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[TepBuuHBIi UCXO/ YETOBEKOB
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K 3aKaTy
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YT1006bI CYyIUTH MHUP, HAJ0 3HATH €ro a30yKy

I'nraBa 1. Bepywomue u 6e300KHUKH

JIroau 3HAKT, KaK YCTPOEH MUP

W3 gero cocrout Mup? ATEUCThI CYMTAIOT, YTO MUP COCTOUT U3 MATePUH, KOTOpasi SIBUJIACH caMa
coboi. be300okHMKaM BO3pakaloT Bepyloliye. Bepylolue B 60ra nporoBeyioT, 4TO TBOPEI] CO3a
HeOOo U 3emTi0. Bepylolye yTBepk/IaioT, 4To OOr Co3qaJl MUpP U YeJloBeKa Mo o0pasy U MOoj00uio
CBOEMY.

AtencThl BepyloluM rpy0o nmpotuBopedar. be30okHUKM 00pa3 U mogodre OOBSCHSIOT TeM,
YTO BTOPUYHBIE (DOPMBI MaTEPUU BBIHYK/IEHBI HECTU MH(OPMALIMIO IEPBUYHBIX CBOMX (DOPM.

CoBpeMeHHBIE aTeHCThI, KOTOPBIM BCE SICHO, HEMPEMEHHO 3aBE/IyT Pa3roBOpP 00 BOJIOIMU.

Ho 6e300:XHUKM HE CMOTYT TIepecriopuTh Bepyloiux. [Iesio B ToM, YTo BepyIolMM B TBOPLA
COBEpIIEHHO ICHO, KaK YCTPOEH MUP.

IlepBUYHBII UCXO0/] Y€J0OBEKOB

Ecnu cymmupoBars nHpopManuio 13 0Moamm, DOeMCKHI cajl, OTKy/a Hayascs JIOACKOH pof,
HaxoQWJICs B JUIMHHOM JIOJIMHE, K CeBepYy OT ByJIKaHMUYecKoro maccrupa CexeHjl, OJIM3 COBPEMEHHOTO
TeGpu3a.

B cany corpemmm Anam u EBa. 3a rpexu nape bor BbirHan Anama u EBy u3 cBoero cana.
Cosepinics EpBUYHBINA UCXO[, YeI0BEKOB. [ pelHble moau nepekoueBain Kk peke E¢par. Edpar
10 peka EBbl. OT Ha3Banus Edpat npousonuio ums Espona.

IlepBbiil mOTON

CnaBsHe cuuraioT, 4yTo coTBOopeHre Mupa B 3B€3nHOM Xpame mnpousounuio B 5508 romy
1o Haied spel. [IprMepHO, B 3TO ke BpeMsi 00pa30oBasioch A30BCKOE MOpe. 3HAYHTh B 9TO BpeMs
ObUI MOTOIL.

Jlerko 3anoMuHaeTcs fata nepporo notomna — 5508 rof 10 Hallen Spb.

3500 rox no namei 3psl. [llymepnl
YCTAHABJIUBAIOT HOBBIN HIyMePCKUI MOPSII0K

B craponaBHue BpeMeHa )KHUBOTHOE HAYaJIo YeJIoBeKa Mpeodiafaio Hajl JyXOBHBIM HaYajIoM.

JKuBoTHOe Hauaso — yoeii! Yoeil uyxkaka, 3aXBaTy KEeHIIUH, AETel, UMYILECTBO!

JlyxoBHOE Ha4aso — Hali/IM UCTHHY, HAlX UCTUHHOTO Oora! Packpoii 3arajiky Myupa, 3aIiuTrCh
6e3 yourcTs!

5500 nieT Ha3aa nepBoOY LMBUIM3aLMEN Ha 3emile, KaK YTBEPKAAIOT COBPEMEHHBIE UCTOPUKH,
OblIa IMBWIM3ALUs APEBHUX IIyMepoB. JIpeBHUE MBUIM3ALMU OCHOBaHbl Ha youiictBax. Ctapo-
3aBeTHAs [IMBUJIM3AIIMS CYIECTBOBAJA 10 apXauyHbIM 3akoHaM. [lyxu-6oru coznanu BceeneHnyio.
Boru co3panu 1mymMepoB Jyist TOro, YT00bl U30aBUTh UX OT HEOOXOTUMOCTH 3a00THTBCS O COOCTBEH-
HBIX HykJaX. Bce Ha 3emiie MpUHAANEKUT IyMepckuM OoraM. YenoBek — O0KUM Cilyra, UCTIOTHU-
TeJIb pacriopspkeHuii 6oros. [llymMepckuii mpaBuTesib, 3aXBATUBILIHNIA 36MJTH COCE/IeH, yOMBaJT HAITPABO

M HaJIeBO. 3axXBaTUMK YTBEPKAAJ, YTO BOCCTAHABIIMBACT HaBHHfI, y‘lpe)KI[eHHbIﬁ VMCTUHHBIMUA OOraMu
7
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CIIPaBE/IJIMBBIN TyMEPCKUIA MOPSIOK. YOMBaeMble JIIOAW MPOTECTOBAIM, HE COIJIAIIAsCh C IIyMep-
CKMMH OOTaMH.

MHoro 60oros — MHOro MHeHUI. VIcTHHHBII OOr HoikeH ObITh onvH. Kak HaliTH MCTHHHOIO
oora?

Bcemupnbiii noton 3112 roga 10 poxkaecTsa XpucronBa

Apdexr [IxannOexoBa MPOM3BEN BTOPOW MOTOI. 3emisl nepeBepHysack Ha 180 rpamycos.
CeBepHbli U I0:KHBIH [10JT10CAa TOMEHIMCh MecTamMu. [IepeBopoT mpon3o1uen B TedeHue cyTok. Oopa-
30BaJIach MPUJIMBHAS BOJIHA, 0OOMIeas 3eMHOH map. BceMupHBIi MOTON NOTPEBOXKMIT Bce KOHTH-
HEHTBHI.

Ecnm He Beputh B 3dpexT [Ixanndekopa, Toraa nmoron oopasosaics uz-3a Jlynsl. B 3761 rogy
1o Hamted 3psl JIyHa 1 MepKypuii ObLM CITy THUKaMU THITOTETUYecKoi utaneTs @aston. B 3761 rogy
10 Hartei 3pbl mwiaHety PasToH yaapuia ruroretuueckas ruianera Teiis. Karacrpoda npousoria
B Mex opoutamu Mapca u FOmurepa. O6e rnanetst Tetist u Paston, morn6ium. OcraBmmch 6e3 LeH-
TPOB npuTskeHus1 Mepkypwuii u Jlyna metHynuch k ComnHily. Mepkypuii 0Opén HOBylo opOuTy 0113
xkapkoro Conxua. JIyny, B 3112 rogy no Hawen spsl, 3axBaruiia manera 3emis. Ot JlyHsl mpounso-
LT 3eMJIeTpsiceHus1, llyHamu. Beemuphbiii notor. [ap 3emMHO# crmonmiics, MpuoOpen MnTHy-
HOCTb, JIJTUTICOMJHOCTb.

JlyHa paspblBaeT Hally IJIaHETY [0 MEPUAUaHaAM.

Ha opbute 3emnu Jlyna naxomutcs Bcero 5129 ner. DBomonus 4eaoBeKa MPOUCXOIUIIA
B orcyrctBue JIynsl. Ilpumia JlyHa — coTBOpuIICs yKacHbIi, katacTpoduyeckuil noron. doxau!
ITpunuBhas BosHa! BosHa pacripoctpanuiack 1o Beent 3emiie. 3areM JlyHa ypammiack, OKpyminia
3JUIMIICOUAHYI0 OpPOMTY, BpaIlasCh HAa HBIHEIIHEM CBOEM MecTe. 3emils BMecTe ¢ JIyHO yMeHb-
IMJIa paauyc cBoeit opouTsl. 3emuts npuommsunack k ComHiry. Benepa Toxe npubmmsuiack. Benepa
Obl1a cyTHUKOM I1aHeThl Teiis. Benepa ynepxkanace y Conniga, kak Bropas uiaHera CoHeYHOU
CHUCTEMBI.

Iocne myHHOrO Katakjiu3Ma CpeiHss TeMIiepaTrypa 3eMHOM IOrobl yBeJIMYMIIACh Ha TPU Ipa-
ayca. YCUIMINCh JOXAU.

I'on Boza GyrieBasia, 3aTeM Bojia ycrokomack. [TocTeneHHO ypoBeHb BOJIbI IOHU3UIICS.

14 centa6ps 3111 roga no Xpucra Kosuer Host npuyanui k ckjioHam ropsl xyau-/ar, yro
B Kypaucrane.

3000 rox no Hamei 3pbl. Erunrtsine
yka3bIBaloT myTh CoJIHIIA K 3aKaTy

Erunrom npasumnm papaonsl. @apaonsl 00bsABIsN cedst boramu. Kpetisl hapaoHOB MOATBEP-
K Jam 00KeCTBEHHOE MPOUCXoxkeHue papaoHa. bor-apaoH Haka3bIBa BCeX HEMeEJICHHBIM YOUTi-
CTBOM.

3a Bcio ucropuio Erunra HacuuThiBaeTcst TpUALATH JIBE AMHACTUM (papaoHoB. TpucTa qBaaarh
yeThipe (papaoHa MPaBUJIM TPU THICSYM YETHIPECTA CEMHAAATH JieT. PapaoHbl HETOPOILUIMBO, B Teue-
HUE THICSUENIeTUI, HO MEHSUIM XKU3Hb erunTsH. Hapsamy ¢ 6oramu-papaoHamu, NOSBIISUTUCH BUPTY-
ayibHBIe OOTH, crapsiue npassiero ¢papaona. ®apaoH-0or ymupal, sBisics HOBbI (apaoH. Cie-
ayormid 6or-apaoH, B OTAETBHBIX CIyYasaX, MPUKa3bIBaJ 3a0bITh MPEIBIYIIUX OOTOB.

[Non BIMsIHUEM HApPOOHBIX MACC KOHCEpBAaTHBHBIC (DapaOHBl U3MEHSUTH PEJUTHIO, YKa3bIBast
MyTh K ICTHHHOMY, MEHee KPOBOXKaJHOMY OOTYy.

®apaoHb! THICSUYM JIET UCKAJIM UCTHHY B YeJIOBEYECKON KpoBU. TEMHBIE HApOIBl OECTOIKOBO
MPOTECTOBAJIM OTBETHBIMH yOuiicTBamu. [lopganHbix papaoHa, y KOTOPBIX KMBOTHOE HAYaJIO TIpe-
001aano Hajl AYXOBHBIM HAYAJIOM, MOKHO OBUIO YCMUPHUTDH TOJIBKO C TIOMOIIBIO YOHIACTB.
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Boru apesnero Erunta ymopsnoumBamy ku3Hb eruntsH. CTO BOceMb OOOKECTBIEHHBIX
YYIUII, MECTHBIX U OOIIEernIeTCKUX OOXeCTB onpeaessii nopsaok B Erunre. CaMblil BIUATEIb-
Heii 6or — Connile. ConHile qBrxercss BOKpyr 3emin. Bepa B CosHIle 3T0 TPOCTOAYIIIHOE SA3bIYe-
cTBO. SI3pranmku Mo COJTHIIE OCTAHOBHUTHLCS, YTOOBI TPOITUTH CBET/IbIN AeHb. Ho CosHile Ob11o
He ripu 4éM. [IpocuTh 0 TIpOIIeHNH AHS HAI0 ObUIO Iap 3eMHOM, KOTOPBId KPYTHUJICS TI0 CBOEMY
pasymeHuio, a CosHIIe OCTaBaI0Ch HEMTOABUKHbBIM.

[Mops10K B MUpE TaKOB TOBOPYIIU IATh THICSY JIET Ha3a/l MPOCTOAYIIIHBIE SI3bIYHUKH-ETUTITSIHE,

— Bor-ConHiie ocBemaet Beunbie nmupaMuabl. COMHEUHBIN KOpadib UAET MO KYPCy, K 3aKary.
Buuzy — 3emits, 1oxke 1Sl yCONIINX.

ATiIaHTHAA

Ilepeeit Bcemupnsbiii nororn 5508 roga 4o Haien 3pbl NOAHAN YpoBeHb Cpein3eMHOrO MOpsl
Y YBEJIMUWJI HArpy3Ky Ha JHO Mopsl. HakanmBasuch noji3eMHble CUilbl BOKPYT bajikaHCKOro nosyoct-
poBa. B 1691 rogy no Xpucra oT ByJIKaHUUECOH AeATebHOCTH nocTpajaai Eruner, norudiu ropoga
Conom u I'omoppa.

BasnkaHckuii oIyocTpoB B 3TO BpeMs 3acesIsiI IJIeMeHa aT/1eToB. KysIbT CHITBI IBJISUT KYJIBTYpY
COMEpHUYECTBA. ATIETHI-aT/IaHThl CTPOMIIM ropofa. CopeBHOBAIMCh B OOEBBIX BU/IaX CIOPTa. 3€BC,
[Tocerinon, IIpomerent 310 aTiaHTHI.

B 1628 rogy no Hamen 3pel B30pBajMCh HECKOIBKO BYJIKaHOB, B TOM 4ucie ByJkaH CaHTo-
puH. [Tocneacreus 6buH yxkacHbl. LlyHamu, noron, yacts bajikaHckoro nosyocTpoBa yiiuia noj Bojy.
Cnaccs cbie IIpomeres [leBkannoH. Atinant JleBkaymoH pogwics B 1664 rony no Haten spel. KeHa
JeBkammona, [Tuppa, B 1627 rony poanna DiumiHa. DHb 00pa3oBai iany. Diiaga 1o [pe-
usl.

Orownb, cepa ¢ HeOec, KaMHM C¢ HeOa, myHamu, OruroB wim [lapnaHoB, oH ke [leBKammo-
HOB 1oton 1628 roma, MpOW3OIIEAIAN A0 HAIeH 3pbI, TOTYOMIM MHOXKECTBO IIEMEH, KHUBIIHUX
Ha nobepexbe CpenuzeMHOro Mopsi. BpemMeHoe noxosofgaHue yHUUTOKHUIO KOpMOBYIo Oasy. Pacre-
HUA yBsIM, CKOT oru®. B 1624 roay 10 Haieil 3psl, Ha THICAYM KWJIOMETPOB OT baskaHckoro noiy-
OCTpOBa, ObLT cTpatHbiii ronon. iMenHo B 1624 romy no Xpucra rojoassiii, ocinadesmmii Vicas mpo-
Aaj nepBoponcTBo MakoBy 3a MUCKY YeueBUYHOM MOXJIEOKH.

['onnmble KaTacTpodoit HapoAbl OOBEIVHSINCH B OAaHIUTCTBYIONIME COOOIIECTBA THKCOCOB.
I'mkcoc — rOHMMBIN.

1560 — 1000 roanl 10 Hamien 3pbl. /IpeBHIE eBpen

B Erunte eBpeeB 3Basn chiHaMu Hapoaa M3pawneBa. Y eBpeeB Obul OMUH OOT, U3pAMIIBTSIHE
6ecenoBasi ¢ Maxosnom. Criopwti. Maxon uim Mox CunoHckuii — puHukuiickuii ¢pustocod. Tpu
TBHICSIYM IIECTHCOT JIET Ha3aJ eBper U Maxoll 3Hajlu O CyIeCTBOBaHMM atoMa. Meskuii aToM B TO
BpeMsI MOIJIA 3aMETHUTh TOJIbKO OUYeHb OOPa30BaHHBIE JIOIH.

Bor e menok. bor Benmuk. Hacuér mmeHn MCTMHHOrO Oora M3pauibTsHE CIIOPHIIN C eTHII-
TsHamMH. V3pausbTsHe TepBble 3aMETWIIM, YTO CHJIa UCTUHHOTO OOra B BBINOJTHEHHUW 3allOBEH:
«HE y61/11?1!>>.

EBpewn xumm Ha paBHUHE. 3eMJIsl Ka3ajach UM PaBHUHOM, HA KOTOPOU KOe-TJie BO3BBIIIAIOTCS
ropsl. Ocoboe MecTo B MUPO3aHNK €BPEr OTBOIMIIM BeTpaM. BeTep nmpuHOCHIT TOKIb WM 3aCYXY.
OobwuTanuiie BeTpOB HAXOAWIOCh B HIKHEM Mosice HeOa 1 OTAESI0 3eMITI0 OT HeOECHBIX BOJI: CHera,
noxas u rpajga. I[lox 3emueit Toxxe HAXOAATCS BOIBI, OT KOTOPBIX KBEPXY MIYT KaHaJIbl, MUTAIOLINE
Mopsi 1 peku. [Jist eBpeeB OOr CO3/all OTAENbHYIO TEPPUTOPHIO TS TPOKUBAHUSI.

Kakas ¢opma 3emin — map, wim 3eMist uMeer GopMy YeMojaHa, Ta MmpodjaeMa JpeBHUX
€BpeeB He BOJHOBAJIA. Y eBpeeB MUP MPOCTOM U miockuit. 1o Xpucra Hapoa U3paubCKUil BOJIHO-
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BaJICs U3-3a KatacTpodsl 1628 ropa. ABuirch roHMMbIe KaTacTpodoil HAPOIBI — KECTOKHE YOUUIIBI —
rukcochl. [lneMeHa eBperickie BOEBTN C TUKCOCAMU. MUTPaHTBI-TUKCOCH CTPEMMIIACh B OOTaThIit
Eruner.

B 1569 rony no Xpucra, erunerckuii papaos Taa I Cekenenpa XpaOpsbliit 0TIaET SKOHOMUYE-
CKYIO BJIACTh CTPaHbl B PyKH MOJIOJIOTO, TAJIAHTJIMBOTO eBpesl, chiHa PeBekku u Makoga.

XpaOpslii TOCTYMOK Xpadporo (apaoHa!

ms HoBoOrO Hapeasopia — Mocud. dapaoH npucBomt HoBoMmy Bu3upio Tutyn — Ka-Vocud.
«Ka» pacimmdpossiBaetcs «Kak papaon».

Beire «Ka» tonbko dapaon! C 1569 no 1554 ron, nmoka 6wt xuB papaon Taa I Cekenenpa
Xpabpiii, Ka-Focud 61aronomyyHo npasut SKOHOMIKOI ErunTa Kak corpaBUTeTb.

