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To, umo mul HabarOOaem, 3mo He npupooa cama no cebe, a
npupooa, npeoCmasieHHas Hauemy memooy HabI00eHUsl.

Bepuep I'etizenbepe
[Tomyras, koTopsiit mpousHocui ¢ppaszy «Ho, rocniona, Beap 310 He pusnkay, [layms Dpendect
NPETIOKII B KAYECTBE MpeiceiaTelsl Ha KOH(PEPEHIINY 10 KBaHTOBOW MexaHuke B [ 'eTTHHTeHe.

KBAHTOBASA ®U3UKA
BBenenue

Ceroguss MHOTHE MpernojaBaTenu (U3UKH OILIYHIAIOT MPOMNACTh, Pa3ACISIONLYIO
COBPEMEHHOE COCTOSHME HAyKM M COJIEp’KaHUE IIKOJBHOro Kypca. C OCHOBHBIMHU
UJEIMH CIEHUAIBHOW TEOPUHU OTHOCUTEIIBHOCTH M KBAHTOBOM (PU3MKU OHU 3HAKOMSIT
YUYEHHKOB B TpPEThEW YETBEPTH, KOIJla MHOTME€ U3 HHUX, KaK TOBOPAT, YKE
ONPEAECTUINCh W 3aHAThl MOATOTOBKOW K BBIITYCKHBIM 3K3amMeHaMm. KOHTpOJIbHO-
n3MepurenbHble Marepuansl EI'D penko comep:kar 3amaudu, s PEHICHHUS KOTOPBIX
HEOOXOJIMMO 3HATh 3aKOHBI UMEHHO 3TUX TEOPUM, MMOATOMY JAETH TEPSIIOT UHTEPEC K
M3YUYCHHIO BaXXHEUIMX pa3/iesioB coBpeMeHHOW ¢u3uku. He B Hamux cuiax
W3MEHUTH 3TH T€HJACHIMU. [[03TOMY HEKOTOpBIE YUUTEI NPEAIaratoT CBOU MOIXObI
K MU3JI0’)KEHUI0 COBPEMEHHOW (PU3HKU B IIKOJE, CYyTh KOTOPBIX COCTOUT B TOM, YTO
KJIacCCUYeCKasi U KBaHTOBas (PU3MKa HE pa3AeNIioTCS IPyr OT Apyra, a U3ydaroTcs
COBMECTHO. JTO COOTBETCTBYET COBPEMEHHBIM MPECTABICHUSIM, COTJIACHO KOTOPBIM
KJIaccuueckasi (pu3uka ecTh NMpeebHbIN Cllydyail KBAHTOBOUM U PENISITUBUCTCKOM. [{mst
ATOTO HEOOXOAUMO pAJUKAIBHO MEPEKPOUTh IMIKOJBHBIM Kypc (U3UKU, HO 5
yOeXKJEeH, 4TO MPEOJO0JICHHUE BO3HUKAIONIUX MPHU 3TOM TPYJHOCTEH Bpsa I OyAyT
COM3MEpUMO C 3arpatamu. Jlymaro, yTo 0oJiee 3HAKOMBIM U MPUEMIIEMbIM SIBIISETCS
MyTh 3BOJIIOLIMOHHBIX W3MEHEHUW, OCHOBAHHBI HA CHCTEMHOM MOAXOJE IpH
MpenoJgaBaHuy TPAAUIMOHHOTO Kypca. JJig 3Toro HeoOX0MMO CHUCTEMATU3UPOBATh
MPOTPpaMMHBIN y4eOHBIM MaTepuan B COOTBETCTBUM C IUJIAHOM H3Y4Y€HHs 000U
(bu3MYEeCKO TEOPUH, BBIJICTUTH I1aBHOE 3HAHUE U 00ECIIEUUTh YPOKH, MTOCBSIIICHHBIE
€ro M3Yy4YeHHUI0, HEOOXOJIHUMBIMHU CPEJICTBAMHU OOY4YEHHS, MPUMEHSTH MOJyYEHHbIE
3aKOHBI JUIsl OOBSICHEHUS SIBJICHUHM, HAXOASIIMXCS B MPEAMETHOM 00JacTH JaHHOU
teopuu. Kak HuKoOrgja HE0OXOIUMBI aJeKBaTHBIE MOJENH, YETKHUE OIpe/eTeHuUs,
KPAaCUBBIM JIEMOHCTPALIMOHHBIA JKCHEPUMEHT, CHUCTEMa 33aJa4 H BOMPOCOB,
pPa3BUBAOIIMX YYECHUKA. DTO YPE3BBIYAKMHO MOTHBUPYET MX, YBIIEKAET, MOJBUTAET
HEKOTOPBIX U3 HUX CTaTh y4eHbIMH. [Ipu 3TOM OHM HE BCTpaWBarOT HOBOE 3HAHUE B
YK€ CIIOXKUBIIYIOCS KAPTUHY MUPA, & PACIIUPSIOT U U3MEHSIOT CBOIO KApTUHY Mupa!

[Ipennararo Bam npumepHbie MIaHbI MOUMX YPOKOB IO KBAHTOBOU (hU3MKE — OJHOM
3 (GyHIAMEHTABHBIX TEOPUM MIKOJBbHOrO Kypca. KBaHTOBas ¢u3uKa JEKHUT B
OCHOBE OKPYJKAIOIIETO HAC MUpaA: TEPMOSAIECPHBIN cuHTE3 Ha COJIHIIE, KPACHBIN LIBET
yIJIEH KOCTpA, TBEPAOCTh CTYJId, HA KOTOPOM Thl CUAMIIb, XapPAKTEPHBINA >KEITHII
CBET IPU MOMAJaHUU COJIU B IJIaMsl, U Tak fanee. KBantoBas Qusnka JIeKUT TakKe B
OCHOBE  pabOThl  MHOTHX  TEXHOJIOTMYECKMX  NPUCIOCOOJICHHH,  KOTOphIE
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copmupoBamn CoBpeMeHHOe ob0miecTBo: 3T0 © Jasepbl (eme CD, DVD,
ONTOBOJIOKOHHBIE YCWJIUTENW s VHTepHeTa), U MHUKPOIPOIECCOPhl (a Takxke
KOMIbIOTEPHI, cMapThoHbl, IHTepHeT...), u aroMuble yackl (u GPS...), u annapatsl
SJIEPHO-MarHUTHO-PE30HAHCHOTO UCCIIEA0BAaHUS U MHOTOE JPYTOE.

YOexaeH, 4To TJIABHOE B YPOKE — €ro CojepKaHHe: CUCTEeMAaTH3UPOBAHHOE,

TEHEPAIM30BAHHOE, '"MpUYecCaHHOE" TaK, 4TO B HEM HET HU OJHOTO JIMIIHETO CIIOBA
0e3 T0Ka3aTeNnbCTB U HU OJHOM 3a/1aun, KoTopas Obl HE pa3BuBalia yueHuka. Cuuraro,
YTO MHE YJaJIOCh:

Metonuueck BEpHO OOBACHUTH YYE€HHKaM MpoOiemy "yibTpaduoneToBon
kaTacTpodsl" M BBIXOJ M3 Hee, KOTOpbid ObLn HaiineH M. I[lmankom (rumoresy
[InaHka BBIABUTAIOT CAMU YUEHUKH).

BBecTn B HIKONBHBIA KypC BOJHOBYIO Mojenb (oTodddekra W mnokasarb, 4YTO
KJIACCUYECKasl  JJIEKTpPOJAMHAMUKA  HE  CMOIVIA  OOBSICHUTH  OCHOBHBIE
3akoHOMepHOCTH poTodddekTa.

[IpogemMoHCTpUpOBaTh Y4YE€HHKAM KBaHTOBYIO Mojenb (ortosdpdekrta u c ee
MIOMOIIBI0 OOBSACHUTH 3aKOHBI PoTOdPdeKTa.

Cnenath HIKOJBHBIN Kypc KBaHTOBOW (hu3uku Oosiee (QyHIaMEHTAIbHBIM MyTEM
0osee TIyO0OKOro U3ydeHUs KOPIYCKYJSIPHO-BOJIHOBOIO Tyallu3Ma, YPAaBHEHHUS i€
bpoinsa u npuHUIKNA JOMIOJIHUTEIBHOCTH.

Jlokazatb, 4TO CBOOOJHBIN JIEKTPOH HE MOIVIOUIAET KBAHThI 3JEKTPOMArHUTHOIO
W3ITy4YEHUS.

[Toka3aTh, 4TO SHEpPrusi U UMIYJIBC ANEKTPOHA, "3axkatoro" B Majoil obiacTu
MIPOCTPAHCTBA, KBAaHTYIOTCSI.

YCTaHOBUTh 4YETKHE TPAHUIBI TPUMEHUMOCTH KJIACCHUYECKOW MEXaHHKU U
KJIACCUYECKOU IIEKTPOANHAMUKH.

[IpuMeHUTh, KBaHTOBYIO (HU3UKY [JIs HAXOXKJECHHS JHEPreTUYECKOro CHEKTpa
aTomMa BOJOpOJAa, M1 OOBSCHEHHS CTPOECHHS aToma, aTOMHOrO sfAjapa u
MpEeBPAILECHHUI 3JIEMEHTAPHBIX YACTHII.

[loka3aTh, 4TO KBaHTOBas (U3MKAa HMEET JeJ0 C BO3MOXKHOCTBbIO, a HE C
YBEPEHHOCTBbIO, U HE IOTOMY, YTO HaM HE XBaTaeT a0COJIOTHOIO 3HAHMS, a
MIOTOMY, YTO HEKOTOpBIE SBJICHHS HPHUPOABI YIPABISIIOTCA 3aKOHAMHU CIyyas.
KBaHTOBBIE MUp NPUHUUNNATBHO HEBO3MOXHO OMNHUCATh KIACCHUUYECKUMHU
METO/IAMH.

[103HaKOMHUTH YYEHHKOB U C TEM, YTO MPOUCXOJUT Ha MepeaHEM (PPOHTE HAYKH,
KAKUE€ OTKPBITUS COBEPILAIOTCS B (PU3MKE B HAIIM JHU M YTO €UIE MPEJCTOMT
OTKPBITh.

OTKpBITHS, COBEPIIEHHBIE HA OCHOBE KBAHTOBOW TEOPHUH, — HOBAd IjaBa B HaykKe!

Vuurens puzuku HBMOY "T'umuazus Ne 44" A. Haiignu
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Conneunvlil ceem, Kax u scap, COCMoum U3 MeaKux HauaibHblX Yacmuyex.
Jlykpeyuu Kap
Teopueckuil pazym 4enoeexa... nposigisiem cebs - 3a2a004HbIM 00PA30M, — COBCEM KAK
me 21eMeHmapHbie YACmuybl, Ymo oOpemarom MeHOBEHHOE CYUWeCMBOBAHUE 6 OZPOMHBIX
YUKIOMPOHAX MOIbKO 3ameM, 4modbl UCUe3HYmMb, NOOOOHO 6ECKOHEUHO MALbIM NPUPDAKAM.
cap Apmyp D00unemon, 1928
Ecnu mebs keanmosas ¢uszuka ne ucnyeana,
3Ha4UmM, mol HUYE20 8 Hell He NOHSL.
Hunvc bop

Kesanmosas meopu:s oaem Ham nopasumenbHyro uuocmpayuro mozo d)akma, Umo Mbl MOHCEM

NOJIHOCMbIO NOHAMb CB513b, XOMS MOJNCEM 2080PUMb O Hell MObKO 68 00pa3ax u NPpUmyax.
Bepnep Ietizenbepe.

HPUMEPHBIE IIJTAHBI YPOKOB
O KBAHTOBOM ®U3UKE

3anlOMHHM TPU BaXKHBIX MOHSTHUS KBAaHTOBOW (DM3UKH: aTOMBbI, BOJHBI, KBaHThI! Tpu
(¢u3NYeCKue HJEU - aTOMBbl, HU3JIyYEHHE, DJIEKTPOHBI - CBS3aHBl MEXIY COO0Oii
ITIOHATHEM KBaHTa!

KBanToBass (u3uka mno3BoiwiIa y3HaTb MHOTroe O mpouuioM BcenenHo#, mno-
HOBOMY B3[JIIHYTh HA [EPUOJMYECKYIO TaOJMIy XUMHUYECKUX 3JIEMEHTOB
MenneneeBa, OOBSICHUTb CTPOCHHE MaT€pUd HAa MHUKPOYpPOBHE, CO34aThb BCE
COBPEMEHHbBIE MPUOOPHI 3JIEKTPOHUKUA W T.AI. — KBAHTOBAas TEOpHUs KapAWHAIbHO
W3MEHNJIa Halle MHPOBO33PEHME W IPEACTABICHHE O MHpE, BKIIOYUB B HETO
HEOIIPEIEIEHHOCTD U yAUBUTEIIBHBIC ITAPAIOKCHI.
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Taxum obpaszom, bvlia Halidena HOBAs HOPMYAA UIYYEHUs, KOMOPAsi 0080JbHO
XOpOULO CO2NACOBLIBANLACH C ONBIMOM 00 NOCNEOHEe20 8PEMEHU ...
M. I[Inank
Z Ypox 1. z 3APOKJIEHUE KBAHTOBOH TEOPUH

KBanToBas ¢pu3nka (mouTu Bceraa) CBA3aHa ¢ 04eHb MaJibiM!
HEJIb YPOKA: [103HaKOMUTHh YYEHHKOB C OCHOBHBIMH SIBIICHUSIMHU, KOTOPBIE HE B

COCTOSIHUU ObliIa O0BSCHUTH KJIACCUUYECKas SJIEKTPOJUHAMHUKA.
THUIT YPOKA: nekuus.
OBOPYJIOBAHMUE: xommuiekT 1o GotosddekTy, 31eKTpoMeTp, HAOOp MIACTHUH U3
Pa3HBIX METAJIJIOB, CTEKJISTHHAS ¥ S00HUTOBAS MATIOYKH.
IIJTAH YPOKA:

1. BcerynurenbHas 4acTh i
2.  Omnpoc-noBTopeHue

3. Jlexuus

4. 3akpenieHue '

5. 3aganue Ha 1OM
I1. Ymo obwezo mesicoy Haweri Hosukosoti u komemou I'annes? Onu 6cmpeuaromest moavko 0Oun
pas 8 75 niem: 00Ha — ¢ KBAHMOBOU Pu3uKoll, opyeas — ¢ 3emell.
«f Oymaro, umo cmeno Mozy ymeepicoamv: KEAHMOBYI0 MEXAHUKY He HNOHUMAaem HUKMOy.
Puuapo @etinman
«lIpasoa 6 mom, umo 6cex cmywaem K8AHMOB8As PUIUKAN.
J[r6u0 Yormon.
B Hacrosimee BpemMs OrpOMHOE YHCIO NPHOOPOB, HCHONB3YEMBIX B MOBCEJHEBHOH JKU3HHU,
OCHOBBIBAIOTCSI Ha 3aKOHAX KBAaHTOBOM MEXaHWKH, KaK HalpUMeEp - Jia3ep WM CKaHUPYIOLIMH
TYHHEJBHBI MHKpPOCKON. XOTUTE NPUAyMaTb HOBOe MojHOe ciioBo? Jl06aBbTe K HEMY CIIOBO
"kBaHTOBBIN". Hampumep, kBaHTOBas yibIOKa, KBaHTOBas (UIypa, KBaHTOBOE PYKOIOXAaTwue,
KBaHTOBas J0Xkb. Celiuac KBaHTOBas (PU3MKA MTOX0Ka HA MYTHYIO PEKy ¢ KpoKoauiaaMu. TakoB Hal
ypoBeHb mo3HaHUsS [lpuponsl. 1 B 3T0i MyTHOI Boje Mupo3manus (QU3UKUA MOCTOSHHO YTO-TO
OTJIABJIMBAIOT HOBOE: KBAPKH, TIIIOOHBI, MIOOHBL. B 00111eM, ceifuac MbI e11é MEHbIIE 3HaeM O MUpE,
4yeM Korja-iuoo.

DKcnepuMeHTaIbHbIE (DAKThI, O0BACHAEMbIE KIIACCHUECKON TEKTPOINHAMHUKON (TOBTOpEHHUE IO
obo6maromieit Tabauue "DnexrpoanHamuka'"). CyliecTBOBaHHUE 3JIEKTPOMAarHUTHBIX BOJH. CBeT —
jekTpoMarHuTHass BojHa. K xonmy XIX B. B OOIIECTBEHHOM CO3HAHMU CKJIA](LIBACTCS
yOexieHue, 4To KapTHHA MHpa B OOIIMX YepTaxX YXke JOCTAaTOYHO SICHO YCTAaHOBJIEHA HAyKOM, 4TO
JanpHeIee pa3BUTHE HAYYHOTO 3HAHUS NPU3BAHO JIMIIb YTOUHSATH KOHTYpPBI 3TOM KapTUHBI U
pacKpbIBaTh HEMHOTOUYHCIICHHBIE «Oeible MSATHa», KOTopble octaimuch B Heil. Korma B 1889 r.
OyAymuii TeHUaTbHBIA (U3UK-TEOPETHK, OCHOBOIMOJIOXKHUK KBAHTOBOM Qu3uku, Makc Ilmank
pem1 paboTaTh B 00JIACTH TEOPETHUECKOM (PU3UKH, €r0 YUUTENb CKa3al eMy: «Monoodoil yenosex,
3auem 6vbl mepseme ceoe 6yoyujee? Beov meopemuueckas ¢pusuxa s3akoHuena. ModcHo monvko
gvluucaAms omoenvhvie cayuau. Ho ciedyem omoasams maxomy oeny ceoro dxusnv?» B noknane
Koponesckomy oOmiectBy 27 ampens 1900 roma matpuapx Oputanckoil ¢usuku nopn KenbBux
OTMETHJI TOJIBKO JBa 00Jlauka, MO €ro ClioBaM, OMpaudald sICHBIA Hay4HbIi HeOockioH. [lepBoe
00J1a4YKO - 3TO BOMPOC, KaK MOXKET 3eMJIsi 6€3 TPeHUS U MTOTEPH SHEPTHH JIBUTATHCS Yepe3 YIpyrylo
cpedy, KaKoBOH sIBIsieTCS CBETOHOCHBIH 3¢up? A BTOpoe O0O0NAaYKO - 3TO HEMPEOAOIUMBIC
MIPOTHBOPEYHS TEOPUH U OIBITA B BOIIPOCE 00 M3IYUCHUHU «a0OCOIIOTHO YEPHOTO TENay.

B nelictBuTenbHOCTH ke Kiaccuueckas Hayka XIX B. crajma HE BEHIIOM I[IO3HAHUA, a
(GbyHIaMEHTOM HOBOT'O PEBOJIIOLIMOHHOTO HpopbiBa. Cpeau TeX «4acTHOCTEH» MHUPOYCTPOMCTBA,
KOTOpbIE K Hayaly XX CTOJIETHSI BCE €IIe OCTABAJINCh COKPBITHIMH, OBLIIO J1Ba, KaK TOTJa Ka3alocCh,
MaJICHBKUX «TEMHBIX MATHBIMIKa». [Ipexkae Bcero, ocraBaioCh HEMOHSATHBIM, YTO XK€ SIBISETCS
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HocuTeneM cBera. Kpome Toro, ocraBajics He HPOSICHEHHBIM 10 KOHIIA BONPOC O TOM, KaKUM
00pa3oM JIOCTUTAETCS] pABHOBECHE MEX/y CBETOM U BEILIECTBOM.

MHoro ner (Gu3MKH 3a7aBalUCh BOIPOCOM: €CJIH CBET — 3TO BOJHA, TO YTO, COOCTBEHHO,
kosiebnercsi? CBeT crmocoOeH Mpeo0eBaTh MUJUIHAP/IBI CBETOBBIX JIET IIYCTOI'O MPOCTPAHCTBA, HO
MyCTOE MPOCTPAHCTBO — 3TO BAKyyM, B HEM HET HHUKAKOTO BelIeCTBA. Tak 4To e Kojebiercs B
Bakyyme? «Co BpemeH IOHra m @®peHens Mbl 3HaeM, 4TO CBET - 3TO BOJIHOBOE JBHMIKEHUE...
ComHeBaThCs B 3THX (pakTax OoJblle HEBO3MOXHO; OIPOBEPraTh 3TH B3TJISAbI HEMOCTHXKUMO IS
¢uzuka. C TOUKHM 3peHHUsI POJa YEIIOBEUECKOT0 BOJIHOBAS TEOPHUS SBISETCA OUEBUIHOCTHIO,- MHCAI
B 1889 1. 'enpux I'epu.

III. B wucropuu ¢u3MKu H3yYEeHHE TEIJIOBOIO H3JIYYEHHsS] MMEJNO pellaroiee
3Ha4YeHUE. DJIEKTPOMAarHuTHasl TeOpHUs MpejcKas3aja, YTo YeM ropsiuee 0ObEeKT, TEM
MHTEHCUBHEE €ro U3JIyuYeHHE, KOTOPOE €Ille U CTAHOBUTCS 00Jiee BHICOKOUACTOTHBIM.
I'paduk pacnpenenennsi JHePruu B criekTpe Harperoro teia. OH MOKa3bIBaeT, KaK

’
/7

3aBUCHUT OHCPIUA, MNPpUXOoAdIIadacCsad Ha

WHTEpBAJ JUIMH BOJIH AA B CIIEKTpE,

oT JuIHBI BOHHI (Puc. 1 ,a).
Ha  pmaHHOM  ypoke  IIOJIE3HO Puc. 1. Puc. 1.6
TpaHcopMHpOBATH STOT TrpaduK B

rpaduK pacnpeaesieHus] SHEPTUU B CHEKTPE MO YacTOTaM, UCIOJb3ys COOTHOIIEHUE
MEXJy JJIMHON BOJHBI U YacTOTOM dJIeKTpoMarHuTHoro uznyudenus (Puc. 1, 0).
Teneps nonpoOyeM BHUMATENBHO OOCYIUTH MOCHETHUN Tpaduk. UTO U3IydyaeT CBET
B HarpeTom Tene?

- ATOMBI?

- Yrto n3mydaer cBeT B aToMe?

- KoneOmntommuecs 3meKTpoHbl (AHTCHHBI).

- MX Ha3bIBalOT 3JEKTPOMArHUTHBIMU oOclmuiaTopaMu. Ha kakux wyacroTax
"paboTaroT" AIEKTPOMATHUTHBIE OCHWIISTOPHI B HATPETOM Teme?

- Ha m100bIX, MOCKOJBKY CIEKTp H3JIyYeHHUs HarpeToll BoJb(PpamMoBOil crnupanu
CILTOIITHOM.

- Kakyro sHepruio I0omKHBI M3Iy4yaTh paboTaroniue Ha OOJIBIINX YaCTOTaX OCIIHII-
JSTOPHI 32 HEKOTOPOE BPEMSI, €CITU KKK U3 HUX "paboTaeT" HENpepbIBHO?

- beckoHeuHO OONBIIYI0 SHEPrui0, TMOCKOIbKY HMHTEHCUBHOCTh H3JIy4yaeMoun
AHTEHHOM 3JIEKTPOMArHUTHOM BOJIHBI MIPSAMO MPOHOPIIMOHAIIEHA YaCTOTE B YETBEPTOU
crenenn: I~v*,

[TosToMy mo6oe Teno 3a Bpems t ~10® ¢ momxuo "croparts, cuHUM ITaMeHeM",
ocThIBasi 0 abcomoTHOro HyJisa! Termno Tak ObICTPO YJIETYUHUBAETCSA B OKpPYXKalolliee
MPOCTPAHCTBO, YTO BCE TOIUIMBA, HUMEIOIIErocss Ha 3emiie, HE XBaTUTh, YTOObI
BCKUIISITUTh YaHUK!

I'paduk pacnpeneneHuss SHEPruM B CIIEKTPE HATPETOTO Telia Ha OOJIBIIMX YacTOTaX
JOJKEH KPYTO UATH BBEpX (MyHKTUpHAs TuHUs Ha rpaduke). OTcrona cienyet, 4To



PaBHOBeCcHe MeXAYy M3JIyYeHHEeM M BelleCTBOM HEBO3MOKHO M 3TAa CUTyalusl B
(usuke noayumniia Hazpanue "yiabTpaduosieroBas karacrpoga'.

Kak 0o0bscHUTH rpauk pacnpelejieHHsi JHEPrHM B CIIEKTPE HarpeToro teia?
[louemy He HaOmomaercs "ynbTpaduoneroBas katacTtpoda"? OTBeTl Ha 3TH
BOIIPOCHI KJaccuueckas pusuka gath He cMmoria. unocodus - Tr000Bb K MyAPOCTH -

HAaYMHAETCS C yIUBJICHUs!

Ypaenenuﬂ KIaccu4eckoul qbu3u7<u OKA3ANUChL HEeCnoCOOHbIMU 06‘b}lCHI/IWZb, nouemy yeacaiowas

neyb He UCTYCKAem JHCemblX Jiyyell Hapsaoy ¢ U3iyyeHuem 60abux OIuH 6OJH ...

X. Jlopeny

I'mmote3a Ilnanka (14 nexa6bps 1900 roma aeHb pokAEHUS KBAHTOBOM (huU3UKH!).
[Inank meITalCcs MOMOYb 3JIEKTPOTEXHUYECKOH KOMIIAHMHM pa3padoTaTh SKOHOMUYHYIO JIAMITY
HaKaJIuBaHUs. TeOpI/II/I TOr'o, Kak CBCTHUT HaKaJICHHAsA HUTH JIaMIIbl, HC 61:1.]10!
DJIEKTPOMATHUTHBIE OCHWLISATOPbl M3JY4Yal0T JHEPrui) He HeNpepbIBHO, a

OTAEJbHBIMUA MOPUUSIMU-KBAHTAMHU. Y OCHWLIATOPOB, ''padoramomux' Ha
00JIbIIUX YACTOTAX, IJHEPIUsl OTACJIbHON MOPUMH BEeJIUKA, HO U3JIY4YalOT OHU ITH
NMOPUUH OYEeHb PEAKO.
llocne neckonvkux Heoenb camo20 HANPANCEHHO20 MPYOa 8 MOEU HCUSHU MEeMHOMA
cnana, u Hawana 8blpUco8bl8amMvCsl HeBUOAHHAS NEPCNEKMUBA.

Makc [lnanx

Omo 6vi10 cOenaHo Ha YposHe AOCMPAKMHO20 MbIULIEHUs OMKpblmue
OUCKDEMHOCMU MAM, 20€e e20 MEeHbULEe 8Ce20 HCOANU.
3. llpeouneep
Ilooobubie cuacmaugvle 002a0Ku ecmv yoen mex, Kmo 3aCAVYHCUL UX
mscenol pabomoul u 21yO0KUMU PAZMBIUAECHUAMU.
X. Jlopeny
Mosa  ¢hopmyna  uznyuenus 00 CUX NOp  YOOBIEMEOPUMENbHO
onpagovleanacy 0axce npu OYeHb MOYHbIX CUCMEMAMUYECKUX USMEPEHUSX.
M. IInank

He cymecrByer HHU XMMHUHM, HAU OMOJIOTHMM, a CYIIeCTBYeT TOJbKO KBAHTOBAasl
¢pusuka! JHeprus kBanra (0Ot JaT. quantum - KOJIM4ECTBO): € = hv.

Iocrosinnass Ilmanka: h = 6,63-103* Jlxk-c. CoBpemeHHOe 3HaueHme: h =
6,62606896(33) - 1034 JI:k-c. KBanTOBas MEXaHMKa UCCIIELYET MU OY€Hb Majnoro! A
ClieUalbHas TEOPHUsS OTHOCUTEIBHOCTU? DHEPrus KBAHTOB BHIUMOIO CBETA: &, ~

3,1 3B; ¢, ~1,73B.

OTa MaJieHbKast nopuus SHCPrur COrnocCraBuMa € SHEPrudMu 4aCTull B aTOMHBIX CUCTCMaAX.

@opmyna Ilnanka TOYHO cOrIacyercss C HKCHEPUMEHTAJIbHBIMH JaHHBIMH BO BCEM HMHTEpBaje
qyacToT. «YnbTpaduoneroBas katacTpoday He mpuBelsa K kKatoctpode duszuxu!

«...JImaHk mocanui B yxo (¢puzukaM 6J10Xy»,- ToBOprI DiHIITEHH. «He MoxeT ObITh!» - moBTOpSUIIN
OHU MOAO0OHO (epMepy, BIIEPBBIE B )KU3HU YBUAEBILIEMY kupada.

Teneps mompoOyem OOBSCHUTH IpaMK pacnpeeleHUs] IHEPrHM B CIEKTpE Ha OCHOBE
KBAHTOBBIX MpenacTaBieHuil. [IOCKOMBKY OCHMIIISATOPBI HM3Iy4aloT SHEPrHI0 HOPLMAMH, TO H
MOTJIOIIAIOT €€ TOPLMSAMH, MOCKOJBbKY XpaHWTh €€ OHM He MoryT. B BombdpamoBoil cnmpanu
JIAMITOYKH HAaKaJIMBAHUS OCLMJUIATOPHI MOIYYaloT SHEPTrUio U3 "o0Iero KoTiaa'", KOTOPhIM SBIISETCS



SHEprus TEIUIOBOTO IBIKEHHS aromoB. [louemy ocummnsTopsl, "paboraromme" Ha OOJIBIINX
4acToTax, NOJy4aroT TaKk Majio Hepruu u3 "oduiero kotna"?

Jlia aroro paccmoTpuM Tpu ocmwnistopa A, B u C, Mexay koropbimu pacnpeaensercs 20
eauHul 3Hepruu (20 mryk). JlomycTuM, 4TO B CHIy BHYTPEHHUX NPUYMH OCLUMIUIATOP A MOXET
npuoOperaTs 3HEpruto Tobko nopuusimu mo 10 eaunun, a B u C — mo oxnoit enquaune. Toraa ¢
pPaBHOM BEPOSATHOCTHIO BO3MOKHBI NPHUBEACHHBIC B TalOnuue | pacrpencsieHus: SHEPTUd MExXIy
HUMH, CJEIOBATEIbHO, B CPEJAHEM 3a KaXKIOE pacmpesesieHHe A Temephb MOoMydyaeT U3 «OOIIero
KoTJIa» Bcero 3,9 enunun sueprun, a B u C — no 8 exqunun!

Tab6muma 1 Tabmuma 2

A B C A B C
20 0 0 1 20 0 0 1
10 10 0 0 20 0
10 9 1 1 0 19 1 71
10 0 10 0 0 20

20 0 Cp.0,9 9,5 9,5
.................. 21
0 0 20
Cp.39 8 8

Bosnee Toro, eciu B cuity TeX K€ NPUYHH ocIMIUIATOp (A) OyneT mpuoOpeTaTh SHEPTUI0 MOPILHUSIMU
no 20 eauHMII, TO C PaBHOW BEPOSTHOCTHIO BO3MOXKHBI ApyTrHe pacnpeneneHus sHepruu (Tabmuma
2) u Tenepb yxke A nomyuut Bcero ymib 0,9 eguHun sHepruu, toraa kak B u C no 9,5 egunuig
(OompIIast yacTh SHEPTUU JOCTAETCs «HMH(PpaKpacHbIM» u3nydatessiM)! Teneps XOpoIIo BUAHO, YTO
«paboTaronye» Ha OOJBIION YaCTOTE OCHMJUIATOPE MOJIYYarOT MEHbIIE HHEPTUU TEIUIOBOTO
JBUKEHMSI (KPYITHOTO BBIMIPHIIIA MOXKHO M HE OKJAThes!) U, CIeI0BATENbHO,

—>
OYECHb PEIKO M3IYYaroT, MO3TOMY IpadHK pacrpeesieH!s] SHEPTUU B CIEKTpe —>
Ha OOJBIIMX YACTOTAaX UJET BHU3. CBET

Ocumiisaropsl, ''padoraromme’” Ha O00JBIIMX YaCTOTAX,
MOJIYyYAKT IrOpa3go0 MeHbIle HePrud TeIIOBOr0 ABUKEHUS H,
CJIeI0BATEJIbHO, 0YCHb PeIKO M3J1y4YaloT.

Tenepp MO3HAKOMUM  YYEHUKOB C  SBJICHHEM  BHEIIHEro
dborosrddexra. Ilouemy oTpumaTENbHO 3apsHKEHHAS IUIACTUHA TEPSIET CBOM 3apsij
moj, JEUCTBUEM YIbTPa(HUOIETOBBIX Ty4eil, a MOJ0XKUTEIHHO

3apsikeHHass He TepsieT? PoTodddeKT - ABJieHne BbIOMBAHUSA I B @
3JIEKTPOHOB JICKTPOMATHUTHBIM HU3JIy4YeHHEM U3 BellecTBa. ‘ \\\ / /

B KOHIICHCUPOBAaHHBIX Cpelax BBIACSIOT BHEIIHUI (TIOTJI0IIEHHE (POTOHOB ® .o °_ 0,
CONPOBOXKJACTCSI BBIJICTOM 3JICKTPOHOB 3a IMpPEICibl Tela) U BHYTPEHHHIA - -
(9JIEKTPOHBI, OCTAaBasCh B TEJE, U3MEHSIOT B HEM CBOE DHEPreTUYECKOe
cocrosiaue) Gorodddexr. PorodPdeKT B razax COCTOUT B MOHU3AIUU aTOMOB HIIM MOJICKYJ O]
JNEHUCTBUEM HU3ITyYCHUS.

Hexoropsie 3akoHOMepHOCTH GoTodIdeKTa:

e Jlemonctpanus ¢hotodrddexra u3 pa3HbIx MeTalaoB. Pabora BeIXo1a 3JaeKTpoHa
n3 Metamia (Agsx). Y KaKoro M3 METauioB paboTa BIXOJAA JIEKTPOHA MEHBIIIE
(cupaBOYHUK)?

e JleMoHcTpanusi 3aBUCUMOCTH CKOpOCTH (oToddderkTa OT OCBEUIEHHOCTH
MTOBEPXHOCTH.



3akppIBaéM HCTOYHUK YIBTPA(PHUOIECTOBOTO W3MYyUYCHUS CTCKISIHHBIM CBETO-
dunsrpom. Ilouemy Teneps He HaOmOHaeTCa PoTodrPdexT?
JlemoHcTparus 6€3 HHEPIIMOHHOCTH (hoTodPdhekTa.

OCHOBHBIE  KOJIMYECTBEHHBbIE 3aKOHOMEpHOCTH (oTodddexta OyayT yCTaHOBIEHBI Ha
CIIEAYIOIIEM YpOKe, HO YK€ ceddac yYeHHKaM MOXKHO COOOLIUTh, YTO KJIacCHYecKas
AIIEKTPOAMHAMHUKA HE CMOTJIa OOBSICHUTH U ATO SIBIICHUE.

IV. 3a0auu:

1.

Ckosbko ()OTOHOB BHJIMMOIO CBETa MCIYCKaeT B TE€YEHUE BpeMeHHM T = | ¢
ANEKTpUYEcKas JaMrnodka MotHocTe0 P = 100 BT, ecinu qyimHa BOJIHBI M3IIyYEHUs
BUJIUMOTO M31ydeHuss A = 550 HM, a cBeTOBas OTAaya JaMIbl COCTABISIET N =
3,3%?

2. HaiiTu moka3arenb NPEIOMJICHHS Cpelbl, B KOTOPOW CBET C DHEPruei KBaHTa
4,4-10"" JIx mmeer mmuny BosHbI 300 HM.
3. PyOuHOBBIM na3ep Aa€T MMITyJIbC MOHOXPOMATHYECKOTO HW3JIYYEHHS C JTMHOM
BOJHBI A = 694,3 HM. OnpenenuTs KOHLEHTPaUu0 (POTOHOB B Iy4YKE H3ITYUYEHUS
Ja3epa n, eciau ero MOIHOCTh P = 2 MBT, a momans nonepeyHoro ceyeHus jryda
S=4-10"m%
Bonpocuvi:
1. Kakne 3HaueHUs MOXKET INPUHMMATh SHEPrus OCHMUIATOpPA C TOYKU 3PECHMS
KBAaHTOBBIX IPEICTABICHUN?

2. OTkyza OCUWJLIATOPHI MOJTYyYar0T SHEPTUIO?

3. Ecim Bce Tena M3Iy4aroT, TO IIOYEMY Mbl HE BHAMM B TeMHOTe? UTO Takoe
«TEMHOTa»?

4. ITouemy KIIJ] nammouku HakaiuBaHus Bcero 4-5% M OHa M3Iy4aeT OYEHb MAJIO

yabTpaduoneToBbix ayueit? Kak noseicuth KII/] Takoii mammbi?
5. Kak paboTaroT KCeHOHOBBIE JTaMIThI?
6. Ilouemy s U3MepeHUs TeMIepaTrypbl MEIULIUMHCKHUM TEPMOMETPOM TpedyeTcs
10 MMHYT, a «CTPAXHYTBY» €r0 MOXHO IOYTH Ccpasy?

7. Tlouemy o4eHb ropsiune 3Be3/bl royObIe?

8. IloueMy npum HarpeBaHUM METAJIIBI MEHSAIOT LBET C KPACHOTO HA OPAHKEBBIN LBET
1 Oenblii?

9. Ilouemy rnasa yenoBeKa HE OLIYLIAIOT TEIUIA U X0101a?

10. Kaxkoit ¢pusndeckuii cmpict numeeT noctostaaas [Inanka?
11. OnexkTpuyeckue nammnouku ObiBatoT MomrHOCcTEIO 40, 60, 100 m 200 Br. KBantyercs nu

MOIIIHOCTE JIaMIIOYeK?

V. Beenenue. Yrp. 11, Ne 3.

1.

Kak "pab6otarot" ranorennsie samnsl (T = 3300 — 3400 K)?
A He 3naio, omxyoa s, Kyoa udy u oaxice Kmo si.
IOpsun Lllpéouncep

U smo uydo, umo, HecmMomp:s HA nopasumelbHYH CHONCHOCMb MUpd, Mbl MONCEM

06Hapy9fcu6amb 6 €20 S6/1eHUAX onpedeﬂeHHyio 3AKOHOMEPHOCMDb.
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3. llpeouneep

§ Ypoxk 2. i 3AKOHBI ®OTOIPPDPEKTA

A 4YTO TAKOr0 CTPAHHOI0 B KBAHTOBOW MeXaHHKe?
HEJIb YPOKA: Ilo3HakoMuTh y4eHUKOB ¢ onbiTamu CToJieToBa 1o poTodPdexTy u

C OCHOBHBIMU 3aKOHOMEPHOCTSIMH PoTOdPdeKTa.
TUIT YPOKA: koMOMHUPOBaHHBII.
OBOPYJJIOBAHUE: mnpubop M-1032, sempsmutens BVYII-2, kommexkt 1o
dboroaddexty, wmeTpoBas  JHMHEHKa, COCIUHUTENIbBHBIE  MPOBOAA,  HAOOP
ceeTopmibTpoB, BoasT™MeTp 0 — 250 B, BonsT™MeTp nemoncTparmonHsiit, UDIIIT — 1,
kuHOQUIBM "DoTOo3PdexT", mpoekimonuklil annapat POC - 67.
IIJTAH YPOKA:

1. BcrynurensHas yacTh
2. Ompoc

3. OOsbscHeHHE

4. 3akperuJieHue

5. 3anmanue Ha TOM

I1. Onpoc pynaamentanbubiii: 1. TermnoBoe uznydyenue u runotesa [lnanka.

2. SIBnenue dotorddexra.

3aoauu:

1. TodeuHbIl1 HCTOUHUK MOHOXPOMATHYECKOrO HU3Iy4eHUs MOIIHOCTHI0O P = 100 Bt
WCITyCKaeT BOJHBI ¢ IMHOM A = 1 MkM. Onpenenutsb uncio ¢oToHoB N magarommx
3a BpeMs T = | ¢ Ha womans S = 1 cM?, pacnoNokKeHHYI0 Ha paccTosSHUU R = 10 M
OT UCTOYHUKA.

2. Kamis Boawsl nguamerpom 0,2 MM HarpeBaeTcs CBETOM IJIMHOW BOJIHBI 0,7 MKM,
nornomas execekyHano 10'° xanros cera. Onpenenure ckOpocTh HarpeBaHUS

KaIlJIn.

3. PeHtreHoBckoe (TOPMO3HOE) M3JIy4€HHE BO3HUKAET MpH OOMOapIHpOBKE OBICTPHIMU
3JIEKTPOHAMH METaJUNIMYEeCKOTO aHTHKATO/1a PEHTTEHOBCKOM TpyOku. OnpenennuTh JJIMHY BOJTHBI
KOPOTKOBOJIHOBOM T'pPAaHMIIBI CIIEKTpPa TOPMO3HOTO H3JIyYEHHUS, €CIIH, CKOPOCTb 3JIEKTPOHOB
cocraBisieT 40% OT CKOpPOCTH CBeTa B BakyyMe. ODHeprus mokost anekrpona 0,5 M»sB. Kak
3aBUCUT JJIMHA BOJHBI KOPOTKOBOJHOBOW TpaHMIIBl CIEKTpa
TOPMO3HOTI'0 M3JIy4€HHUs OT HaIlpsDKEHUs (TeMIepaTyphl katoaa)?

III.  VYcrpoiictBO  BakyyMHOro  (poTO3JIEMEHTa,  €ro

0003HaYeHUE Ha IEKTPUUECKUX CXEeMaX.
VYcranoBka — ans u3ydeHus — 3akoHOB  (ororddexra.

BosbTamnepHbie XapaKTEPUCTUKH BAKYYMHOT'O

dboTodnemMeHTa, CHATbIE TMPU €ro  PaCHOJIOXKEHUU  Ha
paccrosiausix 30 u 60 cM OT ucTouHMKa cBeTa. [Ipu MOBBIIEHUH HANPSHKEHUS
dboToTOK yBenuuuBaeTcs. AHOAA JOCTUraeT OOJbIIEe KOJIUYECTBO HIEKTPOHOB,
BBUICTAIOMINX K3 Karoja Moja BCE OONBIIMMH yIrJIaMu K OCU KojoObl. OOpaTtute
: BHUMaHUE, 4YTO (HOTOTOK NPUCYTCTBYET TMpPHU HYJIEBOM
HanpsHKEHUH !

) £ R
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Tok HaceImeHus lyac = Ne/t, ero 3aBHCHMOCTE OT OCBEIIEHHOCTH KaToaa: Iuyac ~ E.

Uucao BBIONTHIX B €IUHHUIY BpeMeHM ¢ IMOBEPXHOCTHM MeTaJLia

(}oT03/1eKTPOHOB MPSIMO NPONOPIUOHAIBHO €r0 OCBEIIeHHOCTH.

VYcraHoBKa 7151 IEMOHCTpalMKM BTOPOro 3akoHa pororddexra. Hanumuue Toka B 1ienu

Npyu HYJEBOM pa3HOCTH MOTeHHHAIoB (00bsicHeHue). Kakum o00pa3oM MOKHO

YMEHBIINTE CHJIy TOKAa B LENU 10 HyJsA? 3aJep:KUBAIOLIee HAMpSLKEHUE: mu>/2 =
2eU,

e-U,. Onpenenenne MaKCUMaIbHOM CKOPOCTH (DOTODTIEKTPOHOB: Vmax = .
m

IHacl

U3yuenne 3aBUCUMOCTH Vyax = f(V), UCTIONB3YS CBETOQUIBTPBI U |

1 HU3MCPs 3aACPKUBAOIICC HAIIPAXKCHIC.

$ [Tokazarp, 4TO MakCHUMallbHAs CKOPOCTH (POTOITEKTPOHOB

HC 3aBUCHUT OT OCBCIICHHOCTH MCTaJljia.

; U,B
MakcumajbHasi KHHEeTHYCCKaA IHEPIud U.B 0

U, U HCIYCKAEMBbIX (l)OTO3.IleKTp0HOB JIMHEHHO BO3pacrTracr ¢ 4yacToTou
AJNIEKTPOMATHUTHOTO M3JYYCHUHA H HE 3aBUCUT OT OCBCIICHHOCTHU

merasia (1906-1915 r. Muinuken).
Tpernii 3akoH dorodpdexra. U1 KaKIOro BEIIECTBA CYLIECTBYET KpacHas TIpaHMIA
¢doro3ddexra - HauMeHbIIast YACTOTA CBETA, IPU KOTOPOH (HOTOAIPPEKT enié BOZMOKEH.
BbiBoa: Korja MHTEHCUBHOCTB CBETa YBEIUYMBACTCS, SJIEKTPOHBI BHUICTAIOT U3 METAJUIA C TOU Ke
CaMOi CKOPOCTBIO, HO IIPU 3TOM BBIOMBaeTcs Ooibllle 3JIEKTPOHOB. bosee Toro, korga cBeET
CMEIaeTcsl MO LBETY B CTOPOHY KPacHOTO (TO €CTh B CTOPOHY OoJjiee JUTMHHBIX BOJH), SJIEKTPOHBI
BBUICTAIOT U3 METa/lla C MEHbBIIEH CKOPOCTHIO HE3aBHCHMO OT MHTEHCUBHOCTH. [louemy
BBICOKOYACTOTHBIH CBET MPHUBOAMT K HCIYCKAHHUIO HJIEKTPOHOB METAJUIOM, a HU3KOYACTOTHBIA —
Het? [Touemy npu sIpKOM CBETE HCITyCKaeTcs Ooble (POTOAIEKTPOHOB, YEM IPU TYCKJIOM cBeTe?
IV. lemonctpanus kuHopuiabMa "dotodPpdext".

T'opoumbcs cnasoro c6oux npeokog He MoabKo MOICHO, HO U

OO0JIHCHO, He YBAadNCamb OHOU eCb HOCMbIOHOE MAN0OYUllUe.
A.C. I[lywxun

V.§77.

1. IloAroToBUTH NATUMUHYTHOE COOOIIEHNE O KU3HU U Hay4yHOU AestenpHocTH M. Ilnanka.

2. CocTaBUTh BBIpAXKEHHE ISl BEJIMYMHBI, UMEIOIIEH Pa3MEPHOCTh JJIUHBI, UCIOJb3ysl CKOPOCTb
CBETa C, Maccy 3JEeKTPOHA M. U nocTosiHHYI0 [Inanka h. Onpenenute 4nciaoBoe 3HaYCHUE STOU
BEJIMYUHBI M TTOyMalTe, 4YTO OBbI 3TO 3HAYMIIO.

Coenacho amomy céeﬂaHnomy 30echb npednonoofceﬂwo, IHEpcusd nyuka ceema,
gblueouleco U3 H€K0m0p0ﬁ nmo4Ku, He pacnpedefmemwz Henpepvle6HO 60 6cCe
eo3pacmarouem obveme npocmpancmea, d CKIA0bl8Aemcst U3 KOHEYH020 YUCIA
JOKATUSUPOBAHHBIX 6 NPOCNpPAHCMEe HeoenUMbIX K8AHMO8 9Hep2m7, noczioujaemuvlx
Ul BO3HUKAIOUWUX NMOJIbKO YETUKOM.
A. Dunwmerin
S1Ypok 3, |=Z TEOPUS] ®OTODPPEKTA

aKuM 00pa3oM B COJTHEYHBIX 0aTapesix (POTOH NMpeodpasyercs B JJIEKTPOH?
HEJIb YPOKA: [To3HakOMHUTh YYEHUKOB C BOJIHOBOM M KBAaHTOBOU MOAEISIMU (POTO-

addekra, a Takke O0BICHUTH BCe HaOMI01aeMble 3aKOHOMepHOCTH (oTodddexTa Ha
OCHOBE KBaHTOBBIX MPEACTABICHHI O CBETE.
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TUIT YPOKA: koMOMHUPOBaHHBII.
OBOPYJIOBAHMUE: HuTsiHOM MasTHUK, IAPUK, HAKJIOHHAS IUIOCKOCTh, IITATHB.
IIJTAH YPOKA:

1. BcerynurenbHas 4acTh 2
2. Omnpoc hV . A Y muv
3. OO0bgcHeHue — L lepix

4. 3akpenieHue 2

5. 3amaHue Ha AOM
II. Onpoc dynnamentansubiii: 1. Ilepoiii 3akoH doTodddexra. 2. Bropoit 3akoH

dhotorddexra.

3aoauu:

1. Ilygox ynerpaduoneroBeix nyueir (A = 1-107 m) mepemaer (HOTO3IMUCCHOHHOM
noBepxHoCTH MommHOCTh 1-107 Br. Kakoe KOIMYeCTBO KBAHTOB MagaeT Ha 3Ty
MOBEPXHOCTh execekyHaHo? Kakoli Oyner cuia 53JIeKTPUYECKOro TOoKa C
MMOBEPXHOCTH, €CJIU (OTOIIEKTPOHBI BbIOMBatOTCS 1% KBaHTOB?

2. PentrenoBckas TpyOka, paboTaromias moja HampsokeHueM 66 kB u cuie Toka 15
MA, usnyudaer execekyHaHo 10'¢ ¢oronoB. CumTas NIMHY BOJHBI M3JIyYEHHS
pasnoii 1071° M, onpenenure KI1JI (B mpoleHTax) yCTaHOBKH.

3. TodeuHslii UCTOUHUK MOLTHOCTHIO P = 2 MBT m3nywaer cBer ¢ mnuHO# BoiHBI A = 450 HM
PaBHOMEPHO BO BCEX HalpaBieHHUAX. HallTu KoHLEeHTpaluio n (JOTOHOB HA PACCTOSIHUU I = 5 M
OT UCTOYHUKA.

I11. Ha npeapiaymemM ypoke Mbl 9KCIIEPUMEHTAIBHO YCTaHOBUIIN 3aKOHBI (hOTOd(PdeKTa:

e Yuciio BHIOUTHIX B €IUHHUIY BPEMEHH € MOBEPXHOCTH MeTA/Ia (POTOIIEKTPOHOB NMPAMO
NPONOPUMOHAIBHO HHTEHCHMBHOCTH CBeTa BOJM3M IOBEePXHOCTH MeTaLIa H,
CJ1e10BATEJbHO, €r0 OCBEILICHHOCTH.

e MakcumMaidbHasd KHHETHYECKAs JHEPIrus HCIYCKAaeMbIX (POTOIIEKTPOHOB JIMHEIHO
BO3pacTaeT ¢ 4YaCTOTOH 3JIeKTPOMATHUTHOIO M3JIy4YeHHMS W He 3aBHCUT OT OCBEIICHHOCTH
MeTaJlIa.

e JlnA KakI0ro BellecTBa NPH ONpPeAeJeHHOM COCTOSIHMH €ro MOBEpPXHOCTH CyIIecTByeT
rPaHUYHAs YaCTOTA CBeTa, HUKe KOTopoi ¢Goroddg ekt He HadM0AaeTCA. ITAa YACTOTA U
COOTBETCTBYIOLIAA JJINHA BOJHbI HA3LIBAETCH KPacHOH rpanuueit porodrddexra.

Besikuii, KTO UMEN €10 ¢ MOPCKMMM BOJIHAMH, 3HAE€T, YTO BOJHBI MaJON aMIUIMTYABl TOJKAOT

cnabo, a 607b110# - cuIbHO. Eciiu BbI cTouTe B mosioce npu0osi, TO MaJlieHbKasi BOJIHA HE COOBET Bac

C HOT, HO €CJIM aMIUIMTYZAa BOJIHBI CTAHOBSITCSI BCE OOJIbILE

u OoJpIlle, TO B KOHIIE KOHIIOB OHU OKaXYTCSl JOCTaTOYHO

BEJIMKH IS TOTO, YTOOBI HAPYIIUTH CBSA3b BAIIMX HOT C JTHOM.

N3 xypca IIKOJIBHOW ONTHKH HaM XOpPOLIO M3BECTHO, YTO

y pacnpoCTpaHEHUE CBETa — BOJHOBOM Mpolecc, O YEM
yOeauTenbHO — CBUACTENBCTBYIOT — HAOIIOAaeMble  HaMHU

ABIICHUS MHTEepepeHnn U audpakuuu cBera. [10o3ToMy MBI momnbiTaeMcsi OOBSCHUTH OCHOBHBIC

3akoHOMepHOCTH (oTod(Pdexkra B pamkax BONHOBOW Mojenu. CoriacHO 3TOM MOJENH, CBET —

AJIGKTPOMArHUTHAsE BOJHA ONPEAETICHHOM YacTOThl W aMIUIMTYIbl, B KOTOpPOW KoyieOaHus

X

JIEKTPUYECKOTO (E) n wmarautHoro (B) BEKTOPOB TPOUCXOAAT CHUH(pA3HO BO B3aMMHO
NEPIEHANKYIAPHBIX TUIOCKOCTSX. HenonBwkHbI HaOiogaTenb, HAXOIAIMIMKCS BONM3M KycKa
MeTajuia, Oy/IeT perucTpUpOBaTh IEKTPUUECKOE 10JIe, ITPOEKIIUS HANPSKEHHOCTH KOTOPOTo Ha OCh
X U3MEHSETCS 10 TapMOHUYECKOMY 3aKOHY E, = Enuccoswt. Torna Ha cBOOOTHBIC JIEKTPOHBI B
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MMOBEPXHOCTHOM CJIO€ MeTayia OyJeT ACeWCTBOBaTh MepeMeHHas cuna F, = -e'Ey, moa aeicTBueM

= X eEX e ___max
KOTOpPOil OHU Oy/yT IBUraThCs C yCKOPEHUEM g, = — = ——— = ——-COS ¢ .
m m m
VuutbiBas, 4TO MpPOEKIUsS YCKOPEHHUs €CThb IepBas MPOU3BOJHAs OT IPOEKLUUH CKOPOCTU IO
dv,
BpPEMEHU a = 7 , OIPENIEINM 3aKOH M3MEHEHHUS MPOEKIUU CKOPOCTH 3JIEKTPOHA CO BPEMEHEM
' t
t
eEmax M 1
v, = Iaxdt =— sinwt =-v,,,, sinwt. Ammuutyna CKOpPOCTH (OTOIIEKTPOHOB
0 mao
ek . ek V2

= = HpI/I I[aHHOﬁ qacToTe BHGKTpOMaFHI/ITHOFO I/I3.Hy‘-IeHI/I$I VvV = nocm, AOJIXKHaA
2zvm - 2mvm

OBITH MIPSIMO MPOTIOPIUOHANBHA AMIUTUTYAE HAPSKEHHOCTHU 3JIEKTPUYECKOT0 MO, YUUTHIBas, YTO
MHTEHCUBHOCTb DJJIEKTPOMAarHMTHOW BOJIHBI MPSAMO IPOIOPLUOHAIbHA KBAaApaTy IEUCTBYIOIIETO
3HAYEHUs HATPSHKEHHOCTH JJIEKTPUYECKOro moisi I ~ B2 Mbl ¢ HEM30€KHOCTBIO JOJKHBI CIENATh
BBIBOJ] O TOM, YTO MAaKCHMajbHas CKOPOCTh BBIPHIBAEMBIX CBETOM (DOTOIJIEKTPOHOB JOJKHA
BO3pacTaTh C YBEJIWYEHHUEM HHTEHCHUBHOCTH CBETa (OCBEIEHHOCTH MOBEPXHOCTH METaIa), YTO
IIPOTUBOPEYUT SKCIIEPUMEHTY.

CiienoBaresibHO, KJIACCHYECKASl JJIEKTPOAMHAMHUKA He CMOIJIa OOBSCHUTH
OCHOBHBbIE 3aKOHOMepHOCTH poTo3rdPexTa!l

max

Beenennoe Makcom IInaHkoMm ImpencTaBieHHME O KBAaHTAX CBETa MCIIOJIb30Bajl
Anb0OepT DHHINTEWH B MPENTOKEHHON UM KBaHTOBOM Moaeau ¢orodddexra
(onurpad x ypoky). CoriacHo CIEIaHHOMY UM MPEINOJO0KEHHUIO, YHEPTHsl CBETa
pacnpenensiercss Mo MNPOCTPAHCTBY IUCKPETHO, TO €CTh COCTOMT M3 KBAaHTOB C

o hv
SHEPruey € = h'v U UMIYJIbCOM p = — .
c
CBoOOJHBIE AIEKTPOHBI HE MOTYT MOTrJOIMaTh KBaHThI cBeTta! Ecim Obl Takoit

hv
MPOIIECC MPOMU3OIIEII, TO JIEKTPOH OBl MPUOOPET UMITYIIBC — = mv WIH hv =mv-c U
c

mo’
DHEPTHUIO hv =

L
=mo_, a ero CKOpOCTh MPEBBICHIIA OBl BJIBOE

(v = 2-c) CKOpPOCTh CBE€Ta B BaKyyMe, 4ero He MOXeT ObiTh. B
PEISITUBUCTCKOM CITydae (noxancme C&MOCTOHTGJ’IBHO) CKOPOCTH

2 2 '
1/1—V— 1—V—2 -
C

CB000OAHBIC 3JIEKTPOHBI HE MOIJIOIIAT KBAHThI cBeTa! BBIBAeT M y OrHS TE€Hb?
Korga BemecrBo HOHU3MPOBAHO, OHO paccenBaeT U3JIyYeHHE; KOI/Aa BellecTBO
HEUTPaJIbHO, U3JIyYeHHE IPOXOAUT NMPAMO Yepe3 ITH ATOMBI!

ANeKTpoHa OyJeT paBHaA C (

B cBOW ouepenp 3JIEKTPOH B aTOME MOXKET IMOIVIOMIATh KBAHTBI CBETA, MPU 3TOM
4acTh MMITyJIbCa KBAHTAa mepefaercss aroMy. Kpome 3TOro KaxIblid SJIEKTPOH,
MOKUJAsd METaJUI, JOJDKEH COBEPLIUTh HEKOTOPYIO PA00TY Agwx, XaPAKTEPHYIO IS
JAHHOTO MeTalia. Torja KBaHT CBETAa C DHEPrUeul /v, Mmorjiomaercs 3JeKTPOHOM B
MeTaJlie, KOTOPbIA, MPUOOPETS ATy IHEPTHUI0, HACTh €€ TPATUT HA «pabOTy BBHIXOay,
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a OCTaBIIYIOCS YaCTh COCTABJISIET €r0 KHWHETHYeckas 3Heprus. Kaxnaeii cHapsa-

KBAaHT MOKET BBIOUTHh M3 aTOMa TOJBKO OJMH 3JEKTPOH! YpaBHeHue JHHIITEHHA

2
muo

+ 2max Hn IIO3BOJIACT

aasa  ¢oroddpdekra npuodperaeT BUI. hv=A4

8b1X00a

OOBSACHUTh OCHOBHBIE 3aKOHOMEpPHOCTH (oTorddexTa. CyuHocTs HaydHOro MeToza
MOXKHO C(OpMYyJIMPOBaTH JAOBOJBHO MPOCTO: OH MO3BOJSET JOOBITH TaKHe 3HAHUS O SIBJICHHUSAX,
KOTOpBIE MO>KHO IIPOBEPUTH, COXPAHUTD U IIEPEaTh IPYrOMy UEIOBEKY.
JonoanuteabHass uHpopmanms: Ternepp oOpaTuMcss K MOAETH. ODJIEKTPOH-YACTHUIA H
MO3TOMY MBI €ro OyAeM MpeICTaBIATh MAPUKOM OIpeIeICHHON MacChl, KOTOPBIH IS yaJleHus
U3 MeTajljla He0OXOIUMO MOJHATH MO HAKIOHHOM IUIOCKOCTH Ha BBICOTY [, TO €CTh 3aTpaTuTh
/// sHepruto m g H, xotopas paBHa paboTe BBIXOAA M3 JAHHOTO
MeTayuta. KBaHT cBera TOXe 4YacTHIla, MO3TOMY MBI €ro Oynem
MPEACTABIATh IMIAPUKOM TOM K€ MaccChl, MOJBEIICHHBIM Ha HUTH.
ITockoabKy KBAaHT cBeTa 00JaJaeT SHEPruei, TO Mbl OTKIOHUM
IIAPUK OT IOJIOKEHHsI PaBHOBECHS TaK, YTOOBI OH MOJHSIICS Ha

""""" Y \ E BBICOTY /1, KOTOpasi MPONOpIMOHaIbHas ero suepruu. Ecinu teneppb
1
: >y OTIYCTUTh IIAPUK-KBAHT, TO IPU B3aUMOJCUCTBUU C LIAPUKOM-
[ A
(l H‘ A DJEKTPOHOM OH IepefaeT eMy BCIO CBOIO 3Hepruto. [lomyuus o1y
! y

SHEPrul0, OJJIEKTPOH YacTb €€ TIOTPAaTUT Ha I[PEOJ0JIEHHE
B3aMMO/ICUCTBUS C METAJUIOM, @ OCTABILIYIOCS YacTh OYJIET COCTABIIATh €r0 KHHETUYECKas SJHEPTUs.
C moMouibio 3TOM MOJIENH JIETKO M0Ka3aTh, YTO KBAHTHI OOJbIICH SHEPrUH BHIOWBAIOT 3JICKTPOHBI
OonplIeli  KUHETUYECKOW  OSHEpPruu, NpUYeM  MaKCHUMajbHash  KWHETHYECKas  DHEeprus
(OTO’IEKTPOHOB JTMHEHHO BO3PACTACT C YACTOTOM CBETa, TaK HE TPYIHO M MOKa3aTh 3aBUCHUMOCTD
MaKCUMAaJIbHOW KMHETHYECKOH »Hepruu (pOTO’NIEKTPOHOB OT Marepuana katoaa. IIpum HexoTopoi
MUHUMAaJIbHOH "acToTe cBeTa (KpacHas rpaHuia) Gotospdext Boodie npekpamaercs, u YHeprus
KBaHTOB IEPEXOIUT BO BHYTPEHHIOI JHepruro Meramwia. Eciu Mbl coOepeM AeHCTBYIOIIYIO
MOJIeIb U MPOBEJEM C HEH OMBITHI, TO OOHAPY)XUM, YTO €CIH Ja)Xe SHEPrusi KBaHTOB OoJiblIe
paboThl BBIXOJA, TO JAJIEKO HE KaXKABIH 3JEKTPOH BBIPHIBACTCS W3 MeTaia (HEHEeHTpalbHBIN
yzap), TO €CTh BBIXOJ AJIEKTPOHOB ropa3ao Menbiie 100%, uto n HabIr0AaeTCs B pealbHOM OIBITE.
Takum o0Opa3oM, KBaHTOBas MOJETb OOBACHWIA, T[I0YEMY MAaKCHUMallbHasi  CKOPOCTb
(OTO3TEKTPOHOB HE 3aBHCUT OT MHTEHCHUBHOCTH CBETA, IOYEMY MaKCHMallbHAsi KWHETHYecKas
SHeprus (HOTORIEKTPOHOB JMHEWHO BO3pAcTaeT C YACTOTOW CBeTa M JUId KAXKAOr0 MeTajuia
CyLIECTBYET cBOA "KpacHas rpanuia” ¢porospdexra.

3aBHCHUMOCTDH (bOTOTOKa HaChbIII€HUA OT MHTCHCHUBHOCTHU CBCTA BOIM3H IMOBCPX-

HOCTH MCTaJlJIa. I[CﬁCTBHTCJH;HO, YKUCJI0 KBAHTOB CB€TA, IIaAarOIKUX Ha IIOBCPXHOCTH

Pt ISt
MeTalljia 3a BpeMs f, MOXHO omnpeAenuTs mno ¢opmyire N=-—=—, 1ne I -

hv  hv

WHTEHCHUBHOCTh CBETA BOJM3HM MOBEPXHOCTH MeTala. YHMCIIO BRIOMTHIX M3 MeTallia
doroanexktpoHoB N'=nN, tone n — KIIJI  doroaddexra. Torma cunma TOKa
HACHIMCHAS [, = NTIE = % IPSIMO TIPOTIOPITMOHAIPHA HHTCHCHBHOCTH CBETA.

CBeT 3epHHCT MO CBOeii mpupoge. DJIEKTPOMATHUTHAS JHEPrusi M3JIydaercs,
pacnpocTpaHsieTcsi M TMOIJIOIIAETCS B BH/E OTEJbHbIX NOPUHI-KBAHTOB M
Mo/I00HA He HeNPEePHIBHO JbIOIIEHCS CTPYe, a2 MPEPLIBUCTOMY Py Kamelb.
CBeT COCTOUT M3 OT/IEIBHBIX YACTUYCK, KaXIas U3 KOTOPHIX MEPEIAeT CBOIO YHEPTHUIO

OTHOMY - €JUHCTBEHHOMY JJIEKTPOHY !
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MuHuManbHas eIMHUIA JEHEeT — Kolelka win 1eHT. CBeT MOXKHO ceOe MpeACTaBUTh, KaK KOTCUKH
B pasHoil Bamiore. [lpu OonpmmMx o0BEMax BaTIOTBI TEPSETCS «KBAHTOBOCTH» CIIEIKH, TO €CTh
€€ IIEHTOBOE BBIPAKEHUE, HO KaK KaXKJIbIi LIEHT - 3TO JIEHbI'M, TaK U KaXK/IbIi KBAHT - 3TO CBET!

IV. 3aoauu:

1. Dueprus kBantoB 6,410 ]I, paboTa BEIXOMA >IEKTPOHOB U3 MeTamia 4,9-1071°
JIx. OnpenenuTh MakCUMaldbHYI0 KUHETHYECKYIO JHEPTHI0 U MaKCUMAaIbHYIO
CKOPOCTh BBIPBIBAEMBIX CBETOM 3JIEKTPOHOB.

2. Pabora BbIXOJa 3JEKTPOHOB M3 305I0Ta paBHa 4,59 »B. HailiTu 1HHY BOJIHBI
KpacHo rpanuiibl Gpororddexra s 3070Ta.

3. UyBCTBUTENBHOCTh CETYATKU IJ1a3a K keaToMy cBery (A = 600 HM) cocTaBiser
1,7-10""7 Br. CkoJbKO KBaHTOB JOJDKHO MAaTh €KECEKYHIHO HA CETYATKY, YTOOBI
CBET ObLT BOCHIPUHST?

Bonpocui:

1. UYem otnuuarorcs runotes3sl M. [lnanka u A. DiiHInTeliHa 00 3JIEKTPOMarHuTHOM

U3JIy4yeHun?

2. Ilouemy KpacHbIil CBET Jake O4YE€Hb OOJIBIION HMHTEHCHUBHOCTH BOOOIIE HE
BBHIOMBAET U3 IIMHKA 3JIEKTPOHBI, a BOT (PUOJIETOBBIN, Naxke Clalblii, BbI3BIBACT
MOSIBIICHUE MYCTh HEOOJIBIIIOTO YKCIIA, HO OU€Hb YHEPTUYHBIX (POTOIIEKTPOHOB.

3. Ilotok ¢otonoB c sHeprueit 15 5B BriOMBaeT u3 Meramna (QOTOIIEKTPOHHI,
MaKCHMMaJlbHasi KUHETUYECKas JHEPrusi KOTOPhIX B 2 pa3a MeEHbIIEe paldOTh
BbIX0oJa. KakoBa MakcuMasnbHas KHHETHYECKasi Y3HEPTus (DOTOIIEKTPOHOB?

4. Yrto HeoOXomuMo cjenaTh, 4ToObl B ombiTax 1Mo (oTodddexty yBemuuumics
BBIXO/]I 3JIEKTPOHOB, U YMEHBIIIWIIACh UX MAaKCUMaJlbHAsi KHHETUYECKasi SHEPTusi?

5. IloueMy y pa3HbIX METAJIJIOB HE OJJMHAKOBA pad0Ta BBIXOJ1A JJIEKTPOHOB?

6. W3 nuHKa Uy U3 1e3us SJIEeKTPOHbI OyyT BbUIETATh C OOJBIIEH CKOPOCTHIO TPU
00JIy4YEHUHU UX YIbTPAPUOIETOBBIMH JIydaMu?

7. Ilouemy rosy0oit (OTOH CHIIbHEE TOJIKAET ANEKTPOH, YEM KPACHBIN?

8. BbIxoa »JIeKTpOHOB Tipu BHeEIIHEM (PoTodrdekTe CcoCTaBiIsIeT HECKOIbKO
npoueHToB. Ky/a jxe 1eBatoTCsl OCTaIbHbIE KBAHTHI?

9. IloueMy 4acTHUIIbI TYHHOU MBLIX 00JIa/IAIOT IEKTPUUECKUM 3aPSIOM.

10. B ombiTax mo ¢potodgdekTy pacCTOSTHHE MEXAY IIUHKOBOW MJIACTHHON U DJIEKTPUIECKON AyTon
YBEJIMYMIIH B JiBa pa3a. [louemy npu 3ToM GOTOTOK yMEeHbIIMICS B 4 paza?

11. Tlouemy y IHMANEKTPUKOB MOTJIOMIEHUE CBETA CYIIECTBEHHO ciabee, 4eM y MeTalioB?

12. Tlouemy my4d MpOKEKTOpa pPE3KO OOphIBaeTCs, a HE OclabeBaeT WM HE YXOIUT «B
0eCKOHEUHOCTh)?

13. Tlouemy OOBIYHOE CTEKJIO HE MPOIYCKACT YIbTPa(HOIETOBHIC JIyud, a KBapLEBOE CTEKJIO

IIPOITyCKaeT?

V.§78. Yop. 11, Ne 1,4,5.

o xonya srcusnu 51 6y0y oymams 0 mom, ymo maxkoe ceem!
A. Sunwmeiin

LVDOK 4& PEHIEHUE 3ATIAY
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3aKOHBI eCTh Y MUPO31aHHS, 2 (PU3MKA UX NBITACTCH 00OHAPYKHUTb.

HEJIb YPOKA: Hayunts y4eHMKOB IPUMEHATH ypaBHeHUs [lmanka u OMHIITENHA B

KOHKPETHBIX CUTyallUAX.

THUIT YPOKA: pemenue 3aaay.

A
OLOPYJIOBAHMUE: . iy, . .
il CIIPaBOYHUK, MUKPOKAIBbKYJIATOP , §=¥~§=
IIJTAH YPOKA: 555-

BcerynurenbHas yacTthb
Ormpoc

Pemenue 3agau

4. 3amanue Ha I0M

w -

II. Omnpoc dynnamentanbHblil: 1. YpaBHenue DitHmTeitHa 11 pororddekra. 2.

OO0mwsacHenne 3aKk0HOB (oTod(PeKTa Ha OCHOBE KBAHTOBBIX IPEACTABICHUMN.

3aoauu:

1.

Onpenenuts MaKCUMAJIbHYIO CKOPOCTh (DOTORIEKTPOHOB, BBUICTAIOIIUX U3
MEIHOI0 3JIEKTPO/Ia, OCBEIAEMOI0 MOHOXPOMAaTHYECKHUM CBETOM C JNIMHOW BOJIHBI
250 am. Pabora BeIxoma 351eKTpoHOB u3 Meau 4,17 3B.

. Karon dorosnemenTta ocBemaercs cBeToM ¢ JiauHONW BOJaHBI 500 HM. MOIITHOCTH

u3inyuyeHus, nagaromero Ha karona, 30 mBrt. Tok B menu Qorosnementa 1 MA.
Haiftu oTHomieHue uwucna mnagaromux (QOTOHOB K  YHUCIAY  BBIOUTHIX
(G OTO3JIEKTPOHOB.

. ®otoH ¢ anuHOM BOJIHBI 500 HM BBIPBIBAET C MOBEPXHOCTH METAJIA JIEKTPOH,

KOTOpPBIA OMNUCHIBAET B OJHOPOAHOM MAarHUTHOM IMojie ¢ uHAyKnmen 1 mTn
OKPY>XHOCTh pasnycoM 1 mMm. Haiitu B 3B paboTy BbIxo/a 3JIEKTPOHA U3 METaJLa.

. B sBnenun ¢otorddexra 3MEKTPOHBI, BHIPHIBAEMbIE C IMOBEPXHOCTH MeTala M3IydyeHHEM

yactoroit 2-10'° T, NOMHOCTBIO 3aA€PKUBAOTCS TOPMO3SIIUM IOJIEM NpH HanpsokeHun 7 B, a
BBIpbIBacMble H3jIydeHneM dactoroi 4-10'° T'm — npu sHampsokenud 15 B. Beruwcnurs
noctostHHyto Ilnanka.

B 1911 r. MunnukeH, SKCIIEpUMEHTAIbHO MPOBEPSAS YpaBHEHHE ODMHILTENHHA, ONPENETNI U3 HETO
3HavyeHue noctosiHHoil [Tnanka h. Ona coBmana ¢ TeM 3HaYeHHEM, KoTopoe: moiyuwn [lmank u3
TEOPUHU TETIOBOT'O U3JIyYECHHUS.

I11. 3aoauu:

1.

MOIIHOCTh TOYEUYHOT'0 MOHOXPOMAaTHYECKOro hcTouyHuka cBera 10 BT Ha anune
BonaHbl 500 HM. Ha kakoM MaKCUMalbHOM PACCTOSIHUM STOT HMCTOYHUK OyleT
3aMEUEH YEJIOBEKOM, €CJIM IJa3 pearupyer Ha CBETOBOM MOTOK HE MeHee uem 60

dboToHoB B cexkyHay? Juamerp 3pauka 0,5 cMm. Tenmeckon «XaG6m» ¢ororpadupyer
00BEKTHI, HAXOAAIIMeCS Ha paccTOsIHUU 13 MUIUIMapI0B CBETOBBIX JeT. Kak emy 3To ynaercs?

. YequHEeHHBI MHKOBBIM IIapuK 00JydaeTcsl yJAbTpauOJIIETOBBIM U3IYYEHHEM C

nauHOM BoJHBI 250 HM. Jl0 Kakoro MaKCHMajbHOTO IOTEHIMANa 3apsIuTCS
mapuk? PaboTta BeIxoja 3JIeKTpoHa U3 IUHKA 3,74 3B.

. HpI/I HCCIICJOBAHNN BAKYYMHOI'O (l)OTOSJIeMeHTa 0Ka3aJIoCh, YTO IIPpH OCBCIICHHNHA

KaToja CBETOM ¢ 4acToToil vo = 10'° T'm GOTOTOK ¢ MOBEPXHOCTH HpeKpallancs
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MpU 3aJEPKUBAIOIIEM HANPSDKEHUU MEXIy KatoaoM u anogom U, = 2 B.
Onpenenuts paboTy BBIXO/A 3JIEKTPOHA.

IV. Yop. 11, Ne 4 — 6. Cocrasuts 06001marornyro tadiuiy "®otospdext", uernons3ys pUCyHKH,
YEPTEKU U TEKCTOBBIN MaTepHUal.

Iloces nayunulii 830ti0em 0Jis1 Hcameawvl HAPOOHOLL.
.U Menoenees
MPUMEHEHUE ®OTODDPDEKTA.

Kak xkBaHTOBasi pu3uKa padoTaeT B NOBCEAHEBHOM KU3HHU?
HEJIb VYPOKA: Ilo3HaKOMUTb YYE€HHUKOB ¢ mpuMeHeHusmMu Hororddekra.

CucremarusupoBaTbh U OOOOIIMTH 3HAHUS YYalIUXCsl, MOJYyYECHHbIE MPU WU3YUYEHUU
dhotorddexra.

TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJIOBAHHME: mnonynpoBOJAHHMKOBBIM M BakyyMHBIH  (DOTOZJIEMEHTHI,
coJIHeUHasi Oarapesi, YHUBEpCAJIbHOE SJIEKTPOHHOE peise, Boinpsamutenas BYII-2,
BosibTMeTp 0 — 250 B, obo6maromas tabnuia "dotorddext".

IIJDTIAH YPOKA:
1. BcerynurenbHas 4acTh
2. Ompoc
3. OOssicHeHHE
4. 3akperuieHue
5. 3aganue Ha 1OM
I1. 3a0auu:

1. MakcumanbHas CKOPOCTh (POTOSTEKTPOHOB IIPU OCBEIICHUH 1I€3UEBOTO AJIEKTPOA
MOHOXPOMATUYECKAM CBETOM OKa3anach paBHOM 5,5-10° m/c. PaGora BBIXOHa M3
ues3us coctapisieT 1,89 3B. BeiuncnuTe 1MHY BOJIHBI CBETA, IPUMEHSBIIETOCS JJIS
OCBEILEHUA 3TOT0 AIEKTPO/IA.

2. Ha MeTtammnyueckyro MIacTUHy MaJaeT MOHOXPOMATUYECKUI CBET C JJIIMHOW BOJIHBI
0,413 mkwm. IloTok (OTOZIEKTPOHOB, BBIPHIBAEMBIX C IMOBEPXHOCTU METala,
MOJHOCTBIO  3aJIEP’KUBACTCS, KOTAA PA3HOCTh MOTEHUHUAIOB TOPMO3SIIIETO
anekTpuueckoro nods gocruraer 1 B. Onpenenuts paboTy BbIXOJia B AJIEKTPOH-
BOJIbTaX U KpacHyIo rpanuily Gpotodrddexra.

3. @OTOKATO/I, MOKPHITHIN KaJIbIIMEM, OCBEIIAETCS CBETOM C JJIMHOMN BOJIHBI 225 HM.
PaGota BeIX01a 3JIEKTPOHOB n3 Kanbuus 4,42 - 107" Ix. BeulereBmue u3 karoaa
3JIEKTPOHBI MOMAAAIOT B OAHOPOJHOE MAarHUTHOE TMOJIE NEPNEHANKYIISPHO JIUHUSIM
WHAYKIAM W JBWXKYTCA IO OKPYXHOCTH MAaKCUMAaJIbHOTO paguyca S5 MM.
Bpruncnaure Monynb HHAYKIIMM MAarHUTHOTO MOJISL.

5. O6nyunB katox (OTOINEMEHTAa IMyYKOM MOIIHOCTBIO Pi W AMMHON BOMHBI A1, M3MEpUIH
BEeITMYMHY TOKA HACHIIMIEHUS. 3aTeM KaToa (OTO3JIEMEHTa Havalu 00ydaTh CBETOM C JJIUHOU
BOJNHBEI Ap. Kakoii momkHa OBITH MOINHOCTH MAJAOIIEro Ha KaTtox cBera P>, 9TOOBI TOK
HACBIIIIEHUST JOCTUT TOW K€ BEJIMYMHBI, YTO W B TepBoM chydae? KBaHTOBBI BBIXOI
dotorddekra, T.e. OTHOIIICHHE YUCIIA BEIPBAHHBIX U3 KaTOJ[a 3JIEKTPOHOB K YHCITY MAJAONINX Ha
€r0 TIOBEPXHOCTh (POTOHOB, B MIEPBOM CIIy4yae PaBHO 11, @ BO BTOPOM CITy4ae paBeH 1)2.
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Bonpocui:

1.

Uro oO0miero u B 4eM pa3Iuuus MEXAY SBICHUSIMH BHEIIHETO W BHYTPECHHETO
dbororddexra?

. Criocob6cTByeT i HarpeBaHue Metaia Gotorpdexty?
. I3nyyenne JOMKHO HarpeBaTh KpHUCTAIUI M TEM CaMbIM  YBEJIHYWBATH

oecnopsnok. Tak u 3107

. [louemy wuHpakpacHple Jy4H Ja)k€ OYEHb OOJIHIIION MHTEHCHUBHOCTH HE MOTYT

BbI3BaTh (HOTOA(PDEKT?

.O6’bHCHI/ITC, mo4ycMy IIpHu YBCIMUYCHHMU HWHTCHCHUBHOCTU M3JIYUYCHUS OHCPIUS

(OTO3JIEKTPOHOB OCTAETCS MPEXKHEN, MEHSIETCS JTUIIh UX YUCIIO?
Kakue cBoiicTBa cBeTa yOeKIat0T HAC B TOM, YTO CBET — 3JIEKTPOMArHUTHbIE BOJIHBI?

. IocTpoiite rpaduk 3a7epKUBAIOIIETO HAMPSHKEHUS OT YaCTOTHI MAaloNiero ceera. Yemy paBeH

TaHIeHC yTJla HAaKJIOHA MPsMO Ha 3TOM rpaduke?
[louemy mnbute Ha JlyHe mNEepUOIUYECKH OTpBHIBACTCS OT €€ IOBEPXHOCTH, NpHOOpeTaeTr
ANEKTPUYECKUH 3apsii U HAUMHAET MApUTh HaJl IOBEPXHOCTHIO MJIAHETHI?

III. Orkpeitre dortosddexra — 3akoHOMepHOCTH (PoToddPderTa — Teopust Gorodsddexra —
[PAKTHYECKHE TIPUMEHEHHSI.

®oT031€eMEeHT — npnﬁop, HpeIlHaISHa‘leHHLIﬁ AJIA Hp€06pa3OBaHI/ISI CBE€TOBbLIX

CHTHAJIOB B 3JIEKTPUYECKHE CUTHAJIBI.

YerpoiictBo doToznementa (o nuadunbmy). Tumel GOTOIIEMEHTOB
(memoHcTpanus).

dotopese. DnekTpuueckas cxema ¢doropese (PUCYHOK Ha
nocke). OcHOBHbIE 37€MEHTHl (OTOpesie W €ro MPUHIHUI
nerictBus. JlemoHcTpanus padoTsl hoTopere.
IoaynpoBonuukoBbiii ¢oTodiement (poromauom) u (HoOTOpe3UCTOp

(memoHcTparnys). B ueM cocTouT paznuumne Mexly BHEIIHUM M BHYTpeHHUM (oTodddexTom?
IIpumenennst ¢oTO31eMEHTOB: CXEMbl aBTOMATUKHU, (oToTenerpad, BOJIOKOHHO-ONTUYECKHE
CUCTEMBI CBsI3U (paccTossHue Mexay perpaHciasTopamu 100 — 200 km). DOTO3IEMEHTHI CAETAIN

BO3MOXHBIM 3BYKOBOC KHUHO. Ha KHWHOIIJICHKY CTaJIu HAHOCUTHL 3BYKOBYIO
JIOPOKKY — IPO3payHble OKOUIKM pazauyHoi miomaau. CBeT uepe3 HUx
nocturan (oTo3JIeMeHTa, 3aTeM MpeoOpa3oBBIBAICA B AJIEKTPHUCCKUI
CHUTHaJl 1 IOJaBaJICd HA TPOMKOT'OBOPHUTCIIb.

IV. O6o6matomiee nmosToperue mo reme "dotodddext".

V. § 80. 3anonnu Tabnuiy:

doto YerpoicTBo [TpuHnun IIpumeHeHus. OnexTpuueckas
AJIEKTPONpUOOp JEUCTBHUS. cxema.

MHE NpUuwIa MulClb, YMO COCYWEeCm80o8aHue GOIH U
KOPNYCKYl, OmMKpvimoe JUHWMEUHOM Ol c8emd, OONHNCHO
makaice umemvb Mecmo OJisl 8cex 4acmuy Mamepuu.

o0e bpounw

Benukue ypaenenus coepemenHou u3uku - HenpemeHHds Yacmb HAYYHO20 3HAHUS, OHU MO2Ym
nepescums oasice npeKpacHvle OpesHue cooopbi.

Cmueen Baiinbepe
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Oo0Ho nonywapue mozea oymaem, 4mo céem - 3mo dyacmuya, a opyzoe - umo eoana. Koeoa smu
NOTYWapus COeOUHAIOMCS, HA A3bIKe MEOUKO8 MO HA3bIBACMCs WU30QPEeHUs, d HA A3bIKe (DUUKOE
- KOpNYCKYIAPHO-80THOBOU OYATUSM.

Lumamuwi npenooasameneu MOTHU

S[YPOK6 7 ®OTOH. KOPITYCKYJISIPHO-BOJTHOBOM Y AJU3M.

Bce cocTonT M3 BOJIH M YacTHI] TOXKe!
HEJIb YPOKA: Pa3ButTh mnpeacraBieHHss O KBaHTax cBeTa. [l03HAaKOMUTH HX C

OJIHMM U3 BaXXHEHUIIUX CBONCTB MaTEPUH - KOPIYCKYJISIPHO-BOJIHOBOM JTyaU3Me.
TUIT YPOKA: koMOMHUPOBaHHBIH.
OBOPYIOBAHMUE: xunopmism "doTodddext".
IIJTAH YPOKA:

1. BcerynurenbHas 4acTh
2. Ompoc

3. OOsbsacHeHHE

4. 3akperuieHue

5. 3amanue Ha JOM

I1. Onpoc pynaamenTtanbublii: 1. @oTo31eMeHTHI. 2. POoTOIPGEKT.
3aoauu:
1. KpacHas rpanuna dorosdpdexra pyouaus 810 um. Kakyro 3aaep:kuBaroiyro

Pa3HOCTh MOTEHIIUAJIOB HY>KHO MPUJIOKUTH K (POTOIIEMEHTY, UTOOBI 3a/IEPKUBAThH
AJIEKTPOHBI, UCITyCKaeMble PyOUIMEeM MOJ NEUCTBUEM YyIbTPaUOIETOBBIX JTydei
¢ niauHo# BoyiHbI 100 HM?

2. B aByx ombitax mo ¢hororddexty MeTaminueckas MmiacTUHKa 00JIydanach CBETOM
¢ mmHamu BojdH 350 HM u 540 HM COOTBETCTBEHHO. B »THX ombITax
MaKCHUMaJIbHbIe CKOPOCTH (DOTORIEKTPOHOB OTJIMYAINCH B JBa pasza. KakoBa
paboTa BbIXO/1a C TOBEPXHOCTH MeTasia?

3. B BakyyMe HaxoAsTCs JIB€ MOKPBHITHIE KaJblIUEM METAJUIMYECKHUE TUIACTUHKH, K
KOTOPBIM TOAKIIOYEH KOHAEHcAaTop €EMKoCcThio &8 HOD. Ilpm miurensHOM
OCBEIIIEHUH OJIHOM U3 IUJIaCTUHOK CBETOM (POTOTOK, BO3HUKIIMN BHayale,
mpekpariaercs, a Ha KoHAeHcaTope mosBisieTcs 3apsaa 11 vHKn. Pabora Beixoma
51eKTpoHOB M3 Kambums 4,42-107° JIx. Onpenenure naMHy BOJNHEI CBETA,
OCBEIIAIOIIETO MIACTUHKY.

4. Omnpenenute (POTOTOK HACHIIEHUS 71 (OTODIIEMEHTA C LIE3UEBBIM KaTOJIOM.
MOoOIIHOCTh CBETOBOIO MOTOKa, magaromiero Ha ¢dorosnement, P = 1,0 mBT.
3agepxkuBarollee HampspkeHue st 3toro umsnydyeHus U; = 0,07 B, kpacnas
rpanuna ¢otoddpdexra A 1e3uss COOTBETCTBYET JJIMHE BOJHBI Ao = 650 HM.
CuuraiiTe, 4YTO KaXXIbli Majaronuid Ha KaTol (OoTo3JeMEeHTa (POTOH BBI3BIBAET
MOSIBJICHHE OJTHOTO (hOTORJIEKTPOHA.

Bonpocuvi:

1. TlpuBenute npumepsl npuMeHenus Gotodddexra B TEXHUKE.

2. MoxHo nu apyrumu ciocodamu, kpome ¢hotodddexra, u3MepuTh padoTy BhIXOAa

3JIEKTPOHA U3 MeTasa’?
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3. [lpy mnageHMr MOHOXpPOMATHYECKOTO CBETa Ha MOBEPXHOCTh MeTaila
HaOmogaercs ¢ororddekt. Kak M3MeHUTCS AIMHA BOJHBI I1aJIafOIIETO CBETA,
3a/Iep>KUBAlOIee HAIPSIKEHUE, JITTUHA BOJIHBI «KpacHOU rpaHullb» ¢hoTodddexTa,
€CJIM 4aCTOTY CBETA YBEIUYUTH?

4. Tlotox ¢otoHOB ¢ sHeprueit 15 3B BbiOMBaeT U3 MeTamia (POTOIIEKTPOHHI,
MaKCUMallbHasi KWHETHYECKas HHEpPrusi KOTOphbIX B 2 pas3a Oomblie paboThl
BbIxo/1a. KakoBa MakcumasnbHasi KWHETHUYECKas SHEprust (POTO3IEKTPOHOB?

5. Tlouemy npueMHUK UH(PpPAKPACHBIX U3TYUCHUN HA TEIEBU30PE IIOXO IPUHUMAET
ATU CUTHAJBI C MyJbTa JUCTAHIIMOHHOTO yIIPaBJIEHUS MPU IPKOM CBETE?

6. B ombiTax 1o ¢oto3ddexty yBeNMUMIM YACTOTy CBETa NPU HEU3MEHHOH
MOIIIHOCTH M3Jy4Y€HUs, aJaroniero Ha karod. Kak uaMeHsTcs: pe3yapTaThl 3TOrO
omnbIiTa?

7. Tlouemy ABaXKIbl MOHU3UPOBAHHBIN TN 00Jiee HEMPO3paueH, YEM OJIHOKPATHO

VOHU3UPOBAHHBIN TeIni?

8. Kak m3aMeHHUTCA BUJ 3aBUCUMOCTH (POTOTOKA OT HANPSHKEHUS MEXAY (OTOKATOAOM M CETKOM,
€CJIM YUCII0 (POTOHOB, MAJAIONINX B €IUHHUILY BPEMEHHU Ha (POTOKATO OCTAHETCS] HEM3MEHHBIM,
a JUTMHA BOJHBI ()OTOHOB YMEHBILIUTCS B JiBa pa3a?

III. ITogBenem KpaTKWil WUTOr TOrO, YTO HAM YX€ HM3BECTHO O KBAaHTax CBETAa.
TennoBoe uznyuenue u Gorordpdext ObLIM 00BICHEHBI HAMU Ha OCHOBE MPE/ICTAB-
JICHUU O KBaHTax cBeTa. CBET 3epHUCT MO CBOEU MPUPOJIC. JHEPTU KBAHTA CBETA & =
hv. Y 100Has eMHHUIA YHEPIUU cBeToBoro kpaHrta 1 3B = 1,6-10" JIx. KBaHT cBera

NEPEHOCUT JCHCTBUE HA PACCTOSAHHME, IO3TOMY O0O0JIaJaeT €le U HMITYJIbCOM

e hv h
p=_=—= Macca kBaHTa CBETa paBHa HYJIIO.
Cc C

@®OTOH - KBAHT AJNIEKTPOMATHUTHOI'O U3JIYICHUSI, HaCTHUIla C HyJIeBOﬁ MAacCoi.

besmaccoBblie ()OTOHBI HE CIIOCOOHBI B3aUMOICHCTBOBATh APYT C APYTOM: CKPECTHUTE J[Ba JIa3ePHBIX
Jqy4a, U OHH NMPOCTO MPOWIYT OAWH CKBO3b Apyroil. TpyaHO mpeacTaBUTh cede CryCTOK SHEPTHH
6e3 kpynuisl BeniectBa! Mbl jKMBeM, OCTOSHHO KyNasch B MOpe U3 (POTOHOB: OHHU HMCXOIST OT
Connua, JlyHel M 3B€31; AYXOBOK, JIOCTP U HOYHUKOB; COTEH Te€Jle- U PaJWOCTAHLINN;
OECUMCIICHHBIX CHUTHAJIOB COTOBBIX Tene(oHOB. Pexopa sHeprum [uisi 3aperucTpUpOBaHHOTO
Kocmuueckoro ¢orona - 100 ToB!
YV nobumozo oums mHoz2o npozeuwy.
Hemeyxas nocnosuya

Tepmun "doton" Ob1 BBemen k. Jlptoucom B 1925 romy. Pacmpoctpanenue (oToHOB H
npoToHOB BO Beenennoit: ng = 500 cm™, n, = 1 M. Ha oquH HyKJIOH NpUXoauTcs He MeHee 20
MUJITHAPAOB (POTOHOB.

JIro6oe mosie cocToUT M3 KBAHTOB. KBAHTHI 3/1eKTPOMATrHUTHOIO NOJISI — (DOTOHBI; 3BYKOBOI0
10J1s1 — GOHOHBI, TPABUTALIMOHHOIO 110JIS1 — TPABUTOHBI!

I'paBUTOH JOKEH OBITH KBAHTOM I'PAaBUTALIMOHHOTO MOJIS 0€3 3JIEKTPUUECKOro U JPYTUX 3apsiioB,
o0yazaTh CIMHOM 2 M JIByMsI BO3MOXXHBIMH HarmpaBJIeHUSMHU Nojsipusanuu. lpeanonoxurensHo,
OH Bcerja OyJeT JBUTaThCsl CO CKOPOCTHIO cBeTa. [Ioka 4yTo TPaBUTOHOB HE OOHAPYKUIIH.

A Ttenepp nonpoOyeM OTBETHTH Ha Bompoc: "UTo ke Takoe CBET - BOJIHOBOW MPOLIECC WM MOTOK
gacTun?" MOXET CIy4uTbCsl, YTO BOJIHOBBIE CBOICTBA, CTOJIb OTYETJIMBO IPOSIBISIOLIMECS B
OTBITaX MO WHTEPPEPEHINH U AU(PAKIIH, IPUCYILU TOJIBKO HHTEHCUBHOMY CBETY, Kor/a (pOTOHBI
KaKHM-TO 00pa3oM B3aUMOJICHCTBYIOT JAPYT C JPYroM MpH MPOX0KICHUH, HAIPUMED, Yepe3 Y3KYIO
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menb. Vam cnalplif CBET TOXe COco0eH aTh JU(PPaKUMOHHYI0 KapTHHY? OTIBITHI, TPOBEACHHBIC
80 ner Hazax amepukaHCKuUM cryneHToM J[xodpu TeitmopoM, mokaszand, 4To AUQpPaKIUOHHAS
KapTHHA Ha (DOTOIUIACTHMHKE BCE PaBHO HAOMIONAETCs, AaKe €clIM B JII0OOH MOMEHT BPEMEHU B
ALIMKE HAXOAMJICS TOJNBKO OAWH (OTOH (OHBIT JUTMIICS TPH MECSIa). DKCIEPUMEHTHI C JIBYMs
IIETISIMH TIOKa3aJii, YTO JIaXKe €CIIU MPOMyCcKaTh (POTOHBI yepe3 00e IeiH Mo OJHOMY 3a pas, TO OH
BCE paBHO OyJeT BECTH ce0Os KaK BOJIHA, CO3/[aBast UHTEP(PEPEHIIMOHHYIO KapTHUHY.

BuiBoa. BosiHoBbIE CBOMCTBA NPpUCYHIH KAKIOMY (l)OTOHy B OTACJbHOCTH!
Cser ABY€AUH 110 cBoeil npupoace M Kaxk 4YacTaoa -— (l)OTOH oﬁﬂa;[aeT
HMITYJbCOM, a4 KaK BOJIHA - UMECT NJUHY BOJIHBI!

B npanpHeiimem Ha Hammx puCyHKax (OTOH MblI Oynem H300pakaTb B BHJE

AJIIMIICA HEOOJIBIIOTO pa3Mepa, Mpearnoaras, 4ro 3T0 YacTuua. BHyTpH summnca

MBI OyJeM pHCOBaThb BOJHY HEKOTOPOW YacTOThl W aMIUTUTYZABI, 3Has, YTO . -
pacrpocTpaHeHHe Takoro (POTOHa B IPOCTPAHCTBE — BOJIHOBOM  IpoIiecc.

Takum oOpa3oM, cBeT 3epHHUCT MO CBOeH NMPHUPOAe, HO PACHPOCTPAHEHHE TAKUX
3epeH (JAaxe OJAHOrO0!) BOCHIPUHMMAETCH HAMM KakK BoOJIHA. MTak, CBET MOXET B
mo00i MOMEHT BpEMEHM BeCTHM ce0si Kak YacTHIla WM BOJIHA, OJHAKO
JEMOHCTPUPOBATh OJHO M3 JBYX COCTOSHHUN OJHOBPEMEHHO OH HE MOXKET. IJTO
CTpaHHOE CBONCTBO OOBEKTOB MUKPOMHpA MOTYUYUIIO Ha3BaHUE ''KOPILYCKYJISIPHO-

BOJIHOBOM ayaau3Mm'". Tpueaun roasko bor!

V3uase o xopnyckynapno-eonnosom oyanusme KIK nauan npucviiame cpazy 0ee niamedxtcKu. 3d
ceem 6 guoe yacmuy u 3a ceem 6 euoe 60.H. Mums [Jocmoesckuil

JlonosinuTebHAsi MHpopManus. BoT, HanpuMmep, OKeaHCKHE BOJBI YK TOYHO BEOYyT ceOs Kak
BOJIHBI, HO MBI-TO 3HA€M, 4TO Ha CaMOM JIEJIE€ OHU COCTOSIT U3 OTJENbHBIX (BPOJ€ YaCTHIL) MOJIEKY!
OtnenbHbIe (POTOHBI CIOCOOHBI BECTH ce0s M KaK 4acTUIa, U KaK BOJIHA, MTHOBEHHO MEPEKITI0YasICh
U3 OJHOTO COCTOSIHUS B Jipyroe ((oToH BeneT ceds Kak BOJHA M KaK 4acTHULA OAHOBPEMEHHO)!
WuTepdepeHiionHas KapTHHA HE UCYe3aeT MPH JOCTATOYHO HU3KOW HHTEHCHUBHOCTH CBETA.
BHe3anmHO OTKpBLIOCH, YTO, XOTS BOJHOBAsl IPUPOJA CBETA JABHO M XOPOLIO M3y4y€Ha, CBET, BCE-
TaKW, MPEACTaBIsieT cO00i MOTOK YacTHI, KaXKAas M3 KOTOPHIX B TAaKOH kK€ Mepe HallOMHHAET
BOJIHY, KaK Kpolle4Has 1myJist. HarpaBuB Jyd KOT€peHTHOTO CBETA Ha JIBE LIEJIN, OTCTOSIIIUE APYT OT
Apyra MEHee 4eM Ha JUIMHY BOJIHBI, MOKHO OBUIO YOEIUTBCS, YTO KaXIbld (DOTOH NMPOXOAHT B
KOHKPETHYIO IeJIb U TMOTJION[aeTCsl B KOHKPETHON TOUKE MHIIEHH. JIMIIb pHu OOJBIION CTaTUCTUKE
Xa0THYHO pa30pocaHHble TOUKA HAUMHAIOT CIMBATHCS B KPyTd. I10 KaKuM-TO MpUYMHAM MOTIaJaHue
«CHapAI0B» B HEKOTOPBIE MECTa OKa3bIBAJIOCH 00JIee, a B HEKOTOPbIe MEHEee BEPOSTHO.

Bosiee Toro, ne bBpoiigb BBIBHHYN THIOTE3y O TOM, YTO BCe BelIECTBO
(3/1eKTPOHBI, MPOTOHBI U T.1.) 00J1aJaeT BOJHOBBIMU CBOWCTBAMM M ypaBHeHHE

pacnpocTpaHsieTcsi Ha Bce YacTuibl (3rurpad).

Co cmpacmuocmvio, CBOUCMBEHHOU MOA0OOCHU, 51 VBIEeKCA  00CYHCOABUUMUCS
npobremMamu U pewius ROCESMUMb 6Ce C60U CUTbL 6bIACHEHUI0 UCMUHHOL Npupoobl |A =
MAUHCMBEHHBIX KEAHMO8, 21YOOKULL CMbICI KOMOPBIX euje Maio KMo NOHUMA.
Jlyu oe bpoiino
OliHmrelH B nucbMe K M. bopHy mo nosoxy crareu ae bpoiinsa nucan: «/Ipoumu ee. Xoms u,
Kad#cemcs, 4mo nucai ee CymaculeOuull, Hanucaua OHa CONUOHON.
CospemenHuxku noowyuusaniu: npuHyun oyaiuzma nosgoasem oe bpoiinio evicmynamv 6 08yx
o6auuuUAX — U Kak Quauky, u Kaxk aumepamopy. B 37 nem on cman naypeamom Hobenesckotl
npemuu, a euje uepe3 HeCKOIbKo Jem cmai yieHom Ppanyy3cKkoll akademuu KaxK Jumepamop.
I'unoresy ne bpoits 6nectame noareepawin onbiThl J3BUccona u Jxxepmepa (mait 1927 1.).
JononnurtensHast nagpopmanus (onwiThl J[3BUccona u xepmepa).

h
p
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Hexomopuvie uccredosamenu, J{ssuccon u J[ocepmep, monooou Joc. 11
Tomcon, npucmynunu K 8bINOJHEHUIO ONbIMA, 3a KOMOPBIU euje HeCKOIbKO Jem
HA3a0 ux 6vl NOMeCmuaU 8 NCUXUAMPUUECKVI0 DONbHUYY 01 HAON00eHUs. 3d
UX OYULEBHbIM COCMOAHUEM, HO OHU O0OUNUCH NOJIHO20 YyCnexa.

LlIpeouneep
CyTh DOKCIIEpUMEHTa COCTOSUIA B TOM, 4YTO IIy4OK OJCKTPOHOB U3 3JICKTPOHHOW IMyIIKH
. . . h
OTIPEICIICHHOW DHEPTUU M UMITYJIbCa, KOTOPBIH MOXKHO OBLIO OMUCATh KaK BOJHY JJIUHOH A = —,
p

HaNpaBJBUICS HAa METAUTMYECKYIO TUIACTHHKY C ABYMS LICISIMH, PACCTOSIHUE MEXIYy KOTOPBIMU d.
Ha moMuHecuupyionieM 3KpaHe, PaclojOKEHHOM Ha pacCTOSHUU L OT 1meneid, Haliromanach
uHTEeppEpeHIIMOHHasT KapTuHa (CleAbl OT YJapOB 3JIEKTPOHOB), PACCTOSIHUE MEXAY COCETHHUMHU
MakCUMyMaMH /x (Jaxe eciau Iean OoMOapAMpYIOTCS OTHIENbHBIMU D3JCKTPOHAMU MM HUX
AHTUYACTUI[AMH - TIO3UTPOHAMHU) U3MEPSIIOCH B OMBITE. DIEKTPOHBI MOMAJald TOJIBKO B 00JacTh
MakCUMyMOB, M Ha OJKpaHe HaOIoJanach KapTHHA,

J MOXO0YKasi Ha TOBAPHBIN MITPUX-KOJ (MHTEPHEPEHIIMOHHBIN

q : L } y30p)! 3Has 3TO paccTOSIHUE, JIETKO OINPEACIHUTh JJTUHY
] Xn dAx o

- “T BOJIHBI A = - KOTOpasi B TOUHOCTH COBHAJIa C JAJIMHOU
D BOJIHBI, paccuuTaHHOM mo ¢opmyrne e bpoitnsa. Kak u

IIPEKIE, Mbl HE MOXEM 3apaHee IpeacKa3aTh, B KaKylo
TOYKY IUIACTUHKHU MOMAAET KaX/Iblii CIeTYIONUNHI 3IEKTPOH. DTO - CaydaiiHOe COOBITHE, HO €CITH MBI
BBIIIYCTUM JIOCTaTOYHO MHOTO 3JEKTPOHOB, TO MOJYYHUM HWHTEpPEpEHIMOHHYI0 KapTuHy. B
MHUKpPOMHUpPE OOBEKTbI Kak OBl «IIOMHAT» O CBOCH BOJHOBOM MpHpone, © HA0OOPOT.
WuTepdepeHonHas KapTuHa Ha 3KpaHe MOKAa3bIBaeT, YTO KaXIbI 3JEKTPOH NMPOXOIHUT cpasy
yepe3 o0e menn (Kak BoJHA) U UHTEepdepupyer cam ¢ coboil. Kak oH 3T0 Aenmaer, Mbl HE 3HaeM, a
MOTIBITKH y3HATh KOHYAIOTCA TE€M, YTO DJIEKTPOH MPOXOAUT JUOO yepe3 OJHYy IIesb, TUO0 yepes
Apyryio Ieib, a HUHTepQEepeHIMOHHAs KapTUHA Hcue3aeT (COBPEMEHHBbIC BAapPHAHTHI OIIBITA).
DJNEeKTpOHBI HE  XOTAT  OTKPbIBaTh CBOIO  BOJIHOBYIO NIPUPOAY  OJUTEIBHOMY  OKY
Habmopareneit! Takum o0pa3om, ObLIIO YCTaHOBIIEHO, — CHavana it (POTOHOB, MO3KE IS APYTUX
AJIEMEHTAPHBIX YaCTHII, U COBCEM IMO3/HO, YK€ B HAIllU JHHU, JAXKE JJIS CAMbIX KPYIHBIX MOJIEKYI,
COCTOSIIIIUX U3 THICSIY aTOMOB Ka)k/lasl, — YTO MEXAY U3JIyUYEHUSIMU U BELIECTBOM
HET PAasHUIBl, W YTO BEILIECTBO MPOSBISIET BOJHOBBIE CcBOMCTBAa. CBeT M
BeleCTBO OJHOBPEMEHHO MOT'YT BeCTH ce0sl M KaK BOJIHbI, H KaK YaCTHLbI.
Jletom 1926 r. Makc bopH npuien K BBIBOAY: «BOJHBI MAaTEPUN» - TO «BOJHBI
BepositHOocTH»! Ho mioGast BonHa umeer eme U ammntyay? Cepbe3Hble GU3NKU
MHUpa JIOJTO CIOPWJIM O TOM, KaKO€ CBOWCTBO (POTOHA € COOTBETCTBYET WU
OPULUIA K BBIBOLY, YTO KBaApaT AaMIUIMTYAbl BOJIHBI oOmpeaessieT
BEPOSITHOCTh HaxoKAeHMs (oTOHA B JaHHOH 00/1aCTH TNPOCTPAHCTBA.
JIEKTPOH MOKHO OIUCATH KAK YaCTHIY ONpee/IeHHOM IHePIruy U HMITYJIbCa, HJIH KaK BOJIHY
onpeneJeHHol auHbL. KBagpar aMmimMTyabl 3TOil BOJIHBI ompeaedsieT BepPOSITHOCTH
HAXOK/ICHUSI JJIEKTPOHA B JaHHOM 00/1aCTH IPOCTPAHCTBA.
CornacHo NPUHIMITY JONOJHUTEJIBLHOCTH, €CIIM MBI U3MEPsSIeM CBOICTBAa KBAHTOBOT'O OOBEKTA KaK
YacTHUIlbl, MBI BUAMM, YTO OH BeZeT ceds kak yactuma. Eciu ke Mbl M3MepsieM ero BOJHOBBIC
CBOWCTBa, JJIsl HAC OH BeJeT ceOs kak BosiHA. O0a MpeacTaBIeHHs OTHIOAb HE MPOTHUBOpEYaT APYyT
JpYTy - OHU UIMEHHO JOMOJHSIOT OJIHO JIPYroe, AaBasi MOJIHOE ONMCAHNUE IPUPOJIbI MATEPUH.

