

— Ha! Kcratu, Bo oOetianu BepHYThCS K BOMPOCY YCTPOUCTBA
rajakTvk. Ycrneem?

— Koneuno. Hauny c capkazmom. «T€émHas marepusi, gaomas
HEJJOCTAIONIYI0 MacCy JUIsl CTaOMILHOTO BPAIIICHUSI TAJIAKTHK, KO-
TOpble MHA4Ye Obl pa3yieTeMch B Opbi3ru!» «YEpHast pIpa, sB-
JSI0oMIAscs IEHTPOM Macc oOoi ranaktuku!» «TémHas sHep-
T'Usi, CBA3BIBAIOLIAS HEBUIMMBIM TOJIEM TaJaKTUUYECKOE Bellle-
CTBO B yCTOWUMBYIO cucTeMy!» Bce 3Tu cka3ku BooOIe He pu
yém! Bc€ He To! M3HauanbHO rajjakThka — 3T0 OIPOMHOE 00-
JIAKO, COCTOSIIIIEE U3 JIEMEHTAPHBIX YAaCTHI] U MPOCTEHUIINX Ia-
30B. TéEMHOE U He3amMeTHOe MpOocToMy Habmonareno. 1o 00-
JIaKO, €CTECTBEHHO, BPallaeTCs BOKPYI CBOErO LIEHTPA I'PaBU-
TallMM, HO MOKa JOBOJILHO MemieHHo. [locteneHHo mop jaeu-
CTBUEM TI'PAaBUTAIIMM 3TO 00JAKO HAUMHAET CTYIIAThCs, OT YEero
B HEM HEYKJIOHHO MOBBIIIAETCS MHTEHCUBHOCTh CTOJIKHOBEHUM
YaCTUILl U KAPAUHAIBHO MOBBIIIAETCS SHEPreTUYECKOE HarOIHEe-
HUE U TeMrepaTypa. BeKTopbl KHHETUUECKOrO CIOXKEHUs SHEp-
Ui IBUXKEHM S ¥ CTOJIKHOBEHUH BCEX YaCTHII B 00JIaKe CYMMUPY-
I0TCS1 U Hen30€KHO 00pa3yloT pe3y/IbTUPYIOIIUIA BEKTOP, COBIA-
JAIONIMI C HAITPABJICHUEM U3HAYAIbHOIO BPAILIEHUs raJlakKTh4ie-
cKkoro oOnaka. Tak mosiBsieTcs NepBbIit (pakTOp YyCKOPEHUs Bpa-
mieHus Oynymen ranakTukd. Kpome Ttoro, Mel yxe 3HaeM, 4To
€CJIM BPAIlIAIOIIMECs YaCTUIIbI BbIHYK/AEHBI (HAIpUMED, MO Jei-
CTBUEM T'PABUTAIIMN) YMEHBIIIATh paInyC OPOUTHI CBOETO Bpallie-