B 1562 rony, ecrectBenHo 10 Xpucrta, oteir Mocuda Makos-Uzpanss, no npurnamienuio Ka-
Wocuda, mpusén cBoit pox Ha 3emmo Erunerckyio, B o6mactb Iecem. ®apaon Taa IT Cekenenpa pas-
peLInI MPOXKKUBaTh U3PAUJIbCKOMY TUIEMEHHU Ha 3eMJjie Erumnerckoii, npu ycjaoBUM, 4TO HApOJ U3pa-
WIBTSHCKUI C CEBEpHOM 3€MJIM €TMIETCKON IIPOTOHUT IMKCOCOB. Pox M3pansist BHITECHS TMKCOCOB
u3 cesepHoro Erunral

B 1554 rony no Hameit spsl Cekenenpa Xpaopwiii Obu1 yout. ®@apaonom Erunta cram uzpa-
wibTsaHUH Mocud Ipekpachbiil. Mocug npasui noa umenem Ka-Macu. ®apaon Ka-Macu yenentHo
CpaXaJicsl C TMKCOCAMHU.

Cein Ka-Macu, Kamoca — fIxmoc, nocnie cmeptu, OblT OOBSIBIICH HICTHHHBIM OOoroM. SIxmoc
msrHan rukcocoB! Hespumebiii BeeBbiauii Hapona M3panneBa oopén ums! Sxse-Herosa! fAxmoc-
SxBe-Herosa — 6or uzpannstsii. EBpen npasuim Eruntom crto siet. 3aTeM BIUSHNUE PEIUTAU U3pa-
WIBTSIH Hauasio ociadeBarb. CTapble, BapBapcKue, MHOrouuciaeHHble 6oru Erunra nodeauam onuHo-
KOTO, IIMBUJIM30BAHHOTO eBperickoro 6ora. Ecim B kunax Amenxotena Il Tekia eBpeiickasi KpoBb, TO
Awmenxorern III 6611 yxe He eBpeil. Amenxoren Il u Amenxoren III, TyrMochl, Bepuin B S3bIYECKUX
eruIeTcKuX OOTroB.

B Erunre xu3Hp BO3Bpallanach Ha Kpyru cBos. V3pausbTsaHe NMOTEpSAIM BIACTh, HAYAINUCh
ronenus. ViMena (papaoHOB-U3paMIbTSIH HENb3sl ObUIO Mpon3HOCcuTh. Henmspeu€nuble nvena! Kro
npousHocuil uMs SIxmoca-SIxBe-Meropa, Toro oxujana Ka3Hb!

HernponsHocumble MMeHa ecTh BO Bcex peurusx. Hermponsnocumoe ums — pesynbrar 00pbObI
CTapbIX Y HOBBIX BO33PEHMI. 3a IPOM3HECEHHOE 3aMPETHOE UMs yOUBAIOT.

3anper poxaaeT oOpaTHbI 3(PGEKT.

3anpeTHble MO3Thl U3BECTHBI, TPUABOPHBIE MOITHI — 3a0bITH. Henspeu€HHoe nMs eBpeeB KUBET
ThICSIUM JieT. Henspeu€HHoe umsl, OJIMTOE KPOBBIO, YCHIIAJIO PEIUTMO3HOCTb U3PAUJIbTSIH.

Bemviku crpaganus eBperickoro Hapona! Ko Bpemenu npasiienusi Pamseca Benukoro, uspa-
WIbTSHCKUI Hapo[ B Erunre okazascst HexenatebHbIM HapooM. HeskenarenbHble Hapozbl hapaoHbl
Jerko yHuutoxand. C HapoJoM M3pawIbTSHCKUM BblllUIa HeyBs3Ka. Korna ¢gapaoHsl u npaBurenu
MIPOBUHIIMM, HAYaJIM, OYEPETHON Pa3, YHUUTOXKATh €BPEEB BOHUKJIM ITPOTECTHI B JKPEUECKON KacTe
erUIEeTCKOro OOIIecTBa.

Hapon u3pansieB okaszajicsi He TaKUM cl1aObIM, TIOKOPHBIM, KaK OKHJaJl TOHUTENb eBpeeB Pam-
3ec.

B 1229 rony no Hameir spsl koMera [ajuiess Bo3BecTHIa BpeMsl NECATHIIETHUX OeICTBUIA
Erurra. beacrBus kocnynuch Beex. Kpen Tucuden, nountarens Mocuda [pekpacHoro, B 1218 romy
10 Haulew 3pbl yBEN u3pawibTsaH w3 Erunta Ha ponuny. 1218 rox — rox Hauvana Mcxopa. Mcxona
Hapopa uspausbckoro u3 Erunra. Tucuden-Mouceit, oj BAMSHUEM eTUNeTCKUX U U3PAWIbTIHCKUX
pemrui, ogapruil YeJoBeueCTBY IIMBUIM30BAaHHOTO OOra ¢ OCHOBHOH 3amloBe/blo «He youii!». Bor
M3PAWIIBTSIH OTKPBUI COCTABIISIONIME Pa3yMHOTO MOpsiiKa: He yOui, He yKpaau. B To Bpemsi mpu3biB
«He yOuii» SIBIIsIICS IPU3bIBOM cymaciiesmiero. Eciu He yObénb, yobioT Teds!

UroOy He ObITh yOUTHIMM, M3paribTsAHe YN u3 Erunrta. Moucedl mpoBEN Hapoa CKBO3b
MYCTBIHIO, YKPBUICS Ha TEPPUTOPUM coBpeMeHHoM Mopaanum.

10



A. T'ymumH. «A30yka mudgpooit punocodpun. OrpdpoBKa aTOMOB XMMHUECKUX JIEMEHTOB»

[Touemy U3pansIbTSIHE COPOK JIET TPYCIMBO XOPOHUIIUCH?

[IpsiTancs roHMMBI HApoJ OT MOIIHOW CHJIbl Harsioro u arpeccuBHoro Erunra. B 1201 rogy
no PoxnecrBa XpucrtoBa BOMHCTBEHHBIN (papaoH MepHenTax co cTa cOpoKa ThICSTYHBIM BOWCKOM,
OITyCTOIUTEILHBIM MeuoM Ipornéncs no 3emie O0eToBaHHON. MepHenTax ucKas u3pausibTsaH. Mep-
HEeTITax BCEX M3paWjIbTSIH, BCEX €BpeeB, B3POCIIBbIX U JieTel, yHnuToxan. Ho ocHOBHOW Macchl u3pa-
WIbTAH MepHenTax He HaIlEN.

«W3pannp omycroleH, HET CEMEHHU ero Ha XaHaaHe»,

3anucany Ha kameHHou crenie B 1200 romy (ecTecTBEHHO /10 pokaecTBa XpUCTOBA) BOCTOP-
’KEHHbIE UCTOPUKH yaaJioro ¢apaoHa MepHenTaxa.

[Toka n3panbTsHE CKphIBAIMCH OT ETUIETCKUX (papaoHOB, B 1198 rony Havyanace, B 1188 rogy
OKOHYWJIACh TPOSIHCKasi BoHa. ['peku-nenacru B3suim Tpoio. XeTTckoe rocyJapCcTBO pa3BaIuBaIOCh.
Karactpoda 6ponzoBoro Beka! Hapons! MOpst — «BUKMHIY 0 XPUCTUAHCKOTO MUPa» TPEKU-TIeIacTH,
Hanaym Ha Eruner. ['peku-nienacru, cupeus (puaIMcTUMIISIHE, BOSBAIM C XaHAAHIIAMU. XaHAAHIIbI 9TO
HapOJIbl, paHee MOYHUHSIBIIMECS XETTaM.

XeTThl CTapaIMch HaKa3aTh B3OYHTOBABILIMXCS XaHAAHIIEB — MOIAHHBIX MOrHOaoIero Xerr-
CcKoro rocygapcrsa. PUIMCTUMIISIHE, BHITECHSSI XaHAAHIIEB, BOKPYT ropona ['a3a oO6pazoBaiu cTpaHy
PuncTUIo.

Hapon U3zpaunes 1o 1179 ropa npsrancs B ropax, B paiioHe Oymaymiero ropona Ilerpa. 'ops
no3xe Ha3oByT Habareiickumu. Ha 3emite 00eTOBaHHOH BBIKMBIIIUE OT/IE/IbHBIC eBPEHCKUE TIeMeHa
BCTYINWJIM B JKECTOKYIO CXBATKY C XaHaaHLIAMHM, U ¢ (PMIMCTUMIIsSIHAMU. YOuiicTBa!

YouiicTBo — HOpMasbHast (popMa B3aMMOOTHOIIIEHU! B JUKOM, BApPBAPCKOM COCTOSTHUM OOI1Ie-
crBa. Ho ¢ mpu3siBoM «He youii!» (hopMUpOBATIOCh CUIBHOE, TPAMOTHOE TOCYIapcTBO Hapoja M3pa-
nJieBa.

Mowceit ymep no Xpucra 15 centsaops 1179 roga, nepenas Biacts HaBuny. Mowceii oxo-
POHEH B Moruie AapoHa. AapoHa HUKOIZA He CYIIECTBOBaIO. sl ynopsiiouMBaHus PEIUTMO3HBIX
00psIOB cocTaBUTENN OMOMMK counHUIM AapoHa. B moruie Aapona noxopoHeH He AapoH, a Mou-
Cel.

Nucyc HaBun B HOstOpe 1179 roga aBuHyJCsl OTBOEBBIBATH JKM3HEHHOE MPOCTpaHCTBO. HaBuH
3a YyeThIpe MecsIa orBoeBas 3emimo OOeTOBaHHYIO U MPUBEN HApOJ, U3PaUIbCKUI K MlepuxoHy.

B Bockpecenbe 16 anpens 1178 roga no Xpucra ropon Uepuxon nan. Crnacenne! Cnacenue
10 [lacxa! Cnac-Ilacxa — okoHUaHMe ucxona.

Heprxon Hacensuu TuieMeHa, MOAYMHSIONINECcs: MOTYIIECTBEHHOMY, HO TorubarnoiemMy XeTT-
ckoMmy napcrey. Hapon W3spawnes, non komannoBanueM Mucyca HaBuHa, yHUUTOXMIT HaceneHue
storo ropoga. Ho eBpen, B cBoedl pesMrum, yrnopHO IUTH K MOHSATHIO «He youii!» ['ymaHHBIN Oor
eBpeeB MoOexaan. XUIIHBIN UHTEJUIEKT BapBapOB MOAUMHSIICS Pa3yMHOMY JBHKCHHUIO MATEPUH.
JlyXxoBHOE Hayaso YejJoBeKa HAauMHAJIO MpeodaaTh Hal KUBOTHBIM HAYAJIOM.

K eBpeiickomy 6ory, koTopbiii roBopuI: «He youid, He yKpaau!» MOTAHYJIUCH TPOYMe HAPOIIBI.
Bor-oren He cmor 3ammTuTh n3panietsH. BoiiHa, kpoBs! Yepes Thicsiuy aBecTu JjeT nocie Moucest
Ha eBpelickol 3emite sBujics Criacutesib — Oor-ceiH Xprctoc. bor-otelr eBpeeB cras cam 1o ceoe,
6or-chiH — cam 1o cede. Uyneiickast 1 XpucTUaHCKas PEJIUTUN Pa3JeTUIINC.

UYepes 11ecTbCOT JIET MOCTIe poXkIeHUs1 X pucTa, B3aumoeincteue Nyneiickoi n X pucTuaHcKon
penuruii, ssBuio apadckuii Mcmam.

EBpen Ha 3emiie 00€TOBAaHHOM CO3aJTU TOCYAAPCTBO. MasleHbKUH eBPEeUCKUI Hapoell MoOexk-
naj OONBIIMX M CHIIbHBIX 3axBaTumkoB. [laBun nodequn I'omaca! Ho ropckue napu BaBunonun
3aBOEBAJIM 0OETOBAHHYIO paBHUHY. | paMOTHBIX €BpeeB — CTPOUTEIIEH, YUEHBIX, PEMECIICHHUKOB, KaK
Y CBAIIEHHUKOB, YBEJIU B BaBUJIOHMIO, CTPOUTH XPaMBl.
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1000 rox 1o Hamiein 3pbl. 3eMJIA TOJIbKO sl BaBujionnn

3emisa oJ1A JkuTelied BaBMIIOHNM 9TO BO3BBIIIIEHHOCTb. Fopa. TpI/I TBICAYM JIET Ha3al JXHUTCIIN
BaBunona MpeACTaBJIAIN 3emito B BUJI€ TOPbI: HA BOCTOKE IMMYCTbIHA, 4 HA 3allaJHOM CKJIOHE OI'POM-
HOW BO3BHIIIIEHHOCTH HaxoauTcs BaBuoHus.

Vmnubiii BaBuion OIMNPACTCA HAa 3EMHYIO BO3BBIILICHHOCTD, U CBEPXY IPAaBUT IJIYIIbIM, HU3KUM,
IJIOCKUM MUPOM.

700 rox 1o Hamie 3pbl. OMopa BOMHCTBEHHBIX I'PEKOB — AT

I'pexu 2700 ner Hazan, roBopwid 0 3emiie, Kak O BBHITYKJIOM JIMCKE, HATIOMUHAIOIIEM IIUT
BorHa. Cy1ry co Bcex CTOpOH ombiBaeT peka OkeaH. 3a JiBe C JIMITHUM THICSIYM JIET 10 BUKUHIOB
rpeKu-TiesIacru OOPO3IWIM MOPsI, Haraaasi Ha JISTKOJOCTYITHbIE OCTPOBA, Ha YKPEIJIEHHBIE TIoOepe-
Kbs1. ['peku 310 PUIMCTUMIISIHE, HAPOJIBI MOPSI, POXKIAIONINE IPyrue HApPOIbl MOPEH — KECTOKUX
MUTPAHTOB. MUTpaHTHl OETyT OT BOMHBI B IaJIbHUE Kpasi, MPUHOCS B MPUHSIBIIYIO X CTPaHy YOuil-
CTBa U Hacuive. BOMHCTBEHHbIe, aKTUBHBIE MUTPAHTHI He OOSTCSI HACWIIOBATh, YOUBATh. YOMMIIbI
MOYUHSIIOT MUPHBIX, HEOPraHN30BaHHBIX A0OPUTEeHOB. MUTPAHTHI 3aXBATHIBAIOT BJIACTb.

I'pekn cumrany, 4to Hajg 3eMiell PacKMHYT MEAHBI HEeOOCBOI, MO KOTOPOMY IBHIKETCS
Comnnue. CosHile exeIHEBHO MoAHUMAaeTcsl U3 BoJl Morydero OkeaHa Ha BOCTOKe. Beuepom cBeTusio
MOTPYKAETCs B YMCTHIe BOBI HA 3araje.

600 roa no namei 3pbl. bynaa

JIBe Thicsum 1mecTbeoT Jier B Mnauu, B Kutae, B Asum nounrtator byany. Bynaa opuentupo-
BaJI YeJIOBEUECTBO Ha NpocBeTienue. [Ipocetienrst MoxHO 100uThes ipu Yuutene. [Ipu uzyuenuu
MUpa BO BCEM €ro MHOTOOOpa3uH y YeIoBeKa OTKPHIBAIOTCS IJ1a3a.

VYuenue Byaipl 00pa3oBasio peuruio Mo3HaHUsI MUPA.

500 roa no nameii 3pbl. [Iucparop, Kondymmia

[TocnenoBarenu rpeyeckoro yueHoro Ilucaropa 2500 et Hazaa npu3HaBaIM 3eMJIIO IAPOM.
[IIapoBUIHBIMU OHU CUMTATIM U Ipyrue ruiaHeTsl. Yuenue [Tugaropa o6pa3oBayio pesuruio no3Ha-
HUsI, KOTOpasi yracjia, He CTaB MUPOBOU peIUruei.

Kuraiickuii mpicitens KoHpynuil sBUI KUTANCKYIO PEUIHIO — KOH(PYLIMAHCTBO.

Kon@dyuuancrso He cMory10 cTaTh MUPOBOI1 penurueil. He Ha Bce BOITPOCHI CTPaJaloIEero Yeso-
BeuecTBa oTBeTU]1 KoHyuii!

Vuenune Kondyims 310 penurus no3HaHust MUpa Ha OCHOBE OIPE/ICNIEHHOTO MTOBEACHHS yyue-
HUKA.

400 rox mo Hamei 3pbl. Puiiocodbl

B 310 Bpems y rpekoB pasBuBaeTcs HaTypduiaocopckas v pusznyeckas Teopusi, COITIACHO
KOTOPOH YyBCTBEHHO BOCIPMHUMAEMBbIE MaTe€pUaJIbHbIE BEIM COCTOAT U3 MEJIbYANIINX XUMUUECKH
HEJIEJIMMBIX YacTHUI] — aTOMOB. ATOMMCTCKYIO0 uzaelo Mox CHAOHCKOrO pa3BWIN JPEBHETPEUYECKHE
punocodsr JleBkunm u JleMOKpHT.
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333 roa no Hamen 3pbl. Ajiekcanap Make J0OHCKHUI —
oor. Makenonckuii — ¢papaon Erunra

B 332 romy nmo Hamei 3pbl OoxkecTBeHHBI AJiekcaHnp MakenoHckuil 3aBoeBan Erumer,
Y OCHOBaJI Make/IOHCKYI0 AMHACTUIO (papaoHOB. MakeIOHCKUI 32 KOPOTKHUI CPOK 3aBOEBaJl «BECh
Mup», yauutoxui Iepcunckyio aep:xxaBy AxemMeHUI0B. ArpecrBHble cocenu [IpeBHelt MakegoHuu
HCYE3IIH.

MakeTIoHCKMiA — OOT JIJIs1 COBPEMEHHBIX TeHEePaJIOB.

300 rox mo Hamei 3pbl. Mnausa

WNupus oteickana victHHOTO Oora. bor Bpaxma unnuiiiieB — ayma mupa. boxecrsa MHapa,
ArnHu, BapyHa — 0lMLIETBOPSIIOT IPUPOLY.

Bpaxwma, Bumny, I1lusa — oObenuns0T Beenennyio.

Bor BuiiHy HaBogMT MOpsiIoK Ha 3emJie, sIBsIsICh B 00pase uenoBeka, B Buje Pambl, B Bue
Kpumissr.

