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NMPEJAUC/IOBHE PEJAKTOPA TNEPEBOJIA

Kuura, xoropyio Bbl jpepxurte B pyKax, yHH-
KanbHa. Ee aBTOp — 3ameuaresibHblfl (DU3HK-TEOPETHK, OXHH
U3 TJIaBHBIX cO3jaTesiedl COBpPeMEHHOH KBAHTOBOH 3JE€KTPOIH-
HaMHKH — paccKasasa o6 OCHOBaX 3TOH HAayKH C HEOOhIKHOBEH-
HbIM MacTepCTBOM.

XoTa JIeKLHH, COCTABHBIIHE KHHTY, GbLIH aJpECOBAHBI I'y-
MaHHTapHUAM, KHHTY, 6e3 COMHEHHS, C JKUBBHIM HHTEPECOM H
60JbLION TOJBL30H 111 cefsl MPOUTYT M CTaplLIeKJAcCHHK, H
CTyJeHT-(pH3HK, H NpenonaBarteib (U3HKH, M (PU3HK-Tpodec-
CHOHAJL.

Y3HaB O ToTOBsllIEMcS pycckoM HsjpaHuH, Puuapn Defin-
MaH IpHCJaJ OHCbMO, COIepiKalee HEeKOTOPhI@ HCHpaBJIEHHS
H YTOYHEHHS] HCXOJHOIO aHIMHCKOro Tekcra. Bee OHHM yuTeHH
IpH IepeBofe.

Korza xHura Oblna e B NpOM3BOJACTBE, IPHLLIO [Me-
yaJbHOe H3BecTHe O KoHuHHe 15 (eppans 1988 r. sameua-
TeJILHOTO (DM3HKA-TEOPETHKA HALIETO CTOJIETHSI, BEJHKOro (u-
auka-nenarora Puuappa Peitnmana.

JI. B. Oxyts



NPEAUCJIOBUE JIEOHAPIA MOTHEPA

Urenne nekuuil Ilamartu Dnukc x. MotHep
6BIJI0 OPTaHHU30BAHO B UeCTh MOeH KeHbl DIHKC, CKOHUABILEHCs
B 1982 r. DsuKc 3aHMMajach aHIVIMHCKOH JINTepaTypoH, HO
HEH3MEHHO MpOSIBJs/Ia HHTEPeC KO MHOTHM 06/1acTsIM HayKH.
IosToMy u ObLT cO3ZaH (QOHI ee UMEHH B LEJSAX €XKeroJHOro
NPOBEJIeHUs1 LUKJa JeKUHH, KOTOphie NMpHOOWanu Obl LyMaio-
IUX M 3aMHTEPECOBAHHBIX JIOJEH K HIEAM H JOCTHMKEHUSIM
HayKH.

] ouens pan, yro Puuapn @efinman coriacuics npoyuTaTh
nepBBI [HKJ JeKuui. Mbl IpyKHM yxe 55 Jet, ¢ caMoro fert-
crBa B ®ap-Pokys#, wrer Hoto-Mopk. Puuapa 6611 3Hakom
¢ DIUKC OKOJIO 22 JieT, U el JIaBHO XOTeJ0ch, YTOOBI OH COCTa-
BHJl TaKoe OGbsiCHEHHE (PU3HKH 3/1eMEHTapHBIX YacTHI, KOTO-
poe GblyIo Obl MOHATHO €H M APYTUM HecleLHaJHCTaM.

B nomosiHeHue s XO0Tes Obl BEIPA3HUTh CBOIO 6/1arofapHOCThb
TeM, KTO NpHHSAJI yuacTHe B co3ganuu Ponpa dnuke x. Mor-
Hep M clejaJ BO3MOXHBIM IPOBeJeHHE 3THX JIeKLHH.

Jloc-AnOxcenec, Karugoprus,
maii 1983 e.



BCTYNJIEHHUE PAJIb®A JIEATOHA

Puyapn ®@efinMan cran JsereHiapHeIM B MHpe
(DH3HKH H3-3a CBOETro 0cOGOro B3I/IfAAa Ha MHP: HHYEro He Ipu-
HHMas Ha Bepy U o6GAyMbIBasi KaXkIyiO Belllb 3aHOBO, OH 4acTo
JOCTHIaeT OPMIHHAJBHOTO H IMIyGOKOTO NOHHUMaHMs NPHPOAHI,
[pHYEM €ro CTH/Ib OT/JIHYAIOT CBEXKECTb M 3JeraHTHas IPOCTOTA.

OH H3BeCTeH TaKXKe KaK SHTY3HaCT NpeHojaBaHUsl (PH3UKH.
Qelinman, OTKIOHABLUIHE GeCUHCJIEHHOE MHOMKECTBO HpeaJIoxkKe-
HHH NPOHU3HECTH peyb B NPECTHZKHOM OOLIECTBE HJIU OpraHH3a-
IIMH, MOXKeT ObITb «JEerKOH No6biueil» /sl CTyAeHTa, KOTOPbIH,
IPOXOJs MHMO ero KaGuHeTa, NONPOCUT BBICTYIHTb B (DHU3H-
YeCKOM KJIy6e MECTHOH WLIKOJIBI.

Dra KHHra OpeicTaB/sieT coGoil PUCKOBAHHYIO 3aTelo, Ha
KOTOPYIO, HaCKOJIbKO HaM H3BECTHO, HHKTO ellle He pemliaJcs.
910 yecTHOe IpsMoe OOBSCHEHHEe HempogecCHOHANbHOH aynu-
TOPHH JOBOJIbHO CJIOXKHOTO IpeaMeTa — KBAHTOBOH 3JEKTPO-
nuHamukd. OHa 3afymaHa TakuM 06pasoM, YToGbl 1aTh 3aHHTeE-
pecoBaHHOMY YHTaTeII0 NPaBHJbHOE MNpPEICTaBJeHHe O THIe
pacCcyXJIeHHH, K KOTOPbIM HpuGeraroT (U3HKH, YTOOBI OOBsC-
HUTb noBeneHHe Ilpupompl.

Ecnu Bel co6upaerech U3yuarh GU3HKY (HJIH yKe H3yYaeTe),
Bl He HafijleTe B 3TOH KHUT'e HUYEro TaKoro, YTO NMpHIeTCs «Ile-
peyunBaTb». DTO MOJHOE OMHCAHHe, TOYHOe B KaxJOH JeTand,
HeKoero Kapkaca, Ha KOTOPHIH HOBbIE, YCOBEpIIEHCTBOBAHHBIE
KOHUENUHH JATYT Ge3 uaMeHeHHH. [l TeX U3 Bac, KTO yxke
u3yyas (QU3HKY, 3TO GyJeT OTKPbITHEM TOTO, YTO K€ BHI 8 Oeli-
cmeumeAbHoCmy  JeJlani, NPOU3BOAA CJOXKHBIE BbIUHC/IEHHA!

B nperctse Punuapna ®efiHmaHa BIOXHOBHJIA Ha 3aHATHSA
MaTeMaTH4YeCKHM aHa/M30M KHHIa, KOTopas HayMHalach Tak:
«To, uTo MOXKeT cpesaTh OAMH TIJIyIel, MOxeT H apyroit». OH
XoTeJ1 6bl 06paTHTbCA K CBOMUM YHTATENAM C NMOXOXHMH CJIOBa-
mu: «To, UTO MOXKET HOHATb OJMH [JVIyNell, MOXKET U JPYTOH».

Ilccaduna, Kaaugoprus,
chespare 1985 e.



OT ABTOPA

dra KHHra npeacTaBisieT COGOA 3amuCh JEKLIHH
10 KBaHTOBOH 3JIEKTPOAHHAMHUKE, MPOYHTAHHBIX MHOIO B Kanu-
tdopHuiickoM yHuBepcurere. JIeKUHH 3anucaHbl M OTPeJaKTH-
poBaHbl MOMM H06pbIM ApyroM Pasbdom Jlefitonom. Hago cka-
3aTh, 4YTO PYKOIHChb MNpETeplesa 3HAYHTE/bHbIE H3MEHEHHS.
IpenonaBaresqbCcKUil M NHcCaTesNbCKHH omblT Mucrepa JlefiToHa
OKasaJicsl O4YeHb LEHHBIM, KOTJa Mbl NPEANPHHANU MOMBITKY
O3HAKOMHTb IIHPOKYIO ayzmTopmo C 9THM LEHTPa/NbHBIM pas-
JesoM (pU3HKH.

Yacto B «noNmyJAPHBIX» H3/I0XKEHHSAX HAayKH Kaxyllascs
MPOCTOTA JOCTHTAeTCsl 3a CUET ONMHCAHMS Yero-To COBCeM JpY-
roro, 3a CYeT CYIECTBEHHOrO0 HCKaxKeHHsl TOro, 4To GepyTcs
OMMCHLIBATh. YBa)KEHHe K HalleMy MpeAMeTy He II03BOJHJIO
HaM 3TOro czesatb. Mbl IPOBe/H B OGCYKIEHHSX MHOIO 4acos,
crapasicb JOOHTBCS MaKCUMaJsbHOH SICHOCTH H IPOCTOTH, H
6ECKOMIPOMHUCCHO OTBEpraiid HCKaxKeHHs HCTHHBL



JIEKIHA 1

BBEJEHHUE

dnukc MorHep oueHb HHTEpecoBasach (HH3HKOH
H yacTo NMPOCHJIA MeHsI YTo-HUGYAb ed O6BsCHUTH. 51 Bce Xo-
po o o6BACHAN (TaK XKe, Kak s 06bsCHsIO cryaeHTaM B Kai-
Texe, KOIJa OHH NPUXOIAT KO MHe IO yeTBepram), HO B UTOre
s TaK M He CMOI' paccKasaTb CaMOro [/l MeHs HHTEepPeCHOro:
MBI KXK/IBIH pa3 3acTpeBand Ha CyMacUIe[IUUX HJesX KBaHTO-
BOH MeXaHHKH. JI roBopuJ eff, uro He MOr'y OOBSCHHTb 3TO 3a
yac WJ/IM 34 Beuep — Ha 3To norpeGyeTcss MHOIO BPEMEHH —
HO 5 ofelia/, YTO KOrja-HUGYAb MOATOTOBJIO LUK/ JEKIHH Ha
3Ty TeEMY.

51 NOATrOTOBHJI HECKOJIBKO JIEKUUE U OTIPAaBUJICSA NPOBEPHUTH
ux B Hosyio 3enanauio — noromy uyro Hosasa 3enangusa na-
JIeKO, U ec/iM Obl JIeKIIUM He UMesad ycliexa, 3TO Obl1o Obl HH-
uvero! B Hosoil 3enanmuu pemmuiu, yTo JEKUHHM XOpOLIHE.
Hrak, BOT JIeKUHH, KOTOPBIE 5, Ha CAMOM Jle/1e, TOATOTOBHUJI AJIf
DnuKc, HO, K HECUacTblo, Tellepb 51 He MOy oOpaTuUTbcA He-
IIOCPEJCTBEHHO K Hel.

$1 xoren 6bl pacckasaTtb IpO usgecrmuoe B HU3MNKe, a He PO
neusBecTHoe. OOBIYHO JIIOJH HHTEPECYIOTCS] HOBEHIIMMH JI0-
CTHXKEHUSIMH, KOTOpbIe NMO3BOJISIOT MepeHTH OT OXHOH TeOpUH
K JIpyrof, Tak 4TO He yJaeTcs pacckas3aThb XOTb YTO-HHOYZb
PO TEOpHI0, ¢ KOTOPOH MbI KakK caeayer paso6panucb. OHH
BCceria XOTAT 3HaThb TO, Yero Mol caMy He 3HaeM. [losTomy
BMECTO TOTrO, 4TOObl 3alyTaTh BaC MHOMKECTBOM IIOJIyTOTOBBIX
MaJIOU3YyYeHHBIX TeOopHH, s XoTesa Obl paccKasaTb O IpeaMeTe,
HcC/IeJIOBAHHOM BechbMa JOCKOHa/bHO. S /060 3Ty 06./1aCTh
(U3HKH U CYMTalo ee 3aMeuaresbHOH. OHA HasbiBaeTCsl KBaH-
TOBOH 3JIeKTPOAUHAMUKOH H.H, cokpainenHo, K.

OcHoBHass 3ajjaua MOHMX JIEKLHH — Kak MOXHO TOYHee
onucarb CTPaHHYIO TEOPHIO B3aHUMOJEHCTBHS CBeTa M BellleCTBa
HJIH, TOYHee, B3aHMOJEHCTBHA CBETa U 3JIEKTPOHOB. YTOOHI
OOBACHHUTL BCE, YTO s XO04y, NOTpeGyeTcss MHOro BpeMeHH.
Ho y Hac Bnepeau yeTwpe JeKIuH, Tak YTO 51 He Gy1y TOpoO-
NMHTLCA, U MBI BO BceM pasbepemcs.

Hcropus (U3HKH COCTOMT B CHHTE3UPOBAHHH Ha OCHOBE
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MHOXKECTBA SIBJeHUH HecKoibKuX Teopu#i. Hanpumep, c nas-
HHUX 1Op ObLIM H3BECTHBI TEIJIOBbIE, CBETOBLIE, 3BYKOBLIE fB-
JieHHs1, ABKeHue u rpasuranua. OJHAKO MocJe TOTO KakK c3p
Hcaak HpioToH 0GBsICHUA 33KOHBI JBHMKEHHSI, OKAa3aJoCh, 4TO
HEKOTOpble M3 3THX, Ha IepBbI B3IVIAJ, He CBS3AHHBIX Be-
el — pasHble CTOPOHBI OJIHOTO U TOro e fABjeHusi. Hampu-
Mep, 3BYKOBbIE SIBJIEHHS — 3TO HE YTO HHOe, KaK [BHKEHHE
aTOMOB Bo3jyxa. Tak 4To 3BYK NepecTau CYHTATb YeM-TO OT-
JeJbHbIM OT ABHkKeHHs. OGHApYKHU/IOCH TaKXKe, YTO M TeIllo-
Bble SIBJIEHHs1 JIETKO OOGBSICHSIIOTCS 3aKOHaMH ABHKeHus. Ta-
KUM 06pa3oM, OrpoMHble pasjiesibl (pU3UKH CAHBAIHCh B OoJee
npoctyto Teopuio. C APYrofl CTOPOHBI, rpaBUTALMIO He ylaBa-
Joch OGBACHHTb 3aKOHAMM JIBHXKEHHH, M JakKe CerojHs oHa
cTouT 060coGEHHO OT BCeX MPOUUX TeopuH. I'paBuTanuio noka
HeJb3sl OGBACHUTh HHKaKHMH JPYTHMH SIBJICHHSMH.

3a cHHTe30M fIBJIEHHH ABHXKEHHS, Telsa M 3ByKa I0C/e]0-
BaJIO OTKPHITHE 1IeJ0r0 PALa SBJEHHH, KOTOPble Mbl HasbiBaeM
SJIEKTPHYECKUMH H MarHuTHeIMH. B 1873 r. IIxefimc Knapk
MakcBess1 0O6BeAHHHJ HX CO CBETOBBIMH H ONTHYECKHMH fBJle-
HUSIMH M CO3J1aJl €JIHHYIO TEOPHIO, B KOTODOH CBeT paccMaTpH-
BaeTcsl KaK 3JieKTpomarHutHas BosHa. Mrak, Ha 3Toii cTaguu
CYLILECTBOBAJIM 3aKOHBI JIBUXKEHHS, 3aKOHBI 3/I€KTPOMarHerusma
H 3aKOHBl TpaBHTalMH.

[Mpumepro B 1900 r. Gblya co3nana Teopusi, 0ObACHsOLLAS,
yTo Takoe BellecrBo. OHa moJiyyu/a HasBaHHE 3/1E€KTPOHHOH
TEOPHHU BelllecTBA M I/1acHJia, YTO BHYTPH aTOMOB HAaXOHsTCH
MaJIeHbKHe 3apSKEeHHbIE YacTHIEI. Pa3BuTHe 3TOH Teopuu NpH-
BeJO K IIOHHMAaHHIO TOTO, YTO 3JEKTPOHbl ABHXKYTCS BOKPYP
TSKENBIX S1ep.

Bce NONBITKH OGBSACHUTH BpalleHHE 3JEKTPOHOB BOKPYD
si[ipa 3aKOHaMH MeXaHHKH — TeMH 2Ke, NPH IOMOLIH KOTOPBIX
Heloton Bbuucasa gsuxenue 3emnn Bokpyr CosHua,— OKa-
sanuch HeyjaunbiMH. Hu onHO mpezickasaHue He MOATBEpH-
Jock. (Mexay Mpo4uM, TEOPHS OTHOCHTE/LHOCTH, KOTOPYIO BbI
BCe CUHTaeTe BEJIMKOH peBogionuell B ¢u3uke, paspabaTbiBa-
Jach NPHUOG/IUSHTENBHO B 3TO XKe BpemdA. Ho mo cpaBHeHHIO
C 9THUM OTKDPBITHEM — YTO 3aKOHHI jBH:KeHHS HploToHa He ro-
IATCS JUIsi aTOMOB — TEOPHH OTHOCHTEJbHOCTH Oblla BCEro
JMIIb HE3HAuMTeJbHBIM YCOBEpLIeHCTBOBaHHeM.) DBripaboTka
HOBOH CHCTeMBI B3IVISIIOB, CIIOCOGHOI 3aMeHHTh 3aKoHbl Hblo-
TOHa, 3aHslja JOJroe BpeMms, Tak Kak BCe, 4TO MPOHMCXOHMJIO
Ha aTOMHOM YpOBHe, Ka3a/Joch OYeHb cTpaHHbIM. Hago Oblio
paccratbCsi CO 3JPABBIM CMBICJIOM, YTOGBI NMpEJCTaBUTbL cebe,
YTO Ke NPOUCXOAMT Ha aTOMHOM yposHe. Hakowen, B 1926 T.
6bl1a paspa6oTaHa «GpefoBasty TEOpHsi, OOBSICHABLIAS «HOBBIH
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THUI TIOBEJEHUS» 31€KTPOHOB B BemlectBe. OHa TONBKO KasaJjach
cymacienmeii. Ee HasBanu KBaHTOBoH MexaHukoi. CioBo
«KBAHTOBAas» OTHOCUTCH K TOH CTPaHHOH OCOGEHHOCTH MNpH-
pojiel, KOTOpas NpPOTHBOPEYHUT 3JpaBoMy cMeicay. IIpo sty
0COGEHHOCTh 1 U COGUpAlOCh BaM paccKasarh.

KBaHTOBas MexaHHKa o0OBbACHU/IA, KPOME TOTO, BCEBO3MOXK-
HBle YacTHBIE Npo6JeMbl, Hampumep, nodeMy INPH COeJHMHEHHH
atoMa KHCJOPOJA C JBYMS aroMaMM BOJOPOJa MNOJIYy4aercs
Boja W T. . TakuM o6pasoMm, KBaHTOBasd MeXaHMKa JerJja
B OCHOBY TEOPUH XHMHH. Tak uTO (DyHIAMEHTa/NbHas TEOpeTH- .
yeckasd XHMHA — 3TO, Ha caMoM fene, (pH3HKa.

KBaHTOBas MeXaHHKa Oblia 3aMeyaTe/IbHBIM JOCTHKEHHEM,
TaK KaK CMOIJia OOBACHHUTH BCIO XUMHIO H Da3/HYHBIE CBOHCTBA
peniectB. Ho mo-npexxHemy ocraBasnachk HepelleHHoH npo6Jema
B3aUMOJIEHCTBHS CBeTa M BellecTBa. 10 ecTb TpeGoBa/IoCh HU3-
MEHHTHL TEOPHIO 3JEeKTpUYecTBa W MarHetusma Makcsesa,
yTOGBI IPUBECTH €€ B COOTBETCTBHE CO BHOBb Pa3pabOTaHHBIMH
NpUHIUNAMH KBaHTOBOH MexaHHKH. M Bot, Hakoren, B 1929 r.
panoM (GH3MKOB OblIa CO3faHa HOBasg TeOPHs — KBaHTOBast
TeOpUs B3aUMOJEHCTBHA CBeTa H BeleCcTBa, [OIyYHBIIAS
y2KacHOe Ha3BaHHe «KBAHTOBAf 3JEKTPOJAHHAMHKAN.

K Hecuactbio, y 3TOH Teopuu Obl cepbe3HBIH HENOCTATOK.
Ecau BBl CYUTAJH YTO-TO NPHO/IHAKEHHO, OTBET MoJydaJscs
pasymubiM. Ho eciau Bel meiTanuch mnocyuraTb Gosiee TOUYHO,
OKaspIBaloCh, YTO NMOMpAaBKa, KOTOpas, Ka3a/noch Obl, NO/KHA
GBITb HE3HAUWTENbHOH (Hampumep, CJAENYIOWIME 4YJeH psna),
6bl1a B NeHCTBHTEJNBHOCTH GOJBIION U Jaxke O4eHb OOJIbILOH.
B neficTBHTE/IBHOCTH OHa paBHAJach Oeckonedrocmu. Tak dTo
NOJyYanoch, YTO Hu4e20 HeNb3sl TOCYMTATb C BHICOKOH TOY-
HOCTBIO.

Kcratu, Bce, uTo A BaMm celfuac pacckasaJj, NpeacTaBJjisier
coGofi mpUMep TOTO, YTO 51 Ha3bIBAIO KUCTOPHSA (GU3HKH I1a3aMU
¢u3uKa»,— a OHa Bcerja HempaBWJbHA. J1 mepejpaio BaMm Bechb-
Ma YCJOBHBIH MH(G, KOTOpEI (DU3HKH PaccKasbBAIOT CBOUM
CTYyJZ€HTaM, a 3TH CTYJEHTHl — CBOHM CTYJAEeHTaM, H BCe 3TO
coBceM He 06s3aTeJbHO HMeeT OTHOLIEHHE K pealbHOMY HCTO-
pUUECKOMY Das3BHTHIO, KOTOPOro fi B JEHCTBUTENLHOCTH He
3Hato!

Ho npopmomxum Hauy «ucropuioy. Mcnonb3ys TeopHio OT-
HocuresnbHocTH, [Tome Jlupak paspaGortan peIATHBHCTCKYIO
TEOPHIO 3JEKTPOHA, KOTOpas He YUYUTHIBaJa BceX 3(pGheKToB
B3aMMOJICHCTBUA 3/€KTPOHA co cBeroM. COrJIaCHO TEOpUH
Jlupaka 3/eKTpoH o6/1ajaeT MarHHTHBIM MOMEHTOM — KaK Ma-
JIeHbKUH MAarHUTHK — DaBHBIM TOYHO | B ONpefe/eHHLIX elu-
HHULlaX H3MepeHHA. 3aTeM npuMepHo B 1948 r. skcmepuMenTa-
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TOPbHl OTKPBLIH, YTO JeHCTBHTeNbHAs BeJHYHHa Oaike K
1,00118 (¢ morpeiuHocTbio OKOJIO 3 B nocyenned uudpe). Ilo-
CKOJIbKY, KOHEYHO, OBblJIO M3BECTHO, YTO 3JeKTPOHBl B3aHMO-
JEACTBYIOT CO CBETOM, OXHAaJu HeGosblioll nompaBKu. Oxu-
JaJu Takxke, YTO 3TY MONPaBKy MOXKHO GyjeT 0ObSICHUTDH C TOY-
KM 3pEeHHS HOBOH TEOpHH KBaHTOBOH aJekTpopuHamuku. Ho
KOrja NpoH3BeJH BBIYHCIeHHs, To BMecto 1,00118 mosyunsu
6eCKOHEYHOCTb — YTO, pPa3yMeeTcsi, IPOTHBOPEUUT ONHITY!

[IpoGaiema BeIYHCIEHHH B KBAHTOBOH 3JIeKTPOHHAMHKe Gblia
pemena Jlxynuanom IlIBunrepom, Cunputupo Tomonaroii u
MHoio npumepHO B 1948 r. IlIBuHrep mepBEIM MOCYMTAN MOMN-
paBKy, HCIOJb3Ys HeKyl0 XHTpocTb. Ero Teopernueckas
olleHKa Gbl1a paBHa mpubausutenanto 1,00116. Ona okasasnach
7ocTaToyHo OJH3Ka K SKCIEepPUMEHTA/bHBIM IAaHHBIM M MOJ-
TBepAHJA TNPaBH/IbHOCTH H3OpanHOro Hamu nytH. Hakower
y Hac MOSIBUJIACh KBAHTOBAs TeOPHs 3JIEKTPHYECTBA M MarHe-
TH3Ma, [pPU TOMOLIH KOTOPOH MBI MOIVIH CYMTaTh! DTy TEOPHIO
s coGupaich BaM ONHUCATh.

KeantoBasa 3/eKTpOAMHAMHKA CYILIECTBYeT YxKe CBBIILE
natuaecatd Jer. OHa MHOTOKpaTHO MojBeprajach Bce Gosee
u GoJiee TiaTeJqbHOR NMpoBepKe Bo Bce Gosiee pasHOOOPa3HBIX
ycaoBuAX. B Hacrosimee Bpems s MOTy C ropJOCTBIO CKa3aThb,
YTO MEXKJY SKCIEPHMEHTOM H TEOPHEH Hem CYyujeCmseeHHbix pac-
xoocOeruit!

A1y TeOpHIO, MOXKHO CKa3aTh, NMPOKPYTHJIH B LEHTPHOYTE,
M oHa BHJEpKala HCObITaHHe Ha npouyHocTh. [lpuBeny He-
CKOJIbKO TOCJEIHHX AaHHBIX. DKCIEPUMEHTH JAIOT A/ YHC/Ia
Iupaka 1,00115965221 (c norpermHoCThIO OKOJIO 4 B HOC/E]-
HeM 3HakKe), a Teopus — 1,00115965246 (¢ npumepHO B NSTh
pas GoJsbliled NOrpelIHOCTbIO). UTOGb BBl CMOIJIH OLEHHTh
TOYHOCTb 3THX YHces, TNpeAcTaBbTe cefe, YTO Bbl HM3MePHJIH
paccrosinve ot Jloc-Anmkeneca o Heio-HMlopka ¢ TouHOCTBIO
JI0 TOJILIMHBI YeJIOBEYeCKOro BoJioca. BOT ¢ K4KOH TOYHOCTHIO
6blla pOBepeHa KBaHTOBasl 3JEKTPOAMHAMHKA 3a IOCJefHHe
NATHAECAT JieT — KaK TeopeTHYecKH, TaK H JKCIepHMEHTaJlb-
HO. Mexny npouum, s NpHBEJ BaM TOJBKO OIMH IIPHMED.
W MHorue apyrue BeJHYHHBLI, H3MEPEHHbBIE CO CRABHHMOH TOU-
HOCTBIO, TaKXKe OYeHb XOpOIUO corsiacytorcs ¢ TeopHed. Teo-
pusi npoBepsJsiach B JHanasoHe PacCTOSIHMH OT cra pa3sMepoB
3EMHOTO IlIapa JO OAHOH COTOH aroMHOro sapa. $I mpHBOXY
9TH YHCJa, YTOGH 3aCTaBHTh Bac MOBEPUTh, YTO TEOPHUS He TaK
yX njoxa! BnociiencTBHH s paccKaxy, KakK JIelalliCh 3TH
BBIYHCJIEHHS.

$I xoten 6bl euie pa3 MopasuTh BaC OPOMHBIM JHANa30HOM
OMHCHIBAEMBIX KBaHTOBOH 3JeKTpoAuHamuKoH siBienHd. IIpo-
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e CKasaTb HHaue: TeOPHsS ONHCHIBAET 6Ce AIBJEHHUS (pu3mye-
CKOTO MHPa 32 HCKJ/IIOYeHHeM IPaBUTALMH — TOr0, YTO YAepKH-
BaeT BaC Ha BallMX Mecrax (Ha caMoM Jese, s AyMaw, 3TO
coyeTaHHe TPaBUTALMH H BEXJIHBOCTH) — U PaJHOAKTHBHBIX
sIBJIEHUH, KOTOpDBHIE COCTOAT B [epexojax sjep C ypOBHSA Ha
ypoBeHb. Mrak, 4TO y Hac ocraercsi MOMHMO IDaBHTALHH H
panuoaKTHBHOCTH (6oJiee TOUHO, siiepHOH ¢Gu3HKH)? Densuwm,
CroparmIlui B aBTOMOOMJIbHBIX JABHraTeNfX, NeHA H MY3bIPH,
TBEPJOCTb COJH HJH MefH, ynpyrocrtb crajiu. [a u Guosoru
MBITAIOTCA [PH NOMOWIM XHMHH MOHATh Kak MOXHO OOJbliIe
CBOHCTB KHBOTO, &, KaK 1 yKe OOBACHAJ, TEOPHUS, CTOSIIAd
3a XHMHEH,— 3TO KBaHTOBasl 3JeKTPOJAUHAMHUKA.

$1 no/KeH BHECTH HEKOTOpPYIO SICHOCTb. XOTb Sl U TOBOPIO,
YTO BCe fBJICHHS (PH3UYECKOTO MHPA MOXKHO OGBACHUTH STOH
TeopHell, HO B JeHCTBHTENLHOCTH MBI 3TOr0 He 3HaeM. BoJib-
IIMHCTBO H3BECTHBIX HaM SIBJEHHH NPOUCXOAHT C Yy4yacTHeM
TaKOIO 2U2AHMCKO20 KOJIMYeCTBa 3JEeKTPOHOB, YTO MPOC/EAHTD
3a HUMH He IOJ CHJy Halllemy OeJHOMY paccyaKy. B nmomoGHBIX
clyyasix Mbl MOXKEM HCIO/Ib30BaTh TEOPHIO, YTOOBI XOTb NPH-
GJIM3HTENBHO BBIYHCIHTB, YTO JOJKHO MPOUCXOAUTH. [Ipu-
MEPHO 3TO M MPOHCXOIUT Ha CaMoM JeJe.

Ho eciiM Mbl DOCTaBHM B J1aGOpaToOpHH SKCIEPUMEHT BCEro
C HECKOAbKUMU 3JIEKTPOHAMHU B NpOCHIbiX YCJIOBHAX, Mbl CMOXKEM
C oyeHb GOJIbUIOA TOYHOCTBIO PACCUMTATh, YTO NOJ/KHO MPOWUC-
XOIUTb, U MNPOBECTH OYEHb TOYHbIE H3MepeHHH. B Takux
YCJOBHAX KBaHTOBas 3JeKTPOLHHAMHKa paboraer  mpe-
KpacHo.

Mer, pusukH, Bcerna crapaeMcsi OpOBepHUTb, BCe JIH B [O-
psake c Teopuelt. TakoBa urpa, NOTOMY 4TO, €CJIH YTO-HUGYAb
He mak, cTaHOBUTCA HHTepecHo! Ho 1o cuX mop Ml He HallIM
HUYero HempaBH/LHOIO B KBAaHTOBOH 3JeKTpoxuHamuke. [lo-
aTOMy s Obl CKasaJ, YTO 3TO XKeMUyXKHHAa QUIUKH H OpPEIMET
Halle#l BeJqHyaHIleld TropAOCTH.

KBaHToBasi 3JIeKTpOIHHAMHUKa SBJSETCS TaKXKe MPOTOTH-
IIOM HOBBIX TEODHH, KOTOpHIE MBITAOTCS OOBACHUTHL SAepHbIE
IBJIEHHSI — TO, YTO NPOHCXOJHUT BHYTPH aTOMHBIX fijep. Eciu
OpeiCcTaBUTh (PUBHYECKHMH MHP KaK Teatp, aKTepaMH B HeM
6yayT He TOJbKO 3JIEKTPOHBI, HaXOJSILIHECS] BHE s/iEDP aTOMOB,
HO M KBapKH, IVIIOOHBI, H T. I.— JeCATKH THIOB YaCTHUI[ BHYT-
pu agpa. M xorsa Bce 3TH «aKTephl» COBEPILEHHO HE MOXOXH
Jpyr Ha Jpyra, BCe OHHM HIPalOT B ONPENEJEHHOM CTHJE —
CTPAaHHOM M HEeOOBIYHOM — B «KBAaHTOBOM CTHJ/e». B KoOHIE 5
pacckaxy BaM HEMHOrO IIpO flepHble 4YacTHubl. A cefiyac,
uTOGHI OBLIO Npolle, 1 6YAy paccKasbiBaTh TOJIbKO MPO (HOTOHHL
(4acTHLBl CBeTa) M 3JMEKTPOHBI. [IOTOMY 4TO TYT BaxKHO, KaK

Il



UMeHHO OHH MIDAIOT CBOM POJIM, a MrPaloT OHM HX OYEHb WH-
TEPECHO.

Tenepb, Korza Bbl 3Haere, O 4eM f1 COOMPAIOCh PacCKasbl-
BaTb, BO3HHKaeT BONPOC, CMOXKeTe JIH BBl MOHAML TO, UTO S
HaMepeH pacckas3aTb. KaxnIplf, KTO NOPHUXOIHUT Ha HAYUHYIO
JIEKIIHIO, YBEPEH, YTO HUYEro TaM He MOHMET, HO eC/Id Y JIeKTopa
KpacHuBblil rascTyK, To 6yzer Ha yto nocMoTtpers. Ho He B aToMm
cryyael (QPefiHMaH He HOCUT TaJICTYKOB.)

To, o0 uem A cobupaioch BaM paccKasbiBaTh, CTYAEHTHI-(U-
3UKH M3YYalOT Ha TPEThEM HJIM YeTBePTOM Kypce — H BB 1y-
Maere, 4To f1 coOHpailch 3TO OOBSCHHTb TaK, UTOGHI Bbl BCE
noHaau? Her, BBl He cMOXKeTe 3TOro moHATh. 3aueM ke 1 Gyay
JOKy4YaTb BaM BCEM 3TUM? 3aueM BaM CUJETb U CJAyLIaTh BCe
3TO, €CJM BBl BCe PaBHO Huyero He moiimere? Mos 3ajgaua —
y6enuTb Bac He OTBOPAauUHUBATbLCH M3-3a TOTO, YTO BBI 3TOIO He
noHumaere. Jleqo B TOM, 4YTO MOM CTYIEHTHI-GU3HKH TOXKeE
9TOr0 He moHUMaioT. [ToToMy uYTO # cam 3TOro He NMOHHUMaAIO.
Hukro He moHuMaeT.

MHe xotesnoch 6bl CKasaTb HECKOJbKO CJIOB O NOHHMaHHHU.
CymecTByeT MHOTO NPHYUH, O KOTOPHIM Bbl MOXETe He IIo-
HUMaTb, O 4eM TroBOPHT JeKTop. OfHa U3 HUX — IJIOXOH fA3BLIK.
JIeKTOp He MOXeT BBIPa3UTh TO, YTO XOYET, WJIU HAuMHAeT He
C TOTO KOHI@ — H €ro TPYAHO MOHATb. DTO JOBOJILHO MPOCTOH
cayuadl, u A OyAy H30 BceX cHJ GOPOTbCA CO CBOUM HbIO-
HOPKCKUM aKLEHTOM.

Jpyras npuuuHa, oco6eHHO, eClH JeKTop — (H3HUK, CO-
CTOUT B TOM, UTO OH YIOTpeGJsieT OGbIUHbIE CJI0BA B HEOOBIUHOM
3HayeHHHu. PU3UKU YaCTO HCMOJb3YIOT OObIYHBIE CJIOBA, Ha-
npuMep, «paboTa», UJH «IEHCTBHE», WM «IHEPTHUS», HJIH,
IaXke, KakK Bbl YBHIUTE, «CBET» — B HEOGBHIYHOM, CIElHATbHOM
cMeicsie. Tak, ropopst o «pabote» B (u3MKe, 5 HMe0 B BHUAY
OJlHO, roBopsl O «paboTe» Ha yJuie — coBceM Jpyroe. Bo
BpeMd JIeKIUH § MOTY YIOTPeGUTb OJHO U3 TaKHUX CJIOB, He 3a-
Meuasi, 4TO YHoTpeb/fl0 ero HeoObMHEIM ofpasom. $1 Oyxay
crapaTbCcfl CAEIUTb 3a COGOH — 3TO MOSl O00S3aHHOCTb, HO
TaKylo OWHOKY JErko COBepLIUTb.

Caoenylomas NpuUYHHA, MO KOTOPOH Bbl MOXKETE pELIHTb,
YTO He NOHHMAaeTe, O YeM f OBOPIO, COCTOHUT B TOM, UTO, KOTZa
A Oyly ONuceIBaTh, kax yctpoeHa [Ipupopa, BB He moiiMere,
nouemy oHa Tak yctpoeHa. Ho 3Haere, Beib 3TOr0 HUKTO HE
nonumaer. I He Mory oOmsAcHuTb, moueMy IIpupoxa Bener
cebd MMEHHO TakK, a He HHaye.

Hakonen, BO3MOXKHO M TaKoe: s cOOGLIAI0 BaM HEYTO, a BB
He MOXKeTe B 3TO NOBepUTb. Bel 3Toro He mpuHuUMaeTe. Bam
5T0 He HpaBuTcA, Onyckaercs saBeca, U Bbl GoJiblie HHYEro
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ne caymaere. Sl 6yny pacckaseiBath, Kak ycrpoeHa [lpupona,
ecJid BaM He NOHPABHTCHA, KaK OHA yCTPoeHa, 3To OyeT MellaTh
BaieMy NOHHMAaHHIO. PH3UKH HayyuJHCh pellaTb 3Ty NpoG-
JeMy: OHH IOHSJH, YTO HPABHTCS HM TeOPHA HJH HeT —
HesascHo. BakHO JApyroe — maeT JM TeopHs MNpeACKasaHHA,
KOTOpBIE COTJIAacyIOTCSl € 3KcllepuMeHTOM. TyT He HMeeT 3Ha-
yeHHs, XOpolia JId TeopHs ¢ (HUI0COPCKOH TOUKH 3peHHs, Jer-
Ka J1 JJis1 NOHHUMaHus, GesynpeuHa JiM ¢ TOYKH 3peHHsl 31pa-
BOTrO CMbIC/1a. KBaHTOBas 3JieKTpOJAHHAMHKA JaeT COBepILEHHO
a6cypAHOe C TOYKH 3DeHHsl 3JpaBoro cMmeicjia onucasue Ipu-
ponel. M1 oHO mosHOCTBIO coorBeTcTBYeT 3KcnepHMeHTy. Tak
uyTo 51 Hajeloch, YTO BbI CMOXKeTe NPHHATH [IpHpoay Takof,
kak Ona ectb — aGCypaHOR.

$1 ¢ yzoBONIBCTBHEM IpeIBKYylIalo pacckas ob 3To#t abcypr-
HOCTH, NOTOMY YTO OHA, NO-MOeMy, BOCXHTHTe/]bHa. [loxka-
Jyficta, He oTBOpayHBaiTech H3-3a TOIO, YTO BBl HE MOXKeTe
noBepHThb, 4TO [IpHpona ycrpoeHa Tak crpaHHO. Beicaymafite
MeHSl [0 KOHIA, H f Hajeloch, YTO KOTJa Mbl 3aKOHYHM, BBl
pasjenuTe MOe BOCXHIIEHHE,

Kak s 6yny oOpacHATH BaM Bellld, O KOTOPBIX He paccka-
3bIBAI0 CBOMM CTyJeHTaM 10 TpeTbero Kypca? IlosBoJbTe mpo-
BecTH TaKylo aHajoruio. MupefineB Maisi HHTepecOBa/lH BOC-
xonpl UM 3axonpl BeHneprl. VM Gbuio OyeHb HHTEPECHO 3HATh,
KOTJla OHa MOSABJAETCA KaK YTPeHHSs 3Be3Ja, a Koria — Kak
BeuepHsAs. Ilocse MHorosieTHHX HaGJIOJeHHH OHH 3aMeTHJIH,
uTO NATh HHUKJOB BeHepnl MOYTH B TOYHOCTH pPaBHBI BOCBMH
365-1HEeBHBIM KaJleHIApHBIM rojiaM (OHH 3HAJH, YTO acTPOHO-
MHYeCKHH TOJl OTJIMYaeTcs OT KaJeHJapHOTO H YYHTHIBAIH 3TO
B CBOMX pacyeTax). UToObl NMpPOH3BOAUTL BBIYMCJIEHHS, MaHs
H300pes CHCTEMY YepToueK H TOYeK, H300paKalolHX 4YHCJa
[BKJifo4asi HYJib) W BBIB&JH NPaBHJA, 1O KOTOPBIM PacCUUTHI-
BaJIl H NpeJCKasbIBaJH He TOJNBKO BOCXOJBI H 3aXOxbl BeHepwl,
HO H Jpyrue HeGecHble sIBJIeHHS, HaNpHMep JYHHble 3aTMEHHS.

B Te BpemeHa JiHIIb HeMHOTHe KpeLbl Makis yMeJH IpOH3-
BOJUTb CTOJIb CJIOXKHbIe BHIUHC/IEHHs. Tenepb NpeACTaBHM
ce6e, 4yTO Mbl OBl CIIPOCHJIH OJHOTO W3 HUX, KaK ClieJlaTb BCETO
OJIHO JieHCTBHE H3 CJOXKHOTO Mpolecca NpeacKasaHus ciefylo-
Lero yTPeHHero nOsIBJAeHHS BeHepbl — KaK BblYeCTb OJIHO
yHCJI0 U3 Aipyroro. Y npeanosioxkum, 4To, B OTJHYHE OT HbIHEU-
HEero BpeMeHH, Mbl He XOMJIM B LIKOJY U He yMeeM BBIYHTATh.
Kaxum o6pasoM »kpell oGbACHH/ Obl HaM, YTO TaKOe BBIYHTA-
HHue?

OH Mor 6bl WM HAayuylTh HAc yHc/IaM, H306paxaeMbiM 4ep-
TOYKaMH H TOYKAaMH, H NpaBHJ/aM «BBIMHTAHHf», HJIH paccka-
3aTb HaM, YTO OH, Ha caMmoM JeJie, nenaJt: «[Ipefnonoxum, Mol
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XxoTuM BbiyecTb 236 u3 584. [Ipex e Bcero, orcuntaeM 584 6o6a
Y MOJIOXKHUM HX B TOpLIOK. 3areM BhiHeM 236 6G060B M OTJIOXKHUM
B cTopoHy. HakoHnel, cocuntaem GoObl, OCTaBLIHECS B TOPILKE.
D10 uKuca0 U OYAET pe3ysabTaToOM BHUHTAHHA 236 U3 584».

Bbl moxkeTe ckasaTth: «O, Kemanpkoatss! *). Kakas moc-
Ka — cudtartb O0Obl, KJAaCTh B IOPLIOK, BHIHMMaTb U3 TOpLU-
Ka — HY 4 3aHfATHel»

Ha uro xkpen orBetus Obl: «IMEHHO MO3ITOMY y Hac eCTh
mpaBuja JJIA uepToueK M Touek. [IpaBusa cjI0XKHble, HO NPH
[OMOIIY 3THX IMPaBHJ Topa3fo Jerde MOJYYHTb OTBET, UeM
nepecunTeiBasi 6obbl. Ho uto Kacaercs omgema, TO cOBepIIEHHO
HEeBaXXHO, KaKHM CHOCOOOM OH MOJIyYeH: Mbl MOXKEM IpelcKa-
3arb mosiBjieHHe BeHeprl, cuuTas GOGbI (3TOT CHOCOO MeJIeH-
HEBIH, HO MPOCTOH M MOHATHBIA) MJIM NPUMEHSsl CJIOXKHBIE Ipa-
Buja (3T0O HaMHOro ObICTpee, HO TpeGyeT MHOTHX JieT yueGbl
B IIKOJE).

[ToHsATh, KQK YCTPOEHO BEIUWTAHHE — €CJIH TOJBKO BaM
CaMHM He HaJl0 3aHUMaTbCSl BBIUHCJAEHHSIMH — HE TaK TPYJIHO.
W3 sToro s ucxoxy. 51 cobupaich 0GbSICHUTh BaM, YTO HMEHHO
(bu3HKU Oesarom, KOTAa IpejicKasbBaloT noBereHune [Ipupone,
HO 51 He CTaHy YUHTb Bac NIpHeMaM, HEOGXOAHMBIM TOMY, KTO
XOUeT caM apheKmusHo STHM 3aHUMaThecsl. Bbl oGHapyKHTe,
uTO /s TOJY4YeHHS KAKHMX-TO pa3syMHBIX INpelcKasaHH# npH
TIOMOIIH KBAHTOBOH 3JIEKTPOIMHAMHUKH NPHIETCA PHCOBATh Ha
Jucrte Gymard OrpOMHOe KOJMYECTBO MasleHbKHMX CTPeJouek.
Hamu cTyneHTHI-GU3HKH ceMb JieT (UEThlpe roja B YHHBEPCH-
TeTe W TPM rojia B aclIMpaHType) yuyaTcsi jAesaThb 5TO yMeJo H
npodeccHoHanbHO. TakuM 06pasoM Mbl IepeMaxHeM depes Iie-
JIBIX CeMb JIeT (PH3HUeCKOro oGpasoBaHus. §1 HaJeOCh, 4TO MO-
BHAKOMHRBIIHCH C T€M, UTO MBI peaibHo Oeraem, 3aHHMasCh
KBAaHTOBOH 3JIEKTPOAMHAMHKOH, Bbl MOiiMeTe ee Jyullle, geM
HEKOTOpHEe CTYJAEHTHI!

[Ipononxas HAWly aHAJOTHIO C MaHsi, Mbl MOIVIH Obl CIIPO-
CHTDb Xpella, nodemy NATb LHUKJOB BeHeprl misTcs npuGiu3H-
reapHo 2920 AHel WM BOceMb JieT. MOXKHO MPEmJIOXKUTb MHO-
XKECTBO TeOpHi, OTBEYalOIIHX Ha 3T0 nowemy. Hanpumep:
«20 — BakHOe 4YHCJO B Hallell cHcTeMe CUHC/IeHMS, a ecJH
paspenuts 2920 Ha 20, moayumtcs 146, T.e. Ha eIVHHLY
Bosibllle, 49eM YHCJIO, KOTOpOe MOMKHO IPEICTaBHTb B BHJE
CyMMBI JBYX KBaJpaTOB IBYMSl DPasJHYHBIMH CHOCOOaMH» H
rak jgajee. Ho Takas Teopusi, KOHeYHO, He OYyJeT MMeTb HHU

*) B mudosioruu unaeiines Llentpansuoit AMepuku Kenanabkoatip—
OZIHO M3 TPeX IJIaBHHIX GOXKeCTB, TBOPeI, MHPa, CO3/laTeJb YeJOBeKa H
KYJAbTYPH, 6Or yTPeHHER 3Be3/bl, MOKPOBHTENb KPEYeCTBa H HAYKH.—
Hpumeu. nep. :
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Maneiinero OoTHoOlWIeHHs K Benepe. B Hacrosilee BpeMs Ml
HPHILIH K BBIBOLY O HEHYXKHOCTH TakKoro poga teopuid. Mrax,
Mbl OCTaBHM B CTOPOHE BONpOC O ToM, noxemy lIpupozma ycr-
poeHa Tak, a He HHaue; 1Js1 0GbACHEHHS 3TOrO XOPOIIHX Teo-
puil Her.

Jlo cux mop g nbiTajcst NpaBHJIbLHO HacTPOHThL Bac. MHaue
nuyero He noayuutcs. Tenepr mbl ToTOBEL. Brepen!

Haunem co cBera. Korza HeloToH Hauan u3ydyaTh CBeT, OH
npexje Bcero oOHapyxXHJ, uTo OeJblii CBeT IpeicTaBJ/serT
coGoi1 cmech 1BeToB. C NMOMOIIbBIO NPU3MBL OH Pa3JIoKHJ GeJbll
CBET Ha pas/IMYHbIE IIBETa, HO KOTJa OH MpOoIycKaJs uepes Apy-
ryil0 IpH3My CBeT OJHOro L(BeTa, HampuUMep, KpacHbIH, oKa3a-
JIOCh, YTO €ro HeJib3s PasJIOKHTh jajblie. Takum obpasom,
HeototoH y3Has, uTo Gesiblii cBeT NpeACTaBJsieT cOO0H cMmech
PAa3HbIX IBETOB, KaXKABIH U3 KOTOPHIX SIBJIAETCA YHCTHIM, B TOM
CMBbICJIE, YTO €T0 HeNlb3s PasJioKHTh JaJibllle.

(Ha camom nene, cBeT KakJAOro IiBeTa MO:KeT ObIThb paclien-
JieH ellle pas, Mo-IPYromy, B COOTBETCTBHH C €T0 TaK HasbiBae-
Mo#l «moJisipH3anueliy. ra 0cCOGEHHOCTL CBeTa He CYIIEeCTBEHHA
/sl TNOHHMaHMs XapakTepa KBAaHTOBOH 3JIeKTPOJAHMHAMHKH.
ITosToMy, pafu NPOCTOTHI, 51 He GYAy ee pacCMaTpHBaTh, BCJel:
CTBHe YeTO MOe ONUCaHHe TeopHH He GyneT aGCOJIIOTHO MOJHBIM.
Ot0 He(GOJbILIOE YIpOUIEHHE HUKOUM 00pa3oM He MOBPEIHT
HacToAIlleMy NOHMMaHUIO TOrO, O 4eM 1 GYAy PacCKa3blBaTb.
U Bce ke A 00s3aTe/bHO JOJIXKEH YIOMHUHATh BCe, 4TO Oyjer
NponyIIeHo.)

Korza s roBopro «cBeT» B 3THX JIEKLHAX, 1 HMEIO B BULY He
IPOCTO CBET, KOTOPHIH Mbl MOXKEM BHETb, OT KPacHOro A0 CH-
Hero. OkaselBaeTcfl, YTO BHAHMEIHl CBET — 3TO TOJbKO 4acCTb
JUIMHHOH IIKaJbl, aHAJOTHYHOH MY3BIKaJbHOMY 3BYKOPALY,
B KOTOPOM €CTh HOTHI U BbILIE, U HHXKE, UeM MOXKHO YCJ/IBIUATD.
CBETOBYIO IIKa/ly MOMKHO ONMHCATh IPH MOMOLIY YHCEN, KOTO-
pble HasbIBalOTCA 4acToTamu. [lo Mepe Bo3pacTaHMsl YuCes CBET
MeHseTcs OT KpacHOro K cHHeMy, (HOJETOBOMY H yJ/bTpaduo-
JeToBoMy. MBI He BHAMM YJbTPapHOJIETOBOTO CBETa, HO OH
JeficTByeT Ha (OTOIJIACTHHKH. DTO TOXKE CBET — TOJbKO UHCJIO
apyroe. (He cnenyer GuITh orpaHHYeHHBIMH: TO, YTO Mbl MOXKEM
HeloCPeJCTBEHHO OGHapyXKHTb CBOMMH OpraHaMH 4YyBCTB,
rjasamH, 3TO JajeKo He Bce, 4To ecTh Ha cBeTe!) Ecau Me
npocto 6yJeM Jafbliie MeHSITh 3TO YHCJIO, TO MOMAaJeM B PeHTTe-
HOBCKOE H3Jy4yeHHe, raMMa-H3JjyueHHe U Tak Jajee. Ecin ke
MBI OyZeM H3MeHATb YHC/IO B JPYTOM HalpaBJeHHH, TO NpHIeM
OT CHHEro K KPacHOMY CBeTy, HH(ppakpacHbIM (TelJIOBBLIM)
BOJIHAaM, 3aTeM K Te/IeBH3MOHHBIM BOJHAaM H K PajHOBOJIHAM.
Jnsa MeHa Bce 3TO — «cBeT», $I coGHpaioch HCIONB30BAThH B
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GOJILIUMHCTBE MOMX INPHUMEPOB MNPOCTO KpacHu cBeT. Ho
KBAaHTOBas 3JEKTPOJMHAMHMKA OXBATbIBA€T BeChb ONUCAHHBIH
MHOIO JHAMa30H M CTOHT 32 BCEMH STHMH Pa3JUYHBIMH SBJe-
HHUSIMH.

HrbloTOH cyMTAal, YTO CBET COCTOUT U3 YaCTUI[ — OH HashIBaJl
HUX «KOPIYCKYJbI» — U OH Gbl1 mpaB (HO pacCyxkJeHHs, KO-
TOpBIE NPHUBOAUJIH €ro K 3TOMY BbIBOLY, GbLIH ONUIHGOYHBIMH).
Mebl 3HaeMm, 4TO CBeT COCTOMT M3 YaCTHIL, MOTOMY YTO MBI MO-
JKeM B3ATb OYeHb YYBCTBUTEJbHBIH NpHOOP, LIeNKAMOU[HH,
KOrJla Ha Hero najaer CBeT, U €CJH CBeT CTaHET TYCKHETH,
IeJYKH CTaHyT 6oJsiee peIKHMH, HO COXPAHAT CBOIO I'POMKOCTb.
TakuM 06pasom, CBET — 3TO YTO-TO HAMNOZOGHE NOXKJIEBHIX Ka-
neap. Kaxkzpaa «kamisi» cBera HasbIBaeTCs (POTOHOM, U €CJIH
BeCh CBET OJHOTO I[BETA, TO BCE «KAMJIH» GYAYT OJTHOTO pasMepa.

UenoBeyecKknii a3 — 3TO OYeHb XOPOLIMH OpuGOp: Tpe-
6yercs TOJNBLKO MNATh-LIeCTh (DOTOHOB, YTOOBI AKTHBUPOBATh
HEepPBHYIO KJIETKY M MOcJaaTbh CHr'Hasl B Mo3r. Ecau 6bl MBI mpo-
JIBUHYJIMCh HECKOJBKO Jajbllle B CBOEM pAa3BUTHH, H Halle
3peHHe GbLIO Gbl B JECATH Pa3 UYBCTBUTE/bHEE, 3TO OOCYXKIe-
HHe OblIO Gbl He HYXKHO. Bce MBI Bujenu Obl, YTO TYCKJIBIH
CBET — 3TO CepUf pa3feNeHHBIX NMPOMEXYTKAMH Cla0bIX BCIIHI-
IIeK PaBHOH HHTEHCHBHOCTH.

BaM moxKeT mokasaThCsl YIUBHTEIbHBIM: KaK 9TO MOXHO 00-
HapyXKUTb OTHeJbHBIH (oTOH. OJHH M3 HCIOJAb3YeMBIX XA
3TOro mpHGOPOB Has3bBaeTcsd (HOTOYMHOXKHUTENeM. S KOpPOTKO
Puc. 1. DOTOYMHOXHTENb MOXKeT OGHapyXKHTb eJH-
HuuHbifl ¢doron. Korja ¢orToH ynapsercss o MmiacTHH-
Ky A, OH BbIGHBaeT OTTyJa 3JIEKTPOH, KOTODbIf NMpH-

Yru /711/7/75/75 TSACABaeTCs] K MOJIOKHATENBHO 3apsiKeHHOH IJIacTHHKe
B n BhicBOGOXJaeT elye GoJsblle 3JeKTPOHOB. IDTOT

a
L ,ZZUﬁ MUK

\ npouecc MPOAOJIKAETCS A0 TeX NOp, NOKa MHJVIHAD ALl

9JICKTPOHOB He TOMajgyT Ha MMOCJEeRHIOI IJIaCTHHKY L

0\ H He 06pa3yIOT 3JIeKTPHYECKHH TOK, KOTODPHIH yCHJIH-

% g BaeTcA OGLIYHBIM YCHJIHTeNeM. EC/IH K YCHIHTeJ0 Noj-

KJIIoueH JHHAaMHK, TO KaXzbl# pas, Korja GoToH jgaH-

A= HOro uBeTa MNoOMajaeT Ha IVIaCTHHKY A, pasjalorcs
Odun @omoH I[EJNYKH OJHHAKOBOH I'DOMKOCTH

onuuy, Kak oH pa6oraer. Korna ¢orton ynapsercs o MeTasa/H-
uecKylo nacTuHky A (cM. puc. 1), OH BHIGMBaeT 3JeKTPOH U3
OJIHOTO M3 aTOMOB IJIACTHHKH. CBOGOXHHIH 3/1E€KTPOH MPHTH-
ruBaercs K IVIacTHHKe B (Koropasi 3apsizkeHa MOJOKHTEJbHO)
H, yJapHBLUIHCh O Hee C JOCTATOYHOH CHJIOH, BEICBOOOXKJaeT
TPH MJIH 4YeTbIpe 3JeKTpoHa. Kaxnplil U3 3/1eKTPOHOB, BBIGUTHIX
M3 NJacTMHKM B, npursruBaercs K maactuHke C (Koropas
TaKXkKe 3apsKeHa NOJOXKHTeNbHO) U, CTOJKHYBIIUCH C [IJ1aCTHH-
Koit C, BbICBOGOXKJaeT emie GOJIbllIe /1eKTPOHOB. DTOT IPOLECS
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NOBTOPSIETCS JECSATh WM JBeHAJuaTh pas, [OKa MHJUIMapAbl
9JIEKTPOHOB, CIIOCOOHBIE CO3JIaTh OILYTHMBIH 3JEKTPHUECKHH
TOK, He YZAapsiTcs B MOCJEIHIOW MJIACTHHKY L. DTOT TOK MOXK-
HO YCHUJIMTb OOBIYHBIM YCHJIUTEIEM M NPONYCTHTH UEpe3 JHHA-
MHK, 4YTOObl ObLIM CJBILHBI IIeMYykH. Kaxnielli pas, Korxa ¢o-
TOH JAHHOIO 1BeTa nomnagaer B (HOTOyMHOXKHTENb, pasfaercs
IETYOK OJHOH M TOH K€ IPOMKOCTH.

Eciau BBl paccTaBUTe BOKPYr MHOro (OTOYMHOKHTeNeH
H OyJeTe CBeTHUTh OYeHb TYCKJBIM CBETOM B Pa3HBIX HanpasJe-
HHAX, CBET IONAJET B OJUH U3 (HOTOYMHOXKHTENEH H NPOHU3Be-
JIeT IeMYOK IOJHOH IPOMKOCTH. Bce MM HHYEro: eciu OJuH
(DOTOYMHOXKHUTENbL cpaGaThbiBaeT B JaHHBIH MOMEHT, HHKaKOH
JIpyroii yxe He cpabaTeiBaeT (KpOMe TOrO PeIKOro cJiyudas,
Korja JBa (POTOHA OJHOBPEMEHHO BBUIETAIOT H3 HCTOYHHKA
ceera). CBeT He pacnajgaercst Ha «IOJOBUHKH YacCTHLy, KOTOphIe
JETSIT B pasHble MecTa.

Xouy 0cO6EHHO NMOAYEPKHYTh, YTO CBET CYLIECTBYET HMEHHO
B BHJIe YaCTHI, — 3TO O4YeHb Ba)KHO 3HAaTh. DTO OCOOEHHO BaX-
HO 3HaTb T€M M3 Bac, KTO XOJAWJ B IIKOJY, TAe, BO3MOXHO,
uTO-TO TOBOPHJIH O BOJNHOBOH NpPHPOJE cBeTa. §1 roBOPIO Bawm,
Kak OH Ha camom Oese BejeT cebsi — KaK YaCTHUIIBL.

Bhl MOXkeTe cKasaTb, YTO 3TO TOJLKO (POTOYMHOXKHUTENb MO-
KasblBaeT, UYTO CBET COCTOMT u3 yactuiu. Ho Her, moGo# mpu-
60p, JOCTaTOYHO YyBCTBUTE/BHBLIH, UTOOLI peardpoBaTh Ha Cia-
Oblil CBET, BCErJa B KOHIIE KOHLOB OGHApYKUBaJl TO XKe CaMoe:
CBET COCTOMT M3 YacTHl.

$1 6yay HCXOIUTB U3 TOTO, UTO BBl NpeEJCTaBJsere cebe CBOM-
CTBa CB€Ta B IIOBCEIHEBHBIX OOCTOSITENBLCTBAX — HANPHMED,
YTO CBeT paclnpocTpaHsieTcsl NPSIMOJUHEHHO, 4TO MNpeJoMJIs-
eTcsl, momajgas B BOLY, YTO, KOTJa CBET OTpaxKaercss OT 3ep-
KaJbHOH MOBEPXHOCTH, YIOJ MafeHHs pPaBeH YIVIy OTPaKeHHs,
YTO CBET MOXKHO Da3/IOXKUTh Ha ILIBE€Ta, YTO OUEHb KPAaCHUBLIE
LBeTa BUJHBEI Ha JIyXkKe, KOTJa B Hee MOMaJeT HEMHOro MacJa,
uTO JHUH3a (QOKycHpyeT cBeT M T. 4. $I OyAy HCHOJNB30BATH
5TH 3HAKOMBIE BaM SBJIEHHS, UTOOBI IPOUJIIIOCTPUPOBATH JeH-
CTBUTE/JbHO CTPaHHOe mNoBejeHue cBeTa. S cobupaioch 0Obsc-
HUTb 3TH SIBJEHHUS NPH NOMOIIH KBAHTOBOH 3J€KTPOJUHAMUKH.
S pacckasan Bam O (GOTOYMHOXKHTENE, YTOOBI NMPOHJIIIOCTPH-
poBaTh OCHOBONOJAramouwui ¢akr, KOTOPbIA MOr OBITH BaM He-
H3BECTEH,— YTO CBET COCTOMT U3 YacTHll, HO Tenepb, HAJEIOCh,
BBl 3HaeTe H 370!

ITonarao, BceM BaMm H3BECTHO, YTO CBET YaCTHYHO OTpa-
JaeTcs OT HEKOTOPhIX NOBEPXHOCTEH, HamnpuUMep OT BOJBL.
CKOJIbKO POMAHTHYECKHX IIOJIOTEH IOCBSIIEHO OTPaXKEeHUIO
B O3epe JIYHHOro cBeta (M CKOJBbKO pa3s Bbl Nonajanu B beny
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u3-30 JIYHHOTO cBeTa, OoTpaskasuierocsi B osepe!). I'saas Ha
BOJY, BHl MOXeTe YBHJETb (0COGEHHO AHEM) TO, YTO HAaXOMUTCS
B ry6MHe, HO BHJAHTE TAKXKE H OTpaKeHHE OT MOBEPXHOCTH.
Jpyro#i npumep — crekso. Ecau gHeM B KOMHaTe TOPHT
JlamIa, ¥ Bbl CMOTPHTE B OKHO, TO BaM BHJHO H TO, YTO MPOMC-
XOIHUT CHapyXH, H TYCKJOe OTpaKeHHe JaMIbl B KOMHare.
Taxkum o6pasoM, CBeT YacTHYHO OTPAXKaeTcs OT IMOBEPXHOCTH
CTeKJ1a.

[Ipexae 4eM MPOJOIKHTL, XOUy OGPATHTh Ballle BHUMAaHHe
Ha HEKOE YMpOIIEHHE, KOTOpoe fl clejal0 BHayale W KOTOpoOe
Oyner HCHpaB/ieHO IO3Xe: FOBOPS O YACTHYHOM OTPaXKEHHH
CBE€Ta OT CTeKJ/a, s 6y1y NpexnoJarath, YTO CBET OTPaXKaercs
TOJILKO OT nogepXHocmu cTekja. B neAcTBUTEBHOCTH KYCOK
CTeKJla — 3TO CTPAIUHO CJOXKHOEe YyAOBHIE, B KOTOPOM KH-
LIAT OrPOMHOE KOJHMYECTBO 3JeKTpoHoB. Korma ¢ortoH mo-
najgaer B CTEKJIO, OH B3aUMOJIEHCTBYET C 3JIEKTPOHAMU 80 6CeM
CTEKJ/I€, a He TOJBKO C TeMH, YTO Ha moBepxHocTH. DOTOH H
3JIEKTPOHbl HCIONHAKT? HEKHH TaHel, KOHEYHBIH pe3yJibTar
KOTODOro TOYHO TaKOH »Ke, KakK ecad Obl (DOTOH yAapsics
TOJIKO O MOBEPXHOCTb. Tak 4TO MO3BOJIbTE MHE IOKa ClelaTh
TaKoe yrpolleHHe. A noske s IOKaXy BaM, YTO Ha CAMOM JeJie
NPOMCXOAUT B CTEKJe, W Bbl NOHMeTe, MOYEMY OKOHYATe/bHBIHA
pesyJbTaT TOT Ke.

Tenepsb s XoTes1 GBI ONHUCATh BaM OfHH IKCIEPUMEHT H CO06-
IIHTL €0 YIUBHTENbHBEIE pe3yJbTaThl. B 3TOM 3KcnepHmeHTe

Puc. 2. DKCrMepHMEHT JJ151 H3MePeHHs YaCTHYHOr0 OTpaxe-
HHS CBeTa OT OLHOMH MOBEePXHOCTH cTekJa. M3 kaxamx 100
¢oTonOB, NOKKHAAIOUAX HCTOYHHK CBeTa, 4 OTpakaioTcs OP
nepenHe# MOBEPXHOCTH H MONajaloT B (GOTOYMHOXKHTENb
A, B TO BpeMsl KaK OcTaJibHble 96 NPOXOASAT CKBO3b NMepefi~

- HIOIO MOBEPXHOCTb H OKa3blBaloTCsl B (GoTOyMHOXKHTesde B
"

Cmexna

HeCKOJIbKO (DOTOHOB OJHOTO LiBeTa, NOMYCTHM, KpacHOro, Mo-
[a/laloT U3 HCTOYHHMKA Ha KYCOK cTekaa (cM. puc. 2). Potoym-
HOXHTEJb YCTaHOBJEH B Touke A Haj CTEK/JIOM H JIOBHT BCe
(OTOHBI, OTpaxKeHHble NepejHeH noBepXHocThio. UTOOH ompe-
JIeUTh, CKOJIbKO (DOTOHOB MPOXOAMT Yepe3 NepelHIon 0BepX-
HOCTb, APYTo# (POTOYMHOXKHTENb YCTAHOBJEH B TOUKe B BHYTpHU
crekya. He obpaujafite BHUMaHHSI Ha OYeBHIHbIE TPYHHOCTH,
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CBSI3aHHBIE C YCTAHOBKOH (DOTOYMHOKHTENS BHYTPH CTeKJa.
KaxkoBbl ke pe3y/ibTaThl 3TOTO SKCIepUMeHTa?

U3 kaxaex 100 ¢oToHOB, JeTAmuX BHU3 MOJ NPSMBIM yT-
JIOM K CTeKJy, B cpelHeM 4 nomajgainor B Touky A u 96 — B B.
Hrak, B 3TOM C/Iyyae YyacTHYHOE OTpaxKE€HHE O3HAYaeT, YTo
4 % ¢oTOHOB OTpaKaloTCs NepesHed MOBEPXHOCTHIO CTEKJa,
B TO BpeMsl Kak ocranbHele 96 % mnpomnyckaworcsi. Mbl yowe
CTOJIKHYJIUCh C OOJIBIIOH TPYAHOCTHIO: KaK 3TO CBET MOXKET
yacmu4ro oTpaxkarbesi? Kaxplll GOTOH 3aKaHUMBAET CBOH MyTh
B A nwmm B B — Kak (oTOH pelaer, Kyja eMy Jereth, B A HiH
B B? (CMex B ayZHTOpHH.) TO MOXKET 3By4YaTh KakK LIyTKa, HO
MBI He MOXeM INpocTo cMesitbcsi. Ham mpupercss oGbSICHHTH
370 npu nomomu Teopuu! YacTHuHOe OoTpakeHHe — 3TO yKe
HeNocTHXKHMas 3arajka, 4 370 Oblla OYeHb TPyJAHas 3ajaua
s Helotona.