Henv3s na 00HOM s13b1Ke ONUCAMb HUKAKOE CTIOMACHOE SIGNEHUe.

H. bop

OTO [ONMOJHHUTE/]bHOE ONMCAHWE JIEKTPOHA, KaK BOJIHBI, HaM €Ile€ NPUTOAMTCA, a TENepb
IIOTOBOPUM O TOM, KOTJa IpOSABISAETCS KOPIYCKYJSpHAs IPUPOJA CBETa M KAaKOBBI I'PaHUIIBI
IIPUMEHUMOCTH KJIACCUYECKOM JIEKTPOAUHAMUKH.
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B pamrorexnuke sHeprus GOTOHOB Masa, nopsaka 10 3B, u 4ToObl IPUEMHUK 3apETUCTPHPOBAIT
curHan, emy Heobxoaumo mnepexasBath 10! ¢oronor B cexyHmy. ITosToMy B 3KCIEpUMEHTE
pPETUCTPUPYETCS TUIABHOE W3MEHEHHME CHUTHasa (BOJIHA) U NMPUMEHUMO KJIACCHUUYECKOE ONMCAHUE.
HaoGopor, ramma-oToH, dHeprus Kotoporo mopsaka 10% 5B, MoxeT HOHM30BaTh OTHENLHBIN
aToM, TIOATOMY B KCIIEPUMEHTAaX C Y - KBAaHTAMU MbI OyZIeM pEruCTpUPOBATh OTICIbHbIC YACTUIIBI
U KJIACCUYECKOE OMMCAHME HENPUMEHMMO. I'paHHMIbI MPUMMEHMMOCTH KBAHTOBOW (QU3HUKH He
ycraHoBjdeHbl. Ee Heo0XoauMMoO NPUMEHATH NPH OOJBIIMX YaCTOTaX 3JIeKTPOMATHMTHBIX
BosiH. CyiecTByeT U 0ojiee KOHKPETHBIM Kpurepwil. s 3TOro Heo0X0AHMMO COCTABHUTH W3
BEJIMYMH 32Ja4M, BeJIMYHMHY ¢ pa3MepHocTbI0 AeiictBuA [[:k-c]. Ilocie 3T0ro Hy:KHO
CPABHHUTH 3Ty BeJIMYHHY ¢ noctosinHoi Ilnanka. Eciim oHa MHOro 6o/ib1Ie, TO CIpaBelJIMBO
KJIACCHYECKOe pelIeHHe, a eCJIM OHM CPABHMMBbI, TO He00XOAMMO NPHMEHATh KBAHTOBYIO
¢usuky. Hanpumep, mosexkynsl renus npu temneparype 27°C u nasnenun 10° Ila umeror
CPEOHIOK KUHETUYECKYI0 JHEPIrHIO EK zng ~6,2-107" [{nc, cpeaHIon KBaJpaTHYHYIO
ckopocth 1367 wm/c, cpemHHMII TNPOMEXYTOK BpPEMEHH MEXIYy WX  CTOJKHOBCHHSIMHU
- 35107 m

1367m/c
nocrosiHHOM Ilnanka u cnpaBennuBo kiaccuueckoe omnucanue. [Ipu temnepartype 0,01 K renwmii

HAXOJUTCS B JKUIKOM COCTOSIHUM, €T0 IIOTHOCTH 0,15 I/cM?, cpeHss KHHETHYECKAs SHEPTUS €r0
aromoB 2,07-1072! JI)k, cpeaHIo0 KBaIpaTUYHYIO CKOPOCTH 227 M/C, CPEIHEE PACCTOSHUE MEXKIY

~2,5-10"¢. [Toatomy EK-tz1,6-10’32ﬂofc-c, 9TO Ha JBa mMOpsiaka OoJbiie

aromamu mopsaka 3,5-1010 m, nelicreue EK t~0,9-107 Jlrc-c, 4TO HA J1Ba MOPSIAKA MEHbLIE
noctosinHoM [1naHka 1 He0OXO0AMMO PUMEHSTH KBAHTOBYIO (DU3HKY.
JonojHUTeILHBIN MaTepras (KBAHTOBAs HEONPeIeJTeHHOCTh, HJIH M0 KAKMM 3aKOHAM KMBYT
KBAHTOBbIe YacTulbl): Kaxayo dacTuily MOKHO OMUCATh KaK BOJIHY OMNPENEICHHOW IJIUHBI U
ammutyasl. Ha pucynHkax wu3oOpaxkeHsl 1Be BoOJHbI J1¢ bpoiina. Ha mnepBom pucyHke
(MOHOXpOMAaTHYECKasi BOJIHA) TOYHO M3BECTHA JUIMHA BOJIHBI U, CJIEOBATEIbHO, UMITYJIbC YACTHULIBI,
HO COBEpIIEHHO HEW3BECTHA KOOpJWHATAa 4YacTHIBl. Ha BTOpoM pucyHKe 00jee TOYHO H3BECTHO
MOJIOKEHUE YACTHULIbI, HO HEU3BECTHBI €€ JJIMHA BOJIHBI U UMIyJibe. Korja noHsiau, 4To pa3inyHbie
CBOMCTBA YaCTHUIl HEJIb3s U3MEPUTh OJHOBPEMEHHO C MPOU3BOJIBLHOM TOYHOCTHIO — OKOHUYATEIBHO
chopmupoBanack kBautoBas (usrka. CooTHoIeHUs1 HeonpeneaeHHocTH Ieiizendepra: Ap *Ax >
h/2 (mpousBedeHHE HEONPEIEIEHHOCTEN COCTABIAET 10 KpaiHed mepe h/2 = 5x1073° kr-m*/c).
[TpuHIMI HEONPEAEIEHHOCTH MPEKPACHO OOBACHSACTCS HA IPUMEPE ACBYIIKU: TUOO BbI 3HAETE, YTO
ona npunét Ha cBumanue B 19:00, HO He 3Haere Kyna, MO0 BBI
3HaeTe, YTO OHAa MPHUAET KOHKPETHO BOT K 3TOMY CTONOY, HO HE

O
WVW\ —Q_ 3Haere Korja. KBaHToBas npupoa MHKpPOYACTHIl HE MO3BOJSET C

a0COIIOTHON TOYHOCTBIO YKa3aTh UX MECTOIOJIOKEHHE U UMITYJIbC!
Koopounama u umnynoc nodobHul ¢hucypkam MysHcuuHbl U IHCEHWUHLL 6
cmpanuom 6apomempe. Eciu nossumes oona ¢ueypra, opyeas ucuesaem.
Bepnuep [ etizenbepe

Ecnu mMbl OyzeM u3MepsiTh SHEPrHI0 CUCTEMBl B TEUEHHE OUYEHb JIOJITOI0 BPEMEHH, TO CPEIHSA
SHEPIusi CUCTEMbI OyJIEeT OCTaBaThCS MOCTOSHHOMW, Ja)Ke €CIM OHa INpEeTepreBaeT 3HAUUTEIIbHBIC
KoJieOaHUsl B TEUEHHE KOPOTKHUX MPOMEKYTKOB BpeMeHH. TakuM oOpa3oM, Mbl IPUXOAMM K €Il
OJTHOMY COOTHOIIECHHUIO HEONpEAETICHHOCTEH, YeM 0ojee TOYHO MBI XOTUM H3MEPHUTb IHEPTHUIO
CHCTEMBI, TeM OOJIbIIIe BPEMEHU MBI JOJDKHBI 3aTPaTUTh Ha npouecc u3Mmepenus: AE At > 7 /2.
YroObl y3HaTh MECTONOJIOKEHNUE YACTHIIbI, HY’KHO TOCJIaTh K HEW KBaHT CBETA, KOTOPBIN MPUAACT
el JOTONMHHUTENBHBIA HMMIYJIbC, U €€ CKOPOCTh CTaHET HeompeneneHHoW. HalOmronmeHus Han
cucreMoil (pyHIaMeHTaIbHO MEHSIOT ee cBoicTBa! [lomMexu, BHOCHMMBIE HPOIIECCOM HM3MEPEHHMS,
MOTYT OBITH CIENaHbl CKOJIb YTOJHO MaJIbIMH, OJIHAKO HEONpPEACIEHHOCTh OCTAeTCs, KOTOpas
MOPOXk/I€HA OCOOCHHOCTSAMU KBAaHTOBOM MPHUPOJBI YAaCTHIBI. JTa HEONPEAEICHHOCTh OKa3aloCh
MHOT'0 MEHbIIIE TOH, KOTOpas Obuta ykazaHna I'elizen6eprom (HoGenesckas npemus B 2013 ).
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Ecnu HavanbHOE COCTOSIHHME CHCTEMBI ONpEAENseTcs ¢ OMMOKOW, TO CO BPEMEHEM 3Ta OIInMOKa
YBEJIMYMBACTCS, TOITOMY NpEJCKa3aTh IOBEICHHE CHCTEMbl CIIOKHO (TOPU3OHT IPOTHO3A).
MopenupoBaHH€e MOKa3bIBAET, YTO KBAHTOBOTO «3(pdexra 6aboukm» He cymecTByeT!
[IpuHUUIT HEONPEAEIEHHOCTH, IO0-BUIUMOMY, NIPUBOAUT K 3aKJIIOYEHUIO, YTO, 110 KpanHEn
Mepe, Y JOCTaTOYHO MasbIX YacCTHIl BEIIECTBA TPACKTOPUHU HE CyIIecTByeT. YacTuia B Base
HE MOXKET 00JIaZiaTh HYJIEBBIM HUMITYJIbCOM, MHAYE Y HEE OJHOBPEMEHHO ObUIN OBl H3BECTHBI
UMIYJIbC U KoopAauHaTa. COOTHOIICHHS HEOMPEIEIEHHOCTH MO3BOJISIOT O0BICHUTH MHOTHE
apneHus. Hanpumep, HeonpeneeHHOCTh KOOPAMHATHI 3JIEKTPOHA B aTOME paBHA AMAMETPY
aToMma, O3TOMY CYILECTBYET HEONPEAEICHHOCTh UMITYJIbCA DJIEKTPOHA U €r0 OPOUTHI.
Hcemuna — cnuwkom moukas mamepus, a HAWIU UHCIMPYMEHMbl CAUWKOM MYNbl, 4mobbl umu
MOJICHO ObLIO NPUKOCHYMbCA K UCIUHE, He Nospeous ee. JJocmuehy8 ucmunbl, OHU CMUHAIOM ee U
OMKJIOHAIOMCSL 8 CHIOPOHY, CKOPee JIONCHYIO, Hedcenu UCTUHHYIO.

bnes Ilackano
YacTuubl MOTYT OJHOBPEMEHHO HAXOAMTbCA B JBYX WJIM BO «BCEX» BO3MOXHBIX MeECTax
ogHOBpeMeHHO. COCTOsIHME CHUCTEMBI OMpEAEIseTCs TOJABKO TOT/AA, KOTJa BHEUIHUN HaOIromaTelb
HAYMHAeT ee HalJII0aTh, U OTJINYAET KBAHTOBYIO MEXAHUKY OT KJIACCHUECKOU (DU3HKH.
JonosHuTenbHass uHpopManusi. KBaHToBasi 3anyTaHHOCTH BO3HUKACT, KOTJa JBE MM Oojee
YACTHUIIBI TOJJICPKUBAIOT MEXAY CO0OW CBSI3b — TO, YTO MPOUCXOAMT C OJHOW YACTHUIICH,
MOMEHTAJIFHO OKAa3bIBACT BJIMSHUE HA JPYTyI0, HECMOTPS Ha PACCTOSIHUE MEXAy HUMH. YTOOBI
MOHATH KBAaHTOBYIO MEXaHHMKY, HEOOXOAUMO NPEACTaBUTh, YTO B IBYX KOHBEPTaX JIeXKAT 10 OJXHOU
KapTe, HaXOJAIIMECs B CYNEpPHO3ULUU — TO €CTh, OHU 00€ OpaH)KEBbIE U CHHUE OJHOBPEMEHHO
(onHA OpaH)KEBO-CHHSIS, a Apyras cuHe-opaH)keBas). Korna KTo-1o BCKpOET OMH KOHBEPT, B HEM
Oyzer ogHa KapTa OIHOTO IIBETa, KOTOPBIM OyIeT ompeAensThcs ciaydaiHeiM oOpasoM. Ho mpu
BCKPBITUH JPYroro KOHBEpTa B HEM Bcerjaa OyleT KapTa JPYroro ILBETa, «IIyTalourM» odpa3zoM
CBSI3aHHAs C MIEPBOM.
Bepnep [eiizenbepe, monoooii yueuwii, oocyscoan ¢ Hurvcom Bopom nocuueckue mpyonocmu
Hogoul gusuxu. Obcyscoenue nPoOOHCAIOCH 0020 U UM KA3AIOCh, YMOo 8bixooa Hem. bop npuwen
K 8b1600Y, YUMo 00cydicoenue Hado HA 8peMs NPeKpamumo, u, He npedynpeousd Moio002o Kojiezy,
yexan, ycmpous cebe kaunukyavl. Kozoa [eiizenbepe y3uan, umo yuumenb €20 HOKUHYI, OH
pacnaakancsa. HMmoe snuzooa sameuamenen: bop eepnynca nocie Kamukyn ¢ npuHyunom
oononnumenvrocmu, a I eiizenbepe 6 omcymcemeue bopa evigen coomnouienue HeonpeoeieHHOCmU.
JlonoJIHUTeIbHBII MaTepuaa (KBaHTOBbIN KoMnbloTep): KBaHTOBas wacTuma BeneT ceds Tak,
OyATO OHa OJJHOBPEMEHHO HaXoAuTCs B ABYX cocTosiHUX 0 u 1 (kyout undopmanun). [lBa kyoura
MOTYT OJHOBpeMeHHO Haxoautbcs B cocrosHusx (00,01,10,11), m xaxnmplii HOBBIA KyOUT
ynBauBaeT 3To umcio. KBaHTOBbI Kommbiorep u3 300 KyOMTOB, MOXET XpaHHTh B cebe H
obOpabareiBath 239 emunui unpopmanuu. Ceromns yxe ecTb ycrpoiictBa ¢ 16 kybutamu. B
OTBITAX y/AaJ0Ch Ha MAIYIO JIOJII0 CEKYH/IbI CBA3aTh (POTOH C KyOUTOM MaJioi CBSA3bIO, UYTO OH 3TOTO
BJIIMSIHUSL HE TIOYYBCTBOBAJ, a (JOTOH mpuHec Ha ceOe MHPOpPMALMIO O COCTOSIHMM KyoOura. Bce
00beKkThl BO BcenenHoil 3aHumaroTcs 00paboTKoi MHpOpManuu. BceneHHas — TrHraHTCKUN
KBAaHTOBBIM KOMIIBIOTEpP, UCTOpUs BCElneHHOM — 3TO HCTOPHUS CIIOXKHEHIINX HECKOHYAEMBIX
BBIUUCIICHUH, TPOU3BOIUMBIX 3TUM KOMIIBIOTEpOM?

IV. Bonpocwi:

1. Kak OOBSICHUTH 3aKOH MPSIMOJMHEHHOTO PACHPOCTPAHEHHS CBETA HAa OCHOBE
KBAaHTOBBIX U HA OCHOBE BOJTHOBBIX MPEJICTABICHUN O cBeTE?

2. Xopoiee 3epkaiio otpaxkaer okoyso 80% mamaromiero cBera. Kak BBISICHUTS,
npoucxoaut noreps B 20% Benenctsue toro, uto 20% (HoTOHOB HE OTpakaeTcs,
I M3-32 TOTO, YTO Y KaxJoro orpaxeHHoro ¢orona Hepoctaetr 20% ero
Ha4YaJIbHOW YHEPrum?

3. Ilpu mepexone cBeTa W3 BakyyMa B JIIOOYI0 MPO3PAuYHYIO Cpely, SHEprus

24



(OTOHOB HE U3MEHSETCS, @ UMITYJIbC yMeHbInaeTcs. [louemy?
4. B dem nposBIISIETCS NBOMCTBEHHBIN XapaKTep cBeTa?
5. Kak oOBSICHUTB, UTO CKOPOCTh CBETA B JIOOOU MPO3payHOil cpe/ie MEHBIIIE YeM B
Bakyyme?
[ToyeMy 0COOEHHO XOPOIIO 3aropaTh BHICOKO B ropax?
Hrpa 1BeToB Ha MBUIBHOM MY3bIPE - 3TO PE3YyJbTaT UHTEPPEPEHIIUU KaAXKIOTO

~ o

dhoToHa ¢ camum coboit. Kak 310 00bsICHUTE?

8. Kak nokazaTh, 4T0 OTOH HE UMEET ANEKTPUUECKOTO 3apsa?

9. Moxer nmu (HOTOH NMpPU KAKUX-IHOO YCIOBUSIX 3aMEJIUTh CBOE JABUXKECHHE B
BaKyyMe WM 1a’K€ OCTAHOBUTHCA?

10. M0okHO 11 BO3AEHCTBOBATH HA CBET AIEKTPUUECKUM IOJIEM?

11. ®opmyiy 115 4aCTOTHI KBAHTA MOKHO 3allMCaTh B IByX BapHaHTax: vV = ¢/A WU Vv
= ¢/h. O yem 310 rOBOPUT?

12. IloueMy KBaHTOBAasi YacTHUIA MOXET MPEOJ0JIETh Oaphep, JaxKe €Clu €ro SHEepPrus
HEJIOCTAaTOYHA JJIs 3TOr0 (TyHHENIbHbIN A dekT)?

13. Korna cBer majaeT Ha KakoOW-IMOO MpPEAMET, YaCTh CBETa oTpaxkaercs. B stom
ciydyae (OTOH Ha OYEHb KOPOTKOE BpEeMSI KOHTAaKTHPYET C MPEAMETOM.
CTaHOBUTCS JIM HA 3TO OYEHb KOPOTKOE BPEMs CKOPOCTh (DOTOHA paBHOU HYJIIO?
VYckopsiercs 11 GOTOH mociie 3Toro?

14. IloueMy XKUJKHI TeIUA HE MOXKET CTaTh TBEPABIM MPH JIFOOOM OXJaKACHUU?

15. bynetr nu untepdepupoBaTh MydOK SJIEKTPOHOB, €CIIM HA €r0 MYTH MOCTABUTH

METAUINYECKYIO TUIACTUHY € TpeMms wmersamu? C N memamu?

16. Uem meHblle mupuHa O0aphepa, TEM BBINIE BEPOSTHOCTH TOTO, YTO KBAHTOBAs YACTHIA €TO
npeojioyieeT (COOTHOLIEHUE HeonpeaeaeHHocTH). [Touemy?
17. KBaHnTOoBas yacTHIla HUKOTda HE HAXOQUTCS B ITOKOE. Tak jau ATo?

3aoauu:

1. Ilpu oGnyueHHH MeTamia CUHUM CBETOM C JUIMHOM BosHBI 400 HM MOJOBHHA
SHEPIruM, MEpPelaHHOW JJIEKTPOHY (OTOHOM, pacxoayeTcss Ha paboTy BBIXOJA.
KakoBa wmakcuMmanbHas UiiHa BOJHBI, TPU KOTOPOM MOXKET HaOII0IaThCs
dbororpdext?

2. OnpenenuTe HAMMEHBIIYIO KOPOTKOBOJHOBYIO JJIMHY BOJIHBI PEHTTEHOBCKOTO

M3JIy4YEHUs PU YCKOPSIOUIEM HanpsbkeHUuu Ha TpyOke 50 kB.

PentreHoBckas TpyOka moxoxa Ha BaKyyMHbIH 1o (Tpuoj). CHavyana HaKayiseTcs: KaToJ, a 3aTeM
MEXIy aHOJOM M KaToAoM co3maércs Oonbinoe HampspkeHue oT 1 mo 100 xB. Dmektponsl ¢
OOJIBIIION CKOPOCTHIO HECYTCS HA aHOA U B HEM TOPMO3SITCS, MPU 3TOM H3Iy4as SHEpruo. Jrta
SHEPrusl U €CTh PEHTTEHOBCKOE W3IIy4€HHME, CIEKTp KOTOpPOro Ha3bIBalOT TOPMO3HBIM. Ilpu
TOPMOKEHHUHU DJIEKTPOH UCIyCTUT KBAaHT C MAKCUMAJIbHOM 3HEpruei, paBHou elU. MakcuMallbHbIN
KIIJ pentrenoBckoii TpyOku Bcero 5%, mo3ToMy OT aHOJa TpeOyeTcsl CHIIBHO OTBOJAUTH TEILIO.
AHOJ yCWIEHHO OXJIaX/1al0T BOJAOMH, MacjioM WJIM BO3AYXOM, HHa4Y€ OH PacIJIABUTCS.

V.§79. Yop. 11, Ne 2,7.

1. OOBsicHUTE 3aKOH HE3aBUCHUMOCTH PACIPOCTPAHEHMs CBETOBBIX JIyueil Ha OCHOBE KBAaHTOBBIX

npeacTaBieHuil. Beeraa nu oH cipaBeasiup?
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N

. CnopTuBHOrO0 JHJepa HUCKaAJIM MO BCeM IIKOJE 1eible CYTKH. M3  COOTHOIIEHHs

HCOMPCACIICHHOCTU OLICHUTC €TI0 SHCPTHULO.

. yTBep)KIIaIOT, 4TO KBAHTOBOC H3MCPCHUC OTIUYACTCA OT KIACCHUYCCKOro TEM, 4YTO B XOJC

U3MEPEHUS PEATIBHOCTD HE MPOCTO BBISABIISIETCS, HO CO3AAaeTCs (CBOMCTBA U3MEPSIEMON CUCTEMBI,
KOTOpBbIE 0OHAPYKUBAIOTCS TIPU U3MEPEHHH, HE CYIIECTBOBAIN A0 U3MepeHus). Tak jau 310?

. N3-3a npuHIMIIa HCOMPCACICHHOCTH MCXAHUYCCKYI0 OSHCPrur0 4YacCTullbl HCBO3MOXKHO

pa3enuTh Ha KWHETHYECKYI0 ¥ MOTEeHIMANIbHYI0 sHepruto. [louemy?

. Ipennoxxute MpoeKT GOTOHHOM PaKETHI.
. II1OTHOCTh MOTOKAa BUAUMOTrO M3JIy4EHHs 3BE37bl IEPBOM BEIMUYMHBI HA MOBEPXHOCTH 3EMIIH

1,6:10° Br/mM%. MoxHO 7u 00OBsACHUTH "Mepranue" 3Be3l (QIIyKTyalusaMd 9ucia (OTOHOB,
nonagamux B a3 HaOmonatens? [louemy Torga mepuaHue IUlaHeT ciiabee WM BOBCE
OTCYTCTBYET?

. OneHuTs yroim, Ha KOTOPBIH OTKIOHAETCS (OTOH  BCJIEICTBHE TIPABUTALMOHHOTO

B3aUMOJEICTBUS, IPOX0as y noBepxHocTH CoHIIA.
Ho oeno ne 6 oomom 30pasom paccyoxe. Kpaiine

BAICHO ewje Xxopouiee npumeHeHue e2o.
Jlexapm

YPOK 7 CJEJACTBUS KBAHTOBOH TEOPUUA

KBanToBasi pusuka nuckperna!

HEJIb YPOKA: HayuuThp Y4Y€HUKOB HpPUMEHSATH 3aKOHbl KBAHTOBOM (U3UKU B

KOHKPETHBIX CHTYaIlHsX.
TUIT YPOKA: koMOMHUPOBaHHBIH.
OBOPYIOBAHMUE: xunoduism "doTorddekt", odobImarorias Tadbauma.

ITIJTAH YPOKA: =
1. BcerynurenbHas 4acTh
2. Ompoc
3. OOssicHeHHE
4. 3akpenieHue
5. 3apmanue Ha 1OM F e
I1. Onpoc pynaamentanbubiii: 1. @oToH. 2. KopnyckyasipHO-BOJIHOBOM Ayainu3Mm.
3aoauu:
1. JIeTsmas co ckopocThio 0,8 ¢ HEHTpalbHas YacTHIA pacmagaeTcs Ha aBa (GOTOHA.

@DOTOHBI JBHXKYTCS B MPOTHUBOIMOJIONKHBIX HampaBieHusx. KakoBo oTHolIeHUe
4acToOT 3TUX POTOHOB?

. UeMy paBHa JJIMHA BOJIHBI 3JIEKTPOHOB, YCKOpeHHbIX HampspkeHnem 1000 B B

3JIEKTPOHHOM MHUKPOCKOIIE?

. [TapannenpHbId Ty4OK 3JIEKTPOHOB, YCKOPEHHBIX PAa3HOCTHbIO MOTEHIMATIOB 25 B,

najaeT HOpMaJibHO Ha auadparMy C AByMsl Y3KUMH IIEISIMU, PACCTOSTHUE MEXTY
koTopeiMu 50 MkM. OmnpenenuTh PacCTOSTHUE MEXAY COCETHUMH MaKCUMyMaMH
MHTEep(PEPEHITMOHHON KapTHUHBI Ha JKpaHE, PaclojoKEeHHOM Ha paccrosiHuu 100
CM OT ILIEJIEH.

. N3nydyenue apronoBoro mazepa ¢ aiauHOM BosHBI 500 HM Cc(OKYCHpPOBAaHO Ha IUIOCKOM

dorokarone B maTHO auamerpom 0,1 mm. Pabora Beixoma ¢otokaroma 2 »B. Ha awon,
pacrnosoKeHHbI Ha paccTossHMM 30 MM OT Karoza, MOJAaHO YCKOpsiollee HanpsbkeHue 4 kB.
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Haiitu nuamerp msTHa (OTOZIEKTPOHOB Ha aHONE. AHOJ CUMTATh IUIOCKUM U TMapauIeIbHBIM
IIOBEPXHOCTH KaTO/a.

Bonpocuvi:

1. SBnsercs 11 GOTOH MaTepUaIbHBIM 00BEKTOM, BE/Ib €70 Macca paBHa HYJIIO?

2. Kak u3MeHsieTcs 3Heprusi U UMIyJbC (OTOHA MPU €ro Mepexojie W3 BakyyMma B
BONY?

3. IloueMy mpu OTpak€HUU CBETA OT IJIOCKOTO 3€pKajia «yroJj MaJieHusl paBeH yriiy
OTpaKCHUS» ?

4. Tlouemy  (¢GOTOHBI B  MEPEKPEIIMBAIOIIMXCS  CBETOBBIX  IMYCKax  He
B3aUMOJICHMCTBYIOT JIPYT C APYTroM?

5. IloueMy HEBO3MOXHa AaHHUTWISIUS 3JIEKTPOHHO-TIO3UTPOHHOM TMaphl C
oOpazoBaHreM 0JHOTO (poToHA (POXKIACHHUE Maphl U3 OAHOTO PoTOHA)?

6. IloueMy mepBble OMBITHI MO IU(PPAKIUM MPOBOJIUIUCH C DJIEKTPOHAMH, a HE,
Harpumep, ¢ MPOTOHAMM?

7. B ueM otrnuuue OUPPAKIMOHHBIX KapTUH, CO3/1aBaeMbIX (OTOHAMH U
ANEKTPOHAMHU?
MokeT 11 CBET paccenBaThCs Ha cBeTe?
[Ipu KOMHaTHOU TemmepaType CpelHssl KUHETHYECKas SHEPrus SJIECKTPOHHOIO
raza B Meau nopsaka 6°102! Ik, cpeiHuii MpOMEXyTOK BPEMEHH, B TCUECHHE
KOTOPOTO 3JIEKTPOH ABMKETCA 6e3 coyaapeHus, okono 2-107% ¢c. 1o xBaHTOBEII
raz?

10. ®oToHbI HE UMEIOT Macchl. (O3Ha4YaeT Ju 3TO, YTO OHU HE 00Ja7al0T 00bEMOM U
BECOM?

11. KakuMm 00pa3oM CBET MOKET OJJHOBPEMEHHO OBbITh BOJIHON M MOTOKOM YacCTHIL?

12. Ecnu OpocaTh CHEXKH B IIeNb 3a00pa, 0Opa30BaHHYIO OTCYTCTBHEM OJHOM IITaKETHHBI, TO
KaKylo KapTUHY MBI YBHJIUM 3a 3a00poM uepe3 HekoTopoe BpeMms? Uepes ase mienu?

III. Ceroanst Ha ypoKe Mbl pacCMOTPUM OJHO U3 CJEACTBUNA KBAaHTOBOU (PU3HKH,
HMMEIOIIEE OYEHb BAXKHBIM NPUKIAAHOM XapakTep. Mbl n3yuum
Clay4yall OZHOMEpPHOTO JBHMXKEHUS MHUKPOYACTHIIBI BHYTPHU
MOTEHIUAIBHOU SIMBI ITTMHBI / ¢ OECKOHEUHbIMU cTeHKaMmu. Ham
TOYHO H3BECTHO, YTO YaCTULA MAacChbl /M HAXOAUTCS TIe-TO,
MEXIYy CTEHKaMM U HMEET KaKyl-CKOpOCTb, OIHAKO O
MECTOHAXO0XKJAECHUM 4YAaCTULBl €€ HMIIYJbCE U DHEPIUM HaM
HUYETO0 HEU3BECTHO.

[TormpoOyem TorAa u3BJIE€Yb AONMOJHHUTENbHYI0 WHPOPMAIUIO O
YyacTulle, paccMaTpuBas €€ Kak BOJHY JJIMHOW A U HEKOTOpOH
aMIUTUTYAbl. SICHO, YTO 3a TpaHUIAMHU SIMbl BEPOSATHOCTh OOHAPYKEHUS YaCTHUIIbI
paBHa HYJIO, IO3TOMY Ha KpasiX SIMbl aMIUIUTYyAa BOJHBI TOJKHA OOpATUTHCS B HYJIb
(KBaapaT aMIUIUTYJbl BOJHBI OINpENENseT BEPOATHOCTh HAXOXKJCHHS YacCTUIBI B

JAHHOW 00JIacTH MPOCTpaHCTBA). BOMHBI TakOro THIa HaM M3BECTHBI M HA3BIBAIOTCS
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crosuuMu BojiHamu. C Y4€TOM TI'PaHUYHBIX YCHOBI/Iﬁ B IPOCTPAHCTBC MCKIAY
CTCHKaMMU MOI'yT CyHECTBOBATH TOJIBKO TAKHUE CTAIMOHAPHBIC COCTOSHUA, yTOOBI HA

2]

JUMHE [ yKJIaJpIBajgoCh 1I€JI0€ YUCIO TMOJYBOJH n=—-, rae n - HOMEp
n

. h

cTalMoHapHoro cocrossHusA. Ilosmb3ysce ypaBHeHuem ne bpouna p, =

n

OTHOCHH.[CMYC?I K SII[py KBaHTOBOﬁ (I)I/ISI/IKI/I, MBI HOHy‘-II/IM BBIpa)KeHI/IC JJIA I/IMHy.]'H)CElI
h muf pf 2

p,=—n W JI1 3HEPIMH 4YacTHLbB: E, = —* =" =——
21/ 2 2m  8ml

OIIMCAaHHUEC IIO03BOJIMJIO HaAM HM3BJICYDb HeO)KI/II[aHHYIO I/IH(bOpMaHI/IIO O 4YacTuie.

n’. JlomOJIHUTEJbHOE

OKaSaJIOCI), qTo €€ HUMIIYJIBC MOKCT IPUHHUMATb TOJBKO AUCKPCTHBLIC 3HAYCHMA,

h
KpaTHBIC BCIIMYHHC 2_l I[I/ICerTHBIC S3HAYCHHUA IIPHUHHUMACT M OHCPIuA 4YaCTHIIBI.

2

Ecnu B OCHOBHOM COCTOSIHMM €€ 3Heprus E, s

77> TO BO BTOPOM CTAalliOHAPHOM

h2
cocTostHUU (TIepBO€ BO30YXKJIEHHOE COCTOSIHUE) yxke E, =W-4=4-El, B TpPEThEM
m

(BTOpOE BO3OYyx)neHHOe) E3 = 9-E; , B n-om E, = n’'E|.
HMIy/IbC M JHEPrus 3JIEKTPOHOB YBEeJHYMBAKIOTCH NPH yMEHbLIICHHH 00beMa,

KOTOPBI OHU 3aHUMAIOT! DTO MPENSATCTBYET CKATHUIO, HAIIPUMED, OEIOT0 KapauKa.

JononHuTe1bHAsA HH(pOpManusi. JHEPrus U MMIYJbC MUKPOYACTHIBI, '"3a:kaToil'' B MaJIOH
00J1aCTH MPOCTPAHCTBA, KBAHTYIOTCS. JlaMIouku Toxe OBIBalOT MOIIHOCTHIO TONbKO 40, 60 u
100 Barr, a He, ckaxeM, 93 Barra!l OHeprus dYacTHIBl BO3pacTacT BBHJY OIpPEIEICHHOMN
JOKaJIN3allMY €€ B POCTPAHCTBE, U YEM CHIIBHEE TaKas JIOKaJINU3alusl, TeM Oosblie sHeprus. O4yeHb
00JIbIII0E KOJTMYECTBO SHEPTUU B OUYEHb MAJICHBKOM 001aCTH HCKPHBIISET MPOCTPAHCTBO HACTOIBKO
CWJIBHO, YTO OHO CXJIOTBIBAETCS B UEPHYIO JIBIPY, TOA0OHO KOJUIAIICUPYIOLIEH 3Be3/1€ (T1EeHa).
Bonpoc: Kakyio Hepruio 101KeH UMETh (POTOH, YTOOBI 3aCTABUThH JIEKTPOH COBEPIIUTH MEPEXO]T
U3 OCHOBHOT'O COCTOSIHUS B ITepBOE BO30YKICHHOE, €CIIU pa3Mepsl siuuka 0,8 Hm?
[Tpumepom yactuiiel, "3aaToil" B Majgol 00JIACTH MPOCTPAHCTBA, MOXKET OBITH
A A NIEKTPOH B aTOME BOAOPOAA, KOTOPHIM BpallaeTcs BOKPYI IpPOTOHA C
0 "S> HEKOTOpOH CKOPOCThIO. OJIEKTPOH 00JaJaeT HEKOTOPBIM  HMMITYJIbCOM,
AN \ CIeIOBATEIBHO, €r0 MOXHO PAaCCMATpUBAaTh KaK BOIHY HEKOTOPOW JUIHHBI
1
A =£ =i. Torna BO3MOXKHBI TOJBKO TaKHE CTAllMOHAPHBIE COCTOSIHMS, B
\ / p muo
i . KOTOPBIX Ha JUIMHE OpPOUTHI 3JIEKTPOHA YKJIAJBIBACTCS LEI0Ee YUCIO JUIMH BOJH
————— 2.1, 2rm-r,mov,

(mouemy?) n = = , TJIe n - HOMEp CTallMOHAPHOT'O COCTOSIHUSI.
n

n

W3 rmocnmenHero  BBIPRXEHHUS JIETKO  IOJIYyYWTh TpaBWIO  KBaHToBaHus opobut bopa:

h
muv,r, an—zl’lh. Bo3MO:KHBI TOJBKO TaKHe Opﬁl/ITbI, MOMECHT KOJHYECCTBA ABHKCHUA
T

3JIEKTPOHA HA KOTOPBLIX NPHHHMAET 3HAYEHHs, KpaTHble Beauuune h = 1,06-103* JTxk-c.
Op6urta >1MEKTpOHA - MECTO, TAE aMIUTUTYIa <«3JEKTPOHHOI» CTOsiued BOJHBI MakcuMmanbHa. U
OCTaBaTbCs Ha HEH OH MOXET CKOJb YIOJHO JOJIFO, IOCKOJBKY 3/1€Ch HET HUKAKOTO M3MEHEHUs
CKOPOCTH, a 3HAuMT, WU Wu3JIydyeHHsd. KBaHTOBaHME yIJIOBOTO MOMEHTA 3aJI0KUJIO OCHOBY
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COBPEMEHHOTr'0 OOpalleHus] CO BCEMH CUMMETPUSMHU KBaHTOBON MexaHHkH! DpaHIry3cKuil Gpusnk-
teopetuk Jlyu e Bpoitnb Ol yOeKIeH, YTO JBUKECHHE JJIEKTpOHA OyAeT yCTONYMBBIM TOT/A - H
TOJIBKO TOT/Ia - KOTJIa Ha JUIMHE OPOMTHI YKIIAQABIBACTCA 1IEJI0€ YUCIIO «BOJIH 3JEKTpoHay. Ecim 310
JIEUCTBUTENBHO TaK, TO MPOOJIEMBI YCTOMYMBOCTH aromMa HE CYLIECTBYET, HOO B CTallMOHAPHOM
COCTOSIHUH OH 110/100€H CTpyHe, KoJeOmomeiics B BakyyMme 0e3 TpeHusl.
Korga mpoBepsioT 1en0CTHOCTh XpycTadbHON min ¢aphopoBOi yalllky, MO HEH CJerka yAapsioT
nanoykoil. Xopomas yamika MU3JaeT AO0IT0KHUBYLIMM MENOAWYHBIM 3BYK (Ha JUIMHE OKPYKHOCTH
YKJIaJIbIBAETCs 1IEJI0€ YNCIIO JUIMH BOJH). A TPECHYTasl YallKa OT3bIBAETCS KOPOTKUM TYIIBIM CTYKOM
(HapyIIeHHE YCIOBUS MEPHOANYHOCTH U OBICTPOE 3aTyXaHUE 3BYKa).

BriBenieMm temnepb (GopMyIbl sl ONpEAETICHUs PAaJIyCOB OpOUT IIEKTPOHA B aTOME BOAOPOJA U
SHEPTrUil €ro CTallMOHAPHBIX COCTOAHUN. CHII0H, 3aCTaBIISAIONIEH 3JIEKTPOH JABUIaThCs 110 KPYyTrOBOM
2 1 eZ

— HIJIN

v
opbute BOKpPYr fA1pa, sBISETCS KyJlOHOBCKas cuia. Ilostomy m| — |= 1
r TEY ¥

0

2.2
m*v’r’  re’
= . C yueroM mpaBWiIa KBAHTOBaHMUSA OPOWT, TIOCIETHEE BBIPAKECHUE JIETKO

m 4re,
n*h?  e’r
nepenuncarhb = 2 “, OTKyJa cieayeT (Gopmyna ais pacdera pajuycoB OpOHT DJIEKTPOHA B
m 7E
0

dre,h’

2
me

opoutsl r; = 0,5-10% cM, 9TO XOPOLIO COTIACYETCSA CO CPABOYHBIMH JAHHBIMH O pa3Mepax aToMa
BOJOposia. Bo BTOpOM cTalliOHApHOM COCTOSIHUM (TIEpBOE BO30YXKIEHHOE COCTOSIHUE) r2=4rj,

pamuyc n - oi OpOWTHI DIEKTPOHA 7 = n’-r;. JBMKYIIMHCS 110 OpOUTE SJIEKTPOH 00Jamaer

2 2 2
o o o mu e e
KWHETUYECKOW M TOTEHIMANBbHOW DHEPIUEH, a ero moyiHas >Heprus L = - =-
2 dreyr 8me,r

aToMe BoJopoza r, = n®. TloncraBus B opMyiTy 7 = I, MBI OHPEIETUM PamHyC TepBOil

(cBsi3aHHOE cocTosiHUE). KnHeTnueckast sHEprusl COCTaBIISIET MOJOBUHY MOTEHIIMAIBHON SHEPTUH C
IIPOTUBOINOJIOKHBIM 3HAKOM M pPaBHA IIOJIHOM 3HEPIUM TAaKXE C IMPOTUBOIOJIOKHBIM 3HAKOM.
Knaccuyeckast kapTuHa »SIIEKTpOHa, OOpallalomierocs BOKPYr IPOTOHA B aTroMe BOJOPOJa,
MOJTHOCTBIO KOMUPYET KapTHHY oOpaieHus JIyHbl BOKpyT 3eMiu.

JHeprusi J1eKTPOHA B aToMe 3aBHCUT OT YJAJCHHOCTH €ro OpOMTHI OT IIOJIOKHTEIbHO
3apsizKeHHOro siApa. [IocKoIbKy paguyc OpOHUTHI SJIEKTPOHA KBAHTYETCS, TO SHEPTHUIO IEKTPOHA B

3TUX COCTOSHUSX JIETKO OMPEACIUTh 10 (hopMyIie:

2 4
e me I’l’l€4

8reyr,  8me,(dneh’n’)  32negh’n®
[ToncraBnsist B hopMyiy n = [, OpeeiM SHEPTHI0O OCHOBHOT'O COCTOSIHHMS aToMa Bojopona E; = -
13,6 5B, moxacTaBnsas n = 2 — 3HEPTUIO TEPBOTO BO30YkIEHHOTrO cocTosiHus Ex = - 13,6 aB/4 =- 3.4
13,608

2

n
COCTOSIHUSI TOAOOHBI JIeCTHUIE. BBl MOXeTe CTOATh Ha OJHOW CTYNEHH WIM MOTHATHCS Ha
CIIEAYIONIYI0, 00Jiee BBICOKYIO CTymneHb. OHAKO HEBO3MOXKHO CTOSITh HA IOJITYTH MEXAY ABYMS
CTYHNEHSAMU. OTH JAUCKPETHbIC, WM KBAaHTOBaHHbIC, 3HAYEHHUS DOSHEPrHMM YacTO HAa3bIBAIOT
SHEPreTUYECKUMHU YPOBHSAMHU. B oTiauume OT OOBIYHBIX JIECTHHUI] HMHTEPBAJIBl  MEXIY
SHEPreTUYECKUMHU YPOBHSIMHU, KaK ITPABUIIO, HE OJIMHAKOBBHI.

[Topa3uTenbHO, YTO, IPUMEHUB JIOTIOJHUTENILHOE OMMCAHKUE K 3JIEKTPOHY B aTOME BOAOPOAA, MbI
OOHapY>KWJIM, YTO SHEPTHIO U UMIIYJIbC JIEKTPOHA KBAHTYIOTCS, a 3aKOHBI MeXaHuku HpioToHa He
Jal0T McuepIbiBaoneil nHpopManuu 06 ero MoBeJeHHH B aToMe. DTy WH(POPMAIHMIO AAI0T 3aKOHbI
KBAaHTOBOM (M3HMKH, a, 3aKOHbI MeXaHMKH HbIOTOHA HeJb3sl NPUMEHSTH ISl ONMMCAHMA
ABHKEHUS] MUKPOYACTHII, BLIHYKI€HHBIX HAXOAUTHCS B MAJIBIX 00JIACTAX MPOCTPAHCTBA.

n

3B, moxcrasnss n - sHEpruio (n -/) Bo30YKIEHHOTO cOCTOAHUSA: E, = . DHepreTu4ecKue
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JonosnuTenbHass nHopmanus (GoHOHBI): ATOMBI B KPUCTAIMYECKUX PEIIETKAX HE HAXOIATCS
B TOKOE - OHHM COBEpIIAIOT MOCTOSIHHbIE KoseOaHusa. Takue koneOaHHs yJA0OHO ONMCHIBATH C
MIOMOIIBIO BOJIH, IpUYeM HauOoJbIlei sHeprueld OyayT o0nagaTh yrnpyrue BOJHBI HU3KHX YacToT,
KBaHTaMH KOTOPBIX SBIISIOTCS (DOHOHBI.

JononHuTenbHass MHPopManus (Mo4eMy aTOM IPOYHBINM). B mpupone aTOMbI CTaIKHBaIOTCS
MWIUIHOHBI pa3 B CEKyHIy, HO 3TO He BpeOUT UM. UeM OOBSICHUTh MPOYHOCTH BCEH CUCTEMBI?
MoOXHO cKa3aTh, aTOM - IIyCTOTa, B KOTOPOH ¢ OEIIeHOW CKOPOCTBIO BpAIIaloTCs 3JeKTPOHbI. [Ipu
3TOM, Takod '"mycToil" aToMm mpeacTaér Kak oO4yeHb TBEpHas dvactuia. Ha camom nene, Ha
Cy0aTOMHOM YpOBHE CKOPOCTb YacTHIbl BO3PACTaeT TeM OoJjblle, YeM OOJjblle OrpaHHYUBaCTCS
MIPOCTPAHCTBO, B KOTOPOM OHa JBIKETCsS. Tak 4To yem OJrrKe 3JIEKTPOH HPUTATHUBACTCS K APy,
TeM ObICTpee OH ABIKETCS M TeM OOJIbIIEe OTTATKUBACTCS OT Hero. CKOPOCTh ABMXKEHHS HACTOIBKO
BEJIMKa, 4YTO "CO CTOPOHBI" aTroM "BBIMVISIAMT TBEPABIM", KaK BBIMJISAAT AUCKOM JIONACTH
Bpallaolerocs BeHTuIsATopa. Ilockonbky pazmepsl siapa Ype3BbIUaliHO MaJlbl 1aKE€ B CPAaBHEHUH C
aTOMOM, 3TH JIEMEHTapHBIC YACTHUIIBI HOCSATCS CO CKOPOCTSAMH, OJM3KUMH K CKOPOCTH CBETA.

IV. 3a0auu:

1. Eciu GBI 21€eKTpOH OB 3aKJIFOYEH B 00JIaCTH CTOJIb Majioi, kak aToMHoe siapo (10
4 M), To kakoBa 6bUIa OBl €10 MUHUMAJIEHO BO3MOKHAs dHeprusa? Bo cKonbko pas
OHA IPEBBIIIAET IHEPTUIO TTOKOS ANEKTPOHA?

2. HalitTu HauMeHblllee 3HAY€HUE HHEPrUM DHJIEKTPOHA, MPU KOTOPOH OH
OecnpensaTCTBEHHO MPONAET Ha/l MPSAMOYTOJIbHOW MOTEHUUAIBHON IMOM TITyOHHON
— 5 5B u mmpunoi 10® cm.

Bonpocui:

l. OTpaxkenue OT OAHOPOJHOW IUIEHKM 3aBUCUT OT €€ TOJIIMHBI U TOKAa3aTels
npenomiienus. [Touemy?

2. Kak ke CBET MPOXOJIUT uYepe3 KOCMUYECKOE MPOCTPAHCTBO, TJI€ HET HU BOJBI,
HH BO3ayxa?

5. KBantoBasi MexaHHUKa YyTBEPXKIAE€T, UYTO MOTEHIUAIbHAS JYHEPTUsl YACTHUIBI HE
MOXET OBITh paBHOM HYIIO. [Touemy?

6. B kakoM MecTe MNOTEHIMAIBLHOM sIMbl IUPUHON d HamOoJbIIas BEPOSITHOCTh
OOHApPYX UTb IEKTPOH, 00JIaIal0IINi MUHUMATbHON YHEPTUEH?

7. B pe3ynbrate nznydyeHuss macca CoJiHIIa MOCTENEHHO yMeHbInaercs. Kak Bnusier
3TO 00OCTOSATENBCTBO Ha paccTosiHue TianeT ot ComHia?

8. iia 4ero mpojaBel, BbIAABas NOKYIMATENI0 XPYCTAIbHYIO TMOCYdY, JIErKO
MOCTYKHUBAET MO HEN CTEKJISTHHOM Mal0uKOW WIIM KapaHJaniom?

9. KakoBO OCHOBHOE MPEUMYIIECTBO JIEKTPOHHBIX U PEHTT€HOBCKUX MUKPOCKOTIOB?

V. KoHcnekr

1. CocraButh 0o606maromyto Tabauy "Ypasaenue ae bpoitnsa", Ucronb3yst pUCYHKH, YEPTEXHU U
TEKCTOBBIM MaTepuall.

2. Tlouemy mpH TIOJCBEYMBAHUM KOJOBI C TIOJKPAIICHHON BOAOW, BOJAa CTAHOBUTCS
HENpO3pavyHoit?

3. IIpoxommentupyiite yrBepxaenue ne bpoimns: "Lasatime 6yoem paccmampugams 31eKmpoHbl
NnOO00OHO C8emMOBbIM BOIHAM. XOMSA MO YACMUYbL 8OO CHAPAOO08, HO OHU ABIAIOMCA MAKHCE
u sonamu".

4. OObsacHute yTtBepxaAcHUE: "K6anHmosylo HeonpeoeieHHOCMb He803ModuCHO obotmu. OHa
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Heomvemaemas 0coOeHHOCMb KEAHMO0B8020 MUpa U He Modcem Oblmb C8e0eHa K HeMy-mo
opyeomy".

5. Ecnu BbI3BaHHOE HAONIOJCHHEM BO3MYIICHHE OOBEKTa MPEHEOPE)KMMO Maio, TO OOBEKT
Oonbmioi. Eciu 3TMM BO3MyIleHHEM IpeHeOperats Helb3sd, TO OOBEKT MajeHbKHil. Pazmep
00BEKTa 3aBUCHUT OT CaMOT0 0OBEKTa U Ballero U3MepuTenbHoro Meroaa. Tak nu ato? Pazmep
00BeKTa a0CONIOTEH MM OTHOCUTEICH?

6. ®oToH MOXET ObITh B JABYX (pOpMax OIHOBPEMEHHO. A 3TO 3HAYHT, YTO CaMble MaJCHbKHE
gactu BeenenHoli BenyT cedst Herpeackazyemo. Tak mu 31o?

7. OObacuute ytBepxkaeHue: "Co3nanue paszoensiem CcOCMOAHUA KBAHMOBO20 MUpa HA
KlaccuiecKue anbmepHamugbl, 0CO3HA8AeMble He3a8UCUMO Opy2 om opyaa”.

8. Ilpeanoxure ONBIT, C HIOMOIIbIO KOTOPOTO MOXKHO "MOAIVIAETH", Uepe3 KaKyro U3 ABYX ILeeH
MPOXOJUT 3JEKTPOH. byneT mu npu 3ToM Habmr0aThCsl UHTEphepeHus ?

9. KakoBa rinmy06uHa TOW NOTEHIMATIBHOM MBI, B KOTOPOI MBI )KUBEM?

10. /1y 31€KTPOHOB B SIIIMKE SHEPTHs BCET/Ia YBEIMYUBACTCS C POCTOM BOJHOBOTrO yucia. [louemy
JUIS DJIEKTPOHOB B KPHCTAJIJIE 3TO HE BCET/1a Tak?

JTOMOJIHUTEJIbHBIA MATEPHUAJ (Q®PEKT KOMIITOHA)

Ipghexm Komnmona — uepa 6 ounvapo gomonamu u 31eKmpoHamil.
Maxkc bopu

Vke B paHHUX ODKCIEPHUMEHTaxX ObLIO BBIACHEHO, YTO IPH PACCESTHMM PEHTTEHOBCKHUX JIyden

BEIIECTBOM B COCTAaBE BTOPHUYHOIO H3JIYYCHUS HMEIOTCS PEHTICHOBCKHE Iy4yH, 0O0Jajaromye

MEHbBILIECH MPOHUKAIOMIEH CIIOCOOHOCThIO. DTH BTOPUYHBIE PEHTICHOBCKHE JIy4d O0JIaaioT

CHEAYIOLIMMH CBOMCTBAMU:

1. B paccessHHOM U3Iy4YeHHH TMPHUCYTCTBYIOT JBE JJIMHBI BOJIHBL: II€pBOHAYajIbHAas A U
JIOTIOJTHUTENIbHAS A/, KOTOpBIE OJIM3KU 10 3HAYCHHUIO.

2. JlnwHa BOJHBI A’ Bceria OoJIbIIe A.

3. 3uadyenue A' 3aBUCUT OT yrjla paccesHuss O W HE 3aBUCUT OT MPHUPOJBLI PACCEHUBAOIIETO
BELIECTBA.

B 1923 r. A. KoMnToH BbICKa3al CMEIYIO HACI0, YTO PEHTTEHOBCKHE JY4H MPEICTABIISIOT COOOM

NOTOK (POTOHOB, O0JIAAAIONIUX KPOME YHEPTUU OIPENEICHHBIM UMITYJIbCOM, U YTO aKT PaCCEsTHUS

NPEJCTaBIsET COOON YNpyroe CTOJKHOBEHHE MEXIY (OTOHOM U 3eKTpoHOM. Eciu doron nmeer

UMITYJIbC, TO MPHU CTOJIKHOBEHHH C 3JEKTPOHOM CYMMAapHBIM UMITYJIbC JOJKEH COXPAHATHCA, YTO

B OIIBITE TaK MJIM UHAYE JOJDKHO HPOSIBIATHCS.

h+me’ =hv'+me* +E, =hv'+E

p=p+p,>p-pP =P,

Bossenem B KBajgpar MEPBOE W BTOPOE YPABHEHHE, IOCIE YETO
IEPBOE Pas3JeuM Ha ¢2.
(hv—mc* -y’  E*

2 20
C

p°—2p -p'-cos@+p'* = p’.. Berurs

C
M3 TICPBOT'O BTOPOC U YUTH:
E? /
_z_pze:mz,cz’p=ﬂ’p'=h_‘}’v': hv 1% , /1’=/1—|—i(1—0050)
¢ ¢ ¢ 1+(—5) - (1-cos ) e
mc

O¢dexr Komnrona — Ornecrsiiee moaTBepxaeHue KBaHTOBOWM Teopuu. ITocne ombita KommnrTona
YK€ Hellb3s ObUIO COMHEBATHCS B TOM, YTO B IPUPOJIE PEABHO CYIIECTBYIOT CBETOBBIC KBAHTHI.
@DOTOHBI HECYT SHEPIUI0 U UMITYJIbC. OHU SIBISFOTCSI OCHOBHBIMU HOCUTENISIMU DJIEKTPOMATrHUTHOM
SHEPrUM U MOTYT NepeaaBaTh €€ IPHU B3aUMOJICHCTBUY C IPYTMMH YacTHLIAMH !

Oopatnslii 3¢pdext Komnrona. B 3tom nporiecce He GPoToH (raMMa-KBaHT) MepenaéT dHEPTUI0
AJIEKTPOHY, a Ha000poT. Pa3zymeercs, 3MeKTPOH MOJDKEH 00Ja1aTh HEMAIOW 3HEpruel (K nmpumepy,
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3TO MOTYT OBITh 3JIEKTPOHBI B Iyuyke yckoputels). [Ipu 3ToM mpoucxoauT J000NBITHOE SIBICHUE,

U3JIy4YeHUe, HapUMep, JIa3ePHBIH JIyd yIbTpadruoIeTOBOrO WM AaKe BUAMMOTO JAUANa30HA MOXKET

cMemarbcs B 00JacTh PEHTTEHOBCKOTO (a MpU JOJKHOM CTapaHUM M raMMa-u3nydeHusi). Tak,

MO>KHO CO3/1aBaTh JOCTATOYHO Y3KHE IyYKH 3JEKTPOMAarHUTHOIO HW3IY4YEHUS C, YTO HE MEHeEe

Ba)KHO, OUE€Hb TOYHBIM 3HAYEHUEM MX YHEPIHHU.

OOBsICHUTE CIIETYIOIINE OCOOCHHOCTH PACCESHUS CBETA BEIIECTBOM:

® HE3aBHCHMOCTH BEJIMYMHBI CMEIIEHUS AL OT IPUPO/IBI PACCEHBAIOILIETO BEIIECTBA;

® YBEIMYECHHE HHTEHCUBHOCTH CMEIICHHONM KOMIIOHEHTBl  PAacCesIHHOIO  H3IyYeHus C
YMEHBILIEHUEM aTOMHOI'O HOMEPA BEILECTBA, & TAKKE C POCTOM YIJIa PACCESHHUS.

3aoauu:

1. Tamma-nyun ¢ munod BosHbl 0,710-107'° M paccerBaroTCs TOHKOW aTOMUHUEBOM (OIBIOMA.
PaccestnHoe m3iydenue Habmomaercs nox yriom 60° k Hampasnenuro nyuka. Kakyro maiumy
BOJIHBI BBl O’KUaeTe OOHAPYKHUTDH?

2. ®OTOH ¢ AJMHOW BOJMHBI 1 M paccesincss Ha 3ekTpoHe nox yriom 90°. Kakyro nomo cBoeit
sHepruu (HOTOH Nepea SMEKTPOHy?

3. Tamma-nyun ¢ wmmeod BosHbl 0,04:-1071° M pacceuBarorcs rpagurom. OnpenenuTe UMITYIIbC
dorona, paccesHHOro 1107 yriioM 30°  KHHETUYECKYIO SHEPTUIO SJIEKTPOHA OTIAYH.

Bonpocui:

1. Tlocnme coMHEYHBIX BCIBIIIEK HOHOC(Epa, MOTJIOIIAs COJHEYHOE PEHTICHOBCKOE H3IIyueHHE,
HarpeBaeTcs U paszayBaercd. [Touemy?

2. PentrenoBckuil GoTOH paccenBaeTcs Ha cBOOOIHOM 3ieKkTpoHe. Kak mpu 3ToM n3MeHsieTcs ero
JUTHHA BOJHBI?

3. Tlouemy yacTOoTa paccestHHOTO CBOOOTHBIMH AJICKTPOHAMH M3JIyU€HHsI BCETJa MEHbIIE YaCTOTHI
NaJaroEero u3nyyeHus?

4. Tlouemy mpu OOJBIIMX MHTEHCHBHOCTAX MaJalOUIero CBeTa KpacHas rpaHuna ¢orodddexra
MOJKET Ucue3arh?

5. Ecnm 3apeructpupoBaTh OTPa)XEHHOE PEHTTEHOBCKOE HM3JIyu€HHE, TO KOXka OyJeT BBITIIAICTDH
CBETJION, a METaJlI U OCTAIIbHOE MPOCTPAHCTBO OyieT yepHbIM. [louemy?

Bcemy npucywa ceos kpacoma, no ne Kaxcoomy oHa 8UOHA.
Kongyyuii
Bce, umo mul 3naem o peanbrocmu, uCXooum u3 OnbIMa u 3a6ePuLaenmcs um.
A. Dtinuwmerin

YPOK &. JABJIEHUE CBETA

JIHEYHBIC ITapyca BMECTO Be€Tpa UCITOJb3YOT 1aBJICHUE COJTHEYHOI'O CBETA.
LHEJIb YPOKA: OOBSICHHTH JaBJICHHE CBETa Ha OCHOBE BOJHOBHIX M KBaHTOBBIX

MPEJICTABICHUI O CBETE.

TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJIOBAHUE: «kunodpunem "JlaBnenue cBera", panuomerp Kpykca,
npoekuronubiid anmnapat ®OC-67, obobmaromas tadnuna "Jlapnenue cpera'.

IIJTAH YPOKA:

1. BcerynurenbHas 4acTh
2. Ompoc

3. OOsbsacHeHHe

4. 3akperuieHue

5. 3amauue Ha I0M

I1. Onpoc ¢ynaamenTanbbii: 1. KopnycKyasspHO-BOJHOBOM AyanusM. 2. Yactuua B
OJTHOMEPHOU MOTEHUUAIIBHOU SIME.

3aoauu:
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1. C kakoi CKOPOCTHIO IOJKEH JBUTATHCS AJIEKTPOH, YTOOBI €r0 UMITYJIhC ObLIT paBeH
UMITYJIbCY (POTOHA U3TyUYEHUs ¢ JUIMHOU BOJHBI 0,52 MKM?

2. HaliTu nyiHy BOJIHBI A 3JIEKTPOHA, YCKOPEHHOTO M3 COCTOSIHUS TTOKOSI Pa3HOCThIO
noreHiuanos 3 MB.

3.1lon kakuMm HampsokeHHeM paboTaeT pPEHTreHOBCKash TpyOKa, €clu caMble
"KeCTKHE" JTydH B PEHTT€HOBCKOM CIIEKTpPE 3TOM TpyOKku umeroT yactoty 10! I'iy?

4. Yactuna, IBUraBIIasiCa MEPBOHAYAIBHO CO CKOpOCThiO V' = 0,8 ¢, pacmamaercs Ha
nBa gorona. Haitnute MUHUMAaNbHBIN yron pa3néra 3TUX (OTOHOB.

5. [TapannenpHbIii TOTOK 3JIEKTPOHOB MaJacT HOPMAJIbHO Ha auadparmy cC y3KOM
NpAMOYTOJbHOW mIenpl0 mupuHOM 1 MkM. Onpeaenure CKOPOCTh ITUX
3JIEKTPOHOB, €CJIM HA JKpaHe, OTCTOSIIIEM OT LIENU Ha paccTosiHue 50 cMm, mupuHa

LEHTPaJIbHOr0 Makcumyma pasHa 0,36 Mm.

6. Bpems >KM3HM 3JEKTPOHAa Ha BTOPOM 3HEPIEeTUUYECKOM YPOBHE aTOMa BOAOPOJAa COCTABIISIET
okoio 10 ¢. OUEeHUTH MKUPUHY BTOPOTO SHEPTETHUECKOIO YPOBHs (TO €CTH HEONPEAETEHHOCTD
ero sHepruu). CpaBHUTh €ro CO 3HAYEHUEM DHEPIMM BTOPOTO SHEPIETUYECKOTO0 YPOBHS aToMa
BOAOPOJA.

IT1. Hayuubie ¢akrhl, yKa3slBaroNIUe Ha CYIIECTBOBAHKE JABICHUS CBeTa: oOpa3oBaHue "nakyH"

BOKPYT 3B€3]], OTKJIOHEHHE KOMETHBIX XBOCTOB B MPOTHBONOJ0XHYI0 0T CoinHua cropony (Kemep,

1619 1), cokpalieHHEe BpEeMEHU HKHU3HU HCKYCCTBCHHBIX [ECUEs

CIyTHUKOB 3€MJIM, MpPEMSITCTBUE TI'PABUTALMOHHOMY C)KATHIO

3BE3], PACKpy4YMBaHME U pa3pylleHue actepouaos. B 1862 roxy

Jlxeitmc Maxkcpenn (1831-1879) npenmnonokusi, 4yTo CBET Kak

3JIEKTPOMArHUTHOE M3JTyuyeHHe 00J1ajaeT CBOWCTBAMH UMITYJIbCa

M, CIEeIOBaTeNbHO, OKa3blBaeT JaBJeHHE Ha  JIOOYIO

IIOBEPXHOCTh, C KOTOPOW KOHTAKTUPYET. DKCIIEPUMEHTAIIBHO 3TO

6bu10 oaTBepkAeHO aumb B 1900 rogy Ilerpom JlebGeneBbim.

OO0ObsAcHEeHHE JaBJICHHUA CBE€Ta Ha OCHOBEC BOJIHOBBIX HpeHCTaBHCHHﬁI CMCIICHHUC

nbinesoii XBocT

X QJICKTPOHOB II0M I[CI\/,ICTBI/IGM QJICKTPUICCKOI'O

BEKTOpa BOJIHBI — JICMCTBUE MAarHUTHOTO MOJS

0 Ha  JBWKYUIYIOCA  3apsDKEHHYIO — YacTHUIly
(mpaBuno '"neBol pyku") — cuia JaBIEHUS

y ceera. @opmyna s JaBIEHUS  CBETAa,

MOJTy4YE€HHAsi HA OCHOBE BOJIHOBBIX TpejcTaBiienuil: p = u (1 +p), rae u — oobemHas
IJIOTHOCTh SHEPruu, a p — ko3hduiueHt orpaxenus: ceeta. OObsICHEHUE MPUPOIBI
AIEKTPOMArHUTHOTO B3aUMOJIECTBUSI HA OCHOBE BOJIHOBBIX MPEJICTABICHHI O CBETE.

B cpeode, 6 xomopoii pacnpocmpansemcsa 0oaHA, NOAGNAEMCA 6 HANPAGIEHUU ee
pacnpocmpanenus 0aeawas Ccuid, KOmopdas 60 6CAKOU MOUYKe HYUCIEHHO pPaBHA
KOIUYeCmey Haxo0aweucs mam sHepeull, OMmHeceHHol K eOunuye oovema.

JDcetime Knepk Maxkceenn

OObsicHeHWE JaBlieHUs] CBETa HA OCHOBE KBAHTOBBIX MpejcTaBiieHuil. @opmyna s
JABJICHUS CBETA, MOJIyYCHHAss HAa OCHOBE KBAHTOBBIX IPEICTABICHUN O CBETE: p =

nhv(l+ p), Tae N — KOHIEHTpauus GOTOHOB. p=u(l+p) wmw p= 1(1 +p).
C

33



Macca 3Be37pl HE MOXET IPEBBIIATh HECKOJIBKO COTEH COJIHEYHBIX MAacc — HHadye OHa Oyaer
pa3opBaHa JaBI€HUEM COOCTBEHHOIO CBeTa!

JlonosinuTebHast HHpopManus. OO0bsICHEHHE TPUPOIBI AIEKTPOMArHUTHOTO B3aUMOJICHCTBUS Ha
OCHOBE KBaHTOBBIX NPEACTABIECHUN O CBETE. 3aKOH COXPAHEHHUs SHEPIrUU U HMMITyJIbCa 3arperiacTt
noryomeHne (GoToHa CBOOOJHBIM 3JIEKTPOHOM, OIHAKO, M3-3a HEOIPEACIIEHHOCTH SHEpruu, Ha
KOPOTKOE€ BpEMsI 3JIEKTPOH MOXET M3Iy4uTh (POTOH M MOTJOTUTH €r0 CHOBA. DJIEKTPOH OKPYKEH
000J104K0#i (POTOHOB, KOTOPBIE 00PA3YIOT €ro AIEKTPUYECKOe M MarHuTHoe mose. Yem ganbiie oT
AJIEKTPOHA, TeM MEHbBIIE SHEPrHss U HUMITYJIbC ITHX (POTOHOB, MOITOMY BIIEKTPUUYECKOE IOJIEe
yObIBaeT OOpaTHO NPONMOPLUOHATIBHO KBaApaTy paccTosiHuA. @OTOHBI — TMEPeHOCYHKH
3JIEKTPOMATrHUTHOI0 B3auMoaeicTBUA. DOTOHHBIE PAKETHI.

JlonosHuTebHbIH MaTepuan: Ecnu uMmynsc ¢oToHa ans HaOmonaTens, KOTOPHIA HETOABHKEH

hv
0 OTHOIICHHIO K HCTOYHHMKY CBETa —, TO s HaOIIogaTess, KOTOPHIA IBUKETCS IO

c

HANpPaBIECHUI0O K HCTOYHHUKY (OTOHOB CO CKOPOCTBIO V, MMIyJbc (POTOHA pAaBEH:
hv  hy hv, hv 14

—=—"4mV =—2+—V 5 v=y,(l1+—). Y (oroHa HeT Macchl MOKOs, a MCIONL30BAHHE
c c c ¢ c

9TOro MOHATUS B JpYyrux ciy4asx BeneT kK mnapagokcam! KpacHoe cmemienue. Pacmmpenue
Bceenennoii. Ecnn HanpaBUTh J1a3€pHBIM JIyd CHU3Y BBEPX OT 3€MJIM, TO BHEPIUs Jydya HABEPXY
Oyzet menble, yeM BHU3Y! Teneps npeacraBeTe cebe, UTO M3IIydarolias CBET 3Be3/1a elle U KpaiiHe
KOMIIaKTHa. B TakoMm ciy4yae CBET MOXET MOTEPSATh CTOJIBKO SHEPrHH, UYTO OOPATUTCS BCIATH U
BEPHETCS Ha MMOBEPXHOCTD 3BE3/1bI (depHast IpIpa). DHEprust (OTOHOB, UCIYIIEHHBIX C TOBEPXHOCTH
HEHUTPOHHOMW 3BE€3/1bl, YMEHbIIAETCS IOYTH B J1Ba pa3a. [louemy? Eciau y HOBEpXHOCTH 3BE3/bI CBET
nenaet, Hanpumep, S0 KosiebaHuit B €TUHHILY BPEMEHHM, TO Ha yIaleHuH — TosbKo 25. [Touemy? 3to
TOBOPUT O TOM, YTO €AMHHIIA BPEMEHHM HA TIOBEPXHOCTH HEUTPOHHOH 3BE3/bl B JBA
pasa Oombllle, 4eM B JAJIEKOM KOCMOce (BpeMsi TeUeT B JIBa pa3a MeJICHHEe).
®axkr. Cnyuaii ¢ P. Bynom. By mpoexan Ha KpacHbIi CBET cBeTo(opa U MOMbITANICS
OOBSICHUTH CBOIO OIIMOKY »>(dexTom [lomnepa, 3a uto Obu1 omrpadoBaH
IIOJINLIENCKUM 32 ITpeBbILIEHHE cKopocTu. C Kakoi CKOpoCTho exan Byn?
Hemnoorcko omopa:
- Hazosume camviii npocmoti cnocob nabarooams onmudeckuil 3¢pgpexm /Jonnepa.
- Hy, ko2coa mawuna edem 6 6auty cmopoHy OHA CEEMUM HCeTMbIM UNU OelblM CEMOM, a K020a
yesoicaem om 6ac, mo KPacHbiM.
OnbiThl JlebeneBa. JlemoHcTpauusa ¢ paxuomerpoMm Kpykca. Paguomerpuueckue cunbl. Kak
ynanocs I1.H. JlebeneBy uameputh naBieHue csera. JJeMoHcTpaius KHHO(pUIbMA.
C kadicovim OHem s 8n0bAI0Cy 8 usuky 6ce bonee u bonee. Ckopo, Kaxcemcs, s ympauy oopas
yenogeueckuil. Al yowce menepv nepecman NOHUMAmMb, KAK MOJCHO CYujecmeosamsv 6e3 Qusuxu.
Konnokeuym, xomopulii MHe euje maxk HEOA6HO KA3AACA He CUMNAmuyHee anoKaiuncuieckozo
36epsl, menepb 00PAMUICA 8 UCIIUHHOE HACIANCOEHUE.

I1.H Jlebeoes
W3 nucema B. Tomcona k TemupsizeBy: "Bbi, Moodcem 6vimy, 3Haeme, ymo s 6CO HCU3Hb B0€BAI C
Makxceennom, ne npusnasas e2o céemosoe oasnenue, u 6om eaut Jlebeoes 3acmasun MeHs coamuvcs
nepeo e2o onvtmamu".

Topoumvca cnagorw ceoux npeokog He MONbKO MONCHO, HO U
O0JICHO, He YBANCamb OHOU eCb HOCMbIOHOE MAN00YUlUe.
A.C. Iywxun

IV. 3a0auu:

1. B pamkax MexayHapoJHOTO roja KOCMOCAa IUIAHHPYETCS OCYIIECTBUTh TOHKH
"kocMuueckux TmapycHukoB" k Jlyne. Ompenenutre pasMep OTPaXarollero
COJIHEYHOTO Mapyca, KOTOPbIA HEOOXOIuM Jisl pa3roHa KOCMHYECKOIo arapara

maccoii 500 kr c¢ yckopenumem o = 10% g dopma napyca KpaapaTHas,
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ko3 dunment orpaxkenus 100%. 3HayeHHE CONHEYHOM IMOCTOSHHOW MPHUHATH
paBHbEIM 1,36 KBT/M?.

ConHeuHble napyca Mo3BOJISIOT ABUraThCs BIepel 0e3 3aTpaT SHEPruH U JerKO MaHEBPHPOBATh, HO
y HUX Majnas TIpy30M0AbeMHOCTb U yckopenue.21 mas 2010 roga SAMOHCKOE areHTCTBO IIO
HCCIIEIOBAaHUIO BO3QYIIHOTO IMPOCTPAHCTBA OCYIIECTBUJIO 3allyCK KOCMHMYECKOIO ammapara «Ha
COJHEYHOM TaAre». Ilapyc H3roToBIEH M3 MOJMaMUAa M CHOCOOEH BBIACPKATH IEeperajbl
TEMIIEpATyp U paauanuio; ero toamuna cocrasisier 0,0075 MM, a pazmep no auaroHanu — 20 m.
Uepes mosrona OH IOJDKEH n0oCTUYb Benepbl. Jlpyrod M3 IPOEKTOB IPEMJIaraeT 3allyCTUTh K
[Tpoxcume lleHTaBpa KpolieyHble KOpabiu (Maccoil OKOJO OJHOTO TpaMma), KOTOpble OymyT
PasroHATHCA 32 CYET COJIHEYHOI'O BETpa U JOCTUTHYT 3BE3/1bl B TEUEHUE JIBA/ILIATH JIET.

2. Kycouek metaminueckoit Goapru Maccoit 1 Mr ocBeniaeTcs Jia3epHbIM UMITYJIECOM
MOIIHOCTBIO 15 BT u mnurenbHOCTHIO 0,5 ¢. CBET MaaeT HOPMAJIBHO K MIJIOCKOCTH
GoNBI'M W TMOJHOCTHIO OTpakaeTcss B OOpaTHOM HampaBiieHuH. OmnpenenuThb
CKOPOCTh, TpUOOpeTeHHYI0 (hOIBIOM B pe3ysibTaTe ACHCTBHS CBETA.

3. Onpenennure AaBICHUE CBETA HA CTEHKHU AJEKTPUYECKOUW JIAMIIOYKH MOIIHOCTBIO
150 Bt, eciin cTeHKH JIamMIioukud oTpaxkaroT 15% maparomiero cera. Cyuraiite
naMIouky cdepoii paguyca 4 cm.

Bonpocuvi:

1. TloueMy 3Be3BI MIMEIOT HEKHE NIPEACIBHBIE MACCHI?

2. Kak oOBsCHUTH CBETOBOE JaBJICHHWE HAa OCHOBE NPEACTaBICHUM O CBETE Kak 00

AJIEKTPOMArHUTHOUN BOJIHE?

2. Jlyu renuii-HeonoBoro nazepa (A= 0,633 MKM) HampaBisIOT CHauyajla Ha
KpacHy10, a 3aTeM Ha 3ejeHyio Oymary. Kakas u3 Oymar MUCHBITHIBAaeT OoJiblliee
JlaBjieHue?

3. Ectb 11 oTOHBI B TEMHOM KOMHATE?

4. Cer mamaeT Ha IUIOCKYK IUIACTUHKY IOJ HEKOTOPhIM yrioM. B kakom
HarpaBlIieHUH OyAeT OTTaJKUBAThCsS IUJIACTUHKA, €CJIM €€ TOBEPXHOCTh: a)
MOJTHOCTBIO TOTJIONIAET CBET; 0) 3epKajJbHO OTPa)KaeT CBET?

5. Kak cBeToBO€ [aBJIEHHE OPHEHTHUPYET OTHOCUTENBbHO CONHIA OJHOPOIHBIN
KOCMHYECKUM 4YeNHOK cdepuueckodt (QopMbl, OJHA TMOJOBMHA KOTOPOTO
3epKalibHas, a Ipyras yepHas?

6. Ha dyem ocHOBaHa KOpmycKyJsipHas TpakToBKa 3¢ dexra Homnepa?

7. Ha neGe Mupuanbl 3BE€3/1, U €CJIM HANPABUTh HA HETO HOYbIO IIU(PPOBYIO KaMepy,
TO Ha KaxAbld mNukcen npuaércs Hemano. Ilodemy xe HEOO Kakercs HaMm
YEPHBIM?

8. HM3BecTHO, 4TO CYIIECTBYET COJHEUYHBbIM BeTep. JIyHa Bpamaercss BOKpYr 3eMiu

no opoure. [louemy Jlyny He «ciyeT» ¢ opOUTHI?

Cset pacccuBacTCd B OCHOBHOM Ha 3JICKTPOHAX B BCHICCTBC, KOTOPBLIC MCPCHANOT Cro JaBJICHUC
MMpoOTOHAM U APYIr'"M MACCHBHBIM YaCTULIAM.

9. IlpuBegute mpuUMEpHI MPOSBICHUS KBAHTOBO-MEXaHUUYECKUX 3aKOHOMEPHOCTEH B
MakpoMmupe (TerioBoe uinyudeHue, porordext, cBepXnpoBOIUMOCTS).
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10. He siBnsieTcs T IPOEKT «COJTHEYHBIN Mapyc» MPUMEPOM MOJIYUYESHHUS MOJIE3HOM paboTHI 3a cyeT

OXJIAXKACHUA OAHOI'0 TECJIa, YTO IIPOTHUBOPCYUT BTOPOMY 3aKOHY TepMO,Z[I/IHaMI/IKI/I?

V. § 81,

1.
2.

OrnenuTe cuiTy AaBICHUS CBETa HACTOJIBHOM JaMITbl HA CTOJL.

[Ipennoxxure MpoeKT M3MEHEHUs OpOUTHI acTepora (MOKpacKa CBETOOTPAXKArollel KpacKoi,
60MOapAMpPOBKA Pa30rHAHHON 10 OOJBIION CKOPOCTH OOJIBAHKOM).

[Touemy yacTHIIBI MaJIBIX pa3MEpPOB JOJKHBI BBIAYBaThCS M3nydeHneM CoiHIA Ha mepudepuro
COJIHEYHOM cucTeMbl? OLIEHUTE pa3MepPbl 3TUX YACTHII.

Omnpenenute CBETOBOE JIaBJICHUE B IICHTPE aTOMHOI OOMOBI B MOMEHT €€ B3pbIBa, Ipeoarasi,
YTO W3JYyUYEHUE — PABHOBECHOE, TemIepaTypa BHyTpr 60MObl 10° K, muotHOCTh Bemectsa 20
r/em.

Bea orcusne — smo eenukas yenv, npupody Komopou
MOJICHO NOHAMb U3 OMOENIbHO2O ee 36eHd.
Apmyp Konan /loun

Ypox 9. XUMHUWYECKOE JEWCTBUE CBETA

Kyna ncue3zarr ¢poToHbl, KOraa racHer cBer?

HEJIb YPOKA: II03HaKOMUTh YYEHMKOB C XHMHWYECKHM JEHCTBHEM CBETA, KAaK

OJHUM W3 MIPOSBICHUN B3aUMOAECHUCTBUS CBETA C BEIIECTBOM.

TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJIOBAHUE: ¢oTtomienka, HETaTUB U MO3WUTUB, Oymara JJisi TEpMOIEYaTH,
o0oOmaromas Tadauia "XuMuIeckoe JercTBre cBera'.

ITJTAH YPOKA:
1. BcerynurenbHas 4acTh
2. Ompoc
3. OObsacHeHue
4. 3akperuieHue
5. 3amaHue Ha AOM
I1. Onpoc ¢pynaameHnTanbublii: JlaBineHue cera (1mo oo6oOmaroieit Tabuuiie).
3aoauu:
1. MomHocTh cBeToBOoro noroka (A = 500 HM), magaroero HOpMaJIbHO Ha YEPHYIO

HOBEPXHOCTh IuIomanso 1 am?, pasaa 100 Bt. Ckonbko (OTOHOB Hajaer
€KECEKYH/IHO Ha 3Ty NOBEpXHOCTh? Kakoe naBieHne OHU CO31ar0T?

.CBer ¢ nnuHOM BoiHBL A = 600 HM HOpMaNbHO TMAagaeT Ha 3EPKAIbHYIO

MOBEPXHOCTh M MpOU3BOAMT Ha Hee jnasineHue 4 Mklla. Onpegenuts yucio
(oronoB, magaromux 3a 10 ¢ Ha 1 MM? 5TOl HOBEPXHOCTH.

. Ha nomynpospaunoe 3epkano miomaneo 100 cm?, Haxopxsimieecs Ha opOuUTeE

HMCKYCCTBEHHOT'O CITyTHUKa 3€MJIHM, MaJaloT MO0 HOPMAJIU COJHEeuYHble Jyuu. [lpu
aToM 3epkasio orpaxaer 30% wu npomyckaeT 20% 3Hepruy Majarolero CBETa, a
OCTaJIbHYI0 SHEPrui0 mnorjomaer. Haltu cuily, JEUCTBYIOUIYI0 Ha 3€pKajo Co
cropoHsl cBeta. Paccrosme or 3emmm go Commma 1,5-10'' M, MommHoCTh
nsnydenns Conana cocrapnser 3,83-10% Br.

Ecnu Ha myTH y 4acTHUYEK CBETa BO3HUKAIOT MPETPaJibl, TO BOJIEH-HEBOJIECH Bce (OTOHBI pa300BIOTCS
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Tpu rpynnsl. IlepBas rpymnma - 370 (OTOHBI, KOTOPHIM yIAlIOCh OOOTHYTh MJIM OOOWTH Hperpamy.
Bropas rpynmna 310 (OTOHBI, KOTOPbIE yIAPUINCh O MPerpaxy U PUKOLIETOM OTJIETEIH B CTOPOHY.
Tpetbst rpynma — 310 Bce (POTOHBI, KOTOPBIE OBUIN TOTJIONICHBI ATOMAMHU  TIPEIMETa.

4. Meteoput nuamerpoMm 1,2 MM HaxoauTcsd Ha 3eMHOM opOute. Bo ckoinpko pa3 cuia €ero
nputsbkeHuss K ComHily OOJbIle CHIIBI CBETOBOTO JaBJICHHS, €CIU IUIOTHOCTh BEIIECTBA
MeTeopuTa 7 I/CM> M OH MOTJIONIAET BCE MAJAIOIIEE HA HETO U3JTyYeHUE?

5. Conneunass nocrosiHHas 1,36-10° Bt/mM?. BbluMciIuTh MakCUMaJIBHOE [ABJIEHUE COJHEUHOTO
m3nydenuss Ha 3emmio u Jlyny, ecnu cpenHuii ko3dduument orpaxkenus (ampbeno) 3eMHOI
noBepxHoctu 0,4, a myHHoi - 0,09.

JonojHuTe1bHAsA HH(pOpMaNKs: BinsHNe 1aBIeHNs COJIHEYHOIO CBETA HA JIBHUKCHUE CIIyTHUKOB

OIIPEAEIISAETCS «IIapYCHOCTBIO» CIIyTHHKAa — COOTHOIIEHHEM MEXY MOBEPXHOCTBIO CIYTHHUKA U

€ro Maccoi. ITo OOBICHAETCS TE€M, UYTO C YMEHBIIEHHEM pa3MEepOB MOBEPXHOCTh YMEHbIIACTCS

MPONOPLMOHATFHO KBaIpaTy pazMmepa, a Macca — IMPOIOPIUOHAIBHO KyOy ero, T. e. obicTpee. Ilo

9TOW NPHUYMHE, HAIIPUMEp, AABJICHHUE COJIHEYHOI'O CBETA Jaxke BbIMeTaeT U3 COJHEYHOW CHCTEMBI

MEJIKUE METEOPHBIE YACTHUILIBI.

JlonosinuTenbHast uHGopmanus: KoHKypc MpoekToB 1Mo 00e3BpeKUBaHMIO acTeponsia Anodus —

99942 (2009 ron, commxenue c¢ 3emueir 10 30 — 40 ThIc. kM) BhIMrpana cryaeHtka u3 CIILA,

NpeUIOKUBIIAass OOMOTaTh acTepouj IUICHKOW Maiinmap, oOrajgaromieil BBICOKOH OTpaskaromien

cniocoOHOCThI0. CBETOBOE JIaBJICHUE, TI0 €€ pacyeTaM, ClIOCOOHO M3MEHUTh TPACKTOPHIO acTepouia

U TIPEJOTBPATUTh €TO CTOJIKHOBEHUE C 3eMIIEH.

Bonpocui:

1. Kakue moBoJbl y Bac €CTh K TOMY, YTO JJICKTPOMAarHuTHas BOJIHA OOJaJaeT
UMITYJIbCOM?

2. JlazepHblii Ty4 KpaCHOTO CBETA HAIPABIISIETCS TIOOYEPEIHO HA KPACHOE U 3€JIEHOE
crekia. Kakoe crekiio OyJeT HCIBITBIBATh OOJIbLIEE TaBICHHE?

3. Kak u3smenutcs Bua (opMyibl JUisi CBETOBOIO JABIICHMS, €CIU Jy4d OyayT
najaTh MOJ] HEKOTOPBIM YTJIIOM K MTOBEPXHOCTHU?

4. Iloyemy JIETHUM JHEM Jydllle HOCUTH OETIyI0 OACK Iy ?
Kak 3aBucut cuna naBieHus, OKa3blBaeMasi COJIHEUHBIM CBETOM Ha Kakoe-JI10o
TEJIO, OT PACCTOSHUS MEXAY 3TUM TesIoM 1 ConHuem?
Kak npeaMers! oTpaxkaroTt cBeT?
@OTOH € YaCTOTOM V MAJAET HA 3€PKAIBHYIO MOBEPXHOCTh NOA yriioM o. Kakou
HUMITYJIbC MOJIY4YaeT MOBEPXHOCTh MPU OTpakeHUU oT He€ (hoToHA?
B xakux sSiBIEHUSIX MPOSBIISIIOTCS KOPIYCKYJISIPHBIE CBOMCTBA cBETa?
MoHOXpOMAaTHUECKUI CBET, KaKOro IBE€Ta — KPAacCHOrO WM (DHOJETOBOTO —
OKa3bIBa€T NPU OJMHAKOBOM MHTEHCHUBHOCTH TIOTOKa (POTOHOB OoJibliiee
JTAaBJICHUE Ha TTOBEPXHOCTH TeJa?

10. [lpennoxxkute NPOEKT pa3roHa MEX3BE3JHOIO0 KOCMUYECKOTrO Kopalis ¢
«COJTHEYHBIM MapyCOM.

11. Cgert co3zaet naBlieHUE (MMEET BEC), HO HE UMEET Macchl. Tak ju 3T0?

12. MoeT 11 Kakoe-HUOY/Ib TEJIO0 MOKOUTCS B MOJI€ TATOTEHUS 3eMiIn?

13. Ecnu mocTaBUTh TOPSIIYIO CBEYY BO3JIE CTEHBI M BKJIIOUYHUTH OCBEIICHHE, TO TeHb OTOpachIBaeT
TOJILKO TE€JO CBEYW M (PUTWIIb, @ TEHb OT IUIAMEHH MPAKTUYECKH HE BUIHA, XOTS CaMO IUIaMs
MBI Xopoio BuanM. [louemy?
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JonosHuTeabHasi mHpopManus: M3 KBaHTOBON TeOpUU CBETa ClenyeT, YTO (POTOH HECIOCOOECH
IpOOUTHCS: OH B3aMMOJAEUCTBYET C 3JEKTPOHOM MeTalla, BEIOMBAs €ro W3 IUTACTUHKH; Kak IIeJoe
OH BSaHMOHeﬁCTByeT n CcO CBCTOYYBCTBUTCJIIbHBIM  BCHICCTBOM

¢ororpaduueckoil MICHKH, BBI3BIBASI €€ MOMYTHEHHE B OMPEHCICHHOM || Toc"““ o,
TOUKe  T.1. B 3TOM cMbicie (oToH Bexer cebst moaodHo yactuie, T.e. | 0 H@' ’
NPOSIBISIET KOPIYCKy/ISIpHble  CBoifctBa. OnHako (oToH obmamaer |/ & [ &C,G'f )
¥ BOJIHOBBIMH CBOMCTBAMIL: 9TO NPOSIBJISETCS B BOJNHOBOM Xapakrepe | £

/\

pacIpoCTpaHeHust CBETA, B CIOCOOHOCTH (OTOHA K MHTEPDEPEHIMA U ||\ hoiloamo 090
mudpakiun. POTOH OTAMYACTCS OT YACTHULBI B KIACCHUECKOM || & e e smm
NOHMMAaHUM 3TOTO TEPMHMHA TEM, YTO €ro TOYHOE TIOJO0XKECHUE B 6CO; +6H,0 — Ceizs + 60,

MPOCTPAHCTBE, TaK U TOYHOE MOJIOKEHHUE JTFOOO0W BOJIHBI, HE MOXKET OBITh
yka3aHo. Ho OH OT/IMYaeTcs U OT «KIACCHUYECKOI BOHBI - HECITOCOOHOCTRIO JCNIUTHCS Ha YaCTH.

III. IlornomeHue MOJEKyJaMU BEILIECTBA KBAHTOB CBeTa. PaciiernieHue MOJIEKYI.

XumMuyeckoe aeilcTBHe CBeTa. [lpumepsl: Bhiropanue Tkanei Ha CoJHIE, 3arap, B3pbIB
rpemyuero rasa. O0pazoBaHue XJI0p BOAOPOJa:

hv . . . . .
Cly »2CI;Cl+ H, =HCI+ H;H+Cl, = HCI + CI.

OIuH TOTJIOMEHHBIA CBETOBOM KBaHT BbI3bIBaeT oOpasoBanue B cpexnem 10° monexyn HCI
(cool1eHne yueHuKa O IeTHBIX pPeaKkusx).

doTocHHTE3 - MpoLecc 00pa30BAHUA OPraHMYECKHUX BeIeCTB U3 YIVIEKHCJIOro ra3a u BOAbI Ha
cBeTY NpM Y4yacTuH (OTOCHHTETHYECKMX NHMIrMeHTOB. Kakue mnpeoOpazoBaHus 3SHEpruu
MPOUCXOJAT NpH poTocuHTE3E?

Qu3zuka He MOAbKO MOJCem, HO U OO0JICHA 2NYOOKO 6mopeamvbCs 6 OUuono2uio, Kak ceoumu
cpeocmeamu UCCIe0068aHUs, MAK U CEOUCHBEHHBIMU eli MeOPemuydecKUMU npeoCcmasieHUAMU.

Jlee Apyumosuy g
3eseHblii HBeT JHcTHeB. [IocMOTpETh Ha 3eNeHbIE AEPEBBS uepe3 CBETOGUIbTp, '
MOTJIOLIAIOIINM 3eJIeHble (CMHUE) JIydd (PKCIEpUMEHT). MBI YBUIUM Ty 4acThb
CHEKTpa (KpaCHBIE JIy4H), KOTOPYIO MOTJIOMAET 3eJeHbI JTUCT. Kaxaplil mucTuK
pacTeHus CIy>KUT MOJAEPKUBAIOLICH CTPYKTYpPOH UIsl CIIOEB KJIETOK, OOTaThIX
XJopopuIoM, Kakaas W3 KOTOPBIX MPEACTaBIsieT COO0OH MHHHUATIOPHYIO
MOJIEKYJISIpHYIO (haOpHKy, MPeoOpa3yoNlyt0 COTHEYHBII CBET U YIIIEKUCIBIN Ta3 |

[

5

OTHOCHTENbHAA CKOPDCTL OTOCHHTESa

B caxap M Kuciopoa. XUMHUYEcKas CyThb Iporecca (pOTOCHMHTe3a IpPEIEIbHO °
npocra: moisekyna Boasl (H20) coenmHsercs ¢ MOJIEKyJIOH YIJIEKUCIIOro rasa
(CO»), ocBobOXkmast ipu ATOM MoJieKyry kucinopoaa (O2) u o6pa3yst «ctpoutenbHbiid 610k» CH2O
MHOTHX OpraHMYeCKHX coeTuHEeHUH. [ 3Toro HeoOX0AUMO caMoe MEHbIee 8§ KBAHTOB KPACHOTO
[[BETa, IOATOMY UCTHHHOE ypaBHeHHEe dorocunTe3a umeeT Bua: COz + H2O + 8hv —CH20 + Os.
JIucTest pacTeHMil camMHM MpPOU3BOJAT OPraHUYECKUE BEIIECTBA, CIIyXalllke JJI1 HUX NHUTAHUEM.
HckyccTBeHHBIN JMCT (MOJIydeHUE BOAOPOAA U KHUCIOpOJAa Moj jAeiicTBueM cBera). JKu3Hb Ha
3emiie. DBomonus )XU3HU. bpoxkenue u poTocuHTes.

XuMuueckoe IeiCcTBHE CBETa JEKHUT B oCHOBE ¢ororpaduu. dotorpadus (CBETONUCH - TEXHUKA
pUCOBaHMS CBETOM) - TOJy4eHHMe W COXpaHeHMe M300pa)keHMs TIPH  IOMOIIH
CBETOYYBCTBUTEJIbHOI0 MaTepHajia MM CBETOYYBCTBUTEILHOH MaTpUIlbI B (poToKamepe.

Cy1iecTByeT JONOJTHHUTEIBLHOCTH METOI0OB HAYKH U MCKYCCTBA B IpOLiEcCe O3HAHUs Mupa!
hv
CkpeiToe uzobpaxenue. AgBr— Ag+ Br.llposBienue (pactBopsiercsi Opom). 3akpenJieHue

380460 450 500

550860 650
[inMHa BOMHe!, Hi

(pacTBOpSIIOTCA HEMPOPEarupoBaBIINE MOJEKYJIbl Opomuna cepedpa). IlonydyeHue mo3MTHBHOIO
n3zobpaxxenus. [Ipumenenne pororpaduu (BeICTYIUIEHHE yueHUKa — poTorpada).

hv
®oToxpomHbIe cTekia U ux npumenenue: AgCl— Ag + Cl.
Oxcui TUTaHa TPUMEHSAETCS B COJHIIE3ALIUTHBIX KpPEMax - OH MPAKTHUECKH HE MPO3paveH Jyis
yneTpaguonera. To, yTO OKCHJ THUTaHA MOTJIOMIAET YJIHTPA(PHOIETOBOE H3IIy4YeHHE, MO3BOJISIET
UCTONB30BaTh €ro Kak Qortokaranuzarop. [lorinoTHB KBaHT yJabTPaUOIETOBOIO H3IIyUEHUS,
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(doTokaTamM3aTOp, HCHYCKAaeT (OTOAIEKTPOHBI, KOTOpPhIE CIIOCOOCTBYIOT — (OPMHPOBAHUIO
CBOOOJHBIX PaJIUKaIOB, KOTOpPBIE, HAPUMEP, MOTYT PACIICIUIATh BOLy HA KUCIOPOJ U BOAOPOI.
ComHenue 0ocmagnsem MHe He MeHbulee HACAadcOeHue, YemM 3HAHUe.
Jlanme Anuevepu

hy
®otoxummuueckuii cvmor: NO, = NO +O0;v >7,5-10° Ty ;0+0, + N, — O, + N,. B pesynbrare

oOpa3yroTcst xumudeckn aktuBHble dactunbl (O3, O, OH), kKoTopbhie HAIOT HAYalO CIOXHBIM
XMMHUYECKUM IIpOIEccaM € YIJIEBOAOPOJAaMH U IOSIBICHUIO KaHIEPOT€HHBIX BellecTB. MIoH BOIBI:
H3;0", HO". Bakrepuuuanoe oo;ay4yenne. Cepbe3Hoii mpobiieMoii it 00bIYHOTO OaKTEPUIIUIHOTO
ynbTpaduoneroBoro uanyderuss GUV ¢ mmmHO# BoHBI 254 HM SBIISETCS MPSMOE BO3JICHCTBUE HA
JIOIeH, KOTOpPOE MOXET NMPHUBECTH K MOTCHUUAIBHO OOJIC3HEHHBIM DPEAKLUSAM THIIA COJIHEYHOTO
oxora Ha Koxke W porosuue. CrnenoBarenbHo, ucnonb3oBate GUV MoxHO 7100 B IMyCTBIX
MOMEIICHUAX, JMO0 HEOOXOAMMO CO3/1aBaTh CIIOKHBIE CHCTEMBbl, HUBEIHPYIOUIHE TPSMOE
BO3ECHCTBUE HA JIIOJEH.

IV. 3a0auu:

l. ®oTocuHTE3 B 3€JCHBIX JHUCTHAX PACTCHUUW NPOUCXOIUT TMPH IOTJIONICHUN
KpacHOI0 CBeTa JUIMHOM BOJHBI 680 HM. BhIUMCINTE SHEPTUIO COOTBETCTBYIOLIUX
boToHOB. OOBSCHUTE 3€ICHBIN IIBET JTUCTHEB.

2. CnenyanbHble aKTUBUPOBaHHbIE (OTOIUIEHKH XapaKTepU3YIOTCS  SHEpruei
nucconuanuu mosiekyn okoisio E = 1,3 3B. byner nu takas ¢poronnénka padboTaTh B
MH(paKpacHOM Auana3oHe u3iaydeHuil ¢ nnuHod BoiHbl A = 800 HM? Kakosa
rpaHuna GOTOXUMHYECKON peakiuu?

3. lnd yHMUTOXEHUSI MHUKPOOOB B ONEPAIMOHHOM TOMEIICHUU HCIOIb3YIOT
OaKTepHUIIUIHBIC JTAMITIBl. BBIYMCINTE SHEPTHIO KBaHTA TaKOW JIAMIIBI, €CIU JIJTMHA
ero BoaHbl 0,25 mkM. [loueMy BUIMMBIA CBET HE OKa3bIBACT OAKTEPHUIIUTHOIO
TEeUCTBUSA?

B ¢usmnorepaneBTHUeCKMX KaOWHETaX MOJIMKIMHUK MPU TOPEHUM KBApPLEBBIX JIAMIT OIILyIIAeTCS
3amax o30Ha. YeM 3T0 00bsacHseTCS?

4. JIyd mnmazepa momHocThto P = 50 BT mamaer HOpMalbHO Ha HOBEPXHOCTH
IJIACTUHKHU, KoTopas orpaxaeT k = 50% wu mpomyckaer o = 30% mnagaromieit
sHepruu. OcTanbHas 4acTh dHEPruu mnoriomaerca. OnpeaennuTs CUILy CBETOBOTO
JABJICHUSI HA TJIACTUHKY.

Bonpocui:

1. Tlouemy OONBIIMHCTBO IUIACTUKOBBIX IMAKETOB XOPOIIO  BBIAECPKUBAIOT
00JIydeHUE CBETOM OBITOBBIX JJIEKTPOJIAMII, HO Pa3pyIIAIOTCA MO JIeUCTBUEM
COJIHEYHOT'O CBETa?

2. Kakue nmpeBpallieHus JHEPTUU MPOUCXOAIT Mpu PoTocuHTe3€e?

W

[Touemy MBI BUAMM pa3HbIC 1IBETA?
4. Tloyemy TIpPHCYTCTBHE B COCYJ€ WHEPTHOTO Ta3a YyMEHBIIAET CKOPOCThH
MPOTEKaHUS PeaKIuu 00pa30BaHUsI XJIOPOBOAOPOIa?
5. B Mex3Be3qHoil cpene oounue cBOOOAHBIX paaukanoB. [Touemy?
6. Ilouemy B cTpaTocdepe MOUYTH HE COACPKUTCS BOASHOTO Tapa, HO HUMEETCS
0O0JIbIII0E KOJTUYECTBO 030HA?
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7. PoOept Byn nepBbiM chenan CHUMKU B UMH(pakpacHOM M yibTpaduOIETOBOM
ceere. Kak?

8. IloueMy JlieKapCTBEHHBIE CPEJCTBA PEKOMEHAYIOT XPAaHWUTh B 3aLIUIIEHHOM OT
cBeTa mecte? TloueMy mepekuch BOI0pOIa COXPAHSIOT B CKISIHKAX M3 JKEJITOrO CTEKIa?

9. Ckopocth o00pa3oBaHUsS XJIOPOBOAOPOAA TpU (POTOXUMHUUYECKON peakiuu
MPOMOPLUHUOHANIbHA UHTEHCUBHOCTH U3nydeHus. [louemy?

10. HazoBute nepeyncieHHbIE HUKE SBJICHHUS:

noyepHeHne (HOTOAIMYIbCUU MO JCHCTBUEM CBETA;

HCITYyCKaHUs 3JICKTPOHOB C MOBCPXHOCTHU BCUICCTBA IO HeﬁCTBHCM CBCTa,

CBCUCHHUC HCKOTOPBIX BCIICCTB B TCMHOTC,

U3JIy4eHHUSI HarpeToro TBEPAOro Tea.

11. IToueMy u Kak pa3Mepbl cOCyAa BIHUSIOT Ha CKOPOCTb MPOTEKAHUSI PEaKIUU

00pa3zoBaHusl XJI0pOBOI0OPoIa (BOJkI U3 rpemyuero raza 2H; + O, —2H20)?

12. O0bsicHUTE, TOYEMY pAcCTEHHUsI XOPOIIO Pa3BUBAIOTCS MPU OOJTYUYEHHH CBETOM
BUJIUMOTO U yJIbTPA(PUOIETOBOTO IUANA30HOB, HO IJIOXO PACTYT IPHU OOJTYyUYECHUH
CcBETOM MH(PaAKpPaCHOTO AranazoHa?

13. Kak BeIrnsanenu Obl pacTeHUs HA IUIaHETE y TroiayOod 3Be3/bl; Y KpacHOTO
TUTAHTA?

14. IToueMy OCEHBIO JTUCThS AEPEBHEB HAUMHAIOT KEITETh, BAHYT U ONAJAI0T?
15. Ha 3emine BOAOpOJ CYyIIECTBYET B MOJIEKYJSIPHOM BHJE, B MEK3BE3HOM IIPOCTPAHCTBE — B
OCHOBHOM B aTroMapHoM. [Touemy?

V. § 82.

1. Kakoif MOIITHOCTH 3TIEKTPOJIAMITY HAJI0 TOBECUTh B KOMHATE, YTOOBI B HEE HEINb3s OBbLIIO BOUTH?
UccnenoBaTh BIMSHUE CBETOBOTO JIABJICHUSI, TEIJIOBOTO M3IYUYEHUS U JIPYTUX MOPa)Karolux
(akTopoB.

2. TloueMy npIXxaHue BO3AYXOM IPU 3HAUYUTEIbHOM KOHIIEHTPAllUM B HEM O30HA, BPEIHO IS
OpPraHU3MOB?

3. YacTuipl OKCHAa IUHKA M JUOKCHJA TUTAHA, BXOJSIIME B COCTaB COJHIE3AIIUTHOIO Kpema,
MPEIOXPAHSIIOT KOXY OT YIbTpaHONIEeTOBOTO M3IY4YCHHs, HO CaMU CTAHOBSTCS AKTHBHBIMU
BelecTBaMU (CBOOOHBIC panuKaisl). [louemy?

4. Ilpu BBeCHUU B MHIIY PAJAMOAKTUBHBIX aTOMOB jKeJlie3a OBUIO YCTAaHOBIIEHO, YTO CBOOOJIHBIM
KHCIIOPOJI, BBIACISIEMBIH MpU (POTOCHHTE3E, TMEePBOHAYATLHO BXOIWI B COCTaB BOJIBI, a HE
yriekucioro rasa. Kak 3to yctanosuiu?

5. Onummre BBIMBIIIICHHYIO CUTyaludio B (opme pacckasza, coaepikaHHe KOTOPOro BO MHOTHX
CIIy4asiX HaXOAMJIOCh ObI B IPOTUBOPEYUH C 3aKOHAMH KBAaHTOBOU (DU3UKH.

6. YTBEpKIAIOT, YTO KBAHTOBO-MEXaHUYECKHE dPPEKThI UTPAIOT BAKHYIO POJIb B SBOJIOIIUN BCETO
KUBOT'O Ha 3emJie, B TOM YHUCJE U B MPOIECCaX, MPOTEKAIOMINX B TOJIOBHOM MO3re desoBeka?!
Kaxkue y Bac ecTh OCHOBaHHSI COMHEBATHCS B 3TOM?

Paoocmuoe u 600)67—[06]1}1}01/1468 UyeCcmeo Ucnvlnivledeulnb, 8UO0s I’lp06JZ€My UBTIOJHCEHHOU

KpamkKo U J1CU60 60 6CeM ee pa3euniuu U 60 6Cex ee C6A3AX.
A. Dunwmerin
OBOBIIAIOIINN YPOK IO KBAHTOBO ®U3UKE

[
4 nexa6ps 1900 roxa 6b11 3a710keH GyHIAMEHT BeJMKOI KBAHTOBOI TeOpHH.
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LEJIb YPOKA: OOGoOmHUTh M CHUCTEMATH3UPOBATh 3HAHMS YYALIMXCS MO KBAaHTOBOW (pu3HKe.
OOpatuTh BHUIMaHUE HA TPAHULIBI TPUMEHUMOCTH JaHHOMN TEOpHUH. -

TUIT YPOKA: noBTOPUTEIBHBIN.

OBOPYJIOBAHMUE: o6ob6matomas Tabnuma "KBantoBas ¢usmka',
AJIEKTPOMETP, IMHKOBAsI U ME/IHAS TUIACTUHBI, OCBETUTENb «DOTOHY.
ITJIAH YPOKA:

(HOTOH B HEMTPHITHOM MUKpOCKONEe

BcerynurenbHas yacTth
Ob6o06maromee MOBTOPEHNE
CamocrostenbHas padora
ITonsenenue utoros

5. 3apganue Ha 1OM
I1. [ToBTOpEHNE KBAaHTOBOW TEOPUH C 3aMOJTHEHHEM 0000IIArOIIEeH TaOIHITBI.

KBAHTOBAS ®PU3UKA

AW N —

I. OCHOBAHUE
1. HaOmropenus: Her "ynbTpaduoneToBoit katactpodsbl”", oOpa3oBaHUE KOMETHBIX
XBOCTOB.

[\

. DKCHEPUMEHTHI: pacrpe/ieieHue YHEPTUHM B CHEKTPE HArpeToro Teja, OMBITHI IO
dboTorddexry, 3akoHbl PoTodrddekTa.

3. OcHOBHbIE MOHATHS: KBAHT (()OTOH), KOPIMYCKYJISIPHO-BOJIHOBOU TyaTU3M.

4. Wneanu3upoBaHHBIN 00BEKT: MOJENb (GOoTOd P DEKTa.

II. AAPO TEOPUUA

1. TloctynaThl: YacTHUIBI HArpeTOTO Tejla M3IydaroT PHEPrUi0 HE HEMpPEpPHIBHO, a

OTJICTLHBIMH TTOPITUSIMU-KBAaHTaAMHU.