Bor Buiny ycraHaBnvBaeT cripaBeJIMBbIN MOPSIOK.

[IuBa — ropHoe 60xecTBO. JKMBOTHOE HAYaJI0 TOpIeB MOOSKAAET JyXOBHOE HAYAIIO KUTENIEH
paBHUH. [OpIIbl — HanOoEee aKTUBHBIE JIOH BO BCEX CTpaHax. B ropax HexBaTka KUCIOpOa 3aKajseT
opranu3Mm ropiieB. Ha paBHuHe kucioposaa 0oJbliie, 4eM BBICOKO B ropax. ['opery aepércs mosneiie,
YeM 4YeJIOBEK, BBIpOCHIMi Ha paBHHMHe. Ha BoiiHe moOexnat ropipl. B BenmukoOpuranuu — mot-
naHausl. B Pocenn — kaBkasipl. Bo @paHuumy — rackoHupl. Bo Bce BpeMeHa Iroplibl 3aXBaThIBAIN
BJIACTb B PABHUHHBIX IOCYAAPCTBAX.

B Wnnun npesHee BavsiHKUE ropiieB octayioch B Buje 6ora [1Iussl. [1InBe HyXHBI YeloBeYecKue
*epTBbl. [MaBHbI cumBos 6ora [uBel — MOTOBOM WieH. JKMBOTHOE HAvyaslo TOpIEB MpeodaagaeTt
HaJ| TyXOBHBIM HAa4yaJjioM kuTesield paBHUH. HO BBICOKO /IyXOBHBIE JIIOH CTPOSIT FOPOJa, M300PETAIOT
Y COBEPUICHCTBYIOT OpykHe. ['OpLbl 3aXBaTBIBAIOT TEPPUTOPHUH, C TPYAOM OCBAMBAIOT HOBBIE TEXHO-
JIOTUU TOPOICKUX skuTesed. [IpuMUTBHOE KMBOTHOE HAyaslo YEJIOBEKA TSKEJIO OCBAUBAET HAYKY.
JlyxoBHOE Ha4ajo 4eioBeKa nu3ooperaer Oojee N3OUIPEHHOE OpYKHE, CMEIO KOHKYPUPYs C )KUBOT-
HBIM Ha4yaJioM. B3auMozencTBre nNpoTUBOINOIOKHOCTEW MYUYUTEIBHO POKAAET IIPOrpecc.

Muguitier 2300 sieT Ha3a [ CUUTaly, 4TO B MUpPE CyIecTByeT atoM. B unauiickoit punocodumn
aTOMU3M pa3pabaThiBAJICSl HE3ABUCUMO OT (PMHUKMUHCKON M Tpedeckoit (putocoduu. CtapogaBHUNA
VHIUICKUI aTOM ObLT MPUMHUTHBEH, HO 3TO OBLT IIAr BIEPE.

JpeBHME MHIWIILIBI TPEACTABIISAIN 3eMJTI0 B BU/IE TUIOCKOTO JIUCKA, JIEKAILETO Ha CIIMHAX CJIO-
HOB. Kak Terepp n3BecTHO, 3TO OblIa HEBEpHAsI, HErPAMOTHAS TOUKA 3PEHMS.

260 rox 10 Hamen 3pbl. ACTPOHOMBI

2260 siet Ha3a [ BBHIJAOIIMICS APEBHETPEYECKAN aCTPOHOM, MAaTeEMaTUK U (pusiocod Apucrapx
Camocckuit 3agBui1, 4To He COJIHIIE BMECTE C IIJIAHETAaMU JIBUXKETCS BOKPYTr 3eMJIH, a 3eMJI U Bce
r1aHeTsl BpawaoTcs Bokpyr ComHua. CymaciueaneMy acTpoHOMY, ECTECTBEHHO, HUKTO HE BEPUIL.
HopmanbsHeiM mogaM BUAHO, 4yTo MMeHHO COJTHLIE BpaIaeTcs BOKPYT 3€MJIN.

146 roa no nameii 3pbl. Cnapra, Kapdgaren, Pum

T'opona gpyr ¢ npyroMm Topropaju, CONEpHUYAIN U BoeBalIU. Jlojrue myHUYeckre BOMHbI OIpe-
AeNsuM corepHruecTBO roponoB Puma n «HoBropona» cpenmzemuomopbst — Kapgarena.
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B 146 rony no Hamieit spbl puMckue JiernoHsl 3axBatiim Kapdaren. Henobeaumas Crapra
B 9TOM T'Ofly TOKE OKa3aJIach MoJ BlacTeio PuMa. PuM npeBpainaics B MUPOBYIO IEpXKaBy.

30—27 roawl 1o Hamei 3pobl. llezapuon your

B Tpuanarom romy o Hamei 3pbl orud nociaeanuii (papaon-oor. bora-gapaona Erunra, ceiHa
Lezapst u Kneonatpsl — Ironemest XV Lle3apuona, younu. bora-dapaona npukoHYMI 60KecTBEH-
HbII IIeMAHHUK Lle3apsa — OkraBuas.

OkTaBuaH 100aBuI cede UMs «ABIyCT» U cTan umneparopom Puma. BouHncreenHsiil Pum 3aBo-
eBas1 EBpory, yacte A3uu u Eruner.

HyaeBoii roa. PaccBer HoBoM 3pbl. fIBiIeHne Xpucra

3a rofpl CTapol 3pPbl KOJIMYECTBO HEBMHHO PACHATHIX HA KPECTaX MPEBBICUIO KPUTHUECKOE
yucino. [Toatomy, B rog komeTsl, poauiics Cracutens. Budreemckas 3Be3/1a — COBpeMeHHasi KOMeTa
lannes nosiBuiack Ha HeO6OcBoAE B 12 romy /10 HAIIel pHI.

Cnacutens — Xpucroc poausics B 12 rogy 1o Hailed pbl, HA MaJI€HbKON €BPENCKOW 3eMIIe,
Ha 3emuie OOETOBAaHHOM, T/ie BCE 3QJIUTO KPOBBIO.

Moryueii Pumckoit umnepun Criacutesnb He TpeOoBaicsi. OpraHu30BaHHbIE PUMCKHUE JIETHO-
Hepbl Haryio 3axBatwim O6eToBaHHy0 3emitio. PumiisiHe ka3HWM eBpeeB Ha Kpectax. Kpecrt — opy-
avie yOuicTBa.

Pumckwnii mpokyparop [unar npeacraisin co00i0 OKKYNAalMOHHYIO BiacTh 3emin O6eToBaH-
Ho#. [Tunat B 33 rogy HOBO# 9pbl BeprJl B O0KECTBEHHOE MPOUCXOKICHHUE MOTYIIIECTBEHHOTO MIMITe-
paropa Pumckoii umniepuu — Tubepust. Umneparop Tubepuii 4J1s MPOKYpaTOpOB — BCEBUIAIIAS CHIA.
s yepau, s mwiedbee Tudepuii — 6or.

Hummit kocmomonut XprcToc yTBEp K 1ai CBOE O0KeCTBEHHOE MpoucxoxaeHue. [Tunar paspe-
AT Ka3HUTh B TPUIIATh TPETHEM IOy COPOKA YETHIPEXJIETHETO Opoasry-XprcTa, KOTOPOTro HEMb3sI
ObLIIO CPaBHUBATH C OOKECTBEHHBIM TrOepreM.

Nmnepatopsl Puma nokopHBIX 00KECTBEHHBIX, M HETTIOKOPHBIX HEOOKECTBEHHBIX €BpeeB you-
BaJIU. [ paMOTHBIX €BpeeB — CTPOUTENeH, YUEHBIX, PEMECTIEHHUKOB, CBAIIIEHHUKOB PUMJISIHE YBOVIIH
B Pum.

B Pume paGbi-eBpen B 79 romy crpousmm Komuseit. Pumckuii Konmuseit moctpoen eBpesimu
Y Ha eBpeiicKue JeHbId. [IeHbr MoXUIeHbl pUMIISIHAMU U3 paspylleHHoro Mepycamima, 3071010
B3ATO U3 coKkpoBulll Hapst ColoMoHa.

Egpewn xum Ha 3emie O6eroBanHoi. OOeToBaHHAsT 3eMIIsl 9TO TOUYKA B3aMMOAEHCTBHS TPEX
HapooB, npousomeanmx or Cuma, Xama, Modera. Cum siBUIT KENTYIO a3UATCKYI0 pacy. XaM sIBUJT
yépHyIo appukanckyio pacy. Moder sBu Genyio eBporieiickyio pacy. BaaumoneiictBue 6enoit, Ken-
TOH 1 4€pHON pac sBrIO Ha 3emiie OOEeTOBAaHHON HEYHHUUTOXKMMOE EBPECKOe TIeMsI.

EBpen — reHepatopbl 4eJI0BEYECKOro TyXOBHOTO HavaJa.

33 rox Hamen SpbI

Pum o6pazoBan Moryuyio Pumckyio nvnepuio. B atom xe rogy pumckuii npedext Uynen,
[Innar npukasan kazHute Mucyca Xpucra.

622 ron. fIBieHune npopoka Myxxamena

Bor-Otenr eBpeeB fxBe-Meroa sBun bora CeiHa Xpucra. [letu-xpucrvaHe OTAAIMINCH
OT UyJIelicKol pesuruu. BzanmozencTere XpucTUaHCKol 1 nyaenckon peauruii sssuiio Menam. Cnoo
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«Autax» —uMs bora maromeran — uckaxeéHHoe cnoBo «leroa». Ho Maromerane u XpucTane HUKO-
raa HC IMPU3HAIOTCA, YTO (I)yHI[aMeHT IIUBUJIN30BAHHBIX YEJIOBECUYECKUX peJIHFI/Iﬁ HUCXOOUT OT €BPECB,
OT UYIEWCKON penuruu. B Haiie BpeMsi paivKaibHble BEpYOIUe YTBEP:KAAI0T CBOIO MPaB.y C IOMO-
IIbI0 YOMIACTB.

Bo Bpemena mpopoka Myxammesna yOMICTBO ObLJIO HOPMAJBHBIM CIIOCOOOM YTBEpKIACHUS
MPaBOTHI CUIIBHOTO.

K 632 roay Harre#t 3pbl B ucliaM 0OpallieHo HaceieHne ApaBUICKOro noiyoctpoBa. Hadanoch
pacrpocTpaHeHus uciama Ha Tepputopusix Asuu, Adgpuku, EBpomnsl.

Wcnam pazpenwin moaeit Ha MycyJibMaH, XpUCTUaH, OyJ/IMCTOB, UY/IEeB.

1560 rox namei 3pol. [loabma, UTanusa, Auraus, I'epmanust

470 ner Ha3aJ XpUCTUAHUH, MOJBCKUU acTpoHOM, MateMaTtuk Hukonann KonepHuk nokazadn,
YTO BCE-TAKM 3€MJI U IPOYME IIAHETHI BpaaloTcs BOKpyr ConHua.

Mpicip KonepHrka Hauan pa3BUBaTh WTAIbSHCKUN (PU3MK, MEXAHUK, aCTPOHOM, (rtocod
u MareMaTuk ['anuneo [amnen.

Korza 10 Bcero HErpaMOTHOI'O YE€JIOBEUECTBA JOLUIA MBICJIM MaTEMaTUKOB, IPOU30IILIA Hay4-
Has peBomonysa. Hayka v TeXHMKa HayajaM pa3BUBAThCS OBICTpee, CTPEMHTENbHEE, TI0 CPAaBHEHUIO
C MPOLWIBIMU BEKaMU. SIBMIIaCh KJIaCCUYECKasi MEXaHMKA aHIVIMMCKOro (pU3MKa, MaTeMaTuKa U acT-
poHoma Mcaaka HeloTOHa.

YenoBeuecTBO MOHANO, KaK ABUXKYTCA KPYIVIbE, BPAILAIOLIMECS TUIAHETHI.

Jlio0oMBITHOE YesIoBEYeCTBO Hayasl MPHBJIEKATh HEBUAMMBINA, Meapuadimii atoM. Kak oH
YCTPOEH?

1751 roa. Poccus

VYerpoiictBoM aToma 3auHTEpecoBaiuch poccusiie. 270 et Hazag Muxann BacuibeBuu JIomo-
HOCOB Ha3blBaJl aTOM «3JIEMEHTOM». MOJIEKyJIbl, O CyIIEeCTBOBAHMHM KOTOPHIX €lI€ HUKTO HE 3Ha,
Ha3bIBINCH y JIOMOHOCOBA «KOPITYCKY/IaMIU» .

1919 roa. DneMmeHTApPHBIE YACTHIIBI U SIIPO

HexkoTopble oau MOCBAIAIOT KU3Hb AJI1 Pa3BUTHS 3HAHUU O rpupope. Takux Jmoneit rmpu-
HATO HA3bIBATh «yYEHBIMU». YUEHBIE MTPEITIONOKIIN, YTO aTOM He SIBJISIETCS HeJJeTMMbIM, & COCTOUT
U3 KPOXOTHBIX JIEMEHTAPHBIX YACTHII.

B nmBammartom Beke, Omaromapst AybOepTy DUHINTEHHY, SIBUJIACh TeopeThdeckas (husmKa,
B KOTOPOU OOBSICHSUIUCH «JJICKPETHBIC», KBAHTOBBIC 3aKOHBI IBMKEHHS 3araJJOYHBIX JIeMEHTapHBIX
YACTHII.

Cro ner Hazaa DpHect Pesepdopn cozgai rmiaHeTapHyo Mojaesb atoMa. PU3MKM 1BaIATOTO
BeKa MPUCTYIIN K U3YYEHHIO «Cepliia» aToMa — 3araJIoYHOro aTOMHOTO Si/Ipa.

ATOoM

«Henenumplii» — Tak nepeBoauTCs € IpeBHEro s3blka 1oam Mimaasl u Onuccen clioBo «atoM».
HeBoopy:x€HHBIM 1 BOOPYKEHHBIM [JIA30M aTOM C €r0 SIpOM pasliIseTh Helb3s. Eciu yBeamuuTh
YeJIoBeKa Tak, YTOOBI OH CTaJl POCTOM C PaccTosiHUE OT 3emJin 10 JIyHbI, Toria KyJak yesioBeka Oyzer
pasmepoM ¢ 3eMHoi map. [losBATCA aTOMBI, U3 KOTOPBIX COCTOUT YE€JIOBEYECKOE TeJlo. Slipa aToMoB
OyILyT pa3MepoM C MaJleHbKHUI MsT4 [1sl MUHT-TIoHTa. O00I0uKa MSTIMKa — cpepa — epBbI SJIEKTPOH.
[Tonyunn MUHUMAaIIBHBIN pa3Mep aToMa BOIOPOAA.
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[Tpumepno, B 30 canTUMeTpax OT MsI4a ISl HACTOJIBHOTO TeHHHMCA, OyJIeT HAXOIUThCS MOCTIe]I-
HUU JIEKTPOH TAKENOro meMeHTa. Camblil JIETKUI JIeMEeHT — BOAOPOA. Y BOIOpPOJa OAUH aHTH-
MIPOTOH M OAMH 371€KTPOH. CaMblil TSAKEIBI XUMUYECKUN SJIEMEHT COCTOMT U3 278 HYyKJIOHOB
1 u3 112 snexktpoHoB. Eciv npuHATH, 4TO aTOM BOAOPOJA BECUT OIMH KUJIOTPAaMM, TOTJIa aTOM
Konepauiiusi, mocneqHero aineMeHTa TablIuIpl XMMIUUYECKHX 3JIeMeHTOB MeHeneeBa, OyJeT BECUTh
JBECTU CEMBJIECAT BOCEMb KMJIOTPAMMOB.

ATOMBI 3IEKTPOHHBIMHA OPOUTAMHU CLIETIEHBI OUY€Hb OBICTPHIM JIBHKEHHEM JIEKTPOHOB. DJIeK-
TPOHBI LITYCTPO IIHBIPSIOT MO OPOUTAM HECKOJIIBKMX aTOMOB, 00pa3ysi MOJIEKYJTy. DJIEKTPOHBI C/IABIIH-
BalOT HYKJIOHBI, OOBETUHSIOT OPOUTHI, 00pa3yst 0O0JIOUKY MOJICKYIIBI.

B ozHO# necumHKe KOMMYECTBO aTOMOB OMpeiesisieTcs g poii ¢ ceMHaanaThio Hyassmu. Kakos
CYMMapHBIH BEC NMECYMHOK, KOJIMUECTBOM aTOMOB B OHOM necunHKke? Takoe KOIMYecTBO MeCUMHOK
CYMMapHBIM BECOM CEMbCOT THICSY TOHH MOXET TIOMECTUTh B CBOMX TAHKAX TOJIBKO CyIIEpPTaHKED.

ATOMBI HEBUITUMBI, KaK e JIOIU JOTralajluch, YTO OHU CYILECTBYIOT?

fABNeHUe KBAHTOBOU TEOPHH

CoBceM HelaBHO, B BAIATOM Beke, Hemelkui (u3rk Makc [TnaHk, OputaHckuil (hpu3mk
HOBO3EJIaH/ICKOTO TpoMcXokIeHuss JpHect Pesepdopn, nmaruannH Hwiec bop, poxn€HHbIN
B ABctpun Bonbdanr [laynu, Hemenkuil ¢pusuk-teopetuk Bepuep ['eiizeHOepr u MHOrMe apyrve
Hay4yHO J0Ka3aJiy CyILECTBOBAaHUE aTOMa, KOTOPBIH, KaK 1 MPEAIOoNarajii, COCTOsI U3 JIeMEHTapHbIX
yactuil. Menpyaiiime sJieMeHTapHbIe YaCTHIIBI BeJIM ceOsl HeJlero, HapyIasi 3aKOHbI KJIACCHUECKON
MexaHuKu HpioToHa.

Ha cBer sBUach KBaHTOBasi TEOpHsi, KOTOpasi OOBSACHsUIA MOBEJICHUE ITUX HENOCIYILIHbIX,
HEBUIMMBIX KPOXOTHBIX KyCOUYKOB Matepuu. KBaHTOBast Teopus yTBEpiK/aia, YTo B CPee JeMEH-
TApPHBIX YaCTUI] JT100asl SHEPrusl MOMJIOMAETCS WK UCITYCKAETCs TOJIBKO JUCKPETHBIMU, KBAHTOBBIMU
nopuusaMu. Tak yTBEpKAaaM BEeK Ha3a[, TAK YTBEPXKIAIOT U CErOIHS.