MoxHO npuayMaTh HECKOJIbKO BO3MOXKHBIX TEOpHUil, 0GhsC-
HSIIOIMX YacTHYHOE OTpaxKeHHe cBera oT creknaa, OjHa U3 HHX

Puc. 3. Opna u3 TeopHil, OGBICHSIOLWIUX
YaCTHYHOE OTpaXKeHHe OT OJHOH IOBEPXHO-
CTH, NIpeAnoJaraeT, 4To NOBEPXHOCTb CO-
CTOMT, B OCHOBHOM, H3 «JBIPOK», KOTODhHIE
NMpONyCKaloT CBeT, H HEMHOIHX <ISITEH»,
KOTOpBIE OTPaKaioT CBeT

Cmerno

COCTOHT B TOM, 410 96 % mnOBepXHOCTH CTeK/Ia — 3TO «ALIPKHY,
KOTOpbIe NpPONYCKAIOT CBET, B TO BpeMsl Kak ocrajnbHble 4 %
3aHATH MaJleHbKUMH «IISITHBIIIKAMH» OTPaXKalolllero MatepHaJia
(cm. puc. 3). HploToH noHmmas, 4to 310 OGBSCHEHHE HE Tro-
aurcs *). Uepes MHHYTY MBI CTOJKHEMCSl C TaKOH CTpaHHOH
0COGEHHOCTBIO YaCTHYHOTO OTPaXKeHHsl, YTO OHA COGBET C TOJIKY
JIIOGOr0 CTOPOHHMKA TEOPUH «ABIPOK U MATEH» — HJH JAPYroH
KaKoH-HUOYIb pasyMHOH TeopHuul

*) OtKyAa oH 3HaJA? HbloTon GBI BeJMKHM Y€JOBEKOM, OH MHCAJ:
«[ToTomMy 4TO s MOTy OTHOJHPOBaTb CTeKJO». Bac MOXeT yIHBHTH, €
4ero OH B3fJI, YTO €CJH MOXKHO OTMOJNIHPOBAThb CTEKJO, TO He JOJKHO
6LITE ALIPOK M naATeH? HbioTon cam muudoBaN CBOM JHH3H H 3epKaja
M 3HaJ, 4YTO OH JeJaeT NPH MJIH(OBKE — [apanaeT NMOBEPXHOCTb CTEK-
Jla MOpOIKaMH Bce GoJiee ToHKOro nomona. ITo Mepe Toro kKak umapamu-
HBl CTaHOBATCA BCE TOHBIIE H TOHbLIE, MOBEPXHOCTb CTEKJa MEHSET
cBoft 06JIMK H M3 MaTOBO-CepOll (TaK Kak CBeT paccenBaercs GONbIIHMH
napanHHaMHi) CTAHOBHTCS NMPO3PavyHO-ACHOH (IOTOMY YTO OYeHb TOHKHE
LapandHbl NPONYCKAIOT CBET HAacKBO3b). Takum o6pa3oM, OH yBHZe,
4YTO HEBO3MOXHO IMPeANoJOXKHTb, OGYATO OYeHb MEJKHE HEePOBHOCTH,
BpOJie LapaNHHOK HJIH MSTEH H ABIPOK, MOTYT BJHSThL Ha cBeT. B nefict-
BHTEJIbHOCTH OH OOGHapYXKWJ, YTO BepHO o6paTHoe. ToHwafmue mapa-
THHKH H, CJe/lOBaTeJbHO, TaKHe e MajeHbKHe IATHBIIKH He OKa3hl-
B3I0T BAHSIHHA HA cBeT. TaK 4TO TeOPHH ALIPOK H NSTEH He TOJMTCSA.
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jpyras BO3MOXHasi TEODHSI COCTOMT B TOM, 4YTO (DOTOHEI
HMEIOT KaKOH-TO BHYTPEHHHUH MeXaHH3M — «KOJIECHKH» H «llie-
CTepeHKH», KOTOPBIe MOBOPAuHBAIOTCA HEKOTOPHIM 00pa3oM,—
TaK 4YTO KOTZa (OTOH «HallesNeH» MPaBHUJbHO, OH NPOXOIHT
CKBO3b CTEKJIO, a KOTJa HeNpaBHJbHO — OTpaxkaerc. Mbl Mo-
)KeM TPOBEPHTb 3Ty TEOPHIO, MOCTAPaBILHCh OT(HHILTPOBATH
(OTOHBI, HalleJeHHble MPAaBHJbLHO, MPH MOMOLIM HECKOJBbKHX
JOTIOJIHUTE/IbHBIX CTEK/JIAHHBIX MJIACTHHOK MeXIYy HCTOYHHKOM
u nepBbIM cTeKJaoM. [locnie mpoxoxknenust uepes GHJIBTPHL 6ce
($OTOHBI, IOCTHTIIHE CTeKJa, NOJKHbI GBITh HaleJeHbl Ipa-
BHJIBHO, H HH OJIHH H3 HHUX He JIO/IKEH OTPasuThCs. DTa Teopus
AJIOXa TeM, YTO He COrJiacyeTcsl ¢ SKCIIepUMEHTOM: Jaxe Mpoi-
Jisl CKBO3b MHOTO CJIOEB CTeKsa, 4 % (OTOHOB, JOCTHTIIHX [aH-
HOH MOBEpXHOCTH, OTPaXKAlOTCS OT Hee.

CkosbKO GBI MBI HH CTapa/iich H306pecTH pa3syMHYIO Teo-
pHI0, OGBACHAIOMYIO, KaK (POTOH «pelIaeT», IPOXOXHUTD JU eMy
CKBO3b CTEKJIO MJIH OTCKaKHUBaTh Hasal, NpelcKasaTrhb, Kak 6y-
JeT ABHraTbcAd HaHHBIA (DOTOH, HEBO3MOXKHO. Pusocopnl yr-
BepKJAaJH, 4TO eC/JH OAMHAKOBBIE YCJIOBHA He NMPUBOASAT BCeraa
K OJMHAKOBBIM pe3yJbTaTaM, MNpelCKa3aHUsi HEBO3MOMKHBL H
HayKa notepnuT Kpax. Bor yc/noBue, KoTopoe NpHBOAHUT K pa3-
JIMYHBIM pe3y/bTaTaM: OJHHAKOBbHIE (DOTOHEI JIETAT B OJHOM Ha-
NpaB/eHHH K OJHOMY KYCKY cTek/sia. Mbl He MoXeM MpencKa-
3aTh, nomajeT Ju AaHHBH (oToH B A uau B. Bcee, uro Mbl Mo-
XKeM INpejcKasaTb — 3T0 To, uto u3 100 BbLIETEBILIHX (DOTOHOB
B cpefHeM 4 OTpassTcs OT NMOBEPXHOCTH. 3HAYMT JIH 3TO, 4TO
¢U3MKy, HayKy BeJHKOH TOUHOCTH, CBEJH K TOMY, YTOOBLI BbI-
UHCAATb 8EPOAMHOCTbG COOBITHS M He IMpelCKasbiBaTh TOYHO,
yto npousonger? Jla. Tak oHo u ecth. Ato orcrynienye. [1pu-
poJa NMo3BoJIsieT HaM BBIYHCAATL TOJNBKO BepositHocTH. Ho Hayka
He [OTepresa Kpaxa.

Ecnu yacTHuHOe OTpakeH:e OT OJHOH IOBEPXHOCTH — 3TO
HEMOCTHXKUMAs 3arafka ¥ TpynaHas mpo6seMa, TO YacTHYHOe
oTpaxeHHe OT IBYX MJiu 6oJiee MOBEPXHOCTeH COBEPILEHHO Ollle-
aomssier. TlosBospTe mnokasarh, mouemy. IlocTaBuM BTOPOH
9KCIIEDHMEHT, B KOTOPDOM MbI GyZeM H3MepATb YacTHUHOe
oTpaxeHHe cBera OT JIBYX MOBepXHOCTeH. 3aMeHHM KYyCOK
CTeKJIa OYeHb TOHKOH CTEKJISTHHOM MJIACTHHKOH €O CTPOro ma-
pasie/IbHBIMH MOBEPXHOCTSIMH M IOMECTHM (DOTOYMHOKHTETH
MoJ MJACTHHKOM Ha NMyTH CBETa OT HCTOYHHKA (cM. pHC. 4).
Ha sToTr pa3 (oTOHEI MOI'yT OTpa3uThCs OT MepeiHed WJM 3ak-
Hell TOBEPXHOCTH M momacTb B A; Bce ocTaJjbHble nMonanyT B B.
Ms1 MoriM OBl OXKHMAATB, YTO MEPENHSS MOBEPXHOCTb OTPA3HUT
4 % cBera, a 3agusiss — 4 % wu3 ocrasmuxca 96 %, T. e. B Le-
Jom orpasurca npumepHo 8 %. Tak uTo MBI JO/IKHBEI OGHAPY-
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KUTb, uT0 M3 Kaxkaplx 100 ¢doToHOB, HCHYCKaeMBIX HCTOYHH-
KoM, mpumepHo 8 momaxyt B A.

B neH#CTBHTENILHOCTH B 3THX TIIATENIHLHO KOHTPOJIHUPYEMBIX
71a60paTOPHBIX YCJIOBHSAX odeHb peako 8 u3 100 ¢oroHOB noO-
nagaior B A. C HEKOTOPHIMH NJIaCTHHKaMH MbI NIOCTOSIHHO MO-
aydaem 15 uin 16 ¢oroHOB — BABOe GOJIbLIE O0XKHIAEMOTO
peaysbraral Jlpyrue niacTHHKH Beeraa Aaor 1 win 2 gotona,
Tpethu — 10, a OT HeKOTOpLIX cBET BooOume He oTpaxaercs!

Pue. 4. OKCIepUMEHT M M3MePeHHS HYaCTHYHOrO OTpas
tKeHHS CBeTa OT OBVX MOBepxHocTeft cTeksa., POTOHB MO-
ryT nonacTb B GOTOYMHOXHTeNb A, OTpasHBIIKCH JUGO OP
nepepHelt, JHG0 OT 3afHeH IOBEPXHOCTH CTeKJISTHHOH
MJIaCTHHKH, KPOMe TOro, OHH MOTYT MpPOATH CKBO3b 0Ge
MOBEPXHOCTH H NMONAcThk B GOTOYMHOKHTeNb B. B 3aBHCHMO-
CTH OT TOJNUMHBI CTeKaa OT 0 g0 16 GOTOHOB M3 KaxKAbIX
100 nomapmaioT B (HOTOYMHOXHTeNb A. DTH pe3yJbTaThl
NpefCTaBISIOT TPYAHOCTb AIs JI0Goli pasyMHOH TeOpHH,
BKJIIOUAsl TEODHIO «IBIPOK M nsTeH» (cMm. puc. 3). Oka-
3bIBAaETCSs, YaCTHUHOE OTPaKeHHEe MOXKET ObiTh «IOraleHo»
UM «yCHJIEHO» Haju4uueM JoGaBOUHOH [MOBEPXHOCTH

UeM 0GBACHSIOTCS 3TH HEHOPMaJsbHbIE pe3y.braTel? [IpoBepuB
KauecTBO H OJHOPOAHOCTb INJIACTHHOK, Mbl OOHApYXKHBaeM, UTO
OHM JIMIIb CJIETKa Pas/HyaloTCsl TOJLIUHOM.

Uro6bl NPOBEPUTh TMNOTE3Y, YTO KOJIMYECTBO CBETA, OTpa-
JKEHHOrO JIBYMSI NIOBEPXHOCTSIMH, 3aBHCHUT OT TOJIIMHEI CTEK/a,
nposeneM CepHio dKcnepumenToB. Haunem ¢ ToHuaiwe# nuiac-
THHKH M H3MEPHM, CKOJIbKO (oToHOB M3 Kaxawpix 100, ucmy-
LIeHHbIX HCTOYHHKOM, JOCTHIHYT (OTOyMHOXHTena B A.
3aTeM 3aMeHHM [JIACTMHKY 4yTh GOJ/iee TOJICTOH M IPOH3BELEM
HoBble H3MepeHusi. [ToBTOpHM 3TH HEHCTBHSI HECKOJIBKO Je-
cATKOB pa3. UTo Mbl nosyuum?

B cayuae camoif TOHKOH NJACTMHKM MBI MOJYYHM, 4TO
yyc/10 (GOTOHOB, MPUXOAAMMUX B A, NOUTH BCerja PaBHO HY.JIO,
a uHorga paBHO |. 3amMeHHB TOHUaHIIYI0 MNJIACTHHKY YYyTh
GoJsiee TOJICTOH, MOJTYUaeM, YTO KOJIMYECTBO OTPAXKEHHOTO CBeTa
crano Goablie — GJauxe K oxugaembiv 8 %. Eme Heckosabko
3aMeH — M KOJIMY4eCTBO ()OTOHOB, NOMajnalomux B A, HauuHaer
npesbiiaTh 8 %. [To Mepe nocreneHHOro yTOJILEHHS M/1aCTH-
HOK KOJIHUECTBO CBETA, OTPaKEHHOTO JIBYMs HOBEPXHOCTSIMH,
JnocTHraer mMakcumyma, 16 % (3T0 MpOMCXOAUT MPH TOJIIMHE
B 5 MHJITMOHHBIX JfOfiMa), a 3aTeM CHOBa MoHMxaercst 10 8 %
¥ Jasee 10 HYyJs. [IpH KaKoH-TO onpesie/IeHHOH TOJIIHHE MJ1ac-
THHKH OTpaxeHHs BooGuie Het. ([Tonpo6yiTe-Ka MOAYyYHTD 3mo
¢ nsaTHamu!)
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Ecau panblie Opojo/KaTh YTOMIATH CTEKJO, YacTHYHOE
oTpaxeHue Gyjer yBenuumBaTbcs 0 16 % u BO3BpamaTbhes
K HYJIO — 3TOT LMKJ TOBTOPSIETCS CHOBa H CHOBa (pHC. 5).
HpioToH 06HapyXKH/ 3TH KoJie6aHUS H NOCTaBHJ OAMH 3KCIIE-
PHUMEHT, KOTOPHIfi MOT' GHITH MPAaBHJBLHO MPOMHTEPIPETHPOBAH,
TOJILKO €CJU YHCJO TaKHX KoJebaHHil JOCTHUraso IO MeHbIIeH

SN N[
NS

! [ | I |

~
@

[lpoueHm
ompaRcenUs
(o)

Q

Tonuuna cmekaa

Puc. 5. Pe3yJibTaThl 5KCIIeDHMEHTA M0 TIATEJIbHOMY H3MePEHHIO 3aBHCHMOCTH CTENEeHH

YaCTHYHOr'O OTPaXKeHHs CBeTa OT TOJILUHBI CTEKJIa JeMOHCTPHPYIOT fBJIeHHe, HasblBae«

Moe «uHTepdepennueii». ITo Mepe yBeJHUeHHs TOJIHMHBI CTEKJa CTeNeHb YaCTHYHOTO

OTpaKeHUsl CBeTa MPOXOJAHT MOBTOpsowuicst uukJ ot 0 1o 16 % Ges npusHakoB 3a-
TyXaHusl

mepe 34 000 uuknoB! Ceronust, UMes Jasepbl (KOTOpble JalOT
OUEHb YHCTBIH MOHOXDOMATHUECKHH CBeT), Mbl MOXEM OTYerT-
JuBO Ha6nionath KoJjeGaHus mocsie Gosee uyem 100 000 000
MOBTOPEHHH. DTO COOTBETCTBYeT Gosee yeM 50-METPOBOH TOJI-
muHe crekya. (B oOblYHOH XKU3HH Mbl He HAOJIOLAaeM 9TOTO fB-
JIEHHS, MOTOMY UYTO MCTOYHHK, KaK NpaBWJIO, HE SIBJISAETCH MO-
HOXPOMATHYECKHM.)

Takum o6pasoM, NOaydYaeTcs, 4To MNpPeNCKa3aHHbIE HaMU
8 % BepHbI JIHIIL B cpefHeM (TOria KakK B JeHCTBHTEJIbHOCTH
BeJMYMHA PEryJ/sipHO MeHsiercst ot HyJas go 16 %). to cpen-
Hee 3HAYEHHE BEPHO TOJNBKO ABAXKABL B IHKJE — TaK CTOSALIME
yachl NOKA3bIBAIOT MPAaBUJbHOE BpeMs IBa pasa B CyTKH. Yem
MOXHO OOBACHHTb STy CTPAHHYIO 3aBHCHMOCTb YacTHYHOTO
oTpakeHHsd OT TOJIIUHBL crek/ja? Kak Moxer nepeiuss mo-
BepXHOCTb OTpaxarb 4 % cBera (4TO NOKa3bBaeTcs HalIkM
NEepPBbIM 3KCIEPHMEHTOM), €C/IH, NOMECTHB CHH3Y Ha HYXKHOM
PacCTOSIHHM BTOPYIO MOBEPXHOCTb, MBI MOXKEM KaKHM-TO 00-
Pa3oM «BBIKJIOUHTLY OTpaxKeHHe? A NOMeCTHB 3Ty BTOPYIO MO-
BEPXHOCTb HA HECKOJNBKO HHOH TJyGHHE, Mbl MOXKEM «YCHJHTb»
orpaxenue 0 16 %! Moxer JiH GLITb, YTO 3aJHAS NOBEPXHOCTD
OKa3bIBAeT KaKOoe-TO BJIMSIHME HJIH JeACTBHE Ha CMOCOGHOCThb
nepenHell MOBEPXHOCTH OTpa)kaTh CBET? A 4TO ecau Mbl J06a-
BUM mpenibi0 TIOBEPXHOCTB?

[Ipu Hanuuuu Tperbell MU JIOOOro APYroro yuc/a Cjenyio-
IHX MOBEPXHOCTEH KOJMYECTBO OTpPayKaeMOro cBeTa ONATh
meHsiercsl. [losyuaercs, 4T0 Mbl ¢ Hallell Teopuei nepeGHpaem
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MOBEPXHOCTH OJHY 3a JApyro#, He 3Has, NOCTHUIJIH JIH MBI, HAKO-
Hel, nocaexHed. HyxHo sm ¢oroHy genatb To ke caMoe,
uToObl «PEIINTbY, OTPaXKaTbCf JH €My OT NepeiHed NoBepX-
HOCTH?

Y HbloToHa G6LIIO HECKOJBKO OCTPOYMHBIX COOGDaxKeHHH
OTHOCHTEJNBHO 3TOH NpoGseMsl *), HO B WTOre OH NOHAJ, YTO
elie He CO37aj yJAOBJETBODUTENBHOH TEOPHH.

Ha nporsxenun mHorux Jer mocsne HrloroHa yacTH4HOe
OTpaKeHHe OT ABYX IOBEpXHOCTeH 6/1aronoJyiHo 00bACHSIOCH
BOJIHOBOH TeopHeli**), HO Korza npoBeJid SKCIEDUMEHTH, B KO-

*) Ham ouenb moBe3no, uto HeioTon yGepun ceGst B TOM, YTO CBeT
COCTOMT H3 <KOPIIYCKYJI» MBI MOXKEM YBHIETb, KaKOH CJOXKHBLIH NyThb
JOJIXKEH NPOHTH XHMBOH M IBITIMBHI yM, NHITasiChb OGBSCHHUTDH SBJIEHHE
4AaCTHYHOTO OTPaxKeHHs OT ABYX HJH GOJbIIEro YHcja NoBepXHoOcTeil.
(Tem, KTO CUHTaJ, 4TO CBET — 3TO BOJIHBI, HE HaJAO GBHLIO JIOMaTb Haj
aTUM rosoBy.) HbloToH paccyxznan ciexyomuM o6pasom. XoTs Kamer-
cd, 4TO CBET OTPaxkaercs OT NepefHell NOBEDPXHOCTH, OH HE MOXKET OT-
paxartbcs OT 3TOH mnoBepxHocTH. Ecanm G OH OTpaxKasics, TO KaKHM
06pa3oM yke OTPakKeHHBIH OT HepelHell MOBEPXHOCTH CBET MOT GBI ONATH
0Ka3aTbCsl 3aJePXKaHHBIM, €CJAH TOJUIMHA TaKOBa, UTO OTPAXKEHHA He
JOJKHO OHITh BooOme? Torja cBeT KOJIKeH OTpaxKaTbCs OT BTOPOH IO-
BepxHOCTH. HO uTOGE O6BACHHTL TOT (haKT, YTO TOJUIHHA CTEKJA ONpe-
JieJisieT CTeNeHb YaCTHYHOrO OTpaxeHHus, HBIOTOH NPeIOKHI Caefyio-
Y0 HACK: CBET, YIaPHBIIKCH O NEPBYIO NOBEPXHOCTb, CO3LAET HEYTO
BpOJie BOJNHBI HJIH MOJSI, KOTOPOE IABHKETCS BMECTe CO CBETOM M Npex-
pacIoJsiaraer €ro K ToMy, 4ToObl OTPA3HTBCS HJIH HE OTPASUTHCSA OT BTO-
poit mosepxHocTH. OH Ha3BIBaJ STOT MPOLECC «IPHUCTYIIAMH JIErKOTrO OT-
paxeHHs] WM JIETKOrO MNPOXOXIEHHS», LHKIHYECKH IOBTOPSIONIHMMH-
Csl B 3aBHCHMOCTH OT TOJIIMHBI CTEKJA.

B cBasu c sToi mieeli Bo3HHMKalOT ABe TPYyIAHOCTH. [lepBasi— sTo
adeKT n06GaBOUHBIX MOBepxHOcTel. KaxkjJas HOBas MOBEPXHOCTh BJIHS-
€T Ha OTPa)keHHe — 3TO 5 omucana B TeKcre. [Ipyrasi mpoGiemMa COCTOHT
B TOM, YTO CBeT 6e3yCJIOBHO OTPaXKkaercs OT 03epa, Y KOTOPOro HET BTO-
polt moBepxHOCTH. Tak 4TO cBeT 004JeH OTPaKaTbCsl OT NepelHel Io-
BepXHOCTH. B ciyuae equnuunbx moBepxuocTeii HuioTOH rosopui, 4ro
CBeT MMeeT NPEIPacloJoXKeHHe K TOMY, 4To6bl OTpa3uTbcs. MoxeM Ju
MBI HMETh TEOPHIO, COTJIACHO KOTOPOil CBeT 3HaeT, B KaKYI0 IIOBEPXHOCTh
OH MonajaeT W €JHHCTBEHHAS JIM OHA?

HbloTOH He MOJYEPKHBAJ CIEUHAJIbHO STHX [POTHBOPEYHil B CBO-
el TEOPHM «HPHUCTYHOB JIEFKOTO OTPAaXKEHHS H IMPOXOKAEHHS», XOTH
SICHO, 4YTO OH CO3HABAJ €€ HeyJOBJEeTBOPHTENbHOCTb. Bo BpeMena Hplo-
TOHA He ofpamalyu 0co6oro BHHMAaHHs HA HENOCTATKH TEOPHH, HX 3a-
MasblBajM — CTHJIb OTJIHYAJICH OT TOrO, K KOTOPOMY MHbI IPHBHIKJH B
HayKe CeroJHs, KOrja Mel yKashbiBaeM Ha BCe Te MeCTa, [Jie Hallla TeOpHs
He COr/Iacyercs ¢ JaHHBIMH 3KCcnepumenTa. 1 He nbiTaloch OGBHHHTL Hblo-
TOHA. I MPOCTO XOuy BHICKA3aThCA B MOJIB3Y TOTrO, KaK MH OGMEHMBaeM-
cq uHpopMalnHell B HayKe CETOIHS.

**) STa Haes OCHOBHIBANACH HA CIOCOGHOCTH BOJIH B3aHMHO YCHJIH-
BaTbCA WJIM B3aMMHO TACHTBCH, H PacueTHl B PaMKax 3TOH MOJeNH Co-
OTBeTCTBOBAJIM PE3yJbTaTaM KaK SKCIepuMeHTOB HblOTOHA, TakK H 9KCIle-
pUMEHTOB, NMPOBOAHBLIMXCS HA IPOTSAXKEHHH croseTHit nocie Hrortona.
Ho xorna 6uiin paspaGoransl npuGOpH, AOCTATOYHO UYBCTBHTEILHLIE,
4TOOE DEarHpoBaThb Ha ENHHHUHBIA (JOTOH, BOJNHOBAS TEOPHS Iped-
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TOPBIX Ha (POTOYMHOMKHTENH CBETUJIM OUeHb CJ1abblM CBETOM,
BOJIHOBasl TeopHs NoTepnena Kpax. [lo mMepe Toro, Kak CBeT
CTaHOBMJICAA Bce OoJiee TYCKJBIM, (DOTOYMHOMKHTENH MPOJOJI-
JKaJIl M31aBaTb IOJHOBECHBIE IIETYKH — TOJHKO OHH pasja-
BaJich Bce pexe. CBeT Bes ce6si KaK YacTHUHL

CeroiHfl CHTyalHsl TaKOBa, YTO Y Hac HET XopolleH Moxenn
Ui 00bsSICHEHUS] YaCTHYHOIO OTPaxKeHHsl OT JBYX NOBEPXHOC-
Te#; MBI TOJILKO BBIYHCJSIEM BEPOSATHOCTb TOTO, YTO B JaHHBIH
(hOTOYMHOXKUTEJb NONafeT GOTOH, OTPaKEHHBIH OT CTEKJSIHHOH
IJIACTHHKH. §1 BRIGpan 3TH BBIYUCJEHHS B KauecTBE NEepPBOrO
npuMepa, 4To6bl IO3HAKOMHTH BaC C METONOM KBaHTOBOH 3JeK-
TPOJMHAMHKHU. $I cobupaloch NMoKasaTb BaM, «KakK Mbl CUHTaeM
600bl»,— 4TO JeJaloT (H3HUKH, YTOGH NMOJYYHTh NPaBHJbHBIH
orBer. 51 He cobHpaloch OOBSCHATh, KaK ()OTOHH B JeHCTBH-
TEJBHOCTH «pellaloT» BONPOC, OTCKOYUTH JIH Hasaj HJIH NPOHTH
HacKBO3b. JT0 HeH3BecTHO. (Bo3mOxHO, Bompoc He HMeer
cMbicaia.) J1 TONbKO NOKaXKy BaM, KaK BBIUHCJHTb NPaBHJALHYIO
6epOAMHOCMb TOTO, YTO CBET OTPAsUTCA OT CTeKaa JaHHOH
TOJIILHHEl, NOTOMY YTO 3TO €IHHCTBEHHOE, YTO (HH3HKH yMEIOT
nenars! To, 4TO HaM NMPHUXOIHTCA NeAaTh, YTOOH! PElIUTb My
3ajayy, aHaJOTHYHO TOMY, YTO NPHXOIMTCA Jesaarb, YTOOHI
pEIINTh 200y10 Opyeyr0 KBAHTOBO-3JIEKTPOAMHAMHUYECKYIO 3a-
Jauy.

Bam mnpuuercs Hamnpsiyb CHJBI — HO He IOTOMY, 4YTO 3TO
TPYZHO HOHATH, a MOTOMY, YTO 3TO cKopee 3a0aBHO: Bce, YTO
HaM HaJo GyJeT AenaTb — 3TO PHCOBaTh MaJjieHbKHE CTPeJIOYKH
Ha JucTKe GyMard — u 6oJblile HUYEro.

Uro xe oO6ero Mexny CTpeJKOA H BepOSTHOCTBIO TOTO,
YTO OINpeNeseHHOe cOObiTHE coBeplIHTCA? B cooTBeTcTBHH
C NpaBHJIaMH, IO KOTOPHIM «MbI CuHTaeM GOGBI», BEpPOSITHOCTDb
coObITHS PaBHa KBaJpaTy AJHHBL cTpesKd. Hanpumep, B HalleMm
NepBOM 3IKClepUMeHTe (KOrja Mbl H3MepfJH YacTHYHOe OTpa-
JKEHHe OT OJHOH TONBKO NepelHedl NMOBEpXHOCTH) BEPOSATHOCTD
Toro, yto (OTOH Nomazaer B GOTOyMHOXKHTENb A, Gblia paBHA

cKasasa, YTO «IeNTYKH» (OTOYMHOKHUTeJss OYAyT CTaHOBHTHCH BCe
THIIe M THIIE, B TO BPeMsl KaK OHM COXPaHSJIH NOJHYIO CHJAY, H TOJbKO
pa3faBanuch Bce Gosee peiako. Hu onna pasymHas Mojesab He MorJa
06bSICHUTB 3TOT (PAKT, NOITOMY HACTYMHJ NePHOX, TPeGOBaBUIMI H3BECT-
Ho#t xuTpoctu. Hajo 6bIO 3HATh, KaKO# 3KCIEPUMEHT BBl aHAJIH3UPYe-
Te, YTOGEI CKa3aTh, YTO TaKO€ CBET — BOJIHBI MJH YACTHIBL. DTa MyTaHH-
na Gblja Ha3BaHa «KOPNMYCKYJSPHO-BOJHOBHIM JYyaJH3MOM» CBE€Td, H
KTO-TO IOUIYTHJI, YTO CBeT IpejCcTaBjsieT COGOH BOJHBI IO MOHEJedb-
HUKaM, cpeflaM ¥ TNSITHHMIAM; YacTHLBI — [0 BTOPHHKAM, YeTBepraM M
cy660TaM; a Mo BOCKpeceHbsIM Mbl 1yMaeM 06 atoM! Llesib 3TuX Jekuui —
pacckasarb O TOM, KaK 3Ta 3arajika Gbla B KOHIle KOHIIOB «pa3pemnieHan.
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4 %. 3dro cootBercTByeT cTpenke miauHod 0,2, Tak Kak 0,2
B kBazpare paBHo 0,04 (cm. puc. 6).

B HallleM BTOPOM 3KClepHMeHTe (KOrAa Mbl 3aMeHsJH TOH-
KHe CTEKJsIHHBIE MJIaCTHHKH 4yThb GOJiee TOJICTHIMH) (DOTOHH,
OTCKaKHBasi UJIH OT NepenHed, HJH OT 3aJHell NOBEPXHOCTH,

Puc. 6. CrpaHHasi 0COGEHHOCTb YaCTHYHOI'O OTPaXKeHHs OT ABYX

noBepxHOCTeli 3acTaBHJa (DH3HKOB OTKasaTbCcH OT aGCOJIOTHBIX

npeAcKasaHH# H OrPaHHYHTLCH BBHIYHCJICHHEM BEPOSITHOCTH COGBI-

qusi. KBaHTOBas 3JeKTPOAMHAaMHMKa JaeT HaM JJIsi 5TOTO MeTof, 4,04
cocTosIMA B PHCOBAaHHH CTpeJioueK Ha JucTe Gymarn. BeposiT-

HOCTb COGBITHSI TMpEeJCTaBJeHa IJIOWAAbI0 KBaapaTa, CTOPOHOH 0,2 0,2
KOTOpOro siBJIsieTcsl cTpesika. Hampumep, cTpesiKa, COOTBETCTBYIO-

uas BeposTHocTH 0,04 (4 %), uMmeer pauny 0,2

nonaganu B A. Kak HapucoBaTb cTpesiKy, 4ToObl H306pas3uTh
a1y cutyanuo? JlMHA cTpesKH JOKHA MEHATHCA OT HYJA
10 0,4, uTOGBl MpPEACTABUTHL BEPOSATHOCTH OT HyJas 1o 16 %,
B 3aBHCHMOCTH OT TOJIIMHEI cTekJa (cM. pHc. 7).

Haunem ¢ TOro, uto paccMOTpUM pasJHYHBIE AYmu, 1O KO-
TOPbIM (POTOH MOT IIONAacTb U3 HUCTOUHHKA B (DOTOYMHOKHTEND

0,2
‘i 7,1
Dk
%
0%
<
Vi | I
0,3

Puc. 7. CTpesiKH, COOTBETCTBYIOUHE BEPOATHOCTAM OT 0 10 16 %, umeloT gauHb oT 0
no 0,4

A. TlockoJbKy £ Jesai0 ymopouleHue W CYHTalo, YTo (OTOH OT-
CKaKHBaeT /160 OT nepeiHel, JuGO OT 3ajHeH NMOBepXHOCTH,
HMeloTCA JBa MyTH, NO KOTOpBIM (JOTOH Mor momactb B A.
B s1OM c/liyuae Mbl pHCyeM d8e CTPENKM — [0 OJHOH AN Kax-
Joro cnoco6a, KOTOPLIM MOIJIO NMPOHU30HTH COOBITHE — H 3aTeM
COeIMHSIEM MX B «Pe3y/bTHPVIOULYIO CTPEJNKy», KBajapaT Ko-
TOPOH MNpeAcTaBJsieT co0oii BeposTHOCTb coObiTHA. Ecau Gbl
coObITHE MOIVIO IPOH30HTH TpeMsl pasJ/HuHLIMH croco6amy,
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Mbl Obl HapUCOBa/NH TPH pasHbIe CTPE/IKH, NPEXKJIE UeM COey-
HUTb HX.

Teneppr paBaifiTe s MOKaxXy, KakK COGIUHATH CTPEJKH,
CkaxeM, Mbl XOTHM COCIHHHTb CTPENKY X CO CTPEJKOH y (cM.
puc. 8). Bce, uto Tpebyercsi — 3TO COENHHHTH <«TOJIOBY» X
C «XBOCTOM» y (He MeHsIl UX HalpaBJ/eHHH) U POBECTH Pe3yJib-
THPYIOILYIO CTPEIKY OT XBOCTa x¥ K rosose y. Bor u Bce. Mol

Puc. 8. CrpenkH, oTBeyamwliue BCeM BO3MOX=

14 HBIM cIoco6aM, KOTOPHIMH MOrJO G6bl mnpo-
& v H30HTH COGBITHE, PHCYIOTCS H 3aTeM COelHu-

HSIIOTCA1  (<CKJIa[LIBAIOTCS») TaK: COeNHHHTe

«TFOJIOBY» OJHOH CTPeJNKH C «XBOCTOM» Ipyro#
(He MeHss UX HanpaBJieHHH) H NpPOBeJHTe «pe-
3YJILTHPYIOIYIO CTPEJIKY» OT XBOCTa NepBOH K

rosiope nocaeaHei

Pesynbmupyiomas
Cmpenka

MOKEM COEJIMHATbL TAaKHM CIOCOOOM J000e YHC/IO CTPENOK.
(Takas onepanys Ha3bIBAeTCH «CJIOKEHHEM CTPesoKs.) Kaxnas
CTpesiKa yKasblBaeT, B KaKOM HalpaBJieHHH M Ha KaKoe pac-
CTOSIHME «TaHIEeBaTb». Pe3ybTUpylomas cTpeska MOKasblBaer,
KaKoe eQUHCMBeHHOe NBUXKEHUe HAaj0 CAe/1aTh, YTOGHI MOMACTh
Ha TO Xe MecTo (cM. puc. 9).

N
<4\V15

Pesynmupyrouyas
CmpenKna

Puc. 9. JTio60e KOJIMYECTBO CTPEJIOK MOXKHO CJIOKHTh CIIOCOGOM, MOKasaHHBIM Ha pPHC. 8

[To kakuM npaBu/IaM ONpefensloTCS AAMHA M HampasJeHHe
KaxJIOH U3 CTPEJIOK, KOTOPHIE Mbl COEUHSIEM, UTOGH! MOJYUHTh
pe3yJ/IbTHPYIOMLYIO CTPENKY? B 1aHHOM KOHKPETHOM C/Iy4ae MbI
GyneM CK/AajbBaTh [B€ CTPEJIKH — mepBasi OGyAeT NpPEeACTaB-
JIATh OTPa)KeHHe OT nepe0Heli MOBEPXHOCTH CTeK/]a, a BTO-
pasi — ot 3adHeli.

Haunem ¢ niuHel. Kak MBI BUJEIM B NepBOM 3KCHEPHMEHTE
(B KOTOpPOM MBI MOMelIaMH (POTOYMHOKHTENb BHYTPb CTEKJa),
nepejHss MOBEPXHOCTb OTPaXKaeT OKoJO 4 % BBHLIETAOIHX
(OoTOHOB. DTO 3HAUUT, YTO CTPE/KA «IepelHero OTParKeHHs»
umeer guuny 0,2, 3agusis noBepxHocTh Takke orpaxkaer 4 %,
TaK YTO JUIHHA CTPEJKH «33aJHero orpaxenus» takxke 0,2.

Yto6bl ONpefeNuTh HampaB/eHHE KaXJI0H CTpPe/KH, Ja-
BafiTe mpeAcTaBUM cebe, UTO y HAC €CTh Yachl, KOTOpPHIE UAYT,
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noka (HOTOH JIETHT. ¥ 3THX BOOOpax<aeMbIX YacOB TOJIbKO OJHA
CTpeJKa M OHa BpalllaeTcsl oyeHb-oueHb ObicTpo. Korza goton
JIETUT, CTpesKa 4YacoB Bpamaerca (fenas npumepHo 36 000
060pOTOB Ha oM myTH (oTOHA, ecu cBeT KpacHui). Hako-
Hell, GOTOH nonafaeT B GOTOYMHOKHTENb, H Mbl OCTaHABJIUBaeM
yacel. CTpesika 4acoB OCTaHAaBJIMBAeTCs, YKa3blBasl B KaKOM-TO
onpejieJleHHOM Hanpas/ieHuH. B sTom HampasjeHun H OyneT
yKasblBaTbh CTPeJiKa, KOTOPYI0 Mbl HapHCYyeM.

YTo6E NPaBUJILHO BLIUHUCAUTL OTBET, HaM MoTpebyercs
ele OfHO paBHJo. Korja Mbl HMeeM Jeso ¢ TpPaeKTopHel JBH-
XKeHusi (POTOHA, OTCKOUMBIIETO OT rnepedHeli MOBEPXHOCTH
CTekJ/ia, MBI MEHSIeM HampaBJeHHe CTpesKu Ha obparHoe. IIpy-
THMH CJIOBaMH, MBI PHCYEM CTPEJKH TaK, 4TO cTpeska 3a0Hez0
OTpaxeH!s! yKas3blBaeT B MOM jite HANPaBJICHUH, YTO H CTPeJKa
YacoB, a CTpeJIKa nepedHez0 OTPAXKEHHSI — B MPOMUBONOAON-
Hom HaNpaBJeHUH.

Tenepp paBaliTe HapucyeM CTpPeJKH [/ cjydasi, KOTAa
cBeT OTpaKaercsl OT OYeHb TOHKOTO cJosl crek/a. YTolbl Ha-
pHCOBaTb CTPeJKY [epejHero OTpaKeHHsl, Mbl MNPeJICTaBHUM
ce6e, Kak (OTOH MOKHJAET HCTOYHHUK cBeTa (CTpesKa YacoB
HAyHHAeT BpallaTbCsl), OTCKAKHBAE€T OT NepeiHed MOBepX-
HocTH H nomajaer B A (cTpeska 4acoB OCTAHABJMBAeTCs).
Mu pucyeMm ctpesouky anuHo# 0,2, ykasblBaiollylo B Halpas-
JIEHHH, [POTHBOMOJIOKHOM cTpeske 4acoB (cMm. puc. 10).

Utobbl HapucoBaTh CTPesKY 3aJHero OoTpakeHus, Npejcra-
BuM cefe, KaK ()OTOH MOKHJAET UCTOYHHUK CBeTa (CTpeska ya-
COB HaAuMHaeT BpalwaTbcs), MNPOXOAUT CKBO3bL MEPEJHIOI IO-
BEPXHOCTb, OTCKAaKHBAeT OT 3ajHell u nomajaer B A (crpeika
4acoB ocTaHaB/JHBaeTcs). Ha sToT pas crpesika yacoB yKasbl-
BaeT MOYTH B TOM Ke HalpaBJ/eHHH, NOTOMY YTO (hOTOHY, OT-
pasuBLIEMyCsl OT 3ajHed MOBePXHOCTH CTeKsa, TpedyeTcs
NOYTH CTOJILKO e BpeMeHH, 4TOOH JOocTHUYb A — OH JBaKibl
NPOXOJUT CKBO3b OYeHb TOHKHH cJsof cTeksa. CieloBaTenbHO,
MBI pHCYeM CTPeJIouKY AJuHOH 0,2, YKa3blBAIOILYIO B TOM K€
HanpaBJ/IeHHH, YTO M cTpeska yacoB (cM. puc. 1l).

Tenepp coenunumM o6e cTpesnku. Tak Kak OHH HMEIOT OAHY
JJIMHY M MOYTH INPOTHBOIMOJIOXKHBLIE HampaB/eHHs, TO JJHHA
pesy/IbTHPYIOIeH CTpesKM OyJeT NpakTHUecKH paBHA HYJIO,
a ee KBajpaT OyJeT ewe Oauxe K HyJo. Takum o6pasoMm, Be-
POATHOCTb TOTO, YTO CBET OTPA3HTCA OT GECKOHEYHO TOHKOH
CTeK/ISIHHOH IUIaCTUHKH, MPaKTHYeCKH paBHa HYMO (CM.
puc. 12).

Korza Mbl 3ameHsieM TOHYaHIIYIO CTEKJSHHYIO MJACTHHKY
gyTh Gosiee TOJICTOH, (OTOHY, OTCKAKHUBAIOWIEMY OT 3ajHel
NOBEPXHOCTH, TpebyeTcsl 4yTh GOJsbllle BpPeMeHH, UTOObI MO-
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Yacsl

0,2
—
Lmpenxa nepedrean
OmpaHEHILS

Puc. 10. B skcnepHMeHTe ¢ OTpayKeHHEM OT JBYX MOBEPXHOCTeH MBI MOXKEM CKa3aTb,

uTO OfMH (POTOH MOXKET NoNacTh B A ABYMs crnoco6GaMu; OTPasUBLIHCh OT NepeaHel MIH

sajgHed MoBepxHOCTH, JJIst KaxJoro crocoGa pucyeTcs cTpeska AIuHO# 0,2, mpuueM ee

HarnpaBJieHHe ONpeJelsieTcsl CTPEJKOH «4acoB», KoTopasl Bpalaercsi, moka GoToH JBH«

wercsl, CTpesiKa «IePeJHEro OTpaXKeHUsi» PUCYETCsl B HalNpaBJeHHH, 00pPaAmHoM OCTa=
HOBHBHIEHCS] CTpeJIKe YacoB

Yacel

0,2
-@-—1———-

Cmpenra saiHeed
ompaoHLEHUT

Puc. 11. DoToHYy, OTpasHBLIEMYCsl OT 3ajHel MOBEPXHOCTH TOHKOH CTeXJSHHOH Muias
CTHHKH, TpeGyeTcsi HeMHOro GoJibllle BpeMeHH, 4TOGH monacTbk B A. Tak uTo cTpenka
YacoB, OCTaHOBHBIUHCH, YKashblBaeT CJerka B APYroM HanpaBJIeHHH, YeM KOrja Mbl
uMeeM Jesio c GOTOHOM, OTPaSHBIIMMCSl OT NepeAHei noBepxHocTH. CTpesKa «3aAHeryd
OTpaXKeHHSI» PHCYETCH B MOM Jice HaPaBJIEHHH, 9TO H CTPeJKa 4acoB

0,2
8,0025- EF—="
Gos 9?2

Puc. 12. PesysibTHpyOLIas CTPeJaKa, KBaApaT KOTOPOH mpejcraBasieT coGoit BeposiT-
HOCTb OTPaXKeHHsl OT OYeHb TOHKOI'O CJIOSI CTEKJIa, MOJIYy4YaeTcs MpPH CJIOXKEHHH CTPEIKH
nepe/iHero OTPaXkeHHs M CTPEJIKH 3aJHEro oTpaxKeHus. PesysbTaT nMouTH paBeH HYJIO
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Yacesl Hacel

0,2 0,2
/
Umpenna nepednesn Cmpenxa 300HE8G
ompaKcenus OmpaHEeHLA

0,2

0,2

Puc. 13. PeaysbTHPYIOUAS CTPeJIKa sl 4yTh GoJlee TOJCTON CTEKISIHHON MIaCTHHKH

HeCKOJIbKO JVIHHHee GJ1arofapsi 6o/ibimeMy OTHOCHTeJNLHOMY YIVIY MeXZY CTpeJKaMH

sajHero  TepefiHero OTPaxKeHusi. ITO CBs3aHO ¢ TeM, YTO GOTOHY, OTPasHBLIEMYCS O

safHe#l NOBEPXHOCTH, TpeGyeTcst GoJiblie BpeMeHH, Y4TOGH ronacts B 4, no CpPaBHEHHMIO
C NpeABIAYUIMM IPHMEPOM

Yacer . Yacul
0,2 5,2
‘/,ﬂ' /
Lmpenka nepedrean Cmpenka 3a6HESD
ompaKeRus OmpaARCEHILS
0,2
7,2 ¢

Puc 14. Korpma Tosumuna cTekJia TaKoOBa, YTO CTpPeJIKa u4acoB JesiaeT ROGaBOYHBIH

n< 1yo6opoT st GOTOHA, OTPA3HBLIEroCs OT 3afHeH MOBEPXHOCTH, CTPEJIKH NePeHero u

BajHero OTPa*KeHHsl YKa3blBAlOT B ONHOM HaNpaBJIeHHH. DTO JaeT DPe3yJbTHPYOLLYIO
cTpenky pnuuoié 0,4, 4TO COOTBETCTBYET BEPOSITHOCTH 16 %
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nactb B A, 4eM B mepsoM npumepe. [Tostomy cTpesika 4acos
ycneBaeT MNOBEPHYThbCA YYTh Jajblle, MPeXAE Y4eM OCTaHO-
BHTbCA, H CTPE&JKAa 3aJHEro OTpaXKeHHs HaXOJMTCH MO He-
CKOJIbKO OOJIbIIMM YIVIOM K CTpeJKe IEepefHEro OTpaxKeHHS.
PesyapTupylomas crpenka nosydaercs 4uyTh JJIHHHee, a ee
KBajpar, COOTBETCTBEHHO, Bo3pacraer (cMm, puc. 13).

B kauecTBe CJ/elylOLIero NpuMepa PacCMOTPHM cJayuyai,
Korja CTeKJ0 HaCTOJIbKO TOJICTOE, YTO CTPE/Ka 4acoB feJaeT
N06aBOYHLIA M0Jy060pPOT 32 TO BpeMsl, 4TO (hOTOH OTpaxKaercs
or sanneil mosepxHoctH. Ha stor pas crpesnka samHero orpa-
3KEHHsI YKasblBaeT TOYHO B TOM Ke HalpaBJ/IeHHH, UTO U CTpes-
Ka nepenHero orpaxkenus. CoenuHsii o6e CTPeJNKH, HOJTydaeM
pesy/IbTHPYIOLLYIO CTPeJKY IJuHol 0,4, KBagpar KoTopoli pa-
Bed 0,16, uro coorBercTBYeT BepositHocTH 16 % (cM. puc. 14).

Ecnu MBI yBEHUMM TOJILHHY CTEKJa HACTOJLKO, YTOGHI
CTpesiKa YacoB clesiana 06aBouHbIH noaHbii 060POT 3a BpeMs
moJjieTa ¢ OTPaXKeHHeM OT 3aiHell MOBEpXHOCTH, TO HAIH JBe
CTpesNKH OYILYyT OMNATh YKAasblBATh B HPOTHBOTOJOXHBIX Ha-
NpaBJeHHsX M Pe3yJbTHPYIOWAs CTPeska GyAeT paBHA HYJIO

Ynost Yokt
0,2 0,2
_’,.J-’?' _é_—‘——‘"

Cmpenka nepedHeen Cmpenka sadnesq
OmpaCenLs ompaFLEHIS

0,2
-~ U n_k,_::s
0,2
Puc. 15. Korpa TonuuHa cTeKJsa TaKOBa, YTO CTPeJIKa 4aCOB JieJiaeT OfUH HIH Goabiie
NOJIHBIX J06aBOYHBIX 0GOPOTOB A1 GOTOHA, OTPa3HBLIErOCH OT 3ajHeH NMOBEPXHOCTH,
pPe3yJIbTHpPYIOILas CTPeJIKa ONsATh PaBHa HyJlO, H OTPaXKeHHs BOOOIEe HeT

(cm. puc. 15). D10 noJoxKeHHe BO3HHKAET CHOBA H CHOBA Kaxk-
JBIf pas, KOorja TOJIIMHA CTeKJa JOCTaTo4yHa, YTOGBI CTpesKa
4acoB CcjeJaja elle ONMH MOJHBIH O0OOpPOT 3a BpeMs IoJieTa
C OTpaKeHHEeM OT 3ajHeH NOBEPXHOCTH.

Ecnu TonuuHa crek/ia TaKOBa, YTO CTPEJKA 4acoB JAeJaer
JioGaBounbie 1/4 unu 3/4 o6opora, To ABe MaJieHbKHE CTPETOUYKH
6ynyT HanpasJieHH NOJ NPSIMBIM yrjioM. B 3aTom cayuae pe-
3yJbTHPYIOILAA CTPeJNKa HpeAcTaB/isieT co60H rHUMoTeHy3y nps-
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MOYTOJILHOTO TPEYTroJibHHKa, U, no Teopeme [ludaropa, ksai-
paT THUNOTEHY3bl paBeH CymMMe KBaJpaToB KaTeToB. Tak Ml
noJyyaeM BeJHYUHY, NPAaBUIbHYIO «IBaXKIbl B CyTKH»: 4 %+
+4 % naor 8 % (cm. puc. 16).

3aMerbTe, UTO N0 MepPe TOro KakK MbI [OCTENeHHO YBeJaHYH-
BaeM TOJIIMHY CTE€KJa, CTPeJKa NepelHero oTpaKeHus Bceraa
yKasbiBaeT B OJHOM HalpaBJIeHHH, TOrJa KaK CTPe/Ka 3aJHEero

Puc. 16. Korza cTpesIK# nepefHero u 3ajHero Ot-
paxeHus COCTaBJISAIOT l'lpﬁMOﬁ YroJy, pe3yJbTH~
pylouiasa cTpeaka npeacTapasieT co6oif runoTe-
HY3y [OpSIMOYTOJIbHOrO TpeyroibHHKa. Takum
o6pa3oM, ee KBafipaT paBeH CyMMe ABYX ADYTHX
KBajpaToB — 8 % 8%

OTpaXkeHUs MOCTENeHHO MeHseT HanpasJeHue. Vsmenenue oT-
HOCHTEJIbHOIO HaNpaBJieHHs JBYX CTPEJOK NMPUBOJMT K TOMY,
uTO AJIHMHA PE3YJbTUPYIOUIEH CTPEJKU NepHOAHYECKH MEHSTCS
or wyasa jo 0,4. Takum obpasom, xeadpam IJVHBEI Pe3yJbTH-
pyloweil CTPesKH nepuoguuecku MmeHsiercst or Hyuas o 16 %,
yTO MBI M HabJjioaeM B HaLIUX dKcrnepuMmeHTtax (cM. puc. 17).

ToabKo 4TO A1 MOKasan BaM, Kak MOXKHO TOYHO OMUCAThb 3TO
CTpaHHOE YacTHYHOE OTpaKeHHe, pucysl Ha OyMmare Kakue-TO
Henensle crpeikd. CrenuajpHoe HayyHoe HasBaHHe 3THX
CTPENIOK — «aMIVIUTYAa BEPOATHOCTH», U s UYBCTBYIO cebd
Gosiee 3HAUMTEJNbLHBIM, KOrZa roBopio: «Mbl BbIUHMC/sieM aM-
NJIUTYLy BEpPOATHOCTH coGhiTUs»., OfHaKo S NMPEANIOYHTAI0 TOo-
BOpUTb MIPOCTO, YTO MBI NEITaeMCsl HAHTH CTPE]KY, KBajapar
JVIHHEL KOTOpO#l sBJsieTcsl BEepPOSITHOCTBIO TOTO, YTO YTO-HH-
6yab CJIYYHTCS.

Ilpexje yeM 3aKOHYUTL 3Ty NEPBYIO JIEKLHUIO, f XOTes Obl
pacckasarb BaM O PallyXkHBIX Pa3BOAaxX, KOTOpBHIE Bbl BUAUTE
Ha MBUIBHBEIX Ny3bIpsAX. Mau ayume o apyrom. Eciu macno us
Balller0 aBTOMOOGHUJS COUHTCA B JYXKY, TO IVISA HAa KOpHYHe-
BO€ MacJ/IO B IPSI3HOM J1yKe, BBl YBUIUTE NPEKpacHble Nepe/HBhL
uBetoB. TOHKas mJ/eHKa Macsa, MJaBalolias Ha M[OBEPXHO-
CTH JIyXkH, TNPeACTaB/seT cOGOH 4TO-TO BPOAE OUYEHb TOHKOrO
CTeK/a — OHA OTPaXKaeT CBeT OJHOrO I(Bera TO cJjabo, TO
CHJILHO B 3aBHCHMOCTH OT CBOeH TommuHbl. Ecsau Mbl 6ynem
CBETHTb YHCTHIM KPacHBIM CBETOM Ha MacC/JAHYIO MJEHKY, TO
YBHJAUM MNATHA KPacHOrO IBeTa, pasJieleHHble Y3KUMH uep-
HEIMH TIOJIOCKaMH (B TeX MecTax, e HeT OTPaXeHHs), Tak Kak
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TOJIIMHA MAac/AsHOH IJIEHKH He Be3fe ojuHakoBa. Ec/aH Mbl
OyneM CBETHTb YMCTHIM CHHMM CBETOM, TO YBHIHM NSTHA CH-
HEro 1BeTa, pasiesieHHble Y3KUMH 4YepHBIMH ToJiockamu. Eciu
MBI Oy/ieM CBETHTh OJHOBPEMEHHO KPacHBIM 4 CHHHM CBETOM,
MBI YBH]IHM, YTO HEKOTOPEIE MECTa HMEIOT KaK pas TaKylo TOJ-
LWHMHY, YTO OTPAXKalOT TOJBKO KPacCHHIH CBET; APYTHE HMEOT

Puc. 17. Korpaa TOHKOe CTEKJIO 3aMeHSIOT GoJlee TOJICTBIM, CTPeJIKa 4acoB, OTMepsolas

BpeMA JBHKeHHS HOTOHA, OTPAaKEHHOro OT 3aAHell MOBEPXHOCTH, IOBOPaYHBaeTCs YyTh

GoJibllle, H OTHOCHTEJbHBIH Yrosl MeXAY CTPeJKaMH NepeJHero H 3aJHero OTPaXKeHHs

MeHsieTCsl. DTO MPHBOAHT K TOMY, YTO Pe3yJIbTHPYIOLIasl CTPeJIKa CHOBa H CHOBa H3Me-
HSIeT AJIMHY, a ee KBajpaT KovseGjercss ot 0 mo 16 % u onsith go 0

KakK pas TaKylo TOJIUHHY, YTO OTPaXKAalT TOJbKO CHHHH CBET;
ellle KakHe-TO MecTa UMEIOT TaKylo TOJLIMHY, YTO OTPaXKAlOT U
KpacHbIH, H cHHUH CBeT (HALUW IJ1a3a BUJAT NPH 3TOM (pHOJEeTO-
BHIH), U, HAaKOHEll, IJIe-TO TOJIIMHA IIJIEHKH TAKOBa, YTO BOOOIIE
HHYEro He OTpaxaercd, M IJIEHKAa KaXKeTcs YepHOH.

Uro6bl syyllle 3TO NOHATh, CJAELYET 3HATb, YTO ILHUKJ OT
Hyaa g0 16 % ana wactuyHOro orpaxeHusi OT ABYX IOBEpX-
HOCTeH MOBTOpSieTcs 4alle [Jsi CHHEro cBeTa, 4eM JJIsl Kpac-
Horo. Tak uTo npu onpene/eHHOH TOJMIIHHE TOT HJIH HHOH LBET
UM 06a 1BeTa OTPAXKAIOTCA CHJBHO, B TO BpeMsl Kak NpH ApY-
rofl TOJILMHE OTpakeHHe OGOHX IBETOB OTCYTCTBYeT (cM.
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puc. 18). LIMKJIEI OTpaKeHHs OBTOPSAIOTCS C Pa3HOM YaCTOTOH,
YTO COOTBETCTBYET TOMY, UTO CTpeJKa YacoB Bpailaercs ObICT-
pee 1.5 cuHero (oToHa M MejJIeHHee /s KpacHoro. Ha camom
neJe, eQuUHCMEenHoe pas3iiuue MeXAY KpacHbIM H CHHHM (po-
ToHOM (MJIH (POTOHOM JIOGOTO JPYroro LBeTa, BKJoYasi pajguo-
BOJIHbI, PEHTTEHOBCKOE H3JyyeHHe H T. [.) — 3TO CKOPOCTb
BpAIlleH!s] CTPEJKH YacoB.

Korza Mbl CBETHM KPacHBIM U CUHHM CBETOM Ha Mac/sHYIO
IJIeHKy, TOfIBJIAIOTCS PasBOIBI KPacHOro, CHHEro H (uoJero-
BOrO ILBETOB, pasjejieHHbie yepHbIMU rpaHunamMHd. Koraa cou-
HEeYHBbIH CBET, COCTOSII[HH U3 KPAcHOro, XKeJITOro, 3eJeHOro H
CHHero, NajaeT Ha JyXy C MacJjssHOH NJeHKOH, YYacTKH,

llpoyexm
OmpaXcenus .
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JAemolord Ot Obii
(Lredng-guo- fnedng-guo~ Kpacrobama:
Jemobsi) SEMOBId @uonemobsli

Tomuuna

Puc. 18. ITo Mepe yToJlleHHs MJIACTHHKH BePOSITHOCTh YaCTHYHOTO OTPaX<€HHs MOHO-
XPOMaTHYECKOrO CBeTa OT ABYX NOBEPXHOCTeH U3MeHsIeTCs LMKJIHYecKH oT 0 mo 16 %.
Tak Kak CKOpPOCTb BOOOpakaeMO# 4acOBOH CTpPeJIKH Pas/IHYHa /s CBeTa PassIHYHBIX
LIBETOB, LHKJI NOBTOPsieTcS ¢ pas3yIMYHOH yacToToH. IlycTb Ha NJACTHHKY MNajaloT ABa
YHCTHIX (BeTa — KPAacHbIH ¥ cHHHH cBeT. Torga B 3aBHCHMOCTH OT TOJIIHHBI TVIACTHHKH
Gy JieT OTpaxaThCsl HIIH TOJNbKO KPAaCHBIH, HJIH TOJBbKO CHHHUH, HJIM KPACHbIH M CHHHH CBeT
BMeCTe B Pa3JIHYHBIX COOTHOLIEHHSX (YTO JiaeT Pa3Hble OTTEHKH (QHOJIETOBOrO), HJIH HH-
yero He GyJeT oTpaxaTbcs (4epHhiit). Ecyiu, Kak y Macjia, pacTeKalollerocs Io Jiyxe,
TOJIL[MHA CJIOSl MEeHSIeTCsl, BOSHHKHYT BCe KoMOGHMHAuuH. TIpH OCBelleHHH COJIHEYHbIM
CBETOM, COCTOSILIMM H3 BCEX IIBETOB, BO3HHKAIOT BCEBO3MOXHble KOMOHHAIMH, YTO KaeT
MHOXXECTBO LIBETOB

CHJIbHO OTpaxkaioliye KaxAbll U3 3THX IBETOB, IEPeKphbl-
BAIOTCSl U JIAI0T BCEBO3MOXKHEBIE COYETAHHUs], KOTOPbIE HALIM IJja-
3a BUJAST KaK pasHble LBera. Korpa Mac/isiHas NJeHKa pacnoJ-
32€TCsl U JIBUIKETCS 10 MOBEPXHOCTH BOJBI, PA3HOLBETHHIE Pa3-
BOJIBI TOCTOSIHHO MeHsitorcsl. (C APYroH CTOpPOHHI, €c/JH Obl BB
IIOCMOTPEJIH Ha 3Ty 2Ke JIYXKYy HOYbIO, IIPH CBET€ HaTPHEBOTO
yJAUYHOro (poHapsi, Bbl Obl YBHJEJIH TOJbLKO XKeJTOBATble IIO-
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Jlochl, pasfieleHHble YepHHIM — IIOTOMY 4TO Takue (GoHapu HC-
NyCKalOT CBET TOJBKO OIHOrO IBETa.)

310 NosiBJICHHE Pa3HBIX LBETOB, BHI3bIBAEMOE YACTHYHEIM
oTpaxeHHeM 6eJIoro cBeTa OT ABYX NOBepXHOCTel, Ha3LBAaeTCs
ppusauued MJIM DPafykHOCTBIO U HabJIOJaeTCs BO MHOTHX
mecTax. Bo3MOXHO, Bbl YIHBJSJIHCh, KaK [OJAY4aeTCs mepe-
JMBYaTas packpacka KoJuGpU M naBiauHoB. Teneps BH 3Ha-
ere. Kak BO3HUKJH Tiepe/iHBYaThle LBETAa — 3TO TOXKE HH-
TepecHblfl Bompoc. JIo6ysich NMaBJMHOM, MblI AO/IKHBI OTAATh
JIOJKHOE TOKOJIEHHSIM TYCKJBIX CaMOK 3a TO, YTO OHH GhUIH
Tak pa3GopuHBH B BHIGOpe ceGe maphl. (UesoBek BhIleT Ha
CIIEHY TO3XKe H PalHMOHATH3HPOBAN CeJIeKLHIO NaBJHHOB.)

B cjenyromell JeKuuMH sl MOKaXy BaM, Kak NPH IOMOLIH
3TOr0 3a6aBHOrO KOMOUHHPOBAHHS CTpPeJOYeK MPaBUJIBLHO pac-
CuUMTaTh JIPyrue 3HaKOMble BaM SIBJIEHHS: UTO CBeT pacHpocrpa-
HsAeTCs MO NMPSIMOH, YTO OH OTpaxKaercs OT 3epKaJa NOJ TaKuM
e yIJIOM, YTO M [afaeT Ha Hero (<yroJ maJeHHs paBeH YLy
OTPaXKEHHUA»), YTO JIMH3A (OKYCHpYeT CBeT M T. J. Jra HoBad
KOHIICNIUS ONUIIET BCe, YTO Bbl 3HAeTe O CBETE.



JIEKLIMA 2

®OTOHbI: YACTHLbI CBETA

Dto BTOpas NEKIHUA LHKJ4, NOCBSUIEHHOTO KBaH-
TOBOH 3JIGKTPOAUHAMHKE, H TaK KaK OYEBHRHO, YTO HHKOIO H3
pac He GbLIO HE HPOLIIOH JIEKIHH (IOTOMY YTO §i BEEX MpeayI-
pexnal, 9TO HHKTO HHYEro He MNOHMeET), sl BKPaTie MOBTOPIO
OCHOBHBIE IOJIOKEHHS NepBOH JIEKIHH.

Mur rosopusn o cBere. [lepBoe BaXKHO8 CBOMCTBO CBeTa
8aKJ/IIOYaeTCsl B TOM, YTO OH COCTOMT M3 YaCTHH: KOFJa OYe€Hb
c1abhii MOHOXPOMATHUECKHH CBeT (CBeT OJHOTO LBETa) Ioma-
JIaeT B JIETEKTOD, AETEKTOP HIEJKaeT ¢ OJHRAKOBOH rPOMKOCTBIO
M BCe pexe U pexe 1o Mepe Toro, Kak CBET TYCKHeeT.

Jlpyroe BakHOe CBOHCTBO CBeTa, 06CYy:X/laBilieecst B NepBOH
JIEKI[HH,— 3TO YacTHYHOe OTpakeHHe MOHOXPOMAaTHYECKOro
csera. Ot eduncmeenroti NOBEPXHOCTH CTEKJa OTpaxkaeTcs, B
cpexneM, 4 % Beex nomajaloliBX Ha Hee (OTOHOB. IJTO yxKe
HepaspelllMMast 3arajka, TaK Kak HeBO3MOXHO MpeJICKa3aTh,
kakue (OTOHHI OTpassiTcsi, a Kakue NPOHAYT HackBo3b. Korna
HOABJSETCA 8mopas TOBEPXHOCTb, DE3YJBFaTHl CTPaHHLIE:
BMECTO OXHRaeMbiX 8 % oTpaxeHHs OT JABYX ROBEPXHOCTEH
¥aCTHYHOE OTpazkKeHue To ycusiusaercs 1o 16 %, To coBcem Hc-
ye3aeT, B 3aBACHMOCTH OT TOJIIMHBI CTEKJa.

dTo cTpaHHOe fABJNEHHE YaCTHIHOTO OTPaXKeHHS OT ABYX
noBepXHoOcTelt MOXKeT OblITb OOBSCHEHO JUIsi HHTEHCHBHOTO
cBeTa BOJIHOBOH TeOpHe#, HO BOJIHOBasi TEOpUst He MOXKeT o0bsC-
HHTb, KaKdUM 06pas3oM JEeTeKTOp H3[aeT ONHEaKOBO TIPOMKHE
IIeMYKH, KOTJ@ CBeT TycKHeeT. KBaHTOBas 3/€KTPORMHAMHKA
«paspelaeT» BOIPOC O KOPIYCKYJSPHO-BOJIHOBOM IyaJjH3Me
cBeTa, yTBepXzasd, 9TO CBET COCTOHT H3 YaeTHN (Kak CudTasl
B cBoe Bpemsi Huloron). Ho 1eHoft sTOro BesqMKOTO nmpojsuxke-
HHUSl HAYKH €Tajo OTCTyIIeHHe (PH3HKH Ha NMO3HLHMIO, Tie NpH-
3HaeTcs BO3MOXKHBIM TOJIbKO BBIUHUCJIEHHE 8EPOSMMOCMU TOTO,
yto (OTOH NONajeT B JETEKTOp, H He Npejsaraercs Xopoimei
MOJIEJH TOro, KaK 3TO B IeHCTBHTE/HHOCTH NPOHCXO/IHT.

B nepBoil JeKIMH A paccKasaJj, KaKHM 00pa3oM (U3HKH
BBHIYHCJ/ISIIOT BEPOSATHOCTD TOrO HJH HHOrO COObITHA. OHH pH-
CYIOT Ha JHCTe 6yMard CTPe/IKH B COOTBETCTBHH CO CJIeRyIo-
UIMMH [paBHJaMH:
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— BEJIMKUM TTPUHLIUIL. BeposiTHOCTb COGHITHS paBHA
KBaJipaTy IJIMHBI CTPEJIKH, Ha3bIBaeMOH «aMIJIUTYIOH BEpOST-
noctu». Hanpumep, crpenka anuno#i 0,4 COOTBETCTBYET Be-
posithocty 0,16, man 16 %.

— OBUIEE TIPZ "WJIO pucoBaHHSI CTPENOK, €CJH COObI-
THe MOXeT NIPOM3O0HTE )a3HBIMH cllocoGaMH: HapHCOBAaTh CTpeEJ-
Ky J1s KaXJAoro crnocob6a W 3aTeM COEIMHHTH CTPENKH («ciio-
KHUTbY HX), LEMJIASA TOJOBY OAHOH 3a XBOCT Apyrof. «Peay.ib-
THpYIOWasi CTPeJKa» APOBOJMTCS OT XBOCTA NEPBOH CTPENIKH
K roJjioBe nocjeiHed. Ksaapat pesy/bTHpYIOUIEH CTPeJIKU JAET
BEPOSITHOCTb BCErO COGBITHS B LEJIOM.

Brisio TakXKe HECKOJNBKO CHeHHaNbHBIX NPAaBHJ JJIS NPOBE-
JIeHHs1 CTPeJOK B CJyyae YacTHYHOrO OTPaXKE€HHs OT CTeKJa
(ux MOXKHO HaHTH Ha c. 26 u 27).

Bce BblllecKa3aHHOe mpejcTaBssier co6of Gersbii 0G3op
nepBO# JIEKIHH.

Tenepr s xores Obl MOKa3aThb BaM, KaK 3Ta MOZeJb MHpa,
TaK pasuTeNbHO OT/IHYAIOLIAsCs OT BCEro, C 4eM BhI BCTpeua-
JINCB JI0 CHX mop (4TO, BO3MOXKHO, BBl HaJIEETECh C HEH HHKOTrIa
GoJibllle HE BCTPETHTHLCS), MOXKET OOGBSICHHTH BCE H3BECTHEHIE
BaM IPOCTHIE CBOHCTBA CBeTa: KOTJa CBET OTPaKaeTcsi OT 3ep-
KaJjia, yroJq NajeHHsi paBeH YIJy OTPaXKEHHUs; CBET OTKJOHS-
eTcsl, nonajasl U3 Bo3lyXa B BOAY; CBET pacHpOCTPaHSIETCs IO
npsAmo#; nuH3a (PoKycHpyer cBeT U T. A. Teopus Takke onu-
CLIBa€T MHOTHE JpYyrHe CBOHCTBa CBeTa, ¢ KOTOPBIMH Bhl, BO3-
MOXHO, U He 3HaKoMmbl. Camasi GoJjibluiasi TPYZHOCThb, ¢ KOTO-
poii 51 CTOJIKHYJICS BO BPeMsl IOATOTOBKH 3THX JIEKIHH, COCTOS-
Jla B TOM, 4TOOBl YCTOSITh Nepej HUCKYIIeHHeM OOBACHHUTHL BCe
BelIY, CBSI3aHHEIE CO CBETOM, KOTOpbIE BBl TaK JOJIIO U3y4aJ/Hu B
mkosae. Hanpumep, oTk/10HeHHe cBera B 06JaCTh TEHH — TO,
yTo HasbiBaercsl audpakuueli. Ho Tak Kak GOJBIIMHCTBO U3
Bac He Ha0J/0an0 BHUMATeNbHO STHX sIBJEeHHH, 1 He Gyny HX
Kacatbcsi. OfiHaKO 51 MOTY T'apaHTHPOBATh (B IPOTHBHOM CJ1y4ae
npuMephl, KOTOphle sl co6Hpaloch NPOAEMOHCTPHPOBATh, BBO-
UM OBl Bac B 3a6Jy2KJeHHE), YTO 4/000e SIBJIEHHE, CBSI3aHHOE
€O CBETOM, KOTOpoe OBIJIO TIIaTeNbHO H3YyYeHO, MOXKHO OObscC-
HUTb KBAaHTOBOH 3JIEKTPOAUHAMHKOH; XOTs1 51 GyLy ONHCHIBATh
TOJIbKO NpoOCTeHIIHe H caMble H3BECTHHIE SIBJIEHHS.