2. 3aKoHBIL: p = %, COOTHONIICHUE HEOTIPEAECTICHHOCTH Ax-Ap > g
3. Koucrantsl: h = 6,62-10* Ix-c.
1. COAEACTBUA

2 2.2
h
1. ®opmynbl-criencTBus: hv = A+ m; , E = 8%’
m

2. DkcnepuMeHTalbHas mpoBepka: 3gdext Komnrona.

P=u(l+ p).

3. I'panuner IIPUMEHUMOCTHU: IIPUMEHSITh pu OO0IBIINX 4acToTax
AIEKTPOMArHUTHBIX BOJH W JUISl OIMCAHUSA JIBUKEHUS MUKPOYACTHI] B MaJbIX U
OrpaHUYEHHBIX 00JACTSIX MPOCTPAHCTBA.

4. TIlpaktuueckue mpuMeHeHusi: OObSCHEHUE SBJICHUNW CBEPXIPOBOJUMOCTH,
CBEpPXTEKYyuYeCcTH, (eppoMarHeTusMa, (OTOCHHTE3a, XUMUYECKOIo JeHCTBUSA
cBera. DOTORIIEMEHTHI, (POTOPEINE, INEKTPOHHBIH MUKPOCKOI, CTPOEHUE aTOMa U
aTOMHOTO sIpa.

II. CamocrtosarenbHas kiaaccuPUKaus MPeII0oKEHUN MO CTPYKTYPHBIM 3JIEMEHTaM

teopu. [107b3ysICh CTPYKTYpHOH CXEMOW H3yueHUs (PU3NYECKON TEOPUHU, YKAKUTE,

K KaKMM DJIEMEHTaM 3TOM CXEMBI MOKHO OTHECTH IIPUBEICHHBIEC HUKE YTBEPKIACHHUS:

1. C nomompl 33aKOHOB KBAaHTOBOW TEOPUU YAAIOCh OOBSICHUTH SBIICHHE
CBEPXIIPOBOJAMMOCTH U MHOTHE IPYTUE SBJICHHUS.
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2. Tlocrosnnas [1nanka UMeeT pa3sMEPHOCTH AeicTBHS U paBHa 6,62-10734 JIx-c.

3. na oOBsACHEHHsI 3aKOHOMEpPHOCTEeH TermioBoro wu3nydyeHus M. Ilnank
NPEANOIOKUI, YTO aTOMbI MOIJIOMIAIOT W W3IY4YaroT 3HEPrUI0 OTIAEIbHBIMU
NOPLUUSIMU-KBAHTAMH.

2
o v muo  uax
4. ®dopmyna DiiHiTeitHa a1t potoaddexra umeet BUI: hv = A, + TM

5. B 1922 rogy A. KoMnOToH moOka3ana, 4YTO pacCEsHHE PEHTTCHOBCKUX Iy4yeH
CBOOOJHBIMHM 3JIEKTPOHAMH IMPOUCXOJUT MO 3aKOHAM YIPYrOoro CTOJIKHOBEHHUS
JIBYX YacCTHLI.

6. 3aKkoHbl KBAaHTOBOM TEOPUM COCTaBIAIOT (PYHIAMEHT HW3Y4YEHUS CTPOCHHUS
BEILECTBA.

7. @OTOH — KBAHT 3JEKTPOMArHUTHOI'O M3JIYy4YEHUS, YacTHIA C HYJEBOH Maccoil
MIOKOSI.

8. B ombitax A.I'. CroneroBa mno @otodpdekty OBLIO yCTAaHOBIEHO, 4YTO
MaKCHUMaJlbHasi CKOPOCTh (DOTORJIEKTPOHOB 3aBUCUT OT Marepuana KaToaa Hu
4acTOTHI CBETA.

9. AOGCOJIIOTHO YEPHBIM HA3BIBAETCS TEJO, MOJTHOCTHIO NOTJIOMIAOIIEE M1a1al0Iee Ha
HEro U3JIy4YeHHE.

10.CBs13p  MeXnay BOJHOBBIMM M KOPIYCKYJSIPHBIMHU  CBOMCTBAMM  YaCTHIL

. h
yCTaHaBJIUBAETCS POpMyJION A =—.
p

IV. Bonpoc: Kak u3MeHHTCSI BOJIBT - aMITCPHAS] XapAKTEPUCTHKA (POTOIIIEMEHTA, €CITH: a) HE MCHSIS

JUIMHY BOJIHBI ITafarolIer0 CBETa, YBEIUYUTH OCBEIIEHHOCTH (bOToaJIeMeHTa; 0) HE MeHsA

OCBCIICHHOCTH, YBCHI/ILII/ITB JJIUHY BOJIHBI IMaAaroIICro CBECTA, B) HUCITIOJIB30BAThH (bOTOE)JIeMeHT C

IpPYTMM MaTepuajoM KaToJa; I) YBEJIWYUTb pPACCTOSTHUE MEXAYy HCTOUYHHMKOM CBETa W

¢dorosnemenToM?

IloaBenenue wuToroB ypoka. Ha mociemyronmx ypokax MONpoOyeM NPUMEHUTh KBaHTOBYIO

(bHBHKy JJIA OIIMCAaHUA ABUXCHUSA MI/IKpO‘-IaCTI/IL[ B aTOMC€ U B aTOMHOM ;mpe.

Hepocrarku Teopuu bopa.

* Teopuss bopa otBepraer ommcaHue aroMa Ha OCHOBE KIACCHYECKOW (U3UKH, TaK Kak
MOCTYJIMPYET HAJIMYME CTALIMOHAPHBIX COCTOSIHMM M IPaBWJIO KBaHTOBaHUs. C Ipyroil CTOPOHBI,
JUIL  3allUCH  yYpaBHEHHs JBMJKCHUS ODIEKTPOHA IO KpPYyroBOoW OpOUTE HCIOIB3YIOTCS
KJIaCCUUYECKHE 3aKOHbI: BTOpoi 3aK0H HrioToHa u 3akoH Kyiona.

* He cmorna 00bSACHUTH CIIEKTP aTOMA I'elivs, He TOBOPs yxkKe 0 0oJiee CI0KHBIX aTOMaXx.

e Jlaxxe B caMOM aTOM€ BOJOPOAA, AaB BBIPAXKEHHUS I 4acTOT CIIEKTPAIbHBIX JUHHUM, MOJEIb
Bbopa He 00BsicHsIA pa3Iyue B UX HHTEHCUBHOCTSIX.
* OcraBaicsi HESICHBIM MEXaHU3M 00pa30BaHMsI MOJIEKYJIbI BOJOPO/IA U3 IBYX aTOMOB.
HecmoTpss Ha cBoM HemocTaTKH, Teopus bopa crama BakHEHIIMM STarmoM pa3BUTHS (U3HUKU
MHUKpPOMHMpA.
V. IloaroroBka K mpoBEepOYHOI paboTe.
1. CoctaBuTh 0000IIAONIYI0 TAOMUIYy 1O KBAHTOBOHM (DU3UKE, HCIONB3YS PUCYHKH, YEPTEXKU U
TEKCTOBBIA MaTepual.
Ecnu y uenogexa npu nepgom 3naxkomcmee ¢ K6aHmMoBoU GusuKou
2071084 He uoem Kpy2om, mo OH HE noHumaeni 6 Hell Huuez2o.
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H. bop

:: MPOBEPOYHAS PABOTA (TECT)

DK3ameHyowuica, omeeuasn Ha Ouiem no K6AHMosol Qusuxe, 2060pum.:
- IIpogheccop! A monvko umo 3uan, umo makoe K6AHMOBAs YU3UKA, HO 3A0bLI.
- A HemeoneHHO nocmaegno 6am NAmMepKy, KaKk moabKo 8bl 6CHOMHUME, 6e0b 00 CUX NOP HUKMO He
3Haem, Ymo 3mo Mmaxoe.
U3 cmyoenueckoeo omopa

Huxaxou mpancnopm ne 6yoem nonymuuim, eciu He 3HAeulb, Kyoa uomu.
Doeap Annan Ilo

B kauecmee oOesusa 0ns ceoeco bapoHckoeo eepba Pezepghopo eviopan yumamy uz Jlykpeyus:
Primordia Quaerere Rerum (8 nepesode ¢ namurckozo: «Mckamv nepsonpudunsl seweiiy). dmomy
NPUHYUNY OH CIe008AT 8 CBOEl HAYUHOU PAbOme 6CHO JHCU3HD.

Ecnu eam kaswcemcs, umo 6vl nonumaeme KEAHMOBYIO
Quzuky, mo 6bi He HNOHUMAaeme K8AHMOBYIO (DUIUKY.
P. @etinman
Yem Oanvuie sxcnepumenm om meopuu, mem oaudxce on k Hobenesckou npemuu.
@. JKonuo - Kiopu

Becv spumeiii mup - auws ene paziudumbiil
wmpux 6 HeoObAMHOM JIOHE NPUPOODL.
b. Ilackanw

INPUMEPHBIE IIVIAHBI YPOKOB
MO ATOMHOM ®U3UKE

CnekTpbl ucnyckaHus: 1 - HaTtpus; 2 - Bogopoaa; 3 - renusi.
CnekTpbl nornoweHus: 4 - Hatpusa; 5 - sogopoaa; 6 - renus.

Cnexmpuvl He Npocmo Kpacusvl, OHU euje U cooepxcam 0e30Hy uHpopmayuu 06 obvexkme,
uznyyaowem ceem, 8 mom yucie o e2o memnepamype u cocmage. Xumuiecxue 3j1eMeHmol 8bl0A0m
ceOsl VHUKATIbHOU NOCAe008AMENbHOCIbIO CEEMIIbIX U MEMHBIX NOA0C, paccekarowux cnekmp. K
senudatiueMy 8oCmopey u U3yMaeHuto yuenvlx, xumuyeckue cuenamypol Connya okazanuco mo4Ho
MAaKumu dce, KaxK u y 1a00pamopHbix 6euecms.
H. ]I Taiicon
U3 uoeu 0sudicenust 31eKmponHo8, NOOOOHO OBUNCEHUIO NIAHEM, B03HUKIA AMOMHAS (PU3UKA.
M. IInanx

C noMoIpI0 3aKOHOB MEXaHMKH HE COCTaBUT TpyJa HAWTH CKOPOCTh Tena, OpOIIEHHOTrO
TOPU30HTAIBHO, YCKOPEHUE M JIaXKe€ BBIYMCINTH MECTO Ipu3emiieHusa. Ho eciau Mbl momnbiTaeMcs
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IIPUMEHUTH T€ K€ 3aKOHBI K aTOMaM W 3JIEMEHTAPHBIM 4acTHLAM, 4YbU Pa3Mepbl TOpPa30 MEHbIIE
TeX, KOTOpbIE YEJOBEK CIIOCOOCH M3y4aTh C IMOMOIIBIO ONTHYECKUX MHUKPOCKOIOB, HAC XKIET
pazouapoBaHue. Pe3ynpTaT momyduTcs: abCoIIOTHO HEpeabHbIN, pacXOAALIHicA ¢ Ha0II0JaeMbIMU
aByieHusAMU. Ceiluac BCEM M3BECTHO, YTO KJIACCHUECKash MEXAHUKA SIBJISETCS MPEACIbHBIM CIIydacM
KBAaHTOBOM C OJHON CTOPOHBI U TEOPHHM OTHOCHTEIBHOCTH — C Apyroi. [locnennue ase Hambosee
TOYHO OIMCHIBAIOT PEAJBHOCTh, B TO BpPEMs KaK IEpBas CUYUTACTCS JIHMIIb YJOOHBIM YaCTHBIM
CIIy4aeM.

boimb mosicem smu 21eKmpoHbl
Mupui, 20e namos mamepukos.

P ZZ Cxema onbita Pesepdopaa
Hcxycemeo, 36anbs, 60UHbL, MPOHbL
U namsams copoka eexog!

Euwe, 6oimv mooicem, kasxcowiili amom -

Bceenennas, 2coe cmo naanem.
Tam ece, umo 30ecw, 8 0OBEMme cocamom, —E

Ho maxowce mo, ueco 30eco nem. sasan
B.A. bpiocos
:YpOK 12. |£OOBIT PE3EP®OPJIA. IITAHETAPHASI MOJIEJIb ATOMA.

ATOM 10/17KeH UMeTh CTPYKTYpY!
HEJIb YPOKA: I103HakOMUTh YYEHHKOB C PELIAIOIINM JKCIEPUMEHTOM IO BBISIC-

HEHHIO CTPYKTYpPBI aToMa. /laTh MpeacTaBlIeHUE O INITAHETAPHON MOJIEIN aTOMa.

TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJIOBAHUE: monens "moTeHIManbHBIA XONIM", IIApUKH, KUHO(pArMeHT
"OnbiT Peszepdopna". BricokoBOnbTHBINM BhipaMuTensb "Paspsia', crnekTpaibHbIe
TpyOKH, 3a4E€THBIE TAIIKH 110 KBAHTOBOM (hHU3HUKE.
IJIAH YPOKA:

1. BcerynurenbHas 4acTh

2.  Omnpoc-noBTopeHue

3. OObsicHeHHE .
4. 3akpermieHue 7
5. 3aganue Ha 1OM /,

I1. Onpoc-noBTOpeHuEe Mo 3a4eTHHIM narnkaMm "KBanToBas gusnka'.

III. Kakue Teopun Mbl U3y4yanu (MEXaHHMKaA, SJIEKTPOJIMHAMUKA, KBAHTOBAs (Pu3nka)?

[TompoOyemM NPUMEHHUTH OCHOBHBIE HAEH STUX TEOPUU K OOBACHEHUIO CTPOCHUS

atoma. Yto ObLI0 U3BECTHO 00 aToMe K Hadaimy XX Beka?

e Pasmepsr: d~10" cM (mpakTHYeCKH OIUHAKOBBI /ISl BCEX ATOMOB).

e B cocrtaB aromMa BXOAST 3JIEKTPOHBI (YUCIO SJIEKTPOHOB PABHO MOPSAIKOBOMY
HOMEpPY XUMHUYECKOTO dSJEMEHTa B MepHoauueckoil Tadnuue). OTpulatelbHbIN
3apsi atoMma: .= Z 371 3apsanoB = - Z e, rae e = 1,6:10"" K.

B npenenax 102

CM 3JIEKTPOH MPEJICTABISAET cOO00H MpaBWIBHYIO cdepy (pa3Mep HEU3BECTECH). Y
AJMIEKTPOHOB TaK Maji0 CBOWCTB (3apsii, Macca, CIIMH - 3TO BCE), YTO B KBAHTOBON MEXaHHMKE OHH
HCpa3JINYUMBIL.

e ATOMBI HEUTpalibHBl (B COCTaB aTOMa BXOJUT IMOJOKUTEIbHBIM 3apsin).
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[TomoxuTenbHbIN 3apsig aToMa: q + = Z 311. 3apsaoB = Z €.

e Macca atoma: mp = Mp /Na. Ouenb 4acTo Macca aToMa B CIIpaBOYHUKax JaHa B
aTOMHBIX eIUHMIAX Macchl: 1 a.e.m. = 1,66-1077 kr.

e ATOMBI MOTYT U3J1y4aTh CBET (AEMOHCTpAIUs SIEKTPOTIOMUHECIICHIINY Ta3a).

e Mouiekyna - cucreMa aToOMOB.

e ATOMBEI OJHOTI'O M TOI'O K€ XMMHNYCCKOI'O 3JICMCHTA TOXIACCTBCHHBI.

>

Mopean atoma Y. Tomcona (siopa KeasBun, 1901 r.); ee HemocTaTKM. / -
ATOM wm3mydaeT cBeT TOJNBKO omHOoW 4dactoTel? Her! Cnexktp nomxen
ObiTh crtomHbiM! [loaTOMYy Tra3zocBeTHasi BOJOpOJAHAs JlaMma JOJKHA
u3lly4aTh O€NbIi CBET, HO OHAa JlaeT WU3JIyYEHUE TOJIbKO OIpPEJEICHHBIX YacTOT!
JlemoHcTpanus dieKTposiroMUHecHeHIn Boaopona. Maesa omnbiTa Pesepgopaa
(1909 — 1911 r.). T'me cocpe0oTOUEH MONOKUTEIbHBIM 3apsi aroMa? AHAIOTHUS CO
CTOTOM CEHa, BHUHTOBKOM C TMaTpOHaMM U  KOHTPAaOAaHIHBIM  30JOTOM.
DKCliepUMEHTallbHasl YCTaHOBKa (PUCYHOK Ha Jiocke). ToHkas 3onotas ¢osbra (600
aToMHbIX cnoeB). [louemy 3o0motas d¢onbra nomkHa ObITH TOHKOW? JlnmuHa
CBOOOJHOrO Mmpodera o - 4acTUI] B BO3AyXe 5 cMm, a B 305i0T€ 17 MKM, O3TOMY
donbra umena tonmuny 1 mxMm. [louemy ¢oibra u3z 3010ta? 30J10TO JETKO MOTYYUTh
B XMMHYECKH YHCTOM BHJE, OHO JIErKo oOpabaThiBaeTCs (UeKaHKa), XUMHUYECKH
YCTOMYMBO, U30TPOITHO.

bezepanuunviii oumysuasm u neymewiumoe oepzanue

Peszepgopoa senu e2co om omxpvimusi K OmKpwvIMuIo.

Hunvc bop

Pesynbrarel  3kcnepuMenToB. @Doiibra oTpaxkasia  anb(a-dyacTUIbl, U OHU
OTKJIOHSUTUCH B cpefHeM Ha 2—3°. Ho HekoTophie yacTuilbl Benu cedsi ctpanHo. OHU
OTKJIOHsUTHCH Ha 90°, a nHOTIa U OOJIBINE, ake OTCKAaKMBAJIM Ha3al (B cpeaHeM 1 u3
50000), c10BHO aTOMBI TOHKOU (POJIBTU CITY>KWIJIH JIJI1 HUX MPErpaiou.

Vron orkioneHus,’ 5 15 30 60 75 1105|120 | 135 | 150 | 180

Yucno yacTui 8289900 120570 | 7800 | 477 | 211 |70 |52 43 33 12

IOmo 0bL10 00HO U3 CAMBIX HEBEPOSIMHLIX COOLIMULL, KOMOpoe Ko2o0a-1ubo
CLYUANOCHL CO MHOU 8 HCUZHU. DMO ObLIO NOUMU MAK Jice HEeBEPOSIMHO, KAK ecau Dbl
gvicmpenunu 15-0iumosbiM CcHAPAOOM 6 JUCH NANUPOCHOU Oymazu, a CHApso
8epHYIICS Obl HA3A0 U NONAJ 8 BAC.
3. Pezepgopo
O0bsicHeHHE pe3yJIbTaTOB IKCIEepPUMEHTA. Hcnonp3oBanue MOJICITH
"IToTeHnManbHBIN X0AM" Npu 00BCHEHUU U AeMoHcTpaluu. JIoboBoe coyaapeHue.
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JonosnuteabHasi uHpopmauusi. Pesepdopa mompocun OXHOTO U3 CBOUX  CTYJICHTOB
nepeodopyI0BaTh YCTAHOBKY TaKUM 00pa3oM, YTOOBI MOXXHO HMMENOCh HAONIONaTh paccesHue
anb(a-yacTull 1ojJ OONBIIMMHU YIJIaMH OTKJIOHEHHUS, - NPOCTO JIi OYHCTKU COBECTH, YTOOBI
' apo  OKOHYATENbHO  MCKIIOYUTH  TaKyIO
;,;/’//7 o // BO3MOXKHOCTb. B KauecTBe nerexropa
+ £ “—— (4] ——— HCIONB30BAICH DKPAH C MOKPHITHEM U3
cyabuma HATpuUs -  Marepuana,
Jaromero (IyopecleHTHYIO BCIBIIIKY
IpU TONaJaHUM B HEro aibga-dacTuipl. KakoBo e ObUIO yIMBJICHHE HE TOJBKO CTY/CHTA,
HETMOCPECTBEHHO MPOBOAMBIIETO SKCIIEPUMEHT, HO U camoro Pesepdopaa, koraa BEISICHHIOCH, YTO
HEKOTOpBIE YacTHUIbl OTKJIOHSIOTCS Ha yrubl BIuIoTh a0 180°! Ilpm pacnpeneneHun mo BceMy
00bEeMy MOJIOKHUTEIBHBIHN 3apsi/l HE MOXKET CO3/1aTh CHIIBHOE 3JIEKTPUUECKOe Toje (OHO yObIBaeT 110
HYJIS 110 Mepe NMpHOMMKEHHUS K LEHTPY Iapa), crocoOHoe oTOpOocUTh anb(a yacTuisl Hazan! B
«arome ToMcoOHay TakuX HaNpsSHKEHHOCTEH ObITh HE MOXKET!

...paccesinue HA340 ... HeBO3MONCHO noayyums ..., €Cjiu He cdumanib, 4mo OCHOBHAA

J
|

yacmeb MAccbl AMOMA CKOHYEHMPUPOBAHA 8 HEOONbULOM sOpe.
3. Pezepgopo

4y 9.
PaccTosiHue MUHUMAJIBLHOTO COJIMKEHHs (SIAPO HETIOABUIKHO): =

MUH
I[lnanerapHass Mojaeab aroma. 7 wmapra 1911 r. Mandectepckoe R
¢dunocodckoe obmecTBo ycnblmano noknan Pesepdopna «Paccesnue o- u B-mydeit u crpoeHue
aroma». Pazmepnl aromuoro sapa u aroma: d, = 10753 cm; da = 10 oM.

Bo ckoibko pa3 pa3mepsl aapa MeHbIIEe pa3MepoB aToma?

JonoanurenbHass nHpopmanusa. CpaBHeHne ¢ COJHEYHON CHCTEMOM HE CIIy4aiHO: JHaMeTp
Counnna (1,4 - 10° kM) 10YTH BO CTOJIBKO K€ pa3 MeHblue pasmepoB CosHeunoi cucrems (6 -+ 107
KM), BO CKOIBbKO pasmepsl saep (10713 cm) menbiie quamerpa atoma (10% cm). Ecam npencraButh
ce0e aTOMHOE sIIpO Pa3MepPOM C TEHHHCHBIM MY, TO 3JIEKTPOH Oy/I€T MEHBIIIE MBIUTMHKH, JETAIOIeH
3a KWIOMETp OT 3Toro Msva! Ecinu pazmepsl aToMa BOJOPOJa MBICICHHO YBEIMYHUThH 10 Pa3MEpOB
3emiH, TO SAPO aToMa OyAeT UMETh AuameTp Bcero 127 m!

3apsaag saapa (Z) B eIUHHIAX 3JIEMEHTAPHOI0 3aps/ia pPaBeH NOPSIAKOBOMY
HOMEPY 3JIEMEHTA B nepuozmquKoifl Taﬁ.]'[l/l]_le.

MaccoBoe 4ncio (A) - OKpyIJIeHHasi 10 LeJ0r0 Yucjia Macca aToMa B aTOMHBIX
eIUHHMIIAX Macchl (a.e.M). Macca sipa mouTH paBHa Macce aToMa: My = ma — Zme.

Crnoxusie aTrombl. CuMBondeckoe o6o3naueHne aromos: ; X. [Ipumepsr: ; He.

HII];)O - 00J1acTh BHYTPHA aTOMa, B KOTOpOﬁ COCpPEaA0TOYCH BECH MOJIOKUTEIbHBIN
3apda U IMOYTH BCA MacCCa aTomMa.

JonoanutenbHass uHpopmanusa. Omua u3 apyseir Pesepdoprma ckazam eMmy OFHaXIBL:
«Cuacmnussiil vl uenogex, Pesepghopd! Beceeoa na epedne onnviy. U ycnpiman oteet: «Koneuno!
Beow 5 cam ee coszoaro...».

Kpowme toro, ¢ umenem Pezepdopia cBs3aH BaKHEHIIIHIA CIOKET U3 UCTOPUU OTEYECTBEHHON HAYKH.
B ero maboparopuu pabortan Ilerp Jleonumouu Kammma. B nawsanme 1930-x emy 3amperwnu
BbIE3)KaTh M3 CTPaHbl, U OH ObUT BBIHYXJEH ocTaThcsi B CoBerckoMm Coroze. Y3HaB 00 3TOM,
Pesepdopn nepecnan Kanuie Bce mpubopbl, KOTOpbEe ObUIM Yy HEro B AHIJIMM, U TaKUM 0Opa3oM
nomor co3natb B MockBe UHctuTyT (usmuecknx mpobnem. To ects Omaromapst Pesepdopay
COCTOSJIACh CYIIIECTBEHHAs YaCTh COBETCKOM (pU3MKH.
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IV. 3aoauu:

1. Bo ckonbko pa3 Oyrke MOXKET MOJOUTH O - YacTUlla JAHHOW SHEPruu K LIEHTPY
s/ipa aJIOMUHUSA, YEM K IIEHTPY siipa aToMa 30Ji0Ta’?

2. KakoBa CKOpOCTH 0 - HaCTHUIL C KHHETUYECKOM 3Heprueit 7,68 MaB?

Bonpocuvi:

1. Tlouemy B ombITax Mo paccesiHUIO aib(a-4yacTUIl aTOMaMH JIEKTPOHBI, BXOISIINE
B COCTaB aTOMa, HE OKa3bIBAJIM 3aMETHOTO BIUSHUS?

2. CKOJIBKO CJIOEB aTOMOB IIpoJieTeNla 0 - YacTHIa, €CJIM TOJdIIHHA (OJIbTu B
SKCIIEpUMEHTax cocTapisa 107 m?

3. Kak wu3menunuch Obl pe3yibTarhl omnbiTa Pesepdopna, ecnu: a) yBeIUYUTh
TONIUHY (POJIbry; 0) UCMONTB30BATH ATFOMUHUEBYIO (POJIBTY?

4. ITouemy Mojenb atoma ToMcOHa HE cMOTJia OOBSACHUTH OMBITHI 10 PACCESHUIO « -
yacTui?

5. Kak u3meHunach Obl KapTHUHA paccesiHus, noiydeHHas Peszepdopaom, eciu Obl
BMECTO O-4aCTHUI[ OH KCIOJIb30Ball B KAauyeCTBE CHApSJAOB MPOTOHBI, HUMEIOIINE

TaKyIo K€ CKOPOCTh?
6. Kakum o6pazom monens aroma Tomcona (KensBuHa):
e TIpeJCcKa3bIBaja pa3Mepbl aTOMOB;
00BsICHSAJIA IEPUOINIECKUN 3aKOH;
00BSICHSITA M3ITyYEHHUE U TOTIIONICHNE CBETa aTOMaMU;
00BsICHAJIA TOKAECTBEHHOCTh aTOMOB OJTHOTO M TOTO K€ XMMHUYECKOTO 3JIEMEHTa;
00BSICHSTA YCTOWYHBOCTH aToMa?
V. § 93. Bonpocsr 1,2 k § 98.

1. [ToAroTOBUTH NATUMUHYTHOE COOOIICHHE O KU3HU U HayYHOU AestensHocTH D. Pesepdopra.
2. PaccmoTpute, U KpaTKO OMUIIUTE UACH U OIbIThl, HA OCHOBAaHUU KOTOPBIX MOKHO ONPEIEIUTH
ATOMHbBIEC U MOJICKYJISIPHBIE CIIEKTPHI.

Ucxoonvim nyHkmom 0151 MeHsl ... Oblia YCmMOoUuYyu8oCms Mamepuu, KOmopas,
C MOYKU 3peHUs npexcHell hu3uku, npeocmaent NOOJTUHHBIM Y)Y OOM.
Hunvc bop

Ypoxk 13. Z IMOCTYJATBI BOPA
OTtkyna Oepércst cBet?

HEJIb YPOKA: ITo3HakoMuTh Y4€HUKOB ¢ MoAenblo atoma Pesepdopaa-bopa. [ate
MpEJCTaBICHHE O KBAHTOBAHUU YPOBHEHN IHEPTHUH aTOMa.

TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJIOBAHMUE: snexktpoannamudeckas moaenb "CtpoeHue atoma'.

ITJTAH YPOKA.

1. BcerynurenbHas yacTh
2. Ompoc

3. OOsbscHeHHE

4. 3akperuieHue

5. 3apmanue Ha 1OM

II. Onpoc dbynnamentanbusiii: 1. Onsir Pesepdopna. 2. IlnanerapHas
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MO/IEJIb ATOMA.

3aoayu:

1. o-yacTuLa, KuHETHYecKas sHeprus kortopoit 10712 JIx, pacceuBaercss sapom
30JI0Ta. YemMy paBHO HaMMEHbBIIEE BO3MOXKHOE PACCTOSHUE MEXK]Y HUMH MPU UX

commkenun? Kak 01u3K0 K AIpy NOI0HIET MPOTOH C TOU e dHEpPrueii?

2. B mogenu atoma ToMcoHa mpeanonaarajiock, 4YTo MOJIOXKUTEIbHBIN 3apsij ¢, paBHbIN 110 MOJYJIIO
3apsily AJIEKTpOHA, PAaBHOMEPHO pacIpenesieH BHYTpH Imapa paauycoMm R. Uemy Oyner paBeH
nepuos KojebaHuil (BHYTpH IIapa, BAOIH €ro AMAMeTpa) JJIEKTPOHA, MOMEIIEHHOTO B TaKOH
map? Macca aneKkTpoHa m.

III. IlpumeHeHue 3aKOHOB KJAacCHMUeCKOM (UBUKM K AaTOMHOM cuUCTEME.
ILl1anerapHasi MoJesib aToMa. Eciu GBI SIEKTPOH U AP0 NOKOUIKCH, TO uepes 1071
C DOJeKTpoH ynan Obl Ha sapo. CregoBaTenbHO, IS YCTOMYMBOCTH aToMa

HCO6XOI[I/IMO, YTOOBI BHYTpPH aTOMa CyI€CTBOBAJIO HCIIPECPBIBHOC JIBUKCHHC.

IInanersr aBmxyTcss BOokpyr CoiHIa, a 3JEKTPOHBI BOKPYT S[pa - KakK BEJIOCUIIEIUCTBHI Ha
BeJIOTpeKe!

TpynHocTn nJaHerapHoi mopeau. [[BIKYIIUICS C YCKOPEHHMEM BOKpYT sjipa
SJIEKTPOH JOIKEH M3JIydaTh SIEKTPOMATHUTHBIE BONMHEI U depe3 107° ¢ momken
yHacTh Ha siAPO (IpUMEpP CO CIIYTHUKOM 3€MJIU B IJIOTHBIX CIOSIX aTMOC(hEpHI).

3emus, ABUrasch BOKpyr CojHIA, TOKE M3JIy4aeT rPaBUTAIIMOHHBIC BOJIHY, HO HUKAKOTO BIIMSIHUS
3TOTO M3JIy4eHus Ha opouty 3emin He HaOmonaetcs. [louemy?

Kaaccuueckasn (l)H3HKa He CMOorJja O0bSICHUTDH yCTOﬁ‘lI/IBOCTL aToMa, sAABJICHHEC
N3JYIYCHUSA M IOIVIOIIEHMHA CBE€Ta arToMaMH, TOKIACCTBCHHOCTbL BCEX aTOMOB
OJHOI'0 U TOTI'O 7K€ 3JICMCHTA.

Ilpexpacro, umo Mmbl 6cmpemuaucy ¢ nNApadoOKCoM.
Tenepb M0OJHCHO HAOEAMbCS HA NPOOBUICEHUE BNEPED.
Hunvc bop

Kaxk bop "cnac'" miaHerapHyw mogeab aroma? 28 ¢espans 1913 rona
Hunbe Bop npemnoxun mianetapHyio monenb crpoeHust aroma. (JI. 1. Jlanmay. ABTomMoOuiIbHAs
karactpoda, tenerpamma I1.JI. Kamuier B unctutyr bopa B Jlanuu. JlekapcTBo MpOTHB OTEKa
mo3ra. bop-dyrbonuct, urpan 3a coopuyto lanuu, Gopert 3a Mup).

IHocrynarel bopa:
1. AToMHas cucTeMa MOKeT HAaXOAUThLCH JHMIIb B ONPeAeJeHHBIX JHepreruyec-
KHX COCTOSIHMSIX, Ha3bIBaeMbIX cTauuoOHapHbIMU. Kasxkaomy cranmoHapHomy

COCTOSIHUIO COOTBETCTBYET CBOSl JHEPIrUsl M CBOM paauyc OpOMTHI JIEKTPOHA.
Haxoasich B cTAIMOHAPHOM COCTOSIHMM, aTOM He H3JIy4aeT.

2. Hepexou aTOMHOM CHCTEMbI U3 OdHOTI0
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CTAMUOHAPHOTO COCTOAHME B APYroe ImnpoucxoauT INpu HU3JIYYCHUHU HIIN
NOorJIoIMeHun KBaHTa C 3Hepr1/1eii hv.

HN3iay4yenue IHoryomenne
E;—Ei=hva Ei+hvi2=E»
E;—E1=hvs Ei+hviz=E3
E; — Ez=hvs; Ez+hv;=E3
Em-En=hvin Vmn = Vinm En+ hvim = En

ATOM mNOIJIONMAeT KBaHThl TeX K€ 4YacToT, KAKNX H3JdydaeT. OCHOBHOEe U
BO30YyK/1eHHbIe COCTOAHUS. DOTOHBI MOTYT OBITh MOTJIOLIEHBI U CTEHEPUPOBAHBI!
OnpeneneHHbIi  aTOM  MOXET TMPUHITh WM HU3JIYYUTh DSHEPTUI0  TOJBKO
OMPEICICHHBIX MOPIUN U HU TOJUKOUN OOJIbIlIe WJIM MEHbIIIE (OCTYJIAT KBAHTOBOIO
mupa)! Eciu OblI 3JIEKTPOH B aTOM€ BOJIOPOJia MOT' 3aHUMATh JIFOOYI0 U3 MHOXKECTBA
OpOUT, BOJOPOJ TMpPHU PA3IUYHBIX OOCTOSATENbCTBAX MPOSABISUT Obl pa3UYHbIE
CBOMCTBA, OJIHAKO aTOMBI OJIHOTO M TOTO € XUMHUYECKOTO 3JIE€MEHTa B OCHOBHOM
COCTOSIHUM TOXJAEeCTBEHHBbI (HEPa3IWYUMBbl, KaK KUPOUYM U3 OJHOU (QopMbl).
DOJEKTPOH B OCHOBHOM COCTOSIHUM «pa3Ma3zaH» HE IO OKPYXKHOCTH, a Mo cdepe
M3BECTHOrO paauyca! DIEKTpOHBI, HA CAMOM JIeJie, HE BPaIllalOTCsl BOKPYT siipa, KaK
miaHeTsl BOKpyr ConHna. X onuchiBaloT Kak 0071a4K0 BEPOSITHOCTH, OKPYKaroliee
A1p0. DTO NMOHATHE B (PU3HKE HA3BIBACTCS "SJIEKTPOHHBIM 00J1aKOM" UK OPOUTAIIBIO.
Kak Benuko "cTpemieHnne" aTOMOB K TOKAECTBEHHOCTH?

DJIEKTPOH B aTOMe NepeMeliaeTcsi ¢ opoOUTHI HA OpOMTY, McYe3asi HA OJHOU M

MI'HOBCHHO BO3HHUKAad Ha I[pyFOﬁ, HE NOABJANACH B IIPOCTPAHCTBE MEKAY HUMHU.
DNeKTpOH He OBIBaCT «MEXIY» CTAIllMOHAPHBIMU cocTossHUsAMU! KBaHTOBBIA JTUQT, HApUMep,
HUKOTZIa OBl HE HAXOIWIICS MEXIy dTaKaMH, OH MOT ObI OBITh TOJILKO Ha BTOPOM HJIA Ha MEPBOM,
HO HUKAaK HE TocepelnHe. JTa uaes — KBAHTOBBIN cka4ok — mpuHecna bopy HobGeneBckyro
npemuro. Majno TOro — ydeHble HE MOTYT OMNpPEIEINTh, T/I€ IMEHHO Ha HOBOW OpOHTE TOSBUTCS
MCYE3HYBIIUK 3JIEKTPOH WM B KaKOW MOMEHT OH OyJeT coBepiiaTh ckadok! KBaHTOBBIE CKa4KH C
OJTHOM OpOUTHI HA APYTYIO — €AUHCTBEHHBIN CIIOCO0 Y 2IIEKTPOHA OOHAPYKUTH CBOE MIPUCYTCTBUE, A
MEXKy HUMH OH BOOOIIIE HE B «MECTE».

Qusuueckas cucmema 001a0aem KOHEYHbIM YUCIOM PA3TUUHBIX COCIMOSHULL

oHa nepeckaxkugaem u3 OOHO20 COCMOSHUSL 8 Opy2oe, He NpPOX0O0s yepes3

HenpepuvleHblll PO NPOMENHCYMOUHBIX 3HAYEHUI.

A, Ilyanxape, 1912 2.

JonosanutenbHas nHpopmanusa. OKpyKarOMIMI HAC MUP TAKXKE JBMXKETCS CKayKamH, vcues3as B
OJIHOM TOYKE IPOCTPAHCTBA U IMOABJISACH B APYrod €ro Touke. PU3sndecKkuil Mup —
3TO €JUHBIA OKEaH YHEPIUU, KOTOPBIM BOZHUKAET U CITyCTS MUJUIMCEKYH/IbI UCUE3AET,
MyJbCUPYS CHOBA M CHOBAa. MUHHMMaJIbHOE PACCTOSHHE MEXKAY JBYMS TOYKAMH
npocTpadcTBa — AnuHa [lnanka (£ ), a MUHUMaJIbHOE BpEMs HAXOKACHUS B KaKJOM

!
coctosiHuu — Bpems Ilmanka (7,). MakcumanbHas ckopocTh ¢ =—L. Tloyemy

1
ObIcTpoHOTHI AXHuiec JOroHHuT yepenaxy? Iloyemy neTsiee Konbe mopasut rpyab BoitHa?
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Oo0mpscHenue nocrynaroB bopa Ha ocHOBe MpeaCTaBIeHUN 00 3JIEKTpOHE, "3axaToM" B IMoJe SIpa.
DNEKTPOH B aTOME HAXOAUTCS MEXKIY JABYMS «CTEHKaMU»: OJIHA — SIIPO, POJIb IPYTON BBINOJIHSIET
CHJIa 3JIEKTPUUECKOIO NMPUTSHKEHUS MEXIY SAPOM U 3JIEKTPOHOM, HE MO3BOJISIONIAS AJIEKTPOHY
yneTeTb. M3 mocieaHero yciaoBus MOXKHO OIPEASIIUTh PaJANyChl CTAIMOHAPHBIX OPOUT 3JIEKTPOHA!

h 27 -r
p=mv—o>A=—>n= P
p
IV. 3a0auu:
1. DnexTpoH B aToMe MEPEXOJUT CO CTAIlMOHAPHOW OpOUTHI ¢ dHepruen —8,2 3B Ha
opouty c sHeprueil — 4,7 3B. Ilornomaercs wuiaud BbIAETSAETCS KBAHT cBeTa?

Haiinure sHepruio 3Toro KBaHTa.

2. OueHuTe HAMPSHKCHHOCTh AJICKTPUYECKOTO TMOJs, B KOTOPOM aTOM BOJAOpOAa OBICTPO
HNOHM3YETCA.

Bonpocuvi:

1. B d4em 3akioyanuch NPOTUBOPEUUS MEXKIYy Mojelbio atoma Pesepdopna u
KJIACCUYECKOU (PU3UKOM?

2. 3BecTHO, 4TO aTOMBI OJTHOTO U TOTO K€ XMUMHYECKOIO 3JIEMEHTA TOXJACCTBEHHBI.
Kak o0bsicHsieT 3T0T (pakT kiaccuyeckas ¢pusuka; KBaHTOBas Gpuinka?

3. Ilpu xakoMm YCIIOBHM JJIEKTPOH B aTOM€ HE HM3Iy4aeT DHEPruio, a MpU KaKOM —
n3Jy4aer?

4. Ilouemy OJIMH Y€JIOBEK HE MOXKET MPOUTU CKBO3b JAPYIroro 4yeioBexa?

5.IlpaBaa nu, 4YTO HNEKTPOHBI HE BpAIAIOTCA BOKPYT sApa, a HAXOIATCS Ha

CTallMOHAPHBIX opOuTax?
. OTKya 3J1eKTpOH OepeT SIHEPruto, YTOObl BEUHO BPAIIATHCS BOKPYT siapa?
. [loueMy Bce BelIECTBO HE COOMPAETCS B TOUKY?

o B )

. [louemy opOUTHI FJEKTPOHA B ATOME M3HAYAILHO KBAHTYIOTCS?
V. § 94. Bonpocsr 3,4 k § 98.

. IloAroTOBUTH MATUMHUHYTHOE COOOIIEHHUE O KU3HU M HayyHOH aestenpHocTH Hunmbca bopa.
.KaKOBBI Obutn OBl pa3Mepbl aTOMa BOAOPOAAa B OCHOBHOM COCTOSHHM, €CIH Obl OHHU
OTPENIeNITINCh TOJBKO TpaBUTAlMEH, a HE B3aUMOJCHCTBHEM MEXIY JIEKTPUYSCKHUMHU
3apsaaMu’?
3. "Mooicem Ovimb, mam uepm 3Haem, uwmo 6 Smou OeticmeumenvHocmu. M Hem HuKaxou
oelicmeumenbHOCmu, a ecmv o4esuonocms ...". I[lepauiil conopap, Jleonuo Anopees
[TonpoGyiiTe 060cHOBATH 3Ty MBICIH JIeoHnna Annpeena.

Benuuarimum  oocmudicenuem uenoseueckoco 2eHus S6as1emcs mo, 4mo

l\)»—a

YesnoseK Modcem NOHAMb GeljU, KOMOPble OH Yiice He MONCen 6000pa3UMb.
JLJ. Jlanoay

>Ypox  14/]<M3JYUYEHME W TMOIJOIIEHUME CBETA ATOMAMM
BOJOPO/JA.
Moxet i1 pOTOH «yMepeTb»?
HEJIb YPOKA: Tlpu nomomu mnoctyinaTtoB bopa o0OBSICHUTH NPOUCXOKICHUE

JIMHEWYATOTO CIEKTpA.

TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJIOBAHUE: kunodunsm "N3nyueHne v NOraolmeHue YHEPTur aromamu'.
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IIJTAH YPOKA: Bunbl usnydyeHun

II.

2.

1. BcerynurenbHas 4acTh
2. Ompoc

3. OObscHeHHE

4. 3akperuieHue

5. 3amanue Ha JOM

Omnpoc dynnamentanbusiid: 1. IlepBoiit moctynar bopa.

Bropoii noctynar bopa.

3aoauu:

1.

DHepruu JBYX TMOCIEI0BATENbHBIX (COCEAHUX) BO30YKIACHHBIX COCTOSHUN B
BOJIOPOAOTIOO0HOM atoMme paBHHEI -64 3B u -36 »B. Hailitu sHeprur OCHOBHOIO
COCTOSIHUS BJIEKTPOHA B 3TOM aTOME.

2. Ecnu B aTroMe BOZOpO/a 3aMEHUTH JEKTPOH OTPHUIIATEIBHBIM [I-ME30HOM, 00pa3yeTcs cucrema,
KOTOpas HasblBacTCs Me30aToMoM. llosb3ysce teopueit bopa, Haiitu paauyc me3oaToma B
COCTOSIHMM C HaMMEHbIIEN dHepruei. 3apsl ME30Ha paBeH 3apsay 3JeKTpoHa. Macca p-Me30Ha
my = 1,88-10728 kr.

Bonpocuvi:

1. Kak ¢ momompsio monenu atoma Pesepdopaa - bopa oObSICHUTE: yCTOMUYUBOCTh

aToma, TOXKJIECTBEHHOCTh aTOMOB, U3JIyu€HUE cBeTa?

2. Ecnu Obl 3JEKTPOH B aTOME BOJOPO/a MOKOWICS, TO, Uepe3 Kakoe BpeMs OH Obl

yIai Ha sapo?

3. Yewm mopens aroMa bopa oTimyaercs oT mozenu atomMa Pesepdopaa?

4. UYto HaXOaUTCS MEXAY OpOUTaAMU IEKTPOHOB B aTOMe?

5. IloueMy opOuTa 3J€KTpOHA HA PUCYHKaX H300pa)xaercs B BUJIE DJIEKTPOHHOIO

obaka?

6. IloueMy pa3Mepsbl TSKEJIBIX MHOTORJIEKTPOHHBIX aTOMOB MPAKTUYECKU TaKUE KE,

YTO M y aroMa Bojopoja?

7. YnamyT nu 3JEKTPOHBI Ha f/ipa aTOMOB MPU MPUOIMKEHUN TEMIIEPATYPhI Tela K

a0COJIIOTHOMY HYJIIO?

8. Ilouemy TtomnuBo (yroiab, He(pTh) HE BOCIUIAMEHSETCS TMPU KOMHATHOM

Temreparype (Temneparypa BocIlaMeHeHHus yris okoso 350°C)?
9. Kak pemaer 3JIeKTpOH, ¢ KAKOTO YPOBHS M HA KAKOW OH JIOJKEH NEPEUTH?
10. HeKOTOpLIC OpeACTaBIAIOT aTOM, Kak HEOOJIBIIIOE 00JIaYKO TyMaHa, BOKPYI' KOTOpPOIrO TO

BCITBIXMBAIOT, TO TACHYT OTOHBKH, CJIOBHO OBl OT OCHTaIbCKOTO OTHsI. YUTO 3TO 32 OTOHBKH?

1. ®opmyna st onpeaenaeHus paanycoB CTALIMOHAPHBIX OPOUT AIEKTPOHA B aTOME
BOJOPOJA: r, = 4xshi’n® (me). € = 8,85:10'2 d/m, m = 9,1:103! kr, e = 1,6:107"
Ki1. Paguycel cranuoHapHbeix opout: 11 = 0,5:10% cm, 12 = 4 11, 1a = n? 11. Cormacyrorcs

JIM 3TH Pe3yJIbTATHI C ONBITHBIMU (haKTamMu?

me* B 13,608

BHGPFCTH‘ICCKHC YPOBHH aTOMa BOJAOpOaAa: E, =- = > = 1,2,3,...

2(4re,)’ n’h’ n
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A [TocTtpoenne puarpamMMbl 3HEPIETUYECKUX YPOBHEH

E,»B

0 aToMa BoJopoaa. JHeprus Bo30y:kaenus aroma (Eg) -
-(1)525 = MHUHUMAJIbHAaA SJHCPIrui, HGOﬁXOI[I/IMaSI AJA mepesoaa
5 aToMa H3 OCHOBHOIO B IIEpPBOC B036y)KIleHHOC

34 n=

A COCTOoAAHMUEC.

E, Ei Oueprust Bo30yxaenus aroma Boxopona 10,2 sB. Cormacyercs
JM 3TO 3HaueHue C onblTHBIMM JaHHbIMH? [la! Ilyuox
ny n=1 JJIEKTPOHOB MEHBIIECH JHEPIrUU, NPOXONAIIUN dYepe3 ras, He

BBI3BIBAET €T0 CBEUEHHUS. 3aKOHBI €CTh Y MUPO3/aHus, a (pu3nKa
UX TBITACTC OOHAPYKUTH.

Oueprusa uoHmsanuu (E;) paBHAa MHHHMAJBLHOW padoTe, 3aTpauyuBaeMoil Ha
9

ylAajleHHue BHEIIHEro 3JJeKTPOHA M3 aToMa, HAXOAALIerocsi B OCHOBHOM

COCTOSTHUM. DHEPIUsl HOHU3AIMKU aTtoMa Bogopoaa 13,6 >B!

[Ipu KoMHaATHO TemmepaType BoJopoA 0e3 3JeKTpoHa He BCTpevyaeTcs!

Kak Mo0:kHO nepesecTu aToM B BO36y)KIleHHOC cocTosiHue? TemnoBoe H3JIyYCHHE,
AJIEKTPOJTIOMUHeCHeHIUs, (OTOTIOMHHECHEeHIUsl (IeMOHCTpalus), KaTOAOIOMUHECIEHIINS,
XeMHJIIOMUHECIHeHINSl, COHOJIOMMHECHeHIIH s, TPHOOIIOMUHeCIIeHI M.
DJIEKTPOJTIOMHHECHEHIIUSI — BO3HUKAET IPU IPONYCKAaHMM 3JIEKTPUUECKOIO TOKA Yepe3 rasbl
(onpenenéHnple THUNBI JIOMUHOG(OPOB). Bomopox B Tak Ha3bpIBaeMOM BOJOPOIHOW Jamrie
pa30rpeBaeTCsl CUIIbHBIM 3JIEKTPUUECKUM PA3PSIOM.

KartonoslomMuHecneHIusi — BbI3BaHA OOJNYyYEHMEM CBETALICTOCS  BEIIECTBA  OBICTPHIMU
ANIEKTPOHAMHU (KAaTOAHBIMH JIydaMH);

@oTOIIOMHHECHEeHIMSA — CBEUYCHHE IOJ JIeHiCTBHEM cBeTa (BHUAMMOTO M YJIbTPadHOIETOBOIO
JMarna3oHa 3JIeKTPOMarHUTHBIX BOJH). OHa, B CBOIO OUYepellb, eNUTCS Ha: (pIyopecieHnunio (Bpems
xusan 107 — 107 ¢); hocdopecuennuro (1073 — 10 ¢);

CoHosrroMuHecHeHIMS — JIIOMUHECLIEHLINS, BBI3BaHHAS 3BYKOM BBICOKOM 4aCTOTHI;
TpubosilOMHHeCHeHIMSI - HUCIyCKaHHE CBeTa IMpH JpOOJCHUM, TPEHUH M PACTPECKUBAHHUU
MaTepuaia, Koraa 3J1eKTPUUECKUE 3apsibl pa3eisioTCs U CHOBA COeMHAI0TCA. Bo3HuKaromumii mpu
3TOM 3JIEKTPUUECKUN Pa3psi HOHU3UPYET OIM3IIeKALINN BO3YX, MHUIIMUAPYS BCIBIIIKH CBETA.
PaanooMuHeceHUMs — IpU BO30YKICHUH BEIIECTBA HOHU3UPYIOIIUM H3IIy4YEeHUEM;
XeMHIIOMHHECHEHIIMA — CBEUCHHE, MCIIOJIB3YIOIIEE HHEPIrUI0 XUMHUYECKMX peakuui. Jlroau
BOCIIOJIb30BAJIMCh NMPUPOAHOM JIIOMMHECLEHIMEN M CO3JaJId XMMHMYeCKHMe MCTOYHHMKH CBeTa -
YCTPOMCTBA, TEHEPUPYIOIIME CBET MpU MPOTEKAHWU XUMHUYECKOW peakuuu. OHM IMIHMPOKO
IIPUMEHSIOTCS. B KAdeCTBE aBTOHOMHBIX HCTOYHUKOB CBETa IPU paA3IUYHBIX aBapUUHO-
CracaTellbHBIX, JOPOXKHBIX padoTax, B TypuU3ME€ M CIENCOJOTMH, B IOJBOJAHOM IUIABAHUU, IS
M0JJa4¥ CHUTHAJIOB, BOOOIIIE B KAUECTBE PA3IMYHOIO PO/ia PE3EPBHBIX OCBETUTEIIECH.
BuonoMnHecueHIMA — CBedYeHHe O€JKOB MOJ [eiicTBHEM YJbTPa(uoaeToOBOro CBeTa
(Hobenesckast npemust o ¢usuke 2008 rona). I'en, nmpousBoasaimuii 3Tu O6€IKH, yJaJI0Ch BHEAPHUTD
B reH Kaptodens (1 06e3bsHbl!). bromoMuHeCIeHITUS NCTIOIB3YETCs Uil MPUBJICYECHUsT TOOBIYH,
OCBEIICHUS, KOMMYHHKAIIUM, MAaCKHPOBKH, a TaKXe KaK CpEeACTBO OOOpOHBI, HamaaeHHs,
OTIYTUBaHMS WA OTBJICUCHHS, B KAUECTBE «IIOOOBHOTO» SI3bIKA, MPEIYNPEKICHUS WA YIPO3BI.
IIpoaOMmKUTENBHOCTh CBEUEHUSI BAPBUPYETCS OT JOJIEH CEKYHJbI J0 4acoB, L[BET — OT roiay0oro
J10 KPAacHOTO.

OnpenenuTs BO3MOXKHBbIE YACTOTHI HU3JIy4aeMOIO CBETa IMpU MEpexoie aroma
BOJIOPOJIa U3 OJJHOTO BO30YKJIEHHOTO COCTOSIHUS B JIPYTO€:

2 2 h

E,~E,=1365B(- —) > hv, =1 3,633( ! _Lj_ Dl
nm n m
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CrnexrTp atoma Bogopoaa. Cepusi Baabmepa: v = 0,457-10"° T'y = 656 HM, 3TO0
nuanazoH kpacHoro usera (770-620 um); va2 = 0,617-10"° 'y = 486 mHMm, romy6oii
ngerT; vs2= 0,695-10'° 'y = 434 am, puonerosslii nBeT; ver = 0,731-10'° 'y = 410 BM,
¢uonerossii nBeT; v72 = 0,755-10" ' = 397 uM - yasTpadHOIIET.
JononnurenbHas nHGopmanusa. CBeT BOLOPOAHON JIaMIIbL, PO Yepe3 NpU3My, IaeT CIEKT,
COCTOSALIMIA W3 OTACHbHBIX JUHUHN. [IpoCThle KBaHTOBBIE CHCTEMBI, TAaKHE KaK aTOM BOIOPOAA,
o0JIaZlal0T YacTOTaMM, HAXOISIIUMHCS B JOCTATOYHO TPOCTHIX OTHOWICHHUSX IpPyr K JApYTY.
Becnopsiiounslii Habop IMHUH B crieKTpe pacnayics Ha cepur. CTpeMIIeHHE OCMBICIHUT CTPYKTYPY
CIEeKTpa W B CaMOM JIeJIe HAIOMHMHAJIO IOMBITKH MOYTH BCIEMYIO pacuIM(poBaTh HE3HAKOMBIN
TekcT. HeoOxoaumo Ob10 HaiiTu Kimrou K mudpy. Ito caenan Hunse bop B 1913 .

Kak monvko 5 yeuoen ¢hopmyny banvmepa, mne éce cpazy sce cmaio ACHo.

Hunvc bop

3agava: Vcnonbp3ys auarpamMmy SHEPreTHUECKHX s Tt
YPOBHEH aroma, OOBSCHHTC TOT (aKT, 4YTO Jawwea =
MOJIOKEHUE JIMHUMA B CIIEKTPE H3JIy4EHHUS aToMa
COBIIAQJAET C TIOJOXEHWEM JIMHHUM B CIIEKTpE
MOTJIOIEHUSI CBETa JTUM AaTOMOM. YKaKHUTE
CTpEJIKaMH, TPU KaKuX Mepexoax aToM BOJOpOJa

Cepus Cepus
= gynoa
—

T
Cepus

Cepust

bBpaxema

(FIK)

S S
N WAL

S
Il

Cepus
Banbmepa

u3dy4daer: a)  uH(ppakpacHele  Jayud;  O) 2
yIbTpaduONIETOBBIE JTTy4d; B) BUIUMBIA CBET. o j
CornacyroTcs B0 BallU BBIBOJbI C o y 1

n Igynoa N =
AKCIEPUMEHTAIbHBIMU JTaHHBIMU? JleMOHCTpanus = (H) o

CBEUCHHSI Ta30pa3psAHON BOJOPOJHON TpyOKH
(xkpacHO-¢uoneToBoe cBeueHue). Mcmyckanue u
MIOTJIOIEHHE CBETa MOXKHO MHTEPIIPETUPOBATH KaK POXKICHUE U YHUUITOXKEHUE (POTOHOB.
JlonojiHuTeAbHBII MaTepuan: OObsCHEHHE SBJICHUS (OTOIOMUHECUEHIMH (JIEMOHCTpPALUs):
9KpaH JIIOMHUHECLUEHTHbIH, Ha0op 10 (OTONOMUHECIEHIIUN, OCBETHTEIb [JIi TEHEBOIO
NpOeMPOBaHus, cBeTOPUILTPEl. HampaBuB Ha JIFOMUHECIEHTHBIH 3KpaH CBETOBOM IOTOK OT
OCBETHUTENS, HAONIOaeM €ro CBEUYCHHE 3eleHbIM cBeToM. Kakas KoMIoOHeHTa Oenoro cBera
BbI3bIBaET CBeueHue JoMuHOpopa? OmnbITel co cBeTopuiabTpamMu. Kakoll ydacTOK crekTpa
BbI3bIBacT JitoMuHecueHuuo? [louemy? IloueMy He BBI3BIBAET CBEUEHUS KpACHBIM CBET
3HAYUTEIBHO  OOJbIIEH  WHTEHCHBHOCTU?  AHAJOTWYHBIE  ONBITHI ¢  HabopoM 1O
¢doromoMuHeceHIIMN. B Hapy)KHOM CKeleTe CKOPHHOHOB €CTh IUTMEHTHI, MOTJIOIIAIOIIHNE
HEBUJIUMBINA [UIS YEJIOBEUECKOTO Ija3a YJIbTPa(pHOIETOBBI CBET M MCIYCKAIOUIHE 3a CYET ITOrO
CBET, KOTOPBII Mbl MOKEM BUJETD.
Iocmynamur bopa nooobHel Kucmu u Kpackam, Komopwvle camu no cebe
ewe He COCMABIAIOM KAPMuHbl, HO C UX NOMOUBIO MOJICHO ee CO30amb.
Tetizenbepe

IV. lemoHcTpanus kuHopuibMma.
3aoauu:
l. Omnpenenure OMWHBI BOJH YETHIpEX JMHUM cepund banbMepa, nexammux B

BHJIIMOW YaCTH CIIEKTPa aTOMapHOTO BOJOPOJIA.

2. Kakoil caMblii JIMHHOBOJHOBOM (POTOH MOKET HMOHHM30BAaTh aTOM BOJIOPOJIa
B OCHOBHOM cOCTOsIHMM? K KakOMy Juara3oHy €ero MOKHO OTHECTH?

3. Kakyro 4actoTy J0KeH uMeTh (OTOH, 4TOOBI IMEPEBECTH aTOM BOJOpPOAA
W3 OCHOBHOTO COCTOSIHUS B TpeThe B030ykaeHHoe? Bymer mu 510 "BHAMMBIH
dboTon?

4. KakoB HOMep BO30YKJIEHHOTO COCTOSIHUSA, B KOTOPOE NEPEXOAUT aTOM BOJIOpOAa
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M3 HOPMAJIBHOTO COCTOSIHHS TIpH TIOTJIOMIEHHH (DOTOHA, SHEPTUS KOTOPOTO
cocTaBisieT 8/9 sHepruu HOHU3AIMH aToMa Bojiopoaa’?

5. Haiinute OTHOILIEHHE MUHUMAJBHOM YacToThl (oTOHAa B cepuu baabMepa k
MakcuMalibHOU yactoTe (hotoHa B cepuu [lamiena.

6. IlepBoHavyaIbHO HEMOJABUXHBIA aTOM BOJOPOAA MCHYCTUN (OTOH C JJIUHOMN
BOoJHBI A = 121,5 uM. Kakyro ckopocTs mpuoOpén aTom Bogopoaa’?

7. AToM BOJOpOJia, HAXOJIAIIUMCI B OCHOBHOM COCTOSIHUM, TMOTJIOTUI (POTOH C
sHepruei 15 3B. C kakoll CKOPOCTBIO 3JIEKTPOH MOKUHYJI aTOM?

8. PbI0 MOKHO, HAlpUMEp, IEIUTh Ha KOCTHBIX M XPALIEBBIX, & MOXXHO Ha ChEIOOHBIX U
HGCBGIIOGHI:IX. A Ha xakue BUJIbI MOKHO pa3ACIMTb HCTOYHUKU cBera?

9. AtoM Bozmopona moriomaer (hOTOH, BCIAECICTBHE YEro 3JIEKTPOH, HAXOJUBIIMNCS HAa BTOPOU
OOpOBCKOW OpOMTE, BBUIETAET M3 aTOMa CO CKOPOCTBIO U = 6-10° m/c. Onpenenure 3HEPIUIO
MOTJIOMICHHOTO ()OTOHA.

Bonpocuvi:

1. Moxer 11 aToM BOAOPOJA MOTJIOTUTH (DOTOH, SHEPTUsl KOTOPOro MPEBOCXOAUT
SHEPIHUIO CBSI3U aToMma?

2. Kak nosy4uTh aTOMBI pa3MepoM ¢ rperndpyT?

3. KakoBo oTian4ne HOHU30BaHHOTO aToMa OT BO30YkKIAEHHOTO aroMa?

4. Kypna ucue3aroT (hOTOHBI MOCIIE BHIKIIOUEHHUS CBETA B KOMHATE?

5. CKOJIBKO KBaHTOB C Pa3HOM 3HEPTHEN MOTYT M3JIYUYHTh aTOMbI BOJOPOJA, €CIU
OHU HAXOJSTCSl B TPEThEM BO30YKJI€HHOM COCTOSIHUU ?

6. Kak 10aro Mo>XeT HaXOJAUTHCS aTOM B BO30YXIEHHOM COCTOSTHUU?

7. DOTOXpOMHBIE CTEKJIa JIETUPOBAHBI TajJoOUAOM cepeldpa, MOJIEKYJbl KOTOPOTo
BO30YXKJAIOTCS TOJA JEHUCTBUEM YyIbTPAPUONIETOBBIX Jydyed U HAYMHAIOT
MOIJIOWIATh BUAMMBIN CcBET. [Touemy?

8. ITlomw3ysacs monenvio atoma Pesepdopna - bopa, oObsicHUTE TPOUCXOKICHUE
CIIEKTPa BOJOPOAA.

9. Moxer 1 aTOM MOTJOTUTH MOPILHUIO SHEPTUH, OOIBIIYI0, UeM Pa3HOCTh SHEPIUil
JIBYX SHEPreTUYECKUX YPOBHEN?

10. IToueMy cBOMCTBA pa3IUYHBIX BEMIECTB HEOAUHAKOBBI?

11. B xakom ciydae atoM (31€KTpOH) OyJIeT UCTIBITHIBATh HEYNPYrOo€ OTPAXKEHUE OT
CTE€HKHU?

12. IToueMy aToM BOAOPO/Ia HE U3JIy4a€T PEHTIT€HOBCKHUE JIyun?

13. IToueMy HarpeBaHHU€ YBEIUYMBAET CKOPOCTh MPOTEKAHUSI XUMUUECKUX PEAKIIHI?

14. MapkepHble uYepHUJIA BBICTYMAIOT B KAueCTBE ACTEKTOpa YJIbTPaduOIETOBOTO
ceerta. [louemy?

15. IToka BemiectBo Beenennoit Haxoaunock B mia3MeHHoM coctossauu (380000 net
nocie bonbmoro B3peiBa), oHa Obula HEmpo3payHOM, a 3aTe€M HACTYMHIH
«TeMHbIE BeKay». [louemy?

16. MOXHO 71 MOHU3UPOBATH aTOM BOAOpOAa (DOTOHAMH C DHEpPTUEU  AF

ol .
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17.

21.

22.

11.
12.

MensbIne 13,6 »B?

Ha pucynke n3zoOpakeHa nuarpaMma »HEpPreTH4YecKux ypoBHeuW aroma. Kakoii
uudpori 0003HaYEH MEpPexoid, KOTOPbIH COOTBETCTBYET MOTJIOMICHUIO (POTOHA C
HAaUMEHBIIIEH SHEPTUECH?

. HazoBure MNEPCUUCIICHHBIC HUKC SIBJICHUS:

CBeueHue 3KpaHa TEIeBU30Pa;

CBeueHue raza B HEOHOBOU TpyOKe;

CBeueHHe CiUpaly JaMITbl HAKATHBAHHS,

CBeueHUe HEKOTOPBIX OaKTEpHid, HACEKOMBIX, CBETIISIYKOB, TNTyOOKOBOIHBIX PHIO;
CBeueHne HEKOTOPBIX BEUIECTB MO/ ISHCTBUEM MAIal0IIEro Ha HUX CBETA.

. K KaKOMYy BUY JJIOMUHCCIHCHIIUU CIICAYCT OTHCCTU IOJISIPHBIC CUSHUSA?
. Uem 6I/IOJ'IIOMI/IH6CI_[6HI_II/ISI FpI/I6OB-FHI/IJIy1_H€K OTIIN4YacTCaA OT CBCUCHHA

JKUBOTHBIX ?

[ToueMy 5J€KTPOH MOXKET MOTJIOTUTH (POTOH MPHU OMPENETECHHBIX YCIOBHUSX, a
($hOTOH HE MOXKET?

Korna ¢otoH B3auMoIeMCTBYET C BEIMIECTBOM, OH MOXET IEpellaTb €My CBOIO
SHEPIHIo, a TaKXe co37aTh HOBbIE (hOTOHEI. [IpuBeIUTE IPUMEPHI.

. 3amumuTte  QopMyny JUIs  ONpeNeNeHUs paadyca OpOUTBI M TOJHOW  DHEPTrUu

BOJIOPOJIOTIOI00HOTO aTOMA.

. bnaromaps yemy M.B. JloMoHOCOBY ynanoch HaOmIOAAaTh CBEUYEHHE PTYTHBIX MApoB B

OTKaYaHHOH TpyOKe ¢ mapaMu pTYTH NPH PE3KOM €€ BCTPSXUBAHUU?

CoBnagaer 1M 4acToTa BPALICHHUS HJIEKTPOHA [0 OpOUTE M YaCTOTa U3Ty4aeMOro UM KBaHTa?
KaxoB pazMep OCHOBHOI'O COCTOSIHUSI CUCTEMBI U3 IBYX YaCTHUI] HA PUCYHKE?

Kunernueckasi sHeprusi 3JIeKTpOHAa B OCHOBHOM COCTOSIHUM aTOMa BOJOpOJa MPHOIN3UTETHHO
paBHa 10 5B. Ouenure MHUHUMAaIbHBIE JIMHEHHBIE pa3MeEpbl aTOMa BOJIOPOJA, HCIOJIb3Ys
COOTHOIIIEHHE HeompeesaeHHocTH [ eiizenbepra.

Boruucnute paguyc n = 1000 opOHUTHI 3leKTpoHa B aTOME BOAOpOJAa U
4acTOTY 3JEKTPOMAarHUTHOIO H3JIyY€HHUs, UCIYCKAEMOrO IpU IEPEXOAE C
ThICSYA MIEPBOI KPYroBOM OpOUTHI HA THICSUHYIO. [10SCHUTD, TOYEMY aTOMBI
BOJIOPOJIa B TAKMX COCTOSTHUSX OOBIYHO HE HAOTIOAAFOTCS.

ATOMBI 11€31s1 HAUMHAIOT (PIIyOpeCHUpOBaTh MPU €CTECTBEHHON PE30HAHCHOM
gactore 9192631770 I'. 3Hast 4MCIO MOJHBIX MEPUOJOB KOJIEOaHWH TeHEpaTopa, MOXKHO
ONpeAenuTh BpeMs (aToMHbIE Yachl). Tak im 310?

[Touemy mNpOTOHHBIE NOJSPHBIE CUSHUS OOJiee pPa3MBITHI, YeM ODJICKTPOHHbBIC MOJSpPHBIC
CUSIHUS?

[Touemy atmocdepa 3emiu BISIETCS HCTOYHUKOM YIbTPa(pUOIETOBOTO U3TYUCHUS?

Haiigure wactoTy oOpaliieHus: 3JIEKTpOHA B aTOME BOJOpOJia Ha miepBoi opoute. Omnpenenure
DKBUBAJICHTHYIO CWJIy TOKa. PaccuuraiiTe MarHUTHYH0 MHIYKLIMIO B LIEHTPE TaKOW KPyroBOH
TpaekTopuu. Kak HampaBieH BEKTOp MarHUTHOM MHIYKIUU?

KakoB 1uamMeTp 0OCHOBHOTO COCTOSIHMSI M€30aToMa BOAopoia?

. DJNEeKTpOHbl B MAarHUTHOM IIOJI€ JBIKYTCA IO LMKIOTPOHHBIM opOutam. VX sHeprus u

UMITYJIbC KBAHTYIOTCS. JJOKaKUTE 3TO.

KaxoBa sHeprusi OCHOBHOIO COCTOSIHUS M€30aTOMa BoAopoa?

CeromHs BBl CaMH MOJKETE€ JIETKO TIIO3KCIIEPUMEHTHUPOBATh C TPHUOOIIOMUHECIICHIIUCH,

pa30buBasi B TEMHOW KOMHAT€ KPUCTAJIBI caxapa WIH TBEpJble JEACHIBI Ha €ro OCHOBE.

Apomarusupyromniee Maciao (METHICATWIMIAT) B JIEJCHIIAX MOTJIONIAeT YIbTpaduoIeTOBOE

U3JIy4eHHE, BOZHUKAIOIIEE MPU Pa3pyLICHUU KPUCTALUIOB caxapa, U BHOBb HCIIYCKaeT €ro B
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BUJIE TOIyOOro CBETa.

13. Ecnu B TeMHOTE COUpaTh JEHTY CKOTYA, TO TAK)KE MOYKHO 3aMETUTh UCITyCKAaHHUE CBETA 33 CUET
TpuOOIIOMUHECHIEHIIMK. VIHTEepecHO, YTO CIUpaHUe TaKoil JICHTHI B BaKyyMe INPHBOAMT K
PEHTT€HOBCKOMY HM3JYYECHHUIO, JOCTATOYHO MHTEHCUBHOMY, YTOOBI MOJyYUTh PEHTI€HOBCKHIA
CHHMOK THaJIbIIa.

14. Ilon neicTBUEM YJIbTPa3BYKOBOW BOJHBI MUKPOIY3BIPDBKU Ia3a B >KMJIKOCTH COKMMAIOTCS U
PaCIINPSIOTCS B TAKT YJIBTPA3BYKOBBIM KOJICOAHUSAM, U UX PATUYC MEHSETCS OT JIBYX-TpeX 10
HECKOJIBKUX J1eCATKOB MHUKpOH. Ilouemy? OTHOCHTENbHOE M3MEHEHHE OObeMa ra3a MOXKET
ObITh O4eHb GonpmmM (10 10°), mpuueM CKaTHe rasa MPOMCXOAMT rOpasgo OBICTPEE, YeEM
paciupenue. [Touemy? B 310 BpeMs ra3 CUIBHO HArpeBaeTcs 10 TeMreparyphbl nopsaka 10°
K, Torna u Bo3HMKaeT usiydeHue cBeta (coHonmoMuuectenus). [louemy?

Cnexmpwvl 80CNPUHUMATUCL MAK Jice, KAK NPeKpacHvle Y30pbl HA
KDbLIbAX Oabouex. ux Kpacomorw MONCHO Obll 80CXUUAMBCS, HO
HUKMO He OYMAl, 4Ymo pecyIsipHOCMb 8 UX OKPACKe CNocoOHa
Hagecmu Ha cied PYyHOaAMeHmMAaNbHbIX OUON02ULECKUX 3AKOHO8.
H. bop
Ypoxk 15. THUIIBI CIIEKTPOB U3JIYUYEHUS U ITIOT'JIOLIIEHU .

ITouemy HeOO cuHee, a 3akaT KpacHblii? [Touemy HeOo He PpuoJieToBOE?
HEJIb YPOKA: IIpoaeMOHCTpUpOBaTh yYallUMCSl CIIEKTPbl M3JIYyYEHUS U CIEKTP

MOJIONIEHUS PAa3JIMYHbIX BEIIECTB. [[aTh MpeACTaBIEHNUE O CIEKTPAIBHOM aHAIMU3E.
TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYJOBAHMUE: mnpoekuuonnsiii anmapatr POC-67 ¢ npuHAIIECKHOCTSIMH,
pTyTHasl Jlamma, Opu3Ma NOpsIMOTO 3pEHHs, 3KpaH, TOpeliKa ISl JIEMOHCTpaluu
CIIEKTPOB M3NYYEHUSI U CHEKTPOB MOTJIOMICHUS HATPUs, POTOIIEMEHT KPEMHHUEBBIMH,
Ha0op cBETOUIBTPOB, MUKPOAMIIEPMETP.

ITIJTAH YPOKA:
1. BcerynurenbHas 4acTh
2. Ompoc
3. OOsbsacHeHHE
4. 3akperuieHue

5. 3agaHue Ha AOM
II. Onpoc ¢ynmamenTanbHbiii: 1. DHepreTudyeckue YpOBHU aTroMa BOJOPOJA.

2. CoexTp U3My4YeHHUs ¥ CIIEKTP MOTJIOMIEHUS BOJAOPOA.

3aoauu:

1. Mokosmuiicas atom u3nydaeT (GoToH ¢ sHepruei 16,32-10"° JIx B pesynsrare
nepexo/ia SJEKTpoHAa U3 BO30YKJAEHHOTO COCTOSIHUS B OCHOBHOE. ATOM B
pe3ysbTaTe OTIA4Y¥ HAYMHAET JBUIAThCA B IMPOTHUBOMOJIOKHOM HAMPABICHHUHU C
KuHeTU4YecKol sueprueii 8,81-10° [Ix. Halinure maccy aToma.

2. AToM keJe3a MOHU30BAIIA O TAKOW CTEMEHHU, YTO BOKPYT s/Ipa OCTAJICA TOJBKO
OAWH HNEKTpPOH. ONpenenuTe 3HEPTHI0 HU3IYyYEHUsS 3TOr0 aToOMa IMPH MEPEXOJE
AJIEKTPOHA U3 MEPBOTO BO30OYKIEHHOTO B OCHOBHOE COCTOSIHUE.

56



3. ATOM BOJOpOJA MOIJIOTUI KBaHT CBETA C JUIMHON BOJHBI A = 8:10% M. IIpu sTOM
npousonuia moHu3anuss atoma. C Kakol CKOPOCTBIO JBUTAICs BIAIU OT siapa
BBIpBaHHBIN 3J1eKTpoH? KuHeTn4eckoi aHeprueli HoHa BOA0POia MpeHeOpeyb.

4. DexTpoH, 00Mafaromuil BOAIH OT IOKOSMIErocs IPOTOHA CKOpocThio 1,875-10°
M/C, 3axBaThIBAa€TCS O3TUM NPOTOHOM, MU 0Opa3yercs BO30yXIECHHBIH aToM
Bojopona. Ompenenutre IMHY BOJHBI (POTOHA, KOTOPBIM HCHYCKaeTcs Mpu
IIEPEXO0JIe aTOMAa B CTALlHOHAPHOE COCTOSIHUE.

5. Kakue cnekTpanbHble JMHHM TOSBATCS B CIEKTPE aTOMapHOTO BOAOpOJA
pu 00JIy4EHUU €r0 YyJIbTPaPUOJIETOBBIM CBETOM C JIMHOM BOJHBI OoJbire 100
HM? [losBSITCS BCE JIMHUU CHEKTPA U3JIYYEHHS BOJIOPOAA OJHOBPEMEHHO?!

Bonpocui:

1. Bo3moskeH i1 3aXBaT CBOOOAHBIM IPOTOHOM AJIEKTPOHA O€3 U3ITyUeHHUs?

2. llouemy MHTEHCUBHOCTb CIEKTPAJIBHBIX JIMHUN HEOJUHAKOBA?

3. U3BecTHO, YTO CBETSAUIUNCS CJe] MalaloIero METeopuTa Mo Mepe NpUuOIUKEHUS
K 3emJie CTAHOBUTCS spUe, OAHAKO B BEPXHUX CIIOSX aTMOC(EPHI OH COXPaHAETCS
3HAYUTEIIBHO J0JIbIlE, 4eM y 3emiu. [Touemy?

4. Ilouemy miazMa HENPO3PAYHA, a FIEKTPOIUT IPO3PAYCH?

5. Tlouemy Henb3si HAUTH TOYKY B BO30YXJIEHHOM aTOM€, U3 KOTOPOMl BbUIETAET
dboTon?

6. Ilouemy nanekast MOJTHUSI KQXKETCSl KpACHOBATO->KEJITOM, a OJin3Kast — rory0oi?

7. Ilouemy aToMbl BOJOpPOJAa MOTYT MOIJIOMIATH JIt0Oble (DOTOHBI, JJIMHA BOJIHBI
KOTOPBIX MEHbIIIE 365 HM?

8. Kak MO0kHO 0OBSICHUTH TOT (DaKT, YTO BCE JMHUU CHEKTpa U3Iy4CHUs
MOSIBIISIIOTCS OJTHOBPEMEHHO?

9. Ilouemy cBET B cpenie ABUIKETCS C MEHBIIEH CKOPOCTBIO, YEM B BaKyyMme?

10.IToueMy KpuBBIE pacIpeAEICHNS SHEPTUU B CIIEKTPE HATPETOrO TEJa, CHATHIE MIPU
pa3HBIX TEMIIEpATypax, HUTJE HE MEPECEKAOTCS ?

11.IloueMy mo-pa3HOMY CBETATCS OJMHAKOBO HArpEThIE Teja, HAIPUMEp, KYCOK

JKeJe3a U KyCOK KBapua?

12. [Touemy qHEM TP SIPKOM COJTHEYHOM CBETE HA OOJNBIINX ITTyOMHAX B MOPSAX U OKEaHaX TEMHO?
13. IlokaxxuTe, 4yTO C BO3PACTAaHUEM TIJIABHOI'O KBAHTOBOIO YHMCJIAa N Pa3HOCTb DHEPrUil IBYX
COCEIHUX YPOBHEU CTPEMHUTHCS K HYJIIO U CIIPABEIMBO KIIACCUYECKOE ONKMCAHUE.

III. I'openka byH3ena naet o4eHb 4UCTOE O€Noe Tuiamsi, ¥ MO3TOMY €€ UCIOIb3YIOT
JUIS1 pa30TrpeBa BEIIECTB C IEIbI0 HAOIIOACHUS UX IBETOBOTO CIIEKTpa.

JleMOHCTpanusi JIMHEW4YaToro CIEKTpa pTyTHOM Jjamnbl. Kakue 4acToThl
MpEACTaBJICHbl B JUHEHYATOM crOekTpe? JIMHeM4aThld CHEKTP Aal0T BellecTBa,

HaxoasdAmuecs B Fa3006pa3HOM ATOMAapPpHOM COCTOSITHHM.

HewusBecTHO, Kak 00epHyIach Obl HCTOPUS aTOMA, eciii Obl (pu3uKH He n300penu Au(PaKIHOHHYIO
pemetky.  bmaromaps  sTtomy  mpubopy B
CIIEKTPOCKOIHH JOCTUTHYTHI TOYHOCTH
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U3MEPEHUH, YIUBUTENbHBIC Naxe U (u3MKU. YK€ B Hadajle BEKa yJaBaloCh Pa3lelMTh JBE
JIMHUM B BUIMMOM CIIEKTpPE, €CIIM UX JUTMHBI BOJIH OTIMYAIMCH JPYT OT Apyra XoTs Obl Ha 1073 A.
Nemoncrpamust miakara "Crekrporpad". CrneKTpbl HM3Jy4YeHHs] BOAOPOAA, IeJiud,
pryTu. CrieKTpaJbHbIA aHAJIN3.
[Touemy aToMm H3My4aeT CHEKTPAJIbHBIE JIMHUU CTPOTO OMPEACICHHON TJIMHBI BOJIHBI
U MOYEMY ATUX JIMHUM Tak MHOTO (y aToma
Kelieza, HampuMep, TOJIbBKO B BHIUMOM
yactu crnekrpa cBbie 3000)? ¥V kaxaoro
JJIEMEHTAa €CTb YHUKAJIbHBI LBETOBOU
MTPUX KOJA (aHAJOTHS C OTHeYaTKaMU
TMaJIbIIEB).
JonoanurenbHas uH@popmanus: B 1860 rony byH3eH METOOM CIIEKTPAIbHOTO aHAIN3a OTKPbLI
HOBBIH 2JIEMEHT — 11e3uit! 3a mocieayronye moiBeKa JeT METOJIOM CIIEKTPaIbHOTO aHajIu3a ObUIH
OTKpPBITHI 25 HOBBIX 31eMeHTOB! IIpu cToKHOBEHNN HEUTPOHHBIX 3BE3N B 2017 romy onrtuueckue
TEJIECKOIIbl 3apErUCTPUPOBAIN CIEKTPbI 30JI0TA, IUIATHHBI U CBUHLA. Pacuérel Mokasaau, 4ToO
TOJILKO 30JI0Ta B Pe3yJIbTATE 3TOTO CTOJIKHOBEHUS 00pazoBasioch OoJbie, yem 10 mace 3emin.
Ecnu 'y mebs ecmo cmechb, cocmoawjas uz iumus, HAampus, Kaius, oapus, cmpoHyus
u Kanoyus, mebe OOCMAMOYHO O0aAMb MHE MOJIbKO OOUH MULIUSPAMM, U £,
nocmMompes Ha Hee uepe3 3pUMENbHYIO mpyOy Moe20 npubopa, coecem He
NPUKACAsACy K 00pasyy, cMocy ckazamby, Kakue 3J1eMeHmbl @ Hell NPUCYCMEYIom.
Pobepm Bynszen
[IpencraBnenne o TOM, HACKOJBKO MPOCT U 3((PEKTUBEH METO/]] CIIEKTPAIbHOTO aHAIIN3a, 1aeT OANH
U3 aHEKIOTOB O 3HAMEHUTOM aMEPHUKaHCKOM skcnepumentatope P. Byne. byayudm acnmpasTOoM,
3TOT OCTPOYMHBIN YEJIOBEK YIMYMII XO34MKYy IAaHCHOHATa, Yy KOTOPOM CTOJIOBAJICS BMECTE C TOBA-
pHILAMH, B TOM, YTO OHAa TOTOBHUT UM JKapKO€ K 3aBTPAKy U3 HEJ0EIECHHBIX HaKaHyHE OM(IITEKCOB:
"moconun" OrpeI30K Msica XJOPUCTBIM JIMTHEM, a HAayTpo OOHApYXKWJI B CIEKTPE >KapKOro
VHTEHCUBHYIO KPACHYIO JIMHUIO, TUNWYHYIO Ui JauTus. TodHocts sToro meroxa a0 1078 %.
Hanpumep, no cnektpy Ha KMK omnpenenstor xumuueckuili coctaB cTand (BpeMs 5 MUH).
JleMoHCTpalys JIMHEH4YaTOro crneKkTpa mapoB Harpusi (moBapeHHasl cojib). Conu
HaTpus [JeNaloT IUlaMs OKEIThIM, CTPOHLUS -

KpacHbIM, Kaiusg - (DUOJIETOBBIM, TaJOr€HOB B
npucyTcTBUM Meau — romyOsiM. Comm  Oapus

-
JENAlOT IUIaMs  3€I€HbIM, IyApa THTaHA WM [Re o 2

amoMuHusT — OenbiM. J[nst ObICTpOTO CropaHus
(eiiepBepk) MCHOIB3YIOT COAEpPIKAIIEE KHCIOPOJ
BEIIECTBO — KaJIMEBYIO CEIMTPY. YTIJIEpPOJ BCErna TOPUT CBETIO-TOIYObIM I[BETOM, HO MpHU
HE/IOCTAaTKe KHUCIOpOJa B IUIAMEHM NPUCYTCTBYIOT pAacCKaJeHHbIE YaCTHYKH yriepoja (caxa),
KOTOpBIC OKpAIIMBAIOT IUIAMsS JKEJITO-OPAH)KEBBIM I[BETOM. JTO CBOHCTBO aTOMOB OOBSCHSET,
1oyemy Jiec, MpUOMUTHII K OKEaHCKOMY Oepery, Tak BBICOKO LIEHUTCS Ui TONKU KaMHHOB. Jlonroe
BpeMs, HaxoJsCh B MOpe, OpeBHa aacopOupyIOT OOJBIIOE KOJMYECTBO PAa3HBIX BEIIECTB, U MpPHU

InCl; CsCl RbCl Meranon H;BO, CusO, NacCl BaCl, CaCl, SrCl, LiCL

ropeHrr OPEBEH 3TH BEIIECTBA OKPAIIMBAIOT IUIAMsi BO MHOeCTBO pasHbix 1BeToB. IlosiocaTbie
CHEKTPbI. PacmupeHue CHeKTpaJbHBIX JIMHUM IIPU YBEJIMYEHHUH IUIOTHOCTH rasa. [lepexonm k
HenpepsiBHoMy criektpy. MoJieKyJasipHbie cneKTpbl. IlosiocaTrbie cnekTpbl AT
BeIeCrBa, HAXOAAIIIUECHA B I'a3006p33HOM MOJICRYJISIPHOM COCTOSITHUU.

CniiomHoii CIICKTP JaK0T BeIeCTBA, HaxoAdAIIHECHA B TBEPAOM, KHAKOM H

razoodopasHoM (IIpyd BBICOKOM JIaBJICHUH) COCTOSAHHM. /[eMOHCTpalusi CIUIOIIHOIO
CIEKTpa, MOJYYEHHOrOo OT BOJb()pamMOBOM HUTH Jamibl HakanuBanus. Kakwue
YaCTOTHI MIPEJICTABIICHBI B HENIPEPBIBHOM CIIEKTPE U3TyUECHUS?
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KBaHTOBBIE 00BEKTHI UMEIOT AUCKPETHBIN CIIEKTP SHEPTUHU, Y HUX €CTh OT/IEIbHbIC SHEPreTUYECKHE
ypoBHH. Ecim Teneps Mbl BO3BMEM CUCTEMY U3 6OJII>H_IGFO JHCIa 06LeKTOB TO CIEKTP CTAaHOBHUTCS
IIOJIOCAThIM MJIN HEHIPCPBIBHBIM. 550 600 700
CnekTpbl NOTJIOIIEHHS. - Jl-lt

JleMOHCTpanyst  CIEKTpa  IOTJIOLIEHHsS  IapoB

H h gGG be.i E.

HaTpud. IloueMy BO3HUKAeT CHEKTP HOIJIOUICHMS?
Korna Bbl 3axoauTe B KOMHAaTy U BKJIIOYAETE JIAMILy, OHA TYT K€ 3aIllOJIHSIETCS CBETOM, a TOYHEE
HATOJIHACTCS TPUUIMOHAMHU (DOTOHOB, KOTOPBIE MTIOMOTal0T HaM BHJIETh BCE, YTO HAXOJIUTCS B HEH.
Ho xyna neBaercst CBET, KOr/ia BbI BeIKIItOYaeTe jJamiy? YTo mpoucxoaut ¢ GpoToHaMu B KOMHaTe?
OHu KyzAa-To MCUe3al0T WIK NMpocTo nepecrarot cymecrsoBars? Her! Onu nornomatorcs! Bee ato
- UCHycKaHue (POTOHOB JAMIION, MX MOTJIOIIEHHE W HM3JIy4Y€HHE BHOBb JIPYTMMU OOBEKTaMHU -
MPOUCXOIUT MPUMEPHO 32 OJHY MHUIMOHHYIO CEKYHJbI, a KOMHAaTa 3aIllOJHIETCs elle OONbIINM
qHuCcIOM HMH(pakpacHbIX (OTOHOB. Takum 00pa3oM, KOMHAaTa OCTaeTCs OCBELICHHOH CTOJBKO,
CKOJIbKO paboTaet jamma. Korna, Hanpumep, CosHIle CBETUT B OKHO, (POTOHBI HE MTPOXOAAT CKBO3b
Hero. OHM TIOIVIOLIAIOTCSI aTOMaMHM B CTEKJIE - M 3aTE€M 3aHOBO MCITYyCKAIOTCSI HECKOJIBKO pas,
IIPEKIE YEM OKa3aTbCsl HAa JPYroll CTOPOHE C BBICOKOM, HO HE CTONPOLIEHTHON BEPOSATHOCTHIO.
OObIUHOE CTEKJIO HE TMpPOITycKaeT yibTpaduosieToBble Jydd (pacceuBaeT), HO IPOIyCKaeT
BUIMMBIM CBET U UH(pakpacHble Tyud. [IponyckanneM MHPPaAKpaCHOTO M3IYUYEHUsT OOBSICHSACTCS,
HarmpuMep, HarpeBaHUE CalloOHa aBTOMOOWJIS B JIETHEE BpeMs WM MOTEpH TeIjla uepe3 OKHa B
3uMHee Bpems. KBaplieBoe CTEKJIO MpOIYCKaeT M3Iy4YeHHE C JUIMHOW BOJHBI Ooibine 150 HM.
KpynHble Mojekynbl NOMNIOMIAIOT B BUAMMOW 4YacTH CIEKTpa, M HMMEHHO MOJIEKYJISIPHOE
MOTJIOLUIEHUE MpPHAAeT BEIlaM HUX LBET. Y METAUIOB M METAIIMYECKMX CTEKOJ IIHpHHA
3aIlpeleHHOM 30HbI paBHA HYJIIO, TIO3TOMY H3JIy4eHHUE JIF000H JITMHBI BOJIHBI OyIET MOTJIOMIATHCS U
pacceuBaTbCsl. Y TOJYNPOBOJHUKOB MU XaJIbKOTEHUIHBIX CTEKOJ IIMPHHA 3aIpPELICHHONW 30HBI
MaJia, II03TOMY OHH MPO3PavHbI I HH(PPAKPACHBIX JIydel, HO paCCeUBaIOT BUJAUMBIN CBET.
Cnektp Coanuna (¢paynrodepoBbl JuHum). M3navanpHo B cnektpe wu3nyuyeHuss CounHia
IIPUCYTCTBYIOT BCE LIBETA - OH HEMNPEPBIBEH. A TEMHbIC JIMHUU MOSBIISIIOTCS B HEM B PE3YJIbTaTe
IIOTJIOLIEHUS YacTH CIEKTPa B MOBEPXHOCTHBIX cliosix CollHLA U, CIIEA0BATENbHO, IPUCYTCTBYIOT B
COCTaBE€ COJIHEUHOTO BellecTBa. ECiM COJIHEUHBIE JIy4H MPOMYCTUTh YE€pe3 OKPAIIEHHOE HaTpUEM
IUIaMsl TOPEJKH, TEMHbIE JTUHUM HaTpusi B criektpe CoiHIla CTAaHOBATCS elle 0ojiee TEMHBIMH U
BBIPAKEHHBIMU.
I'a3 morjomaeT M3JYYCHHE TEX K€ YaCTOT, KaAKHUX
N3JYy9a€T B CWIBHO HArpeTom COCTOSIHUH!
...Pacnanun nyu 6 mpexepannocmu cmekia, ck603b mpeujunbsl
Pacniacmanno20 cnekmpa mymaHHoCmen uccie0o8a COCmas...
M. Borowun, «llymavu Kauna
HO‘ICMY NpCaAMCTBI HArpC€BarOTCsA, KOria Ha HUX IIaaacT

@HOTETOBBI ‘OPAHAKEBBII

ceet? «lIpornotuBy» (HOTOH, aTOM TaKke MPUOOpETaeT

CUHUN

€ro 3Hepruro u umnyisc. [lpu nznyuyennn poToHa atom
SHEPIUI0 OTAAET, & UMITYJIbC BHOBb MPUOOpETaeT. ITO

MNPpUBOAUT K TOMY, UYTO YBCIIMYHUBACTCA KHHCTHUYCCKAA

OHCPIrudg aTOMa U BHYTPCHHAS SHCPIUs IMOTJIOMIAIOIICTO CBET BCIICCTBA.

JlomoJIHUTeIbHBbII MaTepua: 3aKOH, MO KOTOPOMY IUIOTHOCTh MOTOKa (POTOHOB B BEILECTBE
yOBIBaeT ¢ KoopauHatou, umeeT BUA: N(x) = Noe™, rae o = o (V) - k0o3pPunuenT normaomeHus,
KOTOPBIM 3aBHCHUT OT MaTepuansa M 4YacTOThl H3iydeHus (3akoH byrepa). CBerodunbTps
(mokaszaTenp NOIVIOLIEHMS] 3aBUCUT OT YacTOThI). 3aBUCHUMOCTb CTEIEHHM IOIJIOUICHMSI CBETa
CBETOQHUILTPOM OT €ro TOJIIMHBI (JAeMoHcTpanus). Korma TonmmmHA CTEKJIa pacTeT, IOoJs
IIPOITyCKaEMOr0 CBE€Ta INaJaeT 10 TEOMETPUYECKOM mporpeccuu (IpUMeEp C  3€JIEHBIM
CBETOQWIBTPOM, KOTOPBIA HpPU HEKOTOPOW TOJIIMHE OCIa0JIAeT 3eleHble JIydd B TPU pasa, a
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KpacHbIE€ TOJIBKO B JIBa pa3a). PackaneHHas HUTh Hakajla 3JEKTPUUECKOH JamIbl UMEET KPaCHBIM
OTTEHOK, €CITM CMOTPETh Ha HEe Yepe3 MaTOBYIO OBEPXHOCTH MiadoHa. OOBSICHUTE 3TO SIBJICHHUE.
"L{BeToBoit Kpyr" mist morjouieHus cBeta. JlomosHUTeIbHBIN MaTepuana (uBera Tea): Kaxnoe
BEIIECTBO B MHpPE HMMEET TPU OCHOBHBIX IIOKa3aTels, BIMIOMIMX Ha IBET: 3T0 Ko3(dduimeHt
OTpaKeHHs, KO3(PPHUIMEHT MpomycKaHus U KodpuueHT noriomenus. Ecnu, Hanpumep, Teno
XOpOILIO IIPOIYCKAECT KPACHBIM, a OTPAXKAaeT JIy4Yllle BCErO 3€JIEHBIM, TO HA IIPOCBET 3€IEHOE TEIIO
OyzeT Ka3zaThCsi KpacHbIM. Tak Bea€T ceOst XJI0pO(UILI, €CIIU €ro paCTBOPUTH B CIIUPTE.

Boszoywnasa cunesa poowcoaemcs om menecHoli NIOMHOCMU OCEEUWEHHO20 B8030VXd,

HAX00AUje20Cs1 MeAHCOY 8EPXHUM MPAKOM U 3eMIel.

Jleonapoo da Bunuu

[Touemy HEGO rosyboe? BeposTHOCTH paccesHUs KBAaHTOB OoOJbIled 4yacTOTHl Bbimie. [louemy?
Bsaumoneiictue otona ¢ aromom aiutes = 10718 ¢, mpu 3TOM HeonpeneneHHOCTh B €10 SHEPrUu
AE = 20 5B. Ilpu CTOIKHOBEHHWH MOJIEKYJbl Ta3a ¢ (OTOHAMHU COJHEUHBIX Jy4ed Ha OAMH
BTOPUYHBINA KBAaHT KPACHOTO LIBETA MPUXOAUTCS BOceMb KBaHTOB cuHero. [Touemy? Iloyemy HeGo
He (uosneToBoe, XOTs (PHOIETOBBIN CBET PACCEMBACTCS MOJIEKYJIaMU BO3/1yXa CHIIbHEE, YeM CHHMNA?
Ha Jlyne He0O TeMHOe€, Tak Kak TaM L@PUT MOYTH IOJHBIA BaKyyM M HMYTO HE MPENATCTBYET
MIPOXOXKJICHUIO CBETOBBIX BOJH. [loueMy MeHsieTcs Oemnblii CBET NP MPOXOXKICHUH Yepe3 LIBETHOU
¢wibTp? Iloyemy B MpOTHBOTYMaHHBIX (apax HCHOIB3YIOTCS JKENThle CBETOQMIbTPHI? BrusHue
IBUIM Ha MPO3pavyHOCTh atMocepsl (saepHas 3uma). [loyeMy Ha 3akaTe CONHIE KakeTcs Oosee
KpacHbIM, 4Y€M IIpH Bocxoie?
JononHuTeIbHBIH MaTepuaa: Ha CnyTHHKOBBIX CHUMKax 3€MJIM OKEaHbl HMEIOT SIBHO
BBIpQ)XEHHBIN To1y00BaThIi 11BET. CBETOBBIE BOJIHBI, HcXosmue oT ConmHIa, MPeICTaBIAIOT CO00H
COUeTaHWE BOJIH pPa3HOM JIMHBI, B KOTOPOM IPUCYTCTBYIOT Bce IBeTa panyru. Ho Boma Moxer
IOrJIoUaTh (paccenBaTh) CBET, IPUUEM KAKHE-TO I[BETA OHA MOTJIOUIAET rOpa3/io MHTEHCUBHEE, YEM
apyrue. IIepBbIM OTQHUIBTPOBBIBACTCS KPACHBIN LIBET: JOCTATOYHO OYKBaJIbHO HECKOJIBKUX METPOB
BOJIBI, YTOOBI CBET MOJHOCTBHIO M30aBHIICS OT KPacHOU cocrapisitomieii. Eile HeCKOIbKO JECSITKOB
METPOB MOHATOOUTCS IS TOTO, YTOOBI JUIIUTH CBET JKEATOM M 3€JICHOM COCTABISAIOUIMX. XYyXKe
BCEro TIOTJIONIAEeTCs TOJXyOOH IIBET — OH MOXET NPOHUKATh Ha OTpOMHYI0 riyouny. U x Tomy
BPEMEHH, KOIJIa OTPa3HBILUICS CBET BBIOEPETCS Ha MOBEPXHOCTh OKEaHa, B HEM B OCHOBHOM
OCTaHeTcs TosTy0ast COCTaBIISAIONIAs.
[ToporoBasi yIMHA BOJIHBI, HA KOTOPOW HAYMHAETCS TOTJIOIIEHHE YIbTPa(pHOIETOBOIO M3IYUYCHHUS
apa0M, paBHa 0,17 Mxm. B nepecuere Ha 3HEpTHIO 3TO COOTBETCTBYET 7,3 3B.
JononHuTenbHbI MaTepuaa: OnpeleneHHe XUMHUYECKOIO COCTaBa BellecTBa (emie pa3 o
CHEKTPAJIbHOM aHanu3e). XuMmudeckuii coctaB atmocgep Connua u 3Be3n. D¢dexr Horiepa u
OIIpEIEIICHUE JIyUEBBIX CKOpOCTEN 3Be31. [10 yBennueHNIO MHUPUHBI JUHUM CIEKTpa 3BE3bl MOXKHO
U3MEpUTH Temreparypy ee ¢orocdepsl. Pacmmpenne Bceenennoit (kpacHoe cmemienue). Teopus
Bonbmoro BspeiBa. AcTtpodusuka ommpaeTrcs Ha «TpeX KHTOB»: CIEKTPOCKOIHUIO 3BE3J
Y TYMaHHOCTEW, TEOPHUIO U3IYUYEHUS U TEOPUIO aTOMA.

IV. 3aoauu:

1. Uemy paBHa pa3HOCTh SHEPTHH B JIIEKTPOH-BOJBTAX MEXKIY IBYMS COCETHUMU
JIMHUSAMU B CHIEKTPE HaTpus: A = 5,896:107 Mmu A2 = 5,890-107 m.

2. Ha pucyHke n300pakxeHbl SJHEPreTUYECKUE YPOBHU aTOMa U

yKazaHbl ~ JIMHBL  BOIH  (OTOHOB, M3IyYaeMbIX M __ 1 Ez
IIOTJIOIIAEMBIX IIPH IIEPEXOAAX C OJHOTO YPOBHS HA APYTOM.
OKCIEPUMEHTAIBHO YCTAHOBIIEHO, YTO MUHUMAJIbHAS JUIMHA — E
BOJIHBI JUIs1 (POTOHOB, M3Iy4aeMbIX MPH MEPEXOAAX MEKIY
3TUMU ypOBHAMH, paBHa A,= 250 M. KakoBa Benuuuna 4,,, Ei

ecnu A, = 545 um, A,,= 400 am?
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. ATom BOJOpOaa, H&XOHHMHﬁCH B OCHOBHOM COCTOsAHHH, IICPCBOAAT B

BO30yKJeHHOe cocTosiHue. [lpu mepexone u3 BO30YXKJAEHHOTO COCTOSIHUS B
OCHOBHOE B CIEKTpPE aToMa MOCJIeI0BATEIbHO HAOMIOAIOT JIBa KBaHTA C JJIMHAMU
BOJH A1 = 1876 uM u A2 = 103 M. Ha xakom 3HEpreTuueckoM ypOoBHE HAXOIMIICS
aTOM B BO30Y>KJICHHOM COCTOSIHUU?

4. Ecnu >¢dextruBHas BbicoTa atMocdepsl 3eMin § KM, TO KaKOW TOIIIMHBI CION

atMocdepbl mpoxoasaT ayun ColiHIla Ha 3aKaTe WU BOcxojie?

Bonpocuvi:

1. Tlouemy cTekno MpO3payHO JUIsI BHAMMOTO CBETa M HEMNPO3payHO JUIst
yabTPpadUOIETOBBIX JIyUei?

2. Tlouemy mo Mepe nmoabeMa 3B€3/1bl HaJl TOPU30HTOM OHA CTAHOBUTCS spue?

3. Kak ObICTpO omnpenenuTh, YTO HAXOJUTCS B HEOOJBIIOM COCYJIe - XJIOPUCTHII
HaTPHUI WU XJOPUCTBIN CTPOHIUIN?

4. Tlouemy rna3 yenoBeka MOXeT cMoTpeTh Ha CoOJHIE, KOT/la OHO y TOPU30HTA, U
HE MOJXET, KOTJI[a OHO B 3€HUTE?

5. Ilouemy anem JlyHa Oenasi, a HOUbIO KenTas?

6. OtTdero curHajgbl OMACHOCTU MOJIAIOT KPACHBIM CBETOM, XOTS TJia3 Haubosee
YYBCTBUTEJICH K KEJITO-3€JICHOMY CBETY?

7. IloueMy B MOMEHT MOJIHOT'O COJIHEUHOTO 3aTMEHHUS BCE TEMHBIE JJUHUU B CIIEKTPE
CoJtHIIa BCIBIXUBAIOT SIPKUM CBETOM?

8. ITloueMy mOpOKHBIE 3HAKH JIETAIOT HE Ha OesioM, a Ha KENToM (Qone?

9. Uem 00ycCIOBIEHO YIIMPEHUE CIIEKTPATIbHBIX JUHUI B CHEKTpax 3B€317

10. IToueMy 1BET MOBEPXHOCTU MOPS MPAKTUYECKHU HETMPEICKa3yeM?

11. IToueMy, KOT/1a HOYBIO €/€IIb B HANPABICHUU PACIOJI0KEHHOTO BIAIM TOpOja,
HaJl HUM BUJHO TPS3HO-OPaHKEBOE CBeUeHUE?

12. Ilouemy cBeTible 0OIaKa U3aleKa KaKyTCs PO30OBBIMU?

13. [loueMy BUIHEIONIUNCA HA TOPU3OHTE JIEC WIM JAJEKHE TOpbl KaXyTCi B
roiay0oBaToil 1bIMKE?

14. ITouemy ydactku Ha Qortorpadusx TymManHocth OpHOHA, TJ€ MHOIO IMbLUIH,
UMEIOT SBHBIN roJiy00i OTTEHOK?

15. IloueMy 1IBETHOE CTEKJIO MMEET «HA MPOCBET» Pa3HBbIM LBET B 3aBUCHUMOCTH OT
TOJIIHHBI?

16. ITouemy qHeM Ha HeOe HE BUIHBI 3B€3/Ibl, a HA JIyHEe OHU BUJIHBI JTHEM?

17. Ilouemy Boaa o0yafaeT cnocoOHOCTHIO A3(DPEKTUBHO MPEOOPa30BbIBATH IHEPTHUIO
ANEKTPOMArHUTHBIX BOJH B TEIUIO (MHTEHCUBHOCTh KPACHOW COCTABISIONICH
COJIHEUHOT0 cBeTa Ha rinyoune 1 M ocnabisiercs 6onee uem B 10 paz)?

18. ITouemy aTmMoc(epa B TeueHUE JHS caMa CIYKUT UCTOYHUKOM CcBeTa?

19. IToueMy mmaMsi CBE€4YM BCETIA 3a0CTPSIETCA KBEPXY?

20. [Touemy 3emiuan U3 KocMoca KaxeTcs roiyooi?

21. IloueMy Henb3sl yBUJIETh JHO KACTPIOJIN YEpE3 CI0M MOJIOKA?
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22.

23.
24.
25.
26.

27.

28.

[Touemy kpuctamisl kpemuuss (AE = 1.1 3B) u repmanus (AE = 0.72 3B)
HEIPO3payHbl sl BUIUMOTO cBeTa, a kpuctamui GaP (AE = 2,3 3B) na "npocset"
KPAaCHO-OPAHKEBBIN?

OTtyero cambie r1yOOKHE BOAOPOCTU UMEIOT KPACHBIN 1IBET?

[Touemy B MEIKHX MECTaX MOPCKasl BOJIa UMEET 3€JEHBIN 1BET?

CymectByer i TeHb OT 11aMenu? [louemy?

[Touemy MeTamibl HENMpO3padHbl, a TOHKas (oJjibra MeTajia MPOIYyCKAeT CBET
(ToHkas 3o0Ji0Tas osbra Ha "mpocBeT" 3eneHoBaras)?

[ToueMy BO BpeMsi MOJTHOTO COJIHEYHOT'O 3aTMEHHUS HaJ TOPU30HTOM
BCIIBIXMBAET PO30BOE 3apEBOE KOJIBLIO?

"3axam u3 3010mo2o0 cma Kak meob.

Tokpeinucey obnaxa 3enenotl paicoro ..."

[IpokOMMEHTHPYUTE 3TOT OTPBIBOK U3 cTuxoTBOpeHus H. ['ymunesa.

o
UM
[ ]

NOJTHUTENbHBIH MaTepua: Kyouk asporens (SiO2 — 0,2%, Bo3ayx — 99,8%) co cTopoHoii 2 cMm
eeT maccy 24 mr. CBoiicTBa a3porens:

PaccenBaer cBeT, IOATOMY B OTPaKEHHOM CBETE OH T0JIy00i, a B IPOXOASIIEM — JKEJITHIMH.
TenouzonsaTop (B NATH pa3 JIydllle, YeM CTEKIIOBATA).