Cro net Haza] (pU3HMKaMU ObUT OTKPBITHI CyOAaTOMHBIE YACTHIIBI, BCKPhITA COCTABHAS CTPYK-
Typa atoma. CTajo NpeesbHo SICHO, YTO aTOM B IEUCTBUTEIBHOCTH HE SIBJISIETCS «HEIEIMBIM>.

Mojgean atoma

Tak kak aTom ACTAJIBHO PAsIIAACTb HEJIb3d JaXKE B BHGKTPOHHLIﬁ MHMKPOCKOII, ABUJIUChb €r0
Moyiesii. BHauasie Moziesb mpeacTapisiiach MUPOroM, B KOTOPOM BK parlieHbl U3IOMUHBI — JJIEKTPOHBI.
3ateM sIBUJIACh TUIAHETapHAasi MOJIEITb. B rlaHeTapHON MOJIENH «TUTAHETHI sIpa aTOMa» — JIEKTPOHBI,
BpaIaJIMCh TI0 OpOUTaM BOKPYT siapa. Ha opduTax 31eKTpoHBI yaep:KuBajia He TpaBUTAIHS, a TIOJIO-
KUTEJIBHO 3apshKeHHOE SIPO. 3apsil ISPKUT MEKTPOHBI. Spo aTomMa MPUTATUBAJIO OTPUIIATE/IbHbIC
9JIEKTPOHBI, ¥ YACPKUBAJIO UX HA OPOUTAX.

Ho nonsitre «3apsii» He oTBeyaeT Ha TAKOU MPOCTOM BOIPOC: IOUEMY IEKTPOHBI HE MaIAl0T
Ha s1po?

Anepunas puzuka

B KoHI1Ie AeBATHAALIATOrO BEKa JII0AU O6H3py>I(I/IJ'II/I PadrnOaAKTUBHOCTb XUMHUYCCKUX IJICMCHTOB.
PannoakTHBHOCTh — HEBUAMOE CMEPTEJIbBHOEC U3JTYUYCHUC UCXOOUT U3 ypaHOBOfI pyHdbl. I/I3J'Iy‘~ICHI/Ie
9TO KaKasAa-TO SHCpFI/IH! I/ISHy‘ICHI/Ie He oca0eBaeT o UCTEYEHUHN JecAaTkoB JieT. Ha cBeT siBuach
Aorajika: B gpax aTOMOB TaUTCA SHCpFI/IH!
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I'mTiaep ycTaHaBIMBaeT HOBBIN MOPSIIOK

I'epmanus ycnenHee Apyrux CTpaH pasrajbiBajia 3arajiky arToMHoro sapa. Ha ocHoBe kBaHTO-
BOU Teopuu B I'epmannu nosBuiiack anepHas ¢usuka. Ho k Bnactu B I'epmanuu B 1933 rony npu-
men Anonsd ['utnep. Anonbd yrBep:kaal ;KMBOTHOE HAYaJIo YesloBeKa: yOuBai, yHUuTOxai cnadbix,
OOJIbHBIX, HEMOJIHOLIEHHBIX | BEDKMBaeT CHIIBHENIIINI !

VYcraHaBnvBast HOBbIN MOPAAOK KpoBaBoro damusma, [ umiep pa3pszai NpoTUB CBOETO U Apy-
I'MX HapOJIOB BOWHY. YU€HBIE, TaKue Kak DHHIITeNH, Oexam u3 [epmanuu.

HoBblil KpoBaBblil OPSAJOK, KOTOPHI YCTAHOBWII B 3aBOEBAaHHBIX cTpaHax ['wtiep, yHudro-
KW IeCATKY MUIJIMOHOB yesioBeK. Ho MBOTHOE Havyasio 4yesoBeka nmpourpaso. JJyXoBHOe Hayaio
0ObeIMHUBIINXCS O, 00beinHUBIIMXCS cTpaH: BemukoOputanuu, CIIIA u CCCP, yHUUTOXHIIO
KPOBaBbIil (palmsm, 1 yHUITOXKMIO camoro [ umiepa.

ATomMHas 6oM0a mMossBHJIACh B AMepHKe

Bexapmme u3 I'epmanun yuénsle nomornu CoeAMHEHHBIM INTaTaM AMEpPHUKHM CO3[aTh
B 1944 rony aromHyi0 60MOy.

T'opoa Xupocuma u ropog Haracaku cropesm B 1945 roay

B pesynbrate B3phIBa JIByX aMepHKaHCKHMX aTOMHBIX OomO Hax Xupocumon u Haracakw,
MOTUOJIO IBECTH THICSY YEJIOBEK.

AtomMHas 3aekrpocrannusi B CCCP

B 1954 rony nosiBuniach nepsasi B MUpe COBETCKasi aTOMHasl JIEKTPOCTAHLIUSA.
Jnst pu3MKOB ABAIIIATOrO BEKa aTOM OTKPBLT a0COIOTHO BCE CBOU CEKPETHI.
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I'naBa 2. CoBpeMeHHBIIl MAacIITA0 MOHUMAHMS IPHPO/IbI

Karacrpoda

26 anpens 1986 rona, mpousonuio HeoObsicHUMoOe siieHre. Ha HebocBone CCCP nokasanack
kometa ["annes. Y B3opBasicst 4eTBEPTHIA SHEProoyok YepHOOBUILCKON aTOMHOM 3JIEKTPOCTAHIIUH.
MupHBII aTOM BBIILIENT U3-TIO[l KOHTPOJISI YMHBIX COBETCKMX (PU3UKOB. HenocyiHblil aToM B3BUIICS
BBBICh U CMEPTEJIbHBIM JIKMHOM PaIMOAKTUBHOIO 00Jaka 3apasui 3eMHoi map. Paauanus obpazo-
BaJia JUTUIIC MEPTBOM 30HBI BOKPYT COBETCKOW aTOMHOW CTAHIIHU.

INouemy atom B30yHTOBAJICS?

CoBeTckue MOJMTUKY Y TeHEepasibl KPUYaiu Ha YMHBIX COBETCKMX aKaJIEMUKOB:

— Kro pazpenmn aromy 6yHToBath!?

[Moaxon k uHTepnperayu (hakToB U 0OCTOATENHCTB UepHOOBUILCKON KATaCcTpOhbl MEHSIICS
Cc TedeHueM BpeMeHU. PU3NKHU-aKaJeMUKHU C MUPOBBIMU UMEHAMU TO-Pa3HOMY OOBSICHSITU TPUYUHBI
KatacTpobl.

NHTe/UIeKTYaJIbHBIA KOJUIANIC AaTOMHOT0 BEKa

Ha ocHOBe 0ecTONKOBBIX OOBSICHEHW, Y TIPOCTBIX JIIOfIeH, Y OObIBaTes e, Y MeIlaH TMOsBU-
JIMCh MBICJIA O TOM, YTO COBETCKHE TOJIMTUKHU U TeHEepasibl — KapbepucThl. KapbepucThl TUIOaAT Kpe-
TI/IHOB-(I)I/BI/IKOB. q)I/I3I/IKI/I, 3THU 3ayMH]:»IC, BBICOKOOIJTAYNBACMBbIC y‘IéHbIe-aTOMH_[I/IKI/I - H€FpaMOTHbI,
Y HE 3HAIOT IOCKOHAJILHO CTPYKTYPY aTOMHOTIO SIApa.

Ecnmu Buaumyio mapoBuHyio popMy Halleu IIaHeThl YeIOBeYeCTBO OCO3HABAJIO B TEUEHHUE
JeCATH ThiCsTd 000poTOB 3emiin BOKpyr CoJHIIa, TO HEBUIUMOE, KOBAPHOE SIIPO aTOMa YIEHBIE-IHIe-
TaHTHI JIETKO U3YYWIU 32 CTO 3UM U JIET.

Mopaeau sigpa

Korpa omnacHoe s1po HEBUAMMOIO aroma He pas3IiisifeTh, OY€Hb TPYJHO HAWTH TaKyl KOH-
CTPYKLIMIO, KOTOpasi 0ObsICHsIJIa Obl BCE MPOLIECCHI, MPOUCXOASIIME B 3TOM KPOXOTHOM, KOBapHOM
SZIPBIIIKE.

Camas paHHsS KaneJabHasi MOJE/b WM TUAPOAMHAMUYECKAs MOJENb siApa OblIa MpeiokKeHa
Hunscom Bopom B 1936 rogy. 3ateM sSIBUIKCH CTATUCTUYECKAs MOJIENb, 000I0UeYHAsI MOJIENTb, 3aTeM
0000IIEHHAsT MOJIEJTb, CBEPXTEKyUask MOJEJ b, MUKPO MOJIEKYJISIpHASI MOJIEITb.

Ha ocHoBe 3TiX Mozienel 4enoBe4ecTBO TOYHO BBISICHUIIO, YTO MaTe€pHs B AIpe OUEHb IUIOTHAS
U TSDKENas.

IIpOoTOHBI 1 HEMTPOHDI

B nBaanaTom Beke BBISICHUIIOCH, UTO $1pa aTOMOB COCTOSAT U3 IIPOTOHOB U HEMTpPOoHOB. [Ipo-
TOHBl U HEUTPOHBI B SiipE Ha3BaId HyKJIOHaMu. OJHO KPOLIEYHOE SIpO aToMa ypaHa COAEPKUT
235 wnu 238 HykJoHoB! HykJIOHBI pUKJIEUBAIOTCS APYT K APYry ¢ orpomMHon cuioit. Kieit HykJio-
HOB — [JIIOOHHBIE TIOJIS.

Jlerko moTpeBOXEHHOE IVIIOOHHOE I0JI€ BBIAEJSIET PaJUOBOJIHBI, MHPPAKPACHOE U3JTyYEHUE.
Cger, yabTpadHOIET UCXOAUT OT ITIIOOHHBIX MOJEN.

CubHO NMOTPEBOXKEHHOE ITTIOOHHOE TOJIE pas3naraercs Ha paauaiuio. Kak ropopsar coBpemeH-
Hbl€ YUYEHBIE, B 3TO BPEMs [IPOUCXOAUT OTPBIB MPOTOHA OT HEWTpOHA. He 3HaloT coBpeMeHHbIe yué-

18



A. T'ymumH. «A30yka mudgpooit punocodpun. OrpdpoBKa aTOMOB XMMHUECKUX JIEMEHTOB»

HBIE, YTO [IPOTOHOB B SI/IpaX aTOMOB XMMUYECKUX JIEMEHTOB HET. AHTUIIPOTOHBI HAXOAATCS B siApax
aTOMOB XMMHYECKUX JIEMEHTOB.

CoBpemeHHas1 HayKa 3asBJISIET, YTO CYILECTBYET KPUTHYECKas Macca yucroro ypasna. Ecim
Maccy ypaHa BeCOM 3 KWJIOTpaMMa COEIMHUTbh C MAacCOW ypaHa BecoM 3 Kujorpamma, ypaH B30-
pBércs. CoBpemMeHHble (PU3UKM TOBOPSAT, YTO MPOU3OMIET LIETIHAsl peakis U pa3Je/ieHre TUIOTHBIX
snep ypaHa. OT HACUJIbCTBEHHOI'O COEIMHEHUS] — B3PbIB U Pa3/ieJIeHuE.

ViapHas BoJIHa Takoro B3pblBa pa3pyllaeT XpyIKHE YeloBeYecKue KuiaMia. Paspymienus
CTPOEHMI1 IPOUCXOAAT B PANyce MHOTMX KMJIOMETPOB. BO3HUKAIOT NOXkaphbl OT OrPOMHOM TeMIIepa-
Typbl. [ TTI0OHHBIE 1107151 TOTPEBOKEHHBIX HYKJIOHOB Pa3jiaraloTcsl Ha HEBUIMMOE CMEpTEIbHOE U3ITY-
yeHue. V3iryuenre yMHOKAeTCs, YHUUTO)Kas BCE KUBOE.

CmeprenbHOE M3TydeHre YepHOObUIS cefiuac MCXOOUT W3 3apakE€HHBIX 3eMeNlb YKpauHbI,
benmapycu u Poccun.

Oo6J1aKka 3JJeKTPOHOB U HEMOHSITHOE SIJIPO

UYepHoObLIbCKas KaTacTpoda MoKas3asa, YTo [Jis COBPEMEHHOTIO YeJIOBEUYECTBA OCTAETCS HETO-
HATHOM CTPYKTypa sipa aToMa. ATOM, B COBPEMEHHOM NMOHMMAaHUM, 3TO HAUMEHbIIAasi XUMHUYECKH
HeJeJMMas 4acTb XMMUYECKOTO JIEMEHTA, SIBJISIOIIASACS HOCUTENIEM €ro CBOMCTB.

dusuky yTBEpAKIAIOT, YTO aTOM COCTOMT M3 aTOMHOTO $/Ipa M OKPYXKAIOILErO €ro JIeKTPOH-
Horo oOJaka. SIkoObl sIpO aTOMa COCTOUT U3 MOJOKUTEIBHO 3apsKEHHBIX POTOHOB (?!), 1 He3aps-
JKEHHBIX HEUTPOHOB, a OKPYKaIOIIKE PO aTOMa 00J1aKa JIEKTPOHOB, OTPULIATENIBHO 3apsikeHbl. Kak
W3BECTHO, MOJIOKUTEIbHBIN 3aps/l NPUTATUBAET OTPULIATEIIbHBIMN.

KpacuBbie o6aka 31eKTpOHOB HEMPEPHIBHO KPYyXaT BOKPYT siapa. [ToHsTHBIE 0OnaKa 31eKTpo-
HOB, HETIOHATHOE SIIPO aTOMa, HEMOCTHKUMBIM 00pa30M MPUTSATUBAET.

Kakas popma y HyKJIOHOB?

C npuuymymuBbiME (hOpMaMU NIEKTPOHHBIX OOJIAKOB BCE Oosiee-MeHee sICHO: oOJlaka OHM
1 B Adpuke oomaka. C popMamul mpoTOHA ¥ HEUTPOHA OOCTOUT cliokHee. [IpOTOH y cOBpeMeHHBIX
(pM3BMKOB CO 3HAKOM «ILTIOC», TIOYEMY TOT/Ia OH MPOTOH a He aHTWNpoToH? 3aragka. OObsACHEHUS
YUYEHBIX O 3HAaKe MPOTOHA TaK ke OECTOJIKOBBI, KaK UX OOBsICHEHUsI MPUUMH YepHOOBUILCKOM KaTa-
CTPO(BI.

Jlo cux mop HeT AOCTOBEepPHBIX Mofelielt (hopm HykI0HOB. Kak n3BecTHO, KOMOMHAIIMU HYKJIO-
HOB U 3JIEKTPOHOB SIBJISIIOT aTOM, XUMHUECKHIA SJIEMEHT.

CKo0JBbKO BCEero XuMu4ecKnux 3JeMeHTOB?

BcenenHast cocToMT U3 aTOMOB, U3 XUMHUYECKHX IEMEHTOB. XMMHUYECKHIA JIEMEHT, B COBpe-
MEHHOM MPeJICTaBJIeHUH, TO AP0 aToMa U JeKTPoHHasA 00010uka. OJUH aTOM 3TO €IIE He XUMHU-
yecKui aneMeHT. Korjja MHOro aToMoB OIMHAKOBOW CTPYKTYPBI, TOT/Ia X COBOKYITHOCTb CUMTAETCS
XUMHUYECKUM JIEMEHTOM.

T'opHble OpO/BI, MUHEpAJIBl U IIPOYEe, STO Pe3yJbTaT CIUIaBa TUX CAMBIX XMMUYECKUX J1e-
MeHTOB. HecKosIbKkO pa3HbIX aTOMOB 0Opa3yloT MOJIEKYJIbI, U3 KOTOPBIX COCTOAT XUMUYECKHE Bellle-
CTBA U )KMBbIE OPraHU3MBI.

B 2010 romy yuénble oTkpbia 118 xumudeckux a1neMeHToB. Poccuiickue yu€Hble yTBEpKAAIOT,
yTO B AApe atoma 118-ro xumuyeckoro anemenra 118 nporonos u 176 HenrpoHOB. Beero, B Aape
118-ro snmemenTa,

118+176=294 HykI0Ha.
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118 31eKTPOHOB, Ha OINpPEAETEHHBIX OPOUTANISAX, HA OMPEAEIEHHBIX YPOBHSIX U TOLYPOBHSIX,
BpallaloTcsl BOKPYT sapa atoma 118-ro XuMru4eckoro 3jeMeHTa.

Ha nnanete 3emuts yuénble Hanwm 94 xumudeckux neMeHToB. OctaibHble 24 ObLIM TOJTy-
YeHBI C TIOMOIIBIO SIIEPHBIX PEAKTOPOB M OTKPHITHI C TIOMOIIBIO JOPOTOCTOSIIUX YCKOPHUTENen Jie-
MEHTApHBIX YaCTHII.

CKOJIBKO BCETO XUMUYECKUX JIEMEHTOB?

CymiecTByeT paciivpeHHasi IepuoandecKas Tadinia, B KOTopou 2 18 XMMUYEeCKUX 1eMEeHTOB!

N3o0TO0MnbBI

[MepBbIil XMMUYECKH# 1eMeHT Tabnuibl MenaeneeBa Bogopon. B siape atoma Bogopoaa, Kak
CUMTAIOT MOM COBPEMEHHMKH, OUH IPOTOH, BOKPYI KOTOPOIO Bpalaercss OguH 31eKTpoH. CoBpe-
MEHHBIE YUEHBIE TOBOPAT, YTO €CTh €LIE U30TOIBI BOAOPOA, KOrJa K MPOTOHY IPUJIMIIAIOT HEUTPOHBI.

Korna npotoH B Aape onuH, Toraa 3to npotuid. Korga K mpoTOHY NPWIKIT OMH HEUTPOH, TOrIa
3710 neutepuit. Ecim K MpOTOHY NPHIIMIUIO JBa HEUTPOHA, TOrJa 3TO TPUTHM.