HauneMm c 3epKaJia u ¢ Bonpoca 0 TOM, KaK OT Hero oTpaxa-
ercs ceer (cM. puc. 19). B Touke S nMeercsi HCTOUHHK, HCITyC-
Kalomui oueHb cJabbli CBeT OZHOro mBeTa (BO3bMEM OMNSThb
KpacHuI# 1BeT). MICTOUHHK HCIyCKaeT KaXipld pa3 1o OXHOMY
¢otony. B Touky P noctaBUM (OTOYMHOXKHTENb, 4TOOHI Je-
TeKTHpoBaTh GoToHEI. [locTaBUM ero Ha TOMH ke BEICOTE, YTO H
HCTOYHHK — GyJeT Npolle PHCOBaTh CTPEJKH, €C/H BCEe CHM-
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MeTpUYHO. MBI XOTHM BBIYMCJHTbL BEPOSITHOCTb TOTO, YTO Je-
TEKTOp IIEJKHET N0ocJie BblieTa GOTOHA H3 HCTOYHHKA. Tak Kak
(OTOH MOXKeT ToJeTeThb NPAMO B AETEKTOp, MOCTaBHM 3SKpaH
B Q, YTOOBI 3TO NMPENOTBPAaTUTD.

MblI MOTJIM OXHJATb, YTO BeCh CBET, JOCTUTaAIOWIMA JETeK-
TOpa, MOJKEH OTpa)karbcs OT CePeMHBl 3epKaja, TaK Kak
HMeHHO B 3TOM MECTe YroJ NaJeHHs PaBeH YIJy OTPaKeHHf.

HcmoynuK npar Jemerxmop
cema ,/ (pomoyMHOHE L MENb)
s 2 P

Yeon nadenus < Yeon ompancenus
3eprang

a

6

Puc. 19. CorsiacHO KJacCMYeCKOH KapTHHe MHpa 3epKajo GyJleT oTpa)kaTb CBET TaM,

rie yroJ NajieHusi paBeH yIJy OTPaXeHHsi, faxe eCJIH HCTOYHHK H eTEKTOP HaXOHaTCs

Ha pasHbIX YPOBHAX, KaK [IOKa3aHo B ciayuae 6. [B nanbHeiieM Ha PHCYHKaX HCTOYHHK

usoBpaxaercs Gyksol S (oT source), GoToyMHON)HTesb — P (0T photomultiplier).—
Hpumey. nep.]

U Kaxkercsi JOBOJILHO OYEBMIHLIM, YTO YacTH 3epKana BOJIH3H
060HX ero KOHLOB HMEIT TAaKOe e OTHOLIEHHE K OTpaXeHHIO,
Kak K LeHe Cbipa, He TaK Ju?

XoTs Bbl MOXKeTe Qymarmpb, 4TO 4acTH 3epKasa BOIM3H 000X
KOHLIOB He MMEIOT HHKAKOTO OTHOILEHHMA K OTPaXKEeHHIO CBETa,
NONaJAIoLIeT0 M3 HCTOYHHKA B JETEKTOpP, AaBadTe NOCMOTPHM,
YTO MOXKET CKasaTb MO 3TOMYy INOBOJAY KBaHTOBas TeOpHUS.
[IpaBu/O: BEpOATHOCTb TOTO, YTO JAHHOE COOBITHE MPO-
u30fijer, paBHa KBaJpaTy pe3yJbTHpYOWeH CTPEJKH, KOTO-
pylo HailJieM, HauyepTHB CTPeJKH A/ KaxJOoro crocoba, KoTo-
PHIM MOXKET NPOU30HTH COGBITHE, H 3aTeM COEJMHHB (¢CJIOKHBY)
uX. B 3KcnepuMeHTe MO HM3MEPEHHI0 YaCTHYHOTO OTPaxKeHHs
cBeTa OT JBYX OBEPXHOCTeH ObLJIO IBa MyTH, KOTOPLIMH (OTOH
MOT nonacTh M3 HCTOYHHKA B JIETEKTOP. B 3TOM 3KcnepHMeHTe
(oTpakeHHe OT OJIHOH MOBEPXHOCTH) (HOTOH MOXKET JIeTeTb MUJI-
JHOHOM DasJiHYHbIX MyTeH: OH MOKET MONacTb B JIEBYIO 4acTb
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3epkana B A WM B B (HanpHMep) H OTCKOYHTB B J€TEKTOpP (CM.
puc. 20); OH MOXKET OTCKOUMTH OT TOH YacTH, OT KaKoH OH, IO
BallleMy MHEHHIO, H JOJIKEH OTCKaKUBaTh — OT (; HJIH OH MoO-
JKeT NoNacTb B [IPaBYIO YacThb 3epKasa B K uin M H OTCKOYHTh
oTTyjaa. Bel MOXeTe noayMmarh, YTO f1 COLIET C yMa, TaK Kak
S ? P
\ g

U

[ |
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Puc. 20. CorslacHO KBaHTOBOM KapTHHE MHpPa CBET HMeeT OfHHAKOBYIO aMIUIHTYAY
OTpPa3uTbcs OT Jio6Gof yacTH sepkana, ot A a0 M

B GOJIbIUMHCTBE HA3BAaHHBIX MHOIO C/Iy4YaeB yrosi NaJeHHs He
paBeH yray orpaxenusi. Ho s e comen ¢ yma, notomy 4ro
B JIHCTBHTEJBHOCTH CBET paclpoCTpaHsercss HMEeHHO Tak!
Kak 310 MoOXer OBITb?

Urto6bl yNpOCTHTH NPOG/IEMY, HPEANONONKHM, UTO 3€pKajo
npejcraesfer coGofl TONBKO JJIMHHYIO MOJIOCKY CJeBa Hamnpa-
BO, T. €. 3a6yJeM Ha MHHYTY, 4TO 3epKajO HMEeT TOJILHHY H

 — I T ) 1 I T T T T T T Ij
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Puc. 21 YtoG6wl Jierue GHJIO BHIYHCJIHTB, A€ MPOXOAUT CBeT, GyfeM BPeMEHHO pace

cMaTpEBaTh TOJNBKO HOJIOCKY SepKaJia, pasjelieHHYIO Ha KBagpaTHkH. Kaxjomy KBan-

PaTHKY COOTBETCTBYET OfHA TPaeKTOPHs. ITO ynpoLieHHe HHKOHM 06pa3oM He YBOAH?
B CTOPOHY OT TOYHOI'O aHa/JH3a CHTyalHH

Bo3BblllaeTes Haj 6yMarof (cMm. puc. 21). Xors B JeAcTBHTE/Ib-
HOCTH HA 3TOH 3€pKa/bHOA MOJOCKE HMEEeTCS MHJIJIHOH MeECT,
OTKyZa Mor Gbl OTPasHThCA (OTOH, NPHOJIHKEHHO AONYCTHM,
BPEMEHHO Pa3/e/luB 3epPKa/lo Ha KOHEYHOe YHCJIO MaJeHbKHX
KBaJIpaTHKOB, UTO €CTb TOJNBKO OJHA TPaeKTOPHA IJf Kax-
joro keajparuka. Ham pacuer Gygmer Gosnee TouHBIM (HO H
NPOU3BOJHTE €ro CTaHeT TPyJHee) N0 Mepe TOro, Kak Mel Oy-
JeM YyMeHbIUaTh KBaJPaTHKH H paccMarpuBarh GoJbllee
KOJIMUECTBO TPaeKTOPHH.

Tenepb HapucyeMm CTPeNKy A KaxIoro crnocoba, KOTo-
PBIM CBET MOXKET PacNpoCTPaHATLCA B 3TOH cHTyaunu. Kaxnas
CTpeJKa HMeeT ONpeje/eHHylo IJIHHY M HamnpasJjende. Pac-
CMOTPHM CHadasla JJHHY. Bbl MOXkeTe moaymarb, 4TO CTpeJiKa,
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KOTOpYIO MBI IIPOBEJieM [/l TPaeKTOpUH, NPOXOAsllel yepes
cepennHy 3epkana G, Gyaer camofi IJMHHON (TaK Kak Ka-
JKeTc#, UTO OYEHb BeJIHKa BEPOATHOCTh TOTO, 4YTO (OTOH, IO-
Najalolii B JETEKTOp, JIETHT MMEHHO TaK), a CTPEJKH IJist
TpaeKTOPHH, NPOXOAALINX Yepe3 KOHIHI 3epKana, OyAyT OYeHb
kopotkumu. Her, Her, MBI He JOJ/IKHBEI yCTaHABJIHBATh TaKHe
NpPOU3BOJIbHBEIE NIPaBHJa. A Hacrosliee NPaBHJIO — H TO, YTO
Ha caMOM JieJie NPOUCXOJHUT,— ropas3fo npoie: (oroH, noma-
Jalomuil B JETEKTOp, MMeeT NOYTH paBHbE LIAHCHL MONACTE
Tyzna 4006im NyTEM, TaK YTO Bce CTPeJKH GyAyT MMETb NOYTH

Pnc. 22. Kaxpwmi#t nyThb, N0 KOTOPOMY MOXeT MATH cBeT, GyfieT NpeacTas-
JieH B HalUHX BBIYHCJEHHAX CTpeJKofli NpoH3BOJIbHOR CTaHZApPTHOH MiH- /
HBl (Kak NOKa3aHO)

OIMHAKOBYIO IJHHY. (B HefACTBHT@ILHOCTH HMEIOTCSI O4YeHB
HeOOJIbIINE PA3/InIUs B JJIMHE, CBA3aHHbIE C PA3JIHYHEM B yT-
JiaXx H PacCTOSHUAX, HO OHH HACTOJNIHLKO HE3HAYUTE/bHBI, YTO
s1 UX IIpocTo He 6yxy yauThBath.) Tak yro maBafite ycjoBuMes,
YTO BCE€ HapHCOBaHHLIE HAMH CTPE/IKH 6YAyT HMETh HEKYIO IIpO-
H3BOJILHYIO OJHHAKOBYIO IJIMHY — §1 CHEJIalo HX OYeHb KOpOT-
KHMH, IIOTOMY 4YTO y Hac GyJeT oyeHb MHOIO 3THX CTpEJIOK,
KH300paxkalolMUX MHOXKECTBO BO3MOXHBIX TPAaeKTOPHi cBera
(cm. puc. 22).

XOTsl MOXHO CM€JIO NPEATNOJNIOKHTD, YTO BCE CTPEIKH GYayT
HMETb TOYTH OJHHAKOBYIO JJIMHY, OHH OYAYT HampaBJieHbl IO-
pasHOMy, TaK KaK BpeMsi IIyTU IO KaKJOH TPaeKTOpHH pas-
amgHo. Kak BB NOMHHTE W3 mepBOH JIEKUHH, HampasJeHHe

5. ? P
u

A G

Puc. 23. B To BpeMsi KaK JJjIHHa CTPEJIOK CYLIECTBEHHO He MEHSIeTCs, HalpaBJieHHe

6yzeT pasiMYHBIM, NOTOMY 4To GOTOHY TpeGyeTcs pa3Hoe BPEMS Jyjis JBHXKEHHS IO

PasHBIM TPaeKTOPHSAM. SICHO, YTO BpeMsi MPOXOXAeHHS NyTH S—A —P Goablle, YeM
BpeMsl NPOXOXKJAeHHS NyTH S—G—P

JIaHHOH CTPENIKH OIpeJe/IsieTcsl KOHEUHEIM IOJIOXKEHHEM CTpe-
KH BoOGpax<aeMbIX 4acoB, H3MepSIOIIMX BpeMs JIBHKEHHs ¢o-
TOHA N0 JIaHHOH TpaeKTOpHH. SICHO, YTO ()OTOHY, KOTOPHIH MO-
najaeT cHayaja B JIEBBIH KOHel, 3epKana, a 3aTeM B JeTeKTop,
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TpeGyercss OGoJiblie BpeMeHH, ueM (OTOHY, NOMAZAIOLIEMY
B JETEKTOpP U3 cepeluHbl 3epKana G (cMm. puc. 23). Man npen-
cTaBbTe€ Ha MHMHYTY, YTO BBl OUEHb TOPONHTECh, a BaM HaJo
Jo6exaTb OT HCTOYHHKA [0 3epKaja, a OTTyla NomacTh B Je-
TeKTop. Bbl, KOHeYHO, NMOHHMaere, YTo MIyno OyJneTr orapa-
BHTLCS CHauasa B A, ¥ NOTOM NPOJE/EIBATh BeCh JNOJTHHA OYTh
JI0 JeTeKTopa; ropasfio OwicTpee OyIeT KOCHYTbCS 3epKaja
rae-HHOYyAb B cepelvHe.

YroGet HaM Jierue GhIJIO BHIYUC/IHTE HanpaBneHue KaxK 10i
CTPEJIKH, 5 HapHucyIo rpabuK NpsMOo noJ 3epKajoM (cM. pHuc. 24).
IMox kaxao# TOUKOH 3epkKaJja, OTKYJa MOT OTPasUThC i CBET, s
OTMeUy [0 BepPTHKaJH, CKOJbKO BPEMEHH NOHAaJo6HJ/0Ch Obl
CBETY, ec/ii GBl OH ABHraJjcsl HIMEHHO No 3ToH Tpaektopuu. Uem
Gosibllle BpEMEHH NOHaJA06HTCS, TeM BhbIlle OGYAYT TOUKHU Ha
rpapuke. Haunem csesa. Cnayana c¢oToHy Tpebyercs jo-
BOJIbHO MHOTO BpeMeHH, 4TOGbl NPOJETETh MO TPAEKTOPHH,
MMeloIel TOYKy OTpaxkeHHs B A, TaK YTO MOCTaBHM TOYKY
JOBOJIHO BBICOKO Ha rpaduxke. Ilo mMepe npoasixkeHHs K cepe-
JuHe 3epKana (oToHy TpeOyercs Bce MeHbllle BPEMEHH, UTOGHI
npojeaarb CBOH IyTb, NO3TOMY CTaBHM KaXXAYIO C/EIYIOLYIO
TOUKY HUXe npefpinyimel. [Tocae Toro Kak Mbl npoiijem yepes
LEHTp, BpeMs mosera (OTOHA MO KaXKJOH cjenyomeH, nocje-
JIOBaTeJIbHO B3ATOH TPAaeKTODHH ONATh HauyHET YBEJHUYMBa-
THCSl, O3TOMY Mbl GyJ€M CTaBHTh HAllM TOYKH COOTBETCTBEHHO
Bce Bhiue W Bhile. Jl1s HaIVIAJHOCTH COEJMHHM TOYKH: OHH
06pasyioT CHMMETPHYHYIO H30THYTYIO KPHBYIO, KOTOpas HauH-
HaeTcsl HaBepXy, ONYCKAETCA M CHOBA NOJHMMAETCs HaBepX.

UTto 3TO 3HAYMT B CMBICJE HanpasjeHHs crpesok? Hampas-
JieHHe KakJoH OTAE/bHOH CTPEJKH COOTBETCFBYET TOMY, CKOJIb-
KO BpeMeHH NoHanoburcs (poTOHy, YTOGHI MOMACTh H3 HCTOU-
HHKa B JIETEKTOD IO ONpejeseHHOH TpaeKropuu. Byzem puco-
BaThb CTPEJKH, HauhHas cjeBa. JIBmxeHue mo tTpaekropuu A
Tpe6Gyer 60JblIEe BCETO BPEMEHH, e€e CTPeJKa yKasblBaer B Ka-
KOM-TO HampasJeHHH (pue. 24). Crpesika nis TpaekTopuu B
yKasbiBaeT B JPYroM HanpaB/ieHHH, TaK KaK BPeMsl JBHKEHHS
no Hefi apyroe. B cepenune sepkana crpenku F, G u H ykashl-
BAlOT MOYTH B OJHOM HaNpPaB/eHUH, NOTOMY YTO BpeMS A
HUX TNOYTH oAMHAKoBO. [Ipofinsl uepes wWEHTP 3epKasia, Mbl
YBHJHUM, YTO KaXKJas TPaeKTOPHs C NMPaBOH CTOPOHBI 3epKana
COOTBETCTBYET TPAEKTOPHH C TOYHO TAKHUM K€ BDEMEHEM c Jle-
BOH CTOPOHBL (3TO CJEACTBHE TOTO, YTO MBI YCTAHOBHJIH MCTOY-
HHUK U JETeKTOpP Ha ONHOH BLICOTE M TOYKY (G HOCTaBHJIM TOYHO
B nenrpe). Takum o6pasom, cTpe/aka, HanmpuMep, A/ Tpaek-
TOPHH J, HanmpapJ/ieHa TOYHO TAK Xe, KaK CTPeJKa [Jisi TPpaek-
topuu D.
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Tenepr napafiTe ckaagpiBath cTpenkd (puc. 24). Hauunas
co cTpeJkd A, Mbl LelsieM CTPEJNKH OIHY K JPYro#, roJioBoi
K xBocty. Tenepb mpezncraBum ceGe, YTO MbI OTNIPABHJIKHCh Ha
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Puc. 24. Bce nyTH, No KOTOphHIM Mor Gbl MOATH cBeT (B 5TOM YNPOIIEHHOM CJiyd4ae),
nokas3aHbl KaBepXy, a KPeCTHKaMH Ha rpaduke (HuKe) OTMe4eHO BpeMs, HeOGXOAUMOQ
$OTOHY AJs1 NPOXOKAEHHS NMYTH OT HCTOYHHKA N0 (GOTOYMHOXKHTENs uyepes HaHHYIO
TouKy sepkaJa. ITox rpadHkoM H306pa>keHO HanpaBJ/ieHHe KaXJo# CTpeakH. A euge
HHXe = PesyJbTaT CJIOXKEHHS BCeX CTPeJoK. OuyeBHAHO, YTO OCHOBHOH BKJIaj B pes
8YJLTHPYIOIYIO CTPEJIKY BHOCAT CTPENKH OT E 0 J, HanpaBJleHHEIe NIOYTH OJHHAKOBO,
TaK KaK ABHXeHHe IO COOTBETCTBYIOLHM TPAaeKTOPHAM 3aHHMaeT NMOYTH OXHHAKOEOQ
BpeMsi. B ToM XKe MecTe ofllee BpeMsi MHHHMaJbHO. I103TOMYy NPHMGIHIKEHHO MOXHO
AG? YOTHTDb, UTO CBET HJET MO TOMY NYTH, KOTOPHIf 3aHHMaeT MeHbllle BCEro BpeMeHH

nporyJiky, a KaxKjasi CTpeJKa COOTBETCTBYET OIHOMY Iliary.
CHayaJsa » bl yﬁ,ueM HeJaJIeKO, TaK KaK HanpaBJ/IEeHHE IBHKe-
HHUA CUJbLO MEHSAETCA OT OJHOIO Liara K JApyromy. ‘Ho yepes
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HEKOTOpOe BpeMsl CTPeNKH HauHHaloT MOKa3biBaTh HPHMEPHO
B OAHOM HampaB/eHHH H MbI MpOABHraeMmcsi. A K KOHIYy npo-
ry/JiKM Hanpab/ieHHe OT OJHOro Liara K JPYroMy onsTh Pe3Ko
MEeHsSieTCsl, U Mbl ONATH TOMUYEMCS Ha MecTe.

Bce, uTo ocTaercsi Tenepb cenarb,— NPOBECTH Pe3yJbTH-
pylomyo cTpesnky. Mbl IpocTo coeuHsieM XBOCT NEPBOH cTped-
KM C TOJIOBOH NOC/MeNHeH M BHIMM, HAacCKOJbKO MBI NPOJIBHHY-
Juch B Hame# nporyJke (puc. 24). M obparure BHHUMaHHE —
MBI [OJYYH/IH JOBOJBHO JJIMHHYIO Pe3yJbTHPYIOILYIO CTPenKy!
KBaHTOBasi 3JIeKTPOIMHAMHKA NpPEACKa3LIBaeT, YTO CBET, JeH-
CTBHTEJIbHO, JOJDKEH OTPaXKaThCs OT 3epKadnal

Tenepsp naBafiTe pasGepemcs. Urto onpezeisier IJIHHY pe-
3yJbTUpYIOWEH CcTpeJKH? Mbl 3ameyaeM UeJbli Psij Belned.
Ilpexze Bcero, KOHIBI 3epKajla He HIrpaloT CYIIECTBEHHOH
pOJIH: TaM CTPeJIKH KpyKaT H HHKYyJa He npuBoiAar. Ecnu 6wl a
oTpe3aJs KOHIBI 3epKaJjla — Te 4acTH, BO3HSI C KOTOPHIMH, Kak
Bbl MHCTUHKTHBHO YYBCTBOBa/lH, Oblla NyCTOH TpaTofl Bpe-
MeHH, 3TO efBa JH NOBJIHAJNO Obl Ha JIUHY pe3yJbTHpYOLIeH
CTpeJKH.

Hrak, rne xe Ta 4acTb 3epKana, KoTopasi, B OCHOBHOM, U
onpefessieT LAHHY De3y/bTHPYIOWEH CTpeNKH? DTO Ta 4acTb,
rje Bce CTPeJNKM HanpaBJ/leHbl IIOYTH B OJHY CTOPOHY, MOTOMY
YTO y HUX NOYTH 00uHaxosoe apems. IlocmoTpeB Ha rpagmk,
n300pakalomuil BpeMs I KaXXJOH TPaeKTOpHH, BH YBHIH-
Te, UTO BpeMs NOYTH OJMHAKOBO JJISl JIBYX COCEIHHUX TPaeKTo-
pull BHU3Y KDMBOH, TaM, Tle 8pemsa HaumeHbvuliee.

Hrax, HauMeHblllee BpeMsl TaM, TIe OHO NMOYTH OJHHAKOBO
IS COCEIHHUX TPAEKTOPHH, Il CTPEJKH YKasHBalOT [OYTH
B OJHOM HanpaB/leHHH H NPH CJOXKEHHH JAlOT 3HAYHTEJNbHYIO
JuHy. VIMeHHO TaM omnpefe/isieTcsi BePOATHOCTb OTpaKeHHs
¢otoHa oT 3epkasa. Bor nouemy B rpy6oM npuGIHKEHHH MPH-
eMJIeMO YTIpOIleHHOe MpPeACTaBJeHHE O MHpE, COIVIaCHO KOTO-
POMY CBET HIET TaM, TIe 8pems Haumerbvuuee (1 JIEIKO 0KAa3aTh,
YTO TaM, TAe BpeMs HaHMeHbIlee, YroJ NajieHus paBeH YIJy
OTpaXkeHHs, HO Yy MeHs HeT BpeMeHH, YTOGH BaM 3TO IIOKa-
3aTh).

Takum o6pasoM, KBaHTOBas 3JIeKTPOXHMHAMHKa Jaja mpa-
BHJIbHBI/I OTBET — MMEHHO cepefliHa 3epKaja BaxHa JJIs1 OT-
paxKeHHsl — HO 3TOT NPaBHJIbHHEIA pe3yJbTaT HOJNyYeH 3a Cuer
JIONYIeHHsl, YTO CBET OTPaXkaeTcsi OT BCEro 3epKaja U NpH
IIOMOIIY CJIOKEHHSI MHOXECTBA CTPEJIOUEK, KOTOPhle OBLIH
HYXHBl TOJBKO ISl TOro, YTOObI B3aHMMHO YHHYTOXKHTHCS.
Bce 3T0 MOXKeT BaM IOKasaTbCfi MYCTOH Tparoi BpeMeHH —
IVIyTIOH HUIPOH B MareMaTHKy. DTO BOBCE He NOXO0XKe Ha HacTos-
myr (GU3HKY — HMETb JeJOo C YeM-TO, YTO TOALKO Hcuesaer!
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JlaBafitTe npu NOMOMWH JPYroro 3>KCHepHMEHTa IPOBEPUM
HJIEI0, YTO OTPaxKeHHe Oelicmsumenbio npoucxodum om ecet
NOBEPXHOCTH 3epKaja. Bo-mepBrix, oTceueM GOJbLIVIO YacTh
3epKaja M OCTaBHM OKOJIO YEeTBEPTH €ro C JIEeBOH CTOPOHb.
Y Hac BCe elle MMeeTcsl JOBOJIBHO GOJIBIIOH KYCOK 3epKaJa,
TOJILKO HaXOJHMTCA OH B IPyroM Mecre. B mpejpiayinem skcme-
pHMeHTe CTPEJIKH C JIEBOH CTOPOHHI 3epKaJjia yKasblBajM B ca-
MBIX DasHBIX HanpaBJeHHSX HM3-3a GOJIBIIOH Pa3HULBL BO Bpe-
MEHH MEXJy COCeIHMMH Tpaekropusmu (puc. 24). B stom
SKCHEPUMEHTE s cOGMpaloch NPOU3BeCTH GoJiee JieTalbHHIH pac-
UeT, HCIOJIb3YyS ropasjio MeHbIHe HHTEPBAJbl MEXJAY TPaeKTo-
pHSIMH B JIeBOH YacTH 3epKaja — HaCTOJbKO MaJseHbKHUE,
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Puc. 25. Jluisi NpOBEPKH TIPEANOJOXEHH S, YTO B JeACTBHTEIbHOCTH OTPaXKeHHe NPouc-

XOJHT H Ha KOHIAX 3epKajia (HO NMPOCTO HeHTPAJHM3yeTCss W CBOXHTCS Ha HeET), mome-

cTuM GOJIbIIOE 3ePKAJIO B HEOAXOASILIEE JIsI OTPaXKeHHs1 U3 S B P MecTo (cM. puc. 24).

DTo 3epKaJ/io pa3jieJieHO Ha ropasjio MeHblIMe KYCOYKH, TaK, 4ToGbl PasHHIla BO Bpe-

MeHH Jisl IBYX COCeJJHHX TPaeKTODHH Gbia HeBesinKa. CllOKeHHe BCEX CTPeJIOK HHYero
He naeT: OHH HAYT MO KPYry H CyMMa HX HHYTOXHa

9TO MEXIY COCeJHHMH NMyTAMH He GyJeT GOJBIIOrO pas/uuHs
BO BpeMeHH (cM. puc. 25). Ha s10#l Gostee netabHOH HJTIOCTpa-
OHM BHJIHO, YTO OXHH CTPEJKH YKa3biBalOT GOJIbIE BIIPaBO;
Jpyrue — Gospllle  BJeBO. ECAH MBI CJIOXKHM 6C¢ CTPEJIKH,
TO MOJIYYHM MO CYLIECTBY KOJIBLIO H HYJIEBYIO PE3YJIbTHP YIOLULYIO
CTPEJNKY.

Ho naBaiiTe npeanosoXum, 4To Mbl aKKypaTHO Npolapa-
najd 3epKalo B TeX ydYacTKaX, [Jie CTPEJKH CKJOHSIOTCA
B OJIHY KaKyIO-TO CTOPOHY — JONYCTHM, BJIEBO — TaK YTO
OCTaHYTCSl TOJBKO Y4acTKH, TJie CTPEJIKH YKashlBalOT B OC-
HOBHOM B JPYrylO CTOPOHY (cM. puc. 26). CJI0XKHB CTPeNKH,
HanpasJieHHbIe GoJiee HJIH MeHee BOPABO, MBI NMOJYYaeM NOCJe-
JIOBATEJbHOCTD «NIPOTHOOB» ¥ JOBOJILHO 3HAUMTENLHYIO PE3Y.ib-
THPYIOUIYIO CTPEJIKY — COIVIaCHO TEOPHH Y HAac JOJ/DKHO Tenepb
6LITL CHJIbHOE OoTpaxkeHHe! M peficTBUTEIbHO, OHO €CTh — TEOo-
pusi npasuarena! Takoe sepkano HasbiBaeTcsi AHPPaKLIHOHHOM
pelleTKoHd, M ero JeHCTBHe MOXOXe Ha BOJILIEOCTBO.
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He ynuBuTesqbHO /1M 3TO — BBl Gepere Kycouek 3epKaJsa,
rjie Bbl HE OXKHJaeTe YBHJETb HHKAKOro OTpaxeHHs, cuapansbl-
BaeTe 4yacTb €ro, 4 OHO orpaxaer! *)

Ta pelleTKka, KOTOPYIO A TOJNBKO 4YTO BaM IlOKasad, 6blia
clieaHa crhenHaabHo 1/ KpacHoro cBera. OHa He JeHcTByer,
€cJH CBeT CHHHH; HaM MpHILIOCH Gbl caenaTh APYTYiO, C BBI-
pesamH, pacnoJioXeHHBIMH OJivKe APYT K JPYry, HNOTOMY 4To,
A B A
C | Omeymsmbyem Omcymembyem

| F
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Puc. 26. Ecsu cJI0XHTb TOJIbKO CTPeJIKH, HalpaBJieHHble B OJHY CTOPOHY (ROMYCTHM,

BNpPaBo) U npeHeGpeyub OCTaJbHLIMH (BHITPABHB 3ePKaJjioc B 3THX MeCTax), TO OT MoMe-

LIeHHOTO B HeMoAXojslllee MeCTO 3epKaJjia OTPa3HTCA AOCTATOYHOE KOJIMYeCTBO CBETa.
Takoe NpOTPaBJieHHOE 3epKaJso Ha3biBaeTcst AUDPaKUHOHHOH pelleTKOl

Kak f TOBOPUJ Ha NepBOH JIeKUHH, CTPelKa 4acoB KPYTHTCH
GeicTpee 15 cuHero oTOHa, 4yeM J1a KpacHoro. Ilostomy
BBIPE3bl, PAcCYHTAHHBIE CHELHaJbHO Ha «KPAacHYIO» dYacToTy
BpallleHUs, NPHUXOJAATCA Ha HENpaBHUJbHBIE MecTa [/l CHHEro
CBeTa; CTPeJKH cOMBAIOTCA H pelleTka paboTaeT He O4eHb XO-
pomo. Ho okasbiBaercs, uTo ecid Mbl nepeiBHHEM (DOTOYMHO-
JKHTEJb M NOCTaBHUM €ro MoJ HECKOJbKO HHBEIM YIJOM, TO pe-
IIeTKa, CleJaHHad AJsf KpacHOro cBeTa, 3apaboTaeTr Aas CH-
Hero. dTa cYaCTJIMBa#d CJay4yaHHOCTb SBJSETCA CJEICTBHEM
reomeTpuu (cMm. puc. 27).

Ecau Bbl 6yjere CBeTHTb Ha pelLIeTKy GesibIM CBETOM, Kpac-
HbIfl CBeT OTPasHTCA B OJHOM HamnpaBJ€HUH, OPaHXXeBHIH B JpY-
romM (4yTh BBILIE), 3a HUM KeJThIH, 3eJeHblH, rony6oi — Bce
1Bera panyru. PanyxHble nBeTa 4yacTo BHIHBI TaM, TZe PSJIOM
pacnojoXkKeHo MHOro xeNoOKOB — HampuMep, KOTAa Bbl NpH
SIPKOM CBeTe NOJ| MPaBHJBHBEIM YIJIOM JEPXKHTE IPaMIilJIacTHH-

*) Y4yacTKH 3epKaJsa, CTPEJIKH KOTOPHIX HaNpaBjeHbl B OCHOBHOM
BJIEBO, TaKie JAlOT CHJIbHOE OTPa)ieHHe (KOrQa YHHUTOXKEHBl YYacTKH,
CTPEJIKH KOTOPHIX HamnpaBJieHEl B o6paTHYIo cTopoHy). OTpaxenue ucue-
3aeT, KOrjJja UMEIOTCST H «JIeBbley, H «IpaBble» YUYaCTKH 3epPKasa. JTo aHa-
JIOTHYHO CJYyYalo YaCTHYHOTO OTPAXKEHHs OT ABYX MOBEPXHOCTell: Kax-
Jasi IOBEPXHOCTb OTPaXKkaeT caMa 1o ceGe, HO €CJIM TOJIMHA CTAHOBHTCS
TaKof, 4YTo ofe TOBEPXHOCTH HAIOT NPOTHBONOJGXKHO HamNpaBlleHHbIE
CTPeJIKH, OTpaxkeHHe ucue3aer.
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Ky (uam, Jydiie, BHAEOANCK). BosMoXHO, Bbl BHAeIH 3ameua-
TelbHBIE CepeOpHUCThIe 3HAYKH (37ech, B cosHeyHoH Kasbidop-
HHH, HX OCOGEHHO YacTO NPHKPEIJISIOT C3aAH HAa MalMHbI):
Korja MallWHa eeT, Bbl BHANTE OYeHb fpPKHe IIBeTa, Mepeiu-
Baiollliecst OT KpacHoro K cuHeMmy. Tenepb BHI 3HaeTe, OTKyja

S Cunuid

B

Kpacho

&l

LrAd v4d v 1)

Puc. 27. luppakuuoHHas pemeTka ¢ GOpPO3AKAMH Ha ONpefie/ieHHOM PacCTOsIHuH,

KOTOpast TOAMTCS VISt KPaCHOTO CBeTa, FOJMTCA TaKkKe H JIs APYruX uBéros, Ho gia

STOro HYKHO NOMECTHTb JIeTEKTOp B Apyroe Mecto. Takum o6pasoM, MOXKHO yBHJeTb,

KaK OT pH(JIeHO! TIOBEPXHOCTH — HanpHMep, oT rpamniacTuiku — BFpaxaiorcea pas-
Hbleé UBeTa B 3aBHCHMOCTH OT yIVla 3peHHs

GepyTcsa LBeTa: Bbl CMOTPHTE Ha pelleTKy — 3ePKajo, Ipola-
panaHHOe KakK pa3 B HYXHBIX MecTaX. CoJIHLIE — 3TO HCTOY-
HUK CBETa, a BalllM ryasa — Jerekrop. 1 Mor 6Bl POJO/IKUT
S
P

Oo( )o( )o
600065
Puc. 28. Ipupoaa co3fasla MHOro THIOB AHGPAKIHOHHBIX PEIIETOK B BHAE KPHCTAJLIOB,
Kpucransn conu orpaxaerT PeHTTeHOBCKHE JIYYH (CBeT, JJIsi KOTOporo BooGpaxkaemas
CTpeJIKa YacoB JBHXKETCH Ype3BhYaiHO GbicTPo, — cKaxem, B 10 000 pas GricTpee,

yeM AJIS1 BHAHMOrO CBeTa) Noj pPasHYHbIMA YyrJilaMH, 4TO JJaeT BO3MOXKHOCTb TOYHO onpe-
JAeJIUTh PacCNoJiOXXeHHe OTHAeNIbHbIX aTOMOB H PAcCTOsiHHE MeXJAy HHMH

H JIeTKO OGBACHATDL BaM, KaK YCTPOEHbI Jla3ephbl H TOJIOTDaMME,
HO §1 3HalO, YTO HE BCe MX BHJENH, H K TOMY XK€ eCTb MHOIO
JPYTHX Bellled, O KOTOPHIX f JOJIKEH pacckasartb *).

*) He Mory He pacckasaTh BaM O pewieTke, CO3LaHHOH caMO#l mpu-
pojoil. KpHcTanibel MOBapeHHOR COJMH — 3TO aTOMBI HAaTPHA M XJOpa,
ynakoBaHHHE YNOpsJo4eHHHIM o6Gpasom. Mx uepenoBanue, m0n0GHO
rodbpHpPOBaHHONH MOBEPXHOCTH, AefiCTByeT KaK pelieTka, Korja KpHucras-
JIBI OCBElleHEl ONpejie/IeHHBIM CBETOM (B 1aHHOM CJyYae PeHTreHOBCKHMH
nyuamu). Haiins onpenesnieHHrie Mecta, Iie 1€TEKTOD PETHCTPUPYET CHJb=
Hoe oTpaeHHe (HasplBaeMmoe Au(pakxiuefl), MOXKHO TOYHO ONPEJEJHTh,
KaKOBO DACCTOSTHHE MeXIy IOoJIoOCaMH H, CJeJOBATeJIbHO, KaKOBO pac-
CTOsSIHHE MeXAy aToMaMHu (CM. puc. 28). To mpeKpacHblil crocob onpeje-
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Hrak, peiierka nokasbiBaeT, YTO Mbl HEe MOXKEM HTHOPH-
poBaTh Te YacTH 3epPKaJjia, KOTOphIEe Ha NMEPBhIH B3IVIs[ HHYETO
He OTPaKaioT; MOHAS C 3ePKa/JOM Ha HEKOTOPbIe XHTPOCTH, MBI
MOXKeM MPOJEMOHCTPHPOBATh PeajlbHOCTb OTPaXKEHHS OT BCeX
gacTeit 3epKaja H BbI3BAaTh NMOPA3HTEJbHBIE ONTHYECKHE SIBJIE-
HHS.

U uto 6os1ee BaXKHO, peanbHOCTb OTPaXKEHHUS OT 6rex dacTed
sepKaja [OKa3biBaeT, YTO aMILIMTyJa — CTPeJKa — CYLIecT-
Byer sl Kaxcdoeo Ccnocoba, KOTOPHIM MOXKET IPOH30ATH
cobbiTie. W uTOObl NPaBHJIBHO BEHIYHC/IHTH BEPOSTHOCTB COOBI-
THs B Pas/IHYHBIX OOCTOATE/BCTBAX, Mbl JOJIKHBI CKJIAIBIBATH
CTPEJIKH 1/1s KaxJOro crnoco6a, KaKHM MOIVIO Obl NMPOH3OHTH
cOObITHE, a He TOJBbKO M/ CIIOCOOG0B, KOTOPBIE KaXKyTCs
HaM Haubosiee BaXKHbIMH!

Teneps 5 xores Ol OTOBOPHTH O GoJiee 3HAKOMEBIX Bellax,
yeM peLIeTKH,— O TOM, KaK CBeT MEPEeXOJHT M3 BO3JyXa B
Boay. Ha stoT pa3s nomecTum (OTOYMHOXKHTE/b MOJ BOJOH —
Mbl II0J1araeM, UYTO SKCIEPHMEHTAaTOp MOMKEeT 3TO YCTPOHTBH!
HCcTOUHHK CBETa HaXONHUTCS B BO3IAyXe B TOUKe S, a IeTEKTop
nox Bogo#i B Touke D (cm. puc. 29). Kak u npexne, Mbl XOTUM
BBIUHCJIHTL BEPOSITHOCTH TOTO, YTO (OTOH NOMafeT M3 HCTOY-
HHKa cBera B JeTeKTop. UToGbI 3TO BBIYHCJAHTB, MBI JOJIKHEI
NPHHATH BO BHUMAHHE BCE BOSMOXKHBIE NMYTH, MO KOTOPbIM MOT
untd cBer. Kaxknuplfi myTh BHOCHUT CBOIO CTPE/]OYKY, H, Kak H
B OpeblIyLieM NpHMepe, BCE CTPENOYKH MMEIOT MOYTH OAMHA-
KOBYIO IJIHHY. MBI ONATH MOXKEM NOCTPOHMTH IpadHK BPeMEHH
IBHXKeHHs: (OTOHA MO KaXKJOH M3 BO3MOXHBIX TPaeKTOPHH.
I'paduk Gyzner NpeicTaB/sATb COGOH KPHBYIO, OUEHb MOXOXKYIO
Ha Ty, YTO Mbl HAUEPTHJ/IH JUIl CBETa, OTPaXKEHHOro OT 3epKaJa:
OHAa HaYMHAeTCs BBICOKO, ONMYCKaeTcsi YU ONSATh NMOAHHMAZSTCA.
Hau6oabimuii BK/IaL Aal0T Te MeCTa, Flie CTPeJKU YKa3biBaioT
MOYTH B OJHOM HamnpaBJieHHH (rae BpeMs MOYTH He MeHsercs
OT TPAeKTOPHH K TPaeKTOPHH), YTO COOTBETCTBYET HHIKHeH
yactd KpuBoii. TaM ke OyJeT M HauMeHblllee BpeMsl, TaK 4YTO
BCe, 94TO HaM HaJo cleJath, 3TO HaHTH, Tl BpeMs HauMeHbIIee,

[Monyuaercs Tak, 4TO CBET pacmpocTpaHAercsi B BOJe Kak
6bl MejJleHHee, YeM B Bo3Jyxe (mouemy, s OOBACHIO B CJELYIO-
mefi MEKIMH), YTO JesaaeT npober no Boje, TaK CKasarth, GoJee
«IOPOrOCTOSIIUMY, YeM npober no Bo3ayxy. He Tpyano nouars,
IBHIKEHHE 10 KaKOMY NYTH 3aHHMAeT MeHbllle BCETO BpEMEHH:

JIEHHsl CTPYKTYPbl BCeBO3MOMHBIX KPHCTAJLIOB, a TaKXe MOATBep XKAeHHe
TOro, 4YTO PEHTFeHOBCKHe JyYH — 3TO TOXe cBeT. Takue 3KcHepH-
MeHTH 6Ly BrepBbie nposejeHs B 1914 r. Kak ato 610 3axBaTHBAIO-
e — BHepBbleé BO BCeX MNOAPOGHOCTAX YBHJAETb, KaK PachoJiOKeHb!
aTOMEI B Da3/HYHBIX BellecTBax.
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npejcraBbTe ceGe, YTO BEI ClacaTesb, H CHIHTE B TOuke S, a
B Touke D TOHeT KpacHBas JAEBYLIKa (puc. 30). Bur Geraere no
semsie ObiCTpee, yeM IIaBaeTe 10 Boje. Bonpoc: rie BodTu
B BOJY, Y4TOOHl KaK MOXHO CKOpee J00paThCsi OO yToNarouies?

Bosdyx
[oGepxrocme

bodat
ﬁm?a ,

.U

Bpens

X
~« e

X —X

1 | 1 | 1 1 1 1 1 1 L

~\ /NS N -

[Seant S

Puc. 29. CorsiacHO KBaHTOBOH TEOPHH CBET MOXETP MONAacTh B3 HCTOYHHMKA, HAXOAs=

mierocs B BO3fiyXe, B IeTeKTOP, HaXOASLIHHACS 1104 BOJOH, pasnumu nyramu. Ecay yn-

POCTHTb 3ajauy, Kak B cJlyyae C 3epKaJiOM, MOXXHO HapHCOBaThb rpaduk, TOKa3HpBaio=

Imuit BpeMsl KaxJIOH TPaeKTOPHH, a MOJ HHUM — HanpasJleHHe KaxXpo# cTpesku. M

CHOBa OCHOBHOH BKJIaJ{ B AJIHHY De3yJIbTHPYIOlle# CTPEJKH BHOCAT Te€ TPaeKTODHH,

YbH CTPEJIKU YKa3blBalOT [IOYTH B OAHOM HANpaBJeHHH, TaK KaK y HHUX MOYTH OQUHAKO-
BOe BPeMsi; H CHOBA JJIfl 3THX TPaeKTOpuH BpeMsi GyAeT HaHMEeHbIIMM

Bexatb K Bojie B TOUKY A H MOTOM 4epTOBCKH 6blch0 MJIBITH?
Her, koHeyHo. Ho GexaTb OpsMO K HeCUacTHOH H BXOJHTH
B BOLY B TOYKe J — 3TO TOXe He caMblil GHICTPHIH myTh. Ko-
HeYHO, B 3THX OOGCTOATEJNbCTBAX CHACATENI0 TIJIYHO aHaJH3H-
poBaTb H BBIYUC/ATH, HO MapLIPYT, 3aHHMAIOUIMA MHHAMYM
BpeMeHH, MMEeTCsi U ero MOXKHO PacCUHTaTh: 3TO KOMIIPOMHCC
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mexay npsiMofl noporofl yepes TOuKy J M JOpOroi, rjie MeHblie
Bcero BoOJbI, uepe3 ToukKy N. Tak xe M co CBETOM NpPH BXOXK-
JIeHHH B BOJY — TPaeKTOPHS HaHMEHLIIEro BPEMEHH MPOXo-
IuT Mexay Toukamu J u N, cKaxeM, B Touke L.

S

Cambil cyxol nyma
Cambiil Goicmpall nyme
Canpil kopomnud nyme

Prc. 30. Bi6paTh caMbifi GEICTPHI MyTh AJs CBeTa — BCe PaBHO, YTO BHIOPATh camuiit

GuicTpBIN NYTh JJ1S CracaTesisl, KOTOPbIfl CHayasa GeXHUT, a 3aTeM IJILIBET, YTOGH CracTH

wyronarouero. Ha caMoM KOPOTKOM NMyTH HafO CJHIIKOM JOJrO IUVIBITh; Ha NyTH, TAe

MeHblie BCEro MJBITh, HaJi0 CAHIIKOM JOJAro GexaTb; caMbiil OBICTPHIA NYTh == KOMIPO=
MHCCHBHI MeXAY HHMH

Ele ogHO cBeTOBOE siBJIeHHE, O KOTOPOM s Xores Obl KO-
POTKO YNOMSIHYTh, 3T0 Mupax. Korja enelib mo CHJIBHO pa-
30TPETOMY COJIHIEM IHOCCe, TO HHOTZA Kakercsl, YTO BHHILb
Ha jpopore Jyxu. Ha camom gmene Bbl BHauTe HeGo, a B HOp-
MaJIbHBIX YCJIOBHSIX, €CJIM Bbl BHAUTE HeGO Ha JOpOre, TO 3TO

Hebo
\\ Xonodusill Bo3dyx //>
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Puc. 31. HaxoxJeHHe cCaMOro @HCTPOro nmyTH OGbsiCHsIeT, KaK yCTPOeH Mupax. B
TenJoM BO3AyXe CBeT pacrnpocTpaHsiercs GeicTpee, 4yeM B xoJiopHoM. Kycouek HeGa
npeacTap/sieTcs JexxaluM Ha gopore, TaK KakK 4acTb CBeTa OT HeGa nonaxpaer B rJasa,
OTPasHBLUKCH OT JoporH. Ham KaxkeTcs, YTo Mbl BUAUM HeGO Ha JOpore TOJbKO B Of-
HOM CJIyyae, KOrja OHO oTpaxkaercsi B Boje. Ilo5ToMy MHPaxX KaxkeTcsi HaM BOJOH

IIOTOMY, YTO AOpOTa MOKpPBbITA JyxKaMmu (YacTHYHOe OTpaxKeHHe
cBeTa OT OnHOH mnoBepxHocTH). Ho Kak BBl MOXeTe YBUJIETH
HeGo Ha jopore, ecid Ha Hell HeT Bojxwel? Hano Bam ckasaTs,
YTO CBET paclpoCTPaHSETCs B NPOXJ/aJIHOM BO3LYXe MEJJIEH-
Hee, YeM B TeEIVIOM, H, 4TOOBl YBHJETh MHpaxK, HabJI0laTesb
ZOJKEH HaXOJHThCS B NPOXJaJHOM BO3JyXe, CJOH KOTOPOro
pacmoJsioxKeH HaJl cJloeM TOpsiyero BO3AyXad, HeNocpeicTBEHHO
HaJl IoBepXHOCTLIo fopork (cM. puc. 31). KaknuM o6pazoMm MOx-
HO CMOTPETb 6HU3 H BHAETb HeGo, OyjeT MOHSTHO, €Cc/IH HaHTH
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TPAEKTOPHIO HaHUMEHbLIEro BpeMeHH. 3aMHTeCh 3THM JIOMa —
00 3TOM 3aHSITHO NOXYMAaTh H 3TO OYEHb JIETKO BBIACHHTD.

B paccMOTpeHHBIX HaMH INpHMepax (CBET OTpakaercsl OT
3epKajia ¥ CBeT NPOXOJMT yepe3 BO3LYyX, a 3aTeM yepe3 BOLY)
A clenal HEKOTopoe JOINyIieHHe: JJIf IPOCTOTHl si PHCOBAJ
pasHble IYTH PaclpoCTPAaHEHHs CBeTa B BHJE JIOMAaHBIX JIH-
HHME — JBYX NpPSMBIX, pAacHoJOXKEHHBIX MOA YIJIOM JpyT
K apyry. Ho Mbl He JO/BKHEI npunumame Kax OOAJNCHOE TO, UTO
CBET pacnpocTpassiercs IO NPAMOH B OJHOPOIHOH cpeje, Ha-
npuMep, B Boje HaH B Bosnyxe. Jlaxke amo oObsicHsercs 06-
HIAM TIPHHIHOOM KBAHTOBOH TEOPHH: BEPOSTHOCTb COOHITHS
BBIUKC/ISIETCS TIPH TIOMOILH CJIOXKEHHS CTPEJOK A/ écex CIO-
co60B, KOTOPBIMH MOIJIO TIPOH30HTH COOBITHE.

Puc. 32. Ilpu moMolu KBaHTO-
BOI TEOPHH MOXKHO OGBSICHHTD,
noyeMy KaxKeTcs, 4TO CBeT pac -
npocTpaHsiercss N0 NPsAMOH.
HayueHHe BceX BO3MOXHBIX
TpaeKTOpHH MNOKasblBaeT, YTO
IS KaXJoH H30rHYTOH TpaeK-
TOPHH HMeeTcsl GJH3Jexallas
TPaeKTOPHs, 3HAYMTEJbHO GO-
Jlee KOpOTKas, CJeloBaTesIbHO,
Tpebylollas MeHblle BpeMeHH
(4 CyLIeCTBEHHO OTJIHYalouasica
HanpasJieHHeM CTpeJiKH). Tosb-
KO TpaeKTOpuH, OGJH3KHe K
npsiMoil TPaeKTOpHH D, HMelOT . .
CTpEeJIKH, yKasblBaloliHe noutH | A
B OXHOM HaNpaBJIeHHH, Tak 8
KaK y HHX MOYTH OJHHAKOBOe c
Bpema BaxHB TOJBKO 3TH IRE
CTpeJIKH, TaK KaK M3 HHX CKJaa- * ;] TTE F i
nbiBaercs Gosblliasi pesyJsbTH- /{ \\\ */ F
pyiouasi cTpejka )

G

Hrak, creayromee, 410 s Xouy NOKasaTb BaM,— 3TO Kak,
CKJIaJbIBasi CTPEJOUYKH, YBHIEThb, UTO CBET PacHpOCTpaHsiercs
no npaMoi. IToMeCTHM HCTOYHHK H (DOTOYMHOMKHTEJIb COOTBET-
CTBEHHO B TOYKaXx S u P (cMm. puc. 32) H paccMOTPHUM 6Ce my-
TH — CaMblé DPa3HOOOpa3Hble KPHBbIE — 10 KOTOPBIM CBET
MOXKET MNONajaTh M3 HCTOYHHKA B JerekTop. [loToM MBI Hapu-
CyeM MaJIeHbKYIO CTPEe/IKY /A KaKJ0ro MyTH — H MBI XOPOLIO
YCBOMJIH Hall YpOK!

Jlna Kaxaof KpHBOH, HampuMmep 1/s Tpaektopud A, cy-
IIECTBYET COCEJHSAA TPAeKTOpHs, KOTOopas HaMHOrO MpsiMee M
OIlyTHMO KOpOYEe,— T. €. ABHKEHHE N0 Hed 3aHUMaeT HamMHOro
MeHblle BpemeHH. Ho Tam, rje TpaeKTOpHH CTaHOBSITCS TOYTH
npsivbiMi — Hanpumep B C, cocefHuH, Go/jee NpAMOH nyTh
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3aHHMaeT I[IOYTH TakKoe e BpeMsi. Bor Tam, rge cTpeskH
CKJIaJBIBAIOTCA, @ HE B3aUMHO YHHUYTOMXKAIOTCA, TaM H HIET
CBeT.

BaxHO 06paTHTh BHHMaHHE Ha CJeAyiouiee: eIHHCTBEHHas
CTpeJsiKa, COOTBETCTBYIOIasl NPAMOJHHEHHOH TpPaeKTOPHH 4e-
pe3 Touky D (puc. 32), He MOXKeT OGBSICHHTD BEPOSITHOCTH TOTO,
4TO CBET IIONAZET M3 HCTOYHHKA B JETEKTOD IO TAKOMY IYTH.
buanskue, noutu npsMele Tpaektopuu (uepes C m E, Hampu-
Mep) TaKXe HIpaloT BaxHYyIO poab. [Toatomy cBer, Ha camom
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Puc. 33. Cper pacnpocTpaHsieTCsl He TOJBKO 0 NPSMOH, HO M Mo GIH3JIeXaLuM Tpa«

ekropusM. Korja fBa KyGHKa pasfgBHHYTH HacCTOJbBKO, YTOGHI MEXAY HHMH ITIOMECTH<

JIACH 3TH COCEHHE TPAeKTOPHH, (POTOHEI, KaK HM M MOJIOXKEHO, JIETSAT B P M NOYTH HH+
Korja He MNomnagaioT B Q

deae, pacnpocTpaHsiercsi He TOJMbKO mo npsaMoi. OH «oGHIOXH-
BaeT» COcelHHe TPAaeKTOPHU BOKPYT Hee H HCIOJb3yeT HeGOJIb-
uryio yacTb 6JHxaiiero npocrpanctsa. ([To 3Toft xKe NpHuHHe
H 3epKajo JOJKHO ObIThb JOCTaTOYHOIO pasmepa, 4ToGbl HOp-
MaJibHO OTpaXkaTb: €CJH 3ePKaJo CJAMLIKOM MaJso JJIsi NydYKa
COCEIHHX TPaeKTOPHH, CBET pacceHBaeTcsi BO MHOTHX Halpas-
JIEHHX, KyJa Obl Bl HHM IOCTaBHJH 3epPKaJo.)

JlapaiiTe Gosee TiIaTebHO HCCJAEYEM 3TOT NYYOK TPAEKTO-
puil cBeTa, IOMECTHB HCTOYHHK B S, (poTOoymMHOXKHTENb B P,
a MeXJIy HHMH — JBa KyOHMKa, 4TOGH TpPaeKTOPDHH CBeTa He
pPacXoJMJHCh CJHIIKOM jajeko (cM. puc. 33). Temepn mocra-
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BUM BTOpOH poTOyMHOXKHTE/b B Q, noj P, u onath GyjieM cuu-
TaTh, PaJd NPOCTOTHI, YTO CBET MOXKET NMonacTb H3 S B Q TOJBKO
N0 JIOMAaHBIM TPAEKTOPHSIM, COCTOSIHM H3 JABYX IPSMBIX OT-
peskoB. Uto npoucxoaut? Korza mpoMexyTok Mexay KyGH-
KaMH JIOCTaTOYHO IHMPOK M MOXeT MPONYCTHTb MHOIO COCEJ-
HMX TpaeKTopu# B P M B Q, CTPeJKH 1JA TPaeKTOpHH, Beny-
WwHX B P, cKJaapBaloTcs (IOTOMY 4TO BCE NYTH B P 3aHHMalOT
NOYTH OJHHAKOBOE BpPeMs), a CTPeNIKH /ISl TPaeKTOpUH, Bexry-
WHX B Q, B3aHMHO YHHYTOXKAIOTCA (MOTOMY YTO MEXAY 3THMH
TPAEKTOPHUSMH HMeeTcsi 3HauWTe/bHasl PasHHIA BO BPEMEHH).
Tak uto oTOyMHOXKHTEb B  He LUEJKaer.

Bpens
[—X}
7
7
S V I
7
Bpems V
o

~J

Puc. 34. Korpma npocBeT €2KaT HACTOJIbKO, YTO OCTAeTCH TOJIbKO HECKOJILKO TPaeKTo-
puii, B Q NMONaZeT MOMTH CTOJLKO e NPOCOYHBIUErocsl CKBO3b YSKYIO WieJib CBeTa,
CKOJIbKO H B P. DTO CBA33HO C TEM, YTO OCTaJIOCh CJHIIKOM MaJiO CTPEJIOK, COOTBETCT-
BYIOWHX TPaeKTOPHAM, BEAYIUM B Q, 4ToOB OHH MOIVIH HeATPaJH30BaTh APYT ApYra

Ho mo mepe cOGiuxeHHs KyOMKOB B KaKOH-TO MOMEHT Je-
TekTop B Q HaunHaer mwenkars! Korja npocBer nouytH 3aKphIT H
ocTaercsl TOJMbKO HECKOJIbKO O/IHMKAHLIMX TPaeKTOPHH, CTpeKH
TpaeKTopHH, HanpaBJeHHBIX B (, maksce CKIaabIBaIOTCS,
NOTOMY 4YTO ¥ MEXJIy HUMH IOYTH He OCTaeTcsl PasHUIbl BC
BpéMeHH (cM. puc. 34). Koneuyno, o6e pesy/bTHPYIOLIHE CTPeJI-
KH HEeBeIHKH, TaK 4YTO uYepe3 TaKyl0 MaJleHbKYIO IBIPOYKY
HH B K4aKOM HamnpaBjieHHH He MPOHUKHET MHOTO CBEeTa, HO Je-
TeKTop B @ LlesaKaeT IIOYTH TaK e 4acto, Kak U B P! CrnezoBa-
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TEJBHO, KOTAa BBl CTapaerech CJMIIKOM CHJBHO CXKaTh MYYOK
cBeTa, 4To0Obl 3aCTaBHTh €ro PacnpoCTPaHATHCS TOJMBKO IO
NpsIMOH, OH OTKa3blBaeTcsl NMONUMHSATHLCA U HAYMHAEeT pacllu-
pATbes *).

Hrak, npeicrasjeHHe O TOM, YTO CBET pacrpoctpaHsiercs
NpsIMOINHEHO,— 3TO NpPHONHKEHHOe mNpeJcTaBieHue, KOTo-
pbIM yIOOHO MOJIb30BATHCS NPH ONMUCAHUM SBJIEHHH 3HAKOMOTO
HaM MHpPa; OHO NOJOGHO TrpyGOMY NPHUOMHNKEHHIO, COrJIacHO
KOTOPOMY YTOJl OTpa)<eHHsl OT 3epKaJsia paBeH YIJy MaleHus.

Tak ke, KaK MBI CMOTIVIH IIPH MOMOLIH HEKOTOPOH XHUTPOCTH
3aCTaBUTh CBET OTPaXKaThbCs OT 3epKasa MoJ MHOTHMH YIJaMH,
MBI MOXKEM MOXOXHM NPHEMOM 3aCTaBUTh CBET WATH M3 OJHOH
TOUKH B JAPYTYI0 MHOTMMH IyTSIMH.

IIpexxne Bcero, 4ToObl YNPOCTHTH CHUTYauHio, s HapHCYIO
BePTHKANbHYIO IUTPHXOBYIO JHHHIO (cM. puc. 35) Mexnay Hc- .
TOUHHKOM CBeTa M JEeTeKTOpoM (JIMHUS HHYEro He o6O3HAYaer,
3TO MPOCTO HCKYCCTBEHHAsl JIMHHUS) U COOOLLY, YTO MBI OyaeM
paccMaTpuBaTh TOJNBKO TPaeKTOPUH, H300paXKeHHble JIoMa-
HBIMH, KOTOpBIE COCTOSIT U3 JIBYX OTpe3KoB. I'pabuk, mokasel-
BalOUIMi BpeMs I/ KaXKAOH TPaeKTOPHH, BBEITVIIIHT TaK Xe,
Kak U B cJyyae ¢ 3epKaJjoM (HO Ha 3TOT pa3 s MOBepHy ero 6o-
KOM): KpHBasi HauuHaercss B A, HaBepXy, 3aTeM OHa OTKJIO-
HsieTcs BJIEBO, [OTOMY YTO TPAeKTOPHH B cepeiHHe Kopode H
JBUXKEHHE MO HUM 3aHUMaeT MeHble BpemeHH. Hakoren, kpu-
Basi HMJeT Ha3aj, BNpaso.

Tenepsr HeMHOTrO pa3sJjeuemcsi. [laBafiTe «nepeXUTPHM CBET»
TaK, YTOOHI ABHXKEHHE M0 6CeM TPAEKTOPHAM 3aHUMAJI0 OAUHAKO-
Boe Bpems. Kak sto cnenats? Kakum o6pasoMm camblii KOpOT-
Kuil myTh, uepe3 M, MOXKeT 3aHATh TOYHO TaKoe Xke Bpemd,
KaK M caMblfi JUIHHHBIA myTh, uepes A?

*) Oro npuMep AEHCTBHA «NPHHIHNA HEOMPENEJEHHOCTH»: CYILECT-
BYeT HeKas «IONMOJHHTeNbHOCTbY MeXJy SHAHHEM TOrO, Tie CBeT Npo-
XONUT MeXAy KyGHKaMH, M TOro, Kyjia HjeT IOTOM,— TOYHOE 3HAHHE H
TOrO H APYroro HeBO3MOXKHO. 51 XoTes Gbl MOCTAaBHTb NMPHHLHI HEOMpe-
JICICHHOCTH Ha €ro HCTOPHYeCKOe MeCTO: KOrja BlepBhHe CTadH BHICKa-
SBIBATbCSA PEBOJIOLHOHHBIE HIEH KBAaHTOBOH (U3HKH, JIOAH Bce ele
MHITAMTHCh OCMBICAHTH HX NPH MOMOLIH CTAPOMOJAHBIX NpPEACTAaBJIEHUH
(Bpozie TOro, u4TO CBeT pacrnpocTpaHsercsa npamonaunelino). Ho B ompe-
JIeJICHHHH MOMEHT CTapOMOJHbIe MpPeJACTaBJEHHS] HAYMHAIH TOJBOAHUTD,
N0STOMY NOSABHJOCL MHpPELOCTePEXKEeHHEe, CMBICA KOTOPOro GBI TaKOB:
«Bauu cTapoMoJHBIE MpPEACTaBJIEHHS HH K YepTy He FOAATCH, KOria...»
Ecau Bbl H30aBHTeCh OT BCeX CTaPOMOJAHBLIX NPEACTABIEHHH U BMeECTO
sTOro GyJeTe MOJb30OBATbCA HAESIMH, O KOTOPBIX S FOBOPIO B 3THX JeEK-
nuax — OGynerTe CKAaAbBaThb CMpPeAKi JJs BCeX CHOco060B, KOTOPHIMH
MO)KeTlCJIy‘IHTbCﬂ COGHITHE,— MPUHLHUN HEONpPeNeJeHHOCTH OyJeT He
HYXKeH
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Mbl 3HaeM, YTO CBET pacnpocTpaHsiercsl B BOJAE MeJJeHHee,
yeM B BO3JyXe; MejJjieHHee OH paclpoCTpaHsIeTCss H B CTEKJe
(c KOTOpBIM HaM ropasjo npoie umers Aeso!). ITostomy, nome-
CTHUB CTEKJIO HY>KHOH TOJIIMHLI HA KpaTyakilleM NyTH, IPOXOAs-
meM uepe3 M, MBI MOXeM cjie/laThb Tak, YTO BpeMms AJsl 3TOH

Bpems

X
FNHFNST T T >N\F X7

Puc. 35. AHa/lU3 BCeX BO3MOXHBIX TPaeKTOpHH H3 S B P ynpouaercsi, eCu y4YHuThbi-

BaTh TOJILKO JIOMaHble JIMHHH C OJHHM H3JIOMOM (JleXKalliHe B ORHOH mnJjockocru). Pe-

BYJIbTAT TAaKOH Xe, Kak H B GoJlee CJHOXKHOM, PeajlbHOM CJIydae: MoJiyyaeTcsl KpHBas

BpeMeHH C MHHHMYMOM B TOM MecTe, rje HaGeraer HauGo/NbIIHK BKJaJ B Pe3yJILTHPYIO-
Y0 CTPeJKY

TPaeKTOpPHH OYJeT B TOUHOCTH PABHO BPEMEHH /il TPAEKTOPHUH,

npoxoasiuei yepes A. Tpaekropuu, cocennue ¢ M, 4yTh JIHH-

Hee, H TaMm He notrpeGyercsl TaKoe TOJCTOE CTEKJO (cM. puc. 36).
Bpema
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Puc. 36. [Ipuposy MOXHO «OOMaHyTb», 3aMeIUIHB CBeT, HAYIHHA Mo Gosiee KOPOTKHM

TpaekTopHsiM. JIJIS STOTO HCNOJBL3YETCS CTEKJIO TaKOH TOJNINHHbI, YTOOB! JBHIKEHHE MO

BCEM TPaeKTOPHSM 3aHHMAJIO OJIHO ¥ TO e BpeMs. ITpH 5TOM BCe CTPeJIKH YKasblBaloT

B OHOM HANpPaBJIEHHH H JAIOT OFPOMHYIO Pe3yJILTHPYIOULYIO CTPEJIKY — OYeHb MHOTO

cBeral Takoe CTEKJIO, Cly2Kallee sl yBeJIHYeHH T BEDOSITHOCTH TOT'O, YTO CBET U3 HCTOY~
HHKa cobepeTcsi B OJHOH TOYKe, HasbiBaeTcs GoKycupylomei JuH30H

Uem 6auxkKe Mbl MOAXOAMM K A, TeM TOHbILE JOJKHO OBITh
CTEKJIO, KOTOpOe HAaJ0 CTaBHTh, YTOGHI 3aMeJ/IHTh CBeT. Ecun
Mbl BCE TLLATeJbHO paccyuTaeM K NojbepeM AJsl Kax/JoH Tpa-
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€KTOPHH CTEKJIO HYXHOH TOJIIHUHBI, YTOGhl YBENHYHTH BPEMS
IBWXKEHHs, TO BCe HHTEPBaJbl BPEMEHH MOJyYarcsl OXHHAKO-
BbIMH. Korja Mbl HapucyeM CTpe/KH /sl KaXIOro IIyTH, IO
KOTOpPOMY MOT OBl NOHTH CBET, Mbl YBHIHM, 4TO HaM YaJjoch
OJIMHAKOBO Da3BEPHYTh BCE CTPE/JKH — a BeIb 3THX CTPeJo-
ueK MUAAUOHG, — W KOHEUHBIH pe3yJ/ibTar GyHer MpejaCTaBJsTh
€060 HeoObIKHOBEHHO JJIMHHYIO, IPOCTO FPOMAJHYIO PE3YJ/IbTH-
pywomyio ctpenky! Bhl, KOHeyHO, noranajuch, 4TO S ONHCHI-
Baio: 3T0 (pOKycHpYyIollast JHH3a. YDaBHHBasi BCe HHTEPBAJIbI
BpPEMEHH, Mbl MOXeM (POKYCHPOBAaThb CBET — MbI MOXKEM I10JIy-
YHTb OYeHb BBICOKYIO BePOSITHOCTh TOrO, YTO CBET IMOIajer
B ONpeJieJIeHHYIO TOYKY, H OYeHb HU3KYIO — YTO OH MOSIBHTCS
rae-HHOYIb ele.

$1 npuBen 3TH NpHMephl, 4TOObI MOKa3aTh BaM, KaK KBaH-
ToBasi 3JEKTPOAMHAaMHKa, KoTopas, Ha MNepBbifl B3rJsijl, Ka-
xKercsl aGCypAHOH, JIMIIEHHOH NPUYHHHOCTH, HATJISJHOLO Me-
XaHM3Ma H He HMeIOIEH OTHOUIEHHs K peasbHOCTH, TeM He
MeHee BOCNPOH3BOJHUT fIBJIEHHS, C KOTOPBIMH BRI XOPOIIO 3Ha-
KOMBI: OTpaxKeHHe CBeTa OT 3epKaja, IpeJoMJCHHE CBera
npH Tnepexoje U3 BO3JyXa B BOAY, (HOKYCHPOBAaHHE CBeTa JIMH-
30it. OHa TakXke BOCIPOH3BOAMT M JpyrHe siB/eHHs,¥KoTOpHIX
Bhl, BEPOSTHO, H He HabJIO[alH — TaKHe, Kak AMDpaKUHA Ha
pelleTKe H IeJnH psajx Apyrux semeid. Ha cavom znese, teopus
yCIelIHO OOBSCHSIET 6C¢ CBETOBHIE SBJIEHHS.