Hmeer odeHb OOJBINYIO IUIOIAAbL MOBEPXHOCTH (KYOMK CO CTOPOHOM 2 CM HMMEET IUIOIAib
nosepxHoctu 12000 m?).

XO0pOo1110 MOIVIOMIAET TSKEIIble METAJUIbl U APYTUE IPUMECH.

OdeHb XpyIKHH.

V. §.

1.

2.

~N

[Ipu cmemeHnn *enToil KpacKu ¢ CHHEH, MOJIydaeTcsl Kpacka 3€JIeHOro LBETa, Torha Kak Ipu
CMEILCHHH JIy4eH 5KEJITOTO U CHHETO I[BeTa moJryyaercs O0emnbii 1Bet. [louemy?

MOHO JI1 cO37aTh BHEIIHEE 3JIEKTPUUECKOE MoJIe, CHIOCOOHOEe MOHU3UPOBATh aTOM Bojopoaa?
[IpakTHYECKH OCYLIECTBUMbIE HAMPSHKEHHOCTH TOJIEH jieskar B peaeiax 107 - 108 B/m.

. "Keanmoeass meopus ecmb MAUHCMBEHHLI Op2aAH, HA KOMOPOM Npupooa uepaem

CNEKMPANbHYI0  MY3bIKY, U pUmMM KOMOPOU YNpaeisem cmpoenuem amomuozo Aopa’.
[TonpoOyiiTe 060cHOBATH 3TO yTBEpKAeHUE A. 30MMepdenba.

. HOquy BCPOATHOCTb OTPAKCHUSA q)OTOHa OT THIATCJIBHO OTIIOJIMPOBAHHOTO W HAXOAALICTOCS B

CBEPXIIPOBOSAIIEM COCTOSSHUM HHUOOMEBOTO 3epKajia BO MHOTO pa3 BBIIIE BEPOSTHOCTU €ro
HOTJIOIIEHUS?

. KaHHYB HCCKOJIBKO KaII€JIb MOJIOKAa B CTaKaH C BOI[Oﬁ, MOCMOTPUTE CKBO3b HCTO Ha CBCTAIIYHOCAH

JIaMII04Ky. Jlamrouka IOKa)keTcs: KpacCHOBATO-KeJITOM. Eciau ke moCMOTpEeTh Ha OTPayKEHHBIN
OT CTakaHa CBeT, OH OyneT ronyobiM. [IpoBeaure ombIT U 0OBSICHUTE HAOMIOIAEMOE pa3indue
LIBETOB.

. Ilpeayoxxute MpOEKT U3MEPUTENS MOTITIOLUICHNUS CBETa CBETO(DUIBTPOM.
. MOXHO 1 HaKaIUTh 710 "0esIoro KaneHus" cTekIssHHYIo TpyOKky? IIpoBepbTe 3TO Ha OmbITE.
. CopaBeunBa jin oroBopka: «Hebo KkpacHo Kk Beuepy — MOpSIKY O0SThCSI He4ero; Hebo KpacHO

MIOYTPY — MOPSIKY HE 110 HYyTpYy»?

. Ilpu ocBelieHnU MOIIHOM 3IEKTPUYECKOM JTaMII0i ropsiueit cBeur Ha OeIoM SKpaHe TOsBISeTCS

HE TOJBKO TEHb OT CBEYM, HO W OT IUIaMeHH. Pa3Be MCTOYHMK cBeTa (IU1aMsi) MOXKET IaTh
COOCTBEHHYIO TE€HbB?
A, He KonebONACL, ymeepicoaio, Ymo O0OUH MONbKO 632710 HA NPUSMAMUYECKUll CHeKmp
oaem 603MOICHOCMb YKA3bI6AMb HA NPUCYIMCIMBUE ... METbUATIMUX KOIULECE 8euecmed ...
@. Tarvbom

pOK 16 JIABOPATOPHAS PABOTA: «<HABJIOJAEHHUE

CILJIOIIHOI'O U JUHEHYATOI'O COHEKTPOB».
JInHeiyaThlii CIEKTP - CJIeCTBHE POLECcCOB BHYTPH aToma!
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HEJIb PABOTDBI: Hayunrs yuammxcs HaOMOAATh CHEKTPHI M3JIy4EHUS € MOMOIIBIO
TPEYTOJBHBIX MPU3M, YCTAHABIUBATH THII CIIEKTPA, TPOBOIUTH CIIEKTPAIbHbINA aHAJIH3.

THUII YPOKA: naGopaTopHas pabdorta.
OBOPYJIOBAHMUE: npusmsl qucniepcuonnsie, BempsamuTens "Paspsa”, Habop CrieKTpaibHbIX
TpyOoK, s1azep JIT-209, npoexnuronnsiii anmapat @OC-67.
IIJTAH YPOKA:

BcerynurenbHas yacTthb
Kpatkuii uHCTpyKTaX
Brimonnenue paboTbl
IlonBenenne uToros
3. 3aganue Ha 1OM
I1. Ha3anue paboThl, 000pyAOBaHHE, KpaTKast TCOPHSL.
CrnexTpanbHbIi aHATN3:
e Kaxaplii 3jieMeHT UMeeT CBOIl CIIEKTP.
e ChekTp KaxA0ro 3JieMeHTa CTPOro MOCTOSIHEH.
e Bug cmekTtpa He 3aBHCHT OT TOI0O, B KAaKOM XHMMHYECKOM COeJHHEHHUH
HAXOAUTCS JaHHBIN JJIeMeHT.
e SIpkocTh CIEKTPAIbHBIX JIMHUI 3aBUCHT OT KOHLICHTPALMH 3JIEMEHTA B JaHHOM BelllecTBe.
¢ Yuciio cneKTpaabHbBIX JJMHHI 3aBHCHT OT CII0C00a BO30YK/ICHUSI H TeMIIepaTypbl.
e [locie HaG0AeHUS CIIEKTPa, HEOOXOAUMO €ro 3aprucoBATh H ONHMCATD.
III. BrimonHeHue paboOTHI:
CnekTp JamMInbl HAKAJIMBaHUS.
Cnekrp remnus.
CunekTp HeoHa.
CuekTp Bogopoaa.
e ChnexkTp KpUNTOHA.
JononHuTeabHoe 3aganHue: OnpenenuTh XUMHUYECKHI COCTaB Ta3a B Tra3opaspsaHoi TpyOke
nazepa JII'-209 (cooOmuTh yyamumcsi, 4To B TpyOKe CMECh JIByX T'a30B).
Hcropuyeckuii pakr. 19 aBrycra 1868 rona ¢paniys IIbep Kancen, HaxoIsiCh BO BpeMs ITOJTHOTO
COJIHEYHOTO 3aTMEHHUsI B MHIUICKOM ropozae ['yHTyp, BnepBbie nuccienosai xpomochepy ComHia.
3a BpeMst HaOJIOJICHNSI COJTHEYHONW KOPOHBI €My YAaJOCh OTKaIHMOPOBaTh CIIEKTPOCKOI Tak, YTO B
JanbHEeHIeM CIEeKTp KOPOHBI MOXHO OblI0 Obl HaOdr0#aTh U B 0ObIuHBIE THU. Ha cnemnyrommii sxe
JIeHb BMECTE C YXe HM3BECTHBIM BojaoponoM JKaHceH OOHapyXuJ HEH3BECTHYIO paHee SPKYIO
KENTy0 nuHUIO (C AnuHOM BosHBI 588 HM). Tak ObUT OTKpHIT renuil. Bmpodem, Ha3zBaHue OH
MOJIYYHT J[Ba roja CIIyCTs, a emé CIyCTs YeTBepTh BeKa aHTJIMYaHUH YWibsiM Pam3ailt oOHapyx uT
renuii y>xe B 3eMHbIX ycnoBusax (HoGeneBckas npemus mo xumun 1904 r.).
HNurepecHbiii ¢pakrt. Yenoseyeckuil rina3 He BUAUT Y D-nU3inydeHue, Tak Kak pOroBUIA U TJIa3Has
auH3a ero noromaer. Ho mroam, y KOTOpbIX I1a3Has JMH3a yAajeHa IPU CHITHM KaTapakThbl,
MOTYT BUJIETh U3IyueHHUe B quana3zoHe JIHbl 300-350 HM.
IV. IloaseneHue uToros. BeIBOBI.
V. § 81. Bonpoc 3 k § 86.
1. 3roToBUTH NpOCTEHIINN CIEKTPOCKOII.
2. Kakue wu3MeHeHHMs TMpou3onuiM Obl B Mupe, ecinu Obl mocrostHHas Ilmanka "BHe3amHo"
yBenuuuiach B 10 pa3?
Co spemenu 3namenumou nonvimxu . Jowc. Tomcona ucmonkosamos nepuooutecKyio cucmemy
HA OCHOBAHUU UCCNEO08AHUA YCMOUYUBOCIU PA3IUYHBIX DJIEKMPOHHLIX KOH@uU2ypayuti uoes o
pazoeneHuu amomos Ha 2pYnnbsl cOenanach UCXOOHbIM NYHKMOM U O0Jiee HO8bIX 8033DEHUI. ..
. Pesepgopo
=K OIIBITHI ®PAHKA-TEPIIA. PA3BUTUE KBAHTOBOIM TEOPHUMU.
Yem 3namenut atom lllpeannrepa!
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LEJIb YPOKA: Pa3BuTh npeacTaBieHus ydamuxcst 00 aTome.
TUIT YPOKA: nexuust.
OBOPY/JIOBAHMUE: snexktpoanHaMuyeckas monensb "CtpoeHue atoma'.
IIJTAH YPOKA:

1. BerynurenpHas 4acThb

2. Jlekmus

3. OTBeThI Ha BONPOCHI

4. 3amanue Ha JOM
II. Tlocne Toro kak B OOIIMX YepTax OBUIO OTKPHITO CTPOCHHUE aToOMa U NPEJIOKEHa €ro
«IJTAHETapHas» MOJIENb, YYEHbIE CTOJKHYJIUCh C MHOXECTBOM IapagoKCOB, ISl OOBSCHEHHUS
KOTOPBIX MOSBMJICS LIENbIM pa3nen Gpu3nku — KBaHTOBas MexaHHKa. KBanroBast (usuka siBisiercs
TeopeTHuyeckuM (yHIaMeHTOM aToMHOW ¢u3uku. OnbiThl ®panka-I'epua - kKak OAHO U3
pelIalomUX TOATBEPXKIACHUNH KBaHTOBOM (usuku. Cxema -SKCHEPUMEHTAIbHOH YCTaHOBKHU.
Pesynbratsl sxciepumenTta. OOCykAeHUE pe3yIbTaTOB IKCIEPUMEHTA.
OnpITHI AaJIM NIPAAMOE IKCIIEPUMEHTAJIbHOE MOATBEePKIeHHuEe TOMY,
YTO BHYTPEHHSIS JHEPIrusl aTOMa KBAHTYeTCSl M NOITOMY MOKeT
U3MEHATHCS JIMIIb JUCKPETHO, T.e. ONpeAeJeHHBIMH MOPLHHMSAMH.
JlanbHeuee pa3BUTHE KBaHTOBOM Teopuu. Teopus bopa mpaBuiabHO
OOBSICHSACT JIMHEHYATHIN CHEKTp JMIIb aToMa Bogopoaa. OgHaKo yxke
IIPU TIONBITKE OOBACHUTH CTPOCHUE aToMa Teius Teopus bopa tepnut m
Heynady. A Janbliie CIIEHapuil BHEIIHE OYEHb HAIlOMMHAET MCTOPHIO
c mozenbto Iltonemes, Teopuerr Kemnepa... Ilpunuiocs moanpaBuTh OOPOBCKYIO MOJENIb aTOMA.
B 1915 romy Apnonsn 3ommepdensa A00aBiseT K KPYrOBBIM — OpOMTaM  3JIEKTPOHOB
SIUTMIITUYECKUE CTAI[MOHApHBIE OPOUTHI. Y CIIOBHE KBAaHTOBAHUS OpOUT (HA JUIMHE OPOUTHI JOIKHO
YKJIAABIBAThCS 1LI€JI0€ YUCIO UIMH BONH): 27-r, /A, =n—>muv,r, =nh, TAe n — TIJIaBHOE
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KBAaHTOBOE YHCIO (TIOPSIKOBBIA HOMEp OpOUTHI 3yeKTpoHa). CTeneHb BBITSHYTOCTH OpOUTHI
aNeKTpoHa (AIIMnTHYeCKue opouthl), { - opouransHOe kBaHTOBOE ymcno: £ = {0, 1, 2 ... (n — 1)}.
Yucno BBITSHYTHIX OpOMT BO BHeIIHeM MarHuTHoM mnoinie (Anbdpen Jlanzge, 1925 r.): m = {0, £ 1,
..., £0}. Cnun s7ekTpona (Camroan Iayaemur u [xopmk Yinenoek, 1925 r). CnuH - KBaHTOBast
XapaKTePUCTHKA, KOTOPYIO MOKHO MOHUMATh KaK MarHUTHBI MOMEHT (BPOXKIEHHBIA - TOYHO TaK
&Ke, Kak mMacca win 3apsa). CriuH ornpenenseT KOJUIGKTUBHOE TMOBEACHUE YacTull. Bece n3BecTHbIe
YJacTUIlbl BO BceeneHHoW MOXHO pa3JeNuTh Ha JIBE€ TPYIIIBL: YaCTUIBI CO CIIMHOM 1/2, U3 KOTOPBIX
COCTOWT BEIIeCTBO BO BceneHHol (pepMUOHBI), M YaCTHUIIBI ¢ HeTbiM criuHOM (6030HBI) 0, 1 U 2,
KOTOPBIE CO3J1al0T CWIIBL, ACUCTBYIOIME Mex Ay dyactunaMmu Beuiectsa. Ilpunnun Iayau: B oqHoM
U TOM K€ KBAHTOBOM COCTOSIHMU MO’KeT HAXOAUThLCS He 0oJiee OTHON YacTHIBI C MOJIYLEJbIM
cnuHoM. Ha kaxnoil opOuTe BOKpYr siipa HMX IOMemiaercs He OoJplle, 4YeM TaM HMeeTcs
«MAaPKOBOYHBIX MECT Ha MHOTOSIPYCHOM KPBITON CTOSIHKE», a TOCJIe TOTo, KaK BCE MECTa Ha opOuTe
3aHATHI, CIEAYIOMINN SJICKTPOH UIIET ce0e MecTo Ha 0oJiee BHICOKOM opOuTe.

Bonpoc 0 mom, nouemy 6ce 31eKMpoHbl amoma ™| . o . oo™ L . e,
8 OCHOBHOM COCMOSHUU He COOUPamcs Ha i THH o L Cepn iy
camvix e2o OaUsKUX K 50py 000104KaX, yace bl ) s
gvioener bopom 6 kauecmee ynoamenmanbHOU | Corny

nPOOAEMbL... KIACCUYECKAs. MEXAHUKA HUKAKUX s
00bACHeHUL Y1020 A6NIeHUsI 0aMb He CMO2Id. Ls E
Bonvgheane Iaynu, 1945 : 10

Hmenno Ilaynu saxkobvl maxk omo3eancs o :
pabome ceoezo Komneeu: «Oma cmamvs ne | ||| | ,
gepra, bonee mozo - ona daxice He OUUOOUHAY. s o

MHOTro31eKTpOHHbIE aTOMBL. [locnenoBaTeIbHOCTh 3alOJIHEHUS JJIEKTPOHHBIX O00OJOYEK: S-
NIeKTpOHBI, P -o;mekTponsl, d-anmekTpoHsl, f-anmekTpoHbl.  OOBSACHEHME € MOMOIIBIO
aneKTpoauHaMuueckoil moaenu "CTpoeHue aToma': aTOM Teiusi, aTOM JIMTUs, aTOM HEOHa, aTOM
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KHciaoposa, atoM Harpus. CKOJIBKO 3JIEKTpPOHOB Yy aroma ypaHa? Kak oHM pacmpeneneHsl 1o
anekTpoHHBIM opOuTam? IlpuHomun Iayau. [Touemy B coctosiHum ¢ n = 1 HaxoauTcs 2 3EKTpoHA?
YucIno 3IeKTPOHOB, Pa3MEILEHHBIX B COCTOSHUM N paBHO N = 2-n%2. B cocTOSIHUM ¢ N = 2 HAXOAUTCS
8 SJEKTPOHOB (MMEIOT OJAMHAKOBYIO PHEPTHUIO), KOTOPHIC paclpeneleHbl MO 4YeThIpeM opOuTam
(ogHa KpyroBas W TpU IJUTUNTHYECKHE). PacmpeneneHue >MeKTPOHOB: Ha KPYroBoil opOute S -
AJIEKTPOHBI, & HA JUIMNTUYECKUX P - a1ekTpoHsl. B coctosiHuu ¢ n = 3 Haxoautces 18 a5eKTpOHOB:
¢ =10,1,2}, m = {0;-1,0,1;-2,-1,0,1,2}. Hanpumep, B arome a3zora (15*2s°2p’) ceMb >JIE€KTPOHOB,
7IBa U3 KOTOPBIX 3aIOJHSIOT S—000JI0UKY IIEPBOTO CIIOS, J1BA 3aMOJIHSIOT S—000JI0UKY BTOPOTO CIIOS,
U TPH 3JIEKTPOHA HAXOJATCS B HE3AMOJIHEHOH p-0001104Ke BTOPOTO CIIOSI.
B amome ne mooiwcem Ovimb 08yX unu 0Oonee IKEUSANEHMHBIX DNEKMPOHOS, ) KOMOPBIX 6Ce
K6anmogvle uucna coenaoaiom. Ecnu snekmpon naxooumcs 6 cOCMOSHUU C OnpeoeleHHbIMU
3HAYEHUAMU 6CEX KEAHMOBbIX YUCe]l, MO 910 COCMOAHUE 3AHAMO.
B. Ilaynu
[Tpuniun 3anpeta [laynu oObsICHAET TBEPAOCTH BEIIECTBA U IPUUYUHY, 10 KOTOPOil 1Ba 00BEKTa HE
MOTYT 3aHMMAaThb OJHO U TO € MecTo. Ilo 3Tol mpuuMHE MBI HE NMPOBAIMBAEMCS CKBO3b IIOJI, A
HeHTPOHHBIE 3Be3/Ibl CONPOTUBIIIOTCA CXKAaTHIO MOJ JCHCTBUEM TATOTCHUS COOCTBEHHBIX,
HEBEPOSITHO OosiblMx Macc. braronmaps nmpunuummny 3anpera [laynm oTHOCHTENBHO HEOOJBIIOE
KOJINYECTBO CTAOMIILHBIX ATOMOB (OKOJIO COTHH) JAET MOUYTH OECKOHEYHOE MHOT000pasznue MOJIEKYI,
a TaKKe COCTOSIIMX M3 HUX OOBEKTOB, BKJIIOYAs M JKUBBIX CylIecTB. be3 3Toro mpuHIMIa Bce
aToMbl ObLTH OBl TMOXOXKM JIPYT Ha Jpyra U Ha aToOM BOAOpPOJA — MPOCTEHIIUI M3 HHUX, U KpOME
3BE3/1, YEpPHBIX JbIp ra3a M NBUIM B TAaKOW BCEJIEHHOW HUYEro Jpyroro mpocTo He ObUIO.
HeliTpoHHBIX 3BE3 M KAapIMKOB pPa3HbIX MacTed MOSBUTHCS Obl HE MOIJIO — OHU BCE IOJ
BO3JICHICTBUEM IPaBUTALIMH CKOJUIAIICUPOBAIH Obl B YEPHBIE JIBIPHI.
Moustekyasbl. "... MoneKyabl - He YMO UHOe, KaK amoMmbl, yoepicugaemvle emecme nooeleHHbIMU
9/IeKMPOHAMU, m.e. dneKmponnbimu céazamu’”. Cyenm - /Jvepobu
HonHast u KoBajeHTHasi cBsi3b. Kak BBIABUTH CTPYKTYpY MOJIEKYJbI? DTO ONPEIEIEHHUE TOUYEK
KWUIIEHUS W IUIABJICHUS, U3MEPEHUE CIIEKTPOB IMOIJIOLIEHUS U OTPAKEHUS BOJH Pa3IMYHBIX JUJIMH,
JJIEMEHTHBIM M CIEKTpPaJbHBIA aHaIM3bl (ONpEAEIEHUE NPOAYKTOB TOPEHUS U UX CIIEKTPOB)
U MHOTHE Apyrue. B Hamm nuu Hambosnee momyssipHbIMU siBIsitOTCS SIMP-ciekTpockomnusi, Mmacc-
CIIEKTPOMETPHUS U pEHTTEHOKpHUCTAITIOrpadus.
Ilonyuennoe 6onno6oe ypasHeHue 0N 1€KMPOHA OKA3AN0CL OYeHb YOAYHbIM. MO Npuseno K
NPABUNLHBIM 3HAYEHUAM CNUHA U MACHUMHO20 MOMEHMA. Mo 6bl10 0080IbHO HEOHCUOAHHO.
Lonw [upax

HanpHeliee pa3Butue kBaHTOBOM Teopuu. II. Jlupak (ABM>KEHME YacTHUIl C MOJYLEIbIM CIUHOM
IPU OKOJIO CBETOBBIX CKOpocTsx). Ilozutpon. O. depmMu NpUMEHHS KBaHTOBYIO (HU3UKY K
AJIEKTpOMarHuTHoMy nojiro. KBaHTOBasi Teopusi 00bSICHIIA YCTOMYHBOCTH aTOMA, TOKACCTBEH-
HOCTb ATOMOB OJHOI'0 M TOIO ’Ke 3JIeMEHTa, M3Jy4YeHHe W IOIJIOIIeHHe CBeTa (JIMHEWuaThie
cnektpel). OHa He NPOTHMBOPEYHUT KJAacCcHYecKol ¢u3nke, a IJMIIb JOMONHSAET €€ Ha
MHUKPOCKONIMYECKMX Maciutabax. KBaHTOBas MexaHMKa ONMCHIBAET OCHOBHBIE CBOWCTBAa U
IIOBE/ICHUE aTOMOB, HOHOB, MOJIEKYJ, KOHJEHCUPOBAaHHBIX CPEJ, U IPYIMX CHUCTEM C 3JIEKTPOHHO-
SJIEPHBIM CTPOCHHUEM.
1. Bonpocwi:
1. Kakue u3 NpHUBENCHHBIX HW)KE B TaOJUIle KBAHTOBBIX YHCEN, OINPENEISIONIUX COCTOSHHE

JJIEKTPOHA B aTOME, IEHCTBUTENIBHO «pa3peleHbl»?
2. Kak n3Menwicst Obl HaIll MUp, eciii Obl HE BBITIOJHSIICS MPUHIKII 3anpeTa [Taynu?
3. DnexkTpoHHas KOHQUTYpalus aToMa, HaxXOISIIErocsi B HOPMAJbHOM COCTOSIHUHM, UMEET BHI:

1522522p®3523p°. Kaxoii 310 atom?
JonoanurenbHas napopmanms: [locie nexunn bopa B AMepuke Briepes BbILIENT OJNUH CTYJIEHT U
cnpocuit: «Heyoicenu OelicmeumenvHo Ovbliu makue OCabl, KOMOpble OYMAAU, UMO 3I1eKMpPOH
ogudicemest no opoume? ».
O6o6maromnee nopropenue mo tadmmnam "Arom" u "Monekyna'.
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HJonosHutenbHass uHPpopmanus: DakT OAHOBPEMEHHOIO POXKACHHUSA [BYX DJIEKTPOHOB OYEHb

TECHO CBSI3BIBACT MX MEXIY c000#, 1 OHU 00s3aTeNbHO OyIyT MMETh MPOTHBOIOJIOKHBIC CITHHBI

(crryTaHHOE COCTOSIHUE) T'/ie Obl OHM HE HAXOIMIUCH (XOTh 3@ COTHHU KWJIOMETPOB JPYT OT JAPYra).

Ecnu MBI ycTaHOBHMM HampaBlIeHHE CIIMHA OJHOTO M3 ATHUX JIBYX JIEKTPOHOB, TO MH(popManus o0

TOM TepenaeTcss JpyroMy OSJIEKTPOHY MTHOBEHHO M HAlpaBlI€HHWE €ro CHouHa OyJer

MIPOTHBOIOJIOKHBIM (IKCIIEPUMEHTAIBHBIHN (PaKT).

IV. Koncnekr

1. IToyuemy TBepliO€ TEJIO COMPOTUBISETCS CXKATHIO, HECMOTPSI Ha TO, YTO OOJbILIAS YacTh aToMa
nmycra’?

2. IToyemy BeIIECTBO HETPOHUIIAEMO M KaK 3TO 00bsicHsAeT npuHuuI [laynn?

3. IloueMy cHEKTp PEHTTEHOBCKOTO W3JIy4eHHUs CIUIOMHOM? IloueMy CIUIOIIHON  CHEKTp
PEHTTEHOBCKOTO U3JIy4EHHsI OTPAaHUYEH ONPEIEIIEHHON MaKCUMaJIbHOM 4acTOTOM?

4. TloyeMy MBI HE MOXEM BBIPa3UTh BCIO CJIOXHOCTb IMEPHOAMYECKONW Tabmuipsl MeHpeneeBa
My3bIKaJIbHBIM IIPON3BEIEHUEM?

5. CymecTBYIOT /IBa THIIA JIIOJIEH M YaCTUL], «MATbUUKN» U «I€BOUKU». MaJIbYMKH OJETHI B OPIOKH,

Ha KOTOpbIE YXOOUT | MeTp mosioTHa. DTO — Ueablil chnuH. Takue YacTULbl—MallbuYuKu
Ha3bIBalOTCs 0030HBL. [IeBOUKM 0z1eTHl B 100KH, Ha KOTOphle yXxoauT 0,5 MeTpa monotHa. 310 —
MOJYLIENbI CIHMH, a YacTULB—IeBOYKH — (epmuoHbl. Benytr oHm cebs mo—pa3HOMYy.

[Tonp3ysichk 3TOH aHanoruei, NonpoOyiTe OOBSICHUTH SABJICHHE CBEPXIPOBOAMMOCTH M MPUHIHUI
3anpera [laymnu.

Jlazep - smo nyu ceema, co30anHblll 2eHUEM Yel08eKd.
A. /lynaes
Tyckna na ceemy, Ho Kak ¢aker

Kpucmanna srcusas ceeua
Ilvinaem 6o mpake ...
Bo mpake - nauano no6oz2o ayua.

Mucenv oe Yuamyno
ZYPOK 17. Z BbIHY KJIEHHOE U3JTYUEHUE CBETA. JIASEPBDI.

Yem oTiIiMuaeTCs ropsas CU4Ka oT Jiazepa?
HEJIb YPOKA: II03HaKOMUTH YYEHHUKOB C YCTPOMCTBOM W TMPHUHUHUIIOM JECHUCTBUSA
ONTHYECKUX KBAHTOBBIX T€HEPATOPOB.
TUIT YPOKA: koMOMHUPOBaHHBIH.
OBOPYIOBAHMUE: nuaduiasm "KBanToBBIC reHEpaTOpHI", Hazep.
IIJDIAH YPOKA:

1. BcerynurenbHas 4acTh
2. Ompoc
3. OOsbscHeHHE AR
4' 3aerHHeHHe ATOMHas pseuf;j(:g AmMopdHoe
OTSZ mMeTannnyeckoe CTekrno
5. 3aﬂaHI/Ie Ha I[OM 9 HM X 8 Hm 30 Mkm X 30 MKM

II. Omnpoc ¢ynnamentanbubiii: 1. Tunel crnekTpoB wusnyudeHus. 2. CHEKTPHI

ITOTJIOLIEHHS.

3aoauu:

1. Ilpu BBeneHuM OOBIKHOBEHHOW IOBAPEHHOM COJM B IUIaMsi Ta30BOM TOPENIKU
MOCJIeTHEE MPUOOPETAET XapaKTEPHYIO KENTYI0 OKPACKy OT M3IyYEHHsS aTOMOB
HaTpus, MMEIOLIEro JJIMHY BOJHBI 589 HM. 3HaMeHuTas xenras JuHui D B
CHEKTpE HATpUsl Ha CaMOM JIeJIe€ COCTOUT U3 JIBYX OYEHb OJIM3KO PaCIIOIOKEHHBIX

manmit: D1 = 5895,9236 A u D> = 5889,9504 A. DTo m3nyueHHe CONPOBOXAAET
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oOpaTHble TEPEXO/Abl BJIEKTPOHOB C IMEPBOrO BO30YKIEHHOIO B OCHOBHOE
coctosiHue. a) KakoB 3TOT ypoBeHb B 3B, cunTas OT OCHOBHOIO cOCTOsiHMS? 0)
KakoBa Obuta Obl TeMmeparypa OJHOATOMHOIO Ta3a, MOJIEKYJbl KOTOpPOTO

o0Jtaany ObI TAaKOM K€ CpeaHEN KHHETHIECKOM dHEeprUuei?

B) Cpenusis Temmneparypa miameHu 2100 K. Ilouemy HeKOTOpble U3 aTOMOB MOTYT
BO30YXKIaThCs?

2. IIpu nepexozie aToma BOJIOPOAA CO BTOPOTO SHEPrETUUECKOTO YPOBHS Ha IMEPBBII
ucnyckaerca ¢GoToH. OToT (OTOH IMOMagaeT Ha IMOBEPXHOCTh (HOTOKATOJA U
BbIOMBaeT (OTO3EKTPOH. OmnpenenuTb MaKCUMaIbHO BO3MOXHYIO CKOPOCTb
dotosnektpona. KpacHoit rpanmie dororddexra misd Mareprana MOBEPXHOCTH
(oTOKaTOa COOTBETCTBYET YACTOTA CBETA, Vip = 6- 10 I,

Bonpocuvi:

1. IToueMy CKOpOCTH CBETA B BEHIECTBE MEHBIIIE YEM B BaKyyMe?

2. Ilouemy 3amoinro no Bocxona CoyHIIa HAYMHAETCS paccBeT?

3. Ilouemy ComHile Ha 3aKaTe (BOCXO/I€) KaKeTCsl KpaCHbIM?

4. Tlouemy okeaH Ha MOJABOJHBIX ChEMKAX MbI BUJUM B OTTEHKAX CUHETO 1BeTa?

5. IloueMy Ha riayOMHY MHOpsKa JIBYXCOT METPOB YK€ HE MPOHUKAET HHUKAKOU

BUJIUMBIN CBET?

6. IloueMy OmacHOCTb COJIHEYHOI'O OXOra B YTPEHHHE U BEUYEPHUE YaChI
IIPAaKTUYECKU HYJIEBAs?

7. IloueMy LBET METEOPA 3aBUCUT OT €r0 XMMUYECKOTO cocTaBa’?

8. OcraHaBiIMBAaETCS JIM HA KOPOTKOE BpeMs (JOTOH MPHU OTPaKEHUHU OT 3epKana?

9. Ha ocHOBaHuMM 4Yero MOXKHO ObUIO OBl yTBEpKJIaTh, YTO B XOJOIJHOM Tas3e,
okpyxarouieMm CoJHIIE, MPUCYTCTBYET XKENe30?

10. Ecniu oCcBETUTH MOIIIHOW 3JIEKTPUYECKOM JIAMIION TOPAIILYIO CBEYY, TO HA dKpaHe
MOSIBUTCS] HE TOJILKO T€Hb OT CBEUH, HO U OT miiameHu. [Touemy?

11. Kakum 00pa3oM MOXXHO YBEIUYHUTH 1aJbHOCTh ONITUYECKON CBSA3U?

12. IloracuB B KOMHaT€ CBET U HANpPAaBUB HA IUIaMsl CIUYKH CBET CBETOJMOJA
(J1azepa), BBl 3aMETUTE, YTO OCBEIICHHOCTh TMSITHA HA CTEHE W3MEHSETCS.
[Touemy?

13. [loueMy cnekTpajdbHblE JIMHUM CIIOHTAHHOTO HW3IYYEHHUS] HUMEIOT HEKOTOPYIO
UPUHY (€CTECTBEHHOE YIIUPEHUE, CTOJKHOBEHHUS, 2P dekT omiepa)?

14. JIBa WCTOYHHMKA CBETa HMEIOT HJACHTUYHBIE CIEKTPBI, TOJBKO CIIEKTPaIbHbIE
JIMHUU Yy TIEPBOTO Spye U Iupe, ueM y BToporo. [louemy?

15. Ilouemy anma3 mnpo3padeH it BuguMoro cBeta? Kak Bbl  00OBACHUTE
CYIIIECTBOBAHME rOTyObIX aJiIMa30B?

16. Tepuuctsiii yTh (OTOHOB U3 HEeHTpa CoJIHIIA K €ro MOBEPXHOCTU, 3aHHUMAET
MOYTH MUJUIHOH JieT. [Touemy Tak nonro?

17. Ilouemy mouBa, Oymara, JAEpeBO, MECOK KaxyTcsi 0oJiee TEeMHBIMHU, €CIU OHU
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18.
19.

20.

21.

22.

23.

24.

25.

26.
27.

II1.

CMOYEHBI?

[TouemMy 3UMOM CHET PO30BO-KEITHIN?

OauH 13 OCHOBHBIX METOJOB ONpPEAEIECHUs XUMHUYECKOr0 COCTaBa OPraHUYECKUX
MOJIEKYJI - aHAJIM3 CIIEKTPOB MOTJIONIeHUs: B uHpakpacHoit oonactu. [louemy?
[Ipy CTOJKHOBEHMM C TSKEIBIMH AaTOMaMM 3JIEKTPOHBI MCIIyCKAalOT Kak
TOPMO3HO€, TaK M XapaKTEPUCTHYECKOE W3JIy4YEHUE, CIEKTpP KOTOPOro
onpenensercs marepuaiom anona. [Touemy?

YTo mnpou30iAEeT C COJHEYHBIM CIEKTPOM BO BpeMsl HAOIIOJEHUS IOJIHOTO
COJIHEYHOT'O 3aTMEHHUS ]

CelipepToBCKME TalaKTHKM HMEIOT OYEHb SPKOE SAPO, CHEKTP KOTOPOro
COJIEPKUT IIMPOKUE 3MHUCCUOHHBIE JINHUU BOAOPO/A, TeNus, a30Ta U KHCIOPOJa.
C 4em CBSI3aHO paCIIMPEHUE JIMHUN?

[Touemy BHU3Y Ha (OHE IEPEBBEB ABIM KOCTPA KAXKETCS CHUHUM, OJJHAKO Haj
BEpXYIIKaMHU JiepeBbeB (Ha (OoHE CBETIOro Heba) OH BBITJISIUT KEITOBATO-
KpacHbIM?

[Touemy On>kKHHME TOpBI KaxXyTcs Ooyiee TEMHBIMH, Y€M JalbHHUE, KOTOpBIE
3a4acTyI0 KaXXyTcs roiy0oBaTbiMu?

Kakue UCTOYHUKH CBETA - CHHME, 3€JIEHbIE WM KPAaCHbIE — OJKHBI ObITh MEHEE
3aMETHBI C OOJBIION BBICOTHI, HAIPUMED, U3 KAOMHBI caMosieTa?

[Touemy nmpupoa HaJIOKHUJIAa HA UHEPTHBIE ra3bl 00€T XMMUYECKOTo 0e30pauns?
[Touemy cnexTp JIFOMUHECHEHTHOM JaMIIbl ABJISIETCSI KOMOWHALMEW JTMHENYaToro

Y HENPEPBIBHOTO crieKTpa’?

Ymo maxkoe nasep uiu masep,
Ha xaxout onu eo3nuxau 6aze?
JI. Mapmuinos

Jlazep — ycTpoiicTBO, nmpeodpa3yioniee JHEPTUI0 HAKAYKH B KOT€PEHTHOe

AJIEKTPOMATrHUTHOEC HM3JIYYCHHUE ONTUYECCKOro auamadoHa 4acrToT. KBanToBbIi

BosbyxaeHHoe E —
cocTosHue (o)

hy v AN 9Hepr1/151, Hu3jrydyacmast )51 mnmorjomacMast

. I Feieens e XapakKTep HU3JIYHYCHHUA W IOIJIONICHHA CBCTA
aToOMaMH. CHGKTpBI H3JIyYCHUS W IIOTJIOHICHMA.

AE hv

~n>  BEIIECTBOM  IPU  CIIOHTAHHBIX  TEPEeXojiax.

OcHoeHoe

o E, —— [InoTtHOCTH 3amonHeHust ypoBHeu. [Ipeackazanue

st o BO3MOYKHOCTH  HMHIYIMPOBAHHOIO  U3JyYEHHUS
CBETa BELIECTBOM (M3JIy4yeHUE BO30YKJIEHHBIX

E,—E,=AE=hv g
aTOMOB B€IICCTBA 1104 ACHUCTBUECM IIaJarOIICTO Ha

HUX CBETa). YCHUJIEHHE CBETa MpPHU MHAYLHUPOBAHHOM u3iIydyeHuH. llenmHas peakiusi.
KBaHTOBBII reHepaTop (TpexXypOBHEBAsI CUCTEMA).

YCTpoiCcTBO M NPUHUIUI AeHCTBUS PyOMHOBOIO

Ja3zepa (Teomop Meiiman, 16 mas 1960 rona). Jlazep N\ i\t
COCTOUT M3 KpHUCTaJla pyOHMHA, COJEpIKAIero aToMBI, ‘(’: ¢ a ‘b’ "
UMEIOIIUE OJHO BO30YXICHHOE COCTOSHHUE, B KOTOPOM LA™ 8 L.
3aACPIKUBAIOTCA ATOMBI. OI[HO N3 3CPKAJI CACTIAHO TaKUM
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o0pa3om, 4TO Majas ol CBEeTa MPOXOIUT yepe3 Hero (y1asepHblil myu). s 3amycka naszepa B
paboTy aTOMBI BO30Y>KAAt0TCs TMOO BCHBIIIKON CBETA, JINOO AIEKTPHUECKUM TOKOM. J{JIMHA BOJIHEI
pyOuHOBOrO ma3epa B Bakyyme 694 HM. DTO CBOWCTBO JIa3epHOTO W3IIyYCHHUs HA3bIBACTCS
MOHOXPOMAaTHYHOCTBIO (OT IPeY. «OJHH IIBETY).

YCTpOﬁCTBO H IIPHHIOHUII ﬂeﬁCTBHH reJimn€eBo-HE€OHOBOI0O Ja3sepa (3apI/ICOBaTL
JHEPreTHUECKHe ypOBHU MO KaapaM auaduiabMma), nexkadpb 1960 roma. [[ns Hakauku HAyYWIIHCH
HCII0JIb30BaTh HE TOJIBKO CBET, HO U AJIEKTPUUECTBO, a3, XMMUUECKUE U 1aXKe SIAEPHBIEC PEaKI1H!
JonosHuTteabHbIN MaTepuad (Ja3epbl): KBaHTOBBIN reHepaTop (UeThIpeXypoBHEBas cucrema). B
MEX3BE3IHOH cpelie CO3Aal0TCsl OJIaronpusTHBIC YCIOBUS JJSl MHBEPCUU 3aCEIICHHOCTH YPOBHEH
aTOMOB M MOJIeKyJ. B skcumepHOi Mosekysne 071aropogHOro ra3za OJWH U3 aTOMOB HaxXOIHWTCS B
BO30YKIIEHHOM COCTOSIHMHM. Takas MOJeKyja pacrajaercs 3a BpeMs HECKOJbKUX HAHOCEKYH],
U3JTy4das KBaHT cBeTa. ['a3 U3 TakuxX MOJIEKYJ IPECTaBIISIET TOTOBYIO aKTUBHYIO Cpefy JUIs J1a3epa.
Haunbonee BHICOKMMHU yJIENbHBIMU NTapaMeTpaMH XapaKTepU3yIOTCs ja3epbl, padoratomue Ha ArF,
XeCl u T1.n. IlomynpoBogHuMKOBbIE Ja3epbl MMeOT odeHb Bbicokui KIIJI mpeobpazoBanus
NEKTPUYECKON PHEPIMM B KOTEPEHTHOE H3JIydeHHUe, KOTOpbli mpaktuuecku paseH 100%. Onu
CIOCOOHBI paboTaTh B HENPEPHIBHOM peXHUMe. BONBIIMHCTBO MOIYNPOBOJHUKOBBIX J1a3€pOB
SIBJIAIOTCS JIA3EPHBIMU AMOJAaMH C HAaKAaUKOM 3JIEKTPUYECKUM TOKOM, M C KOHTAKTOM MEXAy N-THUIa
U p-THUIA TOJXYHPOBOJHUKOBBIMH MaTepuaiaMu. JpyrumMu OCOOCHHOCTSMH IOJYIPOBOIHUKOBBIX
Ja3epOB SABJIAIOTCA: BBICOKAs 3((HEKTUBHOCTH MPE0OPa30BaHUS IEKTPUUECKON SJHEPTUU B DHEPTHUIO
korepeHTHoro wusnydeHust (30—50%); Takxke — BO3MOMKHOCTb NEPECTPOMKU JUIMHBI BOJIHBI
U3Jy4YeHUs M HaJU4Me 3HAYUTEIBHOIO KOJWYECTBA IOJYIPOBOJHUKOB, KOTOPBIE HEMPEPBHIBHO
MEePEKPHIBAIOT UHTEPBAJ JJIUH BOJH OT 0,32 10 32 MKM.

IIpuMenenus J1azepa: N nepemwf?égﬁ?'m )/ I

° J]a.JILHOMepr H TOYHBLIC MNPHIE/IbI (IOKa3aTEIBCTBA  &8ams
npeiia KOHTUHEHTOB, U3MEPEHUE PacCTOSIHUA OT 3eMiH 10 JIyHbI
C TOYHOCTBIO J10 CAaHTUMETPOB, TOYHOCTb IIONANAHUS B LEiIb o > -
MeHee 1 m). Bows & O

o IIpumeHeHue J1a3epoB sl CBA3U. J[eMOHCTpalusi UMITYJIBCHOM mepenadn (cooOLeHne
ydamierocsi). CBeTOBOW cHUTHaJI Jlazepa MOXKeT "HecTh Ha ceOe" OJHOBPEMEHHO JIBECTU
TEJIEBU3MOHHBIX TMepelady MIM ThICAYY TeJde(QOHHBIX pPa3roBopoB. BoiokoHHas onTHKA.
Bo0JIOKOHHO-ONITHYECKHUE JTUHUU CBSI3U TOJIOKHWIIM HA4yaja0 COBPEMEHHOMY HMHTEPHETY. B HOBOM
CHCTEME HCIIONIb3yeTcs 000pyI0BaHKE, TO3BOJISIONIEE JIA3EPHOMY H3IYUYCHUIO Pa3HOM YacTOTHI
IIPOXOAUTh 4Y€pe3 OJHO M TO K€ ONTOBOJIOKHO. TEXHOJIOTMs CHEKTPaJbHOIO YIUIOTHEHHUS
KAaHAJIOB MO3BOJISIET UCIIONIb30BaTh 10 80 pa3HbIX 4acTOT OAHOBPEMEHHO.

e MeauuuHa U OMOJIOTHA (MCIIOIBb30BAHKE JIa3epa [JIs XUPYPrUUECKHUX ONEPALUii (JTa3epHbIii
CKaJbII€Nlb), CO3JAHME MaJIbIX OTBEPCTHM B MBIIILE CEpAlla, T€HHAas WHXKEHEpHUs), JICUECHUE
IJIa3HBIX 00JIe3HEH, yCKOPeHNEe XUMUYECKUX PeaKIMid Py OTOSTMBaHUU 3y00B.

o IIpoMBINLIIEHHOCTD (pe3ka, CBepIICHNE U CBapKA, M3TOTOBJICHUE HAHOCTPYKTYD).

naeHbIN nazep

e B KOCMOHaBTHKE ¢ IOMOIIBIO JIa3ePOB OCYIIECTBISICTCS CTHIKOBKA KOCMHUYECKHX alllapaToB.

o JlazepHbIil IPUHTEP. Jlazepusie JIB]] — aucku.

o T'osorpagus (coobiienue yueHnka).

o Jlazep B BOGHHOM [1eJIe (Ja3sepHas MyIIKa B KOCMOCE MOPaKaeT
TOIUIMBHBIE Oaku paker Ha paccrosHud 10 400 kM), nasepHas
JOKanus, JlazepHas CBA3b. Jlasep - 3TO HMACAIBHOE OpYXKHUE
HaIpaBJICHHOM  DHEPIMU:  TOHEHBKHMHM, KAk  HMTOYKA,  HO
UCKJIIOUYUTEIIbHO WHTCHCUBHBIA CBETOBOM ITy4OK, KOTOPBIA MOXHO C 6OJIBH_IOI/I TOYHOCTBIO
HALlEIUTh Ha LeNb. B crnucke HEOOXOAMMBIX NMPUOOPETEHUH Al apceHalla KOCMUYECKHX BOWH
Ja3ep 3aHUMAeT OJHY U3 IEPBBIX CTPOYEK.

o Jlazepbl YyJIbTPAKOPOTKHX HMIYJbCOB (ummynbcHas Mommuocts 10 Br,
uHTeHcuBHOCTh 10?! Br/cM?, m3ydeHue CBEpXOBICTPBIX MPOLECCOB). JlecsaTureTaBaTTHBIE
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Ja3epsl yKe CYyLIECTBYIOT, & KUTAliCKUE YUYEHbIE IUIAHUPYIOT NOCTpouTh 100-neTaBaTTHBIN Ja3ep
1oz HazBaHWeM «CTaHIMS 3KCTPEMAIbHOIO CBETa», @ 3HAYUT, CKOPO HAC KAYT HOBBIE OTKPBITHS.

o JlazepHblil TEpMOsSIIEPHBbII CHHTE3.

e OnTtuuyeckue 4yachl ¢ Tounocteio 10717 ¢ (Eciu ObI Takue yachl ObUIM 3aIyIIEHb B MOMEHT
Bonbioro B3psiBa, To ceifuac pacxoxkIeHHe UX MoKa3zaHui He rpesbimaio Ob1 10 ¢).

e JTaJIOHBI BPEMCHHU ! NJIMHBI, H3MCPCHUE CKOPOCTHU CBETA.

JlonoauuTeabHast nHopmanus: YrjiepoaHas HaHOTPYOKa cocTouT nmpumepHo u3 20-10° aromos
U SIBIISIETCA WACAIBHOM HUTBHIO HAaKala A HAHOJNAMIIOYKM. ByneT au m3mydeHue cBeTa Takou
JAMIIOYKH KOT'€pEHTHBIM, IIPEJCTOUT BBISICHUTD B SKCIIEPUMEHTE.

JononHutenbHass uHpopmanusi (atomMHble 4Yackl): lle3uii wucmapseTrcs B 1edd, U €O
BO30YKJICHHBIE aTOMBI COPTUPYIOTCSI MarHUTOM, a B HEM, 3a CUET OOJy4EeHHUS B MUKPOBOJIHOBOM
T0JIe, aTOMBI MEPEXOIAT B OCHOBHOE COCTOSIHUE (BBIHYKJIEHHOE H3ayueHue). C moMoIbio BTOPOTo
MarHuTa 3TH aTOMbl HAMpaBISAIOTCd B INPUEMHOE YCTPOMCTBO. MHOro aroMoB B OCHOBHOM
COCTOSIHUM T10JTy4aeTcs, €CJIM YacTOTa U3JIy4eHMsI COBIIAAAET ¢ yacToTol nepexona 9192631770 I'u.
Ecnmu atomMoB Mano, TO mpuOOpbl AaBTOMATHYECKH IOACTPAUBAIOT YacTOTY MHUKPOBOJIHOBOTO
U3Iy4deHus: (KBapLeBOro reHepaTop) K yactoTe nepexoza. s ToyHOH paboThl HABUTALMOHHON
CIyTHUKOBOH cucteMbl GPS, B Ka)kJblil U3 CITyTHUKOB BCTPOEHBI aTOMHBIE YaChl.
JonosHuTenbHas uHGopManusa: [IoMEMEHHBIN B OXJIAKAECHHYIO 10 CBEPXHU3KOU TeMIIepaTyphl
JIOBYIIKY HOH QJIIOMUHUS, OO0NydyaeTcs CBETOM Jia3epa. MHIyIMpOBaHHOE CBETOM Jiazepa
U3JIyYEHUE OCTAETCA IIOCTOSHHBIM B TEUYEHHME JJIMTEIBHOTO BPEMEHM, a AaTOMHBIE 4Yachl,
MOCTPOCHHBIE HA 3TOM OCHOBE, OIIMOIUCH OBl Ha 5 ¢ 32 BpeMs *KU3HU BceneHHOi.
JononHutenbHass HHPopManusi: DJIEKTPOHHBLIH MHKPOCKOI -

npuboOp, TO3BOJIIONIMHA TMONydaTh U300paKeHHE OOBEKTOB C owavert [ __
MaKCHUMaJIbHBIM YBEJIIMYCHUEM bi (o) 106 pas, onmaromaps @ l
UCIOJIb30BAaHUIO, B OTIMYHME OT ONTHYECKOIO0 MHKPOCKOINA, BMECTO

CBETOBOI'O [TOTOKA, ITyuKa 31eKTpoHOB ¢ 3Heprusmu 200 3B - 400 x»B
u Oonee. J{nmuHa BONHBI A€ Bpoiins 0OBIYHOTO 3JEKTPOHA B COTHH
THICAY pa3 MEHbIIE, YeM OObIUHAs JIMHA CBETOBOM BOJIHBL. A uem

A\)

. Tunzsl
3NeKTPOHHbIlA | - obbekTHBa
POy \ |

KOpOdYe JJIMHA BOJIHBI, TeM OOIBIIYI CTENCHb JACTATM3alMUd OHA <@
MOXET  MpPEJOCTaBUTh, I[O3TOMY  MHKPOCKOI, B  KOTOPOM N ospases
UCIIOJIB3YETCsI AIEKTPOHHBIN JIyd, JaeT ropasIo JIydlliee pa3perieHue. *’pﬁp: 1
Cxanupyrommii  Mukpockon. Koraa TtoHuaiimee 3apspkeHHOE i i” i
METAJUIMYECKOe  OCTPHE  IMOABOJMTCS K  MPOTHUBOIOJIOKHO

3apsHDKEHHOMY METaJUIM4ecKoMy o0pasily Ha JMCTaHIMIO, PaBHYIO
HECKOJIbKUM MEXATOMHBIM PAaCCTOSIHUSAM, 3JEKTPOHbI HAYHWHAIOT
CBOOOJHO TPOXOAUTH uepe3 3a30p (TyHHENbHBIH 3¢ (deKT).
BennuuHa TYHHENBHOTO TOKa CHUJIBHO 3aBHCUT OT BEJIMYHHBI
3a3opa. KowmmpioTep H3MEHAET TMOJIOKEHHE 30HAA, YTOOBI
MIOAJCPKUBATE IOCTOSIHHBIM TOK. Ilo Mepe TOro Kkak 30H[I
MPOBOJUTCS HaJl MOBEPXHOCTHIO, 10 W3MEHEHHSIM BBICOTHI 30HJA

3neKTPoperynMpoBKa AnMHbI 1
nonoxXeHus Nbesonepxarens

Younurens Ynpasnsiowmit
TYHHENbHOro Toka moaynb 1 LA

Mbe3oanekTpIECKI i1 AepXaTent

ompexensercs ee penbed. [locmenoBareabHO MPOBOAS UTTION 30HA
HaJl Bcel MOBEPXHOCTHIO, MBI MOKEM IOJIyYUTh KapTUHY €€ OyrpoB

Tpacpuseckoe
npeacTasnenite

n BHaauH. Takas TeXHMKa IO3BOJSET JOCTHYb pa3peliaroliei

cnocobnoctr a0 0,01 HaAHOMETpa W ATOrO BIOJHE JOCTATOYHO,

YTOOBI Pa3IMYUTh OTJEIIbHBIE aTOMBI, KOTOPBIE TIOKA3bIBAIOTCS KaK IMUKH.
1986 roxy ObUT H300peTEeH ATOMHO-CHJI0BOI MUKpockona, uiu ACM. IlpuHiun neiicTBus 3Toro
npubopa Takoi ke, kak 'y CTM, HO TO MOBEpPXHOCTH OOpa3la MPOBOAMUTCS HE IOTOK
TYHHEJIUPYIOIMX 4YacTHIl, a CaMO OCTpPHE 30HAA. 30HJ YCTAHABJIMBAETCS Ha KOHLE YNPYrou
KOHCOJIM, KOTOpasi Ha3bIBAaeTCSd KaHTHJIEBEPOM U U3rubaercs
BBEPX-BHHU3 IIOJ  BO3JACHCTBUEM HEPOBHOCTEH  M3ydaeMOU
noBepXHOCTU. OTKIOHEHMsI 30HAA PETUCTPUPYIOTCS JIa3€pHBIM

ATOMHO-cUNoBAS MUKpoCcKoNUs

OcHoBanne

Koncons

70 3oua

Curiosoe B3AMMOARIACTBE MEXAY 30HAOM U MOBEPXHOCTBIO



Jy4OM, HarpaBJICHHBIM Ha KAaHTUJIEBEP, — KOT/Ia OH M3rH0AeTCs, MEHSIETCS YroJl OTPaXeHHUs Jyya,
KOTOPBIN MOXXHO U3MEPUTH IIPU IIOMOIIY CBETOBOTO JaT4YMKa. [JaHHbIE IOAaI0TCS HA KOMIIBIOTEDP, U
Ha UX OCHOBE OH CTPOUT peibe(HYyI0 KapTy MOBEPXHOCTH, BHIBOJIS €€ Ha IUCILICH.

IV. 3a0auu:

1.

Kocmuueckuit kopabib, HaxXOASIIMHCA B COCTOSHUM TIOKOS OTHOCUTEIIBHO
HekoTtopot MMCO, mpoBOAUT ceaHC CBS3UM C 3€MIIEH, HAIpPaBiisii B €€ CTOPOHY
nmazepHbll ayd. Ha Kakoe paccTosisHue OT NEPBOHAYAIBHOIO MOJIOKEHUS
CMECTHUTCS KOpaOJlb K OKOHYaHHUIO CEaHCa CBSI3H, €CJIM MOIIHOCTD JIA3EPHOIO Jiy4da
60 BT, macca kopabns 10 T, mpoaomKuTeIbHOCTh ceanca 1 4? BrnusHuem Bcex
HEeOECHBIX TeJ MPEeHeOpeyb.

Manenpkoe 3epkano Maccoit 0,2 T BUCUT HA HEBECOMOW U HEPACTSHKUMOW HHUTKE
nnuHou 2 M. IlepneHauKyaspHO MJIOCKOCTH 3€pKajia B €ro LEHTP HAIPaBIICH JIy4
Ja3zepa, paboTarolero B UMIYyJIbCHOM pexume. J[MUTenbHOCTh UMIYJIbca 8 MKC,
cpenHas MomHocTh uMmnynbsca 0,2 MBT, a yactota ummnynscoB 6 kl'1. 3epkano
IIPA 3TOM OTKJIOHEHO OT IOJIOKEHHSI PAaBHOBECUS HAa HEKOTOpbIA yroi. Haitu
aMIUTUTYy KOJIeOaHUN MasgTHUKA MOCIE TOTO, KaK Ja3ep BHIKIIOYUIIH.

Kakyro ckopocTh MOTYT HOpHOOPECTH DJIEKTPOHBI B BIEKTPUUYECKOM TOJIe
Ja3epHOro myuka? AMIUINTy[a HanpsoKeHHOCTH mosst paBHa 10'' B/, wactora
3-105 ¢l

Humuaap muamerpom 1 MM u BeicoTor 0,09 MM € 3epKanbHO-OTpaKAOIIUMHU
TOPLIAMU BUCHUT B BO3YyX€E O] IEUCTBUEM JIA3EPHOTO U3ITyUYEHHUSI, HAITPABIECHHOTO
BEPTUKAJIBLHO CHHU3Y B TOpel IuiuHapa. Halimute HEOOXOIUMYIO MOIIHOCTH
u3nydeHus. [IJI0THOCTh BEIIECTBa, U3 KOTOPOro ClAeIald IMIMHAp, paBHa 1,2:10°

KI/M,

JlazepHblil yCUIUTENb MPEACTABIIET COOON KIOBETY, 3al0OJHEHHYIO YCHIIMBAIOIICH CBET Cpenoi
(cpena o0magaeT MHBEPCHOM 3aceIeHHOCTHI0). Ha BXO Ta3epHOro yCHIIMTeNs alaeT Jla3epHoe
n3iydyeHue MouHocThio 1 kBT, MoIIHOCTE J1a3epHOTO M3JIy4eHMsI Ha BBIXOJAE U3 YCHJINUTEIS
okaspiBaeTcst paBHoi 10 MBT. Haiitu cniny, KOTOpYrO HYXHO NpPHKJIAaAbIBaTh K YCHJIUTEINIO,
YTOOBI YAEPKUBAThH €TO B HEMOABM)KHOM MOJIOKECHHU.

Bonpocuvi:

1.

W

Jlyd renuii-neonoBoro naszepa (A= 0,633 mMkM) HampaBisieTCs MONEPEMEHHO Ha
KpacHOE CTEKJIO M Ha 3elieHoe cTekso. Kakoe M3 CTEKOJ HMCHBIThIBACT OOJIbIIEE
napienue? CTeksia mpo3pavyHEbIe.

Kaxk n3mMepuTh TONIMHY 4€T0BEYECKOr0 BOJIOCA C MOMOIIIO J1azepa’?

[Touemy napaienbHbIE JTy4H JIA3€POB HE MPUTATUBAIOTCA JIPYT K APYry?

Ecau O6b1 Mornu cymniecTBOBaTh METAcTaOMIIBHBIE YPOBHU CO BPEMEHEM >KHU3HU
HECKOJIBKO MECSIIEB, TO MOKHO OBLJIO OBI 3aIacaTh TEIUIO JIETOM M OT/IaBaTh €T0
3uMoil. Tak 11 310?

Kak Oymer Bectu ce0s dyactuiia U3 JUAJIEKTPUKA B HEOJHOPOJIHOM
AIEKTPUUYECKOM MoJie (JIa3epHbIN MUHIIET)?

Jlazep u3imydaeT CBET BBICOKO MOHOXPOMAaTHYECKHM M KOTE€PEHTHBIN. fBiseTcs
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JIY OH MOJIAPU30BAHHBIM?

7. Ilodyemy nazepHOE U3IIyYEHHE HE MOXKET PACCEUBATHCS B OOPATHOM HAIPaBJICHUU
B ra3ax, a OT TBEPABIX TEJ OHO PACCEUBAETCA?

8. IloueMy aToMbl HHEPTHBIX I'a30B B BO30YKJIEHHOM COCTOSSHUM MOTYT BCTYIAaTh B
XAUMHUYECKUE PEAKIINHN?

9. Ecnn cBeTAmuics KpacHbIM CBETOINOM MOIPY3UTh B KUIAKUHM a30T, TO €r0 CBET
npeBpamaercs B 3eneHbid. [louemy?

10. IToueMy ogHM MpeIMETHI CBET MPOMYCKAIOT JIy4YlIe, a APYTHE TPEAMETHI XyxKe?

11. Yem oTnmyaeTcsl OBEACHHUE JIEKTPOHA B JIA3EPHOM Jy4ye OT MOBEACHUS Oys Ha
BOJIHAX?

12. Yro BBI TENEPH 3HAETE O Jazepe?

13. IloueMy 111 CylIECTBOBAaHMS OTHS HY’KHO TOIUIMBO, a TAK)KE KUCIOPO U TETUIO?

14. M0>HO 11 C TOMOIIBIO JIa3€pa YMEHBIIUTh CKOPOCTh aroma?

15. Ecnu ynogoOuTh U3Iy4eHUe CBETa aTOMOM IPBDKKY CIIOPTCMEHA C BBIIIKH B BOJY, TO, KaK Ha

OCHOBE 3TOH aHaJOTHU OOBSICHUTH M3JIyUYEeHHE CBETA JIAMITON HaKaJMBaHUS; JTa3epoM?
JonoanutenbHass uHpopmanmusa. IlpuGopsr MPT (MarHUTHO-pe30HaHCHas ToMorpadus)
paboTaroT, u3Mepsisi paJuOBOJIHBI, HCIyCKaeMble MOJICKyJaMH BOJBI B Teje 4deioBeka. [Ipexne
BCEro, Ha OpraHU3M BO3ACHCTBYIOT CWJIBHBIM MarHUTHBIM mojeMm (1o 7 Tecna). SAnpo Bomopona,
BXOJIIIEE B COCTAB MOJIEKYJIBI BOJbI, COCTOUT U3 OJAHOIO IIPOTOHA, KOTOPBIM UMEET CIIUH U MEHSET
CBOIO IIPOCTPAHCTBEHHYIO OPUEHTALMIO B MOILIHOM MAarHUTHOM Ioj€e. Eciu nmoMecTuTs IpOTOH BO
BHEIIIHEE MarHUTHOE II0JIe, TO €ro CIUH OyAeT JMOO0 HampaBieH MO HANMPABICHUIO MAarHUTHOTO
noJisi, MO0 MPOTUBOIOJIOXKHO, MPUYEM BO BTOPOM Ciydae ero sHeprusi Oynmer Bwime. [lpu
BO3/CHUCTBUM Ha HCCIEIyEMYyI0 00JaCTh AJIEKTPOMArHUTHBIM U3ITy4YCHHEM OIpeeIEHHON YacTOThI
4acTb IIPOTOHOB IIOMEHSIOT HAIPABICHHE CIIMHA, 4 IIOTOM BEPHYTCS B HCXOJIHOE IIOJIOXKCHUE,
U3Iydas TPy 3TOM IOJyYEHHBIH UMIyJIbc paanoBoiH. CucteMoil cOopa JaHHBIX ToMorpada 3Tu
HMITYJIbCBI PETUCTPUPYIOTCA.

V. §98.

1. Ouenure pacXxoaAUMOCTb JIA3€PHOTO JyyYa.

2. YeM KoIlIEK TaK IIPUBJIEKAET CBET Ja3epa?

3. Kak mo JomiepoBCKOMY pacIHIMPEHHIO, CBSI3aHHOMY C pa3dpocoM OpOHMTaJIbHBIX CKOPOCTEH
YacTHILl, BPAILAIOIIUXCSI BOKPYI UYEPHOM ABIPBI, MOYKHO OLEHUTb IO MOPSAJAKY BEIMYUHBI €€
maccy?

4. Tlpm paboTe razopas3psAHOTO Jla3epa CO CTEKISHHOM OOOJOYKOW aKTHBHOTO 3JEMEHTa
Habmonaercss 00koBO#l cBeT. He mMpoTHBOpEUUT ST 3TO BHICOKOM HANpaBICHHOCTH JIA3€PHOTO
n3ITyueHus?

5. CoBpeMeHHbIE J1a3epbl CIIOCOOHBI CKUMaTh KBAJPWIIMOHBI BATT CBETOBOM 3HEPTUU B IATHO
pa3MepoM MEHbBIIE TOJIIIMHBI YeJI0BEYEeCKOro Bojioca. OLEHUTh MHTEHCUBHOCTb H3IIy4YECHHUS
Takoro jazepa?

6. Ilouemy nnst mepegayd WHGPOPMALMU IO ONTHYECKOMY BOJIOKHY HCHOJNB3YIOT H3IIyueHHE
MH(PAKPaCHOTO Jla3epa ¢ JUTMHOM BOJIHBI 1,55 MKM?

7. llouemy na3epHble Iy4YKH CBETa HE MOAUYMHSAIOTCA NpuHuUMIy [toiireHca-®Ppenensa? Ilouemy
cOOKy Jy4 He BUaEH?

8. Ilouemy cpemHee Bpemsi KHM3HHM BO30Y>KICHHOTO aTOMa, HAXOMAALIETOCS B JIOBYLIKE MEXIY
JBYMsI CBEPXIPOBOASAIIMMY 3€pPKaaMH, YMEHbBILIAETCS] B COTHU pa3?

9. Omnpenenure, HACKOJIBKO YBEIMUUTCS CKOPOCTH 3BE30JIETA TIOCIIE OJJHOTO JIA3EpPHOI0 UMITYJIbCA,
€CIIM Ui €ro CO3/IaHWs AHHUTWIMPYET TOproYee, Macca KOoToporo cocrasiser 1078 macce
3Be3go0eTa. Kakyto OTHOCUTENBHYIO CKOPOCTh MpuoOpenu Obl JBa 3BE30JIeTa, €CIIM Obl Ha HUX
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ObUIM YCTAHOBJIEHBI HJICAIbHBIC 3€pKajla W Jy4 Ja3epa, MHOTOKPAaTHO OTPaXasCh OT HUX,
"pactankuBan" Obl 3BE310JIEThI?

10. OnuH U3 TUIOB HE JIETATILHOTO OPYKUs, pa3padbaTeiBaeMOro B 1a00paTOpHUIX MUpPA, OCHOBAH Ha
cienyrouieM npuHiune. KopoTkuil ummysnbc MoOHIHOTO Jasepa ((hTOpoBOAOPOAHOT0) OBICTPO
pa3orpeBaeT 10 MCIAPEHUs] BEIIECTBO Ha IMOBEPXHOCTH Tela M CO3JAcT YAApHYIO BOJIHY,
cOuBaromyto yenoBeka ¢ Hor. IlpuHsB sHepruio nasepa B ummyibce Bemblmku 300 JDk, a
JUINTEIBHOCTh BCIHBIIIKM 3 MKC, OLEHUTE CWIIy TOJYKa YyAapHOW BosiHbl. CuuTaiite, 4TO
IIPAKTUYECKH BCS DHEPrUsl BCIBILKM pPACXOLyeTcsd Ha MWCIApeHWe, a YJelbHas TeIoTa
ucrnapeHus Bemiectsa nopsaka 1 MJDx/kr.

Monnuesuomnniii OpvizHem ayu.
®. Tromues

JonosHuTebHass MHPoOpMauusa: Eciyu a3epHbI CBETOBOM HUMIIYJIBC PACIPOCTPAHSIETCS B

KBAaHTOBOM YCHWJIUTEJNIE, TO €r0 CKOPOCTh CTAHOBUTCS B HECKOJBKO pa3 OoJbIlleé CKOPOCTH CBETa,

OJTHAKO MPU 3TOM HH(pOpMAIHS HE TIEPEHOCUTCS !

A 3uaro, kaxk ycmpoen amom!

3. Pezepghopo

Z Vpoxk 18. z OBOBIIAIOIINNI YPOK 11O TEME "ATOM".
Yro BHI Teneps 3HaeTe 00 aTome?
LIEJIb YPOKA: CuctemMaTH3upoBaTh U 0000IIUTH 3HAHUS YUAIUXCs TI0 aTOMHOHN (pU3UKE.
TUIT YPOKA: noBTOpUTETHHO-0000IIAIOIINA.
OBOPYIOBAHMUE: o6o6marorias Tadbmauma "Atom".
ITJIAH YPOKA:

. BerynurenbHas yacthb

. OpoHTAIILHOE TOBTOPEHUE
. CamocrostenbHas pabora
. 3agaHue Ha JOM

I1. 3anonuenue o0oOaromeit TabIuIBl: ATOM.

AW =

1. | Obmas XapaKTepUCTHKa | ATOM - HauMMEHbIIas 4YacTh XUMHYECKOI'O 3JIEMEHTA,
00BEKTA. HOCHUTEJIb €r0 CBOMCTB.
2. | YcnoBus  obOpazoBanus  wiu | Poxxaenne BceneHHOH, BCIBIIIKM CBEPXHOBBIX 3BE3I,
BO3HHUKHOBEHUS. SJIEPHBIE PEAKIIMH.
4. | 13 xakux 0OBEKTOB COCTOUT? W3 sinpa u snekrponos (onbiT Pesepdopra).
5. | OcHOoBHBIE ¢usnueckue | MoHusupyeTcs, MOJNAPU3YETCST B  IJIEKTPHUUECKUX H
CBOMCTBa 00OBEKTA. MarHMTHBIX MOJIX, U3JIy4a€eT U MOIJIOIIAET CBET.
6. | OcHOBHBIE KoJIM4ecTBEHHBIE | Macca, 3aps sapa U 3JIEKTPOHHOUW 000JIOUKH, SHEPTHs
XapaKTEPUCTHUKHU. MOHU3ALUHU U SHEPIus BO30YKACHUS, CIEKTP U3TyUCHHS
Y TIOTJIOLIECHHUS.
7. | Monenb o0beKTa. HatsnyTas cTpyHa (21€KTpoH - "3axaTslil" B ose sapa).
8. OcCHOBHbIE YpaBHEHHSI. E,-E =hv,; E +hv, =E,.
Bo3moskHbie cocTosiHus 00bekTa. | [1oM0oKUTENbHBIE U OTpULIATENBHBIA HMOH, OCHOBHOE
COCTOSIHUE, BO30YXJIEHHOE COCTOSIHUE.
10. | sABneHnus, KOTOpBbIE moryT | OO6beauHeHne B MOJIEKYJIBL, U3JIy4eHUE u
IPOUCXOUTh C OOBEKTOM. MOTJIOLIEHUE CBETA.
11. | IlpakTuyeckue MpUMEHEHHUS. OObsiCHEHHE TEepPUOIUYECKOTO 3aKOHA, KBAaHTOBBIN

Te€HEpaTop, COBPEMEHHBIE UICTOYHHUKH CBETA.

III. CamocTosTenbHas paboTa 1Mo 3a4ETHHIM MAIKaM.
IV. Koncnekr

1. Houblo Hax pacnoyioKEHHBIMU BIAJIM TOPOJaMH HaOIIONAeTCs TPSA3HO-OPAHIKEBOE CBEUCHHE.
Yem 310 00yCnoBIEHO?
2. Tlouemy atmocdepa 3emin, 0cOOEHHO y MOIOCOB, SBISETCS HICTOUHUKOM Y - JTyden?
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10.
11.

12.

DJEKTPOHBI, TOCTOSIHHO MEHSS1 CBOE PACIOJIOKEHHUE B aTOME U UX MOBEJCHHE CPOIHU OOJIBIION
CTae NTHII, B KOTOPOil MPH CHHXPOHHOM JIBH)KEHUH HET KaKoW-1100 4eTKo# rpanuisl. Bee, 4to
MBI MOKEM BHJIETh NPHU TAKOM JBIKCHHH, HPEACTABISIET COOONW XaOTHYHO M3MEHSIONIYIOCS
HeomnpeneneHHyo ¢Gopmy. TaHiys BHYTpH aroma, 3JIEKTPOHBI MOTYT HOJy4aTh U OT/AABaTh
MOCTYMAIOUIYI0 M3BHE SHEpruio. VIMEHHO MO3TOMY CBET He CHOCOOEH NPOHUKHYTH CKBO3b
CTEHY, TaK KakK 3JIEKTPOHBI aTOMOB CTEHBI IONPOCTY 3a0MpPalOT PHEPTUIO0 CBETA, OTAaBas ee
CIyCTs1 HEOOJIBIION MPOMEKYTOK BpeMeHH. Kak 3To moHumars?

OJEeKTpPOHbI B MAarHUTHOM TIOJI€ JBMXKYTCSI IO LMKIOTPOHHBIM opOutam. WX sHeprus u
UMITYJIbC KBAaHTYIOTCA. YeMm cuiIbHee MarHUTHOE II0jie, TeM Ha 0osee BBICOKHME OPOUTHI
«3a0UparOTCs» ANEKTPOHBI U TEM OOJIbIIE FIEKTPOHOB HA KaXI0M ypoBHE. Tak iu 3107
[Touemy HeOo romy6oe? DHeprus Bo3OyxaeHHs aTOMOB atMocheps! nopsaaka 20 3B, sHeprus
KBAaHTOB BHJIUMOTO cBeTa mopsiaka 1,5 — 3 sB, mostomy armocdepa He MOXKET MOTJIOMIATh U
paccenBaTh KBaHTHI BUIUMOT0 cBeTa. OHAKO BpeMs B3auMOJEHCTBHA (OTOHA ¢ aTOMOM = 10"
18 ¢, neonpenenennocTs B ero sHepruu combiie 20 3B, mostomy armocdepa Oyaer moriaomarsk
KBaHTHI BUAMMOI'O CBETA U pacCEUBATh UX TEM CUJIbHEE, YEM MEHBIIE UX JJINHA BOJIHBI.
KBanToBas (pu3nka n3ydaeT KBaHTOBbIE OOBEKTHI U KBaHTOBbIC sABNeHU. [IpuBeauTe NpuMepHI.
VYyensle B OeNbIX XajaTax Jep)Kald 3TOT (OTOH B MAJEHBKOM aTOME IIMHKA U BBITYCKaIH
TOJILKO B OCOOBIX Citydasix. ECTb 1M CMBICI B 3TOM MPEATIOKESHUN?

CpaBHUTE DJIEKTPOH B aTOME€ C KaHApEHKON B KIJIETKE, KOTOpas CIPBITMBAET C BEPXHEU
KEPIOUKU Ha OoJiee HU3KYIO, M3/1aBasi IIPH 3TOM KpPaTKylO Tpeib. BricoTa 3Byka 3TOH NMECHU
OyZeT 3aBUCETh OT PACCTOSHUSI MEXKIY KEPIOUKAMHU.

CrepkeHb U3 ONTHYECKOIO BOJIOKHA (CBETOBOA) 3aKpEIUIEH HAa OCH BPALICHMS; HA KaKIOM U3
KOHIIOB CTEp)KHS HaXOJUTCS IIApHK, BHYTPU KOTOPOTO 3aKiIoueH atoM. Eciu Bo3OyxeH aTom
ClIeBa, TO €ro sHeprus (Macca) OoiblIe M B MOJE TSHKECTU CTEPKEHb OyJeT MOBOPAYMBATHCS
(gacTb 3TOM pabOTHI MOKHO UCIONB30BaTh). Ilocie aToro arom u3nnyudaer GOTOH (MEPEXOINT B
OCHOBHO€ COCTOSIHUE), KOTOPBI, JBUTasiCb IO CBETOBO.Y, L L L LY
MOTJIOIIACTCS JPYTUM aTOMOM U TEPEBOJIUT €r0 B BO30OYXKAECHHOE A B
COCTOSSHME. OTO BBI30BET HAPYLIEHUE pAaBHOBECUS U HOBBIM <« —
1oBopoT. byzer nu 3ToT ABUrarens "BeyHbIM"?

[Touemy 1BeT 007aKOB MOXKET U3MEHATHCS OT OEJIOT0 1O YEPHOTo IIBeTa?

[Touemy 1BET BOJBI B OKE€AHE MEHSAETCS OT royOoro, Kak 4ucroe HebO, A0 Ceporo — IBeTa
Heba, CIIIONIb MOKPHITOTO obIakamu?

K Habmiofarenro TMOCTYMAeT pPACCESHHBIM CONHEYHBIH CBET OT MHOTHX MOJIEKYJ BO3AyXa.
ITockonbky B cpegHeM Ui KaXXIAOW MOJIEKYJIBI MOXKHO HAWTU TAKYI0 «MOJIEKYJy-IIapTHEPa»,
racsulylo CBET B HalpaBJICHUU HaOMIOnaTeNs, CBET K HeMy NpUXoauTh He Oyzaer. [louemy ke
nTHEM He0o sipkoe?

He no cnyxam, a nuws na ocnosanuu onvima!
Hesus wixonvt «supmyozos» Pobepma botins

Ypox 19. KOHTPOJIBHASL PABOTA Ne 7

ATOM NyCT, a MpeIMeThl U3 AaTOMOB TBep/ble Ha omynb! [Tlouemy?

Tonkocms npupoObl 60 MHO20 pa3 NPesoCcxo0Um MOHKOCMb HAWUUX PACCYHCOEHUU.
@pencuc bsxon

I[Toyemy aToMbl — BeMuaiiee 4yao BeejieHHOM.

"Bom nocmompu: 8CAKUll pas, Ko20a COTHEYHbIL C8em NPOHUKAem

B nawu srcunuwa u mpax npopezaem ceoumu iyyamu,

MHnooicecmeo manenvKkux men 8 nycmome, mol YGUOUULb, MEIbKAS,

Meuymcs 63a0 u 6nepéo 6 1yuucmom CUAHUY ceema;

byomo 61 6 geunoii bopvbe onu 6bIOMCs 8 CPANHCEHBAX U OUMBAX,

B cxeamxu bpocaromcesa 60pye no ompsaoam, ne 3Has NOKos,

Hnu cxoosce, unu 8po3sb 6ecnpepbi6HO OnAmb pa3iemasch.

Moodcewvb uz 2mozo moi yacHums cede, KAk HeyCmaHHoO
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Ilepsonauana eeweti 6 nycmome HeoObAMHOU MAMYMCAL.

Tak o eeruxux gewjax nOMo2aim cocmasums NOHAMbE

Manvie sewyu, nymu nameuas 0ns UX NOCHMUINCEHBAL.

Kpome mozo, nomomy obpamums mebe Haoo eHuUMaHbe

Ha cymamoxy 6 menax, menvkarowux 6 COIHeYHOM ceeme,

Ymo u3 neé no3naéutb mol Mamepuu maxdHce O8UNCEHbS,

Ipoucxooswue 6 Heti NOMAEHHO U CKpblmo om 830pa.”

Tum Jlyxpeyuti Kap, "O npupooe seweii". Knuea Bmopas cm.114-128

OnvH U3 caMbIX yIUMBUTENBHBIX (DAaKTOB HAIIETO CYIIECTBOBAHHUS OBLI BIIEPBBIC MOCTYJIUPOBAH

6onee 2000 ner Hazan Jlemokpurom. Ha KakomM-TO ypoBHE Kaxaas yacTh Halleil MaTepHallbHOU
peambHOCTH MOXET OBITh CBEJeHAa K pSIy KpPOIICYHBIX HEICTUMBIX KOMIIOHEHTOB-aTOMOB,

COXpAHSIOMIMX CBOM Ba)KHBIC HMHIUBUAYAIbHBIE XapaKTEPUCTUKHU, KOTOPHIC MO3BOJSIOT WM

coOMpaThCsl BOCIUHO M CO3/1aBaTh BCE, YTO MbI BHUIHMM, 3HA€M, BCTPEUAEM U MEPEKUBAEM. ATOM

HACTOJIBKO MaJl, YTO €CJHM TMOACYUTATh OOIIee KOJUYECTBO aTOMOB, COJEPXKAIIUXCA B OJHOM

YENIOBEYECKOM Telle, TO mosydurcs okosio 10?8, Dro Gosee yeM B MHIUIMOH pa3 GoJbIIe, YeM

KOJIMYECTBO 3BE3I BO Bcel BUAuMOMN Bceenennon. HecmoTps Ha ManmocTh, MMEHHO aTOM JIEKUT B

OCHOBE BCEro M3BECTHOTO HaM BeIIeCcTBA BO BceneHHOM - OT 00BIYHOr0 ra3o00pa3zHoro BOa0Opoa

JI0 4YeJIOBEKa, IUJIAaHEeT, 3BE31 U T.1. Bce BemecTBo B Hamied BceeneHHON - TBEpAOE, KUIKOE HIIH

razoo0pa3Hoe - COCTOMT M3 aToMoB. /lake Iuia3ma, BO3ZHHUKAIOIIAs B YCIOBHUSX OYEHb BBICOKHX

SHEPIUi WU B Pa3pekKEHHBIX ITyOMHAX MEXTaJlaKTUYeCKOTO MPOCTPaHCTBA, - 3TO NPOCTO aTOMEL,

JTUIIEHHBIE OJHOTO WM HECKOJBKUX AJIEKTPOHOB. ATOMBI CaMH IO N\ R

ce0e oueHb MPOCThIE 00pa3oBaHUs, HO JaKe MPH TaKUX MPOCTBIX

CBOWCTBaX OHHM MOTYT COOHMpAaThCs B CJIOXHbIE KOMOMHAIWH,

KOTOpbIE TPOCTO MopaxaroT BooOpaxeHue. IIpaBma OykBaibHO

CJIOBO «HENIEIMMBIi» HE COBCEM MPUMEHUMO K aTOMaM, MOCKOJIBbKY

OHU COCTOSIT M3 IPOTOHOB, HEHTPOHOB M HNEKTPOHOB. Jl00as |

MIOTIBITKA «PA3JEIUThY aTOM JaJblIe MPHUBOIAMUT K MOTEPE €ro CYIIHOCTH - TOTO (akTa, YTO OH

ABIISICTCS ONPECNEHHBIM, KOHKPETHBIM 3JIEMEHTOM TaOnuilbl MeHzeneeBa, ri1aBHOE B KOTOPOH —

3TO TEPUOJUYHOCTh XHUMHYECKHX CBOMCTB. IloBeneHHe aroOMOB TOWCTHHE YAMBHUTEIBHO.

Paccmotpum cnepytomue GpakThl:

e OHHU coCcTOSAT U3 HEOOJIBIIOTO MACCUBHOTO MOJIOXKHUTEIBHO 3apsKEHHOTO spa, BOKPYT KOTOPOTO
Bpamaercs OOJbIIOE M0 MAaCCHBHOE pACCESHHOE O0JIaKO OTPUIATEIbHO 3apsDKEHHBIX
3JIEKTPOHOB.

e [lpu npubmmkeHu IpyT K APYTy aTOMBI MOJSPU3YIOTCS M MPUTATHBAIOTCS, B PE3yJIbTaTe YEro
OHU JTMOO OOMEHHMBAIOTCS JIEKTPOHAMHU (KOBAJIEHTHO), JIMOO OJUH aTOM OTOMpaeT y APYroro
OJIMH WJIM HECKOJIBKO 3JIEKTPOHOB (MOHHO).

o Koraa HECKOIBKO aTOMOB CBS3BIBAIOTCS APYT C APYrOM, OHH MOTYT 0Opa30BBIBATh MOJICKYJIBI
(KOBAJIGHTHO) WJIM COJH (MOHHO), KOTOPBIE MOTYT OBITh KaK MPOCTHIMH, COCTOSIIUMH BCETO U3
JIBYX aTOMOB, TaK U CJIIOKHBIMHU, COCTOSIIIIMMHU M3 HECKOJIBKHX MHJUIMOHOB aTOMOB. CBsI3aHHbIE
COCTOSIHUSI aTOMOB, KOTOpBIE CKJIAJbIBAIOTCA B IOUYTH OECUMCICHHOE MHOKECTBO
KOH(Urypaiuii, MOTyT B3aMMOJEHCTBOBAaTH JPYr C JPYyroM CaMbIMH pPa3HOOOPa3HBIMU
cnocobamu. CoeMHUTE BMECTe OOJIBIIOE KOJIMYECTBO aMHUHOKHCIIOT - U BBI MOJy4yUTE OEJIOK,
CTIIOCOOHBIN BBITIONHATD PsAJl BAXHBIX OnoXuMuueckux ¢yHkuuid. /lo6aBpTe K O€NKYy HOH - U BB
NoJyyuTe (PePMEHT, CIOCOOHBINA U3MEHSTh CTPYKTYPY CBSI3€H B pa3IMUHBIX MOJIEKYJIaX.

CymecTByeT Ba KJII0Ya K NIOHUMAHUIO TOr0, KAK B3aUMOJeliCTBYIOT aTOMBI.

e KaxIplii aToM COCTOUT M3 JJIEKTPHUUECKU 3apsSHKCHHBIX KOMIIOHEHTOB - MOJOXHTEIHHO
3apsDKEHHOTO sijpa M psiia OTPULIATENIHO 3apsDKEHHBIX 3JIEKTPOHOB. Jlaske Korma 3apsisibl
CTaTUYHbI, OHU CO3JAIOT AJIEKTPHUUECKUE TMOJIS, a KOTAa 3apsiibl HAXOAATCS B JBM)KCHUH, OHU
CO3JAl0T MAarHUTHbIE IOJNs. B pe3ynbrare KaXabld CYLIECTBYIOIIMH aTOM MOXET CTaTh
AJIEKTPUUYECKHU TMOJISIPU30BAHHBIM IMIPH MOMAJAAHUU B HJIEKTPUYECKOE T0JIE UM MPOSIBUTH CBOIO
HaMarHU4E€HHOCTH MPH BO3JICMCTBUU MarHUTHOTO TOJIS.
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e DIIEKTPOHBI, BpaIIAIONIMECcs BOKPYI aToMa, OyAyT 3aHUMAaTh CaMblii HU3KHHA JOCTYIHBIN
JHEPIreTUYECKU YpOBeHb. [I0CKOIBKY 3JIEKTPOH MOXKET HAXOAUTHCS TOJIBKO HA ONPEACIICHHBIX
PacCTOSIHUAX OT ATOMHOTO SIJIpa, OH MOXKET 3aHUMATh ONpeeNéHHbIN Ha0Op 3HAYCHU YHEPIHUH,
JUKTYEMBI TIpaBWJIAMM KBAaHTOBOM MeXaHUKM. PacnpenencHuss BEpOSTHOCTH HAaXOXKICHHUS
JJIEKTPOHOB B 3aBUCHUMOCTH OT JHEPIreTUYECKOrO YPOBHS TAKKE OIPENEISIOTCA MPaBUIAMU
KBAaHTOBOM MEXAaHHUKU U MOJUUHSIOTCA ONPEACIEHHOMY PACIPENEICHUI0 BEPOSATHOCTH, KOTOPOE
OJTHO3HAYHO BBIYUCIIAETCS AN KaXJIOro THUIIA aTOMOB C JIIOOBIM MPOU3BOJIBHBIM YHCIOM
CBSI3aHHBIX C HUMH DJIEKTPOHOB. DTO IMO3BOJISET MMOHATh, KAK B3aUMOJEHCTBYIOT aTOMBI JpPYT C
JIPYIOM M JlaXke IIPeICcKa3aTh CBOMCTBA MOJIEKYJ M UX B3aUMOJACUCTBUE C APYTUMH MOJIEKYJIaMU.

JIMHUM ONITOBOJIOKOHHOM CBA3H
Eme coTHM J1eT Ha3a] MOPSKH ONPEEISUIA CBOE MECTOIIOJIOKEHHUE B MOPE 10 YaCTOTE BCIBILLIEK
Ha Maskax. Kaxnaplil Mask MMeNn CBOI «3ape3epBUPOBAHHYIO» YacTOTY, IPUMEPHO KakK celuac B
TEJIEBUJCHUEM WM paano. Jlake HOUYBIO B TSKENBIX MOTOJHBIX YCIOBHUSX MOXKHO OBLIO TOYHO
MIOHATH, K KAKOMY KOHKPETHO MOPTY MpUOIIMKAETCS KOpadIIb.

B 1961 roay Dnuac CHuUTIEp OMyOJIMKOBA TEOPETUYECKOE OMUCAHKME OJHOMOJIOBOTO BOJIOKHA.
OH npeAnoaoXuil, 4T0 MOXKHO:

o Hanpasuth MK nasep dyepe3 oueHb TOHKMI IPO3pauyHbI KaHaJ U3 CTEKJIOBOJIOKHA, IHAMETP
KOTOpPOr'0 COINOCTaBUM C JUIMHON BOJIHBI (B COBPEMEHHBIX CHCTEMax — 9 MKM IpU JJIMHE
BOJIHBI 1,55 MKM™).

e TOMECTUTh BCE B «OTPAXAIOIIyI0» OOOJOYKY W3 0o0jee TOJCTOrO CTeKJIa € MEHbBIINM
mokaszarejeM IpeloMyeHus (OMATh K€, B COBPEMEHHBIX KalelsiX pedb OObIYHO HIET O
auametpe B 125 Mxm).

B pesynbrate cBeT OyneT UCHBITHIBATH MOJHOE BHYTPEHHEE OTPAXCHHE HA TPaHMIIE pasjiesa JBYX
Cpell C pa3HBIMU MOKAa3aTEsIMM MPEIOMIIEHHsS] — BCE Kak B Kiaccuueckoil onrtuke. Ilotepu u3-3a
paccenBaHust OyayT MeEHbIIEe, a 3HAYUT, CUTHAI MOXHO OyAeT mepenath Ha Oosbliee
paccrosiHue. MeanbHo Ha pojb NMPOBOJHMKA CBETA C TOYKH 3PEHUS MPO3PAUYHOCTH U UYUCTOTHI
MOAXOIUT IUIABJIEHBIM KBapll, OH K€ — KBapleBoe cTeko. JlermpoBaHue KBapla OKCHIOM
repMaHusl 3HAYUTENIBHO CHI)KAET 3aTyXaHHWe curHaia. JlampHelIMe UccaeloBaHus MOKa3aau, 4To
yeM MeHblIe yacTora konebanuii B UK crnekrpe, Tem mnpomre GoToHaM MPOCKOYUTH CKBO3b Y3JIbI B
aTOMHOM pemieTke Matepuana. C MOSBICHHEM I'eTEpOJIa3epOB Ha OCHOBE apCeHUA raJljusi-uHINs
(InGaAs) B 80-x romax mHoJIy4wJIOCh CO3AaTh M3IyudeHUE C JiuHOM BoiHbl 1300 HM u emie
YMEHBIINTh  3aTyxaHue. ONTOBOJOKOHHAs  CBSI3b  Hauajia
pacripocTpaHsaThes o Mupy. Kabenn Hagamy npokiaabBaTh MOJ
BOJIOM W TMOHSIIH, YTO MpPO CTapble-A00pble MeIHble Kabenu ams
TEJIEKOMMYHHKALIUU MOXHO 3a0BITh. IlepBbiit
TpaHCATJIAHTHYECKUM Kalelb C TNPUMEHEHHEM ONTOBOJOKHA
npojoxwin B 1988 romy. OH mo3Boisl mepenaBaTb IOTOK
JTaHHBIX co ckopocTh 280 MOwut/c, uro coorBercTBOBajo 40000 Tene(bOHHHx muHuil. U nepenava
CHUTHaJIa B HEM OblJJla BO3MOXXHA IPH TOMOIIM SJICKTPOHHBIX MOBTOPUTENEH — OHHM CTAaBUJIMCH
yepe3 Kaxple 40 KM U yCHIMBAJIM CUTHAJN Ha BETMYMHY 3aTyXaHus. CTOMMOCTD MPOKJIaJKU KaOess
coctaBuia 330 MIWIJTMOHOB JI0JUIAPOB. ITO OYEHB AOPOTO!

[Touemy Obl HE MONPOOOBATH YCHIIUTH CBET cBeTOM? JIJIsl 3TOTO NepeaBaeMblii CUTHAI MOTaaeT
Ha Y4YacTOK KaOels JUIMHOW OKOJI0O 3 METpOB, CEpALIEBMHA KOTOPOro JiernpoBaHa spouem. Ilpu
«HAKaudKey dpOus MOTYIPOBOTHUKOBEIM JiazepoM ¢ JTHHON BosHBEI 980 HM mmn 1480 HM ero aTombl
NepexoasT B BO30YXKICHHOE COCTOSHHUE W M3JIyYalOT JIOTOJIHUTENbHBIE (DOTOHBI, KOTOpHIE
3HAYUTEIBHO YCWJIMBAIOT OCHOBHOW curHan mpumepHo 1000 pa3 (texnomorus EDFA)! Atombl
5pOUst Jar0T mpueMIIeMbId K03()(OUITMEHT YCHUIICHUS Ui AJIUH BOJH B Auana3zone ot 1530 xo 1570
HM. DTO JOCTaTOYHO LIMPOKAas IMOJI0ca, YTOOBI B OJHOMOIOBOM BOJIOKHE MOXKHO OBUIO NPHUHSTH
HECKOJIbKO CHTHAJIOB, KQXKIBIA U3 KOTOPBIX UMEET CBOIO, ropa3fo 0ojee Y3KyIo MOJIOCY JUIMH BOJIH
(ckaxeM, ¢ marom B 0,8 uM nosyuutcst 50 kanaos, a ¢ marom 0,4 am yxxe 100 kananos).

Bnusinue texnonorun EDFA Obu1o KoJ0CCanbHBIM — BEJb MOSBUIACH BO3MOKHOCTH MEpeIadyn
OTPOMHOTO TMOTOKAa JAHHBIX HAa THICAYM KWJIOMETPOB O3 JIOMOJIHUTENBHBIX YCUJICHUH, a TaKxke
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pasgensaTb WX Ha OTAEIbHBIE TOJOCHI
pasHOW JUIMHBI BOJIHBL. DTO YBEJIHYHUIO Tap
IPOIYCKHYIO CIIOCOOHOCTh Ha HECKOJBKO Ix >
nopsiikoB. [lo cytu, umenuo u3-3a EDFA % é% é;:/&
npsaMo  cefiyac  MWUIMOHBI  JIFOJEH

OJIHOBPEMEHHO UMEIOT HIMPOKOIIOJIOCHBIN OCTYI B MHTEPHET.

EDFA
Tx =3 Tap

i
-

o Ecau bl yueHblil, K8AHMOBbLU PUZUK U He MOodceme 8 08YX CI08AX 0DBACHUMDb
namuiemuemy pebeHKy, yem bl 3aHUMAaemech, — bl WLAPIAMAH.
o (Cebs necue 6ce2o 00ypayums. 30ecb HA00 ObLIMb OYEHb BHUMAMELHBLM.
® Bogce He 06s3amenbHO OblMb 0OMEEMCMEEHHBIM 3 MOM MUD, 8 KOMOPOM MHCUBEULD.
Deiinman
B ocennem necy, na passuike 0opoe,
Cmosn s, 3a0yMasuiucsy, y nogopoma;
Ilymu 6110 08a, u Mup ObLI UUPOK,
Oouaxo 5 pazosoumscs He MO2,
U naoo 6v110 pewamovcs Ha 4mMo-mo.
Pobepm @pocm 6 cmuxomeopenuu «/Ipyeas dopoaay
Kaoscowiti amom meoezo mena npousowén om e3opeasuielics 36e30bi. M, 603M0XHCHO, amomvl meoell
J1e6oll pyKU NPUHAONeNCAnU Opy2eou 36e30e, He MOll, U3 KOMOPOU amomvl npasou. Imo camas
NOIMUYHAS 8elyb, KOMOPYIO 5 3HAI0 O (hu3UKe: Mbl 8ce cOenamvl U3 36€30Holl nuviau. Bac Ovl 30ech He
OvLI0, ecau Obl 3663061 HEe 630PBANUCH, NOMOMY MO XUMUYECKUEe dNeMeHmMbl — Yenepoo, d3om,
KUCTIOPOO, dHcene30, 6CE, YMO HYHCHO OIS 3aPOHCOEHUS I80IIOYUU U OJIA HCUZHU, He OblIU CO30aHbl 6
Hauane épemén. Onu 6bLIU CO30aHbl 8 A0EPHLIX MONKAX 36€30, U, 4MoObl NPespamumscs 6 6aulu
mena, 366306l O0JJICHLI ObLIU 630peambcs. Tax umo 3abyobme npo Hucyca. 36€3061 nocubnu,
umoobbl 8bl ce200Hs OLLIU 30€Ch.
Lawrence M. Krauss, meopemuyueckuil (hu3ux u KOCMO102.
Ecmuw cemv uyoec?! He npasoa mo,
Becb mup, uem 6am ne uyoo?
Kaxk cozoan on, u cozoan kmo?
U 3515 on omxyoa?
Aemop neuzgecmen
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A 00 cux nop uzymasaOCy, K020a cCMOMpPIO HA A0EPHbLU PeaKmop.
Hunvc bop
Kax monvko 6azoevie 3nanus nonyueHvl, 1100as NONbIMKA NOMEUAmMb
UX NpUMEHeHUl0 Ha Npakmuke Oyoem cmolb Jice Muemuou, KaKk u
nonvimka ocmanosums epawjenue 3emau okpye Connya.
IHnpuko Depmu
O mom nopasmulciiu, 4mo dHcoem enepeou;
L]ens, 6vibpas baazyro, K Hetl NPAMO UOU.
Dupooycu
Cmoorcem i Mol 8bIHCUMb 8 INoxXy pazeumusl mexHono2ul?
Loicon ghon Hetiman (1955)

((H@Gd.?fCHO, Kmo nepebzﬁ 8bICKA3ANL  UOEHO: 6AJICHO, Kno 63471 HA cebs

OmMBEemMCmMeeHHOCMb 34  peanu3ayuion,- ¢ COIIATCKON NPSIMOJIUHENHOCThIO TOBOPHII
Hanoneon.

MPUMEPHBIE IIIAHBI YPOKOB 11O SI/IEPHOM ®U3UKE

3akon Anea:

Bce senuxue OmMKpblmus oenaromcest no outuoke.

Ilap (svic. 0aen.)

MmMOK

1——“ Onexmpuueckuil

Dypbuna

Tenepamop

; { ITap (nu3. Oaen.)
Ilapozenepamop ’

Booa (xon.)

€op,)
= I'paoupns
E, Booa

===(Hu3. daen.)

Bmopoii konmyp
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Cnoso "amom" ne 0ondHCHO HAC cMywamb - OHO HAM 3HAKOMO C OABHUX BDEMEH, O
HeOenuMoCmu amoma He oymaem 8 Hacmosiujee 8pems Hu 0OUH Qu3sUK.
JI. bonvyman
> Ypoxk 20.[< COCTAB SIJIPA ATOMA

9JIeMeHT - 3TO BE€IIECTBO, COCTOAIECEC U3 AaTOMOB C OAMHAKOBBIM 3apsA/10M siApa.
HEJIb YPOKA: Ilo3HakOMUTh YYEHHMKOB C OKCIEPHMEHTAIBHBIMU JIaHHBIMH O

CTPOCHUM U CBOMCTBaX aTOMHBIX SJ€P, MPOTOHHO-HEUTPOHHON MOJIENbI0 ATOMHOTO
saapa.

TUIT YPOKA: nexuusi.

OBOPYJOBAHMUE: muadunsm "Ctpoenue atoma", kuHodparmMeHT "OTKpbITHE

HEUTpOHA',
ITIJTAH YPOKA:
1. BcrynurensHas yacTh
2. Jlekuusa
3. JleMoHCTpaiwsi KUHO(pparMeHTa
4. 3akperuieHue
5. 3anmaHue Ha 10M

II. Sinepnass ¢pusmka - pasgen (GU3MKH, MOCBAIIEHHbIH H3Yy4YEHHMI0) CTPYKTYPbI
aTOMHOI0 SI/IPa, NMPOIECCOB PAAMOAKTHBHOIO PAaclaJa M MeXaHU3Ma SiIepPHBIX
peaxkumid.

Yro 06110 U3BECTHO 00 aTOMHOM siape K 1932 roay?

e Pasmepsl aToMuBIX axep ~ 10712 — 10713 cm. Pagnyc sapa: R~1,3-3 410" u,

® DJICKTPUYECKUU 3apsij sjep. 3apsaj sAlipa B €IUHHULIAX SJIEMEHTAPHOTO 3apsiia paBeH
MOPSIKOBOMY HOMEPY 3JIEMEHTA B MEPUOANUYECKON Tabnuue. s = Z 3. 3apsajoB =
Z-e;e=1,6-10" Ku.

e Macchl sijep. Macca sijpa 4yTh MEHbBIIIE MacChl aToMa: My = My - Zme. OOBIYHO
Macchl aTOMOB JaHbl B aTOMHBIX eIuHHIaX Macchl (a.e.M.). 1 a.em. = (1/12) moc =
1,66-10%" kr. MaccoBoe 4nciio (A) - OKpYIJIEHHAS! 10 IEJIOr0 YHCJIa MACCa ATOMA B
ATOMHBIX eJHHUIIAX MACCHI.

e dopma aToMHBIX siziep ("'pa3zMazaHHOCTh" U iehopMalinn).

e Slnpa mMoryT pacragarbcs.

e Slmpo aroma Bogopoaa - mpotoH (p) wiu (;H): mp = 1,00728 a.e.m.; qp = 1 3m. 3apsn

. 1
= €; CIIHH (COOCTBEHHBII MOMEHT KOJIMYECTBA JIBUKEHHSA ). S = Eh .

[TpoToH GeccMepTeH, eClii He BCTPETUT aHTUIIPOTOH!
e Kpome mporoHa (usMkaM ObLT M3BECTEH U 3JIEKTpoH: me = 9,1-10°! xr ~ 0,00054

a.eM.; e =- | o1 3apsim =-¢€, s = %h 29 anpens 1897 roma anrymiickuii Gusuk Jxoszed

TomcoH cooOnT Kosteram 00 OTKPBITUH UM JIEKTPOHA.
CumBonMueckoe 0003HaueHHE aTOMHBIX siiep: ; X. [Ipumepst: 3 He, 2 H, | Be.

CoctaB sjapa aroma. IIpOTOHHO-XJIEKTPOHHASI TMIOTE3a CTPOeHHs1 syipa (B TO BpeMs ObUIA
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M3BECTHBI TOJIBKO JJIEKTPOH M mpoToH). CocTaB simpa atoma JuThs SLi Ha OCHOBE JTOW MOJENH

(pucyHok Ha nocke). CruH s/pa NOIyLENbli, HO B ONbITax

OBbIJIO YCTAHOBIICHO, YTO OH Henblil! [louemMy 35IeKTpOHBI He P
MOTYT HaXOJIUThCSl BHYTPH aTOMHOTO sifpa? / Hapapun
OtkpeiTHe HelTpoHa. Omnbitel Yensuka m ux —F | T
VHTEPIPETALMS: +ar+,Be—'"2C+ 1. b \

Omu  dKCnepumMeHmanbhvle pe3yibmamsvl OYeHb MpPYyOHO
.9
00BACHUMb HA OCHOBAHUU 2UNOME3bl, YMO U3NyyeHue bepunnus npeocmasisiem cobou , Be keanmosoe

u3yueHue, Ho OHU HeNOCPeOCMBEHHO BbIMEKAIOM U3 NPEeONONIONCEHUs, YMO U3YUeHUe COCMOUM U3
yacmuy, KOmopbvie UMeIom Maccy, nPUOIU3UMENTbHO PABHYI0 MACCe NPOMOHA, HO He UMEIOM 3apsod.
Yeosux

Heiitpon (n), oT nat. neuter - HU TOT, HU IpyTrou: my =1,00866 a.e.Mm., qn=0, s = %h

IIporonHo-HeHTPOHHAasT MoJedb aapa. CocTaB sapa aToMa a30Ta Ha OCHOBE ITOU
mozaenu: (Li. 3apsmaoBoe umcio (Z) paBHO YHMCJIY NPOTOHOB, BXOASIIUX B

COCTAB fIAPAa: coBHajaeT C MOPSIAKOBBIM HOMEPOM 3JIEMEHTa B IMEPUOAMYECKON Tabiuue.
Bce cBoiicTBa aToma ompeaessieT BCero 0JHA BeJIMYMHA: KOJINYECTBO NMPOTOHOB B sape! 3a
CUeT 3TOro o0pa3yeTcsl YHUKaIbHBIA HAOOp CBS3€H C JAPYrMMU aTOMaMH, M OTKpPbIBAE€TCS MOYTH
HEOTpaHMYEHHBI HA0Op BO3MOXKHOCTEH Ui TUIIOB MOJIEKYJ, MOHOB, COJiell M 0ojee KpyMHBIX
CTPYKTYp, KOTOpBbIE OH MOXeET 00pa3oBbIBaTh. [Ipy STOM KaXXAbI »IIEMEHT HMEET CBOU
YHUKaJIbHBIH HaOOp CBOWMCTB: TBEPJAOCTh; I[BET; TEMIEPATYPHl TUIABJICHUS U KHUIIEHUS; TUIOTHOCTD;
IIPOBOJAUMOCTb; 3JIEKTPOOTPULIATEIIbHOCTD; SJHEPTUs HOHU3ALIUH.

.3 7y 9 235
Crpoenne atomubix simep: ;He, ;Li, ,Be. KakoB coctas siapa “;U? Yucmo °

HEUTPOHOB B sigpe aroma: N = A — Z. 13 mucema Pesepdopaa H. bopy: "Mue w110 @)
NPUAMHO Clbluiamy, 4mo Bl omueciuce k Helimpory mak onazodicenamenvHo”.

B 1907 rony pannoxumukom @penepuxom Conau 66110 0OHAPYKEHO, YTO

CYLIECTBYIOT BEUIECTBA C OJAMHAKOBBIMU XUMHUYECKUMHU CBOHCTBAMHU, HO

OTJIMYAIOIINECS YUCIOM HEeHTpoHOB. Eciii ObI He HEHTPOH, TO CyIIECTBOBAN OBl TOJIBKO BOIOPO!

H3oTombI - aTOMBbI, fA/Ipa KOTOPbLIX UMEIOT OHHHaKOBblﬁ 3apsii, HO pasHyl0 MaccCy
(OTIMYarOTCA KOJIMYECTBOM HEUTPOHOB B spe). Macchl M30TONMOB MU3MEPEHBI C OTHOCUTEIHHOU
norpemHocteio 0,00001 % . Hanpumep, atomMuas macca atoma Bopopona 'H pasma 1,0078250
a.e.M, Macca TSIKEJIOro M30Tona Bojopona - aeirepus “H pasna 2,0141018, a macca renus *He
paBHa 4,0026033.Macca snexktpoHa B 3Tux eauHunax pasHa 0,00054858, u ee Toxe Hazo
IIPUHMMATh BO BHUMaHHE. B 01HOM aTOMHOM equHUIE Macchl 3aKiatodeHa sHeprus 931,5 MaB.

0 o
5CL = 75%: TCl — 25%; Ag= A0t 4h%

100%
«TIPOCTOM PIEMEHT» U «CMELIAHHBIN 371eMeHT». [louemy?
JIpyrue npumepsl ¢ H30TONIAMH YPAaHA M BOAOPOAA:

. Ilocne OTKPBITHA H30TOINOB CTAJIM Pa3JIM4YaTh

U -99,3% 1H=99,985%
2U-0,7% *H (neitrepuit) = 0,015% (1932 roa, F'aponba FOpu)
22U - 0,006% “H — TpuTHii (ConepikaHue HE3HAYUTENBHO)

OcraBuivecs B XHUBBIX JKUTETH XHMPOCHUMBI HaBCETJa 3alOMHSAT PasHHUIy MEXAy Oe300HIHBIM
uzorornoM ypana >*8U u uzorornom ypana *>U.