[Iporuii, geritepuii U TPUTHIA YYEHBIE HA3bIBAIOT M30TOMIAMU BOIOpOJa. A e ke cam BoIopon?
Bonopon, ¢ Touku 3peHus aTencToB-YUEHBIX, CYIIECTBYET Kak Oor, B TpEX smnax. Bogopon sto mpo-
TUU, JEUTEPUN U TPUTUH. TPUTHI K TOMY k€ PaJUOaKTUBEH. DJIEKTPOH, Y BOAOPOJA B TPEX JIMLIAX,
BCET/la OIMH.

ABTOp CUMTAET, YTO BOJOPOJ ITO MPOTUH, & AEUTEPUN U TPUTHI STO U30TOIBI BOIOPOJA.

CKOJIBKO HEUTPOHOB MOJKET NPWIEIMTLCA K OXHOMY IPOTOHY? MakcumyM nBa? A MoOXeT
necats? Kak nmogcunraTh MakCMMaJIbHOE KOJTMUYECTBO U30TONOB XUMUYECKOTO /1eMeHTa? ¥V coBpe-
MEHHOU HayK{ Ha 9TU BOIPOCH TOJIKOBOI'O OTBETA HET.

CoBpemeHHbIe (PUBUKH 3asIBIISIOT, YTO JIEKTPOHBI HAJL SAPOM aTOMa PacrionaraiTcst 00JakamMu
110 KBAaHTOBBIM YPOBHSIM U MOy poBHsIM. COBpeMeHHas HayKa YTBEPK/AAeT, 4TO Ha YETBIPEX 000JI0Y-
kax K, L, M, N cymecTtByer onpenenéHHoe Jucio opoutayieit. Ha kaxkiol opOuTaim MOXeT Cylie-
CTBOBATb IPEAEIBHOE YUCIIO IEKTPOHOB.

Yucio opOuTasieil Ha YeTHIPEX 000I0UKAX

K,L,M,N-1,4,9, 16

IIpenenpHOE YHCIIO STEKTPOHOB HAa ITUX YETBIPEX OPOMTAIISAX:

2,8, 18, 32.

KomuuectBo nmomgypoBHei 000104eKk atoma

1,3,5,7.

MakcumasibHOE KOJIMYECTBO JIEKTPOHOB HA MOAYPOBHSAX

2,6, 10, 14.

HazoBy ypoBHAMU, Ile pacIonaraioTcs J€KTPOHBI B TAKOM MOPSIJIKE:

2,8, 18, 32.

Toraa nogypoBHU pacnosnaralorcs Tak :

IlepBeIil MOLYpOBEHb paBEH NIEPBOMY YPOBHIO.

2=2.

Bropoit ypoBeHb COCTOUT U3 IBYX MOAYPOBHEN:

2,6.

2+6=8.

Tpetnii ypoBEHb COCTOUT U3 TPEX MOAYPOBHEN:

2,6, 10.

2+6+10=18.

YeTBEPTHIN YPOBEHb COCTOUT U3 YETBHIPEX MOy POBHEN:

2,6, 10, 14.

24+6+10+14=32.
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MakcrManbHOe KOJTMYECTBO IEKTPOHOB HA YPOBHSX XapaKTepu3yeT MOHATHE 3aBEPLIEHHOM
000s10uKM aToMa. Eciii 371eKTpOHOB B XMIMUYECKOM 2JIeMEHTe Ha YPOBHE MEHbIIIe MAKCUMYMa, TOT/ia
3Ta 000JI04Ka He3aBePIIEHHAS.
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I'naBa 3. Apucpmernka nucpposnoit puaocodpun

Kpyrasbie popmyabl TasAT KO NPUPObI

IToyemy-To MaTeMaTUKH 0 CUX MOP HE 3aMevalli, YTO B MPOCTEHMIINX «B KPYIJIbIX» (hopMyJIax
JJIMHBI OKPYKHOCTH, TUIOIIAAM Kpyra U IUIomaau cepsl uncioBoe 3HaueHue B 201 equHuIyy pox-
JaeT YMCII0 C KOHEYHBIM KOJIMYECTBOM LM(p TOCIe 3arsTol. SBIseTcss KBaHTOBOE YHCIIO, OIU3KOe
K umucity 7T, paBHOe 3,140625 eqununbl. Ha onpenei€éHHbIX paguycax KBAHTOBOE YMCIIO CO3/IAET €U-
HUYHbIE KOJIMYECTBA, KOTOpbIE COBIAJAIOT CO CTPYKTYpOi 000JI0UEK aTOMOB XMUMHUYECKUX JIEMEH-
toB! Hanpumep, B popmysie miommaau cepsl, npu paguycax 4, 8, 12, 16 pesynsrar popmyin Oyaet
201, 804, 1809, 3216. Eciu npunATs, uto 201=1, TOraa nony4y pe3yJbrar:

1,4,9, 16.

B ¢opmyrne miomany kpyra Bcé OyeT TOYHO Takke, HO TOJbKO HAUMHAs ¢ BOCBMOTO Pajinyca,
yepe3 BOCEMb €JUHUI] paJuyca.

PopMmya AIMHBI OKPYKHOCTH, € IIOMOILBI0 KBAHTOBOT'O Yucia, paBHoro 3,140625 asut konu-
4YecTBO MOAYpPOBHeN obonouek aroma 1, 3, 5, 7.

Yucno 201 B popMynax JIMHBI OKPYKHOCTH, TUIOLIAAM Kpyra, IIIoMmaau chepbl BeIET ceds
KaK 3JIEKTPOH !

CoBpemeHHas HayKa, U3ydasi JIEMEHTApHBIE YaCTULBI, BHIHYKJIEHA CUUTATh JEKTPOH €AUHU-
neil. Macirad u3ydyeHus 3JIeMEeHTapHbIX YacTHIl y COBPEMEHHOW Hayku MeJoK. [Ipu menkom Mac-
mrade rodyca y3kue apBarepbl ABMKEHHS IEMEHTAPHBIX YaCTHI] HE PasIyIs/ieTh.

DNIEKTPOH aBTOPA B BECTH OJMH pa3 Oosbliie!

C noMo1bI0 MPOCTENIINX «KPYIIIBIX>» (POPMYIT aBTOP MOIYYMJI KPYITHbIA MaciuTad A1 usyue-
HUS1 CBOWCTB 3JIEMEHTAPHBIX YACTHII.

YT00bI HATH HCTHHY, HAJ0 TPYAUTHCS BEYHO

Maremarndeckue NeicTBUsI, KOTOPBIE UCCIIe0BATEb OyJeT MPOBOIUTh C TIOMOIIBIO KBAHTO-
BOro0 yrcia papHoro 3,140625 OyayT o3Ha4aTh MOBEICHNUE JIEMEHTAPHBIX YACTHIL B Pa3JIMYHBIX YCIIO-
Busix! ccnenoBaremo octaérest TOJBKO pacipoBbIBaTh PABEHCTBA HA OCHOBE KBAHTOBOT'O UHCIA,
paBHoro 3,140625 eauHuUIIBI.

HctuHHOE 4ncio st paBHO

3,1415926535897932384626433832795....

Yuco st Gomblre uncia, papHoro 3,140625. VctrHHOE uncnio 5t OeckoHeuHo. UToObl HallTu
Bce OECKOHEUHbIE YMCIIa TPAHCIIEHICHTHOTO YMCIA JT, YTOObI HAWTU UCTUHY, HAJIO TPYAUTHCS BEYHO.
B HaCTOAIEEC BPEM S BBIYUCIICHO ITATH TPUJIJIMOHOB 3HAKOB YMCJIa TT ITOCJIE 3arATOMN. ABTOP HE BEUYCH,
Mo3TOMY Oy/IeT PyKOBOJICTBOBAThCS UKC/IAMU ¢ KOHEYHBIM KOJTMYECTBOM (P TOCIIe 3ansATON.

Y10 TaKOE «QaHTH» U «HE AaHTH»

Yucno 3,140625 menbiie uncna st. Byny cuutare, uyto umcno, paBHoe 3,140625 enuHuUIb
«HE aHTHU».

Yucno, paBHoe 3,15625 Gosbiue yncna st. Byay cunrars uncio 3,15625 310 «anT». Bonbiie
HCTHHBI 3TO «aHTH».

MeHblile UCTUHBI 3TO «HE aHTW». AHTU M HE aHTU, KBAHTHl M AHTUKBAHTHl BOSHUKAIOT y MEHS
13-32 OECKOHEYHOUN UCTUHBI KOTOPOH HEBO3MOXKHO TOCTUYb.
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DNEeKTPOHBI, IPOTOHBI, AHTUIPOTOHBI HEUTPOHBI, U TIPOUUE IEMEHTAPHBIE YACTULIBI, UCXOAS
U3 Kpy[ibIX popMyil, (pOPMUPYIOTCS BBIHYKAEHHO, U3-32 HEPABHOBECHBIX MATEMATUUECKHX 3aKOHOB.

PyHJaMeHTAJbHbIX B3aUMOI€MCTBUI YeThIPe

DNEKTPOH — IEMEHTApHAs YacTULA. DJIEMEHTAPHbIE YACTULIBI, KaK JIIOAU, BBIHYKIEHBI B3a-
MMOZIEVICTBOBATh ApYr ¢ ApyroM. CyIlECTBYIOT HECKOJIBKO THIIOB B3aMMOJEHCTBUS JIEMEHTaPHBIX
yactull. Ha ceronns, Ha 2010 roa, U3BECTHO O CYIIECTBOBAHMU YETHIPEX (DYH/IAMEHTAJIbHBIX B3au-
MOIEUCTBUM.

ITO rpaBUTAIMOHHOE, C1ad0e, SEKTPOMArHUTHOE U CUIIBHOE.

CMelo peinoIoKUTh, YTO YEThIpE KPYIIIbIX (pOpMYIIbl HECYT B cebe MH(popMaLuio (pyHIaMeH-
TaJIbHBIX B3aumozaercTeuii! Ko mprpoapl TauTcs B IPOCTENIIUX KPYIJIbIX (popmyrnax !

dopmyna JUIMHBI OKPYKHOCTH HECET B ceOe MH(OPMALIMIO I'PABUTALIMOHHOTO B3aUMO/IEICTBHUSL.

B ¢opmyrne mtormaau kpyra nHgopManus c1adboro B3auMOEHCTBUS.

B ¢popmyne mtomaam cepsbl — HHGOpPMALMS JIEKTPOMArHUTHOTO B3aUMOJEHCTBUS.

dopmyna 00bEMa 1mapa BhIHYKAEHA HECTH B cebe MH(OPMAIIMIO CUIIBHOTO B3aNMOJICHCTBUSI.

P opmyJbl JJIUHBI OKPY:KHOCTH, IUIOMAAN KPYra, IJIoIaau
cchepsl onpeaeasaoT popMbI 00JIAKOB JEKTPOHOB

Kpyriisie ¢hopmysibl SIBIISIOT BpallieHHe Kak MepBUYHBIA BU JBIKEeHM. 3arajaka ¢hopm ooma-
KOB JIEKTPOHOB C TMOMOIIBI0 MaciTaba MUHUMAJIBHBIX KPYIJIBIX (DOPMYJ pasrajiblBaeTCsi MpPOCTO.
®opmbl KOMblA, «IUCKa», cepbl — BbIHYXKAEHHbIE (DOPMBI JIEKTPOHOB. DJIEKTPOH CTPEMMTCS
K MUHUMAaJILHOU (hopme.

Enunuiipl a51eKTpoHa BeIHY:KAEHBI IBUTaThCsl K UICTUHHOMY PaBHOBECHOMY 3HauyeHMI0. McTuH-
HOE paBHOBECHOE 3HAYECHUE — OECKOHEYHOE, HEIOCTHKUMOE TPAHCLIEHEHTHOE YUCIIO T, MK OECcKOo-
HEYHOE YUCII0, PABHOE

647=201,06192...

WcTuHHBIA TpaHCLIEHAEGHTHBIN pe3yJbTaT pOpMyJl, PaBHBIN, HaIpUMeEp, MO (popmyJie ITMHBI
OKPYKHOCTH, ITpU paguyce 32:

21tx32=201,06192... equHULIBL.

Ecnu kopoue, Torga 64.

DnekTpoH, paBHbIN 201 equHMUITY, BHIHYXJICH BPAIIaThCsl ¢ MEHBIICH CTOPOHBI OECKOHEYHOTO
yucia, pagHoro 201,06192. .. equnuipl. Y MeHblIeN CIMPAIbHOCTH YUC/a 3apsij OTPULIATESIbHBIN.

VY no3utpoHa MOJOKUTEIbHBIA 3apsijl, MOJOXKUTENbHbIM MMO3UTPOH BBIHYXKJEH BpallaTbCs
B MPOTHUBOIIOJIOKHYIO CTOPOHY ¢ OoJiblliel cTOpoHbl OeckoHeuHoro umcna 201,06192. ... Tlosurpon
6onpine uncaa 201,06192.... Yucno no3utpoHa, HanpumMep, paBHO uucity 202.

DNEeKTPOHBI B aTOME JIBMKYTCS BOKPYT si/Ipa, MOSTOMY «IUIOMIAIb Kpyra» — MUHHMAJbHasI
opma «aUCK», y KOTOPOH B CepelIMHE OKa3aJIOCh SIPO aTOMa B MUHUMAJIBHOM chepe IeKTpoHa
uckaxaercsi. MuHuManbHas cepa 1o cepa paguyca YeTblpe, IUIOIAbI0 ABECTH OIHA EMHUIIA.
B 31011 chepe BbIHYkIEHBI pa3MelaThCsl HYKJIOHBI SApa aToMa.

DnekTpoHbI B hopme cepsl, IO KPyra, JJTUHBI OKPYKHOCTH MeK COO0N KOH(IIUKTYIOT.
3amMaHuMBasi MUHUMaJIbHAsI IUIOLIA/b BBIHYK/AEHA SIBJISATH NPUYYLJIMBbIE MUHUMAaJIbHbIE (DOPMBI-
JIEIECTKY JIEKTPOHHBIX O0JIAKOB HA MUHUMAJIBHBIX pajIiycax CyIIeCTBOBaHMUs 1eKTpOoHOB. [Lnoc-
Kas IUIOLA/lb Kpyra BbIHYk/IEHa C/IaBIMBAaTh MUHUMAJIbHYIO, LIEHTPAJIbHYIO cbepy, KoTopasi «He3a-
KOHHO» 3aHSJIa «4yXyl0» IIEHTPaJbHYIO YacTh MIPOCTPAHCTBA IUIOCKOH Iuiomaau. [lnockas gpopma
UCKaXaeTcs, BN (POPMBI «TaHTENIEN», «BOCBMEPOK» U T. II.
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Cdepa crpemMuTcs K UCTHHE, U3MeJbUasi B CBOUX Helpax Hernomxoasnryio mudups. Chepa
yricoMm 201 «u3roTaBImMBaeT» B CBOEM MPOCTPAHCTBE OeCKOHEYHOe uucio, papHoe 0,06192...enu-
Hutpl. Cpepa CTpEMUTCS K UCTUHE YMCIIOM, PaBHBIM

64n1=201,06192... equHULIBL.

KBaptupHslii Borpoc McKaxaeT (OpMBbI 2J€KTPOHHBIX OOJAKOB, CTPOUT MPUUYJIUBOE SIIPO
aToma.

Kusble 1 HeKMJIbIe PaNyChl
CylIeCTBOBAHUSI dJIeMEeHTAPHbIX YACTHI]

Kak onpenemuTs, XKUI0M paanuyc CynieCTBOBAHUSA IEKTPOHA, WM HEXNI0M? OUeHb ITpoCTo.

Eciu 4ncio nenurcs Ha eAMHULYY C KOHEUHBIM KOJTMYECTBOM YHMCEJI ITOCIE 3AIISTOU, TAE MOCIIE-
HAA 1dpa S, TO 3T PagryChl KUIIBIE.

Ecnm momy4aercsi TpaHCIEHIEHTHOE YHCJIO WIIM YHCIO ¢ OSCKOHEYHOM WETblo IU(dp, STOT
paanyc HeXUJION.

[Ipumep:

Kunbie panuycsr: 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024.

15=0,5.14=0,25. 1/8=0,125. 1/16=0,0625. 1/32=0,03125. 1/64=0,015625. 1/128=0,0078125.
1/256=0,00390625. 1/512=0,001953125. 1/1024=0,0009765625.

Hexwunwie paguycst: 3, 6,7,...,24 u T. 0.

1/3=0,3 (3) ... 1/6=0,16 (6) ... 1/7=0,142... 1/24=0,0416 (6)...

Paguycet 5, 10, 20 1 T. 11. ABJIAIOT KOHEUHBIN PE3YJIBTAT, HO OTJIMYHBIN OT PAAMyCOB [1Ba, YETHIPE
UT. A

Hanpumep, 1/5=0,2. O6bsicHeHHe oM STUX PaMyCOB IPH MEPEX0e JEKTPOHOB C YPOBHS
Ha ypOBEHb OOBSCHIO MO3XKeE.

YroaoBHoe A€J10 MPOTHUB IJIEMCHTAPHbLIX YaCTHIL

CoBpeMeHHasi HayKa, MOPOAMBINAS YEPHOOBUIbCKYIO KaTacTpody, CUMTAET, YTO HA ypOBHE
MUKPOMHpA I'PAaBUTAIIMOHHOE B3aUMOJICHCTBUE CaMOe CJ1ad0e M BO B3aMMOJIEHCTBUSX JIEMEHTAPHBIX
YACTHII MTPAKTUYECKH He mposiiiseTcs. CoBpeMeHHbIe (DU3WKU BEPST, UTO MPU HU3KUX SHEPTHSIX,
B JIyXe KBAaHTOBOW TEOPHH TIOJIsI, TPABUTAIIMOHHOE B3aUMOJIEHCTBHE MOXKHO MPEACTABUTh Kak OOMeH
IPaBUTOHAMH — KATUOPOBOYHBIMHU OO30HAMH CO CITIMHOM JIBA.

Oo1m1ast Teopysi OTHOCUTENIBHOCTH AJlbOepTa DUHINTENHA 3a5BIISIET, YTO CYIIECTBYET rpaBUTa-
[IMOHHOE M3JTyYeHHEe, HAJIMYME KOTOPOTO JI0 CHX MOp He MOATBEPXKIEHO MPSMBIMH HAOTIOICHUSIMU.