$l nokasan BaM, KaK BBIYHCJAATH BEPOSITHOCTH COGBITHS,
KOTOpPOE MOXKET NPOH30HTH PASAUYHBIMU B3AUMOUCKAIOHQIOULUMU
cnocobamu: MbI PHCYeM CTPeNKy IJisT KaXJAOoro crnocoba, KOTo-
PbIM MOXeT NPOH30HTH COOBITHE, H CKJaJBBaeM CTPEJIKH.
«CioxKeHHe CTPeJOK» O3HauaeT, YTO CTPEJNKH COEIHHSIOTCS
TaK, YTO r0JIOBA OJHOH NPHMBbIKAeT K XBOCTY APYTOH, H NMPOBO-
JUTCA «pe3yJabTHPYloulass cTpeska». KBagpar nosyueHHoH pe-
3yJIbTHPYIOLWIEH CTPENKH TMpeJCcTaBJsieT CO0O0H BepOsITHOCTD
COOBITHS.

YTo6bl BBl CMOIVIH TOJIHEE OYYBCTBOBATh «BKYC» KBaAaHTOBOH
TEOpHH, 1 XO4y Teleph II0KasaTh BaM, KaK (PM3HKH BBIYHC-
JISIIOT BEPOATHOCTh COCTaBHBIX COOLITHH, T. €. TaKHX COOLITHH,
KOTOpble MOXKHO pa3bHTb Ha MOCJe0BaTeNbHOCTb OTAENbHRIX
3TanoB, HWJH TaKHX, KOTOPbIe COCTOSAT H3 HEKOTOPOro YHC/a
He3aBHCHMBIX COOBITHH.

IIpumep cOCTaBHOTO COOBLITHSI MOXKHO MOJIYYHTh, BHIOH3MeE-
HMB Hall NepBbI KCIEPUMEHT, B KOTOPOM MbI HarpaBJ/isijiy
KpacHble (OTOHBI Ha €JHHCTBEHHYIO NOBEDPXHOCTb CTeK/Ja H
H3MepSINIH YacTHYHOE OTpaxkeHHe. BMecTo TOro yroGbl mome-
marb B A dQoroyMHOXHTeNb (cM. puc. 37), NOCTaBHM Tyja
3KpaH ¢ OTBEPCTHeM, 4epe3 Koropoe 6yAyT NpoJieTath (OTOHHI,
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Jocturiive To4kH A. Ilanee, noMectum B B CTEKJSIHHYIO IJac-
TAHKY, a B C doroyMHOXHTeNb. KaK BBHIUMCIHTH BEPOSITHOCTh
TOro, 4To ()OTOH NORALET M3 HCTOYHHKA B C?

310 COObITHE MOXKHO paccMaTpHBaTh Kak IOCJENOBaTelb-
HOCTb JBYX 3TamoB. O tan l: ¢oTOH JeTHT M3 HCTOYHHKA

EqunuyHng GmpesKe
\ h \

e
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Puc. 37. AHaJH3HPYsi COCTaBHOe COGHITHE, MOXKHO Pasfie/IATh €ro Ha IocJiefoBaTelb-
Hble 5Tansl. B 5ToM npuMepe TpaekTopHio GoTOHa S — C MOXKHO Pa3fieIHTh Ha Ba 9Tana;
1) doton JaeruT 3 SB A H 2) doTon JeTHT u3 A B C. MOXHO aHaJIH3HPOBAaTb Kax-
At 9TaN MO OTAENLHOCTH H KaX/YIOo CTPEJIKY PaCCMaTPHBATE M0-HOBOMY: KaK eHHHY-
HYIO CTPEJIKY (CTPeJIKy JUIHHOH 1, YKa3HBalOILYIO Ha 12 4acoB), NOJBEPTHYTYIO CIKATHIO
H MOBOPOTY. B 3TOM mpHMepe cxkaTHe H NMOBOPOT st 1-ro sTama cocrasiasiior 0,2 u
2 yaca; cxKaTHe H NNOBOPOT JJIst 2-ro 3Tana cocTassioT 0,3 H 5 gacoB. UToGsl MONMydHTH
aMIUIMTYARY ABYX [IOCJIEOBATEbHLIX 9TANOB, MBI N10CJIEZIOBATEeNbHO CXXHMAaeM H MOBoOpa-
yuBaeM. CHauajla CXXMMaeM eAHHHYHYIO CTpesIKY no 0,2 H nmoBopayHBaeM Ha 2 yaca
BaTeM CXKMMaeM NOJYYEHHYIO CTpeaKy fo 0,3 H moBopayHBaeM Ha 5 3acoB (KaK ecim
OGbl OHA GblIa eTHHHYHORA CTpeJIKOH). B pesyJsbTaTe NoJiy4aeM CTpelKy minHOH 0,06,
MOBepHYTYIO Ha 7 4acoB. 3Ta NOCJEAOBATE]bHOCTb MOBOPOTOB H CIKATHH HashiBaercs
«yMHOXKEHHeM» CTDeJIOK

CmeKknn

B TOYKYy A, OTpasHBUINCH OT €JHHCTBEHHOH MOBEPXHOCTH
crekna, DT an 2: (OTOH JeTHT H3 TOYKH A B HOTOYMHOXKH-
genb B C, OTPasHBIIKCH OT CTEKJIAHHOH MJIACTHHKH B B. ¥V Kax-
JIOTO 3Tana HMeeTcss DPe3YJIbTHPYIOULas - CTPEIKa — «aMNAU-
myoda» (s 6yAy ynorpebisiTb TO OJHO, TO JPYTO€ CJOBO) — KO-
TOPYIO MOXKHO BBIYHC/IHTDL IO yXKe M3BECTHHIM HaM NpaBHJIaM.
Awmnyuryna nepsoro stama umeer anuny 0,2 (kBajgpar ee pa-
ped 0,04, 3T0 BEpOATHOCTb OTPaXKEHHSI OT €IUHCTBEHHOH ITO-
BEPXHOCTH CT€K/1a) M HalpaB/leHa MOA HEKOTOPbIM YTIJIOM —
CKaxeM, YKasbiBaer Ha 2 yaca (puc. 37).

YToGhl BHIYMCAUTL aMIIUTYLY BTOPOTO 3Tana, Mbl BpeMEeHHO
NIOMECTHM HCTOYHMK cBeTa B A H HampaBHM (DOTOHBEI Ha CTeK-
JISIHHYIO IVIaCTHHKY HaBepXy, Hapucyem crpenkn mas ortpa-
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JKeHMH OT mepeiHed M OT 3aJHeH NOBePXHOCTEH H CJOXKuM
HX — CKaxeM, y Hac INOJYYHUTCH pe3yJIbTHPYIOUlass CTpesKa
mHoi 0,3, yKasbBawollas Ha D 4acos.

Kakum oGpasoM COeJUHHTH 00e CTPEeJKH, 4TOOBl HapHuco-
BaTh aMILIUTYRy BCEro coGhITHS B 1eaoM? [TocMOTPHUM Ha Kax-
JYIO CTPEJIKY 0-HOBOMY: KaK Ha MHCTPYKIIMIO, YKAa3hIBaIOILYIO,
BO CKOJIbKO Pa3s cocumams U Ha KaKOH YToJl nosopauusamnio.

B HamieM npuMepe nepBas amIJMTyAa umeer ajauny 0,2 u
noBepHyTa K 2 yacam. Eciu Mbl HauHeM C «eIMHHYHOH CTpes-
KH» — CTPeJIKH JJIMHOH 1, HanpaBieHHOH cTporo BBepX,—
Mbl JIOJIKHBI Cocame 3Ty eNUHUYHYIO cTpesky ot 1 mo 0,2 u
noseptyme ee ¢ 12 yacoB Ha 2 yaca. AMIJIMTYy BTOPOro 3rana
MOXKHO PacCMaTpHUBaTh KaK CKaTHe eIMHHYHOH CTPe/KH oT |1
1o 0,3 u noBopot ¢ 12 yacoB Ha 5 yacos.

Jlajiee, 4TOObl COEJUHUTDL aMILTUTYJbl OOOUX 3TanoB, OyneM
CXKHMMaTh M NMOBOPAYMBaTh CTPEJIKU no owepedu. Ilpexne Bcero,
COXKMEM eIUHHYHYIO cTpesky or 1 no 0,2 u noBepHeM ee ¢ 12
4acoB Ha 2 yYaca; 3aTeM MBI COXMEM CTPeJIKy ellle CHJ/bHed,
or 0,2 50 Tpex AecATHIX 3TOH BesMYHHBI, H NOBEPHEM ee Ha 5
YacoB, T. €. MBI IIOBEpHeM ee ¢ 2 yacoB 20 7 yacoB. B pesyss-
Tare noayudarcs crpesnka miauHo# 0,06, HampaB/ieHHas Ha
7 yacos. OHa npefcTaBJ/sieT BepOSTHOCTb, paBHylo 0,06 B KBaz-
pare, T.e. 0,0036.

BHUMAaTe/IbHO PaccMOTPEB CTPEeJKH, MBI BUJUM, YTO HOCJ/e-
JOBaTeJbHOE CXKaTHe U BpallleHHe CTPeJIOK JaeT TaKoH ke pe-
3yJIbTAaT, KaK CJIOXeHHe HX YrJoB (2 waca+5 wacoB) n ymHo-
xenne ux mmH (0,2-0,3). IloHsATh, MOUEMy MBI CKJ/aJbIBaeM
YIVIBl, [POCTO: HaNpaBJ/ieHUe CTPEeJKH OIpejesisiercsi MOoBOopo-
TOM BOOOpaKkaeMo#l crpenkH yacos. flosTomy cymmapHbIf mo-
BOPOT AJ JBYX [OCJeJIOBAaTe/bHbIX 3TamnoB NPOCTO paBeH
CyMMe NOBOPOTa Ha MEPBOM 3Talie M JAONOJHUTEJNbHOTO IOBO-
pora Ha BTOPOM 3Tare.

Bomnpoc o ToM, noyeMy Mbl Ha3bIBaeM 3TOT NPOLIECC KYMHOXKe-
HHEM CTPEJIOK», TpebyeT HecKOJbKO GoJiee NOAPOGHOro oGbsc-
HEHHS, HO 3TO UHTepecHO. [laBaiiTe B3r/IiHEM Ha YMHOXeHHe
C TOYKH 3pEeHHs JPEeBHHUX I'PeKOB (3TO He HMeeT HUKAKOro OT-
HOIIeHHS K JieKuuu). I'peKn XoTenu moJb30BaThCsl HE TOJMBLKO
HeJbIMH YHCJIAMH, NO3TOMY OHH H300paxkasH 4YHC/Ja OTpes-
kamu. JlioGoe YHCJIO MOXKHO NPEICTaBUTb B BUIE npeobpaso-
gaHUA €IUHUYHOTO OTPe3Ka — pacTAruBast MJIM CXKHMas ero.
Hanpumep, eciu orpesok A npeicraBiasieT coGoi euHHILY
(cM. puc. 38), To oTpe3oK B mnpescrasaser coboit 2, a OTPe3oK
Cc—3.

Tenepb, KaK yMHOXHTb 2 Ha 3? Mbl npoBoguM npeoGpaso-
B aHUsI n0CA008aMEAbHO: B3SIB OTPE30K A B KauecTBe eUHHIbI,
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MBI YIUIMHSIEM €ro B JIBa pas3a, a 3aTeM ellle B TPH pasa (WJH
B TPH pasa, a 3aTeM elie B JBa pa3a — MNOPAJOK YMHOXeHHs
He HMeeT HHMKAaKOro 3HaueHusi). B pesyJbrare nosyvaercs

A

b/j ; i i f f
Puc. 38. Jlio6oe 4HCJIO MOXKeT OhTb BBIPaXKeHO B BHJAe Npeo6pa3oBaHHs eJHHHYHOTO
OTpe3Ka MOCPEeACTBOM PACTsKeHHs! Hiu cxkaTus. Ecin A — 310 1, To B npeacrasiser
coboit 2 (pacTsixkeHHe), a C — 3 (pacTsi>keHHe). YMHOXEHHE OTPe3KOB BbINOJIHAETCH
nyTeM NocJefOBaTeJbHbX NpeoGpasoBannfi. HanpuMep, YTO 3HAYHUT YMHOXHTb 3 Ha
2? EquHHYHBA OTPE30OK pacTsArupaercsl B 3 pasa, a 3aTeM ellie B 2 pa3a, pesyJbTaT —
pacTsakeHne B 6 pas (orpesok D). Ecim D — emHHHYHBIH OTPe3OK, TO OTpe3ok C
npencTaBisieT coGoit 3/, (cxkaThe), a oTpesok B — 1/, (cxKaTHe), H YMHOXeHHe 1/y
Ha !/, 03sHauaeT, YTO eAMHHYHBIN OTPe3oK D cxkaT 0 /s, a 3aTeM Jo !/ OT 3TOTO, A~
Basi OTBET — CXKaTHe [0 /g

orpesok D, jpnuHa KoToporo mpejctaBiser 6. A Kak yMHo-
XKHUTb /4 Ha Y/3? B3aB B KauecTBe eHHUIILI OTPE3OK D, cokMeM
ero 10 '/,, a 3areM 10 /3 ot 3toro. B pesysbrare noayuurcs
orpesok A, npexncraBasiomui /.

Edunuynag cmpexm< ' Edupnyrag ampg<m
\ A b )

VV/ K’\V ".X;V; Jw‘, <4 "\W‘

- -

V.ew=X VWV =X
Puc. 39. MaTeMaTHKH YCTaHOBHJH, YTO YMHOXEHHe CTPeJOK MOXeT GHTh TaKxke
BbIPaJKEHO TpPH MOMOIUIH NOCJeAOBaTebHHX NpeoGpasoBaHHi (B HalleM caydae —
CXKATHS M NOBOPOTa) eAMHHYHOHA cTpeikH. Kak H npH oGLIYHOM YMHOXEHHH OT Mepes
MeHbI MeCT COMHOXHTese#l npousBefeHHe He MeHsieTcsi. UTOGH MONYYHTb OTBET —
cTpesKy X, BBl MOXKeTe YMHOXATb CTPesKy V Ha cTpeaKy W niH cTpeaky W Ha cTpes«

Ky V

YMHOXKEHHE CTPeNOK YCTPOEHO MO 3TOMY e NPHHIUMY
(cm. puc. 39). Mel nocsienoBaresbHO NPOBOAMM MpeoGpasoBa-
HHe eJMHUYHOH CTPEJKH — TOJbKO NpeoOpasoBaHHe CmpesKu
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BKJIIOUAET Tenepb 0ge onepanyy — cxKaTHe H noBopotr. Uro6ht
yMHOXHTb cTpesky W Ha cTpenky V, Mbl c;KHMaeM M noBopa-
YyHBaeM CTPEJKY HaCTOJNbKO, HacKoJbKO Tpebyer cTpenka V,
a 3aTeM HaCTOJIbKO, HacKoJbKo Tpebyer crpenka W — nopsijok
onsATh He MMeeT HHKAKOro 3HadyeHHs. TakuM o6pa3oM, YMHO-
KeHHe CTPesOK MONYHMHSETCS TOMY XKe NMpaBHJy INOCJelIOoBa-
TeJIbHBIX NPeo6pa3oBaHHH, YTO H YMHOXKeHHe OOBLIYHBEIX YH-
cea *).

BepHeMcsi K NePBOMY 3KCNEPHMEHTY U3 NepBOH JIEKIHH —
YACTHYHOMY OTPa)KeHHIO CBeTa OT €JHHCTBEHHOH mOBepX-
HOCTH — HMesi B BHJY IOC/eJOBATEJbHOCTh 3TamoB (CM.
puc. 40). MBI MOXeM pasfesuTh MYTh OTPaXKEHHs Ha TPH 3Ta-
na: 1) cBeT JIETHT OT HCTOUHHKA K CTEKJY; 2) CBET OTpaxaercs
OT CTeKsa; 3) CBeT JIETHT OT CTeKJa K jJereKkropy. Kanwiii
1ar MOXXHO paccMaTpHBAaTh KaK CXKaTHe H NOBOPOT eAHHHYHOH
CTpeJNIKH Ha ONpejeJeHHYIO BeJHYHHY.

Bel nomHHTE, YTO B NEPBOH JIEKIHH Mbl He paccMaTpHBalH
6ce TyTH, KOTODHIMH CBET MOT OTPa3HTbcs OT crTekJa. Hawm

*) MaTreMaTHKM CTapaJjJuChb HalTH BCe BO3MOMHBIE OGBEKTHI,
noluMHsoUyecs aiare6pauveckuM npasunaM (A-+B=B-+A, A-B=
=B-:A u 1. n.). IleppoHayanbHO mnpaBuaa GbliM BuIPaGOTaHBl  AJIs
NOJIOXKHUTEIbHBIX HEJBX YHCEJ, KOTOPHIMH MOJIb30BaJHCh, YTOGHI CYH-
TaTh, HanpuMep, f6JOKH HJAM Jiofell. UHcaa cOBepLIEHCTBOBAMHCH:
NpUAyMatH HyJb, NPoGH, HPpalHOHAJbHBIE YHCJA, T. €. YHCAA, KOTO-
pble HeJb3s NMPeACTaBHTb KaK YacTHOE OT JieJeHHs JABYX LeJLIX 4HCel,
OTpHIATeJbHbIE UHCJIA — U BCE OHH IO-TIpeXKHEMY MOAYHHSJINCh TeM XKe
aare6panueckuM mnpaBuaaM. HekoToprle BBejeHHBle MaTeMaTHKaMH
ypcJa CHayasla NPeACTaBASAH AIf Jofedl TPYAHOCTH — TPYAHO GHLIO
npeAcTaBUTh ceGe NMOJOBHHY 4YeJOBEKa — HO CErOAHS B 3TOM HET HHuye-
ro cioxHoro. HUKTO He npejcraB/isieT cé6e KPOBONPOJUTHS U HE HCMbI-
THIBA€T MOPAaJbHHIX HeYyROOGCTB, YCJBIIAB, YTO IJe-TO Ha KBaJPaTHYIO
MHJIO TPUXORMTCS, B cpeaHeM, 3,2 uejnoBeka. HHUKTO He mnHTaeTcs
npeactaBuTh cebe 0,2 yesoBeKa; JIOAH NOHHUMAIOT, YTO O3HAYAlOT 3TH
3,2: ecan yMHOXHTb 3,2 Ha 10, monyuurcs 32. Takum o6pasom, HeKo-
TOpHle, YAOBJETBOPSIONIHE MaTeMaTHYeCKHM 3aKOHAM SIBJEHHS Mpej-
CTaBJSIOT HHTEpeC JJIsi MaTeMaTHKOB, Jake €CIH OHH He BCerja coor-
BETCTBYIOT peasibHO#l cuTyanuu. CTpeJKH Ha IJIOCKOCTH MOXKHO «CKJa-
JBIBaTb», MPHCTABJSISA TOJOBY ORHOH K XBOCTY APYTOH, HIH <YMHOMKAaTb»
NpH TOMOUIH IOCJeJOBaTeIbHbIX MOBOPOTOB M CXaTHH. TakK Kak 3TH
CTPEJKH MOAYHHSIOTCS TeM XKe anre6pavuyecKHM NpaBHjiaM, YTO M OGhIU-
Hble YACJa, MaTeMaTHKH Ha3hBaloT UX uucaaMu. Ho 4To6u oTiHYaTh MX
OT OOGBIYHBIX YHCEJN, HX Ha3BIBAIOT KOMILIEKCHBIMH YHCIaMm». Jlas
TeX U3 Bac, KTO JiomeJ B H3YYeHHH MAaTeMAaTHKH A0 KOMIUIEKCHBIX YH-
cel, 2 Mor OB cKa3aTb: «BeposTHOCTb COGBITHS — 3TO KBajgpart MOAYJs
KOMILIEKCHOTO unucaa. Ecian co6GhTHe MOMKeT NpOH30HTH HeCKOJbKHMH
B3aHMOHCKJIOYAIOUIIMH CIIOCOGaMH, BBl CKAaAbBaeTe KOMIJIEKCHBIE YHC-
Jla; eCIM OHO MOXKET NMPOM30HTH TOJbKO B Pe3yJbTaTe MOCAENOBATENb-
HBIX 3TaloB, Bbl YMHOXaeTe KOMILIEKCHBble yuc/ia». XoTs 3Ta (GOpMy-
JHUPOBKA MOXeT 3ByuaTb 0ojiee BHYWIHTEJbHO, S He CKa3aJ HHYEro
HOBOTO — f TMPOCTO HCMOJNb30Bak APYTHE BHIPaXKEHHS.
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NPHILIOCh OBl PHCOBaTb M CKJaAbIBaTh BEJNHKOE MHOMKECTBO
MajleHbKHX cTpenioyek. UToGe H36exarb BceX STHX M0apo6-
HOCTe#, s CO3la/l y Bac BIedarseHHe, YTO CBET NONajaeT B Oll-
peleNeHHYI0 TOYKY Ha NMOBEPXHOCTH CTeKJa,— YTO OH He pac-
xomutcsi. Ha camom xe pese, no myTH M3 OZHOH TOYKM K ApY-
rofi cBer pacxoaurcsi (ecaM TONBKO Ha €ro MyTH He BCTaHeT
JIMH3a), U C STHM CBfI3aHO HEKOTOpPOE CXKaTHe EIMHUYHON
CTPENKH.

/E zl?u//u t/Haql z;m,aemrzz\

A A A A

I |

] 3man 2| ;

. # 0,2 1,0 imand
mant

Gmenng 4

Puc. 40. OTpaxkeHHe OT eJHHCTBEHHOH MOBEPXHOCTH MOXKHO PasAe/HTb Ha TPH 3Tana,

KaxJBl CO XaTHEM H/HJIM NOBOPOTOM €JUHHYHON CTpesKH. KOHEUHBIH pesyJbTaT —

cTpesika AAMHOH 0,2, onmpefesleHHBIM 06pasoM HanpaBJieHHasl,— TaKOH XKe, KaK H
npexje, HO Hall MeTOJ aHajH3a cTajd Gojee noxpoGHLEIM

Jdman? IJman2 dmand

M noka s xoten Gbl mpojosiKaTh NPHAEPAKHUBATHCS 3TOTO
YNPOLIEHHOrO B3IJsi[a, NpeAnoJaraioliero, 4To cBeT He pac-
xozurcsl. IloaToMy MBI MokeMm mpeHeGpeub cxkaTueM. MoxKHO
TaKxke NPeANoJNOXUTh, YTO TaK KaK CBET He PAcXOAMTCH, KaXK-
Il (HOTOH, BBIIETEBIUMH U3 HCTOYHHKA, 3aBEPLIUT CBOH NYTh
B A um B B.

Wrak: Ha nepBOM 3Tame OTCYTCTBYeT CXKaTHe, HO eCcThb [OBO-
POT €IMHHYHOH CTPEJNKH — OH COOTBETCTBYET BE/JHYHHE MOBO-
pora BooOpaxkaeMOH 4YacoBOH CTpEJKH 3a BpeMsl IBIDKEHHS
(oTOHA OT MCTOYHHMKA [0 mepelHedl MOBEPXHOCTH CTEKJa.
B Hamem mnpHMepe NepBOMYy 3Tamy COOTBETCTBYET CTpe/Ka
€JIMHHUYHOH JIJIMHBEI, HanpaBJieHHas INOJ HEKOTOPHIM YIJIOM,—
JONMYCTHM, YyKasbiBaiolllasg Ha D 4acoB.

Bropoi#t aTan — 3T0 OTpaxkeHue GOTOHA OT CTeK/aa. 31ech
HMeeTCsl 3aMeTHOe CXKaTHe eJMHHYHOH cTpeskd — oT 1 1o
0,2 — 4 I[OJIOBHHA MNOJHOro 0060pOTa: MOBOPOT Ha 6 4acos.
(Orn umcsna KaxyTcsl cefiyac NPOU3BOJIBHLEIMH: OHH 3aBHCHAT
OT TOrO, OTpaXkaeTcs JIU CBET OT CTeKJa MJIM JPYroro Kakoro-
Hubyap BellecTBa. B Tperhel JIEKLHHM s HX ToXKe 0OBsicHIO!)
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Takum o6pasoMm, BTOPOMY 3Tally COOTBETCTBYET aMILIHTYAd
pouHol 0,2, HampassenHas Ha 6 yacoB (moJsyoGopor).

ITocnennuit sTanm — 3To ABHKEHHe (OTOHA OT CTeKJa K Je-
TEKTOPYy. 3/eCh TaK K€, KaK H Ha IIEPBOM 3Tame, CXKaTHe OT-
CYTCTBYeT, HO €CTb IIOBOPOT €IMHHYHOH CTPEJKH — JOIyC-
THM, PacCTOSIHHE HEMHOIO MeHbllle, YeM Ha [epBOM 3Tamle, H
cTpesKa yKaseiBaeT Ha 4 uaca.

Tenepp «yMHOXHM» HOC/JENOBATENbLHO cTpesikH I, 2 u 3
(cmoxuM yrabl ¥ HepeMHOXKHM A1uHBI). KoHeunnld pesy.abrat
Tpex 3TamnoB — l) nosopora, 2) cxkaTHS H M0yoGopoTa H
3) noBopoTa — TAaKOH e, KaK U B IEDPBOH JIEKIHHU: CyMMap HbIH
NOBOPOT Ha MNEPBOM U TpeTheM 3Tamax (5 yacoB + 4 uaca)
paBeH MNOJNYYEHHOMY HaMH B pe3yJbTaTeé HENpepLIBHOIO IBH-
MeHusi 4acoBod cTpesikH (9 yacoB); N0GaBOYHBIH MOJYyOGOPOT
BTOPOTO 3Tana NPUBOJHT K TOMY, YTO CTPeJIKA YKasbiBaeT B Ha-
npasJieHuH, 0OpaTHOM YacOBOH CTpesKe, Kak ObLIO U B MEPBOH
JeknuH. A cxkatue 10 0,2 Ha BTOPOM STale aeT CTpesKy, KBaj-
pat KOTopoii cooTBeTCTBYeT 4 % -HOMY YaCTHYHOMY OTpaXKEeHHIO,
Hab/ofaBlleMycsl 1/ eIMHHYHOH MOBEPXHOCTH.

Eduruynns cmpenka

_—/
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Puc. 41. TTpoxox/eHne CKBO3b €HHCTBEHHYIO NMOBEPXHOCTb TaKKe MOXKHO Pas3/iesIuTh

Ha TPH 5Tafa, CO C)KaTHeM H/HJIH TIOBOPOTOM Ha KaxJioM aTamne. Ksajpar cTpesku amiu-

Holt 0,98 pasen npumepHo 0,96, 4To AaeT 96 % BepOATHOCTH NMPOXOXKJEHHS (B CyMMe C
4 Y% BepOsSITHOCTH OTPaxKeHHs 3TO aaeT Bce 100 % caera)

B 3TOM 3KCIlepUMeHTe BO3HMKAaeT BONPOC, KOTOPHIA MBI HE
paccMaTpHBaNu B NEPBOI JIEKUUH: YTO MPOHCXOAUT ¢ hoTo-
HaMH, JeTAIUMH B B — ¢ TeMH, 4TO IPOHUKJH CKBO3b IIOBEPX-
HOCTb cTekJa? Ammautyja Toro, uto ¢GOTOH momajer B B,
no/KHa uMeTh iRy okoso 0,98, Tak kak 0,98 -0,98=0,9604,
YTO JOCTATOYHO 6/113KO K 96 % . DTy aMnauTyy Takke MOMXKHO
npoaHaJu3HpPOBaTh, PA3JNOKHB €e Ha OTJe/]bHbE STalbl (CM.
puc. 41).
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[lepBuIfl 3Tan Tako# ke, Kak mis ¢oTOHA, Jersimero B A:
(OTOH JIETHT U3 UCTOUHHKA CBETA K CTEKJIY — €IHHHYHAS CTPes-
Ka TOBepHyTa Ha 5 uyacos.

Ha Bropom 3Tame ¢(oTOH NPOXOAHT CKBO3b MOBEPXHOCTb
cTeKJsa: MPH 3TOM He NPOMCXOAUT HUKAKOro MOBOPOTA, a TOJILKO
HeBoJblIoe cxatue — g0 0,98.

Tperu#l sTan — npoxoxaeHue ¢GoToHa CKBO3b BHYTPEHHHUH
CJIOM CTeKJa — BKJIIOUaeT J00aBOYHbIH MOBOPOT 6e3 CxKaTHf.

Koneunni#i pesysbTar — 310 crpenka anuHo# 0,98, mosep-
HyTasi B HEKOTOPOM HaMpaBJeHHH, 1 ee KBaJpar COOTBETCTBYeT
BEPOSITHOCTH TOro, 4to (hoToH mnomager B B — 96 %.

Tenepsr KaBalTe oGpaTUMCSI K YAaCTHYHOMY OTPaxXKeHHIO OT
JByx mnoBepxHocrell. OrpaxeHHe OT mnepejHedl NOBePXHOCTH
GyleT TaKMM XKe, KaK OT eIMHCTBEeHHOH moBepxHoctH. [lo-
9TOMY TPH 3Tala OTPaXeHHs OT NepejHeH NMOBEPXHOCTH GyIyT
TaKMMH, KaK MBI TOJbKO uTo Buguead (puc. 40).

moyHLK
cfema

Puc. 42. OrpaxeHHe OT 3aZHelt TNMOBEPXHOCTH CTeK«
AAHHON MJIACTHHKH MOXHO PasJieJIHTb Ha CEMb 3TaMoB.
Ha sranax 1, 3, 5 B 7 NPOHCXOAHT TOJbKO MOBOPOT;
Ha sTanax 2 ¥ 6 NIPOHCXOAMT cxkatHe jo 0,98, a Ha sTa-
ne 4 — cxarne go 0,2. B urore nosyuaercs cTpeska
aaunnoft 0,192, xotopyio MB OKpyrasiem no 0,2 (cm.
nepByIo JIEKUHIO), MOBEPHYTas Ha YroJ, paBHHIA moJle Cmexno \/

HOMY NOBODOTY BOO6paXkaeMON 4acoBOH CTpeJKH

OrpaxeHHe OT 3ajHeHl MOBEPXHOCTH MOXKHO Da3J/IoKHTH
Ha ceMb 3TanoB (cM. puc. 42). OHO BK/IOYaeT NOBOPOT, PaBHbIA
MOJIHOMY TOBOPOTY YacoBOH CTPesIKH 3a BpeMs JBHKeHHs (o-
ToOHa no Beemy nyTtH (3tamst 1, 3, 5 u 7), cxkarue o 0,2 (sran 4)
u 1Ba cxkatus go 0,98 (sranst 2 u 6). PesyasTHpylomas crpeaka
yKasbiBaeT B TOM Ke HalpaBJeHHH, YTO H NpexJe, HO ee JyIMHa
pasna 0,98-0,2.0,98~0,192, yto A B nepBOi JIEKUHH OKPYr-
aua go 0,2.

[MozBoxsi utory, chopMysnupyeM npaBHia Als OTPaXKeHHs
cBeTa OT CTeKJa H JJIs1 NPOXOXKJEHHS CBETa 4epes CTEKJO:
1) otpaxeHHe M3 BO3fyXa B BO3JyX (OT mepelHeil moBepXHOC-
TH) COMPSI?KEHO O cxkaTHeM Jo 0,2 ¥ nonyo60poToM; 2) OTpaxe-
HHe OT CTEeKJia B CTEKJo (OT BHYTPEHHEeH MOBEPXHOCTH) TaKXKe
BKJoyaer cxkatue go 0,2, Ho Ges moBopoTta; 3) nepexon H3
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BO3JyXa B CTEKJIO HJH H3 CTEKJa B BO3LYX BKJIOYAeT CKaTHe
g0 0,98 6e3 noBopoTa.

BeposiTHO, 3TO yXK CJIHLIKOM, HO 51 HE MOTY YCTOSIThb mepej
HCKYLIeHHeM [PUBECTH BaM elle OJAHH HHTEePECHBHIH NpHMep
TOro, Kak BejeT ce0si cBeT H KaK MOXKHO NPOaHaJH3HPOBaTh
€ro mnoBeJeHHe, TMOJb3YyACh INPaBHJIAMH MOCJ/EN0BaTebHBIX
sTanoB. [ToMecTHM JeTeKTOD O] CTEKJIOM H PaccMOTPUM BOI-
poc, 0 KOTOPOM MBI He TOBOPHUJIH B NIePBOH JIEKLHH,— O BepOsIT-
HOCTH NpoxoxOenus CBeTa uepe3 JBe MOBEPXHOCTH CTeKsa
(cM. puc. 43).

Bhl, KOHEUHO, 3HAETe OTBET: BEPOSITHOCTh TOrO, YTO (HOTOH
nonazfer B B, paBHa npocto 100 % 3a BbiueToM HalifeHHOMH

Puc. 43. IIpoxoxpeHHe Yepe3 ABe MOBEPXHOCTH MO«
HO pa3fenuThb Ha naTh stanoB. Ha arame 2 eguHHY«
Hasi cTpesKa cxxumaercs no 0,98, Ha 3Tame 4 cTpejaka
anuHO# 0,98 cxkuMaercs ewe pas jgo 0,98 (uto maer
npumepHo 0,96). Ha stanax I, 3 u 5 NpPOHCXOZMT
TOJNIbKO MOBOPOT. B HTOre KBajpaT CTPEJKH JIHHOA
0,96 6yaer paBen npumepHo 0,92, 4To maer BeposT-
HOCTb NPOXOXKJEHHUs yepe3 JBe MOBEPXHOCTH, PaBHYIO

- 92 %. (310 coorBeTcTBYeT 8 %-HOMY OTpa)KeHHIO,
Cmerno \5 L NMpaBHJILHOMY JIHIIb «ABaXKzahl B cyTku».) Koraa von-

— LMHA TUIaCTHHKH TaKoBa, YTO BEPOSTHOCTb OTpaiKe~
Husl paBHa 16 %, To B cymMe ¢ 92 % BepOSATHOCTH
NpPOXOXKJAeHHs nosyvaercs 108 %, T.e. Mbl yuau 108 %

cBeTa. B Hawem aHa/H3e 4TO-TO HeNPaBHJbLHO!

5

paHbllie BepOATHOCTH, uTo (oToH momager B A. Tak, eciau Mot
IOJTYYMJ/IM, YTO BeposiTHOCTb momactb B A paBHa 7 %, To Be-
posTHOCcTb monacTb B B paBHa 93 %. A Tak Kak BEpPOSATHOCTh
a5 A mensercs ot 0 uepe3 8 % 1o 16 % (111 pasHBIX TOJIIMH
CTeKJ/1a), TO BeposiTHOCTb 1is1 B Mensierca or 100 % uepes
92 % no 84 %.

D10 npaBU/IBHBIA OTBET, HO MBI OXKHJIA€M, YTO 6Ce BEPOSAT-
HOCTH MOXKHO BBIYHCJISITE, BO3BE/S B KBAJPaT PE3YJbTHP YIOLULYIO
cTpeiky. Kak BBUHCIHTB aMIVIMTYAY MPONYCKaHHsl cBeTa
CTEKJSIHHOH NJacTHHKOH? M Kak el yjaercs TaKuM HMEHHO
06pa3oM MeHfITh CBOIO JJIMHY, Y4TOOBI BCErja COOTBETCTBOBATD
IJHHE aMILIUTYAB! A, Tak 4To BepOATHOCTb A1 A W BeposAr-
HOCTb AJs1 B B cymme Bcerna paror 100 %? Iasaiite paccmot-
PHM BOIIPOC HECKOJIKO MOAPOGHEe.

HBrxenne (OTOHA OT HCTOYHHKA K JETEKTOPY, Haxops-
meMycs IOL CTEeKJIOM, COCTOMT H3 nATH 3TamnoB. JlaBaiite
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CXKUMAaTh M MOBOPAauHBaTh EIHHHYHYIO CTPEJNKY MO Mepe npo-
‘IIBUIKEHHS.

IlepBbie TpH 3Tana GyAYT TaKHMH K€, KaK B NPEABIAYIIEM
npumepe: HOTOH JIETHT U3 HCTOYHHKA K CTeKay (MOBOPOT, CXKa-
THS HET), (POTOH NPOXOJHT CKBO3b MEPEJHIOI0 [OBEPXHOCTh
(noBopota Hert, cxkarke o 0,98); hOTOH NPOXOJHUT CTEKJIO (Mo-
BOpPOT, CXKaTHS HeT).

YerBepThiil 3Tl — KOTrZAa (JOTOH NPOXOAHUT CKBO3b 3aHIO
[OBEPXHOCTh CTEKJia — HHYEM He OTJHMYaercsi OT BTOPOro
sTana B TOM, YTO KacaeTrcs MOBOPOTOB M CXKATHsA: MOBOPOTa
ger, a cxkatue jo 0,98 or 0,98, T. e. J/UHA CTPEJKU CTaHO-
purcsa 0,96.

HakoHeln, nATelfl 3Tan — (OTOH ONATH JETHT MO BO3AYXY
B JI€TEKTOP — 3TO 3HAUHT, YTO NPOHMCXOJHT €llle NOBOPOT, HO
6e3 jnaJjpHeilIero cxkaTHa. B pesyJbrare nosyyaem CTpesKy
anupoi 0,96, yKasbpBaOUyi0 B HEKOTOPOM HaNpaB/eHHH, 3a-
JAHHOM MOCJIeIOBATe/JIbHBEIMH MOBOPOTaMH YacoOBOH CTpEJIKH.

Crpeska aiuHo# 0,96 cOOTBETCTBYeT BEPOATHOCTH OKOJIO
0,92 (0,96 B KBanpare), a 3TO 3HAUHT, 4TO B cpejHeM 92 ¢oToHa
u3 Kaxkaeix 100, BbIeTeBHIMX H3 HCTOYHHMKA, MONajarwT B B.
dro TakKe 3HAYHT, uTo 8 % (HOTOHOB OTpaxalOTCA OT OGEHX
nosepxHoctell u nonazaiT B A. Ho B nepBoil JIeKIHH MBI 06-
HapyXuJH, 4to 8 % -Hoe OTpakeHHe OT JBYX NOBepXHOCTEH GHI-
BaeT KpaliHe pefko («IBaKIbl B CyTKH») — 4YTO, B JIEACTBHTE/Ib-
HOCTH, OTpaXeHHe OT ABYX NOBepXHOcTeH (JIYKTYHpYeT ne-
pHOJHYECKH OT HyJs 10 16 %, no mepe nocTeneHHOro yroJie-
HMS cJ0f cTeKsaa. YUTo mpoucXOaMT, KOTJa CTEKJO HMeeT Kak
pas Takyio TOJILIHHY, YTOObI YaCTHYHOE OTPaKEHHEe COCTaBHJIO
16 %? U3 kaxzaeix 100 ¢oToHOB, BELIETEBIIMX H3 HCTOYHHKA,
16 nonagmator B A, a 92 — B B, uto naer B cymme 108 % cse-
Ta — yxkacHo! UTo-To HenpasBHJBHO.

Mbl npeHeGperaH pacCMOTPEHHEM 6cex MyTed, Mo KOTOPHIM
cBer Mor nomnacts B B! Hanpumep, oH MOF oTpasuThbes OT 3ai-
Hell MOBEPXHOCTH H MOJHATbCA CKBO3b CTEKJO HaBepX, Kak
6yaro Obl HampaBasisAch B A, HO 3aTeM OTPA3HTLCS OT nepe-
Hell NOBEPXHOCTH M ONATH monacte B B (cMm. puc. 44). dra
TPAEeKTOPHs COCTOMT M3 JeBsATH 3TanoB. IlocMorpum, urto mo-
CJIEOBATENBHO NPOHCXOJHT C €IHHHYHOH CTPE/KOH B TO Bpe-
Msl, KaK CBET NMPOXOAMT KaxJwlH 3ran (He GecnoKoHTech, 3TO
TOJILKO CXKATHSl M MOBOPOTHL!).

IMepBoiit 3Tan — (GOTOH JIETHT 1O BO3AYXY (NOBOPOT, CXKa-
TSl HeT). BTOpo# 3Tan — (OTOH NPOHHKaeT B CTEKJO (IOBO-
pora Her, cxarue o 0,98). Tperuit 3Tan — (OTOH JIETHT B
cTekJ/ie (MOBOPOT, CXKaTHA Her). UeTBepThI 3Tan — OTpaxKeHHe
OT 3ajHeHd NOBEepXHOCTH (moBopora Her, cxkartue jo 0,2 or
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0,98, T. e. no 0,196). IIaTeiil 3Tan — (HOTOH B CTeKJe BO3Bpa-
maercsi HapepX (moBopot, cxkatusi Her). llecroét atam — do-
TOH OTCKaKHBaeT OT NepefHell NOBEPXHOCTH (3TO, HA CaMOM
JeJie, «3ajiHsisT» [OBEDPXHOCTb, TaK KaK (hOTOH OCTaercs 8HYympu
cTekJsa) (mosopora Her, HO cxkathe o 0,2 or 0,196, 1. e. no
0,0392). Ceppmo#i 3Tam — (OTOH BO3BpallaeTcsi BHH3 IO
CTeKJy (eme MOBOPOT, cxkaTHs Her). BocbMo# sTam — ¢otoH

Puc 44. Yro6n BhiuucJeHHe GblIo GoJlee TOYHBLIM, Ha-
JO PpaccMOoTpeTh M JAPYroH BO3MOXKHBIA crmoco6 mpo-
XOXKJEHHsI CBeTa Yepes jABE MOBEPXHOCTH. DTOT Crocol
BKJIoYaeT gaBa cxaTusl m0 0,98 (stanmel 2 u 8) u ABa
cxatusl go 0,2 (3Tanbl 4 M 6), B pesyJbTaTe 4ero no-
Jyyaercs cTpenka piauHo# 0,0384 (oxpyrasiem jo 0,04)

NPOXOJUT CKBO3b 3aJHIOI0 NOBEPXHOCTH ([IOBOPOTa HET, a CXKa-
e go 0,98 or 0,0392, 1. e. mo 0,0384). Hakoneu, neBsThIi
stan — (OTOH IPOXOJUT NO BO3AYXYy B JereKTop (MOBOPOT,
CXKaTus HeT).

B pesyabTare Bcex 3THX CKAaTHH M IOBOPOTOB INOJy4YaeM
amnuTyny aiuHoit 0,0384 — pmisi Bcex NpakTHYeCKHX BBHIYHC-
JIEHHH MOXHO CYMTaTh ee npuMepHo pasHOi 0,04 — 1 mosep-
HYTYIO Ha yTroJi, COOTBETCTBYIOU[UE NMOJHOMY [IOBOPOTY YacOBOH
CTPeJIKM 3a BpeMsl IBHXKeHHS (OTOHA 1O 3TOH GoJiee NJIHHHOM
TpaeKTOpHH. DTa CTPe/Ka COOTBEICTBYET 6MOpoMy IYTH, IO
KOTOPOMY CBeT MOXeT IonacTb M3 ucToyHUKa B B. Teneps
y Hac HUMeloTcs JBa AaJbTePHAaTUBHBIX BapHaHTa, I03TOMY,
YyTOOBI IIPOBECTH DPE3YJbTUPYIOMYIO CTPEKY, Mbl JOJ/IKHEL
cAoocUmb J(Be CTPEJKH — CTPeJIKY /151 6osee KOPOTKOro MyTH,
aauHod 0,96, u crpenky jnssi 6osiee JQJIHHHOTO IYTH, IJIMHOH
0,04.

OOG6bIYHO BE CTPEJIKH HampaBJieHbl H0-pPa3HOMY, IOTOMY YTO
H3MeHeHHe TOJIIMHBI CTeK/a BJieyeT 3a COGOH HM3MeHeHHe Ha-
npasJeHus cTpeskd JjuHoR 0,04 OTHOCHTEIbHO CTPEJKH JJH-
Ho#t 0,96. Ho nocmoTpure, Kak Xopouio Bce MOJydYaeTcs: Jo-
HOJIHUTe/bHEIE O0OpOTHI, CleJaHHBIE YacOBOH CTPEJIKOH BO
BpeMsl JBHKeHHs (OoToHa Ha dTanax 3 4 b (no nytu K A), B Tou-
HOCTH PaBHEI JIONOJIHATEIbHBIM 060POTaM, C/leIaHHBIM 3a BpeMsA
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ABHKeHHs (OTOHA Ha 3Tanax 5 u 7 (no nytd B B). 310 3Hauwr,
4TO KOTZAa CTPEJKH OTPaxKeHHsl B3aKMHO YHHUYTOXKAIOTCH, Ja-
Basl Pe3yJbTHPYIOLIYIO CTPEJKY, COOTBETCTBYIOLLYIO HYJIEBOMY
OTPaXeHHUIO, CTPEJKH MPONyCKaHHS CBETa YCHJIHBAIOT APYT
Apyra, naBasi pesyJjbTHpylomylo aaunoi 0,96-+40,04, uam 1.
To ectb, KOrza BepOSATHOCTb OTPaXKEHHUsI PaBHA HYJIO, BEPOAT-
HOCTb nponyckanus csera paBHa 100 % (cu. puc. 45). A koraa
CTPE/IKH OTPaXKEHHs! YCHIHBAIOT APYT APYTa, AaBast aMIIHTY Ay
0,04, cTpeskn npomyckawus cBeTa HANpaBJeHbl MPOTHBOIO-
JIOKHO, YTO JAaeT aMmiautyny aiauHod 0,96—0,04, wau 0,92.
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\
- N 16%
0,2-0, \ A
0 % AN
\
0,2+0,2
Nponyckarug
| 0,96+0,04
/ / 0,96-0,0%
/
! ] !
] ! ! !
I ] ! !
/ ! / {
/ 100% K i !
! 171 84% !
Il II II 10,92
] ) ) ,’
! i i
| [ / !
[ { L ,'
]
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—~ ~
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Puc. 45. Ipupopna Bcerpa ciaefut 3a TeM, 4ToGsl 6bl1d yuTeHs Bee 100 % csera. Korga

TONIHHA TaKOBAa, YTO OAHHAKOBO HalpaBJIeHbl CTPEJIKH NPONYCKAaHHS, CTPEIKH OTpa-

PKEHH S MIPOTHBOMOJIOXKHB! IPYT APYTY; KOrjia OAHHaKOBO HamnpaBileHbl CTPEJKH OTpa-
JKEHHs, CTPEJKH NMPONMYCKaHHS TPOTHBOMOJOXKHEI APYr APYrYy

CrnezoBare/bHO, KOrja OTpaKeHHe JOMKHO GhITb paBHo 16 %,
NponycKaHnue cBera JOo/kHO GhiTh paBHO 84 % (0,92 B kBan-
pare). Bumure, Kak ymHO mnpuaymasna I[Ipupoxa cBod mpa-
BHJIa — OHHM TrapaHTHPYIOT HaM, Y4TO MBI BCerja MOJYy4YHM Bce

100 % yuuTbiBaeMbix (HOTOHOB! *)

*) 3amerbTe, uTO Mbl OKpyrauau 0,0384 g0 0,04 u B3san 84 % B
kauectBe 0,92 B kBajpare, 4To6Hl moayuuts Bce 100 % csera. Ho ecan
CKJaAbiBaTh 6, TO HezaueM Gygxer okpyrasts 0,0384 u 84 % — Bce
MeJibyaiiiline KyCOYKH CTPeJOK (NpejcTaBJIsIONIHe BCe BO3MOXKHBIE NYTH
JBHXKEHHS CBETA) KOMIEHCHPYIOTCS M JaloT NpaBuJbHBEIR oTBer. s
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B 3akJ/ouenue, npexje yem yHTH, si XOuy COOOLIHTH BaM,
YTO HMeeTcsl JOMNOJIHEeHHe K NPaBHAY O TOM, KOrja Hajo YMHO-
JaTh CTPEJKH: CTPEJKH HaJl0 YMHOXAaTh He TOJBKO, €CJH CO-
6LITHE COCTOHT H3 MOCJEJOBATE/NbHBIX STANOB, HO H €CJH COBbI-
THE COCTOMT U3 HEKOTOPOro UMCJ/a MNapaJliejbHBIX — He3aBH-
CHMBIX H, BO3MOXHO, OJHOBPEMEHHHIX — siBjeHHH. Hanpumep,

Puc. 46. [nsa Gosiee TOUHBIX BHIYHCJEHHH cyenyer pac-
CMOTPeTb M JpPYrHe BO3MOXHHIE CIIOCOGH OTpaXKeHHS
cBeta. Ha sToM pucyHke cxatusi jgo 0,98 mpoucxomat
Ha 3Tanax 2 u /0; cxatug a0 0,2 — Ha sTanax 4,6 u 8.
B peayJibTaTe moJiyuaeTcsi CTpeJiKa AJIHHOH NPHMEPHO
0,008, KoTopasi COOTBETCTBYET ellje OJHOMY BO3MOXKHO-
MYy BapHaHTY OTPa)KeHHsT H KOTOPYIO MNO3TOMY HaJo
CJIOXKHTb € APYTHMH OTBEYAIOIIHMH OTPaXKeHHIO CTpeJI-
kamu (0,2 mas nepepmedt n 0,192 g sajgHelt moBepx-
HOCTH)

NpeAnoJIOXKHM, Y Hac ecTh JBa HcTouHMKa, X u Y, U JaBa Je-
tektopa, A u B (cMm. puc. 47), U Mbl XOTHM BBIYHCJIUTH BEPOSIT-
HOCTb CJIeAYIOImero cobbITHS: nocjae Toro Kak X u Y Tepsior
no oxHomy ¢oTony, A u B npuoGperaioT no oJHOMY (OTOHY.

B sToM mpumepe (QOTOHEI JIETAT B MPOCTPAHCTBE, UTOGHI MO-
nacTb B JETEKTOPHl — 371€Ch HeT HU OTpaxKeHHUs, HU Npomyc-
KaHHA — TaK 4TO MHe NpeACTaBjseTcss YAOOHBIH cayual mepe-
cTaTh, HaKOHeEIl, HTHOPHPOBATh TOT ()aKT, YTO CBET PACXORUTCSH
no Mepe pacnpocTpaHeHHdA. Tenepp NpPeACTaBJSAI0 BaM 3aKOH-
4eHHOe npasuao 1Jjs MOHOXPOMATHUYECKOTO CBeTa, pacnpocrTpa-
HAIOIIErocss B NMPOCTPAHCTBE OT OfHOH TOYKH 1O APYroH,—
3jecb HeT HHKAakHX NPHOJMKeHUH U ympouieHHH. DTO Bee,
9TO HaJ0 3HaTh O MOHOXPOMATHYECKOM CBETE, PacIpOCTPaHsIo-
meMcsi B NPOCTPaHCTBe (He cuuTasl MNOJISIPU3AIHH): HaAnpags-
AeHue CTPEJIKH 3aBHCHT OT BooOpa)kaeMoH 4acOBOH CTpeJsKH,
Jenalolei onpejeqeHHOe KOJHYeCTBO OOOPOTOB Ha KaKjblii
JiofiM MpOHAeHHOro NmyTH (B 3aBHCHMOCTH OT IiBeTa (pOTOHA);
0AuHa CTPEJKH 06paTHO NPONOPLHOHAIbHA PACCTOSHHUIO, NPOH-

TeX H3 Bac, KTO JIOGHT TaKHe Belll{, NIPUBOXY NPHMEP elle OJHOTrO NyTH,
N0 KOTOPOMY CBeT MOl HATH H3 HCTOYHHKa B Jerekrop A — mocjeno-
BATeJILHOCTb TPEX OTPaxKeHHH (M ABYX NPONYCKaHHH), PE3yJIbTaTOM Yero
ABJISI€TCA CyMMapHas cTpenaka jnauHo# 0,98.0,2.0,2-0,2-0,98 uau npu-
mepHo 0,008 — ouenp ManeHbkas ctpeaka (cM. puc. 46). Uro6ul mos-
HOCTbIO DPAacCYHTaTb YaCTHYHOE OTPaxKeHHe OT JBYX MOBEpXHOCTeH,
BaM NPHJETCS YUeCTb H 3TY MaJeHBKYIO CTPEJIKY, H €II€ MEHbIIYIO, Npei-
CTaBJAIOMYIO NATH OTPaxXKEHHUR U Tak Jajee.
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JIEHHOMY CBEeTOM,— JADYTUMH CJOBaMH, CTPe/Ka CKHMaeIrcs IO
Mepe pacnmpocTpaHeHHs cBera *).

[pexnonoxum, crpenka X—A umeer aauny 0,5 u ykasbl-
BaeT Ha b 4acoB Tak ke, Kak U ctpenka Y—B (puc. 47). Ilepe-
MHOXXHB CTDEJ/IKH, MOJy4YaeM pe3yJbTHPYIOIYIO CTPEJKYy JJIH-
Ho#t 0,25 u HampaBJseHHYI0 Ha 10 yacos.

X A

Edunuynag cmpenna \\
~A

1

1

] 1
\0,5 ‘\g,s 5,25\ 0,5

us XA usYoh u3XBAuusYg8

Puc. 47. EcJHu onuH H3 CrocoGOB, KOTOPBIM MOXET NMPOH3OHTH AaHHOe COOniTHE, 3a~
BHCHT OT HEKOTOPOI'0 KOJIHYeCTBA HE3aBHCHMBIX NMPOLECCOB, aMIIMTYyAa 3TOro crnocoba
BBIYUCHSETCS MYTeM YMHOXEHHsI CTPEJOK JJisi He3aBHCHMHIX NporeccoB. B panHoM
ciyyae KOHCYHOE COGhITHEe TaKOBO: MOCJIE TOr0 KaK HCTOYHHKH X M Y KaxAblfi H3sy-
yusik no $HoToHy, poroymMHoxuTenu A u B uzfanu no mendxy. ITepBrift cnoco6, kakum
MOIJIO POH3OATH 3TO COGLITHE, COCTOUT B TOM, YTO oTOH H3 X Mor monacTb B A, a
¢otoH us Y — B B (ABa He3aBUCHMLIX COGbITHsI). UTOGH BLIYHCIHTbL BEPOSITHOCTb 5TOTO
«[epBOro crnocoGa», Hafl0o YMHOXHTb CTPEJKH AJs KaXkJOro He3aBHCHMOrO COGHITHS
X—A u Y—B, nollyYsB TakuM 06pa3oM aMILIATY Yy HMEHHO 3Toro cnoco6Ga. (ITpogos-
JKeHHe aHa/iu3a Ha pHC. 48)

— e e
——

Ho nocrofite! dro coGriTHe MO0 NPOU3OHTH APYTHM CIO-
coboMm: ¢oToH U3 X Mor oTmnpaButhca B B, a ¢oToH H3 ¥V —
B A. Kaxpifi U3 3TUX MOANPOLECCOB HMEET CBOIO aMILJIHTYAY:
HaJl0 TaKXe HapHCcOBaTh H 3TH CTPEJKH H NEPeMHOXHTb HX,
yToObl MOJYYHTH aMIIUTYNY TAKOrO MMEHHO crocoba ocyuie-
crBJjeHHust coObiTHs (cM. puc. 48). Tak Kak BeJqMYHHA CKaTHs,
CBSI3aHHOTO C PacCTOsiHHEM, OYeHb MaJjia O CPaBHEHHIO C Be-
JIMYUHOH noBoporta, crpeikd X—B u Y—A umeior, no cy-
IeCTBY, Takyio xe anuny 0,5, Kak n crpejkd X—A u Y—B,
HO HanpaBJjieHH OHH OYAyT COBepHIEHHO MO-APYyroMy: 49aco-
Bas crpeiika nenaer 36 000 oGoporoB Ha oaHMH ajoiiM npobera

*) OTo mpaBUJIO COOTBETCTBYET TOMY, Y€MY y4aT B MKOJeE: KOJH-
9eCTBO CB€Ta, PACHPOCTPAHSIOMErocss Ha KaKoe-TO paccrosHne, ob6par-
HO TNpPOMNOPHHOHAJBLHO KBaAPaTy PacCTOSIHUS — MOTOMY YTO KBajpar
CTPEJIKH, CXaBIlleHCs HaNOJIOBHHY, PaBeH OAHOH 4YeTBEPTH HCXOLHOrO

. KBajpara.
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KpacHOro cBeTa, MO3TOMY Jaxe MajleHbKOoe H3MeHeHHe pac-
CTOSIHMSl BbI3BIBAa€T 3HAUMTENbHOE H3MeHeHHe MOKas3aHHH
CTpEJIKH.

AMmiuTymel st Kaxkgoro croco6a, KOTOPBIM MOIJIO Obl
NpOU30MTH COGBITHE, CKJAAbIBAIOTCS H JAIOT PE3YJ/IbTHPYIOLLYIO
cTpenky. Tak Kak IJIMHBI CTPENOK, 1O CYIIECTBY, OAHHAKOBBHI,
HMeeTCsl BO3MOXHOCTh TOTO, YTO CTPENKH OKaxkKyTCs NMPOTHBO-
TNOJIOXKHO HanpaBJieHHHIMH M B3aUMHO coKparaTcs. OTHOCH-
TeJIbHLIE HalPaBJIEHHS JBYX CTPEJIOK MOXKHO MEHAThb, H3MEHSsis

X A
Y g
Edunuynasa cmpenra
A A A
I I 1
] I !
i i lg,25
A,J }/0,5 0,5 %
u3XxX6 8 u3YeA usX68 uusYfA
S wie & C
u3XgA usxeg °
) u u amnaumyia
u3Yh B usY8A fceeq coGoimus
(«neplsiit («fmopoii (peaynbmupyouas
cnocoby) cnocoby) CmpenKa)

Puc. 48. CoGuiTne, o6cyxaaeMoe B MOANHCH K PHC. 47, MOrjo Gbl NPOHCXOJHTD APY+
ruM crnoco6oM — GOTOHE JieTsiT us X B Buus Y B A. B sToM cayuae Bce coGuiTHE
TaKiKe 3aBHCeJIO Gbl OT ABYX He3aBHCHMBIX [POLECCOB, TAK YTO AMIIHTY/Ia 3TOrO «BTO~
poro crnocoGas» BHIYHCJSETCS TaKKe MYTeM YMHOXEHHS CTPEIOK AJs HEe3aBHCHMBIX
co6uTafl. CTPENIKH JUIs «NePBOro» H «BTOPOro» CnocoGoB B KOHIE KOHIOB CKJIaJEIBa«
10TCSl, laBasi PesYJILTHPYIOIYIO CTPEJIKY BCero coGHTHS. BeposTHOCTb cOGHITHS BCErja
npeAcTaBiseTcs eOUNCMBERHOL pesysbmupyioujeli cmpeakoii = He3aBHCHMO OT TOTO,
CKOJIBKO CTpeJIOK GBIJIO HaDHCOBaHO, CJOXKEHO H YMHOXKEHO, YTOGH ee MOJIYYHTh

paccTosiHMe MeXJy HCTOYHHKaMH HJIH JeTeKTOpaMmH: IMPOCTO
CHBHTas WM pasjiBHras AETeKTOPbl, MOXKHO YCHJIMTH HJIH COB-
ceM YHHUTOXHUTb BEPOSATHOCTb COOBITHSI, TOYHO TaK XKe, Kak
B CJyyae YaCTHYHOTO OTPaKeHHs OT JBYX NOBEpPXHOcTeH *).

*) 310 ABJAEHHE, MOJYUHBIIee Ha3BaHHUe «apdeKT Xan6spu — Bpay-
na — TBucCca», HCMONBL3YIOT, YTOGbi PasjiuyaTh eJUHHYHbIE H LBOHHbBIE
HCTOUYHHKH PaJHOBOJH B JaJeKOM KOCMOCE, JaKe €CJH COCTaBJISIOUIHE
IBOAHOTO HCTOYHHMKA HAXOAATCHA OYeHb GJAH3KO APYT K APYTY.
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B 3TOM npHmepe CTpesKH yMHOXKAJNHCh, a 3aTeM CKJajbl-
BaJiCb, M B HTOre [OJydYasnach pe3yJbTHPYIOWAasd CTpesKa
(amMnaMTy @ COOBITHST), KBaApaT JJIMHBI KOTOPOH paBeH BepOsIT-
HOCTH cOObITHSI. Hazo noguepkHyTh, YTO HE3aBHCHMO OT TOTO,
CKOJIbKO CTPEJIOK MBI DHCYyeM, CKJIaJplBaeM HJH YMHOXaeM,
Hala UeNb — IOJNYYHTb EOUHCMBEHHYI0  Pe3YAbMUPYIOULYIO
cmpeaky 6cezo cobvimus. CTyaeHTh-DU3HKH MOHAYyaJy YacTo
COBEPILAIOT OWHOKH, TaK KaK yIyCKalOT U3 BHAY 3TOT BaXKHHIM
MomeHT. OHH TaK JOJTO TPYAATCS Haj AaHANM30M COOBLITHH,
B KOTOPBIX Y4YaCTBYeT €JMHCTBEHHBIH (POTOH, UYTO HAUHHAIOT
cyHTaTh, OYATO CTpesKa Kak-TO CBSI3aHAa C CaMHM (POTOHOM.
Ho 3Tu crpenkn npencraBiisitoT co60é aMIJIMTY bl BEPOSITHOC-
TH, Jaloliue, NPH BO3BELEHHH HX B KBAJApaT, 6epOAMIHOCTbL
BCEro COOBITHS LEJUKOM *),

B chepyomefi JeKIMH §i HauHy YHOpoaTh M OGBACHATR
CBOMCTBA BelleCTBA: MOKaxy, OTKyjaa Gepercs cxkarue jo 0,2,
NoYeMy KaXeTcs, YTO CBET NPOXOJAHUT CKBO3b CTEKJO HJIH BOIY
MeJJIeHHee, YeM CKBO3b BO3AYyX, M T. A. Beap no cux nop s
xyabHHyan. Ha camom jesne oToHBI He OTCKaKHBAlOT OT MO-
BEDPXHOCTH CTeKJla; OHH B3aHMOJEHCTBYIOT C 3JEKTPOHAaMH
eHympu crekiaa. §1 nokaxy Bam, uTo (HOTOHEl B JEHCTBHTE/b-
HOCTH TOJIbKO NEPEeXOAST OT OJHOTO 3JIEKTPOHA K APYromy, H
OTpaXKEHHEe M NPONyCKaHHe SABJASIOTCS Pe3yJbTaTOM TOTO, YTO
3JIEKTPOH 3aXBaThiBa€T (POTOH, MOTOM, TaK CKasaTb, «yewleT
B 3aTbLJIKE» U HCIyCKaeT Hogbill (HOTOH. DTO YNPOIIEHHe BCEro,
0 YeM Mbl 0 CHX NOp TOBOPHJIH, OYeHb HPHATHO.

*) Hano noMHHUTH 06 5TOM NPHHIKIIE, YTOGH HE MPHATH B 3amelna-
TEJIbCTBO, CTOJKHYBIIKCH C «PeAyKIlHeH BOJHOBOrO Nakera» H TOMY No-
noGHo# Mmarwueil.



JIEKIIVS 3

3JIEKTPOHbI U MX B3AMMOJEHCTBHA

AT0 TpeThSl U3 UeThIPeX JeKUHH, NOCBSALIEHHBIX
BeChMa TPYAHOMY MpeIMEeTy — KBaHTOBOH 3JIEKTPOJMHAMUKE.
WM Ttak Kak cerogHs ciayuiarejefi fBHO GoJibllle, ueM OBLIO
paHbllle, TO, 3HAUUT, MHOTHE U3 Bac He CJBILIANH NMEPBHIX JIBYX
Jekuui. MM sta jeKuMa nokKaxkercs MOYTH MOJHOCTBIO HeIo-
HATHOH. Te 3Ke, KTO cabuuanr nepBbie JIBe JIEKIWH, TaKxKe
COYTYT 3Ty JEKUHIO HEeMOHATHOH, HO OHM 3HAIOT, YTO TaK H
JOJ/IKHO OBITh: 1 yKe OOBACHSAJ Ha NEPBOH JIEKIHH, UTO MBI BBI-
HYXKJeHbl ONNCEIBaThL moBejeHue [Ipupopsl, Kak NpaBuJo, He-
MOHSATHBIM OGPa3oM.

B stHX Nekuuax s Xouy pacckasaTtbh 0 HauboJiee H3yUeHHOM
pasuene (pU3NKYU — B3aHMOAEHCTBUH 3JIEKTPOHOB CO CBETOM.
Béabuias yacTh 3HaKOMBIX BaM fIBJIEHHH OCHOBaHAa Ha B3aHUMO-
JefiCTBUH 3JIEKTPOHOB CO CBETOM — Hampumep, BCS XHMHS H
6uosioTHS. JTa TEOPHS HE OXBAThIBA€T TOJNLKO IPaBHTAIMOH-
HBIE U SIIEpHEIE IBJIEHUS; BCE OCTAJbHOE B HeH COZEpKUTCH.

Ha nepBoit jieKyun MEl OGHAPY2KHJIH, YTO ¥ HAC HET HarJsg-
HOTO MeXaHH3Ma IS OMHCAaHHA Ja)ke TAKOro MpocTeHilero
IBJIEHHS, KaK 4acTHYHOe OTpaXKeHHe CBeTa OT creksaa. Kpome
TOrO, Mbl He MOXKeM IpejcKas3aTb, OTPa3HTCA JH JaHHBIH
(oTOH, WM MOpPOHIET CKBO3b CTEKJIO. Bce, UTO MBI MOXeM
clieJiaTh — MOCUHUTATh BepOSMHOCT s KOHKPETHOTO COOBITHA —
OTpa)keHHs cBeTa, B JaHHOM ciydae. (OHa paBHa NPUMEPHO
4 %, Korza cBeT NPSAMO MNajaeT Ha OJWHOYHYIO NMOBEPXHOCTb
CTEK/a; NPH HAKJIOHHOM MaJeHHH BEPOATHOCTb OTPaKEHHUSA
BO3pacTaer.)

EcJin MBI HMeeM J1eJ10 ¢ BePOSTHOCTSIMHU B 00bi4HbIX YCIOBUAX,
BBINIOJIHAIOTCA CJEAYIOLINE «IpaBHja COefuHeHHsA»: 1) ecnu
COGBITHE MOXKET MPOHU30HTH 63AUMOUCKAIO4AIOWUMI CROCOOaMU,
MBI CK.200bi6aeM BEPOATHOCTH BCEX Pa3/JIHYHEIX CIIOCOGOB; 2) eciH
COOBITHE MPOUCXOIUT 103MANHO WJIH B pe3yJbTare pajia
He3aBUCHMBIX COOBITHH, MBI nepeMHoscaem BEPOSITHOCTH BCEX
3TanoB (MIH COGEITHE).

B ¢aHTacTHUeCKOM H YAHBHTEJHHOM MHpPE KBAaHTOBOH (hU-
3MKH BEDPOATHOCTH BBIUHCAIOTCA KaK Keadpamol OAUH CILPEAOK.
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TaM, rie B OObIMHBIX YCJOBHSAX MBI CJIOXKHJIH GBI BEDOSITHOCTH,
Mbl HEOXHJAHHO 17151 cebsl «CKJIaJplBaeM» CMpeAKu; TaMm, TAe
YMHOXHJ/IH Obl BePOATHOCTH — «IepeMHOKaeM» cmpeaku. He-
OObIYHbIE OTBETHl, NOJIyyaeMble MPU BEIYHCIEHHH BEpOSTHOCTEH
TaKUM CIOcoOOM, NpPEeKpPacHO COOTBETCTBYIOT pe3yJ/bTaraM
SKcmepHMeHTa. MHe Kak pas oueHb HPaBHTCS, YTO MBI JOJIKHBI
npuberaTb K TaKUM HeOOBIYHBIM IpaBW/aM H CTPaHHBIM pac-
cyxJeHusM, 4TtoOpl MoHsTh IIpupony, U s Bcerja ¢ yJ0BOJb-
CTBHEM pacckasbiBalo o6 3toM. 3a 3THM aHanu3oM [Ipupojpl
HET HHKAKOro CKPLITOTO MeXaHHM3Ma, «KOJECHKOB M IIecTepe-
HOK». Ecsu Bbl XoTHTe MOHATHL Ee, BBl JO/DKHBI OPUHATH 3TO.