Tsxenana Boga. B oprannsme uenoseka €€ 6 mnm 7 rpaMMm, B pekax, 03épax U MOpSAX Topas3io
Oonbure. TpuTHeBas Bojia, K COXaJCHUIO, paanoakTHBHA! PaboTa co CrpaBOYHHKOM MO (DU3HKE U
texuuke: Tadm. 261 Ha ct. 208 1 Tabn. 263 Ha ct. 210. BeIBOIBI yUanmxcs.

1. demoncTparus kuHodparMeHTa.
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IV. 3a0auu: 1. Beraucnauts TWIOTHOCTH BEIIECTBA, M3 KOTOPOTO COCTOMT siapo ; He,

cumTas ero paaumyc pasHeiM 10713 cm.

Ecnmu B aromax yOpare CcBOOOJHOE MPOCTPAHCTBO M OCTaBUTh TOJBKO COCTABJISIOIIME HX

SJIEMEHTApHBIE YaCTHIBI, TO YaliHas JIOKKa Takoro "BemectBa" Oymer mmerh Maccy 5-10'2

Kujorpamm. M3 HEro cocTosT Tak Ha3bIBaeMble HEUTPOHHBIE 3BE3/IbI.

2. MonsipHast Macca ra3o00pa3HOro MOJIEKYJISIPHOTO BOJOpOoAa 3 I/MOJIb U3-32 3HAYUTEIBHOIO
KOJMYECTBA B raze aToMoB Jeitepust. Onpeaennure 07T ITHX aTOMOB.

V. § 93-94. Bonpocsr 5,6 k § 94.
Moeyuue cunwvi
ComxHyn0 8 Mupbl.
U yyomoti, npexpacHotl,
Tosesno sncusnvio.
A.B. Konvyos

} Ypok 21. { AJEPHBIE CHUJIBL. DQHEPI'US CBA3U ATOMHBIX SAJEP.

ITouemy npoTOHBI B siApe He Pa3JieTalTCs B CTOPOHBI?
HEJIb YPOKA: HayunTs y4€HHKOB pacCUMTBHIBATh YHEPTUIO CBSI3H ATOMHBIX SIEP.

TUIIT YPOKA: koMOMHHPOBaHHBIH.
OBOPYJJOBAHMUE: kunoguisM "Cuisl npupoas!", kuHoGuasM SIaepHbie peakiun'.
IJTAH YPOKA:

1. BcerynurenbpHas 4acThb
2. Ompoc

3. OOwbsicHeHue

4. 3akperuieHue

5. 3amanHue Ha IOM

I1. Ompoc pynnamenTanbHbii: 1. UTo 06110 H3BECTHO 00 aTOMHOM sipe kK 1932 roay?

2. OTkpbiTHE HEUTPOHA. 3. [[pOTOHHO-HEUTPOHHASA MOJIEND SIpa.

3aoauu:

1. UeMm oTIMUaOTCS IO COCTABY SIAPO JIETKOTO U30TOMA TeUsl OT SJIpa CBEPXTAAKEIOTO
H30TOIa Bogopoaa?

2. BBIUHMCINTE OTHOILIEHUE CHIIBI SJICKTPOCTATUYICCKOI'0 OTTAJIKUBAHUA K
CHJIC TPABUTALIMOHHOT'O MMPUTSAXKCHHUA IBYX IIPOTOHOB B APC.

III. CocraB aromHoro sipa Ha mpumepe | Li. [Touemy sapo

yCcTOMUMBO? SIepHbIe CUITBI (CUIILHOE B3aUMOJICHCTBUE). TT-
ME€30HBI — KBaHTHI SI€pPHOTO 110J1s1. OOMEHHBIN XapaKTep

SIIEPHBIX CUJI. Hyki10H Beeria okpysk€H cBO€OOpa3HOM «ME30HHOU
1ry60ii», T.e. 06J1aKOM MTOCTOSTHHO UCITYCKA€MBIX M MOTJIOIIAEMBIX T-ME30HOB, PACIIPOCTPAHSSICh HA
paccTosiHus nopsiaka 2,5 M.

[Tu-me30HbI (THOHBI). 3apsn Macca

T+ 1 511 3apsn 273,1 me=139,6 M»B
0 0 264,1 me= 135 M>B
T - 1 211, 3apsn 273,1 me= 139,6 M»B

CaoiicTBa SI/1ePHBIX CHJI:
e KoporkoaeiicTeymomue ~ 10-3¢m.
e (O0sa1a10T 32psAI0BOI HE3ABMCUMOCTBIO.

e Camble MOLIHBIC H3 H3BECTHBIX CHJI IPHPOIBI.
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e Bo3HukawT Mexay agpoHaMU.
Snpo - nyJbCUPYOIIMH CTYCTOK MEUMOJIETHBIX YaCTHII.
«Du3uku Mo2ym 00wbACHUMb 0adxice mo, Ymo He8O3MONCHO npedcmasumvy. JI. Jlanoay
Jueprusi cBs3u sapa (Ee) - mMuHuMagbHas padora, HeoOXoaumasi JI

pa3ie/ieHusl CUCTeMbI (1Ipa) HA COCTABJISIIOIIME €e YaCTHIbI.
MpeicieHHOe pa3zfeieHue siapa JUTUS Ha HYKJIOHBL. UTO MBI
umeeM? YTO MNpOM30MAET, €CIM YaCTULbl OISATh CONM3UTH? Y-
KkBaHTBL. YTo MbI Oyznem mmeth? JledekT macchl: Am = my — Ma
DHeprus Yy - kBaHTOB: E = Am-c’. Kakyio 5Hepruro HeoOX0auMo
3aTPATUTh TS Pa3IeIeHHs sapa Ha HYKIoHb?  Ecs = Am-c?
[Tockonbky B cipaBOYHMKAX JaHa aTOMHas macca, To Am = Z mp + N my — (ma —
Z me). YCTOWUYUBBI TOJBKO T€ sApPa, y KOTOPhIX A m > 0.
Bonpoc: TloueMy mnpu CIUSHUM siiep U3 OTHEIbHBIX HYKIOHOB «apuMeTHKa He
pabotaeT»? VYaeabHas JHeprusi cBsizu: Ey; = Ew/A. OOcyxnenue rpaduka.
[Toka3zaTp, 4yTO rpaukK JaeT BO3MOKHOCTb I'PyOO OLIEHUTH SHEPTHUIO CBSI3U sJIpa aToMa.
CuiibHOe B3aumMojeiicTBHE MOKHO MHTepIpe- ﬁ A)ypex = 8.7 MaB/uyicion

THPOBaTh KaK YHUUYTOKCHUEC OAHUX YaCTHI U
POKACHHUE NPYIAX. CuibHoe B3aHMOHeﬁCTBHe
BO3HUKACT MEKIY HeﬁTpOHaMH, NpOTOHAMH U

(E,,/A) =76 MaB/nywion

HEKOTOPbIMHM JIPYTHMH 4aCTHIIAMHU, oO0IIee
Ha3BaHHe KOTOPBIX - A/IPOHBI.
IV. 3a0auu:

1. Beramcauts sHepruro cBs3u sapa ;O B MaB.

E ./ A, MsB/nyxiion

2. Halimure »HEPIUIO CBA3M sAapa, KOTOpOE e o oW
MMEET OJMHAKOBOE YHUCIO MPOTOHOB U 4
HEUTPOHOB U pajanuyc, KOTOpbId B 1,5 pa3a MeHblie paauyca sapa Al -27.

Bonpocui:

1. KakuM 00pa3om OTKPBITHE HEUTPOHA TTO3BOJIUIIO OOBSICHUTH HATMYHE U30TOMOB?

2. Ilosicaute cMbICT  BbIpaKeHUA: «SlmepHble cuiibl  00JaJar0T  3apsA0BOU
HE3aBUCHUMOCTBIO».

3. Uro BaM M3BECTHO O TSLKEIIOU Boxe?

Yro xe MeHseT JUIIHUK HelWTpoH? Ha ynuBieHuwe, 3T0 HM3MEHEHHME IIOYTHM HE BIIMAET Ha
XUMHYEeCKHe CBOHCTBa atoMa. OpHAaKo eciau Obl BBl PEIIWINCH 100aBUTh MPOTOH, BBl OB
CTOJIKHYJIUCh C HAaCTOsIIeH Marueil. AToM aeltepusi crai Obl H30TONIOM aToma resnus!

4. EcTh 1 OrpaHUYEHHE HA KOJIMYECTBO MPOTOHOB U HEUTPOHOB B sipe?

5. Hedext maccnt sapa N - 15 pasen 0,12396 a.e.m.. Halinute maccy sanpa (atoma).

6. ATOMHBIE MacChl XUMUYECKUX AJIEMEHTOB B Tabiuie MeHaeneeBa HHOTIa CUIILHO
OTJIMYAIOTCA OT LEebIX yucen. [Touemy?

7. Ilouemy He MOTYyT CYIIECTBOBaTh sjpa aTOMOB, COJAEpXallhe MPOU3BOJILHOE
KOJIMYECTBO IPOTOHOB M HEUTPOHOB, Harmpumep, , He?
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8. Ecnu B atoMe sHeprusi cBs3M 3jeKTpoHa nopsiaka 10 3B, 1o B siipe sHeprus CBs3M HyKJIOHA
nopsiaka Heckoibkux MaB. Tlouemy?

V.§§ 95-96. Viip.13, Ne 4,5.

1. B 1815 rogy Buibsm IIpoyT npenmnonoxusi, 4To BCE 3JIEMEHTHI "NIOCTPOEHBI" W3 BOAOPOJA,
KOTOpBIH SIBIISIETCS, TAKUM 00pa3oM, MEpBUYHOM MaTepueil. YTo NpHUBENO ero K 3TOil rumorese u
novyemy B XIX Beke oHa Obli1a OTBEprayTa?

2. Mcnonb3yst COOTHOILIEHUE HEOTIPEAETIEHHOCTH JUIsl 3HEPTUU U BPEMEHH, OLIEHUTE MACCy IHOHA.

. I3 1ecaTkoB ThICAY BO3MOXKHBIX HAOOpPOB NPOTOHOB M HEHUTPOHOB TOJBKO OKoJo 250

CTaOWIIbHBI, HO TIOYEMY UMEHHO OHU?

4. Bo ckonbko pa3 paguyc sapa U - 238 Gomnbire paauyca siapa He — 37

5. BooGpa3ure Mup 6e3 CUIIBHOTO B3aUMOJICUCTBUS. UeM ellie MHTepeceH 3TOT MUp?

Xomb npocmoma npusimueti 11005aM,

Ho cnoocnoe oocmynneti um.

(98]

b. Ilacmepnak

S| Vpox 22.[Z PEIIEHUE 3AJAY

baaro1aps cuibHOMY siiepHOMY B3auMojaeicTBUIO ''padoTaer" BogopoaHas 6omoa!
HEJIb YPOKA: CdopMupoBaTh y YUYEHHUKOB NpPEJICTaBICHHE O CIOCO0ax ompe-

NEJIEHUS] SHEPTUU CBSI3U ATOMHBIX SIIED.

THUIT YPOKA: pemienue 3a1ady.

OBOPYIOBAHMUE: MuKkpoKanbKyasiTOp, CIIPABOYHHUK.
IJTAH YPOKA:

1. BcerynurenpHas 4acTb
2. Omnpoc

3. Pemenue 3amau

4. 3amanue Ha I0M

I1. Omnpoc dpynnamenTanbhblil: 1. SnepHble CUITbl. 2. DHEPTUs CBSI3U aTOMHBIX SIZIED.
3aoauu:
1. Beruncnute NOTHYIO U YASIBHYIO SHEPTUIO CBS3H sapa & Li.

2. Ilornouiaercss WM BbIAEIAETCA 3HEPrUs NpU oOpa30BaHUU siipa aToma AerTepus
*H u3 moKouBIIUXCS MPOTOHA U HEHTpOHA?

3. PaBHBI 1M Mexay coOOW SHEprus CBsI3UM HYKJIOHA B sipe M yAENbHas SHEPrusl CBsA3U sAapa’
OTBETHTE Ha STOT BOIPOC, TIPOBEIS MBICJEHHbIE OMBITHI C AApoM ; He .

4. JIBa s1pa Ha3bIBAIOTCS 3€PKAJIbHO COINPSKEHHBIMH, KOTJIa YUCIIO HEUTPOH B OJJHOM PaBHO YHCIY
TIPOTOHOB B JipyroM. HaiiTh pasHOCTb 3HEpruii CBA3M U1 3epKabHO CONMPSKEHHBIX saep '+ B u

"C.me=11.01143 a.em., my = 11,00930 a.e.m..

Bonpocui:

1. TloueMy y TSKEINBIX sIAEP YUCIO HEUTPOHOB MPEBBIIIAET YHCIIO TPOTOHOB?

2. B yem CXOACTBO M B 4YEM pA3NIUYHE TPABUTALMOHHBIX, SJIEKTPOMArHUTHBIX H
SIIEPHBIX CUJT?

3. Kak ¢ noMoOIIbI0 COOTHOIIEHUSI HEONPENEICHHOCTH OLICHUTh 3HEPTUI0 CBS3H
HYKJIOHOB B sipe?

4. Ilouemy He ObIBa€T aTOMHBIX SJIEP, COCTOSIIMX TOJIBKO M3 JBYX MPOTOHOB WIIU
TOJIBKO W3 IBYX HEUTPOHOB?
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5. TloueMy ojHa [ABeHajlaTas 4YacTh MacChl aroMa yriaepoaa OoJiblie OJHOM
HIECTHAATON YaCTH MacChl aTOMa KUCiIopoaa?

6. IloueMy szpa TSXKENBIX AIEMEHTOB PACIAIalOTCs, BEAb YeM OOJibllle HYKJIOHOB B
sipe, TeM OOJIbIIe JOJIKHBI OBITh S/IE€PHBIC CHUITBI?

7. Uemy paBHA 3HEPTUS CBS3M spa aToMa BOAOpoaa?

8. Ilouemy aTOMHBIE Beca XUMHUUYECKUX DJIEMEHTOB JaK€ MNPUOIUZUTEIHBHO HE
SABIIAIOTCA KpPAaTHBIMA AaTOMHOMY BECy BOJOpPOJa, BEIb MacChl IPOTOHA U
HEUTPOHA NPUMEPHO OJUHAKOBBIC, & MAaCCOM 3JICKTPOHOB IO CPABHEHHUIO C HUMH

MOXHO IIpeHeOpeyb?

9. MoxHO 1M paccMaTpuBaTh HEWTPOHHYIO 3BE3MY, KaK PO XMMHUYECKOIO 3JIEMEHTAa C OYEHb
OOJIBIIM MOPSIIKOBBIM HOMEPOM?

I11. 3aoauu:
1. DHeprus cBsi3u supa Tpuths | H paBHa 8,5 MaB. Omnpenenure: a) aedext mace
ATOTO si7ipa; 0) Maccy sapa.

2. JIOKa&XKuTe, 9TO SIPO , Be HECTAOMIIBLHO U PACTIANAETCS Ha JIBE O - YACTHUIEI (110 OTOW  IPUYMHE BO

BcenenHoli Manoe npoLeHTHOE COAEPKaHUE TSHKENBIX A1eMEHTOB). Mpe = 8,00531 a.e.m.
3. Ilonb3ysack rpadMKOM yAEIbHON SHEPTHH CBSA3H, ONPEAEIUTE DHEPTUI0 CBS3M si/Apa JaedTepus,
KeJe3a, ypaHa.

IV. §§ 94-96 (moBTOpeHUE).
Huumo u3z mozo, umo ecmu, e modcem Ovimv YHUUMOICEHO. Bcesakoe
U3MeHeHUe ecmb MOJbKO COeOUHeHue U pazoeiieHue 4acmell.
Jlemoxpum

SIIEPHBIE PEAKIIMU

HEJIb YPOKA: IT03HaKOMHUTH yHaIIUXCS C YCIOBUSIMU MPOTEKAHUS AIEPHBIX PEAKIIHA,
METOJIAMH PACUYETa BBIJACICHUS SHEPTUH.
TUIT YPOKA: KkOMOMHUPOBAHHBIH.

OBOPYIOBAHMUE: cripaBOYHUK, MUKPOKAJIBKYJISITOP.

IIJTAH YPOKA:
. BerynurenbHas yacTh (a)—= Q
Onpoc-noBropeHne

1

2

3. OObsicHeHHE

4 3akpereHue s+ N o017 !

5. 3aganue Ha JOM
I1. Onpoc dyHnameHTaNbHBIM: 1. DHEpPrus CBA3M aTOMHBIX sjep. 2. Y aenabHast SHeprus
CBSI3U.
3aoauu:

1. CrabusbHo 1u sapo ', C OTHOCHTENIBHO paciaaa Ha TPHU O - YaCTHIII?
2. Kakoe siipo MOkeT 00pa3oBaThes MPU COeAMHEHUH ABYX siaep . C ¥ Kakas SHeprHst

BBIJICITATCS IIPU 3TOM?
Bonpocui:
1. Kak ycTaHOBUTB, KaKOM M3 U30TOIOB CTaOUIIbHEE?
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2.Yto TpeOyeT OomnblIeld IHEPTHHU: OTPHIB OT aToMa HEWTPOHA, DJIEKTPOHA WIIU
poTOHA?

3. YenbHast SHEpPrusi CBSI3M 3aBUCUT OT MAcCCOBOIO YMCIA. 3HAYUT JIK 3TO, YTO Yy
n300ap PHEPTUHU CBS3U OJUHAKOBHI?

4. Mexay HYKJIOHaMHU JEUCTBYIOT SJIEpHBIE CHUJIbI, MOYEMYy TOTrJa BCE sapa He
CJIIUJIMCH B OJHO OOJIBIIIOE SPO?

5. Kak ¢ mOMOIIBIO COOTHOIIEHHUS HEOMPEACIEHHOCTH OILIEHUTh Maccy IHOHa,
MEPEHOCSIIET0 CUIILHOE B3aUMOJICUCTBHE?

IT1. SinepHble peakuum - NMpeBpalleHUs] ATOMHBIX siiep NMPH B3aMMOJEHCTBUU C

YacTULAMM, B TOM YucJIe ¢ GOTOHAMU WM APYT € APYyroM.

CocTaB OKpY’KaIOIIEro HAcC CEroJiHs MaTepHajbHOIO MHpPA MPEICTABISET COOOM MPOMYKT SIEPHBIX
peaKLuii, IPOUCXOAIINX HA IPOTHKEHUH UCTOPUU BeesleHHOM.

YcioBuSI MpoTekaHMs SiAePHBIX peakumii. /[ mpoTekaHust sSIEpHON peakluu

Heobxoaumo conmkenne gactui 1o 10713 ecm. Yekopurenu npotonos (70 I'aB).

TeBarpon cnocoOeH mpuaaBaTh MPOTOHAM SHEPIUIO, MPEBBIMIAIONIYI0 X dHEepruto mokost B 1000
pa3, BAK - B 7000 pa3. VYckopurenu 3IEKTPOHOB (IPEOJOJNIEHUE HKPAHUPYIOLIETO BIMSHUS
ANIEKTPOHHBIX 000J0ueK aroma). bomOapampoBka MHIIEHH MYYKOM YCKOPEHHBIX 4acTull. Kakwe u3
YaCTUII SBJISIFOTCS JIyUYILIMMH CHAPSAaMHU JUTS UCCIIEJOBAHUSI aTOMHBIX sep?

Yro KOHKPETHO l'lpOPI30fII[CT C AAPOM, 3aBHCUT OT IHCPIrum Ha.HeTaIO]_[Ieﬁ
YaCTUIIbI U GHEPIruM CBSI3N HYKJIOHOB:
e Yacrtuia MOXKeET OBITH 3aXBaucHA AAPOM aTOMa 1, BBI3BATD SAJICPHYIO PCAKIMIO.

e UYacrtuiia MOXET pacilienuTh sJIpo Ha (PparMeHThI.

e UYacrtuila MOKET OTCKOYUTH OT sijipa MpH YIPYroM yaape.

SlnepHble  peakuMM = NOAYMHSIIOTCS  3aKOHAM  COXPaHEHUs
3JIEKTPUYECKOT0 3aps/ia, JHEPIrun, HUMITYJIbCA.

IIpumepsI siIepHBIX PeaKIuii:

bombGapnupyss  atombl  a3zora  anbda-uactunamu,  Pesepdopn
OOHapyXWUJI, 4TO CTOJIKHOBEHHE MOXKET BBIOMBATH MPOTOH U3 siApa aroMa a3oTa, a
anb(a-yacTUlla MPU STOM CIUBAETCS C TEM, YTO OCTAIIOCh, 00pa3yst KUCIOPO/I.

a+ N ="0 + p. Jyume rax: ;He + *N = 70O + |H. ITogemy myurire?

Eme npumep simepHoii peakiuu: H+ ;Be =''B + ;n.

JIro0ast simepHasi peakuusi — 3TO pa3pylIeHUE OJHUX siAep U 00pa3oBaHUE JPYTrUX
anep. Ilpu pa3pyuieHun sigpa 3HEprusi 3aTpayuBaeTcs, Npu OOpPa30BaAHUU HOBOTO
sa/ipa SHeprusi BblaenseTcs. B o0uiemM ciydae 3TU SHEPTrUU HE PaBHBI JPYT JIPYTY,
MOATOMY fi/IEPHbIE PeaKUMU MOTYT MPOTEKATH C BbIIeJIeHHEM WU MOIJIONIeHHEM
sHeprun. Dta >Heprus B 10° pa3 Gonblue, 4eM Ipy XUMHYECKOM peakium!

Pacuer BBIJICJICHUA JHEPIUA HA IIPUMCPE HI[GpHOfI PCaKuun: ROMIteCKMe Npouecch
H+ *H— ‘He +n+ 17,59 M»B. | ‘

Takue siiepHble peaKuuy HA3bIBAKOTCS PeaKIUSIMH CUHTe3a!
SlnepHble peakium qejieHUs HA IPUMEPE PEaKInu:
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n+5U—'2 Ba+,.Kr +2n+200 M3B.

Peaxknum pacnaga Ha npumepe peakiun: ; Be— 2+ 3 He. SInpo He crabmisHOE!
CoKpalleHHas 3amuch ypaBHEHMs sjepHoil peakuuu. Hampumep, peakimio n + "N — “C + p
sanuceiBatoT B Bue: SN (n,p) 'tC.

Kaxnplii pa3, Koraa MpoUCXOIUT siiepHas peakius, OyIb TO CHHTE3 WIM JelieHHe, €Clii Macca
MPOAYKTOB pEaKkIMM MEHbIIE MacChl YacTHL, B HEH y4yacTBOBaBIIMX, E = mc? roBoput o ToM,
CKOJIBKO SHEPTHH OyZeT BEICBOOOKICHO B 3TOM PEaKIIHH.

IloporoBas 3Heprus AJAepHO peakMu — MUHUMAaJIbHAsI SHEPTUS HaJleTaloUIeH

YaCTUIIbI, TPU KOTOPOH MPOUCXOUT JJaHHAS peaKIusl.

IV. 3a0auu:

1. Onpenenuts SHEPreTUUECKHU BBIXOJ PEAKIMU, KOTOPYH ocymecTBua B 1919 r.
Pesepdopn. On GomOapampoBan o-uacturiamu azor: ;He + "N = 7O + H.

[Tornomaercs win BeIACISAETCS SHEPTHS B 3TOM peakuun? Macca aroma a3ora m; =
14,003074 a.e.m., atoma renusa mz = 4,002603 a.e.Mm., aToMa KHUCJIOpoJa M3 =
16,999133 a.e.m., atoma Bogopoaa m4 = 1,007825 a.e.m.

2. OnHoit u3 HambOoJee M3BECTHBIX pEAKIUNA TEPMOSIIEPHOTO CHHTE3a SBISIETCS
peakuus cnusiHus aeitepus u tputusi: H + JH — {He + n. Kakas sHeprus

BBIJICIISIETCSL B ATOW peakuuu? ODHeprusi cBs3u aeutepus 2,228 M»aB, tputus - 8,483
MD»B, renus 28,294 MsB.

Pewienue: B naHHON peakLuy IPOUCXOIUT PA3NIEIICHUE SIAEP ACUTEPUS U TPUTHUS HA COCTABIIOILUE UX
YaCTHUIIBI, HA YTO 3aTPaYnBACTCS SHEPIUSI MX CBSI3H, TIOCIIE YEro 00pasyercst sIpo Teiust ¥ Terepb SHEPrUst
BhlzensieTcs. Toraa sHepreTHuecKuii BHIXO TaHHOU siiepHOi peakiyu E = 28,294 MaB — (2,228 MaB +
8,483 MaB) = 17,583 M>aB.

3. OnpenennTe SHEPTUIO CBA3M HEWTpoHA B siipe n3zorona “Ne, eciy sHeprum cBsA3M
anep uzoronos “Ne n *Ne pasHbl coorBercTBeHHO 104,66 M5B 1 94,10 M»3B.
4. O6pa3oBaBIlicecs B Pe3yJbTaTe SIEPHOI PEAKIMU HETIOABIXHOE PO 1o K MCIyCKaeT ¥ - KBaHT C

sHeprueit 9,4 k3B. Onpenennute KUHETUYECKYIO SHEPTUIO sIpa MOCIIE UCITYCKaHUs ¥ - KBaHTA.

Yemanoenennoe Diinwimerinom coomuoutenue A615emcsi 0CHOBaHuem 07 OANbHEeUUUX, 3HAYUMeIbHO
bonee 6adicHbix 6b160008. Paduoaxmusenas omcnolika aeisiemcs ¢ Mot MOYKU 3PeHUss OOHOU U3
B03MOJCHOCEN NOTYHEHUS. U3 MAMEPUU 0ZPOMHLIX 3ANACO8 dHEPIUU, MEeXHUYecKoe UCHONIb3068aHUe
MAaKux 3anaco8 SHepeuy 6 NPUHYune He NpPeocmasiIAemcsi HeGbINOIHUMbBIM, U COBCEM HeOABHO
Peszepgpopo nonyuun, no-euoumomy, nooobHvle Komuuecmea dHepeuu, - npasod, 8 MUKPOCKONUYECKOM
Mmacuimabe, Koe0a emy yoaioCh pPA3lodfCUmb a3om Hymem paouoaxmusHoeo pacujenierus. Ho wue
HYJICHO Npeoasamuvcs Uiniosul, 6yomo mexHuyeckas 000blua YKA3AHHOU 30eCb dHEPSUU SGIAemcs
B0NPOCOM HENOCPeOCmEeHHo20 0y0ywezo, U Ymo smum 6yoem OOCMUSHYMO 0OecyeHusanue yeis,
Opy2oll CMOPOHbL, HENb3sl B03PANCAMb U NPOMUE MO20, YMO MYyMm pPACKpbleaemcs OO0HA U3
cepbe3HeluUx MexHUYecKux npooiem.
1918 2, B. Hepncm

V. §§ 97. Yup.13, Ne 6.
lIpubasw ewge 00un ommenox k padyee...

Lllexcnup
PEIIEHUE 3ATAY

XuMu4ecKHe 3J1eMEeHThI POKIATCS MO-Pa3HOMY!

86



HEJIb YPOKA: HayunTs pacCUMTBIBATH SHEPTETUYECKNN BBIXO SIIEPHON PEAKIIHH.
THUIT YPOKA: pemienue 3aaau.

OBOPYIOBAHMUE: cripaBOYHUK, MUKPOKAJIBKYJISITOP.  Acirepui Heipon
TIJIAH YPOKA: " D) ®

1. BcrynurenbHas yacTb -

2 OHpOC ) /‘ \ mmmm) OHeprus

3. Pemrenue 3amau = 7 \J

4. 3ajanue Ha 10M p T
II. Onpoc GpyHnaMeHTabHEI: 1. SnepHble peakiym. o
3aoauu:
1. Kakyto rpymiy HyKJIOHOB HYKHO OTJEIUTH OT Li , uToObl momyuntsh ; He? Kakyro

SHEPrUI0 HYXXHO 3aTpaTUTh, YTOOBI OTACIUTH ATH HYKIOHBI KaK €IUHOE IIesioe?
KakoBa sHeprust CBSI3H « - YaCTHUIBI B siape §Li?

. Onpenenuts sHepruro peakuun H + Li — 2- ;He, ecnu W3BECTHO, YTO SHEPIHUA

CBSI3M Ha OJIMH HYKJIOH B sifipax | Li u ; He paBHbI cooTBeTCTBEHHO 5,60 1 7,06 M3B.

. Tlpu 3axBare HEWTPOHA SIPOM JIMTUS MPOMCXOAMT sijiepHas peakums n + SLi — TH + JHe, B

koTopoil Belensercs 4,8 MaB sneprun. Haiinure pacnpeneneHue SHEpruM MEXAy MNPOLYKTaMHU
peaxuy. CunTaiiTe KWHETUYECKYIO SHEPTUIO UCXOIHBIX YACTHIL IPEHEOPEKUMO MAJIOMH.

Bonpocui:

1.

2.

HeiitpoHsb! jerko mpoxoasar uepe3 OJIOK CBHHIA, HO 3a/IEP>KUBAIOTCS B TAKOM K€
o0beMe mapaduHa, BOABI WIH APYTrOro COCAUHEHHUS, B COCTaB KOTOPOrO BXOMAT

aTOMBI Bojiopoa. Yem 3T0 0ObSICHUTH?

Hoquy 0-9aCTHILBI, UCITYCKACMbIC PAIMOAKTUBHBLIMU IIPCIIapaTaMi, HC MOT'YT BbI3BATb AACPHBIC
PCaKkuu B TAXKCIIBIX 3JICMCHTAX, XOTA OHU BbI3bIBAIOT UX B JIETKUX?

III. 3aoauu:

1.

Onpenenuth 3HepreTHYecKkuil Beixox peaknuu (H + N = " C +] He, ecu mMacca

aroMa azora mi = 15,0001089 a.e.m., Bogopona mz = 1,0078250 a.e.m., yrinepona
m3 = 12,0000000 a.e.M., renust mg = 4,0026033 a.e.M.

. Kakyto HauMeHbIIyI0 SHEPrHI0 HYXHO 3aTpaTUTh, YTOOBI «OTOpPBATh» OJIUH

HEHTPOH OT sipa azora 2N ?

. BelumcouTs >Hepruoo, HeoOXOAMMYIO IJid pasiaeleHus sapa “’Ne Ha 1mse a —

yacTUIb! U 41po '2C, eciu U3BECTHO, YTO HEPIUs CBS3M HA OJMH HYKJIOH B A1pax
Ne?’, *He n '>C paBHa cootBercTBeHHO 8,03 M»3B, 7,07 M»3B u 7,68 MaB.

. Kakas sueprus (8 M»sB) mMorna Obl BBIIETUTH NIPU CIUSHUM JIBYX O-YACTHUI] U HEHTPOHA B SIPO

aToMa OepuiuTus 2Be? VYaeneHeie sHepruu cBsizu: Wge = 6,46 MbsB/ayknon,W.= 7,07
M>5B/HyKI10H.

BHGPFI/IIO CBSI3M ATOMHOI'0 si/ipa MOKHO pacCYuTaTb, MBICJICHHO ITIPOBEAA AACPHYIO

PeaKLMIO e/ IeHU SAPA HA IPOTOHbI M HEHTPOHBI!
IV. §§ 96, 97

Moii cosem mem, Kmo xouem HAY4UmMbcsi UCCKYCMBY «HAYYHO20 NPOPOUECmEay, - NOAA2AmvbCsl Ha
abcmpakxmuslil pasym, a pacuu@dposviéams matinsiil A36ik IIpupoovt uz dokymenmog Ilpupoowvt u
¢axmos onvima. Maxc bopn
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.5l NOKa3aln, 4mo COAU YpaAHA UCHYCKAIOM Jyuu, O
CYUIecmeo8anuyl KOmMopblx He Obl10 00 5MO020 U38ECMHO, U UMO
omu Jydu  0baadaom 3amedamenbHbIMU C8OLUCMEaMy, Hacmb
KOMOPBIX CXOOHA CO CBOUCMBAMU, U3YYeHHbIMU Penmeenom.

A. bexkepenv

}{ ECTECTBEHHAS PAIMOAKTUBHOCTD

IHouyemy KuAKHUI pagoH APKO CBETUTCH roJyObIM CBeTOM?
HEJIb YPOKA: [T03HaKOMHTB y4aluxcs C SIBICHUEM €CTECTBEHHOUW PaIMOaKTUBHOCTH.

Pacumpute ux npeacraBiaeHus: O CBOMCTBaX aTOMHOTO siApa.

TUIT YPOKA: ypok-nekuusi.

OBOPYJIOBAHUE: kunodparment "CBolicTBa paJiOaKTUBHBIX U3Ty4eHU".
IJIAH YPOKA:

1. BcerynurenbHas yacTh
2. Omnpoc
3. Jlekuus
4. 3akperuieHue
5. 3amanue Ha oM
I1. 3a0aua:
1. Ompenenuts dHepreTudyeckuii Beixox peakimuu H + N = ZC +iHe, ecin

SHeprus cBs3U y saep a3ota Eci = 115,494 MaB, yrinepona Ecss = 92,163 M»3B,
renus Ecsa = 28,296 MaB.

Bonpocui:

1. KakoB cocTaB sijipa aTomMa TOpust; pagoHa?

2. KakoBa sHeprus CBs3M sapa aToMa TOpHs (MCHONB30BaTh TpaduK 3aBUCUMOCTH
YAEIBHOM SHEPTUu CBS3U OT MaCCOBOTO YuCIia)?

3. Ilouemy BbI€TICHUE BHYTPUSJIEPHOM DSHEPrMM BO3MOXKHO, KaKk MpPU PEaKIMIX
JICJICHUS TSKEIbIX SIEp, TaK U PU CUHTE3€ JIETKUX sifep?

4. SInpo HEKOTOPOTo JIEMEHTa IIPH OOMOAPIUPOBKE HEMTPOHAMH TIOTJIONIAET HEUTPOH,
MOCJIE YET0 U3 HETO BBUIETAET « - yacTula. Kak paccuntarh KHHETUUYECKYIO SHEPTHUIO
MIPOIYKTOB 3TOU SIIEPHOM peakuun’?

5. B ueMm paznuure aTOMHOM MAcChl 2JIEMEHTa U MAaCCOBOIO uKcia’?

III. OrtkpeiTue Pentrena (pentreHoBckue mayuu). PaGotsl A. bekkepens 1o

dotomomunecteHmu. Conu ypana. OTKpbITHE U3ITy4YeHUS cosel ypaHa (2 mapta 1896

r.). A. bekkepenb — nepBas )kepTBa paguaiuu!

PaguoakTuBHOCTD - CAMONPOM3BOJILHOE U3JTyYeHHe CoJiell ypaHa.

Kiaccnueckas pusrka 0ObSICHUTH SBJICHHE PAIMOAKTHBHOCTH HE CMOTJIA.
26 nexaOps 1898 rona Bo @paHiry3ckoi MmeauIIMHCKOM akagemuu [1bep
nu Mapus Kropu craemanu mepBoe COOOIIEHHE 00 OTKPBITUM pajus.
Pabots! cynpyros Kiopu. Beinenenue paaus u mojioHus U3 ypaHOBOU pyibl (3a 4 roga
nepepaboTaB TOHHBI PyIbl XUMHUYECKUM criocobom, Beiemn 0,1 T pamus). 20 anpens 1902 r - neHpb
noiy4yeHus cynpyramu Mapueit u IIsepom Kropu umcroro pagus. YpoBeHb 00Iyd4eHUS OT OJHOTO
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rpaMMa pajusi MPUMEPHO TaKOH e, KaKk OT TOHHBI YUCTOTO ypaHa. 3a roa | T paaus BBIOEISET
CBBIIIE | MJTH. KaJl, TO €CTh SHEPTHUI0, KOTOpasi 0CBOOOXKaaeTcs mpu cropanuu 170 T yrs.
[Tononuii Ype3BBIYAMHO TOKCUYEH, PAJAMOTOKCMYEH M KAHLEPOTEHEH K €CIUM OH IIONAJacT B
OpraHM3M, TO OH CMEPTEJICH Ja)Ke B HUYTOXKHO MaJIbIX J103aX.
Ecnu umo-mo ceemumcs xax paouii, epeem Kax paouti u yousaem kax paouti, mo 3mo paoutl.
Mapusa Cknaoosckas Kopu

BemiectBa, wucmyckaromme OTKpbIToe  bekkepenem — m3imyudeHue, ObUTM — Ha3BaHBI
PaaAHOAKTHBHBLIMM, a caMo siBiicHne Mapusa CxitogoBckas-Kropu B 1898 r. Hazoser
paauoakTuBHOCTLIO. B 1899 romy bekkepenb OOHapyXuia, 4TO HW3IyYEHUE pajust
OTKJIOHSIETCSI B MarHUTHOM Tone, a Pesepdopn mokazan, 4To OHO COCTOMT U3 JBYX
KOMITOHEHT, Ha3BaHHBIX ab(a - 1 Oeta-mydamu. B 1900 roxy Busapn oTkpbut y - dyun, a

Pezepdopa B 1909 romy BbISICHUIL, UTO 0, - JTy9U — ABX/Ibl HIOHU30BAHHBIE AaTOMbI TEJIHSI.

llo33usa -
ma dice 000bIYa paousl.

Ochecksariota
B epamm oobviua, \a/&
8 200 mpyobl 7
Hz600utun @ /
€O0UHO20 CNI08A paou Y
Toicauu moHH ‘ w
F

ClI08ECHOLL PYObi. r i o
B. Maskosckuii Cauuonoe Aot
Beuwecrso

OnbiT Peseppopaa. Tpu xommoHeHnts! (o f u 7y)

| v a—

PAIMOAKTUBHOIO M3JIyYEeHUsI; UX CBOICTBA.

0. - KOMIIOHeHTAa: ckopocTh ~ 20000 km/c; Macca ~ 4 a.e.M.; 3apsn 2e.

B~ — xommonenTa: ckopocts ~ 3-108 m/c; macca 9,1-1073! kr; 3apsn = — e.
Y-KOMIIOHeHTa. JlemoHcTpanusi auano3utuBa (YpoBHU sHepruu siapa). B 1910 romy
anrnuiickuil usuk Yuneam ['enpu Bparr gokasan, 4to ramMmma-iaydu OpeACTaBISIOT
c000i1 >JIEKTPOMATHUTHBIE BOJHBI OYEHb MaJIOl uIMHBI (MeHbiue 107!m).

Bce paanoakTuBHbIe U3JIy4eHHs 00J1a1aK0T:

® XUMHYeCKHM (OHOJIOTHYEeCKNM) IeiiCTBHEM

¢ BbI3bIBAIOT HOHM3AIUIO I'a30B (BO31YX);

¢ JIOIVIOIIAKTCA BEIIEeCTBOM,

¢ BbI3BIBAIOT (MIyOpeCHeHTHOE CBeYeHHE PS/1a BeleCTB.

JonosnuTenbHast uHpopmanus. [Iep Kiopu nccnenosan nusiHue odpasia paaus Ha CBOIO KOXY
Y BBISICHWJI, YTO PAJWi BHI3BIBACT OXKOTH U paHbl. VI3 ryMaHuTapHBIX cooOpaxeHuit cynpyru Kiopu
OTKa3aJIMCh MAaTEHTOBATh PAJAMN M, HECMOTPs Ha (PMHAHCOBBIC TPYJHOCTH U TSKENbIC YCIOBHUS
paboThI, MOTyYaal YJOBOJIBCTBUE OT UCCIEIOBAHHA, OCOOCHHO HOYBIO, KOTa BUIEIH BOKPYT ceOs
«CBETSIIMECS OYepTaHMs CTaKaHOB U MPOOUPOK c oOpasmamm». Yepe3 12 ner mocne Hayana
paboThl, HCIOMHWIACHK MeuTa Mapuu: OHa yBHUJAETa, HAaKOHeI, cepeOpUcTo-O0enylo KameiabKy

gucroro Meramia paaus maccoit 0,0085 r. Ho ata kanenpka usiiydana B 3 MWIJIMOHA pa3 aKTUBHEE,
4eM TaKasl K€ Kallelbka ypaHa.

IIpeBpaieHus siiep XUMHYECKUX 3JIEMEHTOB B pe3yJbTaTe pacnajaa. Beinenenue
sHepruu (1 r pagus Beigensn 102 Ik teruia B yac). Bo Bcex coequHeHUsIX ypaHa U
TOpHUs OBLI OOHAPYKEH TelIui, MpuYeM B OOJIBIIUX KOJUYecTBax (aibga-dacTHIIHI -
aT0 simpa renus-4). B 1901 romy anrmuiickmii pusuk Dprect Pesepdopa u ero

koJuiera @penepuk Coanu OOHAPYKUIU, YTO TOPUN HCIyCKaeT alib(a-4acTUIBI U
&9



MOCTENEHHO Mpeolpa3yeTrcss B XUMHYECKUM JJIEMEHT paguid  (yMEHbIIEHUE
PaTMOAKTUBHOCTA HM30TONA TOpHs 5 Th TIpH OOJyBaHMW oOpasia). BHyTpusaepHbie

MpeBpallleHus  PaJMOaKTUBHBIX 3JeMeHTOB. Coaau Ha3zBal 3TOT  MPOIECC
TpaHcMmyTaneil. Bce 3TO OueHb CMaxuBallo Ha YTBEPXKICHHE AaIXUMHUKOB O
BO3MOXHOCTH MPEBPAIICHUS 3JIEMEHTOB.

Pacnang snep paamoakTHBHBIX 3J1€MEHTOB WJIH M30TOMOB MOXET MPOUCXOAUTH
TpEMsi OCHOBHBIMU IYTSIMH, U COOTBETCTBYIOIUE PEAKIIUU E, M>B
SAJICPHOTO  pacmaja Ha3BaHbl TpeMsi TNEpBbIMU  OyKBaMH

rpedeckoro andasuta. [lpaBusio cMeleHus.

Anbda - pacnag: U —> a+ 5 Th+42MoB— /X — a+,3Y
JonojHUTeIBLHBI  MaTepuad. AJb(a-pacnag  IPOUCXOAUT IO
creayroeMy creHapuio. CHavanga IpOTOHBI M HEUTPOHBI OOBEIUHSIOTCS B
anb(a-yacTHily BHYTPH sApa (MHOTHE YCTOWYHMBBIC —fpa,
wanpumep 2C wmmm %0, xak Obl (opmupyrorcs u3 anbda-
4acTHll), HO HE MOIYT IIOKMHYTb €ro MH3-3a BBICOKOI'O
MOTEHIMATIBLHOrO Oapbepa, KOTOPBIA CO3JAIOT  SACpHBIE U
KyJoHOBcKkHe cuibl. "Hcnapenue" o - yacTul (yCTOMYMBBIX
KOMOMHAIM) M3 sApa aToMa MPOUCXOAUT pPElNKo, Npu
JOCTaTOYHOM PHEPTUU O - YaCTHI. B Cuily HeonpeneneHHOCTH SHEPrHMH TaKOe COOBITHE MOXKET
MPOM30WTH C OYEHb MAJICHHKOW BEPOSTHOCTHIO (TYHHENBHBIA 3dexT). s o - dYacTuubl c
KMHETH4YeCKOW 3Heprueil Ex, nepBoHauanbHO HAXOJUBLIEHCS B TSHKEIOM aTOMHOM sipe ¢ Z > 82
(o6nactp | Ha nuarpamme), MOTEHUUAIbHAS PHEPrusl €€ B3aUMOJCHCTBUS C OCTABIIUMCS SAPOM
n3o0paxkeHa Ha pucyHke. Hampumep, s sapa ypaHa pa3sHOCTb MEXAY BBICOTOM Oapwbepa u
SHEprueil a-yactull paBHa nopsaka 12 MaB. Ananorus co cxaTtoil nIpyXUHOHU (SII€pHBIE CUIIBI) U
pacTsHyTOM npyXHHOH (KysnoHOBcKue cuibl). IIpu pacnage pactsaHyTas npyuHa pBeTcs (Y4acTuia
npuoOpeTaeT KUHETHYECKYI0 DJHEPruio), a c)karas TMpyKHHa CXKHMaeTcs eme cujibHee
(yBenuumBaeTcs yeibHas SHEprHs CBsi3M). Kak TOIbKO YacTHIla OKaXKeTcs 3a MmpenaeinaMu 0apbepa,
OHa OTTAJIKMBAETCS OT si/ipa U yJIETaeT - NpOUCcXoauT pacnai. [lepuon nonypacnana siapa Temiypa-
104 na spo onoBa-100 u anbda yactuiyy cocraBui npumepHo 18 Hanocekynz. KoprmyckyssipHsie
CBOWCTBA 0 - YacTHIl (MMIYJIbC, Macca, 3apsaa) OCOOEHHO XOpOIIO 3aMETHHI BHE sJpa, HampuMmep
IpU JBMKEHUH MX B Kamepe Buiibcona. BuHyTpu sinmpa mpeob6namaior (To ecTh Oojiee 3aMETHBI)
BOJIHOBBIE CBOMCTBA O - YACTUIL: 4YaCTOTA U JJINHA BOJIHBI.

JlomoJIHUTeIbHBbII MaTepuaJ (TyHHeabHbIH 3¢dexTt). Eciu Ha wactuiy Oyner neicTBoBaTh
CWJIa TATOTEHUS, JIEKTPUUECKasi CUJIa WIH AJIepHasl cuia (MMOTEHIMAIbHAS IMa) U SHEPTHsl YaCTHULIbI
HEI0CTAaTOYHA JUIS MTPEOI0JIEHUS SHEPreTUYECKOro Oapbepa, TO B CHITy HEONPEAeIEHHOCTH SHEPTUU
YacTUI[a MOXKET C MaJloil BEPOSATHOCTHIO OYKBAJIBHO MPOCKOYUTH HEMPEOJOIMMOE MPENsSTCTBUE U
oKa3aTbCsi MO Ty CTOpOHY Jroboro Oapwepa. brmaromapst TyHHenMpoBaHUIO pabOTalOT MHOTHE
3HaKOMbIE HaM D3JEKTPOHHBIE YCTpOWcTBa, Hampumep, G(uemku. HWupopmauus B 3THX
MIOJTYTIPOBOITHUKOBBIX HOCHTENSIX XPAHHUTCSA C MOMOIIBIO 3apsDKEHHBIX 4YacTHUIl B 00BEME OKCHaa
kpemHusa. Ecnnm HeoOxommmo crepeTh Gailfipl, TO €IWHCTBEHHBIM 3((EKTUBHBIM CIIOCOOOM
ABIISICTCS TYHHEJIMPOBAHUE 3apSAA0B U3 (IICHIKH BO BHEIIHIOIO IICTIb.

JJIEKTPOHHBIN OeTa-pacmag: 5, x4, 4 _oay o
wbPa—  +U+v+ 00—, X - 7+, Y +v.

12¢ e}

JonosHuTeIbHBIN MaTepuaJ. IIpu pacmage OZHOrO M TOrO K€ SAApPA JIEKTPOHBI MMEIOT

pa3iaMyYHbIE SHEPrUUM OT HyJsd J0 HEKOTOPOrO0 MAaKCHUMAJbHOTO 3HAUYEHUs HHEPruM (CIEKTp

AJIEKTPOHOB HENPEPBIBHBIH M HMMEET BEPXHIOI TIPaHUIy), KOTOPOE OIpPENEISAETCS] Pa3HOCTHIO

SHEPreTUYECKUX COCTOSHUM HA4YaJlbHOTO M KOHEUHOro sjpa (HapylIeHHE 3aKOHA COXpPaHCHHS

sHeprum). Kyna paeBaercss uacTh »HEpruM (CpeAHsisi 3HEprus, IepeaaBaeMasl 3JIEKTPOHOM
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KaJIOpUMETPY, OKazajach B 2 pa3a MeHbllle MakcumanbHoi 3Heprun)? B 1930 roxgy B. Ilaynu
IIPEIIOJIOKUI, YTO YacTh SJHEPIMHM YHOCUT HEM3BECTHAs YaCTULA, KOTOPYIO OH Ha3Bajl «HEUTPOH».
Henpepuvisnviti 6ema-cnekmp 6yoem NoHAmMeH HAM MOAbKO 6 MOM Cydae, eciu npeonoodHCUuma,

umo 60 epems Oema-pacnaoa Hapsaoy C 2NeKMPOHOM 00pa3yemcs u HelumpoH maxKum 006pazom,

YUMo cymMma 3Hepeutl HeumpoHa U 21eKMpPOHaA ANAemcsi NOCMOAHHOU.

B. Ilaynu

«Henocraromas 3HEprus» MpHUBENa K OTKPBITUIO MENbUYalIIeld, IPAKTUUYECKH HEBUIUMON YacTHILIb!I!

ITocne oTkpbiTHa Hactosimero B 1932 romy, sTa yactuma Obima mepenMeHoBaHa . depmu B
«HeliTpuHO». B 1956 rony B ombITax ObUIO J0Ka3aHO cymiecTBoBaHue HelTpuHO (HoGeneBckas
npemust @. Peitacy B 1995 rony). [lpu B — pacnane HEUTPOH B siApe MpeBpaIaeTcs B MPOTOH: h — P
+ e +v, (1948 1). B - pacnax MOXXHO MHTEPIIPETUPOBATh KAK YHUUTOKCHHE OJHUX YaCTHIl B sIPE

aroMa U poxjeHue aApyrux. HedTpuHO mpakTHuecku CBOOOIHO NMPOHOCSTCS MOBCIOLY, IIPUHOCS C
coboii MH(popMaIMIO U3 HEOp 3BE3]l U M3 HEAOCTYNHBIX yroikoB Bcenennoil. XoTsi HEHTpUHO
0051alal0T Maccoi, OHAa HACTOJIBKO OECKOHEYHO Maja, 4YTO BBICOKORHEPreTUYECKUE HEUTPUHO
JBUXKYTCSI CO CKOPOCTBIO, IPAKTUUECKH HEOTIMYUMOMN OT CKOPOCTH CBETA B BaKyyMe.

2 cenra6psa 2017 roga cranuus IceCube 3apeructpupoBana HeMTpuHO ¢ 3Heprueit nmopsaka 300
TPUJUIMOHOB 3JICKTPOH-BOJIBT (HEHTPUHO, MPOXOJS yepe3 BOAY U JBHTasiCh OBICTpEe CKOPOCTH
CBETa, CO3/1aeT CBETOBYIO yJapHYO BOJHY). Jlyig cpaBHeHus, NpOTOHBI Ha bonbiiom aapoHHOM
koyutaiaepe B JKeHeBe 1OCTUraroT SHEPrUel B 6,5 TPUIUIMOHA 3JIEKTPOH-BOJIBT.

IHo3utponnsblii OeTa-pacnan: e

B-10
8 HelTpuHo
2Ng — B +2Ne+v+0— X > B+, A +v. @ "@+ -

Mo3nUTPOH
I'amma-pacnan: X — y+/X . Slapo He pacnamgaercs! -

2 Vi) s é NN
CoriacHO KBaHTOBOI TEOPHH, TF000C aTOMHOE SIPO JOIDKHO OONANaTh  wud -
JTUCKPETHOM CTPYKTYpPOI SHEPIeTUUECKUX COCTOSTHUM (YPOBHEM).
Palll/loaKTl/lBHLIﬁ pacnaa - CaMoOInIpou3BOJIbHadA sA/ICPpHAasA pCaKIUs.

238 234 B 234 B 234 230 226 222 218 206
wU—2 0 Th—L 5’ pa—L 5" U — 252 Th—25 "2 Ra—2— "0 Rn—2—"  Po —> ...~ oy Pb

Mo:ker i ObITh '"4YHCTBIM' KYCOK ypaHa? B KkakoM-TO CMbICiIe ypaH naxe Ooiee
yAUBHTENEH, 9eM pamuil. Ero nepuox momypacmaga 4,5-10° ner. Cujerenb ¥ COBPEMEHHHK
POKJICHHs HAIlleW IUIAHETHI, OH COXpaHSAET B CBOMX HEIpax U Pajuii, U MOJOHUH, U elle AECCITOK
APYTUX pPaguod’IEMEHTOB, KOTOphle 0e3 Hero maBHO Obl ucue3nu Ha 3emie. ExedacHo u
€XKECEKYHJHO OH MOPOKJAaeT UX BHOBb M BHOBb. Kycok M3 umctoro ypana-238 uepe3 4eTbIpe C
MOJIOBUHOM MUJITHApa JIET Ha MOJIOBUHY OyJleT U3 ypaHa, a BTOpas MOJIOBHHA - 110 OOJbIIeH yacTu
cBuHel! VIHTYUTHBHO fCHO, YTO 4Y€M KOpOdY€ NEpPHOJ IOoJypacnaaa 3JIEMEHTa, TEM MEHbILIE €ro
aTOMOB HaXOJUTCS B CMecH. B mocieaHee BpeMs MOMYJSPHOCTh CTald NpUOOpeTaTh HEKHe
MENaJgbOHBl, 3apsDKEHHBIE CKANspHOM dHeprued. YacTp W3 HHUX OKa3aluChb H30BITOYHO
paMoOaKTUBHBI, IOCKOJIBKY COZIEP)KAT YPAHOBOE CTEKJIO MIIM TOPUH.
Knacrepnble pacnaabl IpOUCXOIAT OYEHb PEKO M HACUUTHIBAIOT YYTh Oojiee
JIBYX JIECATKOB sAnep (C MHUHUMAIbHBIM MacCOBbIM uyuciaom 208) u
XapaKTepU3yITCS CaMONPOU3BOJIBHBIM HCITyCKaHHEM OoJiee TSDKENBIX, YeM
anb(ha-yacTHLa SAep, HAUWHAs OT YIIepoia U 3aKaHYUBasi CEpoil.

PagnoakTHBHOCTD - CIIOCOOHOCTD HCKOTOPBIX aTOMHBIX HAACP

CaMOIIPOM3BOJBLHO IpeBpallaTbCsd B APyIrue s#AApa € HCOYCKAHUEM YacTUIl U

IJIEKTPOMATHUTHOTO U3JTYIYCHUS. OKo0110 OJOBHUHBI TeIIa, KOTOPOE MOJydaeT 3eMiisd U3
CBOUX HeAp, 00pa3yeTcs Mpu paciaje paJuoakTUBHBIX JI€MEHTOB. biaronaps painoakTuBHOMY
pacnany sapo 3eMIIH yI€p>)KUBAETCA B PaCIIaBIEHHOM COCTOSIHUM MWJUIMAPABI JIET.

"IIpoucxooawue cobbIMus MOHCHO NPOULTIOCMPUPOBAMNb HA HAUIEM Npumepe ¢
boeawom. Amom M - smo 60camwiii Kyney, KOmopwvlli NPU HCUSHU HE pACCMAEmcs

¢ Oenveamu (c sHepeueti). Ho no 3aeepwienuto on nepedaem ceoe cocmosmue
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cblHo8bAM N u npu yciosuu, umo ouu Gvioensim 05l 00UWecmea HeKyIO MALyIo
4acmb, MEHLULYIO OOHOTL MbICAYHOU 8Ce20 UMYWecmaa (IHepauu uiu maccol)".
A. Dunwmeiin
JlonoauTtenbHas nHGopmanus: OcnabieHne My4YKoB YacTUI] (HEWTPOHOB, Y - KBAHTOB, [} - 4acTuIl) B
Tiockux mureHsx. Ecim [(x) - moTok wactui Ha rimyOnHe X, a [(x + Ax) - Ha nryOune (X + AX), TO

1 X
I(x) — I(x+Ax)=g@d(x)Ax u %:—,u-l(x). Tor;[aj%:j—ﬂdx u |I=1,e""| Ecm
I, 0

BBECTU TMOHATHE CJosi TooBUHHOTO ocimadieHust I(d) = Io/2, 10 pd =1n2 u

\A 4

v

X
I(x)=1,2 9. B Bo3myxe mpober o-4aCTHI[ paBEH HECKOIBKUM | o PR
o I(x+
cantumeTpawm, [ - yactuil oT 0,1 10 20 METPOB B 3aBUCUMOCTH OT HaYaIbHON ( )

SHEPIUU YaCTHIIBI.
JononuurenbHas uHpopmanusa. B Hauane XX Beka paauidi CYUTAIICA MOJIE3HBIM IIPOAYKTOM U €T0
n006aBsIM OyKBaJIbHO Be3ze: XJje0, IIOKOJIAd, MUThEBask BOAA, 3yOHas macTa, myApbl U KpeMbl JJis
nuna. Bee ObUM yBepeHbI, UTO Ta TONbKO yiyumaeT 310poBbe. B CHIA Torma maxe mponasaics B
KaueCTBE TOHHMKA BEChMa PaIMOAKTHBHBIM HarUTOK. CerofHs y4eHbIe MOJIararoT, 4To OH MPUBET K CMEPTH
oyeHb MHorux. K smmuneiM Bemam Mapuu Kropu Henb3s npuxacatbes emé 1500 ner. «Martb
COBpEeMEHHOW (PM3MKM» W cama Obula paJuOaKTHBHA HACTOJIBKO, YTO TOXOpPOHEHa B Tpoldy ¢
3aIlUTON U3 CBUHIIA.

1. 3a0auu:
1. Ckoibko o ¥ 3 pacrtaioB JOJDKHO MPOU30MTH, 4TOOBI sjipo 5 U MPEeBpaTUIIOCH B

** Pb? Pacman Kax10ro OTACIBHOTO aTOMA IMPOMCXOIUT MIHOBEHHO.

2. DneMeHT aTOMHOM OaTaped MpeAcTaBisieT coO0iM KOHJEHCATOp, Ha OJHY U3 IUIACTUH
KOTOPOrO HAHECeH pPAJUOAKTUBHBIA TMpenapar, HCIYyCKAIONIMA « - YacTHIBIl CO
ckopocThio 2,2-10° M/c. Onpenenute DJIC 3TOrO HIEMEHTA.

B xavecTBe TOIMBA B aTOMHBIX aBTOMOOWJISIX UCTIONB3YIOT PAIMOAKTUBHBIA METAILT TOpUi, 1 T KOTOpOro
3amenser 30000 1 Oen3uHa.

3. Onpenenure MaKCUMAIBHYIO KHHETUYECKYIO SHEPTHIO B - 4acTHIL, BEUIETAIONIMX TIPU pacriaie 161 Cs
'IB. KakoBa MakcuMaibHas 3HEprusi HeilTpuno? KakoBa ero MunHmMManbHas sHeprus? mcy = 11,
01143 a.em. ma} =11,00930 a.e.m.

Bonpocwi:

1. Tlouemy B ombiTax Pesepdopaa (1903 r.) panuycsl TpaeKTOpUH 0, - YACTULl B COTHU

pa3 NMpeBbIIANIN PaInyChl TpaekTopuii B - yactuil B onbiTe bekkepens (1899 r.)?
2. B sapo Kakoro sieMeHTa MpeBpallaeTcs sSApo M30Toma Topus . Th , ecam oHO

MPETEPIIEBAET TPU NOCIEAOBATENBHBIX 0, - pacnajaa?

3. B pe3ynbpTare Kakoro paJroakTUBHOTO pachaaa sapo - Na mpeBpamaetcs B sSapo
MarHui-22?

4. TloueMy pacnagaroTcs Apa paIHOAKTUBHBIX SJIEMEHTOB?
[Touemy o-4acTUIBI BBUIETAIOT U3 siApa, HECMOTPS HA JACHCTBUE BHYTPUSICPHBIX
cun?

6. UeMm O0OBSCHUTH TOT (DAKT, YTO HCIYCKAEMbIE O-YACTHUIIBI UMEIOT OJMHAKOBYIO
SHEPTUIO?
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7. PaauoakTMBHOCTh MOKHO HM3MEPUTHh MO HANPSHKEHHOCTH JJIEKTPUYECKOTO ITOJI,
KOTOPOE 3TO BELIECTBO CO3JAET B OKPYXKaroleM npocTpanctse. [louemy?

8. OmHMM #3 METOJOB YpPAaHOBOW Pa3BEIKH CTAJO0 H3MEPEHHUE IIOTOKOB TENHs,
BOCXOJISAIIMX U3 ITyONHHBIX Tu1acToB 3emin. [louemy?

9. IloueMy paauii B YUCTOM BUJE MOTYUUThH MPAKTUUECKH HEBO3MOXKHO?

10. TloueMy o - 4YacTUIbl, UCITyCKAE€MbIE PATUOAKTUBHBIMH MperaparamM, HE MOTYT

BBI3BATh AJCPHBIX peaKI_[I/Iﬁ B TSDKEJIBIX DJIEMEHTax?

1. Tloyemy mpu o - pacmazie OIMHAKOBBIX SIEp SHEPIUH 0. - YaCTHUIl OJJMHAKOBBL, a TIpH [} - pacmaje
OJIMHAKOBBIX SIJIEP SHEPTUH [3 - YACTHIL Pa3INYHbI?

IV. §§ 89-91. Vmp. 13, Nel.

1. YucTelil paioH CBETUTCA U3-3a PaAHMOaKTUBHOCTH. Kak 3TO 00BSICHUTH?
2. IlpennoxxuTe UAEIO TOJNLIMHOMEPA U YPOBHEMEDPA € UCIIOIB30BAHUEM PAaJUOAKTUBHOIO N30TOIIA.

Tam 60ymuuswvie 632715106l
Beoym nesepmuiit mocm
Ck603b cO3U0aHUS U pACnaobl
Om amomos 00 36€30.
3. Bepxapu
;M 3AKOH PAJMOAKTUBHOI'O PACHAJIA
TIa/l 4eM-TO HAIIOMHHAET NMPOoLece )KaAPKH KYKYPYy3bl IPH H3r0TOBJICHHH IO - KOPHA!
HEJIb YPOKA: [lo3HaKOMUTh YYE€HHKOB C 3aKOHOM PaJMOAKTHUBHOTO pacraja, €ro
CTAaTHCTHYCCKUM XapaKTECPOM.
TUIT YPOKA: koMOMHHUPOBAHHBI.
OBOPYJIOBAHUE: MmoHeTbI, MarHUTHASI IOCKA C IPUHATICKHOCTSIMU, JIUCT OyMardu.
ITJTAH YPOKA.:

1. BcrynurensHas yacTh
2. Omnpoc

3. OOwbsicHeHue

4. 3akpereHue

5. 3amanue Ha JOM

II. Ompoc dynnamentanehbiii: 1. EcrectBeHHas pamuoaktuBHOCTh. 2. CocraB

paanoakTUBHOTO u3ny4deHus. 3. [IpaBuino cmenienusl.

3aoauu:

1. 3ajanbpl UCXOJIHBIE M KOHEYHBIE SJIEMEHTHI JABYX PaJUOAKTHUBHBIX CEeMEHCTB: 1)
eTh — 5 Pb; 2) % Am — % Bi. CKkoibKko 0- ¥ P-IpeBpalieHuil MPOU30ILIO B
KaXJIOM CEMENCTBE?

2. M3oTon HenTyHHs 5, Np — POAOHAYAIBHUK PaJHOAKTHBHOIO Dsijia, BKIFOYAIOIIETO

B ce0s 11 simepHbix peakiuil. Ha kakoM n3oTorne BucMyTa g3Bi1 OH 3aKaHunMBaeTCs U
CKOJIBKO 0- ¥ 3-TIpeBpaIlieHuil BKIIOYaeT?

3. U3ortom *;Po MOXeT pacmamarbCsi ¢ MCIyCKaHHEM JIMOO O - YacTHIlBl, JHOO [ -

yactuubl. Kakas s3HEprus BeIAEIAETCSA B KAKIOM U3 ITUX CIIy4acB?
M,,=218,008969 a.e.m., M ,,=213,99980 a.e.m., M , = 218,008554 a.e.m.
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Bonpocwi:

1. TTouemy BBUIETAIOIIKE M3 spa TPH 3 - pacmaje SIEKTPOHbI MOTYT UMETh pa3HbIE
SHEpPrun?

2. BosmoskHa 1u peakius pacnaga: p —n +e" +v,?

3. SImpo cBHHIA ; Ph MOXET OBITh MOJYYEHO B pe3yjbTaTe O-pacraja MmojoHus Po

unu P-pacnana tamwwms TC. 3anucath ypaBHEHHUSI COOTBETCTBYIOIIMX SIIEPHBIX
peaKIuid.

4. TTouemy IIvep Kropu oOHApyYX U JIEKTPUUYECKOE MOJIE BOKPYT oOpasiia ypaHHHUTA
(coenuneHue ypana)?

5. IlpenmnonoxuM, Bac yromiaroT TpeMsl paJuOaKTUBHBIMU MEUEHbSIMU: OJTHO U3 HUX
SBJISIETCA MCTOYHUKOM O - U3Iy4YEHUs, APyroe — [ - U3IydeHHs, a TPETbe — Y -
m3nyuyeHus. OAHO U3 MEYEeHUN HEeOOXOJIUMO ChECThb, JAPYroe JAep:KaTh B pyKe, a
TpeThe — MOJIOKUTHh B KapmaH. Kak Hago mocTynuTh, 4YTOOBI MUHUMHU3UPOBATH
JIEVCTBUE paguamun?

6. Bo3pact 3eMimn — HECKOIBbKO MIJITMAPIOB JIET, a IEPUOJ nodypacnaaa pagus — 1620
net. [ToueMy ke Ha 3emiie emé COXpaHuICs paanuid?

7. Ilouemy Oetra — pacmaj claeayeT CUYUTaTh HYKJIOHHBIM, a HE BHYTPHUSICPHBIM

MPOLIECCOM, KaK anb(a — pacnan?
pon ’ (1) p A 3akon paduoakmuenoz2o pacnada

8. BruImTe HEJOCTAIONIYIO YaCTHI WM A1po: a) 4 Ca —> 2+e” +Vv; 0)
wCu—2+y.B) wCroRY +2.

II1. Ilepuoa moaypacnaga (T) - npoMexKyTOK BpeMeHH, B

Te€YeHHe KOTOPOro pacnagaercs MOJOBHHA U3 HAJUYHOIO

qucjda aToMoB JaHHOIo0 PpaaHoOaKTHBHOI0 3JI€EMCHTA.
Hpumepsr: Ty = 4,5:10° mer, T u = 710-10° ner (mons B

Konuwiecmao paducaxmussozo seuecmaa

npupogHom ypane 0,72%), T%iu = 270-10° ner, T ora = 1620 neT. Y pasanuHbIX H30TOTOB

BpeMs IoJIypacnaja BapbupyeTcs OT MAIIMAPIHBIX J0JIEH CEKYHJbl 10 MWLIMapAoB JeT. [lepuon
nojgypacmnaaa HEC MOXKECT OBITh U3MEHEH HUKAKMMH BHEIITHUMHU BO3I[€I>1CTBH5IMH!

BeiBojy 3akoHa pagMOAaKTHBHOTO pacraja C JEMOHCTpaled Ha
MarHUTHOH JTOCKE U OJJHOBpEMEHHOE MocTpoeHue rpagpuxa. Pesepdops

N B KauecTBE PUCYHKa IJIs MoJlararouierocss eMy repba Gapona, BeIOpai
n300pakeHne KpUBOH pacmaja.
_ L]
OcHoBHass N = No'2 (T U T0JIe3Has dbopMy bl
N(t+ N t .
0 lgF =——1g2. CratucThuecKuil XapakTep 3aKOHa PagHOaKTUBHOIO

0

pacnana. CeromHss Mbl MOHMMAaeM, YTO MPOCTO HEBO3MOXKHO IpE/ACKa3aTh, KOTAA K€ HMEHHO
KOHKPETHBIN aTOM MOCTUTHET pacnana! Pacmaj 4eM-TO HallOMUHAET MPOLECC KapKU KYKYpy3bl IPU
M3TOTOBJICHUM TIOM-KOpHA: 3€pHA OTNAJal0T OT «I0oYaTkay IO OJHOMY, B COBEpLICHHO
HEMpeCKa3yeMoM TOpsIKe, MOKa He OTBamITCcS Bce. JleMOHCTpammsi ¢ OpocaHWeM MOHET H
noctpoeHue rpaduka pacrnasa.

IlonsiTHe 00 AKTHBHOCTH PAAHOAKTHBHOIO 3JICMCEHTA. Ecimm B MoMmeHT BpeMeHH t
oOpaserr cogepkut N(t) paaroaKTHBHBIX aTOMOB, TO B MOMEHT BpeMeHH t + At ux octanercs: N(t+At).
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AKTHBHOCTH mpemapara: A = lim N@O=NE+A) —~N',A=AN; G ~AN - N=N,-e™*.
At dt

Yuciao pacnagaomuxcsi B 3aJaHHbIH IPOMEKYTOK BPEeMEHH si/iep PaIHOAKTHBHOIO 3JIEMEHTA

NPONOPLUHMOHAJIBHO 0011IeMYy YHCJIY /lep COOTBETCTBYIOIIEro PpaiHOAKTHBHOIO 3JIeMEHTA.

CpaBuuBas 18e popmyibl, rae N - IpUHAMAET TOJIBKO IIeJIble 3HaYeHust, moiay4nuM A = {n2/T.

Jlnst Toro 4roObl MOHATH, HACKOJIBKO CTPEMHTENIECH IKCIOHEHIMAIbHBIN POCT, MpelIcTaBbTe cede

OakTepHio, KoTopas naenurcs HajaBoe Kaxasle 30 muHyT. Ecnim ee pa3BUTHMIO HHUYTO HE

NPEISATCTBYET, TOT/Ia BCETO Yepe3 HECKOIBKO Hellelb €AMHCTBEHHAs OAKTepHs MOPOIUT KOJIOHHIO,

Macca KOTOpPOW COMOCTaBUMa C MAcCOM MIIAHEThI 3eMJIA.

IIpn co3maHMM cHenMalbHBIX YCIOBHUM CKOPOCTH pacliazia MOXHO u3MeHuTh?! Heckosbko rpynn

uccieaoBaTesnel roBopsT, YTo B (peBpasie OHa BHIILE, YeM B aBrycre?! Moer Jii ObITh Takoe?

Emununa aktuBaoctu B Cu: 1 bk =1 pacn/c. 1 Ku (Kropn) = 3,7 1010 paci/c.
Onpenesienne Bo3pactra odpasma (paauoyriepoanbiii meron): Msoron 't C (T = 5730 ner)
HEMpephIBHO 00pa3yeTcs B BEPXHHUX CIOSX aTMocdepbl MOja JACHCTBUEM HEWTPOHOB BTOPUYHOTO

KOCMHUYECKOTO m3dyuenus: N + n — 'YC + p (43-32 TOCTOSHCTBA MOTOKA HEHTPOHOB

YCTaHABJIMBAETCSA JMHAMMYECKOE PABHOBECHE M KOHIEHTpamusi '¢C ocTaeTcs HeusMeHHoi: 15 P-

pacmanos Ha 1 r yrmepoma: C—Z—"N.). Tlocne cmeptm opraHusma KoHIeHTparms ';C

cHkaercs. [loueMy? DTOT MeTOA MOMOTraeT pacKphlBaTh TallHbI MPUPOABI. be3 Hero coBpeMeHHas
HayKa He cMmoriia Obl y3HaTh, KaK ()YHKIMOHUPYIOT M B3aUMOJICHUCTBYIOT 3eMHBIE C(epbl, B KaKoe
BpEMS JKUJIU Pa3HbIE )KUBOTHBIE, KOT1A POAMJIICS Thl, IPYKOK, M IOYEMY Thl TAKOHW KUPHBII.
JonosnnrenbHas uHpopmanusi: B 1957 rony yera MoHccoHOB Ipozaina CBOM 10M U nepeexalia B
PeiikpsiBuk. CrycTsi HENENIO CTAapHKOB apecTOBAIM 3a IperHaMepeHHoe youiicTBo. C MOMOIIBIO
PaaMoyTIIEpPOIHOTO METO/Ia YAAIOCh YCTaHOBHTH, UTO youiicTBo coBepiieHo B 1350 roxy?!

IV. 3a0auu:

1. IMenock HEKOTOpOE KOJIMYECTBO PaJUOaKTHBHOrO pajaoHa. KonndecTBo pajoHa
yMEHbIIMIOCH B 8 pa3 3a 11 ,4 nusa. KakoB nepuos nmoitypacmajia pajgoHa?

2. U3otonn Bomoponma H (Tputmii) mmeer mepuon monypacnaga 12,33 roma. Ero

MO>KHO MCHOJIB30BaTh JJI JATUPOBKH MPEIMETOB, BO3PACT KOTOPHIX HE MPEBBIIIAET
100 ner. Tputuii oOpa3yercss B BEPXHHX CJIOSX aTMochepbl U MEPEHOCUTCS Ha
3emimto ¢ goxzaeM. OmnpenenuTe Bo3pacT OyThUIKM BUHA, €CITU AKTUBHOCTh TPUTHUS B
HeM cocTtaBiisieT 1/10 akTUBHOCTH B MOJIOIOM BUHE.

3. OOpazen pyabl COAEPKUT ypaH u cBuHell Pb-206. Cuuras, yTo 00paszel Coepx uT
0,85 r uzoroma Pb-206 Ha kaxawiii rpamMm u3ortomna U-238, ompenenure BO3pact

JaHHOTO 00pa3la pPybl.

4. 3a Bpems t = 800 met pacnanock Am = 10 1 paaus. CKOJIBKO €ro ObLJI0 B HAYAIbHBI MOMEHT
BpEMEHU?

5. CKOJIBbKO KyOMYeCKUX MUJUTMMETPOB TeIHsI BBIACTISICTCS. B pe3ysibTare pacnana 1 T paaus B TeUeHUE
roga? CuuraTh, 4TO T€IMA HAXOIUTCS P HOPMAIIBHBIX YCIIOBHSIX.

6. KonuuecTso paJnoakTUBHOTO H30TONa yriepona C B cTapoM Kycke aepeBa coctasiser 0,312
Macchl 3TOr0 M30TONA B KUBBIX pacTeHusx. OmnpenenuTe BO3pacT 3TOro Kycka JAepeBa, €cliu
nepuos nosypacnasa uzorona s C papen 5570 rogam?

V.§ 92, Vop. 13, Ne 2-3.

1. Ilo cipaBOYHMKY OMpeeNuTe MEePUobl MOIypacnaga paJioaKTUBHBIX H30TOMOB, 00pa3yIOIIHXCS

TIPY B3pPBIBE AaTOMHON OOMOBI.
2. IoaroToBUTH MSATUMHHYTHOE COOOIIEHHE O KU3HM U HayuHoH nesirensHocTH [1. Kropu u M. Kropu.
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3. Ilpennoxxute NpoEKT 7y - J1a3epa.

4. Tlouemy B HpUpPOAE HET XMMHUYECKHUX DJIEMEHTOB C MOPSAIKOBBIMH HOMepamu 85 u 87 H, Hx
MOJTy4aroT UCKyCCTBEHHO? A IIOYeMY HET 3JIEMEHTOB C IIOPSAAKOBBIMU HOMepamu 43 u 617

JlonoTHUTE/ILHBIE 321a4H:

1. Bo3pact apxeonorn4eckux o0pas3lioB MOXKHO OIPEIENUTh M0 COACPIKaHUIO B HUX PaJHOaKTHUBHOTO
yriepona ' C, mepuos mofypacmaga KoToporo 5730 neT. PaauMoakTHBHOCTH aTMOC(EPHOro

yraepona 0,255 bk Ha rpamm yriepoaa (yAenabHas akTUBHOCTB). HaliiuTe BO3pacT HaxoAkH, y
kotopo# 100 mr yriepoaa aarot 35 paciaios B yac.

2. Ilnomane MOBEPXHOCTH 03€pa, MOKPHIBAEMask OJHON KYBIIMHKOM, KKl JI€Hb YBEIUYMUBACTCS
BABOE. Uepes JecsTh JHEW BCs IMOBEPXHOCTh 03€pa OKA3bIBAETCS, MOKPHITA €10. 32 CKOJIBKO THEW
MTOKPOIOT BCE 03€PO JIBE BONIICOHBIE KYBITHHKH?

3. U3BecTHO, 4TO pajauii Maccoit 1 1 3a Bpems 1 ¢ naer 3,7-10'° spep renust. KakoBo Oyzer nasnenne
reust, 00pasyroNerocss B repMETUYHON aMITyjie BMECTUMOCTBIO | ¢M>, B KOTOpOU B TE€YeHHE Tojia
Haxomuiiock 100 mr pamus? Temmneparypa ammyist 15°C.

B muxpomup 6v1 mHe npobpamucs,
B mup nes3pumvix eenuuun,
B kpaii, 20e kopnu xopensmcs
Bcex nocneocmesuii u npuuum;
B yapcmeo manvix usmepenuii
Buuxnymu, 20e na munnuon
leticmeeHnblx MUKPOMCHOBEHUL
Mue obbiunbiii pacujenien.

Baoum Illeguep
Ypok  27. METOAbI PEI'UMCTPAIIUU PAJMOAKTHUBHBIX
N3JIYYEHUN

BO}IHHOﬁ nmap CTaHOBUTCH BUAMMBIM, KOI'1a OH KOHACHCHPYETCHA B MECJIKHE KalleJIbKHU BOAbI.
HEJIb YPOKA: [103HakOMUTh YYEHHKOB CO CIIOCOOAMU PErHCTPaIlMi PaJuOaKTUBHBIX

W3y YEHHH.

TUIT YPOKA: koMOMHHUPOBAHHBIM.

OBOPYJIOBAHMUE: cueruuk ['eitrepa, Bwimpsmurens BYII-2, rpoMKoroBoputens,
anektpocuetunk "KBapi", kamepa Bunbcona. Jlmadguibm "TpexoBbie mpuOOpbl B
sanepHoit pusuke", kunopparmeHT "OOHApY)KEHUE PAAHMOAKTUBHBIX U3TyYeHH'".

ITJTAH YPOKA:

1. BcrynurenbHas yacTbh
2. Omnpoc

3. OObsicHeHHe

4. 3akpereHue

5. 3aganue Ha JOM
IL Onpoc pyHngameHTanbHbIN: 3aKOH paAMOaKTUBHOTO PAcIajia.

3aoauu:

1. Kakast noJist paiMOaKTUBHBIX /IEP pacnagacTcs Yepe3 NHTEPBAJI BPEMEHU, PaBHBIN
MOJIOBHHE Tlepuojia noiypacnaaa’? 29%

2. CKOJNBKO B-4acTuIl MCITyCKaeT B TedeHHe omHoro daca 1-10° kr mszoroma **Na,

MepUoJ Mojiypacmnaaa KOToporo paseH 15 u?
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3. B HEKOTOpbI MOMEHT BPEMEHM CUETYMK PAAUOAKTHUBHOIO W3JIY4YEHHs, pac-

T0JI0KEHHBI BOmM3H npenapara F'8) sapuxcuposan 100 orcueros B cekynay. Uepes
20 MUH MOKa3aHWE YMEHBIIWIOCH IO 87 OTCYETOB B CEKyHIy. OmpenenuTe mepuom
[oJIypacnaa paIiuoakTUBHOIO N30TOIA.

4. Haittu Maccy 1 00be€M pajJioHa MPU HOPMAJIbHBIX YCIIOBUSIX, €CJIM €r0 aKTUBHOCTH 1
Ku.

5. KakoB nepuoa T momypacrana u30TOIa, €ClIU CyTKU pacranaerca B cpeanem 900
aromoB u3 1000? 750 aromos u3 1000? 1 atom u3 1000?

6. HpeI[CTaBI/IM C€6€, 4YTO Yy HAC HMECTCA HCTOYHUK TOKAa Ha OCHOBC PAJMOAKTHBHOI'O H30TOIIA
Kanbuii-45. OLeHUTe MaKCUMAbHYIO BBIXOJHYIO MOIIHOCTh TaKOW «aTOMHOW» OaTapeukw,
eciu mepuon monypacnaga “Ca 164 aus, a Macca M30TOINa Ha MOMEHT
HaIlrnx H3MepeHHﬁ cocraBisteT 1 T. H?)BGCTHO, YTO JJICKTPOHBI BBUICTAIOT
W3 U30TOMAa C MaKCUMAaJIbHOU 3Hepruei 254 k3B.

7. B HavanpHBII MOMEHT KOJOHHSI OaKTepHii pacTeT cO CKOPOCTHIO, MPOIIOp-

LMOHAIBHOM YHMCIy HadM4HbIX OakTepuil. Hamumcars nuddepenimansHoe
YPaBHCHUEC, BBIPAXKAIOMICC 3TO COOTHOIICHHC. Kak m3MeHsteTcsl KOJIMYECTBO
OakTepHii C TECYCHUEM BPEMEHU?

Bonpocuwi:

. B kakux cioydasx aKTHBHOCTb PAJUOAKTUBHOIO IIpenapara MOXHO CUHTATh
MIOCTOSTHHOM BEJIMYNHON?

2. OTtnuyaeTcss M AKTUBHOCTh PAJUOAKTHBHBIX MPENapaToB, €CIH IEPUOIBI
MOJTypacrajia pauOAKTUBHBIX SIAEP OTHOCATCA Kak 2:1, a KomnuecTBo saep kak 1:2?

3. Harperslii aromapHsiii yriaepon ', C u3iaydaeT cBeT. DTOT M30TOI MCIBITHIBAET -
pacmaa ¢ nepuoaom noaypacnana 0,34 u. Kak u3MEHUTCA CHEKTp HU3Iy4ECHUS
raza yepes 1 4?

4. Kak onpenenuTh BO3pacT MOPO/bl, 3ydasi 00pasel] ypaHOBOH pyIbi?

5. Kak ompenensitor Bo3pact ybaa B AnTapkruae (comepxkanue Kr-81 ¢ mepuogom
nostypacnazia okosio 230000 et B my3bIpbKax Bo3ayxa)?

6.3aueM B JIOMUHO(OP, KOTOPHIM TMOKPHIBAIOT CTPEIKM M IIKAJIbl MNPUOOPOB,
N00aBIISIFOT HEMHOTO CoJiel paaus?

7. AKTUBHOCTBH PaJIMOAKTUBHOIO IMpenapara yMEHbIIWIACh B 4 pa3a 3a 8 nHeid. Kakos
€ro nepuoj nojypacnaaa?

8. K 10 mr paguoaktuBHoro Ca-45 no6aswiu 30 Mr HepaguoakTuBHOTO n3oTona Ca-
40. Ha cKOJIbKO MI3BMEHUJIACh AKTUBHOCTh PAJIMOAKTUBHOI'O UCTOUYHHUKA?

9. Ecnu Ob1 1 T paaust, KoTopslii momyunnu cynpyru Kiopu, octancs ot Toro pasaus,

1. Nonuszupyromiee 1 (GOTOXMMUYECKOE JACHCTBHE
YacTHIl, KaK OCHOBa pPa3JW4YHbIX METOJOB HX
OOHapyKeHUsI.

KOTOpbIi Obl1 Ha 3emie B MOMEHT €€

[a3opa3pasHbIi cueTymk leirepa
T — cTeknsaHHan TpybKa c aproHom.

BO3HHUKHOBCHHA, TO KaKOBa ObLIa TOraa Macca

K — KaToa, TOHKWI MeTanInyeckuin
uAnUHAp.
paﬂl/lﬂ? A — aHOA, TOHKaA MeTanuYecKasn

* NpOBONOKa.
R — pesucTop, C KOTOPOro CUrHan
nogaeTcA K perucTpupyiollemy
YCTpOCTBY.
MpUMeHAETCA B OCHOBHOM AR PerucT-
pauunmn 3NeKTPOHOB (3pdeKTUBHOCTL
100 %) 1 ramma-kBaHTOB (3 deKTnB-
HOCTb 1%).
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Cueryuk I'eiirepa 1908 r (npumep ¢ MammHONW Ha OTKOCE W JIETSIUEH MyJei). YCTpOKCTBO
cueT4yrka (PUCYHOK Ha Jocke). CUeTUHK 3arojHAIOT OOBIYHO aprOHOM MNP MOHWKEHHOM JaBJICHUM.
IIpynumn — percrBud.  JlemoHcTpanms.  IlapamiensHO € TPOMKOTOBOPHUTENEM  BKIIFOUUTH
ANEKTpOcUeTUrK. Kakue 4dacTuIbl MOXKET pPErHCTPHpOBaTh CUYETYMK? MOXKHO 1M HU3MEpUThH
pagroakTUBHOCTH cBoero tenma? [lpumepHo Torma ke Pesepdopn cosmanm  mpocrteiimit
CHMHTWUIILIMOHHBIA CUETYHK — TOKPBITHIH CEPHUCTBHIM IIMHKOM 3KpaH, KOTOPBIA MOJ yJapaMu
anb(a-yacTuil ucmyckai ciadble BCTIBIIIKH CBETA.
CUMHTHISINMOHHBIN CYeTYUK M MOJYNPOBOJIHUKOBBIH cyeTynK. CIIMHTAPHUCKOIIL.

Tenepn s 6epio 6 cyujecmeosame anomos.

Max 13

Kamepa Buuabcona 1911 r (paspaGorana mis usMepeHuii B
Mereoponiorun). [ epoi mugpa o 3onomom pyne A30n 3acesn no 7/ PRI
npukasanuro yaps Konxuoer Dsma opaxonoswvimu 3ybamu none Apeca.
AH30oHna cnacna xumpocmu, K020a ceMeHa NPOPOCIU 800PYHCEHHbIMU
sotinamu. OH Opocul KameHdb U, BOUHbL nepedulu opye opyeada.
HoHbI Te e «KaMHW», Ha KOTOPBIX HAUWHAETCS KOHJICHCAIUS MOJIEKYJT
HACBIIIIEHHOTO Tapa. BoT moyeMy mocie pockl B BO3/AyXe HET NBUIM M OYEHb Majo HOHOB.
JleMoHCTpaust ¢ Kamepoil Buibcona. Broms Tpeka o - wactumsl oOpasyercs 3 10° kamenek
Tymana. [lo cpaBHEHHIO ¢ o0 — YaCTULIAaMHU, [} - YaCTHUIIBI 00pa3yloT Oosee TOHKHE cieabl (okomo 50
MOHOB Ha 1 cM anmuHbl). MOXXHO 1M ¢ TOMOIIbIO Kamepbl BusibcoHa 3apeructpupoBath HeUTpoH? Jliist
TOJIHOW OOPMCOBKM TpPEKAa CTPAHHOM YaCTHIBI CO BpeMEHeM >ku3Hu nopsaka 10 ¢ Heobxomuma

KaMepa B COTHHU MCTPOB MJIMHOM. 3JIeKTpOH - JacTuua, 1 B 9TOM METOA TOJ/ICTOC/IOMHbBIX

HETPYAHO yOeauThes, HaOMo1ast ero ciiel] B kamepe Brubcona. ®OTOAMYNIbCUA
Merox TOJICTOCTOMHBIX (poTOIMYabCHH (KoHew 1940 Dqg)ggggnem

o OTOMJTACTUHKHK
roioB). Hcromb3yembie Ui siiepHOM (oTorpaduu SMyIbCHH npoucxoauT
coziepskaT Oosblie OpoMucToro cepedpa (ero KoHreHTparms 82% u Sﬁﬁgga”fosnew

cepebpa.

BBIIIIC), PHYEM C MaJbIMH pasmepamu MOHOKprCTamioB (0,2 -0,4 o Tpew uac
MKM), SMYJIbCUOHHBIN cioil nenatoT TosncTeiM (400 - 600 MM u BAANMBIMM. ’
naxe 1-2 MM) 0€3 MOUIOKKH, YTO JaeT BO3MOYKHOCThH CKJIaJIbIBATh Fvyshared

3TU ciiou B Oomblue cTonku. Ecian oObldHBIE CcTEeKIa 00IydaTh, a e = —
MOTOM TIOMECTUTh B KHCJOTY, TO Ha IIOBEPXHOCTH B MeCTax LEEDEIGES e

nornajganus "MPosBISIOTCS" KpacUBbIE 3BE3/IHBIE Y30PblL. Sl |
Iy3bipbkoBass kamepa (1952 r, JI. T'nasep). Lukn | . S
MIPUTOTOBJICHUSI TEPETPETON KUAKOCTH 3aHUMAET OKOJIO CEKYHJBI. L | e
JIBikeHne dYacTHLl B MarHMTHbBIX noisix. Kak — onpenenutsb it it

HaIpPaBICHUE JIBWKEHHUS YacCTHLIbl; 3HAK 3apsia 4acTULBl IO BHIY =

Tpeka? Yem OTIMYatoTCs TPEKH AJIEKTPOHA U alb(a-yacTHIbI?

Hckposbie kamepsl (koHen 1950 rogos). Vickposbie kamepsl
B TBHICSYM pa3 ONEPEIUIIN ITy3bIPbKOBBIE KAMEPHI U [0 CKOPOCTH, U 110
qUCIy JeTeKTHpyeMbIx yactul. B 1970 romax mx cmeHunu Ooiee
COBEpLICHHBIE AHAJIOI'M — MPONOPLHOHAIbHBIE MHOI'O NPOBOJHBIE
KaMepbl U JpeiidoBsie kamepsl. [1oSBUINCH TOTYIIPOBOIHUKOBBIE
JETEKTOPbl — KpPEMHEBbIE, repMaHHeBble. KpeMHEBBIN aeTeKTop
(MMKPOCKOI) COCTOUT M3 PAa3ACi]EHHBIX Y3KUMHU IPOMEXYTKaMU
NapajuleJIbHBIX I0JIOC KpeMHHUs MHMpUHOM okoino 100 Mxwm.
[Tponeratomas 3apspKEHHAs 4acTUIA OCTABISIET 32 COOOM Tpek H3
MOHN30BaHHBIX aTOMOB, KOTOPBIH (PMKCHPYIOT AJIEKTPOHHBIE TPUOOPHI. Y AaI0Ch 3apeTUCTPUPOBATD
B — me3onbI (Bpemst kusnu nopsaka 10713 ¢), koTopeie pacnanatorcs, nposeres Bcero 300 Mxm. 10
centsiops 2008 roma B 11 u 15 MHH IO MOCKOBCKOMY BpPEMEHH OBIJI OCYIIECTBJICH 3aIlyCK
Bonbmioro aapoHHOro KoJulaiiiepa, KpyMHEHIIEro B MHpE YCKOpUTENls dYacTul. YToObl

ICKpoBas kamepa
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3apeTUCTPUPOBATh BCE POXKICHHBIC B CTOJKHOBEHHMAX YacTHUIIBI, MOTPEOOBATUCH IECTEKTOPHI —
CJIOEHBIE WJIMHIPHI (OAUH U3 HUX UMeEeET JUIMHY 46 M, nuameTtp 25 M u Maccy 40 T).

dPpdexr YepeHkoBa. JIpukeHue B cpele PEIATUBUCTCKONW 3apsOKEHHOM YAaCTUIBI €O
CKOPOCTBbIO,  IPEBBIIAIONIEH  CKOPOCTbH ~ CBETa B OJTOW  Cpele,  COIpPOBOXKAAETCS
OMHUCCHEN YEPEHKOBCKOTO M3Iy4yeHHUs. JleTEeKTOpBl, pErMCTPUPYIOLIUE UYEPEHKOBCKOE HM3IYUYEHHE,
IIUPOKO HCIONB3YIOTCA B (PM3UKE BBHICOKUX SHEPIHi JJISI PETUCTPALMH PEISTUBUCTCKUX YACTHIl U
OIPEJIEICHUS UX CKOPOCTEN U HAIIPABJICHUM BUKCHUSL.

JonosnuTeabHass nHpopmanmsa: Kocmuueckue nyun oTkpbul B 1912 roay aBctpuiickuii pusznuk
Bukrop I'ecc. EcrecTBeHHBIM paanoakTHBHBI (OH OBUT NPUYMHONW HOHM3ALMU Ta30B, HO
MOHM3AlMs JODKHA YMEHBIIATHCA C YJAJEHHEM OT MOBEPXHOCTH 3eMiu. OTBET NOIyuyuiics
IIPOTUBONOJIOXKHBIM. OCHOBHOM KOMIIOHEHTOW KOCMHMYECKUX JIy4ed OKa3aJuCh IPOTOHBI C
sueprueit 10 — 10%° 5B u maxe Boiue (B 10° pas Gosblue, yem Oynaer nonydeHa B Bosbimom
azpoHHOM KoJutaiaepe). CTankuBasich € sIpaMd aTOMOB aTtMoc(epbl, KOCMHUYECKHE YaCTHUIIbI
pacmagaioTcs Ha MHOXXECTBO Apyrux dvactun. OjHa mpuiereBlIas yacTUla OOJBIION SHEPruu
MOPOXKAACT LEIbIM JTUBEHDb IUIOMAABI0 0 HECKOIBKUX KBAJIPATHBIX KUJIOMETPOB. DT Jiyun B 10%
CIIy4aeB SIBJISIIOTCS PUYMHON cO0EB B pabOTE KOMIBIOTEPHON TEXHUKH U OOPTOBBIX KOMITBIOTEPOB
Ha caMmoJieTaX W CIyTHUKax. B uacTHocTH, kakoi Obl 3ammmieHHoW HU Obuta MKC, ypoBeHb
paguanuu Ha Helt B 100 pa3 Beiiie, yem Ha 3emiie.

YroObl HE yMepeTb B KOCMOCE, HaJ0 BBIOpAaTh OJUH M3 JABYX IyTeW: JHMOO MBI CO3/1a€M OT
KOCMHMYECKOTO W3JIY4YeHHs HEMPOHULAEMYIO 3alIuTy, 700 IepeMeniaeMcs B KOCMOCE Ha
CyOCBETOBBIX CKOPOCTSIX (4TOOBI He ycneTh ymepeTs). JJHK acTponaBTa XoTh M pa3pyiaercs mox
BO3/CHUCTBUE paJMallii, HO MEUICHHO U HE HeoOpaTuMo. O4YeHb MHOTO 3aBHCHUT OT KOHKPETHOTO
YeJoBeKa: ero Beca, pocra, 1oja, Bo3pacra, Tpymmnsl KpoBu. He uckimoueHo uTo iumib n30paHHbIE,
CHELMAIBbHO OTOOpaHHbIE JIOAM CMOTYT JieTaTh K 3Be3fgaM. Xopolas Haes - BHEAPHUTb B
KOHCTPYKLIMIO PaKeTbl MarHUThI OOJNBIION MOIIHOCTH. B Teopuu, 3TO co3gacT mpuemiieMble
YCIIOBHSI Ul CYUIECTBOBaHMs, HO He (pakT 4To caMo IMOJie HE HaHECeT Bpea aCTPOHABTaM.
Crneumamuctsl  NASA  npaxe  paccMaTpuBaiyd  BO3MOXKHOCTh — CO3JaHMsl  IOCTOSIHHOTO
3JIEKTPOMArHUTHOT'O KYTIOJIa HAJl JIYHHOU 0a30ii (KOTOPYIO TOXKE eIle HaJl0 CO3/1aTh).

IV. Jemonctpainus kuHO(pparmeHra.

3aoaua: VonnsanumonHas Kamepa, uMeromas oobem 250 cm?’, B Tedenne 10 MuHyT
naBasia Tok HaceuneHus 30 HA. Kakyro 103y ramMma-u3ilydeHus IMOJIY4YHII BO3IyX B
xamepe? [InotaocTs Bosmyxa 1,29 kr/m>. 0,837 3.

V. § 88

1. Yemy, mo BaieMy MHEHHUIO, paBEH «IIEpUOJI MOITypaciagay HACeIeHUs, POKMUBAIOILETO B JAHHON
MecTHOCcTH. Kak oH 3aBUCHT OT KauecTBa ku3HU? OcTaeTcs Ji OCTOSTHHOM MOCTOsSIHHAs paciaia’?

2. Haxomsick B KocMOCe, KOCMOHABTHI COOOIIAd O TOM, YTO, KOI/Ia IJa3a aJanTHUPOBAIIUCH K
TEMHOTE, OHM BHJCIM BCIBIIIKKA CBETa B BHMJE TOYEK, 3BE€3J WM JBOWHBIX 3BE3J, a HMHOIJA
BCIIBIIIIKH 3aMOJTHSUTA OOJBIIYIO YacTh MoJis 3peHus. KakoBa mpupo/ia 3TUX BCIBIIIEK?

Ecnu uenogex ecopum owcadicooti nosHanusi u npoeepsiem 80U pPaACCyHCOeHUsl,
COnOCmMasss ux ¢ OAHHLIMU ONbIMA, KAXCObLU YYeHUK OyOem Npu3Haeams 8 Hem
bpama no 0yxy He3a8UCUMO Om mo2o0, HACKOJIbKO MAlbl 3HAHUS 2020 Yel08eKd.

K.C. Ilupc
VYpoxk 28. JIJABOPATOPHAS PABOTA Ne: «<UBYUEHUME TPEKOB
Z—l &APSDKEHHI)IX YACTUII 11O TOTOBBIM ®OTOI'PAPUAM».

«Cxka3atb 0HO, KOHEUHO, BCE MOXKHO, a ThI, TIOJIH, IEMOHCTPUPYI»,- TFOOUI TOBTOPSTH MeHIenees.
HEJIb PABOTDBI: HayunTs y4eHUKOB ONPEAEIIATE XapaKTEPUCTUKU YACTHI] 110
dhoTorpadusiM Ux TPEKOB.

TUIT YPOKA: naGoparopHas padoTa.

99



OBOPYIOBAHMUE: potorpadun TpeKkoB, TpaHCIIOPTUP, KaJIbKa, TUHEHKA.
IIJIAH YPOKA: ' ‘ ‘

BerynurensHas yacts
Kpartkuit nunctpykTax
Beinosnnenue paboTsl
IlonBenenue uroros
3amaHue Ha 10M

S R

II. Mo Tpeky wuacTWIBl MOXHO OIPEIEIHTh €ro KpususHy. [lo
U3BECTHOMY pajIyCy KPUBH3HBI TPEKa MOKHO OIPEICIUTh JHEPTHIO
YaCTHIGI Ha JIAHHOM Y4YacTKe ¢ TpacKTopuu 10  (opMmylie:
mv®  q’B’R’
2 2m
OJIMHAKOBBIC HAYaIbHBIE CKOPOCTH, MOXKHO [0 HW3BECTHBIM paIdycam
KPHMBH3HBI TPEKOB OIPEIETHTh OTHOIICHHE 3apsiia K Macce Jo0oi w3
YACTHII, €CITH 9TO OTHOLICHHUE M3BECTHE TS IPYTOM YACTHIIBL.

III. Ormpenenenvie HampapieHHs BIDKCHHS 3apsHKCHHOM YACTHIGI W HATPABJICHHUS WHIYKIIHH
MarHuTHOrO ToJs. OmpeneriieHde paauyca KpUBH3HBI Tpeka. OmpeleieHHe SHEPru YacTHIIBL
OnpejienicHre OTHOIIEHHS 3apsijia YACTHIIBI K €€ Macce.

E = CpaBHI/IBaH TPCKHU [ABYX 4YaCTULl, HNMCIOIUX

m,

No Q, Kn M, kr B, Tn Ri,m Ro,Mm E,, Ix E», Ix g/m, Ki/kr
1

2

IV. KpaTtkoe noaseaeHe uToros.

V.

Taxas paA3eemenleHnasl YenHasa peaxkyusl HanomuHaem cOpHyio J1asuHy, KOmopdas
HayuHaem Hapacmamov U MOUIHO PA36UBAENICA O HUYMOIICHOU npu4uHrbsl.
HU. Cemenos
l JEJIEHUE SIIEP YPAHA. IIENTHAS SITEPHASI PEAKIIUSL.

Pasrosop ¢ OuoJsioramu:
- Bol ke Bugean, kak geaurcsas Ungyszopus Tydeanka?

HEJIb YPOKA: Ilo3HakOMUTh y4aluxcs C JIEMHOW peakIUen AENEeHUs SAEp ypaHa U
00CyIUTh BO3MOKHOCTH €€ MPaKTUYECKOTO UCTIOIb30BAHMUSI.

TUIT YPOKA : KOMOMHUPOBaHHBIA.

OBOPYJIOBAHME: »snekrtponnHamuueckass mojaenb 'llemHas spepHas peakius',
kuHopuibM "SAnepusie peakiuu', . 1.

AAPO - 0CKONOK
Aenenms |

IIVDTIAH YPOKA:
1. BcrynurenbHas yacTh
2. Omnpoc
3. OOsbscHeHue
4. 3akpereHue
5. 3apganue Ha gOM e sape ccmmer

IL Onpoc ¢ynnamentanbhbiii: 1. Cueruuk [eiirepa.
2. TpexoBbie TPUOOPHI B SJIEPHON (PHU3HKE.
3aoauu:
1. KakoBa CkOpOCTh 3JIEKTPOHA, BJIETAIOIIETO0 B KaMepy BuibcoHa meprieHIuKyIsipHO
WHIYKIIMM MarHUTHOTO TIOJIs, €CIId pPaJuyC Tpeka paBeH 4 cM, a HMHIYyKIUA
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Mar"guTHoro nojs 8,5 mTn?
2. DIIEKTPOH, KHHETHYECKasl SHEPTUst KoToporo 1,5 MaB, nBukeTcs mo OKpy>KHOCTH B
OIHOPOAHOM MarHUTHOM mnone ¢ wuHAaykuued 0,02 Tin. Onpepenure nepuon

oOpalreHus 3JeKTpoHa. DHEPrus MoKos AnekTpoHa 0,5 MaB.

3. Anb(a-uacTuia, BeUIETEBILIAS U3 SAPA Paaus CO CKOpOCThio 15-10° M/c, mposeres B Bo3ayxe 3,3
CM, OCTaHOBWJIaCh. HaliTn KMHETHUECKYIO SHEPIHIO YACTHIIbI, BpEMsI TOPMOXKEHHUS U YCKOPEHHUE.

Bonpocui:

1. Kakue Qusnueckue mpoLecChl HUCHOIB3YIOTCA IS PETUCTPALMU  SIIEPHBIX
peakiuii?

2. Ilouemy B kamepe BunbcoHa JeTsSmuMid NPOTOH OCTABISECT BUAWMMBIA Cleld, a
JETSIIUNA HEUTPOH HE OCTABISIET?

3. MOXHO 1M C TOMOIIBKD KaMepbl BuIbCOHA perucTpupoBaTh HE3APSIKECHHbBIC
YaCTHULIBI?

4. [ToueMy paamnanus maxHeT 030HOM?

5. Kakue wu3MeHeHuss MOTyT TMpOM30MTH B pabore cueruuka [elrepa, eciu
0aJIacTHBINA PE3UCTOP 3aMEHUTH APYTUM, UMEIOIIIUM MEHbIIIEE CONPOTUBICHUE?

IIL. Cnosa Pesepdopna o mepcrieKTuBax siIepHOM dHEpreTHKH: "Ilepcnekmuesl noxyueHus sHepeuu
nymem UCKYCCMBEHHO20 NPespawerusi amomoe He 8bleNA0sm MHO2000ewarouwumu'” .

VpaH - TSHKEIblii METAI CEPO-CTAIBLHOIO IBETA ¢ IIIOTHOCTHIO 19,04 r/cM® U TOYKOM ILTaBICHUS
1132°C. Tlo Buay OH MOX0Xk Ha cepebpo, MO TSHKECTH - HA IUIATHHY, 10 XMMHUYECKUM CBOWCTBAM -
Ha Bosb(pam. bombGapaupoBka sep aroma ypaHa

n gg / MEJICHHBIMA HEUTPOHAMH.
n / 92 e Onbitel GepMu (B Ka4eCTBE 3aMETUTEINS
1 \ v
Bona T HeiitpoHoB DEPMM HCHOIB30Bal  BOLY).
N U Heiitponsl Bogy "moOsT" M 0XOTHO C Hel (a
CMmech NOpoLIKOB 2 \ MMEHHO C TMPOTOHAMH, SApaMU BOAOPOJA)
paaus u 6epuius B3aUMOJICUCTBYIOT.

Uem MeuIeHHEE HEUTPOH IBUTAJICSA, TEM OXOTHEE
noryomancsa sapamu. IlpuunH TOMy JABE: BO-TIEPBBIX, OH HE OTTAJKUBAETCS, a NPHUTATHUBACTCS
ApaMu, U, BO-BTOPBIX, OH NOJUHUHSAETCS 3aKOHAM KBAaHTOBOW MEXaHHKH.

@depmH cUMTAN, YTO HACTOALIMH (PU3UK JOJDKEH OBITh CHOCOOEH OTBETUTH HA JIHOOOH BOMpOC U3
m060# 065acTH.

Nurepnperanus  onbiToB  ®epmu. HobOeneBckass mnpemus: "3a  omkpwvimue
PAOUOAKMUBHBIX INEMEHMO8, NOTYUEeHHbIX HeUMPOHHBLIM 00JIyYeHUEeM, U 3a C8A3AHHOE C
IMUM OMKpbImue 0EPHbIX Peakyull, 6bl36aAHHbIX MeoNeHHbIMU HetimpoHamu'. BepHa

TOJIBKO BTOpPad MOJIOBUHA!

ITpu Bbe3ne B CLIA nist mpoBepku ypoBHS 00pazoBaHMs HOOENEBCKOTro jaypeata JHpuko depmu
MONPOCHUIIN HalTH cymmy: 15 + 27 =7

CDpI/IH_I u FaH, MMPOBCAsA aHAJIOTMYHBIC OIIbITHI, BBIACIIMIIN W3 YpaHa PaaANMOaKTHBHBIC

HU30TOIIbI 5JICMCHTOB CpGI[HCfI qaCcTHu HGpHOI{H‘ICCKOﬁ Ta6J'II/II_[I)I.