[NonTBepkAeHBI TOJBKO MHOTOYMCJICHHBIE 4YeJIOBEYECKHUE >KePTBbl YEPHOOBUIHLCKOW KaTa-
CTPO(BI.

OTKpOIO YrooBHOE JIeJI0 IO OOBUHEHUIO 3JIeMEHTapHBIX YacTull. Heo6xoaumMo HailTH U Haka-
3aTh BUHOBHYIO B YePHOOBLIBCKON KaTacTpode JIeMEeHTAPHYIO YaCTHILY.

YuuHio cnencrBue Ha ocHOBe unciia 201.

JImMHa OKPYKHOCTH HecET B cede MH(pOPMAIIMIO TPABUTAIIMOHHOTO B3auMOJeNCTBUs. MIcTHH-
Hasl JJIMHA OKpYykHOCTH uncioM 201 HaxoauTcs Ha 32-M pajauyce:

21 x 32 =201,06192....

[Tpu GeCKOHEYHOM YHCIIe TT LEJIOro 3HAYSHUsI AJIMHBI OKPYKHOCTH HE MOy YHTh.

Bo3bMmy «mopiuio» 4ucia 5, ero KBaHTOBOE 3HaueHue, papHoe 3,140625 eaununsl. [Tonyyaio

LIEJIBIA pe3yIbTaT:
201=2x3,140625x%32.
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DNeKTPOH B LieNbIX Ludpax, B GopMe OKPYKHOCTH, TOUHEE, B (pOpME KOJbLIA OTHICKAJICS
HAa MUHUMAJILHOM pajryce, paBHOM Tpuauatu 1ByM. Toraa 3HayeHue, papHoe 3,140625 3to Hekwmit
kBaHT! YaBoeHHOe uncio 6,28125 Toxke KBaHT.

B KBaHTOBOM UYHMCJIOBOM paBEHCTBE JJIMHBI OKPYKHOCTH

201=6,28125x32.

s1 IOJKEH HaWTH IPaBUTALIMOHHOE U3JTy4YEeHHUE, IPaBUTOH, IIOKA3aTh CIIMH rpaBuToHa. Mmm noka-
3aTh HECOCTOSITEILHOCTb 3TOT'O IIPOCTEHILETO PAaBEHCTBA B TAKUX CJIOKHBIX UCCIIEAOBAHUAX, KaK U3Y-
YEeHHUE JIEMEHTAPHBIX YaCTHII.

Wcxons w3 Oruku coBpeMEHHBIX YYEHBIX, eciu yncio 201 31eKTpoH, Torna rpaBUTOH 3TO
qucio 6,28125.

OThICKaJI0Ch HEUTPUHO!

COBpeMeHHbIe (I)I/ISI/IKI/I 3ad4BJIAI0T, YTO CJ'Ia6OC B38.I/IMOJ1€fICTBI/IC SHAYUTCJIIBHO CHUJIBHEEC FpaBI/I—
TalITMOHHOTI'O. COBpeMeHHaH HaYKa YTBer(I[aeT, qTO CJ'Ia6OC BSaI/IMO,HefICTBI/Ie ABJIACTCA KOpOTKOILCfI—
CTByIOH_II/IM — OHO HpOHBJ'IHeTCH Ha paCCTOHHI/IHX, 3HAYUTCIbHO MCHBIIINX pa3Mepa dTOMHOI'O ;mpa.
B c1abom B3auMOIEHCTBUY YUaCTBYIOT HEHUTPUHO.

Yto HpOI/ICXOI[I/IT B ;mpe aToOMa MOXKHO paCCMOTpeTb TOJIBKO B OHpeI[eJ'IéHHOM MacmTa6e.
He cornamnyck ¢ coBpeMeHHOW HayKoW, U Oydy yTBEpXKAaTh, U4TO ciaboe B3aMMOIEHCTBHE TPHCYT-
CTBYET U MPY U3MEHEHUH (POPM JIEKTPOHOB.

Nudopmanmio cnadoro B3auMoaeicTBUsl HECET B ceOe Kpyrias ¢opMyna IUIOMAAN Kpyra.
ITnomanp kpyra B 201 eauHULy OTHIILETCA ITPA PaJyce PABHOM BOCBMHU:

201=3,140625x8>

B 3TOM 4KCIO0BOM PaBEHCTBE $ AOJIKEH HAUTH HEUTPHUHO, CIIMH HEUTpUHO. HykHO HaillTh aHTH-
HCfITpI/IHO M IIOKAa3aTh Y1CJIOBOE, BbIHy>KI[eHHOC 3HAYCHUEC MaTepI/II/I; MaTepI/II/I TOI'O KOJIMYECTBA, KOTO-
PbIM OOMEHMBAIOTCSI aHTUHEUTPUHO U HEUTPHHO.

I/ICXOILH N3 JJOTMKHU COBpeMeHHbIX y‘{éHbIX, €CJIM YHUCJIIO 201 SJICKTpOH, HCfITpI/IHO 9TO YUCIIO
3,140625.

JIeKTPOMArHUTHOE B3aNMO/ielicTBHE H 0€3MacCOBbIi 0030H-(OTOH

C TouKM 3peHHs] COBPEMEHHOI KBAaHTOBOM TEOPUH MOJIs1 IEKTPOMArHUTHOE B3aUMOENCTBUE
MepeHOCUTCs1 6€3MacCOBBIM 0030HOM — (pOTOHOM. M3 (pyHIaMEHTATBHBIX YaCTUIL B JIEKTPOMArHUT-
HOM B3aUMOJIEHCTBUY yUYaCTBYIOT TAKXke MMEIOIIHEe NEKTPUUECKUIA 3apsi/l YaCTUIIbL: KBApKH, JEK-
TPOH, MIOOH U Tay-YacTHIIA, a TAK)KE 3apsiKeHble KaTMOPOBOUHbIE OO30HBI.

B coBpemenHo#1 Hayke cyiecTByeT CTaHgapTHast MOJIENTb — TEOPETUYeCcKask KOHCTPYKIHSI, O~
ChIBAIOIIAsT MEKTPOMATHUTHOE, C1a00e M CUIIbHOE B3aMMOAEHCTBHS BCEX JIEMEHTAPHBIX YACTHII.
Ho CranpmaptHas mMonens He BKJIOYaeT B ceds rpaButaiuio! B CranmapTHON MOJETU CyIIeCTBYET
TPU THIA KaTMOPOBOYHBIX O030HOB: (pOTOHBI, W- M Z-0030HHI U TMIOOHBI. KaXIpIlii TUIT COOTBET-
CTBYET OJIHOMY U3 TPeX ONUChIBaeMbIX B paMkax CTaHAapTHON MOJIEIN B3aUMOJEHCTBUI: (DOTOHBI —
KaJTMOpOBOUHBIE OO30HBI MEKTPOMATHUTHOTO B3auMopehcTBusi, W- 1 Z-0030HbI MEPEHOCAT Clla-
00e B3aMMOJICHICTBYE, a TIIOOHBI TIEPEHOCAT CHIIbHOE B3auMozencTBue. M3-3a koH(paliHMeHTa 130-
JIMPOBAHHBIE TIIOOHBI HE MOSIBIISAIOTCS MPU HU3KUX SHeprusix. KoHpaltHMeHT — jxeaHue yeoBeye-
CTBa TIOJTyYUTh KBAPKU MIPU OOBIYHBIX SHEPrusaX. M3 KBapKoOB, Kak yTBEpXkKIaeT COBpeMeHHas HayKa,
COCTOSIT HYKJIOHBI, TO €CTh IPOTOHBI U HEUTPOHBI. [Ipy HU3KUX SHEPrUsiX, 3asBIsET COBPEMEHHAs
HayKa, BO3MOKHO HaOMIOJICHEe MACCUBHBIX TITIOO0JIOB, CyIleCTBOBaHUE KOTOPBIX Ha 2010 roj skcre-
PUMEHTAILHO HE MOITBEPIKACHO.

3amedy, 4To (PUBUKHU MPUIYMAU CTOJIBKO MYyAPEHBIX CJIOB, UTO OHU MEIIAI0T COOOpakaTh Orre-
paropy UepHOOBUTLCKON aTOMHOM IeKTPOCTAHIIVH.
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He Oyny mpumyMbIBaTh «Imo00SIb», TIOKAa PYKOBOJCTBYIOCH IPOCTeNIIel (hOpMYJIoH TIOImaan
cepsl. Yuco 201 B momaay cepsl Hailly Ha MUHUMAQJILHOM pajiiyce, pPABHOM UYETHIPEM:

201= 4x3,140625x4>
WIN

12,5625x4°=201.

Kpyrnas ¢popmyna siBisieT YnciioBoe paBeHCTBO

4 x 4% =201,06192....

YucnoBoe paBEeHCTBO MpeBpalaeTcsi B KBAHTOBOE PAaBEHCTBO:

12,5625%16=201.

B kBaHTOBOM paBeHCTBe Kpyriior (hopMyJibl TUIOMAAN chepsl s TOJKeH HAUTH Oe3MacCOBBIN
0030H — (POTOH, KOTOPBII Y4acTBYeT B JIEKTPOMArHUTHOM B3auMonercTBuu. OmpenenuTs CIvH
6030Ha. YUTo emé MOKHO OTBICKATh C TIOMOIIBIO TPOCTOro paBeHcTBa? OTpUIATEIbHBINA 3apsi] J1eK-
tpoHa! Heobxonmmo HallTh YyncIeHHOe 3HaueHue 3apsijal

Wcxonst u3 MOTUKYM COBPeMEHHBIX YUYEHBIX, ecii unciio 201 3meKkTpoH, Torma 0e3mMaccoBbIi
6030H — (OTOH 3TO uncio 12,5625.

CuniabHoe B3anMogencraue

CoBpeMeHHas HayKa YTBEpXKIaeT, YTO CUJIbHOE B3aMMOJICHCTBHE AEHCTBYET B MacIlTadax
aTOMHBIX $I/IEp U MEHbIIIe, OTBeYast 3a MPUTSKEHUE MeX/ly HYKJIOHAMU B SIApaX U Mek/1y KBapKaMu
B aipoHax. B cuIbHOM B3aMMOJIEVICTBUM YYACTBYIOT KBAPKU U INIIOOHBI, & TAKKE COCTABJICHHbIE U3 HUX
3JIeMEeHTapHbIe YaCTHIIbl, HA3bIBAEMbIE a[POHAMHU.

ITo yTBepskaeHmIo apTopa MH(pOpMaLIU sl CUIILHOTO B3aUMOJEUCTBUSI TAUTCS B KPYIJION hopMyIie
oOobéma mmapa. Ho 00bém mapa urciom B 201 equHUITy TaKoB:

201=4/3%3,140625x3,6342.. 2.

Pamuyc cymectBoBanus mapa o0bémom 201 equnuiry paBeH 3,6342... eMUHUIBI — TPAHCICH-
AeHTHoe HeonpeaeneHHoe uucio. [larkuii paguyc! Ha maTtkom paauyce map Matepuu He yiepxkaTb.

[pu paguyce mapa paBHOM 3, TIOJTy4al0 00bEM:

4/3x3,140625x3% = 113,0625.

3ameuato, 4To 1uionaas cepsl paauyca 3 Toxe paBHa TakoMy ke ducity. OObEM U IuIomaah
COEAVHWINCh Ha paaunyce 3 U sIBUJIM YETBEPTOE U3MEpeHHe. S HAIIEN MPUYKHY SBJIEHHUS ATOMHOIO
anapa. Ho ato Hago nokasare. Yucno 113,0625 Hukak He coBMecTuTh ¢ unciiom 201. Yucno 201 sto
anekTpoH. CHIbHOE B3aUMOJIENCTBYE JIEWCTBYET B MaciiTabax aToMHbIX sigep. Hano Opath MeHbIIMiA
panuyc.

Bospmy panuyc 1mapa paBHbIi 1ByM enuHHIaM. [Ipy 5TOM BapraHTe MOMy4alo Takoi 00bEM
apa:

33,5=4/3x3,140625x2°

201/33,5=6

Uucno 201 «pa3dunock» Ha 6 mapos o 33,5 enuHUIIBL. DTO criibHOE B3aumozeiictue? Torna
B 9TOM YHUCJIOBOM PAaBEHCTBE sl JOJKEH HAWTU, HAllpUMep, TIIOOHBI. [JTI0OHBI, KaK CUMTAET COBpe-
MeHHasi (PU3MKaA ITO NEMEHTApHbIE YACTUIIbI, SBJISIONIMECS MPUYMHON B3aUMOJIEHCTBUSI KBAPKOB,
a TaKk’ke KOCBEHHO OTBETCTBEHHBIE 32 COEIMHEHUE MPOTOHOB U HEUTPOHOB B ATOMHOM SIIpe.

Jo kBapkoB s emié He noopascs. CuuTaio, YTO CUJIbHOE B3aUMOIEUCTBUE COEIMHSIET HENTPOH
1 aHTUNPOTOH. C MOEW TOUKM 3pEHUS1, HEUTPOH U AHTUITPOTOH BbIHYKIEHBI COEUHSATHCS C TOMOILIBIO
[JTIOOHOB U TJIIOOHHBIX MoJieit. [ToaToMy B UMCIIOBOM paBeHCTBE

33,5=4/3x3,140625x2°

Oy/ly UCKaTh TJIIOOH U IMooHHOe Tosne. [Touemy?
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[Toromy 4uto uymncieHHOe 3HaueHue 33,5 eAuHuIIbl B 1IeCcTh pa3 MeHbie uncia 201. Beé uro
MeEHBITIe JIEKTPOHA STO BOJHBI WJTH TTOJIA.

N3 uucna 201 momyumn mecth mapoB oObéMoM 33,5 enuHuipl. Vv Tpu mapbl IapoB
1o 67 1ebIX eIUHMII B Kax 101 ape. Ha30By 3T MapUKY TIIOOHHBIMU TIOJISIMU CBSI3M HYKJIOHOB.

Henpiit map — nesnoe yncno. Yucna 33 u 34 yucna uenble:

33+34=67.
33=4,125%x23
34=4,25x23

[Monyuwn rimooHHoe 1os1e B 33 eUHUIIBI M AaHTUTITIOOHHOE T1071e B 34 enunHuilbl. Toraa mo gop-
MyJsie 00bEMa 11apa npu paguyce asa 4,125 sto rmooH, 4,25 — anturmoos. [Touemy? I[Totomy uro,
no opmyne o6bEMa Imapa, IMOOH M aHTUIIIOOH CTPEMSITCSI C JBYX CTOPOH K MCTUHHOMY YHCIY,
paBHOMY

4/31=4,1887902... eqUHULIBL.

NctunHbi 00BEM 11apa, TIpU paguyce JBa paBeH OeCKOHEYHOMY YHUCTY:

4/371x23=33,5103... eaquHuUIp!
15805
32/317t=33,5103... equHUILILI.

C KBaHTOBBIM YHCJIOM, paBHbIM 3,140625 00bEM Oyner 33,5 euHUIIBL:

33,5=4/3%3,140625x2°
17011

33,5=4,1875x2?

Ortciona cieayert, 4To IJIIOOHHOE TMoJie, paBHOe 33,5 eMHUIBI, BHE S/ipa aToMa sIBJisieT COOON
PaTUOAKTUBHOE, IEKTPOMArHUTHOE W3JTyUeHIe.
Yucno 4,1875 BHe siapa atoma — GoToH cBeta. Tak jim 3107

Marepus ynjoTHSIETCA He OT XOpomieil KU3HU

Ot uncna 201 gBisieTcss KBaHTOBOE YMCIIO, KOTOpoe paBHO 3,140625 eauHULIBL.

N xBanToBOE uncio 3,140625 asnger yncno 2017 Yro nepsuuHo? OCTaBio 3TOT BONPOC
BapUTHCS B lyXOBKE pa3yMa, OBTOPIO MPOIEHHOE.

OxpyxHocTb, 1ymHOM B 201 enunmIly 51 Hawen Ha 32-M paguyce:

201=2x3,140625%32

ITnomanp kpyra B 201 eauHuIy A HAIIET NIPU paguyce PAaBHOM BOCBMU €JUHULIAM:

201=3,140625x8

Cdepa, muromansio B 201 equauiy cpopmupoBaiack Ipy paguyce, pAaBHOM YETBIPEM €IWHU-
uam. ITnomane cdepsr:

201=4x3,140625x4*

[Tpy MUHUMATBHOM pajilyce B IBE SAMHHMIIBI, TIOYy4r1 00BbEM Iapa, paBHbiid 201/6:

33,5=4/3%3,140625%2°

Hab6monato, 4To 37€KTpOH BBIHYAJEH M3 (OpMbl KOJbLIa B 32 €AMHMLBI paguyca, PUHSATH
(bopMy BEITOJHOTO MaJIEHBKOTO JUCKA B 8 €IMHUL] Paguyca. 3aTeM paguyc yMEHbIIAeTCs JO 4-X eau-
HUL HAUBBITOAHEMIIIEW (POpMBI TOLIEN Cephl.
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Korma ectb aHeprus n3BHe, TOrJja MOKHO U B TOJICTHIN MO3UTPOH MPEBPATUTHCsA! DeMeHTap-
HBIM YaCTHIIaM, KOTJIa HET SHEPrUM U3BHE, IPUXOIMUTCS 3aTATUBATH MOSCA. YMEHBIIAThCSA U YIUIOT-
HAThCS. [lerieBne, BBITOAHEN MPUHATH (OpMY Iapa paguycoM B JBE CIWHUIIBI, B 3TOM CJydae
00bEM mapa paBeH 33,5 equnuiiam. A 33,5 enquHuIibl, MeHble, yeM 201 equHuia. 3HaueHus1, MeHee
201 emuHMIIBI, MEHee eKTPOHA B MPOCTPAHCTBE SIBJISIOTCS 3HAYCHUSIMH M3JTyUeHHA, 3HAYCHU AMU
BOJIH Y TIOJIEH.

33,5+33,5=67

201=67+67+67

O01bEM 1mapa paiuycoM B YEThIpE €AWHUIIBI PABEH:

4/3x3,140625x4°=268

Ot 0o6bEMa mapa, MJIOMAIbI0 B YEThIpe €AMHUIIbI, OTHUMAIO TUIOMAAb CEphl, pajnycoM
B YEThIPE EUHUIIBIL:

268—201=67

B MuHMMabHOM MycTOTENON chepe MEKTPOHA MOMEIIAETCS MECTHACCAT CEMb STUHUII.