Puc. 49. Yepes Kaxjmoe u3
ABYX MaJleHbKHX OTBepCTHUH (B
Toukax A H B 3KpaHa, pac~
[OJIOXKEHHOI'0 MEXJY HCTOYHH-
KOM S H JeTeKTopoM D, B clly=

yae, €CJIH OTKPBITO TOJIBLKO Off~ —

HO) NPOXOJHUT IIPHMEPHO OXH-

HaKOBOE KOJIHYECTBO CBeTa (B /\
namHoM cayuae 1 %). Korma & x

OTKpHITHl 06a OTBEPCTHS, NMPO- A
HCXOJHUT «HHTephepeHLus». e~
TeKTOp wiesakaeT oT 0 10 4 %
cJyyaeB B 3aBHCHMOCTH OT ¢
paccTosiHUS MeXAy A u B (cM.

puc. 51, a)

[pexne yeM nepeliTH K OCHOBHOI 4acTH 3TOH JIEKUHH, XOU4y
M0Ka3arh BaM elle OJMH IIPHMep NOoBeJeHHs cBeTa. 5 pacckaxy
06 oueHb €/J1a0OM CBeTe OJHOIrO IBeTa, KOTOPBIA pacmpocTpa-
HsieTCSA U3 UCTOYHHMKA S B jnerektop D (cMm. puc. 49) B BHIE
OJIMHOYHBEIX (oTOHOB. [TomecTuM 3KpaH MeXKJy HCTOYHHKOM H
JIETEKTOPOM H IIPOfieslaeM B HeM jBa OYeHb MaseHbKHX OTBep-
crusi B Todkax A M B, HaxXogsimuxcsi Ha PacCTOSIHHU B He-
CKOJIbKO MHJJIHMeTPOB Jpyr ot apyra. (Ecam paccrosinue
MeXJy HCTOYHMKOM M gerektopoM 100 camTumerpoB, pasmep
JbIpOYEK HOJXKEeH ObIThb MeHblle, 4eM JNecsATasg JAOJsl MHJLIH-
merpa.) IlycTb Touka A JieXuT Ha OJHOH MPSIMOH C TOYKAMH
S u D, a Touka B — Hecko/nbKo B CTOpPoHe oT A, He Ha 3Toi
npsAMOH.

3akpeB oTBepcTHe B B, moayuum B D HeKOTOpOe KOJIH-
YeCTBO LIEJYKOB, IPEeICTABJIAIOHIHX (OTOHDI, NPOLIEIIHEe Yepe3
A (cxkaxeM, JeTEKTOp INEJKaeT B CPEJHEM OZHH pa3 Ha KaX-
apie 100 doroHOB, HcTycKaeMBIX HCTOUYHHKOM S, T.e. B 1 %
cay4aeB). Mul 3HaeM H3 BTOpOH JIeKLHH, Y4TO €CJAH 3aKpHITh
orBepctHe B A H OTKPHTH OTBepETHE B B, MOJYYHTCH NPHU-
MEPHO TakKoe Xke, B CpeLHeM, KOJIHYeCTBO LIeNYKOB — TaK Kak
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OTBEpPCTHS OYeHb ManeHbKue. (Korza Mbl CJIMIIKOM «CXKHMaem»
cBeT, TpaBH/Ia OCBIYHOrO MHpa — HampuUMep, YTO CBET pac-
npocTpaHsiercs MNpAMOJHHeHHO — Hapymaiored.) Korma bt
OTKpbIBaeM 06a OTBEPCTHSA, TO MOJY4aercsl CJAOKHBIA pe3yJib-
TaT, cBSI3aHHBIM ¢ HanuuHeM uHTepdepeHnuHu. [Ipu HeKoTOopoM
PacCTOfHHH MEXJIY OTBEPCTHAAIMH Mbl TOJydyaeM IIeNYKOB
Gosblile, ueM oxupaemsie 2 % (Bmioth 10 ~ 4 %); a uyTh
HU3MEHMB 3TO PacCTOSIHHE, BOOOIIe He MOJyuaeM IIeIYKOB.

EcTecTBeHHO OBLTO GBI OXKHIATh, YTO OTKPHITHE IOMOJHH-
TeJbHOTO OTBEPCTHA Bcez0a OYIeT YBeIHUHBATb KOJHYECTBO
cBera, nonajatomero B nerekrop. Ho B meficTBHTENBHOCTH 3TO
He Tak. [103TOMy HenpaBUJLHO FOBOPUTH, YTO CBET «pPacIpo-
cTpaHsieTcsl WJH MO OJHOMY IyTH, HJIM no apyromy». §I Bce
eme JIOBJIO ce6sl Ha TOM, uTo rosopio: «OH pacrmpocTpaHsercs
10 3TOMYy MYTH HJH mo ToMy mytH». OnHaKo Koria s Tak ro-
BOpIO, f JIOJDKeH HMeThb B BHAY, YTO IOJPa3yMeBaercs cJoxe-
HHME aMILUIHTYJ: HMeeTcsl aMIIMTYy[a NPOXOXIeHHs (OToHA MO
OJIHOMY NYTH ¥ aMIJIMTYAa NPOXOXKIEHHS N[O APYroMy IyTH.
Ecay aMIIMTyJpl B3aHMHO racsT APyr JApyra, cBeT He Oyzer
pacmpocTpaHfThCs, eCaH Jaxke, KaK B JaHHOM CJydae, OTKpbl-
Tel 00a OTBEPCTHS.

ANNNNNNN
*
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\
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Puc. 50. Ecau B Toukax A H B pacnoJioxeHH clielHaJbHbe JETEKTOPH (%), MOKa3bis
Balolye, MO KAKOMY H3 MyTell pacnpocTpaHsieTcsl CBET NPH ABYX OTKPLITHIX OTBEPCTH=-
51X, SKCMepHMeHT MeHsieTcsl. IToCKOJNIbKY OTOH BCcerfia NPOXORUT HJIH Yepe3 OJHO, HJIH
yepe3 Jpyroe oTBepCTHe (B cayvYae, €CJH Bbl 32 HUMH CJefUTE), HMEIOTCS IBa KOHEYHBIX
cocrosiHusii 1) cpaGorann JerekTopu B A u D u 2) cpaGotaiu AeTeKTOpH B B u
D. BeposiTHOCTb TOr0, YTO CJAYYHTCS KaxKJoe H3 5THX COOHITHH, paBHa npuMepHo 1 %.
BeposiTHOCTH ABYX COGHITHI CKJIaJpIBaIOTCS OGBIYHBIM CIOCOGOM, M BePOSITHOCTH cpaba~
THIBAaHHS JleTeKTOopa B D okaswmiBaercs pasHoO#t 2 % (cMm. puc. 51, 6)

A Bor emme onHa crpaHHas ocoGeHHocTs [Ipupons, 0 KOTO-
pol MHe XoTesochb OBl pacckaszaTh. [IpeamoJioKUM, MBI MOMe-
aeM B Toukax A ¥ B cneuuasbHble I€TEKTOPHI (MOXKHO CKOH-
CTPYHpPOBATh JIETEKTOP, IIOKa3bIBAIOWIMH, mNpolliesn JH Yepes
Hero QOTOH) W Tenmeph 3HaeM, uepe3 Kakoe oTBepcTHe (OTBep-
CTHS) NPOXOAUT (POTOH, KOrza o6a OHH OTKPHITHL (cM. puc, 50).
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Pa3 BepoAITHOCTH TOTO, YTO OJAMHOYHBEIH (POTOH mMomajger M3 S
B D 3aBHCHT TOJILKO OT PACCTOSIHUSI MEXKIY OTBEPCTHIMH, TO,
BHAMMO, (JOTOH KaK-TO HE3aMeTHO pasjenseTcs Ha JABa, a Io-
TOM CHOBa COeNHHSETCS, He TaK Ju? B COOTBETCTBHH ¢ TakoH
rHAOTe30H, JeTeKTOphl B A u B Bcerja JOJ/DKHE cpaGaThiBaTh
OZHOBPEMEHHO (BO3MOXKHO, BIIOJICHJIBI?), TOrja KaK IETEKTOp
B D no/xeH cpabaTbiBaTh C BEPOSTHOCTBIO OT HyJsA J0 4 % —
B 3aBHCHMOCTH OT paccTosinus mexpy A u B.

A BOT YTO NPOHCXOIUT HA caMoOM JeJe: AeTeKTOpsl B A u B
Hukoe0a He cpabaTbIBAlOT OJHOBPEMEHHO — cpabartbiBaer Je-
teKkTop B A uau jperextop B B. GoTOH He pasnensiercs Ha ABa:
OH pacmpocTpaHsiercss Ju60 MO OJHOMY, JHGO MO Apyromy
OyTH.

Boaee Toro, B atux ycsoBusx jgerekrop B D cpaGatniBaer
B 2 % cnyuaeB — a 3TO mPOCTO CyMMa BEPOSITHOCTEH MPOXOXK-
nenusi uepes A u uepes B (1 %+1 %). 3nauenue 2 % He 3a-
BHCHT OT pacCTOsIHHA Mexly A u B; untepdepennus ucye- .
3aem, ecii B A U B niomecTHTh J€TEKTOpHI!

[Ipupona Tak Bce ycTpoWsa, 4To MBHl HHKOTJA HE CMOXKeM
NOHATb, KaK OHa 3TO JeJlaeT: €CJH MBI CTaBUM NPHOODHI,
uTOGHI BBISICHHTb, N0 KaKOMY NYTH NOHJET CBET,— HOXKaJYH-
CTa, MBI MOXKEM 3TO BBISICHUTb, HO YJUBHTEJbHbIE HHTEP(hEPEH-
HHoHHble 3(hdeKTHl Hcye3aloT. A ecau y Hac HeT NpUGOPOB,
NOKAa3bIBAIOLINX, N0 KaKOMy NyTH HJET CBeT, HHTepdepeH-
LHOHHBIE 3(beKTH BoccTaHaBaHBaloTcsA! B camoM nene, oueHb
cTpanHo!

Uro6er pa3obpaTbesi B 3TOM NapajoKCe, I03BOJIbTE HATOM-
HHUTDb BaM CaMblii BAXXHEIH NIPHHUMI: 1S TOrO YTOGHI IPaBHJBHO
BBIYHC/IHTD BEPOSITHOCTb COGBITHS, HYXHO OYeHb BHUMAaTeJlbHO
OTHECTHCb K H4emKoMy onpeQeseHuio 3aKOH4eHH020 (NoaHo20)
cobbimuss — B YaCTHOCTH, ONpENENHTh, KAaKOBbI HauyasbHbE H
KOHEUHbIE YCJIOBHSI KcrepuMeHTta. Bl cmoTpuTe Ha 060pYymo-
BaHHWe JI0 U TocJe 3KCIepuMeHTa U uilere uaMmeHeHus. Korga
MBI BLIYUCJSANH BEPOATHOCTb monajgaHus ¢ortoHa us S B D Ges
JIeTeKTopoB B A U B, TO cOGBITHEM GbLJI IPOCTO LIENYOK JETEK-
Topa B D. Ecau memyok B D Gbl1 €ZHHCTBEHHBIM H3MEHEHHEM
YCJOBHH, TO HeJb3f OBLIO CKa3aTb, MO KaKOMY MYTH JeTel
(OTOH, TO3TOMY BO3HHKJA HHTEpPdEpeHLHs.

[TomecTuB netekTopel B A U B, MBI H3MeHH/IH 3ajaqy. Te-
nepb OKa3blBaercs, YTO ecTh 0sa 3aKOHYEHHBIX COOBITHA —
JIBe Pas3JIMUHBIX COBOKYNHOCTH KOHEUHBIX ycJoBHH: 1) cpa6o-
Tanu jetekTopel B A u D; 2) cpaGoranu merektopel B B u D.
Ecau y 3KclepHUMeHTa HMeeTcsi HECKOJbKO JOMYCTHMBIX KO-
HEYHBIX YCJOBHH, HaJ0 BBIYHC/JAATHL BEPOATHOCTb KaxKJOro Kak
OTJEJbHOIO 3aKOHUEHHOT'O COGBITHS.
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[Jisi BHIYUC/IEHHS aMIVIMTYJABl TOTO, YTO CPaboTaloT JeTeK-
Topbl B A u D, MBI yMHOKa€eM CTPeJIKH, KOTOPbie MPEACTAaBJISIOT
caenyromue sramnsl: $hotoH Jetut u3 S B A; doron serut u3 A
B D; gmerexktop B D cpabatbiBaer. Ksagpar IJHHBI NOJYYHB-
1eficsi CTPENKH €CThb BEPOATHOCTb 3TOro cobitHa — 1 % —
TaKasi, KaK OPH 3aKPbITOM OTBepPCTHH B, Tak KakK B 0GOHX CJy-
yasgxX 3Tansl OAMHAKOBHL. Jlpyroe 3akoHueHHOe COOBHITHE —
cpabaTeiBaHue ieTeKTOpoB B B 1 D. BepoATHOCTL 3TOr0 COGLI-
TSl BBIYHUCJSETCS TaKHM XKe CIIoco60M, H pe3yJbTaT TaKoH Xe,
Kak paHblie — npuMepHo 1 %.

Ecan Hac uHTepecyeT BepOSTHOCTb cpaGaThlBaHHS JeTekK-
topa B D, mpuueM Bce paBHO, CONMPOBOXKJaeTcs OHO cpabarhl-
BaHMeM JeTekTopa B A uiu B B, TO 3Ta BepOSTHOCTh PaBHa
MPOCTOH cymMe BepOsiTHOCTEH ABYX coGbithit — 2 % . Boo6iie,
€c/IM B CHCTEME OCTaeTcsl YTo-To, GJarojaps 4yeMy MHl mo2au Obl
onpefeNuTh NyTh (POTOHA, MBI HMeeM Da3/uYHbE «KOHEYHHIE
COCTOSIHHS» (Pa3/UyHMble KOHEYHbIe YCJOBHA), M CKJajbl-
BaeM 6epOAMHOCMU, a He aMIIMTYZbl BCeX KOHEYHHIX COCTOf-
Hul *).

$1 ykasas Ha 3TH O06CTOATENbCTBA, NOTOMY YTO 4e€M GOJbIle
BBl HabJsiofaere CTpaHHOe HoBeneHHe [Ipupofiel, TeM cloxXHee
MIOCTPOUTH HAIVIAJHYIO MOJeNb, OGDBACHSIOUIYIO AaXe NPOCTeH-
mue apaenus. Y Teoperuueckas ¢usHKa oTKasajgach OT 3TOrO.

Ha nepBoii sieKuuu Mbl YBHJEIH, KaK MOXKHO PasJeiHThb
COOLITHE Ha B3aUMOHCKJIOYAIOIIHE IYTH M KaK MOXKHO «CJO-
¥KUThY CTPENKH 1 Kaxzaoro nytd. Ha BTopo# nekuuu Mul ys-
HaJM, KaK MOXHO pPa3/ie/INTh IyTh Ha NocJefoBare/]bHbe 3Ta-
Ibl, KaK MOXHO INPEICTaBUTb CTPEJKY JIJsl KaXJAOro srana
B BHJE npeo6pa3oBaHHsl eAUHHYHOH CTPENIKH H Kak «Iepe-
MHOXKHTb» CTPEJIKH JJIf KaXJIOTO 3Tama IyTeM MocJjeloBarelib-

*) [NonHOe onNucaHWe AAHHOIO IKCIEPHMEHTa OYeHb HHTEPECcHO:
ecAn JeTeKTOPH B A H B He uiealbHB H JETEKTHPYIOT GOTOHH TOJBKO
B “acmu CIyuaes, UMEIOTCH mpu Pa3JHYHBIX KOHEYHHIX ycJoBHA: 1) je-
Tektopsl B A B D cpa6aruBaiot; 2) serektopsi B B u D cpa6artmiBaioT;
3) Toabko aerextop B D cpabaTeiBaeT, a geTekTophl B A u B He cpabaThi-
BalT (OCTalOTCA B HaYaJbHOM COCTOIHHH). BeposATHOCTH NMepBHIX ABYX
COGBITHHA BBIYHCIAAIOTCA TaK, KaK OGBACHAJOCH BHILE (32 HCKJIIOUeHHEM
N06aBOYHOTO 3TaNa — CKATHA CTPEJKH NPONOPHHOHAJBLHO aMILIUTYZe
cpaGaTbiBaHHS JeTeKTopa B A uiu B — MOCKOJNBKY AETEKTOPH He HJe-
anbHbl). B cayuae, xorja cpaGaTeiBaeT TOJABKO AeTeKTop B D, MH He
MOXEM pPa3JHYHTh BO3MOXKHOCTH, H Ilpupoja Hrpaer ¢ HaMH, BBOAA
uaTepdepenunio. Takoil e HeOGHIUHHIA OTBET MBI MOJYUHIH GBI, COBCEM
He HMes JIeTeKTopoB B A u B (OT/HuHe JHLIb B TOM, YTO KOHEUHAsS CTPeJ-
Ka CXXHMaeTcs INPOMNOPUHOHANBHO aMIIUTYAe HecpaGaThiBaHHSA JeTeK-
TopoB). OKOHuYaTeJLHHH OTBET ecTh CMeCh, NpOCTasg CyMMa BeposAT-
HoCTe#t Bcex Tpex cayuaeB (cM. puc. 51). ITo mepe Bo3pacTaHHsa Hajex-
HOCTH JNeTeKTOPOB HHTepdepeHUus ocaaGAnercs.
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HBIX CXatuéi ¥ noBoporoB. CrenoBaTe/NbHO, MBI 3HAKOMHL CO
BCEMH HEOOGXONUMMBIMU MpaBHJIAMH PUCOBAHHS H COEIHHEHHS
CTpeaoK (NPEJCTABJSIOWHX KYCOUKH COOBITHH) AJIst noJyue-
HHS Pe3yJbTHPYIOWEH CTPesNKH, KBaapaT JJIMHBI KOTOPOH fiB-
JfeTcs BEepOSITHOCTbIO HAG/II0aeMOro peasbHOTO COOBITHS.

Y bk
S Jr Jr
g 2___ 2
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S F 1r
g0 0
E PaccmosHue SBD-SAD Paccmogrue SBOD-SAD
E’ a i)
S
Q 4 y
$3 3
g .
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[/} 2

Puc. 51. Eciu B A u B HeT [eTeKTOPOB, BO3HUKaeT HHTepdepeHnusi Aoasl Npoues-
mero cBeTa KoJsie6sercst oT 0 10 4 % (a). Eciu 8 A H B HMelOTCSI AETeKTODbI, HaJex-
Hole Ha 100 %, HHTepdepeHUHsT He BO3IHHKaeT — JOJS Nonasllero B D csera No=
ctosiiHa, 2 % (6). Eciu pmeTekTopnl 8 A u B He HafexHbl Ha Bce 100 % (T. e. ecau
uHozdaB A W B He OCTaeTcs HHYEro, YTO MOXKHO GblI0 Gbl 3aPErHCTPHPOBATD), UMEIOTCS
TPH BO3MOXKHBIX KOHEYHbIX ycaoBusi: A u D cpaGotaan, B u D cpaGoranu, TojbKo D
cpa6oras. OKOHYaTe/lbHast KpHBasi Ha PHCYHKax OGyCJIOBJEHa, CJefloBaTeJbHO, CMe-
CbIO BKJIQJIOB BCeX BO3MOXKHHIX KOHEUHbIX ycJqoBHA. IIpH yMeHblIeHHH HaJeXKHOCTH
neTekTopoB B A H B uHTepdepeHuus ycuauBaercss. Tak B ciyuae (8) JeTeKTOpHl
MeHee HafeXHbi, 4eM B ciaydae (¢). IIpuHuMN, KOTOPHIM Haf0 PYKOBOJCTBOBAThCS,
BCTPETHBINHCH C HHTepdepeHuHeH, TaKoB: HEOGXOAHMO HE3aBHCHMO BBbIYHCIHTH Be-
POSITHOCTb KaXKAOT'O U3 Pa3/IHYHBIX KOHEYHBIX yCJIOBHMH MYyTeM CJIOXKEHHS CTPEJIOK H BO3«
BeleHHsl B KBaJZpaT JJIHHBI DPe3yJIbTHPYIOUle# CTPeJIKH; IOCJe 3TOro BepPOSATHOCTH
CKJIafibIBalOTCsl OGBLIYHBIM 06GpasoM

EcrecTBeHHO TNOMHTEPecOBaTbCHA, HACKOJBKO Ja/Je€KO MbI
MOXKeM 3alTH B 3TOM ApoOJeHUH COObITHSA Ha Bce Gosee NPOoCThie
noanpouecchl. KakoB HaumeHbIINH BO3MOXKHBIH KycOueK COGBI-
THS? MMeeTcs I KOHeYHOE YHCJ/IO KYCOYKOB, U3 KOTOPBIX MOXK-
HO o6pa3oBaTh 000e SIBJIEHUE, CBSI3aHHOE CO CBETOM M 3JIEKT-
ponamu? Mwmeetcst i1 orpaHHYeHHOe YUCJIO «GYKB» B 3TOM fI13bl-
Ke KBAHTOBOH 3JIEKTPOJHHAMHUKH, KOMOMHHPYSl KOTOphHE B
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«CJIOBa» U «IPENJIOXKEHHS», MOXKHO ONUCATh MOYTH KaxKJoe sB-
aenue [Ipuponer?

Ortser: ja; yHcs0 paBHO TpeM. CyIIecTBYIOT TOJNBKO TPH OC-
HOBHBIX JIeHCTBHSl, HEOOXONUMBIX JIyisl IOJyYEHHS] BCEX $IB-
JIeHHH, CBSI3aHHBIX CO CBETOM H 3JIEKTPOHAMH.

Ilpexne yeM pacckasarb BaM 00 3THX JAeHCTBHSIX, MHe HaJ0
JIOJKHBIM 00pa30M NO3HAKOMHTD Bac ¢ JeHCTBYIOMIUMH JIMIAMH.
JeficTBylomue JHIA — 3T0 (DOTOHBI M 3JEKTPOHBL. DOTOHEHI,
YacTHIBI CBETAa, NOAPOGHO O6CYKAANHCh HA NEPBHIX ABYX JeK-
nUAX. DJIEKTPOHB! OBIJIH OTKPHITHL B 1895 r. Kak yacTHIBL BbI
MOIJIH TEPeCUHTaTb HX, Bbl MOIVIH IIOMECTHTh OJHH H3 HHX
Ha KalJl0 Macia M H3MEepHTh €ro 3JIeKTPHUeCKUH 3apsn.
IMocTeneHHO CTajJO OYEBHAHBIM, YTO JBHIKEHHE 3THX YaCTHIL
O0bsICHSIET 3JIEKTPHUECKHE SBJIEHHS B IPOBOAAX.

Bckope mocsie OTKPBITHSI 3JE€KTPOHOB CTajH JAyMarb, YTO
aToMbl MOJ0GHE MaJleHbKUM COJIHEUHBIM CHCTEMAaM, COCTOSILIUM
U3 LEeHTPaJbHOH TAXKeNOH uacTH (Ha3BaHHOH SIAPOM) H 3JIEKT-
pPOHOB, BpalllAlOIIUXCA MO «opGHTaM», NOJOGHO IJaHeTaM,
BpamaiomuMcsl BOKPYT CosiHua. Eciiu BbI cuHTaeTe, YTO aTOMBI
yCTpOeHBl MMEeHHO TaK, Bhl Haxoxutech B 1910 r.

B 1924 r. Jlyu ne Bpoiinb o6Hapyxua BoJHOBBEIE CBOHCTBA
3JEKTPOHOB, a BCKOpe COTPYIHHKH JjaGoparopuii «Bemm»
K. Ox. Oasuccon u JI. IxxepMep Gom6apAupOBaIH KPHCTaI
HUKeJS 3JIeKTPOHAaMHM M NOKasajH, 4To, NOJOGHO PeHTreHOB-
CKHM JIy4aM, 3JIEKTPOHBI OTPa)KaloTcs MOJA OCOGBIMH YTJIaMH,
KOTOpbIe MOXXHO BBIYHCJ/IHTb, HCTOAB3Ys1 ¢opmyay ne Bpoiis
JUisl JJIMHBL BOJIHBI 3JIEKTPOHA.

Ecnu paccMarpHBarh (OTOHBI Ha GOJIBLIMX PAacCTOSHHAX,
MHOro GOJIBIIMX, YeM TpebGyercs AJIsI OJHOrO 060pOTa CTPENKH
yacoB, Ha6JiofaeMble HAMH SIBJIEHHS JOBOJILHO TOYHO OINHCHI-
BalOTCSl TpaBHJaMH THIA «CBEeT pacHpoCTpaHsieTcd IO mnpd-
MO#». DTO MPOHUCXOAUT NOTOMY, UTO BGJIH3H IYTH HaHMeHbLIeH
JUIHTEJIbHOCTH HMeeTcs JAOCTATOYHO MyTel, YTOOBl YCHIUTD APYT
JIpyra, H JOCTaTOYHO APYTHX MyTeH, 4TOObl NOracHTb IPyr
apyra. Ho ecnu npoctpaHcTBO, MO KOTOPOMY JIeTHT (DOTOH,
CTaHOBHUTCS CJHIUKOM MaJIeHbKHM (KaK B cJydYae MaJfblX OT-
BEPCTUH B 3KpaHe), 3TH NpaBHJ/A He BBHIMOJHSIOTCS, H MBI 06-
HapyXXHBaeM, YTO CBET HE PacHpocTpaHsercs MO NPSMOH, YTO
JiBa OTBEPCTHS CO3JAI0T HHTepdepeHiHo, U T. . To XKe camoe
K C 3JEKTPOHaMH: Ha GOJBUIMX PAaCCTOSIHHSIX OHH JBHXKYTCA
KaK YacTHLBL, N0 ONpefeseHHbIM TpaekTopusM. Ho Ha masbix
pacCTOSIHHAX, HaNpHUMep BHYTPH aToMa, M€CTa TaK MaJjo, 4TO
He CYIIeCTBYeT OCHOBHOTO MNYyTH, HE CYLIECTBYET «OPGHTHI»;
S/JEKTPOHBI MOTYT PacIpOCTPAHAThCA MO MHOMKECTBY mMyTeH,
KaXJbli U3 KOTOPBIX XapaKTepH3yercs HEKOTOPOH aMIlJIHTY-
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no#. OueHb BaXKHBIM CTaHOBHTCSI SIBJIEHHE HHTephEpeHLHH, H
MBI BHIHYXKJIEHBI CKJ/IaJbIBaTh CTPEJIKH, YTOOBI MPeaCKasaTh, Ie
MOXKeT HaXOJHUTBbCS 3JEKTPOH.

BecbMa HHTEPECHO OTMETHTh, YTO CHAuasa 3JEKTPOHbBI BhI-
rJase/Nu Kak 4acTHULbl, a UX BOJIHOBBIE CBOHCTBa ObLIH OGHa-
pyxenbl nosxe. C npyroil cropoHs (ecsiu He cuutaTh HbioToHa,
OLIHOOYHO MOJAraBLIero, 4YTO CBET HMeEeT «KOPMYCKYJISPHbIH»
XapakTep), CBeT CHauaJja BCeM KasaJscsi BOJHAMH, a CBOKCTBa
ero KakK 4acTHLBl ObIH OTKPHITH 103XKe. B jpelicTBUTEILHOCTH
H 3JIEKTPOHBI, M CBEeT BeRYT ceGs JO HEKOTOPOH CTeNeHH Kak
BOJIHEI, a [0 HEKOTOPOH CTemeHH KaK yacTuupl. UToGel He
n300peTaTb HOBBIX CJIOB, BpPOJE <«BOJHHUIA» *), YCJIOBHMCA
HasplBaTh TakHe OOBEeKTHI «uacTHiaMH». Ho Bce Mbl 3HaeM, urto
OHH MONUHHSAIOTCS TeM INpaBHJIaM PHCOBAHHUS W COeIUHEHHS
CTpeJIOK, KOTOphie 51 00bsicHsA. OKa3ajaoch, YTO 8Ce «UaCTHIIbIY
B [Ipupose — KBapkH, IJIIOOHBI, HEHTPHUHO H T. A. (KOTOpBIE
O6ynyT 0OCYXKAaThCA B CJEAYIOWEH JIeKIHH) — BelyT cebs Ta-
KMM KBAaHTOBO-MeXaHHUYECKHM 06pasoM.

Hrak, Tenepb s NpeicTaB/i0 BaM TPH OCHOBHBIX JeHCTBHS,
U3 KOTOPHIX BO3HHUKAIOT BCe sIBJIEHHS, CBSI3aHHBIE CO CBETOM
H 3JIeKTPOHaMH.

— HefictBue 1: ®orod JeTHT H3 ONHOrO MecTa B
Japyroe.

— NeficTBH e 2: DIeKTPOH JETHT H3 OJHOIO MecTa
B JApyrce.

— HeficTtBHue 3:DeKTPOH HCOYCKAET HJIH MOIJIOUWAET
¢oTOH.

Kaxjgoe M3 3THX jpeHCTBHI uMeeT aMIJUTYIy (CTPeJsKY),
KoTopass MOXKeT ObITb BBIYHC/IEHA IO ONpPefeseHHbIM IpaBH-
JaaM. Uepes HeCKOJIbKO MHHYT 51 COOOILY BaM 3TH IpaBuJ/ia, HIH
3aKOHbI, [IPH MOMOILH KOTOPBIX MOXHO IOCTPOHTB LieJIbIH MHP
(kak Bcerja, 3a HCK/IIOUEHHEM aTOMHOrO siipa U rpaButanuu!).

CueHa, Ha KOTOPOH pasbIphIBAIOTCH 3TH JAEHCTBHS,— He
IPOCTO NIPOCTPAHCTBO, a NMPOCTpaHCTBO ¥ BpeMd. o cux mnop
s He 3arparusaj npo6JieM, CBSI3aHHBIX CO BpeMeHeM, HampH-
Mep, KOrja HMeHHO OTOH NOKHHYJ HCTOUYHHK M KOrja HMEHHO
JOCTHT JeTeKTopa. XOTSl Ha caMOM Jeje NPOCTPAHCTBO Tpex-
MepHO, Ha rpajukax, KoTopnle s1 6yay pHCOBaTh, s CBEIy €ro
K OJHOMepPHOMY: f1 6YAy OTKJaAbBaTb NPOCTPAHCTBEHHOE MO-
JoxeHHe oObeKTa MO TOPHU3OHTAIbHOH OCH, a BpeMs — IO
BePTHKAaJbLHOH.

[TepBoe cobbiTHE, KOTOpOE 51 COGHpaoch H306PAa3HTh B IPO-
CTPAHCTBE H BpEMEHH, WJIH B IPOCTPAHCTBe-BPEMEHH, KakK

*) Y deiinmana «wavicles — ot aurj. wave (Boaua) u particle (yac-
tuua).— Ilpumeu. nep.
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Mor 6Bl ero He6peHO HasBaTh,— 3TO JeKAlIHUH HENOABHMKHO
Geiic6oabHEIA Msiu (cM. pHc. 52). B uerBepr yTpoMm (3TOT MO-
MeHT BpeMeHH 1 0003Hauy T,) MU HaXOJHMTC B HEKOTOPOM
mecre (koTopoe fi 0603Hauy X,). [TocKo/IbKY MfAY HENMOIBHMKEH,

Bpems

Puc. 52. Cuena, Ha KOTOpOH pa3bIrpHIBAIOTCS
Bce pelictBuss Bo BceleHHOH -= 3TO HPOCT-
paHcTBo-BpeMsi. OGLIUHO HMeloLiee YeThHIpe H3-
MepeHHUs (TP NPOCTPAHCTBEHHHEX H OJHO Bpe-
MeHHOE), NpPOCTPAHCTBO-BpeMsi 8JAech OGyxneT
NpeACcTaBJIsATLCH ABYMEDHBIM — C OAHHM MOpO-
CTPaHCTBeHHHIM (FOPE3OHTaJIbHasi OCb) H OX-
HHM BpeMeHHEIM (BepTHKaJibHasi OCb) H3Mepe-
HusiMu. Korza .61 MBI HH MOCMOTpeJid Ha Gelic-
) GoJIbHBIE Msiu (Hanpumep B MOMeHT T,), OH
'XD ﬂpacmpaﬁamﬂﬂ saHMMaeT OJHO H TO e MecTo. Tak o6paayercs
«rnojioca GeHCGONBLHOrO Msiuas, pacTyuas co

'3 BpPCMeHeM BBeDX
GedcbonsHbil

May

Q\' N\' N\' t«\'

HECKOJIbKO M033K€, B MOMeHT BpeMeHH T'j, MU 3aHHMAET TO XKe
mecro. Heckosnko nosxe, B T, mAq Bce eme B X,. [Toatomy
juarpavMma, H300paXaiolas HeNOJBHXXHBIH M4 — BEpPTH-
KaJbHas 10J10ca, MOIHUMAIOWIAsAcs CTPOro BBEPX, KakK Obl BCS
3anoJiHeHHass MAYOM.

UYro npoHu30iIeT, ecH MAY JBHKETCS B HEBECOMOCTH, B KOC-
MHYecKOM IIPOCTPAHCTBE, H JIETHT NMpPsIMO K creHe? ITycTh B uer-
sepr yrpom (7,) oH HauMHaeT CBOH myTb B X, (cM. puc. 53).

Bpems
T
7;7 ~ Puc. 53. BeficGonbrult MsY, JIeTAUHA mnox
7 c NpsIMBIM YIJIOM K CTeHKe H 8aTeM OTCKaKHBalO«
4 T IMH# Ha NepBOHa4aJIbHOe MeCTO (MMOKa3aHHOe
73 |- E nox rpadHKOM), ABHIKETCSA B OAHOM H3MEPEHHH,
H a Ha rpaduKe H3o6paxaercs B BAAe HaKJOHHOR
72; » A «NONIOCH Msiua». B MOMeHTH BpeMeHu Ty B Ty
| MY OpuONHXKaeTcs K CTeHKe, B MomeHT Ty
T
1 yAapsieTcsl B Hee M HaYHHae? OGPaTHHE mNyTh
T
a
XD Xa
® CTEHA

Uepes HeKOTOpPOe BpeMsi OH OKasbiBaeTcsi Ha JPYIOM MeECTe,
B Xji. Ilpomonmxkas ppurarbcsi, Ms4 oGpasyeT HaKJOHHYIO
«NOJIOCY MfAYa» Ha [POCTPAHCTBEHHO-BpEeMEHHOH auarpamme.
YIapuBLIHCh O CTEHKY (CTOSHLYIO HEMOABUMKHO, H MOSTOMY
H300p axkaeMylo BepTHKaJbHOH IOJIOCOMH), MAY ABIXKETCA Hasaj
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no JpYroi NpoCTPaHCTBEHHO-BPEMEHHOH TpaekTopuH. TodHO
B TO Xe MecTO (X,), OTKyJa BBLIETeJ, HO B JAPYTYIO BPEMEHHYIO
Touky (T)-

Uro Kacaercs BpPeMEHHOH WIKaJbl, TO yAOOHEH OTKJajbl-
BaTb BpeMsl He B CEKYHJaX, a B 3HAUHTENbHO MEHBIIHX eJHHH-
nax. [TockosnbKy MBI 6yieM HMETb J€JI0 C OYeHb GBICTPO ABUIKY-
IUMHCS 3/eKTPOHAMH U GQOTOHAMH, 1 XOUY, YTOGH! JIHHHS IO

Bpemsa

Puc. 54. B stHx rpadukax s Gy-
Ly MCNOJb30BaTh TaKylo IIKaJy
BpPEeMeHH, YTO YaCTHLBI, JIETSI(HE
CO CKODOCTbIO cBeTa, GyAyT pacs
NPOCTPAHATLCS NOJ YIJIOM B 45°B
NMPOCTPaHCTBE-BPEMEHH. BpewMs,
KOTOpOe HYXXHO CBeTy, 4TOGH Ipo~
nereTb 30 cM — H3 X; B X, HJIH H3 T
X, B X, — NOpSIKA OXHOM MHJI+ 1 ]

JIMapHON JOJIH CeKyHJbI X, X, Npocmpan-

JlcH cmba
e

yraom 45° u306paxkana HeUTO, ABHXKYIIEECS CO CKOPOCTBHIO
csera. Hanpumep, nnis wactHubl, Jersdiiell CO CKOPOCTbIO CBETA
u3 X, T, B X,T,, ropusoHTaspHOe paccTrossHHe Mexny X; u X,
paBHO BepTHKa/lbHOMY paccrosgHuio Mexay T; u T, (cm.
puc. 54). MaciraGHbI MHOXKHTEIb, HA KOTOPEIA pacTsiHyTa OCh
BpeMeHH (YTOOBI JIMHHs TOA yrJjom 45° usobpaxasna 4acTHLy,
JIBHXYVILYIOCSI CO CKOPOCTbIO CBETa), HAa3bIBAeTcs ¢, U BEHI

Puc. 55. doron (U306paKeHHBIH BOTHUCTON BpEMFr'

JuHuel) ¢ HEeKOTOPOH aMIVIHTYJOH MOXeT

nonacTb H3 OJHOM TOYKH NPOCTPaHCTBa- B

BpeMeHH (A) B Apyryio Touky (B).dra amn- 7:2 -

JIHTYia, KOTOpYio s1 GYAY HashBaTth P (A —

—B), BHIYHCAsIeTCS 0 GOpMy e, 3aBHCAIIEH

TONILKO OT PAasHOCTH MPOCTPaHCTBEHHBIX

(X,—X,) u BpemeHHBIX (T,— T;) KOOpJH-

Hat. Ha camom pene, sto npocras ¢dopmy-

Ja: P(A—B) paBHa oOGpaTHO# BeJHY HHe T
1

o
T

poe clem npone-
maem 30cM)

(Bpersg, 3a komo—

Pa3HOCTH KBajpaTa 3THX BeJIMYHH — <«HH" A
TepBajia» /, KOTOPHIH MOXKHO 3amlHCaTb I !
KaK (X;—X,)2—(T,—Ty)? X X, [llpocmpatcmbo

YBUJIHTE, 4YTO 3TH ¢ MeJbTellaT MOBCIOAY B (opMmyJaax DHH-
lTedHa — 3TO CJEACTBHE HEYJAuHOTO BHIGOpPA B KayecTBe
€IMHHIBI BPEMEHH CEKYHJBI, a He BPEMEHH, 32 KOTOpOe CBET
nposieraer 1 Mmerp.

Tenepr naBaiiTe noapoGHO paccMOTPUM NepBOe (HYHAAMEH-
TaJbHOe AeHCTBHe: (OTOH JIETHT K3 OJHOTO MecTa B JpVTOe.
5l npou3BONBHO H306paxy 3TO JeHCTBHE BOJIHHCTOH JIHHHEH,
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coenunsiouieit A 1 B. MHe ciegyer GbITb TOuHee: Hajl0 GblIO Obl
€Kas3aTh, 4TO (OTOH, NMPO KOTOPHIA H3BECTHO, YTO OH HAXOAHTCSH
B JaHHbIH MOMEHT BPeMEHH B JJaHHOM MecTe, HMeeT HEKOTOPYIo
aMIJIUTYQy TONacTb B JAPYroe MecTo B JPYrod MOMEHT Bpe-
Menu. Ha MoeM npocTpaHCTBEHHO-BpeMeHHOM rpadHke (cM.
puc. 55) y doroHa B Touke A (c KoopauHaTamu X; u Ty) ume-
erca aMILIMTyJa NONAacTb B TOUKY B (¢ koopauHaTamMH X, H
T,). Bennuuny srofl amniuryasl si 6yay HasbiBatb P (A—B).

Puc. 56. Ecsiu cBeT pacnpocTpaHsieTcsl €O CKOPOCTbIO
I=0 ¢, uHTepBan /=0 u uMeeTcsi OGOJILIIOA BKJIaj, Har-
paBJieHHBIA Ha 12 wacoB. Ecau />0, nmeercs Masblit
BKJIafi, O6paTHO MpPOMOPUHOHAJAbHBIA [, HanpapJieH-
Hbil Ha 3 yvaca. Ecau [ <0, umeercss aHaJIOrHYHbIH
BKJIaJ, HanpaBJieHHbIA Ha 9 yacoB. Hrak, y cBera ecTb
aMIVIHTY Bl PACpOCTPaHSIThCsl ObICTPee HJH MeJJseH-
Hee CKOPOCTH ¢, HO 3TH aMIUIHTY bl B3AaHMHO racarcs
B —————
I<0 I>0 Ha OOJIbIIHX PAaCCTOSHHAX

(rednennee ¢) (Buicmpee )

(cKgpocime €)

HOuna pnunel crpesikd P (A—B) umeercs ¢opmyna. dra ¢op-
MyJ/1a — OJMH M3 BeJHKHX 3aKOHOB [Ipuponel, u OHa OYeHb
npocta. OHa 3aBHCHT OT Pa3HHUbBL NPOCMPAHCMBEHHBIX U 8pe-
MeHHblX KOOpPIMHAT JBYX ToueK. Martemarnuecku *) srta pas-
HMIA MOXeT GhITb BeipaxkeHa Kak (X,—X;) u (T,—Ty).

*) B 3THX JeKHuAX A H306pa)kai0 MPOCTPAHCTBEHHOE IOJOXKEHHe
TOYKH NMPH NMOMOUIH OJHOrO H3MepeHus, Bloab ocH X. Urobnl ompene-
JIUTh TOJNIOXKEHHEe TOYKH B TPEXMEePHOM MPOCTPAHCTBe, HAZO MpEICTa-
BHTb ce6e «KOMHAaTy» H H3MEeDHTb DacCTOSIHHS OT TOYKH JO Mojaa o
JBYX OPHMBIKAIOUWHX CTeH (KOTOPbLIE PacMONOXKEHB! MON MPAMBIMU yria-
MH JIpPYr K JAPYyry). OTH TPH pacCTOSIHHA MOXKHO 0003HAYuTh Xj,
Y; u Z;. PaccTosinie OT JaHHOH TOYKH JO APYroil TOUKH C COOTBETCTBY-
oumuMu paccrosHusaMua X,, Y, Z; MOXHO BBIYHCAHTbL HPH MOMOLLH

erpexmepHoil TeopeMsl [Tudaropa»: KBalpaT PacCTOAHHUA MEXAy ABY-
Msl TOYKaMH DaBeH

(Xo—X1)2 4 (Y —Y )2+ (2. — 2y

PasnocTb 3TOff BelHUHHBI M KBaJApaTa BPEMEHHOrO PacCTOSHHUS,
Xa—X1)2+ (Vo —Y1)2+(Z;—21)* — (T2 —T1)%,

Ha3LIBAIOT HHOTJA «HHTepBajoM» /. B cooTBeTcTBUHM C Teopuell OTHOCH-
TeJbHOCTH JNHUITEHA, HMEHHO OT TaKoH KOMOHHAILHH PacCTOSHH
JIoMKHA 3aBUceTh BenuuyuHa P (A — B). HauGoabluuii BKJIal B pe3yib-
Tupylomyio crpeaky P (A — B) HaGeraer uMMeHHO TaM, IJe BB 3TOTO
OXujlaeTe — rje MPOCTPAHCTBEHHOE PAacCTOsiHHE PaBHO BPEMEHHOMY
(t. e. rae uurepBaa / pased Hyaw). Ho KpoMe TOro, uMeercsi BKJax
OT He PaBHOro Hym;io I, o6paTHO NPONOPUHOHANbHBEIE [ M HanpaBJeH-
Hbill K 3 yacam npu I MONOXKHUTENIbHOM (KOTJa CBET JETHT GhICTPee CKO-
poctu csera) H K 9 yacam npu [ orpuumatenbHoM. Bo MHorux cayuasx
3TH MOCJIelHHe BKJaAbl B3auMHO racatca (cM. puc. 56).
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OcHoBHOH BK1ay B P(A—B), Kak H CJeI0BalO OXH-
JaTb, JaeT ABHXKEHHE ¢ OObIMHOH CKOPOCTBIO CBeTa — KOrja
(X.—X,) paBuo (T,—T,). Ho kpome TOro, uMeercsi aMILITyxa
pacnpocTpaHeHHs cBeTa ObicTpee (MM MeJJeHHee) OOBIYHOM
ckopocTH cBeTa. Ha npenpinyme#i JeKIuu BH Y3HaAH, 9YTO CBET
pacnpocTpaHsieTcsl He TOJNbKO MO NPSAMOH: Telephb Bbl y3HaeTe,
4TO OH PaclpOCTPaHSIETCs HE TOJbKO CO CKOPOCTbIO cBeTal

Bac MOXeT yIMBHTB TO, YTO MMeeTCsl aMILIMTYAA Paclpocrt-
paHeHHs CBeTa CO CKOPOCTbIO GOJbILIEH HJIM MEHbIIEH CKOPOCTH
cBera ¢. OTH aMIUITY[bl OYEHb MaJjbl 10 CPABHEHHIO CO BKJa-
JOM OT CKOPOCTH ¢. B jeHACTBHTEJNbHOCTH TaKHe BKJaJpl
B3aMMHO TracsiTcsl [pU ABUXKEHHH cBeTa Ha OOJbLIHE paccTof-
Husi. OHAKO ec/IM PacCTOSTHUS MaJlbl — KakK BO MHOTHX Juar-
pamMMax, Koropele st GyIy pHCOBaTb,— APYTHE BO3MOXHOCTH
CTaHOBATCH OUeHb CYIIECTBEHHBIMH, M HX HAaJ0 YYHTHIBATb.

Hrak, BOT nmepBoe OCHOBHOe JeHCTBHe, NEPBBIH OCHOBHOH
3aKOH (DU3UKH — (DOTOH JIETHT M3 OJHOTO MecTa B Jpyroe.
310 0OBACHSAET BCIO ONTHKY; 3TO IOJHAasd TeopHs cBeTa!
IlpaBna, He cOBCEM: 51 He YYMTHIBAM MOJSPU3ALHMIO (KaK BCErAa)
U B3aMMOJICHCTBHE CBeTa C BELIECTBOM (UTO NPHUBOIHMT MeHS KO
BTOPOMY 3aKOHY).

Bropoe meficTBue, sexamiee B OCHOBE KBAHTOBOH 3JIE€KTpO-
JNMHAMHKH, TaKOBO: 3JIEKTPOH JIETHT B IPOCTPaHCTBe-BpPEMEHH
u3 Toukd A B Touky B. ([IpeacTaBHM Ha MHHYTY, 4YTO 3TOT
3JIEKTPOH — YTIPOIIEHHBIH, (haJbIIUBLIA 3/I€KTPOH, HE HMEIOLIHH
MONApH3aUMU,— TO, YTO (DU3MKH HAa3bIBAIOT 3JEKTPOH «CO
CMHUHOM HYyJb». B neficTBUTENILHOCTH Y 3JIEKTPOHOB €CTh CBOS
nosisipu3aLus, KoTopasi, HHYero He J006aB/fisl K OCHOBHBIM
HJesiM, JIHIIb HECKONBKO YCaoXHseT (opmy.ibl.) Popmysa am-
IJTATY Ibl 3TOTO JEHCTBUs, KOTOPYIO 51 Ha3oBy E (A—B), Takke
3aBHCHT OT (Xo—X;) u (To—T,) (B TOH e KOMOMHALUH, KaK
omucaso B cHocke Ha c. 80). Kpome Toro, oHa 3aBHCHT OT YHC-
Jia, Ha30BY €ro «n», KOTopoe, OYyIy4d OJHAXKIbI ONPEIE/IEHO,
NO3BOJIsSIET MPHBECTH BCe HAIUU pPacyeThbl B COIVIACHE C SKCIEpH-
meHToM. (Brmoc/efcTBHM MBI YBUAMM, KakK ONpeNE/UTh 3Haue-
HHe 7n.) DTO JOBOJBHO c/okKHas GopmyJia, H 51, K COXKAJIEHHIO,
He 3Halo, KaK ee npocTo 00bsAcHUTb. OfHAKO BaM MOXKET GHITh
HHTEpecHO y3Harb, 4To ¢opmynaa maias P(A—B) — doToH Je-
THT U3 TOUKH B TOUKY — Takas xe, Kak popmysaa uis E (A—

B) — 3/1eKTPOH JIETUT U3 TOYKH B TOUKY — €CJIH 71 MOJOKHUTD
paBHBIM HYJIO *).

*) ®opmyaa pis E(A — B) cloxHa, HO €CTh HHTEPECHBIH crnocob
MOSICHHTB, K YeMy OHa CBOAMTCS. DTa BeJHUYHHA MOXKeT OBITb NpejCcTaB-
JileHa B BHJE THTAaHTCKOH CYMMBI [0 MHOXKECTBY Pa3JIMYHBIX NyTeH,
KOTODBIMH 3JIEKTPOH MOXKeT rnonactb u3 Touku A B Touky B B mpocrt-
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Tperbe OCHOBHOE JeHCTBHE TAaKOBO: 3JIEKTPOH H3JydYaeT
WM morviomaet GotoH (He BaXKHO, MOTVIOMAET MJIH H3JyuaeT).
$1 6yny HaspiBaTh 3TO JEHCTBHE «COEIMHEHHEM», «CBS3bIO» HJIH
«B3anMojielictBueM». UTOOBI OT/IHYATh Ha Juarpammax >3JeKT-
poHBl OT (POTOHOB, 1 Oyny H306pa)KaTh KaXKIBIH 3JIEKTPOH,

14
Bpems Bpems G’
/ p 2

A

a llpocmparcmbo lpocmpaxcmbo

Puc. 57. ¥V sj1eKTpOHa HMeeTCsl aMIVIHTYJAa NONAacTb H3 OXHON TOUYKH NMPOCTPAHCTBA-
BpeMeHH B ADYryio — s 6yRy HaseiBaTb ee E(A—B). Xors 51 u Gyny H3o6paxaTb
E(A —B) npsiMO#l THHHeH, COeRHHSIONeH JBe TOUKH (a), Mbl MOXKeM CUHTATh ee CYMMOH
MHOTHX aMIUIATYR (6) — cpefH KOTOPBIX HMeeTCsl aMIJIHTYJa NMOBePHYThb B Toukax C
HaH C’ Ha «BYXNPBIKKOBOM» NYTH, H aMIVIHTYia NOBEPHYTh B TOYKax D U E Ha «Tpex-
MPBIXKKOBOM» MYTH — MOMHMO NPsSIMOro nyTH 3 A B B. UHCJ0 NOBOPOTOB 3JIEKTPOHA
MOXKET GBITh JIIOGBIM, OT HYJIsi 1O GeCKOHEYHOCTH, & MOBOPOTHI MOI'yT MPOU3OHTH B JI0GOH
TOYKe NPOCTPaHCTBa-BpeMeHH. M Bce 5TO yuHThIBaeTcs BesiuyuHolt E(A —B)

JBHXKYIIMHACA B NPOCTpaHCTBe-BpeMeHH, mpsAmoH JuHHeH. [lo-
STOMy KaxKjoe B3auMmojelicTBue (cBsi3b) MNpEACTaBJsET coGoi
coeMHeHHe NPAMBIX JHHUHA C BOJHHCTOH JIMHHeH (cM. pHc. 58).
Amniutyzsa TOro, 4To 3JEKTPOH HCHYCTHT HJIH HOLVIOTHT (o-
TOH, He BbIpaxkaeTcsl KakoH-JM60 CJI0XKHOH (opMyJsOH; OHA HH

paHcTBe-BpeMeHH (cM. puc. 57). DIEKTPOH MOKET COBEPLIHTb OAHO-
NPBIKKOBLIA mepesers u3 A mpaMo B B, «IByXNpHIXKKOBBIA HepeJers
C OCTaHOBKOH B NMPOMeXYTOYHOH Touke C, (TPEXMPHIKKOBHIA Hepesers
c octraHoBKaMi B D u E u 1. A. [IpH TaKOM pacCMOTpPEHHH aMIIHTYIa
KaXJOro «NphHIKKa» — H3 ofHoil Toukn F B apyryio Touky G — paBHa
P(F — G), 1. e. coBnajaer ¢ aMIJIUTYyJI0oH nonafauus ¢oroHa u3 F B
G. AMNuINTYa KaXAOH «OCTAHOBKH» pPaBHA n?, rje f — 4HCAO, O KOTO-
pOM 5 YNIOMHHAJ paHbille H KOTOPHIM Mbl NOJb3yeMCsI, YTOGH MOJYYHTH
NpaBHJBHHIA OTBeT.

®opmyna ans E(A—B) ectb, cleloBaTeNbHO, CYMMa UJIEHOB
P(A — B) [«ogHompbikKOBHE  mepester»] -+P(A—C)-n%.P(C—B)
[«ABYXNpBDKKOBHIEK mepeser» ¢ ocraHoBkoii B Cl4-P(A—D)-n?x
X P(D—E)-n%-P(E — B) [«TpexnpbikKOBLIfi NepesieT» ¢ OCTaHOBKaMH
B D u ElH ... pna ecex 603moxcrox npomescymounoix mouex C, D, E, ...

3aMeTbTe, 4TO C YBeJUYEHHEM 1 BO3PACTaeT BKJAaJ HEMpSIMBIX My-
Teil B pe3yJbTHpYIOWYI0 cTpeaky. Ecau n paBHO Hyd0 (L1 (OTOHA),
BCE WJIEHBI C # BBHINAAAIOT (OHH TOXKE DABHBI HYJIO), U OCTAETCH TOJNBKO
nepBuii uiaeH, P(A — B). Urak, E(A — B) u P(A — B) TecHo cBf-~
3aHHL.
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OT Yero He 3aBHCUT — 3TO MPOCTO YHCJO! DTy KOHCTAHTY CBSI3H
#1 obosHauy j *) — ee 3mauenue npumepro —O0,1; cxarue
npumepHO paBHO Zo 0,1 u mosyoGopor **).

Bpens

Prc. 58. V¥V sNekTpoHa, mn3obpaxkaemMoro npsiMon
auHued, eCTb HEKOTOpasi AaMILIHTy[a H3JIy4HTb
HMJTH NOTVIOTHTb GOTOH, H306pakaeMblli BOTHHCTOH
auHuell. TTOCKONbKY aMIUIHTY bl MOTJIOUIEHHA HJIH
M3Jy4YeHHs] ONMHAKOBBI, f1 GYAYy HashBaTb M TO H
Ipyroe <«B3aHMOJAeHCTBHEM» HJIH «CBS3bIO». AMINIH-
TyJia B3aHMOJIeHCTBHS €CTb YHCJIO, KOTOPOe si Ha30-
BY j, OHO NpuMepHO paBHO —0,1 (3TO YHCIO HHOT=
Jia Ha3LIBAIOT «3apagOM»)

lpocmparombo

210 BCe, YTO KacaeTcsl OCHOBHBEIX AeHCTBHH,— €C/JIH He CUH-
TaTh HEGOJIbIIMX YCJIOXKHEHHH, CBSI3aHHBIX G MOJISpU3alHe,
KOTOpYIO MBI MO-TIPEXXHEMY He paccMmatpuBaeMm. Hamwra cienyto-
mas 3ajaya: CBSI3aThb MeXIy COGOH 3TH TPH AeHCTBHUSA, YTOOBI
paccMarpuBaTh HEeCKOJILKO 06oJsiee CJIOXKHBIE SIBJIEHHS.

Bpera Bpema

y
3 3 "

2 1 2

Npocmparcmbo llpocmparcmBbo
Puc. 59. UToGH BHYHCIHTD BEPOSATHOCTD TOr0, YTO SJIEKTPOHEK MONaRyT U3 ToueK ] u 2
NMPOCTPAHCTBa-BPEMEHH B TOYKH 8 H 4, BEIYHCJSAEM CTDEJIKY «NePBOro myTu» (H3 TO4Y-
kn I 8 8 u u3 2 B 4), ucnoavsys dopmyny gias E(A =B). 3aTeM BLIYHCIISIEM CTPEJIKY
«BTOPOro MyTH» = «IePeKPeCTHOro» (M3 To4KkM I B4 u us 2 B 3). CkaajbiBaeM CTpen-
KH «epBOro IyTH» B «BTOPOTO ITyTH» B MOJIyYaeM Kopomlee NPHOIHKEHHE JJIA Pe3yilb-
THpylomesl cTpedkH. (370 cnpaBepnuBo A5t (aNbHIHBOrG, YNPOUIEHHOro 3JIEKTPOHA
«CO CITHHOM HYJIb». EC/IH y4HTHIBaTb NOJISIPH3ANMIO SJIEKTPOHA, TO HaJO He CKIaghBaTh,
a BBHIYHTATb CTPEJKH JpYyr H3 Apyra)

B kauecTBe nepporo npuMepa jaBafiTe BBIYHC/JHUM BepOST-
HOCTb TOrO, YTO IBa 3JIEKTPOHA MOMNAaAyT M3 NPOCTPaHCTBEHHO-

*) Coxpamenue ot junction (coegunenne).— Hpumeu. nep.
**) 310 YHCAO — aMIIHTYAY H3JyYeHHS HJAH NorJomeHHs ¢oro-
Ha — HHOTJa Ha3BbIBAIOT «3aPsAAOM» YaCTHUH.
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BpeMeHHEIX ToueK / u 2 B Touku 3 u 4 (cM. puc. 59). Taxkoe co-
GLITHE MOXKET NPOU3OHTH HECKOJbKHMH crnocoGamu. IlepBeiii
croco COCTOMT B TOM, YTO 3JIE€KTPOH M3 TOYKH I JIETHT B TOY-
Ky 3 (Hago noxcraBute I u 3 B dopmyny E (A—B), g 3anuuy
3T0 B BUJe E (I—3), a 3/1€KTPOH U3 TOYKH 2 JIETUT B TOUKY 4.
[TockoJBKY 3TO JiBa HE3aBHCHMBIX NOAMpoOllecca, Hal0 YMHO-
JKHUTb OHY CTPEJKY Ha JIPYTYIO, YTOGbl NOMYYUTh CTPEIKY IJIf
3TOrO MEpPBOro crnoco6a, KOTOPBIM MOIJIO NPOH30HATH COOBITHE.
ITosToMy MBI MUIIEM TaKylo (GOPMYNY IJisi CTPENKH «IIEPBOrO
cnocobay: E (1—38)-E (2—4).

Hpyro# cnocob, KOTOPEIM MOXKeT NPOH30HTH NaHHOe COObI-
THE,— 3JIEKTPOH U3 TOYKH [ JIETUT B TOUKY 4, a 3JeKTPOH U3
TOUKH 2 — B TOYKY 3. DTO ONTh JBa HE3aBUCHMBIX NOAMNPO-
necca. Crpenka «stoporo cmocoGa» paBHa E (I—4)-E (2—3),
H MBI CKJIafIbIBAaeM €e CO CTPesKo# «mepBoro crocoGas *). 3to
Xopolllee NPUGIMKEHHE JIJIs aMIJIUTYABl JAHHOTO COOBITHS.

‘H,ﬂﬁ'ﬂﬂ Bpems
J ; o 4
WA
s [i}
7 2 1 2
llpocmpancmbo lpocmparcmabo

Puc. 60. BoT aBa Apyrux crnoco6a, KOTOPHIMH MOXKeT NMPOH3OHTH cOOHTHE Ha pHC. 597

Ha KaXXJIOM DHCYHKe B TOUKe 5 HCNyCKaeTcsl, a B TOuKe 6 norJouaercsi gporon. Ko-

HeyHble YCJIOBH S 31eCh TaKHe XK€, KaK H B IBYX NPeABAYIIHX CAydasXx — JABA JEKTPOHa

BXOJST H ABA BBIXOAAT — TaK YTO Pe3yJbTaThl HEOTJIHYHMBIL. [103TOMY CTpeNKH AAs

STHX «JAPYTHX COCOGOB» HAJO NPHGABHTL K CTPEJKaM AJisl BCeX cnocoGoB Ha puc. 59,

TOrja MOJIYYHTCs ellle Jiyyillee NMPHOJMKeHHe s PesyJbTHPYIOUlell CTPeJKH BCero
co6biTH st

Urto6e! npoBecTH GoJiee TOYHBIH pacyer, KOTOPHIHA Obl Jyylie
COTJIaCOBLIBAJICA C pe3yJbTaTaMH 3KCIEDHMEHTA, MbI JOJIKHbBI
paccMoTpeTb JApyrue cnocoObl, KOTOPHIMH MOXKET HPOU30HTH
JaHHoe coOeiTMe. Hampumep, B KaXJIOM H3 JIBYX OCHOBHBIX
C1ocoG0B OXUH 3JEKTPOH MOT OTIIPAaBUTLCS B KaKoe-TO HOBOE H
YyJecHOE MeCTO M McnycTHTh (oTOH (cM. puc. 60). Tem Bpeme-
HeM JpYyrofl 3JeKTPOH MOT NONacTb B KaK0e-TO JIPYyroe MecTo
U NOTJIOTHTb TaM 3TOT (DOTOH. Beluuc/eHHe aMIIUTY Bl EPBOTO

*) EcJau GBI 51 YYHTHIBAJ MOJSPH3ALHIO 3JEKTPOHA, CTPEAKY «BTO~
poro crnoco6a» Haxo GblIO GBI BHYECTHY — HOBEPHYTb Ha 180° u 3aTeM
npu6aBuTh. (Mel elle BepHeMCA K 9TOMY Mo3JLHEe.)
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U3 3THX HOBHIX CIIOCOGOB 3aKJ/I04aeTcst B YMHOXKEHHH CJeaylo-
IUX aMIJIATY ] 3JeKTPOH JIeTUT M3 TOUKH I B HOBOE U UyjecHoe
MecTo 5 (rje oH u3mnyuyaer GpOTOH), 3aTeM JIETUT U3 § B 3; ApYyroit
3JIGKTPOH JIETUT M3 TOUKH 2 B Jpyroe mecto 6 (rae oH MOrJo-
miaet (oTOH), 3aTeM JeTUT U3 6 B 4. Mbl He OJKHBI TaKxKe 3a-
ObIBAaTh NPO aMIIUTY Ay nonajanus ¢oToHa u3 5 u 6. 51 Hanumy
aMIIUTYy TaKoro crnoco6a ocyliecTBJeHHsl COOBITHS B mepBo-
KJIaCCHOM MAaTeMaTH4YeCKOM BHJE, a Bbl MOMKETe CJeIHTh:
E(1—5)-j-E(5—3)-E(2—6)-j-E(6—4)-P(5—6) — MHOXe-
cTBO cxkaTvl H nosoporoB. ([IpenocraBisito BaM caMHM Ha-
nucatb (GOpMyJy A APYroro cjydas, KOria 3JeKTPOH H3
TOYKH I nomajaer B TOYKy 4, a 3/1eKTPOH M3 TOYKH 2 Momazer
B_TOUKy 3.) *)
‘E'pemv

o I i

NpocmparHcmba

Puc. 61. IToCKONBKY y CBeTa MMeeTCsl aMIVIATYJa JIeTeTb ObICTPee WM MejfieHHee
06LIYHON CKOPOCTH CBeTa, MOXKHO CYHTaTh, 4TO BO BCEX TPeXx NMpuMepax HOTOHH H3JIY-
4aJIMChb B TOYKe & H MOTVIOIAJHCh B TouKe 6. M 3To HecMOTps Ha To, 4TO B mpHMepe 6
(oTOH OB H3JIyYeH H MOIJIOUIeH B 00HO U Mo dce 6pems, a B IpHMepe 6 GblJ H3JNyuYeH
nossice, 4eM noryiomeH. B nocsefHed CHTyauud Bel, MOXKeT GHTb, IpeAnIo4sin 6b CKa-
3aTh, 4TO GOTOH GBI H3NY4YeH B 6 M MOrJIOUIEH B 5, Bellb HHaYe GOTOH HosKeH Gul1 6B
JNeTeTb ecnams BO BpeMeHH! ITOCTONMbLKY NOCKOJNBKY STO Kacaercsi BHIYHCJCHHH (H
ITpuponrt), 3To Bce paBHO (H BCe BO3MOXKHO). I103TOMY MBI FOBOPHM IIPOCTO, YTO MpPO-
usomwes «o6men» GOTOHOM H NMOACTaBJsieM NPOCTPAaHCTBEHHO-BPEMEHHBIE 1.0JIOKEeHHs B
dopmyny nns P(A—B)

Ho nocroiite: mosoxenue Touek 5 U 6 MOXKeT GHITh JIHOGHIM
B NPOCTPAHCTBE M BpeMeHH, He Npapja JH,— U HaJ0 BHIYHC-
JIMTh K CJIOXKHUTD CTPEJIKH AJist gcex 3TUX mnoJiokeHud. Kak Buau-
Te, NpPEICTOMT HeMaJso paGoThl. [eno He B TOM, YUTO MpaBHJa

*) Koneunble ycoBus sKcHepHMeHTa AJs STHX Gojiee CHOMHBIX
CnocoGOB TaKHe Ke, KaK M IJs NPOCTHIX: JEKTPOHBI BEIXOAAT H3 TOUEK
1 u 2 u nonazaior B Touku 8 u 4. Tak 4TO MBI HE MOXEM OTJIHYHTbL 3TH
B3aMMOHCK/II0YAIOI[He CocoGhl OT MepBHIX ABYX. [103TOMY MBI IOJKHBI
CJIOXKHTE CTPEJIKH 3THX JABYX CMOCOGOB CO CTpeNKaMH IBYX crnoco6GoB,
paccCMOTPEHHBIX HaMH paHee.
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OUeHb CJOXKHBL — 3TO MOXO0XKE Ha Hrpy B UIAIIKH: MpaBHJa
NpoCTHle, HO BBl NPHUMEHSIETE€ UX CHOBa U cHoBa. Urak, Hamm
CJIOXKHOCTH NPH pacyeTe CBA3AHBEI C TEM, YTO HYKHO Harpo-
MO3IHTb LIEJYI0 Kydy CTPeNOK. BOT moueMy CTYZEHTBI HEJBIX
geTbipe roja ydarcs JejaTb 3TO 3h(EeKTHBHO — a Belb Mbl
paccmarpuBaeM seexkyro 3anauy! (Korma sajiaust cTaHOBSITCS
CJIMIIKOM TPYZHBIMH, MBI PEIlIaeM HX C MOMOLIbI0 KOMIbioTepal)

$1 xoren Gbl OTMETHTH CJIEAYIOEE OTHOCUTENBHO IMOIJIOLIE-
HUA U H3ayueHUs ¢oToHOB. Ecan Touka 6 pacrnoJsioxkeHa Mo3xkKe,
geM TOUKa 5, Mbl MOXKEM CKa3aTb, YTO ()OTOH H3JYUHJICA B 5
H noryiotHics B 6 (cMm. puc. 61). Ecau Touka 6 pacrosioxkena
paHbllle, 4eM 5, Mbl, BEPOSATHO, IPEANOUIH GBI CKa3aTh, YTO POTOH
H3Jy4yuca B 6 U norJyoruica B §. Ho ¢ TakuM XKe ycrexoM Mel
MoryiM 6bl CKa3aTb, YTO ()OTOH JBHKETCH BCHSATH BO BpeMeHwu!
Hawm, onnako, He Hano GeCOKOUTHCS O TOM, B KAKOM HalpaB-
JIEHHH B TPOCTPaHCTBE-BPEMEHH JIETHT (POTOH; BCE 3TO YUTEHO
B opmysie nast P (5—6), H MBI TOBOPUM, YTO NPOH3OLIEN «OG-
MeH» poroHOM. Pa3Be He 3ameuarenbHo, uto [Ipupoxa Tak npoc-
Tal *)

Hasnee, B106aBOK K 06MeHY (OTOHOM MEXJY TOUKaMu § U 6,
BO3MOXeH OOMeH IPYTrMM ()OTOHOM — MEXJY TOYKaMH 7 u 8

Hpeﬂ;{ Puc. 62. CoGeiTHe Ha puC. 59 MOXeT MPOH3OHTH elle

OIHHM Croco6oM (TpeTbHM): nMyTeM o6MeHa deyma do-
gJ ToHamMH. Jast sToro cnoco6a (Kak MB YBHIMM MOJK-
poGHee HHIKe) HMeETCsl MHOXKECTBO JMArpaMM, ofHa U3
KOTOPHIX 3Ziecb NMOKasaHa. CTpeslka AJist 3TOrO crnocoGa
YUYHTBIBaeT BC€ BO3MOXHble IMOJIOXKEeHHSI MPOMEXKYTOU-
HBIX TOYeK 5, 6, 7 U 8, U MOSTOMY BBIYHCJISAITh €€ OYEeHb
TpyaHo. ITockonbky j MeHbire, 4eMm 0,1, miauxa stoit
CTpeJIKH, BOoOGIlle TOBODPS, MEHbINE, YeM ORHa JECHTH-
TeICAYHAA (TaK Kak B Mpollecce MPOHCXOAAT YeThipe
B3aHMOJEHCTBHS) — MO CPaBHEHHIO C HeCOoAepKallH-
MH | CTPeJIKaMH <«MEPBOTO Croco6as H «BTOPOro Clo-

lpocmpaxcmbo coba» Ha pHC. 59

(cM. puc. 62). f caumkoM ycran, 4ToGHl BHIMHCHIBATB BCE OC-
HOBHBHIE JIeHCTBHSA, CTPEJKH KOTOPBIX HOJIKHBEI GBITH MEPEMHO-
XeHBl, HO, KaK Bbl MOIVIM 3aMe€THThb, KaKiasf NpsMas JAHHHSA
naer E(A—B), kaxpasi BosHucras Junus aaer P(A—B),
a KaxJoe B3auMoJieiicTBHe paer j. Mrak, HMeloTcs IecTb
E(A—B), nBa P(A—B) u uetsipe j — U TaK 1Js1 A06b6lX 603-
MmoscHolx mouexk 5, 6, 7 u 81 D10 JaeT MUIMHAPIBI MaJEHbKUX
CTPeJIOYEK, KOTODble HAJ0 MEPEMHOMKHTb H I[OTOM CJIOXKHTB!