JBa Mecsiua ciryetst Otro @pui u JInza MaiitHep, Ha ocHOBaHMM OnbITOB ['aHa, pa3spa- =
OoTam TEOpHIO NeNeHus snupa ypaHa. 26 sHBaps 1939 r., Meiitnep - T'any: «Bce
CHIeJIaHHOE BaMH B IOCIIEHEE BpeMsl MHE IpeacTaBisieTcs daHTacTuueckuM. Jloopas
[10JIOBMHA MEPUOINYECKON CUCTEMBI BCTPEUAETCS CPEU ITUX OCKOJIKOB YPaHa...»
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JIuza MaiitHep - nepBas B ['epMaHny *KeHIIUHA-(DU3KK, CMOTJIa TIOIYYUTh YYEHYIO CTEIEHb B Hadale
20-x ronoB. Ha3panue ee auccepranmu "MpoOIeMbl KOCMHUYECKON (U3UKH" KYPHAIUCTY TIOKA3aI0Ch
HEMBICIIUMBIM, U B ra3eTe ObUIo HareuataHo: "IIpobnemsi kocmemuyeckou gusuxu”.

Bo3Mo:xkHBIE CXeMBbI ACJICHUS si/ipa ypaHa.
235 1 144 89 1
U T n— Ba+, Kr+3,n+200M»>B.

@
B0 4 "2 Xe+ 28 +2 1 + 200 MaB. o-&B- @ g .
W3BecTHO, 4TO AOpO ypaHa JEJIUTCA HE OAHMM, a mpumepHo 50 @ .
pPa3NUYHBIMM ~ CIIOCOOAMH, TPUYEM BEPOSTHOCTH UX CHUJIIBHO

pasnuyaroTcs, HO He MpeBbIatoT 8% Kaxablii. PagmoakTuBHOCTH
OCKOJIKOB JeJieHusi (ommoka depmu):

- B B - “
W Xe—L"0Cs— "W Ba— ' La—L—"Ce- cTaOUITBHBII.

wSr—L %YL 5 7r - CTaOUITHHBIIA.
Ha pannux stamnax pa3sutus BceneHHOH Morim oOpa3oBbIBaThCS sAApa
C 3KcTpeManbHO OosbmuM (A > 260) MaccOoBBIM YHCIOM, a 3aTeM,
nyTém OeTa-pacrnaja, siapa nepeMenianiuch B 001acTh 6osiee yCTOWYMBBIX SAEP.
Aopo ypana, komopoe mbl npeononazaem uwapooopasHeiM, CHIIOWUBAEMCs OM Y0apa HeUmpoHa, u
@opma adpa ucnvimvieaem nepuooudecKue UMeHeHUs, 6 pe3ylbmame 4e20 OHO CMAHOBUMICA
MeHee YCMOUYUBbIM U UHO20A COBCEM BbIXOOUM U3 PABHOBECUSL.

Oupurxo ©epmu
Kanenbnast Mmoaeas sigpa. Bo3OyxaeHHOE SIpO — 3JUIMICOMA M TPHU MYJbCALUAX €ro pazMep
NPEBBINIAET KPUTHUECKUH OPOT JAEHCTBHSA saepHbIX cui (2-1071° m).

IIpu nenennu omHoro snapa ypana B cpeanem Bbaersierca 200 MaB sneprum. Ilpu

TIOJIHOM JIEJIEHMH BCex szep B 1 T ypana-235 Beigensercs 2,3-10% kBr-u (Takas sHeprus
BBIICTISIETCSI TIPYU CrOpaHuu 3 T yriis Wwin 2,5 T HedTH).

HUcnyckanue HeMTPOHOB NPH AeJIeHHMH siApa. ToyHOE YMCIIO HEUTPOHOB JEIICHUS
2,42 ocTaBaoCh rOCYIapCTBEHHOM TalHOM BILIOTH A0 1950 T.

Hennas peakuus. [laxe ropeHne OOBIYHOTO JHMCTA OyMard — XUMHYECKAasi [ETHAs PCaKIlus.
OTOT MPOLIECC MHUIMHPYETCS C MOMOILBIO TOPALIeH CIMYKU, HO KaK TOJIbKO Oymara pasropeiach,
TOpPEHHE MPOJIOJIKAETCSI CAMOIIPOU3BOJIBHO, 32 CUET BBIJECJIMBILIETOCS TEIUIA, U IUIaMsl pa3ropaercs
BCE CHJIbHEE.

Kosppuument pa3mMHOKeHUsI HEWTPOHOB (ompenejieHHMe) -  OTHOIIEHHE
KOJIMYEeCTBA BbIICJICHHbIX HEHTPOHOB B MOMEHT JieJICHHSI fi/iep K KOJHYECTBY

HeﬁTpOHOB, KOTOPbIC BBIACJIWINCH B npenbmymnifl MOMCEHT pacnajaa sajacp.

JlonoJHMTeIbHAsE HH(popMAaLus. AHAIOTHUS C pa3MHOKEHHEM YeJIOBEUECKOTo 00IeCTBa: KOTMIECTBO
OpakoB, ylnauHble M HEyJa4yHble Opaku, HecuacTHbIe ciydan. DakTopbl, OMPENEAIONNe BETHYHHY
KO3 UIMEHTa pa3MHOXKEHHE: JCJICHUE sIep ypaHa-235 M HEKOTOpBIX saep ypaHa-238, 3axBaT
HEUTPOHOB S/IpaMu ypaHa-238 U IpyruMH NIPUMECSIMH, BBIXOJ HEUTPOHOB M3 JENSIIETOCs BEIECTBA

2 ) >
Hapyxy. U2’ - nenurcs nos neiicTBUEM JIHOObIX HEHTPOHOB. 55 U - "TepMosia', EUTCS TOJIBKO MOJ

NefCTBUEM HEUTPOHOB ¢ 3Heprue 6onee 1 MaB (60% HEHTPOHOB MMEIOT TaKylO SHEPTHIO U TOJIBKO
OJTHO M3 TISITH siziep Jenutcest). Eciam pa3meps! Kycka ypaHa CpaBHUMBI C JUIMHOW CBOOOJHOTO Tipodera,
TO OOoJbIIasi 4YacTh HEHTPOHOB MOKHUAAET €ro U LEMHOW peakiuu He Oyzaer. [IocKombKy B YHCTOM
KyCKe ypaHa-235 mapoo6paszHoii (JopMbI YHCIIO Aeasmuxcs saep Ny ~ 1°, a 4ucIo MOKUaaomux Ny ~
2, 7o k ~ r, u npu paamyce Kycka 9 cM (kpuTHyeckass macca pasHa 47,8 kr). Vcnomns3sys
OeprUIHEBbIC OTPaKaTEN HEUTPOHOB | T. 1., € 1oBoaAT 10 10 kr. KpurHyeckas macca miryToHuUsI-

239 — 9,65 kr, kpuTHYecKas Macca Kannupopuus-251 - 10 .
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JomnosHutenbHass uMHpopmanusa: Yame Bcero B sAIEpHOM OpYKMM IIPUMEHSIOT HE YypaH, a
wiyToHuii-239. Ero momywaroT B peakropax, o0my4as ypaH-238 MOIIHBIMH HEHTPOHHBIMU
notokamu. [LIyTOHUI CTOMT NPUMEPHO B WIECTh pa3 gopoxke 23U, Ho 3aT0 1ipu aesneHun sapo 2°Pu
UCIyCKaeT B cpexdeM 2,895 HelTpoHa - Gombine, yem U (2,452). K ToMy e BEPOSTHOCTH
JeNieHusl TUTyTOHHS Bbile. Bce 9TO MPUBOAMT K TOMY, YTO yeIMHEHHbIH map 2°Pu craHoBUTCS
KPUTUYHBIM TIPH MOYTH BTPOE MEHBIICH Macce, 4YeM IIap M3 ypaHa, a TJIaBHOE - MPU MEHBIIEM

paanyce, 4TO MO3BOJISIET YMEHBIIIUTH Ta0apUTHI KPUTUIECKOU COOPKHU. aCanetors Subrtonpcon o
B aromHoii OoMOe coeauHsSIOTCS JHOO JBE IJOKPUTHYECKUX MAaCChI
(mymmeuHslid THI), JUOO0 KPUTHYECKas Macca IIapa 3HAYUTEIBHO @I

YMEHBIIAETCSl TIPH NPEABAPUTEIFHOM CXKaTHHU €r0 CO BCEX CTOPOH 10
KPUTHUYECKOTO COCTOSHUS (MMIUTO3UBHBI Tum). OTKyma ke Oepercs
TIepBBII HEUTPOH IPH B3pPBIBE AaTOMHOM OOMOBI (CEKpeT aTOMHOI 60MOBI)?
/Ba myTH K aTOMHOMY OPY:KHIO:
e Ornenuth ypan-235 ot ypana-238 umu XOTsI Obl PE3KO MOBBICUTH €ro
KOHIICHTPAIIHIO, High-explosive Plutonium core

e TIpou3BOIUTE LTy TOHHIA. e plyoathod
AToMHast O0M0a U ATOMHBIN B3PbIB (I CO3/aHKs aTOMHON
00MOBI HE0OX0mMMO, 4TOOBI aois ypaHa-235 mocturana 20%, B CIIA — 90%). [nst co3manus
MEPBBIX aTOMHBIX OOMO HY>KHO OBLIIO PEIIMTh MHOTHE MPAKTUYECKUE 3a0a4H:
- 00paboTKa TPUPOAHOTO ypaHa C IENBI0 H3BJICYEHUS U3 HEr0 HM30TONa ypaHa-235 BBICOKOU
creneHu YucToThI (0,9999);
- IOJIy4EeHHE TUTYTOHMSI-239 U3 ypaHa-238 npyu MOIIHOM BO3/I€HCTBUN HEUTPOHOB;
- CO3/1aHUe KOHCTPYKIIMU, B KOTOPOH COEIMHEHHE OTICNBHBIX OJIOKOB, UMEIOIIUX Pa3Mep MEHbIIEe
KPUTUYECKOTO, B E€IUHBIM OJIOK NPOUCXOAMIO OBl JTOCTATOYHO
a¢(dekTuBHO (BCS B3pBIBHAS LICTIHAS PEAKITUS 3aHUMAET MeHee | MKC);
- CO3/1aHUE UCIIBITATENIFHOTO TOJMIOHA COBEPIICHHO HOBOTO THUIIA;
- CO3/IaHUE CPEJICTB IOCTaBKH OOMOBI K TOUKE B3pbIBA.
Huddysus razoodpaznoro ypana uepe3 nopuctsie neperopoaku (CLLIA).
3aKoH, Ha3BaHHBI B YECTh LIOTJIAHJACKOro ydyeHoro Tomaca I'pama,
YTBEPKIACT, YTO CKOPOCTh HCTEUCHMs Tra3a uepe3 MaJeHbKHE
OTBEpCTHUSl 00OPATHO MPONOPIMOHATIbHA KBAIPATHOMY KOPHIO U3 MacChl
yacTull rasa. B ycraHoBke mo pasnenenuto usoromnos ypana (CCCP)
neHTpudyra paguycom 1 M genaer 16 Toicsa 000pOTOB B MUHYTY.
Iopa:karomue ¢axropsl saepHoro B3pbiBa. KIIJI aromuoit 6oMOer 10 — 30%. «Otem» atoMHOIA
6oMOb1 B CCCP U.B. Kypuatos. Ilpu npoTekaHun peakuuu siepHOTO B3pbIBa raMMa-U3IydeHHE
MPOAYLIMPYET SIEKTPOMArHUTHBIM UMIYJIbC ¢ HampsHKEHHOCTHIO HA ypoBHE 100—1000 xB/M. DT0
HE TOJIBKO BBIBOJMT W3 CTPOSl HE3AIIUIIEHHBIC AJIEKTPOMArHUTHbIC JTUHUM OYHKEpOB, IIAXT U
Apyrux OOBEKTOB, HO W NPUBOAUT K OOPa30BAaHUIO MOJHHUHU. PalnoaKTHBHBIE OCAIKU COAEpXKAat
HECKOJIbKO THUNOB 4acTull. MHoraa o0naka OBIBAIOT OKpaIlleHbl B KPACHBIM I[BET M3-3a BCEX BUIOB
OKCHJIOB a30Ta, 00pa3ylomuxcs MoJ ACUCTBHEM SHEpruM B3pbiBa. OIHAKO peajbHas OMACHOCTH
HEBUJIMMA: 3TO OT/EJIbHbIE PAaJHMOAKTUBHBIC aTOMBI, BOSHUKAIOLINE NPU PaJMOAKTUBHOM pacmaje
IUTyTOHMSI: OT CypbMbI-125 no nupkonus-97. Kpome Toro, mpu pacnazne IUTyTOHHS BBIIEISIOTCS
HEHTPOHBI, KOTOPBIE OBICTPO HAIAAAIOT JJa’ke HA MHEPTHBIC MOJEKYJIbI, TakKhe Kak N2, U JeNaloT ux
pannoakTuBHBIMU. C MOTOKaMHU BO3/yXa 3THU PAHOAKTHUBHBIC YACTHIBI MEPEHOCATCS HA MHOTHE
TBICSYM KHJIOMETPOB, MOKa HE OCAMYT JUO0 caMu 1o cebe, 1100 BMECTE C OKIEeM, Ha HUYEro He
MI0JI03PEBAIOIINE TOPOIa.

Henvzsa Odonycmume, umobvl 100U HANPAGIAIU HA C80€ COOCMEEHHOE

VHUUMOJICEHUEe me CUbl NPUPOObl, KOMOPble OHU CYMeNU OMKPbIMb U NOKOPUMDb.

@. JKonuo - Kropu
Mup peancs 6 ontimax Kropu
Amomnoti, 1onHysuiero 6omooll.
Anopeii benviii

Gun-type assembly method
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V. §§ 98-99. Vrip. 13, Ne 7.

1. Emé nHa 3ape simepHOil QU3MKM OBLIO 3aMEYEHO, YTO AaTOMHBIE S/1pa, COCTOSILIUE M3 YETHOTO
Yrcia MPOTOHOB U YETHOTO YMCIIa HEUTPOHOB (UETHO-UETHBIE) TOpa3o Oosee YCTOWYHBEI, YeM
MMEIOIIUE B CBOEM COCTABE OJIMHOYHBIE HYKIIOHBI (0cOOeHHO 000uX TUMOB). Tak im 3107

Ilycmo 6ydem amom paboyum, a He cordoamom!
M. Brnyoos

S| Ypox 30/ SIIEPHBI PEAKTOP

Panon OykBaibHO COUMTCS M3 HeIp Hallel MJIaHeThl.
HEJIb YPOKA: [T03HakOMHUTh YYEHUKOB C MMPUHLUIIOM JCUCTBUA SAEPHOTO PEAKTOPA.

JlaTh mpeAcTaBieHHEe O BO3MOXKHOCTSIX MpeoOpa3oBaHus SACPHON SHEPTUH B JIpYyrue
BU/IbI PHEPTUU; TO3HAKOMUTh YYEHUKOB ¢ paboToit ADC.

TUIT YPOKA: koMOMHUpPOBaHHBIH.

OBOPY/IOBAHMUE: nrapuiIsM "ATOMHOE saapo”,
xuHO(pparment "TlonydeHue SaepHON SHEPTUH .

IIJIAH YPOKA:

BerynurensHas yactb
Onpoc

OObsicHeHHE
3akperieHue

5. 3apanue Ha oM

I1. Onpoc dynnamentanbhbiil: 1. [enenue sinep ypana. 2. llenHas siaepHasi peaxiusi.

bl S

Xopowa nayka — gpuszuxa! Tonvko srcusns kopomka!
U.B. Kypuamos

3aoauu:

1. CkOnbKO HEUTPOHOB OYAET B COTOM MOKOJICHUU, €CIIHU MPOLECC ACICHUSI HAUMHACTCS
¢ 1000 HEUTPOHOB U MPOUCXOAUT B cpeie ¢ KoddduimenToM pasmMHoxeHus 1,057
Bo ckonpKo pa3 nmpu 3TOM yBEIWYHUBAETCS MOIIHOCTD JIEPHOTO peakTopa?

2. Kakast Macca ypaHa-235 mojBepraercs JEJICHUIO MPU B3PbIBE aTOMHOW OOMOBI C
TPOTUJIOBBIM SKBUBAJIEHTOM 2(0) KHJIOTOHH, €CJIM TETJIOBOM SKBUBAJICHT TpoTHia 4,1
M /Ix/xr?

3. Kakas macca ypaHa JIOJDKHA pa3/ieuThesl, YTOObI yIOBIETBOPUTH TOOBYIO MOTPEOHOCTH J0Ma B
SHEPruu, MU CpeHel MOIHOCTH noTpedienus mopsaka 300 Bt?

III. ATOMHAsi JHEPreTHKA — OjHa U3 CaMbIX SKOJOTMYECKUX C TOYKH 3PEHHS BBHIOPOCOB

yriaekucnoro rasa: 3a 1 kBT-u aroMmHble 3JeKTpocTaHIMM BbIOpachiBaloT Bcero 12 r COz. [ns

CpaBHEHHS, y IPUPOJTHOTO T'a3a ITOT MMoKazarenb coctaiseT 490 r/kBt-4, a 'y yrius — 820 r/kBr-u.

B cpeny, 2 nexkabpsa 1942 r., B 15 4 25 MHH 110 MECTHOMY BpeMeHH B UHMKarckoM yHUBEpCUTETE

OHpuko depmu BBEI B JEHCTBHUE NEPBBIN AEPHBIN peakTop!

Bbvino sicno, umo @epmu omkpul 08epb 6 AmMOMHbLU GEK.
Jicon Koxpoghm

B cpeny 25 nexabps 1946 r., B 19 wacoB B MockBe moja pykoBoiacTBoM Hropst BacuibeBuua

KypuaroBa 3any1iieH nepBblil COBETCKUM SEPHBIN peakTop.

[lepBasi 37eKTpOIHEPTHsl, U3BJICUCHHAS W3 SHEPTHH SAEPHOTO paclaaa, ObUIa IMOJydeHa TOJBKO

ciuyctss moutun 10 sner — 20 nexabps 1951 roma B HammonanbHoil naboparopum Aiinaxo c

MOMOILIBI0 peakTopa Ha ObICcTphIX HeWTpoHax EBR-I, mpousBeaeHHass MOLIHOCTH KOTOPOTO

cocrasisia okosio 100 kBT.

TonmBo B SIACPHBIX peaKTOpax M ylnpaBJjsdceMasi pecaKilusl NCJICHUs. baok-cxema

peaktopa. KnaccuduuupoBaTh AEHCTBYIOIIME PEAKTOPHl MOXXHO BCETO MO JABYM
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mapamMeTpam: 3aMCUIMTCIIIO U TCILNIOHOCHUTCIIIO. OCHOBHBIC 3JIEMEHTHI BOJ0-BOAAHOIO

peakTopa (Tabnuna).

33MC}].HI/ITCJIB HeﬁTpOHOB H TCIIJIOHOCHUTEJIBb - BOJAa
(Mennennsle HeWTpoHsl B 600 pa3 sddexTiuBHEE OBICTPHIX).
Camble 3¢ ¢exTUBHBIC 3aMeIIUTEId HEHWTPOHOB: BOJA,
Tsoxenast Boaa (I'epmanus), rpadur (CILIA).

SlnepHoe TomIMBO — oOoraimieHHbIM ypaH (2-3%

ypaHa-235) unu npupojHbiil ypaH. Peryaupywomme

CTEPKHMU, OCYHICCTBJICHUC B SAACPHOM PCaKTOPC

yopasisieMo peakiuu Jenenus. [lornoturens HEUTPOHOB: OOp, KaaMuUi, TadHUI,
HUPKOHUI-88.

Cupaska: B BoI0-BOASHOM peakTope MOMHOCTHI0 3 ['BT HayanbHbIA cocTaB TommuBa: U —
77350 xr, *°U — 2630 kr, *** U — 20 kr. CocTaB U3BI€YEHHOr0 TOILNBA Yepe3 3 roaa: > U — 75400
kr, U — 640 Kr 1 T.1. ATOMHBII PeakTOp MOHO YIOA0OUTH KOCTPY, B KOTOPOM 0KOJIO 1 % cyXux
npoB (ypaH-235) , a Bce oCTalbHOE - CBHIpBIC TMOJIeHbs (ypaH-238). Macca 3arpyKeHHOTO TOTUINBA
Ha 3 KI IPEeBOCXOJWJIa Maccy BbIrpykeHHoro TtorumBa. Korgma corpyanuku ADC ypansior
0TpaboTaHHOE TOILIMBO, B HEM OCTaeTcsa 0KoJI0 95% OT ero nepBoHavaIbHOW SHEPTHUH — JIPYTHUMHU
CJIOBaMH, MCIIONIb3YyeTCs TOJIBKO 5% ero sHepruu!

Oopa3oBanne miyronus (I'. Cubopr, 1940-1941

r). YHUCTBIN MITyTOHUH - 3TO CepeOpPHCTO-CePhIii
TSDKENBIM MEeTaI IIOTHOCTHIO 19,82 r/em®
Temmeparypoii mwiasnenus 640°C. OTKpBITI/ICVHJIYTOHI/ISI ZINp s et EPy t v T,,,. =24000.1em
M3MCHHJIO CaM OAXO0[ K PCIICHUIO YPAaHOBOU 9"

npobaemsl. [Ipexze Bcero, crano sicHO, YTO MOTJIOUICHHE HEUTPOHOB B ypaHe-238 - MoJIe3HbIH
npoIiecc, MOCKOJIBKY MPH 3TOM 00pasyeTcs «sIIepHOE TOIITMBO» - CTOJIb K€ U Jlaxe Oosee

s dexTruBHOE, yeM ypaH-235. [l Beinenenus 1 r miyToHust Hafo nepepadboTaTb NpUMEpPHO 1 KT
00JIy4eHHOT0 ypaHa, IPOITyCTUB ero uepe3 30 XUMUYEeCKUX peakuii u . i

6onee cotau onepanuid. [LryToHnii-239, okazancs caMbIM MOIXOASIIUM IS
ucnosnb3oBaHus B 0omOe. Ero celfyac Ha3pIBalOT «OPY>KEHHBIM LTy TOHHEM).
PeakTopbl Ha OLICTPBIX HEHTPOHAX (oGoramenue ypana 25 - 50%); - I |H|H|H
MX OCHOBHOE TIPEMMYIECTBO (60JI€€ KOMIAKTHBI, OCKOJIBKY UM HE HYKHBI

HU 3aMEUIMTENN, HHU OTPaKaTeld HEUTPOHOB). OXJaXKAAarOTCs TaKue
peakTopbl HaTpueM-23, dAapa KOTOpPOro PEIKO B3aUMOJEHCTBYIOT C
OBICTPBIMU HEUTPOHAMH.

TopueBas 3Heprernka. Cam no cede Topuii-232 (Ha3BaH B YecTb CKaHAWHABCKoro bora rpoma —
Topa) He moanepKUBaeT LEMHYIO SJIEPHYIO PEAKLUIO U HE MOXKET ObITh MaTEepUaAIOM JJIsi aTOMHOU
60MObI. OmHaKo MpH OOJTYYEHHWU TOpUS HEUTPOHAMM, €ro aTOMBI, 3aXBaThIBas ATH HEUTPOHBI,
pacnaznaroTcs ¢ BbIEICHUEM 3HAUYUTEIBHOTO KOIMUECTBA dHEpruu. Kpome Toro, B pe3ynbrare psaa
MOCJIeIOBATEIbHBIX PEaKIUi ¢ 00pa30BaHUEM MPOMEKYTOUHBIX HEYCTOHYMBBIX U30TOMOB (TOpHUIi-
233 u npoTakTUHUR-233 ¢ mojaypacnazoM COOTBETCTBEHHO 22 MUHYTHI U 27 CyTOK) U3 TOopusi-232
nmosydaercss ypan-233, KOTOpeld cam TI0 cebe SBISIeTCS XOpPOIIMM SIACPHBIM —TOILTHBOM,
MOAXOJALIMM JUIsl BCEX TUIIOB COBPEMEHHBIX peakTopoB. lllnpokoMy HCMONB30BaHUIO TOPUS B
Ka4yecTBE SAEPHOTO CHIPbs MPEISATCTBYET €ro OoJbliasi, O CPaBHEHHUIO C yPAaHOM, PacCESHHOCTb -
Topuil He o0OpazyeT OOraThIX MECTOPOXIEHHUH, TEXHOJOTHS €ro W3BICYEHHUS M3 PYyHI CIOXKHEE.
Kpome Ttoro, Hapsamy c ypanoM-233, oOpasyeTcs ypaH-232, KOTOPBIHA, pacmajasich, AaéT ramma-
aKTUBHBIE sJipa U30TONOB BUCMYT-212 u Tamnmii-208, ycnoxustomue npons3soactso TBIJIos.

OcHoBHbIE 0coOeHHOCTH ADC:
e Ype3BbIuaiiHO BbICOKAs ''TENJIOTA CTOPAHUA'" SIIEPHOIO rOPHOYero.
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e HeB0O3MOXKXHOCTH IIOJIHOIO Cropanusi TomJjMBa 3a OIJHY 3arpy3ry (pa3 B

moJiroga 1 0oJ1ee BbBITOPE€BIICEC TOIVINBO 3aMCHACTCH HOBLIM).
Otnuune ADC: Buj u oboraiieHue TOIUIMBA, TI0 MaTepHay 3aMeIIUTENs, 10 BULY TETFIOHOCUTEIS.
Cxewma remnonepenauu ADC (mo kaapam nuaduiabma).
JonosHuTeIbHA HH(pOPManUs. ATOMHbIe JIEeKTpocTaHIUM. Ha aTOMHBIX 3J€KTpOCTaHIUAX
BbIpabateiBaercs 11% Bceit mpou3BoanMoii Ha riaHere anekTpodHepruu. Cerogns 192 atomuble
aJIeKTpOCTaHMU paboTaroT B 31 crpane mupa. Kak mpaBmiio, Bce OHHM HMMEIOT IO HECKOJIBKO
SHEProGIOKOB — TEXHONOTHYCCKHX KOMIUIEKCOB 000pYIOBAHMS s | T
IIPOU3BOJCTBA DJIEKTPOIHEPIHMH, HMEIOUIMX B CBOEM COCTaBe N
aaepHbIid peakTop. OO6IIee KOINYecTBO TAKMX YHEProOIOKOB B MHUpE
cocraBiseT 451. Ha nepsom mecte no konmnuectBy ADC HaxoasaTcs
CILIA — 62, na Bropom @pannus — 19, tpetse mecto y Anonuun — 17.
Poccust 3aHmMaeT 1nsATOE MECTO IO KOJMYECTBY ATOMHBIX
anekTpoctanmuid. Mx y nHac 10 ¢ 37 nsHeproOmokamu. OOmas
MonHocTh Bcex ADC Mupa coctasisieT okoiio 392 I'Br.
IIpocTpaHcTBO, B KOTOPOM HENOCPEACTBEHHO INPOUCXOJIUT peaklus AEICHUs s1ep, Ha3blBacTcs
«aKTHUBHOM 30HOM AEPHOTO peakTopa». B ee mpouecce BbiaenseTcs 00IbIIOe KOJTHUECTBO SHEPTUU
B BHUJE TeIia, KOTOPOE HArpeBaeT TEIIOHOCHTENb. B OONBIIMHCTBE CIy4aeB TEIJIOHOCHTEIEM
BbICTynaeT oObluHas Boja. IIpaBnma, mpeaBapuUTENbHO €€ OYMIIAIOT OT Pa3IMYHBIX NpUMeEced U
razoB. OHa mojaercsi CHU3y B aKTUBHYIO 30HY PEaKTOpa C IMOMOILIBIO IVIaBHBIX LUPKYJISLUOHHBIX
HacocoB. B axkTMBHOW 30HE SEPHOIO pEaKkTOpa HAXOAUTCS SAJEPHOE TOIUIMBO M, 33 PEIKUM
UCKJIIOUEHHEM, TaK Ha3bIBaeMbIil 3aMeanuTens. Kak mpaBuiio, B OOJBIIMHCTBE THUIIOB PEAKTOPOB B
KayecTBE TOIUIMBA IMPHUMEHsETCS ypaH-235 win miyToHuid-239. lns Toro 4roObl MOXKHO OBLIO
HCII0JIb30BaTh AJIEPHOE TOIJIMBO B PEAKTOPE, €TI0 MEPBOHAYAIBHO ITOMEIIAIOT B TEIUIOBBLIEISIONINE
AJIEMEHTHI — TB3JIbl. DTO T€PMETUYHbIE TPYOKH M3 CTAJM WM IMPKOHHUEBBIX CIIABOB BHEIIHUM
IUaMETPOM OKOJIO CAaHTUMETPAa W JJIMHOW OT HECKOJIBKMX JECATKOB 1O COTE€H CAHTHUMETPOB,
KOTOpBbIC 3alOJHEHBI TaONeTKaMH SJIEPHOTO TOIUMBA. /Iy ympouieHus ydera M IepeMelieHHUs
SICPHOTO TOIUIMBA B PEAKTOpPE TBAJIBI COOMPAIOTCA B TEIUIOBBLIENsAone coopku mo 150-350
mtyK. OTHOBPEMEHHO B aKTHUBHYIO 30HY peakTopa o0bruHO momemaercs 200450 takux cOOpokK.
VYcraHaBiMBalOT WX B pabo4yMX KaHalaX aKTUBHOM 30HBI  peakTopa. KoHCTpykums
TEIUIOBBIICIISIONIETO AJIEMEHTA JIOJIKHA 00ECTIeYUTh OTBOJI TEIjIa OT TOIUIMBA K TEIUIOHOCUTEIIO U
HE JOMYCTUTh IIONAJaHus B TEIUIOHOCUTEIb IMPOLYKTOB JejieHUsA. B Xone sAaepHbIX peakuui
00pa3yloTcsi, Kak MpaBUJIO, OBICTpbIE HEHTPOHBI, TO €CTh HEHTPOHBI, HMMEIOIIME BBICOKYIO
KMHETUYECKYI0 Hepruto. Eciin He yMEHBIINTh UX CKOPOCTb, TO sJIEPHAsl peaklus CO BPEMEHEM
MOKET 3aTyXHYTh. 3aMEJUIMTENb U PEIIAeT 3aJauy CHUKEHMsSI CKOPOCTH HEUTpOHOB. B kauecTse
3aMETUTENS], IIMPOKO HCIOJIBb3YEMOro B SIEPHBIX PEAaKTOpax, BBICTYMAIOT BOJA, OCPHILIMHA WIH
rpadputr. Ho Hammyumum 3amemureneM sBisgercs Tsokenas Boga (D20). Hns Toro uTtoObI
IIPEIOTBPATUTh IIONAJaHUE HEUTPOHOB B OKPYXAIOLIYI0 Cpedy, AaKTHBHAs 30HA peakTopa
OKpyXaeTcs oTpakaTesieM. B kadecTBe marepuana JUisl OTpaskaTeled 4acTO MCIIONIBb3YIOT TE K€
BEIIECTBA, YTO W B 3amemnureasx. Kpome Toro, Hamuuue oTpakaTeliss HEOOXOAMMO IUis
MOBBIIEHUS APPEKTUBHOCTH HCIIOIB30BAHMS SIIEPHOTO TOIUIMBA, TaK KaK OTpa)KaTellb BO3BpAIaeT
Ha3aJ B aKTUBHYIO 30HY 4acTb BBUIETEBIIUX W3 30HBI HEUTPOHOB. /[ MpoM3BOACTBA BOASHOIO
napa Ha ADC npuMeHs0TCs aporeHepaTopsl. TEmIo OHU NOMy4YaroT OT PEaKTOpa, OHO MPUXOIUT C
TEIUIOHOCHUTEJIEM MEePBOTO KOHTYpPA, a map HyXEH JJS TOro, 4TOObl KPYTHUTh MapoOBbIe TYpOUHBEI.
IIpumeHnsitoTcsl maporeHepaTopsl Ha IByX- U TpexXKoHTypHbIX ADC. Ha onHokoHTypHBIX ADC HX
pOJIb MrpaeT caM sJEpHbIH peakTop. JTO TaK Ha3blBAEMblE KHUIISIIME DPEAKTOPBI, B HUX Map
TEHEpPHUPYETCsl HEMOCPEJCTBEHHO B aKTUBHOM 30HE, IMOCIE Yero HampaBiisieTcss B TypOuHy. B
napoBOi TypOHMHE MOTEHLMAIbHAS YHEPIUs CKATOr0 U HArpeTOro BOASHOTO Hapa mpeodpa3yercs B
KUHETHYECKYIO SHEPIUI0 BpAILleHUs Baja TYpOMHBI, a OH YK€ BpallaeT poTop JIEKTPOreHepaTopa.
DJNeKTporeHepaTop Mpeodpa3yeT MEXaHWYECKYI0 SHEprui0 B AIIEKTPUYECKYIO0, KOTOpas IO
MIPOBOJIAM MOCTYHAET K MOTPEOUTEISIM.
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HJonosHutenbHass uHpopmauusa. EcrtecTBeHHBIE snepHble peakTopsl. IIpomecc ynpasiseMon
LEMHON peakIi HEBEPOSITHO CJO0XEH, a MOTOMY BCE HAayyHOE COOOIIECTBO OBUIO OMICTOMIIECHO,
korga B 1972 rony ¢paniysckuii pusuk @pancuc [leppern oOHapyk uil, 4TO MPUPOJA COOPYIUIA
nox OxJyio B ['aboHe mepBbIii B MUpE SIIEPHBIN peakTop Ha JBa MUJUTMAp/A JIET PAaHbIIIe, YeM JIFOIH.
OTOT NPUPOIHBII peakTop 3apaboTall, KOrJa MECTOPOXKAECHUE OOTraThIX YPaHOM MHHEPAJIOB OBLIO
3aTOIUIEHO TPYHTOBBIMHM BOJAMH, KOTOPBIE 3aMEUIMIM HEHUTPOHBI, HCIyIIEHHBIE :
AlpaMHM ypaHa, U3-32 4€ro OHU CMOIVIM B3aUMOJIEHCTBOBATh C JPYTUMH AIpaMH U
pacimermiaTh ux. OT BBLAENAEMOro TEIUIa BOJAA HCHapsiaach W 3aKuIlana, 4To
BPEMEHHO 3aMeUIII0 LENHYI0 peakuuto. Korna okpyskaromas nopojia ocTelBaia, v
Iap CHOBa IPEBpALLAICS B BOAY, IPOLECC MOBTOPSIICSA. YUEHbIE OLEHWIM BPEMs
paboThl 3TOr0 JAOUCTOPUYECKOTO pPEaKTopa B COTHU THICSY JIET. 3a 3TH TOJbl B
LEMHOMN peakiuy JIeJIeHUs ypaHa J0JDKHBI ObUTH 00pa30BaThCs pa3IMyHbIe H30TOIbI,
U Bce OHM Obuln OOHapyxkeHbl B Okio. B sepHBIX peakuusx, MPOXOIMBIIMX B YpPaHOBBIX
MOA3EMHBIX JKUJIaX, BBITOPEJIO OKOJIO MATH TOHH ypaHa-235.

[Touemy B KauecTBE 3aMeIIUTENsI HEUTPOHOB JIydllle UCIOIB30BATh TSHKEIYIO BOY, YeM OOBIUHYI0?

Mauibie MoayJibHbIEe peakTopbl (MMP).
IV. 3aoauu:

1. TIpu B3peIBe aToMHO GOMOBI B XepocuMme BhIJeAMIOCh mHopsaka 10 Tk
sHeprun. CKOJIBKO aTOMOB M30TONA ypaHa-235 pa3aeauiioch Mpu 3Tom?
2. Cxonbpko ypaHa-235 HyKHO U3pacX0J0BaTh IS MTOJTYYEHUS TAKOTO K€ KOJIMYECTBA

SHEPruM, KOTOpoe BbipabaThiBaeT KpynHeimas B mupe Casno-Ilymunckas ['9C
3a cytku? Momuocts 3Toil '9C P = 6,4 I'BT. KII[] ADC oxomno n = 40%.

3. MOIIHOCTh ATOMHOW CHJIOBOM YCTAHOBKH CTPATErMYECKOr0 MOJABOIHOTO
paketoHocuia P = 190 MBT. flnepHbIM TOIUIMBOM CIYXHUT ciaabo oOoramiéHHas
nByokuch ypana (25%, 2*°U). OmpenenuTs 3amac TOILUIMBA, HEOOXOAMMOTO IS
aBToHOMHOTrO riaBanus AlIlJI mpoekra «Akyna» B Teuenue 180 cyToK.

4. B 0003HaYeHMAX SACPHBIX PEAKTOpOB THIa BBDP HCMONB3YIOTCS YHCIA, TOKA3BIBAIONINE
NIEKTPUYECKYI0 MOIIHOCTh peakTtopa. Tak, peakrop BBOP-440 wumeer snexkTpuueckyro
mourHocTh 440 Mget, ero KIIJ 32%. Kakoe o0o3HadeHue ciieayeT HMCIONB30BaTh JUId Oojee
MOIITHOTO pPeaKTopa, €CJIM €ro TEIJIOBas MOUTHOCTh YBelnyeHa B 2,2 pa3za, a KI1J] na 1%?

JonosHuTenbHasi uHpopMauus (monydeHue 3omota). B 1947 rogy amepukaHckue (uzuku

. 196 197 197 +
BIIEPBLIC IOJIyYMJIM 30J10TO U3 PTYTH B peakuuu: o Hg+n—> ¢ Hg— jAu+e +v,. N3orona

pTyTH — 196 B ipupoze mMaino (st nosydeHus 34 rpamm 3050ta Heooxoaumo 50 kr prytu). CaMblii

MOIIHBI HCTOYHUK HEUTPOHOB (SACPHBIA pEakTop) AODKEH oOiydaTh pryTh 4,5 roga. Ha

BBIJICJICHUE KalelbKd 30JI0Ta W3 BeApa PTYTH HEOOXOAMMO emle 3aTpaTuth 3Hepruio. llena

TO0OBITOTO TAKUM 00pa30oM 30JI0Ta B COTHU pa3 MPEBBICHUT €T0 IIEHY Ha MUPOBOM pbiHKe. [Tomyuenue

30JI0Ta U3 JAPYTHMX H30TONOB oboiaercs eme nopoxe. B 1973 rony B Kamudopuun (CILIA) Obu1

HalIeH 30J10T0i camopoaok Maccoil 108,8 kr.

B onHOM M3 3KCTIEpUMEHTOB BUCMYTOBYIO MUIIECHB ((oJbry) 6oMOapanpoBain sapaMu HeoHa-10 u

yraepoza-12, 4To Mo3BOIMIIO MOJIYYUTh LENIbIM CIEKTP U30TOMNOB 30J10Ta ¢ aTOMHON Maccoi oT 190

(79 mporonos, 111 neitrponos) 1o 199 (79 npotonos, 120 HEUTPOHOB).

V.§ 100

1. IToAroTOBUTH MATUMHHYTHOE COOOIIEHHUE O KU3HU U Hay4yHOH nestensHocTH M.B. Kypuarosa.

2. 3anumure peakius O0oMOapIMPOBKH PaJMOAKTHBHOTO H30TOoma Se-79 mpoToHAMH, BCIEd 3a
KOTOPOHM MPOUCXOIUT BBUIET ACUTPOHA U AP0 MpeBpalaeTcst B crabuiabHbIN Se-78. MoxXHO 11
TaK BO3JEHCTBOBATh HAa OTXO/IbI S/IEPHON SHEPIETUKH B LIEIAX UX N€aKTUBALIUU?

Ecnu oeiicmeumenvho cybamomuas suepausi 8 36€30ax c80000HO UCHONb3YemCsl Ol
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NO00EPIAHCAHUSL 20PEeHUsT UX 2SUSAHMCKUX Nedell, Mo 5Mmo, Kadcemcs, HeMHO20
npUOIUdNCAem HAC K OCYUWeCMEIeHUI0 Meuymbl 0 KOHMpOoJe Mot CKPbIMOoU CUibl 0s
npOYBEMAansl Yen08eyecKoll pacvl — Uil 0 ee camoyouticmada.
Apmyp 200unemon
Z’,pox 3 lg TEPMOSIAEPHBIE PEAKIIUU

Kak o0y3natp 3Hepruio 38é3n?
HEJIb YPOKA: ITo3HakOMHTH ydanuxcs C YCIOBHUSMH ITPOTEKAHUS YIIPaBISEMBIX

TEPMOSICPHBIX PEAKINN U MEPCHIEKTUBAMH Pa3BUTHS SIAEPHON 3HEepreTuku Poccnn.
TUIT YPOKA: koMOMHUPOBaHHBIH.

OBOPYIOBAHUE: kunoduibm "SnepHas sHepreTuka B MUPHBIX EssIX ",
ITJTAH YPOKA:

BcerynurenbHast yacth Renrepuh Touru

l.
2. Omnpoc 0\ v
3. OObscHeHHE
4. 3akperuieHue <710
5. 3anmanuie Ha 1OM o
II. Onpoc pynnamentanbhublit: 1. SAnepusiil peaktop. 2. ADC. T

3aoauu:

5. Kakasg smekTpuueckas MOIIHOCTh ATOMHOW 3JIEKTPOCTaHILIMM, PACXOAYIOLIECH B
cytku 220 r uzoromna ypana-235 u umeromen KII1 25%7?

6. ATomHas snekTpocTaHius MouiHocTeio 500 MBT, paGotatomas Ha ypane-235,
umeeT KIIJ 20%. TemnoBast 3eKTpOCTAHIMS TOM K€ MOIITHOCTH, paboTarorias
Ha kameHHOM yrie, umeeT KIIJ[ 75%. Onpenenure ronoBoi pacxo roproyero Ha
CTaHIUSIX.

Bonpocnwi:

1. Tlouemy BemiecTBa, 3aHUMAIONIME MeECTa B CEpPEAMHE M KOHIE TaOJUIIbI
MeneneeBa, He MPUMEHSIIOT B KaU€CTBE 3aMeJIUTeNIe HEUTPOHOB?

2. bakTepuum UMEIOT TaKOW 3aKOH pa3BUTHS: KaxKJas >KMBET | Yac M KaxIble
nojiyaca MOpPOXKIAaeT OJHY HOBYIO (BCEro JBE 3a CBOIO XHU3Hb). KakoBo Oyner
MTOTOMCTBO OJHOM OaKTepUHU uepe3 6 4acoB IMOCIIe €€ POKIACHUS?

3. llouemy He HaUMHAETCA LIEMHAs PEAKIUs B Kycke ypaHa maccou 100 rpamm?

4. TloueMy mpu UEHTPAJIbHOM CTOJKHOBEHHH C MPOTOHOM HEUTPOH MEpe/laeT eMy
BCIO SHEPTUIO?

5. Iloyemy Kammm B CcTpy€e BOJBI IIYJIbCUPYIOT?

6. Ilouemy B BOJO-BOISHBIX pEAKTOpPaxX HCIOIB3YIOT B KA4YECTBE 3aMEIJIUTENs
TSOKETYI0, @ HE 00BIYHYIO BOY?

7. llocne sAaepHOrO B3pbhIBA BO3HUKAET MOIIHBINA 3JIEKTPOMArHUTHBIA HMITYJIBC.
Oddekt Bo3eNCcTBHUS 0YEHb 3aBUCUT OT BBICOTHI, HA KOTOPOU B3opBaHa OomoOa, 1
OT MHYKIUA MarHUTHOTO T0Jig 3eMiH B 3ToM Mecte. [Touemy?

8. Ilouemy HeilTpoHHOE O0OIydYeHHe (HEHTpoHHas OomMOa) OmacHO ISl KUBBIX
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OpraHu3MOB?
9. Ilouemy Gepwiuii ¥ MOJOHUHN B OEPUITUEBO-TIOJIOHUEBOM MCTOYHUKE HEUTPOHOB
JI0 B3pbIBa aTOMHOM OOMOBI HEOOXOIUMO OBLIIO XPAaHUTh Pa3/ieIEHHBIMU ?
10. IToueMy He CTpPOSIT KOMIIAKTHbIE W HE OOJIbIIME aTOMHBIE 3JIEKTPOCTAHIIUH,
KOTOPBIE JIETKO COOUPAIOTCSI, MOAEPHU3UPYIOTCS U EPEBO3SATCSA?
III. O6ocHOBaTH BO3MOKHOCTh TEPMOSIIEPHOIO CHHTE3a Ha OCHOBE aHaiu3a rpaduka
yACTbHOW SHEPTHH CBs3H. BOo3MOXXHas cxeMa TepMmosiiepHoro cuHrtesa: H + *H
—iHe+n+ 17,6 MaB.
OnHouMEHHBIE 3apsA/ibl OTTAJKUBAIOTCS, MOJTOMY SIipa CIMBAaTbCS HE XOTIT, a
3HAUUT, PEAKUUU CHUHTE3a OTJIMYalTCs  BBICOKMM noporam? [Ipeononenue
KyJIOHOBCKOro orrankupanust dactun (T = 10-10° K). "3aman - atomHas Gomoa.
HeynpaBnsiemass TepmosiaepHas peakuus. B BomopoaHoir OomOe crneruaibHas
KarcyJia, 3aloJIHEHHAsi CMECBhIO JCUTEpHsi U TPUTHUS, OKPYKAETCSl YPaHOBBIM WIIU
TUTyTOHUEBBIM 3apsiioM. [loj nmelicTBHEM siIEpHOTO B3pbIBA, HAMPABIECHHOIO BHYTPh
KarcyJbl, 00€CIIeYnBaAIOTCS yCIOBUS, HEOOXOIUMBIE JJIsl MMPOTEKAHHS TEPMOSACPHOM
peakuuu. OO0oJI0UKa Karcyybl, Kak MpaBuio, U3 ypaHa-238. CKOJIbKO DSHEpPTruu,

0CBOOOK1aeTCsl B BOJOPOHOM OoMOe mpu cuHTe3e 1 Kr renusi?

BOmm3u aromna bukunu 25 utonst 1946 r. 6omOa B3opBanach noja Boaoi Ha riryoune 30 M, 4ToObI
MMHUTHPOBATh MOJABOJAHYIO aTaky. OnmHako «cremp@dexT» B3pbiBa ObUT moTpscatomM. Yepes
JECATh MUJTUCEKYH/I IIEHTP JIaryHbl CBEPKHYJI, Kak Opuiutkant, u 100000 mM> Boasl 00paTUiioCh B
nap. Kpome toro, 10 MIITHOHOB JIMTPOB BOJABI MOJHSIIOCH B BO3YX B BHJIE BHICOYANIIIETO B MUPE
(oHTaHA MIECTUCOTMETPOBOIO JHAMETPAa W TMOYTH IBYXKHUIOMETPOBOM BBICOTHI. [IeBATH CymOB
3aTOHYJIM Cpa3y, OCTaBUIMECS HACKBO3b IMPOMHUTAIHNCH «KOJJIOBCKUM 3€lIbeM» DPaTUOAaKTUBHOU
BoAbl. B3peiB Maiik 1 HOsiOps 1952 1 (aromn bukwaun). Oto Obiia He OomOa, a 1enasi yCTaHOBKa
Maccoir 60 T ¢ KUAKMM JedTepreM Npu HU3KOM Temreparype. bomba Beigenuna ropasno Oosbiie
SHEPTHUH, YeM Mpernoaaraiock: B 650 pa3 Goinblie, 0koyio 15 MeraToHH.

UYepes mapy ser Ha monurone CeMHIIAIATUHCK ObUT HCHBITaH
OTEYECTBCHHBI BapHaHT KOMIIAKTHON BOJOPOJHOW OOMOBI, B
KOTOPOM  B3pBIBUATKOW CiIyKWwi jgedtepun Jwmtus “DSLi
(CaxapoB). Ilpum B3pbIBE AaTOMHOIO «3amajga» MOSABISUICS
MOUIHBIA TOTOK W3IY4YEHUsT M HEUTPOHOB, IIOJ JIEWCTBUEM
KOTOpBIX JEUTepU]l JUTHA pacmajgalcs Ha HM30TON JIUTUS U
neritepuil. HeoOxoaumplil TpUTHIT BO3HUKAI B MOMEHT B3pbIBa

aTOMHOI OOMOBI B pEaKIIHU: "n+°Li—>*He+’T .
Moui coenanu deno ovasona.

P. Onneneetimep — 00un u3z «omyoe» 6000poorHou bomowt ¢ CLIIA
AxanemMuk Mropp Tamm mompocuia CBOEro TalaHTIAMBOro ydeHuka Anzapes CaxapoBa IOMOYb
pELINTh OAHY TPYJAHYIO MaTeMaTHyecKyto 3anady. Ha cnenyrommii nenp CaxapoB y HETO CIIPOCHIL:
— Taxk bl pabomaeme HAO AMOMHBIM OpyJHCUeM?
TamMm npurien B y>xkac, IoToMy 4To paboTa OblIa CBEPXCEKPETHOM, U TYT K€ IOCTaBHJII BOIIPOC O
nomnycke k Helt Caxaposa.
Bbynymuit HoGenesckuii nmaypear DpHect JloypeHc mpuHec Ha NMyOJMYHYIO JIEKIHIO O 4yjecax
PaTMOAaKTUBHOCTHU CKIISTHKY C PaJlMOAKTUBHOM COJIBIO HATPHUS. YPOBEHb PAIHMOAKTUBHOCTH OBUI TaK
BBICOK, 4TO c4eTuuK I eirepa 3amkanusai. JIOypeHC IPUrOTOBUII pacTBOP COJICHOM BOJBI U IO3Bal
cBoero kojutery PoGepra Omnmenreiimepa. Jlpy3bst paJoCTHO BBINWIM BOIYy, a Yepe3 MHHYTY
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OmnmnenreiiMep mojxHec pykKy K cuetunky. CuUeTdymk 3aBepelan, Kak Oenlka, M BCE PafoCTHO
3aCMESIIUCH.

Ecnu 6neck moicsiu conny

Pazom ecnvixnem na nebe,

Yenosex cmanem Cuepmoio,

Yeposoii 3emne.

bxazasam - I'uma

JonosnutenbHass nHpopmanusa. Bogoponnas 6omba — 3T0
Haiue, poxHoe nzooperenue. [lepBblit COBETCKUI TepMOsIepHBIN
6oenpunac ObuT ucnbiTad B 1953 roxy. AMEpUKaHIIbl Ha aToJIe :
bukvHM TIpOBENM UCHBITAHUA JIMIIL B CIEAYIOIEM TOAYy M TOrha emeé IMpOCTO B3PBIBHOIO
YCTPOWCTBA, HE TOAHOTO S MpakThyeckoro npumeneHus. Jlumpb B 80-X ymamock TOOUTHCA
PaBHOMEPHOTO ACWCTBUS M3IyUYCHHsI, TO3BOJISIONIETO HCIOJIB30BAaTh Kamcyibl B (opme chepsl.
Buemnuit e€ cioil cocTouT M3 00€MHEHHOTO ypaHa, CPEAHHUU M3 TEPMOSIEPHOTO TOPIOYETO,
BHYTPEHHUN XK€ M3 IOAKPUTHUYECKOM Macchl IIyTOHHsA. [Ipu B3pbIBE IIyCKOBOro 3apsiia B
pe3yabTare 00XKaTHs IUIOTHOCTb IUTYTOHMS YBEIMYUBACTCS, KPUTHUECKAsh Macca JOCTHraeTcs H
IIPOUCXOAUT BTOPOM yXKE SAECPHBIM B3pbIB. TepMoOsiiepHas peakuus Ha4MHACTCS B MOMEHT, KOrja
BHEIIHUE CJIOM KallCyjbl €II€ MaJaloT BHYTPb, a BHYTPEHHUE CO BCEU SIIEPHOM CHIIBI YyXKE
cTpemsTca HapyKy. Ha (poHTe CTONKHOBEHMS yNapHBIX BOJH IPEOAOJIEBACTCS MOTCHUIUAIbHBIN
Oapbep, U sSApa HAUMHAIOT CIIMBAThCs. B KadecTBe roprodero nucnosiab3yercss Aeutpun autusa-6. Cam
no cebe JNUTHUHA, B ACHCTBUTENBHOCTH, He «ropuT». Ho 3axBarbiBasi HEHTPOH (MOSIBUBILUICS B
pe3ysbTare pacnaja IUTyTOHMsI), OH paclaJacTcsl Ha TpUTUM U renuid. W yxke TpuTuil BCTynaer B
peakUuIo C JeUTepUeM, MOPOoKaas €me OAHO SAAPO Telus U PEIATUBUCTCKUN HEUTpoH. HenTpon
MOXET PacKOJIOTh CIECAYIOLIEE SAPO JIMTHsL, HO CKOpEe BCEro 30HY pPEaKIUH IPOCTO NOKUHET. 1
3[1eCh B UTPY BCTYMAeT YpaH U3 BHEIIHEH W BHYTPEHHEH 000y04eK. PensiTuBUCTCKIE HEUTPOHBI HE
3axBaThIBAIOTCS sIpaMu, a pa30MBaroT uxX. Pa3BanuBaromnyecs sapa ypaHa MopokJaroT Ty4Yd HOBBIX
HEHTPOHOB YK€ MOJAXOAALICH ISl pazIoXKeHHs JUTUsS 3Hepru. CucteMy MOXXHO cOalaHCHpPOBATh
Tak, yto 90% ypaHa M JUTUS BBITOpArOT. Eciu sinepHOE B3pBIBHOE YCTPOMCTBO MOJACPKHUBAET
LENTHYI0 PEAKIUIO JIUIIL 10 MOMEHTa CBOETO Pa3pyILICHUs, TO TEPMOSIACPHBIN 3apsij 3allyCKaeTCs
YK€ B IJIJa3MEHHOM arperaTHOM COCTOSHUM. B MoOMeHT «ropenus» OomOa HAmoMHHAET 3BE3Ny,
ABIISISICH Kariei 0oJiee MUIOTHOTO, YeM PTYTh, MOJTHOCTHI0 HOHU3UPOBAHHOTO BEIIECTBA.

TepMosmepHLIe P€AaKIIMHU B HEAPax CO.]'IHIIa H 3BE€31.

HD DH HD DH
Ecnu 6vl cuumaeme, umo 8 yenmpe 38e30bl He OOCMAMOYHO \ / \ /
AHCAPKO 0711 CUHME3A, NOUWUmMe Mecmo no2opsiuee. iy .
A. D00unemon l >+ D l
o 2H 1 1 » 2H
Ly sigepHbIX NpeBpainieHuii B Heapax CoyiHua: \/ \ /“)
1. Bonopoaubrii HUKJI: v -
|\H+\H—>H +e¢" +v,;  [H+H—,He;  2-;He—,He+2- H. ! l)
*He *He
Heitrpuno umeror sHepruro 1,44  MbdB. Moxer Tak: b . /\
'H+!H +e —'H +v,? Brnarongaps cmaboMy B3auMOIEHCTBHIO
1 1 1 e P y I
IPOTOH IpeoOpasyercs B HeiTpoH. CoHEUHbIE HEUTPHHO. HQO l DH
2. Yr/1epoaHo-a30THBINH HUKJI PC+p>UN+y; Sreen e @D
PNoRC+e +v,; PC+poUN+y; UN+p-=>R0+y; nedine v

PO->UN+e" +v,; PN+ p—>PC+)He.

B yriiepoaHo-a30THOM HUKJIE TaKoKe 00pa3yeTcs re’uidi U3 MPOTOHOB, MPU ATOM YIJIEPOJL CITY>KUT
cBO€OOpa3HbIM KaTann3aTopoM. CHEeKTp 3Hepruil HEHMTpUHO HempepbiBHBIN. Llukn maer manblii
BKJIaJl B [IOJIHYIO SHEPTHIO, BbIAesieMyto COJHIIEM, HO Y 00Jiee MaCCUBHBIX 3BE3/] OCHOBHOM!

3. HyRJIGOCI/IHTe?. - TEpMOSJICPHBIC pEaKUUH, BEeAyIIMe K OOPa30BaHUIO SJCp TKEIBIX
3JIEMEHTOB M3 JIETKHX, - IIPOJOJDKACTCSA Ha MPOTSHKEHUU BCEU JKU3HU 3Be3/bl. IIpakTuuecku Bce
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Oosiee TSKETbIE AIEMEHTH 00pa30BaIMCh B Pe3yJIbTaTe sIIEPHBIX peakiuii B 3Be31ax (0koio 2%
aTOMHOTO BerecTBa). CBEpXHOBBIC JIUIIb Pa30pachIBalOT €ro MPOIYKTHI, a TaKKe J00aBISIOT K
HUM HEOOJIBIIOE YHUCIIO JIEMEHTOB TsDKeEIIee JKee3a.
JonojanutenbHass uHpopmanus. OOpa3oBaHMe 30/0Ta B NPHPOAE - 3TO MPOILECC, B XOE
KOTOpPOro CBOOOJHO JBIKYIIMECS HEWTPOHBI 3axXBaTBHIBAIOTCS SAApaMH  aTOMOB JKejesa,
HaKaIUIMBasCh B HEM. HekoTopele W3 HEHTPOHOB MOTYT 3aT€M TEPATh AJIEKTPOH, MPEBpaIIascCh
B IIPOTOHBI 1 00pa3ys Bce Oojee Tspkenble saapa. PacdeTsl mokas3biBaloT, YTO TAKOW 3aXBaT JTOJKEH
MPOUCXOUTh  OBICTPO —  OBICTpEe, YeM pacmajgaloTcs HecTaOWIbHBIE HW30TOMBI  Kele3a
C MOBBIIICHHBIM KOJINYECTBOM HEHTPOHOB. J[€JI0 B TOM, YTO KOJMUYECTBO M OTHOCHTEIBHBIN COCTaB
TSDKEIIBIX 3JIEMEHTOB, POKICHHBIX B3PBIBOM CBEPXHOBOM HIIM CIIMSHUEM HEUTPOHHBIX 3BE31, MOTYT
pasnuyatbes. B3pbIB 3Be3abl Maccoil B BOCEMb pa3 OOJIbIIE COJHEYHOM CO3AAacT 30JI0TO MacCou
npuMepHo c¢ JIyHy, cnusiHue HEHUTPOHHBIX 3BE3J]l MOPOJIUT 30JI0Ta CTOJBKO, CKOJBKO BECHT BECh
IOnurep.
Bce mbl — cyuatino oxaaousuiuecs Kycouku 36e30HOU Mamepuu,
KYCOUKU 36€30, Y KOMOPbIX YMO-MO He 3a1A0UNLOCH.
cap Apmyp 200unemon, 1882

Peakuuu TepMOSIIEPHOTO CHHTE3a HE OCTABISAIOT YIJIEPOJHBIN Cliell, HE MPOU3BOAST
PaIHOAaKTUBHBIX OTXOJIOB, KOTOpPBIE JIOJT0 pachagaloTcs, a HeOOJBIIOW 00BbeM
BOJIOPOJHOTO TOIUIMBA TEOPETHUYECKH MOTJIa OBl MUTATh JIOM B TEYEHHUE COTEH JIET.

IIpobyieMbl ynpasJiieMOro TEPMOSIIEPHOr0 CHHTE3a. YToObl 3a)edyb TEPMOSIEPHYIO
PEAKLUIO C MOJOKUTEIbHBIM BBIXOJIOM 3HEPIHH (KOI'/a MoJIe3Hasi JHEPIHsl TEPMOSIAEPHOTO CUHTE3a
IIPEBBILIAET 3aTPaThl HA HATPEB IJIa3Mbl) HY>KHO UMETh TPH I0CTATOYHO BBICOKUX MapaMeTpa:
1. Temneparypa nua3msl 10JkHa npessimarts 100 MuIH. rpagycos;
2. KoHueHTpanus mjia3msl J0JKHA TOKe ObITh JOCTATOYHOI;
3. Bpemsi ynep:kanus 3Heprum (BpeMs, KOTOpoe IIa3Ma OyJaeT OCTaBaThCsl ropsiued npu
BBIK/JIIOYECHHH HCTOYHUKOB HATPeBa) TaKiKe JOJIKHO ObITh 10CTATOYHO 00JILIINM.
MarsauTHoe yaep:xxanue IJsl TEPpMOAACPHOT0 CUHTE3A. [Tony4enue ropstuel mia3Msl: n =
10 cm 3, T = 10° K. B 1968 r yzmanoch monyuuts miasmy: n = 10 13 em™; T = 5-10° K. Tokamax
(TokoBasi KaMepa ¢ MarHWTHBIMU Karymkamu). Ha Oombmom Ttokamake 7FTR (CILA) Obuta
nocrurnyta temneparypa 4-10% K, Bpems ynepskanns miasmel 10 10 ¢, mommocts 10 MBT. B 2020 ©
Ha cBepxnpoBojsuieM Tokamake KSTAR B TeueHunm 20 cexkyHI YAEpXKUBAIM IUIa3My
temneparypoi Bbime 100 MWIIMOHOB TpaaycoB (BpeMs yAEp)KaHHS IIJIa3Mbl  pacTeT
IIPONOPLMOHAIBHO ~ KBajpary pasMmepoB). Ha  kuralickom Honommuns Hmyxrop
cBepxmpoBozsmeM Tokamake EAST makcuManbHas 2JIeKTpOHHAS = -
TeMIeparypa (CpeqHsisi 3HEpPIUs IEKTPOHOB) IUIa3Mbl JOCTUITIA : X
160 munmnmmonoB rpanycos Llenscus. Takue mapamerpsl KryTa
MOHM3UPOBAHHOIO raza Tokamak yzaepxusan 20 cexyHa. A npu
120 MumoHax TpasycoB ycTaHOBKa mpopabotana 101 cexynmy.

Hauaro crpourensctBo MexxayHapoaHoro peakropa (ITER): o0bem \
mwia3mbl 2000 11, mourHOCTs 500 MBT, crouMocTs 5 milpa. €Bpo. e
[Inanupyercs, 4TO MOJHOCTBIO YCTAaHOBKA BCTYNIIUT B CTPOH B Mma  Marmmmroe more

2022 r. Ilpoekt crout 12 mupa noml. U ABISETCS TPETBUM II0 CTOMMOCTH HAY4YHBIM IIPOEKTOM B
ucropui (rnocie MaHX3TTEHCKOro NMpoekTa U Mex1yHapoAHONH KOCMUUYECKOM CTaHIIUN).

IloueMy TEXHUYECKH OUYEHb CIIO)KHO OCYILIECTBUTH YIIPABISIEMYIO TEPMOSJECPHYIO PpEaKIMIO Ha
YCTaHOBKAaX THUIA TOKaMak? B ycTaHOBKAax ¢ MarHUTHBIM yJiepKaHHUEM OOJBIIYIO0 poJib IpuoOpeTaeT
TOT (aKT, YTO MAarHUTHOE TOJIE UMEET CEBEPHBIN W IOKHBIN IOJIIOCA; B PE3YJIbTAaTe PABHOMEPHO
C)KaTh Ta3 B NPaBWIbHYIO cepy Upe3BbIYaiiHO TpyaHO. Jlydiee, 4To MbI CIIOCOOHBI CO3/1aTh, — 3TO
MarHuTHoe none B ¢opme OyOmmka. Ho mporecc cxkaTusi ra3a HallOMMHAeT CKUMaHHE B pyKax
BO3AyIIHOro miapuka. Kaxnplii pa3, korja Bbl CXKHMAeTe€ WIAPUK C OJHOIO KOHIA, BO3AYX
BBIIISTYMBAET €I0 B JPYTOM MECTE.
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JlazepHbIi KOMIUIEKC ¢ WHEPUUOHHBIM YyAepxkaHueM. Kommwiekc cocrout uz 192
MOIIHBIX J1a3€pOB, KOTOpbIe OyIyT OJHOBPEMEHHO HANpAaBISTHCS Ha MI/IJ].]II/IMeTpOBYIO MHUILICHb.
Temnepatypa mutieHr OyJeT TOCTUTATh AECSITKOB MIJUTHOHOB I'PalyCoB, IIPU 3TOM :
oHa coxkmercs B 1000 pa3. K 2020 rony HM OAMH NPOEKT HE CMOT IOJIyYHUThb
JOCTaTOYHOM MOITHOCTH, YTOOBI XOTsSI OBl BBIHTH B HOJb IO 3aTpaTaM SHEPIrHH.
W 310 mpu TOM, YTO JUII KOMMEPUECKOI0 ycIiexa IEKTPOCTAHIIMKA OHA JOJDKHA
otaaBath MUpY B 20 pa3 00JbIIE SHEPTHH, YEM CaMa MOKHUPAET.
PeHnTrenoBckue Ja3€ephbl € smepnoi/i HAKA4KOIi.
JonoanutenbHass uHdpopmanmsa. 3 gexabps 2021 r B JluBepMOpCKOW HaIMOHAIBHOM
nabopatopuu Jloypenca B KamudopHum ymasock BOCIPOU3BECTH NPOIECC SACPHOIO CHUHTE3a
U noayuuTh okoino 3,15 MJx sHepruu, uto Ha 120% mNpeBBICUIO HCIOJIB30BAaHHYIO B Jla3epax
sHepruto — 2,05 MJDx. TepMosiaepHblli CHHTE3 C MHEPLUOHHBIM YJIEpP/KaHUEM IIPEIOoJIaraet
CO3/IaHHE YEro-TO BPOJE KPOIIEUHOU 3Be3bl. Bce HauMHAeTCs ¢ Karcybl ¢ TOPIOYUM, COCTOSIILIEN
U3 AeUTEpUs U TPUTHUS - O0JIee TSHKETBIX U30TOMOB BOAOPO/Ia. DTa TOIIMBHAS KaIlCyJjia MOMEIaeTcs
B IIOJIYIO 30JI0TYIO0 KaMepy pa3MEpOM C JIACTUK JUIsl KapaHallel, Ha3bIBaMyI0 X0JIbpayMOM. 3aTeM
192 MOIIHBIX Ja3epHBIX JIyya MOMAJa0T B XOJIbpayM, TJ€ OHU MPeoOpa3yloTcs B PEHTTEHOBCKHE
Jyud. ODTU PEHTTEHOBCKUE JYy4Yd B3pbIBAIOT TOIUIMBHYIO KallCyly, HarpeBas M CKHUMas €€ [0
YCIIOBUH, CPAaBHUMBIX C YCIIOBUSIMU B LIEHTpE 3BE37bl - TeMIeparypa npesbimaeT 100 MUIUIMOHOB
rpangycos 1o Lenscuto (180 munnnonos no ®apenreiity) u nasiaenue npesbimaer 100 Mumnapaos
aTMocdep 3eMt - peBpalias TOIUIMBO KarCyily B KPOILICUHbIH MIAPHUK TIa3MBl.
s mens smo 0emoncmpupyem 0OHY U3 CAMbIX 8ANCHBIX POel HAYUOHANbHBIX 1aO0PaAmopull
- HAQULy HEYCMAHHYIO NPUBEPICEHHOCHb PEULEHUIO CAMBIX DOLUIUX U BAXCHBIX HAYYHBIX 3404
U NOUCKY peuleHull mam, 20e NPensmcmeus Mo2ym omeo80pumy Opy2Ux.
Kum Byoun, oupexmop Jlusepmopckoii Hayuonanvhol 1abopamopuu Jloypenca.
IInasma — smo Kpatine KanpusHas cyOCManyus, KOMOpAds O4eHb XOPOWIO JiCueem, NOKad ee He
oepanuyusaiom. Ho eciu oepanuuums cmenenu ee c60000bl, OHA BCAYECKU HAYUHAEM
CONPOMUBTAMBCS BHEUHEM) BMEUUAMENLCIB).
JLA. Apyumosuu

HauGoriee nepcrieKTHBHON B OTHOIIEHMH BHICBOOOK/IEHHS S/IEPHOM SHEPIUH ABJISETCS peakuus: | H
+ H —3He + n + 17,6 MaB. [leiitepuii IpucyTCTBYeT B MPUPOIHOM BOJOPOJE B KOHIEHTPALUHU
0,015 % 1 MoxxeT OBITH BBIJIEIICH B MpoIiecce epepaboTKy (MEKTPOIM3a) MOPCKOM Boabl. Tpurtuii fB -
PaZMOaKTUBEH C TIEPHOIOM Mojtypaciaa 12 net. Ero nosyuaror B peakuuu: SLi +n — JH+ 3 He
+ 4,8 M»sB. [l yBenuyeHHs BBIXOJA HEWTPOHOB B PEAKTOPE MOXKHO MCIOJB30BAaTh OCpPUILIHA - 9:
ZBe +n— 2 ;He + 2'n. DTa peakuus uaeT Mo THITy IeMHON peakiuu. Takum 00pa3oM, HCXOTHBIM
TOIJTMBOM [T TEPMOSAEPHOTO PEaKTOpa SBISIOTCS JIUTHI U Boja. Hanbonee sK0I0rn4ecKy yucras

peaKums: fH +23He—>;He + p . JIyHHBIA TPYHT Oorar renveM — 3 (COJHEYHBIA BETE). T

Hcnonb3oBanue atToMHOM 3Heprun. AToMHas sHepreTuka Poccun. -
IIpAMOTOYHBIH TEPMOSIICPHBIN ABUTATEIb. WIEPLIIAL
IV. JemoncTpamus kuanodparmenTa "SnepHas sHeprusi B MUPHBIX IEIsIX . PEAKTOP

3aoauu:
1. Ecnu npupoaHbIi IEUTEpUil HCIIONB30BaTh B PEAKIIUM SIAEPHOTO CUHTE3A, TO, CKOJIBKO
SHEPIUM MOXXHO MNONYy4YuTh W3 1 Kr Boabl? CpaBHUTE MOJMYYEHHYIO BEJIMYMHY C

SHEpruei, U3BJIEKaeMol Ipu cropanuu 1 xr 6ensuna (oxkomuo 5-107 JIx).

SnepHas peakuus MexAy Iapoll NEUTPOHOB IOYTHM HABEpHsAKA 3aBEPIIACTCS POKICHUEM slpa
TPUTHSI ¥ IPOTOHA WJIM K€ BOSHUKHOBEHHEM HEUTPOHA U sJipa Tenusi-3, IpUUeM BEPOSTHOCTU 3TUX
NPEBpaIllEHU TPUMEPHO OJMHAKOBBI (BO3MOXKHO, TAaKXKE POXKJACHUE anb(a-4acTHIBI U raMMma-
KBaHTa, HO LIAHCHI 3TOI'0 UCXO/A HE IPEBBIIIAIOT OAHON AECATUMUIUINOHHON).
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2. B sanepHoit peakimu - H + 3 H — He +y o6pasyeTcs MeIIeHHO JABMKYILAACS 110 CPABHEHHIO CO
CKOPOCTBIO CBETa 0 - YacTUIa M KBaHT cBeTa ¢ 3Heprueit 19,7 M»aB. Ilpenebperas ckopocTsmMu
BCTYMAIOIIMX B PEAKIHIO Si/1Ep, HAlJUTe CKOPOCTh 00pa30BaBIIEiics 0. - YACTUIIBI. DHEPTHIO TIOKOS 0
- aCTHLIbI NpUHATE paBHOU 3730 M»1B.

Bonpocui:

1. Uto BBI TEnEeph 3HaeTe 00 AaTOMHOM sifipe?

2. Ilouemy C TIOBBIIIEHMEM TEMIIEPATypbl IUIA3Mbl OHA IIEPECTAET HArPEBATHCA
ANEKTPUYECKUM TOKOM?

3. IIpuBeauTe npuMepsl TPUPOAHBIX TEPMOSAEPHBIX PEAKTOPOB.

4. Ilouemy BBIIEIEHNE BHYTPUSAAEPHON SHEPTUU BO3MOYKHO, KaK IPU PEAKIUAX ACIICHUS
TSDKENBIX SIAEP, TAK U IIPU CUHTE3€E JIETKUX sAep?

5. Uem 0OycnoBJ€HbI BEPXHUN U HUXKHUU MOPOTU SHEPTUU, BBLACISIONMICUCS OpU
B3pbIBE aTOMHON OOMOBI?

6. [ToueMy CBETUMOCTH CBEPXHOBOM 3BE3/IbI U3MEHSAETCS IMOYTH MO SKCIIOHEHINATLHOMY

3aKOHY?

7. HeWTpOHHBIN Iy4OK, B3aMMOJACHCTBYIO C YypaHOM WJIM IUIyTOHHEM B aTOMHOW Oombe,
reHepupyeT raMMa-nu3iydeHue, KOTopoe B JaipHeimeM peructpupyercs cucremoit ITPO. 3auem
3T10?

JononHuteabHass uHGopManus (AJas aTOMIIMKOB): YTIPaBIsSEMbI TEPMOSIEPHBI CHHTE3 —

OJIMH U3 HEMHOIMX CJIy4acB, KOTJa LICJICHANPABICHHBIC, TUTAHUYECKUE yCWIHS HE YBCHYAJIUCH

yCIEXOM B HAaMEUEHHBIE CPOKHM, M Ja)K€ HEOJHOKPATHBIM IIEPEHOC CPOKOB €Iy HE IIOMOI.

TommmBoM JUIsi TEPMOSAEPHOTO CUHTE3a MOXKET CIIY’KUTh JEUTEPHUH, 3al1aCOB KOTOPOrO B MOPSIX U

OKeaHaxX XBaTUT HAa COTHM MWJUTMOHOB JIET. B mape ¢ HUM MOXET OBbITh HCIIOJIb30BaH TPUTHIA,

KOTOpPBII HapalaThIBAaeTCA B CHELMAIBbHBIX peakTopax. B oTimumMe OT CyIIECTBYIOIIMX aTOMHBIX

PEaKkTOpoOB, T PaCUICIUISIOTCA sipa IUIyTOHUS WIH ypaHa, B Clydae C TEPMOSIAECPHBIM CUHTE30M

HET pPHUCKAa HEKOHTPOJIMPYEMOM ILenHOW peakuuu. IIockosbKy sapa He paclieIuIAroTcs, a

CIIMBAIOTCS, HET PAJIMOAKTUBHBIX MPOAYKTOB pacmlaja aTOMHBIX sep, TPEOYIOMUX YTHIN3AlUN B

OBICTPBIX SACPHBIX peaKTOpax MM 3aXOpoHEeHHA. B cirydae e upe3BbIUaiiHON cUTyaluu He Oyaer

MHOT'OJIETHErO PAJMOAKTUBHOIO 3apakKeHWs, TaK KakK TPUTHH, €IUHCTBEHHAs paJuOaKTUBHAS

COCTABJISIOLIAsl TEPMOSIICPHOIO TOILUIMBA, UMEET IOPa3fo MEHBIINN, II0 CPAaBHEHHUIO C TOILUIMBOM

ADC, nepuon noiypacnazaa. Jias TepMOSAEPHOrO CHHTE3a MOTYT OBITh MCIIOJNIb30BAaHBI AJIEMEHTHI,

ONU3KKE K TEJIHIO 110 aTOMHOM Macce. Peakiiny cuHTe3a BO3MOXKHBI C Y4acTUEM JTUTHA, O0pa, Teus,

Oepwiuns U Apyrux. Jlerye Bcero mpouCXoauT CIUSHUE U30TONOB Bojiopoaa: Aewrepus D u Tputus

T. Snpo neiitepus — IEUTPOH — COAEPKUT OJUH IIPOTOH U OJMH HEUTPOH. /[Ba HEUTPOHA U IPOTOH

00pasyIoT s1po TpUTHs — TpUTOH. CeueHne U CKOpocTh npoTtekanus peakiuu D + T ropasnio Bbiie,

4eM y JpYrux KaHAMJATOB HAa y4acTHE B CHHTE3€. BeauunHa Ce4eHUs peakiuu I10Ka3bIBaeT

BEPOSITHOCTb B3aUMOJCUCTBUS 2JIEMEHTAPHOM YACTULIBI C ATOMHBIM SIPOM WJIM APYIOM YaCTULIEH U

u3Mepsiercss B Oapuax. ns peakumu D + T 3HauMTeNnbHO MpolIEe JOCTHUYb COCTOSIHHUS, KOT/A

BBIJICJIMBIIIASACS SHEPI U IIPEBBICUT 3aTpaThl HA IIPOLIECC CIUAHMS. B pe3ynbTaTe CIUsAHUS peaKkluu

D + T nmomydaetcst renmii ¢ aToMHON Maccoil 4 u sHeprueil 3,5 MsB u ObIcTpblif HEHTpPOH ¢

sHeprueit 14,1 MsB. Takum 00pazom, HEHUTPOH, yierasi, yHOCUT OOJIBIIYIO YacTh YHEPTUU (OKOJIO

80% BBIIENMBIIEHCS PHEPIHM). DTOT HEUTPOH em€ M Ha peaxocTh omaceH. C 3IIEKTpPOHHBIMU

000JI0YKaMH aTOMOB HEHTPOHBI HE B3aMMOJIEHCTBYIOT, UTO MO3BOJISICT UM INPEOAOJIEBATh ACCATKU

MeTpoB OeToHa M cBuHIA. [lomanas ke B aTOMHOE sIpO, HEUTPOH MIIHM pa3pyllaeT ero, WiId

MOTJIOIAeTCs MM, O00pa3zys paJMOaKTUBHBIM HM30TON. B mydmem ciydae, mocie MHOMXECTBa

PHUKOIIETOB HEUTPOH IMPOCTO pacmajaeTcs, MpeBpamasch B aToM Bojopoaa. Obpasyrommuecs B

MaTepHuale My3bIpbKU ra3a MPHUBOIAT K 3pUMOMY Pa3AyTHIO, MOTEpPE MPOYHOCTH, AePOopMaluu U

pa3pylLICHUIO CTaJIbHOM AeTanu. IlepcoHan 3JEKTPOCTAHLMM CMOKET YKPBITbCS OT HEUTPOHHOTO
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U3Iy4YeHUs 3a OJIOKaMM TMOJUATWIICHAa WK OaccefiHaMu ¢ BOJOW, HO 3allUTUTh CaM PEAKTOp OT
HEHUTPOHOB HE IOJYYUTCSA. 3APaBbIii CMBICA IOJCKA3bIBAET, YTO SHEPIreTUYECKas YCTAHOBKA,
pacxoayromas 80% BbIAEIAIOUIEICS SHEPTUN HA cCaMOpa3pyLIeHHe, IPOCIykUT Henoaro. Co3nanue
HHEPreTUYECKOl YCTaHOBKM paboTarolieil Ha JUTUH BO3MOXHO yKe B 0003puMoi nepcnexkTtuse. Ho
uael Mo TMOBOAY TOro, KakuM oOpa3oM MpeoOpa3oBHIBATh BBIACISAIOUIYIOCS B aKTHBHOH 30HE
SHEPTHIO B JIEKTPUYECTBO, B HACTOSAIIMM MOMEHT HET. COBCEM HET.

Ha cerogusmnuuii neHb copMUpOBanIOCh J1Ba OCHOBHBIX IOJAXO/Aa K OCYIIECTBICHHUIO
YIOPaBIsAEMOro TepMosiiepHOoro cuHre3a. IlepBbli — KBazuCTallMOHApPHBIE
CHUCTEMBI, B KOTODPBIX IUIa3Ma HHU3KOM miotHoctd (n = 10'-10' gactunm B
KyOMYeCKOM CaHTHUMETpE) YAEp)KUBAETCsl B BaKyyMHON KaMmepe MarHUTHBIM
noieM ot 1 go 10 cexkyna. K Takum cucteMaM OTHOCSTCS TOKaMaKH,
CTeJIapaToOpbl WM JIMHEHHBbIE MAarHUTHBIE JIOBYIIKH, KOTOPBIE DPA3JIMYaOTCS
KOH(UTYypaIyei MarHuTHOTO ToJisl. BTopoi moaxoa — UMIyJIbCHBIE CUCTEMBI
MHEPLMAIBLHOTO TEPMOSIAEPHOrO CHHTE3a. B TakMX cucTteMax CBEPXMOIIHBIE
Jazepbl WM IYYKH BBICOKODHEPIreTUYECKMX YacTUL] (MOHOB, 3JIEKTPOHOB) KPaTKOBPEMEHHO
HarpeBaroT M C)KUMAIOT HEOOJIbIINE MUIICHHU, COIEpKaIlue JeUTepuid U TPUTHUH, 10 HEOOXOAMMBIX
TemnepaTyp u mioTHocTd. CTpOUTh Takue ja3epsl oueHb foporo. Ho ecnu B urore Oyner coznan
G EeKTUBHBINA J1a3epHBI  TEPMOSJCPHBIA pEaKTop, MHOTHE 3axoTaT cebe Takoil. Torma
000pyI0BaHUE JUISI HErO HAYHYT MPOU3BOAUTH CEPUITHO, U YCTAaHOBKA IOJICIIEBEET.

Kpurepuii Jloycona mpenacrtaBinsieT coOOH MOKa3aTelb HSHEPreTU4ecKoil 0e3yOBITOYHOCTH
NPOTEKaHUs TEPMOSIEPHBIX peakuuid. Tak, B peakuuu aeiirepust u Tputus odpasyercs 17,6 MsB
sHepruu, 6onee 80% KOTOpPOW MPUXOIUTCS HA SHEPTHIO0 HEMTpOHA, 0Opa30BAaHHOIO B pe3yibTare
CIIMSHUA aTOMHBIX snep. 1lna3sma npo3pauHa a1 HEHTPOHA, U OH C OYEHb MaJION BEPOSITHOCTBIO
Ipopearupyer ¢ APYTMMH spaMHM aTOMOB, YHECS DHEPIMI0 M3 IIa3Mbl. TeM caMbIM, ILIa3Ma
oxJIaxkIaeTcs, e TeMmIepaTypa CHIDKAeTcs, M TEpMOsIepHas peakuus 3aryxaer. TpeOyercs
MOCTOSIHHBIM CTOPOHHHMI HarpeB IUIa3Mbl JUISL MOJICPIKAHUS TEPMOSIACPHBIX PEAKIMNA, UYTOOBI
KOMIICHCUPOBATh MOTEPI0 HSHEPrHMH TPU OYEPEeIHOM IMKIIE TEepMOsJepHOH peakuuu. YToObl
3aTpaThl SHEPTUH HA MOJJCPKAHUS TEMIIEPaTypbl IJIa3Mbl OBLIIM paBHBI CyMMAapHOW BBIJICIEHHON
SHEPrUU B XOAE TEPMOSACPHBIX pEaKLUH, HY)KHO IPOU3BECTH COOTBETCTBYIOIIEE KOJIUYECTBO
peakuui nedtepus ¢ TputueM. Tak, mpu Temmeparype miasmsl B 110 MMWIIMOHOB rpamycos
KOJIMYECTBO peaKkiuii neiirepust ¢ TputheM Ha 1 cM® nomkHO ObiTh He Menee 10 Tyt
HENPUHLUINAIBHO, 33 KAaKOE BpeMs IPOU30MIET HYKHOE KOJIMUYECTBO peakUuil: 3a 1 ceKyHay Wiu
3a 1 HaHOcekyHAy, kputepuil JloycoHa ot aTtoro He nomensiercs. Ho BOT yaepxarb Temineparypy
wia3mbl Oosiee 100 MHJTMOHOB TpaAycoB B Te4eHHE | HAHOCEKYH[IbI, MM | CEKyHIbl — OYEHb
Oompmiast pasuuna. B konume 1980-x romoB TOKAMAKMW BIUIOTHYIO NpUOIM3WINCH K
HeoOxoqumomy kputepuro JloycoHa (Bcero B 5 pa3 MEHbIIE), HO JaJIbHEWIee U3ydeHUE TIa3Mbl
BHOBb pa30OMJIO HAJEXKbl YUYEHBIX HAa CKOPOE OCBOCHME YIIPABIISIEMOTO TEPMOSJICPHOTO CHHTE3A.
Oxazanoch, 4To Aaxke npeoposieB Oapbep JloycoHa, HUKaKOro BBIUTPBIIIHOIO SHEPreTUYECKOTO
s dexTa He MOTyUnTh, €CIH NMPOJODKATh BKAYMBATh SHEPTHIO B IIa3My. TpeGoBaiock nepeiT Ha
IIPUHIUIIAATILHO HOBBIM YPOBEHb — CaMOIIOACpKAHUE TEPMOSACPHON peakuuu. Takoil Kpurepuit
HOCUT Ha3BaHUE «3aXUTaHHWE IUIa3Mbl», W I JACUTepUN-TPUTHUEBON peakluu OH B JIBa pasa
oonbiie kpurepust Jloycona. JlaszepHbie komruiekchl ans goctkeHus YTC Takke He Aanu
Hy’)kHOrO 3(pdexra. B nHawane 1990-x Hambonbmmii mporpecc ocraBaics 3a TOKAMAKawmu,
KOTOpbIE Takke ynépauch B CBOWM moronok. M nampHeiimee pasButue YTC Tpeboaio
KapJWHAJIBHBIX MEpP, & UMEHHO - CTPOMUTENIBCTBA PEAKTOPOB OOJBIIUX pa3MepoB. Bce moHumaror,
4TO NnoAoOHOe nocTwkeHue Leian B YTC He MMeeT HUKAaKOW 3KOHOMHYECKON NMEPCHEKTUBBL. ITO
CIIMIIKOM JI0poro u cioxHo. Iloaromy kaxknpas u3 35 crpaH ydacTHUKOB mnpoekta «UTOP»
II0JIy4aeT PaBHBIM JOCTYN KO BCEM HCCIIEIOBAaHUSAM U TEXHOJOTUSM CTPOMTENBCTBA peakropa. 1
MIO3TOMY TE€PMOSIEPHBII PEakTOp CTPOUTCS UMEHHO JUIS UCCIICAOBAHUM U OTPaOOTKU MapaMeTpoOB U
anroputMoB B YTC. Peakrop mpoekTHpyeTcsi TakuMm o0pazom, yToObl rapantupoBaTh Ha 100%
MOJIyYeHHE TEPMOSACPHONH peakIuu C HHEPreTHYEeCKUM BBIXOJOM B pas3bl OOJBIIUM, YeM
3aTpauynBacTCi Ha NOJACpXKaHUE TEPMOSAJEPHBIX peakluii. BrosHe MOMXeT MOIy4YuThCS TaK, YTO
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U1 SKOHOMHYECKH BBITOTHOM TEPMOSIIEPHOM SHEPreTUKU HYKeH OyJIeT peakTop C aKTUBHOM 30HOU

pasMepoM C KBaJpaTHBIA KHUJIOMETP, U MOXXHO OyaeT 3a0bITh O KOMIAKTHBIX TEPMOSACPHBIX

ANEKTPOCTAHIUAX pazMepamu ¢ oObruHbI 010k ADC. M3ydenue miazmel Ha « U TOP» mact momHoe

NpEeJCTaBICHUE 00 ONTUMAIBHOW CXEME PEeaKTOopa, KOTOpas MOXET BOOOIIE OTIUYATHCS OT BCEX

paHee U3BECTHBIX.

V.§101.

1. Kakos KIIJ] atomuo#t 60oMObI 1 BomopoaHoii 60MOBI? 3a pacuer KIIJI atomuoit 6omObr JIJI.
Jlangay mnomyuyun opnaeH JlenmHa U ['OCyapCTBEHHYXO IPEMHUIO BTOPOM CTENEHM, 34
BOJIOPOJIHYIO — 3Be31y I 'epos u ['ocy1apCTBEHHYIO TPEMHUIO NIEPBOM CTETIEHHU.

2. C moMoOIIBI0 TMPUHIMIA HEONMPEAETICHHOCTH IOMbITAUTECh OOBSICHUTH, IMOYEMY 3aMeJUICHHUE

HaJIETAIOIIMX HAa MUILIEHb HEUTPOHOB YBEJIMUMBAET BEPOATHOCTD UX «3aXBaTa?

. IIpennoxxure MpoeKT SAEPHO-UMITYJIBCHOTO ABUraTeNs sl KOCMUYECKOTO alapara.

4. Tlpennoxure MPOEKT TEPMOSACPHOTO (CMECh JEUTepHs U refust — 3) IBUTaTesis il KOCMHYECKUX
armapatoB (i1 pasroHa 10 ckopoctu 0,1 ¢ Heooxoqumo 20000 T aefirepust u 30000 T renmus — 3).

I'pybas cuna, He nooKkpenieHHas Myopocmuio, 2ubHem nod coOOCMBEHHOU MAHCECBIO.
Topayuu
Tvicsiua wemvipecma 06adyams 08a peHmeeHa 6 noJie, 3Havum,
usyueHue npobuno cunosoi bapvep, — nousn Poxan.
Cmanucnag Jlem, « Henobeoumuwiiiy
Z_S” POK 325 MHNOJYUYEHHUE PAJIMOAKTHUBHBIX U30TOIIOB
N UX IPUMEHEHHE.

Kak M0HO N0JTyYHUTh NOBBILICHHYIO 103y 00JIy4eHus?
HEJIb YPOKA: IT03HaKOMHUTbh YYEHUKOB C IPUMEHEHUSAMH PATUOAKTUBHBIX U30TOIOB

(98]

B HApOJIHOM XO3SIICTBE, MEIMIIMHE U B Apyrux obnactsax. [laTe mpencraBieHuEe O
OMOJIOTUYECKOM JCHCTBUU PAJAMOAKTHBHBIX W3JIYYEHHMM M UX SKOJOTUYECKOU
0€e301acHOCTH.

TUIT YPOKA : KOMOMHUPOBaHHBIIA.

OBOPYJIOBAHMUE: xunodpparment "AnepHbie peakimu'.
IIJTAH YPOKA:

1. BcrynurenpHas 4acTb
2. Omnpoc

3. OObsicHeHHe

4. 3akperneHue

5. 3anmanue Ha 10M
II. Ompoc dynnamentanehbiii: 1. Tepmosinepubie peakuuu. 2. IlpaxTudeckoe

WCIIOJIb30BAHHUE TEPMOSIACPHON SHEPTUN.

3aoauu:

1. DOneprusa uzmydyenus ConHIAa BO3HHMKAET BCIEACTBHE LEMOYKHU SJIEPHBIX PEAKIINN
CIUSIHUSA, KOHEYHBIM pEe3yJIbTATOM KOTOPBIX SIBISIETCA IPEBPAIICHUE YETBIPEX
aTOMOB BOJIOpOJia B OJIUH aToM renusa. OnpenenuTh, CKOJIbKO BOIbI MOKHO ObLIO

os1 HarpeThb oT 0°C 10 KUIeHus 3a cyeT NpeBpalleHus B renii 4 T BOJopoIa.

2. Ilocne kpymHO#M paaManuMoHHOW aBapuu, npomsouenmeid B 1986 romy nHa YepHOOBLIBCKOU
ATOMHOM 3JIEKTPOCTaHIMM, HEKOTOPBIE YYaCTKM MECTHOCTH OKa3ajUCh CUJIBHO 3arps3HEHbI
paaMoOaKTUBHBIM H30TONOM I1e3usa-137 ¢ mepuomom mnomypacnaga 30 ner. Ha HekoTopbix
ydacTKax HOpMa MaKCHMAJIbHO JOMYCTUMOIO cojepkaHus 1e3usi-137 Opiia npesbimena B 1000
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pa3. Uepe3 CKOJIBKO MEPUOJOB MOIypacmnana IOCIE 3arpsA3HEHUs TaKUe Y4acTKH MECTHOCTH
BHOBb MOKHO CUMTaTh YAOBJIETBOPAIOMUMU HopMe? OTBET OKPYIVIUTE A0 1ies10r0 ynciaa. 10

III. H3oronbl. PagmoakTuBHBbIe M30TONBbI. CyIIECTBYET HECKOJBKO CIIOCOOOB
MOJYYEHUS] PAJUOAKTUBHBIX HW30TOIMOB: MPOAYKTHl pachaja ypaHa B SJIECPHOM
peakTope, obiydeHue oOpasia, MolHble yckoputenu. llomyuenue: maytonuid - 238,
amepurnii-241, crponuuii-90, tynuii-170, kanudopuuii-251 u t.1. U30Ton ¢ cambim
KOPOTKHMM IEepUOAoM nonypacnana Li-4, koTopslii pacnagaercs 3a 9-102° ¢ (BbIOpoc
npoTtoHa). M3-3a CTOJNIb Majoro BpPEMEHU KU3HU HE BCE YUY€HbIE MPU3HAIOT (HaKT

CymeCTBOBaHUS IMOCICAHCTO.

Kamudopuuit naér 6onee 1000000 neiitpoHoB B cexyHay Ha 1 Mkr. Beero 1 r xamudopnus Bo
BpEMs pacliajia BhIAEISAET SHEPIUH CTOJIBKO ke, ckoiibko 200 Kr panus 3a Toxxe Bpems. Ctout oH 10
MS$ 3a 1 rpamm! T'opaszno mopoxke M, ero nena mocrturaer 50 M$ 3a 1 rpamm. IMononnii-209,
caMblii goporod w3 HHX, crouT $49 mmumapmoB 3a rpamm. [lo BceMy Mupy HpOBOISTCS
MCCIICZIOBAHMSI C 1IENIBI0 CO3JIaHMsI TPAKTUYECKON TEXHOJIOTHHU 0 TIepepabOTKe sIEPHBIX OTXOOB.

VYike depe3 roj mocie OTKPHITHS MUCKYCCTBEHHOH PaJMOAKTHBHOCTU YYEHBIMH OBUIO IMOJIYyYEHO
Oosiee MATUACCATH PATHMOAKTUBHBIX HM30TOMOB. OHM padoTaau Kak HEBUIMMBIC PaJUOCTAHIIMH,
KOTOpBIE BCE BpEMs IOCBUIAIOT CUTHAJIBI O CBOEM MECTOHAXOXAeHUHU. DUKCHpPOBaTh MX MOIIIH
JO3UMETPbl WM CYETYMKH 3apsDKEHHBIX yacThll. C MOMOLIbI0 HUX MOXXHO OBLIO, HarpuMep,
y3HaTbh, KaK OBICTPO M3HAIIMBAIOTCS CTEHKU AOMHBI. boiblle He HyXHO ObUIO MpephIBaTh padoTy
neyu. JocTaTouHO 3aJI0)KUTh B CTEHE PaJMOAKTUBHOE BEILIECTBO, U IIOCIE TOr0, KaK JOMHA Hayaia
paboTaTh, MPOBEPUTH MPOOBI METaJIa U3 KaXKIOH IJIaBKU Ha paHMoaKTUBHOCTh. Ecnu panuanus B
yyryHe Obula — 3TO OBUI MpU3HAaK H3HOCAa AOMHBL. C MOMOUIBIO M30TOMNOB CUYHUTAIH pPhIOYy, HE
BBIHMMAs €€ U3 BOJIbI, U3MEPsUIN TYCTOTY M€Xa, MPOBEPSUIN, XOPOIIO JIM YCBauBaeTcs yaoOpeHue
pacTeHMeM, TJ€ MAeT YyTedka ra3a B TIa30lpOBOJE, ONPEIEISUIM BIAXKHOCTH  IIOYBBHI,
JUarHOCTUPOBAJIN TacTPUT, SA3BY JKEIyJKa WIM paK, MapKUpOBaJIM LIEHHBIE IIPEIMETHI UCKYCCTBa,
IOBEJIMPHBIC U3/ETHs, KyTIOphl Wi 001y4anu kapTodenb, YToObl OH HE IpopacTall.

IIpuMeHeHnEe PATHOAKTUBHBIX U30TOIOB.
MeauuuHna:

e Eciu pa3MecTUTh Ha MOBEPXHOCTH T'OJOBBI YEJIOBEKA TOUEYHBIE MCTOYHUKU
raMMa-u3JIy4eHus] TaK, 4TOObl BpEeA OT KaXIOro OTAEIBHOIO U3 HUX ObLI
MUHHMAJIBHBIM, @ UX JIy4d B COBOKYMHOCTHU chopMupoBanu Gpokyc, To B (pokyce
KHUBBIC KIETKH OIyXoyd OynyT OBICTPO M TapaHTUPOBAHHO MOTMOaTh. ITO
OPUTMHAJIFHOE PpEIICHHE YK€ pPEeaJr30BaHO W HOCHUT Ha3BaHUE TaMMa-HOX
Jlexcemnna, MO IMEHU €ro N300peTaTes.

Merajutyprus:

e BruaBrnenue (pakTopoB BIMSHHS HA YyTYHHO - U CTaleBapeHue (KOHTPOIIb coaepkanus Gocdopa u
CEphbI).

e KOHTpOJIb COCTOSHUS BHYTPEHHUX TOJIOCTEH JJOMEHHBIX Ieyeil.

e B naGopatopusix ajst U3y4eHUs CTPYKTYPBI CILUIaBOB.

e Tamma-nedexrockomnus. [1o onHy cTOpOHY MPOBEPSAEMOro U3ACTHUS MOMEIIAIOT UICTOYHUK raMMa-
Jy4ei, a mo Apyryio - GoTomaeHKy. Takum crocoOoM B HACTOsIIEE BpeMs MPOBEPSETCA YEPHOE
U IIBETHOE JIUTHE, TOTOBBIC M3AEHs (TOMMUHOMN 10 30 CM) U Ka4eCTBO CBAPHBIX IIIBOB.

e Paguon3oTonHbIe ClesIIne yPOBHEMEDHI.

¢ [Ipu npou3BOJCTBE MPOKATa Il HEMIPEPHIBHOTO U3MEPEHUSI TOIIIMHBI CTAJILHOMN JICHTBI.

OnHUM U3 IPUMEPOB MPUMEHEHHUSI MOXKET CIYKHUTh CIIOCOO KOHTPOJISI M3HOCA TIOPIITHEBBIX KOJIEI] B

JBUraTeNsiX BHyTpeHHEro cropanus. O0maydast MOpIIHEBOE KOJIBLIO HEHTPOHAMU, BBI3BIBAIOT B HEM

SJICpHBIE PEaKUN U JIeNaloT ero paguoakTUBHBIM. [Ipu pabore nBUTaTens 4acTHUKM MarepHasa

KOJIbLIa TIOMAJal0T B CMa3o4Hoe Mmacio. Mcciemyst ypoBeHb pPagMOAaKTUBHOCTH Macja IOcIie
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OIMPCACIICHHOI'O0 BPCMCHHU pa6OTBI ABUTATCIIA, OHNPCACIAOT HW3HOC KOJIbIA. PaIII/IOaKTI/IBHLIC
H30TOIIbI ITO3BOJIAKOT CYIUTH O ,Z[I/I(i)(l)ySI/II/I MCTAJUIOB, MPOLECCAaX B JIOMCHHBIX IICYaX U T. O.

MamunHocTpoeHue:

L4 OHpCI[GJICHI/Ie CTCIICHU U3HOCA ABHMKYIINXCA YacTel MallliHBL
TexcTHIbHAS NPOMBINIJICHHOCTDb:

e Jlyisi CHATHS CTATUUECKOTO 3aps/a (MOHU3AIMS BO3yXa).
CTpouTesbcTBO: KoHTposIb IIIOTHOCTH GETOHA.
Cenbckoe X035CTBO: KoHcepBaius CelbX03IMpOayKTOB.

KocmonasTuka:

e PanuounsortonHelie TepmoaniekTpudeckue reHepatopbl (PUTOI'm). Ilpum pacnage HEKOTOPBIX
M30TONOB 0Opa3yeTcst TOJNBKO aib(a H3TydyeHHe, TO €CTh TeIHid. DTH aTOMbl Tellus HMEIOT
KUHETHYECKYI0 HHEpPIui0, 4To M 00O0rpeBaeT TepMONaphl, KOTOpBIE NPEOOpPazyloT TEIIOBYIO
SHEPIUI0 pacraja IUIyTOHUS B AIIEKTPUYECTBO. ICTOYHMK BECcOM B HECKOJIBKO KHJIOIPAaMMOB
o0ecreyrBaeT MOLTHOCTh B HECKOJIBKO JIECATKOB BaTT B TeueHue 10 et OecnepeOoitHON paboThI.
WX WCronb3yloTcsl JUis NMHUTAaHUS AaBTOMAaTHUYECKUX MAasKOB M aBTOMAaTHYECKUX METEOCTaHIUH,
paboTarommx B TPYJHOAOCTYITHOM paioHe. X MOXXHO HCHOJB30BaTh B KAauyeCTBE HCTOYHHKOB

TeMIa Ha APKTMYECKMX HAYYHBIX CTaHIMsAX. DHepreTryeckas neuka "JlyHoxon-2" Ha usotone 4y, Po.

Briepeie spepHblii peakTop ¢ oboraméHHbM a0 10% TtorumBoM YpaH-235 Ha TEIUIOBBIX
HelTpoHax ObUT BbIBeAeH Ha opOuty emé B 1965 roay, Ho ero KIIJ] coctaBun Bcero 1,5%. Cpoxk
CITy>KOBI TAKOTO peaKkTopa — BCETro OKOJIO TOAa.

e PanmoakTUBHOE HM3JIy4eHHE MOXKHO NpeoOpa3oBaTh B 3JICKTPUUECKUN 3apsii HamNpsAMYyIo, MpU
MIOMOIIIM TTOJIYTIPOBOAHUKOBBIX NpeoOpa3zoBareneil (sinepHble Oarapeiiku). B Gera-BompTanyeckoM
npeoOpaszoBareie MpU MOMAaJaHUKW B HEro [-dacTuiel ¢ 3Heprueid B nuamazoHe 1-100 x»B
MPOMCXOIUT HMOHHM3AIMSA aTOMOB M 0Opa3yeTcss MHOMKECTBO Map «3JIEKTPOH — JBIPKa» BOJb
TPAGKTOPUHU JBIKEHUS YacTHUIIBL. SlnepHble Oarapedku MOAXOIAT A MAJIOMOUIHBIX CHCTEM,
NOTPEOIAIOMUX MOLIHOCTH B Auana3one 10—10° uBT, orpannyeHHbIX 1o pasmepam (MeHee 1 cm?) u
paloTarouX ATUTEIbHBIC TEPHOAbI BpeMeHH (0T 25 1et). B yacTHOCTH, MX MOXKHO HCIIONIB30BaTh B
MUKpPO3JIEKTPOHUKE M MEIULUHE: B KApAMO- M HEHUPOCTUMYJSATOpaX, YIIHBIX WU TIJIA3HBIX
UMIUIAHTATax, IPOTE3ax, a TAKKE B KOMIIBIOTEPHBIX YUIAX, CUTHAIU3ALUAX U T. 1.
HellTpOHHO-aKTUBAIMOHHBIA AHAJIM3 - O5TO SAEPHBIA MPOIECC, HCHOIb3YEMbIA  JUIs
OTpe/IeIeHHs KOHIIEHTpaLuil 3JIeMEHTOB B 0Opasiie. MeToa OCHOBaH Ha HEHTPOHHOM aKTHUBALUH H,
CIIeIOBAaTEeNIbHO, TpeOyeTcsi MCTOYHMK HeWTpoHoB. OOpaszeny mnoasepraercs OoMOapIUpOBKe
HEWTpPOHAMH, B pE3yJIbTaTe 4Yero oO0pa3yloTcs OSJEMEHThl, C pPaJAMOAKTUBHBIMU H30TOINAMH,
00JalafoIMMK KOPOTKUM TIEPUOJIOM Toiypacmnazna. PaanoakTHBHOE M3TydeHHE W PaJMOAKTHBHBIN
pacmaji XOpomo M3BECTHBI I KaKAOro 3aeMeHTa. Mcmomnb3ys 3Ty mH(popManuio, MOXXHO H3ydaTh
CIIEKTPBI U3ITyYCHHUS PaJHOaKTUBHOTO 00pa3lia v ONpeesATh B HEM KOHIIEHTPALIUH JIEMEHTOB.
OO0e3BpexxuBas paAMOAKTHUBHBIC OTXOIbI, HYKHO JOOMBATHCS, YTOOBI MEpUON TIOJIypachana
COJZIpKAIIMXCS B HUX HM30TOIMOB OBUT KaK MOXHO Kopoue. [lJis 3TOro Hy>XHO 00Jy4aTbh OTXOJbI
OBICTpBIMU  HEHTpOHaMH. SnepHble OTXOABI TEpel 3aXOPOHEHHEM MOXKHO 3aKII0¥aTh B
KepaMHU4ecKHe KarcyJibl, a 3aTeM 00my4arb. 9 okTs16ps 2022 rona Obla mposeneHa nepsast B Kurae
HelTpoHO3axBaTHas Tepanusi (M30UpaTeNbHOE YHHUYTOXKEHHE 3J0KaYECTBEHHBIX KIIETOK ITyTEeM
HAKOIJICHUA B HUX H30TOHa OOpa M MOCIEAYIOIIEro OOMydeHHs HEHTpOHAMH Ha MAIHeHTE).
DOHeprus myyka coctaBisiia 2,3 MaB, Bpemst oOiryueHus 45 MUHYT.

buoaorus (Mmerox '"MmedeHbIX' aTOMOB):

e C MOMOIIBIO PaJHMOU30TONOB YEIOBEK Y3HAN YAUBHUTEIbHbBIE (DAKTHI 1axke 0 cebe caMoM: 00beM
KPOBH, IUPKYJIHUPYIOLIEH MO BCeMy Telly, MEXaHU3M (PYHKIIMOHUPOBAHHUS BHYTPEHHHX OPIaHOB,
CKOpPOCTb MMUIpAlLlMM BEIIECTB B OpraHuW3Me M MHOroe apyroe. Hampumep, €ciii BBIIUTH I'JIOTOK
COJIEHOW BOIIbI, B KOTOPYIO 100aBJIEH paJMOaKTHBHBIA W30TON HaTpus 2*Na, To yke uepe3 2
MUHYTBI ¢ IOMOIIBIO cueTurka ['eiirepa - Miosuiepa ero MoKHO OOHApYKUTh B TaJIbIe pyKH, Yepe3
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4yac OH pacHpelieTUTCs 10 BCEMY Telly, a €Ile CIYCTs 3 yaca HayHET BBIBOJUTHCA M3 OpraHu3Ma.
Oxazanoch, YTO TOJHBIA KpPyr KpOBOOOpAIlEHUS 3aHUMAaeT BCEro 23 CEeKyHAbI, YTO aTOMbI
YEJIOBEUECKOr0 TeJla HEMPEPHIBHO 3aMEHSIOTCS HOBBIMHU, MOCTYMAIOMIMMHU B OPraHU3M C MUIIEH, U
YTO BECh IUKJ TaKOM 3aMEHBI aTOMOB 3aHHMMAET OKOJIO T'0Ja, TO €CTh KaXKAbIi roj. UenoBek MmouTu
MOJIHOCTHIO OOHOBIISIETCS, COXPAHSIS IIPH STOM CBOIO MHINBUAYATHHOCTh U IIEIOCTHOCT.