C moMoIpl0 TPOCTEHIUX KPYIJbIX (GOopMyT HaOMOmal, YTO MaTepusi, He MOoIydarorias
TIOMOIIIY U3BHE, CTPEMUTCS CKAaThCsl 0 MUHIUMYMa, 00pa30BaB JIEKTPOH B (popme cepbl B UeThipe
eIUHUIBI paguyca. 3aTeM MaTepusi MOXKET W3MENTbUMThCS, MPEeBPaIasiCh B MPOCTPAHCTBE HAIIIETO
U3MepeHUsl B U3JIyuyeHue, YUCIoM B 33,5 eIMHUIIBL.

B npocrpaHcTBe siipa aTOMa YMCIOBOE 3HaU€HWEe, paBHOE 33,5 eAMHUIIBI MOKET MCHOIHSTD
POJTb TIIIOOHHOTO TONIs CBsI3U. KoBapHbI cMMOMO3, KOBapHOE B3auMoIpeBpaiieHre ¢hopM matepun!

Ecmm popmyny oObEma 1miapa npu paguyce JBa MpeacTaBUTh B TAKOM BHIE:

33,5=4,1875%x2?

TOI/Ia MOJKHO CUMTATh, YTO MATepHsi CXJIOMHYJIACh B TOJIE, B ITTIOOHHOE TOJIE CBS3M HYKJIOHOB.
Yucnennoe 3HaueHue, paBHoe 4,1875 310 doton cBera. POTOH CBETa, MPOHUKHYB B PO aToMa,
00s13aH MPeBpaTUThCS B TIOOH! [JTII00H, BBHIPBABIIKCH B MPOCTPAHCTBO, BHIHYKJICHO MTPEBpAIacTCs
B (poTOH. B pOCTpaHCTBO TITIOOH BHIIABIMBACTCS TIOTHOCTHIO.

Beiiiisg B pyryio cpeny, B Ipyroe u3MepeHue, TIII0OH IpeBpaiaercs B u3liyueHue, B (hOTOH.
OTH npeBpallieHus OKaxXy HUKE.

[Tpu yBenmueHUM IJIOTHOCTH, Matepus uctopraeT wanydenue. [Tpumep ConHia, ucropraio-
Iero W3JIyYeHre, MOATBEPKIaeT BHIBO/IBI aBTOPA.

Tsxena sxxu3ab Connia! Marepusi CosHIla BBIHYKEHA CKUMaThest, u3Bepras ¢potonsl. [pe-
BpameHre Ha CoJHIIe BOJIOPO/A B TeJIUid — MpeBpalleHne JIETKOoW MaTepuu B Ooliee TSKETYI0, IMOI-
TBEpXK/JaeT ABMKEHUE MAaTepPUH K YIJIOTHEHHIO.

Ho coBpemeHHble (pU3UKU YTBEPKIAOT, YTO CYIIECTBYET €I U aHTUMaTepus!

Yro Takoe aHTUMaTepusa?

CoBpemMeHHasl HayKa yTBEPKAAET, UTO JEKTPOH OTHOCUTCA K MaTepud. B maciirade aBropa
a51eKTpoH 310 umncio 201. Yucno 201 crpemurca k ucruHHoMy umciy, pasHomy 201,06192... equ-
HULIBL:

2mx32=201,06192... equHULIBIL.

IIpu ypanenuu ot neHTpa Ha 32 eAMHMILBI 1E€KTPOH BBIHYKJIEH MPUHATH (hOpMYy KOJIbLIA,
(bopMy OKpYKHOCTH.

HctrHHOE YMCIIo 7T paBHO OECKOHEYHOMY UHCITY, PABHOMY

3,141592653589793238462643383279. .. equHULBL.

KBanroBoe 3Hauenue 3,140625 wmeHplle WCTMHHOrO uMcna s. KBaHT, paBHBIM 4uUCITY
3,140625 asnser yncio 201 — a5eKTpoH:

201=2x3,140625x32

[pyn aHe OKpyXKHOCTH, paBHOH 202 eqUHUILIB, SIBJSETCS KBAaHT OOJIbILE YHCHIA T
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202=2x3,15625x32

Yucno 202 s Hazas no3utpoHoM. Toraa uucio 3,15625 310 aHTUKBAHT MO3UTPOHA.

OnextpoH B 201 equHUILY KPYTUTCS B OIHY CTOPOHY, «COOMpask KAMHHU JIO HYKHOTO YMCIIa»,
pasHoro 201,06192...equHuIIBbI.

[To3uTpoH KpyTUTCS B MPOTHUBOIIOJIOXKHYIO CTOPOHY, MO3UTPOH «pa3dpachlBaeT KaMHU»,
yMmeHblIasi uucio 202 1o ucTuHHOro uucia pasHoro 201,06192. . .equHuIIbL.

DNEKTPOH U MO3UTPOH CTPEMSATCS K UCTUHHOMY YHMCITy, PaBHOMY 647t. DJIEKTPOH U MO3UTPOH
cOnmmxKaTcs!

W3 pusnkn U3BECTHO, UTO Y TIO3UTPOHA MOJIOKUTETBHBIN 3apsA/. Y 1eKTpOHA — OTPHIIATe b-
HBIA. [IPOTHBOIONIOKHOCTY IPUTATUBAIOTCS.

CoBpeMeHHast HayKa 3asIBJISIET, YTO IO3UTPOH — AHTUYACTULIA IEKTPOHA. DJIEKTPOH — YaCTHIIa.
Toraa mo3UTPOH TO aHTUMATEPH L, STIEKTPOH — MaTepusl. 3HAYUTh MaTepysl U aHTUMATEPUsI HECYTCS
HaBCTpeuy ApyT K apyry! Bparu commxkatorcsi! Eciu cTONKHYTCS 9IEKTPOH U MTO3UTPOH, CTPAIITHOTO
B3pbIBa HE U30€KATh.

Wcxonst u3 Kpyribix hopMyIT — MO3UTPOH U JIEKTPOH He CTATKUBAIOTCS. BCTpeTHBIINCh, HaUM-
HAIOT «TOProOBaTh», 0OMEHUBAThCS KPOXOTHOM €IMHUYKOM, COCTOSIIIEH U3 MaTepUH U AaHTUMATCPHH.

Ha ocHOBe mnpUpOMHOrO MPHUTSKEHUS 3IEKTPOHA W TMO3UTPOHA POXKIACTCA CTUHUUKA,
B HECKOJIBKO TBICSIU Pa3 MEHee Yucesl MO3UTPOHA U MIeKTpoHa. UTO ke 9TO 3a eIMHUYKA, YTO MEHee
eIVHULIBI?

ABienne Bpemenu

AHTHUKBaHT NTO3UTPOHA, MOJIOKUTENIBHBIN 3apsJ MO3UTPOHA WK YUCIIO, paBHOe 3,15625 enu-
HHUIIBI OOJIBIIIE YHUCIIA

TT.

KganT anektpoHa, nuinm uncio 3,140625 earHULIBL, OTPULIATENILHBIN 3apsi]l SJIEKTPOHA, MEHbILIE
Yypcia

TT.
3,15625 munyc 3,140625 nonyuutcs uucno 0,015625.

['ne-to «nocepenune» 3HaueHus B 0,015625 eauHUIBI TPOXOAUT JIMHUS OECKOHEUHBIX UCTHH-
HBIX (P UCTUHHOTO YrCiia

TT.

OTbliily KOOPAMHATHI KOJEOMIOIIECS UCTUHHON TMHUY TApTUX OECKOHEUHBIX 1TU(p:

m — 3,140625 = 0,000967653....

[Momy4uwni KpoledHsldl Kycouek MaTepuu. [lomyumn HeBUIUMBIA KycOUYeK MOJsl.

3,15625 — = 0,014657347....

[Momyuuns KpoleuHsldl Kycouek aHTuMaTepuu. [lomyunn HeBUJUMBIA KyCOYeK aHTUIONS.

Be3nokazaTeibHO MPEronoxy, 4To MaTepusi ¥ aHTUMarepus poxkaaiot Bpems. Habmonamo,
4yTO Bpems BeIHYXIEHO MepeMalibiBaTh PHIXJIOE COCTOSTHUE MPUPOb, SIBJISISI SHEPTUI0 HA OCTPUSIX
B3aUMOJICVICTBUSI MAaTePUU U AaHTU MaTEPUU:

0,000967653... +0,014657347... = 0,015625

W3 aByX TpaHCIIeHAEHTHBIX OECTOJIKOBBIX, OECKOHEUHBIX 3HAUEHUI MOTYy4rI KOHEYHOE 3HaUe-
Hue, pasHoe 0,015625 enquHuIpb!.

WcrunaHoe ywmcio, paBHoe 0,015625 eauHUIIbI CONEPKUT BHYTPU ceOsl iBa OECKOHEUHBIX 3HA-
yeHust. OOpa3HO roBopsi, y MPOKypopa OeCKOHEeYHas, Heloka3dyeMasi UCTUHAa OOBUHEHUS TIPECTYII-
HUKa, UCTUHA B BUIEe OeckoHeuHoro yucia 0,000967653. .. e IMHULIEL.

AJBOKAT OmpaB/bIBaeT MOA03PEBAEMOro. AJBOKAT IMpeJiaraeT CBOko, MPOTUBHYIO OECKOHEY-

HYIO, ICTHHY, B BUJIE JIPyTrOro OECKOHEYHOTO YUCIa, PABHOTO
0,014657347.. .equHULIBL.
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AZIBOKaT MpoTUBOpeuuT NMpoKypopy. Cyabsi CKIagpiBaeT OECKOHEUHbIE UCTHHBI, TIO03peBae-
MBI OIIPaBJaH WM MOJIy4aeT CPOK B BUJIE KOHEUHOro uucia, papHoro 0,015625 eauHutipl.

[TponaxHeIil Cyabsi, y KOTOPOTO UCTUHA — JIEHbIM, MOXET MPHUHATH CTOPOHY IMPOKYPOpPa HJIH
anBokara. [IlpuurHa mpogakHOCTH — KBAaHTOBAsl MaTteMaTrvka. KBaHTOBas MateMaTka oo4epeaHo,
C TOW WJIM C APYrod CTOPOHBI, CTPEMHUTCSI K UCTUHHOMY 3HAYE€HHMIO OECKOHEYHOTO TPAaHCIEHIEHT-
Horo ymcia. M3-3a KoHGIIMKTa BOIOIOUIMX MaTepUidl U aHTUMATepuil, KBAHTbH KBAHTOBO MaTeMaTUKU
OKa3bIBAIOTCS TO MEHbIIIE UCTUHHOTO 3HaueHusi, To Oosnbie. To kBaHT moOexgaer. To aHTUKBAHT.
Bo Bcenennoi uaéT ynciioBast BOMHA.

Koneunoe 3nauenue, Bpemsi, paHoe 0,015625 equHMIIbI BHIHYKJIEHO CYIIECTBOBATh, U U3ITY-
YaTh KaKoe-TO BpeMsi SHepruio. EAnHcTBO 1 60phOa MpOTHBOMONIOKHOCTEN Bpemenu naput yenose-
YeCTBY HEpruio! ABTOp MOTYYMII MIEPBUYHYIO, CAMOCTOSATENbHYIO, TBOMCTBEHHYIO, OOBEJUHEHHYIO
eIUHUYKY MaTepUr-aHTUMATEpUH, YUCIIOM MeHee eAUHUIIbL. [lonTBepans aBTop Ayaau3M MaTepum.
[Noka Ge3g0Ka3aTesIbHO HAIIEN TIEPBUYHOE, BHIHYKICHHOE M3ITyYeHHe SHeprun Bpemenu.

IMouemy umcno 0,015625 cymectByer camocTosiTeibHO? MOXKET OBbITh, UTO €r0 «IOJIOBUHKI»
CcymiecTByIOT camu 1o cebe! Ho ecim TpaHcieHIeHTHBIe «TTOJIOBUHKW» uncia 0,015625 moryT cyiie-
CTBOBATb CAMOCTOATENIBHO, TOI/Ia SHEPTUU B3ATh HE OTKYJa. BeenenHasa yMper He poausLuch. Toraa
He nosiBUTCs KBaHT 3,140625, He OSIBUTCS JIEKTPOH U MO3UTPOH.

Ot uucna 0,015625 nosiBisiercs: NOHATHE MAaTePUU-aHTUMATEPUU, TTOHATHE IEPBUYHOCTH.

3uauenue 0,015625 HaniomuHaeT crpoenue aroma. [1o 06pasy u nonobuio Bpemenu nocrpoex
aToM.

0,000967653... +0,014657347... = 0,015625.

Uro 310 3a ABOMCTBEeHHAs LUDUPH, KoTopass Odopercs cama ¢ codor? CtpyHa oOMeHa KBaH-
TOB? DTa 1KU(UPH JOTKHA XapaKTEPU30BaTh IVIOTHOCTh MAaTEPUX Ha ONpPENIEIEHHOM ypoBHe! ABTOp
OOHapYKWII TIOTHOCTh Bpemenu onpenenénnon rmianetsl! Torga Bpems 310 MarHuTHOE, 3aT€M Tpa-
BUTALIMOHHOE TI0JIE TUIaHEeTh! !

— Abcypn!

— BOCKJIMKHET COBPEMEHHBIH aKaJIeMUK.

— Bpems He umeeT m10THOCTH !

He toponwich, xkamaHsiil xpel; Hayku! MOIITHYI0 T'paBUTAIHIO, «TUIOTHYIO» IPABUTALIMIO IIIAHETHI
3emuist MOKHO CPAaBHUTH CO CIIA00M, C «KUIKOW» rpaBuTanyen JIyHsl.

B nBoiictBeHHOI 1mdupn HambOosee SPKO MPOSBISETCS BBIHYXKICHHAs OopbOa Marepuu
Y aHTUMaTepur. A MOXKET 3TO CTPYKTypa Kakoi-mmoo BomHbI? Yto 310? BonHa ne Bpoiins? Topen-
onHoe nosie? Wnu Heuto unoe? A Bapyr 3Hauenue, pagHoe 0,015625 st1o Bcé-taku Bpemsi, kotopoe
Ha Pa3JIMYHBIX YPOBHSX TEUET B ONPEIENIEHHYIO CTOPOHY ?

MaremaTrueckrie 3aKOHBI KBAaHTOBBIX PAaBEHCTB TroBopsT, uTo 3HaueHwe (0,015625 moxHO
YMEHBINATh WIN YBEJINYMBATh, HO OHO BCE paBHO OYyJET COCTOATH M3 JAByX OECKOHEUHBIX TPAHCIICH-
JEHTHBIX COCTABJISIIONIHX.

AnextpoH B 201 eauHuily 1 no3utpoH B 202 eIMHULIBL, C ABYX CTOPOH CTPEMSATCS] K UCTUHHOMY
3HAUEHUIO, PABHOMY

64n1=201,06192...equHULILI.

DNeKTPOH NepeTAruBaeT Ha cedsl, TO3UTPOH PBET OT cedst KYCKM aHTUMAaTepUU-MaTePUH, BbISIB-
JI51s1 IPUYMHY TPUTSKEHU ST SJIEMEHTapHbBIX YaCTHII.

AnTHKBaHT 3,15625 oTpbiBaeT OT ceOsl TUIITHIOK UDUPD.

Kganr 3,140625 TaHeT Ha ceOs1 aHTUKBAHT MO3UTPOHA, TSHET, oTpbiBas uucio 0,015625, cra-
pasich, 310 uncio 0,015625 eaunuiibl pa3aenutb. KBaHT M aHTUKBAHT HE MOTYT pa3JeuTh YUCIIO
0,015625 ua 3uauenue 0,000967653... u Ha 3Hauenue 0,014657347 .. .equHuL]. TOro He MO3BOJISAET
MaTeMaTHKa TPaHCIIEHIeHTHBIX uncen. KpaiiHee neneHue — JeieHne Ha /Ba:

0,015625/2=0,0078125

[TosToMy *kurBast KJIETKa JEUTCS Ha JIBE KJIETKH.
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[Mostomy y marauTa aBa nomoca. HeBO3MOXKXHO OTAEIMTH TMOMoca Ipyr OT Apyra, pa3iaesivB
MarHur I1101oJjiaM.

AHapXUCT 3asIBUT, YTO €CTh TaKas dHEprus, 4to uyucio, paBHoe 0,015625 pa3opBeT B KO-
Yb4. HOHy‘{I/ITCH HECKOJIBKO 6GCKOH€UIHI>IX qucell, CaMOCTOSATEJIbHBIX. HpaBI/I)IbHO TrOBOPUT aHAPXUCT.
Ho»>tu 6€CKOHG“IHHG CaMOCTOATEJIbHBIC YK CJIa BBIHYKICHO ABAT O60pBaHHbIC KBAHTHI U aHTUKBAHTHI.
Kaxaplil KJI0UOK OmsiTh 0OpeTaeT J1Ba MoJoca.

MarauTtHoe n IrpaBUTAIIMOHHOE€ I10JIA

KBaHTBl 1 aHTUKBaHTBI, IOIOOHBIE KBAHTOBOMY 4MCITy, paBHOMY 3,140625 eauHuiipl poxaa-
I0TCS1 OT KPYIJIBIX (hOPMYJT ITTMHBI OKPYKHOCTH, IJIOIMIAAN Kpyra, ruiomany cgepsl. KBaHTH 1 aHTH-
KBaHTBl POXAAOT OBOMCTBEHHYIO Lndpupp, paBHyo 0,03125; 0,015625; 0,0625 u 1. n. B arux
JBOWCTBEHHBIX U(UPSIX YUCIO aHTUMATEPUU MOXKET OBbITh OJIMKE K UICTUHHOMY YHMCITY, YEM YHUCIIO
Marepuu. B aTom citydyae BpeMsi OT 9JIeKTPOHHBIX 000JI0UeK TeUYET Hazaj], 00pa3ysi MarHUTHOE TOJIe.