*) Takoi oOMeHHBI (OTOH, KOTOPHiH HHKOrja He GUTypHPYeT
B HaYaJlbHOM H KOHEYHOM YCJOBHAX SKCIIEDHMEHTa, HHOTJAa Ha3bBaloOT
«BHPTYaJbHEIM (DOTOHOMY.
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Kaxercs, BbUMC/IEHHE aMIJIATYJBl 3TOrO IIPOCTOrO COGHI-
THS — Jeno OesHanexkHoe. OHAKO eCJH BEI CTYJEHT, H BaMm
Hajo MOJYYHTb JHUIJIOM, TO BH paGoTaere.

Ho napexna Ha ycnex ecms. OHa ocHOBaHa Ha 3TOM MarH-
yeckoM uHc/ae j. B nepBeix AByX cnoco6aX, KOTOPBIMH MOXKET
NPOU3OHTH COOBLITHE, j He (UrypPUpPYeT; B CleaylolieM crocote
uMeeTcs j-j, a B IOCJAeJHeM PacCMOTPEHHOM HaMH — j-j-j-j.
Tak kak j-j menbiue 0,01, 3T0 03HauaeT, YTO AJHHA CTPENKHU
IUIs 3TOro Crnoco6a, BOOGLE roBops, cocTaBiaseT MeHble 1 %
JJIMHBI CTPEJKH /IS NMepBhIX ABYX crnoco6oB. Ctpenka ¢ j-j-j-j
6ynmer MeHblre, yeM 1 % or 1 %, 1. e. ogHa jecaTuThiciuHas
yacTb B CPaBHEHHH CO CTpeJqKaMu, He cojepxamumu j. Ecan
y Bac JOCTaTOYHO KOMIIBLIOTEDHOrO BpeMeHH, MOXeTe paccMoT-
peTb BO3MOXKHOCTH, COAEpIKallHe j*— OJHY MHJ/IJIMOHHYIO 4acTh,
Ipd 3TOM Ball¥ pacyeThl OYJyT COOTBETCTBOBAaTb TOYHOCTH
5KCIIEPHMEHTOB. BOT Tak M pacCUHTHIBAIOTCA NMPOCTHIE COGHITHS.
VIMeHHO TakuM 06pasoM Bce H YCTPOeHo!

PaccMoTpuM Tenepb spyroe coGeitie. MBI HauWHaeM, HMest
(OTOH M 3JIEKTPOH, H 3aKaHUHBaeM, uMes (OTOH H 3JEKTPOH.

Bpensa

a & i

lipocmpaxcmbo

Puc. 63. Ilpu paccesstHHH cBeTa GOTOH MOXeT CHadyaJja MNOIVIOIATHCH SJIEKTPOHOM, a

notoM uaayuarbesi (a). Takas nocsiefioBaTeIbHOCTL COOHTHA HeoGA3aTesbHA, KaK BHA~

HO H3 mpHMepa 6. IIpuMep » MJIIOCTPHPYET CTPaHHYIO, HO PeaJIbHYIO BO3MOXKHOCTh;

BNIEeKTPOH M3JIyyaeT (JOTOH, MUHMTCS BCHSATH BO BPeMeHH, YTOObl MOraAoTHTH (HoTOH, a
saTeM CHOB@ JIETHT BMePeX BO BpeMeHH

Omve  H3 cHOCOGOR OCYHIECTBJIEHHSI 3TOrO COGHITHSI COCTOHT
B TOM, 4YTO CHayaJia (JOTOH MOIJIOIIAeTCs 3EKTPOHOM, 3JIEKTPOH
HEMHOro IpOJIeTaeT M HCIYyCKaeT HOBHIH (POTOH. DTOT Ipoliecc
HasblBaeTCsA paccesiHHeM cBeTa. PuHcys JIHarpaMMel H IPOBOASA
pacueTel AJA paccesiHMs, Mbl JOJDKHBl YYHTHIBATb HEKOTOPHIE
HeoObluHble BO3MOXKHOCTH (cM. puc. 63). Hanpumep, anekTpoH
MOXKET HCHYyCcTHTb (OTOH Jo TOro, Kak HONIOTHT ¢oroH (6).
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Eute GoJlee cTpaHHasi BO3MOXKHOCTb () COCTOUT B TOM, YTO 3JIK-

TPOH HCHYCKaeT ()OTOH, 3aTeM Aemuimn 6CnAmos’ 60 8pemeHu, mo-

ryomaer (OTOH M 3aTeM CHOBa JIETUT BIEpPe] BO BpEMEeHH.

[TyTs, NpOHIEHHBIH TaKUM «ABHKYIHUMCS BCHSTBY 3JIEKTPO-

HOM, MOKeT ObITb HAaCTOJILKO JITHHHBIM, UTO NPOSIBHTCS B Peasib- °
HOM (HM3MUECKOM 3JKclepuMeHTe B Jsabopatopuu. Ero mo-

BeJileHHe YYMTHIBaeTcsl STHMH JUarpaMMaMH U BBIpaXKE€HHEM

E (A—B).

JIBmKymuicss BCOATh 3JEKTPOH, €CIH €ro paccMaTpHBaTh
B NPaBUJIBHOM HalpaBJeHHH BPEMEHH, OKa3bIBAETCS TaKHM XKe,
KaK OOLIYHBIH 3JIeKTPOH, 32 MCKJ/IOUEHHeM TOrO, YTO NPHTATH-
BaeTcsl K HOpMaJbHOMY 3JI€KTPOHY — MbI ['OBOPHM, UTO Y HErO
«10JI0KUTebHBIH 3apsaay. (Ecan 6vl 11 yyes nossipusantio ¢o-
TOHOB, CTaJiO Obl OYEBHJHO, MOUEMY j V JABHKYILErocsl BCIHSTH
3JIEKTPOHA MMeeT OOpaTHBI 3HAaK, JeJas ero 3apsj NOJIOXKH-
TenbHeiM.) [lo 3TOHl mpHuYMHE OH HA3HIBAETCH «IIO3UTPOHOMY.
[TosuTpoH — 3TO yacTHa, poACTBeHHas ajaekTpoHy. OH npejn-
CTaB/sieT COGOH MNpUMEP <«aHTHYaCTHUBD *).

Aro obuee apaenne. Kaxnasa uyacruna B [Ipupone ob61anaer
aMILTUTYIOR JBUXKEHHUS BCIATH BO BPEMEHHU, H, CJIEJIOBATE/BHO,
uMeeT aHTHyactHlly. Korza uactuia M aHTHYaCTHIA CTaJKH-
BalOTCSl, OHH AHHUTHJHMPYIOT U 0GpasyioT Jpyrue YacTHIHL.
(ITpu aHHUTHIANUY 3ME€KTPOHA M MO3HTPOHA MOJyUaeTcs: OObIY-
HO ¢otoH MU JBa (oroHa.) A uro ke ¢oroHn? Kak Mbi BH-
Jend, (OTOHBI COBEpLIEHHO He H3MEHSIOTCSl NPH JBHXKEHUH
BCOSITb BO BpEMEHH — MO3TOMY OHHM caMH- cebe aHTHYac-
THIEL. BuanTe, Kak JIOBKO MBI cesajd HCKJIOYEHHE YacTbhio
npaBuJa.

$1 xoren Obl NMOKas3aTb BaM, KakK BBIIVIIOUT 3TOT IBHXKY-
muiica BCOATh 3JEKTPOH, KOrJa caMM MhI JIBHXKEMCS BIepes
no Bpemenu. IlpoBens Jjis HardasigAHOCTH psJ NapaJsenbHBIX
NpfAMBIX, f1 pasiesio AHarpaMMy Ha BpeMeHHBIE OTPe3KH TOHu-
kamu Ty, ..., Ty (cM. puc. 64). Mbl HauHHaeM B MOMEHT
BpemeHH T,: 3JeKTPOH M (POTOH IBHKYTCS HaBCTpPeuy APYP
apyry. BHesanHo B MoMeHT Bpemenu T3 GOTOH npeBpaliaercs
B JIB€ YacTHUpl, NO3UTPOH M 3JIEKTPOH. [I03UTPOH XKHBET He-
JoqIro: BcKope, B MOMeHT T, OH CTaJKHUBAaeTcsl ¢ 3JEeKTPOHOM,
U NpU UX aHHHTHJIANUH oOpasyeTcs HOBBIA ¢poToH. TeMm Bpeme-
HeM 3JIeKTPOH, 06pa3oBaBIINicsl U3 NmepBoHaYanbHOro (poToHa,
NPOJIO/IKaeT ABUTaThCsl B NPOCTPAHCTBE-BPEMEHH.

*) Jupak npejicKasaj CYIeCTBOBaHHE «aHTHIJIEKTPOHOB» B 1931 r.,
2 B cienyomeM roxy Kapa AHzepcoH o6HapyKHuJ UX SKCIepHMEeHTaIb~
HO H Ha3BaJ «N03UTPOHaMu». CerofHs MO3UTPOHHI JIETKO H3TOTOBJSAIOT=
cs (HanmpuMep, NPH CTOJKHOBEHHH ABYX HOTOHOB) M XpaHATCH HeANSMH
B MarHUTHOM MOJIe.
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Crenyroiuee, o uem s1 Xxoren 66l paccKas3aTb,— 3TO 3/1€KTPOH
B aToMe. UTOOHE! NOHATH NOBEJEHHE 3JEKTPOHOB B aTOMax, Mbl
JIOJUKHBI IOOABHTh B HAlly KApTHHY MHpa €llle OJHH BaKHBIH
O0BEKT — TsKeJIOe AP0 B LEHTPe aToMa, cojepxkauiee Mo
KpaiiHeit Mepe ofuH npoToH. (ITpoton — 310 ArfuK [lanpopsr,

Bpema
G S /
T N 7
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7 AN/

4 /] \{
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2 / Y
T / A

g llpacmparncmbo

Puc. 64. PaccMOTPHM npHMep 6 Ha puc. 63, ABHraschb TOJABKO BIepeJ] BO BpeMeHH (KaK
MBI BBIHY2KJIeHbl [10CTYMaTh B Ja6opaTopuu). OT MoMeHTa BpeMeHH Ty 10 T3 Mbl BHAUM,
9TO 3JeKTPOH M (OTOH JIETAT HaBCTPewy APYT APYry. BHesanmo B Moment T, ©OTOH
«pacnajaeTcsa» U MOSIBJAAIOTCS 0ge 9aCTHILbI: 5JE€KTPOH M YaCTHIA HOBOIO THMA — «IIO-
SHTPOH» (NPEACTaBAAIIAs COGOM 1eKTPOH, ABHXKYIIHIHCS BCHOATb BO BpeMeHu). Ilo-
SHTPOH JABHIKETCSi HABCTPEYY HCXORHOMY 3JIEKTPOHY. B MOoMeHT BpeMcHH T, MO3SHTPOH
AHHHTHJIHDYET C HCXOJHLIM 3JIGKTPOHOM M o6pasyeTcsi HOBhIff ¢oToH. TeM BpeMeHeM
06pasoBaHHEIH HCXONHBIM GOTOHOM 5JIEKTPOH NPOKOJIIKAET JIETETh BllePe] O NPOCTPaH-
cTBY-BpeMeHH. Takas MNoC/efioBaTeNbHOCTb COGHITHA HaGiiofaeTcss B J1aGopaTODHH,
OH2 aBTOMaTHYeCKH, He TpeGys HHKaKHX H3MeHeHHH, yuuThiBaercs dopmyoit E(A — B)

KOTOPbI¥ MBI OTKPOEM Ha cieayomiedi Jekuuu.) 51 ne 6yny o6bsc-
HSTb BaM B 3TOH JIEKI'MH HCTHHHbIE 3aKOHbI NIOBEJIEHHs Siipa —
OHH O4YeHb c/IOXKHH. Ho B nanHOM ciyyae, Korua siipo ClOKO#-
HO, MBI MOXeM NPHOJHAKEHHO ONHCAaTh €r0 KaK YacTHILY ¢ aM-
IJIMTYJI0M NONajaHus M3 OJHOH TOYKHM NPOCTPAHCTBA-BPeMEHH
B Apyrywo 1o ¢opmyae E(A—B), HO cO 3HAYUTENBHO GOJIbIIEH
BeJIMUMHOA napamerpa n. [TOCKOJIbKY PO 1O CPaBHEHHIO €
9JIEKTPOHOM OYEHb THAKEI0e, MBI MOXEM INPHOAHAKEHHO CYH-
TaTh, YTO JBHIasiCh BO BPEMEHH, OHO CTOMT NMPAKTHYECKH Ha
OJIHOM MecTe B INPOCTPaHCTBe.

[Mpocrefiinii aTom — aTtoM BOXOPOZA — COCTOMT H3 TPO-
TOHA M 3/1eKTpOHA. [IpOTOH ynepKHBaeT TaHUYIOUIHE BOKPYT
HEro 3JIeKTPOH, OOMEHHBAACh C HUM (POTOHaMH (CM. pHC. 65) *).
Atombl, copepxamye GoJiee OZHOTO NPOTOHA M COOTBETCTBYIO-
Ilee KOJMYECTBO 3JIEKTPOHOB, TaKXkKe PacceuBalOT CBET (aTOMBI
aTMOC(epHOro BO3yXa PacceHBAlOT COJHEUHBIH CBET M JeNaloT
He6O0 rosy6bM), HO Ha JHATpaMMaXx JJisi TAKHX aTOMOB GbLIO GBI

*) Amnautyna obmena ¢oroHoM pasuna (—j)P(A — B)-j — gBa
B3AaHMOJEACTBHS M aMIVIMTYyJa nomajaHus (GOTOHA M3 OJHOH TOYKH B
ApPyryw. AMNJIHTYRa B3aMMOXEHCTBHSI NPOTOHA C (OTOHOM paBHA —j.
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TaK MHOTO NPSIMBIX H BOJIHHCTHIX JIMHHH, YTO HOJYYHJIach Obl
nonHasi HepasGepuxal

Tenepp s Xortesa Obl NMOKa3aTh BaM JHarpamMMy paccesiHHs
CBeTa 3JIEKTPOHOM B aToMe Bojopoja (cM. puc. 66). B To Bpe-
Mfl Kak 3JIeK.DOH H sApo oOMeHHBalOTCS (HOTOHAaMH, H3BHe
K aToMy npHJieTaeT (OTOH, CTaNKHBaeTCs C 3JeKTPOHOM H IOr-
JIoIaeTcss UM; 3areM H3JjyyaeTcs HOBbIH (oToH. (Kak o6bIYHO,
HaJI0 PacCMOTPeTb U APYrHe BO3MOXKHOCTH, HanpuMep, CHayaJa
H3JIyyaercsl HOBBIH (OTOH, a HOTOM YKe INOIVIOI[AeTCsl CTapbli
¢oTOH.) AMIVIUTYZBI BCeX BO3MOMXKHBIX CIIOCOGOB paccesiHHs

Bpemsa

[lpomes GAermpod Bpena

[lpamon  Inexmpor

PaccesHril
pomon

Nadarowu i
@omoH

lpocmpaxcmbn llpocmpancmbo

Puc. 65. DneKTpoH YJAepKHBaeTcs Puc. 66. PaccesiHHe cBeTa 3JIEKTpO-

B6JH3H OT siipa aToMa IyTeM oOMeHa
¢doTOHaMH C NPOTOHOM («sAluK ITan-
JOPBEI», B KOTOPBIH MBI 3aryigHeM B
yeTBepTOH JieKUEH). BocmoabsyeMmcs
NoKa NpHOJIA3HTENALHBM OMpefe/eHA~
eM MPOTOHAa KaK HeNOABHXKHOH 4acTH-

HOM aToMa — 3TO fIBJIeHHe, Jiexallee

B OCHOBe YaCTHYHOrO OTPaXKEHHs CBe-

Ta cTeksaoM. JluarpaMMa [OKasblBaer

OfHH H3 CcHOCOGOB, KOTOPHIM TaKoe

CcOoObITHE MOXKET MNPOH30HTH B aToMe
BOZOPOAA

nBl. 3fleck NOKasaH aTOM BOZOPOJA,
COCTOSIIHH M3 MPOTOHA H 3JEKTPOHa,
o6MmeHHBaOWHXCS GOTOHaMH

fpoTona 371€KTPOHOM MOryT GHITH NPOCYMMHPOBAHBL B Pe3YyJib-
THPYIOUIYIO CTPEJKY MOCPEACTBOM Ollepauiil CxkKaTHs H MOBO-
pora. (BrocsiencTBuH MEL Gy[eM HasbiBaTh 3Ty CTPENKY «S».)
Ee BennunHa 3aBUCHT OT fpa H PAaCIOJIOXKEHHS 3/€KTPOHOB
B aToMe, OHAa pasjHYHa Jyis Pa3/IMUHBIX BellecTB.

Tenepp naBaliTe cCHOBa NMOCMOTPHM Ha YaCTHYHOE OTpaxe-
HHe CBeTa OT CTeKJSHHOH ILIacTHHKH. KaK OHO HpOHCXOAHT?
$l roBapHJ, YTO cBeT OTpaKaerIcs OT nepejHell W OT 3ajnHel
nosepxHocredl. I'opopsi © moBepXHOCTAX, A Jejal HEKoTopoe
ynpomenne. Ha camoM Jene moBepXHOCTH HHKaK He HeHCT-
BYIOT Ha cBeT. BXomamu#t B cTek/no ¢OTOH pacceHBaeTcs
S/JEKTPOHAMH aTOMOB CTeKJa, M B JETEKTOp NONajfaer Hoebid
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¢oroH. MHTepecHO, 4TO CJ/IONKEHHE MHJJIHAPJOB MaJleHbKHX
CTpe/ioueK, OTBEUaloLUX AaMIIUTYIe pPaccesHHsl BXOJSALIEro
(GOTOHA BCEMH 3/IEKTPOHAMH CTEKJ/a, MOXHO 3aMEHHThb CJIOXKe-
HHUEM BCErO ABYX CTPEJIOK — JJIsf «lepefHed MOBEPXHOCTH» H
«3ajiHell NMOBEPXHOCTH» — H MOJYYHTb TOT XK€ CaMbld OTBeT.
Hagaiite pasbGepeMcsi mO4EMY.

Uto6el ¢ 3TOH TOYKH 3peHHSI pasobparThCs B OTpaKeHHH
CBETa OT CTeKJSHHOH IJIaCTHHKY, HAJO NPUHATH BO BHAMAaHHE
BpemenHGe usMepenue. Ipexxae, rosopst 0 CBET€ MOHOXPOMATH-
YeCKOr0 MCTOYHHKA, Mbl HCIOJB30BaJU BHIMBIIJEHHBIE YACHI,
samycKaeMmble Ha BpeMs, MoKa JeTHT ¢oroH. CTpejka 4acos
ompefiessija MOBOPOT aMIVIHTYIH 1Sl AaHHOro mytH. B dop-
myJe P(A—B) (ais ammiautygsl nonajasus GOTOHA U3 OJHOM
TOYKM B APYTYI0) HHKaKHe MOBOPOTHl He ynoMHHarorTcs. HUTo
NPOHU30ILI0 ¢ yacaMH? YTO NMPOHM30IIIO0 C IIOBOPOTaMHU?

B nepBoil JieKuUHMH § MPOCTO CKaszal, 4TO UCTOYHHK CBETa
ABJsieTcs MOHOXpomarHueckKuM. Yro6bl NPaBHJIbLHO Pa3ol-
paTtbCsd B YaCTHYHOM OTpaxKeHUH OT NJIACTHHKH, MBI JOJIKHBI
BHHUMATe/bHO PpaccCMOTPETh HCTOYHHK MOHOXPOMATHYECKOrOo
cBera. AMIJIHTYa H3/JyueHHs] (HOTOHA HCTOUYHHMKOM, Kak mpa-
BHJIO, MEHSIETCSI CO @peMeHeM: CO BpPeMEHeM H3MEHseTcsl Ha-
npaBJeHHe 3TOH aMIUTyIsl. HMICTOUHHK 6esoro cBerTa — CMecH
MHOTHX I[BETOB — H3JydaeT (DOTOHbBI XaOTHYECKUM OODasoM:
HampaB/leHHe aMIIMTYZBl A3MeHsleTcl Pe3KO M HePeryJspHo,
puiBkamMi. Ho KoHCTpyupys moHoxpomamuuecKuil VICTOUHHK,
MBI JiesiaeM OpHOOp, B KOTOPOM BCe TaK TILATENBHO YCTPOEHO,
YTO JIErKO BBIYHUCJIHTH aMILIMTYAy H3JyueHusl (HOTOHa B ompe-
JieJIeHHBI MOMEHT BPeMeHH: aMIIHTYJa Bpaulaercsl C HOCHIOAH-
Hoti CKOPOCTBIO, Kak cTpeska yacoB. (Ha camom pene, ctpeaka
aMIIUTYJB BpalaeTcss ¢ TOH ke CKOPOCTBbIO, YTO M CTPeJKa
HalllHX BOOOpaXKaeMbIX YacoB, HO B MPOTHBOINOJOXHOM Ha-
npaB/eHHH — cM. pHc. 67.)

CKopOCTb BpallleHHs] 3aBUCHT OT IIBeTa CBeTa: KakK M paHee,
aMIJIATyJa CHHEro HCTOYHHKA BpalilaeTcss IPHMEPHO B JBa
pasa GHICTpee, 4eM aMIIMTyZa KpacHoro ucroynuka. Mrak, To,
YTO MBI HCIOJB30BAJH B KauecTBe «BOOOPaXKAEMbIX YacOB»,
GBLIO MOHOXPOMATHYECKHM HCTOYHHKOM: Ha caMoOM Jese yroa
[I0OBOPOTa AaMIIHTYZbI AJS JAHHOTO {IyTH 3aBHCUT OT TOTO,
B KaKOH momerm (POTOH BHLJIETEN U3 HCTOUHHUKA.

[locne wusnyuyeHus QoroHa cTpeska He MOBOpauyuBaercd,
MOKa OH JIETHT M3 OJHOH TOUKH MPOCTPaHCTBa-BpeMeHH B JPY-
ryio. Xota dopmyaa ana P(A—B) u yTBepxkjiaer, uToy CBeTa
ecTb aMIUIUTYZJA PAacIpOCTPAaHEHHS CO CKOPOCTBIO, OMAUYHOU
OT ¢, B HallleM 3KCIePUMeHTe MeXKAY HCTOUHHKOM H JeTeKTOPOM
OTHOCHTE/IbHO GOJIblIOe paccTosiHue ([0 CPaBHEHHIO C aTOM-
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HbIMH pas3MepaMH), H COXpaHsieTcs TOJbKO BKJaj B IJIHHY
P (A—B), BHOCHMBIH JBHXXEHHEM CO CKOPOCTBIO C.

YTo6Bl 3aHOBO HauaTh paccMaTPHBaThb YaCTHYHOE OTpaKe-
HHe, NpeXJe BCero NOJHOCTBIO ONpegeauM HabJojaeMoe CO-
ObiThe: neTekTop B A Ienkaer B onpegeneHHuiit momenm T.
3ateM pasjenuM CTeKJSHHYIO IJIaCTHHKY Ha HeCKOJbKO OYeHb
TOHKHX CJIOEB, CKaXeM, IlecTb (cM. puc. 68, a). Ananus, mpo-
BeJIeHHbIH Ha BTOPOH JIEKUHH, NMOKas3aJ, YTO NPaKTHYECKH Bech
CBET OTpa)kaercsi OT CepefHHbl 3epKaja, H XOTs KaKAbld
3JIEKTPOH H pacceHBaeT CBET [0 BCEM HaMpaBJ/EHHSM, INOCJe

Bpems

Puc. 67. MOHOXPOMATHYECKHH HCTOUHHK
CBeTa — 3TO NpeKpPaCHO CKOHCTPYHPOBaH=-
Hbit TipuGop, usayualomu#t GOTOH Jerko
NpPeACKasyeMbiM CIIOCOGOM; aMIJIHTYJa M3«
ny4yenus ¢orona B onmpejiesieHHbIA MOMeHm
TOBOpPaYHBaeTCs NPOTHB YaCOBOA CTPEJIKH
C TeueHHeM BpemeHH. IT0OSTOMYy aMMJIHTYyja

\ H3nydYeHHs] ¢$oTOHa B Gojlee MO3AHHA MO-
. \ MeH? HMeeT MeHbLIM#A yroJ nosopora. By-

Amnau mygsl
~

JileM CUHTaTh, YTO BeCh M3Jy4YaeMbllt HCTOU-
HHKOM CBeT DpacnpoCTpaHSeTCs CO CKO-
POCTHIO ¢ (OCKOJIBbKY PACCTOAHHS BEJIHKH)

N Npocmpancmbo

MoHoXpOMAmUYEES
Kud ucmoynuK

CYMMHPOBAHHSI BCEX CTPEJOK JJIsi KaXKAOro CJOSi eJUHCTBeH-
HBIM MECTOM, TJi¢ CTPeJKH B3aHMHO He racaTCf, OKaXKeTcs Kak
pas cepenHHa cJiofl, Tie CBeT GYJIeT pacceuBarhbCsi B ORHOM H3
JABYX BO3MOXKHBIX HanpaBJeHHH: Ha3aJ K JETEeKTOpY HJIH Ips-
Mo B Iy6b cTekJa. [Tostomy pesysbrHpylouias cTpeaka coObi-
THS MOXKeT OBITh NOJIyYeHa MYTeM CJIOKEHHs IUECTH CTPeJIOK,
COOTBETCTBYIOIHX PAacCesHHIO CBETA B IIECTH IPOMEXKYTOUHBIX
Toykax Xji, ..., X, PacnosoxeHusX ApYr Haj APYroM IO
Bcell TO/ILHHE CTeKJa.

Xopomo, aaBaiiTeé BBIYHCAHM TEMepb CTPENKY A8 KakK-
JIOTO M3 ILUeCTH NyTeH, N0 KOTOPLIM MOXKET JeTeTh (POTOH,—
gepes mecTb Toyek Xji, ..., X, Kaxnelt nyts cocTout H3
YeThlpeX 3TalnoB. (DTO 3HAYHT, YTO HAZO GYIET NePEeMHOXKHThb
qeThipe CTPEJIKH.)
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Bpems S A Lmexno

Amnnumyaat _—l,

(vepea X,) T, |- <—
A
1R\

A
Tt

(vepes X;) T,

RRRRNAN

T

(Hoxoxpomamuyeckud S A(GemexmopX X, Npocmparcmb
4 uUcmayHiK) P o llpocmpancmie
(cmexno)

Puc. 68, a—6. Haunem HOBBHIft aHA/IH3 YaCTHYHOTrO OTPA’KEHHS C TOTO, YTO, Pa3/ENHB
CTEKJITHHYIO TUVIACTHHKY Ha HEeCKOJIBKO CJIOeB (B JAaHHOM cJjydae IlecTb), GyfeM pac-
CMaTPHBATb Pa3JIHYHbIE NYTH, 10 KOTOPHIM CBET MOXKET PacNPOCTPAHATBLCH OT HCTOUHH -
Ka K CTeKJly H Ha3aj, K AeTEKTOpY B Touke A. EJAHHCTBeHHHE CYILeCTBEHHbBIE TOYKH B
CTeKJsie (TAie He racsiTCs aMIVIHTYJB PacCesiHHs) PacloJOXeHb B CepefiuHe KaXJOro
CJ105; peasbHOE MOJIOXKEHHEe 3THX TO4YeK B rJyOHHe CTeKJa MOKasaHO Ha pHC. @; Ha
pHuc. 6 OHA M306pakeHH KaK BePTHKaJbHEE JIHHHH HAa MPOCTPAHCTBEHHO-BPEMEHHCM
rpadnke. CoGuTHe, BepOSTHOCTb KOTODOTO MH DAaCCYHTHBAeM, 3TO cpaGaThiBaHHe
AieTeKTOpa B TOUKe A B onpefiesieHHbI MOMeHT BpemeHH T. Tlostomy coGHTHe H306pa-
Kaercst TOYkoH (¢ KoopauHatTaMd A u T) Ha NPOCTPAaHCTBEHHO-BpPeMeHHOM rpaduke.
Kaxzpiit coco6, KOTOPEIM MOXKeT MPOH3OHTH COGHITHE, COCTOHT H3 YeTHIPeX NocJeAoBa-
TeJbHBIX 3TanoB, MOSTOMY HaJ0 NePeMHOXKHTb YeThipe CTPeJIKH. DTH 3Tanbl NOKa3aHbl
Ha puc. 6: 1) B onpepeneHHH! MoMeHT (OTOH MOKHJAaeT HCTOYHHK (CTPeJKH Y
orMeToKk Ty,. .., T4 M3006pakaioT aMIJHTYAB STOTO COOHITHSI B ILIECTh DaslHYHBIX
MOMEHTOB BpeMeHH); 2) (OTOH JIETHT M3 HCTOYHHKA B OAHY M3 TOUEK CTeKJa (IIecTb
B3aHMOHCKJIIOYAIOIHX BO3MOXHOCTell H306pa)keHH B BHJE LIECTH BOJIHHCTHIX JIHHHIY,
HAYWHX BIPAaBO BBePX); 3) 3JIEKTPOH B OZHOM U3 TOUEK pacceHBaeT $HOTOH (3TOT 3Tan
u306paxkeH B BHJle KOPOTKOH XXHPHON BEPTHKaNbLHON NHHHH); 4) HOBHI# GOTOH JeTHT
K JIeTeKTOPY H MomnajaeT B HEro B ycJoBJieHHOe BpeMs1 T (BOJIHHCTas JIMHHSA, Hampas-
JIeHHas! BJIEBO BBepX). AMIUIATYAbl 5TanoB 2, 3 U 4 OXMHAKOBH /s BCEX ILIECTH BO3-
MOXHOCTeH, B TO BpeMsl KaK aMIVIATYZABl MepBOro IIara pas/HYHbL N0 CPABHEHHIO C
$OTOHOM, PacCessHHEIM Ha MOBePXHOCTH CTekJaa (B Touke X,), dOTOH, paccesHHHIH B
rJ1yGHHe CTeK/1a, HANPHMeD B TOUKe X,, OJI)KeH MOKHHYTh HCTOYHHK DAKbULE, B MOMEHT
BpeMenH T,



— Ortan l: B onpeaeneHHBII MOMEHT HCTOUHHK H3JY-
yaeT (OTOH.

— dTan 2: DOTOH JNETHT OT UCTOUHHKA K OJHOH H3 TO-
UeK B CTeKJe.

— dT1an 3: DoroH paccenBaercs 3JEKTPOHOM B 3TOH
TOUKE.

— OTtan 4: HoBuil GoToH JEeTUT K JEeTEKTOpY.
Mz Gynem cuuTaTh, 4TO aMIUTYAR s otanoB 2 u 4 (poron
JIETHT K TOYKE B CTEKJEe M OT Hee) UMEIT IJHHY, paBHYO 1,

] -
A7
Pesynemupyronas «3n0naq
"72 gmpenﬁflz/ " 02 nolepXxnagme»
0,2
RUEpEIHFA
& JuBepXHOCmEY 2

Puc. 68, =2, 3aKOHYMB YMHOXKaThb CTPEJKH AJA KaXKAOH BO3MOMKHOCTH, TNOJYYHM
CTpeJIKH, NOKasaHHEIE Ha pHC. 8. OHH KOpoue, YeM CTPeJIKH Ha pPHC. 6, KaxJas rnopep-
HyTa Ha 90° (B COOTBETCTBHH € DAaCCEHBAIOLINMH CBOMCTBAMH 3JIEKTPOHOB CTeKJIa).
TIpn clOXEHHH BTH INECTh CTPEJIOK OGPasyoT Ayry, PesyJbLTHPYOmAs CTpesKa fB-
qasieTcsl XopAok eTO# AYrH. MOXKHO MOJNYYUTh TaKylO ¥e PesyJIbTHPYIOWYIO CTPEJKY,
HapHCOBaB ABE pajHalibHbie CTPeJKH (Hampas/leHHBle MO pagnycaM AYTH, cM. (2)) ®
&BHIYTS» OJIHY M3 IPYro#, T.8. NOBEPHYB CTPEJKY «nepefjHell MOBEPXHOCTH» B OGPaTHYIO
CTOPOHY H CJIOXXHB CO CTDEJIKOH «3afiHel MOBEepXHOCTH». DTa saMeHa GblIa HCIIOJbB30-
BaHa XIS YNPOIIEHHS H3JOXeHHd B IepBOll JIeKIHH

H HYJIEBOH yroJ1 MOBOPOTa, MOCKOJbKY MOXHO IPEANOJIOXKHTB,
YTO CBET HE Tepsercd H He pacCeHBaeTCsi MeEXIY CTeKJIOM
H merekTopoM. AMmauTyna arana 3 (paccesiHHs (OTOHA 3J/IEKT-
POHOM) SIBJISIeTC KOHCTaHTOH — S (CxKaTHe H MOBOPOT Ha He-
KOTOPYIO BEJHUHHY) — H OIHHAKOBa BCIOAY BHYTDH CTeKJa.
(Sra BenMuMHa, KaK s OTMeYas paHee, pasjHuHA /i PasHbIX
BemectB. Jlas creksa moBopor S pasen 90°.) CienoBaTelbHO,
M3 YeThipeX CTPEJIOK, KOTOpPhle HYXKHO NePEMHOXHTb, TOJbLKO
CTpenKa AJs 3Tana | — aMIVIHTyJa H3/1ydeHHS B ONpeJesieH-
HBIF MOMeHT — GyZeT pas3HOH AJs pasHbIX myTed.

MowmenT, koraa GOTOH NOJ/BKEH BBHUIETETH H3 HCTOUHHKA,
4T06Bl JOCTHYL jeTekTopa A B MomeHT T (cM. puc. 68, 6), 6y-
JIeT pa3sHbIM JJIS IIECTH pasjiHuHbIX nyTell. DOTOH, paccesaHHBIH
B Touke X,, JOMKEH OBbIThb H3/yueH HECKOJBKO paHblue, H4eM
¢oron, paccesaHHbl B Xj, NOCKONBKY €ro MNyTh AJHHHEE.
ITostomy crpeska B T, MOBepHYTa Ha HECKOJBKO GOJbLIHH
yroJ, yeM B T; — BeAb MOKa BpeMsl HJET, aMILIUTyJa H3/yde-
HUsi (OTOHA B ONpele/IeHHBIH MOMEHT A/l MOHOXpOMaTHue-
CKOrO HCTOYHHKa BpalllaeTcsi NPOTHB YacOBOH CTpe/KH. IT0
J)Ke OTHOCHTCA K KaxJOH CTpesKe BINIOTh X0 T¢: BCE LIECThb
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CTPEeJIOK HMEIOT OJMHAKOBYIO JUIHHY, HO MOBEPHYTH Ha PasHbe
YIJIBI, T. €. YKa3blBAlOT B PasHBIX HANpPAaBJEHHAX, MOCKOJIbKY
OTHOCATCS K (OTOHY, H3/1y4YaeMOMy HCTOYHHKOM B pa3HHE
MOMEHTHI BpeMeHH.

CxkuMasi cTpesiKy, oTHocsmytocst K T, B 9HCJIO pas, Npea-
nucaHHoe 3Tanamu 2, 3 u 4 u nosopaunBasi ee Ha 90°, npennu-
caHHpie 3TanoM 3, nosyuaem crpesnky I (puc. 68, 6). Cneno-
BaTeJIbHO, CTPENKH I, . .., 6 UMEIOT ONHHAKOBYIO (YMeHbllIeH-
HYI0) JVIMHY H TOBEPHYTHl JIPYr OTHOCHTEIBHO JApyra Ha Ta-
KOH e yroJ, 4To H CTPEJIKH, XapaKTepHU3yIOllHe H3JyueHHe
¢orona B Ty, ..., T,

C/10KHUM Tenepb cTpenku I, . . ., 6. IlocsenoBarennHo coe-
JIUHSS CTPEJKH, IOJYYHM HEYTO BpOJe AYTH OKPYKHOCTH.
PesyaprHpyiomas CTpeska CIYXKHT XopaoH sTofi ayru. JnuHa
pesy/nbTHPYIOIMEH CTPeJKH BO3pacTaer MO Mepe YTOJILEeHHS
cTekJa: OOJpllie TOJIIHHA CTeKJa — GoJiblile CJoeB, GOoJblie
CTpeJIOK — H NoJydaercsi GOnpluasg ayra oKpyxkHoctd. M Tak
JI0 TeX Top, MOKa He MOJYYHTCS MOJIOBHHA OKPYXKHOCTH (pe-
3yJABTHPYIOLWIAA CTPEJNKA B 3TOM C/yyae SBJISETCA AHAMETPOM).
3arteM, [OpH HapacTawlled No-npe:KHeMy TOJILIHHE CTEKJa,
JVIHHAa Pe3yJbTHUPYIOmed CTpesJKM HauWHaeT ybuigams, Ayra
npeBpamaercs B NOJIHYIO OKPYXKHOCTb, H HauHHaeTCsl HOBBIH
nepuoi. KBajpar JiuHBI pe3yJbTUPYIOMIEH CTPENKH paBeH
BepOATHOCTH, KOTOpas 3a HHUKJ KoJebJjercd B Ipejejax oOT
uyas go 16 %.

J1s nosnydyeHHst 3TOro OTBeTa MOXKHO NPHMEHHTh MareMma-
THUeCKHH TPIOK (cM. puc. 68, 2): COEAUHUB CTPEIKAMH LEHTP
OKPYKHOCTH € XBOCTOM CTpEJKH [/ M TroJIOBOH CTpeJKH 6,
[ONYYHM JIBe PajHaJbHHIX CTpejKH. Eciu noBepHyTh NEpBYIO
U3 Hux Ha 180° H CJI0KUTH cO BTOPOH (T. €. «BBHIUECTH» NEPBYIO
H3 BTOpOH), MOJYYHM MPEXHIOI Pe3yJbTHPYIOMYIO CTpesky!
HmeHHO 3TO A H Feslasl Ha MepBOH JEKLHH: 3TH JBa pajdyca
H eCTb Te JB€ CTPEeJKH, KOTOphle, KaK 51 TOBOPHJ, COOTBET-
CTBYIOT OTPaXKEHHIO OT «HepejHedl MOBEPXHOCTH» H «3ajHel
nosepXHocTH». Kaxknasi paguanbHasi CTpeska HMeeT XOpOLIO
HsBecTHyI0 HaMm JuiuHy 0,2 *).

*) Paxuyc AYrH SIBHO 3aBHCHT OT OAUHGI CTPENKH s KaXJOro
cnos. DTa JJAHHA B KOHEUHOM cueTe OnpeliesiseTcs BeJIHUHHOH S, aM-
NAUTYJo# paccesHus GOTOHA 3JAEKTPOHOM B aToMe CTeKJaa. JTOT pa-
JHYC MOXHO BBIYHMCIHTb, MCNOJAB3YS (OPMYJB TPeX OCHOBHHIX Jei-
CTBHH JJIl BCero MHOXeCTBa O6GMeHOB ()OTOHAMH, a 3aTeM CYMMHUPYSH
aMIJIUTYAB. JTO OYeHb CJOXHAS 3a7aya, HO JJIs1 OTHOCHTEJIbHO NPOCTHIX
BEIeCTB Pajuychl ObIJIM YCNEWHO BHIYHC/IEHB, a 3aKOHOMEPHOCTH HX
H3NeHeHHSl OT BellleCTBA K BEUIECTBY JE€rKO MNOHSTh, HCNOJAb3YS HIeH
KBaHTOBO{l 3JeKTpoAMHaMuKu. Hajmo ckasaTb, OJHAKO, YTO NPSAMBIX
BBIUHCJIEHUH, HCXOASIIHX H3 NEPBHIX NPHHIHIOB, LIS TAKHX CJOXKHEIX
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Taxum 06pasoM, MBI MOXKeM IPaBHJILHO BBIYHCIUTh BEPOSIT-
HOCTh YacTHYHOTO OTPaKEHHUS, TNPEANONOKUB (JIOXKHO), 4TO
BCe OTpa)keHHe IIPOHCXOJUT TOJBKO OT mepelHell W 3ajHeil
noBepxHocTH. IIpH TakoM MHTYHTHBHO NPOCTOM pacyere
CTPeJIKH «IepefiHeli MOBEPXHOCTH» U «3aJHEH MOBEPXHOCTH» —
3TO Jaiolmiye NPaBHJLHBIA OTBET MaTeMaTHYeCKHe NOCTPOEHHS.
B TO Xe BpeMsl NpojeNaHHBEIH HaMH TOJBKO YTO aHAJIM3 —
B NIPOCTPAHCTBE-BPEMEHH CO CTPEJIKaMH, 06pasyIoliMH YacThb
OKPYXHOCTH,— 60Jiee TOYHO IOKa3blBA€T, YTO MPOUCXOJUT
B JIEHICTBUTENBHOCTH: YAaCTHYHOE OTPaXKEHUE — 3TO paccesHue
CBETa 3JIEKTPOHAMH BHYMpPU CTeKJa.

Tenepr pasbepemcsi co cBETOM, MPOXOASALLNM CK803b CTEKJIO.
Bo-nepBbiX, HMeeTcsl HeKOoTopas aMILUIMTYJa TOro, 4To (hOTOH
NPOJIETHT CKBO3b CTEKJO HH Pady He CTOJKHYBLIMChH C 3JIEKT-
poHamu (cM. puc. 69, a). B cMbic/ie JJIMHBI 5TO camasi BaxKHas
cTpenka. Ho umelorcs elne mects JPYruX BO3MOXKHBIX IyTeH,
KOTOPEIMH (POTOH MOXKET IOmacTb B JETEKTOp IMOJ CTEKJIOM:
(OTOH MOXKeT CTOJKHYThCA B TOuKe Xj, a HOBHIH (poTOH pac-
ceercsl B B; OTOH MOXET CTOJKHYTbCH B TOuKe Xy, a HOBBIA
¢oron pacceercss B B, u T. A. Bce LuecTh CTpesiok TakoH xe
JUIMHBL, Kak M CTPesKH, obpasyioliye IYry B MpeablIylieM
NpuMepe: OHA ONpEJE/IAETCA TOHM K€ caMoil aMmJuTyJoH pac-
cesHus ¢oroHa B cpeie S. Ha sTor pas Bce IlecTb CTPeJioK
HanpaBJIeHbl OJMHAKOBO, TaK KaK BCe LIeCThb MyTell C OXHUM
aKTOM paccesiHUSl MMEIOT OJUHAKOBYIO AJIHMHY. B Takux mpo-
3payHBIX BeleCTBaX, KaK CTEKJIO, 3TH MaJjble CTPEJKH HampaB-
JIeHBI TOJl PSIMBIM YTJIOM K OCHOBHOH cTpejike. B pesyJbrare
CJIOXKEHHMS] Ma/bIX CTPEJOK M OCHOBHOH CTPeJKH MoJydaeM
pe3yNbTHPYIOULYIO CTPEJNKY TaKoH ke JJIHMHB, YTO ¥ OCHOB-
Hasl, HO [IOBEPHYTYIO Ha HeGoJsbluoH yroJ. Uem ToJle cTekJo,
TeM OoJibllle OGYAeT MaJjblX CTPEeJOK M TeM CHJbHee OyJer
TNIOBEpHYTa pe3yJbTHPYIOWas CcTpenka. Tak ycrpoeHa GpoKycH-
cHpyollas JIMH3a: pacHo/ioXUB Ha OoJiee KOPOTKHMX NyTAX
J106aBOYHBIE CJIOH CTEKJa, MOXKHO JHOGUTHCS TOrO, YTOOBI pe3y.ib-
THPYIOLIYE CTPEJKH AJ BceX MyTe#i ObLIM HampaBJ/ieHBl OJM-
HaKOBO.

AdekT 6bla OB TAKHM XKe, ec/id Obl (POTOHBI B CTEKJ/E pac-
NPOCTPaHAJHNCh MeJJIeHHee, YeM B BO3JyXe: pe3yJbTHpYouas
cTpesika cienaja Obl JOMOMHHUTENbHBIA MOBOPOT. BoT mouemy
paHbllle s1 TOBOPHJ, YTO CBET B CTeKJe (HJH BOJE) pacmpoct-
paHsieTcst Me[jieHHee, yeM B BosJyxe. B JeHcTBHUTENbHOCTH

BellecTB, KaK CTEKJO, /IO CHX NMOP HMKOTZa He MPOBOAMJIOCH. B Takux
clyuasx pajMyC ONpejessieTcss SKCHepuMenTasbHo. JJs cTekaa GHIIO
SKCNEPHMEHTANbHO OGHApYyXKeHO, YTO NPH MNPSMOM MajJeHHH cBeTa pa-
Auyc npubau3utesbHO pasen 0,2.
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Pacceanue ¢ HEHOMOPLIM nozsiolyeruem

Puc. 69. HauGosbuwinfi BKJIaZ B aMIVIUTYNY DPOXOXKJEHHS CBeTa 4epe3 CTEKJISIHHYIO
MJIaCTHHKY B JIeTeKTOP B TOYKe B BHOCHT 4acTb, COOTBETCTBYIOL[AS OTCYTCTBHIO pace
cesiHHSl Ha 3JIEKTPOHaxX cTekJa (a). K 3Toit cTpesike Mbl npHGaBIisieM MeCTb MaJleHbKHX
CTPEJIOK, OTBEYAIOUHX PacCesiHHIO CBeTa B KaXJOM H3 CJIOeB B TOYKAX Xi. .. Xg.
"3y wecTb CTPEJIOK HMEIOT OXHHAKOBYIO JVIHHY (MIOCKOJbKY BCIOXY BHYTPH CTeKJa aM-
TJIMTYZAa PaccesiHHs OJMHAKOBA), HX HalpaBJ/ieHHs COBMAaJAIOT (MOCKOJBKY BCe MYTH OT
HCTOUHHKA yepes JMOGYI0 H3 ToUeK X K JIeTeKTOPY UMelOT OJJHHAKOBYIO ANHHY). CI0oXHB
Go/IbIYIO CTPEJIKY C MaJIeHbKHMH, BHJAHM, YTO Pe3yJbTHPYIOIas CTPeJKa NOBepHYTa
cuJibHee, yeM ecyid Gel CBET pacnpocTpausics npaMo [lo 3Tolt npHunHe HaM NpeaCcTas-
JISI€TCsl, YTO MYTh 4epPe3 CTEeKJIO 3aHuMaeT Go.nbme BpeMeHH, 4yeM 4yepes BaKyyM HJIH BO3-
AyXx. BeslHuHHA NMOBOPOTa pe3yJIbTHPYiOIEeH CTPeJNKH, BHI3BAHHOIO 3J1eKTPOHAMH Be-
mecTBa, Ha3HIBAeTCSsi «OKasaTesleM NpeJIOMJICHH >, .

B caydyae MpospauHBIX BelIeCTB MaJleHbKHe CTPeJIKH HanpaBJieHbl MOJ MPsiMbIM
yrJIoM K OCHOBHOH cTpedsike. (Ha camom gene, npH ydere gBOHHOrO U TPOAHOro pacces-
HH$l, OHH HECKOJIbKO OTKJIOHSIIOTCS, TaK YTO AJHHA Pe3yJbTHPYIOlel CTPENKH He npe-
BblIIaeT JWIHHB OCHOBHOH cTpenku: [Ipupoaa ycTpoeHa Tak, YTO Mbl HE MOXEM MOJy-
YHTH Ha BHIXOJE M3 INIaCTHHKH GOJIbllie CBeTa, ueM Ha BXoje.) B ciyyae HENmoJHOCTHIO
NpospauHblX (YaCTHYHO MOIVIOIWAIOUHX CBET) BelleCTB MaJleHbKHe CTPeJIKH HanpaBJleHsl
Nox TYIBIM YIJIOM K OCHOBHOM cTpesike. [TosTomy pesysbTupYloiasi CTpesiKa nojy4a-
eTcsi 3HAUUTEJbHO Kopoue, YeM oxupanoch (6). Takas yKopoueHHas pesyJIbTHpYlomas
CTpe/iKa O3HauyaeT yMeHbLIEHHe BePOSITHOCTH NPOXOXJeHHs (POTOHA CKBO3b YaCTHYFg

Mpo3payHoe BelieCTBO
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«3aMensieHue» cBeTa oOBsIcCHSIeTC Jo0aBOUHBIM BpallleHien,
CBSI3aHHBIM C paccessHUEM CBETAa aTOMaMH CTeKJa (HJIH BObI).
Benuunna 3Toro no6aBOYHOTO MOBOPOTA B JAHHOM BELIECTBE
HA3BIBAETCS «IIOKasaTeseM [MPeJOMJIEHHS BEIEeCTBay *).

B cayuae norsowaroimux CBET BELIECTB MaJjble CTPesikH
HalpaBJeHBl [IOJ TYIbIM YIJOM K OCHOBHOH cTpesike (CM.
puc. 69, 6). B urtore pesyJbTHpYIOMmAas CTPeNKa OKasblBaercs
Kopoye OCHOBHOH, YTO YKasbiBaeT Ha MEHBIIVIO BePOATHOCTh
NpOXOXAEHHs (POTOHA CKBO3b HACTHYHO NPO3PayHOE CTEKJIO,
YeM CKBO3b MpO3pauHOe.

Bpems Bpema

J J

1 2 2

Mpocmpancmba i Npocmparcmba

Puc. 70. AMnautypna nonajaHus GOTOHOB H3 TOYeK / M 2 NPOCTPAHCTBA-BPEMEHH B

TOYKH 3 M 4 MOXKeT GBIThb NPHOJIMKEHHO HalAeHa, eclll PaCCMOTPETh /1B H300paxeH-

HEIX Ha PHCYHKE OCHOBHEIX CIIOC06a OCYUIECTBIEHHS 5TOro cobuithsi: P(/—38) - P(2—4)

B P(l—4)-P(2—3). TIpn u3MeHeHHH OTHOCHTEJBHOrO IOJIOXKEHHSI ToueK I, 2, 3 u
4 B pasJMYHO CTEeNeHH NPOABJIsETCs HHTepdepeHUHs

Takum 006pa3oM MOJIydYaercs, YTO BCE SIBJEHHA, a TaKkKe
(pPOM3BOJIbHEIE YHC/IA, O KOTOPHIX NOBOPHJIOCH HA MEPBHIX ABYX
JIEKIMAX, HATIPUMEpP, YaCTHUHOE OTpaXKeHHe ¢ aMIiuTyoi 0,2,
«3aMe[JIeHHe» CBeTa B BOJE HJH B CTeKJe, u T. J., 6ojee
JeTaJbHO OGBACHSIOTCS BCETO JIMIIL TPEMSI OCHOBHBIME JeHCT-

*) Crpenku, ofpasyiomue Ayry B CJaydae paccesiHHs, PpaBHBl M0
JTMHE CTpeJKaM, BLISHBAIOIHM IIOBOPOT pe3YJbTHPYIOWEH CTpeJKu
B Cjlyyae ITPOXOXKJIEHHS CKBO3b BemiecTBo. IlosToMy cymecTByer B3a-
HMOCBSI3b MeXJY YAaCTHYHBIM OTDaXK€HHEM H IOKa3aTeseM IpeJIOMJIEHNUS
JAHHOIO BeIeCTBa.

Co3zaercs BHeuaTJeHHEe, UYTO JJHHA De3YJbTHPYIOUWEH CTPeJKI
LpeBbicHia 1, T. €. CKBO3b CTeKJO Kak Obl mpoxoiutT GoJbile caera,
ueM B Hero momaso! Tak Kaxercs NMOTOMY, 4TO §I He Vuead AaMIJIATY
clleflyoUHX coObTHi: (OTOH mnomajaer B KaKOH-TO CJOH, HOBBHUI (HOTOH
pacceuBaeTcsl B IPyrod cJof HaBepX, TpeTuil (JOTOH pacceuBaercs
CKBO3b CTEKJIO BHH3 — M JDYTiX, 00/ee CJIOKHBIX BO3MOXKHOCTEH. 31O
TIPUBOJMT K OTKJIOHEHHIO MaJBIX CTDRJIOK, B pe3yJbTaTe Uero NJIHHA pe-
syabTHPYlOWel CTPesKH ylepxKusaercs B mpeflenrax or 0,92 npo 1 (rax
4TO CyMMa BepOATHOCTEH IPOXOMJEHHS CKBO3b CTEKJAAHHYIO WIACTIHKY
u oTpaxkeHHs OT Hee Bcerga pasHa 100 %),
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BHSIMH — BCErO TpeMsl, HO OOBSCHSIOWIMMH, Ha caMoM Jerne,
M NOYTH BCE OCTaJIbHOE.

TpyAHO NOBepHTb, YTO MOYTH Bce BHAHMOE GeCKOHEYHoe
pasHooOpasHe [IpHpozasl mpoucreKaer H3 MOHOTOHHOIO ITOBTO-
peHusi Tpex ocHOBHbIX aeHicteuii. Ho 310 Tak. S HemHoro pac-
CKaxy O TOM, KaK BO3HHKaeT 3TO pasHoobpasue.

Mel MOkeM Hauathb ¢ (oroHoB (cM. pHc. 70). Kakosa Beposi-
THOCTb TOTrO, 4TO JBa ()OTOHA, BHIAAA W3 TOYeK I U 2 mpocT-
paHCTBa-BpeMeHH, NONAAyT B jiBa IETEKTOpa B TOuKax 3 u 4?
Jns OCyLIecTB/EHHSl 3TOro coOBITHSI MMEIOTCS JBa OCHOBHBIX
criocoba, U KaxIbll COCTOMT H3 JBYX HE3aBHCHMBIX MNPOIEC-
coB: (OTOHBI MOryT Jerers npamo —P (I—3)- P (2—4) — wiu
«KpecT-HakpecT» — P (1—4)- P (2—3). [lonyyaiomuecs: Takum

Bpems

P(1-3)P(2-3)
P(2-3)-P(1-3)

7 2

lpocmparcmbo
Puc. 71. Ecau COBMeCTHTb TOUKM 4 H 3, ;Be cTpesnkn P(I—3)-P(2—3) u P(2—3)X
X P(1—3) okaXyTcs ONHHAaKOBhIMH KaK M0 JUIMHe, TaK H 10 nanpasJgenuio.I[Ipu cioxe-
HHH OHH BBICTPAHBAIOTCS B OJHY JIHHHIO H 06PasyIoT CTPJIKY YABOGHHOH IJIHHbI (KBaj-
paT KOTOPOH NPH 5TOM BO3PACTAaET B YeTwpe pasa). TakuM 06pa3om, (OTOHB! CTPEMATCS
HONACcThb B OAHY NPOCTPaHCTBEHHO-BPEMEHHYIO TOUKy. IIpH yBeJHueHHH UHCaa GOTOHOB
aTOT 3ddexT ycunusaercsi. OH JIeKHT B OCHOBe AeHCTBHs Jasepa

o6pa3oM aMIVIUTYIBl 00eHX BO3MOXKHOCTeH CKJIaJplBalOTCS, H
BO3HHKaeT (KakK MBI BHIEJH Ha BTOPOH JIeKLHH) HHTephepeH-
LMs: JJHHA Pe3yJ/bTHPYIOUleH CTpeJKH MeHsiercss B 3aBHCH-
MOCTH OT OTHOCHTE/NLHOTO [0JIOKEHHS NPOCTPAHCTBEHHO-BpPE-
MEHHBIX TOYeK.

Uro npousoifier, ecaH Ml COBMECTHM TOYKH 3 M 4 B npocT-
panctBe-Bpeviend (cM. puc. 71)? Ckaxem, oba ¢oroHa nona-
JaioT B Touky 3. [TocMOTpHM, Kak 3TO CKaxeTcd Ha BeposT-
HOCTH cOObITHS. B nanHoMm cayuae mel umeeM P (/—3) - P(2—3)
u P(2—38)-P(l—3) — nBe oauuakoBble crpenku. Ilpu cio-
JKEHHH MX JJIMHA YIBOWTCS, YTO NPHUBEJET K YYETBEPEHHIO
KBajpara JJIHHbl Pe3yJbTUPYIOUEH CTpPesJKH MO CPaBHEHHIO
¢ KBaJpaToM JIJIHHBI OJHOH cTpenkKH. Tak Kak JABe CTPeJKH
OJMHAKOBBI, OHH BCEFlld «BHICTPAHBAIOTCA B OLHY JIHHHION.
Jpyrumu cnoBamu, HHTepdepeHuUs He QAYKTYHPYET NpH U3Me-
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HeHUM MOJOXKeHHH Touek I u 2, oHa Bcerja MOJIOKHTEIbHA.
Ecam 66l MBI HE YUUTHIBAJH TAKOiH Bcerja NOJOXKHTENLHOH
uHTepheperHU ABYX (POTOHOB, TO MBI OXKHKJaJH Obl, 4TO BepoOsi-
THOCTb BO3pacTaeT B CpeiHeM B J1Ba pasa. Bmecto storo
BEPOSITHOCTh BCeTjia BO3pacTaerT B ueTnpe pasa. Korza wmal
uMeeM JIeJ10 ¢ GOJIBLIMM YHCJIOM (POTOHOB, 3Ta MPEBOCXOAAILAA
HaWH OXHJAHUA BEPOSTHOCTH BO3pPAacCTaeT elie CHJbHeE.

2T0 NPUBOAUT K LEJOMY DALY MPAKTHYeCKHX CJeACTBHH.
MoHO cKasaTb, 4TO (POTOHBI CTPEMATCH MONACTb B OJHHAKO-
BbIE YCJIOBHSI HJH «cOCTOAHHA». («COCTOAHHE» — 3TO ompee-
JieHHasi TPOCTPAHCTBEHHAS 3aBHCHMOCTL aMILIHTYABl HaXOX-
Jenus (oroHa.) BepoATHOCTb TOTO, YTO aToM HU3Jy4YHT (HOTOH,
BO3PACTAET, €CJIH yikKe HMeoTcs (JOTOHBI B TaKOM COCTOSIHHH,
B KOTOPOM OHH MOTYT ObITb H3Jy4eHBl JAHHEIM aToMOM. 37O
ABJIeHHE, NOJYYHELIee HA3BAHHE «BHIHYXKJIEHHOTO H3Jy4eHHAy,
OTKpBI JDfHINTeHH, KOrZa, NPeAoXHB (HOTOHHYIO MOJe]b
cBeTa, OH IOJIOXKHUJ Hayajio KBaHTOBOH Teopuu. PaGora nase-
POB OCHOBAaHAa Ha 3TOM SIBJIEHHH.

Takoe xe paccyxieHHe NPHMEHHMO M K HaluM QaJblln-
BBIM 3JIEKTPOHAM CO CIHHOM HyJb. Ho B peanbHOM Mupe, rie
SJIEKTPOHEI T0/1APH30BAHEI, NPOMCXOJUT HEYTO COBCEM JAPYTOe:

Bpems
Puc. 72. Ecsin fBa 3/eKTpoHa (C OAHHAKOBOH mne-
Jasipusaudell) MUTAOTCH 3aHATL OAHY H TY XKe TOY-
J Ky B IPOCTPaHCTBe-BPEMEHH, HHTepdepeHHs BCer-
na otpunateiabHa. (Tak nposiBasieTcss noJasipusas-
Usl 9JEeKTPOHOB.) DTO 3HAYHUT, 9TO IBe OJMHAKO~
Buie cTpenku E(1—3)-E(2—3) u E(2—3)-E(1—=
—3) HO/KHB BBIMMTATLCS APYT M3 APYra, B pe-
3yJbTaTe NJIHUHA Pe3yJbTHPYIOUEH CTPeKU 3aHy=-
asiercsi. Takoe HeXxesaHHE JABYX 3JIEKTPOHOB 3a-
1 2 HUMaTb OJHO MeCTO B NPOCTPAHCTBE-BPEMEHH
Ha3bIBaeTCsi «NPHHIUNIOM 3ampera». 3OTHM 0Gb-
Npocmparcméo sicHfeTcl GoJablioe pasHooGpa3He aTOMOB BO

Bceenennoii
E(1-3)EQ2 "3)/1/,5(2 -3)E(1-3)

1se crpenkd, E(I—3)-E(2—4) u E(1—4)-E(2—38), BBuU-
TaloTCsl OfHA H3 JPYrOH — T. €. Tepel CJOKEHUeM OfHa Hu3
Hux nosopaunBaerca Ha 180°. Ecan Touku 3 u 4 coemaaaor,
CTPeJIKM OIMHAKOBHI KaK MO JAJNHHE, TaK H IO HalpPAaBJEHHIO, U
OpH BBIYMTAHMH B3aMMHO YHHYTOXalOTcH (cM. pHC. 72). 3to
03HayaeT, YyToO, B OTJIHYHE OT (POTOHOB, 3JEKTPOHHI HE JOOAT
nonajiaTh B OJIHO MECTO, OHH GeryT JpyT OT Ipyra Kak OT 4yME.
IlBa 31eKTPOHA C OJHMHAKOBOH INOJAPH3aUHell HE MOTYT OKa=
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3aThCAl B OJHOH TOYKe NPOCTPAHCTBA-BPEMEHH — 3TO SIBJICHHE
HasbIBaeTCA «NPHHIUIIOM 3alperar.

DTOT UPHHLHKIN 3anpera, OKAa3bIBAETCH, JEXKHUT B OCHOBE
BEJHKOrO PasHooOpasHs XHMHYECKHX cBOHCTB atomoB. Opun
OpoTOH OOMeHHBaeTcs (pOTOHAMH C TAHIYIONIUM BOKDPYT HEro
OJIHKM 3J/IEKTPOHOM — 3TO atoM Bojopoja. Isa mporona ojHO-
ro spa ooMeHHBaOTCs (DOTOHAMH C ABYMS SJEKTpPOHaMH (MOo-
JISPU30BAHHBIMH B MPOTHBONOJIOKHEIX HAaNpaB/IEHUSX) — 3TO
atoM reaus. BuauTte s, y XUMHKOB CJIOXKHBIH COcod cuera:
BMECTO TOTO YTOOBI FOBOPHUTH «OJWH, JABAa, TPH, UETHIDE, MSATh
MPOTOHOB», OHHM TOBOPAT: «BOJOPOX, TesMH, JUTHH, GepUTUH,
6op».

Y 3/MeKTpoHA ecTb TOJBKO JABa COCTOSHUS MOJISIpU3AIHH,
MOSTOMY B aroMe, Ije TPH NPOTOHA Axpa oOMeHHBarTCs (OTO-
HaMH C TpeMs 3JeKTPOHAMHM — OH HAa3BIBaeTCs  aTOMOM
JIUTHS] — TPETHUH 3JIEKTPOH PaclooXKeH Jafblle OT siipa, ueM
IBa Jpyrux (3aHsBIIMX OJiKailiiee BO3MOXKHOE MECTO), H
pexxe obMmeHuBaercd ¢otoHamu. TakoH 3/7eKTPOH JIerKo OTpPhI-
BaeTcs OT CBOETO f/ipa Moj JeficTBUeM (HOTOHOB APYTHX aTOMOB.
Dosblice yucio TakMX aTOMOB, PACIOJNOMKEHHBIX MOGJIH30CTH
IPYT OT APYTa, JIETKO TepSIOT CBOI COOCTBEHHBIH TPETHH 3JIEKT-
POH, M MOJIy4Yaercs IeJoe MOpe 3JIeKTPOHOB, MJABAMOUHX BOK-
pyr atoMoB. Ec/M K 3TOMy MOpIO 3JIEKTPOHOB HPHJOXKHTH
cnabyio 3JMeKTpHueckyio cuay ((poToHb), B HeM ofpasyercs
NOTOK 3JIEKTPOHOB — I OMHUCHIBAIO, KAK MeTaNJH4YecKHH JUTH]
NMPOBOIUT 3JIEKTpHUecKUH TokK. Bomopox ¥ requil He OTIAIOT
CBOHM 3JIEKTPOHBI JpyruMm atoMaM. OHH «H30J/ISITOPBI.

Bce aTtombl — Gosiee cTa HX DasHOBHIHOCTEH — COCTOAT
U3 ONpEeNeNeHHOr0 Yuc/ia NMPOTOHOB, KOTOpble OOMEHHBAIOTCA
(OTOHaMH C TaKHUM 3Ke UHCJOM 3JeKTPoHOB. Cnocobwl pacmo-
JIOXKEHHUSl 3JEeKTPOHOB CJOXKHBI M OGECIeYHBalOT TpoMajHoe
pasHooOpasye CBOHCTB BEIECTB: CYLIECTBYIOT METaJIbl U H30-
JSITOpPBI, Tasel U Kpucrainel. OfHH BelllecTBa MATKUE, Apyrue
TBepJble, ONHHM OKpalleH®l, Apyrue npospauHsl. M Bce 37O
KoJioccabHOe pa3zHoofpasue, Kak U3 pora U306H/HS, BEITEKAeT
M3 NpUHIHNA 3anpera W NOBTOPEHUS CHOBA, M CHOBA, U CHOBA
Tpex oueHb nmpocTeix gedctuit P(A—B), E(A—B) u j. (Ecan
6bl Y 3JEKTPOHOB He GBLIO MOJMSIPU3allHH, BCE aTOMbl B MHpeE
AMenn Obl OYeHb TOXOKHE CBOMCTBA: 3JEKTPOHE! COOHPAHCh
OBl BMecTe, BOJIM3H fjpa CBOEr0 aToMa, U He NPUTATHBA/INCDH Obl
K JpYyTUM atoMaMm, o0pasys XUMHYECKHe CB3H.)

Bam MoxeT nokasaTbCsl CTPAHHBIM, KaKHM 00pa3oM TakHe
NpOoCThle JEHCTBHSI MOTYT CO3JaTh CTOJb CJAOXKHBIN Mup. [eao
B TOM, YTO Hab/rojaeMble HaMU SIBJIEHHS NPEACTaBJSIOT COGOM
pe3yJ/bTaT CJIOKHeHIero mnepenyieTeHdsl OrpoMHOrO yucsa ob-
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MeHOB (oTOHaMH M HHTepdepeHuui. 3HaHHe Tpex (yHIaMeH-
TaNbHBIX JeHCTBHH — 3TO TOJBKO caMoe, caMoe Hadasuo
B HUCCJENOBaHUM JIOOOH peanvHoli CUTyalUH, KOTJIA Mbl CTajl-
KHMBaeMcsl C TaKMM MHOXKECTBOM OOMEHOB ()OTOHAMH, YTO pac-
CYUTATh HX HEBO3MOXKHO — HAJ0 IPHOGPECTH OMNBIT, YTOOBI
HAy4MTbCs BBbIAENATh HauboJsee BaxHble BO3MOXKHOCTH. ITo3To-
My Mbl H300peTaeM TakHe MOHSTHS, KaK «IOKasaTelb Mpe-
JIOMJIEHHST» MJIH «CXKHMaeMOCTb», HJIH «Ba/JEHTHOCTb» — OHH
[OMOTaloT NPOBOJAHUThH PacueThl MPHUOJIHKEHHO, KOTJla OrPOMHOE
KOJIM4eCTBO JeTasled He mpocMaTpuBaercsi. DTO KaK Hrpa
B IIaXMaTbl: OJHO JEJO 3HAaTb OCHOBHbIE MNpaBHJ/a, KOTOpHIE
IIPOCTHI, H COBCEM JPYroe — XOpOIlo Urparth, TYT HAJO NOHH-
MaTh XapakTep KaxJOH MO3UIMH U NPHPOAY PAa3HBIX MOJIO-
JKeHHul, a 3TO ropasjo CJoXKHee.