L4 Pannoyrneponﬂblﬁ aHaJIn3.

e [lomamarorue B atMocepy U3 KOCMOCA HEUTPOHBI BBIOMBAIOT MPOTOHBI W3 a30Ta-14,
u oOpa3yercs yriaepoa-14, ypoBeHb KOTOPOro Ha 3eMiie OCTaeTCs CTAOWIBLHBIM Ha MPOTSKCHHUH
MHOTHX TbhICSY JIeT. TEXHOJIOTHsS PaaMOyIJIepOJIHOr0 JATHPOBAHMSA OCHOBAaHA Ha MOJCUYETE

ATOMOB PAAWOAKTUBHOI'O0 HM30TOIIAa YIJICpOIa lgC , KOTOPBIC HAKAIJIMBAKOTCA B JXUBBIX TKAHAX

(pacTeHMSX W )KUBOTHBIX) B TEUEHUE BCEW MX )KM3HM, a I1OCJIE €€ OKOHYAHUS €r0 KOHLEHTpalus
B TKaHAX IIOCTENEHHO CHMXkaeTcsl. CKOPOCTb 3TOr0 CHI)KEHHS OTJIMYHO H3BECTHA - IEPUOJ
noJypacnaza yriepozaa 5730 Jiet, mo3ToMy 0 KOJHYECTBY OCTABIIMXCSA aTOMOB '*C MOXKHO JIErKo
MIOJICYUTATh, KOTJA CYIECTBO WINA PACTEHUE NPEKPATUIIO KU3HEAEATENbHOCTh. OKa3anocsk, 4To B 1
I' YIJIepo/ia OpraHuYecKOro MPOUCXOXKACHUS - OyAb TO JPEBECHHA, TPaBa, KOCTU KMBOTHOTO WU
OaKTepUu - COAEPKUTCS puMepHO 70 MIIp. aToMOB yriepoaa “C, mpuyeM Kakayro MUHYTY 15 u3
HUX pacnagarorcd. s JaTUPOBKM JOCTAaTOYHO COCUMTATh UHUCIIO paclajoB, KOTOpHIE
3aperucTpupyer cueTuuk [ eifrepa - Mromiepa 3a | mun B 1 r yriepoaa, B3ATOr0 U3 UCCIETYEMOTO
obpasua (1711 ya00cTBa ero 0OBIYHO CKUTAIOT U UCCIEAYIOT Ha PalMOAKTUBHOCTH 00Pa30BaBIIMIACS
YIIEKUCTBINA Ta3). Metoa xopomio paboTaer TONbKO ajisi 00pa3iioB Bo3pacToM He ctapiie 50 ThIC.
ner (Ha oTpe3kax cBbime 25 000 et yxe MOXKET AaBaTh OOJNBIIYI0 MOTPEIIHOCTH) — Yy Oosee
JPEBHHX BOOOIIE HE OcTaeTcs aToMoB “C.

e Cyrp YPAH-CBHHLIOBOI'0 MeETO/JA 3aK/IIOYacTCd B U3MEPEHUU KOHLEHTPALUil H30TOIOB
ypaHa M IOJCYETE TOro, Kakas €ro 4acTb yclena pacrnactecs. [IpeBpallieHuss M30TONOB ypaHa
ciaenyrone: 2PU—20Ph, 28U—2%Ph,  OHu  OCYWIECTBIAIOTCA BO ~ MHOTO  CTaaud, HO
MIPOMEKYTOUHBIE HYKJIUABI OBICTPO pacmajaroTcs. s gaTupoBaHUsl ypaH-CBUHIIOBBIM METOJIOM
LIUPKOH - CaMbIi NMOAXOAAIUN MUHEPAl. B niepByro odepeb IOTOMY, YTO B €r0 KPUCTAIUIMYECKYIO
CTPYKTYpy HE€ MOXET BCTPaMBaThbCs CBUHEL, Toraa Kak ypaH MoxeT. CienoBaTenbHO, KOrja
LUPKOH 3aKpPUCTAJUIM30BAJICS, HAJIWYME B HEM CBHUHIIA TOBOPUT O paclaje ypaHa. 3Has NEPUOJ
nonypacnaza U u 23U (0,70381 u 4,4683 Mapa JieT COOTBETCTBEHHO) M KOJHUYECTBO
obpaszoBannoro 2Pb 1 2°Pb, MOXHO oOmnpenenuTh aOCONIOTHBIA BO3PACT KPUCTAILTM3AIUM
MuHepaia. Bo3pact cambix 1peBHUX TOpoA Ha 3eMie. 0Koulo 4,4 MIIp JIeT.

HUcropuueckunii ¢akr. Kak uzBectHo, Tomcon (1824-1907), monap30BaBHIMIICS KOJIOCCATbHBIM
aBTOPUTETOM B AaHIVIMHCKOM HAy4HOM cooOmectBe B KoHie XIX Beka, He MNpHU3HaBal
JapBUHOBCKYIO TeOopuio dBoiouud, a B 1903 romy Takke OTKazajics MNpu3HATh (akT
paavoakTuBHOrO pacmnaza. [loaToMy, ommpasich Ha YHUCTYHO TepMOAMHAMHMKY, TomcoHn B 1862
rOJy BBIYMCIIWII BO3pAcT 3€MJIM, MCXOJs U3 CKOPOCTH OCTBIBAHUS TOPHBIX MOPOJ, U MOIYYMII
3HaueHue okoyio 100 mumnonos ser. B 1899 rony oH mepecMoTpen cBOM pacueThl U CYEIl, YTO
peanbHbIi Bo3pacT 3emin coctabisieT 20-40 MIJUTHOHOB JieT. DpHecT Pe3depdopa mepBeiM yKasai,
4yTO 3eMJIs JOJDKHA OCTBIBATh IOpa3fo MEIUIEHHEe, 4eM 1o oleHkaM KenbBHHA, Tak Kak €€ Heapa
IIOCTOSIHHO IOJOTPEBAIOTCS B IPOLIECCE PaJUOAaKTHBHOIO pacnaja akTuHouaoB. B 1905 roay on
IIPEIIOJIOKUII, YTO BO3PACT 3eMiIM cocTaBisieT He MeHee 500 MIIJTMOHOB JIET.

JononnurebHas MH(OpManus: B MOHM3ALMOHHBIX JIETEKTOPax [IbIMA MMEETCS MCTOYHUK f -
U3IY4YEHUs, WOHU3UPYIOIIMKA BO3AYyX MEXKIY METAUIMYECKMMU IUIACTMHAMU-3JIEKTPOJIaMH,
IIEKTPUUECKOE CONPOTUBIIEHUE MEXKAY KOTOPBIMU ITOCTOSIHHO U3MEPSIETCA C IIOMOIBIO CIIELUAIbHOM
cxembl. OOpazyromuecs B pe3yibTaTe « - M3My4YeHUS MOHBI 00ECIEYMBAIOT MPOBOAMMOCTh MEKIY
UEKTPOJAMH, a OKAa3bIBAIOIIMECS TaM YaCTHUI[bl JbIMa CBA3BIBAIOTCS C MOHAMU M 3JIEKTPOHaMH,
HEUTpanu3ys UX 3apsi U yBETUUUBAsl, TAKUM 00pa30M, COPOTUBIICHUE MEXTY JIEKTPOJIaMH, Ha YTO
pearupyer IEKTpUUYECKas CXeMa.
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Enununa norsomenHoi a03sl B Cu - rpeit (I'p), Ha3BaHa B 4eCTh AHTJIMKUCKOTO
¢usuka u paguoouosnora Jlyu I'aponsaa ['pes. 1 I'p - 310 n03a, npu noryomeHuH
koTopoi 1 kr Bemecrsa nosayuaer 1 /s snepruu. 1 I'p =1 w/Kr.

1 3B (3iiBepT) — eAMHHMIA JKBUBAJICHTHOW 103bl H3jay4dyeHus. OH paBeH n03e
o0iayuenuss B I'peil mias ramma-iaydedr u  Oera-nydeil. [Lia  anbga-nydeit
KOI(PPUUMEHT NPONOPUHOHAJIBHOCTH MeXAYy A030i oOuaydenuss B I'p u go3oi
o0sryuyenuss B 3B paBeH 10-20, a aas HeditpoHoB 5-10. Ha npakTtuke mMCnosb3yror
BHecucTteMHble ennHULbE: 1 3B =100 P.

buojgorunyeckoe HeﬁCTBHe PAaAHOAKTHBHBIX HBqueHHﬁ. BosgeicTtBrue paairoakTUBHOTO
W3IY4YEeHHUs NMPUBOAMUT K MOHU3ALMU aTOMOB, Pa3pblBy XUMHUUYECKUX
CBsi3el M 0Opa3oBaHMIO B OpraHu3Me cBOOOMHBIX paaukanoB (H2OF,
H>O") - nonmsupyromee usiaydenue. Jleuenue - "cBa3biBaHue" WU
BBIBEJICHUE M3 OpraHu3Ma CBOOOJHBIX PpAJUKAIOB (MUHEpajbHas
Bojaa "HadTycsa" u T.1.). PagnoakTuBHYIO BOIY M paauil HEKOTOPOE
BpEeMsI OXOTHO YIOTPEOJISIIH ISl JIeUeHHUs !
AHeknoT. Pusuku-saaepmuky mwyTaT: "K 1nnaM, npoknBarmomuM B
panuyce 20 KM OT MecTa B3pbIBa oOpamarbcs ¢ mpucTaBkoi "on",
B panuyce 10 km — "Bama cBetiocTs", B paanyce 5 kM — "Ballie CUSATENbCTBO"?
...NOTIUNUCH JHCECMKUE PEHM2EHOBCKUE VYU, He NPeoCmAasumMble Yelo8evecKomMy YMy 630pacusaroujue
BEKMOPbL  INEKMPUHECKO20 U MAZHUMHO20 Nojell, uml 0onee KOHKpemHble CHAapsobl-K8aHMbL,
paspuvisaiowjue u pewiemsauue 6ce, 4mo nonaoaiocb UM Ha nymu.

A. Condicenuywin
JonosHuTebHass MHpopManusa. EcCiM HCTOYHUK HMOHU3HUPYIOIIETO M3JIy4EHHs HAXOIUTCS BHE
OpraHus3Ma, TO pedb HJET O BHEIIHEM OOJy4YeHUH (OMacHOCTb MPEACTABIAIOT MOIIHbIE HCTOYHUKU
HEUTPOHOB U Y — U3YUEHUs), €CIIU BHYTPU — BHYTpEHHEe 00aydeHue (Hanboiee onacHbl HCTOYHUKHU O
— vactun). [Ipu obmydyeHnn venoBeka cMepTeNbHOM o030 y-u3nmydenus (6 I'p, 600 P) B opranuzme
Bolensiercs AHeprust E = 70 kr-6 I'p = 420 JDx (vaiiHas JIoKKa ropsdyedl BOABI) M 3a CYET ITOU
sHeprun nonmsupyercs 10'° mosnexyn Boasl B 1 cM® (5 Mr BoAbI BO BCEM OpPraHu3Me - HEOOJIbIIAs
notepst). O6pazoBanue cBOOOHBIX paaukanos: HO- — OH + H; H» O* — OH + H, obnanaronmx
CIIOCOOHOCTBIO BCTYNaTh B PEAKIMU W CBOWCTBOM pereHepauuu (uemnHas peakuusi). Cpemnee
obmyuenue npu ¢urooporpadun cocraiser 0,0014 I'p — aTo nmerkas g03a, KOTopasi IPUMEHSETCS
JIOKaJIbHO, IOATOMY HE TaK YK OHa ornacHa. OnacHOCTh HAUMHAETCS, €CIIU BO3ACUCTBUE 00JTyueHHE
NPUXOJUTCS Ha BCE TEJIO — HaNpUMep, Kak B KOHTPOJbHOM KomHaTe UepHOObUIA cpa3y mocie
B3pbIBa Bbl Obl BriuThiBaiM 300 3B B wac. Ho Bpsim nm mpopepkanuch Obl yac. Jlo3a crana Obl
CMEPTEIBbHON yiKe uepe3 1-2 MUHYTHI.
[Tpu BeicOKUX no3ax oOmyueHus JIHK cranoButcs OuTON, M KIETKH OBICTPO yMHpaioT. J[03bI
obmyuyenust cBeimie 3000 P (30 3B) BBI3BIBAIOT HEBPOJOTHYECKHE IMOBPEXKICHUS. B TeueHue
HECKOJIbBKUX MHHYT NalMEHThl MCHBITHIBAIOT CHJIBHYIO PBOTY M JHApero, TOJIOBOKPYXEHHE,
rOJIOBHBIE 001 M OeccO3HATEeNbHOE COCTOSIHUE. YacTo CiIydaroTcsl MPUCTYIBI U TPEMOP, a TaKxKe
aTakcHs - OTepsi KOHTpouIs Haj (pyHKued M. CMepTh B TedeHue 48 yacoB HeM30exKHa.
[TanmeHTHI, KOTOpBIE TOABEPratOTCs BO3ACHCTBHIO paguanuu oT § 10 30 3B, UCHIBITHIBAIOT HACMOPK
U IMaper0 B TEUEHUE Yaca, a yMUPAIOT B TEUEHHUE 2 THEW — 2 HeZlelb 110CIIEe BO3IEHCTBUS.
Jlo3a B 4-8 3B MOXeT ObITh CMEpPTENBHOW, HO MyThb K CMEPTH OyAeT 3aBHCETh OT YpPOBHSA
Bo3zaelcTBus. [Ipu TakoM 00Ty4eHUH MAIMEHTHl CTPAJAlOT PBOTON, JUAapeei, TOJIOBOKPYKEHUEM U
nuxopaakoi. be3 neyeHus Bbl MOy Obl YMEpeTh BCETO uepe3 HECKOJIbKO HEAedb Mocie
obmydenus. [Ipu nosze 3-5 3B - gyueBast 6onesHb (MOpakeHHe KOCTHOTO Mo3ra). CMEpTHOCTh OKOJIO
50%, BoCCTaHOBUTEIBHBII NIEPUOJT OKOJIO MOJIYTO/a.
Ecnu teno moxasepraercs obmyuyenuio B 1 - 4 3B, KIeTKM KPOBU HAuHYT yMHUpaTh. Bbl cmoxere
BOCCTAaHOBUTHCSI — JIEYCHHWE TAKOrO poJa PpPaJAMALMOHHOTO CHHApPOMA OOBIYHO BKIIIOYAET
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NepelvBaHue KPOBH W AHTUOMOTHKH, HO TaKXKe MOXET OCIaOUThCSI MMMYHHBIH OTBET H3-32
MaJIeHUs] Yuclia JICHKOLMTOB, KPOBb HE OYIEeT CBOpPAuMBATBHCS W TMOSBUTCS aHeMHs. Takke BBI
3aMETUTE CTPAHHbBIE COJIHEYHBIE OXOTM IpPH BO3ACHCTBUM 2 I'p MOHM3UPYIOLIErO H3JIy4ECHHS.
TexHu4ecku HTO OCTPbI paguoOAEpMaTHT, U €ro MPOSBICHUs BKIIOYAIOT KpacHbIE IIATHA,
HIeTyIIeHHe KOXH M MHorjaa omyxyiocte. Jlo3a paguanuu B 0,35 3B Oyzer moxoka Ha TPUII —
HAaCMOPK U TOJIOBOKPY>KEHHE, TOJIOBHBIE 00JIH, YCTAIOCTh, TUXOPAIKa.
EctrectBennniii ¢on - 0,2 P B roa: ecrectBeHHble HUCTOYHUKH 72% (pagoH 54%, npyrue
panuoaktuBHble KM30TONBI 30%, KOocMuueckoe usiyueHue 16%), MeaunumHa 26%, paguoakTHBHbIE
ocaaku 1,3%, atomnas sHepreruka 0,3%. M3 kocMoca Ha KakIblii KBaJpaTHBIM CAaHTUMETpP 3€MHOU
IIOBEPXHOCTH MaJIa€T B CPEIHEM OJIHA YAaCTHLIA B CEKyHIy co cpeaHel sHeprueil 1 I'3B. Hanbonbimas
SHEprus KocMudeckux wyactuil jgocturaer 102! sB. Kocmudeckue sydn OpPOCKO OKPECTHIIH
«yOWMIIaMH W3 KOCMOCA» - CUMUTAETCS, YTO OHH, BEPOSTHO, BHOCST CBOM T'YOWTENbHBIA BKIIA] B
6onee wem 100 000 cmepreit or paka exeromHo. OOmEas MOIIHOCTh KOCMHUYECKUX JIydew,
Majarolnx Ha 3eMito, - 1,4 ruraBarra, Kak y 3JIEKTpOoCTaHUUU. M3 HUX 70 MOBEPXHOCTU HamIei
IUTaHeTHl JoxoauT Beero 40 BT Giaromapst 3amuTHOMY JIEHCTBUIO 3eMHOM atMocdepbl. Ha BricoTe
NoJETa MacCaKMPCKUX aBUaaifHEPOB YPOBEHb pajraluu gocturaet 2 win 3 Mx3B/yac. B cpeanem
IIPOXKUBAIOLIMI Ha 3eMile 4elOBEK, HE HMMEIOIMN JAefa ¢ MCTOYHUKAMHU DPaJualuH, €KEroJHO
noimyyaer no3y B | mmmmmsuBept (M3B). KocmonaBr na MKC 3apaGatsiBaer 0,5—0,7 m3B.
ExenneBno! Jlomyctumoit exxerognoi no3oi st corpyanuka ADC cunrarores 20 M3B — B 20 pa3
Oonblie, yeM IMOyyaeT OOBIYHBIM dYeloBeK. B HacTosmiee BpeMs MEIMIMHOW YCTaHOBJIEHA
MaKCHMaJbHas IpeleibHas 103a, KOTOPYI0 B TEUYEHHUE JKU3HU UYEJIOBEKY IPEBBINIATH HEIb3s BO
n30exaHne Cephe3HbIX MpodIieM co 310poBbeM. I1o 1000 M3B, miu 1 3B.
banansl He pa3 BBI3BIBANIM CpabaThIBaHUE CUCTEM OOHApYXKEHHs pPaJUAllMOHHBIX YIpo3 B
asporoprax. CnenyroT 3a 0aHaHOM B PEUTHMHIE CaMBIX PAIHOAKTUBHBIX MPOJIYKTOB NMUTAHUA -
kaptodenb, O00BI, OpeXH U CEMEYKH TMOJCOTHEYHUKA. YUTOOBI TOIYYUTh pPaIUAOHHOE
OTpaBJICHHE, HY’KHO ChecTh 20 MIJUTMOHOB OaHAHOB, a YTOOBI YMEPETh, MPHUIETCs checTh Bee 80!
SAnepHble ucnbiTaHus B MpoMexyTke Mexay 1950 m 1963 rr. mpuBenu noutu K JByKpaTHOMY
TMOBBIIIEHUIO KOJIMYECTBA yriepoaa-14 B armocdepe, nobasus Gonee 500-10° kr? ITo onenkam
YUEHBIX, 4YEJIOBEYECTBO OXHMAAET HECKOJIbKO MUJUIMOHOB JONOJHUTENIBHBIX CIydaeB paka,
BBI3BAHHBIX IOSBJIECHUEM yriepoaa-14 B pesynbrare sIEpHBIX HCHBITAHUM, CpPeIud KOTOPBIX 2
MWIJTHOHA CMEPTENIbHBIX CIIy4aeB, MPHUYEM OOJIbINasi YaCTh U3 HUX €IIIe BIIEPEIH.

Hoepnas conka 600pydHceHuUti 5Mo 8C€ pagHo, KAK 084 MYIHCUKA

CMOoAWUX NO NOsiC 8 beH3une. Y 00Ho020 mpu CnuuKu, a Opy2020 NAMb...

Kapn Cacan

JononHuTtenbHass uHpopmanus. PasHble reogornueckiue MoJENN OLEHUBAIOT KOJUYECTBO ypaHa-
238 B KOpe ¥ MAaHTHUU B CTO TPWUIHOHOB TOHH. ITmioc BueTBepo Gojblle pagHOaKTUBHOIO TOPHS,
IUTIOC  JIPYTHE JIOJITOXKHBYIIME HECTaOWIbHbIE U30TOMbBI, mpexnae Bcero kamuid-40. OwnHu
IpeTepIeBaoT OeTa-pacnaj, Mpu KOTOPOM OAMH M3 HEHTPOHOB aTOMHOTO si[jpa MPEBpAIIaeTCs B
IIPOTOH C UCIIyCKaHHEM 3JIEKTPOHA U 3JIEKTPOHHOI0 aHTUHEUTPUHO. OJIMH KBaJpaTHBIN CAaHTUMETP
3eMHOI TOBEPXHOCTH €KECEKYHIHO BBIOPACHIBAET B KOCMOC 6 MIIH. 3JICKTPOHHBIX aHTUHEHTPHHO.
JonoganutenbHass uHpopmanusa: Kak 3amururbes or paguaunum? Panuanueld B ObITOBOM
MOHMMaHHUM 3TOTO TEPMUHA HA3bIBAIOT ajb(a, O€Ta YaCTULIBl U raMMa-u3aydeHne. Anbda 4acTUIbl
OCTaHABIMBAIOTCSA IPU B3aMMOJCHCTBUM C MOJIEKYyJIaMHM BO3/1yXa, HE IMPOHMKAs JaXe uepe3
oObIUHBI JUCT Oymaru. bera-dacTuiel 00magar0T OONbBIIEH YHEPrHe, W U 3alIUThl OT HHX
MOHAZ00MUTCS TPOTHUBOTA3, TOHKUN CIIOM alIOMHMHUS WIM 0co0oro crekina. l'amma-usimydyeHue
NpeJCTaBIseT COO0M reKTpoMarHuTHbIE BoMHBL. Wi-Fi, curnan paauorenedoHa MOKHO CUUTATh
OTJAJIEHHBIMHM POJICTBEHHUKAMH 3TOTO BHMJIA PAJIMOAKTUBHOCTU. Kak Bbl IOHMMAaeTe, BOJIHBI JIETKO
NPOIIYT U Yepe3 CTeKJIO M yepe3 MpoTHBoras. TyT Ui 3aluThl TOHAA00ATCS TSHKENbIE METaIIbI
BpoJie YyryHa Wi cBuHIA. OJHAKO CBHUHEI| caM MO ce0e TOKCHYHBIA MaTrepuaj U B MOCIEIHEE
BpeMsI BMECTO HETro Ul paJHalliOHHOMN 3alUThl IIOMEIEHHsI TPUMEHSIOT 6eToH. CleayeT MOMHHUTh
— paauanys OT MCTOYHMKA PAacCIpPOCTPAHSAETCs Tak )K€, KaK TEeIUIo OT KocTpa. Uem nanblie Bbl OT
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TOpSIIET0 XBOPOCTa, TEM MEHBILIE TEIUIA 10 BAaC JOXOJUT, YEM MEHBIIE BPEMEHU yAacTcs IPOBECTH
Y OTKPBITOTO OTHSI, TEM XYXKE COIPEeIIbCsl.
Ucropuuecknii ¢akr. IlepBbie n3MepeHusi KpUTHYECKOH Macchl IVIYyTOHUSI B JadopaTopuu
CHIA. 310THH B35 IUTyTOHMEBYIO cepy M Hadal OKpYXKaTb €€ OTpa)xkaTelsiMH HEUTPOHOB.
BmecTo 610k0B KapOuaa Bosib(h)pamMa OH MCHOJIB30BAJ MoNTychepruueckue 000I0UKH U3 OepuILIus,
KOTOpBIE O0JaNaloT JIyYlied OTpa)kaTelbHOM CIMOoCOOHOCThI0. BooOmie roBops, Oepuiuimii Tak
XOPOIIO OTPakaeT HEUTPOHBI — OYKBAJIbHO HIPAET ¢ HUMHU B IHHT-TIOHT, — YTO OOJIBIIMHCTBO
YYEHBIX IPUHUMAIH UCKIIOUUTENIbHBIE MEPHI MTPEI0CTOPOKHOCTH MPH 0OpallieH!H ¢ oxychepamu.
B uwacTHOCTH, OBLIO U3BECTHO, YTO 3aMbIKaHUE OEPUILTUEBOI 000I0UKH BOKPYT Chephl HEMEATIECHHO
3allyCKaeT LEMHYI pPEeaklHio, U MO3TOMY IPHUXOAMUJIOCH HMCIOJIb30BaTh CTpaxoBKy. CHauama 1o
nepuMeTpy cdepbl BBICTPAUBAIHM JACPEBSHHbIC KIMHBS, Ha KOTOpPbIC YKIAABIBAIN OEpUILIMEBBIN
KyIIOJI, a TI0 MEPE NPOABM)KEHUS IKCIEPUMEHTA KJIMHbSI IIOCTEIIEHHO BbIHMMaJU. Tak ynaBajoch
MEJICHHO OITyCTUTH 000JI0UKY U JOCTHYb KPUTHUECKOH Macchl. Tem MaiickuM JHeM 3JI0THH 3a JIBe
MUHYTBI MOJATOTOBMJI SKCIEPUMEHT M Hayaj pacKkayuBaTh mnoiycdepy BBepx M BHM3. JlaTumk
PaAMoOaKTUBHOCTH NIOTPECKUBAJ, HO Y€PE3 MTHOBEHHE UTO-TO Ipou3ouuio. OTBEpTKa COCKOUYMIIA, U
OepwuineBass 00OJOYKAa Hakpblia IUTyTOHMH. HaxonuBiimecs B KOMHATe BOCEMb MYXKYHMH
MOYYBCTBOBAJIM TEIUIYIO BOJHY M YBUIENU roiy0oe cBedeHHe. 3IIOTHH OTTOJKHYJI moiychepy
PYKOH, M dYepe3 CEeKyHAYy B O3TOM pyKe Hadajloch JIETKOE IOKAJIbIBAHME, a BO PTy MOSBUIICA
MeTanmieckuil npusBkyc. Ho morom 310THH 3aabI11an poOBHO U OYYBCTBOBAJ TO K€ HEBEPOSTHOE
CTMOKOMCTBHE: OH 3HAJ, YTO YMpPET, HO TOKa YyBCTBOBaJ ceOst HOpMaiabHO. OH OTCTYNMJI Ha miar
HazaJ u npocto ckazan: «Hy, BOT Tak».
JlonosinuTenbHass mHpopmanusa: Ciyyan oOHapy>KEHHsI HCTOUHUKOB TOBBIIICHHON pagualuy B
MeTajuloyioMe (UKCHpYIOTCs 10 cux mop. [Ipeamer, KOTOpBI XpaHWICS B KypTKE OIHOTO U3
COOPIIMKOB, OKa3aJCsi UCTOYHUKOM paauanuu u co3nasai ¢on 200 pentreH B yac. Haxomutbes
NMoOJIM30CTH OT TAaKOro oObekTa OoJiee yaca OBLIO KpaiiHe OMacHO AJS 3A0POBBS, a 3a ISATh YacOB
MOKHO ObLTO HAOpaTh JETANBHYIO 103Y.

Paouoaxmusnocms modicem 6ce! [Ipeoomepamums 6e3ymue, omcpouums cmapocme u

coenamo 8auly HCU3Hb BeUKONENHOU U HANOJIHEHHOU IOHOWLECKOU padocmyio!.

ooxkmop K. I'. [[»6uc

VYoexnenue B TOM, 4TO pajyaliys MoJie3Ha, MOSBIIIOCH rocie myonukanuu B 1903 rony HayuHou
pabotel ¢usuka JI. TomricoHa. YueHBI, OTKPBIBIIUK SJIEKTPOH, OMHCAl B OJHON W3 CTaTeu
HCCIIEZIOBAaHUE KOJIOALEB, BOJIA B KOTOPHIX CTOJICTUSIMH CUHMTalach 1esIeOHON. TOMIICOH BBISICHUI,
4YTO BOJa B HHUX ObUIa PAaJUOAKTUBHOW H3-32 pajloHa. DTO WHEPTHBIA PATUOAKTUBHBIA Ta3,
pacrpocTpaHeHHbIN B npupoze. [lociae 3Toro y4eHslii MUp pELIn, YTO paJuanus — dTO IaHaues
oT Bcex Oone3Heil. OnuMH W3 YMHHUKOB BOOOIIE 3asBWJI, YTO OHA HANOJHSET TEJIO YeJIOBEKa
KUBHUTEIBHON AHEpPrueH, CrocoOCTBYET KIETOYHON aKTUBHOCTH W yCKOpsieT oOMeH BemecTB. Ho
MCTIOJIb30BATh B KAUECTBE JICKAPCTBA PaZoH HE Moidy4ymiiock. OH OBICTPO pacnaaajcs Ha OTKPHITOM
BO31yXe, U sl onydeHus d¢dekra Hy»KHO ObLJIO MUTh BOAY MPsAMO M3 UCTOYHHMKA. Ho He ObLIo
poOIeMbl, KOTOPYIO HE MOTJIIM OBl PEeUINTh ynuible amepukanisl. B 1912 rony npeanpuumuuBsie
JeNbIbl Hayalli MpojaBaTh Mpubop moj HazBaHueMm «PeBuratop». 310
ObUI COCY[ ¢ paaueM, B KOTOpBIH HanuBajach Boja. [lox Bo3neiictBueM
pPaZAMoOaKTUBHOTO JIEMEHTA OHA 3apshKajlach U MOIVIA HCIIOJIb30BATHCSA
JUId JIEYEHUs Pa3HbIX HEAyroB. B pekiname ycCTpoMCTBO Ha3bIBaIU
«JIOMAIlIHUM MUCTOYHUK BEYHOI'O 370POBbs». JKepTB 3TOro AbSIBOJIBCKOTIO
n300peTeHus: OBLIO MHOTO.

IV. JlemoncTpanus kunoparmMeHra.
3aoauu:

l. CpenHsis  TOIJIONIEHHAsT /1032 M3JIYYEHHs] COTPYJIHUKOM, paboTaronMm ¢
PEHTI€HOBCKOM yCTaHOBKOM, paBHa 7 MkI'p 3a 1 wac. Ecim mnpenenbHas no3a
o0myuenus 50 mI'p/roa, To omacHa nu padota coTpyanuka B Teuenue 200 aHe B roa

121



10 6 4acoB B JI€HL?

. IIpu B3pwiBe uerBepTOoro Oioka YepHoOnuibckoit ADC B 1986 r. mpowu3soina

yT€4yKa, B TOM YHUCJE IUIyTOHMUS. Uepe3 Kakod MPOMEXYTOK BPEMEHU aKTUBHOCTD
3apaX€HHOM TTYTOHUEM MECTHOCTH yMeHbIIUTCS B 16 pa3? Ilepuon nomypacnana
wiyrtonus Pu pasen T = 24-10° ner.

. B opranusme B3pocinoro uenoBeka coaepxkurca npumepHo 140 r xamus. Ilpu stom 0,0117% -

pamuoakTuBHbIM Kanuii-40. Ecam aktuBHOCTH 1 © kamus 265200 pacnagoB B CEKYHIy, TO
CKOJIKO pacrlajJoB IPOUCXOAUT B TeJie YeJIOBEeKa KaXAylo cekyHay? OObluHbId OaHaH
(conepxaimmii Kanuil) UCITyCKaeT MO3UTPOH Kaxable 75 MUHYT!

PanuoaktuBHbiii K-40 sBisiercss onHuM u3 "momamHUX'" W30TOMNOB B HAIlEM OpPTaHM3MeE, HO €ro
OTPOMHBIN MEPUOJI MOTypacnaja JAeJaeT ero NPUCyTCTBUE NPAKTUUECKU HEOILY TUMBIM.

4.

[ManueHTy BBENIM BHYTPUBEHHO Vo, = 1 c¢M’ pacTBopa, comep:xamero HeKOTOPbIH
M30TON O0Omeld akTUBHOCTBIO Ao, = 2000 pacmamoB B cekyHuay. Ilepuon
nonypacnana uzorona pasen T = 15,3 4. KakoBa akTUBHOCTB Takoii ke 1o 00bemMy
poOBI KPoBHU manueHTa yepes t = 3 u 50 MuH, eciu 001Hi 00bEM €ro KpoBu V =
6 n? [lepexonoM siiep U30TOMNA U3 KPOBU B IPYTUe TKAHU OpraHu3Ma mpeHeOpeyb.

Bonpocui:

1

. Uem onacHO pasinoakTUBHOE H3ilydyeHue? Pacckaxure o Mepax 3aluThl OT HETO.
2.

UroObl 3amepkaTb Yy — U3IYYEHUE, HYXKHBI JECATKA CAaHTUMETPOB CBHHIIA, a
HEUTPOHHOE 00TyUeHHUE 3aJePKUBACTCS CJI0EM BOJIbL. [Touemy?

. Ha JIyne pagnoaktuBHOoCTh npuMepHO B 400 pa3 Beie, yeM B Mockse. [louemy?
. MoXeTr nu CKOJb YrOJHO Mayas /1032 YBEIWYUTh BEPOATHOCTH BO3HHUKHOBEHUS

HETAaTUBHBIX MOCIEICTBUI?

. 3a4eM IpOAYKTHI MUTAHUS OOIyHalOT paguanuein?
. OlH KBaJpaTHBI CAaHTUMETP 3€MHOW MOBEPXHOCTH €XKECEKYHIHO BBIOPACHIBAET

B KOCMOC 6 MIJIH. 3JIEKTPOHHBIX aHTUHEUTpUHO. [ToueMy 310 mpoucxoaut?

V. §§ 102-104.

6.

1. Ilpennoxkute NpoekT yrunusanuu otxoaos ADC.
2.
3. B ueM CyTh 3KOJOrMYECKMX MpoOJieM, BO3ZHUKAIOINIMX B CBS3U C Pa3BUTHUEM sIJCpHOU

[Ipennoxxute uaer0 ypoBHEMEPA € UCIIOIB30BAHUEM PAJMOAKTUBHOIO N30TOIIA.

SHEPreTUKN?
[Touemy pactenus He 0OJCIOT pakoM mocie YepHOObUIS MU MMOYeMy PAacTUTEIbHAsl KHU3Hb TaK
COIIPOTHBIISICTCS paivalliy U siIEPHOM KaTacTpode?

. 3emiis1 pasorpeBaeTcsi MO BCEMY OO0bEMy 3a CYET eCTECTBEHHOW pPaJMOAKTUBHOCTH. ITH

PaZMOaKTUBHBIE MPOLECCH BEICBOOOXKIAIOT SHEPTUIO B BUJIE TEILIA C MOIHOCTBIO P HA €UHUILY
oobema. KakoBa moiHas MOIIHOCTH NPOM3BOJCTBA TEIIOBOM sHepruu 3emiun? MOIIHOCTH
TEIUIOBOTO TIOTOKA Yepe3 cloi TommuHbl dr paccuntbiBaetcs o popmyne —k-(dT/dr) - S, rae S -
IUIOIIAJb TOBEPXHOCTH ciost BemiectBa, dT - pasHHMma TemmepaTryp Mexay closMH, K -
KOHCTaHTa, Ha3bIBaeMasi TEpPMUYECKON TPOBOJUMOCTBIO MaTepHala.

BbeiBecTH 3aBUCMMOCTb MEXJy pAcCTOSHHEM MEXIy LEHTPOM 3eMIM U TEMIEpaTypoi.
IToctpouts rpaduk 3aBucumoct T OT T.

JlonosnuTeabHasi uHpopmanusi. HelitpoHHo-akTMBaLMOHHBIA MeTon. B Bemecte, o0iydaemMom
HEWTpOHAMH, MPOTEKAIOT sIEpHbIE peaky (Hanbosee BeposTHAsE peakiys - 3aXBaT HEUTPOHA SIpOM

C

ucryckanueM 7y — kBaHTa). OOpa3oBaBIIMIACS M30TON paanoakTuBeH. [lo KomuuecTBy

O6pa3OBaBH_II/IXC$I HN30TOIMOB MOKHO OYCHb TOYHO CYAHWTH O HepBOHa‘-IaJIBHOI\/'I MacCe BCHIICCTBA. Tak
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OblTa ycTaHOBJEHAa NpuuYMHA cMepTH Hamoneona, Bo3pacT aHTUKBapuarta (OoJbllle HpUMeEcei),
MOJTy4E€HUE CBEPXUYHMCTBIX METAIIJIOB.

JlonoanuTteabHass nHpopmanus. Mapus Kropu nepepabaTbiBana 8§ TOHH YpaHOBBIX MHHEPAJIOB
(akTHUECKU BPYUYHYIO B IJIOXO 000OpPYTOBAHHOM HEBEHTUJIMPYEMOM capae JUIs MOJYYEHHUsI OJHOTO
rpamma paaus. 26 nexadbps 1898 r. cynpyru Kiopu nonmoxmim o cBoux pesynbratax OpaHiry3ckon
akageMuu Hayk. B 1o Bpems Mapua u Ilbep yxe MOINIM NHPOAEMOHCTPHUPOBATH CIIyIIATEISIM
npernapar paaus, Kotopbiii 6601 B 900 pa3 akTHBHEe, YeM paBHOE eMy 110 Macce KOJIMUECTBO ypaHa.
3anucu cynpyroB Kiopu coxpaHsioT paJilOaKTUBHOCTb U XpaHATCA B 3alUTHOM ceridpe. Octanku
Mapuu Kropu 3axopoHeHBl B CBUHIIOBOM TpoOy. Mapust Kiopu - mepBas )KeHIIMHA, MOTyYUBILIAs
HoGeneBckyto  mpemuio, IEpBBI  UeNOBEK, MonyunBlIInid  HoOeneBcKy0 TpeMHuIo  JBaK.bl
Y eIMHCTBEHHBIA 4YeNOBEK, yJOcTOoeHHBbIH HoOeneBckoil mpemMun B ABYX pasziIMYHBIX HaykKax -
¢usuke u xumuu. Kcratu, B JpeBHHE BpEMEHA YpaH HCIIOJIb30BAJICS JJISI M3TOTOBIICHUS KEJITOU
nocynbl! XKuzup Mapun CknonoBckoi-Kiopu He Obuta Oorata SIpKMMH BHEITHHUMM COOBITHSIMHU -
OHa MPOCTa U CTPOra, KaK YUCTHIA TAPMOHUYECKUN TOH, M BCSI OHA, 0€3 OCTaTKa, OTAAaHa CIIy>KEHHUIO

HayKe.
Bce noou om npupoovr cmpemamcs k 3uanuto. Haubonee O0ocmoiinbl no3naHusi
nepeoHauana u npuyUHsl, 60 Yepes HUX U Ha UX OCHOB8e NOZHAEMCSL 6CE OCMANbHOE.

Apucmomens
Tpyonocmu  nowamuil  yeeiuyueaemcss no  mepe
NPUOTUIICEHUS UX K HAYATIbHLIM UCTUHAM 8 NPUPOOE.
H.U. Jlobauesckuii
Ypoxk 33. SJIEMEHTAPHBIE YACTHIIBI U UX CBOMCTBA.
L Yto Takoe puszuka yactun? MoxkeT M yMepeTh JJ1eMeHTaApHAs YacTuuna?

LEJIb YPOKA: Bpectu mnonsitue '"smeMeHTapHas dvactuia'. CHCTeMaTU3UpOBATH
3HAHUA y4aluxcs 00 AJIeMEHTapHBIX YaCTUIIaX.

TUIT YPOKA: koMOMHUPOBAHHBIM.
OBOPYJIOBAHMUI: nuano3uTyBseL "J1IeKTpOH Hencuepnaem'.
IIJTAH YPOKA:

BerynurensHas yacts
Jlexuus

OTBETHI Ha BOIIPOCHI
3azanue Ha JOM

II. ®u3uka 3IeMEHTAPHBIX YACTHUI[ JAET HaAM K04 K

MOHMMAHHUIO 3aKOHOB, KOTOpBIE yHpaBisitoT BceneHHol. B
HACTOSAILEE BPEMsI OTKPBITO HECKOJIBKO COT 3JIE€MEHTApHBIX yacTull. [lo Macce oHu nensTcs Ha zBe
TPYNIBL: TSKENbIe (apOHBI) U JIETKHE YacTUIIBI (J1enToHbI). [Ipu 3TOM cHavana ObII0 TEOPETHUECKH
IIPE/ICKa3aHo, a 3aTe€M AKCIEPUMEHTAIbHO MOATBEPKICHO, UTO KaXKI0M 3apsKEHHOM 2JIEMEHTapHOM
YacTUIIe COOTBETCTBYET aHTHYACTHLA, O0Jajaronasi MPOTUBOIOJIOKHBIM 3HAKOM 3apsia u
HEKOTOPBIMU JIPYTMMHU KBAaHTOBBIMHU XapaKTepucTHUKaMu. HeHTpoH asieKTpuuecku HEHTpajeH, HO
MMEET COOTBETCTBYIOIIMNA aHTHHEHUTPOH, KOTOPBIN TaKKe 3JIEKTPHUUECKU HEeHTpasieH, HO o0najgaer
IIPOTUBOINOJIOKHBIM CIIMHOM. ECTh YacTulpl, Uil KOTOPHIX aHTUYACTULAMU SIBJISIFOTCSI OHU CaMHU -
3T0 (GoTOH (KBaHT cBera) U 0030H Xwrrca. OgHA U3 OCHOBHBIX OCOOCHHOCTEH AIIEMEHTApPHBIX
4acTULl — UX YHUBEpPCaJIbHas B3aMMO3aBUCUMOCTb U B3aMMOIIPEBPALLIAEMOCTb.

JonoanurenbHass uHpopmanus. Yerbipe snemenTa y Apucrorens (BoJga, BO3AYyX, OTOHb, 3eMJI U
5¢up B HAAITYHHOM MHpPE) — MOJEKyJla — aTOM —> CIIOKHOE CTPOCHHE aToMa — 3JIEKTPOH — YPOBHU
SHEpruM aroma — (POTOH — COCTaB siipa aToMa — MPOTOHBI M HEHTPOHBI — 77 - ME30HBI (TIEPEHOCUMKU

Rl S e

CHJTBHOTO B3aUMOJICUCTBHSI) — OeTa-pacran n — p + € + 1 (okono 5% sueprun CojHIIA U 3BE3]] YHOCST
HeWTpuHOo). HeliTpoH cnocoOeH Henoiaro HaxoguThes BHE sapa. Kak TONbKO HEMTpOH MOKHUIaeT
AJIEPHYIO TOJYEI0, OH B TEUEHUE NPUMEPHO 15 MHUHYT pacmajaercs Ha IPOTOH, DJIEKTPOH H
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KpOLICYHYI0 YacTUIly — aHTHHeHTpuHO. B nexabpe 1930 ronma aBcrpuiickuii ¢pusuk Bonbdranr
[Maynu nucan: "A coenan ce2coona umo-mo yscachoe. Du3uKy-meopemuxy HUKo20a He cieoyem
oenamb HU4e20 no0obHo2o! A 66en 6 meopuro Heumo, 4mo HUK020a He cModicem Oblmb NPOBEPEHO
skcnepumenmanvio". HeTpuHo - HEHUTpaJbHas dbyHIaMeHTanbHas YacTHIIA C
IIOJIYLIETIBIM CIIMHOM, Macca KOTOPOM MEHBbUIE MUJUIMOHHOM IIOJIM MacChl IeKTpoHa. Tpu ThHma

HelfiTpuHO: vy + n —» p + W, ve + n — p + €, v, +n—> p+7 . MIOOHHOe HEHATPUHO ObUIO

SKCTIEpUMEHTAITEHO 0OHapy»xeHo B 1962 romy (Hobenerckas npemust B 1988 romy), Tay-Heiitpuno B 2000 romy.
VY HEHTPHUHO CIIMH BCErAa HaNpaBi€H IMPOTUBOMNOJIOXKHO MMITYJIbCY — TaKHUE€ YACTHIIBI HA3bIBAIOT
JIEBOBUHTOBBIMU. Y AHTUHEUTPUHO CHMH CMOTPUT B Ty XK€ CTOPOHY, YTO U HMIIYJIbC — 3TO
NPaBOBUHTOBBIE uacTHLbl. OTcloa ciexyer, YTo HalOoJaeMble HEHMTPHUHO HE TOXKIECTBEHHO
anTuHeiTpuHo! LleHTpansHas mpoOnema (pU3HKH 3IEMEHTAPHBIX YaCTUILL — IPUPOJIa HEUTPHHO (CKOJIBKO BCETo
Pa3MMUHBIX TUIOB HEWTPHHO, KAKOBBI MX MAacChl, IMEIOT JIM OHHM 2JIEKTPOMArHUTHBIE CBOKCTBA). [3yueHue
CBOWCTB HEUTPHHO TIO3BOJIMT MOHATH CTpoeHHe BeenenHoit 1 00pasoBaHie B Hell CKOIUICHHI TTaKTHK, TIOTYYHTh
MH(OPMAIMIO O CaMBIX YIAIeHHBIX yrofkax Kocmoca 1 0ObsICHUT OaproHHYIO aciMMeTprio. B uém coctout
3arajika HeMTpuHo?

IIpencka3aHue CynieCTBOBAHMS «IOJOKUTEIBHBIX» 3J1eKTPOHOB (/{npak) m ux oOHapykeHue B
KOCMHUYECKUX JIy4ax (AHnepcoH). BzaumozaelcTBre Y - KBAHTOB C BELIECTBOM U POKICHUE AJIEKTPOHHO-
MO3UTPOHHBIX Map. «PoxxaeHne» map «4acTuia — aHTUYaCTUIa» OYKBaJIbHO U3 HUYETO — KBAaHTOBOE
qyn0. YacTuilbl BeIleCTBA M AHTHUBEIIECTBA MOTYT OBITh CO3JaHBI HEMOCPEACTBEHHO IyTEM
CTOJIKHOBEHHsI OYCHb JHEPTrHYHBIX (DOTOHOB. AHHMrWIsAmus map: ¢ + ¢ — 2y. Pasmbiuumss
BIIOCJICICTBUM HAaJ COOCTBEHHON HEpEUIMTEIBHOCTHIO B OTHOIIEHUHM MPEANOJIOKEHUS O
CYLLECTBOBAaHMM HOBOM yacTullbl, J{upak roBopui: «Moe ypaBHEHHE 0Ka3aJ0Ch YMHEE MEHs!»

Ecam nst xaxaon 4acTHIlbl €CTh aHTHUYACTHIIA, TO ToueMy Bes Bceenennas 3a 13,7 mwuapaa net
IIpOoLIeIINX Moce bosbIoro B3pbiBa €111e He aHHUTWIMpoBaia?

Jlpyrue sj1eMeHTapHble YacTULbI (CIIPaBOYHUK 1O pu3uke, cT. 218, Tabn.273). B Hacrosmiee Bpems
M3BECTHO OKOJI0 350 wyacTui, XOTs A OOBSICHEHHMS CTPOCHHUS BELIECTBA JOCTATOYHO 5 YaCTHIL
(TIpOTOH, ANIEKTPOH, HEUTPOH, (POTOH, AHTUHEUTPHHO, THOHBI). KakoBa poib ocTalIbHBIX YacTull? XoTs
aTOMOB, COCTAaBJICHHBIX M3 aHTHYACTHIl B CBOOOJHOM COCTOSIHMHM, Ha 3emiie HE Haliogaercs,
MaTepHaJIOB, UX M3TYYalOIUX, JOBOJHHO MHOTO. Tak OOBIYHBIN OaHAH COACPKHUT U30TON Kallus C
aToMHOM Maccoi 40. DTOT M30TON paJMOAKTUBEH W MOJABEpKEH Oera-pacmany, MpH KOTOPOM
BBIJICJIAIOTCS IO3UTPOHBL. Tak 4To OMH OaHaH M3ITyYaeT MO3UTPOH B CPEAHEM KaxJIble 75 MUHYT.

BHeMeHTapHOﬁ MOKHO Ha3BaTb TaKYH0 YacCTUIly, KOTOpasgs HE UMECT BHyTpeHHEﬁ
CTPYKTYPbI U HE MOZKET ObBIThH pa3acjacHa Ha 00J1ee MeJIKHe qJaCcTUulhbl.
[TorbITKM pacmenuTh OpoToH: Y + P —>p+n°,y+p—>p+n++n', Ytp—ptpt p.
[Tpu Hanmuuyuu OMPEACAEHHOTO KOJUYECTBA SHEPTrUM MOYKHO CIIOHTAHHO CO37aBaTh HOBBIC Maphl
YaCcTUI[ MAaTCPUU-aHTUMATCPHUH, €CJIM HX Macca IOKOS MEHbBIIE, YeM KOJMYECTBO SHEPTHUH,
HEO0X0IMMOE I UX CO3TaHus!
Mot mozoa ygepeHvl 6 NO3HAHUU BCAKOU Gewju, Ko20d Y3Haem ee
nepsvie NPU4UHbL, Nepeble HAYald U PA3I0ACUM ee 8III0Mb 00 JJIeMEHMO8.
Apucmomens
DTOT pUMeEp MOKa3bIBACT, YTO OJ1aroaps B3aMMOINPEBPAIICHUSIM YaCTHI] OKa3bIBAIOTCS OCCILIOIHBIMU
MOTIBITKH PA3JCIUTh OIHU YaCTHIIbI, OOCTPEITUBAS UX JPYTHMH.
HoBble JaCcTHUObI POKIAIOTCHA 3a CUCT SJHECPTHHU B3aHMOHeﬁCTBYIOHIHX ‘IaCTI/II[!

Kascooe 63aumooeticmeue 6HYMpUAmMOMHBIX YACMUY COCMOUM 8 HNOJHOM VHUUMONCEHUU
UBHAYATILHBIX YACTMUY U CO30AHUU HOBBIX GHYMPUATMOMHBIX Yacmuy. Buympuamomnsiii Mmup — 2mo
HenpepuleHblll MaHey CO30aHUs U YHUYMONCEHUs, K020a Mamepusi nepexooum 6 3Hepeuro, d
9Hepeus — 6 mamepuio. lIpexooawue ¢hopmbl écnvixusaiom u 2acHym, oOpaszys HUK020d He
3aKAHYUBAIOWYIOCA U 8CE20a 3AHOB0 CO30AHHYIO PEeAIbHOCHb.

T'apu 3ykas, « Tanyyrowue macmepa By Jluy
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HcTUHHO 3j1eMeHTApHBbIe YacTHUbLI - (POTOH M
Jentonbl (13 yactun). PazMepsl J1eNTOHOB MeHbIIIE

| Me3onbl | Bapnonsr |

1071 e¢m. Pasmeps! Tskenbix yacTul (IIPOTOH, HEWTPOH
-13
u T.4a.) mopsaka 10 cM. Tskesble 4YacTHIbI - ’_L‘F;Hepom
Hyxonbl
aapoHbl (Me30HbI M OapuoHBbI). AnpoH (OT
rpeuecKoro "xaapoc" - MacCUBHBIN, criibHBIN). Kilaccudukanusa aapoHoB.

HauGosiee BakHOe CBOWCTBO BCeX JJ1€MEHTAPHBIX YACTHIl - CIIOCOOHOCTH POKIATHCH H
YHHYTOXKATHCSI TPH B3aMMOJECTBHH ¢ JIPYIHMH YacTHOAMH. B 3TOM OTHOLICHHH OHHU
TOJIHOCTBIO SKBUBAJIEHTHBI (poToHaM. [Ipumepei: p+p — p+n+u,p+p —p+ A" +K',p+p
—p+Z  +K.pip—on+ A +K'+n', ptpop+ E +K' +Kp+p—op+p+tp+ B.

B 1950-x romax mpoToH Bcé-Taku packonoiu. OTKyzna IONOJHUTENBHO MOSIBIWIIMCH NIPOTOH H
a"TunpoToH? Iloxoxe Ha TO, OyATO OBl BHYTPEHHOCTH MPOTOHA 3aMIOJTHEHBI IIETIBIM MOPEM YaCTHIL,
U YeM CHIIbHee ero OuThb, TeM OoJiee JMIKUMU OHH CTAHOBATCS. YTIyONssCh Ha BEIHMYUHY
MaKCHMaJIbHOW JOCTYIHOW HaM 3HEPIHM, Mbl BCE paBHO HE BHUJIUM OIPAaHUYEHMSI HA IJIOTHOCTH
3THX CyO0ATOMHBIX YaCTHIl BHYTPH aTOMHBIX sIZIEp.

«byob 51 6 cocmoaHuu 3aNOMHUMb 6Ce UX UMEHd, — 3aMemuil Kak-mo Iupuxo Pepmu, — mo cman

B3anmopencreue OtHocurenbHas | Paguyc IIepenocunku Hcrounuku
VHTEHCUBHOCTh | JEHCTBHS
CusibHOE 1 1013 cm 7T -ME30HBI, TJIFOOHBI Anponsl (KBapKH)
DIEeKTPOMarHuTHOE 102 0 DoTOHEBI 3apsin
Cnaboe 10-14 2:10"'% cm | TIpomexyTouHbIE JlenToHsbI,
BEKTOpHBIE 6030HbL, W*,Z° | KBapKu
['paBHUTAIMOHHOE 10-+ 0 ['paBHUTOHBI Macca

Ovl He pu3UKOM, a OOMAHUKOMY.

B3anMHble mnpeBpaleHuss 4acTUIl M TOJYMHEHUE S3THUX IMPEBpaAllCHUN 3aKOHAM COXPAHEHHUS
HMITYJIbCA, MOMEHTA MMIYJbCa, JHEPTUH, JIEKTPUYECKOr0 3apsia, CIuHA, 0aApUOHOB (BCceM
HYKJIOHaM M THIIEpOHAM IPUIIUCBHIBaeTCsl OapuoHHOe umcio + 1, a ux aHTHYacTHHaM — 1),
JIENTOHOB (BCEM JIENMTOHAM MPUIUCHIBAETCS JENTOHHOE uuciao +1, a ux aHTudactumam — 1).
JlenToHHBIN 3apsii coxXpaHseTCs MOPO3Hb (I BCEX TPEX THUIIOB JIENTOHOB) BCETJa M BO BCEX
B3aMMOJICHCTBUSAX U 3TO OOBSICHSIET HATUYNE HEKOTOPBIX MPOIIECCOB U OTCYTCTBHE IPYTHX.
JonosHutenbHass uHpopmauuda. Ilox 3apsanoBoii cuMMeETpued ITOHUMAETCs COXPaHEHHe
CYMMAPHBIX 3apsiioB, KAXKAOT0 MO OTAEJbHOCTH — 3JIeKTPHYECKOro, OAPHMOHHOIO H
JIEMITOHHOT0, B IIPOIeccax B3aMMOACHCTBHS OOBEKTOB MEXKILy COOOM.

DneMeHTapHbIe YacTHIBl W TO, YTO M3 HHUX COOMpaeTcsi B MACCHUBHBIE OOBEKTHI, 00IaNaroT
rpaBUTAIlMEH, 3apsIOM, MAaTHETU3MOM H T.A. - KaK UCKOHHO CBOWIMH CBOMCTBaMH, MOJOOHO TOMY,
KaK KaXJIbIi U3 HaC UMEET CBOMCTBA XapaKTepa, 0COOYI0 BHEIIHOCTh U MIPUBBIYKH.

B kBaHTOBOM MHpe, pa3MbITOM BCJIEACTBHE NMPUHIMIIA HEeONPeIeJeHHOCTeH, CyllleCTBOBaHHe
HOCHT, HA000POT, 0OYeHb KECTKHl M TOYHBII XapaKTep: Bce aTOMbI OJJHOI'0 3JIeMEHTa CTPOro
OJMHAKOBBI B CBOMX OCHOBHBIX COCTOSIHMSIX, OJMHAKOBBI BC€ KBAHTbl OJHOIO
noJisi. Hanpumep, y Bcex 31€KTPOHOB OAMH U TOT K€ 3apsij, Macca, JENTOHHOE YUCIIO U CITUH.
B3aumoaeiicTBue JJIEMEHTAPHBIX YaCTHI. Bce wusBecTHble yacTullbl BO BceeneHHow
MOKHO Pa3JeNIUTh Ha JBE TPYIIBI: YACTUIIBI CO COUHOM 1/2, W3 KOTOPHIX COCTOWMT BEIIECTBO BO
Bcenennoii (pepmuonsl), u wyactuibl co cnuHOM 0, 1 U 2 (6030HBI), KOTOPHIE CO3/IAIOT CHIIBI,
JEUCTBYIOIUE MEXKIY YaCTUUAMM BEIIECTBA. B OCHOBE KaXXIOro MPUPOJHOIO B3aUMOJCHCTBUS
JIeKUT OOMEH YacTUIaMHU-TIOCTaHHWKAMU - O0O030HaMU pPAa3IMYHBIX BUAOB. Takoil IMOCIaHHUK
nepenaeT B3aMMOJCHCTBHE MEXKAY IBYMS YacTHUIIAMHU, IMOJAOOHO TOMY, KaK TEHHUCHBIA MY
nepeaaeT UrPOKy CHITY yJiapa IPOTHUBHHKA.

Kak Bcst pusuka BeeneHnHoii momeniaercss BHyTpU OJJHOTO aroma?
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CuibHOe B3aMMOJAECTBUE NPUBOAUT K HaubOJIEe IPOUHON CBSI3U MPOTOHOB M HEMTPOHOB B
aTOMHBIX Apax, a TAKKe CYIIECTBYET MEKIY KBapKaMH. [IepeHOCUMKH CHILHOTO (SIEPHOTO)
B3aMMOJIEHCTBUS UMEIOT Maccy okoo 140 MbB/c?,

BJIeKTpOMaFHI/ITHOC B33HMOI[eﬁCTBHe OTBCTCTBCHHO 3a CBsA3b ATOMHBIX J3JICKTPOHOB C
aIpaMM W OCYIIECTBISETCS  MOCPEACTBOM  AJIEKTPOMAarHuTtHoro nmnosid. POTOHBI  HE
B3aMMOJEICTBYIOT IPYT C JPYIOM; OHU B3aUMOJEHCTBYIOT TOJIBKO C 3JIEKTPHYECKHUMH 3apsiiaMHu.
3aKOH COXpaHEHHMsI SHEPruM M HMITyJbCa 3alpellaeT MoriomeHne (oToHa CBOOOIHBIM
ANEKTPOHOM, OJHAKO, M3-3a HEOINPEAEIEHHOCTU SHEPIuu, Ha KOPOTKOE BpEMs 3JIEKTPOH MOXKET
U3IY4YUTh BHUPTYaJbHbI (OTOH W TMOTJOTUTh €ro CHOBA. OIJIEKTPOH OKPYXKEH O00J0UYKOU
BUPTYaJIbHBIX (JOTOHOB, KOTOpPBIE 00PA3yIOT €ro 3JEKTPUUYECKOe M MarHUTHOE moje. YeM manbiie
OT 3JIEKTPOHA, TEM MEHBIIE PHEPrusi U UMILYJIbC ITHX (POTOHOB, MOITOMY 3SJIEKTPUUECKOE I0JIe
yObIBaeT OOpaTHO MPONOPIMOHAIBHO KBaApaTy paccrosiHus. POTOH C OYeHb HHM3KOW 3HEpruei
MOJKET CYILIECTBOBATh I'OJIbl U MPOJIETETh HECKOJIBKO CBETOBBIX JIET. 30HA IEHCTBUS AIEKTPUUECKOU
cuiiel O6esrpannynal PaccestHue oToHA Ha 3JIEKTPOHE MOXKET MPOUCXOAUTH CIETYIOIUM 00pa3oM.
@DOTOH NOPOXKIAET AIIEKTPOHHO-TIO3UTPOHHYIO Mapy, HCXOAHBINM AJIEKTPOH AHHUTUIUPYET C
MO3UTPOHOM, TOPOKIast (POTOH, POJMBIIMKCS JIEKTPOH YXOAUT U3 OOJIACTH B3aUMOJCHCTBUA. DTH
AJIEKTPOHBI B MPUHIMUIE HEPA3NIUUUMBL. Eciau B IycTOTE cO37aTh OYEHb CHJIBHOE AJIEKTPUYECKOE
1oJie, TO U3 BaKyyMma OyAyT pOXKIaThCs AJIEKTPOHHO-TIO3UTPOHHbIE Tapbl. DOTOHBI MOTYT POXKAAThH
apyrue (OTOHBI TONBKO YEpe3 POXKACHUE Map 3apsDKEHHBIX YacTHI[ WIM IpPU PACCESTHUU Ha
3apsDKEHHBIX YacTHLaX. BupTyanbHble (OTOHBI MOXKHO caenarh peanbHbiMu! Eciam Mbl motpsiceMm
WIA CMECTHM 3apsijl, U3 HETrO BBUICTAT HAcTOsIIUE (DOTOHBI, KOTOpBIC YJIETAIOT BIAJIb 32 CYET
SHEpPruM, MOJIYYEHHOH I@pU CTOJKHOBEHMHM! Tak I0JydaroTcsl PpEHTICHOBCKHUE JIyYd: MBI
HaNpaBJsieM JIEKTPOHBI HA TSDKEJIBIA METalljl, OHM OCTAHABIIMBAIOTCS, @ MX BUPTYyalbHbIE (DOTOHBI
JETAT Jalbll€ B BHJE pealbHbIX PEHTTEHOBCKUX Jydeil. PaguonepenaTuvk >KOHIIMPYET
AJIEKTPOHAMHM U CTPSXUBAET ¢ HUX (POTOHBI, a paguonpueMHuK ux JoBuT (KD /I).

Canaboe B3aUMOIeMCTBHE NPOSBIISETCS B CPABHUTENLHO MEIJIEHHO MPOTEKAIOMINX TPOLIECCAX
pacrajia 3JeMEeHTapHBIX YaCTHII, HAaIpUMeEp, B MpoIecce paciaja HeUTpOHa Ha MPOTOH, dJIEKTPOH U
AJIEKTPOHHOE aHTUHEHTpUHO. biarogaps ToMy, 4TO pacnaa MOXKET COMPOBOXKIATHCS BBIACICHHEM
TeIula, UMEHHO ci1aboe B3aMMOJACHCTBHUE JelaeT HeApa 3eMIIU TOPSYUMH, (aKTHYECKH SBISSICH
NPUYMHON CIOXKHON TEKTOHMYECKOW akTHMBHOCTH. Cialble siiepHbIE CHIIBI 3aCTaBISIOT MPOTOH
NpeBpaIaThCsl B HEUTPOH B SApPE ¢ U30BITKOM NMPOTOHOB, WIM HEMTPOH MPEeBpaIIaeTcsl B IPOTOH B
a1ape ¢ U30bITKOM HEUTPOHOB. MaKcHMalbHOE PAacCTOSTHHE, KOTOPOE CIIOCOOHO MPeooeTs ciadoe
B3aUMOJIeHCTBHE, cocTaBisieT Bcero okono 1/1000 nuamerpa siapa. B cmabom B3aumoneiicTBun
NPUHUMAIOT y4yacTHs BCE JIENTOHBI M KBAapKH, U MMEHHO B HEM MpPOSBISAET ceOs HEUTPUHO.
HeiitpuHo nMeer HeOOJBIIYIO Maccy, He M3Iy4aeT (OTOHOB M He UCIycKaeT rimooHoB. Ciaboe
B3aMMO/ICHCTBHUE MEPEHOCUTCSI MaCCUBHBIMUA W=+ U Z-0030HaAMH.

FpaBuTauuormoe B33HMOHeﬁCTBHe. Bce w4acTuupel yyacTBYOT B TPaBUTALMOHHOM
B3aUMOJIENCTBUM, KOTOPOE Ha paccTostuuu Menee 10713 cM He urpaer nmpakTUYeCKH HUKAKOM POJIH.
I'paBuTanIMOHHAs BOJHA — 3TO PACHPOCTPAHSIONIEECS BO3MYILIEHHE MPOCTPAHCTBA-BpeMEHHU. Tak
K€, KaK M CBETOBas BOJIHA, T'PaBUTALMOHHAs BOJHA MEpEeHOCUT 3Hepruto. Kak u cBeroBas BOJHA,
IpaBUTALIMOHHAS HMEET OIpeNeeHHYI0 4acToTy. CBeT COCTOMT W3 (POTOHOB - YACTHI, WU
KBaHTOB, CB€Ta, a IPAaBUTALlMOHHOE W3JIyYEHUE [IEPEHOCUTCS KBAHTAMH, Ha3bIBAEMBIMU
rpaBuToHamMu. OHU TOTUYMHSIIOTCS TOMY K€ COOTHOLIEHHMIO MEXKIY YacTOTOW M 3HEPIrHel, uTo U
¢doronbl. Kak 1 GoTOHBI, OHU JABMXKYTCS CO CKOPOCTBIO CBETa W HE MMEIOT Macchl. | paBUTOHBI
pearupyroT He Ha 3apsibl, a Ha Maccy, DHEPrHUI0 U HMMIYJIbC. A TOCKOJIbKY OHM IIEPEHOCST
SHEPTHIO0, TO B3aUMOJICHCTBYIOT U APYT € APpyromM. Mbl oueHb Majlo 3HaeM O TPaBUTOHAX, KOTOPHIE
MOTYT OOBSICHUTB, OTKyJa Oepercst TpaBuTanus. byas rpaBUTallMOHHOE B3aUMOJCHCTBUE XOTS OBl
HEMHOTO CuibHee, BceneHHas 3BOMIONMOHHMpOBaa Obl Tak OBICTPO, YTO HA BO3HUKHOBEHHE
pasyMHOM >KM3HM B HEH He OCTajJoch Obl BpeMeHH. AnbOepT OHHIITEHH mpeackasanl
CYIIECTBOBaHME T'PABUTAIMOHHBIX BOJIH B 1916 roxy. OgHAKO 3KCTIEPUMEHTAILHO UX OOHAPYKUIN
coBceM HemaBHO — B 2015 romy, 3auro B 2017-m Bpyumnu HoOeneBckyio mpemuio mo (u3uke.
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OTKpbITHA  yAaJOCh JOOMThCS Onaromapsi CIIOKHBIM — JETEKTOpaM, KOTOpble HaOIo1anu
3a CJIIMSHUEM JIBYX 4epHBIX AbIp. B 2017 rony actpodusuku ctanu cCBUAETEISIMH PEAKOTO COOBITHS
— CTOJIKHOBEHMS JIByX HEUTPOHHBIX 3BE3A. 32 100 ceKyHH 10 CTOJIKHOBEHHS HEHUTPOHHBIE 3BE3/IBI
HaXOJWINCh Ha paccTOAHUU npuMepHo 400 KMIIOMETPOB ApYyT OT Apyra, IpOXOoAs IOJHBIA KPyT IO
opbute mpumepHo 12 pa3 B cekyHmy. Uem Oouibliie COMMKANUCh OOBEKTHI, TEM BHIIMIE ObLIA HX
CKOpPOCTb, a aMIUIUTY/Ia U 4acTOTa I'PaBUTALMOHHBIX BOJH YBeIW4YMBaIUCh. Beé 310 nmponomkanock
710 TIOJIHOTO CIUSTHUS 3BE3] B eMHBINH 00beKT. COracHo Teopuu rpaBUTalMK DWHIITENHA, TI00bIe
JIBE MacChl, BpaIlAIOIIMecs APYT BOKPYT Ipyra, OyIyT U31y4aTh SHEPIUIO B BUJIE IPAaBUTALIMOHHBIX
BOJIH, M3-32 3TOTO OHMU OYAyT MOCTENEHHO CONMXATHCS MO Mepe 3aTyxaHus X opOuT. B koHue
KOHIIOB, 3T Macchl OyayT JBUraThCs emé ObICTpee, U3Iy4aTh TPaBUTALMOHHBIE BOJIHBI BCE Ooiee
BBICOKOM YacTOTHl M OOJbLICH aMIUIMTYIbl, U TaK Jajiee, MOKa HE COJIbIOTCS BOEIWHO. IJTOT
"(hoHOBBIN Tyn" TPaBUTALMOHHBIX CUTHAJIOB IPHCYTCTBYeT HAa BCEX YacTOTaX M, YTO BaXHO,
CO3/1aéTCcsl BCEMHM MaccaMH, BpalllaloLMMUCs Ipyr BOKPYT apyra Bo BeeneHHol. DTo cripaBeyinBO
TS

e IUJIAHET, BPAIIAIOIIUXCS BOKPYT 3BE3],

e 3BE3]l, BXOASIINX B MHOT'O3BE3JHBIE CUCTEMBI,

e 3BE3JIHBIX OCTATKOB U X CUCTEM,

e 3BE3] U 3BE3/IHBIX OCTATKOB, ABW)KYIIMXCS BHYTPH Tr'aJaKTHUK,

e TaJIAKTHK, KOTOPBIE CIIMBAIOTCSI BMECTE,

e U CBEPXMACCHUBHBIE UEPHBIE IBIPBI BMECTE CO BCEM, YTO BpAILlA€TCsl BOKPYT HUX.
JU1g HarJIsITHOCTH B3aUMO/IEHCTBYIOIIME YAaCTUIBI MOXKHO CUMTATh «KMPIUYMKaAMU» MUPO3AAHHUS, a
YaCTHUIIBI-TIEPEHOCUNKHA B3aUMOJICHCTBHS — «leMeHTOM». Camoe BaXKHOE TO, YTO JII0OOW aToM
y4acTBYET BO BCEX UETBHIPEX B3aMMOJECHCTBUAX, U BCE OHU BIMSIOT HAa HETO, BIUIOTH /10 TPaBUTALIUH.

CTaHIlapTHaﬂ Moa€CJIdb — TEOPpUSA, KOTOpas OIIHCBIBA€T BCC MHN3BCCTHLIC

B3aHMOHeﬁCTBHH, 3a KOTOPbIC 0OTBECYAIOT 3JIECMCHTAPHbIC YaCTHIbI.
JlonosinuTenbHass uHpopmanus. OHa He pemaer AByX "Oonbpmx 3aragok” BceneHHOi: u3 dero
COCTOUT TEMHas Marepus — M Kak TaK CIy4WIOCh, YTO B Haued BceneHHOM BelecTBo
npeobnanaer Haja aHTHUBemecTBOM. OTHMM W3 BapuUaHTOB OTBETa Ha 3TOT BONPOC SIBISETCS
MPEIONI0KEeHNE, YTO KpoMe HalIro1aeMoil HaMu yacTu BeeneHHoi, cocTosieil u3 BeniecTna, ecTh
Takas ke 4acTh U3 aHTuBeniectBa. OHAKO OOHAPYXHUTh ATy YacTh BceneHHON Bce He ynaercs, a
CKOpee ee TMOompocTy HeT. Jlpyroe mnpenanoyokeHue TIJacuT, 4To BO BpeMs (OPMHPOBAHUS
Bcenennoii nmerncsi HeKH Mepekoc - Ha MHJUIMAp] Hap YacTHIa-aHTUYacTUIla 0Opa3oBBIBAIACH
oJlHa JIMLIHAA yactula. Ho u 310 npeanonoxeHue noka HeA0Ka3yeMo.
JononnurenbHass wuHpopmanusi: CorjracHO KBaHTOBOW TEOPUM IIOJS, B HAllEeM MUPE
HE CyIIecTByeT a0CONOTHOTO BakyyMma. [lake eciu KakuM-TO 00Opa3oM MOJIHOCThIO HM30aBHTHCS
OT MaTepuM B HEKOTOPOW OOJIACTH NPOCTPAHCTBA, HA €€ MECTE€ HENPEepPHIBHO OYyIyT PpOKIAThCS
U ¥cue3aTh Mapbl W3 BUPTYAJIbHBIX YaCTHI] M aHTUYACTHULl. TakoMy SIBIEHHUIO COIIyTCTBYIOT
(GiyKTyanuu CBS3aHHBIX C 3TUMH YacCTHIIAMH IOJICH, B TOM YHCIIE 3JEKTPOMArHUTHBIX, KBAHTAMU
KOTOPBIX SABJSIIOTCA (DOTOHBI. B m1060i#1 TOuke mpocTpaHCTBA HEMIPEPHIBHO POXKAAIOTCS M UCUE3AI0T
BUpTyaJibHbIE ()OTOHBI NPOM3BOJIBHOW YAaCTOTHI, OJHAKO HA UX CHEKTP MOXKHO HaJOXKHTh
orpaHuueHus. Tak, MeXAy IByMs MapajyIeIbHBIMU MPOBOISAIIMMHU IUIACTUHAMHM MOYKET POJIUTHCS
TOJILKO BHUPTYaJIbHBIA (POTOH, YacCTOTa KOTOPOTO COOTBETCTBYET JJIMHE CTOSYEH BOJHBI MEXKIY
3TUMM NPOBOAHMKAMH. IIpu 3TOM CHapyXM IJIaCTMH TaKUX OIPAaHUYEHUM HET W, BUPTyaJbHBIX
¢doronoB Tam Oyner Oonbmie. [losTOMy maBieHHE 3TUX KBAHTOB AJIEKTPOMArHUTHOTO IOJIS
Ha BHELIHHME CTEHKH IJIACTUH Oy/eT MpeBbIIIaTh JaBI€HUE Ha BHYTPEHHUE, U3-3a YeTO NMPOBOJIHUKU
OyayT nputaruBarbes. IToT 3¢ dekt B 1948 roay oTkpell rojutanackuii pusuk Xenapuk Kazumup.
1. 3a0auu:
1. Ilpy aHHUTHISUE MEAJICHHO JIBHXKYIIMXCS 3JIEKTPOHA U MO3UTPOHA 00Pa3yIOTCs J1Ba Y - KBAaHTA.
Ilon xakum yriaoM npyr K JOpyry OHHM paszieraroTcs? KakoBa 4YacToTa BO3HUKAIOIIETO
n3IyyeHus?
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IMo3uTpoHuii Moxer abcopOUpOBaTh M U3Iy4aTh CBET TOJIBKO B OMPEEICHHBIX YAaCTOTAX, TaK KaK

JIEKTPOH Y MO3UTPOH BHYTPU HETO MPBITAIOT ¢ OJHOTO KBAHTOBOI'O COCTOSIHUS K Apyromy. ®@u3nuku

CMOTJIM NOJTy4YHuTh ob6aaka npumepHo u3 100 000 aTOMOB MO3UTPOHHS M MTOJIBEPTHYThH UX ACHCTBUIO

MHUKPOBOJIH, YTOOBI 3aIyCTUTh MEPEXO/ MEXKY Mapoil KBAHTOBBIX COCTOSIHUNA. OHM OOHapYKUIIH,

470 nepexo] ocymectsisercs npu 18,50102 I'T.

2. OCTaHOBMBIIMHCA T - ME30H paclajics Ha MIOOH U HEUTpUHO. HallTM KMHETHUYECKYIO SHEPTUIO

MIOOHA Y HEPTUI0 MIOOHHOTO HEUTPHHO.

IV. §§ 105-108

1. BoobOpazute Mup 6e3 0JHOTr0 U3 PyHAaMEHTAIbHBIX B3aUMOACHCTBHH. YeM oH nuHTepeceH?

2. Iloyemy aToM WJIM MOJIEKYJIa C YETHBIM YMCIIOM BJIEKTPOHOB OoJiee YCTONUMBHI (B XUMUYECKOM
OTHOILLIEHHUH), YeM C HEUETHBIM YHUCIIOM?

. Ilouemy sinepHbIe CHIIbI HE YOBIBAIOT C KBAJIPATOM PACCTOSIHUSA OT LIEHTpa sapa’

4. 3anogHUTE TAOJUILY:

Yactuna Macca nokos | DnexTpuueckuii 3apsy | Bpems xxuszau

(98]

KBapk

IIpoTon

OneKTpoH

IIuon

Hevitpuno

Cemb Kpacok u 08eHaoyams 38yK08
Teopsim bOeccmepmubie UCKyccmad.
U mpu decamka 3nakos — 6yke
Obvemniom 3HAHUA U YYBCMEA. ..

A ckonvKko Haoo Kupnuuetl

Jlnsa comeopenus eeweu?

anenutickuti xyoooichux /. @ununn, 1887 e.
Bo Bcenennoii 6onvue ne ocmanoce maiin!

Mapcenen bepmno, 1885 e.
1{ KBAPKOBASI MOJ/IEJIb AJIPOHOB

ITouemy NpoOTOH He pa3jieTaeTcsi HA KyCOYKH?
HEJIb YPOKA: Pa3Buth npecTaBieHHs y4aluxcs 00 3JIeMEHTapHBIX YaCTHUIIAX.

TUIT YPOKA: koMOMHUPOBaHHBIH.
OBOPYIOBAHMUE: nnano3uTuBbl « IEKTPOH HEUCUEPTAEM).

T1JI AH YPOK A: S/ieMeHTapHbIe YacTULibI
Matepnr Boson Xurrca MepeHocunKkn BaanmoaeicTanit
1. BcerynurenbHas 4acTh
Keapku JlenTousl ®oTOHE  Wa- 1 Zo-6030Hw [MioOHB  TpasnTomsl (7)
2. Ompoc e
3 .HeKI_[I/ISI (e | : InexTpomarieTusm  Cnaboe CunsHoe  TpasnTauns
KeanTosan KeanTosan KeanTosan
4. SaHaHI’Ie Ha 10M Mo bapmou aneT] ramaiiy
II. Onpoc dyHnaMmeHnTanbHbiit: 1. DnemeHTapHbIe s B
AToMEI Teopnr Bennkoro ofweanHenns (7)
yacTulbl. 2. CBOMCTBA 3JIEMEHTAPHBIX YACTHII. i S —
CocTaBHble YacTuLibl B3aMMOﬂeﬁCTBMﬂ n Teopun

3aoayu:

l. Onpenenutes 4acToTy JBYX OJMHAKOBBIX 7Y-KBAHTOB, POJMBIIMXCS IpH
QHHUTWIISAIIAM MPOTOHA U aHTHIIPOTOHA (MAacChl YaCTHUIl OJMHAKOBHI), IpeHeOperas
KUHETUYECKOUN SHEPTUEN YaCTUIL O COYNAPECHUS.
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. [lokonBmascss HEWUTpajdbHAs YACTULA pPACNAIACh HA MNPOTOH C KUHETUYECKOU

sHepruet 5,3 MbsB wm w - me3oH. Haiitm maccy 3toit wactumbl. Kak ona
HAa3bIBACTCA?
3. Ilpu pacmane HeUTpanbHOW YacTUIBI O0Opa3oBaIUCh ABa (HOTOHA, ABUKYIIUXCS
nox yrinamu 30° m 60° K mepBOHAYaJIbHOMY HANPAaBJICHUIO JABMIKECHHSI YACTHUIIBI.
KakoBa ee ckopocTh?
4. Tlouemy peaxiust vin—o>pt+e V+p—on+e’) UJIET, a peaxius
V+n—>p+e (V+p—>n+e’)ue uger?
Bonpocui:
. B dem oTinuuyue 4acTUIBI M €€ aHTUYACTHUIbI (DJIEKTPUYECKUM, OapUOHHBIN U
JICTITOHHBIN 3apsia)?

2. llouemy mnpW aHHUTWIALMK CBOOOJHOTO DSJEKTPOHA M TMO3UTPOHA BCEraa
BO3HHUKAIOT JBa ()OTOHA, & HE OJIUH?

3. CTaOuiabHOCTh 3JEKTPOHA — CJEACTBUE 3aKOHA COXPAHEHMS AJIEKTPUUYECKOTO
3apsiga. Tak iqum 310?

4. Uem OTIMYAIOTCA HEUTPUHO W AHTUHEUTPUHO, €CIIM y HUX BCE OJIMHAKOBO
(mpouecc poxaeHus)?
5. IlpaBuiIbHO JIM 3aIMCaHBI pEAKIMU: 7" —> u' +v,, 7 u" —>e +v, +v 7.
6. Kak uzmenuics Obl Halll MUp, €CIU OBl SJIEKTPOH ObLT HECTAOMIHLHOM YacTUIeh?
7. YTO mMpOU30MAET, ECIU SIEKTPOHHOE AaHTUHEUTPUHO NONAET B IPOTOH?
8. UeM oTanyaeTcss HEUTPUHO OT JIEKTPOHA?
9. IloueMy BakyyM HE€ OKa3bIBA€T COMPOTHUBIICHUS IBUKECHUIO TeN (OTpHUIATEIbHOE
JaBpieHue)?

10. IlpuBeguTe npuUMEphl MPEBpAIICHUS JHEPrUM B BEIIECTBO M BELIECTBA B
SHEPIHUIO.

11. [Touemy »Heprusi rpaBUTOHA (KBaHTa TPABUTAIMOHHOTO TOJIS) JOJKHA OBIThH
OYEHb MAJIOH U 110 ATOW MPUUYHHE €r0 HEBO3MOKHO OOHAPYKUTh?

12. [loueMy mnpu aHHUTUISILUUM CBOOOJHOTO »SJEKTPOHA M TMO3UTPOHA BCEraa
BO3HHUKAIOT JBa (POTOHA, a HE OJIUH?

13. Eciu B BakyyMe OJIM3KO APYT OT JApyra pa3MecTUTh JBE TOHUYAUIIUX OOKIIaJIKU

KOHJIEHCATOpa, TO Jaxe Oe3 3apsaa OHW OyAyT MPUTATUBATBCS APYT K APYTY
(@ dext Kazumupa). [Touemy?

Ecnu nBa kopaliist Mpu CHIILHOM BOJIHEHHH Ha MOpe COMIKAIOTCs 60pTaMu, TO MEXy HUMU TOXE
BO3HHKAeET npursikenue. [louemy?

II1. ApOHBI - CHIILHO B3aHMOIECTBYIOMIME YACTHIBI (OT IPeveckoro xaapoc" -

MAaCCHBHBIHN, CUITBHBIN ).

JonoanurenbHass uH@opmamus. CocraB spa aToMa - INPOTOHBI U HEUTPOHBI (HYKJIOHBI).
30HIUpPOBAaHUE HYKIOHOB ITyYKOM OJJIEKTPOHOB 1969 r. (yem Oousbllie MMIYJIBC HAJETAIOMICH
YacTHUIIbl, TEM MEHBIIE JUIMHA BOJIHBI, TeM OOJbllIe AeTaneld yaacTcs pazauuuTh). [Ipu HH3KHX
SHEPIUsAX EKTPOHOB OHU B3aUMOJEHCTBYIOT C SJIpaMH YIPYIO, U UCCIEN0BATENIN «BUAST» SAPO,
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COCTOSAIIIMM M3 OTACIHbHBIX HYKJIOHOB. [IpH OOJBIIMX 3HEPTUAX 3NEKTPOHBI YK€ NPOHUKAIOT
BOBHYTpPb HYKJIOHOB M CTAaHOBSITCSI «BHJIHBD» KBapKu. Takoil mporecc Mosyyus Ha3BaHUE IITyOOKO-
Heynpyroro paccessHus. «Heynpyrocts» o3HauyaeT, 4TO I11€JIb IOIVIONIAET HEKOTOPOE KOJIMYECTBO
sHepruu. [Ipu qoctaTouHO OONBIION SHEPTHH LENb PA3PYLIUTCS, 1 BOSHUKHYT HOBBIE YaCTHUIIBI.
Jlpyrue pgokazaTtenscTBa: a) Y MPOTOHA €CTh BO30YXKICHHBIC
COCTOSIHMS, KaK ¥ Y MOJIEKYJIbI, aTOMa, siipa (PE30HAHCHI).

6) Ilpm B3auMOJEHCTBUM TNPOTOHA C HAJETAIOUIMM MPOTOHOM
pPOKIAIOTCS ~ ME30HBI,  KOTOpBIE  JIOJDKHBI  PACIpOCTPaHITHCS
MIPEUMYLIECTBEHHO BJOJb HAINPaBJICHUs JBUKEHMS NIPOTOHA, €CIM OH
HE HMEET BHYTPEHHEH CTPYKTYphl (3aKOH COXpPAaHEHUS HMITYJIbCa),
OJTHAKO B TIONEPEYHOM HANpPABICHUU POXKAAETCS MHOTO OoJblie
ME30HOB (TIPOTOH COCTOUT M3 IBUKYIIMXCS YACTHULL).

OTH OMBITHI TOKA3aJM, YTO HYKJIOHBI COCTOSIT M3 TPEX TOUYEYHBIX OOBEKTOB. B KakoM-TO cmbIcie
5T0 ObLT OBIT Pe3epdopa, HO yke Ha CeIyIOIEM YPOBHE.

4 suBaps 1964 r. amepukanckuii pusuk Mroppeii ['emn-Man otnipasun B sxypHain "Physics Letters"
CTaThl0 1MOJA Ha3BaHuWeM '"CxemaTHueckass MOJelb OapuOHOB W ME30HOB", B KOTOpOil Oblia
NpeJUI0KeHa MOJIENb COCTABHBIX OOBEKTOB, COCTOSIIIUX U3 HOBBIX 3JIEMEHTAPHBIX YaCTHII, KBAPKOB,
UMEIOIINX JPOOHBIN ANIeKTpUUYECKHi 3apsia (cTaThs Oblia onyOnukoBaHa 1 ¢eBpains).

HoBblii ypoBeHb 3jieMeHTapHOCTH — KBapku (c 1967 romga umeeM KBapKOBYIO

1
MOI[CJ'IB). KBapK - JacTungma Co CiilMHOM Eh H IlpOﬁHl)IM INICKTPHYECCKHUM 3apsA/I0M,

SIBJISIIOIIASICA COCTABHBIM 3JIEMEHTOM aIPOHOB (KBapK — MO-HEMeUKH "TBopor").
Ta0auua KkBapKoB:

Apomar | Ha3Banue Cnun | 3apsn | Macca B MaB | CtpanHocts | OdapoBaHue
u Bepxuuit w2 2/3e [2,01£0,14 0 0
d Hwxuuit - -1/3e |4,79£0,16 0 0
s Crpansblii | - -1/3e | 150 -1 0
C OuapoBaHH | - 2/3e | 1300 0 1
13171
b Kpacusbrii | - -1/3 e | 5000 0 0
t UctunHblil | - 2/3e |20000 0 0

Me30HBbI COCTOSIT M3 Mapbl KBapK - aHTHMKBapK (crnuH 1enbiid). [Ipumeps-
JIEMOHCTpPAllUK Ha MAaTHUTHOM fnocke: m' = ud ,w =d 77, K'=u5,K'=d5 ,K =s#
(Bcero IeBSITh ME30HOB CO CHMHOM paBHBIM HyII0). [louemy? A cymiecTByrOT ju
ME30HbI CO CIIUHOM 7 ? I[a! Hacrosimum TprympoM KBapKOBOM MOJAETH SBUJIOCH OTKPBITHE
0YapOBaHHbIX YACTHII, CoAepKammx c-kBapku. [Ipumep: 1" = ¢ d (1869 M»aB).

BapuoHbl cocToSIT M3 TpexX KBAapKOB (IeMOHCTpallMM Ha MarHUTHOMH
nocke). Crnun OapuonoB mnonyuensid. [Ipumepst: p = uud, n = ddu. [lpu
pacmage HeWTpoHa oauH d -KBapk mIpeBpamiaeTcsa B u-kBapk: d — u + ¢ + v
(d—>W +u; W —>e +v,). CyllecTBYeT U 3JIEKTPUUYECKOE g :

1oJjie BHyTpHU HelTpoHa? bapuoHbl, cocTosinue He TOJbKO U3 U

ud KBAapKOB, HA3BIBAKOTCHA F'HIICPOHAMM. HpI/IMepI)II A’ = uds.

B mnonumanum ceromHsAmiHeW (UMK BCA BHAWMAas MaTepuss oOpa3oBaHa HE YETHIPbMs
JJIEMEHTaMU, MPEICKa3aHHBIMU €I1€ I'PEKaMH, a TPEMs DJIEMEHTApHbIMU YaCTULIAMU: «BEPXHUM)»
KBapKOM, «HWKHUM» KBapKOM U 3JIEKTPOHOM!
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JonosnuTenbHass mHpopmauus. KBapku, kak U JIENTOHBI - (yHIaMeHTalIbHbIe (hepMUOHBI. Bee
JJIEMEHTApHBIE YACTUIIBI JETSATCS Ha «KUPIMUYUKKA MaTepun» — (HEPMHOHBI M TIEPEHOCUUKH
B3aUMOJICHCTBHS — 0O030HBI. DTH KJIACCHl YACTUI[ CHJIBHO OTIMYAIOTCS APYT OT Apyra, OAHUM U3
CaMbIX SPKUX OTJIIMYMH SIBJISIETCSI OTCYTCTBUE NpuHIMIA 3anperta [laymu y 6030H0B. I'py6o roBops,
B OJIHOM TOYKE MPOCTPAHCTBA MOXKET OBITh HE Oojee OMHOrO (EepPMHOHA, HO CKOJIBKO YTOJHO
0030HOB. DJIeMEHTapHBIX (HEPMHUOHOB ropa3ao OoJbIe, YeM dJIeMEHTapHbIX 0030HOB. VX fensar Ha
7Ba Kiacca: JeNTOHbl M KBapkH. OHM OTIMYAIOTCS TEM, YTO KBApKU YYAaCTBYIOT B CHJIBHOM
B3aUMOJICHCTBHH, a JICTITOHBI — HET.

[Touemy cymiectByer Q™ (sss)? Pasmep oaHOro KBapka MPUMEPHO B ThICAYY pa3
MeHbIIIe pa3Mepa mpotoHa. [[BeT kBapka - 3TO ero MBETOBOM 3apsia, HO y KBapKOB

UX TPU U OTU 3apsiibl MOJYUYUIIUM HA3BAHUS KPACHBIM, CUHUU U |xciic o ok
3enéubii. Bece Tpu 3apsma BMecTe naroT "OECHBETHBIM" KBapK. |ciic cc K

KBapk © aHTUKBApKH YACPKHUBAIOTCA BHYTPU aIPOHOB |KH  KC KK

IJIIOOHHBIM M0JIeM (KBAHTHI MOJIsSl — TJt0OHb1). Teopusi B3auMoaeicTBUSA TJIIOOHOB
¢ KBapKaMHM Ha3bIBAaeTCAd KBAaHTOBOW XxpoMoaumHamMukou. CymectByer &
Pa3HOBUIHOCTEN TIIOOHOB (6 SIBHO OKPAIEHHBIX U 2 CKPBITO OKpPAIICHHBIX).
Henyckass u  morJiomasi  IJIKOOHbI, KBAapKM  OCYILIECTBJISAAT  CHJIbHOE
B3auMojAeicTBue Mexay co0oil. Hanpumep, KpacHbI KBapK, UCITYCKas xJjc TIIOOH,
B CHJIy COXPAHEHHMS LBETA CTAHOBUTCS KENTHIM, a, UCIYCKasl k¢ - MEPEXOOUT B
cuHui 1BeT. KBapku, U TIIIOOHBI MOTPYKEHBI B «Cym». «Cynom» (U3UKH HA3bIBAIOT

BaKyyM, B KOTOPOM IIOCTOSSHHO BO3HHKAalT M TYyT XK€ KpacHBIiA KBapK
AaHHUTUIIMPYIOT HNapbl KBApK-aHTUKBApPK. N i
- rMOOH ~
JononHuTeabHbI MaTepuan: [louemy Henb3si HaOmOAaTh KBApKU B \chi\g\(\ \
CBOOOIHOM COCTOSIHUM ? CaMbIM YIAUBUTEIBHBIM CBOICTBOM / B, ol
B3aMMOJICVCTBUSI MEKYy KBAapKaMHM OKa3ajloCh TO, YTO, KOrJa OHH
/Kpacubuh KBapK

npuOIMKaIUCh JIpYyr K Jpyry, CWia MPUTSHKCHUS MEXIYy HUMH

yMEHbIIaJach, a KOIrjJa YJAUINCh -  yBEJIWYHMBajlach. JTa :
() 1

0COOEHHOCTh HMX TMOBEJICHHS Ha3bIBaeTCd KOH(PAHHMEHTOM, YTO C @—p !
aHTJIMIICKOTO JOCJIOBHO NEPEBOJAUTCS Kak «3arodueHuey». llouemy i
1

1

KOH(paWHMEHT CHJIBHOTO B3aWMOJCUCTBUS BOOOIIE MPOUCXOMIHUT -

OJIHA M3 3HAMEHUTHIX 33/1au ThicsueneTus. HecMoTpst Ha TO, 4TO

KBapKd OYEHb MAJICHbKHE, MEXJy HUMHU JCHCTBYET KOJIOCCajbHas cuja B
150000 H. ®usuku oOHApPYKWJIM, YTO BHYTPH Ka)XJOTO IMPOTOHA B aToOMe
JaBJICHUE MIPUMEPHO B JECATH pa3 OOJbIle, YeM B CAMOM CepJille HEUTPOHHOH
3Be3apl! CWiibl B3aUMOJICHCTBUSL MEXIy KBapKamMHu BeOyT ceOsl, KaK KYyCOK
PE3UHBI, KOTOPBIN COMPOTUBIISAETCS PACTSHKCHHIO TEM CHIIbHEE, YeM OOJIbIIE €ro ,
PaCTITHUBAIOT, IPU STOM SHEPTHUs CBSI3U KBAPKOB OKA3bIBACTCS OOJBIIE YHEPTUHU, HEOOXOAMMOMN IS
POXKJIEHHsI Mapbl KBapK - aHTHUKBApK. BhIrogHee poauTh ME30H, YEM OTOpPBAaTh KBapK YyXkKe Ha
paccrosHuu paauyca nporona (1071° ¢cm)! O0bsicHeHHe NIPHPOABI CHILHOIO B3aUMOAEHCTBHSA HA
OCHOBE KBAaHTOBOWl XPOMOJAMHAMMKHU. VIMEHHO CWJIBHOE B3aUMOJIECHCTBUE MEXIAY KBapKaMu
SIBJISIETCS. UCTOYHUKOM SIZIEPHOTO B3aUMOJACHCTBUS MEXAYy HykKIoHamH. [IpoToH — 3TO HE mpocTo
TPU KBapKa C TIOOHAMHU. JTO IEJIOE MOpPE IUIOTHBIX YACTHUI[ U aHTUYacTHIl. YeMm moapoOHee MBI
U3y4aeM IMPOTOH, 4eM OOoNbllle PHEPrHH TPaTHM Ha HEYNpyrue CTOJIKHOBEHHS, TeM OOJbIIe
BHYTpPEHHEH CTPYKTYphl Mbl B HEM HaxoauM. CerofgHsi Mbl 3HAE€M, YTO BEIECTBO HE MOJIYUHTCS
OECKOHEYHO JenuTh. Ecmu MBI mOmbITaeMcsl BBIPBAaTh KBapK W3 MPOTOHA, TO B CBOOOJHOM BHIIE
KBapK MbI HE MOy4YrM. MBI TIOTyYUM eIlle HECKOJIBKO KBapKOB, KOTOPhIE O0OBEAUHATCS B KAKYIO-TO
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yactully. ['py0o roBops, koraa mMel Oynem pe3aTh OyxaHKy Xxje0a Ha JIB€ YacTH, Mbl ITOJIy4YUM JIBE

1enbIX Oyxanku xjieba. AApoHHbIe cTpyu: ¥ +p — p + ni’.

KBapku — mOpOXJEHHE YEIOBEUYECKOr0 yMa, HEoO0XOAMMOE Ui TOCTPOCHHS CTPOMHOM,
HEMPOTHUBOPEUMBON KapTuHbl Mupa! [lpupona coTBopmia IyMaromero 4eioBeKa, CHOCOOHOTO
IIOCTUYB yCTpoicTBO Beenennoit! OcTaérest OTKPBITHIM BOIIPOC, U3 YETO COCTOAT CaMU KBapKu?

NCcTHHHO 3j1eMeHTAPHBbIE YACTHUILI - JIENTOHbI W
kBapku. M3 HHUX T@OCTPOEHO BCe BeIIECTBO.
B3aumonaeiictBHeM I3THX 4YacTHL O0YCJIOBJICHO
MHorooopasue mupa. Iloxkosenuss yactun. Bcero
YacTHIl: JIeNTOHBI - 12, kKBapku - 12, rJI100HbI - §,
¢oron - 1, BekTOpHBIE 0030HBI — 3, 0030H XuUrrca —
1, rpaBuTOH (110Ka runoteTnyeckuii) — 1, Bcero = 38.

Keapku

2,3MaBic? (1,275 [aB/c? |(=173.07 F'aB/c?)(0 126 I'aB/c?
23 23 0 0
2 3 12 3 12 \9 (') | o (H
Bepxmnii |(Owaposamiif|  Menmmmmii Fawon ) Boson Xurrca
“4.8 MaBc? 95 MaB “4.18 B (0
13 13 13 0
2@ (2@ (2 [ D
ik Crpammwiii || 1 peaecrnmii Doron
. y
0,511 MaB/c? )(105.7 MaB/c? |(1.777 TaB/c? )(91.2 TaB/c?
1 1 1 0
2@ (2@ [»@ [ I
Daexrpon Mioon Tay \_ Z6oson
<2,2 0B/ <017 MaB/c? \(<15,5 MaB/? ) (80.4 ToB/c? )
) 0 0 +1
: @ (@ [ @D [ W
Daexrponnoe||  Miconnoe T: ST

HeifTpino

neiirpuno

HeiiTPHHO

HuxkTo He 3HaeT, mouyeMy 3TOT CHUCOK UMEHHO TaKOW M MOoYeMy 3JIeMEHTapHbIE YaCTHUIIBI 00IaJat0T
TakKUMU  CBOWCTBaMU. Bce dacTumbl, ¢  KOTOPBIMH MBI
BBICOKOHEPreTUYECKHE, HECTAaOMUJIbHBIE aHAJIOTH (BTOPOE M TpeThe MOKoJeHue yactui)! 3adem

NPUPOJIEC MOHATOOMIUCH TPH MOKOJICHUS YaCTHUIL?

B3aUMOJICUCTBYEM,

HUMCIOT

JonosHuTebHas HHpopManus: flnepHoe BEIIECTBO IUIABUTCS IIPU IIPEBBIIICHUN KPUTUYECKOU
TeMIepaTypbl U TpeBpaimaercs B kBapk-riooHHyto ruiasmy (KIII). IIpu mocrarouHo Gosbinom
JABJIICHUU U TEMIIEPATYPE aAPOHBI «PACTBOPSIIOTCS» APYT B APYre, a BXOIALIUE B UX COCTaB KBapKH
CBOOOJHO TYJISIIOT TO BceMy o0O0beMy BellecTBa. lemmeparypa Takoro ¢a3oBOro Inepexosa
3HAYMUTENIBHO MPEBHIIIAET TEMIIEPATYPY MEPEX0a B COCTOSIHUE OOBIYHOM MIa3Mbl M IOCTUTAET JIBYX
TPUJUIMOHOB TpaaycoB ((a3oBblii mepexon MexIy KBapK-TIIIOOHHOW IUIa3MOM W aJpOHHOM
Marepuei npoucxoauT npu temmneparype 156 MsB). Ota temnepartypa B 120 000 pa3 Bbiiie, yeM B
Henpax Connua. [lnmaBsSTcst HE TONBKO MPOTOHBI M HEUTPOHBI, HO W JIOOBIE Jpyrue aapOHBI,
IIpUYeM, 4€M YacTHIla KOMIIAKTHEE, TEM BBIIIE €€ TeMIeparypa IaBieHusd. [IposBieHue 3Toro
spdexTa UIST WUICHIOH-ME30HOB OBUIO 3apeructpupoBaHo aerekropom CMS. Dto sBieHHE
Ha3bIBACTCS IEKOH(PANHMEHTOM, TO €CTh IPOIECCOM OCBOOOXKIECHUS KBApKOB U3
anpoHoB. KBapk-TrooHHas Ti1a3Ma MpEeACTaBisieT COOON UACaNbHYIO JKUIKOCTH,

KOTOpasa mo4YTu HC UMECT BA3ZKOCTHU HUJIM COMPOTUBJICHUSA TCUCHUIO.

JononnurenbHas uHpopmanmsa: BAK (boxpmoil agpoHHBIN Kowtanaep)
II03BOJISIET BHOBb BBI3BATh K JKU3HM YACTHUIbI, KOTOPbIX BO BceneHHON HeT
nociaegHue 13,7 MuniauapaoB J€T, HO KOTOpPbIE MOIUVIM CHITPaTh POJb B TOT

KpaTKI/IfI MUI', IIOKa HaJIU4YCCTBOBAJIH. 910 OKa3aJlucChp,

TaK Ha3bIBACMBbIC X-‘IaCTI/II_ILI,

IpeACTaBgomue co00M 3JIEeKTpUUEeCKH HeHWTpanbHble 4-kKBapKoBble Mousiekynsl. B I[EPHe
12.11.2020 BmepBble HaOMOJAM TAKYK YacTHIly. Mojaenb KBAapKOB TaKXkKe JIOMYyCKaeT

CYHICCTBOBAHUC 3K30THYCCKUX aAJJPOHOB, COCTOAINHUX U3

4yeTblpeX (TeTpakBapKu), TISTH

(meHTakBapku) U Ooliee KBApKOB. YUCHBIE BIIEPBBIC SKCICPUMEHTAIHLHO OOHAPYXHIU aIpOH,

COCTOSAILUN U3 YETBIPEX OYaPOBAHHBIX KBAPKOB.

JlonosnuTenbHas nHopmanus. Vccnenosarenu, padotarone Ha BAK, npeacraBuim naHHbie o
HAOJIOCHUU KBAapKOBOM CTPYKTYpHl HYKJIOHOB C TIOMOILIBIO BUPTYalbHBIX T'aMMa-KBaHTOB

BBICOKOM HHEPryH, BO3HHUKAIOIIUX MPHU CTOJKHOBEHHH sIEp
CBUHLIA B  jerekrope. MmmocTpauuss  J1€MOHCTPUPYET
Ka4eCTBEHHBIC "KapTUHKH", MOKAa3bIBAIOINE BaJICHTHEIE
KBapKd M KBAPK-TJIIIOOHHYIO IUJIa3My BHYTPU HYKJIOHOB MpHU
Pa3IMYHBIX 3HAUCHUSIX SHEPTUH BUPTYaJIbHBIX FaMMa-KBaHTOB.
JomosnutenbHass  uHpopmamusa. Heitpuno — 9310
CBEpXJIETKHE YacTULlbl (MX Macca Ha 10 mopsi kOB MEHbIIIE, YEM
y  TpoTOHA), oOpasyiompecss B Mpolecce  SIIePHBIX

132

peaKuuii.
HeﬁTpHHO noApa3aAC/IAOTCA HA TPU IMMOKOJICHHA: 3JICKTPOHHBIC, MIOOHHBIC U

Jlerrrorssie sapaet Le . Ly , Ly

Dnextpon Le =1

Ve

DneKTpoHHOS
HeffTpiHo

Vu

Miroounoe
HeHTpHHO

Vi

-1 Taonnoe

HeHTpHHO



Tay-HeUTpUHO. KpoMe 3Toro, ecTh euie aHTUHEUTPUHO — 3TO aHTUYACTHULIBI TPEX PA3HBIX THUIIOB,
COOTBETCTBYIOIIUX «OOBIYHbIM». HEWTpUHO pa3HBIX TOKOJIEHHUH MOTYT CaMONpPOHM3BOJIBHO
IIpeBpalaThCs APYT B Apyra. YUeHble Ha3bIBAIOT ATO HEUTPUHHBIMU OCIMILIAUAMU. CTaHgapTHOE
pasMmeleHre HeUTPUHHOW oOcepBaTOpuu — B MIAXTE WIHM, B HEKOTOPBIX CIyyasX, MOJ BOJOM,
4TOOBI BBILIENEKAIIast TONIa OJOKHPOBaIa HEHYKHOE U3TydeHHEe. XOopolIee MECTO I IETEKTOpa
— IIaxTa B TOJILIE YUCTOrO M3BECTHsAKA. l3ydeHme wucnyckaeMbix 3emiedl HEUTPUHO MOKET
MIOMOYb HaM XOTS OBl MMOHATH, CKOJIKO B 36MHOM BEILECTBE PAJHOAKTUBHBIX 2JIEMEHTOB U TJI€ OHU
B OCHOBHOM HaxozsTcs. [1o gactu nocienHero cymecTByoT pa3Hble BEpCUM, HAYUHASL OT TOrO, YTO
ypaH ¢ TOpueM — aTpuOyT HIKHEH 4acTH 3eMHON KOpbI, U KOHYasi TEM, YTO UCTOUHUKHU pPaTuaiuu
B Xole (popMUpOBaHMS IUIAHETHl «YTOHYJIW» K €€ IIEHTPY, U TaM CYIIECTBYET HEUTO BpOJE
SIEPHOTO peaKkTopa, Ipu4eM NEPUOIUYECKH AcicTByroniero. Hakonusmmuecs npoayKTsl pacnaja,
KOrJa HUX CTaHOBHUTCS JOCTATOYHO MHOIO, OCTaHAaBIMBAIOT LENHYyH peakuuto. [lotom B
packaieHHOH cpejie OHU MOTUXOHBKY MU YHIUPYIOT HaBepX (OHU Jierye), 0CBOOOXK1asi MECTO IS
HOBBIX IOPLUHI IEIALIET0Cs MaTepUalla, Iocje 4ero mpolecce 3amyckaercs cHoBa. Eciu 3To Tak, To
1o j00Hast UKJIMYHOCTh MOTJ1a OBl TIOMOYb B OOBSCHEHHH ITEPEMEH MarHUTHOM MOJISIPHOCTH 3eMIIn
U, HaJI0 lyMaTh, BO MHOI'OM JPyTOM.

st co3panusi 1 Mr mo3WTPOHOB HEO0XOAMMO NMOTPATHUTH OKOJO $25 MmIMOHOB! OlLeHKH
yueHbIx u3 LIEPH roBopsT o ToM, 4To /Ui co3iaHus BCero 1 rpaMMa aHTMBEILECTBA, BCSI MUPOBas
SHEpreTUKa J0JDKHA ObuTa OBl paboTaTh Ha 3TO O6€3 mepepsiBa LEbIi TOI.