I'paBuTarimoHHoOe Nosie oOpasyercs oT siapa atroma! TodHee — OT TIIIOOHHBIX TOJIEH HYKJIOHOB
spa aroma. CubHOE B3aUMOJIENCTBIE XapakTepusyeT opMysa oObéMa mapa. Mctuna ghopmyisl
00BbEMA TIapa paJnycoM JBE eIMHMIIB XapaKTEPU3YeTCsl OECKOHEUHBIM YKCIIOM, PABHBIM

4/37tx23=33,5103... equHuIbI
15805
32/31w=33,5103... eqUHUIIHI.

B dopmyne oO6bEma 1mapa KBaHTH M aHTUKBAHTBI CTPEMSTCS K ICTHHE PaBHOM

4/37w=4,1887902... eqUHULIBL.

B kBaHTOBOM paBEHCTBE CUJIBLHOTO B3AaUMOJIEHCTBIS KBAHT IIIIOOHHOTO 110151 33, KBaHT, paBHBIN
4,125 enuHUIIbL, ¥ AHTUKBAHT AHTUTIIIOOHHOTO 107151 34, aHTUKBAHT PaBHbI 4,25 eJUHULIBL, 00pa3yIoT
gucio 0,125.

4,25—4,125=0,125

4/37t — 4,125 = 0,0637902.... D10 Marepusl.
4,25 —4/37t = 0,0612097. ... 10 aHTUMATEPHSI.
0,0637902...40,0612097... = 0,125.

Yucno aHTHMaTepuu MEHbIle YWCia Marepud. AHTHMarepust ONke K HCTUHE. DHeprus
OT MaTepuu TeueT K aHTumatepuu! 3aech Bpems apuxkercs Hazaz, oOpa3ys rpaBUTalMOHHOE IOJIE.

3HaYNUTh MarHUTHOE T0JIe, 0Opasyoleecsi OT MEKTPOHHBIX 000JIOUeK aToMa — padadymika
T0J1 FpaBUTALMOHHOTO! POpMyIia JUIMHBI OKPYKHOCTH POK/IAET MEPBUYHOE MarHUTHOE MOJIE, HeCs
B ce0e MH(pOPMALMIO 3apOXKJEHUS MO TPABUTALIMOHHOTIO!

Tak nmm 310?

JIxuByio, nByaruHyto 1udups Bpemenw, uncia 0,03125;0,0625; 0,125; 31 3HaUeHwM s, 10100-
Hole yncay 0,015625, noka Oyay Ha3pIBaTh BpeMEHHBIMU CTPYHAMHU OOMEHA KBaHTOB M aHTMKBAHTOB.

KauecTBeHHOE U3MEHEeHUE MAaTeEPHU M AaHTUMAaTePUH

Marepusi BOIOIOIIIETO JIEKTPOHA, YTOOB! JOCTUYb MCTHUHBI, BBIHYK/IEHA OTJIMYAThCs OT MaTe-
pHH, U3 KOTOPOH COCTOUT «monoBUHKa» tupupu 0,015625, pasHas unciy 0,000967653. . .eauHULIBL.
Takke Kak aHTUMAaTepusi MO3UTPOHA KAYECTBEHHO OTIMYAETCS OT aHTHMATEPUM JPYrOW «IIOJo-
BUHKW» 1pupu 0,015625, paBHoit uncity 0,014657347...equHuup!.
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DNEeKTPOH OTIMYAETCsl OT nepBUYHON Matepuu, paBHou 0,000967653...e1uHULIBI B KOJIMYE-
CTBEHHOM COOTHOIIEHUH. DJIEKTPOH OOJIbIIIE 3TOr0 KOJIMYECTBA, IPUMEPHO B ABECTU THICSY pas3:

201/0,000967653...=207719,0893. ..

KonnuecTBo nopoxkgaer KaueCTBEHHOE U3MEHEHUE, IEKTPOH CAMOCTOATENIBHO MPEICTaBIISAET
MAaTepHIo, HO B HECKOJIBKO MTHOM Ka4eCTBe.

[o3uTpOH BHIHYX/IEH COCTOSATh U3 aHTUMATEPHH, W, YaCTUYHO, U3 Matepuu. Habmonaio kave-
CTBEHHbIE U3MEHEHHUSI KaK MaTepuuM, TaKk U aHTUMATEPUU.

JIbIchIi, ¢ MeyaThio Ha JILICMHE POCCUMCKUI MOJUTUK CKAXET, YTO aHTUMATepus MO3UTPOHA
MeHee KOHCepBaTHBHA U OoJiee JIOSIbHA M0 OTHOIIEHUIO K MAaTepuH J1eKTPOHA, YeM aHTUMaTepHs
qucia 0,015625.

3ameualo, 4YTo MaTepusi U aHTUMATEPH sl SBOJIIOLIMOHUPYIOT, KAUECTBEHHO M3MEHSIIOTCSI.

JBOMIONHS IJI€eMEHTAPHBIX YaCTHIL

Ha0moiai0 3BOMIOIHMIO 3/IEeMEHTapHbIX YacTHILI. DBOMIOLMIO KaK MaTepHuH, Tak U aHTUMATEPUU.

B npupone eaqunuIa MaTepuy — CyTh MaTepus IUIIOC aHTUMATEPHUS.

Ha ypoBHe XUBBIX CYIIECTB, €CJIM MaTepuu OOJIblIe, YeM aHTUMATEpPUH, €CJIM MaTepus Iep-
BUYHA — 3TO €IMHUIIA )KEHCKOro poja, yciaoBHo MAEIL.

Bropas equHuia — aHTUMaTepus IUII0C Matepusi. AHTUMaTepuu OoJblle, YeM MaTepyuu, aHTHU-
MaTepus IEPBUYHA — 3TO €IMHUIIA MYXKCKOTro poja, yciioBHO [TAEM.

ITAEM - IIpaktnuecku AbcomortHast Eqununia Marepuu.

DBOMOLMS MAaTEPUN-aHTUMATEPUU BBIHYKJIEHA POXKIATH SBOJIIOLUIO KUBBIX CYLIECTB.

[To3uTpoH 310 anTUMarepus. Maremarnyecku no3utpoH [IAEM — myxkuk.

AneKkTpoH 310 Marepusi. Maremarudecku 1ekTpoH MAEII — 6a6a.

B3anMoencTBie MaTepuu U aHTUMATEPUH
Ha YPOBHE 3JIEKTPOHOB-NIO3UTPOHOB

3,15625—3,140625=0,015625

0,015625 = 0,000967653... +0,014657347...

3nauenue 0,000967653... mensiie 3HaueHus 0,014657347....,npumepHo, B 15 pas. [Toatomy
yucno 3,140625 6mvke K 4uciy 7T, 4yeM uuciio 3,15625.

Yucno 0,015625 sto Bpewms, apurarorieecs Briepén. [puraoieecs Bnepén Bpems He co3naér
HU MarHMTHOTO, HA T'PaBUTAIIMOHHOTO ToJIsA. [IBrkyIeecs Bnepén Bpems coznaér Oymyiee. JBura-
folieecs BIEpE BpeMsi 3TO CO3U/AI0IIAsI, M3MEHsIIoNIasicss BojHa Jie bpoiis.

Bpewms nepsuyHo.

KBanT 370 IBMIKEHME, IBUKEHUE BTOPUYHO. KBAaHT OT 37IEKTPOHHBIX 000JI0UEK, 9TO 3apsif JIeK-
TPOHA, WM KaK Ha3BaIu Obl 3TO YMCJIO COBPEMEHHBIE YUEHbIe, HEUTpUHO. HeUTpHHO paBHO ymcCITy
3,140625. HeitrpuHo-3apsi, oopasyeT TpetudHoe ducio 201 — 31eKTpoH. AHTUHEUTPUHO YHCIOM
3,15625 ob6pazyer urcio 202 — MO3UTPOH.

[apckas aBopuTKa 37IeKTPOH OMMke K BIACTb MpeAepikKalleil NCTUHE, MOTOMY JIBOPSHKE
JIEKTPOHY BBIFOJHEE CYIIECTBOBATh, YeM MYKUKY NO3UTpOHY. BaGa-3;1eKTpoH BbIHYX/eHa MOBOpa-
YMBaTHCSA TYAQ, KyJa apb aHTUIPOTOH TMOXKeaeT.

[No3uTpoH, cpaxasich 3a 6a0y-3JIEKTPOH, BRIHYK/IEH BOEBaTh C aHTUITPOTOHOM. He mutioit mpo-
TUB BeTpa, MykHK cuBosanblii! Kyna npéus, nosurpon nanotselid! [Iporus Bnactu? Iomeén Bon!

My>XHKa TO3UTPOHA UMIIEPATOP AHTUIPOTOH OT OAOBI MEKTPOHA YOMpaeT moAasblie. Xoo-
crut. [lenaetr eBHyxoM. YTOOBI MO3UTPOH-JIATIOTHUK HE OTCBEUYMBAJL.

MeHbl1asi CIUPaIbHOCTD — BpallleHWe B CTOPOHY 3aXBaTa. boJbllas CiupaabHOCT — BpallleHUe
B IIPOTUBOIIOJIOKHYIO CTOPOHY, B CTOpOHY BbiOpoca. KeanT 3,140625 coOupaet KaMHU — 3TO 3apsij-
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HEUTPUHO. AHTUKBAHT, paBHBIN unciy 3,15625 310 3apsia, BHIOpACHBAIOLIMIA KAMHH, SHEPIHIO. 37eCh
coOaka 3apbiTal JHeprus 310 My KuKk-aHTuMatepusi! Marepurs-6ada SHEpruio crapaercs MmorioTUTh!
Ortciona y yesoBeuecTBa HEMOHATHOE HEUTPUHO, HETIOHSITHBIN 3apsii-MUHYC, M TeTIepb aBTOp YTBEP-
KJAeT, YTO HauOoJiee BEepOSATHBINA 3apsil MEKTPUIECKON SHeprun — y antumarepuu. Ho atu ciox-
HbIe POOJIEMBI ITYCTh peraoT Mosioasie ¢punocodsl. [Tponomky a30yKy 1uisi CTApHUKOB — aKaJJeMUKOB
Poccuiickoil akagemMuun Hayk.

JIst Moozgxu coOOIIII0, Ha BCSIKUH CITy4aid, YTO TIO3UTPOH JIOJKEH OBITh OJTKE K UICTUHE, YeM
NIEKTPOH, YTOOBI JAPUTh TIO3UTPHUECKYIO SHEPTHUIO YesloBeKy. Hanmpumep, MO3UTPOH C BOJIHOBBIMU
cporictBamu umciom 201,0625 equHutipl Ovke K UCTHHE, YyeM eKTpoH uuciom 201,03125 eau-
HUIIBI. DJIEKTPUIECTBO YEJIOBEYECTBO JOOBIBAET C MOMOIIBI0 37eKTpoHOB 201 u 201, mepeOpachiBa-
IOIIMX BPEMEHHYIO MIO3UTPOHHYIO CTPYHY, paBHyI0 0,0625 enunuiibl. HarmomHio, 4To MCTMHA paBHA
yuciy 64mw=201,06192...equHuripl.

Kak cymiecTByoT mpOTHBOMOIOKHOCTH — MaTepysi U aHTUMATEPH sl MOKA3bIBAET IBOMCTBEHHOE
MepBUYHOE 3HAUYEHKE, PAaBHOE

0,000967653... +0,014657347... = 0,015625.

JlocTyrmHO MOXHO 0OBSICHUTH Tak. C MEHBIIEH CTOPOHBI, CO CTOPOHBI ANIEKTPOHA, IUpUpb, rae
JOTSIHETCS, 3aXBaTHIBAET HEOCTAIOIIYI0 MAaTepHio, (POPMUPYET LEHTP UCTHHBI — TPa-TIPa-APHIIIIKO.
Ho B cymaroxe 3axBarbiBaeTcsl U 110BUTas LM(PUPb aHTUMATEPUU.

Co cropoHbI urcen OobIle T, CO CTOPOHBI MO3UTPOHA IU(PUPL pachOPMHUPOBBHIBAET LIEHTP,
BBIOPACHIBAET JIMIIIHIOK aHTUMATEPHUIO-MATEPHIO, CTAPASICh, MPUOIU3UTCS K UICTHHHOMY YUCITY COBEp-
[IIEHHO C JIPYTOM CTOPOHBI. AHTHMATepusi, CTPEMsICh K WCTWMHE, HECNpaBEIJIMBO BBHIOpACHIBACT
Y HeBUHHBIE IUpHrpKU MaTepr. HeBUHHBIE TU(UPKU MaTepUH BRIOPACHIBAIOTCS MO JIO3YHroM: «Jlec
PYOSIT, MIENKY JeTAT!»

Korga crpemuiibcsi K MCTHHE, KOTJa OOCTY:KMBAEIllb CBATBHIE T'OCYIApPCTBEHHbIE MHTEPECHI,
HECKOJIbKO HEBUHHBIX LIM(UPOK MOKHO M Ha IOMOKKH [ y1aroB BHIOPOCHUTS.

IMoxoTimBass 6ada-maTepust

l'onoanas nonosunka 0,000967653... kpoxorHou uudpupu 0,015625 3axBaThiBaeT HelOCTa-
IolMe eIMHUYKM Marepud, 3y0aMu nepeMaibiBaeT. B kenmynke Marepuu-aHTUMaTepud LU(pHUPb
M3MENbYACTCS, Pa3KMKAeTCA, U1 U3BjedyeHus 3Heprud. [pyras nomosunka mudupn 0,015625,
Morydast antumarepusi uuciom 0,014657347... BbIHykK/IeHa BHIOpAachIBaTh M3 TPSIMOW KHUILIKH
HEHYKHbIE «IIePEBAPEHHBIE», JIUITHAE €AUHUYKYA aHTUMATEPUH.

TeopeTnyecky NMOJKOBAHHBI BOEHHBIN YEJIOBEK CKaKeT, YTO YacTh HENOCIYIIHON LU(UpH
NIePEXOIUT Ha CTOPOHY mobequtens. [Ipyryio, HEMOKOPHYIO YacTb, MOOEIUTENh YHUUTOXaeT. Pac-
crpemuBaetr. Tpynbl cOpackiBaeT B badwii sip.

VMHBIi CIIeIONBIT-OXOTHUK Pa3bsCHUT, UTO JIEKTPOH TO XUIIHUK, KOTOPbII TEP3aeT TeJIOo Tpa-
BOSITHOTO TIO3UTPOHA.

Crpaparomias 6e3 MyKCKOW JIAaCKH, TOMSAIIAsACA AEBHULA IPOJIENeyeT, YTO CO CTOPOHBI JeK-
TpOHa keHcKas uudupb, pasHasa 0,000967653...equHULBI, BBIHYKIEHA 3aXBaTbIBATh AHTUMATEPUIO
Myxckor uudupy, pasHou 0,014657347. . .epguHunpl.

Myxuk-antumarepust urciom 0,014657647 ..., BTUCKUBAET CTOSIIINE CTOIOOM BO30YK/IEHHBIE
JIMIITHYE €IMHUIIBI B CTOHYIIYIO OT BO30YXAEHHS TIOXOTJIMBYIO 6a0y-MaTepHIo, y KOTOpO HeJ0CTal0-
11ee 10 UICTUHBI YUCJIO.

C menblneit croponsl uucia st koopauHara 0,000967653... eauHunpl ONuke K UCTUHE, YeEM
koopauHata 0,014657347... eqUHULBI CO CTOPOHBI NO3UTPOHA. [09TOMY C MEHBILEN CTOPOHBI JBU-
*eHue Oosiee akTUBHO. BpeMs B 3TOM cityuae JBrskeTcs Briepen! SIApBIIIKO pacTeT, He yCIeBaeT aHTH-
TIOJIOBMHKA €r0 pacTalliTh, pa3odpaTh, pachopMUpOBaTh U pa3BopoBath. JKeHckas 1mdupb Oepe-
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MeHeeT, BeiHatmBaeT 110! Iloartomy cymiecTByeT aJIeKTpOH, IO3TOMY CYILECTBYET aTOM, [TO3TOMY
CYILIECTBYET arpECCUBHOE, MIOXOTJIMBOE U BOPOBATOE YEJIOBEYECTBO.

KBanroBbie paBeHCcTBA (POPMYJIBI JJINHBI
OKPY?KHOCTH IIPH paanyce TPUALATH ABe eIMHUIbI

PopMmyna AJIMHBI OKPYKHOCTH SABJISAET 3HaYeHue, paBHoe 201 enqunuLe:
201=6,28125x32.
[pn anHe OKpyXKHOCTH, paBHOH unciy 202, kBaHTOBasi hopMysia OyeT MMeTh TaKOW BHL:

202=6,3125x32.

6,3125 - 6,28125 = 0,03125.

Paauyc okpykHOCTH 31€ch paBeH uuciy 32.
1/32=0,03125.

ABTOp moNy4ns1 yctoiuuBylo opouty bopa Ha paamyce 32: IMEHHO y Takoi OpOMTHI JJTMHA
BOJIHBI Jie Bpoilsis yKiagpiBaeTcs 1e10€ YUCIOo pas.

32/0,03125=1024.

Toraa 3nauenus 0,015625 u 0,03125 310 BoHH Ae Bpoiisa. 9Ty BOIHBI CTPYKTYpPOU MOXOXKHU
Ha TOPCUOHHBIE NOJIA1. ABTOp yTBEpAgaeT, uto unciaa 0,015625 u 0,03125 s1o eme n Bpemsa. Bpems
3TO HEBUJMMbIE BPEMEHHBIE CTPYHBI OOMEHA KBAaHTOB M aHTUKBAHTOB.

Hesumnmoe Bpemst 271eKTpoHHBIX 0007104YeK, opueHTHpoBaHHOW wdupsio 0,015625,
0,03125 u 1. 1. cO3AET BOKPYT aTOMOB Y BOKPYT IUIAHETHI 3€MJIs1 HEBUAMMOE MAarHUTHOE TOJIE.

Korna Bpems asuxkercs Bnepén, torna uuciio, pasHoe 0,03125 sto BosHa ae bpounsa. Korga
Bpewms nBukercsa Hazan, Torga uucio, pasHoe 0,03125 310 MarHuTHas BOJHA.

3nauenue 0,03125 B aBa paza 6osnbiie 3Ha4eHus 0,015625. CooTBETCTBEHHO COCTOUT U3 ABYX
TPAHCLIEH/IEHTHBIX «TIOJIOBUHOK»:
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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