Pasnens $H3HKM, H3yuyalomlHe BONPOCH THNA «IIOYEMY
)keses3o (¢ 26 nporoHamu) SIBJsSIETCS MAarHeTHKOM, a Melb
(c 29 mpoToHamM) — HeT» UJIH «IIOYEMY OJHMH Ta3 Ipo3paueH,
a Ipyroi HeT», HasbIBAIOTCA «(pU3UKOH TBEPAOro Tesay, «pH3U-
KOl XKHUIKOCTH» — B oO0lleM, Hacrosulel ¢usnkod. Pasnen
(bM3HKH, OTKPBIBIIMH TPU NPOCTBIX MaJeHbKHX AeHCTBHA (ca-
Masi NpocTas 4acTb), HasbiBaercsl «pyHIaMeHTaslbHOH (H3H-
KOIf» — MBI TNOXHTHJIH 3TO Ha3BaHHeE, UTOOBl Jpyrue (H3UKH
yyBCcTBOBaJH cebsl HeyloTHO! CoBepIleHHO OUeBHIHO, YTO CaMble
HHTEpecHble 3ajaud, NPHUTOM HMelolIve, KOHEeUYHOo, HaHOOJb-
ilee TMPaKTHUeCKOe 3HaueHHe, BO3HHKAIOT CerojHs B (u3uKe
TBepaoro tesa. Ho KTo-To cKasas, 4to HeT HUuero GoJiee npaxk-
THYECKOT0, UeM XOpolllas TeOpHsl, a KBAHTOBasl 3JIEKTPOJHHA-
MHKa — 3TO OIpeJeJeHHO Xopoilas Teopus!

B 3akmioueHHe s Xoren Obl BePHYTbCS K UHCHY
1,00115965221 — a1 roBopus Ha mnepBOH JIEKLHH, YTO €CTh
YHCJIO, U3MEPEHHOe H BBIUHCJEHHOE C OYeHb GOJBIIOH TOYHO-
CTBIO. DTO YHCAO XapaKTepH3yeT OTKJMK 3JeKTPoHa Ha
BHEIIIHEee MAarHHTHOE IoJie — HeuyTo, Ha3hiBaeMoe «MaTHHTHBIM
momentoM». Korza Jlupak Bnepsrie paspaGaTbiBal INpaBH./Ia
HAXOXKJEHHH 3TOTO YMCJIa, OH HCIONb30Bad (GopMyay mHjisi
E(A—B) u nosyuus oOuyeHb IIPOCTOH OTBET, paBHbIH 1
B HaweHd cucreme. Jlmarpamma, 1m0 KOTOpOH MAarHUTHBIH
MOMEHT 3JIEKTPOHA BBIUHCJSETCS B STOM II€PBOM MpPHOIU-
JKEHHH, OYeHb MPOCTA — 3JIEKTPOH JIETHT U3 TOYKH B TOUKY
B INPOCTPAHCTBE-BPEMEHH M B3auMOfjeHcTBYyeT ¢ (DOTOHOM U3
marHuta (cM. puc. 73).

BrocsienctBuu ObI0 OOGHApYMKEHO, YTO 3Ta BEJUYHMHA He
pasHa 1, uTo oHa uyTh Gousbiue — mpumepHo 1,00116. 3ra
nonpasKa Gblia BblukcseHa IlIsurrepom B 1948 r.; oHa pas-
HseTcA j-j, AeqeHHOMY Ha 2%, W o6ycJ/oBJieHa aJjbTepHAaTHB-
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HBIM CNOCOCOM MOMajaHusl 3JEKTPOHA M3 TOUKH B TOYKY: MO
IyTH 3JIEKTPOH BHE3amHO H3syuyaer (GoToH, a 3areM (0 yxac!)
€ro xe ¥ norJyiomaer (cM. puc. 74). Moxer GbITb, B 3TOM U €CTh
HeyTo «Oe3HPaBCTBEHHOe», HO 3JeKTpoH 3710 penaer! UroGer
BBIYHCJIUTL CTPEJNKY A/ 3TOTO C/Iy4das, Mbl JOJKHBI PaccyH-
TaTb CTPEJKH JJS1 BCeX TOYeK INPOCTPAHCTBA-BPEMEHH, THe
(OTOH MOXKeT OBITh H3/JyyeH WJH norsouieH. To ecTb nosipsTCS
JaBe nonoJHutensHux E(A—B), onHa P(A—B) u nmBa j, Ko-
TOpBlE Hajo nNepeMHOXHUTb. CTYIEHTHl yyaTcd IeJaTh 3TO

Bpema
Y

Puc. 73. Juarpamma ns BHIYHCJEHHS Aupa-

KOBCKOTO BKAaZa B MarHHTHHIA MOMEHT 3JeK-

TpOHa OYeHb NpocTa. BesHyHHa, COOTBETCT-

BYIOWlas 3TOH JuarpaMme, NPHHUMAETCs pPaB-
HOH eAuHuue

(poman 13
MAgHUma)

7
fipocmparncmbe

NPOCTOE BBIYUCJEHHE Ha BTOPOM Kypce, H3yuasl 3JIeMEHTapHYIO
KBaHTOBYIO 3/IEKTPORAHHAMUKY.

Ho nocroiiTe! DKcnepuMeHTHI JAIOT HACTOJNBLKO TOUHYIO Kap-
THHY TIOBEJIEHUS 3JIEKTPOHAE, YTO B HAIIHX pacyeTax MbI JOJXK-
Hbl YUHTBIBATDL €IIE M JPYrHe BO3MOXKHOCTU: BCE HYTH, KOTO-
PBIMH  3JIEKTPOH NONAJAeT M3 TOYKH B TOUYKY C 4embipoMa
JIOTIOJIHUTE/IbHBIMH  B3auMogelicTBusmMu. Ha puc. 75 nokasassr
TPH €10c0o0a, KOTOPEIMH 3JEKTPOH MOXKET H3JyYUTh H TMOIJIO-
THTb 1Ba (orToHa. Mmeercsi Taxke H HOBasi MHTEpecHas BO3-
MOMKHOCTb (IIOKa3aHHasi Ha pHC. 75 cnpaBa); GyAyyd H3JyuyeH-
HbiM (DOTOH NpeBpaulaercss B 3/EKTPOH-NIO3UTPOHHYIO Mapy,
KOTOpast — ONsTh, €CJAH BBl [OJABHTE CBOE «MOPAJBLHOE»
HErofOBaHHe,— AHHUTHJHMPYeT M TIpeBpailaeTcd B HOBLIA
GoTOH, KOTOPHI 3aTe€M MOIVIOULAETCS 3JIEKTPOHOM. Taxyio
BO3MOXKHOCTb TOXK€ HAJ0 YUHUTHIBATH!

Hpe rpynnel (GU3HKOB B TeueHWe [BYX JeT HE3aBHCHMO
BBIYHCJISIA STOT CJAEAYIOMHUA BKJAL U ellle TOX HCKaJIH OIHOKY:
V 9KCNEPUMEHTATOPOB MOJYyYaloch HECKONBKO HHOE 3HAaueHHe.
Kakoe-To Bpema Kasajoch, 4TO T€OpHUs BNEPBHIE HE COOTBETCT-
Byer sKcnepumenty. Ho Her, ommnbkra 6bu1a apudmeTHyecKoH.
Kak morsin zBe rpynmel cienaTth oauHakKoBywo owHGKy? Oka-
3a/0Chb, YTO K KOHIY paGoThl o0e I'pYMNNBl CPaBHHJH CBOH
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Bpens

(pomoy 13
MuagHumay

fpocmpanzmbo

Puc. 74. JlaGopaTOopHble BSKCIEPHMEHTH [OKa3biBalOT, 4YTO HacTosilee 3HaueHUE
MarHHTHOrO MOMeHTa 3JIeKTPOHA He PaBHO, a HeCKOJIbKO NpeBbimaer 1. DTO cBA3aHO €O
caefyiollell BOSMOXKHOCTbBIO; SJIEKTPOH MOKET HCYCTHTB GOTOH, a 3aTeM MOrJIOTHTD ero.
Ja onmcaHHs 5TOro npouecca HeoGXOJHMHE fiBe AONOJHHTeNbHHX E(A—B), omHa
P(A—B) un pBa j. llIBHHrep pacCYMTaJl, YTO YYHTHIBAIOUAS 5TY BO3MOXHOCTb MONpaB-
Ka paBHa j+j/27. TIoCKOJBKY Ha OMBITE 5Ta BO3MOXKHOCThL He OTJIHYAMA OT OCHOBHOro
cnocoGa pacnpoCTpaHeHHs SJIEKTPOHA (cM. pHC 73) —= M TaM, H TaM 3JIEKTPOH BblJIe~
TaeT U3 TOUKH [ M MONAfAeT B TOYKY 2 — CTPEJIKH OGeHX BO3MOMCHOCTeH CKJlaAbIBAIOT-
csl, B BO3HMKaeT HHTepdepeHUus

Bpemsa

T

llpocmparcmbo

Puc. 75. Ilpu coBpeMeHHOH TOYHOCTH SKCIIEDHMEHTOB HEOOXOAHMO YYHTBHIBATL [He

arpaMMel, COfiepXKalliie 4eThipe MONOJIHHTEIbHHIX B3aHMOJAeHCTBHSA (BO BCEX BO3MOXK=

HBIX TOYKaX NPOCTPaHCTBa-BpeMeHH). HekoTopble H3 TaKHX AMarpaMm NOKasaHHl Ha

‘pucyHKe. Jluarpamma CIpaBa COAEPKHT (POTOH, PacMafaIOUWMICA Ha 5JeKTPOH-TIO3HT~

poHHYIO napy (cM. puc. 64), aHHHIHJIHPYIOWYl0 ¢ oGpa3oBaHHeM HOBOro (oTtona,
KOTOpBIf M TOIVIOUlaeTcsi JIEKTPOHOM
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pacyeThl M CIVIAIHJIM HMeBIIHecs B HUX pacxoxjerus. Tak uro
3TH pacyeThl Ha caMoM [e/le He OBbLIH COBCEM HEe34aBHCHMBIMH.

[TonpaBka ¢ wiecmoto JOTMOJMHUTENBHBIMA j NpEINoJaraer
eme GoJbllee YHCJIO CNOCOGOB OCYILECTBJEHHS COOLITHSI, H S
HapUCyl0 HeKoTophie W3 HHX (cM. puc. 76). [Isamuarb ser
norpeboBajoch i TOrO, 4YTOOBI MOJNYYHTb TEOPETHYECKOe
3HayeHHe MarHHTHOrO MOMEHTa 3JIeKTPOHA ¢ TaKOH JOINOJIHH-
TeJbHOH TOYHOCTBIO. TeMm BpeMeHeM SKCIep MMEHTaTOPh! BBIIOJI-
HUJIH elle ©oJiee TOYHblE H3MepeHHA U J0OABHJIH HECKOJBKO
uMbp K 3KCIepHMEHTaJbHOMY 3HauyeHuio. M mo-mpexHemy
TEOpHs COIJacyercs ¢ 3KCIepPHMEHTOM.

Bpema’

2 2 2

1

lpocmpancmbo
Puc. 76. YU cefiuac npojo/KatoTcsi’ BblUMCJIEHHs, eme 6osee MOBbILAOUHE TOYHOCTh
TeopeTHYecKoro 3HaueHHs. CiaeAyomuil BKJAaJ B aMIUIHTYy, YYHTHBAIOUWUH BCE BO3~
MOXHOCTH C WIECTbIO B3aHMONEHCTBHSIMH, COCTOMT TpHMepHO Hu3 70 pguarpamm.
Tpn M3 HHX MOKasaHbl Ha pHCYHKe., B 1983 r. TeopeTHuecKoe 3HaueHHe PaBHSJIOCH
1,00115965246 (c morpemwHOCTHIO 0Koso 20 B MOCJAEAHHX ABYX UHdpax), SKCnepuMeH-
TanbHce — 1,00115965221 (c HeomnpefeseHHCCTbIO NopsjKa 4 B nocaexHelt uudpe).
Takasi TOYHOCTb SKBHBaJIeHTHa H3MepeHHIO paccTosiHHs oT Jloc-AHmxkeneca xo Hero-
Hopka (npumepno 3 000 MHJ/Ib) C TOYHOCTBIO O TOJILIMHBI 4eJIOBEYECKOro BoJOCA

Mrak, 4TOOB! BLIMOJHUTL BHIYHCJEHHS, MBI PHCYeM 3TH
JMarpammbl, BBINHCHIBAEM, 4eMy_OHH COOTBETCTBYIOT Marema-
THYECKH, H CKJaJblBaeM aMILIMTYIbl — BC€ OJHO3HA4HO, KakK
B MOoBapeHHOH KHHre. [ToaTomMy Bce 3TO MOXKET Jie/aTh MallliHa.
Tenepb, UMes CyNepKOMILIOTEPH, Mbl HadajH PacCYHTHIBATh
NONPaBKY C BOCEMBIO JIONONHATENbHBIMY j. B Hacrosliee Bpems
TeoperHueckoe 3HaueHHe pasHO 1,00115965246, skcmepumeH-
tanbHoe — 1,00115965221 (44 B nocnenued nudpe). Hebob-
Liasi 4acTb HeoNpeJieJIeHHOCTH TEOPETUYECKOro 3HaueHus (mpHu-
MepHO 4 B mocsenHed 1uppe) cBA3aHA € KOMIBIOTEPHBIM
OKpyTJIeHHeM uHcesi; 6oJbllasl 4acTh TEOPETHUECKOH Heompee-
JqeHHocTH (nopsijaka 20) cBsisaHa ¢ TeM, YTO 3HAUEHHE j TOYHO
He usBecTHO. ITonpaBKa ¢ BOCEMBIO j COCTOHT NDHMEPHO H3
JIeBATH COTEH AHAarpamMm, B MaTeMaTHYeCKOM BBIpakKeHHH IJisd
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KaXJ0H H3 KOTOPHIX CTO THICSIY CJlaraeMbiX. JTO (paHTacTHue-
CKHe BBIUHCJEHUS, U BBHINOJHSIOTCS OHH NPAMO cefyac.

S1 yBepeH, uTo B GuMzKaliliiie roJbl TEODETHUECKOE H IKCIIE-
pHUMeHTaJbHOE 3HaUeHHs] MarHUTHOTO MOMeHTa Gy YT NOJYYeHbI
C TOYHOCTBIO JI0 ellle GOJbIIero yncja 3HakoB. KoneuHo, s He
YBepeH, 4TO 1Ba 3HaueHHsi GyAyT MNO-TNPeXHEMY COBNajarh.
Huuero Hesb3si ckasath, moka He GYNYT BBHINOJHEHBI PaCUEThI
U 9KCIEPUMEHTBHI.

Utak, MBI COBEPIUU/IM MOJHBIA KPYT ¥ BEDHYJ/HCH K YHCHY,
KOTOpOe fl BeIOpaJ B Hadase JIeKIMH, 4ToOh MPOU3BECTH Ha Bac
prneuatsienve. Hapeloch, Tenepp Bbl ropasfio Jyullle IOHH-
MaeTe 3HayeHHe 3TOTO YHCJa: N0 HeMYy BHIHO, ¢ KaKoH MoTps-
camoolledl TOYHOCTHIO MBI BCEe BpeMsi NpOBepsieM NPaBHJIBHOCTD
STOH CTPAHHOH TEOPUH — KBAHTOBOH 3/J€KTPOJUHAMHKH.

Yuras 3TH JEKUHH, A TOJYUYHJ HCTHHHOE Hac/aXKIeHHe,
NoKasbiBast, YTO CTO/Ib TOUHASI TEOPHS CO31aeTcs LEHOH paspy-
HIEHHS] 3J]PABOTO CMBICJIA. MBI JOJ/UKHBI OPUMHPHTHCS € OU€Hb
NPHYYIJUBBIMH SBJIEHHAMH: YyCHJEeHHEM M INOJaB/ieHHeM Be-
POSITHOCTEH, OTpaXKeHHEM CBeTa OT BCeX YacTedl sepkaJsa, pac-
NPOCTpaHEHHEM CBeTa HE MO MPAMOH H CO CKOPOCTbIO, MEHb-
mel uiu GoJsbilelt OGBIYHONH CKOPOCTH CBeTa, JBHIKEHHEM 2J1eKT-
POHOB BCNATH BO BPEMEHH, BHe3aNHLIM pacnajioM (OTOHOB Ha
3JIEKTPOH-TIO3UTPOHHBIE Napbl, ¥ T. 1. Mbl JOJ/KHBI NPHUMHU-
PHUTBCSI CO BCEM 3THUM — YTOOBI OCO3HATb, KaKue JIEACTBHS
[puposp! JexxaT Ha caMOM Jesie B OCHOBE NPAKTHYECKH BCeX
Ha6I0aeMBIX HaMH SIBJEHHUH.

Eciy He CUMTATh TEXHUYECKHX JeTajeH, CBA3AHHBIX C MC-
Jispusanned, s ONHcaJs BaM JIeXKalllylo B OCHOBE Halllero no-
HMMaHMfl 3THX SIBJeHHH KoHuenuuio. Mel pucyem amnaumydy,
KaXJIoro U3 crnocoGOB OCYIIecTBJeHHS COOBITHSA, CKJajblBaeM
9TH aMIUIUTYIBl, B TO BPeMf KaK B OCBIYHBIX YCJOBHSX MbI
CJIOXKHUJIH GBI BEPOSITHOCTH, ¥ YMHOMXKaeM aMIVIUTY bl, B TO BPeMst
KaK B OOBIYHBIX YCJOBHSX MBI NePEMHOKU/IH Obl BEPOSITHOCTH.
Ha nepBpix nopax TpyAHO AyMaTb 060 BCEM Ha f3blKe amijiy-
TYJ u3-32 UX abcTpakTHOCTH. Ho desoBek BCKOpe NPHBBIKAET
K 3TOMY CTPaHHOMY $I3bIKy. MHOxecTBO Hal/I0JaeMbiX HaMH
€XKeJIHEBHO §IBJIEHHH OCHOBAHO BCEro JIMIIb HA TPeX OCHOBILIX
JeHCTBUSIX: OJHO ONHUCHIBAETCS MPOCTOH KOHCTAHTOH CBfI3H,
IBa JPYTUX — TECHO CBSI3aHHEIMU JPYT € APYroM (PpyHKIHIMH
P(A—B) u E(A—B). Bor u Bce — U OTCIOfA BHITEKAIOT BCE
ocTajibHble 3aKOHBI (DH3HKH.

OnHako mpexne yem 3aKOHUHUTB 3TY JeKLIHIO, MHE X0Tesn0Ch
Gbl cjlesiaTh HECKOJILKO JONOJIHHTEJNbHBIX 3ameuanuii. MoxHo
NOHATh AYX M XapaKTep KBAHTOBOH 3JE€KTPONMHAMHKH, U He
paccMaTtpHuBas TeXHHUYECKUX JeTasneli, CBA3aHHBIX C MOJISIPH-
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sanveii. Ho 51 yBepen, uro Bam 6yner Kak-To He o cebe, ec/u
s1 He PacCKaXKy BaM HeMHOro O TOM, 4TO JO CHX MOp OMycKaJ.
OkasbiBaercsi, GOTOHBI GBIBAIOT YeThIpeX BHJOB, Ha3biBaeMbIX
«COCTOSIHHSIMH MNOJIIpH3anuu». ['eOMeTpHUeCKH 3TH COCTOSIHHUS
CBSI3aHbl C IPOCTPAHCTBEHHBIMH U BPEMEHHBIM HAlpPaBJIeHUSIMH.
TaxuMm oOpa3oM, HMeloTCH (OTOHBI, NOJAPHU30OBaHHBIE B X-,
Y-, Z- u T-nanpaBnenusix. (BoamoxHO, BBl rie-HHOYAb CJIbi-
[1aJ14, YTO CBET HMEET TOJIbKO JiBa COCTOSIHHS MOJISIpU3aLUH —
Hanpumep, (OTOH, JerdAlHH B Z-HanpaBJjieHHH, MOXeT OBITb
No/sipH30BaH TOJNBKO B X- Had Y-HampasieHusax. Hy ko-
HeyHO, BbI yXKe JOTaja/iuch: €cJH (POTOH pacnpocTpaHsercs
Ha GOJIbLIHE PACCTOSTHHS H JIETHT CO CKOPOCTBIO CBeTa, aMILIU-
TyIbl Aisi Z- 1 T-KOMIIOHEHT B3aUMHO yHHyTOXawoTesa. Ho B
aTome, KOTLJa 3JIEKTPOH H MPOTOH OOMEHHBAIOTCSl BHPTYasb-
HeM (DOTOHOM, HamboJiee BaxKHa T-KOMIIOHEHTa.)

AHaJIOTHYHO, ¥ 3JEKTPOH HAaXOJUTCS B OJHOM H3 YeThipex
COCTOSIHHHE, KOTOpble TOXe CBSI3aHbl C reoMerpued, Ho GoJiee
TOHKHM 00pasoM. Mul MoxKeM Ha3BaTb 3TH cocrosiHHsa I, 2, 8
u 4. Belunc/ieHle aMIUIUTYIBI TONaJJaHH s 3JeKTPOHA U3 TOUKH A
NPOCTPAHCTBA-BPEMEHH B TOYKY B NPH 3TOM YCJIOXKHsAETCH,
TaK KaK MBI Tellepb MOXKeM 33/laBaThb TakKHe Bompochl: «KakoBa
aMIJIHTY 12 TOTO, UTO, BBIJIETEB H3 TOUKH A B COCTOSIHUH 2, 3JIEKT-
pOH monajaeTr B TOUuKy B B cocroanuu 3?» IllecTHaauarts Bos-
MOXHBIX KOMGHHALUUA — COOTBETCTBYIOIWIUX  YETHIDEM  BO3-
MOXXHBIM HauyaJIbHBIM COCTOSIHHSIM 3JIeKTPoHa B A H 4eThipeM
BO3MOXKHBIM KOHEYHBIM COCTOSTHUSIM B B — MaTeMaTHYecKH
npOCTEIM 00pasoM 3aKJwoueHbl B ¢dopmyne aia E(A—B), o
KOTOpOH $1 BaM yxKe paccKasbiBall.

Huasi doroHoB Takod Mopudukauuu He Tpedyercs. DotoH,
MoJApH30BaHHbI B X-HanpaBjeHHH B TOouke A, ocraHercs
NoJISIPH3OBaHHBIM B X-HanpaBJ/eHHH U B TO4Ke B, momnas Tyja
¢ ammautyjaod P(A—B).

Baarojapsi mosiipH3alM [OPOUCXOAMT OGOJIBIIOE KOJIHYE-
CTBO BCEBO3MOXKHBIX B3aumojeficTuli. Hanpumep, Mpl MoxkeM
crnpocuth: «KakoBa ammiuTyja TOro, YTO 3JIEKTPOH B COCTOfI-
HUH 2 morJoiaer (poToH, NOoJISIpU30BaHHBIA B X-HanpaB/ieHHH,
U IpEeBpaIaeTcsi B 3JEKTPOH B cocTosiHMM 37» He Bee Bozmoxk-
Hble THIbI IOJISIPH30BAHHBIX 3JIEKTPOHOB H (DOTOHOB B3aHMO-
IefCTBYIOT MeXAy coGOH, HO Te, YTO B3aHMOJEHCTBYIOT, J€-
JIAIOT 3TO ¢ aMILIHTy10l j. (B HeKOTOpBIX calydasx HeoDXOAHM
ellle JONOJHHUTENbHBI [OBOPOT CTPEKH Ha YroJ, KpaTHBbIA
90°.

()Iym,ecmoaaﬂne COCTOSIHUE NOJISPU3ALHH H NPHPOJA B3aH-
MOJEHCTBUI MOTYT ObIThb OYeHb H3fAIHO H KPACHBO BLIBEAEHHI
U3 NPHUHIHIOB KBAHTOBOH 3JIeKTPOJAMHAMHUKH H ABYX JIOTOJIHH-
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TeJbHLIX MNpeanoJoxkeHuii: 1) pe3ysnbTaThl 3KCIEDHMEHTa He
MEHSIIOTCS, €CJAH SKCIePUMEHTANbHYI0 YCTaHOBKY NOBEDHYTH
Ha NPOU3BOJIBHBIE yroJ, H 2) OHH TaKXKe He MEHSIOTCSl, ec/H
yCTaHOBKa JABHKETCS B MPOCTPAHCTBE B KOCMHYECKOM Kopabiie
C MPOU3BOJIBHOH CKOPOCTBbIO. (DTO MPHHLHIM OTHOCHTENBHOCTH.)
3r1oT MBAMHBIA M OOIMHMA aHaJu3 [OKa3blBaeT, 4TO KaxKzas
YacTHLA OTHOCHTC K TOMY HJH HHOMY NOJSPH3aLHOHHOMY
kiaaccy. Tak, MBI TOBOPHM, UTO €CThb YacTHLBl co cnuHoM 0,
CIUHOM Y/,, cnuHoM 1, cnuHom %/,, cnuHoM 2 ¥ T. A. Hactuusl
pas3JHYHBIX KJaccoB BenyT cebs nmo-pasHomy. Yacruua co cnu-
HoM O — camasl mpocrasi — MMeeT OJHY KOMIOHEHTY ¥ B0OG-
me He nosagpusoBana. (PaccmoTpeHHble B 3TOH JeKuuu ¢aJb-
wHBble (DOTOH H 3JEKTPOH — 3TO YacTHUH co cnuHom 0. DyH-
IaMeHTaJbHble YacTHUBl co cnuHoM O 10 cUX nop He o6Hapy-
wkenpr.) Hacrosmu#i 3/7eKTPOH — 5TO IpUMEp YacTHLBL CO
cnuHOM Y, a HacToSmUH (DOTOH — YaCTHUBI CO CIHHOM .
YacTvisl co CIHHOM Y/, U 1 HMeloT YeThipe KOMIOHEHTHL. Yac-
THIBI APYTHX KJIGCCOB MMEIOT GOJblle KOMIIOHEHT; Hanpumep,
YACTHIEI CO CIHMHOM 2 HMEIOT JecAThb KOMIIOHEHT.

$1 ckasag, 4TO CBfA3b MEXLY OTHOCHTENBHOCTBIO H HOJSIPH-
3anueil mpocra M H3flHA, HO He YBepeH, UYTO CMOTY paccKa-
3aTh 0 He#l npocro u ussuiHo! (s sToro norpeGoBanach Obl
0 KpaiiHell Mepe OfiHa JONOJNHHTeNbHAs JeKHd.) X0Ts CJI0XK-
HOCTH, CBSI3aHHBIE C NOJsIpU3aliel, U He 00513aTe/1bHO YYUTHI-
Batb, YTOObI TMOHATH AYX U XapaKTep KBAHTOBOH 3JEKTPOnH-
HaMHKH, HO [/ KOHKDeTHBIX PacyeTOB OHH, KOHEYHO, OYeHb
CYIIECTBEHHE U HMEIOT TJIYOOKHe IOCJAeNCTBHA.

B aTuHX JexnusfX MBI COCPeJOTOYMJINCH Ha OTHOCHTEJIBHO
OPOCTHIX B3aUMOJEHCTBUSIX MEXAY 3JEKTpOHaMH M (DOTOHaMH
Ha OUeHb MaJbIX PacCTOSIHHAX, B3aUMOJEHCTBHSAX, B KOTODHIX
yyacTByeT HeGoJblioe yuciao wactil. Ho s xoren 6H crenatb
elle OJHO MJIH JBA 3aMeYaHHUsl O TOM, KaK 3TH B3aHMOJEHCTBUS
NpOosIBAAIOTCA Ha OOJNBUIMX PacCTOSHUAX, KOrJa HNPOMCXOLUT
oOMeH OueHb W OueHb GosbliuM yucsaoMm ¢oroHoB. Ha rakux
6OJIbIINX PAaCCTOSIHUAX pacyeT CTPe/IOK CHJBHO YCJIOXHseTcs.

Hwmerotcst, 0aHAKO, He CTOJb CJIOXKHEBIE JJI aHaJdU3a CHTYa-
nuu. Hanpumep, GriBaioT ofcrosiTenbecTBa, KOTAAa aMIJIHTY]A
ussyyeHus (POTOHA HMCTOUHUKOM He 3aBHCHT OT TOTO, H3Jyya-
JUCh JH JpyrHe (DOTOHBEI. DTO NPOHUCXOIHT, €CAH HCTOUHHK
OYeHb MAcCHBEH (PO aToMa) HJ/IH €CJIH MHOKECTBO 3JIEKTPOHOB
OyzeT nBUratecsi €AHHOOGPAsHO (HanpuMep, KosaebGaTbcst BBEpX
U BHHM3 B aHTeHHe paJMolepeiaTudKa WJH BpallaTbcsl MO 06-
MOTKe 3JIeKTpoMarHura). B stom cayuae uanyuaercss GoJplioe
KOJINYeCTBO (POTOHOB B COBEPLIEHHO OJAMHAKOBBIX COCTOSIHMSX.
Amnouryna norJoueHHss (OTOHA 3JEKTPOHOM B TaKHX YCJO-
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BHSX He 3aBHCHT OT TOTO, TOTJOMAaM JH 10 3TOro (JOTOHEl 3TOT
unu Jo6oil ApyroH anekTpoH. [losTomy Bce NOBeieHHE M ONU-
CbiBaeTCsl MPOCTO aMIINTYJOH MOIJIOLIeHHs (OTOHa 3JeKTpo-
HOM, 3aBHCSIEH TOJEBKO OT IIOJIOKEHHsl 3JeKTPOHa B MNPOCT-
paHcTBe H BpeMeHH. JIJ1a omucaHMsl TaKOH CHTYalHH (DH3HKH
[0/Ib3YIOTCA OOBIYHBIMH cyoBami. OHM TOBOPAT, YTO 3JEKTPOH
JBIKETCS BO BHellHeM mnoje. PH3UKH yHNOTPeGIAIOT CJIOBO
«roJiey 15 0603HaueHHusl BEJMUMHBI, KOTOpas 3aBHUCHT OT MO-
JIO)KEHHSI B TNPOCTPaHCTBE H BpeMeHH. XOpOWHH NpHMep
noJis — TeMIeparypa Bo3lyXa, OHa MeHSeTcsl B 3aBHCHMOCTH
OT TOTO, TJe Bl ee uaMepsere. C yueroM NOJSAPH3aUHUU Y TOJS
CTaHOBUTCS OOJbIlie KOMMOHEHT. (A HMEHHO, YeThipe — B CO-
OTBETCTBHH C YeTHIPEMS aMILIMTYJaMH IMOTJOLIeHHs (HOTOHOB
B pasHbIX COCTOsiHUAX nogspusauny (X, Y, Z, T). D18 Kom-
[IOHEHTHE HAa3bIBAIOTCSI BEKTOPHBIM M CKa/sipHBIM 3JEKTpPOMar-
HUTHLIMH MOTeHUHanamu. B KiaccHyeckodl (u3HKe U3 KOMOH-
HalHWi [OTEHLHAJIOB nosyyatoTcs 6osee ya06HbIE KOMIIOHEHTHI,
HasbiBaeMble 3JIEKTPHUECKHM U MAarHUTHBIM TOJISIMH.)

Ecau s7eKTpuyeckoe ¥ MarHUTHOE NOJS MEHSIOTCH JoCTa-
TOYHO MeJlJIeHHO, aMIJINTYJa NepeMelleHUs 31eKTPoHa Ha 60JIb-
e PacCTOSHHS 3aBHCHT OT TPaeKTOPHH ero moJera. Kak mel
BHJEJNH paHee B cJaydae cO CBeTOM, HaHboJ/iee BaXKHbBI Te TpaeK-
TOpHH, NIPH MaJOM H3MEHEHHH KOTOPHIX yTJbl aMILIHTYA Npak-
THUECKH He MeHsoTcfi. B pesysbrare nonyuaercs, 4To yac-
THIa He 06A3aTesIbHO JOJ/DKHA JeTeThb MO NPSMOH JUHHH.

Bce 3T0 Bo3BpaiaeT Hac K KJaccHuecKoi (pH3HKe, B KOTO-
poil mpeAnosaraercs, 4To €cTh MOJsA H YTO 3JEKTPOHH JBH-
KyTCS B HHX TaK, YTO HEKOTOpas BeIHYHHA NPHHHMaeT Hau-
MeHbliee 3HaueHHe. (PH3UKM HA3LIBAIOT 3TY BENHUYUHY «IeHCT-
BHEM» ¥ (DOPMYJIHPYIOT 3TOT 3aKOH KaK «IPUHILHIN HalMEeHBIIEro
neficTBHsA».) BOT BaM OIMH NpuMep TOro, KaK KBaHTOBAs 3JEKT-
pojHHaMHKa OOBACHAET MaKpocKonuueckue siBnenus. Orciona
Mbl MOXKEM JBHraTbCi B PasHBIX HalpaBJ€HUSX, HO HYXKHO
[OJIOXKHUTh KaKHe-TO Ipenesbl HalluM JeKuuaM. S Xxores TosbKo
HAaNOMHHTb BaM, YTO U SIBJI€HUS, HabJiofaeMble HaMH Ha GOJib-
mux Maciirtabax, M CTpaHHbIe mpoliecchl, Hab/ofaeMble Ha Ma-
JbIX Macitabax, MOPOXKJAIOTCS B3aHMOLEHCTBHEM 3JIEKTPOHOB
n (QOTOHOB, ¥ B KOHEUHOM CUeTe ONHCHLIBAIOTCA KBAHTOBOH
3JIEKTPOMHAMHKOH.



JIEKUUS 4

HEPELIEHHBIE BOMNPOCbHI

dra nekuusi GyJeT COCTOATb M3 JBYX 4acTed.
CHayana s coOHpaioch NOTOBOPHTL O NMPOGJEMaX, CBSA3aHHBIX
C KBAHTOBOH 3/IEKTPOJHHAMHKOH KaK TaKOBOH, NPEAINOJIOXKHB,
YTO Ha CBETe HeT HUYero, Kpome 3/IKTPOHOB H (OTOHOB. 3areMm
1 paccKaxy 00 OTHOLIEHHH KBAHTOBOH 3JIEKTPOAMHAMHKH KO
BCell OCTaJbHOH (HU3HEKeE.

Bam moxeT mokasarbcsi, uto HauboJiee LIOKHPYIOLWLAs 4ep-
Ta KBAHTOBOH 3JIEKTPOJIMHAMHKHM — IlaTKas KOHLENHHS aM-
IVIUTYJ, — YKasbiBaeT Ha KaKue-TO NpoOJeMBbl, KaKoe-TO He-
6aarononyyue! OpHako (HU3UKH BO3ATCA C aMILIMTYJAMH YXKe
Gosbllle MATHACCATH JeT W OuYeHb K HHM NPHBBIK/IH. Bosee
TOTO, BCe HOBbIC YacTHUBI W HOBble Ha0Ji0JaeMble HaMU sBJe-
HHS TOJHOCTbIO COOTBETCTBYIOT INpPEICKA3aHHAM, KOTOPHIE
MOXKHO BBIBECTH H3 3TOH KOHIENHHUH aMILVIMTY], TIe BeposiT-
HOCTb COGBITHS paBHa KBajpary pe3y bTHPYOWEH CTpe/KH,
IJHA KOTOPOH omnpejejsercs NPH NOMOMWIM BCAKHX XHTPHIX
crmocoGoB CCeIUHEHHs! CTpedok (¢ uHTepdepeHuHed u T. I.).
Tak 4T0 B 3xcnepumenmanvrom omHouleHty KOHIENIAS aMIIH-
Ty He MOIJICXKHT HUKAKOMY COMHeHurw. BBl MOXKeTe CKOJBKO
YyTOOHO HCHBITHIBATH (hHJIOCOPCKOEe GecrnoKOHCTBO — OTHOCH-
TEJBHO TOFO, YTO K€ BCe-TAKH 3HauyaT aMILIHTYIBl (€C/IH OHH,
JeHCTBUTENBHO, YTO-TO 3HayaT), HO MOCKOJAbKY (H3HKa —
HayKa 3KCIepPHMEHTa/lbHasA, a KOHLENLHs COIJIacyercsl ¢ 3Kc-
NepUMEeHTOM, OHa Hac IOKa YCTPaHBaeT.

B KBaHTOBOH 3JIeKTPOAHHAMHKE HMeeTcsl LeJbll psjx npoob-
JieM, CBfI3aHHBIX C YCOBEpIIEHCTBOBAHHEM METOJOB CYMMHUPO-
BaHHUSA BCeX CTPeNOK — Pa3HOOGPasHbIX, HCIO/b3yeMbIX B pas-
HBIX OOCTOAITE/ILCTBAX NPHEMOB, Ha H3yYeHHe KOTOPHIX CTYZeH-
THL TPATAT TPH HJM YeThIpe roja. 1o npobJemMbl TeXHHKH BbI-
uyHc/eHuH, © 1 He cobHpaloch WX 31ech 00CYXKaaTh. 3Jech
pedb HAET NPOCTO O MNOCTOSHHOM YJIYULIEHHH METOZOB pacyera
B [PHUMEGHEHHAX TEOPHH K DA3JUUHBIM SIBJEHHAM.

Ho umeercs opHa pomosnnutesbHas npo6gema, Xapakrep-
Has HMEHHO JJi KBAHTOBOH 2JEeKTPOJIMHAMHKH KaK TaKOBOH,
I pellieHHs KOTOpoH norpe6oBaJjock apaauarh Jjer. OHa cBa-
3aHa C MJeaJbHBIMH 3JIEKTPOHAMH H (GOTOHAMH M YHCJIAMH 7 H f.
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Ecnn 6Bl 371eKTPOHE! GHIIM HAEANbHBIMH U JIeTeJIH OT OJHOH
TOUKH K APYTodl BO BPEMEHH W NPOCTPAHCTBE UCKAIOUUITEAbHO
10 npAMoH (KakK NMOKa3aHO cJIeBa Ha pHC. 77), TOrAA He ObIIO Obl
npo6seM: n GbLI0 OBl MPOCTO MAaccOH 3JEKTPol'a, KOTOPYIO
MOKHO ONpeNeJUTh NPH NOMOIIH HabJlofeHHH, a j — ero «sa-
pAJOM» (aMITHTYAOH B3aHMOAEHCTBHS 3J€KTPOHA H (DOTOHA).
Ero Takxe MOXHO OblLIO OB ONpeneNHTb 3KCIEPHMEHTaJNbHO,

Bpeng

npaMoi
nyme ¢nonpabrus

7| I

{ 1 1 ! 1 | ! 1
X5 X X X X X X X
lNpocmparncmfo
Puc. 77. TIpH BHIYHCJEHHH aMINVIUTYJbl NOMaflaHKs 3JIEKTPOHA M3 OJHOH TOYKH INpO-
CTpaHCTEa-BPEMEHH B APYIYIO JJisi NIPSIMOTO IYTH MH HCMOJab3yeM dopmyny E(A —B).
(3aTeM Mbl BHIYHCJISIEM «[IONPABKH», YIHTHIBAOLIHE HCITyCKaHHE H NOTJIOIIeHHe OJHOro
MJIM HeCKOJIbKHX (oToHOB.) E(A —B) 3aBucHur oT (X;— X,), (T;—T,) u uncaa n, KoTo-
Poe Mbl JIOVIKHBI NOACTAaBHTb B GOPMYJTY, YTOGH NOJTYUHJICS NPaBHALHBIA OTBeT. Yncao
n Ha3bIBAETCS «MacCOl NOKOs: «HAeaIbHOrO» 3JeKTPOHA, OHO He MOXKeT GbIThb H3MepeHO
9KCINEPHMEHTAJNbHO, TaK KaK Macca HacTOSIIero 9JeKTPOHa m YUYHThIBAET BCE «IIONpPaB=
Ku». JJisl MPeOJOJieHHsl TPYJAHOCTelH, BO3SHHKAIOLIHX MPH BBIYHCJIEHHH BXOJSILEro B
E(A—B) uucaa n, norpeGoBanoch APaguaTh JeT

Ho Taxux HieanbHBIX 3JE€KTPOHOB He cymiectByeT. Macca,
KOTOpYy!o Mbl HabJiojaeM B J1ab0OpaTOPHH,— 3TO Macca peats-
#1020 JIEKTPOHA, KOTOPHIH BpeMsi OT BpeMEHH HCIYCKaeT H I0-
rJonjaeT cBOM co6cTBeHHble (poToHBL. Il03TOMY OHa 3aBHUCHT
OT aMILIHTYIbl B3auMojeHcTBHd j. U 3apsin, KOTODBIN MBI Ha-
6.10/1aeM, OTBEUAET B3aUMOJEHCTBHIO MEXIY PEAAbHbIM 3JEKT-
poHOM H peasvHoin GHOTOHOM (KOTOPBI MOXKET BpeMs OT Bpe-
MeHH 00Pa30BLIBATL 3JEKTPOH-NOZUTPOHHYIO Mapy) — H, cJle-
JIoBaTeJbHO, 3aBHCHT oT E (A—B), B CBOIO ouepejb BKJIOYAI0-
mefi B ce6sl n (cM. puc. 78). Tak Kak 3TH U BCe APYTHE B3aHMO-
HCKJIOYaIolie BO3MOXKHOCTH BJHSIIOT HA Maccy H 3apsiji 3/eK-
TPOHA, TO 3KCIEPHMEHTAJNbHO H3MepPeHHas Macca m U SKCIepH-
MEHTa/JIbHO H3MEPeHHBIH 3apsij ¢ OTJHYATCA OT UHCeN A U j,
KOTOPHIMH MBI MMO/Ib3YEMCH B HAIUHX pacyerax.

Ecan 6wl cyimecreoBasia onpefesieiHas MaTeMaTHuecKas
CBfI3b MEXAY N M j, C OZHOH CTOPOHBL, 4 M H € — C Jpyroii,
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TO Bce elle He OpL10 GBI HHKakuX npoGsaeM. Mel Gbl mpocTo
BBIUMCJ/IMJIM, C KaKHX BEJHYMH 7 W j HAalO HauHHAaTh, YTOOHI
B KOHIe NOJYUHJHCh HabofaeMble 3Hauenus m H e. (Ecau bl
Hallld BLIYHCJIEHHS! He COBMNAJH C # M e, Mbl HOATOHANH OBl 11
H j Ko Tex mop, IOKa BCe He coBnaJjo Gbl.)

Bpena

lpocmparcmbo

Puc. 78 TauHCTBeHHOE WYHCJO e — 3KCNEPUMEHTAJbHO H3MepsieMass aMILIHTYJAa

B3aUMOJIEIICTBH S 3/71eKTPOHA ¢ (POTOHOM — YUHTHLIBAET BCE <MOMNPaBKH» JUIS pacnpo-

cTpaHeHHst GoTOHa U3 ONHOH TOUKH MPOCTPAHCTBA-BPEMEHH B JAPYTYIO, ABE H3 3THX NO-

npaBoK Uz00pazeHsl Ha pucyHke. IIpu pacuerax HaM 11eo6XOJHMO 3HaUeNHeE j, KOTOpoe

He YYHTBIBaeT 3THX IOMPaBOK, a YUHTHIBAET JIMIIb ABHIKEeHHEe OTOHA, MPSIMO JIETAEro

u3 oHOH TOYKH B pYryic. CIOXKHOCTH, BOZHHKAIOUIUE IDH BEIYUCJACHHH j, aHAJOTHYHbI
BO3HUKAIOUHM [IPH BBIUHCJIECHUH 7

[TocMoTpuM, KaK Mbl Ha camoM jese BeiyucaseM m. Mbl mH-
1eM psij CJaraemMblX, NOJOGHBIH pARY A1 MarHHTHOTO MOMEHTA
9JIEKTPOHA: MepBBIH UJeH He CONAEpKHT B3auMmojeHcTBUil —
ato npocto E(A—B) — u npeacrasseT coboil npsMOJIHHeHoe
pacnpocTpaHeHHe HeaNbHOTO 3JEeKTPOHA M3 OJHOH TOUYKH
IPOCTPAHCTBA-BPeMEHH B JAPYrylo. BTopodl u/eH COZep:KHUT
JBa B3aHMOJEHRCTBHS II YUMThIBAeT HCIyCKaHHE H MOIVIOUIEeHHE
(QoroHz. 3areM HAYT YJEHBl C YeTbIPbMSl, INECThbIO, BOCEMbIO
B3aumogelicTeusaMy u T. 4. (HexoToprle H3 TakHX «ONPaBOK»
noxasaHbl Ha puc. 77.)

[Ipy BBIUHC/JEHHH YJIEHOB, COjEp¥KAUIHX B3aHMOACHCTBHS,
MBI JOJDKHBI paccMaTpuBath (Kak OOBIYHO) BCE BO3MOMKHBIE
TOUKH, TJ€ MOXeT MPOU30HTH B3aHUMOAEHCTBHE, BKJIOYas H
TaKMe CJyuaH, KOrja TOYKH, [Je MNPOHCXOAHT B3aUMOAEHCTBHE,
HaJIe3aoT OJlHa Ha APYTYI0, TaK YTO PAcCTOsSTHHE MEXAY HHMH
paBdo Hymo. [IpoOiema 3aksiouaercss B TOM, YTO KOTAA Mbl
NBITAEeMCsl yYecTb BCE PAcCTOSHMS BIJIOTh JO HYJIEBBIX, BhIpa-
KeHHe «PYIINTCS», JaBasi GecCMbICJeHHBle OTBeTHl Bpoje Gec-
KoHeuHoctedl. Korga KBaHuToDast 3/1eKTPOAMHAMHKA TOJIBKO IO-
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SIBMJ1aCh, 3TO BHI3bIBANO MHOTO TpeBor. Kakyio Obl 3ajauy HH
ObITaNCh PELINTb, NoJaydanH OeckoHeyHocTb. (YUTOGBI GbITh
MaTeMaTH4eCKH MNOC/eJOBATENbHbIMH, HEOOXOJUMO HMETb BO3-
MOXKHOCTb JIOXOAHTb 1O HYJIEBBIX PacCTOSIHHH, HO HMEHHO
37echb He NOJIyYaercsi OCMBICJEHHBIX 3HaUeHHH Jnis n 1 j. B aTom
W COCTOHUT MpoGsemMa.)

A 4TO ec/aM He YUYHUTHIBATh BCE BO3MOMKHBIE DPaCCTOSHHSA
MKy TOYKaMH B3aUMOJEHCTBHS BIUIOTb JO HYJIEBLIX, a 0060p-
samb BLIUUCJEHHS HA OYEHb MaJlOM pAacCTOSHHH — CKaxeM,
1073 cM? ITO B MHJ/IMApABl M MHJJIHAPAR Pa3 MEeHble TOro,
4TO MOXKET GBITh HCCJIEJIOBAHO SKCIEPHMEHTAIbHO B HACTOSILIEe
Bpemss — 107% cm. B 3toM caywae mosyyaloTcs onpefeseH-
Hble 3HAYeHHs A 1 U j, TaKHe, YTO BHIYHCJsIEMast Macca COB-
najaer ¢ 3KCnepuMeHTalbHO HabJIoaeMOR MaccoH m ¥ BBHIYHC-
JAeMBEIH 3apsil COBINAJAeT ¢ SKCIEPHMEHTAbHO HabJII0JaeMEIM
sapsinoM e. Ho 3pech JIOBYyIIKA: ec/iH KTO-TO APYroil OGpHIBaeT
CBOM BBHIYHCJEHHS Ha JPYIOM pAacCTOSIHHM, CKaXkeM, Ha
107%° cM, emy npuxonaurca Opatb Opyeue 3HAYEHHS N H j,
4yroGbl TOJYYHUTH TaKHe Xe m U el

Uepes 20 Jsiet nocsie BOZHUKHOBEHHSI KBAHTOBOH 3JIEKTPOJIH-
namuku, B 1949 r., Xanc Bere u Bukrop Baiickond samerunnn
cnepytouee. Ecu 1Ba yesnoBeKa, OCHOBLIBAsCh B CBOMX BBIYMC-
JIEHHSIX HAa OJMHAKOBBIX 3HAUEHHUSX m H e, OOPBIBAIOT PACUETHI
JJ1s1 1 W j HAa pa3HbIX PACcCTOSIHHSX, a 3aTeM, HCIOJb3Ys COOT-
BETCTBYIOLIYE, HO Pa3/IMYHble 3HAYEHHS 1 H j, PelIaloT KaKylo-
TO dpyeyto 3anauy (YYUTBIBAs CTPEJNKH IJs BceX MONpPaBOK),
OTBETHl NOJIYYAIOTCS NpakTH4ecKH ojuHakoBeiMH! Ha camom
Jeqe, ueM GJMKe K HYJIeBOMY PacCTOSIHHIO OGPHIBAIUCh BBIYHC-
JIEHHSI n W j, TeM Jiydllle COBNaJjaJu pelleHHsd 3TOH JApyro# 3a-
nauu! IlIsunrep, TomoHara u st He3aBHCHMO NPUAYMAJH, Kak
NPOBOJKTH KOHKPETHBIE PacyeThl H NOATBEPAMJIH STO (MBI IOJY-
gunu 3a 5170 HoGenesekylo npemuto). Hakowel-To nroxu cMorsu
BLIYHCIATH NPH NOMOLIH KBAHTOBOH 3JIEKTPOJAHHAMHKH!

Hrak, nonyuaercsi, 4To eQuHcmgeHHOe, YTO 3aBHCHT OT
MaJsblX PAacCTOSIHUH MeXJY TOYKaMH B3auMOJEHCTBHS,— 3TO
3HAYEHHS MEOPemMUUECKUX BEAUYUH N U |, KOMopble 3Kche-
pUMeHmAbHO HuKo20a He Habawdawomcs. Bce ocranbHoe —
BCe, YTO MOXMHO HAOGMONAThb, OT MaJjbIX PAaCCTOSHHE, NMO-BU-
JUMOMY, He 3aBHCHT.

YJI0BKa, MpH NOMOIIM KOTOPOH MBI HaXOIHM 7 H j, HUMEeTr
creluanbHOe Ha3BaHHe — «nepeHopMHpOBKa». Ho kakum 6ot
YMHBIM HH OBLIO CJIOBO, 1 HasBaj Gbl ee JypalKuM Ipuemom!
Heo6xonumocts npuHOerHyTb K TakoMy (OKYCY-NOKyCYy He
[O3BOJIM/a HaM JIOKa3aTb MareMaTHYecKylo CaMOCOr/IacOBaH-
HOCTh KBaHTOBOH 3/IEKTPOJAHHAMHKH. Y JMBHTEJNBHO, YTO JO CHUX

5 p, deituman 113



[Op CaMOCOIVIaCOBAHHOCTb 3TOH TEOPHH He JOKasaHa TeM HJIH
HHBIM CIIOCOOOM: 5 NOJ03peBalo, UTO IIEPeHOPMHPOBKA Mate-
MmaruuecKd He3akoHHa. Ho urto owesudro, 310 TO, 4TO y Hac Her
XOpOLIero MareMaTHYecKoOro amnmapara JJisi ONHCaHHs KBaHTO-
BOH 3JIEKTPOAHMHAMHKH: TaKas Kyua CJOB AJSl ONHCAHHS CBS-
34U MEXIY n, j ¥ m, e — 3TO He HAcCTOAIlAasi MaTeMaTHka *).

C Ha6miofaeMOHl KOHCTAHTOH CBSI3M e — aMIIMTYIOH Io-
TJIOWEHHST HJIH U3J1y4eHHs] peasbHOro JOToHA peasibHBIM 3JeKT-
POHOM — CBsI3aH OYeHb IMIYGOKHH H Kpacuswlél Bomnpoc. Yuc-
JIO e, B COOTBETCTBHH C 3KCIIEPUMEHTaMH, PaBHO INPHMEpPHO
—0,08542455. (Mou npy3bsa-pH3HKH He Y3HAIOT 3TOTO YHCIa,
OHH TMPUBHIKJH I0JIb30BAThCsl OOPATHOH BEJHYHHOH ero KBaj-
para, 137,03597 ¢ DOrpellHOCTHIO MPHUMEPHO 2 B NOCJELHEM
snake. C Tex Nop, Kak ero OTKPHLIH CBBILE NATHAECATH JieT
Hasaj, 3TO YMCJO ocraercsi TalHOH. Bce xopoiine ¢u3HKH-
TEOPETHKH BHIIHCHIBAIOT 3TO YHCJO Ha CTeHe H MYYaioTcs
H3-3a Hero.)

Bawm, koneyHO, XoTesoch OBl y3HaTh, KaK MOSIBJASIETCA 3TO
YKCJIO: BBHIpaXKaeTcsl JIM OHO uepe3 i, HJH, MOXKeT ObITh, Uepes
OCHOBaHHE HaTypanbHBIX JiorapupmoB? Hukro He 3Haer. D10
ollHa U3 eeaudatiwiux TPOKJATHIX TaHH (DU3UKH: Mazu4ecKoe
4UCA0, KOTOPOE JIAHO HaM M KOTOPOToO 4eJIOBEK COBCEM He NOHH-
maer. MoxHO ObIO OBl CKa3aTh, UTO 3TO YHCJO HamHcasaa
«pyka bora», u «Mbl He 3HaeM, yTo ABHTaJ0 Ero Kapanzuamom».
Ms1 3HaeM, YTO HajO JesaTh, YTOOLl SKCIEPHMEHTAJNbHO H3Me-
PHTB 3TO YHCJIO G OYeHb GOJBINOH TOYHOCTBIO, HO MBI He 3HaeM,
YTO JIeJIaTh, YTOGHI NOJIYYHTh 3TO YHCJIO HAa KOMIbIOTEpE — He
BBOJs1 €ro Tyja Ta#Ho!

Xopouiass TeopHsa Iyacuia OB, YTO e pPaBHO, CKaxeM,
V'3, nenenHomy Ha 2n%. Bpems OT BpeMeHH MNOSBJISJIHCH
NpEeAnoJIOKEeHHs, YeMy PaBHO e, HO BC€ OHHM OKa3aJHCh Oecro-
nesubivd. CHavajga ApTyp DANMHITOH YHCTO JIOTHYECKH

*) Hpyro#t cnoco6 npeoxoJeTe 3Ty TPYAHOCTb — CKa3aTh, YTO,
BO3MOXHO, HeBepHA caMa HZes, 4TO JiBe TOUKH MOrYT HAXOAUTbCA Kak
yroguo G6ausko Apyr or jpyra. To ecTb NpeANONOXKHTb, UTO HeJb3s
N0Jb30BaThCSl TeOMETPHel BIVIOTH O IPElEJIbHO MaJbiX PacCTOSHHA.
Ecsiu MBI IONYCTHM, YTO PACCTOSIHUSI MeXKAY IBYMS TOUKaMH He GHIBAIOT
Mmenbine, yeMm 10—190 cm (HanomHIo, YTO HAaMMEHbLIEE PACCTOSIHHE, N0~
CTyIHOE COBPEMEHHHM 3KclepumenTaM, nopsixka 10—1% cm), To Bce B
nopsjiKe, pacxofUMOCTH Hcue3HyT. Ho BO3SHMKHYT ApyrHe mpoTHBOpe-
YHsl, HANpUMEpP, CyMMapHas BEPOATHOCTb TOrO, YTO COOHITHE MPOHCXO-
auT (M066iM 06pasom), O6yAeT HeMHOro GoJiblle HJAH HEMHOTO MEHbIUE
100%, uaM BO3SHHKHYT B MaJBIX KOJNHUYECTBAX OTPHUIATEJbHBIE SHEPIHH.
Bruio BRICK23aHO NPEANOJIOXKEHHEe, YTO STH NMPOTHBOPEUYHS BO3HHKAKOT
H3-3a TOro, YTO MBI HEe YUYHTHIBaeM TIPAaBHTAllMH — OGHIYHO OUEHb,

0‘!6Hb§3¢.¥1360ﬁ, HO CTaHOBseficd CYIIECTBEHHOH HAa pAacCTOSHHAX
~10-38 cMm,

114



7I0Ka3aJ1, 4TO YHCJI0, KOTOPOe TaK JMOGAT DH3HKH, JOMKHO ObITh
paBHO B ToyHOCTH 136 (3TO TorjauiHee SKCIEepHMEHTaslbHOE
sHauenue). Ilocse Toro, Kak GoJiee TOYHBIE SKCIIEDPHMEHTHI
noKasajH, 4to u4ucjao Oauxke K 137, DIAMHITOH O6GHApYXKHJ
HeBOJIbIIYI0 OIHOKY B CBOHX PAacCyXJEHHSIX U CHOBAa YHCTO
JIOTHYECKH JI0Ka3aJ, 4TO YHCJO paBHO B TouHocTH 137! Bpems
OT BpPeMeHH KTO-HHOYJb 3aMeyaeT, YTo HEKOTOpasi KoMOHHALHsl
7, e (OCHOBaHMSl HATypaJIbHBIX JIOrapu(MoB), ABOEK M NATEPOK
ob6pasyeT TaMHCTBEHHYI0 KOHcTaHTy B3aumozeiictus. Ho
3Ha/JH Obl T€, KTO JIIOOHT MrpaTh ¢ apUdMETHKOH, KakK MHO20
yHces] MOXHO IOJYYHTh, KOMOUHHPYS 7T, € M T. A. Bor u cie-
IYIOT CKBO3b BCIO HCTOPHIO COBPEMEHHOH (DM3HKH ONHA CTaThsl
3a JIpYroil ¢ BBIBOZOM € C TOYHOCTBIO N0 HECKOJIbKHX 3Haya-
MUX LUpp — M TONBKO JJIfl TOro, 4TOOhl HE COMTHCH C Pe3yJib-
TaTaMH SKCIEPHMEHTOB IIOC/Je HOBBIX, O6oJiee THIATEbHBIX
u3MepeHuil.

XoTsl MBI U BBIHYXKJEHBI CerofiHsl npuberatb K AypaunkoMmy
npueMy JAJ1s BBIYMCJEHHS f, BOSMOXHO, KOTrJa-HHOyIb GyJer
HalifeHa 3aKOHHAsl MareMaTuyecKas CBfI3b MeXAy j ¥ e. 3T0
Gyner O3HayaTh, YTO TAHHCTBEHHBIM YHCJIOM fIBJISETCA j, a U3
Hero BHITEKaeT e. B Takom ciyuae, Ge3 COMHEHHMsI, BO3HUKHeET
HOBasl CEpHsl cTaTell O TOM, KaK BbIYHC/HTB j, TaK CKas3aTh, Ha
najblax — 4To j paBHO Y/, MM 4TO-HUOYIb B 3TOM DOZe.

Bor u Bce nmpoGJsieMbl, CBS3aHHBIE C KBAHTOBOH 3JIEKTPOXH-
HaMHUKOH.

Korjaa s niaHHpOBaJ 3TH JIEKLHH, 1 cOGHPaJCA COCPENOTO-
yUTLCS TOJBKO Ha OYeHb XOPOIIO H3BeCTHOM HaM pasjeie
(Hu3KMKH, ONHCATh €r0 CO BCEH IOJHOTOH, U GOJiblie HHYEro He
rosoputb. Ho 2 mpodeccop (a 310 o3HayaeT, 410 51 HecrnocobeH
BOBpeMsi ocTaHOBHTbcs). [lostomy Temepnb, Korza jeno che-
JlaHO, sl HE MOTY YCTOSITh NPOTHB HCKYIIEHMs paccKasarb BaM
HeMHOro 06 ocTtaslbHOH (DH3HKeE.

Bo-nepBE X, 51 JOKEH cpa3y Ke cKasaTb, YTO BCS OCTaJlb-
Has (pU3HKa NpOBepeHa JaJeKo He TaK XOpOLIO, KaK 3JIeKTPo-
nuHamuka. YacTe M3 Toro, o yeM si cOGHpalOCh paccKasaTb,—
XOpOLIKe JOrajKH, 4acTb — He JI0 KOHIla pa3paboTaHHbE Teo-
pHH, 4YacTb — YHCTasl cHeKyJasauusa. Tak 4YTo 3Ta JeKuus
6yzneT BbIIVIAAETb JOBOJBLHO NYTAHO IO CPABHEHHIO C NPEIbILy-
mumu. TeMm He MeHee, okasniBaercst, yto ctpykrypa K9 cay-
JKHT OTJIHYHOH OCHOBOHM JyIsl ONHCAaHHS JPYTHX SIBNEHHH B OC-
TasbHOH QU3HKe.

§1 HauHy C paccKasa O NpOTOHaX M HEHTPOHAX, M3 KOTODBIX
COCTOSIT aToMHBIe A1pa. [Tocsie OTKPEITHS IPOTOHOB U HEHTPOHOB
CYHTA/IOCh, YTO OHH IPOCTHIE YAaCTHILB! (IPOCTHIE B TOM CMBICIIE,
YTO HX aMIYIATYJA [onajaHHs U3 OLHQH TOYKH B APYTyiO ONH-
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cuBaercsi ¢opmydoii E(A—B) ¢ zpyrum sHauendem n). Ho
OYeHb CKOPO CTaJO SCHO, Y4TO 3TO OTHIOAb He Tak. Hampuwmep,
MAarHATHBIH MOMEHT TPOTOHA, €CJIH €ro PacCYUTHIBAaTh TaK Xe,
KaK MarHUTHBIH MOMEHT 3JIeKTpoHa, 6bl1 6wl 61u30K K 1. Ho
Ha caMoM JeJe, SKCIEpHMEHTaJbHO MNOoJydyaeTcs HeYTo Hesle-
noe — 2,79! ITostoMy GBICTPO OCO3HAJH, YTO BHYTPH NPOTOHA
NPOMCXOIHUT YTO-TO, HEe OOBACHSEMOe ypaBHEHHSIMH KBaHTOBOH
snekrpoirHaMuky. HeHTpoH, ec/in oH JeHCTBUTENBHO HEHTpa-
JieH, He JI0/DKeH Gbl BOOOILe B3aUMOJEHCTBOBaTb C MarHHTHBIM
nojem. Ho y Hero okasajcs MarHUTHBIH MOMEHT — NPHUMEPHO
—1,93! Taxk uyTo yxe AaBHO GbLJIO H3BECTHO, YTO H B HEHTpOHE
MPOMCXOAUT HEYTO COMHHTEJbHOE.

CyluecTBoBaja H elle ofHa npobjeMa: 4TO CBSI3BIBAET NPO-
TOHBl H HEHTPOHBI BHYTpPH fijpa? Cpasy CrTajo SICHO, 4TO 3TO
He MOXKeT ObiTb OOMeH (POTOHaMH, TaK Kak CHJbI, CTSITHBAlO-
mue fApo, CJHIIKOM BeNHKH. (DHeprus, HeoOxoaumas s
paspylueHHsl sipa, BO CTOJBKO Xe pas NMPEBOCXOAUT HEOoGXO-
JMMYIO /151 BBIOMBaHMs 3J€KTPOHA M3 aroMma, BO CKOJIbKO
aTomMHasi Gom0a paspyliuTenbHee JHHAMMTA: MNPH B3pHBE
JIMHAMHUTA Tepepacnpefie/sioTcs 3JEeKTPOHBl, TOTAA KaK IMpH
B3pBIBE aTOMHOH G6OMOBI MNepepacHpene/siioTcsi NPOTOHbl H
HEATPOHBL.)

Jns Toro uto6bl y3HaTh, Kakas CHJa YAEPXKHUBaeT sApo,
GBbLIO NOCTABJIEHO MHOTO SKCIEDPHMEHTOB, B KOTOPHIX MPOTOHHI
co Bce 6ojiee BO3PACTAIOMIUMU SHEPTHSMH CTaJKHBAJ/IHUCh C
aapamu. OXHJANOCh, YTO BBLIETaTh GYAYT TOJBKO MPOTOHBI
u HefiTponsl. Ho Korza sHepruu craju A0CTaTouHO GOJIbIIKMH,
HayaJH BBHLIEeTaTh HOBble dacTuipl. CHauasna MOSBUJIHCH ITHO-
HbI, TIOTOM JAMGja, CUIMa, pPO-4acTHIbl, U He XBaTW/IO anda-
pura. Torja NOSIBUJIMCH YacCTHIBI € YHC/IaMH (X MaccaMu):
Hanpumep, curma-1190 u curma-1386. Ckopo crano sicHo, 4TO
YHCJIO YacTHII B MHMpe He OrpaHHYeHO M 3aBHCHT OT SHEPTHH,
notpaueHHOH Ha paspyuwieHde sjapa. B Hacrosimee Bpems
OTKPHITO GOJiee YETBIPEXCOT TaKHX YacTHIl. Mbl He MOXeM CMH-
DHTBCS G TeM, YTO CYIIECTBYIOT UEThIPE COTHH 3JIEMEHTapHbIX
YaCTHI[ — 3TO CJ/IMIIKOM CJIOXKHO! *).

Beaukue wusoGperatenn spope Méppu enn-Manna uyTs
C ymMa He MOCXOIWJH, MbITafCh BLIBECTH MNPaBHJ/A, KOTOPHIM
HNOJUMHSIOTCS 3TH YacTHUBI, U B Hauasne 70-X rojfioB OHH CO3-
Jali TEeOPHI0 CHJBHBIX B3aUMOJEHCTBHMH (MM «KBAHTOBYIO
XPOMOJAHHAMHKY»), B KOTOPOH OCHOBHBIMH J€HCTBYIOUMMHU

*) Tak MHOTrO THMIIOB YaCTHI| BEUIETAaeT M3 fAPa B 3KCIepHMeHTax
NPH BHICOKMX SHEPrusx. B To e BpeMs NpH HM3KMX SHEPTHAX — B
GoJsiee OOLIYHBIX YCJIOBHSIX — SKCMEPHMEHTHl MOKAa3HBAIOT, YTO SApO
COJIlePXKHUT TOJbKO NMPOTOHBI H HEHTPOHBI.
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JIULAMH  SIBJISIIOTCS YaCTHIBL, NIOJyUHBLINE Ha3BaHHE KKBAPKOBY.
Bce uacTHubl, cocrosimiue u3 KBapKoB, pasie/sioTcs Ha JABa
KJlacca: OJHH — THIA INPOTOHA M HEHTPOHAa — COCTOAT M3
TpeX KBAapKOB (OHM MOJYUH/H y:KacHOe Ha3BaHHe «GapHOHEBIY),
JpyrHe — HanpuMep IHOH — COCTOAT M3 KBapKa M aHTHKBap-
Ka (OHH Ha3blBAIOTCS «ME30HAMH»).

Tlo3BosbTe MOKa3aTh BaM NPHHATYIO cefiuac Tabauny Qys-
JaMeHTaJbHBIX yacTul (cM. puc. 79). 51 Haudy c yacrui, pac-
NPOCTPAHSAIOIUXCS OT TOYKH K TOUKE B COOTBETCTBHH € (popMy-
Joit E(A—B), Koropasi BHIOH3MeHeHa, KaK M B CIydae 3JIeKT-
poHa, 4ToOBbl yuecTh noJsisspusauuio. OHHM Ha3bIBAKOTCHA YacTH-
LaMH «cO CIHMHOM 1/,». [lepBasi M3 3THX YaCTHIL — 3JIEKTPOH,

Yncmuus! co
caunart U/, | pomon
o Puc. 79. Hama TaGaupna va-
Jnermpon CTHI| MHPa HAYMHAETCSA C YaCTHIL
e -1 «CO CITHHOM 1/p». 3TO 3JIEKTPOH
Hasbarue 0,51 (c mMacco#t 0,511 MsB), u kBap-
KH JABYX «apoMaToB» 4 H d (c
Maccofi y KaxHoro mnopsiaka
JneKmpon 10 M3B). DJIeKTPOH H KBapKH
Ob6osnaveHue —— &g HMEIOT «3apsif» (T. €. B3aHMO-
0.511 KnpK 1 / nedicTByloT ¢ doToHamu), pas-
2 dﬂ] 1 HBIA (B eAMHHMIAaX KOHCTaHTh
~ B3aHMOZCHCTBHS ) —1, =1/,
M
Macea (Ma6) Kbopr 9 u +%/s
u +%
~10
Sapsd

u ero maccopoe uuciao 0,511 (B exuHHIIaxX, KOTOphle MBI BCe
BpeMs HCno/jb3yeM — MaB) *).

[Tox 3JIeKTPOHOM s OCTaBJIO CBOOOJHOE MecTo (OHO Oyger
3aHATO MO3JHEE), a ellle HIXKEe BIHIY KBAapKH IBYX THIOB —
d U u. Macca 3THX KBapKOB TOUHO He H3BeCTHa; NpejroJa-
raercsl, 4To y Kaxjaoro oHa mopsiaka 10 MsB. (Heiitpon He-
MHOro TsKejee MPOTOHA, YTO Bpoje OHI NOApasyMeBaeT — H
Cbl 3TO CKOPO YBHJAHTE — UTO d-KBapK HECKOJbKO TskeJee,
teM  u-KBapK.)