Bonpocui:

1. CymecTByIOT JH cIOCOOBI OTIMYUTH MUP OT aHTUMUpaA?

2. YTo BBl HOHUMAETE MOJ AIEMEHTAPHON YaCTUIIEH?

3. IloueMy TmNpOTOHBI U HEUTPOHBI HE SBISAIOTCSA B HCTUHHOM CMBICIE
AJIEMEHTAPHBIMU YaCTULIAMU ?

Yto BBI TETIEph 3HAETE 00 DJIEMEHTAPHBIX YacTUIlaX?

[Touemy npoToHOB BO BcenenHoi mouTu B 7 pa3 6oJibliie, 4eM HEUTPOHOB?

Yem oTinuaroTcs 0apuoHbI OT ME30HOB?

UYem onpenenseTcss BpeMsi 1 MECTO pacraja paJuOaKTUBHBIX saep?

© Nk

DONeKTpoOH MU MO3UTPOH MOTYT oOpamarbCcsi BOKPYT HEMOJBHKHOIO OOIIEro
LHEHTpa Macc 10 TeX MOp, MOKAa HE AHHUTWIMPYIOT, UCIYCTHB JABa (OTOHA
OJIMHAKOBOW SHEPruH, IBUTAIOMIMXCS B MPOTUBOIOIOXKHBIX HAIMPABICHUSIX.
[ToyeMy UMEHHO B MPOTUBOIOJI0KHBIX HAMPABICHUSX ?
9. Ilouyemy B OOBIYHBIX yCIIOBUSX HEUTPOH HEYCTOMUUB, a IPOTOH — CTaOUIIEH?
10. ImeroT i ME30HBI LIBETOBOM 3apsia?
11. MoryT 511 KBapku pacnaaarbcs?
12. Ilouemy HelTpoH, He oOnamas 3apsAoM, UMeeT COOCTBEHHBIH MarHUTHBIN
MOMEHT?
13. Hannmure peaknuio pacnaga cBOOOJAHOIO HEUTPOHA U HA30BUTE JIEMEHTapHbBIC
YaCTHUILIBI, HA KOTOPBIE OH PacIaiaeTcs.
14. beiBatoT pabpuKku CTPaHHOCTH, OYapoBaHus, npenectu? Uto 31o 3a Gpadbpuxu?
15. Kakne yacTuubpl HE UMEIOT aHTUYACTHULL?
16. Uemy Teneppb paBeH 3J€MEHTAPHBIN SJIEKTPUUECKUN 3apsia?
17. Kakum o0Opa3oM 3JIEKTPOH MOKET MPEeBpPaTUThCS B HEUTPUHO, a U-KBAapK B d-
KBapK?
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18. SIBnsroTcs nu KBapku (QyHIAMEHTANIbHEIME yacTHiamu (10 10717 m)?

19. Yto Takoe «4yactuia Xurca» U Io4eMy €€ HHOTJa Ha3bIBAIOT «4yactuueun bora»?

20. Ecniu Obl BellecTBO C OTpUIATEIBLHON MacCcoi CyIeCTBOBAJIO, TO 3TO HapyIIAJo
Obl OJIHO WJIM HECKOJbKO YHEPreTUYECKUX YCIOBUH, M OHO MPOSIBISIO Obl
HEKOTOpPBIE CTpaHHbIE cBOMCTBA. Kakue?

IV. §§ 109 -110.

JomosHutenbHass uH@opmanmsa: IIpoumecc B3aMMOYHHUYTOKEHMs BEILIECTBA W aHTHUBEIIECTBA
ceifuyac B MOBCEJIHEBHOW MPAKTHUKE HCIOJIB3YETCS B MEAWIUHE A ToMorpaduu (MO3HUTPOHHO-
SMHCCHUOHHAs Tomorpadusi). B aTom MmeTone McCmonb3yeTcst TO OOCTOSATENBCTBO, YTO HEKOTOpHIE
paZMoOaKTUBHBIE BEIECTBA, HAIpUMeEp, M30TON Hona - Hox-121, ucmyckaroT mo3uTpoHsl. B Tene
YEJIOBEKa OH HAKAIJIMBACTCA B IMUTOBUIHOM »kene3e. Korma Hox wu3iaydaeT IO3UTPOHBI, OTH
YaCTUIIBl CTAJIKUBAIOTCA C OJM3KOPACIIONOKEHHBIMU 3JEKTPOHAMHU U B3aUMHO aHHUTHIUPYIOT,
co3maBasi ramMma-nyuyd. CrenuanbHas KaMepa yJaBiIMBAaeT 3TH JY4YH H CO3/1aeT H300paKeHHE
IIUTOBUIHONW keie3bl. Ha TakoM M300paKeHWHM MOXXHO YBHJIETh YYaCTKH OTOrO Oprasa,
HE HaKaIIMBAIOIIUE HOJI, - OHU BBITVIAIAT HA CKaHe Kak Oelble MATHA.
Ilycmoma ne enonne nycmoma —
B neu paznuunvie ecmv mecma.
Onvea Pooicanckas

JonosHuTenbHass mHpopmanusa: B coBpemeHHON (hr3MKe OCHOBHBIM MaTEpUANbHBIM OOBEKTOM
ABIsieTCs KBaHTOBOe moJjie. Crienuduka KBaHTOBO-TI0JIEBOTO MOHUMAaHHs MaTePHH BBIPAKACTCS U B
TOM, 4TO II0JIE COXPAHSAETCS Ja)Ke TOrAa, KOrJa 4acTHULIbI B HEM OTCYTCTBYIOT. Takoe coCTOsIHHE
MOJIT Ha3bIBAETCS HEBO3OYXKICHHBIM («HYJNEBbIM»). MDU3MYecKHH BaKyyM - HauHU3IIEEe
HHEPreTUYECKOe COCTOSIHUE KBAaHTOBOTO mois. B ¢usuke «Bakyym» o0003HAayaeT CBOEro poja
CIICHy, Ha KOTOpOH pa3BopaunBaeTcsi (hpuzndeckoe ACUCTBUE M MOTCHLUHUAIBHO COAEPKUT BCE, YTO
MOXET IPOU30MTH Ha 3TOM ClieHE. B BakyyMe IOCTOSHHO POXKIAIOTCS U aHHUTWIHPYIOT Iapbl
BUPTYaJIbHBIX YacTUI] W AaHTUYACTUIl (HyneBble Konebanus monei). CoBpeMeHHas (u3MKa
AJIEMEHTApHBIX YaCTHUIl IO3BOJSET CUUTATh IPOCTPAHCTBO KHUISAIIMM KOTJIOM, B KOTOPOM 3TH
YacTULIBI HENPEPHIBHO BO3HUKAIOT U pacnajarorcss. Ousnueckuil BaKkyyM — aKTHBHBIA y4aCTHUK
mporiecca  pacHpocTpaHeHus: yacTul. Ero ocoOeHHOCTh COCTOMT B TOM, UTO TIpU
B3alMOIIPEBPALLEHUM YaCTUL[ HE ACUCTBYET 3aKOH COXPAHEHUS MX 4YMCIA, T. €. YaCTHULbI MOTYT
BO3HUKATh, YHUUTOXKATHCA U NPEBPAILATHCS B CTPOTOM COOTBETCTBHH C ONPEAEIECHHBIMU 3aKOHAMHU
COXpaHEHHs  (PHEpPruM, HMIyJbca,  3apsiia M HEKOTOpPhIX  JPYruX  KBAaHTOBBIX
BenuuuH). [lonsgpuzanust Bakyyma BOJIM3M aTOMHOTO si[jpa MPHUBOAMT K CABHUTY YHEPreTHUECKUX
ypoBHEH dIeKTpoHa B atome Bomopoaa (oTkpeit Y. JIomOGom B 1947 r). BsammopeiictBue
3apsKEHHBIX YaCTHUI] C BAKYYMOM HM3MEHSIET UX MarHUT MOMEHT, BaKyyM "TIprKuMaeT" Tena Ipyr K
apyry (3pdexr Kazumupa). @oTOH npeacTaBisieT coOO0W KBaHT JJIEKTPOMATHUTHOTO IIOJIS.
DneKTpoH - 3TO KBaHT noJis Jupaka. bozon Xurrca - kBaHT nosis Xurrca. J[pyruMu cioBamu, Kak
B JIIOOBU U Opake, OJIMH HE MOXXET CYIIECTBOBaTh 0e3 apyroro. KMpnuuumku Hammx Teopuil - u
YacTullbl, U 1ojs. J[aBHO M3BECTHO, YTO BaKyyM — HeE IIyCTOE MPOCTPAHCTBO, a Topasao Oosee
CIIOXKHAsl IITYKa. BakyyM COIEpKUT TEMHYIO SHEPIHIO, OTBETCTBEHHYIO 32 YCKOPEHHUE PaCUIMpPEHUs
Bcenennorn.

IIpobaema mounozo onucanus 6aKyyma, no MOeMmy MHEHUIO, AGNAemcs OCHOBHOU NpoOaeMoll,

cmosuyell 6 Hacmosujee pems nepeo guzuxamu. B camom dene, eciu vl ne modceme onucameo

8aKYyM, MO KAK MOJACHO pACCHUMbIEAMb HA NPABUNILHOE ONUCAHUE Ye20-Mmo Dojiee Cl0HCHO20?

Lonw [upax
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UeJlbIO NO3HAHUSL ABNSIeMCcsl HaAumu maxkue Qbopﬂ/ly]lbl, makyio npocmeﬁmyio

cucmemy 3aKOHO68, Konmopdas A8JANACb KAK Obl KIHOUOM KO ecemy MHOBOOQDGS’M)‘O

npupoosvl: mo20a Hayka co30aia Obl 01 HAC MUp, HOJHbIL 02POMHO2O

acmemu4ecko20 00CMOUHCMEd.

A. B. Jlynauapcxuii

Mamom ne nocmpoums amom!
T'enepanam 8o 8pems pabomul HA0 AMOMHOU OOMOOIL.
Aros 3envoosuy, (1914—1967), puszux meopemux, uren AH CCCP.

1{ OBOBIIAIOIINI YPOK IO TEME "ATOMHOE
' ' AAPO. DJIEMEHTAPHBIE YACTUIIbBI".
B €¢AHUHCTBCHHOM aTOM€ Ha CaMOM /1eJi€ MOKHO YBUAETH BCIO (l)I/I3I/IKy.
HEJIb YPOKA: CucremarusupoBaTb M O0O0OOLIUTH 3HAHUS ydYalIuxcs 00

aTOMHOM $IJIpe, CTPOCHHUH U CBOMCTBAX BEIIECTBA.

THUIT YPOKA: mOBTOPUTENBHBIN.
OBOPYJIOBAHHE: o6o6maromas Tabnauma "AToMHOE

sapo”.
IIJTAH YPOKA:

W N =

BcerynurenbHas yacTtb
@pOoHTAIBHOE IOBTOPEHUE
CamocTtosTenpHas pabora
4. 3anaHue Ha JOM

I1. 3anmosiHenne o0o0maroNIeii Ta0AuIbI "' ATOMHOE s1Apo'’.

ATOMHOE AJAPO

1 (OOmas XxapakTepUCTHKa
00BbeKTa.

SAapo - cocrosias W3 TMPOTOHOB W HEHUTPOHOB
LIEHTpaJbHasl 4acThb aTOMa, B KOTOPOM COCpPeAOTOUYECH
MOJIOKUTEIBHBIN 3apsi/i aTOMa U IIOYTH BCSI €T0 Macca.

2 |YcnoBus o0Opa3oBaHUS WM

Poxnenne BceneHHOM, BCIBIIIKM CBEPXHOBBIX 3BE3[,

BO3HUKHOBEHUS. SICPHBIEC PEAKLIMH.
3 B cocraB, Kakux 00BEKTOB B cocras aroma.
BXOIUT?
4 M3  kakux  OOBEKTOB W3 npOoTOHOB ¥ HEUTPOHOB.
cocTouT?
5 OcHoBHBIE  (U3NYECKHE He umeer yeTkod TpaHMIBI; UMEET BO30YXICHHBIC
CBOMCTBA. COCTOSIHUSI; CITOCOOHO MCHBITHIBAThH MPEBPAILICHUS MIPH

B3aHMO,Z[eI>'ICTBI/IPI C yaCTHIIaMH.

Dduznueckre BEITUYNHEL

3apsna sApa, MaCCOBOE UMCIIO, SHEPTHUS CBSI3U.

Mopens aapa.

OO0onoueyHast; KarneabHas.

OCHOBHBIE YpaBHEHUS.

Am=Zm,+ Nm, —m,,. E, =Am-c’.

O 0 |I|N

BO3MOHBIE  COCTOSIHUSA
00BEKTA.

OCHOBHOE COCTOSIHME, BO30Y>KICHHOE COCTOSIHUS,
U30TOIBI.

10 [IBneHusi, KOTOpbIE C HUM
MOTYT IPOUCXOJUTb.

PannoakTuBHBIN pacnaz, siAcpHas peakiys.

11 [IpakTuueckue
PUMEHEHUS.

SnepHas  sHepreTMka, TEPMOSIEPHBIM  CHUHTE3,
IIPUMEHEHHUs PAJUOAKTUBHBIX U30TOIIOB.

JononHurenbHass uHpopmanmusa. ATOM — 3TO Menbyalllas €IuHHUIA MaTepuu, BCE emé
COXpaHSIOIIAsl YHUKAJIbHBIE XapaKTePUCTHKH MaKpOCKOIIMYECKOTO MUPA, Takhe, Kak (U3n4YecKue u
XUMUYecKHe cBoiicTBa. W mpu 3TOM 3TO (yHIAMEHTAJbHO KBAaHTOBAs CYLIHOCTb, CO CBOMMH
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YPOBHSIMU JHEPTHH, CBOMCTBAMU U 3aKOHAMM COXpaHEeHHs. bojee TOro, 3ToT HenpHUMedaTeabHbII
aTOM CBSI3aH CO BCEMH YETBIPbMSI H3BECTHBHIMH (yHIAMEHTAIbHBIMU B3aUMOACHUCTBUSMH. B
YENIOBEYECKOM Telle cojepkuTest mopsaka 10?8 aromos. Takke B aromMax €CTh 3JIEKTPHYECKH
3apsbKEeHHbIE 4yacTulbl. IIpoToHaM MpUCYI MOJOKUTEIBHBIA JJIEKTPUYECKUN 3apsill; HEUTPOHBI
HEWUTpaJIbHBI, 3aps] JJICKTPOHOB pPABEH II0 BEJIWYUHE M IPOTUBOIIOJIOKEH II0 3HAKY 3apany
IPOTOHOB. Bce MPOTOHBI ¢ HEWTPOHAMH CBS3aHBI B aTOMHOM sijpe auamerpom Bcero B 1071° M
(pemrometp), a snexTpoHbl Haxoxaarcs B obmake B 100 000 pa3 Gombmiero pasmepa. Kaxnmwiid
JJIEKTPOH HAXOJIUTCA HAa CBOEM YHUKAJIIBHOM JHEPIreTUYECKOM YPOBHE, U MOXKET MEPEXOIUTH C
YPOBHSI Ha YPOBEHb TOJIBKO C JUCKPETHBIM U3MEHEHUEM 3HEPTUU. DTU IIEKTPOHHBIE MEPEXO/bl B
aToMe WM TPYIIe aTOMOB YHUKAJIbHBI: OHM CBOM JUISI KaXJIOTO aToMa WM KOH(MUTYpauuu U3
rpynisl aToMoB. OOHAPYKHUB CIIEKTPAIbHBIC TMHUM aTOMA HIIH MOJIEKYJIbI — HEBaXKHO, TTOTJIOLICHHUS
WM UCIIyCKaHHUs — MOXHO Cpa3y JK€ CKa3aTb, YTO 3TO 3a aTOM WIM MOJeKyjla. BHyTpeHHHE
AJIEKTPOHHBIE TIEPEXOJbl COINIACYIOTCA C YHUKAIBHBIM HAO0OpPOM SHEPreTHYeCKHX YPOBHEH, U
NEPeXOAbl MEKTPOHOB HEIBYCMBICIIEHHO CBHJETEILCTBYIOT O THUIE M KOH(HUIypalu aToMa WId
aTOMOB. ATOMHBIM U MOJIEKYJIIPHBIM KOMOMHALIMSAM HET YUCIa, HO KOHKPETHbIE KOMOMHAIINY ITHX
COCTaBJISIOLINX, MPUCYIIUE ONpPENEIEHHOMY MaTepHally, ONpEAesoT ero coicTBa. KommuuectBo
AJIEKTPOHOB BOKPYT fJpa PaBHO KOJIMYECTBY NMPOTOHOB. Y KaXJOro 3JIEMEHTa €CTh CBOM HabOp
CBOMCTB, Cpedu KOTOPBIX: TBEPAOCTb, LBET, TEMIIEpaTypa IUIABICHUS U KHUIICHWS; ILJIOTHOCTD;
IIPOBOAMMOCTD (HAaCKOJIBKO JIETKO DJJIEKTPOHAM JIBUraThCsl IPH IOSIBICHUM DJIEKTPUYECKOIO
HaNpSOKCHUs1); SHEPTHsl MOHMU3ALUU (CKOJIBKO SHEPruM TpeOyeTcss Ha BBIOMBAHME DJICKTPOHA), a
TaKXe MHOKECTBO ApYyrux. Kaxplii aToM ¢ yHHKaJIbHBIM HAOOpOM NPOTOHOB B siipe (popMupyet
CBSI3U C JPYTMMH aTOMaMH, Oyarofiapsi 4eMy YHUCIIO MOJIEKYJ, MOHOB, COJiell M Oojiee KpyIHBIX
CTPYKTYP MOKET OBITh MMOYTH OECKOHEYHOE KOJTUYECTBO.

OOuIM CBOWCTBOM BCEX aTOMOB SIBIISICTCSI HAJIMYKME Y HUX Macchl. M yem Oosblie MpOTOHOB U
HEHTPOHOB B Aape, TeM Oosblie Macca aroMa. M XOTs 3T0 KBAaHTOBBIE CYIIIHOCTH, a THAMETP OJIHOTO
aToMa He IPEBBIIIACT OJHOI0 aHICTPEMA, JAIBHOCTD IEUCTBUS IPABUTALIMU HUYEM HE OrpaHUYCHA.
JIro60i1 00beKkT, obsaaromuii SHeprueil — BKIIOYass M 3HEPTUI0 MOKOS, MPHUAAIOUIYI0 YacTUIaM
Maccy. Ilo Bcell BceneHHONM aTOMBI M MOJIEKYJIBI IOJYUHSIOTCS OJHHMM M TEM K€ IPABHIAM:
3aKOHaM KJIACCUYECKOW M KBAHTOBOM JJIEKTPOJAMHAMMKH, YIIPABJISIOIIMMU BCEMHU 3apsSKCHHBIMHU
yacTUIlaMU. XOTs JIEKTPHUECKOE B3auMOJICHCTBHE paboTaeT Ha JOBOJILHO OOJNBIINX PACCTOSHUIX
— Ha CaMOM JieJie, KaK ¥ Y TPAaBUTALMM, Y HETO TOXKE HET HUKAKUX OTPAaHUYCHUHN — DIIEKTpUYECKas
HEUTPAJILHOCTh ATOMA B LIEJIOM UIPACT HEBEPOATHO BAXKHYIO POJIb B IOHUMAHUU MTOBEIEHUS BCEH
BceneHHoOl. DNEKTpOMarHUTHOE B3aUMOJCHCTBHE HEBEPOSITHO CHJIBHO — JiBa IIPOTOHA
OTTAJKUBAIOTCI ¢ cwiol, B 10°¢ pa3 mpesbimaronieii ux rpaBuranonHoe mnpursokenue! Ho
MIOCKOJIBKY aTOMBI CaMHU M0 ce0e 3JIEKTPUYECKH HEUTpadbHbl U MaKpOCKONHYECKHE OOBEKTHI
COCTOAT M3 OONIBIIOTO KOJIMYECTBA aTOMOB, MbI 3aMe€daeM B3aMMOJEHCTBHE, €CIM Y OOBeKTa
MMeEEeTCs DJIEKTPUUYECKUN 3aps] WM KOTJa 3aps]l IEpeTeKaeT ¢ MeCTa Ha MecTa, Kak IpH yJape
MonHuH. Omyckasch Ha (eMTOMETpoBbIe MaciTalbl, CHayajla Bbl HA4YHETE 3aMeyaTb BIIHSHHE
CUJIBHOI'O B3aUMOJEHUCTBUSA. BriepBble OHO IIPOSBIIACTCS MEXAY Pa3HBIMU HYKJIOHAMHU — IPOTOHAMH
U HEHTpOHAMU, U3 KOTOPBIX COCTOUT JII000€ SAPO. DIEKTPUUECKOE B3aUMOICHCTBHE MEXIY ABYMS
HYKJIOHaMH JIUOO OTTAJIKMBAET UX (3apsibl IPOTOHOB OJMHAKOBBIE), THOO HE BO3HUKAET (3apsi/ioB Y
HeiiTpoHoB HeT). Ho Ha ManbIX paccTosiHUAX paboTaeT B3aMMOJAEHCTBHE, el Ooiee CUIbHOE, YeM
AJIEKTPOMArHUTHOE: CHJIBHOE B3aMMOJEHCTBHE, paloTaroliee MeXay KBapkaMu dYepe3 OOMEH
IJII0OHaMU. Pa3Hble IPOTOHBI U HEUTPOHBI MOTYT OOMEHHBATHCS MapaMU KBAPKOB-aHTHKBAPKOB —
ME30HaMHU — 3TO CBSI3BIBACT UX B sJpe, M MPU MOAXOIAIICH KOH(PUTypaluu MpeooieBaeT CHITY
NEKTPOMAarHUTHOIO OTTAJKUBaHUSA. B IiyOMHE aToMHOro sjapa CHIBHOE B3aUMOJEHCTBHE
NposIBIISIET ce0si TO-APYroMy: OTJENbHBIE KBAPKU MOCTOSHHO OOMEHMBAIOTCS TirooHamMHu. Kpome
I'PaBUTALMOHHOTIO 3apsija (Macchl) U ANEKTPOMArHUTHOTO 3apsiia, IPUCYIIEr0 MaTEPUH, €CTh elIE U
3apsj, XapakTEPHBIM AJIs KBapKOB M IVIFOOHOB: LIBETHOH. OHM HE NMPOCTO BCErza MPUTITUBAIOTCS,
KaKk TpaBUTaLus, WIM 00JajaloT JBYyMs 3apsgaMH, KOTOpPbIE MOTYT OTTaJKWBAaThCS WU
MIPUTATUBATHCA, KaK IEKTPUYECKUE. Y HHUX €CTh TPU HE3aBHUCHMBIX L[BETAa — KPACHBIN, 3€JIEHBIN U
CHHMH — W TPH aHTULBETa. BCTpedaroTcs OHM TOJBKO B «OECIBETHOI» KOMOHMHALMHU, B KOTOPOU
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KOMOMHUPYIOTCSI BC€ TpHU LBeTa (WM AaHTHUIBETA), MJIM JK€ COYETaloTCs KOMOWHAIMK IBET-

aHnTunBeT. OTAeIbHbIE POTOHBI U HEUTPOHBI HE 00JIAZIAIOT KIIBETOMY, a COJIEPIKAIIMECs BHYTPU HUX

KBapKku — obOsagaror. OOMEH TIIIIOOHAMH MOXKET MPOUCXOAUTh HE TOJBKO BHYTPU IMPOTOHA WU

HEHTpPOHA, HO M MEXJAy NMPOTOHAMU M HEUTpOHAMHM, Ojarogaps yeMy BO3HHKAIOT CBSI3HM BHYTpPHU

aapa. Yaep)KuBaeT MPOTOHBl U HEUTPOHBI B IIETIOCTH OOMEH TJIOOHAMHU — B OCOOCHHOCTH, KOTJa

KBApKU OTAAJSIOTCS, M CHWJIBHOE B3auMoOJeiicTBHE YyBenuuuBaercs. Uem Ooublile SHEPIUU BB

MOJKETe TMepenaTh uYepe3 CTOJKHOBEHME € CyOaTOMHBIMH YacTHIIAMH, TeM OOJbIle KBapKOB,

AHTUKBAPKOB M TJIIOOHOB CMOKeTe yBuAeTh. [loxoxke Ha TO, OyATO OBl BHYTPEHHOCTH IMPOTOHA

3aIlOJTHEHBI [EJIBIM MOPEM YacTHUIl, ¥ YeM CHUJIbHEE €ro OUTh, TeM 0oJsiee JTUMKUMH OHU CTAHOBSITCS.

VYrayOunisisice Ha BENIMYMHY MAKCUMAaJIbHOW JOCTYIHOM HaM SHEpPrud, Mbl BCE paBHO HE BUAUM

OrpaHUYEHUS Ha TUNIOTHOCTh ATUX CYyOATOMHBIX YAaCTHIl BHYTPH ATOMHBIX SIJIED.

Ho He Bcskuil atom crocoOeH BEYHO KUTh B CTaOMIBHON KOH(UTypauuu. MHOTHE aTOMBI
HCHBITHIBAIOT PAJUOAKTUBHBIA pacnaj — paHO WIM MO3JHO MCIYCKAalT HAa OAHY WJIH HECKOJIBKO
YacTull, YTO (PyHAaMEHTAIbHO MEHSET X CBOMCcTBAa. BTOpol mo pacnmpocTpaHéHHOCTH THII — OeTa-
pacnaz, Ipu KOTOPOM aTOM BBIIIIEBBIBAET 3JIEKTPOH M AHTURJIEKTPOHHOE HEWTPUHO, a OJIUH W3
HEHTPOHOB sAapa mpeBpamaercs B nNpoToH. s aToro TpebyeTcs emé ofHa HOBas cuja: ciaboe
sanepHoe B3anMoaencTBre. Cnalblif 3apsa, 0Ka3anoch, Ype3BHIYAWHO CI0KHO U3MEPUTH, IIOCKOIBKY
caboe B3auMOJIeiCTBHE B MIJIJIMOHBI pa3 ciiabee CHIIBHOTO WM 3JIEKTPOMAarHUTHOTO — ITOKa BbI HE
nepeiaére Ha upe3BblYaiiHO Manble MacmrTadbl, THna 0,1% nmamerpa mnporona. CmaGoe
B3aMMOJICHCTBHE MOKHO Ha0JII0OJaTh B MOAXO/AIIEM aTOME, TOTOBOM K OeTa-pacnany. [lomydaercs,
YTO BCE 4YeThIpe (yHIAMEHTAIbHBIX B3aUMOICWCTBUS MOXKHO IPO30HIMPOBATh, MPOCTO H3ydas
atoM. Yem riyOke Mbl 3aryisibIBaéM B CTPOHTEIbHbIC KUPIUYUKM MaTEpUH, TEM JydIle MbI
IIOHUMaeM M mnpupony camon Bceenennoil. Tonpko nompammsas BceneHHyr0 Ha IpeaMeT TOro,
KAaKUM TpaBUjaM TOJUYUHSIOTCS BCE YACTHUIbl U AHTHUYACTHUIBl, U KaK OHU CBA3BIBAIOTCSA JPYI C
JIpyroM, MBI MOXEM pa3o0patbes B e€ ycrpoiictBe. st Toro 4ro0bl cymiecTBoBaia BeeneHHas ¢
OOJBIIMM KOJMYECTBOM THUIIOB aTOMOB, HEOOXOJMMO, YTOOBI Halla PEaJbHOCTh O0Jiagana
orpeieéHHBIM Ha0OpOM CBOMCTB:

e DIJIEKTPOH JOJKEH ObITh MEHEEe MAaCCHUBHBIM, YEM pa3HHIlAa MacC NMPOTOHA M HEHTpOHA, WHAUe
HEHTPOH ObUT ObI A0COTIOTHO CTAOMIICH.

e bonee TOro, 3NIEKTPOH JO0JKEH OBITH HAMHOTO JIeTde MPOTOHA WK HeWTpoHa. Ecnu Obl oH umen
CpPaBHUMYIO Maccy, TO aTOMbl ObUIM Obl HE TOJBKO HAMHOTO MEHbIIE (BMECTE CO BCEMHU
CBSI3aHHBIMHU C HUMH CTPYKTYPaMH, IOCTPOCHHBIMH M3 aTOMOB), HO JICKTPOH MPOBOIMI OBl TaK
MHOT'0 BPEMEHM BHYTPHU aTOMHOTO sjipa. CIIOHTaHHAsl peaklus CIUSHUS NIPOTOHA C AJIEKTPOHOM
c oOpa3oBaHMeM HEHTpoHa Obla Obl OBICTPON W BEPOSATHOM, a COCEIHUE aTOMBI CIIOHTAHHO
CJIMBAJIMCH OBl IPYT C IPYTOM JIaXKe B YCIOBUAX KOMHATHOH TeMIepaTyphl.

e U, HaKoHell, ypOBHU SHEPTHHU, JOCTUTAeMbIe B 3BE3/1aX, JOJDKHBI OBITh JOCTATOUYHBIMU ISl TOTO,
YTOOBI aTOMHBIE SIJIpa BHYTPU HUX MOABEPIIUCH SJIEPHOMY CHHTE3Y, HO HE MOXKET OBITh TakK, 4TO
Bcé Oonee TsHKENBIE aTOMHBIE sApa Bcerga Oojiee CTaOMIIbHBI, MHA4Ye MbI TOJXYYHMIH OBl
Bcenennyto, 3a0IHEHHYIO CBEPXTSKENBIMU U CBEPXKPYITHBIMU ATOMHBIMU SIAPAMHU.

III. Camocrositensrast paboTa MO 3a4ETHBIM ITAIKaM.

IV. Konucmexr.

1. He npsuercs 1u aHTUBEIIECTBO BeeneHHOM B UepHbIX AbpIpax?

2.p+tp=D+e"+v.+0,42 Ma3B. Kak takoe MoxeT ObITH?

3. OnummuTe BBHIMBIIUICHHYIO CUTYallMio B (OpME pacckasa, CoJepKaHHWe KOTOPOro BO MHOTHX
cllydasix HaxOAWJIOCh Obl B MPOTHUBOPEUMH C COBPEMEHHBIMHU NPEACTABICHUSMU 00 aTOMHOM
SJIpe U AIEMEHTAPHBIX YaCTHUIAX.

4. laxxe mpu caMbIX OOJIBIIMX SHEPTHSX (KOTOPHIM COOTBETCTBYIOT CaMble Majble JUIMHBI BOJIH)
JIEKTPOH, (OTOH M KBapK OCTAIOTCS, HACKOJIBKO MBI MOXXEM YTBEpKJIaTh, TOUYCUHBIMH
00BbEKTaMU. DTO O3HAYAET, YTO MBI HE MOKEM OOHApPY)XKUTh HUKAKOH BHYTPEHHEH CTPYKTYpHI
WIM COCTABJISIIOIIMX 4YacTed 3JIEKTPOHOB M KBAPKOB, PAaBHO KAaK HE MOJKEM MU OIPEAEIUTh HX
pa3mepbl. OHM TaK ¥ OCTAIOTCS AJIs1 HAC OECKOHEYHO MaJIbIMU TOYKaMH. Tak i 310?
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5. And  [aTUpPOBKM OCTAaHKOB B IIOCIEAHEE BpPEMs 4YacTO HCIOJIB3YETCS  ONTHYECKOE
JaTHpoBaHUe. DTOT TOJAXOA OCHOBaH  HA HAONIONEHUM  JIIOMHHECHEHIIMM  MHHEPAJIOB,
HAKOMMBIIMX OHHEPTUI0 B JePEeKTax CBOEH KPHUCTAIMYECKOW pemeTkd. Takue aedeKTs
MEJUIEHHO BO3HUKAIOT B 3aXOPOHEHHBIX MOPOJAX MOJ AEHCTBUEM HMOHM3UPYIOLIETO H3IyYEHUs
PaAMOAKTUBHBIX 3JEMEHTOB, KOTOPBIE B CIENOBBIX KOJIMYECTBAX BCTPEYAOTCS IOBCEMECTHO.
[Ipu o0OnyuyeHHMH KPHUCTAIJIOB CBETOM OINPEAEICHHBIX JUIMH BOJH Je(eKThl HAYHMHAIOT
«TPOSIBIATBHCS» - TEM CHIIbHEE, YeM J0JbllIe MUHEpall MmpoBen noj 3emieid. OObsICHUTE, B 4eM
CYTb METO/1a.

6. IloyeMy HEBO3MOXKEH TPOLECC, E€IUHCTBEHHBIM pE3YJIbTaTOM KOTOPOTro OyAeT pOoKICHHE
3JIEKTPOHHO-TIO3UTPOHHOH Maphl U3 OJHOTO (OTOHA (KaK M 0OpaTHBIi)?

7. CocraButh o00OOOmIAONIyt0 Tabnuiy "ATOMHOE SApO", WUCHONB3Yys PHUCYHKH, YEpTeKU U
TEKCTOBBIA MaTEepHAIL.

8. MoxeT 11 JaBleHUE BHYTPU HEUTPOHHBIX 3BE3]] CKMMAaTh IIPOTOHBI U HEUTPOHBI B XOJOIHYIO
KBapKOBYI0 Marepuio? BO3MOXXHO 1M, YTO B 3TOM CBOCOOpPAa3HOM COCTOSHHM OTJIEJIbHbIC
IIPOTOHBl U HEUTPOHBI NEPECTAHYT CYIIECTBOBaTb, a COCTABIISIOIIME UX KBApKU U TJIIOOHBI
OCBOOOXKIATCSI OT CBOMX OOBIYHBIX OTPaHUYEHUH 1BETA U CMOTYT JIBUT'aThCsl IOYTHU CBOOOTHO.

9. B 1980 rony JIeHMHCKYIO TPEMUIO 32 OTKPHITUE HOBOM YacTUIIbI pa3aenuiau 96 yenosek!

Bcé 6 mupe sasnsiemca suepeuei. Ouepausi aedcum 6 ocHoge 6ce2o. Ecau evl nacmpoumecv Ha

SHEPeeMU4ecKylo 4acmomy mou pealbHOCmU, KOMOopylo Xxomume c030amov Ol cebs, mo 6bl

nonyuume UMeHHO MO, HA YMO HACMPoeHa eawa yacmoma. Imo - ne gurocogus. dmo - gusuxa.

Anvbepm Dunwmerin
KOHTPOJIBLHASI PABOTA Ne8

Bl 0b1 51 TAKON YMHBIH, KaK MOSI KeHa 0ToM!
Ilpexpacen copoviii 061UK Yenogexa,
Cmoswezo Ha ckioue 6exa, -
OH cOpocun majckuil 2Hem oKos,
Emy omkpuimer maiinol Mupo30aHus.
OH noepysicen 6€3M0ON6HO 8 CO3UOAHBE,
Moeyuuii coin 6exoa.
Tpyosce ¢ ycepobem HeNnpeKIoOHHbIM,
3asoesan mocyuwecmso - 3aKkoHOM
U sonio - pasymom, 6 bopvbe oH cman cuibHel.
IIpupooa, yumo 6w HEYKPOMUMO OUKOLL.
IIpocmepaace Huy nepeo c8oUM 671a0bIKO,
Tenepob on cman Xo3AUHOM HAO Hell.
@. Hlunnep
c MULIUAPOLL  OONNAPO8  YXOO0SM HA CMPOUMENbCMBO  CUSAHMCKUX YMHBIX
mawuHn. OHU YCKOpAIOM Yacmuybl 00 MAKUX BbICOKUX DHEpeull, 4mo Mbl
beccunbHbl NPeOnooAHCUMD, YUMO MONHCEM CLYYUMbCA NPU UX CIMOIKHOBEHUU.
Cmueen Xokune
B orcusnu kadxcooeo Ovieaem 6adiCHulll 8b1OOD, UHO20A HECKONLKO BANCHBIX
8b100pos. Ho ecmb MHO20 MenKux geujeli, KOMOPbIM Mbl He NPpUOdem 3HaA4eHUs.
Tak 6om u3 smux meapuauuux b100p0o86 U CKIA0bI8AeMcs Haua cyovoa.
A.U. Conorcenuyvin
Hoesas mayunmasa ucmuna mopdcecmgyem ne NOMOMY, 4mMO ee NpOMUSHUKU
NPUZHAIOM C8010 HENPABOMY, NPOCMO ee ONNOHEHMbl CO 8PEMEHEM BbIMUPAIOM,
a noopacmaroujee noKoJleHue 3HAKOMO C Helo ¢ CAM020 Ha4ad.
Makxc Inanx
Abumypuenm menezpaghupyem mame: «Ixzamen He coan. Iloocomoev nany». Cnycmsa nekomopoe
spemsa nonyuaem omgem: Ilana noocomosnen. Iloocomosvcs camy.
Hem mozo, umo 0ondicHo 6vi10 npouzoumu,
HO HeNCOAHHOE 8 HCUSHU HAXOOUM NYMU.
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Taxos umoz u Haueti Opamoi.
Espunuo “Baxxanku”
Hayxky ece enyboice nocmucHyms cmpemucsy,
Tosnanuem 6e4H020 HcaNCOOU MOMUCH.
Jluws nepevix nosnanuu O1ecnem mebe ceem,
V3uaeww: npedena onsa 3nanus nem.
Dupooycu
Korzga BBl MOnozbl, BeCh MHUp JISKUT y Bamux Hor. [lepen Bamu pacKpbIBaloTCs OECUHCICHHBIC
BO3MOXKHOCTH: KeM ObITb? B Kakoii-TO MOMEHT BBl BbIOEpeTe OIMH M3 myTeill, U Bce
HEOIPEEIIEHHOCTH 3aXJIOMHYJINUCH B OHO COCTOSTHUE (KOJUIAIC BOJTHOBOM (DyHKITHH).
B ocennem necy, na passuike oopoe,
Cmosn 5, 3a0yMasuiuce, y nogopoma,
Ilymeii OvL10 08a, u mup ObLL WUPOK,
Oouako 5 pazdeoumscs He Mo2,
U naoo 610 pewiamvca Ha umo-mo.
Pobepm @pocm, «/Ipyeas dopoza»
N uckyccTBO, M HayKa, W PeJUTHsl CTPEMATCS HAIMPAaBUTh YEJIOBEYECKOE JIIOOOIMBITCTBO U
MIPOCBETUTh HAC, TOCTOSHHO pacIiupss INpejaesisl Mo3HaHui. Bce oHm obemiaror, XoTs U IO-
pasHOMy, IOMOYb HaM pa30pBaTh y3KHWE paMKU MHIUBUAYaAJTBHOTO OIBITA, IPOHUKHYTH B HAPCTBO
COBEPILIEHCTBA U MOHATH €ro. JlyXOBHOCTh M HayKa — JiBa BEIUKUX IOJXO0/a YEJIOBEYECTBA K
novcky Mctunsl. OHM AaroT 3HaHMs 0 Hac U 0 Becenennoil. OHu oTBeyaroT Ha Benukue Bompocsl.
JIyXOBHOCTb M HayKa — JiB€ cTOpoHblI ogHoi Menanu. Kro s1?7 KakoBo moe mecto Bo BeeneHnnoii?
Mup, B KOTOPOM 51 )KUBY, — peaJieH 11 oH? Mory i1 s U3MEHHUTb CBOIO KHU3Hb?
JonoanurenbHass uHpopmanus: Ilpexae yeM HAYMHATH 3aHMMATBHCS KaKOH-TO NMPoOJieMoi,
He00X0AUMO a0CTParupoBaThbCsl OT BCeX HECYLIeCTBEHHBIX AeTajleil M NMOCTPOMTH MOJe/b
npouecca!l
Hayku ne noimatomces 00vACHAMb, 8PAO U OHU 0adCce CMapalomcs UHmMepnpemuposams — OHU 8
0CHOBHOM co30atom Mmooenu. 1100 MoOenvio NOHUMAEMCs MamemMamuyeckas KOHCMPYKYuUs,
Komopas npu 000as1eHUU HeKOMOPbIX COBECHBIX 0OBACHEHUL ONUCLIGAEM U3VYAeMblll (PeHOMEHN.
Onpaeoanuem 014  MAKou  MAMeMAMU4eckol  KOHCMPYKYUU — CAVICUM — eOUHCMBEHHOE
06CcmMoAmMENbCME0: 0HCUOAEMCSL, YMO OHA cpabomaemn.
JDicon gpon Hetiman

BOJIBIIMHCTBO COBPEMEHHBIX TEOPHl HAYMHAIH CBOIO JKU3HD B TEOPMACTPYH
BHJE  TPOCTBIX  MOjeied,  MNPUAYMAHHBIX  YUYCHBIMH,
Pa3MBIIUIABIIMMU, KaK €IIe MOXHO PEIIUTh CTOSIIYIO Mepe. il —

HUMHU 3a7a4a. JIro0asi Mogeb X0po1Ia, ecJi OHA:
1) mpocTas (WK «U3SIIHAS);
2) comep>KUT Majo IPOU3BOJIbHBIX WM YTOUHSIOINX

Heittpon

o N\ -
2 ) > ATomb!
/ ATOM
p finpo
&

Monekynbi A
N Mpoton

3JIEMEHTOB;

3) cormacyeTcs co BCEMU CYIIECTBYIOIUMHU HAOTIOCHUSIMU U
OOBSICHSET HX;

4) naet moapoOHBIE MPEACKA3aHUS PE3YIbTATOB OYIYIIINX Croyma W

- vJ

AnekTpoH

HEWTPOH

Ksapkn

HaOJIOACHNH, KOTOPBIE MOTYT OIPOBEPIHYTh 3Ty MOJIEINb
WJIM 1I0Ka3aTh €€ JIOKHOCTb, €CIIU MPEACKa3aHus, CICIaHHbIE
10 3TOW MOJEIIH, HE ITOATBEPKIAIOTCS.
Hanpuwmep, Teopust CTpyH yTBEp)KIAeT, YTO €CIIU Obl MBI MOTJIH
P P, p PYH yTBCPAKIACT, COrJIACHO TEOPYIA CTPYH,
HUCCICA0BATh (I)yHIIaMeHTaJIBHBIe JaCTHUIbI (BJIeKTpOH, MIOOH, HA CAMOM BJIEMEHTAPHOM
19 193 v Y POBHE JIKOBAA MATEP/A COCTOUAT
KBapKHu, HeI/ITpI/IHO) C 60.]166 BBICOKOU paspeiaromeu 13 KOJIEBJTIOWMXCS CTPYH
CMOCOOHOCTBIO, MBI OBl OOHAPYXMJIM, YTO Ka)KJas M3 YacTHUI]
ABIISICTCS HE TOYEUHBIM OOpa30BaHUMEM, a COCTOMT M3 KPOIIEYHOH OJHOMEpHOW meTiu. BHyTpu

K10l yacTHUlLlbl — BUOpHUpYIOIIee, KoJeOromeecss BOJIOKHO, M0J00HOEe OECKOHEYHO TOHKOU
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PE3UHOBOM JIeHTe, KOTOpoe (DM3MKM HA3BIBAIOT CTPYHOU. Ymo eam uzgecmno o6 smoii modenu?
Xopowa nu sma mooens?
ITPUMEPHBIE TEMbI PE®GEPATOB U JOKJIA/IOB
Kaky1o posib chirpany KBaHTHI JJIS1 pa3BUTHUS COBPEMEHHON (PU3UKHU?
Kak cBeT MOXeT ObITh OTHOBPEMEHHO U BOJIHOW, M YaCTUIICH?
UYro nano Mupy otkpbiTie Mapuu CkionoBckoil-Kropu?
IToueMy He Bcskas paguanus BpeaHa?
Yro Takoe IEKTPHUUECTBO U OTKY1a Oepercst Bpemsi?
KBaHTOBbIE TOUKM ¥ HAHOYACTUIIBI C TUIA3MEHHBIM PE30HAHCOM.
MupHas 1 BOGHHas CHJIa CBETa: 4TO Takoe (POTOHMKA, U KaK OHA HAC CIaceT?
W3 yero cnenaHa MOJHMSI U 9TO TaKOE OTOHb?
Jlazepsl 1 yCTpOMCTBA HA UX OCHOBE.
UYro BBl 3HaETE O TEOPUU OTHOCUTENBHOCTH U TeopuH CTrBeHa XOKHUHra?
BiusiHue ecTecTBEHHBIX U MCKYCCTBEHHBIX HOHU3UPYIOLIUX AIEKTPOMAarHUTHBIX U31yYEHHUH Ha
3/I0pOBbE YETIOBEKA.
CBoiicTBa 37IEKTPOHA BIIOJIHE MOTJIH OBITH onricanbl JIao 1361 3a 1B C MOTOBUHOM THICSYH JIET
710 TIOSIBJICHUSI COBPEMEHHOM (pr3uku: «Ecau cupocsT, HOCTOSHHO JIM €T0 MOJI0KEHUE, HY>KHO
CKa3aTb "HeT", eciu CIpOCST, MEHSAETCS JIM OHO CO BpEMEHEM, HY>KHO cKka3aTh "Hetr". Eciu
CIIPOCST, HETIOABUKEH JIM OH, HY’)KHO CKa3aTh "HET", €CJIM CIIPOCST, ABUXKETCS JIU OH, HY>KHO
cka3ath "Het"». [lonpobyiiTe 00BICHUTS.
Mup — 2mo ne npocmo Habop omoenbHO CYWecm8YIOWUX JTOKATUZ08AHHBIX 00BEKMO8, CEA3AHHBIX
BHeUlHe MONbKO NPOCMPAHCMEoM U epemeHeM. dmo-mo bonee enyboxoe, Oonee mauncmeeHHoe
ceA3bl8aAem BOEOUHO MKAHb MUpOo30anus. Mol MOILKO-MONLKO O0OCMUAU MO20 MOMEHMA
8 pazeumuu hu3UKU, K020a MOICHO HAYAMb PASMBIULIAMG O MOM, 4Mo Obl MO MO0 ObIMb.
Tum Moonun
3akonvl no00bHbI naymune: c1abo2o OHU 3amAUBAIOM, A CUNbHBLU UX HOPEEm.
(Conon, Agunvl, VII-VI 6. 00 H.53.).

Yuenwiii uzyyaem npupody ne nomomy, umo 5mo NOJNE3HO: OH uUsyyaem ee NOMOMY, YMO MO
docmagisenm emy y008oabCmeaue, NOMoMy, Ymo OHa - npexkpacHa. Eciu Ovl npupoda He Ovlia
NPeKpacHol, OHa He Cmoula Obl Mo2o mpyod, KOMopbili Mpamumcs Ha ee NO3HAHUe, U HCU3Hb He
cmouna 6vl Mmo2o mpyoa, KOMopwblil HyHceH, Ymoobbl ee NPoAHCUMb.

Anpu Ilyankape.
HE PEHIEHHBIE ITPOBJIEMbI ®U3NUKNA!!!

Yepes 100 nem komnvromep cmodtcem 00bACHUMb 6Ce MAlHbL (PUIUKU, HO Mbl HUYe20 He notmem!
AHeKNOT. Eciu uenosex Hapywium 3aKoubl y20108HO020 KoOeKcd, OH nonadem 6 miopvmy. Ecau
uenosek Hapywum 3axonvl bodxcou, on nonaoem 6 Ao. Eciu uenogex nHapyuwum 3aKOHbl U3UKU, OH
nonaoem 8 Lllgeyuto u nonyuum Hobenesckyio npemuro.

Pasragka TaiiH npUponbl U TEXHUKH HE MEHEE 3aHMMAaTEeIbHA, YEM PACKPBITHE MPECTYIJIEHUI B
JIETeKTUBHBIX poMaHax. Jlyisi 3Toro TOXe HyXHa HAOIIOAAaTENIbHOCTh M YMEHHE MBICIHUTH
noruyeckd. JIroOoOmbITCTBO, (U3MKa W HEBEPOSTHBIE HKCHEPUMEHTHI W3MEHWIM Ham Mup!
KuznecniocoOHast (u3nyeckass KOHLEMIUS BCErna MPUBOAUT K HM3MEHEHUSM B IOBCEIHEBHOM
KU3HU. YPaBHEHHMs DIIEKTPOAUHAMUKH, OTKpbITble MakceemioM B XIX Beke, Jerim B OCHOBY
pa3BuTus IEKTpOHUKU B XX Beke. IloHMMaHue BCEro 3Toro IOCTUIaeTcs NpU MOMOIIU TEOPUU
MaxkcBemna. B cOBpeMEHHBIX HCCIIEOBAaHUSAX BCTPEUYAIOTCS OYEHb MHTEPECHBIE WJACH, HApUMED,
UAEM O TOM, KaK YIpPaBJIATH CBETOM IpPU IOMOIIM CIELUAIbHBIX MaTEpPUAIOB, HAa3bIBAEMBIX
MeTaMaTepuanaMu, M O5TO MPOAODKACT OBITh AKTUBHOW cQepoil uccieqoBaHUN BIUIOTH [0
HacrosIero aHsA. HaliTi u ucnonb3oBaTh emie 0os1ee 3K30THYECKYI0 MaTepHIo, KOTOPYIO MbI TIOKa
HE HalUM - emle Oosiee aMOMIMO3HAas 3a1a4a. TOUHO Tak ’ke MBI MOXKEM OKHAATh, YTO KBAHTOBas
¢u3mka, oTKpbITast B XX BeKe, CTAHET IBUraTeIeM TEXHOJIOTHUECKOro pa3BuThs B X XI Beke.

@u3nuecKuil 3aKOH CyMMHUPYET W3BECTHOE 3HaHUE B ONpeAeTeHHoi o0nactu. Ero nepemennble
OIpENeNAI0T O0BEKTHI M MOHATHS, O KOTOPhIX MBI TOBOPUM, HE OOJIbIIE W HE MEHbILIE. 3aKOH HE
OrpaHUYMBACT HAIETO BHJCHHS MHUPA, a HA000POT, pacmupsieT ero. Tenepb Mbl TOTOBBI IBUTATHCS
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BIIEpE]l, HCIOJB30BaTh MOJENIb Bee 00JacTh NpPUMEHEHHs Ui UCHEJCHUS JIoJeH WIu
MIPOM3BOJICTBA CMAapT(OHOB U OTKPBIBATH MHP 3a Mpeaenaamu 3Toi obnactu. Ho ypaBHEHUs Takke
COAEPKAT IMOLIMOHAIBHBIN ACIIEKT.

e HekoTopble U3 HUX MPUBIEKATENBHBI OJIaro1apst CBOEMy BHELTHEMY BHILY.

HexoTopseie — 110 271€raHTHOCTH UCIIONIB3YEMBIX MU KOHLICTILIU.
Hexotopsle — cBoeil cuinoit 1 MmactaboM MocaeICTBUIA.
Hexotopsle — U3MEHSIOT Halle BUACHUE MUPA.
Hexotopeie — 3a1101HAI0T Hallle BHYTPEHHEE IPOCTPAHCTBO U 3aKUTAIOT MEYTBHI.
Ha nyru k eamHoii Teopuu. KBaHroBas ¢u3uka ompenenser MOYTH BCE, YTO MBI BUAUM B
MOBCEAHEBHOW KW3HU, HAIIPUMEP, LIBET, 3JIACTUYHOCTh U TEINIOEMKOCTh BELIEH, TaKUX KaK BOJA,
KaMHH, METaJUIbl, OMoJIoTHYecKass MaTepus. B mocneaHue roasl yueHble 3ariispIBaloT Bee TIy0ke
BHYTpPh aTromMa — 4TOObI Y3HaTh, KaK OH YCTpPOEH; BCE Aajblllé B KOCMOC — YTOOBI MOHATH, KaK
pabotaer BcenenHas; Bce BHHMAaTEIbHEE NPUCMATPUBAIOTCS K MAaTePUM MU JBM)KEHHUIO, YTOOBI
HAYYHUTHCS OOBSCHATH CIOXHBIC BEIIU MPU IMOMOIIM MPOCTHIX 3aKOHOB. JlydIlle Bcero UM B 3TOM
MIOMOTaeT KBAaHTOBas (PM3MKAa M TEOPHUS OTHOCUTENBHOCTH. OOmIas TeopHs OTHOCHUTEIBHOCTH U
KBAaHTOBass MEXaHWKa HE MOTYT OBITh CIpaBeIIMBBI OJHOBPEMEHHO. DU3MKH H3Yy4aroT JIHOO
OOBEKTHl Majble M JieTKHe (KaKk aToMbl M HMX COCTaBHBIE YacTH), JUOO OOBEKTHI OIPOMHBIE U
MacCUBHBIE (KaK 3BE€3/bl U T'aJaKTUKH), HO HE T€ U JIPYrMe OAHOBPEMEHHO. JTO O3HAYAET, YTO UM
JOCTaTOYHO OBUIO MCIIONB30BaTh JIMOO TOJBKO KBAaHTOBYIO MEXaHMKY, JHOO OOLIyI0 TEOpHIo
otHocuTenbHOCTH. B MomeHT bonbimoro B3pbiBa Bcsa Bcenennas Oblia HCTOPTHYTa U3
MHUKPOCKOIIMYECKOTO 51pa, I10 CPABHEHUIO C KOTOPBIM IIECUMHKA BECOM B JIOJIIO IPaMMa BBITJISAIUT
UCTIOJIMHOM. DTO MPHUMEPHl 0OBEKTOB, KOTOPBIE SBISIFOTCS KPOILIEUYHBIMU IO pa3MepaM U, B TO XK€
BpeMsl, HEBEPOSTHO MAaCCHUBHBIMHU, M TMOTOMY TpeOYyIOT OJHOBPEMEHHON HABOAKH OPYAMH, Kak
KBaHTOBOW MEXaHMKH, TaK M 0OIIeH TEOPUH OTHOCUTEIILHOCTH.
Yenosex pacnam medxncoy 08yms 6eCKOHEeUHOCMAMU.
Tackano
Pazeumue guzuxu eviensoum max, clo6HO 8 KOHYe KOHY08 OYOym HAUOeHbl O4eHb
npocmule 3akonbl IIpupoost — makue, KakumMu ux Haoesics yeuoems Ilnamom.
B. I'etizenbepe

C yero HavaJicst bosbmoii B3peiB! MHorue cunraror, 4To npu nepexo/ie KBaHTOBOIO BaKyyMa
c Oosee BBICOKOI HyJEBO »Hepruu K Oojiee HM3KOW SHEPrHM, pacumpsioniascs Bcenennas,
HaTOJIHEHHAs SHEePruei, mpucymieil caMoMy npoCTPaHCTBY, Mepeluia B 0oiee HU3KOE COCTOSHUE, U
9TOT MEPEXOJ NPUBEII K CO3AAHUI0 BCEH MaTEPUH, AHTUMATEPUU U U3JIy4YECHUs B Halel BeeneHHo.
Bo3MoxkHO maxe, uro B OyaylieM Hac KAET JPYroi MmomoOHBIA mepexon, ¢ yxe Apyrum, dosee
xoJioaHbIM, bonbsim B3peisoM. Ho Tak i1 310 Ha camom nene?

KBanToBas ¢u3nka siBjisieTcs BeposITHOCTHOI! B KBaHTOBO# (u3uke obast 31eMeHTapHas
YacTUI[a OMHUCHIBACTCA BOJHOBOW (DYyHKIMEW, KOTOpas ONpeAessieT BEpPOATHOCTh HaXOXKICHUS
YJacTUIbl B JJAHHOM 00JacTH mpocTpaHcTBa (rae yrogHo Bo Bceenennoit). Ilocnme Toro, xak B
SKCIEpUMEHTE yacThla OyneT 3aduKcHpoBaHa 3[eCh M ceddac, BOJIHOBas (YHKIHMS BO BCEX
OCTAJIbHBIX 00JIACTSX MTHOBEHHO KoyuiarncupyeT. Ho kakum oOpa3oM, Beib CHUTHaJ HE MOXET
pacripocTpaHsThCs ObicTpee cBeTa? VIMEHHO 3/1eCh pOXKIaeTCs 3araJJOYHOE CBOMCTBO — KBAHTOBAS
3armyTaHHOCTh. Mexny AnpbepTom DitHmTeliHOM U Hunbcom bopowm emé B 1935 roxy pasroperncs
CIIOp O TOM, IPUBOJUT JIU U3MEHEHHUE COCTOSHUS OJHOM U3 JBYX B3aUMOJCUCTBYIOIIMX YaCTHUL[ K
MOSIBIICHUIO aHAJIOTUYHBIX XapaKTEPUCTHK Y BTOPOM YaCTHIIbI, KaK OblI JJaJIeKO Ta HU HAaXOAMJIACh.
Kak BbIsICHMIIOCH, IPUBOJIUT, — 3TO SIBJIEHHWE Ha3BaJIM KBAHTOBOW 3amyTaHHOCThIO. [IpencraBbre
ce0e KOpoOKy, CoAeprKallyI0 KpaCHbBII M CUHUH mapuku. Bbl MokeTe B3STh OIMH, HE I CYHYTh
B KapMaH, a 3aTeéM yeXxaTh B JPYroi ropoj. 3aTeM BBIHYTh LHIAPUK U3 KapMaHa U OOHAPYKUTb, UTO
OH KpacHBI. Bbl cpasy moiimere, yTo B KOPOOKE OCTaJCsl CHHUM IIapuK. DTO 3allyTaHHOCTb. B
KBAaHTOBOM MHpE 3TOT 3(PQEKT MO3BOJSAET NepenaBaTb WHGOPMALMI0O MTHOBEHHO M Ha OoJibIIne
paccrosiHus. IloBeneHHMe 4YacTUIl COIVIACOBAHO, HECMOTPs HA TO, YTO B IPOCTPAHCTBE OHU
HE CBSI3aHbl HUKAKMMHU CHJIAMM. DTH YacTHULIBI MOTYT Pa3JIeTeThCs 10 pa3HbIM KOHIIaM BceneHHoi
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U BCE e BECTH ce0s B YHUCOH. Takue 4acTUIbl HApYIIAIOT MPUHIIUII JOKAJIBHOCTH. [IpocTpancTBO

UM He ToMexa. Hamr Mup omyTaH ceThlo TaKHX, Ka3aloch Obl, MUCTUYECKUX B3auMocBs3el. Takue

OTIBITHI IPOBOAMJIUCH C CUCTEMOM M3 ABYX 3JIEKTPOHOB C MPOTHBOIIOJIOKHBIMU CIIMHAMM, KOTOpas

obnagana coOCTBEHHOM BOJHOBOW (yHKLHEH. 3aTeM 3JIEKTPOHbI Pa3BOJIWINCH HAa 3HAUYUTEIIbHBIC

paccrostnust (B 2017 roma na 1200 kM) u, mocie 3TOro, MEHSJIM HampaBiCHUE CHUHA OJHOTO

JIEKTPOHA Ha IIPOTUBOIIOJIO0KHOE HarpaBieHue. CIIMH BTOPOro 3JE€KTPOHA MIHOBEHHO M3MEHSIICA

Ha MPOTUBOIIOJIOKHBIN (HETOKaIbHOCTH). KBaHTOBas u3uKa — HeloKanpHast!

A scez0a dyman u npooondicaio Oymams, Ymo OmKpbimue U NOOMeepIHcOeHUe HelOKATbHOCIU
ABNAEMCS CAMBIM NOpa3umenbHelM omkpoimuem 6 ¢usuxe XX 6. Tum Mooaun

Kakue ¢pyHIamMeHTaIbHbIe 3aKOHBI YIIPABISAIOT MPUPOI0 KBAHTOBOTO BaKyyMa?

KakoBo IPOUCXOXKIEHNE MAaTEPUH, SJHEPTUU U IIPOCTPAHCTBA-

BpEMEHU?

Urto Takoe TeMHast SHeprusi?

Urto Takoe TeMHast MaTepus?

CyecTBy!0T 11 IapajuienbHble Beenennoie?

Kakum 00pa3om U3MepuTh KOJIAC KBAHTOBBIX BOJIHOBBIX

byHKIMN?

7. MoxeT nu HayKa OOBSICHUTH TOT SKCTPAOPAMHAPHBIN (akT, 4yTo
Bcenennas, kaxymasicsi HaCTOJIBKO CTPaHHO M HEI(P(HEKTUBHO
YCTPOEHHOH, B TO K€ BpEMsl HACTOJBKO XOPOILIO MPHUCIIOCOOTIeHA
JUISl HAILIETO CYIIECTBOBAHUS B HEN?

VY4eHbIM H3BECTHBI LIECTb KOCMOJOTMYECKMX IMapaMEeTpOB, KOTOPBIE OINpPEAEIsAOT CBOWCTBA

Bcenennoii. Byap X0Ts 661 OHO W3 3TUX YHCEN APYTHMM — OYKBaJIbHO Ha COTYIO JIOJIIO TPOLICHTA,

— 3TO MOIJIO OBl UCKJIIOUUTH BEPOATHOCTh BOSHUKHOBEHHS HaIlel IUIAaHETHl M HAC BMECTE C HEH.

Kro-To ycmaTpuBaeT B 3TOM HpU3HAKU 0CO0O TOHKOM «HacTpoiikm» Bcenennoii, 6yaro ona

CO3/1aHa CIIELUAIbHO JUIsl HAC; KTO-TO KPUTUKYET 3TOT «AHTPOIHBII IPUHLIUI», @ KTO-TO MOJIAraer,

410 OECKOHEYHAsl BApUAaTUBHOCTh 3TUX MAapaMETPOB BO3MOKHA B MyIIbTHBCEIICHHOIA.

8. Bepna nmu Teopust KOCMUYECKON WHQIIALNU, U €CIIM Ja, TO KAKOBBI MOJPOOHBIEC JETalu 3TOH
cragun?

9. Ilouemy Bcenennas umena Takyro HU3KYIO SHTPOIIMIO B IIPOLIOM, IPUBEIIYIO B pesynLTaTe K
pPa3NIUYMI0O MEXIY MNPOLUUIBIM M OYyAyIIMM | BTOPOMY 3aKOHY
TepMoguHamMuKu? Ilouemy cymiecTByeT «cCTpeila BPEMEHH» U
BpEMS TEUET TOJIBKO BHEPEN?

10. TTouemy B HabmomaeMoil yacTu BceneHHol B HacTosiiee BpeMs
OTCYTCTBYET TEPMOANHAMHUUYECKOE PAaBHOBECHUE?

11. KakoBa cynnba Bcenennoii? JIBmxercs nu Bceenennas no HampaieHHi0 K boibimomy
3aMmep3aHuto, bonbiomy paspeiBy, bonbmoMy cxarturo uiu bonbmoMy oTckoky? SBnsercs nu
Harra BeeneHHas 4acThio OECKOHEUHO MOBTOPSIOMICHCS ITUKIHYECKON Moiemn?

12. CymecTBoBaM JM YacCTHULBl — HOCHUTEIHM «MAarHUTHOTO 3apsiia» B KaKHe-IMOO MpOILIbIe

—

N

NN kW

SMO0XH ¢ Gonee BEICOKUMHU dHeprusmu? Eciu 1a, T0 €CTh [ TToxonenme | JIenToHm Kpapki
JIM TaKW€ YaCTHUILIbI HA CETOHSIIIHUN eHb? 1 -

13. CymecTtByioT m Oonee Tpex © s
IIOKOJIEHUI KBAapKOB U JIeNTOHOB? CBSA3aHO JIM YHUCIIO 1 Ve d
MOKOJIGHUH € pa3MepHOCThi0 TpocTpancTBa? [louemy 2 P c
BOOOIIIE CYIIECTBYIOT MOKOJICHHs? ‘

14. Bce ampoHBI OMHCHIBAIOTCS OJHUM CIIOCOOOM: OHH 2 Vi S
COCTOAT W3 KBAapKoOB. OJTO HaOJIOJAIOT, pacceuBas 3 r- t
AJIEKTPOH Ha MPOTOHE NPU OYEHBb BBICOKUX DHEPTHUSX. 3 y b
OxaspIBaercs, y IpOTOHa Kak OyJITO €CTh TPH LIEHTpa C :

COOTBETCTBYIOLIUMU 3apsiaMu. BHyTpU IIpOTOHA NEHCTBUTEIBHO HaxoIATcs Tpu KBapka. Ho
10 HEMIOHATHOW NPUYUHE OTAEIBHO 3TH KBAPKU MBI IIOJyYUTh HE MOYKEM, MBI BCET[ja UX BUAUM
TOJIBKO B COCTaBe aApoHOB. HO IIpU HU3KUX SHEPIUAX DIEKTPOH PACCEUBAETCA HA aJApOHAX KaK
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15.

16.
17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

Ha 1ienoM. Kak nmepexoauT oHO omnucaHue, MpH MOMOIIY MPAKTHYECKU CBOOOIHBIX KBAPKOB, K
JpyroMy — B BHJI€ aIpOHOB KaK CBSI3aHHBIX COCTOSIHMM M3 KBapkoB? 1 mouemy KBapku He
CYILIECTBYIOT 10 OT/EIbHOCTU? B 3THX BOMPOCAax U COCTOUT CYTh MPOOJIeMbl KOH(paHMEHTA.
CymecTByeT JIn TEOpHsl, KOTopasi MorJia Obl OOBSICHUTH HAIUYHE MACChl Y HEKOTOPHIX KBAPKOB
Y JIEITOHOB B OTAEJIbHBIX [TOKOJEHUSAX Ha OCHOBAHUHU NEPBBIX NpUHLUIIOB? [louemy poBHO Tpu
usera? [louemy poBHO TpH mokKosieHUs KBapkoB? Ciy4yallHO JM COBIIAJIEHUE YUCIIA LBETOB U
qucia nokojeHuil? Ciy4aiiHO 1M COBIAJEHHME 3TOr0 YUCIA C Pa3MEPHOCTBHIO NIPOCTPAHCTBA B
HamieMm Mupe?

OTtkyna Oepércst Takoil pa3dpoc B maccax kBapkoB? M3 dero coctosat xBapku? Kak KBapku
CKJIQJIbIBAIOTCSI B aIpOHBI?

KaxoBa npuposa HEHTPUHO, KaKOBa MX Macca U KaKoBa MX poJib B 3BOJIIOIMM BeeneHnoit?

YTo NpouCcXOANUT BHYTPU YEPHOU JbIPBI?

CymecTByIoT 1M CHUHIYJISIpHOCTH? CHHIYJISIPHOCTh BO3HHUKAET,
KOTJla Kakoe-TuOO CBOMCTBO "Bemu'" OECKOHEYHO, U TOITOMY
3aKOHBl (DUM3MKHM, KaK Mbl UX 3HAaeM, HapymaioTrcs. B 1eHrtpe
YEepHBIX JIbIP HAXOJUTCS TOYKA, OECKOHEYHO KPOLIeYHas U II0THAs
(HamoJTHEHHass KOHEYHBIM KOJMYECTBOM BELIECTBA) - TOYKa,
Ha3bIBa€Masi CHUHIYJSPHOCThIO. B MaremaTHKe CHHIYJISPHOCTH
BO3HHUKAIOT ITIOCTOSIHHO - JIEJIEHUE Ha HOJIb - OJIMH U3 npuMepoB. Ho
Kak OBl BBITJISAETA CHHTYISApHOCTH? M Kak OHa B3aMMOJEHCTBYET C OCTAJIbHOW BCEJICHHOM?
Yro 03HAYAET CKa3aTh, YTO y YETO-TO HET HACTOAIICH NOBEPXHOCTH H OHO OECKOHEYHO Maio?
[Touemy 6e3maccoBbie YacTHUIIBI O€3 CIIMHA HE CYIIECTBYIOT B Ipupoze?

Kakoli MexaHM3M OTBEYaeT 3a TEHEpalUI0 Macchl HEUTpuHO? SBisieTcss UM HEUTPUHO
aHTHYacTUIe camoit cebe? Mnm 5TO M ecTh aHTHYACTHUIA, KOTOpas IMPOCTO HE MOXKET
COCJIMHUTHCS U aHHUTHWIINPOBATh C HOPMAJIbHON YacTHIIEH 13-3a €€ HeCTaOUILHOTO COCTOSHUS?
[Touemy ceiiuac Bo Bcenennoli BemiecTBa Oomblle, ueM aHTHBemecTBa? Kakue HeBHIUMBIC
CUJIBI IIPUCYTCTBOBAJIM Ha 3ape BceneHHoM, HO Mcue3u B IPOLIECCE IBOJIIOLMH?

IToueMy MIOOH U 3JIEKTPOH Pa3IMyarOTCs TOIBKO MAacCCOW M CTOJIb ITOXOKU BO BCEX OCTAJIbHBIX
OTHOLICHUAX?

IToueMy coxpaHsieTCsi HEHYJIEBOM MOMEHT KOJMYECTBA IBUKEHHUS B HU3LIEM 3HEPTETUYECKOM
coctosiHuu? [louemMy CIMHBI 2JIEKTPOHOB U HYKJIOHOB ITOJIYLIENbIE?

KakoBa npupo/a siiepHbIX CHJI, KOTOpast CBSA3bIBACT IPOTOHBI M HEUTPOHBI B CTAOMIIBHBIE sApa
u peakue nzoronsl? KakoBa npuynHa COEAMHEHUS IPOCTHIX YaCTHUL B CJIOKHBIE siipa?
CymiecTByeT i T€OpHsi, KoTopasi OOBICHIET 3HaYCHUS BCEX (PyHAaMEHTAIbHBIX (PU3UUECKUX
KoHcTaHT? CyIIeCTBYET JIM TEOpHs, KOTOpast OOBICHSET, II0YeMy HabJI0JaeMOe POCTPAHCTBO-
BpeMs umeer 3 + | u3MepeHus, ¥ Mo3TOMY 3aKOHBI (PU3UKH TAaKOBBI, KAK OHU €CTh?

MeHs10TCS M ¢ TeUeHHEM BpEeMEHHU «(pyHaaMeHTalbHble (PU3NUYeCKue KOHCTAaHTBI»? SIBISIOTCS
JM KaKue-HUOYyb YaCTHUIIBI B CTAHIAPTHOM MOJENN (PU3UKU JIEMEHTAPHBIX YaCTHUIl HA CaMOM
JIeJIe COCTOSALIMMH M3 JPYIMX YacTHILl, CBA3aHHBIX HACTOJIBKO CHJIBHO, YTO UX HEBO3MOKHO
HaOJIIOaTh MpPH  COBPEMEHHBIX  AKCIEPUMEHTANbHBIX dSHeprusx? CyIecTBYIOT U
(dbyHIaMeHTaJIbHBIE YaCTUIBI, KOTOpHIE eIé He HaOJIIoAaInch, U €CIM Ja, TO KaKUe OHH H
KaKoBbI MX cBoicTBa? CyIlIecTBYIOT U HeHaOmonaemble (hyHIaMEeHTalIbHbIE CHIIbI, KOTOPBIE
IperoiaraeT Teopus, OObSICHSIOUINE APYTrue HepeEHHbIe MPoOIeMbl GU3NKN?

Yro Takoe rpaButauus BooOme? IlockoibKy TIpaBUTOHBI TMOKa HE OBLIM OOHApPY>KEHBI,
IpaBUTALUS CONPOTHUBIISIETCA MOMBITKaM MOHSTH €€ TaK, Kak Mbl IOHUMAaeM JIPYI'He CHIIbI - KaKk
00MEH YacTHUIIAMH.

Kakue ¢yHnameHTansbHbIE YacTHIIbI, CUJIBI M 3aKOHBI CYIIECTBYIOT B MHKPOMHpE Ha CaMOM
r1yOOKOM YpPOBHE M KaK 3TH «CTPOUTENIbHBIE KUPIUYMKH BceneHHOI» CKIanbIBaloOTCA B TE
peanbHbIe CTPYKTYPBL, 4TO MBI HAOJII0aeM BOKpYT Hac?

B nr060i#1 Touke BceneHHOW aTOMBI M MOJEKYJbl MOAYMHSIOTCS OJHUM M TEM JK€ IpaBUIIaM:
3aKOHaM KJIACCUYECKOM W KBAaHTOBOM JJICKTPOJMHAMMKHU, KOTOPBIE YIIPABISAIOT KaXKI0U
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3apspkeHHON yacture. OHM IEHCTBYIOT 1aXke BHYTPU CAMOT'0 aTOMHOTO Siipa, KOTOPOE COCTOUT U3

(3apsDKEHHBIX) KBAPKOB U (HE3apsKEHHBIX ) TJIIOOHOB.

30. Yro Oyner MpOMUCXOAMTH C XMMHUYECKHM 3JIEMEHTOM, aTOMHBI HOMEp KOTOPOTO OKaXeTcs
Boime 137, BeneactBue 4ero  1s'-omekTpoHy mpumércs  ABUrathCs €O CKOPOCTBIO,
MpeBbIIIatoNIei ckopocTh cBera? fBngercs g «DeHHMaHUyM» TOCICAHUM XUMUYECKUM
3JIEMEHTOM, CIIOCOOHBIM CYIIECTBOBAaTh (PU3UUECKH?

31. Kakoe camoe Tsk€moe U3 CTaOMIIbHBIX WIH METaCTaOUIBHBIX SIEP
MOJKET CYILLIECTBOBAThH?

32. Ilonyuenue antuBopopona. CBoiicTBa BOAOpOJA M aHTHUBOAOPOJA
JOJDKHBI  OKa3aTbCs OJMHAKOBBIMHU, ITOCKOJBKY O3TH 3JEMEHTHI mexpon
NPECTaBIAIOT cO00M B3aMMHBIE OTPaYKEHHS. S0z Amopopol

33. Kak Ha 3emiie nosiBUJIaCh KU3HB?

34. Tlouemy coObITHS COXpaHSIOTCS B maMsATH? C OMOIOTUYECKOW TOUKH 3PEHUS HAIlla MaMsiTh —
3TO JIMIIb HAO0Op B3aMMOCBS3EH MEXIy KapTHHKaMH, 3alaxaMu |
3ByKaMH, KOTOpPBIM KOAMPYETCS C IIOMOLIbI0 HW3MECHEHUH B
HEHpOHaX M HEHPOHHBIX CBA3SX, 00pa3ysl SHTPAMMBI, WU «CIIEJIbI
MaMSTH.

35. Kak MUrpupyroT NTUIBI U APYTUE )KUBOTHBIE?

36. 3adyem J09M HY’KEH COH?

TwamenvHo u3yuu6 apeymeHmayuio CMOPOHHUKO8 AHMPONHO20 NPUHYUNA U 0OCYOUS ee ¢ HUMU KAK

JUYHO, MAaK U O nepenucke, 5 npuuiesr K OOHO3HAYHOM)Y 8bl800Y O MOM, 4MO 3MOmM HPUHYUN

HeHayueH U e20 GIUAHUe MONbKO HecamueHo. IlockonbKy OH ucnoivzyemcs 04 000CHOBAHUS

HEeNnposepsemMbvlx Meopull, Mo ModCem Iullb paspyulumensbHo 61uams Ha npozpecc Hayku. Ciredyem

cuumams HeOOnyCMUMbIM NOCMpoeHue 10001 PYHOAMEHMANbHOU MeopuU Ha 0OCHO8e AHMPONHO20

NPUHYUNA KaK npumepa coomeemcmeusi Habao0eHUsIM.

JIu Cmonun, 00un uz cozoameneii meopuu nemiesol K8AHMOoBOU cpasumayui.

A He uyscmeyio cebs uyscakom 6o Beenennoii. Yem bonvuie s ee uzyuaro u uem Ooavuie y3Haio o ee
cmpoeHuy, mem 601bUle 5 HAXO0XHCY CEUOEeMeNbCME MOo20, YMO 8 KaKOM-mo cmvicie Bcenennas
3apamnee 3HaNA O HAUEM NOABNEHUU.
@pumen /laiicon
3assnamov, umo Bcenennas 0ondxcna Obimb maxou, ymoovl Mbl MO2IU 6 Hell CYUeCm8o8amy, — Mo
mpiousm. He Bcenennasn Oondcna Ovlmb makou, ymobvl Mbl MO2IU 8 Hell HCUMb, d Mbl OOJHCHbI
ObImb makumu, ymoobwvl cyuwecmeosams 6 Hell. Ilo-moemy, anmponHulil NPUHYUN CIMA8UmM NPOOIEMY
C HO2 HA 207108).
@peo Xoiin
Vmeeporcoenus, coenacno Komopvim HCU3Hb He MOHCem CYWecnmeo8ams 6 OMCYmcmeue HeKomopbix
KOHKPEMHbIX XAPAKMEPUCMUK U38ECMHO20 (UULECKO20 MUpa, O MHO2UX (U3UKOE (6 mOoM ducie
011 MeHs) ecmb NYCMOU 36YK, NOCKONbKY Mbl U NOHAMUSA He umMeeM, Kakue pasHooOpasHeliuiue
Gopmer mosicem npunumame "xncuznv”. bBe3z HanonneHus 3moul uoeu KAKUM-MO KOHKDEMHbIM
cooepicanuem OHA, NOXoxce, JUWb UCNOAb3Yem usuueckue napamempuvl Kak 6X0OHble
U OMKA3b18AEMCSL OM B03MONCHOCMU UX NPEOCKA3AHUA.
Anopeac Anbpexm, o0un uz 6e0yuwuUx KOCMo10208
Ha nBepsix cBoero noma Hunsc Bop moBecun nmoakoBy. 3anpuMeTuB ceif (hakT, OUH U3 €ro
FOCTEN CIIPOCUIT Y YUEHOIO:
— Heyorcenu 6bi, yuenwlii-pusux ¢ Muposvim umeHem, gepume, 4mo noOKo8a Hao 08epuvio
npunocum yoauy?
— Hem, — cxaszan bop, — 5, koneuno, ne eepio. Ho 6vi 3Haeme, 206opsam, oHa npuHOCUm y0ayy
oadice mem, KMo 6 3mo He gepum.
du3zuka KOHACHCHPOBAHHOI'O COCTOSITHUSA

B ¢usuke ecTs Ba MPUHIMIUANBHO pa3HbIX MeTofa. OAMH OCHOBAaH Ha TOM, YTOOBI pa30UBAThH

MaTEpHIO Ha Bce OoJiee MENKHUe cocTapisoniue. Ero mens - HaiiTu (yHIaMEHTAIbHBIE YPAaBHCHHS,
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OIMCHIBAIOLINE CaMble Majlble COCTaBJsAIOIIKE MaTepuu. Jpyroil moaxoxa pemaer (akTHUYEeCKU

IIPOTUBOIIOJIOKHYIO 3a/1auy: KaK U3 IMPOCTBHIX COCTABIISIIOIINX C U3BECTHBIMM 3aKOHAMU BO3HUKAIOT

CIIO)KHBIE CHCTEMBl C HOBBIMH CBOWCTBaMH. 31€Ch TIJIaBHas 3ajJada - HAWTH NPUHIUIBL,

OOBSICHAIONINE KOJJICKTUBHOE IMTOBEJACHUE CUCTEM, COCTOSAIINX U3 MHOTHUX YacTHUII.

OOu1re NPUHLKIIBI, KOTOPbIE MBI ceiyac 3HaeM, IepecTaioT paboTark, KOTAa Mbl pacCCMaTpUBaeM
HEpaBHOBECHBIE CUCTEMBI. B 3THX cucTeMax TeKyT OOJblINe TOKH, Ha HUX MaJaeT CBET OOJIbIION
MHTCHCUBHOCTH WIM K HUM TPWIOKEH OOJNbIION rpaaueHT Temneparypbl. Cienyromast Oobluas
3ajadya B (pU3MKe - HAWTH yHHBEpCAJIbHbIC 3aKOHBI, OOBSICHSIONIME HEPABHOBECHYIO JWHAMHKY
CJIO’KHBIX KBAaHTOBBIX CUCTEM.

Bcenennas ne monvko 6onee cmpannas, yem mvl OyMaeM, OHA
bonee cmpannas, ueMm Mbl MOdCEM cebe npeoCcmasums.
Bepnep Ietizenbepe.

Bvi mooiceme 3a0amvca onpocom: nouemy npupooa ycmpoerHa makum oopazom. BozmooicHo,

MOJICHO 6bLI0 Dbl ONUCamb cumyayulo, ckazas, ymo boz — mamemamux oyeHnb 8blcOKO20 YPOBHS, U

On ucnonb306an ouens NPOOSUHYMYI0 MAMeMamuKy npu nocmpoenuu Bcenennotl.

Lonw [upax

1. Amop¢pubie Tena. KakoBa mnpupoja mepexoja MEXKIy OKUAKOM WA  TBEPAOW U
cTeyoBUaHON (pazamu?  Kakue  ¢usnyeckue  mpouecchl  MPUBOASAT K  OCHOBHBIM
CBOICTBaM cTekiia?

2. XousoaHblii siiepHblii cuHTe3. KakoBOo 00BSCHEHHE CIOPHBIX JOKIAJA0B 00 HM30BITOUHOM

TEIUIE, U3IyYEHUHU U TPaHCMYyTalusX?

YunpasJiisieMblil 1IepHbIH CHHTE3.

BbicokoTeMnepaTypHasi CBepXNpoBOIMMOCTb.

MeTananyeckuit Boaopoa. /[pyrue 3K30TH4eCKUe BelecTBa.

Pu3uKa NOBEPXHOCTH.

Kunkue kpucrauisl. @eppodiekTpuku. @epporopouku. Kinacrepsl.

Pa3sepsl, rpasepsl, cCBepXMOLIHbIE Ja3€ePhbl.

Kpuorennas sjekrponHasi smuccus. [louemy B OTCyTCTBUE CBETa yBEIWYUBAETCS IMHUCCHS

AJIEKTPOHOB (HOTORIEKTPOHHOTO YMHOXKHTEJISI IPH YMEHBUICHUU €r0 TeMIepaTyphl?

10. Kak paccuuraTh HAMarHH4YEHHOCTD, TEMJIOEMKOCTD, 3JIEKTPOIIPOBOJHOCTD U APYTHE MAaKpo-
BEJIMYMHBI, UCXOAS M3 M3BECTHOTO CTPOCHHS KPUCTAJUIA, SJIEKTPOHHBIX 000JI0YEK aTOMOB B
KpUCTAJIJIE U JPYTUX [apaMeTpOB MUKPOMMPA JJIsl CWIIBHOMarHUTHBIX BEIIECTB.

11. BbicokoTemMmepaTypHasi CBepXHpPOBOAMMOCTb. KakoB MexaHM3M, BbI3BIBAIOIIUN Y
HEKOTOPBIX MaTEpUaJIOB IPOSBIEHUE CBEPXIPOBOJANMOCTH IIPH TEMIIEpaTypax HaMHOTO BbIIIE
50 KeIbBUHOB?

12. Koraa 3BykoBbI€ BOJIHBI €031aK0T cBeT? CoHOJIIOMHMHecHeHIusl. YTo sBisieTcsd NpuYuHON
BbIOpOCA KOPOTKHX BCIIBIIIEK CBETA MPU CXJIOMBIBAHUH ITY3bIPHKOB KUAKOCTH, BO30YKIEHHBIX
3BykoM? [IpoGiema 3akimo4yaercss B TOM, YTO IIOKa HE SICHO, KAaKOB MCTOYHHUK cBeTa. Teopuu
BapbUPYIOTCS OT MAJIEHBKHUX SIIEPHBIX PEAKIMM 10 KaKOro-TO BUAA JIEKTPUUECKOIO paspsaa
WIM Ja)Ke C)KaTus Ta30B BHYTPU Iy3bIpbKOB. PU3MKM H3MEPWIM BBICOKHE TEMIIEPATYyphI
BHYTPU 3THUX IIy3bIPbKOB, IOpSAAKA JECATKOB ThICAY rpagycoB @DapeHreita, U caeaanu
MHOXECTBO CHHMKOB CBETa, KOTOpOE€ OHH H3iIy4aioT. Ho moka HeT Xopomero oObsICHEHUs
TOMY, KaK 3ByKOBBI€ BOJIHBI CO3JaI0T 3TOT CBET B ITy3bIPHKE.

13. TypOyjeHTHOCTb. MOXHO JM CO3/1aTh TEOPETUUYECKYI0 MOJENb MJisi OMHUCAHMS CTATUCTUKHU
TypOyJIEHTHOTO MOTOKa (B YaCTHOCTH, JUIS €ro BHYyTpeHHeH cTpykrypsl)? IIpeBocxomut nu
TypOyJIEHTHOCTh MaTEMATHUECKOE ONMMCAHNE, WIH BCE CTAHOBUTCS SICHBIM, €CJIM BbI ITOIXOIUTE
K Hell ¢ MpaBUJIbHONW MaTeMaTHKOW? B cBsI3u ¢ 3TUM npupojia Xaoca IJI0X0 IIOHUMAETCS.

WX bW

14. ®u3uka armochepnl. OU3NKN 1 MaTEeMaTHKH 33/1al0TCS BOIIPOCOM: MOXET JIM TIOroja ObITh
BCEr0 JIMILb TPYAHOIIPEICKAa3yEeMOM, UM OHA B IPUHLIUIIE HENpecKazyema?
15. KBasuaByxuerHuii nukia. KakoBa mpupona xoneGaHUil ¢ mepuoaoMm mopsaka 26 Mecsles,
3apOXKIAIOIINXCS B 9KBaTOPUAIIbHON cTpaTochepe?
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16. MoayrogoBoii uukia. KakoBa mpupoma KonebGaHuil € MOJYTOJOBBIM — HEPUOJOM,
MIPOSIBIISIONIUXCS, B YACTHOCTH, B BHJIE 3araIOYHOTO ddekra «0adnero neran?

17. PaBHOBecHBIil rpagueHT TemmepaTypbl. CyliecTByOmas Teopus TypOyJIEHTHOTO MEepeHoca
Teria B aTMocdepe aeT 3HaYeHHE BEPTUKAIBHOTO rpagueHTa Temrneparypsl —9.8 K/km, B TO
BpeMs Kak HaOJIOJCHUS NAIOT 3HaYCHHE a0CONIOTHOM BENIMYMHBI 3TOTO TPaJMEHTa MOYTH Ha
40 % meHbLICE.

18. OTpunarteabHasi BA3KOCThb. KakoB ¢u3mueckuil MexaHH3M SIBICHHH C OTpHULIATEILHOU
BA3KOCTBIO?

19. IllapoBass mouaHusi. KakoBa npupona 3Toro siBieHusa? SBiasercs W IIapoBas MOJIHUSA
CaMOCTOSTEIIbHBIM OOBEKTOM WJIM MOANUTHIBACTCS SHEprueit n3sHe? Bce nu mapoBbie MOJHUU
UMEIOT OJIHY U Ty K€ NPUPOJY WM CYIIECTBYIOT Pa3HbIE UX TUIIBI?

20. Moanus. [louemy mMmb Majass 4YacTb Kyd4eBOro oOJaka rmepes rpo3oil 3JeKTpUIecKu
3apsokeHa? [loueMy  cTynmeHYarTblii Juaep MOJHUM —IHepeMemniaercs ¢ nay3amu? Uem
00BsICHAETCS uepeoBaHue (a3 CHIIBHOTO U CJIad0ro TOKa B Mpolecce 00pa3oBaHUsl MOJTHHUNA?

JdomotHUTEIBbHBII MaTepuaJ: rpo30BOM

peakTop (rumote3a). PexopaHoii crtama rposa 9 (

auBaps 2009 roga B ropoge Can Xoce noc Kammnoc 2 ives

(bpaswnus) Ha BeicoTe 610 M Hag ypoBHEM MOps,

BO BpeMs KOTOpPOH OBLJIO 3aperucTpUpOBaHO

yBenuueHue konuuectsa HelTpoHoB B 1000 pa3 Ha .

NPOTSDKEHUH Oojiee IBYX MHMHYT. J[pyroil BapuaHt [ : ~ L ey o

OOBSICHEHHS TIOSIBIJICSL TOCTE TOro, Kak B 1991 |8 '

rogy kocMmuyeckas KomnToHoBckas —ramma-

obcepBatopust (HACA) cnyuaitHo oOHapyXuja MHTEHCHUBHBIC raMMa - BCIBIIIKH OT TPO30BBIX
paspsaoB. ['pozoBoe ramma-uznmydeHue Moxer ObiTh B 1000 pa3 cuipHee U3My4YeHUS,

MOPOXKAAEMOT0 KOCMHUYECKMMHU Jy4amMu B arMmocdepe. HO TUIMMYHBIX 3IEKTPUUECKUX TOJEH B

rpO30BOM O0Jlake HEIO0CTATOYHO, YTOOBI COOOUIUTH AJIEKTPOHAM TaKyl CKOPOCTh, NMPH KOTOPOU

MPOUCXOIUT MPOOOH MM BO3HHKAET raMMa-u3iyueHue. X 3HaueHUs B HECKOJBKO pa3 MEHbIIE

HE0O0XOUMBIX. Jleno B TOM, YTO CHJIa TOPMOXKEHHUS JTOCTATOYHO OBICTPOTO SJIEKTPOHA MAJaeT C

pOCTOM ero ’Hepruu. Yem BbIlIe CKOPOCTD MEKTPOHA, TEM ci1abee CONPOTUBIICHUE €0 JABIKEHHIO,

MO3TOMY OH YcKopsieTcsi emé Ooibire. Takue 3IEKTPOHBI HA3bIBAIOT yoOeraromumu. I'po3oBbie

AJIEKTPUUYECKUE TOJS JOCTAaTOYHBI Il TOTO, YTOOBI 3JIEKTPOHBI, YCKOPSSACHh, HAOpaal IHEPIHUIO

BBIIIE TIOPOTOBOM YHEPTUU. FIMeHHO yOeraromiye 31eKTPOHbI TPUOOPETAIOT YIHEPTHUIO, TOCTATOYHYIO

JUIA TIOPOXKACHMSI KacKaJa BTOPUYHBIX AJIEKTPOHOB IPU CTOJIKHOBEHMH C¢ aroMamu. Cpeau HHUX

OOJIBLITMHCTBO COCTABJISIIOT MEIJICHHBIE 3JIEKTPOHBI, HO MOMAAI0TCA U ObICTpBIE, KOTOPHIE B CBOIO

ouyepenb craHOBATCS yOerarommmu. OHM MOPOXKIAIOT HOBBIM KacKaJl 3JIEKTPOHOB, B pe3yJbTare

Yero BO3HHUKAET HKCIOHEHIIMAIbHO HApacTaIoNas JJaBHHA yOETralomuX 3JEKTPOHOB OUYEHb BBICOKOU

SHEPruM, KOTOpPHIE IPHU B3aUMOJEHCTBUU C BO3AYXOM HCITyCKAlOT TakKXe€ TOPMO3HOE ramma-

U3ITy4EHUE.

Hcnymiennoe  yOerarolpMu — 3JEKTPOHAMU  HSHEPTUYHOE TOPMO3HOE TraMMa-U3JIydeHue
MOPOXKAAET HEUTPOHBI B (POTOSIIEPHBIX peakiuax. Takoe Ha3zBaHUE MOIYYUIIH SIIEPHBIE PEaKiuH,
KOTOpBbIE NPOUCXOAST IpPHU TOMVIOIMIEHWHM TraMMa - KBaHTOB sapaMHM aToMoB. Ecim sHeprus,
COOOIIEHHAsT KBaHTOM Sy, TNPEBBIIIACT SHEPrUI0 CBA3M B HEM HYKJIOHOB (IIPOTOHOB U
HEHUTPOHOB), TO IIPOUCXOJUT pacnas sapa ¢ BbUIETOM HYKJIOHOB, B OCHOBHOM HMEHHO HEHTPOHOB.

Bo Bpems rpo3sl 16 ¢epans 2017 roma cpasy mocie yaapa MOJHHH 3aperHCTPHUPOBAIU
CHJIbHBI TaMMa-BCIIJIECK, TIIATENBHBIA aHATU3 KOTOPOTO MOKa3aj, YTO OH MpEACTaBiIsIeT cOoOOU
IIOCJIEI0BATEIILHOCTh U3 TPEX BCIUIECKOB Pa3HOU INMPOJOJLKUTENIBHOCTU. [IepBbI M3 HUX, CaMbIi
KOPOTKHH, JIUTEIHHOCThIO MeHee | MMIIITMCEKYHAbI, ObUI MOPOXKAEH COOCTBEHHO MOJIHUEH, TOU
caMOil JIaBUHOW yOeraromx 3JIEKTPOHOB, O KOTOpOH muia peuyb Bbimie. OH Xe B pe3yibTare
(GoTosIEPHBIX peaKInii BHIOMI HEUTPOHBI U3 aTOMOB arMoc(epHoro a3ora u kuciaopoaa (14N, 1°0),
npespatuB ux B Oosee peakue usoronsl PN u °0. HaubGosbinyro posib 3/1eCh MIpaeT asor, Kak

QNEKTPOH

=i HEATPUHO
—> o

—_—
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caMblil pacrmpocTpaHEHHBIH Ta3 3eMHOH arMocdepsl. BTopoll BCIuleck MOpOIWIN YK€ 3TH

HENTPOHBI, KOTIa MOMIONAINCh atoMamMu a3ora N, npespaiias ux B usoronsl °N. D10 cBeyeHne

IIPOJOJKANIOCh HECKOJIBKO JI€CATKOB MWIIMCEKYHI. A BOT TPETHHl BCIUIECK, UIMBIIUICS YK€

MUHYTY, IPEACTABIIST HAMOOIbIINIA HHTEPEC. Uepe3 HECKOIBKO MUHYT HECTAOMIIbHbIE H30TOMBI PN

u 15O mpeBpammaiorcs B pesyibTarte P+-pacnaga B CTabWiIbHbIE H30TONBI yriaepoaa u azora (1°C u

BN) ¢ ucnyckanmem HEWTpHHO M TO3MTPOHA. ITO3MTPOH TYT KE CTAIKUBAETCA CO CBOMM

AHTUIIOJIOM — 3JIEKTPOHOM, ¥ 00€ YacCTHIIbI, KaK U MOJIOKEHO aHTUMATEepUH MPHU CTOJIKHOBEHUH C

OOBIYHON MaTepHel, aHHUTHIUPYIOT — B3aMMHO YHHYTOXKAIOTCS, NMPOU3BENS Iapy ramma -

kBaHTOB ¢ 3Hepruen 0,511 M»aB. MIMeHHO 3TH KBaHTHI M COCTABIISIFOT TPETHM BCILIECK.

Bex, ¢ komopom mui dicusem,

Cmanosumcs npuduHol onaceHuti

H3-3a ckopocmu, HOGbIX U300pemeHuil

U seweti nanooobue uemeepmozo usMepeHus.

Mbut yorce cneexa ymomaenwt Teopueu unwimenina...
necus I'epmana Xanghunoa uz ¢punoma «Kacabranxkay
Bcé, umo mbi nazvlieaem peanbHocmblo, COCIOUM u3 eeujel,
KOMOopble Mbl He MOJICeM HA36AMb PeanlbHbIMU.

Hunvc bop
Yem sipue eopam Kocmpbl 3HAHU, MeM DObule MEeMHOMbL UOSIN HAWU NOPAXICEHHbLE 2N1A3A.
gunocogh u smuobomanux Tepenc Maxkenna
...dmo mam y Bac ¢ ¢puzuxe nosenvxozo?
H3 kunogunvma

B 1900 rony Opuranckuii ¢usuk Jlopn KensBuH, Kak roBopsr, 3asBui: "B ¢gusuke 6oavuie nem

HU4e20 HO6020 0.1 omKpbimus. Bece, umo ocmaemcs, - smo 6ce bonee mounvie usmeperus’".

Kakue mnpobnembl ¢us3uku u acTpou3MKu MpeaCcTaBIsAIOTCS ceifuac, Ha mopore XXI Beka,

0c00eHHO BaXKHBIMU U MHTepecHbIMU? Akanemuk B. JI. ['ua30ypr (1999)

1.  VYmnpaBnsiemblil SAEpHBII CUHTES.

2. BelcokoTemneparypHas 1 KOMHaTHOTEMIIEpAaTypHasi CBEPXIPOBOAUMOCTD.

3.  Merammueckuii Bonopoa. Jpyrue s3K30THYECKHUE BELLIECTBA.

4. ]JIByMepHas 3JIEKTPOHHAs >KUIKOCTh (aHOManbHBIA 3PdexT Xoima U HEKOTOpble Ipyrue
3¢ deKTHI).

5. Hekotopbsie Bompocsl (U3MKKA TBEpAOro Tena (TeTepoCTPyKTypa B MOJIYNPOBOJHHUKAX,
IIEPEXO0/Ibl METAJLI - IUIEKTPUK, BOJIHBI 3apsI0BOM U CIMHOBOM IUNIOTHOCTH, ME30CKOIIHKA).

6. ®asoBble mepexoAbl BTOPOrO poJa U POACTBEHHbIE MM. HekoTopble NpuMeEpbl TaKHX
nepexoqoB. OxiaxaeHue (B YaCTHOCTH, Ja3epHOE) 10 CBEPXHHU3KHX Temmeparyp. bosze-
SUHIITECHHOBCKAs KOHACHCALUA B ra3ax.

7. ®usuka NOBEPXHOCTH.

8. JKunxue xpuctamisl. CErHeTOIEKTPUKU.

9. ®ynnepeHsl.

10. IloBeneHue BelecTBa B CBEPXCUIbHBIX MATHUTHBIX MOJISX.

11. Henuneitnas ¢pusuka. TypOynenrnocts. Conutonbl. Xaoc. CTpaHHBIE aTTPaKTOPHI.

12. CBepXxMOILIHBIE JIa3€pBl, Pa3epbl, IPA3EPHI.

13. CBepXTspKenble 3JIEMEHThI. DK30THUECKHUE Spa.

14. Cnextp macc. KBapku u rimoonsl. KBaHTOBast XpOMOAMHAMUKA.

15. Eaunass teopust ciaboro M 3JIEKTPOMArHUTHOTO B3auMoAeHCTBHS. W+ u Zo OO030HBHI.
JlentoHbI.

16. Benukoe oobenunenue. Cynepoobenunenue. Pacnan nporona. Macca HeUTpuHO. MarHuTHbIe
MOHOIIOJIH.

17. ®yngameHTanbHas JuIMHA. B3auMoelCTBUE YaCTULL IPU BBICOKMX U CBEPXBBICOKUX YHEPTHUSX.
Konnaiiaepsr.

18. Hecoxpanenue CP-uHBapHMaHTHOCTH.

19. HenuHeliHble sIBIEHHS B BaKyyMe€ M B CBEPXCHJIBHBIX AJIEKTPOMAarHWTHBIX MoiiAx. Da3oBbie
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IIEPEXO/Ibl B BAKYyyME.
20. CrpyHsl. M-Teopusl.
21. DxcnepuMeHTalbHas MPoBepKa O0IIel TEOPUU OTHOCUTEIBHOCTH.
22. I'paBUTaniMOHHBIEC BOJHBI, UX JAETEKTUPOBAHUE.
23. Kocmonoruueckas mnpobnema. Mudmsamus. L-unen. CBsA3p Mexay KocMojiorued u (Qpusukont
BBICOKUX DHEPTHA.
24. HeitpoHHbIE 3B€3/1bI U NyJbcapbl. CBEPXHOBBIE 3BE3/IBI.
25. Yepusle apipbl. KocMuueckue CTpyHsl.
26. Kgazapsl u siapa ranaktuk. OOpa3oBaHue rajJakTUK.
27. TIpobGiiema TeMHOU MaTepuu (CKPHITOI MacChl) U €€ IeTeKTUPOBAHUSI.
28. IIpoucxoxieHne KOCMUYECKHX JIy4e CO CBEPXBBICOKOM 3HEPTUEH.
29. I'aMMa-BCIUIECKH.
30. Heiitpunnas ¢usuka u actpoHoMusi. HelTpuHHBIE OCIIMIUISLINY.
Pacnvinennviti munbonom menvuauuiux yacmuy.
B neoanom, 6e36030yunom, 6e3oyunom sghupe,
I'0e nu connya, Hu 36e30, HU Oepegves, Hu NMuly,
A eeprycy — ompaodiceHvbem — 6 NOMEPAHHOM Mupe.
T'eopeuii Heanos

UHTEPECHBIE ®AKTHI U3 ’KU3HU OTLHIOB KBAHTOBOU ®U3UKMU.

1. Oten /lupaka, Oyayuu ponom u3 IlIBeitnapun, npenoxasan B bpucrone ¢paniy3ckuii s3bIK 1
TpeOoBaJl OT CBOETo cpenHero chiHa [1oist rOBOPHUTE J0Ma TOJBKO mo-(paHIly3cku. byayun He B
COCTOSIHUU TOYHO U IOJIHO BBIPAXKATh CBOM MBICIHM Ha (PaHIly3CKOM si3bIKe, [10J1b mpeamnounTat
MOJTYaTh. DTa MOJYAIMBOCTh OCTAJIACh C HUM Ha BCIO )KU3Hb.

2. JLJ. Jlaunay cumran: «H3 moncmeix KHue Helb3s Y3HAMb HUu4e2o H06020. Toicmbie KHUU — MO
K1a0buwe, 20e nocpedensvl uoeu nPouLo2o».

JLJ. Jlanpmay yoexnan: «HMnocmpanusie szviku Heobxooumsl. He 3abvieaiime, umo 0ns ux
VCBOEHUS, He HYHCHO 0COObIX CHOCOOHOCMELL, NOCKONLKY AHIUUCKUM S36IKOM HENloXo 61daderm
U OYeHb mynvie aHeIUIaHe».

Duszuk cmpemumcs coenamo ClONHCHbIE el NPOCMbIMU,
a nosm — npocmvle euu CJOHCHbIMU.
Jleg Jlanoay
Acnupantsl JIbBa JlaBunoBruya Hagonro 3anomHwin ciaydail ¢ Ilonem {upakom. B 1932 rony
[Tons upak mpuObiBaeT B XapbKOB, YTOOBI y4acTBOBATh B KOH(EpPEHLMH, OPraHU30BAHHOM
Jlangay B YOTHU. On BbicTynaeT Ha ceMUHape C Jiekiuen. Jlannay cuauT Helaneko OT JIOCKH,
acCTMpPaHTHI 3 CTOJIOM, a J[upak mumeT Ha Jocke GOopMyJBl U, IPOAOIIKAst OOBIACHATh, XOAUT OT
JIOCKU K OKHY M 00paTHO. Kaxkzplii pa3, Koraa oH MoBopauyuBaeTcs CMHOM K Jlannay, KOTopblii ¢
HUM B 4YEM-TO HE COIJIACEH, TOT TUXOHBKO Mpou3HOCUT: "Jlupak - nypak, Jupak - nypak". J{upak
[IOBOpauyMBaeTcsd JULOM - y JlaHmay poT 3akphIT M BbIpaXE€HHE COBEPLUIEHHO HEBHMHHOE. OH
CUMTAET, YTO HEJb3s J0rafarbCsl, YTO ATO OH MPOU3HOCUT IJIyNbIH CTHUILOK, HO HA CaMOM Jelie
IJla3a €ro BBIJAIOT - CIMIIKOM YX CHUSIIOT OT NMpojeiku. HakoHel IEeKTOp KOHYMIL, ITOJIOKHIT MEL.
W Bapyr (kTo OBl MOIyMal, YTO OH YCHEJ TaK XOPOIIO U3yYUTh PYCCKUHU S3bIK!), MOBEPHYBIIHUCH
k Jlannay, on rooput: "Cam nypak!". AciupaHTbl 4yTh HE YMEPIIHU CO CMEXY.
3. Oonaoicowt exan Ietizenbepe na mawune. Tym e2o mopmo3um noauyetcKu.
- Yeaoicaemvtii, 6v1 xomw 3naeme, ¢ kakou ckopocmuio exanu?
- Hem. Ho s abconiomno mouno 3Ha, 20e Haxoicych.
B eonpocax nayku asmopumem mulcaiu He CHOUM CKPOMHBIX PACCYHCOEHUL 00OHO20 YeN06eKd.
L'anuneii.

HoBoctH HAYKH H TCXHHUKH
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11.

12.

13.

14.

15.

16.

. OHEpPreTU4ecKuii OCTPOB - OSTO WHHOBALMOHHBIN IIPOEKT,

AMepHKaHCKHE yueHble U3 MUYUTaHCKOrO YHUBEPCUTETA MTOCTPOMIIN «3€BCa» — CaMylo
MOILIHYIO JIa3epHy10 ycTaHOBKY CoennHeHHbIX 11ITaToB. ViK€ N3BECTHBI IEPBHIE MUILIEHU 3TOTO
amnmnapara.

«3eBc» umeet MoIHOCTh 3-101° Barrt. Jlasep miIaHupyrOT MCIIOJIB30BaTh B TPEX HATIPABICHUAX:
o KocMoc — MoxHO OyzeT Ha 3emiie co34aBaTh aHTUMATEPHIO U TUIa3MY JUIsl U3YUYEeHUs! (PU3UKU

Bcenennoii u paboTsl KOcMOca Ha Cy0aTOMHOM YpOBHE;
bezonacHocts — «3eBc» crocoOeH OBICTPO 00HAPYKUBATH SIIEPHOE OPYKUE HA CyJHAX U HA
3emuie (METObI He COOOIIAI0OTCS ), . Tuﬂ L ,

BeIT — yueHble yBepsIOT, 4TO MOIIHEHIINI nazep crnocoOeH WWWY

JE€YNUTh JIIOAEH M MOMOraTh IPOU3BOJAUTENSAM JIEKTPOHUKU B
CO3JIaHMH HOBBIX NMPOAYKTOB. Kak MMeHHO OyIlyT peaan30BaHbI
JTaHHBIE TEXHOJIOTUHU, HE YTOUHSETCS.

KOTOPBIN IperonaraeT co3aHue NCKYCCTBEHHOI'O OCTPOBa B
CeBepHOM Mope Hedaneko OT mobepexbs benbruu. ITOT OCTpoB OyaeT mpeaHa3sHauyeH is
MHTETPAaLUN BETPOBOW SHEPruM, MPOM3BOJUMON BETPSHBIMH TYypOWHAMH B 3TOM pEruoHe, W
Hepeauu ee Ha CyIly.
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