HUSI, TO OHU HEM30EKHO YBEJIMUMBAIOT CKOPOCTh BpareHust. [To-
TOMY YaCTHUIIBI B CKMMAIOIIEMCsI Ta30-TIbLJIEBOM OOJIaKe Beeria
HAUMHAIOT YCKOPATH CBOE OpOUTANIbHOE JIBUXeHUEe. Tak MosBs-
eTcsl BTOPOi (pakTop YCKOpeHUs BpallieHus1 OyayIiei rajakTu-
ku. Yto ke nomydaercss B urore? IlepBuyHOE ra3oriblieBoe 00-
JIAKO HAUYMHAET CKUMAThCS Y YCKOPSATH BPAIlIeHHUE, HO 9TO TYT ke
MPUBOIUT K YCWJIEHHIO IIEHTPOOEKHBIX CHJI B OOJIaKe: YacTh-
16l BCE OOJIbIIIE MOMYYAIOT JOMOJIHUTENbHYIO SHEPTUIO, BHITAIKH-
BaloIIyIo UX U3 oOsaka. Hanbosbiliee 3HaYeHWE 1IEHTPOOSKHAS
SHEPrusi UMEET Y LIEHTpa BPallEHU 1, TO3TOMY OTCIOAA B IEPBYIO
ouepe/ib U BhITAJIKHUBAIOTCS MaTepuasibHble YacTulibl. VX BbITaII-
KMBaHME, KaK MPaBUIO, IPUHUMAET BUJ BCEM 3HAKOMBIX TaJlaK-
TUYECKUX PYKABOB, HAIIPABJIEHHBIX PACHIMPSIONIUMUCS CIIUPA-
JISIMM M3 LIEHTpa TajJakKTUKU Hapyxy. M3 miotHoro neHrpa ra-
JIAKTUKYU €CTECTBEHHBIM 00pa30M BBIXOASAT TUIOTHBIE, PACKAJIEH-
Hbl€ TIOTOKU-PYKaBa MaTe€puu, B KOTOPBIX AKTUBHO MTPOUCXOAUT
oOpa3zoBaHMe 3BE3M. A MEXKIy TUMHU PyKaBaMU CYIIECTBYIOT
Y XOJIOJHBIE OTOKU MAaTepUH, ABUKYIIMECS K LIEHTPY FJIaKTH-
KM T0J] JeNCTBUEM IpaBuTalivu. LleHTpocTpeMuTebHble MOTOKU
BEIIIECTBA Mbl HE BUJIUM, TaK KaK OHM He 00J1aJal0T T0OCTATOYHOM
IUIsl 9TOTO Temneparypoi. YToObl MPOCTO MOHSATh, KaK YCTpOe-
HA TaJlakTHKa, HE HaJI0 HUYETO BBIAYMBIBATh — FAJIAKTAKA YEM-
TO HAIOMMHAET KPYroBOpOT BO3jayXxa B aTMocdepe. XOIoaHbIe
(a MOTOMY IUIOTHBIE U TAXKENBIE) MACCHl BEIIECTBA YCTPEMIIAIOT-
Cs1 K LIGHTPY I'paBUTalluK. TaM OHU pa3orpeBaloTcs OT JaBJIEeHUs,
CTAHOBSITCSI MEHee TUIOTHBIMU U OoJiee JIETKUMHU, TIOCIIe Yero Ha-



TIPABJISIOTCS B OOPaTHOM HarpaBJIeHUH — OT [IEHTPa IPaBUTALIUH.
U nienTpoOexHas CUla UM B 3TOM TOXE ITOMOTaeT.

Baxnoe 3ameuanue. B camom cepjiie rajlakTUKu, B 001acTH
e€ IeHTpa IrpaBUTAIMU, TTPAKTUUECKN HE OCTAETCS MaTepuaib-
HBIX YaCTHII, OJTHAKO ¥ CaMO MPOTOIOJIE MPOTOYACTHI] CTAHOBUT-
Csl TaM CBEpX PACTSHYTHIM, TaK KaK MAaCCHUBHOE KOJBIO OKPY-
KalolIed raJlakTUYecKor marepuu OyKBaJIbHO BCAChIBAET B Ce-
051 TIpoTOYacTHUIBI TpOoTOoNoNisA. ['anakThka CIOBHO pa3pbiBaeT
HEHTPAJIbHYIO 30HY MPOTOIOJIsl, BOKPYr KOTOPOM OHa Bpala-
ercs. M 3Ta 30Ha CTAaHOBUTCSI CBEPXMOIIHBIM IIEHTPOM I'PaBU-
Tauuu. Mtak: B LIEHTpe rajJlakTUKW HET BEIlecTBa. 3aTeM ero
KOHIIEHTPAIIsI IOBOJIBHO OBICTPO BO3pACTAET JIO CBEPXAABJICHUS
U CBEPXTEMIIEpaTyphl B TOW 30HE, KOTOpas TeHepUpyeT HCXO-
JsIIMe BOBHE pyKaBa 3BE3HOTO BElIECTBA. 3aTeM KOHIIEHTpPa-
I[1sI MaTepUU BHOBb MOCTENIEHHO TaJIaeT B HAPABJICHUU BHEIII-
HUX TPaHUI] TaTaKTHKU. CBEepXILJIOTHAS 30HA TeHEepaIliy 3BE3/1-
HOT'O BEIIECTBa, pacIiojiarailascs BOKPYT IIEHTpa rpaBUTAIAH,
M0 CBOMM pa3Mepam OYeHb HE3HAUUTENIbHA: €€ PaiuyC MpuMep-
HO B 100 — 500 pa3 meHblle paguyca raJakTUKU B LIEJIOM.
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