Beaen sa Kaxkjod uyacTHled S BBINNCHIBAIO €e 3apsAj HJH
KOHCTAHTY B3auMOJIEHCTBHS B eIMHHUIAX —j. DTO YHCJIO, B3S-
Toe ¢ OOparHBIM 3HAKOM, XapaKTepH3yeT B3auMOJEHCTBHE C
¢doroHoM. Takum o6pasoM, IOJy4aeTcs, YTO 3apsijJ JEKTPOHA
paBeH —I, 49TO COOTBETCTBYET TPaJMIIMOHHOMY 3HAYeHHIO,

*) Macca B 1 MsB ouenb mana — npumepno 1,78:10-27 r, Ho sra
eJMHHLAa MacChl yAo6HA AJsA TAaKHX YacTHIL
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BBeZieHHOMY ellle Benmpkamunom ®pankiaunom. Ilis d-KBapka
aMIJIUTyna B3auMoOfeHcTBHA ¢ (OTOHOM paBHa —1/,;, 14
u-kBapka — +-2%/3. (Ecau G6bl BeHmkamun OpankauH 3HAA 0
KBapKax, OH Mor Obl 0 KpaHHe# Mepe clenarh 3apsj 3JeKT-
poHa paBHbIM —3!)

3apsap mporoHa paBeH -1, HefirpoHa — HyJo. [Tocae
HEKOTOpOro MoaGopa 4Yucesn Bbl MOXKETe€ BHJEThb, UTO MPOTOH,
COCTOSIIIMA M3 TPEX KBAPKOB, JHOJIKEH COJEPXKaTh ABA U-KBapKa
M oauH d-KBapK. A HeHTDOH, TaKxKe COCTOSLUHH H3 TPeX KBap-
KOB, ILOJ)I}KeH cofliepkath ABa d-KBapKa H OJMH uU-KBapk (CM.
puc. 80).

Npomon (+1) Hedmpor(0)

Puc. 80. Bce uacTuihl, cocTosllHe H3 KBaPKOB, IPHHAJIEXKAT K OXHOMY H3 JIBYX KJlacs

coB. OfiHH COCTOSIT H3 KBapKa H aHTHKBapKa, a ApyrHe H3 Tpex KBapkKoB. CaMble H3«

BeCTHble H3 5THX NOCJEJHHX — NPOTOH H HefiTpOH. 3apsfabl u-KBapKa M d-KBapka

KoMGuHHpYIOoTcsl B -1 nast nmpoToHa u B 0 asisi Hefitpona. Tor daKT, 4TO NPOTOH H

H eATPOH COCTOST H3 JBHXKYIUIHXCS BHYTPH HHX SapsiKeHHBIX YacCTHL, JaeT KIIoY K

MOHHMAaHHIO TOrO, NoYeMy y IIPOTOHAa MarHHTHBIA MOMEHT npeBhiaey 1, a y, Kasajoch
GBl; HeATPaJbHOrO HeATPOHA He paBeH HYJIO

Uro yzmep:kHBaeT BMecTe KBapku? Moxer OBITh JieTarouiue
B3ag U Brnepen (oroHb? (d-KBapK HMeeT 3apsax —Y;, a
u-KBapK — -+2/;, MOITOMY OHH, KaK H 3JI€KTPOHbI, HCIYCKAIOT
u TnorjowaoT (oToHsl.) Her, 3/eKTpHUeCKHe CHJIbI CJAHIIKOM
caabhl as sroro. Torna npuayManH HeuTO APYroe, UTO JIETaer
B3aJl H Brepe] U YIEPKUBAET KBapKH BMECTE; 3TO HEUTO
Ha3BaJIM «IVIIOOHBI *). I'/I0OHBI, Kak H (OTOHBI, elne MpuMep
YaCTHI{ «CO CMHHOM l». AMIJIMTYyZa monmajaHHsl IVIIOOHA H3
TOYKH B TOUKY ONpeJesAeTcss TOYHO TaKoH ke opMyJioH, uTo
u Aas ¢oroHoB, P(A—B). AMniutyga Ws/yuyeHHusi HJIH TOLJIO-

*) OGpaTuTe BHHMaHHE HA Ha3BaHMSA: «pOTOH» MPOMUCXOAUT OT Ipe-
4eCKOr0 CJIOBA ¢CBET», «3JIEKTPOH» — OT TPEUEcKOro «SHTapb» (C sH-
Taps HauHHAJOCh SJeKTpHuecTBo). HO 1o Mepe pasBuTHS COBpPeMeHHO
¢$u3MKH B HAa3BaHMAX YaCTHI[ CTAJO0 CKaSHIBATbCS SIBHOE CHHIKEHHE HH-
Tepeca K JpeBHErpeuecKoMy, M BOT Mbl NPHAYMaNH TaKue Ha3BaHHS
KaK «IJI0OHB». Bl jorajgniBaerech, noueMy OHM TaK HasuBalorcsi? Ha
caMoM fele d H u — STO COKpalleHHs, HO 5 He XOUy Bac NMyTaThb:
d-KBapK HHYYTh He ¢HHXKE» u-KBapKa, a y-KBapK HHYYThb HE CBHIIIe»
d-xsapka. KcraTH, npHHaAJIeXHOCTb KBapKa K d- MJH 4-THNY HasH-~
Baercsi apomartoM. [[vloon — or anra. glue (kaeil); ¥ — oT aHra. up
(uaBepxy), d — ot aura. down (Buusy).— I[Ipumed. nep.]
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IIEHHS TJIIOOHOB KBapKaMH paBHAa TaMHCTBEHHOMY 4YHCay g,
KOTOpOe 3Ha4HTeJbHO NpeBocxoxut j (cM. puc. 81).

Juarpammer, u3o6parxkatomiue o6MeH KBAapKOB IVIIOOHAMH,
OueHb INOXOXKH Ha KapTHHKH, Ha KOTOPbIX Mbl H300paKaJH
oOMeH 3/1eKTpOoHOB ¢oToHamH (cM. puc. 82). Hacroabko
NOXOXHM, YTO Bbl MOXETe CKa3aThb, 4TO y (PM3HKOB HeT BooGpa-
JKeHHSl — TEOPHUS CHJIbHBIX B3aHMOJEHCTBHH IPOCTO KOMHPYeT
KBaHTOBYIO 3JeKTpoavHamHky! M BBl mpaBH: Tak H €cTb —
HO C HEKOTODHIMH OCOGEHHOCTSIMH.

Yacmuysl co
cnurom 1
Yacmuysl co
7
couon 7y domon | Tmoow
0 0
Tnexmpor
e -1 0
Hazbarnue 4,511
Inexmpon 1) 0
Obosnayernue+— e
KBapx 1
0,811 dm — /J q
Macca (M3 B )——J YT ,
u +% T
~10
Sapadst

Puc. 81. «[JIOOHBI» YAePKHBAIOT BMECTE KBaPKH, COCTaBJSAIOUHNE IPOTOHL H HeATPOHHI,
M KOCBEHHO OTBETCTBEHHBI 32 IPHTSIXKeHHE [IPOTOHOB M HeATPOHOB APYT K APYTY B aTOM-
HOM sfipe. [IIOOHM! Y IepXKHBAIOT KBADKH CHJIaMH, SHa9HTEeJbHO NPEBHIIAIOMHMHE 3JIeKT<
pHueckue. KoHcTaHTa B3aHMOREHCTBHsI C IVIIOOHaMH g 3HAUHTEJIbHO MPEBOCXOAHT f.
TTosToMy BHIYHCJISATE BHArPaMMbl IVTIOOHHHIMH B3aHMOJEHCTBHSIMH ropasjfio TpyjAHee, #
HaHJyyluasi TOYHOCTb, Ha KOTOPYIO NOKa MOXKHO HaflesiTbCs, He npesBbiaer 10 %

Y KBapkoB HMeercs JOGaBOYHBIH THIN INOJSAPH3aLHH, He
cBsi3aHHBIH C reomerpueidl. IIpocTaku-pU3HKH, HEe CIIOCOGHBIE
BO3BBICHTBCS JI0 H3006peTeHHUs] NMpEeKpacHBIX TIPeuyecKHX CJIOB,
Ha3BaJH STOT THI MOJISPU3alUU HeyJauHbIM CJIOBOM «IL(BET».
10T «IBET» He MMeeT HUKaKOro OTHOIIEHHS K LBETY B OGLIYHOM
cMeicsie. B JaHHEIE MOMEHT BpeMeHH KBapK MOXeT HaXOJUThCA
B OJHOM H3 Tpex cOCTOSAHHH, uiu «upetoB» — K, 3 uau C
(norajgpiBaeTech, 4YTO O3HayalOT 3TH coKpaueHua?). Ilpu
MOIVIOLUIEHHH HJIH HCIYCKAHHH IJIIOOHOB «IIBET» KBapKa MOXKeT
H3MeHHTbCA. [VII0OHBI GBIBAIOT BOCBMH pa3/HYHEIX COPTOB,
B 3aBHCHMOCTH OT TOro, KakHe «IBeTa» OHH CBfA3bBaioT. Ha-
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Puc. 82. Jnarpamma, usobpakaromas Ba KBapka, KOTOpble OGMEHHBAIOTCS I'IIIOOHOM,

OHa HaCTOJIbKO N0X0XKa Ha AHarpaMMy AJIst ABYX 9JIEKTPOHOB, oOMeHUBaowuxcs ¢oro-

HOM, YTO BBl MOXKeTe NMOAYyMaTh, 4TO GH3HKH MPOCTO CKONHUPOBAJH KBAHTOBYIO 3J1eKTPO-

JMHAMHKY, CTPOSl TEOPHIO «CHJIbHBIX B3aHMOAeNCTBUN», YAEPKHUBAIOUWHX KBapPKH BHYT-
PH NPOTOHOB M HEeHTPOHOB. [a, TakK OHO H €CTb = MOYTY

1w~ KBopK 4l
3eneHbIL KpacHsiil
33 ﬂBH b'
cﬁblﬂ ,
1f
KpacHbil 3 Ho0H 3ENEHS
u-KoapK d - kBapK

Puc. 83. TVIIOOHHAasl TEOPH S OTJIIHYAETCS OT 3JIEKTPORHHAMHKH T€M, YTO MNIIOOHH! B3aUMO-
IefiCTBYIOT C «IBETHHIMH» YaCTHIaMH (KOTOPhle MOT'Y? HaXOAHMTbCH B OIHOM H3 Tpex
BO3MOXHBIX COCTOSIHHH —= «KPaCHOM», «3eJIEHOM» H «CHHEM»)., 371eCb KPacHuI}t 4-KBapK
npeppaulaeTcsl B 3eJleHbll, HCMyCKas KPaCHO-aHTH3eJeHbH TJII00H, MOIJIOUWaeMblil 3a-
TeM 3eJIeHBIM KBaPKOM, KOTODHIi npeBpauaercs B KpacHsill, (EC/IH «uBeT» nepeHocHTCA
BCOATH BO BPEMeHH, K ero HasBaHHIO J0GaBJsieTCSl NPHCTAaBKa «aHTH»)

4
/

! kpacHo - anmucukud

/Q)//
A
7 N N
N
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/45 i \\
7/ N

7
3ENEHO - BHMIUCUHUL
Puc. 84. TToCKOJNbKY IJIIOOHBI CaMH «OKpalleHbl», OHH MOryT B3aHMOZEeHCTBOBaTb
Ipyr ¢ apyroM. Ha pucyHke nokasaHo, KaK 38eJIEHO-aHTHCHHHH TVIIOOH B3aHMOAEHCT-~
BYeT C KDacHO-aHTH3eJleHbiM H MOoJIy4yaeTcsl KpacHO-aHTHCHHEA IVIIOOH. [UII0OHHYIO
TEOPHIO JIErKO MNOHATb — Bbl JIOVIXKHBI NPOCTO CJIEJHTH 32 «UBEeTaMH»

KpACHO — OHMUIENEHBIL
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npuMep, €cCJM KpacHb KBapK CTaHOBHUTCS 3€JIeHBIM, OH
HCOYCKaeT KPacHO-aHTH3eJeHBH TJII0OH — IJIIOOH, KOTODBIH
3abupaeT y KBapKa KPacHBIH L(BET U JaeT 3eJIeHbH (<aHTH3eJ1e-
HbI#» 03HAYaeT, YTO IVIIOOH MEePEeHOCHT 3eJIeHbIH BT B IPOTHUBO-
[OJIOXHOM Hampas/eHHu). Tako#l r/ooH MOxer OBITH NOIJIO-
HieH 3e/I€HbIM KBapKOM, KOTOpPHIH CTaHET NOCJe 3TOr0 KPacHHIM
(cm. puc. 83). Mmerorcst BoceMb pas/MYHBIX IVIIOOHOB, HamNpH-
Mep, KpacHO-aHTHKPAcHBIH, KPacHO-aHTHCHHMH, KpacHO-aHTH-
3eJIeHBIH U T. A. (BBl MOIVIM GBI MOJYMaTh, YTO UX JOJ/IKHO OHITh
NeBATb, HO MO TEXHHYECKHM NPHYUHAM OJHH OTCYTCTBYET).
Teopus He C/IMIIKOM cloxHas. O6lnee NPaBUJ/IO IVIACHT: IJIIOOH
B3aHMOJEHCTBYET C TeM, UYTO HUMEET «LBET»,— TpebyeTcs JIHIIb
HeMHOro OyXraaTepHH, 4TOOBl NPOCJAeJUThb, KyJa IepeHocsaTcs
«I[BETa».

D710 NpaBUJO CO3JaeT, OJHAKO, HHTEPECHYIO BO3MOXKHOCTD!
TVIIOOHBI MOTYT B3aMMOJEHCTBOBATh C JPYTHMHM INIIOOHAMH (CM.
puc. 84). Hampumep, 3e/eHO-aHTHCHHHHA [IVIIQOH, BCTPETHB-
LIHCh ¢ KPAacCHO-aHTH3eJIeHbIM, NpeBpallaeTcsi B KpacHO-aHTH-
cHHUH IJooH. I'/loOHHAs Teopusl OueHb NPOCTa — BEL PHCYyeTe
JuarpaMMy H paccTaBJisieTe «IBeTa». BeJHYHHBEI B3aMMOAEHCT-
Buil BO BCEeX JuarpamMMax ONpeje/siioTCs TJIIOOHHOH KOHCTaH-
TOi CBA3U 4.

®opMasbHO IVIIOOHHAs TEOPHs He CHJBLHO OT/JHYAeTcs OT
KBaHTOBOH 3nekTpoiuHamuku. Hy a Kak OHa cOOTHOCHTCA
¢ srcnepuMmentoM? Hampumep, kKaxk Habmozaemas BeJHYHHA
MarHMUTHOrO MOMEHTa NPOTOHA COOTHOCHTCSI C TeopeTHyec-
KOH?

DKCIePHUMEHTEl O4YeHb TOYHBI — OHH IIOKa3bIBAlOT, YTO
MarHHTHEIH MOMeHT paBeH 2,79275. Teopus xke faer B Jy4lleM
cayvaz 2,74-0,3 — ecqii BBl JIOCTaTOYHO ONTHMUCTHYHO OLe-
HHBaeTeé TOYHOCTb CBOHX pacueToB. 10O €CTb MOTPELIHOCTh
pasua 10 %, uyro B 10 000 pas HiKe TOYHOCTH SKCnepHMeHTal
Y Hac uMeeTcsi mpocTasi, 4eTKas TeOpHs, KOTopas JIOJDKHA
06GBACHATL BCE CBOHCTBA NPOTOHOB ‘U HEATPOHOB, HO Mhl HE
MOKeM HHYEro INoCYUTaTh NpU NOMOLIM 3TOH TEOPHH, NOTOMY
yTO MareMaTHKa CJHUIIKOM cJoxkHa jia Hac. (Bel moxere
JorafarthCsi, Hajx yeM s1 paboTaio, HO Y MeHsl HHYEro He noJay-
yaercs.) [IppunHa, N0 KOTOPOH MBI HHYEro He MOXKeM NOCYHTATh
C NPHJIHUYHOH TOYHOCTBIO, 3aKJ/IOYaeTcss B TOM, 4TO KOHCTaHTa
CBA3U JJISl IJIIOOHOB g 3HAYUTENbHO INPEBOCXOJIUT KOHCTaHTY
CBSI3H /A 3JIEKTPOHOB. JluarpaMMel ¢ JAByMs, YeTBIpbMA H
qake IIeCThI0 B3aHMOJEHCTBHSIMH He IHPOCTO MaJjeHbKHe
NONPaBKH K OCHOBHOH aMINIMTYJe — OHH BHOCAT CYLIECTBEH-
HBlfl BKJajJ, KOTOPHIM Heslb3sl mnpeHeOpeun. Ilostomy mnoay-
yaercss TaK MHOTO CTPEJOK AJf Pas/iHYHLIX BapHaHTOB, YTO
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Mbl HEe MOXeM YNOpPSJOYUTh UX pPasyMHbIM o6pasoM H HaHTH,
yeMy paBHa pe3yJIbTHPYIOMAs CTpeJKa.

B kHHrax roBopHTCs, 4TO HayKa PocTa: Bbl CTPOUTE TEOPHIO,
CpaBHHBaeTe ee C SKCIEPHMEHTOM, H ecsli TeOpHs He paboTaer,
BBl €€ OTOpachiBaeTe H CTPOUTE HOBYIO TEOPHIO. 3]eCh y Hac ecTb
uyeTKash TeOPHs H COTHH 3KCIIEPHMEHTOB, HO MBI HE MOXKeM HX
cpaBHHTH! B HCTOpHH H3HKU TaKOro NosoXeHHsl elle He Obl-
Baso. Mbl BpeMEHHO OKasasuch B3amepTH, H He MOXEM BHIG-
parbcsi, IOKa He NpHAyMaeM MeTof BbuMcieHHs. Hac «saBa-
JILJIO» BCEMH 3THMH CTPeJIOYKAaMH, KaK CHEXHBIM CyrpoGoM.

Hecwmorpsi Ha c1oOXKHOCTH BBIYMC/IEHHH, MBI KAYECTBEHHO [IOHH-
MaeM MHOINOe B KBAHTOBOH XPOMOJMEAMHKe (HayKe O CHJIb-
HBIX B3aMMOJIEHCTBHSIX KBapKOB H IJiooHOB). Habmonaemere
HaMM OOBEKTHI, COCTOSIIHE H3 KBAPKOB, «GeCIBETHH»: IPYINEI
U3 TPeX KBapKOB COAEpPXKaT IO OJHOMY KBapKy KaXJOTo «IBe-
Ta», a KBapK-aHTHKBAPKOBbIE Naphl HMEIOT OJHHAKOBYIO aM-
IJUTYLy OBITb KPAacCHO-aHTHKPACHBIMH, 3eJIeHO-aHTH3eIeHBIMH
WM CHHE-aHTHCHMHHMHM. Mbl Takxke nNOHHMAaeM, DO4YeMy

Hedmpuno  3nexmpoH
u(+2/5) v  e¢n

4G

& — @

Heiimpon llpomox
a (- 1/3 )

Puc. 85. Korpma HefiTPOH mpeBpaljaeTcs B INPOTOH (STOT mpoluecc HasbiBaeTcsl GeTas

pacnazom), efHHCTBEHHOE, YTO H3MEHSIETCH — STO «apOMaT» OJHOrO H3 KBapKOB. d«

KBapK NpeBpallaeTcs B 4-KBapK, YTO CONPOBOKAAETCS BHIIETOM 3JIEKTPOHA H aHTHHENT«

puHo. Takoil npouecc NPOHCXOMHT AOBOJILHO MeJJIeHHO, TIOSTOMY TPEAIIONOKHIH, ITA

CYIeCTBYeT NpOMeXYTOuUHas 4aCTHUa (HasBaHHAs MPOMEXYTOUHHM W-6o3oHOM) ¢
oueHb GoJibwoft mMacco#i (nmopsgka 80 000 MaB) u sapsiaoM =1

KBapKH HHKOTrJ1a He 06pa3yloTcs IO OTAENbHOCTH — II0YEMY MEIL
BUJHM (Kakoil Ohl HH Obljla SHeprHs IPOTOHA, yAapslollerocs
0 51IpO), YTO BEIETAIOT He OTAeJbHbIe KBapKH, a CTPYH ME30HOB
H 6apHoHOB (KBapK-aHTHKBAaDKOBBIX Nap M TIPYyNN H3 TpeX
KBapKOB).
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KBautoBasi XpPOMOAHHAMHKAa W KBAaHTOBasd 3JIEKTPOIHHA-
MHKa — 3TO eile He BcA (uauka. CoOrnacHO 3THM TEOpHSIM
KBapK HE€ MOXKET H3MEHHTb «apoMar»: U-KBapK BCerja OCTaercs
u-KBapkoMm, d-KBapK Bcerja ocraercs d-kBapkoM. Ho Ilpu-
poZa HHOrJa mocrynaer no-upyromy. CyliecTBYeT MejJeHHas
¢opMa pajHoOaKTHBHOCTH, Oera-pacmnaj (yTe4KH Tako# pajuo-
aKTUBHOCTH 6OATCS Ha SlePHBIX peaKTopax), NMPH KOTOpOH
HeHTPOH MnpeBpamiaercss B HPOTOH. [IocKO/BKY HEHTPOH coc-
TOUT M3 JBYX d-KBapKOB H OJHOIO u-KBapKa, a IMPOTOH — M3
JIBYX U-KBAapKOB H OJHOIo d-KBapkKa, TO OIUH M3 d-KBapKOB
HeHTpOHA NpeBpalnaeTcs B u-KBapk (cM. puc. 85). Bor Kak 3to
IIPOHCXOJHUT: d-KBAapK H3JydyaeT HOBYI0 uactuny, W-6030H,

HYacmuysl co
cnuHoM 1
Yacmuyer co
CUHOM 7/2 Gamon | Mook w
0 0 |~8o000
JNeKmpoH
e ~1 0
Hasbaxue 0,511 (T
Hedmpuro|
InenmpoH Ve o 0 -
Obosnayerug +—— e 0
Kbapx
0,511 d %l g
: 3 |
Macea (M38) — 1 -
Kbapk 2
u +% g -J
~10
Japadsi

Puc. 86. C onHOM cTOPOHH, W-6030H B3aHMORENACTBYET C 3JIeKTPOHOM U HeHTPHHO, H ¢
Apyroff,—_c d-KBapKOM H u-KBapKOM

nono6Hy!o (POTOHY, KOTOpas B3aHMOJEHCTBYET C 3JIEKTPOHOM
H JIPyrod HOBOH yacTHLleH, aHTHHEATPHHO (HEHTPHHO, ABHXKY-
[UMCSl BCIATbL BO BpeMeHH). HefiTpuHO — 3TO elne onHa yac-
THIIA CO CIHHOM Y/, (KaK 3/IEKTPOH H KBapKH), HO OHO HE HMeeT
Maccel H 3apsiza (T. e. He B3aUMojieficTByeT ¢ ¢ororamu). OHO
He B3aUMOJEHCTBYeT TaKXe C IJIIOOHAaMM, a ToJbKo ¢ W-Goso-
Ham# (cM. puc. 86).

W-6030u sBsieTcs yactHued co cnHHOM 1 (Kak (oTOH H
IVIIOOH), OH H3MEHSEeT «apoMaT» KBaPKOB H IIEPEHOCHT HX 3apsii:
d-KBapK ¢ 3apsaaoM —'/; npeBpalaeTcsi B u-KBapK C 3apsijioM
~+%/3 — pasHuna 3apsajoB paBHa —I. («lpe™» KBapka npu
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stoM He MeHsercs.) Ilockonbky W ~-G030H mepeHOCHT 3apsp
—1 (u ero antuyactuna W+ nepeHocur 3apsg 1), on B3aumo-
IelicTByer Takxke ¢ poroHamu. Bera-pacnan nporekaer ropaszo
MeJlJIeHHee, YeM B3auMOZEHCTBHe (OTOHOB M 3JEKTPOHOB, MO-
sTOMy cuHTaercsi, yro W-6030H, B OTJHYHe OT (OTOHA H
IJIIOOHa, IOJ/IKEH MMeTh OueHb OoJbllylo Maccy (Iopsaka
80 000 M3B). Cam no ce6e W-Go3oH He HabJoxaercs, NOCKOJb-
Ky IVisl «<BBIGMBAHHS» YaCTHIbBI C TaKo# GoJbIIOH Maccod Tpe-
Gyercsi oueHb Gosbliass SHeprus *).

Ecrp M Japyras vacTulla, KOTOPYIO MOXKHO CUHTATb HeEHT-
panbHbIM W-6030HOM, OHa Ha3biBaeTcs «Z°-6030H». Z°-0030H He
MeHsieT 3apsij KBapKa, HO B3auMoAeHcTByeT ¢ d-KBapKoM,

u+%)  de-Y) ) eC-1)

Z2(0) Z(0)

%y ATy v 2(-1)

Puc. 87. Korja HH y ofHOf U3 9acTHI 8apsX He MeHsieTcsl, W-6030H TOXKe He 3apsikKen
(OH B 5TOM cJIydae HasEBaeTcs Z°%-6030HoM), TakHe B3aHMOAEHCTBHSA Ha3BLIBAIOTCS «Heliw
TpajibHBIMH TOKaMH». 31{er MoKa3aHbl J1B€ BO3MOXHOCTH
4-KBapKOM, 3JIEKTPOHOM MJIH HeHTpuHO (cM. puc. 87). dro B3au-
MoJieficTBHe HOCHT BBOZAsILee B 3a0JyXKIeHHe HasBaHHe «HEH-
TpasbHble TOKH». Ero OTKpEITHE HECKOJIBbKO JIeT Ha3al, BBI3BAJIO

60JIb11I0€ BOJIHEHHE.

Teopuss W-6030HOB cTpora M HU3sliiHa, €CJH Bbl YYHTHIBAETE
TpeXyacTHYHOe B3aHMOJIEHCTBHE MexXny TpeMms THnamH W-Go-
30HOB (cM. puc. 88). HabGmopaemasi xouncraHra ceasu W-
6030HOB 6/1M3Ka K 3J1€KTPOMAarHUTHON: JIEXKUT B OKPECTHOCTH j.
[TosTOMy He HcKJOYeHO, 4To TpH W-6030HA H HOTOH SBIAIOTCS
pasHBIMH CcTOpoHamu opHoro sBjeHusi. CruBen BalinGepr u
A6nyc CanaM nonpo6GoBaiy OGHEIMHUTL B €IHHYIO KBaHTOBYIQ)
TeOPHI0O KBAHTOBYIO 3JIEKTPOIHHAMHKY H TaK HasBIBaEMbIS
«csnabrle B3auMojeHCTBHsA» (B3auMopmedcTBHsi depe3 W-6030-
ubl). M onu 1o crenanu. Ho naxe npocto nocMoTpes Ha noJy-

*) ITocsie npouTeHHA STHX JeKUHHA GHJIM NOCTHUTHYTH SHEPTLHH, JA0-
CTaTOUHO BLICOKHE ANA mojydeHusi W-60souoB. Korza Gnijia H3MepeHa

HX Ma%ca, nonyuusiachk BeNHYHHA, OYeHb GAM3Kafg K NpeACKasaHHON
TeopHei.
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YeHHble MMH pPe3yJibTaThl, Bbl, TaK CKa3aTb, YBHJIHTE OeJible
HuTKH. COBEpIIEHHO OYeBHIHO, 4TO (oTOH M Tpu W-6o30Ha
KakKuM-TO 00pasoM CBsi3aHbl, HO Ha COBPEMEHHOM YpOBHe
[OHMMaHHS 3Ta CBS3b SICHO He BHAHA: BCE €llle MEIAOT «IIBbI»
B Teopusix. Mx 1o cux mop He yJaJjoch PasryiafiuTh U ClesaTh
3Ty CBf3b KpacHBee M, 3HAYMT, HaBepHOe, NpaBHJ/bHee.

Puc. 88. Mexay W —-, ero anTuyactuueit W+ - u Heif-
TpaJbHEM W -6030HOM (Z°-6030HOM) BO3MOXKHO B3aH-« Z(0)
mopeiicTBHe. KOHCTaHTa CBASHM JJjisi B3aHMOJEHCTBHSA
Mexay W-6030HaMH JIeXKHT B OKpecTHOCTH j. Ha sToM
OCHOBAaHO TNpeArnoJioxKeHHe, 4T0 W-6030HH H (DOTOHBI,
BO3MOXKHO, NIPEICTaBJSIOT cOGOH pasHble CrMOPOHbL OR-

HOTO H TOTO Je sIBJIeHHs! WE1) \WGED)

Hrak, KBaHTOBAsl TeOPHUSl OMNHCHLIBAET TPH OCHOBHBLIX THIIA
B3aUMOJIEHCTBHI: «CH/IbHOE B3aUMOJEHCTBHE» KBAPKOB U IJIIO-
OHOB, «csaGoe B3auMmojekcTBues W-GO30HOB H «3JIEKTPHUECKOE
B3auMojiefictBue» (POTOHOB. EjuHCTBeHHHE HMeioLinecs: (B co-
OTBETCTBHH C 3TOH TeopHeH) YacTHIBI — 3TO KBapKH (¢ «apo-
Mmaramu» d U 4, TpeX «IBeTOB» KaXMbli), IVIIOOHHI (BOCEMb KOM-
GuHauui KpacHoro, sejeHoro ¥ cusero), W-GosoHwl (c 3apsi-
namu =1 u 0), HeATPUHO, 3J€KTPOHB U (DOTOHBI — HPHMEPHO
JIBAAIATh PasJHYHBIX YaCTHI LIECTH Pa3JUYHBIX THNOB (ILJIIOC
MX AQHTHYACTHIB). JTO He TaK YK IJOXO — IPUMEPHO ABa-
JIaTh Pa3JHYHBIX YacTHL, — HO TOJIBKO 3TO €llie He BCe.

Ilo mepe Toro Xaxk sijgpa 6oMGapaupOBa/id NMPOTOHAMH Bce
6osiee BbICOKUX JHepTHH, NpPOJO/IKaJd BO3HUKATb BCE HOBBIE
yactuupl. OJHOH M3 TaKHWX YacTHI[ OblI MIOOH, B TOYHOCTH COB-
Najalomuil ¢ 3JeKTPOHOM BO BCEX OTHOLIGHHSX, 3a HCKJIOuYe-
HUeM 3HayuTelbHO OoJbwied Maccel —105,8 MaB. 3ro npu-
mepHo B 206 pa3 npeBOCXOIUT Maccy 3JEKTPOHA, PaBHYIO
0,511 MsB. Kak 6yaro Bor 3axoren nonpoGoBarth [jisi Macchl
Apyroe uucso! Bee cBoficTBa MIOOHA MOJHOCTHIO OINHCBIBAIOTCS
3/IEKTPOJIMHAMUYECKOH TeopHeHd — Ta XKe KOHCTaHTa CBf3H j,

ta x)e E(A—B), BB IpocTO NOACTaBJsieTe APYroe 3HaueHHe
H'¥).
n

*) MaruuTHBIA MOMEHT MIOOHA OblJI H3MePEeH OYeHb TOYHO — OH OKa-
sascs paBHbiM 1,001165924 (¢ morpemHocThi0 OKOJMO 9 B mocjefHeM
3HaKe), TOrJAa KaK JJIs 3JeKTpoHa 3To yucjao pasno 1,00115965221
(C MOrpewHoCTbI0 0KOJIO 3 B Ioc/ae/iHeM 3HaKe). Bl MoxKeTe 3anHTepeco-
BaThCs, MOYEMY MarHHTHBHIH MOMEHT MIOOHA HEMHOro GoJjblle, 4eM Mar-
HUTHBIH MOMEHT 3JeKTpoHa. Ha onHOM u3 HapHCOBaHHBIX HaMU AHa~
rpamM OBl 3/I€KTPOH, M3AydawoWwuil GoToH, KOTOPHH pacnajajucs Ha
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Tak kKak Mi00H npumepHo B 200 pas TsKeJiee 3/1€KTPOHa,
«cTpesiKa yacoB» Jsisi MiooHa Bpamaercd B 200 pas GhicTpee,
yeM JIJis1 JEKTPOHA. DTO MO3BOJIMJO HaM IPOBEPHTH, IMpO-
Jo/KaeT JM KBaHTOBas 3JEKTPOJAHHAMHKA COOTBETCTBOBATh
SKCNEPHUMEHTY Ha paccrosiHufx, B 200 pas MeHbIUHX, YeM Te,
Ha KOTOPbIX MBI MOIVIH NPOBEPHTb ee A0 CHX mop. XoTs 3TH

2
— JEKMPoH ~NOSUMPOHHAS
uny
MHIGH = QHMULMIOOHHAR
nepa
1
JNERMPaK UNL MIOOH

Puc. 89. Ipn GoMGapaupOBKe siapa NpoToHaMH Bce Goslee B GoJsiee BHICOKOH SHEPTHA
BOSHHKAIOT HOBHe YacTHUH. OfiHa H3 HHX =— MIOOH, HJIH TsXeJbH 3JIeKTPOH. MIoOH<
Hbe BSaHMOJICACTBHSI ONKCHBAIOTCS TO} e TeopHeH, YTO H IEKTPOHHHE, ¢ TOH TONBKO
paaHHne#t, 4TO BB IPOCTO NOACTaBJsieTe GoJbllee SHaueHHe AJs 1 B dopmynyE(A—B).
MarHHTHHA MOMEHT MIOOHAa JOJIXKEH HeCKOJIbKO OTJIHYaTbCsl OT MarHHTHOrO MOMEHTa
91eKTPOHA, MOCKOJIBKY, KOT/ia SJIEKTPOH H3JyyaeT ¢oTOH, KOTOpHLIH 3aTeM pacnafaercs
Ba SACKTPOH-MO3ATPOHHYIO HJIH MIOOH-aHTHMIOOHHYIO Mapy, MacChi YaCTHI aphl PaBHH
RJIE NPEBHIIAIOT Maccy sieKTpoHa, C ApYroii CTOpOHH, KOrja MoK H3aydaer $oroH,
pacnapaoniics Ha NOSHTPOH-3JIEKTPOHHYIO HJIH MIOOH-aHTHMIOOHHYIO Mapy, MacCH
9acTHI, Naphl He NPEBHILIAIOT MacCy MIOOHA. DTo HeGoJIbIIOe Pas/IHIHe NOATBEPKAAETCH
SKCNepHMeHTaMH

paccrosiHHs Bce eie Gosee gyem B 10%° pa3s npeBOCXOAAT Takue,
Ha KOTOPLIX TEOPHIO MOACTEPEralT HeNMpHATHOCTH H3-3a 6ecKo-
HeuHocTed (CM. CHOCKYy Ha c. 114).

Mbl yxe 3HaeM, Y4TO 3JeKTPOH MOXKeT B3aHMOJAEHCTBOBaThb
¢ W-6o3oHoMm (cM. puc. 85). Ilpn npeBpaiieHHH d-KBapka B
u-KBapK c Hcrmyckanuem W-603oHa Moxer JiH W-6030H B3auMo-
neficTBOBaTb C MIOOHOM BMecTO 3JekTpoHa? Ja (cm. pue. 90).
A autuneiitprro? Ecan W-6030H B3aHMOJeHCTBYET ¢ MIOOHOM,
4acTHma, KOTopasi Has3hIBaeTCsi MIOOHHEIM HEHTPHHO, 3aHMMaeT
MeCTO OBLIMHOro HeHTPHHO (KOTOpOe MbI Tenepb OyAeM Hasbl-
BaThb 3JIEKTPOHHBIM HeHTpHHO). [TosToMy Tenepb B Haulef Tab-

BIEKTPOH-NO3UTPOHHYIO Mapy (cM. puc. 89). CymecTByeT TaKxke Manaas
aMIIATYZa TOTO, 4TO (OTOH pacnajaercs Ha MIOOH-aHTHMIOOHHYIO mapy,
KOTOpas TsXejee, 4eM HCXOAHHIA 3/IEKTPOH. STa CHTyallus HECHMMeT-
pHUHA: KOrJa MIOOH H3Jyuaer (OTOH, pacnajaloUHACA HA SMEKTPOH-
TIO3HTPOHHYIO Napy, NOCJAeNHAs Je24e, IeM HCXOJHBIA MIoOH. KBanTO-
Bas SJEKTPOJMHAMHKA TOYHO ONHCHLIBAET 6C€ IJIEKTPHUECKHE CBOMACTBA
KaK MIOOHGB, TaK H 3JIEKTPOHOB.
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(1o - Hedmputio)
u(+%) Vu (D) A (1) Crroon)

WD

a7

Prc. 90. ¥ W-6030Ha HMeeTCsl aMMJMTYsa M3JyYeHHS MIOOHa BMECTO SJ/IeKTPOHa,
B 3TOM ciyuae MecTO 3JIeKTPOHHOrO HeHTPHHO 3aHUMAaeT MIOOHHOe HeATPHHO

Yacmuysl co

cauxoM 71
Yacmuubl co
CnuHomM 7/z domon | MoH w
g o ~ 80 000
Mwon  |Inexmpon
M 4 -1 0 -<-7
Hasbanue, 05,8 | 0,511
Hedmpura| Hedmpuro|
InexrmpoH Vu Ve 0 0 -
Obosnavenue —— e 0 0
Kbapr | KBapx 1
ot 150 AN Bl O
Macoca (M3B) 200 L
Kbapk | KBapx 2
c u +% T -/
~1800 | ~10

3apadsl

Puc. 91. TIpupofia Kak Ghl MOBTOPSIET YacTHULI cO cnuHOM !/;. KpoMe MIoOHa H Mio-
HeATPHHO HMEIOTCS JIBa HOBBIX KBapKa — § M ¢ — C TAKHMH JKe 3apfjlaMH, HO MacCaMH
Go/bIIMMH, 9eM Y HX ABOHHHUKOB B CJeAyiolleM cToabue
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JIULE YacTHIl BCJeJ 32 3JEKTPOHOM H HeHTPHHO NOSBJSIOTCH
JiIBe JOTIOJHUTENbHbIE YaCTHIBL: MIOOH H MIOOHHOE HeHTPHHO.

A kBapku? YiKe oueHb JAaBHO M3BECTHBI YACTHIBI, KOTOpEIE
JIOJPKHBI COCTOSITh H3 GoJsiee TSIKEJNBIX KBapKOB, 4eM u H d.
IlosToMy B CHHCOK (pyHIaMEHTAJbHBIX YacTHL ObL1 BKJIOYEH
TpeTuil KBapK, Ha3BaHHBIH S-kBapkoM (oT strange — cTtpas-
Hbifl). Macca s-kBapka papHa npumepHo 200 MsB (cpaBHuTe
¢ 10 MsB B cayuae u- u d-KBapKOB).

MHoro JieT MBI CUHTaJH, YTO Y KBapKOB €CTb TOJIbKO TPH
«apomara» — u, d U s, Ho B 1974 r. Gblna OTKpHITA HOBas yac-
THIla, Ha3BaHHas [CH-ME30HOM, KOTOPYIO He yJaJoch COCTa-
BHUTb U3 3THX TPeX KBapKoB. VIMeJicsi oueHb XOpOLIMH TeopeTH-
YyecKHH aprymMeHT, YTO JO/UKEeH CYLIeCTBOBaTb YeTBepThIl
KBapK, B3aUMOJEHCTBYIOMMH C S-KBapkoM npu y4yactun W-
6030HA TaK e, KaK u-KBapK B3auMoJeHcTByeT ¢ d-KBapKoM
(cMm. puc. 91). «<Apomar» 3TOr0 KBapKa Ha3bIBAeTCs ¢, H Y MeHs
He XBaTHT CMeJIOCTH OGBSACHUTD, UTO 03HAYaeT ¢, HO, BO3MOXKHO,
bl yutanu 06 3toM *). Haspanusa craHOBATCA Bce XyxXe H
xyxe!

D10 NOSIBJIEHHE YacTHI[ C NOBTOPSIOLIUMHCSA CBOHCTBaMH,
HO C BO3DacCTAlOIIMMH MaccaMH — COBepIIEeHHO TaWHCTBEHHO.
YTo 3HAUMT 3TO cTpaHHOe AyGJHupoBaHHe oOpa3uoB? Kak cka-
saa npodeccop Mennop Pabu, korga 6bl1 OTKPHEIT MioOH: «KTO
3aKasa/l 3TOP»

B nocsenHee BpeMs HauyaJocb HOBOE NOBTOPEHHE CIHCKA.
ITo mepe nepexona Ko Bce GoJsiee BEICOKHM dHeprHsIM HauHHaeT
Kasarbcs, yTo [Ipupoaa npojosikaer HarpoMOXKJIaTh 3TH 4Yac-
THLBl KaK GBI C 11e/JbI0 HAC OXypPMaHHUTb. §l JO/IKEH paccKasarb
BaM O HHX, TaK KakK s XO4Y, UTOGBI Bbl YBHJENH, KAKHM CJIOXK-
HBIM B JeACTBUTENbHOCTH BBITVIAAUT MHp. Sl BBes Obl Bac B 3a-
6ayxKjeHue, co3faB Breuarsenue, uro ecan 99 % siBieHumi
B MHpE MOXHO OOBSICHUTb NIPH TNOMOLIM 3JIEKTPOHOB H (HOTO-
HoB, TOo ocraBmmiics 1 % sBrenuit norpeGyer Tompko 1 %
JonoJHHTEe bHBIX yactun! Ha camom nene 4To6bI OOBSCHHTH
stor ocrapiuuiics 1 %, Ham norpe6yercs B IecATb WJIH B 1Baj-
1aTh pa3 GoJjblie JONOJHHUTENbHBIX YACTHIL.

Hrak, nponosmkaeM: NMpH 3KCIepUMEHTAaxX C elle GOJbIIHMU
SHepruaAMH Obl1 OOHapyxKeH ellle 6osiee TAXKeNBIH 3JIEKTPOH,
HasBaHHBIH «Tay», ¢ Maccod nopsnka 1800 MsB, kak y nByx
nporoHoB! Do cpenaHo npennosoxeHuHe O CyLIECTBOBaHHKIH
tay-HefitpuHo. Kpome Toro, Obuia obHapyxkeHa 3abaBHasi
yacTuila, NPEANoJaramlnas CylecTBOBaHHe KBapKa HOBOTO
capoMaTa» — Ha cefi pa3 310 b-kBapk (ot beauty — mpe-

*) ¢ — ot charm (ouaposanue).— [Ipumes. nep.
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JIeCTb), €ro 3apsj paseH —/; (cM. puc. 92). Teneps s npenna-
ralo BaM CTaTb Ha MTHOBEHHE MePBOKJIACCHBIMH (U3HKAMH-
‘TEOPeTHKaMH M  cjejaTh OJHO  MpejcKasanue:  Gyger
OTKPBHIT HOBBHIHi apoMaT KBapKOB, HasbIBaeMbIH -KBapKoM
(ot « »), C 3apsiioM H Maccoi MsB, — M,
KOHEUHO, HajileeMcsl, UTO OH OelicrmeumessHo ectb! *).

Yacmuuysl co
cnunoM 1

Yacmuyb! co
cunsr Y,

domon | [ooH w
0 o ~ 80 000

Tay | Mwon  \Inexmpon
2 € -1 i]
Hasbanue ~ 1860 | 105,8 | 0,511
Heldmpuno|\Hedmpuro \Hedmpuro

FNER] Y, Y, Y, ) 0 <
0603~ NEKIMPOH D‘r U;t Ds
HOYEHUE ——— B
Kbapx | KBapr | KBapx 1
0 . 871 b S a -— /J g‘ *’T

~ 4800 ~200 { ~10

Koapx | Kbapr
4 u
~ 71800 | ~10

Macca'(1136)

+2/3 g —J

3apsaist
Puc. 92. Hrax, npoposxkaem! Ilpu euje GoJiee BHICOKHX 3HePrHSX HayasloCch HOBOe
NMOBTOPEHHE YacTHI, CO CHHHOM ¥/, OHO CTaHeT MONHALIM, ecyiH 6yieT OTKphITa YacTHIa
€O CBOACTBAaMH, O3HaYalOL{UMH CYLIECTBOBaHHE KBapKa HOBOTroO apoMaTa. TeMm BpeMeHeM
BeJleTCsi NOATrOTOBKA K MIOHCKaM HOBOro NOBTOPeHHs NPH ele GoJlee BRICOKHX SHEPTHSX .
UTo BHI3LIBa€T 5TH NOBTOPEHHS = COBEPIIEHHO HEH3BeCTHO

Tem BpeMeHEM CTaBSTCSl SKCIEPHUMEHTHI C LEJbIO MOCMOT-
peTb, He MOBTOPHUTCS JH LHKJ ele pa3. B Hacrosiee Bpems
[OCTPOEHBI MAIIHHBI JiIsi TIOUCKOB elle 6oJjiee TSXKeJIOro 3JeKT-
pona, yeM Tay. Ecan macca nmpeanoJiaraeMoi YacTHLLI paBHA
100 000 M>B, onum He cmoryt ee cozjgatb. Ecau mnopsiaxa
40 000 M»3B, Takasa uyacTHIla MOXKeT OBITh CO3jaHa.

TafiHel, BpoJie 5THX NOBTOPSIOLUXCSA LHUKJIOB, HEJNAIOT pa-
Gory ¢usuKa-TeopeTHka odeHb HHTepecHOH: [lpmpozma 3apaer
HaMm TakHe yygecHble 3araaku! Ilouemy oHa moBTOpsieT 3/eKT-
pOH uacTHUlaMH, Macchl Kotopbix B 206 u 3640 pas Gosblue?

*) Tocaie Toro Kak GLIIM NMPOYMTAHH! 3TH JIEKUHH, MOABHJIHCH He-
KOTOPHE CBHJIETEJbCTBA B II0Jb3Yy CYLIECTBOBAHHS OUEHb THKEIOrO
i-kBapka — ¢ Maccofi nopsazka 40 000 MsB. [HM sapsgom +2%/;. ¢ — or
top (Bepmuna) uau truth (uctuna). @efinMan oGHIrPHIBAET 3TO, HCHOJMb-
3ys CJOBO ¢«AeHcTBHTeNbHO» (true). Ymomunaemsie @PefiHMaHOM CBHJe-
TeJIbCTBa BIIOC/EACTBHH He MOATBepAUNHCH, — [Ipumes. nep.].
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Mnue xorenoch GBI CHesaTh OJHO [OC/eAHee 3aMeyaHHe,
4TOGHI COBEPILIEHHO MOKOHYUTH ¢ yactiunamu. Korzna, B3aumonei-
ctBys ¢ W-6030HOM, d-KBapK NEPEXOAHT B uU-KBapK, OH MOXeT
Takke C HeOOJIbIIOH aMIIMTYJOH mepedTH BMECTO 3TOrO B
c-xBapk. Korza u-KBapk mnepexomuT B d-KBapK, OH MOXET
TaKxke ¢ MaJoH aMIJIMTYJOH mepeHTH B S-KBapK H C ellle MEHb-
el aMnaMTynOH nepedTH B b-kBapk (cM. puc. 93). Ilostomy
W-6030H HeMHOro Bce MepeKalllUBaeT M IMO3BOJSET KBapKam
[IepeXOJUTh U3 OJHOrO cTosGia Tabauipsl B Apyrod. Ilouemy
BO3HHKAIOT B TaKOH NPONOPLHM aMIJHUTYIpl Nepexoja B ApY-
rHe THNBI KBAPKOB, COBEpIIEHHO HEeHM3BECTHO.

u(umo)(+%) c(um u)(+ %)

we-1)
W(-1)

2= sC7)

Puc 93. ¥V d-kBapKa HMeeTcsl HeGOJIbIasl aMIVINTY/a NPeBPalLlleHH sl BMECTO U-KBapKa

B ¢-KBapK, H Yy S-KBapKa HMeeTcsi HeGoJbluasi aMIVIMTYAa NpeBpalleHHsi BMECTO C-

KBapKa B #-KBapK, pHUeM B 060OHX cayuasnx GyAeT dcnycKkaTbcss W-6030H. Mbl BHANM,

9T0 W-6030H-CNOCOGER MEHATH KBapKOBLI# apoMaT H3 OXHOrO CTOA6L A TaGJHIb B ADY=
ro#t (cm. puc. 92)

Bot u Bce, 4TO Kacaercs OCTaJbHOH KBAaHTOBOH (bH3UKH.
d10 uyyjpoBHIIHAs Hepa3bepuxa, M BBl MOXETe CKa3aTb, 4YTO
¢usnka GeaHalexXHO 3amyrtajack. Ho Tak Kasanoch Bceria.
Ilpupona Bcerza Kasajach Ge3HaJeXKHO 3alyTaHHOH, HO MpO-
IBUraschb BIiepell, Mbl PasjuyaeM 3aKOHOMEDPHOCTH H CBOLHM
TEOpPUH BOEAMHO, BO3HHKaeT KaKafi-TO SCHOCTb H BCe€ CTaHO-
putcsa mpoue. Hepasbepuxa, Kotopyio s BaM cefiyac mpoje-
MOHCTPHPOBAJ, 3HaYHTeJbHO MEHbIlE, YeM Ta, 4TO Oblia JecATh
JIeT Hasaj, Korja MHe NpHILIoch Obl paccKasbiBaTb BaM O de-
THIPEXCTaxX ¢ JIMLIIHUM yacTHiax. A mopymafite o HepasGepuxe
B HauaJle 3TOr0 BeKa, KOTJa He3aBHCHMO CYLIECTBOBAJH TeIIO,
MarHeTH3M, 3/1eKTPHYeCTBO, CBET, PEHTIeHOBCKOE H yJ/bTPapHo-
JIETOBOE H3JIy4eHHs, NMOKasaresu IpesoMJeHHs, KOo3(hhHIIHeH-
Thl OTPaXKeHHMsl H JAPYrue CBOHCTBA pa3/MYHBIX BelEeCTB, KO-



Tophle MBIl C T€X NOD OOBEAMHHJH B OJHY TEODHIO — KBAHTO-
BYIO 3JIEKTPOAHHAMHKY.

$1 xXoren GBI MOAUEPKHYTb OJHO OOCTOATENBCTBO. Teopuwy,
NOCBSILIEHHbIE OCTaJbHOH (U3HKe, OYEHb NOXOXKH Ha KBaHTO-
BYIO 3JIEKTPOJAMHAMHKY: BCE OHH OIHCBHIBAIOT B3auMojelcTBue
OGBEKTOB CO CIIHHOM Y/, (BpOJie 3/1EKTPOHOB U KBapKOB) C OGBEK-
TaMH, HMelolUMH cnuH 1 (Bpoze ¢oTOHOB, I/I0OHOB H W-
6030HOB), B paMKaxX KOHLENIHH aMILIMTYX, COTJIacHO KOTOpOH
BEPOATHOCTb COOBITHSI DaBHAa KBaJpary [IJIMHBI CTDEJIKH.
IloueMy Bce (H3HUeCKHe TEOPHH HMEIOT CTO/b CXOAHYIO
CTPYKTYPY?

Himeetcsi HECKOJbKO BO3MOXKHOCTe#. Bo-mepBhix, npuun-
HOM MOXET CJYXKHUTb OrpaHUuYeHHOe BOOOpaKeHHe (U3HKOB:
BCTPETHBIUHCh C HOBBIM fIBJIEHHEM, Mbl IIBITa€MCSi BOTHAaTh €ro
B yXX€ HMeIOLIMecss PaMKH — H TOJIbKO TOCTaBHB JOCTaTOYHOE
KOJIHYECTBO IKCIIEPUMEHTOB, O6GHApYKHBaeM, YTO KOHIEI C KOH-
namMu He cxozsarca. [lostomy, ecam KakoH-HHUOGYIb HIypak-
¢usHK BO BpeMmsa JeKuuu B KanubopHuACKOM yHHBepcHTETe
B 1983 r. roBopuT: «BoT Tak Bce yCTPOEHO, M NOCMOTPUTE, KaK
yAMBHTEIbHO NIOX0XKH TeOPHHU», 3TO He 3HauHT, uro B [Ipupose
BCE Ha camom Oese TaK IMOXOXKe, a 3HAYHT, YTO GU3HKH TOJLKO
1 ObLIH CNIOCOOHBI MOBTOPATH OJHO M TO K€ CHOBA H CHOBA.

Jlpyrasg BO3MOXHOCTb COCTOHT B TOM, YTO 3TO Ha CaMoOM
JeJse BCe OJHO H TO XKe, uTo y IIpupozbl ecTb TOJBKO OJUH
croco0 BhIpaxarhcs, H NOTOMY BpeMms oT BpemeHH OHa MOBTO-
psier CBOH pacckas.

Tperbsi BO3MOXKHOCTb COCTOMT B TOM, YTO BCe IIOXOXKHE
SIBJIEHHST — 3TO Ha CaMOM JieJle pasHEle CTOPOHBI OXHOH U TOH
3Ke CKpBITOH OT Hac 60JIbIIOR KapTHHEI, YaCTH KOTOPOH, B3AThe
N0 OTJAENbHOCTH, KaXyTCAl PasHBIMHM, KaK MNaJjblibl Ha OJHOM
pyke. MHorue U3uKH TPYAATCA Haj CO3JaHHEM BEJHKOH Kap-
THHE, OOBEAHBSAIOLIEH BCce B OOHY CBepXCyIepMOIe/ab. ITO
BOCXHTHTE/IbHAs HMrpa, HO B HacTosiliee BpeMA HIPOKH HHKaK
He JIOrOBOPATCA O TOM, YTO NpeACTaBJ/seT cobof 3Ta BenuKas
KapTHHa. 1 JHIIb HEMHOTO NpeyBeJHYy, €C/IH CKaxy, 4TO B
GOJILLIHHCTBE 3THX CIEKYJ/IATHBHBLIX T€OPHH He GoJblie Iy6o-
KOro CMBIC/JIa, YeM B BalleM NpeicKasaHHH {-KBapKa, H s ra-
paHTHPYIO, YTO OHH IPEICKa3hiBalOT Maccy #-KBapKa HHYYTb
He Jayuie Bac!

Hanpumep, KaxeTcsl, 4TO 3JIEKTPOHBI, HEHTPHHO, d-KBapK
H U-KBAapK YeM-TO IIOXOXH — JeHCTBHTE/]bHO, KaK J1Ba Iep-
BHIX, TaK M JBa BTOPBIX B3aUMOAEHCTBYIOT ¢ W-Go3oHOM.
B Hacrosiiiee BpEMSl CUHMTAEeTCsl, YTO KBAapK MOMKET MEHSTh
TOJIBKO «LiBeT» H «apoMar». Ho, Bo3MOXHO, OH crocoGeH npes-
patutbc B HEHTPHHO, NPOB3aHMOJEHCTBOBAB C KAaKOH-TO
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HensBecTHOH uacthuefi. Xopowas wugesi. Uro torma Gyper?
Jt1o 6yjer 03Hauarb, UTO IPOTOHBI HECTAOMJIBHEL.

Kro-To npuayMeIBaeT TeopHio: NpoToH HecrabuJen. IIposo-
JSTCS BBIYHCJEHHS, KOTOPBIE NMOKAasbIBAOT, YTO BO BceseHHoit
6oabiie He Oyzer nporoHoB! Torza HaUMHAIOT NOATOHSTH
qHCsa, TOBBILAIOT Maccy HOBOH UYaCTHIBI KW nocje GOJbIINX
YCHJIHH NpeCKasbIBAIOT, YTO NMPOTOH OYJeT XKUTb YyTh JOJBIUE,
yeM BpeMmsi, 3a KOTOpoe, CYJs IO NOCJEIHHM SKCIEPUMEHTaJb-
HBIM JaHHBIM, OH He pachajgaercs.

Korma nosiBisiercss HOBEIH SKCIEpHMEHT M IPOBOASITCS
GoJiee TiiaTesbHbIE HCCJEAOBAHMS IPOTOHA, TO, YTOGH BHIBED-
HYTbCS, TEOPHSIM IpHUXoAMTCA npucnocabnuBatbcs. Cambie
Hoc/IeiHHEe JKCIEPHMEHTH I0KasajHi, UTO NPOTOH XXHBET IO
KpailHell Mepe B NITh Pa3 JoJiblle, YeM MOIJa JONMYCTHTb Teo-
pus. U uro, BB Aymaere, npousomio? PeHUKC ONsATh BOCKPeEC,
¢ HOBOH Moaudukauued Teopuu, KoTopasi Tpebyer eie GoJiee
TOYHOH 3KCIIEpHMEHTATbHOH NpOBepKH. Pacnajaercsi WJH He
pacmajaercsi NPOTOH, HeusBecTHo. JlokasaTh, YTO OH He pac-
najaercs, O4eHb TPYJHO.

Bo Bcex 3THX JIeKIHAX g He obcyxJjan rpaBuraiuio. [Ipu-
YHHA 3TOTO 3aKJIOUaeTCsl B KpalHeli MaTOCTH IPaBUTALUOHHOIO
B3aHMOJEHCTBHS MeXJy OOBEeKTaMH: COOTBETCTBYIOLIAs CHJA
MeXny IByMs 3JeKTpoHaMu B 1 ¢ 40 HyJsssMH pa3s csabee 3/1eKT-
puueckoil (BoaMOXHO, ¢ 41 Hysem). B BelmectBe mouTtu Bce
3JIEKTPUYECKHe CHJIBI TPaTATCA Ha YJep:KaHHe 3JEKTPOHOB
BOJIM3H Siipa MX aroMa, 4TO CO3/laeT TOUHO YPAaBHOBEMIEHHYIO
CMech «IUTIOCOBY M «MHHYcoB». Ho B ciyuae rpaBuTanuu ume-
eTCsl TOJBKO CHJIA NPHTSEHHS M OHAa HAaKallJMBaeTCs M Ha-
KaliBaercs Mo Mepe yBeJH4YeHMs Yhc/Ia aTOMOB, IOKa, HAKO-
Hell, JOHAS IO TaKMX TPaHJHO3HO GOJIBIIMX Mace, KakK Halld
COGCTBEHHBIE, MBI He NOJy4aeM BO3MOXKHOCTH H3MepSTh JAefCT-
BHe TIpaBHTalMM — Ha IJIaHeThl, Ha Hac H T. A.

HM3-3a TOro 4To rpaBHTAlMOHHASl CHJIa HACTOJNBKO cJabee
BCEX JPYTHX B3aMMOIeHCTBHMH, B Hacrosilee BPeMs HEGO3MOX-
HO TIPOBECTH 3KCIIEPHUMEHT, JOCTATOYHO TOHKHH, YTOGHI M3Me-
pHTb KaKoH-HHOYAb 3(pdekT, AJasf OOBSICHEHHS KOTOpOro Io-
TpeboBaJjiach Obl TOUHOCTH KBAHTOBOH TEOPHH TpaBHTallMH *).
M xora Her cnocoba sKCIepUMeHTaJbHOH IPOBEPKH, CYIIECT-
BYIOT, TEM He MeHee, KBAHTOBbIE TEOPHH I'DaBHTALUH, COAEPKa-
Me «TPABUTOHBD (NPHHaAJeXallue K HOBOMY THIY NOJSIPH-

*) Korja SfHITEHH U IPyrHe NBITAJUCh OGHEAHHHTh T'PAaBHUTALHIO
¢ 5/IeKTPOJHHAMHKOH, 00e TeOpHH GBUIM KJaCCHYECKHMH NPHOIHKe-
HHUAMH. JIpyruMu cjaoBaMH, OHH Guliu HenpaBudbHbl. HH ogna u3s
STHX TEOPHH He COAepXKaJa KOHUENUHH aMILIHTYJ, KOTOPYIO MHI Ceroj-
HSl CUMTaeM CTOJb HEOOXOXHMOM. ’
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3alUM, CO CIOHHOM 2) M JApyrue ¢yHAaMeHTa/bHble YaCTHLbI
(HexoTOpble cO cIUHOM %/,). [laxke Jydinas M3 3THX TEOpUH He
MOXKeT OXBaTHThb BCeX TeX YacTHL, KOTOpble Mbl HaXOAUM, a
H306peTaeT MHOXKECTBO YacTHl, KOTOPHIX Mbl He HaXOJHM.
KBaHTOBbIE TEOpHH TpaBUTALUH TaKxkKe HMEIOT 6eCKOHEUHOCTH
B JHarpaMMax co B3aHMOZEeHCTBHSIMH, HO «AyPaUKHMH NpueM»,
KOTOPBIH 03BOJISIeT U30aBUTLCS OT HUX B KBAHTOBOH 3JIEKTPO-
JVHaMHKe, B cJyyae rpaBUTalHU He momoraer. [Jostomy y Hac
HeT He TOMbKO 3KCIIEPUMEHTOB JJ/1s1 NPOBEPKH KBaHTOBOH Teo-
pUM rpaBMTalMH, y Hac HeT TaKxkKe W PasyMHOH TeOpHH.

Bo Bcem aTOM pacckase ocrtafach OfHa OcOGeHHO HeyJOB-
JeTBOpHTeJbHAsl YepTa: He CYLIeCTBYeT TEOPHHM, aJeKBaTHO
OOBACHSAOLICH BeJMYUHB HaG/MIONAeMbIX Macc 4acTHL, . Mul
HOJIb3yeMCSl 3THMH YHCJaMM BO BceX HAIIHX TEOPHAX, HO He
NOHHMaeM HX — YTO OHH cO0OH NpeiCTaB/AAIOT HJIM OTKyJAa
oHH GepyTcd. S cyutalo, 4TO ¢ (pyHIAMEHTAIbHOH TOUKH 3pe-
HHUSl 3TO OYeHb HMHTepecHas M BaxKHas npobJema.

Ilpoly M3SBUHUTH MeHs], €cJi BCe 3TH Pa3MBILIEHHs O HO-
BHIX YacTHIAX Bac 3amlyTaJsd, HO s PeliMJ clenarb 6oJjee HOJ-
HBIM pacckas 06 ocTajabHOH (hM3HKe, YyTOOB! IIOKa3aThb BaM, 4TO
xapakmep 3aKOHOB — KOHLEMNIHUS aMIJIMTYJ, AMarpaMMel, KO-
TOphle H300paXkaloT NojJieXkKalite BBIYHCJAECHHIO B3aHMOJEHCT-
BHf, H T. .— TOT XK€, YTO U B KBAHTOBOH 3JIEKTPOAMHAaMH-
Ke — RallleM Jyd4llleM [OpuUMepe Xopolue# TeopHH.

IIpumesanue, clerannoe npu umenuu Koppexmyps 8 Hosabpe 1984 r.

C Tex nop, Kak GblJlM NMPOYHTAHBl STH JIEKIHH, SKCIIEPHMEHTalb-
HO OGHApy KeHH MOJO3PHTeNIbHEIE COGHITHSA, JeJalolHe BePOSITHBIM CKO-
poe OTKPHITHE YEero-TO COBEPIIEHHO HOBOI'O H HEOXHJAHHOTO (H MOTOMY
11e YHOMSIHYTOrO B 9THX JEKUHsX). DT0 MOXKeT OHTh elle OAHA YacTHLA
HJIH KaKoe-TO HHOe SIBJIEHHE.

Hpumewarue, cOesranroe npu umenuu Koppexmypor ¢ anpese 1985 r.

K [1aHHOMY MOMEHTY BhHIIIEYNOMSHYTHIE (NMOZO3PHTENbHEE COGHI-
THA» OKa3aJHuCh JIOXKHON TpeBoroil. CuTyanus, HECOMHEHHO, CHOBA H3-
MeHHTCSI K TOMY BPEMeHH, KOTjia BH 6yjere YHTaTb 3Ty KHUTY. B ¢u-
3uKe HM3MEHEHHS MPOUCXOAAT ObicTpee, uYeM B KHHUTOH3JATe]bCKOM
zeie.
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PUUAP] ®UJIJIUIIC ®ENHMAH

Poxuiaca B Hoio-Hopxke 11 mas 1918 r. Oxonuun Maccauycercekuit
TeXHOJIOTHYecKHH HHCTHTYT B 1939 ., 3arem Oblji acnupaHTOM YHJepa B
IMpuncrone. B 1942 r. noayuua crenenb gokropa dunocobun. Bo Bpems
BOHHBEI NPHHSJ yYacTHe B paboTax MO HCCHeJOBaHHAM B sAAepHOH (U3H-
Ke cuauana B [Ipuncronckom yuuBepcurere (1942—1943), sarem B Jloc-
Anamocckoit jaGoparopuu (1943—1945). C 1944 r. Beger mpenojaBa-
TEJIbCKYIO JEATENBHOCTh — CHayaja accucreHt npodeccopa B Kopueas-
cKOM yHHBepcuTere, a ¢ 1950 r.— npocdeccop Kanupopuuiickoro TexHo-
Jaoruyeckoro uHcruryra B Ilacamune.

Pa6orel nocBsilmleHbl KBAHTOBOH TEODHH IOJISI, KBAHTOBOH 3JEKTPO-
JuHaMHKe, (U3HKe 3JeMEeHTapHBIX YacTHI, CTaTHCTHYECKOH ¢usuke,
CBEepXIpOBOJIUMOCTH, TEOPHH IpaBHUTalHH.

B 1954 r. mosyuna OAHY M3 BHCIIMX Harpax B pusauke — mejanb
A. diinmrefina «3a GonbIoil BKIaL B pa3BHTHE DU3HKO-MATEMaTHYECKUX
nayk». B 1965 r. emy cosmectno ¢ C. Tomonaroit u Jx. IBuurepom
npucyxlena HoGenepckas npeMust no Gpu3uKe 3a CO31aHUE COBPEMEHHOI
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OTPHIBKH M3 aBTOGHOrpaduueckoit KHHIM «Bbl, KOHeYHO, WIYTHTE, MHUCTEp
Qeinmany.
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B. b. Bparuunckui,, A.T.[Toarnapen.  ¥Yau-
BUTeJIbHAs T'DaBHUTAIHUs.

C.C. XuanbxkeBuu Pusuka BOKPYr Hac.

I'' A. 3Benuropoxckuil. Ilepsrle ypokn nporpam-
MHPOBaHHSI.

JI. B. Tapacos. Jlazepr: JleACTBHTENbHOCTD H HaJEK-
jis38

O. @, Ka6apauun, B. A . Opaos. Mexaynapog-
Hble QH3HYECKHE OJMMIHAAH IIKOJbHHKOB.

J. EECagoBckuit, A.JI.CagoBckuii. Mare-
MaTHKa H CHOPT.

J. B. OkyHb a,f,y...Z: DaemeHrapHoe BBejeHHE
B QUBHKY 2/1€MEHTapHBIX YacTHll.

1. E. Terysuu Ilysepu.

J. C. Mapouuuxk. Csuianue ¢ Komerofl.

A T. uanunnos MHOrOIUKHH COJNUTOH.

K. 0. Boragaunos ®usuk B rocrax y GuoJora.

Brm, 50, 3anunmatesibHo 0 GH3HKE M MaTeMaTHKe.
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Buim.
Boin.
Buimn.
Boim.
Buim.

Boim.
Buim.
Brim.
Brim.
Brim.
Bhim.

Boim.
Brim.

Buim.

Buin.

51.
52.
53.
54.
55.

56.
57.
58.
59.
60.
61.

62.
63.

64.

65.

X. Pauauc. ®usuka B BaHHe.

B. M. lunywuos. B mupe nBoliubix 3Be3n.

U. K. Ku xouun. Pacckass o pusuke u Qu3HKax.

J. C. MMoutpsaruu OGo6GmeHus 4uces.

U. O. D auwuaos. Cekpersl NIpOrpaMMHPYEMOTO MHKPO-
KaJabKyJasTOpa.

B. M. TuxowmuposB. Pacckasn o MakcumMymax H Mu-
HEMYMaXx.

A. A. Cuawuu. Tpenue u mbL

JI. A, AmxuHasu Bakyym pias HaykKH H TeXHWKH.
A. I. Uepuuu Pusnka BpeMeHH.

3anaun MOCKOBCKHX (DH3HUYECKHX OJUMIHAZ.

M. B. Baank, B.T.Boaraunckuil. Teomerpus
macc.

P. ®efiuman Xapaktep (QU3HUECKHX SaKOHOB,
J.T. Acnamasos, A A.Bapmamos. Yausu-
TeJbHas Qu3HKA.

A. H Koamoropos. Maremarnka — HaykKa H 0po-
teccus.

M. E. Jlesuunmrtedin, [.C Cumun  DBapbepn:
Or KpucTaj/ja JO HHTErpajbHOH CXeMHl.






